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BIOMETRIC HUMAN AUTHENTICATION SYSTEM
THROUGH SPEECH USING DEEP NEURAL NETWORKS (DNN)

Abstract. Biometrics offers more security and convenience than traditional methods of identification. Recently,
DNN has become a means of a more reliable and efficient authentication scheme. In this work, we compare two
modern teaching methods: these two methods are methods based on the Gaussian mixture model (GMM) (denoted
by the GMM i-vector) and methods based on deep neural networks (DNN) (denoted as the i-vector DNN). The
results show that the DNN system with an i-vector is superior to the GMM system with an i-vector for various
durations (from full length to 5s). DNNs have proven to be the most effective features for text-independent speaker
verification in recent studies. In this paper, a new scheme is proposed that allows using DNN when checking text
using hints in a simple and effective way. Experiments show that the proposed scheme reduces EER by 24.32%
compared with the modern method and is evaluated for its reliability using noisy data, as well as data collected in
real conditions. In addition, it is shown that the use of DNN instead of GMM for universal background modeling
leads to a decrease in EER by 15.7%.

Key words: biometrics, speaker verification, short sentences, i-vector, DNN.

1. Introduction. Biometry is the development of statistical and mathematical methods applicable to
the problems of data analysis in the biological sciences. The introduction of this technology brings new
approaches to the security of computer systems. Identification and verification are two ways to use
biometrics to authenticate a person. Biometrics refers to the use of physical or physiological, biological or
behavioral characteristics to establish a person’s identity. These characteristics are unique to each person
and remain partially unchanged during the course of a person’s life [1]. A biometric security system is
becoming a powerful tool compared to electronic security [2]. Any physiological or behavioral
characteristic of a person can be used as a biometric characteristic, provided that it has the following
properties: universality, distinctiveness, constancy, collectability, bypass, acceptability and performance
[3]. Physiological biometry is associated with body shape. Behavioral biometrics related to human
behavior. Speech is a unique biometric feature that falls into both categories [4]. Based on the application,
choosing the right biometrics is a crucial part. For example, speech is a biometric feature whose
characteristics will differ significantly if a person is affected by a cold or other emotional status. Some of
these problems can be solved using a biometric system. Although some of the features offer good
performance in terms of reliability and accuracy, none of the biometric features are 100% accurate. With
the growing global need for security, the need for reliable face recognition systems is becoming apparent.
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For applications related to the flow of confidential information, the accuracy of system authentication is
always a priority. Examples of such applications include secure access to buildings, computer systems,
laptops, cell phones and ATMs. In the absence of reliable personality recognition schemes, these systems
are vulnerable to the cunning of an impostor. The aim of this work is to develop a biometric system using
speech technologies for personal identification.

The present work is mainly devoted to the implementation of a biometric system using speech and we
use i-vector DNNs, which are usually used to recognize a speaker in a VVP.

In this work, various methods are proposed for improving the speaker’s gender classification based
on the i-vector and deep neural networks (DNN) as an attribute extractor and classifier. First, a model is
proposed for generating new functions from DNN. DNN with a bottleneck layer is trained in an
uncontrolled way to calculate the initial weights between the layers, then it is trained and not controlled in
a controlled way to generate converted low frequency cepstral coefficients (T-MFCC). Secondly, the label
method of general classes is introduced among incorrectly classified classes to regularize weights in DNN.
Thirdly, DNN-based speaker models using the SDC feature set are offered. A speaker-supported model
can more effectively capture the speaker’s age and gender characteristics than a model representing a
group of speakers. Moreover, the new T-MFCC feature set is used as input to a two-system merger model.
The first system is a class model based on the GNN vector, and the second system is a speaker model
based on the DNN i-vector [5]. Using T-MFCC as input and combining the final grade with the grade
model based on the DNN vector improved the classification accuracy.

2. Human authentication system through speech. Like any other pattern recognition system, a
speech-based personality authentication system also consists of three components: (1) feature extraction,
which converts the speech waveform into a set of parameters that carry essential information about the
speaker; (2) Generating a template that generates a template representing an individual speaker from the
object’s parameters: and (3) Matching and classifying a template that compares the similarity between the
extracted objects and the previously saved template or the number of previously saved templates,
respectively providing the speaker’s identity. The speaker recognition system consists of two stages:
training and testing. At the training stage, speaker models (or patterns) are generated from speech patterns
using some selection and modeling methods. At the testing stage, feature vectors are generated from the
speech signal using the same extraction procedure as during training. Then a classification decision is
made using some matching method. Identity authentication is a binary classification task [6]. The
characteristics of the test signal are compared with the claimed speaker circuit, and a decision is made to
accept or reject the claim [7]. Depending on the operating mode, speaker recognition can be classified as
text-dependent recognition and independent text recognition. Text-dependent recognition requires that the
speaker make a speech over the same text both during training and testing, while independent text
recognition does not affect the specific text spoken. In this paper, we use the method of recognition of
text-dependent texts. In this paper, we use feature extraction methods based on (1) Mel frequency
coefficient coefficients (MFCC) obtained from Cepstral speech analysis, and (2) wavelet-octave remainder
coefficients (WOCOR) obtained from Linear Prediction (LP) residual. A time-frequency analysis of the
LP residual signal is performed to obtain WOCOR [8]. WOCORs are generated by applying a pitch-
synchronous wavelet transform to the residual signal. Experimental results show that WOCOR parameters
provide additional information to the usual MFCC functions for speaker recognition [9]. Vector
guantization (VQ) and Gaussian mixture modeling (GMM) are used to model information about a person
from these MFCC and WOCOR functions [10,11]. The modern system uses MFCC derived from speech
as feature vectors, and GMM as a modeling method.

2.1 Pretreatment. Voice activity detection (VAD) is an important step in most speech processing
applications, especially if there is background noise. The importance of VAD is that it improves
intelligibility and speech recognition. Since the speech utterances used in this work were recorded in a
public call center, the recording utterances were exposed to noise and other interference. As a result, the
VAD algorithm is needed to reduce background noises and quiet eras in utterances in order to prepare
them for identifying features. In addition, normalization of cepstral mean dispersion (CMVN) is used to
eliminate convolutional distortions and linear channel effects. CMVN can be applied globally or locally.
In this work, it is applied globally to obtain a normal distribution with zero mean and unit dispersion. The
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MFCC set is one of the most famous sets of spectral characteristics and is widely used in many speech
applications [12].

2.2 Extracting functions from speech information. Information about the dynamics is present both
in the vocal tract and in the excitation parameters. The voice path system can correspond to speech
processing in short (10-30ms) overlapping (5-15ms) windows. It is assumed that the vocal tract system is
stationary within the window and can be modeled as an all-pole filter using analysis. The most used form
of speech for feature extraction is Cepstrum. Various forms of presentation of Cepstral include complex
Cepstral coefficients (CCC), real Cepstral coefficients (RCC), Mel frequency Cepstral coefficients
(MFCC) and Linear Prediction Cepstral Coefficients (LPCC). Among them, the most commonly used
MFCC [13].

2.3 Extracting MFCC Feature Vectors. The state of the system builds a unimodal system by
analyzing speech in blocks of 10-30ms with a shift of half the block size. MFCCs are used as feature
vectors extracted from each of the blocks. MFCCs are mainly the voice path of the speaker’s information
and therefore only care about the physiological aspect of the biometric characteristics of speech. The
speech signal is obtained by convolution of the voice parameters v(n) and excitation parameters x(n)
given by equation (1). We cannot separate these parameters in the time domain. Hence we go for the
cepstral domain. Cepstral analysis is used to separate the speech path parameter v (n) and the excitation
parameters x(n) from the speech signal s(n).

s(m) = v(n) * x(n) M)

Cepstral analysis provides a fundamental convolution property used to separate the parameters of the
vocal tract and the excitation parameters. Cepstral coefficients C of length M can be obtained using
equation (3.2).

C = real(IFFT(log|FFT(s(n))|)) 2

A non-linear scale, that is, the relationship between the Mel frequency (fuye;) and the physical
frequency (f H,), is used to extract spectral information from the speech signal using Cepstral analysis.

Hy
fuer = 2595 logso (1 +L2%) 3)

Using equation (3), we construct a spectrum with critical bands that are overlapping triangular banks,

i.e. we map the linearly spaced frequency spectrum (fH,) to the nonlinearly spaced frequency spectrum

(fmer)- In this way, we can imitate the human auditory system and, based on this concept, MFCC feature

vectors are obtained. Window control eliminates the Gibbs vibrations that occur by cutting the speech

signal. Using equation (4), Hamming window coefficients are generated with which the corresponding
frame speech is scaled.

w(n) = 5.54 — 0.46¢cos (znn) 4)

N-1

But due to working with the Hamming window, samples that are on the verge of the window are
weighed with lower values. To compensate for this, we will try to block the frame by 50%. After the
window, we calculate the logarithmic spectrum of each frame to find the energy coefficients using
equation (5).

Y(i) = X2_, log |S(k,m)|Hi (k %) (5)

where Hi (k%”) is the ith spectrum of the critical Mel bank, and N is the number of points used to

calculate the discrete Fourier transform (DFT). The number M of frequency coefficients Mel calculated
using discrete cosine transforms (DCT) using equation (6), which is nothing more than a real IDFT
critical-band filter that records the output energy.

cnm) = (2) z%: Y(k)cos (k22n) ©)
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2.4 Fully connected neural network modeling. The neural network used in this work is a fully
connected neural network with a straightened linear unit [14] as an activation function. A straightened
linear unit is essentially a piecewise function that turns all negative values into 0, while positive values
remain unchanged. This practice is called one-way inhibition and makes neurons rarely activated. Its
advantage is that the preliminary preparation process can be omitted without the problem of the
disappearance of the gradient. In addition, a straightened linear unit only requires addition and
multiplication, so it is faster and more efficient than other functions such as sigmoid and tang. The basic
unit of a neural network is a neuron, and the direction of data flow in a neuron using a straightened linear
unit is shown in figure 1.

[EBITIP.JTHHETH
emHMHMITA P BBIXOX

Figure 1 — Schematic diagram of the data flow in a neuron

The calculation formula corresponding to figure 2:
y = BJIE(x) = max (0, x) @)
X=Db+Ygwrxy (8)

A large number of neurons form a neural network through an extensive relationship, and its structure
is shown in figure 2.

-~ -~ ~ =~ - -
BXOIHOI IO CKPBITBIM CJIOM 1 CKPBITBIM CJIOH < CKPBITHII CIIOM 3

Figure 2 — Fully connected neural network structure

As input to a neural network, the i-vector function is best suited for a linear classifier. However, for
neural networks, more hidden layers mean a weaker degree of linearity. Therefore, we use fewer hidden
layers in this work. At the same time, when there are too many network parameters and too few training
samples, it is very likely that re-equipment will occur [15,16]. Retooling means that the model has small
losses and high accuracy of forecasting training data, but large losses and low accuracy of forecasting test
data. The dropout strategy is currently an effective method of suppressing retooling. Dropout means that
when training a neural network, the values of activation of neurons change by 0 at a certain ratio v, that is,
they cancel part of the nodes of the hidden layer in accordance with the ratio v. During testing, the output

— 9 —
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values of the hidden nodes of the layer should be reduced to (1 — v) times, for example, if the normal
output signal is a, it should be reduced to(1 — v). Screening can be considered as a method of averaging a
model that averages estimates or forecasts from different models by a certain weight, which is also
referred to as a combination of models in some literature. In each learning process, since the nodes are
accidentally ignored, the resulting network is different and can be considered as a "new" model. In
addition, the nodes are activated randomly with a certain probability, therefore there is no guarantee that
every 2 nodes will be valid together every time, then the update of the weights no longer depends on the
joint action of the nodes with fixed relations, which prevents a situation where some functions are
effective only if there are other functions [17].

3. Experimental Results

3.1 Comparison of recognition results for GMM vector systems and DNN i-vector. In this
section, we show the mapping results for the GMM i-vector system. From table 1 we see that the proposed
mapping methods provide a significant improvement for both systems. After mapping, DNN i-vector
systems still outperform GMM i-vector systems, and the superiority of DNN i-vector systems becomes
even more significant. We also compare mapping results when adding phoneme vectors. The table shows
that the effect of adding phoneme information is more important for GMM-i-vectors, and it can achieve a
relative improvement of 10% compared to the best basic level of DNN mapping. The reason is that
DNN-i-vectors already contain some information about phonemes, while GMM-i-vectors can greatly
benefit from adding phoneme vectors. As a result, we summarize the baseline and the best mapping results
for both systems in figure 3. Curves DET (Trade Error Error Tradeo) are presented for both women and
men. The numbers show that the proposed mapping algorithms provide a significant improvement over
the baseline at all operating points.

Table 1 — Results for GMM i-vector systems and i-vector DNNs

female male
EER (Rel Imp) DCF08/DCF10 EER (Rel Imp) DCF08/DCF10

GMM i-vector

A basic level of 13,6 0,063/0,097 14,3 0,057/0,099
DNN mapping 20,27% 0,054/0,095 22,37% 0,051/0,096
DNN mapping + phoneme information 25,54% 0,053/0,094 27,90% 0,048/0,096
i-vector DNN

A basic level of 13,4 0,054/0,093 11,5 0,048/0,095
DNN mapping 26,53% 0,046/0,091 27,57% 0,038/0,089
DNN mapping + phoneme information 28,75% 0,046/0,090 29,47% 0,037/0,090
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Figure 3 — DET curves for the mapping results of GMM i-vector systems and i-vector DNNSs.
The left digit corresponds to the female language, and the right one corresponds to the male language
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3.2 Database performance. In this subsection, we apply our technique to a database that contains
real audio files collected from open media channels with significant discrepancies. To generate a large
number of short statements of random duration, we first combined the dev and eval datasets, and then
selected 250 statements from a relatively clean state. We truncated each of 250 statements into several
non-overlapping short statements lasting 5 seconds, 3.5 seconds, 2.5 seconds (including both speech and
non-speech parts). As a result, 1956 statements were received. In total, we developed 664,746 tests for our
task of verifying a speaker with an arbitrary word length. For each short statement, we first lower the
sampling frequency of the audio files to a sampling frequency of 8 kHz, and then extract the i-vectors
using the previously trained DNN i-vector system. To display the i-vector, we use the most tested models
in the SRE10 data set (condition 5s) to apply to the SITW data set. The results of the EER and minDCF
estimates are shown in table 2. The table shows that the best models tested on the SRE10 dataset
generalize the SITW dataset well, which gives a relative EER improvement of 24.32% for women
speaking and 22.87% relative improvement for talking men. The results also show that the proposed
methods can be used in real conditions, such as smart home and forensic applications.

Table 2 — DNN-based mapping results for SITW using arbitrary durations of short sentences

female male
EER (Rel Imp) DCF10 EER (Rel Imp) DCF10
Custom Duration
basic level 16,35 0,079 11,9 0,084
DNN mapping (best models from SRE10) 14,2 0,076 10,8 0,081

3.3 Cartographic effects. To investigate the effect of the proposed i-vector mapping algorithms, we
first calculate the mean square Euclidean distance between the short and long pairs of the sentence i-
vector in the assessment data set before and after the mapping. The RMS Euclidean distance Dg; between
the short and long pronunciation i —vector is determined as follows:

Doy = = T4 (Th (ws (i) — wy(D))?) ©)

where wg and w; represent the i-vector of the short statement and the long statement, respectively, L is the
length of the i-vector, and N is the number of short and long pairs of the i-vector. We compare the
Dg;values for 10-second and 5-second i-vectors with short sentences, as well as the associated 10-second
and 5-second vector expressions for women and men in table 3. From the table we see that after displaying
the displayed i- short pronunciation vectors have significantly lower Dgvalues compared to what they
were before the display. After displaying Dg; in state 10s less than in state 5s. In addition, we calculate and
compare the J-factor of short-pronounced i-vectors before and after the comparison in table 4, which
measures the ability to split votes. Given the i-vectors for M votes, the J-coefficient can be calculated
using equations 10-12:

Sw==3M R (10)
Sw = 5 XML (Wi — wo) (Wi — wo)” (11)
J =Tr((Sp + Sw)™*Sp) (12)

where S, is the scattering matrix inside the class, S, is the scattering matrix between classes, w; is the
average i-vector for the i-th speaker, w, the average value of all w;, and R; is the covariance matrix for the
i-th speaker (note that more high J-ratio means better separation). From table 4 we can observe that the
mapped i-vectors have significantly higher J-ratios compared to the original i-vectors with short intervals
for conditions of 5s and 10s. These results indicate that the proposed DNN-based mapping methods can
generalize well to invisible speakers and utterances and improve the ability of i-vectors to split voices.
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Table 3 — Square Euclidean distance (Dy;) between short and long pairs

of sentence i-vectors from SRE10 before and after display

Dy,
10s 5s
original mapped original mapped
female 549,7 304,9 618,8 357,3
male 4924 305,8 557,4 339,9
Table 4 — J-factor for short-term i-vectors before and after mapping
J-ratio
10s 5s
original mapped original mapped
female 86,39 94,81 81,85 86,91
male 88,25 91,37 81,15 86,51

4. Conclusion. In this paper, we show how the performance of GMM and DNN-based i-vector
speaker verification systems deteriorates rapidly with a decrease in the duration of evaluative statements.
This work explains and analyzes the causes of deterioration and offers several DNN-based methods for
teaching non-linear mapping of short-sentence i-vectors to their long version in order to improve the
performance of short sentence estimation. The proposed mapping method based on DNN is used to model
joint representations of i-vectors with short and long statements.

When evaluated using a dataset, mapped short i-vectors can provide a relative improvement of about
24.32% to test short sentences in inappropriate learning conditions, and also exceed the learning
conditions of an agreed PLDA using short sentences. We studied several key factors of DNN models and
conclude the following: 1) for a trained DNN model with semi-control, uncontrolled learning plays a more
important role than controlled learning in the speaker verification task; 2) by increasing the depth of neural
networks using residual blocks, we can alleviate the problem of tight optimization of deep neural networks
and get an improvement over a shallow network, especially for DNN; 3) the addition of phoneme
information can help in the study of nonlinear mapping and provide further improvement in performance,
and this effect is more significant for GMM i-vectors; 4) the proposed DNN-based mapping methods
work well for short sentences with different and mixed durations; 5) the proposed models can also
improve the GMM i-vector system and DNN i-vector, and after matching, the DNN i-vector system still
works better than the GMM-i-vector system; and 6) the best-tested models are well generalized to a
dataset and provide significant improvement for short sentences of arbitrary length.
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TEPEH HEIPOH/IBIK JKEJLJIEP/I (DNN) KOJIIAHY APKBLJIBI AJJAMHBIH COIJIEY
AYTEHTH®UKALIMSCBIHBIH BUOMETPHUSLIBIK KYNECI

Annotanusi. buomerpuka nactypii colikecTeHIIpy 9icTepiHe KapaFaH/a Kayilici3 api KoJaiis! 00BN Kelesi.
Bromerpust — OMOOTHSIIBIK FRUIBIMIAPIAFH] AEPEKTEPl Taliay MaceeNepiHe KONIaHbUIAThIH CTATUCTUKAIIBIK, KIHE
MaTeMaTHKaJIBIK 9AICTEPAiH 1aMybl. Byl TeXHONIOTUsHBI €HIi3y KOMIBIOTEPIIIK XKYiie Kayinci3airine xaHa Ke3Kapac-
Tap okenexai. Vnentudukanus xaHe pacrtay — KEeKe KyaJliKTi pacTay YIIiH OMOMETpUKaHbl KOJJaHYyIbIH €Ki dici
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Oompinn caHamansl. bromerpuka mereHiMi3 ajgaMHBIH JKeKe OachlH aHBIKTAy VINIH (QU3HKAIBIK Hemece (pu3mo-
JIOTHSUTBIK, OMOJIOTHSUTBIK HEMece MiHe3-KYJIBIK CHIaTTaMalapblH Haigananynsl Oinpipeni. Conrbl yaksiTta DNN
CeHIMIIi )KOHEe THIMII ayTeHTH(HUKAIMI CXEMaCBHIHBIH KypalblHa aifHaiabl. by xymeicTa Keneciell OKBITYABIH eKi
3aMaHayH oOJiCiH caipIcThIpaMb3: [aycc apamacy mopeniHe HerizmenreH omic (GMM) (GMM i-BekTopsIMeH
OenrineHemni) xoHe TepeH HeHPOHABIK keminepre HerizaenreH aaictep (DNN) (i-Bextopnsik DNN nenoenrineHren).
Hotmxenep i-BexTops! 6ap DNN xyleciHiH opTYpIIi Y3BIHABIKTapFa (TOJBIK Y3BIHABIFBIHAH 5 ceK AeliH) apHaIFaH
i-Bekropel 6ap GMM kyifecinen »xorapsl ekeHin kepceremi. Coursl 3eprreyiaepme DNN MoTiHAIK Toyeincis
aybIcTapasl TEKCePYHiH THIMAI (QYHKUMSIApHl €KEHMIr1 MorennmeHnai. by xyMmpicta MOTIHAI KapamaibIM SKOHE
THiMAL dmicrieH Tekcepy ke3inge DNN konmaHyra MYMKIHAIK OepeTiH KaHa cXeMa YCHIHBUIFaH. ToxipuOe Kepcet-
KeHzel, yeriHpUIFaH cxemMa EER TeXHOMOTHACHH 3aMaHayH dIiciieH canbIcThIpranaa 24,32%-Fa ToMeHAeTe 1 )KoHe
OHBIH CEHIMAUTITI Jayisl MONIIMETTEp.i, COHAAaW-aK HAKTHl XKaFjalma >KUHAJFaH ICpPeKTepAl MaiiaaiaHy apKbLIBI
Oaramanansl. CoHBIMEH KaTap, oMOeban (oHabK Moxensaey ymiH GMM opaerra DNN konmany EER peHreiiinig
15,7% TeMeHneHTiHI KOPCeTUITeH.

BromeTpusuTbIK Kayinci3mik jKyieci IeKTPOHABIK KayilCi3MiKIIeH CaubICTRIPFaHIa MBIKTHI KypalFa aifHamyna
[2]. AmaMHBIH Ke3-KenreH (GU3NOJIOTHSIIBIK HEMECe MiHe3-KYJIBIK CHITATTaMACHIH OMOMETPHSIIBIK CUTIATTaMa peTiHme
maiinananyra OOJambl, ON VINiH Kellecimel cumarrachl OONYBI KaXKeT: oMOeOANTHUIBIK, €PEKIIeNiTiK, TYPaKThUIBIK,
KIHAKTAIY, alfHAIBII OTY, KAOBUTIaHY JKoHEe OHIMIUTIK [3]. @U3HONIOTHSUTBIK OMOMETPHS JIeHE MilTiHIMEeH OalIaHbIC-
THL. ATaMHBIH MiHe3-KYJIKBIHA OalIaHBICTHI MiHE3-KYIBIK OmomeTpukachkl. Ceiiney — eKi caHaTKa >KaTaThIH epeKIe
OouomeTpusIIBIK epekmienik [4]. Kocrimina Heri3inae Iyphic OMOMETPHUSHBI TaHAAY MaHBI3IBI OOTiK OOJIBI CaHATA b
MaoceneH, ceiiney AereHiMi3 — OHOMETPISIIBIK CHIIAT, €rep aJaMFa CyBIK HeMece 0acka IMOIMOHAIABI KaFraai acep
eTce, OHBIH CHIaTTamMajiapbl aWTapibIKTail epekmeneHemi. OChl MocenenepaiH KeHOipiH OMOMETPHSUTBIK JKYHEHIH
KOMeTiMeH IIenryre 00Iabl.

By xymBIcTa aTpUOYTTHIH SKCTPAKTOPHI KOHE JKIKTEYIIlli peTiHe i-BEKTOPJIBI JKOHE TepeH HEHPOHIBIK JKelli-
nepre (DNN) Heri3genreH CHUKEpIiH TEeHACPIIK KIACCH(PHUKANUACHIH XKaKCApTYIOBIH TYPJi SHicTepi YCHIHBUIFaH.
Bipinminen, DNN-gen xaHa GyHKOHIapAbI KYPY YIIIH MOAETh YCHIHBUIAMEL. THIFBI3 KabaTer Oap DNN kabattap
apachIHOAarel 0ACTaNKbl CalMaKTHl €CeNTey YIIiH OaKpUTaHOAWTBHIH OMICTIEH OKBITBUIANBL, CONAH KEHiH OJ ToMeH
xwuinikti nentpanasl kodpunmentrepai (T-MFCC) kypy ymie OGakpiiaHanpl jkoHe OakputaHOanapl. Exinmminmew,
JKAJIIBI CHIHBITITAPABIH STHKETKAIBIK 9/1ici DNN-1e canmmakTap sl peTTey YIIiH KaTe JKIKTeJITeH CBIHBINTAp apachliHIa
enrizineni. Ymiamiger, SDC MyMKiHIIKTep KHHAFBIH NMaiinananaTelH DNN-HeTi3IenreH JUHaMUK MOJeIbAep] YChI-
HbUIaMbl. JIMHAMUK KOJIAWTBIH MOJIENb CHUKEPIiH TOOBIH OUTIIpeTiH MOIeNbre KaparaHaa AMHAMUKTIH JKac JKOHE
JKBIHBICTHIK CUITaTTaMAaJIapbIH aHAFYPIBIM THIMII kKepcete amanpl. ConbiMeH KaTtap, T-MFCC jxaHa >KUBIHTBIFBI €Ki
XKYHenik OipiKTipy MoJelniHe Kipic peTiHae Konmaneuiaabl. bipinmri xyiie — GNN BEKTOpBIHA HETi3ENTeH CHIHBIII-
TBIK MOJIeTIb, al ekinmn xyiie — DNN i-BekropbiHa Heri3aenren auHamMukaisik Moaens [5]. T-MFCC enrisy xoHe
KOPBITBIHIBI OaraHbl DNN BEeKTOpBIHA HETi3/IeTeH Ipaganns MOJCIIMEH OipiKTIpy KIKTESYIiH TIIITiH KaKCapPTTHL.

Tyiiin ce3nep: OnoMeTpuKa, NAayBICTH TaHY, KBICKa ceitnemaep, i-BekTop, DNN.
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BUOMETPHYECKASI CUCTEMA AYTEHTU®UKAIIUN YEJIOBEKA YEPE3 PEYUH C
UCIOJb30BAHUEM I'TYBOKHUX HEMPOHHBIX CETEM (DNN)

AHHOTauusA. bruomerpusi mpeanaraeT OOJBIITYI0 0€30MACHOCTh M yAOOCTBO, YeM TPATUIIMOHHBIE METOIBI
I/I)IeHTI/I(i)I/IKa[H/II/I JIMYHOCTH. BI/IOMCTpI/IH — OTO Pa3BUTHUEC CTATUCTUYCCKUX U MATEMATUICCKUX METOA0B, IPUMECHUMBIX
K 3aJJa4yaM aHaJin3a OJAaHHBIX B OMOJIOTHYECKUX HayKax. BHC}IpeHI/Ie 9TOM TEXHOJIOTHH IIPUHOCUT HOBBIC IMOAXOABI K
0€30ImacHOCTH KOMITBIOTEPHBIX cucTeM. VaeHTuuKanusa u mpoBepka — 3TO JBa CIIocoda UCIOIb30BaHUS OHOMETPHH
I ayTeHTI/I(pI/IKaHI/II/I YECJIOBCKA. EI/IOMeTpI/IH OTHOCUTCS K HCIIOJIB30BAHHUIO (pI/I3I/I‘I€CKI/IX HIIN (l)I/ISI/IOHOFI/I‘{eCKI/IX,
OMOJIOTHYECKUX HIIN MOBECACHYCCKUX XapaKTCPUCTUK JJId YCTAHOBJICHUA JIMYHOCTHU YCJIOBCKA. B TIOCJTICTHEE BPEMA
DNN crana cpeactBom Oosee HaeKHOW U 3(GEKTHBHON CXeMBl ayTeHTH(UKAIINN JTUIHOCTH. B 3T0# paboTe MBI
CpaBHMBAacM JBa COBPEMCHHBLIX METOOA O6y‘-IeHI/I$II OTUMHU ABYMA METOAAMH SABJIAIOTCSA METOABI, OCHOBAHHBLIC Ha
Mozenu rayccoBoit cmecu (GMM) (o6o3nadaembie -BektropoM GMM) u MeToasl, OCHOBaHHBIC Ha TIIYOOKHX
HeripoHHbIX ceTsaX (DNN) (o6o3nauaembie kak i-Bektop DNN). PesympraTel mokaspiBarot, uto cuctema DNN ¢
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-BeKTOpoM TpeBocxoaut cucreMy GMM c i-BekTopoM IpH pa3Nu9HON IMTENBHOCTH (OT MOJHOW [UIMHBI 1O 5C).
DNN oka3zammce Hambonee 3(pGEeKTHBHBIMA (YHKIUSIMH I HE3aBUCHUMOH OT TEKCTa MPOBEPKH TOBOPSILETO B
MOCTIETHIX HCCIENOBAaHUAX. B 3Toi paboTe mpemmaraercss HOBas cXeMa, IMO3BOJIAIOMIAs Mcroib30BaTh DNN mpu
MIPOBEPKE TEKCTa C MOMOIIBIO MOJCKA30K IMPOCTHIM M 3(P()EKTUBHBIM CIIOCOOOM. DKCIEPHUMEHTHI MTOKAa3BIBAIOT, UTO
npeanaraemas cxema cHmkaeT EER Ha 24,32% 1o cpaBHEHHIO C COBPEMEHHBIM METOAOM WU OIICHUBACTCS Ha
IPEAMET €€ HaJIe)KHOCTH C HCIOJIb30BAHHEM 3alIyMJICHHBIX JaHHBIX, a TAKXKE JAHHBIX, COOPAaHHBIX B PEAJIbHBIX
ycrmoBmsax. Kpome Toro, mokaszano, uro wucrmoinr3oBanne DNN Bmecto GMM nmns yHHBepcanbHOTO (OHOBOTO
MOJENMPOBaHUs NPUBOIUT K cHIkeHHo EER wa 15,7%.

Bbuomerpudeckas cucteMa 0€30MaCHOCTH CTAHOBHUTCSI MOIIHBIM MHCTPYMEHTOM II0 CPABHEHHUIO C 3JIEKTPOHHOU
6e3omacHocThiO [2]. Jlrobas Qusmonorndyeckas WM MOBEJCHYECKAs XapaKTePHCTHKA dYellOBeKa MOXET OBITh
UCTIONIb30BaHA B KAadeCTBE OMOMETPHUYECKOM XapaKTEPHCTHKM IIPU YCIOBHM, YTO OHa OONamaeT CICHYyIOIINMHU
CBONCTBaMH: YHUBEPCAIBHOCTh, OTIHMIUTEIFHOCTD, IIOCTOSTHCTBO, COOMPaeMOCTh, 00X0I, MPHUEMIIEMOCTh U IPOU3BO-
muTenbHOCTh [3]. Pusnonornyeckas OmomeTpus cBszaHa ¢ (opmoii Tema. [ToBemeHueckass OHOMETpHS CBA3aHA C
MIOBEICHUEM 4eJIoBeKa. Peup SBIsIeTCS YHHKAIbHOW OMOMETPHYECKOH XapaKTepUCTHUKON, KOTOpas MOANanaeT IHOx
00e kareropuu [4]. OCHOBBIBAsCh Ha NPHIOKEHUH, BHIOOD TPABIIFHONH OHMOMETPHH SBISETCS Ba)KHOW YacTBIO.
Hanpuwmep, peds - 3T0 OMOMETpHIECKUH TPHU3HAK, XapaKTEPUCTHKN KOTOPOTO OyAyT 3HAUUTEIBHO OTIMYATHCS, €CITN
Ha 4eJIOBeKa BIMSIET XOJOJA WM JPYrod 3MOLMOHAIBHEIN cTaTyc. HekoTopsle M3 3THX MpoOiIeM MOXKHO PEeIIUTh C
MIOMOIIBI0 ONOMETPHIECKON CHCTEMBI.

B 3T0ii pabote mpennararoTcsi pasiHMYHbIE METOIBI YIYUIICHUS TeHACPHOW KiIacCH(UKAIUU TOBOPSIIETO HA
OCHOBE i-BeKTOpa M IIyOokux HelipoHHBIX ceTedl (DNN) B kadecTBe SKCTpakTopa aTpHOYTOB M KiIacCH(UKATOPA.
CHavana mpeayaraeTcs MOAemb s TeHepanud HoBbIX (yHKIwiA w3 DNN. DNN co crmoeM y3koro mecra oOydaeTcs
HEKOHTPOJIMPYEMBIM 00pa3oM Ul BBIYMCIICHUS Ha4daldbHBIX BECOB MEXKAY CIIOAMH, 3aT€M OHO o0ydaercss M He
KOHTPOJIUPYETCS KOHTPOJIHPYEMBIM 00pa3oM Ui T€HEepaluy MpeoOpa3oBaHHBIX HU3KOYACTOTHBIX KETCTPalbHBIX
kodpdunuentoB (T-MFCC). Bo-BTopbsIX, METOA METOK OOIIMX KIACCOB BBOJIUTCA CPEIU HETPABHIIBHO KIacCHpH-
IIMPOBAHHBIX KJIAcCOB A peryispuzanuu BecoB B DNN. B-Tpetbux, mpemmaratorcs MoJeny ITMHAMUKOB Ha 0Oa3e
DNN, wucnons3yromue Habop ¢ynkmmii SDC. Moaens ¢ moamep Kol IWHAMHKOB MOXKeT Oonee 3¢ddeKkTuBHO
OTpaXaTh BO3PACTHBIE M T€H/IEPHBIC XapaKTEPUCTUKHI TOBOPSAIIET0, YeM MOAENb, NPEACTABISIONIAs TPYIITy TOBOPSI-
mmx. bomee toro, HOBEI Habop ¢yHKnmit T-MFCC ucmons3yercss B KaueCTBe BXOAHBIX JAaHHBIX U JABYXCHUCTEM-
HOW Monenu cnusiHuA. [lepBasi cucrema mpezacTaBisieT coOoil Mozaenb Kiacca, OCHOBaHHYIO Ha Bekrope GNN, a
BTOpas CHCTeMa TPEJACTaBISIeT COOOH MOJeNb NUHAMUKa, OCHOBaHHYI0 Ha i-Bekrope DNN [5]. HMcnonp3oBaHue
T-MFCC B kauecTBe BXOJHBIX HAaHHBIX M OOBCIUHEHHE HMTOIOBOM OLIEHKH C MOJEIBIO OLIEHKH, OCHOBAHHOM Ha
BekTope DNN, NOBBICHIIO TOYHOCTH KIIacCH(UKAIHN.

KoaroueBblie cioBa: Gromerpusi, BepupHUKAIS JUKTOPa, KOPOTKHE BhICKa3bIBaHMs, BeKTOp, DNN.
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METHOD OF LINGUISTIC VARIABLE STANDARDS FORMATION
FOR HONEYPOT CLASSIFICATION

Abstract. Nowadays, one of the relevant areas that is developing in the field of information security is
associated with the use of Honeypot (virtual lures, online traps), and the selection of criteria for determination of the
most effective Honeypot and their further classification is an urgent task. There are presented the main products in
which virtual lures technology is implemented. Often they are used to study the behavior, approaches and methods
that an unauthorized party uses for unauthorized access to information system resources. Online traps can imitate any
resource, but more often they look like real production servers and workstations. There are known a number of fairly
effective developments that are used to solve the problems of identifying attacks on the information systems
resources, which are based on the fuzzy sets apparatus. They showed the effectiveness of using the appropriate
mathematical apparatus, the use of which, for example, to formalize the approach for the formation of a set of
criteria, will improve the process of determining the most effective Honeypot. For this purpose, there have been
proposed criteria that characterize online traps, with the use of which there has been developed a method of linguistic
variable standards formation for choosing the most effective Honeypot. The method is based on the formation of a
set of Honeypot, subsets of characteristics and identifier values of linguistic estimates of Honeypot characteristics, a
base and derivative frequency matrix, as well as on the construction of fuzzy terms and standard fuzzy numbers with
their visualization. This will allow further classification and selection of them osteffective virtual lures.

Key words: honeypot classification, online traps classification, virtual lures, fuzzy standards, linguistic
standards formation method, intrusion detection systems.

The rapid development of information systems (1S) and technologies affects all areas of society.
A significant number of modern public and private enterprises use IS to manage production processes, to
support decision making, to find the necessary data, and etc. Along with this, there is increasing the
amount of IS vulnerabilities and threats, and therefore, there is a need in specialized security tools to
ensure their normal operation and to prevent intrusions. It should be noted that one of the current areas
that is actively developing in the field of information security is associated with the use of Honeypot
(virtual lures, online traps). The purpose of the operation of such lures is to be attacked or scanned by an
unauthorized party (UNP) in order to study the protection strategy, to determine the range of their means
by which attacks on real security objects can be conducted. Honeypot and methods used to their
implementation are different, for example, it is a specially developed integrated network or one single
emulated network service, the main task of which is to attract UNP attention [1]. Therefore, the selection
of criteria for determining the most effective Honeypot and their further classification is an urgent task.
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Then, taking into account (16) in [21,22] from VSyrys VS VSorker  VSprkr » and VSpryy

3
define the maximum element VSMprcyar \/ =

DTKqu VSDTKyHl Vv VSDTKYHZ Vv

3
VSorkys =0 VOV A =vsm,,.,, =9, VSMy,, = q\/l VSprxumg = VSprxum Y VSprxum v

3
VSprkm =6V 5V 5 =VsM, 1 =6, VSMypy o = V Vs

o | ODIKCq =VSpkem Y VSprkap V

3
VSprkem =7 v 14 v 9 =vsm, .y =14, vsmyp,, = }/lVSDTKHq VS N VSprkm v

VSpram =7 VT Vv 5=vsm,, =7 andvsmy,, = }Z/lvsmmq = VS man N VSprim V

VSpram =8V 8v10=vsm, ., =10.and according to (17) in [21,22] we obtain a derivative frequency

3,33 2 0
matrix, Foneys = (VSMyeyy / VstTKqu) oy = 0,67 6 0|
0 1 1,78
4 083 0
FIDTKI/IH = (VstTKI/IH / VSMy ki )FDTKHH =| 2 2,5 0,83,
0 0,83 3,33
F'DTKCH = (VstTKCﬂ / VSMyrkcng )FDTKCLZ =
25 3 0 6 1 O
1 7 0,64, F'DTan(vstTm/vstTK,,q)FDTmz 1 5 1,43|,
0 4 514 0 1 214
56 0,8 0
Fomr =(VSMpye, 1 VstTKI/Iq) prxn =(0.8 4.8 2.
0 08 8

The creation of fuzzy terms and standard FN. Stage 5-the creation of fuzzy terms and standard
FN.Firslty, according to (22) in [21,22] let form the subset of fuzzy terms T, .yu. T, T,

DTKUII ' ~ DTKCH

Torn» Torwu 1f N=1 (i.e. for Honeypotwith ID Hy,, =DTK), m, =5, =1, =r,=r, =1, =3.

{UT} {U{U iy = {U{U{UT =T T T HAT

lT 1T )
o1 o1 i1 o1 e ~DTKYH! ~ DTKVH2 =~ DIKVH3 ~ DTKAII1 "~ DTKHAIT2 "~ DTKHUII 3

T T

{~ DTKCJ I ’IDTKczzz ’I DTKCZ 3 b {I DTKI11 '~ DTKII2 ’I DTKIT3 } {I DTKH 1 '~ DIKH 2 ’I DTK#A 3 =

{{H DTKVH ’ ~ DTKYH ’qﬂDTKyH }l {IZ.PDTKI/IH ’QPDTMH ’C.L‘/YDTK]/[H }7 {Q_FDTKCﬂ ’]Z\.MDTKCZI 7B~PDTKC,Z] }'

{0 g TIM v PP o b ALH 51 CP o 1B o 1 -According to (23) in [21], [22] on corresponding

lines of F'yrevss Fomem» F
FM

oker» Fomknr @nd F'op, 16t create construct the vectors of maximum i.e.
= | Moy s Moy s Teysss | = 13,3356 1,78, FM g = M s | =
| Mo » s M| = 412,553,338, FM gy = M| =
H Morccar s Morkeze meTKCZBH:”2’5;7;5’14”’ FMorar :” 0 s || =
M T s T s =(655:2,24], FM s =] My
(RS — A R

DTKVH — " merkst
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On the basis of FM . FM s FM e s FM e, and FM ., according to the expression (24)
in [21,22] let form matrices of membership function:

1 033 O
Morcyn :H/’lDTKYqu =110,2 1 0|,
0 017 1
1 0.33 0 1 043 O
Morcimn :H'UDTK”’M =05 1 0,25, My, :H/uDTKCﬂS‘IH: 04 1 012,
O 0,33 1 0 0,57 1
102 0 1 017 0
Monr =[Horng| =047 1 067, Mongy =[atomn | =[024 1 0,25
0 02 1 0 017 1

where  Loney = Fomung | Momans  69=13)0  Honaume = Fomme | Monue . 6:9=1,3),
Horems = T omeaa | Momez, (59=13), Forag = T o | Mo (59=13),
Horng = T ommg | Mopee, 5.0=1,3).

According to the obtained data, Ly, Mot sMorkcsy Mok » Mo, @D calculated by the

expression (26) in [21,22]  Xopruyisg +Xprainmsg » Xotkcase Xorxmg Xomas, 16T define sets of fuzzy terms

accordlng to (25) In [21122] IDTKYH: = {ﬂDTKYHSI / XDTKYHS]' /’lDTK.VHsQ / XDTKYHSZ ! /’lDTKYHﬁ / XDTKYHSS }'

(5,0=1,3), where according to (26) in [21,22] Xomvisg = Nty | N by (@=13) or

3
{U X DTKVHsq }= {010310719’1}’ 1-_ DTKI/IHs: {/IDTKMHYI/ XDTK[/I[ZY] ' ILIDTKHHSQ / XDTK]/IHSZ ' ILIDTK[/IIYSS / XDTKH[ZS'3 } '
9=1

(5,0=1,3), where according to (26) in [21,22] Xommsg = N | N e (@=1,3) or

3
{U XDTKI/Iqu }:{0121016’1}1 IDT

9=1

(5.9=13), where according to (26) in [21,22] Xpneemg = Noo / NI (@=13) or

KClls = {IUDTKC/ISI / XDTKC,ZISI’ /’lDTKCHSZ / XDTKCZ]S2’ /’lDTKCZZSS / XDTKCﬂs3 }'

3 N
{U XDTKCﬂsq }:{012;0’6;1}’ IDTKHs = {/uDTKIZs-I / XDTKHs] D) / XDTKHSZ v Motkiss / XDTKHS} }v (S’q = 113) )
g=1

_ 3
where according to (26) in [21,22] Xppesq = Nptr / Nprr» (@=1,3) or {U X prrisg +=10,006;0,25;1},

g=1
~ DTK#s - {/uDTKHxI / Xorkmsr » Mot / Xprus2 v Motk / XDTKI/Is3}' (S’q:]"?’)’ where according to (26) in
_ 3
[21,22] X prmg = Ngfang / N s @=1,3) or {{J X prq =10,05;0,1;1}.
g=1

Therefore, the resulting members of the subset Toreyys Tomum: Torkens Vorkn: Torku (NUMerical
LE LEDTKCZ['

DTKHUIT !

form), respectively, are the reflection of the members of the subset LE
LE LE

DTKYH!

(linguistic form) and are presented in the following form:

DTKII ! DTKHA

T =1IIP ={1/0,03:0,33/0,19:0/1};T -cp =£0,2/0,03,1/0,19;0/1};
DTKVHI DTKVHI1 DTKVH2 DTKVH2

T = ={0/0,03,017/0,19:1/1},T = IIP =71/0,2;,0,33/0,6:0/1};
DTKVH3 DTKVH3 DTKUII1 DTKHUIII
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I =CP ={0,5/0,2,1/06;025/1};T =CJI ={0/0,2;0,33/06;1/1},
DTKHIT2 =~ DTKuI2 ~ DTK#II3 =~ DTKuII3
I =O~[' ={]/0,2;0,43/0,6;0/1};I =I1IM ={0,4/0,2;1/06;0,12/1};
DTKCJ! DTKCJ! DTKC2 DIKC2
T = PP ={0/0,2;0,57/06,1/1},T =0or —{1/0006 0,2/0,25:0/1};
DTKCT3 DTKCI3 DTKII! DTKIL.
T =IIM  ={0,17/0,006,1/0,25:0,67/1};T _ =PP _ ={0/0,006;0,2/0,25;1/ 1},
DTKIT2 DTKII2 DTKIT3 DITKIT3
T =H ={1/005017/01;0/1;T  =CP _ ={0,14/0,05:1/0,1;0,25/1};
DTKH1 DTKHI DTKM2  ~ DTKM2
T =B ={0/005017/01:1/1}.
DTK/3 DIKH3
Then, secondly, according to (29) in [21,22] let form standard FN TS vu T . Toram ST,
TI;TKC}:[ cT T;TKH cT, TI;TKI/I cT:
3
e _ e e _ e e
TDTKYH {Q“‘DTKYHS}_ {~DTKyH1’~DTI<yH2’~DT/<yH3}_{ ~ DTKVHl’C" DTKVE2 '~ DTKst} (S 1 3)
3
e _ e _ e e e _ e e —
Torkum = {QIDTKI/IHS}_ {"'DTKI/IHl""DTKI/IHZ ’~DTK1/1173}_{ ~ DTKHm'Q— DTKUIm2 '~ DTK[/IHS}’ (S 1’3)’
3
e — € _ e e e _ e e
TDTKCII - {QI DTKCZs } - {IDTKC,ZZ:L 'IDTKC,ZZZ 'IDTKCLZB } _{Q-FDTKcm IZ-MDTKCﬂz ~ DTKczz3} (S 1 3)
3
e _ e _ e e e _ e e
Torkn = {sL:J11 DTKIIs }= {I DTKnl’I-DTan ’IDTKns }_{O‘*FDTKIH’IZ"MDTKHZ ~ DTKHS} (s=1 3)
DTK" - {U~DTK145 ~DTKI/11 ~DT1<1/12’~DT1<1/13}:{ ~ prku1t’ ~ DTKI2 ~DTK } (S 1 3)
e - e e e e B e
where: the members of a subset T5,. . up . CP_ G T 1p_
e e e e e e
C"PDTKI/IHZ qﬂDTKHna TDTKCH {O—IDTKCm’ IZ"MDTKC,ZZZ ~ DTKCLZB} DTK“ N QFDTKHl ILMD K72 ! B—PDTKns ’
e (] (]
Tona— {H ... ’C‘LPDTK[/IZ B . .tare standard FN. Next, let convert the fuzzy terms
IIP* ,CP* ,CJI*® in such a way, that for all T the relation order is fair, i.e.
~ DTKyH1' =~ DTKvH2' =~ DIKVH3 ~ DTKVHs

YXorkyasg © Xprkvisg < Xprxvisg+i (@=1,3) (according to the step 1, stage 5 in [21,22]). If we use the
specific values obtained in the example above as components of such terms, then for them such relation
will be true. So, for example, for 77P°_ it iS Xoreyu; < Xppyms < Xorens =0,03<0,19 <1 Also, the

relation for all other given standard FN will be similarly true.
Further, according to the step 2 of the stage 5 in [21,22] we will carry out the absorption procedure
for each IDT . Since the condition U, and U, is not satisfied for any of FN, the absorption operation is

KVHs

not carried out. Therefore, the standard FN will remain unchanged, and the formed intermediate terms will

have the form: T =T =IIP ={ 1 / 0;
~ D Vv T H K T
T =T =CP ={0,2/0,03;1/0,19;0/ 1}; T =T =CJI =
DTKVH2 DTKVH2 DTKVH2 DTKVH3 DTKVH3 DTKVH3

{0/0,03;0,17 / 0,19;1/ 1}. According to the step 3 of the stage 5 in [21], during the implementation of
the second step in the expression (28) for a set of intermediate terms ]Z‘PeDTKYHl AT prxym - {0/

X i ye D (e poras, =1#0), and for CJY v 3Lomcu {07 Xoreyns Y €D (I8 poneye=1#0),

DTK.VHI

then the formation of the subsets T° and T° will be carried out by expandingT® and
~ DTKVH1 ~ DTKVH3 ~ DTKVH1
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T (see (28) in [21]) through the introduction of additional tomey, 4., ! Xprym s, =0/ 0,03, and

~ DTKVH3
Hotkyiss 2 | Xorrs,+. =011 respectively, after that in the FN there is carried out rein doxing of the

components starting from the first one.With this in mind, a set of intermediate terms for IZ_PEDTKVH1 will

have the following form T o 1P . ={ Howym / Xprivin: Motk |

Xorkyer s Mprivers | Xprxvirs Mprvis | Xprevms 3= {07 0,03;1/0,03;0,33/0,19;0/ 1}, where Hotkyvaip-1 =

.. . . . e e _
0. In a simil arway, weobtain intermediate terms forQPDwm2 and CJI__ . Where fiory,, =

VH3

Moty +2 = 0. Thus, the components of the subset of standardsTeDTKyH according to (29) in [21] will be
i - 1

defined as 1" oeysn / X prvin =07 0,03, torkyin | X omkwie = 110,03, 1oy 1 X prgyis = 0,33/ 0,19,

e e H H e e
= nd similarly for .
Mooty | X oreyms =0/ 1@ ds arly 10 IDTKVHz’ ~ DTKVI3

Then according to (29) in [21] for IZP - let form the standard values, i.e.:

CcP il
DTKVHL' =~ DTKVH2' ~ DIKVI

T = IIP* = {0/0,03;1/0,03;0,33/0,19;0/1};T° = CP° =

DTKVHI DTKVHI DTKVH2 DTKVH2
{0/0,03;0,2/0,03;1/0,19;0/ 1};]'_e =Qﬂe ={0/0,03;0,17/0,19;1/ 1;0/ 1} .Also, by

DTKVH3 DTKVH3
analogy, the following standard values are formed: T° = IIP* =
DTK#III DTKHITI
{0/0,2;1/0,2;0,33/0,6;0/1};T° = CP° ={0/0,2;0,5/0,2;1/0,6;0,25/1;0/ 1};
DTKHII2 DTKHII2
T° =Qﬂe ={0/0,2;0,33/0,6;1/1;0/1},T° =O_~Fe =
DTK#UII3 DTKHUII3 DTKCA1 DTKCA1
{0/0,2;1/0,2;0,43/0,6;0/1};T° =1IM°® ={0/0,2;0,4/0,2;1/0,6;0,12/1;0/ 1};
DTKCZ2 DTKC2
T°  =PP°  ={0/0,2;057/06;1/1;0/1},T° =0r° =
DTKC3 DTKC/3 DTKIII DTKI11

{0/0,006;1/0,006;0,2/0,25;0/ 1};'_[9DT =TIIM* =

K112 DTKII2

{0/0,006;0,17 / 0,006;1/0,25;0,67 / 1;0/1};T° = PP° ={0/0,006;0,2/0,25;1/1;0/ 1},
DTKII3 3

~  DIKIL.

T® =H° ={0/0,05;1/0,05;0,17/0,1;0/ 1};Iem =CP* =

~ DTKMI " DIKHUI Kn2 =~ DTKm2
{0/0,05;0,14/0,05;1/0,1;0,25/1;0/1};T° =B ={0/0,05;0,17/0,1;1/1;0/ 1}.
DTK#3 DTKH3
The visualization of standard FN. Stage 6 — the visualization of standard FN. For a subset of

standards Ty Tomam: Torkers Torkn @Nd Tore taking into account the obtained specific values, it is

possible to realize their graphical interpretation (see figure 1-4) using the corresponding FN standards.
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Figure 1 — Linguistic standards for T Figure 2 — Linguistic standards for T
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1 1
0.9 09
0.8 - -
0.7 < 0.7 ol |
0.6 \ 0.6 /
K ——or ——or
Hesq o5 - NA - L H°sq o5 -
04 - /\k —a—PP 04 —— PP
03 0.3
0.2 ! 02
01 ! ; 0.1 ; 0 s e ]
|  —|
S BE v %5 DE o5 nE 6% o@ s °% o1 0z o3 o4 05 o0s 07 o8 o8 1
X€sq Xsq
Figure 3 — Linguistic standards for To.c, Figure 4 — Linguistic standards for T,

Conclusions. Based on certain values of IC, US, DC, L, S, and their formed standard values, it is
possible to classify further and to select the most effective Honeypot. For this, it is necessary, by analogy
with [1, 23-25], to determine the current estimates of the values relative to the standard values created in
the work, as well as to form the necessary set of rules which allow to obtain the final result.

H. K. KymanranmeBa’, A. A. locikanoBa®, A. A. KopquK03,
C.B. Ka3Ml/Ip‘{yK3, K. ABkyposa’, ]I. JI. ’Kakchiryaosa®

'Satbayev University, Anvartsl, Kasakcran;
2 Anmartsl DHepreTrKa xoHe OaiiaHpic yHUBEpcUTeTI, AnmMmaThl, KasakcraH;
Y ITTHIK aBHALMATIBIK YHHUBEpCUTET, YKpauHa, Kues;
‘]I H. I'ymunes ateinaarsl Eypasus yntTeik yauBepceureti, Hyp-Cynran, Kazakcran;
>Cemeii KanachiubiH [LIokopiM aThIHIAFs MEMIIEKETTIK yHUBepcuTeTi, Kasakcran

HONEYPOT KIKTEYT'E APHAJIFAH JIMHI' BUCTHUKAJIBIK
AVHBIMAJIBI CTAHJIAPTTAP/IbI KAJIBIIITACTBIPY TOCLII

AnnHoranus. Kasipri yakpITTa akmaparThiK KayilCi3diK cajachlHa AaMbIll KeJie XKaTKaH MaHbBI3bl OaFbITTHIH
6ipi — Honeypot (BUpTyasbl eNiKTipy, OHIAWH TY3aKTap) KOJIIaHyFa, COHbIMEH Katap eH ThiMai Honeypot aHbIKTay
JKOHE OJlapAbl OJIaH opi JKIKTey eJIIeMAEpiH TaHaayra OainaHplcThl. Makajiaza BHPTYyajIbl Ty3aKka TYCipy
TEXHOJIOTHSCHI iICKEe achIPbUIATHIH HETI3r eHiMIep YChiHbLIFaH. HONEYpot kebOiHece pykcaT eTiIMEreH »Kafmaija,
aKMapaTThIK JKY#He pecypcTapbliHa PYKCATChI3 KOJI JKETKI3y YIIiH KOJAAHATBHIH TICUIACP MEH dAiCTEp/i 3epTTey YIIiH
kosganbuiazel. JKeminik Ty3akrap Ke3-KeJIreH pecypcrapra eikTed anajpl, anaiina keOiHece ojiap HAKThl OHIIPICTIK
cepBepIiep MEH KYMBIC CTAHIIUSUIAPHI CeKIIl Kopine . HakThl eMec )KUBIHTBIK alllapaT Heri3iHae aKnapaTThIK Kyiie
pecypcTapbiHa KacajifaH Ma0ybUIIsl aHBIKTAy MOCEJCNICPiH eIy YIIiH KOJJaHBUIATBIH OipKaTtap THIMII d3ipiie-
Menep Oenrini. Onap THICTI MaTeMaTHUKAJIBIK annaparthl KOJAaHy THIMJIUIINIH KOpCeTTi opi KoJiaaHy OaphIChIHIA,
MBICAJIBI, KPUTEPUH >KUBIHTBIFBIH JKacay TOCITIH KaJBITACTHIpaAbl kKoHE eH TWiMAi Honeypot aHBIKTay yaepiciH
xakcapTagel. Ocbl MakcaTTa HHTEPHETTETi eNIKTIpYy YAepiCiH CHIATTaWTBIH KPUTEPHIIEp YCBHIHBUIIBL, THIMII
Honeypot Tarmay yImiH TiAiK aifHBIMaIBl CTaHAAPTTAp KAJIBIITACTBIPY 9JIICI JKacaabl.

Byn onic Honeypot xusiaTEIFBIH, Honeypot cunaTraManapslHBIH iIIKi )KUBIHTBIFBIH, KHUTIK MaTpUIaIapbIHBIH
0a3ablK KOHE TYBIH/BI XKHUBIHTBHIFbIH KAJIBINTACTBIPYFa, COHAN-aK OJlap/ibl BU3yalu3alysiail OTBIPBIIT HAKTHI eMec
TEPMHUHJIEP MEH CTaHAapTThl aHBIK €MEeC CaHIap/bl KypyFa Heri3aenreH. by eH THiMi BUPTyaibl TY3aKThl O1aH dpi
KIKTeyTe )KoHe TaHIayFa MYMKIHIIK Oepei.

AxmapatTsIK xy#enep (AX) MeH TexXHONIOTHIApABIH KapKBIHABI JaMyBl KOFaM eMipiHiH OapIiblK cantagapbiHa
ocep ereni. Kasipri 3aMaHFbpI MEMJICKETTIK JKOHE JKeKe KOCIMOpPBIHIapAsIH Oenrim Gip Meimepi eHAipicTiK yaepic-
Tepai 6ackapy, menriM KaobUIaayabl KoJijaay, KaXeTTi JepeKTep/i i37ey xoHe T.0. YIIIiH naiaanaHambl.

AKMNapaTThIK KayilCi3miK cajachlHIa OEJNCEHII JaMbIll Kejle KaTKaH e3eKTi OarbITTapabiH Honeypot (Bup-
TyalAbl eNiKTipy, OHJaWH TY3aKTap) KOJJaHyFa OailIaHBICTBI €KEHiH aram OTKEeH XoH. MyHmal TyY3aKkThl KOJIFa
TYCIpY )KYMBICBIHBIH MaKCaThl KOPFAHBIC CTPATETHSICHIH 3ep/ieliey, HAKThI Kayilci3iKk HbICaHAapbIHa Ia0ybLI jKaca-
JIybl BIKTUMaJ KypallIapbIHbIH ayKbIMbIH aHBIKTAy MakcaTblHIa pykcar eriiMereH tapan (UNP) maOyslibl Hemece
cKaHepJieyi O0JIbIT caHaaIbl.
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Honeypot kxoHe oyapabl jXKy3ere achlpyna KOJNIAHBUIATBIH OMICTEp OPTYPJl, MBICANbI, apHAHbl 93ipJIeHreH
HMHTETpalisUIaHFaH kel Hemece Herisri MiHaeri UNP HazapeiH aymapy OOJBIN caHanaThH OipieH Oip AMyJIAmus-
JIaHFaH JKeli KbI3MeTiH aTaiMbr3. COHABIKTaH €H THIMI JKaFblH aHBIKTAy YIIiH ©JIIeMAepai TaHaay KOHE OJapAbl
0J1aH 9pi KIKTEYy ©3€KTi Macele OOIIBII ecenTeNeIi.

Tyiiin ce3mep: emikTipy KIaCCHPUKANUACH, OHIAWH-TY3aK KIACCH(PUKAIMACH], BUPTYalAbl ENIKTIPTill, aHBIK
eMecC CTaHIapTTap, TIIIK CTAHAAPTTapAbI KAJBIITACTHIPY ofici, OACHI KipyAi aHBIKTAY JKYHeci.
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CIHOCOBb ®OPMUPOBAHUA JTUHI'BUCTUYECKHUX IEPEMEHHBIX CTAHJIAPTOB
VIS KTACCHOUKAIIU HONEYPOT

AnHoTanus. B HacTosmee BpeMs ofHa U3 BaKHBIX 00J1acTel, KOTOpasi pa3BUBaeTCs B 0071acTH MH(POPMAIHOH -
HOW 0e30macHOCTH, CBsI3aHA C HMCHONb30BaHWEM Honeypot (BUpTyanbHBIC MPUMAHKH, OHJIAWH-JTOBYIIKH), a TaKKe
BEIOOPOM KpHUTEpHEB IUIA omperdeneHns Hambonee >ddexktuBHOro Honeypot m mMx manmpHEWIned kiaccH()UKAIIUH.
[IpencraBneHbl OCHOBHBIEC MMPOAYKTHI, B KOTOPHIX peali30BaHa TEXHOJOTH BUPTYalbHBIX MpUMaHOK. Honeypot orn
HCTIONB3YIOTCS U H3YUCHUS TTOBEICHIS, TIOAXO0J0B I METOAOB, KOTOPbIC HECAHKIIMOHUPOBAHHAS CTOPOHA HCIIOIh-
3yeT Al HEeCaHKIIMOHMPOBAHHOTO MOCTYNa K pecypcaM HHPOPMAIMOHHOW cHCTeMbl. CeTeBble JOBYIIKA MOTYT
HMHUTHPOBATh JIFO00H pecypc, HO Yallle BCer0 OHU BBITIISAAT KaK pealibHble paboune cepBephl M pabodne CTaHINH.
W3BecTeH psa MOCTaTOYHO 3(PPEKTHBHBIX Pa3pabOTOK, KOTOPHIC HCIOIB3YIOTCS IS PEHICHUS 33a1a4 WACHTU(IKA-
UM aTak Ha pecypchl HH(GOPMAIIMOHHBIX CHCTEM, OCHOBAHHBIX Ha amMapaTe HEYETKHX MHOXxecTB. OHH IOKa3aid
3¢ (GEKTUBHOCTh HCIIOJIF30BAHMSI COOTBETCTBYIOMIETO MAaTEMAaTHYSCKOTO armapaTa, HCIOJIb30BaHHE KOTOPOTO,
Hampumep, GopMaIu3yeT MoaAX0 K OPMHPOBAHUIO HAOOpa KPUTEPUEB, MTO3BOIUT YIIYUIIHTE MPOIECC OMPEICIICHHS
Hanbonee 3¢ddexruBHOTO Honeypot. dms 3ToH menmu OBUIM TMPEUIOKEHBI KPUTEPHH, KOTOPBIE XapaKTEpU3YIOT
OHJIAH-JIOBYIIKH, C IIOMOIIBI0 KOTOPBIX OBIT pa3zpaboraH wmeron (OPMHUPOBAHHS CTAHIAPTOB S3BIKOBBIX
MepeMeHHBIX U1 BEIOOpa Hanbonee 3¢ dexTuBHOr0 Honeypot. Meron ocHoBaH Ha (opmuposanun Habopa Honeypot,
MTOIMHOKECTB XapaKTEPUCTHK U 3HAYCHUN MICHTU(PUKATOPOB JIMHTBUCTHUYSCKUX OIICHOK XapakTepucTuk Honeypot,
0a30BOif U MPOU3BOJIHON YaCTOTHBIX MATPHII, @ TAKXKE HAa IMIOCTPOCHUH HEUYETKUX TCPMHHOB M CTaHIAPTHBIX HEUET-
KHX YHCEIl ¢ X BH3yaln3alueil. DTO TO3BOJUT IMPOBECTH JAaJbHEUIIYIO KIacCH(UKAIIIO H 0TOOp Hamboinee 3ddex-
TUBHBIX BUPTYAJIBHBIX PUMAHOK.

CrpemutensHOe pa3BuTHe HH(popMarmoHHBIX cucteM (MC) M TexHOMOrWil 3aTparuBaeT Bce cepbl KHU3HU
oOmiecTBa. 3HAYHTENFHOE YUCIIO COBPEMEHHBIX TOCYIAPCTBEHHBIX M YaCTHBIX MPEANPUSATHHA HCHOIB3YIOT €ro UL
YIpaBJICHUS MPOU3BOACTBEHHBIMH MPOIECCAMHU, TOICPIKKH TPUHITHS PEIICHUH, TONCKa HEOOXOAMMBIX NTAHHBIX U
T.1. Hapsimy ¢ 3TuM yBennmyuBaeTcsi KOJIHYECTBO ysI3BUMOCTel u yrpo3 VC, a 3HauuT, BO3HHKAET HEOOXOAUMOCTH B
CICIHATH3UPOBAHHBIX CPEICTBAX OE30MACHOCTH [UISI OOECHEYEHUs] HX HOPMATbHOTO (YHKIMOHUPOBAHHS H
npenoTBpalleHus: BTopxkeHui. ClielyeT OTMETUTh, YTO OJJHO U3 aKTyalbHbIX HANPaBICHUH, KOTOPOE aKTUBHO pPa3BU-
BaeTcs B cpepe HHPOPMAIMOHHOW OE30MACHOCTH, CBSI3aHO C MUCIIOJIF30BAaHHEM MEIOHOCHBIX TOPIIOYKOB (BUPTYAaih-
HBIX TIPUMAHOK, OHJIAWH-JIOBYIICK). L{enbro paboThl TAaKUX MPUMAaHOK SBJISIETCS aTaka WM CKAaHUPOBAHUE HEaBTOPH-
30BaHHO# cropoHnoii (YHII) ¢ 1enpio u3ydeHns: CTpaTeruy 3allluThl, OMPEACIICHHs JHaa3oHa UX CPEACTB, C TOMO-
B0 KOTOPBIX MOTYT MPOBOJIUTHCS aTaKd Ha pealibHble 00BEKTHI Oe3omacHocTH. Honeypot W METOMbI, UCIIONB3Y-
eMBbIe JUIS UX pealiu3alliy, Pa3IndHbl, HAIIPUMEp, 3TO CIICIUATBHO pa3pa0dOTaHHAs MHTETPUPOBAHHAS CETh FUTH OJIH
€IMHCTBEHHBIH SMYJIMPYEMBbIl CETEeBOW CEpBHUC, OCHOBHOM 3a/adeil KOTOPOTro SBJSETCS NpUBJICUCHHE BHUMAaHUS
UNP [1]. ITosTomMy BBIOOp KpUTEpHEB AJisi ompeieiicHus Hanbolee 3((GEKTHBHBIX MEIOHOCOB U HMX JaNbHEHIIas
Kiaccu(UKaIus SBISETCS aKTyadbHOM 3a1auei.

KiaroueBble ciioBa: kinaccuuKanusi NPUMAHOK, KIACCU(PHUKAIMSI OHIANH-JOBYIICK, BUPTYyaJbHbIC
MPUMAHKH, HEUYCTKUE CTAHIApTHl, METOA (OPMHUPOBAHUS S3BIKOBBIX CTAHIAPTOB, CHUCTEMBI OOHAPYKCHHS
BTOP2KEHUII.
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INDICATORS OF CELL METABOLISM IN VITRO
IN RESEARCHES OF ANTI-INFLAMMATORY
AND CYTOTOXIC EFFECTS OF FULLEROPYRROLIDINES C60
AND THEIR INITIAL SUBSTRATES

Abstract. The article considers data on the in vitro study of new fulleropyrrolidine compounds for anti-
inflammatory and cytotoxic activity in cultures of human monocyte cell lines MonoMac-6 and THP-1Blue and also
as inhibitors of human neutrophil elastase. This enzyme is a regulator of inflammation. In different situations, it can
act both as a pro-inflammatory and as an anti-inflammatory agent. An imbalance in the regulation of elastase activity
plays an important role in the pathogenesis of cystic fibrosis, acute respiratory distress syndrome, bronchiectasis,
chronic obstructive pulmonary disease, type 2 diabetes mellitus, atherosclerosis and hypertension. In the future, such
studies should lead to the creation of optimal in vitro models that most adequately reflect the situation in vivo and
establish the relationship between the structure and activity of the studied drugs. It is noted that the presence of
lipophilic properties in fullerene C60 derivatives is especially important in the development of pharmaceuticals for
the control of pathogens of various infectious diseases. Fullerene C60 derivatives have the ability to easily penetrate
lipid membranes, overcome the blood-brain barrier, and modulate ion transport. Compounds were tested for anti-
inflammatory and cytotoxic activity (in vitro) on cultures of human monocytic cell lines MonoMac-6 and
THP-1Blue. Modified fullerene compounds of various structures were tested for their inhibitory ability against
neutrophil elastase enzyme (in vitro). Elastase activity was evaluated by the ability of fulleropyrrolidine compounds
to hydrolyze the synthetic substrate N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-me-thylcoumarin (Calbiochem).
The results of studies of fullerene compounds in relation to their anti-inflammatory and cytotoxic activity are
obtained. The analysis of the fluorescence kinetics of the compounds was carried out. The cytotoxic activity of the
samples was investigated in the Brine Schrimp test using Artemia salina. All compounds have cytotoxicity, which
suggests a lack of selectivity of chemotherapeutic action. In general, the presence of a cytotoxic effect confirms the
reality of antimicrobial action. The results of the study of the antibacterial and antifungal activity of the synthesized
new fulleropyrrolidines and their starting substrates are described (S. aureus 505, Bacillus subtilis, Str.agalactiae,
E. Coli M-17, Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus,
Trichophyton mentagraphytos, Epidermophyton fioccosum). As a result of the study of the potential antifungal
activity of the compounds, it was found that only two drugs inhibit the growth of test cultures in vitro. All other
studied samples have practically no activity against the yeast fungi Candida albicans. In general, the presence of a
cytotoxic effect in the studied fullerene compounds confirms the reality of the antimicrobial action.

Key words: fulleropyrrolidines, fullerene C60, neutrophil elastase inhibitors, anti-inflammatory activity,
cytotoxicity.

Introduction. Nowadays, using of fullerene C60 in the field of biology and medicine is of particular
interest. Fullerenes themselves are extremely hydrophobic and not very suitable for introduction into a
living organism. However, the methods developed in recent years for the chemical modification of
fullerenes using water-soluble and lipophilic adducts have revealed the widest range of their biological
effects [1]. It was found that many organic derivatives of fullerene C60 have the ability to penetrate
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through lipid membranes, overcome the blood-brain barrier and modulate ion transport [2]. First of all, it
is the absorption of free radicals and protection against oxidative stress. Secondly, fullerenes can serve as
carriers, for example, for HIV proteases [3]. Finally, fullerenes can produce singlet oxygen and cause
DNA damage to transformed (tumor) cells [4]. The presence of lipophilic properties in fullerene
C60 derivatives is especially important in the development of pharmaceuticals for the control of pathogens
of various infectious diseases. The possibility of using C60 as a cytoprotective agent is one of the most
developed areas due to fundamental research by Dugan and other authors [5-7], who established the ability
of fullerene to trap superoxide radicals. Fullerene derivatives using in medical practice is necessary to
understand the causes and mechanisms of the direct and long-term consequences of their in vivo and in
vitro effects, based on the introduction of proliferation and apoptosis of cell necrosis into the regulation.
A great influence on the subsequent properties of fullerene nanoparticles has a method for their
preparation and functionalization, as well as morphology - their size, shape, surface topography, affinity
for cellular structures, i.e. parameters depending on which the biological effects of nanoparticles can vary
from cytoprotective to cytotoxic. The proposed article considers the possibility of such an approach for the
guantitative assessment of anti-inflammatory and cytotoxic activity in cultures of human mono-monocytic
cell lines MonoMac-6 and THP-1 Blue, as well as human neutrophil elastase inhibitors using some
fulleropyrrolidines C60 and its structural fragments as an example.

In the future, such studies should lead to the creation of optimal models in vitro that most adequately
reflect the in vivo situation and establish the characteristics of the relationship between the structure and
activity of the studied drugs. Assessment of the anti-inflammatory and cytotoxic effects of potentially
bioactive substances is a necessary step in the study at the preclinical stage in the framework of the
GLP system [8]. This enzyme is a regulator of inflammation, and in different situations it can act both as a
pro-inflammatory and as an anti-inflammatory agent. Imbalance of elastase activity regulation plays an
important role in the pathogenesis of cystic fibrosis, acute respiratory distress syndrome, bronchiectasis,
chronic obstructive pulmonary disease, type 2 diabetes, atherosclerosis, arterial hypertension. The results
of a study of a number of compounds on antibacterial and antifungal activity with various test cultures are
presented

Materials and methods. Synthesis methods and data on the synthesis, structure and physicochemical
properties of fulleropyrrolidines (lla-e) and their tartrate salts are described in [9-12], are presented in
figures 1, 2 and table 1. The antibacterial and antifungal activity of the newly synthesized fulleropyrro-
lidines (lla-d) was held at the Department of Microbiology of the Karaganda Medical University.
Compounds (lla-e) were tested for anti-inflammatory and cytotoxic activity (in vitro) in cultures of human
monocytic cell lines MonoMac-6 and THP-1 Blue. The anti-inflammatory effect was evaluated by the
ability of the compounds to suppress lipopolysaccharide (LPS) -induced production of anti-inflammatory
cytokines interleukin-6 (IL-6) and as a tumor necrosis factor (TNF) in MonoMac-6 cells, as well as
NF-kB-dependent production of alkaline phosphatase (ALP) in transfected THP-1 Blue cells. Cells were
treated with the compound for 30 min, then 0.5 Lg / ml LPS was added to the cell culture. Cytokine or
alkaline phosphatase levels were evaluated after 24-hour incubation.

Cytokines were measured in cell supernatants using an enzyme immunoassay (Elisa). AP production
was measured using a specific Quanti-BlueTM substrate. The level of cytotoxicity was evaluated using the
chemiluminescent CellTiter-Glo kit. The effective concentration causing a 50% suppression of the
response (ICso) was found using regression analysis using dose-dependent curves (at least 5 concen-

trations).
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Figure 1 — The reaction of the formation of fulleropyrrolidines (l1a-€)
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Figure 2 — The synthesis of tartrate salts of fulleropyrrolidines

Results and discussion. Compounds (I, 1l d-k) were tested to evaluate their inhibitory effect on the
activity of the neutrophil elastase enzyme (EC 3.4.21.37). Elastase activity was assessed by the ability of
the compounds to hydrolyze the synthetic substrate N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-
4-methylcoumarin (Calbiochem). The formation of a florescent product was measured with excitation of
355 nm and emission of 460 nm with a Fluoroskan-Ascent FL instrument. An effective concentration
causing a 50% inhibition of enzyme activity (ICso) was found by regression analysis. The inhibitory
activity of compounds with relation to human neutrophil elastase is shown in table 1.
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Table 1 — Inhibitory activity of the compounds (Id-k) in relation with human neutrophil elastase

Compounds I1Csp, UM
Id NA?*
le NA?*
If NAP
lh NA®
li NA
Ij 33,3+0,13
1k NA?*
Ila 0,09+0,10
Ilb 0,10+0,01
llc 0,18+0,15
Id 0,02+0,02
lle 0,09+0,23
If 0,12+0,10
Ilh 0,07+0,04
Ii 0,15+0,12
1k 0,03+0,02
Ille 0,12+0,05

& Compound is rapidly hydrolyzed, which is accompanied by either a decrease or an increase in intrinsic fluorescence
at 460 nm; ®no inhibition of enzyme activity at a concentration of <100 uM; adhesion has a high level of intrinsic fluorescence.

As follows from the data in table 1, only compound (lj) showed the highest activity with an 1Cs, of
about 33.3 uMb, while fullerene derivatives showed weak activity.

The rapid hydrolysis of most compounds does not allow the correct registration of the kinetics of the
hydrolysis of the fluorescent substrate with N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-methyl-
coumarin by the elastase enzyme at the same fluorescence parameters (Aex = 355 nm, Xy = 460 NmM )
Although compound (Ih) is sufficiently stable for the 5 min necessary for registration of the enzymatic
reaction, it has a high basic autofluorescence, which also negatively affects the correct registration of the
reaction kinetics. The kinetics of the compound (Ih) and (Ik)fluorescence spectra, which are noted above
as compounds with a high level of intrinsic fluorescence, were recorded on a Perkin Elmer LS50B
instrument at Ae, = 355 nm. Compound (Ih) has a specific fluorescence peak (Aex = 355 NM; A = 489 Nm).
In an aqueous medium, compound (lh) is slowly hydrolyzed, which is accompanied by a decrease in
fluorescence (figure 3A). Compound (Ik) has a specific fluorescence peak (Aex = 355 NM; Aem = 475 nm).
In an aqueous medium, compound (Ik) is almost completely hydrolyzed in 60 minutes, which is
accompanied by a decreasing in fluorescence in the region of 460-475 nm (figure 3B).

Compounds (Ih-k) of various structures were tested in relation to their anti-inflammatory and
cytotoxic activity and inhibitory ability against neutrophil elastase enzyme (in vitro). The results of
compounds (lh-k) studies in relation to their anti-inflammatory and cytotoxic activity are presented in
table 2.
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Figure 3 — Kinetics of the fluorescence spectra of compounds (Ih) and (Ik) (25 uM solution
in water with 0.25% dimethyl sulfoxide) at Aex = 355 nm (gap width 5 nm).

Table 2 — Effect of the compounds (lh-k) on LPS-induced production of cytokines (TNF and IL-6)
and alkaline phosphatase (AP) in a cell culture and an estimation of their cytotoxicity

MonoMac-6 cells THP-1 Blue cells
Compounds TNF IL-6 | Toxicity Alkaline phosphatase | Toxicity
ICs0, uM

Ih NA NA NT NA NT
li NA NA NT NA NT
1j NA 0,11 NT NA NT
1k NA NA NT NA NT
lle NA NA NT NA NT
i NA NA NT NA NT
Ig NA NA NT NA NT
1k NA 0,03 NT NA NT
NA and NT - no inhibition of production or cytotoxicity at concentrations <100 pM.

From the data presented in table 2 it follows that the studied compounds do not have cytotoxicity, but
lj and lik in low concentrations are able to suppress the production of IL-6, but not TNF. This property
seems to be very interesting, since the production of IL-6 and TNF in cells is regulated by various
mechanisms [15-17.

The results are present in a table 3 of a study a number of compounds for antibacterial and antifungal
activity. Test method for antimicrobial and antifungal activity - disco-diffuse in agar with test cultures:
S. aureus 505, Bacillussubtilis, Str. agalactiae, E. ColiM-17, Ps. aeruginosa, Candida albicans, Penicillium
citrinum, Aspergillus niger, Aspergillus flavus, Trichophytonmentagraphytos, Epidermophytonfioccosum.

Benzylpenicillin sodium salt was chosen as the standard for antimicrobial activity, and nystatin was
chosen for antifungal activity. The concentrations of the tested drugs were 1 pg for antibacterial activity,
10 pg for antifungal activity. The concentration of the reference preparations was 1 mg. The antimicrobial
activity of the samples was evaluated by the diameter of the zones of growth inhibition of the test strains
(mm). The diameters of the zones are less than 10 mm and the continuous growth in the cup was evaluated
as the absence of antimicrobial activity, 10-15 mm - weak activity, 15-20 mm - moderately pronounced
activity, over 20 mm - pronounced. Each sample was tested in three parallel experiments. Statistical
processing was performed using parametric statistics methods with calculation of arithmetic mean and
standard error.
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Table 3 — Antimicrobial activity of the samples

Compounds Staphylococcus Bacillus subtilis Escherichia coli Candida albicans
aureus (mm) (mm) (mm) (mm)

Ild 11,3+1,1 10,1+1,2 10,1+1,3 9,1+1,2
lle 14,2+1,2 16,4+1,1 14,3+1,2 12,4+1,1
j 16,1+1,3 15,2+1,3 15,1+1,0 13,2+1,3
1d 9,7+0,3 10,0+1,1 9,0+0,4 8,6+1,0
Ille 12,3+1,1 14,3+1,3 15,1+1,3 10,2+1,1
Ih 15,2+1,3 15,2+1,1 17,2+1,4 11,3+1,3
i 11,5+0,4 10,2+0,5 9,2+1,1 10,0+0,1
1j 15,2+1,2 14,3+0,1 16,0+0,9 14,3+1,1
1k 10,1+0,5 9,1+1,4 8,0+0,7 7,8+1,4
Benzylpenicillin sodium salt 14,4+1,2 16,1+1,2 13,3+1,2 -

Nystatin 18,2+1,0

The cytotoxic activity of the samples was investigated in the Brine Schrimp test using artemiasalina

2-day-old shrimp larvae. The average lethal dose of the samples and the upper and lower toxic limits were
calculated using the Finney program.

In the study of antimicrobial activity, dilution was carried out at the rate of 1 mg of substance per
1 ml of solvent, 4 types of bacteria were used: Staphylococcusaureus, Bacillussubtilis, Escherichiacoli and
Candida-albicans. These cultures were sown using the lawn method, respectively, on the following
nutrient media: Lauryl Sulphate Agar, Endo medium, nutrient agar, and Saburo medium. Then Petri dishes
were incubated for one day at 37 © C. The results of the identified growth retardation in the media are
shown in table 3.

In a result of the study of the potential antifungal activity of the compounds it was found that only
lle and Ille inhibit the growth of test cultures in vitro. An exception is the culture of yeast Candida
albicans, which does not respond to the studied compounds (table 4). All other studied samples have
practically no activity against fungi.

Table 4 — Antifungal activity of the samples (le) u (l1le)

Diameter of growth inhibition zones, mm
Compounds Penicillium Aspergillus Aspergillus Trichophyton Epidermophyton
citrinum niger flavus mentagraphytos fioccosum
lle 13,3+1,1 12,4+1,1 14,2421 - 11,4+1,3
Ille 15,2+1,3 12,3+2,2 13,3t1,4 10,3+3,1 14,1+1,2
Nystatin 16,2+3,1 12,3+1,1 15,1+3,2 14,2+2,2 12,3+1,2

The cytotoxic activity of the samples was investigated in the BrineSchrimp test using Artemiasalina
2-day-old shrimp larvae. The medium for the removal of sea crustaceans was a 3.3% solution of sea salt.
Larvae were grown by immersing eggs of sea crustaceans in artificial sea water and incubated for 48 h at a
temperature of 37°C. Then, 10 pieces of Artemiasalina sea crustaceans were caught in each vial, and the
studied pharmacological substances were added separately in dissolved form. Sea crustaceans in bottles
with the addition of N-methyl-1-[(4-diethylamino-2-hydroxyphenyl)]-fullerene-C60-[1,9¢c] pyrrolidine
(lle) and N-methyl-1-[(4-diethylamino-2-hydroxyphenyl)]-fullerene-C60-[1,9¢c] -pyrrolidinium tartrate
(Ie), immediately died. Vials with substances Ih, Ij, 1If, I1i, Ik were stayed at room temperature in the
light for 24 hours. After 24 hours, an average of 1-2 dead larvae were found.

As a result of studies, it was found that the presented substances, which showed weak antimicrobial and
antifungal activity, have cytotoxicity, which are suggested have a lack of selectivity of the chemotherapeutic
effect. In general, the presence of a cytotoxic effect confirms the reality of antimicrobial action.
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OYJIUIEPOIINPPOJIMIANHAEP MEH OJIAPABIH BACTAIIKbBI CYBCTPATTAPBIHBIH
KABBIHYFA KAPCbI )KOHE HUTOYBITTbI OCEPIH 3EPTTEYJEIT IN VITRO KJIETKAJIBIK
METABOJIN3M KOPCETKIIITEPI

AnHoTanus. Makananma MonoMac-6 xone THP-1Blue amam MOHOIMTapiIBl KJIETKA CHI3BIKTApPBIHBIH OCIHIII-
cinze in Vitro KaObIHYFa KapChl oHE UTOYBITTHI OENICEHAUTITIH/IET] KaHa (QyLIepONUPPOIUIANH KOCBUTBICTAPBIH,
COHJAM-aK afaM HeHTpOoPHIAEpiHIH 31acTaza WHTHOWTOPNAPHI PETiHAE 3epPTTEy Typalbl MANTIMETTep KapacThl-
peuTFaH. Byn kapacTeIppurFaH (epMeHT KaOBIHYABIH peTTeylrici OONBIN caHamaabl. OPTYPIi JKargaiiapia oijap
KaOBIHYFa ocep eTylli HeMece KaObIHyFa Kapchl areHT peTiHne Ae OelCeHATIK KepceTeni. JiacTa3aHblH OCHIHIAN
Karnaiira OalnaHbICTBl 9cep eTeTiH OeJICEHAUIINT MYKOBHCIMI03a MATOTEHE3IHe ocepi KBUIAaM PEeCUpPATOPIIbIK
JIUCTPECC-CHHTAPOM, KaHT AMA0eTiHIH eKIHIIIK TYpiH/e KoHEe apTepHalbIK THIIEPTEH3Us Ke31H1e MaHbI3/Ibl KbI3MET
aTKapanbl. bonamakra MyHzaail 3epTTeynep in Vivo jkaFalblH HEFYpJIBIM 0apabap KepCeTeTiH in Vitro OHTaiibl
YITUIEpiH KYpyFa JKoHE 3epTTEICTiH IMpernaparTapiblH KYpPbUIBIMBI MEH OCJICCHIUIIrT apachlHAaFbl apaKaThIHAC
epeKIIeNiriH anplkTaybl Thic. Dymepen C60 TybIHABUIAPBIHBIH JTUNOQMIBAI KACUETTePiHIH OO0Mybl TYpii HH(EK-
LSUIBIK aypy KO3JBIPFBIIIBIHA Kapchl (apMarieBTUKa OHIIpICIHIE Iopi-IopMeK rKacayAa eTe MaHbI3Ibl KacHeT
OombIn caHaNaThIHBI alKpIHIanAsl. Dyseped C60 TybIHABLIAPEl TUNOGUIBII aJJaM KICTKaChIHBIH MeMOpaHaChIHAH,
COHBIMEH Oipre reMaTOHIE()ATUTHKAIBIK KSICPTriiecH OHall IIbIFa ajaibl )KOHE MOHAAPIBl TachIManaay KacuerTepi
Oap. CuHTE3HeNiNm anblHFaH jKaHa (yJUIepeHnmiK 3aTTap aJaMHBIH MOHOLMTApJIBl CHI3BIKTEI MonoMac-6 sxone
THP-1Blue xneTkanapbiHga KaObIHYFa JKOHE LUTOTOKCKOJOTHSIIBIK OeiceH/inikke Kapcewl (N Vitro) skarmaiibiama
3eprrenmi. Kypbutsicsl Typai ¢yuiepeHaiK TYpIeHAIPIIreH KOCUTBIC HEUTPOIIIBACPiHIH (PepMEHTTI dTacTa3achiHa
Kapchl TEXeyllli, HUTOYBITTHI JXOHE KaObiHyFa Kapchl (inN VItro skargaiiplHia) OcepiH TeKcepy HITIKeIepi
KapacThIPBUIABL. DJacTa3a OelICeH I (yuIeponuppOIHIHHI KOChUTbIcTapabiH cuHTeTukansik N-methylsuccinyl-
Ala-Ala-Pro-Val-7-amino-4-me-thylcoumarin (Calbiochem) cy6crpatti ruaponusaey kabinerTinirine GaillaHbICThI
Oaranmanapl. OyJUIepeHIIK TYBIHABUIAP/IBIH KAOBIHYFa YKOHE IUTOYBITKA OCJICCHIUTIK KacueTTepi OOMbIHINA 3epTTey
ManimMerTepl anblHAbl. Kypbuibichl opTypiti QyJuiepeHaik KOChUIBICTApAbIH (IyOpECUEHIHSIIBIK KHHETHKAChIHA
Tanaay xacanapl. CUHTE3ENIN albiFaH aHa (yJuIeponuppoiInHIep MEH ONap/blH 0acTallkel CyOCTpaTTapbIHBIH
OakTepHsIIapFa XoHe TpUOTapFa KapChl 9CepiH 3epTTey HOTmKelNepi cunarrananpl. KeitOip 3aTTapasiH OakTepust MEH
rpubke Kapchl OelceHaUTiriH 3epTrey HoTXkedepi kentipinren (S. aureus 505, Bacillus subtilis, Str.agalactiae,
E. Coli M-17, Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus,
Trichophyton mentagraphytos, Epidermophyton fioccosum). ®ynnepeHaik TybIHBUIAPBIH [IATOYBITTHI OSICEH LTI
Brine Schrimp tekcepy »xyiieci apKpuibl TeHi3 KpeBeTkanapbiHbiH Artemia salina kimkene KypTTapblH KOJIIaHY
Heri3iHae 3eprrenai. [pubdrtepre Kapcol (yJulepeH Il TYBIHABUIAP OSNICEHIUIITIH 3epTTey HOTMKECIHAE TeK KaHa eKi
»KaHa 3aTThIH iN VIitro »araaiblHIa TECTITIK OCIHATEPIiH KeTiTy yAepiciH TOKTaTaThIHbI aHbIKTanIbl. Kamran 6ap-
neIK 3eprrenetin 3artap Candida albicans rpubine Kapcer GenceHminik TaHbITHaAbl. JKanmel aiiTKaHIa 3epTTENTeH
3arTapa IUTOYBITTHIH OOJIYBI OJIAPJBIH MHUKpOOTapra Kapchl OEJICEHAUIIK KepceTyre MYMKIHIITIHIH 0ap eKeHiH
KepceTe.

Tyiiin ce3nep: Qymieponuppomuaunaep, pymiepes C60, HelTpodumbaep dnacTa3achblHBIH TEXEYilli, KaObIHY-
Fa Kapchl OEICeHITIK, IIUTOYHIT.
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MOKA3ATEJIU KJIETOUHOI'O METABOJIU3MA IN VITRO B UCCJIEJOBAHUU
HNPOTUBOBOCHAJIATEJBHBIX U IUTOTOKCUYECKHUX DO®DPEKTOB
OYJUIEPOIINPPOJIMIANHOB U UX UCXOJHBIX CYBCTPATOB

AnHoTanus. B ctaThe pacCMOTPEHBI TaHHBIC TI0 U3YYCHHUIO HOBBIX (DYJUICPOIHPPOIUIMHOBBIX COCTMHCHUN Ha
MPOTHBOBOCIIATIMTEIbHYIO M IIUTOTOKCHYECKYIO aKTHBHOCTH iN VItr0 Ha KyJabTypax 9elOBEYECKMX MOHOIMTAPHBIX
mHU kiaetok MonoMac-6 u THP-1Blue, a takke B KauecTBe HHTHOMTOPOB 3J1aCTa3bl HEUTPOPHIIOB YEIOBEKA. DTOT
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(bepMeHT SIBISIETCS PEryIATOPOM BOCHANCHWs. B pasHBIX CHUTyalMsX OH MOXET BBICTYIATh W KakK MPOBOCHA-
JUTETIbHBIA, W KaK MPOTHBOBOCIANUTENbHBIA areHT. JlucOanaHc B peryiupoOBaHHH aKTUBHOCTH 3JIaCTa3bl HIPACT
BOXHYIO POJIb B MAaTOr€HE3e MYKOBHUCIHI03a, OCTPOTO PECIHPATOPHOTO AUCTPECC-CHHAPOMA, OPOHXOIKTATHIECKOI
0O0Ne3HH, XPOHHYECKOI OOCTPYKTHBHOW OONE3HM JIETKHX, CaxapHOro audabera BTOPOTO THIIA, ATEPOCKIECPO3a
U apTepHabHOW THHEPTEH3WH. B MmepcreKTHBe MOAOOHBIC HCCIEAOBAaHMS MOJUKHBI TMPUBECTH K CO3JaHHIO
ONITHMAJIbHBIX MOJIENeH IN Vitro, Hamboiee aJeKBATHO OTPAXKAIOIIHX CHUTYAIMIO IN VIVO M yCTaHOBJICHHUIO OCOGCH-
HOCTEH COOTHOLICHHS MEXIY CTPYKTYpPOH M aKTHBHOCTBIO HCCIEIyeMBIX mpenaparoB. OTMEYEHO, YTO HAIMYHE Y
npou3BonHBIX (ymaepera Cgy TUMOGMIBHBIX CBOMCTB OCOOCHHO BaKHO TIPH pPa3pabOTKe (papMameBTUICCKUX
IpernapaToB U 60pbOBI C BO3OYIUTEISIMH Pa3TUYHBIX HHPEKITHOHHBIX 3a0oneBannil. [IponsBoansie pymrepena Cgo
007aaf0T CIIOCOOHOCTHIO JIETKO TIPOHUKATH Yepe3 JIUMUAHBIE MEMOpaHBI, IPEOI0JIeBATh TeMaTOIHIE(PATUTHICCKIH
Oapbep M MOAYIHPOBaTh TpaHCIOPT HOHOB. CoeAWHEHHs ObUIM KCCICIOBAHBI Ha IPOTHBOBOCHAIUTENBHYIO H
[UTOTOKCHYECKYIO aKTHBHOCTH (iN Vitr0) Ha KyJbTypax 4elOBEeYeCKUX MOHOLMUTAPHBIX JHHHUN KieTok MonoMac-6 u
THP-1Blue. ITuroTokcuueckasi akTHBHOCTh 00pasIiloB HCClienoBantach B Tecte Brine Schrimp ¢ ucmons3oBanmem
JMYMHOK MOPCKHX KpeBeTok Artemia salina. ITpoBoammuch TecTHpOBaHHS MOAMGHUIMPOBAHHBIX (YIICPEHOBBIX
COCAMHEHUI Pa3IMYHONW CTPYKTYpBHl B OTHOIIEHHH MHTHOMpYIOLIEH CIIOCOOHOCTH MPOTUB (hepMeHTa dJactasbl U3
HerTpodmioB (in Vitro). AKTHBHOCTH 3J7acTa3bl OblIa OIIEHEHA MO CHOCOOHOCTH (yIICPOHPPOTHIHHOBBIX
cOeIMHeHU# ruapoan30Barh cunternueckuii cyoctpar N-methylsuccinyl-Ala-Ala-Pro-Val-7-amino-4-me-thylcouma-
rin (Calbiochem). IonyueHbl pe3yabTaThl HCCIEAOBAHUN (DYIUIEPEHOBBIX COCAMHEHUN B OTHOLICHWH HX MPOTHBO-
BOCIAIUTENBPHOM ¥ IMTOTOKCHYECKOH AaKTUBHOCTH. L[UTOTOKCHYecKas aKTUBHOCTH (YIUIEPEHOBBIX 00pasioB
uccaenoBanach B tecre Brine Schrimp ¢ wucrnons3oBaHueM JIMYMHOK MOpCKHX KpeBeTok Artemia salina. Bce
COCTMHEHHUS 00JIAAI0T UTOTOKCHYHOCTBIO, YTO MO3BOJISICT TOBOPUTH 00 OTCYTCTBUH H30UPATEIBHOCTH XHMHOTE-
pamneBTHYEeCKOTO neicTBUs. [IpoBeneH aHAN3 KHHETHKH (IIyopecleHInH (yIIepeHOBBIX COSTUHCHUI Pa3IMIHON
CTpyKTYphL. [IpencraBieHsl pe3ynbTaThl H3yICHHS PsAia COSANHEHHI Ha aHTHOAKTEPHATIBHYIO U IPOTHBOTPUOKOBYIO
aKTHBHOCTH C pa3IMYHBIMH TecT-KyapTypamu (S. aureus 505, Bacillus subtilis, Str.agalactiae, E. Coli M-17,
Ps.aeruginosa, Candida albicans, Penicillium citrinum, Aspergillus niger, Aspergillus flavus, Trichophyton
mentagraphytos, Epidermophyton fioccosum). B pesynbraTe HCClIeIOBaHHMsS MOTEHIMAAa MPOTUBOIPHOKOBOM
AKTUBHOCTH COCAMHEHHUI YCTAHOBIICHO, YTO TOJBKO J[Ba Mperapara TOPMO3SAT POCT TECTOBBIX KyJIbTYp iN Vitro. Bee
OCTaJbHBIC HCCIICMIOBAHHBIC OOpaslbl MPAKTHYSCKH HE OONAJat0T aKTHBHOCTHIO MPOTHB APOXKIKEBBIX TPHOOB
Candida albicans. B memnoM Hanmuumke HUTOTOKCHYECKOro 3(dekra y u3ydeHHbIX (YJUICPEHOBBIX COEAWHEHUM
MOATBEPIKIACT PeaTbHOCTh AaHTUMUKPOOHOTO JICHCTBHS.

KawueBple caoBa: ¢ymieponupponuanasl, ¢ymiepeH C60, WHTHOUTOPBHI 3JacTa3bl HEWTPOQHUIIOB,
NPOTHBOBOCHAJHUTEIbHAS AKTUBHOCTD, IUTOTOKCHYHOCTb.
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HYPERACCUMULATOR PLANTS FOR PHYTOREMEDIATION
OF SOIL CONTAMINATED WITH HEAVY METALS

Abstract. Environmental pollution, including pollution of urban soils by heavy metals causes serious
environmental concern around the world. Heavy metals accumulate relatively quickly in soil but their removal rate is
very slow. Hyperaccumulator plants help cleanse the environment from heavy metals. Phytoremediation is cleansing
of soils contaminated with heavy metals, using plants that accumulate significant amounts of metals. An important
environmental problem in large industrial cities is pollution by toxic compounds, including heavy metals. Due to the
potential toxicity and high resistance of metals, soils contaminated with these elements are an environmental problem
that requires effective and affordable solution. In soils heavy metals are in varying degrees of accessibility to plants.
Water-soluble forms of heavy metals, as a rule, are presented in the form of various salts and organic complex
compounds. Phytoremediation of urban soils from heavy metals is an important environmental challenge. Among the
wild species, a special group of heavy metal hyperaccumulator plants is highlighted. Some of the land plants that can
accumulate abnormally high levels of potentially toxic trace elements are known as “hyperaccumulators” and their
number includes about 500 taxa. Phytoremediation is much more environmentally friendly and cheaper than other
techniques, so recently it has received widespread use in various countries.

Key words: Phytoremediation, heavy metals, hyperaccumulators, phytoextraction, urban soils.

Introduction. Recently, there has been an increased interest in study of ecological state of environ-
mental object located in urban areas. Study of soil and soil cover takes an important place in such
research. Urban soils are poorly studied biological systems that differ in some properties from natural
ones. They are characterized by high mosaic and irregularity of profile, significant compaction, alkaline
reaction, pollution with various toxic substances. Thus, an important environmental problem in large
industrial cities is pollution by toxic compounds, including heavy metals [1-3]. In soils, heavy metals are
in varying degrees of accessibility to plants. Water-soluble forms of heavy metals, as a rule, are
represented by chlorides, nitrates, sulfates and organic complex compounds. Heavy metals accumulate
relatively quickly in soil and are very slowly removed from it: the half-removal period of zinc is up to
500 years, cadmium - up to 1100 years, copper - up to 1500 years, lead - up to several thousand years [4].
Heavy metals are highly toxic substances due to their high lethality; they are not biodegradable and have
low mobilization ability in the environment. Therefore, they cause soil and water pollution, as well as
toxic, genotoxic, teratogenic and mutagenic effects in living organisms, causing endocrine and
neurological disorders even at low concentrations [5-7].

Regarding phytoremediation technology. Restoring the environment with plants is of great interest
around the world due to the possibilities that phytoremediation technology opens up for cleansing upper
layers of contaminated soils [4,15]. Phytoremediation is the most suitable alternative to traditional
technologies of physical and chemical rehabilitation, which are very expensive and technically more
suitable for small areas, create secondary pollution and impair soil fertility. Phytoremediation method does
not require large expenditures, it is simple in practical implementation, and is applicable in any
environmentally unfavorable zones [10-13].
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The effect of nickel hyperaccumulation by plants was first noted in the seventies of the twentieth
century [8.9]. Since then, study of hyperaccumulators has attracted attention of plant physiologists,
molecular biologists and biotechnologists. Advances in study of hyperaccumulators have led to
identification of about 500 taxa capable to hyperaccumulate various elements [14]. Some of the land
plants that can accumulate abnormally high levels of potentially toxic trace elements are known as
“hyperaccumulators” [15]. These plants have been the subject of intensive research in recent decades,
which has led to their widespread use in biotechnologies for soil cleaning [16], phytoproduction [17] and
nanotechnology [18,19].

Studies show that plants can cleanse the environment from metals, and phytoremediation allows use
of green plants for removing pollutants from surface layer of soils or turn the latter into harmless
compounds, making it a promising method. Among wild-growing species, a special group of heavy metal
hyperaccumulator plants is distinguished. Their shoots are able to accumulate from 1,000 to 30,000 mg of
metal per kilogram of dry mass of plant without visible signs of damage [20,14]. Cultivation of heavy
metal hyperaccumulator plants in contaminated areas allows to cleanse soil of excess metals [21-23].

Hyperaccumulation of heavy metals in soil. The first threshold values for hyperaccumulation of
trace elements were determined as follows: 1000 mg / kg for Ni, Co, Cu, Cr, Pb and > 10000 mg / kg for
Zn and Mn [20, 24]. According to Yang et al. [25], the threshold value for Zn should be reduced to
3000 mg / kg. Sun et al. [26] suggested that the threshold for Cd should be 100 mg / kg. A new updated
and revised proposal for thresholds considers a plant a candidate for hyperaccumulator if its dry matter of
aboveground tissue contains more than 100 mg / kg Se, Cd and TI, 300 mg / kg Cu, Co, Cr, 1000 mg / kg
Ni and Pb, 3000 mg / kg Zn and 10000 mg / kg Mn [14]. In addition, Pratas et al. [27 suggested a
threshold level of 1 mg / kg for Ag.

Critical evaluations of hyperaccumulation reports mentioned that hyperaccumulative plants are now
broadly divided into eight groups: (i) plants from ultrabasic soils showing hyperaccumulation of Ni (and
rarely Co); (ii) plants from soils enriched with chalcophilic elements, such as Zn, Pb, Cd and TI, which
may exhibit hyperaccumulation of any of these elements; (iii) plants from soils rich in Cu and Co,
exhibiting hyperaccumulation of one or both of these elements; (iv) plants exhibiting hyperaccumulation
of Mn, which may arise from some ultrabasic soils and from some other substrates; (v) plants with
unusually high concentration of Se from soils with increased concentrations of this element; (vi) plants
that have been identified as hyperaccumulators based on the absorption of elements from industrially
contaminated soils, which include many of the elements listed above, as well as reports of
hyperaccumulation of Cr and As; (vii) plants reported to accumulate light rare earth elements such as Ce
and La; and (viii) plants reported to be hyperaccumulating basic soil elements (that is, those that are higher
than concentration of microelements), such as Fe or Al, a category that we will not discuss further
[14,28,29,12,30].

Since the decorative flower crops used to create flower beds are practically not considered as means
of soil remediation, but rather for decorative purposes and so far haven’t been taken much into account,
studying their accumulating abilities is also very important [31].

Due to the potential toxicity and high durability of metals, soils contaminated with these elements are
an environmental problem that requires an effective and affordable solution. Phytoextraction has been
developed as part of intensive research for more efficient, cheaper and less hazardous methods to remove
contaminated soils. It is based on removal of metals by plants through absorption and accumulation in
biomass [32].

Hyperaccumulative plants. Hyperaccumulators have found their widest application in phytoextrac-
tion, which is one of the phytoremediation strategies [33,24,35]. The ideal plant kinds to be used in this
process should have: (i) high biomass production, rapid growth and easy assembly (the short time needed
to effectively reduce the concentration of elements in phytoremedic soils, [36-38] (ii) the ability to exist
outside its native region [33,39,40]. The second feature is often problematic because hyperaccumulators
are often endemic and their appearance is limited to contaminated sites. It is estimated that almost 90% of
known hyperaccumulators are endemic for metal-containing soils, such as serpentine soil [41].

Along with hyperaccumulative herbaceous plants, several species of tree species are considered
promising for further study. Since many woody plants grow quickly, have deep roots, produce abundant
biomass, and several species show some ability to tolerate and accumulate heavy metals. In recent years,
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significant progress has been made in identifying native plants and developing genetically modified
woody plants to restore the environment contaminated with heavy metals. On a large scale, metal uptake
by trees can be more efficient, mainly because of a deeper root system and higher biomass yields [42,43].

Phytoremediation is based on removal of contaminants from soil by using mechanisms such as
phytoextraction, phytodegradation, rhizofiltration, phytostabilization and phytovolysis [44,45,6,12], but
the mechanisms involved in heavy metals regeneration are limited by absorption, adsorption, transport and
translocation, sequestration in vacuoles, supersaturation and, in some cases, volatilization [46].

Two main areas of interest for the study of new hyperaccumulators include: (i) identification of new
indigenous plant species that demonstrate tremendous ability to bind elements [47,48] and (ii) search for
multi-element hyperaccumulators called coaccumulators [49] that can be used during phytoremediation of
contaminated soils.

Use of synthetic chelators and mineral fertilizers effectively stimulates accumulation of heavy metals
in plant organs by increasing bioavailability and productivity [50-55,45]. The addition of certain PGPR -
bacterial strains and mycorrhizal fungi to plants rhizosphere also stimulates accumulation of heavy metals
in plant organs [56-59].

One of the promising areas of phytoremediation of soils contaminated with heavy metals is usage of
transgenic plants specially designed as hyperaccumulators [51,55,11,6].

Phytoremediation methods are developed and implemented in Bulgaria, the USA, Great Britain,
Spain, Canada, China, Mexico, New Zealand and other countries [15,16]. However, implementation of
this environmental protection technology in the CIS countries is largely hindered by the need to search for
heavy metal accumulator plants adaptable to our environmental conditions or use of introducers.
Nevertheless, the work of researchers from Kazakhstan and the CIS on accumulation of heavy metals by
wild-growing and cultivated plants provides sufficient grounds for finding plants suitable for introducing
phytoremediation technology in Kazakhstan and the CIS [55,60-66]. In Kazakhstan, scientists from the
Institute of Biology and Biotechnology of the MES RK and other organizations are actively involved in
improving phytoremediation methods [55,63,64].

Conclusion. Heavy metals are highly toxic substances, they are not biodegradable and have low
mobilization ability in the environment. Therefore, restoration of the environment through plants is of
great interest throughout the world, which opens possibilities for phytoremediation technology for
cleaning the upper layers of contaminated soils. The phytoremediation method does not require large
expenditures, is simple in practical implementation, and is applicable in any environmentally unfavorable
zones. Advances in study of hyperaccumulators have led to the identification of about 500 taxa capable of
hyperaccumulation of various elements. The phytoremediation method does not require large
expenditures, is simple in practical implementation and is applicable in any environmentally unfavorable
zones. Almost 90% of known hyperaccumulators are endemic. The use of synthetic chelators and mineral
fertilizers effectively stimulates accumulation of heavy metals in plant organs by increasing bioavailability
and productivity. Among promising areas of phytoremediation of soils contaminated with heavy metals is
use of transgenic plants specially designed as hyperaccumulators. Phytoremediation methods are
developed and implemented in different countries of the world, including Kazakhstan.
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AYBIP METAJTIAPMEH JIACTAHFAH TOIIBIPAK ®UTOPEMEJUALINSICBIHA APHAJIFTAH
OCIMAIK-THIIEPAKYMYJISITOPJIAP

Annoranusi. COHFBl YakbITTa Kajla ayMarbIHJaFrbl KOpIIaraH OpTa OOBEKTUIEPiHIH SKOJOTHSUIBIK JKak-KYHiH
3epTTeyre KbI3bIFYIIBUIBIK apThIl Kenelli. Kana Tombipars! — a3 3epTTenreH OMOoNorusuIbIK xKyie. Onap yisl KOChUIBIC-
Tap, OHBIH IMIIHAE ayblp METAIAApMEH JIaCTaHaJbl JeNl CHUIATTajdaibl. AybIp METajlap TONbIpaKTa Te3 KHHaJaJlbl
XoHe oTe Oasy, sFHU OipHeIle MBIH JKbUIFa AEHIH MIBIFapbUIaIbl.
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duropemenuanus HU3NKaIBIK-XUMHUSUIBIK OHAITYABIH A9CTYPJIl TEXHOJIOTHSIIapbIHA €H KOJalibl Oanama skoHe
YJIKEH HIBIFBIHABI Tajall eTHeWnl, ic Ky3iHIe JXy3ere achlpy >KeHIT KOHE Ke3 KEJreH SKOJOTHSUIBIK KOJalChI3
aliMakrapyia KosimaHyra Oojaibl. 3epTTeyliep KepceTKeHAeH, KeWOip eciMaikTep KoplLIaraH OpTaHbl MeTajJaH
TazapTa anazabl. JlacTaHFaH Keprepe ayblp METalll THIEPaKKyMYJIATOPJIapbIH ©Cipy TOIBIPAKTHI ayblp MeTanapaaH
TazapTyFa MyMKIHIIK Oepei.

OcCIMIIK THUMEPaKKyMYJTOpiap Ka3ipri yakpITTa ayblp MeTaJmapIblH MIOFBIpIaHy KaOineTiHe OalIaHBICTHI
ceri3 Tonka Oexineni. Ockl TporecTe KONJaHBUIATHIH OCIMAIK Typiepi OnoMaccaHbIH KOFaphl ©HIMI, JKbUIIaM ocyi
JKOHE KCHIN JKUHAIYBI, COHIAi-aK ©3iHiH JXeprilikTi aiiMarplHAH TBHIC JKepliepAe oceTiH KaOimeri OOiybl THiC.
OITKeH] ambUFaH TUNEPakKyMyIaTopiaapasiH 90% KypaMblHAAa MeTana 0ap TONBIPAK YINIH SHAEMHKAJBIK TYpiep
OOJIBIIT cCaHAIAIEI.

duropemenuanus GpuTodKcTpakuus, GuUTOAETpaganus, pu30HIbTpanus, GUTOCTAOMIN3ANS )KIHE (PUTOBOIH-
3aTTay CUSKTHI TETIK KOMETiMEeH TOIMBIPaKTaH JIaCTayIIbl 3aTTap/bl LIbIFapyFa HEeri3eNreH, OipaK ayblp MeTajiapbl
pereHepanusiayra KaThICATBIH MEXaHU3MJIEp CiHIpy, aAcopOIys, KeJiK >XOHE TPaHJIOKALUs, BaKyoOJIbJIapIarbl
CeKBecTpalysl, aca KaHbIFy oHe KeHOip jkarjaia YIIbI KeTy apKbUIbl mekrenreH. COHIBIKTaH XKaHa THIICPaKKy-
MyJIsTOpiiapAbl Taly eTe MaHbBI3/bL.

CHHTETHKAJIBIK XEJIaTOpiap MEH MHHEPAJABIK ThIHAWTKBIIITAPAbI KOJJAHY OHMOXKETIMILTIN MEH OHIMIUIITiH
apTTHIPY eceOiHeH eCiMIK OpraHAapBIHAA aybIp METAABIH IIOFBIPIaHYBIH THIMI BIHTaMaHAeIpansl. Keitdip pgpr -
OaKTepHUsIbIK [ITaMMAAp MEH MHKOPH3II CaHBIpayKYIaKTapIblH ©CIMIIK pu3ocdepachlHa KOCBUIYBI, COHIAH-aK
ociMIIK OpraHAapbIH/a ayblp METaJIapbIH [IOFBIPJIAHY XKAFIalbIH BIHTAaHABIPAIBL.

AyBIp MeTalIapMEH JIaCTaHFaH TOIBIPAKTHI (PUTOpeMeTHalHsIayablH NepCIeKTHBAIBIK OaFbITTapbIHBIH OipiHe
THIIEPAKKYMYIISATOP PETiHIE apHaWBI )K0OaJaHFaH TPAHCTECHIIK OCIMAIKTEp I TaljanaHy >KaTalbl.

lumepakkyMynsaTopIapasl 3epTTEYACTi JKETICTIKTEp OpTYPIIi IEMEHTTEP I THIIePaKKyMYIALIUsIIayFa KaoiieTTi
500-re *xybIK TakCcOH aHbIKTanFaH. duTopemMenuranys sicTepi SJeMHIH TypJi eniHne, coHblH imrinae Kasakcranma
93ipJICHIII, CHTI31Ty e,

Tyiiin ce3nep: puropemennanys, ayblp MeTajlap, FUIEPaKKyMyJsITopiap, GUTOIKCTPAKIMS, KaJla TOMBIPAFhI.

b. K. Emncﬁaenl, Mapceaa K. Haraﬂoz, I. A. Kamasuoga®

'Satbayev University, Anmarsl, Kazaxcran;
*Federal University of Minas Gerais, bero Opusonte, Munac-Xepaiic, bpasuus

PACTEHUA-TUNNEPAKKYMYJATOPBI 1JIA PUTOPEMEJINALIUNA
3ATPA3HEHHBIX TAXEJBIMU METAJIJTIAMMU ITIOYB

AnHoTanusi. B mocienHee BpeMsi oTMeuaeTcsl MOBBIMICHHBIH HHTEPEC K HCCIEIOBAHUIO SKOJOTHYECKOTO
COCTOSTHHSI OOBEKTOB OKpPY)KaIOIIEH Cpeapl TOpPOACKHX TEPPUTOpPHHA. ['OpojcKHe MOYBBI — 3TO MaJOM3yYCHHBIC
OMOJIOTMYECKUE CHUCTEMBI, OTJIMYHBIE TI0 DAY CBOMCTB OT NMPHUPOAHBIX. OHM XapaKTEpPHU3YIOTCS 3arpsi3HEHHBIMU
TOKCUYHBIMH COCJIMHEHUSIMHM, B TOM YHCJIE TSDKEIBIMU MeTaiulaMH. TshKelble MeTajllbl CPaBHHTEIBHO OBICTPO
HaKaIUTMBAIOTCS B [TOYBE U KpaifHe MEJIEHHO U3 Hee BBIBOASTCS /10 NEPHO/a B HECKOJIBKO THICSY JIET.

®duropemenuaiysa — HanbOoJee MOAXOAAIMAs aTbTePHATHBA TPAAUIIHOHHBIM TEXHOJIOTHIM (PU3UKO-XUMUYECKOI
peabunuTanyu U He TpeOyeT OONBIIMX 3aTpaT, MPOCTa B MPAKTUYECKOM OCYIIECTBIEHWU U MPUMEHUMA B JIFOOBIX
9KOJIOTHYECKH HEOJIAarompusATHEIX 30HaX. VIcclemoBaHWS IOKAa3bIBAIOT, YTO HEKOTOPBIE PACTEHHUS IO3BOJIIIOT
OYHCTHUTH OKPYXAIOIIyI0 Cpeay OT MeTamwioB. KyJIbTHBHpOBaHHE pPACTCHHH-THIIEPAKKYMYJISTOPOB TSKEIIBIX
METaJJIOB Ha 3arps3HEHHBIX TEPPUTOPUSIX ITO3BOJISIET OUUCTUTD TIOUBY OT M30BITKA METAJIJIOB.

PacTeHus runepakkyMyssiTOpsl B HAcTOsIIiee BpeMs IOJPa3JeisioTCss Ha BOCEMb I'PYII B 3aBUCHMOCTH OT
CHOCOOHOCTH aKKyMYJISALIUH TSDKEJIBIX METauIoB. VjeanpHble BUIBI pacTeHUH, KOTOpble OyIyT HCIIOIb30BATHCS B
3TOM TIPOILECCE JOJDKHBI MMETh BBICOKOE IPOM3BOICTBO OMOMACCHI, OBICTPBI POCT M JIETKYIO COOpKY, a Takxke
CIIOCOOHOCTh pacTH BHE CBOEH abOpUreHHOW oOyacTH, Tak Kak mouyTH 90% H3BECTHBIX THIIEPAKKyMYJISITOPOB
SIBISIFOTCS 9HJIEMUYHBIMH JUIS1 METAJUIOCOIEPIKAIUX TTOYB.

Ouropemenuays OCHOBaHA Ha YHAJCHWH 3arpsS3HEHHH W3 TMOYBBI C ITOMOINBI0 TaKHX MEXAaHH3MOB, Kak
¢buTodKCTpaKIys, puronerpananys, pusoduibTpanys, putocTabunmzanus U GUTOBOIU3ATHPOBAHUE, HO MEXaHM3-
MBI, YJaCTBYIOIINE B PETEHEPANU TSDKENBIX METAaJUIOB, OTPAaHWYCHBI HOTJIONICHUEM, aIcOpPOLHeH, TPaHCTIOPTOM H
TPaHCIIOKAIlMEeW, CEeKBeCTpalMell B BaKyoJIIX, CBEPXHACHIIIEHHEM H, B HEKOTOPBIX CIyYasx, YJIECTyYHBAaHHEM.
[TosTOMY MTOVICK HOBBIX THIIEPAKKYMYJISTOPOB OYCHb BaXKEH.

[IprMeHeHHe CUHTETHYECKUX XEJIaTOPOB W MUHEPAIbHBIX YH0OpeHUH 3((eKTHBHO CTUMYIUpPYET aKKyMyJIs-
LU0 TSDKEJIBIX METAJUIOB B OpraHax pacTeHWl 3a CUeT yBEJIMYCHUS] OMOJOCTYIHOCTH U ypoxkalHocTH. JloOaBneHus
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HekoTopbix PGPR — GakrepralbHbIX ITAaMMOB M MUKOPH3HBIX TPHOOB B pH30C(epy PACTCHUH TaKXkKe CTUMYIHPYET
AKKyMYJISIIMIO TSKETIBIX METAJUIOB B OPraHaxX PacTeHUM.

OnHMM U3 NEPCHEKTUBHBIX HANPABICHUH (PUTOpPEMEIHAlH 3arps3HEHHBIX TSHKEIBIMH METAIAMH TT0YB SIBJISET-
s HCTIOJIb30BaHMS TPAHCTEHHBIX PACTEHUH, CTIEIIUAIbHO CIIPOEKTUPOBAHHBIX B KaUeCTBE THIEPAKKYMYJIATOPOB.

Ycenexu B M3yYEHHH THIIEPAKKyMYJSTOPOB NPHUBEIH K uaeHTH(UKanuu okosno 500 TaKCOHOB, CIIOCOOHBIX K
THIEPAKKYMYJSIOUU Pa3IMYHBIX 3JIEMEHTOB. MeToapl (uTOpeMennanny pa3padaThIBAalOT W BHEAPSIOT B Pa3HBIX
CTpaHax MHpa, B ToM uncie u B Kazaxcrane.

KaroueBble ciioBa: puTopeMeauariisl, TSHKEIbIE METAIIIBI, THIIEPAKKyMYJISTOPBI, (PUTOSKCTPAKIHS, TOPOJICKHIE
MOYBBHI.
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DETECTION OF MYCOPLASMA SYNOVIAE ANTIBODIES
IN SERA OF BROILER CHICKENS BY THE ELISA

Abstract. Mycoplasma synoviae (MS) infection most frequently occurs as a subclinical respiratory infection.
Approximately 2-4 weeks are required for antibodies to develop in infected birds.

Clinical examination was made daily, in broilers after 10 days old, because at this age there were seen the first
symptoms of disease.

Enzyme-linked immunosorbent assay is commonly used as a diagnostic test and for routine testing of flocks
and may replace serum plate agglutination as the primary serologic test. The serologic exam carried out through
ELISA test at 21 and 35 days evidenced the specific antibodies and sero-conversion phenomenon.

At 21 days old (B 1), 22, 91% from the analysed sera were positive, and at 35 days old (B 1), 26,66% were
positive, until the age for slaughter (42 days).

The value of titrers geometrical mean of 10,92 times higher at 35 days old than at 21 days old and the higher
proportion of the obtained positive titrers, reveal both the implication of M. synoviae in the etiology of disease, and
her infectiousness, by horizontal transmission.

Key words: Mycoplasma synoviae, broiler chicken, ELISA.

Introduction. M. synoviae commonly causes inapparent respiratory infection but may result in
airsacculitis and synovitis in chickens and turkeys. M. synoviae is responsible for avian infectious
synovitis, a disease which occur to chicken and turkey, characterized by an inflamation of synovial
membranes of joints and sinews, producing important economical losses by stopping the affected poultry
growth [1,2].

Poultry serological monitoring should be perfomed periodicaly, whereas the cases suspected by an
infection with Mycoplasma should be confirmed by agent isolation or by ELISA [1,2].

The existing data in the literature indicate that it is an infectious avian synovitis, the chickens,
develop sporadically or endemic, the morbidity being between 2-75% and the mortality is 1-30%.
Typically, in broiler chicken, the disease have synovial and respiratory locations. It is also possible
to develop an evolution of respiratory mycoplasmosis that can have 80-90% morbidity and 30%
mortality [3].

Symptoms appeared in chickens after 3 weeks of age. The sick chickens had reduced appetite,
adynamy, difficult walking, stinging, uni- or bilateral arthritis in the tarsus-metatarsal joint. The joints
were enlarged in volume, fluctuating and sensitive. For these reasons, the chicks refused to travel, to drink
water and to feed, that is why the progressive weakening appeared. Some chickens, in addition to the
locomotor symptoms, had dyspnea and tracheal rales.

Kleven and Fletcher observed the appearance of clinical signs, in the natural infection in the chickens,
starting at the age of one week, although the acute infection usually occurs in the chicks between 4 and
16 weeks [4].
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In the case of experimental infection with joint trituration, from chickens with clinical signs of
disease, the incubation period ranged from 2 days, in the case of intravenous inoculation, to 21 days, in the
case of aerosol infection [2,5].

In the specialized literature it is mentioned that the infection translates into an exudative synovitis,
characterized in the first phases by an inflammation of the membranes of the synovial tissues in the region
of the knees, phalanges, sternum and mandibles, externalized by the accumulation of an exudate with
appearance. viscous, consistent, gray - yellow, which in the case of chronic infections turns into a chaotic
mass [6].

Kerr and Olson revealed, in the experimental infections, the erosive character of the arthritis
produced by M. synoviae: at 165 days post-infection the articular surfaces are completely destroyed and
replaced by processes of fibrous organization, with adhesive tenosynovitis, which subsequently lead to
joint ankylosis [7].

The presence of M. synoviae infection in the broiler chicken parents population was a source of
infection for the day-old chicks resulting from them, as well as the presence of the adult poultry, in the
same farm as the chickens, could be a reservoir of M. synoviae and M. gallisepticum.

Recording of increased levels of antibodies against M. synoviae and M. gallisepticum in chickens, at
the age at which the outbreaks of disease evolved, confirms the existence of the post-infectious immune
response.

Materials and methods. | this research were described an episode from the broilers farm in West of
Roumanie, consisted of 2 sheds populated with broilers (the hybrid Ross 308), usually from import. In that
case, there was suspected avian infectious synovitis.

For the confirmation of diagnosis, we have performed epidemiological, anatomic-pathological and
serological examinations.

The epidemiological and anatomic-pathological exams were made in the farm and the laboratory
exam was made in Infectious Diseases Department of FMV Timisoara and in S.N. Institutul Pasteur
S.A. Bucuresti.

In the epidemiological examination, the main parameter supervised was represented by cumulative
mortality.

Clinical examination was made daily, in broilers after 10 days old, because at this age were seen the
first symptoms of disease. We have not performed determinations concerning the microclimatic
parameters.

Serological examination was made to confirm the suspicion of avian infectious synovitis. There were
collected blood samples from broiler chickens, randomly, in the next way:

- B I —at 21 days old (48 blood samples);

- B Il —at 35 days old (30 blood samples).

The serum samples were decanted in Ependorf tubes, counted off and kept in the deepfreeze, until the
serological exam.

The sera were assayed for detection of specific antibody, using commercial ELISA (Enzyme Linked
Immunosorbent Assay) kit, named Mycoplasma Synoviae Antibody Test Kit from Affinitech Ltd. [8].

The serological exam was realised in S.N. Institutul Pasteur S.A. Bucuresti.

Results and discussions. Serological examination had as purpouse the confirmation of avian
infectious synovitis, epidemiological and anatomoclinical suspected, in the series of broiler chickens from
the studied farm.

The results of epidemiological examination are expressed by the cumulative mortality recorded in
broiler chickens was about 25%, up to the age of slaughter. These values correspond to the data from the
literature, most of the authors considering that, in mycoplasmosis of broilers, the cumulative mortality
exceeds 20% [6].

The results of anatomo-clinical examination showed that, after 4 weeks of age, in some chickens, the
gastrocnemian tendon ruptured (figure 1), followed by the impossibility of displacement and extension of
the affected limb. As a rule, this change was unilateral.

According to arthritis, in the early stage, the articular exudate in the age of gray-yellow, still during
the chronic evolution, the exudate was caudal and contained a synovial tendon tissue.

Frequently, gastrocnemius tendon rupture and joint surface destruction have been reported.

— ) ——
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In addition to the inflammatory lesions (figure 2) of the locomotory apparatus, hepatomegaly,
splenomegaly and sternal bursitis have also been observed.

Figure 2 — Inflamation of the synovial sheaths

The results of this exam, made by ELISA test, are shown in table and figure 3. After the interpretation
of reactions and the processing of results, according to the interpretation soft of the FlockChek® Avian MS
Antibody Test Kit, there were asigned for every recoltation: the titre group, the minimum titre, the
maximal titre and the geometrical mean (G.M.). The titrers are expressed in optical densities (O.D.).

The results of serological exam performed by ELISA

B 1/21 days B 2/35 days
No. crt. Titre group Samples number Titre group Samples number
1 0 37 0 22
2 1 4 1 5
3 2 4 2 1
4 3 2 3 2
5 4 1 4 0
7 Maximal titre 3000 O. D. Maximal titre 2293 0.D.
8 Minimum titre 00.D. Minimum titre 150.D.
9 Titrers geometrical mean 13 Titrers geometrical mean 142

In the first bleeding, at 21 days old, were identified 5 titrers groups (0-4), minimum titre was of
0 O.D. and maximal titre was of 3000 O.D.
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In the second bleeding, at 35 days, were identified 4 titrers groups (0-3), minimum titre was of
15 0.D. and maximal titre was of 2293 O.D.

From these results we observed that at 21 days old (B 1), 22, 91% from the analysed sera were
positive, and at 35 days old (B 1), 26,66% were positive.

The results of serological exam showed that at 21 days of age the geometric mean of the titres had a
value of 13 O.D. compared to the geometric mean titres at the age of 35 days, when it registered a
significant increase, being 142 O.D.

At that age, the antibody titrers expressed in O.D. were much higher than the positive sera proportion:
at 35 days old, was of 10,92 times higher than the titrers G.M. at 21 days old. That evolution of
seroconversion suggests the aggressive character of mycoplasmas and their active implication in the
pathological process.

150 30
/.
142
100
0.D
125 %
50
22,91
| ¢
0 13 | 20
21 days 35 days
_ @ Titrers G.M. o %0 positive sera

Figure 3 — Titrers geometrical mean, expressed in O.D., and the proportion of positive sera

The results of serological exam confirmed the presence of M. synoviae infection, which was
suspected by the epidemiological and anatomoclinical exams.

In the same time, the results of this research demonstrated a postinfection specific immune response.

The values and the proportion of positive titrers obtained at 21 and 35 days old reveal both the
implication of M. synoviae in the etiology of the disease, and her infectiousness, by horizontal
transmission.

The values of the antibodies anti M. synoviae titrers, which are expressed in O.D., are similar to the
values noted by other authors [6,9].

Analysis of the results obtained found that broiler chickens showed a high level of antibodies against
M. synoviae.

The results suggest a high prevalence of M. synoviae in chickens aged 35 days. This could be an
alarming sign in countries where there is no control / vaccination program targeting M. synoviae. High
levels of anti-M. synoviae antibodies recorded in broiler chickens suggest that they are exposed to the
infectious agent.

In accordance with the kit manufacturer's recommendations, all the sera collected from broiler
chickens, which had a title value of less than 400, were considered negative.

In contrast, all serum samples from chickens were serologically positive for M. synoviae, with very
high levels of antibodies and an average titer of 3000, assuming a severe infection with this pathogen,
probably associated with some respiratory viruses.

Infection with Micoplasma synoviae is a threat to the economic evolution of poultry, because infected
birds are an active reservoir of M. synoviae.
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Our results are in line with those published in the poultry units located in Western Europe, where an
increase of Mycoplasma synoviae infections was observed, the isolated strains being resistant to
erythromycin and flumequin and sensitive to oxytetracycline, doxycycline, spiramicin, lincomycin, tylosin
thiamine, enrofloxacin and spectinomycin [10-15].

Serological monitoring of poultry is the correct measure for controlling infections with the so-called
preventive treatments required where necessary.

Conclusion:

- There was signaled the existence of one disease with symptoms specific to the infectious
mycoplasmosis, the form of avian infectious synovitis.

- The confirmation of disease was made by the ELISA test, using Mycoplasma Synoviae Antibody
Test kit.

- At 21 days old (B 1), 22, 91% from the analysed sera were positive, and at 35 days old (B II),
26,66% were positive, until the age for slaughter (42 days).

- The value of titrers geometrical mean of 10,92 times higher at 35 days old than at 21 days old and
the higher proportion of the obtained positive titrers, reveal both the implication of M. synoviae in the
etiology of disease, and her infectiousness, by horizontal transmission.
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U®DT-JIA BPOMJIEP BAJIAITAHJAPBI KAH CAPBICYBIHJIA
MYCOPLASMA SYNOVIAE-TE KAPCHI AHTUAEHEHI AHBIKTAY

AnHoranusi. Kycrap/plH KyKnanabl CHHOBUT JHArHO3BIH PACTAy YIINIH CEPOJOTUSIIBIK 3EPTTEY JKYPTi3UImi.
3epTTenreH MIapyallbUIbIKTa 1HASTTAHYJBIK JKOHE aHATOMUSJIBIK-KIMHHUKAIBIK JepekTep OaiibiHiia Opoiiep-
OanamaHgap KYIiK TYABIPIBL.

OIMU300TOJOTHAIBIK 3ePTTEY HOTIKeNepi Opoiinep OamanmaHgapAblH eJiM-KIiTiM KUBIHBI COMBIC )KAaChIHA JTEHIH
25% - ¥a )KyBIK EKEH/ITiH KOPCETTI.

AHATOMUAITBIK-KITMHAKAIBIK 3epTTeYiep KeHOip TaybIKTapIblH TOPT anTafaH KeWiH OanTwlp CiHIpiHIH y3iiare-
HiH, OJIapJbIH alJaFbl YaKbITTa OPHBIHAH JKBIJDKY KOHE 3aKbIMIAJIFaH asFbIH OyTre aMald THIHBIH alKbIHa bl

ApTpUT ayMarblHAA, epTe Ke3eHJe OyBbIH SKCCYAAThl Cyp-capbl TYCTi OOJFaHa TINTEH CO3BUIMAIIBI 3BOJIIOIHS
Ke3iH/Ie KayAaJIbl XKaIKasK O0JIbIM, CIHIPAIH CHHOBHAIBI YJINMACHI AHBIKTAJI/IBL.

Ceponorusuiblk peakuus FlockChek® Avian MS Antibody Test Kit KOHBLIBII, OHBIH HITHXECI OaFaapiamMabiK
KacakTama apKbUIbl OHJEJITeHHEH KeiiH opOip Tajjay OapbIChIHAA KeJeCi KOPCETKILITep aHbIKTAJJbI: TOI TUTPI,
MUHHMAJJIbl TUTP, MAaKCUMAaJJIbl TUTP JKOHE OpTalla TeOMETPHUSIIBIK TUTP. THUTP ONTHKAJBIK THIFBI3/BIK HETi3iHIE
(O.T.) xepceTini.

Bipinmi 3eprreyzne 21 xyHairinae TuTpain 5 T005! (0-4) anbikransim, MuaEMaiIsl TUTP 0 O.T. jxoHEe MakcHUMal-
ner TUTp 3000 O.T. 6omapl. Exinmmiciage 35 kyHHeH keiid 4 tutpii Ton (0-3) anbikTanmer, MUHEMAIIE! TATP 15 O.T.
»oHe MakcuUMaiabl TUTP 2293 O.T. OOIIbIT aHBIKTAIBL.

21 xyugikrepae (B 1) tangay xacanranmapaan 22,91% kaH capbiCybl OH HOTIke Oepin, an 35 kyHikrepae
(B II) tinTi coto yaxpIThIHa 1eiiH (42 KYH) 26,66% OH HOTH)XKE KOPCETTI.

CepooTrHsUIBIK 3epTTeYINIep HATHXKEC] TUTPIIEPAiH FeOMETPHSUIBIK opTaiia MaHi 21 kyHaikrepae 35 KyHIikTepre
kaparanza 13 O.T. 6omnpl, an 35 kyHAikTepae aHarypibiM ecin, 142 O.T. kepcerri.

Tutprepaiy reoMeTpusIIBbIK opTama MoHi 35 kyHzaikTepzae 21 kyHnikrepre kaparanga 10,92 ece sxorapbl 0071161
’KOHE aJIBIHFaH OH THUTPIIH XKOFapsl yieci M.Synoviae-miH aypymbiH 3THOJOTHSCBIMEH KATap OHBIH TOPH30HTAIIBI
YKOJIMEH Jie OepifieTiHiH KepceTei.

CepoKoHBEpCHsIHBIH OYJI IBOJIOLMSICH MUKOIUIa3MaNap/IblH arpecCHsUIbIK CHIIATBIH KOHE OJIapbIH IaToJo-
THSUTBIK TIpoTiecTe OeNCeH Tl KaThICY JKaFIalbliH OaraMIaiiabl. Y KYCTapbIHBIH CEPOJIOTHSIIBIK MOHUTOPHHTT HH(EK-
LUSTHBI OaKbUIay YIIIH KQKET Ke3Jle Tajlal eTUIeTiH eM-JOMXKBIK [apajiap apKbUIbl aKblJIFa KOHBIM/IBI ic I1apa 00JIbIn
caHayazpl.

Tyiiin ce3nep: Mycoplasma synoviae, 6poitiep 6ananangap, ELISA.
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OBHAPYKEHUE AHTUTE.I IPOTUB MYCOPLASMA SYNOVIAE
B CBIBOPOTKE KPOBH Y BPOUWJIEPHBIX HBIIIJISAT B UDA

Annoranusi. CepoJorn4ecKoe ucciieJ0BaHue MPOBOAMIOCH JUISl TIOATBEP)KICHUS TUarHo3a Ha MH()EKIIMOHHBIN
CHUHOBHT NTHL. 10 3MHM300TOJIOTMUECKUM U aHATOMO-KJIMHUYECKHM JIaHHBIM OBUIO TOJIO3PEHUE B CEPUM IIBIMIIAT-
OpoiinepoB ¢ n3yyaeMon Gpepmal.

Pe3ynpTaThl 3MHM300TONOTHYECKOTO 00CIIEI0OBaHUsI OBUIM BBIPAKEHBI B TOM, YTO COBOKYITHAs CMEPTHOCTB,
3aukcupoBaHHAS y IBIUIAT-OPOMICPOB, COCTABIIIA OKOJIO 25%, BIUIOTH 1O YOOWHOTO BO3pacTa.

AHaToMO-KIMHHYECKHE O0CIEeNOBaHMs MOKa3aid, 4YTo uepe3 4 Hemelid y HEKOTOPHIX Kyp pa30pBajioch
HMKPOHOKHOE CYXOKHIIHE C ITOCIEAYIOIIEH HEBO3MOXKHOCTBIO CMEIICHUS M Pa3srHOaHusl MOPaXKEHHOH KOHEYHOCTH.
Kaxk npaBuiio, 3170 n3MeHeHHe ObIJI0 OTHOCTOPOHHUM.

B 30Hax apTpuTa, Ha paHHEH CTaguM SKCCyIAT CYCTaBa B BO3PACTE CEPO-KEJITOTO I[BETA, CIIE BO BPEMS
XPOHMYECKOH HBOMIOLUH, BBIIIOT OBUT KayAAIBHBIM U COZIEPKal CHHOBHAIBHYIO TKaHb CYXOXHIIHS.

[ocne mHTEpHIpeTaINK peakuuii U 00pabOTKH PE3yJIbTATOB B COOTBETCTBUHU C MPOTPaMMHBIM 00€CIEICHHUEM
s uaTepuperanuil FlockChek® Avian MS Antibody Test Kit Obuti ompeneneHsl Ui KakKIOTO ITOBTOPHOTO
aHalu3a: Tpynia THUTPOB, MUHUMAJIBHBIM TUTP, MaKCUMAaJbHBIM TUTp M cpenHee reomerpudeckoe (GM). Tutps
ObLTH BBIpaXEHBI B onTHueckux miotHocTsx (O.D.).

[Tpu nepBoM uccnenoBanuy, B Bozpacte 21 nus, ObuI0 BhIsBICHO 5 Tpyni THTPOB (0-4), MUHUMAaNbHBIA TUTP
661 0 O.J]. 1 makcumanbHbii THTP ObLT 3000 O.J1. Bo BTOopoM — uepe3 35 nHeil, ObUIN BBISBICHBI 4 TUTPALMOHHBIE
rpynusl (0-3), MuHUMaIbHBINA TUTP ObLT 15 O.[]. n MakcumanbHblil TUTP ObLT 2293 O./1.

B Bospacrte 21 aus (B I), 22,91% ucciaenoBaHHBIX CHIBOPOTOK OBLIH TIOJIOKHUTENIBHBIMHY, a B Bo3pacte 35 aHei
(B 1I), 26,66% OBLIN TONOKUATENFHBIMH, BIDIOTH IO BO3pacTa yoos (42 mHs).

Pe3ynbTaThl CEpoNOrMUEcKOro HMCCIIEOBaHMS MOKa3alid, 4TO B Bo3pacTe 21 AHS cpefHee IreoMEeTpHYecKoe
3HaUYEHHE TUTPOB MMelo 3Hadenue 13 O./]. mo cpaBHEHHIO CO CPEJHUMH T€OMETPUIECKUMH TUTPaMH B Bo3pacTe 35
JTHEH, Koraa OBLIO 3apeTUCTPUPOBAHO 3HAYUTEIHHOE YBeINIeHUE, cocTaBuBmiee 142 O. /1.

T'eomerpuueckoe cpennee 3HaueHue TUTpoB B 10,92 paza Bbllie B Bozpacte 35 nHel, yeM B Bozpacte 21 aHd, U
OoJiee BBICOKAs JI0JISl TIOJIYYEHHBIX IMOJOKUTEIbHBIX TUTPOB MOKA3bIBAIOT KaK BIMSHUE M.synoviae Ha 3THOJIOTHIO
3a0oJieBaHus, TaK U ee MHPEKIHMOHHOCTh MIPU TOPU30HTANILHOM Mepenaye.

OTa 3BONIONMSA CEPOKOHBEPCHM IPEIOIaraeT arpeCCUBHBIM XapaKTep MUKOIUIa3M M MX aKTUBHOE ydacTHE B
MaToNorn4eckoM mpouecce. CepoIorndecknii MOHUTOPHHT JOMAIIHEH NTHIBI SBJISETCS NMPaBHIBHONH Mepou i
KOHTpPOJISI MH(EKIMi C MOMOLIbI0 TaK HA3bIBAEMbIX MPOPHIAKTHUECKHX MPOLENyp, TpeOyeMbIX HpU HEo0XOo-
JIUMOCTH.

Karwuesblie c1oBa: Mycoplasma synoviae, mpituisata-opoitnepst, MDA,

Information about authors:

Iancu 1., Doctor of Veterinary Science, Lecturer, Banat’s University of Agricultural Sciences and Veterinary
Medicine ”King Michael 1 of Romania”, Timisoara, Romania; ionicavet@gmail.com; https://orcid.org/0000-0001-
8913-4942

Céatana N., Doctor of Veterinary Sciences, Professor, Banat’s University of Agricultural Sciences and
Veterinary Medicine ”King Michael 1 of Romania”, Timisoara, Romania; epirovet.tm@yahoo.com;
https://orcid.org/orcid.org/0000-0002-4242-2418.

Popa V., Doctor of Veterinary Science, Senior researcher, Pasteur Institute Bucuresti, Romania;
virgilia.popa@gmail.com; https://orcid.org/0000-0003-0795-2410

Degi J., Doctor of Veterinary Science, Lecturer, Banat’s University of Agricultural Sciences and Veterinary
Medicine ”King Michael I of Romania”, Timisoara, Romania; janos.degi@gmail.com; https://orcid.org/ 0000-0002-
5859-5057

Pascu C., Doctor of Veterinary Science, Assosiated Professor, Banat’s University of Agricultural Sciences and
Veterinary Medicine “King Michael I of Romania”, Timisoara, Romania; corina.pascu.ro@yahoo.co.uk,
https://orcid.org/ 0000-0002-1013-0437

—— 4 ——


mailto:ionicavet@gmail.com
https://orcid.org/
mailto:epirovet.tm@yahoo.com
http://orcid.org/0000-0002-4242-2418
mailto:virgilia.popa@gmail.com
https://orcid.org/0000-0003-0795-2410
mailto:janos.degi@gmail.com
https://orcid.org/0000-0002-5859-5057
https://orcid.org/0000-0002-5859-5057
mailto:corina.pascu.ro@yahoo.co.uk
https://orcid.org/

ISSN 1991-3494 5. 2020

Herman V., Doctor of Veterinary Science, Professor, Banat’s University of Agricultural Sciences and
Veterinary Medicine ”King Michael 1 of Romania”, Timisoara, Romania; viorel.herman@fmvt.ro;
https://orcid.org/0000-0001-7118-6488

llgekbayeva G., Doctor of Veterinary Science, Professor, Kazakh National Agrarian University, Almaty,
Kazakhstan; gulnaz66@mail.ru; https://orcid.org/0000-0001-7140-2961

REFERENCES

[1] Branton S.L., Lott B.D., May J.D., Maslin W.R., Pharr G.T., Bearson S.D., Collier S.D., Boykin D.L. 2000. Egg
production, egg weight, eggshell strength, and mortality in three strains of commercial layers vaccinated with F strain
Mycoplasma gallisepticum. Avian Dis. 44, 3, 618.

[2] Ewing M.L., Cookson K.C., Phillips R.A., Turner K.R., Kleven S.H. 1998. Experimental infection and transmissibility
of Mycoplasma synoviae with delayed serologic response in chickens. Avian Dis. 42, 230-238.

[3] Kleven S.H. 1998. Mycoplasmas in the etiology of multifactorial respiratory disease, Poult Sci. 77, 1146-9.

[4] Kleven S.H., Fletcher W.O. 1983. Laboratory infection of house sparrows (Passer domesticus) with Mycoplasma
gallisepticum and Mycoplasma synoviae, Avian Dis., 27, 308-311.

[5] Hinz K.H., Blome C., Ryll M. 2003. Virulence of Mycoplasma synoviae strains in experimentally infected broiler
chickens. Berl Munch Tierarztl Wochenschr. 116, 59-66.

[6] Kleven S.H., Ferguson Noel N. 2008. Mycoplasma synoviae infection, In: Diseases of poultry, Editor-in-chief,
Saif Y. M., 12°th Edition, Blackwell Publishing, Iowa State University Press, 845-856.

[7] Kerr K.M., Olson N.O. 1967. Cardiac pathology associated with viral and mycoplasmal arthritis in chickens,
Ann N Y Acad Sci., 143, 204-217.

[8] www.affinitech.net Mycoplasma Synoviae Antibody Test Kit.

[9] Nascimento E.R.l., Pereira V., Nascimento M.G., Barreto M.L. 2005. Avian mycoplasmosis, Rev. Bras. Cienc.
Avic. 7,1, 1-3.

[10] Dufour-Gesbert Fabienne, Alexandra Dheilly, Corinne Marois, Isabelle Kempf 2006. Epidemiological study on
Mycoplasma synoviae infection in layers, Vet Microbiol., 114 (1-2), 148-54.

[11] lancu 1., Degi J., Pascu C., Herman V., Catana, N. 2016. Observations upon infection with Mycoplasma gallisepticum
in Japanese quail (Coturnix coturnix japonica). Lucrari Stiintifice - Universitatea de Stiinte Agricole a Banatului Timisoara,
Medicina Veterinara, 49, 3, 74-77.

[12] Jordan F.T.W, Forrester C.A., Ripley P.H., Burch D.G.S., 1998. In vitro and in vivo comparisons of valnemulin,
tiamulin, enrofloxacin and lincomycin/spectinomycin against Mycoplasma gallisepticum, Avian Diseases. 42, 738-745.

[13] Herman V., Catana N., Fodor Ionica, Pascu Corina, Jimboreanu Loredana, Infectia cu Mycoplasma sinoviae la un
efectiv de gdini, tineret de reproductie rase grele (parinti de broileri), Lucr. st. Med. Vet. Timisoara 2003, 36. P. 339-341.

[14] Herman V., Catana N., Fodor ITonica, Pascu Corina, Jimboreanu Loredana, Descrierea unui focar de infectie cu
Mycoplasma sinoviae la un efectiv de géini, Rev. Rom. De Med. Vet. 2003, 13, 3-4, 366 p.

[15] Herman V., Fodor Ionica, Beslia M., Screening serologic privind infectia cu Mycoplasma gallisepticum in efectivele de
gdini, Lucr. st. Med. Vet. TIMISOARA 2005, 38. P. 170-175.



mailto:viorel.herman@fmvt.ro

Bulletin the National academy of sciences of the Republic of Kazakhstan

BULLETIN OF NATIONAL ACADEMY OF SCIENCES
OF THE REPUBLIC OF KAZAKHSTAN

ISSN 1991-3494
Volume 5, Number 387 (2020), 48 —55 https://doi.org/10.32014/2020.2518-1467.142

UDC: 615.072: 543.544.5.068.7:615.32

I. Kriukova', S. Gubar?, I. Vladymyrova®, T. Tishakova?

'National University of Pharmacy, Kharkiv, Ukraine;
Kharkiv National Medical University, Kharkiv, Ukraine.
E-mail: kriukova92@gmail.com

STUDY OF AMINOACID COMPOSITION
OF THE HARICOT BEAN SHELLS

Abstract. Commonly, the production of herbal medicines is more advantageous economically than chemical
synthesis. Agricultural crops, having sufficient raw material base, are of main interest.

In this respect the shells of haricot bean (Phaseolus vulgaris L. (Fabaceae)), that are waste products of beans,
are of special interest. Due to the absence of regulatory documents for this kind of drug raw material in Ukraine the
development of standardization parameters for the raw material of haricot bean is a very topical.
Pharmacotherapeutic action of this drug raw material is caused by the presence of amino acids, proteins, macro- and
microelements as well as flavonoids.

There are medicines at the pharmaceutical market of Ukraine that was produced from the haricot bean:
«Sadifity (ZAO «Liktravy», Ukraine), «Arphazetiny» (ZAO Pharmaceutical plant «Viola», Ukraine), «Hepatophyt»
(LLC «Research and production pharmaceutical company «AIM», Ukraine), «Shells of haricot bean»
(ZAO «Liktravy», Ukraine).

Medicines are introduced to the market in the form of medicinal herbs mixture that's why main method of
application is a preparation of restorative drinks, tinctures, teas. In light of this, study of amino acid composition in
the water extracts from raw material is reasonable.

Research of qualitative and quantitative amino acid composition of 5 lots of the shells of haricot bean was
carried out by HPLC method. This raw material was harvested in different regions of Ukraine over a period of
2014 — 2016. 16 amino acids were identified in the water extracts of the shells of haricot bean. Glutamic acid
(1.60 — 5.56 "ug/100 mg), L-alanine (1.41 — 2.23 ng/100 mg), L-arginine (0.65 — 2.12 ug/100 mg) had the greatest
content in the investigated samples. D-serine (0.04 — 0.13pg/100 mg) and D,L-methionine (0.02 — 0.43 pg/100 mg)
had the lowest quantity in the investigated samples.

Sufficiently high content of amino acids makes it possible to consider them as potential substances-markers at
the development of assay procedure for the standardization of raw material.

Key words: amino acids, shells of the haricot bean, chromatography-mass spectrometry.

Nowadays quality control of herbal raw material used for the manufacture of medicines is a key point
of pharmaceutical segment of health service [1,2,3]. It makes necessary to develop universal procedures
enabling to control content of biologically-active substances in the raw material as well as in medicines on
its base [4,5].

That's why haricot bean is of research interest. This plant has sufficient raw materials base but there
are not regulatory documents on the territory of Ukraine [6,7].

Haricot bean (Phaseolus vulgaris L. (Fabaceae)) is a crop that has been used in medicine for many
years. Preparations, containing haricot bean as active substance, normalize carbohydrate metabolism and
reduce sugar level due to the presence of amino acids, proteins macro- and microelements, flavonoids in
this plant [8,9,10].

The study of the chemical composition of various types of beans was carried out by scientists of the
National University of Pharmacy, Kovalev S.V. and Kovalev V.M. Scientists have determined
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quantitative composition of phenolic compounds (3.64 + 0.09%), flavonoids (2.78 = 0.12%),
hydroxycinnamic acids (2.50 £+ 0.13%), polyphenol compounds (3.68 =+ 0.12%), ascorbic acid
(0.023 + 0.001%) and organic acids (1.12 + 0.02%) in the herb of scarlet bean. Besides they studied
gualitative and quantitative composition of amino acids and mineral components in the lots of common
bean, black beans, sieva bean, scarlet bean, red mung, green mung [11]. 16 amino acids, 7 of which are
essential, were identified in accordance with the results of abovementioned research. It was found that
glutamic and asparaginic acids, phenilalanine, valine, methionine, alanine, glycine, leucine had the highest
level of content in the shells of bean [12,13]. The presence of 19 macro- and microelements was also
established in the herb of bean; among which calcium, potassium, magnesium and silicon prevailed.
Obtained data was used to get the substance with hypoglycemic activity that is called glyphasine and
obtained from the herb and shells of bean [14].

It is known from literature sources that amino acids are structural components of vegetable protein,
cellular fluid and take part in the synthesis of enzymes, vitamins and alkaloids. In humans, amino acids
play an important role at the synthesis of antibodies, enzymes, hormones, hemoglobin, provide energy for
muscular tissue, enhance metabolic processes, reduce level of cholesterol, have powerful antioxidant
action, restore tissues of liver and kidney [15,16].

Generally, methods used for amino acid analysis are based on the chromatographic separation of
amino acids presented in the test sample (GC-MS and HPLC-MS) [17,18].

Table 1 includes medicines on the base of the shells of haricot bean that exist on the pharmaceutical
market of Ukraine [19].

Table 1 — Haricot bean shells-based medicines

SI.No. Name Manufacturer Dosage Pharmacological
of the medicine form class
1 «Sadifit» ZAO «Liktravy», Ukraine Medicinal herbs Diabetes medication
mixture
2 «Arphazetiny ZAO Pharmaceutical plant Medicinal herbs Diabetes medication
«Violay, Ukraine mixture
3 «Hepatophyt» LLC «Research and Medicinal herbs Medication for hepatic
production pharmaceutical mixture disorders and bile ducts
company «AIM», Ukraine disorders
4 «The shells of haricot | ZAO «Liktravy», Ukraine Shells of bean in the | Mild to moderately severe
bean» packs with internal diabetes mellitus type |
package (as part of complex therapy)

According to the data given in the table 1, the shells of haricot bean are used to prepare medicinal
herbs mixture, tinctures, and teas. Considering the method of application, it is rational to conduct a quality
assessment in water extracts [20,21].

The aim of this research is the study of amino acid composition in the water extracts from the shells
of haricot bean, growing on the territory of Ukraine, as one of the step of the standardization of raw
material.

Materials and methods. The study was carried out on 5 lots of raw material from the shells of
haricot bean, harvested in different regions of Ukraine during 2014-2016, using high performance liquid
chromatography (HPLC) with mass spectrometric detection. High-performance liquid chromatograph,
model Acquity H-class UPLC system (Waters, USA), equipped with triple-quadrupole mass-spectrometer
(Xevo, Waters, USA) was used for qualitative and quantitative amino acid analysis.

Preparation of test solutions. Place about 100 mg (precisely weighed amount) of powdered raw
material, poured through the sieve with the diameter of holes 355 pum, in the 20 ml volumetric flask, add
15 mL of water P. Ultrasonicate at the temperature 45°C for 10 minutes and leave it to cool. Bring the
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final solution volume to the mark with the addition of water P, mix and filter through the Q-max Syringe
membrane filter (13 mm, 45 mxwm, Nylon) into the vials.

Preparation of standard solutions. Standard sample (SS) of amino acids was used. This sample
contained 17 amino acids dissolved in 0.1M hydrochloric acid solution: L-Alanine, L-Arginine,
DL-Aspartic acid, L-Cystine, Glutamic acid, Glycine, L-Tryptophan, Isoleucine, DL-Leucine, L-Lysine,
DL-Methionine, DL-Phenylalanine, L-Proline, D-Serine, L-Threonine, L-Tyrosine, Valine. Content of
every amino acid was 2.5+£0.01 mmol/L (Sigma-Aldrich, lot number BCBQO950V, expiry date -
27.07.2019).

Contents of 1 vial (2 mL) of SS is shaked, bringed the temperature to 20°C and diluted 2-fold, 5-fold,
10-fold, 20-fold, 50- and 100-fold with water P, mixed and filtered through the Q-max Syringe membrane
filter (13 mm, 45 pm, Nylon) in to the vial.

Chromatographic procedure. High-performance liquid chromatograph is equipped with triple-
guadrupole mass-spectrometer (Xevo, Waters, USA) with electrospray source of ionization (ESI).
Separation of amino acids in the samples was carried out using ZIC-HILIC column 150 mm x 2.10 mm,
packed with silica gel for chromatography, octadecylsilyl P with size particle 3.5 pm.

Chromatographic conditions:
— Column temperature — 40°C;
— Injection volume — 1 pl;

— Flow Rate — 0.5 mL/min;
Triple quadrupole mass spectrometry detection

— Source Temperature — 150°C;

— Desolvation Temperature —400°C;

— Cone Gas Flow — 20 (L/Hr);

— Desolvation Gas Flow —1000 (L/Hr);

— Capillary — 3.50 (kV).

Gradient elution is performed using mobile phase A— 0.050 M ammonium acetate buffer solution

with a pH 4.5+ 0.05 which was adjusted using diluted acetic acid; mobile phase B — acetonitrile.
Chromatography is performed at the following gradient program (table 2).

Table 2 — Gradient program for chromatography

Time(min) Mobile phase A Mobile phase B
(%, viv) (%, viv)
0-5 20% 80%
5-6 20—35% 80—65%
6-10 35—50% 65—50%
10-11 50% 50%
11-11.2 50—20 50—80%

Results. Identification of every substance was done by mass-spectra given on the following
chromatograms (figure 1).

Quantitative composition of amino acids was calculated using calibration curves (method of
calibrated function). Results are given in the table 3.
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Example of chromatogramms of amino acid composition of the shells of haricot bean obtained by mass-spectrometry
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Table 3 — Amino acid composition of water extracts of the shells of haricot bean (ng/100 mg)

. . Content of amino acids, ug/100 mg
Sl.No. Name of amino acid
Sample 1 Sample 2 Sample 3 Sample 4 Sample 5
1 L-Alanine 1.57 2.23 2.05 211 1.41
2 D-Serine 0.12 0.13 0.04 0.13 0.06
3 Valine* 0.34 1.24 1.00 1.91 1.57
4 Glycine - - - - -
5 L-Arginine 2.12 2.09 - 0.65 1.28
6 DL-Methionine* 0.02 0.11 - 0.05 0.43
7 L-Proline 0.33 1.22 1.46 1.46 0.32
8 L-Lysine* 0.54 0.42 0.19 0.60 0.74
9 L-Threonine - - - - -
10 DL-Phenylalanine* 0.14 0.57 0.42 0.92 0.94
11 DL-Aspartic acid 1.63 2.08 0.96 1.79 2.79
12 DL-Leucine* 0.28 0.77 0.55 1.04 1.24
13 L-Cystine 0.06 0.01 0.00 0.00 0.00
14 L-Tyrosine 0.14 0.23 0.27 0.38 0.60
15 Isoleucine* 0.21 0.76 0.32 1.10 1.22
16 L-Tryptophan - - - - -
17 Glutamic acid 3.04 5.56 2.76 4.22 1.60
Sum of essential amino acids 1.53 3.88 2.48 5.63 6.16
Sum of nonessential amino acids 9.01 13.57 7.54 10.75 8.07
Total sum of amino acids 10.54 17.45 10.02 16.38 14.23
Note: «*» — essential amino acids.

Discussion. As a result of research 16 amino acids were identified, among which there are
6 nonessential amino acids: valine, DL-methionine, L-lysine, DL-phenylalanine, DL-leucine,
isoleucine. Valine has a dominant content which varies from 0.34 to 1.91 pg/100 mg. Glutamic acid
(1.60 - 5.56 pg/100 mg), L-alanine (1.41 - 2.23 pg/100 mg), L-arginine (0.65 - 2.12 ug/100 mg) prevailed
over all samples of raw material according to the quantitative composition. Minor amino acids were
D-serine (0.04 - 0.13 pg/100 mg), DL-methionine (0.02 — 0.43 pg/100 mg).

Biological activity of identified amino acids was thoroughly studied. In accordance with data of
scientific literature L-alanine is an amino acid that takes part in energetic metabolism, stimulates
immunity, and regulates level of sugar in the blood. Arginine takes part in the regulation of synthesis and
secretion of hormones such as: insulin, prolactin, thyroid hormone, parathyroid hormone, adrenal
hormones, and hormones of fertility cycle.

Sufficiently high content of discussed amino acids affords an opportunity to consider their as
potential substances-markers at the development of assay procedure for standardization of raw materials.

Conclusion. The present study has been undertaken to determine the qualitative and qualitative
analysis of the shells of haricot bean by the HPLC method. The three amino acids, glutamic
acid, L-alanine and L-arginine, were found at the highest content: 1.60 — 5.56 ug/100 mg,
141 — 2.23 pg/100 mg, 0.65 — 2.12 ng/100 mg, respectively. The obtained results indicate the
possibility of usage of the shells of haricot bean as an alternative raw material for preparation of easily
digested forms of amino acids that regulate metabolic processes in the human body.

Due to sufficiently high content of found amino acids can be considered as substances-markers at the
development of assay method for standardization of raw materials.
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A. U. Kpiokoga, C. H. I'y6aps, U. H. Bragumuposa, T. C. TumakoBa

YYrrTeIK hapManeBTHKa yHEBepCHTeTI, XapbKoB, YKpauHa;
ZXapBKOB YITTHIK MEIUIINHA YHUBEPCUTETI, XapbKOB, Y KpamHa

KoAIMI'T YPMEBYPHIAK )KEMICI ’)KAPMACBIHbBIH
AMUHKBIIIKbLI/IbI KYPAMBIH 3EPTTEY

AnnHoranus. Kenreren >karmaifmapaa eciMAiK IMTUKI3aTTaH MOPUTIK KypalmapAsl aly XUMHUSIIBIK CHHTE30€H
CaNBICTBIPFaHAa SKOHOMHUKANIBIK TYPFBIIAH THIMIIpek Oomampl. Aca Kell CYpaHBICKA JKETKITIKTI MIMKIi3aTTHIK KOPHI
6ap aypUIIIapyanIbUIBIK JaKbUIAAP He O0Iabl.

Byt aciextige kamimri ypmebypmak — Phaseolus vulgaris L. (Fabaceae) enmipicismeri Kaamsik GOJBINT caHaa-
THIH OypIIaK >KeMici apMmacsl Hazap aynapraabl. YkpanHaga ocel JIOLLl TypiHe HOPMAaTHBTIK KYXKAaTTaMaHBIH KOK
O0yBl KomiMIi ypMeOypIIaK IMUKi3aThIHA CTaHAAPTTAy HapaMeTplIepiH o3ipiiey ©3eKTUIriH alKepiHmaiabsl. Ochbl
JOPIIK MIMKI3aTThIH (hapMaKOTepalHsUIBIK dcepi KypaMbIHAA aMHH KBIIIKBULAAPHI, aKybI3aap, Makpo »KoHE MHKpO-
AIIEMEHTTEPIiH, COHai-aK (raBaHOUATEPAIH O0ITyBI apKBLUTBI TYCIHAIpiIE .

YkpanHaHBIH (hapMalleBTHKa HAPBHIFBIHIA KypaMBIHIA KONIMI1 YpMeOypIIaK MIMKi3aTel Oap ASpUTiK Kypammgap
yeoiabuFad: «Camudur» («JlektpaBe» XKAK, VYkpamna), «Apdazetun» («Buoma» ¢papmaneBTrka (aOpukacs»
KAK, Vkpanna), «ematodpur» («IVIM» reubME-eHmipicTiK dapmarieBTiKka kommanusch» JKIIK, Ykpanma),
«YpmeOyprrak xemici sxapmacel («JlextpaBeny JKAK, Vipanna).

[Ipemaparrap >KMHAK TYpiHIE YCHIHBUIFAH, COHIBIKTAH N1 HETI3Ti KOJIAHy 9Iici — KaifHaTma, TyHOa, Imai
nmaiteranay. OcblFaH OafTaHBICTHI IMWKI3aTTaH HAKTHI CYJIBl OONIHAUICPiHIH aMUHKBIIIKBUIABI KYPaMBIH 3EpTTEy
YTBIMABI OOJBIN caHamanpl. Macc-CIeKTPOMETPHSIIBIK AeTeKTopiay apkeuibl xyprizirerin TXKCX (B2XKX) omici
apKbpUTBl YKpanHaHBIH TYpii aiimarsiama 2014-2016 oK. apanbIFeIHAA MadbIHAAIFAH KOMIMIT ypMeOypIIak >kemici
’KapMachlHIAFbl aMUH KBIIIKBUIOAPBIHBIH 5 CEpUsCHIH CalalblK JXKOHE CAHIBIK aHBIKTay OOWBIHIIA 3epTTeyiiep
xyprizinai. Kogimri ypmeOyprmak sxemici )kapMachIHBIH CY CBHIFBIHABUIAPBIHAA 16 aMHUH KBIIIKBUIAAPHl COHKECTEH-
Iipimmi. 3epTTeNeTiH Yariepae Kypambl >KaFbIHaH 0achIM OOJIBII TIyTaMIH KbIIKELTH (1,60 6actam 5,56 Mxr/100 Mr
neitin), L-amamma (1,41 Oacram 2,23 mxr/100 mr peitin), L-aprumma (0,65 Oactam 2,12 Mkr/100 mr neitin)
aHBIKTANIB. MUHOPIBIK aMUH KBIIIKBUTEL peTiHae D-cepur (Memmepi 0,04 6actam 0,13 mxr/100 Mr meiiiH) sxoHe
DL-mereonnn (memmepi 0,02 6acran 0,43 mkr/100 mr meiiin) ecenrenei.

ATaiFaH aMHH KbIIIKBUIIAPBIHBIH KETKUTIKTI KOFapbl MOJIIIEpi 0Japabl MIHKi3aTThl CTAHAAPTTAY YIIiH CaHIbIK
aHBIKTAy O/IiCTEMECIH 93ipIiey Ke3iHe BIKTHMANIBI MapKep-3aTTap peTiHae KapacTeIpy MYMKIHAIITIH Oepe/i.

Tyiiin ce31ep: aMUH KbIIIKBUIIAPHI, KOIIMI1 ypMeOYpIIaK jKeMici dKapMackl, XpOMaTO-MacC-CIEKTPOMETPHSL.

A. U. Kpwokosga, C. H. I'yéaps, U. H. Bragumuposa, T. C. Tumakosa

National University of Pharmacy, Kharkiv, Ukraing;
’Kharkiv National Medical University, Kharkiv, Ukraine

HNCCIEJOBAHUE AMUMHOKHNCJIOTHOI'O COCTABA
CTBOPOK IIJIOJOB ®ACOJIH OBBIKHOBEHHOM

AnHoranusi. [TonydyeHue ekapCTBEHHBIX CPEJICTB U3 PACTUTEIBHOTO CHIPhSI B OOJIBIIMHCTBE CIIy4acB 3KOHO-
MHYECCKHU BBITOJHECC XUMHWUYECCKOTO CHUHTE3a. Hanbonsmmit HWHTEPEC BBI3BIBAKOT CEJIBbCKOXO03IHCTBEHHBIE KYJIbTYPHI,
obagaromue T0CTaTOYHOHN ChIpheBOH 6a30ii.

B maHHOM acriekTe BHMMaHHe TPHUBJIECKAIOT CTBOPKH ILIONOB (acomm obbikHOBeHHOH — Phaseolus vulgaris L.
(Fabaceae), koTopble SBISIOTCS OTXOJOM HPOHM3BOACTBAa 6000B (acomn. OTCyTCTBHE HOPMATUBHOH JTOKYMEHTAIINH
Ha maHHbeii Bun JIPC B YkpawHe ompenersieT akTyaJlbHOCTh pa3paboTKU MapaMeTpOB CTaHIAPTH3AIMU Ha CHIPHE
¢baconn 00bIKHOBeHHOH. (DapMakoTepaneBTHYECKOe NEHCTBHE MaHHOTO JIEKAPCTBEHHOTO PACTUTENBHOIO CBIPbS
00YCIJIOBIICHO HATMYHEM aMHUHOKHUCIIOT, OEJIKOB, MaKpO- U MUKPO3JIEMEHTOB, a TakKe (DIaBOHOUIOB.

Ha dapmarieBTHueckoM pbIHKE YKpauHbI MPEACTABICHBI JIEKAPCTBEHHBIE CPEICTBA, COJEPIKAIINE ChIPbE
(hacomu ob6sikHOBeHHOH: «Camndut» (3AO «JlekTpaBel», YkpanHa), «Apdazerun» (3AO dapmarneBTuueckas ¢ad-
puka «Buoma», VYkpamna), «[emaroput» (OOO «HaydHo-TipoM3BOACTBEHHAS (apManeBTHIeCKas KOMITAaHUS
«WMp»», Yrpanma), «®acomn cTopkn miog0B» (3A0 «JIekTpaBbl», YKpanHa).
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IIpenapatel npencTaBieHsl B BHAE COOPOB, MOITOMY OCHOBHOM CIIOCOO MPHMEHEHUs] — 3TO HPUTOTOBJICHHE
0TBapOB, HACTOEK, YaeB. VICXOMs U3 3TOr0, PAallMOHAIBHBIM SBIISCTCS N3yYCHUS! aMHUHOKHCIIOTHOTO COCTaBa HMEHHO
BOJIHBIX M3BJICUYCHUH CBHIPHA.

Metonom BOXX ¢ macc-cneKTpoMeTpHIeCKHM AETEKTHPOBAHUEM IIPOBEICHBI MCCIICOBAHUS KaueCTBCHHOTO
1 KOJIMYECTBEHHOTO OTIPENIEIICHUSI aMHHOKHCIIOT 5 CepHil CTBOPOK IIOAOB (hacor 0OBIKHOBEHHOM, 3aTOTOBIICHHO B
pasHBIX pernoHax YkKpamHbl Ha nporTskeHnd 2014-2016 tr. B BOIHBIX 3KCTpakTax CTBOPOK ILIONOB (acoin
OOBIKHOBEHHOH HACHTUGHIHPOBaHO 16 aMHHOKHCIOT. B mccmemyeMpix oOpasiax NTOMHHHUPYIOIIUMH IO COAEpP-
YKaHWIO YCTAHOBJICHHI ITyTaMHuHOBas KucioTa (ot 1,60 mo 5,56 mkr/100 mr), L-amanun (ot 1,41 mo 2,23 mxr/100mr),
L-aprunns (ot 0,65 o 2,12 Mkr/100 mMr). MEUHOpPHBIMH aMHHOKHCIOTaMH sBIstoTcss D-cepur (conepxanne ot 0,04
10 0,13 mxr/100 mr) u DL-meteonnH (conepxanne ot 0,02 mo 0,43 mxr/100 Mmr).

JlocTaTO4HO BBICOKOE COAEPXKAHHE TAHHBIX AMHHOKHCIOT JaeT BO3MOJKHOCTH PAcCMaTpUBATh MX KakK IMOTCH-
IMaJbHBIC BEIECTBA-MapKephl MPH pa3paboTKe METOIUKH KOIWYECTBEHHOTO ONPENENCHHS IS CTAaHIapTH3ALUH
CBIPBAL.

KaiodeBble c10Ba: aMHHOKHCIIOTHL, (hacoii OOBIKHOBEHHOW CTBOPKH ILIO/IOB, XPOMATO-MaCC-CIIEKTPOMETPHSL.
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ONTOGENESIS AND AGE STRUCTURE
OF ADONIS VERNALIS L. POPULATIONS
IN THE CONDITIONS OF NORTHERN KAZAKHSTAN

Abstract. The current article presents study results made on the coenoflora of Adonis vernalis L. in Northern
Kazakhstan. The materials have been gathered in the course of field research taking into account the literary data.
Ontogenesis and age structure of the coenopopulations are provided on the basis of detailed-route studies. The study
of age-related stages was carried out on the territory of Northern Kazakhstan (Akmola and North Kazakhstan
regions) in 2018-2019. A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern Kazakhstan
by the populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe of North Kazakhstan
region). Ontogenesis of A. vernalis has three periods and 7 age stages. Plants have low seed productivity. Seeds have
a long endogenous peace related to the underdevelopment of a seed germ. A characteristic feature is the presence of a
long pregenerative period in plants of the "steppe™ type coenopopulations and its reduction in the "meadow" type
coenopopulations. There have been studied thirteen coenopopulations of A. vernalis located in Akmola and North
Kazakhstan regions. Coenopopulations of A. vernalis are bound to four main habitats: forest edges, meadow steppes,
meadows, artificial plantations. By age, young populations are formed on forest edges, and according to the "delta -
omega" classification, there are mature coenopopulations. Mature coenopopulations are mostly formed in meadow
steppes, but according to the "delta - omega" classification, all coenopopulations are aging. On meadows, there are
many young coenopopulations, but according to the "delta - omega" classification, they are all mature. In artificial
plantings, the majority of coenopopulations are aging, but according to the "delta - omega" classification, they are all
mature. Thus, changes in habitual living conditions lead to the aging of A. vernalis coenopopulations. By density
(pcs/100 m?) all populations are divided into three groups: high, medium, low. All forest edge coenopopulations have
a high density, in meadow steppes, the density is average, on meadows and in artificial plantings it is low. The
recovery index in most coenopopulations is less than one which indicates a low recovery in A. vernalis populations.
The range of age stages shows that in most coenopopulations they are normal, the exception is CP-5 (among artificial
plantings) which indicates an old stage of the population and possibly its soon elimination.

Key words: Adonis vernalis L., Northern Kazakhstan, age stages, age structure, ontogenesis.

Introduction. Adonis vernalis L. is a fairly rare plant throughout its range [1] and in Appendix Il of
the CITES Convention (Convention of International Trade in Endangered Species of Wild Fauna and
Flora) [3]. A. vernalis is protected in Ukraine [4] as well as in 36 regions of the Russian Federation [5].

Age features of Adonis vernalis were studied in different parts of the area [1,6-11]. The authors
emphasized stenotopic characteristics of the species, poor vegetative mobility, complexity of seed
reproduction, and a low level of competition with other species in plant communities.

Material and research methods. Age stages were worked out according to the guidelines [12-16].
A schematic diagram describing age-related stages is given according to Kupriyanov A.N. (2013) [17].

Ontogenetic structure and number of plants in the coenopopulation were studied on registry fields
with the area of 1 m®. A plant, a partial bush, and a partial shoot were used as counting units. The adoption
of one or another counting unit was determined by the specific biomorph formed in a particular location.
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Results and discussion. The study of age stages was conducted on the territory of Northern
Kazakhstan (Akmola and North Kazakhstan regions) in 2018-2019.

Latent period. Seeds ripen in the first and the second decade of June. Seed productivity depends on
spring conditions and age stages. The number of fruits on young generative stage is 14-29 pcs/plant and
122-212 pcs/plant on a mature generative stage. Seeds have a long endogenous dormancy because of the
underdevelopment of a seed germ. The dormancy of seeds lasts 60-70 days [8]. A. vernalis is an
autochoric plant. Its seeds do not have special devices for settlement and are concentrated mainly around
the mother plant (figure 1).

Figure 1 — Fruits of A. vernalis: A - infructescence; B — fruits

Virginal period. Seedings (p). In natural conditions, seeds germinate at the end of April. As
usual, the shoots are single or small. Since the seeds are almost on the soil surface, the germination is
conventionally aboveground. The cotyledons are whole, oblong, up to 7 mm long and 3-4 mm wide with
quite long stalks. In Northern Kazakhstan plants keep being in a seeding phase for a longer period,
possibly, until the end of the vegetative period. The root system is represented by a stem-root of 5-7 cm
with hairy roots of the second order.

The juvenile stage of plants (j) is seen well in the second year of life. This stage is characterized by
scaly leaves. The maximum shoot growth is observed in May. At this time, there form long internodes of

Figure 3 — Morphological features of A. vernalis leaves:
J - juvenile stage; im - immature stage; v - virginal stage; g,
02, O3 - generative stage

Figure 2 — Age stages of A. vernalis: J - juvenile stage;
im - immature stage; v1, v2 - virginal stage
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3-4 cm. in June shoot growth is slowed down and leaf blades are located on shorter internodes. The plants
retain monopodial growth of shoots and they reach 15 cm (figure 2, J). The leaves of juvenile plants are
1.5 c¢cm long and 1.0-1.1 cm wide, thrice dissected, the lobes of the first order are dissected and
pinnatipartite, the final ones are linear - 2-4 mm long and about 1 mm wide (figure 3, J).

Immature plants (im) get a sympodial branching: the renewal bud which forms a lateral shoot grows
from the renewal buds located in the sinus of the lower true leaf. The leaves are almost rounded 1.7-2 cm
long and 1.3-2 cm wide, tripartite, the first-order fractions are twice, sometimes thrice dissected. In this
age leaf lobes are broadly linear, 3-7 mm long and about 2 mm wide, but not linear, which is a diagnostic
sign of this age stage [11].

Plants form a short rhizome. The calendar age stage is quite difficult to determine, it depends on the
tension of environmental factors: on the dry meadows of the Kokshetau Upland, it lasts for more than a
year, on the meadows of the North Kazakhstan region the transition to a virginal stage occurs in the first
half of summer of the second year of life.

Virginal stage (v) begins with the formation of a rhizome, with the appearance of large horizontal
cord-like adventitious roots, and with the death of the primary root. Second-order shoots appear from the
first leaves sinuses of the axial shoot. This stage is characterized by the formation of 2-4 axial shoots. The
leaf blade is quite large, 3-4 cm long, and 2-4 cm wide, tripartite, first-order lobes are twice or thrice
dissected into narrow threadlike segments of 3-7 mm long and less than 1 mm wide (figure 2, v). In
Northern Kazakhstan virginal stage is normal and the calendar period depends on specific environmental
conditions. It can last for several years and rhizomes with several axial shoots grow during this time.

Figure 4 — Age stages of A. vernalis: g1, g, g3 - generative stage

First flowers that characterize the transition of plants into a young generative stage (g:) appear on one
of the first axial shoots. In some cases (as Poshkurlat A.P. notes correctly, 2000), this flower remains
underdeveloped and dries. Plants that grow in the meadows of forest-steppe zone have one axial shoot on
this stage (figure 4, g;) [11]. In steppe conditions, plants with several well-developed axial shoots have
one flower on each of several shoots. In this age, leaves reach their maximum development, are 3.5-5.0 cm
long and 3.5-12.0 cm wide, thrice dissected and pinnatipartite, the lobes of the second order are thrice
dissected and pinnatipartite as well, the final lobes are linear of 7 mm long and 1-1.2 mm wide (figure 3,
g1). The rhizome begins to grow and has buds of new axial shoots on it.

During an average generative stage (g,) in the meadow steppe conditions there are up to 7-10 axial
shoots, but on meadows, there are 2-3 ones. Each axial shoot has up to 4-7 lateral shoots of the second-
order and 2-4 shoots of the third order with flowers on them. Leaves are rounded, 4-5 cm in diameter,
thrice dissected and pinnatipartite, second-order lobes are dissected into linear-hairy lobes of the third
order of 12-18 mm long and 0.5-0.8 mm wide. Branching of the rhizomes and formation of a strong
system of adventitious roots continue.

Old generative plants (gs) form a complex system of rhizomes. In this age, the life form changes from
a short-brush-root to a turf one, while generative plants form a pinnatipartite root system with numerous
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shoots forming a turf or a curtain. The system of underground organs is built in the way of "orthotropic-
rhizome - brush-root™ [21]. The structure of the leaf blade simplifies.

Subsenile plants (S) are represented by a system of dying rhizomes with single vegetative shoots. We
have not found any senile plants.

It should be noted, that some changes in the ontogenetic structure of A. vernalis populations in
Northern Kazakhstan. They are related to climatic features and as a response to the anthropogenic
transformation of the flora on the studied areas.

A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern Kazakhstan by the
populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe of North
Kazakhstan region). Ontogenesis of A. vernalis has three periods and 8 age stages. Plants have low seed
productivity. Seeds have a long endogenous peace related to the underdevelopment of a seed germ. A
characteristic feature is the presence of a long pregenerative period in plants of the "steppe" type
coenopopulations and its reduction in the "meadow" type coenopopulations (CP).

Age structure is one of the significant signs of price population, as it provides the ability of the
population system to self-sustain and determines its sustainability [15].

There have been studied 13 CP of A. vernalis located in Akmola and North Kazakhstan regions.

CP-1. "Burabay" SNNP. The poaceae-adonis meadow on the edge of the pine-birch forest. Total
projective cover (TPC) is 90%, the TPC of A. vernalis is 2%, the community has 29 species. The
vegetation is formed by Artemisia latifolia Ledeb., Betula pendula Roth, Calamagrostis epigeios (L.)
Roth, Fragaria viridis Duch., Pinus sylvestris L., Poa pratensis L., Ranunculus polyanthemus L.

CP-2. "Burabay" SNNP. Sparse birch forest, the formula of the standing timber is 10B, fullness is
0.3, adonis and forb meadow. TPC is 100%, the TPC of A. vernalis is 0.5%, the community has
26 species. The vegetation is formed by Betula pendula, Brachypodium pinnatum (L.) Beauv., Bromopsis
inermis (Leyss.) Holub, Centaurea scabiosa L., Serratula coronata L., Veronica longifolia L.

CP-3."Burabay" SNNP. The meadow steppe on the slope of a small hill, a narrow strip at the base of
the hill. TPC is 70%, the TPC of A. vernalis is 0.5%, the community has 31 species. The vegetation is
formed by Galatella angustissima (Tausch) Novopokr., Medicago falcata L., Oxytropis pilosa (L.) DC.,
Peucedanum morisonii Besser ex Spreng., Phleum phleoides (L.) H.Karst., Stipa pennata L.

CP-4."Burabay" SNNP. A shrub thicket on the edge of the birch forest. TPC is 100%, the TPC of A.
vernalis is 1.5%, the community has 37 species. The vegetation is formed by Caragana arborescens Lam.,
Phleum phleoides (L.) H.Karst., Poa angustifolia L., Rosa acicularis Lindl., Spiraea hypericifolia L.,
Stipa pennata L.

CP-5. "Burabay" SNNP. Artificial pine plantations of 35-40 years old (maybe on the site of a dry
meadow), the formula of the standing timber is 9C1B. TPC is 60%, the TPC of A. vernalis is 0.5%, the
community has 19 species. The vegetation is formed by Betula pendula Roth, Caragana arborescens
Lam., Gypsophila altissima L., Otites wolgensis (Hornem.) Grossh., Pinus sylvestris L., Vicia cracca L.

CP-6. "Burabay" SNNP. A meadow steppe on the edge of a sparse birch-pine forest, fullness is
0.2-0.3. TPC is 80%, the TPC of A. vernalis is 1.0%, the community has 32 species. The vegetation is
formed by Clausia aprica (Stephan) Korn-Tr., Dianthus versicolor Fisch. ex Link, Filipendula vulgaris
Moench, Otites wolgensis (Hornem.) Grossh., Oxytropis pilosa (L.) DC., Polygala comosa Schkuhr.

CP-7. "Burabay" SNNP. A meadow among the sparse birch forest, the formula of the standing timber
is 9B1C, fullness is 0.3. TPC is 100%, the TPC of A. vernalis is 2.0%, the community has 32 species.
The vegetation is formed by Achillea asiatica Serg., Betula pendula Roth, Calamagrostis epigeios (L.)
Roth, Conioselinum tataricum Hoffm., Hieracium umbellatum L., Koeleria cristata (L.) Pers., Pinus
sylvestris L.

CP-8. "Burabay" SNNP. A forb and calamagrostis meadow on the edge of a birch forest. TPC is
100%, the TPC of A. vernalis is 0.2%, the community has 28 species. The vegetation is formed by
Asparagus officinalis L., Bromopsis inermis (Leyss.) Holub, Calamagrostis epigeios (L.) Roth, Cirsium
setosum (Willd.) Bess., Galium boreale L., Phlomoides tuberosa (L.) Moench.

CP-9. "Burabay" SNNP. The steppe communities on the edge of a birch forest. TPC is 70%, the TPC
of A. vernalis is 2.0%, the community has 35 species. The vegetation is formed by Aster alpinus L.,
Festuca valesiaca Gaudin, Fragaria viridis (Duchesne) Weston, Helictotrichon desertorum (Less.)
Nevski, Pilosella echioides (Lumn.) F.Schultz & Sch.Bip., Scorzonera purpurea L., Stellaria graminea L.
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CP-10. "Burabay" SNNP. A dry meadow with very rare pines (artificial plantings), the fullness is
0.2. TPC is 70%, the TPC of A. vernalis is 2.0%, the community has 25 species. The vegetation is formed
by Allium strictum Schrad., Carex supina Willd. ex Wahlenb., Festuca valesiaca Gaudin, Koeleria
cristata (L.) Pers., Phleum phleoides (L.) H.Karst., Phlomoides tuberosa (L.) Moench., Verbascum
phoeniceum L.

CP-11. North Kazakhstan region. A wet meadow on the edge of a birch forest. TPC is 100%, the TPC
of A. vernalis is 0.5%, the community has 21 species. The vegetation is formed by Equisetum hyemale L.,
Filipendula ulmaria (L.) Maxim., Sedum telephium L., Thalictrum minus L., Urtica dioica L.

CP-12. North Kazakhstan region. Young birch forest, the formula of the standing timber is 10B tree,
fullness is 0.4-0.5. TPC is 50%, the TPC of A. vernalis is 0.1%, the community has 16 species. The
vegetation is formed by Betula pendula Roth, Chenopodium album L., Populus tremula L., Potentilla
humifusa Willd. ex Schltdl., Rubus saxatilis L., Sanguisorba officinalis L., Urtica dioica L.

CP-13. North Kazakhstan region. Kochkarny meadow on the edge of a birch forest TPC is 100%, the
TPC of A. vernalis is 0.5%, the community has 33 species. The vegetation is formed by Calamagrostis
epigeios (L.) Roth, Filipendula ulmaria (L.) Maxim., Galium boreale L., Kadenia dubia (Schkuhr)
Lavrova et V.N.Tikhom., Ranunculus polyanthemos L., Sanguisorba officinalis L., Seseli libanotis (L.)
W.D.J.Koch, Urtica dioica L.

The CP of A. vernalis are bound to four main habitats: forest edges (CP-1, CP-4, CP-8), meadow
steppes (CP-3, CP-6, CP-9), meadows (CP-2, CP-7, CP-11, CP-13), artificial plantations (CP-5, CP-10,
CP-12). By the age, young populations grow on forest edges, and according to the "delta - omega"
classification, there are mature CP with A < 0.35, a @ > 0,6. Mature CP mostly grow in meadow steppes
(except CP-6, which is young), and according to the "delta - omega" classification all CP are aging with
A <0.55,a®>0,6. Young CP mostly grow in meadows (except CP-2, which is old), and according to the
"delta - omega" classification all CP are mature with A < 0.35-0.54, a ® > 0,7. Old CP mostly grow in
artificial plantings (except CP-2, which is aging), and according to the "delta - omega" classification, all
CP are mature (Table). Thus, changes in habitual living conditions lead to the aging of A. vernalis CP.

By density (pcs/100 m?) all populations are divided into three groups: high — > 90 pcs/100 m?,
medium — 89-40 pcs/100 m?, low — > 40. All forest edge CP have a high density, in meadow steppes, the
density is average, on meadows and in artificial plantings, it is low (table).

Characteristics of A. vernalis coenopopulations

No TEC, TPC qf Area , Density of pI%nts, Qua_ntity of plants A © |
) A.vernalis,% of CP, m pcs/100 m in CP, pcs

CP-1 90 2 3000 142 4260 0.29 0.65 0.50
CP-2 100 0.5 1500 52 780 0.48 0.80 0.30
CP-3 70 0.5 6000 63 3780 0.45 0.82 0.31
CpP-4 100 15 6000 90 5400 0.40 0.9 0.25
CP-5 60 0.5 1500 28 420 0.78 0.34 25
CP-6 80 1.0 1500 66 990 0.36 0.85 0.46
CpP-7 100 0.2 2000 10 300 0.62 1.0 0
CP-8 100 2.0 5000 96 4800 0.39 0.81 0.14
CP-9 70 2.0 3000 60 1800 0.48 0.87 0.15
CP-10 70 0.5 1000 28 280 0.63 0.88 0
CP-11 100 0.5 2000 16 320 0.28 0.65 1.0
CP-12 50 0.1 2000 8 160 0.50 1.0 0
CP-13 100 0.5 3000 40 1200 0.32 0.73 0.67

The recovery index in most CP is less than one (except CP-11=1.0), which indicates a low recovery
in A. vernalis populations.

The range of age stages shows that in most CP they are normal, the exception is CP-5 which indicates
an old stage of the population and possibly its soon elimination.
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The most optimal conditions for the formation of CP are edge areas occupied by dry meadows. These
CP have the highest density of A. vernalis from 90 to 142 pcs/100m®. They are young, but according to the
"delta - omega" classification, are maturing. In more xerophytic conditions the density of A. vernalis
decreases to an average of 89-40 pcs/100 m? They form mature CP. According to the "delta-omega"
classification, they are aging. A. vernalis is a meadow-steppe plant. The typical habitats are meadow
steppes, dry meadows, steppe communities [1,9,10,11]. Meadow CP of A. vernalis on the Kokshetau
Upland and in Northern Kazakhstan are not characteristic habitats, so the density is lower there (less than
40 pcs/100 m?). The CP are aging, according to the "delta - omega" classification "delta - omega" they are
all mature.

Conclusion. A. vernalis is a short-stem grassy polycarpic plant, it is represented in Northern
Kazakhstan by the populations of dry meadows (Kokshetau Upland) and real meadows (the forest-steppe
of North Kazakhstan region). Ontogenesis of A. vernalis has three periods and 8 age stages. Plants have
low seed productivity. Seeds have a long endogenous peace related to the underdevelopment of a seed
germ. A characteristic feature is the presence of a long pregenerative period in plants of the "steppe" type
coenopopulations and its reduction in the "meadow" type coenopopulations.

The research was carried out within the framework of grant financing project of the Ministry of
Education and Science, the Republic of Kazakhstan for 2018-2020. "Molecular genetic analysis of gene
pools of rare plant species populations in Northern Kazakhstan™ Ne AP05132458, number of the state
registration is 0118RK00404.
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COJITYCTIK KABAKCTAH KAFTAMBIHJIA ADONIS VERNALIS L.
nonyJjaAanusas OHTOTEHE3I )KOHE )KAC KYPbILJIBIMbI

Aunnoranust. Maxkanaga Conryctik Kaszakcranmga Adonis vernalis L. neHoduopacsin 3epTTey HOTHKENEPi
Oepinren. Matepuasiap IanaiblK 3€PTTEY HOTHXKECIHIC aJbIHIBI, 9/c0M MAJiMEeTTep ecKepiiai. Ermkei-Terkeii
OaFrBITTHIK 3€PTTEYJICP HETI31H/IC OHTOICHE3 KOHE IICHOIOMYJISIIIHS KaC KYPhLUIBIMBI KEITIpiIe/i.

Adonis vernalis apean 6oiisiHIna cupek ke3neceTin ocimaik Kasakcranusiy Kpi3but kiTabbiaa (2014) [1] xone
Convention of International Trade in Endangered Species of Wild Fauna and Flora (CITES) KoHBeHIHSHBIH
IT kockiMIIachiHa enrizinres [2, 3]. A. vernalis Ykpaunana, conpaii-ak P® 36 cyonexricinme Kopranaist [S].

Kac xarmaiieia 3eprrey Conrycrik Kaszakcran aiimarsiaza (Axkmona sxkoHe Contyctik KazakcTaH oOIBICH
(CKO) 2018-2019 xox. yprizinmi.

A.vernalis — Conrycrik Ka3akcranaarsl KbICKa-03€KTi IONTI MOJUKApNTi Kyprak mmanreid (Kekiieray KbIpThbi-
cpl) MeH Harbl3 madbHAbIKTap (Conrycrik KazakcTaH OONBICHIHBIH OpMaHAbI Jaiachl) KypaMbIHIAFbl MOMYJISLUS
HerTi31H/le YChIHBLIFaH.

A. vernalis oHTOreHe3iH/IE YIII KE3EH JKOHE 7 JKac jKaraaibiHa OoliHreH. OCIMIIKTEPIiH a3 MeJIIepIe TYKbIM -
IBIK OHiMi Oap. JlaMbIMaraH YPBIK TYKbIMBbIHA OalIaHBICTBI TYKBIM Y3aK JHAOTEHII KYWHCi3 cumatka ue. «Jlamay
THIIHJET] EHOMOMYISANNs OCIMAITIHAE Y3aK YakKbIT JETCHEPATHBTIK KE3€HHIH OOJYbI JKOHE OHBIH «IIAJIFBIHIBIKY
TUTIHET] EHOMOMISAIHIA a3a0bl ePEeKIIeNiri OO caHaIabl.

JKac KYpBUIBIMBI IIEHOTIOMYJISIIASHBIH MaHBI3AbI Oenriiepidid 0ipi OONBIN caHANAIbl, OUTKCHI MOMYIIIUSIIBIK
KYHCHIH ©31H-631 yCTay KaOlleTiH KaMTaMachl3 e€Te/li JKOHE OHBIH TYPAaKTBUIBIFBIH aHBIKTaWAbl [15]. OciMmikrepmi
3eprreyneri nonynsauusibiK Tocinai T.A. PaborHoB (1960) yesiasr [20]. Herisri TepMUH «LIEHOTOIYJISIIAS» YFBIMBI
— Genrini 6ip GuTOIEHO3 HIEKaPACHIHIAFBI )KEKE TYPJIEPAIH )KUBIHTHIFBI.

A.vernalis: Axkmona »xone Contycrik Kazakctan oGJIBICTapbIHIa OpHATACKAH 13 [EHOMOMYJISIIUS 3ePTTEIIN.
A. vernalis neHomonyasAmuACH HETi3ri TOPT OpBIHFA HETI3JENreH: OpMaH, MAaOBIHABIK Jaia, Ma0bIHIBIK, KaCaH bl
exmenep. «bypabaity MYTII aymarsinna Taburu Kaparaitner exnenepzin ete kenm cabl XIX MeH XX FachIpAbIH
0achIlHIa KecureH, TaOuFu exmnesepaiH Oip Oemiri epT cangapblHaH >KOWBUINBI, COHIBIKTAaH OpMaHIBl KaJIblHa
KENTIpiJi )koHe MYHJIall )KYMBICTap KEHIPEK JKypri3iiei.

JKac mamacel OO#BIHIIA TYKIIEMEH KAITAIFaH JKepJIEPAe *Kac MOMYJIAUSIIAD KaJbIITacaasl, ajl «IeibTa —
OMETaHbIH» JKikTenmyiHe coiikec erinreH IIT kampimmrackan, omma A < 0.35, am ® > 0,6. [anremael nansana
Heri3ineH >xerinared LI kanbimrackan, an «geiapra — oMeray xikrenyi Oodbinma 6apisik LT eckipren A >0.55, an
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® > 0.6 xaraapl. Hanreiaasr nananapaa LIT-HeIH Kenmiiiri xac OOJNBIN KeJei, ajl «JejbTa — OMEray >KIKTemyl
6oiibiama Oapibik LT kemennenren A 0.35-0.54, mynna o >0.7. XKacauns! exnenepae L{I1-HbIH kenmriniri eckipre,
an «IenbTa-oMeray JKikTedayi OoibriHmia Oapibirbl xkerinreH I[[[1-ra skatamel. Ocbutaiiiia onmeTTeri eMmip cypy
XKarIaibIHbIH e3repyi A.vernalis L{I1 To3asipanst.

Kenteren LI1 kamnbiHa KkendTipy WHAEKci OipmikteH a3, Oyn A. vernalis momymsiuusiiapbliHAa KajmblHa
KeNTipyaiH TOMEHIIri 6alKaIabl.

JKac xarmaiterasiy criektpi kenrrereH L{I1-na omapasiH KaabInTH eKeHiH KopeeTeni, epekmenik LI1-5 (;kacanmst
€KIIe apachIH/a) Kypanbl, OYII ITOMY IALMSHBIH OYPBIHFBI Kail-KYHiH koHE JKeel SIMMUHALNSIHBI KyoJlaHAbIpabl.

HIT xampmTacTeIpy YIIIH €H OHTAMIIBI KaFAal-KypraK IIaJFBIHBIMEH aifHaJBICATHIH TYKIIE KEHICTIiri OOJbIm
cananasl, oyt LI Terreaeirsr A. vernalis 90-gan 142 nawma/ 100M%-re JIeHiH, oJap Kac «IelbTa-oMeray JKiKTeyi
GoiibIHmIa maiina Gonaas. Ko kcepodurti xarmaiinapnaa a.vernalis ThiFbi3aprs! oprama 89-40 manara/100 m* neiin
azas/pl, OHJA ECKIpreHJepre >araTblH «IelbTa — OMera» ikremeci OoibiHImIA >xetinreH LII1 kambimracansl.
A. vernalis mranFeIHIBI-IANA OCIMJIT, WIANFBIHAB Jajia, KYPFaK MNIaIFblH, Jaja KoramMaacTeIKTapbl [1,9-11],
manreiHe! L. Kekmieray Tebecinae xone Contyctik Kazakcran o0ibIcH vernalis MEKeHi OOJIAaTBIH XKep eMec JKOHE
COHBIH CalJaphIHAH «IeIbTa — OMera» ikremeci Goibrmima sxatateir L[1-1a (40 nama/100 m’-men kem) eckipreH
JTApaJbIK THIFBI3ABIFBIHBIH TOMEHIr skeTinren LI1-ra xartaspl.

Tyiiin ce3mep: Adonis vernalis L., Conrycrik Ka3zakcTtaH, ac epekileNiK >XKaFAaibl, Kac KYPbUIBIMBI,
OHTOTCHE3.
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OHTOT'EHE3 U BO3PACTHAS CTPYKTYPA MONYJISALUIA ADONIS VERNALIS L.
B YCJIOBUAX CEBEPHOI'O KABAXCTAHA

AHHoTanus. V3y4eHbl BO3pacTHBIE 0COOCHHOCTH OHTOreHe3a U cTpykTypa 13 nenononynsuuii Adonis vernalis
L. na reppuropun CeBeproro Kazaxcrana. Martepuaibl MojsydeHbl B pe3yibTaTe IOJICBBIX HCCIIEIOBaHUH, yITEHBI
JIUTepaTypHble JaHHble. Ha OCHOBaHMM JETalbHO-MAPIIPYTHBIX HCCIEIOBAHWH MPUBOJMTCS OHTOTCHE3 U
BO3pacTHast CTPYKTYpa LEHOITOMYJISIIUH.

Adonis vernalis L. — moBobHO penkoe pacTeHHe Ha MPOTSKEHHH Beero apeana [1], BHecen B KpacHyro kHuTy
Kazaxcrana (2014) u B Ilpunoxenue |l Kousenmuu Convention of International Trade in Endangered Species of
Wild Fauna and Flora (CITES) [2,3]. A. vernalis oxpansiercs B Ykpause [4], a takxe B 36 cyonsekrax PO [5].

M3yueHne BO3pacTHBIX COCTOSIHMH MpoBoAmiock Ha Teppuropun CeBepHoro Kazaxcrana (AKMONMHCKas U
Cesepo-Kazaxcranckas obiactu (CKO) B 2018-2019 rr.

A. vernalis — kopoTko-cTepxHEeBO# TpaBsHHUCTBIH monukapnuk B CeBepHoMm Kasaxcrade mpeacTaBieH
MOMYJIALMSIMA B COCTaBE CyXOJONBHBIX JyroB (Kokmierayckasi BO3BBIIICHHOCTb) M HACTOSIIUX JIYTOB (JIECOCTEIb
Cesepo-Kazaxcranckoii oonactu). B onrorenese A. vernalis BbiieneHo Tpu mepuojia u 7 BO3PACTHBIX COCTOSHHIA.
Pactenus o0nanaroT HU3KONH CEMEHHOW NMPOAYKTHBHOCTHIO. CeMeHa 00JaJaioT JAIUTENbHBIM SHIOTCHHBIM ITOKOEM,
CBSI3aHHBIM C HEJIOPa3BHTHEM 3apOJIbIIIAa CEMEHH. XapaKTepHOH O0COOCHHOCTHIO SBISIETCS HAJIUYUE IJTUTEIHHOTO
MpeAreHepaTUBHOTO MEPUOJAa y PACTEHUH B IEHOMOMYJISILMAX «CTEMHOI0» THUMA U COKpAIIEHUE €ro B ILIEHOIO-
IYJISALUSX «JTyTOBOTO» THIIA.

BospactHas cTpykTypa mpencTtaBiseT co0oil oAWH M3 CYIIECTBEHHBIX MPHU3HAKOB IIEHONOMYIALNH, TaK Kak
obecrieunBaeT CrIoCOOHOCTh TOMYJISIIIHOHHON CHCTEMBI K CAMOTIOIICPKAHUIO U OTPEENeT ee yeToiunBocTh [15].
[MomynAMOHHBIH MOAXO0J K HM3y4eHHI0 pacTeHuil Obu1 mpemmokeH T.A. PabGotHoBemm (1960) [20]. KiroueBsim
TEPMHUHOM SIBIISIETCS TIOHSTHE «IICHONOMYIISIUS» — COBOKYITHOCTh 0cOO€H BHIA, CYIIECTBYIOIIMX B T'paHHUIIAX
OTIpe/IeIEHHOTO (PUTOIICHO3A.

Usyueno 13 ueHonomynsuuid A. vernalis: pacmonoxenHbix B AkmonuHckod u CeBepo-Kazaxcranckod 00-
nactsax. Llenonomymsiuuu A. vernalis mpuypodeHsl K 4eTbIpeM OCHOBHBIM MECTOOOMTAHHSM: OIYLIKH Jeca, JTyrOBbIe
CTeIy, JIyra, HCKyCCTBEHHbIe HacaxaeHus. Heooxomumo otMmeruts, yro Ha Teppuropun ['HIIIT «bypabaii» oueHs
00JIBIIIOE KOJIMYECTBO €CTECTBEHHBIX COCHOBBIX Haca)JIeHHH Obuto BeIpyOieHO B TeueHune XIX, Hagama XX Bekos,
YacTh €CTECTBEHHBIX HACaXJICHWH Morubiia B pe3ysbTraTe M0XKapoB, HOATOMY JIECOBOCCTAHOBJIEHUE IIPOBOJIMIIOCH H
MIPOBOANTCS B IIMPOKHMX Macmrabax. 1o Bo3pacTHOCTH B OIyIIEYHBIX MECTOOOMTAHUSX (POPMHUPYIOTCS MOJOAbIE
TIOMYJISITNY, a COTJIACHO KJIacCH(HUKAIMH «elbTa — oMeray copmuposansl 3petomue LI1, B koTopeix A < 0.35,a ®
> 0,6. B myroBbIX cTemnsx B OCHOBHOM chopmupoBansl 3peinbie 111, a mo kiraccupukanmm «aenbra — omera» Bee LI
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OTHOCATCS K CTaperonmm, B KOTOpeiXx A >0.55, a @ > 0.6. Ha nyrax 6onemmmacTBO {11 OTHOCATCS K MOJIOABIM, a IO
knaccupukauu «aenpta — omeray Bee LI otHocsaTCs k 3penbiM, B kKoTopeix A 0.35-0.54, a ® >0.7. B uckyccr-
BEHHBIX HACXKICHUAX 00JMbIIMHCTBO L1 OTHOCATCS K cTapelonyuM, a Mo KIacCU(pUKAIMU «IeibTa — oMeray Bee LI1
OTHOCATCSL K 3penibIM. TakuM o0pa3oM, U3MCHEHHUS TPUBBIYHBIX YCIOBHH OOWUTAHHS MPUBOAMT K crapeHuto LII1
A. vernalis.

Io mrotrHOcTH (1rt/100 M) Bee MOMyIISIAN pasaeNe sl Ha TPH IPYIIIbE: BeIcOKas — > 90 mrt/100 M%, cpemsis —
89-40 mrt/100 M%, Huskas > 40. Bee omymreunsie LI HMEIOT BBICOKYIO IUIOTHOCTb, B JTYTOBBIX CTEISX IIOTHOCTH
CpeIHsIs, Ha JIYyTaX M B UCKYCCTBEHHBIX HACAXKICHISIX — HU3KAsL.

WNupexc BoccraHoBieHus B OonpmuHcTBe L[I1 MeHee equHMIBI, 9TO CBHUACTENHCTBYET O HHU3KOH BOCCTAaHAB-
nUBaeMoCTH B momyssiusx A. vernalis.

CrieKkTp BO3pACTHBIX COCTOSIHUI MOKa3bIBacT, yTo B OonbiuHCTBE 111 OHU HOpManbHEIC, HCKITIOYEHUE COCTAB-
qsiet 1I1-5 (cpenu MCKYCCTBEHHBIX HACaXICHUIT), YTO CBHUICTEIBCTBYET O CTAPYCCKOM COCTOSHHUHU TMOMYJISALHUHU H,
BO3MOYHO, CKOPO# 3JTMMHHALIHH.

Haubonee onTuManbHBIME YCIOBUSAMU s popmupoBanusi LI SBISIOTCS OMyIeYHbIe TPOCTPAHCTBA, 3aHSITHIC
CyXO00JbHBIMHU JTyramu, 3Tu LI umeror HanGobIyro miotHocTh A. vernalis ot 90 no 142 mur/ 100M?, OHH SBIISFOTCS
MOJIOJIBIMH, & IO KIACCU(PHUKAIMU «ICIbTa — OMEra» — 3peromumu. B 6onee Kcepo@UTHBIX YCIOBUSIX IIOTHOCTh
A. vernalis ymenbiaercs g0 cpemaeit 89-40 /100 M’, B HHX ¢dopmupyrores 3pemnsie L1 mo xmaccuduxanum
«IeNbTa — OMeray OTHOCAIIMECs K cTaperoummu. A. vernalis myroBo-cTenHoe pacTeHue, XapakTepHBIMH MECTOOOU-
TaHHUSMHU SIBISIFOTCS JIyTOBBIE CTEIH, CYXOJIOJbHbIC JTyra, cTenHble coobmiectna [1,9,10,11], myrossie LIIT A. vernalis
Ha Koxkmerayckoii Bo3BeimeHHOCTH W B CeBepo-Ka3axcTaHckoit 007acTé SBISIOTCS HE- XapaKTEPHBIMH MECTO-
0OHMTaHUSAMH U, KaK CJICICTBHE, HU3Kasl INIOTHOCTH ocobeii B IIIT (menee 40 mt/100 M2) crapetomue LI, oTHocuMble
o Kaccu(uKaum «renbra — omera» Bee LI, oTHOCsAmmecs k 3pensM LITT.

Karouesnie caiosa: Adonis vernalis L., Cesepubiii Kasaxcran, Bo3pacTHbIE COCTOSHHS, BO3pACTHAs CTPYKTYPA,
OHTOTEHE3.
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MORPHOTYPIC STRUCTURE OF HONEY BEES
AND THEIR MORPHOLOGICAL CHANGES

Abstract. One of the key aspects of the preservation of endemic populations of modern honey bee breeds is
research in the identification of their morphological characters in apiaries, as an assessment of the cleanliness of
queen bees and the potential for restoration of populations.

The research material was a sampling of summer generation bees. The volume amounted to 640 individuals
from 16 bee families in three districts of the forest-steppe and steppe honey flow areas (Margaushsky (3 families -
apiary of the K.I.Michurin farm firm), Krasnoarmeysky (6 families from Pchelovodcheskoe OOO) - forest-steppe
zone; Batyrevsky district (7 families from Pirozhkova N.P. farm) - steppe honey flow area). The assessment was
carried out according to the common method, during which 15 traits were measured.

The studies of the morphotypic structure of honey bees revealed the dominant conformity of the identified
classes of workers and drones to the standard of the Central Russian subspecies. The research results showed that the
morphotype of working bees is represented by the prevailing class - O and the minimum represented - 1R. The
drones morphotype is represented only by class O. At the same time, a complex methodology, including an analysis
of the "purity" of working bees and drones, allows us to note the genetic safety, both on the maternal lineage and the
paternal side, respectively. However, studies of morphological abnormalities in Apis mellifera revealed eye color
changes only in drones, namely brown or pomegranate and white eyes.

The studies have revealed the potential for preservation of the population of the European dark (Central
Russian) bee breed in Chuvashia. The decrease in the minimum tergite value recorded in the Morgaushsky district
beyond the standard frames of the Central Russian breed does not indicate the ongoing hybridization processes since
this is the only one and can be explained by some random factors affecting biophysiological processes.

Key words: honey bees, workers, drones, morphotypes, morphological changes, eye color.

Introduction. According to experts, of the currently known 30 subspecies or breeds of honey bee
(Apis mellifera), only the European dark bee (Apis mellifera mellifera) is adapted to life in conditions of
low The bees of the European dark (Central Russian) subspecies differ in a whole complex of traits from
the bees of other taxa. Moreover, they are also heterogeneous within these categories, forming the isolated
groups (populations) adapted to one or another specific condition [2,3]. In the modern studies of honey
bees, experts distinguish various populations (Bashkir, Ural mountain-taiga, Altai, etc.), which, to one
degree or another, have an official status [4,5,6,7]. Analysis of periodicals and monographs emphasizes
the absence of any detailed studies of honey bee populations in the territory of the Republic of Chuvashia
and the identification of their status.

The aim of this work is a study of the morphotypic structure of Apis mellifera and an assessment of
the morphometric characteristics of the honey bee workers in the territory of the Republic of Chuvashia.
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Materials and methods. To study the morphotypic structure of Apis mellifera, the sampling was
carried out in five regions covering all three honey flow areas of the republic: forest-steppe (Margaushsky
(3 families - apiary of the K.I.Michurin farm firm), Krasnoarmeysky (4 families from Pchelovodcheskoe
000), Krasnochetaysky (4 families from private apiaries)), forest (Shumerlinsky district (2 families -
private apiary)) and a steppe honey flow area (Batyrevsky (6 families from Pirozhkova N.P. farms )). The
total number of investigated working bees and drones was 1140 individuals, 570 each.

During the work, the methodology for assessing the classes of honey bee morphotypes according to
F. Ruttner was used [8]. Identification was carried out visually using a handheld magnifier; when
photographing, a Macro lens attachment was used on the LG Ray smartphone.

The following classes are distinguished by the color of the chitinous cover of the workers:
O - Central Russian subspecies; e; E; 1R; 2R; 3R [9].

When identifying drones, according to the methodology, there are classes: O; I;; Is; Iis; I; 1R. At the
same time, drones of the Central Russian subspecies can be represented by both classes O and 15[9].

When assessing the morphometric characteristics of the working individuals of the honey bees, the
research material was a sample of summer generation bees. The volume amounted to 640 bees of 16 bee
families from three districts of the forest-steppe and steppe honey flow zones (Margaushsky (3 families -
apiary of the K.l.Michurin farm firm), Krasnoarmeysky (6 families from Pchelovodcheskoe OOO) -
forest-steppe zone; Batyrevsky district (7 families from Pirozhkova N.P. farm) - steppe honey flow area).

The morphology of workers was estimated according to the common method [1,9,10], during which
15 exterior traits were measured. For identification assessment of traits, it was used the standard of the
European dark bee breed according to N.I. Krivtsov, 1995 [6]. The measurement was carried out using the
MBS - 10 binocular microscope.

Results. The studies have shown that in the territory of Chuvashia, the morphotype of working bees
is represented by the predominant class - O and the least represented - 1R. The drones morphotype is
represented only by class O (figure 1).

A B
Figure 1 — Classes of honey bees morphotypes in the Republic of Chuvashia: A - workers, B - drones

In the sample of 19 families located in different honey flow areas, the bee morphotype corresponded
to the standard of the Central Russian subspecies, both for working bees and for drones (table 1).

According to experts, one identified bee of the 1R morphotype (0.2% of the sample of workers)
cannot be an indicator of crossbreeding. Professor F. Ruttner noted that the sudden appearance of rings in
bees of a uniform dark line is not a sign of crossbreeding [8].
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Table 1 — Morphotypes of working bees and drones

o Total Number Morzrr:ci)tt;/;();) ;:Iass, Nurmber Morﬂr:]?gg?;) ;:Iass,
District r(l)t;rgé):sr of workers of drones
O 1R 0o
The forest-steppe honey flow area

Krasnoarmeysky 240 120 120 (100%) - 120 120 (100%)
Krasnochetaisky 240 120 120 (100%) - 120 120 (100%)
Margaushsky 180 90 90 (100%) - 90 90 (100%)
Total for the area 660 330 330 (100%) - 330 330 (100%)

Steppe honey flow area
Batyrevsky 360 180 179 (99.5%) 1 180 180 (100%)
Total for the area 360 180 179 (99.4%) 1 (0.6%) 180 180 (100%0)

Forest honey flow area
Shumerlinsky 120 60 60 (100%) - 60 60 (100%)
Total for the area 120 60 60 (100%0) - 60 60 (100%b)
Total in the Republic 1140 570 569 (99.8%) 1 (0.2%) 570 570 (100%6)

Given the importance of studies of nontypical morphological changes in living organisms, the work
was carried out to identify eye color abnormalities in workers and drones (table 2).

Table 2 — Morphological changes in the eyes of drones

Morphological state of eyes

District O’}I lér::)?irs -
Normal brown or pomegranate white
The forest-steppe honey flow area
Krasnoarmeysky 120 63 (52.5%) 57 (47.5%) -
Krasnochetaisky 120 77 (64.2%) 42 (35.0%) 1 (0.8%)
Margaushsky 90 80 (88.9%) 10 (11.1%) -
Total for the area 330 220 (66.7%0) 109 (33.0%) 1 (0.3%0)
Steppe honey flow area
Batyrevsky 180 157 (87.2%) 23 (12.8%) -
Total for the area 180 157 (87.2%) 23 (12.8%) -
Forest honey flow area
Shumerlinsky 60 42 (70%) 18 (30%) -
Total for the area 60 42 (70%0) 18 (30%) -
Total in the Republic 570 419 (73.5%) 150 (26.3%) 1 (0.2%)

At the same time, color changes were not detected in workers, and two types

recorded in drones, namely, brown or pomegranate and white eyes (figure 2).

of deviations were
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Figure 2 — Morphological anomalies of the eyes of drones: 1 - normal eyes; 2 - brown or pomegranate eyes; 3 - white eyes

In numerical ratio, the maximum number (33.0%) of drones with brown or pomegranate eyes was
registered in the forest-steppe area (Table 2). Also, one drone with white eyes (0.3%) was recorded in the
apiary of this territory. In the steppe and forest honey flow areas, drones with only brown or pomegranate
eyes were observed - 12.8% (steppe zone) and 26.3% (forest zone).

Consequently, studies of the morphotypic structure of honey bees in the Chuvash Republic revealed
the dominant conformity of the identified classes of workers and drones to the standard of the Central
Russian subspecies. At the same time, a comprehensive methodology, including an analysis of the "purity"
of working bees and drones, allows noting the genetic safety, both on the maternal and paternal lineages.
In the opinion of some specialists, the drones belonging to the standard of one subspecies, with competent
selective and breeding work (creating a “drone barrier”), allows in the future to form a purebred breeding
area, and further to create an array or area with purebred bees.

However, investigations of morphological abnormalities in Apis mellifera revealed eye color changes
only in drones. This fact allows us to note possible changes in the environmental situation that causes
mutational processes. Even F. Ruttner (1981) noted that there were mutations that interfered with the
normal color of point and facet eyes. Since the formation of pigments depends on many hereditary
foundations, there is the possibility of the appearance of various eye mutations.

Analysis of the research results of the morphometric characteristics of working individuals revealed
the presence of Central Russian bees in the territory of Chuvashia, this fact suggests the presence of a
separate population of European dark breed in this area.

The indicators of the average value of the proboscis length of the bees, as well as the Lim limits in all
the studied administrative districts, corresponded to the European dark breed: 6.28 mm - Krasnoarmeysky,
6.20 mm - Batyrevsky and 6.28 mm - Morgaushsky (standard - 5.75-6.80 mm).

Data on the length of the right front wing of the workers also emphasize the presence of Central
Russian bees at all sampling places: 9.30 mm - Krasnoarmeysky, 9.21 mm - Batyrevsky and 9.25 mm -
Morgaushsky (standard - 9.1-10.2 mm ). A similar situation is observed in terms of the width of the
wing. The investigated trait in all bees does not go beyond the limits of the corresponding standard
(2.0-3.2 mm).

According to the cubital honeycomb, given the lack of standards for the length and width of the
forming veins, the taxonomic affiliation of honey bees can be regarded only by the cubital index. In this
case, as in the previously considered indicators, the index corresponds to the standard of the European
dark breed: 62.3+2.39 - Krasnoarmeysky, 61.5+1.62 - Batyrevsky, and 62.3+1.43 - Morgaushsky
(standard - 60-65%).

By the length of tergite, the working bees of all administrative districts correspond to the standard,
but according to the Lim width of this trait, in the Morgaushsky district, a decrease in the minimum
indicator for the sample beyond the standard frames (4.5-5.1 mm) of the Central Russian breed is noted -
4.10-4.84 mm.

The indicators of the sternite length (average values and Lim) as well as the considered characteristics
are aligned with the standards of indigenous bees (2.6-3.2 mm). The same was recorded in terms of width,
i.e. the bees from the studied sample corresponded to the Central Russian breed (standard is 4.75-5.50).

Wax mirrors, which are one of the main vital structures of the body, were characterized by average
lengths and Lim values corresponding to Central Russian bees: 1.74 + 0.01 (1.73-1.75 mm) -
68
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Krasnoarmeysky, 1.69 + 0.08 (1.55-1.75 mm) - Batyrevsky and 1.64 + 0.05 (1.51-1.70) - Morgaushsky
(standard - 1.5-1.75 mm). According to the values of the width of the wax plate, the workers also
corresponded to the standard of this breed (2.35-2.75 mm).

According to the parameters of the right rear leg, as well as the cubital honeycomb, there are no
standards for the length and width of tarsus in literary sources. The results of estimating the average values
of the tarsal index and Lim revealed the compliance of bees of all samples with the standard of the
European dark breed: 54.1+0.54 - Krasnoarmeysky, 53.3+0.92 - Batyrevsky and 52.4+0.31 - Morgaushsky
(standard according to N .1I. Krivtsov - 52-58%, 50-55% according to the common standards).

Conclusion. These studies carried out as part of an inventory of the taxonomic belonging of the bee
population in the Chuvash Republic, as well as an assessment of morphological abnormalities, revealed
the preservation of the Central Russian subspecies in this territory and some distribution of eye color
anomalies. Further scientifically based breeding and veterinary measures, as well as the collection of
information on other administrative regions, will help maintain stability, quantitative and qualitative
composition of the population of the Central Russian subspecies in the republic. Most importantly, the
research results would allow planning activities in the beekeeping and cultivation of certain types of cereal
crops, in particular triticale [12,13], throughout the Chuvash Republic.

Studies of the morphometric characteristics of Apis mellifera workers in apiaries, primarily engaged
in selection and breeding and subsequently distributing the breeding material to commaodity apiaries in the
Chuvash Republic, found the presence of genetically and biologically “clean” material for maintaining and
preserving the population of Central Russian honey bees in this territory. In our opinion, a decrease in the
minimum value of bee tergite length in the Morgaushsky district beyond the standard of the Central
Russian breed does not indicate the ongoing hybridization processes taking into account that this fact is
the only one and can be explained by some random factors affecting the biophysiological processes.

At the same time, the carried out work and the results are of scientific and practical importance in
creating an information base on the honeybee population of the Central Russian breed in Chuvashia, i.e.
according to the literature [4,5,6,12], only detailed studies of the morphometric traits of bees of Vladimir,
Tatar, Vologda, Oryol, Novosibirsk, Chelyabinsk, Bashkir and some other populations are known.
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BAJI APACBIHBIH MOP®OTHUKAJIBIK K¥PbILJIBIMbI MEH
MOP®OJIOI'UAJIBIK O3I'EPICTEPI

Aunnoramusi. XXywmeictein mMakcatsl — Apis mellifera-aeie MopdoTunTiK KYpBUTBIMBIH 3epTTey *)oHe UyBamm
PecnyGnkacsIHAAFB! JKYMBICIIB Oall apaapbIHBIH MOP(HOMETPHSIIBIK CHITaTTaMaIaphlH Oaramay.

Kymeic icTeiiTiH apamapAslH MOPGOIOTHACH JKaIIBl KaOBUITAaHFAH ofic OOWBIHIIA OaramaHipbl, 15 CHIPTKEI
Oenrinep emmenni. Tanbanmapabl colikecrennipy ymwin H.M. Kpusnos (1995 3x.) HerizgereH opTajiblK OpbIC apa
TYKBIMBIHBIH CTaHJIapThI NMaigananeuyiel. OnmeM MBS-10 OHHOKYIISIPIBI MUKPOCKOI apKbUIBI JKY3€Te aChIPBIIIBI.

Ban apacbiHBIH MOpP(QOTHNTIK KYPBUIBIMBIH 3€pTTE€y OapbICHIHIA >KYMBICIIBI JKOHE aTalblK apa KIIACHIHBIH
OpTAJBIK OPBIC apa TYKBIMBIHBIH CTaHJApThIHA COMKEC KeJETiHI aHBIKTaIAbl. 3epTTey HOTHXKEIEpl >KYMBICIIBI
apanapasig Mopdortumi 6aceiM kiacel — O >xoHe eH a3bl — 1R. Epkek apanapapia MopgoTuri Tek O Kinacsl apKbUIbI
ycoiHpUTFaH. COHBIMEH KaTap, KYpIeli >KYMBIC 9JIiCi, )KYMBIC ICTEWTIH apa MEH aTallble apa «Ta3albIFBIH» Tajaay
aHAJIBIK JKaFbIHAH J1a, aTaJIBIK JKaFbIHAH J1a TEHIK WH(OPMANKSHBIH CAaKTAIATBIHBIH €CKepy KaXXeTTIirl alfKbIHAaIb.
Amaiinma Apis mellifera-ae1 3epTTeyne MOPQOIOTHUIIBIK ayBITKYBl TEK aTaJIBIK apaHbIH KO3iHIH KOHBIp HEMece aHap
TYCKe XoHE aK TYCKe e3repici OapbIChIHIA aHBIKTAJIIbI.

ApaHbIH TYMCBIK Y3bIHIBIFBIHBIH OpTalla MOHI, COHIal-aK GapliblK 3€pTTEIreH dKIMIIIK aymaHaapaarsl Lim
OpTaJbIK OPHIC apa TYKBIMBIHA Colikec kenmi: 6,28 mm — KpacHoapmeiickuii, 6,20 Mmm — bateipeBckuii xoHe 6,28 MM —
Mopraymckuii (ctanaapt — 5.75-6.80 Mm).




Bulletin the National academy of sciences of the Republic of Kazakhstan

JKyMbICIIBI apanap/blH OH JKakK alJIbIHFbl KAHATHIHBIH Y3BIH/IBIFBI Typajlbl MAJIIMETTED, COHBIMEH KaTap, 0apibIK
ipiKTey MyHKTTEPiHJE OPTaNIBIK OPbIC apachIHBIH OosFaHABIFBIH KepceTeni: 9,30 mm - KpacHoapmeiickuii, 9,21 MM -
BateipeBckuii xane 9,25 MM - Mopraymckuid (crannaptrsl - 9.1-10.2 Mm) ) ¥Kcac xarnaii KaHATTBIH eHi OOWbIHIIA
Oaiikanansl. bapiblk apanapaarbl 3epTTesnerid Oenriiep THicTi HopMaaaH acnaisl (2,0-3,2 Mm).

KyOuTanas! kineTka, KaJlblTacaTbIH TAMBIPJIapAbIH Y3bIHIBIFEI MEH €Hi OOMbIHIIA CTaHAAPTTAP IbIH KOKTHIFBIHA
OailyTaHBICTHI Oayl apajapbIHBIH TAKCOHOMUSUIIBIK KYPaMbIH TeK KyOUTAIAbl MHACKC OOWBIHINA KapacThIpyFa OOJaIbl.
Byn sxarmaiina OYpeIH KapaliFaH HHIWKAaTOpiIapaarbiaai, naaeke OpTaibik Peceld TYKBIMBIHBIH CTaHIApPThIHA Colkec
keneni: 62,3 = 2,39 - Kpacnoapmeiickuii, 61,5 + 1,62 - BatbipeBckuii xone 62,3 £ 1,43 - Mopraymckuii (cTaH-
naptThl - 60-65%).

Teprurtiy Y3BIHABIFE OOHBIHIIA OapibIK OKIMIIITIK aymaHAapaa >XYMBICIIBI apajlap CTaHAapTKa CoMKec
keneni, 6ipak Moprayuickuii aynaHblHAa ockl 6enri eHi Lim-ee colikec, OpTaNBIK OPBIC TYKBIMBIHBIH CTaHAAPTHIHAH
ThIC (4,5-5,1 MM) ynri OOMBIHIIIA MUHUMAJIIBI KOPCETKIIITIH TOMeHAereHi oaikanas! — 4,10-4,84 mMwm.

CTepHUT Y3bIH/BIFBIHBIH HHIMKATOPJAPHI (OpTaia MOH oHe Lim), coHmaii-aK KapacThIpbUIFaH CHUIIATTaManap
OTaHIBIK apa CTaHJapTTapblHa coiikec keneni (2,6-3,2 mm). EHi Oo#bIHINA YKCACTHIFBI aHBIKTAJIABL. 3€pTTENTeH
YJITifIeTi apanap OpTajbIK OpPbIC TYKBIMBIHA Colikec kel (cTanaapt 4.75-5.50).

banaypi3 aifHackl JEHEHIH HETI3ri OMIpJiK KypbUIBIMAAPBIHBIH Oipi OOJIBIN caHaJaibl J>KOHE OpTalia
Y3BIHIBIFBl OOWBIHINA >koHE Lim, opramma opblc apanbIKTapblHa COiKeC KeNeTiH MOHI OOMBIHIIA CHIIATTAJIbL:
1,74 + 0,01 (1,73-1,75 wmm) - Kpacroapmetickuii, 1,69 + 0,08 (1,55-1,75 mMm) - DBatbipeBckuii >xoHe
1,64 = 0,05 (1.51-1.70) — Mopraymi-ckuii (ctangapttel - 1,5-1,75 mm). Banaypi3 aiiHa eHiHIH MoHiHE ColKec
YKYMBIC ICTEHTIH apajiap Ja OChl TYKBIMHBIH CTaHAApThIHA CoiKec Kenmi (2.35-2.75 mm).

OH XaK apTKbI asKThIH, COHJal-aK KyOUTaJ bl )Kacylla mapaMeTpliepiHe colikec 91e0u NepeKKe3Iepae TOMEHT1
asSFBIHBIH Y3BIHABIFBl MEH €Hi OOHbIHIIA HOpMamap oK. Tapcans mHAekci MeH JIMMHIH oprama MoHIH Oaramay
HOTIDKEJIEpl OapiblK YITUIepAiH apa OalbIHBIH OpPTAIbIK OpPBIC apa TYKBIMBIHBIH CTaHAAPThIHA COWKECTIriH
anpikTagpl: 54,1 + 0.54 - Kpacnoapmeiickuit, 53,3 + 0,92 - bartweipeBckuii xone 52,4 + 0,31 - Moprayuickuii
(N cranmapTThi). KprBIOB ajmbl KaObLIIAHFaH CTaHaApTTapFa coiikec 52-58%, 50-55%).

Tyiiin ce3mep: 0an apanapbl, )KYMBICIIBI apaiap, aTaiblK apajap, MOpGOTUIITEP, MOP(OIOTHUSIIBIK 63repicTep,
KO3iHiH TYCI.
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MOPO®OTHUITHASA CTPYKTYPA MEJJOHOCHBIX ITYEJI
N X MOP®OJIOI'NTYECKHUE U3MEHEHUSA

Annoraunust. Llens Hacrosimieir paGotel — m3ydenune mopdorumuoii crpykrypbl Apis mellifera u onenka
MOp(HOMETPHIECKHUX MTPU3HAKOB PaboUunX 0co0eil MeIOHOCHOH mUelnsl Ha TeppuTtopun Pecrrybimku YyBamus.

Ornenky MopdoJoruy padodnx MUeN MPOBOIWIN MO OOMICTIPUHATOW METOAWKE, B XO/A€ KOTOPOH H3Mepsin
15 skcTephepHBIX NPH3HAKOB. s MACHTH(UKAIMOHHONW OIIEHKHM MNPU3HAKOB HCIIONB30BAM CTAaHAAPT CpeIHe-
pycckoii mopoasl myen o H.W. Kpusnosy (1995 ). M3mepenne npoBOIMIH ¢ TIOMOIIBIO OMHOKYJISIPHOTO MHUKPOC-
kora MBC — 10.

IIpoBeneHHbIE UCCIeTOBaHU MOPHOTHUITHON CTPYKTYPHI MEOHOCHBIX ITYEI TO3BOJIMIIN BBISIBUTH JOMHUHAHTHOE
COOTBETCTBUE MIACHTU(UITMPOBAHHBIX KIaccoB pabounx ocobOell m TpyTHEH CTaHAApTy CPEAHEPYCCKOTO TOJBHIA.
PesynbTarhl MccienoBaHMi TTOKa3ann, 4To MOPGOTHUIT paboduX MMUYeN MpeACTaBlIeH mpeodiagaromumM kiaccom — O u
MUHUMAaJIbHO TpeacTaBieHHBIM — 1R. Mopdotun TpyTHEH mnpenctaBieH Tombko kiaccom O. Ilpu 3tom
KOMIUIEKCHAasE METOOJIOTHS, BKIIIOYAIOIIAs aHAJIH3 «UUCTOTBHD» PAa0OYMX ITYeNl M TPYTHEH, MO3BOJSET OTMETHTH
TeHETHYECKYI0 COXPAaHHOCTh KaK II0 MaTePUHCKOH JIMHWH, TaK M IO OTIIOBCKOH, COOTBETCTBEHHO. BmecTte ¢ TeM
HCCIeI0BaHMsA MOPQOIOruueckux oTkinoHenuit y Apis mellifera BeisBuIn 1BETOBBIE M3MEHEHHUS TIj1a3 TOJIBKO Y
TPYTHEH, a UMEHHO: KOPHYHEBBIC WM I'PAaHATOBBIE I1a3a U Oelble.
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IMokasaTenu CpemHEro 3HAYEHWsI UTHHBI XO0OTKa m4uen, Kak M mpeaensl Lim, Bo Bcex HCCIemOBaHHBIX
aIMUHUCTPATHBHBIX pallOHAX COOTBETCTBOBAIIM CpeAHEpyccKon mopoze: 6,28 Mmm — KpacHoapmeiickwuii, 6,20 MM —
BatsipeBckwii u 6,28 MM — Mopraymickwii (ctagaapt — 5,75-6,80 mm).

JlaHHBIE 1O JUTMHE TPABOTO NMEPEAHETO KPbUIa pabounx 0coOel TakKe MOJUEPKUBAIOT HATMIUE CPEAHEPYCCKUX
mIe7T BO Bcex Toukax B3ATHSA mpob: 9,30 mm — KpacHoapmeiickuit, 9,21 mm — BatbipeBckuit u 9,25 MM —
Mopraymickuii (crangapt — 9,1-10,2 Mmm). AHanoru9IHas cuTyanus HabIr0gaeTCs ¥ 10 TIOKa3aTelsIM IIHPHHBI KPBIJIa.
HccrnenoBaHHbIN TpHU3HAK Y BCeX IMYENl HE BBIXOTUT 3a IMpPENeNbl COOTBETCTBYIomero cranmapra (2,0-3,2 mm). Ilo
KyOUTanbHOHN stuelike, B BUAY OTCYTCTBUS CTaHIAPTOB [UIMHBI M IIMPHHBI 00pa3yIOMUX KUIOK, TAKCOHOMUIECKYIO
MIPUHAJICKHOCTh MEIOHOCHBIX ITYENl MOXHO PacCMaTpPHBAaTh TOJIBKO 110 KyOHTaIbHOMY MHIEKCY. B maHHOM ciydae
TakK ke, KaK 1 10 PaHee PACCMOTPEHHBIM ITOKa3aTeIsIM MHAEKC COOTBETCTBYET CTAHAAPTY CPEAHEPYCCKON IOPOIBI:
62,3+2,39 — KpacHoapmeiickuit, 61,5+1,62— BateipeBckwuii u 62,3+1,43 — Mopraymickuii (ctangapt — 60-65 %).

IMo anuue Tepruta pabodne IMYeNbl BCEX aAMHHHUCTPATHBHBIX PAailOHOB COOTBETCTBYIOT CTaHAApTY, HO mo Lim
IIAPUHBI JAHHOTO NpPH3HAaKa B MOpPraymckoM paiOHE OTMEUYaeTCsl CHIKEHHE MHHHMAJIBHOTO IIOKas3aTens IIo
BEIOOpKeE 32 paMKku ctaHaapra (4,5-5,1 MM) cpemHepycckoit mopoasl — 4,10-4,84 mm.

INokasarenu IUTMHBI CTEPHUTHI (CpeqHUE 3HAYeHWs M Lim) Tak e Kak W PacCMOTPECHHBIC HPH3HAKH
COOTBETCTBYIOT CTaHAapTaM a0OpUTeHHBIX muen (2,6-3,2 MM). AHalorm4Has CHTYyalusl 3aperUCTPUPOBAaHAa M IO
MOKa3aTeJsIM IIUPUHBIL, T.€. TIEIbl U3 UCCIECAOBAaHHON BHIOOPKH COOTBETCTBOBAIIHM CPEAHEPYCCKOHN Mopoe (cTanmapT
4,75-5,50).

BockoBsle 3epKainblia, SBISIOIINECS OJHUM M3 OCHOBHBIX JKH3HEHHO BA)KHBIX CTPYKTYP OpraHH3Ma, XapakTe-
PH30BANIUCH MOKA3aTeNsIMA CPEOHUX 3HAYCHWH IIMHBI M LiM COOTBETCTBYIOIIMMHU CPEIHEPYCCKHM IT4esaM:
1,74+0,01 (1,73-1,75 mm) — KpacHoapmeiickuii, 1,69+0,08 (1,55-1,75 mm) — BateipeBckuii u 1,64+0,05 (1,51-1,70) —
Mopraymckuii (cragmapr — 1,5-1,75 mm). Ilo 3Ha4eHHSM IIMPUHBI BOCKOBOTO 3€pKasblla pabodyme ITYenbl
COOTBETCTBOBAJIHM TAKXKE CTAHIAPTY JaHHOU mOPoAs! (2,35-2,75 MM).

ITo mapamerpam npaBoii 3aAHEH HOXKKH, TaK K€ KaK U M0 KyOWTaIbHOU sUeiKe, CTaHJapThl JIMHBI U IMIAPUHBI
TOJICHH B JINTEPATYPHBIX HCTOYHUKAX OTCYTCTBYIOT. Pe3ysIbTaThl OLICHKN CPETHUX 3HAUCHUH Tap3aJbHOTO HHICKCA U
Lim BbIIBMIIM COOTBETCTBHE MYE BCeX MPOO CTAHIAPTY cpeaHepycckoil mopoasl: 54,1+0,54 — KpacHoapmeiickuii,
53,3+0,92 — BarepeBckuit u 52,4+0,31 — Mopraymckuii (ctanmapt nmo H.M.Kpusnosy — 52-58 %, 50-55 % mo
OOIIECTIPHHATHIM CTaHAAPTAM).

KnaioueBble c0Ba: MeNOHOCHBbIE IT4eNbl, pabouyWe ™YeNbl, TPYTHH, MOP(OTUNBI, MOPQOIOTHIECKHE
N3MEHEHMS, IIBET IJ1as3.
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THE INFLUENCE OF THE IMMUNOFLOR
COMPLEX PROBIOTIC PRODUCT ON THE EGG PRODUCTIVITY
OF THE DEKALB WHITE CROSS OF LAYING CHICKEN

Abstract. The quality of the received products directly depends on the state of the microflora of the gastroin-
testinal tract that is reflected, in particular, on the egg productivity of laying hens. As a result, the use of biologically
safe preparations, namely, probiotics, is becoming a priority in the poultry industry.

This work aims to establish the feasibility and effectiveness of the use of the complex probiotic products
Immunoflor in the diet of laying chickens of the Dekalb White Cross.

Based on the comprehensive research, the feasibility of using the complex probiotic product Immunoflor in egg
production technology to improve the egg-laying capacity and the quality of the obtained eggs of laying hens of the
Dekalb White cross was scientifically substantiated and experimentally proven. Against the background of the use of
this drug, it was found that the average daily egg-laying capacity in the 1st and 2nd experimental groups exceeded
the control layers: on the 150th day - by 9.66% and 8.48%, on the 180th day - 8.8% and 5.04%, on the 210th day -
8.16% and 6.44%, on the 240th day —11.68% and 3.8%, 270th day — 7.72% and 4.84%, on the 300th day — 8.34%
and 5.86%. Besides, the average daily egg mass in the 1 and 2 experimental groups was higher than in the control by
4.04 g and 3.1 g or 7.38% and 5.77%; on the 7th day of storage, the average value exceeded by 4.06 g and 3.1 g or
7.53% and 5.87%; on the 14th day - by 4.32 g and 3.16 g, or 8.18% and 6.12%, respectively. It was found that on the
7th day of storage, the mass loss in the 1st and 2nd experimental groups was 1.50% and 1.56%, which is lower than
in the control (1.66%). On the 14th day of storage, the mass loss in the 1st and 2nd experimental groups was 1.95%
and 2.36%, which is also lower than in the control (2.63%).

With the use of the probiotic preparation, the loss in egg mass decreases. On the 7th day of storage, the mass
loss in the 1st and 2nd experimental groups was 1.50% and 1.56%, which is lower than in the control group (1.66%).
On the 14th day of storage, the mass loss in the 1st and 2nd experimental groups was 1.95% and 2.36%, which is
also lower than in the control (2.63%).
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Introduction. In the modern realities of the agrarian industry, the poultry industry is one of the
leading spheres that have a significant impact on the level of the food supply in the country.

An important driver in increasing the efficiency of poultry production and achieving the genetically
determined potential of poultry productivity is the organization of rational, scientifically-based rationed
feeding [1]. In this regard, over the past decades, an interest in probiotic products has increased
significantly.

The data of many scholars indicate the diversity of the effects of probiotic preparations on the
gastrointestinal microflora and the metabolic functions of the organism of farm animals and birds, and the
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probiotic effect of various bacteria is determined by the sum of the specific activities common to these
organisms [2-5].

For a long time, scientists around the world concluded that the intestinal microflora of animals and
birds, living in symbiosis with a body, is one of the so-called "organs" of the body along with the heart,
lungs, and liver. Diseases of intestinal microflora are just as dangerous as diseases of other organs that
often leads to decreased productivity. The function of this "organ™ can be easily disrupted by adverse
external factors: the introduction into the diet of poor-quality feed contaminated with mycotoxins, frequent
changes in diets, morbidity, decreased immunity, violation of conditions, stress factors, etc. [3,6,7].

In such a way, it can be noted that the quality of the received products directly depends on the state of
the gastrointestinal microflora, which is reflected, in particular, on the egg productivity of laying chickens.
As a result, the use of biologically safe preparations, namely, such as probiotics, is becoming a priority in
the poultry industry.

The aim of this work is to establish the feasibility and efficiency of the use of the Immunoflor
complex probiotic product in the diet of laying hens of the Dekalb White cross.

Materials and methods. To establish the effectiveness of the new complex probiotic product
Immunoflor on the body of birds in the conditions of the Gornomariysky Poultry Factory SEC of the Mari
El Republic, three groups of chickens (control and 2 experimental) of 50 birds of one day old each were
formed by the analogue principle. The materials processing was carried out based on the laboratory of the
Department of Morphology, Obstetrics and Therapy of the Chuvash State Agricultural Academy in the
period from 2019 to 2020.

The birds of the control and experimental groups were in identical conditions of feeding and keeping.
In the first experimental group, the main diet of chickens was given from the first to the 21st day of life
following the instructions for use of Immunoflor at the rate of 15 g/t of water. In the second experimental
group, as part of the main diet, the chickens were given Immunoflor at the rate of 15 g/t of feed (table 1).
In the control group of chickens, this drug was not given.

Table 1 — The composition of the Immunoflor probiotic preparation

Probiotic bacteria strains Prebiotic substances Auxiliary components

Bacillus subtilis

Bacillus licheniformis

Bifidobacterium globosum Chitosan Lactose

Enterococcus faecium

Saccharomyces cerevisiae

The concentration of the active substance "Concentrate” is not less than 1x10.

Egg counting from the 120th day to the 300th day of laying in each group was carried out daily,
according to the common method [8]. The selection and storage of eggs for studying their mass and the
dynamics of its changes were carried out under the same conditions. The samples were stored in a
refrigerator at + 4 °C. Determination of the egg mass in the control and experimental groups was
performed using the analytical balance Shinko AJH-620 CE. During the scientific and economic
experiment, the main microclimate parameters were determined with the existing veterinary methods and
the use of modern measuring tools. Parameters in the premises for growing chickens were within the
zoohygienic requirements.

Immunoflor is a complex probiotic preparation made only of natural components. This drug is
intended to enrich and balance the diets of farm animals and poultry to increase productivity by optimizing
digestion, stimulating the development of positive gastrointestinal microflora, increasing preservation, and
reducing feed conversion.

The composition of the preparation includes the following components:
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Bacillus subtilis and Bacillus licheniformis are important producers of proteases, amylases, amino
acids, and some polysaccharides. They are also producers of polypeptide antibiotics. It is used to protect
the gastrointestinal tract and prevent dysbiosis.

Bifidobacterium globosum has a pronounced antagonistic activity against putrefactive bacteria. In the
life process, they synthesize vitamins B and K, also affect the hydrolysis and absorption of proteins, fats,
minerals in the gastrointestinal tract.

Enterococcus faecium has a high enzymatic activity, suppress pathogenic microflora due to the
synthesis of antibiotic-like substances - bactericins. Also, these microorganisms activate gut-associated
immunity and ferment carbohydrates with the formation of lactic acid.

Saccharomyces cerevisiae are yeast cells that actively absorb oxygen in the life process, creating
anaerobic conditions that are unfavorable for the development of Salmonella, Escherichia Coli, and other
microorganisms that are also conditionally pathogenic. In addition, they have high enzymatic activity,
contribute to the digestion of fiber.

Chitosan reduces cholesterol, uric acid in the blood, has antibacterial and antifungal properties,
improves the absorption of calcium from food. Chitosan enhances the intestinal motility, accelerates
wastes and toxins removal from the body, and helps to normalize intestinal microflora.

Lactose is a disaccharide that is a nutrient substrate for the lactic acid bacteria of the preparation and
the digestive tract [9].

Results. During the experimental work, it was found that the main microclimate parameters in the
premises for keeping birds corresponded to zoohygienic standards.

The average daily rations for hens during the egg-laying period from the 120th day to the 300th day
provided the body's needs for energy and nutrients, mineral elements and vitamins according to the
detailed feeding standards.

The application in the egg-directed poultry industry of the complex probiotic preparation Immunoflor
stimulates the egg-laying capacity of the laying hens and also helps to improve the egg quality.

Table 2 — The amount of the preparation from the 1st to 21st days in the diet for 50 birds, g

Groups (50 birds in each)
Days
First experimental Second experimental

1-10 0.0075 0.0075
11 0.00825 0.00825
12 0.009 0.009
13 0.00975 0.00975
14 0.0105 0.0105
15 0.01125 0.01125
16 0.012 0.012
17 0.01275 0.01275
18 0.0135 0.0135
19 0.01425 0.01425
20 0.015 0.015
21 0.01575 0.01575

By the end of the experiment, the egg-laying capacity of the experimental laying chickens had
significant differences.

So, from the data of the above table (table 3), it follows that the average daily egg production
capacity in the 1st and 2nd experimental groups exceeded this indicator go the control hens: on the 150th
day - by 9.66% and 8.48%, on the 180th day - 8.8% and 5.04%, on the 210th day - 8.16% and 6.44%, on
the 240th day —11.68% and 3.8%, on the 270th day — 7.72% and 4.84%, on the 300th day - 8.34% and
5.86%.
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Table 3 — Egg-laying capacity indicators, 120th to 300th days, %

Egg-laying capacity indicators
Group
150 days 180 days 210 days 240 days 270 days 300 days
Control* 68.84+0.18 74.62+0.24 78.46+0.19 80.86+0.16 85.58+0.21 86.68+0.24
First experimental® 78.5+0.23 83.42+0.22 86.62+0.21 92.54+0.26 93.3+0.25 95.02+0.19
Second experimental® 77.32+0.21 79.66+0.13 84.9+0.23 84.66+0.19 90.42+0.18 92.54+0.21
*P<0.01

Also, the studies of the egg mass were carried out during their storage for 14 days.

Table 4 shows that the average egg mass on day 1 in the first and second experimental groups
exceeded the control by 4.04 g and 3.1 g or 7.38% and 5.77% on day 7 - 4.06 g and 3.1 g or 7.53% and
5.87%, on day 14 - 4.32 g and 3.16 g or 8.18% and 6.12%, respectively. The dynamics of the mass loss of
laid eggs on days 7 and 14 have also been investigated. On the 7th day of storage, the mass loss in the
1st group was 1.50% and in the 2nd experimental group was 1.56% that is lower than in the control
(1.66%). On the 14th day of storage, the mass losses in the 1st and 2nd experimental groups were 1.95%
and 2.36%, which are also lower than in the control (2.63%).

Table 4 — Indicators of egg mass during 14 days, g

The average egg mass
Group
Day 1 Day 7 Day 14
Control* 50.67+0.13 49.83+0.09 48.5240.11
First experimental™ 54.7140.16 53.89+0.07 52.84+0.09
Second experimental * 53.77+0.12 52.93+0.07 51.68+0.08
*P<0.01

Thus, the use of the Immunoflor enhanced the egg-laying capacity and egg mass, and also reduced
the egg mass loss during storage for 14 days.

Conclusions. 1. The use of the Immunoflor complex probiotic product in the diet of young chickens
for 21 days at a dose of 15 g/t of water from the 1st day of life increases their productive qualities. So, the
average daily egg-laying capacity rate in the 1st and 2nd experimental groups exceeded the control hens:
on the 150th day - by 9.66% and 8.48%, on day 180 - 8.8% and 5.04%, on day 210 - 8.16% and 6.44%, on
day 240 - 11.68% and 3.8%, on day 270 - 7.72% and 4.84%, on day 300 - 8.34% and 5.86%.

2. Against the background of the Immunoflor application, the average daily egg mass in the 1 and
2 experimental groups was higher than in the control by 4.04 g and 3.1 g or 7.38% and 5.77%; on the
7th day of storage, the average value exceeded by 4.06 g and 3.1 g or 7.53% and 5.87%; on the 14th day -
by 4.32 g and 3.16 g, or 8.18% and 6.12%, respectively.

3. With the use of this probiotic product, the egg mass loss was decreased. On the 7th day of storage,
the mass loss in the 1st and 2nd experimental groups was 1.50% and 1.56%, which is lower than in the
control (1.66%). On the 14th day of storage, the mass loss in the 1st and 2nd experimental groups was
1.95% and 2.36%, which is also lower than in the control (2.63%).

Summary. Under the influence of the probiotic product Immunoflor, the egg-laying capacity of
laying hens of the Dekalb White cross is improved, the mass of eggs increases and the mass loss of eggs
by water evaporation decreases, which leads to the egg quality improvement.

It has been experimentally proved that the use of the complex probiotic product has a positive effect
on the egg-laying capacity and quality of eggs in the laying chickens of the Dekalb White cross.
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KEIIEH/I TPOBUOTUKAJIBIK «AMMYHO®JIOP» TOPMEITHIH JEKAJB YAUT KPOCC
MEKUWEH TAYBIFBIHBIH ’K¥MbBIPTKA OHIMLJIITTHE 9CEPI

Annoranus. JKymeic MakcaTsl — Jlexan® YalT KpocCc MEKHEH TaybIK PallMOHBIHAA KEIIeH I MPOOUOTUKAIIBIK
«MIMMyHO(IIOp» TOpMETiH KOJIIaHYABIH KQKETTUTIr MEH THIMJUIITIH aHBIKTAY.

JKypri3inreH FeUIBIMU-TKIPUOEITIK )KYMBICTap OapbIChIHAA KYCTapbl Yi-Kaiiia ycrayFa JaibIKThl MUKPOKIIH-
MaTTBIH HETi3ri KepCeTKIMITepi 300rurHeHabIK HopMaliapFa cail KeJaeTiHairi aupIkTangsl. 120 toynikren 300 Toymik-
K€ JeHiHT1 XKYMBIpTKaJlay Mep3iMiHe apHAIFaH TOYJIK PAIlMOHBI, aF3aJaFbl SHEPTUsl MEH KOPEKTIK 3aTTap, MHHEpall-
IIBI DJIEMEHTTEP MCH JIOpyMEHIEpre KaKETTIIriH TOJIBIKTal KaMTaMachl3 eTre anfpl. KyMbBIpTKa ©HAIpy OarbITHIH-
JIaFbl KYC MapyallblUIbIFBIHAA KEIICH ] MPOOHOTHKANBIK « IMMyHO(DIIOp» A9pMETiH KONJaHFaH/1a OHIM IIBIFBIMBI MEH
CamnachlH apTTHIPYFa MYMKIHJIK OepeTiHi aHBIKTAIIbL.

1 sxoHe 2-ToXipHOeNmiK TomTapAa >KYMBIPTKATAyAbIH OpTallla TOYNIKTIK KepceTKim Oakpiiay TOOBIHIAFBI
MekueHnepaeH tuicinme 150 Toymikre — 9,66% xone 8,48%, 180 Toymikre — 8,8% xone 5,04%, 210 Toymikre —
8,16% xone 6,44%, 240 toymikte —11,68% xone 3,8%, 270 toymikre — 7,72% OeH 4,84%, 300 toymnikte — 8,34%
)oHe 5,86%-ra 6acbIM OOJIIBI.

1 Toymikre OipiHIII >KOHE EKiHII TOXIPHOENiK TONTapJarbl >KYMBIPTKA MAacCachlHbIH OpTallla KepCeTKili
0akputay TOOBIHAAFbIAAaH THiciHIIe 4,04-3,1 T Hemece 7,38% xoue 5,77%, 7 Toymikre — 4,06 - 3,1 r Hemece 7,53%
xone 5,87%, 14 toynikre — 4,32 - 16 T Hemece 8,18% xonHe 6,12% - Fa apThIK OOJIIBI.

7 Toymik Ooifbl cakray OapeiceiHma Oaxputay ToObIMeH (1,66%) canbicTbipranna | sxoHe 2-ToxipuOemik
ToNTapJarel canMak xoranry 1,50% xone 1,56%-Fa ToMEH eKeHIITi aHBIKTaNAbL. 14 ToyIik cakray mMep3iMiHaeri
1 koHe 2-ToXipHOENiK TONTarbl canMmak sxoranty 1,95% xone 2,36% xypansl, Oyn Oaxputay ToObIHa (2,63%)
KaparaHza OipimamMa TOMeH.

CoHbIMeH, KemeH i mpoonoTukaibiK «MMMyHO(IOP» TopMeriH KosgaHy, >KYMBITKA CaHbI MEH OHBIH MacCachlH
apTTHIPBIN, COHAN-aK 14 ToyJlik cakTay Ke3iHJe calMaK XOFaITy bl TOMEH/ICTETiHI aHBIKTAJI/IbI.

Taysik OanamaHmapbl paruoHbIHAa 1 ToyimirineH Oacram 21 Toymik OoiibiHa 15 r/T Cy J03achIHAA KEMICHII
npoOHOTHKAIBIKY ' VIMMYHO(IIOp» IOpMEriH KOJIaHy OJIapAblH OHIMAUIIK calachlH apTThIpaibl. ATam aiiTkaHna,
1 sxoHe 2-Toxipubeik Tonrap/a >KYMBIPTKa OHIMALIIr 0akbuiay TOOBIMEH callbICThIpFaHia THiciHme: 150 ToyiikTe
—9,66 — 8,48%, 180 toymikte — 8,8- 5,04%, 210 toymikte — 8,16 - 6,44%, 240 toymikte — 11,68 - 3,8%, 270 ToyimikTe
— 7,72 - 4,84%, 300 toymikre — 8,34% xone 5,86% 0acsiM OOIIIbI.

[MpoGuoTukanbik «MMMyHO(DIOp» ASPMEriH KOJJIAHY HOTHIXKECIHAE JKYMBIPTKA MAacCachIHbIH apTaThIHBI
aHBIKTANIBL. | KOHE 2-TOXIPHOENiK TomTapja TIYIIKTIK XYMBIPTKAJApBIH OpTalla cajlMarbl Oakpuiay TOOBIMEH
canbicTeipranaa tuiciame: 4,04 r - 3,1 r Hemece 7,38% sxone 5,77%; 7 Toynik cakranrangapeiaga — 4,06- 3,1 T He-
Mece 7,53 xoHe 5,87%; 14 Toymik cakraranmapeiaaa — 4,32 - 3,16 r Hemece 8,18% xoHe 6,12% - Fa 6ackIM OOIIBL.

ITpobuoTtukansik «MMMyHOGIOp» OpMETiH KOojIaHy OapbIChIHAA >KYMBIPTKAHBIH CAJIMaK >KOFAITY >Kardaibl
azasfpl. 7 TOYJNIK cakTay KesiHgeri | skoHe 2-ToxipuOemnik TomrTapia cajiMak >KOFaITy Oakpuiay TOOBIHIAFBIMEH
(1,66%) canbicteipranaa tuicinme 1,50% xone 1,56% Temen 6onnsl. 14 Toymik cakray Ke3ingeri 1 skoHe 2-Toxipu-
Oertik TonTapaa caJMak KoranTy Tuicinme 1,95-2,36% kypamn, 6akpuiay ToObHaH (2,63%) a3 eKeHIIT1 aHBIKTaJ b,

3epTrey HOTWXKENepi KOPCETKeHAEH, KemeHIi MnpoonoTukaislk «VMMmyHO(IOPY» IOpMEKTEpiH KOJIaHY
ocepinen Jlexan® YailT Kpocc MEKHEH TaybIFbIHBIH XYMBIPTKAJIAY JKaFIaibIH/Ia )KYMBIPTKA CaJIMaFbl apThIll, CAKTay
Ke31HJeTi BUIFaIBIH KeOy OCepiHeH calMak >KOFalTy yHAepici TeMeHAeHnIl >koHe Oyl eHIM camachIHBIH apTybIHA
BIKIIAJI €TEII.

XKyprizinren Toxipube HOTHXECIHIE KeeHal MPoOHoTHKANBIK «IMMyHODI0p» NopMekTepiH Konnany Jexano
VYalT Kpocc MEKHEH TaybIFBIHBIH JKYMBIPTKAJIAy JKarlaiblH apTTHIPBIN, OHBIH calachlHa OH bIKMAl eTEeTiHJIr
TIQIIEIIIEH ],

Tyiiin ce3mep: Taywik, [lekan0® VYaiir, kemeHIi NMpoOMOTHKAIBIK OopMeK, «MMyHOMIOp», *KYMBIpTKanay,
KYMBIPTKA.
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BJIUSAHUE KOMIIVIEKCHOI'O IPOBUOTHYECKOI'O ITPENTAPATA «<MUMMYHO®JIOP»
HA SMYHYIO TPOAYKTUBHOCTD KYP-HECYHIEK KPOCCA JIEKAJIB YAUT

Annoranus. llens Hacrosimeil paboThl — YCTAHOBJICHHUE IEIECO00PA3HOCTH M APPEKTUBHOCTH MPUMECHEHUS
KOMILIEKCHOTO IPOOHOTHYECKOTO mpenapara « IMMyHOMI0p» B paliMoHe Kyp-Hecylnek kpocca Jlexanb Yair.

B xome skcmepuMeHTaNbHON pabOTBl OBLIO YCTAaHOBJIEHO, YTO OCHOBHBIC ITIOKA3aTeNd MHUKPOKIAMATa B
MTOMEIICHUSAX IS COMIEPKAHUS MITHII COOTBETCTBOBAIN 300TUTHEHUIECKUM HOpMaM. CpeHeCyTOUHBIE PALMOHBI IS
Kyp-HecyIek B mepuoJ stieHockoctr co 120 gust mo 300 neHp obecnieynBany NOTPEOHOCTH OpraHU3Ma B SHEPTHH U
MMUTATEIBHBIX BEIIECTBAX, MAHEPATBGHBIX 3JIEMEHTaX W BUTAMHUHAX COTJIACHO JETaIN3WPOBAaHHBIM HOpPMaM KOpMIIe-
HUS. YCTaHOBJICHO, YTO NPHMEHEHHE B NTHICBOJCTBE SIMYHON HAIPABICHHOCTH KOMILIEKCHOTO MPOOHOTHIECKOTO
npemnapata « IMMyHO(IIOp» CTUMYITHPYET SHIICHOCKOCTh Kyp-HECYIICK, a TakKe COCOOCTBYET MOBEIIICHUIO Kadec-
TBa SIUII.

CpenHecyTOYHBIM MOKa3aTedb SAHIEHOCKOCTH B 1 M 2 OMBITHBIX TPYINNax NMPEeBOCXOAMI TaHHBIM IOKa3aTesb
KOHTPOJBHBIX Hecyliek: Ha 150 cytku — Ha 9,66% u 8,48%, Ha 180 cytku — 8,8% u 5,04%, Ha 210 cytku — 8,16% u
6,44%, Ha 240 cytku —11,68% u 3,8%, 270 cytku — 7,72% u 4,84%, na 300 cytku — 8,34% u 5,86%.

CpenHuil mokaszaTenb MacChl SUIl Ha | CyTKM B MEpBOMl M BTOPOHM OIBITHBIX TPYNIax IPEBOCXOAUT
KOHTposbHYIO Ha 4,04 T v 3,1 r wiu 7,38% u 5,77%, na 7 cytku — 4,06 r u 3,1 r unm 7,53% u 5,87%, Ha 14 cytku —
432r1wu 3,16 T uu 8,18% u 6,12% COOTBETCTBEHHO.

YcTaHOBIIEHO, 4TO HA 7 CyTKU XpaHEHUs MOTeps B Macce B 1 ¥ 2 onmbITHBIX rpynmnax cocrtaBuna 1,50% u 1,56%,
YTO HHWXeE, YeM B KOHTpoibHOHU (1,66%). Ha 14 cyTku xpaHenus moTteps B Macce B 1| ¥ 2 ONBITHBIX TPYIIAX cOCTa-
Bria 1,95% u 2,36%, 4To Tak ke HIKe, 4eM B KOHTPOJIBHOM (2,63%).

Takum 00pazoM, IPUMEHEHIE KOMIUIEKCHOTO TPOOHOTHYECKOTO Tpemnapara « IMMyHO(I0p» MOBHIIIANO MTOKA-
3aTeNHy SHIIEHOCKOCTH U MACCHI SIUII, @ TAKXKEe CHIDKAJIO TIOTEPIO0 MAacChl AUI] IPU UX XpPaHEHHUHU B TedeHue 14 cyTok.

[TpumeHeHne KOMILIEKCHOTO NpoduoThueckoro mpemnapara «VMMyHO(IOp» B palyoHe MOJOJAHSIKA Kyp B
tTeuenue 21 cytok B mo3e 15 r/T Boabl ¢ 1 CYTOK »H3HH MOBBIIIAET WX MPOJAYKTUBHBIC KadecTBa. Tak, cpemHecy-
TOYHBIN TOKa3aTelb SHIEHOCKOCTH B | 1 2 ONBITHBIX IPYyTIax MPEBOCXOINI KOHTPOIBHBIX Hecymek: Ha 150 cyTku —
Ha 9,66% u 8,48%, na 180 cytku — 8,8% u 5,04%, na 210 cytku — 8,16% u 6,44%, Ha 240 cytku — 11,68% u 3,8%,
270 cytku — 7,72% u 4,84%, na 300 cytku — 8,34% u 5,86%.

Ha ¢one npumMeHeHHsS KOMILIEKCHOTO IMPOOHOTHYECKOTO TpenapaTta « IMMyHOGIOp» yIIydnraeTcst Macca SIil.
Y CTaHOBIICHO, YTO CPEHHI IMOKa3aTelb MAacChl CYTOYHBIX AW | M 2 ONBITHBIX TPYNI OBII BhIIIE KOHTPOJIBHOW Ha
4,04 r u 3,1 r unu 7,38% u 5,77%; na 7 cytku xpanenust — Ha 4,06 r u 3,1 r unu 7,53% u 5,87%; Ha 14 cyTku — Ha
4,321wu 3,16 rwiu 8,18% u 6,12% cooTBeTCTBEHHO.

Ha ¢one nprMeHeHus mpoONOTHYECKOTO ITpenapara yMeHbIIaeTcs moteps B Macce sull. Ha 7 cyTku xpaneHus
motepst B Macce B 1 ¥ 2 onbITHBIX rpynmax coctaBmia 1,50% u 1,56%, uro Huxe, yeM B KOoHTpoibHOH (1,66%). Ha
14 cyTku XxpaHeHHs OTeps B Macce B 1 1 2 onBITHBIX Tpynmnax coctaBmia 1,95% u 2,36%, 4ro Tak ke HIDKE, 9eM B
KOHTPOJIbHOH (2,63%).

PesynbraTel MCClIeZOBAaHMHA TOKa3aliH, YTO IIOA BIHMSHHEM KOMIIEKCHOTO MPOOHOTHYECKOTO IIpernapara
«MIMMmyHOQIIOp» TOBBIIIAETCS SHUIIEHOCKOCTh Kyp-Hecyliek Kpocca Jlekam®d YailT, yBenuunBaeTcs macca sSuil |
CHIDKAETCS MOTEpS MacChl U1l IIyTeM UCIIAPEHMS BJIard, 9YTO 00yClIaBIMBAeT MOBBIIICHNE KauecTBa SUII.

OKcHepuMEeHTAIBHO JO0Ka3aHO, YTO MPUMEHEHHE KOMIUIEKCHOTO MpodnoTryeckoro npenapara «Mmmynodaop»
MMeEET MOJ0XKUTEIbHBIN 3 (EeKT Ha SHIIEHOCKOCTh U Ka4eCTBO SIUI Kyp-HecyleK kpocca Jlekand Yaiir.

KoaioueBble coBa: kypsl, Jexan0 Yaiir, npodnornueckuii npenapat, «MMMmyHo(I0p», SHIEHOCKOCTD, SHla.
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THE MAIN DIRECTIONS OF ENSURING
THE ENVIRONMENTAL SAFETY
OF WATER BODIES IN TRANSBOUNDARY BASINS

Abstract. The article is devoted to the analysis of priority areas of international cooperation in the field of
ensuring environmental safety of transboundary water bodies. The authors of the article indicated such areas of
environmental safety as: Water-energy problem of the Central Asian countries; impact of climate change on water;
Aral ecological crisis and its consequences for the natural environment of the Central Asian region. The authors of
the article made recommendations on eliminating the environmental problems of transboundary water bodies. It is
proposed to sign fundamental documents on legal issues of water allocation and protection of transboundary rivers
on the basis of international law and bring the problem of transboundary rivers to the level of the SCO and tripartite
negotiations (Russia, Kazakhstan, China). The necessity of building joint hydropower facilities on transboundary
rivers is substantiated. The authors propose to expand, improve and modernize the control network (gauging stations,
etc.) in all river basins of Kazakhstan and China.

Key words: water management, water security, transboundary water bodies, shared water use, environmental
safety.

Introduction. In the modern world, in the context of globalization, the Central Asian region is faced
with a number of environmental problems, which in essence can be called environmental disasters of
enormous proportions, or with threats of their occurrence. In this case, the centers of disturbance of the
natural ecosystem are in a state close to crisis. Anthropogenic environmental factors lead to its large-scale
degradation. The situation is aggravated by the fact that the geography of zones of environmental threats
covers a vast territory, including neighboring states. Particularly problematic in terms of environmental
hazard include the mountains of the Tien Shan, the Caspian Sea, the Aral basin, the Semipalatinsk nuclear
test site, the Baikonur cosmodrome, the Irtysh, etc.

According to the Convention, paragraph 1 of Article 1, the term “transboundary waters” means any
surface or groundwater that denotes, crosses or lies between two or more States. In cases where
transboundary rivers flow directly into the sea, such transboundary rivers fall under the provisions of the
Convention to a straight line crossing their mouth between points located on the low-water line on their
banks [1].

Main part. Water remains a key natural component of human existence and ecosystem integrity.
In this regard, the rational use of water resources remains a problem that is acquiring enormous
proportions [2].

The study of the main directions of ensuring the environmental safety of water bodies in
transboundary basins allowed us to identify the following priority areas.

1. Water-energy problem of the Central Asian countries. The water and energy problem of the
countries of the Central Asian region, which includes such countries as the Republic of Kazakhstan, the
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Kyrgyz Republic, Turkmenistan, the Republic of Uzbekistan, and the Republic of Tajikistan, has already
become one of the problems that negatively affects the environmental safety of the region. A lot of
research by scientists from different branches of science is devoted to this problem. At the international
level, this problem was also considered and certain steps were taken to solve it. In particular, in September
2000, UN member states adopted eight Millennium Development Goals, which expired on December 31,
2015. The states of the Central Asian region have concluded a number of agreements aimed at the uniform
distribution of surface water resources between the countries of the Central Asian region and their rational
use. However, as practice shows, at present there is an irrational use of water-energy facilities and water
resources in general.

According to some scientists, “in this regard, the sixth goal of sustainable development “Ensuring the
availability and rational use of water resources and sanitation for all” covers not only the problems of
drinking water, sanitation and hygiene, but also the issues of rational use of water resources around the
world. For the implementation of SDG 6, the task of ensuring integrated management of the hydrological
cycle at all levels will be of no small importance. What in practice will be monitored by the global
indicator “the degree of implementation of integrated water resources management on a scale from* 0 ”to*
100 ”, taking into account the so-called “water stress”. “Water stress”, in turn, is defined as the ratio of the
total volume of fresh water used by the main sectors of the economy of a country or region to the total
amount of renewable fresh water resources. According to UN estimates, today, “water stress” negatively
affects the quality of life of more than 2 billion people on the planet, and, unfortunately, forecasts for the
growth of these statistics are not encouraging [3].

It should be noted that international experts put the Central Asian region along with the countries of
the Arabian Peninsula and North Africa. In the latter, the indicator of the use of freshwater resources from
renewable sources exceeds the threshold level. This is alarming and should orient the governments of the
countries of the Central Asian region to pay attention to solving the water and energy problem in the near
future.

In our opinion, the primary tasks of the states of the Central Asian region to solve the water and
energy problem should be:

- stimulating the conservation of water and energy resources;

- systemic protection of natural objects that affect the conservation of water basins;

- development of human potential, understanding the value and significance of the water and energy
potential of the Central Asian region.

To solve given problems, the Central Asian states need to coordinate national sectoral strategies at the
level of state policy and, possibly, develop a unified strategy for solving the water and energy problems of
the Central Asian region, as well as develop medium-term financial programs at the government level,
including measuring systems to track progress in implementation of the tasks.

2. The impact of climate change on water. The next direction in ensuring the environmental safety of
water bodies in transboundary basins is to minimize the negative effects of climate change on water
resources.

Climate studies conducted by scientists from various fields of science have noted intense global
warming. In particular, climate warming is also observed in the Central Asian region. Scientists note a
trend towards warmer winters and arid summers in many parts of the region, which in turn provokes the
retreat of glaciers and the melting of permafrost in the Pamir and Tien Shan mountains. Of course, climate
change can affect the quantity and quality of water resources and their seasonal dynamics, agriculture and
human health. In addition, climate change can exacerbate existing problems, such as, for example,
desertification and degradation of ecosystems and natural resources. For the countries of the Aral Sea
basin, which are experiencing an ever-increasing shortage of water resources, the problems associated
with climate change and water resources play a key role in economic development and meeting the vital
needs of the future.

As noted in a study by Russian scientists, “Central Asia covers the territory of five countries -
Kazakhstan, Kyrgyzstan, Tajikistan, Turkmenistan and Uzbekistan. It is located in the center of the
Eurasian continent in a total area of 3,882,000 km? with a population of about 72 million people. It borders
with Afghanistan and Iran in the south, with China in the east and with Russia in the west and north. The
territory of Central Asia, with the exception of the highlands, has insufficient, and for the most part,
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extremely insufficient moisture. The sparseness of the hydrographic network is associated with this. The
density of the river network in the desert plains of Central Asia is about 2 m per 1 km?, while, for
example, in the northern half of the Russian Plain, it reaches 300-350 m per 1 km?. Only in mountainous
areas, starting from 700 m, the amount of precipitation increases markedly, respectively, and runoff also
increases. Here, the density of the river network in some mountainous regions exceeds 600 m per 1 km*”’
[3, p.58].

As you know, the Central Asian region is characterized by low rainfall, aridity, sharp fluctuations in
weather conditions and uneven distribution of resources, and, importantly, it is especially susceptible to
the effects of climate change. The patterns of climate change were evaluated in the National
Communications of the Central Asian region under the UN Framework Convention on Climate Change
(UNFCCC), and also reflected in scientific publications, both by scientists of the Central Asian region and
scientists around the world. The results of studies of climate change and temperature change in the Central
Asian region show that climate warming has occurred in the whole region. This is also confirmed by data
showing an increase in temperature in all five countries of the region (the Republic of Kazakhstan, the
Kyrgyz Republic, Turkmenistan, the Republic of Uzbekistan, and the Republic of Tajikistan).

It is indisputable that global climate change will have serious consequences for all countries of the
Central Asian region. In our opinion, despite the different level of economic development and territorial-
climatic features, the countries of the Central Asian region have common environmental problems. We
completely agree with Russian scientists, who designated them as follows:

- an increase in the deficit of existing water resources and deterioration in their quality, including
accelerated melting of glaciers and a decrease in snow cover, changes in the hydrographic regime of
surface waters, a decrease in the population’s access to high-quality drinking water, acceleration of the
process of desertification, degradation and salinization of lands, loss of biodiversity, increase in
deforestation, and also negative consequences for such key sectors of the national economy as agriculture
and energy;

- the threat posed to irrigated agriculture, the predicted decrease in the yield of the used agricultural
crops, the decrease in the productivity of pastures, the reduction in the forage base and, accordingly, the
livestock sector, a change in the employment structure of the rural population, and the threat to food
security of countries;

- the emergence of a source of tension between neighboring states in matters of coordination and
regulation of the irrigation and energy regime of the region’s water resources, a negative impact on
hydropower, which could pose a threat to the energy security of countries;

- increased risk of dangerous and extreme hydrometeorological phenomena, such as hail, drought,
extremely high or low temperatures, etc., which will cause more frequent emergencies, including rainfall,
mudflows, landslides, avalanches, floods and droughts;

- an increase in the danger to existing ecosystems and a threat to biodiversity, including displacement
of climatic zones and changes in the habitat of flora and fauna, changes in land use and land cover;

- increased risks to public health, including heat stress, increased risk of the spread of infectious and
parasitic diseases, which can lead to increased mortality [4, p.74-75].

3. Aral ecological crisis and its consequences for the natural environment of the Central Asian region.

The problem of drying out the Aral Sea is not new for the whole world. The Aral Sea, which
belonged to Uzbekistan and Kazakhstan, was one of the largest continental water bodies in the world.
Both the sea and the rivers flowing into it (Amu Darya and Syr Darya) had high environmental value. The
rivers Amu Darya and Syr Darya and their tributaries cross the borders of 6 countries, one of which -
Afghanistan has not yet begun the serious use of the waters of the Amu Darya due to the war. Kyrgyzstan,
Kazakhstan, Tajikistan and Uzbekistan share among themselves the waters of the Syr Darya and its
tributaries. Tajikistan, Turkmenistan and Uzbekistan share among themselves the waters of the Amu
Darya and its tributaries. The tributaries of these two rivers are formed in the mountains of the Pamirs and
Tien Shan. Irrational use of the Amu Darya and Syr Darya rivers has led to the drying up of the Aral Sea.
The water level dropped by more than 20 meters, the coastline receded in places by 100 km. The former
water area, 65,000 square meters km - equal to the territory of Holland and Belgium combined, decreased
by 70% and continues to decrease.
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Huge efforts have been made by the entire world community to solve it. The international community
is attempting to coordinate the efforts of Central Asian countries to resolve the Aral Sea problem.
A number of joint declarations were signed. The International Fund for Saving the Aral Sea was also
created with an action program based on the following provisions:

- development of a common water strategy;

- creation of a monitoring system;

- increasing the efficiency of water use;

- fight against poverty and other consequences of the disaster.

However, at present this problem is still relevant and requires still intensified attention. According to
the researchers, “The most acute transboundary environmental threat for Uzbekistan, Kazakhstan and the
entire Central Asian region is the drying up of the Aral Sea. The Aral Sea crisis is the largest
environmental and humanitarian disaster in the recent history of mankind. 35 million people living in the
sea basin experience its consequences” [5].

According to researchers of the state of the Aral Sea, “Now the dried bottom of the Aral Sea extends
to 28,000 square kilometers. Two thirds of this territory is occupied by salt marshes, saline sands. Each
year, 75 million tons of sand and dust and 65 million tons of fine salts, which are carried by the winds and
settle for thousands of kilometers, rise into the atmosphere from these spaces. The dried bottom of the
Aral Sea is becoming one of the main sources of aerosols, pesticides and herbicides in the Earth’s
atmosphere. The facts of the harmful effects of salts and aerosols from the bottom of the Aral Sea on
public health, the environment, and even on the process of accelerated melting of the Tien Shan glaciers,
from where the Syr Darya and Amudarya rivers originate, became public” [6].

The scale and complexity of the Aral Sea problem require an integrated, diversified approach, with
the cooperation of all states in the region. Overcoming the problems associated with the Aral Sea crisis
directly depends on the realization by all the states of Central Asia of the root causes of these problems, on
how consistently they intensify their efforts to overcome the critical situation that requires adequate
measures to be taken both at the regional and national levels. In our opinion, it is necessary for states to
develop a Common Water Strategy for the countries of the Central Asian region.

Increased water intake from the transboundary rivers Ili and Irtysh. The problem of using water
resources of transboundary rivers for China and Kazakhstan appeared in the last century. Back in the
70-80s, an agreement was reached with the PRC on the development of an interstate Agreement governing
issues of joint use and protection of transboundary rivers. But due to a different understanding of this
problem, such an Agreement was not signed. With Kazakhstan gaining independence, the issues of using
water resources of transboundary rivers and especially the environmental problems of transboundary water
resources became relevant for sovereign Kazakhstan.

The first time official negotiations on the use of transboundary rivers took place in 1998. But it
should be noted that the parties went very hard to take this step. This problem became especially acute in
the fall of 1998, when the authorities of the Xinjiang Uygur Autonomous Region (XUAR) of the PRC
began accelerated construction. the Cherny Irtysh - Karamay canal, which is designed to divert part of the
upper Irtysh waters to the Karamay oil field near Urumgi. As stated by the Chinese side, it intends to
supply more than 450 million cubic meters of water from the Irtysh annually with the goal of supplying
water to the district that is experiencing a constant shortage in it, and eventually increase this number to
1.5 billion cubic meters. It is also proposed that water be taken from the Ili River. Such a statement could
not but alarm Kazakhstan. According to experts, the implementation of the PRC’s intentions will lead to a
violation of the existing water supply regime and will hit industry and agriculture in the north-eastern and
central regions of the Republic of Kazakhstan. But the most important thing is that the environmental
situation in the zone of Balkhash and Zaysan lakes can greatly deteriorate, which is able to repeat the
tragedy of the Aral Sea here.

An analysis of the available information contained in the official publications of the People’s
Republic of China on water management issues allows us to draw a number of conclusions.

Thus, with a large number of border rivers with origins on its territory, China gains significant
advantages in relations with neighbouring States (Kazakhstan, Russia, India, Nepal, Bhutan, Burma, Laos,
Vietnam) and deliberately does not conclude agreements with many neighbors on the joint use and
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protection of international waters. The Chinese side is very carefully studying all aspects of the use of
water resources for a very long period of time, taking into account demographic factors and the possibility
of full development of water resources on its territory. To this end, the People’s Republic of China has a
network of research and design organizations of the Ministry of Water Resources system, the volume of
financing is sharply increasing due to the expansion of the range of works on water resources assessment,
the growth of water construction, the construction of new irrigated lands.

Concerning transboundary rivers, China avoided accepting any obligation to comply with
international rules. In official sources, the term “transboundary waters” or “international watercourses” is
not mentioned, indicating the unilateral position of the People’s Republic of China on the use or
prevention of pollution of transboundary rivers. In institutional terms, all this is supported by the
sustainable position of the Ministry of Water Resources of the People’s Republic of China, which is
defined by the State Body for Water Resources Management and has high powers to implement a unified
water policy [7].

China’s position on transboundary rivers is determined primarily by plans to transform Xinjiang into
a regional and trade center in Central Asia with a further spread of influence in the Middle East.

In addition, China has plans to populate Xinjiang with ethnic Chinese (Han). Against the background
of the active natural reproduction of this region, this will lead to a substantial increase in its population.
Accordingly, this will require an increase in both the agricultural and industrial potential of the region and
its availability of water. Meanwhile, the Xinjiang Uygur Autonomous Region is the least water-rich area in
China. Xinjiang possesses water resources of only 26.3 cubic kilometers per year, which allows only
18 million people to be provided with water. But now the population of the region is about 20 million
people with the potential for further growth. There are many desert areas, especially the Tarim Depression
in the Kashgar region. In the area, water costs consumers 0.39 yuan per cubic meter.

Thus, China’s position on transboundary rivers is closely dependent on the situation in the Xinjiang
Uygur Autonomous Region. In this context, in fact, are the actions of China on the use of transboundary
rivers.

Of course, voluntary measures cannot solve the problem of the use and quality control of waters of
transboundary rivers. This is due to the following facts.

Firstly, in accordance with Article No. 4 of the “Agreement between the Government of the Republic
of Kazakhstan and the Government of the People’s Republic of China on Cooperation in the Use and
Protection of Transboundary Rivers” [8], Kazakhstan cannot oppose the PRC's plans to expand the water
intake of the Ili and Irtysh rivers, so as this is the rational approach of the Chinese side.

Secondly, Kazakhstan’s dependence on many economic and trade issues on the PRC, for example,
on energy cooperation, should be taken into account. In this regard, it was not by chance that in
2007 Kazakhstan offered China to exchange for the flow of transboundary rivers, primarily Ili and Irtysh,
for a preferential contract for food supplies. However, China rejected this proposal.

The environmental and economic consequences of using the transboundary rivers Ili and Irtysh are
not beneficial for any of the countries. So, given the above facts, we should expect a decrease in water
resources in the Irtysh River basin: by 2030 by 8 cubic meters. km, by 2040 - per 10 cubic meters. km, by
2050 - by 11.4 cubic meters. km All this will lead, firstly, to a significant reduction in electricity
production at the cascade of hydroelectric power plants in the Irtysh River to 25% by 2030 and to 40% by
2050. This will also contribute to the actual cessation of shipping in Kazakhstan on this river since 2020.
Secondly, this situation will lead to practical degradation of canals and reservoirs (Bukhtarma and
Shulbinsk) in Kazakhstan, fed from the Irtysh River.

Thirdly, surface water quality deterioration and groundwater pollution will occur.

Fourthly, if a massive withdrawal of the Irtysh waters from China begins, then the Irtysh riverbed
throughout Kazakhstan and to the city of Omsk can become a chain of swamps and still water. It is clear
that this will lead to a catastrophic deterioration of not only the environmental, but also the economic
situation in the region.

Fifth, the implementation of the PRC’s plans to increase the water intake of the Irtysh through canals
and other hydraulic structures will bring the drying up of Lake Zaysan, which feeds on the waters of this
river, first of all [9].

—— 84 ——
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The solution of the problem by the two states led to the fact that on September 12-13, 2001, during
the official visit of the Premier of the State Council of the People’s Republic of China Zhuzhongji to
Kazakhstan, an Agreement was signed between the Government of the Republic of Kazakhstan and the
Government of the People’s Republic of China on cooperation in the field of joint full use and protection
of transboundary rivers. According to the researchers, “In the context of successfully resolving border
problems between the Republic of Kazakhstan and the PRC, the fact of the beginning of negotiations (or
as the Chinese side prefers to call them consultations) on the use and protection of transboundary rivers
and the signing of the above Agreement is an important success of Kazakhstan’s diplomacy . These
questions were repeatedly raised by the Soviet Union, but did not find a response from the Chinese side”
[10, p.28].

On November 13, 2010, during the 7th meeting of the Kazakh-Chinese Joint Commission on the Use
and Protection of Transboundary Rivers in the city of Karaganda, an Agreement was signed on the joint
construction of the Dostyk integrated waterworks on the Khorgos River, which is a tributary of the Ili
River. (It should be noted that in 1992-1993, Kazakhstan and China signed the Protocols on the joint
construction of a combined water intake on the Khorgos River.) It is assumed that through this water
system it will be possible to use water resources in equal volumes for both sides. This agreement was the
most significant result for the entire period of the commission [10, p. 30].

In July 2011, the first results of mutual surveys of gauging stations on the river were considered.
Irtysh. At this meeting, on the proposal of the Kazakhstani side, the issue of reconstruction of the
hydroelectric facility on the Sumbe River [11], which was built on the basis of an agreement in 2008 and
infringing on our water interests at present, was also considered.

Along with this, joint work on the technical aspects of water allocation on transboundary rivers
between the two states began to find their concrete implementation (the planned dates are 2011-2014). In
2011, an agreement was also signed between Kazakhstan and China on a joint division of resources of
transboundary rivers Ili and Irtysh by 2014 [9].

But in general, the main thing is that certain shifts have been outlined in solving the problem, the
barrier of previous preconceptions has been removed and this direction of bilateral cooperation in the
future will have a positive trend. In this regard, Kazakhstan highly appreciates the beginning of the
negotiation process on the legal settlement of the problem of transboundary rivers between Kazakhstan
and the PRC. A positive moment today is Beijing’s statement that the PRC will not adhere to the position
of national egoism in the water issue.

The settlement of water relations with China seems very important from the point of view of
economic and environmental security of Kazakhstan. The task should be aimed at maintaining the
necessary water balance of rivers, working out a common position in the joint use and protection of water
resources of transboundary watercourses, and prevention of their pollution and depletion.

Conclusions. An analysis of the problems of transboundary water bodies made it possible to develop
recommendations for their elimination. To this end, the following activities are required.

1) At the legislative level, it is necessary to sign fundamental documents on legal issues of water
allocation and protection of transboundary rivers on the basis of international law and bring the problem of
transboundary rivers to the level of the SCO and tripartite negotiations (Russia, Kazakhstan, China)

2) It is necessary to continue the construction of joint waterworks on transboundary rivers, which will
prevent massive water withdrawal from the Chinese side. A possible shortage of water supply from
transboundary rivers in the Republic of Kazakhstan can be avoided by introducing resource-saving
technologies, for example, closed water circulation at industrial enterprises, drip irrigation technologies in
agriculture. As a result, it is quite possible to halve by 2040 the specific norms of water consumption. In
this aspect, the introduction of engineering systems of flooding and development of floodplains is
possible.

3) It is necessary to create a unified (at the level of two countries) system of training and retraining of
personnel of hydrological services, to expand, improve and modernize their monitoring network (gauging
stations, etc.) in all river basins of Kazakhstan and China.
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TPAHCHIEKAPAJIBIK BACCEMHJEPJIET'T CY OB BEKTIJIEPTHIH, DKOJOT USJIBIK
KAYHICI3AITTH KAMTAMACBI3 ETYAIH HEI'I3I'I BAFBITTAPBI

AHHoOTanusl. Makana TpaHCIIEKapaiblK Cy OOBEKTIIepiHIH ASKOJOTHSIBIK KayilCi3AiriH KaMTamachl3 €Ty
CaJlaChIHJIaFbl XaJIbIKApaJIbIK BIHTHIMAKTACTHIKTBIH OachlM OarbITTapblH Tanjayra apHanraH. Makaja aBTOpJapbl
9KOJIOTHSUTBIK KAYITICI3MIKTIH Keneci OarbITTapbiH ataabl: OpTanblK A3us eIICpiHiH CY-IHEPTeTHKAIBIK MOCEINECi;
KJIMMATTBIH ©3TepyiHiH CyFa ocepi; Apai 3KOJOTHSUIBIK JaFdapbiChl jkoHe OHBIH OpTanblk A3usl aiMarbIHBIH
KOpIlIaraH OpTachblHa THTI3eTiH 3apjanrtapbl. Makana aBTopJapbl TPaHCIIEKAPANBIK Cy OOBEKTIIEPIHIH SKOJIOTUSIIBIK
MoceJIeNIepiH KO OONBIHILA YCHIHBICTAp YKacabl. XalbIKapalblK KYKbIK HETi3iHAe Cyabl 0y oHe TpaHCIIeKapa-
JIBIK ©3CHCP/I KOPFayAbIH KYKBIKTHIK MOcelesiepi OOMBIHIIA HETi3ri Ky)KaTTapra KOJI KO JKOHE TPaHCIICKapabIK
e3eHnep mpobOiemaceiH 1IIBIY neHreifine >koHe YIDKaKTHI Kelliccesnep NeHreifiHe mbrrapy yceiHBIIamsl (Peceid,
Kasakcran, Kpitait). TpaHcmekapanblk e3eHaepae OipIeCKeH THAPOIHEPTETHKANBIK KYPBUIBICTAp Cally Ka)KeTTLTIri
Herizmeneni. Asropiap Kazakcran men KplTaiimeiH Oapiblk e3eH OacceHIepiHAe Kamaranay >KeJiciH (ermiey
OekeTrTepi koHe T.0.) KeHEUTY/I1, KETIINIPYIl )KOHE KAHAPTYIBI YCHIHABL.

Maxkana aBTOpiaphl TpPaHCIICKApaNBIK Cy OOBEKTINIEPiHIH OJapAbl SHEPTHs Ke3i peTiHAe Naiaasany
HOTIDKEINIepiHe Tannay >kacaabl. OpTanslK A3ns aiiMaFbIHIAFEl Cy-9HEPTeTHKANBIK MpodiieMa OYTiHIe XalBIKapalbIK,
JIeHrelae meminyai Kkaxer ereai. Kasipri xe3ne TpaHCIIeKapalblK cy OOBEKTIIEpIH Naiganany Typajbl eKKaKThI
MKOHE KOIDKAKTBI KEIJIICIMIEP JKETKITIKCI3 JKYMBIC 1CTEHTi, OJIapbIH KONTEreH CTaHIapTTaphl ECKIPreH JKoHe JKeTUIi-
PYAL XoHEe KaWTa Kapaylbsl KaxeT ereni. bysl mMaceneHi miemnry yuIiH aBTopiap Cy-SHEpPreTHKaNbIK MpolieMachiH
LICHIYJIIH YKaHa TOCUIAepi MEH jKaHa JeHreiaeri OipbIHFail CTpaTerHsHbI 931pliey KaKEeTTUIIrH Heri3aei .

Makaa aBToprapbl SKOJIOTHSIIBIK KayiNTep/l Taaid OTBIPHII, KIMMATTHIK KYOBUIBICTAPABIH CY OOBEKTINIEPiHIH
Kai-KyiiHe ocep eTyiHe OaillaHBICTBI Mocejeliepre Haszap aymapajbl. ABTOpIapiblH IMMIKIpiHIIE, ©3CHACP MCH
KOJJCpIiH JKaFIaiblH KaKcapTy kKOHE oapisl OypIiak, KYpPFAaKIIBUIBIK, ©Te )KOFaphl HEMece TOMEH TeMIlepaTypa
CHUSIKTHI TaOUFH KYOBUTBICTAP/IBIH TEPIC 9CEPiHEH KOpFay, allMaKThIH dKOJOTHSIIBIK KayIICi3iriH KaMTaMachl3 eTYIiH
KeJICUITeH MeMJIICKETapalIbIK TOCIIIHCI3 MYMKIH eMec.

ABTOpNapIbIH MiKipiHIIe, Apan SKOIOTHSIIBIK JaFIapbIChl KEeKe SKOJIOTHIIBIK IpodiieMa OOoJBI Kayia Oepei.
OJeMIiK KOFaMIAaCTHIKTEIH Apall TeHi3iH KyTKapyFa OaFbITTalFaH ic-IIapajapbIHBIH KOMTIriHe KapaMacTaH, OyTiHIe
9KOJIOTHSUIBIK JaFIapbIC JKaJFachlH Taba aiMajbl. Apal TeHIi3iH cyapaTbiH e3eHaep — Amyaapusi, Cblpaapusi, OHbIH
e3eHIepiMeH Koca 6 efliH LIeKapajapblH Kecill oTelli )KoHe OChl MeMJIeKeTTep OesiceHal Konaanaasl. byn esennepai
YTBIMCBI3 Maiinanany Apai TeHi3iHiH keOyiHe oKemli. DKOJOTUsUIBIK MPOOIeMaHbl eIy MEMIIEKETTEP apachIHAaFbl
KeJiciMIiepi opbIHaay OOJIBIN caHasa bl

Agsropnap Ine xone Epric TpaHCIekapaiblk 63¢HACPIHEH Cy ally/blH apTyblHa OailflaHbICTBI IPOOJIEMaHBbI aJiFa
tapraasl. Ocbl e3eHlep aymarbl apkpuibl arathlH KpiTaid, Kasakcran skoHe Peceil ocbl e3eHIep/iH JKOJOTHSIBIK
Kayilci3MiriH KaMTaMachl3 €Ty YIIiH Hiapainap KaObUimaybl KaxkeT. Anaiina Oactaybl TpaHCHICKapalbIK ©3CHICPIIH
ayMarbiHIarel KpITalIbIH YCTaHBIMBI XaNBIKAPAIBIK epeKeNepli cakray OOMBIHINA Ke3-KeNTeH MiHAeTTeMelepIi
KaObUIIayqaH aynak Oonanbl, COHABIKTaH Ka3akcTaH YIIIH Cy MpoOJieMachlH OH MIeNTyre KaTeIcThl KeITaiiMeH
KapbIM-KaTbIHACTBI PETTEY IiH MaHbI3BI 30D.

Tyiiin ce3aep: cy pecypcrapblH 6ackapy, cy KayillCi3airi, TpaHCIIeKapalblK cy 00beKTiIepi, OpTaK Cy maiiaa-
JIaHY, SKOJIOTUSUIBIK KAYIICI3IiK.
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OCHOBHBIE HAIIPABJIEHU S OBECITIEYEHHU A SKOJOTI MYECKOM
BE30OIACHOCTH BOJIHBIX OBBEKTOB B TPAHCTPAHUYHBIX BACCEMHAX

AnHotanusi. CTaThs MOCBSIEHA aHAIN3Y NPUOPUTETHBIX HAIIPABJICHHH MEXIyHAPOIHOTO COTPYIHUYESCTBA B
ob6yacTi obecrieueHus: YKOJIOTHUECKON 0€30MacHOCTH TPAHCTPAHWIHBIX BOJIHBIX O0BEKTOB. ABTOpaMHU CTaTbH 000-
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3HAUEHbI TaKWE HAIpaBJICHHUA OOEcTIeueHHs HKOJOTMYECKON 0e30MMacHOCTH, KaK: BOAHO-IHEPreTHdecKast mpoodiaema
LeHTpanbHO-A3HATCKUX CTPAH; BO3AECHCTBUE U3MEHEHUI KJIMMaTa Ha BOJHBIE pECYPCHI; ApanbCKUil 3KOJOTHYECKUI
KpU3HC U €ro MOCIEACTBUA ISl NpUpOIHOU cpenbl LleHTpanbHO-A3MaTCKOro peruoHa. ABTOpaMH CTaTbU IMPENJIO-
KEHBI PEKOMEH/IAINH TI0 YCTPAHEHHIO HKOJOTHUECKUX IPOOIeM TpaHCITPaHWYHBIX BOAHBIX 00BbeKTOB. [Ipennaraercs
MOJNIMCAHNE OCHOBOIIOJIATAIOIINX JOKYMEHTOB IO MPABOBBIM BOIIPOCAM BOIOJACIEHHS M OXPAaHBI TPAHCTPAHUYHBIX
PEK Ha OCHOBE HOPM MEXIYyHapOJHOTO MpaBa U BBIHECCHME NMPOOIEMBI TPAHCTPAHUUYHBIX pek Ha yposeHs LIIOC u
TpexcTopoHHHX meperoBopoB (Poccust, Kaszaxcran, Kwurait). OGocHOBEIBaeTCS HEOOXOIUMOCTH CTPOHUTEIHCTBA
COBMECTHBIX THAPOY3JIOB HAa TPAHCTPAHUUYHBIX peKax. ABTOpaMH IpeUIaraeTcsl paclIupHUTh, YCOBEPIIEHCTBOBATh U
MOJEPHHA3UPOBATH CETh KOHTPOJIS (THAPOIOCTHI U T.JI.) Ha BCEX peuHbIX OacceiiHax Kazaxcrana n Kurast.

ABTOpaMH CTaTbU MPOBEJCH aHAIN3 COCTOSHUSA TPAHCITPAaHWYHBIX BOIHBIX OOBEKTOB B PE3YyIbTaTe UX MCIONb-
30BaHUS B KAa4eCTBE MCTOYHHMKA 3HEpruu. BomHo-3Heprermueckas mpobsema B LleHTpaibHO-A3HAaTCKOM pETHOHE
cerofgHsa TpeOyeT CKOpeHIIero paspenieHus yKe Ha MEXIyHapoZHOM ypoBHe. CyIIecTBYIOIINE IBYCTOPOHHHE H
MHOTOCTOPOHHHUE COTJIAIICHUS IO HCIIOJIB30BAHHIO TPAHCTPAHWYHBIX BOJHBIX OOBEKTOB CETOJHA HEJOCTATOYHO
paboTaroT, MHOTHE HOPMBI MX YCTapelH W TPeOYIOT COBEPILICHCTBOBAHMS M INepecMoTpa. s pelieHus TaHHOH
po0JIeMBbI aBTOpaMn 0OOCHOBBIBAECTCSI HEOOXOIMMOCTh Pa3padOTKH €AMHON CTpAaTeTHH HA HOBOM YPOBHE U C HOBBI-
MH IIOJXOJaMH K PELICHUIO BOJHO-IHEPTeTHUECKOH MPOOIIEMBI.

ABTOPBI CTaTbhH, AHAU3UPYS 3KOJIOTHUYECKNE PHCKH, BBIABUIAIOT HA MEPEAHUI TUIaH MPOOJIEMBI, CBSI3aHHBIC C
BO3/ICHICTBEM KIMMAaTHYECKUX SIBICHHH Ha COCTOSHHME BOAHBIX OOBEKTOB. [l0 MHEHMIO aBTOpPOB, YIy4YIICHHE
COCTOSTHHSL PEK U 03€p, OTPa’kACHHUE UX OT HEraTUBHOTO BO3/EHCTBUS IPUPOAHBIX SBICHUH, TAKUX Kak TPaj, 3acyxa,
9KCTPEMAIBHO BBICOKHE MM HU3KHE TEMIIEpaTypbl HEBO3MOXKHO 0€3 COTTIacOBAaHHOTO MEXIOCYAAPCTBEHHOTO ITOJ-
X0/1a K 00€CTICYEHHIO HKOIIOTHIECKOH 0€30I1aCHOCTH PeTrnoHa.

OTHenpHOM SKOJIOTHIECKOi Mpo0IeMoid, T0 MHEHHIO aBTOPOB, OCTAeTCS ApailbCKUH SKOIOTHUCCKUHA KPU3HC.
HecMmoTps Ha 00JBIIOE KOTMIECTBO MEPOIIPUATHI CO CTOPOHBI MHPOBOTO COOOIIECTBA, HANPABICHHBIX Ha CIIACEHHUE
Apanbckoro Mopsi, CETOJHS SKOJOTHUECKHHA KpH3HC elle He MKW ceds. Pekn, mutatomme Apanbckoe Mope —
Awmynapes, Celpaapbs, BKIIIOYAs MX HNPUTOKH — MEPECEKAIOT T'PaHUIBI 6 CTpaH M aKTHBHO HCIIOIB3YIOTCS 3THMH
rocyaapcTBaMu. HeparponansHoe MCIIONB30BaHKME 3THUX PEK NPHUBENIO K BBHICHIXaHHIO ApaJIbCKOro Mops. Pemenue
9KOJIOTUYECKOHN MPOOIEMBI 3aKJIF0YACTCS B BBINIOJTHEHUH JOTOBOPEHHOCTEH MEXIy TOCYIapCTBAMH.

ABTOpamH BBIJIENISIETCSl M ITpo0iieMa, CBsI3aHHas ¢ yBEJIMYEHHEM B0J03a00pa M3 TPaHCTPaHWYHBIX pek Wi n
Wpreim. Kuraii, Kasaxcran n Poccnsi, Mo TeppuToprn KOTOPHIX NMPOTEKAIOT 3TH PEKH, 00s3aHBI MPUHSITH MEPHI MO
obecrieueHnI0 IKoJIOoTHIecKol Oe3omacHocTH 3THX pek. OnpHako mosunms Kuras ¢ McToKamMm Ha TEppPUTOPHHU
TPAaHCTPAaHWYHBIX PEeK M30eraeT NPUHATHA KaKMX-IHO00 00s3aHHOCTEll MO COONIONECHUIO MEKAYHAPOIHBIX IPABUIL
IMosTomy nnst Kazaxcrana sBIsieTCsl BaKHBIM yPETYJIHPOBAaTh OTHOLIEHHH ¢ KuTaeM OTHOCHTENFHO MO3UTHUBHOTO
pelIeHus BOIHOM 1po0iIeMbl.

KaioueBble ciioBa: yIpaBieHHs BOIHBIMH pecypcaMH, BOAHAs O€30IacHOCTb, TPAHCTPAHWYHBIE BOJHBIC
00BEKTHI, COBMECTHOE BOIOTIONIL30BAaHKE, IKOJIOTHYECKasi 0€3011aCHOCTb.
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ANALYSIS OF THE BASIC DIRECTIONS
OF FIRE HOSES RUPTURE PRESSURES INCREASING

Abstract. The analysis of the main ways to increase the rupture pressure of these technical products was made
based on the rupture pressures dependence in fire pressure hoses from the parameters of their woven reinforcing
frame previously obtained by the authors. From a scientific and practical point of view, the main directions for
increasing the bursting internal pressures in the FPH (Fire pressure hoses) are identified and analyzed. The developed
methodology for calculating and designing of FPH is based on a relationship connecting internal hydraulic pressure
p-burst with a breaking load N-burst in the weft thread and a number of other parameters.

To assess the influence of the parameters of the FPH woven reinforcing framework on the value of the internal
bursting pressure, the latex FPH with a diameter of 77 mm manufactured by BEREG (Russia) made of polyester
yarns and designed for a working pressure of 1.6 MPa, was chosen as the object of study.

The dependences of the bursting pressures values on the bursting strength of weft threads of FPH woven
reinforcing frameworks, designed for a working pressure of 1.6 MPa, for various diameters of the arms cross sections
are obtained. The influence of geometric densities on the basis and weft of the woven reinforcing frame on the value
of internal burst pressure in the FPH is investigated.

When calculating the FPH strength under the action of internal hydraulic pressure, the effect on the value of the
burst pressure in latex FPH manufactured by BEREG (Russia), designed for a working pressure of 1.6 MPa, such
parameters as sleeve radius, geometric densities of base and weft was studied. When designing and creating new
types of FPH, it is necessary to take into account the influence of these parameters on the burst pressure value.

Key words: pressure fire hose, reinforcing cage, polyester threads, internal rupture pressure.

Introduction. Fire pressure hoses (FPH) - one of the main means of extinguishing fires. Structurally,
they are designed as flat-wound flexible piping systems on a fabric basis with rubber layers (layer) and
serve to supply extinguishing liquid (water and aqueous foaming agents) under pressure at a distance to
the fire site. In relation to the FPH, the requirement for their reliability and performance is extremely
important, since the positive result in extinguishing fires directly depends on this, and as a result, the lives
of people and property saved.

Due to the lack of its own enterprises for the production of FPH, the Republic of Kazakhstan
purchases these products from foreign manufacturers.

The importance of purchases of FPH by Kazakhstan is explained not only by the fact that a
significant part of the country belongs to the arid climate zone, but also by the fact that they become
strategic in the event of emergencies associated with the occurrence of large fires in the country.

In order to reduce dependence on supplies of FPH from abroad, it is necessary to create our own
production of new high-tech FPH in Kazakhstan. To achieve this goal, it is not enough just to have
technology, production sites with equipment, and it is important to have our own scientific school in the
field of theory, research, calculation and design of high-tech FPH. In this regard, in our opinion, it is of
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considerable scientific and practical interest to analyze the main directions of increasing the strength
characteristics of the FPH - their burst pressures.

An indispensable part of the device of any type of FPH is a woven reinforcing frame (WRF), fully
absorbing the forces from the fluid pressure inside the fire hose, when it comes to non-rubberized FPHs,
and to a decisive extent, in the case of rubberized, latexed and double-sided FPHs. Structurally, the
frameworks of most of the FPH are seamless single-layer woven plain weave shells made on round looms.
Along its circumference of the FPH are weft threads, mutually interwoven with warp threads located along
the length of the FPH.

Most often, FPH WRF is made from polyester yarns based on polyethylene terephthalate (PET)

The calculation of the strength of the WRF is reduced mainly to the calculation of the strength of
their reinforcing frames.

To date, on the basis of the nonlinear theory of calculating single-layer plain weave fabrics [1,2] we
have developed the basic theoretical provisions [3-6], the calculation and design technique for
commissioning [7,8], and a set of experimental studies has been carried out on the calculation of the
strength of the FPH with hydraulic effects [3]. The developed methodology for calculating and designing
FPH is based on the obtained dependence of the bursting internal hydraulic pressure a weft thread Nrupt
and a number of other parameters of the reinforcing frame, having the form:

2N_burst Lo
[.

Ri: er{lﬁb _‘85(1; j_Ls j er:+{ffsffg5—d;,fﬁ3): |£ o 3
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where in R- radius fire hose; L,, L, - geometrical density respectively to FPH base and weft of reinforcing
cage; do, dy, Mog, 1y5- respectively the diameters of the warp and weft reinforcing cage fire hose threads
and the coefficients of the vertical buckling threads; j,, B, - coefficients characterizing the lengths of the
zones of contact between the threads in WRF in fractions of the diameters of the warp and weft threads.

The rupture pressure characterizes the strength of the FPH, i.e., the ability of FPH WRF to resist
rupture under the influence of internal hydraulic pressure. GOST R 51049-97 (Russia) [9] sets the values
of bursting pressures for all types and diameters of the FPH. All FPHs manufactured at enterprises of the
Russian Federation and operated in Kazakhstan must necessarily comply with this GOST for bursting
pressures.

Let us analyze the main directions of increasing explosive internal pressures in the FPH. For this
purpose, we take as an object of study latex FPH with a diameter of 77 mm produced by BEREG
Production Association (Russia), made of polyester yarns based on polyethylene terephthalate (PET) and
designed for a working pressure of 1.6 MPa.

An analysis of the dependence of the bursting internal pressures in the FPH on the parameters of their
woven reinforcing cage, based on formula.

In this case, the initial parameters of the FPH WRF necessary for such a study were determined using
the methods described in [3].

The structure of formula is such that the burst pressure of the fire hose is directly and inversely
proportional to the bursting force of the weft threads and the radius of the FPH. With an increase
(decrease) in the breaking strength of the weft threads, the breaking pressure in the FPH (that is, in fact,
the strength of the fire hose) increases (falls) according to a linear law. The dependences of the burst
pressures on the bursting forces of the FPH WRF weft threads, designed for a working pressure of
1.6 MPa, for various diameters of the cross sections of the arms are shown in figure 1.

From the analysis of the graphs it follows that with a decrease in the diameters of the FPH cross
sections, the steepness of the characteristics increases.

In general, based on an analysis of formula, it be concluded that with a decrease (increase) in the
radius of the fire hose, its rupture pressure increases (falls).

An increase in the breaking strength of weft threads FPH WREF is one of the directions for increasing
the strength characteristics of FPH. This direction can be implemented in two possible ways.
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Figure 1 — The dependence of the rupture pressure p-burst on the breaking stress
of the weft yarn of the FPH woven reinforcing frames at “BEREG” of different diameters:
1 - for the diameter of 51 mm; 2 - for the diameter of 66 mm:; 3 - for the diameter
of 77 mm; 4 - for the diameter of 89 mm; 5 - for the diameter of 150 mm

However, this path will lead to an increase in material consumption and weight of the FPH. The
second method, in our opinion, is more acceptable, is that instead of traditional polyester threads, high-
strength and wear-resistant threads, for example, ultra-high modulus (UHM) threads, or threads of ultra-
high molecular weight polyethylene (UHMWPE) can be used as weft in the FPH was.

The first method consists in the fact that such weaving materials can be washed using such traditional
materials for the production of such FPH WREF, such as, for example, polyester yarns.

But in this case, to increase the strength of the fire hose, it is necessary to use as weft threads of a
larger diameter (greater linear density) and, accordingly, with a greater rupter strength. However, this path
will lead to an increase in material consumption and weight of the FPH. The second method, in our
opinion, is more acceptable, is that instead of traditional polyester threads, high-strength and wear-
resistant threads, for example, ultra-high modulus (UHM) threads, or threads of ultra-high molecular
weight polyethylene (UHMWPE) can be used as weft.

Based on formula, the influence of geometric densities on the base and weft of the woven reinforcing
cage on the value of internal burst pressure studied (figure 2, 3).

p-burst, MPa
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Figure 2 — The dependence of the rupture pressure p-burst from the geometric density
on the basis of L, fabric of FPH latex reinforcing frame MG “Bereg” with diameter of 77 mm
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Figure 3 — The dependence of the burst pressure p-burst from the geometric density
of the weft L, of the fabric of FPH Latex reinforcing frame MG "BEREG" with diameter of 77 mm

The analysis of the presented dependences shows that the burst pressure in the FPH substantially
depends on the geometric densities of the base and weft of the reinforcing cage fabric. An increase
(decrease) in the geometric densities of the fabric of such a FPH results in a decrease. It is important to
consider the significant dependence of the bursting pressure on the bursting forces of weft threads, sleeve
radii, geometric densities on the warp and weft of the fabric FPH WRF when designing new hoses.
Reducing the geometric densities of the warp and weft of WRF threads (if there are technological
capabilities for this), along with an increase in the breaking strength of the weft threads, seems the most
effective way of increasing the strength characteristics of the FPH under hydraulic action.

Conclusion. On the basis of the obtained formula for calculating the FPH strength under the action of
internal hydraulic pressure, the effect on the value of the rupture pressure in the latex FPH produced by
Bereg Production Association (Russia), designed for a working pressure of 1.6 MPa, parameters such as
the breaking stress threads, the radius of the sleeve and the geometric density at the base and weft.

The influence of these parameters on the value of the rupture pressure turned out to be the most
significant, which must be taken into account when designing and creating new types of FPH.

Current study was carried out in the framework of the project AP05133582 “Development of
methods for calculating and designing woven reinforcing frames for fire hoses with the aim of creating
new high-tech samples of these technical products,” funded by the Science Committee of the Ministry of
Education and Science of the Republic of Kazakhstan.
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OPTKE CY CEBETIH TYTIK KbICBIMBIH APTTBIPYJATBI
BACTbBI BATBITTAPABI TAJIJAY

AnHoTanus. KpICeIMIBI 6pTKe cy ceOeTiH TYTiK — Teric Uinrim KyObIp jKonaapel KeOIKTEHAIPETIH Cy XKoHE Cy
epiTIHAINEPiH OpT OIIaFbIHA KBICHIM JKacaJfaH KAaIIBIKTBIKKA XKETKi3y YIIiH KoJIgaHbUIaabl. KpICBIMABI TYTIKTEpAiH
CEHIMJITIrT MEH XKYMBIC KaOUIeTTUIIriHE KOMBIIATHIH TaJlall ©T¢ MaHBI3/Ibl, OUTKEHI OPTTI COHMIPYIIH OH HOTHXECI
OFaH Tikenel OailaHBICTBI. OpTKe Ccy ceOeTiH TYTIKTiH MaHBI3/AbI apaMeTpiiepiHiH Oipi — iMKi KBICBIM dcepiHeH
IUTAHTTHIH JKOMBUTYFa Kapchl TYpy KaOUTETTUIIriH CHOATTANTBIH JKapbUIATHIH 1MIKi KbICBIM. OCBIFaH OaiIaHBICTHI
T'MJIb3aJIap IbIH JKapblly KbICHIMBIH JKOFaphLIaTy JKOJIAPhIH Tajlay MaHbI3/Ibl. OpTKe Cy ce0eTiH TYTIK KYObIpAarbl
Y311y KbICBIMBIHBIH OJIap/IblH TOKBIIFAH apMUPJICHI€H KaHKa eJIleM/IepiHe aBTopiap OypbIH albIHFaH TOYEJIUIIKKE
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CYHEeHEe OTBIPBII, OChl TEXHUKAJIBIK OYWBIMHBIH Y311y KBICBIMBIH JKOFapbUIATYABIH HETi3ri JKOJIAAapblHA Talljay
KYprizai. OpTke cy ceOeTiH TYTIK KYOBIpAbIH apMUPJICHIN TOKBUIFAaH KaHKA OJIILEeM/IEPIiHiH iIIKi Y311y KbICBIMBIHBIH
mamacblHa ocepiH Oaranay yurH 3eprrey oObektici perinpe IO «BEPEI» (Peceit) ewaipiciHiH momuagupii
XKINTep/ieH KacaiFaH >koHe 1,6 Mna >KYMBIC KbICBIMBIHA E€CENTENIeH IUaMeTpl 77 MM JIaTEKCTENI'eH OpTKE Cy
ce0eTiH TYTIK KyObIp TaHAamn anblHABL. JKYpri3iiareH 3epTreysep Y3Uly KbICHIMBI KeH JIopexesae apKay KiOiHiH y3ury
KymriHe, cy ceOy KYOBIpBIHBIH paIWyChlHAa, apMHUPJICHICH KaHKAa TOKBIMACHIHBIH HETI3 JKOHE apKay OOWBIHIIA
TCOMETPHSIIBIK THIFBI3BIFBIHA OalIaHBICTHI OOJBIN KEICTIHAITIH KOPCEeTTi. ApKay JKINTEepiHiH Y3UIy KYIIi IIaMachl-
HBIH 6Cyi (TeMeH/eyi) apKbUIbl OpTKE Cy CeOCTiH TYTiK KYOBIPBIHBIH a)KbIpay KBICBIMBI (SIFHH, Cy ceOeTiH TYTITiHIH
OepikTiri) CHI3BIKTHIK 3aHBI OOWBIHINA apTangsl (TemeHneiini). Ocpumaiima cy ceOeTiH TYTIK KYOBIPHI KeJJeHEH
KUMaCBHIHBIH TOMEH/ICY1 HeTi31HAe KyYIaMalbIK CHIATHI oceli. ApMUPIICHIeH KaHKa TOKBIMACBIHBIH HETi3 JKOHE apKay
OOMBIHIIIA TEOMETPHUSUIBIK THIFBI3IBIFBIHBIH 6CYyl (TOMEHCY1) OpTKE Cy CeOETiH TYTIK KYOBIPIBIH Y3UIy KBICHIMBIHBIH
TeMeHJieyiHe (ecyiHe) okeneni. Imiki y3ily KbICBIMBIHBIH apKay >KINTEPiHIH y3UTy KYILIiHE, TYTIKIIE KyOBIPIBIH
panuychlHa, apMUpJIEHTeH KaHKa TOKBIMACHIHBIH Heri3 OeH apkay OOWBIHIIA I'€OMETPHUSUIBIK THIFBI3JIBIFBIHA aca
Toyeszl OONATHIHBIFEIH j)KaHa OPTKE Cy Ce0eTiH TYTIK KyOBIpIbI s)k00aay Ke3iH/e ecelke ajlFaH jKoH.

Tyiiin ce3mep: eprke cy cebeTiH TYTIKTI KyObIp, apMUpJIEHTeH KaHKa, MOoJMd(UpIl KinTep, IMIKi aXbipay
KBICHIMBI.
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AHAJIN3 OCHOBHBIX HAIIPABJIEHU IMOBBIIIEHUSI
PA3PBIBHBIX JTABJIEHUI HAIIOPHBIX MOKAPHBIX PYKABOB

AnHoTanus. HamopHsle mojkapHble pykaBa — INIOCKO CBOpayMBaeMble THOKHE TPYOOIPOBOIBI, TPUMEHIEMBIE
JUIS TIOZIa4X BOJABI M BOJHBIX PACTBOPOB NEHOOOpa3oBaTenel Ha pacCTOSIHUE IO JaBlICHHEM K odary moxapa. Ilo
OTHOWICHWIO K HANOPHBIM MOXKapHBIM pyKaBaM Ype3BBIYAMHO BaXHO TpeOOBaHME K WX HAJEKHOCTH U
paboTOCIOCOOHOCTH, TaK KaK OT ITOTO HAMPSIMYIO 3aBHCHUT IIOJIOKHUTENBHBIA pe3ynbTaT MpU TYIIEHHH I0XKapoB.
OmHMM U3 BOXKHEWIINX MapaMeTpPOB HAMOPHBIX IMOXKApHBIX PYKAaBOB SIBIISETCS Pa3phIBHOE BHYTPEHHEE JaBJICHUE,
XapaKTepU3yIoIie MPOYHOCTh, T.€. CIIOCOOHOCTh PyKaBa COMPOTHUBIIATHCS Pa3pyLICHHUIO MOJ NEHCTBHEM BHYTpPEH-
HETO THPABIMYECKOTO JABIEHUS. B CBSI3HM C 3TMM Ba)KHO NMPOAHATU3UPOBATH ITyTH HOBBIIICHUS Pa3pBIBHBIX JaBIIe-
Huil pykaBoB. Ha ocHOBe paHee MonyueHHOH aBTOpaMu 3aBUCHUMOCTH Pa3phIBHBIX JABJICHUN B MOXAPHBIX HAITOPHBIX
pyKaBax OT MapaMeTpOB HX TKAHOT'O apMHUPYIONIIETO KapKaca BBIMOJHEH aHAlIW3 OCHOBHBIX IYTEH IMOBBIIICHUS
Pa3pBIBHBIX JAABICHUH 3THUX TEXHMYECKHX M3Jenuid. IS OIEHKH BJIMAHHUS NapaMeTpOB TKAHOI'O apMHUPYIOLIETO
KapKaca pyKaBOB Ha BEJIMYMHY BHYTPEHHETO Pa3pbIBHOTO JIABJICHUS B KAYeCTBE 00BEKTA UCCIIEJOBaHMs ObLI BEIOpaH
JIATeKCHPOBAHHBIN HATOPHBIN MOXAPHBIN pykaB auamerpoM 77 mm npousBojcTsa I1O «BEPEI (Poccust), n3roros-
JICHHBIN M3 NONMA(UPHBIX HUTEH M paccuMTaHHbI Ha pabovee nasnenue 1,6 MIla. IIpoBeneHHoe KccienoBaHue
MOKa3aio, YTO B HAMOONBIIEH CTEIICHHW pa3pbIBHBIC JABICHHS 3aBHCAT OT PA3pBIBHBIX YCWIIMH yTOYHBIX HHTEH,
paanycoB PyKaBOB, TEOMETPHUECKUX IUIOTHOCTEH MO0 OCHOBE M YTKY TKaHU apMHUpYIOIIero kapkaca. C yBelIndeHueM
(YMeHbIIEHHEM) BEJIMYMHBI PA3pBIBHOTO YCHIIMS YTOYHBIX HHUTEH pPa3phIBHOE NABICHHE B IOXKAPHBIX HATIOPHBIX
pykaBax (TO ecTh (paKTHUYECKH, MPOYHOCTH PYKABOB) BO3pacTaeT (majaeT) mo JuHEiHOMYy 3akoHy. [Ipm 3Tom c
YMCHBIICHHEM TUAMETPOB TIIONEPEUHBIX CEUEHHH pPYKaBOB KPYTH3HA XapPaKTEPUCTHK BO3pPACTAaeT. YBEIWYECHHE
(YMeHbIIEHHE) TEOMETPHUYECKHX IUIOTHOCTEH IO OCHOBE M YTKY TKaHHM apMHUPYIOIIEro Kapkaca NIPUBOIUT K
YMEHBIICHNIO (YBEIMYCHHIO) Pa3pBIBHOTO AABJICHHS MOXAPHBIX HATIOPHBIX pyKaBoB. CyIIECTBEHHYIO 3aBHCHMOCTH
BHYTPEHHETO Pa3pBIBHOTO JABJICHHUS OT Pa3phIBHBIX YCWIMH yTOYHBIX HUTEH, PAIHyCOB PYKaBOB, F€OMETPHUECKUX
IUIOTHOCTEH 10 OCHOBE M YTKY TKaHH apMHUPYIONIIETO KapKaca BaKHO YYHTHIBATH IIPH NPOEKTUPOBAHWH HOBBIX
MTO’KapHBIX PyKaBOB.

KiroueBble cjioBa: HAOPHBIA MOXKapHBIM PyKaB, apMHUpPYIOIIMH Kapkac, MoIuM3(HpHBIE HUTH, BHyTpEHHEE
pa3phIBHOE JIaBJICHHE.
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DESERTIFICATION AND LAND DEGRADATION
IN KAZAKHSTAN

Abstract. Desertification and land degradation are common processes in arid and semi-arid regions of
Kazakhstan, especially southern parts, where areas are covered by a great variety of desert types. In deserts, soil-
forming processes take place in conditions of severe water shortage, and high level of soil degradation and
desertification. The main natural factors for these processes are a flat terrain, a high degree of arid climate, soil
salinity, carbonate content, a lack of structure and low natural soil fertility. However, the anthropogenic factors of
desertification and soil degradation became dominant last decades.

The study considers the actual problems of natural and anthropogenic factors of desertification and land
degradation within Kazakhstan. The desertification of huge territories is accompanied by soil contamination,
waterlogging by surface water and groundwater, soil salinization, erosion (water, wind), degradation of vegetation
cover, dehumidification and a decrease in general regional biological capacity. Analysis of the current status of the
soil cover has shown intensive land degradation 43 % of the territory of Kazakhstan is subjected to degradation in
significant degree; over 14 % of pastures have reached an extreme degree of degradation or are completely
degradated. The Aral Sea region, Northern Caspian Sea and Southern Balkhash deserts can be observed as areas of
intensive soil desertification, salinization and deflation processes. As well as the desertification process are
progressing in the irrigated soils of the deltas of Syrdarya, Shu, lle and Karatal rivers.

Key words: soil degradation, desertification, arid region, Kazakhstan.

Introduction. Desertification is one of the unsolved environmental problems affecting a large part of
Kazakhstan and the world. More than two thirds of the territory in Kazakhstan is subject to desertification
[1]. Desertification is a complex process as ecosystem depletion, loss of soil fertility and its biological
productivity and land degradation in general. The process is promoted by the ecological instability of
natural landscapes and anthropogenic overloads. In Kazakhstan, natural and anthropogenic desertification
processes take a large area. Natural deserts in Kazakhstan are distinguished by a wide strip to the south of
48 ° N, and bordered with chestnut steppe soils from thenorth, in the south and east, they border on the
piedmont plains of Tien Shan, Zhetysu (Djungar) Alatau, Sauyr-Tarbagatai and Altai Mts. Deserts are the
most arid regions of Kazakhstan. In deserts, soil-forming processes take place in conditions of severe
water shortage, and high level of soil degradation and desertification. The main natural reasons for these
processes are a flat terrain, a high degree of arid climate, soil salinity, xero-halophytic vegetation,
widespread brown calcareous saline and structureless soils, which are characterized by low natural soil
fertility [2].

Natural semi-desert and desert zones occupy almost 70% of the territory in Kazakhstan. Significant
areas are covered by sand (32 million hectares), solonchaks (2.6 million hectares) and flat plains with
takyrs (0.3 million hectares) [1]. A large area in Kazakhstan are subject to desertification that is
120 million hectares of deserts and 180 million hectares of desertification by anthropogenic factors [3].
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The active development of natural resources and infrastructure of the mining and processing
industries has led to the loss of stability of fragile ecosystems of arid territories in Kazakhstan.
Anthropogenic impact during the construction and laying of roads, pipelines, power lines, open mining of
minerals contributed to the change of relief environment, degradation and destruction of the soil and
vegetation covers of large areas with direct impact. An indirect impact of anthropogenic interference was
the intensification of soil deflation, erosion, soil salinization. A more serious cause of desertification was
pollution of deposit’s territories, transportation places and processing of hydrocarbon raw materials with
oil products and radioactive compounds in petrochemical effects.

Study area. Kazakhstan is one of the rapidly developing and youngest independent countries in the
world. It lies between the Siberian Taiga in the north and the Central Asia deserts in the south, the Caspian
Sea in the west and the mountain range of the Tien-Shan and Altay in the east [4]. About 60 % of
Kazakhstan is flat lands. Deserts and semi-deserts occupy approximately 50 % of the territory, most of
them situated in the Turan plain. Arid territories spread from Caspian Sea to foothill plains of Zhetysu
(Zhongar) Alatau and Tien-Shan mountains. These vast territories have various geological structure and
landscape features such as sandy deserts: Naryn, Kyzylkum, Pre-Aral Karakum, Moiynkum,
Saryesikatyrau. The northern parts of Kazakhstan are steppes and forest-steppes [5, 6]. Kazakhstan’s
climate is a sharp continental with uneven distribution of precipitations within the territory. Plain areas are
generally dry and have precipitation from 100 mm in the southwest up to 400 mm annually in the north. In
the plains the saline soils are distributed widely. In the mountainous regions, the precipitation ranges
between 400 mm and 1600 mm [7, 8]. Average temperature is -18 °C in January in the north and -3 °C in
the south. Average temperature in July increases gradually from 19 °C in the north up to 28-30 °C in the
south.

Materials and Methods. The Arc map software was used as the main tool to assess and analyze the
current state of the soil cover in Kazakhstan as well as for preparing the map of soil degradation and
desertification within Kazakhstan.

The original map from NAKZ [1] with the border of soil degradation and desertification was scanned
and registered/geo-referenced to specify its location by using vector layer of country’s border. Thereafter,
the collected data on soil pollution types, transformation, and types of ecological changes in soil were
given as input parameters for the generation of maps using ArcGIS applications.

Results and Discussion. Review on land degradation and desertification processes. The main
factors of the soil degradation are soil salinization, soil erosion (wind/water erosion), dehumification
processes, soil deflation, and reduction in the productivity of arable lands (figs. 1-2). Analysis of the
current status of the soil cover has shown intensive land degradation and desertification processes.
According to the data of the Agency on Land Resources Management, more than 75 % of the territory of
Kazakhstan is subjected to degradation and desertification; over 14 % of pastures have reached an extreme
degree of degradation or are completely degradated. In the regional environmental case, in northern
Kazakhstan on chernozems and dark chestnut soils the dehumification processes are progressing and as a
result, soil erosion, deflation and reduced productivity of arable land. The ecological crisis in the Aral Sea
region remains as the main problem in Southern Kazakhstan [9]. The area is subjected to irreversible
processes of desertification. In the most fertile delta-alluvial plain of Syrdarya riveris the main rice
granary of the country, as well as the Balkhash-Alakol region is widely noted processes of secondary soil
salinization of irrigated lands and destruction; land erosion and digression is occurring in foothill and
mountain areas. In the most fertile delta-alluvial plain of the Syrdarya river, the area of desertified land is
1.1 min ha, and in the dried -up bottom of Aral Sea it is 1.5 miIn ha, of which saline march soils occupy
0.8 min ha. In contrast to other natural zones, these vast areas are occupied by sand (17.5 min ha), saline
soils (2.6 miIn ha) and takyr plains (0.3 min ha). The total are of saline soils in the desert zone with brown
and grey-brown soils exceeds 60 min ha, and alkaline complexes are present in 22 min ha [10]. On the
vast territory of Kazakhstan, there are a number of regions where the combination of various forms of
environmentally damaged soils has resulted in a crisis situation. Disastrous environmental conditions can
be observed in the Aral Sea region: zones of intensive soil desertification, salinization and deflation
[11,12]. The regions of Central and East Kazakhstan, which are the major industrial centers, are involved
to technogenic disturbances and the industrial pollution of soils with toxic chemical and radio active
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elements. Every year, about 3-4 min tones of polluting chemicals are emitted to the atmosphere or
deposited on the soil surface. The region is characterized by radioactive pollution and man-made
destruction of the soil cover in the test sites of nuclear missiles, mining and processing mineral resources.
In the oil and gas regions of western Kazakhstan and Torgay plain created large pockets oil and
radioactive contamination of soil, soil salinization by wastewaters, and industrial transformation of the
soil cover.

Main degradated regions within Kazakhstan. The influence of anthropogenic factors is seen almost
in all natural landscapes, especially in the Aral Sea region, where degradation and desertification
processes are becoming more widespread. Additionally, the northern Caspian Sea and southern Balkhash
deserts belong to significant and high degree of Land degradation under the influence of grazing [13].
Pasture degradation touched mostly desert and semi-desert landscapes in Kazakhstan. The desertification
of large territories is accompanied by soil salinity, dehumidification, soil erosion, deflation, soil
contamination, waterlogging by surface water and groundwater and a decrease in general regional
biological capacity as well as reduced productivity of arable land. In addition, desertification largely
includes economic (agricultural land productivity) and social (poverty, migration) problems.

Soil salinization and soil erosion (wind/water erosion). Soil salinization widely and commonly
manifests in all areas of natural zones and it is associated with poor drainage of the territory, the initial
salinity of the lake-marine and alluvial-deltaic parent rocks and mineralized groundwater. The problems of
soil salinity are most widespread in the arid and semi-arid regions but salt affected soils also occur
extensively in sub-humid and humid climates, particularly in the coastal regions where the ingress of sea
water through estuaries and rivers and through groundwater causes large-scale salinization [14-16].
The soil salinity is also a serious problem in areas where groundwater of high salt content is used for
irrigation [17].
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Figure 2 — The main factors of the desertification

A saline soil is an indispensable component of steppe and desert landscapes [18]. They are
widespread in arid and semi-arid regions of the world. According to the data of International Institute for
Environment and Development and World Resources Institute about 10 % of the surface of continents
covered by saline soils. They are mostly distributed in arid lands, as well as zones of dry and desert
steppes [15,17]. The saline soil is defined as having a high toxic concentration (0.25 %) of soluble salts in
any soil profile to affect plant growth [19].

The saline soils mostly distributed in Central Asia and Kazakhstan, including West Siberia, West
China. The most part of saline soils (70%) in the CIS countries occurred in Kazakhstan. Numerous reports
were done about origin, development, conditions of saline soil formation in the territory of Kazakhstan
[18,20-21]. Saline soils are widely distributed in the southern and central parts of the Kazakhstan [22]. In
these arid regions, where rainfall is 100-150 mm y™ and evaporation exceeds precipitation. Saline soils are
soils that contain high concentrations of soluble salts: sodium, magnesium and calcium sulphates, and
some sodium chloride, but have normal pH values [11,18].

On the territory of Kazakhstan allocated four salt accumulation provinces: sulphate-chloride basin of
the Caspian Sea, chloride-sulphate basin of the Aral Sea, soda-sulfate basin of the Balkhash Lake and
chloride-sulfate basin of the Kara Sea [18]. Each province has an own type of salinity and chemical
features and differ in their genesis, composition and transport of salts. Depending on the chemical
composition and the amount of soluble salts in the profile there are following degree of soil salinity:
the amount of salt is 0.1-0.3 % in slightly saline soils, moderately saline is 0.3-0.5 %, strongly saline is
0.5-1.0 %, solonchanks more than 1.0 % [23].

The soil salinization is one of the most common land degradation and desertification processes.
Anthropogenic stress to soil cover and ecosystem in Kazakhstan year by year increasing in the all
geographical zones. Irrational use of the natural resources leads to ecological violation. The total area of
Kazakhstan is 272 million hectares, at present day 180 million hectares is under the danger of degradation,
or 60 % of the total territory [10,22].

Soil erosion (wind/water erosion) appear in all natural zones, but is particularly strong in the long-
term arable land, sand massifs, as well as in mountain and foothill areas [8,24]. Development of wind
erosion is due to soils with light-textured, carbonate, structureless of soils and intensity of anthropogenic
pressure. The anthropogenic pressure increased in the sandy deserts of southern Pre-Balkhash region, Aral
Sea and Northern Caspian Sea regions. As a result, sources of soil deflation appeared in these regions that
lead to high concentration salts in the atmospheric flows. These salts provoke deterioration of pastures,
reduction of biodiversity, salinization and desertification of soils [10]. Protection against to soil erosion
and destruction requires erosion reclamation (agrotechnical, biological, chemical).
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Dehumidification and soil contamination. Ecological state of the soil cover in many areas of
Kazakhstan is characterized by near-critical and requires urgent measures of fertility reproduction and
preservation of the environment.

Dehumidification takes place on chernozems and dark chestnut soils with long-term non-irrigated
arable land in the northern regions of Kazakhstan and as well as the mountainous regions of irrigated
arable land [24]. Monoculture cultivation of grain and industrial crops on low agrotechnical conditions
causes of dehumidification process and loss of soil fertility by 20-30 % and southern chernozems on virgin
soil is 4.5-5.5%, long-term arable land by 3.0-3.5 %, dark chestnut soil is 3.5-4.4 and 3.0-3.3 % [13].
Micro aggregation of soil deteriorate in cultivated soils, there is a real risk of suffering from water and
wind erosion, which requires immediate action for the conservation and restoration of soil fertility
(organic and mineral fertilizers, minimizing the processing, the introduction of grass crop rotation,
planting trees, bushes and shrubs). According to the map of the soil dehumidification the loss of humus
up to 5 % is weak degree of it, moderate is 5-10 %, a strong and very strong is 10-15 %, 15-20 % respect-
tively [23].

Soil contamination (chemical, petrochemical, radioactive) is reflected in the areas of industrial, oil
and gas, as well as of landfill testing of nuclear missiles. Chemical contamination of individual regions
occurs among the arable chernozems and dark chestnut soils, irrigated soils in the south part of
Kazakhstan [24] under the immoderate use of organic and mineral fertilizers, pesticides, herbicides and
other, which lead to the accumulation of toxicants in soils [25]. According to the toxicity, the arsenic,
cadmium, mercury, selenium, lead, zinc, fluorine are high toxic elements; moderately dangerous is cobalt,
boron, nickel, molybdenum, copper, chromium and barium, strontium, tungsten, manganese belong to low
risk. Decomposition and detoxification of chemical elements in the soil profile is due to the pH of the
medium, mechanical, mineralogical composition, temperature, humidity, intensity of microbiological
processes.

Petrochemical contamination of soil is allocated in all areas of oil and gas companies and routes of
the oil/gas pipelines in Western Kazakhstan. The contamination occurs at all stages of field development.

Radioactive contamination of soil occurs in the places allocated former test radioactive sites (Semei,
Kapustin Yar, Pribalkashe et al.), as well as in the areas of oil and gas complex such as Ozen-Zhetybai,
Bozashy, Karachyganak.

Conclusion. The desertification and land degradation of large territories is accompanied by soil
salinity, dehumidification, soil erosion, deflation, soil contamination, waterlogging by surface water and
groundwater and a decrease in general regional biological capacity as well as reduced productivity of
arable land.

The Aral Sea region, Northern Caspian Sea and Southern Balkhash deserts can be observed as areas
of intensive soil desertification, salinization and deflation processes. As well as the desertification process
are progressing in the irrigated soils of the deltas of Syrdarya, Shu, lle and Karatal rivers. In Kazakhstan
apart from natural environmental factors, the anthropogenic pressure increased their effect seriously
during the last 50 years. All these actions destroy seriously the environmental processes and led to the
serious forms of rapid soil/land degradation and desertification processes. The influence of anthropogenic
factors is seen almost in all natural landscapes, especially in the Aral Sea region, where degradation and
desertification processes are becoming more widespread.
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KA3AKCTAH )KEPIHIH IIOJEMTTEHYI )KOHE JETPAJIAIIUSTA YIIBIPAYBI

Annoranus. Xep nerpaganumsicsl Maceneci TyHHEXY3iMeH Koca, KazakcTanna na e3ekti. Jlerpaganusa yiibl-
paraH JKepHIi HWrepy MOCeNeciH 3epTTeyre epekmie keHin OemiHemi. JKepaiH MmededTTeHyl XKoHE AeTpalalusra
yisipaysl KasakcTaHHBIH KypFak JKoHE JKapThulail Kyprak ayAaHJapblHAA, ocipece, ailyaH TYpJi Imes 0ackiM
OHTYCTIK aynaHJapja KaJbIOThl XKafaail Oomnbin canamanpl. Lllennme Tomblpak Ty3uTy YpAICTEpl Cy KeTiclereHue,
TOIIBIPAK JKOFAPFHI JACHTEi/Ie AerpajanusaFa YiIblparaHa sKoHe MIeJICHTTeHreHae Kype OacTaiinel. by ypaicrepain
HeTi3ri Taburu akTopiapsl — COM JKEPIiH Ka3bIK OONYHI, YKOFaphl AOpPEKeAeri KIMMAT KYPFAKIIBIIBIFEI, TOMBIPAK
TY3JBUIBIFBl MEH KYPBUIBIMCBI3IBIFEI, KAPOOHATTHI KyOa TOMBIPAKTHIH KEH Tapallybl KoHE TOMEH TaOWFU KYHapJibl-
JBIFEL. ANalia KeHiHTT OHXBUIABIKTA IIOJICHTTEHYAIH aHTPONOTeH Al (PaKTOPhl MEH TOMBIPAK JIETPATAIMSICHl 0AChIM
OoIFaH/IBIKTaH, €JI/IiH arpapIiblK CAJIACHIHBIH 1aMybIHa J]a 9cep eTy/e.

Herpananus yzaepici TOMBIPaKTHIH KYHAPJIBUTBIFRI MEH OHIMIUTITIH TOMEHICTE/II JKOHE COMKECIHIIE TOMBIPAK
KAMBUIFBICBIHA, TYTAacTail aybUIIapyallblUIbIK CEKTOPBIHA Kepi ocep eTexdl. bapnblk eric ankaObIHIA T'yMYCTBIH
KOFAJIFaH/IBIFBI OaliKasa b, ajl CyapbUIMAUTBIH eric ankaOsl 11,2 MITH Ta KYpFaKIIBUIBIK CalapblHAaH MeJIeHTTeHEe ],
cyapMautsl erictik xepiep — 0,7 MitH Ta, cyapmaisl ericTik xep (31,3%) TonbIparblHBIH YIITEH Oipi JEpIiIiK COpTaH-
JTaHFaH JKOHE oap Ty37b! menmi kebewreni. ConsiMeH Katap, Coipmapus, Ly, Ine sxone KapaTtan esenaepinin cyap-
MaJIbl TOTIBIPAFHI /1 IeJIIeHe 0acTa/Ibl.

Kazakcranma Oykin aymakTeiH 280 MIUIMOHBIHBIH 165 MWDIHOH TEKTaphl IIOJ JKOHE KapThUIai IIeJ 30Haa-
pbIHa >Karajapl. TaOWFu >kapThUIAl e kKoHe IneJelTTeHy 30Hanapbl Kasakcran tepputopuschiHbH 70% aibin
KaThlp. byJl HEeTi3iHEeH OHTYCTIK jkoHE OaThlc aliMaKKa TOH, OHJAFbI TOMBIPAK MIOJICHTTEHYre OCHIM >KOHE KYMJIBI
MaccuBTi (32 MIIH. ra), copTaH (2,6 MITH. Ta), TakbIp xa3bIK (0,3 MIIH. Ta) OONBIT KeJeIi.

3eprreyne Kaszakcran mierineri mesieiiTTeHy MEH Kep JerpaJalisChIHBIH TaOWFW JKOHE aHTPOIIOTCHII
(akTOpIapbIHBIH ©3eKTi Mocenenepi, COHBIMEH KaTap, Oy YpIicTepHi YIIBIKTBIPAThIH HeTisri Qakropiap
KapacTeIpbutaabl. KazakcTaHAarbl TOIBIPAK JKAMBIIFBICHIHBIH Ka3ipri >Karaaibl TajJaHbIN, II6JCHTTEHIeH MXOHE
JIerpaalysiIaHFaH TOMBIPAK KapTachl KYPacThIPBUIIbI.

YJIKeH TeppuTOpUsUIApIbIH II6JEHTTEeHYl TONBIPAKTHIH JIACTAHYbI, TY3JaHybl, jkep OeTi KoHe >KepacThl CybI
caniapblHaH 0oJaThiH OaTnak, Spo3ust (Cy, Kell) MeH OCIMIK >KaMbUIFBICBIHBIH JIeTPaJallisIChIHAH, KaJIbl aiiMak-
TaFrbl OMOJIOTHSUIBIK OHIMIUTIKTIH TOMECHIEY callapblHaH Maijaa Oomaisl. ToIbIpak »KaMBUIFBICHIHBIH Ka3ipri ’Kar-
JAWBIH Tajjay >KYMBICTapbl JKep JAerpa/laliMsChIHBIH KAapKBIHIBUIBIFBIH KepceTTi. KazakcTan TeppHUTOPHSCHIHBIH
43%-b1 aliTapibIKTal Jopexenie erpaganusa yubiparat; 14% »xalblIbIM sKepIiep KypAen Jerpajalus 1apexeciHe
JKETKEH HeMece TOJbIK Jaerpajauusuianrad. Kazakcran aymarbiHbIH 76,3% opraiia, aWTapibIKTail jKOHE KaTTbl
nepeskerie mesneirtenreH. COHbIMEH Katap, eric ajKarTapblHIaFb! JeqIIsiuns, SpO3Hs KOHE TOMBIPAKTHIH TY3/aHybl
CEKUIJII JKaFBIMCHI3 YAEPICTEpIiH JaMy callapblHaH KYPFaK JKOHC Jajla aiMarbIHBIH KOIl OeJIiri IMIeNeHTTi OOk
Kenenl.

Apan teni3i aynanbiH, Contyctik Kacnuiinin e skepiiepi skoHe OHTYCTIK bankamn TombIparbiH KapKbIHIbI
II6JIJICHTeH XKaHE TOIBIPAFhI TY3/IaHy yJiepici MeH aedsiuunsra yIplparaH aylaniap peTinae KapacTelpyra 0oabl.

Kemmenni meneiitreny Typi OackiM opi pecnyOnuka aymarblHbH 464,0 MbIH kv, srEn 17% ansin JKaTbIP.
[eneliTrenyain Oy TYpiHE TONIbBIPAaK IEH ©CIMAIK KAMBUIFBICHIHBIH JETPalallUsiChl HEMECE TOJIBIK Oy3bLIy TEXHO-
TEHJIi 9Cep €Ty >KaTabl.

Tyiiin ce3aep: TombIpak ACTpadalusIChl, OJICHTTeHY, apuaTi aynaH, KasakcraH.
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OIIYCTBIHUBAHUE U JETPAJALINS 3BEMEJIb B KASAXCTAHE

AnHotanus. [Ipobnema perpamanny 3eMenb SBISETCS OYEHb aKTyaJbHOH BO BCEM MHpE, B TOM UHCIC U B
Kazaxcrane. I ocoboe BHUMaHUE yAenseTcs H3YUCHUIO IPOOJIEM OCBOCHUS JETPaANPOBAHHBIX 3eMelb. OMyCThIHN -
BaHWE M Jerpajanus 3eMesb SIBISIETCS OOBIYHBIM IIPOIECCOM B 3aCyIUIMBBIX W IIOJMY3acCyIIIMBBIX PETHOHAX
KazaxcTtana, 0cOOEHHO B I0)KHBIX paiOHaX, I7I€ paiOHBI TTOKPHITHl OOJIBIIMMHU PA3HOBUAHOCTSIMH THIIOB ITyCTHIHb. B
IYCTBIHAX TMOYBOOOpAa3yIOIIMEe MPOLECCH MPOTEKAIOT B YCIOBHSX OCTPOM HEXBATKH BOJABI M BBICOKOTO YPOBHSA
JIETpafalliii ¥ OITyCTHIHUBAHKS MOYBEL. OCHOBHBIMH HPHUPOJHBIMU (paKTOpPaMH 3THX MPOLECCOB SBISIOTCS PABHHH-
Hasi MECTHOCTb, BBICOKas CTEINCHb 3aCyIUIMBOTO KJIMMAaTa, 3aCOJEHHOCTh M OECCTPYKTYPHOCTH MOYB, IIHPOKOE
pacrpocTpaHeHHe OypbhIX KapOOHATHBIX IOYB M HHU3KOE COAEPKAHME ECTECTBEHHOTO IIofopoaus mous. OnHako
AHTPOTIOTEHHBIE (PAKTOPHI OMYCTHIHUBAHUS W JETPAAAIMH TTOYBBI CTAIN JOMHHUPYIONIMMH B IOCIEIHUE JECATHIC-
THSI, UTO CKa3bIBACTCS HA Pa3BUTHH arpapHON OTpPacii CTPAHBL.

[Iponecc nerpamayy NPUBOANUT K CHIDKEHUIO TNIOAOPOIUS M MIPOILYKTUBHOCTH MOYB M, COOTBETCTBEHHO, HEra-
THUBHO BJIMSIET HA COCTOSIHHME ITOYBEHHOTO IIOKPOBA M arpapHOro CeKTopa B IeiaoM. Ha Bcex MaxoTHBIX 3eMILIX
HaOmoaeTcs moTepsl ryMyca, IpHUYeM B IpeeliaXx HeOpOLIaeMOi IMallHW OITyCTBHIHEHO 3a CYET JeryMU(HUKALUH
11,2 mimH.Ta, opomaemoii mamHu — 0,7 MITH.Ta., TOYTH TPETh IUTOManu moyB opomaemoit namau (31,3%) 3aconeHa,
YTO BeIeT K YBEIMUYCHUIO COJOHYAKOBBIX IYCTBIHb. KpoMme TOro, OIyCTBHIHMBAHHE TaKKe IPOrpECcCUpyeT Ha
opolIaeMbIx mousax AenabT pexk Coiprapsu, Ly, Mnu u Kaparan.

B Kazaxcrane 165 muH rektapoB 3eMenb U3 280 MIIH BCeil TEPPUTOPUHU — ATO IMYCTHIHHBIE U TOJIYNYCTHIHHBIE
30HBL. [IpupoaHbIe MOMYITyCTEIHHBIE U ITyCThIHHBIE 30HBI 3aHUMAarOT o4ty 70 % Teppuropun Kasaxcrana. B ocHoB-
HOM 3TO IOXKHBIE W 3allaJiHbIe PErHOHBI, KOTOpBIE HanOoJiee MOABEPKEHBI M3MEHEHUSIM TTOYBEHHOTO COCTOSHHS H
TIOKPBITHI MECYaHBIMU MaccuBaMH (32 MiH.ra), coloH4YakaMu (2,6 MIIH.ra) W IUIOCKMMH PaBHHUHAMH C TaKbIpaMH
(0,3 muH.Ta).

B nccnenoBaHnn paccMaTpHBAIOTCS aKTyalbHBIE TIPOOJIEMBI IPUPOIHBIX U aHTPOIIOTEHHBIX (PaKTOPOB OIYCTHI-
HUBAHUS ¥ JIETPAJalliy 3eMelb B npezenax KasaxcraHa, a Takke OCHOBHBIE (haKTOPHI, yCYT'YOJISFOIIME 3TH MpoLec-
CBI, JJaHBl aHAJIM3bl COBPEMEHHOTI'O COCTOSHMS ITOYBEHHOrO MOKpoBa B KasaxcraHe, cocTaBieHa KapTa OITyCTHIHH-
BaHMs M jerpaganuu oy Kazaxcrana. ONMyCTHIHMBaHHE OTPOMHBIX TEPPUTOPHH COINPOBOXKIAETCS 3arps3HEHHUEM
MIOYBBI, 3200JJaYMBAHNEM TIOBEPXHOCTHBIMHU M TIOJ3EMHBIMH BOAAMH, 3aCOJICHHEM IOYBBI, Spo3Heil (BomHas!, BETPO-
Basi), Jerpafanieil pacTUTEIBHOTO ITOKPOBA, OCYIICHHEM W CHIDKCHHEM OOIIEH pPernoHalbHON OHOJIOTHYECKOH
€MKOCTU. AHAJIU3 COBPEMEHHOT'O COCTOSIHUSI IOYBEHHOT'O ITOKPOBA MTOKAa3aJl UHTEHCUBHYIO JAErpajalulo 3eMeib. 43%
Tepputopud KaszaxcraHa B 3HaYMTENLHOM CTENEHHM MOJBEp)KEHBI Jerpamanuu; Oonee 14% mnactOuim mocTuriu
KPUTHYECKOHN CTEINEHHU JIerpajaliiy WK MOJHOCTBIO JerpagupoBany, 76,3 % teppuropun Kazaxcrana mojaBep:xeHO
OITyCTHIHMBAHHUIO YMEPEHHOHN, 3HAUMTEIILHON U CHIIbHOM creneHsM. [Ipndem Gosibinasi 4acTb TEPPUTOPHH CO 3HAYU-
TENbHOM CTENEHBI0 OMYCTHIHMBAHUS XapaKTepHA CYXOCTEMHOM M CTEMHOI 30HaM 3a CUeT Pa3BUTHs HETaTUBHBIX
MIPOLIECCOB, TAKUX KaK Ae(UISAIHs, 3pO3HUs U 3aCOJICHNE MTOYB B IPe/ieNIaX MaXOTHBIX 3eMellb.

Paiion Apanbsckoro mops, myctsiHu CeBepHoro Kacmus m IOsxHoro banmxama MoOXHO paccMaTpHBaTh Kak
PpaiioHBI HHTEHCUBHOTO OITyCTBIHMBAHUS MOYB, IIPOLIECCOB 3aCOJICHHS U Ae(ISAINH OYB.

KommnekcHblil TUI OMyCTBIHMBAHHUS SIBISETCS BEAyIIMM M 3aHuUMaeT 464,0 ThIC.KM? (17%) Teppuropun
pecrryOnuky. JIaHHBINA THII OIYCTHIHMBAHWSI BKJIFOYAeT TEXHOT€HHOE BO3JICHCTBHE C Jerpajaldeidl MM IIOJHBIM
pa3pylieHHEM NOYBEHHO-PACTUTENBLHOIO CIIOS.

KiroueBble cioBa: nerpajganys no4s, OMyCTHIHUBAHUE, apUIHbIN peruoH, Kasaxcras.
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ESSENCE AND FEATURES OF THE CRIMINAL ACTIVITY
OF THE MARGINAL ADOLESCENT:
MODERN CONDITION AND TRENDS

Abstract. The article presents the main problems of the theory and practice of criminal activity in the modern
teenage environment. The statistical data of the Ministry of Internal Affairs of the Russian Federation and the Federal
Penitentiary Service of Russia of the Ministry of Justice of the Russian Federation of criminal offenses committed
from 2003 to the present period by juvenile offenders are given [as of June 1, 2020].

The author analyzes the features of the criminal youth subculture. Typologization is carried out according to the
types of youth informal groups. The main causes of juvenile delinquency are identified and justified. Spectral
analysis is carried out for these reasons (motives). The factors provoking crime in a teenage environment are
determined.

The author revealed that one of the negative conditions for the formation of delinquent and deviant behavior of
adolescents is the early start of work.

At present, adolescents from 14 years old are going through a process of socialization and familiarization with
work in the conditions of transformation of socio-economic, political, sanctions relations. The transformation in
Russia led to the use of various illegal forms, in particular related to the involvement of street children (10-15 years
old and 16-18 years old) in the criminal business.

The author determines that juvenile delinquency is primarily determined by the characteristics of the personality
of the offender. The main thing in its consideration was the minority of the offender. Certain biological,
psychological and mental changes in the structure of the personality are associated with it. Age determines a certain
level of development of forces, intelligence, drives, and even the “physical” ability to commit certain crimes.

Also, the author of the article determined that the process of socialization of an individual begins at an early
age, when he begins to assimilate the roles that form his personal qualities. It is in childhood that any person is
formed as a social being, he develops intelligence, the ability to analyze and generalize the surrounding phenomena,
the ability to anticipate the possible consequences of his actions; such volitional qualities as perseverance,
determination, self-control, activity, initiative are developed; self-awareness, self-esteem, desire for independence are
formed. All this is closely related to the subsequent behavior of the personality of a minor offender.

The author interprets such a basic concept as “criminal youth subculture”.

The regional statistics of the Ministry of Internal Affairs of Russia on offenses as a consequence of the
COVID-19 pandemic in Russia is given.

All materials presented in the article do not contain information (information) related to state secrets of the
Russian Federation.
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Over the past two decades, modern Russian society has undergone global changes, including
sanctions of a socio-economic, political and world epidemiological [COVID-19] nature. The social
changes that took place in Russia (1990 - 2020) led to exacerbation of social problems, such as poverty,
crime, ethnic conflicts, unemployment and other negative social factors characteristic of a
transformational society. The transformation of Russian society has predetermined the formation in our
country of various types of deviant behavior. Deviant and delinquent behavior of the younger (“Y” and
“Z”) generation is considered to be an act that contradicts the norms of social behavior in a particular
modern (progressive) community.

Currently, in Russian society there are new determinants that negatively affect the development of
extreme forms of deviant and delinquent behavior of adolescents. Market relations gave rise to a set of
problems not previously known to Russian society. Political decisions were not socially calculated, and
their implementation, primarily in the field of economic policy, affected the financial situation of a
significant part of Russian families — the process of rapid social separation began [21].

The Kremlin noted that in the Russian Federation during the COVID-19 pandemic, the crime rate in
some regions of the Russian Federation increased significantly, especially crime, noted in the Rostov,
Moscow, Tomsk, Novosibirsk, Sverdlovsk, Lipetsk, Irkutsk, Leningrad, Kemerovo, Chelyabinsk regions,
Krasnodar Territory and in cities of federal significance Moscow and St. Petersburg.

So, according to the press secretary of the President of Russia D.S. Pskov - “With regard to the
growth of crime in Russia, we, of course, know all this and fix it, mainly, of course, they fix it and try to
prevent the country's law enforcement authorities as much as possible, despite the fact that they are
currently working with increased load” [19].

He also in his interview expressed the opinion that at the present time “... it is important not to build
some kind of “emergency” schedules based on individual cases, even if they are fixed in a number of
Russian regions (municipalities). There is no need to completely thicken the paint. Russia will not return
to the dashing nineties. There is no reason for this! One thing that needs to be noted is that the rapid rise in
crime requires increased attention not only from law enforcement agencies, but also from local
authorities”. The Kremlin representative answered the question about Russia's possible return to the
criminal situation of the 1990s, commensurate with the total rampant crime in Russia. | repeat. This is not
to be! He noted that “fear has big eyes”, “these are hysterical manifestations that absolutely do not need to
givein ...” [19].

On April 12, 2020, the Ministry of Internal Affairs compiled a ranking of Russian regions by the
level of crime caused by the pandemic [COVID-19]. The leaders were the city of Moscow and the
Moscow Region - here in January - March 2020, the most crimes against property were recorded (under
articles: 158, 158.1, 159, 161, 162 of the Criminal Code of the Russian Federation) [1]. Currently, the
bodies of the Ministry of Internal Affairs of Russia in Moscow and the Moscow Region are carrying out
procedural work against the accused. Indictments are issued and cases are being prepared for transfer to
the courts of first instance.

Throughout the country during this period 327,000 illegal acts of various kinds were registered, of
which more than 24,000 in Moscow, more than 12,000 in the Moscow region, 12,000 in the Krasnodar
Territory, slightly more than 10,000 in the Chelyabinsk and other aforementioned constituent entities of
the Russian Federation. The Rostov region also fell into the top five, where offenders involving and
underage Russian citizens committed more than 9,500 criminal offenses in the first quarter of 2020 [25].

We can also note those constituent entities of the Federation in which the least number of criminal
offenses were committed during the above period, these are the Nenets Autonomous Okrug, the Chukotka
Autonomous Okrug, the Republic of Kalmykia, the Republic of Ingushetia, the Republic of Dagestan,
the Chechen Republic and the Magadan Region. Meanwhile, in some regions, such as Kazan, Moscow,
the Moscow and Kemerovo regions, due to the self-isolation regime, law enforcement agencies began
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to register more and more offenses related to an attack in the daytime and evening time at grocery
stores [19].

Thus, today there is a tangible result, such as the demographic crisis in the country (before
COVID-19 and after), not a comforting increase in poverty, the number of crisis families in Russia,
families with the problem of alcoholism and drug-dependent family members, the manifestation of severe
violence, both in the family and not in its environment, asocial lifestyle of citizens and foreign citizens,
conflicts in interpersonal relationships, teenage neglect and homelessness, crime and other extremely
disturbing social phenomena [12, p.46-48].

Today, adolescents and youth are characterized by increased criminal activity (if we mean "ordinary"
crime, "street crime", and not "white-collar"). At the same time, as is commonly believed, they are the
future of any independent, sovereign state, and the fate of modern society, including the formation of a
modern (powerful, rich) world state, depends on their usual behavior, lifestyle, and personal qualities. It is
not surprising, therefore, that juvenile delinquency and juvenile delinquency are given great attention in
the domestic and foreign sociological, psychological, pedagogical, legal and other literature [3,4].

The concept of juvenile delinquency is associated with the totality of crimes committed by persons
under the age of majority, that is, between the ages of 14 and 18. At the same time, juvenile delinquency is
affected by the commission of socially dangerous acts by younger adolescents (10-13 years old), as well
as the commission of crimes by young adults (18-21 and 22-25 years old). For example, adolescents,
before they reach the age of criminal responsibility, commit a significant number (annually about
152, 720) of socially dangerous acts similar on the objective side to crimes, but not by law [3,4].

Juvenile delinquency is primarily determined by the characteristics of the personality of the offender.
The main thing when considering it, as we noted above, is age. Certain biological, psychological and
mental changes in the structure of the personality are associated with it. Age determines a certain level of
development of forces, intelligence, drives and even the “physical” ability to commit certain crimes. The
process of socialization of an individual begins at an early age, when he begins to assimilate the roles that
form his personal qualities. It is in childhood that any person is formed as a social being, he develops
intelligence, the ability to analyze and generalize the surrounding phenomena, the ability to anticipate the
possible consequences of his actions; such volitional qualities as perseverance, determination, self-control,
activity, initiative are developed; self-awareness, self-esteem, desire for independence are formed. All this
is closely related to the subsequent behavior of the personality of a minor offender.

For minors in general and juvenile delinquents, in particular, the cultivation of age differences is
characteristic (a difference of one year or more is often recognized as significant). On this basis, even
interpersonal conflicts can arise, leading to the commission of crimes.

It is important, however, to note that the age-related change in the personality of a minor is not
unambiguously related to the dynamics of basic life relationships, the safety of which is combined with
the variability of a person throughout life under the influence of events, circumstances and other factors.
Moreover, in addition to the chronological, there are psychological, pedagogical and physical ages, and all
of them do not coincide with each other, which leads to internal conflicts of the identity of the minor,
which may also have a criminal character.

Modern Russian society has faced the fact that juvenile delinquency is growing catastrophically, its
structure and character are fundamentally changing. Next, we present the main characteristics of juvenile
delinquency.

Thus, the proportion of juvenile delinquency in the structure of crime as a whole is relatively small,
however, its danger is underestimated, since in addition to significant material and physical harm, it causes
a number of destructive social consequences that have a pronounced criminal character: firstly, juvenile
delinquency is a powerful source of self-determination of crime as such. The criminal infection of today's
minors produces crime of young people, translates negative criminal experience into the future, which,
according to the laws of social education, “returns” to tomorrow's teenagers as the “social heritage” of
previous generations [23,24].

Do not forget that juvenile delinquents are the social base of organized and recidivism; secondly,
juvenile delinquency contributes to the spread of the criminal way of thinking and behavior in a “healthy”
teenage environment, leading to its criminal infection; thirdly, juvenile delinquency harms the personal
development of the juvenile delinquent himself, thereby contributing to the continuation of the juvenile
criminal activity [23, p.82-89].
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At present, as of June 1, 2020, in the introduction of the Federal Penitentiary Service of Russia there
are 22 FSI “Educational Colonies” of the Federal Penitentiary Service of Russia. Of these, 20 educational
colonies — for the maintenance of male juvenile convicts and 2 colonies (in the Belgorod and Tomsk
regions) — for the maintenance of female juvenile convicts. 1127 convicts, including 95 female minors,
are serving a criminal sentence of imprisonment in the FSI “EC” of the Federal Penitentiary Service of
Russia [27].

The proportion of juvenile convicts serving a criminal sentence of imprisonment in the institutions of
the Federal Penitentiary Service of Russia, by type of crime: convicted of theft - 15.2%, robbery - 14.1%,
robbery - 12.2%, and intentional infliction of grievous harm health - 11.8%, for murder - 10.1%, for rape -
12.6%, other crimes - 24.2% of juvenile convicts. Previously, they had conditional convictions, compul-
sory or corrective labor - more than 74.8% of convicts serving criminal sentences in prison. Also previously
served sentences in the institutions of the Federal Penitentiary Service of Russia - 32 convicts [27].

In turn, the structure of recidivism of juvenile convicts is traditionally characterized by the
commission of mainly property crimes (50%), sexual crimes (25%), crimes against the person (20%), as
well as crimes related to drug trafficking (5%) [as of June 1, 2020]. The main features of juvenile
delinquency crime include the relative narrowness of its range, the prevalence of situational crimes, the
uniqueness of the motivation for criminal activity - the desire for self-assertion, youthful conformism, etc.
The prevalence of group crime is noticeable (almost % of the total number of crimes committed), they
commit the most dangerous crimes - robberies, rape and murder [27].

Thus, the official statistics of the Ministry of Internal Affairs of Russia clearly demonstrate a
tendency towards steady growth (an increase of 55.68% [as of December 1, 2003]) of recidivism
committed by minors who have a criminal record for certain criminal offenses, for example, if in
2004 - 14.64%, in 2005 - 15.87%, in 2006 - 16%, in 2007 - 17%, in 2008 - 17.6%, in 2009 - 18, 5%, in
2010 - 19.1%, in 2011 - 19.6%, in 2012 - 21.8%, in 2013 - 23.2%, in 2014 - 26, 1%, in 2015 - 27.8%, in
2016 - 28.4%, in 2017 - 29.8%, in 2018 - 32.16%, in 2019 - 36, 8%, then in the first quarter of
2020 amounted to more - 10.23% of the recorded relapse s crimes committed by persons who have
previously served a sentence in prison [10.23 * 4 = 40,92 (= 40,92%)] [25].

The proportion of juvenile delinquency in the structure of crime in Russia as a whole is relatively
small (5.8% in 2019-2020 according to the statistics of the Russian Ministry of Internal Affairs), but it
would be wrong to underestimate its danger, since, in addition to significant material and physical harm, it
has a number of destructive social consequences of a pronounced criminal nature [25].

Assessing the prevalence of specific types of crimes committed by adolescents, it should be noted
that crimes against property traditionally dominate in the structure of juvenile offenders' crime (articles
158, 158.1, 161, 162 of the Criminal Code of the Russian Federation) [1].

Group crime is preceded by the formation of friendly, informal, ethnic groups of jointly lounging
juvenile convicts. Further, the group gradually grows out of the already established groups, where
adolescents “among their own” seek understanding and ways of self-affirmation. The more this group
exists in time, the more powerful, united and organized it becomes. In modern criminological science in
the last decade (2010 — 2020), stating the leading role of social factors influencing the formation of
criminal behavior of juvenile convicts, much attention has been paid to the personality characteristics of
juvenile offenders.

During the initial identification of factors affecting the relapse of crimes among young people, the
following tendency was revealed: the younger the person committing the crime, the greater the likelihood
that he will commit a second crime in the future [7, p.408-409].

So, in our opinion, juvenile delinquency is a powerful source of self-determination of crime* as such.
The criminal infection of today's minors produces the crime of young people (from 14 to 17 years old),
translates the negative criminal experience into the future, which, according to the laws of social
education, again “returns” to tomorrow's teenagers as a “social heritage” of previous generations. Do not
forget that juvenile delinquents are the social base of organized and recidivism.

This process has at least four forms of manifestation: 1) one successfully committed and unsolved crime often gives rise to
another; 2) the commission of “auxiliary” crimes, which then entail the main ones; 3) organized crime; 4) the anomie (normality)
of citizens with a high level of crime, a special psychological state of admissibility, permissibility of criminal acts, as well as an
idea of the weakness, nullity of laws.
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And also juvenile delinquency promotes the spread of a criminal way of thinking and a way of
behavior in a “healthy” teenage environment, leading to its criminal infection. In turn, Taoist wisdom says
- ... be afraid of your thoughts, for they are the beginning of your actions - Lao Tzu (VI -V centuries BC).
Based on the foregoing, juvenile delinquency should be considered as one of the most serious and
significant socio-legal problems of modern Russian society [21].

Juvenile offenders, as well as their slightly older friends, constitute an independent social group
whose members are bound by common rights, duties, aspirations and interests. The transformation of the
future of modern Russian society will depend on the socialization and morality of this group.
Criminological considerations force the interpretation of juvenile crime as a specific type of crime.
Therefore, their prevention is one of the main areas of law enforcement.

As you know, in the late XIX - early XX century. the problem of suggestion, the study of its
capabilities and role in public life, in education, a considerable place was given in the works of B. Sidis,
I.A. Sikorsky, later engaged in this academician V.M. Bekhterev spondylitis [5,6].

The best solutions to the problem of the work of a social educator (educator) with juvenile
delinquents are still the methods developed and successfully tested by Anton Semenovich Makarenko in
his pedagogical activity. A clear, thoughtful organization of children's life in the Gorky Educational Labor
Colony, aimed at raising a worthy citizen of the Fatherland, allowed us to achieve a positive result when,
according to the fame of A.S. Makarenko, “... in the living movements of people, in the traditions and
reactions of the real collective, in new forms of friendship and discipline” a new pedagogy was born [17].

In the Gorky labor educational group of adults and children, they primarily combined studies,
production and labor relations, general labor care for a better tomorrow, a certain style (“spirit”) of the
colony: “major tone”, a combination of respect with exactingness, self-esteem with a sense of being part
of their country and much more [17].

A.S. Makarenko proved that the educational team, the collective organization of the life and work of
the colonists is the most effective method of educating the personality and individuality of each pupil [17].

In our opinion, the identity of a minor offender (recidivist) is, first of all, a combination of socio-
demographic, moral and legal properties, signs, relationships, relationships that characterize a person who
has repeatedly committed certain criminal offenses. It can also be noted that the identity of the juvenile
criminal “recidivist” has not yet been formed and is in the process of development. [But at the same time
he was previously prosecuted]. In adolescence (young) age from 10 to 16 years (puberty), a true formation
of personality occurs, in a normally developing teenager the concepts and moral feelings of duty,
responsibility, shame are completely differentiated. The manifestation of traits characteristic of earlier age
periods in adolescents 10-16 years old indicates a mental retardation. Formed moral potential and legal
consciousness of a teenager, which is directly a criterion for the success of his socialization in society (or
re-socialization in places of deprivation of liberty). The adequacy of the development of internal and
external control creates personal prerequisites for responsibility for one’s behavior, including equal rights
[12,16,20,21].

So, juvenile delinquency is growing disproportionately fast. Typically, the crime rate is compared
with the dynamics of the teenage population. There is such a pattern when the increase in juvenile
delinquency corresponds to an increase or decrease in the teenage population [21].

The reasons are different, depending on the nature of the crime committed, so with “rape” there is
false shame; unwillingness to disclose incriminating information about yourself; threats from rapists; the
payment by the parents of rapists to the parents of the victims of “payback”; a sense of awkwardness
experienced by a minor girl in front of the investigator (most of whom are men over 25), etc. For
racketeering, pickpocketing, and fraud, other reasons apply. Very often - this is a lack of faith in the ability
of the police to catch and prosecute criminals; the choice of the least evil, self-incrimination, etc.
[12,16,21].

The recidivist is dangerous not only and not so much with the potential for him to commit a new
crime, but with the possibility of introducing unstable teenagers and young men to a criminal lifestyle. He
doesn’t act alone, but organizes criminal (marginal) groups, drawing newcomers into them, that is, he
begins to criminalize the teenage and youthful population and generate primary crime. The recidivist
becomes a teacher and mentor of minors in the field of criminal activity. The young recidivist is also
dangerous because of his age (20-25 years), he has not “gone far” from adolescents, and therefore, as a
person, he is very interesting to them psychologically. This means that the more juveniles take the path of
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crime, the greater the danger of an “escalation of crime,” that is, its self-generation, self-development
according to its inherent laws [3,4].

Group nature of juvenile delinquency crime. It is known that the origins of the formation of
criminogenic and criminal groups of minors are in the family distress of adolescents, their unsatisfactory
position in the primary school community (class, study group, or boarding school), in violation of the
principle of social justice in relation to individual students, “formalized” work with them. They seek to
compensate for all this with freedom “on the street” among the same rejected and misunderstood street
children and adolescents from dysfunctional families [3,4].

Also, by us, “criminal youth subculture” means the totality of spiritual and material values that
regulate and streamline the life and criminal activities of adolescents and youth of criminal communities,
which contributes to their survivability, cohesion, criminal activity and mobility, and the continuity of
generations of offenders. The basis of the “criminal youth subculture” is comprised of values, norms,
traditions, various rituals that are alien to civil society, united in groups of young criminals (offenders)
[12,16,21].

It differs from the usual juvenile criminal subculture in the corresponding content of the rules
governing the relationships and behavior of group members among themselves and with outsiders for the
group (with “strangers”, representatives of law enforcement agencies, the public, adults, etc.). She
directly, directly and strictly regulates the criminal activity of minors and their criminal way of life,
introducing a certain “order” into them.

To date, the Russian criminal youth subculture clearly shows: 1) expressed hostility towards
generally accepted norms and its criminal content; 2) internal connection with criminal traditions;
3) secrecy from the uninitiated; 4) the presence of a whole set (system) of attributes strictly regulated in
the group consciousness [13,21].

You can also highlight the following features of the criminal subculture of juvenile prisoners in
prison: 1) violation of the rights of the individual, expressed in an aggressive, cruel and cynical attitude to
"strangers", weak and defenseless; 2) the lack of compassion for people, including "their"; 3) dishonesty
and duplicity in relation to "strangers"; 4) parasitism, exploitation of the "lower classes", mockery of
them; 5) the depreciation of the results of human labor, expressed in vandalism; 6) disrespect for the rights
of owners, expressed in theft and theft; 7) the promotion of a cynical attitude towards women and sexual
licentiousness; 8) the promotion of base instincts and any forms of antisocial behavior [12,13,21].

It should also be emphasized that the Russian criminal subculture today is attractive for teenagers and
youths with such manifestations as: 1) the presence of a wide field of activity and opportunities for self-
affirmation and compensation for the failures that befell its members in other life situations (for example,
in school, in relationships with teachers (caregivers of boarding schools), parents, including foster
children); 2) the process of criminal activity, including risk and extreme situations, colored by a touch of
false romance, mystery and unusualness; 3) the removal of all moral restrictions in communication in
society; 4) the complete absence of prohibitions on obtaining any information on telecommunication
means, various instant messengers, etc., and, first of all, on intimate information; 5) providing "their"
group with moral, physical, material and psychological protection from external aggression, taking into
account the state of age loneliness experienced by a minor [12,16].

The criminal subculture is rapidly spreading among young people due to its exceptional activity and
visibility. Adolescents and youth are passionate about its outwardly catchy attributes and symbols, the
emotional richness of norms, rules, rituals.

The nature of the formation of criminal communities is different - from a spontaneous association
based on common interests and idle pampering to a special creation for committing crimes. In the latter
case, criminal activity from the very beginning is a group-forming factor and is subject to the will of one
person - the organizer (informal leader). In such a group, norms and rules are focused on the values of the
criminal subculture. In accordance with this, the structure of the group is determined, the roles in it are
distributed: 1) leader; 2) the trustee of the leader; 3) the encouraged asset; 4) attracted newcomers
[12,16,21].

Often, criminal groups act according to the laws of the "pack™. In such a community, adolescents
obey the will of an informal leader or emotions, there is a riot of elements in it, provoking its members to
be particularly sophisticated in mocking a person, cruelty, acts of vandalism, and much more. A group is
formed spontaneously and is also destroyed or criminalized.
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It is the need for communication (in adolescents it is special, aggravated), the need for
self-affirmation, in the realization of one’s capabilities and abilities, in the recognition of others, the search
for psychological and physical protection from the unfounded claims of others, makes them unite in
groups [16].

This is due to their psychophysiological and socio-group characteristics. A teenager, especially a
socially dysfunctional one, is always drawn to power, and grouping greatly increases it. Moral attitudes
and psychological atmosphere of the immediate social environment of minors are crucial for the
development and consolidation of antisocial habits and stereotypes of behavior. Psychologically, the role
of “hangouts” (informal gathering places for adolescents) is especially great, where adolescents are
grouped into criminal and criminogenic groups. Here they make acquaintances, find friends - like-minded
people in criminal activity, exchange information, make love in turn, use toxic and narcotic substances
[16, p.88-89].

The organized nature of juvenile delinquency is, first of all, defined as “grouping” - determining the
beginning of organized crime, but without definite guidance from adult repeat offenders and mafia
structures, it will remain only group crime: 1) the inclusion of a teenage group in a criminal group of a
higher order (adult criminals) associated with the authorities, with its corrupt elements; 2) the
subordination of the criminal teenage group and its activities to the “general command”, that is, mafia
leaders, their strategic intentions; 3) related to the functional separation of the criminal activity of teenage
groups (a clear separation of territories and zones of criminal activity - the transportation of drugs,
weapons, racketeering, etc.); 4) organization requires as a mandatory element professionalization in
certain types of criminal activities of teenage groups, as well as professionalization within the group in the
commission of specific crimes; 5) also presupposes general rules of conduct for all criminal groups that
are members of this criminal organization, “laws”, “laws”, “norms”, values that have received the name
“criminal subculture”; 6) an important element of organization is the special selection of “cadres” in
criminal groups from among minors and youth and their training in special places (underground gyms,
etc.) shooting, karate, judo techniques, and methods of criminal activity and total control over the behavior
of each member of the organized crime group [12,21,22].

Also, juvenile delinquency is dynamic, a high degree of activity of adolescents. People who have
embarked on the path of committing crimes at puberty are difficult to correct and reeducate and, as a rule,
constitute a reserve for adult crime. There is a close relationship between juvenile crime and adult crime.
It is no accident that in the scientific literature it is noted that juvenile delinquency is future crime. In this
regard, it can be argued that one of the causes of adult crime is juvenile delinquency. Indeed, adult crime
is rooted in a time when a person’s personality is only being formed, his life orientation is being
developed, when the problems of upbringing, personality formation, and the orientation of his behavior
are especially relevant [13,21].

Due to the instability of the psyche, minors are easily influenced by adult criminals and tend to
romanticize the underworld. On the one hand, they react painfully to any form of manifestation of
injustice in relation to themselves, and on the other, they do not tolerate excessive “hyper-custody”. They
are characterized by the desire to appear as adults. Moreover, an inappropriate expression of such a desire
may be the commission of an illegal act. So, according to experts (lawyers, sociologists, social
psychologists and educators), the craving for adventure is the leading motive for the escape of adolescents
from orphanages (boarding schools, etc.) [10,11,12].

The social circle of juvenile offenders also has characteristic features. These are mainly persons
previously convicted, abusing alcohol, drugs. Important features of the personality of juvenile delinquents
are the features of their legal consciousness. In general, they are characterized by deep defects in legal
consciousness, which is to some extent explained by two factors: 1) general legal illiteracy of both the
entire population as a whole and minors; 2) the negative social experience of the minor [10,12].

The personality characteristics of minors who have committed crimes discussed above are expressed
mainly in the motivation for their criminal behavior, which boils down to the following: 1) the prevalence
of “puberty” motives - committing a crime out of mischief, curiosity, the desire to establish oneself in the
eyes of peers, the desire to possess fashionable things, etc.; 2) situational motives; 3) the deformation of
any one element of the sphere of needs, interests, views. For example, a hypertrophied understanding of
partnerships, the desire to raise one's prestige; 4) a larger “fan” of motives than adult crimes [10,12].
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Teens have been broadcasting online at Periscope since they entered the house, from which Denis
fired on patrol cars. This story could not do without teenage cynicism - “... meanwhile, on this story many
decided to earn extra money. In the comments to the published photos and videos of the dead teenagers,
enticing calls began to appear to see their “death on the air”.

So, at present, among the motives of unlawful behavior of minors, one can determine such motives
as: total Internet addiction, anger at one’s environment — parents and peers, self-interest, cruelty,
aggressiveness, puberty sexual needs, selfishness, imitation, solidarity, self-affirmation, social
irresponsibility and frivolity, alienation from society and opposition to it [21].

Social and psychological characteristics of the personality of minors play a special role in the
formation of informal groups. Such a unification of minors is not only an objective reality, but also a
necessity, the essence of which can be understood, given the existence of these three main types of
cultural exchange between older and younger generations, defined by the American anthropologist
Margaret Mead (1901-1978), as: 1) post-figurative, meaning that children learn from their parents
(vertical relationships - downward descending from 1 - 0); 2) configurable - children and adults learn from
their peers (smooth, horizontal relationships from 1 - 1); 3) prefigurative - adults also learn from their
children (vertical relationships - upward raising from 0 - 1) [18]. Since in real life all these types of
cultures act simultaneously, minors objectively seek to unite, including with their peers. For a preschooler,
parents are the most authoritative, for a first grader - a teacher, for a young man - his peers.

Among the groups created by minors, social psychologists distinguish about social, socially
indifferent and antisocial. At the same time, groups with a clearly antisocial orientation unite no more than
10% of youth. The remaining 90% is a reserve that replenishes antisocial groups or opposes them [14].

However, no formal organization is able to cover all aspects of the social environment, all human
interests. The more energetically they try to destroy the rules established by unofficial rules, the more
stable they are.

The causes and conditions of juvenile delinquency, as well as crime in general, are socially
determined. First of all, they depend on the concrete historical conditions of society, on the content and
orientation of its institutions, on the nature and methods of solving the main contradictions.

The socio-economic and socio-psychological contradictions of the transition to market relations have
led to a profound reorientation of youth from collectivist spiritual values to self-serving individualistic
ones. For 30 years (from 1990 to the present) a whole generation has grown up, which from a young age
has been engaged in street trading, security activities in dubious institutions, etc. Minors, brought up in
conditions when many issues were resolved in the absence of the necessary legal field, are used to not
observing the requirements of the laws. Moreover, many of them have become in the habit of constantly
deceiving everyone and living in fear for their own lives.

Many juveniles have, so to speak, a “Robin Hood” psychology of revenge for their injustice in
relation to them, which makes it easier for them to commit a crime. They internally disagree with the
stigma of "social outsider" imposed on them. A typical example is the organized teenage criminal gang
“The Korotkov Brothers Group”, operating in the first half of the 1990s in Yekaterinburg (24 people were
brought to trial, all were sentenced from 10 years to 15 years in prison in maximum security colonies).
The participants in this community acted both for personal and social reasons: the formation of a new
society and open social and property inequality coincided with the formation of them as individuals, while
they perceived what was happening as injustice. In combination with the domestic cult of violence, this
served as a justification for their robberies and robberies, and sometimes murders. To plunder apartments,
they used climbing equipment; they obtained alcohol by threatening to kill sellers of commercial stores.
Moreover, the “OPG-Korotkov” has arrogated the right to execute even his close associates, if he only
suspected them of intending to extradite the others (in court A. Korotkov was also charged with
commanding reprisals against three members of his own group (organized crime groups), including one
woman). OPG-Korotkov acted boldly and so unprofessionally that investigators and judges were amazed,
like no one had been caught during the first raids [28].

Next, we present in more detail, the causes of juvenile delinquency can be divided into two large
groups: 1st group - related to the personality characteristics of minors and 2nd group - reflecting the
shortcomings of the social structure.

The first group of reasons is determined by teenage nihilism, when passions often boil in the soul of
outwardly impartial people, and shyness hides behind the rudeness of the young men; a catastrophic
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decrease in intellectual potential (up to 6% of students are not able to learn the school curriculum,
30% experience difficulties, 70% of students have a defective genotype). In addition, it should be
emphasized that, according to specialists, accented personalities among citizens are about 40%, and
among minors this percentage is even higher. As a result, juveniles show an increase in selfish and sexual
aggressiveness, hooliganism. As a result, juveniles show an increase in self-serving and puberty sexual
aggressiveness, hooliganism, in other words, they go into all serious ways. The second group of reasons
covers the contradictions in the social and economic condition of Russian society [8, p.90-97].

One of the negative manifestations of the economic crisis is job cuts leading to unemployment of
adolescents, in particular, those who have served their sentences in educational institutions. The increase
in unemployment, as you know, in the first place, has a negative impact on young people, since it is hard
for them to find suitable jobs due to the lack of proper qualifications and work experience. Unemployment
is a powerful incentive for the formation of the criminal psychology of minors [14].

The basic institution of socialization of adolescents is the family (including the adoptive family).
However, today the institution of family and gender relations is in a deep crisis. Typical negative features
of the functioning of the family in Russia are: an increased number of unregistered marriages, illegitimate
births, an increase in single-parent families, an increased level of professional activity of women, an
increase in the level of street children and adolescents, and an increase in facts of child abuse [14].

The crisis in the Russian education system has a special effect (including the sudden - the massive
transition of schoolchildren and students to distance learning in connection with the global epidemic and
the real threat of infection with the COVID-19 virus). With the beginning of radical socio-economic and
political transformations, completely new problems arose that did not exist before. On the one hand, with
the change in society, modernization of education is necessary in order to update its content, on the other
hand, education as such is becoming increasingly commercialized. This is a rather negative sign, since
restrictions on access to education turn out to be serious social costs for society - the criminalization of
part of adolescents and modern youth, “bribery” (carried out in the educational process in state educational
organizations), “protectionism” and other negative phenomena. The commercialization of Russian
education has reduced the availability of culture and professional knowledge for most young people from
low-income groups of Russia who want to become a qualified specialist. The next reform of higher
education actually came down only to the creation of elite, mainly private, higher and secondary
educational institutions, which to a certain extent satisfies the educational needs of a small part of the
population - people with high incomes, but contributes to social stratification to an even greater extent,
and makes it difficult to reveal the abilities of teenagers from poor layers of Russian society. One of the
negative conditions for the formation of “delinquent behavior” of adolescents is the early start of work. At
present, adolescents from the age of 14 experience the process of socialization and familiarization with
work in the conditions of transformation of the socio-economic, political, sanctions relations of the
Russian state. The social transformation in Russia led to the use of various illegal forms, in particular
related to the involvement of street children (from 9 years old - 12 years old) in the criminal business (the
factor of criminal responsibility from the age of 14 is taken into account) [15,16,21].

In the leisure sector, today's trends are mainly associated with adverse changes that have occurred in
Russian society. Unfortunately, the leisure industry is also being commercialized. In addition, if earlier the
formation of vital interest and creativity was largely facilitated by the work of children's circles and
sections, the involvement of adolescents and youth in work in operational Komsomol units for the
protection of public order, now adolescents, by virtue of their lack of initiative, do not attend such
institutions (this is not only about paid, but also free circles, sports sections that exist) in the homes of
youth and creativity [14].

It can also be noted that in socio-pedagogical practice it is very important to identify such groups and
include their members in organized children's communities, helping to realize the natural needs for
communication and joint activities with adolescents who find themselves in difficult life situations. If the
negative role of the leader is strengthened, purposeful activity is needed to debunk it or limit its influence
up to isolation from the group through placement in a special educational (correctional) institution [14,21].

A kind of criminal group, characterized by special conspiracy, great cohesion and a clear
organization, distribution of functions in committing a crime, is a "gang". So the Turks called a group of
armed people on a boat, attacking lone ships and robbing them. Currently, under the “organized crime
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group”, they mean a group of people who have united for some criminal activity. A similar association
made up of adolescents and youth may include members: 1) living in a significant remote place from each
other; 2) of different ages (including adults); 3) along with male persons and female persons
[4,8,10,11,13].

The most characteristic features of the organized organization of the organized criminal group are:
preliminary conspiracy and orientation to criminal activity under the guidance of an informal leader with
criminal experience and strong will. In the organized crime group, adolescents and young people join the
criminal traditions, they have confidence in the possibility of a non-socially organized environment, and
they are actively instilled in antisocial attitudes and habits.

The style of relations in the "organized crime group™ is often authoritarian. It is distinguished by strict
subordination and the strength of group pressure (“pressure”). The informal leader extends his influence to
others accepting his demands [4,11,12].

The "gang" belongs to the highest type of organized criminal groups. This is an armed group
committing predominantly violent crimes (carrying out robberies against state, public and private
enterprises and organizations, aircraft and ships, as well as against individuals who are taking hostages,
terrorist acts). The main signs of a “gang” are its armament and the violent nature of criminal activity [12].

One of the important socio-pedagogical problems is the activity to prevent the formation of criminal
communities. In this regard, working with informal teenage groups is of particular importance. It includes
the following areas:

1) timely identification of the emergence of the group, the establishment of the most frequent places
of "hangouts™ of adolescents, the numerical and demographic composition (a small group of 3-5 people or
a group of 8-10 or more), the nature of the group's orientation (asocial / pro-social), cohesion and
predisposition to interaction and determining the nature of educational interaction with her;

2) special socio-pedagogical work with informal teenage and youth groups to form a positive
orientation, to prevent their criminalization, involvement in formal group activities [11,12].

So, today practice shows that working with informal communities is extremely difficult. This is due
to the low effectiveness of measures to influence the adolescent from such an association. His adaptability
to the informal environment creates favorable conditions for him for self-realization. He does not need to
switch to something else, which requires the creation of more favorable conditions, motivated by positive
values and ideals;

3) the active use of the capabilities of leisure institutions in working with informal groups:

a) the development on their basis of a variety of activities that are attractive and popular among
young people ("rock clubs”, "fan clubs");

b) the organization and conduct in the microsocium of a series of events and actions aimed at
attracting young people (holidays, contests, discos);

c) reorientation of the group to socially approved activities (creating temporary jobs, changing the
informal leader of the group);

d) finding opportunities to ensure (material and other) the existence of an informal group of a positive
orientation (offering various options for employment, socially useful activities, physical education and
sports, mastering martial arts), for example, creating, on the basis of an amateur musical collective, a
group performing at the official basis [11,12,21];

4) targeted socio-pedagogical work with antisocial and antisocial groups. Fundamental for
determining the strategy for working with a group is the type of its informal leader (physical or
intellectual); the totality of the basic moral, ideological and other values that guide this group in its life.
Taking into account the originality of the leader, the direction and nature of social pedagogical activity is
determined to overcome the authority and influence of the leader on group members, change the value
orientations and the nature of their implementation;

5) a tough suppression of the prospects of creating a youth group under the guidance of an adult who
has unlawful beliefs (for example, who has returned from prison) [12].

Today, a social teacher in an educational organization (school, vocational college, boarding school
for orphans, special (general) correctional boarding school 1-VIII type), it is necessary to understand the
essence of youth subculture, informal associations. When working with children and youth, it is important
to understand that many of them can belong to one of the informal organizations, groups, groups and build
their relationships with him taking this factor into account. This means that you should: 1) accept a
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teenager, a young person who belongs to any group, as he is; 2) if possible, include him in the diverse
positive activities of the team, actively using his aspirations and skills gained in the informal group;
3) communicate with him in the logic of the "dialogue of cultures”, gradually working on the formation
of an attitude towards those values that he professes; 4) actively support socially valuable initiatives
by involving students in the classroom, high school / boarding institution for orphans; 5) understand the
need for personal assistance when it really arises; 6) to show justice, sympathy, understanding of
their needs and problems in relation to pupils; 7) learn to conduct individual conversations with the pupil
as an "expert"”, "adviser", "guardian”; 8) correctly use their influence on pupils to clarify the situation
[22, p.26-29].

From good practice: In the Novosibirsk youth club "Youth House" (Novosibirsk, Russia), an original
solution to the problem of combating street gangs was proposed. The street company was entirely invited
to the "House of Youth" and in its former composition, without breaking, became a division of the
"House". Gradually there should be a reorientation of the group, a rejection of its former norms and
traditions. Such a reorganization process consisted of three stages:

- 1st — group autonomy, when a group is involved in the team of the House, primarily due to the
interest of the group leader;

- 2nd — leader reorganization, when there is either a reorientation of the leader due to his inclusion
in the collective life, or discrediting the leader, showing the failure of the previous forms and methods of
managing the group in collective life;

- 3rd — the merger of the group with the collective at home, when the group ceases to be a closed
association and is included in the general system of collective activity and broad ties with all members of
the collective.

Thus, in working with difficult teenage and youth associations, there are many approaches that can
ensure the realization of their social needs, strengthen the positive orientation of the influence of the
modern community, prevent (socialize) and overcome criminalization [21, p.253-254].

Hecrepos Aprem IOpbeBu4

OJeyMETTIiK-CasiCH 3epTTeyJIep HHCTUTYTHI — «Pecell FhUIBIM aKkaleMUSCHIHBIH (eaepaiibl
3epTTey OPTAIBIFB» (hefepaiIpl MEMIICKETTIK OFO/IKETTIK FRUIBIM MekeMeci, Peceit

MAPI'MHAJIABI JKACOCIHIPIMAEP OPTACBIHBIH KbIJIMBICTBIK BEJICEHAIIITTHIH
MOHI MEH EPEKIIEJIKTEPI: KA3IPT'T )KAFTIAMBI MEH TEHJIEHIIUSJIAPBI

AHHOTanusi. Makanaza Kasipri jkacecmipiMaep OpTACBIHIAFbl KBIJIMBICTHIK 1C-OpEKET TEOpHMsCHl MEH
MIPAaKTUKACBIHBIH HETI3T1 Maceenepi KenTipiarex.

Peceit @enepanmsaceiaeiH ki ictep MuHHCTpIIri, Pecelt denepanusicbIHBIH OileT MHHUCTPIITiHIH Peceit
denepanbl KbIIMBICTHIK-aTKapy Kbi3MeTi 2003 sxpiian Gacrtarn Kas3ipri yakbITKa JeiHiH KoMelneTKe TOJIMaraH KYKBIK
Oy3ylIbUIap *acaraH KbUIMBICTBIK KYKBIK OY3YIIBUIBIKTAp TYPaJIbl CTATHCTHKAIIBIK MaJliMeTTep KentipreH [2020 >kbput-
IbIH 1 MaychIMBl].

ABTOp KpUMHHAJ/Bl JKacTap CyOMOAEHHMETIHIH epeKUIeTiKTepiH Tajjaiinsl. Tumnonorusiay sxkactapiblH
OelipecMu TOTI TypiepiHe calikec xyprisiureai. KomeneTke TonMmaraniap apachbiHIaFbl KYKbIK OY3YIIBUIBIKTEIH HET13T1
ce0enrepi aHBIKTAJIFaH >koHe HerizgenreH. Ockl cebenrtepre OalIaHBICTBI CHEKTPIIIK Tangay xyprisiteni. XKacecri-
pimJiep OpTachlHAA KbUIMBIC TYIBIPATBIH (DAKTOPIAP aHBIKTAIIBI.

ABTOD KacecmipiMaep/iH KacaH/Ibl )KOHE JIEBUAHTTHI MiHE3-KYJIKBIH KaJIbIITACTHIPAThIH KEJICHCI3 JKaFraaliIbIH
6ipi peTiHJe oJIapAbIH XKYMbICKA epTe apallacy >KaF/IaibIH aTall KopceTe/i.

Kazipri yakpitra 14 >xacka JIeHiHTI jkacecHipiMAep 9JIeyMETTaHy >KOHE JJIEyMETTiK-9KOHOMHKAJIBIK, CasCH,
CaHKUMSUIBIK KaTbIHACTAP/IbIH TpaHC(OopManusIChl XKaraibIHIaFbl )KYMBICIIEH TaHbICY/1a.

Peceiineri kaWTa Kypy TYpii 3aHCHI3 HBICAHIAp/bl KOJIIAHYFa OKEN COKTHIPABI, aran alTKaHjaa, Kelle
6anmanapera (10 xxacran 15 xacka aeiin jxoHe 16 xactan 18 jkacka JeiiH) KbUIMBICTBIK ICKE TAPTYFa KATBICTHI.

ABTOp KoMeJIeTKE TOJIMaraH >KaceclipiMIep apachIHIAFrbl KbIJIMBIC, €H aJIbIMEH, KYKBIK OY3YIIBIHBIH EKe
OaCBHIHBIH CPEKIICITIKTEPl HEeTi31H/Ie aHBIKTAJATHIHBIH alKbIHnaraH. OHBIH KapayblHAaFsl 0acThl HOPCE KYKBIK Oy3y-
IIBIHBIH a37bIFbl 00JIbl. JKeKe TYJIFa KYPBUIBIMBIHIAFEI OCNTiii Oip OMOJOTHSITBIK, TICUXOJIOTHSIIBIK JKOHE TICHXUKA -
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JBIK e3repicTep coraH OaitmaHpICTHI. benrimi Gip KBUIMBICTHI jKacay YIIiH jKac IIamachl KYII, aKbUT-OH, TapThIMIIBI-
JIBIK ’KOHE TIiNTi «()U3UKATBIK» MYMKIHAIKTIH O€mrini Oip JaMy neHreiline KaThICTHI OOJIBII KeeTi.

Conpaii-ak, MaKaia aBTOpPHI KEKe TYJFaHBI QIEYMETTCHIIPY YAEpici epTe jkKacTaH, OHBIH JK€Ke KaCHEeTTepiH
KaJBINTACTHIPATEIH pOJIepAl Wrepe OacTaraHna KepiHETiHIH aWKpIHAaraH. bamanplk mIakTa Ke3-KeNreH agam
QIIEyMETTIK OOJMEIC peTiHIe KaJbIITacaabl, O 3UATKEPIIKTI, aifHaNagarsl KYOBUIBICTApIbl TAJIIAY JKOHE JKaJIbLUIay,
03 ic-opeKeTTepiHiH BIKTUMAIl callapblH OonKai 01Ty KabieTTepiH JaMBITaabl, TaOaHABUIBIK, JKirep, YCTaMABIIBIK,
OeJceHaiTiK, OacTaMaIIbUIBIK CHSKTHI €piK KacWeTTep DaMHIbI; ©3iH-e31 TaHy, ©3iH-e31 Oaranay, ToyelCi3IiKKe
JIeTeH YMTBUIBIC KaibimTacagsl. MyHBIH 0opi KOMENeTKe TOJIMaraH KYKBIK OY3YIIBIHBIH JKeKe OachIHBIH KeHiHT1
OpeKeTiMEH THIFBI3 OaHITaHBICTHIL.

ABTOp «KPHUMHHAIIHI )KacTap CyOMOICHHETI» CHSIKTHI HET13T1 YFBIMIBI TYCIHIIpe .

Peceiineri Imki icrep munuctpmirinig Peceiineri COVID-19 naHneMUsCBIHBIH canJapblHaH OPBIH aJiFaH KYKBIK
OY3YIIBUIBIKTAp TYpajbl allMaKTHIK CTATHCTHKACH! KENTIPiTeH.

Makananga kenTipinren 6apisik Marepuangapaa Peceit @enepannsicbIHBIH MEMIIEKETTIK KYIIHSIAPbIHA KATBICTHI
akmapat OepiJIMereH.

Tyiiin ce3aep: eckeneH YPIAKTBIH 3aHCHI3 XKOHE AEBUAHTTHI OPEKETi, KPUMUHOJIOTHS, KYKBIKTBIK TICHXOJIOTH,
KOMeEJIeTKE ToJIMaFraHJapAblH MaprUHAIIB! TOOBI (CyOMaEHHUETI), KOMETIETKE TOIMaFraHIaPAbIH KbUIMBICTBIK OPEKETi,
KOMEJIETKE TOJMaraHIapabl YHBIMIACKaH KBUIMBICTBIK TONTAapFa TapTy, KSMENETKEe TOJMaraHAap apachiHIa
yHbIMIacKaH KbUIMBICTBIK TONTHIH KYPBUIYBI, KOMEJICTKE TOJMAaraHAAp apachIHIAFbl KYKBIK OY3yIIBUIBIK TYypajbl
CTaTHCTHKA, KOMEJETKEe TOJNMaraH KYKBIK OY3YIIbUIApIBIH TCHXUKACHIHBIH Oy3burysl, Pecerimeri COVID-19
MIAaHJEMUSICBIHBIH CajJaphl, KYKbIK OY3YIIBIHBIH jKeKe 0achl, «kKpUMHUHAIIBI )KacTap CyOMoICHUETI».

HectepoB Aptém FOpbeBuu

WHCTUTYT COIMATBHO-TIOIMTUICCKUX UCCleNoBaHul — DeepaabHOTr0 roCyIapCTBEHHOTO OIOKETHOTO
yupexaeHus: Hayku «DenepanbHblii HAyqHO-UCCIIEA0BaTeNbCKUi HEHTp Poccuiickoii akagemun Hayk», Poccust

CYIIHOCTHh U OCOBEHHOCTH KPUMUHAJIbHOW AKTUBHOCTH MAPTUHAJIBHOM
MOJPOCTKOBOM CPE/Ibl: COBPEMEHHOE COCTOSIHUE U TEHJEHIIAN

AHHoTanus. B craThe mpeacTaBiIeHbl OCHOBHBIEC IPOOIEMBI TEOPUH M MPAKTUKY KPUMHUHAIBHON aKTHBHOCTHU B
COBPEMEHHOU ToJpocTKOBO# cpene. [IpuBonsrcst cratuctuueckue nanaeie MBI PO, ®CHUH Poccun MIO PO
VTOJIOBHBIX TpaBOHApYIIeHUH, coBepmieHHBIX ¢ 2003 ToAa MO HACTOSUIMKA MEPHOJ] HECOBEPIICHHOIETHUMHU
npaBoHapymuTeNsiMu [mo coctosiHuio Ha 01.06.2020t1.]. ABTOpOM aHAIM3HPYIOTCSI OCOOCHHOCTH KPUMHHAILHOU
MOJIOACKHOW CYOKYNbTYpbl. OCYIIECTBISIETCS THUIIOJOIM3aLHsl 10 BHAAM MOJIOAEKHBIX He(QOpMalbHBIX TpPYIIIL.
BreiBnAtoTcss ¥ 0OOCHOBaHBI OCHOBHBIE TPHYMHBI IIPECTYNHOCTH HECOBEpIICHHONETHHX. OcymiecTBisercs
CHEKTPANbHBIA aHAIN3 110 ATUM IIpUYHHAM (MOTHBaM). OnpenensoTcs GakTOphl, IPOBOIUPYIONINE IPECTYITHOCTh B
HIOIPOCTKOBOM cpeze.

ABTOPOM BBISIBIIEHO TO, YTO OJHUM M3 HETaTUBHBIX YCJIOBHI (GOPMHUPOBaHMS JIETUHKBEHTHOTO U IEBUAHTHOTO
MTOBEICHUS MTOIPOCTKOB SBIISIETCS paHHEE HAaYaJI0 TPYAOBOH AEATEINbHOCTH.

B HacTosmuit mepuoa MoIPOCTKH OT 14 jeT mepekuBaroT MPOLECC COIMAIH3aluy U MPHOOIICHUI K TPyAy B
YCIIOBHSAX TPaHC(HOPMALNH COLUATFHO-I)KOHOMHYECKHX, MOJUTUYECKUX, CAaHKIIMOHHBIX OoTHOomeHnid. TpaHcdopma-
mus B Poccun 00ycnoBuiia MpUMEHEHHNE PAa3IMYHBIX HEJETaTbHBIX ()OPM, B YACTHOCTH CBSI3aHHBIX C BOBJICUCHHEM
6e3Han30pHBIX TOAPOCTKOB (0T 10 — 15 et m ot 16 — 18 5eT) B KpuMHUHATIBHEIN OM3HEC.

ABTOpOM oOmpenenserca TO, YTO MPECTYMHOCTh HECOBEPUICHHOJNETHHX B IIEPBYIO OYepeAb OIpeAeseTcs
0COOEHHOCTSIMH JTMYHOCTH NMPECTYIHUKA. | TaBHOE ITpH €€ pacCMOTPEHUH — 3TO HECOBEPIICHHOJIETHE TIPAaBOHAPYIIIN-
Tensa. C HUM CBSI3aHBI OIpeJIeNIeHHbIE ONOJIOTHYECKUE, TICHXOJIOTHYECKNE U IICHXHYECKHEe M3MEHEHHS B CTPYKType
JUIHOCTH. Bo3pacToM 00YCIIOBIIEH ONpee/ieHHbI YPOBEHb PA3BUTHS CHJI, MHTEIUIEKTa, BICUSHUH U Jaxke «Pu3uu-
YecKash» BO3MOXKHOCTH COBEPIICHHUS ONPEIeNICHHBIX MPECTYIUICHHH.

Taxke aBTOpPOM CTaThH OIPENENEHO TO, YTO MPOIECC CONHMANHM3AINK WHAWBHAA HAYMHACTCS C PAHHETO
BO3pacTa, KOrJla OH HAYMHAET YCBaWBaTh POJIH, KOTOPHIE (POPMHPYIOT €0 JINYHOCTHBIE KadecTBa. FIMEHHO B IETCTBE
0007 9enoBek (opMHpyeTcs Kak OOIIECTBEHHOE CYIIECTBO, Y HETO Pa3BUBAIOTCS MHTEIUICKT, yMEHHE aHATU3UPO-
BaTh W 0000IIaTh OKpPY’KAIOIINE SBICHHSA, CIOCOOHOCTH MPEABUAETh BO3MOXHBIE TOCIEACTBUS CBOMX IOCTYIIKOB;
BBIPAa0ATHIBAIOTCS TAKHE BOJIEBBIE KAUE€CTBA, KAK HACTOWYHUBOCTD, IIETICYCTPEMIIEHHOCTh, CAMOKOHTPOJIb, AaKTHBHOCTb,
MHUNHAATHBA; (GOPMHUPYIOTCS CaMOCO3HAHHE, YYBCTBO COOCTBEHHOTO IOCTOMHCTBA, CTPEMIIEHHE K CAMOCTOSTEIIh-
HOCcTH. BCE 3TO TeCHO CBS3aHO C MOCTIETYIONUM ITOBEICHHEM JIMIHOCTH HECOBEPIICHHOIETHETO TPAaBOHAPYIITHTEIIA.
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Jaércs aBTOpCcKast TpaKTOBKa TaKOMY 0a30BOMY IOHATHIO, KaK «KPUMHHAIbHAS MOJOACKHAS CyOKyIbTypay.

IIpuBonutcs pernonanpHas cratuctka MBJ] Poccun mo mpaBoHapylmeHMsIM Kak MOCJHEICTBUN NaHAEMHUH
COVID-19 B Poccun.

Bce marepunansl, mpencTaBIeHHBIE B CTaThe, HE COAEPXKAT CBEACHHUH (MH(POPMAIIHIO), OTHOCAIINXCS K ToCyAap-
CTBEHHOM TaliHe Poccuiickoit denepanuu.

KarodeBble cj10Ba: [EIMHKBEHTHOE M JICBHAHTHOE MOBEICHUE IOAPACTAIONIETO MOKOJICHUS, KPUMHHOJIOTHS,
IOpHANYECKas! IICUXOJIOT U, MapTHHAIBHBIE TPYNIBI (CyOKYyIbTYphI) HECOBEPIICHHOJICTHIX, KPUMHUHAIIbHAS IEATCIb-
HOCTHh HECOBEPIICHHOJECTHUX, BOBIeUeHHE HecoBepimeHHoneTHHX B OIII, hopMupoBaHne HECOBEPIIEHHOICTHUMH
OIII', craTUCTHKa YTrOJOBHBIX MPaBOHAPYIICHNH HECOBEPIICHHOJIETHUX, ICHXIMYECKHE PACCTPONCTBA HECOBEPIICH-
HOJICTHUX TpaBoHapymmurenen, nocieactsusi nannemun COVID-19 B Poccun, TMYHOCTh MPECTYNHUKA, «KPHAMH-
HaJlbHasl MOJIOJICKHAS CYOKYIBTYpay.
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