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BUONOruA
BIOLOGY

UDC 631.4:546.3:001.18

M.A. Mukasheva, Sh.M. Nugumanova

Ye.A. Buketov Karaganda State University, Kazakhstan
(E-mail: n_sholpan@inbox.ru)

Status of soil cover on the degree of accumulation of heavy metals
in the soil of the industrial region (Karaganda city)

In article the condition of a soil cover of the city of Karaganda is studied. To this end, there have been ranked
according to the highest degree of pollution. It was revealed that the dynamics of hygienic indices for 3 years
is unfavorable with respect to the soil in the residential area. Against the background of the general tendency
to reduce the level of soil pollution in the zone of influence of enterprises, the soil in the industrial area of the
city is heavily polluted. The most intensive soils are contaminated with substances belonging to the first and
second hazard classes: lead, zinc, copper and nickel. The content of zinc exceeds the MPC by approximately
3 times, lead by 1.5 times, copper by 1.6 times, nickel by 1.3 times. Such differences in the formation of
zones of high and low soil polluted cities, to some extent, may be associated with age, the industrial devel-
opment of the city, which was formed in the past 50—-60 years, and much younger.

Keywords: residential area, the soil, lead, method of stripping voltammetry, industrial district, environment,
chemical pollution.

In conditions of modern anthropogenic pressure on the environment, the main type of industrial pollu-
tion of soils is contamination with heavy metals, the sources of which are industrial enterprises, vehicles,
housing and communal services. The most large-scale types of pollution in recent decades include environ-
mental pollution by heavy metals, which are extremely difficult to remove from soil ecosystems.

In addition to direct toxic effects, many heavy metals are characterized by so-called long-term toxicity
effects that affect such vital functions of living organisms as reproduction and bioproductivity. Thus, pollu-
tion of the environment with heavy metals poses a threat not only to individual organisms, but also to whole
generations and populations. Unlike many other pollutants, they are not destroyed and not converted. In na-
ture, in the processes of migration, only the forms of their location and concentration change. For many
heavy metals, a cumulative effect is characteristic — the summation of harmful effects from individual pol-
lutants. Monitoring the quality of the urban environment with full coverage of the residential area and taking
into account all significant anthropogenic factors in modern conditions will not be implemented to the neces-
sary extent due to the high cost of research. It is necessary to allocate observation zones that reliably reflect
the diversity of living conditions of the urban population [1, 2]. From the existing methodological approach-
es to the ranking of territories according to the level of environmental problems, the most appropriate is the
mapping of the territory according to the degree of environmental pollution [3, 4].

In this regard, the state laboratory control soil was held in Karaganda, which allows him to ascertain the
environmental status.

Materials and methods

To this end, there have been ranked according to the highest degree of pollution. To this end, we select-
ed soil samples from the various functional areas of the city. The first zone consisted of soil sampling point
from the territory located near the industrial plants at a distance of 1000-1500 m. The second zone is the
center of the city, where there is not industry, is the big pollution from road transport. Third point selection is
«sleeping» area of the city, where there is an extensive highway network and industrial and service enterpris-

8 BecTHuk KaparaHguHckoro yHuBepcuTeTa
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es. The metal content in the 750 soil samples was determined by stripping voltammetry. The method is based
on the accumulation of ions of analytes on the surface of the working electrode over time, with a yield of
ions from the working electrode in a solution under the influence of changes in the working electrode poten-
tial. Since each type of ion has a certain output potential, and the movement of ions causes a change in the
current in the working electrode circuit, this allows us to detect the current dependence on the voltage ap-
plied to the working electrode, to identify the type of ions, proportional to the current to determine the num-
ber of ions of the type [5, 6].

The mineralization of samples was carried out in an automated complex sample preparation «TEMOS
EXPRESS» TE-1. The automated complex sample preparation « TEMOS EXPRESS» TE-1 is designed for
the complete destruction of interfering organic substances, thermal treatment with oxidants (HNO;, H,0O,,
H,SO, et al.) in the temperature from 50 °C to 650 °C by determining the concentration of toxic elements
(Cd, Pb, Zn, Cu, As et al.) in samples of various environmental objects by conducting quantitative chemical
analysis by direct and inverse voltammetry, atomic absorption, photometry, etc. Total index of soil contami-
nation (SDRs), calculated using the formula recommended by the F.F. Erisman Moscow Research Institute
of Hygiene in 1996.

the soil K= Cl/ MPC] + C2 / MPC2 + C3 /MPC3 + ... Cn / MPC ns
where . 5ol K — total index of soil pollution; C;, C,, C; ... C, — actual concentration of chemicals in the
soil; MPC,, MPC,, MPC;, MPC,, — the maximum permissible concentration of these substances.

Research results

Dynamics of hygienic indicators for 3 years is unfavorable with respect to soil in the residential area.
Against the background of the general tendency to reduce the level of soil pollution in the zone of influence
of enterprises, the soil remains heavily polluted in the industrial area of the city. In the Oktyabrsky district
recorded 66.6 % of non-standard samples in the zone of influence of industrial enterprises. Within a radius of
industrial exposure, there are significant excess of MPC in a number of heavy metals. For example, in the
area of influence of the foundry «Kazakhmys» corporation, CHP-3 content of salts of heavy metals — cop-
per, zinc, lead, nickel — ranging from 1.8 to 7.5 MPC. In the central area of the city (Kazybek bi), 100 % of
the samples taken in the area of influence of transport highways registered concentrations exceeding the
standards for heavy metals (lead — from 2 to 10, MPC, nickel — from 4.6 to 6.3 MPC). In the South-
Eastern area of influence of highway industrial enterprises in 100 % of cases, the sampling of lead content
exceeds the norm of up to 3 MPC; zinc — 1.7 MPC; nickel — to 1.8 MPC.

During the period 20122015 in the city a special eco-hygienic survey of soils was carried out by soil
Center of Sanitary Inspection. Evaluation of soil contamination level was carried out by 17 indicators, in-
cluding heavy metals.

It may be noted that the most heavily contaminated soil substances belonging to the first and second
classes of hazards: lead, zinc, copper and nickel.

The most unfavorable is the situation on pollution by lead and zinc soil. The proportion of unsatisfacto-
ry samples for these indicators amounted respectively to 19.3 % and 15.5 %, and the frequency of the MPC
for copper and nickel, respectively, 7.3 % and 7.6 %.

One of the most contaminated areas is — Kazybek bi, where 40 % of the samples revealed lead in
quantities exceeding maximum concentration limit in 46 % of samples — zinc, 26.7 % — nickel. The share
of non-standard analyzes for copper was the highest in 2007 in the Oktyabrsky district, but in 2005 the
Kazybek bi district was in the lead.

The long-standing industrial pollution of the soil cover of the city, represents the city of Karaganda in a
single biogeochemical province. In studying the table we observe that the subject areas on the total figure is
almost aligned with each other.

The lead content of the soil cover ranges from 22 mg/kg to 53 mg/kg (Table 1, Fig. 1).

Table 1
Heavy metals in soils of Karaganda (mg/kg)
Ne Cu Pb Zn \Y Cr Co Ni Mn Be SDRs
1 53 22 115 71 98 17 27 607 2,1 6,7
2 26 24 150 50 51 23 14 280 1,8 4,7
3 21 53 60 67 68 22 22 1447 1,6 5,54

Note. 1 — area with high anthropogenic load; 2 — average anthropogenic impact; 3 — relatively clean area.
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district 1
district 2
district3

Figure 1. The content of Pb in the soils of Karagandy (mg/kg)

Lead contaminated territories of all areas of the city, most content from leading motorways (Fig. 2). For
copper characterized by localization in the upper layer of soil (10-15 c¢cm from the surface) which reflects its
bioaccumulation and modern anthropogenic influence. Contamination of soil copper compounds is the result
of contributions from industrial sources. Possible occurrence of local copper anomalies in soils as a result of
corrosion of structural materials containing copper alloys (electrical wires, pipes).

district 1
district 2
district 3

Figure 2. The content of Cu in the soils of Karagandy (mg/kg)

The variability of copper concentration in the city was 21 mg/kg — 53 mg/kg (Fig. 2). Manganese ac-
cumulation usually occurs in the subsoil, and 60-90 % of the manganese is found in sandy soil fractions. In
soils of the city there is a wide distribution of manganese in concentrations from 607 to 1447 mg/kg (Ta-
ble 1). This is due to the fact that emissions of many enterprises of the city contain manganese oxide. The
reason for the low manganese content in the upper layers of the soil can be a large radius of its dispersion
and exceeding the solubility in the presence of pH-lowering humic acids.

Nickel is found in the town soil cover in concentrations of 22 mg/kg to 27 mg/kg (Fig. 3). The high
concentrations are determined in the territories of all districts of the city. Accumulation of nickel in soil is
due to the ability of the cell adsorbed manganese oxides and organic forms of iron.
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district 1
district 2
district 3

Figure 3. The content of Ni in the soils of Karagandy (mg/kg)

The range of concentration of beryllium in the city of 1.6 mg/kg — 2.1 mg/kg, which contributes to
shift the pH toward alkaline sides. The chromium coming from technogenic sources usually accumulates in a
thin surface layer of soils. The range of oscillations is 68-98 mg/kg (Table 1). Chromium is from 68 to
98 mg/kg. Increased chromium content is registered in the individual samples. The presence of chromium in
soils indicates its technogenic nature. Chromium accumulation in soil associated with the pH of the medium
and large amounts of organic complexes [7, 8].

Revealed several territorial areas of the city (district Ne 2 — the average man-caused load), where there
is extensive contamination of soil, including: Avenue Bukhar-Zhyrau (lead — 2.3 MPC, copper —
5.5 MPC); Prospect Builders (lead MPC — 2.5); Bus South-East (lead — 2,9 MPC); area CHP-3 (copper —
7.5 MPC; nickel — 6 MPC); zone of «Kazakhmys» in the October district (lead — 2 MPC, copper —
3,7 MPC, zinc — 1,7 MPC).

High lead contamination of soil from the exhaust gases of vehicles registered in the quarter of 45,
str. Yazev, str. Gogol, Avenue N.Abdirova reaching 2 to 10 MPC (Table 2).

Table 2
Excess of heavy metals in the soil relative to the MPC residential areas
Zone 2013 y. 2014 y. 2015 y.

Cu Zn Pb Ni Cu Zn Pb Ni Cu Zn Pb Ni
1 1.8 2 3.2 4 2 34 5 7 2.3 5 6 7.5
2 2 2 4 4 3 34 6 6.5 7.5 4.2 7.2 6
3 54 - 2 4.6 — — 6 54 — — 8 6
4 5.5 - 3 4.2 — — 8 5.7 — — 10 6.3
5 2.5 - 2.5 1.3 — — 1.6 1.2 — 1.2 1.7 1.2
6 — - 2.9 1.2 — — 1.7 1.2 — — 1.5 1.2

Note. 1, 2 — Oktyabrsky district; 3, 4 — Kazybek bi; 5, 6 — South-East.

In terms of oil pollution, the most polluted are Kazybek bi and southeastern regions, where the average
annual concentration of 735—737 mg/kg. These laboratory monitoring of soil pollution by pesticides indicate
their absence in the soil.

Monitoring of territories clinics residential areas on the total level of soil contamination has revealed
that similar to the total index of air pollution the highest soil pollution with heavy metals is observed in the
service area of a polyclinic Ne 2 (Kazybek bi). Soil pollution is noted on the territory of the polyclinic Ne 3
(South-East). Pollution 13 and 15 districts (Maikuduk) territory clinic Ne 4 and 7 Oktyabrsky district (an av-
erage SDRs of the city — 2.08).

By calculating the average levels of soil contamination with heavy metals in the service areas of poly-
clinics, some sharply differing values of the indicators (abnormal values) characterizing analyzes of soil

Cepusi «Bronorus. Meamuuxa. Meorpacusi». Ne 3(87)/2017 11



M.A. Mukasheva, Sh.M. Nugumanova

samples either on motorways or in the immediate vicinity of industrial facilities were excluded from treat-
ment. Of course, by sampling soil samples, the zones of influence of enterprises and highways were not
completely avoided, residential areas were affected selectively, however, the main regularities of the differ-
ences in soil pollution of the city were fixed quite objectively.

Thus, the highest level of pollution and accumulation of elements of I and II classes of danger, such as
lead, zinc, copper, nickel, based on the share of non-standard samples is Kazybek bi area and the area of the
foundry «Kazakhmys» corporation.

City Karaganda receives heat and hot water mainly from CHP-3, which also contributes to the pollution
of the regional center [3, 9]. The table shows that the accumulation of the studied elements in the soil adja-
cent to the territory of CHP-3 at doses exceeding the maximum permissible concentration in a few times
(Table 3).

Since the zinc content exceeds the MPC is about 3 times in all sampling points. The lead content ex-
ceeds MPC by 1.5 times in all sampling points. The copper content exceeds MPC by 1.6 times. The nickel
content exceeds MPC by 1.3 times. MPC cobalt content exceeds 0.6 times at a distance of 500—-1000 m, in
other points of the content selection is within the MPC, but greater than the background by more than
10 times. We also spread the soil pollution of heavy metal salts was determined (in terms of the SDR). Ef-
fects observed in the radius of the motorway on the territory of 45 quarters (Kazybek bi district) and the main
part of the prospectus of Builders of South-Eastern District. Similarly, atmospheric pollution regularly high-
lighted «conditionally cleany» zone — Gulder community-1 and Mikhailovka area (Kazybek bi district).

Table 3
The distribution of heavy elements in the soils of the area CHP-3 Karaganda (mg/kg)
. Subject distance
Chemical element Background MPC 500-1000 m 1500-3000 m 3000-10000 m
Zinc 41.5+2.33 100 328.6+£18.26 299.1+34.88 285.46+21.0
Lead 15.6+0.89 60 85.5+4.22 82.3+5.85 84.87+10.34
Copper 18.2+2.21 100 168.4+7.11 162.3£12.75 161.5+8.12
Cobalt 3.840.56 50 56.5+£11.50 46.9+6.33 43.2+7.14
Nickel 12.2+1.54 70 95.5+23.96 89.6+9.74 88.3+11.25

Such differences in the formation of zones of high and low soil polluted cities, to some extent, may be
associated with age, the industrial development of the city, which was formed in the past 50-60 years, and
much younger.

Thus, to increase the effectiveness of the monitoring of chemical elements in samples of natural envi-
ronments that require surveillance organization dynamics.
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M.A. Mykamesa, lII.M. Hyrymanosa

OHnjipic aymMarpl TONBIPAFBIHAA AYBIP METANAAPABIH KUHAKTAY
JAeHreiii 00MbBIHIIA TONBIPAK KAMBLIFbICHIHBIH Karaaiibl (Kaparanabl Kajgachl)

Makanana KaparaHabl KajachlHBIH OpTYpii (DYHKIHOHAJIBI ayMaKTapbIHBIH TOIBIPAK JKAMBUIFBICBIHBIH
JKaFIaibl 3epTTeni. TONbIpaKThIH ayblp METAIAapMeH JIaCTaHyblHA OaiIaHBICTBI YKOJOTHSIIBIK KaFJaliIbIH
JeHreii OOMBIHIIA Kala ayMaFbIHBIH KiKTemyi skyprizingi. CenureOTi ayMaKTaFbl TONBIPAFBIHBIH 3 KBUIIBIK
TUTHEHANBIK KOPCETKIIITEP/iH KaFbIMCBI3 THHAMHUKACHI aHBIKTAJIBL. OHIIPIC ayMaFbl TOMBIPAFBIHBIH KOFaphl
MeJIIep/e JacTaHysl aanenaeH . Tomblpak KapKbIHABI TYpAe KayNTLTKTIH OipiHIN jkKoHe eKiHIN KiIachlHa
JKaTaThlH MBIPHIN, MBIC, HUKEIb JKOHE Tarbl Oacka 3aTrapMeH JsactanraH. Mbpipeimn Memmiepi [IIPK
MmenmiepineH 3 ece, Mbic 1,6 ece, Hukenb 1,3 ece jxorapbl. Kama TONBIparbIHBIH JKOFapbl KoHE TOMEH
JeHreiiie ayslp MeTaigapMeH JacTaHybl COHFBI 50—60 kpuimap OOMBI KaJbIITACKaH OHAIPIC KYPBUIBICIICH
GaitaHpICThI 6OTYbI MYMKIH.

Kinm co30ep: cenntedTi aymMak, TONBIPaK, MBIPHILI, MBIC, THBEPCHUSUIBIK BOJIBTAMICPOMETPHSI TICIJI, OHAIpic
ayMarbl, KOpIIaFraH OpTa, XMMHSUIBIK JACTaHY.

M.A. Mykamesa, [11.M. Hyrymanosa

CocTosiHME TOYBEHHOI'0 NOKPOBA MO CTEeNEHU HAKOIJIEHUS TSKeJIbIX MeTAJLI0B
B M0YBE NPOMBIILIEHHOr0 peruoHa (ropoa Kaparanjaa)

B crarbe n3ydyeHo cocTosiHUE TIOYBEHHOTO MOKPOBa ropoaa Kaparanipl ¢ pa3inyHbIX (GyHKIMOHAIBHBIX 30H.
IIpoBeneHO paHXHMpOBaHHE TEPPUTOPUI TOpoJa MO CTEIEHU HANPABICHHOCTH 3KOJIOTMYECKOH CHUTyaluH,
CBSI3aHHOM C 3arpsi3HEHHEM NOYBBI TSHKENBIMU MeTalIaMH. BbIBIEHO, YTO AMHAMMKA THTHEHUYECKUX MOKa-
3ateneif 3a 3 roga HeGaronpuATHa [0 OTHOLICHUIO K MOYBe B cenuTeOHOM 30He. Ha done obmeil TeHaeHnun
K CHIDKCHHUIO YPOBHS 3arpsi3HEHUS ITOYBHI B 30HE BIHMSHHA NPEANPUSATHI B MPOMBIIIIEHHOM paioHEe Topoja
MoYBa CHIIBHO 3arpsi3HeHa. Hanbonee MHTEHCHBHO MOYBHI 3arps3HEHBI BEMIECTBAMHU, OTHOCSIIIUMHUCS K TIep-
BOMY U BTOPOMY KJIacCaM OIIaCHOCTH: CBUHIIOM, IIMHKOM, MeAbI0 1 HuKeneM. CozepikaHne UHKA IIPEBhIIIa-
et IIJIK mpumepHo B 3 pasa, cBuHna — B 1,5 pasa, meau — B 1,6 pa3sa, Hukens — B 1,3 pasa. [logoOHble
paznuuus B GopMHUPOBaHHUHU 30H BEICOKOH M HU3KOH 3arpsI3HEHHOCTH II0YB TOPOJIA B ONPEICICHHON Mepe MO-
T'yT OBITH CBSI3aHBI C BO3PACTOM IPOMBIIUICHHON 3aCTPOHKH ropoja, KoTopast chopMHUpOBaIach B MOCIEIHIE
50—60 neT (1 3HAYUTEILHO MOJIOKE).

Kniouesvie cnosa: cenuteOHBIE TEPPUTOPUH, TOYBA, CBHHEL, LUHK, MeIb, HUKENb, METOJ MHBEPCUOHHON
BOJBTAMIIEPOMETPHH, TPOMBIIIICHHBIN PaliOH, OKPY’KaroIIasi Cpeia, XUMHUIECKOE 3arpsi3HEHHE.
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Toxicity of antibiotics mixture to the aquatic biota

Nowadays, the occurrence of pharmaceuticals in various concentrations in surface waters and effluents were
reported in many papers worldwide. The studies of developed countries showed that many pharmaceutical in-
gredients can have the negative effect on the growth and reproduction of environmental species. Neverthe-
less, pharmaceutical pollution has not been considered as environmental issue in Kazakhstan. Previous stud-
ies on pharmaceuticals were focused on the effect of single pharmaceutical ingredient exposure to living or-
ganisms. Nevertheless, in most cases pharmaceuticals occur in the environment in mixture forms. Therefore,
the aim of the following paper was to perform ecotoxicological test for the effect of the mixture antibiotics to
the growth of Lemna minor. The combination of five antibiotics as amoxicillin, clarithromycin, azithromycin,
sulfamethoxazole and oxytetracycline was used as objects for assessment study. Two measurement variables
were used for the evaluation: growth rate and growth inhibition. The results of the experiment showed that
the mixture of studied compounds is highly toxic to macrophyte, as the half-maximal effect concentration
was below 1 mg/L (0.13 mg/L).

Keywords: amoxicillin, clarithromycin, azithromycin, sulfamethoxazole, oxytetracycline, Lemna minor, eco-
toxicology, environment, pharmaceuticals, pharmaceutical pollution.

Introduction

In the last three decades of the studies, pharmaceuticals were classified as environmental pollutants and
it was concluded that they can lead to environmental contamination and even cause risk to human health.
Likely, the production and usage of drugs will grow in the future, as people live longer and consume more
pharmaceutical products when they become older. Moreover, the living standards are becoming higher and
the number of budget friendly drugs are increasing. As a result, it can lead to the increase of pharmaceutical
pollution worldwide [1].

Currently, above 3000 active pharmaceutical compounds as antibiotics, beta-blockers, painkillers, con-
traceptives, lipid regulators, tranquilizers and impotence drugs are consumed in the world. After usage phar-
maceuticals released as parent or metabolized form. The majority of drugs are well soluble in water and
therefore they easily enter to the aquatic system. The consequences of such releases and effect of pharmaceu-
ticals to the environment and human are not well studied. Medical substances do not release only in specific
location, they are spread worldwide everywhere. Furthermore, drugs do not meet individually, they occur in
mixtures [2]. Thus, pharmaceutical products can be included to the uncontrolled chemical stressors that enter
to the environment [3].

According to research by scientists at the University of Gothenburg in Sweden, clotrimazole pollutes
the ecosystem of the ocean. The community of natural microalgae Periphyton were used for their study. The
species were exposed to different concentrations of clotrimazole during 4 days. The results demonstrated that
clotrimazole violates algae metabolism. The fact that single-celled microalgae are the fundamental basis of
the food chain in the ocean, and the use of clotrimazole could affect the whole ecosystem of the ocean [4].

The well-known case of the negative impact of pharmaceuticals has been registered in South Asia. In
these countries, the population of vulture species as Gyps bengalensis, Gyps indicus, Gyps tenuirostris and
Sarcogyps bald declined sharply in 2000-2007. The reason for the extinction of this population became a
pharmaceutical formulation of diclofenac. This compound was used for the treatment of tumors and injuries
of cattle. After the introduction of the pharmaceutical compound, 0.3 mg of diclofenac were found in cattle
liver. Birds fed on the carcasses of those cattle and accumulated in their body in concentration up to
0.1 mg/kg. As a result, there was decline of more than 90 % of vulture population and this led to the increase
of wild dog population and consequently spread rabies [5-7].

Photoautotrophs as algae and macrophytes play an important role in total biomass in the aquatic system.
Moreover, algae and higher aquatic plants are the major carbon sources for the aquatic environment. Howev-
er, there have not been performed many toxicity test of antibiotics on macrophytes and algae. It can be noted,
that risk assessment results pay a big attention representatives of aquatic organisms [8].
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The aim of the following research was to assess the effect of mixture five antibiotics as amoxicillin,
clarithromycin, azithromycin, sulfamethoxazole and oxytetracycline to the growth of duckweed. Lemna mi-
nor was selected as object of the study. Overall, duckweeds occur in the majority of surface waters world-
wide. The most well-known duckweed is Lemna minor. This macrophyte is very convenient for ecotoxicity
study, as it is budget friendly and time saving. Moreover, there have not been conducted many studies on
effects of pharmaceuticals to duckweeds. Mostly, ecotoxicity studies are focused on impacts of drugs to fish
and algae [9].

Materials and methods

Antibiotics were supplied from Sigma Aldrich UK. Lemna minor were collected from Food and Envi-
ronment Research Agency. Table represents data about the study substances used for the ecotoxicity test.

Table
Physico-chemical properties of study compounds
Antibiotic Molecular formula Molecular weight, g/mol Solubility in water, mg/L
Amoxicillin Ci6H19N305S [10] 365.40416 [11] 3430 [10]
Clarithromycin C;33HgoNO15[10] 747.953 [11] 1.693 [11]
Azithromycin C3sH7»N,04,[10] 748.98448 [11] 2.37[11]
Sulfamethoxazole C1oH1N305S [10] 253.27764 [11] 610[10]
Oxytetracycline CpH,sCINyOg [11] 496.897 [11] 1000 [11]

Lemna minor growth inhibition test was performed according to OECD Guideline for the testing of
chemicals 221 [12]. In order to conduct Lemna minor ecotoxicity study, 15 mL petri dishes were used and
filled with 10 mL of Swedish SIS medium nutrition solution. Due to low solubility of macrolides in deion-
ized water, the stock solution of was made in ethanol. The mixture of antibiotics was made in ratio 2:1:1:6:5
(amoxicillin, clarithromycin, azithromycin, sulfamethoxazole, oxytetracycline respectively). The following
ratio was selected due to their exposure indices in surface waters of Kazakhstan [13]. Each petri dish includ-
ed 2—4 frond colonies with total 6-8 fronds. Ecotoxicological experiment was set up with three replicates test
compounds and six replicates of controls. The toxicity of antibiotics was assessed in concentrations from 0.2
to 1 mg/L. Fronds of Lemna minor were calculated at the beginning of the test, then on day 3 and day 7. The
area of the colonies in each test sample was detected using the image analysis software Image J. The effect
of test samples on growth of Lemna minor was assessed using response endpoints: growth inhibition and
mean specific growth rate of frond numbers [12].

Results and discussion

According to results of half maximal effect concentrations (ECsy) of five compounds to Lemna minor
was 0.13+0.02 mg/L. Figure demonstrates the growth inhibition and growth rate of tested duckweed to the
mixture of the compounds. Initially, tested concentrations ranged from 0.2 mg/L to 1 mg/L. However, at the
end of the test, the fronds in the samples with concentration 0.8 mg/L and 1 mg/L died and in concentration
0.6 mg/L almost total growth inhibition was recorded. The concentration value 0.6 mg/L led growth rate till
0.01 d”', while the value of controls in growth rate was 0.17 d™".
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Figure. The growth inhibition and growth rate of the mixture five antibiotics:
amoxicillin, clarithromycin, azithromycin, sulfamethoxazole and oxytetracycline
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The value of ECsy of combined compounds to duckweed is lower than 1 mg/L. According to EU-
Directive 93/67/EEC classification, this mixture is very toxic to aquatic life [14].

Overall, the results of the performed ecotoxicolgical test are persistent with previous with results of
previous research. In 2002, Cleuvers carried out investigation on ecotoxicological potential of prescription
drugs to aquatic organisms. For the research, he used pharmaceuticals as clofibric acid, carbamazepine, ibu-
profen, diclofenac, naproxen, captopril, metformin, metoprolol and propranolol and aquatic organisms as
crustacean Daphnia magna, green algae Desmodesmus subspicatus and macrophytes Lemna minor. The re-
sults showed immobilization in 24 and 48 hours. During the test, it was found that Desmodesmus subspicatus
and Lemna minor are sensitive to the most of drugs as they showed a high growth inhibition percentage. In
addition, in analysis of effect of drugs to aquatic organisms, Cleuvers identified that the mixture of medica-
tions had a stronger effect to tested organisms rather than individual exposure of substances. In view of this
study it may suppose that in most cases pharmaceutical compounds affect in combination to environmental
species [15].

A recent study by Aubakirova et al. found that amoxicillin, clarithromycin, azithromycin,
sulfamethoxazole and oxytetracycline individually also have a toxic effect to Lemna minor. Aubakirova et
al. highlighted ECs, of sulfamethoxazole below 10 mg/L and concluded that this antibiotic is highly toxic to
aquatic species [9].

In the same vein, in 2017 Bialk-Bielinska et al. have performed investigation on effects of the combina-
tion six antimicrobial sulfonaimides and their degradation compounds sulfanic acid and sulfanilamides to
green algae Scenedesmus vacuolatus and macrophyte Lemna minor. The study also included the assessment
of toxicity of individual substances as sulfanic acid and sulfanilamides to selected species. According to the
results, sulfanilamides are toxic to the species in the aquatic biota, whereas sulfanic acid does not cause risk
to aquatic organisms. However, the mixtures of sulfonaimides and sulfanilamides showed a high risk, as
their effect concentration (ECsy) value to Lemna minor was lower than 1 mg/L and to Scenedesmus
vacuolatus was around 1-1,5 mg/L. These outcomes demonstrate that single pharmaceutical compound can
be not toxic, but their combination is harmful to environmental species [16].

Conclusion

To sum up, over the last 20 years, there has been increasing interest in the occurrence, fate, effects and
risk of pharmaceuticals in the natural environment. However, we still have only limited or no data on
ecotoxicological risks of many of the pharmaceutical ingredients currently in use. Consequently, it is essen-
tial to conduct ecotoxicity studies of pharmaceutical substances on various environmental species. Nowa-
days, the most studies are focusing on individual impact of drug to aquatic biota. However, pharmaceuticals
occur on surface waters in the combination. Therefore, we believe it is significant to carry on research on the
effect of mixture pharmaceutical compounds to living organisms.
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Cy OuoracbiHa AHTHOMOTHKTEP KOCHACHIHBIH YJIbLIbIFbI

Kasipri yakpiTTa ITyHHEKY31 OOHMBIHIIA (apMaleBTHKAIBIK MpenaparTapAblH alyaH TYpJi KOHLEHTpauusiaa
OeTkell XoHE arblH CyJapja Tapalybl Typalbl KOITereH MaKajajnapjaa akmapar Oap. [lambiran ennepaif
3eprreyiepine coiikec, (papMaleBTHKAIBIK HHIPEIUEHTTEp SKOJOTMSUIBIK Tipl ar3ajapiblH ecyiHe >KoHe
ke0eroiHe jkarbIMCBI3 acep ereni. Jlerenmen, Kaszakcranna apMarieBTHKAIBIK JIACTaHy YKOJOTHSIIBIK Macene
peringe KapactelppuiMaraH. Jlopinik mpemaparrap OOMBIHIIA AJNIBIHFBI 3epTTEyJiep KaIFbI3 (hapmareB-
TUKaJBIK WHTPEAMCHTTIH Tipi ar3ara ocepiH KapacThIpraH. Aulaiija KopIlaraH opraja KeIl jKariaijia
(dapmaneBTHKAJIBIK Openaparrtap Kocna TypiHme keszgecemi. Con cebenti OepiireH MakKaslaHbIH MakcaTbl
aHTHOMOTHKTEP KOCHACBIHBIH Lemna minor ecyiHe 9CepiH 3epTTey]e SKOTOKCHKOJIOTHSIIBIK TECT XKYPTi3y
Oomnapl. bangeipmentiH ecyiH Oaranmay VIIiH 3epTTey HbBICaHa pPETIHAE AMOKCHLIWUIMH, KIApUTPOMHIIWH,
A3UTPOMUIINH, CYJIb(AMETOKCA30/ KOHE OKCHTCTPAIMKINH AHTHOMOTHKTEP KOCTACHI KOJAAHBIIIBL.
Baranayna eki eimem maiianaHbUIIB ©CY JKBUITAMIBIFEI MEH OCY TEXeIyi. 3epTTey HOTIXKeNepiHe calikec
3epTTeNreH UHIPeIUEHTTep KOCIachl Makpo(uT ymIiH aca yisl 0ok TaObuIazgsl, cebedi OHBIH >KapThUIal
MaKCHUMaJIJIbI 3cep eTy KOHIEeHTpauuscsl 1 Mr/i-ged tomeH (0,13 mr/i).

Kinm ce3dep: aMOKCHULMIUIMH, KIAPUTPOMHIMH, a3UTPOMHULMH, CyJb()aMETOKCa30J, OKCHTETPALMKIINH,
Lemna minor, 3xoynaHy, KOpIIIaraH opTa, (hapMaleBTUKAJIBIK ITpenapaTTap, hapMareBTHKANbIK JacTaHy.

b.H. AyGakuposa, P.P. belicenoBa, A.K. XXamanrapa, 3. Paxeivokanksizsl, A.b.A. bokcan

ToxcnuHOCTH cMeceii AHTHOUMOTHKOB K BOAHOM OHOTE

Ha ceroansmamii 1eHb UIMEIOTCS JaHHBIE O PACHPOCTPAHCHUH (hapMaIleBTHUECKUX IPENapaToB B Pa3IUIHBIX
KOHIICHTPAaUsIX B IIOBEPXHOCTHBIX M CTOYHBIX BOZAX IO BCeMy MHpY. MccrneqoBaHUs pa3BUTHIX CTPAH ITOKa-
3aJIM, 9YTO MHOTHE (hapMaleBTHIECKHE HHIPEANCHTH MOTYT OKa3bIBaTh HEraTHBHOE BIMSHUE HA POCT M pa3-
MHO)KEHHE JKUBBIX cymecTB. OnHaKo (apMalieBTHIeCKOe 3arps3HeHNe He pacCMaTPUBACTCS B KAUSCTBE DKO-
norunueckoil npobnemsl B Kazaxcrane. Ilpenpinyimune ncciaenoBanus N0 3arpsA3HEHHIO (apMarieBTHYECKUMU
npenapaTamMu ObUIH COCPEIOTOYEHBI Ha BIMSHHU OJHOTO (hapMalleBTHYECKOro MHIPEANCHTA Ha KHUBBIE Opra-
HU3MBL. TeM He MeHee B OONBLIMHCTBE CiIyyaeB (papMalleBTUUECKHE IIPemapaThl BCTPEYAIOTCS B
OKpy>karomiel cpege B Buzme cmeceid. Takum o0pa3om, Lenpl0 JaHHBIA pPabOTHl OBLIO NpOBEACHUE
9KOTOKCHKOJIOTHIECKOTO TecTa Ha BO3JCHCTBHE cMecell aHTHOMOTHUKOB Ha PocT Lemna minor. B xauecTBe
OOBEKTOB U OIEHKH HCIONb30Balach KOMOWHAIMSA U3 IIATH AHTHOMOTHKOB: AMOKCHIIWJUIMH,
KJIAPUTPOMHLIUH, a3UTPOMHUIIMH, CyJIb()aMeTOKCa30JI U OKCUTETPAINKINH. [IJIs1 OLICHKU UCIIOIb30BAINCH JBE
TIepeMEeHHBIE U3MEPEHMs: CKOPOCTh POCTa U MHIHOMPOBAaHHE pocTa. Pe3yibTaTel SKCIIepUMEHTa MOKa3aiH,
YTO CMECh HCCIIEIYeMBIX COCAMHEHHH BBICOKO TOKCHYHA JUIi MakpoduTa, Tak KaK ero IojlyMaKCUMallbHas
a¢dexTHas kKoHneHTpauus obuta Hiwke 1 mr/i (0,13 mr/im).

Knouesvie cnosa: aMOKCULMIUIMH, KIaPUTPOMMIMH, a3UTPOMULIMH, CyJIb(aMeTOKCa30/1, OKCHTETPALIMKIIVH,
Lemna minor, 3KOTOKCUKOJIOTUS, OKpYXKatolas cpena, hapManeBTHYeCKHe Ipenaparbl, (papMaleBTHuecKoe
3arps3HeHHe.
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AKTay TayJ/ibl OHipiHiH KeH TapaJaraH Keidip Jopijik koHe 3pup MaHIbIK
eciMlikTepiHiH kep OeTi MylIe/IepiHiH HIUKI3aT KOPBI

Makanaga Akray TayblHa KapacTel TepT eHipaiH (Paiipic, [apar, Kopran, Axcaii) op Typmi eciMIOikTep
OipiecTiringe Ke3JeceTiH KeH TapalraH opi Jopurik, oapi 3¢up Maimeik 10 Typai eciMaikTiH (Komimri
TyiiMeneTeH — MMKMa OObIKHOBeHHas — Tanacetum vulgare, KOOIMIT MBIHXKAIbIPaK — THICSYCITHCTHHK
0OBIKHOBEHHbIN — Achillea millefolium, nopinik KaHbIIION — KPOBOXJIEOKA JIeKapCTBEHHAs — Sanguisorba
officinalis, nana xanObI3el — MsTa noneBas — Mentha arvensis, ampl XycaH — IOJBIHb TOpbKas —
Artemisia absinthium, cyp *ycaH — MOJbIHb cepasi — Artemisia glauca, GWiK KycaH — MOJIBIHb BHICOKAs —
Artemisia abrotanum, nanaiplk condbeH — mmandeii crenHoil — Salvia stepposa, nicti KHiKOT — 3u3ndopa
naxy4ykoBuaHass — Ziziphora clinopodioides, xomimri xe0ipmen — THUMBSIH OOBIKHOBEHHBIH — Thymus
vulgaris) MIMKi3aTBIHBIH SKCIUTYyaTalWsUIBIK JKOHE JKbUT CaHBIHFBI MYMKIHIIK KOpBI aHBIKTANABL TipkenreH
oCIMIIKTep/iH imiH/e FRUIBIME MEJUIMHAFA SHT131ITeH, Ka3ipri TaHa CYpaHBICH XKOFaphl YII TYPii (KoaimMri
TyiiMeneTeH — MmKMa OObIKHOBeHHas — Tanacetum vulgare, KOMIMIi MBIHXKAIbIPaK — THICSYCITHCTHHK
OOBIKHOBEHHBIN — Achillea millefolium, aibl )KxycaH — TMOJIBIHE TOpbKass — Artemisia absinthium) nopinik
OCIMIIKTEPIiH JKep OeTi OpKeH MYIIIenepi SKCIUTyaTalMsUIbIK IMUKI3aT KOPbl MCH JKbUI CAilbIHFBI MYMKIH/IiK
KOpBI 0apiIbIK 3epTTEIreH OHipiaep OOMbIHILIA KOFAPBI CAHIBIK KOPCETKILl KOPCETKEH/Ir Typaibl aiiThUIFaH.
Op aynaH 6oitbiina 10 Typmi gopinik, 3Gup MaiiblK ©CIMIIKTEpAiH KOPBIH CAIBICTHIPMANbI TYPJC aHBIKTAY
OapbIChIH/IA Tapajly JKarblHaH Ja, IIMKi3aT KOPHIHBIH THIFBI3IBIMCH MEH JKCIULyaTallHsIIbIK, JKbUT CAHbIHFBI
MYMKIHIIK KOPBIHBIH CaHIBIK KepceTkimrepi — Paiipic keHI MeH JlapaT TOFaHBIHBIH MaHBIHIA aHBIKTAJIFaH
ecIMIIKTep/ie )KOFaphl KOPCETKINITep OepreHiri Typaibl al THUIIBL.

Kinm ce30ep: nopinik, apup MaiibIK, (UTOIEHONOTHSIIBIK CHIIATTaMa, apeall (Tapaiybl), KOp, SKCIUIyara-
IVSUTBIK IIAKi3aT KOPbI, eMip cypy (opmachl, KaybIMIACTBIK, OipsKbUIIBIK OHE KOIDKBULABIK ©CIMIIKTEp,
Kcepodut, Me30HUT, KcepoMe30pHT, ME30KCePODUT, TUTPODUT.

Conrbl kbuTIapbl KazakcTaHHBIH KONTEreH ayAaHIapblHIA KEH TapajfaH MaiJanbl eCIMIIKTEp
aJaM3aTThiH TaOWUFAaTKA THTI3TEH Op TYPIi JKaFbIMCBI3 9CEpiHEH 3apiam Imieryjae. cipece Adpilik, 3¢up
MaMWIBIK ©CIMIIKTEPMAiH HIMKI3aThIH PETCi3 JKWHAYNaH KONTereH OCIMAIKTEpJiH apeaibl TapbUIbII, KehHoOip
TYpJIEpi CUPEK Ke3IeCeTiH KoHEe XKOWBUIBIT Oapa jkKaTKaH ecIMIIKTep KatapbiHa Kipai [1, 2]. Onebu nepexrep
OOMBIHIIIA, MOPUIIK JXoHE 3(PUp MaIbl OCIMIIKTEp JKaH-)KaKThl 3e€PTITEIreH aynaHaapra KasakcTaHHBIH
OHTYCTIK JXoHE IIBIFBIC OHIPiHIH TayJbl aymaHAapsl katafpl. An, Opranslk KazakcTaHHBIH KeHOip Tayibl
alfMaKTapBIHBIH TaiaaIbl ©CIMIIKTEpl, COMApABIH ilmHae AKTay TayJbl OHIpiHAEC Ke3IeCeTiH AOpiliK, 2hup
MAaMIBIK JKOHE Tarbl 0acka maiinanbl eciMAIKTEpi Typajbl JiepeKTep >KOKTHIH Kachl [3, 4]. Ockiran Oaiina-
HbeIcTHl KaparaHsl oOnbICHIHBIH JKaHaapka ayqaHbIHA KapacThl, alllllak OpHajJacKaH AKTay TayJibl OHIpiHIH
eciMIiKkTep OipJeCTIriHIH THITIH aHBIKTAII, OJapa Ke3/IeCeTiH Ka3ipri TaH/1a CYPaHbBICHI )KOFaphI AOPLTIK jKoHE
3(up MalIBIK 6CIMIIKTEPIiH TYPJICPiHiH Ti3IMiH JKacall, oJIapbIH iITiHEH KeH TapaiFaH TYPJIEPIHiH MTUKi3aT
KOPBIH aHBIKTAYIbIH YJIKEH TEOPHUSUIBIK KOHE MPAKTUKAIBIK MaHbI3bl 0ap. COHIBIKTaH AKTay TayJibl OHIpiHE
kapactel Jlapar, Kopran, Axkcaii OemiMmmenepiHme, op Typili eciMIikrep OipiiecTiriHie KeH TapalFaH
10 Typmi opi mopimik, opi 3dup MaNBIK ©CIMIIKTEPIHIH KOPHIH aHBIKTAy Oi3MiH aJJbIMBI3Fa MakcaT CTill
koubLIbl. Ochl MakcaTka kery yinH 3 eHipaid ([lapar, Kopran, Akcaii) eciMiikTep OipJecTiriHiH THIT
AHBIKTAJIBIN, OCBHl OIpNECTIKTEpAE KEe3[EeCeTiH NOpiTiK >koHe 3(up MaMNIBIK ©CIMIIKTEpIiH Ti3IMiH kacam,
Ka3ipri Ke3je MeIuIInHaIa CYPaHbICHl JKOFaphl, KeHOIp KeH TapaiFaH AOpiiK, d3UP MAUIIBIK O©CIMIIKTEPIIH
JKep OeTi MyIIeepiHiH MIMKI3aT KOPBIHBIH THIFBI3BIFBIH CAIBICTHIPMAIIBI TYPJIC aHBIKTAY aJIJBIMBI3Fa MiHACT
eTuTin Kobuiabl. TipKenreH eciMIOiKTepAiH THIFBI3ABIFBIH aHbikTay yuiH M.JI. Kpsutoa, A.U. Uperepain
[5], WJI. KpsuioBansiH [6] amicTepi maimanaHpUIIbl. OCIMIIKTEPIiH KOpJIapblH aHBIKTAy/la MaiiiagaHaThH
HETI3Ti eKi omicTemMe Oap, oap KeH TapajFaH ©CIMIIKTEpPIiH KOMaJaphIHBIH HAKTHI IIOFBIPIAHFAH JKepiepi
Hemece Oenrini Oip ecenrtey TeliMiHIEe, MOJIENBIIK JaHaIap dICTEMECIH KOJAaHy.

OciMIIKTepiH KOpJapblH aHBIKTayla 3epTTeyre ajblHFaH OCIMIIKTepAiH HAKTHl IIOFBIpIaHFaH
JKepIepiH KepceTy €H aHBIK MOJIIMET Oepemi, Oipak 3epTTey aifMarhl YIIiH TOJBIK MOIIIMET Oepe aIMaiib.
OchbI 9/IICTICH aHBIKTAJIFaH O6CIMJIIK KOPJIAPBIHBIH IIMKI3aThIH KHHAY Y3aK yaKbITKa 00/bKay Oepe aiMaibl,
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cebebi com xeplep/e eriH eriyin HeMece KYPBUIBIC CAIBIHYBI, OpT, Tarbl Jla 0acka esrepicTep OOIybI
MYMKiH.

ExiHmi ozic — o1 eciMIikTepAiH KopaapblH Oenrini 0ip ecentey TeniMiHIEe aHBIKTay, OYJ1 OHILIA HAKTHI
eMec, aJai/ia TOJBIK MaJiMeT Oepeni. by omicTi eciMIiKk KOpIapbIH alblH ana 0oJpkay YIUiH )KoHE MIMKi3aT
JKUHAYIBl JKOcTapiay YIIiH TaimamaHaipl. OHTIPICTIK IMHKI3aT KOPJIAPBIH KOHE Oip KbUIAa JKHMHAYFa
0oJIaThIH MYMKIHJIK KOPBIH aHBIKTAy YIIiH IIWKI3aThIH XXHHAYFa YCHIHBUIFaH JOPUTIK HeMece dQHp MaiIbiK
OCIMAIKTEpIiH eMip cypy (opMmanapblHBIH €peKLICNITiH, SIFHH, OJ ©CIMAIKTEp KOIDKBUIABIK IIONTEKTeC
OCIMIIKTEpre JKaTKBI3BUIFAHBIMEH, OJ1 TYPJEPIIH IMUKi3aT Ke31 OOJBIT ecenTeleTiH kep OeTi MyIneciH
JKUHAJIFAHHAH KEHiH, cOJI OIpJIECTIKTE OJI OCIMAIKTEepJiH KalWTa KajlblHAa KEJIy MYMKIHJIIr HEllle XbLIFa
CO3BUIATHIHIBIFBIH €CKEPIeH JKOH. bip peT >knHanFaH >Kepi JeMalIblphll, 6CIMAIKTIH KaliTa KajllblHa Kely
Mep3iMiH €CKepill OThIpca, COHAAa FaHa 0i3 ecIMIIKTepAi KYpbhIl KEeTyIeH KOopFail amaMbi3. MEbIcaibl,
MIONTEKTEC OCIMIIKTEPiH INMHUKi3aT KOPBIH aHBIKTayda MBIHAHAAW TypJep YIIiH, erep IHKi3aT Ke3i ol
OCIMIKTIH TYJIIIOFBIPIApHI JKOHE Xep YCTi Oemiri (mwentepi) Oosica, KUHANATHIH Oip>KBUIIBIK ©CIMIIKTEpAl
ONl JKeplieH 2 xbUima Oip per jkuHayFa Oonaapl, xepycrTi Oeumiri (menTepi) XKUHAIATHIH KOIDKBUIIBIK
eciMaikTepai 4—6 xbiuma Oip peT skuHayFa O0NATHIHABIFBIH €CKePy KaXkKeT.

3epTTeyre aiblHFaH AKTay TayJibl eHipiHiH 4 Oemimiieci Ooibiama (Paiibic, dapat, Kopran, Akcaif)
KelOip KeH TapaifaH, MeIUIMHAAA CYPaHBICHl JKOFaphl, 9pi ASPLIIK, opi 3up MaiIbIK eCiMIOIKTEpAiH Kep
0eTi MyIIenepiHiH MIMKi3aT KOpbl Typasibl albIHFAaH AalalblK SKCIIEPUMEHTTIK XYMBICTHIH HOTIKENepi
TOMEH/IET1 KeCTeIe KOPCETIIreH.

KecTe

AKrTay Tayabl eHipiHe Kapacthl Paiibic, lapaT, Kopran, Akcaii 6e/iiMmiiesepinae ke3aeceTiH keiidip aopiiik,
3(pup MailnbIK eciMaiKTepaiH Tapaaybl MeH KOPbI

Iuxkizar | Koma- | Kopasix op- HIHKBE(:TEHTWPMK C);;b;fﬂ
P/c| ©Ocimuikri PETIHAS | MBI | TAIl MIHKi- e albIHAA-
No afm H TaObutraH xepi JKUHAJA- | JINbL |3aTHIHBIH Thi-| A HaTHi
- TBIH MY- | ay/Ja- | FBI3JIBIFBI, HOIIO= | JKCILTyaTa- .
. THSUIBIK LUUSUIBIK, | MYMKIiHJIIK
meci | Hbl, ra /ra KODEL, T
1 2 3 4 5 6 7 8 9
1 KsinMrl KOIBFaH 69n1Mme§1H1H T'ym 44 20774174 | 41435 | 20.5+1.75 6.8
TYWMeIIeTeH — |JKaIJIBIMIIBIK KepiHie
HIKMa 00bIK- | Paliblc KoHi NIa0bIHIBIK
. + + +
HOBSHHAS —  |eprepinie 20 89,4153 8,98+2,6 | 4,49+1,3 1,4
Tanacetum JlapaT TOFaHbIHBIH
+ + +
vulgare AR 10 73,8435 445127 | 22+14 0,74
Accaii beniMmecinix 7,0 6542,0 | 84%1,0 | 4,240,225 1,4
11a0BIHIBIK JKEPIIEPiH/Ie
2 |Komimri MeiH-  |Paiiblic KOHI JKa3bIK Kep Oerti 50 190.840.57 | 61.9+43 |31.042.15 103
JKarpIpaK — KepIiepinze Myuieci T T T ’
TBICAYEIUCTHUK |[[apaT TOFAHBIHBIH
OOBIKHOBEH- MaHbIHAAFB] IIA0OBIHIBIK 32 9,4+0,9 51,6£3,8 | 25,8419 8,6
HBII — JKepiiepae
Achillea Kopran OemimMiieciHig
. . . + + +
millefolium JKA3bIK JKeprIepine 25 8,410,7 42,8434 | 21,4117 7,1
Axcaii OonimMuecitin 19 | 68405 | 25814 | 129407 | 43
MaOBIHBIK KepIepiHe
3 | Hopimik Kopran GemimMieciniy TambIip- 50 101421 505410 | 25405 0.83
KaHJBIION —  |BUIFAJIIBI XKEPIEPiHIe cabarbl B T T ’
KpoBoXxnébKka |Paiibic Ko xKasbik, MeH 35 | 126%10,15 | 6,75+1,35 | 3,4+0,7 1,13
JIEKapCTBEH- JTAJIAJIBI JKepIIepiHjie TaMBIPBI
Hasg — JlapaT TOFaHBIHBIH
Sanguisorba — 25 140124 3,540,6 | 1,7510,3 0,58
officinalis L. | Akcaii Genimmecinin
. + + +
INABHHIBIK FKeprepiFe 10 100144 5,75%1,1 | 2,940,55 0,97
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KecTeHniH kxanrachl

JKaMITBIMIBIK JKepIIepinae

1 2 3 4 5 6 7 8 9
4 |Jlama Jlapat ToraHBIHBIH Karpr- 20 9.0+1,5 72412 3.620,6 12
KaJaObI3bl —  |)KarachlHJIA parsl
MATa PALIC KOHIHIH EUTFab! 15 6,8+1,3 | 49409 |2455045| 0,82
noJjeBast — JKepIepinjie
Menth i iHi
entna Kopran Gemimmecinin 10 57414 | 44407 | 224035 | 0,73
arvensis BIIFAJIIBI XKePIIEpiH/Ie
Axcail OeiMILIECiHIH
JKa3bIK, JaJiajibl 7,0 2,210,1 3,010,2 1,510,1 0,5
JKepJepiHje
5 |Awgsl KycaH — AKsaI/I 66J‘[1MHICCIH1H. Kep 6eT1 50.7 4.8+02 243+18 | 12.1540.9 4,05
I0JIEIHE JKAWITBIMJIBIK JKepIIepinae | Myimeci
2"“’“?‘"._ Kopran Gesimmecinin 475 | 52403 | 24,7+19 [12,35+0,95| 4,11
rtemisia JKOJT HKUEKTEePiH/Ie
bsinthi = =
absiniium . |PHbIC KOHIHIH KA3BIK, 39,7 | 45402 | 17,8412 | 89406 | 297
JIAJTaNIbI JKepIIepiHe
Hapat ToraHbIHbIH
MaHBIH/IaFbI MIA0BIH/IBIK 27,3 5,240,2 14,1£0,8 | 7,051£0,4 2,35
Kepiepe
6 |Cyp xycan — |AKkcaid 69JIIMH.I€CIH1'H Kep 6eT1 44.8 34402 150409 | 7.6£0.45 2.53
I0JIBIHb 1Ia0BIHBIK, JKEPIIEPIHIE My1ieci
cepas — Kopran GesimieciHi
Artemisia JKa3bIK, J1aJIajbl 423 3,1+0,2 13,1£0,8 6,6+0,4 2,2
glauca JKepJIepiHe
Paibic xeninin copran 332 | 43402 | 142408 | 71404 | 2,36
KepIepinjie
JlapaT ToFaHbIHBIH
MaHBIHJIAFbI AJIFBIHIBIK, 24,8 3,240,3 7,910,4 | 3,9510,2 1,3
JKepJepiHje
7 |buik xycaH — |PaiibIC KOHIHIH Ka3bIK, Kep 6eT1 37.1 53203 19.641.0 | 9.8+0.5 3.26
I0JIEIHE JlaJialibl JKepIepine Myi1ieci
BBICOKas — JlapaT TOFaHBIHBIH
Artemisia MaHbIHAAFb] [IAJIFBIHIBIK 33,7 5,120.4 17,1£1,0 | 8,55%0,5 2,85
abrotanum JKeprepiHge
Axcat GomMmeCisiy 279 | 56203 | 156£1,1 | 7.850,55 | 2.6
JKaHBUTBIMIIBIK JKepIiepiHe
Koprat Genimuecitin 195 | 46403 | 89405 | 4454025 148
IAIFBIH/IBIK JKEpIIEpiHIe
8 |Hanamic Jlapar TOFaHbIHEIR Kepoeril 505 | 43100 | 156409 | 7.84045 | 2.6
conbeH — BIIFAJI/IBI XKePIIEpiH/Ie My1ieci
wandeit PaffbiC KORIHIH XA3EIK, 268 | 41403 | 11,5807 |5,75£035 | 1,92
CTEHON — JlaJIaJIbl JKEpIIEpiHe
Salvia st . —
alvia stepposa | KopraH Genimuiecitin 16,1 | 33402 | 5303 |2.6540.15| 0,88
BIIFAJIIBI XKePIIEpiHjIe
Axcaii boiMmeciin 10 2,540,5 | 34202 | 1,7%0,1 0,6
HIAJIFbIHABIK )Kepnele}le
9 |Uicti Kopran GeniMitiecitiy XKep 6eti
KHIKOTBI — KUBIPIIBIK-TACTHI-IIIOKBUTHI | MyImeci | 28,3 2,8+0,3 15,8x1,2 | 7,940,6 2,63
3usudopa Te0eNep liH eTEKTEPiH/IC
naxy4ykoBuja-  |Paiiblc KOHIHIH XKa3bIK 27.9 27402 150410 | 75405 2.5
Hast — KepIiepiHjie
Ziziphora Japar ToraHbIHBIH
. .. . + + +
ClanpOleldeS IIAJIFBIHBIK, )}(epﬂele}le 2 1 72 2,2—0,2 952—0,4 4,6_0,2 1,53
Acail beniMmecinid 141 | 23402 | 6406 | 32403 1,07
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KecTteHniH coHEBE

1 2 3 4 5 6 7 8 9
10 [Komimri >xe0ip- Paplblc KOHIHIH ’ Kep 6eT1 25 24,8487 1.840,16 | 0.940,08 0.3
nren — JKAMIIBIMIIBIK JKepJlepiHae | My1eci
TUMBSIH O?BIK— Kopran 60H1MH'.IeClH1H 20 19,5+0.4 4140.1 | 2,05+0,05 0,69
HOBEHHBIM —  |)Ka3bIK JKepIIepiHe
Th
e Jlapat TOFaHbIHbI 15 | 17,8402 | 2,640,08 | 1,3+0,04 | 043
vulgaris TACTaKThI JKepIepiHe
Axcat Geximulecinin 10 | 207405 | 50%0,1 | 2,54005 | 083
MIa0BIHBIK KEePIICPIHIC

Kecrene xepcerinrenneii, Tept Oemimme (Paiivic, dapar, Kopran, Akcaii) OoifpiHma, OyraTekTec —
KOIDKBIIIBIK MIONTEKTEC, aCThIK TYKBIMIAC-KOI JKBUIIBIK MIONTEKTEC, JKYCAHIBI-KOIDKBULIBIK [IONTEKTEC
eciMaikTep OipiecTirinie Ke3meceTiH opi NopiimiK, opi 3pup MalnblKk eciMAIKTEpIiH Xep OeTi epKeH
MYIIEIEPiHiH OpTalla MIMKi3aT KOPHIHBIH THIFBI3JBIFEl MEH KAl KOPBI aHBIKTAIIBL. Op ayJaaH OoibIHIIA
10 Typini nopimik xoHE d(Up MaMIIBIK 6CIMIIKTEPIiH KOPBIH CaJIbICTBIPMAIBI TYP/E TalAay OaphICHIHIA €H
KOIl IMHKi3aT KOPBI KOIIMIT MBIHKAIBIPAKTaH AaHBIKTAIILI, MBICATBl, Palblc KOHIHIH JXKa3bIK, Jajlaibl
JKepJepiHae OyTaTeKTeC-KOIDKbUIABIK IIONM TEKTeC OCIMIIKTEp OipJecTIriHAe, OHBIH 3KCILTyaTallUsIIbIK
mukizat kopel 31,012,15 T, mmwmkizat naiisiaaay MyMkiHgik keyemi 10,3 T Kypajbl, aq ocbl TYPIiH €H a3
TapanraH xxepi Akcail OeniMILIECiHIH MaFBIHABIK Kepliepi OHAFbl OHBIH MINKI3aT KO3iHIH 3KCILTyaTalisITbIK
KOpbl He Oapbl 12,940,7 T, mmkizar gailplHAay MYMKIHIIK KeyeMi 4,3 T, OCBI TYp KajIlbl 3epTTEITeH TOPT
eHipae Ae kezmecemi. TepT eHip OOMBIHIIA KOMIMIT MBIHKAMBIPAKTHIH KAl SKCIUTYaTAlUSIIBIK [IUKi3aT
Kopbl 91,146,45 1, an, mwmkizar galbiHAay MYMKiHIIK Kenemi 30,3 T Kypaabl.

Amiel KXycaHHBIH (Artemisia absinthium) eH Kem IHMKi3aT KOpbl AKcail OeiMIIECiHIH KalIbIMIBIK
JKepliepiHnae, KOIDKBUIABIK IIONTEeKTeC-)KyCaHAbl OCIMIIKTep OipJiecTiriHae aHBIKTAIABl JKOHE OHBIH
AKCILTyaTaIFSUTBIK TTHKi3aT Kopbl 12,15+0,9 1, maiteiamay myM™mkinmik kenemi 4,05 T xypamel. EckepreTin
JKaFJal, alibl JKycaH 3epTTEIreH TepT eHipae ne keH TapanraH. Ocbl 3epTTeNreH ayaaHaapiarbl alibl
JKyCaHHBIH JKaJIITBI AKCIDTYaTalUsUTBIK IHKi3aT Kopbl 40,4512,85 T kepceTTi, MUKi3aT TalbIHAay MYMKIHIIK
kezemi 13,49 T kypansl.

Komimri ryiimemerenniy, (Tanacetum vulgare) eH kem muKizar Kopbl KopraH OemiMineciHig
JKAHIBIMIBIK KEPIHIE, ACTHIK TYKBIMIIAC-KOIDKBUIABIK IMONTEKTEC OCIMIIKTEp OIpJCeCTITiHAe aHBIKTAIbI
JKOHE OHBIH 3KCINTyaTalMsUIbIK MmuKizaT Kopbl 20,5+1,75 1T, naifpiamay MyMKIiHOIK KeneMi 6,8 T Kypalbl.
Konimri TyliMenieTeHHIH 3epTTeNTeH TOPT OHIpJeri JKajmbl SKCILTyaTalFsUIBIK MIHKizaT Kopsl 31,39+44.9 1
0OJIIBI, AT MTUKI3aT MalbIHAay MYMKIHIIK KeseMi 10,34 T Kypanabl.

Keneci keH Tapanran 3up Maiibl oCiMIiK OUik xkycaH (Artemisia abrotanum) Paiibic KeHIHIH Ka3bIK,
JIaNaibl JKepiepinae OYTaTeKTeC-KOIKbUIIBIK MIONTEKTEC OCIMAIKTEp KaybIMIACTHIFBIH]IA AHBIKTAJIbI, OHBIH
IKCIUTyaTallMsUIBIK  MIKKi3aT Kopel 9,8+0,5 T, nmaiibiHmay MyMKiHZIK kenemi 3,26 T kypaabl. bapibik
3eprTenreH Oemimimenep OoMbIHIIA OWIK KYCaHHBIH SKCIUTyaTalMsUIBIK InuKizaT Kopbl 30,6+1,8 T, an
IIMKI3aThIH JaiibiHAay MYMKiHIIK kenemi 10,2 T kepcerti. OmaH KeWiHT1 OpbIHAA CYp XycaH (Artemisia
glauca) 6y TYpHiH OapiBIK 3epTTENTEH TOPT OHIPIET] IKCILTYaTaIMSUIBIK IIUKi3aT KOPBIHBIH JKAJIbI CaH IBIK
Kepcetkimti 25,2+1,45 T, an, mMKizat galbliHIAYy MYMKIHAIK KeneMi 8,4 T Kypaisl.

Hananeik conbennin (Salvia stepposa) TepT OHIpHETI JKaNIbl ASKCIDIYyaTAMSIIBIK IIMHKI3aT KOPHI
17,941,05 1, an mmkizaT qaiiblHaay MYMKIHIIK KeieMi 5,97 T kepceTTi.

Kemneci api nopinik, opi 3dup Maiibl eciMIiK HicTi KHIKOTH (Ziziphora clinopodioides) Tept Genimiie
OOMBIHIIIA OHBIH JKAJIIBI SKCIUTYaTAITMSIIBIK IIHKI3aT KOpBl 23,24+1,6 T jKoHEe MUKI3aT MalbIHAay MYMKIHIIIK
kesieMi 7,73 T KepceTTi.

Hopinik eciMuik — popumik Kauaeimen (Sanguisorba officinalis) OapnblK 3epTTENAreH OHIpIEp
OOWBIHIIIA OHBIH IHKI3aT KOPBI, 0acKa 3epTTENTeH OCIMAIKTEPMEH CABICTRIPFaH/Ia, OipiaMa as3pIpak KoHE
AKCIUTyaTAlMSIIBIK MIHKi3aT Kopel 10,512,05 T xepcerTTi, an muKi3ar AaiblHAay MYMKIHIIK kenemi 3,51 T
KYpaspl.

Keneci api nopinik, opi adup maitner ecimaix — nana xanosi3el (Mentha arvensis), OHBIH IIHKI3aT K631
TEK JKaIbIparbl OOJBIN €CeNTeNeTIHAIKTeH, OaplblK 3epTTeNTreH OeliMIIenepe IKCIUTyaTallusUIbIK ITHUKi3aT
KOpbI 9,75%1,5 T, an muKi3ar gailblHAay MYMKIHIIK Kenemi 3,25 T Kypajbl.
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Opi Oopimik, opi 3Qup Maliabl eciMaik — komiMri xebipmentin (Thymus vulgaris) 3epTTenTeH TOPT
OHIp OOWBIHINA SKCILTyaTaIMsUIBIK IMHKi3aT Kopbl 6,7510,22 T Oonapl, an MHKi3aT HalbIHAAY MYMKIHIIK
keJneMi 2,25 T KopceTTi.

CoHBIMEH, JanajblK 3epTTey MXYMBICBI HOTHXKECiHAe, Kaimbl AKray Ttaynsl eHipi (Paiieic, apart,
Kopran, Akcail) OOHBIHIIA TIpKENIreH api ASPLIiK, opi 3pup MalIbIK ©CIMOIKTEpAiH Tapalybl KaFbIHAH 14,
KODPBI JKaFblHaH Ja, CaHJBIK KepCeTKimiTepi OOMbIHIIA epekieneHeTiH eHipre — Paiibic keHi mMeH [lapar
TOFAHBl KATATBIHIBIFBl AHBIKTAIJBI. 3CPTTEITCH OCIMIIKTEPMAIH IIINHAS Ka3ipri TaHaa MeAuIlnHaaa
CYpaHBICHI JKOFaphl *oHe MeMieKeTTiK (apMakomesfa €Hri3UIreH ym Typmi (KomiMri TyiimemiereH —
Tanacetum vulgare, xomimri MbIHXanbipak — Achillea millefolium, ampl xycan — Artemisia absinthium)
TOPUTIK ©CIMIIKTEpIiH IIHKI3aT KOpBI, 0acka aHBIKTAIFAaH OCIMIIKTEpre KaparaHna, oJJeKaima >KOFapbl
Oospl. MpIcalibl, IIUKI3aThl TYJ IIOFBI OOJBI €CEeNTeNeTiH KOAIMIT TYHMEIeTeHHIH OapIiblK 3epTTeNreH
eHipyiep OOMBIHINA IKCIUTyaTalUsIBIK KOpbl 31,3944,7 T TeH OOJbl, all KbUI CAlBIHFBI MYMKIHJIIK KOPBI
10,34 T xypansl. Cost CHAKTHI IIMKI3aT K631 kep 0eTi MyIeci OOBIN eCeNTeIeTIH KOIMIT MBIHXAITBIPAKTHIH
AKCIUTyaTalMsIIBIK KOpel 91,1+4,45 T kepceTTi, an bl callbiHFBI MYMKIHIIK KOpbl 30,3 T kypansl. Onan
KEWiHr1 OpBhIHIA allibl XKYyCaH, OHBIH JKep OeTi MYIIeCiHiH KYpPFaK MHIMKi3aTBIHBIH KOPBI oHipiep (AKcaid,
Kopran, Paiisic, [lapar) Ooiibiaina 40,45+2,85 T TeH OONBI, al >KbUI CAWBIHFRI MYMKIHTIK KOpbl 13,41 T
KOPCETTi.
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A.N. AxmerxanoBa, A.H. Hayprrz6aeBa

3anachl HI3eMHBIX Macc HauboJiee pacIpoOCTPAHEHHbBIX JIEKAPCTBEHHBIX,
3¢upoOMACIMYHBIX PACTEHU TOPHOI CUCTEMbI AKTAaY

B crarbe paccMaTpuBaroTCst SKCINTyaTallMOHHBIE M BO3MOXHO JIOITyCTHMBIE €KETOMHBIE 3aachl AECSTH Jie-
KapCTBEHHBIX U A(UPOMACIMYHBIX paCTeHHUH (IIMKMa 0ObIKHOBEHHass — Tanacetum vulgare, ThICSYCIUCTHHK
OOBIKHOBEHHBIN — Achillea millefolium, kpoBoxnéOka nekapcTBeHHas — Sanguisorba officinalis, msarta
nosieBass — Mentha arvensis, TOJBIHDb TOpbKast — Artemisia absinthium, nonbHb cepas — Artemisia glauca,
NOJBIHb BBICOKass — Artemisia abrotanum, mandeit crennoit — Salvia stepposa, 3u3udopa maxyuKoBUI-
Hast — Ziziphora clinopodioides, TAMbSIH OOBIKHOBEHHBIN — Thymus vulgaris), pacloIOKEHHBIX B TOPHOU
cpene Akray. Cpeau M3y4eHHBIX PACTCHUIl BBIACICHO 3 BWAA JEKAPCTBEHHBIX PACTEHHUH (IMKMa OOBIKHO-
BeHHas1 — Tanacetum vulgare, TRICSYETCTHIK OOBIKHOBEHHBI — Achillea millefolium, monbIHb TOphKas —
Artemisia absinthium), xoTopsle BBefieHHI B ['oc. hapmakoriero, a Takke 0TMEYEHO, YTO B HACTOSIIIEE BPEMS B
MeIUIUHE yBEINYNBAETCS CIPOC Ha 3TH pacTeHus. ClieyeT OTMETUTh, YTO 110 TOPHOIT cucTeMe AKTay Hau-
Gouiblliee PacIpOCTPaHEHHE 3allacOB CHIPhS JICKAPCTBEHHBIX M ()UPOMACINYHBIX PACTEHHH HAXOAUTCS B OT-
neneHuu Paiipic 1 B okpecTHOCTSIX npyza Jlapat.

Kniouesvie cnoea: nekapcTBeHHbIE, d(PUPOMACIMYHBIC PACTCHHS, (UTOLEHOJIOrHYECKas XapaKTePHUCTHKA,
apeaJl, pecypchbl, SKCIUTyaTallHOHHBIN 3aac ChIPbs, XKU3HEHHas (opMa, acCOLUALMS, OTHOJISTHUE U MHOTO-
JIETHUE PACTECHUS, KCEPOPHT, ME30(PHUT, KCepOMe30(pHT, ME3OKCEPODUT, TUTPODUT.

24 BecTHuk KaparaHguHckoro yHuBepcuteTa



AKTay Taynbl 8HipiHiH ...

A.l. Akhmetzhanova, A.N. Nauryzbaeva

Stocks of overground masses of the most common medicinal, essential oil plants
of the Aktau mountain system

The article discusses the operational and permissible annual reserves of ten medicinal and odoriferous plants
(Tanacetum vulgare, Achillea millefolium, Sanguisorba officinalis, Mentha arvensis, Artemisia absinthium,
Artemisia glauca, Artemisia abrotanum, Salvia stepposa, Ziziphora clinopodioides, Thymus vulgaris) located
in the mountainous environment of Aktau. Among the plants studied, the authors marked 3 species of
medicinal plants (Tanacetum vulgare, Achillea millefolium, Artemisia absinthium) imposed in the State.
Pharmacopoeia, and the authors noted that there is currently increasing demand for these plants in medicine.
It should be noted that on the mountain system of Aktau, the greatest distribution of raw material inventories
medicinal and the efirnomaslenichnykh of plants to be in office of Raiys and vicinities of a pond Darat.

Keywords: medicinal, aromatic plants, the fitocoenotic chacateristics, habitat, resources, operating stock of
raw materials, life form, association, annuals and perennials, xerophytic, mesophyte, xeromesophyte,
mesoxerophyte, hygrophyte.
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Adaptive features of some species of Lumbricidae

The few-bristled worms is an extremely important taxonomic group in terrestrial ecosystems. These worms
did not receive earlier the attention they deserve and now we have some deficiencies in the knowledge about
their taxonomy, distribution, biology and ecology. Experiments with species of different morphoecological
groups of Lumbricidae were spent. We considered that the differences in amplitude and frequency of gizzard
smooth muscles contractions between species of Lumbricidae have adaptive character. The contractive activi-
ty of the muscles was studied according to the method of isolated preparations. The greatest amplitude and
the least frequency of contractions of visceral muscles was recorded in detritophages worms of mineral soils.
The near-surface species showed the smaller amplitude of muscles contractions, and more greater frequencies
of contractions. These physiological distinctions support ideas of the ecological heterogeneity of earthworms.
The parameters of contractive activity of smooth muscles of gizzard are the specific physiological variable in-
tegrated with the morpho-ecological differentiation of earthworms in natural habitats.

Keywords: earthworms, gizzard, isolated smooth muscles, contractive activity, spontaneous activity, induced
contractive activity, acetylcholine, atropine.

The best known oligochaete group are earthworms that were one of the first animal group colonizing
humus soils. The important role of earthworms has been recognized from the dawn of human history till pre-
sent. They were known as important factors of soil fertility. Earthworms have been also used in medicine.
They have also been used as a model of scientific explanation of our world. In spite of the importance of
oligochaetes, there are presently some serious deficiencies in the knowledge about their taxonomy, distribu-
tion, biology and ecology, in comparison with other organismal groups.

The process of adaptation to locally-specific habitat conditions often leads to the formation of various
life forms exhibited intraspecifically by geographically distant populations [1]. Ecological distinctions be-
tween life forms of earthworms can be seen at other organizational levels, for example as adaptive
anatomical-morphological and physiological differences. In soil animals, the examination of adaptations to
the natural environment through the prism of specificity of soil-forming properties revealed adaptive devel-
opment trends in digestive, nervous and other organ systems [2, 3].

Ecological distinctions between species and forms of earthworms can be compared to some obviously
adaptive anatomical-morphological and physiological distinctions. There are two main morpho-ecological
groups of Lumbricidae: the humus formers feeding coarse particulate organic matter near the ground surface
and the humus feeders eating soil humus or the actual soil [4]. The features of the digestive systems of dif-
ferent ecological groups of earthworms are connected with their living conditions [5]. The intestine or
midgut is investigated in more details since the pharynx, oesophagus, and muscular gizzard are morphologi-
cally similar in most species of Lumbricidae.

Two different types of the intestine correspond to two groups of earthworms with different characteris-
tics of feeding. The first group (soil-eaters) is characterized by the cylindrical form of the intestine with a
powerful typhlosole. The second group (inhabitants of the uppermost soil horizons) is characterized by the
bead-form intestine with a small typhlosole.

However, differences in adaptive characters between two groups of Lumbricidae are not exhausted by
the anatomical features of the digestive system. Feeding near the surface is accompanied by loss of some
characteristics inherent for soil-dwelling forms. The cuticular cover becomes thinner; the body length de-
creases; the ability to diapause disappears. At the same time, emersion to the surface is accompanied with
many new characteristics: differentiation of the prostomium, a more perfect form of the tail end, plumose
type of the longitudinal muscles in the body wall providing greater mobility, more intensive metabolism, and
more perfect nervous system regulation.

The ecological groups of Lumbricidae also differ in size of their daily ration and at the time of assimila-
tion of the food. The degree of decomposition and humification of the vegetative remains in their digestive
tract differs significantly [6].
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The impellent function of the digestive tract is still insufficiently studied in ecologo-physiological rela-
tion. It is known that the isolated crop and gizzard of an earthworm are spontaneously active when stretched.
However, the contractive activity of the visceral muscles in different earthworm species has not been studied
and its parameters have not been established, particularly in a comparative aspect.

The aim of our research was to determine specific features of the contractive activity of smooth muscles
of the digestive tract of earthworms, as a specific physiological variable integrated with the morpho-
ecological differentiation of species.

In our research, we identified characteristic physiological features of the contractive activity of smooth
muscles in the digestive tract of earthworms Aporrectodea caliginosa and Eisenia nordenskioldi integrated
them with morpho-ecological differentiation of species. Than we hypothesized that the different reaction
properties of this biologically active substance will be different between distinct life forms of A. caliginosa
and E. nordenskioldi. We determined the spontaneous and induced contractive activity of crop-gizzard vis-
ceral muscles of two life forms of A. caliginosa and E. nordenskioldi. The acetylcholine, is numbered among
the main mediators of neuro-muscular transmission in earthworms [7, 8].

Materials and methods

Two representatives of the genus Aporrectodea Orley, 1885, were studied: Aporrectodea caliginosa
trapezoides (Dugés, 1828), and Ap. caliginosa caliginosa (Savigny, 1826). Worms were taken from a natural
site in the Kazakh Uplands. The ranges are rough with numerous granite intrusions. The floor of every valley
or gulley is filled with woody or shrub growth.

The genus Eisenia Malm, 1877 is represented in the Kazakh upland by the species Eisenia
nordenskioldi, which is widespread in Asia and might be a complex of diploid and polyploid lineages.
Earthworm specimens tested and compared in the project were collected in black alder forests of the Kazakh
Uplands and belong to the following two subspecies:

Eisenia nordenskioldi nordenskioldi (Eisen, 1873). Length 60-150 mm, width 4-8 mm. Number of
segments 80—130. Prostomium epilobous. The visible dark-purple pigmentation of the body (the pigment
cells are localized in the subcuticular muscle layers) is not, in this subspecies, expressed laterally on the
9—11th segments. The dark-purple body with white lateral spots distinguishes this subspecies from other sub-
species. However, several polyploid lineages are known in E.n.nordenskioldi. In Kazakhstan,
E. n. nordenskioldi of anthropochoric origin has been recorded in soils of forest nurseries, flower beds and
lawns. Apart of Kazakhstan, this nominal subspecies is known from the adjacent areas of the Asian part of
Russia and from the Urals. This is a surface-living worm feeding on coarse particulate organic matter near
the ground surface.

Eisenia nordenskioldi pallida Malevic, 1956. Length 55-116 mm, width 4-6 mm. Number of segments
80-140. The body pigmentation is scarcely noticeable on several anterior segments, the rest of segments are
whitish. E. n. pallida is dwelling in the soil mineral layer and feeding on soil humus. This species is autoch-
thonous in the moist pine and deciduous forests in the Kazakh upland. Apart of colour and ecology, no other
features are known to differentiate between the pair E. n. Nordenskioldi and E. n. pallida. The different
morpho-ecological properties of both subspecies allow them to share the same biotop [9].

In our physiological experiments, contractive activity of the muscles was studied according to the
method of muscles isolated preparations [10]. The longitudinal tension of isolated muscular crop-gizzard and
gut walls preparations from earthworms stimulated spontaneous rhythmic contractions. The common regime
of tension of muscle preparations 380—450 mg was adopted as the optimum mode of registration of sponta-
neous contractions in the two different earthworm taxa.

Acetylcholine-hydrochloride (ACh) (1-10"" — 1-107* M), that stimulates tonic contractions, was used as
biologically active substance to study particular features of induced contractile activity of smooth muscles.
During the experiment the muscle preparations were superfused with a saline water solution containing:
103 mM NaCl, 3 mM KCI, 1.8 mM CaCl, and 1 mM NaHCO;. We selected amplitude and frequency of
spontaneous and induced contractions of the smooth muscles and constructed dose-response curves of mus-
cle reactions to acetylcholine concentrations in the range from 1-10™"" up to 110 M. Atropine, known as
the antagonist of M-holinoreceptors, was applied in concentrations ranging from 1:10° up to 1-10* M in
order to identify the nature of receptors.

Reactions of the muscle tissue to the stretching: amplitude of fluctuations of the contraction in percent-
age of maximal, and their frequency per minute were measured. Presence or absence of spontaneous rhyth-
mic activity was considered. Statistical analysis was performed by using Statistica v. 6.0 (SPSS Inc.). Values
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are presented as mean + SE if the data were normally distributed (normality of data distribution was tested
by Kolmogorov-Smirnov test with Lilliefors' correction).

Results and discussion

Force of tension determines expression of spontaneous rhythmics of smooth muscles in the higher and
lower vertebrates [11]. The features of longitudinal tension of isolated smooth muscle preparations of two
different earthworm taxa were used to establish the common optimum of tension. From the data received a
scheme of dependence of frequency and amplitude of spontaneous rhythmic contractions on tension in the
visceral muscles of earthworms was constructed.

Upon the increase in background tension of smooth muscles’ preparation from 150 mg up to 250 mg,
the amplitude of spontaneous contractions increased to 54 + 2.03 %, and their frequency to 3 + 0.4 %. Ten-
sions 360430 mg revealed the maximum amplitude of spontaneous contractions (85-100 + 4.05 %) and
were accompanied by acceleration of the rhythm to 39 = 0.4 %. The even greater tension of an isolated
smooth muscles’ preparation led to a fast increase in frequency and reduction of amplitude of contractions.

The fast-dosed outstretching of a preparation at loadings 360—420 mg did not change the contractive re-
action authentically. At the reduction of background loading down to 260 mg the tone of a preparation di-
minished, the amplitude of spontaneous contractions decreased for 20 % and the frequency for 25 %
(p<0.01).

Thus, at a tension of 360-430 mg the most expressed rhythmic contractions of smooth muscles were
noted. The maximal amplitudes of rhythmic contractions in this regime were registered in 92.8 % of experi-
ments (p<0.01) for individuals of both subspecies. Such loading allows keeping rhythmic activity of the iso-
lated smooth muscle tissue preparations for soil-dwelling Ap. c. caliginosa up to 30 hours. The other litter-
dwelling subspecies of earthworms is characterized by a shorter time of activity of the similar preparations
(up to 4-5 hours). On the results we accept the force of tension of smooth muscles preparation 380—450 mg
as the common and optimum mode of registration of spontaneous contractions for two subspecies of
Ap. caliginosa.

The rhythmic contractions with subspecies-specific frequencies and amplitudes (phase) were the basic
form of spontaneous contractive activity of the gizzard muscles. In the 10 % of experiments (p<0.01), spon-
taneous contractive activity was expressed as slow tonic (phase-tonic) waves. Harmonious (transitive) fluc-
tuations of varying amplitude were observed also in 10 % of experiments (p<0.01).

The more elaborated definition of parameters of spontaneous contractive activity of visceral muscles
revealed an essential difference of average amplitude and frequency of contractions in two life forms of
Ap. caliginosa. The biggest amplitude of contractions was registered for the soil-dwelling subspecies
Ap. c. caliginosa (86.71 £ 3.66 mg). The frequency of contractions of visceral muscles was 2.46 = (.58 a
minute.

Gizzard muscles of the litter-dwelling subspecies Ap. c. trapezoides contracted with less force, but fast-
er. The average amplitude of force was 49.58 + 2.56 mg and the frequency 4.89 + 0.37 contractions/min.

The rhythmic contractions with specific frequencies and amplitudes (phase) constituted the basis for de-
termining the spontaneous contractive activity of isolated crop-gizzard and gut walls in E. n. nordenskioldi
and E. n. pallida. A thorough analysis of spontaneous contractive activity in muscle preparations revealed
essential differences in average amplitude and frequency of contractions between E. n. nordenskioldi and
E. n. pallida. The biggest amplitude of contractions was registered in the soil-dwelling subspecies
E. n. pallida (68.23 = 3.25 mg). The frequency of contractions of smooth muscles was 3.23 + 0.53/minute.
Visceral muscles of the digestive tract of the litter-dwelling subspecies E. n. nordenskioldi contracted with
less force, but faster. The average amplitude of force was 46.06 = 4.05 mg and the frequency
4.21 + 0.44 contractions/min.

We found that the Ach application to several regions of the earthworm gut causes a rapid increase in
tension, accompanied by an abolition of rhythmic movements. In our experiment, ACh induced the contrac-
tions of gut and isolated smooth muscles crop-gizzard preparations in a dose-dependent amplitude and fre-
quency (tonic induced contractile activity). The induced contractions were persistent for several minutes af-
ter Ach application and were accompanied by an increase in the amplitude. We observed that if the sponta-
neous contractions of smooth muscles were absent the application of Ach caused also contractive activity of
smooth muscles.

We estimated the sensitivity of the earthworm smooth muscles at different concentrations of ACh from
the established concentration-response curves. The minimum concentration inducing the changes in the
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spontaneous contraction activity in the visceral muscles is approximately 1-10'° M ACh. The maximum ef-
fective doses of acetylcholine in the studied subspecies are: 1:10°M in E. n. nordenskioldi and
Ap. c. trapezoides and 1-10*M in E. n. pallid and Ap. c. caliginosa.

The concentrations of ACh (pD,) inducing a half-maximal contractive response were estimated from
the logistic curve. For E. n. nordenskioldi pD, = 1-10" M, for Ap. c. trapezoides pD, — 3-10" while the
half-maximal response for the soil-dwelling form E. n. pallida and Ap. c. caliginosa is higher (pD,= 6-10" M
and pD, = 1,2:10° M). The isolated smooth crop-gizzard and gut muscles in the surface-living form are of
higher reactivity and affinity to acetylcholine. In general, there is asimilarity of the half-maximal response on
acetylcholine in smooth muscles of earthworms and primitive vertebrates [12].

We examined the role of the cholinergic antagonist atropine on the ACh-induced response of muscles.
Atropine has excitatory effect on crop-gizzard of some species of genera Lumbricus and Allolobophora, but
not on the crop-gizzard of Eisenia fetida. Other researchers have shown that the effect of Ach on somatic and
visceral muscles is partially blocked by atropine.

We have not found expressed contractile effect of atropine on isolated crop-gizzard and gut prepara-
tions of E. nordenskioldi and Ap. caliginosa. Atropine in concentrations 1-10° — 1-10° M acted on earth-
worm muscles within 10 minutes. Three ACh applications (1-10° — 1-10"® M) on the background of atropine
were used for determining the degree of receptors blockade of muscles. Blockade was complete if the phasic
contractions of muscles had not changed. The ACh (1:1077 — 110> M) induced response (in the presence of
atropine) consisted of series of suppressive phasic contractions. Thus atropine moved concentration-response
curves on acetylcholine for about 70 % of experiments. But atropine reversibly reduced the ACh-induced
response. We observed an increase in spontaneous contractions and a significant increase in ACh-induced
contractions after a 10 min. washout time, between the termination of atropine treatment and the last expo-
sure to ACh. Atropine in a concentration of 1-10™* M completely eliminated ACh-induced responses. Recep-
tors of smooth muscles of earthworm might be similar to muscarinic receptors of vertebrates. However, atro-
pine is a muscarinic antagonist in vertebrates. It is therefore difficult to extrapolate the obtained results to
invertebrates [13].

We assume that the occurrence of the observed rhythmic contractions with subspecies-specific frequen-
cies and amplitudes are the basic form of spontaneous contractive activity of earthworms smooth muscles of
the digestive system. A higher amplitude of contractions was registered in the soil-dwelling subspecies E. n.
pallida and A. c. caliginosa than in the surface dwelling supspecies. This is consistent with our results, ob-
tained earlier for different life forms of earthworms. This means that the life forms of species differs not only
in spontaneous but also in induced contractive activity of crop-gizzard and gut-visceral muscles, mediated by
muscarinic acetylcholine receptors. Furthermore, the smooth muscles of the surface-living form are charac-
terized by a high sensitivity to small doses (1:10'° — 1-10"® M) of acetylcholine and by a more pronounced
reactivity. We can suppose that the distinctions between parameters of inducedcontractive activity of smooth
muscles in life forms are related to the metabolic features and particular nervous regulation.

According to histological researches, the gizzard of earthworms has very powerful muscular walls [14]
consisting of three layers: two external longitudinal muscle layers from which the inner one has huge cells,
and a thick internal layer of circular muscles with very large cells. The circular muscle layer has species-
specific characters. For example, muscular rings of Ap. c. caliginosa are very thin and numerous.

The food mass taken from the intestine of Ap. c. caliginosa and studied under a preparation microscope
was composed of fine mineral grains mixed with very fine vegetative rests. No large particles were observed
in the intestine. This species feeds on much decayed vegetative material, which apparently does not grind in
the stomach [15]. Besides, the intestine of Ap. c. caliginosa is represented by an almost regular cylindrical
tube with a round typhlosole bearing deep folds. The intestine can be stretched no more than 1.2—1.5 times.
Such a structure of the intestine has much adaptive value for feeding by organic particles dispersed in the
soil. The large absorbing surface of the intestine allows using soils poor in organic substances. According to
our experiments, the gizzard of this detritophage vigorously pushes the dense food mass, but its contractions
occur not more often than 2-3 times a minute, therefore, the food mass passes to the intestine pretty passive-
ly. Subsoil species of earthworms processing large amounts of soil promote preservation of water, air perme-
ability of soil, enrichment of the bottom horizons and formation of the soil’s particulate structure.

The circular muscular layer of gizzard in the litter-dwelling subspecies Ap. c. trapezoides is thick and
precisely distinguishable. This subspecies basically consumes decaying vegetative remains entering the in-
testine as a loose mass completely accessible for digestion. The amount of mineral particles is small. There is
no special crushing and grating of this food in the gizzard, even as large particles of plants come across to the
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hindmost part of the intestine. The bead-like form is providing an extension of the intestine during the pas-
sage of more viscous food mass containing less mineral particles. The food is more easily forced along the
intestine. More frequent contractions provide faster promotion of food in the intestine.

We assume that the parameters of contractions of visceral muscles are connected with morpho-
functional features of the digestive system of different ecological groups of Lumbricidae. The higher ampli-
tude of contractions of the gizzard in the actual soil-dwellers is probably connected with large volume and
dense structure of the ingested food. These worms swallow vegetative fragments together with mineral soil
particles, and slow contractions of the digestive tract promote slow passage of food along the typhlosole, as-
sisting the more complete assimilation of organic substances from soil.

We consider the observed parameters of the activity of digestive tract in Ap. caliginosa as stable charac-
teristics of the forms adapted to consumption of certain types of food resources. These physiological distinc-
tions support ideas of the ecological heterogeneity of Lumbricidae and validity of distinguishing the life
forms in this group according to characteristics of feeding.
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B.C. AGykeHoBa

JlromOpunmuaTepain Keifdip TypJiepiHiH aIanTHUBTIK epeKIIeJIiKTepi

ABKBUITaHAKTBl KYPTTap — ep OeTi dKOoKYHEeCiHiH eTe MaHbBI3/Ibl TAKCOHOMHSIBIK TOOBI oJli KYHIe Aeifin
JKETKUTIKTI 3epTrenmereH. Kasipri TaHga onapIblH TaKCOHOMUSCHI, OHOLIEHO3/1a Tapaiybl, OUOJOTHS JKOHE
SKOJIOTHSCH JKaiibl JepekTep a3. by skcmepumerTik 3eprreyiep Lumbricidae TYKeIMIAacBIHBIH OpTYpIIi
MOP(GOIKONOTHSIBIK TONTAapbiHA >KYpriziami. Lumbricidae TyBICBIHBIH Typiiepi MEH TYypIIE apaibFbIHAA
acKazaH OYINIBIK CTiHIH KUBIPBUIFBIII JKUUITIHIH OCNCEHINIrT MEH aMIUTUTy/Ja adbIpMaIlbUTBIFbI
Oeiiimyieniey CHIIAT alajbl JEN TOMINBUIAABIK. BYIIBIK €TTiH KUBIPBUIFBIII OCJICCHIUIIr OKIIayJIaHFaH
npenapar ojiciHe CyieHinm >kacannmel. JKOFaprbl aMIUIUTyJa MCEH acka3aH OYJIIIBIK €TiHIH ©H TOMEHTI
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JKUBIPBUTY XKML AeTpuTodarrapaa — TONBIPAKTHIH MUHEpaibl KabaThIHAaFbI KypTTapaa Oaiikanasl. XKep
Gerine Tasy Typliep MEH Typlueiaepae OYIIIBIKET XKHUBIPbUTY OSICeHATIrHIH a3 aMIUTUTYaChl MEH YKUBIPBLTY
JKULUTITIHIH JKOFapbl KOPCETKIII aHBIKTaIAbl. TypiepaiH OHOIEHO3aFbl SKOIOTHIBIK AU epeHINAIHSACHL,
Lumbricidae Bucuepanbai OWIMIBIK €TTEPiHIH ©31HIIK KHUBIPHLTY OCICECHIUTITHIH epeKIIeTIKTepi 3epTTENTeH.
Byn ¢usnonoruseik esrepicrep Lumbricidae skonormsuislk optypitinirin Oepeni. JlromOpurmarep op
TYpiiepi MeH (GopManapsIHBIH MOP(OIKOIOTHSUIBIK TU(dEpeHINAMACH YHPEHIIKTI CHIIAT aNaThIH acKa3aH
OYJIIIBIK eTiHIH QYHKIIMOHAIIBI OSICCH TN ©3repiCTepiMEH CUIIATTAIIbI.

Kinm ces30ep: *ayblH KYpThI, ackKa3aH, OKIIayJaHFaH OYJIIIBIKET MpPEHaparhl, HUBIPBUIFBII OCICEHILTIr,
KaybIpT OSJICEHLNIK, MHIYIHPICHI€H XKHUBIPBUIFBIII OSJICEH/IIIIr, AETHIIXOINH, aTPOIHUH.

B.C. AGykenona

AanTuBHbIE 0CO0EHHOCTH HEKOTOPBIX BUAOB JIOMOPUIIU/

MaJoIIeTHHKOBBIE YePBH — 3Ta YPE3BbIUYAWHO Ba)KHAS TAKCOHOMHYECKAs TPYIIIA B HA3EMHbBIX 9KOCHCTEMaX,
KOTOpast 10 CHX IOpP OCTAETCs HEIOCTATOYHO M3Yy4YEHHOH. B HacTosIee BpeMs MOTyUYeHO elie Majlo JaHHBIX
00 MX TaKCOHOMHH, PacIpe/ie/ICHUH B OMOIIEH03aX, OMOIOTHH U SKOJOTHH. BBUTH NpoBeIeHb! 3KCIIEPUMEHTHI
¢ Buzamu ceMeiictBa Lumbricidae pa3snuaHBIX MOP(O-IKONOTHIECKUX IPyHIl. MBI IPEIIOI0KMIN, 9TO pa3-
JUYMS B aMIUTUTYJIE U YaCTOTE COKPATHTEIHHONW aKTHBHOCTH TJIAJIKUX MBIIII] KHAIICYHHKA MEXAY BUIAMU U
noasuiamu Lumbricidae HocsaT amantuBHbINH xapakrep. COKpaTHTeNbHAS aKTHBHOCTh IJIAJIKUX MBI ObUIa
U3yYeHa COIJIACHO METOJy M30JMPOBAHHBIX HpenapaToB. HauOosbluas aMIUIMTYla 1 HaMMEHbIIAs 4acToTa
COKpALIECHUH MBI KHIICYHHKA OBUIM 3apErMCTPUPOBAHbI Y JIETPUTO(AroB, YepBeH MHHEPAIBHBIX CIOEB
104B. J[J1s MOBEpXHOCTHOOOUTAIOMINX BUIOB M IIOJJBUIOB OIPEACIICHA MEHbIIAS aMIUIMTY/Ia COKPaTHTEIbHOM
AKTUBHOCTH MBIIII] U 0OJIbIIAst YaCTOTa COKpAIICHUH. DTH (QU3MOIOrHYECKUE Pa3iInyus ITOJATBEPKIAIOT Cy-
IIIECTBOBAaHHE YKOJIOTHYECKOH pasHopomgHocTH Lumbricidae. [lapameTpsl COKpaTUTEIbHON aKTUBHOCTH TJIA/I-
KMX MBI KHIIEYHHKA — OIpEAeNICHHas (HU3MONOTHYEecKass IIepeMeHHas, CBs3aHHas ¢ Mopdo-
sKoJIoruueckor muddepenpanyeil 1oKaeBbIX YepBell B IPUPOIHBIX MECTOOOUTAHHSX.

Kniouesvie cnosa: JOXKJCBBIC YCPBU, KUIICYHUK, H30JTPIp0BaHHI:II>i MBIIICYHBIN npenapar, COKpaTuTe/ibHasA
AKTUBHOCTD, ClIOHTAaHHAasA aKTUBHOCTDb, BbI3BaHHASA COKPATUTCIIbHAsA aKTUBHOCTD, allICTUIIXOJIMH, aTPOIIHUH.
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Physiological assessment of adaptive reactions of organism
among gifted schoolchildren

The article gives a physiological assessment of adaptive reactions of organism among gifted schoolchildren.
An increase in growth was observed both among boys and girls. Simultaneously with the increase, the body
weight of adolescents also increases. Muscle strength intensively increases in adolescence. The schoolchil-
dren had significant differences in the level of functional state of the central nervous system. Differences in
the level of functional tension of the central nervous system and mental performance are noted among gifted
schoolchildren, depending on age and sex. Education of the schoolboys changed organisms’ functional condi-
tion and nervous — emotional activity, appreciable exhaustion of the pupils, progressive decrease of service-
ability, cordial — vessel system and central nervous system, energy provisional system in the intensification
educational process conditions. The badly ecological situation has an negative effect for physiological param-
eters and «quality» of health of the living children's population, that in a consequence will be reflected in his
serviceability and illness.

Keywords: adolescent, age, reaction, organism, process, central nervous system, cardiovascular system,
Ruffier index, muscle strength, working capacity, adaptation.

Adolescence is a natural stage in the development of organism, but at the same time, it sharply differs
from all other stages of a person's lifewith its uniqueness and pace. During this period, rapid restructuring
takes place in the activity of all the physiological systems of the body. From the physiological point of view,
the adolescent period is characterized by an increase in the intensity of growth, increased metabolism, in-
creased oxygen consumption, a sharp increase in the activity of the endocrine glands, active assimilatory
processes, pronounced endocrine shifts, processes of morphological and functional differentiation of the
brain and internal organs. A person never grows as intensely as during adolescence, except for the first two
years of his life [1, 2].

In functional terms, the body is extremely unstable and prone to diseases and frustrations. The cardio-
vascular systemundergoes significant changes. The stimulating effect on heart growth is exerted by endo-
crine glands whose activity is sharply activated [3].

Respiratory organs intensively develop during adolescence. The vital capacity of the lungs significantly
increases [4]. Breathing becomes less frequent and deeper. The chest and respiratory muscles develop inten-
sively; along with this the rate of their development is most intense during puberty. The type of breathing is
finally formed in adolescence.

Thus, the body of adolescents on a number of parameters is approaching the level of adults, but the pe-
culiarity of this age, consisting in the relative weakness of the cerebral cortex, the imperfections of the nerv-
ous and humoral regulation, the mobility and instability of the regulation of the autonomic nervous system,
disharmony in the rate of growth of the heart, blood vessels and the body determines the increased sensitivity
of their organism to various influences [4].

The introduction of innovative methods into the process should promote the development of children,
training their body and adapting it to mental and physical stress [4, 5]. The improvement of education must
follow the path that fosters the formation of child's personality, capable of effective adaptation in changing
conditions.

Materials and methods of research

The research was carried out on the basis of the school for gifted children «Daryn» affiliated with the
Karaganda State University named after Ye.A. Buketov. The object of the study is pupils of grades 8—11. All
schoolchildren were also divided into age periods: 14—15 years (pubertal) and 16—17 years (post-pubertal).

Anthropometric studies included: measuring the main indicators of the physical development of
schoolchildren: length, body weight, chest circumference, their centile evaluation were determined; the study
of individual psychological traits of personality according to the method of G.D. Eysenck, definition of per-
sonal anxiety; pulse rate measurement before and after the dosed load, calculation of the Ruffier index, sys-
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tolic (SBP) and diastolic (DBP) blood pressure; mathematical analysis of the heart rhythm according to
R.M. Baevskiy. Physiological studies included: measurement of the indices of functional state of the central
nervous system (simple and complex AMR, VMR, Anfimov table), subjective assessment of state of health,
activity and mood (SAM). To characterize the degree of tension of individual links of the system of neuro-
humoral regulation in the whole organism, the method of mathematical analysis of the heart rhythm (SR) for
RM Baevsky was used.Analysis of vegetovascular reaction is a method to assess the state of regulation
mechanisms of physiological functions in the human and animal organism, in particular, the overall activity
of regulatory mechanisms, neurohumonal regulation of the heart, the relationship between sympathetic and
parasympathetic parts of the autonomic nervous system.

Research results

As the results of the comparative analysis showed, the schoolchildren had significant differences in the
level of functional state of central nervous system in the studied age periods.

Pronounced sexual and age features were noted from the point of view of sensorimotor reactions
(Fig. 1). Thus, the boys in the first age period (14—15 years) showed higher values of VMR and AMR in
comparison with the second age period (16—17 years). In the first age period VMR and AMR among boys
were averaged 254.8 £ 12.5 and 231.0 £ 10.6 msec, and in the second period there was a significant decrease
of 227.0 £ 4.4 and 210.3 £+ 3.9 msec, respectively (p <0.05). Significant differences among girls were noted
only in the time of AMR (in the first age group of AMR — 248.9+ 7.7 msec, in the second —
229.9 + 6.6 msec, p<0.05), significant difference in VMR was noted.

msec

260
250 1
240
230
220
210
200 -

14-15 aged 16-17 aged 14-15 aged 16-17 aged

Boys Girls
Figure 1. Level of sensorimotor reactions of schoolchildren depending on age periods

If we take into account the fact that the reaction time depends on many external and internal causes and
reflects the course of many processes in the central nervous system, the observed changes in the magnitude
of the reaction time correspond to the overall effect of interaction of the main processes in the central nerv-
ous system, namely, the inhibitory processes were dominated over excitation among the schoolchildren of
the first age group. The direction of the general equilibrium shift between these processes, as well as the abil-
ity to focus attention to a certain extent, depends on the workload and the degree of fatigue. Consequently,
the mental load in the first age group is higher than in the second, and these processes were more pronounced
among boys than among the girls.

Evaluation of the effectiveness of attention process with the help of correcting tables of Anfimov
showed the presence of significant differences in mental performance among girls (Fig. 2).

Its lower values were noted in the first age period — the number of scanned and found figures (in the
first group, 374.7 £ 10.4 and 36.9 + 1.06 figures, respectively, in the second group — 429.4 + 16.5 and
42.0 £ 1.69 figures, (p <0.05, Fig. 2.). An additional confirmation is the attention index, in the first age group
this indicator had also reliably low values (23.4 + 0.65 units) in comparison with the second (26.8 +0.73
units, Table 1, p <0.05).
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Figure 2. The level of indicators of mental performance among schoolchildren, depending on age

Table 1

The level of functional status of the central nervous system among gifted schoolchildren in different age periods

Indices Boys Girls
14-15 aged 1617 aged 14-15 aged 1617 aged
n=145 n=144 n=143 n=141
Amount of reviewed values 374.8 £28.2 384.5+12.4 3747+ 10.4 4294+ 16.5*
Amount of found values 36.5+2.59 36.5+1.12 36.9 + 1.06 42.0 + 1.69*
Amount of mistakes 2.60 +0.91 2.84+0.49 1.45+0.30 1.91+0.32
Index of attention 23.4+1.76 24,0 +0.78 23.4+0.65 26.8 +0.73*

Note. * — Differences are significant (p<0.05).

Thus, the obtained results indicate that the gifted students have differences in the level of functional
tension of the central nervous system and mental capacity for work, depending on age and sex. Moreover,
boys in the 14-15 age group had a higher level of functional tension of the central nervous system, while
girls of the same age period had low values of mental capacity for work.

The level of state of health, activity and mood among gifted schoolchildren did not have significant dif-
ferences depending on age (Table 2).

Table 2
Level of reactive anxiety and SAM indicators among gifted schoolchildren in different age periods
Indices Boys Girls
1415 aged 16-17 aged 1415 aged 16-17 aged
n=145 n=144 n=143 n=141
State of health 5.22+0.36 546 +0.14 520+0.18 532+0.14
Activity 4.75+0.30 491 +0.15 4.40+0.22 4.75+0.16
Mood 5.72+£0.21 5.74+0.12 5.55+0.17 5.64+0.15

Low mental performance was accompanied by the high values of reactive anxiety level — 39.8 +2.32
units among girls of the first age group, while in the second age group — 34.8 + 1.73 units (p<0.05, Fig. 3).
There were no significant differences in the level of reactive anxiety among the boys.
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Figure 3. Level of reactive anxiety among gifted schoolchildren in different age periods

On the part of indicators that characterize the level of functional state of the cardiovascular system,
there are no significant differences depending on age, except for the pulse rate among girls (Table 3). For
example, in the first age group, the heart rate averaged 84.6 + 1.74 beats per minute, while in the second,
80.2 £ 1.66 beats/min (p<0.05).

Table 3
The level of functional state of the cardiovascular system among gifted schoolchildren in different age periods

Indices Boys Girls
14-15 aged 16-17 aged 14-15 aged 16-17 aged
n=145 n=144 n=143 n=141
SBP 109.6 2.2 111.9+1.5 105.7+ 1.8 109.1+2.1
DBP 71.2 +£2.05 724+1.15 67.3+1.52 68.1 £1.35
Pulse rate 82.5+4.09 79.2+1.70 84.6+1.74 80.2 + 1.66*
Ruffier index 6.75+0.61 6.59 +0.26 8.63+0.39 7.52 £0.35*%

Note. * — Differences are significant (p<0.05).

An evaluation of the intensity of labor according to the pulse rate among schoolgirls of the first age
group showed that it corresponded to the level of «satisfactory», while among schoolgirls of the second age
group the tension corresponded to the level of «good». Among boys, the intensity of labor according by the
pulse rate, according to the quantitative gradation, corresponded to the levels as among the girls, although the
quantitative values of the state of emergency did not have such pronounced differences.

This is also confirmed by the results of assessment of the functional capabilities of organism among
schoolchildren, depending on the age boundaries. As can be seen from Figure 4, the response to the meas-
ured physical load among girls of the first age group is higher than in the second group. The values of the
pulse rate here were higher at all stages of the sample. So, if the initial pulse rate among girls of the first age
group is averaged 84.6 £ 1.74 beats per minute, in the second group — 80.2 £ 1.66 beats/min (p<0.05), after
the emergency load in the first group it increased to 137.7 + 2.4 bpm, while in the second group it increased
to 129.3 £ 2.6 bpm (p<0.05).

Comparison of the average values of the Ruffier index for boys of both age groups, the range of its var-
iability are in the range of satisfactory performance (with the criteria for satisfactory performance of 6—8
standard units, the Ruffier index was in the range of 6.59 %+ 6.75 units) [6]. The level of working capacity
among the girls of the first age group was inadequate (i.e., more than 8 standard units), among girls of the
second age group — satisfactory (Table 3).
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Figure 4. Dynamics of the pulse rate during the exercise test

As the analysis of the regulatory mechanisms of cardiac activity on the basis of mathematical parame-
ters of heart rhythm showed, girls of the first age group have higher reaction intensity, and as a result, the
«physiological value» of the work is higher (Table 4). The boys did not have significant differences. The
higher tension of regulating systems of organism is shown by higher values of A Moreflecting the mobilizing
effect of centralization of cardiac rhythm control, the conditional index of the activity of sympathetic link of
regulation. The average AMO among girls of the first age group was 49.6 £ 3.40 %, while in the second
group it was 41.7 + 2.81 % (p <0.05, Table 4).

Table 4
Level of heart rate variability among gifted schoolchildren in different age periods
Indices Boys Girls
14-15 aged 16-17 aged 14-15 aged 16-17 aged
n=145 n=144 n=143 n=141

Mg.r 764.8+21.3 776.24+15.8 739.3+15.2 780.5+ 17.7*
(0% 7.23+£0.91 7.05+0.35 7.61 +£0.67 7.11+047
Mo 772.6 £27.4 782.2+19.4 733.7 +24.7 779.1 £21.1
Amo 43.8+6.33 40.1 £2.02 49.6 +3.40 41.7+2.81%
AX 286.2 =50.4 302.5+ 14.6 252.6 +27.0 290.5+21.1
TP — S, 3.82+1.19 4.16 +0.46 4.20+0.76 3.63 +£0.46
HF (HFav) — JIB 6.15+£2.51 541+0.71 7.12+1.86 5.37+0.80
LF (LFav) — MBI 11.3£3.64 12.8 +1.53 12.4 +2.28 11.0+1.48
VLF (VLFav)MB2 18.3£4.31 17.9+2.09 16.2 +1.66 12.3 +£1.73*
LF/HF 1.06 £0.19 1.37+0.21 1.05+0.20 0.96+0.13

Note. * — The differences are significant (p <0.05).

Thus, there is a predominance of the sympathetic part of the autonomic nervous system over the para-
sympathetic department.

A high degree of tension of regulatory systems is indicated by high values of the stress index, which
characterizes the degree of predominance of activity of the central regulatory mechanisms over autonomous
ones. An average value of stress indexamong girls was 167.2 + 24.3 units for the first age group, 104.1 +
10.6 units for the second age group (p<0.05).

Analysis of the dynamics of the stress index (Fig. 5) among girls of the first age group showed a sympa-
thetic type of regulation (SI>150 units). Girls of the second age group and boys of both age groups have
normotonic type (SI 60—150 units).
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Figure 5. Level of stress and centralization index, index of activity of regulatory system
among gifted schoolchildren in different age periods

Thus, the index of activity of the regulatory system, obtained by calculation, made it possible to differ-
entiate different degrees of stress in the school's regulatory systems, depending on the age range, with the
exception of 14—15 year old girls with the pronounced level of functional tension of the regulatory systems;
this indicator corresponded to the level of the expressed stress in other groups.
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JapbIHAbI OKYIIBLIAP aF3aChIHBIH OeiiM/Ie/1y peaKIusiCbIHA
dusunosorusiibiK 0ara oepy

Makaana 1apbsIHIbI OKYLIBIIAp aF3achbIHBIH OelimMeny peaknusicbiHa GU3HOIOTHsUIBIK Oara Gepinai. Ke3nap
MEH YIJapAblH OOWbl MEH CaJMarbIHBIH YJIFAlObl aHbIKTalbl. banamapiplH erTneni Ke3eHiHAe OYIMBIK eT
KYLIiHIH )oFapbl kepcerkimi 3eprrengi. Okyubuiapa opTaislk xyiike xyiicinin (OXK) dyHkiponanapk
JKaFrTalbIHBIH JEHICHiH/AC NOJICNICHTCH albIpMalIbUIbIKTap Tipkendi. Japemasl okymbuiapaa OAOK sxone
oiimay KaOiNeTiHiH (YyHKIMOHANIBIK IIHPBIFY KOPCETKIIITEPiHIH aWBIPMAIIBUIBIKTAPEl JKAChIHA >KOHE
JKBIHBICBIHA OaitmanbIcTel Gonabl. OKy YpIICiHIH KypHeleHyiHe OaiJIaHBICTBI OKBITY OapbICHIHIA OKYIIbLIAp
ar3achIHBIH OpEKeTTIK KYHiHIH e3repicrepi, XYiKe HSMOIMOHAIIBIK OENCEHIUTITIHIH KaXKybl, >KYMBIC
KabinerTinirinig xputnam temeneyi, OXXK jxoHe jkypek-Tamblp KyHECiHIH JKaFbIMCBI3 e3repicTepi maiina
Gonansl. Komaichl3 SKOJNOTHMSUIBIK JKaFiaiap OCbl aylaHnapfa TYpaTblH OaiaiaapiblH  (HU3HOIOTHSIBIK
KOPCETKIIITEPiHE KOHE JCHCAYJIBIK «CallachlHa», KEJCLUIEKTE OJIApJbIH op TYpIi aypyJiapFa IIajJbIFybIHa
JKOHE KYMBIC KaOIIeTTTIIIriHe acep eTei.

Kinm ce30ep: eTKeHIIEK, xKac, peakys, aF3a, OPTAJIBIK )KYHKe KyHeci, KaH-TaMbIp xyieci, Pydrse uanexci,
OYIIIBIK €T KYII, )KYMBICKa KabineTTinik, Oeifimaeny.
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Physiological assessment of adaptive ...

[II.M. HyrymanoBa, A.E. KazumoBa

DOu3noJI0rnYecKas OeHKA MPUCIOCOOUTENbHBIX PEAKIUil OpraHu3Ma
0/IapeHHBbIX KOJbHUKOB

B cratbe naHa (u3HoIOrMUecKas OLEHKa MPUCIIOCOOUTENBHBIX PEAKIMI OpraHu3Ma OJApEHHBIX IIKOJIbHH-
KOB. BBIsBIICHO yBeJIMUeHUE POCTa KaK Y MaIb4YUKOB, TaK U Y AeBo4eK. OJTHOBPEMEHHO C POCTOM YBEJINUHMBa-
eTCsl U Macca TeJsa MOAPOCTKOB. MIHTCHCHBHO pacTeT MbIIEYHAs CHia. Y IIKOJILHUKOB OTMEYAJIHMCh JOCTO-
BEPHBIC PA3JIMYMSA B YPOBHE (YHKIMOHAJIBLHOIO COCTOSHMS LICHTPAIbHOW HEPBHOM CHCTEMBI. Y OJapEHHBIX
LIKOJbHUKOB OTMEYEHbI Pa3yinyus B ypoBHe (yHKIHOHaNbHOro HanpspkeHus [THC u ymcTBeHHOIT paboro-
CHOCOOHOCTH B 3aBUCHIMOCTH OT Bo3pacTta u nona. O0yueHne MKOJIFHUKOB B YCIOBUSAX HHTCHCH(HUIIUPOBAH-
HOTO y4eOHOTO IpoIlecca BBI3BIBAET W3MEHEHUS (YHKIMOHAIBHOIO COCTOSHUS OpraHM3Ma ¥ HEpPBHO-
SMOIMOHAJIFHON aKTUBHOCTH, 3aMETHOE YTOMIICHHE YUaI[UXCsl, IPOTPECCUBHOE CHIKEHHE paboTOCIIOCOOHO-
CTH, HEOIaronpHUsATHEIE N3MEHEHUS B CEPICUHO-COCYAUCTON CHCTEMe, cucTeMe dHeproodecredeHus. Hebma-
TOIPHATHBIE KOJOTHUEeCKUe (haKTOPbl HEraTHBHO BIMSIOT HA (DH3HOJOTMYECKHE MOKA3aTeNM M COCTOSHHE
3[0pOBbs, Ha 3a00JICBaEMOCTb U PAOOTOCIOCOOHOCTD JeTeH, IIPOKUBAIOIINX B 9TUX paliOHAX.

Knrouesvie cnosa: moppocToK, BO3pacT, peakls, OPraHu3M, NPOLIECC, HEHTpaJlbHas HEPBHAS CHCTEMa, Cep-
JIEYHO-COCYAMCTAsA cUcTeMa, nHAeKe Pydre, Mplmeunas cuna, paboTocrocoOHOCTb, afanTarys.
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HN3yuyenune MUKPO(IOPBI MSCA KOHMHBI

[IpoBeneno usydenue MUKpO(IOpsl KOHCKOTO Msica, cobpanHoro B CeBepo-KazaxcraHckoil 1 AKMOTHMHCKOM
o0macTsx. YCTaHOBJIEHO, 4TO Ha | rpaMM Ka3bl W3 AKMOIMHCKOW OONacTH NPUXOAUTCS B CpEAHEM
7,8:10° KOE, a B xa3s! u3 CKO comepxurcs 1,1:10° KOE. VpoBeHb KOHTAMHHHPOBAHHOCTH MsICA KOHHHBI 13
AxmonmHCKOI obsactu 65U1 B 7 pa3 Beime, yeM obpasna Msica n3 CKO. C moMombio MEKPOOHOIOTHYECKIX
METOJIOB BEIJIETICHBI U MONYYESHBl YHCTHIE KYJIBTYpHI JEBATH OaKTepUaIbHBIX H30JTOB. CpelH BBIIEICHHBIX
M30JIATOB OTCYTCTBYIOT OAKTEPUH TPYIIBl KHIIEYHBIX HaJO4eK (KOJIM(GOPMBI), YTO IIO3BOJISIET TOBOPHUTH
0 COOTBETCTBUHM JAHHBIX MSICHBIX IPOAYKTOB CAHUTAPHO-TMIMEHWYECKHM HopMaM. OJHaKO MHKPOCKOIHYe-
CKUIl aHaJIM3 MO3BOJIMJI 8 BBIIEJIICHHBIX KyJIbTYpP OTHECTH K KOKKOOOpasHbIM OaktepusM. KynbTypanbHble,
Mopdonornyeckue 1 GMOXUMUYECKHE TECThI MO3BOJIMIN 6 KOKKOBBIX KYJBTYp OTHECTH K TPYIIIE yCIOBHO-
TIATOTEHHBIX U KOaryIa30-HeraTHBHBIX CTA(UIOKOKKOB.

Kniouesvie crosa: MPIKpO(I)JIOpa, H30JIATHI, MUT'MEHTUPOBAHHBIC 6a1<Tep1/11/1, KOHCKO€ MACO, Ka3bl, KOHTaMHHa-
us, cepHﬁHoe pa3BCICHUC, KOHOHI/I606pa3yIOIIII/Ie CAWHULBI, CTa(i)I/IJIOKOKKI/I, KoaryJia3a-He€TaTUBHBIC,
YCJIOBHO-IIATOTC€HHBIC MUKPOOPIraHU3MBbIL.

Kokku npeacTaBnsioT co00i MHUPOKO paclpoCTPAHSHHYIO B MPUPOJIE TPYIIY MUKPOOPTaHU3MOB, 00b-
eMHAIONIYI0 B cebe HapsAxy ¢ canpo@UTHBIMUA M OoJe3HeTBOpHBIE QopMbl. B mocnennue pecstuietus B
Pa3BHUTHIX CTpaHaX M3 BceX OaKkTepHa bHBIX WH(MEKIHH, Jalie BCero MPUBOISMIINX K CMEPTH, HauOOIBIIYIO
OTIACHOCTH IPEICTABISET 30JIOTUCTBINA CTadUIOKOKK Staphylococcus aureus. I3BeCTHO, YTO MHOTHE IITaM-
MBI 30JI0THUCTOTO CTa(MIOKOKKA MPOAYIHPYIOT 3HTEPOTOKCHH. [l03TOMY Hamuuue B MPOAYKTaX MHUTAHUS
SHTEPOTOKCUTEHHBIX W aHTHOMOTHUKO-YCTOHYMBBIX IITAMMOB BUIA S. aureus, a TakKe HapyIIEHHE MPOU3-
BOJICTBEHHO-CAaHUTAPHBIX YCIOBUH CO3JIAI0OT YIPO3y Ui 3M0POBhs noTpeouTeneit [1].

EctecTBeHHbIC OMYIAIUN CTAUIOKOKKOB B OCHOBHOM 3aCENISIOT KOKHBIC U CIM3UCTHIC MMOKPOBHI Te-
IUIOKPOBHBIX JKUBOTHBIX W YeNIOBEKa, SIBISACH pe3epByapoM HHGeKuu. HekoTopsie BHIBI CTA(UIOKOKKOB
MOTYT MPUCYTCTBOBATh B OKPYKAIOIIEH Cpelie — B BO3AyXeE, ITBUIH, CTOYHBIX BOJIaX, BOJE, ITOYBE, B MPOIYK-
Tax JKUBOTHOTO MPOUCXOXKIEHUS — B MOJIOKE, CBIpE, MsCEe, a TakKe Ha 000pYyIOBaHUH IHUIIEBLIX TPOU3-
BOJICTB. B poay cTaduiioKOKKOB, OTHOCSIIUXCS K ceMeUCTBY Staphylococcaceae, BRIIEASIOT OKOJO 37 BUIOB
Y HECKOJIbKO TIOJIBUIOB [2], CpeIu KOTOPBIX MaTOTEHHBIMU ISl YeJI0OBeKa MOTYT OBITh HE TOJIBKO KOaryias3o-
MO3UTHBHBIE CTa(UIOKOKKHM. HeaaBHHME MCCIIeOBaHUs MOKa3aJd, YTO HEKOTOPHIC KOaryyia3o-HeraTHBHBIC
cradunokokku (KoHC) SBisIFOTCSI OCHOBHBIMHU BO30YAUTEIAMHI OAaKTEPUEMHH, & TAKIKE CIIOCOOHBI MPOTyIIH-
poBaTh sHTepoTOoKcUH [3]. M3BectHrl mtammel rpynnsl KoHC, umeromue TEXHOJIOTMYECKOE 3HAYCHUE B
nporeccax GepMEHTHPOBAHUS U CO3PEBAHMUS KOITYCHBIX Koibac [4].

Y CTaHOBJIEHO, YTO MPEBATMPOBAHUE TEX WM MHBIX BUIOB MUKPOMIOPHI KUILIEYHUKA CBSI3aHO C UX T'€0-
rpadU4ecKor MPUBSA3aHHOCTHIO, T.€. B Pa3NIUYHBIX CTPaHAX JOMUHHUPYIOT Pa3IHUYHbIC BHJIBI M IITAMMBI MUK-
POOPTraHU3MOB, IMO3TOMY YHOTpeOIeHre WMIOPTHBIX MUMIEBHIX MPOIYKTOB MOXKET MPUBECTH K KOPEHHOMY
M3MEHEHUIO eCTeCTBEHHOW MUKPOdIIOphI YenoBeka [5]. B 1eioM npu npoBeeHUH MOHUTOPHHTA 310POBbS
HACEJIEHUsI 00S3aTeNbHBIMHU SIBIITIOTCS OlEHKAa MHUKPOOHO-CAHUTApHOTO KadyecTBa MPOIYKTOB MHUTaHUS, a
TaKKe UASHTH(PHUKAIISI MUKPOOPTaHN3MOB.

[enpio MaHHBIX UCCIEAOBAHUN OBLIO M3YUCHHE MUKPOOPTAaHU3MOB, PACIIPOCTPAHEHHBIX B KOHCKOM M-
ce, Ha OCHOBE KOTOPOT0 MU3rOTAaBIUBACTCS TAKON TPATUIIMOHHBIA Ka3aXCKUN MPOIYKT, KaK Ka3bl.

P€3yﬂbmambl UCCReO08aHUs.

s onpeneneHus KOJIMYeCTBA MUKPOOPTaHU3MOB B KOHCKOM MSICHOM IPOJYKTE HCIIOJIb30BAH METOX
CepHUiHOro pasBefeHus1 00pa3ua 1 BHICEB Ha MJIOTHBIE cpeabl [6]. [loceB moryueHHBIX CyCIeH3Hi MPOBOIHU-
71 Ha Jamikax ¢ nurarenbHeM arapoM CIIA (Himedia, India) mo 2—3 noBTopHOCTH.

Ha pucyske | npezacraBiieHbl pe3yJIbTaThl IOACYETA KOJIMYECTBA BBIPOCIIMX KOJIOHMH HA YallKax MpH
Pa3IMYHOM Pa3BEJCHUN MSCHOTO MPOJYKTA, MOJYYeHHOTO u3 00pa3noB Ka3el 1 u 2, cobpanHbX B CeBepo-
Kazaxcranckoii (CKO) 1 AKMOIHHCKOH 00JIACTSX COOTBETCTBEHHO.
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MN3yueHne MUKpodnopsl Msica KOHWHbI

M xa3er 1

M Kazer 2

Komuectso KOE
2
o

100 1000
CreneHb pa3BeICHHA HABSCKH Kas3bl

Pucynox 1. KonmaecTBo OakTepranbHBIX KOJOHUH, TOTYYEHHBIX U3 00pa3oB Kasbl

B muxpobuonornyeckoil mpakTHUKE JyUIINM pa3BEIeHWEM CUUTAETCS TO, U3 KOTOPOTO Ha Yamrkax co
cpenoii Beipactaet ot 50 10 300 xononuit Oakrepuid. [loaToMy 11t mogcyéra KOIMYECTBA MUKPOOPTaHU3MOB
B oOpasiie ka3bpl | B3sATHI JaHHBIC, NOIY4YeHHBIC MpHU moceBe 100-KpaTHO pa3BEACHHOTO MPOJYKTa, YTO B
CpemHeM, UCXOIs W3 3-KpaTHOH MOBTOPHOCTH, cocTaBuio 112+23.8 komonmeoOpazyromux eauaui (KOE).
Tornaa xak 11 onpezesieHus] KOJIMYecTBa MUKPOOPTaHU3MOB B 00pasiie Kasbl 2 B3ATHl JaHHBIE, IOJTYYEHHbIE
¢ ucnonb3oBanueM 1000-kpaTHO pa3BeNEHHOH CyCIEH3UHU, YTO COOTBETCTBYeT B cpeanem 78+5,6 KOE Ha
OJIHy arapoBYIO YaIllKy.

[Ipu mepepacueTe KOJIMYECTBA MHUKPOOPTaHM3MOB, HAXOMAAIIMXCS B HAaBECKE, yCTaHOBIIEHO, YTO Ha
1 TpaMM NpoGEI Ka3kl M3 AKMOJHHCKOI ofnacTy npuxomutcs B cpeaneM 7,8-10° KOE, a B npoGe Kassl u3
CKO copepxutcs 1,1'105 KOE. Otn nanHbie yKa3bIBarOT, YTO 00CEMEHEHHOCTh KOHCKOTO Msca U3 AKMO-
JUHCKOHM 00acTH MPUOIM3UTEILHO B 7 pa3s BhIMIe, yeM B Msice n3 CeBepo-Kazaxcranckoi 00acT.

Kak u3BectHo, pu3nonornyeckre 1 OMOXMMHUECKHE CBOMCTBA MUKPOOPTaHU3MOB HCCIIEAYIOT MpHU pa-
0ote ¢ yucTol KynbTypoil. [loaTOMy asi MOSydeHUs YMCTOW KyIbTyphl o Metony P. Koxa u3 arapoBbix
Yairek, MOJyYeHHBIX METO/IOM CEPHIHOTO Pa3BeACHUs, MPOBEIeH OTOOp OTAETHHBIX KOJOHHUH C MOCIEAy0-
IIIIM TIOCEBOM Ha CBEXKYIO MUTATEILHYIO cpeny [6].

KynbpTypbl MUKPOOPraHU3MOB, IPE/ICTABIICHHBIC HA PUCYHKE 2, TIOTYYCHBI U3 OT/EIBHBIX KOJIOHHH, I0-
JMy4eHHBIX W3 o0Opa3mna ka3bl 1. Mcxoas w3 OJHOPOJHOCTH pOCTa KOJIOHHH MO INTPUXY M KYyJIbTYpalbHO-
MOP(HOIIOTHIECKIX OCOOCHHOCTEH NaHHBIE OaKTepraIbHBIE U30IATH OTHECEHBI K YUCTHIM KyJIbTypaM, KOTO-
peie 00ManaroT pa3nuvHOi OKpackoil. M3BecTHO, 4TO KOKKOOOpa3Hble OaKTepuH Ha MUTATEIBHOW cpelie
(hopMUPYIOT TINagKKe, KPYTIIble U POBHBIE KOJIOHHH KPEMOBOTO I[BETA, a TAKXKe OBIBAIOT OKpAaIlleHbl KapOTH-
HOWJAMH B JKEITHIN WM OpamkeBbli IBeTa. OIHAKO MUTMEHTHUPOBaHHE OAKTEpUil HE ABISETCS BHUIOBBIM

MIPU3HAKOM.

1KB 1KS

1KY

1KP 1KG

Pucynox 2. Poct n3onsaTos, BeleNeHHBIX U3 Ka3bl 1 Ha cpene CITA
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UuncroTa BBIIENEHHBIX KyJNbTyp KOHTPOJIMpOBAIach ¢ MOMOLIbI0 MUKpockonuu. Ha pucynke 3 mpen-
CTaBJIEH MUKPOCKOIIMUECKHUH aHaIU3 KOKKOBBIX KyJIbTYyp, OKpaIIeHHbIX 110 MeToxy I'pamMma.

Pucynok 3. Mukpockonus uzonsatos 1KB, 1KP u 1KY, BeinenenHsix u3 kassl 1

Muxkpockomnusl BbIIeNeHHBIX U3 oOpasna kasel 1 uzonstoB 1KB u 1KP noareepkaaer, 4ro oHM OTHO-
CSTCS K IPaMIOJIOKUTEIIFHBIM KOKKaM, KJIETKH KOTOPBIX PaclolaraloTcsi OAMHOYHO, ONApHO WM B BHIE
TeTpaj, a TakKe 00pa3yIoT CKOIUICHIS, HATOMHUHAIOINE «Tpo3abs» BuHOrpana. Kimerku m3omsatoB 2KB1 u
2KB2, BeIIETIEHHBIX U3 Ka3bl 2, TAaKXKe 00pa3yl0T «BUHOTPAIHBIC TPO3/Ibs», YTO SIBISIETCS OXHUM U3 IPH3HA-
KOB, yKa3bIBAIOIIMX Ha UX NMPHHAIIEKHOCTH K cTaduiokokkaMm. KymeTypsl 1KY u 2KRI1 umeror xnerku
U/IeaTbHON MIapOBUIHON (POPMBI, KOTOPEIE B OOJBIIMHCTBE CIIy4aeB PacIioiloKeHbl TeTpagaMu. KieTkn Kok-
kono100HbIX KynbTyp 1KS u 2KY1 Takxke He 00pa3yroT 4eTKHUX IUIOTHBIX CKOIUICHUH B BUE «coT». M30maT
1KG uMeeT KIIeTKH OKPYTII0-0BAIbHON, HEMHOTO BBITSHYTOH (POPMBI M OTHECEHBI K TPAMM-TI0JIOKUTEIbHBIM
MaJIOYKaM.

[TpucyTcTBHE KaTanasbl ABISIETCS OCHOBHON OTIMYUTENBHON OCOOCHHOCTBIO CTA(UIOKOKKOB OT CTpeIl-
TOKOKKOB. [ToaTomy anst nuddepeHunanum Bcex 9 nccieayeMpIx U30JSTOB IPOBEcHa IOCTAHOBKA TeCTa Ha
Kartanasy. Pe3ynbraTel onpeneneHus KaraaasHoWd akTuBHOCTH ABYX KyJaeTyp 1KB m 1KP nokasansl Ha pu-
CyHKE 4. YCTaHOBJIEHO, YTO BCE BBIJEJICHHBIE M30JIThl OTHOCATCS K KaTaja30I0JI0KUTEIbHBIM MUKPOOpPTa-
HU3MaM.

+ KOHTDOIb

P

Pucynok 4. Onpenenenue katana3Hol peakiun 0akrepuaibHbIX n30isaToB 1KP 1 1KB u3 kassr 1

s onpeneneHus XxapakTepHOH MUTMEHTALMK KOJOHMK CTa(UIOKOKKOB MPOBEICHO MX KYyJIbTHBHPO-
BaHHE Ha CEJCKTUBHOW mmrTaTenbHOM cpene Staphylococcus agar (Fluka, CIIA), coxepxaiieii BHICOKYIO
koHuentpamuio NaCl (7,5 %), MaHHUT B KadecTBe MCTOYHUKA YIJIEBOJOB M kenaTuH. [laTorennsie cradu-
JIOKOKKHM JAI0T Ha 3TOW cpelle KOJIOHHM C KenToil nurmeHtauued. Ha pucyHke 5 mokazaHbl 4aliku ¢ 1- u
2-CyTOYHBIMH KyJbTypaMy HCCIEIYEMbIX MUKPOOPTaHU3MOB.
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A — yamiku ¢ 1-cyTounbiMu U B — vamku ¢ 2-cyTOYHBIMU KyJIbTYpaMu
Pucynoxk 5. Poct u30:14TOB, BBIAENEHHBIX U3 Ka3bl Ha cpene Staphylococcus agar

Ha mepBrie cyTKM Ha CTa(HIOKOKKOBOHW cpejie OBICTPBIN M OOMIBHBIA pOCT OBLT XapaKTepeH IS KyJTb-
Typ 1KB u 1KP, a takke 2KB1 u 2KB2, BbieneHHbIX 13 00pa3IoB Ka3bl 1 U 2 COOTBETCTBEHHO (pHc. SA).
OpnHaKko XapakTepHOW I MAaTOTeHHBIX CTa(MIOKOKKOB KENTOW MUTMEHTAINY Y JaHHBIX OaKTepHil HE BBI-
SIBIIGHO, WX KOJIOHWU OBLIH KPEMOBO-0eoro uiu OexeBoro npera. Ha 2-e cyTKH KyJTbTHUBUPOBAHUS U30JISATHI
2KY1 u 2KR1 Ha 3T0i#i cpene nokaszanu cpexnuii poct, a 1KY, 1KG, 1KS Ha manHol cpene cnabo pociu
(puc. 5B).

PI/ICYHOK 6. KauecTBeHnHas OIICHKA YCBOACMOCTU MaHUTOJIa U30JIATaMH, BBIICJICHHBIMU U3 Ka3bl

Ha npencraBnenHOM pucyHKe 6 TIOKa3aHO, YTO IIPH HaHECeHUH Ha OakTepuanbHbie Kononnu 1 KB, 1KP,
2KB1 u 2KB2 karmmu 0,04 %-H0OTO pacTBOpa OpPOMTHMOIOBOTO CHHETO IBET KPAacUTeINs OB )KENTHIM, TOT/Ia
kak nBeT kojoHWi 2KY1 HaumHam mpuoOpeTarh ciiabo-3eIeHOBATHI OTTEHOK. [Ipu 3TOM IBET KyJIBTYp
1KY, 1KG, 1KS u 2KR1 cpa3y xe npuoOpeTai c1ab0-3eIeHOBATYI0 WIN SPKO-3€JIEHO-CHHEBATYIO OKPACKY.
JlaHHBIN NOKa3aTenb CBUACTEIBCTBYET O BO3MOKHOM yTHWIM3allMM MAaHHUTA NAaHHBIMU OakTepUsIMU B aHa-
3POOHBIX yCIOBHSIX.

CornacHo omnpenenuTento beppku U cBeleHHsIM, 0000IEHHBIM B PYKOBOJICTBAX 10 KIMHHYECKONH MHK-
poOuonoruu, OOMBIIMHCTBO IITAMMOB pona Staphylococcus spp. Ha cpesie ¢ TIII0K0301 B aHa3pOOHBIX YCIIO-
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BUSIX 00pa3yroT auetouH [2, 7]. Ha pucyHke 7 mpeacTaBieHbl pe3yIbTaThl ONPENEIeHUs] CIOCOOHOCTH Oak-
tepuanbHbx 30J9T0B 1 KB, 1KP 1KY, 1KS u 1KG ycBauBaTh riiroko3y B aHa3pOOHBIX YCIOBHUSX.

Pucynok 7. KauecTBeHHas OLIEHKA YCBOSIEMOCTH IJIIOKO3BI B AHA3POOHBIX YCIOBHSX H30JIITAMH,
BBIIEJICHHBIMU U3 Ka3bl |

M3meHeHne okpacku MHAMKATOpHOU cpeabl I'mcca cBunerenscTByeT, 4to M3onatel 1KB 1KP u 1KY
(puc. 7), BolnesneHHbIe U3 00pasua kasbl 1, a Taxoke u3oaaT 2KR1 u3 BTOporo odpasia Ka3bl ciocOOHBI MOJI-
HOCTBIO ()EpPMEHTHUPOBATH TIIIOKO3Y B aHA3POOHBIX YCIOBUSX. B NAHHBIX yCIOBUSX W3 JEBATH M3y4YaeMbIX
kyabTyp m3onsatel 2KB1, 2KB2, 2KY 1, a Takke 1KG u 1KS o6naganu cnaboii akTHBHOCTBIO WIIH COBCEM HE
(hepMeHTHPOBAIIN TITIOKO3Y.

PI/ICYHOK 8. KauecTBeHHas OILICHKa Koar yJIa3HOI>'I AKTUBHOCTH H30JIATa, BEIACIICHHOI'O U3 Ka3bl

Jns nuddepeHnuaniy NaToreHHbIX CTapUIOKOKKOB OT HEIIATOTEHHBIX MPOBEEHO ONpeaelieHre Koa-
ryJa3Hoi akTuBHOCTH (pHc. 8). Bee 9 mccnemyemMpIx KyIbTyp OTHECEHBI K KOarylia30HeTaTHBHBIM MUKPOOP-
raHu3MaM, Tak Kak He 00J1a/laii CIIOCOOHOCTHIO K CBOPAYMBAHUIO IJIa3MbI KPOJIUYbEH KPOBH.

Takum 00pa3oM, Ha OCHOBE TIPOBEACHHBIX UCCIIEIOBAHUN YCTAHOBIICHO, YTO YPOBEHb 00CEMEHEHHOCTH
KOHCKOTO0 Msica, coOpanHoTo Ha TeppuTtopun CeBepo-KazaxcTanckoit 1 AKMOJIIMHCKOW 00J1acTel, COCTaBIsIET
1,1-10° KOE u 7,8-:10° KOE cooTBeTcTBeHHO. M3 TaHHEIX MACHBIX HPOIYKTOB BBIICICHBI B OCHOBHOM ITHT-
MEHTHUPOBAHHBIE KOKKOIOJOOHBIC OaKTePUM, OTHOCAIIMECS K TPAMIIOJIIOKUTEIBHBIM MHKPOOPTaHU3MaM.
Mukpockonudeckuii aHain3 9 BBIAECNECHHBIX MHUKPOOPTAaHH3MOB Hapsy C pe3yJbTaTaMd OHMOXMMHUYECKUX
tecToB mo3BossieT m3oisaTel 1KB, 1KP u 1KY, a takxke 2KB1, 2KB2 1 2KR1 oTHecTn K HemaTOreHHBIM
Oaktepusim pona Staphylococcus spp. Cpenu BbIIEIEHHBIX H30JIATOB OTCYTCTBYIOT OaKTEpHU TPYMIBI KH-
[IEYHBIX MaT04YeK (KOMM(OPMBI), YTO MO3BOJISIET TOBOPUTH O COOTBETCTBUH JAHHBIX MSICHBIX IMPOIYKTOB Ca-
HUTapHO-TUTHEHNYecKnM HopMmaMm. OmHako B cBs3u c TeM, 4To Hekoropeie Buasl KoHC, B wactHOoCTH
S. epidermidis n S. haemolyticus, OTHOCATCS K yCIOBHO-TIATOT€HHBIM MHKPOOPIaHW3MaM, BBI3BIBAIOIIUM 3a-
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0oJieBaHHS, BO3HHKAET HEOOXOAMMOCTH IMPOBEICHHS BUIOBON HICHTH(PHKAIMH HCCIEAYEMBIX H30JSATOB,
BBIJICJICHHBIX M3 Msca KOHUHEI [8].
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M.2K. Kaupona

KbLIKBI eTiHIH MUKPO(dJIOpachiH 3epTTEY

Conrycerik Kazakcran jxoHe AKMOIa OONBICTAphIHBIH JKBUIKBI €Ti ChIHAMAJIAPBIHBIH MHKPOQIOPACH!
seprrengi. HoTmkecisme AKMONa OOMBICBIHBIH 1 I KbLIKBI €Ti YiIrizeri MuKpoarsanapsiy causl 7,8-10° KOE
xkone Conrycrik Kaszakctan OOIBICHIHBIH —ChIHAMACHIHIA 1,1'105 KOE gen awnbikrangsl. ConTycTik
Kazakcranra KaparaHma, AKMoia OOJIBICBIHBIH JKBUIKBI €Tl ChIHAMaJlapblHBIH  MHUKpOaF3anapMeH
KOHTaMHUHAIMSUIAHy ACHreii jKeTi ece skorapbl 00i1bl. MHUKPOOHOIOTHSIIBIK 9iCTep/iH KOMEriMEeH TOFbI3
TYpii OakTepHsUIapAblH Ta3a eciHminepi Oemim ampHael. OChl M3OIATTApABIH apachlHAA IOIEK TasKOIajaap
TOOBIHA JKaTaThIH OakTeprsuiap (KoiamdopMmanap) KOKTHIFBI, 3epTTEIIHI€H €T ChIHAMAaTapbIHBIH CAHUTAPIIBIK-
TUTHCHANBIK TalaNTapblHa COWKeC KENeTiHIH pactampl. Amaiina Oerim adplHFaH 8 H30JATTAp KOKKTapra
JKATaTBIHABIFBl MHUKPOCKONMSIBIK OIC apKbUIBI aHBIKTAIABl. AJBIHFAaH OakTepust H30JSATTapbIHBIH
MOP(OJIOTHSIIBIK, OCIHIUIK >KOHE OMOXMMHSIIBIK KacHETTEpiH 3epTTey OapbIChIHIA OJNapIbIH alTaybIHBIH
MIAPTTHI-IIATOTeH]I1 KSHE KoaryJjia3a-HeraTuBTi CTapHIOKOKKTap TOOBIHA KATaThIH/BIFbI aHKBIH/IAJI/IBL.

Kinm ce30ep: mukpodaopa, U30JIATTap, MUIMEHTEIIHICH OaKTepusiiap, *KbUIKbI €Ti, Ka3bl, KOHTAMHHAIIHS,
CepHSUIBIK EpITIHALIEeP, KOJOHUS KaJbIITACTHIPAThIH OIpiikTep, CTa(UIOKOKKTap, Koaryja3a-HeraTHBTI,
MIAPTTHI-IIATOTeH I MUKpOaFr3aap.

M.G. Kairova

Studying microflora of horsemeat

Microflora of horsemeat samples that collected in North Kazakhstan and Akmola regions are studied. It was
found that Akmolinsky’s kazy contains in average of 7.8-10° CFU/g and the kazy from North Kazakhstan
have 1.1-10° CFU/g. The level of contamination of horsemeat from the Akmola region was seven times high-
er than that of the North Kazakhstan region. Nine bacterial cultures were isolated and obtained their pure cul-
tures by using traditional microbiological methods. The general group of intestine rod-shaped bacteria (coli-
forms) indicating a lack of adherence to good sanitary hygienic practices did not find among these microor-
ganisms isolated from meat samples. However, microscopic analysis showed that 8 bacterial isolates is as-
signing to coccoid bacteria. Six of these cultures are belonging to a group of opportunistic and coagulase-
negative staphylococci according to cultural-morphological and biochemical tests.

Key words: microflora, isolates, pigmented bacteria, horsemeat, kazy, contamination, serial dilution, colony-
forming units, staphylococci, coagulase-negative, opportunistic microorganisms.
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The current ecological state of mountain ram (Ovis ammon collium)
of population of GNPP «Buyratau»

This article in is showed the ecological features of mountain sheep’s (Ovis ammon collium) population of
«Buyratauy, a state national nature park. It is belong to rare and endangered category from the Red book. Ar-
ea of existence of animals is local. It is one of five mountain sheep’s subspecies, which exist in Kazakhstan.
Argali use winter and summer pastures, with which their seasonal movements. Daily activity changes at sea-
sons of year and depends onf factors as: temperature of air, light intensity, air humidity, the frequency of rains
and snowfalls, influence of sanguivorous insects and physiological state of animals. Food allowance of argali
includes 87 species of plants. Today the number of population of argali in «Buyratau» depend of several
complex of factors,: anthropogenic and natural factors. The most important natural factor is death from
wolves. Strategy creation of biological defence, reproduction and rational use is impossible without detailed
knowledge of the animal’s ecology and of factors that influence on its population in specific conditions which
correspond to objectives of Convention on Biological Diversity, which was approved by the government of
Republic of Kazakhstan.

Keywords: GNPP «Buyratau», populations, territory, movement, mountain ram, arkhar, hoofed animals, area,
factors, activity, delivery, number.

Today one of the important problems of biology is conservation of biological diversity. Conservation of
biodiversity and sustainability problem of biotic communities appears to be the priority direction of modern
biology and ecology. Therefore studies of ecological features, lifestyle and changes of population of moun-
tain sheep is one of the current problems of population ecology. President of Kazakhstan noted as important
the problem of conservation and rational use of country’s biodiversity as one of the main long-term priorities
of Kazakhstan’s development. Despite of the ecological plasticity, resources and economic importance of
argali is decreasing day by day. Against the background of its common decrease in Kazakhstan various re-
serves and natural parks where breed red deer, for the purpose of increase in their number in Kazakhstan, and
also its preservations. Arkhara are included in the Red List, the mountain ram is included, in the list of the
most dangerous invasive types according to the International Union of Conservation.

The type from category of «infrequent and disappearingy, is included in Red Lists of the USSR, and
Republic of Kazakhstan and appears in the Appendix 2 «Convention on international trade in the types of
fauna and flora which are under the threat of disappearance». The range of argali is very broad. They inhabit
Pamir, Himalayas, Dzhungarian Alatau, Tarbagatai, Saur, Kazakh Highlands, south and south-east Altai,
mountains of Mongolia and China.

Now mountain rams are widespread in the Central Kazakhstan very widely and can be met on shallow
heights. They live practically in all large mountain as Semizbuga, Karaganda, Zhartas, Zheltau, Dyn,
Hankashta, Karkaraly, Koshubai, Kent, Tungatar, Besobinsky, Ulken-Karakus, Narshoky, Kyzyltas,
Kyzylaray, Chingiztau, etc. This same time isolation of some groups from the main area is observed.

The Ermentau mountain massif covers the area over 200 thousand hectares. About a half of this territo-
ry (88 968 hectares) are belong to the especially protected natural territory (EPNT) — Republican public
organizion «State national Buyratau natural park» formed in March, 2011. Around the park a security zone
created equal territory of the park (88064 hectares) with differentiated mode of protection of the nature
works. All these actions are directed to preservation of unique natural complex of Ermentau mountains

The mountain ram — Ovis ammon collium — the representative of the Bovidae, Artiodactyla group,
the class Mammalia [1-6] lives in Ermentau uplands. The area is focal.. It is one of five subspecies of the
mountain rams living in Kazakhstan.

Three types of movements are allocated at arkhar: seasonal, daily and compelled. Seasonal movements
are most noticeable. First of all they are caused by existence of a forage during particular seasons of year, so
our arkhars move in the winter to the southern and east areas where on slopes of mountains and valleys the
stern is more. Before a genus of female go to more protected places with the sharp crossed relief. The con-
siderable movements are observed during rutting when adult males pass into habitats of females. But all the-
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se movements happen, is routine in the territory of population if arkhar not to disturb. The compelled move-
ments can be caused by natural disasters (the fires, hurricanes) or with emergence of some. Also paths of
distant migrations of arkhar within its area are known, they are constant.

The description of the modern distribution of arkhars is rather authentically provided by Berbera (1999)
[5-6].

The sizes and body weight of animals, their body height and development are depend not only from a
genotype, but also from conditions of life. Growth rates, development and a metabolism are not identical
even at the close sibling species. At the North Kazakhstan mountain rams number of chromosomes 56.

Legs at these animals are thin. Hoofs are large, are well adapted for movement on snow, the weak soil
and rocks. Horn substance very solid, and in the tail of a hoof acts a finger pulp which does not slide on
smooth stones. The area of forward hoofs (38,6 cm?®) considerably exceeds the area back (29,3 cm?).

Brown-brown or grayish-brown coloring of an upper of the head and trunk at it to a thicket is sharply
separated from a white bottom, and below of the frontal part of hind legs there passes the dark strip [5—10].

Nutrition is one of the most important forms of communication of organisms with environment of
dwelling of animals. Searching and eating of forages as not discontinuous acts of activity at mountain rams
to a large extent, than at many other hoofed animals, define placement of animals on the area, promoting at
the same time development of a special rhythm of daily activity, a way of getting of a forage, the nature of
movements, etc. [6].

Daily activity of a mountain ram changes on seasons of year and is defined by many factors: air tem-
perature, illuminating intensity, humidity and amount of precipitation, influence of blood-sicking insects, and
also physiological condition of animals.

In the mountains Ermentau, Koshubais, Temirshi apxap eats in the summer, in the fall and winter of 87
species of plants (including 19 species of bushes) and 1-2 types of lichens of the sort Parmelia [11-15].

Distribution of arkhars on biotopes has particular regularity: females with lambs prefer territory en-
riched by food, males — the most protected prefer. Summer and winter pastures to which their seasonal
movements are bound clearly are expressed. These hoofed animals make also slight daily movements, and at
natural disasters can migrate on long distances.

In the summer daily activity has pronounced recurrence. Arkhars begin to be grazed early in the morn-
ing with sunrise (Fig. 1) and late at night.

s
>

\

Figure 1. Arkhara at pasturage

In August activity of arkhar increases. In the evening they begin to be fed with 16—17 ch, and to twilight
(from 19 to 22 o'clock) their activity increases. In especially hot days of arkhars at 7 o'clock already lay
down or disappear in a shadow under rocks, in a bush or in the wood. During rest some individuals rise, fed
on average 9—12 min and again lay down, changing the place, but not moving away from a from place more
than on 25-30 m.
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The pronounced cyclic mode of daily activity in June-October. In November of the grazed arkhars it is
possible to meet at any time. During this period physical activity of males increases. They look for females
or rivals and are a little fed.

Winter time arkhars spend for pasturage more time, than in the summer. Intensive feeding is the share
of morning hours, and the greatest number of vacationers is noted in December and January from 13 to 16
o'clock and in February from 11 to 13 p [9, 10]. In spring—summer period to arkhara in the Kazakh uplands
the great trouble is caused by midges, mosquitoes, gadflies and blood taken flies [11].

Important factor changes of number of arkhars are epidemics and epizodiya. Death caused by
necrobatsilesis a pyroplasmosis are known [12]. The most significant effect on the number of population of
arkhars in Ermentau uplands, as well as in other regions of its habitats, is rendered by wolves (Fig. 2).

Figure 2. Remains of a young female

Population of arkhars in GNPP «Buyratau» (winter route accounting of migration) in 2012-2016
(Fig. 3).
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Figure 3. Population of arkhars in GNPP «Buyratau» winter route
accounting of migration of animals in winter period 2012-2016

The number of an arkhars was stabilized in compared with 2012 and tends to increase (Fig. 3). The an-
nual increase of a livestock of population is noted, it is promoted by the favorable factors in the territory of
GNPP «Buyratauy.
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I'.K. Typnsi6exkoBa

«byitparay» MY¥TII apkapeiabig (Ovis ammon collium)
Ka3ipri 3KoJOrusiJIbIK KY#i

Maxkanana «byiiparay» MemiekeTTik YITTBIK TaOuraT mnapkiHiH KpI3pUl KiTalka €HIeH, CHPEK >KoHe
KoibutbIl Gapa »katkaH apkap (Ovis ammon collium) HOMyJSUMSCHIHBIH SKOJOTHSUIBIK EpeKIIeTiKTepi
6epinren. Tapanysl, Herisi, Typakchi3. Ka3akcTanma MeKeHICHTIH Tay apKapblHbIH Oec Typlieciiy 6ipi
Gonbin TabbuIabl. ApKapiaapblH JKa3Fbl J)KOHE KBICTBIK JKailbUIBIMIAphI OJapAbIH MayChIMIBIK aybICYbIHA
Tikesjel OalaHBICTBI. ApKapIbIH TOYIIKTIK OSNCEHIIIIT aya TeMIepaTypachl, KapblK, BUIFAIIBUIBIK KOHE
JKaybIH-IIANIBIH MOJIIIEpiHe, KAHCOPFBIN S>KOHMIKTEp TapalyblHa >KOHE (HM3UONOTHSIIBIK KYHi IKBUI
MayChIMBIHA JKOHE KONTereH (akTopiapra OaifaHBICTBI. ApKapAbIH pPAlHOHBI 87 OCIMIIK TypliepiHeH
typanbl. «byiipatay» MY¥TII apkap NOmyJIALUUACHIHBIH CaHABIK IHHAMUKACHIHBIH a3alobl Kasipri TaHaa
AQHTPOIOTeH/i, TaOWFU OCEpJCH, OHBIH IIIiHAe KacKplpiaap malybl KemeHAl Typae OONyblHaH eKEeHAIri
6enrimi. KyHasl TYSIKTBI jkaHyapIblH CaHbIH KOOCHTY jKoHE palMOHAIIbI MaianaHy OHBIH KOJOTHSICHIH,
HAaKThl MEKEH/CHTIH ayMaFblHIa CaHIBIK JIMHAMHUKACBIHA dCep €TeTiH (akTopiapibl Tikeneil 3epTreymeH
OaiimansicTel. bynm 3aHmpuiblk  Kaszakctran PecmyOnmukacel  YkiMmerTiHiH —buoanmyaHTyprmimikTi — cakray
KOHBEHIIMSCH MaKCaThl MEH MiHIETIHE CoiiKec KOpFanabl.

Kinm cesoep: «byiiparay» MY TII, momymsinust, aiiMak, apea, apkap, >KYITYSKTBI, SKOJIOTHSUIBIK (haKTopiap,
OeTNCeHaUTIri, KOPEKTeHY Ti30eri, CAaHIbIK JHHAMHKACHL
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I'.K. TypnsibexoBa

CoBpeMeHHOE IK0JI0rnYecKoe COCTOsIHUE ropHOro 6apana (Ovis ammon collium)
nonyasiuuu ['HITIT «byiiparay»

B crathe moka3aHbl 3KOJIOTHUECKHE OCOOCHHOCTH ropHOro Oapana (Ovis ammon collium) nomynsiuu [ocy-
JAPCTBEHHOT'0 HALMOHAJIBLHOIO MPUPOAHOro napka «byiparay», KpPaCHOKHMXKHOIO BHIA M3 KaTErOpuH pej-
KUX M MCYE3aIOUIMX. Apeas — 04YaroBblil, MyJbCUPYIOMIUA. DTO OANH U3 MSTH MOJABUAOB TOPHBIX OapaHOB,
oburaronux B Kazaxcrane. ¥ apxapa OTYETIMBO BBIPaXKEHBI JIETHUE M 3UMHUE MACTOMIIA, C KOTOPBIMH CBSI-
3aHBI X CE30HHBIC MEePEMEIICHHs. XapaKTep CyTOYHONW aKTHBHOCTH FOPHOTO 0apaHa MEHSETCS 0 Ce30HaM
rofia ¥ OmpeessieTcs TaKuMH (PaKTopaMH, Kak TeMIIeparypa BO3AyXa, OCBEIICHHOCTD, BIAXKHOCTh M KOJIHYe-
CTBO OCAJIKOB, BO3/ICHCTBHE KPOBOCOCYIINX HACEKOMBIX, & TAKXKe (PM3UOJOTHUECKOE COCTOSHUE KMBOTHBIX.
Parmon ropuoro 6apana BkiIroyaeT 87 BUIOB pacTeHui. JIMHAMUKA YUCIICHHOCTH TIOIYJISIIIUK TOPHOTO Gapa-
Ha Byiiparay B HacToslliee BpeMsi 3aBUCHUT OT psijia (PaKTOPOB, JEUCTBYIOMINX KOMIUIEKCHO: aHTPOIIOT€HHBIX U
CCTECTBCHHBIX, U3 KOTOPHIX Hanboliee 3HauMMa — TUOeNb OT BOJKA. BbipaboTKa OMOJIOTMYECKOM CTpaTerui
OXpaHbl, BOCIPOU3BOJICTBA M PAIIMOHAIBLHOTO MCIIOJIB30BAHUS 3TOTO IICHHOTO KOIMBITHOIO HEBO3MOXHA 0€3
JIETAIbHOTO 3HAHUS €ro IKOJIOTUH, U3yUYeHHs (AaKTOPOB, BIMSIONIMX HAa THHAMUKY YMCICHHOCTH B KOHKpPET-
HBIX MecTaxX OOWUTaHHUs, YTO COOTBETCTBYET LIENAM U 3a1auaM KoHBEHIMM 0 OMOJIOrHYecKoM pazHooOpasuy,
onoopenHnoii [IpaButensctBoM Pecny6onuku Kazaxcran.

Kniouesvie crosa: THIIII «byiipaTtay», MOMyIsAy, TEPPUTOPHS, IEpEeMEIICHHE, TOpHBII OapaH, apxap, Ko-
TIBITHBIE, apeal, (aKTOPbl, aKTUBHOCTb, INTAaHHUE, YUCICHHOCTb.
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Prevention destruction of pancreatic B-cells induced by chelators
by reduced form of Glutathione

Authors investigated preventive effect of Reduced form of Glutathione on developing of diabetes caused by
diabetogenic zinc binding ligands. It is shown that only Reduced form of Glutathione contains SH-radical in
chemical structure possesses ability to protect B-cells of death unlike the Oxidized form of the Glutathione,
free of it. It was established that injection of R-Glutathione, 1000 mg/kg completely connects with zinc in
B-cells that protect cells of formation of toxic complexes causing destruction of B-cells and development of
diabetes. Investigation of chemical aspect of interaction of R-Glutathione with zinc showed that administra-
tion of it result a complete blocking of zinc in B-cells therefore zinc does not revealed using of high specific
and sensitive histochemical methods. The studying of duration of blocking of zinc in B-cells showed that
complex Zn-R-Glutathione begins to dissociate with partial release of zinc approximately about 36 hours af-
ter injection and 48 hours later majority of complex is dissociate. Authors suppose that preventive ability of
R-Glutathione is caused by ability to formation of not toxic temporary complex with zinc; zinc atom is fixed
between atom of sulfur of the SH-radical and atom of oxygen or nitrogen which are contained in a molecule
of R-Glutathione as well as after administration of diabetogenic chelators between of sulfur atom — and ei-
ther oxygen atom, or atoms of nitrogen or carbon on the other hand.

Keywords: B-cells, R-Glutathione, insulin, zinc, experimental diabetes.

Abbreviations

R-Glutathione — Reduced form of Glutathione,

O-Glutathione — Oxidized form of Glutathione,

Zn — zinc,

DZzZ — Dithizon 8PTSQ — 8-para(toluenesulphonylamino)quinolin

Background

It was found that Diphenylthiocarbazone (Dithizon) and some derivatives of 8-oxyquinolin (8-0x) in-
duced formation of toxic chelat complexes as «Zn-DZ» and «Zn-8-0x» in cytoplasm of B-cells that result
selective destruction of B-cells within 15-30 min. and accompanied by developing of 1* type diabetes in an-
imals [1]. Later it was reported preventive injection of some amino acids as Cystein and L-Hystidine con-
tains sulthydril SH-radical in structure of molecule, accompanied by protect B-cells of destruction caused by
DZ and 8-ox that result prevention of developing of diabetes in majority of animals [2—-5]. High durability of
the Zn"*-Dithizon complex 2:1 (Fig. 1, 2) determined by space elongation of molecule of Dithizon and dis-
position of two phenolic rings on the ends of a molecule that does not prevent the atoms of sulfur and nitro-
gen located in the center of a molecule to approach zinc atom. Besides, atom of zinc is located between two
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atoms of nitrogen and sulfur, regarding to which affinity of zinc is very high and exceeds affinity to oxygen.
[6]. It was supposed that protective activity of Cystein and L-Hystidine may be determined by the presence
of SH-radical in the structure of molecule because formation of chelat complexes with DZ and 8-ox is pro-
cessed by connection of Zn atoms with atom of S, H, O or N [6]. Aim of investigation: to study possible pre-
ventive effect of amino acids as Gluthation Reduced form contains SH-group and Gluthation Oxidised form
not contains SH group.

Methods

Animals. 16 Rabbits 2400-2850 g.

Group 1. Injection of Dithizon, 48.6-51.2 mg/kg;

Group 2. Injection of Gluthatione-O, 970-1010 mg/kg + 10 min. later Dithizon, 49.8-50.6 mg/kg.

4 animals from each groups (la and 2a) were killed 10 min. after injection of Dithizon and 4 animals
(1b and 2b) — 9 days after injection.

Group 3. Injection of Gluthatione-R and Gluthatione-O: 985-1020 mg/kg. Animals were killed 6h, 12h
and 24h after injection. Staining of frozen sections of pancreas for Zn-ions by Dithizon method and by
8PTSQ.

Frozen sections of pancreas of animals la and 1b groups were investigated using dark microscopy.
Blood glucose level measuring — in animals of 1b, 2a and 2b groups before injection of Dithizon and 1, 3, 6
and 9 days after injection. Aldehyde-fucshine method [7-9] was used for analysis state of histostructure of
pancreas tissue and Dithizon method formed red granules of complex «Zn—DZ» visible using dark microsco-
py. Maximum of absorbance of Zn">~DZ complex on spectrum of absorbance correspond for 530 nm [3].

8-para(toluenesulphonylamino)quinolin (8PSQ), a high specific fluorescent reagent was used for stain-
ing of Zn-ions in B-cells. 8TSQ formed fluorescent green complexes with Zn"-ions visible using fluorescent
microscopy [10-12].

Results

Group 1a. Administration of DZ accompanied by formation of a large amount of red granules of Zn—
Dithizon complex in cytoplasm of B-cells (Fig. 1). Maximal concentration of granules located on the pole of
B-cells contacted blood capillaries that correspond to concentration of deposited insulin.

Group 1b. Experimental diabetes. Blood glucose concentration increased since 5.2+0.3 mM until
12.6 mM at 6™ day and 16.4+1.7 mM at 9™ day (Table 1). Histology: necrosis and destruction of 70-90 % of
B-cells, marked decreasing of insulin and zinc content in B-cells.

Group 2a. Preliminary injection of Gluthatione-R result almost complete prevention of formation of
«Zn-DZ» complex in B-cells (Fig. 1). Simple granules contacted capillaries contain granules of complex on-
ly.

Group 2b. Administration of Glutathione Reduced form before Dithizon accompanied by prevention
developing of diabetes in 3 animals from 4 (Table 2, Fig. 1). In one rabbit (N3) blood Glucose level increase
till 9™ day until 7.3. Histologic analysis showed decreasing of insulin content in cells without marked histo-
logical changes.

Administration of Glutathione Oxidized form before Dithizon not accompanied by prevention develop-
ing of diabetes: diabetes was developed in all animals (Table 3) with marked histological changes. Histologic
analysis showed decreasing of insulin content in cells and presence of marked histological changes.

Group 3. It was important to obtain direct experimental confirmation that administration of Glutathione
Reduced form to animals accompanied by binding of Zn-ions in B-cells as to investigate: how long time this
complex exist in B-cells as we suppose, that 24 hours later after injection of R-Glutathione partial dissocia-
tion of complex is observed and 48 hours later there are almost complete dissociation (Fig. 1) with restoring
of positive fluorescent reaction for zinc in B-cells.
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Figure 1

1 Pancreatic islet of intact rabbit. Dithizon, 48.9 mg/kg. Large amount of red granules of complex Zn-DZ in B-cells;
Dark microscopy; x280.

2 Pancreatic islet. Glutathione Reduced form, 985 mg/kg + Dithizon, 50,2 mg/kg. Almost complete absence of com-
plex Zn-DZ in B-cells; Dark microscopy; %280.
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Pancreatic islet of intact rabbit. Positive fluorescent reaction for Zn-ions in B-cells; x140.

Pancreatic islet. Glutathione Reduced form, 1015 mg/kg. Negative fluorescent reaction for Zn-ions in B-cells; x140.

5 Pancreatic islet of intact rabbit. Histostructure and insulin content in B-cells without changes; Aldehyde-fucshine;
x280.

6 Pancreatic islet of rabbit. Glutathione Reduced form, 1010 mg/kg + Dithizon, 49.4 mg/kg .Histostructure and insulin
content in B-cells without changes; Aldehyde-fucshine; x280.

7  Pancreatic islet of rabbit. Glutathione Reduced form, 975 mg/kg, 36h after injection. Partial dissociation of complex
Zn-Glutathione; Fluorescent reaction for Zn-ions; x140.

8 Pancreatic islet of rabbit. Glutathione Reduced form, 1000 mg/kg, 60h after injection. Almost complete dissociation

of complex Zn-Glutathione; Positive fluorescent reaction for Zn-ions; x140.

W

Table 1
Blood glucose concentration in rabbits after injection of Dithizon
Animals Dose of Dithizon Blood glucose concentration (mM)
(mg/kg) before 1* day 3" day 6" day 9" day
1 48,6 4,7 11,6 18,5 16,4 22,8
2 49,9 5,6 7,7 16,2 24,4 21,5
3 51,8 53 12,2 20,6 17,2 18,8
4 48,8 59 10,3 14,6 20,5 17,8
Table 2
Blood glucose concentration after injection of Glutathione Reduced form and Dithizon
Animals Dose of Gluthation | Dose of Dithizon Blood glucose concentration (mM)
Red. (mg/kg) (mg/kg) before 1* day 3" day 6" day 9" day
1 985 49,3 59 6,7 6,2 4,3 5,8
2 1010 50,6 5,1 7,1 5,3 6,0 59
3 1012 52,2 4,3 6,1 5,7 6,2 6,8
4 1020 50,8 5,5 7,2 6,6 54 5,7
Table 3
Blood glucose concentration after injection of Glutathione Oxidized form and Dithizon
Animals Dose of Gluthation | Dose of Dithizon Blood glucose concentration (mM)
Ox. (mg/kg) (mg/kg) before 1* day 3" day 6" day 9" day
1 960 47,2 8,9 15,7 12,5 14,3 15,8
2 1000 51,7 5,1 9,1 13,6 11,9 14,8
3 1020 50,1 4,3 12,5 10,6 14,2 21,8
4 1015 52,5 5,5 10,5 15,8 18,8 20,6
Discussion

Obtained results showed that administration of R-Glutathione result binding of almost all amount of Zn-
ions in B-cells reversibly as least for 24 hours. Injection of dithizon after R-Glutathione not accompanied by
forming in B-cells of chelat complexes Zn-DZ that result prevention of damage and death of majority B-cells
and prevention developing of diabetes in 3 animals from 4. It is known that amino acids Cystein and
L-Hystidine possess same property: injection of acid result protect B-cells of destruction by Dithizon as of
developing of diabetes in animals [6]. However, administration of Oxidized Gluthatione not contains in
structure of SH-radicals not protect B-cells of formation of Zn-DZ complex and of destruction of B-cells as
of developing of diabetes [13]. Binding of Zn-ions of diabetes B-cells by a glutathione is apparently con-
firmed by existence of negative reaction for Zn for 24 hours. After that the complex gradually dissociated up
and 48-72 hours later dithizon is able to form in B-cells toxic complex that accompanied by developing of
experimental diabetes in animals.
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It is known that in process of formation of the Zn"-complex with Dithizon and diabetogenic derivatives
of 8-oxyquinolin atom of zinc is fixed between S or O atoms in position 8, and N or O atoms — in positions
1 or 2 (Fig. 2) [14]. Diabetogenic derivatives of 8-oxyquinolin have in the 8 position of quinolin ring active
OH radical or other radicals contains atoms of S, N or O (Fig. 2). Isomers of 8-oxyqunolines not contains in
this position such radicals or atoms, or if these radicals extracted from a molecule — not capable to form
complex salts with zinc and not possess completely diabetogenic properties. It is necessary to return the ac-
tive radicals in position 8 for to restore diabetogenic activity of substance [15]. Formation of the chelat com-
plex by atoms of O and N accompanied by forming of pentagonal or hexagonal rings [14].

SH group contains sulfur atom. Meanwhile, as described above, it is known that sulfur atom participates
in formation of the chelate complexes with Zn as well as N, O and C atoms. It is known that in process of
formation of the Zn"*-complex with Dithizon and diabetogenic derivatives of 8-oxyquinolin atom of zinc is
fixed between S or O atoms in position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [14].

Oz O
0

N In NH N

+
SO;—2Zn
Q /
NH~N=C—-—N=N
CH,
Dithizon 8-TSH

Figure 2. Chelat complexes Zn"*~Dithizon and Zn"”-8TSH

HS._

0 Ty
J_L H
HOOC. o~ . g ~M. __COOH
: H
MH3 "
Figure 3. Chemical structure of R-Glutathione

On the base of obtained results we suppose that negative fluorescent reaction for Zn in B-cells after ad-
ministration of Glutathione Reduced form determined by binding of Zn-ions via atom of sulfur of the SH-
group and followed disposition of zinc atom between atom of sulfur and, probably, atom of oxygen or nitro-
gen (Fig. 3).

Conclusions

1. Amino acid Glutathione Reduced form contain in structure of SH-radical, 1000 mg/kg protect B-cells
of formation complexes with diabetogenic zinc binding chelators that result prevention of destruction of cells
prevention of developing of diabetes in animals.

2. Amino acid Glutathione Oxidized form not contain in structure of SH-radical, 1000 mg/kg not pro-
tect B-cells of formation complexes with diabetogenic zinc binding chelators that result destruction of cells
and developing of diabetes in animals.

3. Administration of Glutathione Reduced form to animals result blocking of Zn-ions in B-cells that
protect of interaction of metal with diabetogenic chelators.

4. Complex «Zn-Glutathione Oxidized formy in B-cells dissociated over 48 hours after forming.

5. We suppose that preventive effect after administration of Glutathione Reduced form determined by
binding of Zn-ions via atom of sulfur of the SH-group and followed disposition of zinc atom between atom
of sulfur and atom of oxygen or nitrogen.
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Kannbina kesireH riil0TaTHOH K6MeriMeH XeJIaTOp APKbLIbI IAHKPeaTHT
B-:kacymanapbIHbIH 0Y3bLTYBIH 00J1IBIPMAY/AbIH AJABIH aJIy

ABTOpIap MBIPHIMOAHIAHBICTEIPYIIE  AHA0STOreHAl 3aTTap TYABIPATHIH AnabeT JaMyblHa TJIIOTATHOH
AMUHKBIIIKBUIBIHBIH QJIIBIH aJIy 9CEpiH 3epTTereH. AJJIbIH ally acep KAacHeTiHe INIIOTATHOHHBIH TOTBIKKAH
TYpiHzZeri gopmacsl emec, KypbulbIMbIHIa SH-pamukaisl 6ap INTIOTATHOH KAJIBINTHI (OpMAckl M€ eKEHIIri
kepcetinred. I'mroratmoH KanbInTel (opMacklH xaHyapinapra 1000 Mr/kr mosaceiHzma Oip perTi eHrizy
B-kacyluanapblHbIH —MBIPBIIITIEH OaillaHbICYbIHA TOJBIFBIMEH Kelepri Kentipin, B-kacylianapbIHbIH
OyY3bUIybIH TYZIBIPBIN, >KaHyapiapia AWa0eT TybIPaThIHABIFEl aHBIKTANIbl. KaJbINThl TIIIIOTATHOHHBIH
MBIPBIII  apaJIIBIFBIMEH OpPEKETTECY XHUMH3MBIH 3€pTTey OHBI CHII3TCHHEH KeliH B-kacymanmapbiHna
MBIPBIIITBIH TOJBIK OYFaTTallybl )KOFAPhl EPEKIIe THCTOXUMUSIIBIK /iCTEp KOMETiMEH THCTOXMMMSIIBI TYPIe
Kepinic Oepmeiini. B-xacymanapslHnarsl MBIPBIIITHIH OyFaTTaly yaKbITHl Y3aKTBIFBIH 3€pPTTEy HOTIDKECI
MBIPBIII-TITIOTATHOH KelleHi 36 caF KeliH MBIPBIITHIH OipTiHgen Oocal IIBIFyBIMEH BIAbIpaid OacTaibl, ai
48 car COH KelleH KeIl MeJIIeple IMCCONnanusiIaHaasl. ABTOpiap KalbINThl TJFOTATUOHHBIH AIbIH ajly
OediMIimiri OHBIH apallIbIK MBIPBIII IeH OaiJaHBICYBIH KOpPCETeNdi; MBIPBIII AaTOMBI TIJIOTATHOH
MoJieKyJIachiHAarsl SH-pajuKkaibsl KyKipT aToMbl MEH OTTEri He a30T aTOMBIMEH KOCBUIbIN, nuabeToreHai
XeJIaTop eHri3reH eceOiH/e TaHbUIa b

Kinm ce30ep: B-xacymanap, R-ToTaTHOH, HHCYIIHH, MBIPBIII, SKCIIEPUMEHTAIAB AnabeT.
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IIpenorBpamenue necTpyKIUM NaHKpeaTHYeCKUX B-Ki1eTok xenaropamu
¢ IOMOILIbI0 BOCCTAHOBJICHHON () OPMBI I/IIOTATHOHA

ABTOpaMu HCCIENOBANOCH MPEeayNpeKIaonice BIHIHAEC aMUHOKUCIOTHI TIIIOTATHOHA B OTHOIICHHH Pa3BH-
TUS Oua0eTa, BRI3BIBACMOTO IIMHKCBS3BIBAIOMIMMH AHAa0ETOTCHHBIMH BemecTBaMu. [loka3zaHo, 4TO mpeaoT-
BpAIAIOIIUM JICUCTBHEM 00JaacT BOCCTaHOBJICHHAs (hopMa TIFOTaTHOHA, COAEpIKalnas B CBOCH CTPYKType
SH-panukan, B OTIHYNE OT OKHCICHHOW ()OPMBI TIIIOTATHOHA, HE COJICpIKaIIei ero. Y CTaHOBICHO, YTO OIHO-
KpaTHOE BBEJCHUE BOCCTAHOBJICHHOIO TJIFOTATHOHA >KUBOTHBIM B 03¢ 0K0JI0 1000 MI/Kr MOJHOCTBIO mpe-
MATCTBYET CBS3BIBAHHUIO IIMHKA B-KIeTOK ¢ (hOpMHUPOBAHHEM TOKCHYECKUX KOMILICKCOB, BHI3BIBAIOIINX pPa3-
pyuieHue B-keTok u pa3BuThe quabera y )KUBOTHBIX. McclieoBaHne XUMHU3Ma B3aUMO/ICHCTBUS BOCCTAHOB-
JICHHOTO TJIIOTaTHOHA C OCTPOBKOBBIM IIMHKOM ITOKAa3aJI0, YTO BBEJICHHE €TI0 CONMPOBOXKAACTCS IOJIHBIM 0JI0-
KHpOBaHUEM IIMHKA B B-KieTkax, B pe3ynbTaTe 4ero OH He BBIABIIIETCS THCTOXUMHYECKH C TOMOLIBIO BBICO-
KOCTIEHU(HYHBIX THCTOXMMHYECKHX METoH0B. lccnenoBaHwe IMUTENBHOCTH ONOKMPOBAaHUS LWHKA B
B-kneTkax mokasaino, 9T0 KOMILUICKC IUHK-TIIIOTATHOH HAYMHACT PACLICIUIATECS C MOCTEIIEHHBIM OCBOOOXKIE-
HUEM LUHKa 4yepes3 36 4, a uepe3 48 4 KOMIUIEKC B 3HAYUTEIbHON CTENEHU JUCCOLUUPOBaH. ABTOPHI Iojara-
FOT, 4TO IPEAYNPEkKAAI0NIas CIOCOOHOCTh BOCCTAHOBJIICHHOTO TJIFOTATHOHA O0YCIIOBJICHA €r0 CIIOCOOHOCTHIO
CBSI3bIBATH OCTPOBKOBBIN IIMHK; aTOM IIMHKA MPH 3TOM (UKCUPYETCS MEKAy aTroMoM cepbl SH-pamukana u
aTOMOM KHCIIOPOJIa WIIH a30Ta, COACPIKALIMMUCS B MOJICKYJIC TIIFOTaTHOHA KaK U B CIIydYasX BBEACHUs nuabe-
TOTEHHBIX XEJIaTOPOB, CBS3BIBAIOIUX OCTPOBKOBBIM IIMHK C MMOMOIIBIO aTOMa CEPBI, C OIHON CTOPOHBI, U JH-
00 aToma KHCIOpoaa, 1100 a30Ta, WK YIIepoaa — ¢ APYToil.

Kniouesvie cnosa: B-xneTku, R-roTaTnoH, HHCYJIHH, HUHK, S9KCIIEPUMEHTANBHBIN THa0eT.
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Pharmacogenetics and the system of biotransformation of drugs

In this article the state and prospects of one of the modern directions of personalized medicine —
pharmacogenetics are examined. General ideas about the role of biotransformation and metabolism of medic-
inal substances in pharmacogenetics were given, namely information on the polymorphism of genes involved
in biotransformation of drugs and in the genetic control of their interaction, the description of the enzymes of
the I and II phases of biotransformation of drugs.The first phase undergo oxidation, reduction and hydrolysis
reactions in order to increase the polarity of the compound is described. In this phase, induction or inhibition
by enzymes P450 is the main mechanism of drug interactions. The crystal structure of cytochrome P450 is
studied. The main processes of the second phase of biotransformation are described: glucuronation, sulfation,
conjugation with glycine, conjugation with glutathione, acetylation, methylation. Pathways of metabolism,
enzymes involved in them, biotransformation phases are considered. The role of UDF-glucuronyltransferases
in the transformation of drugs in the human body is shown. The classification of the superfamily of the UGT
gene is described, the products of the members of this superfamily are described. The possibilities of geno-
typing using real-time PCR for the detection of individual single nucleotide polymorphisms, determination of
the number of copies of the gene, pyrosequencing, mass spectrometry, matrix-activated laser desorption / ion-
ization, and the use of microchips. The problems of drug use, such as drug toxicity, side effects, etc. are con-
sidered. Examples are given of the study of the effect of drugs on organisms in different countries. Such prob-
lems of genomic testing in our country as lack of funding, lack of clear cooperation between industrial and
scientific circles, lack of specialists, creation of concrete and comprehensive.

Keywords: pharmacogenetics, cytochrome P450 isoenzymes, allele, UDF-glucuronyltransferase, polymorphic
genes, genotypes, real-time PCR, LC marker, ferments of metabolism, gene expression.

A significant part of patients spend a large amount of money on drug treatment, and pharmacotherapy
often does not justify the invested money. Most drugs do not satisfy all patients with their individual charac-
teristics of susceptibility and tolerability of certain drugs. Patients face such problems as selecting the most
suitable drugs for themselves, which will be more effective and less toxic. In the price plan, the analogues of
medicines purchased are very expensive, and the free generics of well-known brands issued by the state do
not bring the desired result. For realization of the state program on public health, 30 billion tenge was allo-
cated from the state budget in 1995. By 2005, this amount increased by 185.5 billion, that is, by 155.5 billion
tenge in absolute terms and 518.3 % in relative terms [1]. In 2010, budget purchases of medicines in Kazakh-
stan exceeded 77 billion KZT, this is already 44 % of the total domestic pharma market [2]. Also should be
noted the fact that the state spends huge expenses on medicines and the fact that pharmapreparations do not
justify the funds allocated for them, there is a question of getting out of this situation.

One of the ways to solve this problem is personalized medicine. Personalized medicine is a new direc-
tion in health care, which is characterized by an integrated, coordinated and individual approach to the treat-
ment of the patient [3]. There is not only a difference in the sex or age characteristics among patients, it is
also necessary to take into account the individual genetic characteristics of each patient [4, 5], so the ap-
proach to the use of medicines should be individual, and the use of technologies that allow personalizing
pharmacotherapy will contribute it’s optimization, making it as efficient and safe as possible. Moreover, it is
economically advantageous, since it allows to minimize the acquisition of ineffective drugs and drugs with
high toxicity and NLR.

The use of such technologies in clinical practice is the basis of personalized medicine. Based on the fact
that the genetic characteristics of the patient more than 50 % can determine an inadequate pharmacological
response, i.e. what we do not expect from drugs (ineffectiveness or development of NLR), personalization of
drug use based on genetic research is the most promising direction.

Pharmacogenetic (Pgx) testing provides information on the therapeutic response to drug treatment or
the patient's likelihood of having adverse drug reactions, which can potentially reveal the effectiveness or
ineffectiveness of medications and find an individual approach to drug therapy [6]. The genetic differences
of patients are estimated to be 20-95 % of the variation in individual responses to medications [7]. At pre-
sent, the problem of improving the safety of the use of pharmacological drugs is very relevant. The effec-
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tiveness of treatment, the presence or absence of side effects makes it possible to determine the extent of
drug use by a particular population group [6].

Genetic features are polymorphic regions of genes, whose products, one way or another, participate in
the realization of various pharmacokinetic and pharmacodynamic processes [8, 9].

At the present time, the role of genes that control the synthesis and operation of biotransformation en-
zymes is studied. These are cytochrome P-450 isozymes (CYP2D6, CYP2C9, CYP2C19, etc.), phase II bio-
transformation enzymes (N-acetyltransferase, glutathione-S-transferase) and Transporters of drugs
(P-glycoprotein, carriers of organic anions and cations). Genes that encode the «target molecules» of the
drug or, called the other way, functionally associated with these proteins (receptors, enzymes, ion channels).
Also included are genes whose products are involved in various pathological processes (blood clotting fac-
tors, apolipoproteins, genes of the HLA system, etc.) against which appropriate pharmacotherapy is di-
rected [8].

There are numerous reliable methods of genotyping, such as real-time PCR for individual single nucleo-
tide polymorphisms (SNP) or for determining the number of copies of a gene, pyrosequencing, mass spec-
trometry, matrix-activated laser desorption/ionization (MALDI-TOF), as possibility of using microchips as
well [10]. However, these studies underscore the complexities that arise at the level of the underlying mech-
anisms (zero alleles, partially functional alleles, substrate-dependent effects, bonded disequilibrium, etc.), as
well as pharmacological and clinical levels (PD versus PK, adverse reactions, prodrugs, etc.). Drug toxicity
and the result of treatment depends on the number of additional genetic and non-genetic factors, and not just
on one genotype. Only in a few cases, with specific drugs and treatment regimens, can it be determined
whether the patient will have a clearly predictable benefit from genotyping.

The need to implement the introduction of pharmacogenetic testing in clinical practice is due to its prac-
tical importance in the appointment and determination of drug dosing. However, the high expectations of the
clinical use of pharmacogenetic testing remain largely unmet, and only a limited number of applications have
actually entered the market and into clinical practice [11].

In this period there are a number of problems for the widespread clinical introduction of genomic medi-
cine and pharmacogenetics [11, 12]. Thus, its potential impact on health and its socio-economic status re-
mains uncertain.

There are such problems as lack of funding, lack of clear cooperation between industry and academia,
lack of specialists, as well as the creation of a concrete and comprehensive regulatory and legal framework,
lack of necessary technical equipment.

In addition, there are a number of other points that need to be considered when planning a
pharmacogenetic test. So, to perform the test, the patient should take a single dose of LS marker once, in
addition, there is a chance of occurrence of unwanted reactions of the body. Difficulties and inconvenience
for patients, risks with multiple blood sampling. The need to identify the concentration of LS marker, as
well as its metabolites in certain time intervals. When assessing the dynamics of biotransformation enzymes,
one should take into account the fact that patients not only differ in genetic characteristics, but also have dif-
ferences in age, sex and lifestyle (eating patterns, smoking, drinking alcohol, etc.). In addition, testing on
large populations and sensitivity analysis for individual ethnic groups is difficult to achieve [13].

There is an alternative testing option, such as the identification of allelic variants of the biotransfor-
mation system genes and LS transports, in this case it is possible to predict the pharmacological response
before taking the drug, since it is not required to receive LS markers. Also, in this case, only a single intake
of blood or other biological material (scraping from the inner surface of the cheek, hair) is required. In terms
of the execution line, it is optimal, because, does not require a definition in in certain periods of time. For
testing, equipment is required only for performing PCR, the cost of testing is minimal. Tests evaluate only
the «genetic» component that affects the pharmacological response, and its results can be used to create the
so-called pharmacogenetic passport of the patient. In addition, this test is acceptable for conducting large
population studies [13].

First of all, it is necessary to study the peculiarities of the metabolism of drugs, whether it is an inducer
or an inhaler. The substrate of which isoenzyme of the cytochrome P450 system it is, the features of the I-11
phases of biotransformation

Phase I of the biotransformation reaction. System of cytochromes P450 participating in biotransfor-
mation of drugs. In the phase | of the biotransformation reaction, the functional groups of the preparation
undergo oxidation, reduction and hydrolysis reactions in order to increase the polarity of the compound (Ta-
ble 1). In the process of non-synthetic reactions, LSs turn into more polar and better water-soluble (hydro-
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philic) compounds than the original substance. Although the first stage of the metabolism of drugs is carried
out in most cases in tissues, the primary phase of metabolism occurs during hepatic circulation. Additional
metabolism occurs in the gastrointestinal epithelium, kidneys, skin and lung tissue [8, 13].

Metabolism of most drugs in the first phase of biotransformation in the primary occurs in the liver with
the participation of microsomal enzyme systems, the main one of which is the system of cytochromes P-450.

Cytochrome P450 (CYP) is a group of enzymes synthesized in the endoplasmic hepatic tissue network
of heme-containing monooxygenases, which play a key role in xenobiotic detoxification, cellular metabolism
and homeostasis. Isozymes of cytochrome P450 and its enzyme subfamily carry out oxidative reactions of
xenobiotics and metabolism of intermediate products of drugs in the body. So, for example, isoenzymes of
families CYP1, CYP2 and CYP3 bear joint responsibility for most of the phase I biotransformation reaction
[13]. At present, 57 cytochrome P450 (CYP) genes and approximately the same number of pseudogenes that
are grouped according to their sequence similarity into 18 families and 44 subfamilies have been identified in
humans [14]. Eight human cytochrome P450 enzymes from five subfamilies (1A, 2B, 2C, 2D, 3A) are re-
sponsible for the vast majority of oxidative metabolism of drugs from the most important clinical drugs.
Among the 200 drugs sold in the largest amount in the US, about 80 % is metabolized primarily by cyto-
chrome P450 enzymes [10].

i/

Figure 1. Crystal structure of cytochrome P450cam. A long spiral I permeates cytochrome through
and helps to interact with the substrate and oxygen. Spirals F and G cause the mobility of cytochrome

The study of the crystal structures of cytochrome P450 isoenzymes (CYP) (Fig. 1) has opened the pos-
sibility of interpreting structural and functional features and other biologically important differences between
cytochrome P450 (CYP) isoenzymes [15]. Prior to this time, there were significant inaccuracies in predicting
amino acid sets that define substrate specificity for various cytochromes P450 (CYP) whose three-
dimensional structures were not determined. However, now it has become easier to develop specific inhibi-
tors or agonists related to cytochrome P450 isoenzymes (CYP).

The enzymes of cytochrome P450 are extremely versatile, they can catalyze numerous types of reac-
tion. Oxygenations include the introduction of an O atom (from O,) into a C-H bond, forming a
hydroxylated metabolite, or a C=C double bond forming an epoxide. The hydroxylated metabolite may be
stable or unstable. From the unstable hydroxylated metabolite of the group, spontaneously: an alkyl group,
ammonia, a halogen atom, or a sulfur atom; such reactions are called oxidative dealkylation, oxidative deam-
ination, oxidative dehalogenation, and oxidative desulfurization, respectively.

Changes in the initial physico-chemical properties of drugs are due to the addition or release of active
functional groups: for example, hydroxyl (~OH), sulthydryl (-SH), amino groups (—NH,) [8].

These reactions have been characterized as mixed-functional oxidation, in which the enzymatic system
catalyzes the consumption of one oxygen molecule / substrate molecule (RH); one atom of this oxygen mol-
ecule is inserted into the product (ROH), and the other is subjected to two reduction equivalents (Formula 1)

NADPH + RH + O, + H — NADP + ROH + H,0O (1)
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Table 1

Reactions to which the functional groups of the drug undergo in phase I biotransformation

I Biotransformation reaction phase 1. Oxidation
2. Recovery
3. Hydrolysis

The chemical role of Phase I biotransformation The conjugation reaction, in which a functional group is
added to the molecule

Common examples

R—O—glucuronic acid

oxidation
RH —— > R-OH
0 R—O-sulfonic acid
R—CH,-O-glucuronic acid
reduction
R-HC=0 R-CH,-OH
2H R-CH,-O-sulfonic acid
R'-O—glucuronic acid
hydrolysis
R'-0—(C=0)-R? R'-OH
HOH

R'-O-sulfonic acid

The enzymes of cytochrome P450 also participate in the catalysis of dehydrogenation, i.e. Removal of
2 hydrogen atoms from the drug molecule (reactive hepatotoxic paracetamol metabolite is formed). Surpris-
ingly, cytochrome P450 can also stimulate contraction, by transferring only one electron to the compound
(for example, in a reductive dehalogenation reaction) or as many as 6 electrons to nitro groups, thus convert-
ing it to an amino group (a decrease in nitro).

Induction or inhibition by enzymes P450 is the main mechanism of drug interactions. Enzymes of cyto-
chrome P450 (CYP) can transcriptively interact with various xenobiotics and endogenous substrates through
the mechanism of receptor dependence. Because of the importance of cytochrome P450 in human physiology
and in the metabolism of drugs, genetic variations and regulatory mechanisms of these enzymes have been
extensively studied. Genetic polymorphisms have been identified in most cytochrome P450 genes [16], and
many of these variants promote interpersonal differences in the expression gene or enzyme activity and,
therefore, underpin the susceptibility or pharmacokinetics of drugs.

Phase II biotransformation reactions (also the 'conjugation reaction') usually serve as a detoxification
step in the metabolism of drugs (Table 2) [8]. Although several enzymes of phase II of biotransformation are
known, three basic enzymes of phase II biotransformation of medicinal substances were considered:
UDP-glucuronyltransferase, N-acetyltransferase, glutathione S-transferase. The main attention is paid to the
presence of various forms, on the tissue and cellular distribution, on the appropriate substrates, on genetic
polymorphism and, finally, on the interspecies differences in these enzymes.

Table 2
Reactions to which the functional groups of the preparation under phase II biotransformation

Phase II biotransformation reactions (conjugation) 1. Glucuronation

2. Sulphation

3. Conjugation with glycine (Gly)

4. Conjugation from glutathione (GSH)
5. Acetylation

6. Methylation
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Table 2 continuation

Chemical role of Phase II biotransformation The organic acid (or acetyl or methyl group) is conjugated
to the molecule in the pre-existing functional group or in
the functional group obtained during the first phase of bio-
transformation

Common examples

R—-O—glucuronic acid
oxidation
RH —— > R-OH
0 R—O—sulfonic acid
R—-CH,-O-glucuronic acid
reduction
R-HC=0 R-CH,-OH
2H R—-CH,—O-sulfonic acid
R'-O—glucuronic acid
hydrolysis

R'-O—(C=0)-R’ R'-OH

HOH R'-O-sulfonic acid

UDF-glucuronyltransferase — are among the key enzymes of metabolism of various exogenous, as
well as endogenous compounds. A family of membrane-bound enzymes are mainly concentrated in the en-
doplasmic reticulum (ER) and nuclear envelope of hepatocytes. Most of the enzyme is oriented toward the
ER side of the side, where the catalytic site is located. Each enzyme of the UDP-glucuronyltransferase in-
cludes an amino-terminal signal peptide that cleaves during the synthesis of the polypeptide chain and a re-
gion 17 of hydrophobic amino acids near the C-terminus that attaches the protein to the lipid bilayer (Fig. 2).
Indeed, the C terminal of 20-30 amino acid residues is responsible for maintaining UDF-glucuronyl transfer-
ases (UGT) in ER. The conjugation of the reactions catalyzed by the superfamilies of these enzymes serve as
the most important pathway detoxification for a wide range of drugs, biologically active chemicals, carcino-
gens and their oxidized metabolites and other various environmental chemicals in all vertebrates. In addition,
UDP-glucuronyltransferase is involved in the regulation of several active endogenous compounds, such as
bile acids or hydroxysteroids due to their inactivation by glucuronization [17]. In humans, almost 40-70 %
of clinically used drugs undergo glucuronization [18].

& =
Glu3s2

Figure 2. X-ray crystalline structure of human UGT2B7
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Glucuronation is the main reaction to the Il phase of drug metabolism, which is the conjugation of a
substrate with UDP-glucuronic acid (Fig. 3). The reaction is catalyzed by the superfamily UDF-glucuronyl
transferases (UGT), which consists of 2 families (UGT1 and UGT2) and more than 20 isozymes.
Glucuronation leads to an increase in the polarity of chemical compounds, which facilitates their solubility in
water and elimination from the body. In the organism of newborns, the activity of UDF-
glucuronyltransferases is low, but by the 1-3 months of life it is the same as in adults.

CODH
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Figure 3. Formation of glucuronides. The chemical structures commonly subjected to glucuronization

For note, the superfamily of the mammalian UDP-glucuronyl transferase gene consists of 117 members.
Four families of UDF-glucuronyl transferases were identified in humans: UGT1, UGT2 with the subfamily
UGT2A and UGT2B, UGT3 and UGTS. Enzymes included in the subfamily UGT1 and UGT?2 are responsi-
ble for the glucuronidation of exo and endogenous compounds, whereas members of the UGT3 and UGTS8
subfamilies have their different functions [19]. Enzymes UDP-glucuronyltransferases each family has at least
40 % homology in the DNA sequence, whereas the members of the subfamilies of UDP-glucuronyl-
transferases exhibit at least 60 % identity in the DNA sequence [20]. Currently, 22 human protein described
UGT: UGTI1A1, UGT1A3, UGT1A4, UGTI1AS5, UGT1A6, UGT1A7, UGT1AS8, UGT1A9, UGT1Al10,
UGT2A1, UGT2A2, UGT2A3, UGT2B4, UGT2B7 (Fig.2), UGT2B10, UGT2B11, UGT2B15, UGT2B17,
UGT2B28, UGT3A1, UGT3A2 and UGT8AI [19, 21]. In general, human enzymes of UDF-glucuronyl-
transferases appear to be widely distributed across different tissues, although the liver is the main expression
site for many enzymes. UGT1A1, UGT1A3, UGT1A4, UGT1A6, UGT1A9, UGT2B7 and UGT2BI15 are
major enzymes conjugated to xenobiotics by the liver, whereas UGT1A7, UGT1A8 and UGT1A10 are pref-
erably extrahepatic forms UDP-glucuronyltransferases. In addition, glucuronidation activity was also found
in other tissues, such as the kidneys [22], the brain [23], and the placenta [24].

First of all, it should be noted that most xenobiotics metabolized by UDF-glucuronyltransferases show
different substrate specificities. UGT8A1 and UGT3Al, they have specific functions in the body. UGT8AL1
is involved in the biosynthesis of glycosphingolipids, cerebrosides and sulphatides of nerve cells [25]. An
enzyme UGT3ALI plays a role in the metabolism of ursodeoxycholic acid, used in the therapy of cholestasis
or gallstones. Although many substrates (therapeutic agents, environmental chemicals) are glucuronidated by
several UDP-glucuronyltransferases, several compounds show a relative specificity to individual enzymes.
So bilirubin is exclusively metabolized by UGT1A1 [26]. In addition, the structure of the UGT1 gene is
unique among related groups of genes involved in the metabolism of drug molecules. UGT1 isoforms are
generated by alternative transcriptional splicing.

Genetic variability families UGT1 or UGT2 gene has also been proposed to modify the risk of cancer or
as a result of declining hormones inactivation, such as estrogens, or due to the reduction of environmental
carcinogen detoxification of the environment and their reactive metabolites

Families of enzymes glutathione transferase — play an important role in the metabolism of certain
drugs, detoxification of environmental carcinogens and reactive intermediates, formed from various chemical
enzymes, metabolizing xenobiotics. In addition, glutathione transferase formulates an important intracellular
defense against oxidative stress, and also participates in the synthesis and metabolism of several arachidonic
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acid derivatives and steroids. On the other hand, it has been proven that various chemicals are converted into
potentially dangerous compounds by these enzymes [27].

Glutathione transferases are localized predominantly in the cytosol of human liver cells and constitute
2-4 % of the total amount of the cytosolic protein. The enzyme is effectively reduced hydrophobic
hydroperoxides with a large amount of the molecule (linoleic and arachidonic hydroperoxide polyunsaturat-
ed fatty acids, phospholipids), as well as hydroperoxides mononucleotides and DNA, thereby participating in
their repair.

At the present time, two different superfamilies of glutathione transferases (GST) have been described.
The former includes soluble dimeric enzymes that are located mainly in the cytosol, but some members of
this superfamily are also identified in mitochondria [28] and peroxisomes [29]. Superfamily soluble in hu-
mans glutathione further divided into eight separate classes: Alpha (A1-A4), Kappa (K1), Mu (M1-M5), Pi
(P1), Sigma (S1), Theta (T1-T2), Zeta (Z1) and Omega (O1-02) [30].

Various electrophilic compounds act as substrates for these groups of enzymes. These include a wide
range of ketones, quinones, sulfoxides, esters, peroxides and ozonides. Chemotherapeutic agents (such as
busulfan, cisplatin, ethacrynic acid, cyclophosphamide, thiotepa); Industrial chemicals, herbicides, pesticides
(acrolein, lindane, malathion, tridifan) are detoxified by glutathione transferases [31].

The reaction catalyzed by the enzyme glutathione peroxidase is as follows:

2GSH + H,0, — GS-SG + 2H,0 (2)

Where GSH is the reduced monomeric glutathione, and GS-SG is the glutathione disulphide. The gluta-
thione reductase enzyme further reduces oxidized glutathione and completes the cycle (Formula 3)

GS-SG + NADPH + H — 2GSH + NAD 3)

It was found that most members of superfamilies, such as glutathione transglutamine, are genetically
polymorphic. It is assumed that several genetic variants of specific glutathione-transferases contribute to the
development of some types of cancer or other diseases. In addition, the study of genetic polymorphisms of
glutathione transferases, reveals their effect on the metabolism and distribution of various anticancer
drugs [32]. For example, GSTP1 is responsible for the metabolism of alkylating agents, topoisomerase inhib-
itors, antimetabolites or tubulin inhibitors used to treat cancer. GSTP1*A allele is cytoprotective against the
toxic effects of chemotherapeutic agents, whereas the functionally less competent GSTP1*B allele is be-
lieved to increase the toxicity of anti-cancer drugs in patients with this variant of the gene due to a decrease
in the metabolic activity of the damaged enzyme. Cyclophosphamide is biotransformed with GSTA1. The
defective GSTA1*B allele was associated with an increase in the survival of patients with breast cancer
treated with cyclophosphamide [33]. Persons with a deficiency of functional GSTM1, GSTT1 and GSTP1
have a higher incidence of bladder, breast, colon, head, neck, and lung cancer. Genetically determined de-
fects of these enzymes are also worthy of attention because of their partial responsibility for the increased
risk of asthma, allergies, atherosclerosis and rheumatoid arthritis [31, 34].

N-acetyltransferase is an enzyme that plays an important role in the detoxification of a number of aryl-
amine compounds (in particular, 2-aminofluoren, 4-aminobiphenyl and B-naphthylamine), which are strong
mutagens and carcinogens; One of the two genes N-a. Human (NAT2) is located on the site of pter-ql1
chromosome &, and its coding region is deprived of introns. Enzymes of this group are three general reac-
tions of acetylation, namely N-, O- and N,O-acetylation (Fig. 4). N-acetylation of aromatic amine is recog-
nized as the main way of detoxification in the metabolism of arylamines in experimental animals and hu-
mans. In humans, the acetylation reactions are catalyzed by two isoenzymes of N-acetyltransferase (NAT),
N-acetyltransferase 1 (NAT1) and 2 (NAT2). N-acetyltransferases are cytosolic enzymes found in many tis-
sues of various species. NATI1 and NAT2 genes are located on chromosome 8 pter-q11 and have 87 % ho-
mology coding sequence [35]. NAT1 and NAT2 have a distinct substrate specificity and differ significantly
in the distribution of organs and tissues. The NAT2 protein is present mainly in the liver [30] and in the in-
testine [36]. Human NAT1 expression was found in adult liver, bladder, digestive system, blood cells, pla-
centa, skin, skeletal muscle, gum [37], breast tissue, prostate and lung by a variety of methods [38].

NATTI has also been detected in cancer cells in which it can not only play a role in cancer development
through enhanced mutagenesis, but it can also promote the resistance of some cancers to cytotoxic
drugs [39]. N-acetyltransferases are involved in the metabolism of various compounds, people acetylation is
the main pathway for biotransformation for many drugs, arylamine and hydrazine, as well as for a number of
known carcinogens present in the diet, cigarette smoke, automobile exhaust and the environment as a whole.
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Human NAT1 and human NAT?2 have distinct but overlapping substrate profiles, and they also have specific
substrates that can be used as probe probes for each particular isoenzyme. Substrates NATI1 include
p-aminobenzoic acid, p-aminosalicylic acid, bacteriostatic antibiotics sulfamethoxazole and sulfonamide,
2-aminofluorene and caffeine [40].
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(a, b) N-acetylation of arylamines and arylhydrazine; (c) O-acetylation of N-arylhydroxylamine;
(d) N,O-acetyltransfer of N-hydroxamic acid

Figure 4. Reactions catalyzed by N-acetyltransferases

N-acetylation polymorphism is one of the oldest and most intensively studied pharmacogenetic traits
and relates to hereditary differences in the acetylation of drugs and toxicants. Genetic polymorphism in NAT
activity was first detected in tuberculosis patients who received isoniazid, which was metabolized mainly by
N-acetylation. Polymorphism causes individual differences in the metabolic rate of this drug. People with a
higher speed are called fast acetylators, and individuals with a lower speed are called slow acetylators. Fast
acetylators were competent in the acetylation of isoniazid, but the drug was purified less efficiently in the
slow acetylator group, which resulted in increased serum concentrations and resulted in adverse neurological
side effects due to the accumulation of an unmetabolized drug [41]. In accordance with the toxicity of isoni-
azid in slow acetylators, an increase in the toxicity of other drugs in subjects with defective NAT2 alleles,
such as lupus, in patients receiving hydralazine or procainamide [42], as well as hemolytic anemia and in-
flammatory bowel disease after sulfasalazine treatment has been observed [43]. The high frequency of NAT2
and NAT1 acetylation of polymorphism in the human population, together with the ubiquitous effects of ar-
omatic and heterocyclic amines, suggest that NAT1 and NAT2 acetylatory genotypes are important modifi-
ers of susceptibility to human cancer. Many studies have suggested a link between phenotypes of acetylation
(in particular, arising from NAT2 genotypes) and the risk of developing various cancers, including colorectal
cancer, liver, breast, prostate, head and neck [44] and other diseases such as birth defects [45] or neuro-
degenerative and autoimmune diseases [46].

Binding to the regulatory region of the biotransformation gene or the drug transporter, this mechanism
inhibits enzymes of biotransformation of drugs under the influence of a large amount of the drug (cimetidine,
fluoxetine, omeprazole, fluoroquinolones, macrolides, sulfonamides, etc.). Some drugs that have high affini-
ty for certain isoenzymes of cytochrome P-450 (verapamil, nifedipine, isradipine, quinidine) inhibit the bio-
transformation of drugs with a lower affinity for these isoenzymes. Such mechanism is called a competitive
metabolic interaction. Direct inactivation of cytochrome P-450 isoenzymes (gastoden). Oppression of cyto-
chrome P-450 interaction with NADP-H-cytochrome P-450 reductase (fumarocoumarins of grapefruit and
lime juice).

The decrease in the activity of enzymes of biotransformation of drugs under the action of appropriate
inhibitors leads to an increase in the concentration in the blood plasma of these drugs (substrates for en-
zymes). At the same time, the half-life of medicinal substances is prolonged. All this causes the development
of side effects. Some inhibitors affect several isoenzymes of biotransformation simultaneously. To inhibit
several enzyme isoforms, higher concentrations of the inhibitor may be required. Thus, fluconazole (antifun-
gal drug) at a dose of 100 mg per day inhibits the activity of the isoenzyme 2C9 cytochrome P-450. With an
increase in the dose of this drug to 400 mg, inhibition of the activity of the isoenzyme 3A4 is also noted. In
addition, the higher the dose of the inhibitor — the faster the development (and the higher) its effect. Inhibi-
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tion generally develops faster than induction, usually it can be detected already after 24 hours from the time
of administration of inhibitors. The rate of inhibition of enzyme activity is also influenced by the route of
administration of the LS inhibitor: if the inhibitor is administered intravenously, the interaction process will
occur faster.
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J1.3. Enemos, I'.I1. ITorocsu, P.I'. Oranecsa

Jopiiik 3aTTapabiH OMoe3repic Kyieci :koHe (papMaKOreHeTHKAChICHI

Maxkanasa OyTiHTi TaHIAaFBI )KEKEIICIeHTeH MeUINHAHBIH 3aMaHayn OarbIThl — (hapMaKOTCeHETHKAHBIH JKaF-
JaifbIHa KoHe OomarrarbiHa Oara Oepinai. @apMakoreHeTHKaAa JOPIUTiK 3aTTapAbIH OMoesrepici MeH MeTabo-
JIM3M PeJIi Typasbl )KaJIIbl MAIIMETTEp capanTalbl, SFHH, JOPLTIK 3aTTapAbIH OHOTpaHC(HOPMITHICHIHA KAaThI-
CcBI Oap jkoHE ONapAIbIH ocepiHe TeHEeTHKAJIBIK OaKblIay JKYpPri3eTiH reHaepAiy noaumMophusmi, buorpanchop-
manusiHbly | sxone I ¢asanapbina KaTbicaThH (PepMEHTTEP Typasl aknapaT 6epingi. KoChUIBICTBIH MOJsIpIIbI-
FBIH YIFANTy YIIIH TOTBIFY, TOTBIKCHI3AaHABIPY JKOHE I'MAPOJIN3 peaKkuysuIapbiHa YIIBIPauThIH OHnoTpaHchop-
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MauustHbIH OipiHiIi ¢a3acel cunarrangpsl. byn kesenue P450 uuroxpom dGepMeHTTepi scepiMeH HHIYKIHsiIa-
Hy HeMece MHTUOMpIIeHy IOpiTiK 3aTTap/blH dcep eTyiHiH Herisri tetiri 6onpin tabbutaasl. P450 muroxpom
(hepMeHTTepiHIH KPHCTAIABIK KYPBUIBIMBI capanTtanabl. buorpancopmanusasid 11 Gas3ansik ke3eHiHiH Heri3-
Ti mpormecTepi: TIIIOKypOHU3AMsIIaHy, CylbaTansaiany, TIHIHHMEH TYHiCy, TyTaTHOHMEH TYHicy, are-
THIZIeHy, MeTiieHy. bruorpanchopmanusubir 11 ¢azansik keseHiHiH MeTabonusm xonpapsl, Y Jd-rmoky-
ponmnrpancdepasa, N-anerunrpancdepasa, TIyTaTHOH-S-TpaHcdepasa xKoHe Tarbl Oacka (epMeHTTep Ka-
paizsl. AaMm aF3achIHAAFbl IPUTIK 3aTTapAblH TPAHC(HOPMANMICHIHAAFEI OJIAPIBIH POIIi TYpaslbl MAJIMETTEp
KeNTIpiIin, TYKbIMaac GepMeHTTepAiH XKiKTellyi, oJapblH eHiMIepi cyperrenai. ['eHoTUNTEY YIIiH OipHYK-
neotuaTi moauMopdu3Maepai aHbIKTAy YIUiH apHaiFaH HakThl yakeiTTarsl [ITP, ren kemripmenepiHin caHbIH
aHBIKTay, MHPOCEKBEHHUPIICY, MAacC-CIIeKTPOMETPHs, MAaTPHLAIBIK-OeICEHAIPUIreH Jia3epiik Jaecoporus-
Jay/MOHM3aLUsIIAY, COHPIMEH KOca MHUKPOYMNTEP MaiganaHy KoIgapsl KapacThIpbUiabl. Jlopimik 3aTTap-
IIBIH KOJIAaHy Ke31HJETi JOpiliK yIaFbIITHIK, )KaHaMa JKOHE TaFbl 0acKa >KaFbIMCBI3 BIKITAIIBI JKaJIbl Mocese-
Jiep KO3FalAbl. OPTYPJi MEMIIEKETTEPIETi AOPUTIK 3aTTapAblH aF3ara 9cepi Typaibl 3epTTeyiep HOTHKeNIepi
KepceTiiai. MemiekeTiMi3eri FreHOMIBIK TeCTUIeY Il Kap KbIIaHABIPY IbIH >KOKTBIFBI, OHEPKACINTIK )KOHE FhI-
JIBIMH OPTaJbIKTapJbIH apachIHAAFbl BIHTHIMAKTACTHIKTHIH 0OJIMaybl, KOCIOM MaMaHIApAbIH a3/bIFbl, HAKThI
JKoHe OyJ1 OarbITTarbl OapibIK ©PICTEePAl KAMTUTHIH KYKBIKTBIK-HOPMATHBTIK 0a3aHbl KYpy Maceneci, COHbI-
MEH KaTap KepeKTi TEXHUKAJIBIK KaMTaMachI3aHIbIpy IbIH O0JIMaybIHA MOH Oepiii.

Kinm ce30ep: dapmakoreHernka, uutoxpoM P450 wuszodepmenrimeH, amiens, moauMopdTsl TeHIEp,
reHotuntey, IITP Hakrel yakbiTrarel, JIC mapkep, YJd-mmokypoHumntpancdepasa, MeTabOIMKaIbIK,
(hepMeHTTEp, TeHHIH KO3YHI.

J.3. Enemos, I'.I1. ITorocss, P.I'. Oranecsna

dapmakoreHeTHKA U cucTeMa OMoTpaHcopManum JeKapcTB

B crartbe paccMOTpPEeHBI COCTOSIHHUE W IIEPCIIEKTHBEI OJHOTO M3 COBPEMEHHBIX HAIPaBICHHH NEpCOHAIU3M-
POBaHHOI MeUIHEI — (hapMaKOTreHeTHKH. J[aHbI 00IIHe IIPeACTaBIeHHs O PO OHOTpaHC(HOpPMAIIN U Me-
TaboJIM3Ma JICKAPCTBEHHBIX BEIIECTB B (hapMaKOI€HETHKE, & UMEHHO CBEACHMS O IMOJMMOp(HU3Me reHoB, BO-
BJICUCHHBIX B OHMOTpaHC(OPMALMIO JICKAPCTB M B T€HETHYECKHH KOHTPOJb MX B3aMMOJACHCTBHS, ONHCaHUE
¢depmenros I u I da3 Guorpanchopmarmu nekapcTBeHHbIX BemecTB. Onucana nepsasi Gpasa, Ha KOTOPOit OHU
MO/IBEPTalOTCsl PEAKIMAM OKHCIECHHS, BOCCTAHOBJICHUSI M TUAPOIIHN3a C LENbI0 yBENUUEHHUS MOSIPHOCTH CO-
enuHenus. Ha aToit ¢a3e nHnykuus win nHruOnpoBanue ¢pepmentamu P450 sBisieTcs OCHOBHBIM MEXaHU3-
MOM JIEKapCTBEHHBIX B3aWMOACUCTBHU. V3ydeHa KpucTaindeckas cTpykTypa muroxpoma P450. Onmcansr
OCHOBHBIE TIPOIIECCHI BTOPOH (ha3bl OHOTpaHCc(hHOpPMaINK: TIIOKYpOHUPOBAHHE, CyIb(aTalys, CONpsHKeHUE C
TJIMIUHOM, COINpSDKEHHE C TIIyTaTHOHOM, aleTHIMPOBAaHHE, METHINpPOBaHME. PaccMOTpeHBI IyTH MeTado-
nu3Ma, (epMeHThI, ydYacTByromMe B HHX, (a3l OuoTpanchopmanuu. [lokazana poip Y]ID-
TIIIOKYpOHMITpaHCdepa3 B TpaHC(HOPMAIIMK JISKAPCTBEHHBIX CPEJICTB B opraHuiMe uenoseka. [Ipencrasiena
kiaccudukanus Hajacemeiictsa rena UGT, omucanbl MPOAYKTH YWICHOB 3TOTO HaJaceMelcTBa, PaccMoTpeHbl
BO3MOXHOCTH T€HOTHITUPOBaHUs ¢ ucnoib3oBanueM IILIP B peansHOM BpeMeHHU sl BBISIBICHUS HHAUBHUILY-
AIBHBIX OAHOHYKJICOTHIHBIX TMOIMMOP(U3MOB, OIPEAENICHUS UHCIa KONUH TIeHa, MHPOCEKBEHHPOBAHHE,
Macc-CHEeKTPOMETPHSI, MaTPUIHO-aKTUBHPOBAHHAS JIa3epHAst JeCOPOLIS/MOHU3AINS, a TAKXKe UCIIONb30BaHHUE
MHKpPOYHIIOB. PaccMOTpeHBI Takue NpoOieMbl IIPUMEHEHHs JEeKapCTBEHHBIX CPEICTB, KaK JIEKapCTBEHHAs
TOKCHYHOCTh, 1M000uHBIe 3(dexTsl u ap. [IpuBeneHs! mpuMepsl M3yYeHUS BO3IECHCTBUS JICKAPCTBEHHBIX
CPEICTB Ha OPraHM3MBI B Pa3JIMYHbIX CTpaHaX. YKa3aHbl Takue MPOOJIEMbl TCHOMHOTO TECTHPOBAHHS B Ha-
el cTpaHe, Kak OTCYTCTBUE (DMHAHCHPOBAHUS, OTCYTCTBUE YETKOTO COTPYIHHYECTBA MEXKIY IPOMBIIUICH-
HBIMU U HAayYHBIMH KPyTaMH, HEXBAaTKa CIIEIMAIICTOB, CO3/aHUE KOHKPETHOM M BceoObeMIommel HopMa-
THBHO-TIPaBOBOH 0a3bl, OTCYTCTBHE HEOOXOAUMOI0 TEXHUUECKOTO OCHAIIEHHS.

Kniouesvie cnosa: dapmakorenetrnka, nuzodpepment uutoxpom P450, amrens, monmumMopdHbIe TeHBI, TEHOTH-
muposanue, [1L[P B pexume peansHoro Bpemenu, JIC-mapkep, Y D-rmrokyponuntpancdepasa, GepMeHTH
MeTaboJIM3Ma, SKCIPECCHsI TeHa
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Geographic features and tourism development
in the Czech Republic

The article deals with tourism development in the Czech Republic, which is one of the leading and most dy-
namic economic sectors in many countries and is recognized as an economic phenomenon of the century. The
main objective of the study is to identify a dynamic demand for tourism and the usage of its potential in the
country. Applying the random method, the authors found out tourist vacation preferences, what criteria they
take into account when choosing a country for leisure, what goals are pursued and how the service in that
country is assessed. Comparing the tourist potential of the two countries, the authors believe that Kazakhstan
with a great uniqueness of the natural and historical component, has all the necessary conditions for the tour-
ism cluster development to meet world standards. Developing this economic sector ensures an opportunity to
develop and make the country appealing to the world.

Keywords: the Czech Republic, the Republic of Kazakhstan, tourist cluster, tourism, random research meth-
od, UNESCO, recreation, Schengen visa, entertainment industry, health resort tourism, cultural and cognitive
tourism, business tourism, sports (active) tourism, religious tourism, beach tourism.

The main objective of the research was to identify positive experience in satisfying tourist demands and
generated tourism potential in the Check Republic.

According to the Czech Statistical Center in 2013, the Czech Republic was visited by more than 13.9
million tourists. The most visited region of the country was Prague, the capital is visited annually by more
than 5 million people. The city was founded in the 9th-10th centuries, but only in 1992 it was included in the
UNESCO World Heritage List. It is popular for cultural diversity and cognitive features. A large number of
castles, churches, monasteries and museums in the city make it no place parallel in the world. A religious-
pilgrimage, business, gastronomic, romantic, wedding and even extreme kinds of tourism have advantage of
appealing to people of all ages. In addition, shopping and sex tourism as a separate type of tourism is devel-
oped as well. More than 600 thousand tourists annually suburban areas of Prague.

In the course of the research, the task was to find out the tourist vacation preferences, what criteria they
took into account when choosing a country for recreation, what objectives were pursued and how the service
in that country was assessed. Respondents were selected by random selection, i.e. We interviewed 25 people
of different ages, nationalities and genders.

It is known as a country with an ancient culture and history which dates back to 1000 years. The coun-
try attracts its tourists both with magnificent landscapes, and a fascinating centuries-old culture. It can be
noted that the most popular types of tourism are the following (Fig. 1).

Data of the Figure 1 reflect main objectives of vacationers, and they are rather various, i.e. suit different
category of people.
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for recreation
45 o
M social interests
m religious interests
B economic interests
m for doing sports

W other interests

Figure 1. Types of tourism in the Check Republic

The main objective of the tourists visiting the country is for leisure or cultural-cognitive tourist trips.
Other category of people focus more on recreation and less targeted to study cultural potential. Further it is
possible to note business travel and shopping tourism. Shopping has become a motive to travel and is now a
major tourist activity. Visitors are increasingly choosing shopping as a way to experience local culture
through an engagement with local products and local craftspeople, and some destinations provide special
tourist shopping activities for tourists to shop for goods which is especially attractive to tourists from Ger-
many. Sports Tourism is defined as a specific travel outside of the usual environment for either passive or
active involvement in competitive sport where sport is the prime motivational reason for travel and the tour-
istic or leisure element may act to reinforce the overall experience. Another definition worth noting explains
sport tourism as a combination of sports activities and travel. Sports tourism is optimum in winter when tour-
ists come to ski resorts for the purpose of skiing and other sports leisure [1].

A prolonged stay in a vising destination, the study of its tourism potential, the characteristics of tourists
have also been examined, i.e. the visitors who arrived for recreational activities to the Czech Republic. It
should be noted that the research was conducted during the summer period excluded the respondents who
visited country for sports activities. 25 tourists from the different countries of the world have been polled.
The age and gender category of tourists are presented (Fig. 2, 3).

10%
44% | 18-25
° B males 26-32
females 33-40
m4l1<
40%
Figure 2. Gender of tourists Figure 3. Age category of tourists
visiting the Check Republic visiting the Czech Republic

Fifty-six percent of all pollees are male respondents. The analysis of the conducted research allows to
draw a conclusion that the most number of tourists is a category of people aged from 26 to 33, and another
category is under these ages. This is due to the fact that the Czech Republic is a country with a rich nightlife.

Prague is also very popular for its nightlife after Amsterdam in Europe. In addition, there are many uni-
versities and colleges, since education in the Czech Republic is relatively cheaper if to compare to other Eu-
ropean countries. According to the results of the analysis, 16 % of respondents, who made up 4 people from
the total number of respondents, answered that they got the invitation from friends who study in Prague.
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There are many beautiful landmarks for sightseeing. It takes approximately 7—8 days. Then it may be-
come boring and the soul will ask for new impressions. It is easy to travel around the country: kiosks are in-
stalled at all stations and almost in every square in Prague, where you can buy a ticket for a bus or train to
the most remote corner of the country [2].

If we talk about the representatives of other ethnic groups, it is difficult to give an unambiguous answer,
because we could not interview tourists from different Asian countries, because of a language barrier.

The results of the survey conducted at the local airport, auto and railway station showed that the majori-
ty of respondents were from the CIS. They turned out to be 17 out of 25 people, they account for 68 %

(Fig. 4).

4% 8% m from Russia
from Ukraine
m from Kazakhstan
from Canada
B from the USA
H from Germany
from the Czech Republic

from other counties

Figure 4. Citizenships of tourists

If to take into account the fact that a large number of flights was carried out by Ukrainian airlines, thus
it is possible to assume that dominant number of tourists from this country. In the top list there were also cit-
izens from Russia 24 % and Kazakhstan 12 %. The visitors from Georgia, Germany and Canada (8 % each)
come in at a close second place. The least number of tourists from the United States (4 % each).

In terms of service quality, 100 % of respondents answered «excellent», which is not surprising, be-
cause tourism is one of the main economic branches of the country, therefore the service is presented at the
highest level and meets international standards.

According to the local Internet portal, the number of arriving tourists to the Czech Republic only for the
summer of 2016 exceeded the number of 1 million people. The annual income from tourism in the country is
more than 200 billion kroons.

Variable weather in the summer of 2016 did not reduce the interest of tourists to travel to the Czech Re-
public, but the attendance of pools fell more than twofold. The Czech hoteliers said that the current summer
season is very successful one.

During the summer of 2016, the number of Czechs staying in local hotels has significantly increased.
Instability in the world, including Europe, a deterioration of security environment cause an obstacle for tour-
ists from the Czech Republic to other countries. A regular stay at campings, although most often they used
more lodges than tents for overnight stays. During the period under review, because of the very changeable
weather, tourists visited more than before. The most visited sight was the Prague Castle. The less visited was
pools because of weather conditions [3].

According to hoteliers, in the summer of 2016 tourists rented hotel rooms for a longer time than last
year, and there was a certain increase of interests in additional services, for example, to wellness. At this
time, tourists actively visited the mountains. The summer flow of tourists to the Krkonose Mountains was the
same as in winter season. The same situation was in the Jizera Mountains. The funicular on Mount Jeshted in
Liberec hardly handle the influx of visitor

In comparison with the last tropical summer, the season of 2016, as already noted, became a failure for
swimming pools in Prague and throughout the Czech Republic. Their profits fell by tens of percent. For ex-
ample, in Hultschin in 2015 43,000 visitors were counted, and in 2016 — only 13,000. In Jihlava city where
you can find Aquapark Vodni raj (Water Paradise) suitable for rest and relaxation after a hard day. In hot
season 25,000 visitors were registered. The water park saw an attendance slip in twice. A similar situation
has been noticed in other Czech basins.
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Prague hotels called last summer season successful. In 2016 Prague attracted more tourists and because
it is considered a safer place to relax. The number of tourists who stayed in Prague in 2016 grew by 2 %, that
was, by 50,000 people. Czech tourists grew by 9 % in number.

All the respondents put security aspect to the first place in the list of the criteria to choose a visiting
country. From this we can conclude that the Czech Republic meets consumer demands and attracts more and
more new tourists.

The conducted analysis helped to identify the categories of tourists by gender, age and other criteria.
Taking into account the tourists’ needs, it is possible to monitor the tourist potential of any country, deter-
mine its level and imprive tourism development programs.

In 2016 the Czech Republic was visited by a record number of foreign tourists — 8.69 million people.
This is 7.3 % more than in 2014. Such data was defined by the Czech Statistical Office.

So many foreign guests the republic has never taken before. And the statistics department takes into
consideration only those who stayed overnight in hotels, hostels and other hotel rooms for at least one night.
The most popular destinations for foreigners were Prague (5.68 million), Karlovy Vary (541 thousand) and
South Moravian Region (492 thousand).

In 2016, the number of tourists from Russia and Ukraine decreased significantly — by 37.4 % and
10.7 %. In total, Czech hotels registered 432,768 Russians.

However, more guests came from other countries: from Germany, tourist flow grew by 12.6 %, from
Slovakia — 14.6 %, from the USA — 14.9 %. The number of travelers from China (by 35.3 %) and South
Korea (by 31.8 %) increased even more. On average, each foreigner spent about three nights in Czech hotels.

The number of local people vising national landmarks in the Czech Republic over the past year in-
creased by 13.3 % to 8.49 million people. The most popular regions are the South Moravian Region (1 mil-
lion), the South Bohemian Region (928,000) and Prague (893,700 visitors).

As for the Czech capital, it also boasts a new record. In 2016 the city was visited by 5.68 million for-
eign tourists, which is 6.9 % more than in the previous year

As for the Czech capital, it also breaks a new record. In 2016 the city was visited by 5.68 million for-
eign tourists, which is 6.9 % more than in the previous year.

The survey was conducted among tourists, during which it was possible to establish the most popular
tourist routes (Table 1).

In addition to Czech cities and major tourist destinations, many tourists who have a Schengen visa also
travel outside the Czech border. First of all, this is due to the economic and geographical situation of the
Czech Republic itself. The country borders Poland in the north (658 km), Germany — in the northwest and
west (646 km), with Austria — in the south (362 km) and Slovakia — in the east (214 km). The total length
of the border of the Czech Republic with neighboring states is 1880 km.

The largest number of people who visit the Czech Republic is from Germany. The Germans come the
Czech Republic on weekends, as a usual leisure place or for the purpose of shopping.

Table 1
The percentage of tourists visited cities of the Czech Republic

A number of people
City visited cities given %
in the list

Prague 25 100
Kutna Hora 21 84
Plezn 12 48
Cesky Krumlov 18 72
Drno 10 40
Karlovy Vary 3 12
Olomouc 2 8

Note. Made by authors.

Since the survey was held in the city of Prague, all respondents those who were visiting the city of Pra-
gue. Kutna Hora has been found as the most popular tourist destination. This is not surprising: Kutnd Hora,
the city of silver, is deservedly attributed the other name «national treasury». This is to say that its wealth
helped to ensure the boom of the Czech Kingdom. The centre of the city was included in the UNESCO world
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heritage list. All of the streets, houses and churches exude a long history full of important events. The sym-
bol of Kutna Hora is the unique late Gothic Cathedral of St. Barbara. It attracts lots of tourists with a mysti-
cal legend and atmosphere. The least visited city was Olomouc, this can be explained by it is situated far
away from Prague.

The next important information is the travel purpose of all respondents. Usually, the tourism potential
of the Czech Republic meets the tourists’ needs who came for the purpose of resort, health, cultural, educa-
tional, business, sports or active tourism, religious and just few for beach activities (Fig. 5).

Due to the fact that the questioning took place in the summer season, the absence of tourists who came
for sport activities does not indicate to the country’s unattractiveness from this aspect. This type of tourism
becomes popular in winter or in special places, near rivers and mountains.
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Figure 5. Travel purpose of the respondents

The cultural-cognitive form of tourism turned out to be predominant, ubiquitous along with other types.
This shows the unique recreational potential of the Czech Republic, where different consumer services can
be simultaneously given. Two respondents took a tour to Karlovy Vary for the purpose of treatment, and af-
ter the course of treatment they went to Prague for cultural tourist tracks. Three other respondents answered
that they came to relatives which live in Prague. So one family came to the wedding of their niece who re-
ceived Czech citizenship after her graduation, but that was not a single reason for their trip. Among the re-
spondents who came to the city for business trip were Czech and a young family from Germany that com-
bined business trip with shopping.

An important factor is what motivates the holidaymakers of their choice. We tried to find out what a
fundamental criterion was used in choosing a place for pleasure in the Czech Republic. For simplicity of the
survey, the respondents were offered several options to one question, which was the main travel reason to the
Czech Republic: security, popularity, price, close to home, culture and history, friends' recommendations.
Respondents were asked to evaluate the criteria on a 5-score scale, where 5 score corresponds to «yes, im-
portant», 4 — «pay attention,» 3 — «indifferenty», 2 «unimportant», 1 — «did not take this factor into ac-
count when choosing a visiting place.» In the course of this survey, the respondents answered many ques-
tions, answered for a long time, as if they did not know themselves what attracted in this country most (Ta-
ble 2).

Table 2
Motivations to travel in the Czech Republic
. A number of questions
Criteria
5 scores 4 scores 3 scores 2 scores 1 score
High safety measure 21 3 1 — —
Popular tourist spot 5 5 5 8 2
Prices 12 6 3 3 1
Close to home 5 4 10 —
Culture and history 12 8 — 5 —
Friends’ recommendations 4 13 3 3 2

Note. Made by authors.
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The most important criterion for visiting tourists was the criterion of «safety», even for amateurs of ex-
treme leisure, however, but they prefer completely different places for tourism. The criteria «price» and «cul-
tural and historical heritage» came out to equal positions. As for the price of a 10 days tour to Prague for a
tourist from Kazakhstan is about 220,000 tenge, including visa registration, flight and accommodation. Simi-
lar tour to Germany is about 240,000 tenge, but services and entertainment in Munich are several times more
expensive than in the Czech Republic, a tour to Vienna for the same number of days — 310,000 tenge, tour
to Amsterdam — 400,000 tenge, tour to Paris 290,000 tenge (Fig. 6).

Amsterdam 400000
Vienna
Munich

Paris

Prague

0 50000 100000 150000 200000 250000 300000 350000 400000 450000

Figure 6. Cost of tours to popular tourist cities in Europe (tenge)

The criterion of «on neighborhood» is out of question, because the majority of respondents from the
CIS, and European culture is found to be attractive for people from these countries. As you know, the Czech
Republic is a member of the Schengen group, the rules of the Schengen visa apply and the Czech visa
holders are entitled to unimpeded movement across the borders of all Schengen countries.

When you get a Schengen visa to the Czech Republic, you should remember that you can enter the
country only if you follow all the conditions, the Schengen agreement: it is necessary to confirm the main
purposes of the trip, as well as the conditions for foreign citizens in the country and the availability of
sufficient funds for living on its territory.

According to the results of the study, the following conclusions can be made about the use of the tour-
ism potential of the Czech Republic:

Firstly, the Czech Republic, as a tourist country, is a single integrated system interconnected by
transport networks; Each part (tourist city) exists both separately and together; Each landmark, the region
with its economic potential has its own history and will be of interest to any tourist, depending on his/her
preferences, and in combination with other cities it broadens the image of the country and shows its true life
and people's history.

Secondly, a thoughtful strategy in the entertainment industry is a big advantage and covers the whole
range of tourist services; high quality of life, high rates of development of the country provide stability on
the political map of the world in external relations between countries; Western model of development, and as
a basis, compliance with all international standards, both in social and economic spheres, stipulate a high
level of service, and as a consequence of a high degree of attractiveness [4].

Thus, a wide range of services, the full use of recreational resources, historical heritage, proper invest-
ment and an approach to tourism industry development make the Czech Republic diverse. What important is
the attitude of the Czech people to tourist resources. Regular restoration work and careful attitude to re-
sources as to a precious stone can help to preserve them in their original form.

The conducted study shows that the main criteria for choosing a visiting country are security. In addi-
tion to security, respondents also noted that the Czech Republic is attractive for its history and culture. If to
comparing our states, we can note the following. Kazakhstan has a great uniqueness — it originated at the
junction of the Eastern and Slavic cultures, went a long way to its independence and managed to maintain its
territorial integrity in peace and harmony among the people living in it, and the ancestors were able to con-
vey the traditions and culture of the Kazakh people to the present. Every Kazakhstani today can be proud of
the historical heritage of his country. Considering the above, one can affirmatively state that in our country,
as in other developed countries of the world, including the Czech Republic, there are all the necessary condi-
tions for the developing a tourist cluster in accordance with world standards. Developing this economic sec-
tor, there is an opportunity to become an even more developed and attractive state in the world.

Cepusi «Buonorus. MeamuuHa. Meorpacusi». Ne 3(87)/2017 77



G.N. Chistyakova, Zs. Huszti, A.R. Zhunusova

References

1 Anekcanaposa A.JO. DkoHOMHKA U TepPPUTOpHAIbHASI OpraHu3auus MexayHapoaHoro typusMa / A.JO. Anekcanaposa. —
M., 1996 — 134 c.

2 Mumrepa JI. 'eorpadus Yexocnoakuu / JI. Mumrepa. — M., 1984. — 257 c.

3 Caiir «llenrpansnas Asus. busnec-npoext Keipreiscrana n Kazaxcrana». [OP]. Pexxum mocryna: http://www.centralasia-
biz.com/cabiz/kazahstan/turizm/abt_turizm kz.htm

4 Makcakosckuii B.I1. I'eorpadus. DxoHoMuueckas u corpansHas reorpadus mupa / B.I1. Makcakosckuit. — M.: [Ipocsere-
aue, 2009. — 397 c.

I'.H. Yuctakosa, XK. Xyctsu, A.P. XKyHnycosa

Yex Pecny01MKaCHIHBIH KaFPaAQUIIBIK epeKIIeJiKTepi MeH TYPU3MHIH JaMYybl

Makanana oJeMHIH KONTereH elepiH/e )KeTeKIi )KOHe eH CepIiHAl cajajapblHbIH 0ipi 6obII TaObUIATEIH
TYpu3M canachl Uexus einiHle JaMybl KapacThIpbLIbl. 3epTTeyAiH Herisri Makcatbl Uex PeciryOnuKachbIHbIH
TYPHUCTIK CEIMEHTTI KaHaraTTAHIbIPAThIH CYPAHBICTBI JKOHE CJOIH TYPHUCTIK oNeyeTiH maiaaiaHy
epeKUIeTIKTepAi alKbIHAay OO TaObUTambl. PaHIOMIBI OmiCTI KONAaHA OTHIPHIN, aBTOpJAp AeMallyFa
aTTaHATBIH TypHCTEp €Nl TaHIayla KaHIail MakcaTThl Ke3Zei/i, KeJareH enjeri KbI3MeT KOpCeTy CalachlH
Kajail Oaramaiinpl, KaHDall KepceTKimrTepmi Kamaimel. Exi enmiH TypHCTIK QJeyeTiH CalBICTBIpa Kele,
apropiap Kasakcran ken Oipereil TaOMFM jKOHE TapuXd KOMIIOHCHTTEPi, XallbIKapasblK CTaHAapTTapra
CoiiKeC TYpPHUCTIK KJacTepii JaMbITy YIIiH OapiiblK KaKETTI »Karjaiimap jxacanFaH 06a COHBI 3€pTTEIi.
DKOHOMHKAHBIH OCBI CEKTOPBIH JAMbITy QJIEMIETi O3BIK JKOHE TapThIMIBI enjiep Oipi peTiHne jkaH-)KaKThl
TaHBLIyFa MYMKIHIIK Oeperi.

Kinm co30ep: Yex Pecniybnukacsel, Kasakcran PecryGnukachsl, TypHCTIK KiacTep, TypU3M, FBUIBIMH 3€pTTey,
IOHECKO, nemansic, meHreH BU3achl, OHBIH-CAYBIK, KYPOPTTHIH jKOHE JACHCAYIBIK TYPU3M Ke3IEHCOK dfici,
MOJCHH TypH3M, OU3HEC TYypH3Mi, CTIOPT (OeICeH ) TypH3Mi, AIHH TYPH3M, JKaFaKalIIbIK TypH3M.

I'.H. Yuctsakosa, XK. Xyctsu, A.P. )KyHnycosa

I'eorpajguueckne ocodeHHocTn U pazsuTHe Typusma B Yenickoii Pecnybsmke

B craTtbe paccmaTpuBaroTcsi 0COOCHHOCTH pa3BHTHS Typu3Ma Ha npumepe Uexuu. Typusm siBisieTcss ogHON
U3 BeAylUX W Haubosiee JAUHAMUYHBIX OTpaciedl SKOHOMUKHM MHOTUX CTpaH MHpa U IPU3HAH SKOHOMHU-
4yeckuM (peHoMeHOM crosieThs. OCHOBHOH LIENbIO MCCIICOBAHUS SBHIIOCH BBISABICHHE CIPOCA, YIOBJICTBO-
PSTIOIIEro TYPUCTCKHH cerMeHT Uexuu, 1 0COOEHHOCTEH MCMONb30BaHUs TyPHCTCKOTO MOTEHIMANA CTPAHBL.
IIpuMeHss paHIOMHBIN METOJ, aBTOPBI BBIICHUIIN MPEANOYTEHHUS y OTJBIXAIOMINX TYPUCTOB: KaKHe KpuTe-
pHU OHH YYHTBHIBAIU IIPH BEIOOPE CTPaHBI IS OTAbIXA, KAKUE LEIH MPECcIeI0BAIN U KaK OLIEHUBAIOT CEPBHUC
B JaHHOU cTpaHe. CpaBHHBas TYpPUCTCKUH ITOTEHIMAN ABYX CTpaH, aBTOpPBI CUMTAIOT, 4To Ka3axcraH, nmes
OOJIBIIYI0 YHUKAJIBHOCTD NMPUPOJHOH M MCTOPHUYECKOH COCTABIIIONICH, UMEeT Bce HEOOXOIMMBIC YCIOBHUS
JUIs Pa3BUTHUsI TyPUCTCKOrO KJIacTepa B COOTBETCTBUU C MUPOBBIMH CTaHAapTaMH. PazBuTue 3TOro cexropa
9KOHOMMKH JIaeT BO3MOYKHOCTh CTaTh ellie 0oJiee Pa3BUTHIM U IIPUBJIIEKATEIBHBIM FOCYIapCTBOM B MHpE.

Kniouesvie cnosa: Pecniybnuka Yexusi, PecyGiuka KazaxcraH, TypucTCKMH KilacTep, TYpPHU3M, PaHIOMHBIH
meron wuccienoBanus, HOHECKO, otabix, LIeHreHckas BH3a, WHAYCTPHUS pa3BICUCHUH, KypOpTHO-
03/10pOBUTENBHBIA TYPHU3M, KYJIbTYypHO-II03HABATENBHBII TYPHU3M, AETOBOM TypU3M, CHIOPTUBHBIN (aKTUBHBIN)
TYypPHU3M, PEITUTHO3HBIN TYPU3M, IUISKHBIA TYPHU3M.
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Territorial development of social infrastructure of the Aktyubinsk oblast

Article is devoted to study features of territorial development of social infrastructure of the Aktyubinsk oblast
which has developed under the influence of formation process and development of territorial and branch
structure of economy and system of resettlement of the population. Here at work is offerd author's
interpretation of the concept «social infrastructure». Using technique of the security assessment of the popula-
tion with social objects offered by N.M. Logacheva, and was made attempt to define territorial differentiation
on a levels of development of social infrastructure of the Aktyubinsk oblast in a section of administrative re-
gions. On the basis of calculations of integrated indicators of security of the population with social objects
counting on 1000 inhabitants and the level of development of social infrastructure is made map-scheme «Ter-
ritorial differentiation of social infrastructure development of the Aktyubinsk oblast in 2015». As a result
there were revealed level of social and infrastructure system and security of the population of administrative
regions of the Aktyubinsk oblast with social objects development. Calculations and the comparative analysis
have shown that the maximum level of development and high degree of security of the population with ob-
jects of social infrastructure is characteristic territories of the Aktyubinsk city administration, namely the Ak-
tyubinsk agglomeration which is the center of concentration of the population and economic entities of the
Aktyubinsk oblast. Uilskiy and Kargalinskiy districts have the lowest level of development of social infra-
structure and security of the population with social institutions.

Keywords: Aktyubinsk oblast, social infrastructure, security of the population, territorial development, ad-
ministrative regions.

Actuality

In economical and geographical researches the concept of «infrastructurey is treated as set of construc-
tions, buildings, roads and systems, i.e. the immobile part of fixed assets providing material conditions for
normal reproduction process. It follows from this that infrastructure can't be moved from one region to an-
other, only it is possible gradual development in borders of a certain space. Thanks to these properties infra-
structure and all its components and elements become closely connected with the territory and with all pro-
cesses of its economic development, forming the image of the territory [1].

Social infrastructure is a system of the branches located in a certain territory which perform various so-
cial functions (educational, improving, cultural, recreational) and the creating conditions for the effective
territorial organization of society functioning.

Development of social infrastructure as complex of the branches and institutions providing normal ac-
tivity of the population is the most important component of dynamic social and economic development of the
region. Achievement of the high standard of living of the population isn't possible without formation and
development of social and infrastructure base, satisfying needs of all inhabitants. But features of the territori-
al organization of economy and the population define spatial asymmetry in the level of development of so-
cial infrastructure and is as a result shown territorial distinctions in providing inhabitants with social facili-
ties.

In turn negative aspects in development of social infrastructure have concrete manifestations: deteriora-
tion in a physical condition of material resources of social infrastructure; sharp recession of investments into
non-productive construction; absence or small volumes of construction of social objects (schools, clubs,
sports constructions, libraries); deterioration in living conditions (growth of a share of the shabby and haz-
ardous dwelling); poor quality of medical and library care, cultural and entertaining service [2] that as a re-
sult influences territorial development of economy, resettlement and the standard of living of the population.

Relevance and the importance of an assessment of territorial development of social infrastructure of re-
gions of the country is defined by implementation of state programs, in particular Programs of development
of regions till 2020 [3]. Detection of features of a territorial differentiation of social infrastructure will allow
to define the priority directions of development of the social sphere and promotes implementation of the
Program of development of the territory of the Aktyubinsk oblast for 20162020 [4].
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Objects and methodology

Object of a research is social infrastructure of the Aktyubinsk oblast. Observation was carried out on the
basis of use of statistical data of Department of statistics, Department of education, Management of physical
culture and sport, Management of culture, archives and documentation of the Aktyubinsk oblast for 2009—
2015.

In a research were used methods of scientific abstraction, the analysis and synthesis, induction and de-
duction, analogy and comparison, system and logical approaches. Also were applied other methods of a re-
search, comparative and geographical, mathematical, statistical, descriptive, cartographical.

The following system of indicators which is used in N.M. Logacheva [5] technique, taking into account
available statistical information was applied to an assessment of an index of security of residents of adminis-
trative regions of the Aktyubinsk oblast with social infrastructure: number of the organizations of the sphere
of culture; number of the preschool organizations; number of high comprehensive schools; quantity of ob-
jects of secondary professional education (colleges); number of sporting venues; number of the medical or-
ganizations. On everyone above to the listed indicator the index of security of the population with objects of
education, health care, culture and sport was determined by the following formula:

]PSPSO=i><1000, (1)
where ISPSO — is an index of security of the population with social objects counting on 1000 inhabitants;
P., — population; O, — quantity of social objects.

The integrated indicator of security of the population with social infrastructure counting on 1000 inhab-
itants decides on the help of a method which essence consists that on each index a certain territory gets
points according to the following scale: I 0.001-0.006 — 1 point; I 0.010-0.029 — 2 points; I 0.031-
0.078 — 3 points; 1 0.080—0.097 — 4 points; [ 0.124-0.577 — 5 points.

The assessment of territorial development of social infrastructure of the Aktyubinsk oblast was also car-
ried out with use of the technique offered N.M. Logacheva [5], but with change of system of indicators. The
assessment was carried out with use of the following 11 indicators: number of the medical organizations;
number of recreation centers and clubs; number of libraries; number of the museums; number of movie thea-
ters; number of recreation parks; number of the preschool organizations; number of high comprehensive
schools; number of secondary vocational education institutions; quantity of higher educational institutions;
number of sporting venues.

For reduction of 11 indicators in a comparable form as base are used corresponding data in general on
area and it is calculated by a formula:

1 = II‘"‘ %100 %, 2)
where /; — an indicator index; /,, — an indicator of the administrative region; /, — an oblast indicator.

The integrated indicator of the level of development of social infrastructure is determined on the basis
of assignment of each territory by each index of points according to the following scheme: from 57.8 % to
33.3 % — 5 points; from 25.0 % to 14.0 % — 4 points; from 13.8 % to 11.0 % — 3 points; from 10.6 % to
5.0 % — 2 points; from 4.7 % to 2.6 % — 1 point; from 1.3 % to 0 % — 0 points. The territory having the
greatest number of points is characterized by rather high rate of development of objects of social infrastruc-
ture [5].

Results and their discussion

Aktyubinsk oblast has the features in territorial development of social infrastructure as the oblast is
characterized as a big area (300.6 thousand sq.km), low population density (as of the end of 2015 — 2.8 per-
sons of 1 sq.km) [6; 5], asymmetry in economic development of the territory (Table 1).

For 2009-2014 in the territory of the Aktyubinsk oblast balance (minus wear) the cost of objects of so-
cial infrastructure has grown from 37,1 to 83,1 billion tenges [7; 16]. In all types of economic activity partic-
ipating in process of providing social services to the population growth balance (minus wear) costs of supply
available is observed. Among types of economic activity for 2009-2014 in the total cost of fixed assets of
area the share of education, health care and social services increases, at reduction of a specific weight of art,
entertainments and rest (Table 2).

80 BecTHuk KaparaHguHckoro yHuBepcuteTa



Territorial development of social infrastructure ...

Table 1
Territorial differentiation of population density, production of the industry
and agriculture of the Aktyubinsk oblast on states for 2015
Industry Agriculture
N Population Output of Specific weight | Gross production | Specific weight gen-
ame . . : . . .
of administrative density |industrial output 1n.the tot.al prodpc— (serv1ce.s) of agri- | erally outpqt volume
region of the people (.goods,.se.r- tion of industrial culturg in thq cur- qf producthn (ser-
on 1 sq. km | vices), billion | output (goods, ser- |rent prices, billion| vices) of agriculture
tenges vices) of area, % tenges of area, %
Territory of Aktyubinsk| o5 ¢ 280,1 277 19,7 11,9
city administration
Alginskiy 5,4 6,0 0,6 16,8 10,2
Martukskiy 4,6 2,5 0,2 15,4 9,3
Kargalinskiy 3,5 1,5 0,1 12,4 7,5
Khromtauskiy 3,2 207,8 20,5 12,3 7,5
Temirskiy 3,0 103,1 10,2 12,3 7,5
Mugalzharskiy 2.4 2923 28,9 13,6 8,2
Uilskiy 1,7 1,9 0,2 7,6 4,6
Khobdinskiy 1,4 1,5 0,1 12,4 7,5
Aytekebiyskiy 0,7 1,3 0,1 15,7 9,5
Shalkarskiy 0,6 12,4 1,2 10,3 6,2
Bayganinskiy 0.4 103,5 10,2 8,8 5,3
Irgizskiy 0.4 0,5 0,0 7,8 4.8
Aktyubinsk oblast 2,8 1011,9 100 165,1 100
Note. Made by authors on [6; 24—133].
Table 2

Change of specific weight of social infrastructure in structure of fixed assets
of the Aktyubinsk oblast for 2009-2014 (%)

Type of economic activity 2009 2014
Education 2,1 2,7
Health care and social services 0,7 1,8
Art, entertainments and rest 0,7 0,3

Note. Made by authors on [7; 16].

As for 2015 in the Aktyubinsk oblast carry out the activity and function 530 preschool institutions of
education, 429 high comprehensive schools, 41 organizations of secondary professional education (colleges),
3 higher educational institutions, 940 sporting venues, 477 cultural institutions and recreation areas [8—10].

The assessment of security of residents of administrative regions of the Aktyubinsk region with social
infrastructure was carried out on a formula (1).

Calculation of an index of security of the population with cultural institutions (I.) has shown that the
population of Hobdinskiy and Martukskiy districts, in comparison with other administrative regions of area,
are better provided with objects of the cultural sphere. The low indicator of security of the population with
cultural institutions is characteristic to Irgizskiy and Temirskiy districts. The highest rate of an index of secu-
rity of the population with the preschool organizations (I,,) is traced in the territory of the Aktyubinsk city
administration, and the minimum value is characteristic to Kargalinskiy district. The leader in an index of
security of the population with high comprehensive schools () is the territory of the Aktyubinsk city ad-
ministration, on the second place Mugalzharskiy district. The population of Kargalinskiy district concerning
other 12 administrative regions are less provided with comprehensive schools. The index of security of the
population with secondary vocational education institutions (I) is high in the territory of the Aktyubinsk
city administration. On this indicator residents of Irgizskiy and Temirskiy districts are less provided. Inhabit-
ants of the territory of the Aktyubinsk city administration are more provided with sporting venues that re-
flects the calculated index (I,). The population of Bayganinskiy district has the minimum indicator of securi-
ty with subjects to sports appointment (Table 3).
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Table 3

Assessment of security of the population of administrative regions of the Aktyubinsk oblast
with objects of social infrastructure counting on 1000 inhabitants in 2015

Name of administrative regions Indexes
Ic Ipo Ihco Ivei Isv
Alginskiy 0,037 0,041 0,037 0,001 0,069
Aytekebiyskiy 0,049 0,051 0,036 0,001 0,049
Bayganinskiy 0,047 0,036 0,027 0,001 0,036
Irgizskiy 0,035 0,034 0,026 0,000 0,088
Kargalinskiy 0,037 0,021 0,020 0,001 0,040
Khobdinskiy 0,062 0,044 0,036 0,001 0,063
Martukskiy 0,052 0,046 0,040 0,001 0,081
Mugalzharskiy 0,049 0,063 0,052 0,003 0,071
Temirskiy 0,035 0,049 0,036 0,000 0,058
Uilskiy 0,046 0,027 0,027 0,001 0,041
Khromtauskiy 0,044 0,034 0,034 0,001 0,079
Shalkarskiy 0,041 0,066 0,044 0,001 0,071
Territory of Aktybinsk city administration 0,040 0,124 0,099 0,035 0,403

Note. Calculated and made by authors on [8-11].
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The integrated index has shown that inhabitants of the territory of the Aktyubinsk city administration it
is better than other 12 administrative regions of area are provided with objects of social infrastructure.
Mugalzharskiy and Shalkarskiy districts have the high level of security of the population with social infra-
structure. The average level is characteristic to Martukskiy, Alginskiy, Aytekebiyskiy, Irgizskiy, Hobdinskiy
and Khromtauskiy regions. The population of Bayganinskiy, Kargalinskiy, Temirskiy, Uilskiy regions have
the lowest degree of security with social infrastructure counting on 1000 inhabitants (Fig.).

As an alternative the assessment of territorial development of social infrastructure of the Aktyubinsk
region was also carried out with use of the technique offered N.M. Logacheva (2).

Calculations have shown that in the Aktyubinskiy oblast the territory of the Aktyubinsk city administra-
tion and Mugalzharskiy district have the maximum level of development of social infrastructure. The high
rate of development of social infrastructure is characteristic to Alginskiy, Aytekebiyskiy, Khobdinskiy and
Martukskiy districts. With average the level of development of social infrastructure characterizes the follow-
ing administrative regions of area: Bayganinskiy, Shalkarskiy, Khromtauskiy, Irgizskiy, Temirskiy districts.
The low level of development of social infrastructure are traced in the territory of Uilskiy and Kargalinskiy
districts (Fig.).

Conclusion

Thus, comparison of integrated indicators of security of the population counting on 1000 inhabitants
and the level of social infrastructure development demonstrates that the territory of the Aktyubinsk city ad-
ministration has the best indicator of territorial development of social facilities. The major factor defining
rather high rate of social infrastructure development of the territory of the Aktyubinsk city administration is
placement and development of the Aktyubinsk agglomeration, giving concerts 53,4 % of the population,
27,7 % of industrial and 11,9 % of agricultural production of area. On the level of development and security
of the population with social infrastructure is allocated Mugalzharskiy region. The lowest level of develop-
ment of social infrastructure and security of the population with social institutions is characteristic territories
of Uilsky and Kargalinsky regions.

Now it is impossible to consider the developed social and infrastructure system of the Aktyubinsk re-
gion sufficient. The effective territorial organization of economy and the population of the Aktyubinsk re-
gion requires the further advancing development of social infrastructure taking into account needs of the
population.

The research is executed within the grant project of Committee of science of the Ministry of Education
and Science of the Republic of Kazakhstan (the project No. 4605/GF4 «Development of strategy of for-
mation, development and functioning of industrial clusters in the West Kazakhstan and Aktyubinsk oblasts»).
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E.Zh. Imashev, A.A. Turgumbayev

2.K. Umames, A.A. Typrymbaen

AKTO0€ 00JIBICHIHBIH dJIEYMETTIK HH(PPAKYPHLILIMBIHbBIH
ayMaKTbIK J1aMYybl

Makaia mapyaibUIbIKTBIH TEPPUTOPHSIIBIK-CANIANBIK KYPBUIBIMBIH JKOHE XaJIBIKTBIH KOHBICTaHY JKYHECiHiH
KQJIBIITaCy MEH JaMyBbl YpAICi acepiHeH naiiia GosraH AKTeOe OOJBICHIHBIH QJIEYMETTIK HH(PPaKYPhUIBIMBI-
HBIH TEPPUTOPHUSIIBIK IaMy PEKIIENIKTEepiH 3epTTeyre apHajIFaH. «OleyMeTTiK HHPPaKypbUIBIM» TYCIiHIriHe
aBTOPJIBIK aHbIKTaMa yYChIHbLIAbL. H.M. JlorayeBaHbIH XaJbIKTBIH QJICYMETTIK HbICAHIApMEH KaMTaMachl3
eTimyiH Oaranmay oficTeMeciH KOoJ/aHa OTBIPBIN, OKIMINUTIK ayaaHaap AeHreiinae AKTeOe OOIBICHIHBIH
QNIeyMeTTiK HMHQPaKYpBUIBIMBIHBIH JaMy JeHreii OOWBIHINA TEepPPUTOPISUIBIK —In(QepeHINalnsIChIH
aHbIKTayFa opekeT xacayuapl. 1000 TypreIHFa IIaKKaHIA QJICYyMETTiK HBICAaHIAPMEH KaMTaMachl3 eTLTyiHIH
HMHTETPANIBIK KOPCETKIIITEePiH ecenTey HEeTi3iHAe oHe oNeyMeTTIK MH(PaKYPBUIBIMHBIH IaMy JeHreifin
aHbpIKTay OoifbiHIIa «2015 . AKTeOe OOJIBICHIHEIH QIeyMETTIK HH(PAKYPHUIBIMEL 1AMy BIHBIH T€PPUTOPHSIIBIK
I dpeHIausIcey aTThl KapTa-chbi30ackl KypacThpbligsl. HoTmkecinne AxreOe 0OJIBICHI SKIMIIUIIK
ayJaHIapbl XaJIKBIHBIH QJIEYMETTIK HBICAHAAPMEH KaMTaMachl3 eTillyl MEH QJeyMeTTiK-UH(PAKYPBUIBIMIBIK
KYHeCiHIH JaMmy jaeHreili aHblKranasl. Ecenteynep MeH calbICTBIpMalibl Tajgay KOPCETKEH/CH, XalbIKThIH
IeyMeTTiK MHGPAKYpbUIGIM HBICAHAAPMEH KaMTaMachl3 €TULyiHiH JKOFapbl [opexeci MeH JaMybIHBIH
MaKCHMAaJIbl JeHreldi AKkreOe KalanblK OKIMIIUTIK TEPPUTOPUACHIHA, aTan aWTKaHga, AKTe0e OONBICBIHBIH
apyambsUIblK CyOBEKTIIEp MEH XaNBIKTHIH IIOFBIPIAHYBIHBIH OPTAaJbIFBl OONBIN TaOBUIATHIH AKTe0e
arToMeparusiceiHa THecii. Oibut sxoHe Kapraiibl ayqannapbl a1eyMeTTiK HHQPaKypbUIBIMBIHBIH AaMybl MEH
XaJIBIKTBIH QJIE€yMETTIK MeKeMellepMeH KaMTaMachl3 eTUTyiHiH KepceTKimi OOHbIHIIa TOMEH AeHTeHTre He.

Kinm coe30ep: Axrebe 0ONBICH, 9JI€yMETTIK HHPPAKYPIIBIM, TYPFEIHAAPABIH KAMTaMAachl3 €TULyi, ayMaKThIK
JaMybl, SKIMIIIUTIK aymaHaap.

9.K. Nmames, A.A. Typrymbaen

TepputopuanbHoe pa3BUTHE CONHAIBLHO HHPPACTPYKTYPbI
AKTIOOHHCKOI 00/1aCTH

Crarbs TOCBSIIEHA M3YYEHHIO OCOOCHHOCTEH TEPPUTOPHANBHOTO Pa3BUTHS COLMAIBHON MH(PACTPYKTYpPHI
AKXTIOOMHCKOI 00JI1acTH, KOTOpask CIOXKMIACH I10J] BIMSHUEM Mporiecca (GOPMHUPOBAHUS U Pa3BUTHS TEPPUTO-
PHAIIbHO-0TPACIIEBOH CTPYKTYPbI XO3SHCTBA U CHCTEMBI pacceleHUs HaceleHus. B pabore mpensoxeHa as-
TOpCKasl TPAKTOBKA MOHATHS «colanbHas MHGpacTpykTypa». C HCHOIB30BAHUEM METOIUKH OLEHKH obec-
MIEUYCHHOCTH HACEeJICHUS COLMANbHBIMUA 00beKTaMy, npeanaoxenHod H.M. JloraueBoii, mpeqnpuHsATa HONBITKA
OIPEJCIUTh TEPPUTOPUAIBHYIO An(depeHnnaIuio no ypoBHIO Pa3BUTHs COLMATIBHOH HHPPACTPYKTYphl AK-
TIOOMHCKOM 007acTH B pa3pe3e aAMHHUCTPATUBHBIX paiioHOB. Ha ocHOBE pacdeToB MHTETrpalbHBIX MOKa3aTe-
neit 00eCIIeYeHHOCTH HACEJICHHUS CONUAIBHBIMEI 00bekTaMu B pacuere Ha 1000 sxuTeneil U ypoBHS pa3BUTHUS
COIMANBHON MH(PACTPYKTYPHI cocTaBIeHa kKapTocxema « TepputopuansHas quddepeHuanys pa3BUTus co-
nuanbHON HHQPacTpyKTypsl AkTIoOMHCKOU obnactu B 2015 r.». B pe3ynbrare BBISBICH YPOBEHb Pa3BUTHS
COIMAIBHO-UH(PACTPYKTYPHOH CHCTEMBI W 00ECIEYEHHOCTH HACEIEHHs aJMHHHCTPAaTUBHEIX pailOHOB AK-
TIOOMHCKOW 00JaCTH COLMAIbHBIMH 00BEKTaMH. PacueTbl W CpaBHUTENBHBIN aHAIU3 MOKA3allH, YTO MaKCH-
MaJIbHBIN YPOBEHb Pa3BUTHSI M BBICOKAs CTENEHb O0ECIEYEHHOCTH HACEeJICHNS] 00BEKTaMU COLMAJIbHON HH-
(bpacTpyKTyphl XapakTepHbI I TEPPUTOPUHM AKTIOOMHCKOH TOpPOJCKON aJMUHUCTPALMK, 8 UMEHHO AKTIO-
OMHCKOM arnoMepanuy, KOTOpas sBISETCS LEHTPOM KOHIIEHTPALUK HACENCHHUs] U XO3AHCTBYIOIINX CyOBeK-
TOB AKTIOOMHCKOU oOnacTu. Yuickuii u KapraauHCKuil palOHBI UMEIOT CaMblii HU3KHHA ypOBEHb Pa3BUTHUS
COIMANBHON MHPPACTPYKTYPHI U 00ECTICUCHHOCTH HACEIEHHS COLATBHBIMA YIPEXKICHUSIMH.

Kniouesvie cnosa: AxTroOMHCKas 001acTh, conuaibHass HHPYPACTPYKTypa, 00ECIIeUeHHOCTh HACEIEHHs, Tep-
PHUTOpHATIBHOE Pa3BHUTHE, aAMHHUCTPATHBHEIC PAHOHBI.
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Integrated assessment of the geoecological situations of the Nura river basin

Extensive farming in the basin of the Nura river led to widespread degradation of soils of agricultural lands
and a significant decrease in their potential fertility. One of the main ones is the activation of soil erosion in
anthropogenically transformed geosystems by flushing and deflation processes or complete erosion of soils
by linear erosion. A significant part of agricultural land in the Nura River basin is represented by soils that are
estimated as erosion-deflation. In this connection, the authors analyze the current component indicators of the
geoecological situation in the Nura basin, which allows us to systematize the criteria for its assessment in de-
pendence on the severity of environmental degradation. Based on the analysis of the quality of surface water
and the theoretical regularities of the region, the authors identify geoecological areas for the given territory.

Keywords: destabilization, anthropogenic pollution, geo-ecological situation, degradation, soil erosion,
anthropogenically transformed geosystems, ecotone structure, tense situation, critical situation, transport and
settlement impact, transformation of geosystems, anthropogenic disturbance, deflation, artificial landscape,
soil diffusion.

Cartography of the geoecological situation is always complicated not by the sufficient development of
the system of ecological monitoring and by the availability of fragmentary data on the state of specific terri-
tories. For example, according to this regional city hall, the group with particularly unfavorable environmen-
tal conditions for the person included 20 % of the populated territory of the region. The entire other part of
the territory is characterized as having normal ecological conditions. According to our data, up to 65 % of
the territory of the region is characterized by a high degree of inferior geoecological situation. It is estab-
lished that the study area is characterized by a mismatch between the organization of the natural and eco-
nomic infrastructure to the requirements of the scientifically-grounded system of rational land use, and the
specific features of local geosystems. There are many examples of inconsistency of the organization of
agrogeosystems to the contours of natural complexes, which is accompanied by the destabilization of the
geoecological stability of the natural framework of the territory and the development of a number of negative
physical and geographic processes (exacerbation of the earthquake, erosion, desiccation, desertification, sei-
zure) [1]. Extensive farming in the Nura River basin has led to widespread depletion of soils of agricultural
lands and a significant decrease in their potential fertility. One of the main ones is the activation of soil ero-
sion in anthropogenically transformed geosystems by flushing and deflation processes or complete erosion of
soils by linear erosion. A significant part of agricultural land is represented by soils that are assessed as ex-
erosion-deflation. More than 45 % of the soils are poorly and mildly non-humid in the hill areas, the degra-
dation of the humus layer as a result of deflation is 3—6 cm for 10 years. The intensification of erosion pro-
cesses is caused by a decrease in the protective functions of natural vegetation and the erosion resistance of
soils subjected to long-term economic impacts.

A significant amount of information on the state of agricultural land and the development of erosion
was obtained during the analysis of satellite images from Landaft satellite in 2008. A feature of the manifes-
tation of a cosmic image of erosion processes is the variability of brightness characteristics in different areas
of the image, which arises as a result of reaching the surface of deeper horizons Soil, diffusion of arable and
subsoil layers, as well as enhancement of the biomass of vegetation on erosion sites, which is associated with
the erosion of fertile soil In places of movement of water streams. In the process of deciphering the localities
subjected to linear erosion, an important role was played by the characteristic form of imaging. Investiga-
tions and analysis of the basic regularities of deciphering the quality of lands by space images have shown
that it is clearly defined on the basis of the change in the photon, texture, shape and size of the soil. In areas
subject to water erosion, a consequent change in the image pattern is observed, which in turn allows us to
subdivide geosystems into categories of erosion free, potentially erosion-hazardous and eroded. The ratio of
the following areas was taken into following ones while mapping geoecological situation and determining
the degree of severity of its destabilization on the territory of each geoecological area: a) industrial-
technological industrial zone with fragments of elementary, transformed natural subsystem; b) an industrial-
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technological agricultural zone with fragments of an elementary, transboundary, almost completely con-
trolled and controlled natural subsystem; C) Areas of ecotone structures.

Industrial-technological industrial and agricultural areas with fragments of elemental, transboundary,
almost completely controlled and man-controlled natural subsystem are characterized by the following: the
transformation of technogenic relief, technologically organized and dispersed technology, the altered hydro-
logical and hydrochemical regime, the availability of agrarian landscapes and artificial forest plantations.
The regions of the ecotone structures are divided into two categories: a) the territories immediately adjacent
to the production and technology zone with elements of auxiliary, associated and other industries — water-
ing, the location of the settlements, the objects of the territory's infrastructure; The land of industrial and ag-
ricultural use is separated by an open structure of highly transformed and degreed geosystems. The organiza-
tion of which is largely controlled by technological processes and is characterized by strong fluctuations;
b) zone of diffuse, indirect influence of economic activity, geosystemic organization of which is controlled
mainly by modified natural factors; From the geoecological standpoint it is characterized by the presence of
hearths with an unevenly and medium narcissistic soil and vegetation cover and indirect influence on the
other components of natural geosystems [2].

Technical and natural technogenic elements (engineering structures of production and auxiliary purpos-
es — buildings, transport systems, etc.), as well as artificial elements of the ecological carcass (swards,
woody plants, etc.) are characterized by geometrically correct outlines of shapes (rectangular, linear, round-
ed) With relatively even, sharp, sharp borders. In the limits of residential complexes and production areas,
they form a system of interconnected elements. By the limits of the production and technological zone, their
distribution is mainly diffuse, with an increased density along the roads. Natural-resource and natural-
ecological elements of the Nura River basin, represented by modified natural complexes, have not sharp, not
rectilinear, but fuzzy diffuse boundaries and geometrically inappropriate forms of contours. They usually
form an openwork net that is denser to the periphery or the boundaries of industrial sites in the Nura River
basin or grouped in relation to certain elements of the landscape ecological fleet of the territory (along the
valleys of the rivers Nura, Cherubainur, UlkenKundyszdy, Aschysu and coastal lines of reservoirs, etc.) [3].

One of the compiling assessments of the geoecological situation was data on the medical and environ-
mental risks of drinking water use, related to the supply and the level of contamination of drinking water ac-
cording to the following parameters: 1) the distribution of harmful substances (according to sanitary regula-
tions and drinking water standards) according to safety class (I — extremely II — highly dangerous,
III — dangerous, IV — moderately dangerous); 2) the nature of pollution. The combination of the above
characteristics makes it possible to assess the degree of safety of the detected level of contamination of the
source and the degree of its suitability for drinking water use.

Analysis of modern component indicators of geoecological situation in the Nura River basin made it
possible to detect and systematize the criteria for its assessment, depending on the severity of environmental
destabilization (Table 1).

Table 1
Criteria of evaluating of types of geoecological situation

Criteria Type of geoecological situation
Relatively Tense Critical
satisfactory (I) 1D (111)
1 2 3 4
Spatial criteria

Areaofdegradedland, %:

Not representing immediate threats to man (dumps, pits, degrada- Less than 5 5-20 More than 40

tion of agriculture, forest land)

Representing the threat of destruction of buildings and structures absent Less than 5 More than 5

(landslides, faults)

dumps of toxic rocks isolated from groundwater, with the possible| Less than 5 25-50 More than 50

transfer of particles through the air, runoff to surface water bodies

Pit excavations and dumps of toxic rocks with the threat of Less than 1 5-10 10-20

groundwater contamination

Dividing of the territory by swarms, km / km’ Less than 0.5 0,5-2,2 More than 2,2

Depth of erosion and water level of relative surface, sm Lessthan 25 25-220 More than 220

Projective coverage of grazing vegetation,% of the zone More than 80 20-80 Less than 20
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Table 1 continuation

1 2 3 4
Presence of micro-objects with drinking water quality of the next 11 v VI
hazard class
The difference of hydro objects with drinking water of the follow-| Admissible Moderate High and ex-
ing character of pollution (according to toxic indicators of harm- tremely high
fulness)
Dynamic criteria
The rate of degassing of geosystems,% of space per year Less than 0,1 2-5 More than 5
Speed increase in the area of downed pastures,% of land per year Less than 4 4-16 More than 16
The rate of increase in the area of saline land,% of land per year Less than 1 2-8 More than 8
Rate of increase in the area of eroded lands,% of the area per year | Less than 0.1 2-5 More than 5
The rate of increase in land area with favorable agglomerative Less than 0,1 0,2-1,0 More than 1
conditions, 5 from the area of agricultural land per year
Additional criteria
Ratio of land plots of land of different degree of erosion, %
strongly changed Less than 10 30-55 more than 55
- Very changed Less than 5 5-45 more than 45
Excess of groundwater level,% of background value Allowable level 25-30 more than 50
Density,% coverage Less than 6 6-80 more than 80
Conformity of the facility for the disposal of waste to environ- Territories Territories in- | Not equipped
mental requirements intended tended for stor- | facilities do not
for storage age partially | meet the envi-
meet the envi- | ronmental re-
ronmental re- quirements
quirements

The aforementioned evaluation criteria allowed to obtain an average total indicator of the degree of an-
thropogenic disruption of natural geosystems in%, based on the share of the PTC with its different values in
the total area of the natural area, which made it possible to classify the territories to be classified as a certain
type of destabilization of geoecological situation: I — relatively satisfactory 0-20 %); II — strained (41—
60 %); III — critical (more than 60 %) (Table 2).

Relatively satisfactory geoecological situation is characteristic for the following regions: KaraSor lake
seasonal-grazing, Karkaraly-Kent small-grass poppy-agricultural. Local transformation of natural
geosystems, permissible contamination of surface and groundwaters, transgression of vegetation cover, and
narrow-scale land degradation are noted [4, 5].

Table 2
Criteria for assessing the type of geoecological situation
Geoecological area Degree of anthropogenic disrup- | Type of ecological
tion of natural geosystems, % situation
Teniz-Korgalzhinsky lake-ravniny with agricultural loading 45 Tense
Ladyshko-Sredne-Nurinsky ravninniy with significant indus- 45-65 Tense
trial-residential and hydrotechnical impact
Karaganda small-mouthed with settlement-transport and 90 % Critical
hydrotechnical influence
Karosory lake seasonal-grazing 10-15 Relatively
satisfactory
Karkalaly-Kent small-grass poppy-agricultural 5-15 Relatively
satisfactory

An intensive geoecological situation has developed in the following areas — Teniz-Korgalzhynskoe
lake-ravninniy with agricultural loading, Ladychesko-Sredne-Nurinsky ravninniy with significant industrial-
residential and hydrotechnical impact. Small-scale transformation of natural geosystems, moderate pollution
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of water, extensive transformation of vegetation cover, shallow manifestation of processes of land degrada-
tion are noted.

Critical geoecological situation characterizes the following region: Karagandinskiy melkosopochny
with residential-transport and hydrotechnical impact. Here, the destruction of individual components of the
natural resource potential occurs, which can lead to their complete disappearance, which requires timely in-
tervention to eliminate the negative processes and phenomena in these territories.

Analysis of the main stage and the direction of the transformation of the basin, the modern assessment
of geoecological situations, allows two provisions of the future development of the country to be put for-
ward. For the first position, the anthropogenic loads are characteristic, which for the historical period have
turned the natural steppe communities into a continuous artificial landscape. When taking urgent measures
for the protection of nature, the landscapes can be partially restored. The second provision, to develop a
scheme for the geoecological decay of the Nura basin as the basis for measures to address environmental
problems.
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I''M. XXanroxwuna, I'.b. AGueBa

Hypa o3eHi a;1a0bIHBIH T€03KO0JIOTHSJIBIK KAFIalbIH KellleHi 0araJiay

Hypa e3eni anmaObiHIa aypUIIapyaIlbUIBIKTRIH KYPT JaMybl €TICTIK >KEpIepAiH TONBIPAKTAPBIHBIH TO3yFa
YUIBIPAYbIHaA, OJAPIbIH KYHAPJIBUIBIFBIHBIH a3aloblHa OKeJil CcOFyJda. TONBIPAKTHIH OCHIHIAH OenceHmi
naiiaaHybIHBIH HOTHXKECIHIE aHTPOIOTeH/IIK KallTa KaJIbINITACKaH TeoKyiiesepe mailblly jxoHe aeuisiuus
YpAicTepi HeMece TOIBIPAaK SPO3WSCHIHBIH CHI3BIKTHI TYPIiHIH JAaMyblHa ocepin Turizeni. Hypa eseni
ayaObIHAFBl  AYBUIIIAPYAIIBIIBIKKA JKapaMabl JKepIiepiHJe TOIBIPAKTap 3PO3HSIIBIK-IeIIILHSIIBIK TYpre
Oarananajpl. OchiraH OaiaHbICTBI aBTOpiap Hypa e3eHi anmaObIHBIH T'€O03KOJOTHSIIBIK KaFaaiblH Ka3ipri
Ke3/leri KOMIIOHEHTTep TapMarbl OOWBIHIIA Tajjial, OHBIH SKOJOTHSUIBIK ©3repicKe  YIIbIPAYybIHbIH
KpuTepuiliepin 6euin kepcereni. Kep Geri cynapbIHbIH canachlH aHBIKTAY apKbLIbI JKOHE 3ePTTENII OThIPFaH
alfiMaKTBIH TEOPUSUIBIK 3aHJBUIBIKTApBIH €CKEPEe OTBIPBIN, aBTOPJAAP OCHl AyMaKThl T'€03KOJOTHSIIBIK
aynaHaapra OeJilm KapacThIpy Ikl YChIHA/IBL.

Kinm ce30ep: e3repy, aHTPOIIOTEHAIK JIACTAHy, T€0IKOIOTHSIIBIK aXyall, TONBIPAKTHIH OY3BUIYEI, TOIBIPAKTHIH
IIafBUTYBI, QaHTPOINOTEH/IK-KalTa KaJbINTaCKaH reokyienep, SKOTOHIBIK KYPBUIBIM, IIHEICHICKeH JKaFiai,
CBIHHM JKaF/ai, ceMTeOTIK-KOIIKTIK acep €Ty, Te0XYHEeHIH TYpJIeHyi, aHTPONOTeHAIK OY3bUIYIIBUIBIK, JKEIre
YpJieHy, skacaHIbl JaHA AT, TONBIPaK AU Qy3HsCH.

I''M. Xanroxuna, I'.b. AOueBa

KoMIuiekcHasi 011eHKA re03K0JI0ru4ecKoii curyanuu dacceiina pexu Hypsoi

OKCTeHCUBHOE BeJeHUE 3emienenus B OacceifHe p. Hypbl mpuBeno K MOBCEMECTHOH JAerpajalvu IOYB
TIAXOTHBIX YTOAWI M 3HAYUTENPHOMY CHIDKEHHIO MX MOTEHIMAIBHOTO Iopopoaus. OJHOH M3 OCHOBHBIX
TIPUYHUH SBISETCS] AKTUBHU3AINS Pa3pyIICHHS II0YB aHTPOIIOTCHHO-TIPE0OPa30BaHHBIX TEOCHCTEM NIPOLECCAMU
CMbIBa U Je(IISIUY WIH IIOJHOE YHUYTOKCHUE IT0YB JTMHEHHOH dpo3uell. 3HAUMTENIBHYI0 YacTh CEILCKOXO0-
3STUCTBEHHBIX yroaumit B GacceliHe p. Hypsl mpencTaBisioT MOYBEI, KOTOPEIE OLEHUBAIOTCS KaK APO3HOHHO-
nedusonHble. B CBSI3M ¢ 9THM aBTOPBI aHANIN3UPYIOT COBPEMEHHbIE IIOKOMITOHEHTHBIE IOKA3aTeNl ['e09K0-
Jornueckoil cutyaruu B OacceiliHe p. Hypbl, 4To MO3BOJSIET CHCTEMAaTH3MPOBAaTh KPUTEPHU €€ OLEHKU B
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3aBHCUMOCTH OT OCTPOTBI 3KOJIOTHUeCcKOH Aectabmmmu3anuu. Ha ocHOBe aHanm3a KauecTBa BOJBI TOBEPXHO-
CTHBIX BOJ U MO TEOPETHUECKUM 3aKOHOMEPHOCTSIM HCCIIELYyEeMOro PErMOHA BBISBICHBI F€03KOJIOTHUECKUE
paiioHBbl Ui JaHHOM TEPPUTOPHH.

Kniouesvie cnosa: nectabunnzanusi, aHTPOIIOTEHHOE 3aTrPSI3HEHNE, TE0IKOIOTHYECKas CUTYaIHs, JeTpajanus,
9po3usl MOYB, aHTPONOTEHHO-TIPe0Opa30BaHHBIC T€OCHUCTEMBI, IKOTOHHAs CTPYKTypa, HAlpsDKeHHas CHTya-
IUst, KPUTHIECKast CUTYaIHsl, CETUTeOHO-TPAHCIIOPTHOE BO3/eiicTBHE, TpaHCc(HOpManus TEOCHCTEM, aHTPOIIO-
TeHHasl HapyLIEHHOCTb, Ae(IIILNs, HCKYCCTBEHHBIH Tanamadt, 1uddy3ns mous.
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AKM0J1a 00JIbICBIHIAFBI IIAFBIH KAJIAJAp TYPFbIHAAPbIHBIH KOIIi-KOHBI

Makanana AKMOJa OOJIBICBIHBIH LIAFBIH Kajalap/blH XaJKbIHBIH KOIIi-KOHBI, OHBIH TreoJeMorpadusuibk
ypaicrepre bIKMajbl, aTaln aiTaTbiH OOJICAK, TYPFBIHAAPIBIH KACTBIK )KOHE JKBIHBICTHIK KYpPaMbl KapacThl-
poutraH. COHBIMEH Kartap Kellli-KOHHBIH CaH/IbIK JKOHE CalajblK KOpCeTKIlITepiHe Tajaay xacanraH. AKMola
00uBICHIHBIH CTaTHCTHKA JIeTIapTAMCHTIHIH PECMH YCHIHFAH MOJIIMETTEpIiH Tajiay HeTi3iHzae aBTopiap Kejeci
Macelieniepii epeKie 0ein KepceTei, oap: Kajla XaJKbIHbIH XKaCThIK KypaMbl OOHBIHIIA KapT aJamapIbly
YJIECiHIH apTybl, jKacTapibl INAarblH Kajanapja Kaablpy Mocenenepi. Makanana Keli-KOHHBIH CaHIbIK
KOPCETKILITepiHe HAKTBUIAIN Tajgay KYpridy JKYMbICTapblHa epeKile KOHil OeiliHreH. 3epTTelin jkKaTKaH
TaKbIPbIN OOMbIHIIIA AKMOJIa OOJIBICHIHBIH IHAFBIH KalalapblHIa JKYPIll jKaTKaH reogeMorpadusuisik ypaicrep
TypaJIbl )kaHa THIH MATIMETTEP KENTipiJireH.

Kinm ce3dep: xelIi-KOH, MAFbIH Kala, )KacThIK KypaMbl, KapTalo, KeIli-KOH aibIpBIMBI, T€0EMOTPaQISIIBIK
YpIic, MEXaHUKAIIBIK ©CiM, JKBIHBICTBIK KYPaMBbl, SMHUTPAIHST, IMMHUTPALU.

Kazipri ke3meri AkMoiia OOJIBICHIHBIH IIaFbIH KaJlaJapbIHBIH QJICyMETTIK-DKOHOMUKAJIBIK JaMy KE3CHi
eTe KYPJAETITiMEH JKOHE OTIIl J)KaTKaH ypJicTepre KapaMa-KalbUIBIKTapbIMeH epekiieneHeni. Conrsr 2013—
2015 >oKk. MmaFblH Kajlanapaarbl KeImi-KOH YPIICTEpiHiH HeTi3ri OarpITTaphbl MEH KOPCETKIIMITEepiHE OCHI
Makajaja Tajujay )KacajFaH.

MaxkanaHblH 0acThl MakcaTbl — AKMOJNAa OOJIBICBIHBIH IIAFbIH KalajJapblHIA KYpilN KaTKaH
reosieMoTrpadHsIIBIK YPIAICTEPTe KOITi-KOHHBIH dCepiH KopceTy. XalbIK CAaHBIHBIH OCIM-0HYyiHe Ta0UFH 6CiM
KOPCETKIIIIMEH KaTap, MEXaHUKAJIBIK ©CiMje alTapibIKTall bIKHAJ €TeTiHI Oenriii. Ocipece MIarbiH eIl
MEKCHJICPJICH SKOHOMHKAIIBIK JKOHE OJICYMETTIK cebenTepre OailaHBICTHI afaMap OpPBIH aybICTHIPHII
oTbIpaabl. OchiFaH O0alIaHBICTE MaKCaTKA JKETY VIITiH MBIHATal MiHACTTEp KOHBUIIHL:

— marbH KanamapasiH 2012-2013 xeurmapaars! KeIli-KoOH KOpCeTKIMTepiHe Talaay Kacay;

— KOITi-KOHHBIH IaFbH Kajaiapaa Kypill )KaTKaH reoeMorpadusuIbIK YPIAiCTEpre ocepin Oaranay.

AKMOa O0OJIBICHI TEPPUTOPHUACHIHIAFHI IIAFbIH KalajdapblH OachbIM KOIIIUITIHAE Kbl ©CIiMI
aHBIKTay/1a MCXAHHMKAIIBIK ©CIM alTapibIKTail acep eTeni. MocelieHi aHBIKTAay YIIIH ayMakTap OOWBIHIIA
KOII-KOH KepCeTKimTepiHe Hazap aynapaiblk. Omait Oosica, 2013 k. imKki Kelmi-KOH, COHBIH IIIiHIE
o0JpIcapabIK OaFrbITTa OEJICeH I KYpreH. MoceleH, pecyOInKaHbIH 0acKa 00JIBICTaphiHA KETKSHIEP CaHbI
XKeHIHEeH a0comoTTi kemobdacmbl CTEMHOrOPCK Kajackl, MyHIa Oyl kepceTkim — 654 agam. Bipak Gacka
OOJIBICTaH KON KenmylijepAe aWTapiblkrail xorapel, 706 amam. Kemmin kerymrinepaeH KemymiiepiaiH
CaHBIHBIH OackiM Oouysl I1[yunHCck skoHe MakmHCK Kananapbeiaia aa Oatikamaner. Coitkecinme 407 xone 801
amam, 207 xoHe 261 amamabl Kypaabl. ANl KaJiFaH KaJlalnapablH OapJbIFbIHIA KOIIIN KEeTYIIJIEPiH CaHbI
OaceiM. Ocipece Epelimentay mMen Atbacap Kaiamapbl epekile Kesre Tycedi, coiikeciHme 475 sxoHe 452
agaM. OOmBIC iMIHAETI KOIIi-KOH OarbIThl KOPCETKIIITEepiHe TOKTalap OoJicak, MYHIa XaFJail Kelecimew.
CrenHoropck, lyunnck, AtOacap KajapbiHa jKaKbIH €I MEKEHACPACH KOl KeIyIIIep/iH CaHbl apTKaH.
Crennsik, Epeiimentay, Ecin kananapbeiHaa xaFaai KepiciHie.

ChIpTKBI K6Illi-KOHFa KeJeTiH OoJjicak, MYH[a >KaKblH MIeTeNepre KeTYIIiiep caHbl 0achkiM. OpHHE,
KeNyIIIepAcH KeTyIIUIepaiH CaHbl oifceKaiia »KoFapbl OOJFaHABIKTAaH, OaplIbIK Kamajapaa Keli-KOH
CaJIbJIOCHI Tepic MoHTe ue, TeK CTEMHOTOpCK MeH MaKHWHCKTE JKaKbIH IIETENIEPre KOIIIN-KOHY Callb0Chl OH
MOH/II KYPauIbl.

2012 x. CBIpTKBI KoIi-KOH KepceTkimrepi OoibrHIma, ATOacap, CremHoropck, lllydne Kamazapbl
epekmeneneni. Mynna coiikecinme —208, —144, —138 agam. An Crenusk xoHe JlepkaBUH KanajaapbiHa
KeNyIIijiep MEH KeTYyIIIep/iH caHbl MyJijaeM TemeH. MoceneH, CtenmHskTaH 3 ajaM aKblH IIETEAepre
kerce, 1 amam kenreH. AJbIC (OKaKblH) IIETENJEpre KETYIIUIEPIiH CaHbl OapiblK Kalamapabl Koca
ecenrtererne 49 (1171) amam, kenymiiep 31 (375) agam [1].

2014 (2013) x. >kakplH mieTenaepre AKMoia OOJBICHIHBIH MIAFBIH KajanapbiHad 5 553 (941) agam
kerin kerce, 3 845 (341) anam xenred. An anbic merenaepre 930 (61) amam kerim, 285 (43) amam KenreH.
COHFBI XBUIFBI KOPCETKIMTEp oAcKaiaa >KOFaphl allbIC JKOHE JKaKbIH Imerenaepre 6483 amaM KeTKeH.
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2014 x. 6oinca, 6y kepcetkim 1002 agamaer KyparaH, sFHH, KeTynrinepain cansr 2015 k. 6,5 ecere apTkaH
(1-cyp.).
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1-cypet. CBIpTKBI KOIIli-KOH KOPCETKIITepi

Ocpuraiima 2012-2014 %ok, apadbIFRIHAA MAFRIH KaJalapAblH XaJIKBIHBIH CaHBI CBIPTKA KEeTYIIUICPIiH
eceOinen 8 705 amamra asaiibimn, kenymniepMeH 4 920 agamra TONBIKKaH. HoTwmkeciHIe MeXaHHMKAIIbIK
KO3FaJIbIC ece0iHeH XanbIK caHbl —3 785 amamra kemireH. OOmbic aymakTapsl OoibrHIa 2013 k. KelTi-KoH
KOPCETKIMMTEPIH OTKEH JKBUIFBIMEH CaJBICTRIpap OoJicak, alTapibIKTail e3repicTep Oaifkaamaiiapl.
Bypeiareichiniina Atbacap, CrenHoropcek, L{yunHck KaanapeiHa XajablK CaHbIHBIH, OacKajapra KaparaHjaa,
KONTirine 0aliIaHbICTBl KETYIIIEp MEH KeMyLIiIepiH KopCeTKIITepi JKOFaphl.

CBIPTKBI KOIIi-KOH OarbITTaphl OOMBIHINA, COHBIH IMIiHAE albIC IIETENJep apachlHAa KeTYIIIepAiH
OaceiM Oemiri ['epmanmss, MoHFOIHsIFa MeMIICKeTTepiHe OarbITTanmrad. Kemymrimepmin kermrimiri Keitai,
MownroJust eNJIepiHeH KOHBIC ayaapyibuiap. AKMojia o0nbICThIK CTaTUCTHKA JACTaPTaAMEHTIHIH MaJlIMETTepi
ootipiama, 2013 k. oOmbiceiMbiFa Kertaiiman 116 amam, Monronusagan 79 agaM, sSFHH IIET JKepiepraeri
Kazakrap, kemrin kenreH. Onapapiy 6aceiM Oeriri Akken, EpeiimenTay, MakuHCK KajaJlapbIHIa OpHATACKaH.

IHareia  kamamapasin 20122014 50K, apalbIFBIHIAFBI IIIKI KOIi-KOH KOPCETKIIITEePiHe Tajjaay
xyprizingi. 2012 x. pecmyonukanbiH 0acka obnbictapbiHa 2 900 agam, 2013 x. 3 015 agam, 2014 x. 66
ajaM Keln Kerce, aj kenreHnaep canbl 2012 x. 2 451 agam, 2013 x. 2 327 agam, 2014 x. 31 amamast
Kypanbl. Ocel apanbikTa Oapibirsl S5 981 amam ketin, 4 809 agam kenren. HoTwkecinge 6acka oOJybIcTapra
kerymiiep ecebiner —1 172 amamra kemirex (2-cyp.).
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2-cypeT. XallbIK KeIli-KOHBIHBIH 6CiMi
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OO6ubIc OOMBIHIIA KENTEeHAEP apachlHIa aybUIABIK JKepIeH KOHBIC ayJapylibuiap 0ackiM, KeTKEHACPAiH
inrHae KepiciHmie. AJl HIaFblH Kajajlapaa KeAreHACPAiH Ne¢ KeTKEeHICPiH IIIHIC KaJlaJdbIKTap OachIM.
XanpIK Kellli-KOHBIHBIH ©CIMiHE TOKTalcaK, MaKWHCK KalachlHAH ©3TeCiHiH OapibIFBIHIA TEPIC HOTIKE
Oaiikanaspl.

Byn kepcetkimrepmi 2012 K. MOIIMETTEPMEH CAIBICTBIPATBIH OOJICaK, KaJIbI JKaFmail coyl ypricTe
Kana Oepeni. XKarnaiinpl 0OBbEKTUBTI Oarayiay YIIiH YII KaJaHBIH KOPCETKIIITEPIH CaJBICTBIPHINT KOpeHik.
Macenen, 2012 ., pecmu ManiMeTTep OoiibiHIna, ATOacapra 481 amam kenreH, oHbIH 234 agambl Kallaiblk,
247 — aywsuraeikTap. Ecinre 171 amam kenreH, oHbIH 94 agampl KasaiabsIKTap, 77 — aybuInbIK. CTEMHAKTA
OapmeIFel 58 agam KenreH, OHbIH 33 amaMbl KalaimbsikTap, 25 — aysurneikrap. 2013 k. Atbacapra GapibIFbl
471 amam keice, OHBIH 258 KananblK xepleH, 213 aybuiaplk xepaeH. Ecinre Oapnbirbl 155 amam, OHBIH
imiege 74 agaM KananmbelkTap, 81 amaM aybUIIBIK KepieH KeiareHzaep, ain CremHskka 84 ajgaM KenreH, OHBIH
55 amambl KamamelkTap, 29 — aybUIOBIKTap. AJIABIHFBI JKBUIMEH CAJBICTHIPFaHIA KEIYIIiIep CaHbI
Artbacapna 10 anamra, Ecin 16 anamra azaiiran, an CrenHsakra 26 agamMra apTKaH.

l-xecTe

AKMOJ'Ia 00JIBICHI IAFBIH KaJjajJdapbl XaJKbIHBIH KACTBIK KYPaMbl, %

Kana 0—14xac 15-59 xac 60 sxac >xorapsl
AKKe 22,8 62.0 15.2
Arbacap 21,8 64,7 13,5
MaxkuHCK 242 62,4 13,4
lyune 19,8 66,4 13,8
CTenHsk 23,1 61,4 15,5
EpeiimenTay 23,8 61,4 14,8
Ecin 23,0 64,4 12,6
JepxaBun 25,0 63,5 11,5
CrenHoropck 20,0 63,6 16,4
O0abIc 00HBIHIIA 22,3 64,8 12,9

JKorapeinarel 1-kecTesieH OaliKaraHBIMBI3, KallaapAblH OapibIFbIHAA JCPIiK kackl 60-TaH KOFaphI
XAJIBIKTHIH YJIeC caaMarbl pecITyOJIMKAIIBIK ACHTeHeH 0achkiM OOJIyBIMEH epeKITeNeHeIl. byl kepceTkimTep
11,5-16,4 % apansirblaaa, an skaimbl o0nbic OofbiHINA KepceTkim 12,9 % kypaiinbl. [epxkaBun, Ecin
KaJlaJIapbIHBIH KOPCETKIIITEPi OONBICTHIKKA XKaKbIH 00JICa, KaJFaHAapbIHIA OaH achIll TYCE/I.

[llarpiH Kanmamapiarbl TYPFBIH XalIBIKAPIBIH KapTAIOHBIH TeoieMorpadusiIblK YpAiCTEepiHiH ACHreiiHe
Oara Oepy ymriH ¢panmy3 3eprreymrici XK. boxe-I'apabe MeH momsik aemorpadsl 3.PocceTTiH jkacaraH
IIKaNackl anbIHab! [2]. Byt mkana GoibIHIA 0OIBICTHIK KOPCETKINT 4 Ke3eHIe AeMOTrpaUsUIbIK KapTatobIH
Oacramkbl JeHreiiHe cail kence, pecrmyONMKaNbIK KOPCEeTKII 2 Ke3eH, KapTaroAblH OipiHI CaThICHIHBIH
angerHaa Typ. Ochl mikana OoifpiHIIa neMorpadusuIbK kac 0oyl 8 % TOMEH KOPCETKIIIKE e XaJBIKTap
JKaTabl. AJT €HJII IIaFbIH KaJlaJlapIarbl XaJIbIKThIH JCHIeHiHe TOKTaIalbIK. [leMorpadusiblK KapTaro JeHreii
OotipiHIa CTEMHOTOPCK Kallachl epeKIlie Aa0bll Karyaa, MYHJaFbl KOPCETKII IiKaia OoibIHIIA 4 Ke3eHHIH
neMorpadusIbIK, KapTaroAblH JKOFapFbel JeHreiine skatambl. CremHsk, Akken, EpeliMmenTtay kamamapel 4
KE3CHHIH JeMOorpadusuiblK KapTaroJblH OpPTaHFbI JeHreWine coiikec kenmexi. Illyune, AtbGacap, MakuHCK,
Ecin kananape! 4 ke3eHHIH eMOTpadUsUIbIK KapTaroablH O0acTankel neHrelinae Typ. Tek JlepxaBuH Kanacel
2 Ke3eH KapTaroIbIH OipiHIII CaThICHIHA KaTa bl

Ochlnaiiima, IMaFblH  KajajdapAarbl XaJbIKTapAblH KapTalOBIHBIH TreoaeMoTrpadusuiblK  ypaicTepi
aTayFraH IKana OOMbIHIIA epeKIle Ja0blT KaKThipyaa. JlepkaBuH KajgacklHaH OacKajgapbl TOPTIHII KE3CHIEe
JKaTajpl, SFHA JIeMOTpadUsIIbIK Kpi XambIKTap Ooibin Tadsuiafsl. lllaFeiH KamagapaaH )kacTapablH KOITel
KEeTyiHe, opTaima eMip CYpy achbIHBIH Y3aKTHIFBIHBIH apTyblHa OalJIaHBICTHI KOpi amaMIapAbIH Yyieci
apThII OTHIP.

I'eonemorpadusaiablk MaHBI3ABl KOPCETKIIITEPAiH Oipi TYpFBIHAAPIBIH >KBIHBICTHIK Kypambl OOJBII
taObanel. JKanmel pecriybimka OoiibiHina, 2009 x. caHak kepceTkimni OoifbiHIIa, epiep 48,2 %, sienmep
51,8 % kypaiiapl. Llarein Kananapaarbl XaJdbIKTapbIH KBIHBICTBIK KYpaMbl 2-KecTene OepiiareH.
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2-KecTe

[IarbIH Kagajaap XaJKbIHbIH KbIHBICTBIK Kypambl, 2015 k., %

Kana Epnep onennep
AKKen 48,3 51,7
Atbacap 47,9 52,1
MaxkuHCK 47,2 52,8
Ilyuse 46,8 53,2
CrenHsak 48,3 51,7
Epeiimentay 493 50,7
Ecin 48,3 51,7
JlepxaBuH 46,9 53,1
CTemHOTOPCK 46,9 53,1
O0sbIC 0OMBIHIIA 48,3 51,7

Kecre maniMerTepineH OaiiKaraHbIMBI3, OAPJIBIK IIAFBIH Kajlanapjaa suenuepiH yieci 6ackiM, acipece
Hlyuyse, CrenHoropck, [epkaBuH, MakuHck Kananapeiaa. Epeiimentay, Axkem, Ecin, Crennsk
KallanapblHAa epIepliH YJeci olenuepAiH KepceTKilliHe >KaKbIHBIpaK. ANl 0OnbIC OOMBIHIIA KOPCETKIiIl
pecyOmuKanbIKKa eTe JKakbiH: epiep 48,3 %, oienaep 51,7 %.

ConpiMeH, AKMoOna OONBICHIHBIH INaFbIH  KalaJdapblHAAFbl KOLI-KOH YpIIiCi KypHediliriMmeH
cunarranasl. KanamapasiH 6achM KeIIIUTITiHIE KOIli-KOH calbI0Chl Tepic MoHTe ne. Ketymrinepain 6ackiM
KOIIIIIIT JkacTtap OONFaHIBIKTaH, Kala XaJdKbIHBIH YIIECiHIe KapTrap caHbl apTkaH. lllarpiH KamajmapmaH
JKACTap/blH KONTeN KeTyiHiH ceOedi — OuLTiM aimy, JKaKkChl eMip CYpy JKarmaiiblH i3/1ey, apMaH >KOHE
Ooxamak. AJ aJbIC JKOHE KaKbIH IIETeNepre KeTyIIiep ©3/epiHiH TapuXU OTaHAapbhlHA HEMece KBI3MET
0abpiMeH Kerimm jkaransl. [llarpiH Kamamapra KeImin KeaymIiaepIiH Ke0i sKaKelH aybUIIapAaH, e3reiepi —
IIaFbIH KaJlaJaH mbIKKaHaap. 1larbiH Kama TYpFBIHIAPBIH COJI JKEpIe KAJABIPYABIH amallbl — OJIap/IbIH
QJIEYMETTIK, TYPMBICTBIK JKAaFJaiblH JKaKCapTy, XalbIKThl JKYMBICIICH KaMTy, KaJaHbIH ©HEPKICiOiH
KaJIBIIITACTBIPY >KOHE OHBI JaMBITY, WH(PPAKYPBUIBIM KeIIeHIH JXKaKCcapTy, SFHU XaJIBIKTBIH YKaWJIbl eMip
CypyiHe OaphIHIIA KaFaai skacay.
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Murpanusi HaceJleHUs B MAJIbIX TOPOAaX AKMOJMHCKOM 00J1aCTH

B crarbe paccMOTpeHBI MUTpanys HaCeJIeHHs B MaJbIX TOPoiaX AKMOJIHMHCKOM 00J1acTH, BIMSHHE MUTPALUN
Ha reozeMorpauyeckie Mpolecchl, a IMEHHO Ha MOJIOBO3PACTHOH coctaB HaceieHHs. Kpome Toro, ObLT
C/IeJIaH aHalIM3 KOJMYECTBEHHBIX M KaueCTBEHHBIX IOKa3aresieil murpanun. Ha ocHoBaHuMu ananmza oduuu-
aNbHBIX CBeieHUH JlemapTaMeHTa CTaTHCTUKH AKMOJHMHCKOW 00JIACTH aBTOPHI 0cO00 BBIACTMIIN MPOOIEMBI
TIOBBIILIEHUS JIONHU TOKHJIIBIX JIFO/IEH B COCTaBE HACENEHUS Topojia U YTEUKH MOJIOJIEKH U3 MalbIX ropojoB. B
CTaThe 0c000€ BHUMAHKE YJEIEeHO IPOBEICHHUIO IETAIFHOTO aHAIN3a KOJMIECTBEHHBIX MTOKa3aTeNneil Murpa-
. [lo uccnemyemoi TeMe IpUBEAEHBI HOBBIE CBEICHHS O Te0AeMOrpapUIecKiX MpoIeccax MajbIX TOpo-
0B AKMOJIMHCKOH 00JIacTH.

Kniouesvie cnosa: Murpanus, Majbl€ ropoja, BO3paCTHOI71 COoCTaB, CTap€HUEC, CAJIbA0 MUTI'PAILlUU, IreoaeMOorpa-
(bPI‘IeCKI/Iﬁ rpouecc, MEXaHWYCCKUN pocrt, TOJIOBOM COCTaB, SMUI'pallUsl, UMMUTI'paLUs.
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AKkMona obnblcbiHAafb! WafblH ...

A. Zandybai, B.Kh. Eshenzholov, G.R. Eshenzholova

Migration in small towns Akmola region

This article describes the migration of the population in small towns in the Akmola region, the impact of mi-
gration on geolemographic processes, namely, on sex and age composition of the population. Further analysis
of quantitative and qualitative indicators of migration was made. On the basis of the analysis of official data
of Department of statistics of the Akmola region, authors have especially allocated the following problems.
The increase in a share of elderly people as a part of the population of the city and a problem of deduction of
youth in the small cities. In article special attention is paid to carrying out the detailed analysis of quantitative
indices of migration. On the studied subject new data about geodemographic processes of the small cities of
the Akmola region are provided.

Keywords: migration, small town, age composition, aging, balance of migration, geodemographic process,
mechanical growth, sex composition, emigration, immigration.
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