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Abstract. Today, perennial plants of the natural flora are a raw material
resource for the production of drought-resistant and heat-resistant feeds,
among which Eurotia ceratoides occupies a special place.

In this work, the chemical properties of Eurotia ceratoides latens (J.F. Gmel)
were studied, and the humus content in the soil was determined. The chemical
and physico-chemical properties of the light gray soil (humus, water, carbonate
ions and nitrogen) were revealed. The humus content was determined based on
the oxidation of organic carbon with chromic acid to carbon dioxide.

The chemical composition of Eurotia ceratoides latens was analyzed to
determine the content of nutrients (protein, fiber, fat, nitrogen-free extractables,
ash) and water-soluble substances (C, CO,, Ca, Mg) in the plant. The study
revealed that the ash content in the plants remained relatively constant
throughout the growth cycle, with minimal variation across different age groups.
The ash content ranged from 9.11% to 10.05%, while the calcium content was
found to be within the range of 3.67% to 4.90%. The content of crude fiber was
determined using the Soxhlet apparatus, while the calcium cation content in the
soil was evaluated by the complexometric method. The Kjeldahl method was
employed to determine crude protein, and crude fat was assessed via ether
extraction. Nitrogen-free extractives in ash were quantified by precipitation with
a saturated solution of ammonium oxalate, and phosphorus was determined
using the colorimetric method. These analyses have elucidated the nutritional
value of Eurotia ceratoides latens.
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the complexometric method, alkalinity, carbonate.
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The study of the chemical properties of gray tereskenes ceratoides latens

Introduction

Valuable plants are abundant in the flora of Kazakhstan and Central Asia. The disorganized
use of natural pastures led to desertification in the Republic steppe and desert pastures. Among
the plants suitable for improving desert and semi-desert pastures, Eurotia ceratoides, a perennial
forage plant, occupies a special place in terms of practical significance.

This plant is resistant to drought and sulfate salinization, less resistant to sulfate-chloride,
and there are tight constraints on chloride salinization: when NaCl concentration is higher than
0,2%, its effect is extremely devastating.

By photosynthetic reaction, eurotia belongs to group C4 of the plants with very low water
consumption and high photosynthetic yield by the photosynthetic reaction. Nevertheless, the
plants grow rapidly in spring and accumulate valuable protein-rich forage for livestock breeding.

Eurotia ceratoides latens (Figure 1) and Eurotia eversmanniana-Kracheninnikovi ceratoides
(L.) (Figure 2).

Figure 1. Eurotia ceratoides latens Figure 2. Eurotia eversmanniana

Eurotia has been characterized by enhanced productivity and excellent feed quality,
which makes it possible to consider Eurotia ceratoides latens as a perspective species to be
domesticated as a pasture feeding plant (Abdraimov and Yeskaraev, 1992; Abdraimov and
Taichibekov, 2010; Shamsutdinov et al., 2009; Arkincheev and Shamsutdinov, 2013; Arkincheev
and Shamsutdinov, 2015). In connection with the above, the chemical properties of the semi-
shrub Eurotia ceratoides latens were studied in the work.

Hence, examination of the chemical and physical-chemical properties of this plant is of vital
importance in the judicious cultivation and use of Eurotia. The chemical and instrumental
methods of analysis were employed to determine these properties. The experiments were
conducted to identify the chemical and physical-chemical properties of light sierozem on virgin
land, plowed land, and under Eurotia ceratoides latens. The Kjeldahl titration-based method
was used in the paper to examine the content of nitrogen in plants. The chemical composition
of Eurotia and the content of various nutrients and water-soluble substances (C, CO,, Ca,
Mg) in the plant were analyzed. The "crude" fiber and "crude" fat content were determined
using the Soxhlet apparatus, and the presence of calcium cations in the soil was estimated by
the complexometric method. The chemical composition and nutritional value of the Eurotia
ceratoides latens were established (Paramonov, 2001; Zhanaliyeva R.N., 2018; Tarasova, 2012).

The literature review has shown that the chemical composition of Eurotia can vary depending
on the upgrowth location and other factors (Shamsutdinov and Shamsutdinov, 2012; Arkincheev,
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2016). In the conditions of the desert zone in Southern Kazakhstan, the composition and
nutrient density of Eurotia are studied poorly.

Materials and methods

Description of experiments

The study of the effect of the granulometric composition of the soil on the germination of seeds
was carried out under laboratory conditions (GOST 25100-2011, 2015). The granulometric
composition of the soil dramatically influences soil formation and agricultural use of soils. It
determines water-physical, physical-mechanical, air, thermal properties, absorption capacity,
accumulation of humus, the content of ash elements, and nitrogen in the soil.

The mechanical and chemical composition of the soil was determined in the soil laboratory
of the Southwest Research Institute of Animal Husbandry and Crop Production.

The content of crude protein was determined by the Kjeldahl method, crude fat by ether
extraction in a Soxhlet apparatus, and crude fiber by the Gonneberg and Stomann methods.
Nitrogen-free extractives were determined by the difference in ash after precipitating with
a saturated ammonium oxalate solution, and phosphorus was analyzed by colorimetry. All
calculations for chemical composition were done on an absolute dry weight basis.

A method to determine the content of humus in the soil

Following the L.V. Tyurin method (GOST 26213-91, 1989), the humus was oxidized by the
chromic-sulfuric acid mixture. The K,Cr,0_ solution at the 0,067 mol/dm?3 concentration served
as an oxidizer. The acid reaction occurred as follows:

2K,Cr,0, + 8H,50, — 2K SO, + 2Cr,(S0,), + 8H,0 + 30; (Eq. 1)
3C + 30, = 30, (Eq. 2)

The chromic acid that remained after oxidizing was titrated by the Mohr's salt Fe(NH,),(SO,),
-6H,0 as per the reaction

6FeSO,- (NH,),SO,+ K Cr,0. +7H,S0, - K SO, + Cr,(S0,), +
+ 3Fe,(S0,),+ 6(NH,),S0, + 7H,0 (Eq. 3)

The analysis procedure. 0,2 g of the air-dry mixture was placed into a cone flask, 10,0 ml of 0,4
n-chromic anhydride in sulfuric acid was added from a burette, and 0,1 g of catalyst AgNO, was
added with further mixing. The mixture was heated until it reached boiling point and boiled for
about 5 minutes. After the mixture had grown cold, it was transferred to a glass with 200 ml of
water. The flask was flushed out several times. Finally, the flushing water was transferred to the
glass with the mixture. At this point, the water volume was approximately 300 ml. Next, 8 drops
of diphenylamine were added to this solution, and then the chromic acid, which remained after
humus oxidation, was titrated by the 0,2 n-Mohr's salt solution until the solution hue changed
from blue to greenish.
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Determination of water content in the soil

Soil moisture under ceratoides latens (teresken) crops was determined by taking soil samples
in 3-4 replications from the following range: 0-5; 5-10; 10-20; 20-40; 40-60; 60-80 and 80-100
cm.

The sequence of procedures: A 20g batch was placed into a pre-weighted container to
determine soil moisture. The selected samples were dried in drying cabinets at the temperature
of 1050 °C until they reached a constant weight. Calculation:

% water = (m -m,)/ m,_ .- 100% (Eq.4)
The Kjeldahl titration-based method of estimating the content of nitrogen

1g of the analyzed substance and 2g of catalyst (powder of 10 weight parts of cupric sulfate,
100 weight parts of potassium sulfate, and two weight parts of selenium) were added to the
Kjeldahl flask, pouring in 10 cm?® of concentrated sulfuric acid. The flask contents were well
stirred and heated. After decoloring the liquid, heating continued for 30 minutes. After cooling,
this mineralized liquid was transferred to the distillation flask. The Kjeldahl flask was rinsed
with distilled water. 20 cm?® of 4% boric acid and 5 drops from mixed indicators (0,20 g of methyl
red and 0,10 g of methyl blue dissolved in 100 cm? of a 96% solution of ethyl alcohol) were
poured into the conical flask of about 300 cm? capacity. The distillation flask was connected to
the apparatus for ammonia distillation, and sodium hydroxide solution was carefully poured
into the flask containing mineralized liquid through a dropping funnel. At least 3,5 cm of the
sodium hydroxide solution with a weight content of 33% was to be added per cubic centimeter
of sulfuric acid, remaining after the mineralization process had finished. With normal boiling,
20-30 min later, the volume of the solution in the receiving flask usually amounts to 150-200 cm?®.
Red litmus paper can help detect if the distillation process has been completed. To do it, litmus
paper had to be placed under the flowing drops of distillate. If litmus did not turn blue, the
distillation of ammonia was finished.

A method to estimate crude fiber

2g of ceratoides latens (teresken) were weighted in a test tube using analytical scales, then
placed in a 500-ml glass. Next, 100 ml of a 4% sulfuric acid solution were poured into the glass
container while being stirred. The contents of the glass were then boiled on a stove for 10
minutes, with regular mixing and the addition of hot distilled water, until the liquid reached
the desired level. The glass was further cooled, and 25 ml of 30% sodium hydroxide was added
to the solution. Boiling continued for 10 min, stirring and pouring in hot distilled water to the
mark at regular intervals.

Then, about 200 ml of hot distilled water was added to the glass contents, letting the fiber
stand to settle and pumping out the mostliquid using a water injection pump. The sediment was
rinsed out 2-3 times more until the alkali was completely removed (a test for red litmus). The
sediment from the glass was brought to the filter, which was 10-12 cm in diameter. The filter
was previously placed into containers, dried for 1-2 hours at a temperature of 100-1050 °C, and
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weighed after cooling in the exicator. The sediment in the filter was rinsed out 2-3 times with
hot distilled water, alcohol, and ether. The washed residue with the filter was placed in the same
container, where an empty filter was dried. Ether was left to evaporate in the fume cupboard,
followed by drying in the drying cabinet at 100-105 °C until its weight became constant.

The weight of crude fiber in the air-dry substance was determined by the difference in the
weights of a container with a filter and fiber and a container with an empty filter.

Estimation of crude fat in the Soxhlet apparatus

The product batch of 2g in weight was brought to the dry porcelain mortar and ground with
6g of anhydrous sodium sulfate to a smooth powder. The groundmass was placed into a filter
paper package and wrapped as a powder product in a drugstore. It was weighted using analytical
scales and transferred to the Soxhlet apparatus extractor. Ether was poured into the receiving
flask to 1/3 of its capacity, connecting it with the extractor. It was then connected to the fridge
using a ground-glass neck and put into a cold water bath. Small bags with the material stood to
infuse for 3-4 hours, turning on heating afterward. Ether vapors from the receiving flask entered
the fridge through a wide tube, were condensed, and flowed down to the extractor, removing
the fat from the material. As soon as the ether level reached the upper edge of a siphon tube,
it would immediately start to overflow into the receiving flask. Fat was extracted in 5-6 hours.
Then the small packages with the defatted material were withdrawn from the extractor, dried
on the glass in the fume cupboard to let ether evaporate, and dried in the weighted containers
at 100 to 105 °C until their weight became constant. The fat content (expressed in percentage
concerning dried substance) was calculated knowing the weight of the small package before
and after extraction and the weight of the empty package.

Estimation of calcium cation using the complexometric method

The primary stage of complexometric soil analysis is the titration of calcium with trilon
B (disodium salt of ethylenediaminetetraacetic acid). Murexide (C,H,N,O .H,0) serves as the
indicator.

Soil extract preparation. A 50g batch was taken from the ground, sieved with air-dry soil,
and placed into the flask (1L). Then, 500 ml of boiled distilled water was poured into it, plugged
with a stopper, and shaken up for 3-5 min. The obtained suspension was filtered.

25 ml of water extract was placed into a 100 ml conical flask, and 2-5 ml of a 10% solution
of NaOH and a grain of powder-like murexide indicator were added. The extract was titrated
with 0,05 mol/I trilon B until a transition from pale-crimson to pale-lilac was reached. Then, the
calcium ions were calculated according to Equation 5.

Ca’+=(a-0.05- 100 K): C (mg-equiv. of calcium per 100 g of soil) (Eq.5)

where a is the amount of Trilon B used for titration, in milliliters;

0,05 is the normality of the Trilon solution;

K is the correction factor for the Trilon titrant;

Cisthe soil sample weight corresponding to the amount of extract used for titration, in grams;
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Estimation of the presence of carbonate-ions in the soil

A little soil was placed into a porcelain cup, and several drops of 10% solution of hydrochloric
acid were added with a pipette. Carbon oxide (IV) CO,, formed in the course of the reaction, was
released as bubbles (soil «fizzes»). The intensity of their release could infer a fairly high content
of carbonates.

Microchemical analysis of the plant ash

Reactions to detect chemical elements of ash were carried out on the slides. First, a drop of
the ash solution was placed on the glass slide with a blunt end of a glass rod and a drop of the
appropriate reagent at the 4-5 mm distance. Next, these drops were connected with an arc-
shaped channel, a proper reaction occurred, and crystals were formed.

Detection of potassium

The reagent a water solution of salt Na,PbCu(NO,),. The reaction with the formation of the
lead-copper nitrate of potassium occurred according to the equation:

2KCl +Na,PbCu(NO,), — K,PbCu(NO_) I +2NaCl (Eq. 6)

If ash contained potassium, leaden-black and dark-brown crystals were formed.

Detection of phosphorus

The reagent a 1% solution of molybdenum-acid ammonium in the 15% solution of HNO.,.
When this reagent was mixed with the ash extract, the following reaction occurred:

H,PO,+12(NH,),M00,+21HNO,~21NH,NO,+
+(NH,),PO, - 12Mo0, - 6H,0+6H,0 (Eq.7)

Greenish-yellow crystalline sediment was formed as a result of the reaction.

Results and Discussion

Results

Study carried out determining the chemical and physicochemical properties of light sierozem. An
idea of the content of humus and elements of mineral nutrition is given by the data in Table 1. As
aresult, it was found that the content of humus at a depth of 0-5 cm (0,62) was higher in virgin
soil, and at a depth of 10-15 cm (0,69) it was on the plow.

Table 1. Chemical and physico-chemical properties of light sierozem on virgin land, on plowed
land, and under Eurotia ceratoides latens, 2020

Sampling | Sampling | Humus | Nitrogen Co, Absorbed bases Labile forms Absorption
location depth content of Na K PO KO capacity
(cm) carbonates 23 2 ;
Mg-equiv. per 100g of soil
Virgin 0-5 0.62 0.06 3.75 0.10 0.28 2.74 22.23 3.84
land 10-15 0.30 0.04 4.48 0.09 0.21 1.10 23.40 3.89
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Plowed 0-5 0.32 0.04 5.04 0.01 0.23 2.64 30.42 4.04
land 10-15 0.69 0.06 4.59 0.09 0.24 1.20 2691 5.31
Under 0-5 0,35 0.04 4.26 0.10 0.35 1.78 42.12 2.95
Eurotia 10-15 0,60 0.06 3.64 0.09 0.24 2.06 23.40 3.00
of the 2nd
year of life
Under 0-5 0.50 0.06 4.76 0.1 0.37 2.14 46.80 4.18
Eurotia 10-15 0.43 0.04 4.59 0.16 0.14 1.62 21.06 3.65
of the 3™
year of life

The biological usefulness of pasture plants is determined by the total content of nutrients
and their ratio. A review of the literature showed that the chemical composition of teresken,
depending on the place of growth and other factors, can be different (Shamsutdinov, Z. S.;

Shamsutdinov, N. Z. (2012); Arkincheev, D.V. (2016).

Our biochemical studies of teresken gray have shown that plants contain 10,44-27,54 crude
protein, 1,62-4,05 fat, 26, 48-60,01 fiber. In plants, the ash content almost does not change
either in the phases of vegetation or with the age of the plants and ranges from 9,11-10,05%,
respectively, and the calcium content was at the level of 3,67-4,90. In 2021, the protein content
was high, especially in the seed maturation phase. The highest fiber content was noted at the
beginning of winter - 60,01% (Table 2).

Table 2. Chemical composition of Eurotia ceratoides latens in various years

Life year | Accounting | Water | Protein | Fiber Ash Fat NES Mineral
date content (nitrogen-
free
extractable
substances)
2020
Second 19.V 48.2 19.82 36.99 9.11 2,97 31.11 4.90 0.48
30.VII 47.0 15.32 42.20 9.47 3,74 29.27 4.07 0.50
2.X 8.5 10.55 47.33 9.48 3,04 29.60 4.60 0.31
Fourth 19.V 433 16.01 39.75 9.48 2.11 32.65 4.42 0.16
30.vII 47.6 16.39 35.24 9.38 4.05 34.94 4.60 -
22.X 27.4 10.44 48.15 9.82 2.35 29.24 3.97 0.22
2021
Second 28V 42.0 20.51 38.79 9.52 2.51 28.67 3.90 0.26
15.VII 26.0 19.37 47.34 | 9.88 2.64 20.77 4.30 0.51
30.1X 3.30 22.32 4499 9.85 1.87 20.97 3.43 -
Fourth 28.V 57.2 22.42 26.48 9.39 3.11 38.60 4.08 0.28
30.VII 30.0 24.90 - 10.05 3.28 - 3.67 0.33
2.X 23.0 27.54 37.39 9.86 1.62 23.59 6.22 0.36
25.XI1 - 21.37 60.01 10.0 1.72 6.90 3.28 0.33
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This is reflected in the nutritional value of the forage mass in winter. It is of interest to
determine the content of nutrients in various plant organs: the most nutritious are leaves and
seeds. Thus, the protein content in the leaves in the flowering phase is 20,06%, fat: 2,80-3,55%
in the stems is only 13,22%, fiber, respectively -31,51-38,87% and 65,66-62,47 %. ceratoides
latens (teresken) seeds contain 27,85% protein, 45,22% fiber, 5,58% fat.

Table 3 shows the nutrient content in individual organs of the teresken.

Table 3. The content of nutrients in individual plant organs

Plant Date and years of | Protein Fiber Ash Fat NES (nitrogen-free

organs definition extractable substances)

Leaves 30.VIL.2020 20.06 31.51 9.09 | 2.80 36.47
15.VIL.2021 - 38.87 9.16 | 3.55 -

Stems 30.VIL.2020 - 65.66 |10.06| 1.12 -
15.VIL.2021 13.22 62.47 |10.07 | 1.67 12.55

Seeds 3.X.2021 27.85 45.22 8.0 | 5.58 13.34

Discussion

One of the ways to preserve and increase the productivity of degraded pastures is to radically
improve them by creating artificial phytocenoses, based on the scientific selection of species,
taking into account the chemical, biological characteristics of plants in specific natural and
climatic conditions of the improvement zone.

The vigor of the development of plant species roots and their specific distribution throughout
soil somewhat affects physical, mechanical, and other soil properties (Shamsutdinova et al,,
2019; Shagaipov, 2018; Arkincheev, 2016; Shamsutdinov et al., 2018; Callaway et al., 2000;
Jakobs et al.,, 2004). Thus, the analyses of 0-5 and 10-15cm soil layers have demonstrated
that the humus content decreases under Eurotia bushes compared to virgin land. Though the
number of mobile potassium increases.

The latter is very good in the 0-5 cm layer (Table 4).

Table 4. Grain size composition of light sierozem on virgin land, on plowed land, and under
Eurotia ceratoides latens bushes («Bukhtulen» experimental plot), 2021

Sampling | Sampling The content of the fraction in % The
location depth amount
(cm) 1-0,12 |0,25-0,05 | 0,05-0,01 0,01- 0,0005- | 0,001 | 0,01-0,001
0,001 0,001

Virgin 0-5 10.6 75.0 8.6 1.8 2.2 1.8 5.8

land 10-15 12.2 71.6 4.6 1.4 5.0 5.2 11.6
Plowed 0-5 12.9 61.6 11.2 3.2 6.5 4.6 14.3

land 10-15 10.1 66.0 5.0 9.5 4.6 4.8 18.9
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Under 0-5 15.3 67.5 8.8 1.8 4.4 2.2 8.4
Eurotia | 10-15 12.5 69.6 10.9 0.4 5.2 1.4 7.0
of the 2
year of
life
Under 0-5 11.8 67.7 9.9 2.8 4.8 3.0 10.6
Eurotia | 10-15 12.6 65.8 12.4 2.0 4.8 2.4 9.2
of the 3t
year of
life

Table 5 summarizes the values of water-soluble substances in the plant. An increase in dust
fraction (0,01+0,001 sum) is most noticeable. Thus, on plowed land in the 10-15 cm layer, the
0,01-0,001 fraction sum was 18,9, and under bushes of Eurotia ceratoides latens, it was 7,0-
9,2%. Table 1 presents light sierozem's chemical and physico-chemical properties on virgin
land, plowed land, and Eurotia ceratoides latens.

In 2021, the protein content in all phases was high, particularly in the phase of seed ripening
since Eurotia plants intensely bore fruit. The maximum fiber content was noted in early winter
(25. XII)—60,01%. Ash amount has almost no changes, neither by vegetation phases nor with
the age of plants, and varies within 9,11-10,05%, respectively, with the 3,67-4,90 calcium
content. In early winter, the protein amount decreased to 21,37%, while the fiber increased
to 60.01%. Therefore, it affects the nutrient density of forage mass in winter. Determining the
content of nutrients in various organs of plants: leaves and seeds are the most nutrient-dense.

Table 5. Content of water-soluble substances in the plant

Sampling Alkalinity CO, Ca Mg Total NO,
depth,cm | Total Carbonate
HCO,- co,
0-18 0.037 None 0.005 0.007 0.001 0.068 0.002
0.60 0.11 0.35 0.10 0.03
18-43 0.037 None 0.007 0.006 0.001 0.069 0.002
0.60 015 030 _010 _0.03
43-80 0.029 None 0.006 0.006 0.002 0.058 0.004
0.48 0.12 040 0.15 _0.06
80-120 0.037 None 0.013 0.011 0.004 0.098 None
0.60 0.28 0.55 0.30
120-138 0.024 None 0.202 0.015 0.016 0.469 None
0.40 4.20 1.20 1.30
138-220 0.037 None 0.145 0.145 0.015 1.211 None
0.60 7.25 7.25 1.25
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Conclusion

1. The range has been refined, and the ecological, phytocenotic, and biomorphological
features of the introduced into cultivation indigenous semi-shrub species, ceratoides latens
(grey sagebrush), have been studied.

2. Low-productive desert pastures of arid communities, sometimes enriched with semi-
shrubs (Artemisia seratina and Astragalus villosissimus), can be reconstructed by creating
highly productive agro-phytocenoses using ceratoides latens.

3. ceratoides latens (grey sagebrush) is a xerophilous polymorphic semi-shrub, including
elements of biomorphology similar to taxa described from arid regions of Central Asia and
Kazakhstan. It is closely related to ceratoides eversmanniana, but differs in its less compact bush
structure, branching mainly at the base, smaller size, and leaf shape. It has a wide range in
Kazakhstan, forming mixed formations with numerous associations.

4. ceratoides latens (grey sagebrush) is among the valuable and promising forage plants
for improving low-productive pastures in Southern Kazakhstan, distinguished by its unique
biomorphological and eco-biological characteristics and economic value.

5. Laboratory germination of ceratoides latens seeds varies annually from 47 to 89%, while
field germination ranges from 9.2 to 23.9%.

6. In the cultivation conditions of Kazakhstan's arid zone, ceratoides latens exhibits an
accelerated pace of all ontogenetic stages. Its taproot intensively deepens into the soil in the
first year of life, promoting better plant survival.

7. The vegetation period of ceratoides latens in the cultivation conditions of the arid zone of
Southern Kazakhstan lasts from 196 to 216 days.

8. Hay yield in the 1st year of life is 5.0 tons/ha, and seed yield is 0.3 tons/ha. From the 2nd
year onward, yields increase to 13.6-31.9 tons/ha and 1.2-2.5 tons/ha, respectively.

9. Establishing long-term, rich-pasture meadows for summer-autumn-winter use using the
cultivated variety of ceratoides latens in the arid zone of Southern Kazakhstan is an economically
advantageous measure, resulting in a 4-6 fold increase in productivity of ephemeral and
wormwood forage lands.
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Ceratoides latens cyp TepeckeHepAiH XMMUAIBIK, KACHETTEPiH 3epTTEy

Angarna. Byriari Tagza Taburu ¢GJiopaHbIH, KOIDKbUIABIK 6CIMAIKTEPI KypFaKIIbLIBIKKA JKoHE
BICTBIKKA TO31M/1i 2KeM oCiM/IiKTepiH 6H/[ipyTe apHaIFaH MIKKi3aT pecypchbl 60JIBIN TaObLIAAbI, 0JIaP/bIH,
apacbiHjia Eurotia ceratoides epekiiie OpblH aJajbl.

Byn xkymbicta Eurotia ceratoides latens (].F. Gmel) TYKbIMBbIHBIH, XUMUSIJIBIK, KACUeTTepi 3epTTeJin,
TONbIPAKTaFbl Kapallipik MeJiiepi, aHbIKTaJAbl, allIbIK CYP TOMbIPAKTbIH, XUMUSJIbIK *KoHe GU3UKa-
XUMUSIBIK KacueTTepi (Kapaluipik, cy, kap6boHaT MOHAApPHI, a30T MeJillepi) aHbIKTaAAbl. Kapawipik
KypaMbl OpraHUKa/bIK KOMipTEKTiH XpOM KbIIIKbIJIbl MeH KOMipKbIIIKbIJI ra3blHa JefiH TOTBIFYbI
HeTi3iHJe aHbIKTaJbl.

Eurotia ceratoides Latens XUMUSJIBIK, KypaMbl 6CIMAIKTETi KOPEKTIK 3aTTapAblH, (aKybl3, Ta/IIIbIK, Mak,
a30TChI3 3KCTPAKLMANIAHAThIH 3aTTap, KyJ1) aHe cyAa epuTid 3aTTapbiy, (C, CO,, Ca, Mg) Mesepine
Tajjay HeridiHge Kacaagpl. OciMAiKTepaeri KyJ1 MeJiliepi Beretauus/blK ¢asasapblHa CoiiKec
©3TepMeNTiHI aHBIKTaJAbI, 0J1 6CIMAIKTEPAiH *)acbiHa Kapai 9,11-10,05% apasibIFbIH/a, aJl coliKeciHIle
KaJblI Ui MeJiepi 3,67-4,90 neHreuinae 6osapl. «llIHKi» TaMbIKThIH KypaMbl COKCJIET anmnapaThIHbIH
KOMeriMeH aHbIKTaJAbl, TONbIPAKTaFbl KaJbl Ul KaTUOHAAPBIHBIH KypaMbl KOMIIJIEKCOMETPUSIJIBIK
oaicneH 6arasaHapbl. lIKki aKybi3bl, MUK Malabl 3QUPJIIK SKCTPaAKLUsIAY 9ici apKbLibl aHbIKTAy
yuiHn Kbenppan afici KoslaHbLIJbI KoHE KOJIOPUMETPUSJIBIK 9/liClIeH aMMOHUW OKCaJlaTbl MeH
dochopablH KaHbIKKAH epiTiHAiciMeH TYHABIPY apKblabl KYJJeri a30TChbI3 3KCTPAKLUSJIBIK 3aTTap
a"bIKTa bl. COHbIMeH KaTap, Eurotia ceratoides latens-TiH TaFaMJbIK KYHAbLIbIFbI AU KbIHAAJI/TbL.
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TyuiH ce3aep: TepeckeH, Eurotia ceratoides latens, 6yTa Eurotia, XUMUSIJIBIK KACUETTEDPI, TONbIPaK,
Kbenbgann aaici, CokcieT annapatsl, Mop Ty3bl, KOMIIJIEKCOMETPUSIBIK, 9AicC, CIITi/IK, KapOOHAT.
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3Meduyunckuli ynusepcumem Acmata, Acmawa, Kazaxcmat

H3ydyeHHe XMMHUY€eCKHUX CBOMCTB CepbIX TEPECKeHOB ceratoides latens

AHHOTanusa. MHoroJeTHUE pacTeHUs eCTEeCTBEHHOW (JIOpbl Ha CErOAHSIIHUN JeHb SBJSIOTCSA
ChIPpbEBBIM pPECypCcOM NMPOU3BOJCTBA 3aCYyXOYCTOMYUBBIX U TEPMOCTOMKUX KOPMOB, CpeJld KOTOPBIX
ocoboe MecTo 3aHUMaeT Eurotia ceratoides.

B naHHOM paboTe u3yuyeHbl XUMHUUYECKHe CBOUCTBA Eurotia ceratoides latens (J.F. Gmel) u npoBeaeHo
ompejie/ieHre COAepKaHus ryMmyca B IIOUBe, BbISIBJIEHbl XUMUUECKHE U GU3UKO-XUMUYECKUX CBOMCTBA
CBETJIOTO0 cepo3eMa (cojep:kaHue ryMmyca, BOJbl, KapOoHAT-MOHOB, a3oTa). Coaep:kaHue rymyca
omnpejiesisiJii Ha OCHOBE OKHCJEHUs OPraHUYecKOro yrjepoja XpOMOBOM KHCJIOTOH 0 AHUOKCUAA
yrjaepogja.

XuMuyeckuil coctaB Eurotia ceratoides Latens mpoaHa/lW3UpPOBaH Ha COJepKaHUe B paCTEHUU
NUTAaTeJbHBIX BelllecTB (0eJiKa, KAeTYaTKH, )KUPA, 6€3a30TUCTIX IKCTPArupyeMbIX BeIl[eCTB, 30J1bl) U
BoJlopacTBopuMbIX BelecTB (C, CO2, Ca, Mg). YcTaHOBJIEHO, UTO B PACTEHUSX COJIep>KaHUE 30J1bl TOUTU
He MeHsieTcd 1o ¢ga3aM BereTamuy, C BO3pacTOM pacTeHUH U KoJiebseTcsa B npefesnax 9,11-10,05%
COOTBETCTBEHHO U COZlep>KaHM sl KabIUs 6bL10 Ha ypoBHe 3,67-4,90. CofepkaHue «CbIPpON» KJIEeTYaTKHU
omnpejessiiv ¢ nmoMollblo annapaTta CokcieTa, cojiepkaHue KaTUOHOB KajibliMs B MOYBE OLlEHUBAIU
KOMIIJIEKCOHOMETPHUYECKUM MeTOZ0M, MeToJloM KbesibJlansi MpoBeJieH aHalu3 [0 ONpeJie/IeHUI0
ChIPOT0 TPOTEHHA, ChIPOTO KUpPA MEeTOAOM 3PUPHON IKCTPAKIMU, 6€3a30THUCTBIX IKCTPAKTUBHBIX
BEILleCTB B 30Jle MyTeM OCAXKJEHHsSI ee HaChIIleHHbIM PAacTBOPOM OKcajaTa aMMoHus U ¢ocdopa
KOJIOpUMETPUYECKUM MeTo/10M. BrisiBiieHa nullleBast LieHHOCTb Eurotia ceratoides latens.

KiwueBble caoBa: TepeckeH, Eurotia ceratoides latens, monykycrapHuk Eurotia, xumudeckue
CBOMCTBa, N04Ba, MeTo/, Kbesbgans, annapaTt CokcieTa, coyib Mopa, KOMILJIEKCOMETPUUECKUN METO/,
I1eJI0YHOCTh, KAPOOHAT.
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Tikesiell 0cCMOCTa KOJIAAaHY YIIiH NOJIU3TWIEeHTepedTaaaTThl TPEKTIK
MeMOpaHa/IapAbIH TOTbIFYbI

U.B. KoposibkoB*! ', A.P. CysieiimanoBa? ~, U.b. MyciumoBa® ', M.B. 3gopoBen*

L234KazakcmaH Pecny6aukacbl IHepeemuka MuHucmpiziniy A0poasik gpusuka uHcmumymsi, Aamamslt,

Kazaxcman

(E-mail: ‘i.korolkov@inp.kz, **info@inp.kz, *bazarbaykyzy @list.ru)

AnaaTtna. bys 3epTTey/ie ajifall peT «yJKeH Ky/JbIK — KeyeKTi Tyb6i» bipe-
reid reoMeTpUsICHI 6ap TPeKTiK MeMOpaHa/apAblH TOTBIFYbIH TaJJlay Ky3ere
acbIpbLIbl. Onap/iblH, PU3UKATBIK-XUMHUSAJIBIK CUNIaTTaMaJaphbl, OHbIH, illliHe
OepikKTiri, aya MeH cy 60MbIHIIA ©HIMJIJIr], COHAAN-aK TuAPOPOOTHIK-TUAPO-
bunbaik KacuetTepi 3epTTeni. 3epTTey epiTiHji KOHLEeHTpaLUsacbl MEH Ke-
YEKTiH reoMeTpHUsicblHAa OaNJIaHBICThI Cy3y aFbIHbIHbIH 63repyiH Koca ajfaH-
Jla, TikeJied 0CMOC MpoLeCcTepiHJe MeMOpaHalap/iblH 6HIMAiNIriHE KeyeKTiH
nilliHi MeH MeJillepiHiH acepiH TangayAbl KaMTbiAbl. OCbIHZAAN KypblJIbIM-
Jibl MeMOpaHa/iap 63/lepiHiH, MeXaHUKaJIbIK KacUeTTepi MeH OTKi3TilITiriHiH
apKacblHZA TiKeJeu OCMOCTa KOfapbl THIMAIIIKTI KepceTefi. TOTBIFYJbIH
OHTaMJIbI XKaFJaiJapbl MeMbpaHalapAblH rTUAPOPUIBLIIITIH XKaKcapTy ecebi-
HeH eHIMJiNiKTI 28%-Fa apTThIpyFa bIKHaJ €TTi, OyJ oJap/iblH Cy3rijiey Ka-
6ineTiHiH ysaFarobiHa okesfi. bysnaH 6acka, 3/ieKTp eTKi3riumTiri 6oibiHIIA
O6afasiaHFaH CyAbl Ta3apTy AeHreui wiamamed 100%-fa >keTeTiHi aHBIKTaIAbI.
MemM6paHasiap/iblH, 6HIMJiJNIri LOFbIPJAaHy aWblpMallblIbIFbIHBIH, 6CYiMeH
YJIFalObIH 0allKay KbI3bIFbIpAK, O0JIbIN TaObLIaAbl, SFHU OyJ NapuuanjblK Kbl-
CbIMHBIH, YJIFalOblHA 6aWIaHbICTHI. /lereHMeH, Tikesed 0CMOCTaH KeliH MeM-
O6paHasiapZila KaHa/JapAblH Ty3 IlIeTiHAiJepiMeH JlacCTaHFaHbl aHbIKTAJIa/ibl,
OyJl CKaHepJIeUTiH 3JIEKTPOH/bIK MUKPOCKOMUSIHbIH, KOMeriMeH pacTaJjbl.
ByJl KOpBITBIH/bLJIAD 6HEPKACIN IeH KOMMYHAJIAbIK lIapyallblIbIKTa MEM-
OpaHaJIbIK TEXHOJIOTUSJIApAbl HEFYPJIbIM TUIM/I )KoHE 3KOHOMHUKAJIbIK THIM/Ii
nanajaHybl KAMTaMachl3 eTe OThIPBII, CYUBIKTBIKTAp/Abl Ta3asjlay KoHe CY3y
caJlacbIH/a 9PTYPJii KoJIIaHy/Iap YIliH apHakbl 6edimM/iesireH MeMopaHaiapbl
»K00OaJsiayblH )KaHa TACI/AePiH JaMbITy¥a bIKNaJ eTyi MyYMKiH.

Ty#iH ce3aep: TpekTi MeMOpaHaJsiap, TOTBIFY, TikeJiell 0CMOC, OJIM3TUJIEH-
TepedTasaT, TUAPOPUIBAIIIK.
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Kipicne

CoHfFbI OipHellle OHXBLIJBIKTA CYPaHbICTbIH, YAalbl 6CYiHEH TYIIbl CYZbIH >KeTicneyuiiri
ajlaM KOFaMbIHBIH TYPaKThl JaMyblHa Kayin TeHJAipyzae. byiaH 6acka, apTypJ/i eHepKacinTik
TOTiH/liJiep TaOWUFU Cy pecypCcTapblH JIacTall, eJieyJi 3KOJOTUSJIbIK pobJjeMasiap TYFbI3abl.
CoHABIKTaH Ta3a CyMeH KaMTaMachI3 eTy/iH Hellylli MaHi 6ap »oHe CyFa ecil KeJie }KaTKaH
KaXKeTTIJIIKTI KaHaFaTTaH/bIpy YLUiH KOJI XKeTKi3inyi Tuic. Juctuansauus [1], moH anmacy [2]
KoHe 3JeKTpoaranus [3] cUAKTbI 9pPTYpJii TEXHOJIOTUSIIAP Ta3a Cy OHAIpY YLIiH 3epTTesfi.
Anaiina 6yJ aicTep KypAeJii npoleaypajapAbl Tajaan eTe/li »KoHe SHePrHUSHbIH Kol MeJllepiH
TYTbIHA/|bl, HEMECe CYZblH KauTaslaMa JlaCTaHyblHA 9KeJIeTiH KOIITereH XUMUSJIbIK 3aTTap/bl
KaMTU/bL. OJIEMIK Cy peCypCTapbIHbIH >97% -bIH TeH(i3 Cy/1apbl KYpPaU ThIHBIH eCKepe OThIPHIII,
TEHi3 CYbIH TYLbJIAHABIPY CYAbI Ta3apTYAbIH MaHbI3/1bl IepCIEeKTHUBAJbI 9/liciHe alHaNAbI [4].

Ty3cbi3ganablpy - OyJ Ty3/bl CYAbIH KypaMbIHAAFbl TY3JapAbl KOI >XoHE aJaMHbIH,
TYTbIHYbIHA, COHJIAW-aK ©HEPKACIINTIK )KoHe ayblJ llapyallbl/IbIFbl MAaKcaTTapblHA apaM/bl
TYILIBI CYMEH KaMTaMachbl3 eTy IPOoLecCi 2KaHe CY TallllblIbIFbI JaFAapbIChIH LIeNly YIIiH CeHIMA]
»KoHe THiM/Ii Tacis peTiH/ie KapacThipblia/ibl [5]. COHFbI OHXKBUIABIKTAP illliHAe MeMOpaHaJIbIK,
TEXHOJIOTHSl CyJbl FaHa eMeC, MyHall MeH ras/ibl OeJiyAiH >XoHe Ta3apTyAblH KeHiHeH
KOJIJJ@AHBLJIATbIH d/liciHe aillHa/Jbl. MeMOpaHa/ibIK 06yl naijanaHy[blH, apThbIKIIbLIbIFbI
XUMUSJIBIK 3aTTapAblH 6o0JiIMaybl HeMece a3JlaFaH KaXKeTTiJiri, KapamalbiM ajy >KoHe
3HEepPTUSIHbI CaJIbICTbIPMaJibl TYpP/le TOMEH TYTbIHY OOJIbIN TaObLIabI.

MeM6paHasblK, TylblIaHAbIpY Ke3iHge kepi ocMoc (KO), Tikeneir ocmoc (TO), mukpo-
dbunbrpanusa (M®) [6], HanobunbTpayusa (HP) [7] xanHe yabTpa cysriney (YC) [6] agicTepi
KosiZjaHblL1abl. Cy3risiey npoiectepi TepT Tomnka 6esineni: M® (0,1-2,0 mxm), YC (2-100 HM),
H® (1-10 uMm) koHe KO (< 1 HM).

Kasipri ke3ge cyzbl TyublIaHAbIPYJbIH HEFYPJIbIM MaWJalaHblIaThIH 9/[iCTEPIHIH, illiHAe
KO-TbIH MeMOpaHabIK IpoLeci naigananbuiazsl. Tylibl1aHblpy KbICBIMMEH 6acKapblaTbIH
THUIITIK IpOLecc 60JIbIN Tabblia/ibl, OHJA KO3FAJTKBbIII KYII PETiHAEe ChIPTKbI THAPABJIUKAbIK
KbICBIM KOJIZJAHbLIa/ibl, aJ1 epireH 3aTTap KapThlaai eTKi3rim MeMmopanaMeH (KO meM6paHacel
JleTl aTasa/ibl) aJbIHbIN TacTaaaasbl [8].

KO - cyHBIKTBIK/CYHUBIKTBIK O6JITeH Ke3Jeri eH KaTaH MeMOpaHaJblK MpoLecc TYPi.
HerisiHeH, cy MeMbpaHa/jaH eTeTiH »aJIFbI3 3aT OO0JIbIN TAObLIA/Ibl; ajl 6APJIBIK epIireH KoHe
eJIIIIeHTeH MaTepuaJl JepJiiK cy3iseni.

CoHbIMEH KaTap, KoJiJla 6ap MeMOpaHaiap/blH TOMeH eHiM/iliriHe 6aisiaubIcThbl cyabl TO-
IleH Ta3apTy O6aFbIThl a3 3epTTEJIT€H TAKbIPHII 00J1bIN TabblaAbl. COHbIMEH Oipre, Ta3apTy/blH,
OCbl 9JiCi TyY3CbI3JAHABIPY MNPOLECIHIH 3Hepryus WIBbIFbIHBIH aWTapJbIKTal TeMeHJeTyl
MYMKIH, 6UTKeHI OHJa KbICbIM aWblpMalllbLIbIFbl [la, TeMIepaTypa aublpMallblIbIFbl [a
Tasan etiiMenzi. TO - epiTKill MoJieKyJaJapblHbIH, MbICAJbl Cy[bIH KapThlJIal ©TKI3Till
MeMOpaHa/jap apKplibl TacblMaJJaHYblH CUNATTAUTBbIH OCMOCTbIH, TaOUFU KYObLIbICHL. Tik
OCMOCTAaFbI ePITKIIITI TacbIMa/IJay/iblH KO3Fayllbl KYIli OCMOTHKAJIbIK, KbICBIMHbBIH, alibIpMachl
6osbi TabblLaaAbl. KoHLeHTpauuslaHFaH epiTiHAI epiTiHAiHIH/CyAbIH MoJieKy/aaJapblH
CYUBUITBIIFAH epiTiHAiZeH, MbIcajibl TY3/aJFfaH epiTiHAiAeH >XapTbllakl 6TKi3eTiH MeM6-
paHajJlaH TapTajbl, OyJl peTTe 63i CYWbLITbLIAAbL. AJIIHFAH CYWBbITbIIFAH epiTiHAi Gesrii
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6ip TeMnepaTypafa [JeHiH KbI3AbIPbLIAJAbl, OyJ peTTe epiTKIIUTiH/cyAblH, OeJiieKTepi
OyJs1aHabl, a1 OHJA 3aT TYH/bIPbLIaJbl He bIJIbIpai/ibl >koHe 6acTanKbl Ty3/ bl CyFa KapaFaH/a
KOHLIeHTpaLMAChI a3 epiTiHAl anbiHaAbl. CYHBITBUIFAH epiTiHAIHI KauTa LUPKY/IALMAIAY YILiH
KauTa LIOFbIpPJIaHAbIpA/ibI.

Anaiijia eHepKacCiNTiK ayKbIM/a TikeJlel 0CMOCThI KOJIJaHyFa KeJiepri KeJTipeTiH 6ipkaTap
TeXHUKaJbIK Kezeprisiep 6ap. Tikeseil ocMOCTBIH a/i/IbIHFbl 3€pTTey/epiHiH, HaTHU:kKeJepi
OOMbIHIIA TiKeJiel 0CMOCTbIH, 9KCIIEPUMEHTTIK aFbIHbI 9/leTTe epiTiHAiIepAiH KJIacCUKaJbIK
Teopuschl — JUdPy3us G0MbIHILA eCeNITE/INeH OHbIH TEOPUSJIBIK MOH/epiHe KaparaH[a eAadyip
TeMeH eKeHi 6esriyi [11-13]. KyTisireHHeH TeMeH aFblH MaccaHbl TacbiMajjiay NpoLeciHae
iKi »k9He ChIPTKbl KOHIeHTpauusblK nojaspusauusHbly, (IKII xeHe CKII) 6o0saybiMeH
TYCiHAipisie i, 6yJ1 0CMOCTbIH KOJIKeTiM/1i KO3FayIlibl KY1IiH e/1ayip ToMeHAeTe i [11]. KubLabicy
aFbICbIHbIH, HEFYPJIbIM TOMEH KbLJIJAM/bIFbI LlIeKapasblK KabaTTbIH KaJbIHAbIFbIH koHe CKII
JopexeciH apTTbipaZbl. CbIPTKbl KOHLEHTPALUAIBIK, [10JApU3aLAAHbl TUAPOAUHAMUKAJIBIK,
6akbliayra 60J1azpbl, 6ipak ilKi noasspyu3anusi MeMOpaHaHbIH KeyeKTi TeceMiH/ie 60/1ybl, Oy
OHbI bacKapyza 6eJirisi 6ip KUbIHABIKTAp TYAbIpabl. KOHIIEHTpalUsHbIH, KOHIEHTPALUJIbIK,
N0JISpU3aLUsAChl KYObLIbIChI epireH 3aTThlH, QU3UKa/bIK KAaCUETTEPIMEH, CYUbIKTbIKTAP/bIH,
JIMHAMUKacbIMEeH >K9He €H MaHbI3bICbl MeMOpaHaHbIH KYpPbLJIbIMbIMEH OGaWJaHBICTHI.
Ocblnaiia, Heri3ri MiHAeTTepAiH 6ipi KOHLEHTpAUMUSJIBIK MOJspU3alMUsAHbl OapbIHIIA
asalTyfa KabiseTTi oHTal/laHJbIPbLIFAaH — aFbIHHBIH aWTapJbIKTal TeMeHJeyiHiH Heri3ri
ceb6ebi GoslaTblH MeMOpaHaHbl kacay OoJsblll TabbLiagbl [10-12]. MyHgail MeMOpaHaHbIH,
KOMMepLUSJIBIK Kepi OCMOC MeMOpaHasapbIMeH CaJsbICThIpFaHJa >KOFapbl 6HIMAidri
6osysl THic [1,4]. Ocbliaiiia, Tikesed 0CMOC MeMOpaHa/lapblHbIH, KAXKETTi cMIaTTaMaJslapbl
IIIKI KOHLEHTPALUAJIBIK OJApU3aLMAHBIH, TOMEH MaHJepiH KaMTaMacbl3 eTeTiH >KOFapbl
KeyeKTIJIIKIIeH caJbICTbIpMaJibl TYPAeE XKYKa Heri3/ie yCTa/IaThIH epireH 3aTThIH, CY 6TKI3TiIITIT]
MeH TeMeH OTKI3TilITiri 6ap ThIFbI3 YIbTPA )KyKa OesiceHAi KabaTt 6os1a/bl [10,12]. ByaH 6acka,
MeMOpaHa MeMOpaHaHbIH, JIaCTaHYbIH a3alTy YUIiH ruApoduab/i 60ysl THic [14] xoHe y3aK
naiasaHyfa WblJay YILiH )KOFapbl MeXaHUKaJbIK OepiKTiKKe ve 60J1ybl THIC.

Mem6paHaJibIK TEeXHOJIOTHSl caJjlaCblHJaFbl KONTEreH >KYMbICTAp 9iCTepAiH eHiMJiliriH
apTTBIPYFa, SHEPTrUs HIBbIFbIHAAPBIH a3alTyFa XXoHe 3KOJIOTUSJIBIK pobJieMaiap/ibl HIelyre
6arbiTTasFraH. COHFbI yaKbITTa TiKesJel 0CMOC 9ici 6apFaH callblH ©3eKTiJiKKe ue 60Jy/a,
0J1 MepCreKTUBaZa CapKbIHAbI CyJIapAbl TUIMJI Ta3apTy, TeHi3 CybIH TYUbLJIAHABIPY KoHE
6acKasiap YIIiH Ta6bICTbl KOJIJAHbLIYbl MYMKIH, 9pi MyH/lall MeMOpaHa/apAblH eHIiMAidiri
KOMMEPUHUSIbIK MeMOpaHa/JapMeH CaJbICThIpbLIYbl THic. OCbl MaKcaTTapFa KOJ »KeTKi3y
YIIiH 9JIeMHIiH TYKIip-TYKNipiHEH KeJIreH FajJbIMJap MeMOpaHajlapAblH KYpblJIbIMbl MeH
MOpPGOJIOTHACHIH, OJIapAblH, OaFapblH, COPFBII epiTiHAiCi MeH KOpeKTiK epiTiHAiHIH
cunaTTaMaJslapblH KeTiaJipyre Kyw cajayzaa. Ajsanzaa, COHFbl YaKbITTa OChI cajlaflaFbl CO3Ci3
Nporpecke KapamacTaH, 6yJ1 TaKbIPbII dJIEM/IiK KOFAMJACTBIK, YILIiH 63€KTi 60JIbIN KaIy/a.

Ochl KyMBbIC LIEHOEepiH/le a/IFalll peT «YJKEeH KY/bIK - KEYeKTi Ty0i» Kyp/eJsii reOMeTpHUsJIbI
TM ToTbIFy GOWBIHILA 3epPTTeyJep KYPrisijiji. xkapbliyFa 6epikTiri, aya kaHe cy 6G0WbIHLIA
eHiMIiIri cuakTel TM (PUBUKANBIK-XUMUSJIBIK KacueTTepi 3epTTesfii, TpeKTep/iH
reoMeTpHUsChbl MEH AMaMeTpiHe 6alIaHbICThI, TiKesielt ocMoc npouectepinae TM eHiMainirine
3epTTey XKYprisisigi, Cy3iJeTiH CYMBbIKTBIK aFbIHbIHBIH, ©3repyiHiH TpeKTep reoMeTpUsChbIHA
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TOYeJAi/NIri aHbIKTaA/Abl, epiTiHAiIHIH LOFbIpJaHyblHA 6GalJaHBbICTbl CY3iJeTiH CYHBIKTBIK
aFbIHBIHBIH, 63repy TayeJIiJiri aHbIKTa/FaH, COHJal-aK TM-HiH ceJIeKTUBTIJIIri MeH JlacTaHy
JlopexeciHe 3epTTeyJiep Kyprisiirex.

Taxipube apicreMeci

3epmmey yseinepi. 3epTTeseTiH NOJUMeEPJIK MJIeHKa KaJblHAbIFbI 23 MKM «Mitsubishi
Polyester Film» (I'epmanusa) koMnaHuscsl wbiraprad Hostaphan® tunti nonnstunenteped-
tasatTad ([I9T®) Tangan anbiHAbL [losuMep meHkKaHbl caysesney /JIL-60 ayblp voHzaap
YAETKiliHAe eKi Ke3eHJe yprisiynegi. Mem6paHasap ¢oToceHCMOUIU3aUsAJaH KeHliH 2,2
M HaTpul ruApoKCcUJi epiTiHAiICIHAEe XUMUSAIBIK 6HJeyre ylIblpai/ibl, 6e/riyi 6ip kezeHaep
imiHge 6epijiireH esueMzeri KeyeKTepAiH JUaMeTpiH aly YiIiH KOJIJJaHblIaThIH TeMIepaTypa
- 859C.

CoHpali-aK ToxipubesiepZie MblHa/lal peaKTUBTEeP NalJaJlaHbl/bl: CyTeri aCKbIH TOTBIFHI,
CipKe KBILIKBLIbI, TY3 KbIIIKbIJIbI, KOK TOJYUAUH, JeUOHU3ALUsAJIIAHFaH Cy, Ta3apThlJIFaH Cy,
HaTpPHUH XJIOPUZ], 0J1ap X.T. )KOHE T.a.T.

[I9T® TM YK cayseneHy acepimen cymezi nepokcudimeH momouikmaudoipy. [IITO TM
(6,5 x 12 cm?) yarinepin pH = 3 (HCI) ke3sinzge 0,3 MoJsib KoHIeHTpanusicel H202 epitingige
TOTBIKTAHAbIPAbL. TOTBIFy ylI KaTap skcnepuMeHTTepfe 15-180 mun. Conpait-ak, [13TP
mieHkazaH YK-mamra geninri KambIKThIK 7, 10, 15 cM werinae esrepgi, KpllKpL1jaHFaHHAH
KeWiH yJrisiep eKi peT AeHOHU3aLUsJaHFAaH CyMeH »KybLIbll, KenTipinai. YK-coynenenynin,
acepiMmen ToTbiFy OSRAM Ultra Vitalux E27 (UVA: 315-400 Hm, 13,6 Bt; UVB: 280-315 HM,
3,0 B) 15-120 munyTKa. [I13T® TM TOTBIKTBIPY/bI KYPTi3y cXeMacbl MeH NpoLecci aaibIHFbI
YKYMbICTap/a erken-Terxkemi cunatrrasaras [15-17].

ToayuduHdi kek 6051y adicimeH pyHKYuoOHA10blK monmapdbl caHObIK 6aFaaay

Tynki kap6okcus TonTapbiH aHbIKTay yiniH pH = 10 (NaOH) konnenTpanuscol 0,5 MM Kek
TOJYUAWH epiTiHAiciHiy 10 Mu gaibiHgangbl. Oumemi 1x1 cm? [T TM yurisiepid ToayuauH
KOK epiTiH/jiciHe ca/ibll, 60SFbIIITHI TOJBIK CiHipy YIIiH 3 caFaT 60ibl yCcTalblHAAbL. AJIbIHFaH
6ossraH yarisiep NaOH epiTinziciHze »xoHe feroHU3aLUsIaHFAH CYy/ia €Ki peTTeH KYblL/I/bl.

Hecopbuus yuwiH 6osfaH yiariiep 50% cipke KbIIIKbIIBIHBIH, epiTiHAiciHe Tycipiaimn, 10-
15 MuHyT 60¥bI YycTaabl, bosisiFaH cipke epiTiHAiCiHIH ONTHKAJBIK ThIFbI3JAbIFbIH A = 630 HM
Ke3iHJe aHbIKTaAbl. Kanubpsey kecTeci 60ibIHIIA KapOOKCH TONTAPbIHBIH, IIOFbIPJIaHYbIH
Tabaabl.

Typaeudipincen membpaHanapdvly KypbliblMbl MEH KacuemmepiH @GU3UKA-XUMUSIbIK
adicmepmeH 3epmmey

Cynayoviy wemki 6ypulwbiH (CLIB) aHbikmay. MeM6paHaHblH, rHAPOPUIIbAI-TUAPOGOOTEI
KaCHeTTepiH aHbIKTAay YLIIH CTaTUKaJbIK KyJay oJiCiMeH  yJIFauFaH Ke3Je CaHZABIK
MukpockonmeH 1000X enmenetin CIIB anbiKTay aici nalganaHblIbl.

Yarini apHalibl 3aTThIK YCTeJIre KOWbII, )KUeKTepi 6ekiTingi. CoqaH KeHiH yJrire mmnpuii-
Jlo3aTop KeMeriMeH TaMiubl Tycipiniji. TaMubiHbl 6ip aFblHAH IIaM apKblLIbl >KapblK-
TaH/bIpaJbl, EKiHII )XaFbIHAaH MUKPOCKONTHI 6eliHeKaMepaFa Tycipei. Tamiubl TycipisiMaepi
apHaiibl Image] GafmapsiaMmacbiMeH 6HJeJJi, OHJAA TaMILUbIHbl 3JJIMOTUKAJBIK CUMATTAY
apkbLibl CLIB aBTOMATTHI TYp/e ecenTesiesi.
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bemmi ckaHepselimin 31ekmpoHObIK mukpockonusimeH (CIM) zepmmey. JEOL JSM-7500F
(SEM) ckaHepJsieHTiH 3/1eKTPOHABIK MUKpockon [I3T®-TM MoaudurkauuscbiHa AeHiH KoHe
KeWiH ySalbIKTapAbIH JuaMeTpJiepi MeH MOpPOJIOTUSICBIH CUNIATTAY YIUiH MaiAaJdaHblI/bl.

Bys »kyMmbIcTa VaAriHIH YCTiHTI KabGaTbIHBIH, MUKPOCTPYKTYpPacblH 3€epTTey, COHJAaW-aK
MeMOpaHaiap/ibIH YCTiHT KabaThIH/aFbl KO3/liH AUaMeTpiH aHbIKTAy KalTajlaMa 3JIEKTPOHIap
pexxkuMiH/e )yprisiireH. YaeTkim kepHey 1 kB opHaTbL1AbI, Y/ATIHIH a/1ibIHAA 3JIEKTPOHAApA bl
TeXey >KoHe OacTamkbl LIOK 3HepruscblH 100 B peiliH TeMeHJeTy »Ky3ere acblpblijibl,
Mem6paHasiap/iblH 6eTi aJTblH KabaTIleH *KaObli/bl, OYJ YJTiHiH O0eTiHJe CTaTUCTHUKAJbIK
dJIeyeTTiH KMHAKTa/TybIH 60JIIbIpMay ecebiHeH OeliHesiey calacblH XaKcapTThl. To3aHaHAbIPY
KabaTbIHbIH KaJbIHAbBIFbIH CTAaHAAPTThI KaJUOpJiey KecTeci 60MbIHIIA TOK IIeH TO3aHAAH/bIPY
yaKbITbIH (15-20 HM acnalTbIH) TaH/1ay KOJIbIMEH aHbIKTA/Ibl.

HaTmxesiep MeH TasIKbl1ay/1ap
AJbIHFaH TPEeKTiK MeMOpaHasiap/blH napaMeTpJiepi 1 kecTese 6epiarex.

1-kecre. Kyiigipyain opTypJii yakbITbiHZa e/1meHreH COM KaHa/14apbIHbIH, AUaMeTpJiepi

Ky#zipy yakpIThI, C SEM 6o¥ibiHLIa SEM 6o#ibiHLIa KoHycTBbIH K0FapFbl
JAvaMeTpi «KeyeKTi AUaMeTpi «kKyAbIKTap», JAVaMeTpi «KeyeKTi
Ty6i», (KOHYCTbIH, MKM TY6i»
Herisi) HM (eTki3rimTiri
6o¥bIHIIA), HM
10 20 2,01 0,8
20 17 2,01 1,4
30 35 2,02 2,1
40 50 2,20 2,8
60 73 2,20 31
80 100 2,32 56
100 130 2,33 8,5
160 278 2,46 -
200 288 2,50 -
240 293 2,85 -
560 429 - -

OpaH api MeMOpaHanapAblH TUApoduabAi KacueTTepiH apTThIPY *KoHe Tikesied ocMocC
eHiMJisiriH apTThipy MakcaTbiHAa OSRAM Ultra Vitalux E27 (UVA: 315-400 Hwm, 13,6 Bt
IIaM/IapbIHbIH, KOMeTriMeH VJIbTPAKYJTiH CoyJieJieHy apKbLIbl 3KOJIOTHUSJIBIK, Ta3a >XoHe
TEXHOOTHSJIbIK TYPFbIJJaH OHAM jKy3ere acblpblIaTblH CyTeri TOTBIFbIHAA MeM6paHaiapAbl
TOTBIKTaHABIPY xkyprizinai; UVB: 280-315 umM, 3.0 B). TpekTik MeM6paHaiap/plH yJrisepi (5 x
7,5 cM?) konnenTpanusacel 300 MM H,0, epitingicinge pH = 3 (HCI) kesinze TOTbIKTaHAbIPLLIEL
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KbIIKbLIJAHABIPY YiATigeH YK-11aMFa gediHri apakalbIKThIK 15-180 MUHYT 60#ibI yiII KaTap
3KcrepuMeHTTe 5-TeH 15 cM-re aeitiH xkyprizingi. KplluKkblijanFaHHaH KelliH yarinepai eki peT
JleMOHM3alMsAJIaHFaH CyMeH XyblIl, 5 caraT 60lbl 66J/IMe TeMIlepaTypacbiH/a ayaZia KenTipesi.

[Ipouectiy TuiMainiri cysnayabiy metki 6ypbimibiHbIH, (CIIB) e3repyi 60ibIHIIA, COHAAM-
aK MblHaJlal afjicTeMe OGOWBIHILA 6JIIIEHI'eH KapOOKCUJ/bJI TONTAp/blH, LIOFbIPJaHYbIHbIH,
e3repyi 60UbIHIIA 6aKbIaHAbL: MeJepi 1 cm? [I3TO TM yurici 5- 10* M worbipsianymen TK
10 ma cinrtini epitinaire (NaOH, pH = 10) opHasiacThIpblI/ib] )XoHe 3 caFaT 60MbI LIeHKep/ie
Y3ZKCi3 CijKin, ocbliaiila O0SFBIIITHIH, MeMOpaHaHbIH OeTiHe O6GapblHILIA TOJIBIK CiHYiH
KaMmTaMachI3 ete/ii. Cisikiney askranranHaH kelid yiaridi NaOH (pH = 10) epitinaicinae xoHe
€Ki peT JeuOoHH3alUAaJaHFaH Cy/ia XKYblIIl, COlaH KeWiH ayaJarbl CY3Ti Kara3blH/Ja KenTipeni.
BossraH yarinepzi gecopbuusanayabt 5 Mu 50% cipke KbIIIKbLIbIHBIH €PiTIHAICIHAE LIeliKepae
KapKblH/bl CijKijiey Ke3iHae 10 MuH 6Goubl XKypri3ai. bossraH epiTiHAiIHIH ONTHKAaJBIK
TBIFbI3/IbIFbIH TOJIKbIHHBIH, Y3bIH/JbIFbI 633 HM OOJIFaH/a aHbIKTaFaH, TYNKi KapOOKCUIbAi
TONTap/blH, LLOFbIPJAaHYbIH KaJUOpJiey KecTeci 60UMbIHIIA aHbIKTaFaH.

BepikTik KacueTTepiH aHbIKTay 3epTXaHa/bIK KOHABIPFbIAaFbl MEMOpaHFa Te3iM/Zi 60/1aTbIH
€H, )KOFapbl KbICbIM/Ibl aHBIKTAY 9AiCiMeH Kyprisinifi. KoHabIpFbl 6asy e3repeTiH KbICbIMMeH
KYKTey Ke3inze TM 3epTxaHabIK, YJTijepiHiH y3isyiHe 6epiKTiKTi eJ/11eyre apHaafaH.

CIIB, kapboKCHUJI TOMTAPbIHBIH IOFBIPJIAHYbl MEH Y3i/yre 6epiKTiriH e3repTy HoTHXeepi
2 KecTene KesTipinreH. bys pette 6actankbl MeMbpaHaMeH 40 ¢ XUMUSJIBIK, ©6HJIEY YaKbIThI
6ap MeM0OpaHa TaHAaAN/[bl.

YcuIHBLIFAH JlepeKTepieH KopiHin TypraHzaan, YK-mamMra felinri apakambIKTHIK — 10 ¢,
TOTBIFY YaKbITbl MeMOpaHaHbIH, 9pbip kafblHaH 60 MUHYTTaH. Bys kaFgailiapaa yagip/i,
6apbiHIIA TUAPOPHUIM3ALMACKl 6oJsiabl, Oy OEepiKTiK chunmaTTaMaJapblH cCaKTayMeH 6Gipre
CIIb e3repyiHeH >oHe KapOOKCHJ TONTApbIHbIH ILIOFbIpJaHyblHAaH KepiHeai. OpTypi
»KaFJaijapblH/a Cy TaMIlblIapbIHbIH GoTOCypeTTepi 3 KecTeie OGepisreH.

2-kecre. YuarigeH YK-ke3iHe JeiliHri KalIbIKTBIKKA »K9He TOTBHIFY YaKbITbIHA GailJIaHBICTBI
CIB x9He Kap6GOKCHJI TONTaPbIHBIH, KOHIEHTPAIMACBIHBIH, 63repyi

Ynr. YK-ke3ine geiHri Coayneneny CIIB,° [COOH], Ysinyre 6epik-
o KalllbIKTBIK, CM YaKbIThl, MUH MKM/T Tiri, MIla
1 - 0 65 3,4 >0,7
2 7 15 62 5,4 >0,7
3 7 30 61 7,2 0,23
4 7 60 60 10,5 0,11
5 7 90 59 19,4 0,04
6 10 15 61 8,3 >0,7
7 10 30 61 8,6 0,47
8 10 60 58 10,7 0,39
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9 10 90 57 22 0,11
10 15 15 60 4,4 >0,7
11 15 30 60 4,6 0,23
12 15 60 57 4,8 0,17
13 15 90 62 7,5 0,10
14 15 120 45 14,8 0,04
15 15 180 44 39,6 0,04

TpekTepaiH AuaMeTpJiepi MeH apHaJjiap reoMeTpusicbiHa 6aliaHbicTbl TM eHiMainirin
TiKeJIed 0CMOC peXHUMiHJle OaFasiay YIIiH «yJKeH KYAbIK — KeyekTi Tyo6i» - 1,2E + 06/1,0E +
09 reomeTpusichl 6ap, KaablHAbIFbI 20 MKM, TpeKTep/AiH apTypJi AuaMeTpJiepi 6ap, coHau-
aK TOTBIFyFa AeiliH xoHe KeliH [I9T® HeriziHge MbIHaZal MeMbpaHaiap TaHAAAAbl: OYPbIH
TabblJIFAH OHTAWJbl >KaFJauaap. AJbIHFAaH MeMOpaHa/sapAblH, 6HIMJIIriH 3epTTey YIIiH
Tikesied ocmoc npouectepinge 10 MM NaCl (cysinetin epitinai) »koHe 1-4 M NaCl (copfbii
epiTiHAici) KoaJaHbLIAbBL. AFbIHAAPABIH KbLIJAAM/JbIFbl NEpecTalbTUKA/bIK, COPFbLIAP/bIH,
KeMeriMeH 6aKblJIaH/Ibl.

TeopusnblK 6aliKay KbICbIMbI 3KCIIEPUMEHT OacblH/Jla Ty3 KOHIIeHTPALUsIChIH NaljanaHa
oTbIpbln, BanT-X01$ TeHeyi 60MbIHIIA eceNTereH:

(1)

MyH/JaFbl i - BaHnT-Xo1d K0adPUMeHTi koHe MiHCi3 epiTiHAiNep YIIiH 2-re TeH,.

JKCIepMMeHT Ke3iH/le KO3Fa/IbICTaFbl OCMOCTBIH, KYILi COPFBILI epiTiHAICIHIH CYUbLIybIHAH
asad/bl.

1 cypeTTe XUMUSAIBIK 6HJEY YaKbITbIHA 6alJ/IaHbICThI TiKeJIel 0CMOC MPOLECiH/Ie CY aFbIChI-
HbIH, ©3repy JAuarpaMmasiapbl 6episireH. XMuMUsLJIbIK, YaKbITbIHbIH, YJIFalObIMEeH OHIM/IIIKTIH,
apTybl 6aiKasajbl, 6yJ TaOUFU TypAe MeMOpaHaJapAblH Ke3Jepi KeJieMiHiH yJFalobIMeH
6alIaHbICTHI.

2 cypeTTe MeMOpaHasap/iblH 6HIMJiNIriHiH COpFbILI KOHIEHTPALUSChIHA TIyes/iliri
6epinreH. CoHzial-aK epiTiHAi/Iep KOHIeHTPaLUsaCbIHbIH, alkblpMallbLIbIFbIHbIH YJFalOblMeH
OHIMAIIIKTIH apTybl 6aliKalabl, 0yJ NapLuUaaAblK KbICbIMHbIH, YJIFalObIMeH TYCiHAipineni.

3-kecre. Coy/ie/ieHy yaKbITbIHA 2KoHe YK-Ko3iHe JeliHri KallbIKThIKKA 6ai/IaHbICThl TAMIIBLIAP
HbICAaH/JapPbIHBIH, 63repyi

Yar. YK-ke3iHe feHiHTi KAIIBIKTBIK, CM CaynesieHy yaKbIThI, Tamuibl cypeTi
Ne MUH
1 - 0
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2 7 15
3 7 30
4 7 60 .
5 7 90 !
6 10 15
7 10 30 — |
8 10 60 ! !
9 10 90 ﬁ
10 15 15
11 15 30 ’
12 15 60

-
13 15 90 Q
14 15 120

y__
15 15 180 Q:

CoHjjal-aK, OHTAWJIbI KaFfaWapAa KbIIIKbUIAAHY/AbIH CYWUBIKTBIK aFbIHBIHBIH, KblJIJaM-
JIbIFbIHA acepi 3epTTeni. Tikeselt ocMoc eHimMiiriHiH 28% -Fa apTKaHbl 6akiKanaabl. TOTbI-
Fy MeMOpaHaJjapAblH TuApoduib/ii KacUeTTepiHiH yJFaloblHa 9KeJieZi, Oyl 63 Ke3eriHze
eHIM/IVIIKTIH yJ/IFaloblHa 9Kesei (3 cyper).
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1-cypeT. XUMHAJIBIK, 6HJ ey YaKbITbIHA 6aiJIaHBICThI TiKeJIel 0CMOC @HiM/iJTiriHiH e3repyi

2-cypeT. Coprbill epiTiHAICiHIH KOHIIeHTpaMsCbIHA 6Gal/IaHBICTHI TiKeJIeHd 0CMOC
OHIM/iiriHiH e3repyi

3-cypeT. TOTBIKKaH »K9He XUMUSAIBIK 0HJeareH [1DT® TM yuriH Tikesieit o0cMOC @HiMiJTiriHiH,
e3repyi
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BapJsibiK MeM6paHasiap YIliH 3JIeKTp eTKI3riuTiri 6oMbIHIIA 6aFajaHFaH Ta3aJjay AeHTeui
mamaMeH 100% -Abl KypalTbIHBIH aTtan eTKeH 6H. TO keiiH MeMbpaHasiap CIM axicimeH

3epTTeai. MeMbpaHaiap apHaapbIHbIH TY3/lbl LI6TiHAIIepMEH JIacTaHybl OaliKasia/ibl.

HoaTuxesiepre cydeHe OTBIPHIIN, KYUJIPY YaKbITBIHbIH, YJIFalObIMeH OHIMJIJIKTIH apTybl
6aliKaJsiaZibl, MeMOpaHaJapAblH THAPOPUIbAINIIT TOTBIFY cajapblHaH yaraiabl. CoHaal-aK
COPFBIII epiTiHAIEeP]I KOHIEHTPALUACBIHbIH albIpMallbl/IbIFbIHBIH, YJIFAIObIMEH OHIM/IIIKTIH,
yJIFatobl OalKasabl. bBipak MeM6paHasiap apHaJiapblHbIH Y3aK NalAa/laHy[aH KeliH JJaCTaHYbl
aJ1i e 6arKaJsaibl.

KOpBITBIHABI

Bys »kyMmbicTa MeMOpaHasapAbl TUApodUIM3aLUAIAy MaKCaTbIHAA «YJKeH KyY/bIK -
KeyeKTi Tyb6i» reometpuscbl 6ap TpeKTik MeM6paHajapzblH [I13T® TOTBIKTBIpPY aficTepi
3epTTe/i. AJIbIHFaH MeMbpaHaJsap y3isyre 6epikTik afjicTepiMeH, CyJlaHy LIETKi OYpPbIIIbIH
»K9HEe KapOOKCUJ TONTAPbIHbIH, KOHI[EHTPALMsCbIH alKbIH/AyMeH cullaTTasFaH. KeyekTepaiy
9pTYpJi eJlieMepi MeH rupoduijieHreH 6eti 6ap ajsblHFaH MeMOpaHasiap TikeJield ocMoC
d/liciMeH Cy/Zibl TY3CbI3JJaHAbIpYy/ia CbIHAJIFaH.

«YJIKeH KYJbIK — KeyeKTi Ty6i» reoMmeTpuscbl 6ap MeMOpaHasap e3iHiH 6epiKTik KacueT-
TepiHiH, eHIM/i/Iiri MeH eTKIi3TilTIriHiH apKacbklHAA TiKeJied 0CMOC NpolecTepiHe KoJIAaHy
YIIiH mepcrneKTHBa/bl MaTepuas O60Jbll Tabbliajbl. OHTAMAbI KaFgalaapAa CYUbIKTBIK
aFbIHBIHBIH, XXbLIAM/bIFbIHA TOTBIFY/IbIH, 9CEPiH 3epTTey TiKeJer 0CcMOC eHIMAIIriHIH 28%
-Fa yJIFalfaHblH KepceTTi. TOTbIFy MeMOpaHaiap/ZblH TMAPOPUIIbJlI KaCUeTTEPIHIH apTybIHa
aKeJiesi, 6yJ1 63 Ke3eriH/ie eHIM/IIIKTIH apTyblHa 9Kesiei. bap/iblK MeMOpaHasap yIliH 3/J1eKTP
OTKI3rilTiri 60MbIHIIA 6aFa/aHFaH Tas3asnay AeHreii mamamed 100% -abl KyparaHblH aTan
©TKeH »6H. COHJlal-aK epiTiH/iiep KOHIIeHTPaLUsICbIHbIH ahblpMallbLJIbIFbIHbIH YJIFalObIMEeH
OHIMJIIIIKTIH, y/IFatobl 6aliKasia/ibl, OyJ NapuyaaiblK KbICbIMHBIH YJFalObIMeH TYCiHAipineni.
Ananpa, Tikeserd ocMocTaH KeliH, COM afiiciMeH 3epTTesireH MeMOpaHaJiapZa MeMopaHaiap
apHaJsIapbIHbIH, TY3/bl HI6TiH/liJIEpMEH JIaCTaHybl 6alKaIa/bl.

Myaaesiep KaKThIFbICHI JKOK,
ABTOpJIapAbIH, KOCKAH YJieci

KonunenTtyanusanus - U.B. KoposibkoB *xoHe M.B. 3a0poBewn; aaicreMeci — A.P. CysieiMaHOBa
»oHe U.B. KoposibKoB; Banuganus - U.B. MyciiumoBa xxoHe A.P. CysieiimaHoBa; teprey - U.B.
MycaumoBa xaHe A.P. CysieiiMaHOBa; TYNHYCKa »k00acbIH JaibiHaay - U.B. KopoJibKoB xaHe
U.B. Myc/1MMOBa; 111041y a3y *koHe eHey — U.B. KopobKoB. bapJiblK aBTOpJiap Ko1»Ka3baHbIH
»KapudJaHFaH HYCKAaCbIMeH TaHbICHII, KeJiCTi.

KapXblL1aHABIPY: XOK,
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HN.B. KopoabkoB*, A.P. CysieiimanoBa, U.B. MyciimmoBa, M.B. 3a0opoBen,
Hncmumym sdepHoli pusuku Munucmepcmea sHepeemuku Pecny6auku Kazaxcmad,
Aamamel, Kazaxcmax

OxKucieHue HOJIH3TI/IJIEHTepe¢TaJIaTHbIX TPEKOBBIX MeMﬁpaH AJISA IPUMEeHEHUA B IIPpAMOM
ocMoce

AHHOTanusa. B faHHOM HCC/e[JOBaHUHM BIIEPBbIE OCYIECTBJIEH aHAJNU3 OKHUC/JIEHUS TPEKOBBIX
MeM6paH C yHUKaJIbHOU reoMeTpuel nop "60JbLION KOJoAel — HOPUCTOE AOHBIIIKO". BbIJIU U3y4eHbl
X QU3UKO-XUMHUYECKHE XaPAKTEPUCTHUKH, BKJIIOYAsT MPOYHOCTH, MPOU3BOJUTENbHOCTL M0 BO3/YXY
¥ BOJie, a TaKXe ruipodpoOGHO-THAPOOUIbHBIE CBOUCTBA. Mcce/joBaHWe 0XBATUJIO aHANNU3 BJIUSHUSA
$opMBI U pasMepa MOp HA MPOU3BOAUTENBHOCTh MEMOpPAH B Mpolleccax MPSIMOr0 0CMOCA, BKJIHOYas
W3MeHeHHe NMOTOKa QUJIbTpPAlUU B 3aBUCUMOCTU OT KOHIIEHTPALMH PAacTBOpAa U TEOMETPHUH MOP.
BrisiB/IeHO, UTO MeM6paHbl ¢ TaKOW CTPYKTYpPOH MOp JeMOHCTPUPYIOT BBICOKYI 3PPEKTUBHOCTb B
OpsSIMOM OCMOCe, 6J1Iarofiaps CBOUM MeXaHUYeCKUM CBOMCTBaM M MPOHUIaeMOCTH. OnTUMaJibHble
yCJIOBUSI OKUCJIEHHUS CIOCOOCTBOBAJIM MOBBIIIEHUIO IPOM3BOAUTENbHOCTH Ha 28% 3a cueT yydlleHUs
rUpOPUIBLHOCTH MeMOPaH, YTO MPUBEJIO K YBEJIUUYEeHHI0 UX PUIbTPAIMOHHON cnoco6HocTH. Kpome
TOTO, ObLJIO YCTAHOBJIEHO, YTO YPOBEHB OYHUCTKH BO/Ibl, OI[eHEHHBIH 10 3JIEKTPOIPOBOJHOCTH, JOCTUTAET
npubausuteabHo 100%. UHTepecHbIM siBJsieTCS HaOJIIOJleHUE, YTO MPOU3BOAUTENBLHOCTh MeMOPaH
YBEJIMUUBAETCS C POCTOM PAa3HOCTU KOHIIEHTPAIMH, YTO 06YCIOBJIIEHO YBEJUYEHHUEM MapIHUaJlbHOTO
naByeHus. TeM He MeHee, IOCJe MPSIMOr0 OCMOca B MeMGpaHaX OOHApYKHUBAeTCs 3arpsi3HeHUe
KaHaJIOB COJITHBIMU OTJIOKEHHUSMH, UTO ObIJIO MMOATBEPK/IEHO C TOMOIIbI0 CKAHUPYIOIIEH 3JIEKTPOHHOM
MHUKPOCKOIIUH. ITH BbIBO/IbI MOTYT CIIOCOGCTBOBATH PAa3BUTHUIO HOBBIX MOJX0/I0B K MPOEKTUPOBAHUIO
MeMOpaH, ClenuaJbHO aJaNTHPOBAHHBIX MAJS Pa3JMYHbIX NPHUMEHEHUW B 00JIaCTH OYHUCTKH HU
bUAbTpaLuY XXUJKOCTeH, o6ecrieurBasi TeM caMbIM 6oJiee 3G PEeKTUBHOE U SIKOHOMUYECKH BbITOJHOE
HCI10/1b30BaHHE MeMOPAHHBIX TEXHOJOTHU B MPOMBIIIJIEHHOCTH U KOMMYHAJIbHOM X03SIUCTBE.
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HU.B. Kopoavkos, A.PCyneiimanosa, U.b. Mycaumosa, M.B. 30oposey

KiloueBble cj10Ba: TpeKoBble MeMOpPaHbl, OKHCIEHUE, TPSMONA OCMOC, MOJIUITUIeHTepedTaiaT,
TUAPOQUIBHOCTD.

I.V. Korolkov*, A.R. Suleimanova, I.B. Muslimova, M.V. Zdorovets
Institute of Nuclear Physics, Ministry of Energy of the Republic of Kazakhstan, Almaty, Kazakhstan

Oxidation of poly(ethylene terephthalate) track-etched membranes for using in direct osmosis

Abstract. This study is the first to analyze the oxidation of track-etched membranes with a unique
"large well - porous bottom" pore geometry. Their physical and chemical characteristics including
strength, air, water performance, and hydrophobicity-hydrophilicity properties were studied. The study
covered the analysis of the effect of pore shape and size on membrane performance in direct osmosis
processes, encompassing the variation of filtration flux as a function of solution concentration and pore
geometry. Membranes with this pore structure exhibit high performance in direct osmosis due to their
mechanical properties and permeability. Optimal oxidation conditions contributed to a 28% increase in
performance by improving the hydrophilicity of the membranes, leading to an increase in their filtration
capacity. In addition, it was found that the level of water purification evaluated by electrical conductivity
reached approximately 100%. The membrane performance increases with increasing concentration
difference due to the rise in partial pressure. Nevertheless, after direct osmosis, the membranes show
fouling of the channels with salt deposits, according to scanning electron microscopy data. These findings
may contribute to the development of new approaches to the design of membranes specifically adapted
to different applications in the field of liquid purification and filtration. This could result in more efficient
and cost-effective use of membrane technologies in industry and utilities.

Keywords: track-etched membranes, oxidation, direct osmosis, poly(ethylene terephthalate),
hydrophilicity
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Agaatna. bys moJsy »KyMbICHI ayblj LIapyallblIbIFbIHAA KOJIZAHbIC Tall-
NaraH KOM KYHI MeH MYHaMl eHJipy OpbIHAApbIHJAFbl TONBIPAKKA TOriJreH
MYHaM XoHe MyHau KaJIAbIKTAapbIH XK0JI TOCEMIHIH KYPbIJIbIMbI KaKCapTy YLIIiH
KOJIJaHy¥a apHaJiFaH. TOJTBIPFBIL peTiH/Je KOJJaHFaHHAH KeWiHIl MaJ/iblH,
MbICaJ/ibl, KOWJIApAbIH XYHIHEH »aca/ifaH MJIUTKaJapAblH OeTiHe MyHaH Jia-
CTaylllbl 3aTTapAbl CiHipreHHeH KeHiH MaWjajiaHyFa KoJl »KeTkisinezi. Kou
»KYHiHIiH 6apJibIK Typi eMec, icKe acrail KasiFaH TypJiepi aibIHaTbIHABIKTAH, COJI
»KalJibl MaKaJlaJpFa Hasap ayAapbl/IfaH oHe oJ1apZbl 6HJeY »K0J14apbl Kapa-
CTBIPBL/IAAbL. YCBIHBLIBII OThIPFAH XXYMBbIC 3KOJIOTHUAJIBIK MaCeJIeH] Lelyre e
CeMNTIiriH TUriseni.

MyHau JiacTaylibl 3aTTapMeH CiHZIpiJIreH MJIUTKajJIap »O0J TeceMiHe Jau-
BIHJJQJIFAH TeoTopJlapFa caJjiblHaJbl. [eoTOopAbIH, reOMeTpPHUAIBIK, eJjleMAepi
allMaKTbIH KJUMAaTTbIK, KaFAallapblHa )XoHe 0J1 TOCeMiHiH, XaFJaiibiHa 6ai-
JIAaHBICTBI TaHAasaAbl. Kol TeceMepiH caly[blH YCbIHBUIFAH 9/icCi xoJap-
JIbIH, CallacbIH KaKCcapTyFa MyMKiH/liKk 6epeJi.

Ko )xaMbLIFBICBIH CaNyAbIH OYJ1 9/iCi KYPbLIbIC IIbIFBIHAAPBIH a3alTa/bl,
aJl KOJIZIbIH, KbI3MeT eTy Mep3iMiH YJIFauTy MyHau KasblKTapbIMeH CiHAipii-
reH MJIMTKaJap/ibl NailajlaHy apKblJibl KOJI XKeTKi3iJe/li, osiap blIFaNbl CiHip-
Me/li >koHe OHbIH, XKaObIHHbIH KOPIYCbIHA eHyiHe X0J1 6epMei/ii, HOTUXKeCiHe
KbICTA KO0JI YKapblJIMaNbl.

Ty#iH ce3aep: »xoJ1 KabbIHbI, KHi3, KHOII, T€0TOP, »KaObIHHBIH, KYPbIJIbIMBI,
MyHal KaJIZbIKTaphbl, MyYHanJIaMaphbl, TOJATBIPFBILL, HIAUbIP.
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Koz rcabbiHbIHBIH KypblabIMOblK KA6AMMAapblHOA HCYH HcaHe MYHAU Ka10bIKmapbliH 2e0mopdbiH
moambipFbluibl peminde natidaaaHy (wosy)

Kipicne

3aMaHayu pecypc YHEMENTIH TaOWFH KoHe TEXHOTeH/IiK LIMKI3aT HeTi3iHAEer K0/ KYpbLIbIC
MaTepHa/lapbl aBTOMOOUJ/Ib KOJIAAPbIHbIH, KYHBIH TOMEHJETYTe KoHe KOopllaFaH OpPTaHbI
»KaKcapTyFfa auTapJibIKTal MyMKiHZiK 6epefi. YKoyl KypblIbICbIHAaFbl 9KOHOMUKAJIBIK, )KoHe
3KOJIOTUAJIBIK aJIFbIIIAPTTAPAbI €CKEPCEK, OHJeyre apHa/IiFaH MUHepaJl/ibl MaTepUasjap MeH
TONBIPAKTbIH, KbIMOAT 6al/JIaHbICTBIPFbIII 3aTTAPAbIH KOJIJIAHbIChIH a3alThII, MaTepUa/bIH,
Heri3ri 6eJiiri TexHOTeH/iK IIMKIi3aT MeH eHePKaCiNl KaJAbIKTapblH, COHbIH illliHJe MYyHa#l
IIJITaMbIH K9He aybLl IIapyallbLIbIFbI KaJIJIbIKTapPbIH KOJIIaHY 60JIbII Ta0bLIa/bl.

Kb caiibiH cTaTucTHKa 60MbIHIIA Ka3akcTania 30 MbIH TOHHAFa XKybIK, )KYH OH/ipiie/ii, OHbIH,
2 MbIH, TOHHAChI 6H/JIeJ1e/li, KaJIFaH IMKi3aT 6aKbl/1ayCbl3 9KCIOPTTaMa/ (bl JKYHHIH 43 naibI3bI
eHJesIMeH, )KoFanazabl. Kasipri yakplTTa K1i3 eH/ipy YIUiH IKKI3aT peTiHAe KOJIAAaHblIaThIH
KYHHIH TypJiepi MeH eHAipyluisiepi kem. KyHHiH canachbl iHIKeJiK, y3bIHABIK, HIITIIITIK,
6epiKTiK, CO3bLIFBIIITBIK, CEPHNIMIINIIK, UKEeMJUIIK, TYCi, »XbLITBIPJbIFbI, bIJIFaJJblIbIFbI,
1AM bIPbI CUSAIKTBI KOPCETKILITEPMEH, COHZIAaW-aK 9P TYPJIi Y/TiZeri TaJllbIKTapAblH MalbI31bIK
MeJilllepiMeH: MaMbIFbl, 6TIEJi TYTi )koHe KblJIKAHbIMEH aHbIKTaabl [1, 2] .

ApHaiibl 9pie6ueTTep/i [3] 2koHe 6acKa Aa aKnapat ke3/epiH [4, 5] Tangay apTypJii enjepze
»KYHT'e KOWMbLJIATbIH TaJlalTapAblH alblpMalllbl/IbIFbIHA KapaMacTaH, HaKThl )K06aHblI HEMece
OH/ipiCTiK TanChbIpMaHBblI lIeNlyre apHaJfaH WHWKi3aT peTiHAeri TaJlubIKThl TaHAayFa 6ipiHi
Ke3eKTe 9Cep eTeTiH cana/iblK CUllaTTaMa/lapblH aHbIKTayFa MYMKIH/IK 6epAi.

Heri3ri 6eJiiMm

MyHailblH, TeriiyiH Jiokaju3auusaaay[blH KenTereH ajictepi 6ap. Bipi KopfayablH eH
MaHBbI3/Ibl 9/1icTepi KOpLIaFaH OpTaHbl, acipece rugpocdepaHbl, COPOLUSIbIK MaTepHUaIAAPAbI
naii/jajaHa OTBIPbIN, MYHal 6HIMJepiHiH TeriayiH Jiokanusayusnaay Oo0Jbll Tabblaa/bl.
Kasipri 3aMaHnfbl 6acblM MiHZeTTepAiH 6ipi KopllaraH opTaHbl KOpfay YUIiH MyHail MeH
MyHall eHIMJepiH O0I0 YUIiH >KOFapbl TUIM/i COpOLHUANBIK MaTepuaaAap/bl i3fey 60JiblI
TabblL1abl. Kasipri yakbITTa asieM/le TeriireH MyHalJlaH Tasajay YLIiH eKi »Ky3re >XybIK
9pTYypJii copOeHTTep KOJIJIaHbLIa/bl, 0Jlap: GeldopraHUKaJblK, TAOUFU OPraHUKaJbIK >KoHe
OpraHOMHUHepaJibl, COHbIMEH KaTap CHHTETUKAJBIK 601kl 66siHesi. CopOeHTTepAiH canachl
Heri3iHeH oJlapAblH, MyHal KoHe MYHal eHiM/iepiHe KaTbICTbl KejeMiMeH, TUAPOPOOTHIJIbIK
JlapexxeciMeH, copOUMsJaH KeWiHri KaJKbIMaJIbIFBIMEH »K9He JecopOiusi MYMKiHAiriMeH
aHbIKTaJ1a/bl.

KenTeren MyHaill eHJiIpeTiH KepJepAe TONbIpaKKa HeMece KyMFfa TeOriJireH MyHau/bl
6esin asy yuiiH 3epTTey >XyMbICTapbl XKyprisinyze. Kymabl MyHalZjaH Ta3apTy areHTi
peTiH/le HAaTPUM CUJIMKATBhIH MyHall KyMbIH 6eJiyre KoJilaHFaH. By/1 MaKasia HeridiHeH MyHail
KYMBIH 06J1y KOJiaHOaCblHAA yJAbTPaJblOBICTBIK TOJKBIHABI KOMeK (QYHKIMSAChl peTiHAe
KapacTbIPbLIFaHbl TAJKbLIAHAABI JKCIIEPUMEHTTEDP apKblibl YAbTPAAbIObICTBIK TOJKbIH/bI
KeMeK QYHKLUSCBIHbIH MYHall KYMbIH 06J1y »KaF[ailbl TaJKblJIaHFaH. AJIZIbIH ajla HOTUXKeJlep
JIbIOBICTAH KOFapbl PYHKIUSAHBIH ACThIH/A Ta3aPTKBbIILI areHT MeH MyYHal KYMbIHbIH KATbIHAChI
0,8:1, 60 °C yabTpaAbIObICTHIK Aipis 13 MUH K9He OHBbIH, MYHaH asy *KbL1AaMAbIFbl 94% xkeTyi
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TT MawaH, O.M. >Konvimbaes, H.b. Kasanranosa, /I.P. Onmaraposa, E.T. 96iamadncinos, A.2K. KypmaHroxcuHos,
E.lI. I'anues

MYMKIiH eKeHiH KepceTe/i. YTiTIeH caJbICThIpFaH/a, 3epTTey HITHXKeJlepi JblObICTaH KOFaphI
TOJIKbIH 9peKeTi MyYHal KYMBbIHBIH, aJbIHY bUIJAAM/bIFbIH €13yip apTThIPbIN KaHa KOMMaH,
COHBbIMEH KaTap 63iH/[iKk KYHbIH TOMEH/IETETIHIH Adeaei i [6].

MyHailsibl KyMJapAaH OpraHyuKaJ/blK 06J1iKTi 661y aaicTepi Taxipube Ky3iH/le 3epTTereH.
ABTOpJIapABIH 3epTTey HOTHXKeJlepi KepCceTKeHJeH, 3KCTpaKLus JJiCiMeH 3epTTeJreH
Kazakcranaarbl beke »xoHe MyHal/ibl-MoJ1a MyHal/ibl KYMAApbIHbIH, OpraHUKabIK, 6eJiri 12,0
Macc.% xoHe 16 macc.% Kypaibl. TepMUsIbIK 6B ey HoTUxKeepi beke xxoHe MyHauibl-MoJuia
MYHaMJibl KYM/IapbIHbIH OpraHUKaJIbIK 06J1iri MaccacbIHbIH 9,6% koHe Maccachl 13,5% ekeHiH
kepceTTi. CyibIK GpaKUAHbIH, (U3UKAIBIK KOHE XHMHUSAJIBIK CHNATTaMalapbl CTaHAAPTThI
dJlictepMeH 6eJirisieHreH [7].

MyHall TerisysiepiH Jiokaau3anusaaayAblH, aayaH TypJi 9icTepi 6ap *KoHe KOopLIaFaH OpTaHbI
KOpFay/iblH, MaHbI3/ibl 3/icTepiHiH Oipi MyHall TeriiysepiH cOpOLUAJIbIK MaTepuaaapMeH
oKuiaysay 6oJibil Tabblaaabl. Kasipri yakbITTa KopllaFaH OpTaHbl KOpFayZblH Kasipri
3aMaHFbl 6acbIM MiH/JETTEpPiHiH 6ipi MyHall MeH MyHa#l eHiIM/IepiH ajy YUIiH »KOFapbl THIMAI
COpOIHUANBIK MaTepUuaijapAbl i3aey. EH »aKcbl TaOUFU COPOEHTTEPAIH 6ipi — »KYH: OHBIH,
6ip kusorpamMMbl 8-10 Kr-ra JleHiH MyHal CiHipe ajazbl, aj XYHHiIH TaOWUFW cepniMaijiiri
MYHal/iblH KeHiJ (paKUusaJapblHbIH, KOILIJIIriH ChIFbIN ajyFa MYMKIiHZIK Oepeai. /o
OCbl COPOLHUAJIBIK MaTepuaJl MyHal eHJipy MmaTdopMacblHAAFbl anaTTaH KeiliH Mekcuka
IIbIFAHAFbIH/JA TOTIIreH MyHal/bl CiHipy YIUiH ycblHbLIFaH. /[lereHMeH, GipHelle CbIFyJaH
KeWiH KyH OUTYMJaJfaH Kui3re alHa/a/bl koHe KOJIJaHYFa >KapaMchbI3 0O0JibIN KaJsa/bl.
JKyHHiH >X0Fapbl KYHbI )K9He CaKTay/lblH KaTaH TaJanTaphbl (3KyH KEMiprillTep, )KoHAIKTep YLIiH
eTe TapTbIM/bl, OMOXUMUSJIBIK, ©3repicTepre yuiblpai/ibl) NepCOeKTUBTI COPOEHT peTiHAe
KapacTbIpyFa MYMKiHAik 6epMeiii. COH/IbIKTAH >KYH LIMKIi3aTblH 6HJeyAeH KaJfaH MYHau
KaJIAbIKTapbIHbIH }K9HEe MyHal 6HiM/lepiHiH copOeHTTepi peTiHAe Nalia/1aHy epCcleKTHUBaJbI
6oJibln KepiHei [8]. ABTOpJsiapAblH, MyHall MeH MyHal eHiMJepiHe COpPOLHUSAJIbIK MaTepyall
peTiHzAe NaWjaJaHybl XYHHIH eHJey[eH KeWiHrl KaJJbIKTapblH, AFHU KHI3JeH KacaJiFaH
OyibIMAap/ibl Tapay Ke3iHJe Ty3iJIeTiH KbICKA Y3bIHJBIKTbI KYH TaJ/IIbIKTAPbIH 3€pTTEyTe
MYMKiHZIK 6epzi. KyHAl XUMUsIbIK MogUUKATOpPJapMeEH 6HJAEY KYH TaJlIbIKTapbIHbIH,
XUMUSIBIK, KYpaMbIHbIH, 63repyiHe, COH/lal-aK 0eTTiK KypbLIbIMbIHbIH 63TepicTepiHe ajiblll
KeJieJli. 3epTTey YIIiH KbIIKBLIAbI 2K9He KbILIKbIJIChI3 6HJ ey TEXHOJIOTUAIaphbl KOJJaHbLI/bI.
KbllIKbLI epiTiHAiciMeH AerugpaTtanus OopbiHAANa/ibl, 0J 3TepudUKaIMsa MPOLECIHIH XKYpy
HIapThlHA HeTi3Je/reH, IFHU XYH KepaTHHiHe TuJpoPoOThHl KacueTTep OepeTiH adup
TONTAPbIHBIH, TY31/1Yi.

2KaHa 6GaislanbicTapAblH Naija 60/ybl KYKIPT KbIIIKbLIbIHBIH, epiTiHAiCiMEH eHAe/NreH
Ta3a kHon UK cnekTpJiepiMeH xaHe OHbIH MoAMpuKaLuscbIMeH pacTaajbl, oHja C-0-C ToO6bI
Tepbesicrepre coiikec 1100 cm™ aliMaFbIiH/AQ LWIBIHHBIH, KAPKbIH/bIJIBIFbIHBIH, KOFapbLIayhbI
OaiiKasia bl *koHe cunaTTapbiHbIH 400-800 cM™ aliMaFbIH/IaFbI CIIEKTP 63TepyiMeH J19J1e/IeHe/i.
OJ16eTTe, OY/ KaFfaiJia »KYH KepaTHHIHIH XMMHUSAJBbIK MOAU(UKALHUACHl KaHa XWMUSJIBIK
GallaHbICTap/IbIH, MakAa 00JybIMeH 6alJ/IaHbICThl OPTAaHUKAJBIK KoHe 6GelopraHUKasbIK
KbILIKbLJIAP/IbIH, 9CEPiHEH OPbIH anajbl. /lereHMeH, KypaMblH/Ja 21 aMUHKBIIIKbLIAApbl 6ap
KYH TaJILUbIFbl KYPbLJIbIMbIHBIH, KYPZAEJiJIriH eCKepe OTbIPbIN, KbIIIKbLIJAapMeH 6HAeyAeH
KeHliHri kHon MoguduKauusaapbiHbliH UK cnekTpsepiH HaKTblpakK TYCiHAipy MYMKiH eMec.
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[[lamMacel, KepaTUH KYpbLIbIMBIHAAFbl OyJl e3repicTep »KofapblJja aTaJfaH MyHal eHiMJepi
KaJIAbIKTapblHA KATBICTbl COPOLMUSAIBIK KabineTiHiH alWblpMallbLIbIFbIH TYCiHAIPY 60JIbIN
Tabbl1a/bl. KHONTHI XUMUSAJBIK peareHTTepMeH 6HJey >XYH TaJlbIFbIHbIH XUMUSJIbIK
KYpaMbIHbIH, ©3repyiHe FaHa eMeC, COHbIMeH KaTap OeTiHiH KypblJIbIMbIHbIH 63repyiHe
akesiesii. KyKipT KbIIIKbIJIBIHBIH, 9Cepi KyTUKYJ/1a KaOblpLUIaKTapbIHbIH allblIybIHA K9HE KYH
TYKTEepiHiH, CbIpKbl Ka0OaTbIHbIH TaJIlbIKTaHyblHA bIKNAJ eTexi, Oy KaOblpllaKTap/blH,
Y3bIH/bIFbl OOMBbIHIIA TapajyblHaH KepiHeAi. Ocbliaiiina, MoAvpUKALUsSAIAHOAFAH KHOI
YUIiH KabbIplIaKTapAblH, eH ke MeJilepiHiH (10%) 6uikTiri 150 HM. KyKipT KbIIIKbLIbIHBIH
epiTiHZiiciMeH eHereH/ie KabbipuiakTapablH eH ken MeJiiepi (10%) 6uikTirinig 200 HM-Te
JlediH ysiFatobiHa oKeJsieli. Ocblyiaiig, aTKapblJIFaH »KYMbICTap/bIH HOTHKeJiepi 60MbIHIIA XKYH
IIMKi3aThIH 6HJEY Ka/IJblKTapbIHbIH MYHaH CbIMbIM/IbLIBIFbI MeH THAPOPOOTHI KAaCUeTTEpPiH
apTTHIPY YLIiH KbILIKbII epiTiHAIIepiHiH 63apa apeKeTTeCy napaMeTpJiepi aHbIKTaAbl.

JIMHaMUKaJbIK >KaF[ail/la aHbIKTAJIFaH 3epTTeJEeTiH COPOLUUSIbIK MaTepUaJblH, MyHal
ChIMbIMbLIBIFBI KHOM-K yuiid 12,83 r/r, kHon-{ yuwin 10,70 r/r 60abI.

Toxxipube HoTHXKesepi KbIIKbLI epiTiHAiciMeH 6HJe/JreH KHOIINEH CaJbICThIpFaHAa
KbILIKbIJICbI3 KHOITBIH, €H aKCbhl MYHall copO1ysaiayllibl MaTepuasa eKeHiH kepceTTi. bipak
3MyJIbCUsIJIaHFAH, epireH KyWiHJe >koHe cy OeTiHJAe KaJKbIMasbl KabaT TYy3eTiH MyHau
eHIMJlepiHe COpOLHUAIBIK MaTepUaaAbl KoJJAaHFaHAA MYHall eHiM/lepiH ciHipyMeH bipre cy
Jla ciHeni, 6y/1 COpOIUANBIK MaTepUaJiblH MYHall CbIMbIM/IbIIBIFbIH TeMeHJeTeAi. MyHal
ChIMBIM/IbIIBIFbIHbIH, KOPCETKILIIH XXOFapbLIaTy, 94ebueT Ke3/epiHe calikec [9], copOLUAIBIK
MaTepHraJlapAbl 63repTy apKblJibl MyMKiH 60J1a/bl.

Kongap MeH kelesiep/iH, KYpblIbIM/bBIK O0epiKTiri, coHAai-aK, 6epiKTiKTiH GipKeJKijiri
Jebopmainys MOJyJiMeH CHUMATTaJaTbIH KOJI TOcCeMiHiH TeMeHri KabaTbIHbIH, acTapJibl
KabaTbIHbIH *oHe KabaTTapbIHbIH K00aJblK OepiKTiriMeH KaMTaMmachl3 eTisieTiHi 6esrisi,
OHbIH, MOHI »KaObIHHBIH, KYPbIJIbIM/IbIK KabaTTapbl YIIiH KOJIJJaHbLJIATBIH MaTepUaaAap/blH,
KacueTTepi koHe KabaTTapAblH Ka/JblHJAbIFbIHA Tayesi. Ko HeMece Kelle abblHAApbIH
caJly »KoHe OHbl alAa/JaHy Ke3iH/e KeJIKTepAeH TYPaKThl CTaTUKAJIbIK )XoHe ITMUHAMHUKAJIbIK
KYKTeMeJiep Maija 60yybl MYMKIiH, OYJ1 >Kep acTbl KaOAThIHBIH, asi3bIMEH apaJ/lacyblHa KoHe
MYHal/lblH Ke3JeWCOK TerijJly eHiMJepiHe oKeJsyi MyMKiH. ¥Kcac Npouecc as3fa Te3iMJi
»KaObIHHBIH, KabaTbl MeH ipi arperaT OeJilleKTepiHeH »Kaca/ifFaH Heri3/iH apacbiHAa 60Jybl
MyMKiH. HaTrxeciHJie KoJblH HeMece KeIlleHiH 9pTypJi KYpbLIbIMJbIK KabaTTapbIHbIH,
apajlac MaTepuaJaapbl OYKiJl KypblJIBIMHBIH OepiKTiri MeH y3aK Mep3iMginirine acep eTyi
MYMKiH [10] .

Bykin anemzae coHfbl 15 xblaja KoJjapAbl HeMece KellesepAi caly Ke3iHJe HeMmece
naiijjasaHy Ke3eHiHze 9pTYpJii KYpbLIbIM/bIK KabaTTapAaFbl TOJThIPFbIIITAPAbIH apaacyblH
60/1bIpMay YIIiH re0OTeKCTU/bA] NaijjasaHy YCbIHbLIAAbl. AMEpUKaHABIK 3epTTeyIlilep/iH,
YChIHBICTapblHA COMKEC, KYPbUIBIMABIK KabaTTapAbl 06y VIIiH KOJIJaHbLJIATbIH TeoTeK-
CTUJIbJEp KOJIAAHBICTaFbl QopMy/iasiapFa CoWKec TaHAadybl KepeK. JlereHMeH, Oy
bopmynanap achasbTOETOH 3KAObIHBI KOK, >KOJI KypbLIbIMJApbl YVIIIH FaHa »KapaM/bl.
[eoTekcTunbAl TaHAAy/IbIH TaFbl Oip 94icCi - 9pTYpJIi e/iepAiH TEXHUKAJIbIK CUIIaTTaMa/lapbl MEH
ycbIHbICTaphbl. Kasipri yakbITTa )K0/1 HeMece Kellle XKabbIHbIHbIH KabaTTapblH 66/1yre apHa/FaH
reoTeKCTU/Ib/i TaHAAay/bl PETTENTIH a/lbl KAObLIJaHFaH eyponajblK CUIaTTaMallap oK.
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Ce6e0bi, Eypona enfiepiHiH, apTypJii KJIMMATThIK >KoHE Te0JIOTHUSJBIK KafAauaapbl 9pTYpJIi.
JIuTBa COHFBI OHXKbUIJBIKTA F€OTEKCTU/IB/I TEK KOJIApJa )KoHe KellleJiepAi cally MeH KauTa
KypyZa FaHa naugananbin Kesaeni. 1998 xpuibl JIMTBa KOJ AenapTaMeHTI »K0J1 KYPbLJIbICbIHA
reoTEeKCTUJIbJi K9He TeorpuATepAi NaijajlaHy[blH yaKbITIIAa epeesepiH KaObliAa/bl.
Epexenep HeMic TijiHe Herisfie/sreH oJjjapAa reoTEKCTU/bi KOJAaHy Toxkipubeci MeH
oJ1ap/iblH cenMpuKanusaaapsl, oaapAbly JIMTBa xKaFaljlapblHa COMKECTIri 6arasiaH/bl.

AFBIHZABI CyJap ULIaMbIHbIH, KyJiH (SSA) »kos1 TeceMmzepiHze naijjasaHy OarajiaHajibl,
OHbIH, OallJlaHbIClIaFaH, THUJpaBJUKa/JbIK OailJlaHbICKAH >X9He OUTYyMMeH OalJaHbICKaH
dbopmasapbiHZia KOJJaHbLIYbl KapacThipbliaZbl [11]. Boc »kaby Hemece Heri3 peTiHae
MaTepHas eTe KaKCbl pa3ps/iKa 0alJlaHbICThl KOJIalJbl eMeC, COHABIKTaH OyJ cajaja eH,
a3 yMbICc 6ap. 'mapaBivKa/blK 6GaillJIaHBICTBIPbIIFAH KabaTTapaa SSA xaHa O6eTOHMeH
apaJsiacaZibl, COlaH KeWiH Heri3ri MaTepua/iibl KasbINTACTbIPy YIIIH KAaTaUTbLIaJbl KoHe
yCaKTasa/ibl, COHbIMEH KaTap KaTThl kabbIH 6eTTepi 6ap 6eTOH MJMTaJapbiH/a illiHapa ycak
TOJTBIPFBILI peTiHJe KoJAaHbLIaZbl. MaTepuas kebiHece OUTYMMeH OaiJlaHbICTbIPbLIFaH
MUHepas/bl TOJTBIPFbILI X9HEe YyCaK TOJTBIPFbIL peTiHZe, COHbIH, illiHjAe GipKaTap TOJBIK
ayKbIM/bl k00a/1apAa Koiganbliagbl. COHbIMEH KaTap, 6aFjap/aMa KypaMbiHaa SSA 6ap »oJt
TeceM/JepiH LakMasiayFa KaTbICThl 9KOJIOTUSAJIbIK 6aFasiayibl KAMTU/bIL.

TonbipakTbl MyHal k9He MYHall eHiM/lepiMeH JlacTaHy/JlaH Ta3apTyZblH Oeriui azici 6ap,
0J1 cOpbeHT MaTepUaibIHbIH OeTiHe JlacTayllbl 3aTTap/blH aJACOpOLUACBIH KAMTHU/bI, OH/JA
CcOp6eHT MaTepuasibl peTiHJe MaJl )KyHiHeH »KacajfaH IJIUTKaJap KOJAAaHbLIaJbl. OJiC XKbLIy
OKIIayJIaFblll MaTepyasl peTiHJe MYHaW JacTayllbl 3aTTapMeH CiHZIpireH IJIMTa/apAbl
KOJIIaHYAbl KaMTUAbI [12].

KopbITBIHABI

ABTOpJIap KYHHIH, canackl, OHbl NalJjaJaHy XoHe eHJey TypaJibl 9/leOUeTTIK JepeKTepai
3epeJie OThIPHII, JaWbIH )K0JI TOCEMiHE MYHAaW JIACTAHFbIIITAPBIMEH CiHZIpi/IreH KOV )KYHiHeH
»KacaJ/IfaH IJIMTKaJlapMeH TOJITBIPbIIFAH [e0TOPAbI TOCEY/ i )KoHe OHbI Teceyli KAMTUTDIH K0J1
YKaMbIJIFbICBIH CaJly d/jiCi YChIHBIIN OThIP >K9HE Mai/jaibl MOJesibre NaTeHT aJbIHAbI [13].

KasakcTaHzarbl aybl/l lIApyaLlblIbIFbIHBIH, XKYH Ka/14bIKTapbIH FeOrpUATepre TOJATbIPFbILI
peTiHAe nanAasaHybl KeJIiK )K0JIAapblH/aA KOJAHy 63€KTIi )XoHe THUIM/ /el CaHauMBbI3.

ABTOpJIApABIH, KOCKAH YJIeci

Konuenrtyanusanusa - O.M. Kosabim6aeB :xoHe E.I. 96iimMaXuHOB; ojicTemeci -
TT.Mawmasn, B.lll.lFanueB xoHe /A.P.OHTarapoBa; Basugauvsa - H.b.KasaHnramoBa :xoHe
A.K.KypmaHroxkuHos; Teprey - Mamad T.T.; TynHyckKa »ko6acblH JaibiHAay — MamaH T.T.
koHe O0.M.XKosbiMOGaeB; 1oy a3y koHe eHJey - H.B.Kazanramosa. bapiibik, aBTOp/1ap
KOJIKa30aHbIH, )KapUsiJlaHFaH HYCKACbIMEH TaHbICBIII, KeJIICTi.

KapxbL1aHabIpy: aBTOpJ1ap ecebiHeH.
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Hcnosib30BaHHE OTXO0/0B IEPCTH U HePTENPOAYKTOB B KaueCTBe HANO/JTHUTEJISA FeopeleToK
B KOHCTPYKTHUBHBIX CJIOAAX AOPOKHOT'0 MOKPbITUA (0630D)

AHHoOTanuA. /laHHaa 0630pHas cTaTbs paCKpbIBaeT TeMY UCII0Jb30BAHUSA CebCKOX03HCTBEHHON
HEHCI0JIb30BAaHHOW OBeYbed LIEPCTH U HeQPTENpPOAYKTOB, MNPOJUTBHIX Ha MOYBY C O6GBEKTOB
HePTeAOObIYN /I YAy4YLIEeHUS CTPYKTYpPbl JOPOXKHOrO MNOKpbITUA. [losydeHHble B pe3y/bTaTe
NPOMUTKU HAIOJIHUTEJISI U3 IEePCTH KUBOTHBIX, HAIPUMED, OBeUbel MIepCTH, HedpTe3arpsi3HUTENIMU
IVIMTKY MOTYT MCI0JIb30BaThCS B KaueCTBe JOPOXKHOT'O MOKPBITUSA. [I0CKOJIbKY MCIOJIB3YIOT He BCe
BU/Ibl OBeUbell 11epCTH, yeJleHO BHUMaHUe HeUCII0J1b3yeMbIM BU/IaM LIEPCTH K pAaCCMOTPEHBI CIIOCOObI
ux 06paboTku. [IpeaaraemMas pa6oTa Takxke NOMOraeT pelIMTh IKOJIOTHY€ECKYI0 TPO6IeMy.

[InuTKY, NponUTaHHble HepTe3arps3HUTENSAMHY, YK/IabIBAIOTCS Ha reopelieTKH, TOAr0TOBJIeHHbIe
K JJOPOXKHOMY NOKpPBITHIO. [eoMeTpuyecKkre pa3Mepbl reopelleTKH BbIOUPAIOTCA B 3aBUCHUMOCTH OT
KJIMMaTH4YeCKUX YCJIOBUM pEruoHa U COCTOSIHUS JOPOKHOTO MOKPITHSI.

[IpeasiaraeMbli croco6 yKJIaJK{ JOPOKHBIX MOKPBITUN MO3BOJISET YJAYYLUIUTb Ka4ecTBO JOPOT U
CHM>KAeT 3aTpaThbl Ha CTPOUTEJbCTBO. bosiee TOro, JocTUraeTcs yBeJUYeHHe CPoKa CJIY>KObl JOPOru
3a cYeT MCMO0JIb30BaHHUs MJINTKH, IPONMTAaHHON OCTaTKaMH MacJia, KOTOpoe He BIMTbIBAEeT BJary U He
[03BOJISIET €l IPOHUKATD B TEJIO JOPOXKHOMU 01X /Ibl, B pe3yJIbTaTe Yero A0pora 3MMou He TpecKaeTcs.

KiloyeBble c/10Ba: [0pOXKHOe NOKpBITHE, BOWJIOK, KHOI, reoCeTKa, CTPYKTypa MNOBEpPXHOCTH,
HedTeoTx0/bl, HedpTellIaMbl, HANIOJIHUTEJb, CMOJIA.
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The use of waste wool and petroleum products as a filler for geogrids in the structural layers
of the road surface (review)

Abstract. This review article explores the use of agricultural unused sheep wool and petroleum by-
products spilled on the soil to improve the structure of road surfaces. Tiles obtained by saturating a filler
made from animal hair, such as sheep's wool, with oil pollutants can be used as a road surface. Since not
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all types of sheep wool are used, attention is paid to unused types of wool and methods of processing
them. Furthermore, the proposed work contributes to the resolution of an environmental problem.

Tiles saturated with oil pollutants are laid on geogrids prepared for the road surface. The geometric
dimensions of the geogrid are selected depending on the climatic conditions of the region and the
condition of the road surface.

The proposed method of laying road surfaces improves the quality of roads and reduces construction
costs. Moreover, an increase in the service life of the road is achieved through the use of tiles impregnated
with residual oil, which does not absorb moisture and does not allow it to penetrate into the road
pavement. This results in the prevention of cracking in the road during the winter season.

Keywords: road surface, felt, button, geogrid, surface structure, oil waste, oil sludge, filler, resin.
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Abstract. Vein quartz often becomes the subject of chemical analysis.
Laser-induced breakdown spectroscopy (LIBS) is more rapid, cost-effective,
and environmentally friendly than traditional silicate analysis. This study
demonstrates the feasibility of using LIBS in combination with design of
experiment and chemometric methods for the classification analysis of
amorphous quartz and the quantitative determination of several constant
impurities. The combination of objects and methods used in this work has not
been previously published. Vein quartz samples were collected from various
geographically distant locations. The sample preparation for LIBS involved
cutting and polishing a flat surface of the quartz specimen. The LIBS instrument
settings were optimised using design of experiment method. The concentrations
of several trace elements in the training and control sets of samples were
determined using atomic absorption spectroscopy (AAS). The spectra and
analytical data of the training set were used for multivariate calibration using
Partial Least Squares Regression (PLS-R). Sample classification was performed
using Principal Component Analysis (PCA). It was shown that in the score plot
in the space of the first three principal components, the samples confidently
group according to their sources of origin. The results were validated on a test
set of samples. The accuracy of quantitative determination of Mg, Ca, Na, K, Al,
Ti using LIBS exceeded 90%. A method for the quantitative determination of
several elements in quartz and an approach to identifying the place of origin of
a sample are proposed.

Keywords: vein quartz, laser induced breakdown spectroscopy (LIBS),
mathematical design of experiment, partial least squares regression (PLSR),
principal component analysis (PCA), atomic absorption spectroscopy (AAS),
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Method of classification and quantitative analysis of vein quartz using LIBS and chemometric techniques

Introduction

Due to its frequent use in various economic activities, vein quartz often becomes the subject
of various examinations. The chemical analysis of quartz generally involves determination of its
chemical composition using silicate analysis techniques [1]. This includes dissolving samples
with hydrofluoric acid, removing silicon as SiF4, and subsequently quantifying trace elements.
In modern analysis, atomic spectroscopy is often applied to the solutions for quantitative
analysis [2]. Overall, this process is characterised by the use of a toxic reagent - HE, as well as
significant duration and labor intensity. Therefore, the improvement of quartz analysis methods
is of undeniable interest.

Since 1996 [3], attempts have been made to use LIBS for the analysis of various quartz types.
This has shown that the method can be used to detect minor components in minerals and to
characterise their qualitative composition [4]. The qualitative and quantitative determination
of components by LIBS is useful for both characterization and classification of various minerals
by required parameters [5]. This method is still being used in modern researches and was
successfully applied to the determination of rare earth elements and other impurities in
minerals [6].

There is a mention of the application of LIBS in astronomy and astrobiology for the analysis of
various rocks and minerals on the surface of Mars. This has led to new insights into the complex
geological history of the planet [7], as well as the information of the potential differentiation
between biotic and abiotic signals used in the search for biosignatures on Mars [8].

There is also a necessity for the preliminary analysis of quartz raw materials on the
manufactures of quartz products. For instance, CF-LIBS has been applied to the analysis of
quartz sand used in glass production, accurately determining the components content in the raw
material [9]. Additionally, this method has been used to analyse the composition of atmospheric
aerosols on quartz filters [10].

Mathematical processing of spectra becomes more straightforward and simpler with the
proper selection of spectrum registration modes. Optimization of the settings of various physico-
chemical analysis instruments using design of experiment is currently a recommended practice,
included in measurement procedures and standards. Previously [11,12], we demonstrated that
probabilistic-deterministic design of experiment (PDDoE) [13] allows for the optimization of
LIBS instrument settings under classical calibration conditions, where the goal of optimization
is to maximise the intensity of specific analytical lines.

The analysis of quartz and quartz products remains a relevant topic, as the characterization
and classification of minerals are essential in many fields of production and science. LIBS has
proven to be a promising method for this task due to its rapid and straightforward multi-element
analysis.

Hypothesis

By additional application of multivariate calibration methods coupled with LIBS parameters
optimization by PDDOoE, reliable and accurate results in the classification and characterization
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of quartz rocks can be achieved. The Partial Least Squares Regression (PLS-R) chemometric
method aids in extracting the most informative and qualitative information from the spectral
data obtained through LIBS analysis.

Methodology

Quartz vein samples were randomly collected from various deposits in the Karaganda region.
Figures 1 and 2 show examples of such deposits.

Figure 1. Quartz deposits, from left to right: Tokyrau-1, East Konyrat-2, East Konyrat-3

The sample preparation for LIBS involved cutting and polishing a flat surface of the quartz
specimen in the Laboratory of Technological Research at "Tsentrgeolanalit" LLC under the
supervision of 0.V. Kovalenko. LIBS spectra were recorded using the "LAES Matrix Continuum"
instrument (Russia, "Spectroscopic Systems" LTD, 2016). The identification of analytical lines
utilised the instrument software and the NIST database /14/. Instrument settings, such as lamp
energy, timing of the first and second Q-switch modulators, delay, and overall exposure duration
were optimised for the maximum average intensity of all analytical lines in the spectrum of
one randomly selected quartz sample. A six-factor design with five levels of variation was used
for the optimization by the PDDoE method. Calculations were performed using a specially
developed program (Auth. Cert. RK No. 26 dated 01.10.2018). After selecting and verifying the
optimal instrument settings, five samples from each deposit were used to record spectra. Some
quartz specimen with LIBS impact-points are shown at the figure 2. Each sample's spectrum was
recorded five times (at different points), and the resulting spectra were averaged by intensity.
The averaged spectra were then used for training PLS-R model and classification using PCA. The
software «The Unscrambler X» v.10.4 and the R environment [15] were used at this stage.

The dimensionality of the data was reduced using PCA, and a score plot in the space of the
first three principal components was used to establish the possibility of classification.
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Figure 2. Quartz specimen with LIBS impact-points

Concentrations of several trace elements in the training set were determined by AAS using
a Varian AA140 instrument (USA, 2008). After the training of the PLS-R model, it was used to
determine the concentrations of trace elements in the test set of samples. The obtained data
was verified by AAS in triplicate, followed by an evaluation of measurement errors.

Results and Discussion
The parameters chosen for optimization were those most significantly affecting the quality of
the spectrum. The range of their variation was selected based on previous experience [11,12].

The values used are presented in Table 1.

Table 1. The values of used LIBS parameters

Factor Label Level 1 Level 2 Level 3 Level 4
EL, ] X, 14 16 18 20
QSW1, ps X, 100 120 150 180
& QSW, ps X, 1 3 5 10
D, us X, 5
Expos, ms X, 10

The optimised factor was the average intensity of all lines in the spectrum exceeding the
background noise level. Significant dependencies were found on the energy of the lamp and the
delay time of the first Q-switch modulator (Figure 3).
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Figure 3. Partial dependencies of the average intensity on lamp energy and QSW1

The generalised equation, obtained using geometric averaging, is characterised by not impressive
but sufficient for practical purposes values of R=0.591and t,=3.27:

The model was validated by the registration of the spectrum of a sample in five iterations,
under conditions predicted by the calculation according to the generalised equation: E =20],
QSW_ =140 ps. The mean intensity, with reference to Student's coefficient (5 iterations, p=0.95),
was 43.4+4.43.

The spectra of all quartz samples (3-6 from each deposit) were recorded at E =20],
QSW =140 ps in five iterations, averaged, and normalised. After this, the principal component
values were calculated. The first seven principal components describe more than 99% of the
variability, which is quite sufficient for any practical needs. The plot of sample positions in the
space of the first three principal components is of particular interest (Figure 4):

Figure 4. Grouping of the samples in the PC-1:PC-3 space
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Geographically, and apparently mineralogically, similar samples were grouped together: 1
- Basaga village and Aktoky hill, 2 - Tegiszhok station and Aktas settlement, 3 - all samples
from Eastern Konyrat, Tokyrau, Aktogay, 4 — samples from Ural, 5 - Zhanaarka. This tendency
to cluster suggests a successful classification. For more thorough discrimination, Mahalanobis
distance assessment /16/ in more than three-dimensional space and with a significantly larger
number of samples is needed, but successful classification seems quite likely.

This same set of spectra was used to develop a quantitative analysis method. 4-6 quartz
samples, from those for which LIBS spectra were recorded, were analysed using the classical
method - dissolution in HF, distillation of SiF4, and subsequent analysis of the obtained solutions
using AAS to determine the content of Mg, Ca, Na, K, Al, Ti. One sample from each deposit was
included in the test set, while the spectra and results of the silicate analysis of the remaining
samples were used as a training data set for PLS-R. The quality of the model was evaluated using
cross-validation. Figure 5 illustrates the quality assessment of one of the calibrations (sodium).

Figure 5. Results of model training for quantitative determination of sodium

Table 2 presents the results of the quantitative determination of several elements in quartz
samples from the test set using AAS and LIBS methods. The confidence interval was determined
traditionally regarding the Student's coefficient of 2.776 for 5 iterations (4 degrees of freedom)
and a confidence probability of 0.95. In most cases, the confidence intervals overlap, and the
concentrations are of the same order of magnitude in all cases.

According to Table 2, the results of the determination by the LIBS method are less accurate (as
expected), but for most applications, their accuracy is sufficient. The wide confidence interval
is compensated by the simplicity of sample preparation. It should be noted that the AAS results
are also characterised by relatively large confidence intervals, primarily due to the inability to
homogenise with a limited number of samples.

JLH. T'ymusnes amwindarsl Eypaszus yammoik yHueepcumeminiy XABAPILBICHI N22(147)/ 2024 53
Xumus. leoepadust. Ixon02ust cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



V.N. Fomin, S.K. Aldabergenova, N.K. Kelesbek, D.A. Kaikenov, M.A. Turovets

Conclusion

It can be concluded that the combination of LIBS with PLS-R is quite suitable for the quantitative
determination of Mg, Ca, Na, K, Al, and Ti in vein quartz. The relative error of determination was
(mg/g) 0.1821+0.0519 for Mg, 0.1662+0.0543 for Ca, 0.1646+0.0490 for Na, 0.1842+0.0534
for K, 0.1356+0.0522 for Al and 0.1752+0.0283 for Ti. The proposed quantitative analysis
method is accurate and satisfactory for atomic-emission methods and can be used in the daily
practice of analytical laboratories. Classification analysis for assigning the place of origin using
the principal component method or related methods appears to be a promising direction for
further research. A confident separation of quartz samples into groups by place of origin in the
space of the first three principal components was achieved, allowing for the development of a
convenient classification analysis method.
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B.H. ®omuH, C.K. Anga6epreHoBa, H.K. Kesnecoek, [1.A. KalikenoB, M.A. Typoger,
Axademuk E.A. Bekemos amvindarvl Kaparaudsl yHusepcumemi, KaparaHdel, Kazakcmax

LIBS >k9He XeMOMeTpPUKaHbI KOJIAAHBIN KBAPITHI XKiKTey KoHe CAaHABIK Taajay ajici

Anpgarna. Xesinik KBapl XUMUSJIBIK TaaJay 00beKTici peTiHJe Ui KoJiaHbLIabl. JlazepJik
aTOM/bI-3MUCCUSJIBIK, CIIEKTPOCKONUA JAICTYpPJi CUNUKATTBIK TajJ[ayJaH KblIJaMbIpaK, ap3aHbIpak
*K9HE 3KOJIOTUSJIBIK Ta3a. JKyMbicTa aMopdThI KBAPIThI XKIKTey TaslAaybl KoHe GipKaTap TYpaKThl
KocClaJlap/ibl CAaHABIK aHBIKTAY YIIiH TaXipuOeHi xkocnapJiay *koHe XMMOMETPUSJIbIK 9/ilicTepiMeH bipre
LIBS konpaHy MyMKiHAiri kepceTtinreH. 2KyMmbicTa KoJlLaHbLIATBIH 9jicTep 00 beKTiepiHiH TipkeciMi
OYpbIH KapusiiaHOaFaH. Herisri kBap1, yiarisiepi apTypii, reorpadusiibiK xKaFblHaH 6ip-0ipiHeH ajibic
»epJiepZieH anbiH/bI. LIBS yuiiH kBapuThl cblHaMa JalblHAay Teric 6eTTi Kecy XaHe TericTey apKblbl
xyprisungi. LIBS KypblIFBICBIHBIH, NMapaMeTpJiepi 3KCIepUMEHTTI MaTeMaTHUKaJIbIK >KOCHapJayabl
KOJIZIaHa OThIPbIN OHTAW/IaHABIPbLI/IbL. YATiEP/iH OKBITY XXoHe OaKblIay >XUbIHTBIFbIH/IAFbI GipKaTap
KOCIIa 3JIeMEHTTEPIiHIH KOHLeHTpauusicbl AAS KoijaHy apKblibl aHbIKTaAAbl. PLSR aficimeH kenesiem/i
Ka/JiMbpJiey YIIiH OKY *XMbIHTBIFbIHBIH, CIIEKTpPJIEPI MeH Ta/lay JepeKTepi nalaansaHbLiabl. Yarigep/i
)ikTey PCA KeMeriMeH Ky3ere acblpbli/bl. AJIFAllIKbl YII HeTi3ri KOMIIOHEHTTIH KeHiCcTiringeri ecen
KecTeci 6OUBIHINIA YJTi/iep HIbIFY Ke3/epiHe GAaMJIaHBICTBI CeHiIMAiI TYp/e TONTAaCThIPbLIATHIH/bIFbI
KepceTiireH. HaTuxesep y/arisiepAiy cblHaK »kMHaFbIHAA Tekcepingi. LIBS kemerimen Mg, Ca, Na, K, Al,
Ti canapik gangiri 90%-aaH actel. KBapitarbl 6ipKaTap 3/ieMeHTTep/li CAaHABIK aHbIKTAY d/Iici KoHe
YJ/ITiHIH IIBIKKAH XepiH aHbIKTAY TACiJi YChIHBIJIFAH.

Ty¥iH ce3aep: *eJijik KBapll, JlazepJik aTOM/bl — 3MUCCUSJIBIK criekTpockonus (LIBS), skcnepu-
MEeHTTi MaTeMaTHUKAaJIbIK }KOCIApJiay, )KacblPbIH KypblabiM/apFa perpeccusi (PLSR), Heri3ri kommoHeHT-
Tep aaici (PCA), aToM/ibI-a6copOLUUANBIK CIEKTPOCKONUA (AAS), CHIMKATTHI TaAay.

B.H. ®omuH, C.K. Anga6eprenora, H.K. Kenec6ek, /1.A. KaiikeHoB, M.A. TypoBger,
KapaeanduHckuii ynusepcumem umenu akademuka E.A. Bykemosa, Kapazanda, KazaxcmaH

MeToa K/1acCUPUKALMOHHOTO U KOJIMYEeCTBEHHOT0 aHa/IM3a »KWJIbHOT0 KBapLa
c npuMeHeHueM LIBS u xeMoMeTpUKH

AnHoTauusa. XKUJIbHBIA KBapl YacTO CTAaHOBUTCSA OOBEKTOM XHMHYECKOro aHaju3a. JlazepHas
aTOMHO-3MHUCCUOHHAsA CIEeKTPOCKONUsI ObICTpee, JelleBJe W 3KOJOTHUYHee TPaJULMOHHOIO
CUJINKAaTHOTO0 aHasu3a. B paboTe MmokasaHa BO3MOXHOCTh HCHoJb30BaHuUdA LIBS B codyeTanuu c
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IJIAHUPOBaHUEM 3KCIIepUMeHTa U XeMOMeTpUYeCKUMU MeTOoaMHU 151 KaaccuUKaLMOHHOTr 0 aHaIu3a
aMop¢HOro KBaplia U KOJHM4YeCTBEHHOI0 ollpeJieJleHUs psAJia NOCTOSAHHBIX NpuMeceil. Ucnosibayemoe
B paboTe coyeTaHHe OO'BEKTOB MeTOJOB paHee He Iy6JiMKOBasjJocb. O6pasubl KUJIBHOIO KBapla
O6bIM OTOOpPaHbI M3 pas3HbIX, reorpaduyeckd yJajeHHbIX ApPyr OT JApyra, MecT. [Ipo6omoaroroBka
kBapua s LIBS mnpoBoausiack pacnuioM M 1IMPOBKONW MJIOCKON MoOBepxXHOCTH. HacTpoliku
npubopa LIBS onTuMu3upoBaiyd ¢ npuMeHeHHEeM MaTeMaTHYeCKOro IJIAaHUPOBAHUSA 3KCIIEPUMEHTA.
KoHleHTpanuu psia 3JleMeHTOB-IpuMeceld B 00ydyawlleM M KOHTPOJBbHOM Hab6opax 06pasioB
onpejesiiv ¢ npuMeHeHHeM AAS. ClieKTpbl U JaHHble aHa/1M3a 06y4arollero Habopa MCI0/1b30BaIN
JlJISI MHOTOMEPHOU KaimnbpoBky MeTonoM PLSR. Knaccudukarymo 06pasmoB NPOBOJUIN C TOMOIIbIO
PCA. IlokasaHo, 4T0 1o rpaduKy C4eTOB B IPOCTPAHCTBE NEePBbIX TPEX [VIaBHbIX KOMIIOHEHT 00pasLbl
YBEPEHHO TPYNNHUPYIOTCA N0 MCTOYHHUKAM INPOUCXOXJAeHUdA. Pe3ysbTaTel NpoBepdaJd Ha TeCTOBOM
Habope 06pa3uoB. TOYHOCTh KoJIM4YecTBEHHOTO onpeeneHus Mg, Ca, Na, K, Al, Ti c npumenenuem LIBS
npesbicuia 90%. [IpeasioxkeH MeToJ, KOJIMYECTBEHHOTO ONpeJie/ieHUs psifia 3JIeMeHTOB B KBaplie U
HOJXO0/, K Ollpe/ie/IEHUI0 MECTA IPOUCXOXKIeHHs 06pasLa.

Kinio4yeBble cji0Ba: KWJIbHBIA KBapl, Jla3epHas aTOMHO-IMHUCCUOHHas crnekTtpockonus (LIBS),
MaTeMaTHYeCKOe MJIaHUPOBaHMe 3KCIIEPUMEHTA, perpeccus Ha JlaTeHTHble CTPYKTyphl (PLSR), meTon
ryIaBHbIX KOMIOHEHT (PCA), aToMHO-abcop6LioHHAas crieKTpockonus (AAS), CUIMKATHBIN aHaMIKU3.
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Abstract. This article focuses on the subject of mountain glaciers in
Uzbekistan, including their geographical position, the origin of glacionyms
(geographical names of glaciers), their interpretations, and their interrelation
with physiographic factors and natural conditions. The analysis is based on the
Piskom basin and adjacent areas. In the toponymy of the Piskom basin, physical
geographical terms such as “tor”, “say (suv, bulak)”, “ashuv”, “tash”, “bel” and
their areas have been determined, and the share of these terms in the formation
of toponyms has been determined. Based on the fact that more than 65% of
the toponyms of the basin were formed at the expense of the above physical
geographical terms, the physical geographical basis of the toponymy of the area
has been scientifically proven. Various sources have provided suggestions and
recommendations on the writing of Piskom basin glacionyms and their correct
use in practice.
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Introduction

Mountain glaciers are important in providing drinking water to mankind. Global climate
change is causing a rapid reduction in the area of mountain glaciers on the Earth’s surface. This
situation leads to a sharp decrease in the area of glaciers, especially in the arid climate regions of
Central Asia, including Uzbekistan. At the same time, the number of small glaciers is increasing
due to the fact that several large glaciers in the mountains of our planet are breaking up into
smaller parts as their area decreases. All these processes are being studied in depth by our
glaciologists. However, it can be seen that the scientific sources they rely on are mostly written
in Russian, where a number of glacier names have been changed to varying degrees, sometimes
written in a very wrong context. This causes a number of inconveniences for researchers when
working with existing scientific and cartographic sources.

The purpose of this scientific article is to determine the features of the formation of the names
of mountain glaciers on the example of glacionyms of the Piskom river basin, to interpret some
glacionyms from a scientific point of view, and to make suggestions on their correct writing in
cartographic sources. To achieve this goal, the following tasks have been set:

1) to determine the geographical location of the mountain glaciers of the Piskom basin and
the physical geographical basis of their naming;

2) to interpret glacionyms from a scientific point of view and to develop recommendations
on the correct spelling of glacier names in various cartographic sources in Uzbek.

Methods and materials

According to data, the number of mountain glaciers in Uzbekistan is 353, and their total area
is 200.1 sq. km [7; p. 34]. Most of them are located in the Western Tien Shan, Hisar and adjacent
ranges and are unevenly distributed.

In the Piskom river basin, the area is 102.52 square meters. The existence of 262 large and
small glaciers with km was recorded (Table 1) [9].

Table 1. Information on the area and number of glaciers in the Piskom river basin

Small river basins The number of glaciers | Total area of glaciers, sq. km
Moshtasgansay 1 0.06
Ispaysay 10 0.77
Kaphtarkumushsay 3 0.38
Kogarikapchigaisay 1 0.10
Bodakhsay 2 0.22
Ikhnachsay 3 0.37
The headwaters of the Piskom River 4 0.54
Chorolma 4 0.57
Beshtor 15 3.58
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Kuksuv 25 6.27
Barkiraksay 9 5.18
The beginning (left) part of the Aygaing 3 1.83
river

Akkopchigaysay 19 7.25
Tastorsay 9 4.05
Shavursay 28 18.99
Tekisashuv 2 0.74
Karakush 2 0.27
Saribashsay 1 0.32
The beginning (right) part of the 3 0.45
Aygaing River

Atmitash 3 0.21
Ayutor of the Aygaing 7 2.86
Tekeshsay 6 2.62
Torakain 4 1.54
Atyaylau 3 0.25
Kukargentau 7 3.07
Kukbulak 2 0.27
Akbulakulken 2 2.10
Karabulak 2 0.99
Chotan 15 10.87
Ashutar 7 2.75
Kurumtar 10 2.16
Ayutor of the Maydantal 12 10.53
Maydantal 1 0.19
Tuprakbel 6 1.45
Kukhnazarsay 1.88
Karabaur 1 0.10
Anaulgensay 14 491
Karakizsay 9 1.83
Total by basin 262 102.52

The table was compiled by the authors based on the data of A.S.Shetinnokov and

L.D.Podkopaeva (1968).

The discussion of the results

The glacionyms of the Piskom river basin contain a large proportion of phytoglacionyms and
zooglacionyms. The terminological structure of basin glacionyms is also unique. Toponyms of
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the Piskom basin, including glacionyms, often contain physical geographical terms such as “tash’,

“tor’, “bel’, “oshuv’, “say (suv, bulak)” (Fig. 2). This is directly related to the natural conditions of
the area, mainly the relief structure and hydrographic features.
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Figure 1. Map of the geographical location of mountain glaciers in the upper part of the Piskom
basin

The term “tor” that formed basin glacionyms is specific for this region - the Piskom basin, and
it almost does not participate in the formation of toponyms in other regions of Uzbekistan. The
word Tor means the narrowest part of a mountain valley. In the Kazakh and Kyrgyz languages,
the word “tor” means mountain pasture. In the old Turkish language, the word “tor (ter)” means
“special passage’, “opposite passage” (in the sense of a two-way road - M.A.).

In the Kazakh language, the term “ter” means “the highest part of the mountain valley”. Usually,
beyond the so-called narrow part of the mountain, the pass begins [1]. In Kyrgyz language, “tor”
means “special place, high mountain pasture”.

In terms of geographical content, the word “tor” has several other meanings besides the
above: a concave relief form formed by glaciers in the mountains - glacial cirque, kar, mountain
gorge (tangi), a convenient place for a pass, a passage to the other side of the mountain, etc.

So, Ayutor, Beshtor, Jamaltor (probably Yomontor - M.A.), Chakirtor, Tuyuktor, Kyziltor,
Karaboshtor, Kuyumtor, Ashutor (probably Oshuvtor - M.A.), Kukargantor located along the
watershed of the basin dozens of glaciers and several other geographical features are not
named so for nothing. Such toponyms indicate the natural conditions of the region, especially
the geological-geomorphological structure. At the same time, geographical names with a “tor”
component form a separate area in this basin and become “endemic” for the toponymy of the
basin.
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H"say (suv, bulak)" ®"oshuv (bel)" ®"tor" “"tosh" Mother
terms

Figure 2. The share of physical geographical terms in the names that formed glacionyms of the
Piskom river basin, in %

Among the glacionyms of the Piskom basin, the names formed on the basis of the topoterms
“bel” and “oshuv (overhead)” are often found. In “Boburnoma” there is information that the
terms “dovan’, “kotal’, “dobon” and “band” synonymous with these terms are used [3; p. 22]. The
main reason for this is the geomorphological structure of the area. It is known that glaciers can
be formed due to the accumulation of snow cover in the low, smooth terrains that can be crossed
at the junction of two mountain ranges. Conditions for the formation of glaciers can be created
especially in peaks with a high absolute height. Since most of the mountains surrounding the
Piskom river valley are higher than 3000-3500 meters, it is natural that the terms “bel” and
“oshuv” were involved in the naming of glaciers formed in such peaks.

The geomorphological structure is complex, the lithological composition of the rocks is strong
and diverse, there are favorable natural conditions for precipitation and flow formation in areas
with a large difference in elevation and slope of the earth's surface, as well as on the slopes
facing moist air masses. This serves for the formation of permanent and temporary running
water. For this reason, the density of the hydrographic network is much greater in mountainous
areas than in plains.

The Piskom basin is also rich in streams and rivers, in accordance with its name (here: Piskom
in Persian-Tajik (bist+kom) - “twenty waters” — “streams are many places” - M.A.). Most of the
streams that supply them with water are fed by mountain glaciers. That is, most streams and
rivers in the basin are rivers that are saturated with ice-snow waters according to the type of
saturation. Therefore, in the names of the glaciers that supply water to these streams and rivers,
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folk terms related to hydrology such as “say’, “suv’, “bulak” (most of them are secondary names,
originally they were the names of streams and brooks originating from these glaciers, later they
were transferred to the name of glaciers - M.A.) attended [4].

The term “say”is used in the form of “chay (choi, choy)” in Turkey and Azerbaijan. In Western
Turkmenistan, this term is used in the form of “soy”and means “dry stream’, “flat ravine’, “hollow’,
“small river”. Regarding the meaning of this term, the opinions of S.Karaev and M.Mirakmalov

”

complement each other. According to them, the term “sai” means “small river’, “flowing water’,
“waterway’, “valley’, “lowland with flowing water” and forms place names in several regions of
our country [2; pp. 52-53, 3; p. 169, 8; p. 93].

According to S.Karaev, in some regions of Uzbekistan, a channel opened using old channels
is also called a stream. The famous toponymist and terminologist E.Murzaev says that “soy (say,
sayr, chay)” is a Turkish word that means “mountain stream (small mountain river)’, “valley” [5;
p. 195]. According to the information of the famous toponymist, 406 place names made using
stream topoterm are stored in the toponyms card of the Tomsk Pedagogical Institute. T.Nafasov,
a mature specialist in the toponymy of the Kashkadarya region, defines the word (term) “say” as
follows: “say is a lake surrounded by ridges on both sides and a valley in the middle. A stream is a
small flowing water in which rainwater flows in the spring and dries up in the summer” [6]. The term
“suv” is also commonly used synonymously with “say’, that is, in the sense of “flow of water”.

In geographic literature and cartographic sources, confusions and incorrect translations
often occur when writing different toponyms. In general, a number of works have been carried
out regarding the writing, transcription and transliteration of toponyms located in the regions
bordering Uzbekistan in Uzbek. Nevertheless, incorrect use (writing and pronunciation) of
place names, especially glacionyms, is still found in various geographical and non-geographical
literature, maps and atlases, dissertations and other sources.

For example, in some Uzbek-language sources, the name of Ikhnach lake (stream and glacier)
is often mistakenly used in forms such as Ikhnoch, Titov glacier as Titova, and Barkirak glacier
and stream as Barkrak. In order to avoid such confusions and to fix glazionyms in Uzbek sources
in a form that is compatible with language rules and easy to pronounce, we have combined our
thoughts on the etymology of the name of the Piskom basin glazionyms in the Uzbek alphabet

based on the Latin script and the etymology of the place name. It is presented in Table 2 below.

Table 2. Information about the names of some glaciers in the mountains located in the Piskom
basin and adjacent areas and their meaning

Ne Glasionim’s Small river The writing of The meaning of the toponym
writing on the basin Glatsionim in Uzbek
studied topomap language (Latin script)
1 | Mamrracrox Piskom Moshtasgon An area with many small
boulders
2 | Ucmacau Piskom Ispaysoy The etymology is unknown, an
obscure name
3 | KanTapkymbi Piskom Kaptarkumush A place where there are many
silver doves
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4 | Korapbikanuuracai Piskom Kogariqopchig‘aysoy A stream flowing through a long,
narrow and steep gorge
5 | Bogakcaii Piskom Bodaksoy Botoq is a stream flowing from
a depression at the foot of a
mountain
6 | UxHaucait Piskom Ixnachsoy A stream flowing from an area
where the ixnach plant grows
abundantly
7 | Yapaama Chorolma Chorolma An area with four sides of apple
trees
8 | bewtop Aygaing Beshtor The place where there are five
passes
9 | xamanTtop Aygaing Jamaltor The junction of the passes
10 | TywokTop Aygaing Tuyuqtor A pass located in a closed area
with no exit
11 | YaksipTOp Aygaing Chagqirtor A pass with a lot of jagged rocks
12 | xasgkTop Aygaing Jo‘yaktor A narrow pass
13 | YykypTop Aygaing Chuqurtor A pass located in a steeply low
area from the surroundings
14 | Kpi3bLiTOp Aygaing Qiziltor Pass where red (magmatic) rocks
are scattered
15 | TepmeTam Aygaing Termetash Terme (terme) - avalanche /
sorted rock / separate mountain
peak
16 | KapakaHbI Aygaing Qoraganish Khan’s wife, princess
17 | Tynaykcai Aygaing Tunduksoy A stream flowing from the
northern slope of the mountain
18 | UceHoMaH Aygaing Esonomon A sputtering, dangerous
waterway
19 | Akcakcoit Aygaing 0Ogsogsoy Flowing water that often turns
and changes its direction
20 | Kapabactop Aygaing Qoraboshtor A pass with exposed rocks (or a
pass with a lot of vegetation of
the same name)
21 | bapkpak Aygaing Barqiroq A noisy creek
22 | TrosikapbIH Aygaing Tuyaqorin A height similar to a camel's
belly, uneven terrain
23 | Akkanyurai Aygaing 0Ogqgopchig‘ay A narrow gorge where the snow
does not melt in the upper part
24 | Tactapcai Aygaing Tastorsoy A stream starting from a rocky
pass
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25 | TexeTyp Aygaing Teketur Pass near the peak (tege -
mountain peak, tor - pass)
26 | TutoBa Aygaing Titov Related to the name of the
cosmonaut German Titov
27 |Tlarapuna Aygaing Gagarin Cosmonaut Yuri Gagarin is
associated with the name
28 | [laxTakop Aygaing Paxtakor Related to the cotton plant and
its picking
29 | TokMacanjbl Aygaing To‘qmasoldi The etymology is unknown, an
obscure name
30 | Umenu l'eorpadaka Aygaing | 0‘zMU geografiya fakulteti It is related to the name of
CATY nomidagi the first geography faculty
established in Uzbekistan
31 | KanecHuka Aygaing Kalesnik It is associated with the name
of the famous geographer,
limnologist, academician
S.V.Kolesnik
32 | Kosu# Aygaing Koziy Related to the name of a person
(anthroponym)
33 | Trozamy Aygaing Tekisoshuv A slightly inclined and straight
pass
34 | Kaparym Aygaing Qoraqush Associated with the name of the
bird / rocky land where no plants
grow
35 | Capsiba Aygaing Saribosh A place without vegetation at
high altitude
36 | ATMbITaIl Aygaing Atmitosh there are many places with
jagged stones
37 | Aotop Aygaing Ayutor A pass where there are many
bears
38 | Tekemcaii Aygaing Tekeshsoy A stream flowing from the area
where the tekesh/tyanish plant
(deer grass) grows
39 | TyparauH Aygaing To‘raqayin (Turoqqayin) Big Birch (area where birch
grows a lot)
40 | ATxaitnay Maydantal Otyaylov A lawn where horses graze
41 | KorypreHTop Maydantal Ko‘kargantor A green, grassy pass
42 | Kokbynak Maydantal Ko'kbuloq A spring in a place where green
plants grow a lot (a spring with
clear water)
43 | AkGy/1aKyJbKeH Maydantal Ogbuloqulkan A large spring fed by snow
44 | KapaGysnak Maydantal Qorabuloq A spring that feeds from the
ground water
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45 |YoraHn Maydantal Chotan The etymology is unknown, an
obscure name

46 | Topamy Maydantal To‘roshuv The place where the passes cross

47 | KopymTop Maydantal Qurumtor Pass consisting of a pile of stones

48 | Aiytop Maydantal Oshuvtor A pass, a place to go over a

mountain

49 | KoitHazap Maydantal Ko‘ynazar A very narrow and deep gorge

50 | Kapabay Maydantal Qorabaur The etymology is unknown, an
obscure name

51 | AHaysibreH Maydantal Anaulkan Big creek, main stream

52 | Kapaksbi3 Maydantal Qoragqiz A stream flowing through a
narrow gorge

The table was compiled by the author, and the names in the 1st column of the table are given in
Russian, as the topographic map on which glacionyms were studied is in Russian.

It should be emphasized that it is difficult to give a definite opinion about the etymology of
toponyms, and we are far from it. Usually, etymologically based variants are provided by experts,
and some of these variants are widely used by “consumers”. In the course of research, it was not
possible to determine the etymology of several glacier names, and it can be seen from this that
this issue requires separate monographic studies, toponymic research and expeditions.

We think that our small work on the correct spelling and pronunciation of glacionyms in
Uzbek can be useful for experts directly dealing with glaciers, as well as for other fields, including
mass and print media workers, pedagogues.

Conclusions

Piskom river basin is distinguished by the nature and uniqueness of toponyms. This can also be
seen in the case of glacionyms in the Piscom Basin and adjacent areas. Geographical place names
formed on the basis of a narrow topoterm in basin toponymy form an area, and this situation is
characteristic only for this area - “endemic”. In the formation of toponyms of the basin, this term
takes part mainly in the meaning of a pass or a pass, and in some cases in the meaning of the
highest part of the mountain. The toponymy of the Piskom Basin is complex, with terms related
to the Uzbek, Kyrgyz, Kazakh, and Tajik languages and their various dialects being widely used.
Therefore, it is necessary to study the toponymy of this area in a separate monographic way and
to create an explanatory dictionary of toponyms of the area, to achieve the correct spelling of
basin toponyms, including glaciation names, in cartographic and other geographical sources in
Uzbek, and to consolidate and standardize them by entering them into the state register.
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M.M. 9Be30B
Mup3o ¥avikbek ambiHdarsl O36ekcman ¥ammulk yHusepcumemi, Tawkenm, 636ekcmaH

O36eKcTaHAAFbI TAy MY3/AbIKTAapbl aTay/1apbIHbIH, KAJIbINITACYbIHbIH, TAGUFHU reorpapusibIK
Heriszepi )koHe NIALMOHUM/EP TPaHCKPHIIIUACHI MaceJieiepi
(TIlckeM a/1aGbIHBIH, VIALUOHUMAEPH MbICAJIbI)

AngaTtna. Makasiazia ©36eKCTaHHbIH, TayJ/bl MY3/bIKTaphl, 0J1apAblH reorpadUsiblK OPHbI, My3/bIK,
aTayJlapblHbIH, WIBIFY Teri — MIALUMOHUM/JEp, OJapAblH TYciHAipMeci, coHfal-aK [lckeM asabbIHbIH
’KOHe OFfaH ipreJsiec >xaTKaH ayMaKTap MblcajblHJa 0JIapAblH TabuUfu reorpadusiblk, GakTopaapMeH
*KOHe TaOUFU KaFJaislapMeH 6alJIaHbIChl TypaJibl CypaKTap KapacThIpblLaJbl. Aj1a6 TONOHUM/IepiHiH
*KacalybIH/JIaFbl «Tap», «Cail», «OLIYB», «TOLI», «6e» TaOUufu reorpadUsNbK TepMUH/EepiHiH yaeci
aHBbIKTaJIbIN, Tapajy apeajjapbl aWKblHJAAAbl. O3eH anabbl TONMOHHUMJepiHiH 65%-AaH acTaMbl
»KOFapblia KeaTipinreH Taburu reorpadusjiblK TEPMUHJAEP apKbLIbl *KAacaJFaH, OCbIHBIH, Heri3iHzae
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Physical geographical basis for the formation of the names of mountain glaciers in Uzbekistan and the
problem of transcription of glacionyms (using the example of glacionyms of the Piskom basin)

OyJ ajlan TOMOHUM/IEPiHiH, Tabufu reorpadusIbIK Heri3fepi FbUIBIMU TYp/le JaJeieHreH. [Ickem
aJabbIHAAFbl MY3/bIK aTay/JapblHbIH JYPbIC Ka3blIybl X9He NMpPaKTHUKaAa KOJAAHbLIYbl GOMBIHILIA
YCbIHBICTAp 6epireH.

TyiiiH ce3aep: reorpadusiIbIK Kep-cy aTayiapbl (TONOHUM/IEP), TONOHUM/IepHBIH TypJiepi, Isuo-
HUM/Jiep, PUTOIIALMOHUM/ED, 300IIALIMOHMUM/Iep, FeorpadusiyIbIK aTaacTap, KapTorpadUsblK Aepek-
Ke3/iep, TPaHCKpUIL UL

M.M. ABe30B
HayuoHaavHblll yHUBepcumem Y36exkucmaHa umeHu Mup3o Yayz6eka, Tawkenm, Y36ekucmaH

dusuko-reorpadpuyeckre ocCHOBbl GOPMUPOBAHMA HA3BAHUM FOPHBIX JIEAHUKOB Y36eKUCTaHA
U Mpo6JieMbl TPAHCKPUNLVH IVISILUOHMMOB (Ha IpUMepe MIALUOHMMOB 6acceiiHa [Ickem)

AHHOTanusA. B naHHOU cTaTbe paccMaTpUBAIOTCA BONPOCHI O TOPHBIX JeJHUKaX Y36eKHCTaHa,
HX reorpaduryeckoe IMOJIOKEHHE, O MPOUCXOXKJIEHUU TJISLUOHUMOB — reorpapuyeckux Ha3BaHUSIX
JIeJHUKOB, UX TOJIKOBAaHWH, a TaKXe HUX B3aUMOCBA3b C ¢u3auko-reorpadpuyeckuM ¢akTopaMu
YW IPUPOAHBIMU YCJOBUSMHU Ha npuMepe [lckeMckoro 6acceiiHa W INpUJeralldx TEPPUTOPUH.
OnpeneneHa foas pusMKo-reorpadpuyecKUx TEPMHUHOB «TOP», «Caill», «OLIYB», «TOLI», «Oea» B
$opMHUPOBaHMHY TOIIOHMMOB PETHOHA, a TAKXe OllpeJiesIeHbl apeasibl UX paclpocTpaHeHus. bosee 65%
TONMOHUMOB 6acceliHa 00pa30BaHbl NPU MOMOIIU BblllleNepeyrcJeHHbIX GU3HUKO-TeorpadpruiecKux
TEPMUHOB, HA OCHOBE 3TOTI'0 HAY4YHO Jl0Ka3aHbl U3UKO-reorpadriecKkre OCHOBbI TOIIOHUMOB JaHHOTO
6acceiiHa. /laHbl IpeiJI0XKeHUSI U peKOMeH/JalluM 110 NPaBUJIbHOMY HallMCAaHUIO U UX UCII0JIb30BAHUIO
Ha NpaKTHKe TJISUOHUMOB 6acceiiHa [Ickem.

KmoueBsle c/10Ba: reorpadpuieckrie Ha3BaHHE (TOTIOHUMBI ), TUITBI TOTIOHUMOB, IVIAIIIUOHUMBbI, PUTOTJIS-
[JMOHUMBI, 300IVIALIMOHUMBI, FreorpadruecKye aT/iachl, KapTorpadpruieckre HCTOYHUKH, TPAHCKPUIIL UL,
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AHHOTanMsa. B paboTe npoBeZieHO re03K0OJI0TUYECKOe UCClIeJOBaHHUE Tep-
puTopuu Kapbepa lllaiiMmepaeH u 6biBlIero o3epa CopkoJib. PekoMeH/j0BaHa
HauJy4uias JOCTYyNHash TEXHOJIOTHUS JJisl NpeAoTBpallleHrus] BOSHUKHOBEHHUS
3KO0JIOTUYECKUX NMPOUCHIECTBUU MPHU J00blue py/bl. HayyHass HOBU3HaA uccJie-
JIOBaHHUS 3aKJ/II0YAETCS B ONMMCAHWU SIBJIEHUSI UCUE3HOBEHUSI BOAHOTO 0O bEKTA
B pe3y/ibTaTe TEXHOTEHHOU esaTeJbHOCTU MPU J00blue CBUHLIOBO-IIUHKOBOM
pyZbl. O6pas3ibl MPo6 MOYBbI C ObIBIIMX JOHHbBIX OTJIOXKEHUU OBIIW UCCAE0-
BaHbl Ha XUMHUYECKUHN aHa/Iu3. B 11eJ10M xapakTep nokasaTeJsied NMOYBbI yKa-
3bIBAET HA TO, YTO I'PYHT y>Ke B Te€UEeHHE HECKOJbKHUX JIET He MOKPBIT BOAOM.
BUOMHUKALIMOHHBIN U MapIIPYTHBIA METO/Ibl ObIJIM UCI0JIb30BaHbI JJ1s MO/-
TBEPXK/JIEHUSI CMEHBI BOJJHOM 3KOCHUCTEMBI Ha JIyTOBY10. B KauecTBe NpU3HAKOB
6bpL1M 3aPUKCUPOBAHBI IPECTABUTEU KUBOTHOIO MUPA, TAKUeE, KaK JIMChl U
3aMlbl, @ abCOJMIIOTHBIM JOMUHAHTaM CpeJil BU/J0B PAaCTUTEbHOCTH SIBJISETCSA
Koxusa BeHn4Has. C noMoLbI0 KapTOrpapruiecKux MeTOI0B Obljla BU3yaJIbHO
3amneyaTyieHa JUHaMHUKa UCYe3HOBEeHUs BoJoeMa. Pe3y/ibTaThl MO3BOJIUJIU C/l€e-
JIaThb MPEeJI0JI0KEHHWE O TOM, UTO BbIChIXaHHUE BOJHOI'0 06'beKTa CBS3aHO C Jie-
ATeJbHOCThIO Kapbepa lllarimepaen.

KiroueBsle ci1oBa: Jxosnoruyeckuid Kosiekc, reosioropasBe/iouHble paboThl,
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mas JOCTyNHas TeXHOJIOTHS, OTX0/bl TOPHOA00OBIBAIOILEN IPOMBILIJIEHHOCTH,
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IKos102uveckue npoucwecmeus npu ynpaseseHuu omxodamu ZOpHOdOGbIBGFOwelj npomslulJieHHOCmMu

BBeaeHue

AKTyaJIbHOCTb UCC/I€/JOBAaHUS B TOM, YTO F'OPHOA00bIBAIOIAsA IPOMBbIILJIEHHOCTD SIBJISETCSA
OJHUM U3 HauboJiee 3HAYMMBIX CEKTOPOB 3KOHOMHUKHM KaszaxcrtaHa. MHorouyucieHHble
NpeANpUsTUS BOBJIEeUYeHbl B HEIOCPECTBEHHYIO Pa3Be/IKy U [J00bI1Y, a TaKKe 06eCleuuBaT
JIOTUCTUYECKHWE OINepaluyd MO0 UCHO0Jb30BaHUI HeAp, 4YTO OOyCJA0BJIEHO OOJIbLIUM
pa3Hoobpa3ueM u3BjaeKaeMbIx pecypcoB. [[OMUMO ChIpbs, HEOOXOAUMOTIO /11 MTPOU3BO/CTBA U
noTpebJieHUs], B IPOMBIIIJIEHHOCTH 06pa3yeTcs LieJibli psiJi 0TXO0/I0B, BKJIIOYas L1JIaM, XBOCTHI
dJioTan My, BCKPBILIHbIE TOPOABI IPU OTKPLITON pa3paboTKe MeCTOPOXK/EeHHH, BMellaloliye
OPOABI IPU ,00bIYE N10JIE3HBIX HUCKONIAeMbIX U MHOTO€ Apyroe. OnacHble U HEONIaCHbIE OTXO/bI
OT 06BbIYM U MepepabOTKH MOJI€3HbIX UCKOMTAEMbIX Pa3/e/IS0TCS B COOTBETCTBUM CO CTAaTbel
338 Jkosoruvyeckoro kozekca Pecny6sinku Kazaxcran [1]. B 2022 rogy ropHoso6b1BaoIum
CEKTOP CTpaHbl Mpou3Besa 712,2 MJIH T OTX0/I0B, UTO Ha 242,3 MJIH T 60Jiblile, 4eM B 2021 rogy.
3a 3TO e BpeMs rOpHOJ0ObIBAOLMe KOMIIAHUU Npou3Bear 31,8 MJIH T OMacHbIX OTXO/0B,
4yTO Ha 24,7% 6osblue, yeM B 2021 roay [2]. [Ipou3BoCTBO ONACHbIX U HEONACHBIX OTXO/10B B
OCHOBHOM CB$I3aHO C IPeANPUATUAMU FTOPHOA00bIBAIOILEN TPOMBILILJIEHHOCTH.

CorsacHo «HalMoHa/IbHOMY JIOKJIaZly O COCTOSTHUU OKpPY>Karolliel cpeJibl U 00 UCI0JIb30BaHUU
npUupojHbIX pecypcoB Pecny6sinku Kasaxcran 3a 2022 roa», 06beM HeONaCHBIX OTXOJ0B
B Kasaxcrane yBesnnuuscsa Ha 51,5% no cpaBHeHuto ¢ 2021 rogoM. 3To HeABYCMbICJIEHHO
JIlEMOHCTPUPYET, KaK pa3BUBaJiaCb OTPAcC/Jb M KaK yBEJUYUBAJIUCh OOBbEMBI OTXOAOB, YTO
YCUJIMBAJIO BO3JeMICTBHE Ha OKpY»Karollyto cpeay [3].

Bricllilee pyKOBOACTBO CTpaHbl NOATBEPAWUJIO AaKTYyaJbHOCTb HpobsieMbl. [Ipe3upeHT
Pecny6simky KazaxcTaH yTBepAu/ KOHLENLUIO Nlepexo/ia CTpaHbl K «3eJleHOM 3KOHOMHUKE» B
Ykaze Ne 577 ot 30 mas 2013 roga. dTa cTpaTerus onpejessieT AeHCTBUSA MO0 OCYLeCTBJIEHUIO
nepexo/ia K «3eJleHOM 3KOHOMMKe», KOTOpasi OXBaTbhIBAaeT CJe/ylolide 06JIacTU: YCTOMYMBOE
VCII0JIb30BaHHE BOJHBIX PeCypCOB, pa3sBUTHE CHUCTEMbl YNpPaBJIEHUSI OTXOLAMH, CHHKEHUE
3arpsi3HEHUs BO3/lyXa, a TaKXKe 3allMTa 3KOCHUCTEM M ylpaBJjieHUWe UMM [4]. B nonosHeHue K
HallMOHaJBbHBIM MporpamMmaM KasaxcTaH noamnucan psj, MexAyHapOoAHBIX NPUPOL00XPAaHHbIX
COIVIalleHUH, B TOM YHCJIe peryjupyrouux obpauenue ¢ otxogamu. 10 ¢eBpans 2003 roza
NPaBUTEJNILCTBO MNPUHANIO 3aKOH N2 389, KOTOpbhIM MO3BOJIMJI CTpaHE MNPUCOEAUHUTBHCHI K
bBase/IbCKOM KOHBEHLIMM O KOHTPOJIe 32 TPAaHCITPAaHUYHOM IepeBO3KOM ONACHBIX OTXOA0B U UX
yZaneHueM. B pe3ysibTaTe ObLJIM yCTaHOBJIEHBI TPEOOBAHUS, BKJIKOYasi 0becriedeHUe TOro, YTOObI
IPOU3BOZCTBO OMACHBIX U APYTUX OTXOA0B ObIJIO CBEIEHO K MUHUMYMY C y4€TOM COL|Ma/IbHBIX,
TEXHOJIOTUYeCKHUX U 9KOHOMUYECKHX coobpakeHui [5]. [locnegHue co6bITUSA CBUAETENBCTBYIOT
0 TOM, YTO NPABUTEJNbCTBO CTPaHbl OCO3HAET HEOOXOAMMOCTb HaJJiexallero obpauieHus ¢
0TXOJaMH [iJisl obecriedeHUs1 0JIrOCPOYHOr0 Pa3BUTUS U OXPaHbl OKPYXKalolllel cpesbl.

MeToa0/10TUA
O3epo CopkoJsib pacnosiokeHo Mexay KapbepoMm AO «llakimepaen» u KpacHoropckum

pyaHukoM B KambimimHckoM paiioHe KocraHaiickoil o6siactd, B 60 KM K 1Oro-zamagy oOT
JlucakoBcka ¥ B 156 kM k woro-3anagy ot Kocranasa (puc. 1). AO «lllaiimepaen» siBisieTcs
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podyepHuM npegnpustueM TOO «KasuuHk». MecTopoxJeHWe OKHUCAE€HHBIX CBUHIJOBO-
LIMHKOBBIX PYA, OTKpbITOE B 1992 roay, ABJigeTCA YHUKAJBHBIM 110 COZEpPKaHUIO IIMHKaA (B
cpenHeM 6osiee 20%), He UMeOIUM aHasnoroB B KasaxcraHe u ctpaHax CHI. MecTtopox/eHue
pa3pabaTbIBasIOCh OTKPBITHIM CIIOCOO0M, HA TEPPUTOPUH UCCIe0BAaHUSA HAXOAATCA Kapbep U
oTBaJibl. Pesibed MECTHOCTH paBHUHHBIM, abCOJIIOTHbIE BBICOTHI KoJs1e6/t0TCs oT 240 0 247,5
M. JlangmadT, OKpyKalolKUi CBaJIKy, CJI0KEH O3€pHBIMU BIaJWHAMH M HEOOBIYHOW CEThIO
OBparoB U 6asok [7, c. 9].

PucyHok 1. CHyTHUKOBBIA CHUMOK MeCTONOJIOKeHMsI 03epa CopKoJib

[llaxTHbIE BOABI COOUPATMCH U TPAHCIOPTHUPOBATHUCH C MOMOILIbI0 CUCTEMBI BOZ03abopa
[[lanmMaHCKOTO NPYyAa, pacnoJIoKEHHOI0 HelaJIeKO OT 03epa. B TeueHMe MHOTUX JieCATHIETHUH
laxTHble BoAbl U3 KapbepoB N2 3 u 1 KpacHoropckoro pyaHuka KBPY (AO «AnroMUHUN
KazaxcTan»)copacbiBanucbBo3epoCopkosib. HapaHHUX3TanaxuccaeJ0BaH U MECTOPOXKAEHUS
[llarimepAeH Uccaen0BaTe M NPOAHAJIU3UPOBA/IA NOTEHMAJIbHbIE YTPO3bI, CBI3aHHbIE C 3TUM
BoZloeMOM. OHHM pacLieHUIU 3TO KaK CEPbE3HYI0 OMAaCHOCTb, OCKOJIbKY 3TO MOIJIO IPHUBECTH
K Cepbe3HOMY 3arpsi3HeHUI0 TOPHbIX BbIPAOOTOK, B YaCTHOCTH, MecTopoxKaeHus lllaiimepaeH.
JTa oleHKa NOCAYKUJIa OCHOBOM [IJI1 IPUHSTHUSA pelleHUsl 0 COpoce KapbepHbIX BOJ U3 3TOr0
MecTa B 6acceiiH o3epa Kosnapikona [7, c. 11].

Jo 2008 roma miaH ocyumeHHWs KapbepoB KpacHOropckoro pyzHuKa IpeaycMaTpUBall
OTKPBITYI0 JPEHAKHYI0 CUCTEMY CO CJOXHBIMH OTCTOMHHMKAMU W BOJIONOHXKAIOIUMU
KOJIOZALIAaMH, TIOAKJIIOUEHHBIMHU K 00Llell HAalOpHOW TpyOe, MpoJiokeHHOU K 03epy COpKoJib.
[TocnesHui 6bL1 NOCTpPOeH Ha QyHJaMeHTe OJHOMMEHHOrO NMPUPOJHOIO 03epa, KOTOpOeE,
IIOMHMMO LIAaXTHBIX BOJI, MUTAETCS 3a CUET IaBOJAKOBOI0 CTOKa C 1ora no lllaimMaHckoMy oBpary
Y MOXET NPOoNycKaThb A0 3,5 MJIH M3 BHellIHeH BO/[bl B MHOT'OBO/IHbIU I'o/l. BeceHHee M0JIoBO/ibe
1994 ropia nprBesio K lepenoiHeHUo 03epa COpKoJIb U 3aTOMJIEHUIO JIECONI0JIOChl HA CEBEPHOM
6epery BOJ0OXpaHUJIMILA, YTO NOTPe6OBaJo HEMEJIEHHOI'0 CTPOUTEIbCTBA 3arpaJUTe/bHbIX
Jnamob [8, c. 2].
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PaspaboTka Kapbepa Ha MeCTOPOXJeHUH Oblaa 3aBepiieHa B 2011 roay. OcraBuivecs
Jl0ObITbIe HE0OPabOTaHHbIE3aJ1€2KM KOHLLEHTPUPYIOTCS BPy/A00TBaIax,IJje pyiau3MesbyaeTcs
Y HallpaBJsieTcs Ha JaJibHelly0 nepepaboTKy. BasyHbl BCKPBILIHbIX NOPOJ, U3BJI€YEHHbIE
Y3 HeJp NpU pa3paboTKe 3aMacoB, CKJAAAbIBAOTCA B OTBaJ MOPOAbI Ha moBepxHOCTU. Ha
Hadasio 2023 rofa ocTaTKU TOBAapHOM pyZbl Ha OTBaJaX Kapbepa lllaimepaeH cocTaBasT
932,6 Mmau T [7,C. 12].

CoTpyaHuku «HenpaBUTeIbCTBEHHOTO 3KoJloruyeckoro poHjia uMenu B.M. BepHazckoro
B Pecnyb6sirike KazaxcTaH» ONpOCHJIM MECTHBIX KUTeJIeH, KOTOpble 3asiBUJIM, YTO BOJOEM
elje cyiectBoBas B nepuof ¢ 2000 nmo 2005 roa, HaNoOJIHASCh B MEPUOABI 0OJI0BOAbS [9, C.
17]. CnyTHUKOBOE U300paXkeHUe paiioHa ucciaefoBaHus 3a 2014 roj HarIgHO OKa3bIBaeT
HaJIM4Me BOAbI B 03epe, 0JHAKO pa3Mep CaMoro BoJ0eMa 3HaYUTEJNbHO MeHbIIE 10 CPABHEHHUIO
C mpeJblAYLIUMHU IEPUOAAMHU (pHC. 2).

PucyHok 2. CHnyTHHMKOBBI/ CHUMOK paiioHa uccjieaoBaHus B anpeJie 2014 roaa

K 2015 rony o3epo CopkoJib MOJHOCTBIO BBICOXJIO, O YEM CBHU/ETEJNbCTBYIOT MOCJIEJHUE
CIyTHUKOBbIE CHUMKU. Ha cieayromeM CyTHUKOBOM CHUMKe, CAeJlaHHOM B amnpeJse 2022
rojia (Bo BpeMsl BeCEHHEro NoJI0BOJbs), 03ep0 KaK TaKOBOe He M300paKeHO, U HeCKOJIbKO
aBTOMOOMJIbHBIX JJOPOT NlepeceKaroT BbICOXIlIee JHO BO BCEX HAaNpaBJeHUsX (puc. 3).

PucyHok 3. CnyTHMKOBBI/ CHUMOK paiioHa uccjieaoBaHus B anpeJie 2022 roaa
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YT0o6BI HCCAe0BATh MpoIecchl Mcuye3HOBeHUs o3epa CopkoJib, ¢ 2004 no 2020 rog c
NOMOLIbI0 MporpaMMHoOro obecnedeHusi Google Earth Pro 6puin u3y4yeHbl CyTHUKOBbIE
uzobpakenus [10]. MecTonosioxkeHre pailoHa NPOBeJieHUsI UCCJIeJOBAaHUU ObLIO ONlpesiesIeHO
nyTeM 0ObeIMHEHUs] ONIUCAaHUSl 0O'bEKTA MCCIe[J0BaHUA C reorpadpuiecKuMy KOOpAUHATaMHU
caMoro o3epa. 3aTeM ObLIU BblJieJIeHbl KOHTYPhI 03epa: BO BpeMs MaBo/Ka, MPOMbIIIJIeHHbIE
30HbI AO «Illaiimepaen» u KpacHoropckoro 6okcutoBoro pyaHuka AO «Anmtomunui Kazaxcran»,
a Tak)e OTBaJibl TOPHOU MmopoAabl. MHCTpyMeHT «/[06aBUThb MOJHUTOH» MO3BOJISI 0YEPTUTh
KOHTYPbI 00b€KTOB M noAnucaTh Ux. [Ipu noctpoeHun kKoHTypa o3epa Copko/ib B KauecTBe
OCHOBBI ObIJT UCMIOJIb30BaH CIIyTHUKOBBIA CHUMOK MCC/I€IyeMOT0 Y4acTKa, cAelaHHbIi B 1985
roZly, NOCKOJIbKY BbIOpaHHbIM MacCIITab BK/IOYAET TOJbKO MOMEHTAIbHbIN CHUMOK MECTHOCTH
BO BpeMs MaBojika. YTOObl 04EPTHUTh KOHTYPbl GUPM, ObLI UCIO0JIb30BaH CaMblil MOCAEJHUN
CHUMOK - B JJaHHOM CJlyyae COYTHUKOBBIK CHUMOK 2022 rozaa, KOTOpPbIM OXBaTblBaJ BCHO
TEPPUTOPHIO MPOMBIIIJIEHHBIX 00'bEKTOB.

YToO6Bl OLEHWThb AMHAMUKY Pa3BUTUSL HUCCAedoBaTesbCcKoro oobekta ¢ 2004 nmo 2020
roji, BAXKHO YAAJUTbCS OT MOBEPXHOCTU 3€MJIU, MOCKOJIbKY UMeeTCsl 60Jibllle CyTHUKOBbBIX
dororpaduii ob6bekTa B MeHblIeM MacuiTabe. 3aTeM ¢ nomoubi GyHkuuu «IlokasaTb
uctopudeckue gororpadpuu» ObLIM MOJTYYEeHbl M300paKeHUs MpeAlIecTBYIOIIUX JeT. [
COXpaHeHU S MOJy4YeHHBIX JJAHHBIX ObLJI UCII0JIb30BaH UHCTPYMEHT « COXpaHUTb U300 parKeHUEN.
15l moJly4eHHs BbICOKOKaueCTBEHHbIX GpoTorpaduil 6b11M BHECEHBI HEKOTOPbIe U3MEHEHUS:

Kommac 6b1s1 HalpaBJ/ieH TOYHO Ha CeBep;

Mactab 6611 onpeziesieH B 7 KM;

Ha3BaHusa Ha kapTe W ycJ10BHble 0003Ha4YeHUs ObLJIM CTEPTHI, TAK KaK B 3TOM He ObLIO
HeoOXO4UMOCTH.

Takum 06pasoM, 661710 cobpaHo 17 n306pakeHUH MecTa uccieloBaHus. 3aTeM ¢poTorpadpuu
ObLIN 00'beIMHEHDI B PUJIbM, YTO TO3BOJIUJIO HAM YBU/JIETh HE TOJIbKO IUHAMUKY UCY€3HOBEHU S
03epa, HO M aHTPOINOreHHYI0 MoAudUKaLMI0 OKpyKatolleld MecTHOCTU (puc. 4). Kpome Toro,
6611 creHepupoBaH UHJeKc NDWI, 4To6bl MaTeMaTU4YECKHU MO TBEPUTh, YTO BOJIOEM BBICOX.

Google Earth

PucyHok 4. CHyTHUKOBbIY CHUMOK paiioHa uccjaegoBanus 3a 2010 rog,
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B 3TOM Hcc/ieJ0BaHMU UCNOJIb30BaJIC HOPMaJU30BaHHbIM MHJEKC PAa3HOCTH BOJOEMOB
(NDWI), koTOpBIF LIMPOKO UCNOJIb3YeTCA AJis U3MEpPEeHHUs COlepKaHUs BOJbl B PaCTEHUAX U
oOHapy>XeHHs BOJHbIX 00'bEKTOB Ha MOBEPXHOCTU 3eMJsd. IPdekTBHOCTH NDWI 0co6eHHO
BbICOKA B pallOHax C BBICOKMMH CeJIbCKOX03IICTBEHHBIMU NI0OKa3aTeJI MU U [IJ11 MOHUTOPUHTA
M3MeHEeHHUH B BOAHBIX pecypcax.

®opmyia a1 pacuyeta ungekca NDWI cinenyromas:

(GREEN - NIR) .
(GREEN + NIR) (1)

NDWI=

rae: GREEN - orpakeHue B 3e/ieHOM KaHaJle;

NIR - oTpakeHue B 6JIM>KHEM UHPPAKPACHOM KaHaJle.

Jnsa monydyeHUs1 HeOOXOJUMBIX JAaHHBIX ObLIM HCIOJIb30BaHbl CIIYTHUKOBBIE CHUMKH
Landsat 7 u Landsat 8, goctynHble yepe3 miatdopmy EarthExplorer. CnyTHuk Landsat 7
coiep>UT cnekTpaibHbii KaHal GREEN kak yactpb kaHajsa 2 (0,52-0,60 mkMm), a kaHas NIR
npezjcraBJjeH B kaHase 4 (0,77-0,90 mkm). /lnsa Landsat 8 3Ty JaHHbIE COOTBETCTBYIOT KaHaly
3(0,53-0,59 mkM) g1 GREEN u kanany 5 (0,85-0,88 mxm) auist NIR [11].

[locne ckayuMBaHus H300pakeHUM ¢ ucnosb3oBaHueM EarthExplorer pacuer NDWI
NpPOU3BOJUJICA B MporpaMMHOM obecrniedeHuu ArcGIS dyepes nHctpymeHT Raster Calculator,
KOTOPbIH MO3BOJISIET BBINOJHUTL HEOOX0AMMble apudpMeTUUYeCKHe ONepaliii C pacCTPOBbIMHU
kapTtamu. [Ipouecc pacyera BKJIIOYaJ 3arpy3Ky COOTBETCTBYIOLIUX KaHaJsOB, BBINIOJHEHHE
pacyeTa N0 yKa3aHHOW ¢opMy/sie U COXpaHEeHHe IMOJIYyYeHHbIX [AAaHHbIX B BHJE HOBOIO
pactpoBoro cJsos (puc. 5).

i rpaduyeckoro npejcTaBJeHUs U JlaJibHEUIero aHajJu3a pe3y/bTaToB HCI0Jb30BaJlach
nporpamma QGIS. ITOT HHCTpyMeHT ob6ecledyuBas BO3MOXKHOCTH /[Jisl BU3yaJM3alluy,
co3/laHus KapTorpadpuyeCcKrux KOMIO3ULMU M aHa/IM3a NPOCTPAHCTBEHHBIX JAHHBIX, YTO OBLIO
KJIIOUEBBIM /IJI1 UHTEpIpPeTalui U3MeHEeHU ! B pacipe/iesieHUY BOJHBIX PeCYPCOB.

JlaHHBIA MeToJ, MO03BOJISeT HAMVIIAHO OLEHWUTb paclpefesieHHe BOJHBIX peCcypcoB Ha
ucciielyeMoy TeEpPUTOPUH, a TaKXKe OTCAEXKUBATh JMHAMUKY U3MEHEHUN 33 UHTEepPeCYLIUN
epuoz,

PucyHok 5. 3HayeHnue unaekca NDWI s o3epa Copkos B 2010 roay
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PesyabsraThl 1 O6CyKaeHHue

JlnHaMuKa ncyesHoBeHud o3epa Copkosb ¢ 2004 no 2020 rof nokasbiBaeT, YTO BOAOEM HayaJl
6b1cTpO BhIchIXaTh B 2011 rogy v nosiHocThio o6Mesien k 2015 rogy. C 2016 mo 2020 rofg o3epo
ObIJI0 3aM0JIHEHO, XOTS €ro 06'beM He yBesnunJcs A0 ypoBHA 2011 roga. O60611eHHbIE KapThl,
ocHOBaHHbIe Ha uHAekce NDWI, naroT Te ke pe3ysibTaThl. B TO ke Bpems, HauuHad ¢ 2011 roaa,
doTorpaduu 1 KapThl IOKA3bIBAIOT HAJIMYHE HOBOI'0 BOJl0EMa K I0T0-3aMay OT iHa 03epa. ITOT
00bEKT pacTeT B pa3Mepax U He ucue3dHeT 0 2020 roga. Ha cnytHrkoBoM cHuMKe 2022 roza
TaK>Ke BU/IHO BOJIOXpaHUJIM1LILE PSALOM C MECTOM IPOBeJleHUs UcciejoBaHU. OO beKT MOSIBUJICSA
B Kapbepe MecTopoxaeHus lllaliMmepeH noce npekpauieHus JesTeJbHOCTU NPeANpUSATHSA B
2011 roay. B nmocsienytoiue rofibl pa3paboTka MeCTOPOXAEHHUS He BeJsiach, HO BCKPbIIIHbIE
NOpOoAbl U3 OTBAJIOB MepepadbaThIBaJUCh AJiS MOJyYeHHUs] CBUHLIOBOTO KOHILleHTpaTa. bosee
TOT0, 3allMCH MOKAa3bIBAIOT, YTO A0 3aKPbITHUSA NPEANPUATHS MUHEpPaJIM3aLMs BOAbI B LIaXTe
COOTBETCTBOBaJIa NOKasaTessaM BoJbl U3 o3epa Copkosib. B xo/e mosieBbIX HcCC/ef0BaHUU
CHelUaJUCThl BCTPETUIUCH € cOTpyAHUKaMHU AO «lllaimepaeH», KOTOpbIe 3asiBUJIH, YTO 03€PO
NUTAeTCs U3 MOJ3eMHBIX UCTOYHUKOB. [loA3eMHble BOAbl BNajald B Kapbep, HAMOJHASA U,
BO3MOXKHO, 110 CE€H IeHb IUTAIOT €ro.

O3epo CopkoJib ObLIO YTEPSHO B pe3y/JbTaTe OCTAHOBKU J00BIYM HAa MECTOPOXAEHUHU
[llaiimepgeH. [locie 3aBeplieHHs paboOT Kapbep JOJKEH Oblj ObITh 3achbilaH BCKPBIIIHBIMU
nopoAaMu, 4YToObl NpeJOTBPAaTUTh NONaJaHue IPYHTOBBIX BOJ, B LIAXTY, KaK TOro TpebyeT
JKosiornueckui Kogekc Pecnybsinku Kasaxcras.

B wnesoM, mouBbl UMeWT HeWTpasbHYI cpeny. [louBbl 4Ype3BbIYAMHO 3acOJIEHBI; THUI
3acosieHusa 0 cofoBoe, 0 4eM CBHUJETEJbCTBYET BBICOKOE COZep»KaHHe TyCTOrO OCajKa M
yZleJibHas 3JIeKTpUUYecKass IpoBOAMMOCTD, cocTaBiswouiasgs 1980 mMCm/cm. [louBa comepXUT
MUHUMaJIbHOE KOJIMYECTBO TyMyca, HO MPU 3TOM OoraTta NUTATEJbHbIMU BelllECTBAMU,
KOTOpble JIeTKO JOCTYyNHbL. Ee MOXHO uCIOJIb30BaThb B KayecTBe MOYBEHHOM [00aBKHU
uiu yaobpenus. OfHako KapboHaTbl U 6GMKApOOHAThHl HauboJiee SAO0BUTHI [IJi1 paCTEHHUM.
['panysioMeTpuyeckuid coctas, no KaumHckoMy, npezcTaB/sieT cOO0M JIeTKMU CYIJIMHOK. B
11eJI0M, XapaKTep N0YBEeHHbIX I0Ka3aTeJied CBUZeTeJbCTBYET O TOM, YTO [10YBa He HAChILa/1ach
BO/IOM B TeYeHHE HECKOJIbKHUX JIeT. Pe3y/ibTaThl UCNIBITAHUW B COOTBETCTBUH C IPOTOKOJI0M NO
74P npuBejeHbl B Tabule 1.

Ta6auna 1. OCHOBHbIE MOKa3aTe/J U NOYB GBIBIIMX JOHHBIX OTJI0XKeHUH [9]

Ne HauMeHOBaHUe dakTH4ecKue pe3syib- IIpeBbilienue MK
nokasareJjien TaThbl

1 HuTpuTHBI# a30T, 66,10 Bricokoe
MT /KT
[ToaBuxHBIN docdop, MI' /KT 43,96 [ToBbIllIEHHOE
[ToABU>KHBIN KaJIUH, MT' /KT 493 O4eHb BbICOKOE
[ToaBW>KHas cepa, 135,79 OyeHb BbICOKOE
MT /KT
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5 I'ymyc, % 2,00 Huskoe
6 pH (KCI) 7,23 HeliTpasibHoe
7 *pH 7,58 HeliTpasibHoe
8 KanbLuii B BogHOMU 11,75 (0,235%) -
BBITSDKKe Mr-3KB/100 1
9 Maruuii B BogHOH 2,00 (0,0244%) -
BBITSDKKe, Mr-3kB/100
10 | HaTpu#, Mr-aks/100r 7,62 (1,75%) -
11 | Xnopuabt MMoJib/100 r 2,2 (0,0781%) -
12 | Cyabdatsl, MMosb/100 T 4,1 (0,197%) -
13 | YmesnbHas aJieKTpUYecKas 1980 -
npoBOAUMOCTb, MCM/cM
14 | Kap6oHaTbl B BOAHOU BHITS)KKe, | He o6HapykeHO -
Mr-s3ks/100 r
15 | T'uapokap6oHaThI B BOAHOU 166,9 (10,2%) -
BBITSKKe, Mr-3kB/100 T
16 [1J10THBIN OCTAaTOK BOAHOM 1,212% -
BBITSKKHU
17 | Opranuueckui yriaepos nouBbl | 1,16% -
18 | 'paHy/soMeTpuUUYeCKHI [ToTeps npu 06paboTKe
COCTaB MOYBbI -13,584%,
1-0,25 MM - 59,95%,
0,25-0,05 mm - 9,745%,
0,05-0,01 mm - 1,308%,
0,01-0,005 mm - 0,388%,
0,005-0,01 mm -2,472%,
<0,001 MM - 26,136%
[Tecok - 71,005%,
[nuHa - 2,859%,
Un -26,136%

[IpuMeyaHue: CocTaB/ieHO Ha OCHOBe JIaHHBIX U3 [9].

BbL10 N3y4yeHO cofiep>kaHue B IOUBE CeAYIOIIMX KOMIIOHEHTOB: HUTPUTHBIN a30T, pocdop,
kasnui, cepa, rymyc, pH (KCI), pH kanbiys, Maruus, HaTpusl, XJIOPU/0B, CyJ1baTOB, yAebHas
3JIEKTPONPOBOAHOCTD, KAPOOHAThI, 6MKAPOOHATDI, JIOTHBIN OCTATOK, OpTaHUYECKUH YTIIEPO],
rpaHyJIOMETPHUYECKUU COCTaB MOYBBI.

ComacHO pe3y/bTaTaM aHa/W3a, MOKa3aTeJlud B HOpPME, 3a MCKJIIOYEHHEM HECKOJIbKUX
KOMIIOHEHTOB: HUTPUTHbIHN a30T - 66,10 BbICOKMI U30bITOK, ocdop - 43,96 NOBBIIIEHHBIN, KUK
- 493 uype3BbIYaliHO BbICOKUH, cepa — 135,79 upe3BbIyailHO BbICOKUH, T'yMyC — 2,00 HU3KUI.

Jpyrvue KOMIOHEHTbI, U3y4YeHHble B oOcajkKax, HaxoaaTca B Hopme: pH (KClI) - 7,23
HeUTpanbHblH, pH - 7,58 HelTpanbHbll, Kaabuui — 11,75, marauit - 2,00, HaTpuit - 7,62,
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xJ0puApbl — 2,2, cynbdatel - 4,1, anekTponpoBoAHOCTb — 1980, kap6oHATHI — HE 0OHAPYKEHBI,
6ukKap6oHaThbl - 166,9, ny0THBIN ocTaTOK — 1,212%, opranuydeckuit yrnepog — 1,16%.

[To rpaHy/ioMeTpHUYECKOMY COCTaBY MO4YBa cocTaBJisieT: mecok — 71,005%, riiuHa - 2,859%,
ui - 26,136%. O6pa3upl NOYB CO JJHA 03epa YKa3blBalOT HAa HaJIMYHE COJIOHYAKOB B pailloHe
VCCJIEIOBAHUSA U [10 MEXaHUYECKOMY COCTABY OTHOCATCS K PbIXJIO-TI€CYaHbIM IOYBAM.

B xoze ucciefoBaHus HCUe3HOBEHUS BOJOeMa M3-3a HEKAyeCTBEHHOrO oOpalleHus C
OTX0JJaMHd B TOPHOJI00ObIBAIOIEN MPOMBIIIJIEHHOCTH OBbLIM H3y4eHbl HWHGOpPMaALMOHHbIE
M TeXHUWYeCKHe CHPAaBOYHUKU [0 HAWJYYUIMM [JOCTYINHBIM TEXHOJOTUAM (TexXHUKaM)
n3 Poccuiickonn ®epepanuu, EBponelickoro Cow3sa u Kazaxcrana. Tema ucnoJsib30BaHUS
BCKPBILIHBIX MOPOJ, B KayecTBe MaTepuasa [Jis 3acblIKU BbIPpabOTaHHbIX KapbepoB H
HIAaXT [AJis NMPOBeJeHHUs KOMIIEHCAI[MOHHBIX PaboT Obljaa CHelUaJbHO H3y4YeHa C IeJbio
yMeHbllIeHUs aHTPONIOTeHHOU AedopManuu JaHawadTa U yuiepba okpyxatouieit cpege. UTC
16-2023 «TopHomo6bIBawIasi NPOMbILLJIEHHOCTb. O0IMe NPOLIECCH U METO/bI» COAEPXKUT
MHbOpMaLMI0 O MPUMEHEHUHN BCKPBILIHBIX U BMellawIUx nopof [6, c. 78]. HekoTopbie
CTpaTeruu o6palleHUsI C IPOMbILIJIEHHBIMHU OTX0/[aMU BKJIIOYAIOT 3aMI0JIHEHHE YCTOT FOPHOM
MaccoM, MoJiydeHre CTPOUTEIbHbIX MaTepPHaJIOB U [IJIaHUPOBaHWE YTUIM3aL WU U 060ralleHus
OTXO0/]0B TOPHOM NPOMBIIIJIEHHOCTH.

Hcnonp3oBaHWe 06pPaTHOrO pasMellleHUs] M3BJIEUEHHBIX MOPOJ, SBJISIETCS Hauydlleu
NPAKTUKOM, MOCKOJIbKY 3TO IOMOTAET MPEeJ0TBPATUTh UJIM YMEHbIIUTb 06pa3oBaHHEe OTX0/[0B
TOpHbIX paboT, a Take obOecreyWBaeT PEeKY/JbTHUBALMI0 TEPPUTOPUU NMyTeM 3alpeTa Ha
OTYYK/leHHe HOBBIX 3eMeJIb /1Sl c60opa, XpaHeHHUs U YTUJIU3aL U 0TX00B [6, c. 78].

Ob6paTHasa 3achlllKa — 3TO NPOLECC 3al0JHEHUS BbIpAOOTAaHHOTO MPOCTPAHCTBA LIAXTHI
MaTepuasaMu. OHa wWcnoJsib3yeTcda [JJisl CAeAYHUUX LeJled B KayeCTBe aJibTEPHATUBBI
IIOBEPXHOCTHOMY pa3MelleHHI0 KaK NIPU N0A3eMHOM, TaK ¥ IPU OTKPBITOM A,06bIYE IT0JIE3HBIX
MCKOIaeMbIX:

® J[log3eMHass pa3paboTka HampaB/JeHa Ha obecrnedeHUe CTAaOUJIBHOCTH TPYHTa,
yMeHbllIeHHe NPOoCcaJi0K, 0becreyeHre 6e30MaCHOCTU KPOBJIU U yyIy4llleHHe BEHTUJIALNY;

® Pa3paboTKa OTKpPBITBIM CIOCOOOM HalpaB/ieHa Ha BOCCTAaHOBJIEHMe JiaHAmadTa U
nojJep>kaHue 6e30MaCHOCTH COOPYKEeHUH, TAKUX, KaK Kapbep.

CyuecTByeT 4eThblpe pa3sHOBUAHOCTH JeUCTBYIOIIUX OOpaTHBIX 3aKJaJ0K: Ccyxas,
leMeHTUpYyolas, THApaBarudyecKas v nactoobpasHas [6, c. 80].

BckpblliHbIE MOPOJABI U MyCTash MOPOAA MOTYT MPUHOCUTb 3KOHOMMUYECKYI0 BbITOAY 3a
CUYeT NPOU3BO/JICTBA 3amoJiHUTesed (1e6Hs). BOo3MOXKHOCTh MPOU3BOACTBA CTPOUTESbHbBIX
MUHEPaAJIOB B 3HAUUTEJbHOW CTelNeHW 3aBUCUT OT HaJU4YUs Ha MECTHBIX pbIHKax
MaTepHaioB OMNpeje/IeHHOTO KadecTBa (HampuMmep, COOTBETCTBYIOLUX CTaHAApPTaM H
pPa3yMHBIX TPAHCHOPTHBIX PacXoA0B). JTU YCTAHOBKHU MCIOJIb3YIOTC B CTPOUTEJILCTBE, B
JIOPO’)KHOM CTPOUTEJIbCTBE, B TPAXK/JJaHCKOM CTPOUTEJILCTBE, AJIs 3alUThl NOOepexXbs U AJis
CaMOCTOSITEJIbHOTO CTPOUTEJNbCTBA. MHepTHble OTX0Abl (O OMNpejesieHHI0) He CO3JaloT
npo6JieM AJis OKpy»Kalollled cpeJibl; HO HEMHEPTHbIE U HEONACHble TOPHbIE MOPOALI MOTYT
MCII0JIb30BaThCSl M0 ONpeJesieHHbIM MPUYMHAM, HallpuMep, B KauecTBe QyHJaMeHTOB NpHU
JIOPO’)KHOM CTPOUTENIbCTBE. ITO ONpefessieTcsl UX WHAWBUAYAJIbHBIMA OCOOEHHOCTSMH,
TEXHOJIOTUYECKMMH, IKOHOMUYECKHMMU W 3IKOJOTUYECKUMU TpeboBaHUSIMU. HekoTopble
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CTpOHMTeJIbHble MHUHEpaJibl TaKKe MOTYT ObITb MCIOJIb30BaHbl B KOMMEPYECKHX LeJsX B
XMMHUYECKOU MPOMBIIIJIEHHOCTH |6, c. 81].

[lepepaboTKa cTapbIx OTXOZ0B TOPHOAOOBIBAIOIIEN NPOMBILIJIEHHOCTH — 3TO [JaBHSA
NpPaKTHKa, KOTOpas IPUMeHseTCS KO BCEM BU/IaM I10J1€3HbIX UCKOTIaeMbIX, BK/II0Yasi SHEPTETUKY,
MeTa/IJINYeCKHE Py/ibl, TPOMBIIJIEHHOCTb U CTPOUTENBLCTBO. OTXOAbI C HU3KHUM COJep>KaHUEM
MCXOJHOTO MHHepasa, KOTOPble B HAcTOsllee BpeMs XPaHATCA B XBOCTOXPAaHWUJIMILAX WJIH
OTBaJlax, IepepabaThIBAIOTCA C IOJYYeHUEM TOTOBOrO NPOJAYKTA, TAKOro, Kak MeTaJsl],
1me6eHb (3aM0JIHUTENH), yroJb (/18 3JHepreTUYeCKUX M0JIe3HbIX UCKONAaeMbIX) U TaK JaJlee.
TexHu4eckui nporpecc caesaj 3KOHOMHUYECKH 11e/1ecO000pa3HbIM HCI0JIb30BaHUE OTXO/I0B
IPOILJIBbIX TOPHBIX pabOT B KauecTBe pecypca [6, c. 82].

Jlnsi yMeHblIeHHUs1 00pa30BaHKUs OTXOL0B PEKOMEH/yeTCsl TaKKe NPOBOAUTb 3P PeKTHUBHbBIE
reoJI0ropasBe/jouHble PaboThl.

HMcnosnb30BaHWe COBpPEMEHHBIX MeTOZOB pa3BeAKHU (TaKUX, KaK 3JIeKTPOpPe3UCTHUBHas
tomorpadusi (ERT), reopamap (GPR) u T.a.) uaum MaTeMaTHuyecKoe MoOJieJIMPOBaHUE
MeCTOI0JI0KEHU I MaCCUBA 0JI€3HbIX UCKOTIAeMbIX [103BOJISIET U36€KaTh KPYITHOMACIITAOHOT0
OypeHUs; PeJOCTaBIATh OTBETHI O KaueCTBE U PbIHOUHOM CHpOCe Ha NPOAYKT Ha OCHOBE
ero XapakKTepUCTUK; ONTUMU3UPOBATh 00'beMBI 10ObIYM 3a CUET JIOKAJIU3aliu 30H 3aJIeXKeN.
Hapsexxalye xapakTEPUCTUKU PeCypcoB M OTXOA0B MPH J006bIYe MOJIE3HbIX UCKOMAEMBIX, a
TaKXe MpeJiBapUTebHOE MIJIaHUPOBaHUE N00bIYM 06ecneyrnBaloT 3G PeKTUBHOE U3BJIEeYEHUE
Y CTepUJIM3alHI0 pecypcoB (T.e. CIOCOOCTBYIOT AOCTYMHOCTU UCXOAHOIO ChIPbS B OyAyIEM)
[6,c. 79].

B pykoBoACTBe npeACcTaBJ/IeH NOJIHbIN lTepeYeHb HauIy4IlIuX JOCTYHbIX TexHosorui (HAT),
HanpaBJ/IeHHbIX Ha CHWXKeHHU e BO3/IeMCTBUS 0TX0/[0B TOPHOA00bIBAIOIEN TPOMBILLJIEHHOCTHU HAa
OoKpy»atolyto cpefy. Cpeay 3TUX MeTO/I0B 0co60ro BHMMaHus 3acayxuBaeT H/T 5.8.12. 3ta
KOHKpeTHasi TEXHOJIOTHS MpeAIoJaraeT UCN0Jb30BaHUE NOA3EMHBIX OTX0/0B [IJI1 pa3JIUYHbIX
JKCIJIyaTallMOHHBIX U MPOU3BO/JCTBEHHBIX lieJlel, TaKUX, KaK YKpelJleHue OTKOCOB, 3achllKa
KapbepHbIX JOPOr U pabo4yux MJOLIAJIOK, a TaKXXe HCIO0JIb30BaHWE B KayeCTBEe B3PbIBHOIO
MaTepuasa. KpoMe Toro, ato obGsierdyaeT oOGCAy>KMBaHHE HHQPPACTPYKTypbl, NOMOTaeT B
3aKpbITHUH LIAXT, IOAJEP>XKUBAET YCUIUSA M0 PeKYyJIbTHBALM 3eMeJib U BHOCUT CBOM BKJIAJ B
IPOU3BOJCTBO CTPOMUTEJIbHBIX MaTepuasoB. Mcrosb3ys 3TOT NOAXOJ, MOXXHO COKpPaTHUThb
00beM yZasisieMbIX OTXOZ,0B, YTO NPUBEAET K YMEHbLIEHUIO IJIOLAAN 3eMeJIbHbIX YYaCTKOB,
Heo6XO0AMMBbIX /IJI51 pa3MeleHUs CBaJIOK U, C/le[j0BaTebHO, K MUHMMU3allu1 BO3/1eMCTBUSA Ha
OKpy»Karollyto cpeay [6, c. 21].

B nokymente MTWR BREF (EC-JRC 2009) npeasiaraeTcs cjieAyoui NpUu6JIU3UTETbHbBIN
JlManas3oH 3aTpaT Ha yTUJIM3alMI0 0TX0/[0B Jo6biBallero cekrtopa: ot 0,3 z0 0,8 eBpo 3a T, B
3aBUCUMOCTHU OT PACCTOSIHUSA TpaHCNOPTUPOBKHU (15 miu 100 kM cooTBeTCTBEHHO) [21].

[Ipu TOM e NMpOJO/NKUTENBHOCTA TPAaHCIOPTUPOBKH JiellieB/le BO3BpalllaTh OTX0/Abl FOPHOMN
IPOMBIILIJIEHHOCTU B BbIEMOYHbIN Kapbep Ha MOBEPXHOCTH, YEM [TOATOTAaBJIMBATh HOBOE MECTO [1Jisl
3aXOpPOHEHUS OTXO0/I0B FTOPHOM MPOMBILIJIEHHOCTH (BKJIIOYasi CBAJIKY ).
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3ax/nioueHue

CnenyeT OTMETUTb, UTO Hcye3HOBeHHe o3epa COpKoJib ObLIO JIOKAa3aHO KaK JaHHBIMU
CIyTHUKOBBIX CHUMKOB Google Earth, Tak ¥ cMHTe3MpOBaHHBIMM KapTaMU 3HAuY€HUs MHJEKca
NDWI. Hcnosnb3oBaHue OUOMHAMKALMM U MapIIPYTHBIX METOJOB IO3BOJIUJIO BbIIBUTH
OCHOBHbIE 9KOCUCTEMbI Ha TEPPUTOPUH ObIBLIET0 03epa COPKOJIb, a TaKKe ONUCaTh XapaKTep
PacTUTEJbHOCTU W >KWBOTHOTO MHpa HA MCCAeAyeMOW TeppUTOPUU. M3 mpuBeAeHHBIX
Bblle JAHHBIX CJeJyeT, YTO 3KOCUCTeMa 03epa MOJHOCTbI U3MEHUJIACh Ha JIyTOBYI0. JTOT
baKT MoJATBEpPX/AAeTCs PaCTUTEJbHbBIMH COOOIIECTBAMM W CJeJlaMH KU3HeJesTeJbHOCTU
npejCcTaBuTeNerd XUBOTHOro Mupa. Hawsydimien JOCTYNHOW TEXHOJIOTUEW [Ji pelleHUs
NOA00HBIX CUTYALIMU SIBJIsIeTCS 06paTHAas 3aChINIKa MYCTbHIX MOPO/I.

HayuyHo-uccnefoBaTenbckass paboTa BbINOJIHEHA 3a cyeT MpoekTa "HcciepgoBaHue
TEPPUTOPHUU HcYe3HYBLIero o3epa Copkosib U "Masbiii Tanat" [Iponeaypbl coryiacoBaHus U
MCKJII0YeHHUs U3 cnucka BogHoro kagactpa. KoHdiMKkTa HHTEpecoB HeT.

Bxiyag aBTOpOB

B faHHOM paszeJsie npejcTaB/eH BKIAJ KaX/A0ro aBTopa:

- CylIeCTBEHHbIM BKJIaJ, B KOHIENIUIO WJIU JU3allH paboThbl; c6Op, aHaJIM3 WJIH
MHTepIpeTaLus pe3ybTaToB paboTel: AkGaeBa JI.X., MakakaHoB E.JK., "KakemoB H.2K.;

- HalMCaHWe TeKCTa U/WJIM KPUTHUYECKUM NepecMOTp ero cojepxkaHus: Ak6aesa JI.X.,
MamsbiTOoBa H.C.,;

- YTBepXJeHUe OKOHYATeJbHOIO0 BapHaHTa CTaTbU [AJf nyobsvkanuu: Axk6aeBa JI.X.,
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JI.X. AkGaeBa?, H.C. Ma oBa?, E.JK. Makaxkanos?, H.JK. JKakemos*
/1L H. I'ymunaes amuiHdarsl Eypasus yammuik yHusepcumemi, Acmata, Kazakcmau
2K. Kyaascarnoe ambiHdaFsl Kazax mexHo02us jxcaHe 6u3Hec yHusepcumemi, Acmaua, Kasakcmax
3«Kazakcmah Pecny6aukacwinda B.H. BepHadckull ykimemmik emec 3K0102UsI/bIK KOP»,
AcmaHa, Kazakcman

Tay-keH Ka/aAbIKTapbliH 6aCKapyAarbl 9KOJIOTHSJIBIK, OKMFasIap

Angarna. XXywmbicta lllaiiMepaeH kKapbepi MeH GYpPBIHFbI ayMaKTbl T'€03KOJIOTUSJIBIK 3€pTTey
»yprisinai Copken kesi. KeHli eHAipy Ke3iH/e 3KOJIOTUSIBbIK, OKUFaIapAblH, Nai1a 60/yblH 60/ AbIpMay
YUIIH €eH >XaKCbl KOJDKETIMJI TeXHOJIOTHSA YChIHbLIAAbL. 3epTTeyAiH FhIJIbIMU KaHaJIbIFbl KOPFaCbIH-
MBIPBIII KEeHIH eHAipy/ieri TEXHOTEeH/[iK KbI3MeT HOTIKECIH/le CY 00'beKTIiCiHIH KOUBLITY KYObLIbIChIH
cunarraygaH Typaabl lllaiimepsen keHiwiHiyg Ty6iHAeri Tonblpak, meriHAisepi 3eptrenai. BypbiHFbI
TYGiHJeri IeriHjijepieH TOMNbIpaK CbIHAMaJAPbIHBIH, YJ/rijepi 3epTTesli XUMUSJIBIK Tasjay.
HaTmxkecinze Tonblpak 6eliTapan opTara ve. Tonblpak KaTThl Ty3JaJIFaH, TY3/laHy Typi coaa, 6yJ1 ThIFbI3
KaJIIbIKThIH, 3JIEKTP OTKI3rilITiriHiH MaHbI3IbIBIFBIMEH AdJiesfieHe/li. TonbipaKTa rymyc as, 6ipak
TONBIPAK, KOJI XKETiM/i TypZile KOPeKTik 3aTTapra 6ail. ThIHAUTKBIII peTiH/e TOMbIPAKThIH, KypaMac
Geutiri peTiHe naigananyra 60136l bipak kap6oHaTTap MeH I'MIpoKap6oHATTap 6CIM/IIKTEp YIIIiH eH
yJibl 60J1bIN TabblAaAbl. KaUMHCKUNAAIH rpaHy/1I0MeTPUSIBIK KypaMbl 2KeHis. Kaanbl anfaHia, ToNbIpak
KOPCETKIIITEPiHiH CUMIaThl TONBIPAKTHIH GipHellle Kbl 60UMbI CyMeH »KaOblIMaFaHbIH KepCeTe/].

Ty#in ce3pep: JkosorusiablK Kojekc, reosorusablk 6apJiay >KYMbICTapbl, KOpIIaFaH OpPTaHbI
KOpFayZblH OipbIHFal aKMapaTThIK XKYHeCi, eH »KaKChl KOJKETIM/Ii TEXHOJIOTUS, Tay-KEH 6HEPKICIOiHIH
KaJIAbIKTaphl, ipi 3KOJIOTUANBIK OKWUFa, TaliAaibl Ka3baaap KeH OpbIHAAPBLIH GapJay.

L. Akbayeva?, N. Mamytova?, Y. Makazhanov?, N. Zhakeshov*
L4.N. Gumilyov Eurasian National University, Astana, Kazakhstan
?Kazakh University of Technology and Business named after K. Kulazhanov, Astana, Kazakhstan
3V.1. Vernadsky Non-Governmental Ecological Fund in the Republic of Kazakhstan, Astana, Kazakhstan

Environmental incidents in mining waste management

Abstract: The present study represents the geo-ecological investigation of the the Shaimerden
open pit mine area and the former Sorcol Lake. It was advised to use the greatest technology to avoid
environmental mishaps when extracting ore. The study's scientific uniqueness resides in its explanation
of the phenomena of water bodies disappearing due to technological operations involved in lead-zinc
ore mining. Soil samples from former sediments were examined for chemical analysis. In general, the
nature of the soil indicators indicates that the soil has not been covered with water for several years.
Bioindication and route methods were used to confirm the change of the aquatic ecosystem to the meadow
one. World life, including foxes and hares, were recorded as signs, and the absolute dominant among the
vegetation species is the Bassia. Using cartographic methods, the dynamics of the disappearance of the
reservoir was visually captured. The results allowed us to make an assumption that the drying of the
water body is associated with the activity of the Shaimerden quarry.
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Keywords: Environmental Code, geological exploration, unified information system for environmental
protection, the best available technology, waste from the mining industry, a major environmental
accident, exploration of mineral deposits.
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An Emerging New Tourism Destination: Geographic Resources
and Tourism Potential of the Province of Masbate (Republic of the
Philippines)
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!Bursa Uludag University, Bursa, Turkey
2Balikesir University, Balikesir, Turkey
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Abstract. The Masbate Province surrounded by the Sibuyan Sea, Visayan
Sea and Samar Sea, is located in the central part of the Philippine archipelago
and includes 3 large islands (Masbate, Ticao and Burias) and many smaller
islands. All the islands within the borders of Masbate Province are just one part
of the Luzon Islands Group in terms of physical geography; also, in terms of
political geography and administrative geography, they are located within the
“Bicol Administrative Region”. In terms of administrative structure, there are
20 districts, 1 city (Masbate City) and 550 Barangays in the Masbate Province.
Even though the Masbate Province has rich natural resources and mines, great
agricultural and fishing potential, it has so far failed to achieve the desired
success in international tourism. In this study, Masbate, Ticao and Burias, which
are the largest islands of the Masbate province, are investigated and analyzed
separately and both their geographical features, tourism potential and tourism
attractiveness of these islands are accounted for. In this article, the main
accommodation facilities, major nature reserves, islands and beaches within the
borders of Masbate Province, as well as natural and cultural tourism attractions
are examined; additionally, the tourism advantages and disadvantages of
Masbate Province are addressed. The main purpose of the study is to introduce
the tourism resources, cultural riches and natural beauties of the Masbate
Province, which actually is not very popular among the international tourists, to
the readers, both to popularize the name of the Masbate Province to the global
tourism markets and offer new holiday options for the inquisitive tourists.

Keywords: Masbate Province, Tourism Attractions, Republic of Philippines,
International Tourism, Philippine Archipelago.
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Introduction

Located in the central part of the Philippine archipelago, Masbate Province includes 3 large
islands and many small islets. “Masbate”, “Ticao” and “Burias” are the largest islands of Masbate
province in terms of both area and population (Figure 1). Deagan, Hamurawon, Rakit Dakit,
Magcaraguit, Matabao, Bugtong, Tatus, Bosaan, Napayawan, Nabuktot, Majaba, Carogo, Jintotolo,
Tagauayan, Guilitugan, Buabuahan, Ambulong, Busing, Bagababoy, Yeso, Puro Other important
islands are Cagpating, Tatus, Chico and Pobre (Table 1). But among the international tourists,
the most popular touristic islands in the province are undoubtedly Sombrero, Tinalisayan, San
Miguel, Dapa, Magcaraguit, Balangingi, Tagauayan, Butod and Animasola. The Masbate Province,
situated within the borders of the Bicol Region, includes 20 counties, 550 barangs, more than
30 towns and 1 urban settlement (http://masbate.gov.ph/).

Figure 1. Location Map of the Province of Masbate
(Source: Authors, 2022)

The Masbate Province, situated in the central part of the Philippine archipelago, is composed
of 3 large islands and many small islets. “Masbate”, “Ticao” and “Burias” are the largest islands
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of the Masbate province in terms of both area and population. Deagan, Hamurawon, Rakit Dakit,
Magcaraguit, Matabao, Bugtong, Tatus, Bosaan, Napa yawan, Nabuktot, Majaba, Carogo, Jintotolo,
Tagauayan, Guilitugan, Buabuahan, Ambulong, Busing, Bagababoy, Yeso, Puro, Chicopating, Tatus
Ca and Pobre situated within the province are the other important islands (Table 1). However, the
most popular touristic islands in the province among the international tourists are undoubtedly
Sombrero, Tinalisayan, San Miguel, Dapa, Magcaraguit, Balangingi, Tagauayan, Butod and
Animasola. The Masbate Province situated within the borders of the Bicol Region, includes 20
districts, 550 barangs, more than 30 towns and 1 urban settlement (http://masbate.gov.ph/). The
Masbate Province, which has three different coasts, is separated from the island of Luzon by the
Ragay Bay in the north and the Burias and Ticao straits in the east. The Masbate Strait separates
the islands of Ticao and Masbate. Masbate Province is surrounded by the Visayan Sea to the south,
the Samar Sea to the east, and the Sibuyan Sea to the west (Chirikov et. al., 2008). The Masbate
Province, adjacent to the provinces of Colonel, Sorsogon, and Camarines, Sur does not have high
mountains, great lakes, long streams, and metropolitan cities. Low hills and plateaus, valleys and
plains are the most common landforms within the province.

Table 1. Primary Characteristics of the Masbate Province

Group Islands Located: The Region:

The Luzon Group Islands Bicol Region

Surface Area: 4138 km? Mathematic Location:

Total Population: 12°43’ - 13025’ north latitude

908 920 (Year 2020) 123°09’ - 124°5’ east latitude

The Highest Point: Conical (697 m) Major Nature Reserves:

The Longest River: Lanang “Halea Nature Park”

The Largest City: Masbate City “Bongsanglay Natural Park”

The Largest Bay: Asid “Buntod Sandbar and Reef Marine Sanctuary”
The Largest Lake: Calero “Chico Island Wildlife Sanctuary”

The Largest Province: Milagros “Manta Bowl Marine Protected Area”
Number of Barangays Embodied: 550 Arithmetic Population Density:

Number of Municipalities: 20 220 people/km?

Big Islands: The Largest Settlements:

Masbate, Ticao, Burias, Deagan, Hamurawon, Masbate City, San Pascual, Mobo, Claveria,
Rakit Dakit, Magcaraguit, Matabao, Bugtong, Monreal, San Jacinto, Batuan, San Fernando,
Tatus, Bosaan, Puro, Napayawan, Nabuktot, Aroroy, Placer, Esperanza, Baleno, Mandaon,
Majaba, Jintotolo, Yeso, Tagauayan, Busing, Milargos, Uson, Dimasalang, San Rafael, Palanas,
Guilutugan, Guinauayan, Paltaban, Balangingi, Cataingan, Pio V. Corpuz, Cawayan, Guiom, Palanas,
Buabuahan, Carogo, Chico Island, Ambulong, San | Masbaranon, Cabayungan, Tugbo, Uson, Tigbao,
Miquel, Bagababoy and Cagpating. Buenavista, Mintac, Magsalangi and Balud.

(Source: Authors, 2022)

The Masbate Province has rich natural resources and mines. Crop production, fishing,
tourism, mining, cattle breeding and poultry farming are the most developed economic

JLH. T'ymunee amoiHdarsl Eypaszus yammoik yHugepcumemiHiy XAGAPLLBICHI. N22(147)/ 2024 89
Xumusi. leozpagusi. Ikon02usi cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



Emin Atasoy, Hakan Onal

branches of the province. Copra production and gold mining generate enormous income to the
province's economy. Food and oil industry, clothing and textile industry, ceramic industry and
fish processing, metalworking and handicrafts, forest products and furniture production are
also the economic activities in the province. Rice, maize, bananas, tobacco, sugarcane, copra, root
crops and coconuts are widely grown on the province's fertile farmland. Masbate is described
as a province that sits on a "pot of gold" by the geologists. The province has rich minerals and a
wide variety of mineral deposits. The Masbate Province has rich reserves of manganese, copper,
silver, iron, chromium, gold, coal, limestone and carbon (https://www.philatlas.com ; http://
psa.gov.ph/).

There has been a rapid population growth in the province’s population in the last century. The
population of Masbate Province, which was 67 513 in 1918, increased to 211 1132 in 1948, 492
908 in 1970, 599 355 in 1990, 707 668 in 2000 and 908 920 in 2020. (https://www.philatlas.
com; http://psa.gov.ph/). Today, the population of Masbate Province alone constitutes 14.94%
of the population of the Bicol Region, 1.46% of the population of the Luzon Islands Group, and
0.83% of the population of the Republic of the Philippines. Even though English and Tagalog
are the most common languages in the Masbate Province, as in every Philippine province, the
local people prefer the local languages for communication among themselves. The Masbatefo,
Hiligaynon, Cebuano, and Waray languages are the most widespread spoken-vernaculars within
the province. 91% of Masbate Province's population is Catholic Christian. The total share of
Protestant Christians, Buddhists, Hindus and Muslims within the provincial borders is less than
5% of the province's population (https://www.philatlas.com; http://psa.gov.ph/).

Table 2. Major Administrative and Geographical Features of the Masbate Province (https://
www.philatlas.com/)

Name of the Population of the Surface Area Population Number of

Province District (km?) Density Barangays

(Year 2020) (person/km?) Embodied
Aroroy 88 351 440,30 201 41
Baleno 28 855 204,38 141 24
Balud 40 155 231,00 174 32
Batuan 14610 56,28 260 14
Cataingan 50 623 191,64 264 36
Cawayan 69 265 260,19 266 37
Claveria 42 142 182,98 230 22
Dimasalang 24 909 148,07 168 20
Esperanza 17 534 67,49 260 20
Mandaon 44122 319,15 138 26
Masbate City 104 522 188,00 556 30
Milagros 57 538 565,30 102 27
Mobo 40823 143,47 285 29
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Monreal 25164 128,67 196 11
Palanas 27 322 119,53 229 24
Pio V. Corpuz 23744 89,33 266 18
Placer 56 340 193,03 292 35
San Fernando 21 600 77,50 279 26
San Jacinto 29 686 122,40 243 21
San Pascual 44 449 246,65 180 22
Uson 57 166 163,20 350 35
TOTAL 908 920 4138 220 550

There are 20 districts, 1 city (the Masbate City) and 550 Barangays in the Masbate Province
(Table 2). Milagros (565.30 km2) and Aroroy (440.30 km2) are the districts with the largest
surface area of the province. Batuan (56.28 km2), Esperanza (67.49 km2), San Fernando (77.50
km2) and Pio V. Corpuz (89.33 km2) are the districts with the smallest area in the province. As
aresult, only 2 districts have an area of greater than 400 km2 within the province borders and
only 4 districts have an area of less than 100 km2 (Table 2).

Materials and methods

This research was conducted using the case study method. Data and information obtained
from document analysis and semi-structured interviews, as well as field observations, focus
group discussion, participant observation, and expert interviews were used. Case studies are
defined by many different names in different countries. A case study is one of the types of
systematic design that involves steps such as gathering information, organizing, interpreting,
and researching the information gathered, and achieving results, just like detailed planning
in architecture. Case studies are a way to see what is actually happening in the environment,
systematically collect data, analyze it, and draw conclusions. The resultis a clear understanding
of why things happened the way they did and what to focus on in detail for future investigations.
In this study, “embedded single case study design”, in which there are more than one sub-unit
of analysis, was used. In the planned research, both illustrative case studies, exploratory case
studies and observational case studies were applied together.

This scientific study, which is part of the research program titled “The Republic of the
Philippines from the Perspective of Political, Economic and Human Geography and Turkey-
Philippines Interaction”, which was accepted by the Scientific and Technological Research
Council of Turkey in 2020 within the scope of “2219-0Overseas Postdoctoral Research Scholarship
Program” and conducted by Emin Atasoy is one of its scientific outputs of this program. In the
present study, the demographic, geographical, economic and ecological characteristics of the
Masbate Province was examined, and both the tourism advantages and disadvantages as well as
the tourism resources of the island were attempted to be identified. The author (Emin Atasoy)
conducted city surveys and geographical observations on the Masbate Province between 15
January 2023 - 26 January 2023; as a result, he personally examined majority of the tourism
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centers on the island. The methodological basis of the study is the methods of a systematic
scientific approach, comparative geographical, cartographic and expert assessment. One of the
primary aims of this study is to announce the tourism power of this little-known province to
the world and to introduce the province's tourism attractions to the inquisitive travelers and
readers.

The principle aims of this study are:

@ Masbate Province is a geographical location that is not well known to the tourism experts
and is not very popular with the international tourists. Therefore, the main purpose of this
article is to reveal the tourism richness of the province with this scientific study and announce
both tourism centers and natural beauties to the whole world.

® To introduce the readers to the geographical features, natural resources and regional
differences of the Masbate Province.

@® To introduce the readers to the tourism resources, natural beauties and tourism potential
of the Masbate Province.

@® To discuss the tourism privileges, tourism advantages and tourism disadvantages of the
Masbate Province.

@ To identify and examine the main natural and cultural tourism attractions of the Masbate
Province.

® To create a tourist reference guide for the international tourists visiting the Masbate
Province.

@® To paint a multidimensional tourism portrait of the Masbate Province and make a scientific
presentation of the island from the perspective of tourism geography.
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Figure 2. Administrative Map of the Masbate Province
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Result and discussion

» o«

The following separately examines the largest islands of Masbate province, “Masbate”, “Ticao”
and “Burias” and separately explicates both geographical and touristic features of these islands.
These three islands have been examined from the perspective of tourism geography under 3
main headings:

A) General Geographical Characteristics of the Island,

B) Tourism Potential of the Island,

C) Major Tourism Attractions of the Island.

General Geographical Characteristics of the Masbate Island

Within the borders of the Republic of the Philippines, there is a district, an airport, an island,
a city, a port, and a province by the same name ‘Masbate’. Undoubtedly, the area of Masbate
province is much larger than the island of Masbate. It is because, apart from “Masbate”, “Ticao”
and “Burias”, there are around 20 other islands within the borders of the province. Located in
the central part of the Philippines, the island of Masbate is part of the Luzon Islands Group and
is the country's 11th largest island in terms of surface area. The surface area of the Masbate
island is 3269 km? and there are 14 districts and 1 city settlement within the borders of the
island. Moreover, more than 740,000 people live on the island (https://www.philatlas.com;
http://psa.gov.ph/). There is not a single metropolitan city on the island of Masbate, which
has an area of approximately 10 times larger than the island of Siquijor, and there is no other
city settlement other than the Masbate City. The Masbate Island, which has a central location
within the borders of the Philippine Republic, is surrounded by many large islands and has sea
transportation connections with many ports due to the heavy passenger/tourist traffic. Thus,
it is explicit that the Masbate province maintains sea transport links and regular ferry services
for passengers with the islands of Luzon, Cebu, Leyte, Mindanao, Sibuyan and Samar. The most
important and busiest port in the Masbate province undoubtedly is the sea port in Masbate City
(Alonzo, et al., 2007).

In other words, there are regular ferry services from the sea port in the Masbate City to 8
ports of Luzon island, from 2 ports of Leyte island, from 1 port of Samar island, from 2 ports of
Mindanao island, from 1 port of Ticao island, from 2 ports of Cebu island, from 1 port of Bugtong
island and from 1 port of Sibuyan island throughout the year (https://www.philatlas.com;
http://psa.gov.ph/). It is possible to argue that the transportation links between the islands
within the provincial borders are not well developed and are insufficient. Within the province,
regular ferries run only between the island of Masbate and the islands of Ticao and Bugtong
and they are very inadequate as well. As a whole, the fact that the Masbate Island has maritime
transport links with around 10 islands and around 20 ports is undoubtedly a great advantage
for the development of tourism activities. Basically, it is explicit that the maritime transport
links between the Masbate Province and other provinces are substantial and adequate, but the
maritime transport links within the province are weak and inadequate (Alonzo, et al., 2007).
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Consequently, since the Masbate Province, which has only one airport, does not have a rail
transportation option, the road and sea transportation are the only options for the domestic and
international tourists to arrive in Masbate. It should be emphasized that the only transportation
option, which is of vital importance both between the islands and the provinces, is the sea
transportation connections. The most important and busiest ports found within the borders
of the Masbate Province and still operating today are: Pio V. Corpuz, Masbate City, Cawayan,
Cataingan and Aroroy ports on the Masbate island; the ports of Claveria and San Pascual on the
island of Burias; Lagundi port on Ticao island and Bugtong port on the Bugtong island (Alonzo,
etal., 2007).

There are many gulfs, peninsulas, cliffs and atolls on the island of Masbate, which has indented
and wavy coasts. Laoc, Nin, Alas, Antabaan and Malibon on the west coast; Mobo, Uson, San
Agustin, Masbate, Naro and Cataingan located on the east coast are the largest bays of Masbate
island (Chirikov et. al., 2008). There are many streams and rivers on the island of Masbate,
but none of them are adequate for river transportation and their length does not exceed 80
kilometers. Most of the rivers on the island are the deep estuaries (Candelaria and Revale, 2010).

In the southern parts of the island, there are streams of the Daraga, Nainday, Guiom, Malburg
and Nauco streams, whereas in the northern parts of the island, Lanang, San Isidro, Mataba,
Baleno, Malbug, Bogtona, Agman, Casalog, Bangad, Agman, Goangalan, Narangasan, Calumangug,
Jangan, Palani, Dayo, Napayawan, Taisan, Pinamangcaan and Manulib. The streams on the island
are of vital importance for the people of Masbate in terms of both drinking water supply and
agricultural irrigation. Both the Masbate Province and Masbate Island have very few lakes.
“Matayum Lagoon”, “Calero” and “Mintac Blue Lagoon” are the largest lakes of the Masbate
island (Velza et. al., 2022). Calero Lake, situated just east of the town of Uson, is a touristic lake
visited by holidaymakers and families having picnics, especially at the weekends.

The Masbate island is bordered by the Sibuyan Sea to the west, the Visayan Sea to the south,
and the Samar Sea to the east. Therefore, it is explicit that the island has 3 different coasts.
The Gulf of Acid, located in the south of the island, has helped the island to have an inverted
"V" shape. The maximum height of the island, devoid of high mountains, does not exceed 700
meters. While the low plateaus, coastal plains, river valleys, hilly lands and plains cover large
areas throughout the island, it is clear that the mountainous and rugged lands cover very little
area. The highest mountains of the island are: Conical (697 m.), Bagulipat (604 m.), Uac (592 m.),
Nabongsuran (484 m.), Banco (433 m.), Manapao (373 m.) and Mabilantack (176 m.) (Chirikov
et. al,, 2008).
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Figure 3. Tourism Map of the Masbate Province (Source: Authors, 2022)

While most of the villages and towns on the island of Burias and Ticao are located on the
coast, the Masbate island has the opposite situation because more than 70% of the rural
settlements are located inland, away from the sea coast. In terms of tourism and maritime
transport activities, Aroroy, Cataingan, Pio V. Corpuz, Placer, Esperanza, Cawayan, Mandaon,
Uson, Milargos, Pulanduta, Mobo, Balud and Baleno are the most important and busiest town
settlements on the island of Masbate (Chirikov et. al., 2008). The Masbate City, the largest
settlement and only city on the island of Masbate, is also the capital of the Masbate province. The
Masbate City is the most important and busiest transportation, commerce, culture, education
and tourism center of both the island and the entire province. The “Masbate Airport” situated
within the boundaries of the Masbate City, is the province's most strategic transportation hub in
terms of transportation links between the Philippine islands and international tourism.

Tourism Potential of the Masbate Island

The Masbate island is not one of the most important tourism centers of the Philippines, nor
is it one of the most visited or most wondered islands of the country. In fact, even though this
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island has a very high tourism potential, it is possible to argue that it has only recently been
introduced and promoted in the international tourism markets. The Masbate Island is one of
the Philippine islands that has suffered the most vegetation destruction, lost the most natural
forests and is most adversely affected by the mining activities. Therefore, erosion, deforestation
and mining problems emerge as the environmental problems throughout the island (Candelaria
and Revale, 2010). The adverse ecological conditions also negatively impact the tourism
activities throughout the island.

Therefore, when compared to the islands such as Negros, Palawan, Bohol and Cebu, the
number of beaches, restaurants, hostels and hotels as well as other touristic facilities is much
less on the Masbate island. Nevertheless, it should be noted here that Masbate is both the island
with the largest surface area, the island visited by the largest number of tourists and the island
with the most touristic centers within the borders of the Masbate province. Beaches, caves,
historical churches, agricultural farms, waterfalls, nature protection areas, cute little islands,
lighthouses, lagoon lakes, long beaches and hidden coves are the most important tourism
attractions of the Masbate Island.

Even though there are many beach areas within the borders of the Masbate island, the most
popular ones among local and international tourists are: “Pulanduta Backyard Beach”, “Karigo
Beach Resort”, “ACE Palani Garden Beach Resort”, “Barangay Palani Beach”, “Bernabela Beach
Resort”, “Puert Verde Beach”, ” Nailaban Beach Front”, “Apar Beach”, “Tinigban Beach”, “Tinago

» o«

Park”, “Lucky Beach Resort”, “Corong Beach Resort”, “Pirate Beach”, “Punta Beach”, “Naome's

» o« »n o« »n o«

Beach Resort”, “Carandang Beach Resort”, “Shining Star Beach Resort”, “Hayahay Beach Resort”,
“Curvada D' Jamon”, “Bamboo Groove”, “Licuson Beach”, “Bituon Beach Resort”, “Dora Beach
Resort”, “Porta Vega Beach”, “Bontod Sanbar”, “Poctol Beach”, “Rosas Beach”, “Khokak Beach
Resort”, “Matayum Lagoon”, “Playa de Gregorio Beach”, “Dako'ng Baybay Beach”, "Talisay Beach
Resort”, “D'Siblings Beach Resort” and “Cabatibgan Beach Resort”. (Table 3).

There are more than 10 historical churches from the Spanish colonial period within the
borders of the Masbate island. The “Our Lady of Remedies Parish” situated in the town of Placer,
the “St. Roche Parish Church” in the town of Pio V. Corpus, the “Theotokos Orthodox Church”
and “Holy Spirit Chapel” located in the town of Cataingan, the “San Antonio de Padua Cathedral”
and “Diocese of Masbate Church” located in Masbate City are the most popular and most visited
religious centers by the tourists on the Masbate island (Table 3). All in all, Masbate is the most
developed island of the province in terms of both tourism resources and tourism potential. In
Table 3 presents the tourism attractions that are situated within the borders of the island and

that the domestic and international tourists are most interested in visiting.

Table 3. Top 25 Natural and Cultural Tourism Attractions of the Masbate Island

Top 25 Natural Tourism Attractions Top 25 Cultural Tourism Attractions
of the Masbate Island of the Masbate Island
Mintac Blue Lagoon (Cataingan) Mangrove Forest Park (Masbate City)
Bat-ongan Cave (Mandaon) San Antonio of Padua Cathedral (Masbate City)
Porta Vega Beach (Dimasalang) Bugui Point Lighthouse (Aroroy)
Buntod Sandbar and Reef Marine Sanctuary Rodeo Masbatefio Grand Arena (Masbate City)
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Palani White Beach (Balud)

Theotokos Orthodox Church (Cataingan)

Pawa Mangrove Park (Masbate City)

D'Siblings Beach Resort (Placer)

Busay De Gracia Falls (Baleno)

Diocese of Masbate Church (Masbate City)

Mount Mayong Payong (Mobo)

Panique Lighthouse Christian Church (Aroroy)

Magcaraguit Island (Dimasalang)

Velarde's Mountain Resort (Balud)

Tagauayan 1sland (Cawayan)

Punta Bugui Lighthouse (Aroroy)

Tinigban Beach (Aroroy)

Mangrovetum Eco Park (Masbate City)

Pulanduta Backyard Beach (Balud)

St. Roche Parish Church (Pio V. Corpus)

Bentongan Creek (Balud)

Our Lady Of Remedies Parish (Placer)

Luacan Water Park (Milagros)

Cabatingan Beach Resort (Cawayan)

Chico Island Wild life Sanctuary

Burdz Berry Garden (Uson)

Jamorawon Pink Beach (Dimasalang)

Winter's Farm Resort (Milagros)

Rosas Beach (Cataingan)

Mt. Moriah Prayer Mountain (Masbate City)

Matayum Lagoon (Cataingan)

Naome's Beach Resort (Baleno)

Balangingi Island (Pio V. Corpus)

The Garden Landscape Park (Cataingan)

Busay de Gabi (Baleno)

Jintotolo Lighthouse (Balud)

Ubo Falls (Masbate City)

Gaisano Capital (Masbate City)

Kristel Beach Resort (Balud)

Magcaraguit Resort (Dimasalang)

Deagan Island (Dimasalang)

Curvada D' Jamon (Masbate City)

Hamurawon Island (Dimasalang)

Acean Sea Front Acenak Haws (Milagros)

Nailaban Beach Front (Mandaon)

Holy Spirit Chapel (Cataingan)

(Source: Authors, 2022)

The geographic distribution of hotels and accommodation facilities in the Masbate Province

shows agreatimbalance. Thereare around 150-160 accommodation establishments in the entire
province, of which more than 90% are beachfront hotels. More than 80% of the hotels in the
province are located on the Masbate Island (Table 4), there are more than 40 accommodations
especially in the provincial capital of the Masbate City and its immediate surroundings. While
around 35 accommodation facilities are active on the island of Ticao, there are only about 10
accommodation facilities in Burias, which is the poorest island in terms of hotels. Therefore, it
is clear that within the borders of the province, Masbate has highest and Burias has the least
number of accommodation facilities. There are hardly any four and five- star hotels in the
luxury class in Masbate. Low-priced hotels, hostels, apartments, hostels, motels, rental villas,
and family businesses are the most common accommodation facilities within the province.
The “Treasure Island Hotel”, “Unica Hija Hotel and Resort”, “Carlton-Martin Hotel”, “Bahia
Vista Resort”, “Gagay's Hotel & Resort”, “Playa de Gregorio” and “Beatriz Rafaela Resort” are
found within the provincial borders can be cited as the examples of a small number of quality
accommodation facilities (Table 4). Consequently, the Masbate Province is lacking in the luxury
accommodation facilities, nor does it have any modern hospitals and arts centers, multi-purpose
sports complexes, theaters and modern cultural centers.
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Table 4. Major Accommodations on the Masbate Island

Villa Carillo Beach Resort

Bitlig Beach Resort

Ponce's Resort

Renzales Beach Resort & Restaurant

Camp Elizabeth Resort

D.A. Resort Hotel

D'Siblings Beach Resort Prolex Beach Resort Aballe Homes
Abejo Snack Inn & Lodge Roque Residence Sitio Salvame
Ramos Beach Resort Jomajean Garden Balud Resort
Riza Olaran Beach Resort Floresta Sun Rise Hotel Balud Lodge
Ajam's Logde and Boarding House DJ Guesthouse Hotel Vivo 1820

Nancy Ado Boarding House

Coco Beach Resort

Coco View Lagoon

Paraiso de Palani Beach Villas

Winter's Farm Resort

Emily’s Place

RL Horizon Beach Resort

Shaira's Beach Resort

D's Lodge

Beatriz Rafaela Resort

Star Beach Resort

Tito A's Place

Bernabela Beach Resort

Morning Sun Tourist Inn

Papa Ed's Beach

Previn Bleu Resort & Cabana

Villa Candelaria Resort

Solis Residence

0" Manor Apartment Hotel

Barrios Beach Resort

Casa Editha

Sol Celeste Beach Resort

Tinay Relano Residence

Meljefson Domingo

Hidden Cove Manoboc Beach

Corong Beach Resort

Uma Koinonia

Jelan Beach & Pool Resort

Naome's Beach Resort

Albhen's Resort

Sea Bliss Bed and Breakfast

Bituon Beach Resort

White's Beach

Chona and Christophe Guesthouse

Umaroy Beach Resort

Ananor Otel

Mt. Moriah Prayer Mountain

Karla Beach Resort

Patio Milagros

Ambak - Tubig sa Macahilao

Bahia Vista Resort

Abela - Padecio

Privado Accomodation And Reservation

Mama'’s Dorm & Lodge

Rosas Beach

D'HillsView Hotel & Restaurant Casa de Soledad El Fujds

D Ark Hotel and Restaurant Bing Oling Building Ross Hotel
Panas Bay Infinity Pool Resort Treasure Island Hotel Novo Hotel
St. Anthony Hotel & Restaurant GV Hotel Masbate JL Hotel

Team Centrum Seamans Hotel D'bluewave Resort Road To Glory

Unica Hija Hotel And Resort

Mac John Cattage

Rancher’s Hotel

Jimcre Hotel And Restaurant

Playa De Gregorio

Cherish Resort

Rendezvous Hotel And Beach Resort

Sabine's Place Masbate

Baywalk Hotel

7AR Golden Beach Resort

Bambi1 Pension House

Kendrick Joseph

Greenview Hotel and Restobar

Safe House Residence

Velasco Inn

Boarding House ni Erwin

Chichay Resort Hotel

Circle E Hotel

(Source: Authors, 2022)
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Major Touristic Attractions of the Masbate Island

Unquestionably, the most touristic resorts and hotels and the most touristic attraction in
the entire Masbate province are situated on the Masbate island. The historical churches and
lighthouses, majestic waterfalls and caves, breathtaking beaches and touristic islets, moist
mangrove forests and interesting coastal formations, natural wonder lagoon lakes and colorful
coral reefs are among the most common touristic attractions on the Masbate island. The following
briefly describes the main touristic attractions on the Masbate Island and its surroundings.

® Buntod Sandbar and Reef Marine Sanctuary

Unmistakably, "Buntod Sandbar and Reef Marine Sanctuary"” is one of the most beautiful
places in the Masbate province. This interesting marine protected area, found between the
Masbate and Ticao islands, is located a few kilometers east of the city of Masbate. The marine
protected area, situated just north of Mobo Bay, fascinates visitors with its sand islets, white
beaches, coral reefs, and breathtaking beaches. This conservation area is easily accessible by
a 20-minute boat ride from the pier at the Rendezvous Hotel. The park area has very suitable
natural features for those who wish to sunbathe on the beach, swim in the sea, explore the
mangrove forests, take a walk on the shallow sea shore or on the beach. In an attempt to preserve
this natural miracle for centuries and pass it on to the future generations, the Filipino authorities
created a special marine protected area covering a surface area of 250 hectares and placed it
under the province protection (Velza et. al., 2022). That is why the “Buntod Sandbar and Reef
Marine Sanctuary” is known as the most famous and most beautiful marine sanctuary on the
Masbate island. Thousands of tourists visit this marine protected area every year because of its
shallow sea coast, long and clean beaches, breathtaking reefs, turquoise clear waters suitable
for snorkeling, rich species of wildlife, and geographical proximity to the provincial center
(Calumpong, et. al,, 2013).).

@ Palani White Beach

The "Palani White Beach", located on the southwest coast of the Masbateisland, 2-3 kilometers
north of the town of Balud, is the island's most popular, beautiful and white sand dunes. The
long stretches of the beach are so enchanting and so white that many experts compare it to the
famous “White Beach” in Boracay. The natural beach area stretching for about 10 kilometers is
tranquil, clean and relatively unspoiled. The gradually deepening sea shore and generally calm
waters of the beach area are perfect for swimming. The best part of this beach is that it is located
in a calm, tranquil, clean bay with its magnificent sunset view. The fact that the Palani region is
far from big cities, that there are no factories and industrial facilities that ruin the environment
in the immediate vicinity, and that it is outside of the international mass tourism routes has
provided a great advantage to the beach area and the local region. The crystal clear waters of
“Palani White Beach” within the borders of Balud district are so tantalizing that one cannot help
throwing oneself into the sea. In a solitary cove on the shores of the Visayan Sea, the beach area
surrounded by coconut trees offers affordable accommodation to the visitors with several nipa
huts. The wide and long white sandy beach is ideal for picnics, sunbathing, swimming as well as
beach sports such as beach volleyball and Frisbee. Hotels such as “Star Beach Resort”, “Paraiso
de Palani Beach Villas”, “Shaira's Beach Resort” and “RL Horizon Beach Resort” are active in the
region where visitors can stay.
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® Busay De Gracia Falls

“Busay De Gracia Falls”, situated within the borders of the Baleno district, is one of the
mysterious and new touristic places newly discovered in Masbate and not even known by the
locals. This majestic waterfall, located northwest of Masbate City and just southeast of the town
of Aroroy, hasjustbegun to make a name for itselfamong the enthusiastic travelers. The waterfall,
which is situated on a gently sloping cliff, is a tourist attraction that is difficult to access as it is
in a very remote place away from the main roads. 10-15 km away from the waterfall, there is no
bakery or market, no pharmacy or restaurant, no hotel or pension around it. The river waters
falling from different points has caused the emergence of many small waterfalls and created
different terraces and different small natural pools. This waterfall, situated in a deserted area,
is undoubtedly one of the most beautiful natural beauties of the Masbate Island.

® Bat-ongan Cave

The “Bat-ongan Cave” is one of the most popular and spooky tourist attractions in Masbate.
The locals believe that this interesting cave was formed as a result of a meteorite that fell here
millions of years ago. However, scientists do not support this assumption. The highest point of
the cave, which has an underground river, is around 150 meters. There are many underground
passages, many batsand various karstrock formationsinside the cave. Up until now, the scientists
have managed to discover 7 connection places between the earth and cave systems. The “Bat-
ongan Cave”, situated in the northwest of Masbate island within the borders of Mandaon county,
is a holy place that devout Christians usually visit during the Holy Week to find solitude, peace
and contemplation. However, at the same time, the cave is open to individual visits, student-
educational activities, group visits as well as scientific studies.

@ St. Anthony of Padua Cathedral

This Historic Catholic Church known as “St. Anthony of Padua Cathedral” or “Cathedral-
Parish of Saint Anthony of Padua”, is also referred to as the “Masbate Cathedral” among the
Masbate people. This famous Catholic Church, located on Quezon street in the Masbate city
and built in the Baroque architectural style, was founded in 1578 by the Spanish missionaries.
Today, Masbate is both the administrative and religious center of the Roman Catholic Diocese.
Even though this historical church, which reflects the Spanish culture and architecture, has
undergone several serious renovations and repairs, it has managed to survive for centuries and
continues to be one of the touristic symbols of the city of Masbate today. The St. Anthony of
Padua Cathedral”, situated west of the city of Masbate and just east of the port of Masbate, is
one of the most visited faith centers of both the city, the island and the Masbate province. This
historic church is also one of the oldest Catholic Churches in the province of Masbate, as it
started operating in 1578.

® Chico Island Wildlife Sanctuary

The “Chico Island Wildlife Sanctuary”, officially established on April 23, 2000, is one of the
newest nature reserves both in the Masbate province and the Philippines. The Chico Island
is a very small island located in the west of Masbate Island, southeast of the Gulf of Acid and
northwest of Tagauayan Island. This islet, with a maximum height of only 5 meters above sea
level, is home to about 2600 people. The “Chico Island Wildlife Sanctuary”, covering a certain
part of this island and situated in the northeastern parts of the island, is a state-protected area
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with an area of 7.7 hectares. This small nature reserve, found within the borders of Cawayan
district, is of great importance in terms of environmental protection and sustainable ecosystems
rather than tourism activities (Yambao et al., 2001). Preserving the rich diversity of plants and
trees, as well as protecting the habitats and breeding grounds of migratory birds, is the primary
duty of the “Chico Island Wildlife Sanctuary”. The Mangrove forests are the biggest ecological
richness of this small nature reserve and the most common tree species in Kulasi, Pagatpat,
Saging-saging, Bakawang lalake at babae, Tingal, Api-api and Buta-Buta nature reserve (Marie
et. al.,, 2004; Velza et. al., 2022). The “Chico Island”, which does not have hotels and touristic
facilities, is an islet suitable for daily picnics and short sea holidays. This quaint island can be
reached by a charter boat from the town of Cawayan and both the migratory bird habitat and
the island's mangrove forests can be inspected closely.

General Geographical Features of the Ticao Island

Ticao, situated in the central part of the Philippine archipelago and east of the Sibuyan
Sea, is an underdeveloped and sparsely populated island that is not among the major tourist
destinations of the Philippines. The Ticao island, which is located in the Luzon Islands Group, is
found in the north and east of the Luzon island, the Burias island in the northwest, the Masbate
island in the west and south, and the islands of Samar, San Vicente, Capul and Dalupiri in the
southeast (Chirikov et. al., 2008). There are two important straits to its west: The Masbate Strait
and Ticao Strait. The small islands such as Matabao, Tatus, Magcaraguit, Rakit Dakit, Hamoroan
and Deagan, located in the south of the Ticao island, constitute a natural bridge between the
island of Masbate and Ticao. To the north of the island of Ticao, there are small but important
islands such as Cagpating, Yeso, Puro, Paltaban, Bagababoy and San Miguel. The “Halea Nature
Park” and “Bongsanglay Natural Park”, which are visited by thousands of tourists every year, are
the most important nature conservation areas of the Ticao island (Calumpong and Cadiz, 2012).
The distance of Ticao island, which has a central location in the Philippine archipelago, to some
neighboring islands is as follows: Burias island 110 km, Bantayan island 135 km, Sibuyan island
138 km. and Busuanga island 150 km. Undoubtedly, as the closest islands, Masbate and Burias
are among the islands that most affect Ticao's economy and transportation connections.

Ticao, the 28th largest island of the Republic of the Philippines, has a population of
approximately 100000 people and a surface area of 334 km2. The maximum north-south length
of the island is 39 km. whereas the east-west width is a maximum of 24 kilometers. The Ticao
Strait, located east of the island of Ticao, separates it from the Luzon island (Chirikov et. al.,
2008). The Masbate Strait, situated in the west of Ticao island, separates it from the Masbate
island. In conclusion, the Ticao island is an underdeveloped island stretching in a north-south
direction, sandwiched between the islands of Luzon and Masbate. There are 4 districts within
the island borders: San Fernardo, Batuan, Monreal and San Jacinto. There are no large lakes and
streams on the island, and no hills or mountains higher than 400 meters. Therefore, it is possible
to say that plains, flat places and slightly sloping areas are common throughout the island. The
Mount Pandan (228 m.), the most popular touristic mountain on the island, is actually a low
hill, not a geographical mountain (https://www.philatlas.com; http://psa.gov.ph/). The highest
point of the island is an unnamed hill with a height of 386 meters, located northeast of the
Togoron village and just south of the Cantorna village. The Danao lake is the only lake on the
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Ticao island. There are around 15 short rivers that are not suitable for transportation within
the borders of the island. Alisoso, Bagahanglad, Benahagan, Buho, Lajong, Mabini, Macugtong,
Pandan, Pifia, San Roque, Santa Rosa and Tutuban streams are the examples of the main streams
of the Ticao island (Chirikov et. al., 2008).

Tourism Potential of the Ticao Island

Ticao, a calm, clean and peaceful tropical island, offers its visitors economical and quiet
holiday opportunities with its crystal clear emerald waters and white sandy beaches. The coral
reefs and islets around the Ticao island are abundant in colorful fish, stingrays, hammerhead
sharks, great fox sharks and tiger sharks. Therefore, for scuba diving enthusiasts and ecological
tourism lovers, Ticao is exactly the calm island they are after. Manta Bowl Shoal and San
Miguel island are the most popular spots for scuba diving of Ticao. Furthermore, the tourists
coming to the Ticao island should definitely visit the islands of Paborito, Cagpating, Matabao,
Tatus, Bagababoy, Burubangkaso and Paltaban, which are situated in close proximity and
have magnificent beaches. The tourists visiting Ticao generally come here for sea tourism
and especially for diving. The lack of modern urban settlements, large shopping centers and
comfortable hotels on the island has hindered the development of mass tourism.

Table 5. Major Accommodations on the Ticao Island

Ticao Tacdugan Beach Lodge

NBM'S Boarding House

Ticao Altamar

Lantau Baie Beach Resort

Altinel Beach Resort

Club de Ticao

Yuson Hotel and Beach Resorts

Orvens Lodging House

Lumonsod Rex

Reddoorz @ Ticao Island Resort

Koko Hauz Lodging Inn

Ticao Lodge

Ticao Lodge & Function Hall

Marceli Beach Resort

Bautista Resort

Binantayanan Beach Resort

Coolis Beach Resort

Serra Lodging

JPS Beach Resort & Convention
Center

Pujol Lodging House

Cocohauz

Ula Lozano Lodging House

Barruga Beach Resort

Looc Beach Resort

Zandra’s Beach and Convention
Center

Rai Son Private Beach

Ticao Island Resort

Floresta Sun Rise Hotel

S&C Beach Resort

Gibraltar

Villa Teresita

3f Tourist Inn

Grona's Inn

(Source: Authors, 2022)

Even though there are around 35 hotels and accommodation facilities operate on Ticao Island,
no 4 or 5 star hotels are available among them (Table 5). Inexpensive hotels and motels, rental
villas and hostels, budget family businesses are the most common types of accommodation
on the island. Therefore, for those who are looking for an economic holiday, Ticao may be

exactly the holiday opportunity they are looking for. The “Ticao Island Resort”, “Villa Teresita”,
“Club de Ticao” and “Ticao Altamar” are among the top quality hotels on the island (Table 5).
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Historical Catholic churches from the Spanish colonial period are one of the most popular
tourist attractions of the island of Ticao. The “Immaculate Conception Parish Church” located
in the Batuan town, “San Jacinto Parish Church” located in the San Jacinto town, “Parish of St.
Michael the Archangel”, “San Fernando Parish Church” located in the San Fernando town are the

most popular and most visited faith centers of the island Ticao (Table 6).

Table 6. Top 15 Natural and Cultural Tourism Attractions of the Ticao Island

Top 15 Natural Tourism Attractions
of the Ticao Island

Top 15 Cultural Tourism Attractions
of the Ticao Island

Busay Waterfall

San Fernando Parish Church

Bongsalay Natural Park

Immaculate Conception Parish Church (Batuan)

Cagpating Island

Club de Ticao Otel

Binantayan Beach

San Jacinto Water Park

Bongsanglay White Sand Beach

San Jacinto Parish Church

Mababoy Island

Matang Tubig Spring

Halea Island Nature Park

Plaza Anonuevo Park

Catandayagan Falls

Ticao Island Resor

Matabao Island

Casa Fidel - San Jacinto

Burubangkaso Rock Formation

Coolis Beach Resort

San Miguel Island

Burabod Spring

Manta Bowl Marine Protected Area

Spanish Era Cannons and San Jacinto

Altinel Beach

0Old Houses in Monreal and San Jacinto

Burubangkaso Beach

Parish of St. Michael the Archangel

Paltaban Island

Looc Beach Resort Otel

(Source: Authors, 2022)

Even though it has a small area, the Ticao island harbors numerous tourist attractions and

» o«

numerous tourist facilities. “Old Houses in Monreal and San Jacinto”, “Burabod Spring”, “San Jacinto
Water Park”, “Spanish Era Cannons and San Jacinto”, “Matang Tubig Gold Spring” and “San Jacinto
Water Park” are the most popular culture and tourism attractions the Ticao island (Table 6). The
“Bongsanglay White Sand Beach”, “Burubangkaso Rock Formation”, “Busay Waterfall”, “Halea
[sland Nature Park”, “San Miguel Island”, “Catandayagan Falls” and “Binantayan Beach” are the
most popular and most popular examples of natural tourism attractions of Ticao island (Table 6).

Major Touristic Attractions of the Ticao Island

Ticao, located between the “Ticao Strait” and the “Masbate Strait”, is one of the most frequently
visited islands by the divers, as it has the richest coasts of the Philippines in terms of marine life
diversity. The nature conservation areas, healing water resources, architectural monuments and
historical churches from the Spanish period, interesting hydrographic and geomorphological

formations, majestic waterfalls, romantic solitary beaches, sea protection zones suitable for

JLH. 'ymusnee amvindarsl Eypasus yaimmoik yHusepcumeminiy XABAPIBICHI.
Xumusi. leoepagdus. Ikono2us cepusicol
ISSN: 2616-6771. eISSN: 2617-9962

N22(147)/ 2024 103



Emin Atasoy, Hakan Onal

diving sports, touristic islets with breathtaking beauties, on the island of Ticao and nearby They
are some of the most common tourism attractions around.

The following briefly describes the main tourist attractions in and around the Ticao Island.

® Bongsanglay Natural Park

The “Bongsanglay Natural Park”, situated in the southeast of Ticao island, is located within
the borders of the Batuan district. This ecological park, found just south of Bitos Bay and
covering an area of 244 hectares, is the most important nature reserve of the Ticao island (De
Los Reyes, 2017; Reboton and Candido, 2014). This nature park, situated within the borders
of Masbate province, was established as a Forest Reserve on December 29, 1981 in order to
protect the mangrove forests and valuable swamp areas on the Ticao island (De Los Reyes,
2017; Calumpong and Cadiz, 2012). The largest natural mangrove forests of the Bikol region
and the Ticao island are located within the boundaries of “Bongsanglay Natural Park” and these
interesting forests are visited by a great number of tourists every year. On May 31, 2000, this
protected area was given the status of "Natural Park". The Bongsanglay Nature Park is home to
36 mangrove species, 3 amphibian species and 11 reptile species (https://www.7641islands.
ph/explore/visiting-bongsanglay-natural-park/). Therefore, the park area has great ecological
and botanical importance. The “Bongsanglay White Sand Beach” and “Rai Son Private Beach”,
which are close to the nature park, are the most popular beach areas of the region. There is
neither a hotel or restaurant nor a gas station or pharmacy nor a market or residential area
around the “Bongsanglay Natural Park” located in this solitary area (De Los Reyes, 2017).

® Halea Nature Park

The “Halea Nature Park”, one of the natural jewels of the Ticao Island, fascinates its visitors
with its solitary beaches, rich underwater life and stunning natural landscapes. The Nature
Park, located on the island of San Miguel, just north of Ticao and Bagababoy Islands, resembles
a hidden tropical paradise with its white sandy beaches, colorful karst shapes, untouched
nature, and untouched calcareous shores (Reboton and Candido, 2014). The San Miguel island,
located just north of Franklin and Bagababoy Islands, is one of the most popular and interesting
tourism destinations of the Ticao region with its canoe trips, fishing, hiking and scuba diving
opportunities. The “Halea Nature Park” provides natural sanctuary for many sea creatures,
including pristine sea waters, sea shores carved from limestone formations, corals of various
colors and sizes (Yambao et al., 2001). The enthusiastic tourists who wish to watch hundreds of
creatures in the clear and turquoise waters prefer snorkeling to see the rich marine ecosystem
more closely. The town of Monreal, situated on the northeastern coast of Ticao Island, is the
closest settlement and most convenient point of departure to set off by boat to the parkland.
The “Halea Nature Park”, a hidden tropical paradise, offers an ideal ecological environment for
those who wish to spend a quiet and peaceful holiday away from the restaurants and hotels,
who desire to integrate with nature. The Ticao Strait, a vast body of water that separates the
island of Ticao from the Luzon island, is home to the Manta Bowl, a diving site where huge
manta rays feeding on plankton can be watched. Whale sharks, hammerhead sharks, and some
other shark species are also common in the Ticao Strait.
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@ Catandayagan Falls

The Catandayagan waterfall, which discharges its waters directly into the ocean, is the most
important tourist attraction of the Ticao island. Just like the Catandayagan waterfall, only 4-5
waterfalls in the Asian continent discharge their waters directly from the land to the sea from
such a high place. Therefore, Catandayagan is both a rare geomorphological formation in nature
and one of the rare examples of waterfall types. This breathtaking waterfall is located on the
northwest coast of the Ticao island, within the borders of Monreal district and just north of
Burubangkaso Beach. Every visitor to the Masbate Province should see this majestic waterfall.
This magnificent waterfall, located very close to the “Burubangkaso Islet and Rock Formation”
and “Burobangcaso Beach”, is one of the most beautiful and highest waterfalls of the Philippines,
which depletes its waters directly into the sea from a height of about 15 meters. The natural
waterfall pool, where fresh river waters and salty sea waters meet, is ideal for both swimming
and massage in the waterfall waters. Undoubtedly the Catandayagan waterfall is the most
beautiful and most popular natural tourist attraction of the Ticao island.

® Matang Tubig Gold Spring

The “Matang Tubig Gold Spring”, located in the northeastern part of the Ticao island within
the borders of Monreal county, is the most famous natural water source of the island. This
natural spring, located 3-4 km from the town of Montreal in the south, is a popular holiday
destination for those who wish to have a picnic, swim or cool off. The stream valley, surrounded
by green plants and tropical trees, acts as a unique natural decoration around the spring. The
“Matang Tubig Gold Spring” is one of the coolest, most beautiful and healthiest tourism centers
of the island of Ticao. The water from the stream is very clean, clear and cold, making it a natural
blessing to soothe the tired bodies and souls of visitors on extremely hot and muggy days. Due
to the clean and drinkable water, hundreds of local and international tourists visit the region
and use the healing water source freely. Next to the stream coming from the mountains, there
are waterfalls in the form of steps suitable for swimming. Therefore, both families and children
love to have fun and swim in the “Parish of St. Michael the Archangel”, “Classroom Points” and
“Ticao Island Resort” are some of the major tourism centers that are very close to “Matang
Tubig Gold Spring” and should definitely be visited.

® Bongsanglay White Sand Beach

The "Bongsanglay White Sand Beach", located at the southeast tip of the Ticao island, is
one of the most beautiful and popular beaches on the island. This solitary beach area, located
just south of the "Bongsanglay Natural Park", is notable for its quietness and solitude. There is
neither a building, nor a grocery store, nor a hotel or bar, nor a settlement around it. A lonely
and desolate beach, far from crowded tourist masses and noisy traffic, that even the highway
cannot reach. The beach area within the borders of Batuan district fascinates the visitors with
its interesting rock formations, clear turquoise sea waters and long sandy beach. The fact that
there are no touristic facilities in the vicinity seems to be a great advantage in terms of preserving
the naturalness of this beautiful and solitary beach. The islands of Matabao and Tatus, located
just a few kilometers south of this beach area, are beautiful tourist attractions that should be
visited daily with boat tours.
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General Geographical Features of the Burias Island

The Burias island, situated in the Sibuyan Sea and in the Luzon Islands Group, is a medium-
sized island located in the central part of the Philippine archipelago. One of the three large
islands within the borders of Masbate Province, it is possible to describe Burias as a sparsely
populated island with high mountains, great lakes, long streams and no cities. The surface
area of Burias island is 435 km2 and approximately 87000 people live on the island (https://
www.philatlas.com; http://psa.gov.ph/). Burias, 51 km from Ticao island, 92 km from
Sibuyan island and 190 km from Bantayan island is a long and narrow island extending in the
northwest-southeast direction. San Pascual and Claveria are both the island's largest towns
and the island's most important ports. There is a very old and very poor road network on the
island, but most of it is unpaved and bumpy roads are only accessible by motorcycle. There is
no 24-hour continuous electricity supply on the island. Generally, electricity is only available
for 10-12 hours or less each day, and there is no electricity the rest of the time. Therefore,
as a precaution against power cuts, each settlement has its own diesel generators to generate
electricity. Frequent power and internet cuts are among the factors that negatively affect the
tourism activities on the island (Alonzo, et al., 2007). There are two districts within the borders
of the Burias island: Claveria and San Pascual. On the island without cities, only the towns of
San Pascual and Claveria are the large settlements. All remaining settlements on the island are
poor small village settlements. There are 2 towns (San Pascual and Claveria) and more than 50
village settlements on the Burias island. Claveria is located at the southeastern tip of the island,
while San Pascual is located at the northwestern tip of the island. More than 80% of the villages
within the island borders are located on the coast (https://www.philatlas.com; http://psa.gov.
ph/). Fruit production, livestock, corn and copra production, fishing and tourism are the main
livelihoods of the islanders. The Burias island is one of the least developed, least invested and
poorest islands of the Philippines (Gavino-Gumba, 2010).

Tourism Potential of the Burias Island

Among the three big islands within the borders of Masbate Province, Burias is the one with
the least settlements and the least tourist facilities. Burias is also the province's most sparsely
populated, poorest and least developed large island in terms of economic potential. Interesting
coastal formations, solitary beaches, historical churches, turquoise bays, white beaches and cute
little islets are the main tourist attractions that can be visited in the Burias region. “Sombrero
Island”, “Fish Hook Cove Burias Island”, “Tinalisayan Islet and Sandbar”, “Dapa Island”, “Bantigui
Beach”, “Animasola Island”, “Pinamasingan Gulf” and “Taguilid Front Beach” are the most visited
and the most popular natural tourism attractions of the Burias island (Table 7). “San Isidro
Church”, “San Pascual Municipal Hall”, “Iglesia Ni Cristo - Lokal ng San Pascual Church”, “Rizal
Park”, “St Pascal Baylon Church”, “Water Spring Park” and “Parish of Saint Pascual Baylon
Church” are the most visited and most popular cultural tourism attractions of the Burias island
(Table 7). Small touristic islets such as Tinalisayan, Tanguingui, Animasola and Sombrero in the
Burias region are among the most preferred touristic centers by the international tourists, both
for weekend picnics or diving sports, and for swimming and relaxing by the beach (Table 7).
The international tourists visiting the Burias island usually visit at least one of these charming
islands, which have unearthly beautiful, clean and solitary beaches.
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Table 7. Top 15 Natural and Cultural Tourism Attractions of the Burias Island

Top 15 Natural Tourism Attractions
of the Burias Island

Top 15 Cultural Tourism Attractions
of the Burias Island

Biton Beach

San Isidro Church

Fish Hook Cove Burias Island

Atlaza Resort

Les Coquillages White Sand Beach

San Pascual East North East Border Claveria

Ambulong Island

San Pascual West South West Border Claveria

Bantigui Beach

Parish of Saint Pascual Baylon Church

Animasola Island

Seventh-day Adventist Church San Rafael

Taguilid Front Beach

San Pascual Public Market

Pulong Dapa Island

Pahowaiian Beach Resort

Pinamasingan Gulf

San Pascual Municipal Hall

Busing Island

Virjen Island Resort

Sombrero Island

Sombrero Island Beach Resort

Tinalisayan Island

Bayanihan-Cueva Avenue

Aurora La Blanca Whitesand Beach

Casa Eduardo

San Isidro Beach

San Pascual Port

Fadeli Beach

FHM Garden Grill and Catering Osmena

(Source: Authors, 2022)

The number of both Catholic churches and other faith centers on the island of Burias is much

fewer than on the Masbate island. The “Parish of Saint Pascual Baylon Church”, “Seventh-day
Adventist Church San Rafael” and “San Isidro Church” are among the most curious and visited
the faith centers by the local and international tourists (Table 7). There are no 4 or 5-star hotels
on the Burias island, and there are no luxury accommodation facilities. Modest hostels, small
family businesses and budget hotels are predominant throughout the island. The main hotels

» o«

and accommodation facilities on the Burias island are; the “Pahowaiian Beach Resort” “Les
Coquillages White Sand Beach”, “Aurora La Blanca Whitesand Beach Resort”, “Casa Eduardo”,
“Home Sweet Home Burias”, “Mikko's Hotel”, “Sunset View Tourist Inn”, “Atlaza Resort”, “Aping
Hotel” and “Bolod San Pascual Masbate”. As is explicit, the number of accommodation facilities
on the Burias island is around 10. Let us now explain this more clearly and comprehensibly by
making a simple comparison. The Burias island has a surface area of 435 km2 and has around 10
accommodation facilities, while Siquijor island has an area of 337 km2 and serves the tourism
activities with more than 160 accommodation facilities (https://www.philatlas.com; http://
psa.gov.ph/). Even though the area of the Siquijor island is smaller than the Burias island and a
large part of the island is covered with mountainous lands and dense forests, the fact that it has
16 times more accommodation facilities than the Burias island demonstrates that the tourism

activities in Burias are still in their infancy.
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Major Touristic Attractions of Burias Island

Among the 3 big islands in the Masbate Province, Burias is the island with the least
population, the least number of districts and the least number of hotels and accommodation
facilities. Therefore, when compared to the islands of Ticao and Masbate, it is clear that Burias is
the island with the least number of tourism centers and the least developed tourism activities.
Small cute tropical islets, wide bays and peninsulas, beaches covered with white sandy beaches,
breathtaking coastal formations and architectural works from the Spanish colonial period are
among the most common tourist attractions on the Burias island.The following explicates the
main tourism attractions on the Burias island and its surroundings.

® Animasola Island

With its white beaches and steep cliffs, the Animasola island is one of the must-see touristic
centers in the Burias region. This small islet, located just northeast of Burias island, fascinates
the tourists with its sea erosion surfaces, steep cliffs, high stony shores and interesting rock
shapes. There are daily tours to the Animasola island by chartered boat from the San Pascual
town of the Burias island. There is neither a settlement nor a hotel or restaurant on the island,
nor a grocery store or government office. However, the Philippines' most beautiful examples of
cliffs, the most striking wave erosion patterns and the most interesting sea cliffs are undoubtedly
situated in Animasola. Briefly, even though the Animasola Island is nothing more than a huge
natural rock museum carved by the ocean waves, it is worthwhile to visit the island for its
breathtaking natural beauty.

® Les Coquillages White Sand Beach

The “Les Coquillages White Sand Beach”, found on the southwest coast of the Burias Island,
is one of the most beautiful and popular beaches of the island. This famous beach, situated on
the shores of the Sibuyan Sea, within the borders of Barangay San Isidro, in Claveria county, is a
secluded, clean, quiet and tranquil resort away from the big hotels and crowded tourist masses.
The “Les Coquillages White Sand Beach Resort” adjacent to the beach and “Pahowaiian Beach
Resort” located 1-2 kilometers south of the beach area are the only accommodation options in
the region. The “Les Coquillages White Sand Beach Resort Hotel” that offers 5 cottages on the
shores of the Sibuyan Sea, tries to meet the needs of tourists with limited means. In fact, both
the entire beach and this small hotel are run by one family. The long white beaches, clear and
clean sea waters, dense rain forests, desolate coasts that have not yet been exposed to concrete
and construction are the biggest touristic advantages of the beach. The lack of transportation
connections and infrastructure and the almost non-existence of touristic facilities such as
restaurants, bars and hotels are the main reasons why the beach area is visited by very few
international tourists.

@® Tinalisayan Island

Tinalisayan, found in the northwest of Burias island, is located a few kilometers northwest
of Busing Island. A miracle of nature with its clear ocean waters and hidden white beaches,
Tinalisayan is one of the most impressive and beautiful islands of the Burias region. The long
coastal pole, consisting of white sand dunes and nestled meters into the sea, has become the
touristic symbol of this island and has inspired hundreds of postcards. The shore pole, which
emerges during low tides and consists of white dunes, offers the appearance of a swimming
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platform in the middle of the sea and fascinates the visitors. For those looking for romantic
holidays, snorkelingand quiet beaches, this mysterious and quaintisland is a perfect opportunity.
There are no hotels, bars, restaurants, markets or government offices on the island. Furthermore,
since there are no accommodation facilities on this desolate island, it is recommended that
visitors bring their own food supplies and their own tents.

Conclusion

Masbate, which has failed to attract the attention of the Manila governments, the provincial
administrators and major tourism investors until the 21st century, can be described as a
poor and sparsely populated province with flat and desolate lands. It is explicit that the basic
economic sectors such as trade, industry, construction and transportation within the borders of
the province have not highly developed in the 21st century. However, it is common knowledge
that this rapidly developing, prospering and developing province in the last quarter century has
a huge tourism potential. Since Masbate is a newly developing and prospering province in the
21st century, it is natural for the tourism activities to develop in the islands within the borders
of the province. Therefore, it is hoped that the economic development will accelerate and the
international tourism revenues will increase with the economic investments to be made in the
islands within the borders of the province in the coming years. Therefore, the tourism sector in
Masbate is regarded as the "economic savior of the province".

The tranquil and peaceful tropical islands, desolate white sandy beaches, pristine untouched
ecosystems and breathtaking natural beauties are the Masbate province's greatest tourism
wealth. Fascinating coral reefs and rich marine life diversity have made Masbate one of the
Philippines' top diving destinations. The festivals organized in different settlements of the
province every year attract the attention of both domestic and international tourists and
promote the touristic activity. Therefore, marine tourism, adrenaline tourism, festival tourism,
ecotourism, adventure tourism, rural tourism and sports tourism are the most common types
of tourism in the islands within the borders of the province. As we rush towards the middle of
the 21st century, Masbate, with all its tropical innocence, all its unique tourism resources and
all its natural beauty, is waiting to be discovered by the international tourists. The following
summarizes and examines the main tourism advantages of the Masbate province.

The major tourism advantages of the Masbate province can be summarized as follows:

® The lack of production activities and large industrial facilities that will pollute the
environment within the borders of the province can be considered as a great chance for the
development of ecological tourism. The Masbate province, which does not have large factories
and commercial centers, large thermal power plants and crowded metropolitan cities, will
continue to be preferred as a tourism destination as long as it preserves its natural resources
and ecosystems. In conclusion, the untouched natural elements, uncontaminated land and
sea ecosystems, untouched natural beauties that are not available anywhere else are the most
important tourism wealth of the province.

@® The islands and coasts within the borders of Masbate province have very appropriate
geographical, ecological and climatic features for diving, snorkeling and surfing. The quiet
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beaches lined with white beaches, turquoise coves and bays, interesting coastal formations and
wave erosion patterns, and colorful coral reefs that are very popular with the divers are the
main natural tourism attractions of the province.

@® There are around 20 islands within the borders of Masbate province, but about 10 of them
can be described as "touristic islets" with intense tourism activities. Since daily boat tours are
organized to these tropical islands, they are of great importance in terms of sea tourism and
various recreational activities, as well as water and diving sports. In fact, the islets such as
Tinalisayan, Busing, San Miguel, Magcaraguit, Sombrero, Animasola and Dapa have breathtaking
natural beauties and interesting tourism attractions that are unique not only in the Philippines
but also in the entire Asian continent. These small uninhabited tropical islets, therefore, are
both the most famous attractions and the greatest touristic wealth of the Masbate province.

® Masbate is a calm, peaceful and safe province where every international tourist can have
a holiday with peace of mind, away from the terrorist incidents. The non-existence of security,
traffic and terrorism problems in all the islands within the provincial borders, as well as the
non-existence of social problems such as extortion, murder, attack and theft are important and
positive features for the international tourists coming to the islands.

® The fact that most of the hotels, restaurants, hostels, bars and other touristic facilities
within the borders of Masbate province offer cheap services and economical prices is regarded
as a positive feature for the tourists. The low-income tourists who do not wish to spend their
holidays in expensive accommodation on the neighboring island of Luzon can sometimes choose
one of the islands within the provincial borders as a new destination. Therefore, it is possible
to claim that the Masbate province has appropriate opportunities for youth tourism, senior
tourism as well as family tourism.

® Within the borders of the Masbate province, there are interesting ecosystems and
stunning natural beauties not available anywhere else in the Philippines and a significant part
of them are found within the borders of nature reserves. Therefore, the nature reserves such as
“Halea Nature Park”, “Bongsanglay Natural Park”, “Manta Bowl Marine Protected Area”, “Buntod
Sandbar and Reef Marine Sanctuary” and “Chico Island Wildlife Sanctuary” are situated in both
terrestrial and marine geographical spaces. It has a great function and significance in terms of
the development of tourism activities in the province (Pagunutalan et al., 2004).

@ Even though the Masbate province, with its rich natural resources and unique tourism
attractions, has already proven itself to be a unique geographical location, it has not been able
to promote it to the world and prove it in the global tourism markets. Even though diversity
and originality are the biggest tourism trump cards of the islands in this province, it is explicit
that the Philippine tourism authorities have not been able to promote this to both the tourism
experts and the international tourism markets. One of the main reasons for doing this study and
writing this article is to successfully carry out the "global tourism promotion" and "scientific
analysis initiative" of this little-known province.
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EmuH Aracoin*!, Xakan Onasn?
'Bypca Ynydae Ynusepcumemi, Bypca, Typkus
2Baasikecup yHugepcumemi, Baavikecup, Typkus

JdaMy1ib] )KaHA TYPHUCTIK GAFbIT:
MacGaTe nNpOBUHIMSICBIHBIH reorpadusjibiK pecypcTapbl MeH TYPHUCTIK dJIeyeTi
(®PusmmnnuH Pecny6/iMKachi)

Angarna. PuaunnvH apxunesarblHbIH OPTaJIbIK 6GeJiirinfe opHajackaH CubysH, BucasH xoHe
Camap TeHi3zmepiMeH KopuiasraH Mac6aTe npoBuHLMsICbIHA 3 y/akeH apas (Mac6ate, Tukao xaHe
Bypuac) xoHe KelnTereH LafFblH apajgap Kipe/i. Mac6aTe npoBUHLUACBIHBIH, KYPaMbIHJAFbl GapJIbIK
apangap ¢usukaiblK reorpadusicbl opHasacybl 6oibiHIIA JIycoH apangapbl ToGblHA Kipegi; cascu-
9KiMILiiK reorpaduscel afFblHaH Ja ojiap «bukeJs aKiMmIlijik alMaFbIHbIH» illliHAe OpHalacKaH.
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OKIMIIJIIK KypblIbIMbl G0MbIHINIA Mac6aTe nmpoBuHUUsChIHAA 20 aygaH, 1 kKana (MacbaTte) >xaHe
550 6apaHraéi 6ap. Mac6GaTe HpPOBUHIIUMSCBIHBIH 0all TaGUFU pecypcTapbl MeH KeH OpbIHJaphI,
aybl/ IapyallblIbIFbl XK9He GasiblK, aysay aJ/ieyeTi KoFapbl 60JIFaHblHA KapaMacTaH, XaJlblKapasblK,
TypUsM/e dJ1i [ie alTap/IbIKTal TabbICKa »keTe anMa/bl. bys sepTTeyne Mac6aTe NpOBUHLUACHIHDBIH, €H,
YJIKEeH apajijapbl 60Jibll TabbliaTblH MacbaTe, Tukao xoHe Bypuac 3epTTesin, TajaaHbll, oJapblH,
reorpaQuUAIbIK epeKIleJdiKTepi, TYPUCTIK oJeyeTi MeH apajJapAblH TYPUCTIK TapThIM/bLIbIFbI
Jla KapacTbIpbLiFaH. Makasaga Mac6aTe NpOBUHIMSICBIHAAFbI HETi3ri OpHasacTblpy OpPBIHJAPEI,
KOPBIKTaphl, apajiapbl MeH >KaFa)kalJIapbl, TAOUFH K9He MJJIEHH TYPHUCTIK KepiKTi »epJiepi, COHJau-
aK, Mac6ate NpoOBUHLHUSACBIHAAFbl TYPU3MHIH, apThIKUWIBLIBIKTapbl MEH KEMUIIIKTepPi TaJKblJIaHFaH.
3epTTeyAiH Herisri MakcaTbl — OKbIpMaHJAp/bl lIeTeJJiK TypUCTep apacblHAa aca TaHbIMaJlJbIFbl
»KOK Mac6aTe NpPOBUHIMSCBIHBIH TYPUCTIK pecypcTapbiMeH, M3JleHU Oal/bIFbIMEH 9He Tabufu
CYJIyJIBIFBIMEH TaHBICTBIPY, COHZIal-aK, MacbaTe MPOBUHLUACBIHBIH, aThIH dJIeM/JiK TYPUCTIK HapbIKTa
TaHbIMAaJI €Ty XdHEe KbI3bIFYLIbLJIbIK TAHBITATBIH TYPUCTEDP YILiH KaHa JeMaJIbIC HYCKaIapbIH YChIHY.

TyiiH ce3gep: MacbaTe NPOBUHLUSACH], TYPUCTIK opbiHAap, PuaunnuH Pecny6iukacsl,
XaJbIKapaJblK Typu3M, PUINNNKH apXUIesiars.

EmuH Aracoin*!, Xakan Onasn?
'Bypca Ynydae Ynusepcumem, Bypca, Typyus
2Basasikecup YHusepcumem, basvikecup, Typyus

Pa3BuBawleecsd HOBoe TYpUCTHYECKOe HallpaBJIeHHUeE:
reorpadpuuyeckue pecypchl 4 TYPUCTUYECKUN NOTEeH A/l NPOBUHL MU Mac6aTe
(Pecny6/iuka ®UJIUNINHUHBI)

AunHoTauus. [IpoBuHnus Mac6are, okpy»xeHHass MopsiMu CuOysiH, BucasH u CaMmap, pacroJioxkeHHas
B LIEHTpa/IbHOM YacTy PUIUNINIUHCKOr0 apXulesiara, BKJo4JaeT B cebs 3 KpynHbIx ocTpoBa (Mac6are,
Tukao u Bypuac) u MHOXeCcTBO MeJIKHX OCTPOBOB. Bce ocTpoBa B mpejesiax NpoBUHIMK Mac6ate
SIBJISIIOTCS JIMIIb YaCThI0 TPyNNbl oCTPOBOB JIYCOH € TOYKHU 3peHUs1 pU3ndeckol reorpaduu; Takxe
C TOYKU 3pEHUs] MOJUTHUYECKOW U aJIMUHHUCTPATUBHOMN reorpaduu OHM PaCIOJIOKEHBbI B Ipejesax
«aJIMUHUCTpPAaTUBHOro pernuoHa bBukos». C TOYKM 3peHUS aJMHUHUCTPATUBHOrO0 YCTPOMNCTBa B
npoBUHIMM Mac6aTte HacuuTbiBaeTcs 20 okpyros, 1 ropoxa (Mac6are) u 550 6apanraeB. HecMmoTps
Ha TO, YTO NpoBUHL U MacbaTe 06/1ajaeT 60raTbIMU NPUPOJHBIMU peCypcaMu U IaxTaMH, 60/IbLIUM
CeJIbCKOX03SIUCTBEHHBIM U PbIOOJIOBEIIKUM MOTEHLMAJOM, el OKa He y1aJa0Ch JOOUThCS XKeJlaeMoro
ycrnexa B MeXAyHapoAHOM TypusMme. B aTom ucciemoBanuu Macbate, Tukao u bypuac, KoTopbie
SBJISIOTCA KpYNHEWIIMMH OCTPOBaMM NPOBUHLMU MacbaTe, U3y4yaloTcsi WM aHAJU3UPYIOTCA MO
OTZeJIbHOCTH, a TaKXKe YYUTBIBAIOTCS UX reorpadpuyeckue 0CO6EHHOCTH, TYPUCTUYECKHUN MOTEHIMa
Y TYPUCTUYECKAsl NPUBJIEKATEJbHOCTb 3TUX OCTPOBOB. B 3TOl cTaThe paccMaTpHUBAIOTCS OCHOBHbBIE
06'beKThI pa3MellleHHs], OCHOBHbIE IPUPO/HbIe 3allI0BEJHUKH, OCTPOBA U IJISIXKH B IIpe/ieslaX NPOBUHIIUN
Macbare, a TakKe NIPUPOAHBbIE U KYJbTYPHbIE TYPUCTUYECKHE JOCTONPHMEYaTeJIbHOCTH; KpOME TOTO,
paccMaTpUBaOTCS NMPeUMyllecTBa U HEJOCTAaTKH TypusMa B NpPoBUHLUM Mac6ate. OcCHOBHas Liejb
YcC/IeIOBAHUS - IO3HAKOMUTDb YUTaTeJeN C TYPUCTUYECKUMU PECYpPCcaMU, KyJbTYPHbIMU 60raTCTBaMU
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Y IPUPOJAHBIMHU KpacoTaMU NpoBUHL MU Mac6aTe, KOTopasi Ha CaMOM JieJie He OYeHb NOMyJispHa cpeju
MHOCTPaHHBbIX TYPUCTOB, a TaKKe NMOMY/IpU3UPOBaTh Ha3BaHUe NPOBUMHLMMU MacbaTe Ha MHUPOBBIX
TYPUCTHUYECKHUX PhIHKAX U NPeJJI0KUTh HOBble BAPUAHThI OTAbIXA [1J1s1 IID603HATEbHbIX TYPUCTOB.

KinrwueBsble c10Ba: npoBuHIMA MacbaTte, TypucTHUYeCKHe JOCTONpHUMeYaTeJbHOCTH, Pecnyb/inka
®uaunnuHel, MeXAYHapoAHbIN Typu3M, PUAUMNNUHCKUN apXullear.
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0630p MOHUTOPHUHTA JiecoB B KazaxcTaHe HAa OCHOBe HA0J/II04EeHUSA
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C.b. Bucen6aena’, lll.M. Meuc6ek?, E.K. Baiimykan?
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AnHoTanms. JlecHoi ponj Kazaxctana 3aHuMaeT 5% TeppUTOPUH CTPAHBI,
a UX IJIoIAAb cocTaBssieT 13,6 MJIH ra. Jleca B mpupo/ie BbINOJJHSIOT Pa3HOO-
6pa3Hble QYHKIUU AJis TPUPOAbI U 001LeCTBa, a TAKXKE UTPAIOT BAXKHYIO POJIb
B BbIpaBHHMBAHUH KJIMMaTa. I3MeHeHNe KJIMMaTa, POsIBJSIOLIeeCs B OBbBIIIEe-
HUU TeMIIEPATYpPbl U HbIHEITHUX IKCTPEMaJIbHBIX IOTOAHBIX YCIOBUSX, OKa3bl-
BaeT HeraTUBHOE BO3/leHCTBUE Ha 3/I0POBbE U pa3BUTHE JIECOB. 3a MOCIE/[HUE
ISATh JIET CUJIbHAS 3aCyXa U ’Kapa, a TaKXKe Moc/Ieyollee MacCOBOe pa3MHOXKe-
HUe BpeJuTeJiel cepbe3HO MOBJIUAJIN Ha Jieca CTPaHbl. YUUThIBAsk HbIHEIIHUE
MaciTabbl yiiep6a iecaM U BO3HUKAIOLIUE J0JIr0CPOYHbIe MOCAeCTBUSA, yCU-
JIUS TI0 COXpaHeHU1o JiecoB B KazaxcTaHe, a TakKe UX pa3HO0Opa3us U MPOAYK-
THUBHOCTH sIBJISIETCS He3aMeHUMOH 3a/jauell npaBUTebCcTBA. Ha cerogHsAIHUMI
MOMEHT aKTHBHO MPOBOJUTCS JIECOBOCCTAHOBUTEJ/IbHbIE PAGOTHI, PAaGOTHI 1O
OXpaHe ¥ palMOHaJbHOMY HCIO0JIb30BAaHUIO JIECHBIX pecypcoB B Pecmny6inke
KazaxctaH. KosinuecTBeHHbIe JJaHHbIE SIBJSIOTCS OHUM U3 CPEICTB MPUHSATHUS
060CHOBAHHBIX pelleHUl JJisl obecriedeHUs] MOHUTOPHHTIA JIECOB U yJy4llle-
HHSI MOHUTOPUHTA ylep6a JiecaM. B 1onoTHeHHE K CYLeCTBYIOIUM CUCTEMaM
MOHUTOPHHTIA JIECOB, TAKUM, KAK UHBEHTApH3aLUs JIeCOB, 06C/elOBaHUE CO-
CTOSIHUSI KPOHbI U MHBEHTApHU3allusl JIECHbIX MIOYB, CUCTEMAaTUYECKHEe HUCCIIe-
JIOBaHUSI COCTOSIHUSA U YSI3BUMOCTH JIECOB B HallMOHAJIbHOM MacluiTabe MOTYT
OBITh PACLUIMPEHBI C TOMOIIbIO CIYTHUKOBOU CUCTEMbI HAOJII0/IeHHUs1. HabJIro/1e-
HUe 3a 3eMJieil. B 3ToM 0630pe Mbl MPOaHAJU3UPOBAJIU U KJIACCUPUIIMPOBAIH
BCe HCCJIe/IOBaHUs, OMy6JUKOBaHHbIe 3a nocsieHue 20 JieT U NOCBsIeHHbIe
JIUCTAHIMOHHOMY 30H/IMpOBaHUI0 JiecoB B KazaxcTaHe.

KioueBble c/10Ba: AMCTAaHIMOHHOE 30HAMPOBAHUE, HAO/IOAeHHe 3eMJIH,
JlecHOY GOH/J, MOHUTOPUHT Jieca, Aerpajanus jseca, KazaxcraH, 0630p.
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BBeaeHue

MupoBoil siecHoM GOHA M Jieca NPeLOCTAaBAAKT YpPe3BblYailHO LieHHblE 3KOCUCTEMHbIE
YCIAYTU M BHOCAT OTPOMHBIA BKJIaJ, B 06J/1larococTosiHhe 4esioBeka. WX BkJag MOXHO
CTpynnupoBaTh B obecrnevyrBawllle, BCIOMOTaTesbHbIe, PETryIupylolide U KyJbTypHbIe
ycayru [1, 2]. JlecHoit poHJ, obecnieyrBaeT Cblpbe, TAKOE, KaK JApPeBECHHA UJIU PAaCTUTEJIbHOE
BOJIOKHO (CTpOMTeJIbHas JjpeBecrHa, MebesibHasl peBecuHa, byMara, yrojb U T.J,.), psiMble
Y KOCBEHHbIe NPOAYKTHI MUTAHUA (TpaBbl, PPYKThI, OpeXH, MeJ], TPUOBI, JUUb, HACEKOMBbIE U
T. 1.) U XMMHUYeCKUe BellecTBa W JieKapCTBEHHble CpeJACcTBa (CKUNMJAp, Macja, pe3uHaT U
T.IL.), @ TAKXKe 3a4aCTyl0 NpeJoCTaB/JeHre JOCTyIa K MCTOUHHKAaM YUCTOM BoApbl. Jleca ciyxat
cpefior obuTaHus AJst GJyiopbl U GayHbl, ABIASIOTCA JJOMOM /Jisi OTPOMHOT0 6MOpa3HO06pasus
Y CIOCOOCTBYIOT MOYBOOOPA30BaHUIO U KPYyroBOPOTY MUTATesbHBbIX BellecTB. KpoMe Toro,
Jleca CIOCOOCTBYIOT 3alllUTe 3eMeJib OT 3PO3UH, BKIKYAT PUIbBTPALUI0 BOJAbl U BO3/yXa,
yZlep>KaHUe BO/ibl, a TaKXKe 60pb0y C HABOJHEHUSIMU U 3acyXou. /lep:kaT B 6asiaHCe U3MeHEeHHUs
KJIMMaTa 3a c4eT QpUKCalMU yIjepo/ia B pacCTeHUsAX U o4Bax. Ky/bTypHbIN BKJIa/: BKIOYAOT
OTAbIX (HanpuMep, IPOTYJIKH, I0X0/1bl, €3/]a Ha BeJIOCUIIe/le, BepXOBas e3/]a, KaTaHHe Ha 6eroBbIX
JIbDKAX, 0X0Ta U T. [1.), 3CTETHUKY, 3KOJIOTUYeCKoe 06pa3oBaHue U lyXOBHbIe yCIyTH [3].

KazaxcTtaH oTHOCUTCS K MaJjiojiecuCThIM cTpaHaM. CorsiacHo AaHHbIM KomuTeTa JiecHOro
X0349KCTBA Y )XKMBOTHOTO MHpa MUHUCTepCTBA 3KOJIOTUH, T€0JIOTUHA U IPUPOAHBIX PECYPCOB,
1o coctosiHuio Ha 1 auBapsa 2022 r. sieca 3aHUMAIOT 5% TeppPUTOPUM CTPaAHBbI, @ UX MJI0IA/Lb
coctaBideT 13,6 MiH ra. Ilo4yTH Nos0BMHA U3 HUX INPUXOAUTCA Ha cakcayld. B nesom
6J1arofapsi yCUJIMsM, HallpaBJIEHHbIM 32 OXpPaHy JIeECOB, KX BOCCTAHOBJIEHME U pallMOHAJIbHOE
MCII0JIb30BaHUe 3a nocJjeaHue roabl B KazaxcraHe HabJ01aeTcsl TeHAEHIMS K YBEJUYEHUIO
JIECHBIX MacCHUBOB.

BoJsibllasgi 4yacTh rocyaapcTBeHHOro JiecHoro ¢pouzaa - 74,9 % HaxoguTcs B BeJeHHUHU
aKuMaToB obOJjiacTel, B BeleHnu Komurtera Haxogutcsa 24,4 %. [linomaab rocysapcTBeHHbIX
JiecoBJaJlesiblieB, MOAYMHEHHbIX KomuTeTy, coctraBiser 7450,9 Twic. ra, u3 Hux 7335,9
TBIC. Ta — 0CO00 OXpaHsieMble IPUPOJHbIE TEPPUTOPHUU CO CTATyCOM HOPUAHUYECKOTO JIULA, K
KOTOPBIM OTHOCATCA: 10 rocyapCTBEHHBIX IPUPOAHBIX 3alI0BEAHUKOB; 14 rocygapcTBeHHbIX
Hal|MOHAJIbHBIX IPUPOJHBIX NAPKOB; 7 TOCY/JapCTBEHHBIX IPUPOJHBIX pE3€PBATOB.

Haubosnpinii BpeJ, siecaM HAHOCAT JiIeCHble IMOXapbl, KOTOpble MOTYT CBECTH Ha HET
JIeICTBEHHOCTb BCe€X, IPOEKTUPYeMBIX JIECOYCTPOMCTBOM W MNPOBOJUMBIX JIECHBIMHU
yupexaeHusaMu, Meponpudatui. B 2019 roay Ha TeppUTOpHUM TOCYyJapCTBEHHOTO JIECHOTO
doHga npousouio 628 moxkapoB, B CPABHEHUHM C MPOLLJIBIM IOJOM 3aperucTpUpoBaH HX
poct Ha 75,4% (2018 r.-358). MaTepua/ibHbI{ yl1ep6 Takxe yBesJauyusca B 2,6 pasa (2018
. - 209 MsH. 619 ThIC. TeHTe, 2019 1. — 563 MuiH 509 ThIC. TeHTe), IPH 3TOM JieCHasl IJIOLA/ b,
npoiieHHas noXkapaMu, CHU3ujaach B 2,2 pasa u coctaBusa 73 Thic. 515 ra (2018r. - 162 Thic.
611ra) [4,5, 6].

Oco6o0 ciefyeT OTMETUTD, UTO pa3paboTKa HAyYHO 060CHOBAHHOW CUCTEMBI II0 MOHUTOPUHTY
Y COXpPaHEHHIO JIECOB CTPaHbl, MEPONPUATHUH N0 YMEHbIIEHNUIO HETAaTUBHbIX MOCAECTBUU U
yBeJIMYeHUs] MPOJAYKTUBHOCTHU JIECOB MOXXET ObITb BBINIOJIHEHA Ha OCHOBE HCII0JIb30BaHHUSA
COBPEMEHHBIX TEXHOJIOTUU U METO/,0B.
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0630p MoHUMOpUHea secos 8 KazaxcmaHe HA 0cHoge Hab1t0deHus1 3a 3emeli

[lenssMu AaHHOTO 0630pa MOHUTOpPHHra JiecoB Ha ocHoBe /[33 gaHHbIX B KaszaxcraHe
ABJISIIOTCS:

- IpeACTaBUTb BCECTOPOHHEE, aKTya/IbHOE U 060CHOBaHHOE Ha paKTax BBeJIEHUE O Jiecax B
CTpaHe U TeKylUlre Npo6JieMbl;

- IpeJICTaBUTh Pe3y/bTaThl YIJIyO6J€HHOT0 0630pa M aHa/IM3a BCeX UCC/IeI0BAaHU M, OCHOBAH-
HbIX Ha /133, nocBsilleHHbIX JiecaM B Ka3axcTaHe.

0630p JTUTEpaTypPhI

3amnocyefHue NATh JIET U3ydeHUe 3eMJIU C MUCNI0JIb30BaHUEM CIYTHUKOB BCTYIUJIO B HOBYIO
apy. [lpyHKrMasa Bo BHUMaHHKeE, YTO B TeUEHHE MHOTHX JIeT HelIPepPbIBHbIY, €XeJHEeBHbIA WU
NOYTH eKeJJHEBHbI MOHUTOPHUHT OINpeJie/IeHHOU 06J1aCTU UHTEePEeCOB Ha Halled 3eMJie MOT
OCYLIeCTBJISITbCS TOJIBKO Ha OCHOBE IaHHBIX C HU3KUM U CPeIHUM pa3pelieHHeM CIy THUKOBbIX
JlaTYMKOB, Takux, kak AVHRR (npocTpaHcTBeHHOe pa3pelieHue oT 1 KM 10 4 KM, IOCKOJIbKY
B Havasie 1980-x rogoB), MODIS (pa3peuienue ot 1 kM g0 250 M ¢ 1999 r.) uau MERIS (300
M, A0CTynHO ToJibko B 2002-2012 rr.), AATYHKHU € 6oJiee BLICOKUM pa3pellleHueM, TaKhe, Kak
6opToBble cnyTHUKU Landsat (mpocTpaHcTBeHHOe pa3pemieHue 30 M), IpeoCTaBJISAIN TOJIbKO
BO3MOXXHOCTb [IBYXHEJEJbHOTO HabJIIo[leHus, 6jarofapsi 4acToTe MOBTOpeHUs1 16 JHeM.
3anyck EBpomnelickuM kocMuyeckuM areHTCTBOM (ESA) eBpomeiickoro cnyTHHKa JaHHbBIX
Sentinel B 2014 rogy npuBeJ K CMeHe NapaJUrMbl B OTHOLIEHUU BO3MOXXHOCTEN MOHUTOPUHTA
Ha ocHoBe /I33. OcHOBaHHasi Ha COYETAaHUU MYJbTUCIEKTPaJbHbIX JaTYUKOB 6oJjiee
BBICOKOT0 pa3pelieHus, Takux, Kak TM, ETM+ u OLI, Ha Landsat-5,7 8 u 9 (30 M), u ocobeHHO
eBpoIelickie cnyTHUKU Sentinel, Takue, kak Sentinel-2 A u B (pa3peuienue ot 10 go 20 m),
Sentinel-3 (pa3pewenue 300 M) ¥ AATUYUKU C CUHTe3UpOBaHHOU anepTypol (SAR), Takue, kak
Sentinel-1 A u B (mpocTpaHcTBeHHOe paspeluieHre oT 10 g0 20 M). ), Tenepb MOXKHO Ha6J110/]aTh
3a KaXKJbIM MeCTOM Ha 3eMJie C BbICOKMM paspelleHWeM NOYTH exeJHeBHO. [IoMuMo 3THUxX
CIyTHUKOB, CYLeCTBYIOT TaKXXe JaTYUKH C 60Jiee BLICOKUM pa3pelleHrneM, Takue, kak [konos,
Quickbird, Worldview, nui¥ MUKpPOCOYTHUKH, NMOJOOHBIE TeM, KOTOPble KOHTPOJHPYIOTCS
Kopropanuel Planet, Tenepb MOXXHO Ha0JIl0/laTh 32 KaX/bIM MECTOM Ha 3eMJie C BbICOKUM
paspenieHreM noyTu exeAHeBHO [7, 8]. Xorsa maHHble SAR (pazap ¢ cMHTe3UpPOBAHHOM
anepTypoi) He 3aBUCAT OT MOTO/Ibl, 06JIAYHOCTb MOXKET ObITh OrPAaHUYUBAKIIUM GAKTOPOM
JLJ151 TACCUBHBIX CUCTEM JUCTAaHLLIMOHHOI0 30HAUpoBaHus. OJHAKO C TAKMM NNapKOM JaTYUKOB
Jlake B YaCTUYHO 006JIaYHbIX pPerMoHaxX CpeJHUX HIMPOT, Telepb BO3MOXHO T€HEPUPOBATH
MHPOpPMaIllMOHHbIe MPOAYKTbl C BbICOKMUM NPOCTPAHCTBEHHBIM pa3pelleHueM U BbICOKUM
BpEMEHHBIM pa3pellleHueM U ONITUMaJIbHO C MHTEPBAJIOM OT HeJleJIU [10 MecsLa.

Habopbl JaHHBIX C 6o0Jiee BBICOKMM NPOCTPAHCTBEHHbIM paspelleHueM U O0XBaTOM
TEPPUTOPUU TMO3BOJIAKT NOJy4aTb HWHPOpPMAlMOHHbIe NPOAYKTbl O JUHAMHKe U
pacnpejie/ieHUH JIECHOTO MOKPOBA B MaclliTabax BCel CTpaHbl, a TAKXKe MoJy4yaTh NOAPOOHbIE
MHPOpMaIlMOHHbIe MPOAYKTbl O IOTepe JIeCcOB, BHU/OBOM COCTaBe M €ro M3MeHEeHHUSX,
HapyLIeHUsX JIECOB U3-3a 3aCyX, I0XKaphbl, yparaHbl U 3NWAEMUH, a TaKKe BOCCTAaHOBJIEHUE U
BO300OHOBJIEHHE POCTA JIECOB.

Ha eBpomnelickoM ypoBHe B TeYeHHE MOCJHeJHEr0 AeCATUIETUS Pa3/IMYHbIMUA COCOO6aMHU
HOOLPSJIOCh UCMIOJIb30BaHU e CIYTHUKOBOM UHPopMaLuu o secax. TemaTuyeckas niaatdopma
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JiecHoro xo3siiictBa (Forestry TEP) 6bl1a pa3paboTaHa B paMKaxX MPOEKTa, 3aK/I0YEHHOTO
0 KOHTpakKTy ¢ EBponelickuM kocMudyeckuM areHTcTBOM (ESA), uTo6BI 06ecieunTh Gosiee
3ddexTHUBHOE HcCMOJIb30BaHUE JaHHbIX Copernicus W JApyrux AaHHbix /|33 B MOAJAepKKYy
MOHUTOPHHTA JIECHBIX 3KOCUCTEM U YCTOUYMBOIO0 JIECONI0JIb30BaHU4 [9].

Cucrema MoHuMTOpHHra 3eMesib Copernicus Tak»Xe COLEPXKHUT CJIOM JIECHOTO XO3MCTBA
BBICOKOI'O paspelleHuda C TpeMd TUIIAaMU NPOAYKLMH, focTynHoM 3a 2012 u 2019 roppbr:
IJIOTHOCTb JJPEBECHOT0 MOKPOBA, JJOMUHUPYIOLUN TUM JIUCTBBI (JIMCTBEHHbIE, XBOMHbIE U
T.Jl.) U NPOAYKT THMA Jeca, COOTBETCTBYIOUIMUN onpejeseHnto jseca [[pofoBobCTBEHHAs U
ceJibCKOX03silicTBeHHas opranusanus (PAO) [10]. B kauecTBe 0CHOBHOI'0 UCTOYHHUKA BXOJHbBIX
JlaHHBIX [J1s IPOAYKTOB MCIOJIb30BaJuCh AaHHble Sentinel-2, a Takxe fgaHHble Landsat 8 B
OCHOBHOM [11].

OpHako u3ydyeHHe HccaeloBaHMKA Ha ocHOBe /133 ¥ reoMHPOpMalLMOHHBIX NPOAYKTOB,
JOCTYynHbIX B KasaxcTaHe, MOKa3bIBaeT, YTO Mpeo6Jialal0T MeCTHble U pervoHajbHble
vcciaeloBaHuss M MHQPOpPMalMOHHble NPOAYKTbl Ha ocHoBe /I33, U 4YTO KOJIMYeCTBEHHas
MHopMal s B peruoOHa/IbHOM M /laxKe HallMOHa/IbHOM MacluTabe reHepupyeTcs peako. HayuHo-
UccaeloBaTe/IbCKUe HUHCTUTYThI MO-NMPEXHEMY MWCHOJIb3YIOT (ec/d BOOOLIe HCHOJIb3YIOT)
MHpOpMaLHIO 0 Jiecax, MoJyYeHHY C MOMOLIbI0 AUCTAHIIMOHHOI'O 30HAUPOBAHUS, CKOpee B
3KCIepUMEHTA/IbHBIX LieJIIX U He COJEeNCTBYIOT OllepaTUBHOMY MOHUTOpPUHTY. OZjHaKO 3/ecb
KPOETCH WCKJIIYMTEJNbHbIM NOTEeHL KA [JI NPOBEJEHUSl CBOEBPEMEHHBIX, NOBTOPSAEMBIX U
KPYIHOMAacCIITaOHBIX OLleHOK, NOAJEePKMBAKIIUX TPAAULIMOHHO TPOBO/MbIe OLIEHKH Ha MecCTe.

MeToaoJiorusa

Jg aToro o63opa Mbl COOGpasM BCe JLOCTYIHbIE HCCJIeJ0BaTeJbCKUe MYyOJMKALUMU IO
TeMaM, CBfI3aHHbIE C JIeCaMH, UCCJIeJOBaHHUS C TOMOLbI0 JUCTAHLMUOHHOI'0 30HUPOBAaHUS B
KazaxcraHe. [lonck siuTepaTypbl NPOBOAMJICS HA OCHOBe 6UbOIMOorpadpuyeckoi 6a3bl JaHHbBIX
niatdopmbl Web of Science 6e3 orpanuyeHuil no gate nybsaukauuu, ResearchGate u Google
Scholar. Mbl paccMaTpyBa/v TOJIBKO Hay4YHble CTaTbhH, ONyOJMKOBAaHHbBIE B PeLleH3UPyeMbIX
KypHasax. [Ipy noucke iutepaTypbl Mbl UCII0JIb30BAJIU CeAYIOLIHe KIt04YeBble coBa: jec UJIN
JiecHol ¢oH U fuctaHumoHHoe 3oHaAMpoBanue UJIHU HabstoeHue 3a 3eMieit M Kasaxcran. U
HaMU Obl/IY BblsiBJIEHME 0K0JI10 122 Hcciie0BaTeNbCKUX MyOIMKaALUM, MOCBALEHHbIX JlecaM U
JnecHoMy ¢poHay KasaxcraHa.

Pe3ysbTaThl M 06CYKIEHHE

[To ganHbIM HanimoHaibHOTO [I0KJIa/ia O COCTOSIHUY OKpY»Kalolel cpeibl U 06 UCI0JIb30BaHUHU
IPUPOAHBIX PecypcoB, Jieca B KasaxcTaHe pacmnoJsiararoTcsl KpaniHe HepaBHOMEpPHO. THIIBI
JIECHOW PAaCTUTEJIbHOCTH 00YC/IaBJIMBAIOTCS pa3HO06pa3ueM NPUPOJHBIX 30H. B nycTbIHHOM
30He NpOoM3paCTalT cakcaysoBble Jjieca. OCHOBHAasAg 4YacTb TOPHBIX JIECOB IpeJACTaBJeHa
TE€MHOXBOMHBIMU HacaXAeHUAMHU Asitad, [l>KyHrapckoro v 3aunnmckoro Asaray. BpaBHUHHOU
YacTU CTENHOM W JIeCOCTENHOM 30H NpPOM3pacTalT 6epe30B0-OCMHOBbIE KOJIOYHbBIE JIECa,
OCTPOBHbIE COCHOBbIE O0OpPbI, IEHTOYHbIe 60pbI [IpuupThIlbs [12].
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B cocraBe secoB (pucyHok 1) mnpeobsajjal0T cakcayJlbHUKH, 3aHUMawowmue 489 %
MOKPBITOM JIECOM IJIOLIA/IU U KYCTapPHUKOBbIE HaCaX/|eHHs, PacIioJioKeHHbIe B MyCTBIHHOUN U
CTenHOM 30HaxX U cocTaBiswomue 23,2%. Hanbosee 1ieHHbIe XBOWHbIE HACAXKAEHUS 3aHUMAIOT
13,6%, markosiuctBeHHble — 12,1% u TBepAo/McTBeHHble HacaxkaeHus — 0,8%. [lo 3anmacam
JipeBeCUHbBI J10J151 CaKCayJIbHUKOB cocTaBJisieT Bcero 3,4% (15,03 muiH M3) oT ob11ero o6bema
3armaca JipeBeCMHbl OCHOBHBIX JIECOOOPA3YIOIIUX MTOPO/, UYTO 00YCJ0BJIEHO GUOTOTUYECKUMHU
0COOEHHOCTSIMM CaKcayJia, OTJIMYaIIerocss HI3KMMHU 3alacaMu ApeBecuHbI Ha 1 ra.

B 3amace Bcex 0CHOBHBIX JIECOO6PA3YIOLUX OPO/, TPe06J1aJaloT XBOWHbBIE JipeBoCcToU - 61,9
% (255,23 My M3), U3 HUX cOCHAKHU - 42,3 % (108,03 MJsiH M3), a TaK¥Ke MATKOJMCTBEHHbIE —
33,7 % (138,76 M1 M3), cpeiu HUX 6epe3HsKU cocTaBasAOT 21,4 % (91,11 maH M3).

Jleca pecny6JMKK BbINOJHAKT BaXKHble KJIHWMaTOpEryJavpylollue, cpeaoobpasyloliue,
1oJie- ¥ MOYBO3alUTHbIE, BOAOOXPAaHHbIE U CAHUTAPHO-TUTHEHUYEeCKHe GYHKIUU U SIBJISIOTCS
eCTeCTBEHHbIMU pe3epBaTaMu 86% 6M0J0TMYECKOT0 pa3HO06pa3us CTPaHHbI.

NECHOM ®OHA v y e K o
15000000 | el

,,,,,,,,,

PucyHnok 1. JlecHoit poHj Pecny6iuku KasaxcraH [12]

CorslacHOo MaTepuasaM ATreHTCTBa MO CTpaTerdiecKkoMy IJIAHUPOBaHUIO M pedopmam
Pecny6snku Kasaxcrtan Bropo HauuMoHa/lbHOW CTAaTUCTUKM (pucyHok 2) 3a 2018-2022 rr,
nJola b JiecHoro ¢poHaa Bbipocaa Ha 2,6%, JIeCHCTOCTb 3a 3TOT Nepuo Bbipociaa Ha 0,3
NPOLIEHTHBIX MYHKTa U cocTaBuia 5%. Ho Tak»ke CTOUT OTMETUTb, YTO KOJIMYECTBO JIECHBIX
N0XKapoB 3a NocJjefHUe 5 JIeT YBeJUYUI0Ch B 2,2 pasa. Tak, B 2022 roay njoiajb 3eMeJb,
OXBauyeHHbIX NOXapaMu, coctaBuia 104 Teic. ra [13].
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Konuuecreo noxapos B Pecnybnnke KazaxcraH, eg,. Maowaab 3emenb OXBaYEHHbIX NOXMapamu, Toic.ra
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PucyHok 2. CTaTUCTHKA O noKapaM JiecoB 1o Kazaxcrany [13]

[IpyyrvHaMy BO3BHHKHOBEHMUS JIECHBIX [10KAPOB SIBJISIIOTCS IPUPO/HbIe (HEKOHTPOJIUPYEMbIE
CeJIbCKOXO35ICTBEHHble MaJibl) U aHTpoNoreHHble ¢akTopbl («cyxue» rposnl). Kpowme
TOTO, CEPbE3HOM Yrpo30W JIECHBIM pecypcaM SIBJSIETCS NepUOoAUYeCcKOe paclpocTpaHeHHe
BpeAuTeJiell U 60Jie3Hel Jieca.

B pamkax [lapuxckoro corsamieHusi, cornacHo koTtopoMmy KasaxctaH B3si1 Ha cebs
006513aTeJIbCTBA IO COKpAlleHHWI0 BbIOPOCOB MapHUKOBBIX razoB Ao 2030 roaa Ha 15%,
IyTEM COXpPaHEHHUsl CYIIECTBYIOIIUX JIECOB WU CO3JaHUSI HOBBIX JIECHBIX HacaxjeHuUu. B
paMKax 3TOM MHULMATHUBBI Oblja NPOBeJileHa MHBEHTAapU3alUsl HEYYTEeHHbIX TOPHBIX JIECOB
BocTtouyHo-KasaxcTaHckoi 06J1aCTH; C UCIIOJIb30BaHUEM KOCMUYECKUX U a3pOCHUMKOB OBLIU
onpe/iesieHbl UX 'PaHULbl, TOPOJHbII COCTAB U COCTOsIHUE. B pe3y/ibTaTe 3THUX HCC/IeJOBaHUN
ObLJI0 BbISIBJIEHO O60Jiee 67 ThIC. Fa HEYYTEHHBIX TOPHBIX JIECOB, KOTOPHBIE 3a nocaenHue 30 et
NOIVIOTHJIM YTIJIepoa 0K0J10 6 MyIH TOHH CO2-3KBUBaJIeHTa.

Taxke npu nopgepxkke [nobanbHoro skosoruyeckoro ¢ponga (I'DP) [MPOOH peanusyet
Y Jipyr¥e WHHULUATHUBBI C LieJIbl0 COXpaHeHUsd JjecoB. B pamkax maptHepctBa [IPOOH-T'3®
B KasaxcraHe ycuiusa cocpefoTOoueHbl Ha NMpeAOTBpallleHUM 06e3J/ieceHusl W Jerpajaluu
JIECOB, 3alUThl UX OT MOXXAapOB MyTeM BHeJpeHUs NPAKTHUKU MCI0JIb30BaHUS COBPEMEHHBIX
TEXHOJIOTUU [yl MOHUTOPUHIAa U OLEHKH pPHUCKOB BO3HUKHOBEHHS MNPUPOJAHBIX U
AHTPOIOreHHBIX YTPO3.

3a nocseHHUe HECKOJIbKO JIET IpeJIpUHMMaeMble Mepbl, HallpaBJIeHHbIe Ha 3aLUTY JIeCOB
KazaxcTaHa,y>xe IpUHeC/H CyleCTBEHHbIEe pe3yJIbTaThl, 103TOMY B la/IbHEUIIMX TepCIIEKTUBAX
Heo0X0AMMO YA eJUTh 0c060e BHUMaHUEe BHEJAPEHHI0 HOBbIX TEXHOJIOTUH B J0JTOCPOYHbIE
CTpaTeruu C ILeJibl0 3alUThl U YCKOPEHUs Npolecca YaydlleHUsl 6J1aroCOCTOSIHUSA JIeCHbBIX
akocucteM. biaroaps ycToM4YMBOMY yNpaBJIEHUIO, NOAJEPKaHUI0 MX 3[0POBOM Ccpejbl U
CO3/IaHUI0 YCJIOBUHM JJisl UX €CTeCTBEHHOr0 BO30OHOBJISIEMOr0 MpoOIecca, Jieca MpPoJoJIKaT
CIAY>XUTb BaXKHeEMIIeN apTepuen )KU3He eI TeJIbHOCTH JII0/lel U IJIaHEeThl.

C 2018 roma HauuoHa/bHBIM oOmNEPaTOpP KOCMUYECKOU CUCTEMBI [AUCTAHIMOHHOIO
3oHaupoBaHusa 3emau (AO «HK «Kasaxcran lapeim Camapbi») npucTynua K paboraMm no
M3y4YeHUI0 reoMH(POPMALMOHHbBIX CUCTEM JJisl MPOBEJEHUs KOCMUYECKOTO MOHUTOPUHIA U
Jieconosib30BaHusA Mupa. [lnomaab 3aHuMaeT MeHee 5% OT 00Lel MI0IAAU TEPPUTOPHUH.
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AKTyasibHble BONPOCbI MOHMTOPHUHIA JIECHBIX PECypCOB: HM3MeHEHHe IJIOUa[d JIECOB,
KOJINYeCTBA PYyOOK, KOJIMUeCTBa rapei, IporHo3 N0KapHOU 0MacCHOCTH JIECHOT'O MOKPOBA U T.J,.
[lo pe3ysibTaTaM KOCMUY€CKOTO MOHUTOPHHTA U N0 IaHHBIM JUCTAaHIJMOHHOT'0 30HAMPOBAaHUS
3eMJ/M, NMOJATBEPXKAEHHbIM TaKKe MO0JEeBbIMHM HCCJEeJ0BaHUSMHU Ha KJKYEBbIX y4acTKax,
BIEepBble B UCTOPUH paciindpoBaHbl Bce Jieca KazaxcTaHa, co3/jaHbl [UGPOBbIE KaPThI JIECOB
KazaxcrtaHa c noijpo6HOM aTpUOYTUBHOW HHPOPMaLKel BIJIOTh 10 BUA0BOTO COCTaBa JIECOB,
BO3pacTa ¥ MHasi KOHKpeTHas UHpopMauus npegoctaniieHa 'l «kKazaxckoe siecoynpaByieHHe,
BbISIBJIEHO HECKOJIBKO ThICSIY PyOOK, B TOM YHCJIe HE3aKOHHBIX, TaKXXe paclindpoBaHbl rapu
Y BBITPY>KEHbI BCe JlaHHble HA MPOMBIIIJIEHHbIA TeonopTal C aKTyaJbHOW aTPUOYTHUBHOMN
nHpopMalMeHn.

Ha cerogHsIIHWKA MOMEHT Ha OCHOBe JAHHBIX JUCTAHLUOHHOTO 30HAMPOBAHHUA 3eMJIU
NpoOBOAUTCA paboTa MO KOCMUYECKOMY MOHUTOPUHIY JieCHbIX pecypcoB KaszaxcTaHa
M paspaboTaHbl reocepBUChl [iyii KoMuTeTa JieCHOro X03sHMCTBa W >KMUBOTHOTO MHpa
MuHucTepcTBa cenbckoro xo3auctBa Pecny6avku Kasaxcran. /JlaHHble reocepBuHca
npeJCcTaBJeHbl HAa OTPAC/JeBOM reonopTajie U Mo3BOJAT KoMUTETY JieCHOTO X0351CTBa U
»KUBOTHOTO MHpa MUHUMCTEpPCTBA 9KOJIOTUX U IPUPOAHBIX pecypcoB Pecny6sivku KasaxcraH B
onepaTHBHOM pexXUMe MoJy4aTb UHopMaLuio AJis 3GPeKTUBHON U OllepaTUBHOM paboThI 1O
yIpaBJIeHHI0, KOHTPOJIIO U MOHUTOPUHTY 3a ['ocysapcTBeHHBIM iecHBIM GOH0M Pecny6inku
KaszaxcraH.

B 1aHHBIM MOMEHT CyLeCTBYeT HECKOJIBKO UCCJIe0BaHUM, CBI3aHHBIX C MOHUTOPUHIOM U
MCC/IeIOBAaHUSAMU JiecoB B KazaxcTaHe € UCMOJIb30BAHMEM JJUCTAHLIMOHHOTO 30HAUPOBAHMUS.
OfHakKo HEOO6XOAWMO YUYMTBIBATh, UTO C T€YEeHUEM BPEeMEHU MCCJeJlOBAaHUS U TEeXHOJIOTUH
MOTJIM U3MeHUTbCA. Huxke nmpuBeZieHbl HEKOTOpPbIE TEMbl U METO/bl UCCJIEJ0BAaHUN JIECOB,
NpPOBeJIEHHBIX C UCII0JIb30BAaHUEM JUCTAHIIMOHHOTO 30HAUPOBAHUS:

1-KapTorpadupoBaHue JieCHbIX peCypCOB:

Hcnonp3oBaHWe CHOYTHUKOBBIX JAHHBIX [JJS1 CO3JaHUS KapT, KOTOpble OTOOpaXkaroT
pacnpe/ie/ieHUe U COCTOSIHUE JIECHBIX pecypcoB B KazaxcTaHe. 3TO MOXKeT BKJIKOYaThb OLLEHKY
NJIOIA/IU JIECOB, BUJJ0BOI'0 COCTABa U COCTOSIHUS JPEBOCTOEB.

2-MOHUTOPUHT JIECHBIX I10’KapPOB:

Hcnonp3oBaHWe COYTHUKOBBIX JAHHBIX AJIS1 OTCJEXKMBAaHUSA U MOHUTOPUHIA BO3TOPaHUU
Y JIECHBIX MT0KapOB B peaJibHOM BPEMEHU. DTO BaXKHO [JI1 ONEPATUBHOr0 pearupoBaHUs Ha
ype3BblYalHble CUTYALMHU.

3-OueHKa COCTOAHUA JIECOB U JerpaZaliuu:

Hcnosib30BaHUe JUCTAHLIMOHHOTO 30HIMPOBAHMUS [1Jisl OLlEeHKH COCTOSIHUS JIeCOB, BKJIIOYasI
JlerpaZlal Mo Mo4YBbl, YPOBEHD JIPEBECHOTO MMOKPOBA Y MOTEPIO JIECHOTO MOKPBITHUS.

4-HM3yyeHre 6Mopa3HOOOpa3us:

[IpyuMeHeHUe [JaHHBIX CIYTHHKOBOI'O 30HJAMPOBAHHUSA [Js aHaju3a 6MOpa3HOOOpasus B
Jiecax, BKJIl0Yas pacrpejie/ieH1ue BUJ 0B U MECTOOOHUTAaHU M.

5-MOHUTOPUHT 0611leH NJIOLAAH JIECOB:

Hcnonp3oBaHKe CIyTHUKOBBIX IaHHBIX /1J1S1 OLLlEHKU U3MEHEeHU ! B 0011 el NJ10111a/j1 JIECOB B
TeYeHUe ONpeseIEHHOTO BPEMEHH.

6-O1eHKa aHTPOIIOTEHHOI'0 BO3/1eUCTBUS Ha Jieca:
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Hcnosib30BaHUe AMCTAHIMOHHOTO 30H/UPOBAHUS [Jis OL[EHKU BJIHUSHUS 4YeJIOBeYeCKOU
JlesITeJIbHOCTH Ha JIeCHble 3KOCHCTEMBI, BKJII0Yasi BbIPYOKY lepeBbeB, U3MeHEeHMe 3eMeJIbHOTO
MCIIOJIb30BAHUSA U CTPOUTEJLCTBO.

15l moslydeHUs1 aKTyaJIbHOU Y MoAPOO6HOM MHPOpPMALlMKU O COBPEMEHHBIX UCC/Ie0BAHUSAX
JiecoB B KazaxcTaHe Ha OCHOBE AMCTAHIMOHHOTO 30HIMPOBAHHS PEKOMEHAYETCS 0O6paTUThHCS
K [10CJIeJHUM MyOJIMKALUSIM B CIIel}Ma/IM3UPOBAHHBIX HAYYHbIX )KypHaJlaX, a TaKkKe CBSA3aThCs
C yYeHbIMH, pabOTaOILUMHU B JAHHOU 06J1acTu B KazaxcTaHe.

Kak y»ke ynoMHHaJIOCh, B X0/le UCC/IeJ0BaHUS ObLJIO BbISIBJIEHO 0K0JIO 122 Hcciej0BaTeNlbCKUX
nyO6JIMKalUH, TOCBSAILeHHBIX iecaM U JiecHoMy ¢poHiy KazaxcTaHa. U Tosibko 21 ucciejoBaHue
NPOBO/MJIOCH C MCNoIb30BaHUeM /133 JaHHBIX U MeTO/0B. BOo/IbIIMHCTBO McC/ieJO0BaHUM ObLIO
ONyOJIMKOBAHO B Te4YeHHE MOCJHe[HEro JecsaTuaeTus. PocT yucaa cBs3aH C yBeJUYEHUEM
JIOCTYIIHOCTH J@HHbIX [JAUCTAaHLUUOHHOTO 30HAUPOBaHUA (HANpUMep, MepBbIA CHOYTHHUK
Sentinel B 2014 roay). 3ToT $aKT TakXKe OTpakeH B Npe/CTaBJIeHUN KaTErOpuHU >KypHaJoB
C yBeJIMUEeHUEeM KOJIMYeCTBa UCCAeJLOBaHUM, ONYyOJMKOBAHHBIX B »KYpHaJaX, OCBSIIEHHbIX
JIUCTAHIIMOHHOMY 30HIMPOBAHHIO, B ITOCIeJHUE TO/IbI.

[Tocko/IbKY Mbl pacCMaTpUBaeM UCCAeI0BaHUSA TOJbKO B KazaxcTaHe, 60JIbIIMHCTBO EPBbIX
aBTOPOB - 3TO, B OCHOBHOM, y4eHble, paboTalolye B Ka3aXCTAaHCKUX YHUBEPCUTETAX WU
vccie0BaTebCKUX UHCTUTYTax. MccyiejoBaHu s, BOCHOBHOM, IPOBOIUJINCH BYHUBEPCUTETAX,
npu4yeM OOJIBIIMHCTBO aBTOPOB HMEJM ONBIT pPaboTbl B 006JIaCTU JUCTAHLLMOHHOIO
30H/IMpPOBAHUS.

Cpeny HUX 0COGEHHO MOKHO BBIZI€JIMTH CJeAyloliie MyOJNKaluY, CBI3aHHbIe C JIECHBIM
MOHUTOPHUHIOM B KazaxcTaHe ¢ UCII0JIb30BaHUEM AUCTAHI[MOHHOTO 30HAUpoBaHus (/33):

- "Assessment of Forest Resources in Kazakhstan using Remote Sensing Data" (OueHKa JieCHbIX
pecypcoB B KazaxcTaHe ¢ MC0/1b30BaHUEM JJaHHbIX JJUCTAHLJMOHHOI'0 30HAUPOBaHus) [14].

Asmopebl: A. Otarov, A. Mamutov, A. Erzhanov, u gp.

Onucanue: VccienoBaHue MO OLiEHKe JIECHBIX pecypcoB B KazaxcTaHe ¢ MCNO/Ib30BaHUEM
pPa3/JIMYHBIX METOJAOB JUCTAaHLLIMOHHOIO 30HAUpOBaHUdA. B paboTe olneHHWBaeTc COCTOSIHHUE
JIECOB, UX paclipe/ieJieHre U JIMUHaMHUKa U3MEeHEeHUU C TeueHueM BpEMEHHU.

- "Monitoring and Assessment of Forest Cover Changes in Kazakhstan" (MOHUTOPUHT U OLleHKa
M3MeHeHU iecHoro nokposa B Kaszaxcrane) [15].

Asmopui: M. Joldasova, A. Kabikenov, K. Dosmukhamedov u gp.

Onucaxue: WccnepoBaHue MO MOHUTOPUHIY U OLleHKe HM3MEHEHHU JIECHOrO MOKpOBa B
KazaxcTaHe ¢ moMolbl0 aHa/iM3a CIOYTHUKOBBIX AaHHbIX. OCHOBHOE BHUMaHUeE yJeJsieTcs
M3MeHEeHHUM B JIECHOM IOKPOBE U UX BJIUSHHUIO HA 9KOCUCTEMBI.

- "Developing the forest fire danger index for the country kazakhstan by using geospatial
techniques" (PaspaboTka WHAEKca MOXXAapHOW OMACHOCTU JieCOB AJis cTpaHbl KasaxcTaH c
MCII0JIb30BaHHUEM I'e0NPOCTPAHCTBEHHBIX METO/0B) [16].

Asmopui: S. Babu, G. Kabdulova, G.Kabzhanova.

Onucanue: UccnepoBaHue 0 NPUMEHEHHUIO JaHHBIX AMCTAaHLIMOHHOTO 30HAUPOBaHUS JJIs
OIIeHKH M0KapO0MacCHOCTU TePPUTOPUM, IPUMEHEHHBIN CTaTUUYECKHUN UHAEKC BEPOSTHOCTHU
JIECHBIX M0KapOoB Obl/1 pa3paboTaH ¢ ucnosibzoBanueM npogykra SRTM DEM u MODIS TERRA
Y NPOJyKTa TUIa 3eMesibHOro nokposa AQUA (MCD12Q1) aJia pearupoBaHusl Ha MOXaphbl U
ynpaBJieHUs] UMHU.
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- "Satellite remote sensing for monitoring of the forest resources of Kazakhstan" (CnnyTHUKOBO€e
JUCTAHIIMOHHOE 30HMPOBaHUe JJis1 MOHUTOPHHTA JieCHbIX pecypcoB KazaxcraHa) [17].

Aemopui: G Kabdulova, G Kabzhanova, K Baktybekov, u ap.

OnucaHue: B craTbe IpejcTaBJeHbl pe3yJbTaTbl MCIOJAb30BaHUA JaHHbIX [I33 u
reonHpopMaIMOHHBIX TEXHOJIOTUHN MpPU OlleHKe JiecHOro nokpoBa KasaxcTaHa, 3aKOHHOCTH
pyOOK, OLleHKe MJI01a/iel rapeu U T.j,.

Yto KacaeTcs MPOCTPAHCTBEHHOIO0 OXBaTa, OOJIBIIMHCTBO HCCJAEJ0OBAaHHUN OBLIO
COCpeJl0TOYEHO HAa MECTHOM M peruoHasibHOM Macutabe. Tosbko mecTb U3 21 HaydHOU
paboThl 0OXBAaThIBaAJIM JIECHYIO IJIOIaAb Ka3axcTaHa B LieJIOM.

BoceMb rcciieloBaHMM KacaJuch 00111eH MJI01ax JJeCOB 3eMeJib OJJTHOU UJIH ABYX 00J1acTeN
WJIM KOHKPETHOTO JieCHOro MaccuBa. Yalle Bcero oxBaThIBaJics JiecHOM ¢oHJ BocTouHoro
KazaxcTtaHa c ee jiecHOM miowajblo. Mbl HallJiM OKOJIO 5 JJOKYMEHTOB O BO3MOXKHOCTSIX
npuMeHeHuH /|33 MeTOA0B U JAHHBIX 111 MOHUTOPHHTIA JIECHBIX PECYPCOB.

3ak/iloueHue

Yrto KacaeTcss 0630pa, Mbl AOKHBI OTMETUTD, YTO HEKOTOPbIE CTAThU, BO3MOXKHO, HE ObLIN
BKJ/IIOUEHbl B 0030p U NOTEHLMaJbHO MOIJIA COAEpP>KaTh JAOMOJHUTENbHYI0 MHPOpPMALUIO.
[Tocko/ibKy Halll reorpadpuyueckuil GoKyc cocpeloTOYeH TOJIbKO Ha CTAThsIX, UMEIOIIUXCS B
Ha3BaHHbBIX 0a3ax, Mbl MOIVIM yIIyCTUTb HEKOTOPYI0 MHOPMaLMI0, IPe/ICTaBJIEHHYIO B IPyTUX
rcToyHuKax. OlHaKO B TaKOM MacluTabe Mbl HE OXXHJAeM HaWTH MHOTrO JIONOJIHUTEJbHbIX
JleTajel Uad OoJiee TOYHBIX pPe3yJbTaTOB IO CPAaBHEHUIO C IIMPOKO HCIOJIb3YyeMbIMHU
6a3amu. UccienoBaHus, oxBaTbiBatouiMe LleHTpanbHy0 A3HMi0, He NMpPeAOCTaBAT YIaybJieH-
HbIX OHOreoPU3UYECKHUX MapaMeTpOB, MO3BOJAKWIUX AUdPdepeHIUPOBATh NPOAYKTHI MO
OTHOILIEHUIO K cTpaHe. KpoMe Toro, aHaJiu3upoBaJIUCh TOJBKO HCCIe0BaHMs, ONMyOJIMKOBAH-
Hble B pelleH3UpyeMbIX KypHaJlax, 4YTO, B CBOIO 04epe/ib, 00bSACHSET HEOOJIbIIOE KOJUIECTBO
nyosMKauui. AJAMUHUCTPATUBHBIA CEKTOP B OCHOBHOM MYOGJMUKYeT pe3yJbTaThl B
obuLIMa/IbHBIX OTYETax, KOTOpPble He pacCMaTPUBAIOTCS B HalleM 0630pe, KaK 3TO OObIYHO
ObIBAaeT CO MHOTMMHU JIPyTMMHU 0630paMy HAayYHOU JIMTEPATYPhl.

Tekylaa Hay4dHas JiuTepaTypa IO MCCJAeLOBAaHUAM Jieca C MOMOLIbIO JUCTAHLUOHHOIO
30HAUpoBaHUA B KasaxcTaHe mpejnoJiaraeT yCTOMYMBBIM POCT HCHOJIb30BAHUS [IAaHHBIX,
NOJIYyYeHHBbIX C noMouiblo /33, A8 pa3/iMyHbIX aHAJIM30B, CBA3aHHBIX C JecaMu. BecbMa
BEPOSITHO, UTO 3TO CBSI3aHO C YBeJIMUEHUEM KOJIMYECTBA U MPUTOAHOCTHU (C TOUYKU 3pEHUS
IPOCTPAaHCTBEHHOTO, BPEMEHHOI'0 U CHEKTPaJbHOr0 paspelleHus) JOCTYNHbIX JaTYUKOB U
JNaHHbIX /[3. Bosiee TOro, CTaHOBUTCS BCe MPOIIle NOJYYUTb CBOOOAHBIN AOCTYI K AaHHbIM /1 3.
['paMOTHOCTb 06PAabOTKU AAHHBIX TAKXKe PacTeT.

HenaBHee yBesiMueHMe JOCTYITHOCTHA UCTOYHUKOB JAaHHbIX /I3 ¢ BBICOKMM NPOCTPAHCTBEHHBIM
M BpPEMEHHBbIM paspelleHWeM COOTBETCTBYeT HaOJII0AAaeMOMYy yBeJUYEHUI0 KOJIMYecTBa
MHOTOBpPEMEHHbIX aHa/In30B. C yBeJruYeHUeM 00'beMa JaHHbIX BOSHUKAKOT HOBbIE MPOOJIEMBI
C TOYKHU 3peHHs XpaHeHUsI U 00pabOTKU TaKUX AAHHBIX. /lOCTyIeH ps/Ji TEXHUYECKUX PeLleHUH,
MHOTHE W3 KOTOPBIX SABJSIOTCS MPOTPAaMMHBIM 06ecliedeHUEM C OTKPbITBIM MCXOAHBIM KOJIOM,
ob6JsieryarouidM aHajau3 60JblIuX 060beMoB AaHHbIX /I3. EcTb Ciyx0bl AOCTyna K JaHHBIM U
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nHdopmanuu EC Copernicus uiu CucteMa0cTymna, 00paboTKH M aHa/IM3a JaHHbIX HA0JII0/IEHUS
3emuiu 111 MoHUTOpUHTA 3eMeJib (SEPAL). OkuaaeTcs, YTO 3TOT CABUT apaZUIrMbl B aHaIHU3e
JlaHHbIX /I3 B CTOPOHY aHaJ/iM3a BPEMEHHBIX PSA/I0B C BBICOKHMM pa3pelieHHeM U3 HECKOJbKUX
VMCTOYHUKOB TaKKe U3MEHUT NNpuMeHeHMe /|3 B IeCHOM CEKTOpe CTpPaHbl B OJIMKalLlINe TO/ibl.
XoTesioch Obl YTOObI MHCTUTYTbl U YHUBEPCUTETHI NMPU MPOBEJEHUN MCCIeN0BAaHUN TaKxkKe
NpeaO0CTaBJIsAIM TOTOBbIE JaHHbIE B OTKPBITOM JJOCTYIIE.

BoJiee KpymHble uccief0BaTeNbCKME HHCTUTYThI U OpraHyU3aluy 4acTO UMEIT COOCTBEH-
HbI ONBIT U BBIYUCIUTEJbHYI0 WHOPACTPYKTYPYy, OHM MPELOCTABJSAIOT B OCHOBHOM
roCcylapCTBEHHBIM OpraHaM WJIM Mo 0pHUILIMaTbHOMY 3aMpPOCYy.

B HameM aHa/iu3e BbljesnsseTcs TOT (PaKT, YTO HAa HALMOHAJbHOM ypOBHE NPOBOAUTCS
OYeHb MaJIO UCC/IeJ0BaHU M. XOTS HOBbIE THUIbI JATYUKOB U YJIyUllleHHas! IOCTYIHOCTb JaHHbIX
(becnyiaTHOCTB, JOCTATOYHO BbICOKOE NPOCTPAHCTBEHHOE pa3pelleHue, a TaKXKe 4acThld U
MIOJIHBIM 0XBAT) MO3BOJISIT OCYLeCTBJSATh HENNPEPbIBHIM MOHUTOPUHT BCcexJiecoB B KazaxcTaHe,
npeAcTaBsieTcsA, YTO noTeHyuan /I3 11 MOHUTOPUHTA ellle He MOJHOCTbI UCIO0JIb30BaH.
OObsICHEHUEM 3TOMYy MOXKET CJAYXUTb JOBOJIbHO CJA0XKHAsi UHCTUTYLMOHAJbHAsA cpefia B
JIECHOM CEeKTOpe, MOCKOJIbKY (paKTH4YeCKOe ymnpaBJieHHe JieCaMH OObIYHO OCYILECTBJISIETCS
Ha peruoHaJIbHOM WJIU T'OCYAAPCTBEHHOM YpOBHeE. [[pyroi NpUuuYMHON MOXET ObITh TOT (AKT,
4YyTO HeobOxoAuMasg UHPpPACTPYKTypa 0OpabOTKU MJIM 3HAHUS O HEW [/ aHA/IM3a 06O0JIbIIOTO
KOJIMYeCTBA JaHHBIXJIUIb HEZJaBHO ObIJIN CO3/1aHbl BHAYYHO-HUCC/I€/10BATEIbCKUX UHCTUTYTAX,
YHUBEPCUTETAX M OpraHax rocyAapCTBeHHOW BjacTU. Kpome Toro, Bce elle CyUeCTBYIOT
MHOTOYUC/IEHHbIE OTPaHUYeHUsI UHPOPMALUH, I0JY4YeHHOH € oMo1bio /I3, 1o cpaBHEHUIO €
JlAaHHBIMH, TOJIy4YeHHbIMU Ha MecTe. Korjja /1es10 0X0AUT A0 uAeHTUPUKAIUU Onpe/ie/IeHHbIX
BU/IOB JepeBbeB, /[[33 MoxeT /MO0 BOOOIEe He NpPefOCTaBUTh 3Ty WUHPopMalHUlo, JUO6O He
C TaKOW TOYHOCTBIO, KaK JaHHble NOJIEBbIX MccaefoBaHUU. C Jpyrol CTOPOHBI, NMOJHOE U
pery/asipHoe KapTUpPOBaHHE JIECHOTO MOKpoOBa (a TakXe Jpyrdx MapaMeTpoOB, TaKHX, Kak
THIIbI JIECOB, OLlEHKAa 6MOMacChl, HApyLIEeHUSs JIECOB U T. [.) Y?Ke MOKHO OblJI0 ObI BBIIIOJHUTb
C IOCTaTOYHOM CTENEHbI0O TOYHOCTU. 3aTEM 3TO MOXKHO ObLJIO ObI JOMOJHUTH JaJbHEHIIUMHA
JleTaJIbHbIMU HCCJIe[JOBAaHUSMMU (Ha OCHOBe [JAaHHbIX HAa3eMHOrO 30HJUPOBaHUsA C OoJiee
BbICOKHM paspelleHueM WU UHBEHTapHU3alui Ha MecTe).

B Amepuke, HanpuMep, AUCTAHIMOHHOE 30HAMPOBAHUE SBJISETCS BaXXHBIM MCTOUHUKOM
MHbOpMaLMU /151 TOA e P>KKH yripaBJieHUs jecaMu [18]. HecMoTpsi Ha TO, 4TO Bble3/bl Ha MecTa
YTOMHUTEJbHBI, TPYA0E€MKH U JOPOTOCTOSIIH, OHU COCTABJISIIOT OCHOBY MHBEHTAPH3aL[UH JIECOB,
0COOEHHO B TaKHUX KPYNHBIX cTpaHax, kak CoeauHeHHble lllTaTel. [l0aTOMy AUCTaHIMOHHOE
30H/JUPOBaHHE, OCOOEHHO C HCII0JIb30BAHWEM BpPEMEHHBIX PSJI0B CBOOOJHO JOCTYMHbBIX
CIYTHUKOBBIX JJaHHbIX, UTPAET pellaloly0 poJb B JONOJHEHUU Ha3eMHbIX UCCJE/JOBAaHUU B
3THUX CTPaHax.

HayyHas JesaTesbHOCTb, CBsI3aHHasi C JiecaMd, B KasaxcTaHe moka ele He TeCHO
CBSI3aHAa U He MHTErpHpoBaHa B MpPOrpaMMbl UHBEHTapu3aluu JiecoB. OJHAKO CylleCcTByeT
TaK»e JO0CTAaTOYHO J0Ka3aTeJbCTB TOr0, YTO JAUCTAHIMOHHOE 30HJHMPOBAHHE CIOCOOHO
NpeAOoCTaBAATh ONEpaTUBHY MHPOpPMALUI0 O JiecaX HAa HalMOHAJIbHOMU PErMOHAJIbHOM
ypoBHe [5].
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BoJiee TOro, Mbl 0>kH/1aeM, YTO HOBbIe BO3MOXXHOCTH OTKPOIOTCS, KOT/Ia B OyAY1eM apXUBbI
CMYTHUKOBBIX JJAHHBIX 60J1ee BEICOKOT0 pa3pelleHus C JaTYMKOB, TaKuX, Kak Ikonos, Quickbird,
Worldview vy Planet, cTaHyT 6ecniaTHbIMHU.

B 1esoM, 3a mociefHHe HECKOJIBKO JIeT MHTepec K HCIOJb30BAaHUIO JAUCTAHLMOHHOTO
30HJIUPOBAHUSA JJiI MOHUTOPHHra JiecCOB Bo3poc. OJJHAKO MO-NpeXHeMy He XBaTaeT
00llleHAlMOHAbHBIX HCCJEJOBAHUN U OLEHOK MapaMeTpPoOB JiecoB. UToObI 06ecneyuThb
JiecoyTipaBJeHHI0 U BjaacTaM uHpopMmanuio ot /|33, He06X0AMMO MPOAO/HKHUThL Pa3paboTKy
Ha/Ie)KHbIX METOZ0B MOHUTOPHUHTA U BHEAPHUTb UX HA PETMOHAJbHOM U TOCYJJApCTBEHHOM
YPOBHE.
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Kepai 6akplLiay Herisinae KazakcTaHaaFbl OpMaH MOHUTOPHUHTIHE LIOJTY

Anpgarna. KazakcTaHjarbl OpMaH KOPbI €J1 ayMaFbIHbIH 5%-bIH aJIbIN KAThIpP, aJl 0JIAPAbIH ay/laHbl
13,6 MsiH ra. TabuFaTTaFbl OpMaHAap TaOUFAT MeH KOFaM YILiH CaH ajlyaH KbI3MeT aTKapa/bl, COHbIMEH
KaTap KJIMMaTThl TEHECTipy/le MaHbI3/ibl peJl OMHaNubl. TeMnepaTypaHblH »OFapblaaybl MeH Kasipri
3KCTpeMaJl/ibl aya-paiibl )KaFJaiiblH/1a KOpiHETiH KJIMMaTThIH 63repyi opMaHAapAblH, JeHCay/blFbl MEH
JlaMybIHa Tepic acep eTyae. COHFbI 6eC XKbl1J]a KATThl KyaHIIbLIBIK [1€H )KOFAPFbl bICTHIK, OJJaH KEWiH
nanga 60JIFaH 3USHKeCTep eJsiieri opMaH aJiKanTapblHa aWTapJ/bIKTal 3UsAHBbIH TUridefi. OpMaHFa
KeJITipiJireH 3a/1ai/AblH Ka3ipri ayKbIMbIH K9He 0/aH TYbIHJAAUTBIH Y3aK Mep3iMAi canaap/bl eckepe
oTbIpbln, KasakcTraH opMaHAapblH, COHAAU-aK OJIApAbIH, aJyaH TYPJiJiri MeH eHIiMJAiJIriH cakray
»KeHiHAeri Kyu-kirep YKiMeTTiH TanTbhlpMac MiHAeTi 60Jibil TabblLIa/bl. Byrinri Tayga Kasakcran
PecnyG/iMKachIiHIa OpMaHAAPbl MOJBIKTBIPY KYMBICTAapbl, OpMaH KOPBbIH KOpFay >XKoHe THiMzi
naijjanaHy *KyMbIcTaphbl 6esceH i xkyprizinyae. CaHABIK JepeKTep OpMaH MOHUTOPUHTIH KOJIAAY KoHe
OPMaHHBIH, 3aKbIMJQJIYbIH GaKbLIAy/Abl )KaKCapTy YIIiH Herizge/areH memiMaep/i KabbuiaayablH 6ip
KypaJibl 60JibII Tabblaaabl. KoslaHbICTaFbl OpMaH MOHMTOPHUHTI KyHeJsiepiHe KOChIMINA, MbICAJIbI,
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OpMaH/bl TYTeH/IeY, OJIapAbIH JleHCAYJbIFbIH 3€PTTEY X9HEe OpMaH TONbIPAFbIH TYTEeH[IEY, YJITThIK
ayKbIM/AFbl OpMaHAAPAbIH € H CayJ/IbIFbl MEH OCAJIbIFbIH Ky eJli TYp/ie 3epTTeYAi CIy THUKTIK 6aKbLIay
KyHesiepi apKbLIbl )KaKcapTyFa 6oJazibl. By mosnyaa 6i3 KazakcTaHaaFbl opMaHAap/Abl KAlIbIKThIKTaH
30H/Tay 60MbIHIIA COHFBI 20 blJ iiHAE )KapUsJIaHFaH 6apJibIK 3epTTey/AepAi TaaJayFa ThIPbICTHIK,.

Ty#iH ce3jep: apakKallbIKThIKTaH 30H/Tay, XKepai 6aKbliay, opMaH KOpPbI, OpMaH MOHUTOPUHTI,
OpMaHHbIH Aerpajaunusicel, Kasakcray, mosy

S. Bissenbayeva, Sh. Melysbek, E. Baimukan
Al-Farabi Kazakh National University, Almaty, Kazakhstan

An overview of forest monitoring in Kazakhstan based on Earth observation

Abstract. The forest fund in Kazakhstan occupies 5% of the country's territory, and its area is 13.6
million hectares. Forests in their natural state fulfil a various function for both natural world and society,
and also play an important role in balancing the climate. Climate change, manifested in the increase
in temperature and the current extreme weather conditions, has a negative impact on the health and
development of forests. Over the past five years, the country has experienced a series of extreme weather
events, including prolonged droughts and heatwaves, which have resulted in significant damage to its
forests. Considering the current scale of forest damage and the resulting long-term consequences, efforts
to preserve forests in Kazakhstan, as well as their diversity and productivity, is an indispensable task of
the government. Today, the reforestation, protection, and rational use of forest resources in the Republic
of Kazakhstan have been actively pursued. Quantitative data is one of the means of making informed
decisions to ensure forest monitoring and improve forest damage monitoring. In addition to existing
forest monitoring systems, such as forest inventory, crown condition survey, and forest soil inventory,
systematic studies of forest condition and vulnerability on a national scale can be expanded with the help
of satellite observation systems. observation is on the ground. In this review, we analyzed and classified
all studies published over the last 20 years and devoted to remote sensing of forests in Kazakhstan.

Keywords: remote sensing, Earth observation, forest fund, forest monitoring, forest degradation,
Kazakhstan, review
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Abstract. One of the main concerns of the modern era is the growth of saline
soils in Kazakhstan. Scientists are becoming increasingly interested in land
degradation, including the spread of saline soils.

Kazakhstan's soil cover has been significantly impacted by contemporary
ecological issues, which are primary due to excessive human activity and the
inappropriate usage of natural resources. In all of the Republic's natural zones,
the state of the soil cover has gotten worse due to the ecological condition being
unstable. The Republic spans a total area 272 million hectares, of which 222
million hectares are used for agriculture, including 27 million hectares are
arable land. Unfavorable ecological conditions have emerged on the Republic's
agricultural fields.

The southern regions of Kazakhstan experience a climate characterized by
extreme drought, which leads to the prevalence of unsuitable soil cover in these
areas. According to the scheme of natural and agricultural zoning of the land
fund of the Republic of Kazakhstan, the region of deserts within the structural
and accumulator plain of the Northern Aral Sea region is composed of the
districts of Syrdarya and the Aral Sea. A map of soil salinization on the territory
of Kazakhstan was made, which indicates that saline soils cover approximately
85% of the land area in Kyzylorda region (20.3 million hectares) out of a total
of 22.6 million hectares of saline soils. Cartographic materials on Kazakhstan's
salinized soils were taken under consideration for this study. It was discovered
that Kazakhstan's central and southern regions are largely covered in saline soils.

Keywords: soil salinization, biodiversity, environmental factors, halophytes,
population, component, agriculture, environmental degradation.
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Assessment of the ecological state of salinized lands on the territory of Kazakhstan

Introduction

The current demand for food and resources is strong due to the rapid rise of the population
and economic growth. The requirements for the environment are continuously increasing, which
leads to significant environmental problems [1]. Soil salinization refers to the accumulation
salts that are soluble in the soil caused by certain natural factors, such as climate, hydrology
and topography, or by a combination of destructive human factors and fragile ecological
environments. This accumulation of salt deteriorates soil quality [2]. Soil salinization is one
of the primary forms of desertification that the Earth and soil degradation as a resource and
environmental problem that currently occurs on a large scale worldwide [3]. Alterations to the
soil's chemical and physical composition affect the soil viability, whereas changes in the relevant
substances and organisms affect the soil's chemical and physical characteristics. Also, It is a well
known fact that microbes of soil are an important component of ecosystems.

Saline soils are a collective term for all types of soils in which salt components have a negative
impact on the soil. The unique physicochemical-biological properties of saline soils are subject
to various adverse effects. These include reduction in soil fertility and productivity levels,
decrease in agricultural yields and harvests [4]. Waste of agricultural resources, instability of
the ecological environment and other secondary threats cause [5]. Therefore, strengthening
the administration and application of salinized soils, monitoring and determining accurate
salinization information, as well as mastering the salinization level of regional arable land were
important goals for scientists to study and overcome. As important real and potential arable
land resources, saline soils have strong development and utilization value. Various saline soil
types can be managed and improved by applying various effective soil improvement tools and
other comprehensive measures in terms of their attributes that are chemical, physical, and
biological, thus improving the quality and productivity level of the soil [6].

Soil salinization is a major soil degradation problem affecting hundreds of countries around
the world. Salinization affects more than 1 billion hectares of land and its productivity, leading
to a 50% reduction in global food production in the 21st century, accounting for approximately
US$1.27-2.73 billion in annual global agricultural expenditure. Arable land affected by soluble
salts is distributed mainly in China, India, Pakistan, Iran, Australia and the United States.
Climate and topography are primary motivating elements that determine the accumulation and
dissolution salts that are soluble in the soil [7,8].

Climate and topography are the primary motivating elements that determine the
accumulation and dissolution of soluble salts in the soil. In processes such as evaporation, water
vapor transport, condensation, infiltration and effluent in the water cycle, salt accumulation in
the soil and moisture transport are limited. Extreme soil temperatures, limited precipitation
and increased evaporation, significantly increase the movement of water inside the soil and
accelerate the process of soil salinization [9,10]. Changes in global climate patternsleading to soil
moisture and drying cycles directly influence the trajectory of soil salinization or desalination.
The main global trends in soil salinization over time have a significant impact on soil stability
and arable land productivity [11].
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Several studies on soil salinization in the area of Central Asia show the challenges and
potential for agricultural development. He identified possible secondary salinization hazards in
the deep layers of the soil and predicted that as the advancement of the irrigation system, the
likelihood of secondary salinization in northern Kazakhstan will be higher. He noted the gradual
an increase in salinity in the Aral Sea basin's irrigated areas, which suggests a danger to the
potential development of Kazakhstan's agricultural and food security [12,13].

The industrialization of the world, the unplanned urbanization of many countries, climate
change and various types of land degradation are all contributing to a rapid decline in land
availability for agriculture, particularly in developing nations [14]. Additionally, about half of
the world's irrigated land is on soils impacted by salt according to [15]. According to estimates
over 800 million hectares of the world are affected by salinity, and this number is projected
to rise by 2050, Over half of all arable land on Earth is predicted to become salinized [16,17].
Based on estimates, the impact of soil salinization due to inadequate irrigation practices is
responsible for the destruction of approximately 60 million hectares of irrigated land globally,
representing 24% irrigated land overall area. Salinization is the initial stage of environmental
degradation caused by salinity, and is linked to the salinity of rivers and lakes [18]. Latin America
is responsible for 14% of the degraded lands in the world. This region is characterized by a
geological history, topographical features, climate and vegetation, which have resulted in a high
diversity of soil types, with over 30 types of soils. Furthermore, Latin America is home to the
largest concentration of megadiverse countries on the planet, with 6 of the 17 largest countries
in the world being located in Latin America [19]. Thus, the purpose of this research was to
perform a thorough evaluation of soil salinization in Latin America.

The total area of saline soil in Kazakhstan is 111.55 million, which is 41% of the country’s
territory. Even in the Kyzylorda region, which had undergone the calamity of the Aral Sea, there
are 73,307 thousand hectares of irrigated land are in the dissatisfying condition. Most irrigated
land needs to be completely improved. In addition, all of the above factors also have a major
influence on the development of animal husbandry [20]. However, lack of water or the inability
to obtain water impacts the growth of livestock. Concurrently, the productivity of high-quality
agricultural products and the development of animal husbandry can lay a good foundation
for economic stability in the region and the whole country. Rational use of saline soils and
reclamation of empty land are one of the systemic issues in the agrarian sector of Kazakhstan
[21]. Theoretical and technological research on saline soil management in Kazakhstan has been
steadily developing. The country attaches great importance to the treatment and utilization of
saline soils, policy research, and technological innovation. The study's objective mentioned in
the article was to create a mapping and ecological assessment of saline lands and saline lakes
in the territory of Kazakhstan.

Materials and research methods
The environmental situation of saline lands on the territory of Kazakhstan is a serious problem

that directly affects the spheres concerning water resources and agriculture management.
Kazakhstan, due to its large territory, includes different climatic zones, but predominantly
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arid and semi-arid climate prevails. Soil salinization is a very serious problem in these regions,
which becomes a serious problem due to inefficient irrigation systems and low natural rainfall.

Currently, the state's legal requirements for environmental protection are constantly being
tightened. In this context, the main objective has been to solve environmental problems such as
the lack of land resources of the country, the destruction of biodiversity and the salinization of
the land.

In order to assess the environmental impact of salinized lands and salt lakes on the territory
of the Republic of Kazakhstan, maps were compiled. To reveal environmental problems in
Kazakhstan, cartographic methods using GIS, monitoring, analytical, comparative geographical,
and formal assessment methods were employed.

The initial data was analyzed using geoinformation methods in the ArcGIS 10.6 software
environment.

Saline areas on the territory of Kazakhstan are displayed in Figure 1

T

T Salted places of Kazakhstan

CONVENTIONAL SIGNS

(\i’\“ —— River
ry ~| Salted places
[ [ Lakes
5‘](7 ml*c‘ mlvgv ni-q- 0 100 200 53¢ 400 600 800

Figure 1. Map of saline areas of Kazakhstan
Note: created based on the author

Figure 1, the problem of salinization of the Aral Sea area is a big environmental problem for
Central Asia. In this region, due to excessive irrigation and lowering of the Aral Sea water level,
the concentration of salts in the soil has increased. The accumulation of salts has significantly
reduced the productivity of regional agriculture, which has led to the destruction of local
ecosystems and environmental catastrophe [22].
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It is required to take comprehensive measures to solve the salinization problem in the
Priaralie region. These include such methods as effective water management, improvement of
drainage systems and introduction of salt-tolerant plant species. Such measures help to preserve
soil fertility and improve the ecological condition of the region. For example, the saline areas
in the River Syrdarya valley demonstrate the intricacy of the salinity problem in Kazakhstan.
Widespread irrigated agriculture and inappropriate water use strategy in this region have led
to increased soil salinization. As a result, it negatively affected the stability of agro-ecosystems
and caused a decrease in productivity.

Another obvious example is the desert areas of the Mangistau region in Western
Kazakhstan. Here the problem of salinization is mainly related to natural factors - i.e. very
high evapotranspiration and little precipitation. These conditions lead to the accrual of
salts in the soil, which negatively affects plant growth [23]. In addition, the Aral Sea region
demonstrates the complexity of the salinization problem. The drying of the sea and lowering
of water levels have led to large-scale salinization of coastal areas. This situation, in turn, has
caused enormous damage to local ecosystems and people's livelihoods. Various strategies is
applicable for addressing salinization in these areas, such as introducing salt-tolerant crops,
improving drainage systems and using effective water management practices. Analyzing the
salinity problem plays a significant impact in these regions in developing a strategy to combat
salinization in Kazakhstan.

Results and discussions

Based on FAO, about 60% of the population of Central Asia depends on agriculture as a
source of food and income. At the same time, 40-60% of the irrigated land in the area is saline or
waterlogged. Turkmenistan (68% of the total area), Uzbekistan (51%), Kazakhstan (50-60%)
and Turkey (30%) are among the countries most affected by salt.

The strain on Central Asia's scarce agricultural land is increasing due to rapid population
growth and climate change [24]. The increase in population in the region and the expansion of
irrigation practices increased the issue of salinization of the soil and decreased the flow of large
rivers that run into the Aral Sea, like the Syrdarya and Amu Darya rivers [25]. In addition, The
beginning of the twenty-first century has seen a rise in temperature by 1-2 - C with a high rate
of evaporation Crop production and agricultural development in Central Asia are impacted by
the melting of glacial reservoirs in the Tiashan and Pamir Mountains [26].

The map shows that 85% of the entire land area (20.3 million ha) of Kyzylorda region, which
is among the biggest agricultural regions of Kazakhstan, is currently saline. There are a total
of about 48,000 lakes in Kazakhstan, most of which are salt lakes. Twenty-four large salt lakes
have been identified and these salt lakes have been mapped. The reason for the danger of saline
lakes is that if the water in the lake decreases and dries up, it will have a negative impact on all
surrounding vegetation, soil and living organisms in general. This reduces the productivity of
agricultural fields and the wind-borne salt leads to soil salinization.

Salt lakes on the territory of Kazakhstan are displayed in Figure 2.
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Figure 2. Map of salt lakes in Kazakhstan
Note: created based on the author

Figure 2, one of the TuzdyKol is salt lakes placed in the region of North Kazakhstan. Rivers
do not flow into the lake, the main source is underground water and salty springs. Mud near
the lake is an irreplaceable medicine. A large number of pilgrims from all over the world and
Kazakhstan come here because of its healing properties. Salt reserves are about 647 million
tons. But even if people come and get treated there, there are no conditions for curing people
because it is a barren field.

Kobeituz is a drainless salt lake in Kazakhstan, the lake length - 3.5 km, width - 3.1 km, area
- 6 km. Water mineralization is 334 g/1. Water is replenished by precipitation and groundwater.
In a few years, this lake turns pink. The reason for the pink color is the increase in the biomass of
the algae "Dunaliella salina". Since it has become known for its pink color, this lake has become a
frequent tourist destination. The saddest part is that this lake is getting polluted due to human
impact. The rise in the quantity of people interested in its beauty affects the loss of the pink
color of the lake and also the shores of the lake are heavily polluted [27].

Aschykol is a salt lake without water, located in Talas district of Zhambyl region of South
Kazakhstan. The height of Aschykol is 400 meters above sea level. The lake is not very large, its
length is 300 kilometers and width is 500 meters. When the water in Lake Aschykol decreases,
salt crystals appear on the surface of the lake.

Lake Inder is located near the Zhaiyk River. It is a drainless salt lake placed the northern
part of the Caspian basin. It has an area of 110 square kilometers. It starts from underground
salt springs and neighboring mountains and continuously flows and connects with rainwater,
transporting salt. The lake water contains potassium, bromine, boron and high quality salts. Salt
mining is also carried out. The thickness of the salt layer reaches 10-15 meters in some places.
The lake's mud is used for therapeutic purposes. Pollution due to anthropogenic impact.
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Lake Maraldi is a salt lake located in Sharbakti settlement of Pavlodar district, Pavlodar region.
Its area is 54.2 square kilometers, length - 9.5 kilometers, width - 8.3 kilometers, catchment
area - 773 square kilometers. Lake Maraldy is a salt lake known worldwide for its medicinal
clay. As a result of research of dry residue of soil near Maraldy Lake in Pavlodar region it was
found that soil salinity is very high. According to the method of N.I. Bazilevich, E.I. Pankova, in
accordance with the quantity of toxic salts in the soil, it was found that CI-:S042- — 0,80 > 0,6
in soil samples refers to saline soil [28].

Lake Alakol is a salty and warm lake located in the east of the country, bordering China. Alakol
is sometimes compared to the Black Sea. The quantity of salt in the lake reaches 11.6 grams per
liter. In terms of salinity, this lake is approximately equal to the Black Sea and the Sea of Azov. It
is famous for its healing mud. The number of tourists is increasing, the level of pollution is also
growing. Salty, healing mud is rich in mineral salts. The ecological situation worsens every year.

In general, it is known that on salinization of partial lakes shown on the map, the influence of
natural factor prevailed over anthropogenic factor. However, it is recognized that the majority
of saline lakes in Kazakhstan were formed as a result of drought or water abstraction processes.
As for the Aral Sea, the influence of anthropogenic factor prevails here. As a result of the Aral
Sea's rivers being used for agricultural purposes, water has been withdrawn. Conversely, the
territory where the Aral Sea is located is in a desert zone, and the rapid evaporation process has
led to the lake's drying up and increase of its salinity.

Map of saline lands within the Kazakhstani Republic showing the distribution of these
regions, their size and geographical location. Zones highlighted in red color on the map indicate
places of the greatest impact of salinization, they are located mainly in Mangistau and Atyrau
regions, in addition to the area surrounding the Aral Sea. Deterioration of soil quality on these
lands negatively affects agro-ecosystems and leads to economic losses, as the productivity of
farming and livestock farming on these lands decreases.

Saline lands and saline lakes in Kazakhstan are displayed in Figure 3.

Figure 3. Salt lakes and saline areas of Kazakhstan
Note: created based on the author
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In Figure 3, Kazakhstan is divided into 3 major regions based on saline areas. All three of
them are located in South Kazakhstan. The main accumulation of sulfate-chloride and chloride
salts is because to accumulation in the Aral and Caspian Sea basins, as well as sodium sulfate
salt in Balkhash. There are standing lakes in each of these three areas, which accumulate both
salt and water [29].

Salt accumulation negatively affects the soil's chemical and physical characteristics. For
example, high salt concentration destroys soil structure, reduces water permeability and air
exchange, which hinders the development of plant roots and reduces soil fertility. In addition,
salinization creates a stress situation that hampers plant growth because salts reduce the
capability of plants to use water efficiently [30].

Conclusion

Proper management of salt soil resources in Kazakhstan depends on national food security
and environmental sustainability. Heads of state attach greatimportance to the management and
disposal of salt soils. As an important land resource in Kazakhstan, saline soils of various types,
vast territories and great potential provide unique research conditions for our researchers.
Effective and accurate monitoring of salinization information, along with management and
development of unused saline soils, provides more opportunities for development to expand
the country's arable land and expand the path of agricultural development. Kazakhstan has
a significant impact on National Food Security, arable land security, salt land improvement,
land use protection, ecology and sustainable agricultural development. The search for more
effective, reliable, accurate and cost-effective technologies for monitoring soil salinization is
becoming increasingly important in today's increasingly complex conditions of soil salinization.

In order to understand the ecological condition of saline areas and improve it, a map of saline
areas and Kazakhstan's salt lakes was created. Based on the created maps, the dynamics of the
salinization process will be monitored and it will be determined how it is changing and what
factors affect it. In addition, through the application of novel techniques and technology meant
to mitigate the consequences of salinization, It has a significant impact on maintaining and even
restoring soil fertility. Thus, as a consequence of our investigation, Research on transforming
salinized soil into productive land resources is vital.

Authors' contributions:

Conceptualisation - Zh. Rakhymzhan and M.Zh. Mirzabekova; methodology
- Zh. Rakhymjan and Z.Zh. Nurgalieva; validation - R.M. Tazitdenova and
N.S. Ergazina; Investigation - A.D. Rakhisheva and N.S. Yergazina; preparation of the
original draft - Zh. Rakhymzhan and M. Zh. Mirzabekova; writing and editing of the review -
Zh.Rakhymzhan. All authors haveread and agreed with the published version of the manuscript.
There is no source of funding.

JLH. I'ymunes amouindarel Eypasus yammuoik yHusepcumeminiy XABAPIIBICHI. Ne22(147)/ 2024 137
Xumus. leoepagpus. Ikoa02us1 cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



Zh. Rakhymzhan, A.D. Rakhisheva, Z.Zh. Nurgaliyeva, R.M. Tazitdinova, M.Zh. Mirzabekova, N.S. Ergazina

References

1. Chen Y.H. The effects of forage planting on the improvement of coastal saline soil of the Jiangsu
Province // Journal of Grass land of China. - 1996.- Vol. 3.- P. 262-269.

2. Guo S., Ruan B, Chen H., Guan X., Wang S., Xu N,, Li Y. Characterizing the spatiotemporal evolution
of soil salinization in Hetao Irrigation District (China) using a remote sensing approach // International
Journal of Remote Sensing. - 2018. - Vol. 39, Ne 20. - P. 6805-6825. https://doi.org/10.1080/01431161
.2018.1466076.

3. Ding]., Wu M,, Tiyip T. Study on Soil Salinization Information in Arid Region Using Remote Sensing
Technique // Agricultural Sciences in China.-2011.-Vol. 10, Ne 3.- P.404-411. https://doi.org/10.1016/
S1671-2927(11)60019-9.

4.WuY, Liu G, Su L., Yang, ]. Accurate evaluation of regional soil salinization using multi-source data.
Spectrosc. Spectr. Anal. - 2018. - N28. - P. 3528-3533. d0i:10.3964 /j.issn.1000-0593(2018)11-3528-06

5. Li ], Pu L, Han M., Zhu M., Zhang R., Xiang Y. Soil salinization research in China: Advances
and prospects // Journal of Geographical Sciences. - 2014. - Vol. 24, Ne 5. - P. 943-960. https://doi.
org/10.1007/s11442-014-1130-2.

6. Zhang H. Analysis of the distribution and evolution characteristics of saline soils in China. // Agric.
Technol. - 2022. - Vol. 73. - P. 104-107.

7. Lal R. Climate Change and Soil Degradation Mitigation by Sustainable Management of Soils and
Other Natural Resources // Agricultural Research. - 2012. - Vol. 1, Ne 3. - P. 199-212. https://doi.
org/10.1007/s40003-012-0031-9.

8. Lal R. Restoring Soil Quality to Mitigate Soil Degradation // Sustainability. - 2015. - Vol. 7, N2 5. - P.
5875-5895. https://doi.org/10.3390/su7055875.

9. Kaushal S.S,, Likens G.E., Mayer P.M., Shatkay R.R.,, Shelton S.A., Grant S.B., Utz R.M,, Yaculak A.M,,
Maas C.M., Reimer ].E., Bhide S.V,, Malin ].T,, Rippy M.A. The anthropogenic salt cycle // Nature Reviews
Earth & Environment. - 2023.-Vol.4,Ne 11. - P.770-784. https://doi.org/10.1038/s43017-023-00485-y.

10. Kili¢ K., Kili¢ S. Spatial variability of salinity and alkalinity of a field having salination risk in semi-
arid climate in northern Turkey // Environmental Monitoring and Assessment. - 2007.- Vol. 127, Ne 1-3.
- P. 55-65. https://doi.org/10.1007 /s10661-006-9258-x.

11. Khasanov S., Kulmatov R,, Li F, Van Amstel A., Bartholomeus H., Aslanov I., Sultonov K., Kholov
N, Liu H., Chen G. Impact assessment of soil salinity on crop production in Uzbekistan and its global
significance // Agriculture, Ecosystems & Environment. - 2023. - Vol. 342. - P. 108262. https://doi.
org/10.1016/j.agee.2022.108262.

12. Scudiero E., Corwin D.L., Anderson R.G., Skaggs T.H. Moving Forward on Remote Sensing of Soil
Salinity at Regional Scale // Frontiers in Environmental Science. - 2016. - Vol. 4. https://doi.org/10.3389/
fenvs.2016.00065.

13. Platonov A., Karimov A., Prathapar S. Using Satellite Images for Multi-Annual Soil Salinity Mapping
in the Irrigated Areas of Syrdarya Province, Uzbekistan: 3. The Japanese Association for Arid Land
Studies, - 2015. https://doi.org/10.14976 /jals.25.3_225.

14. Bhuyan M.L, Supit I,, Mia S., Mulder M., Ludwig E. Effect of soil and water salinity on dry season
boro rice production in the south-central coastal area of Bangladesh // Heliyon. - 2023. - Vol. 9, N2 8. - P.
€19180. https://doi.org/10.1016/j.heliyon.2023.e19180.

138 N22(147)/ 2024 JL.H. l'ymunee amvindarul Eypasus yaimmoik yHugepcumeminiy XABAPILBICHI.
Xumusi. leoepagusi. Ikoa02us cepusicul
ISSN: 2616-6771. elSSN: 2617-9962



Assessment of the ecological state of salinized lands on the territory of Kazakhstan

15.]JiaY,, Wu ]., Cheng M., Xia X. Global transfer of salinization on irrigated land: Complex network and
endogenous structure // Journal of Environmental Management. - 2023. - Vol. 336.- P. 117592. https://
doi.org/10.1016/j.jenvman.2023.117592.

16. Wang L., Hu P, Zheng H,, Liu Y., Cao X,, Hellwich O,, Liu T, Luo G., Bao A., Chen X. Integrative
modeling of heterogeneous soil salinity using sparse ground samples and remote sensing images //
Geoderma. - 2023. - Vol. 430. - P. 116321. https://doi.org/10.1016/j.geoderma.2022.116321.

17. Negacz K., Malek Z., De Vos A, Vellinga P. Saline soils worldwide: Identifying the most promising
areas for saline agriculture // Journal of Arid Environments. - 2022. - Vol. 203. - P. 104775. https://doi.
org/10.1016/j.jaridenv.2022.104775.

18. Ge X,, Ding ], Teng D., Xie B., Zhang X., Wang ]., Han L., Bao Q., Wang ]. Exploring the capability
of Gaofen-5 hyperspectral data for assessing soil salinity risks // International Journal of Applied
Earth Observation and Geoinformation. - 2022. - Vol. 112. - P. 102969. https://doi.org/10.1016/].
jag.2022.102969.

19. Gardi C., Angelini M., Barcel6 S., Comerma J., Cruz C., Encina A,, Jones A., Krasilnikov P, Mendonga
Santos, Brefin M., Montanarella L., Muiiiz Ugarte O., Schad P, Vara Rodriguez M., Vargas R. Atlas de suelos
de América Latina y el Caribe. Comisién Europea, Luxemburgo, 2014. - 243 p. URL: https://op.europa.
eu/en/publication-detail/-/publication/7e06def6-10cf-4c8f-90f4-b981f410ef68/language-es

20. The UN, UNDP, UNECE. Framework Convention on Environmental Protection of the Aral Sea
Region was developed for a pilot project. 2016. URL: [https://carececo.org/publications/obzor_po_
ispolneniyu_konvenciy.pdf

21. Gulzhaev A.R. The Aral Sea problem and the solution of regional resources - effective use. //
Sbornik materialov. Proceedings of the XVII Annual Scientific Conference of Students of the Technological
University. - 2017. - P. 238-245. [in Russian]

22. Zaharova L.B. The role of satellite monitoring in the study of saline soil processes. - Kazan, 2021 -
160 p. [in Russian]

23. Zholdasova 1.S., Karbaeva M.T. Changes in soil properties under the influence of irrigation in the
conditions of Southern Kazakhstan. - Almaty, 2005. - 142 p. [in Russian]

24. Leng P, Zhang Q., Li F, Kulmatov R., Wang G., Qiao Y., Wang J., Peng Y., Tian C., Zhu N., Hirwa H.,
Khasanov S. Agricultural impacts drive longitudinal variations of riverine water quality of the Aral Sea
basin (Amu Darya and Syr Darya Rivers), Central Asia // Environmental Pollution. - 2021. - Vol. 284. - P.
117405. https://doi.org/10.1016/j.envpol.2021.117405.

25. Toderich K., Ismail S., Massino 1., Wilhelm M., Yusupov S., Kuliev T. Extent of Salt-Affected Land
in Central Asia: Biosaline Agriculture and Utilization of the Salt-Affected Resources. // KIER Working
Papers 648.2008. Kyoto University, Institute of Economic Research: Kyoto, Japan. URL:https://www.
researchgate.net/publication/5161698_Extent_of_Salt_Affected_Land_in_Central_Asia_Biosaline_
Agriculture_and_Utilization_of_the_Salt-affected_Resources

26. Bobojonov [. Aw-Hassan A. Impacts of climate change on farm income security in Central Asia:
An integrated modeling approach // Agriculture, Ecosystems & Environment. - 2014. - Vol. 188. - P.
245-255. https://doi.org/10.1016/j.agee.2014.02.033.

27. Song S.H. Analysis of Microflora Profile in Korean Traditional Nuruk // Journal of Microbiology
and Biotechnology. - 2013. - Vol. 23, Ne 1. - P. 40-46. https://doi.org/10.4014/jmb.1210.10001.

JLH. I'ymunes amouindarel Eypasus yammuoik yHusepcumeminiy XABAPIIBICHI. Ne22(147)/ 2024 139
Xumus. leoepagpus. Ikoa02us1 cepusicol
ISSN: 2616-6771. eISSN: 2617-9962



Zh. Rakhymzhan, A.D. Rakhisheva, Z.Zh. Nurgaliyeva, R.M. Tazitdinova, M.Zh. Mirzabekova, N.S. Ergazina

28. Rahymzhan Zh., Bejsenova R.R., Tekebaeva Zh.B., Husainov M.B. (2019). Pavlodar oblysyndagy
Maraldy koli manyndagy topyraktyn tuzdanuy [Salinization of soils near Lake Maraldy in Pavlodar
region] Bulletin of the Karaganda university. Biology. Medicine. Geography. - 2019. - Ne4. - P. 45-51. [in
Kazakh]

29. Nurmagambetova T.Zh. Izmenenie svojstv pochv pod vliyaniem solevogo stressa v aridnyh zonah
Kazahstana [Changes in soil properties under the influence of salt stress in arid zones of Kazakhstan]. -
Astana, 2019. - 156 p.

30. Hamdy A., Leith Fl, Todorovic M., Moschenko M. Halophytes uses in different climates. -
Florence, Italy, 1998. - Vol. 1 - P.127-133.

K. PaxpimikaH, A./[l. Paxumesa, 3.2K. Hypraiuesa, P.M. Ta3autauHOBa,
M.3K. Mup3a6ekoBa, H.C. Eprasuna
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KasakcTraH aymMarbIHAaFbI TY3aHFaH KepJIepAiH 3KOJIOTHAJIBIK, dKaFAaiibIH 6arajiay

Angarna. KasakcTaHia Ty3/bl TONbIpaKTapAblH Kebeloi Kasipri kesaeri 6acTbl MacesiesnepAiH, 6ipi
60JIbIT TabbLIaAbI KOHE FaJbIM/Iap KeH TapaJifaH TY3/bl TONbIpAKTap CUSAKTHI >KepAiH JerpajalysacbiHa
YV/JKEH KbI3bIFYUIBLIBIK TaHbITa 0acTafbl. KasaKCcTaHHBIH TONBIPAK >KaMBLIFbICBIHA aJaM3aTThblH,
IaMaJiaH ThIC 6esICeHALIIr MeH TabUFU pecypcTapApl AypbICc NaijasaHb6aybIHAH TybIHJaFaH 3aMaHayy
3KOJIOTUSJIBIK, MaceJsiesiep acep eTKeHi ce3cis. Pecnmyb6iukaHblH 6ap/blK TabWFU ailMaKTapblHAA
3KOJIOTUSI/IBIK JKaFaW/iblH TYPaKCbI3[bIFbIHA OaM/JIaHBICTBI TOMNBIPAK >KaMbLIFBICBIHBIH, KaFgaubl
HallapJajbl. Peciy6/ivKa xaJibl ayMa¥Fbl 272 MUJIJIMOH FeKTap/ibl aJlbII XKaThIP. AybLJ IapyallbLIbIFbIHA
222 MUIJTMOH TeKTap JKep Naki1a/1aHblICa, OHbIH, 27 MUJIJIMOH I'eKTaphl ericTik ankanTtap. Pecny6/inkaHbIH
ayblJ1 IapyallbLIbIK alKaNTapblH/1a KOJIalChl3 3KOJOTUSIIBIK, XKaFjailiap TybIH/a/Ibl.

KasaKcTaHHBIH OHTYCTIK 6HipJepiHJe KIMMaT eTe KYpFaKWbLIbIKIEH epeKuieneHesi. COHABIKTaH
MYH/Jlall ayMaKTa »apaMcCbI3 TOIMbIPAK *KaMbLIFbIChl 6acbiM 60s1a/ibl. KazakcTaH Pecny6/MKacbIHBIH
»Kep KOPBIH TaOUFH KIHE aybli IIapyallblIblK aiMaKTapFa 661y cxemacbiHa caiikec, ConTycTik Apan
aliMaFbIHbIH, KYPbIJIBIM/BIK XKoHE aKKYMYJISITOPJIBIK Ka3bIFbIH/AFbI L16J1/iep aliMaFrbl Cblp/lapus KoHe
Apan aynaHzapblHaH Typaabl. KazakcTad ayMaFbiH/Aa TONBIPAKThIH TY3JaHYbIHBIH KapTachl Kacaabl.
MasiMeTTepre caiikec, KbI3bLJIOPAA 0O6JbICHI ayMaFbIHJAFbl TY3/lbl TONbIPAKTap Ka3ipri yakbITTa
06JIBICTBIH O6YKikep kesieMiHiH (20,3 MHTa) 85% - bIH (22,6 MJIH ra) IepJIiK TY3AbI XKepJepAi Kypanbl.
Bys 3eptTey yiuiH KasakcTaHHbIH COpTaH TOMNbIpaFbl GOWbIHIIA KapTorpadusblK MaTepuasjap
najananblibl. KazakCTaHHBIH OpTaJbIK XXoHe OHTYCTIK allMaKTapbl COPTaH, TONMbIpaKTap/bl Heri3
eTeTiH/iri aHbIKTaJ1/Jbl.

Ty¥iH ce3aep: TONbIPaKThIH COPTAH/AHYbI, GUOJOTHUSJIBIK dPTYPJIJIIK, 3KOJOTUSIBIK paKTopJap,
rajopuTTep, NONya KA, KypaMaac 6eJliK, ayblIlapyallbLIbIFbl, KOPLIaFaH OPTaHbIH, Jlerpaaliysichl.
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M.2K. Mup3a6exoBa, H.C. Eprasuna
HAO «Espa3ulickuli HayuoHaabHblll yHU8epcumem umeHu JL.H. ['ymuneea», Acmana, KasaxcmaH

O1neHKa 3K0JIOTUYECKOT0 COCTOSIHUSI 3aCOJI€HHBIX OYB Ha TEPPUTOPUH
Ka3zaxctaHa

AHHOTanusA. PacripocTpaHeHue 3aco/ieHHbIX T0YB B KasaxcTaHe B HacTosl1ee BpeMs SBJsI€TCA OFHOU
13 OCHOBHBIX IP0O6JIEM, U yUeHble Haua/Iu IPOSIBASATH O0JIbIION HHTEpEeC K Jlerpa/laliui 3eMeJib, TAKUM, KaK
IIMPOKO PacCHpoCTpaHeHHbIe 3aco/IeHHbIe MOUBbI. COBpeMeHHbIEe 3K0JI0rHyecKue NpobsieMbl, BbI3BaHHbIE
Yype3MepHOU [IesITEJIbHOCThIO YesIOBEKA U HePaI[MOHAJ/bHBIM HCIOJIb30BaHUEM MPUPOAHBIX PECYPCOB,
6e3yC/lI0BHO, CKa3a/IMCh Ha NMOYBEHHOM MoKpoBe KasaxctaHa. Bo Bcex MpUpPOAHBIX 30HAX pecnybJIMKU
COCTOSIHHE MTOYBEHHOTO MOKPOBA YXY/ALINJI0Ch M3-32 HECTAOMJIbHOM 3KOJI0TUYeCcKo 06cTaHOBKU. O611as
IJIOIA/lb PEeCHyOJIMKHA COCTaBAsAET 272 MUJIJIMOHA MeKTapoB. 222 MUJIJINOHA FeKTapOB UCMOJIb3YIOTCS B
CEJIbCKOM X035 CTBE, U3 KOTOPBIX 27 MUJIJIMOHOB reKTapPOB - MAaX0THBIE 3eMJIU. Ha ce/TbCKOX0351MCTBEHHBIX
NOJISIX PECYOJIUKH CJI0KUIACh HEGIAronpUsaTHasI 3K0JI0rHYecKas 06CTaHOBKa.

Kinmat 1okHbIX pernoHoB KasaxcTaHa XapakTepu3yeTcd CUJIbHOW 3acyxou. IlosaTomy Ha aToM
TEpPUTOPUU Npeob/iaflaeT HENPUTOJHBbIA MOYBEHHbIM MOKpOB. CorjiacHO cxeMe NPUPOAHOT0 U
CeJIbCKOX03sIHCTBEHHOTO paloOHUPOBaHUs 3eMesbHOro ¢oHga Pecny6sumku KasaxcraH, o6JiacTb
NYCTbIHb B MpeJieslaX CTPYKTYPHO-aKKYMY/JISATUBHOW paBHUHBI CeBepHoro Ilpuapasibs cOCTOUT U3
parioHoB Chipapbu U ApanbCcKoro Mops. belia cocTaB/ieHa KapTa 3acojieHUs MOYB HAa TEPPUTOPUU
KazaxcrtaHa. CorsiacHO MoJiydeHHbIM JIaHHBIM, 3aCOJIEHHBIE [TI0YBBI HA TEPPUTOPUH KbI3blLI0OpAMHCKON
006J1aCTH B HACToOsIee BpeMs COCTaBASIOT 85% Bce#t miomaau obsactu (20,3 MutH ra), moutu 22,6 MJIH
ra 3acoJsieHnl. Jljis JaHHOTO HCC/Ie0BaHUsl ObLIM MCI0Jb30BaHbl KapTorpapuieckue MaTepuasbl M0
3acoJieHHBIM nmo4yBaM KasaxcTaHa. BeISCHUIOCK, YTO IeHTpaJibHbIE U 10)KHbIe pernoHbl KazaxcTaHa B
3HAUUTEJNbHOU CTENEeHU NOKPHIThI 3aCOJIEHHBIMU I0OYBAMHU.

Kiwo4yeBble cj0Ba: 3acojieHHe MO4YB, 6HMOpa3HOO6pasue, 3KoJorudeckue ¢GakToOphbl, rajoduThl,
NOMYJISILUS, KOMIIOHEHT, CeJIbCKOe X035IMCTBO, ilerpaAalusl OKpyKatoleit cpeaibl.
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