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В работе представлены влияния подземных вод на состояние мавзолея Х.А. Ясави. Представлены ме-
сячные изменения количества осадков и состав колодезной воды архитектурного комплекса. Рассчитана ве-
личина суммарного испарения. Как показали результаты расчетов величина суммарного испарения за год 
составляет 1413 мм, причем на вегетационный период (апрель-сентябрь) приходится более 82 % всей суммы. 
Испарение воды в 4-5 раз превышает количество выпадающих осадков. Как показали результаты предва-
рительного визуального наблюдения путем объезда близлежащей к исследуемому объекту селитебных зон 
и  экспериментального исследования территории и объектов, примыкающих к  архитектурному комплексу 
мавзолея Ясави, в настоящее время сложилась экологически кризисная ситуация по отношению к данному 
памятнику. Это связано с превращением охраняемой территории вокруг мавзолея в полигон твердых быто-
вых и различных производственных отходов, не считая другие пути загрязнения. Данное обстоятельство 
указывает на необходимость принятия кардинальных мер по оздоровлению экологической обстановки. За-
соление подземных вод может оказать существенное негативное влияние на состояние памятника. Влага, со-
держащая соли, вследствие капиллярного поднятия и испарения насыщает поры строительных материалов, 
кристаллизуясь разрушает структуру, т.е. происходит деструкция фундаментов, а это приведет к постепен-
ной усадке, деформируя стены.
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The paper presents the influence of groundwater on the condition of the mausoleum of H.A. Yasavi. Monthly 
changes in the amount of precipitation and the composition of well water of the architectural complex are presented. 
The total evaporation value is calculated. As the calculation results showed, the total evaporation for the year is 
1413 mm, and more than 82 % of the total amount falls on the growing season (April-September). Water evapora-
tion is 4-5 times higher than the amount of precipitation. As shown by the results of preliminary visual observation 
by detouring the residential areas adjacent to the object under study and experimental research of the territory and 
objects adjacent to the architectural complex of the Yasavi Mausoleum, an ecologically crisis situation has developed 
in relation to this monument. This is due to the transformation of the protected area around the mausoleum into a 
landfill for solid household and various industrial wastes, not counting other pollution routes. This circumstance 
indicates the need for drastic measures to improve the environmental situation. salinization of groundwater can have 
a significant negative impact on the condition of the monument. Moisture containing salts, due to capillary uplift and 
evaporation, saturates the pores of building materials, crystallizing destroys the structure, i.e. the destruction of the 
foundations occurs, and this will lead to a gradual shrinkage, deforming the walls.
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Turkestan region, according to the defini-
tion of the «National Report on the Conser-
vation and Balanced Use of Biological Di-
versity», is included in the second group of 
regions of Kazakhstan on environmental risk. 
In addition, Turkestan belongs to the Aral Sea 
region, where according to the document of 
the National Action Program to Combat De-
sertification of the Republic of Kazakhstan, it 
is forecasted that in the Aral Sea region, under 
the influence of the Aral Sea and the influence 
of local environmental problems, there will be 
a further expansion of the ranges of saliniza-
tion, waterlogging, desertification, depletion 
and pollution of water bodies, degradation of 
flora and fauna [1]. This territory is part of 

the piedmont desert-steppe zone, belongs to 
the dry subtropics due to a sharp lack of pre-
cipitation and an abundance of solar radiation 
and heat.

The aim of this work is to study the 
well waters of the mausoleum of H.A. Yasavi 
and to assess the impact of groundwater on 
its architecture.

Materials and methods
The object is the well waters of the mauso-

leum of H.A. Yasavi. The total hardness, con-
tent of calcium, magnesium, bicarbonate, sul-
fate [2-4], and chloride ions was determined by 
titrimetric method according to the correspond-
ing GOST standards [5-6]. The active reaction 
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of water, characterized by the pH value, was 
determined by the potentiometric method. The 
concentration of trace elements (fluoride ions) 
was determined using standard methods [7-
8]. Organoleptic parameters were determined 
by the method according to the corresponding 
state Standards [9].

The content of safety indicators (mass con-
centration of nitrate ions) was determined by 
the spectrophotometric method according to 
the corresponding GOST standards [10].

Results and discussion
Due to the fact that the average annual 

precipitation does not exceed 250 mm even in 
favorable years, in some years the amount of 
precipitation decreases to 90-150 mm. Most 
rainfall occurs in the winter and spring months. 
In summer, there is practically no rain and 
therefore high air temperature and the absence 
of precipitation in the summer months cause a 
large moisture deficit (Fig. 1).

According to Kazhydromet, the amount of 
precipitation in 2018 for Turkestan is 554.2 mm 
(the amount of precipitation during the winter 
is 76.2 mm), the amount of ions in the pre-
cipitation is 21.32 mg / l: sulfate ions – 6.04, 
chlorides – 2.03, nitrates – 0.51, bicarbonates – 
6.54, ammonium  – 0.56, sodium  – 0.35, po-
tassium – 0.38, magnesium – 0.80, calcium – 
4.09 mg / l, The precipitation pH is 6.92. The 
amount of moisture in the soil profile depends 
on the amount of evaporation. In soil forma-
tion, moisture plays a huge role, since all phys-
icochemical, mechanical, biological, and other 
processes are associated with soil moisture.

The value of evaporation using the infor-
mation from the weather station of the Institute 
«Ecology» in International Kazakh-Turkish 

University named after H.A. Yasawi are de-
fined by the formula:

Ео – 0,15 nс D0,78 (1 + 0,85w100), 
where Ео – monthly rate of evaporation, mm;
n – number of days in a month;
С – a parameter depending on the average ra-
tios between the temperature of water and air, 
taken equal to 1,4;
D – moisture deficit;
w – wind speed at altitude 100 cm, m /s.

As the calculation results showed, the total 
evaporation for the year is 1413 mm, and more 
than 82 % of the total amount falls on the growing 
season (April-September). Water evaporation is 
4-5 times higher than the amount of precipitation.

Scientific research conducted in the area 
of the mausoleum. H.A. Yasavi, indicate the 
need to combine the ecological, geochemical 
and biological characteristics in the spatial and 
temporal consideration of the elements of the 
ecological chain: the source of pollution – the 
surface atmosphere – precipitation – soil cover – 
plants – water bodies for organizing and adjust-
ing measures to reduce environmental pressure 
and environmentally dependent pathologies.

As shown by the results of preliminary visu-
al observation by detouring the residential areas 
adjacent to the object under study and experi-
mental research of the territory and objects ad-
jacent to the architectural complex of the Yasavi 
Mausoleum, an ecologically crisis situation has 
developed in relation to this monument. This is 
due to the transformation of the protected area 
around the mausoleum into a landfill for solid 
household and various industrial wastes, not 
counting other pollution routes. This circum-
stance indicates the need for drastic measures to 
improve the environmental situation.

Fig. 1. The monthly changes in rainfall (mm)
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In aggregate, various nature factors in-
fluence the studied object. The main sources 
of environmental pollution are combined in 
two groups:

– natural processes that determine the 
background content of pollutants in the com-
ponents of the biosphere (in soil, water, atmos-
pheric air, etc.);

– anthropogenic sources, including a net-
work of intensively constructed facilities, trans-
port accumulations, emissions from numerous 

boilers of private houses that use solid fuels, 
parking lots and municipal landfills stretching 
out over large areas, imperfect sewage systems, 
many years of unplanned discharge of both solid 
and liquid agricultural and other waste.

During the expeditionary trips from Janu-
ary 10, 2018 to August 18, 2019, the collection 
of field material was carried out on the terri-
tory of the mausoleum and adjacent territories. 
Work was carried out to control water bodies, 
that is, groundwater and groundwater (wells).

Fig. 2. The results of the analysis of water from the inner and outer wells of the mausoleum

Table 1
Composition of well water of the architectural complex of H.A. Yasavi  

(inside the mausoleum, depth – 3-5 m)

№ Name of analyzes Content of 
components in water

Method sensitivity MAC in drinking 
water

1 Color, in degrees 2,314 - no more 30
2 Turbidity, NTU/dm3 5,554 - 2,6-3,5
3 Smell, taste, in points 0 - no more 2-3
4 рН 8,586 0,2 6,5-9,0
5 Dry residue, mg/dm3 1221,0 1,0 1000-1500
6 Permanganate oxidizability, mg∙О/dm3 3,64 0,01 4,0
7 Total hardness, mol / m3 9,4 0,05 7,0
8 Carbonates, mg/dm3 n/d 0,1 6,5
9 Hydrocarbonate, mg ∙ eq /dm3 0,56 0,1 6,5
10 Calcium, mg/dm3 165,5 0,4 180,0
11 Ammonium ions and ammonia, mg/dm3 0,271 0,05 2,0
12 Nitrite, mg/dm3 0,033 0,01 3,0
13 Nitrates, mg/dm3 5,56 0,1 45,0
14 Iron, mg/dm3 0,42 0,01 0,3
15 Fluoride, mg/dm3 0,37 0,02 1,2
16 Chlorides, mg/dm3 64,4 1,0 350,0
17 Sulphates, mg/dm3 505,0 1,0 500,0
18 Manganese, mg/dm3 0,019 0,01 0,1
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The destruction of the materials of the 
monument is inevitable, but its speed can in-
crease many times due to the increased aggres-
sive action of saline groundwater. With this in 
mind, we conducted studies to determine the 
composition of well water inside and in the 
courtyard of the mausoleum. The results are 
presented in tables 1-2 and in fig. 2 and com-
pared with the data obtained in the analysis of 
these waters of the Research Institute «Ecol-
ogy» from 2009 to 2019.

As can be seen from Fig. 2, the salinity of 
water in wells in 2019 compared with 2009-
2016. increased approximately on average 
1.5 times inside the mausoleum and more than 
2.3 times in well water located in the courtyard 
of the mausoleum.

The observed salinization of groundwater 
can have a significant negative impact on the 
condition of the monument. Moisture contain-
ing salts, due to capillary uplift and evapora-
tion, saturates the pores of building materials, 
crystallizing destroys the structure, i.e. the de-
struction of the foundations occurs, and this 
will lead to a gradual shrinkage, deforming the 
walls. This factor is subject to further study to 
take specific measures to increase the durabil-
ity of building materials of the mausoleum. In 
addition to the influence of groundwater on the 
state of the mausoleum, a significant contribu-
tion is made by emissions from various anthro-
pogenic objects.

They contribute to the rapid pollution of the 
facades and, in combination with atmospheric 
precipitation, form a chemically aggressive en-
vironment that causes the destruction of facade 
materials (brickwork, plaster, stucco, paint lay-
ers, etc.). An environmentally aggressive envi-
ronment accelerates the natural destruction of 
monuments due to aging processes. 

Conclusions
Thus, any environmental damage – first of 

all, caused by pollution to architectural monu-
ments and other categories of cultural heritage, 
should be recorded and, upon the fact of dam-
age, measures should be taken to preserve the 
mausoleum Н.A. Yasavi.

References
1. Mehmet.A.O., Toychibekova G.B. Studying the under-

ground (well) waters of the Arystanbab mausoleum // Materials 
of the XIV International Scientific and Practical Conference «Ac-
tual Issues of Modern Science.» – Moscow, 2012. – P. 166–169.

2. Aibek Zhupankhan, Kamshat Tussupova & Ronny 
Berndtsson. Water in Kazakhstan, a key in Central Asian wa-
ter management. Hydrological Sciences Journal. 2018. Vol. 63. 
no 5. P. 752–762. DOI: 10.1080/02626667.2018.1447111.

3. Wang Lu & Kan, Amy & Zhang, Zhang & Yan, Fei & 
Liu, Ya & Dai, Zhaoyi & Tomson, Mason. Field Method for De-
termination of Bicarbonate Alkalinity // Society of Petroleum 
Engineers  – SPE International Conference and Exhibition on 
Oilfield Scale, 2014. P. 217–222.

4. ISO 22743:2006(en), Water quality  – Determination of 
sulfates – Method by continuous flow analysis (CFA), 2006. 127 p.

5. ASTM D512-12, Standard Test Methods for Chloride 
Ion In Water, ASTM International, West Conshohocken, PA, 
2012, www.astm.org.

6. Tejas D. Khediya (M.E.CIVIL-WRM). Analysis of 
Physical Quality Parameter of Water and Waste water. Inter-
national Journal of Science & Engineering Development Re-
search – IJSDR, August 2016. Vol. 1. Issue 8. P. 358–361.

7. Sanitary and epidemiological rules and norms hygienic 
standards 2.1.4.1074-01. Drinking water. Hygienic requirements for 
water quality of centralized drinking water supply systems. Quality 
control. Sanitary and epidemiological rules and regulations. Mos-
cow: Federal Center for State Sanitary and Epidemiological Super-
vision of the Ministry of Health of Russia, 2002. 103 p. [in Russian].

8. M. Shariati-Rad., M. Irandoust., M. Haghighi. Intro-
duction of a spectrophotometric method for simultaneous de-
termination of nitrite and nitrate in water samples using partial 
least squares. Int. J. Environ. Sci. Technol. 2015. Vol. 12. no 5. 
P. 3837–3842. DOI: 10.1007/s13762-015-0846-6.

9. Cleary J., Maher D., Diamond D. Development and De-
ployment of a Microfluidic Platform for Water Quality Moni-
toring. Smart Sen. Real-Time Water Qual. Monit. 2013. Vol. 4. 
no 2. P. 125–148. DOI: 10.1007/978-3-642-37006-9_6.

10. Goncharuk V.V., Maznaya Y.I., Zuy O.V. et al Deter-
mination of Mass Concentration of Bromide, Iodide and Nitrate 
Ions in Water. J. Water Chem. Technol. 2018. Vol. 40. No 7. 
P. 51–56. DOI: 10.3103/S1063455X18010095.

Table 2
The results of the analysis of well water of the architectural complex  

(in the courtyard of the mausoleum, depth – 7-10 m)

№ Name of analyzes Content of components in water Method sensitivity MAC 
1 Color, in degrees 3,680 - ≤ 30
2 Turbidity, NTU/dm3 17,65 - 2,6-3,5
3 Smell in points 1 - ≤ 2-3
4 рН 7,724 0,2 6,5-9,0
5 Dry residue, mg/dm3 2980,0 1,0 1000-1500
6 Permanganate oxidizability, mg∙О/dm3 2,74 0,01 4,0
7 Total hardness, mol / m3 26,9 0,05 7,0
8 Carbonates, mg/dm3 n/d 0,1 6,5
9 Hydrocarbonate, mg ∙ eq /dm3 1,35 0,1 6,5
10 Ammonium ions and ammonia, mg/dm3 0,924 0,05 2,0
11 Nitrite, mg/dm3 2,092 0,01 3,0
12 Nitrates, mg/dm3 29,3 0,1 45,0
13 Iron, mg/dm3 1,32 0,01 0,3
14 Fluoride, mg/dm3 0,98 0,02 1,2
15 Sulphates, mg/dm3 1360,0 1,0 500,0


