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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical 

sciences scientific journal has been accepted for indexing in the Emerging Sources Citation 
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate 
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation 
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of 
Science offers to researchers, authors, publishers, and institutions sets it apart from other 
research databases. The inclusion of News of NAS RK. Series of geology and technical 
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the 
most relevant and influential content of geology and engineering sciences to our community. 

 
 
Қазақстан Республикасы Ұлттық ғылым академиясы "ҚР ҰҒА Хабарлары. Геология жəне 

техникалық ғылымдар сериясы" ғылыми журналының Web of Science-тің жаңаланған нұсқасы 
Emerging Sources Citation Index-те индекстелуге қабылданғанын хабарлайды. Бұл индекстелу 
барысында Clarivate Analytics компаниясы журналды одан əрі the Science Citation Index Expanded, 
the Social Sciences Citation Index жəне the Arts & Humanities Citation Index-ке қабылдау мəселесін 
қарастыруда. Webof Science зерттеушілер, авторлар, баспашылар мен мекемелерге контент 
тереңдігі мен сапасын ұсынады. ҚР ҰҒА Хабарлары. Геология жəне техникалық ғылымдар 
сериясы Emerging Sources Citation Index-ке енуі біздің қоғамдастық үшін ең өзекті жəне беделді 
геология жəне техникалық ғылымдар бойынша контентке адалдығымызды білдіреді.  

 
 
НАН РК сообщает, что научный журнал «Известия НАН РК. Серия геологии и технических 

наук» был принят для индексирования в Emerging Sources Citation Index, обновленной версии Web 
of Science. Содержание в этом индексировании находится в стадии рассмотрения компанией 
Clarivate Analytics для дальнейшего принятия журнала в the Science Citation Index Expanded, the 
Social Sciences Citation Index и the Arts & Humanities Citation Index. Web of Science предлагает 
качество и глубину контента для исследователей, авторов, издателей и учреждений. 
Включение Известия НАН РК. Серия геологии и технических наук в Emerging Sources Citation 
Index демонстрирует нашу приверженность к наиболее актуальному и влиятельному контенту 
по геологии и техническим наукам для нашего сообщества. 
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ABOUT RATIO AND VALUES OF THE EMPIRICAL COEFFICIENT  
OF ALKALI METALS (Na+ and K+) IN SURFACE WATERS  

OF KAZAKHSTAN ON THE EXAMPLE OF THE ILE RIVER 
 

Abstract. Issues concerning to insufficient knowledge of such important aspects in the field of regional 
hydrochemistry, which are the patterns of formation of the regime and the dynamics of alkali metals (sodium and 
potassium) in surface waters are considered. It is pointed out the need for reliable analytical data on the separate 
concentration of sodium and potassium in natural waters to solve important practical problems in the field of 
assessing the suitability of the composition of the water of reservoirs for acclimatization of valuable forage 
organisms for fish, when choosing water sources for irrigated areas. Special attention is paid to the importance of the 
empirical coefficient (EC) of sodium and potassium, which is necessary in determining the total mineralization of 
natural waters, on which the level of their use for various household and drinking needs depends. On the state 
monitoring data, the nature of changes in the ratio of sodium and potassium along the Ile River was studied and the 
EC was established to calculate their absolute concentration (in mg/dm3) and total water mineralization. Based on the 
analysis of literature data and the results of our own research on the item under consideration, conducted in different 
years for a number of reservoirs and watercourses in Kazakhstan, it was concluded that: previously adopted for the 
entire territory of the former USSR, the EC equal to 25 for freshwater reservoirs can be used for waters of some river 
basins of the Republic of Kazakhstan with their mineralization up to 350-400 mg/dm3. A decisive role in the 
formation of the regime and the dynamics of the concentration of sodium and potassium in surface waters has a 
complex of regional physiographic conditions: climate, nature of the soil, groundwater, anthropogenic influences, 
etc. The necessity of establishing the EC for reservoirs and watercourses of different climatic zones of the Republic 
of Kazakhstan, especially for large transboundary basins, is recommended.  

Key words: sodium and potassium, values of their ratio in surface waters, empirical coefficients of alkali 
metals. 

 
Introduction. The sodium and the potassium are one of the main components of the chemical 

composition of natural waters. However, until now, due to the sufficient laboriousness of their separate 
chemical analysis and limited distribution of sensitive and relatively simple methods for determining these 
ions, they are often not determined separately, and the total content of Na+ and K+ is calculated from the 
difference between the sum of anions and cations. The data obtained in this case cannot be considered 
reliable, since the calculated value of the sum of Na+ and K+ contains errors of chemical determination of 
all major ions.  

In terms of assessing the genetic conditions for the formation of the chemical composition of waters 
of different types of reservoirs, as well as to develop a number of methodological approaches in their stu-
dy, it is very important to know about the content of water and migration characteristics of alkali metals – 
Na+ and K+. The study of the dynamics of Na+, K+ and their ratios is of great importance in determining 
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the characteristics of their migration in surface waters and other natural objects in different climatic and 
soil zones, in the characteristics of biological productivity and quality of natural waters, for search pur-
poses, etc. 

Literature review. The research of the content and dynamics of sodium and potassium in the 
lithosphere and natural waters are devoted to the works of a number of geochemistry classics, like F. Clark 
[1], V.M. Goldschmidt [2], A.P. Vinogradov [3, 4], E.D. Goldberg [5], J.P. Reilly and G. Skirrow [6]. 
Subsequently, these elements were studied in sufficient detail by A.A. Beus [7], G.S. Konovalov and                
V.I. Koreneva [8, 9], A.M. Almazov and I.G. Enaki [10]. 

The scientific data on this issue for surface waters of Kazakhstan have until recently been found in 
the work of A.I. Mun and A.B. Bekturov [11]. A fairly wide range of issues related to alkali metals (Na+ 
and K+), we studied in some years in the water of a number of important and large brackish-water and 
fresh water objects in Kazakhstan [12-17].  

It is known that a number of aquatic organisms that serve as a fodder basis for fishes can live and 
reproduce only at certain ratios of potassium and calcium concentrations in water. As the value of the 
K+/Ca2+ ratio (above 0,2) increases, unfavorable water properties for aquatic organisms increase. The toxic 
effect of potassium on organisms can neutralize calcium ions at certain ratios and concentrations [18-19].  

A clear example that confirms these conclusions is the results of our experimental work on the 
survival of mysids in the water of in the water bodies in Kazakhstan. According to the results of a number 
of years of acclimatization works, the introduction of mysids (Paramysis (Mesomysis) intermedia, P 
(M).kovalevski) and other food items in the large brackish lake Alakol has failed. The reason was 
precisely in the high concentration of potassium in the water, unbalanced, respectively, by antagonist ions. 

In the waters of Lakes Sasykkol and Koshkarkol, which are part of the Alakol lakes system, the 
concentration of potassium is low, according to average values of 3,9 and 9,4 mg/dm3, respectively. 
Mysids were successfully were acclimatized to these lakes, the conditions were optimal for the life of 
invertebrate organisms, including the ratio of K+/Ca2+ is characterized by values of 0,06-0,16. The ratio of 
K+/Ca2+ in the water of lake Alakol, taken for experience, was 1,11-0,75. In some areas of the water area, 
the ratio of K+/Ca2+ in the water of this lake reached 4,1 and 5,6. In our experiments, the survivorship rate 
of mysids in the water of Lake Alakol was 14-16 %, and in the water of other reservoirs it reached 80 %. 
According to Yu.V. Epova [20], the mysids have not been found in the Lake Alakol so far.  

Separate concentration of sodium is an important indicator in the agro-industrial sphere in assessing 

the irrigation quality of natural waters. Thus, when calculating the values of the irrigation (alkali) coeffi-

cient (Ka) proposed by H. Stabler using an equation К
ଶ

ேశାଶ,	ష
, as well as the sodium absorption ratio 

SAR (used by the Department of Agriculture US farms), which characterizes the danger of soil salinity 

according to the equation ܴܵܣ ൌ ேశ

ටೌ
మశశಾమశ

మ

, the value of elemental sodium concentration is quite large. 

Sodium and potassium have similar chemical properties, but on the earth's surface, their migration 
paths diverge. Na+ leaches from hypergenic formations, while K+ is trapped by soil colloids and living 
material. 

The geochemical mobility of potassium is many times lower than that of sodium, which is explained 
by a number of reasons: slower destruction and greater persistence of primary potassium minerals in 
comparison with sodium; potassium adsorption by sedimentary rocks, soil, potassium absorption by living 
organisms, especially by plants. The difference in the behavior of sodium and potassium in the weathering 
crust is reflected in the peculiarities of the ratio of sodium and potassium in natural waters. Sodium 
prevails in the hydrosphere. About 65% of the total removal of sodium from the weathering zone to the 
ocean comes mainly in the dissolved state, most of the potassium is in the composition of suspended 
sediments [8, 21]. 

The intake of Na+ and K+ into natural waters is largely determined by the interaction of water with 
living organisms, especially with plants. Researches of N.A. Kudryatseva [22] showed that with the loss of 
aquatic vegetation a significant portion of alkali metals goes into water. From the dry plant mass, 
according to the results of experiments, on average, 79,2 % of potassium is extracted, and 77,9 % of their 
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total content is sodium. It turns out that aquatic plants are able to concentrate potassium selectively. For 
example, in the clasping-leaved pondweed and water persicaria, the potassium content was respectively 
41,4 and 54,7 % of the sum of calcium, magnesium, potassium, and sodium.  

Baseline data, research results and discussion. In this paper, based on data from the state moni-
toring of RSE «Kazhydromet», the dynamics of sodium and potassium in the water of the r. Ile, which is 
one of the main transboundary rivers of Kazakhstan. The features of the change in the ratio of these 
elements along the river were studied and empirical coefficients (EC) were established for recalculating 
the amount of Na+ and K+ from mg-eq/dm3 to mg/dm3. 

The laboratory of hydrochemistry of RSE «Kazhydromet» (Almaty), the content of Na+ and K+ ions 
was determined by the ion-selective method. This method is the most accessible, since the determination 
takes place with the help of the portable ionomer «Anion-7051» and two electrodes for each element; this 
allows a series of definitions to be taken directly at the object in a short time [23, 24]. 

Baseline data for the study and calculation of these characteristics are presented in table 1. According 
to them, the average sodium concentration for 2009-2014 in the water of four hydrological posts located 
along the river from transboundary hydrological section to the delta (length of 815 km) varied from 22,1 
to 27,0 mg/dm3, and potassium – from 3,0 to 2,5 mg/dm3 in the delta zone. At the same time, their 
maximum concentrations reached 31,6 and 4,8 mg/dm3, respectively. Average values of sodium in the 
water along the river gradually increase from 22,1 to 27,0 mg/dm3, while potassium remained at                 
3,0 mg/dm3, only at the top of the delta decreased to 2,5 mg/dm3. In changing the concentration of sodium 
in the water along the river can be traced dependence on the value of water mineralization. Average mine-
ralization of river water for 2009-2014 varied in the range from 356 mg/dm3 in the border hydrological 
section to 386 mg/dm3 – at the top of the Ile river delta. 
 

Table 1 – Mineralization (i) and the concentration of sodium, potassium in the water of the river Ile, mg/dm3 

 

Hydrological post Ingredient 
Years Average, 

mg/dm3 2009 2010 2011 2012 2013 2014 

Dobyn village (border) 
i 

Na+ 
К+

 

342 
20,0 
4,8 

340 
25,7 
2,2 

362 
20,7 
2,3 

374 
24,8 
2,4 

358 
19,0 
2,5 

368 
22,9 
3,5 

356 
22,1 
3,0 

164 km above the dam of the Kapshagay 
hydroelectric station 

i 

Na+ 
К+

 

348 
20,3 
3,7 

345 
23,7 
1,8 

345 
21,8 
4,1 

370 
24,6 
1,7 

360 
20,3 
2,4 

395 
27,9 
4,3 

361 
23,0 
3,0 

37 km below the Kapshagay dam 
i 

Na+ 
К+

 

336 
21,7 
3,0 

347 
28,3 
2,2 

372 
29,1 
3,9 

375 
28,8 
1,4 

358 
23,6 
2,7 

380 
31,6 
4,0 

368 
25,5 
3,1 

Ushzharma village (the top of the r.Ile delta) 
i 

Na+ 
К+

 

366 
24,2 
3,3 

383 
28,5 
1,9 

384 
30,9 
2,9 

394 
29,2 
1,3 

379 
23,6 
2,7 

410 
25,5 
3,1 

386 
27,0 
2,5 

 
Analysis of the change in the relative content of sodium and potassium from their sum shows            

(table 2) the increase in the relative proportion of sodium downstream from 88,2 to 91,3 % and the 
decrease in the proportion of potassium from 11,8 to 8,7 %. As is known, the relative content of sodium 
and potassium in waters of different salinities is not the same. In sea waters, the relative content of sodium 
is on average 96 %, potassium is 4 % of their total. In river waters, the potassium content increases to           
12-20 %, and sodium decreases to 88-80 % [10]. 

According to J.P. Railey and G. Skirrow [6], when the salinity of seawater is 10, sodium concen-
tration is 3,074 g/dm3, potassium is 0,111 g/dm3, and at salinity 41 ‰ their content increases to 12,603 and 
0,454 g/dm3, respectively. When the salinity of seawater changes, the relative content of these elements 
remains constant – sodium 96,5 %, potassium – 3,5 %. In the literature there are data charac-terizing the 
close proximity of the content of sodium and potassium in the waters of the seas and oceans.  

Thus, according to A.P. Vinogradov [4], in oceanic water, sodium is contained in the amount of             
10 354 mg/dm3, potassium – 387 mg/dm3, and in the sea water by E.D. Goldberg [5], 10 500 mg/dm3 and 
380 mg/dm3, respectively. At the same time, the relative proportion of these elements also remains 
unchanged. 
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Table 2 – The values of ratio and empirical coefficients (equivalents) of sodium and potassium in the water of the River Ile 
 

Hydrological post Na+, % К+,% Na+/К+, mg/dm3 ENa
+

+ К
+

 

Dobyn village (border) 
80,6-92,1 

88,2 
7,9-19,4  

11,8 
3,8-12,0 

8,3 
23,8-25,2 

24,2 

164 km above the dam of the Kapshagay 
hydroelectric station 

84,2-93,5 
88,5 

6,5-15,8 
11,5 

5,3-14,5 
8,8 

23,6-24,6 
24,2 

37 km below the Kapshagay dam 
87,9-95,4 

90,5 
4,6-12,1 

9,5 
7,2-20,6 

10,6 
23,4-24,2 

23,9 

Ushzharma village (the top of the r.Ile delta) 
88,0-95,7 

91,3 
4,3-12,0 

8,7 
7,3-22,5 

12,1 
23,4-24,2 

23,9 
 

According to our data, in the water of brackish reservoirs of Kazakhstan: in the Lake Alakol the 
relative content of potassium decreased to 1,5-1 %, sodium reached 98,5-99 % [15], in the brackish 
eastern part of Lake Balkhash the content of potassium decreased to 4 % [13]. 

Such significant differences in the content of these elements in natural waters are due to their 
different migration ability, although the Clarke content of these components is very close: according to 
A.P. Vinogradov [25] sodium – 2,64 %, potassium – 2,60 % , according to S.P. Taylor [29] – 2,36 and 2,09 
%, respectively. 

In accordance with the changing of the relative content of sodium and potassium, the values of the 
ratio Na+/K+ change. The high mobility of sodium compared to potassium (sodium ionization potential is 
5,12, potassium is 4,32) is determined by its best leaching from sedimentary formations, potassium 
accumulates in weathering products, it is easily adsorbed by rocks, soils and their colloidal part, which 
greatly limits its migration.  

Among natural objects, the highest values of the Na+/K+ ratio are characteristic of natural waters. As 
their mineralization increases, the ratio between these ions increases. In [8] were given the values of the 
ratio Na+/K+ for the main rivers of the Soviet Union. Depending on the physiographic conditions, they 
varied from 0,75 to 58. At the same time, the greatest significance is characteristic of the rivers of Central 
and Northern Kazakhstan, which are in arid climate. 

The value of the ratio of Na+/K+ (mg/dm3) in the water of the Ertis River near the city of Pavlodar is 
on average 7,3. It gradually increases along the route of the Ertis-Karaganda canal. The highest values of 
the Na+/K+ ratio (from 34 to 160) are noted in the sections of the canal route, affected by groundwater 
[12]. In the water of the r. Syrdarya and Shardara water storage reservoir averaged 26,6 and 30,3, 
respectively [16], water storage reservoirs on the Tobol River from 15 to 51, on average of 27,8, and 
reservoirs on the Esil River from 3 to 19, on average of 13,8 [14]. In the waters of brackish reservoirs: in 
the Lake Alakol, it was in the range from 23,2 to 79,2, on average of 54,8 [15], in the Lake Balkhash – 
from 7,2 to 29,1, on average of 14,0 [13]. 

Directly the value of ratio Na+/K+ is defined by the EC (Na+ and K+), that are needed for the 
calculation of the sum of these ions from mg-eq/dm3 in mg/dm3. This indicator for waters of all reservoirs 

and watercourses studied by us was calculated using the equation ܧேశାశ ൌ
АାВ
А
ಶ
	ା	В

ಶ

 , where А is the 

amount of Na+ in a sample, mg/dm3; B is the amount of K+ in the sample, mg/dm3; ENa
+ is the equivalent 

of Na+, equal to 23, EК
+ is equivalent of the К+, equal to 39,1.  

The EC of Na+ and К+, established by us for a number of reservoirs and watercourses of Kazakhstan 
are shown in table 3. From the estimates, it follows that from among total surface waters studied on this 
subject, the EC equal to 25 was registered only for the water resources of the Ertis River and the 
Vyacheslavsky (Astana) water-storage reservoir, built in the Upper Esil River. The average coefficients 
equal to 24 and 24,8 are characteristic for the water of the Ile River and the Sergeevsky water-storage 
reservoirs located in the Middle Esil River. For waters of all other reservoirs and watercourses, the average 
values of the EC of Na++К+ were in the range of 23,1-23,8, including the brackish reservoirs (Lake 
Balkhash and Alakol), as well as freshwater reservoirs such as the Syrdarya River, a cascade of water-
storage reservoirs on the Tobyl River, on the Ertis-Karaganda canal, Shardarinsky water-storage reservoir.  

As is well known by definition of P.A. Kashinsky [26], the EC of Na++ К+ for the highly mineralized 
lake brine is close to 23,5; for the fresh water, as well as for water extraction of basic sediment and soil it 
is in cases in close to 24,5. In the practice of hydrochemical analysis to date, when calculating the total 
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content of Na+ and K+ from the difference mg-eq. of anions and cations, these values are rounded and are 
taken equal: for saline water is 24 and for fresh is 25 [27, 28]. 

These coefficients are also adopted in the system of RSE «Kazhydromet» and are used by those that 
are to some extent related to the chemical analysis of natural waters. 

In this regard, the following should be noted. According to our research, in 1970-1984 the mine-
ralization of water of the cascade of reservoirs on the Tobol River was in the range of 530-833 mg/dm3,            
the Sergeevsky reservoir in 1974-1984 from 365 to 489 mg/dm3 [14], Shardarinsky reservoir – 700-         
1000 mg/dm3 in 2003-2005 [16], in the water of the reservoir cascade on the Ertis-Karaganda canal the 
values of this indicator in 1969-1978 marked within 238-676 mg/dm3 [12]. The EC values for the waters 
of these reservoirs are from 23,3 to 24,8 (table 3). Consequently, the use of EC is 25 for these fresh 
reservoirs in accordance with the generally accepted scheme will be overvalued of the concentration of 
both the alkali metals themselves and the value of the total water mineralization. The limits of admitted 
errors will especially increase in the quantitative assessment of reserves of mineral salts in reservoirs, 
annual and long-term volumes of the flow of chemicals along rivers, salt balance and forecast calculations. 
 

Table 3 – The value of ratio and empirical sodium and potassium coefficients  
established for waters of various types of water objects in Kazakhstan 

 

Water objects 
Na+/К+ ENa

+
+К

+ 

Source 
1 2 1 2 

Rivers: 
Ertis 
Syrdarya 
Ile 
Shiderty 

 
4,2-12,3 
24,0-29,3 
3,8-22,5 
89-111 

 
7,3 

26,6 
9,9 
92 

 
24,2-26,1 
23,3-23,4 
23,4-25,4 
23,1-23,2 

 
25,0 
23,3 
24,0 
23,1 

 
[12] 
[16] 

 
[12] 

Water-storage reservoir: 
Cascade on the River Tobyl 
Vyacheslavsky Sergeevsky 
Shardarinsky 
Cascade on the Ertis- 
Karaganda canal 

 
15-51 
3-18 
6-19 

24,3-33,9 
5,4-34,9 

 
27,8 
12,9 
14,6 
30,3 
16,8 

 
23,5-23,8 
24,3-26,1 
24,1-25,2 
23,3-23,4 
23,4-25,7 

 
23,6 
25,0 
24,8 
23,3 
23,8 

 
[14] 
[14] 

[14, 12] 
[16] 
[12] 

Brackish reservoirs: 
Lake Balkhash 
Lake Alakol 

 
7,2-29,1 
23,2-79,2 

 
14,0 
54,8 

 
23,3-24,2 
23,2-23,5 

 
23,6 
23,3 

 
[13] 
[15] 

Note: 1 – limits, 2 – average values. 

 
One of the important conclusions resulting from our research is that the ratio of Na+/K+ and the EC 

value of these elements in surface waters largely depend on the complex natural conditions of the territory 
where the water object is located. The dependence of the dynamics of these characteristics on the value of 
the total water mineralization, of course, cannot be excluded, but the influence of this factor has a 
secondary role, if we consider the peculiarities of these characteristics in the regional aspect. The impact 
on the dynamics of the characteristics of water mineralization is mainly manifested only through the 
concentration of sodium ions, which increases with the growth of mineralization, and the potassium 
content within certain values of the latter does not change significantly. 

According to research by A.M. Almazov and I.G. Enaki [10] in water objects of Ukraine, with the 
water mineralization in the range of 100-500, the EC was 27, and with 500-1000 – this indicator was in 
the range from 25 to 26,4. At the same time, the authors indicate that this coefficient for some fresh waters 
can reach higher values – 28-30. 

As it was shown above, EC 25 was registered by us for Ertis River water with mineralization of 180-
195 mg/dm3 and Vyacheslavsky reservoir with mineralization of 294-360 mg/dm3 [12,14]. When water 
mineralization above these values, even not reaching 1000 mg/dm3, the EC recorded in the range from 23 
to 24. Indicators of the EC 23,5-23,7, according to studies [10], recorded when mixing of river and sea 
water in the Dniprobuzkiy Lyman with the mineralization of 1000-2000 mg/dm3. 

The results obtained by us on the values of the EC of sodium and potassium for water reservoirs of 
various territories of Kazakhstan confirm the conclusions made by G.S. Konovalov and V.I. Koreneva 
[8,9,21], on the basis of detailed studies of the regime and the EC of sodium and potassium in the waters 
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of the rivers of the Soviet Union. In particular, they indicated the absence of a clear dependence of the EC 
on the mineralization of river waters. At the same time, it is concluded that this indicator is determined by 
the complex of physical and geographical conditions in the catchment area of the river basin, the degree of 
soil and rocks washing, the presence of underground inflow, the amount of precipitation and the balance of 
radiant energy. Several EC amounts of sodium and potassium have been proposed for rivers of different 
climatic zones, namely, for rivers in the mountainous region, in the flood – 28,0, in low water – 27,0, for 
the rivers of the steppe zone and forest-steppe – 25,0 and 24.0, respectively, for rivers of semi-desert and 
desert zones in the flood – 24, in the low water – 23,5. 

From all that has been said in this work, in our opinion, it follows that it is necessary to establish the 
EC at least for large reservoirs and watercourses of various climatic zones of Kazakhstan, including 
especially water objects in the basins of the main transboundary rivers. This would allow to eliminate the 
inaccuracies that occur in the quantitative assessment of the level of water mineralization, especially in the 
objects of the country's large water basins. It is mineralization that is the determining component of the 
degree of suitability of natural waters for their use in all economic sectors and for safe drinking. 

Conclusion. Sodium and potassium are among the insufficiently studied chemical elements in surface 
waters, particularly in Kazakhstan. To some extent, this is due to the extremely limited data on their 
separate concentration in the water of reservoirs and watercourses.  

Along with the theoretical significance of knowing their dynamics and migration in nature, 
information about the separate concentration of sodium and potassium is necessary when solving the 
number of important practical problems in the use of water resources for various needs. For the water of 
the Ile River, the values of the empirical coefficient of sodium and potassium are set in the range of 23,9-
24,2, on average 24,0. The empirical coefficient, which is 25, generally accepted for freshwater reservoirs, 
which is applicable to the waters of individual river basins of the Republic of Kazakhstan with 
mineralization up to 350-400 mg/dm3. The formation of the regime and the dynamics of the concentration 
of sodium and potassium are determined by regional physiographic conditions. 

The results of the research presented in the manuscript were carried out within the framework of the 
Grant Financing of the Committee of Sciences of the MES of the RK № AP05133353 «Monitoring 
concentration and distribution of toxic compounds in the snow cover on the territory of Almaty agglome-
ration and assessment of their impact on natural sites». 
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ҚАЗАҚСТАН ЖЕР БЕТІ СУЛАРЫНДАҒЫ СІЛТІЛІК МЕТАЛДАРДЫҢ (Nа+ ЖƏНЕ К+) 
ЭМПИРИКАЛЫҚ КОЭФФИЦИЕНТІНІҢ МƏНІ МЕН ҚАТЫНАСЫ ТУРАЛЫ,  

ІЛЕ ӨЗЕНІ МЫСАЛЫНДА 
 

Аннотация. Аймақтық гидрохимия саласындағы аз зерттелген, маңызды аспектілердің бірі – жер беті 
суларындағы сілтілік металдар (натрий жəне калий) режимінің қалыптасу заңдылықтары мен динамикасы 
бойынша мəселелер қарастырылған. Əдебиетке шолу бөлімінде литосфера мен табиғи сулардағы Nа+и К 
миграциясына қатысты геохимия саласындағы бірқатар классик ғалымдардың еңбектерінен мəліметтер 
келтірілген. Табиғи сулардағы натрий мен калийдің жеке концентрациясы бойынша сенімді аналитикалық 
деректердің осы салада келесідей маңызды практикалық мəселелерді шешудегі қажеттілігі атап өтілді: 
суармалы массивтерге су көздерін таңдау кезінде; балық үшін құнды ағзаларды бейімдеу үшін суқойманың 
су құрамының жарамдылығын бағалау. Омыртқасыздарды акклиматизациялау мен су қоймаларының био-
өнімділігін арттыру тəжірибесі кезінде судағы негізгі иондардың қатынасы туралы білімнің маңыздылығы 
тəжірибелік жұмыстардың нəтижелері бойынша нақты мысалда көрсетілген. 

Əртүрлі тұрмыстық жəне ауызсу қажеттіліктеріне пайдалану деңгейін анықтайтын, табиғи сулардың 
жалпы минералдануын анықтауға қажетті натрий мен калийдің эмпирикалық коэффициентінің (ЭК) маңыз-
дылығына ерекше назар аударылды.  

Мемлекеттік мониторинг мəліметтері негізінде Іле өзенінің ағысы бойынша натрий мен калийдің кон-
центрациясы мен қатынасының өзгеру сипаты зерттеліп, олардың абсолюттік концентрациясы (мг/дм3) мен 
судың жалпы минералдануын есептеу үшін ЭК анықталды. Өзен ағысы бойымен судағы натрий концентра-
циясының өзгеруінде судың минералдану мөлшеріне тəуелділігі анықталды. Натрий мен калийдің жалпы 
сомасындағы олардың салыстырмалы мөлшерінің өзгерісін талдау нəтижесі, өзен ағысы бойымен натрийдің 
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мөлшері 88,2% -дан 91,3% -ға дейін жоғарылауын жəне калийдің үлес салмағының 11,8%-дан 8,7%-ға дейін 
төмендеуін көрсетті. 

Дж.П. Рейли, Дж. Скирроу, А.П. Виноградова, Е.Д. Голдберг, С.П. Тейлордың іргелі ғылыми зерттеу 
жұмыстарынан теңіз бен мұхит суларындағы сілтілік металдардың қатынасы бойынша мəліметтер жинақ-
талған түрде келтірілген. Қазақстанның су қоймалары бойынша өз материалдарымызға салыстырмалы тал-
даулар келтірілген. 

Қазақстанның бірқатар су қоймалары мен су ағындары үшін əртүрлі жылдарда жүргізілген зерттеулер 
бойынша əдеби мəліметтер мен өзіндік зерттеулердің нəтижелерін талдау негізінде мынадай тұжырымдар 
жасалды: бұрынғы КСРО-ның барлық аумағы үшін тұщы су қоймаларына бұрын қабылданған ЭК 25-ке тең 
мəні ҚР кейбір өзен бассейндерінің сулары үшін, яғни олардың 350-400 мг/дм3 дейін минералдандыру ке-
зінде пайдаланылуы мүмкін. Жер үсті суларындағы натрий мен калий концентрациясының режимі мен 
динамикасының қалыптастыруда аймақтық кешенді физикалық-географиялық жағдайлардың шешуші рөлі 
бар: климат, топырақ, жер асты суларының сипаты, антропогендік əсер ету жəне т.б. ҚР түрлі климаттық 
аймақтарының су қоймалары мен су ағындары үшін, əсіресе ірі трансшекаралық бассейндер үшін ЭК белгі-
леу қажеттілігі ұсынылған. 

Түйін сөздер: натрий жəне калий, олардың табиғи сулардағы қатынасының мəні, сілтілік металдардың 
эмпирикалық коэффициенті. 
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О СООТНОШЕНИИ И ВЕЛИЧИНАХ ЭМПИРИЧЕСКОГО КОЭФФИЦИЕНТА ЩЕЛОЧНЫХ 
МЕТАЛЛОВ (Nа+И К+) В ПОВЕРХНОСТНЫХ ВОДАХ КАЗАХСТАНА НА ПРИМЕРЕ РЕКИ ИЛЕ 

 
Аннотация. Рассмотрены вопросы, касающиеся недостаточной изученности таких важных аспектов в 

области региональной гидрохимии, какими являются закономерности формирования режима и динамики 
щелочных металлов (натрия и калия) в поверхностных водах. В развернутом литературном обзоре приведены 
некоторые данные из трудов ряда классиков в области геохимии, касающихся миграции натрия и калия в 
литосфере и природных водах. Указано на необходимость достоверных аналитических данных о раздельной 
концентрации натрия и калия в природных водах для решения важных практических задач в области: оценки 
пригодности состава воды водоемов для акклиматизации ценных кормовых для рыб организмов, при выборе 
источников водоснабжения орошаемых массивов. Важность знания о характере соотношений главных ионов 
в воде в практике акклиматизации беспозвоночных и повышение биопродуктивности солоноватых водоемов 
показано на конкретном примере по результатам опытных работ.  

Особое внимание уделено важности эмпирического коэффициента (ЭК) натрия и калия, необходимого 
при определении общей минерализации природных вод, от которой зависит уровень использования их для 
различных хозяйственных и питьевых нужд.  

На данных государственного мониторинга изучен характер изменения по течению р. Иле концентрации 
и соотношения натрия и калия и установлены ЭК для расчета их абсолютной концентрации (в мг/дм3) и 
общей минерализации воды. В изменении концентрации натрия в воде по течению реки прослеживается 
зависимость от величины минерализации воды. Анализ изменений относительного содержания натрия и 
калия от их суммы показывает рост относительной доли натрия вниз по течению реки от 88,2 до 91,3 % и 
снижение доли калия от 11,8 до 8,7 %. 

В сконцентрированной форме представлены сведения из фундаментальных трудов Дж. П. Рейли и               
Г. Скирроу, А.П. Виноградова, Э.Д. Гольдберга, С.П. Тейлора по соотношению щелочных металлов в морских 
и океанических водах. Дается сопоставительный анализ собственными материалами по водоемам Казахстана.  

На основе анализа литературных сведений и результатов собственных исследований по рассматри-
ваемому вопросу, проведенных в разные годы для ряда водоемов и водотоков Казахстана, сделаны выводы о 
том, что: принятый ранее для всей территории бывшего СССР ЭК для пресноводных водоемов, равный 25, 
может использоваться для вод некоторых речных бассейнов РК при их минерализации до 350-400 мг/дм3. 
Решающую роль в формировании режима и динамике концентрации натрия и калия в поверхностных водах 
имеет комплекс региональных физико-географических условий: климат, характер почв, подземных вод, 
антропогенные воздействия и др. Рекомендовано необходимость установления ЭК для водоемов и водотоков 
различных климатических зон РК особенно для крупных трансграничных бассейнов.  

Ключевые слова: натрий и калий, величины их отношения в поверхностных водах, эмпирические 
коэффициенты щелочных металлов. 
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