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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. 

 
 

 
   



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 4. 2018 
 

 
3 

Б а с  р е д а к т о р ы 
 

э. ғ. д., профессор, ҚР ҰҒА академигі 
 

И.К. Бейсембетов  
 

Бас редакторының орынбасары 
 

Жолтаев Г.Ж. проф., геол.-мин. ғ. докторы 
 

Р е д а к ц и я  а л қ а с ы: 
 

Абаканов Т.Д. проф. (Қазақстан)  
Абишева З.С. проф., академик (Қазақстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Əзірбайжан)  
Бакиров А.Б. проф., (Қырғыстан) 
Беспаев Х.А. проф. (Қазақстан)  
Бишимбаев В.К. проф., академик (Қазақстан)  
Буктуков Н.С. проф., академик (Қазақстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Тəжікстан)  
Грэвис Р.М. проф. (АҚШ)  
Ерғалиев Г.К. проф., академик (Қазақстан) 
Жуков Н.М. проф. (Қазақстан)  
Кенжалиев Б.К. проф. (Қазақстан)  
Қожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Ресей)  
Курскеев А.К. проф., академик (Қазақстан)  
Курчавов А.М. проф., (Ресей)  
Медеу А.Р. проф., академик (Қазақстан)  
Мұхамеджанов М.А. проф., корр.-мүшесі (Қазақстан) 
Нигматова С.А. проф. (Қазақстан)  
Оздоев С.М. проф., академик (Қазақстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Қазақстан)  
Сейтов Н.С. проф., корр.-мүшесі (Қазақстан)  
Сейтмуратова Э.Ю. проф., корр.-мүшесі (Қазақстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (АҚШ)  
Штейнер М. проф. (Германия) 

 
 

«ҚР ҰҒА Хабарлары. Геология мен техникалық ғылымдар сериясы».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Меншіктенуші: «Қазақстан Республикасының Ұлттық ғылым академиясы» РҚБ (Алматы қ.). 
Қазақстан республикасының Мəдениет пен ақпарат министрлігінің Ақпарат жəне мұрағат комитетінде 
30.04.2010 ж. берілген №10892-Ж мерзімдік басылым тіркеуіне қойылу туралы куəлік. 
 

Мерзімділігі: жылына 6 рет. 
Тиражы: 300 дана. 
 

Редакцияның мекенжайы: 050010, Алматы қ., Шевченко көш., 28, 219 бөл., 220, тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 
 

© Қазақстан Республикасының Ұлттық ғылым академиясы, 2018 
 

Редакцияның  Қазақстан, 050010, Алматы қ., Қабанбай батыра көш., 69а. 
мекенжайы: Қ. И. Сəтбаев атындағы геология ғылымдар институты, 334 бөлме. Тел.:  291-59-38. 
 

Типографияның мекенжайы: «Аруна» ЖК, Алматы қ., Муратбаева көш., 75.  



Известия Национальной академии наук Республики Казахстан 
  

   
4  

Г л а в н ы й  р е д а к т о р 
 

д. э. н., профессор, академик НАН РК 
 

И. К. Бейсембетов 
 

Заместитель главного редактора 
 

Жолтаев Г.Ж. проф., доктор геол.-мин. наук 
 

Р е д а к ц и о н н а я  к о л л е г и я: 
 

Абаканов Т.Д. проф. (Казахстан)  
Абишева З.С. проф., академик (Казахстан)  
Агабеков В.Е. академик (Беларусь) 
Алиев Т. проф., академик (Азербайджан)  
Бакиров А.Б. проф., (Кыргызстан) 
Беспаев Х.А. проф. (Казахстан)  
Бишимбаев В.К. проф., академик (Казахстан)  
Буктуков Н.С. проф., академик (Казахстан)  
Булат А.Ф. проф., академик (Украина)  
Ганиев И.Н. проф., академик (Таджикистан)  
Грэвис Р.М. проф. (США)  
Ергалиев Г.К. проф., академик (Казахстан) 
Жуков Н.М. проф. (Казахстан)  
Кенжалиев Б.К. проф. (Казахстан)  
Кожахметов С.М. проф., академик (Казахстан)  
Конторович А.Э. проф., академик (Россия)  
Курскеев А.К. проф., академик (Казахстан)  
Курчавов А.М. проф., (Россия)  
Медеу А.Р. проф., академик (Казахстан)  
Мухамеджанов М.А. проф., чл.-корр. (Казахстан) 
Нигматова С.А. проф. (Казахстан)  
Оздоев С.М. проф., академик (Казахстан)  
Постолатий В. проф., академик (Молдова)  
Ракишев Б.Р. проф., академик (Казахстан)  
Сеитов Н.С. проф., чл.-корр. (Казахстан)  
Сейтмуратова Э.Ю. проф., чл.-корр. (Казахстан)  
Степанец В.Г. проф., (Германия)  
Хамфери Дж.Д. проф. (США)  
Штейнер М. проф. (Германия) 

 
 

«Известия НАН РК. Серия геологии и технических наук».   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Собственник: Республиканское общественное объединение «Национальная академия наук Республики 
Казахстан (г. Алматы) 
Свидетельство о постановке на учет периодического печатного издания в Комитете информации и архивов 
Министерства культуры и информации Республики Казахстан №10892-Ж, выданное 30.04.2010 г. 
 

Периодичность: 6 раз в год 
Тираж: 300 экземпляров 
 

Адрес редакции: 050010, г. Алматы, ул. Шевченко, 28, ком. 219, 220,  тел.: 272-13-19, 272-13-18, 
http://nauka-nanrk.kz /geology-technical.kz 

 
 Национальная академия наук Республики Казахстан, 2018 

 

Адрес редакции: Казахстан, 050010, г. Алматы, ул. Кабанбай батыра, 69а. 
 Институт геологических наук им. К. И. Сатпаева, комната 334. Тел.:  291-59-38. 
 

Адрес типографии: ИП «Аруна», г. Алматы, ул. Муратбаева, 75  



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 4. 2018 
 

 
5 

E d i t o r  i n  c h i e f 
 

doctor of Economics, professor, academician of NAS RK 
 

I. K. Beisembetov 
 

Deputy editor in chief 
 

Zholtayev G.Zh. prof., dr. geol-min. sc. 
 

E d i t o r i a l  b o a r d:  
 

Abakanov Т.D. prof. (Kazakhstan)  
Abisheva Z.S. prof., academician (Kazakhstan)  
Agabekov V.Ye. academician (Belarus) 
Aliyev Т. prof., academician (Azerbaijan)  
Bakirov А.B. prof., (Kyrgyzstan) 
Bespayev Kh.А. prof. (Kazakhstan)  
Bishimbayev V.K. prof., academician (Kazakhstan)  
Buktukov N.S. prof., academician (Kazakhstan)  
Bulat А.F. prof., academician (Ukraine)  
Ganiyev I.N. prof., academician (Tadjikistan)  
Gravis R.М. prof. (USA)  
Yergaliev G.K. prof., academician (Kazakhstan) 
Zhukov N.М. prof. (Kazakhstan)  
Kenzhaliyev B.K. prof. (Kazakhstan)  
Kozhakhmetov S.М. prof., academician (Kazakhstan)  
Kontorovich А.Ye. prof., academician (Russia)  
Kurskeyev А.K. prof., academician (Kazakhstan)  
Kurchavov А.М. prof., (Russia)  
Medeu А.R. prof., academician (Kazakhstan)  
Muhamedzhanov M.A. prof., corr. member. (Kazakhstan) 
Nigmatova S.А. prof. (Kazakhstan)  
Ozdoyev S.М. prof., academician (Kazakhstan)  
Postolatii V. prof., academician (Moldova)  
Rakishev B.R. prof., academician (Kazakhstan)  
Seitov N.S. prof., corr. member. (Kazakhstan)  
Seitmuratova Ye.U. prof., corr. member. (Kazakhstan)  
Stepanets V.G. prof., (Germany)  
Humphery G.D. prof. (USA)  
Steiner М. prof. (Germany) 

 

News of the National Academy of Sciences of the Republic of Kazakhstan. Series of geology and technology 
sciences.   
ISSN 2518-170X (Online),  
ISSN 2224-5278 (Print) 
Owner: RPA "National Academy of Sciences of the Republic of Kazakhstan" (Almaty)  
The certificate of registration of a periodic printed publication in the Committee of information and archives of the 
Ministry of culture and information of the Republic of Kazakhstan N 10892-Ж, issued 30.04.2010  
 

Periodicity: 6 times a year  
Circulation: 300 copies  
 

Editorial address: 28, Shevchenko str., of. 219, 220, Almaty, 050010, tel. 272-13-19, 272-13-18, 
http://nauka-nanrk.kz/geology-technical.kz 
 
 

© National Academy of Sciences of the Republic of Kazakhstan, 2018 
 

Editorial address:  Institute of Geological Sciences named after K.I. Satpayev 
 69a, Kabanbai batyr str., of. 334, Almaty, 050010, Kazakhstan, tel.: 291-59-38. 
 

Address of printing house: ST "Aruna", 75, Muratbayev str, Almaty   



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 4. 2018 
 

 
195 

N E W S 
OF THE NATIONAL ACADEMY OF SCIENCES OF THE REPUBLIC OF KAZAKHSTAN 

SERIES OF GEOLOGY AND TECHNICAL SCIENCES 

ISSN 2224-5278 

Volume 3, Number 430 (2018), 195 – 200 
 
 
UDK 546.78+621.793+541.52 

 
  E. S. Musina1, A. S. Musina2, G. U. Baitasheva2, G. A. Kalmenova2, Zh. Kuanysheva2  

 

1K. I. Satpayev Institute of Geological Sciences, Almaty, Kazakhstan, 
2The Kazakh State Women's Teacher Training University, Almaty, Kazakhstan. 

E-mail: musina.63@mail.ru 
 

CONTROL OF TRACE QUANTITIES OF METALS  
IN THE ENVIRONMENTAL SAMPLES,  

USING MERCURY-FILM INDICATIVE MICROELECTRODES  
 

Abstract. Theoretical bases for the determination of trace quantities in the environmental samples by the 
method of stripping voltammetry, whose accuracy and reproducibility is associated with the use of the proposed 
mercury-film tungsten electrode, have been developed. The methods for the formation of a stable mercury film on a 
substrate of this material have been developed; the factors effecting the sensitivity and resolution of the film 
electrode have been studied.  

Perspectiveness of using the electrochemical methods of analysis, in particular, stripping voltammetry, for 
exercising a control over toxic and heavy metals in technology-related and mineral raw materials of Kazakhstan has 
been demonstrated.  

Key words: indicative electrode, mercury-film electrode, tungsten, stripping voltammetry, amalgamation. 
 
Nowadays, the transformation of any technology process into a recycling waste-free production is 

one of the most important tasks. In this connection special attention should be paid to monitoring and 
regulation of the technology process itself and the determination of the content of toxic substances in 
industrial waste dumps and industrial wastewaters. 

In connection with the accumulation of a large amount of secondary raw materials, containing 
harmful impurities, including heavy metals, the task of their detection and quantitative determination 
remains topical up till now. Only the data of analytical control may provide the people with a thread for 
managing the environmental purity and indicate the moment of necessary intervention for its protection 
from the accumulation of toxic substances and ecological poisons, whereto heavy metals are directly 
related. Passing into the human organism through air and water, including the chain: soil → water → 
animal, they cause various diseases.  

The developed indicative microelectrodes on a substrate of the iron family metals and alloys on the 
basis of such metals, as well as a carbon-containing material, carbon-fiber reinforced plastic, which can be 
safely related to new means of controlling toxic substances have been earlier proposed as the means for 
exercising control over toxic and heavy metals [1]. 

Physical and chemical characteristics of these electrodes and the mechanism of the processes, 
proceeding at the electrode-solution interface have been studied at the stages of preparation of their 
surface and subsequent amalgamation. Optimal parameters of their functioning have been determined. A 
design of a rotating electrode has been developed, which has allowed the metrological characteristics to be 
improved and analytical signals of toxic elements, such as mercury, zinc, cadmium, lead and copper, to be 
detected when they are jointly present in the analyzed samples. 

While carrying out an electrochemical analysis of the toxic metal compounds a large effect upon the 
cathode-anode processes is produced by the nature of the indicative electrode matrix, background 
composition and the presence of other components. The impurities, possessing the same or close values of 
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potentials, as well as the impurities, forming intermetallic compounds with the analyzed metals, especially 
hinder the registration of analytical signals. The indicated circumstances determine a necessity to solve a 
complex problem of development of electrodes, using inexpensive and available materials with the 
valuable physicochemical and electrochemical properties. 

The creation of a mercury-film electrode (MFE) is one of the greatest achievements in the inversion 
methods of electroanalysis. MFE combines the advantages of a solid and mercury electrodes: it has a wide 
operating interval of potentials, sufficiently reproducible surface; it does not display, as a rule, any inter-
metallic interactions of the deposited metals. MFE is obtained by applying mercury to an inert electro-
conductive substrate [2, 3]. 

Upon the creation of new indicative electrodes special requirements are set forth for increasing their 
corrosion resistance, sensitivity, selectivity, expansion of the range of operating potentials, etc. The most 
promising in this respect are the mercury-film electrodes with an inert substrate, which make it possible to 
work within a very wide range of potentials, thereby expanding the analytical capabilities. 

Graphite and glass carbon are usually used as a substrate. However, the use of such substrates does 
not ensure the formation of a uniform film due to the presence of microdefects (microscratches, chips, 
cracks) on the surface. Such material requires an additional treatment, involving certain physical and 
material costs. This may be excluded by using metal substrates. 

It is known that mercury is isolated in the form of a uniform film only on amalgam-forming metals 
4,5. The drawbacks of mercury-film electrodes (MFE) on metal substrates are an instability of the thick-
ness and composition of a mercury film as a result of the deep penetration of mercury into the metal and 
the formation of amalgams of different concentrations, as well as possible interactions of the analyzed 
metals, isolated on the electrode, with the substrate metal. These circumstances indicate an important role 
of a substrate in the electrode functioning. 

Precious metals are usually used as metal substrates for mercury, which are inert to mercury and 
adhere well thereto 6, 7. 

Method of procedure. Measurements by the method of stripping voltammetry were carried out with 
the help of PI-50-1.1 potentiostat and СВА-1 system, using molybdenum and tungsten as an electro-
chemical sensor, MB-50 alloy with the visible surface area of 0.2cm2. Electrochemical regeneration of the 
electrode surface was carried out after each measurement, holding an electrode at the positive potential of 
0.7 V and mechanical regeneration was carried out by grinding the working surface with a special paste 
(or Аl203 powder), then by filter paper. A silver chloride (Ag+/AgCl) electrode (s.c.e.), whose potential in 
relation to a normal hydrogen electrode of 0.1 М КС1 is equal to +0.222 V at 20°С, was used as a refe-
rence; a platinum wire was used as an auxiliary electrode. Voltammograms were registered on GTDA-1 
two-dimensional recording potentiometer in the mode of anode stripping voltammetry with a potential 
sweep rate of 0.1 V/s. 

Experimental. A mercury-film electrode (MFE) combines the advantages of a solid and mercury 
electrodes: it has a wide operating interval of potentials, sufficiently reproducible surface; it does not 
display, as a rule, any intermetallic interactions of the deposited metals. MFE is obtained by applying 
mercury to an inert electro-conductive substrate [1-4]. 

It is known that mercury is isolated in the form of a uniform film only on amalgam-forming metals 
4, 5. The drawbacks of mercury-film electrodes (MFE) on metal substrates are an instability of the 
thickness and composition of a mercury film as a result of the deep penetration of mercury into the metal 
and the formation of amalgams of different concentrations, as well as possible interactions of the analyzed 
metals, isolated on the electrode, with the substrate metal. These circumstances indicate an important role 
of a substrate in the electrode functioning, which should ensure good adhesion with mercury and be inert 
thereto. With this purpose mainly precious metals are used [2-5]. Mercury-film electrodes on an iridium 
substrate allow one to determine the presence of Cd and Рb within the range of contents of 0.1–5 mg/l [3]. 
A mercury-film electrode of platinum with electrochemical regeneration of a mercury film has been 
studied in detail in situ in the presence of cadmium ions (С < 2-10" mol/l), providing good adhesion of 
mercury to a platinum substrate [6]. 

It has been shown that the electrochemical properties of the obtained MFE remain constant with the 
thickness of a mercury film of ~10 {d= 0.14 mm) and ~25 μm (d- 0.45 mm). It is assumed, that with an 
increase of the diameter d of Pt-film an edge effect becomes more pronounced. This requires an increase 



ISSN 2224-5278                                                                                 Серия геологии  и технических наук. № 4. 2018 
 

 
197 

of the film thickness. When using an immobile MFE at the background of 0.1 М НС104 strong signals of 
cadmium and indium (III) reduction have been recorded in the presence of complexonates, causing their 
ligand-induced adsorption. 

Precious metals are mainly used as metal substrates for mercury, which have good adhesion to 
mercury and are inert in relation thereto 3-6, 9. 

The material, proposed by us as a substrate, tungsten, possesses such physical properties as strength, 
hardness and elasticity, and has an obvious advantage over the precious metals by its cost (much more 
inexpensive as compared with them), being, therefore, an available constructional material. Besides, it is 
practically insoluble in mercury (L= 6.8·10-20 at.%) 10, which affords us ground to assume that MFE on 
its basis should correspond by its properties more to the mercury electrodes and mercury. 

The mercury potential depends, to a large extent, on the nature of anions, which is connected with the 
tendency of ions of mercury (I) and (II) to form salts of low solubility and complex ions (table). 

 
Standard mercury potentials in the solutions under study [9] 

 

Electrode reaction Е0,V (n.h.e.) E0, V (s.c.e.) 

Hg + 2OH- = HgO + H2O 0.929 0.689 

2Hg + SO4
2-= Hg2 SO4 + 2e 0.615 0.378 

2Hg + 2Cl- = Hg2Cl2 + 2e 0.268 0.031 

2Hg + 4Cl- = HgCl4
2- + 2e 0.48 0.243 

2Hg + 2SCN- = Hg2(SCN)2 +2e 0.22 -0.017 

2Hg + 2OH- = Hg2O + H2O +2e 0.123 -0.114 

 
In the non-complex-forming medium the standard mercury potential is shifted to the positive values 

up to ~ +0.4 ÷ +0.7 V. If any substance, forming an insoluble compound or complex with mercury ions, is 
present in the solution, the potential shifts to the less positive and even negative values the stronger the 
less soluble the precipitate is, the more stable the complex is, and the higher the concentration of the 
substance, forming the precipitate or complex, is. It is known that the precipitates with mercury are 
formed in the presence of ions of Cl-, Br-, I-, N3

-, OH-, SH-, S2- etc., the complexes are formed with SСN-, 
CN-, SO3

2-, S2O3
2-, EDTA, etc. [3]. 

 

Figure 1 –  
Potential-time dependences of RPWE (1-6),  

RE (1'-6 '), RPSUE (1 "-3")  
in 0.1N solutions of electrolytes  

1-1" – H2SO4;  
2-2'' – KSCN;  
3-3" – KCl;  
4, 4' – HCl;  

5, 5' – H3 PO4;  
6, 6 ' – H2SO4 + 1.6810-2 N HgSO4 
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In this connection, for the identification of the peculiarities of the mercury-film electrodes on the 
basis of tungsten (RPWE), the stationary potentials (Eс) of the mercury-film samples based on W have 
been compared with the mercury pool and RPSUE in 0.1 N solutions of various electrolytes (figure 1).  

As it follows from the obtained results, Eс of the mercury-film samples on the basis of tungsten is 
close to Eс of the above mercury electrodes. A certain difference in the values of the steady-state potentials 
seems to be explained by an interaction between mercury and the substrate metal. We guess that in the 
surface layer of a metal substrate, upon mercury deposition, the formation of tungsten bronzes (НgхWО3) 
is possible, whereupon a mercury coating is formed.  

Upon adding of Hg2+ ions to 0.1 NH2SO4 solution the recorded potential Eс for all electrodes has the 
same values. This is due to the fact, that since Hg on all electrodes is present as metal, in the elemental 
state, its activity is equal to 1 and mercury ions are potential-defining in the indifferent H2SO4, solution, 
containing 1.6810-2 NHg2+. 

The study of the steady-state potentials of the mercury-film samples in different media shows not 
only the defining role of mercury on their surface, but also an effect of the substrate metal upon the elec-
trochemical characteristics of the electrode. It has been established, that the behavior of the electrode with 
a tungsten substrate somehow differs from that of the pure mercury electrodes [2, 11, 12].  

Alongside with the potentiometric measurements, which have made it possible to study the electrodes 
without the imposition of external polarization, the cathode-anode processes proceeding on the electrode 
have been studied and the range of the operating potentials has been established for the evaluation of the 
effect of the substrate metal upon the functional characteristics of the electrode by way of recording cyclic 
voltammetric curves. 

Voltammograms of pure mercury, represented by the mercury pool (RE) and mercury-film samples 
of tungsten and platinum in the sulfuric medium, have been taken for comparison (figure 2). 

The comparison of the polarization curves shows that in case of RPWE a current horizontal area is 
narrower  than  that  of  a  mercury  electrode, since the field of potentials of the curve kinetic site is wider. 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2 – Comparison of the working region  
of the potentials of RPWE (1), RPPRtE (2) and RE (3) in 1M H2SO4 
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This seems to be explained by an interaction between mercury and tungsten, and results in decrea-
sing of hydrogen overpotential (down to the value of –0.8 V), in comparison with the mercury electrode 
(1В) [1]. 

Probably, the shift of the reduction potential of Н+-ions to the positive side occurs due to the change 
of the nature of the surface substrate layer. The horizontal curve area and ranges of operating potentials 
(figure 2) show an identity of polarization curves for RPWE and RPRtE(curves1, 2) and similarity of the 
characteristics of these electrodes to RE (curve 3). 

Thus, the established similarity of the electrochemical properties of the mercury-film electrodes on a 
metal substrate (RPWE and RPRtE) affords us ground to conclude that the functional characteristics of the 
electrodes are mainly determined by the nature of the substrate metal.  

A possibility of evaluating the quality of coating has been shown by the method of cyclic voltammet-
ry, and the correctness of such an estimate has been established when using new materials as indicative 
electrodes in the method of stripping voltammetry. The conditions ensuring selectivity of their deter-
mination have been revealed using the example of Pb and Tl.  

The regularities of the electrochemical behavior of Pb, Hg, Tl, Cu and Au have been studied in indif-
ferent and complex-forming electrolytes on the new microelectrodes. The new electrodes have been ap-
probated for the first time in the analysis of waters and gold-containing products. Persepectiveness of their 
using as indicative electrodes for electroanalysis has been demonstrated. 

A conclusion has been drawn that one of the criteria for choosing electrode materials is their solu-
bility in mercury and corrosion resistance in the working electrolytes, which, in its turn, is determined by 
the composition and structure of their crystalline lattice, physical and chemical properties of the oxide 
films, formed on the sample surface and solid reaction products. 

Conclusions. Thus, the established similarity of the electrochemical properties of the mercury-film 
electrodes on a metal substrate (RPWE and RPRtE) affords us ground to make a conclusion of a possibi-
lity to use a mercury-film tungsten indicative microelectrode for exercising control over the trace quan-
tities of metals in the environmental samples. 
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КОНТРОЛЬ СЛЕДОВЫХ КОЛИЧЕСТВ МЕТАЛЛОВ  
В ОБЪЕКТАХ ОКРУЖАЮЩЕЙ СРЕДЫ С ИСПОЛЬЗОВАНИЕМ  

РТУТНО-ПЛЕНОЧНЫХ ИНДИКАТОРНЫХ МИКРОЭЛЕКТРОДОВ  
 

Аннотация. Разработаны теоретические основы определения следовых количеств металлов в объектах 
окружающей среды методом инверсионной вольтамперометрии, точность и воспроизводимость которых свя-
зана с использованием предлагаемого ртутно-пленочного вольфрамового электрода. Разработаны методы 
формирования устойчивой ртутной пленки на подложке из этого материала; исследованы факторы, влияю-
щие на чувствительность и разрешающую способность пленочного электрода.  

Показана перспективность использования электрохимических методов анализа, в частности, метода 
инверсионной вольтамперометрии, для осуществления контроля токсичных и тяжелых металлов в техно-
генном и минеральном сырье Казахстана.  

Ключевые слова: индикаторный электрод, ртутно-пленочный электрод, вольфрам, инверсионная 
вольтамперометрия, амальгамирование. 
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ҚОРШАҒАН ОРТА ОБЪЕКТІЛЕРІНДЕ СЫНАП-ПЛЕНКАЛЫ ИНДИКАТОРЛАР 

МИКРОЭЛЕКТРОДТАРДЫ ПАЙДАЛАНА ОТЫРЫП  
МЕТАЛДАРДЫҢ ӨТЕ АЗМӨЛШЕРІН БАҚЫЛАУ 

 
Аннотация. Инверсті вольтамперометрия тəсілін қолданып қоршаған орта объектілерінде металдардың 

өте аз мөлшерінің теориялық негіздерін анықтау, жаңадан өндірілуі жəне дəлдігі ұсынылатын сынап-плен-
калы вольфрамды электродты пайдаланумен байланысты. Осы материалдан тұрақты сынап пленкасын 
қалыптастыру əдістері əзірленді; пленкалы электродтың əсер етуші факторларға сезімталдығы мен рұқсат 
беретін қабілеті зерттелді. 

Электрохимиялық талдау əдістерін пайдалану болашағы көрсетілген, атап айтқанда, вольтамперометрия 
инверсті əдісін жүзеге асыру үшін ҚР техногенді жəне минералды шикізаттарда уытты жəне ауыр металдар-
дың мөлшерін бақылау. 

Түйін сөздер: индикаторлық электрод, сынап-пленкалы электрод, вольфрам, инверсті вольтамперо-
метрия, амальгамирлену. 
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