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Abstract. The possibility of using anode earthing in an assembly with a container is considered. Ensuring the in-

tegrity of the pipeline is a topical issue in connection with the environmental and economic consequences. The pro-

cess of pipeline protection is accompanied by the removal of metal particles, at the electronic level. When creating a 

potential difference, the current will shift from the anode to the cathode. In the process of this shift electrons from the 

anode earthing switch are moved to the pipeline under the influence of an electromagnetic field. It thereby destroying 

the anode and expanding the metal elements under protection. Description of galvanic capacitive solution for cathod-

ic protection stations is executed. To exclude the effect of the electrochemical protection on the cathode and, thus, 

improve the protection of the pipeline. 
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1 Introduction 

Ensuring the integrity of the pipeline is a topical issue 

in connection with the environmental and economic con-

sequences. Currently, one of the effective methods of 

protection is the use of cathodic protection stations 

(HVAC). The article considers the possibility of using 

anode earthing in the assembly with the container. It con-

tains a titanium dioxide magnesium anode, mounted in-

side a galvanized tube and filled with coke oven. 

The urgency of considering the use of the anode in the 

assembly, in increasing the term of its operation, as well 

as improving agro-ecological indicators. 

Consider using anode earthing plug in a container as-

sembly. It contains a titanium dioxide magnesium anode, 

mounted inside a galvanized tube and filled with coke 

oven, which will increase the life of the anode earthing, 

as well as improve the agro-ecological parameters. Per-

form a description of the electrical system anode-ground-

object that is protected. Consider the process that gener-

ates protective capability. 

2 Materials and Methods 

The basis of the work of electrochemical protection is 

the process of suppressing the influence of anode currents 

cathode due to the work of an external source. When the 

current flowing on an object that is protected more than a 

drain, an anodizing process occurs. 

Anodizing allows you to create a thin, oxide film on 

the surface of the metal that acts as a protective layer. 

The method is based on the physical properties of the 

current of the galvanic pair. 

When a difference in potentials between the metals is 

created and the current from the tread flies to the protect-

ed object, in our case the pipeline. This process is also 

accompanied by the removal of metal particles, at the 

electronic level. When creating a potential difference, the 

current will shift from the anode to the cathode. In the 

process of this shift electrons from the anode earthing 

switch are moved to the pipeline under the influence of 

an electromagnetic field. It thereby destroying the anode 

and expanding the metal elements under protection. 

Anodic earthing doped metal (conductor) provided 

with a large number of free carriers (electrons) to gener-

ate electric current (Figure 1). The flow of current occurs 

due to the motion of electrons from the anode, which is 

an anode earthing, under the influence of the electromag-

netic field on the cathode, in the case considered pipeline 

[1]. 

The result of cathodic protection is the excessive for-

mation of ions of hydroxide, that is, the oxidation of the 

environment occurs. As a result, a violation of the bal-

ance of salts in the soil, which leads to the formation of 

salt deposits on the surface of the pipeline. 
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Figure 1 – The classical scheme of cathodic protection 

3 Results and Discussion 

These factors change the processes of electrochemical 

protection on the cathode. Complicating the cathode reac-

tion in a double electric layer, due to diffusion problems 

with the transfer of oxygen. Similarly, a decrease in po-

larization current or an increase in polarization resistance, 

due to the growth of the layer of sediments near the pro-

tective pipeline [2]. 

At atomic level, metal is a crystalline lattice, with at-

oms. Which consist of electrons, negatively charged par-

ticles, and positively charged nuclei. Electrons that move 

freely and are not bound to the atom are valence elec-

trons. Which and determine the behavior of the substance 

during the chemical process. The places where the elec-

trons are absent are weak. If an ion with a missing elec-

tron will interact with the water molecule, the water mol-

ecule will be able to suppress this ion. Such a process will 

take place under the action of electrostatic force of gravi-

ty. In addition to the water molecule, which tries to sup-

press the ion of the ferrum, it acts on the free metal elec-

trons that are attracted to the ion of the metal to free elec-

trons. Free electrons return ions. When the process of 

dragging the ions comes to equilibrium on the boundary 

of the metal medium, an exchange current is formed and 

a double electric layer is formed. In this process, besides 

water, is still affected by oxygen, which attracts electrons, 

thus breaking the balance. Oxygen, taking electrons, cre-

ates a new negatively charged particle outside the metal. 

After removing the electron, oxygen contributes to the 

destruction of the metal [2]: 

 .)(4364 322 OHFeOOHFe   (1) 

In the case of cathode protection, we obtain an anode 

medium-cathode chain. Which is characterized by cur-

rent, voltage and resistance. This can be expressed as 

follows: 

 ,/)( ZI оаок    (2) 

where I – current circuit anode-medium-cathode;  

Z – resistance of the circuit anode-medium-cathode;  

φok – φoa – potentials between the anode and the cathode. 
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The resistance in the circuit anode medium cathode 

will have both an active and a reactive component. The 

resistance depends on the environment, which means that 

it is variable and as a result the protection current will not 

be constant. 

The deflection current on the pipeline oxidizes the me-

dium, and leads to the formation of salts around the pipe-

line. Thus, changing the chemical composition of the soil. 

Which entails a change in the resistance of the medium 

and the currents of protection. 

The result of cathodic protection is excessive for-

mation of ions of hydroxide OH
 –
, that is, the oxidation of 

the environment occurs. As a result, a violation of the 

balance of salts in the soil, which leads to the formation 

of salt layer on the surface of the pipeline. These factors 

change the processes of electrochemical protection on the 

cathode. Complicating the cathode reaction in a double 

electric layer, due to diffusion problems with the transfer 

of oxygen. Similarly, a decrease in the polarization cur-

rent or an increase in the polarization resistance, due to 

the growth of the precipitation layer near the protective 

pipeline [2]. 

The result of cathodic protection is the excessive for-

mation of ions of hydroxide, that is, the oxidation of the 

environment occurs. Soil oxidation affects yields, as well 

as one of the factors influencing the occurrence of diseas-

es in plants. Just an insignificant acidification of the envi-

ronment, a decrease pH per unit, causing a decrease in the 

potential of the metal on 0.06 V. 

The layer of precipitation near the protective pipeline 

is the salt. Which leads to deterioration of agro-ecological 

indicators. 

At the moment, a method has been developed that al-

lows the galvanic solution to be maintained without de-

stroying the anode earthing. 

In this method, the object consists of a container. It 

contains a titanium-dioxide magnesium anode, mounted 

inside a galvanized tube and filled with coke oven. 

Anode earthing is protected from the environment, re-

moval of electrons in the soil from its surface does not 

occur. To anode earthing lead « + » power and an electric 

field is created around it. What attracts electrons from the 

environment, that is, the soil. Thus, creating a directed 

motion of electrons in the medium and the flow of elec-

tric current into the pipeline. In this way, the cathodic 

protection of the pipeline with galvanic decoupling is 

created. The scheme is shown in Figure 2. 

Consider the work of a bipolar and field transistor. In 

Figure 3, an example of the field and in Figure 3 b, a 

bipolar transistor is shown. 

In a field transistor, it is generally assumed that elec-

trons move from source to drain, and controls the current 

voltage applied to the p-region, the gate [2]. 
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a b 

Figure 2 – Cathodic protection of the pipeline  

with galvanic decoupling 

The bipolar transistor of Figure 3b consists of two p-n 

transitions formed by a layer of semiconductors with 

impurities. The transition of the collector-base in the 

bipolar transistor with the common emitter is shifted in 

the opposite direction, resulting in a potential barrier 

preventing the main carriers from moving when the key is 

unlocked and power is not supplied to the base. From 

emitter to collector, which create current. When the pow-

er is fed to the base, the base-emitter transition becomes 

displaced in the forward direction. 

As a result, the electrons from the emitter through dif-

fusion pass through the base to the collector. Non-basic 

carriers from the base moving to the collector create a 

collector current in the transistor. 

  
a b 

Figure 3 – Field and bipolar transistor: a – schematic representa-

tion of the design of the field-type transistor with the n-type 

channel; b – a schematic representation of the construction  

of a bipolar p-n-p transistor 

With the displaced forward direction of transition, the 

base-emitter flows through the circle emitter-collector 

[2]. In the field transistor Figure 4 with p-n transition, the 

current depends on the size of the depleted layer, near the 

gate. The shutter is doped to a large extent, compared to 

the n channel. 

Typically, n-type areas are located on both sides of the 

p-type bar, Fig.5, in which case the conducting channel 

will be between the two depleted layers. By applying the 

voltage to the gate, a magnetic field will be formed 

around it. What kind of electrons will be attracted to the 

region under the dielectric, after which a channel is 

formed between the leak and the drain, which will move 

the electrons. As a result, there will be an electric current 

[2]. 

 
a 

 
b 

Fig.4 Schematic image of the operation of the bipolar transistor:  

a – without the base current; b – with the base current 

 
a 

 
b 

Figure 5 – Schematic image of the field transistor operation:  

a – without the current; b – with the current 
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Similarly, one can consider the electrical system of the 

anode-ground-protected object. Consider the process in 

which the protective potential is formed. 

Important for electrical engineering is the phenomenon 

in which, the flow of electric current through conductors 

leads to the emergence in the surrounding space of the 

magnetic field. Having two conductors with charges + q 

and – q, and driving them in motion with the help of 

EMF, we get the electric current in the conductor [3]. 

A magnetic field is formed around such a conductor. 

Which affects the moving charges, having magnetic mo-

ment and polarity, located in the environment between 

the pipeline and the anode. The magnetic field arranges 

the orientation of the molecules from the plus to the mi-

nus, thereby creating a directed motion. 

The medium between the anode and the pipeline is a 

dielectric. Which when moving to an electric field is able 

to change its properties. The dielectric molecule consists 

of different charges of + q and – q. In what the -q rotates 

around + q and their rotation centers converge. When the 

molecule is affected by an external field, the orbit of the 

electron is deformed, their centers cease to coincide. The 

molecule begins to behave like an electric dipole [4]. 

To protect the pipeline from the steel without a protec-

tive coating from corrosion, a certain current density is 

required. In a sterile neutral state, the current density is in 

a range of 4.3–16.1 mA/m
2
; well aerated neutral soil 

21.5–32.5 mA/m
2
; dry, well aerated soil 5.4–16.1 mA/m

2
; 

wet soil 16.9–64.6 mA/m
2
; sour soil 53.8–161.4 mA/m

2
; 

a soil that supports the activity of sulfate-reducing bacte-

ria 451.9 mA/m
2
. 

For a pipeline with a protective coating in the soil, the 

required current is un a range of 0.01–0.2 mA/m
2
. As the 

coating is destroyed, the current density needs to be in-

creased [5]. 

4 Conclusions 

The description of galvanically capacitive solution for 

cathodic protection stations is executed. This method 

allows to prevent damage to the balance of salts in the 

soil. The considered method allows prolonging the life of 

the anode earthing switch. The creation of a protective 

current under the influence of the magnetic field, which is 

the EMF, affects the electrons in the soil. Electrons, 

which are the charge carriers under the action of EMF, 

form a directed motion, thereby creating a current of 

protection. This method also allows improving agro-

ecological parameters. 
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Аɧɚɥɿɡ ɡɚɫɬɨɫɭɜɚɧɧɹ ɝɚɥьɜɚɧɿɱɧɨʀ ɪɨɡɜ’ɹɡɤɢ ɜ ɫɯɟɦɚɯ  
ɤɚɬɨɞɧɨɝɨ ɡɚɯɢɫɬɭ ɩɿɞɡɟɦɧɨɝɨ ɬɪɭɛɨɩɪɨɜɨɞɭ 

Аɡɸɤɨɜɫьɤɢɣ А. А., Ⱦɿɞɟɜɢɱ ȿ. А. 

Ⱦɟɪɠɚɜɧɢɣ ɜɢɳɢɣ ɭɱɛɨɜɢɣ ɡɚɤɥɚɞ «Нɚɰɿɨɧɚɥьɧɢɣ ɝɿɪɧɢɱɢɣ ɭɧɿɜɟɪɫɢɬɟɬ»,  
ɩɪɨɫɩ. Ⱦɦɢɬɪɚ əɜɨɪɧɢɰьɤɨɝɨ, 19, 49600, ɦ. Ⱦɧɿɩɪɨ, ɍɤɪɚʀɧɚ 

Аɧɨɬɚɰɿɹ. ɍ ɫɬɚɬɬɿ ɪɨɡɝɥɹɧɭɬɿ ɦɨɠɥɢɜɿɫɬь ɜɢɤɨɪɢɫɬɚɧɧɹ ɚɧɨɞɧɨɝɨ ɡɚɡɟɦɥɸɜɚɱɚ ɜ ɡɛɿɪɰɿ ɡ ɤɨɧɬɟɣɧɟɪɨɦ. 
Зɚɛɟɡɩɟɱɟɧɧɹ ɰɿɥɿɫɧɨɫɬɿ ɬɪɭɛɨɩɪɨɜɨɞɭ, є ɚɤɬɭɚɥьɧɢɦ ɩɢɬɚɧɧɹɦ ɭ ɡɜ'ɹɡɤɭ ɡ ɟɤɨɥɨɝɿɱɧɢɦɢ ɿ ɟɤɨɧɨɦɿɱɧɢɦɢ 
ɧɚɫɥɿɞɤɚɦɢ. Пɪɨɰɟɫ ɡɚɯɢɫɬɭ ɬɪɭɛɨɩɪɨɜɨɞɭ  ɫɭɩɪɨɜɨɞɠɭєɬьɫɹ ɜɢɧɨɫɨɦ ɱɚɫɬɢɧɨɤ ɦɟɬɚɥɭ, ɧɚ ɟɥɟɤɬɪɨɧɧɨɦɭ 
ɪɿɜɧɿ. Пɪɢ ɫɬɜɨɪɟɧɧɿ ɪɿɡɧɢɰɿ ɩɨɬɟɧɰɿɚɥɿɜ, ɫɬɪɭɦ ɛɭɞɟ ɡɦɿɳɭɜɚɬɢɫɹ ɜɿɞ ɚɧɨɞɚ ɞɨ ɤɚɬɨɞɚ. ɍ ɩɪɨɰɟɫɿ ɞɚɧɨɝɨ ɡɫɭɜɭ 
ɟɥɟɤɬɪɨɧɢ ɡ ɚɧɨɞɧɨɝɨ ɡɚɡɟɦɥɸɜɚɱɚ ɩɟɪɟɦɿɳɚɸɬьɫɹ ɞɨ ɬɪɭɛɨɩɪɨɜɨɞɭ ɩɿɞ ɜɩɥɢɜɨɦ ɟɥɟɤɬɪɨɦɚɝɧɿɬɧɨɝɨ ɩɨɥɹ. 
Ɍɢɦ ɫɚɦɢɦ ɪɭɣɧɭɸɱɢ ɚɧɨɞ ɿ ɜɢɧɨɫɹɱɢ ɟɥɟɦɟɧɬɢ ɦɟɬɚɥɭ ɡ, ɳɨ ɡɧɚɯɨɞɢɬьɫɹ ɩɿɞ ɡɚɯɢɫɬɨɦ. Вɢɤɨɧɚɧɨ ɨɩɢɫ 
ɝɚɥьɜɚɧɿɱɧɨʀ єɦɧɿɫɧɢɣ ɪɨɡɜ'ɹɡɤɢ ɞɥɹ ɫɬɚɧɰɿɣ ɤɚɬɨɞɧɨɝɨ ɡɚɯɢɫɬɭ. Щɨ ɛ ɜɢɤɥɸɱɢɬɢ ɪɟɡɭɥьɬɚɬ ɜɩɥɢɜɭ ɩɪɨɰɟɫɭ 
ɟɥɟɤɬɪɨɯɿɦɿɱɧɨɝɨ ɡɚɯɢɫɬɭ ɧɚ ɤɚɬɨɞɿ. Ɍɢɦ ɫɚɦɢɦ ɩɨɥɿɩɲɢɬɢ ɡɚɯɢɫɬ ɬɪɭɛɨɩɪɨɜɨɞɭ. 

Ʉɥɸɱɨɜɿ ɫɥɨɜɚ: ɫɬɚɧɰɿɹ ɤɚɬɨɞɧɨɝɨ ɡɚɯɢɫɬɭ, ɩɿɞɡɟɦɧɢɣ ɦɟɬɚɥɟɜɢɣ  ɬɪɭɛɨɩɪɨɜɿɞ, ɟɥɟɤɬɪɨɯɿɦɿɱɧɚ ɤɨɪɨɡɿɹ. 
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