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Surgical instruments using plasma are widely used in various surgical procedures. The advantages of high-

frequency plasma instruments are simultaneous hemostasis and dissection of tissues, and the ability to coagulate large 

vessels. A positive effect in this case is achieved by heat generation in the tissues. However, the temperature reaches 

500 ° C and tissue is damaged to a depth of 5 mm [1]. The alternative method, which has recently begun to enter into 

medical practice is the removal of tissue using cold plasma. This method was developed by ArthroCare Co and named 

coblation [2]. 

Physical and chemical processes occurring in the plasma formed in a liquid are important for the understanding 

of the phenomena observed in surgical instruments. As the working fluid saline is used, which is prepared from sodium 

salt dissolved in water with a concentration of 0.9 g / l. The current passing through the electrolyte produces heat, which 

leads to the formation of a thin layer of bubbles, which covers the electrode. When an electrical discharge is created, gas 

in bubbles ionized.  

Investigation of the device characteristics was conducted in saline solution. The output pulse of the device is 

biphasic with varying amplitude. The pulse repetition rate is f = 25 kHz. The current is measured via a shunt (RI = 1.5 

ohms). The voltage and current were recorded by a digital oscilloscope. The voltage was varied between 50 – 300 V. 

When voltage is applied, the current value is determined by the conductivity of the electrolyte. As electrolyte is heating, 

gas bubbles near the electrode are formed. As a result, the current value is determined by the characteristics of the 

discharge.  

The device is developed for biological tissue removing. The tests show that the resistance of the gap between 

the electrodes in the electrolyte increases with the applied voltage. Upon reaching a voltage ~180 V, its resistance rises 

sharply due to the formation of gas bubbles. Then therein a discharge is developed and a plasma is formed. 
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During the operation of gas centrifuge (GC) cascade for the multicomponent isotope mixture (MCIM) 

separation there are nonstationary hydraulic and separation processes. It is necessary to ensure safety of the equipment 

and to minimize losses of cascade productivity during nonstationary processes.  

In this regard, actual task is full-scale research of nonstationary processes. It is advisable to study the 

nonstationary processes by mathematical modeling. Known mathematical models [1-3] describe nonstationary 

hydraulic processes for only long cascade and nonstationary separation processes in the case of stationary hydraulic 

parameters of cascade. For elimination of these disadvantages we had developed the mathematical model of 

nonstationary hydraulic and separation processes occurring in GC cascade for the MCIM separation [4-6]. Earlier we 

had done verification of developed mathematical model as an example silicon and germanium isotope separation. 

Filling GC cascade with process gas precedes isotope separation mode. So far, a modeling of filling cascade was not 

carried out. 

The results of research nickel isotope separation occurring of filling GC cascade with different stage number 

are shown. Nickel isotopes are used for nuclear physics experiments and production radioactive isotopes (for example, 

62Ni stable isotope is used as source material to produce 63Ni radioactive isotope).  
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Isotopically-modified materials, in which the isotope content of chemical elements is different from natural 

values, have found wide application in various fields of the economy (nuclear power engineering, medicine, 

fundamental research, etc.). The composition of isotope mixtures changes in a separation process. The growing demand 

for isotopically-modified materials has resulted in an amount of research aiming to improve the technology of isotope 

mixture separation. One of the main negative factors decreasing the effectiveness of the MCIM separation process is 

nonstationary hydraulic and separation processes in gas centrifuge (GC) cascade. The research into the effects of 

nonstationary processes on the efficiency of MCIM separation seems to become even more important. An experimental 

approach in this case appears to be quite costly, so it is strongly recommended that nonstationary processes should be 

investigated by mathematical modeling. 
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