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AHHOTAUUA. B Hacmosawei pabome mbl UCCIEO08ANU HUSKOMEMNEPAMYPHYIO NAA3MY U ee napamempvi OJis
paspabomxu zenepamopa Xo100Hou naasmsl 0 Hykreonracmuku. Ha nepeom smane naweil ucciedogamensbckotl

pabomvl mbl uzyuuau bonee 20-mu namenmos Ha NPuOOPwL, OCHOBHOU QYHKYUEl KOMOPLIX ABNANOCL 06pA308aHUE
X0N0OHOU naazmel 8 nekmponrumax. Mol eviasunu Hauboiee npuemiemvle NAPAMempysl papadamvléaemo20 Hamu
2eHepamopa, a maxoice credyrujue 0CoOOeHHOCmu:

1.ITnasma gpopmupyemcs 6 snekmpoaume.

2. J{nst HyKIeonaiacmuKku UCnoab3yemcs MAaiblii pasmep 31eKmpood.

3.Heobxo0umocms 6030yHCOeHUS U YOEPICAHUSL PENCUMA NIA3MbL.

4. Qna pexcuma naazmel mpeOyemcs MeHbuie MOWHOCMb, YeMm O HA2peéd Nposooawjell MKAHU Om
NpOxX0AHCOeHUs NEPeMeHHO20 MOKA 8bICOKOU YACTNOMbI.

Ilepsbim dKCHEPUMEHMANLHBIM WA2OM CMAL0 HOJYYeHUue XOJNOOHOU NAA3Mbl HA NOCMOAHHOM moke. [lpu
3A0AHHBIX NAPAMEMPAx UCMOYHUKA MOKA, Mbl NOIyHaeM Xo0N0OHyr niasmy 6 pacmeope NaCl. Oouaxo cam
2eHepamop XonN00HOU NAA3Mbl Mbl HE MONCEM CO30A8AMb HA NOCMOAHHOM MOKe, 8 CULY DONbUUX HANPANCEHUL U
B03MONCHOCTU YIMEUKU MOKO8 Ha NAYUeHmd.

Ha emopom smane mvi, 0600Wus nepevie nonyuenHvle IKCHEPUMEHMANbHbIE Pe3VAbIMAmbl U C8e0eHUs U3
namenmos, 83A1u 3a OCHOBY Haule20 Hpudopa O0ObLIKHOBEHHBI 2eHepamop NepemMeHHO20 MOKA U HA 8bixode
YCMAHOBUNU HEUMPATbHbIL NPOB00 U HENOCPEOCMBEHHO 3JIeKMpOO (Mbl UCNOIb308AIU ULTY OM MEOUYUHCKO20
wnpuya). DKCNePUMEHMANLHLIM NYymeM Mbl YCMAHOBUIU, YMO HAWA CMPYSA NAA3Mbl CHOCOOHA pA3PYWUmMs U
Odepopmuposams n08ePXHOCMb AONOKA, A MAKHCE MACO U KOCMHblE MKAHU.

Ceilyac, na mpemvem smane, Mbl yice 3aHUMAEMCA pa3spaboOmKol MaKema Hauie2o 2enepamopd, a UMeHHO

I’lO()60pOM udeanvbHoz2o 9]16Kmp00(1, UOCANbHBIX 3A0AHHBIX napamempoe cesHepamopa, a mdakxoaice camozo maxkema
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npubopa. Pewaemcs maxoice 6onpoc obnecuenus co30aHus naasmol 8 YCI08UsX pabomul ¢ KOCMHbIMU MKAHAMU, M. €.
CO30aHUsL MAKO20 Npubopa, 31eKMpoo KOMOpOo20 ¢ HAUbObULel JIe2KOCMbIO CMOJCEeM HAHOCUMb NOBPEHCOeHUs
mKauell (Oepopmuposanus), npu IMomM He yeeauuusas nanpsicenue eenepamopa. Ooun u3 6apuanmos — co30aHue
cucmemvl HOOA4YU 1EKMPOIUMA HEROCPEOCMBEHHO HA DNIEKMPOO U OCHAWeHUe INEKMPOOa CUCIEMOU OXNAHCOEHUS,
umobvl 8 npoyecce onepayu, Npu 8bICOKUX MeMnepamypax u OUHAMUYHBIX OBUIHCEHUAX dehopmupyemble MKAHU, A
UMEHHO 6elOK, He HAUNANU HA 3NeKMPOoO U He NPeOOMBPAuaI MeM camblm 00paA308aHue Nia3mbl.

Introduction. Plasma is an ionized quasi-neutral gas. Ionized gas contains free electrons, both positive and
negative ions. In a broader sense, plasma can consist of any charged particles. Since gas particles are mobile, plasma
has ability to conduct an electric current. In the stationary case, plasma screens a constant electric field external
towards it due to the spatial separation of the charges. However, due to the presence of a nonzero temperature of
charged particles, there is a minimum scale at distances less than those which quasi-neutrality is violated.

Plasma is divided into low-temperature (temperature less than one million K) and high-temperature
(temperature of one million K and above) ones. This division is due to the importance of high-temperature plasma in
controlled thermonuclear fusion. Various substances pass into the state of plasma at different temperatures, what is
explained by the structure of the outer electronic shells of atoms of matter: the easier an atom gives up electrons, the
lower the temperature of the transition to plasma state is.

A low-temperature plasma is a plasma whose average electron energy is less than the characteristic ionization
potential of an atom (<10 eV); its temperature does not usually exceed 105 K. A low-temperature plasma is used for
nucleoplasty and other surgical operations. [2]

The method using cold plasma allows much lower removal (burning out) or dissection of human tissues at
temperatures up to 70 ° C than when using conventional electrosurgical devices. The tissue is exposed to a narrowly
focused (50-100 um) cloud of sodium plasma formed on the working surface of the electrode in NaCl medium
(isotonic saline). The energy of Na + ions of plasma cloud is 8 eV and is sufficient for cleavage of the cartilaginous
and connective tissue to low-molecular compounds. At the same time, temperature does not increase outside the core.
[1]

The method is used in traumatology to perform a wide range of arthroscopic operations. The method makes it
possible to carry out manipulations on the cartilaginous tissue and periarticular tissue, to carry out incisions and
process the surfaces of the cartilage and ligaments without thermal damage to the treated tissues. There is completely
no "sticking effect" of the tissue to the working surface of the electrode.

Analysis of US patents made it possible to reveal the following information: the power supplied to the common
electrode and the electrode array would be at high or radio signals, typically from about 20 kHz to 20 MHz, usually
between 30 kHz and 1 MHz, and preferably between 50 kHz to 400 kHz. The RMS (RMS) voltage is generally in the
range of about 5 volts to 1000 volts, preferably in the range of about 50 volts to 800 volts, and more preferably in the
range of about 10 volts to 500 volts.

Research methods. At the first stage of our research, we studied more than 20 patents for instruments, the
main function of which was the formation of cold plasma in electrolytes based on the material analyzed. We identified

the most acceptable parameters of our generator, as well as the following features:
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1.Plasma is formed in the electrolyte.

2. A small electrode size is used for nucleoplasty.

3. The need for excitation and confinement of plasma regime.

4. For plasma regime, less power is required than for heating the conductive tissue from passing an alternating
current of high frequency.

Results. The first experimental step was to obtain cold plasma at a constant
current. As you can see (Fig./), the experiment was successful. With the given
parameters of the current source, we got cold plasma in NaCl solution.

However, we cannot create the cold plasma generator on a direct current
due to high voltage and the possibility of leakage of currents to the patient.

At the second stage, we generalized the first experimental results obtained
and the information from patents, based on our instrument, an ordinary alternator
and installed a neutral wire and, directly, an electrode (we used a needle from a
medical syringe). As you can see, we again received plasma in the electrolyte.

However, at that time, the voltage was lower and the generator contained a two-

stage system to protect against burnout and leakage of current to the patient.
Experimentally, we established that our plasma jet can destroy and deform the  Fig.1. Results on first step
surface of the apple, as well as meat and bone tissue.

Now, at the third stage we are already working on the development of the model of our generator, namely: the
selection of the ideal electrode (material + size), ideal set parameters of the generator, as well as the device itself. The
problem of facilitating plasma creation under the conditions of working with bone tissues has also been solved. The
creation of such a device, whose electrode with the greatest ease can cause tissue damage (deformation) while not
greatly increasing the voltage of the generator. One of the options is to create an electrolyte supply system directly to
the electrode and to equip the electrode with a cooling system so that during the operation during high temperatures
and dynamic movements, the deformable tissues, namely the protein, do not stick to the electrode, thereby preventing
plasma formation.

Conclusion. At the present stage of the work, we have obtained a low-temperature plasma with direct current
and alternating current, have tested its effect on real tissues and have obtained the necessary parameters of a low-

temperature plasma generator

REFERENCES

1. Biberman, L. M., Vorob'ev, V. S. and Yakubov, I. (1982) Kinetics of a nonequilibrium low-temperature plasma,
M.,;
2. Smirnov, B. M. (1982.) Introduction to Plasma Physics, 2nd ed., Moscow

Poccus, Tomck, 25-28 anpens 2017 r. Towm 1. duznka




