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Abstract:

Negative ions are formed in the process of the interaction between the
electron with the integrated electric dipole moment and the induced
electric dipole moment due to polarization. In the continual regime, at
orbital velocity, the emission of negative ions from the surface of the heat-
shielding coating leads to the formation of a double electric layer with a
very dense plasma while at the escape velocity the same emission of
negative ions creates an explosive character of burning of the heat-
shielding coating. In the free molecular flow regime, the emission of
negative ions results in intense violet-blue glow while high positive
potentials are induced on the surface of an aircraft. In nanotechnologies,
the ionization of negative ions determines the parameters of vacuum arc
discharge. Negative ions participate in the formation of an electrostatic
machine in the human body.

Key words: negative ions, electric dipole moment, double electric layer,
polarization, electrostatic machine.

Introduction

When studying the formation and destruction of negative ions,
researchers have encountered a peculiar structure of negative ions.
Different atoms and, especially, molecules respond to the bond with extra
electrons each in its own way. This was confirmed when quantum
mechanics was applied to describe the structure of the electron affinities
of neutral atoms and molecules and to determine the electron affinity
energies. It was found out that some atoms and molecules have greater
electron affinities while the others, on the contrary, do not respond at all
to the presence of free electrons in their nearest environment. For lack of
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any adequate theoretical model of the formation of negative ions, the
effective use of negative ions as catalysts to achieve optimal conditions
for all parameters of processes in various fields of technology is
essentially limited. Therefore, it is vital to set the following goal: to
consider in great detail what kinds of chemical bonds arise in the process
of negative ions formation, and further, based on this knowledge, to find
out the influence of negative ions on the technological processes used in
the production of various machines, mechanisms, and equipment. To
reach the goal, it is essential to solve the following problems:

1. To provide an explanation of the process of negative ions
formation for various atomic and molecular systems.

2. To determine the role of negative ions in space exploration.

3. To consider the influence of negative ions in nanotechnologies.

4. To find out the positive role of negative ions in the human body.

Let us consider, one after another, these problems.

Formation of Negative lons of Atoms and Molecules

Theoretical calculations of electron affinity energies performed using
guantum-mechanical methods did not make it possible to obtain
convincing agreement with the experimental data (Massey, 1976). An
especially inadequate situation relates to complex atoms and molecules.
Table 1 shows particular values of electron affinities for certain atoms.

Table 1 — Parameters of Atoms of the First Group of the Periodic Table
Tabnuya 1 — Mapamempbi amomos repeoll epynbi mabnuusl MeHOeneesa
Tabena 1 — Napamempu amoma ripee epyre nepuoGHo2 cucmemMa efneMeHama

Parameters of atoms
Atoms " pa-1 0%

ra, A 7 (A-m) EA (eV) Arlr,
H 0.529 0.500 0 0.754 0.0555
Li 2.049 0.766 0 0.609 0.1130
Na 2.227 0.794 4.34 0.548 0.1066
Rb 2.979 0.864 11.88 0.486 0.1163
Cu 1.762 0.945 42.45 1.228 0.1590
Ag 1.934 1.017 38.00 1.302 0.1718

Negative ions possessing a relatively high electron affinity are
formed for atoms which feature a closed shell in the S-state formed
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during electron capture. As this takes place, the change in potential
energy presents the electron affinity energy:

*x 2 * 2
EA=_Z°® (i—ljz Ze Ar (1)
Are,\ 1, T Arre,r 1,

where Z" is the effective nuclear charge of the neutral atom, e is the
electron charge, 1, and r, are the distances between the atom’s center
and the electron of the neutral atom and between the atom’s center and
the electron of the negative ion, correspondingly, and ¢, is the dielectric

permittivity of vacuum.
It follows from (1) that, when the negative ion of hydrogen is formed,
the relative increase in the radius of rotation of the captured electron

amounts to a noticeable value: ﬂz 0.05546 while for lithium the
I’-l

increase is: % ~ 0.1130. Table 1 presents the values of the increase for
1

other atoms. Table 1 shows the values of the radii of neutral atoms, the
effective nuclear charges of neutral atoms, and the values of the electric
built-in dipole moments. It follows from the data presented in Table 1 that
the deformation of the initial electron shells of neutral atoms upon
capture of an electron is quite substantial. The presence of the built-in
electric dipole moment of large magnitude leads to an increase in the
electron affinity energy of an atom. Theoretical calculations of electron
affinity energies performed using quantum-mechanical methods did not
reflect in full measure the dynamics of the formation of negative ions in
atomic structures. It is necessary to take into account the presence of the
built-in electric dipole moment in atoms and, along with the covalent
chemical bond using the Heitler-London method, other possible types of
chemical bonds will be also taken into consideration. Below we show
how to take into account the above conditions, following (Gretchikhin &
Kamarouskaya, 2016, pp.447-464).

Formation of Negative lons in Atoms

The paper (Gretchikhin, 2008) showed that in complex atomic
systems, the deformation of spherically symmetric s-states occurs due to
the interaction of p-s, d-s or f-s electron shells; as a result, a built-in
electric dipole moment, relative to the center of a complex atom, arises.
Calculations of the built-in electric moment, taking into account Hund's
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rule, were performed for the majority of atoms in the periodic table.
During the capture of a free electron by a neutral atom, there is no
interaction with the positive nucleus of the atom, since the nucleus of the
atom is completely screened by the electrons around the atom. However,
as the free electron approaches the atom, its electric field polarizes the
atomic system. In this case, the interaction with the displaced cloud of all
electrons of the neutral atom arising due to polarization takes place, but
not with the effective charge of the nucleus.

In the presence of the built-in electric dipole moment in the atom, the
interaction between an external free electron and the electric dipole is
activated. In this situation, the atom is able to gain an electron and to
become a negative ion. Under the action of the electric field of this
electron, the displacement of the electron cloud of the neutral atom
relative to its center occurs in all energy states. If the external field is
created by an external electron, then the condition of equilibrium of
forces for the electron inside the atom in k-th state is as follows:

e’ Zge? Ze?
47[80F02 47rgork2 ey (r, +A|’k)2 '

(2)

where ry is the radius of electron rotation of the atom in the k-state, Z, is

the effective nuclear charge of the atom in the k-th state for the electron
under consideration, and r; is the radial distance of the negative ion from
the atom center.

Hence, the displacement of the outer electron cloud of the k-th
energy state relative to the atom's center is as follows:

r3
Ar, ~ —% 3
k Zz:roz ( )
The energy of the interaction of the outer electron with the built-in

electric dipole of the atom with taking into account the energy for
polarization represents the electron affinity and is expressed as follows:

2
EA=_ 2P ¥ 4 F— ! } (4)

Are v} “Ghme, |1, 1 +Ar

Here, p, is the built-in electric dipole moment of the neutral atom. It

is obvious that the potential of the interaction between the electron and
the neutral atom will be minimal. Otherwise, the system will not be stable.
That is the reason why the electron affinity and the negative ion radius
are determined by the minimum value of the interaction potential (4). The
results of the interaction potential calculations for the atoms of carbon,
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oxygen, copper and titanium have been performed in (Gretchikhin &
Kamarouskaya, 2016, pp.447-464).

Electron affinity energy can be measured with high accuracy, i.e.
with an accuracy within 3%. Therefore, using the values of electron
affinity of an atom makes it possible to obtain real values of built-in
electric dipole moments of complex atomic systems and, at the same
time, the negative ion radius.

The electron affinity of the carbon atom for the atom’s radius r, =

1,091 A, the distance of the valence electron of the negative ion from the
atom’s center r, = 1,095 A and p, = 3,935-10°° C-m, equals to the
experimental value of 1.263 eV. The radius of the carbon atom is slightly
bigger than the value obtained using the quantum-mechanical method:
0.905 A (Brattsev, 1966) and 0.922 (Radzig & Smirnov, 1985). For
atom’s radius of 0.905 A the experimental value of the electron affinity is
realized in the negative ion at the distance from the atom’s center of 1.02

A and for the built-in electric dipole moment p, =3,089-10" C-m.

For the oxygen atom with the value of the built-in electric dipole
moment pgo = 2,891-10°° C-m, the atom’s radius of 0.7073 A and the
negative ion’s radius r, = 1,04 A the electron affinity energy equals
1.4611 eV, the value which corresponds to the measured one.

Therefore, electron affinity of atoms is determined by the interaction
of the outer electron with the built-in electrical moment of the complex
atomic system as well as by coulombic interactions of the electrons of
negative ions with the electrons of the neutral atom of all energy states
and atom nuclei.

Negative lons of Diatomic Molecules

Electric dipole moments in diatomic molecules are oriented opposite
to each other. It follows from the composition of diatomic molecules that
they can gain two electrons and become a doubly charged negative ion.
Electron affinity energy for a singly charged negative ion is as follows:

2e 2e ‘e’
EA =- pd’lz + pd,22 Qv et 1 ! . (5)
Arer”  Armer, Armel, T Ahme, | n+r, 41 +An
r3
Here, Ar, :#fz and it determines the displacement of the

k'l
valence electron cloud in the molecule; Zlf is the effective molecular
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charge in the k-state; r.« is the effective molecular radius; 1, is the
distance to the center of the nearest atom determined by the position of

the interaction potential minimum; I, is the distance to the molecule

center, I, is the additional distance to the next atom, equal to I, pg+

and pg, are the built-in electric dipole moments of the ions of the
interacting atoms, correspondingly; and AQ is the induced charge
occurring as a result of the valence electrons exchange at the covalent
bound in the diatomic molecule.

The sum in the potential (5) considers the energy input for the
polarization of the valence electron cloud of the diatomic molecule and
for the polarization of the electron cloud of the positive core atoms. In
particular, the theoretical calculation of the electron affinity value using
(5) for the carbon molecule for the effective radius of the interacting
atoms of 0.905 A (Radzig & Smirnov, 1985) and for the electric dipole
moment of a singly charged negative ion of the atom of the molecule

positive core p,; =1976-10% C-m amounts to the experimentally

obtained value of 3,39 eV for the distance from the nearest atom of
0.7643 A, i.e. the distance to which the electron approaches the atom
center in the diatomic molecule.

Electron Affinity of Triatomic Molecules

A triatomic molecule is formed as a result of the atom interaction
with a diatomic molecule. During this process, the common electron shell
is formed by all three valence electrons of complex atoms. That is the
reason why the positive core of the triatomic molecule contains singly
charged positive ions of the initial atoms. The built-in electric dipole
moments of the single ions are arranged so as to maximally increase the
bond energy between the atom and the diatomic molecule.

At the same time, the distance between the atoms corresponds to a
bit bigger interval than the equilibrium distance between the atoms in the
diatomic molecule. The nearest atom in the diatomic molecule is
considered as the central one.

The distances of the atoms from the central atom are approximately
equal; it is designated as r.. Other distances expressed in terms of r, are
as follows:

L =2rsin(ax/2); r, =r,y125—-cosa; r, =r,sin(a/2),

where ¢« is the central angle in the triatomic molecule.
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The triatomic molecule captures the electron to its outer orbit. The
electron affinity of a triatomic molecule is determined by the interaction
with the integrated dipole moments of all three ions of the positive core
and by its polarization. The distance of the captured electron from the
molecule’s center does not exceed the molecule’s effective radius. The
electron affinity energy of the positive core of the triatomic molecule is
mainly determined by the interaction between the valence electron and
the built-in electric dipole moment of the nearest ion. The distance to
which the electron approaches the nearest ion of the atomic core does
not exceed the radius of the triply charged ion of the molecule. The
resultant binding energy of the valence electron of the negative ion of the
triatomic molecule equals to:

EA =-E +E,+E;+E, -E; + Eg, (6)
where E, = 2ep, _E, = eAQ E, - eAq ;
Arreyr Arey(r+r,12) Are,(r +1,)
2ep, cos| * ¢
_2cos(z —a)ep, . ‘ 2 )

4 » b5 =

Are,(r+r1,)? Are,(r+r)°

* 2
E6=Zzke ( 1 1 j

v Are, r+r2/2_r+r2/2+Ark
r.3
and Ar, =——" =
22, (r+r,/2)

Here, AQ and Ag are the charges induced inside the diatomic

molecule and between the outer atoms and the diatomic molecule,
correspondingly, determined using the Heitler-London method.

When the triatomic molecule becomes a doubly charged negative
ion, the bound energy of the second electron weakens and can be
determined using the following formula

2
e
EA, =EA +—. 7
A A 4rre,3r, )
The following results have been obtained:

1. When considering the electron affinity of an atom, the interaction
of an electron with the built-in electric dipole moment of a neutral atom
and the repulsive forces between the valence electrons of neutral atoms
and a negative ion in accordance with Coulomb’s law will be considered.
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2. The electron affinity of a diatomic molecule is determined by the
electron interaction with two built-in electric dipole moments of the atomic
ion, the induced negative cloud at the boundary of the atoms within the
molecule, as well as by the Coulomb’s interactions of the valence
electrons of the negative ion and those of the neutral molecule.

3. In the process of electron capture by a triatomic molecule, the
electron affinity energy is determined by the interaction of an electron
with the built-in electric dipole moments of all three ions forming the
positive core of the molecule as well as by the Coulomb’s interactions of
the outer electron of the triatomic molecule and the induced charges.

Negative ions play a special role in various fields of engineering and
human activity. During the exploration of outer space, the researchers
encountered the formation and ionization of negative ions. In
nanotechnologies, negative ions make it possible to improve both the
technologies of nanomaterials manufacture and the physical properties of
materials. As for the influence of negative ions on the functions of the
human body, their impact is invaluable.

Negative lons in Space Exploration

As rocket technologies were developed, it became necessary to find
out what processes of interaction with the environment accompany the
rocket flights into space. The first studies in this domain were performed
during the flights of a geophysical rocket along a ballistic trajectory in the
50s of the last century (Johnson & Heppner, 2012, pp.575-575). The
results showed that only negative ions with masses of 46, 32, 29, 22, 16
or, expressed in percentage, 96.5; 1.6; 0.2; 1.0; 0.7 were present at the

surface of the rocket at the altitude of 131 km. Positive ions N, were
present in the illuminated zone. lons with mass numbers of 46, 32 and 16
are identified as NO,, O,, and O . Mass numbers 29 and 22
correspond to the products of gasification of the rocket surface. These

can be molecules COH "and Na™ . The presence of negative ions at the
rocket surface indicates an intense surface catalysis with the formation of
negative ions. These results served as an impetus for intensive studies of
negative ions formation during flights of rockets and spacecraft.

The first problem researchers faced was interrupted radio
communication occurring at flight altitudes from 80 to 20 km due to the
formation of a very dense plasma around the descent vehicle. However,
formation of shock waves does not create any dense plasma. Then the
researchers paid their attention to the process of burning of the heat-
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shielding coating. Under these conditions, the combustion products
contain molecule C,, which has the electron affinity energy of 2.5 eV.

For this reason, the molecule leaves the surface of the heat-shielding
coating in the form of a negative ion. Plasma parameters within the
double electric layer correspond to those of arc discharge. At the moment
of the communication session, the coolant was injected into the forward
hemisphere and the communication was restored.

When space vehicles enter the dense layers of the atmosphere at
the escape velocity, the heat-shielding coating should burn more
intensively. The engineers faced the problem: how to save the descent
vehicle. The temperature of the shock wave is quite high. Intensive
convective heat exchange is realized; this fact allowed to find out the
depth of the heat-shielding coating which should burn out. It turned out
the depth amounted to ~ 2 m. The result was shocking. Negative ions
came to the rescue. lonization of negative ions creates an intense flow of
electrons at the surface of the heat-shielding coating and together with
radiant and convective heat flows makes the resultant flow so high that
the skin layer explodes and heat ceases to arrive onto the surface of the
spacecraft. Particular assessments showed that the heat-shielding
coating should burn less at the escape velocity than at the orbital
velocity.The descent vehicle of the spacecraft which circled the Moon,
after having descended at the escape velocity, had the depth of burnt out
heat-shielding coating of ~ 2 cm while the depth of burnt out heat-
shielding coating of the vehicles descending at the orbital velocity
amounted to ~ 3 cm. Combustion of the heat-shielding material at the
escape velocity occurs not continuously but with separate explosive
pulses.

Artificial Earth satellites (AES) flying at high altitudes are under the
conditions of the free molecular flow regime. Atoms and molecules of the
environment bombard the surface of the aircraft. At high altitudes in the
Earth's atmosphere, oxygen atoms are present in a rather large amount.
Due to high physical adhesion, oxygen atoms envelop the surface of the
aircraft and create an oxygen film. Under the action of the incident flow,
the atoms of the incident flow are exchanged with the oxygen atoms
which leave the surface of the aircraft in the form of negative ions. As a
result, the surface of the aircraft is charged positively. The induced
potential on the surface of an aircraft flying at altitudes above 1000 km
can reach ~ 1.5 kV. This potential, acting through a common wire, makes
all electronic equipment of the satellite inoperative. This phenomenon
was encountered during the first flights of artificial Earth satellites. Now it
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is all in the past, but in the initial period of space exploration it was not
clear why satellites at high altitudes suddenly fail.

A special situation arose around the "Gretchikhin Effect”
(Gretchikhin, 2003, pp.31-33) (Gretchikhin, 1985) in 1969 based on the
emission of negative oxygen ions and the formation of a double electric
layer, the phenomenon of intense violet-blue glow around the front
hemisphere of an AES flying at the altitudes of up to 500 km, with the
maximum glowing occurring at the altitude of 110-140 km, mainly in the
shadow zone of the Earth, was predicted. In 1971, during the emergency
descent of the Soyuz-10 ship the cosmonauts visually observed this glow
in the shadow zone of the Earth.

Based on theoretical calculations of the thickness of the double
electric layer at different altitudes, the electron concentration and the
energy distribution function, the nonequilibrium radiation of this layer was
calculated in different spectral lines and molecular bands of nitrogen and
oxygen. Figure 1 shows the results of the calculations for the ball of
radius 1 m moving at a speed of 7.5 km/s. The glow of the double
electrical layer at flight altitudes below 180 km is much greater than day
airglow and even polar lights. At the flight altitude of ~ 120 km, the
nonequilibrium glow is comparable to the magnitude of solar radiation
within the range of 400-500 nm (~ 9.6 W/m?sr). The glow varies
according to the cosine law depending on the angle of attack. The
maximum energy value of the nonequilibrium glow corresponds to the
flight altitude of ~ 110 km both in the shadow zone of the Earth and in the
illuminated zone. In the shadow zone of the Earth, the Meinel bands and
the bands of the first negative system of hydrogen give a clearly
pronounced maximum at the altitude of 120 ... 140 km and have
maximum energy of radiation.

In accordance with the predictions of the theory, the measurements
were carried out on-board of the long-term space station Salyut-4 with
specially designed SFM/M photometric equipment. At the flight altitude of
350 km, there was detected a luminescence corresponding in brightness
to that of the theoretical calculations in the spectral lines of oxygen,
nitrogen, and in the molecular nitrogen band. A cosine distribution of the
luminescence along the angle of attack was obtained, as predicted by the
theory.

Similar results were obtained in the U.S.A. during STS-41 and
Spacelab-1 missions (Mahon et al, 1983) ten years later. The results of
these measurements are also shown in Fig. 1. The explanation of the
observed frontal glow by chemiluminescence (Prince, 1985, pp.453-456)
(Engebretson & Hedin, 1986, pp.109-112) or by the discharge model of
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Papadopoulos (Papadopoulos, 1983, pp.227-244) does not stand up to
scrutiny.
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Figure 1 — Calculations of altitude curves of the non-equilibrium glow
brightness in comparison to the experimental data
Puc. 1 — Pac4yem 8bicOmHO20 x00a SipKoCmu HepagHOBECHO20 C8EHEHUS
10 CpaBHEHUIO C 3KCrepuMeHmarsbHbIMU OaHHbLIMU
Cnuka 1 — UspadyyHagar-e KpusuX jaduHe HepagHomexHoa cjaja y oOHocy
Ha HaOMOPCKY 8UCUHY y ropehery ¢ ekcriepuMeHmarsnHuM rnodayuma

It is necessary to note one more phenomenon caused by the
interaction of a solid body with the particles of near-Earth space with the
participation of negative ions. Under the conditions of dynamic
equilibrium, the flow of electrons in the environment is partially
compensated by the flow of negative ions that escape into the
surrounding space. Due to the chemical reactions of ionization of
negative ions, epithermal electrons with energies in the range 0.4 ... 3.6
eV are produced. These electrons lead to the effective excitation of the
energy levels of atoms and molecules, whose spontaneous emission for
forbidden oxygen lines is significantly delayed. Therefore, at a certain
distance from the spacecraft, there should appear a pink-red halo and
the spacecraft trail must also have the same color. The pink-red halo was
actually detected with the maximum at the distance of ~ 1 m from the ship
(Papadopoulos, 1983, pp.227-244).
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Thus, the theoretical model of the interaction of a solid body with
near-earth space, in comparison to the experimental data, has been fully
confirmed according to the following parameters and functions under
investigation: radiation energy, spectral composition, dependences on
oxygen concentrations in the environment, altitude curves of non-
equilibrium glow brightness, brightness distribution around the aircraft,
influence of the surface on the magnitude of radiation brightness, energy
distribution of electrons, and the direct proof of the presence of negative
ions near the aircraft surfaces.

Negative lons in Nanotechnologies

Modern  microelectronics engineering is developing using
nanotechnologies. The negative ions play a decisive role in these
technologies (Gretchikhin, 2018, pp.304-321). To form p- or n-
conductivity, boron or arsenic which possess the ionization energies of
8.3 eV and 9.82 eV, accordingly, are applied onto the surface of a silicon
crystal. The ionization energies of neutral boron and arsenic are located
in the vicinity of the electron density distribution maximum of the first
Brillouin zone of the silicon crystal. Since the atoms of boron and arsenic
possess electron affinity energy, they freely capture electrons from the
first Brillouin zone and are turned into negative ions with further transition
to the band gap of the silicon crystal. The contact potential difference of
two silicon crystals with introduced boron and arsenic is 0.5 V. The
difference in the electron affinity energies corresponding to the p-n
junction amounts to 0.5 V and agrees with the experimentally measured
value.

When applying hardening coatings of nano-sized thicknesses, high-
current arc discharges are used. When applying TiN coatings, two arc
discharges with the electrodes made of titanium and copper are used to
achieve more effective ionization. The electron affinity of the copper atom
is 1.23 eV. The average effective temperature of electrons resulting from
the ionization of negative ions of copper atoms by electron impact is
7850 K. The experimental measurements of plasma temperature by the
spectroscopic method in an arc discharge between copper electrodes
and under the action of laser radiation on a copper plate yielded a result
of 7900 K (Gretchikhin & Minko, 1967).
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For more than a century, it has been known that cathode flames in
the tangential magnetic field are not deflected in accordance with
Ampere’s law. This phenomenon occurs as a result of negative ions
ionization within the flame of the cathode spot when a reverse current, by
an order greater than the charge current, is realized (Gretchikhin et al,
2016, pp.670-689).This experiment should be considered as an
experimental proof of the pulse impact of the intense heat flow on the
heat-shielding coating when a spacecraft re-enters the Earth’s
atmosphere at the escape velocity.

Negative lons in the Human Body

The human body presents a complex electrostatic machine. Little
attention is paid to this fact. In this aspect, negative ions play both a
negative and a positive role. Human blood carries a positive charge
formed mainly by twice ionized calcium and singly ionized potassium.
The negative charge on the skin surface, amounting from 6 to 12 V,
completely neutralizes the positive charge carried by blood. Blood
performs a transport function, that is, delivers nutrients and takes away
metabolic waste products. This is its main role. For blood to fulfill this
role, it is necessary to ensure its circulation. The circulation of blood is
ensured by the heart, which responds to the positive charge carried by
blood, by means of pulse contractions.

Most metabolic waste products have electron affinity. As a
consequence, the magnitude of the positive blood charge. As the
metabolic rate in the body increases, the positive charge decreases
noticeably. The spleen, together with the liver, clears blood from
metabolic products, and outputs the negative charge onto the skin
surface. When the complete purification of blood from metabolic products
takes place, the body functions normally. The positive charge in blood is
high enough to cause the contractions of the heart muscles. Otherwise,
heart failure occurs which can lead to death. When intravenous laser
irradiation of blood is used the negative ions are ionized. As a result,
electrons are spontaneously released onto the surface, and functions of
the spleen and liver are improved sharply; they now can solve their main
task: to remove metabolic products from the body.

Conclusions

Based on the performed analysis of the formation and the action of
negative ions under different conditions, the obtained results can be
summarized as follows:
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1. The electron affinity of negative ions is determined by the
interaction of the electron with the built-in electric dipole moment and the
induced electric dipole moment due to the polarization.

2. Under the conditions of continual flow over the frontal surface of
the descent vehicles of the artificial Earth satellites at the orbital velocity,
the emission of negative ions results in a double electric layer with the
parameters of arc discharge plasma.

3. Under the conditions of continual flow over the frontal surface of
the descent vehicles of the artificial Earth satellites at the escape
velocity, the emission of negative ions and their ionization creates an
explosive character of burning of the heat-shielding coating.

4. In the free molecular flow regime, intense emission of negative
ions and their ionization by means of electron impact results in the
formation of a double electric layer with non-equilibrium plasma which
occurs under the conditions of glow discharge.

5. Nanotechnologies use arc discharges under reduced pressure
with high electric currents, where plasma is determined by the ionization
of negative ions, which creates back currents, exceeding the main
discharge current in the cathode spots.

6. In the human body, negative ions have a beneficial effect on the
blood for transporting nutrients and play a negative role when metabolic
waste products produce negative ions in blood thus reducing its positive
charge necessary for heart functioning.
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OTPUUATEJIbHBIE MOHbI 1 UX POJTb B PA3BUTUU HAYKU U
TEXHOJIOINN

JleoHud U. I'peunxuH
Benopycckas rocyfapcTBeHHas akagemus CBssu,
r. Muxck, Pecnybnvka Benapycb

OBJIACTb: HaHOTEXHONOrMN
BWO CTATbW: opurmHansHas Hay4Has ctaTbs
A3bIK CTATbW: aHrnuinckmn

Pe3some:

OmpuuameribHbie UOHbI 0bpa3yromcs rpu 83aumModelicmeuU 3rIEKMpPOoHa
CO  8CMPOEHHbIM  OUMOJIbHBIM — 37IEKMPUYECKUM ~ MOMEHMOM U
HasedeHHbIM QUMONbHBIM 3NIEKMPUYECKUM MOMEHMOM ecriedcmeue
nonspusayuu. B KoHMuHyansHOM pexume rnpu nepeol KOCMUYecKou
cKopocmu  aMuccusi  ompuuyamersibHbIX ~ UOHO8 C  [108epPXHOCMU
meno3alumHo20 MOKPbIMUS npusodum K ¢hopmuposaHuto G80LHO20
9/1eKMPUYECKO20 C/I0S1 C OYeHb MIomHoU rasmol, a npu emopol
KOCMUYeCKOU CKOpOocmu 3ama e 3MUCCUS ompuyamersibHbIX UOHO8
co30aem 83pbIBHOU XapaKkmep 20PEHUSI Merio3allumHo20 MOKPbIMUS.
lpu  ce0b0OHOMONEKYNSPHOM  pexume  obmekaHusi — aMUCCUsi
ompuyamersibHbIX UOHO8 Mpueodum K B03HUKHOBEHUK MOUHO20
guoremosgo-2oyb020 ceeveHusl, a Ha MoBepPxXHOCMU JfiemamesibHO20
annapama Hagodsimcs bosibwiue MonoxumesibHble romexHyuarsnsi. B
HaHOMEXHOJI02USIX UOHU3auusi ompuyameribHbIX UOHO8 orpedesnisiem
napamempb! 8aKyyMHo20 0Qy208020 pa3psida. OmpuyameribHble UOHbI
yyacmeyrom 6 (hopMUPO8aHUU 3rieKmpocmamuyeckol MalluHbl 8
4es10864E€CKOM Op2aHU3Me.

Knrouessbie crosa: ompuyamersibHble UOHBbI, OunosnbHbIL
afilekmpuyeckuli - MoMeHm,  080UHOU  arekmpu4yeckul  crod,
rnonsipu3sayus, snekmpocmamuyeckasl MaluHa.

HEFATUBHU JOHN N KBXOBA YIIOIA Y PASBOJY HAYKE U
TEXHOJIOMTNJE

JleoHud W. TpeunxuH
Benopycka gpxaeHa akagemMuja 3a caobpahaj n Bese,
MwuHck, Penybnuka Benopycuja

OBJIACT: HaHOTeXHororuje
BPCTA UJTIAHKA: opyrnHanHu Hay4Hu YnaHak
JESUNK YJTAHKA: eHrnecku

Caxemak:

HezamueHu joHu ce c¢hopmupajy y npouyecy UHmMepakyuje usmehy
e/1IeKmMpOHa C UHMmMeapucaHuM efIeKmpuyHUM OUNOIHUM MOMEHMOM U
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UHOYKOBaHUM  efleKmpu4yHuUM  OUMOMHUM  MOMEHMOM  ycred
nonapu3sayuje. Y KOHMUHyanHoM pexumy, rpu opbumarsnHoj 6p3uHu,
eMucuja HezamugHUX joHa C Mos8puWUHEe MOII0MHO-3awWmumHoe c/ioja
0o800u 00 chopmupara 080CMPYKO2 efleKmpuyHoe crfioja ¢ eeoma
eycmom rna3mom, 0ok rnpu 6p3uHu ocrobafjaka ucma emucuja
HezamueHuUX joHa 00800uU OO0 EKCr/I03UBHO2 cazopesarba MOoMI0MHO-
3awmumHoe crioja. Y pexumy criobodHo2 moka MosieKyna emucuja
HezamuBHUX joHa pe3ynmupa UHMEeH3UBHUM Jbybuyacmorniagum
cjajem, OOK ce Ha MOBPWUHU flemesuye cmeapa 8UCOK Mo3umugHU
nomeHyujan. Y HaHomexHosio2ujama JoHu3ayuja Hez2amueHUX jJoHa
olpehyje napamempe omrywmara eaKyyMckoe Jfyka. HeaamugHu
JOHU y4dyecmsyjy y cbopmupary HeEKe epcme  efiekmpocmamuydke
MawuHe y rbyOCKoM mery.

KrbyyHe peyu: HezamueHU JOHU, efleKmpuyHU OUurosiHU MoMeHam,
0soCcmpyKU efleKmpu4HU Cfioj, rosnapulayuja, esekmpocmamudyka

MawuHa.
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