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Abstract. The editorial board of  the journal RENSIT announces one of  the most important 
principles of  publishing policy of  the journal is the publication of  the materials researches having 
the character of  scientific-technological forecasting. As a first experience of  such publications in 
the present issue of  the journal a series of  articles on researches into low energy nuclear reactions 
(LENR) in Russia is represented.
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Issue of  the journal, which we offers readers is 
thematic. But it's not just a compilation of  articles 
with a specific theme of  researches. We believe 
that the material presented can serve as a basis for 
long-range forecasting of  scientific-technological 
forecasting of  energetic in the future.

The word "forecast" in a literal translation 
from the Greek means "before knowledge", ie 
before there will be real knowledge (observation) 
of  an object or phenomenon, before the event 
occurs. In the Russian language synonyms of  the 
forecasting are the words "foresight, prediction".

Innovation activity, about which so much talk 
lately, requires presence of  scientific-technological 
forecasting of  development of  society as a whole 
and its separate parts. A number of  techniques 
and methods, which enable with varying degree 
of  probability to predict the development of  
separate fields of  human activity are developed 
and used. It is, essentially, a kind of  extrapolation. 
Such forecasting allows you to put the always 
limited means (resources) to the development of  
individual directions on a fairly limited time frame 
in the hope to get effective result.

FROM THE EDITOR

Wide, but still "until skyline" the forecast usually 
goes something like this. "The new technological 
revolution in .... at the turn of  the 20...-20... years 
will lead to the creation ...... Tasks that will be 
addressed by one agency, will be relevant to other 
directions. The typical approach of  experts and 
managers: it is necessary to develop “a road map” 
that is applicable to the widest possible circle of  
recipients of  high-tech industries. As a result, 
will provide a concentration of  resources and 
development of  competence centres..."

In other words – is the work "until skyline". 
There are methods to rise "higher" and thus move 
the skyline, but go out beyond the skyline such 
methods as a rule do not allow.

In our opinion, the most interesting is what 
there is namely the beyond the skyline. For such 
an forecasting "beyond skyline" are necessary 
inmost knowledge and nonstandard thinking plus 
intuition. Is usually not under force to one person, 
but a group of  people with nonstandard-critical 
thinking, as experience shows, allows for such 
"beyond skyline" forecasting.

Scientific-technological forecasting is a form 
of  knowing of  the future, it is a special kind of  
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scientific activity. The forecast, which is discussed 
here is the forecast of  phenomenon. Such 
scientific-technological forecasting, by definition, 
should be out-departmental, interdisciplinary.

But herewith the problem arises – how to go 
between Scylla of  vast array of  science fiction 
literature on the one hand and the Charybdis of  the 
so-called "pseudoscience" on the other. The main 
condition of  success – the composition of  the 
participants forecasting. It should be well-qualified 
specialists, which along with in-depth knowledge 
in a particular fields, have the ability broad vision, 
the ability to go beyond their narrow areas.

In this journal issue we make an attempt to 
implement such approach and to submit scientific-
technological forecasting in the area of  energetic 
of  the future – the most acute problem of  
humanity. Our authors in their articles persuasively 
demonstrate the perspectivity of  low-energy 
nuclear reactions in the quality an energy source 
and method of  obtaining stable isotopes. At the 
intensive development of  works in this direction 
could will be to go to an principly new level of  
energy development.

About the quality and significance of  what was 
get of  our attempt – not by us to judge. We would 
be grateful to anyone who will wants to express 
their opinion in one form or another on the issues 
raised in this issue of  our journal.

What is the efficiency of  such a forecast? What 
are the possible consequences of  its use? Who 
needs to will perceive it? Whom is addressed it?

To these questions are difficult to answer now. 
In the case of  conventional departmental forecasts 
such addressee always there is – it appropriate 
management structures. Probable consumer of  
here submitted forecast must be structures of  
strategic planning. In what measure the interaction 
with them will be fruitful - time will tell.

With publications in the present issue of  the 
journal we hope to open (start) the publications 
of  a series of  materials on various aspects 
of  interdisciplinary scientific-technological 
forecasting. We hope that readers take an active 
part in the discussions of  questions raised in this 
issue of  the journal, will share their critical remarks 
and suggestions on the further development of  

this topic. If  necessary, we are ready to open in the 
next issues our journal a special discussion section. 
With regard to the theme cold transformation 
of  chemical elements ("cold fusion" – the biting 
expression of  journalists), raised in this issue of  
journal we have every confidence that if  at least 
one-hundredth share of  what is here set out, - is 
reality, then it will can to provide humanity with 
energy for many centuries ahead.

FROM THE EDITORVLADIMIR I. GRACHEV, SERGEY P. GUBIN
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Abstract. Provides information on research into low energy nuclear reactions, held in Russia. Shows 
a great variety of  methodological approaches, which is typical for Russian studies in this area. Lists 
the most vivid experiments, the problem of  low reproducibility of  their results also provided the 
basic theoretical work that illustrate attempts of  interpretation of  the known experimental results. 
Formulated possible at the moment understanding low-energy nuclear reactions, collective nuclear 
transformations occurring at energies unacceptably low for conventional nuclear reactions, and 
give a variation of  the isotopic composition and high heat in the absence of  residual radioactivity.
Keywords: cold transformation of  nuclears, the reproducibility of  the experimental results, the 
attempts of  theoretical interpretation
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1. INTRODUCTION
From the first steps of  nuclear physics, its development 
has been largely, in General, in two directions – of  
high- and low-energetic. E. Rutherford (1871-1937), 
the "father" of  nuclear physics who discovered 
(1919) artificial "transmutation of  elements" – nuclei 
( 14 4 17 1

7 2 8 1N He O H+ → +  [1, 2]) by fast alpha particles, 
have inter-preted this "modern alchemistry" as the 
area of  high-energy processes, which opening the 
era of  nuclear power.

Available by the time the works on nuclear 
transmutations of  stable isotopes in natural 
conditions, and primarily the receipt by the 
american chemists K. Irion and  J. Wendt (1922) 
of  helium in alpha-decay of  tungsten, induced 
of  electric explosion [3], Rutherford declared 
as error [4]. Then low-energetic ("cold") 

NUCLEAR PHYSICS

transmutation of  nucleuses for many years 
turned "pseudoscience".

Nevertheless, reports of  studies of  low-
energy nuclear reactions occasionally appeared. 
Including, among others, the famous 1956 
I.V. Kurchatov lecture on thermonuclear 
reactions in gas discharge in Harwell (England), 
E.I. Zababakhin bubble thermonuclear fusion 
[5], as well as the world's first reactor LENR 1957 
of  moscow constructor I.S. Filimonenko, which 
generating the heat excess in the system "the 
palladium-deuterium", etc.

And after the publication in 1989 M. 
Fleischmann and S. Pons (USA) in Journal of  
Electroanalytical Chemistry [6] and their interview 
on March 23, 1989 in the newspaper "Financial 
Times" in which they stated that it is possible to 
create the energy source of  the industrial scale 
based on the fusion of  nuclei of  heavy hydrogen 
at room temperature, such researches have widely 
developing in many laboratories around the world 
under the trenchant title "cold fusion", coined by 
journalists.

Are appeared generators JET-MIT “NANOR” 
(MIT, USA), Patterson (USA), Mayer (USA), J. 
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Arata (Japan), Y. Iwamura Japan), Shoulders (USA), 
R. Mills USA), A. Rossi nickel-hydrogen reactor 
(Italy), etc.

In countries such as USA, Japan, Italy, China and 
other, these studies are funded by the state programs 
and the largest firms.

Since 1990, are conducted annual 
International Conferences on Cold Fusion 
(ICCF, since 2007 – International Conferences 
on Condensed Matter Nuclear Science) in the 
United States, Japan, Italy, France, China, Korea, 
India and other countries.

2. LENR IN RUSSIA
In Russia during these studies have included the 
moscow RRC "Kurchatov Institute", the dubna 
Joint Institute for nuclear research, sarov RFNC, 
novosibirsk INP SB RAS, Institute of  physical 
chemistry RAS, etc.

The studies are used the term "low energy 
nuclear reactions" (LENR) and conducted at a wide 
variety of  methodological approaches (that is typical 
for Russian studies in this area).

These are Parkhomov's analogies of  the reactor 
A. Rossi, Klimov's plasma vortex reactor (JIHT RAS), 
Kirkinskii's deuterium heat generator (IGM SB RAS), 
Bazhutov's heatgeneraror of  plasma electrolyte 
(IZMIRAN),  Urutskoev's electric explosion of  
foil, Krymsky's nano-pulse generator, Savvatimova's 
glow discharge, Nigmatulin-Taleyarkhan deuterated 
acetone, Shafeev's laser quenching of  radioactivity 
(IOF RAS), Kornilova's transmutation of  elements 
in biological systems (Lomonosov MSU) and many 
others.

I.e. the phenomenon of  low-energy nuclear 
reactions was discovered in various experimental 
facilities.

This are reactions in the crystal lattice of  
metals induced by electrolysis or by saturating it 
with hydrogen, and reactions in the crystal lattice, 
induced by impact, the different reactions by 
diffusion through the membrane. This is a whole 
class of  experiments using electric discharge, electric 
explosion, ultrasound in a gas or liquid. This are 
reactions induced corpuscular and wave action on 
condensed media, and finally, reactions in biological 
systems.

For many works in this area is characterized by 
a low reproducibility of  the experimental results. 

This is due to the fact that while still fail to find 
the key parameter that controls the process, 
because there is no understanding of  the physical 
model of  the phenomenon and the conditions of  
implementation regimes that promote low-energy 
reactions

There is also a lot of  fairly elaborate theoretical 
models which tend to focus on resolution of  the 
presence of  anomalously large transparency of  the 
Coulomb barrier and practically do not consider 
other equally important features of  low-energy 
nuclear reactions, such as the lack of  daughters 
radioactive isotopes, as well as the features of  
concomitant radiations.

Of  the currently available results it follows 
that low energy nuclear reactions are not synthesis 
or decay, but, apparently, they are some collective 
nuclear transformations that occur at unacceptably 
low energies for thermonuclear reactions, and 
give the variation of  the isotopic composition and 
high heatgeneration at the absence of  residual 
radioactivity.

3. THE PUBLICATIONS OF THIS ISSUE
The editorial Board of  the journal "Radioelectronics. 
Nanosystems. Information technology" (RENSIT) 
provides the pages of  his issue for publishing a series 
of  review materials on the studies of  low energy 
nuclear reactions, held in Russia.

Formed the sampling includes three theoretical 
overview of  V.A. Andreev (Lebedev Physical 
Institute of  RAS), of  S.F. Timashev (Karpov 
Institute of  Physical Chemistry) and V.I. Vysotsky 
(T.Shevchenko Kiev national university) who 
have been developing their approaches on the 
foundations of  modern quantum theory and five 
experimental works A.A. Kornilova (Lomonosov 
MSU), A.G. Shafeev (Prokhorov IOF RAS), 
A.G. Parkhomov (OIG "K. I. T."), G.V. Mishinsky 
(JINR), V.V. Krymsky (UrSU), the results of  which 
are obtained by using modern experimental and 
diagnostic techniques.

Under the cover of  one of  the issue was not 
possible to place equally interesting results of  other 
authors [7]. But and done sampling gives an idea 
about the level and scope of  Russian research in this 
area.

ANRI A. RUKHADZE, VLADIMIR I. GRACHEV
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4. CONCLUSION
Presented works indicate a significant 
advancement in the understanding of  weak 
nuclear processes and can serve as a promising 
subject of  fruitful discussions, the broad expert 
consideration of  the phenomenon of  nuclear 
reactions at low energies.

It is obvious that the mastery of  low-energy 
nuclear reactions will allow to solve many applied 
tasks, including the creation of  a cheap stand-
alone energetical plants, high-performance 
technologies of  deactivation of  nuclear waste, 
obtaining rare isotopes and transformation of  
chemical elements.
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1. INTRODUCTION
This review aims to systematize the disparate 
facts related to the field of  low energy nuclear 
reactions (LENR), as well as some unusual 
phenomena associated with electromagnetic 
field. Until recently, this area was outside of  wide 
scientific discussion

The most of  the observed phenomena of  
this type have no theoretical explanation, and 
are in contradiction with well-established ideas 
about the physics of  processes of  this kind. For 

this reason they were blamed for the lack of  
cleanliness of  experiments, small statistics and 
low, in the opinion of  critics, qualification of  the 
authors.

In addition, some of  the authors did not 
give the detailed description of  their devices 
and experimental conditions, which made it 
impossible to verify the results independently. 
This raised doubts about their scrupulosity. 
Therefore the studies of  this kind did not get 
support in authoritative academic community, 
and as the result did not get necessary financial 
and administrative support. They acquired an 
odious shade and were discarded in the marginal 
area.

In recent years, the situation has changed. 
First, the quantity turned into quality, and the 
abundance of  results obtained in authoritative 
scientific centers in different countries no longer 
allowed to be dismissed. Secondly, and more 
importantly, it turned out that the development of  

NUCLEAR PHYSICS

HARMONIC OSCILLATOR AND RELATED STATES WITH LARGE 
VALUE OF UNCERTAINTY
Vladimir A. Andreev
P.N. Lebedev Physical Institute, Russian Academy of  Sciences, http://www.lebedev.ru
Moscow 119991, Russian Federation
andrvlad@yandex.ru
Abstract. A review is given of  the properties of  two types of  quantum states, which have great 
uncertainty in the coordinate and momentum. Both are obtained from the states of  a harmonic 
oscillator by means of  certain transformations. The first type is correlated states, they are obtained 
from coherent states with a help of  the Bogolyubov transform. The variances of  the coordinate and 
momentum of  such a state depend on the Bogolyubov transform parameters and can, in general, take 
arbitrarily large values. Their specific values are determined by the physical processes with which 
the Bogolyubov transform is realized. A concrete example of  such physical process is considered. 
Another type are stretched states. Formally, they arise when  the n-partial state of  a harmonic 
oscillator undergoes a transform associated with a scale transformation of  the phase space. The 
dispersion of  the coordinate and momentum of  these states depends on the scale transformation 
parameter and can also take arbitrarily large values. Physically stretched states can be obtained by 
passing n-photon states through a quantum amplifier. The role of  the scale transformation of  the 
phase space is played by the gain of  the quantum amplifier.

Keywords: harmonic oscillator, correlated states, compressed states, stretched states, uncertainty 
relations, Planck constant
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this topic promises an inexhaustible, safe source 
of  energy. And it opens the way to cheap and 
rapid decontamination of  radioactive isotopes 
arising from operation of  nuclear reactors.

This stimulated the activity of  theoreticians 
in this field, which led to understanding that such 
phenomena and processes do not contradict 
the basic laws of  nature and many of  them 
can be described using traditional theoretical 
approaches. Here we give references to some 
accessible and informative sources on this topic 
[1-6], if  desired; this list can be significantly 
expanded.

One of  the first works in which the problem 
of  LENR was discussed is [7].

 At the same time, in our opinion, in order to 
explain some facts it is necessary to go beyond 
traditional methods and to look more broadly 
at the laws of  nature and on the consequences 
that follow from them. This seems quite natural, 
because the range of  phenomena that we discuss 
is very wide, and it is difficult to expect that all 
of  them can be described in the frame of  one 
model. In this review, we will analyze two such 
models: the model of  correlated states and the 
model of  stretched states.

These models are built within the framework 
of  traditional quantum mechanics and don’t 
use any additional physical assumptions that 
are different from those generally accepted. 
Previously they were used in other problems. In 
this review we describe their formal structure, 
but don't discuss their possible applications.

One of  the phenomena that are actively 
discussed in connection with LENR is the 
tunnel effect. It is known that the probability of  
the occurrence of  nuclear reactions involving 
charged particles of  low or medium energies is 
determined, to a large extent, by the existence 
of  a Coulomb barrier. The charged particles 
can pass this barrier due to the tunneling effect. 
The probability of  the occurrence of  nuclear 
reactions is determined by the probability of  
passage of  charged particles through the barrier. 

Therefore it is of  interest to consider those 
factors that can increase this probability.

One of  these factors is the connection 
between product of  position and momentum 
dispersions with the probability of  particle 
passing through a potential barrier. It is assumed 
that increase of  the product of  the position 
and momentum dispersions leads to increase 
of  transparency of  the barrier. This in turn 
increases the probability of  nuclear reactions at 
low energy of  the interacting particles. Generally 
speaking, this statement can not be considered 
absolutely fair, something like a mathematical 
theorem, sometimes it can be fulfilled, and 
sometimes it does not. Everything depends on 
the specific situation.

In this work we consider two types of  states 
for which the uncertainties of  the position and 
momentum can take arbitrarily large values. We 
didn’t discuss the problem whether these states 
arise in atomic nucleus, and if  they arise, whether 
they stimulate the low-energy nuclear reactions 
conducive.

But first we give the basic information 
concerning the uncertainty relations. This is 
necessary for unification of  terminology and 
notation, which we will use in the future.

2. THE UNCERTAINTY RELATIONS
The uncertainty relations are the most important 
characteristic of  quantum states, which 
distinguishes them from classical states. For 
quantum states one can’t measure simultaneously 
some observable with arbitrary precision. This 
fact limits our possibilities in localizing this 
state, but on the other hand, it makes it possible 
to detect it outside the region of  classical 
localization.

We give the basic facts concerning the 
uncertainty relations. Here we follow, basically, 
[8].

Let there be an observable A and operator 
Â is associated with it. By "uncertainty" of  the 
value A one understand its root-mean-square 
deviation, assuming
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.Aσ∆Α =  (1)
Here σA is the dispersion of  the quantity A

22ˆ ˆ .Aσ = Α − Α  (2)
ˆ ˆ .dVψ ψ∗Α = Α∫  (3)
If  the state is mixed and is described by a 

density matrix ρ̂ , then
ˆ ˆˆ( ).Sp ρΑ = Α  (4)
The Heisenberg uncertainty relation was 

derived in 1927 for position and momentum 
operators. It reads [9]

2

.
4p xσ σ ≥


 (5)
In 1930, independently, Robertson and 

Schrödinger derived an inequality, which is valid 
for arbitrary Hermitian operators and [10, 11].

2
2 ˆ ˆ, .

4A B AB Bσ σ σ  − ≥ Α 


 (6)

Here
1 ˆ ˆ ˆ ˆ ˆ ˆ .
2AB B B Bσ = Α + Α − Α  (7)

The inequality (6) is called the Robertson-
Schrödinger inequality. For the position and 
momentum operators it reads

2
2 .

4p x pxσ σ σ− ≥


 (8)
The inequalities (5) and (6) are valid for any 

quantum states, but in a number of  cases they 
can be clarified. Namely, by considering certain 
classes of  states, or even single state, one can 
find out that for these states the left-hand sides 
of  the inequalities exceed the minimum values 
of  uncertainties. First of  all, we note that the 
inequalities (5), (6) can be transformed into 
equalities for pure states. If, on the other hand, 
the state is mixed and is described by a density 
matrix ρ̂ , then the inequalities (5), (6) take the 
form

2

2
2

( ),
4

ˆ ˆ, ( ).
4

p x

A B AB B

σ σ µ

σ σ σ µ

≥ Φ

 − ≥ Α Φ 



  (9)

Here μ - is a purity
2ˆ( ),0 1.Spµ ρ µ= < ≤  (10)

The quantity Φ(μ) is a function that grows 
monotonically with decreasing of  the parameter 
μ, such that Φ(1) = 1. For pure states 2ρ ρ=  
and μ = 1.

However even for pure states the left-hand 
side of  the uncertainty relations may be greater 
than the minimum value. As an example, consider 
the N-particle states of  a harmonic oscillator 
N . For such states the relation (5) reads

2

(2 1) .
4p x Nσ σ = +


 (11)
And for some other more complicated states 

one can obtain estimates for corresponding 
uncertainty relations.

So, in the case of  correlated states, the 
right-hand side of  the inequalities (5), (6) is 
multiplied by a value 1/(1 – r2), where 0 ≤ r < 1 
is the correlation coefficient. And in the case 
of  the stretched states the right-hand side of  
the inequalities (5), (6) is multiplied by a value 
λ-2, where 0 < λ ≤ 1 is the scale transformation 
coefficient in the phase space. We will discuss 
below these states in detail. Now we note only 
that in all these cases one can introduce a value  

eff - the effective Planck constant.

2
( ), , .

(1 )
eff eff eff

r
µ

λ
= Φ = =

−

 

   

 (12)
In the context of  ideology of  this work an 

increase of  the uncertainty of  certain states can 
be associated with increase of  the probability of  
passage of  quantum states through the potential 
barrier. The hope that such dependence exists is 
due to the fact that, with the appropriate election 
of  the purity parameter μ and the correlation r 
and the scale transformation coefficient λ, the 
value of  the effective Planck constant eff  can 
significantly exceed the value of  the usual Planck 
constant ћ.

This indicates that fluctuations of  position 
and momentum of  a corresponding quantum 
state increase, and with the help of  these 
fluctuations it can jump over a potential barrier. 
In addition, if  we examine the formula for tunnel 
transition probability, we can see that the larger 
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Planck constant, the greater the probability of  a 
tunnel transition.

However some examples show that there is 
no direct connection between the uncertainty 
and the probability of  passing through a potential 
barrier. So, in particular, if  one has a wave 
function 1 1 2 2 ,c cψ ψ ψ= +  that is a superposition 
of  two wave functions whose amplitude maxima 
are located on the axis X on one side of  the 
potential barrier, then the transmission T through 
a potential barrier for such a function reads

2 2
1 1 2 2| | | | ,T c T c T= +  (13)

here T1 and T2 are the transmission coefficients, 
which correspond separately to wave functions 
ψ

1 and ψ 2.
The expression (13) does not depend on 

localization of  the wave packets in relation to 
each other, but the uncertainty relation for the 
function ψ depends on it. By expanding the 
locations of  localization of  the wave packets 
relative to each other, one can increase the 
uncertainty of  the wave function, but the 
transmission coefficient (13) will not change. 
It is the exact result, and it shows that in each 
particular case the relationship between the 
uncertainty of  the wave function and the 
probability of  passing through the potential 
barrier must be studied separately.

This problem was studied also in [12, 13]. In 
Ref. [12] the evolution of  Gaussian wave packet 
was studied in presence of  the repulsive delta-
potential barrier. For the initial packet localized 
far enough from the barrier, the transmission 
coefficient was determined as the probability 
of  detecting a particle on the whole semi axis 
on the other side of  the barrier. This coefficient 
depends on two dimensionless parameters: the 
normalized ratio of  the force of  the potential to 
the initial average value of  the pulse and the ratio 
of  the initial dispersion of  the pulse to the initial 
average value of  the pulse.

It was shown that for small values of  the 
second parameter the result reduces to the 
known transparency formula for the delta barrier 

obtained in the plane wave approximation by 
solving the stationary Schrödinger equation. 
For large values of  the second parameter 
the transmission coefficient can be much 
larger than that calculated in the plane-wave 
approximation.

In Ref. [13] the problem of  tunneling a 
wave packet through Coulomb barrier was 
considered. It was shown that the value of  the 
transmission coefficient can differ greatly from 
the standard expression obtained in the plane 
wave approximation (WKB), and can exceed it 
many times. It is established that the value of  
the transmission coefficient depends strongly 
on the shape of  the packet.

We also note the paper [14], in which the 
relationship between the Heisenberg uncertainty 
relation and the measurement-perturbation error 
relation was studied.

In fact, in addition to the above, there are 
many other states with a large uncertainty. Our 
interest in correlated and stretched states is due 
to the fact that the processes with which they 
can be generated are known.

So, in particular, about 20-30 years ago 
many scientific groups, both in Russia and 
abroad, studied the squeezed light and 
developed ways of  generating it. But they 
interested only in squeezing ratio, and did not 
notice the correlation coefficient. It seems to us 
interesting to analyze now these works on the 
subject of  what correlation coefficients arise in 
their states.

3. THE SQUEEZED AND 
CORRELATED STATES
One can try to explain LENR with the help 
of  squeezed and correlated states. From a 
formal point of  view these states are special 
generalizations of  the coherent states of   
harmonic oscillator. The important fact that 
for these states, the dispersions of  position and 
momentum can take different values, depending 
on the parameters of  the states. These values 
can be arbitrarily large, which makes it possible 
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to connect these states to phenomena of  an 
increase of  the probability of  passage of  particles 
through a potential barrier.

The real and imaginary parts of  the 
electromagnetic field in a coherent state α  
undergo fluctuations with equal dispersions. The 
ground state of  a harmonic oscillator is a special 
case of  a coherent state with α = 0. For these 
states, the region of  distribution of  the canonical 
variables in the phase space has the form of  a 
circle. The wave packet of  the coherent state 
moves in the oscillator potential between the 
classical turning points, preserving its shape. 
The width of  this wave packet is identical to the 
width of  the wave packet of  the ground state of  
the oscillator.

There exist states in which distribution of  
the canonical variables in the phase space is 
deformed in such a way that dispersion of  one 
canonical variable decreases due to increase 
of  dispersion of  the other canonical variable. 
The domain of  distribution of  the canonical 
variables takes an oval shape, similar to an 
ellipse. Such deformation of  a distribution 
region is called "squeezing", and such states 
themselves are called the "squeezed states." 
In contrast to coherent states, the width of  
the wave packet of  squeezed states oscillates 
when these packets move back and forth in the 
oscillator potential.

The squeezed states were actively 
investigated, both theoretically and 
experimentally. Various methods for their 
generation have been proposed and realized. 
However, the fact that they are often also the 
correlated states remained in the shadows. Of  
course, this fact was noted by some authors, 
but it was not used in any way. At present, the 
presence of  internal correlations in such states 
attracts attention to them. It is this fact that is 
used in [15-17] to explain the LENR.

In this section, we describe the main 
properties of  squeezed and correlated states, as 
well as some methods for their generation.

Let us give a formal definition of  the squeezed 
and correlated states, and describe their main 
properties [8,18]. As was already noted, these 
states are a generalization of  coherent state. Let’s 
consider a one-dimensional harmonic oscillator. 
Its Hamiltonian has the form

2 2 2
2 2 2 2 2 †

2
1 1ˆ ˆ ˆ ˆ ˆ( ) ,

2 2 2 2
d mH x p m q a a

m mdx
ω ω ω = − + = + = + 

 


  (14)

The position and momentum operators q̂  
and p̂ , as well as the creation and annihilation 
operators, have the form

ˆ ˆ, ,dp i q x
dx

= − =  (15)

† 1 1ˆ ˆ ˆ ˆ ˆ ˆ, .
2 2 2 2
m ma q i p a q i p

m m
ω ω

ω ω
= − = +

   

 (16)

The operators (15), (16) satisfy the 
commutation relations
[ ] †ˆ ˆ ˆ ˆ, , , 1.p q i a a = − =   (17)

The position and momentum operators are 
connected with creation-annihilation operators 
as follows

† †ˆ ˆ ˆ ˆ ˆ ˆ( ), ( ).
2 2

mq a a p i a a
m

ω
ω

= + = −
 

 (18)

The n - partial states n  of  the harmonic 
oscillator are eigenfunctions of  the Hamiltonian 
(14)

1ˆ .
2

H n n nω = + 
 

  (19)
The coherent states of  a harmonic oscillator 

read
2| | /2

0
.

!

n

n
e n

n
α αα

∞
−

=
= ∑  (20)

Here α - is an arbitrary complex number.
The states (20) satisfy the equation

ˆ .a α α α=  (21)
The relation (21) can be regarded as the definition 
of  a coherent state.

The coherent state α  can be obtained from 
the vacuum state 0  with the help of  the shift 
operator  † *ˆ ˆ ˆ( ) exp( )D a aα α α= − .

ˆ ( ) 0 .Dα α=  (22)
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Using the definition (18) of  the operators 
q̂ , p̂  , one can find their mean values in the 
coherent state (20).

2ˆ ˆ| | Re , | | 2 .q p m Im
m

α α α α α ω α
ω

= =


  (23)

One can also calculate the dispersions of  
operator q̂ , p̂ .

22

22

ˆ ˆ| | | | ,
2
1ˆ ˆ| | | | .
2

q

p

q q
m

p p m

σ α α α α
ω

σ α α α α ω

= − =

= − =





 (24)

It follows from (24) that
21 .

4q pσ σ =   (25)

Thus, we see that for the coherent states 
(20) the Heisenberg uncertainty relation takes 
the form of  equality, i.e. these states have 
minimal uncertainty.

Let’s consider a linear transformation of  
creation-annihilation operators.

† † †ˆ ˆˆ ˆ ˆ ˆ, .b ua va b v a u a∗ ∗= + = +  (26)
In the case when the complex numbers u, v 
satisfy the relation
|u|2 – |ν|2 = 1,      (27)
the operators †ˆ ˆ,b b  satisfy the commutation 
relation

†ˆ ˆ, 1.b b  =   (28)
Such transform is called the Bogolyubov 
transform.

In this case the operators †ˆ ˆ,b b  can be 
considered as some new creation-annihilation 
operators. For these operators one can 
introduce a vacuum state 0 β  and a coherent 
state β . These states are determined by the 
relations

ˆ ˆ0 0, , | 1.b bβ β β β β β= = =  (29)

The coherent state β  can be obtained from 
the vacuum state 0 β  in a way similar to (22)

ˆ ( ) 0 .Dβ ββ β=  (30)

The shift operator reads †ˆ ˆˆ ( ) exp( ).D b bβ β β ∗= −
In the coordinate representation the state β
reads

21/4 1/22(| | | |) 2( ) exp .
2

u v u vx x
u v u vβ

ω ω βψ
π ω

   + −   = − −    + +         



   (31)

When u = 1, v = 0 the expression (31) is the 
wave function of  an ordinary coherent state.

The transformation (26) is given by two 
complex numbers uiu u e ϕ=  and viv v e ϕ= , 
which satisfy the relation (27). Let’s introduce 
the following notation

,   ,   ln(| | | |).u u v u vϕ ϕ θ ϕ ϕ τ= = − − = +  (32)
It follows from (27) that τ ≥ 0.
The mean values of  the operators q̂ , p̂ , 

given by (18), for the coherent state (30) have 
the form.

2ˆ| | ( ) ( ) ,

ˆ| | 2 ( ) ( ) .

q u v u v
m

p i m u v u v

β β β β
ω

β β ω β β

∗ ∗ ∗

∗ ∗ ∗

 = − + − 

 = − − − − 





 (33)

The dispersions of  the operators q̂ , p̂  for 
the coherent state β  have the form.

[ ]

[ ]

( ) (2 ) (2 )cos(2 ) ,
2

( ) (2 ) (2 )cos(2 ) .
2

q

p

ch sh
m

m ch sh

σ β τ τ ϕ θ
ω
ωσ β τ τ ϕ θ

= − +

= + +



  (34)

The Heisenberg uncertainty relation for the 
state β  reads

2
2 2 2

2 2
2 2

( ) ( ) (2 ) (2 )cos (2 )
4

1 (2 )sin (2 ) .
4 4

q p ch sh

sh

σ β σ β τ τ ϕ θ

τ ϕ θ

 = − + = 

 = + + ≥ 



   (35)

One can see from formulas (34), (35) for 
the state (30) that the values of  dispersions 
of  position and momentum are changed, and 
the total value of  the uncertainty is changed 
too. It is the result of  transformation (26). 
In this case the dispersions can both increase 
and decrease depending on the values of  the 
transformation parameters (32), but their 
product always increases, i.e. the uncertainty of  
the transformed coherent state (30) increases.

It is convenient to characterized the 
properties of  such states β  by two parameters: 
a correlation coefficient
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Such states do not have squeezing, but there 
exist correlation. The dispersions (34) read

( ) (2 ), ( ) (2 ).
2 2q p

mch ch
m

ωσ β τ σ β τ
ω

= =
 

 (43)

The product of  the dispersions (43) has the 
form

2
2( ) ( ) 2 .

4q p chσ β σ β τ=


 (44)

We see that for such states the region of  
distribution of  the canonical variables in the 
phase space preserves the symmetric form of  
the circle, but the radius of  this circle increases.

Let us now consider some methods of  
generating squeezed and correlated states.

4. THE EXITATION OF SQUEEZED 
AND CORRELATED STATES
From the formal point of  view the simplest 
way to excite squeezed and correlated states is a 
parametric excitation of  a harmonic oscillator. 
This is due to the fact that one can find exact 
solutions of  the nonstationary Schrödinger 
equation for an oscillator with a variable 
frequency and analyze their properties.

Let’s consider a nonstationary Schrödinger 
equation

2
2 2

2
( , ) 1 ( ) ( , ).

2
x ti t x x t
t x

ψ ω ψ
 ∂ ∂

= − + ∂ ∂ 
  (45)

Its solution has a form
1/4

0
2

1/2 2 * 2
2 0

( , )
( )

2( ) ( ) | |exp .
2 ( ) ( ) 2 ( ) 2

 
=  
 

  + − −  
   

×

×





 

x t
t

i t tx x
t t t

β
ω

ψ
π

ω β β β



 
    (46)

The solution (46) depends on the function ( )t

, which is a solution of  the equation
2

2
2

( ) ( ) ( ) 0,d t t t
dt

ω+ =


  (47)

with the initial condition

0(0) 1, 0) .( iω= =   (48)
The solutions of  equation (47) can not be 
written in an explicit form, but their properties 
are well investigated. If  ω(t) is a periodic 

*

2 * 2

2 2

( )
(1/ 2 | | ) ( ( ))

sin( 2 ) ,
2 cos ( 2 )

Im uvr
v Re uv

cth
θ ϕ

τ θ ϕ

= =
+ −

+
=

− +  (36)

and a squeezing ratio k
2 * 2

2 * 2

1

1/ 2 | | ( ( ))
1/ 2 | | ( ( ))

cos( 2 ) cos( 2 )1 1
2 2

.

v Re uvk
v Re uv

cth cth
θ ϕ θ ϕ

τ τ

−

+ −
= =

+ +

+ +   − +      
 (37)

With the help of  the expressions (36) and (37) 
one can express the product of  the dispersions 
through the correlation coefficient

2

2( ) ( ) .
4(1 )q p r

σ β σ β =
−


 (38)

We see that the product of  the dispersions 
that enters into the Heisenberg uncertainty 
relation depends on the correlation coefficient, 
but does not depend on the sqeezing ratio. 
By choosing the parameters (32) of  the 
transformation (26) in the required manner 
one can obtain different values of  correlation 
and squeezing coefficients.
So, for example, if  θ + 2φ = 0, we have
r = 0, k = e-4τ.      (39)
In this case the squeezed states are appeared, 
but they are uncorrelated. The values of  the 
dispersion (34) read

2 2( ) , ( ) .
2 2q p

me e
m

τ τωσ β σ β
ω

−= =
   (40)

We see that the value of  the dispersion 
of  position decreases and the value of  the 
dispersion of  momentum increases. If  
θ + 2φ = π/2 then

2 2( ) , ( ) .
2 2q p

me e
m

τ τωσ β σ β
ω

−= =
 

 (41)
In this case on the contrary, the dispersion 

of  position increases, and the dispersion of  
momentum decreases. But in both cases (40) 
and (41) the Heisenberg uncertainty relation 
has the form (25).

If  θ + 2φ = π/2, then
r = th2τ, k = 1.      (42)
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function the equation (47) is reduced to the 
Mathieu and Hill equations.

We introduce the parameters

0 0

1 ( ) 1 ( )( ) , ( )
2 2

t tu t v t
i iω ω

   
= + = −   

   

  
   (49)

The quantities (49) satisfy the relation (27). 
Now the function (46) takes the form (31). 
With their help one can also find the correlation 
coefficient (36) and the squeezing ratio (37).

In practice, one can generate squeezed 
states with the help of  nonlinear processes. As 
an example consider the degenerate parametric 
down-conversion process.

In this process, the light beam with a 
frequency ω0 falls on a nonlinear crystal, and 
as a result of  interaction, the photon with 
frequency ω0 decays into two photons with 
frequency 1 0

1
2

ω = ω . It is assumed that the 
incident pump field is sufficiently intense to 
be considered as classical, but the produced 
photons must be considered in a quantum 
fashion. Under such assumptions, the 
interaction Hamiltonian reads [19]

1 12 2† †2 * 2
1 1 1 0 0 1

ˆ ˆ ˆ ˆ ˆ( ).i t i tH a a g a v e v a eω ω−= + +   (50)
Here ν0 - is the complex amplitude of  
the initial light beam, and g - is the real 
coupling constant, its value depends on 
the nonlinear susceptibility of  the medium. 
The Heisenberg equation of  motion for the 
operator â(t) reads

12†2
1 1 1 1 1 0

1 ˆˆ ˆ ˆ ˆ[ , ] .2 i td a a H i a iga v e
dt i

ωω −= = − −


 (51)

The general solution of  the equation (51) has 
the form

1

1

1

1

1 1 0

†0
1 0

0
† †
1 1 0

*
0

1 0
0

ˆ ˆ( ) (0) (2 | | )

ˆ (0) (2 | | )
| |

ˆ ˆ( ) (0) (2 | | )

ˆ (0) (2 | | .)
| |

,

i t

i t

i t

i t

a t a ch g v t e
vi a sh g v t e
v

a t a ch g v t e
vi a sh g v t e
v

ω

ω

ω

ω

−

−

=

−

=

−

+

+  (52)

Comparing the expressions (26) and (52) 
one can see that solutions (52) have the 
form of  Bogolyubov transform also. 
Therefore, in the process of  a degenerate 
parametric down conversion, the creation-
annihilation operators †

1 1ˆ ˆ( ), ( )a t a t  of  the 
generated photons evolve in such a way that 
a vacuum state 0

1, such that 1 1
ˆ (0) 0,a =  

is transformed into a squeezed state. The 
other examples of  non-linear processes, 
including non-degenerate parametric down 
conversion, which can also be used to 
generate squeezed states, can be found in 
the book [20].

Let us find now the values of  the 
dispersions of  the position and momentum 
(34) and the values  of  correlation and 
squeezing coefficients (36), (37) for the 
coherent state (30) corresponding to the 
creation-annihilation operators †

1 1ˆ ˆ( ), ( )a t a t   
given by formulas (52).

In this case the quantities defining the 
Bogolyubov transform (26) have the form

1

1

0

0 0 0

(2 | | ) ,

(2 | | ) | | .;

i t

i ti i

u ch g d t e

v ie sh g d t e d d e

ω

ωδ δ

−

−

=

= − =  (53)

The parameters (32) read
φ = φu = –ω1t,  θ = –φu – φν = –δ + π/2,
τ = ln(|u|+|ν|) = 2g|d0|t.     (54)
The dispersions (34) are equal to

0 0

0 0

( ) [ (4 | | ) (4 | | )sin ],
2

( ) [ (4 | | ) (4 | | )sin ].
2

q

p

ch g d t sh g d t
m

m ch g d t sh g d t

σ β δ
ω
ωσ β δ

= −

= +



  (55)

And the correlation and squeezing coefficients 
take the form

2 2
0

cos ,
(4 | | ) sin

r
cth g d t

δ
δ

=
−  (56)

0

0

(4 | | ) sin .
(4 | | ) sin

cth
ct gh

g d tk
d t

δ
δ

−
=

+  (57)

One can see from (55) - (57) that as time 
t increases, both correlation and squeezing 
coefficients tend to unity (r, k → 1). Thus 
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in the given process, as the time increases, 
the correlation increases, dispersions and 
uncertainty grow, but squeezing decreases. 
The domain of  distribution of  canonical 
variables expands and becomes more and 
more symmetric.

We have considered the simplest scheme 
for generating squeezed and correlated states, 
but there are exist other nonlinear optical 
processes that also lead to appearance of  
such states [21]. For example, if  a nonlinear 
medium is inserted into an optical cavity, 
then the process of  generating sqeezed and 
correlated states will proceed more intensively. 
Four-wave mixing can also be used as a non-
linear process.

5. THE STRETCHED STATES
In this section we consider a new approach 
to constructing quantum states that is arise in 
certain physical processes.

It was developed within the framework of  
cooperation between FIAN and the Serbian 
Academy of  Sciences and Art. The main ideas 
of  the method and the results obtained with its 
help are presented in Ref. [22-27].

The method is based on the quasi-
probability distributions, which are used 
for description of  quantum states. These 
distributions are defined at the phase space, 
and transformations of  this space are 
compared to some physical processes. The 
transformations of  the phase space induce 
transformations of  functions that are 
defined at it. It is possible to find physical 
states that correspond to the transformed 
quasi-probability distributions, and after 
that one can find the result of  the action of  
the physical process at the initial quantum 
state.

This is the general outline of  our 
approach. In this paper the Husimi function 
is used as quasi-probability distribution, and 

amplification of  quantum states is considered 
as a physical process. This process can be 
connected with a scale transformation of  the 
phase space.

In the framework of  this approach we 
consider the class of  states for which the 
values of  position and momentum dispersions 
depend on parameters of  the processes by 
which these states are generated. In this respect 
they are similar to the correlated states. We will 
consider the states that arise when N-partial 
Fock states are subjected by the action of  a 
quantum amplifier. We call such states - the 
stretched states.

The stretched states are arise as a result of  
scale transformation of  the phase space
(q,p) → (λq, λp); |λ|2 ≤ 1.     (58)
It was proved in [22, 23] that if  Q(q, p) is a 
Hushimi function of  a quantum state and 
λ < 1, then the quantity
Qλ(q, p) = λ2Q(λq, λp)     (59)
is also a Hushimi function of  some quantum 
state.

For the states of  a harmonic oscillator it 
is possible to find an exact result of   such 
transformation. If  we consider a pure state 
that is an arbitrary superposition of  n-particle 
states, then as a result of  this transformation 
it goes into a mixed state and one can find an 
explicit form of  its density matrix.

This mixed λ-state contains an infinite 
set of  pure states, and the probabilities with 
which these pure states enter into the mixed 
state form a negative binomial distribution. 
In the case when we are dealing initially with 
one N-particle state, the transformed state 
contains all N, N+1, ...,-particle states. The 
distribution of  these pure states in the mixed 
state becomes the more smooth the smaller 
parameter λ2.

Simply speaking, one can consider that  
λ-transformation (58) of  a state N  generates 
states with large M > N. We call such mixed 
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states — the "stretched states". The mean 
values of  a particle number operator were 
found for them, and the von Neumann 
entropy was calculated. The form of  the 
Heisenberg and Robertson-Schrödinger 
uncertainty relations for stretched states is 
also found. It is established that for such 
states the factor λ-4 appears in the right-
hand side of  the uncertainty relations. 
Therefore when the λ-transformation (58) 
is performed, the uncertainty of  the states 
increases.

Let us define the Husimi function. Suppose 
there is a quantum state, which is determined 
by the density operator ρ̂ . Then with the help 
of  coherent states (20) one can construct its 
Husimi function.

* 1( , ) | ( , ) | .Q x x y y dxdyα α α ρ α
π

= 〈 〉 〈 〉∫  (60)

If  a quantum state is pure and is described 
by a wave function |ψ 〉 , then its Husimi 
function reads

( , ) | | .Q q p α ψ ψ α=  (61)

The transformation (58) can be related to 
certain physical processes, for example, the 
passage of  the state of  the electromagnetic 
field through a quantum amplifier [28, 29]. The 
main idea can be understood by the example 
of  a simple linear light amplifier. It consists of  
partially inverted two-level atoms.

The resonance interaction Hamiltonian of  
the field with atoms reads

†

ˆ0  aˆ .
ˆ 0

H k
a
 

=  
 

  (62)

This is the interaction Hamiltonian of  the 
Jaynes-Cummings model; it has a number 
of  interesting properties, in particular, the 
property of  supersymmetry [30, 31]. With such 
a Hamiltonian, the equation for the density 
matrix of  the electromagnetic field has in first 
approximation the form [32]

† † †
1

† † †
2

ˆ ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ( 2 )

ˆ ˆ ˆˆ ˆ ˆ ˆ ˆ ˆ( 2 ).

kN aa a a aa
t
kN a a a a a a

ρ ρ ρ ρ

ρ ρ ρ

∂
= − − + −

∂
− − +  (63)

Here †ˆ ˆ,a a  – are the creation-annihilation 
operators of  the electromagnetic field, N1, N2 
– the populations of  upper and lower levels of  
two-level atoms, and k – is the gain.

Using the relation (60) between the density 
matrix and the Husimi function, one can pass 
from the operator equation (63) to an ordinary 
differential equation for Husimi function. 
With the help of  this equation an expression 
for Husimi function of  a state at output from 
a quantum amplifier was found in Ref. [28]. It 
has the form

2
1 ˆ( , ) ( / ) | | ,out in inQ t Q G

G GG
α αα α ρ= =  (64)

here
1 2( ) exp[2( ) ].G t N N kt= −  (65)

One can see that if  λ = G-1 the expression (64) 
coincides with (59).

Thus, the scale transform (58) of  the phase 
space turns out to be connected with the action 
of  the quantum amplifier. The form of  this 
transform is determined by the structure of  
the Hamiltonian (62). Accordingly, the action 
of  the amplifier at an arbitrary quantum state 
can be described by means of  a scale transform 
of  the phase space.

Let us find the Heisenberg and Robertson-
Schrödinger uncertainty relations for the 
stretched states. The new method for 
constructing Husimi symbols for operators was 
proposed in [24, 25]. It is especially effective 
for operator, which are polynomial of  position 
q̂  and momentum p̂  operators. With such 
operators we will deal in this section.

Let’s consider the Hamiltonian of  a 
harmonic oscillator

2 2ˆ ˆ ˆ( ).
2

H q pω
= +


 (66)
Its Husimi symbol reads

KH(q, p) = q2 + p2 –1.     (67)
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The mean value E  of  the energy of  a state, 
which is characterized by Hushimi function 
Q(q, p), has the form

2 2

2 2

( 1) ( , )
2

( ) ( , ) .
2 2

E q p Q q p dqdp

q p Q q p dqdp

ω

ω ω

= + − =

= + −

∫

∫



 

 (68)

Let us find now the average value of  
the energy of  a stretched state, which 
corresponds to a state with Husimi function 
Q(q, p). The Husimi function of  the stretched 
state has the form Qλ(q, p) = λ2Q(λq, λp), and 
the average value of  energy Eλ  of  a state with 
such Husimi function is determined by the 
formula

2 2
2

2

2 2

( , ) ( , )

1 (( ) ( ) 1) ( , ) ( ) ( )
2

1 1 .
2

HE K q p Q q p dqdp

q p Q q p d q d p

E

λ λ

ω λ λ λ λ λ λ
λ

λ ω
λ λ

= =

= + − =

−
= +

∫

∫


  (69)

The expression (69) is valid for all stretched 
states of  harmonic oscillator. Since |λ|2 < 1 
it is clear that with the scale transform the 
energy of  stretched states increases. For 
the Fock states the mean value of  energy 
of  corresponding stretched states can be 
found in explicit form. Thus, in the case of  
an arbitrary superposition of  Fock states, we 
have

2
2

2 2
0

1 1| | .
2 2k

k
E c kλ

ω λ ω
λ λ

∞

Σ
=

−
= +∑

 

 (70)

With the help of  the expression for mean 
values of  operators and using the Husimi 
functions, it is possible to find the form 
of  the uncertainty relations for stretched 
states. We will consider the Heisenberg and 
Robertson-Schrödinger uncertainty relations. 
The relations (5), (8) are satisfied for any 
quantum states. Let us now establish what 
happens with these relations when one passes 
to stretched states. To do this it is necessary 
to calculate the quantities

2 22 2ˆ ˆ ˆ ˆ, ,

1 ˆ ˆ ˆ ˆ ˆ ˆ .
2

qq pp

qp

q q p p

pq qp q p

σ σ

σ

= − = −

= + −  (71)

With the help of  Husimi function, the 
dispersions σqq, σpp and the value σqp can be 
written in the form

( )

( )

22

22

(

1 ( , ) ( , ) ,
2
1 ( , ) ( , ) ,
2
, ) ( , ) ( , ) .

qq

pp

qp

q Q q p dqdp qQ q p dqdp

p Q q p d

qpQ q p dqdp qQ q p dqdp qQ q

qdp pQ q p dqdp

p dqdp

σ

σ

σ

 = − − 
 
 = − − 

−
 

=

∫ ∫

∫ ∫

∫ ∫ ∫
 (72)

For the stretched states the formulas (72) take 
the form

( )
( )

22 2 2

22 2 2

2

2 2

1 ( , ) ( , ) ,
2
1 ( , ) ( , ) ,
2

( , )

( , ) ( , ) .

qq

pp

qp

q Q q p dqdp q Q q p dqdp

p Q q p dqdp p Q q p dqdp

qp Q q p dqdp

q Q q p dqdp p Q q p dqdp

λ

λ

λ

σ λ λ λ λ λ λ

σ λ λ λ λ λ λ

σ λ λ λ

λ λ λ λ λ λ

 = − − 
 

 = − − 
 

= −

−

∫ ∫

∫ ∫
∫

∫ ∫  (73)

The formulas (73) give the values σqq, σpp, 
σqp for the stretched states

2 2

2 2 2 2 2
1 1 1 1 1, , .qq qq pp pp qp qpλ λ λ

λ λσ σ σ σ σ σ
λ λ λ λ λ

− −
= + = + = (74)

Using these expressions one can find how 
the Heisenberg and Robertson-Schrödinger 
uncertainty relations are modified upon 
transition to stretched states.

2 2 2 2
4 4

1 1 1 1( (1 )( ) (1 ) ) ,
2 4 4

=

= + − + + − ≥ 

qq pp

qq pp qq pp

λ λσ σ

σ σ λ σ σ λ
λ λ

 (75)
and

2

2 2 2 2 2
4 4

1 1 1 1( (1 )( ) (1 ) ) .
2 4 4

qq pp qp

qq pp qp qq pp

λ λ λσ σ σ

σ σ σ λ σ σ λ
λ λ

− =

= − + − + + − ≥ 

We see that the right-hand sides of  the 
uncertainty relations (75) contain a factor 
λ-4, so for |λ| < 1 its values increase and, 
generally speaking, can become arbitrarily 
large. In this respect, they are similar to 
correlated states. As well as in the case 
of  correlated states, we can assume that 
a scale transform (q, p) → (λq, λp) leads 
to the appearance of  an "effective Planck 
constant". For λ << 1 the effective Planck 
constant satisfies the inequality   eff .
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However, there is a significant difference 
between these two types of  states: the correlated 
states are pure states, and the stretched states 
are mixed states. The density matrices of  these 
mixed states were found in [26, 27].

6. CONCLUSION
In this article we give an overview of  the 
states of  two types: the correlated states 
and the stretched states. These states can 
possess a great uncertainty in position 
and momentum, and for them the left-
hand sides of  Heisenberg and Robertson-
Schrödinger uncertainty relations can take 
values significantly exceeding the minimum 
value. These states are obtained from the 
states of  a harmonic oscillator with the help 
of  nonlinear processes or external energy 
effects.

In the case when these conditions are 
realized in the atomic nucleus, the appearance 
of  states with large values of  the position 
and momentum dispersions can increase the 
probability of  the tunnel effect and lead to 
low-energy nuclear reactions. Formally, the 
increase of  probability of  a tunnel transition 
can be correlated with the "increase" of  the 
Planck constant ћ, i.e. with the ability to use 
the value    eff  instead of  ћ.

It was proposed in Ref. [15-17, 33] to 
use this property of  correlated states to 
describe low-energy nuclear reactions. 
The stretched states also have great 
uncertainty, but they arise in other physical 
processes. We hope that they also will 
find application in nuclear physics and 
in other fields where there is an increase 
probability of  a tunnel effect.
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Abstract. A universal method of  short-term and very significant attenuation and suppression of  the 
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states (ССS) formed with a weak controlled pulsed or periodic action on these particles or the 
environment is considered. This mechanism explains all the detected features of  successful 
nuclear physics experiments conducted at low energy: an anomalously high probability of  these 
reactions, a very significant suppression (as compared with similar reactions at high energy) of  
the accompanying gamma radiation, and the complete absence of  radioactive daughter isotopes, 
formed in these reactions.
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1. INTRODUCTION
Numerous successful experiments on 
realization of  nuclear reactions at low energy 
(LENR), some of  which have confidently 
emerged from the "child" age of  laboratory 
experiments and have manifested themselves at 
the industrial level (this applies in particular to 
the experiments of  A. Rossi), up to now are 
not based on a reliable theoretical model that 
adequately explains non-trivial results that are 
not consistent with the traditional models of  
nuclear physics.

Among well-known LENR problems, the 
most frequently considered is the reason of  the 
anomalously high probability of  overcoming 
the Coulomb potential barrier at interaction 
of  charged particles with low energy. The 
"standard" approach of  nuclear physics, 
which is very successful in the energy range 
E > 1 keV, is unable to answer this question 
taking into account that the typical equilibrium 
particle energy in LENR problems does not 
exceed E ≈ kT ≈ 0.1 eV, which leads to very 
small probability of  a tunnel effect that is not 
comparable with the experimental results.
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There are several dozen fairly well-
developed theoretical models that, on 
completely different principles (including 
such exotic ones as taking into account the 
anisotropy of  quark interaction, the existence 
of  unknown elementary particles, or the 
presence of  hypothetical super deep "Dirac" 
levels of  electrons in a hydrogen atom) try to 
solve this paradox.

Other, even more exotic paradoxes (first 
of  all, the complete absence of  radioactive 
daughter isotopes in observed LENR 
reactions, which is completely unusual for 
"standard" nuclear physics; a very strong (by 
many orders of  magnitude) suppression of  
gamma-radiation, concomitant and typical 
for specific nuclear reactions; very strong 
suppression of  the neutron channel of  
the most studied reaction of  dd fusion) in 
these models are practically not considered, 
confined to a very important but not the only 
problem of  abnormally high transparency of  
the Coulomb barrier

Obviously, such one-sided approach 
is insufficient. The nontriviality of  these 
unexplained paradoxes can not be ignored, 
since the lack of  an adequate explanation 
of  them is equivalent to the lack of  
understanding of  these processes, and hence 
the impossibility of  their optimization and 
safe large-scale use!

In [1-13], a general and rather universal 
mechanism for LENR optimization based on 
coherent correlated states (CCS) of  interacting 
particles was considered. This mechanism 
provides a high probability of  LENR and 
can be applied with the same efficiency to 
different experiments. It should be noted that 
the CCS method makes it possible to explain 
all mentioned above paradoxes on the basis 
of  standard quantum mechanics and modern 
nuclear physics without involving fantastic 
heuristic models.

2. FORMALISM AND GENERAL 
REGULARITIES OF CCS USING IN 
QUANTUM-MECHANICAL SYSTEMS
In atomic and nuclear physics the well-known 
Heisenberg uncertainty relations are often used 
for the coordinate and momentum, as well as 
energy and time (1927)
δqδp ≥ ћ/2, δEδt ≥ ћ/2      (1a)
and its generalization, made in 1929 by Robertson 
for arbitrary dynamical variables A and B

| [ ] | /2,≥ < >
 

A B ABδ δ
2,   ( ) .= = −



K KK K Kδ σ σ  (1b)
In 1930, Schrödinger and Robertson 

independently generalized the relation (1b) and 
obtained a more universal inequality, called the 
Schrödinger-Robertson uncertainty relation [14, 
15]

2 2| [ ] | /4(1 ),≥ < > −
 

A B AB rσ σ

/ ,

( ) / 2 , 0 | | 1,

=

= < + > − < >< > ≤ ≤
  

AB A B

AB

r

AB BA A B r

σ σ σ

σ  (2)

in which the value r is the correlation coefficient 
between A and B. This parameter determines the 
degree of  mutual statistical connection between 
the dynamic variables A and B and determines 
the restriction on the product of  the variances 
of  these quantities. In the special case, A = q, 
B = p, <q> = 0, <p> = 0, ,= =q pq pδ σ δ σ
relations (1) and (2) reduce to the modified 
Heisenberg uncertainty relation with the 
correlation coefficient rpq

2

2

/ 2 1 * /2,

* , 1/ 1 .

≥ − ≡

= = −

 

 

pq

pq pq pq

q p r

G G r

δ δ

 (3a)

Accordingly, at A = E, B = t, we have relation
2

2

/ 2 1 * /2,

* , 1/ 1 ,

≥ − ≡

= = −

 

 

Et

Et Et Et

E t r

G G r

δ δ

 (3b)

which depends on the correlation coefficient rEt.
According to the generally accepted 

terminology, the term CCS refers to states for 
which relations (2) and (3) become equalities, 
but usually the term CCS is applied to any 
state with |r| → 1. According to the same 
interpretation, the quantum state, which 
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converts relations (2) and (3) into equalities, 
is traditionally called the coherent state (CS) – 
a synonym for the "compressed" state, which 
is characterized by a minimum product of  
variances or rms fluctuations and maximum 
closeness to the classical state of  the 
particle in the potential well. The principal 
difference between the uncertainty relations 
of  Heisenberg-Robertson and Schrödinger-
Robertson is clearly characterized by 
the coefficient of  correlation efficiency 

21/ 1= −G r  [9-12].
It increases from the value G = 1 at r = 0, 

which corresponds to the absence of  correlation, 
up to G → ∞ at full correlation (at |r| → 1).

The value of  G characterizes the increase of  
the amplitudes of  the fluctuations of  dynamic 
variables A and B, and its importance follows 
from the following simple example demonstrating 
the efficiency of  CCS for optimizing nuclear 
reactions at low energy.

In the case A = q, B = p, <q> = 0, <p> = 0, 
the following simple estimate for the lower 
limit (minimum value) of  the kinetic energy 
fluctuation of  a particle of  mass M localized 
within the spatial interval δq follows from (3a)

(min) 2 2 2 2( ) / 2 / 8 ( ) .= = T p M G M qδ δ δ  (4)
In particular, when a proton with a mass 

Mp is localized in an interatomic, typical for 
condensed matter, region a ≈ 1.5Å (in this case, 
δq ≤ 0.75Å), the fluctuation of  the kinetic energy 
of  a particle that are in CCS with 1 – |r| ≈ 10–7 
(which corresponds to a very large (but real) 
correlation efficiency G = 2240) corresponds 
to the value  

7| | 1 10

(min) 5 .
−= −
≈

r
T keVδ  It is necessary 

to note that this value can be obtained for an 
arbitrarily small (including zero) temperature of  
the medium in which the given potential well is 
located.

This value, even at this lower limit, is 
comparable with the optimum temperature of  
a thermonuclear plasma in a tokamak achieved 
by using of  a very large real energy. If  the 
correlation coefficient is greater, the value 

(min)
rTδ  will be even greater. For comparison, 

we point out that in the absence of  CCS (ie, 
at r = 0), the corresponding fluctuation of  
the kinetic energy 

0

(min) 0.001
=

≈
r

T eVδ  will be 
incomparably smaller. It should be emphasized 
that usually [3, 7, 8] the real value of  δT|r|≠0 is 
much higher 

| | 0

min .
≠r

Tδ
For particles with a smaller mass (in 

particular, for an electron with a mass Me), the 
minimum fluctuation under the same conditions 
and the presence of  a CCS corresponds to large 
relativistic energy

7| | 1 10

(min) 2 2 2 4 2

2 2 2 2 2 2

( )

[ 1 / 4 ( ) 1]
2.23 ,

−= −
= + − =

= + − ≈

≈



r
e e

e e

T p c M c M c

M c G M c q
MeV

δ δ

δ
 (5)

From the first hand it seems that this 
energy is sufficient for, for example, proton 
neutronization p + β– + δT → n + ν. On 
the other hand, it will be shown below that 
such reaction due to fluctuations δT is 
impossible.

Another method of  approximate 
estimation of  the effectiveness of  the 
CCS influence on the tunnel effect and 
subsequent nuclear transmutation is based on 
taking into account the formal substitution 

* 2/ 1→ ≡ − ≡   r G  in the expression 
for the tunneling probability D through a 
high potential barrier. In [3, 7, 8], using an 
example of  a particle localized in a parabolic 
well, it was shown that the direct use of  such 
substitution in the formula for the probability 
of  a tunnel effect in the sub-barrier region 
L(E) in a nuclear field of  radius R

( )
2

0

( )2

1
0 0

2 1exp 2 { ( ) }

≠

+

−
= =

≈

 − ≈ − − = 
  

= ≡

∫


r

R L E

R

r G
r r

D

r M V q E dq

D D  (6)

is in good agreement with the results of  
an independent strict quantum-mechanical 
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calculation of  Dr≠0 under the condition 
Dr=0 << 1.

Fig. 1a presents the results of  the 
corresponding calculation showing the 
change in the time-averaged probability 
density of  the subbarrier particle localization 

( , ) | ( , , )≡< Ψ >tD x r x t r  in the parabolic potential 
well V(x) = mω2x2/2, and Fig. 1b – change 
of  this value in the test point x = 10x0 deep 
under the barrier, depending on the correlation 
coefficient (here 0 /= x mω ).

From the obtained data it follows that 
even with a relatively small increase in 
the correlation coefficient in the interval 
0 ≤ r ≤ 0.987, which corresponds to a small 
change in the correlation efficiency factor 
0  ≤ G ≤ 6.2, the barrier transparency 
increases from 10–36 to 0.01. In a similar way, 
it is easy to determine that the probability of  
the tunnel effect Dr=0,G=1 ≈ 10–500, typical for 
a low energy and large charges of  interacting 
particles, increases to DG=100 ≈ 0.3 in the case 
of  CCS formation, which allows to realize 
practically any nuclear reaction.

The physical mechanism providing such 
effect is associated with the formation of  
very large fluctuations of  both momentum 
and energy of  a particle in a potential well in 
a specially organized superposition coherent 
correlated state. This formation is related 
to the mutual enhancement (constructive 

interference) of  the partial fluctuations of  the 
kinetic energy and momentum corresponding 
to different eigenstates of  such superposition. 
The result of  the interference is the formation 
of  continuously repeated giant fluctuations 
of  the kinetic energy, sufficient for passage 
through a high and wide potential barrier. It 
is interesting to note that the formation of  a 
CCS is not connected with an increase of  the 
average particle energy in a given system, but is 
due to the synchronization of  a large number 
of  random fluctuations.

A clear and slightly simplified illustration 
of  such process can be obtained by analyzing 
the features of  the formation of  synchronized 
fluctuations of  the kinetic energy of  a particle 
in a one-dimensional parabolic potential well. 
Each of  the N eigenfunctions of  the particle 
ψn(q, t) in the potential well is characterized 
by the instantaneous value of  the fluctuation 
of  the momentum ( )∆



np t  with the dispersion 
2 2( ) { ( ) ( ) } [ ( )]= ∆ − ∆ = ∆

  

pn n n nt p t p t p tσ  In 
such system the mean value ( ) 0.∆ =



np t  is 
equal to zero. Formation of  the coherent 
correlated state of  the particle leads to 
phase coincidence and coherent addition 
(constructive interference) of  the momentum 

fluctuations ( ) ( )∆ = ∆∑ 

N

n
n

p t p t  for a large 
number N >> 1 of  different eigenfunctions 
ψn(q, t) forming a superpositional coherent 
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Fig. 1. a) Average probability density ( , ) | ( , , )≡< Ψ >tD x r x t r  in the potential well V(x) = (x/x0)
2 and in the region under the barrier 

for correlated and uncorrelated states of  a particle with different values; b) Dependence of  the time-averaged probability density of  particle 
localization (tunneling probability) on the correlation coefficient 0 ≤ r ≤ 0.987 in the subbarrier region with the coordinate x = 10x0. 

The solid line is the result of  the exact calculation, the discontinuous line is the result of  the approximation (6).
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correlated state Ψcorr(q, r, t). A consequence 
of  this interference is the condition 

( ) ( ) 0,∆ ∆ >
 

n m corr
p t p t  that leads to the 

formation of  very large fluctuations of  the 
dispersion of  the total momentum of  the 
particle

2

( )

2

2 2 2

( )

( )

( ) ~ , 1.
≠

 
= ∆ = 

 

= ∆ ∆ + ∆ ≈

≈ ∆ ∆ + ∆ >>

∑

∑∑ ∑



  

  

N

p corr n
n

corr
N N N

n m ncorr
n m n n

n m ncorr

p t

p p p

N p p N p N N

σ

 (7)

The presence of  such fluctuations of  the 
momentum at the moments of  complete 
synchronization leads to a sharp increase of  the 
probability of  tunneling due to the short-term 
(fluctuation) formation of  states with a very 
large kinetic energy fluctuation

2

2

2 2

( ) ( ( )) / 2
( ) ( ) / 2

( ) / 2 ~

< ∆ > ≡< ∆ > =

= ∆ ∆ +

+ ∆



 



corr corr

n m corr

n

T t p t M
N p t p t M

N p M N  (8)

at constant (small) average kinetic energy of  
the particle. We note that, in the absence of  
coherence between different eigenstates, there 
is an obvious condition 0,∆ ∆ ≡

 

n m noncoher
p p  that 

leads to a trivial relation
2( ) ( ) / 2

( ) .

< ∆ > = ∆ =

= ∆



noncoher n

n

T t N p M

N T t  (9)

An exact calculation using the density matrix 
leads, naturally, to the similar results. These 
results are presented in a symbolic form in 
Fig. 2.

The above discussion of  the CCS specifics 
concerns the problem of  optimizing the 
tunnel effect, which is the main problem, but 
not the only one, characterizing the features 
of  LENR.

It is easy to see that other features of  
LENR (first of  all the absence of  daughter 
radioactive isotopes) also follow from the 
specifics of  CCS. In particular, from the basic 
relation (3b) it follows that the possibility 
of  realizing the LENR due to the virtual 
kinetic energy δE ≡ δT|r|≠0 is limited by the 
conservation laws for the entire system. Very 
important is the fact that this virtual energy 
"exists" in the given system (that is, it can have 
a certain influence on different processes) a 
finite time δt. As a consequence, any process 
using δE can be realized only if  during the 
reaction carried out by this virtual energy, the 
reaction energy ΔE that is not less than δE 
is released and the time of  "return" to the 
system under consideration of  this virtual 
energy (in fact, the duration of  the reaction 
with the release of  energy) does not exceed 
the value of  δt.

This result, with respect to the nuclear 
reaction, corresponds to the fact that the 
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Fig. 2. The scheme for the formation of  large fluctuations of  the kinetic energy of  a particle in a coherent correlated state (on the right), 
due to the synchronization of  fluctuations at different energy levels of  the superposition state.
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total time of  the reaction Ttotal (including 
the time of  approach of  the particle to the 
barrier t1, the duration of  the passage through 
the barrier t2 and the time of  the reaction 
itself  with the release of  Treac energy) should 
not exceed δt. This requirement, taking into 
account the very short duration δt of  a large 
fluctuation amplitude δT|r|≠0, imposes very 
stringent conditions on such processes and 
automatically excludes the possibility of  non-
optimal reactions.

The scheme of  this scenario is shown in 
Fig. 3.

For example, let us consider the features of  
the course of  LENR reactions involving protons 
and isotopes 6Li and 7Li. The general scheme of  
these reactions is the following

{ }
6

7* 7* 13

4 3

: 4 , 1.3*10

;

−

+ =

= = ≈ →

→ +

reac

Li p

Be Be Q MeV T s

He He  (10a)
7

8 17
8

8 20

4

: 0.1 , 6.10
*: 17,255 , 10

2 17,255 .

−

−

+ =

 ≈ ≈ = → 
≈ ≈  

→ +

reac

reac

Li p

Be Q MeV T s
Be

Be Q MeV T s

He MeV  (10b)

In the "ordinary" uncorrelated state, the 
probability of  the tunneling effect for these 
reactions at a low temperature of  300...1000 K is 
extremely small and does not exceed Dr=0 ≈ 10–

200...10–100. Let us take as an estimate that for the 
rapid realization of  these reactions it is necessary 

for proton to have an energy δE ≈ 10KeV. In 
the case of  using the Heisenberg uncertainty 
relation δEδtr=0 ≥ ћ/2, such fluctuation can exist 
for a time δtr=0 ≈  ћ/2δE ≈ 5·10–21 s. At this 
energy, the minimum total reaction time is equal 
to Ttotal = Treac + t1 + t2 ≈ Treac + L(δE)/ν(δE) 
≈ 10–18 s.

It is seen from the reaction schemes (10a) and 
(10b) that for such value of  Ttotal the necessary 
condition Ttotal < δtr=0 is not satisfied for both 
reactions and they are impossible.

In the correlated state, with an achievable 
value r ≈ 0.99999, the same energy 
fluctuation δE ≈ 10KeV can exist during 

2 18
0.99999 / 2 1 2.5 10−

= ≈ − ≈ ⋅rt E rδ δ s. Comparing 
this value with the total duration Ttotal ≈ 10–18s 
of  the reaction (10b) 7Li + p = 24He, we come 
to the conclusion that Ttotal ≈ 10–18s <δt (ie the 
total reaction time is less than the fluctuation 
time that stimulates this reaction), and the flow 
of  such a reaction is consistent with the law of  
conservation of  energy and the corresponding 
uncertainty relation.

In contrast, for reaction (10a), the opposite 
condition Ttotal ≈ 10–13s >> δt takes place and 
such reaction is impossible in principle due to 
the formation of  CCS.

These results fully coincide with the data 
of  very detailed experiments [15] conducted 
for 32 days in Lugano for the examination of  
the A. Rossi installation, in which very efficient 
processing of  the 7Li isotope was observed, 
which is characterized by a short reaction time, 
and complete absence of  reactions involving the 
6Li isotope.

Similarly, it is easy to show that this same 
selection rule prohibits the realization of  LENR 
in reaction channels involving any other isotopes 
and elements that have a longer reaction time 
exceeding δt. It is obvious that, taking into 
account the smallness of  δt even in systems 
with a large correlation coefficient, the reactions 
passing through the stage of  formation of  long-
lived radioactive isotopes fully fall under this 
prohibition.

NUCLEAR PHYSICSVLADIMIR I. VYSOTSKII, MIKHAIL V. VYSOTSKYY

Fig. 3. The scheme of  "birth" and "disappearance" of  virtual 
energy during the motion of  a particle through the Coulomb barrier 
with a subsequent short-term nuclear reaction. 1 - "Birth" of  virtual 
energy δE;  2 - "disappearance" of  virtual energy δE within the 

interval δt after “birth”.
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This mechanism also makes it possible 
to understand why gamma radiation is 
strongly suppressed in LENR reactions. 
The fact is that the majority of  gamma 
transitions in nuclei are characterized by a 
lifetime τ ≥ 10–13...10–15 s, which significantly 
exceeds the duration of  the existence of  
fluctuations for coherent correlated states, 
and because of  this, such processes also 
have low probability.

It is also worth to note that the same 
regularities distinguish the flow of  any 
reactions using virtual energy from reactions 
involving really accelerated particles. The main 
differences are related to the ban on both the 
implementation of  any endoenergetic reactions 
and reactions with the formation of  a long-lived 
intermediate state of  the nucleus with a lifetime 
τ >> δt.

3. METHODS FOR FORMATION OF 
COHERENT CORRELATED STATES 
IN REAL SYSTEMS
The basic model for the CCS analysis is the 
nonstationary harmonic oscillator.

It was shown in [3-13] that the simplest 
method of  excitation of  CCS for a particle is 
associated with a nonstationary deformation of  
the harmonic potential V(q,t) = Mω2(t)q2/2, in 
the field of  which this particle is located. In a 
symmetric nonstationary parabolic potential 
well for which <q> = 0, <p> = 0, the wave 
function of  the particle, which was in the 
ground state prior to the deformation, depends 
on the correlation coefficient and has the form 
[1-3, 4, 7]

2

0 24

1 ( )( , ) exp 1 .
42 1 ( )

  
  Ψ = − −

  −  qq

q ir tq t
r tσπσ  (11)

The explicit form of  the correlation coefficient
* *Re / , =  

 
d dr
dt dt
ε εε ε  (12)

and also the compression coefficient k, which 
determines the ratio of  the dispersions of  the 
coordinate and momentum of  the particle

2/ | / ( / ) | ,= =q pk d dtσ σ ε ε  (13)

and the values of  these dispersions
2

2

( / 2) / (1 ),

( / 2) 1/ (1 ),

≥ −

≥ −





q

p

k r

k r

σ

σ  (14)

can be found on the basis of  the solution of  the 
equation of  a classical oscillator with a variable 
frequency in the presence of  an external force

2
2

2 ( ) ( )+ =
d t f t
dt
ε ω ε  (15)

at initial conditions

0

(0) 1, .= =
d i
dt
εε  (16)

In equations (11)-(16) and the following 
relations, ω(t) is the dimensionless frequency 
normalized to the characteristic oscillator 
frequency ω0; t is a dimensionless (normalized 
to 1

0
−ω ) time; ε(t) is the dimensionless 

(normalized to 0 0/= q Mω ) complex 
coordinate of  the particle; M is the reduced 
mass of  the particle.

In the general case, the solution of  equation 
(14) has the form ε(t) = eφ(t), φ(t) = α(t) + iβ(t).

Substituting this solution into (12) and (15), 
using the initial conditions following from (16)
φ(0)=α(0)=β(0)=0, 

0 0 0

, 0, 1= = =
d d di
dt dt dt
ϕ α β  (17)

and separating the real and imaginary parts of  
the resulting equation, we find

22
2

2

0

exp( 4 ) ( ),

( ) exp{ 2 ( )} ,

 + − − = − 
 

′ ′= −∫
t

d d t
dt dt

t t dt

α α α ω

β α  (18)

2 2

| | exp(4 ) / 1 exp(4 ) .
     = +    

     

d dr
dt dt
α αα α  (19)

It is clear from (19) that obtaining the limiting 
value |r| → 1 is possible only if  the condition 
(dα/dt)2exp(4α) >> 1 is satisfied.

The system of  equations (18), (19) is 
equivalent to equation (15), but it is more 
convenient for analysis and allows us to find the 
exponent of  the amplitude of  oscillation α(t) 
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from (18), and then based on the given law of  
variation ω(t) to find r(t) from equation (19).

A study of  specific mechanisms for the 
formation of  CCS under various modes of  
deformation of  a potential well, as well as an 
analysis of  the specifics of  the manifestation of  

this state in model and real systems, was carried 
out in [4-13].

3.1. formation of ccs for periodical 
modulation of parameters of the harmonic 
oscillator

In [4-8, 10], the features of  the formation of  CCS 
for the particle in the case of  a weak periodic effect 
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Fig. 4. a) - resonant structure of  the dependence of  the maximum of  the correlation coefficient on the frequency Ω for periodic modulation 
ω(t) = ω0(1 + gcosΩt) of  the potential well parameters; b) -f) are the dependence of  the correlation coefficient on time for modulation at 
the fundamental frequency Ω = ω0 at   g = 0.1 and at g = 0.2(c) and the parametric resonance frequency Ω = 2ω at g = 0.1 for time 

intervals ω0t ≤ 100(d), ω0t ≈ 500(e) и ω0t ≡ 1000(f).
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on the parameters (in particular, the frequency) 
of  the harmonic oscillator ω(t) = ω0(1 + gcosΩt) 
in the case |g| << 1 were examined in details. 
It follows from the solution of  Eqs. (12)-(16) 
that the process of  CCS formation for such 
modulation of  the parameters of  the potential 
well is characterized by the presence of  the 
main (for Ω ≈ ω0) and parametric (Ω ≈ 2ω0) 
resonances, beyond which the efficiency of  
this process very sharply decreases, although it 
remains nonzero [10]. Within these resonances 
|r|→1 as the modulation duration increases 
(see Fig. 4a). It is interesting to note that the 
frequency half-width of  the main resonance is 
very small (|δΩ|<<gω0), and the parametric 
resonance is characterized by a resonance curve 
having a flat vertex of  width |δΩ| = 2gω0.

From the same calculations it follows that 
as the modulation duration increases, the 
maximum values of  the correlation coefficient 
r(t)max increase rapidly. The largest rate of  r(t)max 
increase corresponds to the frequency Ω = 2ω0 
and it rises sharply with the frequency modulation 
index g, reaching the value |r|max = 0.999 (which 
corresponds to Gmax ≈ 22) at ω0(t) ≈ 500 and 
|r|max = 0.9997 (Gmax ≈ 41) at ω0(t) ≈ 1000.

Obviously, an analogous structure with two 
maxima of  different amplitude and area (Fig. 4a) 
corresponds to the dependence of  the tunneling 
effect on the modulation frequency.

This result can explain completely the results 
of  the experiments [16] on stimulation of  
LENR under the synchronized action of  two 
laser beams generated by low-power laser diodes 
(P ≈ 20 mW) with close frequencies to the Pd 
surface of  a cathode located in heavy water in an 
electrolytic cell (Fig. 5)

When the polarization of  these beams 
coincides, the generation of  a difference 
frequency that acts on electrons in conduction 
band of  the cathode takes place. Action of  
this low-frequency field leads to the periodic 
modulation of  the potential well parameters 
for localized deuterium ions in the palladium 
lattice. Selecting the appropriate pairs of  such 

diodes, the authors investigated the dependence 
of  the energy release in such system on this 
difference frequency in the interval 5...25 THz 
and found 4 resonance peaks of  energy release 
with frequencies Ω1 ≈ 7.8...8.2, Ω2 ≈ 10.2...10.8, 
Ω3 ≈ 15.2...15.6 and Ω4 ≈ 20.2...20.8 THz, having 
a different amplitude.

The authors [16] could not give any adequate 
interpretation of  these experiments. It is easy 
to see that these results agree very well with 
the data of  the calculations presented above if  
we assume that the energy release is associated 
with the stimulation of  nuclear reactions at low 
energy
d + d = 3He + n; t + p, 4He      (20)
PdA + d → AgA+2 →...
in the volume of  palladium saturated with 
deuterium.

Analysis of  the deuterium vibrational structure 
in the Pd matrix shows that the frequencies 
ω1 ≈ 7.8...8.2 THz and ω2 ≈ 10.2...10.8 THz 
correspond to the intrinsic vibrations of  
deuterium ions in the Pd lattice. Each of  these 
ions is, in fact, a harmonic oscillator.

Comparing the dependences of  the power 
output, shown in Fig. 5, and, accordingly, 
the structure of  the frequency dependence 
of  the correlation coefficient (Fig. 4a), it is 
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Fig. 5. Dependence of  the power released upon exposure to the surface 
of  the palladium cathode saturated in the process of  electrolysis by 
deuterium in the volume of  heavy water, versus difference frequency 

Ω of  radiation from two low-power laser diodes [16].
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easy to verify that first and third peaks in Fig. 
5 correspond to the pair determined by the 
basic Ω = ω1  ≈ 7.8...8.2 THz and parametric 
Ω = 2ω1 ≈ 15.2...15.6 THz frequency resonances 
of  the correlation coefficient formation, and 
second and forth peaks correspond to another 
pair (basic Ω = ω1 ≈ 10.2...10.8 THz and 
parametric Ω = 2ω1 ≈ 20.2...20.8 THz frequency 
resonances).

The ratio of  the amplitudes of  the maxima of  
energy release in Fig. 5 fully corresponds to the 
results presented in Fig. 4 – the first, lower peak 
of  each pair corresponds to the lower efficiency 
of  the formation of  the CCS at the frequency 
of  the main resonance, and the second, higher – 
to greater efficiency at the parametric resonance 
frequency.

3.2. features of ccs formation at limited 
increase or decrease of the width of a 
parabolic potential well

Let’s find solution of  equations (18)-(19) with a 
limited (in the range from L0 to Lmax ≡ L0(1 + g(+))) 
increase of  the width of  parabolic well
L(t) = L0(1 + g(+))/(1 + g(+)e-t/T),  (21a)

which corresponds to a decrease of  the frequency 
of  the oscillator

( ) ( ) / ( )
0( ) (1 ) / (1 )+ + − += + +t Tt g e gω ω  (21b)

from ( )
0(0) +=ω ω  to ( ) ( )

min 0( ) / (1 ).+ +→∞ ≡ = + gω ω ω

Here g(+) = Lmax/L0 – 1 and g(+) ≈ Lmax/L0 if  
Lmax >> L0.

The value of  T determines the characteristic 
deformation time (size increase) of  the well.

Fig. 6 shows the dependence of  the correlation 
coefficient on the time of  a monotonic increase 
of  the width of  the potential well in the interval 
Lmax/L0=11...104 for different characteristic 
durations 1 ( ) ( )

0 0(10 / )...(10 / )− + +=T ω ω  changes of  
this width. Such change of  the size of  the well 
Lmax/L0 corresponds to the change of  interval 

( ) 4
0 min/ 11...10+ =ω ω  of  oscillation frequency of  

the particle in the well.
From these results follows that if  the interval 

Lmax/L0 increases, the amplitude of  the correlation 
coefficient oscillations also increases greatly to 
the maximum possible value |r|max → 1. Narrow 
dips in the graph of  |r(t)| are a consequence of  
the rapid interference transitions between the 
values of  r(t) and –r(t) with time increase. With 
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Fig. 6. The time dependence of  the width of  the potential well (a) and the correlation coefficient (b) at the expansion of  the well in the 
range: g(+) = 10, Lmax/L0 = 11(b); g(+) = 100, Lmax/L0 ≈ 100 (c); g(+) = 104, Lmax/L0 ≈ 104(d). Graphs 1-8 correspond to the values 

Tω(+) = 0.1, 0.25, 0.5, 1.0, 1.33, 2, 5, 10.

 

    

 1-|r(t)| 1 

0                  5000              10000               15000         

  10-2 

  10-4 

  10-6 

                       
  
 8 
      
 7 
 
   6 
    5 
         4 
  1-3 

d) 

( )
0 tω +

 

   1-|r(t)| 

   0               200            400             600              800                          
ω0t 

1.0 

10-2 
 

10-3 
 

c) 

10-1 
 

( )
0 tω +

 

          8             
  
         7 
      
 
 
           6 
 
           5 
           4 
  1-3 

  1.0  

   0               20               40               60               80      

1  
       2-4     
   5  
   
    6 
                         
 
 
 
 
   
  
 

   0.8 

   0.6 

   0.4 

   0.2 

|r(t)| 

b) 

   1.0 

( )
0 tω +  

0 

2 

4 

6 

8 

10 

0                20              40               60               80      

L(t)/L0 

  1-5            
6 
        7 

                          
8 

a) 

( )
0 tω +  



31

RENSIT | 2017 | Vol. 9 | No. 1

the increase |r(t)|max → 1, the width of  these 
gaps tends to zero.

Another important factor of  |r(t)|max  
increase is the use of  the minimum deformation 
time T of  the well.

In particular, for a relatively small change 
of  the size of  the well (at Lmax/L0 = 11 and 

( )
0(0.1...1) / +=T ω , the maximum values of  the 

correlation coefficient |r|max and the correlation 
efficiency 2

max max1/ 1= −G r  do not exceed, 
respectively, |R|max ≈ 0.98 and Gmax ≈ 5. If  
this interval is increased to Lmax/L0 = 104 (this 
corresponds, for example, to an increase of  
the width of  the microcrack from the "seed" 
value L0 ≈ 5...10Å to Lmax ≈ 5...10 μm), we have 
1 – |r|max ≈ 2·10–7 and Gmax ≈ 1600.

The hypothetical case of  even greater change 
Lmax/L0 = 105 corresponds to a CCS with close 
to ideal characteristics 1 – |r|max ≈ 10–9 and 
Gmax ≈ 20000!

We can emphasize another feature of  
the process of  formation of  the CCS. The 
maximum current correlation coefficient 
|r(t)|max is provided through a time interval 
much greater than the value of  T, which 
determines the duration of  a significant change 
in the width of  the well. It follows directly from 
the analysis of  the data presented in Fig. 5. In 
particular, the first maxima of  |r(t)| and G(t) 
correspond to time of  CCS formation and are 
equal to ( ) ( ) ( )

0 0 0750 / , 7500 / ,75000 /+ + +≈ct ω ω ω  
for Lmax/L0 = 103, 104, 105, respectively. For the 
appearance of  the following maxima of  |r(t)|max 
and Gmax(t) more time is required.

These values of  tc essentially exceed the 
time of  a significant change of  the width 
of  the well T = (0.1/ω0

(+))...(10/ω0
(+)). The 

situation corresponds to the condition T << tc, 
at which rapid deformation of  the well occurs 
first, and then a slow process of  formation of  
the CCS takes place. Obviously, the process of  
deformation of  a well with T → 0, which is close 
to its instantaneous expansion in the interval 
from L0 to Lmax is close to the ideal case.

Examined above scenario of  LENR 
optimization at expanding of  the potential well 
agrees with experiments in metalhydrides (in 
particular, with A.Rossi's experiments), when 
the formation of  unsteady (rapidly growing) 
microcracks in the volume of  metal, in which 
hydrogen ions are localized, occurs in the process 
of  hydrogenation. In addition, such scenario can 
"work" in natural dynamic systems such as cell 
division, when, for example, atoms or ions of  
hydrogen are in the space between separating cells.

b) An alternative mode of  CCS formation 
due to the influence on the parameters of  the 
potential well, in which the particle is located, 
is the reduction of  its width. Let us find the 
solution of  the system of  equations (18)-(19) 
with a limited decrease in the width of  the 
potential well
L(t) = L0(1 + g(-)e-t/T)/(1+ g(-))  (22a)
from L0 to Lmin ≡ L0/(1 + g(–)), which corresponds 
to an increase in the frequency of  the oscillator

( ) ( ) ( ) /
0( ) (1 ) / (1 )− − − −= + + t Tt g g eω ω  (22b)

from ( )
0(0) −=ω ω  to ( ) ( )

max 0 (1 ).− −≡ + gω ω
Here g(-) = (L0/Lmin – 1) and g(–) ≈ L0/Lmin if  

L0 >> Lmin.
The results of  calculation of  the coefficient g(–) = 

10, 102, 103 for three values, which correspond to 
similar decreases of the size of the parabolic well, and, 
accordingly, an increase of  the oscillation frequency 
within this well, as well as different values of  the 
characteristic duration T of  the well compression, 
are shown in Fig. 7. It follows from these results that 
the maximum value of  the correlation coefficient, 
as in the case of  expanding well, increases with the 
increase of  the compression interval Lmax/L0 and 
decrease of  the compression time T.

E.g. at a relatively small compression of  
the well in the interval L0/Lmin = 11 and at 

( ) ( )
0 0(0.001/ )...(0.01) / )− −=T ω ω  the maximal 

values of  the correlation coefficient and 
the correlation efficiency coefficient  don’t 
exceed, respectively, |r|max ≈ 0.98 and 

2
max max1/ 1 5.= − ≈G r  With an increase of  

the compression interval to L0/Lmin = 103, for 
example, by the reducing of  the width of  the 
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microcrack in the matrix from 1 μm to 10Å, 
we have 1 – |r|max ≈ 10-5 and Gmax ≈ 220 at 
T = 0.001/ω0

(-) and 1 – |r|max ≈ 10-4, Gmax ≈ 70 
at T = 0.005/ω0

(–).
It should be noted that if  the potential well is 

compressed in this interval, the initial frequency 
ω0 ≡ ω0

(–) (before the compression of  the well) 
is in L0/Lmin = 103 times smaller than the initial 
frequency ω0 ≡ ω0

(+) (before the expansion) at a 
similar expansion of  the well in the same interval 
from 10Å to 1 μm. This circumstance must be 
taken into account when comparing graphs r(t), 
which determine the time dependence of  the 
process of  formation of  CCS with the increase 
and decrease of  potential well sizes.

At an even larger value of  the compression 
interval Lmax/L0 and with the corresponding 
shortening of  the compression process duration T, 
the values of  |r|max and Gmax increase as effectively 
as in the case of  an expansion of  the well.

It should be noted that considered mechanism 
of  CCS formation is realized when microcracks 
are "healed" in a number of  materials and during 
the growth of  biological cultures (in particular, 

during the division of  DNA, on membrane 
surfaces, etc.).

3.3. formation of ccs at pulse modulation 
of potential well parameters

Another alternative method of  CCS excitation is 
connected with a pulsed change of  the frequency 
of  an equivalent harmonic oscillator – rapid 
deviation (usually an increase) of  the frequency 
from a stationary value, followed by rapid return to 
this value. In particular, papers [11, 13] consider the 
features of  CCS formation for different structures, 
durations and amplitudes of  such change. Fig. 8 
shows the dependence of  the maximum |r(t)|max 
and the time-averaged <|r(t)|> correlation 
coefficient calculated on the basis of  relations of  
the type (18)-(19) on the pulse time width τ of  the 
frequency modulation pulse
ω = ω0(1 + f(t)), 2 2

0( ) /2
0( ) ,− −= 

t tf t ge tτ τ  (23)
at different amplitudes of  this pulse.

Direct numerical calculation on the basis 
of  equations (18)-(19) has shown that the 
action of  such Gaussian pulse f(t) leads to the 
rapid formation of  a CCS with the maximum 
values of  the correlation coefficient |r(t)|max, 
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Fig. 7. The change in the width of  the compressing potential well (a) and the correlation coefficient for: g(-) = 10, L0/Lmin = 11(b); g(-) ≈ 
L0/Lmin = 102(c); g(-) ≈ L0/Lmin ≈ 103(d). Graphs 1-6 correspond to the values Tω(-) = 0.001, 0.005, 0.01, 0.05, 0.1, 0.25.
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which correspond to a very large coefficient 
of  correlation efficiency G, which provides 
great transparency of  the potential barrier. In 
particular, at increases of  the dimensionless 
pulse amplitude (increase of  the frequency 
from the initial value) from g = 10 to g = 50, the 
value of  G increases from G ≈ 14 to G ≈ 1300. 
According to the estimates made above, it 
provides an increase of  the probability of  the 
tunnel effect in the interaction of  particles at 
low energy from Dr=0 ≈ 10-500 in the absence of  
such action to Dr=0.9975 ≈ 10-35 at g = 10 and to 
Dr=0.9999997 = 0.3 at g = 50.

The mechanism of  the formation of  a CCS 
under a pulsed action on a particle [11, 13] 
can be realized, for example, as by the shock 
deformation of  the lattice under the action of  
shock waves, as under the action of  a pulsed 
magnetic field on free charged particles

A typical example of  such external action 
is an electric discharge in a gas or liquid. The 
current J(t) of  the discharge is accompanied by 
the formation of  a pulsed azimuthal magnetic 
field ( , )H r t  in which the motion of  the ions 
corresponds to tunable cyclotron resonance, 
and the system itself  is a complete (formal) 
analog of  the nonstationary harmonic oscillator 
with the same Hamilton operator with the same 
wave functions and energy spectrum. Used 
above formalism for the formation of  a CCS 
in a nonstationary harmonic oscillator can be 
fully applied to such system, taking into account 
the obvious change of  the initial frequency 
ω(t) = |q|H(t)/Mc.

The results obtained above can be directly 
used for this case, if  we assume that
ω(t) = ω0(1 + f(t)), ω0 = |q|H0/Mc, H(t) = H0(1 + f(t)), 
Hmax = H0(1 + g)).      (24)

Under the action of  the pulsed magnetic 
field, a peculiar "deformation" of  this equivalent 
oscillator and a very effective formation of  the 
CCS take place. Such scenario explains well [13], 
for example, the generation of  neutrons and 
other isotopes in air during lightning on the base 
of  reactions
d +d = T + p, d + d = 4He,
12C + n = 34He + n',d + d = 4He,
13C + p = 14N, 12C + d = 14N, 15N + p = 16O,
14N + d = 16O, 18O + p = 19F,      (25)
and also the well-known experiments of  R. Mills 
(J. Mols, J. Lotoski, Y. Lu. Brilliant Light Power 
[18]) on stimulation of  large energy release in an 
electric discharge in a gaseous medium.

3.4. the influence of dampinG and 
random force on formation of coherent 
correlated state of particles in parabolic 
well

The presence of  fluctuations and damping can 
have a significant effect on the process of  CCS 
formation. The most reasonable method for 
taking into account the attenuation of  a quantum 
oscillator is the introduction of  a thermostat 
and the use of  a density matrix apparatus, 
which necessitates the use of  a large number 
of  longitudinal Tij and transverse τij relaxation 
times. These values are most often found 
semiempirically. This method greatly complicates 
the solution and makes it much less clear if  you 
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Fig. 8. Dependence of  the maximum value |r(t)|max  of  the correlation coefficient versus duration  of  the frequency modulation pulse (18) 
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stay within the framework of  a model close to 
the classical harmonic oscillator. On the other 
hand, it is well known that in a classical harmonic 
oscillator damping can be taken into account by 
introducing a phenomenological braking force 

2 /= −




dF dq dtγ  with a single phenomenological 
coefficient γ.

An acceptable alternative to the density matrix 
method is the simulation of  a phenomenological 
nonstationary quantum-mechanical Hamiltonian, 
from which an equation of  motion can be obtained, 
in the form corresponding to a classical oscillator 
with damping. This condition corresponds to the 
Caldirola-Kanai Hamiltonian, which takes into 
account the effect of  the external force 



dF  and 
the phenomenological braking force on a particle 
in the parabolic potential, and has the form

2 2 2
2 2 2( )( , ) ( ) .

2 2
−= + −

 



 t t txp M t xH x t e e F t xe
M

γ γ γω
 (26)

In this relation, the canonical (generalized) 
momentum x

p  is connected with the "physical" 
momentum p(k)x = Mdx/dt by the relation

2
( ) .= t

x k xp e pγ

This Hamiltonian is Hermitian, its eigenvalues 
are real, and the eigenfunctions are bounded and 
normalized. The use ( )



H t  of  the form (26) does 
not violate the canons of  quantum mechanics. 
The validity of  the use of  such Hamiltonian 
for the analysis of  systems with dissipation at a 
variable frequency was discussed in many papers 
(in particular, in [1, 2, 9-11]).

Based on the Hamiltonian (26) and taking 
into account the general rule for constructing 
the equation of  motion for an arbitrary operator

1 [ ( )]∂
= +
∂

 

 



dL L LH t
dt t i  (27)

we can obtain the equation of  motion for the 
coordinate operator x

2

2 2

1 1[ ( )] [[ ( )] ( )] 0,∂
− + =

∂



  

 

 

d x xH t xH t H t
dt i t  (28)

which leads to the dimensionless equation of a classical 
harmonic oscillator with damping, an arbitrary external 
force, and the necessary initial conditions

2
2

2

0

2 ( ) ( ),

(0) 1, , (0) 1.

+ + =

= = =

d d t f t
dt dt

d i
dt

ε εγ ω ε

εε ω  (29)

This equation is an obvious generalization of  
equation (15).

In equation (29) and in the following relations,   
3
0( ) ( ) /= f t F t Mω is a dimensionless external 

(including stochastic) force; γ is the dimensionless 
attenuation coefficient normalized to ω0.

To solve a specific problem of  the CCS 
formation process at the presence of  damping, 
variable frequency, and stochastic effects, we used 
more simple method of  equation (29) analysis, 
which is connected with its transformation into 
equations for the corresponding reciprocal and 
mixed moments of  quantities q  and 

qp  (in 
dimensionless form ε and dε/dt), appearing in 
(29), and taking into account the correlation 
characteristics of  the function f(t). A similar 
method can also be used at the presence of  a 
random perturbation of  the variable oscillator 
frequency ω(t).

Let us consider the evolution of  a 
nonstationary oscillator with damping under the 
action of  a random stationary delta-correlated 
force f(t) with characteristics

1 2 1 2( ) 0, ( ) ( ) 2 ( )< > = < > = −f ff t f t f t S t tδ  (30)
corresponding to averaging over the realization 
of  a random force with the intensity S.

An explicit form of  the dependence S on the 
parameters of  a low-pressure plasma or gas was 
obtained in [9-11]

/2

/2

*
2

2
0

1 1 ( ) ( )
2

( ) | | .
2

∞ ∆

−∞ −∆

= + ≈
∆

≈ ∆

∫ ∫



t

t f

ff

S d f t f t dt
t

M n v v

τ τ

σ
ω  (31)

Here 1/Δt = σn|ν|/ω0 is the dimensionless 
collision frequency of  atoms in the medium (in 
this case – in a gas with a particle concentration n), 
σ ≈ 3·10–16 cm2 is the total cross section for 
elastic scattering of  atoms at low energy, 
M* = M/(1 + M/Ma) is the reduced mass at 
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the collision of  the particle with another particle 
of  the medium, and Δν is the change of  particle 
velocity in an elastic collision.

After introduction of  the functions
* *

00 01

* *
*

10 01 11

, ,

, ,

= =

= = =

d
dt

d d d
dt dt dt

εµ ε ε µ ε

ε ε εµ ε µ µ  (32)

which includes a combination of  dimensionless 
coordinates and particle pulses, it is possible 
to obtain a system of  equations for the mixed 
mii  = <μii> and mutual mi≠j = <μi≠j> moments 
of  the quantities ε and dε/dt corresponding to 
the dimensionless coordinate and momentum 
of  the particle. After additional averaging of  all 
components of  these equations by the realization 
of  the random force f(t), we can obtain the resulting 
system of  equations for the moments mij = <μij>f

*00
01 01,= +

dm m m
dt  (33a)

201
11 01 002 ( ) ,= − −

dm m m t m
dt

γ ω  (33b)

{ }2 *11
11 01 014 ( ) 2 .= − − + +

dm m t m m S
dt

γ ω  (33c)

The solutions of  this system satisfy the initial 
conditions for the moments

*
00 01 01 11(0) 1, (0) , (0) , (0) 1,= = = − =m m i m i m  (34)

directly following from the initial conditions for ε 
and dε/dt.

The solution of  the system of  equations (33) 
and the corresponding correlation coefficient

*
01 10 01 01

00 11 00 11

( ) ,
2 2

+ +
= ≡

m m m mr t
m m m m  (35)

can be found for a given law of  variation 
of  the oscillator frequency ω(t). Using this 
coefficient and the wave function of  the 
CCS, it is possible to calculate the fluctuation 
parameters of  a quantum oscillator, and, using 
an approximate relation 21

0 0( ) −
≠ =≈ r

r rD D , 
estimate the change in the transparency of  the 
potential barrier.

Such analysis was carried out in [9-11], 
where it was shown that the presence of  such 
fluctuations (for example, due to the collision 
of  an ion located in the field of  a variable 
harmonic oscillator with extraneous atoms) can 
significantly complicate the process of  CCS 
formation and reduce the maximum value of  the 
correlation coefficient.

Fig. 9 presents one of  the many results 
of  the analysis of  the action of  random force 
and dephasing fluctuations on the process 
of  CCS formation with periodic modulation 
of  parabolic potential well (at the frequency 
ω(t) = ω0(1 + gcosΩt) change) on the parametric 
resonance frequency Ω = 2ω0 at the absence and 
presence of  random force.

It can be seen that the presence of  a random 
fluctuating force slows down the increase of  the 
correlation coefficient, and in some cases restricts 
it to a fixed level. These questions are discussed 
in details in [5, 9, 11].

Fig. 9. The dependence of  the current Dr (oscillating function) and the averaged <Dr> (monotonic function) of  the tunnel effect 
probabilities versus duration of  periodic frequency modulation in the case of: a) the absence of  random force and the presence of  attenuation 
with parameters 2γ = g = 0.1; b) the presence of  a random force with intensity S = 0.05 and damping 2γ = g/2 = 0.05. The initial 

values Dr=0 and < Dr=0 > correspond to the value Dr=0 = < Dr=0 > = 10-80.
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4. CONCLUSION
Examined above problem of  LENR 
implementation based on the use of  coherent 
correlated states allows us to explain, justify and 
numerically consider all known LENR paradoxes 
without applying new radical hypotheses, basing only 
on the powerful foundations of  modern quantum 
theory and nuclear physics.

It is important to note that a variety of  LENR 
effects for light, medium and heavy isotopes, 
observed in completely different media and 
systems (crystals, amorphous bodies, liquids, gases, 
various living systems, etc.) under different causes 
(hydrogenation of  metals during electrolysis and 
thermal exposure, glow discharge, shock waves, 
electric discharge, natural metabolic processes 
with concomitant biological phenomena, etc.) 
are described by a single universal mechanism! 
Previously, different authors believed that each of  
the group of  effects is characterized by its unique 
mechanism, not applicable to another group.

Another undoubtedly positive aspect of  the 
method of  coherent correlated states in application to 
LENR processes is the ability to predict the expected 
effects, as well as the possibility of  preliminary 
assessment of  the potential suitability and efficiency 
of  new designed or newly used devices, systems and 
objects.
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1. INTRODUCTION
Beginning with the work of  Fleischmann, Pons 
and Hawkins [1] on observation of  excessive heat 
generation during the electrolysis of  D2O heavy 
water with a Pd cathode, when the generation of  
neutrons and tritium was recorded, it became clear 
that the problem of  establishing the mechanism 
of  the occurring nuclear transformations could 
become a key to solving the complex of  problems 
that arose in connection with the phenomenon of  
low-energy nuclear reactions (LENR). One of  the 
first attempts to solve this problem was associated 
with the possibility of  the existence of  a stable 
dineutron with a binding energy εdn less than 
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3.01 eV (for the deuteron not to be radioactive) 
[2]. In the experiment [1], the arising a dineutron 
as a result of  the interaction of  an activated 
electron with a deuteron under conditions of  
electrolysis of  heavy water could be considered as 
the first stage preceding the reaction of  formation 
of  tritium during the interaction of  the dineutron 
with the deuteron. However, there remained 
questions. It was unclear whether it is possible to 
actually activate the electrons in the conditions of  
electrolysis of  heavy water on a palladium cathode 
to the necessary (what exactly?) energies, and 
whether there really is a dineutron. The possibility 
of  the 2n nucleus existence was discussed back 
in the early 1960s when studying the T(d, 2n)3He 
process using the 27Al(2n, γ)29Al reaction for the 
detection of  2n particles [3]. However, in [4], which 
appeared shortly after the publication of  [3], the 
results of  a similar experiment were reported and 
it was reported that the yield of  29Al, confirming 
the reality of  the existence of  2n nucleus, was 
observed only at the background level.

Moreover, it was known, based on general 
considerations, that the 2n nucleus can not exist 
in principle. Since there is a bound state in the 
neutron-proton system with a binding energy 
εD = 2.22 MeV and spin S = 1, and also there is 
a virtual level with energy 70 keV and spin S = 0, 
for the system of  two neutrons only the existence 
of  a virtual state with spin S = 0 due to the charge 
independence of  the nuclear forces (isotopic 
invariance), is possible [5]. But in this state there 
should be a weak repulsion, and the state with 
S = 1 can not exist due to the Pauli principle. 
Nevertheless, in this review [5], based on an 
analysis of  the experimental data available at that 
time (1965), an upper estimate of  the cross section 
for the formation of  a nuclear stable dineutron, 
s < 0.001-0.01 mb, was still given, although this 
estimate practically excluded the possibility of  
manifestation of  2n in any experiments. This 
estimate was confirmed by the result of  a much 
later experiment [6], in which for the cross section 
of  occurring a stable dineutron in the interaction 
of  cold neutrons with deuterons in the reaction 
n + d → 2n + p, we obtained: σ ≤ 1 mcb.

With time, it became clear that in order to 
understand the results of  [1], as well as many 
later works on initiating low-energy nuclear 
reactions (LENR) and accelerating radioactive α 
and β decays, including under low-temperature 
plasma conditions [7-9], and when laser ablation 
of  metals in aqueous media [10-13], the idea 
of  a stable dineutron should be abandoned, 
and it is necessary to involve other hypotheses. 
At the same time, the results of  [14] in which 
the spectrum of  the "lost mass" in the process 
6Li(π–, p)5H (see Fig. 1) with the kinetic energy 
of  π–-mesons equal to 125 MeV was investigated, 
continue to cause surprise. It follows from Fig. 1, 
a fixed maximum in the region of  the lost mass 
from zero to –5 MeV/c2 could well correspond to 
a hypothetical dineutron with a binding energy of  
εdn ≈ 3MeV. However, in this case, the probability 
of  the occurring a dineutron in the reaction 
involving a π–-meson would have an order of  

SERGE F. TIMASHEV

Fig. 1. The missing-mass spectra for the reaction 6Li(π–, p)5H 
[14]. The constant line at the bottom corresponds to the background. 
The phase-space distributions shown are as follows: (a) curve 1, fit 
for 5H → 3H + n + n; (b) best-fit curve as sum of  curve 1 for   5H 

→ 3H + n + n and curve 2 for 5H → 3H + 2n. 
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magnitude higher than the values indicated above, 
for unknown reasons.

In subsequent years, in order to understand 
the results of  many papers in which low-energy 
nuclear transformations and low-temperature 
plasma accelerated decays of  radioactive nuclei 
were investigated, attempts were repeatedly made 
to introduce neutral particles with a baryon number 
of  two (or one) that were the weakly coupled or 
resonant state of  the deuteron (or proton) with 
an electron or a neutron with a neutrino. Such 
particles could participate in low-energy nuclear 
reactions, since for such a type of  particles 
there would be no problem of  overcoming the 
"Coulomb barrier" in nuclear interactions. We 
do not consider such possibilities here, since in 
accordance with the concepts of  nuclear physics, 
electron and neutrino localization on nuclear 
scales ~ 10-13 cm would have an abnormally high, 
physically incredible uncertainty in the pulses 
[15].

In this paper, it is shown that the problems of  
establishing the possible mechanisms of  LENR 
processes discussed above can be understood 
on the basis of  the concepts of  the interrelation 
between the electronic and nuclear subsystems 
of  an atom [16-20], which determines the 
possibility of  initiating the entire variety of  
nuclear transformations, including those studied 
in mentioned works [7-13], as well as realized in 
the Andrea Rossi E-CAT reactor [21, 22].

2. ELECTRONIC FACTOR IN 
INITIATING NUCLEAR PROCESSES
According to the phenomenological understanding 
[17-20], the dynamic interrelation between the 
electron and nuclear subsystems of  atom, realized 
through the electromagnetic component of  the 
physical vacuum, the EM vacuum, is the key factor 
in initiating low-energy nuclear reactions [7-13] 
and the processes of  radioactive decay of  nuclei 
[13, 17, 18]. A reflection of  this interrelation is, 
in particular, the experimentally established facts 
showing that the possibility of  radioactive decay 
of  nuclei is determined by the positive difference 
between the mass of  the initial nucleus together 
with the mass of  the electron subsystem of  the 

atom (i.e., the mass of  the whole atom, not the 
nucleus) and the total mass of  the decay products 
[23, 24]. Usually, when considering the mechanisms 
of  these low-energy nuclear processes and the 
decay of  atomic nucleus A

Z N  (Z and A are the 
atomic number and mass number of  the nucleus  
N, respectively), nuclear matter is represented in 
the form of  interacting nucleons. For example, 
in the K-capture, when the electron of  the inner 
shells of  the atom interacts with the surface of  
the nucleus and a new daughter nucleus is formed, 
the nucleon structure of  nuclear matter does not 
change. At the initial, irreversible stage of  this 
process, the electron emits a neutrino ν when 
interacting with the nucleus surface. The formed 
virtual vector W–-boson, which is introduced into 
the nuclear matter, is transformed into a d-quark 
when interacting with the u-quark of  one of  the 
protons, as a result of  which this proton turns 
into a neutron, and the nucleus A

Z -1 M  is formed. 
However, the situation can drastically change 
when the K-capture is energetically forbidden 
(it is such cases that are considered below), but 
the electron has a sufficiently large (by chemical 
standards) kinetic energy Ee ~ 3-5 eV, as it can 
be realized in low-temperature plasma. Under 
these conditions, when the process of  ionization 
of  electron shells by such electrons is not yet 
realized, then, during scattering of  electrons with 
the indicated kinetic energy and the corresponding 
de Broglie wavelength λ ≈ 0.5 nm, the oscillation 
dynamics of  the electron subsystems of  atoms and 
ions is initiated on atoms and ions and, thus, the 
probability of  interaction between the electrons 
of  the inner subshells of  atoms and ions and the 
corresponding nuclei increases.

At the first, irreversible stage of  such 
interaction, a neutrino ν is emitted and a vector 
W–-boson is introduced into the nuclear matter of  
the original nucleus A

Z N  according to the relation:
ν→ isu

A - A
Z he Z-1N + e M + .  (1)

 As a consequence, the nucleon structure of  the 
formed nuclei A

Z-1 isuM , whose charge is less than 
the charge of  the initial nucleus by one elementary 
charge, turns out to be locally disrupted. Indeed, 
the vector W–-boson, when interacting with the 
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u-quark of  one of  the protons of  the A
Z N  nucleus, 

can only yield the formation of  a virtual d-quark 
with a subsequent chain of  virtual transformations 
of  quarks involving vector W-bosons, but a 
neutron cannot be formed due to the deficit of  the 
total mass of  such a nucleus. The emerging state 
of  local anomaly of  nuclear matter with a broken 
nucleon structure is characterized as a metastable 
state of  “inner shake-up” or isu-state. The latter is 
indicated by the subscript in the notation of  the 
nucleus in the right-hand side of  the relation (1). 
The lower index in the notation for the electron 
in the left-hand side of  (1) indicates the activated 
nature of  this stage of  the process. The initiated 
chain of  virtual transformations of  quarks with 
the participation of  the vector W-bosons should 
be interrupted in the irreversible decay of  the 
virtual W–-boson with the formation of  the initial 
nucleus, an electron, and an antineutrino ν :

ν−→ 

A A
Z-1 isu ZM N + e + ,  (2)

so that the gross process can be represented in the 
form of  inelastic scattering of  an electron on the 
initial nucleus:

ν ν→ 

A - A -
Z he ZN + e N + e + + .  (3)

The nuclei with the state of  nuclear matter in 
the metastable isu-state of  the "internal shake" 
will be called the "β-nuclei". The threshold energy 
of  such a process with the production of  a νν  
pair, determined by the rest masses of  neutrino-
antineutrinos, is about 0.3 eV [25].

As is known, the nucleus is a system of  
nucleons connected in a single whole by means 
of  exchange interactions by exchanging quarks via 
pions. Therefore, the formation in the nucleus of  
three quarks unconnected into a nucleon, which 
can then be regarded as "markers" of  new degrees 
of  freedom, in fact, means that the intensity 
of  nuclear forces is insufficient to provide the 
traditional, proton-neutron organization of  
nuclear matter in the system under consideration. 
The subsequent relaxation dynamics of  the locally 
appeared isu-state, which can be transmitted to 
other nucleons of  the nucleus by means of  pions, 
is initiated only by weak nuclear interactions, 
which are realized through quarks during creation 
and absorption of  the gauge vector neutral 

Z0- and the charged W±-bosons. In the case under 
consideration, such a relaxation terminates with 
the decay of  the virtual vector W–-boson with 
the formation of  the initial nucleus during the 
emission of  an electron and antineutrino. The 
lifetime of  the formed β-nuclei in the metastable 
isu-state can be rather considerable, from tens of  
minutes to several years, and the nuclei in this 
state can directly participate in a variety of  nuclear 
processes [17, 18].

It must also be taken into account here that 
the relaxation reorganization of  nuclear matter 
in the process of  formation of  products of  such 
nuclear transformations is carried out, first of  all, 
by the formation of  a purely nucleon structure 
of  the nucleus, in accordance with the principle 
of  least action. While in the nuclei with the 
proton-neutron, nucleon structure, the relaxation 
processes of  de-excitation can go through the 
excited states of  the nucleus and include the stages 
of  emission of  γ-quanta, in the β-nuclei such 
relaxation is practically impossible. Therefore, if  
the atomic nuclei with a partial "non-nucleon" 
state of  nuclear matter participate in the processes, 
then the mechanism of  relaxation of  the formed 
products is inevitably associated with energy loss 
by the emission of  neutrino-antineutrino pairs, or 
the URCA process [26], and not by the emission 
of  γ-quanta by excited nuclei, as is the case during 
the relaxation of  nuclear products having the 
proton-neutron organization of  nuclear matter. It 
is for this reason that the corresponding nuclear 
processes are safe for the environment.

Of  special interest are the cases when the 
formation of  isu-states in nuclear matter is 
initiated in the initially radioactive nuclei, since 
the relaxation process with the decay of  the 
vector W–-boson can initiate a general radioactive 
decay of  the nucleus in the isu-state with the 
creation of  the daughter products of  the decay 
of  the initial radioactive nucleus. According to 
[18, 27], the violation of  the general stability of  
nuclear matter in the metastable isu-state occurs 
as a result of  a change in the boundary conditions 
for the components of  the electric field intensity 
vector of  the EM vacuum on the surface of  the 
nucleus in whose volume such a violation of  the 
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nucleon structure has occurred. An indicator 
of  the instability of  the A

Z-1 isuM  nucleus arising 
during process (1) is the absolute value of  the 
structural energy deficit ΔQ (ΔQ < 0) of  this 
nucleus in the metastable isu-state, defined as 
∆ A A

Z Z-1

2
N M

Q = (m - m )c .  In this case, the mass of  the  
1

A
Z isuM− nucleus is taken to be A A

Z-1 isu Z
eM N

m = m + m , , 
where A

Z N
m  is the mass of  the A

Z N  nucleus and me 
is the rest mass of  the electron.

For example, during the laser ablation of  
metal samples in the aqueous solution of  uranyl, 
when low-temperature plasma forms in the vapor 
medium adjacent to the metal surface, the initiating 
interaction of  plasma electrons with the 238U nuclei 
leads to the formation of  the "β-protoactinium" 
nuclei and subsequent β-decay of  the 238

91 isuPa  
nuclei with the formation of  thorium-234 and 
helium-4 nuclei as the products of  decay of  the 
initial uranium-238 nucleus:

238 - 238
92 he 91 isu

234 4 -
90 2

U + e Pa

Th + He e + + + Q(4.27 MeV).

→ + →

→ + 

ν

ν ν  (4)
In this case, the effective rate constant of  

such initiated decays of  238U nucleus, as shown in 
[17], increases by 9 orders of  magnitude, so that 
a kind of  "e–-catalysis" is realized. The deficit ΔQ 
of  the structural energy of  the formed nucleus 
of  β-protoactinium is ΔQ ≈ –3.46 MeV. An 
unexpected result was obtained while carrying out 
experiments with a beryllium sample. It turned out 
that the beryllium nanoparticles, formed in the 
solution after the completion of  the laser action 
for an hour, exhibited an anomalously high rate 
of  formation of  thorium-234 nuclei for more than 
500 days after completion of  laser ablation. The 
half-life period for the nuclei, initiated under laser 
ablation and producing thorium-234, was 2.5 years. 
This phenomenon could naturally be associated 
with the accumulation of  β-protoactinium nuclei 
in beryllium nanoparticles during laser ablation, 
which lasted only for an hour.

We also give examples [17, 20] of  β–-decay of  
60
27 Co , 137

55Cs  and 140
56 Ba  nuclei, initiated by the e–-

catalysis mechanism, the half-life T½ of  which is 
1925 days, 30.1 years and 12.8 days, respectively:

,
ν

ν ν

→ →

→ 

60 - 60
27 he 26 isu

60 -
28

Co+ e Fe +

N + 2e + + 2 + Q(2.82MeV)  (5)

ν

ν ν

→ →

→ 

137 - 137
55 he 54 isu

137 -
56

Cs + e Xe +

Ba + 2e + + 2 + Q(1.18 MeV),  (6)

ν

ν ν

→ →

→ 

140 - 140
56 he 55 isu

140 -
57

Ba + e Cs +

La + e + + 2 + Q(1.05 MeV).  (7)
In these cases, the deficit of  the structural energy 
ΔQ, which is lacked by 26

60
isuFe , 137

54 isuXe  and 140
55 isuCs  

nuclei in the "in-shake-up" state to form the basic 
state of  nuclear matter characteristic to 60 137

26 54,Fe Xe  
and 140

55Cs  nuclei, is –0.237 MeV, –4.17 MeV and 
–6.22 MeV, respectively. It can be expected that 
the initiating influence of  electrons on the β–-
decay of  nuclei in low-temperature plasma will 
be manifested to the greatest extent in the cases 
when the "mismatch" in the absolute magnitude 
of  the deficit ΔQ of  the structural energy for 
the forming nuclei in the isu-state is the greatest. 
Therefore, in the cases under consideration, the 
effect of  accelerating radioactive decay should 
have been manifested for 137

55Cs  and 140
56 Ba  nuclei, 

while for 60
27 Co  nuclei, it should have been 

minimal. The available experimental data [28] 
on the initiated decays of  137

55Cs , 140
56 Ba  and 60

27 Co  
agree with this conclusion: the half-life of  β–-
active cesium-137 and barium-140 nuclei, equal to 
30.1 years and 12.8 days, respectively, decreased 
to about 380 days and 2.7 days, while the half-
life of  cobalt-60, equal to 1925 days, remained 
practically unchanged. The Feynman diagrams 
corresponding to the β–-decay processes, as well 
as the positron β+-decays of  nuclei initiated by 
the е--catalysis mechanism, are shown in Fig. 1.

The unexpectedness of  the presented result 
about the possibility of  external influences on the 
dynamics of  the decay of  a radioactive nucleus 
is that this effect is associated with electrons that 
cannot interact with nucleons of  the nucleus 
as fragments of  nuclear matter, but can initiate 
(through the vector W–-bosons) local disturbances 
in the nucleon structure of  the nucleus. At the 
same time, as experience shows, the external 
excitation of  the radioactive nucleus as an integral 
system (in particular, under the influence of  
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γ-radiation) cannot affect the radioactive decay 
rate, and therefore, the discussed phenomenon 
of  initiating the instability of  the nucleus. In these 
cases, nuclear matter manifests itself  as an integral 
system of  interacting nucleons with their inherent 
individual characteristics.

The Feynman diagrams for the β–- and β+-
decays as well as for the α-decay, initiated by the 
e–-catalysis mechanism, are shown in Fig. 2 a-d. 
In the analysis of  the processes presented in 
Fig. 2, we must have in mind that weak nuclear 
interactions are not as weak as it is often assumed: 
the value of  the corresponding dimensionless 
constant αF is almost an order of  magnitude 
greater than the value αe of  the fine structure 
constant [15, 27]. Indeed, if  we take αs = 2  
as the dimensionless constant of  strong nuclear 
interaction [27], then taking into account the 
value of  the square of  the "elementary charge 
of  weak nuclear interaction" ≡2 2

F F Zq G a  [29], 
where aZ =  21/2ћ/mZc ≈ 3.3 10–16 cm is the 
characteristic radius associated with the mass 
of  the intermediate Z0 vector boson (mZ = 91.2 

GeV/c2 = 1.62·10–22 g), and GF = 1.17·10-5(ћc)3/
(GeV)2 is the Fermi constant of  the four-fermion 

interaction, we obtain for the quantity αF: α


2
F

F
q

=
c

 
≈ 4.9·10–2, so that αF/αs ≈ 3.45·10–2. Remind that 
αe = 1/137 ≈ 0.73·10–2, so that αe/αs ≈ 5.2·10–3 
and αF/αe = 6.7. Unfortunately, very often in the 
literature, in the estimation of  the dimensionless 
constant of  weak nuclear interaction, the proton 
mass is used as the normalization mass which is 
almost 100 times smaller than the mass of  the Z0 
vector boson. For this reason, the value of  the 
constant αF is underestimated by almost 4 orders 
of  magnitude. The real value of  this constant, in 
accordance with the above estimates, is only 35 
times, not 5 orders of  magnitude less than the 
dimensionless constant of  the strong nuclear 
interaction.

In conclusion of  this section, let us pay 
attention to some unexpectedness of  the 
presented result about the possibility of  external 
influences of  electrons on the dynamics of  the 
decay of  a radioactive nucleus. It turns out that 
although the electrons can not interact with 
the nucleons of  the nucleus as fragments of  
nuclear matter, they can initiate (through vector 
W–-bosons) local disturbances in the nucleon 
structure of  the nucleus At the same time, as 
experience shows, the external excitation of  the 
radioactive nucleus as an integral system (under 
the influence of  γ-radiation, in particular) can not 
affect the rate of  radioactive decay, and therefore, 
of  the discussed phenomenon of  initiating of  the 
metastable state of  the nucleus. In these cases, 
nuclear matter manifests itself  as an integral 
system of  interacting nucleons with inherent 
individual characteristics.

3. POSSIBLE MECHANISMS OF 
NUCLEAR-CHEMICAL REACTIONS
The simplest β-nuclei are the β-neutron and 
β-dineutron, which can be formed by the 
interaction of  high-energy electrons with protons 
or deuterons, for example, by laser ablation of  
metals in ordinary or heavy water, and also under 
conditions of  protius-containing or deuteron-
containing glow discharge plasma, respectively, 
according to

NUCLEAR PHYSICSSERGE F. TIMASHEV

Fig. 2. Feynman diagrams for the initiating β–-decay (a), β+-decay 
(b) and the α-decay (c, d).
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ν→+ - 1
he isup + e n + ,  (8)

.ν→+ - 2
he isud + e n +  (9)

If  the half-lives T1/2 of  such β-nuclei are 
sufficiently long, the neutral nuclei 1nisu and 2nisu, 
respectively, with baryon numbers equal to one and 
two, zero lepton charges and rest masses equal to 
the masses of  the hydrogen atom and deuterium, 
can effectively participate in a variety of  nuclear 
processes [13, 17-20].

It was shown earlier that the half-life T1/2 of  
the β-dineutron:

ν→ 

2 + -
isun d + e +  (10)

with the formation of  a deuteron, an electron, and 
an antineutrino, turns out to be sufficiently long, 
at least tens of  minutes. This conclusion is based 
on an analysis of  the experimental data on the 
synthesis of  tritium nuclei t+ upon the laser ablation 
of  metals in heavy water [13]. It was assumed that 
the latter process occurs upon interaction between 
tritium nucleus t+ and a 2nisu nucleus:
d+ + 2nisu → t+ + n + Q(3.25 MeV),     (11)
where n is a neutron. At the same time, another 
process can take place alongside (12):

ν→  3.27+ 2 3 -
isu 2d + n He + n+ e + + Q( MeV),  (12)

as a result of  weak nuclear interaction.
In [13], the possibility of  formation of  a 

hypothetical β-trineutron 3nisu under the interaction 
of  electrons with tritium nuclei t+ was also 
postulated:

ν→+ - 3
he isut + e n + .  (13)

The rest mass of  the introduced 3nisu neutral 
nucleus was assumed to be equal to the rest mass 
of  the tritium atom. It is through the formation 
of  the nucleus 3nisu that the process of  initiation 
of  decay of  tritium nuclei under conditions of  
laser ablation of  metals in aqueous media found 
in [13], along with the process of  synthesis of  
tritium nuclei, can occur:

ν

ν ν

→ →

→  (0.019 ).

+ - 3
he isu

3 -
2

t + e n +

He + 2e + + 2 + Q MeV  (14)
It should be noted here that according to [13], half-
life T1/2 of  the decay of  the 3nisu nucleus during  
e–-catalysis turns out to be of  the same order 
of  magnitude as the half-life of  the 2nisu nucleus, 

which is many orders of  magnitude shorter than 
that of  the tritium nucleus ( T1/2 = 12.3 years).

As was shown in [18], the introduction of  
representations of  sufficiently long-lived β-nuclei 
formed in a glow discharge in a deuterium-
containing gaseous medium made it possible 
to understand the totality of  the data [8, 9] for 
initiating the radioactive decay of  W nuclei in the 
near-surface layers of  a tungsten cathode (foil). 
Here it should be pointed out that although 5 
isotopes of  tungsten ( 180 182 183 184

74 74 74 74, , ,W W W W  and 
186

74W ) are potentially α-radioactive nuclei:
→A A-4 4

74 72 2 AW Hf + He + Q ,  (15)
they are usually considered as stable isotopes 
because of  the anomalously large period of  their 
half-life, T1/2 = 1017-1019 years, which is many orders 
of  magnitude greater than the existence time of  
Universe. The heat release value QA upon the 
radioactive α-decay of  tungsten nuclei with mass 
numbers A, equal to 180, 182, 183, 184 and 186, 
is 2.52, 1.77, 1.68, 1.66 and 1.12 MeV, respectively. 
Based entirely on energy consideration, it was 
possible to anticipate α-decays with the formation 
of  several α particles for the indicated stable 
isotopes of  tungsten, including decay with the 
formation of  nine α particles for the tungsten-180 
isotope.

Within the framework of  the developed 
ideas on the formation of  nuclei in an unstable 
isu state, three mechanisms can be distinguished 
for initiating nuclear transformations, including 
radioactive decays of  nuclei.

3.1. mechanism of nuclear fusion

The fairly long-lived neutral particles (Anisu, A = 
1, 2, 3) formed in the low-temperature plasma 
can diffuse along grain boundaries deep into a 
cathode and interact with the metal (tungsten) 
nuclei in its near-surface layers. Excited ∗A+2

74 W  
nuclei can thus appear at the initial stage upon 
interaction between 2nisu and A

74 W  isotopes and 
their fusion. In addition to the overall excitation 
energy (shows an asterisk) about of  10 MeV with 
respect to the main state of  these nuclei, the 
nuclear matter of  such nuclei may be partially 
(due to the fusion with 2nisu) in an unbalanced 
isu-state with loss of  stability in the nuclear bulk; 
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this leads to subsequent transformation with the 
emission of  α particles and daughter isotopes. 
It should also be emphasized here that, in 
contrast to the nuclear reactions that occur upon 
the collision of  reagents in the gaseous phase, 
the energy factor alone is sufficient for the 
considered nuclear transformations in the area 
of  grain boundaries of  a solid metal phase, due 
to the possible effects of  the medium (without 
spin and parity matching conditions for the 
colliding and final nuclei).

When studying the processes occurring under 
conditions of  a glow discharge in a deuterium-
containing gas medium, the formation of  
new elements in the near-surface layer of  a 
tungsten cathode after plasma treatment lasting 
4 to 7 hours [8, 9], the formation not only the 
stable isotopes of  erbium, ytterbium, lutetium 
and Hafnium, but also radioactive isotopes 
of  ytterbium and hafnium, was detected. If  
the appearance of  stable isotopes in this case 
could still be hypothetically associated with the 
diffusion of  impurity elements from the cathode 
volume to the cathode surface processed in the 
plasma, the formation of  radioactive isotopes 
unambiguously indicates the radioactive decay of  
tungsten isotopes. Since all the possible reactions 
of  the initiated decay of  different isotopes of  
tungsten are written out in [18], here we give for 
illustration a few examples:

ν

→

→ 

180 2
74 isu

169 9 4 -
70 4 2

W + n

Yb + Be + He + 2e + 2 + Q (10.09 MeV), (16)

ν

→

→ 

182 2
74 isu

171m 9 4 -
70 4 2

W + n

Yb + Be + He + 2e + 2 + Q (10.34 MeV), (17)

→182 2 180m 4
74 isu 72 2W + n Hf + He + Q (10.26 MeV), (18)

→184 2 178 4
74 isu 70 2W + n Yb + 2 He + Q (12.28 MeV). (19)

Under considering the processes (16)-(19), it 
was taken into account that in the mass spectra 
of  products, in addition to the major peaks with 
masses ranging from 169 to 180, the appearance 
and then the subsequent increase in the peak 
with mass 9 was recorded. We should also explain 
that the missing product with a basic mass of  
4 corresponding to helium nuclei in the mass 
spectra obtained in [8, 9] was due to the extremely 

low solubility of  helium in tungsten [30] and its 
high diffusion coefficient in the area of  the foil’s 
intergranular boundaries. It is obvious that in 
order for such processes to proceed, the lifetime 
of  the 2nisu must be long enough for the diffusive 
permeation of  these neutral nuclei into the near-
surface areas of  the foil along the grain boundaries. 
This agrees with the conclusion in [13] that the 
time must be no less than tens of  minutes when 
synthesizing tritium under conditions of  the laser 
ablation of  metals in heavy water.

Obviously, the β-dineutron plays the same role 
in the realization of  low-energy nuclear reactions, 
which previously was hypothetically assigned to a 
stable dineutron. And now the conclusions about 
the smallness of  the possible contribution of  the 
dineutron to the probability of  the process n + d → 
2n + p [5, 6] become clear, as well as the noticeable 
probability of  the formation of  the dineutron in 
the reaction 6Li(π–, p)5H initiated by the meson 
[14]. Indeed, in the interaction of  the π–-meson 
as a quark-antiquark pair with a nucleus, the quark 
structure of  nucleons should manifest itself, and 
the possibility of  forming a long-lived nucleus 2nisu 
opens up. Therefore, most likely, the maximum 
in the dependence shown in Fig. 1 in the region 
of  the "missing mass" is determined precisely 
by the formation of  a nucleus 2nisu whose mass 
is equal to the mass of  the deuterium atom. The 
"missing mass" Δ (in MeV units) in this case, in 
accordance with the maximum position in Fig. 1, 
is Δ = (mn – mp – me)c

2 – εd ≈ 3.01 MeV, where mn, 
mp and me are the masses of  the neutron, proton 
and electron, respectively, and εd is the deuteron 
binding energy. As for the nuclear reaction n + 
d → 2n + p involving nucleons, apparently, in 
this type of  reaction the quark structure of  the 
nucleons is not affected, so the probability of  
occurring the metastable nucleus 2nisu is extremely 
small. Therefore, estimates of  the smallness of  
the contribution of  the dineutron to this process, 
made in [5, 6], should be attributed to the possible 
contribution of  the β-dineutron.

3.2. mechanism of e–-catalysis

Another way of  initiating the α-decay of  tungsten 
isotopes under the conditions of  glow discharge is 
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also possible (see above) during e–-catalysis, when 
electrons with kinetic energy Ee ~ 3-5 eV interact 
directly with stable isotopes of  tungsten. Possible 
examples of  such processes are given below:

183 183
74 73

175 4
71 22 2 2 (3.96 ),

−

−

+ → + ν →

→ + + + ν + ν +

isuW e Ta

Lu He e Q MeV  (20)

ν

ν ν

→ →

→  7.17MeV

186 - 186
74 73 isu

174 4 -
70 2

W + e Ta +

Lu + 3 He + 3e + 3 + + Q( ).  (21)
It should be pointed out that, using the concepts 

of  e–-catalysis, it can be understood that not all the 
new isotope products detected in the experiment 
are obtained. Therefore, processes involving the 
2nisu nuclei are considered for the initiation of  the 
W stable isotope decays as the basic ones.

The above data allow us to conclude that the 
nuclear decay of  initially non-radioactive tungsten 
isotopes with the formation of  lighter elements 
(erbium, lutetium, ytterbium, hafnium), initiated 
under the condition of  low-temperature plasma 
(glow discharge), can be considered as a new type 
of  initiated decay of  nuclei that does not result 
from nuclear reactions, for example, with alpha 
particles or nucleons, but under the action of  low-
energy electrons. It should be remembered that 
stable isotopes of  many nuclei, from neodymium 
to bismuth and including the tantalum-181 isotope 
in particular, for which initiated decay processes 
similar to the ones described were also observed 
in [8, 9], are potentially α-radioactive in the same 
sense as tungsten isotopes.

3.3. harpoon mechanism

The extreme difficulties in understanding the 
mechanism of  low-energy nuclear processes are 
the reactions between many-electron atoms. Such 
processes are usually considered in connection 
with the study of  transformation processes in 
native systems [31-33]. However, it was recently 
shown [34] that reactions of  this type can occur 
during the initiation of  self-propagating high-
temperature synthesis (SHS) processes [35]. The 
composition of  condensed combustion products 
of  thermite powder mixtures (Al + Fe2O3) in air 
was investigated in [34]. The purity of  the starting 
materials was (99.7-99.9)% mass. It was shown 
that in the process of  termite combustion (flame 

temperature exceeded 2800 K) calcium is formed 
and stabilized in an amount up to 0.55% mass. In 
the initial thermite powder systems (Al + Fe2O3), 
calcium was absent. According to [34], calcium 
could be formed in nuclear reactions

→ (21.8MeV),27 14 41
13 7 20Al + N Ca + Q  (22)

→ (12.44MeV).27 14 40
13 7 20Al + N Ca + n+ Q  (23)

The phenomenon of  calcium formation in 
experiments [34] may indicate that in the flame 
of  iron-aluminum thermite combustion in air, the 
electron temperature can be much higher than the 
flame temperature, fixed by the energy of  atoms 
and ions. It is the latter situation that is typical of  
a low-temperature glow discharge plasma. In this 
case, the interaction of  high-energy electrons with 
nuclei 27

13 Al  and 14
7 N  could lead to the formation 

of  nuclei 27
13 isuMg  and 14

6 isuC , accordingly. The 
largest activity in nuclear interactions from these 
nuclei is inherent to the nucleus 27

13 isuMg , since the 
deficit of  its energy relative to the nucleus 27

13 Mg  
is ΔQ = – 2.61 MeV, whereas for the nucleus 14

6 isuC  
the corresponding value is much less and equal to 
–0.16 MeV.

We will assume, following [20], that if  the 
nucleus of  an atom (or ion) is in a metastable, pre-
decay isu-state (we assume that this is 27

13 isuMg  ), 
then the lability of  the electronic subsystem 
increases, and the probability of  its partial overlap 
with electronic subsystems of  the located near 
atom (in this case, the nitrogen atom), grows 
for this atom. It is obvious that large values of  
the energy releases of  the gross processes (22) 
and (23) should act as an initiating factor to the 
manifestation of  the spin-spin interaction of  
the electronic subsystems of  both atoms and 
the formation of  common "molecular" orbitals 
under the correcting action of  spin electron-
nuclear interactions for each of  the atoms. The 
emerging bonds pull both atoms together, and the 
formation of  common orbitals is more intense as 
the nuclei are brought closer together. As a result, 
a sort of  "harpoon mechanism" is observed 
when a neighboring atom is captured by the atom 
with the nucleus in the isu-state. The complete 
integration of  the electronic subsystems of  both 
atoms initiates the fusion of  the nuclear matter of  
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the nucleus in the isu-state (in our case 27
13 isuMg  ) 

and the adjacent nucleus (in our case 14
7 N ). The 

corresponding brutto-process can be presented 
as:

ν ν

→

→  (21.8MeV),

27 14 -
13 7 he

41 -
20

Al + N + e

Ca + e + + + Q  (22a)

ν ν

→

→  (12.44MeV).

27 14 -
13 7 he

40 -
20

Al + N + e

Ca + n+ e + + + Q  (23a)
Earlier, the harpoon mechanism was 

considered in connection with the processes of  
nuclear transmutations in native systems [20].

Because of  the manifestation of  weak nuclear 
interactions in the formation of  the nuclear 
matter of  the final nucleus as a set of  interacting 
nucleons, a significant part of  the energy release 
can also be realized by emitting neutrinos and 
antineutrinos if  the final nucleus can be formed 
in the ground state by virtue of  spin and parity 
conservation laws. Of  course, in cases where the 
final nuclei are formed in an excited state, along 
with non-ionizing radiation of  neutrinos and 
antineutrinos, X-rays or gamma quanta will be 
emitted. Under the experimental conditions [34], 
X-rays were detected.

Our phenomenological analysis shows 
that in order to understand the essence of  
the observed nuclear transformations during 
burning of  thermite mixtures, it is actual to 
develop new theoretical approaches not to 
the calculation of  the quantum mechanical 
probabilities of  certain processes, but rather 
to modeling the dynamics of  nuclear processes 
on the basis of  quantum-chemical analysis. By 
this we mean calculations of  the electronic 
structure of  an atom upon the formation of  
nuclei in the isu-state with disturbed nucleon 
structure; calculations for modeling the spatial 
instability of  the electronic subsystem of  an 
atom that emerges due to the loss of  nucleus 
stability; and calculations for the dynamics of  
the overlapping of  such mobile orbitals with 
the electron orbitals of  neighboring atoms and 
the formation of  molecular orbitals that initiate 
the convergence and fusion of  the respective 
nuclei. Kramer’s activation mechanism in its 

discrete version (the random walk on the energy 
levels of  the system to reach a set boundary) 
[36] generally used in physicochemical kinetics 
could be useful in analyzing the dynamics of  
nuclear radioactive decay. Here we mean the 
dynamics of  the accumulation of  energy by the 
nucleus in the unstable isu-state on the "last" 
bond, the disruption of  which means the decay 
of  the nucleus along a certain channel.

4. NUCLEAR CHEMICAL PROCESSES IN 
ANDREA ROSSI'S E-CAT REACTOR
Within the framework of  the developed ideas on 
the mechanisms for initiating low-energy nuclear 
reactions, the results obtained in the testing of  
A. Rossi's energy E-Cat installations can also 
be understood [21]. Here we briefly discuss the 
test results of  the E-Cat working element of  
the A. Rossi reactor, presented by a group of  
international experts [22]. The working element 
was a hollow ceramic tube 2 cm in diameter and 
20 cm long, into which fuel was loaded – about 
0.9 g of  finely dispersed nickel (all stable isotopes 
were present, – 58 60 61 62

28 28 28 28Ni, Ni, Ni, Ni  and 64
28 Ni,  

whose abundances were 67, 26.3, 1.9, 3.9 and 
1 %, respectively), and 0.1 g of  LiAlH4 powder (
6
3 Li  and 7

3 Li  isotopes, whose abundances were 
8.6 and 91.4%, respectively). The tube was sealed 
and then heated. The tests were carried out for 
32 days at element heating temperatures up 
to 1260°C (first half  of  the time) and 1400°C 
(second half  of  the time). The energy released 
during the tests was measured from the value 
of  the heat flux emanating from the element. 
During the test, excess energy was 1.5 MWh, 
so the efficiency exceeded 3.5. Changes were 
recorded in the isotopic composition of  the 
main components of  the "fuel" – nickel and 
lithium, the initial abundances of  the stable 
elements of  which was close to the tabulated 
natural abundances. After the tests, the isotopic 
composition of  the fixed elements has changed 
greatly: almost all of  the nickel (more than 98%) 
was represented by the nickel-62 isotope (about 
4% in the initial abundances), and the fraction 
of  lithium-7 decreased to almost 8%, so that the 
fraction of  the lithium- 6 practically increased 
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to 92%. Data on the isotope abundances of  the 
initial "fuel" and "ash" after the tests are given in 
Table 1 [22].

In accordance with the developed concepts, a 
fixed change in the isotopic composition of  the 
base elements of  the "fuel" – nickel and lithium 
in the presence of  hydrogen liberated during the 
decomposition of  LiAlH4 at given temperatures 
may be due to the formation of  protium-containing 
plasma in the reaction space and the formation of  
neutral metastable nuclei 1nisu. We believe that the 
half-life of  such nuclei, as well as of  nuclei 2nisu, is 
sufficiently large, so that such neutral nuclei, like 
neutrons, can interact with nuclei of  elements of  
the elements that make up the fuel, determining 
the occurring changes in the elemental and isotopic 
composition of  the fuel, which are accompanied 
by the corresponding energy release:

ν νν→  

7 1 4 -
3 isu 2Li + n 2 He + e + + + Q(17.35MeV)  (24)

ν νν→  

27 1 4 24 -
13 isu 2 12Al + n He + Mg + e + + + Q(1.60MeV)  (25)

ν νν→  

27 1 28 -
13 isu 14Al + n Si + e + + + Q(11.58MeV),  (26)

ν νν→ 

58 1 4 55 +
28 isu 2 25Ni + n He + Mn + e + + + Q(2.35MeV),  (27)

νν→ 

60 1 4 57
28 isu 2 26Ni + n He + Fe + + Q(0.47MeV),  (28)

νν→ 

61 1 4 58
28 isu 2 26Ni + n He + Fe + + Q(2.80MeV),  (29)

ν νν→  

62 1 4 59 -
28 isu 2 27Ni + n He + Co+ e + + + Q(0.34MeV),  (30)

ν νν→  

64 1 65 -
28 isu 29Ni + n Cu + e + + + Q(7.45MeV).  (31)

As follows from this list of  reactions, the 
largest specific (per unit mass of  the component) 
energy release is associated with the nuclei of  
lithium-7. However, the total contribution to heat 
release during nuclear reactions 1nisu with all other 

fuel elements (aluminum and nickel isotopes) with 
a small mass fraction of  the lithium-7 isotope 
in the system can be the main one. The fixed 
almost complete disappearance of  isotopes 7

3 Li  
and 58

28 Ni  in the ashes after monthly tests of  the 
module indicates rather high rate constants of  
not only processes (24) and (27), but also of  the 
other nuclear processes that take place with the 
formation of  new chemical elements.

In order to understand the specific causes 
of  the main fuel composition changes during 
the operation of  the E-Cat unit, which consist 
in almost complete exhaustion of  the lithium-7 
isotope, and also in the overwhelming increase 
the nickel-62 isotope in the ash, it is necessary to 
indicate other nuclear reactions that also led to a 
change in the isotopic composition of  the initial 
nickel. These reactions were accompanied by a 
significantly lower heat release than the above 
reactions, due to energy losses carried away by the 
neutrinos and antineutrinos formed:

νν→ 

58 1 59
28 isu 28

59
1 2 28

Ni + n Ni + + Q ,

T ( Ni) = 4

(8.22MeV)

7.6×10 yr,  (32)
νν→ 

60 1 61
28 isu 28Ni + n Ni + + Q ,(7.04MeV)  (33)

νν→ 

61 1 62
28 isu 28Ni + n Ni + + Q(9.81MeV),  (34)

νν→ 

62 1 63
28 isu 28

63
1 2 28

Ni + n Ni + + Q ,

T ( Ni) =

(6.05MeV)

100.1yr,  (35)

νν→ 

64 1 65
28 isu 28

65
1 2 28

Ni + n Ni + + Q ,

T ( Ni) =

(5.32MeV)

2.52h.  (36)

First of  all, let us point out the large value 
of  the half-life of  the isotope 59

28 Ni , which 
practically excludes the "charging" of  other 
decaying isotopes of  nickel during the tests 
due to the isotope 58

28 Ni  , whose fraction is 2 
times that of  the other isotopes of  nickel. For 
this reason, the almost complete absence of  the 
isotope 60

28 Ni  in the sol should be associated with 
the process (33) only, because of  the relatively 
low energy release in the process (28). It can 
also be assumed that the processes (29) and (34) 
cause the disappearance of  the isotope 61

28 Ni  in 
the ash, but the process (34) with high energy 
release thus feeds the ash with an isotope 62

28 Ni  , 
causing the the prevailing abundance of  this 
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Table 1
The isotope abundances of the initial "fuel" and 

"ash" after the tests [22]
Ion Fuel Ash Natural

abundance
 [%]Counts

in peak
Measured
abundance 

[%]

Counts
in peak

Measured
abundance 

[%]
6Li+ 15804 8.6 569302 92.1 7.5
7Li+ 168919 91.4 48687 7.9 92.5
58Ni+ 93392 67 1128 0.8 68.1
60Ni+ 36690 26.3 635 0.5 26.2
61Ni+ 2606 1.9 ~0 0 1.8
62Ni+ 5379 3.9 133272 98.7 3.6
64Ni+ 1331 1 ~0 0 0.9
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isotope among the other isotopes of  nickel in the 
ash. The last factor is the "small" rate constant 
for the disappearance of  the isotope 62

28 Ni  due 
to reaction (30) of  cobalt formation with small 
energy release in this process. It is also important 
to point out that the long half-life of  the isotope 
63
28 Ni  practically excludes the completion of  
the ash with an isotope 64

28 Ni  and process (31) 
with high energy release provides a practically 
complete transition of  this isotope in the initial 
nickel to the copper-65 isotope.

Of  course, here only qualitative arguments are 
given in favor of  the fixed ash composition after 
the test. The comparative study of  the elemental 
and isotopic composition of  the initial fuel and 
ash by using mass spectrometry with inductively 
coupled plasma technique [37], previously 
effectively used in the investigation of  the 
isotopic composition of  impurities in nickel upon 
laser ablation of  a nickel sample in an aqueous 
medium, could become more relevant. Here, it 
is important to study the changes in the isotopic 
ratios for different elements in the initial fuel and 
in the ash, primarily for the base element of  nickel, 
as well as the elements formed in accordance with 
the processes (24)-(31)first of  all, silicon-28 and 
copper-65.

5. CONCLUDING REMARKS
It is known that the results of  [1] were not 
accepted by many physicists, not only because 
of  difficulties in understanding the mechanism 
of  formation of  neutrons and tritium in the 
electrolysis of  heavy water D2O with Pd-cathode, 
but also because of  the irreproducibility of  
the results [1] in various laboratories. In what 
can the reason, undoubtedly objective, be so 
irreproducible? It seems to the author that the 
main difficulty in reproducing the results of  [1] 
is to create conditions under which electrons 
injected from the surface of  the Pd-cathode 
participating in nuclear chemical processes must 
reach high (by chemical scales) kinetic energies 
Ee ~ 3-5 eV. It can be assumed [16, 38] that under 
the conditions of  reproducible experiments 
[7-13], these energies are achieved due to the 
presence of  the spike-like random irregularities 

of  the surface nanorelief  on the metal surface that 
change sharply in height "roughness". The such 
nanoheterogeneity of  the metal surface, namely, 
the cathode in a glow discharge in a deuterium-
containing gas medium of  ions and molecules, 
and the surface of  a metallic sample during laser 
ablation in aqueous media [10-13] is the result 
of  impacts of  plasma ions and molecules on the 
surface of  metallic samples.

In the latter cases, the roughness of  the 
metal surface is sufficient to initiate nuclear 
transformations even in the absence of  cathodic 
displacement. At cathodic displacement, the 
efficiency of  nuclear chemical processes increases 
by orders of  magnitude, as was shown in [13]. 
We indicate factors that cause an increase in the 
flux of  electron emission from the surface of  
metals and an increase in the kinetic energy of  
electrons emerging from the metal in the vicinity 
of  the spike-like random irregularities on the metal 
surface. First of  all, increased values of  mechanical 
tensile stresses are realized in these regions, which 
leads to a decrease in the work function of  the 
electron from the metal (the Zhurkov effect [39]) 
and causes an increase in the flux of  electrons from 
metals. In addition to this, electric fields of  the 
highest intensity, which not only lower the energy 
barrier for the injection of  electrons from the 
metal (the Frenkel effect [40]), but also cause the 
acceleration of  the emitted electrons, are localized 
in the vicinity of  the most abrupt changes in the 
surface profile – in the vicinity of  the spike-like 
random irregularities. Here we also point to the 
paper [26], in which a decrease in the effective 
work function of  electrons from the surface of  
tungsten cathodes was observed for thermionic 
emission initiated by laser radiation of  pico- and 
femtosecond durations.

The conclusions about the interrelation 
between the efficiency of  nuclear transformations 
observed in [10-13] and the features of  the metal 
surface structure in the nanometer range are 
directly confirmed by the results of  [38]. In this 
work, the method of  atomic force microscopy 
was used to analyze the surface relief  of  metals 
formed under different regimes of  laser ablation 
in an aqueous medium. It has been shown that 
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nuclear transformations occur only under intensive 
impacts of  plasma ions and molecules on the 
surface, when the "roughness" greatly increases 
and the texture "spikiness factor" as one of  the 
key 3D parameters of  the surface relief  in the 
nanometer range [42, 43] determining the measure 
of  the most abrupt changes of  the surface profile 
becomes significant.

If  under the conditions of  laser ablation 
of  metals in aqueous media and in a glow 
discharge, the level of  nanoheterogeneity of  
the surface necessary for the injection of  high-
energy electrons into the medium is maintained 
by the impact of  ion and atom fluxes on metal 
surfaces, under conditions of  electrolysis of  
heavy water with a Pd cathode there is no such 
factor. Probably, when carrying out appropriate 
studies of  the surface relief  and the structure 
of  fractured near-surface layers of  Pd-cathodes 
under conditions of  D2O electrolysis, it will be 
possible to find the regimes of  the electrolysis 
process when the reproducibility of  appearance 
of  the neutrons and tritium nuclei in this process 
is reached.
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1. INTRODUCTION
The hypothesis of  the possibility of  nuclear 
transmutation of  chemical elements and their 
isotopes in biological systems is one of  the most 
mysterious in the history of  science, it has often 
been discussed in recent decades and has its own 
history and mythology, its own supporters and 
critics. This problem arose in the "pre-nuclear 
period" and the initial stages of  its emergence 
are closely connected with alchemy. A brief  
background of  this phenomenon is presented in 
[1, 2].

Among the many predecessors, a series of  
works by L. Kervran [3-6] occupies a special place 
in the chronology of  studies on the transmutation 
of  chemical elements and isotopes in biological 
objects. In fact, he was the first scientist of  
the "nuclear age," who conducted a systematic 
study of  the processes of  transmutation of  
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chemical elements in biological objects. In 
particular, Kervran investigated the potassium 
transmutation reaction in calcium 39K + 1p → 40Ca 
in a biological system containing hydrogen. 
He also investigated many other reactions of  
isotope transmutation, among which one should 
especially note those that lead to the formation 
of  vital micro- and macroelements Ca, K, Mg, 
P. Many of  the experiments of  Kervran are very 
convincing if  we consider them without analysis 
at the micro level.

At the same time, Kernran's scientific views 
were far enough from the requirements of  nuclear 
physics. For example, it allowed the reversibility 
of  the nuclear reaction 39K + 1p ↔  40Ca and the 
possibility of  the reactions of  the  Cl – O → F, 
P – Li → Mg, Ca – O → Mg, Fe – H →  Mn 
decay, which are incompatible with energy 
conservation laws, since for their realization 
requires a giant energy Q ≈ 5...20 MeV, whose 
sources are absent in the biological environment! 
Kervran in his works treated such processes as 
a specific "biological transmutation," claiming 
that this is a very special process stimulated by 
an unknown enzyme. Such an interpretation 
(linking incomprehensible processes with yet 
another unknown enzyme) is quite common in 
biology, but it does little to understand and use 
these processes.

In our opinion, there is no reason to 
consider the process of  isotope conversion 
in growing biological systems as a "biological 
transmutation" and separate it from the general 
physical concept of  transmutation as a process 
of  isotope conversion completely "controlled" 
by the laws of  physics and stimulated by certain 
structural features of  the biological system. 
Unfortunately, Kervran did not carry out in any 
of  his experimental studies an analysis of  the 
ratio of  isotopes in the initial and final states. 
This is the basic error of  Kervran's experiments, 
because nuclear physics is the science of  
isotopic (non-elemental!) transmutations – in 
other words, "nuclear physics is the chemistry 
of  isotopes"!

2. BIOLOGICAL ASPECTS OF THE 
PROCESS OF TRANSMUTATION OF 
ELEMENTS
Specific biophysical aspects of  the process 
of  transmutation of  isotopes in biological 
systems have been considered in detail in 
monographs [7, 8]. It is possible to note 
only some of  them. Experiments to study 
the transmutation of  isotopes in growing 
biological systems should be conducted taking 
into account the specific of  the problem and 
the following requirements:
• The synthesized isotope must be 

included in the number of  micro- and 
macroelements vital to the biosystem of  or 
their biochemical analogs, and the medium 
in which growth occurs should not contain 
these elements, but must contain those 
isotopes from which these elements can 
be formed without irreversible additional 
energy generation.

• In order for experiments to be conducted in 
a short time, the growth rate of  the biological 
object under study must be large, and the 
isotope formed must be adapted to this 
object and must accumulate in an amount 
sufficient for reliable registration.

• The living object must be sufficiently 
resistant to the action of  the products of  vital 
activity in order to avoid the phenomenon of  
self-intoxication.

• When working with radioactive isotopes, the 
living object must be sufficiently resistant to 
the action of  strong radiation fields formed 
by the utilized isotopes.

• It is desirable (and for stable isotopes –
mandatory) the possibility of  analyzing 
the isotope composition of  a biological 
object before and after the transmutation 
process.

• The requirements related to the environment 
and to the problems of  humanism (we are 
talking about living objects) must be met.
The best objects for such experiments are 

microbiological cultures, the characteristics 
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of  which meet the above requirements to the 
maximum extent. As a rule, "pure" microbiological 
cultures can effectively grow only under certain 
environmental conditions (acidity, temperature, 
the presence of  toxins, radiation background, 
etc.), and if  these conditions are violated, growth 
is sharply inhibited or becomes impossible. The 
typical dose that conventional microbiological 
cultures can withstand corresponds to a level 
of  about 30 KRad, and the pH parameter is not 
lower than 3.

Synrotrophic microbiological associations, 
including sets of  different strains that are in 
a symbiotic state, are more effective. These 
microorganisms are not in the form of  a 
simple mechanical mixture. They coexist in a 
synrotrophic association in such a state of  joint 
symbiosis, when, in fact, they form a single 
macroorganism (although with separate systems 
of  internal metabolism). In its scope, every 
member and every physiological group of  the 
community is maximally adapted to the joint 
life activity and is in a state of  collective mutual 
assistance and mutual protection. This system 
has a high degree of  adaptation to various 
variations and "aggressive" manifestations of  
the external environment.

Obviously, such a system proves to be 
maximally adapted to changing aggressive 
conditions, which corresponds to their 
growth, including under the conditions of  
radiation. The effectiveness of  this "collective 
defense" is extremely high. For example, in 
an acidic medium with pH = 2 (sufficiently 
concentrated hydrochloric acid) no "pure" 
strains can growth. At the same time, the 
synrotrophic association grows fine in such 
an environment after a certain transitional 
period. The same applies to large doses of  
radiation. Approximately, we can assume that 
the time interval of  adaptation corresponds 
to a change of  5-10 generations, which allows 
us to estimate this interval from 10 hours to 
several days.

3. EXPERIMENTS ON SYNTHESIS 
OF STABLE ISOTOPES IN 
MICROBIOLOGICAL SYSTEMS
We began studying the nuclear processes in 
biological systems in the early 90s. The basis of  
the proposed experiments was the principle of  
"looking for what was lost under the street lamp" 
– which corresponds to the rule: if  you have lost 
something in the dark, then you should look 
under the street lamp, because in other (dark) 
places you will not find anything! This principle 
gave priority to a reliable method of  recording 
products of  potential nuclear reactions, 
supplemented by the possibility of  accumulating 
of  these products. Based on our understanding 
of  these processes, we investigated the reality 
of  transmutation of  stable isotopes based on 
the basic reaction 55Mn + d = 57Fe (see patent [9] 
and articles [10-11]), leading to the formation 
of  a rare Mössbauer iron isotope 57Fe in a 
medium based on heavy water, where along 
with the microorganisms and macronutrients 
necessary for the growth of  microbial cultures, 
there was a manganese salt, but completely (or 
with a minimal admixture), there was no iron. 
The advantage of  this reaction is that the final 
product can be identified by both "standard" 
and Mössbauer mass spectrometers. The 
nutrient composition is shown in Table 1.

Initial experiments were carried out on the 
basis of  pure microbiological cultures of  E. coli 
and Saccharomyces cerevisiae T-8. This reaction was 
successfully realized and identified with the help 

Table 1.
Nutrient medium for transmuting manganese into iron.

Components Concentration
in medium (%)

Relative 
admixture 
of iron (no 
more), %

Absolute 
admixture of 

iron (no more), 
g

Sucrose 3 10-4 3·10-7

(NH4)2tartrate 1 5·10-4 5·10-7

MgSO4·7H2O 0.25 2·10-4 5·10-8

CaHPO4·7H2O 0.008 1.5·10-3 1.2·10-8

K3PO4 0.5 5·10-4 2.5·10-7

MnSO4·7H2O 0.01 5·10-4 5·10-9

D2O (experiment)
H2O (control)

100·(10ml) 10-7 10-8
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of  Mössbauer and time-of-flight spectrometers 
(Fig. 1).

The typical duration of  these experiments 
was 2...3 days, after which growth was stopped 
due to a change in acidity and self-intoxication 
of  cultures by metabolic products.

The experimental efficiency of  these 
reactions corresponded to the value λ = ∆N(57Fe)/
N(55Mn)∆t ≈ 10-8  of  the synthesized 57Fe nuclei 
per one 55Mn nucleus per second.

Further, another 23Na + 31P = 54Fe reaction 
was realized and investigated, with the 

formation of  another rare iron isotope 54Fe. In 
transmutation experiments, K2HPO4 salt was 
present, and in control experiments it was absent. 
Corresponding results of  mass-spectrometric 
analysis are presented in Fig. 1. The efficiency 
of  this reaction was approximately the same as 
in the case of  the synthesis of  the 57Fe isotope.

These experiments were further optimized by 
using microbial syntrophic associations of  MCT 
("microbial catalyst-transmutator"). The basis 
of  MCT granules is the synthrophic association 
(superassociation) of  many thousands of  
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Fig. 1. The upper left is the Mössbauer spectrum of  the dried microbiological culture of  Saccharomyces cerevisiae T-8, grown in a liquid 
nutrient medium on the basis of: a) heavy water D2O in the presence of  the 55Mn isotope; b) light water H2O in the presence of  55Mn; 
c) heavy water D2O in the absence of  the 55Mn isotope. At the top right – Mössbauer spectrum of  MCT granules grown in a nutrient 
medium on the basis of  heavy water D2O in the presence of  the 55Mn isotope and the absence of  iron (or its minimum amount as an 
impurity). Below – a fragment of  the mass spectrum of  the same culture, grown in a nutrient medium based on H2O in the presence of  
23Na and 31P (b), (c) and the absence of  31P (a). The upper graphs on each of  the photos below correspond to the control spectrum of  the 

natural iron masses obtained in the same series as the corresponding lower graphs.
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different types of  microorganisms belonging 
to different physiological groups that represent 
different groups of  microbial metabolism and 
are characterized by different mechanisms of  
microbial accumulation.

On the same Fig. 1, the Mössbauer spectrum 
of  the dried MCT granules is presented. These 
granules grew for 30-50 days in a medium similar 
to the above discussed case of  pure cultures. It is 
seen that the efficiency of  transmutation in such 
a system is much higher.

Estimations made on the basis of  analysis 
of  these samples show that in the case of  using 
of  synrotrophic associations, the transmutation 
efficiency reaches a value λ = ∆N(57Fe)/N(55Mn)∆t 
≈ 10-6 (synthesized 57Fe nuclei per one 55Mn 
nucleus per second).

Subsequent experiments were aimed at 
studying the possibility of  transmutation not only 
of  light and medium-weight isotopes, but also 
of  heavy nuclei. The reaction of  transmutation 
of  a stable isotope of  cesium into the barium 
isotope 133Cs + p = 134Ba was chosen as the 
object of  research [12]. The expediency of  such 
studies was due to the subsequent possibility 
of  transmutation and deactivation of  the 137Cs 
radioactive isotope.

During the research, different types of  
synthrophic associations were used, adapted to 
aerobic or anaerobic conditions. The light-water 
nutrient medium contained glucose, dissolved 
base salts of  the main macro- and microelements 
(including NH4NO3, CaSO4, MgSO4), as well as 
stable cesium as the Cs2CO3 salt, but did not 
contain the potassium vital for the growth of  
the crops included in these associations. Barium 
is a biochemical analogue of  potassium and in 
its absence it can be used for the growth of  
microbiological cultures.

In the process of  growth, samples were taken 
from the experimental cuvettes periodically, 
which were used to study the dynamics of  the 
transmutation process. The results of  these 
studies are shown in Fig. 2.

From the obtained data it follows that the 
average efficiency of  the transmutation reached 
the value λ = N(134Ba)/N(133Cs)∆t ≈ 10-6 synthesized 
nuclei of  134Ba per core of  133Cs per second.

The total amount of  the 133Cs isotope 
decreased from M133Cs ≈ 13 mg/cell to 
M133Cs ≈ 6.5 mg/cell for 192 hours.

4. EXPERIMENTS ON 
TRANSMUTATION AND DETECTION 
OF RADIOACTIVE ISOTOPES IN 
MICROBIOLOGICAL SYSTEMS
Currently, the task of  safe storage, utilization and 
deactivation of  radioactive waste from nuclear 
power plants is one of  the main factors of  the 
entire nuclear power industry. The urgency of  
this problem follows from simple digits.

The world currently has about 400 thousand 
tons of  spent fuel elements (TVELs), more 
than 1 million tons of  medium-level waste, the 
same amount of  highly active water and more 
than 10 million tons of  wastes of  low activity. 
For example, in the territory of  Hanford nuclear 
storage in the United States, there are 177 burial 
tanks (radwaste storage tanks) for liquid high-
level waste with a total volume of  204000 m³. 
According to estimates conducted in 2013, 
about 2% of  these liquid wastes have already 
been released into the environment due to 
uncontrolled leaks from burial grounds.

Each year, these values increased by 5-7%, 
and after the accident at the NPP in Fokushima, 

 

Fig. 2. The time dependence of  the transmutation of  a stable 133Cs 
isotope into an 134Ba isotope in a growing syntrophic association and 

in a nutrient medium.
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"reserves" of  highly active water increase even 
faster.

By and large, the problem of  utilization 
of  radioactive waste has not yet been solved 
by anyone, and for spent fuel elements, 
there is no alternative for their storage for 
an indefinitely long period of  storage after 
primary processing.

All the newest programs to create systems 
for utilization based on methods of  "burning 
out" spent fuel with intensive neutron fluxes 
are extremely costly (each of  several tens of  
billions of  dollars) [13-17]. The analysis shows 
that a large number of  new radionuclides will be 
formed in this case. This problem is well known 
in the problem of  controlled thermonuclear 
fusion as a "first wall problem".

There is another direction of  research related 
to the possibility of  nuclear transformations 
under normal (not extreme) conditions in a 
substance, for example, at room temperature. 
In the 90s of  the 20th century this trend was 
called "cold nuclear fusion". At present, the term 
LENR ("nuclear reactions at low energy") is more 
used and closer to the essence of  the processes. 
It is necessary to note the extremely ambiguous 
attitude of  scientists towards such processes.

Most "classical" specialists in nuclear 
physics believe that the probability of  nuclear 
transformations, if  considered by the method 
of  direct approximation of  the physics of  high-
energy two-particle nuclear reactions to low 
energies, is very small, and such effects can not 
be a priori meaningful.

There is another point of  view. It is actively 
developing recently and is based on a number 
of  fundamental provisions of  quantum 
mechanics. Its essence lies in the fact that direct 
approximation is not legal, since many nuclear 
physics processes at low energy are collective 
(not pairwise), are subject to the influence of  the 
environment and can proceed with a fairly high 
probability, which makes them quite suitable for 
practical use. These results, in particular, directly 
follow from the specific behavior of  the particle 

in a non-stationary potential well (in particular, 
in a nonstationary oscillator).

In recent years it has been shown [18-20] that 
one of  the effective methods for a very significant 
increase in the transparency of  a potential barrier 
at low particle energies is associated with the use 
of  coherent correlated states (CCS) of  particles 
interacting with the atoms (nuclei) forming this 
barrier. The most characteristic property of  CCS 
is the possibility of  forming controlled giant 
energy fluctuations of  a particle whose amplitude 
can be thousands and millions times greater than 
the average (thermal) energy of  a particle and 
reach values δE ≈ 10-50 keV. In a concentrated 
form, this is reflected in the modified uncertainty 
relations, called the Schrödinger-Robertson 

2 2/ 2 1 ,   /2 1 ,pq Etp q r E t rδ δ ≥ − δ δ ≥ −  
uncertainty relations, in which the product of  
the fluctuations of  the corresponding dynamic 
variables (coordinate, momentum, energy, 
time, ...) is determined by the corresponding 
correlation coefficients, the magnitude of  which 
is limited by the interval 2 20 1,   0 1, ...pq Etr r≤ ≤ ≤ ≤  
[18-20].

In a stationary state in any system 2 2, 1pq Etr r   , 
these relations take the form of  well-known 
Heisenberg uncertainty relations. Another 
situation in dynamic systems (including living 
objects). It is well known that the growth 
front of  any biological object is never ideally 
homogeneous - local heterogeneities are always 
formed (in fact, these are potential nano-wells), 
which are leveled and eliminated during the 
growth process. Each of  these nano-wells is a 
nonstationary oscillator for particles that are 
localized in it. In the process of  dynamically 
changing of  the parameters of  these wells, CCS 
can be formed for these particles with a large 
value of  the correlation coefficient 2 2, 1pq Etr r →
and, accordingly, with unlimitedly increasing 
fluctuations of  momentum and energy, which is 
enough to pass through the potential barrier [18-
20]. From this point of  view, the growth zone 
of  any biological object represents a collection 
of  potential nanoreactors, in each of  which a 
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reaction involving these particles is possible, as 
well as the nuclei of  atoms forming the "walls" 
of  the dynamic nano-brain. Similar processes can 
occur in the space between cells during fission, 
in mitochondria, at the entrance to biological 
membranes, etc.

The correct interpretation and possible use 
of  the experiments discussed below can change 
the view on the relationship between wildlife and 
the diversity of  chemical elements and isotopes 
on Earth. The question concerns the possibility 
of  nuclear transformations in biological 
systems under "non-reactor" conditions (room 
temperature, normal (atmospheric) pressure, 
absence of  neutrons and charged particles of  
high energy). These issues, in particular, are 
considered and formalized in the patent [21].

Note that from the point of  view of  
the possibility of  catalytic effect on nuclear 
transmutations, the growing biological 
environment is no worse (and, most likely, better) 
than, for example, the usual crystal, which is most 
often used in LENR experiments. It is better in 
the sense that, unlike a static crystal, the growing 
biological system is a dynamic object, which 
allows us to consider each of  its elements as a 
microscopic system of  non-stationary potential 
wells and barriers.

4.1. Experiments on utilization of  the reactor 
isotope 140Ba
The realization of  phenomena of  heavy stable 
isotopes transmutation led to the formulation of  
the question about transmutation of  radioactive 
nuclei. The first series of  experiments was 
devoted to the possibility of  influencing the 
activity of  reactor water samples extracted 
from the first circuit of  the water-water nuclear 
reactor, which is located in the Institute of  
Nuclear Research in Kiev.

The water under study had an activity of  
about 10-4 Curie/L and contained a number of  
highly active unstable isotopes (in particular, 
24Na, 40K, 60Co, 91Sr, 131I, 135Xe, 140Ba, 140La, 141Ce, 
239Np). The gamma-radiation spectrum of  the 
reactor isotopes contained in this water is shown 
in Fig. 3. Water samples of  the same volume 
(about 5 ml) were placed in the same glass thin-
walled closed cuvette with a volume of  about 
10 ml. In a part of  the cuvettes with active water, 
the same mass of  MCT granules was placed.

The remaining cuvettes with water (but 
without granules) were controls. The essence 
of  the research consisted in a periodic (after 5 
days) study of  the gamma spectrum of  active 
water. To eliminate the influence of  the distance 
factor (it may be associated with a small increase 

Fig. 3. Left: spectrum of  gamma radiation of  distilled water from the first circuit of  the water-water nuclear reactor. The data correspond 
to the tenth day after the sampling of  water from the core of  the reactor. On the right is the dependence of  the Q(t) activity of  140Ba, 140La 
and 60Co reactor isotopes in reactor water samples in the transmutation experiment (here Qcultures is activity of  cuvettes at the presence of  
metabolically active microorganisms) and in control cuvettes without microorganisms (Qcontrol activity): Qcontrol–decay of  140Ba and 140La 
in control experiments without MCT granules, Tadaptation – time of  internal adaptation of  microbial synthrophic association to action of  
radiation, Qcultures – deactivation of  140Ba and 140La isotopes in transmutation experiments with presence of  MCT granules, QCo-60 – 

activity of  60Co isotope in control and experimental cuvettes with MCT.
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in the volume of  a mixture of  water and 
granules with the growth of  microbiological 
cultures or their spatial redistribution), we used 
an amplitude germanium detector with a large 
size of  germanium crystal, in which the cells 
under study were arranged in turn exactly in the 
center.

Fig. 3 shows the averaged results of  the 
dependence of  the activity of  the isotopes 140La 
and 60Co in cuvettes with MCT granules (Qcultures) 
and in control cells (Qcontrol) from the time after 
the beginning of  the experiments.

From the data obtained it follows that the 
activity of  the long-lived 60Co isotope remains 
constant throughout the measurement period 
(about 40 days) (both in the control cuvettes and 
in cuvettes with MCT granules). This indicates 
that systematic methodological errors (a change 
in the volume of  the liquid, a change in the 
position of  the cell relative to the center of  
the crystal of  the detector, etc.) did not have a 
significant effect on the result.

At the same time, a fundamentally different 
law for the reduction of  the activity of  the isotope 
140La in both types of  cuvettes was discovered. 
This isotope has a relatively short lifetime 
(τLa = 40.3 hours) and is a daughter unstable 
isotope of  the longer-lived 140Ba isotope, whose 
lifetime is τBa = 12.7 days.

The initial activities of  the 140Ba and 140La 
isotopes (on the 10th day after extraction the 
water from the reactor core) for each of  the 
cuvettes was, respectively, QBa-140 = 1.46·10-7 

Curie/L and QLa-140 = 2.31·10-7 Curie/L. Since 
τLa << τBa, the observed decrease in 140La activity 
reflected a decrease in activity of  140Ba.

It was found that the decrease in activity 
of  140La in control cuvettes approximately 
corresponded to the law of  "standard" decay 
of  the 140Ba isotope with a "tabulated" lifetime. 
Approximately the same law of  decreasing 
activity of  140La was observed in cuvettes with 
granules up to 10 days of  the experiment. 
However, after this, periodic measurements 
showed that the rate of  decrease in activity of  

140La (and hence of  activity 140Ba) is equivalent 
to a more accelerated decay. Extrapolation 
shows that the effective lifetime of  this isotope 
is reduced by about 2 times in relation to the 
lifetime of  the 140Ba isotope.

These results can be explained on the basis 
of  the assumption that the 140Ba isotope could 
be converted in a cuvette with MCT granules to 
another, non-radioactive isotope. In this case, the 
presence of  an initial, unchanged region in the 
law of  decay can be explained by the processes of  
adaptation of  the microbiological association to 
the action of  radioactive irradiation in a cell with 
active water. This time (about 10 days) correlates 
well with the expected time of  the change of  10 
generations of  microbiological cultures.

Analysis of  possible isotope transformations 
has shown that in this case the following 
transmutation reaction of  the radioactive 140Ba 
isotope to a stable nucleus of  another type 
140Ba + 12C = 152Sm + ΔE is possible. This 
reaction is energy-efficient and is characterized 
by a positive reaction energy
ΔE = E(ABaZBa) + E(AC, ZC) - E(ASm, ZSm) = 8.5 MeV.

The carbon required for this reaction is 
abundant in the volume of  MCT granules.

There is one more question about the 
biochemical aspects of  the expediency of  the 
course of  this particular reaction in the living 
system.  For answer to this question, it should 
be noted that the law of  constancy of  the 
chemical composition of  biological objects is 
one of  the fundamental properties of  living 
matter. If  we proceed from this circumstance, 
then it is obvious that according to the analysis 
of  biochemical aspects of  nuclear processes [11, 
12], the isotope transmutation reaction in the 
biological system will be possible if  the result of  
the reaction is an isotope corresponding to such 
a chemical element that either itself  is included in 
the number of  vital chemical elements (such as 
H, O, C, K, Ca, N, P, Fe, ...), or it is a biochemical 
analogue of  such an element. In the latter case, it 
should have approximately the same ionic radius 
and, preferably, the same valence. In this case, 
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the reaction efficiency will be great only when 
the vital chemical element or its biochemical 
analogue is not contained in the nutrient medium 
or is contained in a small amount.

A simple comparison shows that Sm2+ 
and Ca2+ ions are biochemical analogues and 
have a close ionic radius in the divalent state 
(RSm ≈ 1.2Å, RCa ≈ 1.06Å). As you know, calcium 
is among the vital elements, and its concentration 
in the volume of  granules was small. In this case, 
we can assume that the growing microbiological 
association could fill the lack of  calcium with a 
synthesis of  its biochemical analog (samarium). 
At the same time, the unchanged activity and 
the number of  nuclei of  the 60Co isotope can 
be explained by the fact that in this system there 
is no possible energy-efficient transmutation 
reaction in which 60Co participates and whose 
product would be an isotope of  that vital 
chemical element that is absent in the nutrient 
medium. In other words, 60Co may simply be 
"not in demand".

4.2. Experiments on utilization of  the 
long-lived reactor 137Cs isotope in growing 
associations of  microbiological structures
Nontrivial results, indicating an abnormal 
decrease in the activity of  140Ba and 140La 
isotopes in experiments with reactor water in the 
presence of  microbiological cultures, stimulated 
the setting up of  special experiments to study 
the possibility of  utilization of  long-lived "fuel" 
isotopes formed during the operation of  nuclear 
reactors. These works were conducted with the 

participation of  our colleagues V.N. Pavlovich 
and A. Odintsov from the Institute for Nuclear 
Research and the Institute for Nuclear Safety 
Problems in Kiev [22]. The microbiological 
granules of  MCT were prepared by our colleague 
A.B. Tashirev from the Institute of  Microbiology 
in Kiev.

The utilization of  such isotopes is of  the 
greatest practical interest. Consider these 
experiments in more detail. In these experiments 
we have used the same closed glass cuvettes, 
each containing 10 ml of  distilled water, in 
which the salt containing 137Cs was dissolved. 
The total activity of  each of  the cuvettes was 
about 2·104 bq.

The scheme of  investigations is shown in 
Fig. 4. The same mass of  MCT granules was 
placed in 7 cuvettes. In 6 cuvettes, purified 
salts of  K, Ca, Na, Fe, Mg and P were added 
to the active water. These chemical elements 
are among the most vital for any living system. 
The main purpose of  using of  such additives 
was to find ways to block possible channels of  
transmutation because if  a specific chemical 
element is present in the system from the 
number of  vital ones, then the assimilation of  
its biochemical analogue during transmutation 
becomes unlikely. In addition, such substitutions 
were carried out with the goal of  creating the 
optimal composition of  microelements for 
rapid growth of  microorganisms. The results 
obtained below confirm the importance of  such 
substitutions. Two additional cuvettes were used 

Fig. 4. Scheme of  studies of  the utilization of  active isotopes under different conditions and the results of  experiments on the accelerated 
utilization (deactivation) of  the 137Cs isotope in "biological cells" in the presence of  MCT and various chemical elements.
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for monitoring: one contained active water and 
MCT (but did not contain additional salts), and 
the other – only active water.

All the cuvettes were closed and kept at a 
temperature of  20°C. The amplitude gamma-
ray spectrum of  the cuvette was measured 
every 7 days on the same detector, in which 
a Ge crystal was used. Particular attention 
was paid to reducing the influence of  errors 
associated with the measurement process. For 
this purpose, we have used cuvettes with a low 
height, and the detector with a large Ge crystal. 
The cuvettes were set at the same position in 
the center of  the crystal of  the detector for 
each measurement.

The results of  the change in the relative 
activity of  the 137Cs isotope are shown in Fig. 4 
and in Table 2.

From the obtained data it follows that during 
a 100-day observation period, a steady decrease in 
137Cs isotope activity was recorded in all cuvettes 
containing active water and MCT. In the control 
cuvette containing only active water, the change 
in the activity of  137Cs isotope corresponded to 
the standard spontaneous decay with a lifetime of  
about 30 years. For other investigated isotopes, 
the changes were much weaker.

The fastest decrease in activity (it was 
equivalent to a decrease in the lifetime of  
137Cs by a factor of  35 to τ* ≈ 310 days) was 
observed in a cuvette containing a calcium salt. 
This decrease in activity was not related to the 
accelerated decay, but was the result of  reaction 
of  transmutation the radioactive 137Cs isotope to 
the stable isotope of  another element.

An analysis of  possible ways of  transmutation 
should be based on several fundamental logical 
premises:
• this process should be energy-efficient, i.e. 

transmutation should be characterized by a 
positive reaction energy ΔE ≥ 0;

• the transmutation reaction must in a certain 
sense be adapted to the biological system, 
the result of  the reaction must be an isotope 
corresponding to one of  the vital elements 
or its biochemical analogue;

• the initial isotope of  the transmutation 
reaction should reflect (correlate) the 
quantitative composition of  the medium;

• among the different initial isotopes that can 
participate in reaction, preference should be 
given to the lightest isotopes for which the 
effect of  potential barriers should be the 
smallest among the possible ones.
Based on these conditions, we can expect 

that the utilization of  137Cs is related to the 
reaction 137Cs + 1p = 138Ba + ΔE, flowing with 
the participation of  water protons. The result 
of  the reaction is the stable isotope 138Ba. 
The reaction energy is positive and equal to 
ΔE = 5.58 MeV.

Concerning the "biological expediency" 
of  such a hypothesis, it can be noted that 
Ba2+ and K+ ions are biochemical analogs: 
they have approximately the same ionic radii 
in the divalent state (RBa ≈ 1.4Å, RK ≈ 1.33Å). 
Since the replaceable element (potassium) is 
one of  the vitally important trace elements, 
the probability of  such a substitution is quite 
large and the ions of  the synthesized barium 
can replace potassium ions in metabolic 
processes with the growth of  cultures. Such 
a substitution appears to be more effective 
than the "direct" replacement of  potassium 
by cesium in the case of  potassium deficiency 
(this can be seen from the large difference in 
the ionic radii of  cesium RCs ≈ 1.65...1.69Å and 
potassium RK ≈ 1.33Å). It should be noted that 
a similar replacement of  ions was previously 
observed and analyzed in experiments with 

Table 2.
Changes in the activity of 137Cs in the "optimal" 

medium (MCT + active water + CaCO3 salt)
Izotope Energy, 

keV
The beginning 

of the 
experiment.

N1 - the 
number of 

events 103 sec.

The end 
of the 

experiment
(100 days).

N2 - the 
number of 
events 103 

sec.

Spon-
taneous 
decay

Change
of

activity

137Cs 661.7 266900 216800 -0.6% -24%
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the microbiological culture of  Blаstосladiеllа 
emersonii [23]. In these experiments, a fairly 
effective replacement of  K+ ions by Rb+ 
and Ba2+ ions was recorded. These ions can 
replace each other in the processes associated 
with ion transport through the membrane 
into the cell.

Another interesting question relates 
to the cause of  increased efficiency of  
utilization when using an additional calcium 
salt. Apparently, this effect is associated with 
the general pattern of  the metabolism of  
microbiological cultures: the optimal growth 
of  culture corresponds to the necessary 
balance of  all micro- and macroelements. 
It is possible that it was calcium deficiency 
that was the "bottleneck" that inhibited 
the growth process and accompanying 
transmutation in a particular growing 
microbiological system.

In recent years, further improvements 
in bio- and nuclear technology has led to 
significant progress of  these processes using 
more optimal biological substances and their 
modes of  growth. Recent experiments have 
shown that the recycling process can be 
accelerated many times. In particular, the mean 
(according to parallel experiments) decrease 
in 137Cs concentration over 14 days was 23%, 
which corresponds to an acceleration of  
deactivation more than 200 times. In some 
cases, a decrease in the concentration of  137Cs 

in these experiments reached 40% and even 
70% (Fig. 5) [12].

5 CONCLUSION
The obtained results testify to the reality of  
the process of  transmutation of  both stable 
and radioactive isotopes accompanying the 
growth of  microbiological cultures. The authors 
are aware that the totality of  the observed 
phenomena and, especially, their interpretation 
do not coincide with the traditional notions and 
can cause serious criticisms. On the other hand, 
such processes have a purely physical basis and 
are not directly related to the specific features of  
the growth of  living organisms, although they 
are stimulated by such a process. The authors 
have several patents (including international 
ones) on this modern technology.

In our minds, certain stereotypes are 
firmly fixed, among which the question 
of  the "industrial" character of  nuclear 
transformations is one of  the most stable. 
Based on previous experience in the creation 
and operation of  large-scale nuclear power, it 
is difficult to imagine that such processes (but 
in incomparably smaller scales) can take place 
in a living organism. However, by and large, 
there is no significant opposition. The whole 
question is only in the appropriateness of  such 
transformations and in their very low efficiency 
caused by mutual repulsion of  the nuclei due 
to the presence of  the Coulomb barrier. At 
the molecular level, the specificity of  the 
interaction and motion of  microparticles is fully 
described by the laws of  quantum mechanics 
and electrodynamics for both living and non-
living objects. From this point of  view, there 
is no difference between them! As the analysis 
[18-20] shows, in nonstationary systems of  
the potential well type, an interference short-
term suppression of  such repulsion is possible 
due to the formation of  large fluctuations of  
momentum and kinetic energy in the process of  
formation of  coherent correlated states. Such 
processes can be successfully implemented in 
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any system if  the necessary prerequisites are 
met.

It is obvious that such nuclear reactions can 
not be called a semi-mystical term "biological 
transmutation". These processes are ordinary 
nuclear reactions, but they are realized in growing 
biological systems and under the catalytic 
effect of  dynamic electric fields accompanying 
atomic-molecular processes that take place with 
the growth of  these systems. In any case, the 
experiment plays a decisive role. Such a process 
can be called "nonstationary dimensional nuclear 
catalysis."

In our understanding, the influence of  the 
biological object itself  on the process of  nuclear 
transformation is in the following circumstances:
• the dynamic spatial structure of  the growing 

bioobject at the molecular and atomic levels 
acts as a "spatial catalyst" for the nuclear 
reaction, which ensures a short-term 
elimination of  the Coulomb barrier factor 
of  the reaction;

• specificity of  the growth of  a particular 
biological object provides selective functions 
that characterize the effectiveness of  a 
particular reaction.
In conclusion, we can say a few words about the 

biological specifics of  the observed phenomena. 
The very phenomenon of  the transformation 
of  chemical elements and isotopes in biological 
systems is based, first of  all, on the repeatedly 
verified condition of  constancy of  the elemental 
composition of  microorganisms. From this 
fact follows the heuristic assumption that in 
the case when some of  the required macro- or 
microelements are missing in the system, there 
are prerequisites that they will be synthesized 
and fixed in a finite form as a result of  physically 
grounded nuclear reactions.

In conclusion, we note that the words of  
V.I. Vernadsky that the biosphere is a nature-
forming and relief-forming factor in the 
evolution of  the Earth can be supplemented 
by the observation that it can be an isotope-
transforming factor that significantly changes the 

distribution and quantity of  different elements 
and isotopes.
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1. INTRODUCTION
Development of  any area science passes 
certain stages. At the beginning stage of  science 
direction are discussed the most bold theories 
and hypotheses and everything that could, is 
be checked experimentally. When science is in 
the process of  blossoming, side hypotheses 
are discarded and the emphasis is on the 
general direction. Finally, when this direction 
reaches its peak and when it seems that just 
about everything openly and understood, 
appear a strange experimental results that do 
not fit into the framework of  conventional 
theory: paradoxes, the resolution of  which is 
only possible outside of  that framework. Then 

occur return to the side directions, that were 
once discarded and forgotten, and sometimes - 
breakthrough into an entirely "new dimension" 
of  science.

So it was with mechanics, thermodynamics, 
optics. A similar story will be repeated still 
not once with different areas of  science. Is no 
exception, and the nuclear physics.

In the period formation of  nuclear physics 
was put forward and discussed a most different 
hypotheses about what is the atomic nucleus, 
what are its properties, is it possible to extract 
from it the energy. If  very to simplify, we 
can say that in the initial phase stood out and 
competed two directions of  development of  
nuclear physics. One is the high-energetic, and 
the other is low-energetic.

The high-energy direction promised very 
large dividends - are weapons and energy, and 
medicine. But at the same time, it carried and 
the danger, in the first place associated with 
radiation. The second direction is a low-energy 
– at first actively was developed, but then came 
to naught and was even banned.
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However, it has always attracted talented 
and outstanding researchers. The great Igor V. 
Kurchatov in 1956 he was invited to Britain, 
where he gave a lecture at the nuclear center 
in Harwell. The lecture was entitled "On the 
possibility of  creating thermonuclear reactions 
in gas discharge" [1]. It was about the under 
his leadership experiments, on powerful 
electrical discharges in tubes filled with gaseous 
hydrogen, deuterium or helium. The strength 
of  the discharge current has reached two 
million amperes. The discharge was nourish 
with a voltage of  several dozen kilovolts.

This is a very and very small voltage by the 
standards of  nuclear physics. Nevertheless, 
was reliably recorded acts of  thermonuclear 
reactions in this discharge. Of  course, now 
we can say that it can't be, because it can't be 
never, but at that time, in the far 1956, Igor 
Vasilievich did not hesitate to tell about it in 
England.

Another example is associated with the 
name of  the famous academician Yevgeny 
I. Zababakhin, the creator of  the russian 
thermonuclear weapon. The Russian Federal 
Nuclear Center in Snezhinsk is named 
after his. Yevgeny Ivanovich worked on the 
development of  the theory of  unlimited 
cumulation in the cavitation bubbles and 
mathematically strictly solved this problem 
[2]. His decision was not lost relevance 
to this day. He proved that for the energy 
concentration in the bubbles of  a certain size 
there are no restrictions: neither viscosity nor 
thermal conductivity can lead to limiting the 
temperature rise in the bubble. From here 
directly follows the possibility of  bubble 
fusion. Academician Zababakhin considered 
the idea of  a simple experiment that was to 
demonstrate this phenomenon: in a cauldron 
filled with heavy water (D2O) and placed 
on the fire; the water boils, it bubbles; the 
bubbles collapse, causing a thermonuclear 

reaction in deuterium. Unfortunately, we have 
no information about the fact, whether were 
conducted and to what led these experiments.

There are many other examples of  
studies of  low-energy nuclear reactions, 
conducted eminent scientists, including 
academicians of  the an USSR and the 
RAS. Manifestations of  low-energy nuclear 
reactions was discovered in very various 
experimental productions. This are and the 
reactions in the crystal lattice of  metals 
induced by electrolysis, and reactions in 
the crystal lattice, induced by impact, the 
different reactions at diffusion through 
the membrane. This is a whole class of  
experiments using electric discharge, electric 
explosion, of  ultrasound in a gas or liquid. 
This are reactions induced corpuscular and 
wave action on condensed media, and finally, 
reactions in biological systems.

Summarizing the known experimental 
data we can conclude that low energy nuclear 
reactions are not a synthesis, and are not a 
decay, but apparently, this are some collective 
nuclear transformations, which take place at 
energies unacceptably low for conventional 
nuclear reactions, and give the change of  the 
isotopic composition, as well as quite a large 
heat generation in the full absence of  residual 
radioactivity.

2. LASER ABLATION OF GOLD 
NANOPARTICLES IN SOLUTIONS OF 
SALTS URANIUM AND CESIUM
At the Prokhorov Institute of  General Physics 
of  RAS, in the laboratory of  macrokinetics of  
non-equilibrium processes of  the Scientific 
center of  wave researches (a branch GPI) in 
the recent years intensively investigate ablation 
(removal of  the substance from the surface by 
a laser pulse) of  solids in the liquid. The basis 
of  this phenomenon is light-hydraulic effect, 
discovered by G.A. Askar'yan, A.M. Prokhorov, 
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Fig. 1. G.A. Askar'yan, A.M. Prokhorov and G.P. Shipulo 
(left to right) beside experimental setup for the study light-hydraulic 

effect.

and G.P. Shipulo (Fig. 1) at the beginning of  
the laser era in 1963 [3, 4].

If  the laser beam acts on the absorptive 
target, located in a transparent fluid, at a 
sufficiently high intensity of  laser exposure, on 
the target surface the nanorelief  arises, and into 
the surrounding liquid stand out nanoparticles 
from the material of  the target (Fig. 2). In 
principle, this technique allows to generate 
nanoparticles of  any kind – metallic, dielectric, 
semiconductor.

It was shown that laser irradiation of  
nanoparticles of  metals in aqueous solutions 
of  salts of  uranium leads to a significant 

Fig. 2. Laser ablation of  solids in liquid.

deviation of  activity of  the radionuclides of  
this family from the equilibrium values [5, 6]. 
Change of  activity of  radionuclides occurs in 
the process of  laser irradiation of  metal targets 
in aqueous solutions of  salts of  uranium. 
Herewith an acceleration of  the spontaneous α 
- and β-decay nuclides belonging to the family 
of  uranium-238 is observed. This effect was 
investigated in a wide range of  wavelengths of  
the laser radiation and pulse durations [7, 8]. 
Laser ablation of  targets in aqueous solutions 
of  salts of  nuclides accompanied by the 
formation in solution of  nanoparticles of  the 
target material and, apparently, is a necessary 
condition for changes in the activity of  the 
nuclides. This conclusion can be drawn from 
observing the growth of  activity of  a number 
of  nuclides (thorium-234) for a long time after 
laser irradiation - up to 100 days [9].

In the present work we will focus on the 
irradiation by the pulsed laser of  an aqueous 
solution of  a salt of  cesium-137 (Fig. 3) with 
placed in it by gold nanoparticles (Fig. 4) which 
form in water a fairly stable colloidal solution 
[10].

Glass cuvette with an aqueous salt solution 
of  the radioactive isotope cesium-137, in which 
added gold nanoparticles at a concentration of  
1012 units per milliliter, was irradiated through 

Fig. 3. The irradiation of  pulsed laser radiation of  an aqueous 
solution of  a salt of  caesium-137 placed in him by the gold 

nanoparticles.
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the transparent bottom by the pulses of  the 
copper vapor laser. The energy of  each pulse 
was 2 mJ, duration 10 ns, repetition frequency 
10 kHz. The characteristic time of  irradiation 
- ten hours. In order to the transparent bottom 
of  the cuvette is not quickly destroyed, the 
laser beam is focused not at the same place, 
and scanned over the surface of  the cuvette. 
External cooling of  the cuvette with running 
water prevented the boiling in it a radioactive 
solution.

In contrast to the nuclides of  family of  
uranium-238, at cesium-137 there is only one 

channel of  decay – β-decay. There are two 
channels of  β-decay (Fig. 5). The first channel, 
which is realized with a probability of  95%, is 
the beta decay of  cesium-137 to an excited 
state of  barium-137, the loss of  excitation by 
a nucleus of  barium results in the emission 
of  gamma-quant with energy 662 keV. I.e., in 
fact, in the experiment measured the number 
of  excited nuclei of  barium. But because this 
transition is very rapid compared to beta decay 
(half-life of  cesium-137 is 30 years), in fact, 
the intensity of  the gamma-quants determines 
the concentration of  nuclei of  caesium-137. 
Measurement of  the intensity of  the flux 
of  gamma-quants is a very reliable method 
of  measuring the concentration of  nuclei 
of  caesium, as gamma-quanta with energy 
662 keV are not absorbed into either the liquid 
or the nanoparticles or glass of  cuvettes.

There is a second channel of  the beta 
decay of  cesium-137 that is implemented 
with a probability of  5%. In it beta-electron 
is emitted from the nucleus of  a cesium with 
energy of  order 1 MeV, and the nucleus of  
the barium is in the unexcited, ground state. 
This channel is nonradiative and cannot be 
used for measurements in this scheme of  the 
experiment for the reason that electrons with 
an energy of  about 1 MeV can not leave the 
cuvette - they are completely braked in water, 
not reaching the walls of  the cuvette.

Gamma radiation from the fixed cuvette 
was measured by semiconductor gamma 
spectrometer Ortec-65195-P with an accuracy 
of  ±5% continuously for 15 hours before laser 
irradiation, 10 hours during the experiment, 
and 15 hours after irradiation.

A typical gamma spectrum from the cuvette 
with a solution of  caesium-137 is shown in 
Fig. 6. The solution activity was measured by 
area under the spectral peak of  gamma-quant 
with energy 662 keV using a special program. 
Activity values were saved in computer memory Fig. 5. Diagram of  the beta decay of  the isotope cesium-137.

 

Fig. 4. Gold nanoparticles obtained by ablation of  a gold target in 
aqueous solution of  salt of  cesium-137.
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Fig. 6. A typical gamma spectrum from the cuvette with a solution 
of  cesium-137.

with a frequency of  1 time per second, and 
the time of  signal accumulation was selected 
such that the measurement error did not 
exceed 0.5%. The peak contrast relative to the 
background was 120:1.

Preliminary measurements of  gamma 
spectrum of  the cuvette, with radioactive 
cesium-137 for 15 hours before laser irradiation 
showed that the concentration of  cesium in the 
cuvette during this time has not changed (which, 
on the one hand, to be expected, because the 
period of  half-decay of  cesium-137 is a lot 
more observation time, and on the other hand, 
this fact indicates the absence of  possible care 
paths of  caesium from the cuvette).

The main result of  the experiment, 
conducted jointly with specialists from Dubna, 
lies in the detection by they the monotonic 
decrease of  the flux of  gamma quanta with 
energy 662 keV on 5% at the time of  laser 
irradiation of  the cuvette, with a solution of  
radioactive cesium-137 for 10 hours (Fig. 7).

Subsequent measurements of  gamma 
spectra for 15 hours showed that after switching 
off  the laser the gamma activity of  the cuvette 
with the solution remains at a constant level.

Thus, for 10 hours of  laser exposure, 
the concentration of  radioactive cesium in 
the cuvette decreased by 5%. Formally, this 
corresponds to the acceleration beta-decay 

Fig. 7. The dependence of  the intensity of  the flux of  gamma 
rays with energy of  662 Kev from the time before, during, and 
after irradiation by laser pulses of  the cuvette with a solution of  

radioactive cesium-137.
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of  cesium-137 is not less, than 1200 times. 
However, in reality, here we are faced with 
manifestation of  the another nuclear process. 
The effect we called "nonlinear quenching of  
the radioactivity of  cesium-137" – similar to 
the quenching of  luminescence in laser crystals.

3. POSSIBLE MECHANISMS 
OF REDUCTION OF CESIUM 
RADIOACTIVITY
The discovered effect is not the acceleration 
of  beta-decay. This is easily seen by following 
the method of  the proof  "by contradiction". 
Without going into the mechanism of  the 
process, assume that during laser exposure, 
for whatever reason, the acceleration of  beta-
decay of  the nucleus of  caesium-137 occur. 
Herewith this realizes the decay channel into 
the excited state of  the barium nucleus. Now 
its half-decay period is already not 30 years, and 
just 9 days (this figure is obtained taking into 
account the fact that for 10 hours, the decrease 
of  the radioactivity of  the solution was 5%). 
What then will be the result? The nuclei of  
cesium will go to an excited level of  the nuclei 
of  barium 1200 times faster. Consequently, 
the intensity of  the flux of  gamma quanta 
with energy 662 keV should increase by 1200 
times. However, gamma-ray spectrometer does 
not register that. On the contrary, it shows a 
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monotonous decrease in the intensity during 
laser irradiation. So, talk about the acceleration 
of  the beta decay of  cesium in this case is 
incorrect.

Consider another possibility, when beta 
decay accelerated by non-radiative channel 
of  the caesium into the ground state of  
barium. To explain the experimental data, its 
half-life must equal total of  11 hours, as the 
radiationless transition occurs only in 5% of  
cases. Beta decay of  cesium on this channel 
will not give an increase in the intensity of  
gamma quanta with energy 662 keV, instead 
there will be a large number of  electrons 
with energy around 1 MeV. These electrons, 
scattered on the surrounding atoms will give 
to gamma-quanta of  bremsstrahlung radiation 
with a continuous spectrum of  energies from a 
high of  1176 keV and below. Their emergence 
one may register with the help of  gamma-
spectrometer, however, this task is connected 
with considerable experimental difficulties. 
In particular, it is necessary to eliminate the 
effect of  cosmic gamma background on the 
measurement results. Work in this direction is 
underway, but so far the achieved measurement 
accuracy does not allow to make certain 
conclusions.

The third possibility of  reducing the 
radioactivity of  cesium lies in the implementation 
of  nuclear reactions during laser irradiation of  
solution. As we know from nuclear physics, 
nuclear reactions must overcome the Coulomb 
barrier of  repulsion of  the positively charged 
nuclei involved in the reaction. This requires a 
temperature of  millions of  degrees, or a high-
energy accelerator. It is obvious that in our 
experiment none of  these possibilities is not 
possible. Therefore, about the occurrence of  
the usual nuclear reactions in this case is not 
out of  the question.

However, we cannot exclude the possibility 
of  exotic nuclear processes, the theory of  

which develop in the works of  doctors of  
Phys&Math Sciences V.I. Man'ko [11] and V.I. 
Vysotskii [see, for example, on pages 21-36 of  
this issue and the bibliography in it]. From their 
theory it follows that for the implementation 
of  exotic low-energy nuclear reaction it is 
necessary that the nuclei were correlated in a 
coherent quantum state. Recall that these are 
the states in which fluctuations of  momentum 
and coordinates of  a quantum particle are 
not independent, and therefore, the ratio of  
uncertainty of  Heisenberg is written for them 
in the form of  an equation of  the Schrödinger-
Robertson [12, 13]. It takes into account the 
correlation coefficient, which in the usual 
uncorrelated quantum states is equal to zero 
(then this formula reduces to the ratio of  
the Heisenberg uncertainty), but may be and 
very close to unity. Then the product of  the 
fluctuations of  the coordinate and momentum 
of  a particle can increase substantially. 
Formally, this corresponds to increasing the 
"effective" Planck's constant by several orders 
of  magnitude, which in turn leads to a multiple 
increase in the probability of  tunneling of  a 
quantum particle through the Coulomb barrier.

There is a fundamental difference of  
correlated particles in the coherent condition 
compared with the particles having high kinetic 
energy.

If  the particle with high kinetic energy 
collides with an atomic nucleus, this nucleus, 
as a rule, enters an excited state, the decay of  
which is usually accompanied by the emission 
of  gamma quanta, neutron yield, electrons, or 
other nuclear particles. As a result, the kernel 
acquires the residual radioactivity.

If  the particle is in a coherent correlated 
state, then she may have high energy because 
of  the fluctuations on very short time, that 
is determined by the uncertainty relation 
Schrödinger-Robertson. A particle with such 
energy would react with the nucleus, but 
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this happens only if  the excited state of  the 
nucleus, which arises herewith, relaxed during 
the time less than the lifetime of  fluctuations 
of  the energy of  the particle.

I.e. not every nuclear reaction can be come 
true, but only one in which the products have a 
very short relaxation time to the ground state. 
In other words, those new nuclei that occur 
in these exotic nuclear processes do not have 
residual radioactivity, i.e., are stable.

As shown by V.I. Vysotskii, for the formation 
of  coherent correlated state the quantum 
particle must be in a potential pit, the walls of  
which experience a rapid changes. Potential pit 
must either monotonically expand or shrink, or 
experience periodic perturbations. An example 
of  such a potential pit can serve as a nano-cavity 
in the crystal lattice of  a solid body subjected 
to shock compression or rupture. Another 
example, of  direct relevance to experiment 
[10], is a nano-sized cavitation bubble in the 
liquid, the volume of  which fluctuates under 
the action of  external forces. Such nanoscale 
bubbles appear in laser irradiation of  colloidal 
solution of  gold nanoparticles.

It is possible to give some estimates. 
The average size of  the nanoparticles in the 
experiment [10] is of  the order of  10 nm. With 
long-term laser exposure the nanoparticles are 
fragmented and their size can be smoothly 
reduced to 3 nm. The concentration of  
nanoparticles in solution – 1012 units per ml, 
the average distance between them – of  about 
1 micron.

What happens to a nanoparticle trapped 
in the focus of  the laser pulse? It absorbs the 
laser energy, heats up and becomes the center 
of  nucleation – on it arise nanoscale cavitation 
bubble. The surface of  these bubbles are 
charged. With the growth of  nanobubble on 
its surface there is a separation of  charges, and 
inside it formed a sufficiently large electric 
field, which causes electrical breakdown of  a 

gas-vapor mixture inside the bubble and the 
formation of  a plasma consisting primarily of  
electrons and protons. The resulting plasma 
then absorbs the laser radiation, which leads 
to further growth of  the bubble. According 
to our calculations, the electric field inside 
the bubble can reach values of  the order of  
10 kVcm2. This is sufficient to breakdown the 
gas.

We conducted special experiments in which 
we measured the duration of  the individual 
flashe from nanobubble and the spectrum 
of  its radiation. It is obtained that the flash 
duration is around 10 ns – this coincides with 
the duration of  a single laser pulse. Spectrum 
of  flash continuous, that matches the spectrum 
of  the bremsstrahlung of  the electrons in the 
plasma. Evaluation of  plasma temperature give 
a value of  the order of  several electron volts.

It should be emphasized that the 
characteristic distance between nanobubbles of  
the order of  1 µm is large enough to consider 
them independent from each other. It is well 
known that the cavitation processes are most 
intense when the bubbles are separated from 
each other. Once they merge, the efficiency of  
cavitation drops sharply. From this follows an 
important condition for the intensity of  the 
laser pulses: it must be high enough for the 
formation of  cavitation bubbles on the gold 
nanoparticles, but not to exceed such values, 
when the bubbles merge with each other.

So, as a result of  the impact of  laser pulse 
on gold nanoparticle is formed nanobubble 
containing electron-proton plasma. In fact, 
the bubble is proton potential well, the walls 
of  which are deformed due to the fact that 
the bubble grows or shrinks. Therefore, the 
protons can be in a coherent correlated States. 
Fluctuations of  the proton energy in these 
States can be sufficient to proton react with 
a nearby nucleus of  caesium-137 with the 
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formation of  non-radioactive barium-138 in 
ground state.

Thus, a third possible mechanism for 
reducing the radioactivity of  a solution of  
cesium lies in the occurrence of  nuclear 
reactions between protons, which are in 
coherent correlated states in nanobubbles, and 
nuclei of  caesium-137, with the formation of  
non-radioactive barium-138.

4. CONCLUSION
Obtained results extend the list of  radionuclides 
(232Th, 238U, 3H), the accelerated decay of  
which can be initiated with the aid of  laser 
radiation. These data are of  practical interest, 
since cesium-137 is one of  the most hazardous 
radionuclides due to its rapid spread in water 
and soil.

At the present time there are approximately 
two hundred nuclear power plants, in which 
operate almost 450 power unit. Many of  them 
have almost exhausted their resource and 
prepare for decommissioning. In this regard, the 
acute question of  disposal of  liquid radioactive 
waste (RW), first of  all,  water under the 
reactor. Currently, the solution to the problem 
of  disposing of  radioactive waste in fact 
confines to their long-term storage, in which 
radioactive isotopes disintegrate naturally over 
tens or hundreds of  years. In fact — is shifting 
the solution of  environmental problems 
of  the present generation on the shoulders 
of  its immediate and distant descendants. 
Even more acute problem of  disposal of  
radioactive waste arises in case of  emergencies 
at nuclear facilities (Chernobyl, Fukushima), 
and in the case of  military conflicts with the 
use of  nuclear weapons, as a result of  which 
extensive territories undergo by radiation 
contamination. Therefore, the development 
of  technologies accelerated deactivation of  the 
radiation contaminations and the utilization of  
radioactive waste is an urgent and priority task 
of  nuclear physics.

The relative simplicity of  the technological 
realization of  the laser quenching of  
radioactivity gives a real possibility of  its 
use for the decontamination of  radiological 
contaminants and adjustment of  the 
composition of  radioactive waste of  atomic 
energetics.
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1. INTRODUCTION
In March 1989 Fleishmann M., and S. Pons 
demonstrated the device, in which during the 
electrolysis of  heavy water in the presence of  a 
palladium cathode, emitted energy was several 
times more than supplied [1]. The authors 
explained this by the fact that released at the 
cathode deuterium penetrated into palladium, 
which has high ability to absorb hydrogen 
(deuterium). High concentration of  deuterium 
nuclei, introduced into the crystal lattice of  
palladium, makes possible the fusion of  two 
deuterium nuclei into the nucleus of  helium or 
of  tritium with the release of  large energy.

Usually the history of  studies of  the 
anomalously large heat generation and other 
phenomena occurring at the feeding of  some 
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materials with hydrogen, one start with this 
demonstration, although the results indicating 
the existence of  these phenomena were 
obtained before. For example, in 1950-ies 
I.S. Filimonenko has created an installation 
in which there was an unusually large heat 
generation at temperatures up to 1150°C [2]. 
The main part of  Filimonenko reactor was 
a metal pipe made of  an alloy containing 
palladium and filled of  the deuterium.

Reaction of  scientific community to the 
demonstration of  Fleischmann and Pons was 
very boisterous. In scientific laboratories of  
different countries, attempts were made to repeat 
these experiments. But the poor reproducibility 
and the lack of  clear explanation have led to the 
fact that a significant portion of  the scientific 
community began to relate to the works in 
this area skeptical or even strongly negatively. 
Dislike was also contributed by the fact that this 
kind of  phenomenon was called "cold fusion", 
though, from the point of  view of  the existing 
system of  scientific knowledges, transformation 
of  matter at the nuclear level at energies of  
the order of  1 eV are impossible. But even 
if  we assume the existence of  some obscure 
mechanism of  such nuclear transformations, 
they, according to existing ideas, inevitably must 
be accompanied by deadly gamma and neutron 
radiation. The fact that the researchers were not 
perish, it would seem, clearly demonstrated the 
fallacy of  their experiments.

However, researches in this direction 
were continued [3-9]. The technique of  such 
experiments is usually composed in saturating 
with hydrogen (deuterium) substances that 
have the ability to greedily absorb this gas 
(commonly used palladium, titanium or 
nickel).  For this, in addition to just detention 
in the atmosphere of  hydrogen are used 
electrolysis or electrical gas discharge. The 
hydrogen-saturated samples are subjected 
to different influences. In this case, are 
made a measurements, which may indicate 
the processes of  the changes at the nuclear 

level. On the nuclear changes may indicate 
heat generation, exceeding the possibilities 
of  chemical reactions, the appearance 
of  neutrons, gamma and x-ray radiation, 
the appearance of  tritium, the change in 
isotopic composition. In addition, we studied 
the possibility of  occurrence of  nuclear 
transmutations in biological systems was 
studied [10, 11].

In this article presents information on the 
results of  the analysis of  the heat generation and 
changes in the fuel and in construction materials 
that occurred in several nickel-hydrogen reactors 
created by our team.

2. FIRST EXPERIMENTS WITH THE 
HYDROGEN-SATURATED NICKEL
Until recently, among the researchers of  the 
phenomenon of  anomalous heat generation 
received the most attention the palladium or 
titanium, with the most striking ability to absorb 
hydrogen. Although already in 1992 at the physics 
faculty of  the University of  Siena (Italy) by a 
group of  researchers led by Francesco Piantelli 
experiments were conducted in which it was 
found anomalously large heat in the interaction 
with hydrogen with nickel [12].

In Fig. 1 the layout of  the experimental set-
up is shown. Reactor chamber of  length 100 
mm has a diameter of  50 mm. In the chamber 
is a heater of  platinum wire. Inside the heater is 
placed, or a rod of  Nickel with a length of  90 
mm with a diameter of  5 mm, or alternatively,  
an appropriate dummy stainless-steel rod of  

 
Fig. 1. Scheme of  setup for the saturation of  nickel with hydrogen 

and of  study of  heat generation [12]. 
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the same size. The temperature of  these rods 
was measured by a platinum thermometer. 
The  chamber can be evacuated by means of  a  
turbomolecular vacuum pump and filled with  
hydrogen or deuterium from gas bottles. The  
pressure inside the chamber is measured by a  
piezomanometer. The heater coil is powered DC 
stabilized power supply. The values of  the gas 
pressure, the heater current and the temperature  
are continously monitored by a PC operated  
data logger.

Calibration measurements of  the temperature 
dependence of  the stainless steel rod upon 
heating power at pressures in the range from the 
maximum attainable vacuum up to atmospheric 
was made. Further, in setup placed a rod of  
nickel and cyclically carried out the pumping 
out and filling of  the chamber with hydrogen 
(natural mixture of  protium and deuterium) up 
to a pressure of  about 0.55 bar at a temperature 
of  440°C. Every time the pressure stabilized an 
hour after reducing the pressure about on 0.05 
bar as a result of  absorption of  hydrogen by the 
nickel.

In one of  the cycles of  pumping-filling, the 
temperature suddenly rose from 440° to 480°C 
at a constant power of  electric heating. Using the 
calibration curve heating power-temperature, 
the authors concluded that unto the electrical 
heating has become add heat, to the power of  

about 20W. After several additional cycles the 
excess power reached 50 watts (Fig. 2).

Fig. 2 shows that the same temperature of  
nickel rod, which saturated with hydrogen, is 
achieved at a power of  about two times smaller 
than when using the dummy or nickel, which not 
saturated with hydrogen.

The setup work lasted continuously for 24 
days, with an average excess power of  44 watts. 
In total for this time produced about 90 MJ of  
thermal energy in excess of  electricity consumed.

In the future, were created a similar, but 
more advanced setups [13-15]. One of  them, 
producing 68 watts of  excess capacity, worked 
for 278 days, producing 900 MJ of  heat, above of  
electricity consumed. Other, producing 18 watts 
of  excess capacity, worked 319 days, producing 
about 600 MJ of  heat in excess of  electricity 
consumed. So much heat is released during the 
combustion of  more 10 kg of  oil products. Note 
that the mass of  hydrogen absorbed by nickel, 
and partially reacted, is less than 100 mg.

After operation of  the reactor for 22 days 
(produced 35 MJ surplus energy) surface of  the 
nickel sample was subjected to analysis using 
scanning electron microscope [13]. It revealed 
the presence of  chromium and manganese, the 
presence of  these was not noticeable prior to 
being in the reactor.

For clarification of  the radiation situation 
around reactors were carried out special 
researches with the involvement of  experts in 
the field of  registration of  nuclear radiation. To 
measurement of  a possible neutron radiation 
were used three 3He counter surrounded by a 
paraffin retarders, and also an activation method 
using gold foil [14]. With the excessive power 
of  heat generation 22-38 W was registered the 
unstable emission to 6.000 neutrons per second. 
It this to 1011 times less than would be emitted 
if  the excess power was called the known 
mechanisms of  nuclear reactions.

The possible gamma radiation was 
detected by the scintillation NaI(Tl) and also 
the semiconductor germanium detector. 

 

Fig. 2. The temperature of  the rod in depending on the power of  
the electrical heating at different values of  the anomalous energy 
release 0 W, 20 W, 50 W [12]. The dependence in "0" is obtained 
for the stainless steel rod and rod of  nickel is not saturated with 

hydrogen.
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The measurement results differed little from 
natural background radioactivity [15]. In later 
experiments, it was discovered weak radiation 
with an energy of  511 Kev, which indicates 
the occurrence of  β+-decays. Description 
of  the experiments of  the Italian physicists, 
continue to the present time, can be found on 
the website [16]. One of  the setups worked for 
several months without additional power supply 
and without added hydrogen, is continuously 
allocating 70 watts of  thermal power.

The radiation of  neutrons was registered as 
well by the Russian researchers during heating 
in the temperature range 250-350°C the nickel 
powder in a hydrogen environment at a pressure 
to 100 bar [17]. The radiation of  neutrons took 
place in the form of  short bursts or series of  
bursts lasting up to several tens of  minutes. 
The total neutron yield reached 500000. For 
registration of  neutrons was used 3He counter 
with a water retarder as well as an activation 
technique using indium. The results of  the 
measurements by both methods are within the 
possible errors are the same.

From other studies in which it was registered 
the heat generation in excess of  electricity 
consumed, it should be noted the researches 
of  team led by the fellow worker of  Italian 
national Institute of  nuclear physics Chelani 
Francesco [18], as well as Akito Takahashi 
(Osaka University) and Akira Kitamura (Kobe 
University) [19], studied the nanopowder alloy 
nickel-copper in the matrix of  ZrO2. They 
registered the release of  energy up to 800 eV per 
one absorbed hydrogen atom, which is hundreds 
times greater than the energy release, which is 
possible in chemical reactions.

3. ANDREA ROSSI'S HEATGENERATORS
Despite these successes, until recently, 

the study of  these anomalous phenomena 
professionals nuclear was not taken seriously. 
The situation changed when the Italian engineer 
Andrea Rossi and Professor of  the University 
of  Bologna Sergio Focardi managed to move 

from research mock-ups to setups that produce 
energy on an industrial scale [20].

For the first time a device which produces a 
heat to capacity of  12.5 kW, were demonstrated 
January 15, 2011. "Fuel" of  the reactor is the 
nickel and hydrogen. The structure of  this 
device is described in patent [21], but the detailed 
description is a trade secret. During public 
demonstrations, observers were allowed only to 
inspect the unit outside, measure the input and 
output of  energy and to monitor the level of  
radiation.

October 28, 2011, Rossi demonstrated the 
reactor, which for 5.5 hours had give power 
470 kW in self-sustaining mode. Careful 
measurements of  the radiation around the 
working installation have not revealed any 
noticeable differences from the background. 
Although achieved in the tests the results 
are impressive, the design of  setup cannot 
be considered perfect, as it consisted of  300 
modules, housed in a сargo container. For her 
work needed the balloons with hydrogen and a 
lot of  water.

Reactors of  other design Rossi demonstrated 
in December 2012, March 2013 and March 
2014. These devices appeal to compactness and 
simplicity. The operation of  these reactors was 
controlled by an international Commission of  
competent scientists who released two lengthy 
report [22, 23]. Of  particular interest is the 
last report. Although it did not disclose the 
internal structure of  the reactor shown, the 
detail observation of  the device operation and 
the thoroughness of  the tests allow you to guess 
a lot. The study was performed in Barbengo 
(Lugano, Switzerland) with the use of  equipment 
which, according to experts, does not in any way 
connected with Andrea Rossi or his partners. 
In the work took part Giuseppe Levi (Bologna 
University, Italy), Evelyn Foschi (Bologna, Italy), 
Bo Höistad, Roland Pettersson and Lars Tegnér 
(Uppsala University, Sweden), and Hanno Essén 
(Royal Institute of  Technology, Sweden), David 
Bianchini (expert in radiation measurements). 

NUCLEAR PHYSICS
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The presentment of  this report was published 
in Russian [24].

The reactor weighs 450 g. The appearance of  
the reactor is a ceramic cylinder of  diameter 2 
cm length 20 cm with overhangs that improve 
convective heat transfer (Fig. 3). On both sides 
this cylinder ends with two ceramic tips diameter 
4 cm, long 4 cm. On the tips there are the clamps 
of  three heaters. In one of  the tips there is a 
hole with a diameter of  4 mm. Into the hole 
is inserted ceramic plug in which is mounted 
the thermocouple probe. Through this hole is 
loaded the fuel.

Three phase power to the heaters is supplied 
from two sides via copper wires, located in 
ceramic tubes. To adjust the electric power 
programmable power supply was used, which 
uses to maintain the set mode the signal from 
the thermocouple probe.

For determining the consumed energy used 
power meters and spectrum analyzers, and digital 
multimer. The power generated was determined 
by measuring the surface temperature using 
thermal imaging cameras and calculation on 
this basis, the energy losses by radiation and 
convection. All used measuring equipment were 
tested at the manufacturing companies and cross-
checked at the application site. The information 
coming from all sensors were recorded in the 
computer memory for later careful analysis.

All testing stages were under the continuous 
supervision of  experts. In the first stage the 

reactor was investigated at idling speed (without 
fuel). In this case, the thermal energy dissipated 
by the reactor is equal to the amount of  electricity 
supplied. This allowed to make calibration 
measurements, using the results of  which it is 
possible to determine the energy release of  the 
reactor in the operating mode.

After a 23-hour operation without fuel, the 
reactor was turned off  and disconnected from 
electrical cables, which allowed to load fuel mass 
of  about 1 g, having the form of  a fine powder. 
Before that, the powder to be loaded was poured 
into a special container, and its radioactivity was 
measured in a low-background lead chamber. 
After loading the fuel, the hole was closed with 
a ceramic stopper containing the thermocouple 
probe, and sealed with alumina cement. Were 
connected by electric cables and gradually 
increasing heating was included. The increase 
in heating power lasted as long as the average 
surface temperature of  the reactor reached 
1260°C at a power consumed by the heater of  810 
watts. The operation in this mode lasted almost 
10 days. At the end of  this period the experts 
decided to increase the capacity, and raised it 
up to 900 watts. As a result, in a few minutes 
the temperature of  the reactor was increased 
to 1400°C. Such an increase in temperature 
corresponds to an increase in heat dissipation 
for 700 W, although power of  electric heating 
increased less than 100 watts. Further work took 
place when the electrical heating power of  about 
900 watts up to a pre-scheduled time shutdown 
(32 days after switching the reactor with fuel). 
The reactor was off  by gradually decreasing the 
power of  the electric heating. Until that time the 
reactor operation occurred without a noticeable 
reduction of  the power of  heat generation that 
indicates that the service life of  the reactor after 
32 days operation was not exhausted.

The measurements showed that the heat 
dissipation of  the reactor is much more energy 
consumption. When power consumption of  
790 watts in the first 10 days of  operation of  
the reactor, the additive to the power consumed, 

 
Fig. 3. The Rossi's reactor during the test. On each side there are 
three ceramic tubes with wires for which power is supplied, required 

for the preliminary heating of  the reactor.
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on average, is 1650 watts. After increasing the 
power consumption to 900 watts the value of  
supplements in an average of  2300 watts.

The report made the calculation of  the 
energy produced during the reactor operation 
in excess of  the consumed electric power: 
1.6 MW h or 5800 MJ. Attributing this value to 
the mass of  fuel 1 g, we estimate the density of  
energy release 1.6∙109 W∙h/kg = 5.8∙106 MJ/kg. 
It is in hundreds of  thousands times more than 
what can be obtained with the combustion of  
petroleum products.

After cooling of  reactor the hole on the tip 
was opened, spent fuel extracted, poured into a 
container and checked for radioactivity similarly 
to testing of  the fuel before loading. After that, 
the spent fuel has been subjected to various tests.

The analysis of  the elemental and isotopic 
composition of  the fuel was made by three 
independent groups of  researchers specializing 
in the application of  various techniques. Were 
used scanning electron microscope (SEM) 
to study the surface morphology of  the 
fuel powder. Were using methods of  x-ray 
photoelectron spectroscopy (XPS), dispersive 
x-ray spectroscopy (EDS), time-of-flight 
mass spectrometry of  secondary ions (ToF-
SIMS), mass spectrometry with inductively 
coupled plasma (ICP-MS) and atomic emission 
spectroscopy (ICP-AES). The application of  the 
complex of  these methods allows to give quite 
extensive information about the properties of  
fuel before and after operation of  the reactor.

The conducted analyzes allowed to draw the 
following conclusions.

The original fuel is mainly composed of  
nickel powder in the form of  pellets the size 
of  a few microns, having a natural isotopic 
composition. In addition to the nickel in the fuel 
is detected admixture of  Li, Al, Fe and H. The 
analysis of  ICP-AES showed that the ratio of  
the contents of  Li and Al corresponds to the 
molecule of  lithium aluminum hydride, Li[AlH4]. 
This component is likely used to produce free 
hydrogen by heating. In addition, EDS and XPS 

analyses revealed the presence of  O and C. The 
analysis of  the ToF-SIMS showed the presence 
of  protium, but did not notice the presence of  
deuterium. The amount of  most elements differs 
greatly in different granules.

The spent fuel has granules of  a different kind 
than the initial fuel. The elemental and isotopic 
composition of  granules is different, however, 
it is obvious that the isotopic composition of  Li 
and Ni in spent fuel is radically different from 
the measured isotopic composition of  the initial 
fuel (Table 1).

Although the results of  measurements of  the 
isotope composition by the two methods do not 
completely coincide, the following conclusions 
can be drawn.

1. The ratio of  isotopes of  lithium and nickel 
in the original fuel is within the possible error 
does not differ from the natural.

2. In the spent fuel the relative content of  
6Li increased significantly and the content of  7Li 
decreased.

3. In spent fuel, the content of  all isotopes 
of  nickel, except 62Ni, has decreased very much. 
The content of  this isotope increased from 3.6% 
to 99%.

Such a strong change in the isotopic ratio of  
lithium and nickel, after 32 days of  reactor work 
suggests that the registered anomalously large 
energy release is associated with changes at the 
nuclear level.

Table 1.
The isotopic composition of lithium and nickel in the 
source and spent fuel (%), measured by methods 
ToF-SIMS and ICP-MS, as well as the natural ratio of 

isotopes in these elements
Initial fuel Spent fuel Nature

ToF-SIMS ICP-MS ToF-SIMS ICP-MS

6Li 8.6 5.9 92.1 57.5 7.5
7Li 91.4 94.1 7.9 42.5 92.5

58Ni 67 65.9 0.8 0.3 68.1
60Ni 26.3 27.6 0.5 0.3 26.2
61Ni 1.9 1.3 0.0 0.0 1.8
62Ni 3.9 4.2 98.7 98.3 3.6
64Ni 1.0 0.0 0.5
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To check the possible ionizing radiation were 
used scintillation detectors and Geiger counters, 
as well as thermoluminescent dosimeters. This 
allowed registration of  alpha, beta, gamma 
radiations and neutrons near working reactor. 
In addition, it was measured the radioactivity 
of  the fuel before the filling of  the reactor 
and after completion of  work. None of  these 
devices had not registered the difference from 
the background during operation of  the reactor 
or in the study of  the initial and spent fuel.

4. ATTEMPTS TO REPRODUCE ROSSI 
REACTOR
Researches in the field of  cold nuclear 
transmutations – pretension on experiments, 
showing the path to acquiring fundamentally 
new knowledge and discovery new possibilities 
for the human community. But from the point 
of  view of  established scientific knowledge, the 
nuclear transmutation at low energies, without 
nuclear radiation, is absolutely impossible. In 
such circumstances, the first thing need to do 
is to make sure that such unusual results – not 
the result of  errors or deliberate falsifications. 
Even the most strict and fair examination is 
insufficient. It is necessary to independently 
reproduce these results by other people, in other 
laboratories, with other equipment.

After the publication of  the report of  
experts on the work of  last version of  Rossi 
reactor, its structure became in general clear, 
and it was finally possible to reproduce it. This 
reactor, in fact, is ceramic tube, sealed of  heat-
resistant cement, in which there is the nickel 
powder with the addition of  lithium aluminum 
hydride Li[AlH4]. To initiate the process, the 
tube has slowly heated to a temperature of  
1200-1400°C. First of  all, when heated, occurs 
decomposition of  lithium aluminum hydride. 
The liberated hydrogen cleans the surface of  
nickel from oxides. After that, the hydrogen 
starts to dissolve in the nickel. After reaching 
a sufficiently high temperature in nickel with 

dissolved in it hydrogen, lithium and aluminum, 
begins a process with a high heat release.

Realizing this, many researchers around the 
world began to try to reproduce the heat generator 
Rossi. But it was not as simple task as it seems at 
first glance. Need to find a constructive materials 
that can withstand a corrosive environment at 
high temperature and elevated pressure, and to 
provide sealing. Need heaters, which operate at 
high temperature continuously. It is necessary 
to provide temperature measurement of  the 
order of  1400°C, and to work out the control 
techniques of  power of  operating reactor.

A report on the first successful test of  the 
Rossi reactor analogue was made as early as 
December 2014. [25]. For the manufacture of  
reactor used a tube of  corundum ceramics 120 
mm in length, an outer diameter of  10 mm and 
an inner diameter of  5 mm (Fig. 4). On tube is 
wound an electric heater of  heat-resistant wire. 
Inside the tube is 1 g powder of  nickel, mixed 
with 0.1 g of  lithium aluminum hydride. On the 
outer surface tube there is thermocouple. The 
ends of  the tube are sealed with heat-resistant 
cement. The same cement covers the whole 
surface of  the reactor.

As the power source for the heater was 
used the transformer with switched windings. 
Switching was both manual and automatic 

Fig. 4. The scheme of  Rossi's reactor analogue [26]: 1 – cement, 
2 – electric heater, 3 - ceramic bungs, 4 – ceramic tube, 5 - 
thermocouple, 6 – powder of  Ni + LiAlH4. Below - foreign view.
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with using the regulator controlled by the 
thermocouple signal. Heating up to operating 
temperature lasted 10-12 hours. For measuring 
consumption of  electricity are used the 
voltmeter and the ammeter, and the meter, 
allowing you to transfer data to the computer. 
To control the level of  radiation used Geiger 
counter SI-8B, the dosimeter DK-02 and 
neutron activation technique, using indium.

The method used to measuring the power of  
heat generation, based on the readings of  thermal 
imagers [24], used by experts for testing the Rossi 
reactor is too complicated. In this experiment 
used a methodology based on the amount of  
evaporating water. This technique worked and 
repeatedly verified in various experiments. The 
reactor is in closed metal vessel (Fig. 5). This 
vessel is immersed in water. Part of  water goes 
away as steam. By measuring the loss of  water, 
by a known value of  heat of  vaporization (2260 
kJ/kg) is easy to calculate the separated heat. A 
correction for heat loss through insulation can be 
calculated using the cooling rate after shutdown 
of  the reactor.

A detailed description of  the progress 
of  the experiments and of  technic of  results 
processing can be found in [25]. Here are only a 
summary of  the results obtained in experiments 
conducted in December 2014 and January 2015 
(Table 2). In addition to the experiments with 
reactors, which loaded with a mixture of  Ni + 

Li[AlH4], were carried out experiments with 
models of  the reactor without fuel.

A significant excess of  released heat 
energy over the absorbed electrical energy 
was observed only in reactors with fuel at 
temperatures about 1080°C and above. In 
cases with models reactor, as well as with 
reactors with fuel at a temperature below 
1080°C, the ratio of  the emitted heat 
energy to absorbed electric power close to 
1.

Fig. 5. The scheme of  the calorimeter with evaporating water: 
1 – vessel for the water, 2 – vessel for the reactor, 3 reactor, 4 – 
holes for the escape of  steam, 5 – funnel for adding water, 6 – heat 

insulation, 7 – water.

Reactor with fuel
Date Temper. Duration Consump. Gener. COP

°С min W W
20.12.2014 970 38 301 297 0.99
20.12.2014 1150 50 395 758 1.92
20.12.2014 1290 40 499 1365 2.74
04.01.2015 940 131 304 305 1.00
04.01.2015 1020 75 377 407 1.08
10.01.2015 1080 73 161 281 1.77
18.01.2015 800 90 308 293 0.95
18.01.2015 1080 38 78 135 1.73

Reactor without fuel
Date Temper. Duration Consump. Gener. COP

°С min W W
02.01.2015 210 56 211 227 1.07
02.01.2015 470 88 433 414 0.95
02.01.2015 1050 16 328 1035 1.12
21.01.2015 1000 69 297 296 1.00
21.01.2015 1080 43 306 297 0.97
28.01.2015 900 65 955 105 1.08
28.01.2015 1100 66 116 116 1.00
28.01.2015 1200 50 151 147 0.97

Table 2.
The ratio of emitted heat to electricity consumed (COP)
in the experiments in December 2014 and January 2015
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Thus, these experiments showed that 
a mixture of  nickel and lithium aluminum 
hydride, with heated in hermetic ceramic tube to 
a temperature above 1080°C, indeed, produces 
much more heat than it consumes. The level 
of  ionizing radiations during reactor operation 
is not appreciably higher than the background 
indicators. The density of  neutrons flux is not 
higher than 0.2 neutr./см2с.

Later it was created a lot of  experimental 
installations, confirming the presence of  excess 
heat generation in devices similar to the heat 
generator Rossi. In the paper [26] described 15 
devices of  this kind created in Russia, USA and 
China. In this article we will give a description 
of  some of  the many devices, created in our 
team.

5. ESTIMATION OF POSSIBLE 
CHANGES IN THE ISOTOPE 
COMPOSITION OF FUEL
We can estimate the possible changes in the 
isotopic composition of  the fuel assuming that 
the excess heat release occurs as a result of  
nuclear transmutations in accordance with the 
law of  conservation of  energy. For example, in 
nickel, containing hydrogen, a nuclear reaction 
may occur
58Ni + 1H + 2e- → 59Co + 10.32 MeV       (1)

Since 1 MJ is equal to 6.3·1018 MeV, about 
6·1017 nickel nuclei (0.00006 g) are consumed 
as a result of  this reaction to release 1 MJ of  
energy, and the same amount of  cobalt is formed. 
Nickel-hydrogen reactors usually contain about 
1 g of  fuel. It is quite possible, using modern 
technology, to detect 0.00006 g of  cobalt in 1 g 
nickel (0.006%).

It is more difficult to detect changes in the 
isotopic ratios. Conventional mass spectral 
analyzers allow one to capture changes in isotopic 
ratios of  elements of  the order of  1%. It is not 
possible to detect a change of  the order of  0.01% 
that occurs when 1 MJ of  energy released into 1 
g of  fuel as a result of  the reaction (1). To reduce 

the content of  the isotope 58Ni by 1%, an excess 
energy of  the order of  100 MJ is necessary.

If  the fuel contains lithium, a nuclear reaction 
is possible
7Li + 1H → 24He + 17.35 MeV       (2)

As a result of  this reaction, in a mixture of  
lithium isotopes (the natural mixture contains 
92.6% of  7Li and 7.4% of  6Li) the content of  
7Li decreases and, accordingly, the content of  6Li 
increases. Suppose that all excess energy release 
is associated with reaction (2). To release 1MJ of  
energy, 4·1017 7Li nuclei are required (4.2·10-6 g). 
A typical reactor with fuel mixture of  lithium-
aluminum hydride and nickel contains about 0.02 
g of  7Li. Therefore, when 1MJ is released, only 
0.02% 7Li is removed. It is almost impossible to 
detect such a change. With the release of  1000 
MJ of  energy, 20% of  7Li is removed. This leads 
to an increase in the content of  6Li from 7.4 to 
10%. This change is quite possible to detect, 
although not easy because of  the small mass of  
the material available for analysis.

Thus, the appearance of  nuclides that are absent 
in the initial fuel can be detected with excess energy 
of  the order of  1 MJ per gram of  fuel. To reliably 
detect changes in the ratios of  isotopes in elements 
that originally are a part of  fuel, excess energy exceed 
100 MJ/g is required. It is natural that a thorough 
analysis of  the fuel of  the GS3 reactor made by 
Alan Goldwater did not reveal any noticeable 
isotope changes, since the excess energy production 
in it was about 50 MJ/g [3, 4]. The excess energy 
production in the high-temperature heat-generator 
of  Rossi, according to [1], was 5800 MJ/g. This is 
quite sufficient for radical changes in the isotopic 
composition of  both nickel and lithium. Further, 
we will present the results of  an analysis of  isotope 
changes in fuel and in structural materials that 
occurred in several nickel-hydrogen reactors created 
in our laboratory.

6. REACTOR AP2
Reactor AP2 [28] was charged with a fuel 
mixture of  640 mg Ni + 60 mg LiAlH4 (Fig. 6). 
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Fig. 6. Reactor AP2.
It worked from March 16 until March 22, 2015, 
and produced about 150 MJ of  excess heat.

Analyzes of  fuel before and after the 
experiment were made using several methods 
in different organizations. The analysis of  
the elemental composition using an electron 
scanning microscope was made at the 
Prokhorov General Physics Institute, Russian 
Academy of  Sciences and All-Russian 
Research Institute of  Experimental Physics 
(VNIIEF, Sarov). Two fractions confidently 
differ in the fuel mixture measured before 
experiment: gray crystals and white granules. 
Gray crystals mainly contain Al, O, and Cl. 
White granules consist of  nickel with a small 
admixture of  iron, aluminum and oxygen. In 
the fuel after the experiment, white molten 
and gray slag-like structures are visible. White 
structures contain mainly nickel with an 
admixture of  Fe, Al, Cr, Mn, Si and O. Slag-
like structures consist mainly of  Al and O.

Analysis of  the elemental composition of  
the fuel before and after experiment using 
laser atomic emission spectrometer was 
made at the Kurnakov Institute of  General 
and Inorganic Chemistry, Russian Academy 
of  Sciences. It showed that the content of  
K and Cr increased tens of  times after the 
experiment. The content of  Si, Na, Mg, Ca, 
Ti, and V increased manifold. The content of  
Al, Ni, Cl, Mn, Cu, Zn decreased. It should 
be noted, that this method of  analysis, as 
well as analysis using a scanning electron 
microscope, provides information on the 
atomic composition only on the surface of  
the test substance.

Analysis of  the isotope composition of  the 
fuel before and after the experiment in AP2 
reactor was made using ICP-MS method, which 
gives information on the isotopic composition 
on average over the sample. Such analysis was 
made in Vernadsky Institute of  Geochemistry 
and Analytical Chemistry of  Russian Academy 
of  Sciences. Total content of  aluminum and 
lithium after the experiment decreased, while 
the relative content of  6Li increased slightly. 
However this increase (by 0.5%) fall within the 
range of  possible measurement error. There 
are no significant  changes in the isotopic 
composition of  nickel.

The analysis of  AP2 reactor fuel by the ICP-
MS method was also made at Uppsala University 
(Sweden). The results of  these measurements 
are shown in Table 3.

According to these measurements, the 
relative content of  6Li in the sample of  spent 
fuel has more than doubled. Quite noticeable 
changes have occurred also in the ratio of  nickel 
isotopes. These results differ from the results 
obtained in Vernadsky Institute of  Geochemistry 
and Analytical Chemistry RAS. This difference 
can be explained, perhaps, by the unevenness of  
the changes in the sample volume. It should be 
noted that reliable results for lithium are difficult 
to obtain because of  a very low concentration of  
lithium in spent fuel (<0.01%).

7. REACTOR PROTOK-6
Reliable measurement of  generated heat is a 
key challenge in creating devices, which prove 
the existence of  excess heat generation. The 
technique with running water is considered the 
most accurate, so we used the flow-through 
calorimeter to measure the heat generation in 
the twelve reactors. This article describes one 

Table 3.
Analysis of AP2 reactor fuel by the ICP-MS method at 

Uppsala University (Sweden)
% 6Li 7Li 58Ni 60Ni 61Ni 62Ni 64Ni

Before 7.4 92.6 68.1 26.2 1.14 3.63 0.93

After 15.4 84.6 63.4 27.6 1.3 5.2 2.5

Nature 7.6 92.4 68.0 26.2 1.14 3.71 0.93
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of  them [29], who has worked for more than a 
month (Fig. 7).

We used a flow-through calorimeter in which 
the generated heat absorbed by the water which 
washed around the copper pipe, in which reactor 
is located. Power of  heat generation is determined 
by the formula W = c(dm/dt)(T-T0)(1+α), where 
c is the specific heat of  water, (dm/dt) is the mass 
of  water flowing per second, α is the correction 
for heat loss, T0 is the temperature at the inlet to 
the calorimeter, T is the temperature at the outlet.

In Fig. 8 shows the structure of  the 
reactor. The fuel (1.8 g of  nickel powder 
mixed with 0.2 g of  lithium aluminum 
hydride) was located in a ceramic tube of  
length of  80 mm, external diameter of  7.5 
mm, inner diameter of  5 mm. On the tube 
is wound a spiral of  tungsten wire 0.5 mm in 
diameter. In the tube is inserted the ceramic 
rods, which by centering washers holding the 
inner tube in the middle of  the reactor. In the 
longitudinal hole of  one of  the rods inserted 
W-Re high temperature thermocouple, which 
measures the temperature of  the fuel end. 
Another thermocouple (type K) controls 

the temperature of  the outer surface of  the 
outer ceramical tube. This tube has an outer 
diameter of  18 mm and inner 14 mm. Due to 
the great length of  the outer tube (350 mm) 
and the low thermal conductivity of  ceramics 
during reactor operation, the temperature of  
its ends does not exceed 50°C, which allows 
for sealing use the epoxy compound. Of  
the ends of  the reactor, in addition to the 
wiring of  the heater, metal tube goes out for 
connecting the manometer and the glass tube 
for pumping air.

The power supply to the reactor was carried 
out from the secondary winding of  transformer 
capacity of  630 watts. The switch taps of  the 
secondary winding allows you to set the desired 
heating power. The thermocouple that measures 
the temperature of  the end fuel, is connected 
to the thermostat TRM-500, which keeps the 
heater on until the temperature reaches the 
set value, and disables it when exceeding a 
predetermined temperature. Heating power is 
measured by voltmeter and ammeter directly on 
the heater, and also by a power meter, installed 
on the inlet of  the transformer. Mapping power 
on the heater with the power on the primary 
winding allows to determine the losses in the 
transformer and wires. This is necessary to 
amend the results of  the measurements of  
pulses power consumption by electric meter, 
that is registering by a computer. In addition 
to energy consumption, the computer registers 
the temperature at the inlet and outlet of  
calorimeter, as well as information about water 
consumption coming from the flow meter.

To verify the device was used similar to the 
above described reactor, which does not contain 
fuel. These measurements showed that the 
deviation of  the data of  the calorimeter from 
the results of  measurement of  electric power 
does not exceed 3%.

In the preparatory phase of  measurements 
out of  reactor, who was heated to 120°C, by 
the roughing pump was pumped air, to remove 
residual water and other volatile contaminants. 

 Fig. 8. Scheme of  the "Protok-6" reactor : 1 – inner ceramic 
tube, 2 – fuel, 3 – heater W, 4 – ceramic rods, 5 – external 
ceramic tube, 6 – termokcouple W-Re, 7 – termocouple K, 8 – 
tube for manometer, 9 – pumping tube, 10 – sealant, 11-centering 

washers.

NUCLEAR PHYSICS

Fig. 7. Device flow-through calorimeter : 1 – flowing in water, 
2 – insulation 3 – copper tube, 4 – reactor, 5 – flowing out 

water.
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Next the vacuumed reactor was disconnected 
from the vacuum pump by melting in the flame 
of  a gas burner glass tube connecting the 
reactor with a vacuum pump. Next as a result 
of  heating the inner tube to a temperature of  
180-200°C occurred the decomposition of  
lithium aluminum hydride, and the reactor 
was filled with hydrogen to a pressure of  
4.25 bar. Then the temperature was increased 
to 400°C and kepted at this level for about 
20 hours. By means of  opening the valve 
located on the tube connecting the reactor 
pressure gage, the pressure was reduced to 
0.4 bar. In the process of  gradual increase in 
temperature after small increases of  pressure 
at a temperature of  1100°C, in despite of  a 
further increase in the temperature, pressure 
began to fall and on the fourteenth day from 
the beginning of  the experiment has become 
below atmospheric.

In Fig. 9 it is showen how varied during the 
38 days from beginning to end of  the experiment, 
the power of  electrical heating, the temperature 

on the end of  fuel and power heat generation, as 
measured by the calorimeter.

It is seen that at temperatures up to 1100°C 
power heat generation, measured by the 
calorimeter, almost equal to the power, emitted 
by the electric heater. Starting from a temperature 
of  1150°C, the power heat generation is clearly 
higher of  the power of  the electric heater. 
Change of  difference between the power of  heat 
generation (excess capacity) and of  capacity for 
energy consumption shown in Fig. 10. It is also 
shown how varied for the experiment, the power 
ratio of  allocated heat to power consumed by the 
electric heater (COP).

It is seen that the emergence of  excess power 
of  about 30 watts, significantly exceeding the 
possible error of  the measurements, occurred after 
reaching a temperature of  1150°C. Approximately 
such excess capacity is produced at the beginning 
and with increasing temperature up to 1200°C. But 
after 5 days without external intervention there was 
a sharp increase of  excess power to 50-60 watts. 9 
days after this occurred an equally sharp decrease 

Fig. 9. Change of  temperature (1), power heat generation (2) and of  power of  electrical heating (3) during operation of  the reactor.

Fig. 10. Change of  excess  power (1) and ratio of  the produced heat power to power consumed by the electric heater COP (2).
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to 20-30 watts. In the last week fluctuations in 
excess capacity within the limits of  15-30 W were 
observed with a period of  about 2 days. A gradual 
increase in temperature up to 1230°C led to a rise 
in excess capacity of  35 watts, but the work in such 
mode through the day led to the exit of  the reactor 
down due to burnout of  the electric heater. For 
total time of  the experiment was produced about 
100 MJ of  excess heat.

After the experiment was over, the reactor was 
opened (Fig. 11). It was found that the inner surface 
of  the outer tube near the heater was covered with 

lumpy gray glassy coating. The physical configuration 
of  the inner tube and the heater winding was 
preserved. However, the changes inside were 
significant: a vitreous mass with inclusions of  metal 
balls measuring about 0.1 mm was formed. Several 

Table 4.
Relative content of isotopes (atomic %) in fuel and near the core of the "Protok-6" reactor before and after reactor 

operation. Isotopes with a content > 0.1% are shown.

Fig. 11. Reactor "Protok-6" after opening.
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Before reactor operation

Initial fuel Ceramics W wire
7Li 0.74 23Na 7.01 23Na 5.37
23Na 1.90 24Mg 1.61 24Mg 0.24
24Mg 0.12 25Mg 0.23 27Al 0.31
27Al 3.63 26Mg 0.28 29Si 1.88
29Si 1.04 27Al 65.05 31P 0.18
39K 1.60 29Si 1.55 39K 6.09
44Ca 0.28 31P 0.16 44Ca 1.06
45Sc 0.22 39K 8.36 45Sc 0.80
51V 0.68 44Ca 0.94 54Cr 0.40
53Cr 0.22 45Sc 0.61 56Fe 10.46
55Mn 0.17 48Ti, Ca 0.15 182W 18.50
56Fe 0.99 54Cr 0.41 183W 9.52
58Fe, Ni 65.91 56Fe 10.00 184W 21.48
60Ni 23.58 58Fe, Ni 0.15 186W, Os 21.29
61Ni 1.10 89Y 0.25 200Hg 0.20
62Ni 3.63 90Zr 0.44 202Hg 0.21
64Ni, Zn 1.24 92Sr, Mo 0.16 198Hg 0.21
66Zn 0.16 94Sr, Mo 0.16
68Zn 0.12 138Ba, Ce 0.33
79Br 0.13 206Pb 0.13
81Br 0.12 208Pb 0.29
138BaLaCe 0.25
206Pb 0.32
207Pb 0.25
208Pb 0.69

After reactor operation

Metal ball
in spent fuel

Coating on
inner surface
of outer tube

Substance appeared between
inner and outer tubes

11Ba 0.19 23Na 1.56 11B 0.44 75As 0.43
23Na 5.07 24Mg 1.16 23Na 14.70 76Ge, Se 0.16
24Mg 0.21 25Mg 0.16 24Mg 0.82 77Se 0.17
27Al 0.22 26Mg 0.17 26Mg 0.15 79Br 0.97
29Si 3.94 27Al 0.23 27Al 0.92 81Br 1.03
31P 0.14 29Si 0.77 29Si 9.37 90Zr 0.16
39K 3.51 39K 0.86 31P 0.32 116In, Sn 0.26
43Ca 0.14 44Ca 0.71 39K 9.89 120Sn, Te 0.12
44Ca 1.08 45Sc 0.24 43Ca 0.35 127I 0.15
45Sc 0.91 51V 0.10 44Ca 2.15 138Ba, La, Ce 0.36
51V 1.56 52Cr 0.57 45Sc 1.95 140Ce 6.54
52Cr 0.14 53Cr 0.10 48Ti, Ca 0.13 142Ce, Nd 0.85
53Cr 0.51 54Cr 1.17 51V 6.08 182W 3.50
54Cr 0.46 56Fe 19.10 52Cr 0.48 183W 1.77
55Mn 0.14 57Fe 0.45 53Cr 2.07 184W, Os 4.09
56Fe 7.36 58Fe, Ni 32.31 54Cr 0.61 186W, Os 3.82
57Fe 0.18 59Co 0.40 55Mn 0.28 206Pb 0.21
58Fe, Ni 45.07 60Ni 13.93 56Fe 6.48 207Pb 0.19
59Co 19.81 61Ni 0.68 57Fe 0.18 208Pb 0.49
60Ni 0.86 62Ni 2.10 58Fe, Ni 8.25
61Ni 2.97 64Ni, Zn 5.06 60Ni 3.30
62Ni 0.14 66Zn 2.88 61Ni 0.15
64Ni, Zn 1.62 67Zn 0.47 62Ni 0.54
66Zn 0.52 68Zn 2.02 63Cu 0.17
68Zn 0.40 88Sr 0.11 64Ni, Zn 1.48
75As 0.15 115In, Sc 0.13 66Zn 0.81
79Br 0.35 140Ce 0.37 67Zn 0.15
81Br 0.36 182W 2.81 68Zn 0.63
138Ba,La,Ce 0.14 183W 1.54
184W, Os 0.12 184W, Os 3.52
208Pb 0.17 186W, Os 3.24
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balls had a diameter of  up to 1 mm. At the ends of  
the filling, the fuel took the form of  a sintered mass 
containing small metal balls. Furthermore, powder 
from the inner tube poured out. Using a magnet, a 
fraction was extracted from this powder consisting 
of  filaments with a transverse dimension of  about 
0.1 mm and length up to 5 mm.

Several samples were subjected to mass-
spectroscopic analysis at Vernadsky Institute of  
Geochemistry and Analytical Chemistry RAS 
using the ICP-MS method. The following were 
investigated: the initial fuel mixture, the metal 
ball from the spent fuel, the fuel at the edge of  
the filling, the substance accumulated between 
the inner and outer tubes, and the coating on 
the inner surface of  the outer tube. Due to the 
large amount of  information received, it is not 
possible to present it completely. Partially, the 
results of  the analysis are shown in Table 4. In 
addition to the data for samples recovered from 
the reactor after its operation, information is 
given on the content of  isotopes in the fuel, as 
well as in the ceramic and tungsten wire, before 
the experiment. This information is important, 
since the appearance of  new elements can 
be associated not with transmutations, but 
with migration from structural materials, 
which is quite possible at high temperatures. 
Unfortunately, the ICP-MS method can not 
determine the content of  isotopes with masses 
of  1-5, 12-22, 32, including isotopes of  carbon, 
oxygen, nitrogen, fluorine and sulfur.

The obvious result is an increase in the 
content of  many nuclides in comparison with 
their content in the initial fuel and structural 
materials. The exception is lithium (decrease in 
about 100 times) and aluminum in fuel (decrease 
in more than 10 times). We note a particularly 
great increase in the presence of  boron, iron, 
gallium, cerium, zirconium, strontium and 
bismuth. The most significant anomalies are 
found in the powder accumulated in the space 
between the inner and outer tubes. Especially 
great amount of  140Ce appeared: 6.3% (in the 
initial fuel <0.0001%). A significant amount of  

tungsten found in the samples after being inside 
the reactor is probably due to the migration of  
this element from the incandescent tungsten coil.

The investigation of  possible changes in the 
isotopic composition of  lithium and nickel is of  
great interest. Unfortunately, the very low content 
of  lithium in the samples after experiment did 
not allow us to make reliable measurements. The 
results obtained for nickel are presented in the 
Table 5. Since the data on 64Ni is unreliable due to 
the uncontrolled additive of  64Zn, when compiling 
the table, the value from the reference book [30] 
was used for the 64Ni fraction. Since this fraction is 
small, such an assumption can change the fractions 
of  the remaining isotopes only slightly.

It can be seen that the data for the various 
samples studied differ somewhat from the 
natural ratio [30], but differ insignificantly 
between different measurements. A noticeable 
increase in the 62Ni fraction, due to a decrease 
in the fraction of  the remaining isotopes, that 
was found in the experiment in Lugano [1, 
2] was not observed in any of  the samples 
studied. It is possible that the effect is not 
visible due to the fact that the excess energy 
production in Lugano experiment was 60 
times greater than in the described one.

8. REACTOR VV3
Reactor VV3 (Fig. 12) differs from the "Protok 
6" reactor with a different heater design and 

 

 

Fig. 12. Reactor VV3 and spent fuel extracted from it.

Table 5.
The ratio of nickel isotopes in fuel and near the core of 
the "Protok-6" reactor before and after the experiment.

% 58Ni 60Ni 61Ni 62Ni 64Ni

Initial fuel 65.78 27.74 1.29 4.28 0.91

Metal ball 65.00 28.57 1.24 4.29 0.91

Fuel at edge 65.58 27.88 1.27 4.36 0.91

Coating on ceramics 65.32 28.16 1.37 4.24 0.91

Powder between tubes 66.74 26.71 1.23 4.41 0.91

Natural ratio 68.27 26.1 1.13 3.59 0.91



88

No. 1 | Vol. 9 | 2017 | RENSIT

the absence of  a calorimeter. A mixture of  
nickel powder with lithium aluminum hydride 
weighing 1.5 g was used as fuel. The fuel 
contained pieces of  tungsten wire with a total 
mass of  0.77 g. The reactor operated from 
June 14 to July 24, 2016, producing surplus 

 

Fig. 13. Reactor KV3 at the beginning of  work.

power up to 330 W. A total of  790 MJ of  
excess heat was generated.

After the experiment was finished, the 
spent fuel, which looked like a drop-shaped 
ingot, was extracted from it. It was analyzed 
at Vernadsky Institute of  Geochemistry and 
Analytical Chemistry RAS using the ICP-MS 
method, with separate analyzes of  the surface 
and deeper layers. Partially the results of  the 
analysis are shown in Table 6. In addition 
to the data for the samples recovered from 
the reactor after its operation, information is 
given on the content of  isotopes in the initial 
fuel, including tungsten wires embedded in 
it.

It can be seen that the isotopic composition 
of  fuel as a result experiment has changed 
noticeably. The content of  boron, copper, 
cerium and silver increased significantly.

Just as in the above-described reactors, 
the data on the investigated samples, 
although slightly different from the natural 
ratio, differ insignificantly between each 
other (Table 7).

9. REACTOR KV3
KV3 reactor (Fig. 13) operated from 

December 20, 2016 until January 31, 2017, with 
an excess power of  100-200 watts. The integrated 
excess energy during the whole operating time 
of  KV3 reactor is about 400 MJ. The main 
difference from the previous reactors is that it 
was loaded with 1.8 grams of  nickel powder 
without an admixture of  lithium aluminum 
hydride. Saturation with hydrogen was carried 
out by keeping it in hydrogen gas. In addition, 
unlike the above-described reactors, it had not 
a ceramic but a quartz outer tube. The heater 

Table 7.
The ratio of nickel isotopes in fuel VV3 before and after 

reactor operation.
% 58Ni 60Ni 61Ni 62Ni 64Ni

Initial fuel 65.93 27.98 1.19 3.98 0.91

Surface 65.79 27.61 1.37 4.31 0.91

Deep layer 66.36 27.20 1.29 4.23 0.91

Natural ratio 68.27 26.10 1.13 3.59 0.91

NUCLEAR PHYSICSALEXANDER G. PARKHOMOV, KIRILL A. ALABIN, STEPAN N. ANDREEV, 
SERGEY N. ZABAVIN, ALEXANDER G. SOBOLEV, TIMUR R.TIMERBULATOV.

Table 6.
Isotope content (atomic %) in the reactor fuel "VV3" 
before and after reactor operation. Isotopes with a 

content > 0.1% are shown.
Fuel in the reactor VV3

Before After
Initial fuel Surface Surface Deep layer

23Na 2.61 10B 0.15 75As 0.17 10B 0.14

24Mg 0.15 11B 0.67 79Br 0.11 11B 0.66

27Al 2.93 24Mg 1.50 81Br 0.21 23Na 3.72

29Si 1.22 25Mg 0.12 88Sr 0.23 27Al 1.02

39K 2.52 26Mg 0.27 90Zr 0.20 28Si 0.25

44Ca 0.44 27Al 1.14 107Ag 1.13 51V 2.14

45Sc 0.34 28Si 0.54 109Ag 2.01 52Cr 0.30

51V 0.55 44Ca 0.16 127I 0.43 53Cr 0.73

53Cr 0.18 45Sc 0.18 140Ce 0.72 54Cr 0.21

55Mn 0.14 51V 2.41 182W 3.34 56Fe 2.55

56Fe 2.92 52Cr 0.31 183W 1.61 58Fe, Ni 44.47

58Fe, Ni 45.09 53Cr 0.81 184W, Os 3.39 60Ni 18.23

60Ni 19.01 56Fe 0.42 185Re 0.26 61Ni 0.87

61Ni 0.88 58Fe, Ni 46.08 186W, Os 2.91 62Ni 2.83

62Ni 2.93 60Ni 19.34 187Re, Os 0.60 64Ni, Zn 0.87

64Ni, Zn 1.00 61Ni 0.96 206Pb 0.18 75As 0.12

66Zn 0.13 62Ni 3.02 207Pb 0.13 79Br 0.19

68Zn 0.10 63Cu 0.39 208Pb 0.34 81Br 0.19

79Br 0.10 64Ni, Zn 1.31 90Zr 0.39

7Li 0.60 65Cu 0.16 92Sr, Mo 0.14

81Br 0.10 66Zn 0.37 94Sr, Mo 0.16

138Ba, La, Ce 0.20 68Zn 0.20 107Ag 1.37

182W 3.73 109Ag 1.39

183W 1.92 140Ce 0.78

184W 4.33 142Ce, Nd 0.10

186W, Os 4.29 182W 3.49

206Pb 0.26 183W 1.90

207Pb 0.50 184W, Os 4.17

208Pb 0.56 185Re 0.38

186W, Os 3.72

187Re, Os 0.60

208Pb 0.17
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Fig. 14. Reactor KV3 opened after ending of  experiment.

was made not from pure tungsten, but from a 
tungsten-rhenium alloy.

The ICP-MS analysis by Vernadsky Institute 
of  Geochemistry and Analytical Chemistry 
RAS was used to investigate: fuel and structural 
materials prior to operation of  the reactor, as 
well as fuel in the central zone and near the edge, 
powder from the space between the inner and 
outer tubes, and structural materials after work 
of  the reactor. The results are partially shown in 
Table 8.

Just as in the reactors Protok 6 and VV3, a lot 
of  tungsten appeared in the space between the 
inner and outer tubes. In addition to tungsten, 
a lot of  iron, sodium, potassium, nickel, silicon, 
calcium, scandium and a number of  other 
elements have accumulated there.

Comparing fuel before and after the 
experiment, one can see a decrease in the content 

of  sodium, potassium and iron. Attention is 
drawn to the appearance of  a significant amount 
of  copper.

A lot of  tungsten and rhenium appeared 
in the inner ceramic tube with fuel, which was 
wrapped with a heater. Table 9 shows nuclides, 
the relative content of  which in the ceramic tube 
has increased more than 10-fold.

It can be seen that in addition to tungsten 
and rhenium, the appearance of  which can be 

Table 8.
Isotope content (atomic %) in fuel and near the active zone of the KV3 reactor before and after reactor operation. 

Isotopes with a content > 0.1% are shown.

Before

Initial fuel Ceramics Heater wire
23Na 0.33 27Al 88.15 23Na 0.47
39K 0.38 23Na 1.98 29Si 0.27
56Fe 0.45 24Mg 0.82 39K 0.40
58Fe, Ni 64.49 25Mg 0.12 44Ca 0.12
60Ni 27.63 26Mg 0.14 56Fe 0.21
61Ni 1.18 29Si 0.37 58Fe, Ni 0.12
62Ni 3.88 39K 2.10 182W 20.24
64Ni, Zn 1.21 44Ca 0.21 183W 11.02

47Ti 0.88 184W, Os 24.39
48Ti, Ca 0.18 185Re 6.97
54Cr 0.14 186W, Os 22.23
56Fe 3.17 187Re, Os 11.85
58Fe, Ni 0.28 198Hg, Pt 0.12
60Ni 0.11 200Hg 0.14
89Y 0.13 202Hg 0.13
138Ba, Ce 0.17 208Pb 0.18

After Substance 
appeared 
between inner 
and outer tubesFuel central zone Ceramics Ceramics

23Na 0.13 11B 0.13 64Ni, Zn 0.22 23Na 5.53
31P 0.11 23Na 15.61 66Zn 0.11 24Mg 0.50
39K 0.14 24Mg 1.06 76Ge, Se 0.20 27Al 0.32
56Fe 0.23 25Mg 0.13 88Sr 0.21 29Si 1.42
58Fe, Ni 65.39 26Mg 0.24 89Y 0.22 31P 0.16
60Ni 26.15 27Al 6.05 90Zr 0.42 39K 6.93
61Ni 1.18 29Si 4.26 92Sr, Mo 0.22 44Ca 0.88
62Ni 3.99 39K 15.26 94Sr, Mo 0.17 45Sc 0.82
63Cu 0.84 43Ca 0.26 109Ag 0.10 54Cr 0.26
64Ni, Zn 1.14 44Ca 3.15 127I 0.16 56Fe 7.04
65Cu 0.42 45Sc 2.04 138Ba, Ce 0.39 58Fe, Ni 1.80

48Ti, Ca 0.23 182W 4.32 60Ni 0.74
51V 0.22 183W 2.35 62Ni 0.10
54Cr 0.96 184W 5.01 63Cu 0.13
55Mn 0.10 185Re 5.95 64Ni, Zn 0.15
56Fe 21.14 186W, Os 4.77 182W 18.29
57Fe 0.15 203Tl 0.15 183W 10.44
58Fe, Ni 0.91 206Pb 0.15 184W 21.36
60Ni 0.37 207Pb 0.15 186W, Os 20.90
63Cu 0.14 208Pb 0.40 198Hg 0.17

200Hg 0.20
202Hg 0.18
208Pb 0.15
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explained by its migration from the heater coil, 
the boron content in the ceramic tube greatly 
increased, as well as nuclides with atomic masses 
of  43-53, 64-83, 107-130, 198-208.

Table 10 shows the results of  an analysis of  
the ratio of  nickel isotopes in fuel, as well as in 
the surrounding ceramic and in the substance 
accumulated between the inner and outer tubes, 
before and after the reactor operation. When 
analyzing the isotope composition, in order to 
avoid the errors associated with the registration 

of  64Zn, the 64Ni share was taken from the 
reference book [30].

It can be seen that the isotopic composition 
of  nickel in fuel before and after the experiment 
remained practically unchanged. Some 
differences are noticeable in the results obtained 
for the ceramic tube and the substance between 
the tubes. But these results can not be considered 
accurate, since the concentration of  nickel in the 
samples studied is not high enough for reliable 
analysis.

In addition to the Vernadsky Institute of  
Geochemistry and Analytical Chemistry RAS, 
the analysis of  KV3 fuel before and after the 
experiment, as well as the substance from the space 
between the inner and outer tubes, was made by 
the research company Coolescence LLC, Boulder, 
Colorado, USA. EDS analyzes were performed 
using an electronic scanning microscope, as well as 
analyzes using the ICP-MS method. These studies 
confirmed the insignificant changes in the isotopic 
composition of  the fuel, the appearance in the fuel 
of  about 1% of  copper and the presence of  many 
nuclides in the substance from the space between 
the tubes10.

10. DISCUSSION
Thus, a significant change in the nuclide 
composition as a result of  the operation of  the 
investigated nickel-hydrogen reactors occurs 
not only in the fuel, but also in the ceramics 
surrounding the reactor core. In addition, 
a substance containing sodium, potassium, 
silicon, iron, boron, calcium, zinc and many 
other elements accumulates in the cavity between 
the inner and outer tubes. Especially great 
amount of  tungsten appeared. It is reasonable 
to assume that the source of  tungsten is the hot 
spiral of  the heater. The most understandable 
mechanism of  substance migration is 
evaporation in places with high temperature 
and condensation in less heated places. As the 
measurements show, the temperature of  the 
heater wire reaches 1700° C. But even at this 
temperature, the density of  tungsten vapor 
(<10-10 Pa) is too low for such mechanism to 

Table 10.
The ratio of nickel isotopes in fuel and near the core of 

the KV3 reactor before and after reactor operation.
% 58Ni 60Ni 61Ni 62Ni 64Ni

Initiak fuel 65.93 27.98 1.19 3.98 0.91

Fuel after work 65.74 28.17 1.20 3.98 0.91

Substance between tubes 66.66 27.33 1.30 3.79 0.91

Ceramics 67.65 27.37 0.82 3.26 0.91

Natural ratio 68.27 26.10 1.13 3.59 0.91

NUCLEAR PHYSICSALEXANDER G. PARKHOMOV, KIRILL A. ALABIN, STEPAN N. ANDREEV, 
SERGEY N. ZABAVIN, ALEXANDER G. SOBOLEV, TIMUR R.TIMERBULATOV.

Table 9.
Relative content of nuclides (atomic %) in the ceramic 
tube before and after the operation of the KV reactor. 
Nuclides are shown whose content has increased more 

than 10 times.
Before After After/

before
Before After After/

before

10B 0.0008 0.0318 41.8 114Cd, Sn 0.0005 0.0064 11.9

11B 0.0054 0.1277 23.4 116Cd, Sn 0.0022 0.0275 12.8

29Si 0.3709 4.2603 11.5 117Sn 0.0011 0.0129 12.0

43Ca 0.0158 0.2638 16.7 118Sn 0.0024 0.0422 17.9

44Ca 0.2123 3.1461 14.8 119Sn 0.0014 0.0165 11.7

45Sc 0.0507 2.0384 40.2 120Sn, Te 0.0034 0.0670 19.5

46Ti, Ca 0.0074 0.0836 11.3 122Te 0.0007 0.0101 15.0

51V 0.0028 0.2151 78.0 127I 0.0062 0.1589 25.7

53Cr 0.0057 0.0753 13.3 128Te 0.0002 0.0046 22.8

64Ni, Zn 0.0186 0.2224 12.0 124Te 0.0008 0.0092 11.4

66Zn 0.0099 0.1102 11.1 130Te 0.0006 0.0101 16.7

67Zn 0.0014 0.0211 15.0 182W 0.0076 4.3168 567.8

68Zn 0.0080 0.0808 10.1 183W 0.0035 2.3489 671.7

72Ge 0.0001 0.0037 27.2 184W 0.0076 5.0087 658.8

75As 0.0001 0.0138 102.2 185Re 0.0006 5.9469 9827.0

76Ge, Se 0.0115 0.1976 17.2 186W, Os 0.0089 4.7748 537.6

77Se 0.0001 0.0055 82.2 198Hg 0.0001 0.0321 238.5

78Se, Kr 0.0028 0.0542 19.7 199Hg 0.0007 0.0248 33.5

79Br 0.0028 0.0560 20.3 200Hg 0.0004 0.0560 138.9

81Br 0.0040 0.0790 19.6 202Hg 0.0005 0.0606 128.8

83Kr 0.0001 0.0009 13.7 203Tl 0.0015 0.1498 101.2

107Ag 0.0067 0.0863 13.0 204Pb, Hg 0.0010 0.0101 10.0

109Ag 0.0071 0.1020 14.3

113Cd, In 0.0001 0.0009 13.7
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work with a noticeable intensity. Obviously, 
more complex physicochemical processes take 
place with the participation of  hydrogen and 
other reagents that may be present in the reactor. 
It is possible that a number of  other elements 
appear as a result of  migration from structural 
materials, since sodium, potassium, silicon, 
calcium, iron and a number of  other elements 
are contained in appreciable quantities in the 
heater wire, thermocouples and in ceramics. 
However, there are some elements (cobalt, 
cerium, gallium, germanium, arsenic, selenium, 
cadmium, tellurium) that appeared in significant 
quantities, which are practically not presented 
in the initial fuel and structural materials. This 
indicates the possibility of  their appearance as a 
result of  nuclear transmutations. For example, 
cerium can be a product of  the fission of  
tungsten
182W → 140Ce + 42Ca + 4e +76,04 MeV      (3)

Attention is drawn to the appearance of  a 
significant amount of  copper in the fuel of  the 
KV3 reactor (0.84% 63Cu and 0.42% 65Cu) with 
a total mass of  about 20 mg. It can be assumed 
that this is due to the course of  nuclear reactions 
given below
62Ni + 1H → 63Cu + 6.125 MeV
64Ni + 1H → 65Cu + 7.450 MeV       (4)

About 200 MJ are released as a result of  the 
reactions (4), when 20 mg of  copper is formed. 
This energy release does not contradict the 
total excess heat release in the KV3 reactor 
(about 400 MJ). In addition to heat generation, 
the appearance of  such a quantity of  copper 
should cause a decrease in the relative content 
of  62Ni by 0.8% and 64Ni by 0.4%. The data 
presented in Table 8 does not show such 
changes. It should be noted that the predicted 
changes lie within the limits of  a possible 
measurement error, and the 64Ni content is 
generally difficult to measure reliably due to 
uncontrolled additions of  64Zn.

11. CONCLUSION
Numerous experiments conducted in 

different laboratories, confirm the allocation in 
Nickel-hydrogen systems, thermal energy, many 
times exceeding the heat dissipation possible in 
chemical processes. The level of  accumulated 
empirical knowledge in this area allows us to 
reflect on the transition from experimental 
models to a variety of  practical applications, 
extremely efficient and environmentally friendly 
technologies.

In the course of  processes in nickel-hydrogen 
systems, the changes of  the elemental and 
isotopic composition of  matter are detected. 
This indicates that an anomalously high heat 
generation in these systems is probably related 
to transformations at the nuclear level. The fact 
that such transformations occur at very low 
nuclear standards, temperatures, and the lack 
of  hard nuclear radiations and radioactivity, 
indicates the need to look for unusual 
approaches to explain the detected effects. The 
problem is that the explanation is not confined 
to finding ways of  overcoming the Coulomb 
barrier to the close approach and merging of  
the nuclei [13]. The most mysterious is the 
absence (or very small intensity) of  nuclear 
radiation in the process of  cold transmutations 
and education only isotopes that do not exhibit 
radioactivity.

1. The isotopic and elemental composition of  
the substance in four nickel-hydrogen reactors of  
various designs with an excess energy output from 
100 to 790 MJ has been analyzed. Not only the 
changes in fuel, but also the materials adjacent to the 
active zone have been investigated. In addition, the 
composition of  the substance accumulating in the 
cavity of  the reactor near the active zone has been 
studied.

2. There were no significant changes in the 
isotopic composition of  nickel and lithium, except 
for the analysis of  the fuel of  the AP2 reactor at 
Uppsala University (Sweden).

3. A significant increase in the concentration 
of  impurities of  a number of  nuclides has been 
detected not only in fuel, but also in structural 
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elements adjacent to the active zones of  the 
reactors. In addition to tungsten and rhenium, 
the appearance of  which can be explained by 
migration from the heater coil, the content 
of  boron increased greatly, as well as nuclides 
with atomic masses of  43-53, 64-83, 107-130, 
198-208.

4. In the substance that was found in the cavity 
of  the reactor near the active zone, in addition to 
tungsten, a lot of  iron, sodium, potassium, nickel, 
silicon, calcium, scandium and a number of  other 
elements accumulated.
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1. INTRODUCTION
The phenomenological model of  low energy 
nuclear reactions implies fusion of  multiple 
atomic nuclei into one single formation with its 
subsequent decay into multiple nuclei [1-3]. This 
model assumes that such reactions take place 
due to the appearance in the excited condensed 
matter of  local regions or capsules containing 
a large number of  atoms [4]. Inside of  such 
capsules, conditions for physical processes and 
the structures of  atoms and nuclei may change. 
Herein it is not important how exactly the matter 
is excited and the capsules are formed, whether 

it occurs under explosion-induced compression 
or electric discharge, through cavitation or 
electrolysis, a chemical or biochemical reaction, 
or due to radiation.

In a series of  studies carried out by A.Yu. Didyk 
et al. at the Flerov Laboratory Nuclear Reactions 
of  JINR [5-7, over 40 papers], metallic specimen 
in gaseous deuterium, hydrogen or helium under 
pressures of  hundreds and thousands of  bars were 
irradiated by braking gamma rays with Емах of  10 
MeV and 23 MeV. Under such pressures, the density 
of  atoms in the gas is comparable with the density 
of  atoms in solids or liquids. Therefore, from here 
on we shall use such a term as condensed gas. Similar 
investigations were done using chambers filled with 
pure condensed gases as hydrogen, helium [8-11] 
and xenon [12] under irradiation by gamma rays 
with Емах of  10 MeV. In all of  these experiments, 
extraneous chemical elements which had not been 
present prior to irradiating were found in the 
reaction chambers upon completion of  irradiation. 
Such foreign elements range from hydrogen up to 
bismuth. This paper presents results of  experiments 
on the synthesis of  chemical elements under the 
action of  braking radiation with Емах of  10 MeV in 
condensed 4He (99,999) under pressures of  1.1 kbar 
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and 3.05 kbar. In order to explain the appearance of  
extraneous chemical elements in these experiments, 
a new mechanism of  multinuclear reactions is 
introduced.

2. EXPERIMENTS ON THE SYNTHESIS 
OF CHEMICAL ELEMENTS IN HELIUM

The helium high-pressure chamber (НеНРС) 
is shown in Fig. 1. The chamber body (3) and 
entrance-window plug (2) are made of  beryllium 
bronze. A liner (6) and a sleeve (7) made of  
copper with 99.9% purity are placed inside the 
chamber. The chamber filled with helium (5) 
has the following inner dimensions: the length 
is 15mm; the diameter is 8 mm; and the volume 
is 0.754 cm3. Upon filling of  the HeHPC and 
prior to its irradiation, the helium pressure was 
monitored using a strain gauge pressure sensor 
(8) during several weeks.

Irradiation of  the HeHPC was carried out by 
braking gamma rays (1) with a maximal energy 
of  10 MeV at the MT-25 electron accelerator 
at the FLNR JINR. The electron current at the 
tungsten convector shaped as a disk of  40 mm 
diameter and 2.5 mm thickness and used to 
transform the electron flux into gamma rays was 
(1-1.5)·1014 s-1. The electron beam was 6-7 mm in 
diameter. The beam spread of  gamma quanta at 
the intensity half-height amounted to 10°±1° in 
horizontal and 8°±1° in vertical direction. Right 
behind the convector, an electron absorber of  25 
mm thickness made from D16T duralumin was 
placed. Irradiation was performed during 7-8 
hours a day. The irradiation parameters [8-11] 
are given in Table 1: № - experiment number; P 
– helium pressure at the start of  irradiation; ΔP 

Fig. 1. The high-pressure chamber НеНРС.

– helium pressure difference between the start 
and end of  irradiation; T – irradiation duration; 
I – electron current.

Upon completion of  irradiation, helium was 
released from the HeHPC to the surrounding 
environment and the chamber was opened. The 
most impressive result in the first experiment 
under 1.1 kbar pressure was the observation 
of  thin black foils of  cylindrical shape and 
considerable size (4) inside the HeHPC. The 
foils (Fig. 2) were composed predominantly of  
carbon and left oily stains on paper. The latter 
fact points to the presence of  liquid oils on the 
foils such as hydrocarbons and to the synthesis 
of  hydrogen.

In the second experiment under 3.05 
kbar no carbon foils were observed. This is 
suggestively due to a small drop of  pressure 
in the chamber during the irradiation: in the 
second experiment, it amounted to 63 bar, and 
in the first one was 666 bar (Table 1). Using 
scanning electron microscopy (SEM) and 
x-ray microprobe analysis (MPRA) studies 
were made of  the element compositions of  
the “window plug” from beryllium bronze, 
anomalous structures and microparticles 
(objects) formed on the inner surfaces of  the 

Fig. 2. Pictures of  black foils

Table 1
Parameters of the radiation

№ P,
kbar

ΔP,
bar

ρ,
atm/sm3

T, s
·10-5

I, s-1

·10-14

1 1.1 666 1.5·1022 1.02 1.2-1.5

2 3.05 63 2.6·1022 1.0 1-1.2

NUCLEAR PHYSICS MULTINUCLEAR REACTIONS IN CONDENSED HELIUM
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liners and sleeves under irradiation. All of  the 
SEM and MPRA studies were organized at 
two independent certified laboratories: at the 
analytical centre of  the Skobeltsyn Laboratory 
of  Lomonosov Moscow State University and at 
the Research Institute for Perspective Materials 
and Technologies in Moscow. MPRA of  the 
obtained structures and microparticles was 
done with the electron beam excitation area ~ 
1-4 µ2. In some cases the investigated object 
was scanned with a microscope electron beam 
along the band where several x-ray spectra were 
obtained.

Figs. 3 and 4 display averaged element 
concentrations of  K in atomic %, obtained in 
the experiments under helium pressures of  1.1 
kbar and 3 kbar, as a function of  the nucleus 
charge Z. In the case with 1.1 kbar averaging 
was done over 11 measurements of  various 
objects, and in the case with 3 kbar, over 17 
measurements. When comparing the images, 
one can see that the set of  elements in the first 
experiment under 1.1 kbar is more diverse than 
in the second experiment under 3 kbar pressure. 
Both element distributions are characterized 
by presence of  the group of  light elements 
from 6C to 30Zn. In the first experiment, along 
with light chemical elements such elements as 
33As (arsenic), 50Sn (tin), 52Te (tellurium), 56Ba 
(barium), 73Ta (thantalum) and 82Pb (lead) were 
obtained. However, these chemical elements 
were not found in the second experiment. Only 
one element with the nucleus charge Z > 30 

as 47Ag (silver) was present. This distinction is 
apparently also due to the small drop of  pressure 
in the chamber during the irradiation in the 
second experiment under 3 kbar.

On the basis of  the facts that carbon foils and 
chemical elements with Z > 30 were obtained in 
the experiment under 1.1 kbar pressure while they 
were almost not observed in the experiment under 3 
kbar, it can be assumed that the synthesis rate for the 
chemical elements depends on the helium pressure. 
Synthesis reactions proceed at 1.1 kbar more 
intensively than at 3 kbar pressure. This apparently 
points to the existence of  an optimal value of  gas 
pressure under which the reaction rate becomes 
maximal, with all other conditions being equal.

3. MULTINUCLEAR REACTIONS
Fig. 5 shows averaged concentrations 
of  chemical elements determined by 
5 measurements (black dots). Two 
measurements were done at the carbon foil 
and the other three, at the microparticles 
[9, Tables 3, 4]. This figure was drawn and 

Fig. 3. Concentrations of  elements on P = 1.1 kbar. Fig. 5. The concentration of  the elements in five dimensions.

Fig. 4. Concentrations of  elements on P = 3 kbar.
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analyzed first, along with figures 3 and 4. 
Conspicuous here are the groups of  elements. 
The first and second ones are the groups of  
chemical elements which are even by the 
nucleus charge. They are represented by the 
elements such as carbon-oxygen-magnesium 
and silicon-sulfur. The third and fourth are 
the groups of  chemical elements which are 
odd by the nucleus charge. They include 
such elements as nitrogen-fluorine-sodium 
and phosphorus-chlorine-potassium. One 
can draw a straight line through the dots of  
every group. All lines of  such groups are 
numbered in Fig. 5.

Since the elements in the groups fall behind 
each other by a charge that is a multiple of  two, 
i.e. by 4

2 He  nucleus, it can be assumed that under 
the action of  gamma rays multinuclear reactions 
proceed in condensed helium.

The emergence of  even chemical elements   
N
Z A can be presented as a result of  fusion into 
a compound of  (n – 1) helium nuclei from a 
common formation comprised of  “n” helium 
nuclei, with simultaneous emission of  one 
helium nucleus:

4 4( 1) 4
2 2( 1) 2 .n

nn He A He Q−
−⋅ → + +

Odd chemical elements N
Z B  are then a result 

of  fusion into a compound of  “n” helium nuclei, 
but with the emission of  a proton:

4 4 1
2 2 1 ,n

nn He B p Q−
−⋅ → + +

where Q is the energy released in the reaction. 
The common formation produced from 
individual helium nuclei is a nuclear molecule, 
or the so-called transmolecule [4]. It is 
believed that the existence of  a transmolecule 
consisting of  helium nuclei is due to nuclear and 
electromagnetic interactions. The reaction with 
emission of  helium from a transmolecule will 
have a larger cross section than the reaction with 
emission of  a proton because the outgoing helium 
nucleus is not involved in the fusion process. 
The possibility of  formation of  transmolecules 
decreases exponentially as the number of  
helium nuclei in the transmolecule increases 

(Fig. 6, shown by the green line). If  during the 
fusion of  helium nuclei into a compound the 
ratio of  the cross section with helium emission 
to the cross section with proton emission is 
preserved, the yields of  the respective products 
have to decrease exponentially as well. Such 
behavior in the product yields can be observed 
in Fig. 5, lines 1-4. In Fig. 6 the reactions of  
transformation of  transmolecules from 16O to 
36Ar (the green squares) with the emission of  
helium (solid arrow) or a proton (dotted arrow) 
are schematically shown by arrows. The 16

8 O  
transmolecule consisting of  four helium nuclei 
transforms into 12

6 C  with the emission of  helium 
or into 15

7 N  with the emission of  a proton. The 
20
10 Ne  transmolecule composed of  five helium 
nuclei transforms into 16

8 O  with the emission 
of  helium or into 19

9 F  with the emission of  a 
proton, etc. During the fusion of  helium nuclei 
into a compound, it can evaporate neutrons. For 
the yields of  final products, neutron evaporation 
and subsequent β+-decay of  the compound 
are equivalent to the emission of  a proton 
from this compound. Beginning with the 20

10 Ne  
transmolecule the reactions with the production 
of  two or more fragments become possible, for 
example: 5·4He → 12C + 2·4He and 6·4He → 
12C + 12C.

A nuclear transmolecule is formed due to 
the successive capture of  orthohelium nuclei 
or other transmolecules. The average spacing 
between helium atoms at a temperature of  

Fig. 6. Transformation of  transmolecules (n·4He) emission of  
helium or proton.
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300 K under pressures of  1 kbar and 3 kbar 
is 4.1·10-10 m and 3.4·10-10 m, while the mean 
time between the collisions of  helium atoms is 
~ 3·10-13 s. Therefore, a transmolecule is a stable 
formation on a nuclear time scale of  10-20-22 s. It 
should be assumed that nuclear forces binding 
the nuclei together and Coulomb repulsive 
forces preventing the nuclei from instant fusion 
coexist in a nuclear transmolecule in balance.

The characteristics of  multinuclear reactions 
are displayed in Table 2. № indicates the line 
number. The second column presents reaction 
products − the isotopes of  elements produced 

Table 2
Multinuclear reactions in helium

№ Reaction 
product

Reaction
n·4He

Ɛ, keV Q, keV q, keV

1 7Li (92.5%) 2·4He - p 39245 -17347

2 8Be 2·4He - eγ 56500 -92

3 9Be 3·4He - 3He 58165 -19004

4 11B (80.0%) 3·4He - p 76205 -8682

5 11C+ 20.4 m 3·4He - n 73440 -11447

6 12C (98.9%) 3·4He - eγ 92162 7275

7 12C 4·4He - 4He 92162 7275 5 456

8 15N (0.37%) 4·4He - p 115492 2309 2 165

9 15O+ 2 m 4·4He - n 111956 1227 1 150

10 16O (99.8%) 5·4He - 4He 127619 14437 11 549

11 19F 5·4He - p 147801 6323 6 007

12 19Ne+ 17 s 5·4He - n 143781 2302 2 187

13 20Ne(90.5%) 6·4He - 4He 160645 19166 15 972

14 23Na 6·4He - p 186564 16790 16 090

15 23Mg+ 11 s 6·4He - n 181725 11951 11 453

16 24Mg(79.0%) 7·4He - 4He 198257 28483 24 922
17 27Al 7·4He - p 224952 26882 25 922

18 27Si+ 4 s 7·4He - n 219357 21287 20 527

19 28Si(92.23%) 8·4He - 4He 236537 38467 34 193

20 31P 8·4He - p 262917 36551 35 409

21 31S+ 2.6 s 8·4He - n 256738 30373 29 424

22 32S (95.02%) 9·4He - 4He 271781 45415 40 369

23 35Cl (75.8%) 9·4He - p 298290 43549 42 339

24 35Ar+ 1.8 s 9·4He - n 291462 36801 35 779

25 36Ar (0.34%) 10·4He -4He 306716 52055 46 849

26 39K(93.26%) 10·4He - p 333724 50767 49 498

27 39Ca+ 0.9 s 10·4He - n 326411 43454 42 367

in the reactions. The content of  the respective 
isotope in the natural mixture is shown in 
the brackets. The isotopes with the plus sign 
А+ are β+-radioactive isotopes emanating e+ 
(positrons). Their lifetime is also given here. In 
the third column multinuclear reactions with 
the formation of  the n·4He transmolecule are 
displayed. The binding energy (Ɛ) of  the reaction 
products is given in the fourth column, and the 
calculated energy (Q) released in the reaction, 
in the fifth column. The sixth column presents 
recoil energy (q) for the helium, proton, and 
neutron.

It is seen from Table 2 that such chemical 
elements as lithium, beryllium and boron are not 
produced in simple reactions with the emission 
of  helium-3 and a proton since Q < 0. These 
elements emerge paired with the radioactive 
isotopes of  nitrogen, oxygen, fluorine and 
others in the reactions with participation of  
five or six helium nuclei. Such reactions require 
an essential reorganization of  the compound 
formed through fusion of  all helium nuclei 
in the transmolecule. That is why respective 
reaction cross sections are suppressed.

In Table 2 attention should be paid to 
the reactions presented in lines 2 and 6. 
Transmolecules consisting of  two and three 
helium nuclei can be relatively stable. In the 
first case, stability of  the 8Be (beryllium) 
transmolecule results, first and foremost, from 
the impossibility of  fusion of  two helium 
nuclei due to the energy causes, with Q < 0. 
In the second case, notwithstanding that the 
bond energy of  12C equal to 92161.7 keV is 
greater than the sum of  bond energies of  three 
helium nuclei, 3·4He = 84887 keV, by the value 
~7274.7 keV, the reaction 3·4He → 12C + 6e− is 
suppressed. This is due to the retardation in the 
redistribution of  the released energy resulting 
only from the electromagnetic interaction 
between carbon and six atomic electrons [13]. 
The six electrons are bound into the Bose 
condensate. Their bond energy is ~ 3 keV. 
Apart from this reaction, the following reaction 
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can take place as well: 3·4He → 12C + 6e− + γ. A 
gamma quantum with an energy of  4438keV is 
produced in this reaction through the decay of  
the 12C excited state.

Now, let us have a look at line 16 in Table 2. 
The bond energy of  the 4He nucleus equal to 
28295.6745 keV is lower than the energy released 
in the reaction 7·4He(28Si) → 24Mg + 4He + 
28483 keV; however, it is greater than the 4He 
recoil energy of  24922 keV. Thus, the reaction 
energy is not enough to destroy the produced 
4He nucleus. Therefore, the Mg point in Fig. 5 
remains at line 1. However, the cross section 
of  the reaction with the emission of  a proton 
7·4He(28Si) → 27Al + p + 26882 keV increases, 
and the Al point shifts from line 3 upwards in 
Fig. 5.

In line 19 from Table 2, in the reaction 
8·4He(32S) → 28Si + 4He + 38467.2keV, the 
released energy and recoil energy of  4He is 
already larger than the bond energy of  the 4He 
nucleus. Consequently, it is the reaction with 
the emission of  a proton and production of  
P (phosphorus) that chiefly takes place here. 
The reaction with the escape of  helium and 
formation of  Si (silicon) is suppressed, with the 
Si point in Fig. 5 shifting from line 1 downward. 
The same happens in the event of  the reaction 
with nine helium nuclei, 9·4He(36Ar), with the 
production of  S (sulphur) and Cl (chlorine). 
Under changed conditions, when reactions with 
helium emission are suppressed, we can observe 
a new systematics in the reaction cross sections. 
This is reflected in the fact that the values of  
chemical element yields in the reactions shift to 
other lines, 2 (Si-S) and 4 (P-Cl-K) (Fig. 5).

The production of  chemical elements starting 
from chlorine with Z > 19 (Fig. 5) is apparently 
governed by secondary processes. Under such 
processes, multinuclear interactions take place with 
the participation of  transformed atoms (transatoms 
[15]) of  chemical elements obtained in the preceding 
reactions. The 100-percent production of  15N and 
36Ar in multinuclear reactions, lines 8 and 25 in 
Table 2, should be given special attention. In the 
natural mixture their presence amounts to 0.37% 

and 0.34%. Therefore, in mass analyses predominant 
registration of  15N and 36Ar isotopes provides 
evidence of  the multinuclear reactions proceeding in 
condensed helium.

4. FORMATION OF TRANSMOLECULES. 
ELECTRON BOSE-CONDENSATE
For the formation of  a transmolecule from 
helium nuclei, helium atoms have to transform 
into helium transatoms (Fig. 7). Helium atoms 
are unique for such transformation. As is known, 
helium atoms have two stable basic states: 
parahelium 11S0 and orthohelium 23S1. The 
existence of  orthohelium [14] and transhelium 
[15] is due to the exchange interaction associated 
with the indistinquishability of  the electrons 
(identity principle). The exchange interaction 
is characterized by the exchange energy (“A”). 
As opposed to the electrostatic energy “C”, the 
contribution of  exchange energy into the total 
energy of  the system may be of  different signs 
depending on whether the spin part of  the wave 
function is symmetric or antisymmetric. The 
correction ΔЕ to the total energy of  system 
(1) connected with the electron interaction is 
determined in frames of  the perturbation theory:
∆E = C ± A,         (1)
where the sign “+” refers to the antisymmetric 
↑↓ spin state S = 0; and the sign “–” indicates 
the symmetric ↑↑ spin state S = 1. In an atom, 
the energy of  Coulomb repulsion between the 
electrons “С” and the exchange energy “А” 
(exchange integral) are positive. This is why 
due to the exchange energy attractive forces 
between the electrons (orthohelium) and 
repulsive forces (1) are present in a helium 
atom concurrently. The spins of  electrons 
in parahelium are antiparallel ↑↓, while in 

Fig. 7. Main states of  a helium atom.
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orthohelium they are parallel ↑↑ (Fig. 7). 
As distinct from parahelium, the electrons 
in orthohelium cannot be present in the 
same state according to the Pauli principle. 
Therefore, in orthohelium the electrons are 
found in different states, at different energy 
levels (Fig. 7). The main states of  parahelium 
and orthohelium differ by 19.77 eV. The 
parahelium lines are singlets (S = 0), and 
orthohelium lines are triplets (S = 1). The 
characteristic lines in the optical spectrum have 
a wavelength of  501.6 µm in parahelium, and 
of  587.6 µm in orthohelium. The transition 
with two-photon emission 23S1 → 11S0 + 2γ 
between ortho- and parahelium is strongly 
suppressed and has a lifetime of  2.5·108 s. The 
one-photon, magnetic-dipole decay of  the 
23S1-state has a lifetime of  8·103s. However, 
radiationless transitions during an interaction 
with an incident electron or another atom are 
also possible.

Orthohelium, unlike parahelium, has a strong 
magnetic field since magnetic moments of  its 
electrons are always parallel. The radius R1 of  the 
first electron in orthohelium (or in a parahelium 
atom) is 3.1·10-11 m; and the radius R2 of  the 
second orthohelium electron is 8.76·10-11 m. The 
magnetic moment of  the electron μе produces 
a magnetic field with the magnetic induction 
vector Bμ equal to [16]:

0 3

3 ( ,=
⋅
rµ µ e enB n µ ) − µ  (2)

where μ0 = 1.26·10-6 H/m is the magnetic 
constant; μе = 9.29·10-24 J/T = 5.79·10-5 eV/T; 
r is the distance from the electron up to the 
point where the field is calculated; n is a unitary 
vector in the direction r. At the centre of  an 
orthohelium atom, the magnetic field near the 
nucleus B0 is calculated using the formula (2): 
B0 = –μ0μe/R1

3 – μ0μe/R2
3 = –393 – 17 = –410T. 

The negative sign indicates that magnetic field 
at the atom’s centre is directed in the opposite 
direction to the magnetic moments of  the 
electrons. The magnetic field BR2 at the point 
located on the С axis (Fig. 7) at the distance R2 

from the nucleus is ~ 70 T and directed parallel 
to the magnetic moments of  the electrons μе. 
The C axis is restored perpendicularly to the 
electron orbitals and passes through the atom’s 
centre. At the distance 2 2

2c R  , on the C axis 
the magnetic induction vector for orthohelium 
from expression (2) is 0

3

4
=C c

µ eB µ  and parallel 
to μе. Consequently, two orthohelium atoms 
are attracted to each other with magnetic 
self-focusing along the axis С. The energy of  
their magnetic interaction along the axis C is: 
Eμ = 4μе·BC. At a distance R2, the magnetic 
interaction energy is equal to ~ 0.016 eV. As 
two orthohelium atoms approach each other, 
the energy of  their interaction enhances.

With a decreased distance between the 
orthohelium atoms, the motion of  the electrons 
in one orthohelium will synchronize owing to 
the electromagnetic interaction with the motion 
of  the electrons in the second orthohelium. 
As a consequence of  such synchronization, 
both inner- and outer-shell electrons of  the 
orthohelium atoms will be located at the orbitals 
in diametrally opposite positions (Fig. 8). Due 
to this, the sums of  momenta of  the outer- 
and inner-shell electrons separately are equal 
zero, P1 = –P2 (Fig. 7), which is one of  the 
conditions for the electron pairing. Moreover, 
due to the additionally arising attractive exchange 
interaction between the electrons of  different 
orthohelium atoms and to strong magnetic 
field, such electrons form Cooper pairs with S 
= 1 (Fig. 8) bound into a boson. These electron 
bosons are common for the two helium nuclei. 
So, an excited nuclear transmolecule of  8Be has 
one Cooper electron pair at the outer orbital and 
another Cooper pair at the inner orbital (Fig. 8). 
Because the outer pair represents a boson, it 

Fig. 8. The formation of  transmolecules 8Be and 12C.
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immediately passes into the ground state with 
the emission of  two photons. Consequently, this 
leads to electron Bose condensate around the 
transmolecule. The radius of  a 8Be transmolecule 
is RBe = 1.32·10-11m. The magnetic field B0 at the 
centre is 2·104 T and at the distance 1.2·RBe from 
the centre the magnetic field BR equals 4·103 T.

The magnetic interaction of  an orthohelium 
atom and a 8Be transmolecule, as well as exchange 
interaction between their electrons result in the 
transformation of  the orthohelium atom into 
a transhelium atom (Fig. 8). The radius RHe 
of  transhelium is 2.64·10-11 m, B0 = 1.3·103 T. 
Further interaction of  transhelium with the 8Be 
transmolecule leads to the formation of  a 12C 
(carbon) transmolecule. The radius of  the 12C 
transmolecule is as follows: RC = 0.89·10-11m. The 
magnetic field B0 at the centre is 105T and at the 
distance 1.2·RC from the centre the magnetic field 
BRc equals 2·104T. The possibility of  existence 
of  transmolecules is due to nuclear forces and 
ultrastrong inhomogeneous magnetic fields of  
104–3·108 T at their centres [15].

As was noted in section 3, 8Be and 12C 
transmolecules can be stable. Therefore, 
they can interact both with orthohelium, 
transforming it into transhelium, and with 
each other. These interactions result in 
the formation of  other, heavier nuclear 
transmolecules. Fig. 9 displays a few 
combinations composed of  orthohelium 
atoms, 8Be and 12C transmolecules, which lead 
to the production of: A – an 16O (oxygen) 
transmolecule; B – a 20Ne (neon) transmolecule; 
C – a 24Mg (magnesium) transmolecule; 
and D – a 28Si (silicon) transmolecule. 
For example, an 16O transmolecule can be 
obtained by combining a 12C transmolecule 
with orthohelium or by combining two 8Be 
transmolecules. The arrows on the right (Fig. 
9) show the isotopes of  chemical elements 
produced in multinuclear reactions with the 
emission of  a helium (4He) nucleus, a proton 
(p) and a neutron (n) (Table 2).

Fig. 9. The formation and collapse of  transmolecules.
Thus, production of  transmolecules depends 

on the orthohelium formation cross section and its 
spatial density. Upon formation of  transmolecules 
multinuclear reactions proceed automatically. 
Consequently, the cross sections of  multinuclear 
reactions are comparable with the cross sections of  
atomic processes!

5. NUCLEAR PROCESSES IN IONIZED 
HELIUM
It is evident from the earlier sections that 
gamma quanta are not involved in multinuclear 
reactions. They only ionize helium atoms. The 
ionization potential of  a helium atom is equal to 
24.59 eV. During the recombination – capture 
of  free electrons by helium ions – a mixture of  
two “gases” of  parahelium and orthohelium is 
formed. Since the level densities for orthohelium 
are thrice greater than with parahelium, the 
probability for orthohelium formation in the 
course of  ion recombination ought to be also 
three times greater. The orthohelium density 
should be such that the magnetic attraction 
forces between them can lead to the formation 
of  transmolecules. This is attained, firstly, due 
to the small interatomic spacing in condensed 
helium, and, secondly, as Compton electrons of  
large recoil energy produced by intensive fluxes 
of  gamma rays generate in helium “plasma 
tracks” with a high density of  ions and electrons.

The greater the ion density, the greater is 
the density of  orthohelium. With increasing 
density of  the electrons, the radiationless 
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transitions of  orthohelium into parahelium 
grow more intensive. So, there are two contrary 
processes. Thus, with the given electron density 
of  specific ionization, there exists apparently 
an optimal density, condensed helium pressure, 
with which the orthohelium density is maximal.

In condensed gases, a “plasma track” 
represents a “capsule” inside which the 
conditions for physical processes and the 
atomic and nuclear structures are subject to 
change. The use of  intensive fluxes of  gamma 
quanta proves to be the most suitable method 
for ionization of  condensed helium owing to 
their high penetrability through the thick walls 
of  the reaction chamber. Other radiations, 
coupled with high ionization, do not have such 
a penetrating power. It should be noted that 
the products of  multinuclear reactions such 
as fragments, alpha particles and protons have 
a higher density of  specific ionization than 
the electrons. Therefore, they, in their turn, 
produce along their tracks plasma of  higher 
density than the one generated by the electrons. 
So, it is likely that the conditions for a chain 
reaction are thereby created!

Since the multinuclear reactions are 
connected with ionization of  helium, attempts 
should be made to register nuclear radiations, 
for example, gamma quanta, by passing electric 
discharge through helium under pressure up to 
several bar.

As stated in section 3, the following 
reaction may proceed in the 12C transmolecule 
during the fusion of  three helium nuclei: 
3·4He  → 12C + 6e– +γ. A gamma ray with an 
energy of  4438 keV is emitted in this reaction due 
to the decay of  the excited state of  12C. A gamma 
ray of  the same energy may be produced in the 
reaction: 4·4He → 12C + 4He + γ. In multinuclear 
reactions with evaporation of  a neutron (Table 2), 
β+-radioactive isotopes emitting e+ positrons 
are produced. A positron-electron annihilation 
results in the emission of  two gamma rays, each 
of  energy 511 keV.

An attempt should be made to register the 
above gamma quanta during the irradiation 
of  helium by a powerful alpha or beta source 
placed inside a gas chamber under a pressure of  
~ 1 kbar.

It must not be ruled out that in experiments 
[17] conducted in the fifties of  the previous 
century under the leadership of  Igor Kurchatov 
with the aim of  exploring the possibility of  
thermonuclear reactions in gaseous atmosphere 
of  hydrogen, deuterium, helium and their 
mixture, the emergence of  neutrons and powerful 
x-radiation in the energy range 300-400 keV is 
due to multinuclear processes. – Plasma must 
not be heated, and it is very bad to do so!

Clearly, the synthesized chemical elements 
during their excitation by electric discharge 
will produce characteristic radiation in the 
optical region. For this reason, considerable 
interest is attracted to experiments aiming 
to register characteristic optical radiation 
produced by nuclear reaction products and, 
what is more interesting, by transmolecules.

All the electrons in the even-charge, light 
transmolecules are bound into bosons and 
have a binding energy in the transmolecule 
and an energy of  transitions between the 
excited levels of  hundreds electron-volt [15]. 
That is why it would be of  interest to study 
odd-charge transmolecules which have one 
electron not bound into the boson. Supposedly, 
such a transmolecule can be obtained from 
a mixture of  hydrogen and helium. Indeed, 
8Be and 12C transmolecules produced under 
the action of  electric discharges may merge 
with a protium atom and its nucleus (proton) 
due to magnetic attraction and strong central 
magnetic fields, thereby forming an odd 
transmolecule. The magnetic field B0 of  the 
protium atom (hydrogen) at the centre is 
equal to 79 T; and at the distance 1.2·RH from 
the centre, BRH = 16 T. In the case when the 
proton adds to the 8Be transmolecule, a 9B 
(boron) transmolecule is formed. When the 
proton adds to the 12C transmolecule, this 
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results in the formation of  a 13N (nitrogen) 
transmolecule. The 13N transmolecule is less 
stable than the 12C one. It decays according 
to the reaction 13N → 12C + p, possibly with 
the emission of  a gamma ray with the energy 
4438 keV.

Such nuclear transmolecules are hydrogen-
like atoms with heavy multinuclear formations 
at the centre. The outer-shell electron in such 
transmolecules moves around in its orbital in 
the strong magnetic field produced by paired 
electrons. In the approximation when the radii of  
orbitals of  the outer-shell electron in 9B and 13N 
transmolecules are equal to the hydrogen atom 
radius RH = 5.29·10-11 m, the magnetic induction 
vector BRH of  the 9B transmolecule at RH is equal 
to 316 T, whereas for the 13N transmolecule BRH 
equals 474 T ( 0

3 ,= e
r

P
r
µ eB µ  where Pe is the number 

of  paired electrons [15]). For these reasons 
the outer-shell electron orbitals at the 9B and 
13N transmolecules are displaced relative to the 
hydrogen atom orbitals in accordance with the 
corrections for the given masses to the Rydberg 
constant (3) and split into two sublevels by 
formula (4):
RA = R/(1 + me/MA),        (3)
ΔE = ± μе·BRH,         (4)
where RA is the Rydberg constant for an atom 
with the nucleus of  mass MA; R is the Rydberg 
constant; me is the electron mass. In our case, 
MA equals: 2 or 3·4He nuclei plus a proton. In 
Table 3, the main Balmer lines (n → 2, n is the 
principal quantum number) in the visible range 
are given in nanometers for the hydrogen atom 

(λH), displaced (λMА) for the 9B (λ9B) and 13N 
(λ13N) transmolecules and split for the 9B (λn9B) 
and 13N (λn13N) transmolecules. Displacement 
of  transitions, according to (3), is calculated by 
the formula: λMА = λHMH(MА + me)/MА(MH+me), 
where MH is the proton mass. All of  the levels 
of  the outer-shell electrons of  9B and 13N 
transmolecules are not only displaced but 
split, according to (4), into two states. For a 9B 
transmolecule the ground state splitting (n = 1) 
by energy is ΔЕ = ±1.83·10-2 eV and for a 13N 
transmolecule the ground-state splitting is ΔЕ = 
±2.74·10-2 eV (4).

Since the radii of  hydrogen electron orbitals: 
rn=ħ·n2/2·me

2, then r2 = 2.1·10-10 m, r3 = 4.8·10-10 
m. The magnetic fields of  the 9B transmolecule 
at r2 and r3 are Br2 = 4.91 T and Br3 = 0.43 T, 
and for the 13N transmolecule, Br2 = 7.37 T 
and Br3 = 0.65 T. Correspondingly, r2 and r3 
level splitting for the 9B transmolecule is ΔЕr2 
= ±2.85·10-4 eV and ΔЕr3 = ±2.51·10-5 eV; and 
for the 13N transmolecule level splitting at r2 and 
r3 is ΔЕr2 = ±4.26·10-4 eV and ΔЕr2 = ±3.6·10-

5 eV. Consequently, one can observe four lines 
in the spectrum which are doublets Hα of  the 
split levels r2 and r3. Because at the orbitals with 
n ≥ 4 the magnetic fields produced by the paired 
electrons are small, two lines will be observed in 
the spectrum for Hβ, Hγ and other transitions. It 
is seen from Table 3 that the distances between 
the split states are considerable and must be well 
registered by spectroscopic instrumentation.

Thus, there is a relatively simple nuclear and 
spectral methods by which you can try to register 
in electric discharges flow multinuclear reactions 
in helium or mixtures of  helium with hydrogen 
when the pressure up to several bar.

6. CONCLUSION
When irradiation of  condensed helium at 
pressures of  1.1 and 3.05 kbar braking gamma 
quanta with a maximum energy of  10 MeV, the 
volume of  the reaction chamber discovered the 
chemical elements missing before the start of  
the exposures.

Table 3
Balmer's lines of transmolecules 9B, 13N

Hα 3→2 Hβ 4→2 Hγ 5→2 Hδ 6→2 Hε 7→2 Hζ 8→2

λH 656.279 486.133 434.047 410.174 397.007 388.9

λ9B 655.961 485.898 433.837 409.976 396.815 388.7

λn
9B

655.853
655.870
656.052
655.069

485.844
485.952

433.794
433.880

409.937
410,015

396.779
396.851

388.67
388.73

λ13N 655.952 485.890 433.830 409.969 396.809 388.7

λn 
13N

655.759
655.816
656.088
656.114

485.809
485.971

433.765
433.895

409.911
410.027

396.755
396.863

388.65
388.75
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The emergence of  extraneous chemical 
elements can be explained by multinuclear reactions. 
Multinuclear reactions take place due to the 
formation of  nuclear transmolecules composed of  
several helium nuclei. Primary nuclear transmolecules 
of  8Be with electrons that are pairwise bound into 
bosons with S = 1 are produced through fusion of  
two orthohelium atoms. Heavier transmolecules 
are formed via fusion of  orthohelium and lighter 
transmolecules with each other.

The atoms of  orthohelium are produced in 
helium during its ionization by gamma radiation with 
subsequent recombination of  the emerged ions. 
So, the cross sections of  low-energy multinuclear 
reactions directly depend on the special density of  
orthohelium, i.e. on the cross sections of  the atomic 
processes.

Further experiments should be conducted to 
register multinuclear reactions by passing electric 
discharges through helium or a mixture of  helium 
and hydrogen under pressure up to several bar. 
In the case of  their registration, it is proposed to 
revert to the idea of  power production using electric 
discharges in condensed light gases such as hydrogen, 
deuterium, helium and their mixtures [17].
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Absract. Impact of  powerful nanosecond electromagnetic impulses (NEMI) on fusions containing 
lead and bismuth is considered. The main controlled property is chemical composition. Special 
pulse generators are used for influence. They produce pulses of  the positive polarity with duration 
of  1 nanosecond on a half-height, with amplitude of  6-10 kV and repetition frequency of  1 kHz. 
Processing of  NEMI is carried out directly in a crucible into which the copper tube or a core is 
inserted. Outputs of  the generator connect with a crucible and a tube. Time of  processing is tens 
of  minutes. The level of  α-radiation and β-radiation of  solid metal is measured before and after 
processing. There are given the results of  4 experiences in which the reduction of  amount of  bis-
muth by 8-10% and the same in size increase of  amount of  lead is noted. For one of  experiences the 
analysis of  the chemical composition is carried out on three devices, various on type. The theory of  
electronic capture under the influence of  NEMI and change of  isotope structure without change 
of  mass of  a kernel are offered as theoretical base. Results which describe transformation of  tens 
of  grams of  bismuth into the same amount of  lead are absent in available literature.
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1. INTRODUCTION
Some results of  influence of  powerful 
nanosecond electromagnetic impulses 
(NEMI) on fusions of  metals and solutions 
of  salts are given [1-3]. The essence of  the 
method is that fusion of  metal is affected 
by influence of  unipolar electromagnetic 

impulses lasting less than 1 ns with an 
amplitude more than 5 kV without carrier 
frequency. Impulses are generated by special 
generators which have small dimensions and 
weight, consume the power from a network 
less than 100 W. In our researches we used 
generators with next parameters: amplitude 
of  impulses is 7-10 kV, duration is 1 ns, the 
frequency of  repetition is 1 kHz.

The impulse from the generator exit 
is transferred on the radiator. We used 
radiators in the form of  a piece of  the 
coaxial line. The crucible performs function 
of  the external conductor  and   has to be 
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the current conductor, for example, graphite. 
The nonconducting crucible is inserted into 
carrying-out screen. The central conductor is 
made from copper or graphite and located in 
a protective tube. It separates a radiator from 
fusion and is made from quartz. It can not be 
used at low temperatures of  fusion.

Many mechanical properties change at the 
hardened metal after processing of  fusions 
of  metals by NEMI. For example, durability 
and plasticity increase at the same time, 
impact strength at low temperatures increases 
[1-4]. Questions of  change of  the chemical 
composition of  fusions and solutions under 
the influence of  big pulse currents are 
considered in [5-7].

The purpose of  work is experimental 
research of  impact of  powerful NEMI on 
change of  the chemical composition of  lead-
bismuth fusion.

2. EXPERIMENTAL RESEARCHES
Experience 1. Radiation of  Roze alloy (Pb, 
Bi, Sn). Alloy is standard. The composition 
of  elements according to the passport 
(masses%) is the next: Pb – 32.87; Bi – 49.11; 
Sn – 17.95; Sb – 0.04; Cu – 0.01; As – 0.01; 
Fe – 0.006.

Experimental conditions: the mass of  an 
alloy is 0.5 kg, the crucible graphite Ø45 with 
internal dimensions, depth is 90 mm. Radiator 
is the copper rod Ø5 160 mm long in a quartz 
test tube of  Ø10 mm. Alloy melting is made, 
stirring is carried out by a quartz stick and 
test taking of  the initial test (No. 3) is carried 
out in a ceramic tank. Radiation of  the melt 
was executed out of  the furnace. Generator 
parameters: amplitude was 6 kV, frequency 
was 1 kHz. Time of  radiation was 15 min. 
Initial temperature of  radiation was 350ºС, 
finite – 135ºС. Irradiated test was selected 

in a ceramic tank after melt agitation (test 
No. 4).

Sawdust was made from the received 
castings of  tests 3 and 4 by a file. The analysis 
of  a chemical composition of  sawdust was 
carried out on the atomic and adsorption 
spectrophotometer “Quantum-2А”. The 
atomic and adsorption spectrophotometer 
“Quantum-2А” was certified in the state 
system. The relative error of  the analysis 
makes ±2%, with confidential probability 
0.95. Elements Bi, Cd, Sn, Sb, Cu, Zn, Fe 
are defined. The Pb element is defined as 
“remaining to 100%”. Analysis results are 
presented in Table 1.

It is visible that good data fits on the initial 
test with passport data and good coincidence 
of  balance of  transmutation of  elements 
takes place. Also coincidence of  balance of  
elements conversion – the sums of  minuses 
(–7.4) and pluses (+7.4) – is observed.

Experience 2. Radiation of  an alloy of  
Pb, Bi. The alloy is prepared independently. 
Lead is granulated, composition in % masses: 
Pb – 99.88, Sb – 0.1, other Bi, Fe, Cu, Sn, 
Ag, As less than 0.06); Bismuth is granulated 
(composition: Bi – 97.9, Pb – 1.8, Ag – 0.08, 
other Cu, Fe less than 0.001).

The hinge plate from Lead of  0.55 kg and 
Bismuth of  0.45 kg was used for preparation 
of  the melt. The crucible is graphite Ø55, 
height is 95 mm. Lead was heating to 400ºC, 
then Bismuth was added, stirring was made, 
a test taking of  the initial test (No. 21) was 
carried out. Radiation of  a melt was made 
out of  the furnace. The radiator is the copper 

Table 1
Composition of Elements, % masses

Element Pb Bi Sn Sb

Initial, No.3 32.3 50.0 17.5 0.2

Irradiated, No. 4 39.66 43.1 17.0 0.24

Change +7.36 -6.9 -0.5 +0.04
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rod Ø5, length is 120 mm in a quartz test 
tube of  Ø10 mm. Generator parameters: 
6 kV, 1 kHz. Time of  radiation is 15 min. 
Initial temperature is 400ºС, finite – 250ºС. 
The irradiated test (No. 22) was molded after 
melt agitation. The analysis of  tests 21 and 22 
in the form of  sawdust was carried out on the 
atomic and adsorption spectrophotometer 
“Quantum-2А”. Results are presented in 
Table 2.

It is visible that the composition of  
elements in the initial sample is very close 
to the value determined by the weight 
composition of  55% Pb and 45% Bi with the 
accounting of  the additional composition of  
1.8% of  Lead in Bismuth. Transformation 
of  8% of  Bismuth into Lead is watched after 
radiation. The rule of  balance is observed.

Measurement of  radioactivity of  Lead 
and Bismuth in the form of  sawdust in mass 
of  1 g was carried out on low-background 
installation of  UMF-2000. Results of  
measurements are the next: exceeding of  
a α-radiation background for Lead – by 15 
times, for Bismuth – by 7 times. Results 
of  the measurements of  activity for initial 
and irradiated tests are the next: exceeding 
of  a α-radiation background for the initial 
test No. 21 by 6.25 times, for the irradiated 
test No. 22 – by 14.7 times. There was the 
significant increase in the β-radiation level 
of  the irradiated sample after radiation. 
Measurements of  radioactivity of  these 
samples in the year gave background 
exceeding in the initial test by 5.6 times, in 

irradiated – by 3.6 times. Level change of  
β-radiation is in error limits.

Experience 3. Radiation of  Roze alloy 
(Pb, Bi, Sn). The alloy was bought from 
the manufacturer. Experimental conditions: 
the mass of  an alloy is 0.5 kg, the alundovy 
crucible with Ø55 internal dimensions, depth 
is 70 mm in the screen from a copper foil. 
Radiator is the copper rod Ø5, 160 mm 
long in a quartz test tube of  Ø10 of  mm. 
Heating of  an alloy is made to 400ºС, stirring 
and a test taking of  the initial test (No. 23) 
are carried out. Generator parameters are 
6 kV, 1 kHz, time of  radiation is 15 min. 
Initial temperature is 400ºС, finite − 215ºС. 
Irradiated test (No. 24) was selected after 
stirring.

The analysis of  tests 23 and 24 in the form 
of  sawdust was carried out on the atomic and 
adsorption spectrophotometer “Quantum-
2А”. Results are presented in Table 3.

It is visible that a large amount of  Bismuth 
passed into Lead after radiation. Transition of  
small part of  Tin to Lead is also watched. The 
rule of  balance is observed: –12.9→+12.9.

Results of  radioactivity measurements 
of  initial and irradiated tests are the next: 
exceeding of  a α-radiation background 
for the initial test – by 115 times, for 
irradiated test – by 82 times. There was the 
considerable reduction of  the α-radiation 
level of  the irradiated sample after radiation. 
Measurements of  radioactivity of  these 
samples in the year gave background 
exceeding in the initial test by 35.6 times, in 

Table 2
Composition of Elements, % masses

Element Pb Bi Sn Sb

Initial, No.21 57 43.0 0.005 0.014

Irradiated, No. 22 65 35.0 0.006 0.014

Change +8.0 -8.0 +0.001 0

Table 3
Composition of Elements, % masses

Element Pb Bi Sn Sb

Initial, No.23 15.4 67.0 17.4 0.2

Irradiated, No. 24 28.26 55.1 16.4 0.24

Change +12.86 -11.9 -1.0 +0.04
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the irradiated by 29.6 times. Level change of  
β-radiation is in error limits.

Experience 4. Radiation of  an alloy of  Pb 
and Bi. The alloy is prepared independently. 
The chemical composition of  Lead and 
Bismuth is given in Experience 3. The hinge 
plate from Lead of  0.17 kg (39%) and Bismuth 
of  0.27 kg (61%) was used for melting. The 
crucible is graphite, Ø45, height is 95 mm.

Heating of  Lead was carried out to 400ºС, 
then bismuth was added, an exposure was 
carried out at a temperature 300ºС, stirring, 
a test taking of  the initial test (No. 31). 
Radiation mode: the radiator is the graphite 
rod Ø6 of  mm without protective tube, depth 
of  dipping is 85 mm. Generator: amplitude is 
10 kV, keyboard speed of  1 kHz. Time of  
processing is 10 min. Initial temperature is 
260ºС, finite − 210ºС. Irradiated test (No. 
32) was selected after agitation.

Researches of  a chemical composition were 
conducted on the raster electronic microscope 
of  JEOL JSM-6460LV firm (Japan) with 
system of  microanalysis JXFORD INCA 
EWC453 (Great Britain). Measurements were 
made on fresh cross cutoffs of  samples. Three 
sites of  2×3 mm in size were researched in 
case of  increase equal 30.

Distinctions on a chemical composition 
between the initial and irradiated samples 
by the results of  mean values of  three 
measurements are presented in Table 4.

It is visible that there is a considerable 
change of  chemical composition that exceeds 
the measurement error by 11 times.

Results of  radioactivity measurements 
are the next: exceeding of  α-radiation 
background for Lead – by 2.9 times, for 
Bismuth – background level. Results of  
activity measurements of  initial and the 
irradiated tests are: exceeding of  α-radiation 
background for the initial test is absent, 
for irradiated – by 3.6 times. There was an 
insignificant increase in the α-radiation level 
of  the irradiated sample after radiation.

3. ANALYSIS OF RESULTS
All our experiments were made using one 
technique. Melt agitation after preparation 
was carried out by a quartz stick and then 
a test “initial” was selected in a ceramic 
tank. It is known [8] that Lead in case of  
a melting temperature 327ºС has density 
of  10678 kg/m3, and in a solid status – 
11350 kg/m3. Bismuth has density 10050 
kg/ m3 in a liquid status in case of  a melting 
temperature 271ºС, and in solid – 9747 
kg/m3, respectively. Therefore, density of  
Lead will decrease and density of  Bismuth 
will increase in case of  extension a melt 
temperature above a melting temperature. It 
is possible that these densities will be close 
at melt temperatures of  350ºС-400ºС under 
which process of  radiation begins and test 
“initial” is molded. The maximum error 
can be counted at the expense of  a density 
difference for Lead density of  10.678 and 
10.050 for Bismuth. If  melt is not absolutely 
mixed, the density difference will make 628 
kg/m3, this will make 5.9% in relation to 
Lead. Receiving of  the initial test with the 
raised content of  Bismuth is possible in case 
of  insufficient agitation at the expense of  
density difference.

The place where test is molded is one 
more factor influencing on the quality of  
test. In our experiences tests were selected to 

Table 4
Mean values of a chemical composition, % masses
Element Pb Bi

Initial 30.34 69.66

Irradiated 41.96 58.04

Change +11.62 -11.62

Error 1.02 1.05

NUCLEAR PHYSICS TRANSITION OF BISMUTH TO LEAD IN 
THE PULSE ELECTROMAGNETIC FIELD
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the ceramic tank of  10×10×70 mm in size. 
There is a melt crystallization in it.

The status chart of  Bi-Pb alloy is used for 
the characteristic of  crystallization process 
[9]. Crystallization of  Lead-Bismuth alloys 
happens in the range of  temperatures. 
Therefore, a composition of  the crystals 
which are forming at the beginning of  
solidification can significantly differ from 
composition of  last straws of  a crystallizing 
melt. The temperature interval of  alloy 
crystallization is wider, the segregation 
develops more strongly. The single alloy of  
Lead-Bismuth system crystallizing in case of  
continuous temperature (125°C) is the alloy 
of  the eutectic composition containing 56% 
(at.) Bi.

The following operation was carried 
out for the analysis of  a chemical 
composition of  samples “initial No. 31” 
and “irradiated No. 32”. Research of  a 
transverse section of  samples 31 and 32 
in the direction from a sample bottom 
to its top in 8 areas was carried out by 
means of  micro ray spectral analysis 
by a Carl Zeiss firm microscope. The 
area of  measurement surface makes 
≈0.5×0.5 mm. An exception method of  
results connected with casting boundaries 
– upper and lower is used when processing 
of  analysis results of  metal castings. Mean 
values on 6 layers are given in Table 5.

These values are less than the data 
specified in Table 4.

All abovementioned results belonged 
to analyses of  solid samples. The raster 
electron microscope allows to analyze 
the samples in the form of  powders and 
sawdust. Sawdust from samples 31 and 32 
in the cross direction was saw by a small-
sized file for results comparison. This 
sawdust on a neutral glue basis was pasted 
on the end face of  the rod Ø4 mm which 
was set in the analysis camera. The area 
of  an analyzable surface made ≈10 mm2. 
Data of  the carried-out analysis are given 
in Table 6.

These data are very close to data given in 
Table 4.

An analysis of  samples 31 and 32 was 
carried out also on the atomic and emissive 
spectrometer “Spektroflame Modula S” 
with the inductive and connected plasma. 
Hinge plate of  an alloy of  0.22 g before the 
analysis dissolved in imperial vodka (HCl : 
HNO3 = 3 : 1) in case of  heating up. The 
hinge plate was received by shaving drilling 
by a drill with a diameter of  3 mm in the 
vertical direction of  a sample. Solution 
was transferred to measured flasks after 
full dilution of  a hinge plate and then 
measured volumes used for the analysis 
were taken. Concentration measurements 
were carried out with the use of  standard 
components method. It was carried out 
in two measurements. Analysis data are 
presented in Table 7.

All data of  the content measurement 
of  Lead and Bismuth in samples 31 and 32 

Table 5
Chemical composition of samples, % masses

Element Pb Bi

Initial, No. 31 49.6 50.4

Irradiated, No.32 59.6 40.1

Change +10.0 -10.3

Table 6
Chemical composition of samples 31 and 32 (sawdust), % masses

Element Pb Bi

Initial, No. 31 29.1 70.9

Irradiated, No.32 40.97 59.3

Change +11.87 -11.6
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Table 7
Average composition of elements, % masses

Element Pb Bi

Initial, No. 31 34.5 65.65

Irradiated, No. 32 44.6 55.15

Change +10.1 -10.5

under different conditions of  measurement 
are given together below for convenience of  
comparing (Table 8).

Data in Table 8 unambiguously specify 
the reduction of  the Bismuth content and 
increase of  the Lead content during radiation.

4. THEORETICAL SUBSTANTIATIONS
The theory of  electron capture is one of  
hypotheses for theoretical reasons for 
transmutation of  Bi→Pb under the influence 
of  NEMI [3]. According to this theory change 
of  atomic mass doesn’t happen, and one of  
bismuth protons becomes a neutron. We will 
use the table from [10] for the analysis of  
isotope composition of  long-living isotopes 
of  lead and bismuth.

The new result about an isotope 209Bi is 
received [11]. It is revealed its α-radiation with 
energy 3.13 keV and the half-life period of  
1.9×1019 years is defined. The isotope 204Pb is 
specified as stable in literature. However, it is 
specified as radioactive with a half-life period 
of  1.4×1017 years [10]. Existence α-activity 
of  the initial and irradiated samples in 
experiences 3, 4, 5 and its change within the 
time in experiences 3 and 4 specify existence 
and change of  the isotopic composition after 
NEMI radiation.

From table data [10] it’s visible that if  there 
are isotopes 210mBi, 208Bi and 207Bi in a melt 
before radiation, they will give a long-living 
isotope of  Lead 210Pb or stable isotopes 208Pb 
and 207Pb after NEMI radiation. The isotope 
209Pb has small time of  half-life. There would 
be the considerable change of  analysis results 
during time in case of  its existence. This 
effect wasn’t watched. Unfortunately, we 
had no instruments for measurement of  the 
isotopic composition of  Bismuth and Lead. 
Therefore, it is necessary to consider the 
offered transitions 210mBi→210Pb, 208Bi→208Pb 
and 207Bi→207Pb as a scientific hypothesis.

5.CONCLUSION
The provided data of  experimental researches 
indicate a possibility of  transformation of  
tens of  grams of  bismuth into lead under 
the influence of  pulse fields with big degree 
of  reliability. Data are easily checked. It is 
possible to get generators of  impulses in 
“Fid-Tekhnologiya” firm (St. Petersburg). It is 
necessary to pay special attention to bismuth 
choosing initial materials. It is possible to 
receive coefficient of  transformation of  
bismuth into lead about 3% if  the choice of  
bismuth is unsuccessful. All other conditions 
of  experiences are described above in detail.

From the analysis of  experiences on water 
solutions it is possible to specify one more 
couple of  elements – copper and nickel in 
which the similar phenomena can occur.
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1. INTRODUCTION
From the first steps of  nuclear physics by the its 
low-energy direction is not lucky: E. Rutherford, 
captivated by prospects development nuclear 
power, declared as the incorrect the first works on 
nuclear reactions at low energy [1], and they went 
underground. However, after the publication in 1989 
M. Fleischmann and S. Pons (USA) in Journal of  
Electroanalytical Chemistry [2] and their interview 
at a press conference on March 23, 1989, published 
to the newspaper "Financial Times" in which they 
stated that it is possible to create energy source of  
the industrial scale based on the fusion of  nuclei 
of  heavy hydrogen at room temperature, studies of  
low-energy nuclear reactions has been obtain widely 
developed in many laboratories of  the world. In 
countries such as USA, Japan, Italy, China and other, 
these studies are funded by the state programs and 
the largest firms (Toyota, Honda, Mitsubishi, Fiat, 
etc).

Since 1990, annual International Conference on 
Cold Fusion (ICCF, 2007 - International Conference 
on Condensed Matter Nuclear Science) in the United 
States, Canada, Japan, Italy, France, China, Korea, 

India and other countries is conducted. There are an 
electronic journal http://newenergytimes.com, sites 
(one of  the largest - www.lenr-forum.com) on low-
energy nuclear reactions [3].

In Russia, these studies became involved 
Kurchatov Institute of  atomic energy (Moscow), 
JINR (Dubna) and other institutes of  Academy 
of  Sciences of  the USSR, universities, Scientific-
research institute scientific-production association 
"Luch" (Podolsk) and other research institutes of  
our country. In 1991, all-Union conference "Cold 
nuclear fusion" at JINR-Dubna - MSU-Moscow 
under the chairmanship of  the academician of  the 
AN USSR Y.M. Kolotyrkin is conducted. In 1992, 
the UFN publishes a review of  Dr Sci Phys&Math 
V.A. Tsarev (Lebedev Physical Institute). In 1993 
the Coordinating board on anomalous nuclear 
phenomena in condensed matter, the Chairman 
- Dr Sci Chem, academician of  the AN USSR 
Baraboshkin A.N. (IECh UrF USSR Academy of  
Sciences, Yekaterinburg) is organized. This Board 
provided the two-year state grant for these studies. 
The First Russian conference on cold nuclear fusion 
in Abrau-Dyurso, 1993 was conducted. In 1994, in 
Sochi the 2nd conference was held already under the 
name "Cold fusion and transmutation of  nuclei". In 
1996, after the death of  academicians Baraboshkin 
A.N. and Kolotyrkin Y.M. the Interdepartmental 
coordination board on the problem of  "Cold 
fusion" under the Vice-President of  RAS, Dr Sci 
Chem O.M. Nefedov, Chairman of  the Board Dr 
Sci Chem, academician V.E. Kazarinov (Frumkin 
IPCE RAS) is organized. 5th Russian conference in 
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Dagomys (1997) is conducted under the name "Cold 
transmutation of  nuclei of  chemical elements". In 
2004, the Interdepartmental coordination Board on 
the problem of  "Cold transmutation of  nuclei" under 
the Russian physical society is organized (until 2012). 
Since the tenth conference (2002) it is called Russian 
conference on cold transmutation of  nuclei of  
chemical elements and ball lightning (RCCTN&BL). 
In 2007, in Dagomys (Sochi) the 13th International 
Conference on Cold Transmutation of  Nuclei of  
chemical elements (ICCF-13) was conducted. In 
September 2017 in Sochi will be held the next annual 
24th RCCTN&BL.

Since 2017, the Coordinating Board on the 
problem of  "Cold transmutation of  nuclei" (CB 
CTN) was registered in the Russian Academy 
of  Natural Sciences (RANS) and operates in the 
following composition.
1. Chairman CB CTN - Henri Amvrosievich 
Rukhadze, Dr. Sci Phys&Math, Professor, 
academician of  RANS, chief  researcher of  
Prokhorov GPI RAS, Moscow, Russia.
Co-Chairmans CB CTN:
2. Victor Victorovich Apollonov, Dr Sci Phys&Math, 
Professor, academician of  RANS, Prokhorov GPI 
RAS, Moscow, Russia;
3. Yuri Nikolaevich Bazhutov, PhD Phys&Math, 
senior researcher, corresponding member of  RANS, 
Scientific-research center for engineering and 
physical problems "Erzion" (SRC EPP "Erzion"), 
Moscow.
Vice-Chairman CB CTN:
4. Runar Nikolaevich Kuzmin, Dr. Sci Phys&Math, 
Professor, Lomonosov Moscow State University, 
Physical Faculty;
5. Nikolay Vladimirovich Samsonenko, PhD 
Phys&Math., corresponding member of  RANS, 
associate Professor of  the Russian University of  
friendship of  peoples (RUFP).
6. Scientific Secretary - Albina Ivanovna 
Gerasimova, PhD Chem, associate Professor, 
corresponding member of  RANS, SRC EPP 
"Erzion", Moscow.
Members of  the coordinating Board of  the cold 
nuclear transmutation:
7. Stepan Nikolaevich Andreev, Dr Sci Phys&Math, 
Prokhorov GPI RAS, Moscow;

8. Dmitry Sergeevich Baranov, PhD Phys&Math, 
Joint Institute for High Temperatures of  the Russian 
Academy of  Sciences (JIHT RAS)
9. Vsevolod Valerievich Botvinovsky, PhD 
Phys&Math, senior researcher, corresponding 
member of  RANS, Novosibirsk plant of  industrial 
instrumentation (NPII), Novosibirsk, Russia;
10. Aleksandr Nikolaevich Vlasov, Dr Sci Phys&Math, 
Professor, corresponding member of  Academy of  
electrotechnical Sciences of  the Russian Federation, 
Ryazan state radio engineering University (RSREU), 
Ryazan;
11. Sergey Mikhaylovich Godin, LLC Lokterm, 
Moscow;
12. Igor Vitalievich Goryachev, Dr Sci Techn, 
Professor, Moscow;
13. Valery Nikolaevich Zatelepin, PhD Techn, LLC 
"Inlis", Moscow;
14. Pyotr Vasilyevich Zakharov, PhD Phys&Math, 
SRC EPP "Erzion", Moscow;
15. Mikhail Yakovlevich Ivanov, Dr Sci Phys&Math, 
Professor, corresponding member of  RANS, Central 
institute of  aviation motors (CIAM), Moscow;
16. Vitaliy Alekseevich Kirkinsky, Dr Sci Geol-
Min, Institute of  Geology and Mineralogy SB RAS, 
Novosibirsk;
17. Anatoly Ivanovich Klimov, Dr. Sci Phys&Math, 
academician of  RANS, Joint Institute for High 
Temperatures RAS, Moscow;
18. Alla Aleksandrovna Kornilova, PhD Phys&Math, 
Lomonosov Moscow State University, Moscow;
19. Alexei Ivanovich Laptukhov, PhD Phys&Math, 
associate Professor, Pushkov Institute of  Terrestrial 
Magnetism, Ionosphere and Radio Wave Propagation 
of  RAS (IZMIRAN), Troitsk, Moscow;
20. Alexander Georgievich Parkhomov, PhD 
Phys&Math, corresponding member of  RANS, 
Experimental-Design Laboratory "K. I. T.", Moscow;
21. Boris Ustinovich Rodionov, Dr. Sci Phys&Math, 
Professor, academician of  RAEN, Institute of  
content and methods of  education Russian Academy 
of  education, Moscow;
22. Alexey Sergeevich Rusetsky, PhD Phys&Math, 
Lebedev Physical Institute of  RAS, Moscow;
23. Irina Borisovna Savvateeva, PhD Techn, Scientific 
Research Institute "Luch", Podolsk, Moscow region;
24. Sergey Alekseevich Tsvetkov, PhD Techn, 
pensioner, Ekaterinburg;
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25. Ivan Petrovich Chernov, Dr. Sci Phys&Math, 
Professor, Tomsk Polytechnic University, Tomsk;

2. ORGANIZING COMMITTEE OF 24th 
RCCTN&BL-2017
Bazhutov Yu.N. - Chairman, SRC EPP "Erzion";
Bychkov V.L. - Vice-Chairman, Lomonosov Moscow 
State University;
Samsonenko N.V. - Deputy Chairman, RUFP;
Gerasimova A.I. - Secretary, SRC EPP "Erzion";
Prosvirnov A. A. - editor of  the Russian web site, 
JSC VNIIAES (Moscow);
Shestopalov A.V. - editor of  video web site, Melnikov 
Research Institute of  Comprehensive Exploitation 
of  Mineral Resources RAS, Moscow.
Members of  the organizing Committee:
Klimov A.I. - JIHT RAS, Moscow;
Kornilova A.A. - Lomonosov Moscow State 
University;
Parkhomov A.G. - EDL "K. I. T.";
Famina N. V. – STU MADI.

3. THE MAIN DIRECTIONS OF 
RESEARCHES
1. Physics of  cold transmutation of  nuclei of  

chemical elements.
2. Experimental studies and theoretical models of  

cold nuclear transmutation.
3. Environmental issues associated with the 

phenomenon of  cold transmutation of  nuclei.
4. Physics of  ball lightning. Pilot studies. Reviews 

and theoretical models.

4. ORGANIZATIONAL ISSUES
The conference, usually is conducted in autumn, in 
September, in Sochi, Dagomys settlement, Krasnodar 
area, boarding house "Olympic-Dagomys" [3].

The conference gathers for weekly your from 
20 to 50 participants from 20-30 different scientific 
organizations of  Russia – Moscow and the Moscow 
region, St-Petersburg, Novosibirsk, Armavir, 
Volgograd, Rostov-on-Don, Krasnodar, Sochi 
etc. Are presenting about 40 reports – overview, 
experimental and theoretical. Including up to a 
quarter of  the reports on the problem of  ball 
lightning.

Its regular participants are foreign researchers 
from the USA, Japan, Italy, China, France, Belgium 
and other countries.

The conference takes place at the expense of  
the organizing Committee and authors of  articles. 
Episodically the Russian and foreign firms involve in 
the sponsorship.

The conference proceedings are published 
at the expense of  the organizing Committee of  
RCCTN&BL and articles authors. The conference 
proceedings are indexed in Russian Science Citation 
Index (RSCI) and registered in Book Chamber of  
the Russian Federation.

The conference informs about its activities 
the Nuclear Society of  Russia, Mendeleev Russian 
Chemical Society, Lomonosov Moscow State 
University, the Russian University of  Friendship of  
Peoples.

5. CONCLUSION
The systematic conduct of  the conference, the 
activity of  its participants, saturation of  an annual 
programme attested to the relevance of  the existence 
of  the conference as a working platform, promoting 
the development of  researches the problem of  cold 
transmutation of  nuclei of  chemical elements.
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Seminar "Cold fusion and fireball" in RUDN 
University was arise, in 1992 from FIAN monthly 
seminar "Low-temperature nuclear fusion" that 
had existed in the Lebedev Physical Institute of  
USSR Academy of  Sciences since 1989. FIAN 
seminar was heding under the leadership of  
Vladimir Alexandrovich Tsarev, Dr Sci Phys&Math, 
Professor, head of  the Department of  cosmic 
radiations and of  the Laboratory of  elementary 
particles  in the Division of  nuclear physics and 
astrophysics of  Lebedev Physics Institute. V.Tsarev 
is known for his publications on the subject in 
the Central academic journals (see, eg., [1]). I 
regularly attended this seminar, and over time our 
with V.A. Tsarev relationship evolved into friendly 
(shared research interests - neutrino physics, the 
proximity of  residence, etc.). And V.A. Tsarev, 
when him it came time to go into a long scientific 
trip abroad, he was suggested me to organize 
conduct of  his seminar in the RUDN University, 
helped by a lightweight access to the RUDN and 
his international status. In addition in our group 
at the chair of  theoretical physics and mechanics, 
Faculty of  physics, mathematics and natural 
sciences of  RUDN University after several years 
of  experimental research, within one of  the main 
scientific directions of  faculty - research in the field 
of  interaction of  the electromagnetic radiation 
with matter, particle physics, physics of  metals 
and alloys aimed at creation of  energy-saving 
technologies and environmentally friendly energy, - 
for the first time managed to observe the neutrons 
emitted by deuterated ferroelectric in the process 
of  repolarization in an electric field [2], the world's 
first work on the initiation of  nuclear reactions 

in ferroelectrics. Moreover, the experiment was 
reliable reproducible. The experimental successes 
stimulated our theoretical surveys [3].

V.A. Tsarev seminar continued in RUDN 
(Fig. 1) University. And when V.A. Tsarev returned 
from Italy, and then from Japan, it became clear 
that return of  seminar in FIAN is impossible due 
to the sharp opposition to this scientic direction 
in the Russian Academy of  Sciences, where soon 
was established the Commission on pseudoscience. 
So the seminar remained in the RUDN University, 
where it continue to work until now (Fig. 2).

After the First Russian conference on cold 
nuclear fusion in 1993 in Abrau-Dyurso, seminar of  
RUDN was visited such famous explorers like Jean-
Pierre Vigier, Professor of  the Paris University P. 
and M. Curie, France; Michael McKubre, Director 
of  the Energy research centre of  the international 
Stanford research Institute, USA; Reiko Natoa – 
senior chemist-researcher at the Centre for catalysis 
Hokkaido University, Japan.

Fig. 1. The building of  the RUDN University on Ordzhonikidze 
Str., 3.
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Fig. 2. Seminar on cold fusion and fireball in the conference hall of  
the Faculty of  physico-mathematical and natural Sciences, RUDN 

University.
Academician Baraboshkin A.N., becoming 

in 1993 the head of  the coordination Council of  
Russian Academy of  Sciences on Anomalous 
nuclear phenomena in condensed matter, approved 
our Seminar in RUDN as All-Russian.

After the closing of  seminar on ball lightning 
in Lomonosov Moscow State University, its 
participants together with their supervisor Dr Sci 
Phys&Math, Professor V.L. Bychkov joined our 
seminar, which is reflected in its title.

Among the regular participants of  the seminar – 
Rukhadze Henri Amvrosievich, Dr Sci Phys&Math, 
Professor (Prokhorov GPI RAS, Moscow), 
Apollonov Viktor Viktorovich, Dr Sci Phys&Math, 
Professor (Prokhorov GPI RAS, Moscow), 
Vysotskii Vladimir Ivanovich, Dr Sci Phys&Math, 
Professor (Shevchenko Kiev National University 
(Kyiv, Ukraine), Bazhutov Yuri Nikolaevich, PhD 
Phys&Math (IZMIRAN, SRC EPP "Erzion", 
Moscow), Parkhomov Alexander Georgievich, 
PhD Phys&Math (Experimental design laboratory 
"K.I.T.", Moscow), Goryachev Igor V., Dr Sci Tech, 
Professor (Moscow), Zatelepin Valery Nikolaevich, 
PhD Techn (LLC"Inlis", Moscow) Zakharov 
Pyotr Vasilyevich, PhD Phys&Math (SRC EPP 
"Erzion", Moscow), Mikhail Ya. Ivanov, Dr Sci 
Phys&Math, Professor (CIAM, Moscow), Klimov 
Anatoly Ivanovich, Dr Sci Phys&Math (JIHT RAS, 
Moscow), Kornilova Alla Aleksandrovna, PhD 
Phys&Math (M.V. Lomonosov MSU, Moscow), 
Laptukhov Alexei Ivanovich, PhD Phys&Math, 
associate Professor (IZMIRAN, Troitsk, Moscow), 
Rodionov Botis Ustinovich, Dr Sci Phys&Math, 
Professor (ISMO RAO, Moscow), Rusetsky Alexey 
Sergeevich, PhD Phys&Math (FIAN, Moscow), 
Savvateeva Irina Borisovna, PhD Techn (NII NPO 
"Luch", Podolsk, Moscow region).

In different years the seminar were attended 
by foreign scientists from the USA, France, Italy, 
Germany, Belgium, Japan, Korea, China and other 
countries of  Europe, Asia and Africa. Among them 
were such authors as a pupil and nearest co-worker 
of  Louis de Broglie, President of  his Foundation 
Georges Lochak (France), Fulvio Frizone (Deaptmen 
of  Physics, Catania State University, Italy), Philippe 
Hatt (European Comission Brussels, Belgium) 
and Fidel Ndahauo (Univetsity of  Rwanda, Kigali, 
Rwanda) and many others.

In 2014, after the publication of  the reports of  the 
European experts on the evaluation of  the generator 
Rossi [4-6] works on the cold nuclear transmutation 
intensified worldwide. At the seminar of  RUDN 
University are presented results in abnormally 
excessive heat generation and synthesis of  isotopes 
in a variety of  experimental productions. A variety 
of  methods and technologies – a feature of  Russian 
research on cold transmutation of  nuclei. In 25 years 
of  existence in the RUDN University of  monthly 
seminar on the cold transmutation of  nuclei more than 
500 reports were presented and discussed. Ie in spite 
of  the well-known Russian specificity of  the existence 
of  researches on cold transmutation of  nuclei in the 
country, this area of  nuclear physics was not stood and 
does not stand still on the spot. There are appropriate 
technologies in which Russia is the undisputed world 
leader. Activities of  the seminar contributes to expand 
communications among researchers and raise the level 
of  experiments on cold transmutation of  nuclei and 
to improve theoretical models.
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110 years ago, on 11 April (29 March, old style), 1907, 
in Vologda, in an old house on quay of  the Zolotukha 
river, in the big family of  the artisan merchant of  
Dmitry Kirillovich Semenov-Devyatkov and a native 
of  Yaroslavl Poshehonie Lidia Ivanovna was born 
last-born Kolya, Nikolay Dmitrievich Devyatkov - the 
future physicist, who fate has chosen to be a Patriarch 
of  Soviet Electronics. The childhood and youth of  
Nicholay were held in Vologda, with 8 years he studied 
at the real school, loved to paint with watercolors and 
pastels, painted scenery for school performances. But 
most of  all he liked electrical engineering - transformers, 
generators, electrical distribution systems, power 
transmission problems. A year after school graduation, 
in 1925, the family moved to Leningrad, where 
Nicholay entered the Leningrad Polytechnic Institute, 
while working as a lab technician in X-ray Institute. 
Its Director, A. F. Ioffe suggested to the inquisitive 
young man a place in the laboratory known electrical 
engineer of  the 20-30-ies, one of  the pioneers of  
radar, the future academician A. A. Chernyshev, which 
became its first scientific Head. Here the student N. 
Devyatkov published in 1930 his first article in the 

journal "Electricity" called "Powerful gas arrestors for 
protection of  lines of  communication."

After institute graduation, from 1931 to 1942, 
Nikolai Dmitrievich worked in LFTI and in its branch 
NII-9 on defence thematics. During this time he 
performed important research in various fields of  
technology, published 12 publications and has received 
6 patents for inventions. Beginning in 1935 Devyatkov 
carries out pioneering research in the field of  generation 
of  ultra-high frequencies. To him belongs the priority 
in the creation of  the microwave triode with plane – 
parallel electrodes- low-power generator lamps with 
almost the inertialess output of  grid. Original ideas 
embodied in the design of  microwave triodes, served 
as the basis for creating many types of  such lamps, as 
well as amplifiers and generators on their basis not only 
in the USSR but also in England, USA and Germany. 
Continuing work in this direction, in 1940, he with 
employes comes to outstanding invention – reflective 
klystron, which later became the main industrial type 
of  vacuum devices used so far in various electronic 
systems.

Since 1942 N. D. Devyatkov has been worked in 
Moscow the development of  the domestic (instead 
of  english existing) radars - stations weapon aiming. 
By now November 1942 it had completed the 
development and manufactured two pilot specimen 
of  the radar which have been successfully tested under 
Moscow in battle front. In 1943 he was transferred to 
research Institute-160, that was created on the basis 
radio plant in Fryazino near Moscow (now NPP Istok), 
where he led work on the development and production 
of  electronic devices for radar equipment until the end 
of  his life. The first award order of  the Red Star he 
received in 1944 for participation in the development 
and production of  radars for gun aiming. Air defense 
troops equipped with these stations have greatly 
increased its effectiveness in the protection of  Moscow 
and other large cities, victims of  Nazi air raids.

Since 1954 N. D. Devyatkov – the scientific header 
of  the Department of  microwave electronics, Institute 
of  radio engineering and electronics, USSR Academy 
of  Sciences, the formation of  which is associated with 
his name. Since 1960 – head of  the Department of  
emission and quantum electronics of  the Moscow 
Institute of  Physics and Technology. In the postwar 
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years under his guidance were created lamps of  the 
backward wave in  millimeter and submillimeter 
wavelength ranges and based on them, first in a world, 
had begun works on the development of  MM-range 
of  wavelengths.

To impressive achievements of  the last decades 
are pertain his works in the field of  application of  
microwave electron devices and quantum generators in 
the economy and medicine.

Nikolay Dmitrievich creates a unique creative 
teams for joint work of  experts in such diverse 
fields as electronics, medicine, biology, etc. The 
main works carried out under his leadership in this 
direction: the use of  lasers in surgery and therapy, 
the use of  hyperthermic heating of  tumors for their 
destruction, the establishment of  a number of  devices 
for gastroenterology, diagnostic thermal imaging 
equipment, setups for the irradiation of  seeds with the 
aim of  increasing crop yields.

Particularly striking are obtained by N.D. Devyatkov 
with employees the results of  the study the specific 
impact of  electromagnetic waves of  millimeter range 
on biological structures and organisms for the effective 
therapeutic treatment of  diseases by improving the 
immunological ability of  the body.

In April 1997, was held the 11th Russian 
Symposium "Millimeter waves in medicine and 
biology" with international participation, dedicated to 
the 90th anniversary of  the founder of  MM-therapy, 
academician N.D. Devyatkov.

Nikolay Dmitrievich worked at the state scientific 
production enterprise Istok 54 years, including 39 years 
was Deputy Director for scientific work. Herewith 
never was the member of  communist party. He is the 
author (coauthor) of  more than 250 scientific works 
and inventions.

In 1952 he was awarded the academic title of  
associate Professor, while he read a course of  lectures 
in the Moscow Power Engineering Institute. In 
1953 he was elected corresponding member in the 
Department of  technical Sciences of  the USSR, while 
still a Professor. In 1957 he was awarded the degree 
of  doctor of  technical Sciences, and in 1958 – the 
title of  Professor. Nikolay Dmitrievich Devyatkov - 
academician of  the USSR (1968), Hero of  Socialist 
Labor (1969), winner of  the Stalin (State) prize of  the 
USSR (1949) and Lenin prize (1965), two government 
awards (1984, 1996), cavalier of  two orders of  Lenin, 
order of  October Revolution, two orders of  Labor 
red banner and order of  the red Star. Awarded a gold 
medal. A. S. Popov (1986).

N.D. Devyatkov was spending the big scientific-
community work. The decision of  the Presidium of  
the USSR in 1975 he was appointed Chairman of  the 
Council on the issue of  physical electronics. Since 1950-
ies he worked in Higher Certification Commission, for 
two terms (5 years each) was a member of  the Bureau of  
the Department of  General physics and astronomy of  
the USSR, was a member of  the editorial Board of  the 
"Great Soviet encyclopedia". He was the chief  editor of  
the journal "Radioengineering and electronics", headed 
the editorial Board of  the collection "Elektronnaya 
Tekhnika. Series 1. SVCH-Tekhnika".

Nikolay Dmitrievich Devyatkov possessed a rare 
combination of  the qualities of  an outstanding original 
academic, that paving new paths in science, and an 
excellent organizer. A scholar with world forename, 
he is one of  the founders of  many scientific fields: 
modern electronic engineering, physical electronics, 
electronics of  ultrahigh frequencies, vacuum 
technology, medical electrical engineering. The scope 
and importance of  his scientific work are so great 
that it is impossible to briefly reflect them accordingly. 
Estimation outstanding multi-faceted activities of  N. 
D.Devyatkova is inseparable from the answer to the 
eternal questions of  the relation between imagination 
and rigor, intuition, and mathematics, "algebra" and 
"harmony" in physics and microwave technology and 
other natural Sciences.

Nikolay Dmitrievich Devyatkov lived a long 
and productive life, which he described in his book 
"Memories" (Moscow, Nauka Publ., 1998). He married 
in August 1933 on the Zoya Vasilievna Sterlyadkina, 
also vologzhanka, and lived with her in love and 
harmony for almost 70 years. Son Michael, doctor of  
physical and mathematical Sciences, untimely died in 
1984 Nikolay Dmitrievich died on 1 February 2001 
on 94-m to year of  life, buried at Vostryakovskoye 
cemetery.

Nikolai Dmitrievich was a sampling of  the Russian 
intelligent, ready to come to the aid of  anyone who 
needed it, a man of  great intelligence and high internal 
culture.

The memory of  this amazing man will forever 
remain in our hearts. His dealing lives on in the 
collectives, by which he directed, his principles and 
style are remain as leading for his former employees 
and for the next generations of  scientists.

Editorial board
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On May 8, 2017 Sergey Pavlovich Gubin, Doctor of  
Chemical Sciences, Professor, Head of  the Laboratory of  
Chemistry of  Nanomaterials of  N.S. Kurnakov Institute 
of  General and Inorganic Chemistry of  the Russian 
Academy of  Sciences, Laureate of  the State Prize of  the 
USSR, Honored Scientist of  Russia, Academician of  the 
Russian Academy of  natural Sciences, the known expert 
in the field of  solid state chemistry, nanoscience and 
nanotechnology celebrated his 80th birthday.

S.P. Gubin was born in 1937 in Moscow in a family 
of  engineers Gubin Pavel Fedorovich (after the Moscow 
Institute of  Transportation Engineers - in the Subway) 
and Romashko Lyudmila Kondradovna (after  Moscow 
Institute of  Steel and Alloys – plant "Salute", Moscow), 
both hailing from the Vologda region. In school he 
fascinated by chemistry and since 7th grade (1951) each 
year participated in city Chemical Olympiads at the 
Chemical faculty of  Moscow state University, always 
getting the first prizes. In 1954 he entered chemistry 
faculty of  M.V. Lomonosov Moscow State University. In 
the same year began to specialize in the chair of  organic 
chemistry, in laboratory of  chemistry of  organometallic 

compounds under the guidance of  academician Alexander 
Nikolaevich Nesmeyanov, at that time President of  the 
Academy of  Sciences of  the USSR.

Diploma and postgraduate studies at the chemical 
faculty of  MSU was completed in 1963 with a 
dissertation on competition of  a scientific degree of  
candidate of  chemical sciences "redox-potentials of  
substituted ferrocenes", performed under the guidance 
of  academician of  the USSR Academy of  Sciences A.N. 
Nesmeyanov and doctor of  chemical sciences E. G. 
Perevalova..

Since 1963, S.P. Gubin – fellow, Institute of  
Organoelement compounds (INEOS) Academy of  
Sciences of  the USSR. Due his research on the chemistry 
of  organometallic compounds and π-transition metal 
complexes S.P. Gubin acquired prominence in the native 
and world science. He conducted extensive studies 
of  reactivity and electronic effects in π-complexes 
of  transition metals; proposed and substantiated the 
hypothesis of  the participation of  the electrons of  
σ-skeleton of  the organic ligands in the bond formation 
with transition metals in the π-complexes. S. P. Gubin 
established the basic laws of  oxidation-reduction 
reactions of  π-complexes of  transition metals. In In 
1971, the scientific council INEOS, assigns to S. P. Gubin  
the degree of  doctor of  chemical Sciences (dissertation 
"Electronic effects and reactivity of  π-complexes of  
transition metals", scientific consultant academician A.N. 
Nesmeyanov).

A lot of  attention in this period of  time S.P. Gubin 
was given to use of  π-complexes of  transition metals in 
electronics, nonferrous metallurgy, petrochemistry and 
oil refining. In 1976, S.P. Gubin in the composition of  the 
team of  authors was awarded the State Prize of  the USSR 
for work in the application of  organometallic compounds 
in electronics technics.

Since 1977, Sergei Pavlovich in Novosibirsk, Deputy 
Director of  the Institute of  inorganic chemistry of  SB of  
Academy of  Sciences. In 1978, S.P. Gubin accepts the offer 
akademician G. K. Boreskov, agreed with the academician 
G.I. Marchuk, who was the Chairman of  SB AS USSR, 
about the organization in the Krasnoyarsk branch of  the 
USSR Academy of  Sciences, chemical Institute. S.P. Gubin 
is the founder (1979) and the first Director of  the Institute 
of  chemistry and chemical technology, Siberian branch 
of  the USSR Academy of  Sciences in Krasnoyarsk. He 
carried out extensive work on the involvement into the 
newly created Institute of  skilled research personnel and 



121

RENSIT | 2017 | Vol. 9 | No. 1

PERSONALIA

equipping it with instruments and equipment, identifies 
the major scientific areas in which the Institute operates 
successfully up to the present time. In Krasnoyarsk under 
the direction of  S.P. Gubin developed theoretical bases of  
complex processing of  coals of  the Kansk-Achinsk basin 
by the method of  supercritical extraction by alcohols. 
In the subsequent, on this basis, developed the original 
technology for producing liquid fuel from these coals. 
Here S. P. Gubin first in our country began a systematic 
researches on the use of  supercritical fluids as reagents, 
successfully developing at present time. In Krasnoyarsk 
started the first studies in the field of  chemistry of  
clusters.

In 1980-1983 S. P. Gubin – the Director of  the 
Institute of  inorganic chemistry of  SB of  Academy of  
Sciences in Novosibirsk. Here S. P. Gubin continued 
systematic research in the field of  chemistry of  clusters. 
He have been developed research on key topics in this 
new scientific direction – the synthesis, the study of  
the reactivity and structure, to identify possible ways of  
implementation of  clusters in materials science, catalysis, 
etc.; revealed peculiarities of  coordination of  ligands on 
multiple metal centres in the cluster.

Since 1983, Sergei Pavlovich in Moscow, in Kurnakov 
Institute of  general and inorganic chemistry of  the 
USSR Academy of  Sciences. Work was delivered on 
a broad front: supercritical fluids, clusters, synthesis 
of  nanoparticles, including magnetic. Are conducted 
researches on theoretical problems of  chemistry of  
clusters and created the foundations of  the classification 
of  cluster compounds based on the topology of  the 
metal skeleton. The overall results of  this working are 
generalized in the monograph of  S. P. Gubin, "Cluster 
Chemistry" (Moscow, Nauka Publ., 1987), which has no 
analogues neither in native nor in foreign literature; she 
played a outstanding role in the development of  this field 
in our country.

On the basis of  studies of  the electrochemistry of  
the clusters and the distinguishing features of  clusters 
as reservoirs of  electrons, in collaboration with the staff  
of  the Physical faculty of  MSU and Institute of  radio 
engineering and electronics of  RAS created the world's 
first single-electron transistor on the clustered molecule, 
operating at room temperature.

S.P. Gubin has been a pioneer in the synthesis of  
magnetic nanomaterials; magnetic characteristics of  
the material consisting of  isolated from each other 
in a nonmagnetic solid dielectric matrix magnetic 
nanoparticles (3-10 nm), were first described by he in the 
publication 1980. In future these works were successfully 
continued and led to the creation of  a new class of  
nanomaterials based on metal-containing nanoparticles 
in dielectric matrices. In 2002, S. P. Gubin has created 
in Kurnakov IGIC RAS the first in our country the 

laboratory of  Chemistry of  nanomaterials, that has been 
working successfully in this direction. In 2009 S.P. Gubin 
as the scientific head participates in the creation at the 
territory of  scientific research Institute "Diamond", 
startup company, LLC "AkKoLab", where works are 
carried out on the use of  nanotechnology in the creation 
of  supercapacitors, Li-ion batteries, nanosensors, etc. In 
2011 S. P. Gubin in collaboration with his graduate student 
S. V. Tkachev had published a small but very informative 
book "Graphene and kindred nanoforms of  carbon", 
which came out already by 4th edition. Professionals, 
working with graphene, team up and create in 2011 on the 
basis of  the Institute "Diamond" and OOO AkKoLab 
the monthly Moscow seminar "Graphene: a molecule 
and a 2D crystal", led by Professor S.P. Gubin., that 
soon developed into the all-Russian with international 
participation. Finally, in 2015 S. P. Gubin has organismal 
and successfully conducted the first in Russia all-Russian 
conference on graphene "Graphene - molecule and 
a 2D-crystal" in Novosibirsk at Nikolaev Institute of  
inorganic chemistry SB RAS.

S.P. Gubin is a Professor of  the Department of  
chemistry and technology of  nanosized and composite 
materials, Lomonosov Moscow Institute of  fine chemical 
technology and as such pays much attention to upbringing 
young scientists. S.P. Gubin is a Professor of  chair of  solid 
state physics on faculty of  physics, Lomonosov MSU.

S.P. Gubin – academician of  the Russian Academy 
of  natural Sciences in Department of  Radioelectronics, 
Nanophysics and Information technologies problems. 
Under his leadership defended their dissertations 6 
doctors and over 30 candidates of  Sciences. He has 
published more than 550 articles in scientific journals, 
5 books and about 40 patents. S. P. Gubin, member of  
the editorial boards of  the journals "Inorganic materials", 
"Coordination chemistry", Deputy editor-in-chief  of  the 
journal "Radioelectronics. Nanosystems. Information 
technologies" (RENSIT).

Professor S.P. Gubin is widely known specialist in 
scientific circles; he is an honoured man of  science of  
the Russian Federation, his students work in a number of  
research organizations and educational institutes.

Sergei Pavlovich has an inexhaustible scientific 
potential and creative activeness, which undiminished 
with the years. He is full of  optimism and new creative 
ideas..

A talented scientist, organizer and leader of  science, 
attentive and demanding teacher, a charming and 
sympathetic person, Sergey Pavlovich Gubin deserved 
respect and authority among the scientific community in 
Russia and abroad.

Friends, colleagues, and disciples sincerely 
congratulate Sergei Pavlovich Gubin on his glorious 
jubilee and wish him good health, luck and success in 
scientific and pedagogical activity.

The editorial office of  RENSIT journal cordially 
joins these wishes. 

Editorial board

GUBIN SERGEY PAVLOVICH
(TO 80 ANNIVERSARY OF BIRTH)



122

No. 1 | Vol. 9 | 2017 | RENSIT

On May 13, 2017 Vladimir Alekseevich Bushuev, 
Doctor of  Physical and Mathematical Sciences, 
Professor of  the Department of  Solid State 
Physics of  the Physics Department of  the M.V. 
Lomonosov Moscow State University, member of  
the Russian Academy of  Natural Sciences, well-
known specialist in the fields of  X-ray optics, phase 
contrast tomography, X-ray diagnostics of  multilayer 
nanostructures, photonic crystals and free-electron 
X-ray lasers, and distinguished Professor at Moscow 
University celebrated his 70th birthday.

V.A. Bushuev was born in 1947 in Moscow, to 
military academy cadet Alexei Efimovich Bushuev 
from the Pskov region and MAI student Nadezhda 
Trofimovna Bushueva from the Zaporozhye region. 
After graduating from high school in Smolensk in 
1965, he entered the Physics Department of  Moscow 
State University. Vladimir Alekseevich entered the 
realm of  physics at a time when the Physics Faculty 
was making breakthroughs in nonlinear processes 
in all fields, especially in optics and in radiophysics. 
In his third year, VA. Bushuyev was assigned to the 
sub-faculty of  Wave Processes of  the department 
of  Radiophysics of  the faculty of  Physics. At that 
time, the sub-faculty of  Wave Processes, founded 
and headed by Academician Rem Viktorovich 
Khokhlov, became a powerful global research center 
for nonlinear optics, nonlinear acoustics, laser 

physics and nonlinear spectroscopy. Here, under 
the guidance of  his first teacher, the creator of  the 
school of  quantum optics, author of  the discovery 
of  the spontaneous parametric luminescence effect, 
Ph.D., David Nikolaevich Klyshko, VA. Bushuyev 
carried out graduate work devoted to the study of  
nonlinear scattering of  light in crystals. Based on the 
results of  these studies, V. Bushuyev made a report 
at the All-Union Conference on Nonlinear Optics in 
1970, which became the beginning of  his scientific 
biography.

In 1971, V.A. Bushuyev graduated from the 
Physics Department of  Moscow State University 
and entered the graduate school of  the Department 
of  Solid State Physics, where the vector of  his 
scientific interests shifted to X-ray and gamma-ray 
ranges. Under the guidance of  Dr.Sc. D.N. Klyshko 
and Dr.Sc. R.N. Kuz’min, in 1975, he defended his 
dissertation, "Dynamic theory of  inelastic scattering 
of  X-rays in crystals," followed by a series of  articles 
and speeches on the themes of  X-ray optics and 
gamma-laser.

VA. Bushuev has been a member of  the 
Department of  Solid State Physics at the Physics 
Department of  the Moscow State University since 
1974, from 1974 to 1986 as a junior researcher, from 
1986 to 1988 as a researcher, from 1988 to 1993 as a 
senior researcher, and since 1993 as a Professor. In 
1978, for his series of  works "Mathematical Models 
of  the Kinetics of  a Nuclear Gamma-Laser", V.A. 
Bushuev (along with A.V. Andreev and O.Yu. 
Tikhomirov) received the First R.V. Khokhlov Prize 
at the competition of  scientific works of  young 
scientists of  the Moscow State University.

Vladimir Alekseevich teaches the special courses 
"Dynamic theory of  X-ray scattering", "Secondary 
processes in X-ray optics", "Three-crystal X-ray 
diffractometry", "X-ray phase contrast tomography", 
the course "Inelastic X-ray scattering", the faculty 
courses "Problems of  creating X-ray and gamma 
lasers" and "Nonlinear X-ray optics", produces 
relevant monographs, and supervises undergraduate 
and graduate students.
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In 1990, V.A. Bushuev defended his doctoral 
dissertation "Coherent and diffraction phenomena 
in inelastic X-ray scattering in crystals". In 1999, 
by decision of  the State Committee of  the Russian 
Federation for Higher Education, V.A. Bushuev was 
awarded the academic title of  Professor.

The scientific interests of  V.A. Bushuev include 
X-ray optics, diffractometry, reflectometry and phase 
contrast tomography, the theory of  X-ray scattering 
in microstructures with defects, photonic crystals, 
and X-ray and gamma lasers. He is an expert in 
nonlinear optical phenomena, and the author of  the 
principal works on the diffraction of  ultrashort X-ray 
and laser pulses. He developed the theory of  X-ray 
phase contrast imaging and the theory of  coherent 
and diffuse scattering in nano-sized crystalline and 
porous structures. V.A. Bushuev created a statistical 
dynamical theory of  X-ray diffraction in crystals 
with structural defects and the theory of  second-
harmonic generation and diffraction splitting of  
laser pulses in linear and nonlinear photonic crystals. 
The scientific interests of  V.A. Bushuyev are also 
associated with the creation of  medical phase-
contrast X-ray diagnostics, patented in 1998, about 
which he repeatedly spoke with interviewers on 
television and on the pages of  the mass media.

In recent years, V.A. Bushuev has obtained results 
on the effect of  thermal self-action on the diffraction 
of  powerful X-ray pulses and the dynamic theory of  
ultracold neutron diffraction on a moving grating.

V.A. Bushuev is Laureate of  the "Basic Element" 
Company for his series of  works "Coherent and 
diffraction phenomena in the scattering of  X-rays in 
amorphous, crystalline and nanoporous structures and 
laser radiation in nonlinear photonic crystals" (2003). 
His results also received recognition in the form of  the 
Certificate of  Honor of  the Ministry of  Education and 
Science of  the Russian Federation (2005). Among his 
publications are more than 270 articles in authoritative 
scientific journals (the number of  citations in the 
journals according to the Web of  Science: 510, Scopus: 
416). He is the co-author of  several monographs and a 
number of  books and schoolbooks devoted to various 
aspects of  X-ray optics and diffractometry. V.A. 
Bushuev is a member of  two dissertational councils of  
the Physics Department of  Moscow State University, 
since 2003 a member and from 2008 to 2014 chairman 
of  the Russian Foundation for Basic Research expert 
council for scientific discipline 02-211 "Interaction 

of  X-ray, synchrotron and neutron radiation with 
condensed matter".

V.A. Bushuev is a member of  the program 
and organizational committees of  National and 
International conferences, and symposiums 
and meetings on X-ray optics, nanophysics and 
nanoelectronics. For many years he has supervised 
the work of  the "Physics" section at the International 
Conference of  Moscow State University 
"Lomonosov", and also chairs the program 
committees of  the periodic International Scientific 
Seminars and youth schools-seminars "Modern 
methods of  analysis of  diffraction data and actual 
problems of  X-ray optics" in Veliky Novgorod.

V.A. Bushuyev is a member of  the editorial 
boards of  the scientific journals "Crystallography 
Reports", "Surface: X-ray, synchrotron and neutron 
investigations", "Bulletin of  the Moscow University: 
Series Physics, Astronomy", Deputy Chief  Editor 
of  the journal "Radioelectronics, Nanosystems, 
Information Technology (RENSIT)".

In 2006, he was awarded the honorary title of  
"Honored Professor of  Moscow University." He 
was awarded the medal "To commemorate the 850th 
anniversary of  Moscow", the Emblem "Honored 
Worker of  Higher Professional Education of  
the Russian Federation" (2008), the anniversary 
breastplate "250 years of  M.V. Lomonosov MSU".

Our portrait of  V.A. Bushuev would be 
incomplete without mentioning his rare passion - 
the collection of  historical video recordings of  the 
legendary performers of  the "golden age" of  rock 
music. In this sphere of  human enthusiasm, he 
occupies a very prominent place - his collection ranks 
among the top ten in the world. Vladimir Alekseevich 
generously shares by his recordings, bringing joy to 
the everyday life of  numerous scientific conferences 
to which he is brought to participate.

HIs high scientific erudition, efficiency, 
adherence to principles and responsibility have given 
V.A. Bushuev deserved authority and wide popularity 
among the scientific community.

Friends, colleagues and students sincerely 
congratulate Vladimir Alekseyevich Bushuev on his 
birthday and wish him good health, luck, success in 
scientific and pedagogical activity

The Editorial Office of  RENSIT magazine of  
the Branch of  the Russian Academy of  Natural 
Sciences cordially joins these wishes.

Editorial board

PERSONALIA
BUSHUEV VLADIMIR ALEKSEEVICH

(TO 70 ANNIVERSARY OF BIRTH)
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PERSONALIA

On May 25, 2017 Vyacheslav Serafimovich Rusakov, 
Doctor of  Physical and Mathematical Sciences, 
Professor of  the Chair of  General Physics of  
Physical Faculty of  Lomonosov Moscow State 
University, full member of  the Russian Academy of  
Natural Sciences, the known specialist in the field 
of  Mössbauer spectroscopy, nuclear and radiation 
physics, condensed matter physics and hyperfine 
interactions, honored Professor of  MSU celebrated 
his 70th birthday.

V.S. Rusakov was born in 1947 in Moscow, 
to family of  employees Seraphim Semenovich 
Rusakov and Galina Alexandrovna Rusakova. After 
graduating 154 school of  Moscow in 1965, he 
entered the physical faculty of  Lomonosov MSU. 
In his third year, V.S. Rusakov was assigned to the 
Chair of  solid state physics of  Division of  solid state 
physics of  the Faculty of  physics. At that time, the 
Chair of  solid state physics, one of  the oldest chairs 
of  the faculty, was headed by Professor Herman 
Stepanovich Zhdanov. Here, under the guidance 
of  his first teacher, then yet a PhD Phys&Math, 
Vladimir Ivanovich Nikolaev, V.S. Rusakov performs 

scientific work devoted to the study of  crystal and 
magnetic structure of  ferrites. Via the results of  this 
research, the student Rusakov publishes an article in 
the journal "Solid State Physics", which became the 
beginning of  his scientific biography.

In 1971, V.S. Rusakov graduated from the physical 
faculty of  MSU and entered the postgraduate school 
at the Chair of  General physics. The vector of  his 
scientific interests shifted to the area of  Mössbauer 
spectroscopy. Under the leadership of  V.I. Nikolaev 
in 1974 he defended his PhD dissertation "Study 
of  dynamic properties of  nuclei in solid using the 
Mössbauer spectroscopy", behind which followed 
by a series of  presentations at conferences articles 
and publications on Mössbauer spectroscopy, its 
hardware and software.

From 1974 to the present time V.S. Rusakov – 
an employee of  the Chair of  General physics of  
the Division experimental and theoretical physics 
of  Faculty of  physics, MSU, from 1974 to 1982 – 
assistant, from 1982 to 1994 – senior lecturer, from 
1994 to 2001 – associate Professor, from Jan 2002 
– Professor.

Vyacheslav Serafimovich teaches courses in 
General physics: "Electricity and magnetism" 
and "Optics", special courses "Physical principles 
of  Mössbauer spectroscopy" and "Methods of  
Mössbauer spectroscopy", conducts general and 
special physics workshop at the faculty, publishes 
scientific monographs and teaching books and 
manuals, and guides the post-graduate and students. 
He has guided more than 30 diploma theses and 11 
PhD dissertations.

In 1999 V.S. Rusakov defended his doctoral 
dissertation "Mössbauer spectroscopy of  locally 
nonhomogeneous systems". In 2006, the decision of  
the State Committee of  the Russian Federation for 
higher education V.S. Rusakov awarded the academic 
title of  Professor.

Area of  scientific interests of  V.S. Rusakov – 
Mössbauer spectroscopy, condensed matter physics, 
hyperfine interactions, local atomic, crystalline, 
electronic and magnetic structure of  matter. 
He is a specialist on the spectroscopy of  locally 
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nonhomogeneous, including the phases of  variable 
composition, amorphous, defective, and multiphase 
systems, the author of  fundamental works on ion-
beam and ion-plasma modifikacii materials. He 
developed methods for Mössbauer investigations 
of  the spatial spin-modulated structures, hyperfine 
interactions, phase formation in layered systems, 
the kinetics of  low-temperature crystallization of  
minerals. V.S. Rusakov developed and implemented 
the complex of  methods of  processing and analysis of  
Mössbauer data: quality improvement, and modelling 
decryption of  Mössbauer spectra, reconstruction of  
distributions of  hyperfine parameters, processing 
theirs the temperature, field and time dependencies. 
Rusakov scientific interests are also connected with 
the study of  biogenic transformations and crystal 
chemistry of  minerals.

In recent years, V.S. Rusakov obtained new results 
on the magnetic structure and hyperfine interactions 
in iron-cobalt and iron-Nickel nanotubes, successfully 
developing the diagnostics of  spatial spin-modulated 
structures of  multiferroics by methods nuclear 
magnetic resonance and Mössbauer spectroscopy

Of  particular note are long-term, fruitful 
cooperation V.S. Rusakov with Institute of  nuclear 
physics of  Eurasian national University named 
after L.N. Gumilev, Republic of  Kazakhstan. Joint 
researches, lectures, his expert activity continues to 
the present.

V.S. Rusakov is laureate of  the prize of  MSU in the 
nomination "Achievements in the scientific-research 
activity" (2016). Rusakov V.S. published more than 
900 publications. Among his publications, about 300 
papers in prestigious scientific journals (number of  
citations articles in journals according to Web of  
Science: 586, Scopus: 529), 4 scientific monographs, 
43 manuals, 2 certificates on registration of  the rights 
to the software.

V.S. Rusakov is member of  the scientific council 
of  physics Faculty and scientific council of  the 
Division of  experimental and theoretical physics 
of  faculty of  physics of  MSU, chairman of  the 
methodological commission of  this Division. His 
active teaching activity is noticed the highest award 
of  the native University –  the Lomonosov prize of  
MSU (2011) and the hot recognition of  students of  
the faculty of  physics.

V.S. Rusakov is member of  program and 
organizing committees of  International Conferences 

"Mössbauer spectroscopy and its applications" and 
"Nuclear and radiation physics".

V.S. Rusakov is member of  the editorial 
Board of  the scientific journal "Radioelectronics. 
Nanosystems. Information technology" (RENSIT).

In 2013 he was awarded the honorary title 
"Honored Professor of  the Moscow University". He 
was awarded the medal "In commemoration of  850th 
anniversary of  Moscow", commemorative badge 
"250 years of  Lomonosov MSU", commemorative 
badge "Honored workman of  atomic industry 
of  the Republic of  Kazakhstan of  I degree (gold 
mark)" (2009).

The high scientific erudition, working capacity, 
adherence to principles, responsibility brought V.S. 
Rusakov well-deserved prestige and wide fame in the 
science community.

Friends, colleagues, and pupils sincerely 
congratulate Vyacheslav Serafimovich Rusakov on 
his glorious jubilee and wish him good health, luck 
and success in scientific and pedagogical activities.

The editorial board of  RENSIT journal cordially 
joins these wishes.

Editorial board

RUSAKOV VYACHESLAV SERAFIMOVICH
(TO 70 ANNIVERSARY OF BIRTH)
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GRAFENIKA [GRAPHENICS]
RUSSIAN GUBIN’S SEMINAR (MOSCOW)
Elena Yu. Buslaeva
VNIIAlmaz, http://www.vniialmaz.ru, Ltd. AkKoLab, http://www.akkolab.ru
Moscow 107996, Russian Federation
Kurnakov Institute of  General and Inorganic Chemistry, Russian Academy of  Sciences, http://www.
igic.ras.ru
Moscow 117991, Russian Federation
eyubuslaeva@inbox.ru
Russian Seminar "GRAPHENE: MOLECULE AND CRYSTAL (material, physics, 
chemistry, electronics, photonics, biomedical applications)" under the direction of  prof. 
SP Gubin operates from November 2011. Seminar sessions are held once a month, mainly 
in the boardroom VNIIAlmaz in Gilyarovskogo str., 65 (metro station “Rizhskaya”). The 
seminar is supported by LLC "AkKoLab" and the VNIIAlmaz. Programms of  seminars are 
available at http://www.akkolab.ru. The seminar organizers see it as a discussion platform 
to discuss new ideas and concepts, review the results and the exchange of  experience 
of  researchers in the booming grafenika - an interdisciplinary field of  modern science. 
Anticipated publication of  an annual compendium of  seminar materials, creating Programs 
of  research in this area with possible access to financing. The seminar was attended by 
officials from various scientific institutions of  Moscow - Kurnakov Institute of  General and 
Inorganic Chemistry RAS, Nesmeyanov Institute of  Organoelement Compounds of  RAS, 
Semenov Institute of  Chemical Physics RAS, Kotel'nikov Institute of  Radio Engineering 
and Electronics RAS, National Research Centre "Kurchatov Institute", Moscow State 
University Department of  Chemistry, Moscow Institute of  Physics and Technology, 
National Research Nuclear University "MEPhI", People's Friendship University of  Russia, 
LLC "AkKoLab", Open Joint Stock Company (JSC) "VNII ALMAZ", LLC "Karbonlayt", 
JSC NIIgrafit and others, as well as invited members of  scientific institutions in Russia, 
Commonwealth of  Independent States (CIS) and foreign countries. The audience for each 
session - about fifty participants. In the four- hour meeting with a break heard and discussed 
the 3-4 reports, news review and submitted poster presentations.
The journal RENSIT is published semi-annual reports of  this seminar: list of  reports 
indicating affiliated authors and submitted abstracts.
PACS: 01.10 Fv
RENSIT, 2017, 9(1):118-119              DOI: 10.17725/rensit.2017.09.126
TWENTY-EIGHT SEMINAR, 15.01.2016
1. Bocharov G.S., Mel'nikov V.P., Eletskii A.V., 
Dr Sci Techn., Professor (MEI, Moscow). The 
nonlinear heat-conductivity of  the recovered graphene oxide.
2. Obraztsova E.D., PhD Phys&Math, 
Tonkikh A.A., TsebroV.I., Rybkowski D.V., 
Obraztsova E.A., Chuvilin A.L., Kauppinen E. 
(CENI GPI RAS) Film from the filled single-walled 
carbon nanotubes - a new material for optoelectronics.

3. Chervonobrodov S.P., PhD Phys&Math, 
Moscow. On the application of  nano-materials in 
electrochemical energy storage (according to the discussions 
at the expert session, held in RUSNANO 15 and 21 
December 2016).
TWENTY-NINTH WORKSHOP 22.03.2017
1. Zhuravlev V.V., Dr Sci Techn (JSC 
VNIIALMAZ). New materials based on graphene 
oxide and graphene; the work of  the VNIIALMAZ for 
2015-2016.
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2. Burmistrov I.S., Dr Sci Phys&Math (Landau 
ITP RAS). Quantum graphene elasticity: coefficient of  
thermal expansion and heat capacity.

THIRTIETH WORKSHOP 24.05.2017
1. Gall N.R., Dr Sci Phys&Math, prof.; Rudikov E.V. 
(Ioffe FTI RAS, Saint-Petersburg). The problem of  
"ideality" of  graphene, obtained by CVD and high temperature 
diffusion from the bulk.
2. Danilov E.A., Samoilov M.V., Dmitriev V.S., 
Nikolaeva A.B., Ponomarev D.V., Timoshchuk E.I. 
(JSC NIIgrafit). Obtaining a transparent conductive films 
based on graphene and metal nanoparticles by the method of  
Langmuir-Blodgett films.
3. Korolev V.V., Dr Sci Chem (Institute of  solution 
chemistry of  RAS, Ivanovo), Koksharov Yu.A., 
Gubin S.P. (IGIC RAS). Magnetocaloric effect in graphene.
4. DIFFERENT.
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PROGRAM COMMITTEE
bukhtiyarov valery i.
academician of  RAS, Boreskov Institute of  Catalysis SB 
RAS, Novosibirsk
bykov viktor a.
Dr Sci Techn., prof., Lukin Research Institute of  physical 
problems, - Gr. companies NT-MDT, Zelenograd
Gubin serGey p.
Dr Sci Chem, prof., IGIC RAS, Moscow
eletskii alexander v.
Dr Sci Phys&Math, prof., MPEI, Москва
ismaGilov zinfer r.
Corr. memb. RAS, ICCMS SB RAS, Kemerovo
kuznetsov vladimir l.
PhD Chem, Boreskov Institute of  Catalysis SB RAS, 
Novosibirsk
latyshev alexander v.
academician of  RAS, Rzhanov Institute of  Semiconductor 
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nasibulin albert G.
Dr Sci Techn., prof., Skoltech, Moscow
obraztsov alexander n.
Dr Sci Phys&Math, prof., Lomonosov MSU, Moscow
obraztsova elena d.
PhD Phys&Math, Prokhorov GPI RAS, Moscow
okotrub alexander v.
Dr Sci Phys&Math, Nikolaev Institute of  Inorganic Chemistry 
SB RAS, Novosibirsk
prints viktor ya.
Dr Sci Phys&Math, Rzhanov Institute of  Semiconductor 
Physics SB RAS, Novosibirskк
fedin vladimir p.
Corr. memb. RAS, Nikolaev Institute of  Inorganic Chemistry SB 
RAS, Novosibirsk
fedoruk mikhail p.
Corr. memb. RAS, NSU, Novosibirsk

ORGANIZING
COMMITTEE
chairman

okotrub alexander v.
Dr Sci Phys&Math, Nikolaev Institute of  Inorganic Chemistry 
SB RAS, Novosibirsk
spectrum@ niic.nsc.ru

Scientific SeсretarieS:
antonova irina v.
Dr Sci Phys&Math, Rzhanov Institute of  Semiconductor 
Physics SB RAS, Novosibirskк
antonova@isp.nsc.ru
buslaeva elena yu.
Dr Sci Chem, IGIC RAS, Moscow
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fedoseeva yuliya v.
PhD Phys&Math, Nikolaev Institute of  Inorganic Chemistry SB 
RAS, Novosibirsk
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Novosibirsk State University
Nikolaev Institute of  Inorganic Chemisry SB RAS

Kurnakov Institute of  General and Inorganic Chemisry RAS
Boreskov Institute of  Catalysis SB RAS

Rzhanov Institute of  Semiconductor Physics SB RAS
The conference implements a national platform for discussion of  scientific and 
practical achievements in the field of  synthesis and application of  graphene 
and related structures, identify current issues and prospects of  research in this 
area. The conference will bring together nearly 150 leading experts from major 
research centers and universities of  Russia and will be attended by foreign 
scientists.

The official conference language - Russian
SUGGESTED TOPICS:
• CVD-synthesis of  graphene 
• Diagnosis of  graphene
• Graphene electronics
• Mechanical properties and applications
• Microelectromechanical systems
• Chemical derivatives of  graphene: synthesis, structure, properties
• Electrochemical materials
• Optical properties
• Hybrid materials based on graphene
RELATED SEMINARS:
• Non-carbon 2D materials
• Related sp2-carbon materials
• Theoretical methods in the annex to grafene materials

KEY DATES
The deadline for registration and abstract submission                                         is April 15. 2017
Notification of  inclusion in the program                                                                    - May 01. 2017
The deadline of  registration fee payment                                                                 - July 01. 2017
Conference program                                                                                             - August 01. 2017
Deadline for submission of  papers to the Journal of  structural chemistry - September 30.2017

VENUE
Novosibirsk, Academgorodok, Novosibirsk state university, aud. 3307.
ACCOMODATION OF PARTICIPANTS
Novosibirsk, Pirogova str., 1; Hotel "Golden Valley"
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