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Interaction and scattering particles (atoms) in a free space

Zar
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In the region of small distances  interatomic  interaction 

corresponds to pure Coulomb repulsion of bare nuclei and

It is evident that tunneling quantum processes canôt provide a great 

probability of nuclear  transmutation (e.g. for D2 molecule the probability 

of "usual" tunneling dd-fusion is ). 

We would like to note that all relations for the probability of the tunnel 

effect have been obtained on the basis of the stationary Schrodinger 

equation and therefore, relate only to stationary interaction of the nuclei, 

although the process itself is never stationary.

Non-stationary nature of any interaction is evident from the fact that a 

system of interacting nuclei has its own history and has been formed at 

some point in the past. 
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Can this energy be a small correction that does not influence the character of 

atoms and nuclei movement in a quantum system?

This is the most important question!

According to the first order of nonstationary perturbation theory, to fulfill such 

condition the diagonal matrix elements  of interaction energy should be small 

and the probability of interlayer transitions caused by this interaction should 

also be small
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Interaction of low energy particles (atoms) in potential wells
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For zeroing of diagonal matrix elements of interatomic interaction energy V(r)

2 2
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(which is a sign-variable function of inter-nucleus distance)

the optimal size Ropt of the hole is needed. 

If all above mentioned conditions are satisfied, the independent from 

particle B quantizing of particle A  in the hole takes place.
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For distances the energy V(r) is similar 

to molecular energy and V(r) < 0.

In the region of intermediate distances

this energy is similar to Thomas-Fermi approximation

In the region of small distances nucleus 

interaction corresponds to pure Coulomb repulsion of bare 

nuclei and 
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In this case the wave function of particle A  in all  states is different from 

zero in the center of the hole (at r=0), where the nucleus B is located. This 

leads to a high probability of nuclear fusion. The rate of nuclear synthesis 

(probability of reaction per unit of time for one pair of interacting nuclei) is 

equal
2 8 10 1| ( 0) | 10 10A B n r s

Here,  is the constant of nuclear A+B interaction; 

is the astrophysical nuclear factor depending on a matrix element of the 

nuclear interaction energy of particles; M is the reduced mass of interacting 

nuclei.

As can be seen from the given scenario of the process, optimal size and shape 

of quantizing structures are needed for such non-barrier low energy nucleus 

interaction. The exact parameters of these structures are very difficult to 

calculate. The situation substantially improves when the hole parameters are 

slowly changing, inevitably passing through optimal value. This situation is 

realized in growing microbiological cultures.

2( ) /S E Me

( )S E



EXPERIMENTS ON CONTROLLED 

TRANSMUTATION 

OF STABLE NUCLEAR ISOTOPES 

IN GROWING MICROBIOLOGICAL CULTURES



Experimental investigation of fusion of iron-region stable 

isotopes in "one-line" growing microbiological cultures

About 15 years ago we have studied and reported the process of transmutation of 

stable isotopes in growing "one-line" microbiological cultures in nuclear reaction

54 56 57

55 2 57 15.6 ; 5.8%, 91.8%, 2.2%
Fe Fe Fe

Mn d Fe MeV

Components Concentration in 

medium (%)

Admixture of Fe (no 

more) relative (%)

Admixture of Fe (no 

more) absolute (g)

Sucrose 3 10-4 3.10-7

(NH4)2 tartrate 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

Pure water (D2O or H2O) 100 (10 ml) 10-7 10-8

The researches were carried out on different bacterial cultures.

Cultures were placed in a flask with sugar-salt nutrient medium



A typical series of experiments concerning nuclear transmutation of elements consisted 

in growing of microbiological culture in 3 disks simultaneously (see Fig.1)

Culture

nutrient
medium,

D 2O,MnSO4

nutrient
medium,

D 2O

nutrient
medium,

H 2O,MnSO4

Fig.1 The scheme of experiment.

Such series of experiments was held for different cultures, different time of growth 

t (24, 48 and 72 hours) and different growth modes (in still disks and media and 

in suspension stirring mode using magnet stirring device). 

Bacteria and yeast were grown in a thermostat at optimal temperature 32 C.

55 2 57Mn d Fe
55 1 56Mn p Fe



Mossbauer investigation 

of isotope transmutation

It  was shown that the transmutation 

process during the growth of such 

microbiological cultures had taken 

place, but its effectiveness had been 

low:
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The Mossbauer specter for the grown culture Saccharomyces cerevisiae T-8:

a) in D2O with Mn55; b) in H2O with Mn55; c) in D2O without Mn55



Studying of a transmutation of  light and intermediate isotopes in 

growing microbiological culture by laser time-of-flight mass 

spectrometer
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Transmutation of intermediate isotopes(sodium, phosphorus, iron)
in microbiological cultureswas investigated in reaction 23 31 54Na P Fe

Components Concentration in 

medium (%)

Admixture of Fe (no 

more) relative (%)

Admixture of Fe (no 

more) absolute (g)

Sucrose 2 10-4 2.10-4

MgSO4 0,05 2.10-4 10-5

CaCO3 0,2 1,5.10-4 3.10-5

KCl 0,05 3.10-4 1,5.10-5

NaNO3 0,5 2.10-4 10-4

K2HPO4 (experement on transmutation) 0,2 5.10-4 10-4

Pure water H4O 100 (100 ʤʣ) 10-7 10-5

 Initial  microbiological culture 
 

Growing in sugar-

salt media without 

K2HPO4 (control 

experiments) 

Pure natural iron 

(basic experiment) 
 

Combined analysis in time-of-flight laser-mass spectrometer 
 

Growing in sugar-salt 

media with K2HPO4  
 (experiments on 

transmutation) 

The experimental 

scheme on transmutation 

and spectrometry of 

isotopes with 

middlerange atomic 

numbers in 

microbiological culture

Escherichia coli
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N Fe N Fe
The rate of Na P Fe reaction
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Photographs from the screen of the oscillograph with a memory, representing the mass 

specter in the area of isotopes of iron. The upper graphs show the basic (benchmark) 

experiment for pure natural iron (Fe
54

 - 5%, Fe
56

 - 92%), the lower graphs show the 

mass specter of grown microbiological culture. a) controlling experiment (culture 

grown in a medium without isotope P
31

), b) and c) ð different transmutation 

experiments (culture grown in a medium in the presence of   P
31

 and Na
23

  

a b c 



Investigation of nuclear reaction                              with MCT

(microbe syntrophin associations)

55 2 57Mn d Fe

Series of experiments were held for MCT during 20 days at temperature 25 C.

After each series, the substance that was obtained was collected, cleaned in 

distilled H2O water and dried. The dried substance in the form of    unstructured 

granules (like peat) were separated using a non-iron containing instrument, ground 

to a powder and placed in the same amounts in the Mossbauer spectrometer. The 

mass of  the dried biological substance, that was investigated, was about 0.3 g.

 

MCT 

nutrient 

medium  

H2O  

nutrient 

medium  

H2O + MnSO4 

nutrient 

medium  

D2O  

nutrient 

medium  

D2O + MnSO4 
 

55 2 57Mn d Fe55 1 56Mn p Fe



In this experiment the very large amplitude of the Mossbauer  resonance at 

the same final mass of investigated dried biological substance was 

observed and measured.

It was the result of sharp increasing of nuclear transmutation efficiency!
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Mossbauer  spectra of microbiological MCTgrown 

in the volume with presence of D2O and  Mn55

isotope (experiments on transmutation): 

Jmax/J 3.4 % is the magnitude of  the Mossbauer 

resonance.

The Mossbauer spectra for the grown 

culture Saccharomyces cerevisiae

a)  in D2O with Mn; b) in H2O with 

Mn55; c) in D2O without Mn55: 

Jmax/J 0.15 %



The total mass of  Fe-57 isotopes that was created is about 

10 g per each g of dried biological substance or by 20 times more 

than in the case of "one-line" culture .

The efficiency has increased, in particular, because the association 

has been allowed to grow  during a 20 day  period.

"One-line" cultures cannot be grown for such a long period of time 

in heavy water because of ñself-intoxicationò of the medium by the 

metabolic products (in our former experiments the "one-line" 

Escherichia coliculture was grown during a 72 hour period).

The relative efficiency rate of such forms of transmutation (the 

coefficient of transmutation) is the following:
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For verification of these results, additional examinations of the isotopic ratio of 

the same dried biological substances (both control and transmutated) were 

conducted by TIMS (Thermal Ion Mass Spectroscopy, çFinniganè MAT-262.

The results of TIMS measurements presented in Figure and in the Table 
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Mass-spectrum of iron-region of microbiological associations (dried biological 

substances) that were grown in control nutrient medium with H2O and Mn
55

 (case 

a)) and in experimental nutrient medium with D2O and the same quantity of Mn
55

 

isotope (case b)) .Here X=Fe
54

;Mn
55

; Fe
57  The process of increasing () of 

concentration of Fe
57

 isotope  is accompanied by decreasing () of 

concentration of Mn
55

 isotope
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Mass-spectrums of Cs-Ba area:  

upper curves - reference experiment on 
natural Ba;   

lower curves - experiment on 
133 1 134

Cs p Ba  transmutation.  
 

        Ba
138

  

Investigation of fusion reaction at 

participation of heavy isotopes

133 1 134Cs p Ba
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The rate of Cs transmutation
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EXPERIMENTS ON CONTROLLED

DECONTAMINATION 

OF ACTIVE ISOTOPES 

IN BIOLOGICAL CELLS



Now in the world there are more 

than100 thousand tons of spent 

reactor fuel (high-level 

radioactive waste).

Besides, in each reactor there are 

about thousand tons of highly active 

water (about 1 million tons of 

highly active water in the world). 

Besides, in the world there are 

about 10 millions tons of low 

active waste. 

Experiments on controlled decontamination of active 

isotopes in biological cells



Isotope Half-life       Activity (in relation to Pu239)   Main decay mode

Sr90 28.5 years Q=230 -

Zr95 64 days Q = 5800 -

Nb95 35 days Q = 5700 -

Mo99 66 hours Q = 6100 -

Ru103 39 days Q = 3800 -

Ru106 373 days Q = 860 -

Sb125 2.8 years Q = 150 ` -

I131 8 days Q = 3100 -

Cs134 2 years Q = 170 -

Cs137 30.03 years Q = 260 - (and )

Ce144 285 days Q = 3900 -

Eu154 8.8 years Q = 14 -

Pu238 87.7 year Q = 1.3

Pu239 24000 years Q = 1

Pu240 6550 years Q = 1.5

Pu241 14.4 years Q = 180

Am241 432 years Q = 0.16

The typical components of high-level radioactive reactor waste



There are different possible methods of utilization of these waste.

Traditional way of utilization (transmutation of radioactive waste to different stable 

isotopes by action of neutron beams created in proton-neutron converters) are very 

expensive. 

The total cost of both scientific and technologies parts of such 

solution of the utilization problem (USA, Japan, Russia, France, 

UK, S.Korea) is about $30-50 billions during 2010-2050!
Another essential drawback of this program is the following: at such neutron 

action on highly radioactive waste a great amount of additional low active 

waste is formed in environment.

Waste

Active zone

of reactor

Fast

neutrons

a) Waste

Accelerator of protons
Proton beam

Proton-neutron

converter

Fast neutrons

b)



Deactivation of reactor water in biological cells

We have studied the process of accelerated decay of activity of 

reactor water from first contour of water-water atomic reactor of 

Kiev Institute for Nuclear Research. 

The water with total activity about 10-4 Curie/L contained highly 

active isotopes (e.g., Na24, K40, Co60, Sr91, I131, Xe135, Ba140 , La140, 

Ce141, Np239).

133 1 134Cs p Ba

137Cs

In our initial experiments we have observed  the reaction

of stable            isotope transmutation. 

What abouttransmutation of radioactive           isotope?

133Cs



  0                      500                      1000                    1500        E, KeV

Spectrum of 

gamma-radiation of 

distilled water from 

first contour of 

water-water atomic 

reactor of Kiev 

Institute for Nuclear 

Research (10th day 

after extraction 

from the active 

zone). 



Deactivation of reactor water in biological cells

 

MCT + reactor water 

" Microbial catalyst-transmutator"  (MCT compound) 

Study of utilization of reactor water in microbiological cells 

Periodic (in 5 days) measurement of gamma-activity  

Cs
137 

Reactor water 
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Change of activity Q(t) of the same reactor Ba140, La140 and Co60 isotopes in the 

experiment on transmutation (activity Qculturesin pure reactor water with presence of 

metabolically active microorganisms) andin the control one (activity Qcontrol in the 

same pure reactor water without microorganisms)



Studied La-140 isotope has short life-time 40.3 hours and is nonstable 

daughter isotope of Ba-140 radioactive isotope that has life-time about 

Ba140= 12.7 days: 

Ba-140 La-140  + - + * Ce-140 (stable) + - + * 

Initial activities of the Ba-140 and La-140 isotopes (on the 10th day after 

extraction of water from the active zone of the nuclear reactor) were 
6

140

7

140

1.46.10 /

2.31.10 /

Ba

La

Q Curie l

Q Curie l
The possible way of radioactive Ba140 isotope transmutation to the stable state 

is

Ba140 + C12 = Sm152 + E

These reactions are energy favourable and

E = E(ABa ,ZBa) + E(AC,ZC) - E(ASm ,ZSm) = 8.5 MeV is positive.

The Sm(2+) and Ca(2+) ions are chemically alike and have the approximately 

same ionic radiuses of divalent state (RSm 1.2 A, RCa 1.06 A). 

Substituted element Ca is among several vitally necessary elements. Ions of 

created Sm(2+) elements can substitute Ca(2+) ions while microbiological 

cultures are growing.  



The research has been carried out on the basis of the same distilled water that 

contained long-lived reactor isotope Cs137 (activity 2.104 bq), In our experiments 8 

identical closed glass flasks with very thin walls and with 10 ml of the same active 

water in each were used. The MCT was placed in 7 glass flasks.
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" Microbial catalyst-transmutator"  (MCT compound) 

Study of utilization of active isotopes at different conditions 

Periodic (in 5 days) measurement of activity of Cs
137 

8 closed 
flasks with 

active 
water 

Deactivation of Cs137 isotope in biological cells



In six different flasks different pure K, Ca, Mg, Na, Fe and P salts as single 

admixture were added to the active water. These chemical elements are vitally 

necessary for any cultures. Each of these replacements completely blocks the 

channel of transmutation with the use of all biochemical analogs of the concrete 

chemical element. The results obtained confirmed the importance of such 

replacements. 

Two additional flasks were used for control experiments: one flask contained the 

active water and MCT (but without salts) and in another one was only active water 

(without salts and MCT).  

The cultures were grown at the temperature 200 C. Activity of all closed 

flasks has been measured every 7 days by precise amplitude Ge detector.

 

Amplitude  

Ge gamma-

detector 

Investigated 

flask with 

active water 

Gamma-radiation 

of Cs
137 

Experiments with non-isolated 

active isotope Cs-137 were 

performed at Scientific Research 

Center of Chernobyl zone.

During the process of measuring of 

spectrum the special screened box 

with very low level of natural 

ionizing radiation background was 

used.



RESULTS OF EXPERIMENTS


