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Interaction and scattering particles (atoms) in a free space

In the region of small distances<a/Z interatomic interaction
corresponds to pure Coulomb repulsion of bare nuclei and

U(r)=2e*/r>0

R+L(E) .—>
D(E)=exp{-(2/>) NZM[V(q) Eldd AT E%\\AA

|t 1 s evi dent that tunneling qua
probability of nuclear transmutation (e.qg. [@gmolecule the probability
of "usual” tunneling ddusionis A, ~10°s™, D~ 10 ).
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.



Can this energy be a small correction that does not influence the characte
atoms and nuclel movement in a quantum system?
This is the most important questior

Interaction of low energy particles (atoms) in potential wells
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According to the first order of nonstationary perturbation theory, to fulfill st
condition the diagonal matrix elements of interaction energy should be sr
and the probability of interlayer transitions caused by this interaction shou
also be small
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When the condition
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For zeroing of diagogoal matrix elements of interatomic interaction energy
pt

Voo =47 [ |¥,(F)fV ()Ydr—0

0
(which is a sigrvariable function of intenucleus distance)

For distances >a=7"/m.€ the energw/(r) is similar
to molecular energy and(r) < 0.
In the region of intermediate distan@sZ =< r< a
this energy is similar to Thom&sermi approximation

V€ =(z€/r) y€2¥3/0.88% and V(r) >0

In the region of small distances <<a/Z nucleus
Interaction corresponds to pure Coulomb repulsion of

nuclei and V(r)=2€/r>0
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the optimal sizéR,; 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.



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. Tt
leads to a high probability of nuclear fusion. The rate of nuclear synthesi
(probabillity of reaction per unit of time for one pair of interacting nuclei) |
equal

ﬂ‘A

e=A|¥Y . (r=0)f~10°- 10"s™*

Here, A = S(B)%/ 7 Mé is the constant of nuclear A+B interaction;

S( E) is the astrophysical nuclear factor depending on a matrix element
nuclear interaction energy of particlé$;s the reduced mass of interacting

nuclel.

As can be seen from the given scenario of the process, optimal size ant
of quantizing structures are needed for suchlmammier low energy nucleus
Interaction. The exact parameters of these structures are very difficult tc
calculate. The situation substantially improves when the hole parametel
slowly changing, inevitably passing through optimal value. This situatior
realized in growing microbiological cultures.



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

Mn® +d? = Fe"+15.6 MeV; 7., ~ 5.8%/7, 5 ~ 91.8%y 5~ 2.2

The researches were carried out on different bacterial cultures.
Cultures were placed in a flask with sugait nutrient medium

Components Concentration in Admixture of Fe (no Admixture of Fe (no
medium (%) more) relative (%) more) absolute (Q)
Sucrose 3 104 3.107
(NH,), tartrate 1 5.104 5.107
MgSO, -7H,0 0,25 2.104 5.108
CaHPQ-7H,0 0,008 1,5.10° 1,2.108
K,PO, 0,5 5.10% 2,5.107
MnSO, 7H,0 0,01 5.10% 5.10°
Pure water (DO or HO) 100 (10 ml) 107 108




A typical series of experiments concerning nuclear transmutation of elements consisted
in growing of microbiological culture in 3 disks simultaneously (see Fig.1)

Mn®® + d? = Fe™

nutrient
medium,
D2O,MnSQy

Culture
Mn*® + p'= Fe»
Vv
nutrient nutrient
medium, medium,
D20 H>O,MnSQy

Fig.1 The scheme of experiment.

Such series of experiments was held for different cultures, different time of growth
At (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.
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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:

7
N(Mn>)At

synthesized Fé nuclei per s a

per single M isotope

The Mossbauer specter for the grown cultumecharomyces cerevisiaeST
a) in D,O with Mre®; b) in H,O with Mre®; ¢) in D,O without Mrp°



Studying of a transmutation of light and intermediate isotopes In
growing microbiological culture by laser timeof-flight mass

Spectrometer —
f\‘l) 10 Pure natural Fe
i (basal
Mn®® + d2 = Ee Fe* Fe® Fe’ | experiment)
~6% ~0% ~2%

Natural Mn

Culture grown

6 7
....... . O in D,0
without Mn
Laser timeof-flight massspectrometer
Culture growr
in D0 with
Mn

93 94 95 96 97 pust,
54 55 56 57A



Transmutation of intermediate isotopes(sodium phosphorusiron)
in microbiological culturesvas investigated in reactionNa® + P** = Fe*

Components Concentration in | Admixture of Fe (no | Admixture of Fe (no
medium (%) more) relative (%) more) absolute (g)

Sucrose 2 104 2.104
MgSO, 0,05 2.104 10°
CaCQ, 0,2 1,5.10% 3.10°

KCI 0,05 3.104 1,5.10°
NaNQ, 0,5 2.104 104
K,HPOQ, (experement on transmutatjon 0,2 5.104 104

Pure waterH,0O 100 (100| d3gdz) 107 10°

Initial microbiological culture

The experimental
v Y scheme on transmutatior

Pure natural iron Growing in sugar || Growing in sugaisalt d ¢ t f
) : saltmedia without]] media with IKHPO, an _ Spec rom_e yo

(basic experiment K,HPO, (control (experiments on isotopes with
experiments) transmutatiop middlerange atomic

\ | / numbersin

microbiological culture
Combined analysim time-of-flight lasermassspectrometer Escherichia coli




Fg* F&°

Photographs from the screen of the oscillognajth a memoryrepresenting the ma
specter in the area of isotopesrohi. The upper graphs show the basic (benchma
experiment for pure natural iron (Fe™ - 5%, Fe’® - 92%),the lower graphs show t|
mass specter of grown microbiological culturec@)trolling experiment (culture
grown in a medium without isotope PY, b) and c)d different transmutation
experiments (culture grown in amedium in the presence of P** and N&*

AN(FE") ANCFE) s
N(Mr®)At N(PHAt

synthesized Fé nuclei per s and perlsifdg™ and P isotopes

Therate of N&+ P'= F& reaction=



Investigation of nuclear reaction Mn*+d?= Fe” with MCT
(microbe syntrophin associations)

MCT
nutrient nutrient nutrient nutrient
medium medium medium medium
H,O H,O + MnSO, D,O D,O + MNSO,

Mn>® + p*= Fe» Mn>® + 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 H,O 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.



In this experiment the very large amplitude of the Mossbauer resonanc
the same final mass of investigated dried biological substance was
observed and measured.

It was the result osharp increasing of nuclear transmutafficiency!
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Mossbauer spegt of mi\/c(rrz)rrl])fc))logical MCTgrown 'he Mossbauer speatfor the grown
in the volume with presence of@and M®&5 culture Saccharomyces cerevisiae
isotope (experiments on transmutation): a) in D,O with Mn; b) in HO with

A ]J ~3.4 % is the magnitude dheMossbauer ~ MnS5; €) in DO without MnS5
resonance A old #0.15 %



The total mass of F&7 isotopes that was created is about
10 ug per each g of dried biological substance or by 20 times more
than in the case ofone-line" culture .

The efficiency has increased, in particular, because the associatio
has been allowed to grow during a 20 day period.

"Oneline" cultures cannot be grown for such a long period of time
I n heavy waternbexiacaati ofhonefe
metabolic products (in our former experiments the “ome'
Escherichia coliculture was grown during a 72 hour period).

The relative efficiency ratk of such forms of transmutation (the
coefficient of transmutation) is the following:

_ AN(Fe)
- N(Mn®)At

~10° synthesized Pé nuclei per s and peglsi Mn™ isotope



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 lon Mass Spectroscopy, ¢ FiI nni gQ&.n
The results of TIMS measurements presented in Figure and in the Table

X/Fe* (relative a) X/Fe® (relative b)
10 concentration of isotopes) 10 concentration of isotopes)

; ‘ | |

u 5 -
0.15f -~ --f-- 0.15} l
0.1 o1} | |
0.05¢ O005kL._ L .- - - |- - --{-.- T
o I R o I I

Fe* Mr° F&®  Fe”’ Fe™* Mn° Fe®  Fe’

Mn> +d*= Fe’
Massspectrum of irofregion of microbiological associations (dried biological

substances) that were grown in control nutrient medium wi@ &hd Mn° (case
a)) and in experimental nutrient medium witfCDand the same quantity of Rn

isotope (cae b)) .Here X=F¥:Mn%% Fe*” The process of increasing/| of

concentration of F&8’ isotope is accompanied by decreasing ¢f
concentration of Mn” isotope



Investigation of fusion reaction at
participation of heavy isotopes

Cs*+ p= Ba™

The rate of CS° transmutatiof ~10°
synthesized B&' nuclei per s and pe [EESRS

single Cs™ isotope

C &34. - é38

Ba*'( natural concentration 0.1%), Massspectrums o€s-Ba area
Bal*(2.4%), Ba®*(0.6%), Ba*® (6.6%) upper curves reference experiment
7" naturalBa;

Ba™°(7.8%), Ba”’(11.2%),Ba™ (72.0% |ower curves experimenon
Cs*+ p'= Ba®™ transmutation



EXPERIMENTS ON CONTROLLED
DECONTAMINATION
OF ACTIVE ISOTOPES
IN BIOLOGICAL CELLS



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 million tons of
highly active water in the world).
Besides, in the world there are
about10 millions tons of low
active waste




The typical components of igh-levelradioactive reactor waste

Isotope Half-life  Activity (in relation to P¢°) Main decay mode
S0 28.5years Q=230 B-

VAR 64 days Q =5800 B-

Nb®> 35 days Q =5700 B-

Mo®? 66 hours Q =6100 B-

Rut®3 39 days Q =3800 B-

Rut% 373 days Q =860 B-

Sht?5 2.8 years Q=150 B-

|131 8 days Q =3100 B-

Csi34 2 vyears Q=170 B-

Csl37  30.03 years Q=260 B- (andy)
Cel44 285 days Q = 3900 B-

Eut>* 8.8 years Q=14 B-

Pw3  87.7 year Q=13 o

Pw3® 24000years Q=1 o

Pw4® 6550 years Q=15 o

Pw4  14.4 years Q=180 o

Am?4l 432 years Q=0.16 o




There are different possible methods of utilization of these waste.

Traditional way of utilization (transmutation of radioactive waste to different sta
Isotopes by action of neutron beams created in pnog¢ortiron 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 $3650 billions during 20162050!

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.

R o
a) 1L o o Waste
>
Waste Fast neutrons
i i Accelerator of protons Protonneutror
Active zone Fast | Proton beam converter
of reactor neutrons




Deactivation of reactor water in biological cells

In our initial experiments we have observed the reaction

Cd®4 p= Ba* of stable Cs™ isotope transmutation.

What aboutransmutation of radioactivecs®” isotope?

We have studied the process of accelerated decay of activity of
reactomwater from first contour of watewater atomic reactor of
Kiev Institutefor Nuclear Research.

The water with total activity about ¥@urie/L contained highly
active isotopes (e.g\Na?4, K9, CAY, SPL, 131 Xelss Bal4l, Lalo,
Cel4, Np?29).



: Ce141 .
60

Co

140
La

B a140

60
Co

40

140
La

500 1000

1500, KeR

Spectrum of
gammaradiation of
distilled water from
first contour of
waterwater atomic
reactor of Kiev
Institute for Nuclear
Research (10day
after extraction
from the active
zone).



Deactivation of reactor water in biological cells

" Microbial catalysttransmutator" (MCT compound)

|

Reactor water MCT + reactor water

| |

Periodic (in 5 days) measurement of gammactivity

Study of utilization of reactor water in microbiological cells
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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
Tga140— 12.7 days:

Ba-140 —» La-140 + B- + v* —» Ce-140 (stable) + B- + v*

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

Qg 140 =1.46.10°Curie /I

Q,.1u0=2.31.10"Curie /I
The possible way of radioactive Baisotope transmutation to the stable sta
IS
Ba140_|_ C12 — Sn-il.52_|_ AE
These reactions are energy favourable and
AE = E(Ag,.4gy) + E(Ac.Zp) - E(Ag, . Zsy) = 8.5 MeV is positive.

The Sm(2+) and Ca(2+) ions are chemically alike and have the approxim:
same ionic radiuses of divalent state (R 1.2 A, R, ~1.06 A).

Substituted element Ca is among several vitally necessary elements. lon:
created Sm(2+) elements can substitute Ca(2+) ions while microbiologica
cultures are growing.



Deactivation of Cs37isotope in biological cells

The research has been carried out on the basis of the same distilled water that
contained longived reactor isotop€s'3’ (activity ~ 2.13*bq), In our experiments 8
Identical closed glass flasks with very thin walls and with 10 ml of the same acti\
water in each were used. The MCT was placed in 7 glass flasks.

" Microbial catalysttransmutator” (MCT compound)

A

— ;i 8dosed

MCT || MCT ||MCT || MCT || MCT || mcT ||Control 4{Control 4. : flaskswith
H,0 || H20 || H0 )1 H0 || H0 || H.0 MCT . active |
cs® || cs® |csP || s | eS|l s H,0 H0 | water |
KCI |CaCQ NaCl FeSQ MgSO4 P CS]‘37 CS’]~37 Seermeernternterncernesnnartnesracnnnanseernaes -

SR S N S S SN SN

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

Study of utilization of active isotopes at different conditions



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 vital
necessary for any cultures. Each of these replacements completely blocks th
channel of transmutation with the use of all biochemical analogs of the concr
chemical element. The results obtained confirmed the importance of such
replacements.

Two additional flasks were used for control experiments: one flask contained
active water and MCT (but without salts) and in another one was only active
(without salts and MCT).

The cultures were grown at the temperature 20C. Activity of all closed
flasks has been measured every 7 days by precise amplitude Ge detectol
Experiments with non-isolated
active isotope Csl37 were
performed at Scientific Research
Center of Chernobyl zone

During the process of measuring o

/

spectrum the special screened box
Amplitude Investigated

Gammaradiation with very low level of natural
Ge gamma | | fask with

detector of C<%7 lonizing radiation backgroungas
active water used




RESULTS OF EXPERIMENTS



