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The  mechanism  of  The  mechanism  of  DD DD 44НеНе fusion and  sofusion and  so--
called  nonradiative  thermalization  of  the called  nonradiative  thermalization  of  the 
reaction  in  crystals  was  discussed  and reaction  in  crystals  was  discussed  and 
dynamics of  this  process  was  considered. The  dynamics of  this  process  was  considered. The  
assumption  that  the  decay  time  of  the assumption  that  the  decay  time  of  the 
compound nucleus depends on its excitationcompound nucleus depends on its excitationcompound  nucleus  depends  on  its excitation  compound  nucleus  depends  on  its excitation  
energy  makes  experiments  in crystals  energy  makes  experiments  in crystals  
compatible with the acceleration data. Thecompatible with the acceleration data. Thecompatible  with  the  acceleration data.  The  compatible  with  the  acceleration data.  The  
processes  in  the  crystals  that increase  the  processes  in  the  crystals  that increase  the  
intensity  of  intensity  of  DDDD fusion  in comparison  to  the  fusion  in comparison  to  the  
amorphous  media  were considered,  and  the  amorphous  media  were considered,  and  the  
yield  of  the  reaction was  estimated.yield  of  the  reaction was  estimated.
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all experimentsall experiments
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Some  empirical  rules  in  experiments  with  Some  empirical  rules  in  experiments  with  
l h i l i il h i l i ielectrochemical  insertionselectrochemical  insertions

No 1 The D/Pd ratio in the bulk palladium cathode should beNo 1 The D/Pd ratio in the bulk palladium cathode should beNo. 1.  The  D/Pd ratio  in  the  bulk  palladium  cathode  should beNo. 1.  The  D/Pd ratio  in  the  bulk  palladium  cathode  should be
in excess of  a  critical  value.in excess of  a  critical  value.

No 2 The palladium must be free of cracksNo 2 The palladium must be free of cracksNo. 2.  The  palladium  must  be  free  of  cracks.No. 2.  The  palladium  must  be  free  of  cracks.

No. 3.  The  applied  current  density  has  to  be  above  a  critical   No. 3.  The  applied  current  density  has  to  be  above  a  critical   
value near 100 mA/cmvalue near 100 mA/cm22 before detectable heat will bebefore detectable heat will bevalue near 100 mA/cmvalue near 100 mA/cm before  detectable  heat  will  be  before  detectable  heat  will  be  
produced.produced.

No. 4.  The  DNo. 4.  The  D22O  used  in  the  electrolyte  must  be  as free of  HO  used  in  the  electrolyte  must  be  as free of  H22OO
as  possible.as  possible.

No. 5.  Application  of  additional  energy  may  help  initiate  the No. 5.  Application  of  additional  energy  may  help  initiate  the 
ff tff teffect .effect .
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DD fusionDD fusion

Binding energy per nucleon for different elements:Binding energy per nucleon for different elements:Binding energy per nucleon for different elements:Binding energy per nucleon for different elements:
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Potential barrierPotential barrier
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D + D       D + D       44HeHe
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Astrophysical  SAstrophysical  S--factor  for  DD  fusionfactor  for  DD  fusion
EE in keV and in keV and  in barn:in barn:
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For 2 keVFor 2 keVFor 2 keVFor 2 keV
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Thermal energy distributionThermal energy distribution

E. Tsyganov, Ferrara  October 7, 2010E. Tsyganov, Ferrara  October 7, 2010
3030



Silver crystal potentialsSilver crystal potentials
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If  a  particle  moves  in  a  curved  (distorted) If  a  particle  moves  in  a  curved  (distorted) 
channel  with  a  static  potential,  its  kinetic  channel  with  a  static  potential,  its  kinetic  
energy is conserved and the particle movesenergy is conserved and the particle movesenergy  is  conserved,  and  the  particle  moves energy  is  conserved,  and  the  particle  moves 
along  a  certain  equilibrium  orbit.  However,  when along  a  certain  equilibrium  orbit.  However,  when 
a  crystal  lattice  experiences  collective  long  a  crystal  lattice  experiences  collective  long  
wave  thermal  vibrations,  the  particle  in  the  wave  thermal  vibrations,  the  particle  in  the  
curved  channel  experiences  successive curved  channel  experiences  successive 
transverse  kicks  from  a  group  of  atoms  of  the transverse  kicks  from  a  group  of  atoms  of  the g pg p
lattice,  and  therefore  absorbs  the energy  from  lattice,  and  therefore  absorbs  the energy  from  
the  lattice.  This  small  "thermal acceleration"  of the  lattice.  This  small  "thermal acceleration"  of 
the deuterium atoms in our view is the originthe deuterium atoms in our view is the originthe  deuterium  atoms,  in  our  view,  is  the  origin the  deuterium  atoms,  in  our  view,  is  the  origin 
of  deuterium  fusion  in  crystals.of  deuterium  fusion  in  crystals.
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Channeling in crystalChanneling in crystal
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Atomic potential (guess)Atomic potential (guess)Atomic potential (guess)Atomic potential (guess)
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Swing effectSwing effect
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At  the  moment,  thermal  equilibrium  of  light  atom At  the  moment,  thermal  equilibrium  of  light  atom 
contaminations in palladium crystal lattice is still acontaminations in palladium crystal lattice is still acontaminations  in  palladium  crystal  lattice  is  still  a   contaminations  in  palladium  crystal  lattice  is  still  a   
puzzle.  Obviously,  it  is  not  the  Maxwell distribution,  puzzle.  Obviously,  it  is  not  the  Maxwell distribution,  
and  definitively  nonand  definitively  non-- isotropic.  In distorted  crystals  isotropic.  In distorted  crystals  
th b bl h i th t t f thth b bl h i th t t f ththere  are  probable  mechanisms  that  transfer  the  there  are  probable  mechanisms  that  transfer  the  
energy  of  lattice  thermal  vibration  to  the  contaminants  energy  of  lattice  thermal  vibration  to  the  contaminants  
moving  along  the  crystal hyperchannels.moving  along  the  crystal hyperchannels.

In  our  considerations  we  neglected  the shielding  of  In  our  considerations  we  neglected  the shielding  of  
deuterium electrical charge by his electron whendeuterium electrical charge by his electron whendeuterium  electrical  charge  by  his  electron  when  deuterium  electrical  charge  by  his  electron  when  
calculating  the  barrier  penetration.  In  accelerator  calculating  the  barrier  penetration.  In  accelerator  
experiment  this  effect  is  known  as  increasing  the  experiment  this  effect  is  known  as  increasing  the  
probability of barrier penetration by about 10%probability of barrier penetration by about 10%probability  of  barrier  penetration   by  about  10%.  probability  of  barrier  penetration   by  about  10%.  
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Peculiarities of  DD fusion in crystalsPeculiarities of  DD fusion in crystals

1.1. Thermal equilibrium of D atoms along bent channelThermal equilibrium of D atoms along bent channel is notis not1.1. Thermal  equilibrium  of  D  atoms  along  bent  channelThermal  equilibrium  of  D  atoms  along  bent  channel is not is not 
MaxwellMaxwell

2.2. No  ionization  (process  begins  only  after  50  keV)No  ionization  (process  begins  only  after  50  keV)

3.3. Domino  catalysis  (thermodynamics).  Very  week  chemical Domino  catalysis  (thermodynamics).  Very  week  chemical 
bound.  As  a  result,  all  interactions  are  “hot”  with  an bound.  As  a  result,  all  interactions  are  “hot”  with  an 
average  room  temperatureaverage  room  temperature

up to up to ~ 10 ~ 10 99

44 P i i li b j il dP i i li b j il d4.4. Precision  alignment  between  a  projectile  and  a  targetPrecision  alignment  between  a  projectile  and  a  target
~ 10 ~ 10 44

55 D t i h d d tt d itD t i h d d tt d it5.5. Deuterium  has  a condensed  matter   densityDeuterium  has  a condensed  matter   density
> 10 > 10 33

6 N l d t f d l i t l it ti i6 N l d t f d l i t l it ti i6.   Nuclear  decay  rate  of  compound  nuclei  at  low  excitation  is 6.   Nuclear  decay  rate  of  compound  nuclei  at  low  excitation  is 
much  reducedmuch  reduced
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PdPd--D chemical bound energy is low,  ~120 D chemical bound energy is low,  ~120 meVmeV
EEthth ~ 40~ 40 meVmeV at 300 Kat 300 KEEthermtherm  40  40 meVmeV at 300 Kat 300 K

This  is  why  contamination  of  H  breaks  up  the  processThis  is  why  contamination  of  H  breaks  up  the  process
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Numerical results

According  to  calculations,  in  1  cm3 of  palladium 
deuterons  having  an  energy  of  1  keV  in  the  
center of mass yield 0.43x1010 4He fusion eventscenter  of  mass  yield  0.43x10 He  fusion  events 
per  second,  or  16.5 mW,  at  2  keV  the  yield  of  the 
reaction  is  2.5x1013 events  per  second,  or  96 W, 
and at an energy of 3 keV the yield is 1 45x1015and  at  an  energy  of  3 keV  the  yield  is  1.45x1015

events  per  second,  or 5.6kW.
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Thermal  DThermal  D--spectra  and cross section spectra  and cross section 
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Effects of Electron Screening on LowEffects of Electron Screening on Low--Energy Energy 
Fusion Cross SectionsFusion Cross Sections

H.J. Assenbaum, K. Langanke and H.J. Assenbaum, K. Langanke and C. RolfsC. Rolfs
Z. Phys. A Z. Phys. A -- Atomic Nuclei 327, p. 461Atomic Nuclei 327, p. 461--468 (1987)468 (1987)
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Electron shieldingElectron shieldingElectron shieldingElectron shielding
By By H.J. Assenbaum and others:H.J. Assenbaum and others:
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Electron shielding in in the static BornElectron shielding in in the static Born--gg
Oppenheimer approximationOppenheimer approximation
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Cross  sections  with  shielding  corrections:Cross  sections  with  shielding  corrections:
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Correct solving the SchrödingerCorrect solving the SchrödingerCorrect  solving  the  Schrödinger  Correct  solving  the  Schrödinger  
equation  for  equation  for  atomicatomic dd--d  collisions  at  d  collisions  at  
very low energies is of the supremevery low energies is of the supremevery  low  energies  is  of   the  supreme  very  low  energies  is  of   the  supreme  
importance  now. importance  now. 
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The most unexplainable:The most unexplainable:

Why  are  (almost)  no  nuclear  products?Why  are  (almost)  no  nuclear  products?
Wh t ?Wh t ?Where  are  neutrons?Where  are  neutrons?

Common  statement:  no  neutrons Common  statement:  no  neutrons –– no  fusion.no  fusion.
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Compound  nucleus  decay  withCompound  nucleus  decay  with
Heisenberg matrix elements calculationsHeisenberg matrix elements calculationsHeisenberg  matrix  elements  calculationsHeisenberg  matrix  elements  calculations

This  matrix  approach  is very  fruitful  in  the  description  of  many This  matrix  approach  is very  fruitful  in  the  description  of  many 
quantumquantum--mechanical  phenomena,  but   involuntarily  served  as  the  mechanical  phenomena,  but   involuntarily  served  as  the  
basis  for  the  widely  accepted  opinion  that  all  strong  processes  basis  for  the  widely  accepted  opinion  that  all  strong  processes  
b the definition are fastb the definition are fast
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by  the  definition  are  fast.by  the  definition  are  fast.
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Compound  nucleus  decay  process  diagram Compound  nucleus  decay  process  diagram 
inspired by Schrödinger equation containinginspired by Schrödinger equation containinginspired  by  Schrödinger  equation containing  inspired  by  Schrödinger  equation containing  
spacespace--time  coordinates  in  an  explicit  form.time  coordinates  in  an  explicit  form.
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C d l d tiC d l d tiCompound nucleus decay timeCompound nucleus decay time

In this model  nucleus  decay  time  must  In this model  nucleus  decay  time  must  
depend on the excitation energydepend on the excitation energy
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depend  on  the  excitation  energydepend  on  the  excitation  energy
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If l d ti d dIf l d ti d dIf nucleus decay time depends If nucleus decay time depends 
on excitation energy:on excitation energy:
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If  nucleus  decay  time  depends  on  excitation If  nucleus  decay  time  depends  on  excitation 
energy:energy:

Nuclear rates are usually about 10Nuclear rates are usually about 102222/s. The  fusion  reactions /s. The  fusion  reactions 
D+D      D+D      44He  has  a  broad  resonance  at  energy  of  about  8 MeV.  He  has  a  broad  resonance  at  energy  of  about  8 MeV.  
U i th idth f th d th t i t l tiU i th idth f th d th t i t l tiUsing  the  width  of  the  resonance  and  the  uncertainty  relation  Using  the  width  of  the  resonance  and  the  uncertainty  relation  
gives  the  lifetime of  the compound  nucleus at  this  energy                gives  the  lifetime of  the compound  nucleus at  this  energy                
~  0.8x10~  0.8x102222 s. Then  it  increases  approximately  linearly  with  s. Then  it  increases  approximately  linearly  with  
decreasing energy It seems to us McKubre group works in adecreasing energy It seems to us McKubre group works in adecreasing  energy.  It  seems  to  us,  McKubre  group  works  in  a  decreasing  energy.  It  seems  to  us,  McKubre  group  works  in  a  
range  of  about  2 keV.  In  these  experiments  the excitation  energy  range  of  about  2 keV.  In  these  experiments  the excitation  energy  
is  about  4x10is  about  4x1033 times  less  than  in the  resonance,  and  the  decay  times  less  than  in the  resonance,  and  the  decay  
time is ~ 0.3x10time is ~ 0.3x101818 s. This decrease in the nuclear reaction rates. This decrease in the nuclear reaction ratetime  is        0.3x10time  is        0.3x10 s.  This  decrease  in  the  nuclear  reaction  rate  s.  This  decrease  in  the  nuclear  reaction  rate  
has  no  effect  on  the  ratio  of  output  decay  channels,  but  only  to  has  no  effect  on  the  ratio  of  output  decay  channels,  but  only  to  
a  certain  limit.  This  limit  is  ~ 6 keV.  Then  the  compound  nucleus  a  certain  limit.  This  limit  is  ~ 6 keV.  Then  the  compound  nucleus  
is  no  longer  an  isolated system,  since  virtual  photons  from  is  no  longer  an  isolated system,  since  virtual  photons  from  44He*  He*  g y pg y p
can  reach  to  the  nearest  electrons  and  carry  out  the  excitation  can  reach  to  the  nearest  electrons  and  carry  out  the  excitation  
energy.  For  the  distance  to  the  nearest  electron  we  have  chosen  energy.  For  the  distance  to  the  nearest  electron  we  have  chosen  
the  radius  of  electrons  of  a  helium  atom (3.1x10the  radius  of  electrons  of  a  helium  atom (3.1x101111 m).  From  the  m).  From  the  

1919
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uncertainty  relation,  the  time  of  these  processes  is  about   10uncertainty  relation,  the  time  of  these  processes  is  about   101919 s.s.
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If excitation  energy is high:If excitation  energy is high:gy ggy g

the beginning the end
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If excitation energy is very low:If excitation energy is very low:gy ygy y

t = 10-19 s 
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excitation energy  ~ zeroexcitation energy  ~ zero
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thermalization  (glow  discharge)  diagramthermalization  (glow  discharge)  diagram
b i t l h tb i t l h tby virtual photonsby virtual photons

The  process  of  exchange  by  virtual  photons  without  changing  The  process  of  exchange  by  virtual  photons  without  changing  
the  total  angular  momentum,  called   E0,  is  known  in  nuclear the  total  angular  momentum,  called   E0,  is  known  in  nuclear 

t d ti ll d h t l ht d ti ll d h t l h
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spectroscopy  and  sometimes  called  photonless  exchange.spectroscopy  and  sometimes  called  photonless  exchange.
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Presumable energy diagram ofPresumable energy diagram of 44He*He*Presumable  energy  diagram  of  Presumable  energy  diagram  of  HeHe
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newnew nuclear physicsnuclear physics
D + D       D + D       44HeHe

newnew nuclear  physicsnuclear  physics
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We  believe  that  the physics of  the  decay  of We  believe  that  the physics of  the  decay  of 
the compound nucleusthe compound nucleus 44He*He* resulting fromresulting fromthe  compound  nucleus  the  compound  nucleus  HeHe resulting  from resulting  from 
collisions  of  deuterons  completely  changes  near  collisions  of  deuterons  completely  changes  near  
6 keV.  In  our  view,  the  presented  considerations  6 keV.  In  our  view,  the  presented  considerations  
restore the compatibility of all the experimentsrestore the compatibility of all the experimentsrestore  the compatibility  of  all  the experiments  restore  the compatibility  of  all  the experiments  
related  to  the reaction related  to  the reaction D+D D+D 44HeHe,  and  elevate  ,  and  elevate  
cold  fusion  DD experiments  in  palladium  to  the  cold  fusion  DD experiments  in  palladium  to  the  
rank of  legitimate  science. rank of  legitimate  science. 

The results of McKubre’s experimentsThe results of McKubre’s experimentsThe  results  of   McKubre s   experiments The  results  of   McKubre s   experiments 
indicate  that  at  low  excitation  energies  of  the indicate  that  at  low  excitation  energies  of  the 
compound  nucleus  compound  nucleus  44He*He* the  frequency  of  decays the  frequency  of  decays 
with emission of nucleons does not exceed ~10with emission of nucleons does not exceed ~101616with  emission  of nucleons  does  not  exceed  ~10with  emission  of nucleons  does  not  exceed  ~101616

per  second  and  cannot  compete  with  the per  second  and  cannot  compete  with  the 
processes  of  energy  exchange  with  the  nearby processes  of  energy  exchange  with  the  nearby 
electrons  by  virtual  photons. electrons  by  virtual  photons. 
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ConclusionConclusion

Peculiarities  of  behavior  of  deuterium  atoms  in  a  Peculiarities  of  behavior  of  deuterium  atoms  in  a  
crystalline environment  provide  a  gross  increase  in  the  crystalline environment  provide  a  gross  increase  in  the  
probability  of deuteron  fusion  and  open  up  the  possibility  of  probability  of deuteron  fusion  and  open  up  the  possibility  of  
practical application  of  this  process. The  assumption  that  practical application  of  this  process. The  assumption  that  
decay  time  of  the  compound nucleus  depends  on  its decay  time  of  the  compound nucleus  depends  on  its 
excitation  energy  makes experiments  in  crystals  compatible  excitation  energy  makes experiments  in  crystals  compatible  

ith l ti d tith l ti d twith  acceleration  data.with  acceleration  data.
It  should  be  noted  that  an  increase  in  the  efficiency  It  should  be  noted  that  an  increase  in  the  efficiency  

of  the  thermal  acceleration  of  contaminant  atoms  of  of  the  thermal  acceleration  of  contaminant  atoms  of  
deuterium (for example with the use of crystallinedeuterium (for example with the use of crystallinedeuterium  (for  example,  with  the  use  of  crystalline deuterium  (for  example,  with  the  use  of  crystalline 
undulators),  along  with  the  sharp  increase  in  the yield  of undulators),  along  with  the  sharp  increase  in  the yield  of 
fusion  may  open  unwanted  nuclear  channels. fusion  may  open  unwanted  nuclear  channels. 

The new nuclear physics at low energies could haveThe new nuclear physics at low energies could haveThe  new  nuclear  physics  at  low  energies  could  have The  new  nuclear  physics  at  low  energies  could  have 
unexpected  implications  for  the  customary  practice  with unexpected  implications  for  the  customary  practice  with 
nuclear  reactions.  For  example,  the  rate  of  certain  nuclear nuclear  reactions.  For  example,  the  rate  of  certain  nuclear 
reactions  excited  by  thermal  neutrons  may  happen  to  be  reactions  excited  by  thermal  neutrons  may  happen  to  be  y y ppy y pp
environmentally  dependent.environmentally  dependent.
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Alternative approach: Takahashi  modelAlternative approach: Takahashi  model
J Condensed Matter Nucl Sci 2 (2009) p 33J Condensed Matter Nucl Sci 2 (2009) p 33––4444J.  Condensed  Matter  Nucl.  Sci.  2 (2009) p. 33J.  Condensed  Matter  Nucl.  Sci.  2 (2009) p. 33 4444

Dynamic  Mechanism  of  TSC  (tetrahedral  symmetric  Dynamic  Mechanism  of  TSC  (tetrahedral  symmetric  
condensate) Condensation Motion by the Langevin Equationcondensate) Condensation Motion by the Langevin Equationcondensate)  Condensation  Motion  by  the  Langevin  Equationcondensate)  Condensation  Motion  by  the  Langevin  Equation
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Takahashi  modelTakahashi  model
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Takahashi  modelTakahashi  model

Fantastic!Fantastic!
However…However…

Seems  to  be  contradictive  internally.  Seems  to  be  contradictive  internally.  The  The  
process  is  not  reversible.  process  is  not  reversible.  The  process  The  process  
is  exactly  the  same  for  H  and  D,  is  exactly  the  same  for  H  and  D,  but  but  
44Be  does  not  existBe  does  not  exist……
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Grazie per la vostra attenzioneGrazie per la vostra attenzione

Thanks for attentionThanks for attentionThanks for attentionThanks for attention

С бС бСпасибо за вниманиеСпасибо за внимание
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