HoBa eHepreTuka, nepcnekTuBu
eHepreTU4HoI He3arnexXHocCTi YKpalHn

[.d.-M.H., npod. 3aB. Kadheapn MmaTeMaTUKMU Ta TEOPETUYHOI
pagiodi3vkn pakynbTeTy pagio®i3nkn, eNeKTPOoHIKK Ta
KOMM'IOTEPHUX CUCTEM

Bonogmumup IBaHoBMY Bucoubkun.



Cutyauist B YKpaiHi:

AromHui Enesrpu4ni C-Taﬂml YHpainu
AromMHbIe JaeRTpHYecKkHe CTadHupH YKpaHHbl
The Ukrainian Nuclear Power Plants

AEC 50% BnpoﬁﬂnuTBa ejiekTpoeneprii, Termsosi — 40%, I'EC — 10%
T2C 2C
52,1 % 39,0 %
&mn AR raCsa
%% Rk 49,9% DA

Puc. 8. YeTaHOBIEHHBIE MOLIHOCTH Te-
HepaLliii, KOTOpBIE HAXOMATC B 3KC-

IUTYATAUHH BHUaM FEHepalHn

3anopixkecbka AEC:BBEP-1000, 1984
BBEP-1000, 1985

BBEP-1000, 1986

BBEP-1000, 1987

BBEP-1000, 1989
BBEP-1000, 1995 |

HiBaenHo-Ykp. AEC:BBEP-1000, 1982

Puc. 9. YiennHui BEC OTIIYCKA DIIEKTpO-
9HEPIMH Ha ONTOBLIA PRIHOK YKpaHHbL 10 L.

PlBHeHCBKa AEC: BBEP-440, 1980
BBEP-440, 1981
BBEP-1000, 1986
BBEP-1000, 2004

BBEP-1000, 1985 : XMeabHuIbKa AEC: BBEP-440, 1987

BBEP-1000, 1998 :

IHonax 30 pokiB (100% ni1aHoBOro TEPMiHYy eKCILTyaTAaIlil)

BBEP-1000, 2004

ITonax 15 pokiB (50% nnaHoBoro TepmiHy ekcnsyaTauii)
MeHwe 15 pokiB (MeH1e S0% nnaHoBOro TepmiHy ekcnnyarauii)
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Problems of modern nuclear industry
Now in the world there are 368 active industrial nuclear reactors:
(USA- 104; France-58, Japan-50,Russia-33, S.Korea-21, Ukraine-15);
3 - are building,

138 — are closed.
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Now in the world there are more than 250 000 tons of spent reactor fuel (high-level
radioactive waste) and 15 000 tons/year

Besides, in each reactor there are thousands tons of highly active water
(more than 1 000 000 tons of highly active water in the world).

Besides, in the world there are about 10 000 000 tons of low active waste.

Radioactive B’ Y oL (without |OL

waste t ium) .

ransuranium (transuramum)

Low-level <109 Bqg/kg |<10° Bg/kg <10* Bg/kg
waste
Medium- 106 ...101° 10°...101° 104 ...108
activity waste Bg/kg Bqg/kg Bg/kg
High-level >101Y Bg/kg | >10'° Bg/kg >10% Bq/kg
radioactive

waste (need
cooling)




The typical components of high-level radioactive reactor waste

Isotope Half-life  Activity (in relation to Pu?*®) Main decay mode
Sr0 28.5 years Q=230 B-

7% 64 days Q =5800 B-

Nb*> 35 days Q=15700 B-

Mo®® 66 hours Q=6100 B-

Rul® 39 days Q =3800 B-

Rul% 373 days Q=860 B-

Sbl2> 2.8 years Q=150 B-

[131 8 days Q=3100 B-

Cs!3* 2 years Q=170 B-

Cs¥7  30.03 years Q=260 B- (and y)
Ce!# 285 days Q =3900 B-

Eu'>* 8.8 years Q=14 B-

Pu?®  87.7 year Q=13 o

Pu?® 24000 years Q=1 o

Pu?% 6550 years Q=15 o

Pu?* 144 years Q=180 o

Am?* 432 years Q=0.16 o




The April 26, 1986

4 accident at Chernobyl.
| G
Four hundred times

more radioactive
material was released
than in the atomic
bombing of Hiroshima.

T

.. -(__}




Effects of FUKUSHIMA




Unfortunately thege very effective MCT associations can’t grow in
sea (salt) water anfl can’t be used for deactivation of radioactive

water in anaerobi€ condition (e.g. in Fukushima area)!
Radioactivexwater and soil: water — 350 000 tons+350 tons/day;

soil - about 500-700 ktons

IS

0 The Japanose gevernmdant has s01 the cumulative radiation exposung limit for bu



There are different possible methods of utilization of these waste.
Traditional way of utilization (transmutation of radioactive waste to different
stable 1sotopes by action of neutron beams created in proton-neutron
converters) are very expensive. )

o

| & Waste

a)

Waste i Fast neutrons

Proton-neutron
Proton beam converter

Active zone
of reactor neutrons

Fast Accelerator of protons

The total cost of both sciientiﬁc 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.



TOKAMAK

'+ d?=, He* +n+17.6 Mev
Bcero B Mupe 06110 TOCTpoeHO 0Kk010 300 ToKaMakoB.
CCCP u Poccus: T-10 u PLT — T=10 keV, nt/( nt),=1/200;
T-15—H=3,6 Tn. |
Kwuraii: EAST — pacnonoxen B ropojie X3¢, NpOBUHIUA . Vi
Amnbxoit. Ha Tokamake npeBsbilieH kputepun JIoyCoHa 1o YPOBHIO 3aKUTaHUSA.
EBpona u Beaukoopuranusi: JET (Joint European Torus) — co31aHHbIN opraHu3anyei
EBparom B BenukoOputanuu. B HEM ucnionb30BaH KOMOMHHUPOBaHHbBIM Harpes: 20 MBtT —
HEeUTpajgbHasg HHKEKIUA, 32 MBT — MOHHO-IIMKIOTPOHHBIN pe3oHaHC. Kpurepuit JIoycona
B 4—35 pa3 HKE yPOBHS 3aKUranus; Tore Supra — TOKaMak CO CBEPXITPOBOASAIIUMUA
KaTymkamMu. HaxoauTcs B ucciaenoBareabckoM eHTpe Kamapamn (OpaHius).
CIHIA: TFTR (Test Fusion Tokamak Reactor) — camsiii 00Jibioit Tokamak B CIIIA
(ITpuHCTOHCKMI YHUBEPCUTET) C JONOJIHUTEIBHBIM HAarpEBOM OBICTPHIMU HENTPATIbHBIMU
yactuamu. Kpurepuit JIoycona B 5,5 paza Huxe nopora 3akuranusi. 3akpeiT B 1997 r.
NSTX (National Spherical Torus Experiment) — cdhepudeckuii Tokamak (cpepomak)
paboTaronuii B HacTosiee BpeMs B [IpuHcToHCKOM yHUBepcuTeTe. [IepBast mia3ma B
peakTope noaydeHa B 1999 rony, yepes nBa roga nocie 3akpbitusa TFTR.
Alcator C-Mod— Alcator C-Mod xapaktepu3yeTcsi CaMbIM BBICOKUM MAarHUTHBIM TOJIEM U
JaBiieHUueM 11a3mbl B mupe. Padoraet ¢ 1993 r. ; DIII-D (— tokamak CIIIA, co3aaHHbBIN U
paboTtaronuii B komnanuu General Atomic B San Diego.
Anonnsa: JT-60 — padoraer B UHCTUTYTE s/IepHBIX HcclieaoBaHuii ¢ 1985 r.




ITER (EU, USA, Russia, India, Japan, China, S.Koria);
Cadarache (France): Cost - $15 000 000 000.

Stages: 2007-2019 — building;2019-2037 — experiments; >2037 — activity
R jasma tor =0-2 M, Vo =837 m"3, H=53 T, J .. =15 MA,

=400 s

pulse

P,~40MW, Pout—SOOMW =100 MK=10keV, 7




Inertial (d,t) fusion

leermor Natlonal Lab (CA)
National Ignition Facility, 2012
Cost —4 B$=$4 000 000 000

2 192 KrF (green) Laser beams
W, =192%26KJ=5 MJ,
=23 ns, P, =250 TW

Diameter of DT gas target — 2 mm,
= T, .. =18K; Ty, =10keV,

initial

B Final density - 1000g/cm"3




CoHsiYHA ba BITPOBA €HEPreTUKA

JlocTonHCcTBA

1. IlIepCeKTUBHOCTB, IOCTYHOCTh 1
HEUCYEPNAEMOCTh NUCTOYHHUKA SHEPTUHU B YCIOBHUSIX
ITOCTOSIHHOT'O POCTA IIEH Ha TPAJUIIMOHHBIEC BUJIbI
SHEPTOHOCHUTEIIEN.

2. Teopernuecku moaHas 0€30MacCHOCTD JIJIs

OKPY KAFOIIEN CPEIBI

Hemocrarku

1. 3aBUCUMOCTH OT TTOTOAbl U BPEMEHH CYTOK. . I
2. Ce30HHOCTh B CPETHUX IIIUPOTAX U HECOBHAJCHUE TIEPUOJIOB BHIPAOOTKH YHEPTUU U
NOTPEOHOCTH B 3HEprun. HepeHTabenbHOCTh B BHICOKHUX IIMPOTAaX.

3. IIpu mpOMBIIIIEHHOM MPOU3BOACTBE — HEOOXOAUMOCTD TyOJIUpPOBaHUS
conHeuHbix DC MaHeBpeHHbIMU DC COMMOCTaBUMOUN MOIIIHOCTH.

4. BbICOKasi CTOUMOCTb KOHCTPYKIIMH, CBSI3aHHAS C IPUMEHECHUEM PEAKHUX 3JIEMEHTOB
(K mpuMepy, UHJIUHN U TEJLTYP).

5. DKoJIorTHYeCKUE MPOOJIEMbI TPU U3TOTOBICHUU (POTORIEMEHTOB

6. Heo6xoauMoCTh TEpHUOANYECKON OUYHUCTKH OTPAKAIOIIEH/TTOTJIOIAOIIEH

HOBerHOCTI/I oT Ban}ISHeHI/IH.
K 2015 roay coBokymHasi MOIIHOCTb OT€YECTBEHHBIX (DOTODIEKTPUYECKHUX YCTAHOBOK MOYXKET
noctuub | rurasarra. 910 MomHOCThL 1 6110ka ADC!




Hogi 0e3ne4Hi reneparopu Ha
oCHOBI E-cat TexnoJyiorli Rossi



14 Jan 2011, Bologna — first demonstratlon of E-cat (Dr. Andrea Rossi,

Focardi) Excepted nuclear reaction )8 N| + P —>y Cu
I:)in

'+ AE

Prof. Sergio

Yalve for Steam Probe

[9] (Normally Closed)

Water / Steam
. Outlet

Outlet Hose
Drains to
Plumbing

H2

= 1250 W, P, = 15-20 kW (t, =18 h), AH,~0.4 gram
Andrea Rossi's Energy Catalyzer
(Draft schematic reviewed and confirmed by Rossi on June 14, 2011)
H“"h‘ /_
220V 50Hz [ R \
Power In v A Probe T2
Output
Meter(s) Temp. Vertical
@r @] \Pipe
3 Control Box
B Power to Internal
Heater
Fowier to External
Room Temp
-
Data T2
Logger I_erutput @
emp.
T1 Input | | Core | | — |
Temp. \f% | ——1| Water ! Steam
| Pump 4
Core Design s
E@E Speculative
rrobteTT1 220V 50Hz Per Rossi, Internal
ApLLemp: Power In Core Temp. ~1600°C

SBkK

2011




Speculative Rendering of Internal Core
of Energy Catalyzer Using Simple Chamber

"\ INTERNAL HEATER CABLE
EXIT PATH
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. B - Figure showing the chimney with the black outlet

tubing, the thermocouple holder and on the top, the
steam exhaust valve.




IL NUOVO CIMENTO
NOTE BREVI

Vor. 10T A, N. 1 Gennaio 1994

Anomalous Heat Production in Ni-H Systems.

S. Focarpi (1), R. HABEL (%) and F. PIANTELLI(®)

(!) Dipartimento di Figica dell'Université - Bologna
INFN, Sezione di Bologna - Bologna

(*) Istituto di Fisice, Facolid di Medicina dell'liniversita - Cagliari
INFN, Sezione di Cagliari - Cagliari

(%) Dipartimento di Fisica dell'Universitd - Siena
IMO Siena and INFM, Sezione di Siena - Siena

(ricevuto il 3 Gennaio 1994; approvato il 12 Gennaio 1994)

Summary. — Evidence for a 50 W anomalous heat production in a hydrogen-loaded
nickel rod is reported.

PACS 25.70.Jj — Fusion and fusion-fission reactions.

1. = Introduction.

Since the first ¢laim from Fleischmann and Pons(1] for an anomalous productior
of heat obtained during an electrochemical experiment, a great number of ex:
periments has been devised and performed, in order to confirm or disprove the effect

In our opinion, till now, none of the groups involved in these experiments has
reached a strong evidence for a consistent anomalous production of heat in
reproducible and controlied way.

At the end of 1989 one of us (FP), in an experiment of low-temperature
calorimetry (about 200 K) on deuterated organic compounds in hydrogen atmosphere
suspected an irregular balance of the heat involved.

After several discussions which took place in the following months, we reachec
the conelusion that the probable respongible for the observed anomaly could have
been the nickel support on which the organic sample had been deposited.

In order to investigate the process in detail, we devised a suitable experiment
After some preliminary tests, the final apparatus which will be described below was
assembled at the end of 1992 at the Physics Department of Siena University.

[LNUOVO CIMENTO VoL. 111 A, N. 11 Novembre 1998

Large excess heat production in Ni-H systems

5. FOCARDI{H), V. GABBANT(?), V. MONTALBANO(Z), F. PIANTELLI(®)
and 8. VERONESI()

(Y) Diportimento di Fisice, Universitd di Bologna e INFN Sezione di Bologna - Bologma, Italy
(%) Dipartimento di Fisice, Universitd di Siena e Centro IMO - Sienn, Italy

(ricevuto i1 9 Marzo 1996; revisionato il 16 Settembre 1996; approvato il 20 Gingno 1995)

Summary. — Evidence of a large heat excess produced in Ni-H systems and details of
the calorimetric measurements are reported in this paper. Two eells which ran for long
periods (about 300 day=) produeced an energy excess of 600 N.J and 900 M.J, respectively.

PACS 25.70.J1 - Fuzion and fusion-fission reactions.

1. - Introduction

In a previous paper [1] some of us reported on the existenee of an anomalous heat
produetion ohzerved in hydrogen-loaded nickel rods. The phenomenon occurs when a cell
containing a nickel rod iz maintained at temperatures above a eritical value and is filled
with gaseous Hy at subatmospheric pressures.

A constant input power was used to raise and keep the cell temperature constant at its
working value (corresponding to about 700 K for the Nirod). It was poszsible to induee an
inerease of the sample temperature from its working value to about 520 K. This anomalous
equilibrium condition will be referred in the following as execited state. The system was
able to remain in the excited state for several months.

The experimental eell deseribed in refl [1] was successively modified and also a new
cell was built with an improvement which allows the measurement and the monitoring of
Lhe external surface temperature.

TET1 a1 1. n . . o1 e - 1



29 March 2011 P,, =300 W; P_,, =4.39 kW, Q,,,=25 kWh (At =6 h)
Prof. Sven Kullander - Uppsala Univ.,Chair of Energy Committee of Swedish Royal Acad. Of

Science
Prof. Hanno Essen - Swedish Royal Inst. of Technology, Cheir of Swedish Skeptics Society.

Startup. Prior to startup, the hydrogen bottle with a nominal pressure of 160 bars was
connected for a short moment to the device to pressurize the fuel container to about 25
bars. The air of atmospheric pressure was remaining in the container as a small
impurity. The amount of hydrogen with the assumed container volume of 50 cm”3 1s
0.11 grams of hydrogen.

During 6 h were produced about Q, =25 kWh of thermal energy:

P. =300 W, P_.=4.4kW (At=6 h)

Figure. The evolution
of temperature in
Celsius degrees
versus the time



Figure with Andrea Rossi
preparing the insulation of the
chimney together with Sven
Kullander (left) and Hanno
Essen (right)

Left to right,
Hanno Essen,
Andrea RossI,
Carlo Leonardi
and Sergio

Focardi



Figure Y showing from lefi to right, Hanno Essén, Sven Ki
Bianchini and Andrea Rossi. (Photo: Sven Kullander).

(Photo: Sven Kullander).



Ni** (68%) + p — Cu™ (r =825) — Ni*’(r = 76000Y) + B* + v

+ 60 + 0

Ni*“+p—>Cu”(r=237m)—>< NI_ TPy (_9603@ 2
Cu™ + B (EC)—> NI +v (7%)

3

] N'61 + 600
N|6O(26.2%)+p—>Cu61(3.3h)—>{ PP+ (60%)

Cu® + B (EC) — Ni* +v (40%)

; x Cu® ) o = 09%
Ni®(3.63%)+ p — Cu® +6,12MeV —»< = 7 UC“.@ 0 O
Cu® + B~ (EC) = Ni®(100y) +v(?)

(Cu® + B (EC)=Ni*+v (43%)
Ni” + p — Cu”(12.7h) =+ n”+ 6 +v  (39%) 6
L Ni®+ 8" +v (18%)
Ni®(0.926%)+p —>Cu®, ;.. =31% 7

Natural isotopic ratio: n_ « /7 ~2.2; In 6hours:n_ . /1.« = 1.6



September 2011
Rossi: gain 600%, T, =100-102 C

1872 S,ISS0Y

{ ‘j Cooperation—National Instruments Co

5= (Creator of ITER’s control systems!)

Defkalion Green Tech: gain 2500%
T, = 200-300C

I
HELL ¢

Jan 2012 — sold 14 devices to a
military customer and another
one to a non-military customer.
The plan for 2013 — Rossi
wants to put 1000 000 of

10-20kW devices on the =

market to be able to push the

price below 1ct/kWh. 100 g Ni+H cartridge/0.5 year (price - $10)!!!
Now the prices (USA) are:

by gas — 4 ct/kWh, Possible price of e-Cat (Rossi,Dec 2011):

by coal — 5 ct/kWh $500 (at 10 kW) for “folk”; $1500/kW for industry



Great October Energetic Revolution

28 Oct 2011 Presentation of Great E-cat:

107 modules x (3 E-cat reactors in each) P, _~1 MW

Duration of the presentation t=5.5 h, P, ,~ 0.5 MW
E, =300 kWh, E_,=479 kWh *5.5=2635 kWh < 105 liters of oil!

out










S

MINISTERO DELLO SVILUPRO ECONOMICO

DIPARTIMENTO PER L'IMPRESA E L'INTERNAZIONALIZZAZIONE

DIREZIONE GENERALE LOTTA ALLA CONTRAFFAZIONE
UFFICIO ITALIANO BREVETTI E MARCHI

Sei in: dati / Ricerca avanzata [Cambia i parametri della ricarca]

Visualizza Scheda (Domanda: MI2008A000629 - Tipologia: Invenzioni)

N.B. Non tutte le schede ripor la poiché esss & alla tipologis trattata,
Dati aggiornati al 24 gennaio 2012

[ |visualizza Info

[Torna all polog
[E Inserisci questa scheda - relativa alla d da n. MI 29 - nell'elenco personalizzato
Data Deposito N. Brevetto Data Brevetto
09 aprile 2008 0001387256 06 aprile 2011
Stato Domanda Anticipata accessibilita Data di Pubblicazione
rilasciata no 10 ottobre 2009
Titolo
processo ed apparecchi per ott reazioni esotermiche, in particolare da nickel ed idrogeno.
Titolare Inventori
PASCUCCI MADDALENA |[ROMA |(RM) | ROSSI ANDREA
Donjicilio elettivo Indirizzo
STYDIO PROF. FRANCO CICOGNA VIA VISCONTI DI MODRONE 14/A - 20122 MILANO (MI)

Cenfro raccolta colture microrganismi
i Inventor ROSSI

Titolare PASCUCCI } ANDREA
MAD DALENA azione Numerc domanda Diata domanda

CCP/CCPF

Nel database non sono state trovate domande di CCP o CCPF

C i della
Nel non ri per d de di zione o di d ito c
Annotazioni

Nel database non sono state trovate annotazioni per questa domanda

Trascrizioni
Trascrizione Numero: 1
Mumero Domanda Data Deposito Stato Domanda Tipo di atto Tipo di trascrizione
BO2010E000076 22 luglio 2010 accolta Scrittura privata eccezionalmente nonlicenza esclusiva
autenticata
Atto Data Registrazione Codice Provincia
8556 01 ottobre 2010 - BO
Nome e indirizzo del Presentatore
EFA SRL |
VIA MARSILI 4 | BOLOGNA | ( BO) |
Cedenti
PASCUCCI MADDALENA | VIA EZIO 24 | 00100 | ROMA | (RM) |
Cessionari
EFA SRL | VIA MARSILI 4 | 40100 | BOLOGNA | (BO) |
Note

Elenco personalizzato {(nessuna domanda selezionata)

Ricerca per: Codice Data Provincia Testo Titolare Classe Ricerca avanzata
Ufficio [taliano Brevetti & Marchi - Realizzazione: Andrea Facchini, Lidio Maresca, Andres Pascucci - £ 2008

Dal 27 ottobre 2008: 4808071 accessi all'arsa dati. Sessioni attualments aﬁen: 488
EEC R




au United States

LS 2014032671141

a2 Patent Application Publication o Pub. No.: US 2014/0326711 Al

Rossi

(43) Pub. Date: Nov. 6, 2014

(54 DEVICES ANID METHODS FOR HEAT
GENERATION

(71 Applicani: Indwsirial Heat, Inc., Raleigh, MO (L5

(72} loventor:  Andrea Rossi. Miami Beach, FL (US)

LEOMARD CORPORATTON,
Miami Beach, FL (LI%)

(73} Assignes:

{21y Appl. Moo 147262,740

(22 Filed: Apr. 26, 2014

Related U5, Application Data

{60y Provisional application Mo, 6158 18,553, tiled on May
2. 2013, provisional spplication Mo, SLEL05E, filed
an May 3, 2013, previsional spplication No, 617821,
014, liled on May 10, 2013,

Publication Classification

(511 Imit, CL

HosE 102 {20000 )
2T 300 {20000 )
(521 UL CL
CPC L HASE PA2E (2001301 G208 34002
(200500
LBPC e 215434
(37 ABRSTHAC]

A resictor device includes a sealed vessel defining an interior,
a fuel material within the interior of the vessel, and a heating
element proximal the vessel. The fuel material may be a solid
incloding nickel and hydrogen. The sealed vessel may be
sealbed against gas ingress or egress and may contain ne more
thim & traee amount of gaseous bydrogen, The sealed vessel 1s
hested with an input smeonnt of enerpy without ingress or
egress of material info or out of the sealed vessel, An outpur
amount of thermal energy exceeding the input amount of
emergy is received from the sealed vessel. The fuel material
hixs o specific energy greater than that of any chemical reac-
tion based energy source.

120




FINANCIAL ASSISTANCE
FUNDING OPPORTUNITY ANNOUNCEMENT

Q0@

ADVANCED RESEARCH PROJECTS AGENCY — ENERGY (ARPA-E)
U.S. DEPARTMENT OF ENERGY

OPEN INNOVATIVE DEVELOPMENT IN
ENERGY-RELATED APPLIED SCIENCE
(OPEN IDEAS)

Announcement Type: Initial Announcement

Funding Opportunity No. DE-FOA-0001002
CFDA Number 81.135

Issue Date:

Sep 27,2013

Close Date:

5 PM ET, Sep 26, 2014

Submission Deadline:

MNone

Questions Deadline:

MNone




1. Mechanical 2. Themal 3. Chemical 4 Electrical 5. Radiant 6. Nuclear

1.1 1.2 1.3 1.4 1.5 16

COMpPressors, turbines/engines, pressure swing electromagnetic triboluminescence, centrifugal isotope
transmissions, acoustic cooling, sorption, osmaotic generators, photomechanical enrichment, fusion
hydraulics geothermal, tribology | pumps flywheels, CAES devices ion propulsion

reactions, low-energy
nuclear reactions,
nuclear fuel chemistry

optically-pumped
lasers, daylighting

22 23 24 25 26
heat pipes, thermal combustors, solid-state heat concentrated solar thermonuclear
storage, heat chemical cooling, engines (thermionic thermal, selective fusion, radioisotope
exchangers, phase thermochemical or thermoelectric), emitters, optical heat | thermoelectrics
change materials processing, HWVAC, heat pumps pumps
desalinization
3.3 34 3.5 36
gas-to-liquid electrochemical chemilumin- chemonuclear
technology, devices/storage, escence, reactors, low-energy
separations, fuel cells, photochemical nuclear reactions,
extractions electrochemical reactors, biofuels, uclear fuel
processing solar fuels P chemistry
-~
2
4.4 4 50 46
smart grid, SMES, fﬁght emitting diodes, particle accelerators
power electronicse” | lasers, photovoltaics | or accelerator-driven
-~ systems,
- betavoltaics
P
<
-~
A 55 56
spectral splitters, optoelectric nuclear
3 . 6 . C h e m O n u c I e a r concentrators, battery, radioisotope

thermophotovolta-
ics, inertial
confinement fusion

6.6

nuclear fuel cycles,
hybrid fission-fusion
reactors

1. Mechanical

2. Themmal

3. Chemical

4. Electrical

5. Radiant

6. Nuclear



ISSN 10637842, Technical Physics, 2010, Vol. 35, No. 5, pp. 813621, © Pleiades Publishing, L5d., 2010
Original Russian Text © VoI Visotskii, SV, Adamenko, 2000, published in Zhurnal Tekhnicheskoi Fiziki, 2010. Vol. 80, No. 5, pp. 23-31. .
HNOBEPXHOCTL, PENTTERORCKNE, CHEXPOTIMNE B HESTPOHIBE BOCTEORAIHE, 2000, N 4, ¢ 105112

THEORETICAL
AND MATHEMATICAL PHYSICS

MK 5300 1435:

POPMHPOBAHHUE H HCIIOJB30BAHHE KOTEPEHTHBIX
KOPPEJIMPOBAHHBIX COCTOSIHHI 3APSIKEHHBIX YACTHUII
B ®HU3UKE KAHATTMPOBAHHWSA B KPHCTALITAX
@ 2010 r. B. H. Beicouknit'*, C. B. Anamenko', M. B. Buicouknii®

4 Tabopamopua wiex mpodunasvecs ux vociedoganni “Hpomon=217, Kues, Yipaua

SI:E0 2500 g8
Correlated States of Interacting Particles and Problems
of the Coulomb Barrier Transparency at Low Energies
in Nonstationary Systems
V. L. Vysotskii~ " and S. V. Adamenko”

@ Shevehenkao National University, Viadimirskava ul. 64, Kiev, 01033 Ukraine
¥ Electrodynamic Laboratory “Proton-21," ul. Chernovola 48a, Kiev, Ukraine

Received August 6, 2009

Kuewcw i mergrcngr it ynweepcument wsenn T Wleevenwo, Kues, Yipauna
TlocTyim s pesakiine 26,02, 20089 1

B PeaboTe Ha npHMepe 'JIN'K‘HIRI KU POETIS SRS HHBIX a0 THLL B KPHCTRULIAN PRACCMOTPEH B OCODCHHOCTH
TPOSTRNE HIE KOPPETSITHOHHLI HWpeKTOR B KEAHTORLNY CHETe H IWUHEHA BOIMORKHOCTL hOPMHPORIHIA KO-
FEPEHTHORO KOPPCIHPORAHHOTO COCTONHMA YACTHLL 32 CHeT Jeopuatiim naj \]LK\,'III‘IL“.L!\II NOTCHUHATBHON
UMb, KOTOPEs Onpe HCT IBHACHHC RPSACHHBIX SACTHLLE NPOCTRaH MCAI 1 IAOCKO-
CTHMH NPH KaHUTHPOR Moka s, 1o TaKas o tIJUiI\I'dIIIIH MOKCT \\b(l]: !.,L O~
HOM {OTHOCHTENLHO 10, BHOH KOOPITHHAT i |-|\ TeM
HHCTEHHOTO MOASTH PORIHNA MOKAKIHO, 4TO KaHAUIH EAHHE YacTHIL ]\l\ llIIIJH\tS[ B KOTEPEHTHOM Koppen-
POBEAHHOM COCTOSHHH, NPHBO PCEKOMY BOSPAC HI BCPOSTHOCTH TYHHE TBHOTO )ll‘(lk. Td M BOSMOAHO-
CTH NPOHIKHORS HIS KAHATNVEMBIX YACTHIL R APOCTPAHCTIO M0 GAPLEpoM .

Abstractl—Premi for the formation of a correlated coherent state of particles in nonstationary qu.'-mlum
systems are considered. The relation berween the correlation factor of particles and the probability of their
passage through the potential barrier (including that in nuclear reactions) is analyzed. The optimal mgnme for
parametric excitation of a harmonic oscillator is found, in which the asymptotic formation of the correlated
state of particles takes place, the dispersion of their coordinates increases manifold, and the barrier transpar-
ency becomes many orders of magnitude higher at a low energy of interacting particles.
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Abstract—We consider prerequisites and investigate some optimal methods for the formation of a correlated
coherent state of interacting particles in nonstationary systems. We study the influence of the degree of par-
ticle correlation on the probability of their passage through the Coulomb barrier for the realization of nuclear
reactions at low energies. For such processes, the tunneling probability and, accordingly, the probability of
nuclear reactions can grow by many orders of magnitude (in particular, the barrier transparency increases
from D,_p= 10~* for an uncorrelated state to DM _n9g = 0.1ata correlation coefficient || = 0.98). The for-

mation of a correlated particle state is considered in detail for different types of monotonic decrease in the
frequency of a harmonic oscillator with the particle located in its parabolic field. For the first time, we have
considered the peculiarities and investigated the efficiency of the creation of a correlated state under a peri-
odic action on a harmonic oscillator. This method is shown to lead to rapid formation of a strongly correlated
particle state that provides an almost complete clearing of the potential barrier even for a narrow range of
oscillator frequency variations.
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HOH MBI (B W KAHATHPOBAHHA 3apSaCcHHRMX THIL B KPHC
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lIJII[?\IlI])ﬂlk: NI KOFCPeHTHOTO Ké THPOBAHHOTO COCTOAHHH Y (I)II[?\!II-
POBAHNE TAKOID COCTOMHMA HIMSHACST NPOLSCC Bl PAMH H HA MHOTO [10-
PHIAKOB VECAHMSHECT POt HOCTh Dapbe e, Tl wan: THPORATHH TR PCATIM MOKEET ObITh ODecneen,
HanpusMep, npy FHHH IPOIOILHON Ge OCH LT AKNVCTHYECKOH HEL, HoaseHARell
PaccToanme Me AAPAMK W, COOTRSTCTREHNO, MOIYVTHPYIOWEH BEICOTY CTEHOK Kalala.
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Jbstract—We consider peculiarities in the formation of a coherent correlated state (CCS) of a particle i
eriodically modulated harmonic oscillator with damping for various types of stochastic perturbation. |
hown that in the absence of stochastic perturbation, an optimal relation exists between the damping parsa
ter (damping coefficient) and the modulation depth, for which the “extrinsic™ characteristics of the osci
or (amplitudes of “classical” oscillation and the momentum of a particle) remain unchanged, while the ¢

alation coefficient rapidly increases from || = 0 to |r|max =~ |; this corresponds to a completely correla

oherent state. Under nonoptimal conditions, the formation of the CCS with a simultaneous increase in

s accompanied by damping or excitation of the oscillator. It is shown that for a certain relation between
amping coefficient and the modulation depth, the presence of a stochastic external force acting on the n

tationary oscillator does not prevent the formation of a CCS with || . — 1. A fundamentally differ
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1. Introduction

ABSTRACT

In this work the most universal mechanism of essential acceleration of low energy nuclear reactions on
the basis of correlated states of interacting particles is considered, This mechanism provides a giant
increase of barrier penetrability under critical conditions (low energy, high barrier), where the effective-
ness of “ordinary” tunneling effects is negligibly small, and can be applied to different experiments, The
physical reason of an increased barrier penetrability in correlated states is connected to the modified
uncertainty relation a,a, = h*/4{1 - r‘jq‘ for correlated states and to the increase in momentum e,
and position &4 variances with increasing of correlation coefficient r,. We have considered preconditions
and methods of formation of correlated coherent states of interacting nuclei in non-stationary dynamical
systems, It was shown that in real nuclear-physical systems at r;, — 1 very sharp growth (up to a factor
of 10°"-10"™ and more!) of Coulomb barrier penetrability at very low energy of interacting particles is
possible, Several successful low-energy correlated-induced fusion experiments are discussed,

@ 2013 Elsevier Ltd. All rights reserved.

many different disconnected experiments have been carried out,
where the nuclear synthesis proceeds at a low energy and under
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Abstract. In this paper the umversal mechanism of optimization of low-energy nuclear reactions on the
basis of coherent correlated states of interacting particles 1s discussed. The formation of these states is
the result of the special nonstationary low-energy action to any one of these interacting particles. We
have considered the peculiarities and investigated the efficiency of the creation of a correlated state under
monotonous or periodic action on the particle that 1s situated in the parabolic potential. This method
15 shown to lead to the rapid formation of a strongly correlated particle state that provides an almost
complete clearing of the potential barrier even for a narrow range of oscillator frequency variations. The
successful low-energy fusion experiment based on the use of correlated states of interacting particles at
laser irradiation is discussed.

1 Introduction Together with these “classical” and extremely expen-
sive thermonuclear studies, whose efficiency is not pro-
portional to the undertaken efforts and the financial ex-

T+ 1 wrall namm that tho tatal neahalalityr far naeloar roaan_ .
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Abstract—The features of the formation of correlated coherent states of a particle in a parabolic potential
well at its monotonic deformation (expansion or compression) in finite limits have been considered in the
presence of dissipation and a stochastic force. It has been shown that, in both deformation regimes, a corre-
lated coherent state is rapidly formed with a large correlation coefficient |[f| — 1, which corresponds at a
low energy of the particle to a very significant (by a factor of 10°°—10'% or larger) increase in the transparency
of the potential barrier at its interaction with atoms (nuclei) forming the “walls” of the potential well or other
atoms located in the same well. The efficiency of the formation of correlated coherent states, as well as |7|,
increases with an increase in the deformation interval and with a decrease in the deformation time. The pres-



