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DD-CMHTE3 B ITPOBOIIINX
KPUCTAJIJIAX

CLIA

B pabome paccmampusaiomes acnexmuvl amomHou usuxu, npugoodsauue Kk omoopy pas-
PpelwenHbIX opoumanei amomos npu HACbIWeHul NpoGOOSYUX KPUCTHATIO08 AMOMAMU
Oetimepus. Hanuuue c60000HbIX 21eKMPOHOE NPOBOOUMOCTNU KPUCTATAA, SPYANUPYIO-
wuxcs @ 061acmu NOMEHYUANLHBIX HULU KPUCTHATIUYECKOU PeuemKil, npusooum K 3d-
npemy 05l S-COCMOSIHUSL 6000P00A 3AHUMAMb dmu Huwiu. Tlpu smom 3anonnenue dmux
HUW Oelimepuem OKa3vl8aemcs 603MONCHBIM OISl 6030YHCOCHHBIX AMOMHBIX COCMOSHULL
ypoeus 2p unu eviule. B sxcnepumenmax no DD-cunme3y na yckopumensx HU3Kux sHep-
2utl ObLIO NOKA3AHO, YMO eCu AMOM Oelimepus-MueHy pacnonazaemcs 6 nPogoOAUiem
Kpucmaiie, 9ma peaxyusi uoem ¢ 2opazoo 6oavbuLell 6epOAmMHOCbIO, YeM 6 CIyuae CGo-
000HbIX amomos Oelimepusi. Ko20a 6 00Ky kKpucmaniuyeckyo HuuLy nonadaom 08a amo-
Ma Oevmepusi, Mo paccmosiHue Mexcoy A0pamu IMux amomos OKA3bl6Aemcsl PagHbIM
1/10...1/20 om HoMuHATbHLIX pazmepos dmux amomos. Teopemuueckue paciemuvl noKa-
3v18atom, umo 0nsi peakyuu cunmesa DD—?He* smo sxeusanrenmuo 0onoiHumensHoll
anepeuu 300...700 3B. Mvr nonacaem, umo umenno npoyecc 6030yxHcOeHUss AMOMHBIX CO-
CMOosHULL 00 YPOGHsL 2p Ul 8blle 00BACHAET NePEyI0 CMAOUI0 MAaxK HA3bI8AEMO20 X0N00-

HO2CO ﬂdepﬁoeo CuHmesd.

KaroueBble ciioBa: cuHTe3 Z[eﬁTpOHOB, KpUCTAJTIMYCCKAasA pCLICTKA, I[e(i)OpMaLII/IH SJICKTPOHHBIX 060.]'[0‘161(, po-
3pavYHOCTb KYJIOHOBCKOI'O 6apLepa, MEXaHHU3M PH)16epra, KaTaJu3 sIACPHOro CUHTE3a.

1. BBemeume

V3ke B TeUeHHE AITUTEIBHOTO BPEMEHH BeyTCS pas-
TOBOPBI O MIEPEXo/ie K Mpoleccy yNpaBIsieMOro TEPMO-
saaepHoro cuHte3a. OgHAKO, TEepBOHAYAIBHBIC OXKH-
JaHWs TOTO YTO 3Ta mpobiiemMa OyneT BCKOpe peleHa,
TaKk U HE MaTepUaln30BajuCh. TeXHUYECKUE TPYAHO-
CTH YCTOWYMBOTO TIOJyYEHHS CBEPXIOpsSUYCH TIa3Mbl
(~10° °C) u paspymaroriee BO3JCHCTBHE TPOMaJHO-
ro HEWTPOHHOTO MOTOKA, BO3HUKAIOIICTO BCIECICTBHE
TEPMOSIACPHBIX PEeaKUUil, OTOABUTAIOT PELICHUE 3TOU
3a7a4M Ha Bce Oosiee OTHaJCHHOE M HEOoNpeneleHHOe
Oymymiee.

B 1989 r. ObuM HOJIOKEHBI PE3yNbTaThl OMBITOB
M. Oneiimvana u C. Ilonca [1], roe yTBepkaanocs,
YTO TPH DJICKTPOIUTHYECKOM HACBHIICHUU KPHCTaN-
JIOB Majyiaausi JAeWTepueM HaOIogacTCs 3HAUYUTEIb-
HOE BBIACTICHUE Teria, KOTOpOe KOIWYECTBEHHO HE
MOXKET OBITh O0OBSICHEHO BO3MOKHBIMH XUMHUYECKHUMU
peakuusMu. ABTOpBI MPHULIIU K 3aKJIIOYEHHIO, YTO B
9THX OTMBITaX OHU HAOIIOAAIOT MPOIIECC SIIEPHOTO CHH-
Te3a, MPOMUCXOASALINN MPH KOMHATHOW TeMIIeparype.
OnbiTel OnelimmMana 1 [ToHca 10BONBEHO OBICTPO OBUTH
NpU3HaHBI (PU3NIECKUM COOOIIECTBOM OIIMOOYHBIMH.
OpnHako, mocie WX MOCIESTYIOUIMX MHOTOYMCIICHHBIX

MOATBEPKACHUM U MPOBEPOK MOSBWIACH HAIEkKAa U
JIlaXKe YBEPEHHOCTh B TOM, 4YTO MpPOOJeMa yrpasise-
MOTO SIIEPHOTO CHHTE3a MOXET OBITh pelleHa MMeH-
HO 3THM criocoOoM. Hanbonee cepbesnble nccienona-
HUs ObUTH TPOBeACHBI Tpynmnoi Mak-Kyope [2]. Tem
HE MEHEE, SKCIIEPUMEHTHI 10 XOJIOAHOMY CHUHTE3Y, KO-
TOpBIC TIPOBOASTCS YK€ B TCUCHHUE IMOUTH 25 JIET, 1O
MIPEeKHEMY JTHOO TTOITHOCTHIO UTHOPUPYIOTCS COO0TIIe-
CTBOM SJICPHBIX (DU3UKOB, JIMOO BCTPEUAIOTCS MMH C
OOJBIION MoJIel cKenTUIM3Ma. /[Ba OCHOBHEIX BO3pa-
JKEHUS1, KOTOPBIE BBIIBUTAIOTCS MPOTUB 3TUX DKCHEPU-
MEHTOB, 3aKJIIOYAIOTCS B CIIAYIOIICM.

1. Her oObsicHeHHs, KakuM 00pa3oM B TIpoIiecce
XOJIOJTHOTO CHHTE3a MPEO/10JIeBAeTCs TaK Ha3bIBaeMBbIi
KYJIOHOBCKHUH Oapbep.

2. B 3TuX 3KCNEepUMEHTax, B OTIMYUE OT TEPMOsI-
JIEPHOTO CHHTE3a, MPAKTUIECKU He HAOMI0MaeTcs Apy-
THX SJICPHBIX TPOIYKTOB, 3a HCKIoueHuEeM ‘He.

B skcnepumenTtax no DD-cunTe3y Ha yckopute-
JIX HU3KHUX DHEPTUH OBLIO IMOKa3aHO, YTO €CIU aToM
NEUTEpUs-MUIIICHA pPAaclojaraerca B MPOBOJSIIEM
KpHUCTaJJIe, 3Ta PEaKIHs HIET C Topasao OoJbIIei Be-
POSATHOCTBIO, Y€M B CIIyyac CBOOOJHBIX aTOMOB JCi-
Tepusl. DTH OSKCIECPUMEHTBHl MOPSAMO MOATBEPKIAAIOT
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CYIIECTBOBAaHUE SIBICHUS XOJIOJHOTO CHHTE3a, BIIEp-
Bble HAOIOMABIIETOCS IO BBIACTICHHIO AHOMAIBHO
OOJBIIIOTO KOMMYECTBA TEIUIa B TMaJIaIMEBBIX 00pa3-
Iax, HaCBIMECHHBIX AckteprueM [1]. Takum obOpazom,
MBI BCTPETHIIMCH C HOBBIM (PM3MUECKHUM SIBIIEHUEM, KO-
TOpOE HECOMHEHHO M3MEHHT BECh XOJl YEJIOBEYECKOH
nuBUIM3ai. HekoTopbie M3 MpakTHYeCKUX MpHUMe-
HEHHWU 3TOTO SIBICHUS (KOpaOIH, caMOJIETBI, KOCMO-
HaBTHKa) OKa3bIBAIOTCSA MPOCTO HENOCTYITHBI YCTPOU-
CTBaM C WCIIOJIb30BAaHUEM IHKIIOTHYECKA OOJBIINX
pa3MepoB TOKaMaKOB U IPYTUX TUIIOTETHYECKUX yCTa-
HOBOK C MCTIOJIh30BaHNEM TEPMOSACPHOTO CHHTE3A.

2. OkcnepumMeHnTsl o DD cunTe3y
Ha yCKOPUTeISIX HU3KMUX dHepIuUil

IIpu ommcaHWN CTONKHOBEHHH aTOMOB HEOOXOH-
MO COOTBETCTBYIOIIUM 00Opa3oM MOIH(HUITIPOBATH
BBIp@KCHHE I BEPOSTHOCTH TPOHUKHOBEHHUS dUe-
pe3 TMOTeHNHAJIbHBIN Oapbep, HAMCAHHOE JUIS CTOJ-
KHOBEHHUS «TONBIX» sIep, T.K. aTOMHBIE 3JIEKTPOHBI
IKpaHUPYIOT d(D(PEKT OTTAaTKUBAHUS 3apsIoB saep. B
pamkax mpubmmkenns bopra-Ommenreiimepa B pa-
borax Accenbayma w np. [3] u psmga ApyTHX aBTO-
POB OBLJIO TIOKA3aHO, YTO BBEJCHHNE TaK HAa3bIBAEMO-
IO «TOTEHIMANa IEKTPOHHOTO SKPAaHUPOBAHU» JIJIS
CIly4as CTOJIKHOBEHHS aTOMOB DKBHUBAJIEHTHO B BHI-
paKEHUM JUTSI TIPO3PAYHOCTH KYJIOHOBCKOTO Oapbe-
pa IomoNHUTENBHON SHeprun U, B CHCTEME IEHTpa
MacC CTaJKHUBAIOIINXCS YaCTHII, T.C. Eeﬁ; E _+U.
OKCIIeprMEeHTaIbHBIE PE3YNIbTaThl MOTYT OBITH XOpO-
110 ONMCAaHBI BBEJICHUEM BCETO OHOTO napamerpa U,
— TIOTEHIIMaja 3JIEKTPOHHOTO dKpaHupoBaHus. Takoin
TTOAXO/ PKBUBAJICHTCH CIIOCOOY ydeTa TONIIUHBI Oa-
peepa TpH BBIYUCIEHUH KBAaHTOBO-MEXAHUYECKOTO
pacyeTa BEpOSTHOCTH TMPOHWKHOBEHHUS depe3 IMOTEH-

HabHEBIC OaphephI.
Tabnuna

Kak MbI y>xe OTMETHIIN B KPATKOM COAEPKAHUU 3TOM
CTaTh{, TIOTEHIIMAN JIEKTPOHHOTO SKPAaHUPOBAHUS IS
peakuuu DD-cuHTE3a B POBOSIIMX KpPHUCTAIaX OKa-
3asics paBHbIM 300...700 »B. Ecnu aroMbl MuilieHH B
HTOM TIPOIIECCEe MMIUIAHTUPOBAHEI B KPUCTAILTHI U30JISTO-
OB WITH TTOITYTIPOBOAHUKOB, TO d(p(heKTa MOBBIIIIEHHS 110-
TEHIMaJIa SKPAaHUPOBaHUs Bhile 27 5B, 4T0 XapakTepHO
JUTSI CTOJTKHOBEHHIA CBOOOTHBIX aTOMOB JACHTEpHsI, HE Ha-
omomaercst. Haimarie cBOOOTHBIX 3I€KTPOHOB TIPOBOIH-
MOCTH KpHCTaJITa, TPYTITHPYIOMIUXCS B OOIACTH TEX JKe
TIOTEHIMAITBHBIX HHII KPUCTAJUTHUECKONW PEIIeTKA TPO-
BOJIHUKOB, TIPHBOJIUT K 3alpeTy /IS S-COCTOSTHUS BOJO-
pona 3aHUMaTh 3TH HUIIM. Bo30yXIeHne »neKTpoHHON
o0osoukn atoma Bomopoaa Bcero Ha 10 3B wmm BeIe
CHHMMAET ATOT 3alpeT U IIEPEBOIUT aTOM B COCTOSTHUS 2,
3p 1 T.A. DTO O3HAYAET, YTO €CIIU B OAHY KpHCTaJLIMYe-
CKYIO HHIITY B YCJIOBHAX TIPOBOJIAIIETO KPUCTAIIIA TIOTTa-
JTAFOT JIBA aroMa JEUTepusi, PaCCTOSTHHE MEXKAY SApaMu
9THX aTOMOB OKa3bIBaeTcs paBHbIM 1/10...1/20 ot HOME-
HAJIBHBIX Pa3MepOB ATHUX aTOMOB. Hipke MBI TOKaxeMm,
TIPY KaKUX YCIOBHUSIX 9TO CTAHOBUTCS BO3MOYKHBIM.

[Iporeccer xomomHoro DD-cuHTe3a OBUTH paccMo-
TpEeHBI HaMH B paboTax [4...6]. Kak orMeuanoch B 3THX
paboTrax, IPUYMHON CYIIECTBOBAHUS SIBICHHUS XOJOJ-
HOTO CHHTE3a SIBISCTCS Takas medopMartuss OpOHTHI
(opOuTans) armekTpoHa ACUTEpHs, KOTopas IO3BOJISICT
SpaM JeUTepus, MOMAaBIINM B OIHY ITOTEHIHAIbHYIO
HUIITy KPUCTAUTMIECKON SYEHKH, COMM3UTHCSA Ha pac-
crostaue B 1/10...1/20 OT HOMHHAJIBHBIX pa3MepoOB aTo-
MOB 3TOTO JJIeMeHTa. B 3To# paboTe MBI paccCMOTPUM
0osee MOIPOOHO WMEHHO 3TOT HAdabHBIH TIPOIIeCC
SZIEPHOTO CHHTE3a B MPOBO/AIINX KPUCTAIIIAX.

3. ®usnKa 371eKTpOHHBIX 0007I09eK aTOMa
BOJOpOJa

®u3nka 3IEKTPOHHBIX 000J0YEK aToMa BOJOPOAA
CXeMaTHYeCKH Tpe/ICTaBlIeHa B TabiuIIe.

B oroit Tabnume mpuBOAMTCS cXeMa 3JIEKTPOH-
HBIX YpOBHEH BO30YXICHIS aToMa Bogopozaa. [t Hac

Puc. 1. Dnexmponnas niomnocmo 015 1s u 2p cocmosnuil
amoma 6000pooa
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Puc. 2. Cresa — epaghuuecroe npedcmagneniust S1eKmpoH-
HOU NAOMHOCMU COCMOsIHUA 2p amoma 8o0opoda. Ha npa-
80M pucyHke u3obpasicern Konmyp, cooepocawuii 95 %
9ﬂ€Kmp0HHOZ:i njionHocmu amomda. C6€m]l0-c€pblM yeenom
npedcmasiend RONOACUMENbHASL YACTb 8OTHOBOU (hYHKYUU
ONIeEKMPOHA, MEMHO-CEPLIM — ee OmMpUUamenlbHas 4acnio.
MPECTaBIsIET UHTEPEC BTOPAsi BEPTUKAIbHAS KOJIOH-
Ka C KBaHTOBBIMU YHCIaMH n=2, /=1 W, B 4aCTHOCTH,
ypoBeHb 2p. Ha pucynke 1 rpaduuecku npencrasie-
Ha JJIEKTPOHHAs IUIOTHOCTh B aTOME€ BOJOpPOJA B CO-
CTOSIHUM 15 U 2p.

N3o06pakeHus, mpencTaBiIeHHbIe HA pUCYHKaX 1, 2,
3aMMCTBOBAHBI U3 paboTHI [7]. OHU CXeMaTHUECKH HII-
JHOCTPUPYIOT POPMY BIIEKTPOHHOU TNIOTHOCTH B aTo-
Me BOZIOPO/ia B COCTOSIHUAX 15 U 2p.

NHrepecHoe mpescTaBIeHHE pacuyeToB pPa3IMYHBIX
opOuTaeii aroMma BOIoposia pa3BuTo B paboTax Bunrepa
[8]. Ha pucynke 3 nipencraBiieHa (pyHKIIUS YIEKTPOHHON
TUTOTHOCTH BOZIOPOZA B COCTOSIHUH 2p U3 ATOH PaOOTHI.

Jmol

«Dot-density» plot of the 2p, electron density function wszz

Puc. 3. Pacnpedenenue 3nekmpoHHOU RIOMHOCMU 68 AMO-
Me 6000poda 05t cocmosinust 2p u3 pabomei Bunmepa [8].
Ceemnibim U MmeMHbIM YBEmMom 0003HaYeHbl NIOMHOCMU,
HONYYeHHble 0151 NOLOACUMENLHO20 U OMPUYATNETLHOZO
3HAYEHUsT 6OTHOBOU PYHKYUU Y, COOMEENICIMBEHHO.

Puc. 4. Kpucmannuueckas cmpykmypa fece (nannaouti,
nramuna). Mansimu Kpysckamu 0003HAUEHO PACNON0NCe-
Hue naubonee 2ﬂy601<ux OKmoxedpaﬂbelx nomeHyualbHovlx
HUW 8 9MOU cmMpyKmype.

Ha pucysnke 4 rpadgudeckn n3o0pakeHa Kpucral-
TUYecKas CTPYKTypa fcc, KOTOpOit 00agaroT KprcTa-
JIBI TTAJUTAUS U TUTATHHBL. BobImmMu Kpy»KKaMu 000-
3HAUCHO PACIIOJIOKEHNE aTOMOB KPHUCTAJIa-X03sIMHa,
MaJIbIMU KpYKKaM#i 0003HAYEHO PACTIONOKEHUE HAH-
0osiee MIyOOKHMX OKTOXEIPAJbHBIX IMOTCHIIMAIBHBIX
HHII B 3TOH CTpykType. Ilapamerpel Bcex OKTOXe-
IpaTbHBIX HUII SBISIIOTCS WASHTHYHBIMU. [loka co-
OTHOIIICHHE TPUMECHBIX aTOMOB JICHTEpUsS U aro-
MOB KpPHCTaJIa-XO35WHA HE MPEBBIIIAET COOTHOIIIE-
Hue D:Pd ~1, Hukakoro mpoiiecca X0JIOJQHOTO CHHTE-
3a HE MPOUCXOIUT, TaK KaK MPUMECHBIC aTOMBI JCH-
TEepHUs PACIIOTIOXKEHBI B PA3TUIHBIX OKTOXECAPATBHBIX
HHUIIIAX JOCTATOYHO JAJCKO IPYyT OT apyra. OmgHako,
KOTJIa B OJIHY TaKyI0 MOTCHITMATILHYIO HAITy Momaja-
IOT JIBa aToMa JICUTEepHsi, a 3TO IPOUCXOJIUT B COCTOSI-
HUU YPOBHS BO30YKJEHUS 3JEKTPOHA 2p WU BBILIE,
BEPOSITHOCTH TPOHUKHOBEHUS UePE3 MOTCHITHATHHBII

1,0E+00, T T T r T
_,_._--r—'——"’"__’_-_‘
1,0E-10 (/~
> 10E-20 T —
= ati ptcatalysis
% 1,0E-30 Rlatinum
1S Palladium
7y 1,0E—40F .
&
‘E 1,0E-50
8
= 1,0E-60
=
8§ 10E-70
1,0E-80 -
#=— D2 (molecule)
1,0E-90 '
00 10 20 30 40 50 60 70
Effective energy of interaction, keV

Puc. 5. IlIponuyaemocmo Kynonoecko2o bapvepa

6 npoyecce DD-cunmesa 6 3a8Ucumocmu on nomeHyua-

210 SeKMPOHHO20 IKPAHUPOBanus (Ipghexmuenoii snepeuu
63aUMOO0etiCcmeust)
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Puc. 6. Dopma oxmoxedpanvHoli nomeHyuarbHOU HUWIU
8 Kpucmainie niamuHbl.

Oaprep ans mpouecca DD-cunTe3a yBenuunBaeTcs
npuMepHo Ha ~60 nopskos!

Ha pucynke 6 npusenena ¢opma OKTOXeApanbHON
MOTEHIMATBHONW HUIIH B KPUCTAIJIC TUIATHHBL.

Ha pucynke 7 cxemarndecku H300pakeHbI MO3H-
UM JIBYX aTOMOB JCHUTEpHUsI B COCTOSIHHU 2p, paciio-
JIO)KEHHBIX B OTHOW OKTOXEAPAIbHOW MOTCHIHUATBHON
Huiue. IMeHHO OpTOroHaIbHOE B3aUMHOE PACIIONIOKE-
HUe 2p opOuTanell odecrieunBaeT Hauboee ObICTPHIT
npouecc DD-cunresa.

4. 3akIroueHme

Kaxk oxazamoch, kK HacTosIIIeMy BPEMEHH CyIIle-
CTBYIOT HaJe)KHBIE METO/IBI OMHMCAHUs aTOMHBIX Op-
OuTanell, OCHOBaHHBIE Ha YHCICHHBIX pacdyeTax
ypaBHeHus Llpénunrepa. OTH METOABI XOPOILO pas-
paboTaHbl W HMIUPOKO HCIONB3YIOTCA ISl PacueToB
B xuMHH. [I[puMeHeHe dTUX METONIOB JUJIs pacYeTOB
MeXaHW3Ma Karaju3a SIepHOr0 CHHTE3a B MPOBO-
IAIAX KPUCTAIaX MOXET OKa3aThCs BeChMa TLIO-
JTOTBOPHBIM. ABTOPY XOTENOCHh OBl OTMETHTBH BBI-
COKHMI ypoBeHb MpodeccroHanmn3dmMa mpodeccopa
Mapka Bunrepa n3 yauBepcutera B T. llleddunn,
BenukoOpuranus.

Puc. 7. Cxemamuueckoe uzobpagicenue 2p nosuyuii 08yx
amomog oeumepust, pACNON0NCEHHBIX 8 OOHOU U MOU Jice
OKMOXeOPAIbHOU NOMEHYUATLHOU HULLe KPUCMALLA NAJ-
naoust. Ilynkmupom ycioerno uzobpasicena no3uyust 6mopo-
20 amoma Oetimepusi, PACNOLONCEHHO20 NePNEHOUKVIISPHO
niockocmu pucyuka. Alopa amomos oelimepus uzoopasice-
HbL 8 YEHMpPe KPYACOUKAMIL.
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DD FUSION IN CONDUCTING
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The paper presents a brief background on cold fusion leading to a discussion on some
aspects of atomic physics. We are explaining the selection of the only permitted orbitals of
deuterium atoms in conducting crystals when saturated with deuterium. Conduction elec-
trons in metallic crystal are grouped in potential niches of the crystal lattice, resulting in
a ban for s-states of hydrogen to occupy these same niches. At the same time, the filling of
these niches with deuterium atoms is allowed for the excited atomic states of level 2p and
above. As has been shown in experiments on deuterium-deuterium (DD) fusion with low-
energy accelerators, if an atom of deuterium target is located within a conducting crystal,
this reaction is much more probable than in the case of free atoms of deuterium. When a
single crystal niche gets two such atoms of deuterium, the distance between the nuclei of
these atoms becomes equal to 1/10...1/20 of the nominal size of these atoms. Theoretical
calculations show that this is equivalent to the additional energy 300...700 eV for the fu-
sion reaction DD—?He*. We believe that this process of excitation of atomic states to the

2p level and above explains the first stage of the so-called cold fusion.

Keywords: deuteron fusion, crystal lattice, electron shell deformation, Coulomb barrier transparency, Rydberg

mechanism, nuclear fusion catalysis.

1. Introduction

There has been discussion for years on the tran-
sition to controlled thermonuclear fusion. However,
the initial expectation that the problem soon would
be solved has never come to fruition. Technical dif-
ficulties in obtaining sustainable superhot plasma
(~10° °C) and the damaging effects of the enormous
neutron flux arising as a result of thermonuclear
reactions pushed this task into a more distant and
uncertain future.

In 1989, the reported results of experiments by
M. Fleischmann and S. Pons [1], alleging that dur-
ing electrolytic saturation of palladium crystals with
deuterium considerable heat was observed, which
cannot be quantitatively explained by any chemical
reactions. The authors concluded that, in these exper-
iments, they observed a nuclear fusion process taking
place at room temperature. Fleischmann and Pons’
experiments were quickly deemed erroneous by the
broad physics community. However, after numerous

subsequent attempts, there is hope, and even the cer-
tainty that the problem of controlled nuclear fusion
can be solved this way. Most serious studies in this
direction have been conducted by the McKubre et
al. [2]. However, experiments on cold fusion, which
have been held for nearly 25 years, have been either
completely ignored by the community of nuclear
physicists, as before, or met with great skepticism.
The two main objections raised against these experi-
ments are as follows.

1. There is no explanation of how so-called Coulomb
barrier is overcome in the process the cold fusion.

2. In contrast to thermonuclear fusion, almost no
other nuclear products appear in these experiments,
except “He.

It has been shown in experiments on DD fusion
with low-energy accelerators that if an atom of
deuterium target located inside a conducting crys-
tal, then this DD reaction is much more probable
than for the case of free atoms of deuterium. These
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experiments directly confirm the existence of the
phenomenon of cold fusion that was first observed
by the allocation of abnormally large amounts of
heat in palladium samples saturated with deuterium
[1]. Therefore, we are seeing a new physical phe-
nomenon that will change the course of human civ-
ilization. Some of the practical applications of this
phenomenon (powering ships, aircraft, and space
exploration) are not available for cyclopean large
devices, such as tokomaks and other hypothetical
hot fusion facilities.

2. Experiments on DD fusion with low-energy
accelerators

When describing the collisions of atoms, it is
necessary appropriately modify the expression for
the probability of penetration through the potential
barrier, written for the collision of «naked» nuclei,
because atomic electrons screen the repulsion effect
of nuclear charges. Within the Born-Oppenheimer
approximation in the works of Assenbaum et al. [3]
and several other authors, it has been shown that the
introduction of «electronic screening potential» for
collisions of atoms is equivalent in terms of trans-
parency of the Coulomb barrier for additional ener-
gy U, in the center of mass of the colliding particles
(i.e., Eéﬂ;EchrUe). The experimental results can be
described by the introduction of only one parameter
U, — electronic screening potential. This approach is
equivalent to the method of accounting for the barri-
er thickness in the quantum-mechanical calculation
of the probability of penetration through the poten-
tial barriers.

Table
The diagram of hydrogen atom excitations
K 2 4
i 1 3 3
-0,6
-0,8

-1

-20

The electronic screening potential for DD fu-
sion in conducting crystals was found to be of
300...700 eV. If the target atoms in this process’s
crystals were implanted in insulators or semicon-
ductors, the effect of enhancing of screening poten-
tial above 27 eV, which is typical for collisions of
free atoms of deuterium, is not observed. Presence
of conduction electrons in the crystal grouped in the
potential niches of crystal lattice results in a ban
for the s-state of hydrogen to occupy these niches.
Excitation of an electron shell of a hydrogen atom by
10 eV or higher removes the ban and translates hy-
drogen atom in the 2p state, 3p state, etc. This means
that if two deuterium atoms fall into a single crystal
niche in the conductive crystal, the distance between
the nuclei of these atoms is equal to 1/10...1/20 of
the nominal dimensions of these atoms. In the pa-
per, we will show the conditions under which that
become possible.

We reviewed DD cold fusion processes in our
papers on the topic [4...6]. As explained in these
studies, the reason for the existence of the phe-
nomenon of cold fusion is a deformation of the
electron orbit (rather orbital) of the deuterium
atom that allows for two deuterium nuclei to fit
into one niche of crystal cell, approaching each
other to a distance of 1/10...1/20 of the nominal
size of these atoms. In this paper, we will examine
in detail the initial process of nuclear fusion in
conducting crystals.

3. Physics of atomic shells of hydrogen atom

The physics of the electron shells of the hydrogen
atom are shown schematically in table.

This table shows a diagram of the electronic exci-
tation levels of the hydrogen atom. We are interested
in the second vertical column with quantum numbers

Fig. 1. Electron density for the s and 2p states
of the hydrogen atom
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Fig. 2. Left — a graphical representation of the electron
density of the 2p state of the hydrogen atom. Right — the
contour containing 95 % of the electron density of the atom.
Light gray represents the positive part of the wave function
of an electron and dark gray represents its negative part.

n=2, =1, and in particular, the 2p level. Fig. 1 and
Fig. 2 depict the electron density in the hydrogen atom
in a state of 1s and 2p.

The images shown in Fig. 1 and Fig. 2 are taken
from [7]. An interesting idea about the calculations
of various orbitals of the hydrogen atom is presented
in the works of Winter [8]. Fig. 3 shows the function
of electron density in the state of hydrogen 2p from
work [8].

Fig. 4 shows the fcc crystal structure of the crys-
tals of platinum and palladium. The large spheres in-
dicate the positions of the crystal host atoms; small
sphere denote the location of the deepest octahedral
potential niches in the structure. All parameters of

Jmol

«Dot-density» plot of the 2p, electron density function \VZPXZ

Fig. 3. Distribution of electron density in the hydrogen
atom for the 2p state of the work [8]. Dark and light
indicate the density of the positive and negative values,
respectively, of the wave function y.

Fig. 4. Crystal structure fcc (palladium, platinum). Small
spheres denote the location of the deepest octahedral
potential niches in the structure.

the octahedral niches are identical. The ratio of im-
purity deuterium atoms to atoms of the host crystal
does not exceed D:Pd ~1. No cold fusion process
occurs because impure deuterium atoms are located
in different octahedral niches that are sufficiently
far apart. However, when a potential niche contains
two deuterium atoms, which occurs in the electron
excitation state 2p level or higher, the possibility
of penetration through the potential barrier for the
DD fusion process increases by about of ~60 or-
ders. Fig. 5 indicates Coulomb barrier permeability
in the DD fusion vs the electron screening poten-
tial (effective interaction energy). Fig. 6 shows the
shape of the octahedral potential niche in platinum
crystal.

Fig. 7 shows the positions of the two deuterium at-
oms in one octahedral potential niche in the 2p state.
The orthogonal directions of 2p atom positions provide
the highest fusion rate.

1,0E+00,

pal

1,0E-20 T
10E-30 Platinum
Palladium

1,0E-40 F‘

1,0E-10

wicatalysis

1,0E-50

1,0E-60

Colomb barrier permeability

1,0E-70

1,0E-80 :
#=— D2 (molecule)

1,0E-90 .
00 10 20 30 40 50 60 70

Effective energy of interaction, keV

Fig. 5. Coulomb barrier permeability in the DD fusion
vs the electron screening potential (effective interaction

energy).
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Fig. 6. Shape of the octahedral potential niche in platinum
crystal

4. Conclusion

There are reliable methods of describing of atom-
ic orbitals based on numerical calculations of the
Schrodinger equation. These techniques are well de-
veloped and widely used in chemistry. The application
of these methods for the calculation of the mechanism
of catalysis of nuclear fusion in conducting crystals
can be very rewarding. The author would like to note
the high level of Prof. Mark Winter professionalism
at the Sheffield University, UK.
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