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fepwTeMII C,Co, nonoMapeB fl.~1. P4 - 10936 

KaTamta 11- -MeaonaMH peaxUHH CHHTeaa Hnep neiiTepHH H TpHTHH 

B paooTe o6cy~naiDTCH ~H3Hqecxne cnencTBHH cywecTBOBaHHH o6napy-

~eHHbiX HC!lllBHO cna60CBSI38HHL>IX COCTOSIHHM Me30MOneKyn ddp. H dlt< H, B 
qaCTHOCTH, HX anaqenHe AnSI npoueccos peaonancnoro o6paaosaHHSI p. -Mone­

Kyn nonopona, a TaK~c AnSI KaTanHaa peaKUHH CHHTeaa Hllep Me3oMoneKyn. 

Pa6oTa BblnOnHeHa B na6opaTOpHH TeopeTHqecxoii cpH31fKHo 

UpenpBHT 061oeJlBHeHHOt"O BBCTBTYT& BJlep&Wll BCCJJeJlOIIABBI. J!y6aa 1977 

Gerstein S.S., Ponomarev L.I. P4 - 10936 

Catalysis of Nuclear Fusion of Deuterium and 
Tritium by ,,--Mesons 

We discuss the physical consequences of the existence 
of recently discovered loosely bound states of mesomole­
cules ddp. and d~ and their role in the resonance forma­
tion of hydrogen p.-molecules and in the catalysis of 
nuclear fusion for mesomolecules. 

The investigation has been performed at the 
Laboratory of Theoretical Physics, JINR. 
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1. PeaKUHH cHHTe3a HAeP BOAOPOAa H Ae8repHH qepe3 

npoMe)KyToqHyiO CTaAHIO o6pa30BaHHH J1 - Me30MoneKyn B 

uenoqKe npoueccos 

A pdf1 
dfl ~ p ----.-+ pdfl 

A f 

//' 
3 

fL He + y, /1a/ 

----___, 3 He ~ f1 1- }' /16/ 

B HaCTOHlJ..{ee BpeMH XOpOillO HJyqeHa KaK 3KCnepHMeHTanb­

HO, raK H reoperuqecKH 0 /llonHyiO 6u6nuorpa4Ju10 no 3THM 

sonpocaM MO)KHO HaRTH B o63opax1L 21 I. 
3TOT npouecc H3BeCTeH KaK KaTanH3 HAepHbiX peaKUHH 

CHHTe3a B "XOllOAHOM" BOAOPOAe J1~-Me30HaMH. ,[l.nH TOrO, 

qro6hl OH 6bJn 3414JeKTHBeH, Toe. qro6bl OAHH J1--Me30H 

CMOr MHOrOKpaTHO Bbl3BaTh peaKUHIO CHHTe3a, He06XOAHMO 

BbinOnHeHHe no KpaHHeH Mepe Tpex ycnOBHH: 

APdJl»A 0 • Ar »A 0 , W
5
«1. /2/ 

6 -1 
rAe A O = 0,455.10 C - CKOpOCTh pacnaAa CB060AHOro 

Jl- -Me3oHa, ApdJl H Ar - cKopocTh o6pa3oBaHHH pdJl -
MOneKynhl H CKOpOCTb CHHTe3a HAep B J1 -MoneKyne COOTBeT­

CTBeHHO, a W 
8 

- sepOHTHOCTb "npHnHnaHHJl" Jl- -Me30Ha 

K He, paBHaH OTHorneHHIO sepoJITHOCTeH KaHanoB /la/ H 

/16/. ,[l.nH uenoqKH peaKUHH /1/ HH OAHO H3 3THX ycnOBHH 

He BblnOnHeHO, noCKOllhKY ,\ pdJ1 == 6.10 6 
C -t, ,\ f 

0,3 .1 0 6 c - 1 ' w s .. 1 0 HeAaBHHe H3MepeHHJl
131 

nOATBCP)K­

AaiOT npHBeAeHHhle JHaqeHHJl. 
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2. )l,n.s: aHanoruqHoii uenoqKu npoueccoa 

A 
t f1 I d - ~tfl 

4 
Ar 11 He + n /2a/ 

dt ~ + 17,6 M3B 
f1--------

4 He + n + 11 /26/ 

-2 11 ~1 
HMCCM W s ~ 10 , Ar ~ 10 C , OJJ;HaKO CKOpOCTH o6pa30Ba-

HH.S: dt/1 - MoneKyn, BbJqucneHHble ,11;0 HeJJ;aBHero apeMeHH, 

6blnH aHoManbHO Manhl: A dt,u ~ 3.104 c- 1 14 - 61 . B JTHX 

BblqHCneHH.S:X HCXOJJ;HnH H3 npeJJ;nono~eHH.S:, qTQ OCHOBHbiM 

MeXaHH3MOM o6pa30BaHII.S: dt J1 - MOneKyn .S:Bn.S:eTC.S: JneKT­

puqecKHii JJ;HnonbHhiii E1 -nepexoJJ; /unu MOHononhHhlii EO -
nepeXOA/ C KOHBepcueii Ha. JneKTpOHe MOneKynhl D

2 
: 

t 11"~ D 
2 

__. [ ( d t 11 ) d e ] + + e . /3/ 

PacqeTbi cKopocTeii o6pa3oBaHu.s: Me3oMoneKyn pp 11 u 
161 

p d 11 , npeJJ;npHH.S:Tble HeJJ;aBHO B npeJJ;nono~eHHH cnpaae,11;-

nHBOCTH 3Toro MexaHHJMa, npuaenu K JHaqeHH.S:M AppJl H 

A pdu , KOTOpbie oqeHb fOJlOWO cornacyiOTC.S: c ::>Kcnepu-

MeHtanbHO H3MepeHHbiMH 3 . 

3. )l,pyroii, pe30HaHCHbiH MCXaHH3M o6pa30BaHH.S: f1 -

MoneKyn pa6oTaeT B TOM cnyqae, ecnu cpeJJ;H ypoaHeii 

f1-MoneKyllbl CyiUeCTByeT XOT.S: 6bi OJJ;HH C 3Heprueii CB.S:3H 

t: Jv < 3 3B. 
CyiUeCTBOBaHue cna6oca.s:JaHHOro cocTO.S:HH.S: B MeJo-

dd 11.51 B 
MoneKyne J1 npe,11;nonaranocL y~e JJ;aBHO • u ec-

MaH171 Ha ocHoae 3Toro npeJJ;nono~eHu.s: noKaJan, qTo 

Hanuque TaKoro ypOBH.S: JJ;O~HO npHBOJJ;HTb K pe30HaHCHOH 

3aBHCHMOCTH CKOpOCTH o6pa30BaHH.S: Me30MOneKyn ddJl 
OT TCMnepaTypbl cpeJJ;bl B peaKUHH 

dfl + D~ __. [ ( d d 11 ) d 2e ] ;. . /4/ 

CyTh pe30HaHCHOrO MeXaHH3Ma COCTOHT B TOM, qTO 

B peaKUHH I 4/ He npoucxoJJ;HT HJnyqeHH.S: JneKTPOHOB, a 

4 

. 1 
I 

1 
J 

3Hepru.s:, ocao6o:>KJJ;aiOIUa.s:c.s: npu o6pa3oBaHHH d d J1 - Mone­

Kynhl, nepeJJ;aeTc.s: Ha B036y~JJ;eHHe Kone6aHHii caoeo6pa3-

Hoii MOllCKynhl, B KOTOpOii OJJ;HHM H3 .S:JJ;ep .S:Bn.S:eTC.S: o6pa-

30BaBWa.S:C.S: dd 11 -MoneKyna (dd 11 ) +. 
TaKOH pe30HaHCHbiH MeXaHH3M B03MO~eH llHWb B TOM 

cnyqae, ecnu pa3HOCTh JHepruii r/ - ro Kone6a TenbHOro 

ypOBH.S: CHCTeMbl [ ( dd {t )d 2e ) ~ H OCHOBHOrO COCTO.S:HH.S: 

MOneKynbl D2 B TOqHOCTH paBHa CYMMe 3HeprHH CB.S:3H 

£ 11 Me30MOneKyllbl dd/1 H KHHeTuqecKOH 3HeprHH r O 

HaneTaiOIUero MeJoaToMa d11 /eM. pucyHoK/ . 

1 ~ CleVI 
dd_}( 

(J=1, l/=1) 

[ (dd}l) d2e] 

(k•1) 

I 
' 

0 I t= t= ~ -----------

-1 

-2 Eu 

4. B nocneJJ;Hee apeM.s: B aJJ;ua6aTuqecKoM npeJJ;cTaa­

neHHH JaJJ;aqu Tpex Ten pa3pa6oTaHa J~eKTHBHa.s: cxeMa 

BblqucneHHH ypOBHeii 3HeprHH MC30MOneKyn H CKOpOCTeii 

pa3nHqHbiX MeJoaTOMHbiX H Me30MOllCKyn.s:pHbiX npouec­

COB IS/. B 3TOH CXeMe BOnHOBa.S: l}lyHKUH.S: CHCTeMbl Tpex 

Ten paJnaraeTc.s: no nonHoMy Ha6opy peweHHii 3a,11;aqu ABYX 

UCHTpOB KBaHTOBOH MCXaHHKH. llpoaepKa 3TOH CXeMbl /10/ 

Ha MHorux npuMepax JJ;OKaJana ee HaJJ;e~HOCTh u J~eK­
THBHOCTb. 

Pa3pa6oTaHHblii MeToJJ;, B qacTHOCTH, noJaonun HaJJ;e~­

HO ycTaHOBHTb CyiUeCTBOBaHHe YPOBH.S: Me30MOneKynhl dd/L 

C KBaHTOBbiMH qucnaMH J = 1 /BpaiUaTellhHOe/ H V = 1 
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/Kone6aTeJ1bHOe/ H HaRTH ero 3HeprHIO CBJ13H: r J v 

= -2,2 3B. BLI'mcneuuaH 3aBHCHMOCTb Add (T) Bblpa-

)KaeTCJI <iJopMyno:H 17 ·J 1 f1 
c 2. • m 3 "., 4 
0 rr m e :J f1 . 1 , ·~ '" - me 

Add. {3~-(--) (--~) .d I I.y· (, ,,_\-~---. c /5/ 
f1 ·~ m m ' f1 · ~ o ·rv :3 

v f1 a h 

3,D.8Cb : {3 - CTaTHCTH'IeCKHH MHO)KHTenh, paBHbiH 1/3 )J.Jl.ll 

Me 30MOJ1eKynbi d d f1 ; me H m f1 - MaCChi 3J1eKTpoua H 

!1- -Me30Ha COOTBeTCTBeHHO; m ~l ·- m,~ t t 1\1 -
1
l df.- )J.Hnonb-

a r < ' 1 
HbiH MaTpH'IHbiH 3HeMeHT, Bbl'IHCneHHbiH no BOHHOBblM <lJyuK-

UHJIM uaqanbHOrO (i) COCTOJIHHJI CHCTeMbl Me30aTOM d11+ 
JI)J.pO d H KOHe'iHOro (f) COCTOJIHH.Il (.T ·-1. V=l) Me30Mo­

neKynbl ddfl ; I 1; - MaTpH'IHbiH 3neMeHT .IJ.HnonLuoro B3aHMo­

.D.eiicTBHH, COOTBeTCTBYIO~HH nepexo)J.y H3 OCHOBHOrO co­

CTOJIHHJI MOHeKyHbl Dl! B I/ - e KOne6a TeJ1bHOe COCTOJIHHe 

27 !1, ·312 3'o 
CHCTeMbl [(ddf1)d2e] ; y (t ,f 1-(-"-·t /", exp(- --)-

0 0 T •> 0 T ~, 
"'" -·T 

- pacrrpe.IJ.eneuue MaKcBenna; , T ., ;312 k T - cpe.IJ.HHJI KH-

HeTH'IecKa.JI 3Heprus Me3oaroMOB dfl npu TeMnepaType T. 
~YHKUHJI /5/ BO Bcex ,D.eTansx nepe)J.aeT xapaKTep H oco-

6eHHOCTH TeMnepaTypHOH 3aBHCHMOCTH All (T) KOTOpaH 
111/ <Cfl ' 

He)J.RBHO 6Lma T~aTeJibHO H3MepeHa. 

resBbi'IHCneuuoe no <iJopMyne /5/ pe3ouaucuoe 3Ha'leuue 

,\ CKOpOCTH o6pa30BaHHJI Me 30MOJieKyJI d d 1'- npH 
res 6 - r 

cO-ET COCTaBJIJieT BeJIH'IHHY ,\ddf1 =0,8.10 C ,B 

To BpeMH KaK o6bl'IHbiH MexaHH3M I 4/ npuROJJ.HT K 3Ha'le-

HHIO ,\ dd11- .: 0,15 .1 0 6 C ~ 1 

5. ,LI,o ue,D.aBuero BpeMeHH B MoneKyne J tfl ue 6biJI 

H3BecTeH ypoBeHb c Manoii 3Heprueii CBJI3H. PacqeThl no 

cxeMe 
1 w noJBonunu o6uapy)KHTb TaKoii ypoBeHL c KBau­

TOBhlMH 'IHCJlaMH ( .T ~ 1 · V ~ 1) H Bhl'IHCJlHTb ero 3HeprHIO 
CBJI3H ,'g; . 

t ( dtfl) = -1,1 3B. 
Jv 

Hanuque 3Toro ypoBHH, TaK )l(e KaK H B cnyqae Me 3oM one­

r:ynhl dd11-, npHBO)l.HT K pe30HaHCHOMY o6pa30BaHHIO Me3o­

MOJleKyn d tfl· Ilo.IJ.po6uble pacqeThl, npe.IJ.npHHJITble ue­

.IJ.aBHO 19 ( noKa3biBaiOT, 'ITO B peaKUHH 

6 

,. 

'!' 

~ 

... 

t f1 r D • l (d t f1 ) d ~ e ] * 
2 f/ 

/6/ 

MoneKyna l (dtfl) d 2e] t, o6pa3yeTCJI B Kone6a Ten~~oM. 
V '" 4, H Bpa~aTeJlbHOM, K = 1 , COCTOJIHHJIX. 3uaqeuue ,\ 

COOTBeTCTBYIOLQee 3TOMY nepeXO.IJ.Y, B nepecqeTe K nnOTHO-
/9/ 

CTH )KH)J.KOrO BO)J.OpO)l.a,paBHO : 

,\res = 0 9 108 "'1 , . c . 
dt/1 

JTO 3Ha'leHHe npeBbiWaeT BCe H3BeCTHble )J.O CHX nop 

CKOpOCTH o6pa30BaHHJI Me30MOJleKyJI no KpaiiHeH Mepe Ha 

qopJI.IJ.OK BenH'IHHbl. TaKas cKopocTb .IJ.OCTaTO'IHa, 'IT06bl 
- 2 

3a BpeMJI )KH3HH O)J.HH !1- -Me30H ycnen OCyLQeCTBHTb --10 
peaKUHH CHHTe3a H OCB060.IJ.HTb - 2 F3B 3HeprHH, 'ITO 

B 15 pa3 npeBblwaeT ero Macey noKoJI u npuMepuo paBHo 

3Hepruu, 3aTpaqeuuoii ua ero pO)K)J.euue. 

6. PeaKUHJI /6/ .IJ.O cux nop ue HJyqeua 3KcnepuMeH­

TaJibHO. Mbi ua)J.eeMCJI, 'ITO TaKue 3KcnepuMeHTbi 6y.IJ.YT 

BCKOpe BblnOnHeHbl, HeCMOTpH Ha O'leBH)J.Hble TeXHH'IeCKHe 

TPY.IJ.HOCTH, npucy~ue TaKoro po.IJ.a H3MepeHHJIM. 

CoBepweuuo O'leBH.IJ.HO TaK)Ke, 'ITO )J.JlJI yBepeuuoro on­

pe.IJ.eneuus ocuoBHbiX napaMeTpoB, onpe.IJ.ellJIIO~Hx pe3ouauc­

HbiH npouecc: 3HeprHH CBJ13H MOJleKyllbl dt11, nOJlO)KeHHJI 

H WHPHHbl pe30HaHCa B Ce'leHHH o6pa30BaHHJI dt11, KHHeTH­

KH npouecca KaTanH3a c yqeToM Bcex ocTanbHbiX 11 -Mo­

neKynspublx npoueccoB H T . .IJ.., - ueo6xo.IJ.HMbl 6onee T~a­

Tellbbie pacqeTLI. 

B 3aKniO'Ieuue Mbi Bblpa)KaeM rny6oKyiO 6naro.IJ.apuocTb 

C.H.BuuuuKoMy, H.B.Ily3biHHHY, T .II.Ily3biHHHoii, JI.H.Co­

MOBY, M.II.~aii<PMauy Ja MHoroneTuee coTPY.D.HH'IeCTBO, 

)J,.H .linOXHHUeBy H B .Il.)J,)KeJlenoBy 3a BCeMepuyiO nO)J.,D.ep)K­

Ky. 
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