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PeaK~~H ~-3aXBaTa HAPaM~ BOAOPOAa 

ll- + P .... n + ~~~ /1/ 
npeACTasnHeT 3Ha4~TenbH~A ~HTepec AnR s~HcHeH~H pa3n~4H~x son
pecos Teop~~ cna6oro B3a~MOAeikTB~R 11·3/. Ha6niOAaeMaR cKopoCTb 
A0 peaK~~~ /1/ B BOAOPOAe 3aB~C~T He TOflbKO OT 3Ha4eH~A KOH

CTaHT cna6oro B3a~MOAeACTB~H, HO TaK~e OT CKOPOCTeA pa3n~4H~X 
M830aTOMH~X ~ Me30MOfleKyflRpHWX npo~eCCOB, CXeMa KOTOp~X npeA
CTasneHa Ha p~c.l, rAe ~cnonbsosaHbl cneAYIOlll~e o6o3Ha4eH~R /4/: 
A0 =0, 455 ·1 06 C -l - CKOpOCTb pacnaAa cso60AHOrO MIOOHa; A a"' 

"' 10 11 c - 1
- CKOPOCTb o6pa30BaH~H p~ -Me30aTOMa B ls -cOCTORH~~; 

Ap •1,7·1010 c-1_ CKOPOCTb nepeXOAa ~3 Tp~nneTHoro /nOnHwA 
cn~H .F=1/ B CHHrneTHOe /.F=O/ ls-cOCTORH~e Pll-aTOMa np~ CTOnK
HOBeH~RX p~ (F = 1) + p _,. p~ (F = O) + p ; A PP~ .. 2, 5 . 1 0 6 c ··l -
CKOPOCTb o6pa3oBaH~R Me30MOfleKyn PPil /Bee CKOpOCT~ np~BeAeHbl 
AflH ~~AKOro BOAOPOAa/. 
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nocKOJlbKY B lK11AKOM BOAOPOAe BblnOJlHReTCR YCI10BI1e ,\ ppj.t >> A 0, 
TO IL-saxeaTy 111 npeAwecTeyeT o6pasoeaHHe PPIL-MoneKyn e peaK-
1..11111 151 

PIL + H2-+ [(ppj.t)+pe]+ + e, 121 
B pe3y!1bTaTe KOTOPO~ PPIL-MOJleKy!la CTaHOBI1TCR RAPOM MOJ1eKyJ1Rp
HOro HOHa, aHanori14Horo HD+. MesoMoneKy!lbl PPIL cyll\eCTBYIOT e 
OpTOCOCTORHI-111' lop611TaJ1bHbl~ MOMeHT J =1, KOJle6aTeJlbHOe 411CJ10 

v =0, cyMMapHbl~ cn11H RAep I =1 , 3Hepri1R CBR311 - E Jv -- t 10 = 
=1 07 3BI 11 s napacocToRHI-111 I J =0, v =0, I =0, - E 00 =253 3BI, 

npl14eM ypoBeHb, COOTBeTCTBYIOU\11~ OpTOCOCTORHI110,pacll\enJ1eH Ha nRTb 
nOAYPOBHe~ ceep~TOHKO~ 11 TOHKO~ CTPYKTyp~ 16 • 71 ICM. PHC.21. 
B peaK1..111H 121 PPIL-MOneKyn~ o6pasyiOTCR npeHMYU\eCTBeHHO s opTo
coc TO.AHI-111: cor nacHo .feopeTH4eCK11M pac4eTaM /51, ,\ ~~~o =2, 2 • 

6 -1 ' para 3 -1 . ' ' • 10 C , "ppj.t =7, 2· 10 C • nocKOJlbKY "p >> "PPIL , TO PIL- aTOMbl 

scerAa BCTynaiOT B peaKI..IHIO 121 H3 COCTO.RHH.A F=O H BCJ1eACTBI1e 3TO
ro PP!L -MoneKy!lbl o6pasyiOTCR a cocTO.RHI-111 c nonHbiM cnHHOM S = 
=112, T.e. 3aCeJ1.AIOTC.R TOilbKO ABa Hl1lKHI1X nOAYPOBHR OpTOCOCTO.R
HI-1.1'1 Me30MoneKYilbl PPIL lp1o1c. 21. 

CKOPOCTI-1 IL-saxsaTa A 0 m H Apm cooTBeTCTBeHHO 113 opTo-
H napaCOCTORHI-1~ ppj.t-MOileKyilbl, Bbi4HCileHHble C y4eTOM pe!1RTI-1-
BI1CTCKI1X 3<1l$eKTOB s MoneKyne PPIL, paBHbl/7/ 

A 0 m=0,756 As+ 0,253 At =1505+151 c-1, 131 

Apm=0,286 As+ 0,857 At =12002:_ 61 c-l 

11 c T04HOCTbiO ~ 110-
2 I cosnaAaiOT c pesy!lbTaTaMH 181 lsAeCb A 

8 
11 At - cKopoCTI-1 ll -saxeaTa a cocTO.RHI-1.AX F=O 11 .F =1 MesoaTor-ta 

PIL I. npl-1 Bbi411CJleHHI1 Be!111411H A om H A HCnOJ1b30BaHbl 3Ha4eHI1R . . . pm w w 

Yo 11 Yp- lt>aKTopoe Afl.A opTo- H napacocTORHI-111, , HaHAeHHble 
HaMI-1/7/ B aA!-1a6aT!-14eCKOM npeACTasneHHH 3aAa411 Tpex Ten/ 9/ 

2y 0 =1,0092:_0,001; 2yp =1,1432:_0,001 141 
IY - $aKTOp paeeH OTHOWeHHIO n!lOTHOCTe~ BepO.ATHOCTI-1 HaXO>KAeHI-1.1'1 
j.t -Me30Ha B T04Ke pacnOJlO>KeHHR npOTOHa B ppj.t-MOJleKyne 11 B 
P!L -aTOMe/, a TaKme TeopeT!-14eCKI-1e 3Ha4eHHR llOI 

As =16642:_20/ c - 1 , At =/11 , 92:_0, 7 I c-1 • 151 

Ha6!110AaeMa.A CKOpOCTb IL -saxeaTa A c B lKHAKOM BOAOPOAe pasHa 

/eM. PI-1C. 11: 
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0.046 38 ___ ......;._ 
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F=O 
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~ 
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E,10=-107 38 

@]) lr~.U=O~J. ~-~~~==== 
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\ L_j~=~~;::::= i~} I 
S= 1!2 

0.002 38 So0=-253 3B 

ex;) 

J=O, V=O 

I=O S=112 d=112 

PHc.2. CxeMa pac~enneHHn YP.OBHeH 3HeprHH MesoaToMa 

Pll H MesoMoneKYilbi PPIL H nepexop;oB Mex<p;y HHMH I .F -
CllHH PIL -'aTOMa; J ' s H r = '§ + J - opOHTa!lbHblH 
MoMeHT, cnHH H nonmiH MOMeHT PPIL -MoneKy!lbi, I 
CYMMapHbiH CllHH np;ep/. 

rAe ,\ op - CKOpOCTb OpTo-napanepeXOAa 1-13 B036Y>KAeHHOro opTo
COCTO.RHI-IR PPIL -MoJleKYilbl B OCHOBHOe napacOCTORHI-Ie •. B Hepen.A-
TI-!BI-ICTCKOM npH6!1!-1>KeHI11-1 aneKTpoMarHHTHble El-nepeXOAbl Me>KAY 3TH-

MI-l COCTORH!o1RMI1 CTporo sanpell\eHbl npaBI1J1aMI1 OT6opa 6I =0. 83aHMO-
AeHCTBI-1~ cnlo1HOB 4aCTI-11..1 e PPIL-MoneKyne nplo1BOAHT K TOMY, 4TO 
BOilHOBaR ltJYHKI..II.f.A OpTOCOCTORHHR, KPOMe 1160ilbWOH 11 KOMnOHeHTbl C 
KBaHTOBbiMI-1 411CJ1aMH I J = 1 , I = 1 I, COAeP>KHT np11Mec11 _a "MaflbiX11 

KoMnoHeHT c I J=1, 1=0/. AHanori14HO eonHoea.A lt>YHK1..11-1R napa-
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cocTORH>~FI, KpoMe 1 '6onbwoi1 11 KoMnoHetHbl I J=O, I =01, co.qep~<>~T 
np>~MecH ''MaJlbtx'J KOMnoHeHT I J=O, I =1 I. Bcne.qcTBI1e 3Toro MaT
PI14H~e 3JleMeHT~ on~paTopa opTo-napa- E1-nepexo.qa OTI1114H~ OT Hy-
Ilfl sa C4eT Tex 11nepeKpeCTHbiX11 4IJeHoB -a 2 Mem.qy 11MaJlbiM11 11 11 
1 1

60JlbWI1MH
11 

KOMnoHeHTaM11 BOJlHOBbiX QlYHKlj11H, Ailfl KOT.OPbiX Bblnom-te-
Hbl npaBHila oT6opa ~J=1, AI=0 171 lcooTBeTCTBYIOII\He V1M opTo-
napanepexo.qbt 11so6pameHbl Ha P>~C. 21. 

\ 

Bbt.qei111BWYtOcl'l 3Heprl110 nepexo.qa ~. = ( 10 - • 00 =146 38 YHOCMT 
3iJeKTpOH KOHBepCV1H MOJleKyilRpHoro KOMnJleKca, O,qHV1M 11S 11 R,qep 11 

KOTOpOrO J'IBJlReTCR pp~-MOJleKyna. bJlaro,qapR 60JlbWOMy K03¢¢114V1eH
TY KOHBepc1111 I - 1 0 6 I cKopoCTb opTo-na panepexo,qa, nponop4HO
HaJlbHaR -a 

4 
, OKaSbiBaeTCR, TeM He MeHee, SHa411TeJlbHOHo 

411CJleHHOe SHa4eHI1e A 0 p SaBI1C11T OT CTPYKTyp~ MOJleKYilRpHoro 
KOMnJleKCa, TV1n KOTOporo onpe.qenReTCR CKOPOCTRMI1 110HHO-MOJleKy-· 
IlRPHbiX npoljeCCOB, npOHCXO,(\Ril\V1X BCJle,q Sa peat<ljl1eH /2/ o npH 
CTOilKHoBeHMM IKoMnneKcal- [( pp~) + pe] + c MOileKynaMI1 H 

2 
c BepORTHOCTRMI1 Wa=O, wb"'0,75 11 wc""0,25 o6pasyiOTCR KOMnJleK
Cbl llll* 

wa 

[(pp~)+pe]+ + H
2 

[ + + 
(pp~) p2e] + H 2 

[(pp~)+ 2p2e] + + H , 

H~ + (pp~) + e . 

/7a/ 

/7a/ 

/7c/ 
Ko3$$H411eHTbl KOHBepcV1V1 E1 -nepexo,qa s 3TI1X KoMnneKcax Haxo,qRTCR 
Mem.qy co6oi1 B OTHoweHI111 Ka: Kb: K 0 =1 :0,78:0,66 /oTHOCMTeJlbHaR 
ow116Ka = 10%/ 1111

.• CKopoCTb opTo-napanepexo.qa pasHa 

(a) 4 -1 
A = (W + Wb Kb + W K ),\ = (7,1 ± 1,2) o 10 c , !8/ op a c c op 

r.qe A(a)=/9,5+0,9/·10
4 

c-1 - cKopocTb opTo-napanepexo,qa B KOM-
nneKcgP [(pp~)+ p2e], Bbi4HCJleHHaR HaMV1 paHee 1131.0 

CKopocTb o6pasosaH11R. pp~-MoneKyn, ycpe,qHeHHaR rio ,qaHHbiM Tpe>:< 
3KcnepMMeHTOB: A PPIL =/2, 55~0, 18/.1 0 6 c -1 I 141., 

App~ =12,74~0,25/·10 6 
c-

11151 
11 App~=/2,34+0,17/. 

·1 06 c -11161, pasH"a -

APPJL =/2,50~0,11/.106 ~-1 

.* l_TH peaKlji1H RBJlRIOTCR aHanoraMM 

IlRpHbiX peaK411i1 HD+ + H
2

--. HD + H~ 
POCTI1 KOTOpbiX - 1 0 13 c -1 I 121 • 

4 

191 

XOpOWO 11SBeCTHbiX 110HHO-MOJleKy-

11 HD+ + H2 --. FlzD+ +H ,cKo-_, 

) 

) 

HcnonbSYR SHa4eHI1R cKopocTei1 /31, 18! 11,191 no <t>opMyne 16!, 
HaH.qeM CKOpOCTb 1L -saXBaTa B >X>l,[\KOM ,Bo.qopo.qe: 

Ac =1494~161 c-1 
1101 

BW411CJleHH~e SHa4eHI1FI 18! 11 110/ 'Aop 11 A 0 cne.qyeT cpaBHI1Tb 
c pesyJlbTaTaMI1 nocne~H11X 3Kcnepi1MeHTOB rpynnw CaKne-UEPH
oonoHbFI 1171 

Aop=/4,1~1,4/·10 4 c-1 , A 0 =/460+20/ 
-1 c • /111 --

npl1 3TI1X SHa4eHI1RX Ac 11 Aop 11 SHa4eHI111 191 A PPIL 11S COOTHOWeHI1FI 
161 cne.qyeT sem1411Ha A 8 =/600+281 c -1. 

Ha p11c.3 npe.qcTaaneHa saBMCI1MOCTb 16/ A 0 OT A 0 p np~ sa,qaH-
HbiX SHa4eHI1RX !51 11 /9/ Be!111411H A 8 , At 11 APPIL /cnnowHaR 
Jli1H11RI 11 KOp11.qop OWI160K, o6yCJlOBJleHH~H norpeWHOCTRMI1 3TI1X· SHa-
4eHI1H, a TaKme sHa4eHI1R A 0 P /wTpl1xoawe Il11HI111/. TeopeTI14eCK11e 
sHa4eHI1R A 0 11 A 0 P saKI1104eHw B npe.qenax sawTpl1xosaHHoro napanr 
nenorpaMMa, o6nacTb onpe.£leileHI1~ 3Kcnepi1MeHTaJlbHbiX sHa4eHHI1 A c 11 
11 Aop Haxo.q!IITCR B npe.qenax npRMoyronbHHKa, sa.qasaeMoro ae!1114111Ha
MI1 /11/o nerKO BIII,(\8Tb, 4TO nplll sa.qaHHbiX As >1 APPIL yKaSaHHble 
.qae o6nacT>~ oripe.qeneHMR A 0 111 A op He nepeKpbtBaiOTCR, npH4eM napa 
B8Il114111H /111 HaXO,[\IIITCFI BHe noilOCbl, sa.qasaeMOH <j)OpMyJlOH /6/o 

·Q.qHOCi 11S npi11411H yKasaHHWX paccornacoBaHIIIH 3KCnepi1M8HTaJlbHWX 11 
TeopeTH4eCKHx SHa4eHI111 A 0 11 A op , c o.qHol1 CTOPOHbl, 111 HecosMecT
HOCTH 3Kcnepi1MeHTailbHbiX SHa4eHHH A

0 
11 A op Mem.qy co6ol1, c .qpy

rol1 CTOpOHW, MoryT CilY>XIIITb norpeWHOCTI1 B 11CnOJlbSyeM~X SHa4eHIIIRX 
A 8 H Appp·AilR OKOH4aTeJlbHOrO BWRCHeHI1R npi1411H OTMe4eHHWX pac
cornacoaaHI1H Heo6xo.q~Mbl HesaBHCI1Mble 11SMepeHHR cKopocTel1 A 

8 
111 

A PPIL ' 
ABTOPbl BblpamaiOT 6naro.qapHOCTb A. nepTI1HY' A. BI1Ta!le, c. c 0 rep

WTei1Hy, E.3aBaTTI1HH, m.AIOKilO' PoAo3paM>XRHY 3a CTI1MYJ111PYIOII\118 
.q11cKycc1111, a TaKme BoCoMenemHKY sa noMOIJib a pa6oTe. 

Ac.s·' 

0 6 8 10 

PHCo3o 3aBHCHMOCTb /6/ CKOpOCTH 
IL -gaxnaTa A c OT DeJlH"'HHhl A op 

llpH 3Ha"'8HHHX /5/ H /9/ CKO

pOCTeH A 8 H A PP~ .OonacT:b Teope
TH"'eCKH COBMeCTHbiX 31ta"'eHHH 

A c H A op 3amTpHxonaua, o6nacTb 
onpegeneHHH 3KcnepHMeHTaJI:bHbJX 
3Ha"'eHHH noKa3aHa cnena DHH3Yo 
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HET JIM nPOBEJIOB B BAWEA 'B11BJII10TEKE? 

8bl MOJKeTe noJiy'IJITb no nO'ITe nepe'II!CJleHHJ>Ie HI!JKe KHIIJ:'II, 

eCJIII OHM He 6biJIII 38K838Hbl paHee. 
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S p. 00 K. 

6 p. 00 K, 

2 p. 50 K. 

3 p. QQ K. 

6 p, 00 K. 

7 p. 40 K. 

5 p. 00 K. 

3 p. 00 K. 

8 p. 00 K, 

3 p. SO K. 
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S p. 00 K. 
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2 p, 50 K, 

3 p. 60 K. 

S p. 40 K. 

3 p. 20 K. 
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3aKa3~ HR ynOMRHYT~e KHHrH MOryT 5hlTb HanpaeneH~ no 3Apecy: 
101000 MocKea, rnasnot.JTaMT, n/n 79 

~3AaTenbCKHA OTAen 06beAHHeHHOrO HHCTHTYTa RAePHNX HCCneAOB3HHA 
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TEMATWIECIG1E KA TErOPID1 IIYBJIHKAI.U1R 

OBnE~HHOrO HHCTHTYTA ~PHYX 
HCCJIE.Z.OBAHHR 

HH.IleKc TeMaTMKa 

1. 3KcnepHMeHTanbHaR ¢M3HKa BWCOKHX 3HeprHH 

2. TeopeTH4eCKaR ¢M3HKa BWCOKHX 3HeprHH 

3. 3KcnepHMeHTanbHaA HeHTpOHHaA ¢M3HKa 

4. TeopeTH4ecKaA ¢M3HKa HH3KHX. 3HeprHH 

5. MaTeMaTHKa 

6. ~AepHaA cneKTPOCKOnHA H paAHOXHMHA 

7. ~3HKa TRMenWX HOHOB 

8. KpHoreHHKa 

9. YCKOPHTenH 

10. AaTOMaTH3a~HA o6pa6oTKH 3KcnepHMeHTanbHWX 
AaHHWX 

11. Bw4HcnHTenbHaR MaTeMaTHKa H TeXHHKa 

12. XHMHA 

13. TexHHKa ~H3H4ecKoro 3KcnepHMeHTa 

14. HccneAO&aHHR TBePAWX Ten H MHAKOCTeH 
RAepHWMH MeTOAaMH 

15. 3KcnepHMeHTanbHaR ¢M3HKa RAepHWX peaK~HH 
npH HH3KHX 3HeprHAX 

16. AosHMeTPHR H ¢M3HKa sa~Tw 

17. TeOpHA KOHAeHCHPOBaHHOrO COCTOAHHA 

18. HcnonbsoaaHHe peaynbTaToa H MeTOAOB 
~YHAaMeHTanbHWX ~3H4eCKHX HCCneAOBaHHH 
B CMeMHWX o6naCTRX HayKH H TeXHHKH 

19. 6HO~H3HKa 
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BaxanoB ~.~. H AP· P4-82-633 
p. -3aXBaT B iKHAKOM BOAOPOAe 

PaccMoTpeH npou;ecc p. -3aXBaTa p.- + P -+ n + v p. B iKHAKOM Bo
AOPOAe C ytieTOM KHHeTHKH HOHHO-MOJieKyJntpHbJX H Me30MOJieKyJI5IpHbJX 
peaKu;Hli. lloKa3aHo, ~To B Me3oMoJieKyJie ppp. co cKopoCTbiD 
Aop =/7, 1.:!:_1 ,2/· 10 4 c-1 npOHCXOAHT KOHBepCHOHHblH OpTo-napa -
El-nepeXOA, ooyCJIOBJieHHbiH B3aHMOAeHCTBHeH CUHHOB ~aCTHIJ; B 
PPP. -MoJieKyJie. BbNHCJieHa CKOpOCTb A

0 
=/494.:!:_16/ c-1 p.-3axBa'Ta 

B iKHAKOM BOAOPOAe. 

PaooTa BhJnOJIHeHa B JlaoopaTOpHH TeopeTH~ecKoH: !l;JH3HKH OIDIH. 

npenpHHT 06~eAHHeHHOro HHCTHTYTa RAePH~X HCCneAOBaHHH. AY6Ha 1982 

Bakalov D.D. et al. P4-82-633 
P. -Capture in Liquid Hydrogen 

The capture of p.- -meson p.- + p-+ n + vp.in liquid hydrogen 
is considered allowing for the kinetics of ionic-molecular 
and mesic molecular reactions. The conversion ortho-para El
transition due to the particle spin interaction is shown to 
occur in the mesic molecule ppp. with the rate A

0
p=(7.1+ 

+I. 2) ·10
4 

s-1• The calculated p. -capture rate inJ.iquid hyd
rogen equals A0 =(494.:!:_16) s-1. 

The investigation has been performed at the Laboratory of 
Theoretical Physics, 'JINR. 

Preprlnt of the Joint Institute for Nuclear Research. Dubna 1982 
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