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BBe,neHHe.'~H3Httecxoe o6ocHoBaHHe 

/ 

Hccne.noea~He MKl-aTOMHhIX H MKl-MOJieKyn.HpHbIX npoueccoe B CMeC.HX 

H30Tonoe eo.nopo.na C pa3JIH'IHblMH XHMHttecKHMH 3JieMeHTaMH npe,ncTaBJI.H~T 

caMOCTOR!eJI~~hl8 pa3,nen ¢H3HKH 3K30THtteCKHX aTOMOB. C TeopeTHttecxo8 

TottKH 3peHH.H HHTepec K H3ytteHHKl .naHHhIX npoueccoe o6ycnoeneH TeM 

o6CTO.HTeJibCTBOM, eo.nopo.na c 

pa3JIH'IHhIMH 3JieMeHTaMH B 'IHCTOM BH,lle peaJIH3yeTC.H KBa!ITOBO

MexaHHttecKa.H 3a,natta Tpex Ten, B3aHM6,ne8cTBYKlWHX .no 3aKoHy KynoHa. 

KapTHHa MKl-aTOMHhIX ~ MKl-MOJieKyn.HpHbIX npoueccoe, npoHCXO.ll.HWHX- nocne 

OCTaHOBKH. OTpHUaTeJibHoro MKlOHa B. CMeC.HX THna Hz+ z' npe,ncTaBm!eT 

co6o8 MHorocTyneHttaTYKl H pa3BeTBJieHHYKl uenb npoueccoe, cymecTBeHHo 

'ITO B CTOJIKHOBeHH.HX MKl:..aTOMOB 

ea1rnux KaK ,nn.H 

TaK H .llJI.H 

nocne,nyKlmero .H.nepHoro CHHTe3a npoTo_HoB eo.nopo.na, 

Hccne.noeaHH.H ¢YH.llaMeHTaJibHhIX peaxuH8 cna6oro 

B3aHMO.lleJ:lcTBH.H: µ-+ p - Il + V 1 ·µ-+ d -- Il + Il + V • no3TOMY ,llJI.H ' . µ . µ __ . 
npaBHJibH08 HHTepnpeTaUHH 

0

3K_cnepHMeHTOB no Hccne.noBaHHKl MKlOHHoro 

Ka-i-a.i!H3a · .H,nepHhIX · peaKUH8 cHHTe3a H30Tono_e eo.nopo.na, a. TaKllCe· onblTOB 

no H3ytteHHKl ¢ya,naMeHTaJibHhIX peaKUH8 cna6oro_ ·e3aHMO,lle8CTBH.H 

Heo6XO.llHMO HMeTb ' HH¢0pMauim O xapaKTeJJHC?THKaX O.llHOrO H3 

KOHKYPHPYKlWH_X npoueccoe - npouecca nepexBaTa MKlOHOB OT MKl-aTOMOB 

H30TOnOB BO)lopo,na K .H,llpaM npHMeCH C' z: -~ 1,· Haxo:Wu11HMCH B BO)lopone. 

BK pa Tue KapTHHa npoueccoe' npoHCXO.ll.HWHX nocne OCTaHOBKH MKlOHa_ B 

CMeCH H + Z , .HBJI.HeTC.H cne,nyKlme8. -MKlOH, nona,na.H B CMeCb H + Z, 
,2 . 2 

HCnhITblBaeT noTepH 3HeprHH 3a ctteT MexaHH3Ma a,nHa6aTHtteCKOH 

HOHH3aUHH
0 

H 3axaaTblBaeTC.H aTOMaMH H _ H z, o6pa3y.H pµ- H Zµ..:aTOMbl B 

BhICOKOB036yllC,neHHOM 'COCTO.HHHH. CJie.llyKlWHM 3TanoM .HBJI.HeTC.H 

.neB036YllC.lleHHe MKlOHHblX aTOMOB 3a ctteT OllCe- H pa,nHaUHOHHhIX 

·nepex?.noa. cornacao 3KcnepHMeHTaM C rr-Me30HaMH, epeM·.H 

.neeo36y1e.neHH.H pµ-aTOM<:JB B lCH,llKOM ao,nopo.ne COCTaBJI.HeT -10-12 c. 

MKl-aTOMhl H30TOnOB eo,nbpo.na I HaXO,llHll{HeC.H B OCHOBHOM COCTO.HHHH ' (ls) 

. C HattaJibH08 3HeprHe8 ·.::1 3B, 6naro,nap.H MaJiblM pa3MepaM (6opOBCKH8 
. : • ' -- • . . -10 

pa.nHyc dµ-aTOMa B OCHOBHOM COCTO.HHHH co_cTaBJI.HeT. 0, 27x10 CM) H 

3JieKTpDHe8TpaJibHOCTH ceo6o.n_HO npOHHKaKlT ttepe3 3JieKTpOHHYKl o6oJIOttKy 

.npyrHX aTOMOB H MOJieKyJI H npH6JIHllCaKlTC.H K HX .H,llpaM Ha pacCTO.HIIH.H 

nop.H.nxa · Me3oaTOMH08 .e.nHHHUhl .llJIHl;lhl aµ"' 2,56xl0-11 CM. npH TaKDM 

c6JIHllCeHHH MoryT npoucxo,nHTb cne,nyKlmHe npoueccu: 
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a) ynpyrue CTOJIKHOBeHHH MKlOHHhIX aTOMOB H30TOnOB eo.nopo.na C 

npOTOHaMH, .ne8TpoHaMH, TpHTOHaMH H CJIOllCHhIMH .H,npaMH, 

6) rrepeXOJlhl MellC.llY ypoBHSIMH ceepXTOHKOA CTpyKTYPhl MKl-aTOMOB 

H30TOITOB eo,nopo.na, 

B) rrepexeaT MKlOHOB OT nerKoro H30TOna ao.nopo.na K THllCeJIOMY 

(peaKUHH H30TOI1Horo o6MeHa}, 

r) rrepexBaT MKlOHOB OT SI,llep H30TOilOB ao.nopo.na K H,llpaM 

3JieMeHTOB c Z > 1, 
.ll) o6pa30BaHHe MKlOHHhIX MOJieKyJI ppµ, pdµ, ptµ, ddµ, dtµ, ttµ. 

HHllCe Mhl no,npo6Ho H3JIOllCHM 3KCrrepHMeHTaJibHYKl CHTyaUHKl, 

CJIOllCHBlliYKlCH K HaCTOHWeMy epeMeHH a o6JiaCTH HCCJie.noeaHHSI npouecca 

nepexeaTa MKlOHOB OT MKl-aTOMOB H30TOnoB ao.nopo.na K H,llpaM 3JieMeHTOB 

c z > 1, H npHBe)leM o6ocHoBaHHe Heo6XOJlHMOCTH .naJibHeHlliHX 

uccnenoBaHHH B 3TOM HarrpaeneHHH. Cne.nyeT OTMeTHTb, 'ITO MeTOJl 

onpe.neneHHH rrapaMeTpoe npouecca rrepexaaTa MKlOHOB, KaK npaauno, 

OCHOBaH Ha aHaJIH3e BhIXO)lOB H BpeMeHHhIX pacnpe.neJieHHH BTOpHttHblX 

ttaCTHU: 3JieKTpOHOB OT pacna.na MKlOHOB, ,-KBaHTOB Me3opeHTreHOBCKOrO 

H3JiytteHHH 

MJ()-aTOMOB 

H.nepHoro 

rrpoueccoe 

2,2xl0-6 

zµ-aTOMOB, B03HHKaKlmero B pe3yJibTaTe nepexBaTa MKlOHOB OT 

H30TOnOB BOJlOpo.na K S!,llpaM C Z > 1, a TaKllCe rrpo.nyKTOB 

CHHTe3a H30TOnOB ao.nopo.na. XapaKTepHble apeMeHa 3THX 

cpaBHHMhl C apeMeHeM llCH3HH 

C ) , no3TOMY perHCTpaUHSI 

cao6o.naoro 

BTOpHttHhIX 

MKlOHa 

ttaCTHU 

'Cµ 

06blttHO 

npOH3B0,llHTCH B HHTepeane 5-10 MKC OTHOCHTeJibHO MOMeHTa OCTaHOBKH 

MKlOHa B eemecTee. 
BpeMeHHble pacnpe.neneHH.H ,-KBaHTOB Me3opeHTreHOBCKOrO 

H3JiytteHHH Zµ-aTOMOB H 3JieKTpOHOB OT pacna.na MKlOHOB B CMeCH H2+ Z 

onHCblBaKlTCH CJie.llYKlWHMH BblpallCeHHHMH: 
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r .ne B - HOpMHpOBO'l!HaH KOHCTaHTa; · :\ - CKOpOCTh pacna.na CBo6o.nHoro 

MIOOHa (i\ = 0,455xio6 
c-

1
); i\ H i\p - CKOpOCTH o6pa30BaHHH o wµ z 

ppµ-MoJieKyJI H nepexBaTa MIOOHOB OT pµ-aTOMOB K H.npaM c Z > 1 

COOTBeTCTBeHHO, npHBe.neHHbie K TIJIOTHOCTH lKHlIKOro Bo.nopo.na; CH H CZ 

- OTHOCHTeJihHbie aTOMapHbie KOHUeHTpaUHH BO,nopo.na H npHMeCH c Z > 1 

COOTBeTCTBeHHo; (j) - IlJIOTHOCTh CMeCH H2+ z,2~pHBe_:l:HHaH ,K aTOMapHOH 

nnoTHOCTH J!CH,UKoro ao.nopo.na (no= 4,25x10 CM ); i\0- CKOpOCTh 

pacna.na MIOOHa Ha op6HTe Zµ-aToMa; i\
2 

- CKOpOCTh norJiomeHHH MIOOHa 
cap 

H,npoM c Z > 1. COBMeCTHOe 4JHTHpOBaHHe B peMeHHbIX pacnpe.neJieHHH 

,~KBaHTOB Me3opeHTreHOBCKoro H3Jiy'l!eHHH H 3JleKTpOHOB OT pacna.na 

MIOOHOB Il03BOJIHeT O,UH03Ha'l!HO onpe,neJIHTh HCKOMYIO BeJIH'l!HHY i\;. 

no HaCTOHmero BpeMeHH BbITIOJIHeHO 60JihlliOe KOJIH'l!eCTBO KaK 

3KcnepHMeHTaJibHbIX, TaK H TeopeTH'l!eCKHX pa6oT, IlOCBHmeHHhlX 

HCCJie.noBaHHIO npouecca nepexBaTa MIOOHOB OT MIO-aTOMOB H30TOTIOB 

~o.nopo.na K H.n~aM z. Oco6oro BHHMaHHH 3acJiyJKHBaeT paCCMOTpeHHe 

He.naBHO BbITIOJIHeHHhlX 3KcnepHMeHTOB /1,z,J/ co cMeCbIO H + so 1 2 2 

'pe3yJihTaTbI KOTOpbIX BeChMa YlIHBHTeJihHhl H IlOKa He HMeIOT o6bHCHeHHH. 

3KcnepH~eHTbI/l,Z,J/ 6bIJIH BhITIOJIHeHhl Ha Me30HHOH cpa6pHKe PSI co 

CMeChlO H + so npH TIOJIHOM .naBJieHHH CMeCH 13, 3 a TM H MOJieKyJIHpHOH 
2 2 

KOHUeHTpaumi: so2, paBHOH 0, 4%. B pe3 y Jib Ta Te aHaJIH3a B peMeHHhIX H 

3HepreTH'l!eCKHX pacnpe,neJieHHH ,-KB~HTOB Me3opeHTreHOBCKoro 

H3Jiy'l!eHHH Oµ- H Sµ-aTOMOB 6bIJIO o6HapyJKeHo, 'l!TO 

1) BpeMeHHOe pacnpe,neJieHHe ,-KBaHTOB Sµ-aTOMOB OTIHCh!BaeTCH 

0,UHOH 3KCTIOHeHTOH c xapaKTepHb!M BpeMeHeM ~s= 110 He; 

2) BpeMeHHOe pacnpe,neJieHHe a-KBaHTOB. Oµ-aTOMOB OTIHCh!BaeTcH 

cynepn03HUHeH lIBYX 3KCTIOHeHT - 6hlcTpOH (~
1 = 41 HC) H Me,nJieHHOH 
0 

(~
2 = 110 HC). 
0 

HaJIH'l!He lIBYX KOMTIOHeHT BO BpeMeHHOM cneKTpe 

Me3opeIJTreHOBCKOro H3Jiy'l!eHHH Oµ-aTOMOB HHKaK He MOJKeT 6h!Th 

o6bHCHeHo c TO'l!KH 3peHHH o~menpHHHToro MexaHH3Ma npouecca nepexo.na 

MIOOHOB OT pµ-aTOMOB (Haxo.nHmHXCH B OCHOBHOM COCTOHHHH) K H.npaM s H 

o. CorJiaCHO .naHHOMY MexaHH3_MY nepexBaTa BpeMeHHble pacnpe,neJieHHH 

,-KBaHTOB Me3opeHTreHOBCKoro H3Jiy'l!eHHH Sµ- H Oµ-aTOMOB lIOJIJ!CHhl 

OTIHCh!BaThCH OlIHOH 3KCTIOHeHTOH C noKa3aTeJieM A, paBHhlM 

p ' 
A i\ + C-

2 
-( 2A + A ) + i\ C rp, 

o p
0 

o s. ppµ H 
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r.ne C - OTHOCHTeJibHaH MOJieKyJIHpHaH KOHUeHTpauHH S0
2

; p - MOJieKy-

JIHpHaH ITJIOTHOCTh CMeCH H + so B MHllieHH; p - MoJieKyJIHpHaH 2 2 0 
IlJIOTHOCTh l!CHlIKOro Bo.nopo.na (po= n

0 
/2); A H A - CKOpOCTH 

0 s 
nepexBaTa MIOOHOB OT pµ-aTOMOB K HllpaM KHCJiopo.na H cephl; 

npHBe.neHHbie K IlJIOTHOCTH l!CHlIKOro Bo.nopo.na. 

TTOJIY4HB CTOJlh HeOJKH1IaHHhlH pe3yJihTaT, aBTOphl pa60T/!,2,3/ 

BbICKa3aJIH rHTIOTe3y O B03MOllCHOCTH cymeCTBOBaHm{ .I:IBYX THTIOB pµ_-aTOMOB 

"6eJibIX" H "'llepHb!X". "EeJible" - 3TO ·.noJirOJKHBymHe pµ-aTOMhl, OT 

KOTOpb!X B03MOJKeH nepexBaT MIOOHOB KaK 

As)' TaK H K H.npaM KHCJiopo.na (co 

K H.npaM cepbI (co CKOpOCThlO 

CKOpOCThlO A). "qepHbie" 
0 

pµ-aTOMhl, OT KOTOpb!X B03MOJKeH nepexBaT MIOOHOB TOJlhKO K H.npaM 

KHCJiopo.na, npH4eM co CKOpOCThlO ropa31IO 60JihllieH, 'l!eM Ao (TIO MHeHHIO 

aBTOpoB, "qepHbie" MIO-aTOMhl MoryT COOTBeTCTBOBaTh HeKOTOpOMY 

HeH3BeCTHOMY npoMeJKyTO'l!HOMY COCTOHHHIO CHCTeMbl - MIOOH-XH!dH4ecKOMY 

KOMIIJleKcy). 

KpoMe OTMe'l!eHHOro cpaKTa HMeIOTCH H .npyrHe 3KcnepHMeHTaJihHble 

Ha6JII01IeHHH, TaKJKe Tpe6yIOmHe o6bHCHeHHH. 

1) OTHOllieHHe CKOpOCTeH nepexBaTa MIOOHOB OT pµ-aTOMOB K H.npaM 

cephl 11 KHCJIOpo.na k = A/Ao, H3MepeHHOe B Oilh!Tax co CMeCblO H2+ so2, 

OT JIH4aeTCH OT OTHOllieHHH paHee H3MepeHHhIX H Bhl4HCJieHHhlX 3Ha4eHHH 

cKopocTeH nepexBaTa 141 . 

2) OTCYTCTByeT BTOpaH KOMTIOHeHTa BO BpeMeHHOM pacnpe.neJieHHH 

,-KBaHTOB Me3opeHTreHOBCKoro H3Jiy'l!eHHH Sµ-aTOMOB. 

3) Pe3yJihTaTbl 3KcnepHMeHTOB no H3MepeHHIO CKOpOCTeH nepexBaTa 

MIOOHOB OT pµ-aTOMOB (Haxo.nHmHXCH B OCHOBHOM COCTOHHHH) K ~.npaM z > 

1, noJiy4eHHble B pa3HhlX Jia6opaTOPHHX H C HCTIOJlh30BaHHeM pa3JIH4HhlX 

MeTOlIHK/S-J 
11 , pe3KO pa3JIH4aIOTCH MeJK.ny ~o6oH. K 3TOMY MOJKHO 

.no6aBHTh lIBe rpynnbI 113MepeHHH CKOpOCTH - nepexBaTa MPOHOB OT 

pµ-aTOMOB K H.npaM 
4

He, pe3yJibTaTbl KOTOphlX OTJIH4aIOTCH MeJK.ny co6oH B 

2 5 /12-14/ , pa3a • 

4) OTHOWeHHe BepoHTHOCTeH aTOMHoro 3axBaTa MIOOHOB A(H2/Ar) B 

CMeCH Hz+ Ar cymecTBeHHO MeHbllie COOTBeTCTBYIOmeH BeJIH4HHhl lIJIH 

UHOHoB
111

11 He corJiacyeTCH TaKJKe C M01IeJlbHhlMH npe.ncTaBJJeHHHMH. 

TaKOH JKe BhlBOE cnpaBelIJIHB H lIJIH BeJIH'l!HHbI A, 113MepeHHOH B OUhlTe co 

CMeCblO H + SO . 
? 2 

5) Bo BpeMeHHOM pacnpe.neJieHHH ,-KBaHTOB Me3opeHT['8ll0BCKOrci 

113Jiy'l!e1rnH Neµ-aTOMOB, B03HHKaKimero u pe3yJJhTFIT~- nepexsaTa MIOOHOB 

r, 



OT pµ-aTOMOB K H.npaM Ne B cMeCH 

KOMilOHeHTb/
15

/, B To, BpeMH KaK B CMeCH 

ABTOpbl pa60T/l,z,J,!5/ C4HTaJOT, 

H + 
2 

H + Ne 
2 

"!TO 

Ne, Ha6JJJO.UalOTCH .UBe 

+ Ar - o,nHa 111·15 /. 

Bee nepe4HCJJeHHble 

oco6eHHOCTH MoryT HMeTb MeCTO, eCJJH npe.nnoJJOJKHTb CJJe,nyJOmee: 

pµ-aTOMbl (HaXO.UHmHecH B OCHOBHOM COCTOHHHH} OTJJH"!aJOTCH MeJK,ny co6oA 

no "uBeTy" ("6eJJble" H "qepHble"), a CJJe.UOBaTeJJbHO, B3aHMO,neACTBHe 

HX C .npyrHMH aTOMaMH HOCHT pa3JJH4Hb1A xapaKTep. 

flaHHaH rHnOTe3a HMeeT npaBO Ha cymecTBOBaHHe TOJ!bKO B O.UHOM 

cJJyqae B cJJyqae OTCYTCTBHH 

B03HHKaJOmHx npH 

KaKHX-JJH6o 

nocTaHOBKe 

MeTO.UH4eCKHX 

TaKoro THna Heonpe.neJJeHHoc~eA, 

3KcnepHMeHTOB, 

PaccMOTpHM B 

3KCnepHMeHTOB co 

Ka"!eCTBe npHMepa nocTaHOBKY H aHaJJH3 pe3yJJbTaTOB 

CMeCblO H + so /l,Z,J/, no Harne My MHeHHIO, O,UHOA H3 
2 2 

npH4HH nOHBJJeHHH KOpOTKOJKHBymeA KOMnOHeHThl BO 

pacnpe.neJJeHHH ;-KBaHTOB Me3opeHTreHOBCKoro H3JJy4eHHH 

HBJJHeTCH .UH¢¢Y3HH pµ-aTOMOB (o6pa3yJOmHXCH B6JJH3H CTeHOK 

CJJOe TOJJmHHOA, paBHOA .UJJHHe .UH¢¢Y3HH} K CTeHKaM 

BpeMeHHOM 

0µ-aTOMOB 

MHllleHH B 

MHllleHH 

nocJJe.nyJOmHM nepexBa TOM MIOOHOB 

3KCIIepHMeHTe/l/ HCIIOJ!b30BaJJaCb 

OT pµ-aTOMOB H,npaMH KHCJJopo.na 

C 

(B 

MHllleHb H3 HepJKaBeJOmeA 

IIOBepXHOCTb BCer.na 6blJJa 

ycJJOBHA/~~31 , corJJaCHO 

CTaJJH, 

noKpblTa 

HalllHM 

CJJe.noBaTeJJbHO, ee BHyTpeHHHH 

OKHCHOA nJJeHKOA Fe203). flJJH 

oueHKaM, BpeMH .UH¢¢Y3HH pµ-aTOMOB .no CTeHOK MHllleHH COCTaBJJHeT 

50 HC, "!TO npaKTH4eCKH COBna.naeT c H3MepeHHblM xapaKTepHblM BpeMeHeM 

KOpOTKOJKHBymeA KOMnoHeHTbl Me3opeHTreHOBCKoro H3JJy4eHHH, flpH TaKoM 

paCCMOTpeHHH CTaHOBHTCH nOHHTHblM OTCYTCTBHe KOpOTKOJKHBymeA 

KOMIIOHeHTbl BO BpeMeHHOM pacrrpe,neJJeHHH Me3opeHTreHOBCKoro H3JJy4eHHH 

Sµ-aTOMOB, YTO KacaeTCH aMnJJHTY.Ubl .naHHOH KOMnOHeHTbl, TO oueHKa ee 

BeJJH4HHbl TaKJKe corJJacyeTCH C pe3yJJbTaTaMH 3KcnepHMeHTa. 

CJJe,nyeT o6paTHTh BHHMaHHe eme Ha O,UHO o6CTOHTeJJbCTBO. B 

onb1Tax 11•2•
3

/ nepexBaT MIOOHOB OT pµ-aTOMOB (Haxo.nHmHXCH B OCHOBHOM 

COCTOHHHH} K H,npaM O H S HCCJJe,UOBaJJCH peaJJbHO B Ha,nTeIIJJOBOH 

o6JJaCTH (pµ-aTOMbl He TepMaJJH30BaHbl), T.K. BpeMH TepMaJJH3aUH 

pµ-aTOMOB .UJJH .naHHblX 3KCnepHMeHTaJJbHblX YCJJOBHA COCTaBJJHeT 200 He. 

3TO o6CTOHTeJJbCTBO BHOCHT .nonoJJHHTeJJbHYIO Heonpe.neJJeHHOCTb KaK B 

HHTepnpeTaUHIO noJJy4eHHblX .naHHblX, TaK H ,neJJaeT He COBCeM KOppeKTHblM 

cpaBHeHHe HX C pe3yJJbTaTaMH .npyrHX 3KCnepHMeHTOB. C ueJJblO 

O,UH03Ha4HOA npoBepKH rHIIOTe3bl cymecTBOBaHHH .UBYX THnOB pµ-aTOMOB 

6 

f 

' l 

( "6eJJblX" H "qepHblX"), a TaKJKe .UJJH npoBepKH npaBHJ!bHOro onHCaHHH 

MexaHH3Ma nepexBaTa Heo6xo.nHMo, B nepByJO oqepe,nb, npoBeCTH 

HCCJJe.noBaHHH co CMeCblO Hz+ S02 npH TaKHX ycJJOBHHX, npH KOTOpblX 

BKJJa.n OT npouecca .UH¢¢Y3HH pµ-aTOMOB K CTeHKaM MHllleHH 6blJJ 6~ 

npeHe6peJKHMO MaJJ, a TaKJKe 6blJJO 6bl MaJJo BpeMH TepMaJJH3aUHH 

pµ-aTOMOB (no cpaBHeHHIO C xapaKTepHblMH BpeMeHaMH HCCJJe,nyeMoro 

npouecca). PeaJJH3aUHH TaKHX ycJJOBHA CTaHOBHTCH B03MOJKHOA B cJJy"!ae 

HCnOJJb30BaHHH MHllleHH, 3anoJJHeHHOA CMeCblO Hz+ S02 no.n BblCOKHM 

.naBJJeHHeM - P ~ 100 aTM, 

B CBH3H C 3THM HaMH npe,nJJaraeTCH CJJe,nyJOmaH nocTaHOBKa 

3KcnepHMeHTa. 

3KcrrepHMeHTaJJbHaSI ycTaHOBKa 

Ha PHC, 1 npHBe.neHa cxeMa 3KCnepHMeHTaJJhHOA ycTaHOBKH, 

pacnoJJOJKeHHOA Ha MIOOHHOM KaHaJJe B HH3K0¢0HOBOA JJa6opaTOpHH. 

CUHHTHJJJJHUHOHHble .neTeKTOpbl 1, 2, 3 H 4 cJJyJKaT ,UJJH Bbl,UeJJeHHH aKTa 

OCTaHOB KH MIOOHa B 06'beMe MHllleHH. fa30BaH MHllleHb ' M pacnoJJOJKeHa 

BHYTPH . noJJoro .neTeKTOpa 4 H, npe,ncTaBJJHeT co6oA UHJJHH.Up H3 

HepJKaBeJOmeA CTaJJH .nHaMeTpOM 70 MM, .UJJHHOA 85 MM H c TOJJmHHOA 

CTeHOK 2 MM. PerHCTpaUHH ,-KBaHTOB Me3opeHTreHOB CKoro H3JJytieHHH 

Sµ- HJJH 0µ-aTOMOB (E = 519 K3B H E = 133 K3B) ocymecTBJJHeTCH c sµ · oµ 
noMOmhJO Ge(Li)-,neTeKTOpa o6'beMOM 100 CM

3
• PerHCTpaUHH 3JJeKTpOHOB 

OT pacrra.na MIOOHOB npoH3BO,UHTCH ,neTeKTOpOM 4. CHrHaJJ OCTaHOBKH 

MIOOHa 123~ 3anycKaeT BOpOTa .UJJHTeJJbHOCTblO 10 MKC, B TetieHHe 

KOTOpblX npoH3BO.UHTCH perHCTpaUHH ;-KBaHTOB H 3JJeKTpOHOB, 

1 2 3 ~ ~ ~ •~ I Ge(Li)I 

~111111~ □ ~ M 
:::::: :::::: :::::: ::::: 
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YcnOBKH npoBe.neHHH OilUTOB 

npe.nnonaraeTc.H npoBe.neHHe .!IByx 3KCil03HUHH: 

1) C MHrneHbID, 3anonHeHHOH CMeCbID H2+ S02 non naBneHHeM 
-5 

120 aTM (MoneKyn.HpHa.H KOHUeHTpaUHH S02 COCTaBn.HeT 4x10 ); 

2) C BaKyyMHpOBaHHOH MHilleHbID (¢0HOBUH OilUT). 

llleTO.l{ H3MepeHHH 

MeTon H3MepeHH.H CKOpOcTeH nepexBaTOB MIDOHOB OT pµ-aTOMOB K 

.HnpaM S H O OCHOBaH Ha annpOKCHMaUHH BpeMeHHhlX pacnpeneneHHH 

3aperHCTpHpOBaHHhlX ,-KBaHTOB Me3opeHTreHOBCKOrO H3nyqeHH.H Sµ- H 

0µ-aTOMOB H 3ReKTPOHOB OT pacnana MIDOHOB BUpal!CeHH.HMH BH.!la ( 1) H 

( 2). cne.nyeT onreTHTb, qTQ COBMeCTHhlH aHanH3 3THX pacnpe.neneHHH 

Il03BORHT onpe.nenHTb napuHaRbHhle CKOpOCTH nepexBaTa MIDOHOB OT 

pµ-aTOMOB K .H.npaM cephl H KHcnopo.na. 

CT&TllCTHKa 

ITpH HHTeHCHBHOCTH ~IDOHHOro nyqKa I= 1~
5 

c~ qHcno OCTaHOBOK µ 
MIDOHOB B . 061>eMe MHille\IH, 3anonHeHHOH CMeChID H2 + S02 non 

120 a TM, ( car nacno napaMeTpaM MIDOHHoro nyqKa) cocTaBHT 

MIDOH/C. 

naBneHHeM 

N = 4x10
3 

µ 

Bh!XO.!lhl ,-KBaHTOB Ka-cepHH Oµ- H Sµ-aTOMOB (B pacqeTe Ha onHy 

OCTaHOBKY MIDOHa) .nn.H npHBe.neHHhlX 3KCnepHMeHTanhHhlX ycnoBHH 

(C = 4xl0-5
, p/p"' 0,16) MOJKHO onpe.nenHTb KaK 

0 

A 
oµ "' K K c 1 

(~) 2-
0 

"' 5xl0-
4 

11 • 1 3 a 2p A ' 
0 

( 4) 

A 
sµ "' K K c 2 (~)-5 

"' 1 5x10-
4 

11 , 2 4 a 2p A ' ' 
0 

( 5) 

rne K
1
= 

3HeprH.HMH 

0,6 H K2= 0,8 - K03¢¢HUHeHThl npOXOJK.!leHH.H ,-KBaHTOB 

133 K3B H 519 K3B COOTBeTCTBeHHO ,qepe3 CTeHKH MHilleHHi 

8 

'I 

ii' 

Km K"' 0,8 - OTHOCHTeRbHa.H HHTeHCHBHOCTh K -RHHHH 0µ- H 
3 4 a 

Sµ-aTOMOBi c 1 =3,3xl0-3 H c 2 = 1,2xl0-
3 

- 3HaqeHH.H 3¢¢eKTHBHOCTeH • • perHCTpaUHH ,-KBaHTOB Ka-nHHHH 0µ- H Sµ-aTOMOB (no ¢0TOilHKy); Ao= 
10 -1 11 -1 . 8,10 c H As= 10 c - CKOpOCTH nepexBaTa MIDOHOB OT pµ-aTOMOB 

K .H.!lpaM KHCnopona H cephl, B3.HTble H3 pa60Thl 
1111 ; A= 1,6x10

6 
c-

1 
-

CKOpOCTb Hcqe3HOBeHH.H pµ-aToMa (cM. BblpaJKeHHe (3)), 

nn.H nonasneHH.H ¢oHa cnyqa8Hh!X cosna.neHHH H ¢oHa, cB.H3aHHoro c 

OCTaHOB KaMH MIDOHOB B CTeHKax MHilleHH, no y poBH.H 5% HCnonh 3 yIDTC.H 

3anepJKaHHble cosnaneHH.H (B TeqeHHe .nnHTenbHOCTH BOpOT 10 MKC) 

CHrHanoB c .-.neTeKTopa H c neTeKTOpa 3neKTpOHOB (.!leTeKTOp 4). 

B 3TOM cnyqae 3KcnepHMeHTanhHble BhlXO.!lhl ,-KBaHTOB 

Me3opeHTreHOBCKoro H3nyqeHH.H Oµ- H Sµ-aTOMOB MOJKHO onpenenHTh KaK 

oµ Y,. 

sµ Y,. 

Y
oµ 
a Ce 

-4 
3xl0 , 

y 5 µc m 0,9xl0-4
, 

a e 

( 6) 

( 7) 

r.ne c.= 0,6 - 3¢¢eKTHBHOCTh perHcTpaUHH 3neKTpOHOB OT pacnana 

MIDOHOB neTeKTOpOM 4. qHcno 3aperHCTpHpOBaHHhlX ,e-coBna.neHHH 3a 1 

qac cocTaBHT 

Noµ 
ae 

Nsµ 
ae 

N y 0 µx3,6x10
3 

µ •• 
4,3xl0

3
, 

N y 5 µx3,6xl03 "' 1,3xl0
3

. 
µ •• 

( 8) 

( 9) 

EcnH BO speMeHHOM pacnpe.neneHHH ;-KBaHTOB Oµ-aTOMOB neHCTBHTenhHO 

IlO.HBRHIDTCH .nBe KOMilOHeHThl (npHqeM BKnan 6blCTpOH KaMnoHeHThl 

cocTasnHeT 5 % ) , TO .nnH onpe.neneHHH B peMeHHOH KOHCTaHThl 6ucTpOH 

KOMnOHeHThl c TQqHQCTbID 10% Heo6X0.!1HMO HMeTb nonHyID cTaTHCTHKY B 

cneKTpe ~10 5 • 113 3TOrO cne.nyeT, qTQ BpeMH Ha6opa CTaTHCTHKH Ha 

nyqKe MIDOHOB COCTaBnHeT 30 q. nnHTeRbHOCTh '¢0HOBOH 3KCil03HUHH 

cocTaBHT 10 q. 

!) 
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· 6pyAaHHH 8.6. 1-1 AP.· 
npeA11o>KeHHA no 3Kcnep1-1MeHi-y "nposepKa rnn0Tejb1 

0 cyutecTBOBaHl-11-1 "6ellb1X" 1-1 "'lepHblX" pµ-aTOMOB" 

.[l15-92-327 

Pa6oTa nocsAuteHa aHa111-13y peJyllbTaTOB :iKcnepHMeHTa no 1-1cc11e-
-AOB8Hl-1IO nepexsaTa MIOOHOB OT pµ-aTOMOB K AApaM Kl-1C110p0Aa 1-1 cepbl 

B CMec1-1 H2 + 0,4% SO2• Bbrno11HeHHoro wsei11.1apcKoi1. rpynnoi1 Ha 

MeJOHHoi1 cpa6p1-1Ke PSI. . CAe11aHHb1i1 asTopaMH paccMaTp1-1saeMoi1 

pafioTbl BblBOA O cyuteCTBOBaHl-11-1" pa3111-1'lHblX rnnos ("LtBeTHblX") 

pµ-aTOMOB CTaBHTCA H8Ml-1 no,A COMHeHHe 1-13·38 Hey'leTa PAAa conyT- . 

CTBYIO!UHX !pl-131-l'lecKHX npoueccoB, KOTOPble M9ryT 1-1Ml-1Tl-1POBaTb 

Ha611l0AaeMblH ~<p<peKT. C 1.tellblO nposepKl-1 rnnOTeJbl cyutecTBOB8Hl-1A 

"1.tBeTHblX" pµ-aTOMOB npeA11araeTCA nOCTaHOBKa 3KCnepl-1MeHTa, 

B KOTopoi1 s111-1AH1-1e conyTCTBYIOLLll-1,X npoueccos_ cseAeHO K MHHHMyMy. 

Pa6orn Bbino11HeHa s na6oparnp1-11-1 AAepHblX npo611eM O"1A"1. 

Coo61uem1e Q01,enu11em10ro_ HHCTllTYTa 11;iep11b1X
0 

HCc.1e:ioeam1ii. 1ly611a 1992 

Brudanin V.B. et al. 

Project of the Experiment to Test the Hypothesis on Existence 

of "White" and "Black" pµ-Atoms· 

015-92-327· 

This article is dedicated to the analysis of the experiment' on the 

investigation of the muon transfer from pµ-atom to oxygen and sulph.ur 

nuclei in the H2 + 0,4% SO2 mixture performed _by Swiss group on the 
meson factory PSI. We put under doubt the conclusion of the authors 

of the ~onsidered article about existence of the different types of pµ
atoms (~•coloured") because they didn't take into account a number of the 

accompanyi~g physical processes which imitate . the observed effect .. 

With the purpose of. the checking the hypothesis of the existence of 

"coloured" pµ-atoms we propose the ·experiment in which the influence 

of the accompanying.processes is n,inimal. 

The investigation ~as been performed at the Laboratory of Nuclear 

Problems, JINR. 

Comm~nication of the Joint lnstltule for !':u.clcar Research. Dubna 1992 
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