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Pa6oTa aunonHeHa_a ~a6opaTopHH H.nepH~x npo6neM 061,e.nHHeHHoro 

HHCTHTYTa H.nepHHX HCCJJe.noaaHH8, By6Ha. 

O~HUHanbHlle onnoHeHTH: 
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1 .noKTOp !IJH3HKO.:MaTeMaTH'leCKHX, nayx 
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.noKTOp TeXHH'leCKHX nayx 

Be.nymee 11ayt1Ho.-Hccne.noa11TeJJbcxoe yqpeQeHHe: 

neTep6yprcxH8 HHCTHTYT H.nepHo8 !IJH3HKH 
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o6maH xapaKTepHCTHKa pa60Tll 

HaCTOHmaH .nHccepTaUHOHHaH pa6oTa IlOCBHmeHa Hccne.noaaHHIO_ 

MIO-aTOMHllX H MIO-MOJJeKyJJHPHllX npoueccoa, npOHCXO.nHIJlHX B CMeCHX H30TOilOB 

ao.nopo.na, a TaKJKe. pa3 pa6oTKe, H co3,naHHIO 3KcnepHMeHTaJJbHoro KOMnneKca, 

npe.nHa3HaqeHHOro .nnH npoae.neHHH .naHHllX HCCJJe.noaaHH8. BHCCepTaUHH 

BKJJIOqaeT a ce6H pa60Tll, BllilOJJHeHHUe• a Jia6opaTOpHH H.nepHllX npo6JJeM 

murn. 

AKTyaJJbHOCTb pa60Tll 

Hccne.noaaHHe MIO-aTOMHllX (MA) H MIO-MOJJeKyJJHpHllX (MM) npoueccoa, a 

TaKJKe srnepHux peaKUHR CHHTe3a a "xono.nHoM" ao.nopo.ne npe.ncTaBJJHeT 

caMOCTOHTeJJbHll8 pa3.nen ¢H3HKH 3K30THqecKHX aTOMOB. HHTepec K H3yqeHHIO 

3T08 o6JJaCTH HBJJeHH8 CBH3aH co cne.nyIOIJlHMH o6CTOHTeJJbCTBaMH.' Bo-nepaux, 

MA- H MM-npoueccu B aemecTae cymecTBeHHllM o6pa3oM onpe.neJJHIOT 

·3!1J¢eKTHBHOCTb MIOOHHOro KaTaJJH3a peaKUH8 H.nepHoro ·CHHTe3a B MIOOHHllX 

MOJJeKynax (µCF) H nocne.nyIOIJlHe CTa.nHH· 3aXBaTa OTPHUaTeJJbHllX MIOOHOB 

H.npaMH H30TOil0B ao.nopo.na. BO-BTOpux, aHaJJH3 apeMeHHllX H 3HepreTHqecKHX 

pacnpe_.neneHH8 npo.nyKTOB peaKUH8 H.nepHoro CHHTe3a B MIOOHHHX MOJJeKynax 

Il03BOJJHeT nonyqHTb HH¢0pMaUHIO KaK O xapaKTepHCTHKax CHJJbHoro 

B3aHMo.ne8CTBHH MeJK.ny H.npaMH H30TOil0B ao.nopo.na B o6JJaCTH 3HeprH8, 

6JJH3KHX K HYJJIO, TaK H 06 3HeprHH ypoBHe8 MIOOHHllX MOJJeKyJJ. B-TpeTbHX, 

HCCJJe.noaaHHe peHTreHOBCKoro H3JlyqeHHH MIO-aTOMOB .naeT HH¢0pMaUHIO He 

TOJJbKO O CTPYKType H.npa, HO H O BeJJHqHHe JJ3M60BCKOro c.naHra ypoaHe8 

3HeprHH MIO-aTOMOB, 'ITO HBJJHeTCH TeCTOM no npoaepxe MeTo.noa KBaHTOB08 

3JJeKTpo.nHHaMHKH. 

C TeopeTH'leCK08 TO'IKH 3peHHH HHTepec K H3y'leHHIO acex CTa.nHR 

MIOOHHOro KaTaJJH3a o6ycJJOBJJeH TeM o6cTOHTeJJbCTBOM, 'ITO B 'CTOJJKHOBeHHHX 

MIO-aTOMOB C H.npaMH H30TOilOB ao.nopo.na B 'IHCTOM BH.ne peaJJH3yeTCH 

KBaHTOBO-MeXaHH'leCKaH 3a,naqa Tpex Ten, B3aHMo.ne8CTBYIOlllHX no 3aKOHY 

KynoHa. <· 
K HaC.TOHIJleMy apeMeHH pe3KO B03poc HHTepec K BCeCTOpOHHeMy 

HCCJJe.noaaHHIO acex CTa.nHR MIO-KaTaJJH3a B CMeCHX H30TOilOB ao.nopo.na, T:K. 

corJJaCHO nocne.nHHM pe3yJJbTaTaM OTKpuaaeTCH BilOJJHe peaJJbHaH B03MOJKHOCTb 

npaKTH'lecxoro HCITOJJb30BaHHH 3TOro HBJJeHHH .nnH npOH3BO.nCTBa 3HeprHH. 

UeJJb p_a60Tll 

1) Pa3pa60TKa 

HCCJJe.noaaHHH MA- H 

.naaneHHHX .no 1500 aT 

H· C03.naHHe 3KcnepHMeHTaJJbHoro KOMnJJeKca 

MM-npoueccoa •· a----cMeCHX, H30Tonoa ao.nopo.na 

H!iPi?ft-epBa'.iie'·~el.tH~1fiWp~20,4 K :s T :s 1050 K; 
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2) Co3JlaHHe MeTOllHK JlJIH nponeneHHH TaKoro pona HccnenoBaHH8; 

3) 9KcnepHMeHTaJibHOe HCCJieJ10BaHHe
0

HBJieHHH nepe3ap51JlKH pµ- H dµ­

aTOMOB Ha HJlpax 
4
He; 

4) HccnenonaHHe npouecca pacceHHHH pµ-aTOMOB 

5) neTaJibHOe paccMOTpeHHe KHHeTHKH MA- ·H 

B BOJlOpone; 

MM-npoueccoB KaK B 

O~HOKOMnOHeHTH08 cpene (Dz; Tz), TaK H B CMeCHX H30TonoB BOJlOpona H 

reJIHH; 

6) OnTHMH3aUHH H nnaHHpOBaHHe 3KcnepHMeHTOB no H3MepeHHIO 

xapaKTepHCTHK MA- H MM-npoueccoB B 'IHCTOM TpHTHH H B CMeCHX H30TOnoB 

BOJlOpona H reJIHH. 

7) C03JlaHHe KOMnJieKca nporpaMM JlJlH Bhl'IHCJieHHH MeTOJlOM MOHTe-Kapno· 

3cpqleKTHBHOCTe8 .perHCTpaUHH He8TpOHOB H 3JieKTpOHOB B 3KCnepHMe11TaX C 

MIOOHaMH. 

Ha_rqHaH HOBH3lla 

1. 9KcnepHMeHTaJibHO o6HapyllteHO HOBOe HBJieHHe MOJieKyJIHpH08 

nepe3ap51JlKH pµ-aTOMOB Ha HJlpax He. H3MepeHhl OCHOBHble xapaKTepHCTHKH 

npouecca nepexBaTa MIOOHOB OT pµ- H dµ-aTOMOB, HaxonHmHXC~ B OCHOBHOM 

COCTOHHHH, K HJlpaM 
4
He. 

2. BnepBble nonyqeHbl 3KCnepHMeHTaJlbHble• oueHKH CKOpOCTe8 nepexBaTa 

MIOOHOB OT pµ-aTOMOB , HaXOllHmHXCH B B036YlltlleHHOM COCTOHHHH, K HJlpaM 
4
He. 

3. BhlnOJIHeH 3KCnepHMeHT no H3MepeHHIO ceqeffHH pacceHHHH pµ-aTOMOB· 

B nonopone, pe3yJibTaT KOToporo no3BOJIHJI ycTpaHHTb cymecTBOBaBwee paHee 

pa3JIH'!He MelltllY 3KCnepHMeHTaJibHblMH 3Ha'!eHHHMH naHH08 BeJIH'IHHhl, 

noJiy'leHHblMH B OHHH H UEPHe. 

4.. BnepBble BhlnOJIHeH o6nrn8 aHaJIH3 uenH nocnenoBaTeJibHblX UHKJIOB 

MIOOHHOro · KaTaJIH3a anepHblX peaKUH8 CHHTe3a H30TOilOB Bonopona KaK, B 

0JlHOKOMnOHeHTH08 cpene (Dz; Tz), TaK H B CMeCHX H30TOnOB BOJlOpona H 

·reJIHH. 

5. BnepBble pac'!eTHblM nyTeM c noMomblO MeTona MOHTe-Kapno nonyqeH 

noJIHbl8 Ha6op xapaKTepHCTHK He8TpOHHblX neTeKTOpoe c 60JibWHM o6beMOM 

lltHJlKOrO,CUHHTHJIJIHTOpa. 

6. BnepB_ble B o6JiaCTH BblCOKHX nanneHH8 H TeMnepaTyp BblnOJIHeHbl 

HCCJie,!lOBaHHH B3aHMOJle8CTBHH H30TOnOB BOJlOpo.na C pa3JIH'IHblMH CTaJIHMH H 

l!CaponpoqHblMH cnnae~MH. 

7. Bnepeble B 3KCTpeMaJibHblX ycJIOBHHX HCCJie,!lOBaHO BJIHHHHe 

11 3alJlHTHblX 11 noKpb1TH8 Ha npoHHKHOBeHHe eo.nopo.ua qepe3 cTeHKH MHWeHH. 
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Hay'!HaH H npaKTH'!eCKaH ueHHOCTb 

Pe3yJibTaTbl 3KcnepHMeHTa no HccnenoeaHHIO npouecca nepexeaTa MIOOHOB 

OT MIO-aTOMOB eo.nopo.na K HJlpaM 
4
He cymecTBeHHblM o6pa30M H3MeHHJIH 

npencTaeneHHe o MexaHH3Me npoTeKaHHH naHHoro npouecca - o6HapyllteHo 

HOBOe HBJieHHe MOJleKyJIHpH08 nepe3apH.1lKH MIO-aTOMOB H30TOilOB eonopona B 

OCHODHOM COCTOHHHH Ha HJlpax He. • 

<!>op My Jlbl KHHeTHKH, nony'leHHble •B o6meM BH.!le npH_ paCCMOTpeHHH uenH 

nocnenoeaTeJibl!blX UHKJIOB MIOOHHOro KaTaJIH3a HJlepHblX peaKUH8 CHHTe3a, B 

OllHOKOMilOHeHTH08 cpe.ne (Dz; T2) H B CMeCHX H30TOnOB eo.nopo.na H reJIHH, 

WHpOKO HCil0Jlb3YIOTC51 .!lJIH o6pa60TKH 3KCnepHMeHTaJibl!blX ,!laHHblX C ueJiblO 

o.nuo3Ha'!Horo onpe.neneHHH xapaKTepHCTHK MA- H MM-npoueccoe. 

Ha OCHOBaHHH aHaJIH3a nonyqeHHblX cpopMyJI npe.nJIOl!CeHbl MeTO.!lbl 

onpe.neneHHH napaMeTpOB MA- H MM-npoueccoe B 'IHCTOM TpHTHH H B CMeCHX 

H30TOilOB eo.nopo.na H reJIHH. 

nonyqeHHble pac'!eTHblM nyTeM xapaKTepHCTHKH He8TpOHHblX .neTeKTOpOB c 

60JibWHM o6beMOM llCH,!lKOro CUHHTHJIJIHTOpa NE-213 CBH,!leTeJibCTBYIOT o TOM, 

'!TO TaKoro THna .neTeKTOpbl MoryT ::,cpcpeKTHBHO HcnoJib30BaTbCH He TOJlbKO 

.!lJIH HCCJie,!lOBaHHH MA- H MM~npoueccoe, HO H JlJIH H3y'!eHHH pe.nKHX 

npoueccoe. 

Pa3pa6oTaHHaH H co3.naunaH ycTaHOBKa .nnH nony'leHHH eo.nopo.na 
. -6 

(ne8TepHH) oco6o8, 'IHCTOTbl ( co.uepl!CaHHe npHMece8 B HeM He 6onee 10 % ) 

npH .naeneHHHX_ .no 50 aT MOlKeT 6b1Tb HCilOJlb30BaHa B npaKTHKe !pH3H'ieCKoro 

3KCnepHMeHTa. 

Pa3 pa6oTaHHble H C03,1laHHble MHWeHH H B eHTHJIH BblCOKoro .naeneHHH B 

BHJlY ceoe8 Ha,!lelKHOCTH H npOCTOTbl KOHCTPYKUH8 MoryT ua8TH npHMeHeHHe B 

TeXHHKe BblCOKHX .naeJieHHA. 

HcnoJib30BaHHe pa3pa6oTaHHblX H C03,1laHHblX 11 3alJlHTHblX 11 Il0Kpb1TH8 

lKaponpo'!HblX cnnaeoe H TeXHOJIOrH8 HX HBHeceHHH noMOl!CeT peWHTb PH.ll 

npo6neM, B03HHKalOlllHX npH KOHCTpyHpoBaHHH cocy.noe, npe.nHa3Ha'leHHblX ,!lJlll 

pa60Tbl C H30TOilBMH eo.nopo.ua npH BblCOKHX .naeneHHHX H TeMnepaTypax. 

nonyq~~HaH HH!pOpMaUHH O xapaKTepHCTHKax npoueccoe B3aHMO,lleACTBHH 

H30TOilOB Boiopo.na B o6JiaCTH BblCOKHX ,1laBJieHH8 H TeMnepaTyp JlJIH CTaJieA 

aycTeHHTHoro H cpeppHTO-MapTeHCHTHOro KJiaCCOB MOl!CeT 6b1Tb HCil0Jlb30BaHa 

npH Bb16ope KOHCTpyKUHOHHOro MaTepHaJia nepeoA CTeHKH TepMOH.UepHblX 

peaKTOpOB. 

Anpo6aUHH pa60Tbl 

OCHOBHble pe3yJibTaTbl .!lHCCepTaUHOHHOA pa6oTbl .!lOKJia,llblBaJIHCb Ha III 

MelKJiyHapo.nHOM CHMn03HyMe no !pH3HKe BblCOKHX 3HeprHll H 3JieMeHTapHb1X 

"IBCTHU (CH!IaH, CPP, 1973 r), VI Mel!CllYHapo.uHoA KOH!pepeHUHH no !pH3HKe 
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BblCOKHX 3HeprH8 H CTpyKType srnpa (CaHTa-~3, CWA, 1975 r), 

MelrJlyHapO.llHOM CHMn03HyMe no npo6JieMaM Me30HH08_ XHMHH H MOJieKyJIHpHblX 

npoueccoa B aemecTBe (ny6Ha, 1977 r), ix MelrJlyHapo.uHo8 KoH¢epeHUHH no 

¢H3HKe BblCOKHX.3HeprH8 H CTPYKType H.llpa (BepcaJib, ~paHUHH, 1979 r), X 

Eapone8cKo8 KO¢epeHUHH no ynpaBJIHeMoMy TepMoH.uepHoMy CHHTe3y H ¢H3HKe 

nna3Mbl (MOCKBa, 1981 r), Mex.uyHapO.llHOM coaemaHHH no npo6JieMaM MDOHHOro 

KaTaJIH3a H.llepHblX peaKUH8 CHHTe3a H30TOnOB BO.llOpo.ua (~JIOpH.ua, CWA, 1988 

r), Mex.uyHapO.llH08 KOH¢epeHUHH no 'MDOHHOMY KaTaJIH3Y HJiepHblX peaKUHH 

CHHTe3a "µCF 90" ( Be Ha, ABCTpHH, 1990 r), MeJKJiyHapO.llHOM coaemaHHH no 

npo6neMaM MDOHHOro KaTaJIH3a HJiepHblX peaKUHH CHHTe3a "µCF 92" (Ynncana, 

WBeUHH, 1992 r). 

no TeMe JIHCCepTaUHH ony6JIHKOBaHO 34 neqaTHblX pa6oTbl, cnHCOK 

KOTOpblX npHae.ueH B KOHUe aBTOpe¢epaTa. 

o6ieM JIHcceETaUHH 

Pa6oTa COCTOHT H3 BBe.11eHHH, ceMH rnaB, 3aKJIDqeHHH H. cnHCKa 

JIHTepaTypbl. 06lllHH o6ieM JIHCCepTau·HH COCTaBJIHeT 267 CTpaHHU, BKJIDqaff 72 

pHCYHKa, 12 Ta6JIHU H cnHCOK JIHTepaTypHblX CCblJIOK. H3 236 HaHMeHOBaHH8.' 

Ha 3alllHTf BblHOCHTCH: 

1. 3KcnepHMeHTaJibHOe o6HapyJKeHHe HOBoro HBJieHHH o6pa30BaHHH 

3apHJIOBO-HeCHMMeTpHqHl,IX MDOHHblX MOJieKyJI 'THna pµHe H pe3yJibTaTbl 

H3MepeHHH CKOpOCTH nepexBaTa MDOHOB OT pµ-aTOMOB, HaXO.llHlllHXCH B 

OCHOBHOM COCTOHHHH, K H.upaM 
4
He. 

2. 3KcnepHMeHTaJibHOe o6HapyJKeHHe HBJieHHH nepexBaTa MDOHOB OT 

MD-aTOMOB H30TonoB Bo.11opo.11a, HaxoJIHlllHXC.H B B036ylK.lleHHOM cocTOHHHH, K 

HJipaM 4He H pe3yJibTaTbl aHaJIH3a .llaHHblX C ueJibD onpe.11eneHHH 3HaqeHH8 

napuHaJibHblX CKOpOCTe8 nepexBaTa MDOHOB OT pµ-aTOMOB, HaXO.llHlllHXCH B 

B036yJKJieHHblX COCTOHHHHX C n s 5, K H.llpaM 
4
He. 

3. Pe3yJibTaTbl 3KCnepHMeHTa no H3MepeHHD CKOpOCTH nepexBaTa MDUHOB 

OT dµ-aTOMOB K HJipaM 4He H 3aceneHHOCTH OCHOBHOro COCTOHHHH dµ-aTOMOB 

npH .uaaJieHHH CMeCH 
-4 -2 

5,:10 JIO 10 . 

D + 4He paBHOM 1350 aT H KOHUeHTpaUHHX reJIHH OT 
2 

4. Pe3yJibTaTbl 3KcnepHMeHTa no H3MepeHHD ceqeHHH pacceHHHH 

pµ-aTOMOB B ra3oo6pa3HOM BOJIOpo.11e. 

5; 06mH8 aHaJIH3 uenH nocne.110BaTeJibHblX UHKJIOB MDOHHOrO KaTaJIH3a 

suepHblX peaKUH8 CHHTe3a H30TOnOB BO.llOpo.ua B OJIHOKOMnoHeHTH08 cpe.11e 

(Dz; Tz) .. 
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6. PaccMOTpeHHe .KHHeTHKH MA- H MM-npoueccoB, npOHCXO.llHlllHX B CMeCH 

H30TOilOB BO.llOpo.11a H reJIHH I H MeTO.ll onpe.11eneHHH napaMeTpOB 

nepexeaTa MDOHOB OT pµ-, dµ-, tµ-aTOMOB K H.llpaM He. 

npouecca 

7. 0IlTHMH3aUHH H nnaHHpOBaHHe 3KCnepHMeHTOB no H3MepeHHD 

xapaKTepHCTHK MA- H MM-npoueccoB B qHCTOM TpHTHH H B CMeCHX H30TOnOB 

BOJ1opo.11a H reJIHH . 

8. AJiropHTMbl nporpaMM H pe3yJibTaTbl BblqHcJieHHH 3~eKTHBHOCTe8 

perHCTpaUHH · HeHTpOHOB H 3JieKTpOHOB C HCnQJib30BaHHeM pa3H006pa3HblX 

.11eTeKTOpOB Ha OCHOBe opraHHqecKHX. CUHHTHJIJIHTOpOB B 3KCnepHMeHTax no 

HCCJie.llOBaHHD MA- H MM-npoueccoB. 

9. Pa3pa60TKa, C03.llaHHe H HCCJie.llOBaHHe xapaKTepHCTHK ycTaHOBKH 

.llH~Y3HOHHOH oqHCTKH Bo.11opo.11a (.11e8TepHH) npH .11aBJieHHHX .110 50 aT, 

rapaHTHpyvmen nonyqeHHe CBepxqHCTblX H30TOnOB BO.llOpo.11a (cyMMapHoe · 

co.11epl!CaHHe rrpHMecen N , O , · CO H T . .ll. B eo.uopo.11e He 6onee 10-8 06. 
2 2 2 

.llOJieH) . 

10. C03.llaHHe H HCCJieJIOBaHHe xapaKTepHCTHK MeM6paHHOro ¢HJlbTpa .llJIH 

JIH¢¢Y3HOHHOro Bbl.lleJieHHH H rronyqeHHH·H30TOnOB B0.llOPO.lla oco6o8 qHcTOTbl. 

11. Pa3pa60TKa H C03JiaHHe PH.Ila CHCTeM ra3006ecrreqeHHH MHWeHe8 B 

3KCIIepHMeHTax no HCCJieJIOBaHHD MA- H MM-rrpoueccoB B WHpOKOM JIHaIIa30He 

.uaBJieHH8 (.uo 1500 aT) H TeMrrepaTyp (20,4 Ks Ts 1050 K). 

12. Pe3yJibTaTbl HCCJle.llOBaHHH npoueccoB B3aHMO.lleHCTBHH H30TOIIOB 

BO.llOPO.lla C JKaponpoqHl,IMH cnJiaBaMH H CTaJIHMH pa3HblX KJiaCCOB B WHpOKOM 

.llHana30He .uaBJieHHH H TeMnepaTyp (p s 1000 aT, Ts 1050 K) . 

13. Pe3yJibTaTbl HCCJie.llOBaHHH BJIHHHHH WHpOKoro KJiacca 11 3alllHTHblX 11 

IIOKpblTHH Ha npOHHKHOBeHHe H30TOnOB BOJIOpo.ua qepe3 CTeHKH MHWeHe8 B 

3KCTpeM_aJibHblX ycJIOBHHX (p "' 1000 aT, T "' 1050 K). 

14. Pa3 pa60TKa H C03JiaHHe cepHH ra30BblX H KpHoreHHblX MHWeHeH, 

rrpe.11Ha3HaqeHHblX JIJIH _ npoBe.lleHHH HCCJieJIOBaHHH MA- H MM-npoueccoB KaK B, 

qHCTblX H30TOIIax BO.llOpo.11a, TaK H B HX CMeCHX. 

co.11epxaHHe .llHccepTaUHH 

Bo BBe.lleHHH npHBO.llHTCH KpaTKOe OIIHCaHHe COBOKynHOCTH MA- H 

MM-rrpouecCOB, npm~CXO.llHlllHX IIpH OCTaHOBKe OTpHUaTeJibHblX MDOHOB B 

BOJIOPO.lle H . B , CMeCHX H30TOIIOB B0.llOPO.I!a C He60JibW08 npHMeCbD THJKeJiblX 

3JieMeHTOB c Z.> 1. naH KpaTKH8 o63op 3KCnepHMeHTaJibHblX H TeopeTHqecKHX 

pa6oT, BblnOJIHeHHblX no 3TOH TeMaTHKe H C¢0pMynHpOBaHbl nporpaMMa. H 

o60CHOBaHHe HCCJie.llOBaHH8, HaWe.llWHX OTpalKeHHe B JIHCepTaUHH. YKa~aHbl 

IIOJIOJKeHHH H OCHOBHble pe3yJibTaTbl 3THX HCCJieJIOBaHH8, BblHOCHMble Ha 

3aIUHTy. 

B rrepBo8 rnaBe rrpHBO.llHTCH onHCaHHe TpaJIHUHOHH08 rrocTaHOBKH 

3KcnepHMeHTOB no HCCJie.llOBaHHD MA-_ H MM-npoueccoB B CMeCHX H30TOIIOB 

5 



BOJIOPOJia. IlpHBeJieHbl KOHCTPYKUHH uenoro pHJia MHllieHe8: a) ra30B08 MHllieHH 

C BHyTpeHHHMH CUHHTHRRHTOpaMH/l/; 6) MHllieHH BblCOKoro naBneHHH JIRH 

3KcnepHMeHTOB C TpHTHeM/2/ i B) KpHoreHHblX MHllieHe8/
3

-
4
/. 

IlpH H3ytJeHHH MA- H MM-npoueccoB B B01l0P01le npeJil>HBRHIOTCH oqeHb 

BblCOKHe Tpe6oBaHHH K ero '{HCTOTe - KOHUeHTpaUHH npHMecen (NZ, 02, CO2 

HT.JI.) He 6onee 10-8 06. nonen B cnyqae HccnenoBaHHH ¢YHJiaMeHTaJibHblX 

npoueccoB cna6oro B3aHMone8cTBHH 

ll- + p - n + Vil' (1) 

µ--+ d - n + n + v (2) 
-7 ll 

H He 6onee 10 06. nonen B ocTanbHblX cnytJaHx. 3To Tpe6oBaHHe 

OBycnoBneHO He06XOJIHMOCTblO npenenbHO yMeHblliHTb He8TpOHHbl8 ¢OH OT 

3aXBaTa MIOOHOB HJipaMH npHMeCH (BepOHTHOCTb 3aXBaTa MIOOHOB HJipaMH CZ> 

1 Ha HeCKORbKO nopHJIKOB npeBuwaeT BepOHTHOCTb 3aXBaTa MIOOHOB B 

B01lOPOJie) H HCKRIO'!HTb OlliH6KH B onpeneneHHH napaMeTpOB HCCnenyeMblX MA­

H MM-npoueccoB, CBH3aHHble C 6onblli08 CKOpOCTblO KOHKYPHPYIOWero KaHana -

KaHana nepexBaTa MIOOHOB OT MIOOHHblX aTOMOB B01l0P01la K HJipaM npHMeCH. 

B CBH3H C 3THM B03HHKaeT 3anaqa He TORbKO nonytJeHHH CBepX'!HCTblX 

H30TOnoB BOJIOpona, HOH C03JiaHHH MHWeHe8 H CHCTeM HX ra3006ecnetJeHHH, 

; rapaHTHPYKllliHX coxpaHeHHe Tpe6yeM08 no ycnOBHHM 3KCnepHMeHTa CTeneHH 

'!HCTOTbl BOJIOpOJia B Te'!eHHe JlR~TeRbHblX 3KCn03HUH8 (~ 300 '!.) Ha nytJKe 

MIOOHOB. 

·anH H3MepeHHH CKOpOCTH 3aXBaTa MIOOHa B ra3006pa3HOM BOJIOpOJie 

(peaKUHH (1)) H HccnenoBaHHH MA- H MM-npoueccoB He06X01lHMO ·6uno 
pa3pa60TaTb H C031laTb ra30BYIO B01lOP01lHYIO MHllieHb, paCC'!HTaHHYIO Ha 

pa6oqee naBneHHe 50 aT. Y'!HTblBaH TO, '!TO BepoHTHOCTb peaKUHH (1) Mana, 

Tpe6oBanocb npenenbHo yMeHbWHTb He8TpOHHbl8 ¢OH, o6ycnoBneHHbl8 

OCTaHOBKaMH MIOOHOB B CTeHKax MHWeHH. 3Ta npo6neMa 6una peweHa nyTeM 

_pa3MemeHHH BHYTPH MHWeHH CUHHTHnnHTOpOB, orpaHH'!HBaIOWHX 061>eM 

BOJIOPOJia, B KOTOpoM npoHCXOJIHT" OCTaHOBKH MIOOHOB. 

Ha pHc.1 npHBeneH cxeMaTH'!ecKH8 qepTel!C 3KcnepHMeHTanbH08 

ycTaHOBKH, HCnORb30BaHH08 B 3KcnepH­

MeHTax/~7/ H B pa6oTax (B.M.6bICTpH­

UKH8 H Jlp. R3T~, 70 (1976) 1167; 

R3T~ 71 (1976) 1680). OCHOBHblM 3ne­

MeHTOM ycTaHOBKH HBnHnacb C03JiaHHaH 

ra30BaH MHWeHb MC BHyTpeHHHMH CUHH­

THnnHTopaMH~/- Kopnyc MHWeHH 6un 
H3rOTOBneH B BHne·UHRHHJipa H3 Hepl!Ca-

BeIOmen CTanH 1lRHH08 540 MM H BHyTpe­

HHHM JIHaMeTpOM 140 MM. TORlliHHa CTe­

HOK MHWeHH COCTaBnHna 3 MM. B KatJec­

TBe BemecTBa CUHHTHRRHTOpOB 4 H 5 

6 

;:; 
& ~ 

PHC.l.CxeMaTH'!eCKH8 qepTel!C 

3KcnepHMeHTanbH08 ycTaHOBKH. 

nnH Bl,IJienellHH OCTaHOBOK MIOOHOB B B01lOP01le 6un Bbl6paH Cs! (Tl). 3TOT 

n1,16op 6un o6ycnoBneH JIBYMH o6CTOHTenbCTBaMH; Bo-nepBbIX, BpeMH l!CH3HH 

MIOOHa B CsI(Tl) cymecTBeHHO MeHbWe BpeMeHH l!CH3HH CB060JIHOro MIOOHa (3TO 

naeT ~03MOl!CHOCTb npOBOJIHTb KOppeKTHOe pa3neneHHe no BpeMeHH "none3HblX 11 

'H ¢0HODl,IX co6b!TH8), a, BO-BTOpl,IX, Hcnonb30BaHHe HeopraHH'!eCKOro 

CUHHTHnnHTopa n03DOnHeT coxpaHHTb D MHWeHH Tpe6yeMbl8 ypoBeHb '!HCTOTbl 

B01lOpo11a D Te'!eHHe nnHTenbHblX 3KCn03HllHH ee Ha nytJKe MIOOHOB (H3-3a 

HH3KOro naBneHHH ynpyr«x napoB CsI(Tl)). CUHHTHnnHTOp 5 61,1n H3rOTOBneH 

D DHJie nonoro UHnHIIJipa JIJIHHOH 205 MM, BHyTpeHH~ JIHaM~TpOM 120 MM H c 

TonmHHOH CTeHOK 5 MM, a CUHHTHnnHTOP 4 - B BHJie JlHCKa JIHaMeTpOM 120 MM 

H TOnlliHHOH 250 MKM. CBeToc6op Ha ~OTOKaTOJlbl ~3Y co CUHHTHJIJIHTOpOB 4 H 

5 ocymecTBnHJICH c llOMOlliblO nonux CBeTOBOJlOB. 

C HCnOJib30BaHHeM naHHOH MHWeHH HaMH 6blJI BblnOJIHeH uenun PHJI 

3KCnepHMeHTOB: /S-
7/ H (B:M.6bICTpHUKH8 H Jlp. R3T~, 66 (1974) 43; 

B.M.EbICTpHUKHH H np. R3T~, 66 (1974) 61; B.M.EbICTpHUKHH H np. R3T~, 70 

(1976) 1167; B.M.EbICTpHUKHH H Jip. R3T~, 71 (1976) 1680; B.M.6bICTpHUKH8 

H np. R3T~, 76 (1979) 460; B.M.EblcTpHUKHH H np. R3T~, 80 (1981) 839). 

BnH npoBeJieHHH 3KCnepHMeHTa (B.M.EbICTPHUKHH H np. R3T~, 80 (1981) 

1700)' no HCCJleJIOBaHHIO MIOO!IHOro KaTaRH3a ·peaKUHH CHHTe3a HJiep nei1TepHH 

H TpHTHH 
1-w 

i\ dtjl 
i\ dt s 4He + 

~
4
Heµ 

n +µ (3a) 

(36) 
tµ + d dtµ 

+ n 

( i\ - CKOpOCTb o6pa30BaHHH dtµ-MoneKy n; i\dt - CKOpOCTb HJiepHoro dt-
dt µ f 

CHHTe3a B dtµ-MOJieKyne i W _. nepOHTHOCTb "npHnHnaHHH 11 MIOOHa K HJIPY 
4
He) 

naMH 6una pa3 pa6oTana H • co3JiaHa ra3oBaH MHweHb/2/, pacctJHTanHaH Ha 

. pa6oTy co CMeCblO Dz+ T2 B JIHana3oHe TeMnepaTyp 77 K "' T "' 650 K H 

naDJie!IHH JlO 55 aT. HanH'!He B MHWeHH no ycJIOBHHM 3KcnepHMeHTa TpHTHH 

(A~ 5000 KH) Tpe6oBano C03JiaHHH 

cneuHanbHOH HecTaHnapTHOH annapaTy­

pu, o6ecnetJHBaIOmen 6e3onacHyIO pa6o­

TY nepcoHan.1( Ha.. ycTaHOBKe. 4epTel!C 

MHWeHH npHBeJieH Ha pHc,2. MHWeHb 1 

npeJICTaDJIHJia co6on UHRHHJipH'!eCKHH 

cocyn o6teMOM 3,25 JI, H3rOTOBneHHblH 

H3 nepJKaBeIOmen cTanH.,JHaMeTp cocy­

na 130 MM, JlllHHa 250 MM, TOnlliHHa 

CTeHOK 3 MM. B ueJIHX panHaUHOHHOH 

6e3onac11ocTH npH cnyqafiHo8 pa3rep­

MeTH3aUHH MHWe!IH 1, OHa H nenocpen­

CTBeHHO CBH3aHHble c Hen MaHoMeTp 3 

H CHnb¢0HHblH BeHTHJlb 13 6blnH pacno-

7 

~ 

LDJ, 
18 

I K oa~nacm~a"Y 
pmp6yapv 

PHC.2. cxeMaTH'!eCKH8 qepTel!C 

ra3QB08 MHWeHH JIJIH 3KCnepH­

MeHTOB co CMeCblO. D2+T2. 



noxceHU BHYTPH BaKyyMHO~nROTHoro Koxcyxa 2, KOTopuA: 6un COeJlHHeH c 

6annacTHUM pe3epayapoM 060eMOM 130 n. 
B KaqecTBe HarpeBaTeRR MHWeHH HCnORb30Banacb npOBOROKa 4 H3 

BUCOKOOMHOro cnnaaa 9H 626, nponymeHHaR B 6~cax _5 BHYTPH MeJlHOA: Tpy6KH 

6. oxnaueHHe MHWeHH npoH3BOJlHnocb nyTeM nponyaa napoa a3oTa qepe3 

MeJlHYIO Tpy6Ky 7. 

TeMnepaTypa ~IHWeHH H3MepRnacb C noMOmbIO JlBYX xpoMenb-KOneneaux 

TepMonap 10. RRR yMeHbWeHHR TenROOTBOJla OT MHWeHH OHa OKpyxcanacb 

qeTupexcnoA:HUM 3KpaHOM 11 H3_ nonHpOBaHHUX roq>pHpOBaHHUX q>onbr TORmHHOA: 

80 MKM. 

C HcnoRb30BaHHeM C03,ZlaHHOA: HaMH MHWeHH/2/ 6uno anepaue 

3KcnepHMeHTaRbHO 06HapyxceHO RBReHHe MIOOHHOro KaTaRH3a peaKUHH CHHTe3a 

R,Zlep neA:TepHR H TPHTHR. 

nnR HCCRe,ZlOBaHHR MA- H MM-npOUeCCOB, npOHCXOJlRmHX B TpHTHH, 6URH 

pa3pa6oTaHU JlBa THna KpHoreHHUX MHWeHeA:: OJlHa - JlRR pa6oTU npH 

noCTORHHOA: TeMnepaType (20,6 K)n', npyraR ~ c aapHaUHeA: TeMnepaTypu B 

J{Hana30He 20, 4 K :s T :s: 40 K'4'. Heo6XOJlHMOCTb C03,ZlaHHR KpHoreHHOA: 

MHWeHH c aapHauHeA: TeMnepaTypu 6una .o6ycnoaneHa TeM, qTo KOppeKTHoe 

onpenenem1e xapaKTepHCTHK npouecca MIOOHHoro K·aTaRH3a RJlepHoA: peaKUHH 

cHHTe3a B ttµ-MoneKyne 

tµ + t 
Attµ 

ttµ 

1-w 
~

4
He+ 

~
4Heµ 

2n +µ 

+ 2n 

(4a) 

(46) 

( Auµ - CKOpOCTb o6pa3oBaHHR ttµ-MoneKyn; A;t - CKOpOCTb RJlepHoro 

CHHTe3a B ttµ-MOReKyne i W - K03<P(flHUHeHT "npHRHnaHHR" MIOOHa K RJlPY 
4 t . 
He) B03MOllCHO RHWb nyTeM npoaeneHHR H3MepeHHA: npH JlBYX, no KpaA:HeA: 

Mepe, 3HaqeHHRX nnoTHOCTH TpHTHR, OTRHqa10mHXCR Meiuy co6oA: Ha 20 + 

40%181
• YKa3aHHUA: JlHana30H H3MeHeHHR nROTHOCTH TPHTHR MOllCeT 6UTb 

JlOCTHrHyT 3a cqeT aapHaUHH TeMnepaTypu MHWeHH 'a BU6paHHOM HHTepaane. 

Ha pH_C. 3, B KaqecTBe npHMepa, npHBeneH ' npHHUHnHaRbHUA: qepTellC 

KpHOCTaT- MH~eHH/ 4
/ C BapHauHeA: TeMnepaTypu. OCHOBHUMH y3naMH ee 

RBRRIOTCR: 

1) llCHJlKOTpHTHeBaR MHWeHb l , 060eMOM 35 CM3 (UHRHHJlpHqecKHA: cocyn H3 

Hepxcaae10meA: CTanH JlHaMeTpOM 24 MM, JlRHHOA: 76 MM H c TORmHHOA: CTeHOK 

0,3 MM), pacqHTaHHaR Ha pa6oqee naaneHHe 30 aT (MaKCHMaRbHO nonycTHMaR 

aKTHBHOCTb TPHTHR B MHWeHH COCTaBnReT A~ 8,5x10
4 

KH); 

2) BOJlOpOJlHUA: 6aqoK BEl 0 060eMOM 8,5 n; 

3) KOH,ZleHcauHOHHaR Tpy6Ka 2, npOXOJlRmaR qepe3 BEl; 

4) BOJlOpOJlHUA: 6aqoK BE2 c Tpy6KOA: oxnaxcneHHR 4, KOTOpaR 3anonHReTCR 

llCIUKHM BOJlOpOJlOM H MOllCeT nepeMemaTCR BHYTPH BEl (KORHqecTBO llCHJlKOro 

BOJlOpona B BE2 KOHTponHpyeTCR c noMombIO KOH,ZleHCaUHOHHOro yKa3aTeRR 

8 

) 
I 

•i 

I 

ypoBHR KYY); 

5) 6annacTHUA: 060eM 60, B KOTOpOM pacno­

noxceHU MaHOMeTp H MaHOBaKyyMMeTp MB JlRR 

H3MepeHHR naaneHHR napoB TpHTHR B MHWeHH; 

6) CHCTeMa TepMOMeTpHqecKoro KOHTponR; 

7) CHCTeMa Jl03HpOBaHHOro HanycKa (Bunyc-

Ka) ra3006pa3Horo aonopona B BEl. • 

npHHUHn pa60TU KpHOCTaT-MHWeHH OCHO­

BaH Ha OTBOJle Tenna OT MHWeHH, 3anonHeH-

HOA: TpHTHeM, K pe3epayapy C JKHJlKHM 

BOJlOpOJlOM C noMombIO Tennoo6MeHHoro ra3a -

aonopona. npouecc oxnaueHHR MHweHH B Ha­

cToRmeA: KOHCTpyKUHH MOllCeT ~cymecTBRRTbCR 

JlBYMR anbTepHaTHBHUMH nyTRMH: 

a) npH (fJHKCHpoBaHHOM nonoxceHHH Tpy6KH 4 

nyTeM H3MeHeHHR KORHqecTBa ra3oo6pa3Horo 

aonopona, HaxonRmerocR a BEl; 

~-7 
i 

!· 

I 
, _____ _ 

_ _![_ 

PHc.3.TTpHHUHnHaRbHUA: 

qepTellC KpHOCTaT-MHWeHH. 

6) npH (fJHKCHpOBaHHOM KOnHqecTBe''ra3oo6pa3HOro BOJlOpona, HaXOJlRmerocR B 

B61, nyTeM H3MeHeHHR rny6HHU norpyxceHHR Tpy6KH 4 B 6aqoK BEl. 

onpeneneHHe CTa6HRbHOCTH nonnepxcaHHR TeMnepaTypu MHWeHH B 

yKa3aHHOM JlHana30He TeMnepaTyp npOBOJlHROCb B HMHTaUHOHHUX onuTax C 

BOJlOPOJlOM H neA:TepHeM. ct>nyKTyaUHH TeMnepaTypu neA:TepHR B KpHOCTaT­

MHWeHH B TeqeHHe cyToK He npeauwanH 0,2 K npH onpeneneHHNX ee 

3HaqeHHRX (25 K, 32 K, 37 K). 

cnenyeT OTMeTHTb, qTo C03,ZlaHHUe J{Ba aapHaHTa llCHJlKOTpHTHeBOA: 

MHWeHH MoryT 6UTb HCnORb30BaHU TaKllCe H B 3KcnepHMeHTaX no HCCRe,ZlOBaHHIO 

MA- H MM-npoueccoa KaK B qffCTUX H30Tonax BOJlOpona, TaK H B HX CMeCRX. 

Bo BTopoA: rnaae npHeeneHu pe3ynbTaTu HccnenoaaHHA: npoueccoa 

npOHHKHOBeHHR H JlH<P!flY3HH H30TOnOB BOJlOpona qepe3 pa3nHqHUe MaTepHanu H 

"3amHTHUe" noKpUTHR npH BUCOKHX naaneHHRX H TeMnepaTypax, a TaKllCe naHO 

onHcaHHe K~HCTPYKUHA: MOJlH(fJHUHpOBaHHUX MHWeHeA: C 3KCTpeMaRbHUMH 

napaMeTpaMH ;'., 

B CBR3H C TeM, qTo HaMeqe11HaR 3KcnepHMeTaRbHaR 

a ce6R HCCRe,ZlOBaHHe µCF B qffCTOM neA:TepHH, CMeCRX 

WHpOKHX J{Hana30Hax naaneHHA: H TeMnepaTyp, HaMH 

nporpaMMa BKn10qaeT 

H+D HD+ T
2 

B 

nae 
Z 2. . Z 

6unH C03,ZlaHU 
.w- /9/ 

ycTaHOBKH. 0,ZlHa H3 HHX . JlRR HccnenoaaHHR MA- H MM-npouecCOB B 

BOJlOpone, neTepHH H HX OMeCRX npH naaneHHRX JlO '1500 aT H TeMnepaTypax 

OT 20,4 K JlO 300 K, npyraR110
' - JlRR HCCRe,ZlOBaHHR µCF B CMeCH D + T B . z z 

J{Hana30He TeMnepaTyp OT 300 K JlO 1050 K H npH naaneHHRX JlO 1000 aT. 

YcTaHOBKa191 (CM. pHC. 4) COCTOHT H3 MHWeHH M, BeHTHRR BUCOKOro 

naaneHHR BBn'11' H KpHOCTaTa. nonyqeHHe BUCOKHX naBneHHA: (p :s 1500 aT 

npH T = 300 K) ocymecTBRReTCR KpHoreHHUM MeTOJlOM nyTeM OllCHllCeHHR 

9 



ra3oo6pa3HLIX H30TOllOB B0.1l0P0.1la B o6beMe MHWeHH 

c nocnenynmHM ee HarpeaoM. TaKo8 cnoco6 no~y~ 

4eHHH BLICOKHX naaneHH8 rapaHTHpyeT coxpaHeHHe 

BLICOK08 4HCTOTLI H30TOllOB B0.1l0P0.1la. MHWeHb BLI­

COKO,O naaneHHH M npencTaBJJHeT co6o8 TOJICTO~ 

CTeHHLl8 UHJIHH.1lp, H3,0T~BJleHHLl8 H3 cnnaaa 3H 

4375. BHyTpeHHH8 .1lHaMeTp MHWeHH 42 MM, TonmHHa 

CTeHOK 9 MM, a 06beM MHWeHH paBeH 120 CM3 . ox­

naJIC,1leHHe_H TepMOCTaTHpoBaHHe MHWeHH npOH3B0-

,1lHTCH c IlOMOmhD KpHOCTaTa, KOTOpb18 COCTOHT H3 

BaKyyMHO,O KOJICyxa BK, B0,1l0p0,1lHO,O 6a4Ka BS H 

cocyna c, CTeHKH KOTOporo oxnaJIC,1laDTCH lICH,1lKHM 

B0.1lOp0,1lOM HJIH a30TOM. 

ITpH pa6oTe C MHWeHbD/ 9
/ B .1lHana3oHe 

TeMnepaTyp 20,4 + 77 KB Ka4eCTBe xnanoareHTa 

HCilOJlh3yeTCH lICH.1lKH8 B0.1lOP0.1l, a B ,1lHana30He 78 

+ 300 K - lICH.1lKH8 a30T. Heo6X0,1lHMaH TeMnepaTypa 

MHWeHH BO BCeM .1lHana30He .1lOCTHraeTCH nyTeM 

aapHaUHH naa~eHHH reJJHH B cocyne CH MOmHOCTH 

~, 
I 

l 
__M_ 

Ji 

PHC.4.CXeMaTH4eCKH8 

4epTelIC ycTaHOBKH. 

HarpeBaTeJIH H. naaneHHe ra~a ~ MHWeHH M KOHTponHpyeTCH no IlOKa3aHHHM 

MaHoMeTpa BLICOKO,O ,1laBJleHHH MBn. 
• . , /12/ 

C HCilOJlb30BaHHeM 3T08 MHWeHH .. 6un BLIIlOJIHeH 3KCnepHMeHT I a 

TaKJICe ~poaenetto HCCJle,1lOBaHHe 3aBHCHMOCTH CKOpOCTH o6pa30BaHHH ddµ­

MOJleKyi OT TeMnepaTypu ne8TepHH (V.M. Bystritsky et al. AIP Conference 

Proceedings, 181 (1991) 17; V.M.Bystritsky et al. Muon ,catalyzed 

Fusion, 5/6 (1991) 141) . 

OCHOBHa_H TPY .1lHOCTb, B0_3HHKanmaH npH C03,1laHHH MHWeHe8 .1lJIH pa60TLI C 

H30Ton_aMH B0.1l0P0.1la npH BLICOKHX naaneHHHX (P::slOOO aT) H TeMnepaTypax 

(T::s1050 K), CBH3aHa C TaK Ha3blBaeM08. B0.1lOP0.1lH08 K0pp03He8 CTeHOK 

MHWeHH, 4TO npHB0,1lHT K , IlOTeP,e Tpe6yeM08 MexaHH4eCK08 np04HOCTH. B 

CBH3H C TeM, 4TO B JlHTepaType .1l0 Ha4ana C03.1laHHH. HaMH MHWeHe8 

npaKTH4eCKH OTCYTCTBOBana HH~OpMaUHH O xapaKTepHCTHKax npoueccoa 

B~aHM0.1le8CTBHH B0.1l0p0,1la C l!Caponp04HLIMH cnnaBaMH H CTaJIHMH B yKa3aHHLIX 

,1lHana30~0X ,1laaneHH8 H TeMnepaTyp, Heo6X0,1lHMO 6uno BLIIlOJIHHTb­

HCCJle.1lOBaHHH, C ueJJbD: 

a) BL16opa cnnaaa' o6Jl!l,.1laDmero BLICOKHMH np04HOCTHLIMH xapaKTepHCTHKaMH 

npH BLICOKHX TeMnepaTypax; 

6) BLl6opa. "3amHTHoro" IlOKpLITHH cnnaaa H TeXHOJIO,HH ero HaHeceHHH .1lJIH 

cymecTBeHHoro yMeHbWeHHH npOHHK~OBeHHH B0.1lOP0.1la 4epe3 CTeHKH MHWeHH. 

PeaJIH3aUHH nyHKTa 6) oco6eHHO BaJICHa npH pa6oTe C pa.1lHOaKTHBHblM 

H30TOilOM B0.1lOP0.1la - TPHTHeM. B pe3yJlbTaTe npoBe,1leHHLIX HCCJle,1lOBaHH8 

B3aHM0,1le8CTBHH H30TOilOB B0.1lOpona C l!Caponpo4HLIM cnnaBOM 3H 698/!3
/ H 

IO 

'Ii ' 

.I 

CTaJIHMH aycTeHHTHO,o (X18HlOT) H ~eppHTO-MapTeHCHTHO,O (X13M25~P) 

Knaccoa/
14

/ a Ka4eCTBe MaTepHana Kopnyca MHwetteA: 6an au6paH cnnaa 3H 

698. Bnepaue nony4eHLI OCHOBHLle xapaKTepHCTHKH npoueccOB npOHHKHOBeHHH, 

.1lH~Y3HH H paCTBOpHMOCTH H30T0Il0B B0.1l0P0.1la .1lJIH naHHLIX MaTepHaJIOB. 

BblilOJll!eHLI HCCJle.1lOBaHHH BJIHHHHH "3amHTHLIX 11 noKpLITH8 (30JIOTO, 

aJJHTHpOBaHHe noaepXHOCTH MeTaJJJJa, OKCH.1lHLle IIOKpLITHH) cnnaaa 3H 698 Ha 

npoHHKHOBeHHe H30TOilOB B0.1lOP0.1la 4epe3 CTeHKH npH BLICOKHX .naBJleHHHX H 

TeMnepaTypax/lS-!7/ Pa3pa6oTaHa TeXHOJIO,HH HX HaHeceHHH. H.neH 

HCilOJlb30BaHHH MHO,OCJI08HLIX 11 3amHTHLIX 11 Il0KpL1TH8 lKaponp04HOro cnnaaa 3H 

698 Jlerna B OCHOBY pa3pa6oTaHH08 H C03.1laHH08 MHWeHH/IO/. Ha pHC .. 5 

npHBeneH qepTelIC MHWeHH, Kopnyc KOTOpoit H3,0TOBJleH H3 cnnaaa 3H 698. 

Pa604H8 o6oeM MHWeHH COCTaBJJHe~ 18 CM3
, a BHyTpeHHH8 ee .UHaMeTp 18 MM. 

Kopnyc MHWeHH npe.ncTaBJJHeT co6o8 TOJICTOCTeHHLIA: UHJIHH.Up 1 B KOTOpLIA: 

noMemeH BKna.nuw 2 H3 Toro JICe MaTepH-

ana. BKnanuw 2 BCTaBJleH BHYTPb aMny­

Jlbl H3 30JlOTa 3 C TOJlmHH08 CTeHKH 0,4 

MM. YilJIOTHeHHe MeJIC.ny o60JI04K08 H3 

30JlOTa 3 H KOpnycoM 1, a TaKJICe_MeJIC.ny 

BKJla.UblWeM 2 H KopnycoM 1 ocymecTBJJH­

eTcH c IlOMOmhD Me,1lHLIX npOKJla.UOK 4 H 

5. nepe.n c6opK08 MHWeHH npOH3B0,1lH­

JlOCb aJIHTHpoBaHHe BHyTpeHHHX IIOBepx­

HOCTe8 KOpnyca
0

MHWeHH 1 H BKJla,1lL1Wa 2. 

4JJH o6ecne4eHHH panHaUHOHH08 

;.f( 
l \l: 

L ..l..._ ----1, ,..:t 

i .L 
..I. 

..I. .9. 

50 

" 
'@bJ!IE 
~ 

170 

PHC.5. qepTelIC MHWeHH. 

6e3onaCHOCTH MHWeHb, BeHTHJlb 

BLICOKO,O .naaneHHH H eMKOCTH08 ,1laT4HK IlOMemeHLI BHYTPH o6beMa' 

orpaHH4eHHO,O BaKyyMHLIM KOJICYXOM .. Ha .na11Ho8 ycTaHOBKe ,6blJIH npoaeneHbl 

HMHTaUHOllllble OilblTbl C .neA:TepHeM. Pe3yJlbTaTLI 3THX . :;lKC_nepHMeHTOB 

CBH,1leTeJlbCTBYDT O TOM, 4TO IlOTOK neA:TepHH 4epe3 MO,OCJI08HyD CTeHKY 

MHllieHH npH TeMnepaType T = 1050 K H .naaJleHHH p = 1000 aT yMeHbWHJICH 

6onee qeM ua .naa nopH.nKa no cpaBHeHHD C llOTOKOM .neA:TepHH 4epe3 CTeHKY 

MHllieHH, H3rOTOBJleHH08_H3 cnnaaa 3H 698. C03,1laHHaH MHWeHb Il03B0JlHeT B 

Te4eHHe · .1lJIHT~JlbHblX 3KCil03HUH8 Ha ny4Ke MDOHOB npOB0.1lHTb HCCJle,1lOBaHHH 

µCF B CMeCHX H30TOilOB B0.1lOpo.na npH ,1laBJleHHHX .no 1000 aT H TeMnepaTypax 

.1l0 1050 K. 

B Tp_eTbe8 rnaae paccMaTpHBaDTCH C03,1laHHble CHCTeMbl 

ra3oo6ecne4eHHH MHWeHe8, OilHCaHHe KOTOpblX npHBe.neHO B rnaaax I H II. 

CHcTeMbl ra3006ecne4eHHH MOJICHO pa36HTh Ha naa KJJacca. nepBb18 Knacc -

CHCTeMbl ra3oo6ecne4eHHH MHweue8 pa6oTaIOmHx c B0.1lOp0.1lOM H .ne8TepHeM
1
l/, 

BTOpoA:
118

"
191 

- .1lJIH pa60Tbl C pa,1lHOaKTHBHblM H30TOilOM a'o.nopo.na - JPHTHeM 
' 4 

BblCOK08 pa.nHoaKTHBHOCTH ( :e 8, 5x10 KH) . CHCTeMbl ra3oo6ecne4eHHH I H 

Ir' KJlaCCOB BKJID4aDT B ce6H cnenyDmHe OCHOBHble Y3Jlbl: 1) CHCTeMy 
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BUCOKOBaKyyMH08 OTKaqKH; 2). CHCTeMy oqHCTKH H30TOnOB Bonopona; 3) 

CHCTeMy 3anOJIHeHHH MHWeHH BonoponoM. CHCTeMU II-ro KJiacca KpoMe 

nepeqttcJieHHUX Y3JIOB cHa6JKeHu cneuHaJibH08 annapaTypo8 noJHMeTpHqecKoro 

KOHTpOJIH. H' ycTp08CTBaMH, 06ecneqHBa10mHMH 6e3onacHOCTb pa60TU 

nepcoHaJia. 

B cHcTeMax I-ro KJiacca oqHcTKa Bonopona {ne8TepHH) ocymecTBJIHJiacb 

C noMOilblO pa3pa6oTaHHOro H C03naHHoro nHc!J<py3HOHHOro annapaTa120
/, JIH6o 

c noMOilblO nocJienoBaTeJibHO ·coenHHeHHUX ueoJIHTOBUX ancop6epoB, 

06ecneqHBa10mHx qHcToTy Bonopona Ha ypoBHe 2xl0-7 06. noJie8 

{3KCnepHMeHTU/S-
7
,ll/ H pa60TU {B .M. 6UCTpHUKH8 H np; JK3T<II '· 70 ( 1976) 

1167; B.M.6UCTPHUKH8 H np. JK3T<II, 71 {1976) 1680; ·a.M.6UCTpHUKH8 H np. 

JK3T<II, 76 {1979) 460; B.M.6UCTpHUKH8 H np. JK3T<II, 80 {1981) 839; 

V .M. Bystritsky et al. AIP Conference Proceedings, 181 { 1991) 17; 

V.M.Bystritsky et al. Muon Catalyzed Fusion, 5/6 {1991) 141)). 

B CHCTeMax II-ro KJiacca oqHCTKa ne8TepHH npOH3BOnHTCH C noMOfilblO 

Tpex nocJienoBaTeJibHO coenHHeHHUX ancop6epoB, a B KaqecTBe HCToqHHKa 

TpHT~H HCnOJib3yeTCH TpHTHn THTaHa TiT2, npHMeHeHHe KOToporo n03BOJIHeT 

.ocymecTBJIHTb no3HpOBaHHU8 HanycK TPHTHH B MHWeHb/2!/ ·{3KcnepHMeHT -

, B. M. 6UCTpHUKH8 H np. JK3T<II, 80 { 1981) 1700) .. CJienyeT OTMeTHTb, qTQ B 

naHHUX CHCTeMax oqHCTKa ne8TepHH H TpHTHH MOl!CeT ocymecTBJIHTbCH TaKllce 

nyTeM HCnOJib30BaHHH co3naHHOro HaMH B KOJIJia6opauHH C BHHHHM {r. 

. MOCK Ba) H .llOHMH (r. )loHeUK) MeM6paHHoro tpHJibTpa nHtpq>~3HOHH08 oqHCTKH 

Bonopo~a12u. 

MttoroKpaTHO npoBeneHHUe aHaJIH3U Bonopona ·{HaxonHmerocH B MHweHH B 

TeqeHHe nJIHTeJibHUX 3KCn03HUH8) Ha cyMMY npHMece8 CBHneTeJibCTBOBaJIH 0 

TOM, qTQ conepl!CaHHe HX B onuTe (B.M.6UCTpHUKH8 H np. JK3T<II, 66 {1974) 

·43) He npeauwaJio ~ 1, 5xl0-8 06. noJie8, a B onuTax/2-4
/ He 6oJiee 2xl0-7 

06. noJie8, qTo, B CBOIO oqepenb, BnOJIHe ynoBJieTBOpHJIO Tpe6oaaHHHM 

3KCnepHMeHTOB. 

B qeTaepTo8 rJiaBe npHBOnHTCH pe3yJibTaTU auqHcJieHH8 c noMOfilblO 

MeTona MOHTe-KapJIO 3c!J<peKTHBHOCTe8 perHCTpaUHH He8Tp0HOB H 3JieKTpOHOB B 

3KcnepHMeHTax no HCCJienoBaHHIO MA- H MM-npoueccoB. 

3HaHHe 3cpcpeKTHBHOCTe8 perHCTpaUHH He.8TpOHOB H 3JieKTpOHOB 

3KCnepHMeHTaJibH08 ycTaHOBK08 Heo6xonHMO nJIH onpeneJieHHH BUXonoB 

'nponyKTOB peaKUH8 HnepHoro CHHTe3a B MIOOHHUX MOJieKyJiax Ha OCHOBaHHH 

KOTOpux H3BJieKaeTCH HHcpopMaUHH O xapaKTepHCTHKax MA- H MM-npoueccoB. 

3anaqa 06 onpeneJieHHH 3c!J<peKTHBHOCTH perHCTpaUHH yKa3aHHUX qacTHU npH 

HaJIHqHH pa3Hoo6pa3HUX BemecTB MeJKny MHWeHblO H _neTeKTOpOM HaHJiyqwHM 

o6pa30M pewaeTCH C noMOilblO MeTona MOHTe-KapJIO. npH MoneJIHpOBaHHH 

B3aHMone8CTBHH He8TpOHOB co CUHHTHJIJIHTOpOM NE-213 yqHTUBaJIHCb 

cJieny10mHe B03MOl!CHUe npoueccu: a) . ynpyroe pacceHHHe He8TpOHOB Ha 

12 

·1,j 
j 

:l 
I 

: 

}i~:I 
1, 

' 

npoToHax; 6) ynpyroe pacceHHHe He8TpOHOB Ha Hnpax yrJiepona; B) 

Heynpyroe pacceHHHe He8TpoHOB Ha yrJiepone 
12

C{n,n' '1) 
12

C {ecJIH 3HeprHH 

HeflTpOHOB E > 4,5 M3B); r) peaKUHH 12 C{n,cx) 9 Be, 12C{n,n') 12 c*{3cx), n . 
12 9 * B C(n,cx) Be {n') Be (eCJIH 3HeprHH He8Tp0HOB E > 9 M3B). HaMH 6UJIH 

BUnOJIHeHU pacqeTU/2J/ 3c!J<peKTHBHOCTe8 perHCTpaUHH n He8TpOHOB B onuTax no 

H3MepeHHIO CKOpOCTH 3axBaTa MIOOHa npOTOHOM, CKOpOCTH o6pa30BaHHH 

ddµ-MOJieKyJI {B.M.6UCTpHUKH8 H np. JK3T<II, 66 {1974) 61; V.M.Bystritsky 

et al. AIP Conference Proceedings, 181 {1991) i7; V.M.Bystritsky et 

al. Muon Catalyzed Fusion, 5/6 {1991) 141) H cKo'pocTH 06pa3oaaHHH 

dtµ-MoJieKyJI {B.M.6UCTpHUKH8 H np. JK3T<II, 80 {1981) 1700), a 3JieKTpOHOB 

- B onuTe/S/ H B pa6oTe {B.M.6UCTpHUKH8 H np .. JK3T<II, 66 {1974) 43). 

KpoMe 3TOro 6UJIH IlpOBeneHU pacqeTU 3c!J<peKTHBHOCTH perHCTpaUHH He8TpOHOB 

3KCnepHMeHTaJibHUMH ycTaHO~KaMH, Co3naHHUMH nJIH HCCJienoaaHHH MA- H 

MM-npoueccoa B TpHTHH H CMeCH D + T 124
/. BunOJIHeHU TaKl!Ce pecqeTU 

2 2 . 

3c!J<peKTHBHOCTe8 . perHCTpaUHH He8TpOHOB peaKUH8 CHHTe3a B ddµ-, dtµ- H 

ttµ-MOJieKyJiaX {E = 2,5 M3B; E = 14,l M3B; Emax= 9,5 M3B) neTeKTOpaMH C 
n . n n /25/ 

60JibWHM 06oeMOM {~ 200 JI) l!CHnKoro CUHHTHJIJIHTOpa NE-213 

H3 pe3yJibTaTOB BUqHcJieHH8/ZS/ CJienyeT, qio npHMeHeHHe KaJIH6poBKH 

cneKTpOMeTpHqecKHX KaHaJIOB He8TpOHHUX neTeKTOpOB c 60JibWHM· o6oeMOM 
' . 

CUHHTHJIJIHTOpa C noMOfilblO CTaHnapTHUX -r-HCTQqHHKOB noJIHOCTblO HCKJIIOqaeT 

Heo6xonHMOCTb yqeTa 3c!J<peKTOB nor JiomeHHH 'caeTa. B aemecTBe caMoro 

CUHHTHJIJIHTOpa, qTo, B CBOIO oqepenb, noauwaeT nocTOBepHOCTb pacqeTHUX 

3HaqeHH8 3c!J<peKTHBHOCTH perHCTpaUHH He8TpOHOB. 

Ha OCHOBaHHH BUnOJIHeHHUX auqHcJieHH8 3cptpeKTHBHOCTH perHCTpaUHH 

He8TpOHOB peaKUHH CHHT83a B ttµ-MoJieKyJie {peaKUHH (4)) npenJiol!CeH 

MeTon126
/ onpeneJieHHH BKJianoB (n-n)- H {o:-n)-B3aHMOne8CTBH8 B KOHeqHQM 

COCTOHHHH, 3aKJIIOqa10mH8CH B cpaBHeHHH aMnJIHTynHux cneKTpOB 

3aperHCTpHpOBaHHUX He8TpOHOB c pacqeTHUMH pacnpeneJieHHHMH, noJiyqeHHUMH 

nJIH pa~JIHqHUX MaTpHquux 3JieMeHTOB, onHCUBalOfilHX peaKUHIO tt-CHHTe3a. 

CJieny_eT OTMeTHTb, qTQ neTeKTOpU c 60JibWHM o6oeMOM CUHHTHJIJIHTOpa 

(BO - 200 JI),., o6JianaH BUCOK08 3cptpeKTHBHOCTblO perHCTpaUHH He8TpOHOB 60% 

- 80% H. X
0

0pOWHM BpeMeHHUM pa3peweHHeM (:s 6 HC), MoryT 3!ptpeKTHBHO 

HCnOJib30BaTbCH He TOJ!bKO nJIH HCCJienoBaHHH MA- H MM~npouecCOB, 

npoHcxonHmHx npH MaJiux 

~enKHX npoueccoa. 

OJIOTHOCTHX H30TOnoB Bonopona, HO.H nJIH HJyqeHHH 

B nHT08 · r JiaB e paCCMOTpeHa 

MOJieKyJIHpHux npoueccoa, npoHcxonHfilHX 
T )/27,28/. 

2 . 

KHHeTHKa MIO-aTOMHUX H 

B onHOKOMnOHeHTH08 cpene 

MIO­

{D2; 

npHBonHTCH 

p~aKUH8 HnepHoro 

aHaJIH3 nocJienoBaTeJibHUX UHKJIOB MIOOHHOrO KaTaJIH3a 

CHHTe3a {HHHUHHpyeMUX onHHM MIOOHOM)
0 

B TpHTHH (peaKUHH 

{4a), {46)) H B ne8TepHH 
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( A dd/.L 

1-w 

~ 
d 3 -

~ 
w 

: 

3 

He + n + µ 

Add/.L 
d Heµ+ n 

dµ + d ddµ 1-w' -
1-/3 

d t + p + µ 
w' 

d tµ + p 

CKOpOCTh o6pa30BaHHll ddµ-MoJieKyn; Add 
f 

CKOpOCTb 

(Sa) 

(56) 

(6a) 

(66) 

peaKUHH 

HnepHoro CHHTe3a B ddµ-MoJieKyne; /3 - OTHOCHTeJibHal! BepOl!THOCTb peaKUHH 

'HnepHoro CHHTe3a B . ddµ-MOJieKy ne C o6pa3oBaHHeM HeHTpOHa; wd 

Bepol!THOCTb "npHJIH!JaHHll 11 MJOOHa K Hnpy 
3
He i w' - BepOl!THOCTb 

d 

"npHJIHllaHHll 11 MJOOHa K TpHTOHY) c yt,leTOM JIJ06oro qHcna npoMeJKyToqm,1x 

y3J10B B ero uenoqKe - yqHT!lBaJOTCll nepexom,1 MeJKny ypoBHl!MH 3HeprHH 

dµ(tµ)-aTOMOB H ddµ(ttµ)-MOJieKyn, a TaKJKe B03MOJKH!le nepexonu MJOOHOB OT 

~µ(tµ)-aTOMOB K HnpaM npHMeceii C 3~pllnOM Z > 1. 

rronyqeH!l B o6meM BHne B!lpaJKeHHll, OllHC!lBaJOmHe BllXOnll H BpeMeHH!le 

pacnpeneneHHll nponyKTOB peaKUH!!: HnepHoro CHHTe3a, o6pa3yJOmHXCll B KOHUe 

KaJKnoro H3 UHKJIOB MJO-KaTaJIH3a, C yqeTOM 31fXPeKTHBHOCTH HX perHCTpaUHH H 

MepTBoro BpeMeHH perHcTpHpyJOmel!: annapaTypu/ 29
/ , 

Ha O_CHOBe nonyqeHH!lX B!lpaJKeHH!!: HaMH npoBeneH, HX aHaJIH3 C ueJibJO 

Bll6opa OllTHMaJibH!lX 3KCnepHMeHTaJibH!lX YCJIOBHH nnll onpeneneHHll 
·" / 8/ 

xapaKTepHCTHK µCF B qHCTOM TPHTHH , TaKHX KaK: cxopOCTh o6pa30BaHHll 

.ttµ-MOJieKyJI i CKOpOCTb HnepHoro CHHTe3a B HHX, K03(JJ(JJHUHeHT "npHJIHllaHHll 11 

MJOOHOB K HnpaM 4 He. rroxa3aHo, qTo nnll onHo3HaqHoro onpeneneHHll 

xapaKTepHCTHK µCF B qHCTOM TpHTHH Heo6xonHMO H nocTaToqHo npoBenemte 

3KCnepHMeHTOB llpH nByx 3HaqeHHl!X llJIOTHOCTH TpHTHll B MHllieHH, 

0Tn0qaJOmHXCll MeJKny co6ol!: 6onee, qeM Ha 20_%. 

B rnecToii rnaBe npencTaBneH!l pe3yJibTaT!l HccnenoBaHHll npoueccoB 

nepexB_aTa MJOOHOB OT pµ- H dµ-aTOMOB K HnpaM He, a TaKJKe paccMOTpeH!l 

BOllpOC!l CBl!3aHH!le C OllTHMH3aUHel!: 3KCnepHMeHTOB 110 H3MepeHHJO 

xapaxTepHCTHK 3THX npoueccoB. 

cornacHO paHHHM ~epeTHqecKHM BllqHCJieHHl!M nonaraJIOCh, qTo CKOpOCTh 

nepexBaTa MJOOHOB OT MJO-aTOMOB Bonopona , HaxonHmHXCll B OCHOBHOM 

COCTOl!HHH, K llnpaM He 

3 4 

Hµ + He - Heµ+ H; ( H = p, d , t ; He = He , He ) (7) ' 

Mana B CBll3H C OTCYTCTBHeM nepeceqeHHH H nceBnonepeceqeHHH MeJKny 

MOJieKynllpH!lMH TepMaMH CHCTeM Hµ + He H Heµ+ H. rronTBepJKneHHeM 3TOMY 

l!BJll!JIHCb pe3yJibTaT!l pllna 3KCnepHMeHTaJibH!lX pa6oT (3al!:MHnoporo 0.A. H 

np. ~3T~ 44 (1963) 1852; Bertin A. et al. Nuovo Cim. ·s2A (1967) 1274): 

B 1977 rony HaMH 

l!BJll!JIOCb o6HapyJKeHHe 

6!lJI BllllOJIHeH 3KCllepHMeHT/S/ 

B03MOJKHOro nepexBaTa MIOOHOB 

Haxonl!IUHXCll B B036yxcneHHOM COCTOl!HHH, K HnpaM 

14 

uenhJO KOToporo 

OT pµ-aToMoB, 
4
He. MeTonHKa 

onpeneneHHll CKOpOCTH nepexBaTa MJOOHOB OT pµ-aTOMOB 6!lJia OCHOBaHa Ha' 

ananH3e B!lxonoB H BpeMeHH!lx pacnpeneneHHl!: 3JieKTpOHOB OT pacnana MJOOHOB 

H r-xBaHTOB Me3opeHTreHOBCKoro H3JiyqeHHll Xeµ-aTOMOB C 3HeprHel!: E,= 3,8 

M3B (B03HHKaJOmHx B pe3yJibTaTe nepexBaTa MJOOHOB OT pµ-aTOMOB K HnpaM 

Xe, HCl10Jlb3YeMoro B xaqecTBe He60JiblliOI!: no6aBKH, C - 10-5
), H3MepeHHllX 

. Xe 

B 3KCl103HUHl!X C qHCTJ,.!M BonoponoM H co CMeCl!MH Hz+ Xe, Hz+ Xe + He. 

3KcnepHMeHT 6un BllllOJIHeH Ha MJOOHHOM nyqxe CHHXpOUHKJIOTpOHa OHHH. CXeMa 

ycraHOBKH npHBeneHa Ha pHC. 1. rryqox MJOOHOB c HMllYJihCOM 130 M3,B/c H 

HHTeHCHBIIOCTbJO I = 2x104 C -J npoxonHJI qepe3 CUHHTHJIJll!TOpll neTeKTopqB 

1, 2, 3, TOpM03HJICll (JJHJibTpOM 6 H nonanan B o6beM MHWeHH, orpaHHqe!IH!ll!: 

CUHHTHJIJll!TOpaMH 4 H 5 H3 CsI(Tl). PerHCTpaUHll r-KBaHTOB 

Me3ope11TreHOBCKoro H3nyqel!Hll Xeµ-aTOMOB H 3JieKTpOHOB OT pacnana MIOOHOB 

ocymecTBJll!JlaCb nByMll neTeKT_opaMH "•i" H "•z" C KpHCTaJIJiaMH NaI (Tl) 
2 : 

0 150x100 MM H lll!TbJO cqeTqHKaMH el - e5 c KpHCTannaMH CTHJib6eHa 0 70x 

30 MM
2

, pacnonoJKeH!lllMH BOKpyr MHWe!IH. CHCTeMa OT6opa H perHCTpaUHH 

co6!lTHH OllHCaHa B pa6oTe/3
0/, a CHCTeMa oqHCTKH H 3allOJI!leHHll . MHWeHH 

BonoponoM B pa6oTe/J/. . B 3KCnepHMeHTe 6!lJIH BllllOJIHeH!l TPH cepHH 

H3MepeHHH, pa3_JIHqaJOWHXCll MelK,lly c:0601!: 11aqaJibH!lM naBJieHHeM Bonopona H 

OTIIOCHTeJibllOH KOIIUeHTpauHeH reJIHll ( C = n /n r ne n H n - qHcJia 
He He H, He H 

aTOMOB renHll H Bonopona B cM
3
). Haqanb11oe naBneHHe Bonopona H3MeHl!JIOCb 

OT_ 16,5 aT no 24,6 aT, a_KOHUeHTpaUHll reJIHll CHe OT 0,05 no 2,14. 

Pe3y JibTaT!l, nonyqe11111,1e , B npennonoJKeHHH OTCYTCTBHll npouecca (7) ,· 

CBHneTeJibCTBOBaJIH O cymecTBOBaHHH nepexBaTa H3' B036yJKneH!lllX COCTOl!HHH 

pµ-aTOMOB K HnpaM 
4
He. on11axo, COBMeCTH!ll!: a11aJIH3 BllXonoB H BpeMeHH!lX 

pacnpenenetrnl!: 7-KBaijTOB H 3JieKTpOHOB OT pacnana MJOOHOB llpHBOnHJI K 

-OTCYTCTBHJO caMocornacoBaH!IOCTH pe3yJibTaTOB., B 11aqane 80-x ronoB B 

pa6oTe (10.A.ApHCTOB H np. H~, 33 (1981) 1066) 6!lJI, pacCMOTpeH HOB!ll!: 

MexaHH3M nepexB~Ta MJOOHOB OT MJO-aTOMOB H30TOl10B Bonopona (HaxonllmHXCll 

B OCHOBIIOM COCTOll!IHH) K HnpaM reJIHll - MexaHH3M: MOJieKyJillpHO!!: 

nepe3apHnKH 

B CBll3H C 

3KCnepHMeHTa/S/ 

nepe3apHnKH. B 

* + -
Hµ + He - [(HµHe) e] + e 

Le 
'++ _, 

(HµHe) + e , , 

[(HµHe)++e]+-t-,(6,85 K3B) 

(HµHe)++ - (Heµ)++ H 

' /6/ 
3THM 11aMH 6una np0Bene11a neTaJibHal! o6pa6oTKa naHH!lX 

C yqeTOM B03MOJKHoro cymecTBOBaHHll l!BJieHHll MOJiexynllp!IO!!: 

pe3yJibTaTe COBMeCTHO!!: o6pa60TKH BpeMeH!lllX pacnpeneneHHH 

r-KBaHTOB Me3opeHTreHOBCKOro H3JiyqeHHll Xeµ-aTOMOB H 3JieKTpOIIOB, OT 

pacnana MJOOHOB Hal!:neHO 3HaqeHHe CKOpOCTH nepexBaTa MJOOHOB H3 OCIIOBHOro 

COCTOl!IIHll, pµ-aTOMOB K HnpaM 4 He: 

AP = (3,6 ± 1'.0),107 C- 1 

He 
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H3MepeHHOe 3Ha'ieHHe i\.:. HaXO,llHTCl'I B. xopoweM cor JJaCHH c pac'ieTH08 

BeJJH'iHH08. 3TOT ¢aKT l'IBJJl'!eTCl'I Henocpe.ncTBeHHUM CBH,lleTeJJbCTBOM 

o6HapyJKeHHl'I B HaWHX onuTax HOBoro MexaHH3Ma MOJJeKyJJl'lpH08 nepe3apl'!,llKH 

pµ-aTOMOB Ha 51,npax reJJHl'I. 

KpoMe 3TOro, HaMH HCCJJe.noBaHa 3aBHCHMOCTb BeJJH'iHHU W = WHWO (WH -

BepOl'ITHdCTb npl'IM08 noca,nKH MJOOHa Ha BO,nopo.n B CMeCH Hz+ He; WO -

BepOl'ITHOCTb nepexo.na pµ-aTOMa H3 B036yJK.neHHoro COCTOl'IHHl'I B OCHOBHOe) 

OT KOHUeHTpaUHH reJJHl'I, yxa3UBaJOmal'! Ha HaJJH'iHe nepexBaTa MIOOHOB H3 

B036ylK.lleHHUX COCTOl'IHH8 pµ-aTOMOB K 51,npaM reJJHl'I. Ha pHC. 6 npe,ncTaBJJeHa 

3aBHCHMOCTb W OT KOHUeHTpaUHH reJJHl'I, CBH,lleTeJJbCTBYJOmal'! 0 TOM 1 'iTO 

nepexBaT MIOOHOB H3 B036yJK,neHHUX COCTOl'IHH8 pµ-aTOMOB 6oJJee BepOl'!TeH' 

'ieM B cJJyqae prr-aTOMOB. npH'iHHa TaKoro pa3JJH'iHl'I, no Bce8 BH.llHMOCTH, 

CBl'!3aHa C cymecTBOBaHHeM HHTeHCHBHOro 51,nepHoro 3aXBaTa nHOHOB H3 

ns-COCTOl'IHH8 (n = 1 + 5) prr-Me30aTOMOB, KOHKypHpyIOmero c npoueccoM 

nepexBaTa MIOOHOB K 51,npaM reJJHl'I. 

nocJJe 3KCnepHMeHTaJJbHOro o6Hapyl!CeHHl'!15'61 TeopeTH'ieCKH 

npe,ncKa3aHHoro l'IBJJeHHl'I MOJJeKyJJHpHo8 nepe3apl'!.llKH MJO-aTOMOB H30TOnOB 

Bo.nopo.na Ha 51,npax reJJHl'I, a TaKJKe o6HapylKeHHl'I nepexBaTa MIOOHOB H3 

B036yJK,neHHUX COCTOl'IHH8 MJO-aTOMOB pe3KO B03poc HHTepec K HCCJJe,noBaHHJO 

TaKHX npoueccoB. 3HaHHe napaMeTpoB npouecca nepexBaTa MJOOHOB 

Heo6xo,nHM~ ,llJJl'I npaBHJ!bH08 HHTepnpeTaUHH onUTOB no HCCJJe.noBaHHIO 

MIOOHHOro KaTaJJH3a B CMeCH Dz+ T2, KOppeKTHOro onHcaHHl'I KHHeTHKH 

xacxa.nm~_x nepexo.noB MIO-a TO MOB B cMecH H30TonoB Bo,nopo.na c reJJHeM, a 

TaKl!Ce ,llJJl'I BU6opa onTHMaJJbHUX ycJJOBH8 B nJJaHe ocymecTBJJeHHl'I 

3¢¢eKTHBHoro MJOOHHoro KaTaJJH3a peaKUHH dt-CHHTe3a (MOlKHO npoH3BeCTH 

oueHKY nepHO,llH'iHOCTH If CTeneHH Heo6xo,nHMo·8 O'iHCTKH CMeCH Dz+ T2 OT 

HaxonHBWerocl'! B He8 reJJHl'I 3a C'ieT ecTeCTBeHHoro pacna.na TpHTHl'I H B 

pe3yJJbTaTe npoTeKaHHl'I 51,nepm,1xpeaKUH8 dd-,' dt- H tt-CHHTe3a). 

UeJJbJO cJJe,nyJOmero 3KcnepHMeHTa1121 , BlinOJJHeHHOro HaMH, l'IBJJl'IJJOCb 

H3y'ieHHe npouecca nepexBaTa MIOOHOB OT dµ-aTOMOB K 51,npaM 4 He npH MaJJUX 

KOHUeHTpaUHl'IX reJJHl'I H .naBJJeHHH CMeCH D + 4 He paBHOM 1350 aT. MeTO.ll 
. 2 

H3MepeHHl'I OCHOBaH Ha aHaJJH3e BUXO.llOB H BpeMeHHHX pacnpe.neJJeHH8 
•.::-· 

w .----------, 

0.8 

0.4 

~ t1~ 
)l 

0 0.4 0.8 CHe 

PHC.6. 3aBHCHMOCTb BeJJH'iHHU WOT 

KOHUeHTpaUHH reJJHl'I B CMeCH H+ 
4

He: 
2 

µ - ,naHHUe HaCTOl'lme8 pa6oTu
161

; 

rr - pe3yJJbTaT 3KcnepHMeHTa no 

HCCJJe,noBaHHIO nepexBaTa _nHOHOB OT prr-aTOMOB 

K 51,npaM 4He (neTpyxHH B.H., CyBopoB B.M. 

Z3T<I> 70 (1976) 1145). 
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nocJJe.noBaTeJJbHO 3aperHCTpHpOBaHHHX 

He8TpOHOB dd-CHHTe3a B 'iHCTOM ,ne8Te­

pHH H cMeCH .ne8TepHl'I c reJJHeM. B pa-

6oTaxn~n/HaMH no.npo6Ho pacCMOTpeHu 

H,lleOJJOrHl'I npoBe.neHHl'I 3KcnepHMeHTOB no 

HCCJJe.noBaHHIO ,naHHoro npouecca H anro­

pHTM aHaJJH3a 3KcnepHMeHTaJJbHUX .naHHHX~ 

3KcnepHMeHT npoBO.llHJ!Cl'I Ha MJOOH­

HOM KaHaJJe ¢a3aTpOHa OHHH. Ha pHC. 7 

npHBe.neHa cxeMa 3KCnepHMeHTaJJbH08 

ycTaHOBKH. ny'iOK MIOOHOB C 

130 M3B/c H HHTeHCHBHOCTbJO 

HMnyJJbCOM 

2x104 C -I 

npoxo,nHJJ qepe3 CUHHTHJJJJl'IUHOHHUe .neTe-

KTopu 1 - 4, TOpM03H08 ¢Hn°bTp CH2 H 

nona,naJJ B MHWeHb BUCOKoro .naBJJeHHl'!
19

~ 

nJJl'I perHCTpaUHH 3JJeKTpOHOB OT pacna.na 

MIOOHOB H BU.neJJeHHl'I axTa OCTaHOBKH 

0 5 'OcH 
~ 

H 
1 

NE213 

~1~-

3~~ 

NE213 

PHC.7. cxeMa 3KCnepHMeHTaJJb-

HOit ycTaHOBKH'. 

MIOOHa B o6'beMe MHWeHH BOKpyr Hee pacnoJJaraJJCl'I CUHHTHJJJ!l'IUHOHHH8 

.neTeKTOp 5 (nJJaCTH'ieCKH8 CUHHTHJIJ!l'ITOP UHJIHH.llPH'ieCK08 ¢0pMU 0 100 MM, 1 
= 150 MM, d = 5 MM). PerHCTpaUHl'I He8Tp0HOB ocymecTBJ!l'!JJaCb c IlOMOWbJO 

·,nByX He8TpOHHHX .neTeKTOpOB C lll:H,llKHM CUHHTHJIJJl'ITOpOM NE-213, 

pacnoJJOJll:eHHUX CHMMeTpH'iHO OTHOCHTeJJbHO MHWeHH. KJOBeTH .llJ!l'I 

CUHHTHJJJJl'ITOpa NE-213 HMeJJH pa3Mepu: 0 310xl60 MMz: 
3KcnepHMeHT BKJJJO'iaJJ B ce6l'I BOCeMb OilHTOB: a -

(p = 1350 aT, T = 300 K); 6 - nl'ITb 3KCil03HUH8 CO 

c 'iHCTHM ,ne8TepHeM 

CMeCbJO D + 
4
He npH 

2 . 

pa3JJH'iHHX KOHUeHTpaUHl'IX reJJHl'I (p 300 K; CH•=· (0,50± = 1350 aTM, T = 

·co,31±0,06)xl0-z, 

reJJHeM (p = 1050 

±0,15)x10-3 , (0,13±0,03)x10-z, (0,64±,09)x10-z I 
. . . -2 

(1,90±0,lO)xlO ; B C 'iHCTUM aTM).; r C 

·BaxyyMHpoBaHH08 MHWeHbIO. 3KCn03HUHH B Hr RBJ!l'IJJHCb ¢0HOBHMH. Ha pHc.B, 

B xaqecTBe npHMepa, npHBe,neHu BpeMeHHHe pacnpe,neJJeHHl'I nepBux 

3aperHcTpHpOBaHHUX He8TpOHOB dd-CHHTe3a, H3MepeHHUe B onuTaX C 'iHCTHM 

',neflTepHeM H(~o _cMeCbJO Dz+ 
4
He (CH•= 0,31%) .. 

Ha pHC •. 9 npHBe.neHU 3Ha'ieHHl'I i\.d , noJJy'ieHHHe B 3KCil03HUHRX co 
. 4 · · . He -3· ' ' -2 . 

CMeCbJO Dz+ He npH H3MeHeHHH KOHU8HTpaUHH OT O, 5x10 .no 1, OxlO • B 

pe3yJJbTaTe• o6pa60TKH uce8 COBOKynHOCTH 3KcnepHM8HTaJJbHHX ,naHHUX 

Ha8,neHO 3Ha'ieHHe i\. d , 'a TaKlKe Ha 90% y pOBHe ,nocTOBepHOCTH rpaHH'iHHe 
~ . ~ 

3Ha'ieHHl'I BeJJH'i.HHH W
0

: i\.:. = ( 2 ,7 5 · ± 0 ,22.)x10
8 

c -i.i' W0 (_CH~ =5~10_- ·, z: 
-2 . . .. 

0,96; W (CH =10 ) z: 0,9. 
0 e . 4 

noJJy'ieHHOe 3Ha'ieHHe CKOpOCTH nepe3apst.nKH dµ-aTOMOB Ha st.npax He 

npH .naBJJ8HHH CMeCH Di+ 4He paBHOM 1350 a TM. MeHbWe BeJJH'iHHU i\.:., 
H3MepeHH08 npH ,naBJJeHHH "' 100 a TM (n. B. BaJJHH H ,np .' TIHCbMa B Z3T<I> ( 42 

(1985) 236), HO cymecTB8HHO 60JJbWe rpaHH'iHOro 3Ha'ieHHl'I .naHH08 

l7 
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PHc.8. BpeMeHHUe pacrrpeneneHHH: 

1 - OilUT c qHCTUM ne8TepHeM; 

2 - OITUT co CMeCbD Dz+ 0,31% He; 

CilJIOlliHUe JIHHHH - pe3yJ1bTaT 

¢HTHpoaaHHH. 
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PHC.9. 3HaqeHHH CKOpOCTH rrepexBaTa 

MDOHOB H3 OCHOBHOro COCTOHHHH 

dµ-aTOMOB K HnpaM 4He. 

ITpHMaH - pe3yJihTaT ¢HTHpOBaHHH 

3KCrrepHMeHTaJibHUX naHHUX. 

BeJIHqHHu, Ha8neHHoro B orruTe {A.Bertin et al. Lett. Nuovo Cim., 18 

{1977) 381) rrpH naaneHHH CMeCH 10 aTM. ITpHqHHa TaKoro pacxoxc.neHHH IlOKa 

He HCHa. ITpH cpaBHeHHH H3MepeHHOro HaMH 3HaqeHHH Ad C pe3yJihTaTa~H 
. ~ . 

BUqHcJieHH8 (B.K.J1BaHOB H np. lK3T<I>, 91 (1986) 358) Ha6JIDnaeTCH Xopowee 
cornacHe. 

B 3To8 JKe rnaae nocTaToqHo neTaJihHO H3JIOJKeHa KHHeTH_Ka rrpoueccoa, 

rrpoHcxonHmHx B aonopon-renHeBo8 CMecH H rrpennoJKeHa 3KcrrepHMeHTaJihHaH 

rrporpaMMa nanbHe8rnHx HccnenoaaHH8 MA- H MM-rrpoueccoa B cMecHx Hz+ He, 

D2 + He I T2 + He/Jl-JJ/. . Ha OCHOBaHHH paCCMOTpeHHH KHHeTHKH 

B036yJKneHHoro Me3oaonopona rrpennoJKeH MeTon orrpeneneHHH cKopocTe8 

rrepexBaTa MDOHOB H3 B.o36yJKneHHUX COCTOHHH8 MD-aTOMOB H30TOITOB Bonopona 

K HnpaM reJIHH. .llJIH rrpoaepKH KoppeKTHOCTH rrpenJIOJKeH.Horo MeTona HaMH 

rrpoaeneHa o6pa60TKa naHHUX 3KcrrepHMeHTa/6
/. _rronyqeHHue oµeHKH/ 34/ 

CKOpOCTe8 rrepexaaTa MDOHOB H3 B036yJKneHHUX COCTOHHH8 pµ-aTOMOB c n s 5 

(n - rnaBHOe KBaHTOBOe qHcno) CBHneTeJibCTBYDT O rrpaBOMepHOCTH 
rrpennoJKeHHoro MeTona. 

B cenhM08 rnaae rrpencTaaneHu pe3yJihTaTU 3KcrrepHMeHTa rro 
-- .... . H3yqeHHD rrpouecca pacceHHHH pµ-aToMoB B aonopone. 

pµ + Hz - pµ + Hz 

l1HTepec K 

o6CTOHT8JibCTBaMH. 
H3yqeHHD naHHoro 
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{8) 

rrpouecca CBH3aH co cnenyDmHMH· 

3HaHHe. ceqeHH8 peaKUHH ( 8) Heo6xonHMO He TOJlbKO nnH rrpaBHJibH08 . 

HHTeprrpeTaUHH OITUTOB rro H3MepeHHD CKOpOCTH HnepHoro 3aXBaTa MDOHa 

rrpOTOHOM, HOH nnH xoppeKTH08 rrpoBe~KH anropHTMa peweHHH 3anaqH Tpex 

TeJI, B3aHMone8CTBYDmHx rro 3aKOHY KyJioHa. 

K MOMeHTY BUilOJIHeHHH HaCTOHmeR PtlPOTU cymecTBOBaJIO 3aMeTHOe 

pacxoJKneHHe MeJKny 3HaqeHHHMH ceqeHHH pacceHHHH, Ha8neHHUMH B OITUTaX c 

nH~Y3HOHH08 KaMepo8 (B.IT . .llJKeJierroB ii np. JK3T<I>, 49 {1965) 393) H c 

HCilOJlb30BaHHeM 3JieKTpOHH08 MeTonHKH (A.Quaranta et al. Nuovo Cim., 47B 

(1967) 72). Pe3yJibTaTU TeopeTHqecKHX pa6oT {3eJibnOBHq R.E., reprnTe8H 

c.c. Y<l>H, 71 {1960) 581; MaTBeeHKO A.B., ITOHOMapeB JI.11. JK3T<I>, 59 

{1970) 1953; Cohen s. et al. Phys. Rev., 119 (1960) 384; ITOHOMapeB 

JI.H. H np. R<I>, 29 (1979) 133) TaKJKe He cornacoauaanHCh npyr c npyroM, 

npHqeM Ha6nDnanacb 3aMeTHaH qyBCTBHTeJibHOCTb HX K HCilOJlh3yeMUM 

MoneJIHM. .llJIH ycTpaHeHHH cymecTBOBaBrne8 HeorrpeneJieHHOCTH B 

3KCnepHMeHTaJibHUX pe3yJibTaTaX HaMH 6un rrpoaeneH 3KCrrepHMeHT/7/ rro 

H3MepeHHD ceqeHHH rrpouecca (8). 3KcnepHMeHT 6un BUITOJIHeH c 

HCil0Jlb30BaHHeM ycTaHOBKH, onHcaHHe KOTOp08 rrpHBeneHO B rnaBe VI {onuT 

no H3yqeHHD rrpouecca rrepexBaTa MDOHOB OT pµ-aTOMOB K HnpaM 4 He). MeTon 

H3MepeHHH OCHOBaH Ha HCITOJlb30BaHHH CBH3H nnHHU nH~Y3HH pµ-aTOMa B 

ra3006pa3HOM aonopone c ceqeHHeM pacceHHHH. B rrpouecce 3KcrrepHMeHTa 

6UJIH rrpoaeneHu cnenyDmHe•3KCIT03HUHH. 

1. MHllieHb 3anOJIHHJiaCb H30TOrrHqecKH qHCTUM BonoponoM C conepJKaHHeM 

ne8TepHH He 6onee 2x10-6 06. none8. B naHHo8 3KIT03HUHH onpenenHJICH 

Buxon 7-KBaHTOB Me3opeHTreHOBCKOro. H3JiyqeHHH, Csµ- H Iµ-aTQMOB, 

B03HHKaDmHx B ,pe3yJibTaTe nH~Y3HH pµ-aTOMOB K CTe·1uaM CUHHTHJIJIHTOpOB 

neTeKTOpOB 4 H 5 H rrocnenyDmero rrepexBaTa MDOHOB OT pµ~aTOMOB K HnpaM 

Cs H I. 

2. OITUT co CMeCbD Hz+ Xe nnH 3KCrrepHMeHTaJlbHOro orrpeneneHHH 

3¢¢e.KTHBHOCTH perHCTpaUHH 7-KBaHTOB Me3openTreHOBCKOro H3JiyqeHHH Csµ­

H Iµ- aTOMOB {Bu6op Xe B KaqecTBe no6aBKH Ha ypoBHe - 10-4 6un 

o6ycJIOBJieH Tf:;M, 'ITO .xapaKTepHCTHKH Me3openTreHOBCKo.ro H3JiyqenHH . Xeµ-, 

Csµ- H Iµ-aT?MOB BeCbMa 6JIH3KH). 

3. OITUT c reJIHeM {¢0HOBU8) . t!HCJIO OCTaHOBOK MDOHOB · B OITUTaX c 

qHCTUM aonop.onoM H renHeM orrpeneJIHJIOCh rro qHcJiy 3JleKTpOHOB 1 

3aperHcTpHpOBaHHUX neTeKTopaMH "e". 

4. BcrroMoraTeJibHUe OITUTU, ueJibD KOTOpux HBJIHJlOCb H3MepeHHe 

pacrrpeneneHHH IlJIOTHOCTH OCTaHOBOK MDOHOB rro_ 061>eMy MHllieHH. 

5. OITUT C BaKy.yMHpoBaHH08 MHllieHbD, KOTOpU8 HBJIH]!CH ¢0110BUM nm1 

3KCil03HUH8 2 + 4. 

B KaJKno8 3KCIT03HUHH rrpoaonHJIOCb H3MepeHHe BpeMeHHUX pacnpeneneHHfi 

7-xaa11T0B, 3aperHcTpHpoaa11nux 11 7 11
-

1. 

HIITepnane 0,38 - 7,6 MKC (CM. pttc. 
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H "7/-,.'leTeKTOpaMH BO BpeMellllOM 

10). 4T06U orrpeneJJHTb B3aHMOCBH3b 
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_PHC.10. BpeMeHHUe pacnpeneneHHR co6UTH8~ 

3aperHCTpHpOBaHHUX 11 7"-neTeKTOpaMH B 

3KCn03HUHRX C qHCTUM BonoponoM (1), renHeM 

(2) H c BaKyyMHpoBaHH08 MHllieHbD (3). 

:~acnpeneneHHR (2) H (3) HOPMHpOBaHHU K 

ycJIOBHRM onuTa (1). 

Mexny ceqeHHeM pacceRHHR pµ-aTOMOB B 

Bonopone H H3MepeHHUM BUXonoM 7-KBaHTOB, a 

TaKxe nnR BURCH8HHR qyBCTBHTeJibHOCTH 

pe3yJihTaTa K pa3JIHqHuM npennonoxeHHRM o 

xapaKTepe npouecca (8), npoBonHJIOcb 

qHcneHHoe MonenHpoBaHHe MeTonoM MoHTe-

Kapno npoueccoB, npoHcxonRmHx nocne 
OCTaHOBKH MDOHOB B Bonopone. AJirOpHTM nporpaMMU BKJIDqaJI B KaqeCTBe 

HCXOnHUX napaMeTpOB HaqaJibHYD 3HeprHD pµ-aTOMOB, ceqeHHe pacceRHHR H 

3cpqleKTHBHYD Macey MoneKynu Bonopona. 

c uenbD onpeneneHHR 3cpqleKTHBH08 Maccu Monexynu H
2 

6uno npoBeneHo 

MOnenHpOBaHHe npouecca CTOJIKHOB~HHR pµ-aTOMOB C MOJieKyJiaMH Bonopona, 

yqacT_ByDmHMH B TenJIOBOM nBHXeHHH C nRTbD CTeneHRMH CBo6onu (B 3TOM 

cnyqae 'KJiaCCHqecKHM .aHanoroM MOJieKy JIU Hz HBJIRJiaCb "raHTeJibKa" B BHne 

nsyx aTOMOB sonopona, pacnonoxeHHUX Ha OCH C ~HKCHpOBaHHUM paccTORHHeM 

Mexay HHMH). Pe3yJJhTaTU MonenHpOBaHHR CBHneTeJibCTBOBaJIH O TOM 
I 

qTO 

cpenHHe xapaKTepHCTHKH npouecca pacceRHHR pµ-aTOMOB (cpenHHe nnHHu 

npo6eros pµ-aTOMOB no "npRM08" H "noMaHo8" TpaeKTOpHRM, qHcno 
coynapeHH8, cpenHH8 KOHYC yrna pacceRHHR) 3KBHBaJieHTHU COOTBeTCTByDmHM 

xapaKTepHCTHKaM npouecca coynapeHHR MD-aToMoB sonopona c qacTHUaMH, 

HMeDmHMH Macey M = 1,25 mp (mp- Macca npoToHa). 

HCilOJib3YR H3MepeHHOe 3HaqeHHe suxona 7-KBaHTOB Me3opeHTreHOBCKOro 

H3Jiyq_eHHR Csµ- H Iµ-aTOMOB H nonyqeHHYD pacqeTHUM nyTeM 3aBHCHMOCTb 

BUxona 7-KBaHTOB OT ceqeHHR pacceRHHH pµ-aTOMOB Ha qacTHUaX•Maccoa M, 

HaMH Ha8neHO 3cpqleKTHBHOe ceqeHHe pacceHHHR pµ-aTOMOB Ha MOJieKynax Hz 
paBHOe 

a(pµ+H) = (42,0 ± 8,0)xlO-u CM2 • 
2 

Ha pHC. 11 npHBeneHO H3MepeHHOe B 3KCn03HUHH C qHCTUM sonoponoM 

BpeMeHHOe pacnpeneneHHe 7-KBaHTOB Me3opeHTreHOBCKOro H3JiyqeHHR Csµ- H 

Iµ-aTOMOB H HaHrpaHHOe pacnpeneneHHe (pe3yJihTaT MonenHpOBaHHH npH 
-21 2 

a(pµ+H 2 )= 42,0xlO CM). KaK BHnHo, naHHUe pacnpeaeneHHR He 

pa3JIHqaDTCH Mexny co6o8 B npenenax CTaTHCTHqecKHX OWH60K. 
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PHC.11. BpeMeHHUe cneKTpU: 

• - 3KcnepHMeHT, 

0- pe3yJibTaT MoneJIHpOBaHHR. 

Ha8neHHOe HaMH ceqeHHe pacceRHHR 

pµ-aToMoB B sonopone H B pa6oTe (A.Bertin et 

al. Nuovo Cim., 72A (1982) 225) cornacyDTCR 

He TOJibKO Mexay co6oa, HO H C. pe3YJibTaTaMH 

suqHCJieHH8 (B.'C.MenexHK H np. JK3Tcl> 85 (1983) 

434). PacqeTHue xe 3HaqeHHR ceqeHHR pacceRHHR 

pµ-aTOMOB Ha MoJieKynax sonopona, nonyqeHHUe c 

yqeTOM cnHHOBUX 3~eKTOB H BJIHRHHR 

3JieKTpoHH08 o6onoqKH MOJieKynu sonopona 

6 t.HKC (A.Adamczak, v.s.Melezhik MCF 5/6 (1991) 65), 

cymeCTBeHHO OTJIHqaDTCR OT 3KcnepHMeHTaJibHO. 

Ha8neHHUX 3HaqeHH8 ceqeHHH. B HaCTORmee speMR nposonHTCR aHaJIH3 naHHUX 

3KcnepHMeHTa, sunonHeHHoro B PSI (J.B.Kraiman et al. MCF 5/6 (1991) 

43) no H3MepeHHD ceqeHHR npouecca (8) npH· HH3KHX nasneHHRX sonopon~ 

(0;047 aT"H 0,75 aT). He HCKJIDqeHO, qTo COBMeCTHU8 aHaJIH3 scero Ha6opa 

3KCnepHM8HTaJibHUX H pacqeTHUX 3HaqeHH8 ce~eHHR npouecca (8), 

nonyqeHHUX K HaCTORmeMy BpeMeHH, CMOXeT npORCHHTb npHpony 

cymecTnyDmero pa3JIHqHR Mexny pe3ynhTaTaMH 3THX pa6oT. 

B 3aKJIDqeHHH C~OPMYJIHposaHU OCHOBHUe pe3YJibTaTU H susonu 

nHccepTaUHH'. 

OCHOBHUe pe3yJibTaTU nHccepTaUHH ony6JIHKOBaHU B pa6oTaX: 

1. 6UCTpHUKH8 B. M. H np. 

csepxqHc!~M sonoponoM. 

RnepH. Hc·cnen.: 13-7246). 

CHCTeMa C ra30B08 MHlli8HbD nJIR OilUTOB co 

- _ny6Ha. - 1973. ( Coo6meHHe/06'ben. HH-T 

2. 6UCTPHUKH8 B.M. H np. ra30BaR MHllieHb DUCOKOro naBJieHHR 

3KCnepHMeHTOB C ra3006pa3HUM TPHTHeM. //IlT3. - 1982. - » 2. 

C.21. 

nJIR 

3. 6UCTpHUKH8 B.M. H. np. lKHnKOTpHTHeBaR · MHWeHb -nnR HCCJienosaHHR 

'Me3oaTOMHUX H Me30MOJieKyJIRpHUX npoueccoB.//IlT3: - 1983. ~ » 3. -

C.42. 

4. 6UCTpHUKH8 B.M., B03HRK H., ryna A. 
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