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. /1/ ' . ' 
rrocne 3KCnepHMeHTanbHoro o6Hapy~eHHH . npe~cKa3aHHOro 

/2/ . . . . ..• 
TeopeTH'!8CKH HOBOro HBR8HHH · MOReKynHpHOif· nepe3apH.liKH 

MIO-aTOMOB 

COCTOHHHH) 

H30TOTIOB BO.IIOpO.IIa ( HaXO.IIHIUHXCH 

Ha H.IIpax He 

++ ..., 
. (HuHe) +e 

B· OCHOBHOM 

Ht.~+He~[ (HuHe) * e]+_+e --c[ (HuHe) ++ e -]+'¥ 
(6,85K3B), 

(la) 

( 16) 

( 1 B) (Hu He) ~ Heu + H, 

H = H,D,T,. 
3 4 . 

He =· He, He,~· 

a TaK~e 06Hapy~eHHH nepeXBaTa MIOOHOB H3 

COCTOHHHif Me30BO.IIOpO.IIa/3 > 4~ pe3KO B03poc 

HCCRe.IIOBaHHIO TaKHX npoQeCCOB. 3TO . o6yCROBReHO, 

cne.IIYIOIUHMH ·o6cTOHTeRbCTBaMH.• 

B036y~.IIeHH:b!X 

HHTepec K 

B OCHOBHOM, 

a) 3HaHHe napaMeTpoB npouecca nepexBaTa MIOOHOB OT 

MIO-aTOMOB H30TOTIOB BO.liOPO.IIa, HaXO.liHIUHXCH KaK 1 B:oCHOBHOM, TaK 

H B B036yi.IIeHHHX COCTOHHHHX, TI03BORHeT KoppeKTHO 

HHTepnpeTHpOBaTb pe3ynhTaThi no H3MepeHHIO xapaKTepHCTHK 

MIOOHHOrO KaTanH3a H.IIepH:b!X peaKUHif CHHTe3a B CMeCH D +T H B . 2 2 

TO ~e BpeMH .IIaeT B03MO~HOCTb TipOH3BeCTH'OUeHiy nepHO.IIH'!HOCTH 

H CTeneHH Heo6XO.IIHMOif O'!HCTKH CMeCH D +T OT HaKOTIHBillerocH 
. 2 2 

reJJHH B Te'!eHHe 3KCTI03HUHH Ha TIY'!Ke MIOOHOB. (ITOHBneHHe He B 

MHilleHH npOHCXO.liHT KaK. 3a C'!eT ecTeCTBeHHOrO pacnana TpHTHH, 

TaK -H B pe3yRbTaTe npoTeKaHHH H.IIepHHX peaKQHH dd-, tt- H 

dt-CHHTe3a. 3TO npHBO.IIHT"K TOMy, 'ITO MIOOHH, nepexBaTHBillHeCH K 

H.IIpaM He, BH6HBaiOT H3: QeTIO'!KH .IIaRbH8Hillero MIOOHHOrO KaTaRH3a 

H.IIepHHX peaKUHif CHHTe3a H30TOTIOB BO.IIOPO.IIa). 

6) Heo6XO.IIHMOCTbiO OTIHCaHHH KHHeTHKH KaCKa.IIHHX nepeXO.IIOB 

MIO-aTOMOB H30TOTIOB BO.IIOpO.IIa B CMeCHX H30TOTIOB BO.IIOPO.IIa C 

renHeM. 

3KCTiepHMeHTaJJbH:ble H TeOpeTH'!eCKHe 3Ha'!eHHH CKOpOCTeH 
3 4 

nepexBaTa MIOOHOB·OT pu-, dt.~- H tu-aTOMOB K H.IIpaM He H He, 

nony'!eHHHe K HaCTOHIUeMy BpeMeHH, npHBe.IIeHH B Ta6nHue. 

BaHHaH pa6oTa TIOCBHIUeHa paccMOTpeHHIO oco6eHHOCTeH KHHeTHKH 

TipouecCOB 
1 

TipOTeKaiOIUHX B CMeCH H30TOTI0B BO.liOpO.IIa 

~-~nnu.e ___ He:o6XO.IIHMO y'-tHTHBaTb .liJJ~ KOppeKTHOH 

I 
J 
I 

c renHeM, 

o6pa60TKH 

-I 
I 

3KCTiepHMeHTaJJbHHX .IIaHHHX. B nepByiO O'!epe.IIb 3TO KacaeTCH yqe;a 

·KaHana BH6HBaHHH MIOOHOB H3 UeTIO'!KH MIOOHHOrO KaTa.IIH3a 3a C'!eT 
~ 

nepeXBaTa MIOOHOB 

CnenyeT OTMeTHTb 1 

H3 B036yqeHHHX COCTOHHHif K H.IIpaM reJJHH. 

'ITO B 3aBHCHMOCTH OT 3.KCTiepHMeHTaJJbHHX 

ycnoBHif H MeTO.IIHKH onpeneneH~H napaMeTpoB npouecca nepexBaia 

BKna.II naHHoro KaHana 6yneT npoHB.IIHTb ce6H no-pa3HOMy. 

Ta6.IIHUa 

CKOpOCTH nepeXBaTa MIOQHOB OT H30TOTIOB BO.IIOPO.lla K H.IIpaM 

He npH T=300 K (10 8 c- 1
) 

Pa6oTa pu-+
4
Heu dt.~-+3Heu du-+

4
Heu tu~3Heu ti-H

4
Heu 

liHCTPHUKHif 0,36±0,10 
H .liP· [ 1) 

Jacot-Guil- 0,88±0,09 
larmod e.[5) 

von ARB 0;032±0,013· 
et al. (6] 

EaJJHH 1,27±0,11 3,68±0,18 
H np. [7] 

Jones 2 ± 1 
et al. [8) 

Bertin :s 0,2 
et al. [9) 

Matsuzaki 13,1±1,2 
et al. [10] ( T=20 r;) 

Caffrey 15,0±2,5 
et al. [11) 

TeopHH 

Ivanov 0,34 1,34 3,22 
8,7 1 

(24,9±2,2 1,32 
et al. [12) T=S 0 1:) I 

HHxe 6y.IIeT paccMOTpeHa aHanHTHKa, HCll0Jlb3yeMaH npH 

o6pa60TKe 3KCnepHM8HTaJJbHHX ,naHHHX C U8Rbl0 onpe,neJJ8HH.I'I 

.xapaKTepHCTHK npouecca nepexBaTa MIOOHOB OT MIO-aTOMOB H30TOTIOB 

BO,nopo,na K .SI,npaM He B CM8CHX H +He, D +He H T +He. 
2 2 2 

ObU£l,dt'•.;,';;:, }n!CTh~ I 
tlf.".)J:t G q; 3 :· ;l;:,;slU:lti .. 
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.·','0 

I. H +He 
--2-

cxeMa npoueccoB, llpOHCXO.llHlliHX nocne _ 
iJ 
oTpHUaTeJibHOro MDOHa B ~MeCH H+He, npHBe.lleHa Ha 
~~· . 2 
~~pe.neneHHH napaMeTpoB npouecca nepexBaTa 

OCTaHOBKH 

pHc.l: liJIH 

B03MOJKHO 

HCllOJib30BaHHe .llBYX M8TO.llHK. 

PHC.l. CXeMa MD-aTOMHHX 

H MD-MOJieKyJIHpHHX 

llpOU8CCOB 1 npOHCXO.llHlliHX 

B CM8CH H +He. 
2 

~ -~. ( . 
a) MeTOJlHKH, OCHOBaHHOH Ha H3MepeHHH BHXO~riB H BpeMeHHHX 

pacnpe.neJieHHH 3JI8KTPOHOB OT pacna.na MDOHOB H 7-KBaHTOB 

Me~opeHTreHOBCKOro H3JIY'l8HHSI Zl!-aTOMOB (B03HHKaDmero B 

pe3yJibTaTe nepexBaTa MDOHOB OT pl!-aTOMOB K Sl.llpaM npHM8CH Z, 
'-' -1~· 
HCll0Jlb3Y8MOH B KatieCTBe He60JiblliOH .no6aBKH), H3MepeHHHX .B 
:;~HE~ . . . . 
3KCll03HUHSIX C 'IHCTHM BO.llOpO.llOM H CO CM8CSIMH H +Z, H +Z+He 

~ 2 
(HO.llp06H08 OllHCaHHeMeTO.llHKH npHB8.ll8HO B pa6oTe/l ). 

( ,:, l 6) MeTo.ziHKH. perHCTpaUHH 7-KBaHTOB C 3HeprHeA .-6, 85 K3B, 

B03HHKaDlliHX B pe3yJibTaTe pa.nHaUHOHHOrO nepexo.na MD

'.MO_JieKy JISipHoro KOMllJI8KCa (pi!He), HaXO.llSilli8rOCH B B036YJK.ll8HHOM 

COCTOHHHH, B H8CBSI3aHHOe OCHOBH08 COCTOHHHe CHCT8MH, 

COCTOHlli8A H3 HOHa Hell H llpOTOHa (KaHaJI ( 1 B ) ) . PerHCTpaUHH 

7-KBaHTOB yKa3aHHOrO "nepeXO.lla SIBJISI8TCSI llpSIMHM llO.llTB8pX.ll8HH8M 

cymecTBOB~HHSI npe.ncKa3aHHOrO TeopeTH'l8CKH MeXaHH3Ma 

MOJieKyJISipHoA nepe3apSI.llKH MD-aTOMOB H30TOllOB BO.llOPO.lla Ha H.llpax 

He. BHpaxeHHH, OllHCHBaDrnHe BpeMeHHOe pacnpe.neJieHHe H BHXO.ll 

7-KBaHTOB, HM8DT BH.ll: 

dT~.::·t 

dN 
dt7 

= WKc A.P ¢C e -(A. +A. · ¢+AP C ¢)t 
7 He He O PPil He He 1 

N = WKc A.P ¢C /(A.+ A. ¢ + A.P C ¢) 1 • W = 
7 7 He He 0 PP#l He He 

4 

. (2) 

WHWO·I ( (3) 

r.ne WH, W
0 

- BepoHTHOCTH o6pa3oBaHHH p~I-aToMa H nepexo.na ero 

B OCHOBHOe COCTOHHHe COOTB8TCTB8HHO; c
7 

- 3~8KTHBHOCTb 

perHCTpaUHH 7-KBaHTOB C 3HeprHeH 6, 85 K3B; AP - CKOpOCTb 
· He 

nepexBaTa MDOHOB OT Pll-aT~MOB, HaXO.llHlliHXCH B OCHOBHOM 

COCTOHHHH, K Sl.llpaM He; A
0 

- CKOpOCTb pacna.na CB060.llHOrO 
6 -1 6 MDOHa, A =0, 455x1 0 C ; A - CKOpOCTb 0 pa30BaHHH 

o PPil 
PPI!-MOJieKy JI; CHe - aToMapHasr KOHUeHTpauHsr He; ¢ - llJIOTHOCTb 

CM8CH H
2
+He, npHB8.ll8HHaSI K llJIOTHOCTH JKH.llKOrO BO.llOPO.lla, 
22 -3 

n =4, 25x1 0 CM , K -OTHOCHTeJibHasr BeposrTHOCTb pa.nHaUHOHHoro 
0 . 

nepexo.na Me3oMoJieKynsrpHoro KOMnJieKca (p11He) H3 B036yx.neHHoro 

COCTOHHHH (2p<T) B OCHOBHOe (1s<T). KaK BH.llHO, HCllOJib30BaHH8 

.naHHOH MeTO.UHKH ll03BOJISI8T onpe.neJIHTb B8JIH'IHHY AP H3 HaKJIOHa 
, He 

BpeMeHHOrO pacnpe.neJieHHH 7-KBaHTOB (llOKa3aTeJib 3KCllOH8HTH B 

BHpaxeHHH (2)), HCllOJlb3YH H3B8CTHHe 3HatieHHH A H A . KpOMe 
o PP#l 

3TOro, MOJKeT 6UTb TaKJKe HaH.U8HO npOH3B8.U8HHe WK npH YCJIOBHH 

3HaHHH 3~~8KTHBHOCTH perHCTpaUHH 0 - KBaHTOB C 3HeprReH 

E
0

"' 6 1 85 K3B. 

I I . D +He, T +He 
--2---2--

Ha pHC.2, 3 llpHB8.U8HH CX8MH MD-aTOMHHX H MD-MOJI8KYJIHpHHX 

npOU8CCOB, llpOHCXO.UHlliHX llOCJie OCTaHOBKH MDOHOB B CM8CHX D
2
+He 

H T
2
+He. HaH60Jiee npH8MJI8MOH MeTO.UHKOH onpe.neJieHHH napaMeTpOB 

npouecca nepeXBaTa MDOHOB OT d11- H t~I-aTOMOB K H,UpaM He 

HBJIH8TCH MeTO.UHKa aHaJIH3a llOCJI8.llOBaTeJibHO 3aperHCTpHpOBaHHUX 

npO.UYKTOB ·peaKUHH Sl.ll8pHOrO CHHT83a B ddl!- H tt~I-MOJieKy JiaX. 

COOTB8TCTB8HHO. qTO KacaeTCH M8TO.UHKH perHCTpaUHH o-KBaHTOB C 

3HeprHeH 6,85 K3B (16) H M8TO.UHKH(a), HCll0Jlb3Y8MOH B OllUTe CO 

CM8CbD H+He, TO 06JiaCTH HX llpHM8H8HHH onpe.neJISIDTCSI 
2 

3KCll8pHM8HTaJibHHMH ycJIOBHSIMH, 0 '18M 6y.lleT CKa3aHO HHJKe. 

1) CMECb D
2 
+He 

llJISI tiHCToro .lleHTepHSI/13,14/ H CM8CH D
2
+He BHpaxeHHSI, 

OllHCHBaDrnHe BHXO.llH H Bp8M8HHH8 pacnpe.neneHHSI k-x 

3aperHCTpHpOBaHHUX H8HTpOHOB, HM8DT BH.ll: 

5 



qHCThiH ,UeHTepHa-

k-1 
k k k-1 t 

dNn= (e ~A IP) (1 - wd) Tk-11! 
dt n ·ddJ.L 

~ -A1 t. 
I 

N~ = (e ~A IP)k(1- w )k- 1 /Ak 1 n ddJ.L d 1 

A = A+ (e + w- e w )~A IP; 
1 o n d n d ddJ.L 

CMeCb D +He-
':J 

k k 
dNn = (We ~A IP) (1 
dt n ddJ.L 

k-1 
k-1 t 

wd) (k-1)! 
-At e 2 1 

N~ = (We ~A IP)k(1-w )k-1 /Ak 
n ddJ.L d 2 1 

A = A+ (e +w-e w )W~A IP + (1-W)A + Ad !PC 1 
2 0 n d n d ddJ.L ddJ.L He He 

w = wdW01 

( 4) 

(5) 

( 6) 

(7) 

(8) 

( 9) 

r ,n:e N~- t'!HCJIO k-X 3aperHCTpHpOBaHHh!X HeaTpOHOB i W , W D o 

aepOSITHOCTH o6pa30Ba~IHSI dJ.L-aTOMa H nepexo,n:a ero B OCHOBHOe 

COCTOSIHHe COOTBeTCTBeHHOj en - 3~~eKTHBHOCTb p~rHCTpaUHH 

HeaTpOHOB dd-CHHTe3a C 3HeprHeH E =2, 45 M3B i A - CKOpOCTb n ddJ.L. 
o6pa30BaHHSI ddJ.L-MOJieKyJI; ~ - OTHOCHTeJibHaSI BepOSITHOCTb KaH~Jia 

peaKUHH dd-CHHTe3a B ddJ.L-MOJieKyJie C o6pa30BaHHeM HeHTpOHa i 
. . 3 

Wd- K03~~HUHeHT "llpHJIHTiaHHSI" MIOOHa K Sl.UPY .He, o6pa3yJOmeMyCSI 

B peaKUHH dd-CHHTe3a; Ad - CKOpOCTb nepexBaTa MJOOHOB OT 
· He 

dJ.L-aTOMOB, HaXO.USimHXCSI B OCHOBHOM COCTOSIHHH, K Sl,UpaM He. 

PHC. 2. CXeMa MJO-aTOMHh!X H MJO-MOJI~KYJISlpHh!X rrpoueccOB 1 

TipOHCXO.USimHX B CMeCH D
2
+He. 

6 

~OpMyJihl· (4)-(9) TIOJiyqeHh! B rrpe.UTIOJIO~eHHH, ~TO CKOpOCTb 

CHHTe3a B ddJ.L-MOJieKyJie Add>> A , A !P. 
· r o ~J.L 

CorJiaCHO Bh!pa~eHHSIM (6) H (9) 1 BeJIHqHHa Ad orrpe,UeJISieTCSI 
He 

cne.uyJOmHM o6pa3oM: 

(A -A ) -(1-W)A IP + (1-W)(A -A ) 
Ad = 2 1 ddJ.L . 1 o 

He <PC 
He 

(10) 

HeTPYAHO BH.UeTb 1 qTo B cnyqae 1007.- H 3~~eKTHBHOCTH 

perHCTpaUHH npoJiyKTOB o60HX KaHaJIOB peaKUHH dd-CHHTe3a 

(HaKJIOHhl BpeMeHHh!X 

co6h!THH (
3
He, 

3
HeJ.L, 

+ Ad fC ) Bh!pa~eHHe 

pacnpe.ueneHHa rrepaux 3aperHcTpHpoBaHHh!X 

t, p) paBHhl: A= A+A· IP; A= A+·A ·IP 
1 0 ddJ.L 2 0 ddJ.L . 

He He · (10) npHHHMaeT BH.U: 

Ad = ( A - A ) I !PC • 
He 2 1· He 

( i 1 ) 

PeaJIH3aUHSI TaKoro MeTo.ua orrpe.ueneHHSI cKopocTH rrepexaa Ta 

MJOOHOB HMeJia MeCTO B 3KCTiepHMeHTe/?/~ Bh!TIOJIHeHHOM C 

HCTIOJib30BaHHeM HOHH3aUHOHHOH KaMeph! Bh!COKOrO ,UaBJieHHSI. C 

UeJibJO H3BJieqeHHSI HH~OpMaUHH 0 XapaKTepHCTHKaX rrpollecca 

rrepexBaTa .UJISI CJiyqaSI, Kor.ua. perHCTpHpyJOTCSI TOJibKO HeaTpOHhl 

rrocne.uoaaTeJibHh!X aKTOB 

rrpe.unaraeTcSI ·cne.uyJOmHH 

,UaHHh!X. 

CHHTe3a 

anropHTM 

C 3~~eKTHBHOCTbJO en<1, 

aHaJIH3a 3KCTiepHMeHTaJibHh!X 

1. orruT c qHcTh!M D
2

. nyTeM arrrrpoKCHMaUHH apeMeHHh!X 

pacrrpe,UeJieHHH 1-X 3aperHCTpHpoBaHHUX HeHTpOHOB Bh!pa~eHHeM (4) 

H HCTIOJib3YSI H3MepeHHOe OTHOllieHHe Bh!XO.UOB 2-X H 1-X 

3aperHCTpHpOBaHHh!X HeHTpOHOB (CM. Bh!pa~eHHe (5)) orrpe,UeJISIJOTCSI 

aeJIHqHHhr A H A= (1-w )e ~A <P· 
1 d n ddJ.L 

2. OTih!T CO CMeCbJO D
2
+He. l1CTIOJib3YSI TaKyJO ~e rrpoue.uypy, 

KaK H B OTih!Te C qHCTh!M ,UeHTepHeM, orrpe,UeJISieM BeJIHqHHhl A
2 

H 

' B = (1-w )We ~A IP = AW. d n ddJ.L . 

3. no.UCTaBJISISI 3HaqeHHe A B Bh!pa~eHHe ,UJISI BeJIHqHHhl B, 

orrpe.uenSieM rrpoH~ae.ueHHe W0W0= w. 
4. l1CTIOJib3YSI Bh!pa~eHHSI (6) H (9), a TaKXe HaR,n:eHHOe 

3HaqeHHe W, HaXO.UHM CKOpOCTb rrepexBaTa MJOtiHOB OT dJ.L- aTOMOB, 

HaXO.USimHXCSI B OCHOBHOM COCTOSIHHH, K Sl,UpaM He. npH Bh!qHCJieHHSIX 
d ' . 

AHeHCTIOJib3yeTCSI H3BeCTHOe H3 JIHTepaTyphl 3KCTiepHMeHTaJibHOe 

7 



3HaqeHHe AMp' COOT~eTCTByiDmee onpeneneHHOH TeMriepaType CMeCH 

D +He. 
2 

cne.nyeT OTMeTHTb 1 qTo .nmr aHanH3a naHHI:l:X 1 • nonyqeHHI:l:X B 

o6naCTH HH3KHX TeMnepaTyp CMeCH D +He (T-20 K) npH niD6I:l:X 
2 

3HaqeHH~X KOHQeHTpaUHH He H nnoTHOCTH .neATepHA~renMeBOfi 

CM8CH 1 HCITOnb30BaHHe ~OpMynl:l: (11) BITOnHe 060CHOBaHHO (BKna.n 

aenHqHHI:l: (1- W)Addpl{> - (1- W)(A
1

-:-A
0

) B pa3HOC'tb (A
2
-A

1
) . ,, 

npeHe6pe~HMO Man). 

Tenepb OCTaHOBHMC~ Ha aHanH3e pe3ynbTaTOB 3KCrrepHM8HTOB, . 
BI:l:ITOnH~8MI:l:X C HCITOnb30BaHHeM .M8TOnHKH perHCTpaUHH 0 -KBaHTOB 

* nepexo.na (dpHe) '*(dpHe). BpeMeHHoe pacnpe.neneHHe· H BI:l:XO.ll 

3aperHCTpHpOBaHHI:l:i o-KBaHTOB C 3HeprHeA nepexo.na 6,85 K3B 

HM88T BH·.n: 

dN d -At 
dto = WKc A I{>C e 3 1 o He He 

(12) 

No = WKc Ad ,PC /A , o He He 3 
( 13) 

A =A+ wW(3A If>+ (1- W)A ¢ + Ad¢C. 
3 0 d ddp ddp He He 

(14) 

H3 BI:l:pa~eHH~ (14) BH.llHO, qTQ KOppeKTHOe onpe.n~neHHe 
• . d ' . 

napaMeTpOB npouecca nepexBaTa WK H ~h B CMeCH D
2
+He B03MO~HO 

nHWb npH ycnoBHH: W A If>, (1 - W)A If> « A. 3TO ycnoa·He. d. ddp . ddp 0 

BI:l:ITOnH~eTC~ npH .llOCTaTQqHQ HH3KHX TeMnepaTypax 

-20 K (A (20 K) '" 0,04x106 c-1 
/

15/). B 

CMeCH D +He 
2 

3TOM cnyqae 
. ddp . . . d 

CKOpOCTb nepexBaTa MIDOHOB Ah MO~HO onpe.nenHTb KaK 

Ad = ( A - A ) I lf>C • 
He 3 0 He 

(15) 

Hcnonb3YH 'H3MepeHHI:l:e 3HaqeHH~ A3 H . N
0

, a TaK~e 

3~~eKTHBHOCTb perHCTpaQHH o-KBaHTOB c I Ha3.neHHYID pacqeTHI:l:M . Q . . 
nH60 3KCrrepHMeHTanbHI:l:M nyTeM, MO~HO onpe.nenHTb BenHqHHY WK. 

npH 6onee BI:l:COKHX TeMnepaTypax npaaHnhHOe H3BneqeHHe 

~H~opMaUHH o _xapaKTepHCTHKax npouecca nepexaaTa cTaHOBHTCH 

B03MO~HI:l:M nHWb C O.llHOBpeMeH.HI:l:M HCITOnb30BaHH8M 

perHCTpaUHH npo.nyKTOB peaKQHH dd-CHHTe3a. 

8 

MeTO.llHKH 

,) 
J 

) 
") 
r 

2) CMECb T
2
+He 

nn~ onpe.neneHHH napaMeTpoa npouecca nepexBaTa MIDOHOB oT 

tp-aTOMOB K H.llpaM He C HCITOnb30BaHHeM MeTO.llHKH perHCTpaUHH 

HefiTpOHOB nocne.noBaTenbHI:l:X . aKTOB tt-CHHTe3a He06XO~HM 

cne.nyiDmHfi anropHTM npoBe.neHHH onl:l:TOB H aHanR3a. nonyqeHHI:l:X 

3KCrrepHM8HTanbHI:l:X .naHHI:l:X. 

PHC. 3. CXeMa MID-aTOMHI:l:X. H MID-MOneKynHpHI:l:X npOU8CCOB 1 

npoHCXO.llHmHX B CM8CH T
2
+He. 

1. Orrl:l:T 

onpe.nenHeTcH 

pacnpe.neneHH~ 

BhiXO.llOB 2-X H 

C qJ:iCTI:l:M Tpl:iTH8M. CornacHO 

BenHqHHa c A I{>A tt H3 . aHanH3a n ttp f 

'1-X ,3aperHCTpi:ipoBaHHI:l:X
7 

H8HTpOHOB 

1-x 3aperHCTpHpOBaHHI:l:X HeHTpOHOB: 

N~ 
-1 = Nn 

. 1 
dNn _ 2 A ,~,A tt ( -s t _ -s t) /A 
dt · - en ttp"' r e 2 e 1 

1 

c A ¢Att(1-w )/[A A- (1..:.w ) (1-c )A ¢Att] 1 n ttp. f t t f t n ttp f 

.; 2 tt A= (A -A)+ 4(1-w )(1-c )A ¢A 
f t t n ttp f 

s1 = i<At+ Ar+ A) I 

1 82 = z<At+ Ar- A) I 

A = A + Att 
f 0 f· I 

A = A+ A 1/> 1 t o ttP 

s + s = A+ A I 
1 2 t f 

S- S = A 
1 2 I 

pa6oTe/16/ 

BpeMeHHOrO 

H OTHOWeHH~ 

( 16) 

(17) 

rne \tp - cKopocTb o6pa3~BaH~H . ttp~MoneKyn; ).. tt - CKOpOCTb 
f . 
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tt-CHHTe3a B ttjl-MOJieKyJie; Wt - K03I!JqJHUHeHT· "llpHJIHrraHHH" 
4 

M~OHOB. K 5I~py He, o6pa3y~meMy~H B pe3yJihTaTe peaKUHH 

H~epHoro CHHTe3a B ttjl- MOJieKyJie i N~, N~- qHCJia· · 1-X H 2.:_X 

3aperHCTpHpOBaHHHX HeRTpOHOB. 

3HaqeHH5l S
1 

H S2 eCTb pe3yJibTaT annpOKCHMaUHH BpeMeHHHX 

pacnpe~eJieHH3 1-X 3aperHCTpHpOBaHHHX HeHTpOHOB tt- CHHTe3a 

BHpa:xteHHeM ( 16) . 

BeJIHqHHY e 7 lujlflf MO:lKHO onpe~eJIHTb ~BYM5l:cnoco6aMH: 

a) llO~CTaHOBK03 H3MepeHHHX 3HaqeHHH S H S B ypaBHeHHe 
~ 1 2 

( 16) 

e l fltt=. [(N1} 1:!. ]/2[!. - !.] · 
n ttjl f n s2 s1' 

6) llO~CTaHOBK03 H3MepeHHHX BeJIHqHH ( N 2 /N1 ) 1 a TaK:xte 
n n tt . . 

Ta6JIHqHHX 3HaqeHHH 1
0

, lttjl' lf 1 Wt B ypaBHeHHe (18):· 

tt 2 1 u 2 1 
enlttllfl, = Nn/Nn[AtA,-(1-wt)lttllfl, ]/(1-wt)(1-Nn/Nn). ( 18) 

2. OllHTH co CMeCb~ 

BpeMeHHoe pacnpe~eneHHe 1-x 

T2+ He. BHpa:xteHHH, OllHCHBa~mHe 

3aperHCTpHpOBaHHHX HeHTpOHOB. tt-

2-X H 1-X 3aperHCTpHpOBaHHHX CHHTe3a H OTHOllleHHe BHXO~OB 

. /16/ 
HeHTpOHOB HMe~T BH~ : 

dNn _ 2 Wl ,~, 1 tt ( -s t -s t) /1:!. ( 
1) T /He . 

dt . - en ttjl'l' f .. e 2 - e 2 ' ( 19) 

( 2)T/He · 
~~)T/He=(1-w'e Wl fltt/[AT/HeA -(1-w' (1-e'Wl flu, 
\ un l n ttjl f t f l {,. ttjl f (20} 

S =![(Ar/He+A )±/(A -Ar/He) 2+4(1-w'(1-e'WA fltt'], 
1 '2 2 t f f t .£. {, ttjl f 

( 21) 

AT/He= l+l f +ltC f• 
t 0 ttjl He He ' 

A=ltt+l· 
r r o' 

S + S = AT/He+A =21 +l f+lt fC +ltt · W=W W 
1 2 t f 0 ttjl He He f 1 T 0 

( 22) 

IlOKa3aTeJIH 3KCllOHeHT S1 H S2 onpe~eJIH~TCH nyTeM 

annpOKCHMaUHH BpeMeHHOrO pacnpe~eJieHHH 1-X 3aperHCTpHpOBaHHHX 

He3TpOHOB BHpa:xteHHeM (19). CKOpOCTb nepe~BaTa M~OHOB OT tjl

aTOMOB, HaXO~HmHXCH B OCHOBHOM COCTOHHHH, MO:lKHO· HaHTH H3 

10 

BHpa:xteHHH (22), HCll0Jlb3YH Ta6JIHqHHe 3HaqeHH5l BeJIHqHH l 1 

tt . 0 

lUll' A, : 

l t = [ ( S + S ) - 21 + l f + l tt)] /¢C , 
He 1 2 0 ttjl f · He 

(23) 

a BeJIHqHHY W - H3 BHpa:xteHHH (20) nyTeM llO~CTaHOBKH B Hero 

3HaqeHHH e l flu ( Hari.neHHoro B onHTe c '!HCTHM TPHTHeM) ~ 
n ttjl f 

3HaqeHHSI (1-w)(1-e)Wl fltt = !4 [(S- S)
2
- (A- A)

2
] t n tt/.l f 1 . 2 . f t 

(nonyqeHHOro B OllHTe CO CMeCb~ T2+ He) : 

W ={(~:1 )'He [( 1- (~~~t) (A~HeAr -i( ( S~He_ 5~He)2- (Ar -A~He)2)] }1 
/{(N~/N~)r[ATA-1 fltt(1-w )]} 

t f t t/.l f t 
(24) 

(3HaqeHH5l C HH~eKCaMH T H T /He H3MepeHH B · OllHTaX C. qHCTHM 

TpHTHeM H CO CMeCb~ T
2
+He COOTBeTCTBeHHO)~ IlpOBO~H H3MepeHH5l 

npH O~H03 H TOH :xte KOHUeHTpaUHH reJIHH, HO npH pa3HHX 

TeMnepaTypax, MO:lKHO HCCJie~OBaTb 3aBHCHMOCTh W(T) H TeM 

caMHM noJiyqHTh HHqJOpMaUH~ 06 3HepreTHqecKOM pacnpe~eJieHHH . 

tJ.L- aTOMOB B npouecce HX ~eBo36yx~eHHH. 

PaCCMOTpHM B03MO:lKHOCTb ITPHMeHeHHH ~pyrHX MeTO~HK ~JIH 

Hccne~oBaHHH npouecca nepexBaTa_M~oHa B cMeCH T2+He. 

HcnoJib30BaHHe HOHH3aUHOHHOH KaMe pH, KaK B cnyqae onHTa 

CO CMeCb~ D
2 
+He, npa.KTHqecKH HCKJI~qeHO BBH~Y BHCOKOH 

pa~HOaKTHBHOCTH TpHTHH. IlpHMeHeHHe :xte MeTO~HKH perHCTpaUHH 7-

KBaHTOB nepexo~a (16) ll03BOJI5leT npHMHM o6pa30M Ha6JID~aTb 
MeXaHH3M MOJieKyJIHpH03 nepe3ap5I~KH tJ.L- aTOMOB Ha 5I~paX He, HO 

~JIH KoppeKTHoro onpe~eneHHH napaMeTpoB ~aHHoro npouecca 

He06XO~HMO TaK:xte O~HOBpeMeHHOe HCllOJlb30BaHHe H He3TpOHH03 

MeTO~HKH. 3TO o6yCJIOBJieHO TeM 1 qTO llOKa3aTeJIH 3KCllOHeHT . B 

BHpa:xteHHH 
1 

OllHCHBa~meM BpeMeHHOe pacnpe~eJieHHe 7- KBaHTOB C 

3HeprHe3 6,85 K3B, co~ep:xtaT qneH THna (1-W)l 1 KOTOpHR, B tt/.l 
OTnHqHe OT OllHTa CO CMeCb~ D +He, He06XO~HMO yqHTHBaTb ~a:xte B 2 . 

-o6JiaCTH HH3KHX TeMnepaTyp, T.K. CKOpOCTb 06pa30BaHH5l ttJ.L-

MOJieKyJI HOCHT Hepe30HaHCHHH xapaKTep, ltt/.l(20K )"" 2.1 O~C - 1
/

1
? { 

qTQ . KacaeTCH MeTO~HKH perHCTpaUHH 7- KBaHTOB 

II 



Me3opeHTreHOBCKoro H3ny4eHHH z~- aToMoB H 3neKTpoHoB aT 

pacna~OB MDOHOB B TpORHOH CMeCH T
2
+He+Z, TO OHa TaK~e 

npHMeHHMa H ll03BORHeT O~H03Ha4HO onpe~enHTb HCKOMUe napaMeTpU 

npouecca nepexBaTa MDOHOB. O~HaKo cne~yeT OTMeTHTb O~HO 

Ba~HOe 06CTOHTeRbCTBO. HCllORb30BaHHe B Ka4eCTBe He60RblliOH 

~o6aBKH 1 KaK npaBHno, 3neMeHTOB C 60RblliHM Z (KCeHOH, KpHllTOH 

-~ T.~.) HaKna~uBaeT onpe~eneHHUe orpaHH4eHHH Ha TeMnepaTypHuR 

~Hana3oH Hccne~oBaHHH npouecca nepexBaja {3TO CBH3a~o c TeM, 

4TO TeMnepaTypa TpOHHOH T04KH ~aHHUX BemeCTB cymecTBeHHO BUllie 

-20 K). ~ 

Pe3DMHpyH H3no~eHHOe B ~aHHOH CTaTbe, MO~HO C~enaTb 

cne~yDmHe BUBO~U. 

1 . llpHMeHeHHe MeTO~HKH perHCTpaUHH HeHTpOHOB 

nocne~OBaTeRbHUX aKTOB dd- H tt- CHHTe3a ll03BORHeT llpOBOnHTb 

HCCne~OBaHHH MD-aTOMHUX H MD-MOReKynHpHUX npouecCOB B CMeCHX 

D
2
+He H T

2
+He B lliHpOKHX ~Halla30HaX ~aBneHHH, TeMnepaTyp H 

KOHUeHTpaUHH renHH. 

2. COBMeCTHOe npHMeHeHHe HeRTpOHHOH MeTO~HKH H MeTO~HKH 

perHCTpaUHH '¥- KBaHTOB C 3HeprHeH 

. onpe~enHTb OTHOCHTenbHYD BepOHTHOCTb 

Me3oMoneKynHpHux KDMnneKCDB (d~He), 

COCTOHHHH B OCHOBHDe. 

E
6

= 6,85 K3B ll03BOnHeT 

K pa~HaUHDHHoro nepexo~a 

(t~He) H3 BD36y~~eHH6ro 

3. Hccne~OBaHHe MD-aTOMHLIX npouecCOB B CMeCH H
2
+He B 

o6naCTH BUCOKHX ~aBneHHH H TeMnepaTyp (T>120 K) uenecoo6pa3HO 

llpOBO~HTb C HCllORb30BaHHeM MeTO~HKH perHCTpaUHH '¥- KBaHTOB 

Me3opeHTreHoBcKoro H3ny4eHHH ZIJ.- aTOMDB (XeiJ., KriJ.), a B 

o6naCTH HH3KHX ~aBneHHH H TeMnepaTyp (T<l20 K) - C 

HCllORb3DBaHHeM MeTO~HKH perHCTpaUHH '¥- KBaHTOB nepexo~a 
* . 

(p~He) ~ (p~He). O~HDBpeMeHHOe HCll0Rb30BaHHe 3THX ~BYX 

MeTO~HK B o6naCTH TeMnepaTyp T>120 K ll03BOnHeT TaK~e 

onpe~enHTb BenH4HHY K. 

llpOBO~H HCCne~OBaHHH MD-aTOMHUX H MD-MOneKynHpHUX 

npoueccoB C HCllORb30BaHHeM yKa3aHHUX MeTD~HK B CMeCHX H +He, 
2. 

D
2 
+He, T

2
+He 

KDHUeHTpaUHH 
/18/): a) 

B lliHpOKHX ~Halla30HaX ~aBneHHH 1 TeMnepaTyp H 

renH~ MO~HO llDRY4HTb HH~OpMaUHD (cornacHO pa6oTe 

o. 3aBHCHMOCTH CKOpOCTH nepexBaTa MDOHOB H3 

12 

OCHOBHOro COCTOHHHH MD-aTOMOB H30TOllOB_BO~Opo~a K H~paM He OT 

TeMnepaTypLI; 6) 06 a6conDTHLIX 3Ha4eHHHX CKOpOCTeH nepexBaTa 

MIOOHOB H3 OCHOBHOrO H B036y~eHI~UX COCTOHHHH Me30BO~opo~a K 

H~paM renHH; B) 0 BepOHTHOCTH nepexo~a p~ (diJ., tiJ.)- aTOMOB H3 

B036y:iKJ:teHHLIX COCTOHHHH B OCHOBHOe; r) 0 cymeCTB.OBaHHH JIH60. 

OTCYTCTBHH H30TOllH4eCKOH 3aBHCHMOCTH npHMOH noca~KH MDOHOB i 

~) o npouecce TepMaJIH3aUHH so36y~eHHoro Me3oBo~opo~a B 

BO~OpO~-renHeBOH CMeCH. 

B 3aKmoqeHne cJie~yeT OTMeTHTb, 4TO npose~eHHe TaKoro 

po~a HCCJie~OBaHHH ~eJiaTeJibHO ocymecTBJIHTb B ra30BOH CMeCH 

H30TOUOB BD~Opo~a C reJIHeM, 4T06U HCKJID4HTb Heonpe~eneHHOCTb 1 
CBH3aHHYD C HeT04HLIM 3HaHHeM KDHUeHTpaUHH He, paCTBOpeHHOrO B 

XH~KOM HJIH TBep~OM BOnopone. 
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BbiCTpH~KHH B .M. , CTonynHH B.A.-
K Bonpocy ofi 3KcnepHMeHTanbHOM.oripep;eneHHH 
rrapaMeTpoB npoueccoB nepe3apHAKH ~-aToMoB 
H30TOUOB BO,IJ;Opop;a Ha Hp;pax He 

P4-S 

PaccMoTpeHa KHHeTHKa ~-aTOMHbiX H ~-MoneKynn·pHb: 
~eCCOB, UpOHCXO,IJ;H~HX B CMeCH H30TOUOB BO,IJ;Opop;a C r 
ITonyqeHbi BbtpaJKeHHH ,o;nH onpe,o;eneHHH napaMeTpOB npoil 
nepeXBaTa MWOHa OT ~-aTOMOB H30TOUOB BO,!J;Opop;a K HP . . 
renHH C .HCnOnb30BBHHeM pa3nHqHblX 3KCnepHMeHTanbHhlX 
AHK. 

Pa6oTa BbmonHeHa B flafiopaTOPHH np;epHbiX npo6neM 

fipenpHHT <?61>eAHHeHHoro HH~THTyTa RAepmix nccneAoBIIHHA • .I(y6HI 

TiepeBO,[.\ BBTOpOB 

Bystritskij V.M~, Stolupin V.A. P4-90 
On a Question of Experimental Determination 
of the Pa·rameters of Processes at 1-1-Atoms 
Exchange of Hydrogen Isotopes on He ~uclei 

The kinetics of 1-1-atoms and IJ-motecular process 
curing in hydrogen isotopes-helium mixture is obse 
The expressions are obtained to determine the para 
of a process of the muon transition from hydrogen 

. watoms to helium nuclei with the use of different 
mental methods. . . 
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