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3KcnepHMeHTanbHoe o6HapylKeHHe111 npencKa3aHHorq 

reopeTH'IeCKH121 MeXaHH3Ma MoneKynRpHOA nepe3apRnKH MIO-aTOMOB 

l-13OTonos sonopona Ha Rnpax He , 

Hµ + He -

(Hµ He)+++ e 

[(Hµ He)*e-)+[ (Hµ He)++ a (6,85 K38), 

(la) 

(16) 

(Hµ He) - Heµ+ H, (1B) ,,.¥,,-
.,,,, __ ~ ... , ,;: .. 

H = H, D, T; He - 3He, 4He; 

a TaKlKe o6HapylKeHHe nepexBaTa MIOOHOB H3 B036YlKneHHh!X 

COCTORHHA MIO-aTOMOB H3OTOilOB sonopona11 , 3/ nocnylKHno TOn'IKOM 

nnR nanhHeArnero 6onee neTanbHoro H3y'IeHHR 3Toro RBneHHR. 

K HaCTORllleMy BpeMeHH Bh!IlOnHeHo nocTaTO'IHO 6onbwoe 

KOflH'IeCTBO 3KCnepHMeHTanbHhlX pa6oT, IlOCBRllleHHh!X H3Y'IeHHIO 

npouecca nepexsaTa MIOOHOB OT H30TonoB sonopona K renH10. 

flonyqeHHhle pe3ynbTaThI IlPHBeneHhl B Ta6nHue. KaK BHnHo, 

HaAneHHhle 3KCnepHMeHTanbHhle 3Ha'IeHHR/l,?/ CKOPOCTeA nepexBaTa 

MIOOHOB OT pµ- 1-1 dµ-aTOMOB K RnpaM He HaxonRTCR B cornaCHH C 

pe3ynbTaTaM1-1 Bbl'IHC.f!eHHA/9/, 81,!IlOnHeHHhlX, B npoCTOM nonxone C 

yqeroM 3neKTPOHHOA 3KpaHHPOBKH 0 4TO KacaeTCR 3Hal!eHHA A~ H 

,\4:e' 1-13MepeHHblX B OilbITaX /
3 

' 4
' 
5

~ TO OHH He TOflbKO pa3nH'IaIO;CR 

MelKny co6oA, HO H He cornacyIOTCR C pe3ynbTaTaMH 

'81,[l{l-1CneHHA191 . 
llenbIO HaCTORllleA pa6on1 RBnRnOCb H3Y'IeHHe npouecca 

nepex Ba Ta MIOOHOB OT dµ-aTOMOB K RnpaM 
4

He npH Mam1x 

KOHUeHTpaUHRX renHR H naBnBHHH CMeCH D2+
4

He p =1350 aT. 

METOn l13MEPEHHH 

Ha PHC. 1 npHBeneHa cxeMa MIO-aTOMHh!X H MIO-MoneKYnRpHh!X 
' 4 

npoueccoB, npoHcxonRlllHX B CMeCH D2+ He, nocne OCTaHOBKH B H8A 

OTPHUaTenbHOro MIOOHa. MeTon H3M8P8HHR napaM8TPOB npouecca 

nepexBaTa MIOOHOB OCHOBaH Ha aHanH38 BhIXOnoB H BP8M8HHh!X 

pacnpeneneHHA nocnenoBaTenbHO 3aperHCTPHPOBaHHh!X HeATPOHOB 

dd-Cl-1HTe3a, HHHUHl-1PY8MI,IX onHHM MIOOHOM. 



f, # d 
(,'' 81,1pa11<eHl1R ltnR OilP8ll8n8Hl1R 11CKOMl,IX napilMBTPOB p.4He 11 W ) 

'; !,, ,· 

11MB !OT B 11ll : 

D/He i\ 

w = w w = 
T)l 2 

D 0 D 
i\ T)l 1 

(2) 

i\= i\+ (c+ w- cw)(3¢i\dµ' 1 0 n d n d d ( 3) 

d 
i\ = i\ + ( C + wd- C wd) Wf3¢i\ + ( 1 - W) ¢i\ + C ¢i\4 , 2 0 n • Il ddµ ddµ He He (4) 

i\l = He 

( i\ - i\ ) - ( 1 - W) ¢i\ + ( 1 - W) ( i\ - i\ ) 2 1 ddµ 1 0 

CHeip 
*cs) 

T)~/He= (N~) D/He 
Ne , T)D = (N~) D 

1 Ne , (6) 

f ll8 (Ne) D ,o/He , (N~) D 'o/He - q11cna 3n8KTPOHOB OT pacnaiia 

MIOOHOB 11 1-x 3aper11cTp11poBaHHb!X HBATPOHOB, 113M8P8HHl,l8 B 
. . 4 

OilhlTax C q11cThlM ll8AT8Pl18M 11 co CM8Cbl0 D2+ He, COOTB8TCTB8HHO; 
4 . 

¢ - nnoTHOCTb CM8Cl1 D2+ He·no OTHOill8Hl110 K nnoTHOCTl1 ml1llKOfO 
22 -3 

BOllOPOlla (no= 4, 25. 10 CM ) ; WO - BepORTHOCTb npRMOA 
. 4 

nocal!K11 M!OOHa Ha a TOM D B CM8Cl1 D2 + He; WO - B8PORTHOCTb 

Toro, qTo dµ-aTOM, o6pa30BaBilll1ACR B B036ymiie
0

HHOM COCTORHl111, 

llOCTl1fH8T OCHOBHOfO COCTORHl1R; T)~ ,TJ~/He_ Bb!XOllbl 1-X 

3aper 11CTPl1POBaHHblX HBATPOHOB (B pacqeTe Ha Olll1H M!OOH, 

OCTaHOBl1Bllll1f!CR B Ml1Ill8Hl1) B OilbITax C q11cn1M ll8f!T8Pl18M 11 co 

CM8Cb!O D +
4
He, COOTB8TCTB8HHO; i\, 

2, 1 

pacnpeiieneH11fl 1-x 3aper11cTp11posaHHbIX 

C D 11 D + 
4
He; c - 3\11\118KTl1BHOCTb 

2 2 n 

3KCil8Pl1M8HTanbHOfl YCTaHOBKOA; W d -

M!OOHa K RllPY 
3
He, 06pa3y10meMYCR 

* /10/ ~OPMYna nonyqeHa B pa6oTe 

2 

i\2 - HaKnOHl,1 BP8M8HHblX 

HBflTPOHOB B 3KCil0311Ul1RX 

per11cTpau1111 HBATpOHOB 

B8PORTHOCTb "np11n11naHl1R" 

B pe3ynbTaTe peaKu1111 

;i 

! 
I 
,} 

' 
( 
f 

Ta6n11ua 

3KCil8Pl1M8HTanbHhl8 11 TeopeT11qecK11e 3HaqeHHR CKOPOCT8A 

nepexBaTa MIOOHOB OT MIO-aTOMOB 1130TOilOB BOllOPOlla, HaXOllRml1XCR 

B OCHOBHOM COCTORH1111, K RllpaMl1 ren11R-

Bem1q11Ha YcnOBl1R OilblTOB 3HaqeHH8 CKOPOCTl1 

nepexsaTa (lOac-1) 

/9/ 
T,K <P c, ~ 0 3KCil8Pl1M8HT T80Pl1R 

0,04-0,05 25;48 

0,025-0,066 16-68 0,36±0,10/l/ 

i\4p 300 0,03-0,04 4,7-22 0,35 He 
0,88±0,09/4/ 0,02 17;34 

0,006 25 0, 032± 0, 013/5/ 

20 1,2 0,043 13, 1± 1, 21 61 11,8 
d 3,68±0.18/7/ ** i\4 300 0,1 1,8 3,22 He 

2 ,7 5± 0 ,2~./*/ *** 300 0,84 o. 05+ 1, 0 2.96 

300 0,008 4,8 s 0 2/3/ , 

1,27±0,11/7/ ** 300 0,1 1,8 1,43 

i\3d *** 1,30 

i\3 

He 
2± 118/ 300 0,45;0,6 0,04 . 

l ** 300 He 0,45;0,6 0,04 15±2, s/8/ 8,7 

* HacToRmaR pa6oTa. 
** *** 11 8bNl1Cn8Hl1R, BbmOnHBHHl,18 B npoCTOM IlOllX Oll8 C 

yqeTOM 3n8KTPOHHOfl 3KpaH11POBKl1 C YCP8llH8Hl18M no 

MaKCBennoBCKOMY pacnpeiieneHl110 CKOPOCT8fl dµ-aTOMOB B 

MOl1en11 3aMopomeHHOf0 11 pa3MOpomeHHOfO OCTOBa, 

COOTB8TCTB8HHO ■ 
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l 
I: 

dd-CHHTe3a (w = 0,122 ± 0,003/ll/); ~ - OTHOCHTeJlbHaH 
d 

sepoHTHOCTb KaHana peaKUHH dd-CHHTe3a C o6pa3oBaHHeM HeATPOHa 

( ~ = O,qa1111); Add/.l- CKOPOCTb o6pa30BaHHH ddµ- MOJleKYJli 
6 -1 

Ao- CKOPOCTb pacnai'la cso60i'1HOro MIOOHa ( :>.o= ~,455.10 C ). 

BenHqHHhl AlH :>.2onpei'1eJ1HIOTCH nyTeM annpoKCHMaUHH 

3KcnepHMeHTan~HLm speMeHHLm pacnpelleneHHA 1-x 

3aperHCTpHposaHHLIX HeATpOHOB cnei'lYIOillHMH BhlpalKeHHHMH: 

· ·. (d N~) D ~ = cM>:>. e-At n dd/.l • 1 , (7) 

(d N~) o/He ~ = We M>:>. e -;>. t n dd/.l" 2 • (8) 

' 4 
npH npoBei'leHHH onLITOB co CMeCblO D2 + He npH nJJOTHOCTHX <P 

4 -3 -2 
-1 H MaJlhm KOHUeHTpaUHHX He (C -10 -10 ) MOlKHO npeHe6peqb . He 
npHMOA nocai'1KOA MIOOHOB Ha renHA (WD~l) H, TeM caMhlM, cornaCHO 

BhlpalKeHHIO (2), onpei'lenHTb BeJJHqHHY WO. H3JlOlKeHHhlA MBTOi'l 
d 

onpei'leJleHHH BeJlHqHH A4 H w 6Lm peaJJH30BaH HaMH B OnLITe, He O 

onHcaHHe KOToporo npHBei'1eHO HHlKe-

nocTAHOBKA onhlTA 

3KcnepHMeHT npoBOi'1HflCH Ha MIOOHHOM KaHaJle wa30TPOHa OH8H. 

Ha PHC- 2 npHBei'1eHa cxeMa 3KCnepHMeHT8JlbHOA ycTaHOBKH (i'18HHaH 

YCT8HOBKa 6Lma HCnOJlb3088H8 paHee B 3KCnepHMeHTe1121 no 

H3MepeHHIO CKOPOCTH o6pa3088HHH ddµ-MoneKYJl npH i'18BneHHHX 

i'1eATepHH i'10 1500 a1). 

nyqoK MIOOHOB C HMnynbCOM 130 M38/c H HHTeHCHBHOCThlO 
4 -1 

2. 10 C npox Oi'lHJl qepe3 CUHHTl1nJlHUHOHHLle i'leTeKTOPhl 1, 2, 3, 

4, TOPM03HOA WHJlhTP CH2 H nonai'lan B MHllieHb BhlCOKOro 

i'18BJleHHH/l 3/ .nnH perHCTpaUHH 3JleKTPOHOB OT pacnai'la MIOOHOB H 

Bhii'1eneHHH 8KT8 OCT8HOBKH MIOOHa B. o6beMe MHmeu11 BOKPYf Hee 

pacnonarancH CUHHTHflflHUHOHHhlA i'1eTeK10p 5 (nnacTHqecKHA 

CUHHTHJlflHTOP UHJlHHi'lpHqecKoA wopMhl 0 = 100 MM, 1 = 150 ~M, d = 

4 

M 

l' 

> 

I 

l 

5 MM). PerHCTP8UHH HeATPOHOB peaKUHH dd-CHHTe3a npOH380i'1HJlaCb 

C noMOillblO i'1BYX HeATPOHHLm i'1eTeKTOPOB C lKHi'lKHM CUHHTHJlJlHTOPOM 
· /14/ . 

NE-213 , pacnonolKeHHLIX CHMMeTpHqHo • OTHOCHTeJlbHO MHllieHH. 
2 

K10seThl i'lflH CUHHTHnnHTOPOB NE-213 HMeJl~ pa3Mepw: 0 310Xl60 M~-

M11rneHb npei'1CT8BflHJla co6oA TOJlCTOCTeHHhlA UHJlHHi'lP 

BHYTpeHHHM i'1HaMeTpOM 42 MM H i'1JlHHOA 100 MM, H3fOTOBJleHHLIA H3 

cnnasa 3H 4376. TonmHHa cTeHoK MHmeHH cocTasnHna 9 MM. MHmeHh 

noMemanacb BHYTPH KPHOCTaTa, XJ18i'10areHTOM KOTOporo (B cnyqae 

Heo6XOi'1HMOCTH) HBJlHflCH lKHi'lKHA BOi'10POi'1- nonyqeu11e BhlCOKHX 

nasneHl1A (P ~1350 8T) ocymecTBJlHJlOCh nyTeM OlKHlKeHHH 
-3 

1130TOill14eCKH qHCTOro i'1eATepHH (KOHUeHTp8UHH npOT11H ~3.10 ) B 

o6beMe MHrneHH c nocneny10m11M ee uarpesoM. TaKoA cnoco6 

nonyqeHHH BLICOKHX i'18BJleHHA rapaHTHpyeT cox patteH11e 411CTOTLI 

neATep11H. nepei'l OlKHlKeHHeM neATepHH s MHmettH npo113soi'111nacb era 

04HCTK8 C HCnOnh30BaHHeM CHCTeMhl,OnHC8HHOA B pa60Te/l5/_ 

CHrHan OCT8HOBKH MIOOHa 12345 3anycKaJ1 BOPOTa 

nnHTenbHOCThlO 10 MKC B TeqeHHe KOTOPLIX npOH380i'1Hfl8Ch 

perHCTP8UHH HeATpOHOB dd-CHHTe3a 11 3JleKTPOHOB OT pacnai'la 

MIOOHOB. nnH YMeHbllieHl1H WOHa, CBH38HHOrO C OCT8HOBKaMH MIOOHOB 

B CUHHTHJlflHTope i'1eTeKTOP8 4, OH 6Lm H3fOTOBJleH H3 CsJ (Tl) 

(BpeMH lKH3H MIOOHa B CsJ(Tl) COCT88JlHeT "Cµ;::; 0,08 MKC, qTo, B 

CBOIO oqepei'lh, Il0380JlHeT npOH380i'1HTh KoppeKTHoe pa3i'1eJ1eHl1e no 

speMeHH WOHOBLIX co6bITHA H co6bJTHA HCCJlei'lYeMoro npouecca). 

DJlOKHPOBKa 110 "cnsoeHHblM 11 MIOOHaM H 3JleKTPOH8M ocymecTBJlHJlaCb 

C IlOMOillbIO neTeKTOPOB 1 H 5, COOTBeTCTBeHHO. nepei'1848 

HHtopMaUHH B 38M IIPOH380i'1HJlaCb npH BhlllOJlHeHHH CJlei'lYIOillHX 

YCJlOBHA: a) H8Jll-14He B TeqeHtte BOPOT TOflhKO nHmb Oi'lHOro 

CHrHaJla C i'leTeKTopa 5 H CHrHana C JlI06oro 113 i'1BYX HeATpOHHblX 

neTeKTOPOB Nl H N2; 6) OTCYTCTBHe CHrttana C i'1eTeKTOPa 1 B 

TeYeHHe sopoT. npH OKOHqaTeflhHOA o6pa6oTKe 3KcnepHMeHT8JlhHhm 

i'18HHb)X OT6HpaJJHCh TOJlhKO Te co6LJTHH, i'lJlH KOTOPLIX BLmonHHJlOC·b 

YCJlOBHe te>tn, ri'le te H tn -speMeHa noHBJleHHH 3JleKTPOHa OT 

pacnai'la MIOOHa H HeATPOHa H3 peaKUHH dd-CHHTe3a, 

COOTBeTCTBeHHO. 

5 



ll11cKp11M11Hau11H loHa 

MHoro11MnYnbCHOA Cl1CTeMOA 

OT 

n-a 
o-KBaHTOB 

pa3neneH11H 

ocymecTBnHnacb 

Ha 

napannenhHoro Aun116(. llnH nonasnett11H 11MrH0BeHHoro 11 

OCHOBe 

loHa, 

CBH3aHHoro C OCTaHOBKaMl1 MIOOHOB B CU11HnmnHTope HeATpOHHhlX 

ZleTeKTOPOB 11 CTeHKax Ml111leH11, 11cnonb30Ban11cb 11 6bICTpbie 11 

(::::SO 11c)aHTHCOBrrane1111S1 123I:N,a ZlnH ysen111-rnHl18 3\l)(J)eKT11BHOCTl1 

OT6opa HeATPOHHh!X co6hlTl1A - aHT11COBnaneHl18 N~ (~25 He). 

ITopor 3l¢eKTl1BHoro n-a pa3neneH11H B eZ111H11uax 

3KB11BaneHTHOA no CBeTOBhlXOZIY 3Hepr1111 3neKTPOHOB COCTaBnHn 

-o, 1 M3833. 3HepreTl1'-18CKaH Kan116pOBKa HeATpOHHhlX Z!eTBKTOPOB 
137 

npOl13B0Z111nacb C ITOMOmhIO a~l1CTOqH11Ka Cs. 

3Kcnep11MeHT no 113MepeHl1IO xapaKTepl1CTl1K 
4 

nepex Ba Ta MIOOHOB OT dµ~aTOMOB K HZ!paM He BKn10qan 

onhITOB: 11a 11
- c q11cn1M neATep11eM (P =1350 aT, T 

npouecca 

B ce6H a 
=3oo K); 

11 6 11 ~ nHTb 3KCn0311Ul1A co CMeCblO D2 + 
4

He np11 pa3n11qHblX 

KOHUeHTpau11Hx ren11H (P =1350 aT; T =300 K; C =(0,50:!:0,15). 
He 

-3 -2 -2 -2 
10 , (0,13:!:0,03).10 , (0,31:!:0,06).10 , (0,64:!:0,09).10 , 

(1,0:!:0,10).10-
2
); 11 B 11

- C q11cThIM ren11eM (P =1050 aT); 11 r 11
- C 

BaKYYMl1POBaHHOA Ml1IIIeHblO. 3Kcn0311U1111 11 B 11 11 11r II HBnHnl1Cb 

IOHOBhlMl1. 

llo6asneH11e ren11H K 

npo113son11nocb cneny10m11M 

O)l(l1)1(eH11e ra3oo6pa3Horo 

neATep1110, 

o6pa3oM. 

lleATePl18 

HaXOZIHmeMyCH B M11IIIeH11, 

BHaqane ocymecTBnHnoch 

np11 TeMnepaType ~20K 

(Z1aBneH11e ynpyr11x napoB neATep118 COCTaBnHeT ~266 MM PT-CT.), 

a 3aTeM 113 cneu11anbHoro Mepnoro o6beMa fipo113BOZll1ncH HanycK 

re n11H non nasneH11eM ~30 aT B KOn11qecTBe, COOTBeTCTBYIOmeM 

KOHUeHTpau1111 C =O, 5. 10~
3

• 
He nocne 3Toro )1(11ZlK 11A BOllOPOZI 

ynanHncH 113 Kp11ocTaTa 11 ocymecTBnHncH Harpes M11111e1111 c n0Momh10 

3neKTp11qecKoro narpesaTenH (3aKpennenHoro Ha ee Kopnyce) ZlO 

KOMHaTHOA TeMnepaTYPhI. llo6asneHl1e oqepeZ!HOA nopu1111 ren11H K 

conep)l(l1MOMY Ml1II1eH11 npol13B0Zll1nocb aHanor11qHo on11caHHOA BhIIIIe 

npouenype. v13MepeH11e TeMnepaTYPhI M11111eH11 ocymecTsnHnocb c 

noMomhIO TepMonap (Mellb-KOHCTaHTaH), YCTaHOBneHHhlX Ha Ml1II1eH11. 

fepMeT11qHoe 3aKpbIT11e Ml1II1eH11 npOl13BOZ111nOCb C ITOMOmhIO 

Cl1nb~OHHoro BeHTl1nH BhICOKoro Z1aBneHl18/l 7 /. 

6 

l 
J 

I 

) 
l 

AHAflv13 3KCITE PvlMEHT AflbHblX llAHHblX l1 06CYlIWEHHE PE3Y flb T ATOB 

BpeMeHHhie pacnpeneneHl1H 1-x 3aper11cTp11poBaHHhIX 
II " If If 

HeATpOHOB , ITOJ)yqeHHbie B OIThITaX a 11 6. ' C uenbIO onpeneneHl18 

Bh!X OZIOB 11 noKa3aTeneA 3KCnoneHT i\.1 11 5.2 annpoKCl1Ml1POBan11Cb 

Bbipa)l(eH11HM11 (7)-(8). 

Ha p11c. 3 B KaqecTBe np11Mepa npl1BBZlBHbl BpeMBHHhle 

pacnpeneneHl18 1-X 3aper11cTp11posaHHh!X HeATpOHOB, H3MepeHHble B 
4 -2 

onwTax c q11cThlM neATep1-1eM H co cMecbIO D + He (C =10 ). DnH 
2 He 

Ka)l(Z!OA 3KCIT0311U1111 co CMeCblO D2 +
4
He nyTBM ITOZICTaHOBKH 

HaAneHHhlX Ben11q11H 1J~, 1J~/He, i\.1 l1 i\.2 B BblJ)a)l(eH11e (2) '6hml1 

onpeneneHw 3HaqeH11H w
0 

Bep□HTHOCT11 nepexolla dµ-aT□Ma 113 

B036Y)l(ZleHHOro COCTOHH118 B OCHOBHoe. TaK KaK OIIIH6Ka 

onpeneneHl18 3HaqeHHA wo· B YKa3aHHOM Z!Hana3 □He 113MeHeHH8 CHe 

COCTaBnHeT 3-4%, a pa3HOCTb Me)l(ZlY COC8ZlHHMl1 311aqe11HHMl1 

Ben11q11Hhl WO He npeBhlIIIaeT naHHYIO 11eonpeneneHHOCTb, HaMH 

np11BeZ1eHbl Ha 90 %- M YPOBHe ZIOCTOBBPHOCTH HH)l(HHe rpaH11q11b1e 

3HaqeHl18 WO , COOTBeTCTBYIOm11e M11Hl1ManbHOA l1 MaKCl1ManbHOA 

KOHUeHTPaUl18M ren11H: 

w (C = o,5.10-
3

) ~ o,96, 
0 He 

-2 w (C = 1,0.10 ) ~ o,90. 
0 He 

nonyqe1111we rpa111-1q11we 3HaqeHHH w
0 

11axol1HTCH B cornac1-111 c 

pe3ynbTaTaMl1 BhJq1-1cneH11A/lB/. 

CKOPOCTb nepexBaTa MIOOHOB i\.4d. OT dµ-aTOMOB, 
He 

HaXOZIHml1XC8 B OCHOBHOM COCTOHH1111, K HZ!paM 
4
He onpenenHnacb C 

nOMOmhIO Bbipa)l(eH11H (5), 11cnonh3YH l13BeCTHbie 3HaqeHH8 i\.dctµ' 
/11 12/ 

COOTBeTCTBYIOm11e TeMnepaType neATepHH T =300 K ' • 
d 

Ha PHC. 4 npHBeZ1eHbl 3HaqeHl18 i\.4He' nonyqeHHble B 
4 

3KCIT0311UHHX co CMeCblO D2+ He npH l13MBH81111H KOHUBHTPaUHl1 renHH 

OT 0,5.10-
3 

ZIO 1,0.10-
2

• 0111116Ka 113Mepe1111oro 3HaqeHl18 B Ka)l(Z!OA 

3KCn0311U1111 CBH3aHa B OCHOBHOM C HeToqHhlM 3HaHHeM KOHUeHTpau111-1 

ren11H, · paCTBopeHHoro B )1(11ZIKOM neATBPHH B npouecce era 

7 



no6aBneH11R B Ml1ill8Hb. B p83YflbTaTe o6pa6oTK11 BC8r! 

COBOKYilHOCTl1 3KCil8Pl1M8HTanbHhm naHHhm Hartll8HHaR Ben11q11Ha 

oKa3anacb paBHOrt 

d 8 -1 
i\4 = (2,75 ± 0,22) • 10 C 

He 

KaK B11llHO 113 Ta6n11Uhl, 3HaqeHl1R CKOPOCTl1 nepe3apRllKl1 dµ-
4 4H 

aTOMOB Ha Rllpax He, nonyqeHHbl8 np11 llaBfl8Hl111 CM8Cl1 D2+ 8 p: 

P11c. 1. CxeMa MIO-aTOMHblX 11 MIO-MoneKynRpHbIX npoueccoB, 

npol1CXOllRill11X 8 CM8Cl1 D2+
4
He. 

0 5 10CM 
,,. .. , .... 1 

NE213 

5 

2 

NE213 

P11c. 2. Cx eMa 3KCnepl1M8HTaflbHOrl YCTaHOBKl1 llflR 113yqeHl1R 

npouecca nepexsaTa MIOOHOB OT dµ-aTOMOB K RllpaM 
4
He. 
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3. BpeMeHHbie pacnpeneneH11R 1-x 3aper11cTp11poBaHHhIX 

HeATpOHOB peaKU1111 dd-Cl1HT83a: 

1 - OilbIT 

2 - OilblT 

CnnomHhie 

C q11cThlM ll8rtTep11eM; 

co cMeCbIO D +4
He (C =0,31 %) • 

2 He 

KP11Bhl8 - pe3YflbTaT ~11Tl1POBaH11R-

=1350 aT, M8Hbill8 B8fll1'-111Hbl i\4: , 113M8P8HHOrl np11 naBneHl111 p 

-100 aT171 , HO cymecTB~HHO 6on:me rpaH11qHoro 3HaqeHl1R naHHOrt 

sen11q11Hbl, Hartll8HHOro B OilbIT8/
3

/ (P =10 aT). I1p11q11Ha TaKoro 

pacx 0)Kll8Hl1R noKa HeRcHa. 1-ho KacaeTCR cpastteHl1R 113MepeHHoro 

ttaM11 3HaqeH11R i\l c pe3ynbTaTaM11 Bblq11cneH11rt, TO Ha6n10naeTcR 
He 

x opomee car nac11e c pacqeTHhIM 3HaqeH11eM cKopocT11 nepex Ba Ta, 

nonyqeHHhlM B npOCTOM IlOllXOll8 B MOll8fll1 CTaT11qecKOrl 

nepeycTpOr!Kl1 OCTOBa (pa3MOP0)K8HHblrl OCTOB) 11 C ycpellH8Hl18M no 

MaKCBennOBCKOMY pacnpeneneHl110 CKOPOCT8rl dµ-aTOMOB-

YToqHeHl18 BbJq11cneHl1rl 11 npOB8ll8Hl18 6onee np8U113110HHbIX 

113M8P8Hl1rl Ben11q11Hhl 

ren11R 11 nnoTHOCTert 

d 
i\\e B illl1pOKOM Dl1ana30H8 KOHU8HTpau11A 

CM8Cl1 Il03B0fll1T IlOHRTb n1160 YCTpaHl1Tb 

CYill8CTBYIOill88 paCXQ)Kll8Hl18·M8)KllY HaAll8HHbIMl1 3HaqeHl1RM11 CKOPOCTl1 

nepexBaTa MIOOHOB OT dµ-aTOMOB K RllpaM 
4
He. 
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' td3c,, 
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PHc. 4. 3HaqeHHH CKOPOCTH nepexBaTa MPOHOB H3 OCHOBHOrO 
4 

COCTOHHHH dµ-aTOMOB K HllpaM He, H3MepeHHbie npH 
4 

pa3nHqHblX KOHUeHtpaUHHX renHH B CMeCH D2+ He· 

Asrophl BhlpamaPT 6narollapHOCTb C. A. l1BaHOBCKOMY, XaH DoH 

l1p, 6.M. KynarHHY, M.M. nerpoBCKOMY, !1.C. CoKOBHHHY, H fil.f. 

lliaMCYTllHHOBY 3a IlOllrOTOBKY YCTaHOBKH K 3KCil03HUHHM H IlOMOIDb 

npH npoBelleHHH H3MepeHHA. 

TIHreparypa 

1. 8.M. 6hlCTPHUKHA, 8.n. DmenenoB, 8.11. DetpYXHH H llP• lK3T~, 

1983, 84, 1257. 
2. IO.A. ApHctoB, A.B. KpaBuos, H.n. DonoB H llP.· H~, 1981, 

33,1066. 
3. F. Bertin, A. Vitale and E. Zavattini. Lettere al Nuovo 

Ciro. 1977, 18, 3817. 

10 

4. R.Jacot-Guillarmod, F.Bienz, M.Boschung et al. Phys. 

Rey., 1988, 36, 6151. 

5. H.P. von ARB, F. Dittus, H. Hofer et al. Muon Catalyzeed 

Fusion, 1989, 4, 61. 

6. NJ Matsuzaki, K. Ishida, K. Nagamina et al. Muon 

Catalyzed Fusion, 1988, 2, 217. 

7. n.s. 6anHii;'·A.A. Bopo6beB, AH.A. 8opo6beB H llP• UHCbMa B 

JK3T~, 1985, 42, 236. 
8. S.S. Jones, A.N. Anderson, A.J. Caf£rey et al. Phys.Rev. 

Lett., 1983, 51, 1757. 
A. J. Caffrey, A. N. Anderson, C. De W. Van Siclen et al. 

Muon catalyzed Fusion, 1987, 1, 537 

9. 8.K. l1BaHOB, A.8. KpaBUOB, A.!1., MrixarrnoB H llP• lK3T~, 

1986, 91, 358. 
10. 8.M. 6bICTPHUKHA, 8.A. CtonynHH. DpenpHHT Ol1Hl1,P4-90-220, 

fly6Ha, 1990. 
11. fl.8. 6anHH, A.A. 8opo6beB H ~p. 0Hc~Mi B lK3T~, 1984, 40, 

' 
318; Phys.Lett., 1984, 141B, 1737. 

12. V.M. Bystritsky, V.P. Dhzelepov, v.v. Filchenkov et al. 

AIP, 1988, 181, 17. 

13. 8 .M. Db!CTPHUKHA, s .n. flmenenoB, B .E. fpaHOBCKHA H llP • 

nn, 1989, 1, 50. 

14. 8 .n. flmenenoB, 8 .f. 3HHOB, A .fl .. KoHHH H. llP. npenpHHT 

Ol1Hl1, 13-87-476, fly6Ha, 1987 . 

15. 8.M. DblCTPHUKHA, s.n. flmenenoB, A. fyna H llP• nn, 1984, 

4, 46. 
16. 8.f. 3HHOB, [.TIOHUKH, A.!1. PylleHKO H llP• npenpHHT 011811, 

. 13-89-466,fly6Ha, 1989. 

17. 8 .M. obICTPHUKHA, A. T. 8ac11neH~o, 8 .E. fpaHOBCKHA H llP. 

nT3, 1989, 4_, 212. 
18. 8.M. 6hlCTPHUKHA, A.8. KpaBUOB, H.n. nanoB. npenpHHT Ol1Hl1, 

• 
Pl-89-561, fly6Ha, 1989. 

PyKOTTHC b TTOCTYTTHJia B II 3J(a TeJlb CKll(I OTJ.].eJI 

~ 7 MaH 1990 rona. 

11 



BbICTpHi(KHH B.M. H ,n:p. 
HsytJeHtte npou;ecca nepeXBaTa MIOOHOB OT dµ-aTOMOB 
K ii:.n:paivI 4 He B .n:eiITepil:i1:-reJmeaoi1: C:Mec11 
npH .n:aaneHHH 1350 a'r 

Pl-90-312 

Bhinom-i:eH 3KcrrepHMeHT no- H3ytJeHHIO napaMeTpoa npou;ecca 
nepe3a'p11ii:KH ·~µ~aTo'MoB 'Ha H,npax 4 He npH .n:aanemm cMecH D2 +4 He 
P = 1350 aT. KoHtieHTpau;HH renirn aapbHpoaanach a .n:11a11a30He OT 
5·10- 4 .n:o IO;. 2

• CKopocTh nepexaaTa MIOOHOB OT dµ-aT0Moa,,Haxo
.n:Rrn11xc11 'a 0CHOBHOM COCTO.RHHH, K R.n:paM 4 He OKa3anacb paBHOH 
X~ae = (2;75 ± 0,22) ·J..08 c- 1

• flo.iiy4eHbI Hir:>KHHe rpaHHtJHhie 
ou;eHKH imceJieHHOCTH OCH0BHOI'0 COCT0HHHH dµ-aTOMOB npH MHHH

ManhIIOH ·tt MaKCHManhHOH KOHu;eHTpaI..Umx ren1111, KOT0pbie ·coCTa
BHnH 0;96 H'0,90, COOTBeTCTBeHHO, 

Pa6.orn BhtnonHeHa B ha6opaTOpHH H.n;epHbIX npo6neM OHHH. 

npenpHHT 06'bemmeuuoro nucmTyTa RAepm;1x nccne,::t;oBBHHH, ,Ily6ua -1990 

flepeao.n: aaTopoa 

Bystritsky V.'M. et al. 
Study of'the;Process·of Mui.m Transfer from dµ-Atoms 
to 4 He Nuclei in'Deuterium-~Helium Mixture 
at Presstir~ 1350 atm 

The experiment on, measurement of the parameters of the pro
cess of charge ·exchange of dµ 0atoms on 4 He nuclei at the deuterium
helium mixture pressure '.1350 atm was carried out. The helium-con
centration varied ·from 5·10- 4 to 10- 2 • The muon transfer rate from 
dµ~atoms in their ground state to 4 He nuclei was equal to X2H e = 
= (2;75 ·± 0;22)·108 s- 1 

• The lower limits of the ground state popula
tions· of dµ-atoms at the minimal and the maximal helium concentra
tion was estimated to be 0.96 and 0.90, respectively. 

The •investigation has been performed at the Laboratory of 
Nuclear Problems, JINR . 

. 'Preprint of the Joint Institute for Nuclear Research. Dubna 1990 


