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3Kcnepi-!MeHTa11bHble I-1CC11eAOBaHI-!R nepexBaTa /-(- -Me30HOB C BOAO

pOAa Ha aToM~ APYrl-lx 311eMeHTOB 

PM + z -+ z/-1 + p /1/ 

u -5 -3 
noKa3a111-1, 4TO B o611aCT1-1 KOH4eHTpa41-11-1 npHMec!-1 c 2 _10 710 nepe-

xsaT npOI-!CXOAI-IT Ha aTOM~ BCeX l-13y4aBWI-1XCR 311eMeHTOB, 3a HCK11~4e

HI-!eM re111-1R, A11R KOTOporo OH nOAaB11eH Ha HeCK011bKO nOpRAKOB/11. 

3TO OfibRCHReTCR TeM, 4TO, eC111-1 npl-1 CT011KHOBeHHI-1 C aTOMOM 

Z P!-1-aTOM HaXOAI-ITCR B OCHOBHOM COCTORHHH, Me30M011eKy11RpHble Tep

Mbl CI-ICTeM Ptt + Z H Ztt + l He 1-!Me~T nepece4eHI-111 1-1 nceBAOnepecel.ie

HI-111 A11R Z = 2 1-1 3 12•3 • 0AHaKO TaKOI1 MexaHI-13M nOAaB11eHI-1R He 

pacnpOCTpaHReTCR Ha CT011KHOBeHI-1R B036Y>KAeHHbiX Me30aTOMOB: 

Ptt* +He-+ He1-1 + p. /2a/ 

nepexBaT 1-13 B036Y>KAeHHbiX COCTORHI-111 PIL -aTOMa MO>KeT CTaHOBHTb

CR 3aMeTHbiM T011bKO npl-1 6011bWI-1X KOH4eHTpa41-1RX npi-!MeCI-1 Z, KOrAa 

BpeMR AO CT011KHOBeHI-1R CTaHOBHTCR Ma11biM, cpaBHI-!MbiM CO BpeMeHeM 

AeBo36Y>KAeHI-1R. ,Qel1cTBHTe11bHO, 3KcnepHMeHTbl no nepexsaTy ni-IOHOB 

C prr-aTOMOB, HaXOAR~I-IXCR T011bKO B B036Y>KAeHHOM COCTORHHI-1, Ha 

aTOMbl Z 141 
noKa3a111-1 cy~ecTBOBaHI-!e nepexsaTa np~-1 c z > 0,1 

see aTOMbl Z > 1, np!-14eM re111-1l1 s 1-1x PRAY He Bb1Ae11ReTCR. no aHa11o

rl-11-1 C rr -Me30HaMI-1 MO>KHO O>KI-!AaTb, 4TO np~-1 COOTBeTCTBY~~HX KOH-

4eHTpa41-1RX re111-1R B CMeCI-1 YAaCTCR 3a$1-1KCI-1pOBaTb H nepexBaT M~Q

HOB. 

HaMH 6bl11 npeAnPI-IHRT noHCK nepexsaTa M~OHOB c yposHel1 B036ym

AeHH~x Ptt-aTOMOB Ha re11HI1 /2a/. npeABap~Te11bH~I1 pe3y11bTaT, 

no11y4eHH~I1 Ha 4aCTH AaHH~x npH aHa11H3e 1-1HTerpa11bH~x B~XOAOB 4ac

TH4, 6bl11 Onyfi111-!KOBaH paHee /5/. 4TO KacaeTCR nepexBaTa M~OHOB 1-13 

OCHOBHOrO COCTORHHR P!-1-aTOMOB: 

Ptt + He -+ He Jl + p /26/ 

TO cy~eCTBOBaBWaR paHee TeopeT!-14eCKaR 04eHKa era CKOpOCTH 

A He - 1 06 
C-l 12•31 He AaBa11a OCHOBaHHI1 A11R y4eTa 3TOro np04ec

ca B HaWI-!X YC110BHRX. 0AHaKO o6pa60TKa BCero no11y4eHHOrO MaTepHa-

11a 6e3 y4eTa npo4ecca /26/ He Aasa11a caMocor11acosaHH~x pe3y11b

TaTos, 1-13 4ero C11eAOBa110, 4TO npaBI-111bH~I1 pe3y11bTaT MO>KeT fi~Tb 

no11y4eH 111-!Wb np~-1 o6pa6oTKe, BK11~4a~~eA aHa11H3 speMeHH~x pacnpe

Ae11eHI-111 4aCTI-14, 6e3 orpaHI-141-!Ba~~~-~x npeAn0110>KeH!-111. ,Qpyr1-1M $aKTo

poM, CTHMY111-1POBaBWI-1M TaKOI1 aHa111-13, 6~11 BbiXOA pa60Tbl /S/, B KOTO-
~.E"!.7::."'~~~:.--::.:;:; -"1j,-~~,. ;"r"' -\,.~ •• T-~ •• , ! 
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poA paccMoTpeH HOB~A MexaH~3M nepexeaTa /26/, cB~3aHH~A c npoMe
}KyT04HbiM o6pa3oBaH~eM Me3oMoneKyJlbl Pi!He, ~ nony4eHo 6onee BbiCO
Koe 3Ha4eH~e cKopocT~ npo~ecca: ,\~0P· = 4,4.10 7c-1 • B HaCTO~~eA 
pa6oTe np~BOA~TCR pe3yJlbTaTbl AeTan~HoA o6pa6oTK~ AaHHbiX, nony-
4eHH~X HaM~ B 3KCnep~MeHTe 151 

1
nOCTAHOBKA 3KCnEPHMEHTA 

PaCCMOTp~M npo~eCCbl 1 npo~CXOAR~~e B ra3006pa3HOA CMeC~ BOAO
POAa ~ ren~R nocne ocTaHOBKH e HeA M~oHa /p~c.1/. BepORTHOCTb 
o6pa30BaHI-1~ Me30aTOMa BOAOPOAa W H MmXeT 6b!Tb BblpameHa 4epe3 
OTHOWeH~e CKOpOCTeA aTOMHOrO 3aXBaTa Me30Ha Ha ren~A ~ BOAO
POA !A 1-1 KOH~eHTpa~~~ reJl~fl C = IIHe/n H/ n He 1-1 n H- aTOMapHble 
nJlOTHOCT~ KOMnOHeHT CMec~/: 

1 w =--
H 1 + Ac 

131 

06pa3y~~HACR B036y}KAeHHbiA PI! -aTOM BCI16ACTBHe, rnaBHbiM o6pa30M 1 

CTOJlKHOBeH~A C aTOMaM~ CM6CH nOCTeneHHO nepeXOA~T B OCHOBHOe 
COCTORHHe, Ec11~ B npo~eCCe AeB036ymAeHHR OH CTOJlKHeTC~ C aTOMOM 
np~Mec~. MomeT npo~3oATH nepexeaT /2a/. 06o3Ha4HM 4epe3 W0 
BepORTHOCTb TOro, 4TO Pi!-aTOM YAepm~T M~OH ~ AOCT~rHeT OCHOB
HOrO COCTORHHR. TorAa, eCJl~ B CMeC~ OCTaHOBHJlOCb No Me30HOB, 
KO BpeMeHH, KOrAa Me30aTOMbl BOAOPOAa OKamyTCR B OCHOBHOM COCTO~
H~~, 4~cno PI!- 1-1 HelL- aTOMOB 6yAeT cooTBeTCTBeHHO paeHo 

PIL: NlO = NOWHWO' 

Hell: N 20 N0 (1 -'WHWO ). 

X. 

t..+ ~. 

PHc.l 

2 

/4/ 

BpeMR AeBo36ymAeH~R PIL-aToMa e 
BOAOPOAe np~-1 AaeneH~~ a AeCRTK~ 
aTMOC¢ep COCTaBJlReT BeJ1~4~Hy7 3a
BeA0~10 MeH bWY~ 1 4eM 1 0 -a C I I . 

.npo~ecc~, ~AY~He Ha aToM aTane, 
BbiAeJleHbl Ha p~c. 1 W~pOKHMH CTpen
KaM~. 

Aanee PIL-aToM, HaXOARCb yme 
B OCHOBHOM COCTORHH~, MOmeT OTAaTb 
M~OH aToMy renHfl /ecn~ npo~ecc 
/26/ ~AeT/, MomeT o6pa3oaaTb Me3o
MoneKyny PILP ~111-1 11C4e3HYTb 113-
3a pacnaAa M~OHa. nonomi1M TaKme, 
4TO B CMeCI-1 eCTb ManaR A06aaKa 
"npo6Horo" ra3a - KceHoHa, TaKaH, 
4T06bl CKOpOCTb nepexaaTa MIOOHa Ha 
KCeHOH 6b1Jla cpaBH11Ma CO CKOpOCTbiO 
era pacnaAa: .\xe -.\0c:0,455·106c-1. 

. 
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AnR paccMaTpHaaeMbiX ycnoe~A aTo cooTBeTcTeyeT KOH~eHTpa~H~ 
CXe - 1 0-4 , TO eCTb BJlHRH~eM KCeHOHa Ha aTOMHbiA 3aXBaT Me30Ha 
~ KaCKaA B Me30BOAOPOAe MOmHO npeHe6pe4b. 06pa3y~~HeCR XeiL-

• ' 
aTOMbl 6biCTpO HC4e3a~T BCJleACTBHe 3aXBaTa M~OHa RAPOM KCeHOHa 
/cKopocTb .\ 0 -10 7c-1 / 1-111~ pacnaAa Me3oHa /e none HAPa cKopocTb 
.\ '0 "'.\ o/. 4To KacaeTCR Hell -aToMoe 11 PJ.LP -MoneKyn, TO OHH ~c4e-
3a~T TOJlbKO ~3-3a pacnaAOB M~OHOB. TaKHM o6pa3oM, Ha BTopoM 
aTane xapaKTepHble epeMeHa npo~eccoe - MMKpoceKYHA~. cneAoea
TeJlbHO, Ailfl HHX nepBbiA 3Tan MO}I(HO C4HTaTb MrHOBeHHbiM H 4~CJla 
Me30aTOMOB, onpeAeileHHble B /4/ ~ OTHOCR~~eCR K KOH~y nepeoro 
3Tana, OTH6CTH K HyJleBOMY MOMeHTY BpeMeH~. Tenepb 3aBHCHMOCTb 
4MCJla paCCMaTp~BaeMbiX 06beKTOB OT BpeMeHH MOmeT 6b1Tb OnMcaHa 

CJleAY~~~M o6pa30M: 

PIL: N () - N -.\ st 
1 t - 10 e • 

HelL: N2(t) = N20e-.\ot + N10B2c(e-Aot_ e-Ast)' 

PILP: 
-.\ ot -.\ s t 

N 3 (t) = N 10 J3 3 (e - e ), 

Xe!L: N4(t) = N10B4[e-.\st -e-(.\c+Ao)t] 
/5/ 

., N 10 B 4 e 
-.\ 8 t 

( npl-1 t > 0,4 MKC ) . 

As= Ao + "'i:e +cPAPP +c¢.\He =Al +c¢.\He' 

82 =¢.\He /(,\s-Ao ), B3 ¢.\pp/(.\ 8 -.\ 0 ), 

B4=Axef(.\c+.\'o-.\s ). 

3A6Cb cP- OTHOWeHHe nJlOTHOCT~ ra3006pa3HOrO BOAOPOAa K m~AKOMY, 
CMbiCil APYrHx,o6o3Ha4eHHA RCeH ~3 p1-1c. 1. KaK BHAHO, epeMeHHoe 
pacnpeAeJleH!-fe HelL -aTOMOB OnHCb!BaeTCfl B OCHOBHOM 3KCnOHeHTOA 
e-.\ o t , a pacnpeAeileH~.R· AIJR Pll- 1-1 XeJ.L -aToMos - aKcnoHeHToA 
e-ASt, COOTBeTCTB6HHO pa3Jl~4a~TCR H BpeMeHHble cneKTpbl BTOp~4HbiX 
4aCTI-1~, pmK.qaiO!I.\~XCfl s npo~eccax, l-1HH~HHposaHHbiX PI!- HilH Hell
aTOMaMI-1: pacna.qHbiX 3IleKTpOHOB 1 l<acKaAHbiX y -KsaHTOB 1-1 npOAYKTOB 
RtlepHoro 3axeaTa M~OHOB Ha KceHoH. 0-rMeTHM, 4TO Hell -aTOMbl 
AaiOT TOilbKO pacnaAHble 3JleKTPOHbl, a OCTaJlbHble 4aCTI-1~bl 1 11 cpeAH 
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HHX - 3Ha4HTenbHOe 4HCnO He~TpahbHWX 1 HAYT TOnbKO OT npOH3-
BOAHbiX PJL -aTOMOB. 

HcnOnb30,BaHHbl~ HaMH MeTOA COCTOHT B TOM 1 4TO npH aHanH3e epe-: 
MeHHWX cneKTpOB He~TpanbHWX H 3apRmeHHWX 4aCTH~ 1 H3MepeHHWX npH 
HeKOTOpO~ KOH~eHTpa~HH renHR 1 onpeAenRIOTCR BKnaAbl B HHX OT npo
~eCCOB, Bbi3BaHHbiX nepeoHa4anbHO o6pa3oeaHHbiMH p11 - H He11 -aTo
MaMH. Bo3MOmHOCTb iaKoro pa3AeneHHR o6ecne4HBaeTCR pa3nH4HeM 
COCTaBnRIO~HX cneKTpOB KaK no ~OpMe, TaK H no HX COOTHOWeHHIO B 
cneKTpaX He~Tpanb~WX H 3apRmeHHWX 4aCTH~. Mepo~ HCKOMWX BKnaAOB 
MoryT cnymHTb 4Hcna PJL-• H He11 -aTOMoe, o6pa3oeaewHXCR e KOH~Y 

CTaAHH AeBo36ymAeHHR /N 10 H N 20 I. H3' /4/ c y4eToM Toro,4TO 
nonHoe· 4Hcno ocTaHOBOK pasHa N 10 +N20 , cneAyeT 

W = WH ~0 
N 10 

N1o+ N 20 • 
!61 

OnpeAenReMaR TaKHM o6pa30M eenH4HHa W ecTb eepoRTHOCTb Taro, 
4TO M~OH, OCTaHOBHBWH~CR B CMeCH BOAOPOAa H renHR 1 fiyAeT aaxea-
4eH HMeHHO Ha BOAOPOA H o6pa30BaBIUH~CR PIJ-aTOM AOCTH rHeT oc- . 
HOBHOrO COCTORHHR, He OTAaB MIOOH aTOMy npHMeCH. 3Ha4eHHR 3TO~ 
BenH4HHW, Ha~AeHHWe H3 H3MepeHH~ npH pa3nH4HWX KOH~eHTpa~HRX 
r"enHR, AaiOT aaeHCHMOCTb W(c), HeCYLI\YIO e ce6e HH~OpMa~HIO o6 aToM

-HOM 3axeaTe MIOOHOB H nepexeaTe HX OT B036ymAeHHbiX PJL .:_aTOMOB 
/2a/. 3aMeTHM, 4TO AnR onpeAeneHHR W AOCTaT04HO aHaTb nHWb oT
HOCHTenbHble 3Ha4eHHR 4HCen Me30aTOMOB.· 

ApyrHM cneACTBHeM aHanHaa epeMeHHbiX pacnpeAeneHH~ RBnReTCR 
OTBeT Ha BOnpoc, 3aBHCHT nH CKOpOCTb Ag OT KOH~eHTpa~HH TenHR. 
nocKonbKY, KaK onpeAeneHo e /5/, A 1 = const(c), To HanH4He TaKa~ 
3aBHCHMOCTH RBHnOCb fibl npRMbiM yKa3aHHeM Ha CYl!leCTBOBaHHe nepe
XBaTa H3 OCHOBHOrO COCTORHHR /26/: A He f, 0 • 

PaccMoTpHM, KaK ~opMHPYIOTCR cneKTPbl aapRmeHHbiX E(t) H He~T
panbHbiX 4aCTH~ a(t) c y4eTOM HeT04HOro HX pa3AeneHHR. nonomHM. 
4TO AnR HAeHTH~HKa~HH aapf!meHHwx H He~TpanbHWX 4aCTH~ Hcnonbay
eTCR C4eT4HK C TOHKHM C~HHTHnnRTOpOM, OXBaTbiBa~l!lHM pafi04H~ 06ceM 
MHWeHH TaK, 4TO 4aCTH~W, nonaAaiOl!lHe B OCHOBHWe AeTeKTOpW, npo
XOART 4epe3 Hero. HanH4He HnH OTCYTCTBHe cpafiaTWBaHHR HAeHTH~H
~HPY~l!lero C4eT4HKa yKa3biBaeT Ha COpT 4aCTH~bl. 0wH6KH B onpeAene
HHH THna 4aCTH~ o6ycnoeneHW ABYMR rnaBHWMH npH4HHaMH: HenonHO~ 

3~~eKTHBHOCTbiO perHCTpa~HH 3THM C4eT4HKOM 3apRmeHHWX 4aCTH~ H, 
npH perHCTpa~HH OCHOBHWM AeTeKTOpOM He~TpanbHO~ 4aCTH~W 1 nona
AaHHeM B HAeHTH~H~HPY~LilH~ C4eT4HK conpoeOmAaiOLile~ ee aapRmeHHO~ 
4acTH~bl. OT ., Hell-aToMoe H PJLP -MoneKyn HAYT TonbKO pacnaAHble 
3neKTpOHbl: 

4 

a'(t) = £
2 

(1-£
4 

)A
0 

[N
2

(t) + N
3 

(t)], 

E '(t) = €
2 

f 
4 

A 
0 

[N 
2 

(t) + N 
3 

(t)] , 

/7a/ 

rAe £ 2 - sepoRTHOCTb perHcTpa~HH 3neKTpoHa AeTeKTopoM, a €4 -
BepORTHOCTb pBrHCTpa~HH 3neKTpOHa HAeHTH~H~HPYIOl!lHM C4eT4HKOM. 
OT PtL -aTOMOB HAYT pacnaAHble 3neKTPOHbl; nocne nepexeaTa MIOoHa 
Ha KCeHOH BblneTaeT Hed<OnbKO KaCKaAHbiX }{ -KsaHTOB j Aanee HAeT 
HHTeHCHBHbl~ aaxsaT MIOOHOB RApaMH KCeHOHa C BblneTOM HeCKOnbKHX 
4aCTH~ - KaK 3apRmeHHbiX, TaK H He~TpanbHbiX. 3Ta cnOmHaR KapTHHa 
ynpOLI\aeTCR 6narOAapR TOMy, 4TO npH t > 0,4 MKC pacnpeAeneHHR BO 
epeMeHH Pll- H Xell-aTOMOB HMeiOT OAHHaKOBbl~ xapaKTep /5/. 3To 
noaeonReT npeACTaBHTb ece npo~eCCbl e Xell-aToMe npoHCXOARLI\HMH 
B OAHH MOMeHT - eo epeMR rH6enH PJL-aToMa. Ha AanbHe~wero H3no
meHHR CTaHeT RCH0 1 4TO B03HHKaiOLI\aR npH 3TOM OWH6Ka Ha nOCTORH
HW~ MHOmHTenb 6yAeT asTOMaTH4eCKH YYTeHa npH HOPMHpoeKe. Tenepb 
MOmHO BBeCTH napaMeTpbl: € 1 - CYMMapHy~ 3~~eKTHBHOCTb perHCTpa
~HH aKTa HC4e3HOBeHHR pj.L-aTOMa /B TOM 4HCne H 3a C4eT pacnaAa 
MIOOHa/ H t 3 - sepORTHOCTb TOrO, 4TO OAHOBpeMeHHO KaKaR-nHfiO 
4aCTH~a fiyAeT 3aperHCTpHpOB~Ha HAeHTH~H~HPYIOLI\HM C4eT4HKOM, Tor
Aa AnR cneKTpoe OT PJL-· H Xell -aTOMOB nony4aeM· 

a"(t) = f 1 (1-·£ 3 )(A 0 + A~e )N 1 (t) 

E, (t) = £1 E 3 (A o + Axe ) N 1 (t) .. 

/76/ 

AnR HawHx ~ene~ AOCTaT04HO onpeAenHTb nHWb OTHOCHTenbHble 3Ha-
4eHHR 4eTwpex MHOmHTene~, COCTaeneHHWX H3 napaMeTpOB £ 1+ E4 .3TO 
MOmHO CAenaTb C noMOLI\biO HOPMHpOB04HbiX H3MepeHH~ C 4HCTbiM BOAOpo
AOM H CO CMeCbiO BOAOPOAa C KCeHOHOM. nycTb 8 BOAOPOAe OCTaHae
nHBaeTCR N0 M~oHoe. PacnaAHWe 3neKTpoHw, o6paayiOLI\He cneKTpw, 6y
AYT aaperHcTpHpoeaHbl 

-Aot a (H 2 ) = €
2 

(1 -·f 4 )A0 N0 e , 

E(H2) = €2E4AONOe 
-A0 t 

Ao6aeKa KCeHoHa He H3MeHReT 4Hcna ocTaHosoK, HO Tenepb rnasHyiO 
ponb HrpaeT nepexsaT Ha KceHoH: 

, -A1 t -A0 t -.\. 1 t O(H 2 +Xe)=E1 (1-£3 )(.\. 0 +A.xe)~e. H
2

(1-£
4

)A·0N0 B3 (e -e ), 

, -A 1 t -A0t -A 1 t E(H 2 +Xe)= £ 1 £ 3 (A0 +Axe)N 0 e +E2 £4 A0 N 0 B 3 (e -e ) • 

H3 3THX AaHHbiX onpeAenRIOTCR MHOmHTenH npH 3KCnOHeHTax. nepeo6o3-
Ha4HM HX: 

; 1 <1 -· £3 )(Ao + Aie) No = a o £2 (l-E4)AONO =yEO 

€1 €3 (Ao + Aie) No = E'a o ; f 2·€4 Ao No =Eo • 
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/ 6 v G E I v CMbiC11 3TIIIX 0 03Ha4eHIIIIII 8 TOM, 4TO O Ill O R811RIOTCR HOpM!-1p08KOI-1 

OCH08H~X KOMnOHeHT 8 cneKTpax HeATpa11bH~X Ill 3apRmeHH~X 4aCTIII~, 

a <)>aKTOpbl y 111 € onpeAe11RIOT npii!Mecb 8 Ka>KAOM ·cneKTpe APYroA 

KOMnOHeHTbl. Tenepb MHO>KII!Te11111 np1-1 3KcnoHeHTaX 8 /7/ MO>K~O 3a

MeHII!Tb Ha G0/N 0 ·, €G 0/N0 , E0 /N 0 , yE 0/N 0 111, noACTa81118 8MecTo 

N 1(t) IIIX 8blpa>KeHIIIR 1113 /5/, o6beAIIIHIIITb /7a/ 111 /76/: 

N 10 -.\st -.\ot N20 -Ao t' 
G(t) = -HG 0-yEt,~)e +yE0B 8e ] + -yE0 e 

No No 

N10 -.\8 t -.\0 t N2o -.\ ot 
+ --E0 e 

No 
B8 =B 2 +B 3 

E(t)=--[(€G
0

-E 0B
8

)e +E0 B
8

e ] 
No 

!8! 

AnnpoKCII!Ma~~~~R cneKTp08 HeATpa11bH~X 111 3apR>KeHH~X 4aCTM~ 3TIIIMM 

8blpa>KeHMRMM no380111-1T HaATM 3Ha4eHMFI N 10/N 0 , N 20/N 0 M .\He 

/noc11eAHRR 8e111114MHa 8XOAMT 8 .\ 8 1-1 4epe3 Hee 8 Bi - CM. /511, 
a 1113 OTHOCMTe11bHbiX 3Ha4eHIIIA N 10 M N 20 cor11acHo 16! C11eAyeT 

3Ha4eHMe W A11R AaHHoA KOHl.leHTpa~~~~~~~. 

113MEPEHI1H 11 OoPAoOTKA ,lJ.AHHbiX 

3KcnepMMeHT 6~11 8~n011HeH Ha MIOOHHOM ny4Ke CIIIHXpO~MK110TpOHa 

011HI1. CxeMa ycTaH08KM C ra3080H MIIIWeHbiO nplll8eAeHa Ha PMC.2, 
nOAP06HO OHa 6~11a Onii!CaHa 8/S~ a CIIICTeMa OT6opa M perMCTpa~MIII 
co6~TIIIA 1 8 19~ Bcero 6~110 CAe11aHo 3 cepMM M3MepeHMA, r11a8HOe 

OT11M4Me KOTOp~X APYr OT APYra - K0111114eCT80 KCeHOHa 8 CMeCM 

M 0611aCTIII M3MepeHHbiX KOH~eHTPal.IIIIH re11111F1. 0AHaKO OHIII Cyl!leCT8eH

HO pa311M4aiOTCFI Ill MeTOAM4eCKM: np111 C08naAeHMM 06111eA KOH<)>Mrypa~MM 

annapaTyp~ pea11bHO MCn011b308a11MCb MII!WeHM A8YX pa3H~X KOHCTpyK

~MH CO C~IIIHTM1111RTOpaMIII C4eT4MK08 4 Ill 5, 8~n011HeHH~MM M3 n11aCTII!Ka 
I cepMIII I 111 II I M KpMcTa111108 CsJ I cepi-1R III I. Bc11eACTBMe nora 

TPI-1 rpynn~ HaWMX AaHH~x 6~11111 no11y4eH~ npH eecbMa pa311H4H~x yc11o

BHRX: no ypOBHIO <)>OHa H 3<)><)>eKTHBHOCTRM C4eT4HKOB 4 H 5. Cor11aCo

BaHHOCTb pe3Y11bTaT08, n011y4eHH~X M3 3THX AaHH~X, r080pHT 06 OT

CyTCTBHH 3aMeTH~X CHCTeMaTH4eCKHX OWH60K, CBR3aHH~X C y4eTOM 

yKa3a~H~X <)>aKTOp08. 
B Ka>KAOA cep!IIH H3MepeHHA lceaHcel nposDAH11111Cb H3MepeHHR c 

nyCTOH MHWCHbiO, C 4HCTbiM 80AOPOAOM, CO CMCCbiO H 2+Xe H C A06as-

11eHHeM HecK011bKHX nop~HA re11HFI (H 2 + Xe +He 1 ). KpoMe Toro, AllFI 

KOHTP011bH~x ~e11eA npoBOAH11MCb H3MepeHHFI c 4HCT~M renHeM. ,lJ.aHH~e 
o cocTasax cMeceA npHBeAeH~ 8 Ta6n. 1. MepoA KOH~eHTpa~HH KceHo

Ha RB11RCTCR CKOpOCTb Aie , B Ta611111~e AaHO ee OTHOWCHHC K CKOpo

CTMAo• 
Ka>KAbiA AeTeKTOP Hcno11b308a11CR A11R perHcTpa~HH KaK HeATpa11b

H~X BTOPH4H~X 4aCTH~, TaK 1-1 3apR>KeHH~x. A11R o6pa6oTKH 6~11H·no
cTpoeHbl COOTBCTCTBeHHO y- H e -cneKTpbl 18 3a8HCHMOCTIII OT Ha-
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PHc.2. CxeMa 3KcnepHMeHTanbHofi ycTaHOBKH: I - c~eT~HK, 

KOHTpOnHPYIDIIIHH npoxo~eHHe BTOporo Me30Ha; 2,3,4 - MOHH
TOpHbJC C~eT~HKHj 5 - C~eT~HK-CTaKaH, OXBaTbJBaiDUUfH pa6o~HH 
06'beM MHIIIeHH; 6, 7 - p;eTeKTOpbl BTOpH~HbiX ~aCTH~ CO C~HH
THnnHTOpaMH H3 NaJ H CTHnb6eHa COOTBeTCTBeHHOj 8 - TOPM03-
HOH qlHnbTp, 

Ta6nH~a 

XapaKTepHCTHKH COCTaBa ra30BOH CMeCH B 3KCnepHMeHTe 

CeaHc ,llaaneHHe 3HaqeHHH KOH~eHTpa~HH renHH 
aop;opop;a ,\~e /A. 0 
/aTM. I 

I 20,0 >8 0,46; 0,89 

II 16,5 3 0, 19; 0,38; 0,70; 1,03; 2, 14 

III 24,6 I 0,05; 0, I I; 0,29 

111114Mft co8naAa1Ql!lero no 8peMeHM cpa6aTbiBaHIIIR C4CT4HKa 51 a MHTep

Ba11e BpeMeH 0,7+8,2 MKC C 111aroM 0,25 MKC. 

Ha pHc. 3 npH8eAeHbl B Ka4eCTBe npHMepa y -cneKTpbl, no11y4eHHble 

B ceaHCe II ·npM HeCK011bKHX KOH~eHTpa~HRX re11HFI, Ha pHc.4 npeA

CTaB11CH~ pe3y11bTaT~ pa3110>KeHHR 3TIIIX cneKTp08 /noc11e B~4HTaHHft 
<)>OHal Ha COCTaB11RIOl!IHe 3KCnOHeHTbl e-.\ S t H e-.\ Ot , KaK BHAHO, 
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PHc. 3 H 4. IlpHMepbi BpeMeHHbiX y -cneKTpOB IHsMepeHHbiX rrpH 
KOH~eHTpa~HHX renHH: I - 0; 2- 0,19; 3- 0,38; 4-
1,031 H pasno~eHHe HX Ha COCTaBnHID~e KOMIIOHeHTbl. lliTpH
XOBaHHaH rHCTOrpaMMa - crreKTP OT IIYCTOH MHWeHH. CrreKT
pbl 2 H 3 CXO)J;Hbl, IT03TOMY Ha PllC, 3 IIpHBe)J;eH nHWb O)J;HH 
H3 HHX, 
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A.s 
PHc. 5. IIpep;sapHTenbHbie o~eHKH se
nH'lHH -.\. s I 0 - ceaHc U , • - ceaHc 
III I H saBHCHMOCTH .\.8 (c) p;mr 3THX 
ceaHcoB, nony'leHHbie rrpH rronHoil 
o6pa6oTKe. 

''>t«:''J 

3 

2 
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-t-- ..... ...... 

~ l~--~----
-r ..... ..... 
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C ysenH4eHHeM KOnH4eCTBa renHR 
BKnaA nepBO~ 3KCnaHeHTbl yMeHbWaeT
Cfl H pacTeT ee HaKnOH, 4TO RBnReTCR 
CBHAeTenbCTBOM nepexsaTa MIDOHOB Ha 
renH~. H3 OCHOBHOrO COCTORHHR Pll -
aTOMOB. npH KOH4eHTpa4HH C '" 1 3Ta 
3KcnoHeHTa yme He Ha6nwAaeTcR.BKnaA 
BTOpO~ 3KCnOHeHTW RBnReTCR Mepo~ 
KOnH4eCTBa o6pa30BaBWHXCR aTOMOB 
HeJL, npH c >0,5 OH cTaHOBJ.1TCR AOMH-

1.0CHe HI-1PYIDlJ.IIIIM. Ha pHc.S npHBeAeHbl 3Ha4e-
HHR Ag KaK ~YHK4HH KOH4eHTpa41-11-1 

renHR, nony4eHHble AnR 3Kcno3H4H~ 0 ::; c < 1 s cepHRX II 1-1 III. He
CMOTPR Ha TO, 4TO KamAaR T04Ka CTaTHCTH4eCKH 6n!-13Ka K B03MOmHOH 
3aBJ.1CHMOCTJ.1 As= COnst(C)=A , B COBOKynHOCTI-1 OHH noKa3b!BaiDT CJ.1CTe
MaTJ.14eCKH~ poeT A 8 c KOH4eHTpa41-1e~ ren!-1R. 

0KOH4aTenbHaR o6pa6aTKa cepH~ II 1-1 III cocToRna s DAHOBpe
MeHHO~ annpOKCJ.1Ma4HH BCeX cneKTpOB BWpameHHRMI-1 /8/, B KOTOpWX 
6wna npOH3BeAeHa nOACTaHOBKa 

N /o = N 6cT .• w 1 1-1 N ko = No
1
cT.{1 - W i 

c HaxomAeHJ.1eM napaMeTpos: A He - o6lljero AnR scex AaHHbiX; 0 0 , 
E 0 , y , E 1-1 xapaKTepJ.1CTJ.1K ~oHa, o6llj!-1X AnR KamAo~ cep1-1J.1; ~aKTo

pos W i, HHAHBHAyanbHbiX AnR KamAO~ T04KH C KOH4eHTpa41-1e~ C .• 
4TO KacaeTCR Ha6opa napaMeTpOB NbcT, /4J.1CnO MIDOHOB, OCTuHciBHB
WJ.1XCR s H3MepeHI-1H i I, TO OHH 6blnH onpeAeneHbl np~-1 npeAsapHTenb
HOM aHanJ.13e, J.1 BbiTeKaiOlljaR 1-13 HJ.1X 3aBHCJ.1MO.CTb NOCT ,(c) 6b!Jla on!-1-
caHa ~opMyno~ 

NocT{c) =N 0 (1 +SC). 

B cny4ae, ecn~-1 TOpMosHaR TOnllj!-1Ha MHWeHH MHoro MeHbwe pas6poca 
ny4Ka no npo6eraM, s 3TO~ sas!-1CJ.1MOCTH ~aKTop S AOnmeH 6wTb 
KOHCTaHTOH, paBHO~ OTHOWeHHIO TOpM03HWX cnoco6HOCTe~ renJ.1R J.1 BO
AOPOAa: S ='So= const. B HaWHX ycnoBHRX oKasanocb, 4TO S sasHcHT, 
XOTR H cna6o, OT KOH4eHTpa4HH, J.13MeHRRCb OT S(O) '"1,15xS 0 AO 
S(c > 1)"' 80• 3To MomeT 6b!Tb o6ycnosneHo saBHCHMOCTbiO 3~~eKTHBHo
CTH perJ.1CTpa~J.1J.1 OCTaHOBOK MIOOHOB OT KOnJ.14eCTBa BelljeCTBa B MH
WeHH IAeTaJlbHO BWRCHRTb 3TO He Tpe6yeTCR, TaK KaK Hac HHTepecy
eT COOTHOWeHHe MemAY 4HCnaMJ.1 o6pa30BaBWJ.1XCR MesoaTOMOB, a He 
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06~ee HX KOnH4BCTBO/. npH OKOH4aTenbHO~ o6pa60TKe 4HCnO OCTa
HOBOK OnHCb!Banocb cJ>yHK4HB~ OT C H S(c), npH4BM 3aBHCHMOCTb S(c) 
6b!na Ha~AeHa 3MnHpH4BCKH. 

06pa6oTKa AaHH~X cepHH I HMeeT oco6eHHOCTH, CBfl3aHH~e c no-
-s 

AaBnR~~e~ npH KOH4BHTpa4HH KCeHOHa -10 ponb~ nepeXBaTa M~OHOB 
C P~-aTOMOB Ha KCBHOH no OTHOWBHH~ K APYrHM KOHKypHpy~~HM npo-
4BCCaM BTOpOrO 3Tana /BnHRHHeM KCBHOHa Ha AeB036ymABHHe npH 
3To~ KOH4eHTpa4HH no-npemHeMy MomHo npeHe6pe4b/. B 3TOM cny4ae 
apeMe~Ho~ cneKTp Y-KsaHTOB npeAcTaanReT co6o~ KPYTY~ 3KcnoHeH
TY e- gt , ,\ g,>>A0, npaKTH4eCKH He MBH.A~~y~ CBOe~ cJ>opMbl npH H3Me
HBHHH KOHI.IBHTpai.IHH reJlH.A. 4aCTb y-KBaHTOB nonaAaeT B HHTepsan 
perHcTpa4HH, o6paayR a ero Ha4ane peaKo s~pameHH~~ nHK. Cy~ecT

seHHoe OTJ1H4He cJ>opM cneKTpOB y -KBaHTOB 11 pacnaAHbiX 3neKTpOHOB 
OT He~ -aTOMOB n03BOJ1RBT AOCTOBepHO pa3ABnHTb HX, H AJlR BbiXO
AOB 4aCTH4 HMeeM no aHaJlOrHH C /8/ 

G 

E 

NocTw 
G ---- ' o N

0 

NocT (l-·W), E ------
0 N

0 

OTKyAa HaXOAHTCfl BBJlH4HHa W AJlR AaHHO~ KOH4BHTpai.IHV1. 

PE3YnbTATW 3KCnEPHMEHTA 

B pe3yJlbTaTe COBMBCTHO~ o6pa60TKH AaHH~X H3 Tpex CeaHCOB: 

1~ nony4eHa BBJlH4HHa CKOpOCTH nepeXBaTa M~OHOB C p~-aTOMOB, 

HaXOAR~HXCR B OCHOBHOM COCTOflHHH, Ha renH~ /npHBBABHa AnR nnoT
HOCTH mHAKOrO BOAOPOAa/: 

,\He = /3,6.±,1 ,0/.107c-1 

nony4eHHoe aHa4eHHe xopowo cornacyeTCR c senH4HHO~ cKopocTH, e~-

4HcneHHo~ B npeAnOJlOmeHHH ,Cy~eCTBOBaHHR MOJlBKYJlflpHOrO MeXaHH3Ma 
nepeaapflAKH p~-aTOMOB Ha aToMax renHR ,\~~P· ,4,4x10 7 c-1 161 • 

Ha pHc. 5 wTpHXOBbiMH nHHH.AMH noKaaaHbl aasHCHMOCTH As (c), nony4eH
Hble np11 nepeC4BTB Ha~ABHHO~ CKOpOCTH A He K 3Ha4BHHRM nJlOTHO
CTH BOAOPOAa s 3THX cepHRX. HanoMHHM, 4TO T04KaMH Ha 3TOM pH
cyHKe noKa3aHbl npeA8apHTeJ1bHble 04eHKH ,\ , onpeAeneHH~e HHAHBI-1-
AYaJlbHO AnR KamAO~ KOH4BHTpa4HI1 reJ1HR T~JlbKO no noKa3aTeJ1~ co
OTBBTCTBY~~eA 3KCnOHBHTbl 6e3 y4eTa CB.A3e!li, HanaraeMbiX Ha cneKT
pbl BblpameHHBM /8/. KaK BHAHO, KOHB4H~~~~ pe3yJlbTaT cornacyeTC.A 
C 3THMH OI.IBHKaMH, 4TO CBHABTBJlbCTBYBT 0 KOppeKTHOCTH npoBeAeH
HO~ o6pa60TKH. 
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Ta6nm1;a 2 \,/tO 

l13MepeHHb!B 3Ha"tleHHH W 

08 ~"' . - ' ' ' 
Ct wt 0.6 

~'----0,05 0,87.:!:_0,03 0.4 
~ -----

0, II 0,70.:!:_0,04 
0,2 ~ 

0,19 0,50.:!:_0,02 I 

0,29 0,33.:!:_0,05 I 0 0.2 0.4 0.6 o:S 1.0 c,. 

0,38 0,28.:!:_0,03 

0,46 0,25.:!:_0,02 PHc.6. l13MepeHH~e 3Haqe-

0,70 0, 13.:!:_0,02 HHH W1 H HX annpOKCHMa~Hfl 

0,89 o, 12.:!:_0,02 
(~) ¢opMyJlOH /9/: 17 - 3aBH-
CHMOCTb W17 (c) H3 I 41; UJTpHXO-

1,03 0,06.:!:_0,02 BaH JlHHHH - 3aBHCHMOCTb 

2,14 
W~(c) H3 /4/. 

-

2. HaMepeHbl 3Ha4eHHR aenH4HHbl W AJ1.A paanH4H~x KOH4BHTpa4H~ 

reJlHR /peaynbT~Tbl npHBBABH~ B Ta~n.2, Ha pHC.6•3TH AaHH~e H30-
6pameHbl B BHAB T04eK/. HHTepeCHO conocTaBHTb HX C aHanorH4HO~ 
aaBHCHMOCTb~ AJl.A 17 --Me30HOB / 4/ /KpHBa.A 17 Ha pHc.6/: 

W17 (c) = W~(c) W :ap (c), 

rAe W~ - sepo.ATHOCTb BbiCaAKH nHOHa Ha BOAOPOA /aHanorH4HO W H 
An.A M~oHa /3/ I, a W~ap - sepoJHHOCTb Toro, 4To nHoH 6yAeT aa..: 
XBa4eH B P17 -aTOMe npOTOHOM, a He 6yAeT nepexBa4eH Ha renH~. 

KaK BHAHO H3 pHc.6, T04KH AJ1.A M~OHOB HAYT aaMeTHO HHme: 

W(c) < W17 (c) HJ1H WuCc)W 0 (c)< w;(c)Wc:p(c) (c > 0) • 

Mbl nonaraeM, 4TO sepo.ATHOCTH aToMHoro aaxaaTa 17-- H ~--Me30HOB 

B CMBCH BOAOPOAa H renHR OnHC~Ba~TCR OAHHaKOBO, TO eCTb W8(~ = 
= W ~(c). np.AMbiB 3KCnepHMBHTaJlbHbiB AaH_HbiB no 3TOMY BOnpocy OTCyT
CTBY~T. Ho pac4eTbl xapaKTepHCTHK npo4eccoe aaMeAneHHR H aaxaaTa 
MB30HOB B BOAOPOAB H CMBC.AX ero C reJ1HBM/lO/noKa3~Ba~T, 4TO non
HbiB /TO eCTb AJlR Bcero HHTepsana 3HeprHill aaMeAnRBMO!Ii 4aCHII.Ibl/ 
sepo.ATHOCTH aTOMHoro aaxeaTa AJ1R 17- H ~ -MeaoHOB npaKTH4eCKH 
coenaAa~T. TaKHM o6paaoM, ~a npeAbiAY~ero HepaseHCTBa cneAyeT 

wo (c) < w:ap (c) (c > 0), 

ll 
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4TO rOBOp~T 0 Cy~eCTBOBaH~~ nepeXBaTa Me30HOB C B036ymAeHH~X 
ypoBHe~ aTOMOB p~, 6onee ~HTeHC~BHoro, 4eM nepexsaT n~oHoB. 
npH4~Ha pa3n~4~~ CB~3aHa, no-B~A~MOMy, C ~AepH~M saxBaTOM n~o
HOB ~3· nS -coCTO~H~~ prr -Me30aTOMOB, KOHKyp~pyiO~~M C nepe
XBaTOM. 

An~ Kon~4eCTBeHHoro on~caH~~ sas~c~MOCT~ W(c) An~ MIOOHOB 
6b1na ~cnonb30BaHa napaMeTp~3al..l~~ ~3 pa6oTbl 141 : 

W ~(c) = WH W0 
1 1 --·--

1 + Ac 1 +A 04/3 
!L 

/9/ 

AnnpoKC~Mal..l~~ Haw~x AaHHbiX 3TO~ QJYHKLI~e~ c ~cnonb30BaH~eM 3Ha-
4eH~~ A =1,84 ~3/4/ Aana KOHCTaHTY nepeXBaTa An~ MIOOHOB: 

Ap. = 3,8 ± 0,3, 

4TO 3aMeTHO 6onbWe COOTBeTCTBYIO~e~ KOHCTaHTbl An~ nHOHOB A TT = 
1 , 84,:tO, 09. 

B saKnl04eH~e asTOpbl 6naroAaP~T 11. H. noHoMapesa sa noneaHble 
o6cymAeH~~ ~ Jl.H.CoMosa, r.XeMH~I..I~, A.XopBaTa sa y4acT~e B nony-
4eH~~ 3Kcnep~MeHTanbH~X AaHH~x. 
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PyKon~cb nocTyn~na B ~3AaTenbcK~~ OTAen 
1 ceHT~6p~ 1982 roAa. 
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1BblC TpHLt;KHH B . M. H AP . P1-82-646 
llepexBaT MIDOHOB C BOAOPOAa Ha renHH 

B OUbiTaX C !L--MesoHaMH, OCTaHaBRHBaiO~MHCli B rasoo6pa3HOH 
cMecH BOAOPOAa, renHH H KCeHoHa IAaBneHHe BOAOPOAa oKono 
20 aTM, KOHLt;eHTpaLt;HH renHli H KCeHoHa OTHOCHTeRbHO BOAOPOAa 
COCTaBnliRH COOTBeTCTBeHHO 0,0572 H ~10-4 /, o6Hapy~eH nepe-

1 XBaT MIOOHOB C P!L-aTOMOB, HaXOAli~XCli B OCHOBHOM COCTOliHHH, 
Ha aToM renHH H HSMepeHa ero cKopoCTb AHe=/3,6+1,0/· 10 7c-1 • 
3ToT pesynbTa T xopowo cornacyeTCli c pactieTaMH ,-ytiHTbiBaiO~MH 
HOBbiH Me30MOneKynlipHbiH MeXaHH3M nepesapliAKH P!L -aTOMOB Ha HA
pax renHH.H3MepeHa TaK~e SaBHCHMOCTb BepOliTHOCTH o6pa30BaHHli 
p~ -aTOMa B OCHOBHOM COCTOliHHH OT KOHLt;eHTpaLt;HH renHH;aHaRH3 

H COUOCTaBneHHe ee C COOTBeTCTBYJO~MH AaHHbiMH ARli IT- -Me30HOB 
yKa3bJBaiOT Ha Cy~eCTBOBaHHe nepexBaTa MIDOHOB H C B036y~eHHblX 
ypoBHefi aTOMOB P/l., npH'leM 6onee HHT.eHCHBHoro, '!eM B cnytiae 
prr -aTOMOB /KoHcTaHTa nepexBaTa AP. =3,8~0,3 npoTHB A77 = 

= 1,84+0,09/. 
Pa6oTa BbmonHeHa B J1a6opaTopHH .!lAepHblx npo6neM OIDIH. 

npenpHHT 06beAHHeHHOro HHCTHTYTa RAePH~X HccneAOBaHHH. AY6Ha 1982 

Bystritsky V.M. et al. P1-82-646 
Muo~ Transfer from Hydrogen to Helium 

In the experiments with IL--mesons in a gaseous mixture 
of hydrogen,helium and xenon (hydrogen pressure is about 
20 atm., concentration of helium and xenon related to hydrogen 
- o.os..;.2 and J0-4 ,respectively) the muon transfer from P!L
atoms,being in the ground state,to helium atoms have been de
tected and its rate value A'He = (3. 6+1.0)· 10 7s -l have been ob
tained.This result is in a good agreement with calculations 
taking into account a new mesomolecular mechanism of charge 
exchange of pp.-atoms on helium nuclei.The dependence of pro
bability of formation of p~ atoms in the ground state on he
lium concentration have been measured.Its analysis and compa
rison with corresponding pion data point to the existence of 
muon transfer also from excited states of P!L -~toms (transfer 

-constant is A,.,.-3.8~0.3 against A 77 =1.84~0.09). 
The investigation has been performed at the Laboratory 

of Nuclear Problems, JINR. 
Preprint of tho Joint Institute for Nuclear Research. Dubna 1982 

llepeDOA O.C.B"uorpORODOA. 


