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Summary 

The fusion reaction rate, A F , in the 
pd~ mesic molecule has been measured in 
experiments performed with a gaseous target 
filled with a H 2+7%D2 mixture at 42 atm. 
exposed to the muon beam from the JINR 
synchrocyclotron and also the upper limit of 
the transition rate, Ad, between the levels 
of the d11 atom hyperfine structure in 
df1(3/2)+ d-> df1<l/2) + d collisions has been 
determined. 

The following values have been obtained: 

AF = (0.287 ± 0.022)xl0 6 c-1 

6 -1 
Ad <15 X 10 c . 

The obtained values of Ad show that at 
low deuterium concentration(about some per 
cent) in H2+D2 mixtures the population of 
d~ atomic spin states at the moment of 
muon nuclear capture by the deuteron is 
close to statistical. 
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3KcnepHMeHTanbHOe HJyqeHHe ~YHAaMeHTanbHOH peaK

U.HH 11AepHoro MIO- JaXBaTa AeHTPOHOM 

11 - + d -. n + n +v 
11 

/1/ 

HaH6onee u.enecoo6paJHO BhmonH11Th B raJoo6paJHOH cMecH 

BOAOPOAa C He6onhlli0H npHMeChiO AeHTepH11, AOCTaToqHQH 

An11 o6ecneqeHH11 npaKTHqecKH nonHoro nepexoAa MIOOHOB 

c npoToHa Ha AeiiTpoH. Bhi6op TaKHX ycnoBHH npHBOAHT 

K JHaYHTenhHOMY llOAaBneHHIO HHTeHCHBHOrO HeHTpOHHOrO 

~o~a HJ _peaKU.HH CHHTeJa a dd11 -MoneKyne dd11~ 
-• He + n + 11 0AHaKo H npH 3TOM ocTaiOTCH TPYAHOCTH, 

o6ycnoaneHHhie Heo6XOAHMOCThiO yYeTa HeKOTOphiX APYrHx 

MeJoaTOMHhiX H MeJoMoneKyngpHhiX npou.eccoa. 
0AHa HJ npo6neM CB113aHa C He06XOAHMOCTbiO 3HaHH11 

CllHHOBOrO COCT011HH11 CHCTeMhl/ld HenocpeACTBeHHO B MO

MeHT 11AepHoro JaXBaTa MIOOHa Aeii:TpOHOM, llOCKOnhKY ae

p011THOCTh 3TOrO npou.ecca Cylll.eCTBeHHO JaBHCHT OT BJaHM-
_ - 111 X 

HOH opHeHTaU.HH CllHHOB MIOOHa H AeHTpOHa ' ' . OT11 npH 

o6pa30BaHHH d
11

-aTOMOB o6a COCT011HHH CBepXTOHKOH CTpyK

Typhi co cnHHOM F=3/2 H F=1/2 Jacen1110TC11 cTaTHCTH

qecKH, TeM He MeHee K MOMeHTY JaXBaTa xapaKTep Jace

neHHOCTH MO:>KeT H3MeHHTbCH HJ- Ja BOJMO:>KHhlX nepeXOAOB 

3/2 ~ 1/2 B COyAapeHHHX 

d/1(3/2) + d ~ d/1 (1/2) + d /2a/ 

H 

d/1(3/2) + p ~ d/1 (1/2) + p. /26/ 

3 



,l.J,pyraJI npo6neMa COCTOHT B npaBHnbHOM y'leTe OCHOBHLIX 

tPOHOBbiX npon.eCCOB, KOTOpbie CBJI3aHLI C o6pa30BaHHeM 
pd 11 - MoneKyn. 

TaKHMH npou.eccaMH JIBnJIIOTCJI: a/ JaxoaT MIOoua npoTo

HOM HnH )J,eHTpOHOM B 3TOH Me30MOneKyne CO CKOpOCTLIO, 

OT nH4aiOIIJ.eHCJI OT CKOpOCTH 3aXBaga B H30nHpOBaHHOM 

d 11 -a TOMe; 6/ MIO- 3aXBa T B CHCTeMe . He /1, o6pa3YIOIIJ.eHCJI 

B O)J.HOM H3 KaHanOB peaKIJ.HH CHHTe3a 

:I 

I 
Be 11 ~ 

pd/1 , . 

'
1
He + 11 

y ~ 5,5 M:JB /3a/ 

+ 5,3 M:JB /36/ 

TaKHM o6pa30M, )J.nJI BLI6opa OnTHManLHbiX ycnOBHH 

:JKCnepHMeHTOB no H3MepeHHIO CKOpOCTH 11 -JaXBaTa B )J,eo

TepHH H HHTepnpeTaU.HH HX pe3ynLTaTOB He06XO)J.HMO 3Hauue 

cne.IJ.YIOIIJ.HX oenH4HH: 

1/ 3aceneHHOCTH CnHHOBbiX COCTOJIHHH dJl -aTOMa B MOMeHT 

JaxoaTa; 

2/ CKOpOCTH o6pa30BaHHJI pd/l-MOneKynLI (,\ptlfl ); 

3/ CKOpOCTH peaKU.HH JI)J.epuoro CHUTe 3a /3a/ H /36/. 

CKopocTL o6pa3oBaHHJI pd fl -MoneKynLI B ra3oo6pa3HOM 

H )I(H)J.KOM BO)J.OpO)J.e K HaCTOJIIIJ.eMy BpeMeHH H3Mepeua C 

xoporneu T04HOCTLIO 2 ,:I,, CKOpOCTb peaKU.HH JI)J.epuoro CHH

Te3a /3/ B Me,~OMOneKyne pdJl H3Mepeua TOnLKO B O)J.HOM 

:JKcnepuMeHTe • a oonpoc o xapaKTepe JaceneuuccTH cnu

HOBLIX COCTOJIHHH d,, -aTOMa B MOMeHT 3aXBeTa OCTaeTCJI 
r 2 t 

OTKPLITLIM. PeJynLTaTLI 3KcnepuMeuToo ' CBH.IJ.eTenL-

CTBYIOT 0 CTaTHCTH4eCKOM XapaKTepe 3aCeneHHOCTH CnHHO · 

BbiX COCTOJIHHH d11 -CHCTeMLI B MOMeHT /1-3aXBaTa, TOr)J.a 

KaK nony4enuaJI o 
5

, oenuquua CKopocTH Jaxoa Ta I 1/ 
cornacyeTCJI c TeopeTH4eCKHMH pac'leTaMH 3TOH oenuqu-

' HLI nurnL npu )J.onymeuuu, 'ITO K MOMenTy Jaxoa Ta ace 

dwaTOMbl nepeXO)J.JIT B COCTOJIHHe C F = 1/2. 

PaccMoTpeuuLiu B ' 6 , MexanH3M nepexo)J.OB d/1(3/2)--d/1(1/.2) 

no)J.pa3yMeBaeT, 'ITO OHH npOHCXO)J.JIT npaKTH'IeCKH nHllib 

B CTOnKHOBeHHJIX /2a/, npu 3TOM H3 Bbi'IHCneHHOrO 3Ha

'leHHJI cKopocTH npon.ecca /2a/ cne)J.yeT, 'ITO KaK B ycno-
124/ ,_, 

BHJIX 3KCnepHMeHTOB ' , TaK H B ycnOBHJIX ;,, ero BnHJI-

4 

., 

"' 

HHe )J.OIDKHO 6b1Tb npeue6pe)I(HMO Mano. ,l.J,nJI 06"bJICHeHHJI 

npOTHBOpe'IHJI C )J.aHHbiMH/
6

/ aBTOpbl pa60Tb/S/npe)J.nOnO)I(H

nH, 'ITO HHTeHCHBHblH nepeXO)J. B COCTOJIHHe d/1(1/2) o6ycnoB

neu CTOnKHOBeHHJIMH /26/. 3TO, O)J.HaKO, He CHHMaeT 
;~ 1 '24 1 

paCXO)I()J,eHHJI Me)I()J.y pe3ynLTaTaMH <>; H 
1 

' ' 

IJ.enLIO HaCTOJIIIJ.eH pa60Tbl JIBnJinOCb H3Mepeuue CKOpo

CTH nepexo)J.a d/1(3/2) ~ d/1(1/2) B ra3oo6pa3HOM BO.IJ.OPO.IJ.e 

C npuMeCLIO )J.eHTepHJI H CKOpOCTH peaKU.HH CHHTe3a /3/. 

Memoo U3MepeHuJI 

MeTO)J. H3MepeHHJI OCHOBaH Ha HCnonL30BaHHH CBJI3H 

BbiXO)J.a y- KBaHTOB H3 peaKU.HH /3a/ H tlJopMbl HX BpeMeH

uoro pacnpe)J.eneHHJI c xapaKTepoM JacenenuocTH cnuuoBhiX 

COCTOJIHHH d11 -aTOMOB npH o6pa30BaHHH pdfl -MoneKyn. 

Tiocne)J.OBaTenbHOCTb npon.eCCOB, npOHCXO)J.JIIIJ.HX B CMeCH 

H 
2 

+ D 
2 

nocne ocTaHOBKH 11-- Me Joua, npuoe)J,eua ua puc. 1. 
Me3oaToM d11 npu cTonKuooeuuJix c npoTouaMH o6pa3yeT 

pd/1 -MoneKyny, OCHOBHOe COCTOJIHHe KOTOpOH paCIIJ.enneHO 

ua 4eTLipe no.IJ.ypoBHJI co 3Ha4eHHJIMH nonuoro MOMenTa 

J =0, J ~~ l / )J.Ba ypoBHJI/ u J = 2 . 3aceneuuocTh 3TH X 

no)J.ypooueu JaBHCHT oT pacnpe)J.enenHJI no cnuuaM d11 -aTo

MOB o MoMenT o6pa3oBaHHJI MoneKyn. Beca no.IJ.ypooueu 

pdJl CHCTeMbl (a i , b i , C i ) )J.nJI pa3nH4HbiX COCTOJIHHH 

d
11

-aTOMOB npHBe.IJ.eHhi o ma6A. 1. CKopocTh peaKU.HH cuu

Te3a B pd/1 -MoneKyne 3aBHCHT OT ee CnHHOBOPO COCTOJIHHJI: 

npH J =2 peaKU.HJI 3anpeiiJ.eHa, B OCTanbHbiX COCTOJIHHJIX 

OHa npOHCXO)J.HT C OTHOCHTenbHbiMH 3Ha4eHHJIMH CKOpOCTeH 

di /ma6A. 1/. Ecnu qepe3 A 1 H .\2 o6o3Ha'IHTb cKopo-

CTH npon.eCCOB /3a/ H /36/ H3 COCTOJIHHJI pd/1 (j =0) , a qe

pe3 ,\ F - HX CYMMY, TO COOTBeTCTBYIOIIJ.He BenH'IHHbl 

CKOpOCTeH peaKU.HH C i -ro no)J.ypOBHJI onpe)J.enJIIOTCJI KaK 

di.\ I• di.\2 • di.\F. 
KaK BH)J.HO H3 ma6A. 1, BbiXO)J. y - KBaHTOB H3 peaKU.HH 

/3a/ CyiiJ.eCTBeHHO 3aBHCHT OT pacnpe)J.eneHHJI d11 -aTOMOB 

no CnHHOBbiM COCTOJIHHJIM: B cnyqae, KOr)J.a BCe d/1 -aTOMbl 

uaxo.IJ.JITCJI o cocTOJIHHH c F =1/2, ou npHMepuo B .IJ.Ba pa3a 

Bblllie, 'leM npH CTaTHCTH'IeCKOH 3aceneHHOCTH COCTOJIHHH 

d/1(3/2) H d/1(1/2). 

5 
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Beca cocT051HHH pd 11 -MoneKynbi c pa3nH'IHbiMH 
3Ha'IeHH51MH MOMeHTa J H OTHOCHTenhHb!e 3H8'IeHH51 
CKOpOCTH peaKUHH CHHTe3a nn51 8THX COCT051HHH 

3Ha'IeHH51 

MOMeHT8 

CnHHOBhle cocT051HH51 
d!l-aToMa, o6pa3yiOlllero 

odu - Mone~y_ny 

0THOCHTenhHbie 

CKOpOCTH peaK

llH,H CHHTe3a 
J F=3/2 

0 a 1 = 0 

1 a 2 =0,195 

1 a 3 =0,180 

2 a4 =0,625 

F = 1, 2 CTaTHCTH'!ecKa51 
cMeCh F =3/2 

H F =II 2 

b l =0,25 c 1 = 0,083 

b2 =0,36 c 2= 0,25 

b 3=0,39 c 3= 0,25 

b = 0 4 c 4 = 0,417 

d l = 1 

d 2 = 0,86 

d3=0,14 

d4= 0 

BpeMeHuoe pacnpe.D.eneuue y -KaaHTOB H3 peaKuHH /3a/ 
MO)I(HO npe,D.CTaBHTb cne,D.yiOII.{HM o6pa30M: 

dn 
--~=Af P; 
dt y 

-Aot 1 3 

-¢0-CJAPdll t -diAFt) 
-e diAlbi(e + 

p = ,\ pdll e ( 3 i~l 
di,\F -¢(1-CJ,\Pdll· 

3 
-(¢ 0-GJlA d + ¢ <'n Ad )t -d .AFt 

2 I " d.A1 a.(e P ll -e 1 ) 
+ - ~ ___.)..._..!.._ + 

3 i=l di,\F- ¢ (1-Co ),\pd/l- ¢Co Ad 

3 
+ ¢C D,\d _I 

1=1 

/4/ 

-¢0-CD),\ d t -d ,\ Pll . Ft 
d i,\ l b i( e - e I ) 
-------------------1}, 
d i,\ F - ¢(1-Co) ,\ pdll- ¢Co,\ d 
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r)l.e ,\ O = 0,455·10
6 

C -I -CKOpOCTL pacna)l.a CB060)l.HOrO 

MIOOHa; rp - OTHOWeHHe DJIOTHOCTH ra30BOH CMeCH H 2+02 K 

nnoTHOCTH )I(H.IJ.Koro BO.IJ.opo.IJ.a I p
0 

= 4,22·10
22c.M-3 j;C 

0
-

aTOMapHaB KOH~eHTpa~HB )l.eHTepHB; fy - 3~eKTHBHOCTL 

perucTpa~uu y -KBaHTOB Hl peaK~HH /3/; A- Ko34Kt>u~ueuT, 

nponop~HOHaJILHLIH "'HCJiy OCTaHOBOK MIOOHOB B MHWeHH. 

IlpH BLIBO)l.e $opMyJILI /4/ B COOTBeTCTBHH c/6 / 6LIJIO 

DpHHBTO, "'TO nepeXO)l.LI d/1 (3/2) 4{).11(1/2) DpOHCXO)l.BT TOJILKO 

B CTOJIKHOBeHHBX /2a/ CO CKOpOCTLIO Ad • HCDOJIL3YB Haii

)l.eHHOe HaMH pauee/:l/ Juaqeuue ,\pdfl = /5,53±0,16/·106 c -I 

H BeJIH"'HHY 'y , HlMepeHHYIO B HaCTOBilleii pa6oTe, a TaK)I(e 

COOTHOilleHHe AF= /1,182±0,015/Al'fiOJiy"'eHHOe H3 )l.aHHLIX 

pa60T /
7 

,H/, MLI HMeJIH B03MO)I(HOCTL DyTeM annpOKCHMa~HH 
3KCDepHMeHTaJILHLIX BpeMeHHLIX pacnpe)l.eJieHHH y - KBaHTOB 

BLipa)l(eHHeM /4/ Ollpe)l.eJIHTL HCKOMLie napaMeTpLI ,\ .J H A F • 

llocmaH081<a onbtma u npoeeoeHue 3Kcnepu.MeHma 

CxeMa pacnoJIO)I(eHHB 3KcnepuMeHTaJILHOH annapaTy

PLI noKaJaua ua puc. 2. YcTaHOBKa, BKJIJO"'aromaB raJoByiO 

BO.IJ.OPO.ll.HYIO MHUJeHL H C~HHTHJIJIB~HOHHLie )l.eTeKTOpLI, pal

MemanacL B HH3KO$OHOBOH Jia6opaTOpHH H 3KCDOHHpOBaJiaCL 

ua ny"'Ke oTpu~aTeJILHLIX MIOOHOB c HMDYJILCOM 130 M3B/c 
OT Melouuoro KaHana cuuxpo~HKJIOTpoua 680 M3B OHRH. 

Ilocne llpOXO)I()l.eHHB C"'eT"'HKOB 1-'- 3 MIOOHLI TOpMo-

3HJIHCL B DOrJIOTHTeJie 6 H OCTaHaBJIHBaJIHCL B MHilleHH. 

KoucTpyK~HB raloBou MHUJeuu, a TaK)I(e MeTO.IJ.LI perucT

pa~uu OCTaHOBOK MIOOHOB C DOMOIULIO C~HHTHJIJIBTOpOB H~' 

CsJ(Tl) onucaHLI B pa6oTax 9 •10 . 

PerucTpa~HB y -KBanToB Hl peaK~HH /3a/ ocymecTBJIB

nacL .ll.BYMH )l.eTeKTOpaMH ( y 1 H y 2 ) C KpHCTaJIJiaMH 

NaJ(Tl), pa3MepLI KOTOpLIX COCTaBJIBJIH f/ 150xl00 MM 2. 

IJoporH )l.HCKpHMHHaTOpOB B ClleKTpOMeTpH"'eCKHX TpaKTaX 

3THX .IJ.eTeKTopoB cooTBeTCTBOBaJIH 3Hepruu 1,5 M3B . .LJ.ns 
onpe)l.eJieHHB "'HCJia OCTaHOBOK MIOOHOB B MHUJeHH ocymecT

BJIBJiaCL perHCTpa~HB 3JieKTpOHOB OT MIO-pacna)l.a C no

MOIULIO "'eTbipex )l.eTeKTOPOB (el-7- e4) C KpHCTaJIJiaMH CTH-!"fL-

6eua 6 70x30 MM 2. 
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EnoK- cxeMa 3neKTpoHHoB: annapaTypbi npuBe,IJ,eHa Ha 

puc. 3. eurHaJI OCTaHOBKH MIOOHa 234S 3aiiyCKan BpeMeHHbie 

"BOpOTa" ,IJ,JIHTeJibHOCThiO 10 MKC, B TeqeHHe KOTOpbiX 

perHCTpHpoBaJIHCh HMIIYJihChi oTy- H e- .n.eTeKTopoB. BpeMJI 

IIOJIBJieHHJI 3THX HMIIYJihCOB H3MepJIJIOCb C IIOMOII.\blO BpeMJI

aMIIJIHTY.IJ.HhiX npeo6pa3oBaTeneB: BAll .. y" H BAll.e". exeMhi 

IIpOIIYCKaHHJI ell, y" H ell ,e" Bbipa6a TbiBaJIH JIOrHqecKHe 

IIpH3HaKH, C IIOMOII.\biO KOTOpbiX H,IJ,eHTH4JHI.I,HpOBaJICJI THII 

H HOMep .n.eTeKTopa, .n.aBiuero oTcqeT. 

~JIJI IIO,IJ,aBJieHHJI "MrHOBeHHOrO" 4Joua, CBJI3aHHOrO C 

OCTaHOBKaMH MIOOHOB B y- H e - ,IJ,eTeKTOpax H B KOpnyce 

MHllleHH, 6hinH BBe,IJ,eHbl aHTHCOBIIa,IJ,eHHJI 23 f H 23 e C pa3-

peUiaiOII.\HM BpeMeHeM 0,15 MKC. 

liH4JOpMai.J,HJI 0 C06hiTHH BKJIIOqana B ce6JI: 

1/ BpeMJI IIOJIBJieHHJI CHrHaJIOB C y- H e - ,IJ,eTeKTOpOB OT

HOCHTeJihHO MOMeHTa OCTaHOBKH MIOOHa; 

2/ aMIIJIHTY.IJ.Y CHrHana C y - ,IJ,eTeKTOpa; 

3/ JIOrHqeCKHe IIpH3HaKH, yKa3biBalOll(He THII H HOMep cpa-

60TaBUiero .n.eTeKTopa; 

4/ noruqecKHH npH3HaK, yKa3hiBaromuB: Ha uanuque BTopo

ro MIOOHa, 3aperHCTpHpOBaHHOrO ,IJ,eTeKTOPOM 1 B TeqeHHe 

5 MKC ,IJ,O H 10 MKC IIOCJie OCTaHOBKH; 

5/ MOHHTOpHbiH cqeT /2,3/, cqeT OCTaHOBOK MIOOHOB 

/2,3,4,S/, cqeT C06biTHH, 3aperHCTpHpOBaHHbiX y -H e - ,IJ,e

TeKTOpaMH; 

6/ BCIIOMOraTeJibHYIO HH4JOpMai.J,HIO /HOMep H3MepeHHJI, Bpe

MJIHT • .IJ../. 

PerHcTpHpyiOII.\aJI annapaTypa pa6oTana Ha JIHHHH c 

3BM HP-2116 , HaKannHBaiOII.\eB: uu4JopMai.J,HJO H o6pa6a

ThiBawmeB: ee, qTO II03BOJIJIJIO KOHTpOJIHpOBaTb XO,IJ, 3KCIIepH

MeHTa. 

B 3KcnepHMeHTe 6blnH npoBe.n.eHbi ,IJ,Be 3KCII03HI.J,HH: 

"A"'- co cMecbiO H2+ D 2 H "B" - OIIhiT c renueM /4JoHo

BbiH/. Y CJIOBHJI IIpOBe,IJ,eHHJI 3KCIIepHMeHTa H OCHOBHbie ,IJ,aH

Hble, xapaKTepH3YIOII.\He OIIbiThl, IIpHBe,IJ,eHbl B ma6/l. 2. 
eo.n.ep:JKaHHe npHMeceB: aTOMOB c Z > 1 B Bo.n.opo.n.e /3Kcno-

3HI.J,HJI "A" I 6hlno He 6onee 10-8 o6'beMHblx.n.oneB: /10,11/ 

B Teqeuue 3KcnepHMeHTa nepuo.n.uqecKH npoBo.n.unacb 

KaJIH6pOBKa BpeMeHHOH H 3HepreTHqecKOH lliKaJibl C IIOMOII.\blO 

reHepaTopa CTaH,IJ,apTHOH qacTOTbl H HCTOqHHKOB y -KBaHTOB 
60 

(Co ,Po-Be). 
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Ha OCHOBaHHH llOJIY'ICHHOH HH$OpMaU.HH 6biJIH llOCTpOCHbl 

BpCMCHHbie CllCKTpbl y-KBaHTOB(y5) H :weKTpOHOB(e5), 

3aperHCTpHpOBaHHbiX y- H e -)J,eTeKTOpaMH B aHTHCOBlla,lJ,e

HH.!IX H COBlla)J.CHH.!IX C CHrHaJIOM CO C'ICT'IHKa 5. 11.CllOJib30-

BaHHe ,lJ,eTeKTopa 5 o pe*HMe aHTHcoona,lJ,eHHH no3BOJIHJIO 

c BbicoKon 3$$eKTHBHOCTbiO ocyiiJ.eCTBHTb pa3,lJ,eJieHHe y -
KBaHTOB H3 peaKIIHH /3a/ H 3JICKTpOHOB OT pacna)J.a MIOOHOB, 

nona,lJ,aiOIIJ.HX B y-,lJ,eTeKTOp /3<l>d>eKTHBHOCTb perHCTpaiJ.HH 

3JICKTpOHOB C'ICT"'HKOM 5 pasHa 99,50/o/. _ 

XapaKrepHbie opeMeHHbie pacnpe.IJ.eJieHHH y5, noJiyqeu

Hbie B onbnax "A" u .. B ", npuoe,lJ,eHbi Ha puc. 4. Ha puc. 5 
npe)J.CTaBJICHO aMllJIHTY )J.HOC pacnpe)J.CJICHHC y - KBaHTOB H3 

peaKIIHH /3a/, H3Mepeuuoe o onbne "A". 

OnpeoeAeHue :J(J(JeKmueHocmu pe2ucmpa1.1uu 
y- KeaHmoe 

Onpe.IJ.eJieuue 3$$eKTHBHOCTH perucrpauuu y-Koauroo, 

o6pa3YIOIIJ.HXCJI B peaKIIHH /3a/, 6biJIO llpOBC,lJ,CHO B 3KCDepu

MCHTC C MHIIICHbiO H3 TaHTaJia. 8bJ60p TaHTaJIOBOH MHIIICHH 

o6ycnooneu TeM, 'ITO 3HepruH nepexo.IJ.a 2 p • 1 s B T a 1L -

a roMe I E( K a) = 5,35 M:JB/ 6JIH3Ka no oeJIH"'HHe K 3Hep

ruu y -KBaHTOB /5,5 M:JB/ OT peaKIIHH /3a/. nnaCTHHa 

H3 Ta TOJJIIIHHOH 1 MM C DOMOIIJ.biO onpaBKH H3 ne tonJJacra 

DOMCIIJ.aJJaCb B pa3HbiX TO"'KaX BHYTPH ,lJ,CTCKTOpa 5, KOTOphiH 

6biJI BbiDOJJHeH B BH.IJ.e nonoro craKaHa H3 Cs J ( Tl ) 
/onbiT "l "/. 

<I>OH onpe)J.CJI.!IJJC.!I B 3KCD03HIIH.!IX C onpaBKOH, DOMCIIJ.CH

HOH B TCX *C TO"'Kax CTaKaHa /oDbiT "II"/. 
Ha puc. 6 npe.IJ.CTanneH aMnJIHTY.IJ.HbiH cneKTP Me3opeHT

reuoncKoro H3ny"'eHHH Ta ~ -aroMoB, 3aperucrpupooauuo

ro y - .IJ.eTeKropoM /onbiT "I"/. 06pa6orKa aMnJJHTY.IJ.HbiX 

cneKTpoo, nony"'eHHbiX B onbiTax "I" H "I I", npoBO.IJ.HJiacb 

B o6JiaCTH, COOTBCTCTBYIOIIJ.CH 3HeprHH y - KBaHTOB OT 4,1 
.IJ.O 6,1 M:JB. Bbi6op 3THX rpaHHII no3BOJ1HJI noJIHOCTbiO 

HCKJIIO'IHTb BKJia.IJ. L , M H .IJ.P. cepail y- KBaHTOB. BKJia.IJ. 

6onee *eCTKHX JIHHHH K- cepaa cocraBHJJ s_2o/o H 6biJI yqreH 
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Puc. 3. EAoK- cxeMa :JAeKmpoHHOU annapamypbl. 

13 



320 

,~240 

E 
..a 
1.0 

8 
0 160 
5 
s 

80 

BPEM71 (MK CEKJ 
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HOMEP KAHAJ1A 

Puc. 4. BpeMeHHble cneKmpbl co6blmuu, 3apezucmpupoeau
HbiX y - oemeKmopaMu e aumucoenaoeuu.Rx co c~em~uKOM 5 
(yS): a - onblm "A" /cMeCb H 2+D 2 /, 6 - oaHHble :JKcno-
3U!lUU "B "(He),uopMupoeaHHble Ha ~ucAo ocmauoeoK MIOOHOe 
6 3KCn03UijUU ,,A". I/o OCU a6CijUCC - epeMJI no.ReAeHUJI 
y - Keauma om MOMeHma ocmaHoeKu MIOOHa, no ocu opouuam -
~UCAO C06blmUU Ha UHmepeaA epeMeHU 0,189 MKC. 
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Puc. 5. AMnAumyoHble pacnpeoeAeHUJI co6blmuU, 3apezucm
pupoeaHHbiX y - oemeKmopaMu e aumucoenaoeuu.11x co c~em
~UKOM 5; a - onblm "A", 6 - uopMupoeaHHble oaHHble onblma 
" B ". Ilo ocu opouHam - ~ucAo co6bJmuu ua uHmepeaA 

0,092 M:JB. 

npH o6pa60TKe. 3<l><tJeKTHBHOCTh perHCTpall,HH y -KBaHTOB 

,IJ,eTeKTOpOM y onpe,D,emmacb C llOMOIIJ,biO COOTHOWeHH.II: 
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Puc. 6. AMwwmyoHoe pacnpeoeAeHue co6b1muu, 3apezucm
pupoeaHHbiX y- oemeKmopaMu e onblme I nocAe 6bl'iUIIlaHu.R 
HOpMupoeaHHbiX oaHHbiX onblma I I. CmpeAKU yKa3bJBaiOm no
AoJtCeHue ¢omonw<a K u AUHUU Ta fl -am oM a u zpaHUI.Ibl 
ouana3oHa o6pa6omKu co6blmuii. 
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I II 
r.ne Ny , N y - 'IRena y -I<BaHTOB, 3aperucTpupoaaHHhiX 
y - .neTei<TopoM B onbiTax "I" H "I I" I N }I - HOpMupoaauo 
ua 3I<cno3HU.HJO "I"/; N ~ , Nt1 

11
- 'lacna ocTauoaoi< MJOOHOB 

a 3I<cno3HU.HJIX "I" H "I I" I N11 - uopMupoaauo ua 3I<cno-
3HU.HIO "I"I; /3- nonpaai<a, Y'IHTbiBaJOIIJ,aJI nor.TioiiJ,euae y
I<BaHTOB B TaHTaJIOBOH MHIIIeHH; BeJIH'IHHa (3 ,!J,JIH I<a:>K,noro 
nono:>KeuaJI MHIIIeua Bbi'IHcnJinacb MeTO.IJ.OM MonTe- Kapno 
H OI<a3anacb paBHOH ~ 0,05; a Ta = 0,590±0,077 - HH
TeHCHBHOCTb nepexo.na 2p -+ 1 s B Ta 11 -a ToMe uau.neua 

83 COOTHOIIIeHHJI aT a =a Pb • k, C HCnOJib30BaHHeM 3Ha'leHHB 

a l'b = 10,59±0,061, 
= 11.0±0,081/13/. 

/12,' aTa 
nony'leuuoro B ' u k = ---= , a 

l'b 
11cnOJib3YJI H3MepeHHOe pacnpe,IJ,eJieHHe OCTaHOBOK MIOO-

HOB no 06'beMy MHIIIeHH H HaH,IJ,eHHbie 3Ha'leHHB 3cp<iJeKTHB
HOCTeH perHcTpaU,HH y -KBaHTOB ,IJ,JIB pa3JIH'IHbiX nonoiKeHHH 
Ta -Muiiieuu, 6biJIH Bbi'IHcneHbi cpe.nuue 3Ha'leHHB 3cpcpeKTHB
HOCTeii perHcTpaiJ,HH y -I<BaHTOB ,!J,JIB 060HX y-,neTeKTOpOB 
( y 1, y2). Pe3yJihTaTbl Bbi'IHcneuuii npuae.neHbi B ma6A. 2. 

06pa6omKa pe3yAbmamoe 

BpeMeHHhie pacnpe.neneHHB y -I<BaHTOB (y S), nony'leu
Hbie B onbiTe "B" I<PoHOBhiH onbiT/ u uopMupoaauubie I< 
ycJIOBHBM 3Kcno3HU.HH "A ", Bbi'IHTaJIHcb /no KauanaM/ 
H3 COOTBeTCTBYIOIIJ,HX BpeMeHHbiX pacnpe,IJ,eJieHHH, H3MepeH
HbiX B on biTe "A". HuTerpaJibHhiH BKna.n cpomi npu 3Hepre
TH'IecKoM nopore perucTpupyJOIIJ,eii annapaTypbi 4,1 M.:JB 
He npeBbiiiiaJI 18o/o. lJT06bi HCI<JIIO'IHTb BI<Jia,IJ, cpoua, CBB3aH
HOrO C OCTaHOBI<aMH MIOOHOB B CIJ,HHTHJIJIBTOpax ,IJ,eTei<TO
pOB 4 u 5 c nocne.nyJOIIJ,HM ucnyci<auueM npo.nyKTOB 11-- 3a
xaaTa I r 11 (Cs, J ) = 0,08 MKC/, o6pa6oTI<a cneKTPOB 
ocyiiJ,eCTBJIBJiaCb OT 3Ha'leHHB BpeMeHH t ~ 0,5 MKC. Bpe
MeHHOH cnei<Tp y -KBaHTOB OT peai<IJ,HH /3al npHBe,IJ,eH Ha 
puc. 7. 

BpeMeHHhie pacnpe.neneHHJI yS, nony'leHHbie c noMOIIJ,bJO 
060HX y - ,IJ,eTei<TOpOB, o6pa6a TbiBaJIHCb no MeTO.IJ.Y HaH
MeHbiiiHX I<Ba,IJ,paTOB nyTeM annpOI<CHMaiJ,HH HX Bbipa:>KeHHeM 

/4/ c u,enbJO .onpe.neneHHB ci<opocTa nepexo.na Ad a 
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cKopocTH CHHTe3a B Me3oMoneKyne pdf!. BenH'IHHa A B 

Bblpa)f(eHHH I 41 Haxo,IJ,HnacL H3 cooTHoweHHJI 

161 A=N(l-F )¢, 
{t t 

N = Ne 
{t (eft 

r,IJ,e 'IHCnO OCTaHOBOK MIOOHOB B CMeCH 

ra30B H 2 +D2 ; Ne- 'IHCno 3neKTpOHOB OT pacnana MIOo-

HOB, 3aperHcTpHposaHHLIX e - ,IJ,eTeKTopaMH B onLITe "A" 
IB HHTepBane BpeMeHH 1-=-7 MKC C MOMeHTa OCTaHOBKH 

MIOOHal 3a Bbi'IeTOM HOpMHpOBaHHOrO $oHa; f <' - 34>$eK-

THBHOCTb perHCTpaQHH 3neKTpOHOB e -,IJ,eTeKTOpaMH, Bbl

'IHCneHHaJI B pa6oTe / 14/ ; f t - sepoJITHOCTb pacnana 

MIOOHa B ,IJ,aHHOM HHTepBane BpeMeHH; F t - BepOJITHOCTb 

perHcTpaQHH 3neKTpOHOB OT pacna,IJ,a MIOOHOB ,IJ,eTeKTOpOM 5 
B Te'leHHe pa3pewaromero speMeHH aHTHcosna,IJ,eHHH ( y 5") , 
paBHOrO 2,2 MKC. 

,LJ,aHHLie, nony'leHHLie B pe3ynLTaTe aHanH3a, npHsene

Hbi B ma6A. 3. ,LJ,nJI CKOpOCTH ,\ d yKa3aHO BepxHee rpaHH'I

HOe 3Ha'leHHe C ypOBHeM ,IJ,OCTOBepHOCTH 900/o. 
Tiony'leHHOe 3Ha'leHHe .\ F Haxo,IJ,HTCJI B xopoweM corna-

v /2 I 
CHH c pe3ynLTaTaMH 3KcnepHMeHTanLHOH pa6oTLI 

1 
, H BLJ-

'IHcneHHii: 1151. 
Haii:,IJ,eHHaJI sepxHJIJI rpaHHQa cKopocTH nepexo,IJ,a l2al 

Ad <15.10
6 

c-
1 171 

/2,4/ 
cornacyeTCJI C ,IJ,aHHbiMH 3KCnepHMeHTOB H C pacqe-

TaMH C.C.repwTeii:Ha/ 6 /. B TO )f(e BpeMJI OHa CyiQeCTBeHHO 

MeHbWe 3Ha'leHHJI/ 16 /,KOTOpOe Bbl'IHCneHO B TeX )f(e npH-

6nH)f(eHHJIX, HO c yTO'IHeHHblMH noTeHQHanaMH. O,IJ,HaKo 

TaKoMy paccornacosaHHIO He cnenyeT npH,D,aBaTb pewaro

mero 3Ha'leHHJI, llOCKOnbKY O,IJ,HOrO nHWb yTO'IHeHHH llOTeH

QHanoB B ,IJ,aHHOM Cnyqae, no-BH,IJ,HMOMy, He,IJ,OCTaTO'IHO: 

O,IJ,HOBpeMeHHO He06XO,IJ,HMO 6onee aKKypaTHO y'leCTb B3aH

MO,IJ,eHCTBHe CllHHOB H H,IJ,ep, T .K. BenH'IHHa CBepXTOHKOrO 

pacmenneHHH B dl! -aTOMax I ~ E hfs = 0,049 :JB cpaBHHMa 

c 3HeprHeii: HX Tennosoro .D.BH)f(eHHH f - 0,04 :JBI. 
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3 4 5 6 

<~2>=15 
X2 =153 . 

320 480 640 
HOMEP KAHAAA 

7 

800 

Puc. 7. BpeMeHHoe pacnpeoeAeHue y- KeaHmpe om peaKlJUU 
CUH1/le3a 6 Me30MOAeKyAe pd {t /HOPMUpoeaHHbiU t/JoH Bblt~-
1/leH/. IIo ocu opouHam - t~ucAo co6btmuii Ha uHmepeaA 
0,378 MKC. CnAOWHaJI AUHUJI - pact~e1/lHaJI KpUeaJI. 

113 nony'leHHoii: HaMH oueHKH 17 I cnenyeT, 'ITO npH 

He6onbWHX KOHQeHTpaQHJIX ,IJ,eHTepHJI /nopH,D,Ka HeCKOnbKHX 

npoueHToBI B cMecJix H 
2 

+ D 
2 

xapaKTep 3aceneHHOCTH 

CllHHOBblX COCTOJIHHH dj!-aTOMOB B MOMeHT JI,IJ,epHOrO 3a

XBaTa MIOOHa ,IJ,e:iiTpOHOM 6nH30K K CTaTHCTH'IeCKOMy •. 3TO 

3aKniO'IeHHe paCXO,IJ,HTCJI C BblBO,IJ,aMH aBTOpOB pa60Tbl / 5 / , 

npH'IeM pacxo)f(,!J,eHHe coxpaHJieT cHny He3aBHCHMO oT xa

paKTepa npennono)f(eHHJI o ponH npouecca 1261 B nepexo

nax dl! (3/2) --. dl! (1/2). ,LJ,eiicTBHTenLHO, ecnH He npeHe-

19 



Ta6nuua 3 

3KcnepuMeHT Teopu.H 

BenwmHa KonyM6uil- Hacro.HIU. 
6 -1 " 121 B ea. I 0 c CKHH yH-T' ' pa6ora, 

C.C.fe~- S.Gal- A.B.Mar
lllTeilH 6/ lone B88HKO, 

*HJJ.KHil H 2 ra3oo6. 
H2 (42 ar) 

/15/ n.H.no
HoMapes'161 

,\F 0,305:t_O,Ol0 0,287:t_0,022 0,263x/ 

,\ }3/2-·1/2) <15 7,0 47,0 

x/ 
3ro 3HnqeHue coorneTCTByer BenuquHe A

1 . 

6peraTb BKna.n.oM 3Toro npou.ecca, TO uarn pe3yJibTaT MO)I(
uo npe.n.cTaBHTb B ou.n.e: 

A t- _!_::-~A , 15.10 6 c- 1 
tl c I' 

I) 

181 

u .D.JIH A I' - cKopocTH npouecca 1261 - cne.n.yeT: 

6 
A -; 1, 1 • 10 c- I 

p 191 

Tor.n.a H3 oueuoK 181 u 191 .D.JIH ycnoouii 3Kcnepu-.reuTa ':>' 
I c 'n = 511/o, <P' = 9 '7 .1 o-:J I BbiTeKaeT orpaHH'-IeHHe: 

A(3/2.1/2)=<P'C'A +ch'(1-C')A <0,2.10 5 c- 1 
I) tl ' I) p 

'-ITO pe3KO OTJIH'-IaeTCH OT oueHKH 5 ' 

,\(3/2 _:1/2) > 5.10 5 c -1 
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