
6-95.,. 
I 

B.M .BbiCTpHI..J;KHii , B.n.~:lKeJierros, B.M.lleTpyxHH, 

A.M.PyAeHKO, B.M.Cysopos, B . B.~HJibYeHKOB , 

r.XeMHHI..J; , H.H .XoBaHCKHH , B .A.XoMeHKO 

OPHMOE 113MEPEHME CKOPOCTEH OBPA30BAHMH 

PP/1-11 pdfl- MOJIEKYJI 

8 r A300BP A3HOM BO~OPO~E 



HHCTH'cyTa H,[{epHbiX 

J1 B TOM, 'ITO TeKCT npenpHHTa 

H B KaKOM•JJH60 Hay'IHOM lKypuane 

446/2-76 np. 'eJOT 

EbiCTpt1UKMR' B. M. 
ne.ll· 

M )(p. aneu 

e n3uepeHvte cKopoc-
o6pa30BaHvtR PP)V-vt 
-uoJieKyJI. • • 1 9256. l.975 ~:~~ 

JJJieT 

CKHX 

nliM. 

meM 

'JHf 
le • 

ro.ll 

a 

PI - 9256 

B.M.BbiCTpHQKHH, B.n . ~)KeJienoB, BJ1.0eTpyxHH, 

A.M .PyAeHKo, B.M .CyBopoB, B .B . ~HJibqeHKOB , 

r.XeMHJ1Q, H.H .XoBaHCKJ1H, B.A.XoMeHKO 

OPHMOE M3MEPEHME CKOPOCTEM OBPA308AHMH 

pp Jl· M pdp- MOJIEKYJI 

8 r A300BPA3HOM BO~OPOJ_],E 

HanpaBJI('Hu B ~3T~ 

--'""'·~----""' , ~1. _, 1 v.:...l:l~}:wi1 "~c·r T 
qepiWX tcc.1tAO Ill 

6 ' GJlVIOTEKA 



C BBO)J,OM B )J,eHCTBHe CHnhHOTO'iHbiX YCKOpHTeneu - Me-

30HHMX $a6pHK CTaHOBHTCR peanbHOH B03MO~HOCTb ocy

Il.(eCTBneHHR TaKHX $yH)J.aMeHTanbHO Ba~HMX OllblTOB, KaK 

npel{H3HOHHhie H3MepeHHR CKOpOCTH MIO- 3aXBaTa B ra30-

o6pa3HOM BO)J.OpO)J,e H )J,eHTepHH. ,l],nR Bhi6opa OllTHMaJibHbiX 

ycnOBHH H npaBHnhHOH HHTepnpeTal{HH )J,aHHhiX :HHX OTiblTOB 

'Tpe6yeTCR 3HaHHe napaMeTpOB llpOHCXO)J,RII.(HX B BO)J.OpO)J,e 

MIO-aTOMHhiX npoueccos - o6pa3osaHHR Me3oMoneKyn PPf H 

pdf!. Ba~Ho TIOJJ.'iepKHYTh, 'ITO onpe)J.eneHHe yKa3aHHWX 

napaMeTpOB He06XO)J,HMO BblllOnHHTb HMeHHO B ra3oo6pa3-

HOM BO)J.OpO)J.e BBHJJ.Y HX B03MO~HOH HeTpHBHaJibHOH 3aBHCH

MOCTH OT llJIOTHOCTH BO)J.OpO)J,a. 

3KcnepuMeHTanhHhie H pac'leTHbJe 3Ha'ieHH.R cKopocTeu 

o6pa3oBaHHR Me3oMoneKyn PPfl(A ) u pdfl(Apd11 ) 
PP/1 

npHBOJJ.RTCR B ma6/l. 1. ,l],o nocne)J,Hero speMeHu He bhino 

BblllOnHeHO llp.RMbiX H3MepeHHH BeJIH'iHHbl A l B ra3e. 
I" fi 

B pa6oTe / 5J 6Lina c)J.enana nonhiTKa oueHHTh senu4HHY 

A pdf! Ha OCHOBaHHH H3MepeHHOrO BbiXO)J,a MIOOHOB H3 

peaKuuu KaTanu3a /la/ n pd11 -MoneKyne: 

/I a/ 

/16/ 

npH'ieM JJ.n.R 3Toro npHIIIJIOCh npusne'ih p»Jl. )J,aHHhiX o peaK

UHHX /la/ H /16/, nony'leHHblX B OllbiTaX C ~H)J,KHM BO)J,O

pO)l.OM. B Hallie it He)J,aBHeH: pa6oTe 1 6 i senH'iHHa A d B 

ra3e 6Lina nai:f)J,eHa nyTeM ananH3a speMeHHoro pa~npe
)l.eneHHH Y -KBaHTOB H3 peaKL{HH /16/ C HCTIOnh30BaHHeM 
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rronyY:ennoro B 121 JHaY:eHHH cKopocrn peaKI.J,HH I 161 H rrpe)J.
IIOJIOiKeHHH 0 CTaTHCTHY:eCKOM xapaKTepe JaCeJieHHOCTH 
CIIHHOBblX COCTOHHHH d11 -CHCTeMbl. IJ.eJiblO HaCTOHlll,eH pa
fiOTbl HBJIHJIOCb IIPHMOe HJMepeHHe BeJIH"Y:HH •\dp. H 

Apd/1 B raJoo6paJHOM BO)J.Opo)J,e. B xo)J,e pa60Tbi 6blno 
IIOJiyY:eHO TaKiKe OTHOWeHHe CKOpOCTeH IIepexBaTa MIOOHa 
C IIpOTOHa H )J,eHTpona Ha KCeHOH. 

Memoo U3MepeHUJI 

B pa6ore 6biJI rrpnMenen MeTo)J., ananorH'-IHbiH MeTo)J.y 
HCCJie)J,OBaHHH I I •4/ B OCHOBe KOTOporo JieiKHT HCIIOJibJOBa

nne CMecn BO)J.op~)J.a c ManoH: rrpHMeCbiO raJa c Z> 1 
Is naweM cnyqae 6biJI BJHT Kcenon c aToMapnoH: Konuen
TpauneH: 10-51. llocne)J,oBaTeJibHOCTb npoueccos, rrponc
XO)J.Hll.J,HX IIOCJie OCTaHOBKH MIOOHa H OfipaJOBaHHH p /1-aTOMa 
B cMecHx H

2
-tXe,H2-tXe-tD

2
,cxeMaTH'-IecKH rrpe)J.cTaBnena na 

puc. J. llpHMOH IIOCa)J,KOH MIOOHOB Ha aTOMbl KCeHOHa B 
nawnx ycnoBHHX MO:>KHO npene6pe'-lb. 

CKopocTb A Pl1 HC'-IeJnosennH Pll -a TOMa orrpe)J.eJIHeTcH 
rrpoueccaMH o6paJoBaHHH PPil -MoJieKyJibi, nepexsaToM MIOo
na na aTOMbi Kcenona H )J,eH:repnH, a raK:>Ke pacrra)J,oM 
MIOOHa: 

A =A o t ¢A (1 - CD) + ¢ C X AXP + ¢ C DA d. 121 Pll PP/1 e e p 

)].JIH d11 -aroMa COOTBeTCTBYIOll.J,aH BeJIH'-IHHa pasHa 

d A =A + ¢( 1-C ) A + ¢C A + ¢C .\ . 
d11 IJ D pd11 D dd11 Xe Xe 131 

B 3THX BbipaiKeHHHX: Ao = 0,455•106 C-l- CKOpOCTb pac

IIa)J,a CBOfiO)J.HOrO MIOOHa; A pd - CKOpOCTb nepexBaTa MIOO-
Ha c rrporona na )J.eiirpon; A P , Ad - cKopoCTb nepe-

• X~ Xe 
xsara Mroona c nporona 1 )J,eiirpona/ K aroMaM Xe ; 
Cxe' Co - aTOMHbie Konuenrpai.J,HH Kcenona H )J.eH:repnH 

COOTBeTCTBeHHO; ¢ - OTHOWeHHe IIJIOTHOCTH raJa K IIJIOT
HOCTH :>KH)J,KOrO BO)J.OpO)J.a. CKOpOCTH Me JOMOJieKyJIHpHbiX 

rrpou.eccos rrpHBe)J,eHbi K ycnoBHHM :>KH)J.KOro BO)J.opo)J.a I a TOM
HaH IIJIOTHOCTb BO)J,OpO)J,a 4,22•1Q22JjCM 31. 
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BpeMeHHhie pacnpe.IJ,eneHHH 3neKTpoHoB OT pacna.IJ,a 

MIOOHOB H 'Y ·KBaHTOB Me3opeHTreHOBCKOrO H3ny'leHHH Xep.
·aTOMa MO)I(HO JanucaTL e.IJ,HHLIM o6pa30M .IJ,ng H 2 + Xe H 

H 2 + Xe +D2 : 

dn -At -=r_ = ,\ e s 
d t Xe 

/4/ 

dn x' ,\ 
---L =( x

0
- _ _Q_Xe__ AoAx ) 

dt ----
A-A'-,\cap ,\ -,\ 

s 0 Xe ~ 0 

-Ast ,\ ,\ -A0 t 
e + _Q.......L_e 

\-A0 /5/ 

3.IJ,ecL .IJ,ng CMecu H + Xe ,\ = ,\ /BLipa)l(eHue /2/ I, 
2 s P/1 

A = ,\ , A x = A P_ , a .IJ,ng H + Xe + D A = A..~ .. , 
x PP/1 t• Xe 2 2 s ..,_,. 

A = X d , A X =At ; A - cKopocTL npouecca o6pa-

3~BaH~-;r PP!l- ~nu p<f11 -Mone~yn, KOHKYPHPYJOIJJ.ero c nepe-
' eap XBa TOM MIOOHa Ha KCe?ou; 1\ Xe - CKOpOCTh 3aXBa Ta MIOO -

Ha ji.IJ,pOM KCeHOHa, A0 - CKOpOCTh pacna.IJ,a MIOOHa Ha op6u

Te Xe11 -aToMa. 

l13 Bhlpa)l(eHHg / S/ MO)I(HO BH.IJ,eTL, 'ITO OHO npe.IJ,CTaB

ngeT C060H CYMMY .IJ.BYX 3KCnOHeHT C noKa3a TengMH (-A,,.£) 
H (-A ot) , npuqeM BKna.IJ, 3KCnOHeHThl C noKa3aTeneM ( -Aot) 
onpe.IJ,engeTcg HCKOMOH aenu'IHHOH Ax cKopocTu o6pa3oBaHug 

Me3oMoneKynLI. Auanu3 3KcnepuMeHTanLHLIX apeMeHHLIX 

pacnpe.IJ,eneHHH C nOMOlJJ.hiO Bhlpa)l(eHHH THna /4/ H /5/ 
C JJ.enLIO onpe.IJ,eneHHjl napaMeTpOB yKa3aHHLIX 3KcnoHeHT 

.IJ,aeT B03MO)I(HOCTh HaUTH HCKOMLie BenH'IHHhl Ax , AXe • 

3aMeTHM, 'ITO TaKOH MeTO.IJ, He Tpe6yeT B npHHJJ.Hne pa3.IJ,e-

neuug 3neKTpOHOB H y ·KBaHTOB npu HX perHCTpaJJ.HH. 

IlocmaHoeKa onbl111a 

3KCnepHMeHT 6Lin BhlnOnHeH B HH3KO~OHOBOH na6opa

TOpHH CHHXpOJJ.HKnOTpOHa 0l1Jil1 Ha ny'IKe MIOOHOB C HM

nynLCOM 130 M:JB/c u HHTeHCHBHOCTLIO 2.10
4 c- ~ Pacno

no)l(eHue annapaTypLI npe.IJ,cTaoneHo Ha puc. 2. llocne 

npOXO)I(.IJ,eHHjl MOHHTOpHhiX C'leT'IHKOB 2,3, WHpOKOanepTyp

HOrO C'leT'IHKa J MIOOHhl TOpM03HnHCh B ~HnLTpe 6 H nona-
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,n;anH a o6'beM ra3oaoH: MHllleHH. KoHCTPYKIJ.HH MHllleHH, a 

TaK:>Ke MeTO,!I;bl perHCTpall,HH OCTaHOBOK MIOOHOB B ra3e 

c IIOMOIIJ,LIO CIJ,HHTHnnHTopoa Cs J ( Tl) OIIHCaHbi a pa6o

Tax /
9

, IO /. 0'1HCTKa BO,!I;OpO,n;a IlpOH3BO,!I;HnacL C IIOMOIIJ,biO 

CHCTeMbl / !O 'II/ C rranna,n;HeBbiM qJHnbTpOM, o6eciie'IHBaiO

Ill,HM OTCYTCTBHe IlpHMeCeH C Z > 1 B BO,!I;Opo,n;e Ha ypOBHe 

10 -B o6'beMHLIX ,n;oneH:. PerHcTpaiJ,HH y -KaaHTOB H 3neKT

poHoB OCyiiJ,eCTBnHnaCb ,!I;BYMH ,!l;eTeKTOpaMH ( Yl' Y 2 ) C 

KpHcTannaMH NaJ( Tl) ~ 150x100MM 2 H 'leTLIPLMH c'leT

'IHKaMH ( e l -:- e 4 ) C KpHCTannaMH CTHnb6eHa 6 70 X 

X 30 MM2. MO:>KHO OTMeTHTb, 'ITO BLI6paHHaH HaMH Me TO

,!I;HKa 6blna BO MHOrOM aHanorH'IHa HCIIOnb30BaBllleHCH 

B 
1
4; 3a HCKniO'IeHHeM O,!I;HOH Ba:>KHOH OC06eHHOCTH. B C'leT

'IHKaX 4 H 5 B HalllHX OIILITaX 6bin HCIIOnb30BaH He IInaCTH

'IeCKHH Cll,HHTHnnHTOp, a HO,!I;HCTLIH IJ,e3HH. 3TO 1103BOnHnO 

H36e:>KaTb Tpy,n;HOCTeH, CBH3aHHbiX C o6eciie'leHHeM Heo6xo

,!I;HMOH 'IHCTOTbl BO,!I;Opo,n;a, H cyiiJ,eCTBeHHO yMeHblllHTb dJoH, 

o6ycnoaneHHbiH OCTaHOBKaMH MIOOHOB B BeiiJ,eCTBe C'leT'IH

Ka 4. 
linoK- cxeMa 3neKTPOHHOH arrrrapaTypLI rrpe,n;cTaaneHa 

Ha puc. 3. CHrHan ocTaHoBKH MIOOHOB a ra3e I 2 3 4 5; 
HCIIOnb30BancH ,n;nH 3arrycKa BpeMeHHbiX BOpOT ,n;nHTenb

HOCTLIO 10 MKC /o,n;HOBH6paTop OB/. B Te'leHHe 3Toro HH

Tepaana BpeMeHH perHCTpHpoaanHCb y -KBaHTbl Me30peHT

reHOBCKOrO H3ny'leHHH H 3neKTpOHbl OT pacrra,n;a MIOOHOB, 

OCTaHOBHBIIIHXCH B MHllleHH. 

C IIOMOIIJ,biO BpeMH- aMIInHTY,!I;HbiX rrpeo6pa30Ba Teneu 

/BAil" y" H BAil "e" / H3MepHnocL apeMH rroHaneHHH CHrHa

noa C "y" - H "e " - ,n;eTeKTOpOB OTHOCHTenLHO MOMeHTa 

OCTaHOBKH MIOOHa. B KaHanax y1 H y2 6LinH YCTaHOBne

Hbl aMrrnHTY,!I;HLie ,n;HcKpHMHHa TOPLI c HH:>KHHM rroporoM, 

cooTBeTCTBYIOIIJ,HM 3HeprHH 1,5 M3B. THrr H HOMep ,n;eTeK

Topa, 3aperHcTpHpoaaalllero co6biTHe,orrpe,n;enHnHcL c rro

MOIIJ,LIO norH'IeCKHX 1IpH3HaKOB, Bblpa6aTbiBaeMbiX CXeMaMH 

rrporrycKaHHH err "y" • H Cil" e ".,lJ.nH yMeHLllleHHH dJoHa, CBH-

3aHHOrO C OCTaHOBKaMH MIOOHOB B CaMHX ,n;eTeKTOpax, 

6blnH rrpe,n;yCMOTpeHbl aHTHCOBIIa,n;eHHH ( 2, 3, y) H ( 2, 3,e) C 

pa3pelllaiOIIJ,HM BpeMeHeM ""'0,15 MKC. 

IlonHaH HHdJOpMaiJ,HH 0 C06biTHH BKnJOqana B ce6.11: 

1. BpeMH IIOHBneHHH CHrHanOB C "y''- H "e" - ,n;eTeK

TOpOB OTHOCHTenLHO OCTaHOBKH MIOOHa. 
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Puc. 3. EAoK- cxeMa :JAeKmpoHHou annapamypbl. 

2. AMnnHTy,n;y curuana c "y"- .n;eTeKTopa. 

3. JlOrH'ieCKHe npH3HaKH, yKa3hiBalOI..l.Uie THll H HOMep 

cpa6oTaarnero .n;eTeKTopa. 

4. JiorH'ieCKHH npH3HaK, COOTBeTCTBYlOI..l.UIH HanH'IHlO 

BTOporo MlOOHa, perHCTpHpyeMoro ,n;eTeKTOpOM J B Te'ieHHe 

5 MKC ,IJ;O MOMeHTa OCTaHOBKH MlOOHa H llOCne,n;ylO~HX 
10 MKC. 

5. MOHHTOpHhiH C'ieT 12,31, C'ieT OCTaHOBOK MlOOHOB 

12,3,4,5 I, C'ieT co6LITHH, 3aperucTpupoaaHHhiX "y"- H "e" 

,n;eTeKTOpaMH. 

6. H.n;eHTHclJHU.HPYIO~YlO uuclJopMan;HIO. 

llpeo6pa3oaauuaH a uuclJpoaoii Ko,n; aMnnuTy.IJ;Ho-apeMeu

Ha.H uuclJopMaUHH BMecTe c co.n;ep)I(HMLIM perucTpa noru

qecKHX npH3HaKoa I 12 • 131 nepe.n;aaanacL a 3BM HP- 2116. 

IlpoeeOeHue :JKcnepuMeH11ta. Om6op co6bllllUU 

Ha nyqKe MlOOHOB 6Lino npoae.n;euo qeTLipe 3Kcno3HUHH 

06~eH llpO,!J;Oll)I(HTenhHOCThlO 40 'IQC. Y CllOBH.H OllhiTOB 

npuae,n;eHLI B ma6A. 2. Bo acex qeTLipex onLnax npoH3Bo.n;u

nocL H3MepeHHe BpeMeHHhiX ClleKTpOB C06hiTHH, 3aperHCT

pHpOBaHHhiX "y"- H "e" - ,IJ;eTeKTOpaMH B COBlla,IJ;eHH.HX H aHTH

COBlla,IJ;eHH.HX c .n;eTeKTopoM 5 I cneKTPLI e + 5 , e- 5 , y ~ 5 , 
y- 51. KpoMe Toro, H3Mep.HnHCh TaK)I(e aMnnHTY,IJ;Hhle pac

npe.n;eneHH.H HMnynLcoa c ,n;eTeKTopoa Naj ( Tl) . 
Cne.n;yeT OTMeTHTh, 'ITO Harna MeTO.IJ;HKa He no3BOnHna 

OCy~eCTBllJITh ,!J;HCKpHMHHai.J;HIO 3neKTpOHOB H y-KBaHTOB. 

3TO CBJI3aHO C TeM 06CTOHTenhCTBOM, 'ITO C'ieT'IHK 5 
I Cs J (T I) , Ton~HHOH 5 MMI c 3aMeTHoii. 34J4leKTHBHOCTLIO 

perHcTpupyeT KacKa,n; Me3opeHTreuoBCKoro H3ny'ieHHH Xe11-

-aToMa. llo3TOMY pacnpe.n;eneHHH, 3aperHcTpHpoBaHHLie 

,IJ;eTeKTOpaMH Ka)I(,IJ;OrO THna, clJaKTH'ieCKH npe,D;CTaBnHlOT 

C060H CYMMY ClleKTpOB y-KBaHTOB H 3neKTpOHOB H OnH

ChiBalOTCJI cynepno3Bn;Heii BLipa)l(eHuii 141 H 151. HcnonL-

3YH COBlla,IJ;eHHH H aHTHCOBlla,IJ;eHHJI C ,n;eTeKTOpOM 5, Mhl 

HMenH B03MO)I(HOCTh BapbHpOBaTb COOTHOIIIeHHe Me)I(,IJ;y 

3lleKTpOHHOH H y -KOMllOHeHTaMH B CYMMapHOM cneKTpe 

co6hiTHH, 'ITO no3aonuno 6onee TO'IHO onpe.n;enHTb napa

MeTphi Ka)I(,IJ;OH H3 3TH X KOMllOHeHT. 
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Xapai<TepHbie BpeMeHHbie pacnpe.neneHHH npHBe.IJ;eHbi 

Ha pUC. 4-9 /no OCH afiCUHCC - BpeMH OT MOMeHTa OCTa

HOBKH MIOOHa, nO OCH Op.D;HHaT - l.J:HCJIO COfibiTHH Ha HHTep

BaJI 0,378 MKC/, a Ha puc. JQ npe.D;CTaBJieH aMnJIHTY.IJ;HbiH 

cneKTp co6biTHH, nonyl.J:eHHblH C TIOMOIUbiO .IJ;eTeKTOpOB "y" . 

Bo BpeMH 3KcnepHMeHTa Ka)f(.IJ;bie 5-6 'lac npoBO.IJ;Hnacb 

KaJIHfipOBKa BpeMeHHOH H 3HepreTHl.J:eCKOH WKaJibl C no

MOJUbiO KBapUeBOrO reHepaTOpa H CTaH.IJ;apTHbiX HCTOl.J:HHKOB 

Y -KBaHTOB ( 60 Co, Po -Be). 

06pa6omKa oaHHbiX u pe3yAbmambl onblmoe 
Ap 

)J,nH HaXO)f(.IJ;eHHH BeJIHl.J:HH A , A d , B=~ 6bl-
PP~ p ~ Ao 

Xe 
JIH npoaHaJIH3HpOBaHbl TIO MeTO.IJ;y HaHMeHbWHX KBa.IJ;paTOB 

BpeMeHHble pacnpe.neneHHH C06b1THH, 3aperHCTpHpOBaHHblX 

.neTeKTopaMH "y" H "e" B 3Kcno3HUHHX I, I I, II I. <l»oHo

Bbie pacnpe.neneHHH, nony'leHHbie B onbiTe IV H npHBe

.neHHbie K YCJIOBHHM COOTBeTCTBYIOIUeH 3KCn03HUHH, Bbll.J:H

TaJIHCb noKaHaJibHO. MaKCHMaJibHbiH BKJia.IJ; liloHa He npeBbi

wan 30/o. 06pa6oTKa ocyiUeCTBJIHnacb co 3Hal.J:eHHH BpeMeHH 

t ':_ THalJaJI=0,5 MKC. 3Ta rpaHHUa 6b1Jla BbifipaHa HCXO.IJ;H H3 

yCJIOBHH .IJ;HCKpHMHHaUHH liloHa, CBH3aHHOrO C OCTaHOBKaMH 

MIOOHOB B CUHHTHJIJIHTOpax Cl.J:eTl.J:HKOB 4 H 5 /BpeMH )f(H3HH 

MIOOHa r ~ ( Cs ,J) = 0,08 MKC/. qHcna 3aperHCTPHPOBaH

HbiX COfiblTHH npHBe.IJ;eHbl B ma6/l. 3. 
BpeMeHHble pacnpe.neneHHH JaperHcTpHpoBaHHblX co-

6blTHH annpOKCHMHpOBaJIHCb C noMOJUbiO cne.IJ;yiOIUeH 3a

BHCHMOCTH, nonyl.J:eHHOH C yqeTOM Bblpa)f(eHHH /4/ H /5/: 

dNi . --.\ t . -A t -Aot 
---=X o1Ax_ee s +D' [ F o e s + o

2
Ge ]; 

dt l 

I 
A A · 

f=Ao- ---~--
A -A' -A cap 

8 0 Xe 

AoA_L; G = 

A -Ao s 

~ 
A -A 

s 0 

/6/ 

/HH.IJ;eKC i COOTBeTCTByeT THny cneKTpa/. <i»aKTOpbl 0 I H 

02 OTJIHl.J:Hbl OT e.IJ;HHHUbl JIHWb .IJ;JIH yCJIOBHH OTibiTOB 

Ill( H
2 

+ Xe+ D 2 ), oHH y'IHTblBaiOT BJIHHHHe rrpoueccoB, 
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Puc. 4. BpeMeHHble cneKmpbl co6blmuu, 3apezucmpupoeaH
HblX "eu - Oemel<mopaMU 8 coenaOeHUJIX CO CttemttUI<OM 5 
(e+ 5) ; a- onblm I, 6 - OaHHble 31<cno3UIJUU IV, HopMupo
eaHHble Ha ttucAo ocmaHoeoK MlOOHoe e 31<cno3UIJUU I. 
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Puc. 5. BpeMeHHble cneKmpbl co6blmuu, 3apezucmpupo8aH
HblX "r" - oemeKmopaMu e coenaOeHUJIX co cttemttul<oM 5 

( y+ 5); a - onblm 1, 6 - HOpMupoeaHHble OaHHble onblma IV . 
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Puc. 6. BpeMeHHble cneKmpbl co6bzmuu, 3apezucmpupo8aHHbiX 
"e"- oemeKmopaMU 8 onbzme I I /HOpMupo8aHHbiU ifjoH 8bl'l
meH/; a - co8naoeHu.R c oemeKmopoM 5 ( e+ 5) , 6- aHmu
co8naoeHu.R c oemeKmopoM 5 ( e-5) ; cniiOIUHble IIUHUU -
pac'lemHble KPU8bze. 
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Puc. 7. BpeMeHHbze cneKmpbl co6bzmuu, 3apezucmpupo-
8aHHblx"y" -oemeKmopaMu 8 onbzme II /HopMupo8aHHbZU 
ifjoH 8bl'lmeH/; a - co8naoeHu.R c oemeKmopoM 5 { y+ 5) , 
6- aHmuco8naoeHU.R c oemeKmopoM 5(y-5); cn/IOIUHbze 
/IUHUU - pacqemHbZ€ KpU8ble. 
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Puc. 8. BpeMeHHb!e cneKmpbl co6blmuu, 3apezucmpupoeau
HbiX "e"- OemeKmopaMu e onbJme I I I juopMupoeauH&Iu (lou 
6bi<Jmeu/; a - coenaoeuu.R co c<Jem'-IUKOM 5 ( e+ 5) , 6 - a umu
coenaoeuu.R co c<Jem<JUKOM 5 ( e-5) , cn/IOIUHble Auuuu -
pac<JemHble Kpueble. 
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Puc. 9. BpeMeHHble "cneKmpbl co6b1muu, 3apezucmpupoeau
HbiX "y"- oemel(JiwpaMu e onblme 11 I /uopMupoeaHHbiU (lou 
ebi<JmeH/; a - coenaoeuu.R co c<Jem<JUKOM 5( yt- 5) , 6 - aHmu
coenaOeHUR CO C<Jem<JUKOM 5 ( y- 5) 
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Ta6JIBUB 3 

8RcnepiMeHTaJIJ>Hlie Ila.HIIlie OllUTOB 

qBCJIO OCTBHOBOK H2 ~+Xe ~+Xe+~ MDOHOB 
(oTa.en.) I I.464 s.r:m 

tran oT6opa HoMep '!IICJIO co- 'li!ICJIO co- qHCJIO co-
coeliiTI!l!: rl!cTorpaMMU 61iTMl!: <l!iTBl!: <l!iTBl!: 

e+5 I 8439 + 92 
(I08 :± IO)~ 5889 ± 78 33233 ± 188 

e-5 2 130 + 22 2074 ± I05 7866 .± 200 (I02 :± 15)* 
y + 5 3 2001 + 5(J * 3037 ± 87 10868 ± 114 I (50 :± 2c,) 

yl -5 4 I7 + 20 2350 .±. 5(J 84213 .± 99 (78 ± 20)* 

y2+ 5 5 2437 + 52 * 4u3o ± rr~o H65I .± 1132 (64 ± 25) 

y2- 5 6 3I ~ I5 
(88 :± II)* 3I3C .± 57 II485 .± II4 

-K Tipi!B6Il6Hii HOp!f.HPOBaJHlle SHaqeHIIR lPOHa, Haftl\eHHiie B 31\CIT0311UJ.l~ 

IY (Baeyy:v.~pOBaHHM MI!CJCHb). 
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npOHCXO,Z:Uil.QHX )1,0 06pa30BaHHJI a TOMa dp, H CBJI3aHbl C pa3-

nHqHeM CKOpOCTeH nepexBaTa MIOOHa OT npOTOHa H )J,eHTpo

Ha Ha KCeHOH. fipH o6pa60TKe ClleKTpOB THlla y+ 5 H y- 5, 
nonyqeHHbiX B onbne I I I, B annpoKCHMHPYIO~eH: $yHKQHH 

yqHTbiBanCJI TaiOKe BKna)J, y-KBaHTOB OT peaKQHH KaTanH3a 

a cHcTeMe pdfl. CyMMapHaJI aenHqHHa yKa3aHHoro 3$$eKTa 

cocTaanJJna B 3TOM cnyqae oKono 3o/o. llpH o6pa6oTKe cneKT

poa THnae+5 H e-5 BKna)J, y-KBaHTOB OT KaTanH3a B 3TH 

cneKTpbi He yqHTLIBancJJ, T .K. ero aenHqHHa npeHe6pe)l{HMO 

Mana /O,lo/o/. . 
Ko3$$HQHeHTbi A i H D 

1 
B Bblpa*eHHH /6/ JIBJIJIIOTCJI 

HOpMHpOBOqHbJMH napaMeTpaMH COOTBeTCTBeHHO )J.nJI y
KOMllOHeHTbl H 3neKTpOHHOH COCTaBnJIIO~eH CYMMapHoro 

cneKTpa. 3TH K03$$HQHeHTbl MO)l{HO npe)J,CTaBHTb cne,lJ,yiO

IQHM o6pa30M: 

Ai N . i 
= • ( ' 

11 y 
Di = N 

JL 
• f 

e /7/ 

r)J,e N11 - qHcno OCTaHOBOK MIOOHOB B ra3e, f.~ ,f ~- 3$$eK

THBHOCTH perHCTpaQHH y -KBaHTOB H 3neKTpOHOB joqe

BH)J,HO, qTo 3HaqeHHJI 3THX 3$$eKTHBHOCTeH 3aBHCJIT KaK 

OT THna )J,eTeKTopa, TaK H OT TOrO, HCllOnb3YIOTCJI HJIH 

HeT COBlla)J,eHHJI CO cqeTqHKOM 5/. 
)l;nJI Bbi6paHHOH HaMH OllTHManbHOH KOHQeHTpaQHH KCe-

HOHa llOKa3aTenH 3KCIIOHeHT A,. H Ao B Bblpa)l{eHHH /6/ 
s v 

cy~eCTBeHHO pa3nHqHbi, qTo ll03BOJIJleT C ,lJ,OCTaToqHOH 

TOqHQCTbiO onpe,lJ,enHTb BKna)J. Ka)l{)J,OH H3 3THX KOMllOHeHT. 

TaK KaK BKna.IJ. 3neKTpOHHOH KOMnoHeHTbl c noKa3aTeneM 

· · A A 
nponopQHOHaneH npoH3Be.IJ.eHHIO D' G = D ' __ ..Q.._x __ 

As-Ao 
( -A0t) 

)J.nJI HaXO)l{)J,eHHJI HCKOMbiX napaMeTpOB Ax H .AXe )J,O

CTaTOqHO B 3TOM cnyqae 3HaHHe aenuqHHbl D' H HeT 

Heo6xo.IJ.HMOCTH B onpe.IJ.eJieHHH aenHqHHbi Ai . HH$opMaQHJI 

o HOPMHpoaoqHoM $aKTope D i MO)l{eT 6b1Tb nonyqeHa 

HCXO)J,Jl H3 nonHoro <lHCJia C06biTHH, 3aperHCTpHpOBaHHbiX 

B 3KCll03HQHH I /BO.IJ.OPO.IJ./. 

Dik = Rk. e i ' /8/ 

r.IJ.e Rk - OTHOIIleHHC queen MIOOHHbiX OCTaHOBOK B ra3e 
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Puc. 10. AMnAumyoHoe pacnpeoeAeHue co6b1muu, 3ape
zucmpupoeaHHbiX "y "- oemeKmopaMu 6 onblme I I I 6 coena
oeHUJIX C oemeKmOpOM 5. flo OCU a6CLJUCC - 3HepZUJI y
KeaHmoe, no ocu opouHam - <~ucAo co6blmuu Ha uHmep6aA 
0,294 M3B. 3HepzuJI Ka -AuHuu Me3opeHmzeHoecKozo U3-
Ay<~eHUJI OAJI KCeHoHa cocmaeAJiem 3,8 M3B /cmpeAKa 
yKa3bl6aem noAoJtCeHue coom6emc11l6Y10U#eZo tfiomonuKa/. 
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)J,JIH 3KCR03HD;HH k u 3KCR03HD;HH I, Bbi'lHcneuuoe H3 

OTHOWeHHH MOHHTOpHbiX C'leTOB )J,JI.II 3THX 3KCR03HD;HH, 

a e i - ROJIHOe 'IHCJIO C06LITHH B CneKTpe THRa i )J,JIH 

3KCR03HD;HH I. 
Benuquua, paauaH npoH3Be,neHH10 Ai o1 AXe, onpe.ne-

JIHJiaCL B npon;ecce MHHHMH3aD;BH Xz. 
B cneKTpax, nonyqeuHLIX B pa3JIB'lHbiX ycnoBHHX, co

OTHoweuue 3JieKTpOHHOH H Y -KOMROHeHT, a CJJe,noBaTeJib

HO, H BKJia)J,OB 3KCDOHeHT C ROKa3aTeJIHMH (-A ,t) H ( -A
0 

t) 
B annpoKCHMHPYIOID;YIO 3TH CReKTpbi 3aBHCHMOCTb 6biJIO pa3-

JIH'lHbiM. B qacTuocTH, ,nnH cneKTpoa y+ 5 u y- 5, B3Me

peHHLIX a 3Kcno3un;uu I I , o6pa6oTKa ocymecTBJIJinacL 

JIHWb )J,JIJI ROJiyqeHHH )J,OROJIHHTeJILHOH HH4JOpMaQHH 

0 BeJIH'lHHe A8 , KOTOpaJI HCROJib30BaJiaCb RpH o6pa6oTKe 

.npyrux cneKTpoa. 

Pe 3YJILTaTLI o6pa6oTKH npuae,neHLI B ma6A. 4. TaM :>Ke 

noMeiD;eHbi .naHHLie, nonyqeuHLie nyTeM o6'be,nuueHHH 

pe3yJILTaToB o6pa6oTKH pa3JIH'IHLIX cneKTpos. KpoMe Toro, 

yKa3aHHble ,naHHble npHBO)J,JITCJI TaK:>Ke B 11l06A. 1. 
H3 3KcnepuMeHTaJibHbiX ,naHHLix, noKa3aHHLIX a Ta6nu

ue 1, MO:>KHO BH,neTL, 'ITO Haii,neHHOe HaMH 3Ha'leHHe APP/l 
cornacyeTcH c pe3yJILTaTaMH pa6oT I I ,2,:l,1/_ H3Mepeuuoe 

3Ha'leuue A pdp uaxo,nHTCJI B cornacuu c .naHHLIMH uaweii 

pafiOTLI /
6 ; H pa60Tbl JZ/ H OTJIH"'aeTCJI OT BeJIH"'HHbl, nony

"'eHHOH B I I; 

3uaqeuu-~ senH"'HHLI B,nony"'eHHLJe HaMu u a pa6oTe/ 16< 
ROMeiD;eHbl B ma6A. 1. flpH'IHHOH HeKOTOporo paCXO:>K,neHHJI 

Me:>K,ny HHMH MO)I(eT JIBJIJITLCJI TO 06CTOJITeJILCTBO, 'ITO RpH 

onpe,neneHHH 3TOH BeJIH"'HHbi B yKa3aHHbiX pa6oTaX HCllOJIL-

30BaJIOCh 3Ha"'eHHe CKOpOCTK Apd nepexaaTa MIOOHa C 

RpOTOHa Ha ,neiiTpoH, KOTOpOe H3BeCTHO C 60JILWOH Heonpe

,neneHHOCTLIO. 3aMeTHM, 'ITO B ycnoBHJIX uacTOJIID;eii pa60TLI 

( ¢ C 0 Apd = I) JasucuMocTL nonyqeuuoii aenu"'KHLI B oT 

A dropa3,no cna6ee, "'eM B ycnoBHHX pa6oTLI /16/. 
P ConocTasneuue ,n~HHLIX H3Mepeuuii A PPP u ApJ/1 

BbiROJIHeHHbiX B pa3JIH"'HLIX 3KcnepuMeHTaJILHLIX ycnosuJix, 

R03BOJIJieT c,nenan. 3aKJIIO'leHHe, 'ITO CKOpOCTH o6pa30BaHHH 

Me 30MoneKyn ppp u pdp B )I(H.IJ.KOM u ra3oo6pa3HOM 

so.nopo.ne ue pa3JIH'laiOTCJI. KaK au,nuo H.3 Ta6nun;LI I, pe-

3YJILTaTbi Bbi"'KCJieHHH BeJIH'lHHbl Appp cornacyJOTCH C H3-

MepeHHbJMH 3Ha"'eHHHMH 3TOH BeJIH"'HHbi. qTO KacaeTCH 
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BenHl.JHHbi A d To pe3ynLTaTbi TeopeTHl.JecKux pa6oT /7,8/ 
He cornacy~/c~ c 3KcnepuMeHTanLHhiMH .n.aHHbiMH /1,2,6/. 
Cne.nyeT, o.n.HaKo, OTMeTHTh, l.JTO TeopeTHl.JecKue pacl.JeTLI 
CKOpOCTeH o6pa30BaHH.ll Me30MoneKyn .liBn.liiOTC.ll llpH6nH
)KeHHhiMH. Hau6onee cymecTBeHHbiM npu6nH)KeHHeM .HBnJI
eTC.ll 3aMeHa MoneKyn.HpHhiX BOnHOBhiX 4JYHKI..{HH MOneKYnbi 
BO,IJ.OpO,IJ.a Ha aTOMHbie npH Bhll.JHCneHHH K03~HI..{HeHTOB 

KOHBepcuu 3neKTpoHa, conpoBO)K,IJ.aJOIUeii npouecc o6pa3o
BaHHJI Me30MOneKyn. KpoMe Toro, npH Bbll.JHCneHHH BOnHO
BhiX cPYHKI..{HH 06pa3yJOLQHXC.ll Me30MOneKyn 6binH HCllOnb30-
BaHhl npu6nH)KeHHhle llOTeHI..{Hanbi, a B BOnHOBOH cPYHKI..{HH 
HaneTaJOmero Me3oaToMa yttHThiBanacb TOnbKO S -BonHa. 
TaKHM o6pa3oM, oKOHl.JaTenLHoe cpaBHeHue Teopuuu 3Kcne
PHMeHTa cne,nyeT oTnO)KHTh .ll.O npoBe,IJ.eHH.ll 6onee TI.QaTenL
HhiX pacl.JeTOB. 

ABTOPLI pa6oThl Bbipa)KaJOT 6naro.n.apHOCTh C.C.rep
wTeiiHy, n.H.lloHoMapeBy, B.r.3uHoBy 3a none3Hhle o6-
cy)K,lJ.eHH.ll H UeHHbie 3aMel.JaHH.ll, JI.H.COMOBy 3a llOMOI.Qb 
npu H3MepeHH.liX H C.B.Me.n.Be,IJ.IO 3a o6ecnel.JeHHe 6ecnepe-
6oiiHou pa6oTbi H3MepuTenbHoro n;eHTpa u 3BM HP-2116 . 
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