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HccneaoeaHne 38pS!Jl0BbIX C0CT0llHHil 147 Dy H 199 Po -
npoayKTOD llnepHbl~ peaKUHil nonHoro CJIHllllllll 

P7 - 11784 

Hccnenoean11cb 38p.llll0Bi:;;e C0CT0llllll.11 II0H0B 147Dy 11 199Po nponyKT0B 
SlllepHhIX peaKunil 113Cd(40 ,Ar,6n) 11 164Dy(40Ar,5n). 3apS!JlOBLie pacnpenenemrn 
H3y'!anncb na wnpoKon11ana3011HoM Mar1111TH0M aHann3aTope. Ha5moaaeMhie 
3H8'1eHH.II cpenHHX 38pS!Jl0B H nonyw11p11Hbl 38pS!Jl0BblX pacnpeneneH11il 
nccnettyeMhlX npoayKT0B peaKUHil 3HB'IRTenbH0 npeah1wam1 pac'leTHhie 3Ha
'lenn.11 • .Ilnll cpen1111x 3ap,S!Jl0B ST0 0Tnll'll!e C0CTaBnlln0 9t-12 enl!HRU, 
a anSI nonywRpllll - 7+-14 ell!lllll!l. 3TOT sq,q,eKT M0lKH0 o6hllCHHTb nanH'!HeM 
CHJibHO K0HBepTnpoaaHHblX S!JlepHblX ypoanell y llllep 147 Dy H 199 Po. 

Pa6oTa BbIIl0nnena a Jla6opaTOpHR Sl)lepHblX peaKUl!ll 01151!1. 

IlpenpnHT O6i,e111111ettttoro HHCTl!TyTa smcpHblX nccnenoeattnil. Ily6Ha 1978 

Skobelev N.K. et al. P7 - 11784 
Investigation of 147Dy ahd 

199
Po Charge States Being th~ 

Products of Full Fusion Nuclear Reactions 

Charge states of 147Dy and 199 Po being the products of the 
113c;«4°Ar,6n) and 164oy(4° Ar,5n) nuclear reactions were investigated. 
Charge distributions were studied on a wide-range magnetic ana
lyzer. The values observed of average charges and half-widths of 
charge distributions of products under study considerably exceed 
the calculated ones. For average charges this difference was 
9+12 charge units, and for half-widths was 7+14 charge units. 
This effect could possibly be due to the presence of strongly 
·converted levels in 147Dy and 199Po levels. 

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

Preprint of the Joint Institute for Nuclear Reseorch. Dubno 1978 

@ 1978 O(f1,e1111ReHHblH HHCTJITYT $!/lepHbIX HCCneaoBBHHH ,ay6na 

3a nocne,D;Hee ,D;eCHTHneTHe n CBH3H c .D;am.HeiiwHM pa3 -

BHTHeM YCK0pHTeilbHOH TeXHHKH 3Ha1.JHTem.Ho B03poc HHTepec 

K cliH3HKe TH)KeilbIX H0H0B. ,ll;eTailbHOe H3y1.JeHHe CBOHCTB 

np0.D;YKT0B H.D;epHhIX peaKu;Hii HBnHeTCH Ba:lKHbIM HCT0I.JHHK0M 

HHcliopMaUHH 06 nx MexaHH3Me. IllupoKoe pacnpocTpa-

HeHne npH H3y1.JeHHH npo,D;yKT0B H.D;epHhIX peaKUHH 

nonyl.JHilH 3IleKTp0MarHHTHbie MeT0.D;bl aHailH3a. O,D;HaKo HC -

cne,D;0BaHHe npo,D;yKT0B H,D;epHbIX peaKUHH, 0CH0BaHH0e Ha 

TaKHX MeTo,D;ax, Tpe6yeT 3HaHHH pacnpe,D;eneHHH 34iclieKTHBHhIX 

3apH.D;0B 3THX npo,D;yKT0B. 

lfaneCTHO, 1.JT0 npH np0X0:lK,D;eHHH TH:lKenoii 1.JaCTHUbl qepe) 

neiuecTB0 B CT0ilKH0BeHHHX co CTaUH0HapHbIMH a T0MaMH 

np0HCX0.D;HT 3axnaT HilH noTepH 3IleKTp0H0B. 3TOT CilO)KHblH 

npouecc npHB0.D;HT K ycTaHonneHHIO panHonecHoro pacnpe.D;e

neHHH 3apH.D;0:Q, Ha 0CH0BaHHH K0T0poro MO)KeT 6bITb nonyqe

HO 3Ha1.JeHHe cpe,D;Hero 3apH,D;a. 

lfaneCTHO, 1.JTO cpe,D;HHH paBHOBeCHhIH 3apH.D; 1.JaCTHUbI, 

npowe,D;weii qepe3 neiueCTB0, HBnHeTCH cliYHKUHeii CKOpOCTH 

1.JaCTHULI, ee nopH.D;Konoro HoMepa, Macconoro 1.JHcna, a TaK

*e COCTOHHHH KOH,D;eHCHponaHHOH ,cpe,D;hl, nopH.D;KOBoro HO· 

Mepa H Macconoro 1.JHcna H.D;ep cpe.D;LI. B HaCTOHJUee npeMH 

HeT ,IJ;OCTaTOI.JHO CTporoii TeopHH no 3apH.D;OBOMY pacnpe,D;ene

HHJO npowe,D;WHX qepe3 cpe,D;y TH:lKeilhlX 1.JaCTHU. 

OueHKH, OCHOBaHHbie Ha CTaTHCTHI.JeCKOM paCCM0Tpe

HHH, He ,D;aIOT Y.D;OBneTB0PHTeilhH0ro cornacHH C 3KcnepHMeH

TOM. Il03TOMY BBe,D;eHbl pa3IlHI.JHhie 3MnHpH'leCKHe cliaKTOphl 

,D;nH 06'bHCHeHHH 3KcnepHMeHTamrnhIX ,D;aHHhlX no 3apH.D;OBhlM 

pacnpe,D;eneHHHM TH:lKeilhIX 1.JaCTHU. Han6onee nOilHhlH 063op 

no 3THM nonpocaM npe.D;cTanneH EeTueM hi. 
OTMeTHM, 1.JTO HaH6onee cyiuecTBeHHhIMH napaMeTpaMH 

3apH.D;onoro pacnpe,D;eneHHH qacTHU, npowe.D;WHX qepe3 cpe,D;y, 

3 



KaK IlOKa3aJIH 3KCilepHMeHTbl, HBnJIIOTCH CKOpOCTb qacTHUbl 

H ee nopH.D,KOBbIH HOMep. PaBHOBeCHOe pacnpe.D,eJieHHe .u.o

CTHraeTCH npH npoxmK.D,eHHH HOHaMH TBep.D,OT.eJibHblX 4loJibr 

TOJl!l\HHOH 40-80 MKZ/CM 2 HJIH raJOBOH cpe.D,bl TOJII.QHHOH 
16 17 2 

10 - 10 MOAeKyA/CM. 

,ll;JIH Bbl'IHCJieHHH napaMeTpOB 3apH.D,OBblX pacnpe.u.ene

HHH nponeTa10mux B cpe.u.e 11acTHU HaH60JILwee pacnpocTpa

HeHHe nony11HJIH Bbipa)KeHHH lieTuah/ Hu1<onaeea - ,ll;MHT

pHeBa/2/H liapoHa 131, .u.a10mue ny11we~ cornacue c 3Kcnepu

MeHTOM B pa3JIH11HbIX 3HepreT_H11eCKHX HH~epBaJiaX. 

IloJiylfeHHble JapHJJ.OBble pacnpe.D,eJieHHH ycKopeHHbIX Ho

HOB aproHa H KCeHOHa / 4 / a Tal()Ke Me.D,H / 3 /nocJie npOXO)K-
' .D,eHHH yrnepOJJ.HbIX 4Jonhr xopowo cornacy10TcH c pac11eT-

HbIMH 3Ha11eHHHMH. O.u.HaKO npH H3y11eHHH 3apH.D,OBbIX co

CTOHHHH npo.D,yKTOB peaKUHH B pe.D,K03eMeJibHOH o6JiaCTH 

/ 'Ib H Ho / 6LIJIH nony11eHbI 3apHJJ.OBble pacnpe.u.eneHHH co 

cpe.D,HHMH 3Ha11eHHHMH 3Ha11HTeJibHO BbIWe pac11eTHbIX / 5 / 

ABTOpbI o6'bHCHHJIH 3TOT 34l4le1<T pa3JIH11HeM B :rneprHHX 

CBH3H JJieKTPOHOB B HalfaJibHOM H KOHe'IHOM COCTOHHHHX 

aTOMOB. 3Ha11HTeJibHOe yBeJIH'leHHe BeJIH'IHHbl cpe.D,Hero 

Jap11.u.a /Ha 15-20 e.D,HHHU/ H ywHpeHHe 3ap11.u.oeoro pacnpe

.u.eneHHH Ha6JI10,1J;aJIOCb TaK)Ke .D,JIH 11.u.ep OT.D,8.'IH npH a.:pac

na.u.e 241 Am 161, a TaK)Ke JJ.JIH npo.u.yKTOB pea1<uuii c a -
11acTHUaMH /7/H c TH)KeJILIMH HoHaMH /sl.TaKHe CHJihHLie_ 

OTKJIOHeHHH o6'bHCHHIOTCH o6pa30BaHHeM Ha BHYTpeHHHX 

3JieKTPOHHbIX 060JI0111<ax Bbl6HTbIX H3 MHWeHH aTOMOB OT.D,a-

1IH.Ba1<aHCHH BCJie.D,CTBHe BHyTpeHHeH KOHBepCHH H.D,epHbIX 

nepeXO,ll,OB. IIocJie.D,OBaTeJibHOe 3anoJIHeHHe o6pa30BaBWHXCH 

BaKaHCHH 3a ClfeT nepeXO.D,OB C 6onee BbICOKHX ypOBHeii, 

conpoBO)KJJ.a10meec11 ucnyc1<aHHeM 1<ac1<a.u.a O)Ke- 3Jie1<Tpo

HOB, npHBO.D,HT I< 60JibWOMy .u.e4JHUHTY 3JieKTPOHOB Ha BHew

HHX 060JI0111<ax, T .e. 3Ha11HTeJibHOMY yBeJIH'leHHIO 3ap11.u.a 

BbI6HTOro H3 MHilleHH HOHa OT.D,a'IH. THilH'IHble O)Ke-IlIHpH

Hbl COOTBeTCTBYIOT BpeMeHaM )KH3HH MeHbllle 11eM 1O-15 c, 

a paJBHBalOI.QHHCH O)Ke-KacKa.D, C nocJie.D,OBaTeJibHbIM JanoJI

HeHHeM BaKaHCHH_ ,ll,OCTH_7af.T BHellIHHX 3JieKTpOHHbIX 060-

JIO'leK Ja BpeMH 1O-
14

c 
9 

.IlpH npOXO)l(AeHHH aTOMOB OT

.u.a11H, o6pa3oBaBilIHXCH. B H.D,epHbIX peaKUHHX C T H)KeJibIMH 

HOHaMH, 11epe3 .u.onoJIHHTeJibHyio TBep.D,oTeJibHYIO 4lOJihry, 

YCTaHOBJieHHyIO Ha paccTOHHHH, .D,OCTaTO'IHOM .D,JIH pacna.u.a 
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Ha JieTy HH3KOJie)Kamux COCTOHHHll 11.u.ep, npOHCXO,ll,HT Boc

CTaHOBJieIIHe HOpMaJibHOrO xapaKTepa 3apH.D,OBbIX pacnpe.u.e-

JieHHii /S/, 
HacT011ma11 pa6oTa 6bIJia npe.u.npHHHTa c uenLIO ncrny11e -

HHH .u.onoJIHHTeJibHbIX 3KCnepHMeHTaJibHblX .u.aHHbIX no 3ap11 -

.D,OBbIM pacnpe.u.eneHHHM HOHOB B o6JiaCTH 6onee TH)KeJiblX 

11.u.ep H H3yl.feHHH BJIHHHHH B036y)K.D,eHHbIX COCTOHHHH 11.u.ep 

Ha BeJIH'IHHY HOHHoro 3apH.D,a. HaMH 6bIJIH npoBe.D,eHbl 31<

cnepHMeHTbl no HCCJie.D,oBaHHIO 3apH.D,OBblX pacnpe.D,eJieHHH 

,ll,HCnpo3HH H noJIOHHH, 06pa3y10mHXCH nocJie ucnapeHHH 

HeiiTpOHOB H3 B036y)K.D,eHHbIX COCTaBHbIX H.D,ep - npO.D.YKTOB 

peaKUHH: 

113Cd ( 40 Ar, 6n) 147 Dy 

H 
164 D ( 40 A 5 ) 199P y _r, n o. 
3TH npo.D,yKTbl peaKUHll 6bIJIH HCnOJib30BaHbl panee .D,JIH 

onpe.u.eneHHH 3cp4le1<THBHOCTH WHpOKO.D,HanaJOHHOrO MarHHT

noro ananHJaTopa B pa6oTe / 4 /,, TaM )Ke npHBe.D.eHO onucamrn 

CXC::Mbl 3KCnepHMeHTa. 
Pa6o•me MHWeHH 6hIJIH H3rOTOBJieHbl H3 ecTeCTBeHHOH 

CMeCH H30TOnOB Ka.D,MHH nyTeM BaKYYMHOrO uanbIJieHHH H 

H3 06orame11Horo H30Tona .u.ucnpo3HH- 164 nyTeM 3JieKTpo

JIH3a Ha 6- MHKpOHHYIO aJIIOMHHHeByIO no.D,JIO)KKY. TonmHHbl 

Ka.D,MHeBOH H JJ.HCnp03HeBOH MHilleHeii cocTaBJI.IIJIH COOTBeT

CTBeHHO - 100 Ml(rZ/CM 2 u -300 MKZ/cM
2

• 

3HeprH.ll HOHOB aproHa BbI6Hpanacb H3 ycJIOBH.H onTH

MaJibHOrO BblXO.D,a npo.D,yKTOB peaKUHH C IlOMOil.\blO aJIIOMH

HHeBbIX nornoTHTeneii H cocTaBJIHJia 171 M 3B ua cnoii 1<a.u.

MHH H 180 M3B Ha CJIOH .u.ucnpo3HH- 164. O6pa30BaBWHeCH 

11.u.pa-npo.u.yKTbl peaKUHH HMeJIH KHHCTH'leCKYIO JHeprHIO 

- 52 M3B B nepeoii peaKUHH u-39 M3B - BO BTopoii. 

C6op npo.D,yKTOB DOJIHOro CJIH.HHH.H npOBO.D,HJIC.ll c no

MOI.QblO amoMHHHeBoro·norJIOTHTeJI.a:, ycTaH0BJieHHOrO B cpo

KaJibHOH IlJIOCK0CTH MarHHTHOro aHaJIH3aTopa. 

M.u.eHTHcpHKaUH.11 147 Dy H 
199

Po npOBO.D,HJiaCb C no

MOI.QblO Ge(Li) -.u.eTeKTopa no HJBeCTHblM y -JIHHHHM 

147 Gd u 199 Pb,06paJ0Baewuxc11 nocne ueno111<H 3JieKTpoH

HbIX 3aXBaTOB HCXO.D,HbIX npo,nyKTOB. Pacnpe.u.eJieHHe npo

JJ.YKTOB peaKUHii BJJ.OJib 4lo1<aJILHOH nnocKOCTH MarnHTHoro 

auaJIH3aTopa onpe.u.eJIHJIOCb HJMepeHHeM aKTHBHOCTll cooT

BeTCTBYIOI.QHX y11acTKOB c6opHHKa. 
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Puc. 1. 3apJ1ooeoe pacnpeoeAeHue npooy,cmoe peaKtJUU 
113 ca(4°!Ar, 6n)147Dy. 

,D;na .D;OilOJIHHTeJILHOH nepe3apJ1.D;KH HOHOB nepe,n; BXO.D;OM 

B MarHHTHLIH aHaJIH3aTOP ycTaHaBJIHBaJiaCL yrnepo,n;HaJI 

!POJILra TOJIIIJ;HHOH ~45 MKZ/CM~PaccTOJIHHe OT MHWeHH .no 

qionLrH /~50 MM/ HOHLI ,IJ;Hcnpo3HH npoxo,nHT 3a BpeMH 

~6• 10-9 c, a HOHLI IlOJIOHHJI - 3a 8 .10-9 c. MaKCHMaJIL

HOe BpeMJI IlpOXO)K,IJ;eHHJI aTOMaMH OT,D;a'IH BCeH TOJIIIJ;HHLI 

MHWeHH, Y'IHTLIBaJI ee HeO,D;HOPO.D;HOCTH, ou;eHHBaeTCJI B 

o6eax peaKIJ;HJIX, KaK 10-
14 c. BpeMJI npoJieTa aTOMOB OT

,naqa H3 MHWeHH ,n;o qioKaJILHOH IlJIOCKOCTH MarHHTHOro 

aHaJIH3aTopa He npeBLiwaeT 10 -
7 c. 

Ha puc. 1 H 2 npe,n;cTaBneHLI nony11eHHLie pacnpe,n;eneHHJI 

npo,nyKTOB IlOJIHOro CJIHJIHHJI JI,D;ep Dy H Po Ha !POKaJILHOH 

IlJIOCKOCTHWHpOKO.D;Hana30HHOro MarHHTHOro aHaJIH3aTopa. 

OTMeTHM, 'ITO ,IJ;OilOJIHHTeJILHaJI nepe3apJ1,IJ;Ka cyIIJ;ecT

BeHHO MeHJleT qiopMy H IlOJIO)KeHHe pacnpe,neneHHJI npo,nyKTOB 

peaKIJ;HH. IlpH BLI6paHHOH TOJIIIJ;HHe MHWeHeii 3HepreTa11e-
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v G 147D CKHH pa3 poc JI.D;ep OT,D;a'IH Y H 
199

Po ecTeCTBeHHO npa-

BO.D;HT K pa3MLITHIO IlHKOB OT,D;eJILHLIX HOHHLIX 3apJ1.D;OBLIX 

COCTOJIHHH. H,neHTH!PHKaIJ;HJI 3apJ1,Il;OBLIX COCTOJIHHH B Ka:>KJJ;OM 

cny11ae npoBO,IJ;HJiaci. no pacqeTHOH MarHHTHOH )KeCTKOCTH 

npo,nyKTOB Ka:>K,IJ;oro aTOMHOro 3apa,na C HCilOJIL30BaHHeM 

KaJIH6poBO'IHLIX xapaKTepHCTHK aHaJIH3aTopa. BKJia,n; OT,n;eni.

HLIX 3apH,IJ;OBLIX COCTOJIHHH B cyMMapHOe pacnpe,neneHae 

ou;eHHBaJICJI B npe,nnOJIO)KeHHH rayc COBCKOH qiopMLI :me pre -

TH'leCKOro pa3MLITHJI no cneKTpoopaeHTHpOBaHHOH nporpaM

Me pa3JIO)KeHHJI CMeceii /1°/. 
Ilony11eHHLie c y11eTOM ,n;acnepcaa aHaJIH3a Topa H ,n;pyrax 

!PaKTOPOB 3apJ1,IJ;OBLie pacnpe,n;eJieHHJI HOHOB .D;HCilp03HJI H no

JIOHHJI, Henocpe,nCTBeHHO BLIJieTeBWHX H3 MHWeHH, a TaK)Ke 

npowe,nwax ,nonoJIHHTeJILHYIO nepe3apa,n;Ky, npaBe.n;eHLI aa 

puc. 3'a 4. lf3 3THX pacnpe,neneHHH BH.D;HO, 'ITO ,IJ;OilOJIHH

TeJILHaJI nepe3apJI,n;Ka npo,nyKTOB peaKIJ;HH cnyCTJI HeKOTOpoe 
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JqoRob&.,e COC/'T>OQHUR 

Puc. 2. 3apRooeoe pacnpeoeAeHue npooyKmoe pea1<t1uu 
164 Dy(40_Ar, 5n) 199 Po. . 
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BpeMH nocne HX o6pa30BaHHH npHB0)J,HT K npaKTH'leCKH CHM
MeTpH'IH0MY 3apH.IJ,0B0MY pacnpe.IJ,eneHHIO, 6nH3KOMy K H0p
ManbH0MY. IIapaMeTpbI 3T0ro pacnpe.IJ,eneHHH .IJ,nH Ka:lK.IJ,OH 
peaKIJ,HH /paattoaecHLiii JapH.IJ. q H nonyurnpHHa pacnpe.IJ,ene-
HHH ~ ½ / Hennoxo cornacyIOTCH C paCC'IHTaHHbIMH no q>op-
MynaM /1,2/ 

CpaBHeHHe 3THX napaMeTp0B .IJ,aH0 B ma611uije. 

Hnpo KirneTn- 3KcnepnMeHT PacqeT 
qecKaH 

Ee3 C nepe-
EeTI/l/ H nKonaeB / 2/ 9HeprnH 

38p5IilKOH 
(MaB) 

nepe-

3apHilKII Ha C -
cponbre 

q ~½ q ~½ -q ~½ q ~½ 

147oy, 52 29:t_l 13 22:t_l 5,7 23,5 5,2 20,5 5 

199Pa 39 30±J 18 20:t_l 4,7 20 5,8 18,5 4,9 

OTMeTHM, 'ITO B cnyqae 147Dy nonyurnpHHa 3ap»,IJ,oaoro 
pacnpe.IJ,eneHHH 6nH3Ka K pattee tta6n10,IJ,aaweiic»· ,IJ,nH 149oyf.>~ 
nony'leHHoro B peaKIJ,HH 138 Ba( 22 Ne, 11n)149 Dy. 3Ha'IHTenL
Hoe YWHpeHHe 3apH,IJ,0BbIX pacnpe.IJ,eneHHH H yaenH'leHHe 
paBH0BeCHbIX 3ap11,IJ,0B npo,IJ,yKT0B peaKIJ,HH, no-BH)J.HM0MY, 
np0HCX0)J,HT 3a C'leT HCnycKaHHH 6onbWOro 'IHCna 0)Ke -
3neKTP0H0B npH JanonHeHHH BaKaHCHH, o6pa3oBaHHbIX Ha 
BHYTpeHHHX aT0MHbIX o6onO'IKaX. B cnyqae H0H0B nonoHHH, 
KaK BH,IJ,H0 H3 puc. 2, ywHpeHHe HaCT0nbK0 aenHKO, 'ITO npH 
cpe,IJ,Heii .IJ,HcnepCHH aHanH3aTopa oKono 15 MM/o/o nonHoe 
pacnpe.IJ,eneHHe 3aHHMaeT no'ITH BCIO q>oKanLHYIO nnoCK0CTb 
aHanHJaTopa, nontta» ,IJ,nHHa KOTopoii paBHa 150 CM. 

WcnycKaHHe KaCKa,IJ,a 0:lKe - 3neKTP0H0B, no - BH,IJ,HM0MY, 
3aaepwaeTCH 3a apeMH, C00TBeTCTBYIOIIJ,ee )J,BH:lKeHHIO npo,IJ,yK
T0B H,IJ,epHbIX peaKIJ,HH B BaKyyMe OT MHWeHH )),0 nepe3apH,IJ,

HOH qionLrH. 
Wcxo.IJ,H H3 H,IJ,epHOH npHp0.IJ,bl B03HHKH0BeHHH BaKaHCHH 

Ha BHyTpeHHHX o6ono'IKaX 3THX aTOM0B, M0:lKH0 3aKnIO'IHTb, 
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Puc. 3. ,l!o11.11 3ap.11ooab1x cocmo.11uuii 147 Dy /11uuu.11 011.11 
pacnpeoe11euu.11, no11y11euuozo a 3KcnepuMeume c yz11epoc)
Hoii rpo11bzoii, coomaemcmayem uopMallbHOMY pacnpeoe11euu,o/. 

" 
'ITO B H,IJ,pax 

147 
Dy H 199 Po ,IJ,0n)KHbl cyI.QeCTB0BaTb HH3K0-

ne:lKaIIJ,He B036Y:lK.IJ.eHHbie C0CT0HHHH C BpeMeHaMH :lKH3HH 
B npe.IJ,enax 10-

14 c ::: r ~ 10-9 c, nepexo.IJ,LI Me)K)J.y K0To
PLIMH ,IJ,On)KHbl 6bITb CHnhH0 K0HBepTHP0BaHbl. 

HaMH 6blna npe.IJ,npHHHTa nonblTKa 0IJ,eHHTb 'IHCno B03-
MO:lKHbIX KOHBepTHpoBaHHbIX nepeX0,IJ,0B B H.IJ,pe )J.HCnpo-
3HH - 147 B yKa3aHH0M BpeMeHH0M HHTepaane. C 3TOH 
11,enL10 6Lrno npoBe,IJ,eHo paJno)KeHHe 3ap11.IJ,oaoro pacnpe,IJ,e
neHHH npO,IJ,YKT0B peaKIJ,HH, Henocpe,IJ,CTBeHH0 Bbl6HTbIX H3 
MHWeHH H nonaawHx B aHanHJaTop. Ha puc. 3 npe.IJ,cTaaneHo 
TaKoe pa3nO)KeHHe Ha PH.D. KPHBblX, C00TBeTCTBYIOIIJ,HX no
cne.IJ,oBa TeilLHbIM K0HBepTHpoBaHHbIM nepexo.IJ,aM, npHB0,IJ,H-
1.QHM K O)Ke-KaCKa.IJ,aM. Pa3IlO)KeHHe npoB0.IJ,Hil0Cb TaK)Ke ·no 
cneKTpoopHeHTHpoaaHHOH nporpaMMe/1 o/a npe.zi,nono)KeHHH, 
'ITo JapH,IJ,oBoe pacnpe.IJ,eneHHe H0H0B nocne Ka)K)J.oro no-
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cne.r(0Ba TenLH0ro 0)Ke - KaCKa,r(a C00TBeTCTByeT H0pManLHo

My. 

B CYMMapHoe 3apH.r(0B0e pacnpe,r(eneHHe H0H0B MoryT 

BH0CHTh BKna,r(: 

1/ BLI6HThie H0HH30BaHHLie npo.r(yKThl peaKUHH, o6pa-

30BaBWHec.a B 0CH0BH0M C0CT0.HHHH, a TaK)Ke B036y)K.r(eHHLie 

IlP0AYKTLI, nepexo,r(LI B K0T0phIX He K0HBepTHP0BaHLI; 

2/ .r(0il0nHUTenLH0 H0HH30BaHHLie IlP0AYKThl peaKUHH, 

JI.r(pa K0T0PLIX HCilhlTLIBalOT 0,r(HH HnH 6onee K0HBepTnponaH

HhIX nepeX0.r(0B. 

IIpH pa3no)KeHHH cyMMapHoro 3ap.11.r(0Boro pacnpe.r(ene

HHH cquTanocL, qTo .II.r(pa, o6pa30BaBWHeCH B 0CH0BH0M co

CT0JIHIIH,HnH .II.r(pa, y K0T0phIX CH.IITHe B036y)K.r(eHHJI He npu

B0.r(HT K ucnycKaHHIO 3neKTP0H0B K0HBepcHH, 6y.r(yT HMeTL 

pacnpe.r(eneHHe C paBH0BeCHLIM 3ap.lI.r(0M +22 H WHpHHOH, 
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pacnpeoe11e11u11, no11ytJe1111020 e 3KcnepuMe11me c y211epoo11ou 
rjjo11b2ou, coo11feemcmeyem 11opMaAbHOMY pacnpeoe11e11u10/. 
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3KBHBaneHTHOH nonyqeHHOH B 0ilhITaX C .r(OilOnHHTenLHOH 

nepe3ap.1IAKoii 147 Dy. 
l13BeCTH0, qTo BaKaHCHH Ha BHyTpeHHeii 3neKTpOHHOH 

o6onoqKe HeiiTpanLHoro aT0Ma npHB0,Il.lIT K ero H0HH3aUHH. 

IIpHqeM B cpe.r(HeM 3ap.1I.r( H0Ha B03pacTaeT B o6naCTH .II.r(ep 

C z > 60 OT 6 ,Il0 14 e,r(HHHU B 3aBHCHM0CTH OT B03MO)KHOH 

BaKaHCHH HZ 3neMeHTa/1 1! 
B cyqae H0HH30BaHHLIX aT0M0B, KaK Il0Ka3aH0 B pa6o

Tax / 5 , 9 , Ka)K.r(a.H H0Ba.lI :eaKaHCH.II npHB0.r(HT K 3HaqHTenL

H0 MeHLWeMy yBenHqeHHlO 3ap.1I.r(a. OcHOBLIBa.lICh Ha .r(aHHhIX 

3THX pa6oT' MLI 6panH TaKHe )Ke H HeCK0nLK0 MeHLWHe 3Ha

qeHH.II 3apJ1.r(0B, IlpH K0T0PLIX Q)KH,r(alOTC.II MaKCHMYMLI 3ap.11-

.r(0BLIX pacnpe.r(eneHHH, o6ycnoBneHHLie ucnycKaHHeM KacKa

.r(a 0)Ke- 3neKTp0H0B npH 3anonHeHHH o6pa3oBaBWHXC.II npH 

K0HBepCHH BaKaHCHH. IIonywHpHHhl pacnpe,r(eneHHH BLI6Hpa

nHCh TaKHMH )Ke, KaK B pa6oTe /6/, T.e. paBHhIMH 8e. , 

Haunyqwee cornacue c cyMMapHLIM pacnpe.r(eneHHeM 

6Lmo nonyqeH0 An.II pa3n0)KeHH.II co cpe.r(HHMH qlHKCHpOBaH

HhIMH 3HatJ:eHH.IIMH 3apJ1.r(0B +22 /KpHBa.lI 1/ H +27 H 32 
/KpHBLie 2 H 3/. 

Ha 0CH0BaHHH 3T0ro pa3n0)KeHH.II M0)KH0 C.r(enaTL BLI

B0.r(, qTo ,r(OnJl Jl,nep 147 Dy, HMelOU{HX 3HaqeHHe 3apJ1,Ila, 0T

Beqa10mee pacq~TH0MY, C0CTaBn.lieT 0K0no lOo/o. MO)KHO 

yKa3aTL, qTo B paMK'ax paccMaTpHBaeMOH rHil0Te3LI o6pa-

30BaBWHeC.II B peaKUHH H,Ilpa 14 7 Dy HMelOT He MeHee ABYX 

HH3Kone)Kamnx C_0CTO.IIHHH, npH pacna.r(e K0T0PLIX 3a BpeM.II 

10-14 c ~ r ::; 10-9 c c 6onLWOH nep0.IITH0CThlO HcnycKalOTC.II 

3neKTP0Hhl K0HBepCHH. 

B paMKax 3TOH rHil0Te3LI cne.r(yeT npe.unono:>KHTL, 'ITO 

TaKHe )Ke nepex0,r(hl .r(0n)KHLI cymecTB0BaTL H y .11.nep 199 Po. 

IIpuqeM wupoKoe cyMMapHoe 3ap.11,n0Boe pacnpe.neneHHe 

aT0M0B 0T,r(aqu 199 Po CBH.r(eTenLCTByeT o 6onLWeM 'IHCne 

K0HBepTHp0BaHHhIX nepeX0,Il0B. 

HenL3H HCKnroqHTL Hanuque KaKoro - nu6o A0nonHHTenL -

Horo MexaHH3Ma o6pa30BaHHJl BaKaHCHH Ha BHyTpeHHHX 

aT0MHhIX o6onoqKax. Bo3MO:>KHO, 'ITO HeK0T0PLie 06pa30-

BaBWHeC.1I npH CT0nKH0BeHHH .II.r(ep B036y)K.r(eHHLie C0CT0JI -

HHH, HMeromHe HeCK0TihK0 _6onLWHe BpeMeHa :>KH3HH, qeM 

MLI npe.unonaraeM, npHB0,Il.lIT K B03HHKH0BeHH10 BaKaHCHH 

Ha BHyTpeHHHX o6onotJ:Kax. MO)KH0 TaK:>Ke npe.unono:>KHTL, 
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'ITO HMeeT MeCTo OTHOCHTeJibHO 6blcTpblii 3axBaT op6i'hanb
HblX 3JieKTpOHOB. 

ABTOpbl Bblpa)KaIOT npH3HaTeJibHOCTb aKa,AeMHKY 
r.H.<l>nepoBy 3a HHTepec K pa6oTe, r.M.Tep-AKonhHHY, 
P .B.)];)KoJiocy H X.3o,AaHy 3a none3Hwe 06cy~emu1 n 3a
Me'laHm1, H. T .CypoBHUKoii 3a noMOl.l{b B pa6oTe. 
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