
~--------------~------~----------------------~=·~· . 
Vf- ~19'[6 

OEoE.D.HHEHHblYI 
HHCTHTYT 
fi.D.EPHblX 

HCCnE.D.OBAHHM 

.D.y6aa P7 · 4688 

B.HJ1JIIOil(eHKO, 'E.,ZJ;.,ZJ;oHeQ, B.A.AJibnepT 

., 

0 Bo3MO)I{HOCTI1 llOCTAHOBK"L 3KCUEPHMEHTA 

no H3MEHEHHID CKOPOCTH 

PA,n;HOAKTHBHOrO PACllA,ZJ;A 



~.·. 

P7. · 4688 

·- ... ~-

. B.H.HJIIOilleHKO, E.,n.,noHe!l, B.A.AJibnepT 

0 B03MOXHOCTH DOCTAHOBKH 3KCDEPHMEHTA 

DO H3MEHEHJ110 CKOPOCTif · · 

PA,nHOAKTifBHOrO PACDA,nA 

• 

Hanpaaneao a fl¢1 

. i 

~ ; ' 

r 
I 



:--------------------------,----------------------------------

·- · ·· B B e n e H n' e 

C MOMeHT8 OTKpb!THSI SIBneHHSI p8JlH08KTHBHOrO pacrrana 8TOMHbiX 

gnep arrnoTh no 1847 rona. rrpenrronaranoch, ~To aepoSITHOCTh panuoaKTHB-

HhiX. rrpeBpameHHfi ,\ SIBnSieTCSI IIOCTOSIHHOfi BenH~HH.Ofi H He 38BliCHT OT 
f . .111 . . 

H3MeHeHHSI BHeiiiHHX ~H3H~eckHX H XHMH~eCKHX ycnOBHH • 0JlH8KO 

/2/ ' /3/ 
-B 184 7 rony 8,Cerpe H HesaBHCHMo. oT nero P .nonenh rrpenno:amnn 

JlnSI· H3MeHeHHSI rrepHOJl8 IIOnypaCII8Jl8 OTHOCHTenhHO aneKTpOHHOrO 38XB8T8 
. 7 

HCIIOnh30B8Th HOHH,38UH!O 8TOM8 Be B pa3nH~HbiX XHMH'!eCKHX COeJlHHe-

/3/ 
HHSIX, Ana)~orH'IHblH MeTOJl B paooTe rrpennaranOCh HCIIOnh30B8Th T8K)!(e 

H JlnSI H3MeHeHHSI BepOSITHOCTH KOHBepTHpOB8HHbiX H30MepHbiX Y -rrepexo-

)lOB ,\ . ,\ y ( 1 + a), rne - BepOSITHOCTb p8JlH8UHOHHOrO rrepexo-

- K08~~HUHeHT BHyTpeHHefi KOHBepCHH Y -nyqefi, 

B nanbHefiiiieM obinO rroKasaHo, 'ITO MHoroKpaTHaSI noli:nsauHSI pannoaK­

THBHbiX 8TOMOB BqnOTb JlO K ..;OOOnO'IKH BKniO'IHTenbHO ooecrre~HB8eT B03-

MO)!(HOCTb 8KCIIepHMeHT8nbHOrO OOHapy)!(eHHH HO~oro BHJl8 {3 . -pacrrana -

{3 
. . . /4/ 

pO)!(Jlei!HSI . -aneKTpOHOB B COCTOHHHH JlHCKpeTHoro CIIeKTpa • 8TOT 

rrpouecc SIBnHeTCH oopaTHbiM ITO OTHOIIIeHH!O K. ::JneKTpOHHOMY 38XBaTy H saKniO­

qaeTCSI B TOM", 'ITO B03HHKaJOIIIHfi IIpH f3 -pacrrane aneKTpOII 38XB8TbiBa-

eTCSI H8 OJliiO H3 B8K811THbiX COCTOSIJ!Hfi B aneKTpOHHOfi ooonoqKe pacrranaiOme-

rOCH 8TOM8, 
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PeaynbTaTbi 6onee aeTanbHbiX TeopeTIPiec!nix H aKcrrepnMeHTanbHhiX 

HCCneLtOB8HHfi BnHSIHHH aneKTpOHHOif o6onO'IKH Ha CKOpOCTb a~ {3- H 

. . . /56/ 
y -pacrraaoB oTpa)!{eHhi B o6aopax 

1 
, 

Bo BC9X cny'laSIX nccneaoBaHH.b!e paJlHOaKTHBHb!e BemecTBa 6panHCb 

B TB9pJlOfi HnH )KHJlKOfi ~a3aX1 'ITO o6ecii9'1HBano 1IpaKTH'I9CKH HeorpaHH­

'19HH09 BpeMSI naMepeHHfi, Ha6moJlaeMoe naMeHeHne cKopocTH paJlHOaKTHB- · 

Horo pacrraJla ~ A 6binO o6ycnoBneHO He TOnbKO H3M9H9HH9M CTElii9HH 

HOHH38UHH1 HO T8K)!{9 H llPYI'HMH 9~~eKT8MH~ B '18CTHOCTH 1 arperaTHb!M 

cocTOSIHHeM 1 oco6eHHOCTSIMH. KpHcTannn'lecKofi cTpyKTyphi H T,rr, 

Ha ocHoBa.Hnn naMepeHHbiX 3Ha'leHnfi ~A 6binH rrony'leHpi .Ka'leCTBeH-

Hbl9 OU9HKH 3HaKa H. BenH'IHHbl H3M9H9HHSI IInOTHOCTH 8TOMHb!X aneKTpOHOB 

B6nnan cooTBeTCTBYIOIIlHX SI/lep. l.Jncno aKcrrepnMeHTanbHbiX pa6oT B aTofi 

o6naCTH IIOCTOSIHHO YB9HII'IHBaeTCSI 1 

BbliiOnHeHbi JlnSI cneJlyiOIIlHX SI/lep: 

: 9~ Nb /101, 119 &(111. 125Tf12/ 

'IHHa ~A/A .. (3-:4)%. 

n B rrocneJlaee BpeMSI naMepeHHSI ~ ,\ 

131 J 17/ 64 c /S/ 89 z /9/ , u , r , 
I 13 14/ 

n 23 5 U 1 
• MaKcHManbHaSI Benn-

DanbHefilllee paC11IHp9HHe JlH811830Ha H3M9.H9HHSI ~ A H CBSI38HH09 

C HHM yBenH'I9HH9 06'heMa S!Jl9pHO-CII9KTj)OCKOIIH'IeCKOfi HH~OpM8UllH 38BHCIIT 

OT B03MO)!{HOCTH peannaaUHli cneLtyiOIIlHX llBYX IlpOU9CCOB: MHOI'OKpaTHOfi 

noHnaaunn aToMoB BrrnoTb.JlO K -o6ono'IKn· BKniO'IHTenbHO n Yll9p)!{a-

HHSI o6paayiOIIlHXCSI MHOI'03apSIJlHbiX HOHOB B o6naCTli .P8CIIOn0)!{9HHSI Jl9T9KTO­

pOB paJl.HOaKTliBHb!X H3ny'leHnfi 1 COIIpOBO)KJl810lliHX paCil8Jl HCCneJly9MbiX S!llep • 

• ·- ... ~ -. 
MeTOilhi noanaaunn n yJlep)!{aHHSI HOH9.B 

...... 
PaHee ~aBeCTHbie MeTO/lhi m;>ny'leHHSI MHoroaapSIIlHbiX llOHOB c rroMOlllbiO 

HCKpOBOI'O pa3pS!Jl8 1 Bb!COKOBOnbTHOrO llYI'OBOI'O paapSILta H MOIIlHOro naaepHOI'O 

ny'la HM9IOT IlpliHUHIIHanbHbl9 orpaHH'I9HHSI 110 BenH'IIIHe rrpeJlenbHOfi aapS!JlHOCTH 

n BpeMeHH yJlep)!{aHHSI noao~. Bo Bcex cny'laSix o6paayiOmnecSI B-paapSIJle 

~-·; ~:; 
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IIOHbl HaXO.USlTCSl B IInOTHOH nna3Me, rae npe.uenbHaSl 3apSIJlHOCTb orpaHH'IHBa­

eTCSl npoueccaMH peKoM6HHauHH. BpeMSI y.uep*aHHSI HOHOB B pa3pSI.rte coc- • 

TaBnSleT BCero H9CKOnbKO MKCeK. Ope.uenbHbifi 3apSl.U paBeH .rtnSI HOHOB 
:;_t'.·· ' .. 

BOnbcjlpaMa ~12, HOHOB yrnepo.rta, a30Ta II KHCnopo.rta - +4, +5, +6 COOT-

. B9TCTB9HHOo 0aHaKO B nocne.rtHee BpeMSl IIHT8HCIIBHO .pa3pa6aTbiB8IOTCSl 

6onee acjlcjleKTHBHbie MeTOilbl HOHII38UHH, B 'laCTHOCTH 1 C npHMeHeHHeM 
. . l . . 

MOIUHoro MarHHTOCcjJOKYCHpOBaHHOrO ny'IKa aneKTpOHOB, KOTOpbifi npox OllHT 

- . · .,~.. I 151 
qepe3 OTKa'laH.I{Oe .UO CBepXBbiCOKOrO BaKyyMa. I1pOCTp8HCTBO apeii'l'a . II 

. /16/ -8 
Ha paspa6o~aHHofi. aBTopaMII ycTaHoBKe H3fl . npH aanneHIIH 2"x 10 Topp, 

9HeprHH aneKTpOHOB .K.e = 2;3 K9B H ~~pOH3BelleHHH rrn.oTHOCTII TOKa 

. 2 1o 17 . - 2 6 aneKTpOHHoro IIy'IKa Ha BpeMSl HOHH38UHII J T X C~ 1 binH 

·c+6 N+7 o+8 II Au+.l9 
rrony'leHbi HOHbi , Opii aanbHell:rneM 

ycoBepllleHCTBOB8HHH IIOHHblfi IICTO'IHHK TaKoro Tl!IIa II03BOniiT nony'laTb HO­

Hbl nnnoTb ao ronbiX Hllep cpeaaero seca. 

HoHH.:;laUMSI snnoTb .uo K -o6ono'IKM BKniO'IIITenhHo, KaK aTo l!MeeT 

MecTo B H3fl, aon}!{Ha npl!BecTII K M3MeHeHHIO B lliHpoKoM llHanasoHe 

aenH'IMHbi tJ.A I A ~ 100%, T.e. B npeaene MO}!{HO O}!{IIIlaTb nonHoro .rroaas­

neHHSI aneKTpOHHOrO 38XBaTa H BHyTpeHHeH KOHBepCIIII Y· -nyqefi • 

. ·nnSl Ha6mo.rteHIIfi B03HHK8IOIUIIX nocne IIOHH38UHH cjJH3H'IeCKHX SlBneHHH 

Tpe6yiOTCSl acpcjleKTHBHbie MeTOilbl yaep}!{8HHSl o6pa3yiOIUliXCSl MHOr03apSlllHblX 

HOHOB.' 

B Ka'leCTBe aneKTpocTaTH'IeCKofi IIOHHoll: nosyrnKH MO}!{HO rrpHMeHMTb 

"'""fl/ 15,16/ 
no , rne B paaiia?I_f.>HOM aanpasneHHH MOHbi ynep}!{HB8IOTCSI noTeH-

' 
UHanoM o6'beMHoro sapSina aneKTpOHHoro ny'IKa, a B aKcHanbHOM -.. 5Hern-

~~.-:·j:. 

HrrMrr aneKTpH'IeCKIIMM noTeHuHanaMn. BpeMSI ynep'lKaHrrH cocTasnHeT 

ceiJ:qac necHTKll: MKCeK, a MO*eT 6btTb noseneHo ao HecxonbKIIX eel{. KoH-

10 13 3 
. U9HTpaUli:Sl HOHOBt y.uep}!{HBaeMbiX. B ,l13fl, pasHa 10 - 10 HOH/CM • 

nnSl Yll9p}!{aHIISl HOHOB MO}!{HO, IIO-Bli:.Uli:MOMYt. I1pli:M9HHTb TaK}!{e 
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C ITOMOIIIbiO llBYX MarHHTHhiX rrpo6oK • B noByiiiKe 9TOI'O THrra rrpH HH-

)I;(eKUHH aneKTpOHHoro nytiKa c aHeprnefi E e .. 35 xa~;~ H TOKOM I = 0,1 a 

-10 ' B o6~eMe c naaneHHeM ~· 7.10 Topp nnH npo6otiHoro oTHoiiieHHH 

< . 4,5 H. MaKCHManbHoro MarHHTHoro nonH 1500 rc, apeMH ynep)KaHHH 

aneKTpOHOB COCTaBnHnO :::; 41 0 CeK. 

HaKOHeu 1 B KatieCTBe HOHHOfi nOBYIIIKH · MO)KHO IipHMeHHTb · CHCTeMy 1 

. /18/ \ ' 
paccMoTpeHHYIO B pa6oTe , rne nnH ynep)KaHHH. HOHOB c onpeneneHHhiM 

oTiioiiieHHeM MaCChi K aapS!ny npHMeHHeTcH KOM6HHli\UHH. H3 nooTOHHHoro 

·H nepeMeHHoro aneKTpHtieCKHX nonefi c KBanpynonhHOfi .reoMeTpnefi. 3Kcne-
. . . • . . 1 10~ 10 . 
pnMeaTanhHO nanneao, 'ITO npH naaneHHH B CH(;:TeMe oKono , x Topp 

OllHHOtiHhie JIOHhl MoryT ynep)KHBaTbCH B TetieHHe HeCKOnbKHX cyTOK 0 

CxeMa aKcnepnMeHTa no nccnenoBaHHIO BnHHHHH aneKTpoaaofi 

o6onotiKH Ha cKopocTb pannoaKTHBHoro pacnana 

KaK rroKa3aHO Bbiiiie 1 B ycTaHOBI\e THrra l13fl OllHOBpeMeHHO peanH3YIOT­

CH cpyHKUHH HOHH3auHH H ynep)KaHHH HCCnenye.MblX pallHOaKTHBHbiX aTOMOB; 

l1H)KeKUHH aefiTpanhHbiX aTOMOB pallH08KTHBHOI'O BemecTBa B HOHHhlfi 

HCT0'1HHK rrpOH3BOilHTCH B cpopMe rasa HnH rrapOB MeTanna •. Oc~aTOK BemeCTBa 

B HH)KeKTOpe' m3nHeTCH CHnbHhiM HCT0'1HHKOM pallHOaKTHBHOI'O cpoHa,· Bcnen-· 

CTBHe tiero Me)Kily HH)KeKTOpOM H HOHHOfi nOByiiiKOfi Heo6XOilHMO ITOMemaTb 

9KpaHo Ho TaK KaK nnnna aneKTpoHHOI'o rrytiKa H B l13fl paana 

10-100 CM 1 acpcpeKTHBHOe. 9KpaHHpOBaHHe rroiiytiaeTCH .. ~pH_pa3MemeHHH neTeK­

TOpa llnH H3MepeHHH CKOpOCTH pallHOaKTHBHOI'O pacnana.H JIH)KeK'):'Opa pa6o-

qero aemecTBa B npoTnaonono)KHhiX KoHuax l13fl. 
.. ---., 

B ~pouecce naM~peHHH pannoaKTHBHoro H3nytieHHH npoH3BOilHTCH 

perncTpaUHH 3apHilOBhlX cneKTpOB c rroMDIIIhiD Macc~crreKTpoMeTpa. CpaBHH-

BaH HHTeHCHBHOCTb nanyqeanH, conpoBO)KilaiOmero pacnan nccnenyeMbiX 

. ..-.':;. 
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SI.llep, anSI HOHOB C p83Hb!MH 38p51AHOCT51MH1 MO)KHO onpeaenHTb He TOnhKO 

!J.'A / A . 1 HO H OTHOWeHHSI K/ {3+ 1 Koa<jl¢nuneHTbl .BHyTpeHHe.i!: KOH-

HX OTHOWeHHSI H .ttpyrne BenH'IHHble 

B Ka'!ecTae nepBbiX o6'beKTOB nccneaoaaHnSI MO)KHO ncnonh30S8Th 
7 Be... 230 mu 
. H • 

7 
·1.Be HCITb!TbiBaeT ·aneKTpOHHbifi 38XB8T C -~~- = 58 AHS,I 1 KOTOpbli!: 

<?onpoBo)K.tlaeTcSI ncnycKaHneM Y. -n:r-qefi· c. aHeprnei!: 0,4 7 Mas. noTeH­

unanbi HOliH38UHH.'-6epnnnHSI paSHbl 8,3; 18,2; 153,8 H 21(,7 as, COOTBeT­

CTBeHHOe ·- ... 
135

mU SISmieTcSI· y -n3oMepoM c T~ = 26 MHHo 3Heprnst nepe- · 

XO.tl8- < 70 as1 noaToMy SHyTpeHH515I KOHSepCHSI HMeeT. MeCTO TOnhK.O· 
. . . . . . +7 

H8 BlleWHHX p- H Q -o6onO'IK8Xo noTeHUHan -HOHH38UHH1 HanpHMep
1 

U . , 

paseH 104 as. 

6· Pac'!~Tb! ITOK83b!S8IOT1 _'ITO B J13fl npn 1/.\ < 10 CeK MO)KHO 
4 

Ha6niO.tt8Th > 10 . 8KTOS pacnaaa 38 OAHH UHKn H3MepeHH51. 

B 3aKnro'!eHne aBTopbi c'!n-raroT csonM npnSITHbiM aonroM no6naroaapnTb 

P.A.3paM)KSIHa n ·IO.A.My3bi'I~Y 3a ueuHbie ancKyccnn no 3aTpouyTbiM 

s cTaTbe sonpocaM• . 
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