
r- ~9 
I 

i/99 .t_,..-1.-f 
( , 

s.r.rpe6HHHHK, s.x.~oAoxos, B.A.*yKo~, 

A.B.Jla3apes, A.A.Ho3APHH, 

B.A.CTo~ynHH, B.H.TpaBKHH 

HCCJIE~OBAHHE 

~ETEKTHPYIOIUHX CBOMCTB cqETqJ.1KA, 

3ADOJIHEHHOrO TBEP~MM KCEHOHOM 



II99/2-78 np. 
___ J rpedeHHHK,B.r.H 

G19J .ztp.~!ccne.n;oBaHue 
.zteTeKTHPYDmHX CBOACTB •• 
PI3-III65. !977. 

~~lf ',II tH; 

\ 

Pl3 - 11165 

s.r.rpe6HHHHK, B.X.~oAoxoa,* B.A.~yKoa, 

A.B.Ra3apeB, A.A.Ho3ApHH, 

u.A.CTOJIYllHH, B.J.1.TpaBKHH 

11CCJIE~OBAH11E 

~ETEKT11PYIOUl11X CBOHCTB cqETqJ.1KA, 

3AOORHEHHOrO TBEP~hlM KCEHOHOM 

HanpaeAeHo e IK3T~ 

I 
fL .. 

~~ ... 

* HHCTHTYT Jl,IJ;epHwx accne.D;oBaHHi AH CCCP. 



fpe6aaaaK a.r. a ap. Pl3 - 11165 
Hccneaoeaaae aeTeKTRPYIOIIIHX ceoitcTB C"'eT'!aKa, aanonaeaaoro 
TB6pllb1M KC6HOHOM 

flpHBOllHTCH pe3yn&T8Tbl accneQOBSHRH UHnHHllpH"16CKOrO HHTHHOro 
C"'61"1HK8, 38DOnH&HHOrO TB&pllbiM KCeHOHOM, Y CTSHOBneHO, "'TO llnll TBepaoro 
KC6HOH8 (TaK *6• K8K llnH TBepaoro aproaa) XapaKTepeH HOHH38UHOHHblit 
pe*HM pa6oTbl, Haitaeao, "'TO BnHSIHHe peKoM6HHSUHH H npananaHHH sneKT
poHOB HS BenR'IHHy C06Hp8eMOrO 38pli.Qa B TBepllOM KCeHOHe M6Hbllle, '16M 
B lKHllKOM. 3aepreTR'IecKoe paapeweaae c'leT"'RKa, oueaaeaeMoe anH 
aa6niOaaeMoro ljloTonaKa oT raMMa-KBaHTOB c saepraeit 662 KsB, cocTaenHeT 
- 15%. 

Pa6oTa !lbJDOnaeJta B na60p8TOpHH SlllepHblX npo6neM OHHH. 

npeaPJIBT ocn.e.,..eporo PCTBTYT& •aep~~~o~x accneaoii&BIII. JlyiSu 1977 

Grebinnik V,G. et al. Pl3 - 11165 
Study of the Detecting Properties of a Counter 
Filled with Solid Xenon 

The results of study of a cylindrical filamentary counter 
filled with condensed xenon are reported. It is established that 
the Ionization regime of operation is characteristic of solid xenon 
(as well as for solid argon). It is found that the effect of recom
bination and a attachment of electrons upon a value of collected 
charge is less for a solid xenon as compared to a liquid one, The 
counter energy resolution estimated for the observed photopeak 
from the 662 keV gamma-quanta is approximately 15 percent. 

The investigation has been performed at the Laboratory 
of Nuclear Problems, JINR. 
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l1ccne,IJ,OBaHHJI. 3neKTpOHHbiX MeTO,IJ,OB perHCTpaU.HH 'laC

THU. B KOH,IJ,eHCHpOBaHHbiX HHepTHbiX raJaX, KOTOpble Ha 

npOTJI.)I(eHHH nocne,IJ,Hero ,IJ,eCJI.THneTHJI. oenHCb BO MHOrHX 

na6opaTopHH.X, a uacTOJI.lll.ee apeMJI. y)l(e npuoo,IJ,JI.T K co

J,IJ,aHHIO pa60'IHX KaMep, JanonHeHHbiX )I(H,IJ,KHM aprOHOM 

H KCeHOHOM l-4 . l1HTepeC K TaKHM ,IJ,eTeKTOpaM B 3Ha

'IHTenbHOH Mepe np0,11,HKTOBaH 6onbWOH nnoTHOCTblO KOH

,IJ,eHCHpOBaHHOrO Belll.eCTBa H B03MO)I(HOCTblO OCylll.eCTBne

HHJI. B HeM ycTOH'IHBOrO HOHH3aU.HOHHOrO pe)I(HMa pa60Tbl. 

KpoMe Toro, auanHJ cTpyKTYPhl 3HepreTH'leCKHX 30H Kpu

cTannoo uuepTHbiX raJoB u 3Kcnepu~eHTanbHble peJynb

TaTbi, nonyqeHHhie ,11,nJ1. )I(H,IJ,KHX aproua H Kceuoua ;; ,li/ , 

llOKa3biBaiOT, 'ITO TaKHe xapaKTepHCTHKH, KaK cpe,11,HJI.JI. 

3HeprHH o6pa30BaHHJI. napbl HOHOB H <t>aKTOp <l>aHO, onpe

,IJ,enHIOlli.He 3HepreTH'leCKOe pa3peWeHHe HOHH3aiJ.HOHHbiX ,11,e

TeKTOpOB, HMeiOT B KOH,IJ,eHCHpOBaHHhiX HHepTHbiX raJaX 

/oco6euuo, o Kceuoue/ cymecTaeuuo MeHbwee, qeM a ra

Joaoa <t>aJe, 3Ha'lenue. CooToeTcTBYIDlli.He ou.eHKH
16

/ no

JaonHIOT npe,IJ,nonaraTb, 'ITO 3HepreTH'leCKoe pa3peweuue 

,IJ,eTeKTOpOB Ha KOH,IJ,eHCHpOBaHHbiX HHepTHbiX ra3aX ,IJ,On)I{HO 

6biTh nyqwe, tieM CUHHTHnnHUHOHHhiX C'leT'lHKOB, H 

cpaBHHMO C pa3peweHHeM nonynpOBO,IJ,HHKOBbiX ,IJ,eTeKTOpOB. 

llonhiTKH nonytiHTb nponopuuouanbuoe pa3MHO)I(euue 

3neKTpOHOB B KOH,IJ,eHCHpOBaHHbiX aproHe H KCeHOHe ,IJ,anH 

y,IJ,OBneTBOpHTenhHble pe3ynbTaTbl TOnbKO ,IJ,nJI. )I(H)l.KOrO Kce

HOHa. B pa6oTax '?-\-l · ua6niO,IJ,anocb pa3MHO)I(euue 3neKTpo

HOB B U.HnHH,IJ,pH'leCKOM C'leT'IHKe, JanonHeHHOM )I(H,IJ,KHM 

KCeHOHOM, a6nB3H TOHKOH /He.CKOnbKO MHKpOH/ HHTH. Ko3<l>

<l>HU.HeHT npOllOPU.B;OHanbHOrO pa3MHO)I(eHHJI. npH 3TOM ,11,0-

CTHran oenH'IHHbl, 6nH3KOH K 100. 
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B JHaquTeJILHO MeHLweu cTeneHu uJyqeHa pa6oTa ,ne
TeKTopoa Ha OCHOBe TBep,nbiX aproHa H KCeHOHa. TaKHe 
,neTeKTOpbl MOryT HMeTb npeHMy~eCTBa Ja cqeT 60JibWeH 
3JleKTpuqecKOH H MeXaHHqeCKOH npoqHOCTH KpHCTaJIJIOB 
uHepTHbiX raJoB, a TaK•e ucnonLJOBaT&CJI npu cneuu~u
qecKHX 3KCnepHMeHTaJibHbiX YCJIOBHJIX, HanpHMep B KaqeCTBe 
JJieKTpouuoro ,neTeKTopa, pacnono•enuoro BHYTPH •u.nKoao
,nopo.nuou nyJbipbKOBOH KaMepbi u o6ecnequaa10~ero CBB3b 

u /10/ 
Me*AY C06biTHJIMH B KaMepe H BHeWHHMH YCTpOHCTBaMH 

l.JTO KacaeTCJI B03MO*HOCTH nponopQHOHaJibHOrO paJM
HO*eHHJI 3JleKTpOHOB B KpHCTaJIJIHqecKHX HHepTHbiX raJaX, 
TO B ony6nHKOBaHHOH HaMH pauee pa6oTe/ 11/ a Ta~e B 

/12 I 
pa6oTe ue 6blno o6Hapy•euo TaKoe 1- 1501 pa3Mno•e-
HHe 3JieKTpOHOB B TBep,nOM a prone, 0 KOTOpOM C006IQa
noeL B pa6oTe ' 13 : Mbl o6Hapy•unu, qyo B TBep,noM aproHe 
npOHCXOAHT yCHJieHHe TOJlbKO qaCTH HMnyJibCOB, BKJia,n 
KOTOpbiX B aMnJIHTYAHOe pacnpe,neneHHe He3HaquTeJieH H, 
KaK npaauno, He npeahlwaeT 300fo. 

B HacToJI~eu pa6oTe npoao,nunocb uccne.noaauue .ne
TeKTHPYIOIQHX CBOHCTB cqeTqHKa, JanonHeHHoro TBep,nbiM 
KCeHOHOM H, B qacTHOCTH, BbiJICHJIJiaCb B03MO*HOCTb npo
nopQHOHaJibHOrO pa3MHO*eHHJI B HeM. 

3KCIIEPHMEHTAJibHA.JI AIIIIAPA TYPA 

0 
u /14/ 

nucaHHbiH pauee cqeyquK c KaTOJJ.OM ,nuaMeTpoM 
6 MM u aHOJJ.OM, B KaqecTBe KOToporo cny•una JonoqenaJI 
BOJlb~paMOBaJI HHTb ,nHaMeTpOM 10 MKM, noMe~aJICJI B 
TepMOCTaT, r,ne OXJia•,naJICJI nOTOKOM napo-•HAKOCTHOH 
aJOTHOH cMecu .no TeMnepaTyp&I ua 2-3 rpa,nyca uu•e 
TeMnepaTypbl KpHCTaJIJIH3aQHH. 

CqeTquK o6nyqancJI nyqKoM raMMa-KBaHTOB oT uc
ToquuKoB 137 Cs I E y = 662 K:JBI. B JaaucuMOCTH OT 
HHTeHCHBHOCTH HCTOqHHKa B reoMeTpHH o6nyqeHBJI CKOpOCTh 
cqeTa cocTaBnJina oT 30 .no 3 ·103 uMn/c. 

Kanu6poaKa JneKTpouuoro TpaKTa 111/ npou3ao.nunac& 
OT reuepaTopa qepe3 )1.03HPYIOIQYIO eMKOCTb npe,nyCBJIHTeJIJI. 
3KBHBaneHTHhlii 3apJI,n wyMoB annapaTyphl c no.ncoe,nuueu
HbiM cqeT'IHKOM llpH CYMMapH-oii BXO)J.HOH eMKOCTH - 15 nfP 
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r 

cocTaBJIJIJI oKono 0,22·10.15 K11. ToqHOCTb Kanu6poBKH oue
uuaanac& no aMnJIHTYAHbiM cneKTpaM, nonyqeHHbiM ,nnJI 
JanOJIHeHHOrO ra3006pa3HbiM KCeHOHOM cqeTqHKa, KOTOpbiH 
pa6oTaJI B o6blqHOM HOHH3aQHOHHOM H nponopQHOHaJlbHOM 
pe•HMe H o6nyqaJICJI npH 3TOM pa3JIHqHbiMH HCTOqHHKaMH 
raMMa-KBaHTOB. 06a MeTo,na ,naBaJIH 3HaqeHHJI aMnJIHTy,n, 

coana,naro~ue B npe,nenax 20/o. 
Hcnon&3yeMbiH HaMH KceHOH "oco6ou" qucTOTbl 

199, 9960/ol nepe.n KoH,neucauueu npe,naapuTeJI&Ho nponycKan
CJI qepe3 CHCTeMy oqHCTKH, KOTOpaJI BKnroqana JIOBYWKY 
AnJI BbiMopa•uaaHBJI napoa ao,nbl, oxna•.naeMyro .no -90°C, 
H KaMepy, co,nep•a~yiO KaJibQeByiO CTPY*KY npB TeMnepa

Type -600° C. 

3KCIIEPHMEHTAJibHblE PE3YJlbTATbl 

/7 9 15/ Pa3nuqubJMH aaTopaMH · ' OTMeqanuc& Tpy,nHOCTH, 
B03HHKaiO~He npH oqHCTKe KCeHOHa OT 3JieKTpOOTpHQa
TeJibHbiX npuMeCeH. llo-BHAHMOMy, B OTJIBqHe OT aproHa, 
AnJI KCeHoHa oqucTKa KaJILQHeM He BBJIJIJiac& ,nocTaToqHo 
Jcl>clleKTHBHOH. llpHCYTCTBHe B *HAKOM KCeHOHe npuMeCeH 
npHBOAHJIO K TOMY, qTO aMnJIHTYAHble cneKTpbl, CHJITble 
AnJI JanOJIHeHHOrO *HAKBM KCeHOHOM cqeTqHKa, 6biJIH CHJlh
HO pa3Mb1Tbl H He HMeJIH KaKHX- JIH60 xapaKTepHbiX ,neTaJieH, 
KOTOpble no3BOJIJIJIH 6bl c,neJiaTh onpe,neJieHHbiH BbiBOA 0 Be
nuquue co6upaeMoro 3apJI,na. llpu KpHcTannu3aQHH, o,nHaKo, 
aenuquHa uMnynLcoa pe3KO ao3pacTana, npuMepHo B 3 pa3a 
npeBhiWaJI MaKCHMaJibHYIO aMnJIBTYAY CHrHaJia B *HAKOM 
KCeHOHe. JanOJIHeHHbiH TBep,nbiM KCeHOHOM cqeTqBK BO 
acex cnyqaJix HMen xopowo aocnpoHJBOAHMble xapaKTepu
CTHKH. Yaenuqeuue aMnJIHTYAhl HMnyn&coB VT B Taep.nou 
cilaJe no cpaaueuuro c ee aenuquuou V ,nnJI .u,nKou ~aJbl )K . 
ua6nro.naeTcJI u npu 3anonueuuu cqeTquKa Kou.neucupoaaH-
HbiM aprOHOM. B 3TOM cnyqae OTHOWeHHe V )K/VT 3aBHCeJIO 
OT cTeneuu qucToTbl ucnon&JyeMoro aproua, yaenuquaaJICL 
C ero quCTOTOH. llpB AOCTaToquoii CTeneHH qHCTOTbl 
I -10'7 o6'beMHbiX qacTeiil aenuquuhl awxo.nuwx BMnyn&coa 
B .u.nKoM u TBep,noM aproue 6wnu npaKTBqecKB o,nuuaKo

BbiMH. 
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Ha puc. 1 npHBO.U.HTCH THllH'IHble aMnnHTY.U.Hble cneKTpbi, 

nonyqeHHble .u.nH C'ICT'IHKa, JanonHeHHoro TBep.U.biM Kce

HOHOM. KaK BH,IJ,HO H3 pHCYHKa, B npHBC.IJ.CHHOM aMnnHTy,IJ,

HOM pacnpe.u.eneHHH MQ)I(HQ Bbi,IJ,CnHTL ,IJ,BC xapaKTCpHbiC 

OC06eHHOCTH: llHK, COOTBCTCTBYIO~HH 4JoT03neKTpoHaM, o6-

pa30BaHHbiM raMMa-KBaHTaMH C 3Heprueif 662 K3B, KOTO

pbiH pa3MbiBaeTCH npH HallpH)I(CHHHX, 6nH3KHX K npo6HBHO

My l-4,575 KBI, H npoT.JI)I(CHHbiH "xaocT" HMnynLcoa 6onL

wux aMnnHTY.U., llOXO)I(HH Ha TOT, KOTOpbiH Ha6nJO,IJ,anc.JI 
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Puc. 1. A..wnAU111,f;OHble pacnpeoeAeHUJI u..wnyAbcoe 0111 za..w
..wa- KeaH111oe l3 Cs OAJI c~e111~uKa, 3anoAHeHHozo 111eepObiM 
KC€HOHOM. /Y3KUU nUK cnpaea C001116€111C1116Y€111 KQAU6poeo~
HOMY CU2HUAy 0111 2€H€pa111opa/. 
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B cneKTpax .u.nH c'leT'IHKa, JanonHeHHoro TBep.U.biM apro

HOM,-11 
1

• BenH'IHHa H HHTCHCHBHOCTL HMnynLCOB C 6onLWHMH 

aMnnHTy,IJ,aMH JaMeTHO B03paCTaiOT C pOCTOM Hallp.II)I(CHHH 

Ha C'ICT'IHKC. MaKCHManLHa.JI aMnnHTy,IJ,a HMnynLCOB, Ha6nJO

,IJ,aBWa.JIC.JI npu CaMbiX BbiCOKHX Hanp.II)I(CHH.JIX, 6nH3KHX K 

npo6HBHOMy, ,IJ,OCTHrana BenH'IHHbl, npHMCpHO B 100 pa3 

npeBbiWaiOll\CH aMnnHTY.U.Y HOHHJaUHOHHbiX HMnynLCOB, co

OTBCTCTBYIOll\HX 4JoTOllHKY B aMnnHTY.U.HOM pacnpe.u.eneHHH. 

lfHTCHCHBHOCTL HMnynLCOB C 6onLWHMH aMnnHTy,IJ,aMH H HX 

BenH'IHHa C TC'ICHHCM BpCMCHH JaMCTHO YMCHLWanHCL, 

B TO BpCM.JI KaK OCHOBHOH CllCKTp, xapaKTepH3YCMbiH Ha6nJO

,IJ,aeMbiM llHKOM, He npeTepneBan JaMCTHbiX H3MCHCHHH Ja 

BpCM.JI o6ny'ICHHH C'ICT'IHKa, HaXO,IJ,.Jill\CrOC.JI llO,IJ, onpe.u.eneH

HbiM Hanp.II)I(CHHCM B TC'ICHHC HCCKOnLKHX 'laCOB. XapaKTep 

H3MCHCHH.JI CllCKTpa HMnynLCOB, TaK )I(C KaK H C'ICTHOH 

xapaKTepHCTHKH, npH llOBbiWCHHH H CHH)I(CHHH Hanp.II)I(CHH.JI 

6bln TaKOH )I(C, KaK H ,IJ,n.JI C'ICT'IHKa C TBep,IJ,biM aprOHOM 
'111 I puc. 6 B pa6oTe I. 

Ha puc. 2 npuap.u.HTC.II aMnnHTY.U.HaJI xapaKTepucTuKa 

C'ICT'IHKa, TO'IKH KOTOpOH COOTBCTCTBYIOT nonO)I(CHHIO 4JOTO

nuKa npu paJnH'IHLIX Hanp.II)I(CHH.IIX. KaK BH.U.HO HJ pucyHKa, 

< 
~ 

i' 6 
0 ..... 
.Q 
0 
(.) 

~ 4 
>.. c 
~ 
::J 

0 2 
Ol 
>.. 
E 
::J 
< c 
~ 

<! 0 2 3 4 
HanpS~>ICel-lue. KB 

Puc. 2. A..wnAu111yOHaJI xapaK111epuc111uKa c~e111~uKa, 3anoA
HeHHozo 1116€pObiM KCeHOHOM. 
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~JI HanpJI)I(eHBH BhiWe 3 KB aMnnHTY.D.a HOHH3aUHOHHhiX HM· 
nynLCOB cna6o 3aBBCBT OT npuno)l(eHHoro K cqeTquKy ua
npJI)I(eHBJI /npaKTBqeCKB KpBBaJI BLIXO)J,BT Ha HaCLIIUeHHe/. 

OECY)J(,[fEHHE PE3YJihTATOB 

KaK BH.D.HO B3 aMnnBTY.D.Hoii Kpusoii, .IJ.nJI cqeTquKa, 
Janonueuuoro TBep.IJ.hiM KceuouoM, TaK )l(e KaK u .IJ.nJI cqeT
quKa C TBep)J.hiM aprOHOM, xapaKTepHLIM JIBnJieTCJI HOHB3a
UBOHHLIH pe)I(BM pa6oTLI. Ycuneuue HeJuaquTenLuoii qacTB 
HMnynLCOB )1,0 aMnnBTY.IJ. - 10"12KA MO)I(HO 06'LJICHBTL cy
I.QeCTBOBaHHeM B6nB3B HHTB MHKpoo6nacTeii, B KOTOphiX 
B03MO)I(HO pa3MHO)I(eHBe JneKTpOHOB. IJpe)J.nOnO)I(HTenLHO, 
3TO MOryT 6LITL MBKpOKpBCTannuqeCKBe o6nacTB C COBep
rueHHOH CTpyKTypoii, B KOTOpLIX MO)I(eT Cy}UeCTBOBaTL pa3M· 
HO)I(euue, a TaK)I(e MBKpononocTu, JanonueHHLie ra3oo6pa3-
HLIM KCeHOHOM, Ky)J.a BLIXO)J.JIT JneKTpOHLI B3 TBep)J.OrO 
KCeHOHa C nocne.IJ.YIOIUBM pa3MHO)I(eHHeM B ra30BOH l}la3e. 

Cpasueuue aMnnBTY.IJ.LI BMnynLcos B TBep.IJ.LIX u )I(H.IJ.KBx 
BHepTHLIX ra3aX n03BOnJieT C)J,enaTL BLIBO)J, 0 TOM, qTo, 
no- BB)J.BMOMY, B KpBCTannax 3aXBa T JneKTpOHOB npBMeCJIMH 
npB )J.peii$e K aHO.IJ.Y OKa3hiBaeT MeHLWee BnBJIHHe Ha Be· 
nuquuy BLIXO.IJ.Horo curuana, qeM B )I(B.IJ.KOCTJIX. 

IIonara11, qTo B Tsep.IJ.hiX uuepTHLIX ra3ax npununauue 
JneKTpOHOB K npBMeCJIM He BnHJieT CyiUeCTBeHHO Ha aM· 
nnBTY.D.Y BMnynLca, MLI oueuunu KOJ~uuueHT peKoM6uua
UBB JneKTpOHOB B TBep)J.OM KCeHOHe, annpOKCBMBpyJI aM
nnBTY.IJ.HYIO xapaKTepBCTBKY /puc. 2/ BLipa)l(eHBeM, nony-

qeuHLIM cne.D.YIDIUBM o6pa30M. ,D,n11 oueuKu peKoM6uuauuu 
B KOH)J.eHCBP.OBaHHLIX BHepTHLIX ra3ax qacTO BCDOnL3yeT· 
CJI $opMyna;5,16,17/ .: 

Q1 (r):Q0 I ( 1 +KIE (r)], 

r.D.e Q1 (r) - H36e)l(aBwuii peKoM6uuauuu JneKTpoHHLiii Ja
PJI.D., Q 0- nepsouaqanLHLiii JapJI.IJ. JneKTpouos, o6pa3osau
HLIX Ha paCCTOJIHBH r OT aHO)J,a O)J,HBM OT)J.enLHLIM $OTO-
JneKTpouoM, K - KOJ~uuueuT peKoM6uuauuu, E (r) 
= u I r r ln ( Rk IRa ) ] - uanpJI)f(eHHOCTL JneKTpuqecKoro 
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nonJI, U - npuno)l(euuoe K cqeTqHKY uanpJI)f(euue, R k , 
R a- pa.IJ.HYCLI KaTo.D.a u auo.IJ.a. 

1151 
Ha6niO)J,aeMaJI B TBep)J.OM KCeHOHe DO)J,BB)I(HOCTL 

nonO)I(HTenLHLIX HOHOB /.D.LIPOK/ Xe+, paBHaJI npuMepHO 
2"10"2 

CM 2/B·c, 3HaquTenLHO MeHLWe nO)J,BH)I(HOCTH JneKT
POHOB. Il03TOMY MO)I(HO npeue6peqL BKna)J,OM B BLIXO)J.HOH 
HMnynLC 3apJI)J.a, HH.IJ.YUHpOBaHHOrO Ha aHO)J,e nonO)I(HTenL
HLIMH HOHaMH 3a BpeMJI co6upaHHJI - 1 MKC. JapJI)J., HH)J,y
UBPOBaHHLIH ua auo.D.e JneKTpouaMu, paseu 

ln (r IRa ) 
Q2(r)~Q1 (r)· 

ln (R k IRa) 
/1/ 

Ycpe.IJ.HJIJI 3To BLipa~euue no seeM nono)l(eHHJIM $oTo
JneKTpouos, MLI rronyqHM cpe)J.HHH 3apJI)J., COOTBeTCTByro
IUHH nuKy B aMnnuTy.IJ.HOM pacnpe)J.eneuuu: 

1 R k Q 0 ln (r IRa ) 
Q ~ - j -----. --~-~~--- -dr. 

3 Rk R 1+KIE(r) ln (RkiR
3

) 

a 

/2/ 

Ilpu 3TOM pacnpe.IJ.eneuue Juaqeuuii r. onpe.IJ.enJIJOI.QHX no
no)l(euue $oToJneKTpoua, nonaraeM pasuoMepHLIM, TaK KaK 
ocna6neuue nyqKa raMMa- KBaHTOB c 3Heprueii 662 K:JB 
B)J.OnL )J,HaMeTpa cqeTqHKa He3HaquTenLHO. 

,LI,nJI onpe.IJ.eneHHJI BXO.IJ.JII.Qero B /2/ uaqanLuoro JapJI.IJ.a 
Q O ~ E qJ· e IW, o6pa30BaHHOrO B TBep)J.OM KCeHOHe $oT03neKT
pouoM c 3Heprueii E !\J' uco6xo.D.HMo 3HaTL cpe.IJ.HIOIO 3Hep
ruro o6pa3oaaHHJI napLI uouoo W. 3KcnepuMeHTanLHLie .D.au
HLie 0 BenuquHe W B TBep)J.biX HHepTHLIX raJaX B HaCTOJI· 
IUee speMJI OTCYTCTBYIOT. IlonyqeHHOe )J.nJI )I(B)J,KOrO KCeuo
Ha 3KcnepuMeHTanLuoe 3Haqeuue, pasuoe 15,6 :JB, xopowo 
cornacyeTCJI c TeopeTuqecKHM 3HaqeuueM 15,4 :JB 16

1
• 

IIpuBe.D.eHHaJI aenuquua 6Lina oueueua ua ocuose ypasueuu11 
JuepreTuqecKoro 6anauca, ucnonL30Bauuoro IInaTUMauoM 
B pa6on{ 18:' KaK H3BeCTHO, B cpe)J.e 3HeprHJI HOHH3HPYIOIUeH 
qacTHULI pacnpe)J,enBeTCJI Ha HOHH3aUHIO, B036y)I()J.eHHe H 
KHHeTuqecKyro JHepruro JneKTpouoa BOHH3auuu. Ypasueuue 
JHepreTuqecKoro 6anauca HMeeT BH.D. 

E.+, =N·E. + N ·E +N .. c. 
't' 1 1 ex ex 1 1 

r)J,e N i - KOHequoe qucno CB060.IJ.HLIX JneKTpOHOB, BMeiO· 
IUHX cpe.IJ.HIOIO KBHeTH"lleCKyro JHepruro £ i , Ei - cpe.IJ.HJIJI 
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3Hepr8JI 80H8Ja~88, N ex - cpe,L\Hee lJ8cno soJ6y)K,L\eHHblX 

aTOMOB, E ex- cpe,L\HJIJI 3Hepr8JI BOJ6y)K,L\eH8JI. 

0TCJO.L\a cne,L\yeT, lJTO 

-
E¢ - - Nex 

Wz-zE.+E ·(--)+f. 
- 1 ex - 1 
N i N i 

Bxo,L\JIIU8e B JTO Bbipa)KeH8e sen8lJ8Hbl MO)KHO oueu8Tb, 

8CllO,JibJYJI 8MelOII\8eCJI ,1:\aHHbie 0 cneKTpaX nornOII\eH8R 19•20 ' 

8 JOHHoii CTPYKTYP~ 121
' Kp8cTannos 8HepTHblX raJoB. 

TaK, B KaqecTse E i 8cnonbJyeTc.ll cpe,L\uee 3Ha4eH8e 

3~epr~_8 Janpell\eHHoii 30Hbl - 10,5 :JB. 3HalJeH8.11 E ex 8 

N ex IN i. pasuble cooTBeTCTBeHHO 8,4 :JB 8 0,06, oue

H8BaJOTC.II B OllT8lJeCKOM llp86,JI8)KeH88 Ha OCHOBe cneKTpa 

nornomeH8R Kp8cTann8qecKoro Kceuoua. 3uepru.ll KoHelJHblX 

JneKTpOHOB ;i B TBep,L\OM KCeHOHe, paBHa.ll 4,4 :JB, 
onpe,L\en.lleTC.II B COOTBeTCTBHH C MO,L\enblO lliOKJIH 22; KO

Topa.ll ucnoJibJyeTcJI npu oueuKe cpe,L\ueii 3Hepruu o6paJo

sauu.ll napbl s nonynpoBO.L\HHKOBbiX MaTepuanax, a uMeuuo 

Et E 1 

( = ( E(dN/dE)dE/ f (dN/dE)dE. 
0 0 

3,1:\eCb npe,L\nonaraeTc.ll, 'ITO JneKTPOHbl pacnpe,L\eneubl B 

30He npOBO,L\HMOCT8 nponopUHOHaJibHO nnOTHOCT8 COCTO.II

H8H dN/dE 8 E 1 - 3Hepr8JI H8)1(Hero 3KCHTOHHOro COCTOJI· 

H8JI. 

HcnonhJYJI B KaqecTse cpe,L\ueii 3Hepruu o6pa3oBaH8.11 

napbi s TBep,L\OM Kceuoue 3HalJeH8e 15,4 :JB, Mbl oueuun8 

KoJ4J<Puu8eHT peKoM6uuau88 JneKTpouos K, annpoKCHM8-

PYJI aMDJI8TY.L\HYJO xapaKTepucTHKy Bblpa)KeHHeM /2/. Ilpe.L\

CTaBneHHblH B /2/ HHTerpan 6panc.11 lJ8CJieHHO, npu 3TOM 

.L\n.ll KoJ!Wl8~8eHTa peKoM68uau8u 6blno nonyqeuo 3Ha"'eH8e, 

pasuoe 187+8 B/cM, lJTO MeHbllle ero 3Haqeu8JI K = 
= 410±30 B/cM ,1:\nJI )1(8,1:\Koro Kceuoua 

5 

3uepreT8lJecKoe pa3pellleuue, oueH8BaeMoe KaK oT

HOIIIeH8e DOJIHOH III8pHHbl Ha UOJIYBblCOTe Ha61IIO,L\aeMOrO 

ll8Ka B K3B K 3Hepr88 662 K3B, COCTaBnJieT ):\,11.11 8CCJie· 

,1:\yeMOrO ClJeTlJHKa - 15'fo, lJTO HeCKO,JibKO Xy)Ke pa3-

pellleH8.11 Cl.l8HT8,JI,JIJ1~80HHblX ClJeTlJHKOB. JionblllaJI fi,JIOTHOCTb 

10 

Bell\eCTBa B ~8,JI8H.L\P8lJeCKOM ClJeTlJ8Ke ,1:\0IDKHa llp8BO,L\8Tb 

K yxy.zuueH810 paJpellleH8JI B OCHOBHOM 8J- Ja yse,JI8lJeHHOH 

peKoM68HallHB s o6nacTB Manblx noneii B o6'beMe cqeTlJBKa. 

flpB 3TOM ,1:\0IDKeH BOJpaCTaTb BKna,L\ HBJK03HepreTBlJeCKOi 

qacTB ~oTonsKa, scne,L\CTBBe qero npoJIBnJieTCJI JIBHaJI ero 

aC8MMeTpBJI. llo-BB.L\BMOMY, BCITOnb3YJI ,1:\pyrYJO reoMeT• 

PBIO /uanp8Mep, np8MeHJIJI nnoCKYJO KaMepy c ceTKoi aua

norsquo 151 I, MO:>KHO CYII\eCTBeHHO ynylJIII8Tb 3HepreTB

qecKoe paJpellleH8e ,1:\eTeKTOpOB Ha TBep,L\OM KCeHOHe. 

BJJBO,lf/J 

1. KaK cne,L\yeT BJ npsse,L\eHHblX Bblwe pe3ynbTaToB, 

,1:\nJI ClJeTlJHKa,3anonHeHHOro TBep,L\blM KCeHOHOM, TaK )Ke 

KaK 8 ):\,JIJI ClJeTlJBKa C TBep,L\blM aprOHOM, xapaKTepeH yc

TOHlJHBbli BOHBJa~BOHHblH pe)KBM pa6oTbl. B TBep.L\OM Kce

uoue, TaK )Ke KaK 8 B TBep.L\OM aproHe, He y,L\anocb ua61IIO

.L\aTb nponop~BOHanbHOrO pa3MHO)KeH8JI JneKTpOHOB. 

2. Cpasueuse aMnnHTY.L\ 8Mnynbcos s Tsep.L\blX 8 :lKH.L\

KBX BHepTHblX raJ aX yKaJblBaeT Ha TO, lJTO, DO- BB.L\8MOMY, 

B TBep,L\OH ~Je 3aXBaT JneKTpOHOB npBMeCJIMB OKaJblBaeT 

Ha Ben8lJBHy BblXO,L\HOrO CBrHana MeHJ.Wee B,JIBJIHBe, lJeM 

B )KB.L\KOH cllaJe. 3To MO)KeT ,1:\aBaTb onpe,L\eneHHble npea

MYII\eCTBa, B qaCTHOCT8 CHH)KeH8e Tpe6oBaH8H K lJBCTOTe 

8cnonbJyeMoro raJa, lJTO MO:lKeT 8MeTJo Juaqeuae np8 

COJ,L\aHBB ,1:\eTeKTOpOB 6onbWOrO 06'beMa. 

3. O~eHKa K03!Wl8~8eHTa peKoM68HaU88 JneKTPOHOB 

B TBep,L\OM KCeHOHe ):\aeT ,1:\,JIJI Hero JHalJeH&e 187±8 B/CM, 
lJTO MeHbllle erO senBlJBHbl B :lKB.L\KOM KCeHOHe. 

4. 3HepreT8lJecKoe paJpeweuse cqeTlJ8Ka, nonyqeu

uoe HaMB ,1:\,JIJI raMMa·KBaHTOB C 3Heprsei 662 K3B B TBep

,1:\0M KceuoHe, pasHoe -15~, conocTaBBMO c paJpeweuseM 

C~8HTB,JI,JIJ1~80HHblX ClJeTlJBKOB. llO-B8,1:\8MOMy, nocne ynyq

llleHHJI reoMeTp88 KaMepbl H, BOJMO)KHO, lJ8CTOTbl 8CllOJibJye

Moro raJa, MO)KHO pacclJHTblBaTb ua ynyqllleH8e 3HepreT8qe

cKoro paJpeweH8JI cqeTlJ8Ka, Janonueuuoro TBep.L\blM Kce

HOHOM. 
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B JaKrrroqeaae aBTopw cqaTaroT CBOHM ~onroM no6na
ro~apHTL .li.M.IloHTeKopso a A.<I>.Ilacapesa Ja HeHJMea
Hwii HHTepec K ~aHHOB pa6oTe, a TaK)Ke E.H.PycaKOBa Ja 
UOMOUlL npH MOHTa)Ke annapaTypw. 
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