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PaHee HaMH coo6manocb o pa6oTax no H3roToBneHHID 

H DpHMeHeHHID nonynpOBO,AHHKOBbiX ,AeT.eKTOpOB ;n.n.,A.j 

,AnJI Jl,AepHOCDeKTpOCKODH'IeCKHX. HCCne,AOBaHHH /1-S ~ DblllO 

OTMe'leHo, 'ITO B o6nacTH cneKTPOMeTpH~ Y. :nyqeii :mep· 

reTH'IeCKOe pa3peweHHe onpe,AenJleTCJl, B OCHOBHOM, CTa· 

THCTH'IeCKHMH tiJnyKTyaU.HJlMH H 'ITO B o6naCTB cneKTpOMeT· 

pHH KOHBepCHOHHbiX 3neKTpOHOB 3HepreTH'IeCKOe pa3pewe- . 

HHe . 3aBHCHT OT TOniU.HHbl . BXO,AHOrO .. OKHa. H 34ltiJeKTHBHOCTH 

c6opa . 3ap.ll,AOB, OT 'IHCTOTbl B8.KyyMHOH CHCTeMbl H OT 

KOHCTPYKU.HH ronOBHOrO KaCKa,Aa npe,AyCHllHTen.ll. U.enLID 

HaCTOJllll.eH pa60Tbl JlBllJleTCJl noc:rpoeHHC nonynp.OBO,AHHKO· · 

BOrO CDeKTpOMeTpa KOHBepCHOHHbiX 3JxeKTpOHOB C BbiCOKHM . 

3HepreTH'IeCKHM. pa3peweHHe:M · /nyqwee 3HepreTH'IecKoe 

pa3peweHHe .. H3BeCTHoe aBTopaM, paBHO ·I,S K3B. ,An.ll Ee-
-30 K3B - . ' 70 Yb 16 1 I. . . . 

1. KOHCTPYKl(lUI·. 

06111.HH BHA cneKTpoMeTpa DOKa3aH · Ha puc: 1. )J;eTeKTOp 

ynaKOBaH B KpHOCTaT /c xna,AODpOBO,AOM H•COp6eHTOM/, Ko· 

· TOpbiH norpy)l(aeTCJl B CTaH,AapTHLIH COCYA )J;Lroapa C )I(JI,AKHM 

a30TOM. . ,lJ;nJl ,AOCTH)I(eHHJl BbiCOKOrO BaKyyMa /JIY'IWe 

10-6Top, 'ITO CBJl3aHO C no.riy'leHHeM HH3KHX. o6paTHbiX 

TOKOB B n.n.,A./ npHMeHJleTCJl KpHOCTaTC M06HnLIIOH BaKyyM· 

Hoii oTce'IKOii cop6eHTa 171 . Bee npHMeH.IleMble BaKyyMHble 

ynnoTHeHil.ll 6e3Macn.llHble. MeTOAHKa noi\roTOBKHKpHocTaTa 

onHcaHa B pa6oTe/l/ .. · 
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):t;nH o6ecne'ICHHK 3aMCHLI HCTO'IHHI<a 6e3 HapymeHHJI 

Bai<yyMa npHMCHJICTCJI WJII030B8.JI CHCTCMa, npe,D;BapHTCJILHaJI 

OTI<a'II<a I<OTOpOH npOH3BO,D;HTCJI C llOMO~LIO cl>opBai<yyMHOrO 

Hacoca'c a30THOH JIOBffl?H H MarHHTHOrO 3nei<Tpopa3p~.zr 
HOrO. Hacoca H3M -100 • )l;ep:lKaTeJIL HCTO'IHHI<a ll03BOJIH

eT H3MCHHTL paCCTOJIHHe HCTO'IHHI< - ,1\CTCI<TOp B npe,I\eJiaX 

· OT 0,5 ,D;O 20 CM. 

2. j:(ETEKTOP 

):t;ns ynyqweHHH napaMeTpoB Si (•Li) .. ,1\eTei<TopoB B Tex

HOnOrHIO H3rOTOBJICHHJI / 2 / c BHCCCHLI H3MCHCHHJI: ,1\nJI 6onee 

pasHoMepHoro TpasneHHH ·aceB: nosepxHoCTH c,D;enaHa Ka::' 

uasi<a c nonoroB: cTeHI<oB:; ,D;nH 6onLweB: npoqHoCTH, a MecTax 

I<OHTai<Ta onpaBI<H C 3nCI<TpO,D;OM n.n.,D;. 30JI.OTOH CJIOH HaHo

CHTCJI Henocpe,D;cTaeimo /6e3 .TpasneHHH/ Ha xopowo o6e3-

·. :lKHpeHHYIO H OTMLITYIO llOCJie WJIHcl>OB~H ·nopOlllKOM Mll-5 
llOBepXHOCTL. . 

BoccTaHOBHTeJILHLIH ,D;peB:cl> npoBO.D;H.Tcs:.npH Hanp.H:lKeHHH . . 
2000 B B cne:uHanLHoB: repMeTH3HposaHHoB: I<ancyne, Ko-

. TOpaH llOMCII\aCTC.H B KHII.H~HH 3THJIOBLIH CllHpT. llpH 3'fOM 

TOKH pa3HLIX o6pa3UOB C ,1\HaMeTpOM pa60'ICH llOBepXHOCTH 

6 MM H rny6HJIOH ,D;peB:cl>a 4 MM HaXO,D;JITC.H B npe,I\emix.. OT 

.50. ,I\0 100 MA. llocne BOCCTaHOBHTCJILHOrO ,1\peB:cl>a o6paT-

ffi.Ie TOKH cyiueCTBCHHO He MCH.HIOTC.H, O,D;HllKO CMKOCTL 3aMeT

HO yMeHLwaeTc.H /.IlOCTHra.H pacqeTHoro 3Ha<ieHii.H/ H BLIXO.D;HT 

Hli nnaTO npH H~npH:lKCHHH OKOno 50 B. 3aBHCBMOCTL o6pin

HOro TOKa. H CMKOCTH • ,1\n.H O,D;HOrO o6pa3:ua. llOKa3aHLI Ha 

·puc.2. . · 
· TexHonorH.H H3rOTOBJieHH.H Si (Au) -::'.neTeKTopoB_ 

13! He 

H3MCH.HnaCL. . .. 

3. 3JIEKTPOHHKX 

B cneKTptiMeTpe npHMeH.HIOTC.H 3JieKTpOHHLie 6noKH · H 

aHanH3HpyiOII\a.H annapaTypa, KOTOpLie OllHCaHLI B pa6o~. 
14 5/ . 

Te· ' · • · H3MeHeHHIO no,I\BepranacL KOHCTPYK:UH.H roJIOBHoro 

KaCKa,D;a npe,D;yCHJIHTCJI.H -'2 ,B/. ,I:(eTeKTOp ynai<OBaH B cne "': 
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~uanLHYIO onpaBy I puc. 3/, c BMOHTHpoBaHHLIM B Hee 
oxna')K.n;aeMLIM xac~a.n;oM npe.n;ycunuTens. ,I:(eTanu onpaBKH, · 
KOTOPLIMH OCyUleCTBn.JieTC.JI OMH<ieCKHH KOHTaKT C 3neKTpo
.n;aMH .n;eTeKTopa, no3onoqeHLI. ,I:(ns yMeHLWeHH.JI TeMnepa
TYP!fLIX rpa.n;ueHTOB H 3alllHTLI .n;eTeKTopa u .n;eTaneii oxna')K
.n;aeMoro :Kacxa.n;a npe.n;ycunuTens . oT xoH.n;eHca~uu B03MO')K-
HLIX napoB Macna Ha onpaBKY ycTaHaBnaBaeTc.JI anroMHHHe
BLIH 3KpaH. Pa3pLIB 3neKTPH'!ec~oii ~enu / 4•8 / onpaBKH 
OT xna.n;onpoBo.n;a ocyUleCTBn.JieTC.JI qepe3 can~upoByiO unu 
xepaMH'Iecxyro waii6y /.n;uaMeTp 20 MM; TOnUlBHa 3 MM/. · 
IloneBoii TpaH3HCTop ( 2 N 44 16) oxna')K)J;aeTc.JI .n;o onTHManL-

· Hoii TeMnepaTypLI/4/ qepe3 xepaMuqecxyio Tpy6xy, coe.n;u-
.HeHHYIO C xna.n;onpoBO,IJ;OM. 

4; H3MEPEHHJI 

H3MepeHH.JI npoBo.n;unucL npu HlinpJJ:)KeHHH cMemeHH.JI Ha 
.n;eTeKTope 1200 B, nocTO.JIHHas iiJopMHpyromux ~eneii nulieii
Horo ycanHTen.JI Ha aKTHBHLIX ~HnLTpax' C lfeTLipexxpaTHLIM 
HHTerpHpOBaHHeM H ,IJ;ByKpaTHbJM;. ,IJ;H~epeH~HpOBaHHeM /1,/ 
r= 2 MKceK, 3arpy3xa - -104 u.Mn/ceK.~Ha puc. 4 npuBe.n;eH 
cneKTp 3neKTpOHOB H HH3K03HepreTH'IeCKHX y -nyqeii npH 
pacna.n;e 147 Eu. YwupeHHe . cnexTpanLHoii nHHHH KOHBep
CHOHHLIX JneKTpOHOB C JHeprHeH -100·. K3B ITO OTHOIUe
HHIO K cneKTpanLHOH nHHHH y .;KBaHTOB C TaKOH ')Ke JHep
raeii MO')KHO o6'LscHHTL BnH.JIHHeM TomtinHLI oxo.n;Horo oxHa
n.n • .n;. 3To JaKniO'IeHHe no.n;TBep')K)J;aeTc.JI ywupeHHeM cnexT
panLHoii nHHHH 6onee HHJKOJHepreTH'IeCKHX JneKTpOHOB 
/.n;ns Ee - 30 - 1,7 K3B; .n;n.11 Ee -15 - .3,0 °~3B/, a Ta:K')Ke 
HJMepeHHeM 3TOrO ')Ke ClleKTpa C iJOMOmLIO n<)BepXHOCTHO.; 
6apLepHoro Si (Au)- .n;eTei<To.pa /TomiuiHa - 2 MM/, r.n;e 
,IJ;n.JI JHeprHH JneKTpOHOB - 30 K3B (147Eu) JHepreTH'IeCKOe 
pa3peweHHe /900 3B/ 6nu>Ke K COOTBeTCTBYIOmeMy ,IJ;nJI 
y-Jiyqea/puc. S/.,Ilpu_ JHepr8sx -140 K3~JHep.reTH'Iecxoe 
pa3peweHHe 060HX ,IJ;eTeKTOpOB COBna.n;aeT •. 

Ha puc. 6 npuBe.n;eH TaK>Ke cnexTp y -ny'leii npupacna.n;e 
241 Am, H3MepeHHLIH c noMomLro Si(Li) -.n;eTeKTopa. 
Ilony'leHHoe JHepreTH'Iecxoe pa3peweHue 440 . 3B /.n;ns 
EY-14 K3B/ .MO')KHO yny'IWHTL nyTeM oT6opa 6onee. xa-
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"leCTBeHHOrO. noneBOrO TpaH3HCTOpa, a TaiOKe . npHMeHJUI. 
cxeMy npe,nycanaTemi c TOKOBoii Harpy3Koii noneBoro TpaH- · 
3HCTOpa / 9/. 

5. 3AKJIHJqEHHE 

C ~O"'KH 3peHHJI npHMeHeHHJI HHTepec npe,ncTaBnJieT 
cpaBHeHHe :mepreTH"leCKHX pa3peweHHH IIIHpoxo pacnpo-. 
CTpaHeHH~X B x,nepHocneKTpOMeTpH"leCKHX HCCJle,IJ;OBaH~JIX 
¥arHHTHLlX cneKTpOMeTpOB C nonynpOBO,IJ;HHKOBLlMH 6eTa..: 
crteKTpoMeTpaMH - puc. 7. K co>KaneHHIO, aHanorH"'Hoe pea-~ 
JIBCTH'IeCKOe .cpaBHeHHe a6comOTH~X 3clxlJeKTHBHOCTeH /1/ , 

npoBeCTH HeJIL3JI: B · CHJIY O,IJ;HOKaHaJILHOCTH MarHHTH~X 

~neKTpOMeTpOB npH H3MepeHHH cneKTpOB 3JleKTpOHOB KOH- ·. 
BepCHH npOHCXO,IJ;HT nepeKp~BaHHe "KaHaJIOB", a B paCCMOT
peHHH ~MHoroKaHanLHoro" cneKTpoMeTpa - 6eTa-cneKT~ri
rj)a!IJ,· Hy)KHo Y'IJITLIBaTL ell\e HH3KYIO 3clxlJeKTHBHOCTL iJpH 

!IJo~operacTpauaa. nonoMy Ha puc. 7 yKa3aHa /B cKo6xax/ 
cBeTocaJ1a cpaBHHBaeMLIX MarHHTHLIX cneKTpoMeTpoB. Yqa
TLIBax :BLICOKYIO a6COJIIOTHYIO 3clxlJeKTHBHOCTL /TeneC.HLIH 
yron <40~; ()6paTHOepacceJIHHe <20~/, MHOrOKaHanLHOCTL 
.H cpaBHHTeJILHO BLICOKOe pa3peWeHHe, nocTpOeHHLIH nony-
. npOBO,IJ;HHKOBLIK 6eTa- cneKTpOMeTp BnOnHe KOHKypHpyeT C 
TOpOH,IJ;a.nLHLlM cneKTpOMeTpOM / 10/ B o6naCTH > 100 K3B 

· • H npeBOCXO,IJ;HT no 3HepreTH'IeCKOMY pa3peweHHID 6eT'
,cneKTpoMinp c ,IJ;BOHHOH ,nByKpa THOR !IJoKyCHpOBKOH (2rr y1) II/ 

B o6nacTH ero npaMeHeHHJI I> 600 K3B/. He.nocTaTKH B abl- · 
COKOM !IJoHe n.n.,iv ycTpaHJIIOTCJI nyTeM· npHMeHeHHJI cne-f 

. UHanLHOrO ·MarHHTHOrO 6e 3,IJ;HcnepCHOHHOrO ycTpOHCTBa 121. 
O,nHaKo peracTpauHIO HH3K03HepreTH'Iecxax y-nyqeii c no::: 
MOil\LIO; 4JoT03clxlJeKTa MO>KHO HCnOJIL30MTL ,IJ;JlJI npRMOr·O 
H3MepeHHJI K034J4JHUHeHTOB BHyTpeHHeH KOHBepCHH. . 

ABTOpLI C"'HTaiOT CBOHM npHJITHLIM ,IJ.OJlrOM no6naro,na ._ 
pHTL ripo!IJ. K.JI.rpoMoBa H KaH,nH,naTa !IJa3HKO-MaTeMaTH
"lecKH~ Hayx ... B.r .KanHHHHKOBa. 3a ~ocToRHH~ii HHTepec K 
,naHHOH pa6oTe,. B.XyKOBY H n.EpMOJIHHY - 3a 6onLWYIO 
noMOil\L B H3roToBneHHH n.n.,n., C.MBHLKOBa ii B.lleneBHHo-

12 
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Puc. 7. CpaeueHue wupUHbl cneKmpaAbHbiX AUHuu ita noAy
Bbrcome OAR HeKomopbrx 6ema- cneKmpoMempoe a 3aeucuMo
cmu om 3Hepzuu pezucmpupyeMozo U3Ayt.teHUJI /1 -. MazHum-; 
HbiU xeAe3HbiU muna )faHbiWa: (~p/p) = 0,04% /0,01%/112/, 
2 - 6e3xeAe3Hblu. mopouoaAbHblu (~p/p) = 0,4% /7%//10/ ; 
3 - MUZHUmHbiU xeAe3HbiU c OBOUHOU oeyKpam,ou fPOKycupoe
KOU Ha rryT: (~p/p) = 0,20% /0,015%/III!; 4- meopemu
t.tecKoe 3Hat.teHue OAR Si npu · fPaKmope fPaHo F .,. 0,13; 
5 - .. noAynpoeooHUKOBblu c Si(•Li) -oemeKmopoM/21; 6 -
pe3yAbmam HacmOJIUieil pa6ombr/. 

'· '13 

K3B 



Ba, BblnOJIHBBWBX Bee MexaauqecKue pa6oThl, a TaiOKe 
H.KynJI u JI.IOpKoBcKy 3a noMOIUL npu ocllopMJieHBB. 
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