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fI1aBHblM HanpaBI1eHli1eM MeTOAIi14eCKOro pa3BIo1TIo1R Macc-cneKTpOMeT
pli1lo1 nOCI1eAHIi1X I1eT RBm'leTCR YBeI11i14eHli1e 4YBCTBIi1TeI1bHOCTIo1 auarta
30B. npli1 3TOM 6~I11i1 YCOBepweHCTBOBaH~ HOB~e CKCTeM~ pa3AeI1eHIi1R 
1i10HOB IHanpli1Me~ MC-MC-cli1cTeM~/t a TaKme MeTOA~ n0I1Y4eHIi1R K pe
rli1CTpaQ~1i1 1i10HH~X nY4Koa. 50I1bWOe 3Ha4eHIo1e AI1R pa3BIi1TIi1R YRbTpa
4YBCTBIo1TeI1bHO~ Macc-cneKTpOMeTpli1li1 Ii1MelOT naaepuue Ii1C.T04HIi1KIi1 1i10
HOB, c nOMOU\blO KOTOpblX MO>KHO n0I1Y4aTb BblCOKYIO c r eneus 1i10Hvt3aLlIi1Ii1 
la ~ li Bcex XIi1MIi14eCKIi1X 3I1eMeHTOB B 06pa3Lle. AI1R npli1MeHeHIi1R 
3TIi1X 1i10HHblX Ii1CT04HIi1KOB B YI1bTpa4YBCTBIi1TeI1bHol:1 Mad:-cneKTpoMeT
PIi1Ii1, He06xOAIi1Mbl 'Ii1CCI1eAOBaHIi1R no OnTIi1M~3aLlIi1I4 1i10HHO-OnTI44eCKI4X CI4
CTeM C03AaHIi1R 14 pa3AeI1eHIi1R 1i10HH~X nY4KoB, a TaK>Ke K3Y4eHIi1e npo
4eCCOB 06pa30BaHIi1R aTOMH~X li1 MoneKynRpHwx 1i10HOB B nna3Me BWCO
KO~ TeMnepaTypw II1a3epHaR 101 Ii1CKpOBaR nna3Ma/. TaKIi1M Ii1CCneAÓBaHIi1
RM nOCBRU\eH PRA pa60T, sunonueuuux B pe3YIÍbT~Te COTpYAHIi14eCTBa 
Me>KAY UeHTpaI1bHblM Ii1HCTIi1Ty'tOM 1i130TOnHblX li1 paAIi1aLlli10HHblX ItlCCI1eAOBa
HIi1~ AH r,ap 14 Jlaõoparopaeã RAepHblX peaKLlli114. OHRJ.i 'n'o C03AaHIi11O yner 
pa4yecTBIi1TenbHOro Macc-cneKTpOMeTpa IlHAHA!1..;.8/. 'v 

UenblO AaHHo~ pa60T~ RBI1neTCR C03AaHIi1e onTK~anbHo~ ~acc-cneKT

pOMeTp~4ecKo~ 1i10HHO-OnTIi14eCKO~ CIi1CTeM~ c na3epH~M Ii1CT04HIi1KOM 
~OHO~ 1i1·~3Y4eHli1e na3epHo~ 1i10HIi13aLlli11i1 XIi1MIi14eCK14X 3neMeHTD9 li1 He
OpraHIi14eCKIi1X MOI1eKyn. 

3KCnEPHMEHTAIlbHAR AnnAPATYPA 

B 1983 rOAY B UHHPH õuna C03AaHa naaepuaa Macc-cneKTpOMeTpli1
4eCKaR YCTaHOBKa, COCTOR~aR 1i13 Macc-cneKTpOMeTpa c ABO~HOH $0-' 
KYCItlPOBKO~ MX3301 Itl 1i10HHOrO Ii1CT04HItlKa Ha OCHOBe BbICOK04aCTOTHO
ro na3epa nTH501 • CxeMa naaepHoro Ii1CTO~HIi1Ka 1i10HOB 1i1306pa>KeHa 
Ha pli1c.1. HCT04HIi1K COCTOIi1T 1i13 na3epHO~OnTIi14eCKOH li1 1i10HHO-OnT-li1
4eCKO~ 4aCTeH. B YCTaHOBKe Ii1Cnonb3yetcR TPIi1 Tli1na na3epOB: 1 
OCHOBHO~, Nd-YAG - I1a3ep IlTH501 AnR 1i10HIi13aLlli11i1 IBe~ecTBa Rp06~; 

2 - py6Ii1HOBbIH, ~nli1 Nd-cTeKnRHH~~ naaep ILMAr 1i1I11i1 LMAIO! T.:3K>Ke 
AnR 1i10H1i13a4~1i1 a~anI43I4pyeMo~ np06~, HO B pe>KIi1~~ OAIi1H04H~X Ii1MnYI1b
COB 1i13I1Y4eHIi1Ri 3 - He-Ne na3ep AnR IOCTli1pOBKIi1 nY4a OCHOBHoro na
3epa • 

. c H3~Y4eH~e na3epoB 1 Ii1nli1 2 ~OKYCli1pyeTcR c nOMO~b~ 3epKan li1 
nli1H3 Ha nOBepXHOCTb MKWeHIi1 4. C nOMO~blO LMA-MKKpOCKona 5 MO>KHO 
Ha6nroAaTb 3ai nOBepXHOCTblO MIi1WeHIi1. 4aCTb I1a3epHOro nY4a Ii1CnOnb
aye r ca AJ1R 1i13MepeHItlR MO~HOCTIi1 K3nY4eHKR. MaHli1nY1UHop 6, CBR3aH.

HblH- c MIi1WeHblO" n03BonReT BPY4HYKr Ii1nli1 aBTOMaTIi14eCKIi1 neoeaeurar s 
<3Haflli13li1PyeMblH 06pa3e,-, no TpeM KOOPAIi1HaTaM, 101 TeM caMblM CKaH~po-
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MepRTb MaCCOB~~ cneKTp 
CI.1CTeMbl MeHAeJleeBa. B 

Ka ilOHOB. 

'~ 

BaTb nOBepXHOCTb 06paa~a ~a3ep

HblM IlY40M o ATOMHble 1.1 MOIleKYJU:jp-
Hble I.1ÓHbl, BOaHI.1KalOlL\l.1e B nasep-
HO~ nIlaaMe, npOXOA~T 4epea 1.10H
HO-OnTI.14eCKYIO CI.1CTeMY 7 c YCKb
P~IOIL\I.1M Hanp~meHl.1eM 18 KB, a aa
TeM 3IleKTpOCTaT~4ec~~~ ~ MarH~T

Hbl~ aaana aaropu Macc- cnexrpo-ier 
pa o PerI.1CTpa~l.1~ '1.10HOB B ooxens
HO~ nIlOCKOCT~ Macc-cneKTPOMéTpa 
np0l.1a80A~TCR c nOMOlL\b~ 1.10HHO
4YBCT8It1TeIlbHO~ <l>oTonIlaCn1HKI.1, 
4TO noaBOIlReT OAHOBpeMeHHO 1.13

8cex XI.1MI.14eCKI.1X 3IleMeHT08 nep1.10A1.14eCKO~ 

r aõn , l npl.1Be,qeHbl nap aaerpu I.1cnoIlbayeMblx 
B YCTaHOBKe IlaaepOB lt1 Macc-cneKTpoMeTpa.
 
. ~lt1ccIleAOBaHI.1R B ~TOi1 paõor e np080AI.1Il~Cb c nOMOlL\blO" TBepAOTeIlb

Hd~o /aIlIOMOI.1TTpl.1eB~~ rpaHaT/ OnTI.14eCKOro KBaHTOBoro reHepaTopa
 
JlTIt150J c AIlI.1HOi1 BOIlHbl 1064 HM. Jlaaep paõor aer B peml.1Me aKYCTO

OnTl.14ecko~ MOAYIlR~1.11.1 A06pOTHOCTI.1 c 4acToToi1 ynpaBIlRIOIL\I.1X I.1MnYIlb

COB 'cif' 5 AO 50 Kf4 npu I.1X ,qnI.1TeIlbHOCTI.1 roo HC. BblCOKaR paapeurao

lL\a~ cnoco6HoCTb Macc-cneKTpOMeTpa /~ 10000/ noaBOIlReT IlerKO
 
I.1AeHTI.1~1.14I.1pOBaTb paaIll.14H~e 3IleMeHT~ no IlI.1HI.1RM ~30TonoB.
 

H~ 
HI.1R 
HI.1~ 

PE3Y11bTAThl lt1 05CY)J{.aEHIt111 

B AaHHo~ p aõore npoaeneuu CIleAYIOIL\l.1e I.1CCIleAOBaHI.1R: npouaaene
OnTI.1Ml.1aa41.1~ 1.10HHp-OnTI.1~eCKO~ CI.1CTe~~ l.1aBIle4e~I.1R 1.1 $OpMl.1pOBa

nY4l<a l.1o'HOB, 4TO nOaBOIlI.1IlO n08blCI.1T'b K03lP<P1.14I.1dHT I.1CnOIlbaOBa
8elL\eCTBa aHaIl~al.1pyeMo~ np06~ 1.1 y~eIll.14wTb paapeWeHl.1e Macc

cnexrpoaerpa; c I.1CnOIlba08aHI.1eM B I.1CT04HI.1Ke VlOHOB BbICOK04aCTOT
Horç:> naaepa npoaeneua aHaIll.1abl ~l.1pKOHl.1eBQrO 1.1 reOIlOrl.1l..jecl<oro /6a
aans r / ZGI-BM-cTaH,qapToB 1.1 onpeaeneuu K03<p<p1.14I.1eHTbl OTHOCI.1TeIlb
HO~ ~YBcTB~TeIlb~ocTI.1 AIlR Wl.1pOKOrO Ha60pa 3IleMeHToB; I.1CCneAOBa
HO' oõpaaojaaaae B naaepaox I.1CT04HI.1Ke MOIleKYJ1~pHbIX 1.10HOB. 

Ha pac Q 2. Vla06pameH Y4aCTOK <poTonIlaCTVlHKI.1 c MaCCOBblM cnexrpox 
l-1aOTOnOB 4l-1pKOHl-1~ /90, 91, 92, 94, 96/ ,.. a ria puc , 3 - 4aCT b crtexr-' 
pa 8 06IlaCTI.1 Maccoa~x 4~ceIl o~ 45 AO 63, rAe xopowo BI.1AH~ ~I.1HI.1I.1 
AByxaapRAHblX aTOMHblX l-10HOB 4I.1PKOHI.1R. Bucoxoe Ka4eCTBO npencr aa
Ile~H~x~MaccoB~x cneKTPOB MomHO 06bRCHl-1Tb oc06eHHOCT~MI.1 l-1CnOIlbao
BaH!"i00 1.10HHO-OnTI.14eCKO~ CI.1CTeMbl,IlaaepHoro VlCT04HI.1Ka Q 

B pesyn s r are npoaene-u-ux I.1ccJÍeAó~aHI.1~ õuno HaJIIAeH9, 4TO 1.10H
Hble VlCT04HI.1Kl-1, I.1cnoIlba'YlOlL\l.1e AIlR <POpM""í?oBaHI.1~ nY4Ka 06bJ4HYIO coe
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PHc.3. MaCCOBbrn crreKTp c flHHHHMH .I Ll11Jill.LUJ II
ABYX3apHAHb~ H30TonOB ~HpKOHHH•• 

-45 50 55 60 A 

pll14eCI<YIO 1I1I1111 II1MMepCII10}iHYIO IlIl1HSY, pa60TalOT He3<t><t>eKTII1BHO 1I13-Sa 
HaKOnIleHII1R nOIlO}f(II1TeIlbHOro sapRAa Ha BHYT-pePlHII1X CTeHKax 1I10HII1SaTO
pa. 3TO np~BOAII1T	 K YMeHbWeHlI110 1I10HHOrO TOKa, II1SBIleKaeMoro II1S ~C
T04HJ-fKa. Hanpuxep , npll1 paõor e naaepa C 4aCTOTO~ 10 Kr4 140HHbliíl 
TOK naA~I1 B 100 pas \.fepes 0,5-2, O 4aca AIlfl paana-u-ux MII1WeHellt. 

B AaHHo~ paõore õuna 'II1CnOnbSOBaHa i'lOHHO-OnTII14eCKarl GII1CTeMa 

C Wl4pOKII1M 3MII1CCIl10HH~M OTBepCTlI1eM 4n MM /cM.pll1c.l/. B 3TOM CI1Y
4ae 3<t><t>eKT HaXOnIleHII15'1 sapRAa Ha CTeHKax 1I10HII1SaTOpa M~Il, TaK KaK 
norte YCKOpRlOU\erO	 HanpR}f(eHII1R npOHII1KaeT B nIlaSMY, '4TO noaaonaer 
nOIlY4111Tb MaKCII1MaIlbHYIO II1HTeHCII1BHOCTb 1I10HHOrO TOKa. KpoMe Toro, 
Ha6IlIOA~IlOCb YIlY4weHII1e q>OpMbl IlIl1HII1I11 111 p aapeuraicuieã cnocoôuocra AO 

1000-0, 4TO B -ABa	 pas a npe asnuaer 3TY Xap~I{TepIl1CTII1KY AIlfl Macc
cnexrpoxerpa MX3301 C II1CKpOBblM II1CT04HII1KOM 1I10HOB. 

OnTII1MII1Saijl4R i'lOHHO-OnTH4eCKO~ CI4CTeMW 6wIla npoaeAeHa M AIlR 
I4CKpOaOro I4CT04HII1Ka 140HOB. KaK GWIlO nOKasaHO paHee/ 4 , 7/ , oGpaso
BaHl4e MOIleKYIlRpHblX 1I10HOB B I4CKpOBOllt 14 naaepuoü nnaaae nOA05Ho. 
Ha pl4c.4 npeACTaBIleHW BWXOA~ MOIleKYIlRpHWX 140HOB rpa~I4Ta B II1CKpO
BO~ nnaaxe c MaIlWM 3M14CC140HHblM OTBepCTl4eM B 140H14SaTope /13/ 
14 c 60IlbWII1M - /6/. Hs pl4CYHKa BI4AHO, 4TO BWXOA MOIleKYIlRpHWX 140
HOB II1S 1I10H14SaTOpa c MaIlWM oTBegcTlI1eM n04T14 Ha ABa nopRAKa 60Ilb
we, 4eM c ÚOIlbWII1M. 3TOT 3<t><t>eKT MO}f(eT BOSHI4KaTb BcneACTBl4e Toro, 
4TD B nepBOM CIlY4ae YCKopR~ee none He npOHII1KaeT B nIlaSMY, 14 
3IleKTpOHbl, ABI.1}f(YUl,l4eCR B HanpaBIleHVlII1 3MVlCC140HHOrO OTBepCTI4R, npo
II1S80ART YAapHYlO 140H14Sa414JO He~TpaIlb HblX MOIleKYIl 14" aTOMOS. j),onOIlHI4
TeIlbHblM nOATBep~AeHVleM 3TOMY CIlY}f(i'lT HaÔIlIOAeHl4e cneKTpOB OCTaT04
HWX raSOB 14 OpraH144eCKII1X COeAI4HeHI4~ 06pasua. AIlR Wl4pOKOrO 3MVlC
CI.10HHOrO OTBepCTI4R /6/ HabIlIOAaIlI4Cb ~Ila6we HHTeHCII1BHOCTI4 MOIleKY
IlRpHWX 140HOB 111 IlIl1HI4~ OpraH144eCKII1X COeAI4HeHK~ Ta~oro }f(e 06pasua 

~pa<t>I4Ta. 
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10 

FHc. 4 c Bsrxo gbl MOJIeKYJIHpHblX 

MORüR rpa~HTa B HCKPOBOã 
rr.na3Me: aI Y3Koe 9MHCCHOHHoe 
OTBepCTHe HOHH3aTopa'; -51 lI1H
poxoe: '9MHCCHOHHoe o r aepc-rae 

HOHH3aTopa. 

Ta5JIHI.J;à 2 

KOH~eHTPau;~H npHMeceã B TaHTarre 

3J1eHeHT ~oHu;eHTpaI.J;HH 
" 

(ppm) , 

Na 270 
Mg 3,5 
AI 225 
Si 1'2 . " 

p 0,3 
S 0,7 
X • I 366 
Ca 60 
Ti 12 

V . 0,9 
Cr 11 
Fe 48 
MIl 0,7 
Co 0,1 
Ni 

" 
2,0 

Cu "2,',1 
Zu 1,2 
Rb 0,4 
'Sr 0,2 

Zr 58 
Nb 1120
Mo 4880 
W 996 

8 Ta6Il_2 B Ka4eCTse ~nIl~cTpaql4l4 ~YBcTBI4TeIlbHOCTI4 YCTaHOBKI4 
npeACTaBIleHW AaHHwe IlasepHoro Macc-cneKTpOMeTpl44eCKOro aHaIlI4S~ 

oõpaaua r a-rrana o Ilonaaa 3KCnOS14414R Ha ooronnec-ru-uce COCTaBI4Jla 
:::: 3'0 HKn. npl4 3TOM, KaK BVlAHO I-1S r aõrrauu , MO>KHO perjl1CTPl4pOBaT"b 
npi'lMeCl.1 c KOHQeHTpaUIl1AM~ AO 100 ppb. 

B Ta6n.3 npenc r aaneua Aal-olHl:)le naaep-roro Macc-cneKTpOMeTpI44eCKO
10 auanaaa NBS-CTaHAapTa JJ.l4pKOHI4R. AIl5'l 60IlbW14HCTSa 3Ile'MeHTOB 
ISi, P, Fe, Co, Ni, Mo, Nb ~ Snl Ha~AeHO xopowee cornacl4e c AaH
HblMI4 Ha41110HaJlbHOrO 6IDPO <:TaHAapTOB. BucoKI4 e KOH4eHTpa41414 aarpaa , 
aJ110M~HII1A VI KaIlI4R, a cp.aBHeH~~ c peSYJ1bTaT8MI4 na VlCKpOBOM }'1CT04HVI
xe , y-t<aSblaalOT Ha	 HaIl~41.1e B naaepaox l1CT04H14Ke Me"XaliIllS'Ma Tep1-M
...eCKo.:1 140HHsa414~, TaK KaK 3TVI 3IleMeHT~ I4MelOT HI4SKl4e nOTeH414aIlbl 

J.10Hl.1Sa4l.1~ ~ 
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I 

B Ta6I1 ..4 np~BeAeHbl pe ayns r aru onpeneneuaa OCHOEfHblX KOHnQHeH ~3 nonY4eHHWX pe3ynbTaioB MO~HO CAenaTb B~BOA o rOM, 4TO 
TOe 1-1 cneaoa B :reOJ;lOr~4eCKOM CTaHAapTe IZGI-BM"'7cTaHAé;lpT I.' TaK B Ila3epHOM I.1CT04H~Ke npI1CYTCTBY~T HeCKonbKO MexaH~3MOB 06pa30
KaK 1-10HI.13~4~R ,.r.,eO~a[l'-i4eCKOro oõpaaua ,3aTPY,AHeHa'; T,a B aHanI.13Io1PY-, BaH~R ~OHOB_}:

eMYJO npo~y, AoçaBn~nCR rpaQ:l~T 15G-% OT Beca/. Ha Ta6n~~b! Q~AIiO," Bo-ne~B~x~ 110~~ 3~eMeHToB c HK3K~~~ ~OHH3~~I.10HH~M~ nOTeH~I.1~

..4,io pe3Y{lb,Tá,Tbl ~CJ:(pOBoro,1.1 n,a·3epHorO.,Macc.-çneKTpO.MeTp~4eCKoro", 'j' !1aM~ 1< 6~5 38/ 06~a~YJOTC~ B pe3ynbTaTe TepM~4ecKoi:1 HOH~3~4~~~ 
aHaJ;t'1.30B HãXOA~HCR a YAo~n~T,Bop~Te.QbH~M COO,~BeTCT~~I.1. Tq,-r~KO BO-DTOpbtX, 3Ha'4~TeIlbHble BblXOAbt :3J1eMeHTOB c BblCOKHMI.1 nOTeH
AIlR· Bãt;taAI-1R .na3epH~I~ K03cj)et>l1l.\l.1eH! 9:rHOC~TellbHOi1 4YBCTB~TenbHOCT~:/' 4I.1anãM~' ~dH1.13a411H iw, Tal YKa3b1Ba~T Hâ~~6pa30BàH~e B ~CT04HI.1Ke 
'jK04/ COCTaBmreT 14, a ~cKpoBOi:1 - 2,4. t';' 1.10HOB B'~coKoTeMhepaTYPHOH- náaepaoü nnâ3Mbl/ 9/ oo 
6 . 7 
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'I
 
MHTepeCRble peayns r aru 6blJ111l nonyueau npa auanaae >KeIle3HOrO ,t PHc.6" OTHocHTenbHoe co~ep~aHHe 

CTaH,AapTa NBS SRM 461. AIlfl 6911bwlIlHcTaa XIIlM~4eCKIIlX anexearoe K04 
HaXOAflTCfI B IIlHTepaaIle OT 0,2 AO 5,0, 111 TOIlbKO AIlfl BaHaAlIlfl K03~

$1Il~lIleHT OTHOCIIlTeJ1bHO~ ~yacTBIIlTeIlbHOCTIIl aHOMaIl~HO ~eIlIllK 111 paaeH d
100. Pe3YIlbTaT YCT0l:1411lBO eocnpoaaaonunca a ~pa3Il1ll4HblX cépuax' onbl

roa, 3TO noaaonae r caenare npennonoxeuae o a03MO>KHOM HaIllll411l11 a :t 
Ila3epHOM HCT04HIIlKe MexaHIIl3Ma éeIleKTl1aHol:1 MHoro$oToHHOH l10H~3a • I 

4~1Il. nplll4eM He06xoAIIlMO QTMeTIIlTb, 4TO KD4 Anfl aaHaAIIlR 3a911lC~T OT 1,( 
ero KOHlieHTpa411k1 a 06pa34e 111 noasuuaerca -c ee POCTOM. jo,

C nOM()l.4bID .naaepuoü MaCC-CfJeKTpOMeTpllll1 6blIllll npoaeneuu TaK>Ke
 

J1CCIleAOaaHIIl11 npoueccoa 06pa30aaHI1f1 aTOMHblX 111 MOl1eKYIlRpHblX IIlDHOa
 'lI. 
a ropfl~e~ nIla3Me. MHoro06pa311le np04eCCOB 'lIloHoo6pa30aaHlIlfl 06yc :1 
noanaaae r CIlO>KHYIO KapTJ;lHY MaccoablX cnexrpos , perwcrpapyeaax c 
nOM0l.l.lblO $oTorpa$1Il4ecKol:1 nIlaCTIIlHl<IIl. B Ta6Il. S nplllaeAeHbl AaHHble i 
RO ablXOAaM MOIleKYIlflpHb1X 110HOa npVl aaanaae NBS-cTaHAapia 4I1lpKOHlIlfl•• 

Hauõonee BblCOKYIO 111 a TO me BpeMfI HenOCTORHHYIO IIlHTeHClIlaHOCTbI1Me

IOT 1Il0HbI -ZrO T 
• OHIIl, nO-BIIlAIIlMOMY, 06pa3YIOTCfI 1113 ancopõapoaaauux 

Ha nOEepXHOCTIIl MlIlweHIIl CIloeB. nplll YMeHbweHIIlH nIlOTHocTH MOI.l.lHOC~1Il 

Ila3epHoro 113IlY4eHIIlfl Ha6IllOAaeTCfI yaeIllll4eHIIle BblXOAa MOIleKYIl~pHblX 

1Il0HOa 111 CHlIlmeHlIle IIlHTeHCIIlBHOCTIIl MHor03apflAHblX aTDMHblX 1Il0HOB. 3TIIl 

peayns r.aru corIlaCYIOT,CfI c l1CCIleAoaaHIIlRMIIl nnaasu õonee eucoxoã 
TeMnepaTYPbl / 4/ . 

'I'aõrraua 5 
HHTeHcHBHoCTb MoneKynHpHb~ 

HOHOB ~HPKOHHH B na3epHOM 
Macc-crreKTpe 

HHTeHCHBHOCTb 
~ IZr+ • 

HOHOE 

ZrO+ 9,6· 10.-1 

ZrO+ 1,5.10-5 
2 

Zr2" 7,4.10-5 

Zr20+ 3,3.10-5 

+ 2,7.10-5 
Zr202 

+Zt:'203 2,4.10-4 

tOAepmaHlIle MOlleKYIlflpHblX 1Il0HOB 

1 
+ 10 

U 
<, 

+C 

U 100 

'5 lO 15 2lJ n 

PHC.S. OTHocHTenbHoe cOAep~aHHe 

KnaCTepHb1X HOHOB 
crreKTpe rpaq,HTa. 

B MaCCOBOM 
~ f 

"

I 
11, 

a MaCCOBOM cnexrpe rpa$IIlTa q 
npencr asneao Ha PIll'C.S. B OTIllll411le 01' 'õoIlee paHHIIlX ~cCJleAOBaHIIlVl a ! /, 

naaepaoü J;t IIlCKPOBO!::1 nnasxe /cM.smc.4 111 pa6oTbl / 4 , 7I I, a 3TIIlX 3i<C

nepaxe-rrax 3aperlllCTplllpoaaHO j.lJHOe pacnpeneneuae MOIleKYIlflpHblX 1-10

HOB yrIlepoÃa~ 3Aecb MaKCIIlManbHYIO IIlHTeHCIIlBHOCTb IIlMelOT 1Il0Hbl, co

lO·}' . 
"ti "~o 1\ .' '-l 

}'fi"~1!I . i'~/1\ '''o ~ '~'" j.l ,\ I,~ \/\ 
• 6 <, 1\ .-\ 

10:t.l'\1\ '. ./\\. 1! / 
10~ X~\ \ \ ~ . ' , \, 

'.. x.". , \ X,. 11 
\ 'x, 

i" ''x 
_ ~r_L.L..1....1-L.J....L....L....1i 

2468 ,'!L" 

lo i' 

Mone~ynapHb~ HOHOB ypaH~, TOp~H 

H. TYJ1H:fI B nasepaoã li HCKPOBOH,: 
IIJla3Me. 

:..> "í 

CTOfll.l.llll~ 1113 li aTOMoa Y~flepOA~o
 

Ho 3TO pachpeaeneaae liaXOAl1TC,f1
 

B COOT~eTCTaHl1 c pe3YJTbTaTaM,IIl,
 

ony6nIllKoaaHH~M~ AP-yrl1MIIl aaTopa


~1Il1tO/. B63MomHafl npl1~HHa TaKoro
 

paCXO>K,qeHlIlfl COCrbl-1T a HIIl3K0l:1 t"OI.l.l


HO~TIIl Ila3~pa, n@IIlM~HflaWerOCfI a 

B' AaHHol:1 .p aõore., , ' 

HaMV1 6blIllll npoaeneuu nasepuue Macc-cneKTpOMeTpIll4eCK~eIIlCCIleAO

aaHHfI ypaHa, TOp~R 111 IlaHTaHIIlAoa ~ SQ% A06aBKaMIIl rpa$IIlTa'OT' B~a 

06pa340B. ,lta-HHble 6blIll1 conocraaneuu c p-e3YIlb:raTaMl-1 IIlCKpOaO~ MB-CC

cneKTpOMeTpllllll. Ha plllc.6 npeACTaaneHO pacnpeAeIleHlIle Kap6~Aoa ypa

Ha a na3ep~OM 111 IIlCKpOaOM Maccoa~x cneKTpax~ ~W~OA~ HOHoa UC~ 
/n = 1+6/ c'MaKclIlMYMaMIIl AIl~ n = 2 111 n =·4 a Ila3epHOM IIlCT04H~Ke 
HaxoAflTCfI a 'cooraer c r aaa -c paue e nOIlY4eHHblt-1I1l' pe3YIlbT~TaM~/3,7I. 
,L\ayx3apflAHble MOIleKY.J1R.pHble 111 o Hbl 8 naaepnux cnexrpax 09HapymeHbl 

He 6~Illllo . 

AHaIlon14Hble pacrtpeàeneuaa ,nOIlY4eHbI_ AM C 111,CTeMbl TOPlllfl c rpa

$IIlTOM /pl-1c.6/. B cnexrpe 6b;IlIll 3ape61CTpHpOBaHbl Kap611lAbl ropua 
c MaKCIIlMaIlbHblM aTOMHblM 411lCIlOM y rnepona 6. KaK ~ a .npeAblAYl.I.leM 

CIlY4ae, OAH03apRAHble MOIleKYIlflpHble 1Il0Hbl ~3 .naaepaor-o J;lCTQ4H~Ka 
lIlt:-\elQT õonee ablcoKIIl.i1, BbIXOJ;.\., ~eM.. 1Il3 I1cKp<;>aoro. 3TIIl peayns r aru co

rIla~Y~1c~ ~'AaHHblM~ TenIl606pa36aaHIIlfl . Kap511lA6~ TOpIllR, nOIlY4eH

HblMIIl nR~. 111 CCIleAO aat1l1lflX' Ha IIlÇT04HIIlKe c Y10HY13a4~eVl' 3JleKTpOHHblM 
YA-apm/ 111. ',. l I, 

np,Y1 IIlCCneAOBaHlIl1ll 06pa30aa.HlIlfl ~~IleKYIlflPHbIX 1Il.0HOB pemcoaeaena
HblX aneaeuroe 6blIllll nony-reuu aHaJlOrW-I!-lble peayns r aru , Ha .plllc.6 

AIlfl nplllMepa npeACTaBIleHO pacnpeAeIleHlIle Kap511lAOB TYIllllfl. H 3AeCb 

nony-reau õonee aucoxne IIlHTeHC}1aHOCTIIl KIlaCTepOB AIlfl naaecuoro 
IIlCT04HIIlKa, 4eM AIlfl IIlCKpOaOro c MaKCIIlMYMaMIIl AIlfl 4eTHblX aTOt-1HbIX 

~IIlCeIl yrnepons , He06xOA14MO OTMeTIIlT b, 4TO AIlfl acex IIlCCIleAOaaHHblX 

CIIlCTeM auxon Kap614AoB naaaer c yaeIlW..feHlIleM 411lCIla aTOMOS yrrie
pOAa. 

3AKnI04EH~,E ti BbIBO:Abl 
, I' 

.,lJ,Ilfl nIlOTt"lOCTIIl' MOW.HocTIIl !1a3epHOrO 1Il3IlY4eHHfI. 

/1'·10~ ;. 2.109 j BT/ÇM2 nplll~A'lIlaMeTpe na rua Ha rtoaepxaocra MIIl.weHIIl 

~Sf25 MKM AaHH~e Ila3epHol:1 ~ ~cKpoaol:1 Macc-cneKTpoMeTpllllll Xopowo 

corrracyorca .. B naaepuoã nnaajse -raxxe p6pa3.YJQTCfI MOIl~.KYIlflpHble 

1Il0Hbl c ablCOKIIlM BblxoAOM. l-1HTeHcIIlBHOCTb MOIleKYIlflpHbIX.lIlq~oa alla

aepuux MaccoablX cnexr oax CIIlIlbHO aaaaca r OT MOUJ.HOCTJ1 •naaep-mro 

'9 8 



~3IlY4eH~R I-t- naaaer c ee YBeIl~4eH~eM. 'Ho np~ paõore c õonee BbICO
'/ 

I
KO~	 MO~HOCTb~ ~3nY4eH~R AOIl~HO B03H~KaT~ Wl-tpOKOe paCnpeAeIleH~e 1 
3TOH MO~HOCT~ BCIleACTBl-te Ae$OKYCWPOBK~ H3IlY4eH~R np~ pa60Te Ila ,j 

i'.'i sepa Ha BblCOKOIIt 4aCTOTe. 3TO 03Ha4aeT, t.I!O npoueccu 06pa30BaH~R
 

MOIleKynRpHblX ~OHOB AOIl>KHbl coxoauar sca H npH õonee BblCOKO~ nIlOT

HOCTH. MoutHOCTII1 naaeoaoro ~3IlY4eH~R" KpOMe TOrO ,- MoneKYIlRpHble
 
~OHbl, no- BI1A~MOMY, Bd3H~ KalOT H np~ pacui~peR~~ naaepuoã nIla3Mbt
 ., 

3a c-re r ~OHI.13aijl1,rt,HeI::iTppm~HbIX aTOMbB ~ MOrrel<YJl ~cnapeHHoro ae
UleCTBa 1'1 OCTaTO~'H,bl'X ra30B o 3TOT 3$$eKT AOJl~eH YC~Il~BaTbCR np~ 1,1 
paõote nasepa xa "BbICOKOi1 4aCTOTe, TaK KaK np~ 3TOM noesnuae'r ca 
KOHijeHTpa4~R ~apa Be~eCTBa M~weHH B 06beMe ~OH~3aTopaQ tI 

BbixOA MHoroaapRAHblX aTOMHblX ~OHOB B- HaweM CIlY4ae õun 04eHb 
ó, 

MaJ"l. TaK, ~HTeHCI1BHOCTb ASYX3apRAHblX ~OHOB COCTaBIlRIla eA,~H~4bl 

npoueuros , a rpexaapan-rue ~OHbl 06Hapy~eHbl He 6bIIl~. AIlR YBem14e
HKR BblXOAa ABY*~ TpeX3apRAHblX KOHOB He06xOAKMO YBen~4eH~e ~IlOT

.	 HOCT~ MO~HOCTH. Ila3epHoro ~3IlY4eH~R A9 BeIl~4~H ~ S·lG9 BT/CM2 
c OAHOBpeMeHHblM YBeIl~4eH~eM A~aMeTpa nRTHa $OKYC~POBK~ AO 

~ . 
100-+300 MKM/ 12/ 

'$OKyc~poBKa ~3IlY4eH~R Ila3epa, pa6qTalO~ero a pe~H.Me MOAYIl~PO


BaHHoH A06pOTHOCT~ c BblCOKOH 4acToToJ;J l'lMnYIlbCOB,. aaTPYAHeHa. 3TO
 
np~BOA~f-T t( TOMY, 4TO nIlOTHOCT b MO~HOCT~ ~3IlY4eH~R, B axcrtepuaeu

Te Mo~eT C~IlbHO MeHRTbCR. ,&IlR YCTpaHeH~R aroro 3$$eKTa He06xo-,
 
A~MO 6blCTPO nepeneurar s M~weHb ~Il~ YKopa4HBaTb ~MnYIlbCbl naaepuo

ro 1'13nY4eHHR, -rro np-iaener K YMeHbWeH~1O rIly6~Hbl «p.arepe , KpOMe
 
Toro, peaynsr aroa paõo-ru naaepa Ha BbICOI<OH 4aCTOTe flBJ1ReTCR C~Ilb

HblH pa30rpeB M~weH~.
 

npHMeHeH~e ~OHHOH onT~K~ c W~pOK~M 3M~CC~OHHblM OTBepCT~eM
 

B 'l1oH~aaTope n03BO~IlO YBeIl~4~Tb K03$$~4~eHT V1cnOIlb30BaH~R Be

utec r aa MHweH~. np~ paõore c HOBOH onT~KOH OblIlO 3apen1CTp~pOBaHO
 

YMeHbweH~e BpeMeH~ uaõopa 3Kcn03~4~~ 'Ha ct>OTonIlaCT~HKe npHMepHO
 
B 30 pas , 3TO 03Ha4aeT J 4'TO BO CTOIlbKO ~e paa YBeIl~4~J1CR K03$

$H4HeHT ~cnOIlb30BaH~R aHaIl~3H.PyeMoH np06~. AnR HOBOH ~OHHOH on

T~K~ r aiose cnenyer O~~AaTb CH~~eH~R suxona MOIleKYIlRpHblX ~OHOB, 

aHaÍ1or~4Ho TOMY J KaK 3TO nOIlYI.feHO AIlR ~CKPOBOH nIla3Mbl / ct-\. pac , 4/ • 

ABTOPbl 6IlaroAapHbI al{aAeM~KY f. H. <PIlepoBY aa nocToRHHblH HHTe

pec K pa60Te ~ nOIle3Hble 06cY~AeHH.R.
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HET nH flPOBEnOB 8 BAWEA BMBnMOTEKE? 
8W MOllteTe DOJIY'IKTb DO DO'ITe nepe'IKCJieHHble HHllte KHHrH, 

ec.aH OHH He 6biJIH 3aKa3aHbl paHee. 
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Jl17-84-850 

A10,11-84-818 

A4-85-851 

TPYAW II·MeMAYHapoAHoro CMMn03HyHa no H36paHHWM 
npo6neKaM CTaTHCTH~eCKOH MeXaHHKH. ay6Ha, 19~1. 

TpyAW IV coae~aHHR no Hcnonb30BaHMO HOBWX RACPHO
~H3H~CCKMX HeTOAOB AnA peWCHMR Hay~HO•TCXHH~CCKHX 
M HaPQAHOX03RHCTBCHHWX 3aAa~. Jly6Ha, 1981. 

TpyAW coa~aHMA no MccneAoaaHHAH a o6nacTM 
penRTHBMCTCKOK RACPHOK ~H3HKH, Jly6Ha, 1982. 

Tpy~w coaewaHMR no xonnexTMBHWH MeTOAaH 
ycxopeHHA. Jly6Ha, 1982. 

TPYAW IV lle)l(,tlyHapoAHOH wxonw no HCHTPOHHOK 
~H3HKe. Jly6Ha, 1982. 

TPYAW cosewaHHR no CHCTeMaM H MeToAaM, 
aHanHTH~eCKHX B~HcneHHH Ha 38H H HX npHMeHeHHO 

8 TCOpeTH~CCKOK ~H3HKC. Jly6Ha, 1982. 

TPYAW Mell<,t\yHapOAHOH wxonw-ceMMHapa no ~H3MKe 
fR*enwx HOHOB. AnywTa, 1983, 

TPYAW pa6o~ero coaewaHHR no npo6neHaH Hsny~eHHR 
H ACTCKTMPOBaHHA rpaBHTaUHOHHWX BOnH •. Jly6Ha, 1983. 

TPYAY XI Me~AYHapOAHOro CHHno3HyHa no 
RACPHOH 3nexrpoHHKe. 6parHcnasa, 
II tl"\01 ............. _ .................... ., ... ., .. 

TPYAW 7 Xe)l(,tlyHaPoAHoro cosewaHHR no npo6neHaH 
KBaHTOBOH TeopHH nonA·. AnywTa, 1984. 

TPYAW VII Mc•AYHapoAHOro ceMHHaPa no hpo6n~~aH 
~H3HKH BWCOKHX 3HeprHu. Jly6Ha, 1984. 

TPYAW W Me)l(,tlyHapoAHoro CHHno3HyHa no H36paHHWH 
npo6neHaM cTaTHCTH~ecxoit MexaHMKH. AY6Ha,1984. 
/2 TOHa/ 

TpyAw V ~e~AYHapoAHOro cosewaHHA no npo-
6neHaH HareMaTH~CCKOro MOACnMpO&aHHR, npo
rpaHMHpOBaHMO H HaTeMaTH~CCKHH HeTOAaH pewe
HHR ¢H3H~eCKHX 3aAa~. gy6Ha, 198) 

TPYAW IX Bcecoo3HOro coaewaHHR no ycKOpHTenAH 
3ai)A*eHHWX ~aCTM~. Jly6Ha, 198" /2 TOHa/ 

TPYAW Mell<,t\yHapOAHOH WKOnw no CTPYKType 
RAPa, Anywra, 1985. 

5 P· r.o x. 

3 P• 80 K. 
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H3~&TenbCKHH OTnen 06DenHHeHHOrO HHCTHTYTa RnepHWX HCCnenoBaHH~ 

AHT~e x.-M. H AP· P13-86-199 
Macc-cneKTpDMeTp~~eCKHM aHanH3 cneAOB B TBePAWX B~eCTBaX 
C noMO~bO BWCOK04aCTOTHOrO na3epa flTM501 

·MccneAoaanacb B03MD*HOCTb ~cnonb30BaHHft na3epHoro MCt04HHKa HOHOB Ha 
OCHOBe BWCOK04aCTOTHOrO na3epa flTM501 AflA ynbTpa4yBCTB~enbHOH Macc-cneKT
POMeTPHM. 6wna BW6paHa OnTHManbHaft MOHHO-OnTM4eCKaft cMC:ieMa H3Bne4eHMft H 
$QpMHpDBaHHA ny4Ka, n03BOflHBWaft B 30 pa3 nOBWCHTb K03~H~HeHT ~CnOnb30BaHHft 
Be~CTBa npo6w H yaenH4MTb pa3peweHHe Macc-cneKTpoMeTpa A0 10000. npOM3Be
AeH aHanH3 Macc-cneKTpOMeTPM4eCKHX CTaHAapTOB H onpeAeneHW K03~~HeHT~ 
OTHOCHTenbHOM ~YBCTBHT~nbHOCTH Aflft WHPOKOrO Ha6opa XHMH4BCKHX 3neMeHTOB. 
H3y4eHO o6pa30BaHHe MOneKynftpHWX HOHOB· B na3epHOM HCT04HHKe. CAenaHW SWBO
AW 0 B03MO*HOCTH npHMeHeHHft AaHHOro MCT04HMKa HOHOB B ynbTpa4yBCTSHTenbHOH 
Macc-cneKTpDMeTpMH. 

Pa6oTa awnonHeHa a na6opaTOPHM ftAePHWX peaKUHM OMRM. 

Coo6!ues11e Ofil.e,IUIHeRHOI'o RHCTHtyTa JlllepHWX HCX:ne.aoiiUIHii • .llyt5Ha 1986 

nepeBOA ~.C.BHHOrpaAOBOM 

Dietze H.-1. et al .P13-86-199 
Mass-Spectr~etric Analysis of Trace Elements In Solid Materials 
by Means of LTI 501 High Frequency Laser 

A possibility of using a laser source on the base of LTI 501 hi.gh fre 
quency laser for ultrasensitive mass-spectrometry was investigat~d. Opti
mum ion-optical system of beam extraction and forminq has been ch~sen. lt 
permitted to enrich by a factor of 30 the coefficient of sample matter use 
and to increase the mass-spectrometer resolution upto 10000. Mass-spectro
metric standards have been analysed, and relative sensitive coefficients 
have been determined for a wide set of chemical element-s,·The formation of 
molecular ions in the laser source was studled. The conclusions about the 
possibll ity of application of the ion source In ultrasensitlve mass-spec-
trometry are dra~m. · · --

The investigation has been performed at the Laboratory of Nuclear 
Reactions. J I HR. 
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