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npo,qonmeH~e pa6oT no noHcKy ceepxT.Rmen~x 3neMeHTOB /CT3, 
A> 250/ e npHpo,qe Tpe6yeT npHMeHeHH.R BbiCOK04yecTBHTenbHbiX MeTo
AHK, n03BOnRIOiqHX H,qeHTHCI>HL\HPOBaTb npHpO,qHble HYKnHAbl no Maccoeo
MY 4HCny HnH nop.R,qKOBOMy HOMepy. 

K Ha~TOR~qeMy epeMeHH M6mHo C4HTaTb ycTaHoeneHH~M, 4TO cpe,q
Hee Co,qepmaHHe CT3 e ee~qecTee ConHe4Ho~· CHCTeM~ Mano H He npe
e~waeT 1o-14 r/r. 3KcnepHMeHT~, e KOTop~x npoeo,qHnacb perHcTpa
L\HR C06~TH~ MHOmecTBeHHO~ 3MHCCHH He~TpOHOB B npHpO,qH~X o6paa
L\aX, ,npHeenH K o6HapymeHHIO HeHaeecTHoro ,qonromHey~qero cnoHTaHHO 
,qen.R~qeroc.R HYKnH,qa e HeKOTOpbiX MeTeopHTax1 1~ EcnH npe,qno~omHTb, 
4TO 3TOT HyKnHA ,qe~cTBHTenbHO npHHa,qne>KI-IT K o6nacTH CT3 c z ~ 11 0, 
TO ero CO,qepmaHHe no nop.R,qKy Beni-14HHbl OKa3biBaeTCR 6nH3KHM K yKa
aaHHOMY npe,qeny. Co6biTHR MHomecTseHHO~ 3MHCCHH He~TpOHOB 6blnH 
3aperHCTpHpOBaH~ TaKme ,qnR npo,qyKTOB, nony4eHH~X npH XHMH4eCKO~ 
nepepa6oTKe reoTepManbHbiX pacconoe n/o lleneKeH /IOro-BocT04Hbl~ 
KacnH~// 2/. XoTR cKopoCTb c4eTa 3THX: co6b1TI-1~ ,qnR nony4eHHbiX npo
AYKTOB nepepa60TKH 6blna HeCKOnbKO BbiWe, 4eM B cny4ae MeTeOpHTOB, 
KOHL\eHTpaL\HR rHnOTeTH4ecKoro CT3 e HCXOAHOM paccone 6~na o4eHb 
HH3KO~. no3TOMY npH paCCMOTpeHHM B03MOmHOCT~ HCnOnb30BaHHR Macc
cneKTpOMeTpa ,qnR H,qeHTHCI>HKaL\HH cnoHTaHHO ,qen.R~qeroc.R HyKnH,qa cne
,qyeT c;rpeMHTbCR K MaKCHManbHO BbiCOKO~ 4YBCTBHTenbHOCTH, KOTOpa.R 
B npe,qene ,qonmHa AOCTH4b 1 0- 14r/r • .[lnR AOCTHmeHH.R CTOnb BbiCOKO~
KOHL\eHTpaL\HOHHO~ 4yBCTBHTenbHOCTH H B03MOmHOCTH OAHOBpeMeHHO~ 
HAeHTHCI>HKaL\HH no MaCco{ioMy 4HCny HaMH 6bln pa3pa60TaH npOeKT, 
ynbTpa4yBCTBI-1TenbHoro Macc-cneKTpoMeTpa "JlVI,[IVIA"/ 3~ Hap.R,qy c aa
,qa4e~ no1-1cKa CT3 Maca-cneKTpoMeTp MomeT TaKme npHMeH.RTbCR ,qnR 
o6HapymeHI-1R Man~x npl-1Mece~ e 41-1CT~x o6pa3L\ax, H3Y4eHI-1R npo,qyKTOB 
.R,qepHbiX peaKL\1-1~ H A.riR ,qpyri-IX L.lene~ B np!-1Kna,qHbiX 1-1 CI>YHAaMeHTanb
H~X i-1CCne,qoBaH!-1RX. 

npe,qyCMOTpeHHa.R MHOrOCTyneH4aTa.R CHCTeMa paa,qeneHHR ,qn.R no
,qaeneHI-IR CI>OHa nepepacce.RHHbiX I-IOHOB 1-1 VlcnonbaoeaHH~ naaepHoro !-1C
T04H!-1Ka I-IOHOB /JlVIVI/, KaK Ha1-16onee nepcneKTI-IBHOrO C T04KH 3peH!-1R 
MHHVIManbHOrO B~XO,qa 3ap.R>KeHH~X MOneKyn, n03BOnRT, Ha HaW B3rnR,q, 
o6ecne4!-1Tb OTHOCHTenbHYIO 4YBCTB!-1TenbHOCTb /1 o- 12 -1 o- 14 I .aT) aT. 
B o6naCTH MaCCOBbiX 4HCen :A> 250. Bbi60p naaepHoro HCT04HHKa I-IOH,OB 
npe,qno4THTeneH TaKme Ha-aa Manoro pacxo,qa ee~qecTea, eoaMomHOCTVI 
npoee,qeHHR noKanbHOrO aHanVI3a, OTCyTCTBVIR ceneKTHBHOCTVI i-10HI-19a
~~~~~~~, CB060,q~ OT HOHH~X KOMnOHeHT, He CB.R3aHH~X C MaTepVIanoM MH
WeHH, a TaKme H3-3a npOCTOT~ H Ha,qemHOCTH B 3KcnnyaTaL\HH. 

Macc-cneKTpoMeTpV14eCKOMY. Vlccne,qoeaH!-110 naaepHo~ nnaaM~ noce.R
~qeHo 60nbWOe 4HCnO pa6o! 4- 7 ~ Vl3y4eHbl 3HepreTH4eCKHe, 3CjPRAOBble 
VI yrnoe~e pacnpe,qeneHHR OAHO- H MHOr03ap.R,qH~X aTOMH~X HOHOB nnaa-
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Pnc.1. CxeMa 3KcrrepnMeHTanbHOH yc
TaHOBKH: 1 - HaCTpOetiHbiH reJtHH-Heo
HOBblH Jtasep; 2 -· OITTH'IeCKHH KBaH
TOBbiH reHepa Top; 3 - pas,~:~ennTeJib
HaH ITJiaCTHHa; 4 - ¢OT03JieMeH1' 
<!>3K-09; 5 - He:HTpanbHbie CBe,1'o¢HJibT
Pbi; 6 - Jlllli; 7 - MHJlleHb; 8, 9 - Bbi-. 14 THrHBaiOID;HH H YCKOpHIOm;HH 3JteKTpO,[Ibi; 

\ 

I 
10, 12 - BXO,[IHOH H Bb!XO,[IHOH rraTpy6-
KH MarHHTa; II - ceKTOPHbiH MarHHT; 
13 - ITpHeMHOe YCTPOHCTBo; 14 - sa
ITOMHHa!Om;HH OC~HJ!Jtorpa¢. 

Mbl. noKa3aHo, 4TO B ¢opMHpOBaHHH 3HepreTH4eCKOrO cneKTp·a HOHOB 
eamHyiO ponb MrpaiOT MexaHH3Mbl ycKopeHI-IR e caMocornacoeaHHOM .3.rieKT
PH4eCKOM none 1-1 rMAPOAHHaMH4ecKoro paaneTa-nnaaMeHHoro crycTKa 
B BaKY¥M/B,9/.YI<a3aHHble BOnpOCbl paCCMOTpeHbl, HanpHMep, B 0630pHO~ 
pa6on! 10

( O,qHaKo e nVITepaType HMeeTcR Mana ,qaHHbiX o BbiXo,qax 1-1 

3HepreTH4eCKHX cneKTpax MOneKyn.RpH~X HOHOB B naacipHO~ nnaaMe, 
H3y4eHHIO KOTOp~X nOCBRiqeHa ,qaHHa.R pafiOTa. 

onoK-cxeMa 3KcnepHMeHTanbHO~ ycTaHOBKH npHee,qeHa Ha pHc. 1. 
0CHOBH~MH ee Y3IlaMH .RBn.RIOTCR OnTH4eCKH~ KBaHTdB~~ reHepaTop, na-
3epH~~ HCT04HHK HOHOB, CeKTOpH~~ MarHHT H ,qeTeKTOp HOHOB C B~XQ
AOM Ha aanOMHHaiO~qH~ OCL\Hnnorpa¢. PeaynbTaT~ nony4eH~ c Hcnonbao
eaH!-1eM naaepa JlTVI nLJ-8, reHepHpyiO~ero 3HeprHIO 60 M,[lm a VIMnynbce 
,qnHTenbHOCTbiO 12 HC. npH CI>OKYCHpOBKe ny4a B n.RTHO nno~qa,qbiO 
7· 10-
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MaKCVIManbHa.R nnOTHOCTb MO~HOCTVI H3ny4eHHR paBH.Rnacb 

7·10
9 BT/cM~ np111 Heo6xo,q~MOCTH Hany4eHVIe naaepa ocna6nRnocb Ka

n1-16poeaHH~MH He~TpanbH~MH CBeTO$HnbTpaMH. 
.[lnR $OpMHpOBaHHR H YCKOpeHMR HOHHOrO ny4Ka npMMeH.RilaCb Tpex-

3ileKTpO,qHa.R ~eneea.R onTMKa 11~ 06paadeaHHa.R Ha noeepxHoCTM MI-1WeHH 
naaepHaR nnaaMa pacwHpRnacb BHYTPH nepeoro 3neKTpo,qa /3KcnaH,qepa/, 
npe,qcTaenRIO~ero co6o~ ,qpe~¢oey10 Tpy6Ky ,qHaMeTpoM 35 MM c paaMe
paMH BbiXOAHO~ ~enH 3 · 1 0 MM 2• 8 3KCnepHMeHTaX HCnOJlb30BaJlHCb Tpy6-
KH c paanH4HbiMH ,qnHHaMH: 75, 1 00 H 150 MM. B ,qaHHO~ pa6oTe see 
H3MepeHHble senH4HHbl npHse,qeHbl AilR 3KcnaH,qepa AilHHO~ 100 MM. Ha 
3TOT me 3neKTpo,q no,qaeanocb s~coKoe Hanp.RmeHHe +40 KB. BTopo~ 
H TpeTM~ 3ileKTpo,q~ HaXOAHilHCb no,q HyneB~M noTeHL\ManoM no OTHOWe
HHIO K KOpnycy. ny40K HOHOB C 3HeprHe~ 40 K38 aHaJlM3HpOBaJlCR ceK
TOpH~M MarHHTOM, yron nosdpOTa B KOTOpOM COCTaBil.Ril,60°. Bxo,qHa.R 
anepTypa n03BOI1Rna nponycKaTb 4epe3 MarHHT VIOH~, ABHraBWHeCR 
s ,qHanaaoHe yrnos +5° no ropH30HTan~ VI +2° no sepTHKanM no OTHo
weHHIO K L\eHTpailbHO~ TpaeKTOPVIH . .[IHcnepc;R MarHHTHOrO cneKTpOMeT-

\, pa pasH.Rnacb 18 MM/% Bp, co6cTseHHoe paapeweHHe ·A/~A = 600. B Ka-
4ecTse perHCTpHpyiO~ero YCTpO~CTBa MCnOJ1b30Banc.R ilH60 3ileKTpOHHbl~ 
YMHO>KHTeJlb B3Y-2A, nH6o L\HilHHAP Cl>apa,qe.R, ycTaHoeneHHbl~ e Cl>oKanb
HO~ nnocKOCTH cneKTpoMeTpa. CMrHan c ,qeTeKTopa aanHc~eancR Ha 
3KpaHe aanOMVIHaiO~ero OCLI~2~~--3~~~CK KP.Qporo Ocy~eCTBJl.RJl-
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C~ C noMO~b~ $OT03neMeHTa. Pa604HH BaKyyM B CHCTeMe nOAAepmHBan
Cfl Ha ypOBHe 5 •10-6 MM pT. CT. noAp06HOe OnHCaHHe MeTOAHKH npH
BeAeHO a pa6ore11V. 

3KCnEPHMEHTAJlbHbiE PE3YJlbTATbl 1-1 HX 06CYJK.[\EHH.R 

Hcnonb30BaHHaR MeTOAHKa no3sOnRna H3Y4aTb 3apRAOB~e, 3Hepre
TH4eCKHe H yrnoswe pacnpeAeneHHfl aTOMH~X H MOneK¥nRpH~X HOHOB 
na3epHOH nna3M~. B Ka4ecrse MHWeHeR Hcnonb3osanHCb o6pa34~ xH
MH4eCKHX 3JleMeHTOB OT yrnepOAa AO CBHH4a, OKHCH MeTannoB H APY
rHe COeAHHeHHfl. npH $HKCHpOBaHHOH nnOTHOCTH MO~HOCTH na3epHoro 
H3ny4eHHR 4-10

9 
BT/CM 2 4HCJ10 H3Bne4BHHbiX HOHOB MeHRnOCb B He-

6onbWHX npeAenax /1-3/• lQllHOH/HMn. B 3aBHCHMOCTH OT MaTepHana 
MHWeHH. B npeAnOnomeHHH H30TponHoro pa3nera OAHO- H ABYX3apRA' 
HbiX HOHos/ 13/ H c y4eToM aneprypbl BbiTRrHsa~~ero aneKTPOAa MomHo 
04eHHTb nOJlHOe 4HCJ10 Ni HOHOB B nna3MeHHOM cryCTKe npH yKa3aH
HOH HHTeHCHBHOCTH H3JlY4~HHR Ni-/2-6/· ro 14 MOH/MMn. CreneHb HOHH-
3a4HH HCnapeHHOro Be~eCTBa onpeAenReTCfl OTHOWeHHeM N 1/NaT.,rAe 
NaT.- o6~ee 4Hcno McnapeHHbiX aroMas. BenM4HHa Nao:conpeAenRnacb 
ABYM~ cnoco6aMH: nyreM 04eHKM o6beMa o6pa3osaawerocR Kparepa 
H B3BeWMBaHMR pacn~neHHoro ae~ecrsa. I-13MepeHH~e aenH4MH~ NaT. 
oKa_aanHCb· a npeAenax /0,5-1,5/·10 15 ar./MMn. CneAoaarenbHo, Ha-
6niOAaeMaR B HaWHX 3KCnepHMBHTaX CTeneHb HOHH3a4MM 6b1na Ha ypoa
He geCRTKOB np04eHTOB, 4TO HennOXO cornacyeTCR C AaHH~MH/ 1 ~. 

I-13BBCTHO, 4TO BpBMfl lliM3HH MOJlBKYJlflpHbiX HOHOB CHnbHO YMBHb
waeTCR C nOBbiWBHMeM KpaTHOCTM MOHM3a4HM M HanpHMep, npM q"' 3+ 
no nopRgKy aenM4MH~ He npea~waer 100 Hc/ 1~3ro npHBOAHT K SHnb
HOMY YMBHbW~HH~ AOnM 3apflmeHHbiX MOneKyn B aHanH3MpyeMOM ny4Ke. 
noaroMy a npoeKre "Jli-1.[\HA" gnR aneMeHTHoro aHanM3a npMPOAHoro 
o6pa34a nnaHHpyercR Mcnonb30BaHHe nepe3apflmeHHbiX 2 + ... 1 + HnM 
3+ ... 1+ KOMnoHeHr HOHHoro ny4Ka. B 3TOH CBR3M craHOBMTCfl Heo6xo
AHMbiM Bbi60p OnTMManbHOro pemMMa B03geHCTBMR na3epHoro H3JlY-4eHMfl 
Ha BeUjeCTBO, npH KOTOpOM Ha6niOAaeTCfl 3Ha4HTenbHbiH BbiXOA HOHOB 
C KpaTHOCTb~ HOHM3a4HM OT q,.2+ go q,.4+. CreneHb norno~eHHR H3-
ny4eHHR cryCTKOM H BWXOA MHOr03apflgH~X MOHOB 3aBHCfiT OT HHTBH
CHBHOCTH nasepHOrO H3Jly4eHHR H AHaMer'pa nfiTHa $OKYCHpOBKH /l6/. 

B HawHx 3KcnepHMeHrax 6~nM 3aperHcTpMposaH~ HOH~ c MaKCHManbHOH 
KpaTHOCTb~ HOHM3a4MH gO q,.,6-J: npeACTasneHHble B Ta6n. 1 gaHHble no 
3apfiAOBOMY cneKTpy gnR HOHOB pa3nH4HbiX 3JleMeHTOB npHBegeHbl AnB 
gHaMeTpa nRTHa $OKYCHPOBKH 300 MKM H nnOTHOCTH MO~HOCTH 
3-10 9 

Br/cM 2• 

1-13 ra6n114w BMAHO, 4To AJlR aneMeHroa r11na Fe , Ni , Cu MaKcH
MYM 3apfiAOBOro cneKTpa np11XOAHTCfl Ha 110Hbl C q,. 2+. 8 o6naCTI1 cpeg
HMX 11 TRmenwx Mace B nna3MeHHOM cryCTKe Ha4HHa~T AOMMHI1pOBaTb 
OgH03apRgH~e HOH~, OAHaKO B~XOA gsyx- 11 Tpex3apfiAH~X KOMnOHeHT 
OCTaeTCfl AOCTaT04HO B~COKHM M COCTaBnfleT COOTBeTCTBeHHO /15-25/% 

9 ' 2 11 /1-7/%. npM nepexoge K nnoTHOCTfiM noroKa w,. 7·10 Br/cM 4Mcno 
ABVX- 11 TpexsapflgHWX 110HOB yBeJlH4MBaeTCfl B cpegHeM B 1,5 pa3a. 
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Ta6nm~a 

' • 
0THOCHTeJibHbiii Bb!XOA HOHOB HS JiasepHOH IIJiaSMbi 

npH HHTeHCHBHOCTH ~SJiy~eHHfl 3·I09 BT/cMa 

AgBr Osi 

Fe Cu Br Ag Mo In I Gs Ta Pb 

I+ 0,35 0,39 0,8I 0,79 0,70 0,80 0,73 0,75 0,68 0,85 
2~ 0,53 0,50 0, I5 0, I6 0,23 o, 16 0,22 0,20 0,26 0,13 
3+ 0, I2 0, I I_ 0,04 0,05 0,07 0,04 0,05 0,05 0,06 o·,_o2 

6~1111 nposegeH~ cne411anbH~e HccnegosaHI1fl no 04BHKe s~xoga ' 
gsyx- M TpexsapflgHbiX MOHOB gnR HeKOTOpbiX MI1WeHeH. B 3TI1X 3KCne
PI1MeHTaX HCcnegyeMbiH 3JlBMeHT npHCYTCTBOBan B Bl1ge 5% aTOMHOH 
go6aBKM B MaTp114e 113 $Oc¢arHoro CTeKna (P20 5 :Al20 aSiO 2). nnor
HOCTb MOUjHOCTM 113ny4BHMfl H AHaMeTp nfiTHa ¢OKYCHpOBKH OCTasani1Cb 
6e3 H3MBHBHMfl. PeaynbTaTbl no BbiXOAY MOHOB C q"' 2 +, 3 + no OTHO
WBHI1~ K 0AH03apflgHbiM npHBegeHbl B Ta6n. 2. 

Ta6Jim~a 2 

0THOCHTeJibHbiH Bb!XO,[I ,[\ByX- H Tpexsapfl,[IHbiX HOHOB 

AJifl npHMBCHbiX 3JieMBHTOB 

3apHAHOCTh HoHa Fe 

z+ o,4o 

3 + 0, 07 

Nb 

0,32 

0,05 

In 

0,25 

0,06 

La 

0,22 

0,04 

Ta Pb 

0,34 0,32 

0,085 0,04 

Bl1gHO, 4TO B WHPOKOM MacCOBOM gMana36He BbiXOAbl MOHOB C q = 
2+, 3+ MeHR~TCR He 6onee 4eM B 2 pasa. 

nocKOnbKy CKOpOCTb np04eCCa peKOM611Ha4MH 110HOB 3aBHCHT OT 
nnorHOCTM .H reMneparypbl nna3t-~eHHoro crycrKa, MOmHo omMgarb 113-
MeHeHMfl s 3apflgOBOM 11 3HepreTM4ecKoM cneKrpax AJlR gaHHoro ane
MeHra B 3aBI1CMMOCTM OT COCTaBa MaTp114~ 06pa34a . .[\eHCTBI1TenbHO, 
~posegeHH~e 3Kcnepi1MeHT~ c MHWeHRMH M3 ¢oc¢aTHoro creKna noKa-
3anH, 4TO OTHOCMTeJlbHbiH BbiXOA TflllieJlblX 110HOB C q = z+, 3+ yse
JlH4118aeTCfl 8 1 ,5-2 paaa no cpa8HeHH~ C B~XOAOM 3TMX me HOHOB 

' 

gnR 411CToro o6pa34a roro me 3neMeHra. npoHCXOAI1T c8oeo6pa3Hafl 
"saKanKa" MHorosap.AgHbiX HOH08 THmenoR npHMeCM 8 nna3MeHHOM crycr
Ke nerKOH MaTPM4b!. TaKyiO 11 3aKanKy11 Mbl 06b.RCH~eM 6biCTpbiM npeKpa
UjeHHeM npo4ecca peKOM611Ha41111 B~COK03ap.AgH~X 110H08. npi14MHOH 3TO
ro HBnReTcR nageHHe nnoTHOCTH nna3M~ npM ee pa3nere 8 saKyyM. 
1-iHTepsan BpeMeHH, 8 Te4eHHe KOTOporo npOHCXOAMT peKOM6HHa4M.FI 
8biCOK03ap.AgHbiX TRllieJlbiX MOH08, OKa3biBaeTC.FI 8 nerKOH MaTpHL!e MeHb-
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PHc. 2. Ocu;HJIJiorpaMMa HMnyni>ca TOKa p,.rrH o,o;Ho3apHp;HbiX 
HOHOB cepe6pa /~A = I 07/: a/ IUHPHHa 111eJIH I, 5 MM; 
6/ IUHpHHa llleJIH 15 MM. 

We no epaBHeHH~ e BpeMeHeM peKOM6HHa~HH TaKHX me HOHOB B nna3-
MeHHOM eryeTKe 4HeToro o6pas~a. • 

MaKeHMYM 3HepreTH4eeKoro eneKTpa OAH03aPHAH~X HOHOB eBHH~a, 
o6pasosaHH~x s pesynbTaTe ssaHMOAe~eTBHH nasepHoro H3ny4eHHH 
e MHWeHb~ H3 MeTannH4eeKOrO eBHH~a, eOOTBeTeTBOBan 3Hepr~H 
E= 90 38. MaKeHMyM Toro me eneKTpa B eny4ae MHWeHH H3 $oe¢aT
HOrO eTeKna e npHMeeHO~ AObaBKO~ eBHH~a HaXOAHneH npH 3HeprHH 
E= 220 38. AHanorH4HOe eMe~eHHe Ha6n~AanOeb TaKme AnH HOHOB 
eBHH~a e Q> 1+ H AnH HOHOB APYrHX THmenbiX 3l1eMeHTOB. TaKoe eMe
~eHHe MpKeHMyMa eBHAeTenbeTByeT 06 y4aeTHH npHMeeHbiX TH>KenbiX 
HOHOB B KOnneKTHBH~X 3$$eKTaX yeKopeHHH B nasepHO-nna3MeHHOM 
eryeTKe nerKO~ MaTpH~~. 

Ha6n~AaeMaH 11 saKanKa~'1 ey~eeTBeHHa npH noHeKax CT3 s npHPOA,e, 
TaK KaK OeHOBH~e TMn~ nopOA 3eMHO~ KOp~ eOAepmaT rnaBH~M o6pa-
30M sneMeHT~ e AS 60, TO eeTb HMe~T nerKy~ MaTpH~y, 6naronpHHT
HY~· AnH MHOrOKpaTHO~ HOHH3a~HH peAKHX THmenbiX 3neMeHTOB. 

MenonbsosaHHaH B AaHHO~ pa6oTe exeMa H3y4eHHH nasepHo~ nnas
Mbl /eM. ,pHe. 1/ nossonHna Ha6n~AaTb HeKOTQPble HHTepeeHble oeo6eH
HOeTH 3HepreTH4eeKHX eneKTpOB HOHOB, 3TO AOeTHranoeb 6naroAapH 
B03MO>KHOeTH H3MepeHHH BpeMeHH ABH>KeHHH HOHOB Ha KOpOTKO~ 6ase OT 
nnoeKOeTH MHWeHH AO BbiXOAHO~ ~enH 3KenaHAepa, noeneAY~~ero HX 
yeKopeHHR H aHanHsa no Maeee. B pesynbTaTe 6~no o6HapymeHo, 4TO 
BpeMeHHOe paenpeA~neHHe HMnynbea TOKa OAH03apHAHbiX HOHOB HMeeT 
enO>KHY~ eTpyKTypy, B KO"J:OpO~ MO>KHO BbiAenHTb TpH rpynnbl MOHOB 
/eM. pHe.2/~ AnH npHMepa Ha pHe. 2 noKasaH~ oe~HnnorpaMM~ TOKo
BbiX HMnynbeOB OAH03apHAHbiX J-iOHOB eepe6pa e ~A= 1 0], eHHTble npH 
ABYX pa3Mepax BXOAHO~ ~enH ~HnHHApa $apaAeH. npH H3MepeHHHX e 
,Y3KO~ ~enb~ YAaeTeH 4eTKO BbiAenHTb TpexnHKOBy~ eTpyKTYPY TOKOBO
ro HMnynbea. 

noeKOnbKY BpeMH nponeTa B Maee-eneKTpOMeTpe OAHHaKOBO AnH Beex 
Tpex KOMnOHeHT, pa36poe BO BpeMeHH 3aAepmKH eBH3aH e pa36poeOM 
BpeMeHH APe~$a B 3KenaHAepe. 0eHOBHaH 4aeTb OAH03apHAH~X HOHOB 
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PHc.3. 3HepreTH~ecKHH crreKTp 
o,o;HosapH,!J;HbiX HOHOB cepe6pa 
I .A = I 07 I. 

OTHOeHTeH K nepBQ~ rpynne /ne
B~~ nHK Ha pHe.2, MaKeHMYM n~Ka 
BbiXOAHT 3a pa,::,KH 3KpaHa oe~Hn
norpa¢a/ H paenpeAeneHa B SHep-

3HEPf11G (38] 
1000~ reTH4eeKOM HHTepsane/30-600/ 38. 

TaKoe 3HepreTH4eeKoe pacnpeAene
HHe THnH4HO AnH yeKopeHH~X HOHOB nasepHo~ nnasM~/B~ noporos~e 
3Ha4eHHH MHTeHeHBHOeTM na3epHoro H3ny4eHHH AnH o6pa30BaHMH AaH
HO~ ~OHHO~ KOMnOHeHTbl eoeTaBnH~T /2-6/·10 8 BT/eM 2 AnH seex He
cneAOBaHH~X MHWeHe~. 

B o6naeTM sHeprM~ E < 30 sB Ha6n~AaeTeH AOeTaT04HO BbleOKH~ 
B~XOA 0AH03apHAH~X HOHOB /AO 20% OT KOnH4eeTBa OAH03apHAH~X MO
HOB nasepHo~ nna3Mbl/. XapaKTepHbiM AnH 3To~ 3HepreTM4eeKo~ o6na
eTM HBnHeTeH HanH4He ABYX MaKeHMYMOB e 3HeprHHMH OKOnO 10 ~ 
2 38 /BTOpO~ M TpeTM~ nMKH Ha pMc.2/. B~XOA HOHOB C 3HeprHHMM 
2 3B eoeTaBnHn AO 5% OT B~XOAa yeKOpeHH~X MOHOB nasepHO~ nna3M~ 
H 3aBHcen OT 1MaTepMana MHWeHH. 3HaH Macey MOHa ~ AnHHY APe~$0-
BO~ Tpy6KH, a TaKme HMeH epeMeHHY~ KapTHHY HMnynbea TOKa, MOmHO 
noeTpoHTb KpHBY~ 3HepreTH4ecKoro paenpeAeneHHH. Ha pMe.3 npeA
cTasneH 3HepreTM4eCKMA cneKTp OAH03apHAH~X MOHOB cepe6pa. 

BHAHO, 4To e 3HepreTM4eeKoM eneKTpe Ha6n~AaeTCH nnaBH~~ ·poeT 
BbiXOAa MOHOB TpeTbe~ rpynnbl AO 3HeprM~ 0, 5 sB. AanbHe~wee npo
ABHmeHHe B o6naeTb MeHbWMX 3HeprM~ M onpeAeneHMe T04Horo nonome
HMH HM3K03HepreTM4eeKOrO MaKeHMyMa orpaHM4eHO 4yBCTBHTenbHOCTb~ 
MeTOAHKM. noporOB~e 3Ha4eHHH MHTeHeMBHOCTM nasepHOro H3ny4eHMH 
AnH o6pasoeaHMH TpeTbe~ H nepso~ rpynn MOHOB cosnaAa~T .. 3To cos
naAeHMe yKa3biBaeT Ha npHMYIO CBH3b MemAY pO>KAeHMeM na?epHo-nnas
MeHHOrO eryeTKa M MOHOB TpeTbe~ rpynn~. HH3KO~ 3Ha4eHHe 3HeprHH 
/-0,5 38/ n03BOnHeT npeAnOnO>KHTb, 4TO o6pa30BaHMe HOHOB 3TO~ 
rpynn~ B~3BaHO BTOpM4H~M B3aMMOAe~CTBHeM nna3MeHHOrO eryCTKa 
C nosepXHOeTbiO MHWeHH. Ha B03MOmHOeTb o6pa30BaHMH TaKHX MOHOB 
yKa3biBanocb rfl?~ 0AHaKO MOHbl C TaKHM MeXaHH3MOM o6pa30BaHMH 
3KcnepHMeHTanbHO paHee He M3y4anHCb. 

npM Meene~oBaHHH 3aBMeHMOeTH B~XOAa MOHOB BTOpO~ rpynn~ 
/~0 38/ OT ~nOTHOeTM MO~HOCTH M3ny4eHMH yeTaHOBneHO, 4TO AnH 
3TO~ rpynn~ MOHOB xapaKTepH~ HM3KMe noporoe~e 3Ha4eHHH HHTeHCHB
HOCTH nasepHoro ny4a -10 7 BT/CM~ Ha pMe.4 npMBeAeHa sasHCMMOCTb 
BbiXOAa OAH03apHAHbiX MOHOB CBHH~a OT MHTeHCMBHOCTH nasepHOro H3-
ny4eHMH AnH ecex Tpex 3HepreTM4eCKMX rpynn. Ka>KAaH T04Ka npeA
eTaBnHqT co6o~ pesynbTar ycpeAHeHMH no 10 nasepH~M HMnynbcaM, 
OWM6Ka onpeAenHeTCH pa36pOCOM 3Ha4eHM~ npH pa3nM4HbiX 11 BbiCTpenaX11

'. 

Ms pMCYHKa BMAHO, 4TO Ha4MHaH c nnoTHOCTe~ noToKa- 5·108 BT/cM 2 

M Bb!We BbiXOA MOHOB BTOpoA rpynnbl npaKTH4eCKM He saBHCMT OT MH-
TeHCMBHOCTM M3ny4eHMH M OCTaeTCH nOCTOHHH~M. 7 
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~ PHc.4. 3aBHCHMOCTb Bb~o,o;a o,o;Ho-
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PHc. 5. 3aBHCHMOCTb BbiXo,o;a 
O,D;H03apJip;Hb~ HOHOB HH3K03Hep
reTH'l:eCKOH 'l:aCTH crreKTpa OT 
ITOTeHIJ;HaJia HOHH3aiJ;HH. 

rHJIMH OT HHTeHCHBHOCTH Jia3epHoro 
H3Jiy'l:eHHJI: I - HOHbi c 3HeprHeH 
100 3B; 2 - c 3HeprHeH 10 3B; 
3 - c 3HeprHeH 2 3B. 
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lmEHUI4AA 'MOH143AJ..lMI4 ( 38) 

YcTaHOBneHa KOppeflfl4HH MemAY B~XOAOM HOHOB HH3K03HepreTH4e
CKO~ 4aCTH cneKTpa H nOTeH4HanOM HOHH3a4HH HCCfleAyeMoro 3ne
MeHTa. TaK, HanpHMep, npH HccneAOBaHHH MHWeHe~ ~AgBr H CsJ Ko
nHL!ec'rso OAH03apHAHb!X HOHOB C 3HeprHHMH- 100 3B OAHHaKOBO AflH 
o6eHX KOMnOHeHT /eM. Ta6n. 1/. Bb!XOA HOHOB C E.<30 36 AnH ~OAa 
H 6ROMa OKa3anCH no MeHbWe~ Mepe Ha nopHAOK HHme, 4eM AflH 4e3HH 
H cepe6pa. Ha pH c. 5 noKa3aHa 3aBHCHMOCTb Bb!XOAa DAH03aPHAHb!X 
HOHOB HH3K03HepreTH4eCKO~ 4aCTH CneKTpa OT nepBOrO noTeH4Hana 
HOHH3a4HH HCcneAyeMoro sneMeHTa. 

HH3KMe noporos~e 3Ha4eHHH MHTeHCMBHOCTM na3epHOro H3flyL!eHMH 
M 3aBMCMMOCTb B~XOAa OT noTeH4Mana HOHM3a4MM rOBOpHT B nonb3y 
TOro, LITO B03MOmH~M MeXaHM3MOM 06pa30BaHMH MOHOB BTOpO~ rpynn~ 
HBnHeTCH TepMOMOHM3a4MH. 

npM MCCneAOBaHHM MMWeHe~ M3 OKMCflOB Fe ' Jn ' La ' Nb ' Ta ' 
'Pb M APYrHX MeTannoB Ha6n!OAanMCb MOneKynHpHb!e MOHbl TMna Me<Jl". 
B Ta6n. 3 AaHbl 3Ha4eHMH OTHOCMTeflbHOrO Bb!XOAa MOHM30BaHHb!X Mone
Kyn AnH pa3nH4H~x MMWeHe~. 3HepreTM4ecKoe pacnpeAeneHHe M spe
MeHHaH CTPYKTypa MMnynbca TOKa 3apHmeHH~X MOneKyn nOBTOpHflM Kap
THHY AflH OAH03apHAH~X aTOMH~X HOHOB TpeTbe~ rpynn~. 3TO CBMAe
TenbCTByeT 0 TOM, 4TO MeXaHH3M 06pa30BaHMH MOfleKynHpH~X MOHOB 
TaKme o6ycnosneH BTOPM4Hb!MM npOI..leCCaMH B3aMMOAe~CTBMH Jla3epHo~' 
nna3M~ C nosepXHOCTb!O MMWeHM. 

0TMeTMM, 4TO Mbl He Ha6n!OAanH 3apHmeHHb!X MOfleKyn C 3HeprMHMM 
/30-600/ 3B, no Kpa~He~ Mepe Ha ypOBHe 4yBCTBMTeflbHOCTM 5·10-6 

DT nOnHero HOHHOrO TOKa. M~ He Ha6n!OAaflM ~apHmeHH~X MOfleKyn 
C KpaTHOCTb!O MOHM3a4MM q~2+ 80 BCeM 3HepreTM4eCKOM AMana-
30He. 
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Ta6JIHIJ;a 3 

I 

0THOCHTeJibHbiH Bb~OA HOHH30BaHHb!X MOJieKyJI AJIH pa3JIH'l:Hb~ 

Ml:!IIIeHeH 

' 
MHmeHb Cui) NbPs In20 3 La20 3 T.a2 o 5 Pb0 2 

Ha6JIID,o;aeMaH 
CuO+ NbO+ In o+ Lao+ Tao+ PbO+ MOJieKyJia 

0TH.Bb!XOA 
X 10-3 I I ,6 2,2 I, 2 2,9 

. 
3,3 2,7 

Ta6JIHIJ;a 4 

0THOCHTeJibHbiH Bb~OA MOJieKyJIHPHbiX HOHOB H Tpex3apJI,D;HOH 
KOMITOHeHTbl AJI.H pa3JIH'!Hb!X yrJIOB BbiJieTa 

YroJI /rpa,o;ycbi/ Ta 3+ " Tao+ Pb 3+ PbO+ 

0 I ,0 I ,0 I ~0 I, 0 

30 0,7 I,O 0,64 I ,0 

50 0,2 ~ ) ., 0,93 0,25 0,95 

B npeAnonomeHHM BTOpH4Horo MexaHH3Ma o6pa3oBaHHR MoneKynHpH~x 
MOHOB cneAyeT omHAaTb, 4TO HX yrnosoe pacnpeAeneHMe 6YA~T H3o
TponHbiM. C 4eJlb!O nposepKM 3Toro npeAnono>KeHHH 6b!JlO npoBeAeHo 
H3y4eHMe yrnosoro cneKTpa MOHM30BaHH~x MoneKyn B AHana3oHe yr
nos OT 0 ° AD 50°. ,lJ,JlH 3TOro 6b!na M3rOTOBJleHa cne4MaflbHaH KOHCT
PY~4MH 4aWKH-Aep>KaTeJlH H MMWeHH, KOTopaH n03BOJlHJla HanpaBnHTb 
B aHaJlM3Mpy!O~YIO CHCTeMy MOH~, B~JleTa!O~Me nOA pa3JlH4H~MM yrnaMM 
OTHOCHTeflbHO HOpMaJlH K nosepXHOCTM MMWeHH. 3KcnepHMeHTaJlbH~e 
AaHHble AJlR Tpex pa3JlM4Hb!X yrnos npHBeAeHb! B Ta6n. 4. 

113 Ta6nH4bl BMAHO, 4TO yrnosoe pacnpeAeneHHe MOHH30BaHHb!X 
MoneKyn TaO+ H Pbo+ 6m13KO K M30TponHDMY. AHanorM4Hb!e yrnoBb!e ' 
cneKTpbl 6b!flH nony4eHbl 111 AJll'! APYrHX HCGJleAOBaHHb!X MHWeHe~. 

l13oTponHoe yrnosoe pacnpeAeneHHe M HH3KMe 3Ha4eHHH 3HeprH~ 
MOJleKyJlHpH~X MOHOB nDATBep>KAa!OT CAenaHHOe npeAnDJlO>KeHHe 0 BTQ
pH4HO~ npHpOAe HX o6pa30BaHHl'!. 

B 3aKJl!OL!eHHe oTMeTHM, 4TO 3Ha4HTeJlbHOe pa3nH4He 3HeprH~ aTOM
He~ !11 MOneKynRpHO~ MOHH~X KOMnoHeHT no3BOJlHeT ocy~eCTBHTb 3$¢eK
THBHY!O OL!MCTKy HOHHOrO ny4Ka OT HOHH30BaHH~X MOJleKyn. HaH6onee 
npOCT~M HaM npeACTaBJlHeTCR Cnoco6 npeABapMTeflbHO~ 3HepreTM4eCKO~ 
ceneKI..lHM HOHOO na3epHO~ nna3Mbl 3aMeAnRIO~HM 3JleKTpOCTaTHL!eCKMM 

9 

' 



noneM. npoBeAeHH~e Ha Macc-cneKTpoMeTpe MSMepeHMH noKasanM,4To 
npM SaMeAnHIOllleM noTeH4Mane 20 B sapH>KeHHble MoneKynbl B MOHHOM 
ny4Ke npM pa6oTe C MMWeHHMM MS OKMCnOB He 'Ha6niOAanMCb Ha ypOBHe 
4YBCTBMTeilbHOCTM 5·10-6 OT nOnHero MOHHOrO TOKa, B TO BpeMB KaK 
npM HyneBOM SaMeAnHIOllleM noTeH4Mane MX ADnB COCTaBnHna/1-3/·10-~ 
TaKMM o6pasoM, sa C4eT npocToH 3HeoreTM4eCKOH ceneK4MM YAaeTCH 
yMeHbWMTb BbiXOA sapH>KeHHbiX MOneKyn MS MCT04HMKa no KpaHHeH Mepe 
Ha TPM nopBAKa. 

ABTOPbl 6naroAapHbl aKaAeMMKY r. H .<l>neposy sa noCTOHHHbl!)l CTMMy
nMPYIOlllMH MHTepec K pa6oTe M MHOr04MCneHH~e noneSH~e COBeT~ M o6-
CY>KAeHMB. 
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AP3YMaHHH r.M. HAP· 
Macc-cneKTpoMeTpHqecKoe HccnegoBaHHe 
a TOMHbiX H MOneKynHpHbiX HOHOB, 

P7-82-749 

o6pasoBaHHhiX npH BosgeiicTBHH nasepuoro HsnyqeHHfl 
•Ha TBepgyw MHWeHb 

Macc-cneKTpoMeTpHqecKHM MeTogoM HccnegoBaHbi ::lHepreTHqe
CKHe, sapngoBbie H yrnoBbie pacrrpegeneHHH aTOMHbiX rr MoneKynHPHb!X 
HOHOB, o6pasyiDlllHXCR IIpH B03geHCTBHH nasepuoro HsnyqeHHR HaUo
CeKYHAHOH gnHTenbHOCTH Ha TBepgyw MHWeHb, ilOKa3aHo, qTQ 
B OAH03apflgHOH HOHHOH KOMIIOHeHTe 3HaqHTenbHYW gonw COCTaBnHWT 
HOHhi, 06pa3yiOIIUieCfl B pesynbTaTe TepMHqecKoro HCIIapeHHH H BTO
pHqHoro BsaHMogelicTBHfl nasepuo-rrnasMeuuoro crycTKa c rroBepx
HOCTbW MHWeHH. YcTaHOBneuo, qTo MOneKynflpHb!e HOHhl npaKTHqecKH 
IIOnHOCTbiO o6pasyiOTCR B pesynbTaTe BTOpHquoro B3aHMogeHCTBHH 
nasepuo-rrnasMeHHoro cryCTKa c rronepxuoCThW MHmeHH. 

Pa6oTa Bwrronueua B ITa6opaTopHH HgepHbiX peaK~Hli OHRH • 

npenpHHT 06beAHHeHHOro HHCTHTYTa RAePH~X HCCneAOBaHHH. AY6Ha 1982 

Arzumanian G.M. et al. 
Mass-Spectrometric Investigation 
of Atomic and Molecular Ions 
Produced Under Action of Laser Radiation 
on a Solid Target 

P7-82-749 

Energy, charge and angular distributions of atomic and 
molecular ions produced under action of the nanosecond nuclear 
radiation on a solid target are investigated by the mass-spect 
rometric ~ethod. It is shown that a considerable part of sing
ly charged ion component is formed by the ions produced as 
a result of thermal evaporation and secondary interaction of 
laser-plasma bunch with a target surface. It is established 
that molecular ions are practically completely formed due to 
secondary interaction of laser-plasma bunch with a target 
surface • 

The investigation has been p~rformed at the Laboratory 
of Nuclear Reactions, JINR. 

Proprlnt of the Joint Institute for Nuclear Research. Dubna 1982 

llepenog 0. C. Bm10rpagonot\. 


