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EoJihlllOM HHTepec C TO'-rKH speHHH MO.QeJihHbIX rrpe.QCTaBJieHHM aTOMHbIX 

H.Qep HMeeT HCCJI0.QOBaHH0 CTpyKTypb! H.Qep p0J:IKOS0M0JihHb!X 9JI0MeHTOB 

( p.s. 9,). 3T11 H.Qpa rronyt.ra!OTCH B H.QepHbIX peaKUHHX Ha ycKopHT0JIHX HJIH 

peaKTopax, Tiocne o6nyt.reHHH MHllleHn o6pasoBaBlll!IeCH pamrnaKTIIBHbie H.Qpa 

MoryT 6b!Th HSBJI0'-r0Hbl HS MaTepnana MHllleHH XHMHt.reCKHMH MeTo.QaMH 

n pas.QeneHhl rro9neMeHTHD, Danee o6hlt.rHo Heo6xonnMo rrpoBeCTH pas.QeneHne 

HSOTDIIOB Tpe6yeMoro 9JI0M0HT8 C IIOMDlllh!O 9JI0KT;JoMarHHTHOro Macc-cerra

paTopa. Tipn HCCJI0.QOB8HHH CBOMCTB KOpDTKD*HBylllHX H.Qep 9TH rrpoueCCbl 

J:IDlI*Hhl ocymecTBJIHThCH 6hlCTpo H J:IDCTaTD'-rHO 9¢¢eKTHBHO, Mcrronhsy10mnii

CH B HaCTOHUlee BpeMH MeTO.Q pas.QeneHHH pa.QHOaKTHBHbIX HSDTDIIDB pe.QKO-

seMeJihHbIX 9JI0M0HTOB HMeeT 9¢¢eKTHBHOCTh "' 10%; .QJIHTenhHOCTh rrpo-

/1 / 
uecca pas.QeneHHH xapaKTepnsoBaHa qncnoM 4% B qac • B 9TDM MeTo.Qe 

BbJ.QeJieHHaH HS MHlll0HH ¢paKUHH pa.QHOaKTHBHDro 9JieMeHTa ( DKDJIO 10- 10 r) 

CMelllHBaeTCH C OKHCJiaMH CTa6HnhHOro p,S,9, ( H0CKDJihKD MHJIJIHrpaMM) 

H xnopnpyeTcH ( HarrpnMep, rrpn no Mo mu CCI 4 ) B rrnasMeHHDM HDHHOM 

HCTO'-rHHKe Macc-cerrapaTopa. Hallin IIOITb!TKH HCIIDJihSDBaTb ¢paKUHIO pa.QHO

aKTHBHDro 9JI0M0HTa 6es HDCHT0JIH, ITO.QJ:10P*HBaH rasOBbIM paspHJ:I B HOH

HOM HCTD'-rHHKe C IIDMDlllhIO C Cl 4 ' IIOKasann, '-rTD 90% aKTHBHOCTH ncrr,apH

eTCH HS HDHHDro HCTO'-rHHK8 sa "' 3 MHHYTbI, HD o6maH 9¢¢eKTHBHOCTh rrpo

uecca rrpn 9TDM cocTaBJIHeT MeHee 1%. 
/2/ 

3KcrrepHM0HTbl ITO IIDBepXHDCTHOM HDHHsauHH aTOMOB p,S,9, CTHMY-

JIHpOBaJIH Hallin DITb!Tbl B 9TOM HarrpaBneHHH, 
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2. 3cbcbeKT ITOBepXHOCTHOH HOHHaaunn 

Cl!O)KHQe CTpoeHne sneKTpOHHb!X 96onotJeK aTOMOB p.a.s. He ITOaBO-

l!5!8T TO'IHO paCCtJHTaTb K08cpcpm1neHT ITOBepxHOCTHOH HOHHaaunn. vlcrronbaO

BaHne oKnceu p.a.s. eme 6onee ocno)KHSieT sTy rrpo6neMy. Ha p1Ic, 1 na-

eTcSI KatJeCTBeHHaSI oueHKa K08cpcpnuneHTa ITOBepXHOCTHOH HOHIIaaunn ~ ITplI 

CTOl!KHOB8HHH aTOMOB p.a.s, C pacKaneHHOH ITOBepXHOCTbID peHHSI. TTpen-

8KCITOHeHunanbHbI8 MHO)KHTenn B cpopMyne Caxa-fleHrMIDpa rrpn 8TOM rrpn

HHManHCb paBHhlMH enHHHUe. BepXHSIS! H Hll)KHSISI KpHBhle rronytJeHhl rrpn 

MaKCHManbHOM II MHHHMal!bHOM aHatJeHHH pa6oTh! Bb!XOJ:Ia peHHSI <p I COOT-

B8TCTBeHHO. 3HatJeHHSI rrepBb!X ITOTeHunanoB HOHIIaaunn ( V) p.a. 8, BaSITbl 

/3/ 
na o6aopa • CpaBHHTenbHO 6onbIIIHe aHatJeHHSI ~ H OTCyTCTBHe Heo6-

XOAHMOCTH BBeneHHSI B81IJ8CTBa-HOCHT8l!S! S!Bl!S!IDTCSI 6narorrpHS!THb!MH cpaKTO

paMH Al!SI coanaHHSI 6bICTporo II ITpOCToro HOHHoro HCTO'IHHKa Ha 9TOM rrpnH

unne. 

3. KoHCTDVKUHSI HOHHOro HCTOtJHHKa 

KoHCTpyKUHSI HOHHoro HCTO'IHHKa C ITOBepxHOCTHOH IIOHHaauneu nnSI 

paaneneHHSI naoTOITOB ynhTpaMal!blX KOl!lltJeCTB p.a. a. ilOJI)KHa ynoBneTBOpS!Tb 

cnenyIDIIJHM OCHOBHbIM Tpe6oBaHiiSIM: 

1. TaK KaK rrpn V 1> ¢ KoacpcpnuneHT HOHHaaunn pacTeT C yBenntJeHHeM 

TeMnepaTypb! HOHHaaTopa, 9Ta TeMrrepaTypa ilOlJ)KHa 6b!Tb MaKCHManbHO Bbl

COKOH: 

2. CKopoCTb ncrrapeHHSI o6paaua He /:IOl!)KHa aaBHC8Tb OT TeMrrepaTypb! 

HOHHaaTopa, 

3, ilnSI yBeJIH'I8Hll5! K09cpcpHUHeHTa HOHHaauHH KOHCTpyKUHSI HOHHaaTopa 

il0l!)KH8 o6ecrretJHBaTh BOaMO)KHOCTb MHoroKpaTHb!X CTOl!KHOBeHHH HOHHanpye

MblX aTOMOB C ero ITOBepXHOCTbID, 
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Ha pnc, 2 aaeTcSI qepTe:lK paspa6oTaHHoro noHHoro ncToqHHKa n cxeMa 

ero aneKTpnqecKoro ITHTaHHSI, OCHOBHOH qacTbID HCToqHnKa SIBJTSIIDTCSI -

H0HH3aTop (B) ll ncrrapnTenb ( d) (ysen 3), H3r0TOBneHHbJe H3 TaHTana 

HnH BOnb¢paMa, BHyTpeHHSISI IT0EepXH0CTb ll0Hll3aTopa qacTHqHo 3aKpbITa 

peHHeB0H ¢onbroi1 70 MK (a). BbIXO/lHOe OTBepcTHe llMeeT /lHaMeTp 0,3 MM, 

PaanoaKTHBHhlH o6paseu, HaHeceHHhlH Ha BOnb¢paMoByID neHTQqKy (cM, 

HH:lKe), rroMemaeTcSI B rronocTH (c) ucrrapnTenSI, Ysen 3 yKperrneH Ha rroa

BH:lKHOM WTOKe ( 5) J KOTOpb!H MO:lKeT 6b!Tb ll3BneqeH H3 llOHHoro llCTQqHHKa 

6e3 HapyweHHSI BaKyyMa, PasMepb! OTBepCTllH B Hapy:lKHOM KO:lKyXe HCToq

HllKa HBO BHyTpeHHeM 8KpaHe (1) H ¢opMa B~XO/lHOro OTBepcTHSI HOHll3a

T0pa IIO/lo6paHbl /lnSI rronyqeHHSI OIITHManbHOH ¢oKyCHpOBKH n9HHoro rryqKa 

/4/ 
rrpu noHHo-orrTnqecKofi cncTeMe Tnrra ISOLDE • HarpeB H0HH3aTopa 

n ucrrapHTenSI ocymeCTBnSieTCSI aneKTpOHHOH 6oM6apanpoBKOH, PerynnpOBKa 

TeMrrepaTypbl 8THX aneMeHTOB M0:lKeT ocy.meCTBJ1SITbCSI He3aBHCHM0 TOK0M 

HaKana KBT0/lOB (2) ll (4). KaTO/lhl H3rOT0BneHhl ll3 0/lHoro BllTKa BOnb¢pa

MOBOH rrp0BOn0Kll 6 1 MM Ka:lK/lblH, Dep)IC8Tenn Ka TO/la ( 4) Ha pnc, 2 He rro

Ka3aHbl, 

4. TTpnroTOBneHHe IIP06bi [lnSI pasneneHHSI ll30T0ITOB 

DnSI Toro qTo6hl He 0TpaBnSITb 'rroBepxHOCTb llOHll3aTopa ll yMeHbillllTb 

BpeMSI ncrrapeHHSI rrpo6b1 paanoaKTHBtrnro aneMeHTa, oHa aon:lKHa sarpy:lKaTb

CSI B HCTQqHHK B XllMHqecKH qncToM BM/le 6es coaep:lKaHHSI HOCHTeJTSI, TTpn 

Hannqnn K0pOTKO:lKllBYWHX ll30T0IT0B orrepaunn ITO rrpnroTOBneHHID rrpo6bJ 

/lOJT:lKHbl rrp0ll3B0/lllTbCSI /lOCTaToqHo 6bICTpo, 

XnMnqec1m qnCTbie ¢paKUHll p,3,8,, Bb!/leneHHbJe ll3 o6nyqeHHbIX' Mllwe

Heti1 51 ' rronyqanHCb B 061,eMe HeCKOJTbKllX Karrenb C II0M0WbID KaTHOHHo-06-

MeHHOH xpoMaTorpa¢un c 0,5 M 6y¢epHbIM paCTB0p0M a -rnapooKHCll -

uso6yTnpaTa aMM0HHSI B KaqecTBe anroeHTa. Danee rrpnMeHSincSI MeTon Ka-

" /6/ 
TonHoro oca:lKaeHHSI, orrncaHHblH B , 
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TTonyqeHHbIH rrocne xpoMaTorpa~nqecKoro pasneneHnH paCTBop nBalli

nb1 ynap1rnancH B aHonHon gqenKe noqTn no nonHoro Bb1cynmBamrn c nooaB

neHneM nocne nepBoro ynapnBaHnH onHon Kannn BOilbI, OcTaTOK paCTBopHn

cg B 0,06 Mn BOilbI, Cneny10meu onepauneu HBnHnocb ocallineHne ~paKunn 

p,3,8, B TeqeHne nByx MHHyT Ha KaTonHon rronnolliKe ns MeTannnqecKoro 
2 

BOnb~paMa nnomanbIO 5 MM npn TOKe "' 30 Ma. BbIXOil COCTaBnHn "'80%, 

TTonyqeHHaH npooa BbICyllIHBanacb n sarpyllianacb B HOHHbIH HCTQqHHK, 

TTonHoe BpeMH rrpnroToBneHHH oopasua saHHMano 4-6 MHHyT, 

5. 3Kcrre pnMeHTanbHbl8 pesynbTaT_bl 

C orrncaHHbIM HOHHbIM HCTQqHHKOM npoBeneHo 6onblll08 KonnqeCTBO 

-/7/ 
pasneneHnn nsoTonoB p.s.a. no nporpaMMe HCHATTTT • OrrbITbI no orrpe-

neneHnIO BennqnHbI T/ 0binH cnenaHbI nnH HeonnMa, caMapnH, ap onH n ronb-

MHH, 3~~8KTHBHOCTb onpenengnacb no HHT8HCHBHOCTH xapaKT8pHblX nHHHH 

raMMa-crreKTpoB c noMOll!bIO Ge (Li ) -neTeKTopoB no n rrocne pasneneHnH, 

PesynbTaTbl ll3MepeHHH nnH HOHHoro HCToqHnKa C ncrrapnTeneM ll HOHH3a

TOpOM H3 TaHTana noKa3aHbl Ha pnc. 1 ( qepHbl8 Toq1rn). B 8THX 8KCnepn

MeHTaX TeMnepaTypa HOHH38TOpa 0bina 6nn3Ka K TOqKe nnaBneHHH T81ITana. TeM

nepaTypa ncnapnTeng rronoupanacb no Bb1xony pannoaKTHBHbIX H30Torroa Ha Kon

neKTope Macc-cenapaTopa. B cnyqae pasn-eneHnH n:soTonoa HeonnMa OTH01ue-

Hne HOHOB MeTanna K HOHaM OKcnnoB Ha Konn'-'KTope COCTaBnHno rrpnMepHO 

3: 1. BennqnHa T/ BKn10qaeT cyMMy 9THX HOHOB. 3aBHCHMOCTb Bb!Xona 

Nd -140 OT Bpe~eHn n:nnIOCTpnpyeT pnc. 3~ OTcqeT BpeMeHH .nneT OT MO

MeHTa BKn10qeHHH HOHHOro HCTOqHHKa, l.Jepes "' 3 MHHYTbi ilOCTHraeTCH 

s~eKTHBHOCTb 40%. TTonyqeHHbie 3!IaqeHHH T/ xopOIII0 BOCITp0H3BOilHTCH, 

TTpn ncnonh30BaHnn noHnsaTopa ns BOnb~paMa n TaHTanoBoro ncrra

p:.nenH 9KcnepHM8HTanbHbl8 3HaqeHHH T/ B03pacTaIOT npnMepHO B nBa pasa. 

HanpnMep, nnH Nd - T/ = 78% (Nd+/ Nd O + = 30 )nnH Dy - T/ - = 66%, 
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Prrc. 2. Paspes HOHHoro HCToqHHKa C ITOBepXHOCTHOH HOHH38UH8H H cxeMa 

8JI8KTpOITHTaHHH, 1 - T8ITJIOBOH 8KpaH H 0Tp8)!(8T8Jlb 8JI8KTpOHDB, 2 - KaToa 

HOHH3aTopa, 3 - HOHH38TOp H ncrrapHT8Jlb (a - peHHeBaH ~OJibra, B - HOHH

saTop, c - ncrrapnTeJibHaH KaMepa, d- ncrrapnTeJib), 4 - Ka Toa ncrrapn
TenH, 5 - rroaBH)KHb!H WTOK, 6 - aep)KaTeJIH n TOKOBOabl KaToaa. 
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