
OB'hElJ.VfHEHHbl ti 
VfHCTVfTYT 
.HlJ.EPHb!X 

VfCCnE.D.OBAHVf!-1 

lJ.y6Ha 

\ I ~~ . { ?&1. 

SbY ' 
P7 - 3424 

C.A. KapaMHH, H. JhmTaK, IO.U. OraHeCHH, 
·ro,3. lleHHOH:lKKeaHq, H. Yp6aHeQ 

H3MEPEHWE MACCOBOro PACllPE~EnEHWH 
OCKORKOB ~EREHWH YPAHA HOHAMH HEOHA 

Y -CllEKTPOMETPHqECKHM CllOCOBOM 



P7 • 3424 

C.A. KapBMD, H. JbmTBK, J).U. Or&HeCliH, 

1).3. DeHMOHDean, H. Yp68HeQ 

H3MEPEHJ1E MACCOBOrO PACOPEWJIEHHSI 
OCKOJIKOB ,ZU'.JIEHJ1SI YPAHA HOHAMH HEOHA 

f -cnEKTPOMETPWIECKHM COOCOBOM 

Harrpaaneao a A 3 

fhe,UbeiiHWI HHO'ITJI 

II~ IICCHJIP , 

6M6nHOTE 



i13MepeHHe pacrrpeaeneHHli OCKO!!KOB aeneHHSI TSI}Kel!b!X S!Aep l!O M8CC8M H 

38pHA8M aaeT )38}KHY!O HHQJOpMBUH!O 0 MeX8HH3Me rrpouecca aeneHHSI. 

Oco6b!ll HHTepec npeacTaanHeT BhlHCHeaae aaaHCHMOCTH aHaa Maccoaoro H 

aap!lliOBOro pacrrpeaeneHall oT 3HeprHI! aoa6y}KaeHHH, rrapaMeTpa Z 2 I A H KBBH-

TOBbiX xapaKTepi!CTHK aensnuerocH SJapa. 

llnSJ l!OnyqeHHSl 3TOli HHQJOpMBUHH qpe3Bblq8JlHO yao6HO !!pHMeHSJTb B KaqeCTBe 

qaCTHU, Bbl3b!B8!0WHX t:teneHHe, T SJ}Ke l!bie HOHbi, TBK KBK B 3TOM cnyqae nerKO no-

nyqaTb aenmuaecH cocTaBHble Mpa a oqeHb wapoKOM aHarraaoHe Z 2 I A H 3Hep-

rHH aoa6ylKaeaaSJ. 

OaaaKo a aacTomuee apeMH HMeeTCH Mane 3KCrrepHMeaTanbHO aaMepeHHbiX 

MBCCOBbiX H 38plit:10Bb!X pacnpeaeneHHli OCKO!!KOB .QeneHHSl H3 peaKUHli C TSJ}Kellb!Mil 

HOH8MH. 

nonyqeHHbie B pa60T8X/l,
2

•31 
M8CC0Bble pacrrpe,neneHHSl C l!OMOWblO MeTO.QHKH 

perHCTp8UHH ll8pHbiX 3HeprHH OCKO!!KOB H3MepeHbl AO Cp8BHHTellbHO He6onbWHX 3H8-

qef1Hli 8CHMMeTpHH paa,neneHHSI, B TO BpeMSl KBK OCHOBHOJl HHTepec !!pet:tCT8Bl!HeT 

rroaeaeHHe 'xaocToa• Maccoaoro pacrrpe.neneHHH. 

11aMepeHHe Maccosoro pacrrpe.neneHHSl OCKO!!KOB a o6nacTH ero peaKoro crra.na 

!!pH 60llbWOli 8CI!MMeTpHH .neneHHSI B03MOlKHO !!pOH3BOAHTb p8.QHOXHMHqecKI!M Cl!o

C060M. 0.QH8KO H3-38 Tpy,nOeMKOCTH 3TOrO MeTO.Q8 B HBCTOHWee BpeMSl H3MepeHbl 

/4,5/ 
'rOllbKO ABB MBCCOBbiX H 38pSIAOBbiX pacrrpe,neneHHSI OCKO!!KOB B peaKUI!SlX 

Auli7(C12,f) H u238 (Ne22. f). 

/6/ 
B pa60Te rroKaaaHo, qTo, HCrronb3YH .nnH y -crreKTpOCKOllHH ocKonKoa 

Ge(Li) .neTeKTOp c DbiCOKHM paapemeHHeM, B03MOlKHO Bbi.nenHTb o y -crreKTpe sc e x 

OCKO!!KOB Y -l!HHHH, !!pHHBA!le }KSWI!e TOMy Hl!H HHOMY 1130TOlly, He !!pH6eraSI K 

XHMHqeCKOMy paa.neneHH!O !!pO.QyKTOB ,neneHIISI. 
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3TO 06CTOS!Te1lbCTBO IT03B01!SieT HaaeRTbCSI Ha B03MO*HOCTb H3MepeHHSI MaC

COBOPO II 3apS!AOBOPO pacnpeaeneHHSI OCK01!KOB aeneHHSI nyTeM 113MepeHHSI o6mero 

y -cneKTpa acex npoayKTOB peaKUIIII aeneHHSI. 

TaKaS! B03MO*HOCTb, 6yay'III ocymecTaneHHoll, noaaonana 6hi cymecTaeHHO ynp<r 

CTIITb npoueaypy H3MepeHIISI MaCCOBhlX pacnpeaeneHHH no CpaBHeHHID C paAHOXHMII

'IeCKOi! MeTOAHKOH 6e3 cymeCTBeHHOPO yxyameHHSI TO'IHOCTH H 'IYBCTBHTe 1!bHOCTII K 

1130TOnaM, IIMeiDmiiM Ma1!hlil Bh!XOA B peaKUIIH aeneHHSI. 

Jlng npOBepKH BhiCKa3aHHbiX C006pa >Ke HIIil 6bl1la npeanpHHRTa nOITbiTKa H3MepHTb 

y -cneKTpOMeTpii'IeCKHM 

23! 2:1'-
peaKUHII U (Ne I f) 

cnoco6oM Maccoaoe pacnpeaeneHae ocKonKOB aeneHHSI a 

/51 
npH TOll *e 3HepPHH qaCTHU, 'ITO H B pa6oTe , 'IT06b! 

HMeTb B03MO>KHOCTb CpaBHHBaTb nony'IeHHble aaHHbie C 113MepeHHblMH paHee. 

Onhl T 3aK1!ID'Ia1!CSI B HaKonneHHII OCK01!KOB aeneHIISI 113 peaKUHH 0 238 (Ne22 • f) 

II 06C'IeTe npOAYKTOB 3 TOH peaKUIIII Ha nonynpOBOAHHKOBOM y -cneKTpOMeTpe. 

06nyqeHue npoll3aoaunocb Ha BHyTpeHHeM ny'IKe uuKnoTpoHa Y -300 OYI HYI. 
. /7/ 

AnroMIIHHeaag HaKnOHHaSI MHllleHb, KOHCTpyKUHSI KOTopoH onucaHa a pa6oTe , o6ny-

'Ianacb ny'IKOM IIOHOB Ne 22 
C 3Hepraeil 150 M3B, TOKOM 40 MKa. BBHAY 3Ha'IH-

• 2 
Te1lbHOH TonmiiHhi cnog ypaHa ( .. 10 MrlcM ) 6onblllHHCTBO ocKonKOB aen e HHH, ao3HH-

Karomax B MHllleHH, TOpM03H1IOCb a aenSimeMCSI aewecTae, KOTOpoe a aanbHeHllleM 

MeXaHII'IeCKHM nyTeM yaanMOCb C nOA1!0}1{KH H ITOMewanOCb B C n euHa1!bHhlil aniDMH-

HlleBblM KOHTei!Hep. 

YlaroToaneHHhiH TaKHM o6pa30M HCTO'IHHK o6C'IHThiBancSI Ha nonynpoaoaHaKo

BOM y -cneKTpOMeTpe. Jlpeil!jJOBblfi Ge(Li) aeTeKTOp y -nyqefi npa )!(CKOPO HHCTH

TyTa gaepHOM !jJH3HKH liMen 3HepreTH'IeCKOe pa3pellleHHe ., 4 K3B npH 3Ha'IHTe 1!bHOM 

06beMe 'IYBCTBHTenbHOH o61iaCTH ( 12,5 CM 
3

). 3TO n03B01!H1!0 H3MepHTb y - cneKTpbl 

OCK01!KOB B lllHpOKOM 3HepreTH'IeCKOM HHTepaane OT 100 AO 3000 K3B B pa31!H'IHOe 

apeMSI nocne OKOH'IaHHSI 061!y'IeHIISI ( MHHHMYM 'Iepe3 ABa 'IaCa H MaKCHMYM 'Iepe3 

30 aHeil nocne o6ny'IeHIIH). 

nony'IeHHble CUeKTpbl o6pa6aTbiBa1IHCb C uenbiD HAeHTH!jJHKaUHH nHKOB, UpHHBA-

nemamHX pa31!H'IH blM H30TOn8M - UpOAYKTBM peaKUHH aeneHHSI ypaHa HOHaMH HeOH8. 

CneKTphi 6hinH 'Ipe3Bhi'IailHO cnO}I{Hbie c 6onbliJHM K01!H'IeCTBOM ITHKOB, J(OTOphie 

a pHae cnyqaea HaKnaahiaanHCb OAHH Ha apyroll. KapTHHa 6bwa oco6eaHo cno}I{HOil 

B paHOHe HH}I{e 500 K3B no 3HepPHH. 

B Ta61!Hue 1 npeacTaaneHhi uaoTonbi, 1!HHHH KOTOpbiX 6binH Hafiae Hhi a cneKTpax 

H OAH03H8'IHO npHniiC8Hbl 3 THM H30TOnaM. 
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I 

no HHTeHCHBBOCTH STBX nHHHH, BBOnH UOUpaBKH Ha OTHOCHTenbHYID s~¢eKTHB

HOCTb neTeKTOpa, BpeM6BBOil ~aKTOp H BblXOn y -KBaHTOB Ha onBH aKT f3 -pacaa-

na naHHOI'O K30TOU8 Mbl Bbl'IBCnHnB 3H8'16HH51 Ce'!eHBfl Bb!XOna S TBX H30TOUOB B 

peBKUHH U
238 

(Ne 22 ,f) B OTHOCKTenhHblX enBHBUBX. 

C ucnonbaoeaHHeM yaaeepcanbnoil ~YHKUBH aapnnoeoro pacnpenenenag uao6a

/5/ 
poe nnH sToil peaxuau, nony'leunoil B pa6oTe 6bino nocTpoeno Maccoeoe pacnpene-

neHBe OCKOnKOB neneHBH ypBHB HOHBMH c s neprueil OT 150 no 120 MSB 

(lllupoxuil nuanaaon s n epruu nyqxa CBH3aH c 6onhlllOil TOnll!HHOil MBllleHH e nanpae

nenuu nyqxa). 

Ha puc. 1 npencTaeneno STO pacnpenenenue B cpaenenuu c nanHbiMH aa pa6o-

T bl / 51. 0lllB6KB nng SKCnepHM6BTanbHblX TO'IeK, YK83aHHbl6 H8 pucyHKaX, CBH38Hbl 

CO CTaTKCTH'I6CKOH TO'IHOCThiD onpeneneHHH HHT6HCHBHOCTK nKHHH H KOMDTOHOBCKOI'O 

~oHa non naxa M H. 

Kax eanno H3 puc. 1, nony'leHHbie naHHbie xopolllo cornacyiDTCH c peaynhTaTa

/5/ 
MH pa60Tbl , 'ITO roeopHT o nepcneKTHBHOCTH acno nbayeMoro MeTana nnn nonyqe -

HHH MaCCOBblX pacnpeneneHHH OCKOnKOB neneHHH B peaKUHHX C THlKenblMH HOHaMH. 

Onnax o HaM ne ynanoch H3MepBTh Bbixon O'leHh n erxax K O'leHh TH lKenbiX ocKon

KOB, T aK KaK S TOT BblXOn HeBenBK. KpOMe TOI'O 'IBCnO B,ll6HTH~HUHpOBaHHblX HaMH 

B30TOnoe orpaHH'Ieno H S TO He B noaeonuno HaM npoeepaTh ~YHKUHID aapnnoeoro 

pacnpeneneHHH aao6apoe. 

3TH TpynHOCTH CB H3aHbl np.elKne BCei'O C T eM , 'ITO H C TO'IHHK, npHI'OTOBneHHblH 

KaK STO OllHCaHO Bblllle, coneplKan He TOnbKO OCKOnKH neneHHH, HO H n erKHe panuo-

aKTBBHbie H30TOllbl - nponyKTbl npHMblX peaKUHH Cpb!Ba H nonxBaTa HyKnOHOB HnpOM 

6oM6apnHpyiOll!eH 'laCTHUbl H nponyKT bl peaKUHH Ha Hnpax Bell!e CTBa nonnolKKH (AI ) • 

B cnexTpax 6 binH o6HapylKeHbi SHepi'H'IHble HHTeHCHBHbl e y -nHHHH, npnnan-

nelKall!Be, HanpaMep, Na 
24 

V 48 Sc 
48 

• npucy TCTBBe STHX SHepi'H'IHblX nu-

HHH 3Ha'IHTenbHO yeenH'IH B ano ypOBeHh KOMUTOHOBCKOI'O ~OHa B cneKTpe npK SHep

I'HH HHlKe 1000 K SB, a S TO npHBOnHnO K TOMy , 'ITO 3Ha'IHTenbHOe KOnH'IeCTBO cna -

6 biX y -nHHHII OCKOnKOB neneHHH CTaHOBHnOCh Hepa3nH'IHMblMH Ha S TOM ~OHe. 

npencTaBnHeTCH, 'ITO npH DOCTi!HOBKe OllbiTa, o6ecne'IHBaiDll!eH H30nHUHID HC

TO'IHHKa OT ~OHOBblX aKTHBHOCTeil, a, B03MOlKHO, npu6erag K rpy6oMy npOCTeHll!eMy 

XHMH'!eCKOMY paane neHH ID OCKOnKOB ,lleneHHH, B03MOlKHO 6yneT H3MepHTb S THM MeTo-

noM MaCCOBble H 3ap9AOBble pacnpeneneHH H OCKOnKOB neneHHH B p eaKUH HX C THlKe-
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n biMH HOH8MH C Bb! COKOM TOqHOC Tb !O H 3H8 qHTenhHO npow e, qeM 3TO nen aeTCSI pa-

llHOXHMHqeCKHM MeTOilOM. 
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T a 6nHua 

Maccosoe 
l130TOIJ 

flHHHH B b !XOn H3 0TOIJ8 B b!XOn MBC Cbl 

'lHcno (K 3B) OTH . en . HOTH. en . 

91 Sr 91 1025 0,85:!:_0,07 1,50:!:_0,15 
930 

95 
95 

Zr 757 1 ,35:!:_0, 13 1,95:!:_0,20 

87 Zr 91 
750 0,83:!:_0,07 2,0:!:_0,2 

105 I OS 725 2,t:l:!:_0,2 3,2:!:_0,2 
Ru 670 

112 2 Pd 112 615 2, 10:!:_0, 15 3,8:!:_0,2 

124 Sbt24 2084 1 ,7:!:_0, 1 4,5:!:_0,2 
1692 
646 
603 

127 Sb 
127 

771 2,30:!:_0,15 4,1:!:_0,3 

130 I uo 535 I ,5:!:_0, I 4,1:!:_0,3 

131 
131 I 364 2,8:!:_0,2 3,8:!:_0,3 

133 
133 I 526 I ,6:!:_0, I 3,8:!:_0,3 

140 La 
140 

1597 1 ,00:!:_0,07 3,2:!:_0,2 

142 La 
142 

640 0,95:!:_0,10 3,4:!:_0,3 

143 Cll43 722 2,3:!:_0,2 2,8:!:_0,2 
565 

144 Cl 144 21 8 1 1 ,6+0,2 2,5:!:_0,3 

160 1175 0,40:!:_0,04 1,0:!:_0,1 
Tb 1so 965 

877 
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110 120 130 140 150 1so 110 A 
Pnc. 1. MaccoBoe pacnpeneneane ocKonKOB neneHHQ B peaKUHH 

npH saeprHH 6oM6apnnpyiOIUHX qacTHU 150- 120 M s a. Cnnomaag 
nnHHQ - Maccoaoe pacnpenen eane H3 pa6oTb/51. ToqKH - aaaqe

ane , n onyqeaHoe B n aHHOH pa6oTe. 
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