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QFll(A.fl XAPA!ITEH1CTI1KA P@.Q'.lli 

AKTlaJ!bHOCTb III)OCiJieMLI. Cpe,n11 n,nepHo--¢11311qec1mx MeTO,UOD aua

Jll13a sa ITOCJie,nHue ,neCHTb-,ll,Bel!~a:rb JieT ITOJI~Jlll llll1pOKOe pa3Bl1Tl1e 

MCTO,ll,H,OCHOBaHHble Ha npoueccax B036YlK,ll,OHl1fl l1 perttCTpaUl1l1 xapaKTepuc
Tttqec1rnro peHTreHOBCKOro l13J!yq8Hv!Jl • 3JleMeHTOB. OTll MeTO,nbl HMeIOT ellle 

Hel1CITOJib80BaHHble B08MOlKHOCTl1 no qyBCTBllTCJ!bHOCTH, TOmIOCTl1 l1 3KC
npecCHOCTl1 onpe,neJieHllfl co.n;epJKaHllfl 3JieMOHTOB B pasHb!X BOll!OCTBaX,pea•

Jll188.Qllff KOTOpblX MOJKeT B ,naJibHetimeM y,noBJI8TBOpl1Tb paCTYJ!1l18 TpeCioBa
HHR K 3Tl1M napaMeTpaM. )lJI;r HCITOJ!b80Dfil!HJ1 3TRX B03MOlKHOCTeti,B HaCTO.fl
!llee BpeMH HHT8HCHBHO Be,nyTCJl llCCJie,l],ODaHllfl H paspa6oTKl1 HOBblX l1 yco
BeprneHCTBOBaHHJl CTapblX HCTO'QHHKOB l18JiyqeHUJ1 (pa,nHOH30TOITHbl8 llCTO'QHll

KH,peHTreHODCKHC TpyCiKu; YCKOpHTOJIH aapJ1lK8HHblX qacTHU), pasBHTHe ,ne
TeKTOpOB peHTreHOBCKOro H8JiyqeHM H 9.HElJIH8HpYJ001IDC C>ICTeM, paapaCiOTKll 
60J1ee COBepmema,:x MeTO,nttK onpe,noJIOHHR 3JleMeHTOB B pa3HblX B81!l8CTB8X, 

OcoCieHHblti HHTepec npe,ncTaBJlflIOT HCCJIO,ll,OEamm H paapaCiOTKll pa,nttOH30TOn~ 
HblX HCTOmlHKOB H ycTaHOBOK Ha HX OCHO~e,nocKOJibKY TaKHe,ycTaHOBKH 

MOryT CiblTb mupoKO HCil0Jlb80BaHbl B npOMbllllJieHHbtX H noJieBblX-YCJIOBHHX,CiJia
ro)iapR HX ,ll,OCTynHOCTH, npOCTOTC H Ha,nOllUIOCTH B :mcnJiyaTaum-1. 

l(eJib paeiom,B ,l],aHHOti paCiOTO CTllBHJI!lCb UCJib npOB8,ll,CllHJ1 3KCITC

pHM8HT8JlbHb!X HCCJie,noeaHHti, HanpmmeHHblX Ha yBeJiuqeuHe.sq:qieKTHBHOCTH 
HCITOJlb30BaHHJ1 l18J!YlieHHJ1 pa,nttOH30TOITHblX HCTO'QHHKOB B03CiYlK,ll,8HHJ1 xapaK
TepHCTHqOCKoro peHTreHOBCKOro H8Jryq8Hl1J1 3JleMeHTOB H Ha paapaCiOTKY 
HOBbJX p8,11.HOH80TOITHblX HCTQqHHKOB C OITTHMaJibHb!MH 3HeprHHMl1 B03CiYJK,neHHJ1 
Ko<. -JIHHHti KOCiaJibTB.,HHKeJIR H cepeCipa. KoHe'QHOti U8Jlbl0 HCCJie,noBaHHti 
flBJ!ffJiaCb paspaCiOTKa BblCOKOqyBCTBHTeJibHblX M8TO,nttK onpe,neJieHHfl KOCiaJib
Ta H HHKeJlfl B KyCiHHCKllX JKeJI83HCTblX JiaTepHTax l1 cepeCipa B reoJioruqec
KHX oCipasuax no xapaKTepucTuqecKOMY peHTreHOBCKOMY H3Jlyq8HHIO, 

Ha~M HOBH3Ha H 3Ha'tlHMOCTb pa§Q!~-HOBb!MH pesynbTaTaMH,no
nyqeHHblMH B ,naHHOti paCioTe,RBJIRDTCR CJie,DYll!l1He: 

I. TioJiyqeHbl HOBble 3KCnepmieHTaJibHbl8 ,naHHble npH HCCJle,ll,OBaHHH 
CHCTeM "HCTO'QHHK-npoCia-,neTeKTOp". 0TH ,ll,aHHble IT03BOJIHJIH o~eCTBHTb 
Bbl6op OITTHMaJibHblX CHCTeM ,ll,JlJ1 HCTO'QHHKOB 241Am, 125I H I t(inpu 

nos6~eHHH xapaKTepucTuqecKoro peHTreHOBCKoro uanyqeHHn cepeeipa, 
KOCiaJibTa,HHKeJIR ",npyrux sJieMeHTOB, 

2. Paapa60T8.lla l1 HCCJie,noBaHa HOBM KOMIJaKTHM CHCT8MB. "uc
TO'QHHK-npoCia-,neTeKTOp" c renuenoti aTMoc¢epoti ,ll,JlJ1 KonhUeBoro HCToqnu
Ka 

7
be,npe,D,HaaHaqeHHan ,ll,JlJ1 aHaJIHaa co,nep,1taHHR JierKHX sJieMeHTOB OT 

-Al ,no Nt • 
713. BnepBble paapaCiOTaHa M8TO,nttKa H3rOTOBJI~HliJ1 KOJibUeBblX HCTO'II

HHKOB Ge H3 ,ll,BYOKHCH repMaHHfl, npe,ll,HaaHaqeHHblX_ ,ll,JlJ1 onpe,neJieHHn co-

6~1~c;.:rne!!HUi\ :mC'm'i"fl 
~C\111HX 1trt f ,•n•;ii>~:'Hl!t8 

GViS/lltJOT2HA 
• 



'ASpxa.HIDI aneMSHTOB no xapaKTepHCTHqecKOMY peHTreHOBCKOMY H3JIYllSHHIO. 

4. Mccne'AOB8Jia H paspa6oTaHa HOBM KOHCTPYKI.\IDI 'AByxCT~e~aTO
ro HCTOtlHHKa peHTreHOBCKoro H3JIYIISHHH Ha OCHOBe HCTOtlHHKOB 41Atn H 

BTOPHtlHh!X MHIIISHen. 
5. Paspa6oTaHa BHCOKOt:iyBCTBHTSnbHM MSTO'AHKa onpe'AeneHIDI cepe6-

pa B reonorHqecKHX 06pas4ax no xapaKTepHcTuqecKOMY peHTreHobcKOMY 

H3JIYII8HHJ) C yqeTOM MaTpHtmoro aqxpeKTa no HeKorepeHTHOMY pacceHHHOMY 
< 

H3JIYIISHHD. 
6. Paspa6oTatta HOBM,npOCTM,BliCOKOt:iyBCTBHTenbHM MSTO'AHKa onpe

'A8n8HHH HHKSM H K06aJibTa B ey6HHCKHXlleJ'.le3HCTblX naTepHTax no xapaKTe

pHCTHqecKOMY peHTreHOBCKOMY H3nytreHHD C npe'ABapHTenbHon XHMHqecKon 
o6pa6oTKon npo6. 

IlOJIYIISHHble pesynbTaTH no H3ytl8HHJ) xapaKTepHCTHK CHCTSM 11 HCToq
HHK-npo6a-'ASTSKTOp" ,HCTOtlHHKOB H3JIYIISHHH 716e H 'AByxcTyneHqaTEIX He..;• 

TOtlHHKOB peHTreHOBCKoro H3JIYIISHIDI Ha OCHOBe, 241Am HMSDT CYDlSCTBeH
HOe 3HaqeHHe ~ BH6opa onTHMaJlbHblX napo.MeTpOB 3THX CHCTSM H HCTOtlHH
KOB. 

ilP~~!HqecKM ye~HOCTb no~~£li~-P~~.Y~E!~!Q].IlonyqeHHble 'AaHHble 
MOryT 6HTb HCnonb30BaHH npH BH6ope onTHMaJ!bHblX ycnoBHn BOs6yii,n,eHHfl 
xapaKTepHCTHqecKoro peHTreHOBCKOro H3JIYIISHIDI aneMeHTOB pa,tJ,HOH30TOnHbl

MH HCTOtmHKaMH H3JIYII8HHn.Paspa6oTaHHHe H HCCne'AOBaHHble HCTOtlHHKH H3-
nyqeHIDI n03BOMDT pacll!HpHTb B03MOlKHOCTH npOB8'ASHIDI aHaJIH30B aneMeH
TOB B mHpOKOM 'AHanasoHe no. z . MeTO'AHKH onpe'AeneHM cepe6pa, K06aJib
Ta H HHKeM MOryT HanTH npHMeHeHHe npH neo6XO'AffMOCTH npOBS'ASHIDI BliCO
KOtzy'BCTBHTSnbHOrO attaJIH3a CO'A8PlltaHHfl 3THX aneMeHTOB B reonorHqecKIDC 

06pas4ax. HanpHMep, npHMeHeHHe Ha l{y6e BHCOKOt:iyBCTBHTenbHblX M8TO'AHK 
onpe'AeneHHH HHKenR H K06aJibTa B ~ene3HCTHX naTepHTax M~eT 'AaTb 6onb
mon 3KOHOMHqecKHn 3qxp8KT, TaK KaK B 3TOn CTpatte CYDlSCTBY!)T H 3Kcnnya

THPYDTCH KpynHue MSCTOpOJK,D;8HHfl ~enesHCTblX naTepHTOB. 

Agpo6auHH pa6oTU. 0CHOBHHe pesynbTam pa60TH 'AOMa,Il,l,IBaJIHCb Ha 

HaytmblX ceMHHapax Haytm0-3KCnepHM8HTaJlbHOrO OT'Aena CTPYKTYPH fl'APa 
]a6opaTOpHH fl'ASPHblX peaKuHn OIDIB, H Ha MeJK,D;yHapO'AHblX KOHipepeHUHHX B 
))y6He (I98I),]ennl\Hre (1982) H .!wes'AeHe (I983). 

il.Y§m!~~Y.!!.!!· Co'Ae~aHHe pa60Tli ony6nHKOBaHO B? npenpHHTax H 
coo6111effif!IX OIDIB, qeTHpeX CTaTbflX B ~Hane "3aBO'ACKM ]a6opaTopm1"' 
B TpSX 'AOKna,D.ax Ha KOHipepeHUHHX, H B EinnJieTeHe·"OTKpHTM H3o6peTeHHH11

-

ABTOpCKOe CBH~eTenbCTBO f 9?235I. 

Q~~~ ,IJJ{CcepTayHH.,lbtccepTauIDI COCTOHT H3 BB8'A8HIDI,qeTHpeX 
rnaB,3aKJDOqeHIDI H cnHCKa UHTHpOBaHHon nHTepaTypH.CO'ASPJ!tHT II9 CTpa
HHQ MaIIIHHonacHoro TSKCTa,32 pHCYHKa H 6H6nHorpaqiHqecKHn CnHCOK H3 

II6 HasBaHHn. 

2 

99.Y&~.!!~-~HCCepT@H~ 

Bo ·BB8,Y&HHH no'AqepKHBaeTCH aKTYMbHOCTb TSMbl, C~OpM;ynHpOBaHa oc
HOBHM Q8nb pa6om, npHB8'A8Hbl OCHOBHlie pesynbTaTu,nonyqeHHbl8 aBTO

poM,H 'AMO KpaTKOe CO'A8Pl!t8.HHe 'AHCCepTauHH no rnaBB.M. 
Ilfill]M rnaBa 'AHCCepTauHH CO'ASPlKHT nHTepaTypHblH o6sop MSTO'AOB 

B036~eHHfl xapaKTepHCTHqSCKOro peHTreHOBCKoro H3JIYIISHM aneMeHTOB. 
Bonbmoe BHHMaHHe Y'ASnHSTCH HCTOtlHHK8.M B036~eHIDI,B TOM qucne pa,tJ,HO

H30TOnHUM HCTOtIIIHKaM. IlpoattaJIH3HpOBaH Bonpoc HX BH6opa ~ pemeHIDI 
pasnHtmb!X aHaJIHTHqecKHX sa,n.aq. IlpO'AenaH cpaBHHTenbHbln aHaJIH3 B03MO~
HOCTen,KoTopue 'AaxlT aHaJIHTHqeCKHe MSTO'AN npH HCnonb30BaHHH pasHHX 

HCTOtlHHKOB B036~eHHH(pa,IJ;HOH30TOIIHHe HCTOtlHHKH, peHTreHOBCKHe Tpy6-
KH,YCKOpHTenH sapruKeHHblX qaCTHU). 

~Q_]!Opon rnaBe npe'ACTaBneHbl H npoatta.nHsHpOBattu nonyqeHHue pe
synbTaTu no onTHMH3auHH HCnonb30BaHHH H3nytreHHfl OT cepHnHblX KOXbQS
BblX H l\MHH'APHqecKHX pa,tJ,HOH30TOnHblX HqTotmHKOB 241Am, 125I H I09cd 

npH B036~eHHH xapaKTepHCTHqecKoro peHTreHOBCKOro H3Xytl8HM aneMeH
TOB npo6u H RX H3MepeHHH 5,(Li) -'A8T8KTOpOM [I,3-6] • B ycTaHOBKax, 

npe'AffaaHaqeHHblX MH Bos6~eHHH H perucTpauHH xapaKTepHCTHqecKoro 

peHTreHOBCKoro HsnyqeHHfl 3~8MSHTOB npo6u, B~HYJJ ponb•HrpaxlT KOHCTPYK
UHH H reOM8TPIDI·CHCTeM 11 HCTO'!Ir{HK-npo6a-'AST8KTOp". B 3THX CHCTeMax 
(pHc.I,2,3) BaaHMO'AencTBHe nepBHtmoro HsnyqeHHfl HCTOtlHHKOB HHTSHCHB-

1 

I 7 ;~ 7) ' ' > > J. .... , .. u , , rH• J Hs 
H, 

16 r ,. f ,,., y 1 v < < / c c 4 I Ha 
-----,-----11"' 

Puc.I. CHcTeMa "HCTOtlHHK-npo6a-,11&T8KTop" ~ HCTOtlHHKOB 241Am. 
·· 24I 
• I - npo6a, 2 - HCTOtlHHKH "Am, 3 - CBHHI.\OBM 3~Ta, 

4 - o6nHQOBKa H3 Cu ' 5 - 5,(L;} 'A8T8KTop. 
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PHc .2 • 06l!lM cxeMa Cl1CTeMhl 1111CTOtIHl1K-npo6a-AeTeKTop" ,IVIR KOJih

ueBOI'011CTOt!Hl1Ka I25I 

j_Jolj1 

~I~ , L_~,s 

'L -~r 

PHc. 3. C11cTeMa "11cTot1HHK11 I 09co. - npo6a-AeTeKTop" : I - Si (Li) 
AeTeKTOp, 2 - 6ep11JIJil1eBoe OKHO, 3 - CBHHUOBM 3~HTa, 
4 - Aep,KaTeJih 11s oprcTeKJia, 5 - HCTOt!HHK I09cd 

(~3 x 3w.f), 6 - npo6a, 7 - o6JIHUOBKa HS K~R-

HOCThll I c sJJeMeHTaMH npo6bl H non~aHHe BTOpHtIHoro H3JiytieHl1R t -ro 

3JieMeHTa I2,L Ha noBepxHOCTh AeTeKTopa OilHCb!BallTCR BblpruiteHHeM 

Ir,i. = K1 Kz CI.,. (I) 

I'A8 KI - AOJIR 113JiytieHHR HCTOtlH11KOB,non~MlllM Ha aHaJil1311pyeMYI) npo-
6y; ~ - AOJIR xapaKTep11cT11t1eCKOI'O 113Jlytl8HHR 3JieMeHTOB npo6,bl, IIOIIa,Alll)
lllM Ha AeTeKTop; C - KOsqxfl11u11eHT TpaHc¢opMaU11H nepB11tlHOI'O H3JiytieHHR 
B ¢J!yopecueHTHOe,KOTOpb!n onpeAeJIReTCR HS ¢OPMYJibl B.nox11Ha [B.noxHH M.A. 
~3.HKa peHTreHOBCKIDC .rryqe!, rocTeXHS~T, I9o3J. 

4, 
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4acTh H3JiytieHHR Ii,i,per11cTpHpyeMM AeTeKTopoM,COOTBeTCTByeT KO

JIHtleCTBY HMnyJihCOB B IlHKe 

In,i.:: E.i. I2,i., (2) 

I'Ae t. - aqxpeKTHBHOCTh peI'HCTPBqHH 113JiytieHHR L-I'O 3JieMeHTa. 

Kosqxp11QH8HTbl KI H ~ saBHCRT OT reoMeTPHt18CKl1X napaMeTpOB CHCTe
Mli 4>rn l-\i,(p11C.I ,2 ,3) H OT noTepH HHTeHCHBHOCTH H3JiytieHHR sa CtleT 

IlOI'JIOlJleHHR S • 
OT 3Hatl8HHR KI H ~ saBHCRT,B 3HatiHT8JihHOfi CTenemt, BbOCO~ble 

napaMeTpb! YCTaHOBKl1: KOJIRtl8CTBO RMITYJihCOB B nHKe -In H COOTHOmeHHe 

Cl1I'HaJI/¢oH - In/Iq> • 0Tc1>~a CJie~eT, t!TO ~ OilTJ.iM8.JlhHOI'O 11CilOJih30-
BaHHR 113Jlytl8HHR HCTOtIHl1KOB B036~eHRsr TP860BaJIOCb no~o6paTh TaKHe 
sHatieHHR napB.MeTpOB cHc-reMH <I>.: , 1-h 11 S , tlT06bl K03qxfJHUHeHTbl K1 11 
~ B ( I ) npIDUIMaJIR, no B03MOlltHOCTH, HaY.60JibmH8 3HatieHHR. :lfa BCex na-

pa.VIeTpOB ( q>i. ' l-l1. ) ~ CHCTeM 6b!Jil1 Hatl,11,eHbl 3KCnepHMeHTaJihHb!8 saBl1CH-

MOCTH M8W' 3Ha'llemun.w. In/rq,' In H TP8MR napaMeTpB.MH: m2 - BHYT
peHHHn ~aMeTp KOJIJIHMaTopa ~ep,itaTeJIR HCTO'llHRKa H npo6bl, 82 - BblCOTa 

Irvt aJ 0> 
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PRc.4.3a~HCHMOCTl1 In/r4>-=-f(~l2) 
"'H In:.t(l-\2) npH q>2 :.con~-t-
•· ~ KOJibU8BOI'O HCTO'llHHKa 1251. 
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PHc.5.3aBHCHMOCTH-In/IcJ> ~-f (\-\t} 
H In=f (I-fa) npH c:f>i:corut 
AJI.11 xoll:&qeBoro HCTO'<lHHKa 241Arn. 
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PHc.6.3aaH~HMOCTH In/I~=f (<f>i)H In ::f(c\>z.) ~H nyqmeM cooTHomeHHH 

In/Jcp:: 1 ( lh) WIR QHJIHH,IIJlHtleCKinc HCTOllIDIKOB 
241 Am • 

38111HTN HCTOllHHK-'AeTeKTOp H % - BNCOTa npo6a-HCT01lHHK. 0TH napaMeT
pN HMeDT pem8J001ee 3Ha1l8HH8 WUl OTITHMSJibHOro HCTIOJib30BaHlffl HCT01lHH
KOB B036Y)l(,Il,8Hlffl BTOpHllHoro H3JlytreHHSI. 

B pa6oTe CKOHC,~OBaHO H HCCJie'AOBaHO 6oJiee 100 pa3JIH1lHhDC 
CHCTeM wm HCTOllHHKOB 1A"1, 125I H 109u. Ha pHc.4,5,6 npe'ACTaBJie
HN npHMepN no~eHHhDC 3KCnepHMeHT8.JibHblX saBHCHMOCTeR 11,J1Jt KOJibQeBO
ro HCT01lHHKa 12 I H KOJibQeBoro H QHJIHH,IIJlH1l8CKHX HCTOllHHKOB 241An-.'. 
Ha OCHOBe noJiyqeHHhDC pesyJibTaTOB MOlltHO yCTaHOBHTb KpHTepHH onpe'Ae
JieHHR H onpe'AeJIHTb OTITHMMbHNe reoMeTpHtleCKHe napB.M8TpN CHCTeM 
11 HCT01lHHK-,06a-'AeTeKTop" ~ 3gq>eKTHBHoro HCTIOJib30BaHHSI H3JIY1leH!ffl 
HCTOllHHKOB 41Am, 125I H I Ca. BwiH BN6paHN OTITHM8JlbHN8 CHCTeMN WUi 
yxasaHHblX p~OH30TOI1Hl,IX HCTOllHHKOB IIpH B036Y)l(,Il,8HHH xapaKT8pHCTH1leC

KOrO peHTreHOBCKOrO HSJIYlleHHSI Cepe6pa,HHK8JISI H K068JlbTa B reOJIOrH
'1:18CKHX o6pasqax. lfa pHc.6 BH'AHO, 'l:ITO O.IUI03Hatmoro ' pemeHlffl npH Bhl-
6ope OTITHMSJibHhDC napaMeTpOB CHCT8M "HCTO'l:lHHK-npo6a-'A8T8KTOp" TIOJIY
llHTb H8Jib311, TaK KS.K npH ~eJIH1l8HHH In COOTHOmeHHe In/I.ct, YJCY,1Vlla8TCII. 

IloaTOMY Ha OCHOB8 TIOJIY'l:l8HHhDC 'AaHHblX MOlltHO BN6paTb HaruiyqmH8 ycJIOBlffl 
WUi pemeHlffl KOHK})eTHOR aH8JIHTH1l8CKOR sa,u.allH HJIH KOMnpOMHCCHNe YCJIO

Blffl WUl PSWl Sa,D.a'l:l. 

~~eR rJIIU!e npHBe'AeHN pesyJibT&TN pa6oT,BWlOJIH8HHNX C 
Q8JibD noJIYlleHHl! HCTOtlHHKOB HSJIYlleHHSI c HaH60Jiee TIO'AXO,DJD11eR attepmeR 
WUl B08t1Y)l(,Il,8HHSI Kc( -JIHHHR K068JlbTa, HHK8JISI H cepe6pa B reoJiorHtlec
KHX o6p~qax. BwIH paspa60TaHN H HCCJI8'AO~aHN KOJibQ8BNe HCTOtlHHKH 

6 

71<5e11 'AByxCTyneHtlaTNe HCTOllHHKH peHTreHOBCKOro H3JiytleHHJI Ha OCHOBe 
241Am H BTOpHtrnblX MHmeHeR H3 &Fe [I, 7-II] • 

,IJ,,m 'AOCTHJ!teHHSI onTHMaJibHOro ceqe1mn B036;yJK'AeHHR xapaKTepHCTHllec
KOro peHTreHOBCKoro HSJiyqeHHR HHKeJIR H K06aJibTa 6b!JI paspa6oTaH H H3-

roTOBJieH P~HOH30TOnHNR HCTOllHHK C 3HeprHeR HSJiyqeHHR HeCKOJibKO npe
BbilllaIOll!HR stteprmo K-xprur norJIOll!eHHff HHKeM ( EKrJi =8,4 xsB) co cpaa
HHTeJibHO MOH03HepreTH1leCKHM cneKTPOM. Ha1160Jiee nO'AXO,DJDIIHM p~HOH30-
TOnOM WIR IlO'ArOTOBKH TaKoro HCTOllHHKa OK8.3aJICR ?Iee ,HcnyCKEIQJ1HR 

peHTrettoacxoe 11snyqeu11e K-JIHHHH Get c sttepr11ei1 EKo<G~ =9,3xaB,HMe~ 
ll!HR nepH O'A nonypacn~a T I/2 = II , 8 'AHR H BNXO'A =4 I , 5%. 

Bb!Jla paspa6oTaHa npoCTM MeTO'AJiKa H3rOTOBJieHHR KOJibQeBNX HCTOtt
HHKOB 

7
1<5e Ha OCHOBe 'ABYOKHCH repMaHlffl H nopOIIIKa MeTaJIJIHllecxoro rep

MaHHR H Il0'A06paHa OnTHM8JlbHM reoMeTpHR CHCTeMbI 11 HCT01lHHK-npo6a-'AeTeK

Top" MR 3THX HCTOllHHKOB, a TaJOKe npoaepeHa 3qipeKTHBHOCTb HX HCTIOJib-
30BaHHR WUl B036Y)K,Il;eHHR xapaKTepHCTllllec,rnro peHTreHOBCKOro H3Jiyqe,rnn 

HHK8JIR, K06aJibTa H fYrHX 6oJiee JierKHX ~JieMeHTOB. 71 

P~o11s0Ton 
7 

Ge noJiyqaJicn no peaKQHH ;~e (n,i~~e npH 06-
nyqeHHH repMB.HHR B TetleHHe 40 qacoB ndTOKOM TenJIOBNX HeRTpOHOB HHTeH
CHBHOCThlO J::: ro13 H/ cl c. Ha peaxTope HT3~ [7] • 

repMattHeBNe MHllieHH Ha 8.JIIOMHHHeBoR no~JIO~Ke HMeJIH BH~ KOJieu C 
BHYTPeHHHM H BHelli!-MM ~HaMeTpaMH IS HIS MM COOTBeTCTBeHHO (pHc.7) H 
H3rOTOBJIRJIHCb KaK H3 nopOIIIKa llHCToro MeT8.JIJIH1lecxoro repMaHHR (aec 

0,5r),TaK H H3 'ABYOKHCH repMaHHH (0,72r). Ilo~JIO~KY H ¢oJibrH MR noK
pNTHR MHWeHH H3rOTOBJIRJIH H3 oco60-1lHCToro 8.JIIOMHHHR. 

J].eCRTb ~en cnycTR noc~e o6JiyqeHHR,aKTHBHOCTh 7 I6e B KOJibQeBOM 
HCTOllHHKe COCTaBJinJia OKOJIO I ,48 rB1(, a H3JiytleHHR 'APYrHx MeIIIaIOll!HX 
H30TOnOB (75Ge, ??Ge H 79A~ ) He 6NJIH o6Hap;yJKeHN, 

ViCTOtlHHK ?Ise noMelllaJICR B CHCTe_MY 11HCT01lHHK-npo6a-~eTeKTOp" 

c npOTOllHOtl reJIHeaon aTMOC¢epon (pHc.7). reJIHR nocTynan a CHCTeM,Y 
qepes Tpll KanHJIJIRpa C BHYTpeHHHM ~V.aMeTpOM IMM npH ~aBJieHHH 6JIH3KOM 
K aTMoc¢epHOM,Y Here paCXO'A COCTaBJIHJI Bn,.¼.PaccTORHHe OT npo6N 'AO 
6epHJIJIHeaoro OKHa COCTaBJIRJIO 6,5 MM. 

Ilpe'AeJIN o6Hapylt(.3:ilffl ( no KpHTepHIO 3VI,.ott' ) , nonyqeHHNe npn 

aH8.JIH3e aJieMeHTOB B JierKotl MaTpHue C HCnOJih30BaHHeM 71se11 I09Cd' npH

Be'AeHbl Ha pnc.8 H npH 10-MHu.HsMepeHHH MR HHKeJIR H xo6MbTa cocTaB
MDT 0,0006 H 0,0000% COOTBeTCTBeHHO. Ha pHc.8 BH~HO,llTO npHMeHeHHe 
reJIHeBoV. aTMoc¢epN n03BOJIReT HeCKOJihKO yJiyqIIIHTh npe~eJIN o6Hap;yJKeHHR 
sJieMeHTOBr OT Si ~o I< 

~~aqa no~6opa onTHM8.JihHOV. 3HeprHH B036Y)K,Il;B.IOillero H3JiytleHHR 
MO~eT 6HTh TalOKe perueHa nyTeM HCnOJih30BaHHR ~ByxcTyneHtlaTNX HCTQqHH
KOB peHTreHOBCKOro H3JiyqeHHR (JJ.V,Hf),KOTOpNe, B npHHUHne, Il03B0JIRIOT 
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Pl-le. 7. CxeMa KOJlhUeBoro 11CTOtml1Ka 7 1t,e 11 Cl1CTeMa 11 HCTOllHl1K-npo6a
,D,eTeKTOp" C reJIHeBOH aTMocqiepon. I - $, (Li) ,D,eTeKTOp' 

2 - 6epHJIJIHeaoe OKHO, 3 - Kopnyc ,D,eTeKTopa, 4 - ,D,ep,KaTeJih 
113 oprcTeKJia, 5 - KaTil1Jl.lIRp C BttyTpeHHl1M ,!1,11aMeTpOM IMM ,!l,Jlff 
no,D,alll1 reJIHff B npoTOtllihlH o6oeM, 6 - Kopnyc KOJlhU0BOro HC
TOtml1Ka 113 lll1CToro a.JIIOMliHl1H, 7 - KIOBeTa ,!l,Jlff npo6hl 113 opI'

CTeKJia1 8 - 11CTOllHl1K 
7

1<5e' 9 - a.JIIOMHHl10BM lpOJihl:'a ,!l,Jiff noK
pUTl1ff Tse, IO - ocHoBaHHe 11 KOJIJiliMaTop 113 cBl1HUa. ~I =8MM, 
~ = I3MM, ~3 = 2BMM, ~4 = 3IMM, Hr = IMM, 82 = 35MM, 
H 3 = 6,5MM. 

210 
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K Ti Cr Fe Ni 

Pi-!c.B. KpHBbie npe,D,eJIOB o6HapyiKeHHH (qyBCTBHTeJibHOCTh aHaJIH3a) 
3JieMeHTOB B JierKOH MaTp11ue,noJiyqeHHhle B pasJIHllHUX ycJIOBMX: 
I - HCTOtIBHKOM 

71Ge ( B03,D,yillHM aTMOCipepa) --A ~ ~ f 2 - HCTO'Q
HHKOM 

71
Ge (reJmeBM aTMocqiepa) -o-o--0- ; 3 - 09cd 

(B03,D,yillHM aTMOcipepa) 

8 

) 

pa3pernaTh 3TY 3~aqy,HO KaK yKa3hlBaeTCH B JIHTepaType,06I1111M He,D,OCTaT
KOM TaKliX HCTOllHHKOB HBJIHeTCH HH3KHH BhlXO,!I, BTOp11llHOro H3JiyqeHJ1ff B03-

6y,K,D,eHHH. 
B ,D,aHHOH pa6oTe HaMll pa3pa60TaHa 11 HCCJie,IJ,OBaHa KOHCTPYKUHH 

)JJff'l1 Ha OCHOBe cep11'1HhlX HCTOtmHKOB 241Am 1p11pw "lfaoTon" THna lU11A-2 

:aKTHBHOC~hlO 7,4f'EK K8.lK'AblH (pHc.9) H BTOplillHOH MHWeHH 113 6apHH HK~-
1 Mliff. KoHCTPYKTHBHhle peruemrn 'npHMeHHeMbie B pa6o'l'e. 'Il03BOJI11Jil1 CYllleCTBeH
i HO yBeJIHlll1Th BhlXO,!I, BTOpHtmoro H3Jlytr0HHH B036y,K,D,eHM [9-II] • 

B3aliMO,!l,0HCTBHe nepBHtmoro H3Jlyq0Hliff HCTOtIBHKOB HHTeHCHBHOCThlO 

I co BTop11tmon Ml1IlleHhIO MOJKHo on11caTh lpOPMYJIOtt (I). B cJiyqae ,DJ:!F'l1, 
traCTh nOTOKa BTOpHtmoro xapaKTepHCTl1ll0CKoro 113JiyqeHHH I1,i. nona-

, ,D,aeT Ha aH8.Jil13HpYeMYIO npo6y. Ilp11 B3aliMO,D,ettCTBl111 C npo6on B03Hl1KaeT 
:xapaKTep11CTJ1lleCKOe peHTreHOBCKOe H3Jlytr0Hl1e 3Jl0M0HTOB npo6u. qaCTb 

3TOro l18JiytreH11H,nona,ttaJaliero Ha ,!l,8T8KTOP, OimCHBa8TCH qiopr.ty~ott 

I~.i =- K1 K2 K., C1 C2 I 
:wm, c ytreToM (I), 

13,i.-:. K3 Ci I2,L, 

©---:-

/ -~'."L_.:::: ' 
I; 

U½; ,,~, ,, \ 

0 .:::- ..... ~'*-'=. ....... ~-~/ -,--

(3) 

(4) 

PHc.9.KoHCTPYKUM ,D,ByxCTyneHtraToro HCTO~!fa peHTreHOBCKoro H3Jiyqe
HHH Ha 

I 
OCHOBe U11JIHH,D,pHlleCKliX HCTOllHHK~!I i'\m. I - Si (Li) ,IJ,8T8KTOp, 

2 ,3 - CBHHUOBM 38lJ\HTa, 4 - HCTOllHHK Am, 5 - JIOKMbHM 3~Ta 
HCTOllHHKOB, 6 - BTOpHtIBM MHW0Hb, 7 - npo6a, 8 -06JIHUOBKa (Cv+ ~, ) 
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r~e ffs ~OJIR xapaKTepHCTHqecKoro H3.nytr8HHR npo6N,llOlla.ztB,Dll8ro Ha 'A8T8R
TOp, ~ - K03ippHUH8HT,KOTOpNn onpe~eMeTCR TaKHMH ~e napaMeTpBMll, 
KaK H Cr B (I),Ro co 3HaqeHHRMH, aaBHC.<nqHMH OT ¢HaHqecKHx xapaKTepHc-
THK 3Jl8M8HTOB npo6@ H llOII8,It81Jll8ro ll3JIY'l8HW1Iz,i • I 

Ha BblXO~e peHTreHOifuryopecueHTHOn ycTaHOBKH qaCTb H3~8ffi'IR~ 
perHCTpHpyeMaR ~eTeKTOpOM, COOTB8TCTBY8T KOJIHqeCTBY HMITYJibC~B B nHKe 

In,i = E.:I3,i.. (5.) 

r~e [ L - 3ippeKTHBHOCTb perHCTpauHH H3.nytr8HHR 
0603HaqM B (3)Kr~ffs=K4 H Cr~= C H 

3HaqeHH8M H3 (3),nonyqHM 

t- ro aJieMeHTa. 
38MeHRR B ( 5) I 3,i 

ero 

In,i=c .. KCI. 
KoalpPHUH8HT K 3aBHCHT OT reoMeTpHqecKHX napBMeTpOB )]JiPl1 

( Cf>i, Hi ,o(i ) - pHc. 9 H OT noTepH HHTeHCHBHOCTH HanyqeHHR aa cqeT 
noI11eHHR E 

K = I (<Pi, Hi,o<i )') • 

(6) 

nor-

(7) 

OT 3HaqeHHR K aaBHCRT, B 3Ha~TenbHon CTeneHH, BblXO~HNe napa
MeTpN ycTaHOBKH:KonHqeCTBO HMnynbCOB B nHKein H COOTHOllieHHe CHrHarr/ 
¢oH - In/rep . 

· reoMeTpHqeCKHe napaMeTpN ,l!JiPl1 - <t>, , I-Ii. , o(,· HBMll no~o6paHN 
TaK,qTo6N KB ( 6 ) IIpHHHMMO no B03MO~HOCTH HaH60nbmee 3HaqeHHe. 
)].nR napaMeTpa o(i ,HCXOM H3 pacqeTHNX H aKcnepHMeHTMbHbIX ~aHHblX,6bf
JIH ycTaHOM8HN onTHMMbHNe 3HaqeHHR «1 =13±4 ° H c<2 = 23+6°. 

Kopnyc )]JiPl1 CKOHCTPYHPOBaH H3 CBHHua. )].nR noAaBne~HR L -nHH~n 
CBHHUa, B Tex cnyqMX,KOrAa 3TO Heo6xo~MO, Hcnonb30BaHa o6nHUOBKa 
M8Abl'.l H MJ'.lMHHH8M, 

)]JiPl1 n03BOnReT 3ipp8KTHBHO B036YJK,D,aTb xapaKTepHCTHqecKoe H3ny
qeHHe cepe6pa H ~yrHx 6onee nerKHX a~eMeHTOB. C noMOI!1bD paapa6oTaH
Hon ycTaHOBKH no.nytreHN npeAenN o6Hapy,iteHHR cepe6pa 0,000I-0,0004% 
IIpH 30-MHHYTHOM H3MepeHHH (no KPHTepHD 3~) (pHc.II). IToKMaHo, 
qTo npe~araeMNe ,l!JiPl1 MOrYT aaMeHHTb AOporocTORI11He HCTO~HKH 109cd·, 
125r H ~• npH aHMH3e aneMeHTOB OT KMbUHR AO P8AKHX 38Menb npH 
HX COA8PlKaHHH OT H8CKOnbKHX npoueHTOB (Ca-Ti) AO ThlCflqHNX AOnen npo
ueHTa ( A~, Rh, Mo , A9 11 AP,) npH IOMHH. HaMepeHHH.KpoMe Toro, 
B03MOlltHOCTb nOA60pa B )]JiPl1 Heo6xo~Mon 3HeprHH B036YJK,D,eHHR ,n03BOJIHna 
paapa6oTaTb 6onee aippeKTHBHYD MeTo~ey aHMH3a cepe6pa. 

B_qeTBepyon_rnaBe onHcaH!,I paapa6oTBHHhle MeTo~KH aHMH3a cepe6-
pa B reonorHqecKHX 06pa3uax no xapaKTepHcTHqecKoMY peHTreHOBCKOMY H3-
nyqeHHD C yqeTOM MaTPH~oro 3ippeKTa no H8KOrepeHTHOMY pacceRHHOMY H3-
nyqeHHJ'.l, a Ta!OKe M8TOAHKH aHMH3a K06MbTa H HHKenR H3 KY6WlCKHX_lKe-_ . 

IO 

I 

•]II··.• t.l 
•:I 

✓ 

ne3HCTblX naTepHTOB C IIp8ABapHTenbHon XHMHqecKon o6pa60TKOn 
npo6 [I,5,II-I3l • 

ITpH onpeAeneHHH cepe6pa B reonorHqecKHX 06pa3uax c pa3HNMH MaT
pHUBMll ( C pa3HNMH aippeKTHBHNMH aTOMHNMH HOM8p8Mll - z .. t, ) BblXOA xapaK
T8pHCTHq8CKOro peHTreHOBCKoro H3nyq8HHR Ha 8AHHHqHoe COA8PlKaHHe ce
pe6pa CHnbHO H3M8HR8TCR B aaBHCHMOCTH OT 3HaqeHHR za¢· TaIOKe H3-
B8CTHO, qTo Me~ 2a¢ npo6N H HHT8HCHBHOCTbJ'.l KOrepeHTHoro - NKp 

(HMil/MHH) H HeKorepeHTHOro - NuKP(HMil/MHH) pacceRHHOro H3nyqeHHR 
CYI!\8CTBY8T onpeAeneHHM CBR3b. )].nR ycTaHOBneHHR TaKon CBR3H HYJKHO 
HCXO~Tb H3 3aBHCHMOCTH AH!ppepeHUHMbHNX ceqeHHn ~fl KorepeHTHoro H 

HeKorepeHTHOro pacceRHHR OT z . 
B.naroAaPR HCnOJib30BaHHJ'.l ~ B036YJK,D,eHHR xapaKTepHCTHqecKoro H3-

nyqeHHR 6apHR c :meprHen Er = 32 ,2 KaB H Manon paaHHue Me~ aTon 
aHeprHen H aHeprHen xapaKTepHCTHqecKoro H3nyqeHHR cepe6pa~MolltHo yc
TaHOBHTb 3KCnepHM8HTMbHYJ'.l 3aBHCHMOCTb Me~ BhIXOAOM xapaKT8pHCTHqec
KOro H3JiyqeHHR cepe6pa ImlX (HMil/(MHH.% co~ep.A_,)) H BblXOAOM NHKP, 
a Cn8AOBaTenbH0 1 H 2 3¢,T.e. . 

I13bl)(= f (N~KP) =-f (bcp). (8) 
)].nR npaKTHqecKoro HCnOnb30BaHHR 3aBHCHMOCTH (8)6Nna nocTpoe

Ha KMH6pOBOqHM KPHBM (pHc.IO),no3BOnRJOll1M no aMITnHTYAe nHKa H8KO-

s 
'r 
:s: 
~-+ 
°b 
~3 
~ 
?i2 

..!!l 

n 1l 

0 250 500 750 1000 

HKP.1,1Mn/MHH 

F'Hc.IO. KMH6poBOqttM KpHBM ~J'f yqeTa MaTp~oro 3ippeKTa npH aHa-
nH38 cepe6pa B reonorHqecKHX o6pasuax c pa3HNMH Z3¢• 

repeHTHoro H3JIY'ffiHHR IHKP onpe~enHTb BblXOA xapaKTepHCTHqecKoro H3-
nyqeHHR cepe6pa H3 npo6N IBUX B aaBHCHMOCTH OT Z3¢ o6paaua. )].nR 
nocTpoeHHR KaJIH6pOBOqHon KpHBon AOCTaToqHo HMeTb B pacnopRJK8HHH 
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4-b· CT8.H,IJ,apTHbIX npo6 cepe6pa C pB.3Hb!Mll 23¢ MaTpHUbl. ~ 
3HaqeHHR IBHX ~fl TIOCTpOeHHR KBJIH6pOBO~OH KpHBOA onpe,11,eJUieTCR 

no ¢opMYJie 
tn;} 

Isb1X = cA
9
:;.t 

r,11,e <n~ - KOJIHqecTBO m~nyJibCOB B 
npo6bl npa i -MHHYTHOM H3MepeHHH; 
,11,apTHOA npo6e. 

(9) 
naKe cepe6pa cneKTpa CTaH,11,apTHoA 
CAj3 - co,11,epJKaHHe cepe6pa B cTaH-

Co,11,ep,rmHae cepe6pa B aHBJiasapyeMbIX npo6ax onpe,11,eJIReTCR no 
¢opMYJie 

tn 

CAs~ L~b1x,i 
r,11,e ln - Ko;raqecTBO HMnyJihCOB B naKe npn BpeMeHa RsMepeHHA t, a 
r8HX onpe,11,eJIReTCR noiruia6poBo~oA KpRBoA. 

Tipe,11,eJibl o6HapYJ!(eHHR cepe6pa (no KpHTeparo 3 \J I¢o~) B saBaca
MOCTH oT Z

3
¢ npaBe,11,eHbl Ha pac.II. MK BH,11,HO as pHCYHKa~,11,JUl Z3rn ~ 

II-22 npe,11,eJibl o6HapYJKeHHR nnaBHO MeHRIOTCR B npe,11,e;rax (I-4) I0-4 %. 

~5 
'o .... . 
.o·4 ,_ 
u 
0 

:i 3 
:5 
1-
~ 2 
t 
CD -:r 1 

25 18 15 1i z3q:, 

0 ZSO 500 TSO 1000 

HKP. "1Mn/Ml-1H 

Pac.II.Tipe,11,eJibl o6HapYJ!(eHHR (qyBCTBHTeJibHOCTb) cepe6pa B reo;rora
qecmix npo6ax B saBHCHMOCTH OT IHKP a Z

3
¢ .Bpe1.m: nsMepeHRR -

30 WiHYT. . · : 

0THOCHT6JlbHbl6 OIDH6KH onpe,11,eJieHHR cepe6pa npa ero ·co,11,e~HH 60Jiblli6 
ro-2% He npeBbllllaIDT 6%. '• 

lKeJie3HCTble JiaTepHTbl 06~0 co,11,ep,!(8.T CJI€,ll,YlCllllHe 3JI0M0HTbl: 
Fe - OT HSCKOJihKHX % ,11,0 60fo, Co - ,11,0 I%, Nt, Cra Mn- ,11,0 3%, 
Al - ,11,0 I5%, 5t a M9 - ,11,0 2()%. MeTo,11,oM peHTreHo¢;ryopecQeHTHoro atta-

12 

JIH3a H0B03MOJKHO onpe,11,eJIHTb co,11,epJKaHHe Co B JK0JI03HCTblX JiaTepHTSX, 
TaK KaK HHTSHCHBHbIH naK K fo -JIHHRH Fe c aHepraeA E tef =7, 05 KsB noJI
HOCThRl nepeKpb!BaeT 6o;ree c;ra6b1A nRK Ko< -JIHHHH Co (EJk =6, 93KaB) 
(pac. I2). Onpe,11,eJieHae N~ no naey Ko<. -JIHHHH (E Kc<, =7 ,48 KaB) B aHaqn-

:0 
w 
.n 
C: 
:n 
C 
L 
s: 

4000 

3000 

1500 

500 

FeKa+M!'KJl 

57zso-1 • FeK + [oKa 
I Jl _ 
1

_10690 

. CrKa: 
j 

NiKcx + CoK,s 
' 

150 200 KAHA/lbl 

Pac. 12 • CneKTpbI npo6bl c co,11,ep,!(8.HHeM Ni - I ,24%, Co - 0 ,23?% a 
Fe -52,2% CHRTbl ,11,0 xaMHqecKoA nepepa6oTKH o6pasua (-) a noc;re 

ero xaMUqecKoA nepepa6oTKH ( --........ - ). 

T8JibHOA CTeneHR 3aTpy,11,H0HO, TaK KB.K H3-3a He,11,ocTaTQqttOrO paspemeHHR 
Si(Li)-,11,eTeKTOpa Ha nRK HaJiaraeTCR BblCOK03HepreTHqecKM qacTb IIHKa 

Kp -JIHHRH re . KpoMe Toro' BSJillqRHa MaTpHqHoro s4xlleKTa CHJibHO sa

BHCHT OT C0,11,SJ)lltaHHR B o6pasQe Fe • C ytl0TOII BliIIl8Cl(8.38HHOI'O, 6WIO pemeHO 
6blCTpbIM H npOCTblM XHMRqecKHM M8TO,IIOM BbJ,ll,SJUlTb Co H Hi Ha HOH006MeH

HOA CMOJie. TaKHM o6pasoM,H8M y,11,BJIOCb H36aBHTbCR OT CHJibHO H3M0HRll!l0-

rocR BJIHRHRR Kot•H K<3 -JIHHHA Fe Ha K-<. -JIHHHH Co a Ni, ,11,ocTHrHYTb 
HH3KHX noporoB onpe,11,eJieHRR Co H Ni. H YB0JIHqRTb Ha,J:ISlKHOCTb pesyJibTaTOB • 

BCKpbITHe o6pasQa B8COM IOO Mr npOH3B0,ll,HJIOCb KOHI.10HTpHpOBaHHOA 

nnaBHKOBOA KHCJIOTOA. Nia Co OT,IISJIRJIRCb OT conyTCTBYJ]lllHX 3JISM8HTOB 
(Fe, Ct' , A I a T~~-) c noMOil1bll KaTHOHH0-06MeHHoA CMOJibl. IlocJie cymKH 

NI :a Co B 200 ur oMOJm. npo6H roToBH AllJl peHTr8HO<p.1Iyopeo~eHTHoro au
JIHsa.IlpoQecc BCKpblTHR npo6bl H HOH006MeHHoro OT,):ISJISHHR Ni H Co 3aHH
M8JOT "- I,5 qaca. ,lvr.fl oueHKH npe,IleJibHblX B03MOlKHOCTeA peHTreHo¢JlyOpec-
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ueHTHOI'O 8.HaJll13a no 'QYBCTBHTenbHOCTH 6blJIH npHI'OTOBneHbl I3 pasntttmblX 
npo6 H3 Ir o6pasua. B HeKOTOpblX npo6a.x np0H3B8'A8HO OT'AeneHH~ Ni OT 
Co aHHOHHTOM 'ARR ycTpaHeHHR B3ru!MHOI'O HaJIO*eHHR IIBKOB 3TIDC 3neMeHTOB 
npH He'AOCTaTO~HOM paspemeHHH 'A8T8KTOpOB. 

Boa6YJ1<.11,8HHe xapaKTepHCTH~eCKOI'O H3~8HHRN, H Co B pa6oTe npOBO
~ROCb C IlOMO~bD 5 HCTOtmHKOB I09Ca 06,fi aKTHBHOCTbD 0,22 f'BK 
(E1 = 22,0 KaB) H KOnbueBoro HCTOtmHKa 1oe (E1 = 9,3 KaB). 

Ha pHc.I2 noKa3aHbl cneKTpb! O'AHOA npo6bl,CHRTble 'AO H nocne XHMH
~eCKOfi o6pa6oTKH o6paaua. IlHK Fe B CMOne npaKTH~eCKH He BH'AeH. IlHKH 
Mn, Co 11 Ni xopomo Bhl'AenRDTCR. Oco6eHHO xopomo BH'AeH sqxpeKT norno
~eH»ff xapaKTepHCT~eCKOI'O H3~8HHR Ni B MaTpHue HCXO'AHOfi npo6bl. 

Ilon~eHHble pes~bTaThl aHaJIH3aNiH Co B I7 o6pasua.x npH HCITORb-
30B8.HHH HCTOtmHKOB I Cd,npHB8'A8Hbl B Ta6nHue • ,lJ;m cpaBHeHHR 'A8.Hbl 

Ta6n»ua. PesynbTaTbl peHTreHoqinyopecueHTHoro aHaJIHsa Ni» Co • 
. ------~r---------------- --- . ----------------- ----------06pase Co'Aepma1rne Co'Aep,rnHHe Co'AeplllB.HHe 

____ Ni_% _ ______________ Co _ o __________ Fe % ________ 
1 P~Ax _M::_ !'\PA __ Y.A ----- _____ Y.A ------------------- ------------

I I ,02±0,04 I,04 O,I64±0,000 O,I62 49,8 
2 I ,24±0,02 I,20 0 ,237±0, 009 0,220 b2,2 
3 I,51±0,02 I,44 0,005±0,005 0,006 46,3 
4 I,45±0,02 I ,35 O,I02±0,0IO 0,094 49,5 
5 0,95±0,01 0,93 0,056±0,003 0,061 19,3 
6 0,89±0,01 0,94 0,0'72±0,006 0,(179 50,2 
7 0,56±0,01 0,55 0,049_±0,005 0,048 48,8 
8 0,88_±0,0I 0,80 0,056±0,003 0,053 48,9 
9 I ,II.±0,02 I,02 O,ot3z0,003 0,043 51, 7 

IO 0,83±0,01 0,77 0,035±0,003 0,028 49,3 
II 0,69±0,0I 0,63 0,029±0,003 0,030 43,9 
I2 0,76±0,0I 0,69 0,027±0,003 0,028 4~,o 
!3 0,36±0,0I 0,28 0,021±0,002 0,023 43,8 
14 0,24±0,0I 0,23 0,0I2±0,00I 0,013 6,76 
15 0,63±0,0I 0,62 0,02I±O,OOI 0,019 9,92· 
I6 I ,I0±0,02 I ,C6 0,009±0,00I O,OIO 52,0 
I7 0,66±0,0I Op6 0,0II_±:0,0~ O,OIO 6,14 

--------- ------ ------------ ---------- -----------------
x_ peHTI'8HOqiJJyopecueHT!illfi aHaJIH3 

xx - XHMH~eCKHN aHaJIH3 

14 

pesynbTaTH XHMUlleCKOI'O 8.HaJIH3a N~ ,Co H re . MK BH'AHO H3 Ta6nmu,i, 
no.nytteHHble pesynbTaTH xopomo coana,n;ruoT c pesynbTaTBMH xMMHtieCKoro 
8.HaJIH3a. IlpH KoppenRUHOHHOM 8.HaJIH3e peaynbTaTOB peHT8I'HoipJiyopecueHT
HOI'O H ~eCKOI'O 8.HEDIH3a N~ H Co no.nytteHbl K03qxpHUHeHTbl KOppeJlff
UHH 0,998 H 0,995 COOTBeTCTBeHHO. TotmOCTb 8.HaJIH3a npH CO'A8P*aHHH 
NL O,I% H8 xy,ite IO}& H npH CO'Ae~HH Co 0,001% He xy,ite I8%.~oc-

THI'eyTbl npe'Aenhl o6Hapy,iteHHR ( no KpHTepHD 3 V I qioH
1 

) lJllR Ni. -
0,0032% H lJllff Co - 0,0045% npH 3-MHttyTHOM H3MepeHHH H HaBeCKa.x HC
XO'AHOI'O o6pasua IOO Mr. IlpH Bhl'AeneHHH Co uNius Ir *enesncTblX na
TepHTOB H C ucnonb30BaHH8M 716e npe'Aen odHapy,iteHHff COCTaBMeT 
~I0-4%. 

B 3aKJIT0~8tl~~ CqJOPMYRHpOBB.Hbl OCHOBHb18 peaynbTaTbl 'AffCCepT8l,\HOH
HOfi pa60Tbl: 

I. ~CCR8'AOB8.Hbl H paspe.60'1'8.Hbl KOXbUeBhl8 HCTO~HHKH 
71

6e. IloKa
saHo,~o 3TH HCTOtmHKH MO*HO HSI'OTOBXff'l'b o6x~eHHeM 'ABYOKHCH repMa~ 
HHff HXH nopomKa M8TaRXH~eCKOI'O I'8pMaHij.lI B peaKTOpa.x H ~o OHH 
6onee aqxfleKTHBHO B036y,K'A8XIT xapaKTepHCT~8CK08 peHTI'8HOBCK08 H3Xy
~8HHe N, H 'APYfHX 6oxee X8I'KIDC 3X8M8HTOB (OT Kp8Mlmff 'AO HHKenR), 
~eM HcrrotmHKH 09cd • Ilpe'AeJibl o6Hapy,iteHHR Ni H Co CHH*eHbl B 2 pasa no 
OTHOill8HHD K HCITOXbSOBaHHD I09(d. 

2. Paspa60T8.Ha H HCCR8'AOB8.Ha KOHCTPYKUHR 'AByxCTY118H~aTOI'O HC
TOtmHKa peHTI'eHOBCKOI'O ns.nytteHHR Ha ocHoBe HCTOtmHKOB 

241
Am 

(TI/2 = 458 xeT) H BTOpHtmblX MHmeHefi. OTO ycrrpofiCTBO nosBOnff8T 
3qiqi8KTHBHO B036y,K'AaTb xapaKTepHCT~eCKOe peHTI'8HOBCK08 H3.nytt8HH8 
cepe6pa H 'APYI'HX axeMeHT\)B. IloKasaHO,~TO !TI)el1)laraeMM KOHCTPYKUHff 
MO*eT 3aM8HHTb 'AOPOI'OCTO~He HCTOtmHKH I09c~(TI/2 = 453 ~) H 
125I (T

1
; 2 = 60 'AHefi) npH 8.HaJIHse axeMeHTOB OT KMbUHff 'AO P8'AKHX 

38MeXb B npe'AeXa.x CO'A8P~HR OT HeCKOXbKIDC npoueHTOB ( Ce1. - T ~ ) 'AO 
TblCRlffib!JC 'AOneA npoueHTa ( A,,., Rb , Mo , Ag H 'AP·) npn IO-MHttyTHOM 
H3MepeHHH. 

3. 3KcnepHM8HTaJlbHO HCCR8'AOB8.Hbl H OTip8'A8R8Hbl onTHM8JlbHbl8 
I'80M8TPH~8CKH8 napaMeTpbl CHCT8Mbl "HCTOtmHK-npo6a-'A8T8KTOp" 'Allff. 
3qlql8KTHBHOI'O HCnOXb30B8.HHff H3~8HHR OT cepHfittblX KOXbll8BblX H UWIHH
'APHtl8CICHX HCTOtmHKOB 241Ani' 12 I ' 109cd npH peHTI'8HoipJiyOpecueHTHOM 
aH8JIH38 3X8M8HTOB C npHMeHeHHeM Si(Li) 'A8T8KTOpa. 

4. 0ccne'AOB8.Ha H paspa60T8.Ha KOMITaKTHM CHCTeMa 11HCTOtmHK
'}t'o6a-'A8T8KTOp" C I'8RH8BOfi aTMocqiepoA 'AJlff KOnbueBOI'O HCTO~Ka 

6e. 
5. Paspa6oTaHa BHCOKO'QYBCTBHT8XbHM peHTI'8HoqiJiyOpeCU8HTHM 

M8TO'AffKa 0Ilpe'A8X8HHff cepe6pa C ~eTOM MaTpHtlHOI'O sqx}leKTa no HeKO
repeHTHOMY pacceRHHOMY H3X~8HHII npH HCnORb30BaHHH 'AByxCTyneHtre.TO-
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re HCTOtrn,ma peHTreHOBCROro H3Jlytr0HIDI Ha OCHOBe HCTOlffiHROB 241AmH 
Si(Li) -'AeTeRTOpa. ~OCTHI'HYTb! npe'AeJ!bl o6ttapy;KeHHR cepe6pa B~reoJiorH
qecRHX o6pasuax C pa3Hb!MH MaTpHU!l.MH (I-2)Io-4% ~R JISI'RHX H cpeMHX 
MaTpHU - z3dJ ~II-I?; (2-4). 10-4% ,~ 6oJiee T/Ili(6Jlb!X MaTpHU - zoqi 
~ 17-22 np11 30-MHHYTHOM 113MepeHHH. 

6. Paspa60TaH npOCTOfi H BbICORO~BCTBl-!TSJibHblti M0TO'A aHaJil-!3a Ni. 

H Co B JK6JI83HCTb!X JiaTep11Tax C npe'ABaPlfTeJibHb!M HX Bb~eJieHHeM. ~OCTHI'
HYTbl npe'AeJibl o6Hapy,itemm 'AJIR NL 11 Co ~ 0, 0001% nplf lfX B~eJiemm lf3 
Ir l!(8JI83lfCTblX JiaTeplfTOB 11 20-MHHYTHOM H3MepeHlfH. )].nR 3RCnpeccHoro 
aHa.irnsa Ni It Co nplf HX B~eJieHHI-! H3 IOO MI' JKeJiesHCTblX JiaTepHTOB 'AOC
THrHyTbl npe'ABJ!bl 061mpy,iteHHR ~ Ni lf Co ~ 0,004% npu 3-MHHYTHOM 
HsMepemrn. 
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