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B peHTreHo<JimoopecueHTHOM aiui.nu3e 6onbmHe nepcneK -
• . I , . 

THBbl HMeeT npHMeHeHHe TOHKHX nonynpOBOAHHKOBbIX Ae -
TeKTopon /Illl,D/, 0Tnu1-1aIOI1lHXCB BbICOKHM 3HepreTH'-leCKHM 
pa3pemeHHeM H a6COilIOTHOH 3<1i<lieKTHBHOCTbIO B peHTreHOB
CKOH o6nacTH cneKTpa. Ilocne.I(Hee Il03BOilHeT npOBOAHTb 
HAeHTH<iiHKa:UHIO~HieHCHBHOCTeii HeCKOilbKHXaHanHTH'-leCKHX 
nHHHii xapaKTepHCTH'-leCKoro H3Ily'-leHHH uccne.I(yeMbIX 
o6'beKTOB H pa3pa60TKY 06IllHX npueMOB y'-leTa ·a3aHMHblX . ' . . 

BilHHHHH 3neMeHTOB Ha pe3ynbTaTbl peHTreHo<JinroopecueHT-
HOro aHanH3a. BbICOKHe cneKTpOMeTpH'-leCKHe xapaK'repuc
THKH Illl,U MOryT 6bITb peanH30BaHbl npH HCilOilb30BaHHH 
HH3KomyMHillHX 3neKTpoHHblX ycTpoiicTn, BHOCHillHX cyitiecT
neHHblii nKnaA n 061Ilee pa3pemelrne cneKTPOMeTpa. 

B HaCTOHilleii pa6oTe anTopaMH HCDOilb30BaH cneKTpo
MeTp peHTreHoncKoro e3ny1.JeHHH c nn,u Si (Li) nno
IllaAbIO 30 MM 2 ' TOillllHHOH 3 MM,,a3pa60TaHHblH B Jla6o
paTOPHH HAepHbIX peaKtiHii 01u111/4 -, KOTOpbIH o6ecnequ
naeT pa3pemeHHe He Xy)Ke 330 j~eKTpOH-BOilbT Ha nHHHH 
6,4 K3B. B Ka'-leCTBe aHanH3HPYI:C>Illeii CHCTeMbl HCDOilb30-
nancn 8OO-KaHanbHblii aHane3aTop Tena LP-484O. 

HH)Ke paccMaTpHBaIOTCH B03MO)KHOCTH peHTreHo<Jinroo
pecueHTHOro 'aHane3a nopomKonblx npo6 MeAHO- MonH6Ae -

. ' HOBblX PYA npu OAHOBpeMeHHOM onpe~eneHHH COAep:>KaHHH 
MeAH u MOnH6Ae11a • 

. B Ka'-leCTBe HCTO'-IHHKa B036y)K,l(eHHH peHTreHOBCKOH 
<JinroopecueHUHH 6bln Bb16paH CTaH,l(apTHblii HCTO'-IHHK H30Tona 

to 9Cd aKTHBHOCTbIO 15 MK10pu / E = 22,1 K3B, T½ ~ 
= 416 OHeil/ no TOH npH'-IHHe, '-ITO 3HeprHH K -ypoBHH MOn~6-
,l(eHa panHa 20,002 K3B /AnH MeAH 8,98 K3B/ H 3TO o6ec
ne'IHBano MaKcHManbHoe ce1.JeHHe no36y)t(Ae111in <linroopec
ueHUHH ,AilH M<>nH6,AeHa. 
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reoMeTpH.11 H3MepeHHH npe,D;CTaBJieHa Ha PHC. 1. B pa-
6oTe HCnOJIL30BaJIC.JI HaCLIII~eHHblH CJIOH nopOWKOB npo6, 
KOTOpble noMelllaJIHCL B cneuaaJILHOH KIOBeTe C .D;HOM H3 
naacaHa TOJllllHHOH 2 MKM, nJIOIIla,D;LIO 3 CM 2 • 

IIJIOTHOCTL CJIOH COCTaBJIHJia 0,35-0,4 z/cM 2 , BpeM.JI 
Ha6opa HH4lopMaUHH - 5 MUHym. 

PeHTreHOBCKH:e: 3JieMeHTHbl:e: cneKTP py.D;bl npe.D;CTaaneH 
Ha PHC. 2. Mo 

H3 cneKTpa BH.D;HO, 'ITO Ka -JIHHHH MOJIH6.D;eHa /EK = 
Cu a 

= 17,47 K3B/ H Me,D;H /EK = 8,03 K3B/ Bbl,D;eJI.JIIOTC.JI cy-a . 
llleCTBeHHO no cpaBHeHHIO C JIHHHHMH coce,D;HHX 3JieMeHTOB, 
'ITO HCKJIIO'laeT npHHHTHe cneuaaJILHbIX Mep /acnoJIL30Ba
mie ,D;H4l4lepeHUHaJILHblX rliimLTPOB, npHBJie'leHHe XHMH'leCKHX 
MeTO.D;OB O'IHCTKH H T • .D;./. ,lJ;JIH cpa:eHeHHH npHBe.IJ.eH cneKTP 
TOH >Ke PY.D;bl /CM. pHC. 3/, nony'leHHblH npH HeHTPOHHo
aKTHBaUHOHHOM aHaJIH3e Ha peaKTope HEP-3O npa cne-

'AYIOIIlHX YCJIOBHHX. , 
BpeM.11 o6ny'leHHH - 48 <1acoe B noToKe 10 9 ueiim/cM2• t, 

apeM.11 oxna>K,D;eHH.JI 72 <1aca, apeMH H3MepeHHH - 40 MUHym 
/l}!aKTH'leCKH 061Ilee BpeMH Ha aHaJIH3 COCTaBHJIO 125 <1acoe 
C y'leTOM o6pa60TKH npoTHB 5 MUHym npH peHTreHorbJIIOo
pecueHTHOM aHana3e/. raMMa- cneKTp o6n:yqeHHblX 06pa3 -
~OB CHHMaJIC.JI c noMOIIlLIO . Ge( Li) - .D;e'feKTOpa o6'LeMOM 
35 CM 3 , C pa3peweHHeM 3,5 K3B H 3<i>4>eKTHBHOCTLIO Ha 
ypoBHe 662 K3B, paBHOH lo/o. Ha6op HHrbopMaUHH ocyiuecT
BJIHJIC.JI Ha MHOrOKaHaJibHOM aHaJIH3a Tope AIT-4O96. 

IIpH aKTHBaUHH HeiiTpoHaM~ nony'lalOTC.JI H30TOnbl . 99 Mo 
C T½ == 66 11acoe / E y O'leHL cna6ble/ H, .. 64 Cu c T½ = 
= 12,8 <1aca / E = 511 K3B, BblXO.D; - 38o/o/. . 

MonH6.D;eH-{9 pacna,D;aeTCH .D;O TexHeUHH-99m , KOT<>PbIH 
3a T 1½ = 6 <1acoe /E y = 140 K3B, BblXO.D; 9Oo/o/ .D;aeT OT-

- .. 99 · 5 
HOCHTeJILHO CTa6HJILHblH H30TOn Tc/ T½ =2,15-10 Aem/. 

TaKHM o6pa30M, JIHHH.JI 140 K3B MO>KeT 6blTL e,D;HHCT
BeHHOH .D;JI.JI H.D;eHTH4lHKaUHH MOJIH6,D;eHa, HO OHa :liaXO.D;HTC.JI Ha 
CTOJIL MOillHOM KoMnToH-4>0He, 'ITO rba.KTH'leCKH iie BW.D;en.11-
eTcH /cM. pnc. 3/. ,D;anee, onpe.D;eJieHHe Me.D;H no JIHHHH 
511 K3B B npHCYTCTBHH raKHX 3JieMeHTOB, KaK Na, w, 
La, K , Fe, Sc, ZnH. p.11.D; ,D;pyrHx H30T0noB, HMelOUUiX E-> 
>1000 K3B, HeB03MO>KHO 6e3 cneuHaJILHblX Mep, noCKOJIL

KY npOHCXO.D;.JllllHe B ,D;eTeKTope npouecCLI o6pa3oBaHHH nap 
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HMelOT 3aMeTHoe ce'leHHe H JIHHHH 511 K3B He MO:lKeT 6LITL 

rrpe,D;CTaBHTeJILHOH. TaKHM o6pa30M,aHaJIH3 Me,D;HO- MOJIH6,D;e -

HOBLIX PY'A HeiiTpOHHO- a.KTHBaUHOHHLIM MeTO,D;OM O,D;HOBpe -

MeHHO Ha co,D;ep:lKaHHe Mo H Cu HeBO3MO:lKeH. 

,l:(JIH KOJIH'leCTBeHHoro peHTreHo-<t>moopecueHTHoro aHa

JIH3a Me,D;HO-MOJIH6,D;eHOBOH PY'ALI HCIIOJIL3OBaJICH crroco6 

BHewuero cTaH,D;apTa. Ha pac. 4 rrpe,IJ;CTaBJieHa rpa,D;yHpo

BO'IHaH KpHBaH ,D;JIH Me,D;H, nocTpoeuHaH no cnoco6y ,D;o6aaoK 

K cpe,D;e, 6JIH3KOH no COCTaBy K HCCJie,nyeMoii. Ha pHc. 6 
BH,D;HO, 'ITO npH KOHUeHTpaUHHX Me,D;H B paiioHe O,lo/o HMe

eTCH HeKOTOPLIH pa36poc / ,D;O 2Oo/o/, o6ycJIOBJieHHLIH 34><l>eK

TOM H3MeHeHHH MaTpHULI npo6LI, H 3TO IIOTpe6oaaJIO ,nanL

Heiiweii ,D;Opa6oTKH MeTO,D;HKH. l:lcnOJIL30BaHHe npH onpe,ne -

neHHH Me,D;H cnoco6a cTaH,IJ;apT-<l>oHa He ,D;aeT xopowax pe-

3YJILTaToB BBH,D;Y npHCYTCTBHH B py,nax TH:lKeJILIX 3JieMeHTOB, 

CO,D;ep:lKaHHe KOTOpLIX B peaJILHLIX npo6ax 3Ha'IHTeJILHO 

uapLHpyeT, TaK 'ITO JIHHHH Me,D;H /Ka = 8,03 K3B/ H KOMn

TOHOBCKOro pacceHHHH OT 
109cd /20,1 K3B/ He ,D;aIOT 

O,IJ;HHaKOBLIX MaCCOBLIX K034>4>HuHeHTOB pacceHHHH H norno

[UeHHH npH H3MeHeHHH CO,D;ep:lKaHHH TH:lKeJILIX 3JieMeHTOB 

B py,D;ax /8/. IlpH HCnOJIL3OBaHHH cnoco6a BHeWHero CTaH

,napTa xopowee pa3peweHHe ITII,l:( o6ecneqaaaeT Ka'leCTBeH

uoe H KOJIH'leCTBeHHOe BLI,D;eJieHHe JIHHHH KorepeHTHoro 

H HeKorepeHTHoro pacceHHHH, 'ITO nO3BOJIHJIO BLIBeCTH 

3aBHCHMOCTL 34>4>eKTHBHOro aTOMHOro HOMepa Z3cp cpe,IJ;LI 

OT OTHOWeHHH HHTeHCHBHOCTeii HeKorepeHTHOro jHK H 

KorepeHTHoro JK pacceHHHH H BLIHCIIHTL nonpaBO'IHLIH Ko-

3cl>4>HUHeHT K , Y'IHTLIBalO[UHH H3MeHeHHe cocTaBa npo6LI. 

,l:(JIH Be[UeCTBa CJIO:lKHOro XHMH'leCKOro COCTaBa npH pac

'leTe 34>4>eKTHBHOrO aTOMHOro HOMepa cpe,D;LI HCnOJIL3o

BaJiaCL 4>opMyna / 7 I 
3 ° 3 z 3 m = v . ~ r . z . 

'±' 1=1 l l 

r.ne pi - OTHOCHTeJILHOe Becouoe CO,D;ep:lKaHHe Z 3JieMeHTa, 

n - 'IHCJIO 3JieMeHTOB B cpe,ne. 

)J;nH 3JieMeHTOB, 3HeprHH K -ypoaHeii KOTOPLIX BLIWe 

3HeprHH y -H.3Jiy'laTeJIH, Z i Ka)K,D;oro 3JieMeHTa paCC'IHTLI

BaeTCH no COOTHOWeHHIO 

Z 1 = 0,3112- Z 1
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IlpH BLUIBnCHHH 3aBHCHMOCTH z '.JqJ OT J HK /J K 6blnH 

ucnonL30BaHbl CTaH)l,apTLI HCKYCCTBCHHHLIX nopo)I., npuBe • 

JJ.CHHhle B Ta6n. 1. 

Ha OCHOBaHHH npHBC)I.CHHhlX e Ta6n. 1 Bhl'IHCneHHhlX Z 3q) 
H H3MepeHHhlX )l,nH 3THX CTaH)l.apToBJIIK /JK 6wna nocTpoeHa 

3aBHCHMOCTL, npe)I.CTaBneHHa.8 Ha pHC. 5. 
3Ta 3aBHCHMOCTL Il03BOnuna npoBeCTH ananH3 peanLHhlX 

npo6 Ha CO)I.Cp)KaHHe MC)I.H nyTeM Bhl'IHCneHB.8 c ee no

.MOlllLIO nonpaBO'IHoro K034><liHI.(HCHTa, y'IHTL1Ba10mero 34><lie1<T . 

MaTpHl(LI. 

3TOT Ko3rl><l>HUHCHT onpe)l,en.HeTC.8 Kai< OTHOWCHHC Z')4. 
1<a1<oii-To OJI.HOH npo6L1, B3HToii 3a "3TanoH"; K Z 3c;, mo6ou 

JJ.pyroii H3MepneMoii npo6bl. ,[{nH npoeepKH MCTO)I.HKH 6hlnH 

ucnonL30BaHLI HCKYCCTBCHHble CTaH)l.apTLI, ue COJJ.Cp)Kall\HC 

MC)I.H, B KOTOpble MC)J,L 6Lrna HaMH )J,06aeneua B KOnH•leCTBe 

0,10/o. Ilo Bbl'IHCneHHhlM z ~1¢ H H3MepeHHhlM.lin/JK onpe)J,e· 

nHncH K034><liHl(HCHT I\. , KOTOpblii ucnonL30Banc.H )l,nH KoppeK

T~pOBKH H3MepeHHOH aHanHTH'ICCKOH nHHHH MC)J,H. 

Pe3ynLTaTL1 npoeepKH npHBC)I.CHhl B Ta6n. 2. 
Z :~41 - 3TanoHHhlii 06pa3eu. B JJ.annoM cny11ae 3To 

rpaHHT; Z '.)f n106oii JJ.pyroii H3MepHeMLiii o6pa3eu. B )J.aH-

HOM cny11ae :no ra66po 'u nupHT. . 

; Ha puc. 6, 7 npH,JH!)J,CHhl KOHl(CHTpaUHOHHhle KpHBble )J.nH 

peanLHhlX npo6 py,ri1>1 npu onpe.ll,eneuuu MC.ll.H 6e3 y11eTa H c 

y'leTOM 3<l><l>eKTHBHOro HOMepa cpe.ll,bl. Cpe.ll,H.8.8 OTHOCHTenL

HaJI norpeWHOCTL aHanu3a no cnoco6y BHewHero cTaH.ll,apTa 

C y11eTOM nonpaBO'IHoro K034xl>Hl(HCHTa Ha COCTaB npo6hl He 

npeBhlwaeT· 5o/o. 
MeTg):(HKa n03BOnHeT ycTpaHHTL CYll\CCTBCHHhle OWH6KH 

C HcnonL30BaHHCM rpa<!>HKa puc. 5. B Ta6n. 3 B TpCTLeii 

rpa<l>e npHBC)J,CHhl BenH'IHHhl norp_eWHOCTeii,. ycTpaHHCMhlX 

)J,aIIHOH MeTO)I.HKOH B )l,lfana30He o6pa31(0B, HMCIOll\HX ·. ·Z , = 
. •• 1/ • • • 3~ 

= 11,97 19,8. ... . .· .. ,·· 
Y11eT BnH.8HHJI Ma Tl)HULI npH . o·n-pe.ll,eneHBH MOnH6)J,eHa . 

npoBO)J,HncH no cnoco6y cTaH.ll,apTa ·<!>oHa. AHanBTH11ec1<aJ1 

nHHBJI K )l.nn Mo paBHa 17 ,4 K3B H 6nH3Ka K nHHHH 
a lM 

KOMilTOHOBCKoro pacce.HHH.H OT HCTO'IHHKa Cd Ha o6-

pa31(C, paBHoii 20,l K3B. Ko3<l><l>HUHeHThl nornoll\CHHH H 
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TadJIHrta 2 

Cpe,11;a · HsMepeHuoe Bl:lll:RCJieuuoe K = 
0TH0meHHe z a<p. . z ~<p 
JHK/~ = 

rpa.HHT 4,00 
+O, l~ Cu 

ra66po },32 
+0,1% Cu 

IlHpHT 2,00 
+0,I% Cu 

3,5 • 4 

3 • 3,5 

2,5 + 3 

2,0 + 2,5 

II,9 

13,2 

19,8 

TadJIHita 3 

MliTepBaJI 

z acp npH 
Z 3T = 12 5 scp ' 

II,9 • I3,2 

I3,2 • I4,5 

I4,5 + I6,3 

I6,3 + I9,8 

z 3T 
acp 

I,O 

I,Il. 

I,66 

Hsuepeu- CKo'ppeK- OTH0CH
HaH HHTeH- THpOBaH- T8Jil>HaH 
CHBHOCT» Has MH- cpe,D;H8-
a.HaJIHTH- T8HCHB- apHcpMe-
qecK0~ JIM- HOCTl, THqecKaH 
HHH M8,D;H auaJIHTH- OWH6Ka, 

l.18CKOlt ,; 
JU1HHH 

M8,D;H 

2198 2198 2 73 
' 

1846 2050 4,2 

2167 I,3 

YcTpa.HH8Ma.JI OTHOCHT8Jih
·HaSI norpemuocr1,, % 

O,t 6 

6 + I6 

16 • 30 

30 + 58 
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pacceJIHHJl 3THX JIHHHH B MaTpHne 6JIH3KII, H npH pa6oTe 

no MCTOAY CTaHAapTa-cjioHa Mepoii COAep:>KaHHJlaHaJIH3Hpye

MOro 3JICMCHTa Mo CJIY)KHT BCJIHqHHa OTHOWeHHJl HHTCHCHB -

HOCTH JIHHHH Ka AJIJI MOJIH6AeHa K HHTCHCHBHOCTH JIHHHH 

KOMnTOHOBCKOro pacceHHHJl Ha o6pa3ne 109 Cd • 

Bbl600b1 

1. Pa3pa60TaHa MeTOAHKa aHaJIH3a MCAHO·MOJIH6AeHo· 

BOH PYAbI MCTOAOM peHTreHocjimoopecneHTHOrO aHaJIH3a Ha 

MC Ab H MOJIH6AeH c qyBCTBHTCJibHOCTbIO AO 10 -
40/o H OT· 

HOCHTCJibHOH norpeWHOCTbIO He BblWe So/o. 
2. l1oKa3aHO npeHMYIQCCTBO peHTreHocjJJIIOopecneHTHOrO 

aHaJIH3a AaHHoii PYAhl Ha Cu H Mo no cpaaHeHHIO c HeiiT· 

pOHHO • a,KTHBaUHOHHblM aHaJIH30M. 

3. YcTaHOBJICHO, qTO npOH3BOAHTCJibHOCTb MeTOAa co

CTaBJIJICT 70-8,0 3JICMCHTOonpeAeJieHHH 3a 6-qacoaoii pa-

6oquii ACHb Ha OAHOro qeJIOBeKa /65000-70000 aHaJIH30B 

a rOA npH 3-CMCHHOH pa6oTe/. 

B 3aKJIIOqeHHe aBTOpbl Bblpa>KaIOT 6naroAapHOCTb 

r.H.<l>nepoay 3a nocTaHOBKY 3aAaqu, nOCTOJIHHblH HHTepec 

K pa6oTe H 3HepruqayIO nOAAep>KKY. MbI cqHTaeM CBOHM 

npHHTHbIM AOJir;M no6naroAapHTb TaK>Ke E.JI.)KypaBJieay, 

O.,D,.MacnoBa, JT.11.KyJILKHHY, 10.Il.XapHTOHoaa 3a noMOU\h 

B npoBeAeHHH 3KCnepHMCHTa H o6Cy)K,l\eHHH pe3yJILTaTOB. 
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