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o6waH xapaKTepHCTHKa pa60TU 

_AKTYilbHOCTb_neo6ne~. XIX CbeJJJ. MHPn onpeJJ.CilHn, qTQ OJJ.HOU HJ 

OCHOBHUX JllJJ.a4 I-IHJJ.yCTp1-1an1-1JaUHI-I CTpauu HBnRCTCH ycKopeHHe DCCX 

BI-IJJ.08 reonor1-14eCKI-IX pa6oT, CBRJaHHUX C IlOHCKOM, pa3BCJJ.KOU H paJ

pa60TKOH MeCTOpo~,l!eHHH noneJHUX HCKOnae~x npH KOMilnCKCHOM HC

nonbJOBllHHI-I JeMHUX HeJJ.p. 

OJJ.HI-IM HJ nyTei1 IlOBblllleHHH J4><l>CKTHBHOCTH HJBneqeHHH npoMbllllneH

HO-UeHHblX 3JICMCHTOB HBJIHCTCHonepaTHBHOe BMeWaTenbCTBO B TeXHOnO

rH<leCKHA npouecc·. JlnH JTOro He06XOJJ.HMO cosepweHCTBOBllTb MeTOJJ.W 

onpeJJ.eneHHll COJJ.ep~aHHR_ JTHX JJieMeHTOB H IlOBbllllllTb HX TOqHOCTb " 

JKcnpecCHOCTb, a Ta~e CH-aTh npeJJ.enu o6uapy~eHHH JJICMeHTOB. 

B_HaCTORwee speMR MeTOJJ.U n npH6opu JKcnepHMeHTanbHOU HJJ.epuou 

QH1311KH, npe,11.HaJHaqeHHUe JJ.nll qHCTO 'PYHJJ.llMeHTllJibHUX HCCn_eJJ.OBllHHU, 

see WHpe H WHpe npHMeH~XlTCll BO MHOrHX o6naCTHX npHKJlllJJ.HOU HayKH 

II IIHTeHCHBHO BHeJJ.pRXlTCH B paJJIHqHue o6nacTH uapoJJ.HOrO XOJllUCTBa. 

np11MeHeHHe RJJ.epuux peaKTopos, JJieKTpOHHUX ycKOpHTeneu, UHKJIOTpO

HOB 1-1 ueATpOHHUX reuepaTopoo HaMHoro pacwHpReT BOJMO~OCTH pewe

Hl-lll pa3H006paJHUX JaJJ.a4 HayKH, TeXHHKH H uapOJJ.HOrO XOJllUCTBa. 

OJUHIM HJ TaKIIX 6yptto paJ BIIBlllllltllXCll npHKJlaJJ.HUX HanpaBJieHHU 

aTOMHOA H llJJ.epHOU qJHJIIKH HBJilleTCll ycosepweHCTBOBllHHe llJJ.epuo

~I-IJllqecKHX MeTOJJ.0B auaJIHJa JJieMeHTHOfO COCTasa seweCTBa, B qacT

HOCTI-I peHTretto~nyopecueHTHoro H llJJ.epuo-aKTHBllUHOHHOro MeTOJJ.OB, 

06ecneq1-1salllltHX qysCTBHTeJihHOCTb H npoHJBOJJ.HTeJibHOCTb, BO MHOro 

paJ npeaoCXOJJ.llWHe TpaJJ.HUHOHHUe KJiaCCH4eCKHe XHMH4eCKHe H qJHJHKO

XIIMH4eCKHe MeTOJJ.U. 

Jlnll uapOJJ.HOrO XOJllUCTBa MOHfOJlbCKOU HapOJJ.HOU Pecny6JIHKH 60Jib

woe JHa4eHHe HMeeT np11MetteHHe II cosepweHCTBOB8HHe MeTOJJ.0B auaJIH-

3a np11poJJ.HUX MHHepanoB. JlJill JTHX ueneu B 60JibWHHCTBe cny~aes 

np1-1MeHlleTCH HeftTpOHH0-8KTHB81.lHOHHWU auanHJ (HAA) C HCilOJib30B8-

HlleM pe'aKTOpos. HcnOJibJ0B8HHe peaKTOpa B YCJIOBllllX- MOHrOJIHH IlOKa 

HeJJ.OCTy_nHO, a CTpOHTeJihCTBO co6CTBeHHOf0 peaKTopa npH cyweCTBYIO

weM 06beMe 00Tpe6HOCTeft B aHaJIHJax He llBJIHeTCH peHTa6eJibHUM. B 

CBRJH c 3THM He06XOJJ.~ JKcnepHMeHT8JlbHUe HCCJieJJ.OBllHHH BOJMO~

HOCTeft npHMeHeHHH 6onee )lewesux "JJ.OCTYilHWX no cpasHeHHIO c RJJ.ep

HUM peaKTOpOM HCT04HIIKOB HJJiy4eHHR Ha OCHOBe paJJ.H08KTHBHUX HJO

TOOOB II Manora6ap11THUX ycKopHTeneu. Ha cospeMeHHOM JTane paJBH

Tllll np11KnaJJ.HOA llJJ.epuoi1 q>HJUKII seCbMa aKTyaJibHUMH RBJIRXlTCll MeTOJJ.U 
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3KcnpeccHoro HHCTpyMeHTanhHOro aHannJa cocTaBa- a·ewecTaa. 

0CHOBHaR_Uenb_Qa6oTbl. uenbKJ HaCTORWeft pa60Tbl RBnReTCR 

Pa3pa60TKa HnepHO-$ll3114eCKllX MeTonoa llHCTpyMeHTaJibHOro attan11-
Ja c npnMeHeHHeM Manora6apHTHblX ycTaHOBOK (HeHTPOHHblH reHepaTop, 

UllKJIH4eCKllH 3JieKTpOHHblH ycKopnTeJib - MHKpoTpOH) ll pannortJOTOITHblX 

HCT04HHKOB, cnoco6HhlX o6ecne4nTb TeKywne noTpe6HOCTH reonornqec

KHX cnylK6 MOHfOJibCKOH Haponttoft Pecny6nHKll B aHaJIH3e ropHblX 

nopon, yrnR, pyn n nponyKTOB nx nepepa6oTKH. 

Pa3pa60TKa MeTonnK KOJIH4eCTBeHHOfO peHTreHO$nyopecueHTHOfO 

attann3a ( P$A) reonornqeCKllX o6pa3UOB, IlOJIHMeTaJIJIH4eCKllX pyn ll 

nponyKTOB llX nepepa60TKll C npnMeHeHHeM nonynpoaonHHKOBblX neTeK
TOpOB. 

JlJill peanHJaunn OCHOBHOH uenn HaCTORWeH pa60Tbl llCITOJib30BaHbl 

M11Kp0TpOH ll KOMITJieKc neTeKTnpylOIUeH ll ll3MepnTeJibHO-Bb14llCJ!llTeJibHOH 

TeXHllKll Jia6opaTopnn inepHblX peaKunft OIHII{. 

JlJIR_noCTlllKeHHR_ITOCTaBJieHHOH_uenn_6hlnO_Heo6xonHMo: 

-H3MepnTh Bhlxonbl pannonJoTonoa $0ToRnepHb1X peaKuHft nnR pa3pa-

6oTKH MHOf03JieMeHTHOfO raMMa-aKTHBaUHOHHoro aHaJIH3a;' 

-11ccnenoaaTb B03MOlKHOCTll 11CITOJib30BaHllll ll $opMHpoaaHHR 0IlT11-

M3JlbHOro _CMeW3HHOfO (7-n) -IlOJIR MR KOMITJieKCHOfO onpeneneHHR co

neplK3Hllll penK03eMeJihHblX 3JieMeHTOB; 

-pa3pa6oTaTb MeTonHKy MHOf03JieMeHTHOf0 llHCTpyMeHTaJibHOfO aK

THBaUHOHHOro 3HaJIH3a COCTaBa ropKJ4llX TBepnhlx llCKOnaeMblX C ITOMO

WbKJ TOpM03HOf0.H3JIY4eHHR ycKopeHHblX 3JieKTpOHOB MHKpOTpOHa; 

-pa3pa6oTaTb MeTonHKy HHCTpyMeHTaJihHOfO aHaJIH3a Mentto-

MOJIH6neHOBblX pyn H nponyKTOB HX nepepa60TKll nnR onpeneneHHR co

neplKaHHH OCHOBHblX 11 conyTCTBYIOIUHX JJieMeHTOB; 

-pa3pa6oTaTb MeTonnKy panHOH30TOITHOfO peHTreHo$nyopecueHTHOf0 

aHaJIH3a, OCH0B3HHYKJ Ha cneKTpOMe'I'pax peHTreHOBCKOro ll MRfKOro 

(HHlKe 200 KJB) 7-H3Jiy4eHHR C nonynpoBOAHllKOBblMH Si(Li) ,Ge(Li) H 
HP Ge neTeKTopaMH; 

-pa3pa6~TaTb MeTOAHKY npenaapnTeJibHOfO KOHUeHTpHpOBaHHR 30JIO

Ta, cepe6pa H HeKoTophlx JneMeHTOB nnaTnHoaoft rpynnbl nnR onpene

neHHll llX coneplKaHHR a 6enHhlX pynax. 

Ha:)'.4Hall_HOBH3Ha_H-_3Ha4HMOCTb_Qa6oTbl. HOBblMH pe3yJihTaTaMH, no

ny4eHHb1Mll B naHHOH pa6oTe, llBJIRDTCR cneny101Une: 

-anepable aKTllBaUHOHHblM MeTonoM ll3MepeHbl BblXOnbl $OTORnepHb1X 
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peaKUHH B IlOJillX TOpMO]HOfO H3JIY4eHHll JJieKTpOHOB C JHeprHRMH 14, 

18 11 20 M:JB nnll :ineMeHTOB Tm, Dy, Yb, Hf, Os, Ir, Pt H Hg; 

-HaHneHbl 0IlTl1M3JlbHble ]Ha4eHHll 3HeprHH ycKopeHHblX JJieKTpOHOB, 

np11 KOTOpblX nocT11raeTCll MaKC11M3JlbH3ll 4YBCTBHTeJibHOCTb B onpene

neHHH 3JieMeHTH0fO COCTaea yrneH, pyn H nponyKTOB HX nepepa6oTKll. 

-C03natta 3KCnepHMeHTaJibH3R TeXHHKa H pa3pa6oTaHbl MeTonHKH Mll 

U11KJIH4eCKOfO aKTHBaUHOHHOfO aHaJIH3a Ha OCHOBe Manora6apHTHblX yc

TaHOBOK; 

-ITOKaJaHbl B03MOlKHOCTll CMewaHHOfO (7-n)- ITOJIR MR KOMnJieKCHOfO 

onpeneneHHll coneplKaHHH penKo3eMenbHblX JJieMeHTOB; 

-Bnepable 11ccnenosaHbl B03MOlKHOCTH H pa3pa60T3Hbl MeTOnbl llHCTpy

MeHT3JlbHOf0 MHOfOJJieMeHTHOfO raMMa-aKTI.BaUHOHHOfO aHaJIH3a nnll 

onpeneneHllll JJleMeHTHOfO COCTaBa TBepnhlx ropKJ4llX HCKonaeMhlx; 

-pa3pa6oTaHa JKCnpeccHall MeTonHKa llHCTpyMeHTaJlbllOfO raiw.,a

aKTHBaUHOHHOfO a11a11H3a coneplKaHHH xnopa B yr11Rx c npene110M o6Ha

pylKeHHll IO r /T; 

-Bnepsble npennolKeHbl H pa3pa6oTaHbl MeTOnbl llHCTpyMeHTaJlbHOfO 

DHDJIH3a MenHO-MOJ1H6neHOBblX pyn H nponyKTOB HX nepepa60TKH nnll 

onpeneneHHll OCHOBHblX H conyTCTBYIOIUHX JJieMeHTOB; 

-pa3pa60Ta11a 3KCnpeccttaR MeTonnKa pettTre110$nyopecue11Tttoro atta

JIH3a coneplKaHHll cepe6pa B MenttoM KOHUeHTpaTe c npenenoM o6ttapy

lKeHHH 5-10 r/T. 

n2aKTH4eCKaR_ue11HOCTb pa60Tbl 33KJIKJ4aeTCll B COJnaHHH TeXHll-

4eCKOH 6a3bl Ha OCIIOBe nocTyITHblX H neweBblX ycTaHOBOK (TDKH~ KaK 

MHKpOTpOH) 11JIH panHOH30TOilHblX HCTO'IHHKOB AJ!ll HCITOJ!b30BaHHH 

Hnep110-$H3114eCKl1X MeTonoB 3H3Jlll3a JJieMeHTHOro COCTaBa pa3Jil14HblX 

aerueCTB Ha npennpHHTllHX MOHfOJibCKOH HaponHOH Pecny6JIHK11. 

PeJyJihTaThl ttcc11enoaa11mi, npencTasne1111ble B nnccepTaunn, T\lKlKe 

MoryT 6h1Tb npHMe11e11bl nna peweHHll npyr11x HaponHO-X03HHCTBeHHblX 

(11anpHMep, JKOJIOfH4eCKHX) npo6neM MOHfOJIHll. 

OHH ycnew110 BHenpHKJTCH B npaKTHKY peweHHll pHna H3Y4HblX ll 

npHKJianHblX npo6neM no raMMa-aKTHBaUHOHHOMY aHaJIH3Y eewecTB B 

Jia6opaTOpHH RnepHblX peaKUllH OH~H, a Ha4HHaH c 1985 rona HCilOJib-

3YKJTCll npH npoeeneHHH COBMeCTHblX nccnenoeaHHH C na6opaTOplll1MH 

CaMapKaHnCKOro iHnHana Hay4H0-11CJienoeaTenbCKOf0 HHCTHTyTa npHK

nanHOH $11311Kll TawKeHTCKoro roCYIIHBePCHTeTa, nnoennBCKOfO YHHBep

CHTeTa (HP6), HHCTl1TyTa anepHOH XHMHH H TeXHOJIOfHH (r. Bapwaaa, 

3 



nHP) 11 Bucweii TexH114eCKoii wKonu ( r.neiinu11r, r4p ). 

Tipe,QflOJKeHHble MeTO,!lU 6un11 11CnOnh30BaHu HaM11 .Qflll aTTeCTau1111 

np11 113fOTOBneH1111 CTaHnapTHUX o6pa3QOB nnaBl1KOfO wnaTa, $oc$op11Ta, 

MeJ1HO-MOn116.ueHOBUX pyn 11 nponyKTOB 11X nepepa60TK11, pa3pa6oTaHHUX 

roccTaH.uapTOM MHP. CTaH.uapTHUe 06pa3qu OTBe4aJOT Tpe6oBaHl1llM no 

MeTponor114ecK11M napaMeTpaM, npe.!l1,HBnHeMUM K cospeMeHHUM a11an11T11-
<1ecK11M MeTO.!laM. 

Pa3pa6oTaHHUe HaM11 MeTO.U11K11 M!IOf03neMe!ITHOro raMMa-

aKT11BaU110HHOro aHan113a n03BOfllllOT onpenenl!Tb OKono 40 3neMeHTOB B 

yrnHx, 24 JneMe11Ta a o6pa3!.1ax Men110-Mon116ne11osoii PY.!lbl 11 OTBa·nh

Hux X BOCTax, 16 3_neMeHTOB B KOMMep'!eCKOM Me,!lHOM KOHQeHTpaTe 11 7 

3neMe!ITOB B MOn116ne110BOM KOHUeHTpaTe. np11Me11ett11e B MOHron1111 Me

TO.!ll1K11 onpeneneHl1ll OCHOBHUX 11 conyTCTBYIOllll1X 3neMeHTOB Men110-

Mon116neHOBUX pyn 11 nponyKTOB 11x nepepa60TK11 6ynyT nasaTh elKeron
HO 6onbWOH 3KOHOMl14eCKl1H 3qxpeKT. 

Aneo6au11H_(!a60Tu. OcHosttue pe3 ynhTaTu 1-1ccnenosatt11ii, npenc

TasnettHue B n11ccepTau1111, n0Knanusan11ch Ha Hayq11ux 1-1 MeTon114ecK11x 

ceM11Hapax 11ayq110-3Kcnep11Me11Tanb11oro OT.!lena CTPYKTypu anpa na60-

paTop1111 anepttux peaKu11ii OHRH, elKeron11ux 11ay'lttux KOH~epettu11Hx 

npo$eccopos 11 npenonasaTeneii MoHrOnhcKoro rocy.QapcTBe1111oro y11u

Bepc11TeTa c 1976 no 1981 ron, a TaKlKe MeJKnyHapO,!lHUX KOH$epeHQ11llX 

"IV BcecpJ03Hoe cosewaH11e no aKT11sau11ott110My a11an1-13y (r. T611n1-1c11, 

1977), "IV Cosewa1111e no 11cnonb30BaHHJO HOBUX ll.!lep110-$tt3H'leCK11X 

MeTO,UOB Jlflll pewe1111H Hay4HO-TeXH114eCKl1X 11 HapO,QHOX0351HCTBeHHblX 

Janaq" ( r. Jly6Ha, 198 I ) , 11 np11pon11ue ycnos11H 11 pecypcu HeKoTopux 

paiiOHOB MHP_" (r.YnaH-EaTop, 19_78, 1980, 1984), 11 IV CosewaHHe no 

:1.uepHo-?11an11T11qecK11M MeTo.QaM ", (r. J1pe3nett, rnr, 1987) ," 7- H 

nonbCKall cneKTpO-aHafll1T114eCKall KOH$epeHU11ll 11 (r.Topy11, nHP, 1988) 

11 "III C11M00311YM no np11MeHeHl1JO ll.!lepH0-$113114eCK11X MeTO,!lOB B npo
MuwneHHOCTl111 (nnOB,!ll1B, HPE, 1988). 

n~6n11Kau1111. Pe3ynbTaTu 11ccnenosaH11ii no TeMe n11ccepTau1111 ony6-

n11Kosa11u B 6 pa6oTax B11 Y'lettux 3an11cKax MottronbcKoro rocy1111aepc11-

TeTa11, 8 npenp1111Tax OHRH, 11 CTaTbHX B lKypttanax 11 ATOMHall 311ep

fl1ll11, "X11Ml1ll TBepnoro TOnn11sa", "lKypttan aHanHTff'leCKoii XHMHJ-1 11 , 

"Isotopenpraxis" (rJIP) 11 B 7 aHHOTaUHllX B c6opH11Kax Te3HCOB 11 

110Kna11on Ha Ha:i s_aHHUX suwe cosewaH11Hx 1-1 c11Mno311yMax. 
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Ha_3aW11T~_BUHOCllTCll: 

-pe3ynhTaTU 113MepeHHll aKTHBaQl10HHUM MeTO.LJ.OM BUX0.!1.0B $OT0ll.LJ.ep

HUX peaKu11ii .a.n,ll 3neMeHTOB Tm, Dy, Yb, Hf, Os, Ir, Pt 1-1 Hg; 

-HOBall MeTO.U11Ka MHOf03neMeHTHOro HHCTpyMeHTanbHOfO raMMa-

aKTl1Bau110HHOfO aHan113a 3neMeHTHOf0 COCTaBa yrneii C HCIIOflh30Ba

Hl1eM TOpM03HOfO 111ny'leHl1ll ycKopeHHUX 3neKTpOHOB MHKpOTpOHa; 

-HOBUe MeTO,QHKH UI-IKflll'JeCKOfO aKTHBaqHOHHOfO attan1-13a Me.a.1-1, Mo~ 

n116,QeHa 1-1 sana,QHll c 1-1crronhJOBan1-1eM 11eiiTponnoro renepaTopa 1-1 pa

.Qtto1130Torr11oro· HCT04H11Ka (Be+ 124sb); 

-MeTO.!I. $OpM11posaHHll CMewa1111oro (7-n) IIOflll Ha TOpM03HOM H3ny'le~ 

111111 ycKope1111ux 3fleKTpOHOB Mlrnp0Tpo11a .!l.flll KOMIIfleKCHOfO orrpe.a.ene

Hl1ll pe.LJ.K03eMenhHUX 3neMeHTOB; 

-3Kcnpecc11uii cnoco6 pe11Tre110$nyopec~e11Tnoro a11an113a .!l.flll orrpe-

11ene1111H co.a.eplKaHl1ll cepe6pa B Me.LI.HOM KOHQeHTpaTe; 

-MeTO.LJ.HKa pe11Treno$nyopecue11Tnoro a11an1-13a .a.na orrpe.a.e:rren1-1H co-'

,QeplKa11na 3JieMeHTOB OT BaHa.LJ.Hll (Z=23) .!1.0 Mon116.a.ena (Z=42) B o6-

pa3uax ropnux rropo.a. 11 yrneii c 11crronh30Ban1-1eM 11oaoro aap1-1a11Ta Me

TO,Qa BHYTpem1ero CTa11.QapTa; 

-MeTO.LJ.HKa 11HCTpyMeHTanhHOf0 11eiiTpOHHO-aKTHBaq1-101111oro a11an1-13a 

11p11,Q11ll, OC!IOBaHHall Ha perHCTpaUl-111 KaCKa.LJ.HHX. raMMa-KBaHTOB MeTO

,QOM raMMa-raMMa.cosna.L1.e1111ii 11 anT11coana,Qen1-1ii ,QJiH rro,Qasne1111ll KOMII

TOHOBCKoii '!aCTl1 raMMa-crreKTpa; 

-MeTO.LJ. KOHQeHTp1-1posaHHll 6naropO,QHUX MeTannoB 1-13 rrp1-1pO,QHHX MH-

HepanOB 6onhWOH Maccu ( .!1.0 50 r) C IIOMOWblO ra30B0ll XHM11H. 

06beM_Qa60TU. J11-1ccepTaQHll COCTOHT 1-13 BBe.LJ.eHl1ll, 5 rnaa, 3aKnJO

'leHl1ll 11 cn11cKa nnTepaTypu. CO,QeplK11T 166 CTpan1-1u MaWHHOIIHCHOrO 

TeKCTa, 47 p11cynKOB, 55 ·Ta6n1-1u H 61-16n1-1orpa$n'leCKl1ll CIIl1COK 113 

160 Ha11MeHOBaH11ii. 

CO,QeplKan1-1e .LJ.HCCepTaq111-1 

Bo - BBe,QeHl-111 c$OpMyn11posana OCHOBHall ueJih pa60TU, IIO.LJ.'lepK11-

BaeTCll ~KTyanbHOCTb TeMU, npe,QCTaBJienu OCHOBHUe pe3ynhTaTU 11cc

.ne.L1.0Ba1111ii, nony4e1111ue anTopoM, 11 .a.a110 ·KpaTKoe co.a.eplKa1111e .a.1-1ccep

Tau1111 no rnasaM. 

B_neesoii_rnase np1-1ae.a.en o63op ony6n11Kona1111ux pa6oT no a.a.ep110-

$113114ecK1-1M MeTo,QaM a11an113a 3neMeHTHOro cocTaBa aewectsa. 

PaCCMOTpe11u np1111u11nu 11 CBOHCTBa HeiiTpOHHO--aKTl1Bau11011noro, 

raMMa-aKT1-1sau1-1on11oro 11 pe11Tre110-$nyopecuenTnoro MeToios a11an113a. 
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!lam,1 xapaKTep11CTl1Kl1 OCHOBHblX HCTOqHHKOB HeHTpOHOB " 
1-KBaHTOB, 11cnonhJyeMhlx nns Bbllllenepeq11cneHH1,1x snepHo-$11311qecKnx 

MeTonos aHan113a JneMeHTHoro cocTasa sewecTsa. 

H3 HepeaKTOpHblX 11CTOqHHKOB paCCMOTpeHbl 6onee JlOCTYilHble MH 

nposeneHHH HAA: pannott30TOilHblll HCTOqHHK HeHTpOHOB Ha OCHOBe 
252cf 11 $OTOHeHTpOH~ble HCTOqHHKH, HCDOnh3YIOWHe raMMa-H3nyqeH11e 

ycKopnTenen JneKTpoHos. 

liOnhWOe BHHMaHtte ynenseTCH sonpocaM npHMeHeHHH raMMa-

aKTHBaUHOHHOro aHantt3a MH peweHHH HayqHo-TeXHnqecKHX H HapOJlHO

X03HHCTBeHHblX 3anaq, a TaK~e rnaBHblM MeTOJlHqeCKHM 3anaqaM, CBH-

3aHHblM C ODTHMH3auneH HeHTpOHHO- 11 raMMa-aKTHB3UHOHHOrO H peHT

reHo$nyopecueHTHOro MeTonos aHann3a. c yqeToM Janpocos npaKTH-

4eCKHX Janaq H CMe-1,1x o6nacTeH nccnenosaHHH npencTasnseTCH aK

TyanhHhlM pa3B11Ttte MeTOJlOB aHan113a, OCHOBaHHblX Ha npHMeHeHHH OT

HOCHTenhHO Hecno~HblX TeXHttqeCKHX cpenCTB. 

Bo_sTopon_rnase npencTasneHbl H o6cy~eHbl pe3ynhTaTbl npose

neHHhlx HaMH nccnenosaHHH no pa3pa6oTKe snepHo-$113nqecKHX MeTonos 

aHan113a JneMeHTHOro cocTasa yrnen [1-4]. 

ttccnenosaHne JneMeHTHoro cocTasa yrnen cTano aKTyanhHhlM MH 

ycTpaHeHHH (HnH CH~eHHH) spenHoro BnHHHHH Ha OKpy~alOWyD cpeny 

MttKpOJneMeHTOB ( As, Hg, u, Pb, Zn, 

Cd, ti, V, Tl, Mn, F H np.), 

(nepepa6oTKe) Tsepnoro Tonnnsa, n 

Se, Mo, co, Sb, Ni, er, Be, 

o6pa3yXXIIHXCH npn c~nraHtttt 

IlOHCKa nyTeH HCnOnh30BaHHH 

none3HblX JneMeHTOB ( Ge, Ga, Re, Au, Ag, v, u, w, Mo, Hg H np.). 

Pa3pa6oTKa HOBblX nporpeCCHBHblX MeTOJlOB Maccosoro KOnnqecT

BeHHoro onpeneneHHH OCHOBHblX H conyTCTBYXXIIHX M3Kpo- H MHKpo

KOMDOHeHTOB CTana He06XOJlHMOH 3anaqei1 H3-3a y~ecToqeHHH Tpe6osa

H11H K 3arpH3HeHHD OKpy~alOWen cpeJlbl ra30o6pa3HhlMH H TBCpJlblMH Bbl6-

pocaMtt B BttJle 30nbl 11 IIIJlaKOB tt BHenpeHHH 6e30TXOJlHOH TeXHOnorHH B 

npo113 BOJlCTBO. 

HaMH pa3pa6oTaHa MeTOJlHKa MHoroJneMeHTHOro HHCTpyMeHTanhHOrO 

raMMa-aKTHB3U110HHoro attanH3a (HrAA) yrnen C ncnonh30B3HHeM TOp

M03Horo H3nyqeHl1H UHKnnqecKoro ycKOpHTens sneKTPOHOB - MHKPOTPO

na, cosnannoro B na6opaTopnn HJlCPHhlX peaKunA OIDIH. 

C uenbD pa3pa60TKH MHOroJneMeHTHoro raMMa-aKTHBaUHOHHOro aHa

ntt3a HaMH npooeneHbl JKcnepHMeHThl no onpeneneHHD s1,1xona $QTosnep

HblX peaKUHH MB pHna JneMeHTOB. 

6 

., 

41-------+----+-----t----i 

31------1--------+---/--+----; 

:;i 
ci. 

npo6neMa·o6ecneqeHttH raMMa

aKTttsaunoHHoro aHaJ1113a HJlepHbl

Mtt naHHhlMH B HaCToswee BpeMH 

HBJ!HCTCH OJlHOH 113 aKTyanhHblX 

~ 21-----i-----+---t--, 

• 3anaq, a noTpe6HOCTb B JT11X 

.uaHHhlX Han6onee ocTpa 11 cneun

$tt4Ha. MeTOJlOM Hase.ueHHOH aK

T11BHOCTl1 HJMepeHbl BblXOJlbl 79 

$OTOH,UepHb1X peaKUHH Ha T0pM03-

HOM 11JnyqeHHl1 JJ!CKTpOHOB C 

JHeprHHMH 14, 18 11 20 MJB. ,llnH 

>-

E
0 

,MsB 

10 2~- 30 

PHC.l AKTHBaUHOHHaH KpttBaH Bbl-

xona $OTOHJlepHOH peaKUHH 
34

mc1. 

i-nam11,1e HaCTOHWCH pa60Tbl. 

X 11 o-nnTepaTypHhle naHHble. 

" z 
~ 

~ 

tBblJl.= 22 Ml1H. 

t = 44 MHH. Bbl.II.. 

O· en 
E E 
~ "' .., ., 

<-

~ 
..,_ 

"' 

.., 
.,; 

"' 

nonyqettttH a6conDTHblX 3HaqeHl1ll 

BblXO.UOB Y1,x<E1m> 
peaKUHH cpaBHeHHH 

JlHCb peaKUHH (1,n) 

s KaqecTBe 

HCilOJlb30Ba

Ha 63cu 11 
65cu, ceqeHHH KOTOpblX xopowo 

113BCCTHbl. H3 JlUHHblX Y1,x<E1m> 
BblXOJlOB MO~HO Bblq11cnttTb ceqe

H11H ~1,x(E1m>' 11Cil0Jlb3YH MeTOJl 
pa3HOCTl1 $OTOHOB. Ha pttc. 1 

noKa3aHa Kpnsas s1,1xona peaK

u1111 35cl(1,n) 34mcl, nonyqeH-

HaH aKTHBaUHOHHblM MCTOJlOM. 

Pe3yJJhTaTbl tt3MepettttH Haxo-

.UHTCH B KaqeCTBCHHOM corna-

CHH C naHHblMH npyrnx aBTOpOB. 

!lnH cpastteHHH npnsenetta JKC-

nepttMCHTUJlbHaH KpttBUH BblXO-

.ua, Ha KOTOpOH HaHeCeHbl Hawn 

tt JlHTepaTypHblC naHHble; 3Tl1 

pe3yJJhTaTbl 6b1Jll1 HCilOJ!bJOBU

Hbl npn aHannJe conep~aHttH 

xnopa B yrnHx. Ha pnc. 2 

t = 66 MHH. 3HeprttH, K3B npttBCJlCHbl raMMa-cneKTpbl yrJJH, 
Bbl.II.. 

Pttc. 2. raMMa-cneKTpbl 6yporo yrnH. nonyqettttble npn KpaTKospeMeH-

Macca npo61,1 2,93 r. conep~a1111e Cl- 110M o6nyqeHtttt TopM03HblM ttJ-

10 r/T. to6n.=40 MHH. tHJM.=10 MHH. JJy4eHtteM MttKpOTpotta. 
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np11 pa3pa60TKe MeTOAIIKII MHOf03JJeMeHTHOfO raMMa-aKTIIBaUHOHHOfO 

aHan113a 3Hepr11H TOpMOJHOfO HJny'leHl!H Ml!KpOTpOHa 18 M38 Bu6paHa 

OfiTl!ManbHOli. np11 3TOli 3Hepr1111 OTCYTCTByeT cpOH OT n0311TpOHHOf0 

pacnaAa 
11

c, a Bill!HHlfe IIHTepcpep11pylOlllttX, KpOMe OCHOBHUX {r,n) 11 
{r,p) cjJOTOHAepHUX peaKUHli 3HalJl!TenbHO CHHlKaeTCH. 

Pa3pa6oTaHHaH C npttMeHeHl!eM Ml!KpOTpOHa MeTOJ(HKa nOJBOnHeT 

onpeAenHTb 6onee 40 JneMeHTOB B yrnHX ll nponyKTax llX ClKl!faHllH. B 

peJynhTaTe npoaeneHHoro 11ccnenoaaH11H ycTaHoaneH onTttManbHuli pe
~HM npoaeAeHHH aHanttJa. 

B Ta6n. I naHu apeMeHHue pelK11Mu auneplKKII nocne o6ny'leHttH H 
HJMepeHHH JlRH onpenenHeMUX JneMeHTOB. 

Ta6nuua 1. 

OnTttManbHUe BpeMeHa BuneplKKll ll ll3MepeHllH 
-----------------------------------------------------------

BpeMH 
----~~~~p~~~--~~~~p~~~HL MHH. OnpeAenHeMUe ·JneMeHTU 

I ---------------------------
0,5 'I 5 - 10 K, Cl, Sr, Nd, Zn ---

II 2-5 'I 30 Er,Sc,Fe,Sr,Ca,Ti,Mg.Ge,Cu,Ta 

Sm, Ni, Cs, Sb,Mo·, Ba, Zr, Hg, Pb, Th 
III 5-7 cyT. 60 As,Nb,Rb,Au,Tl,Re,U 

IV 20 H 60 Na,cr,Mn,co,Zn,Y,Ce,Nd 
_____ 6onee_c~T. _______________ seL_TeL_wL_Hg _______________ _ 

HcnonbJOBaHtte TOHKllX Ge{Li) llilll HP Ge J(eTeKTOpOB MHfKOfO ll 

peHTfeHOBCKOfO HJny'leH111i J(RH 113MepeHIIH HaBeJ(eHHOli aKTllBHOCTI! 

ofipa 3UOB yr Jiff J(ano BOJMO~HOCTb C ymeCTBeHHO pacwttpllTb KOilll'leCTBO 

onpeAenHeMUX :rneMeHTOB H CHHJllTb npeAenu o6HapylKeHIIH pHna 3JJe

MeHTOB, TaK11x, KaK Nd, Er, W, Ta, Tl, Pb, Au, Hg, Th II u. 

,.,~ 

~ 
s 
z 

Ha p11c. 3 npeACTaaneHu raMMa-cneKTpu 6yporo yrnH, ttJMepettttue 10,,.... ________________________ _,, 

... . " )( .... ~ ... if~ ,l ,l >l'I 
... "' -o< ,., :~ ~Gtaq«t ... /B~f: 
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i~ Iii~ 

3HEPrnR, k1B 

C IlOMOIUbD TOHKOfO 

Ge{Li) neTeKTOpa. 

PllC. 3. Hll3 K0-

3HepreTl!'leCKHli 

raMMa-cneKTP 

6ypo ro y rnH. 

Macca npo6u 3 r. 

to6n.= 4 '!. 

t BUJ(. = 10 cyT. 

t = I 'I • 113M. 

1.-

~1 

.. 

Mcnonh30BaH11e KOPOTKOlKllBYlUllX aKTHBHOCTeli no3BOnHeT onpene

IlHTb KOHUeHTpaUHH B yrnHX pHAa 30noo6pa3yl0lllllX JneMeHTOB Si, Fe, 

Ba, Sr, Zr ll OJ(HOfO 113 speJlHUX KOMnOHeHTOB J(JIH OKpylKaI0111eli cpenN 

- xnopa npu ClKttraHHH yrneli. B Ta6n. 2 naHN peJyJJhTaTN aHanHJa 

yr neli 113 I 7 Me CTOpOlKJ(eHHli MOHfOilllll'.. 
Ta6nuua 2. 

PeJynhTaTU HfAA yrneli ll3 17 MeCTOpolKJ(eHllli MHP 
-------------------------------------------------------------
3neMeHTU EA»H»uu HHTepaan reoMeTp»- . npenen 

»JMepe- coneplKa- 'leCKoe cpen- o6Hapy- onpe-
____________ HHH ________ HHH __________ Hee ________ lKeHHH ____ neHHH_ 

KpeMHHH 

HaTpttli 

MarHHli 

KanbUHH 

THTaH 

MapraHeu 

lKeneJo 

xnop 

CKaHJ(Htt 

XpOM 

KofianhT 

HHKenb 

Menh 

UHHK 

repMaHHH 

MUWbHK 

Py6nnttli 

CTpO~UllH 

HTTpHii 

UHpKOHIIH 

HH06Hii 

MonH6J(t!H 

onoao 

cyphMa 

UeJttii 

EapHii 

uepttii 

% 

r/T 

0,85 - 8,34 

0,05 - 0,3 

0,03 - 0,8 

<0,0·2 - 2,0 

0,02 - 0,32 

0,007 - 0,08 

0,5 - 2,7 

10 - 80 

1 - 31 

5 - 51 

2 - 10 

2 - 45 

<10 

5 - 90 

<10 

1 - 28 

2 - 40 

100 - 1900 

3 - 32 

11 - 141 

1 - 10 

2 - 16 

<10 

1 - 3 

1 - 8 

60 - 670 

I - 70 

9 

2,35 

o, 13 

0,23 

0,57 

o, 12 

0,01 

0,90 

30 

4 

20 

5 

9 

-
39 

-
7 

12 

193 

10 

~9 

2 

5 

-
1,6 

2,4 

182 

.16 

0,05 0,08 

0,03 0,1 

0,02 0,1 

0,02 0,1 

0,01 0,1 

0,004 0,025 

0,1 0,3 

5 10 

1 10 

5 20 

1 10 

1 10 

10 50 

5 10 

10 30 

0,5 10 

2 15 

0,5 10 

2 10 

1 5 

1 10 

1 5 

10 20 

0,5 5 

0,5 5 

5 15 

5 15 



____________________________________ n2011on~ett11e_Ta6n.2 ______ _ 

HeOJ111M - I - 10 2 3 20 

CaMap11ii 

3p611ii 

TaHTaJI 

BOJib¢,paM 

PeHIIH 

Tannnii 

1 - 20 

1 - 20 

1 - 4 

<5 

<l 

<l 

CBIIHeLt - 2 - , 300 

4 

2 

1,4 

0,5 5 

0,1 2 

0,1 2 

5 15 

1 10 

1 10 

2 10 

Top11ii - 1 - 15 3,7 0,1 5 

YQaH ___________ - ________ 1_-_300 ______ 6L3 __________ 0Ll _______ 2_ 

Pa3pa6oTam,r, OJ1HOJJieMeHTHl,1e JKcnpeccm,re MeTOJ1llKll llHCTpyMeH

TaJibHOfO aHaJIH3a xnopa, ypatta H TOpHH C npHMeHeHHeM TOpM03HOfO 

113nyqett11a MIIKpoTpotta s yrnax (6-10). npe11en1,1 o6aapy~eHHH pa3pa-

60TaHHblX MeTOJ10B B yrnax C HCOOJlb30BaHHeM MHKpOTpOHa J10CTHfal()T 

J1JIH xnopa -5 r/T, a .ypatta II Toptta -0,5 r/T. 

npose11ettbl ttccne11osaHHH no nporH03ttposaHHKl ypostteii JarpH3HeH

'ttocT11 OKpy~alOllleii cpe111,1 H B03MO~OCTII KOHLteHTpHpOBaHHH HeKOTOpblX 

JJieMeHTOB s npo1..1ecce_ c~11ratt11H yrna aa npoMbllllJleHHblX ycTaHOBKax_. 

AKTIIBaLtllOHHUMII MeTOJ1aMII c OOMOlllbKl MHKpOTpOHa (10) 6unH nonyqeHbl 

pacnpe11eneHHH 6onee 36 JJieMeHTOB no pa3JIH4HUM ¢,paKLtHHM npo11yKTOB 

c~11raHHH yrnH ( IICXOJ1Hblii yrOJib, 30JlhHble YHOCbl, lllJiaKII II Jtp.), 

c 1..1enhD JKcnpeccaoro onpe11enett11a co11ep~aHHH saaa1111a s yrnax 

HaMII pa3pa6oTaHa l.lHKJl114eCKaH MeTOJ1HKa aHaJIIl3a, Il03B0JIHIOlllaH HC-

nOnb30BaTb HeiiTpOHHblii IICT04HHK orpaHll4eHHOH MOIIIHOCTII. 

IlOJlh30BaHIIII HeiiTpOHHOro HCT04HHKa C Bb1XOJ10M 5 107 tteiiTp. 

TllfHYT npe11en o6Hapy~eHHH 5 r/T. 

np11 IIC

C-I J10C-

B_TQeTheii_rnase on11cattbl pa3pa6oTaHHhle HaMH JKcnpecca1,1e MeTo-

1111K11 IIHCTpyMeHTaJihHOfO MHOfOJJieMeHTHOro aHan113a OCHOBHblX II co

nyTCTBYIOIIIIIX JJieMeHTOB MeJ1HO-MOJ111611eHOBblX PYJ1 11 npo11yKTOB IIX ne

pepa60TKII. Pa3pa6oTKa 3TIIX MeTOJ1HK 11MeeT 60JihWOe 3Ha'!eHHe J1JIH 

3KOHOMHKH MHP, TaK KaK yKa3aHHble PYJ1b1 HBJIHITTCH OCHOBHUMH rrone3-

HblMII HCKonaeMUMH, 11061,1saeMUM11 B MOHfOJIHH. B HaCTOHlUee speMH ne-

pepa6aTusaeTCH 20 MHnnHOHOB TOHH PYJ1 B ro11. 

MeTOJ1HKII onpe11eneH11H OCHOBHblX H conyTCTBYnlUHX JJieMeHTOB 

MeJ1HO-Mon11611eHOBblX PYJ1 II npo11yKTOB HX nepepa60TKH pa3pa6oTaHbl C 

HCITOJlb30BaHHeM Hatt6onee npOCTliX ycTaHOBOK, TaKH~ KaK HeiiTpOHHblH 

10 

\,I 

iii 

f' 

rettepaTop, 1130TOITHblH IICT04HIIK HeiiTpOHOB 
252cr (244 MKr) H paJ1H0-

·1nOTOOHblH peHTrettocjinyopecueHTHblH cneKTpoMeTp. 

OJ11IOH 113 OCHOBHblX JaJ1D4 B KOnll'IeCTBeHHOM pq,A HBnHeTCll Kap

pe KTHblH y•aeT B3Dl1MHCHO BJl11l1Hllll JneMeHTOB B npo6ax. BOJMO~OCTb 

ee peweHl1ll C ITOMOlllbKl pa3nll'IHblX sap11aHTOB cnoco6a CTaH11apTa-¢,0Ha 

paCCMOTpeHa Ha KOHKpeTHOM np11Mepe KOJlll'feCTBeHHOfO onpe.neneHllll 

3neMeHTOB B reonor11•1eCKIIX 06pa31..1ax, B qaCTHOCTII, MeJ111 II MOntt611e

Ha, o MeJ1HO-MOJIH6neHOBblX pynax. 

113BeCTHO, 4TO ]DBIICIIMOCTb IIHTeHCIIBHOCTII aHaJIIITll4eCKOii JIIIHIIII 

Men11 11 Mon11611etta OT co11ep~aH11H ~eneJa, Mlilllbl!Ka, py6111111a. cTpoH

LlHll 11 LlllpKOHHH B npo6ax MO~eT 6b1Tb Y4TeHa npH IICOOnb30BaHHII OT

HOWeHHll IIHTeHCHBHOCTeii HeKorepeHTHO II KOrepeHTHO paccellHHOfO 
' 109 

peHTreHOBCKOro 113Jiy4eHllll IICT04HIIKa BOJ6y~neHHll Cd (E7 = 22,2 

k:JB Ka Ag ) • C 3TOH 1..1eJ1bl() 3KCnep11Me11TanbHO Haii,JteHli 3Ha4eHllll OT

llOCl1TenbHblX l!HTeHC11BHOCTeii ¢,nyopec1..1eHLtllll ICU (IIJIII IMO) J1Jlll Cu 

(MO) Ka-JIIIHIIII, 11HTeHCIIBHOCTeii KorepeHTHOro IK II 11eKorepeHTHOfO 

IHK pacceHHHOro 11Jny•1eHl1ll 11 IIX OTHOWeHll_ll R J1JIH MHOrOKOMOOHeHTHblX 

o6pa3L(OB. Y•IeT :noro OTHOWeHl1H np11 onpe11eneHl1H MeJ1H H MOJill6J1eHa 

B MeJ1HO-MOn11611eHOBblX pynax no3non11n J10CTl14b B 1,5-2 pa3a 60JibWeii 

TO'IHOCTM no cpaBHeHIII() C MeTOJ111KOii, B KOTopoii np11MeHHJ1aCb HOpMll

poBKa TOnbKO no HeKorepeHTHO-pacceHHIIOMY IIJJiy4eHIIKl. np11 3TOM HH

TeHCl1BHOCTb attanHTll4eCKIIX JIIIHIIH JJieMeHTa KoppeKT11pyeTCll C OOMO

lllbKl oen11•111Hbl R=IHK/IK 11 onpenem,eTCH npOCTOH rpa.ny11pOBO'IHOH 3a-

811Cl1MOCTbl() YA=a + b CA(I), rne YA=IA/BA -HOpM11poBaHHall IIHTeHCIIB

HOCTb attan11T11•1eCKIIX nllHIIH onpenenlleMoro JneMeHTa I CA -ero KOH

ue11Tpau1111, ~ 11 b -Ko:icp¢,11u11eHThl, nonyqeHHhle 113 JKcnep11MeHTa. 

<~11311qecirn o6ocnosaH II npe11no~e11 HOBblii. eap11a11T cnoco6a BHyT

pettttero CTUHJtapTa, OTJll14UIOIIIIIHCll OT 113BeCTHblX paaee cnoco6oB no

BblWeHHOH JKcnpecCHOCTbl(),· npocTOTOH TeXH114eCKOii pean113a1..11111 II np11-

MeHeHlleM•MIIHIIMUJlbHOro KOnH4eCTBa CTUHJtapTHblX MaTepttaJIOB (·11,12). 

Hne11 MeTOJ1a 3aKnKl•IaeTCll B IICOOJlb30BaHIIII npe11sap11TeJ1bHO onpe11e

neHHblX 3KCnep11MeHTUJlbHUM nyTeM KOJcp¢,111..111eHTOB OTHOCHTeJibHOfO 

y11enbttoro e1,1xo11a ¢,nyopecuettu1111 Ka~oro 113 JJieMeHTOB. Torna, c 

y•aeTOM ttaiinentthlx Kcncp¢,11u11eHTOB, onpe11enett11e 11x conep~a1111a npoeo

n11Tc11 no 113MepeHHblM IIHTeHCIIBHOCTllM ¢,nyopecueHTHblX 113Jiy4eHHii II 

ll]BeCTHOH KOIILteHTpau1111 OJ1HOro 113 3Tl1X JneMeHTOB. Ha p11c. 4 ITOKa

]aHa 3aBIICIIMOCTb K03¢,cpllLtlleHTOB OTHOCHTeJibHOii yneJibHOH HHTeHCIIB-
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R~,x10·1 

14 

12 

10 

8 

6 

4 

2 

20 
ca 

-•pac,tn!T 
JC• 3Kcnepao,e:-rr 

40 
Zr 

HOCTll OT aTOM

HOfO HOMepa z 

JJ.Jlll JneMeHTOB 

OT BaHa.Ql!SI JJ.0 

Montt6JJ.e11a. 

Pl!C. 4. 

3aBl!Cl!MOCTh 

OTHOCl!TenhHOll 

yJJ.enhHOll ttH

TeHCl!BHOCTtt 

OT aTOMHOfO 

HOMepa z JJ.Rll 

l!CTO'IHttKa 
2 I0 9cct. 

no pa3pa60TaHHOtt HaMtt MeTOJJ.ttKe rrpoaeJJ.eH attan113 6onee, 5000 

o6pa3UOB MeJJ.HO-MOntt6JJ.eHOB~X PYJJ. JJ.RH OTna.QKll TeXHOnOrtt4eCKl!X rrpo

uecCOB BO ~peMH JarrycKa ropHoo6oraTttTenhHOf0 KOM6l!HaTa 11 3Pl3H3T" 

B MOHfORl!ll. 

OCHOBH~e npe11MywecTBa JJ.aHHOrO MeTOJJ.a COCTOHT B cneJJ.ylOIUeM: 

-B03MO~HOCTh, ,orrpeJJ.eneHllll COJJ.ep~~Hllll HeKOTOp~x JneMeHTOB 6e3 

llCITORh30BaHllll CT,aHJJ.apTH~X o6pa3U0B JJ.RH 3TttX JneMeHTOB;_ 

-B~COKall, 3KCrrpecCHOCTh MeTO.Qa ll3-3a rrpl!MeHeHl!H TOnhKO OJJ.HOfO 

JneMeHTa cpaBHeHllll JJ.Rll rpyrrrr~ 3neMeHTOB. 

KOHTponb BocnpOll3B0JJ.llMOCTtt ll npaBllnbHOCTtt pa3pa6oTaHH~X MeTO

AllK aHan113a npoBOJJ.ttRCH nyTeM onpeaeneHl!ll COJJ.ep~aHllll JneMeHTOB B 

CTaHaapTH~X 06pa1uax ropH~X nopoJJ., PYJJ. ll IJ04B CCCP ( en-I, cn-2, 

cn-3, CT-IA, crJ-lA, er-IA), rap ( GM, TB, TS) ll MArAT3 

Soil-5 tt Soil-7 ). 

BocnpcrnJBOJJ.llMOCTb aHanll30B MeJJ.HO-Mon116.neHOB~X py.n rrpoaepeua 

nyTeM cpaaHeHllll pe1ynhTaTOB C Xl!Mll4eCKl!M aHanll30M (pl!C. 5 ), a 

MeTponor114ecKaH xapaKTepttcTttKa MeTo.na ouetteHa MeTo.noM aap11auttoH

HOtt CTaTl!CTlfKlf ( 13). Pacxo~etttte pelynhTaTOB, P<l>A If Xl!Mlf4eCKOfO 

a11an11Ja H_axo.n11TCH a rrpeJJ.enax ow1160K, .norrycKae~x Tpe6oaatt11eM III 

KaTeroplflf aHanllTlf4eCKttX MeTOJJ.0B. 

PaJpa6oTaHa JKCnpeccHaH MeTOJJ.ttKa P<l>A JJ.RH onpe.nenettlfH co.nep~a

HllH, cepe6pa B MeJJ.HOM KOHUeHTpaTe [16]. AHan113 ocywecTBnHeTCSI B 
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as 

Xll1A!lf8CICJII aH&Jlll3 0.0 IL-___ .._ ___ .._ ___ ..__ 

. a.s 1.0 1.5 Ccu!ro) 
PttC. 5. CpaaHeHl!e pe3ynhTaTOB 

peHTreHO~nyopecueHTHOrO ll Xli

Mlf4eCKOfO MeTOJJ.0B auanlila. 

Hac~eHH~X CROSIX C rrpllMeHe

HHeM pa.nttOlilOTOilHOro liCT04Htt

Ka Z4 IAm, aKTliBHOCThD I.II 
9 ,, 

10 6K If Si(Li)-nonyrrpOBOJ].Hll-

KOBOrO JJ.eTeKTOpa. npe.nen orr

peJJ.eneHttH cepe6pa .naHH~ crro

co6oM cocTaanaeT 5 r/T, npu 

apeMeHll ll3MepeHllll 10 MHHyT. 

JaHHall MeTOJ].llKa 6~a HCITORh

lOBatta JI.RH orrpe.nenettnH co.nep

~aHnH cepe6pa B KOMMep4eCKOM 

MeJJ.HOM KOHUeHTpaTe rop110060-

raTHTenhHOfO KOM6ttHaTa 
11 3PJ3H3T 11

• 

Ha OCHOBaHlill nony4eHH~X 

pe3ynhTaToa o co.nep~a11uu ce

pe6pa 6~u rrepecMOTpeH~ ue11~ 

npoM~wne~HOro npo.nyKTa. TORbKO B 1980 ro.ny KOM6llHaT nonyqun la 

C4eT )T()f() np116~nb 5 MlfRRl!OH TyrpHKOB. 

XOTH paJJ.HOH30TOITH~ll P<l>A HBRSICTCSI Han6onee pacrrpocTpatteHH~ ll 

MOWH~ MeTOJJ.OM aHanw1a, HO Ha npaKTllKe JJ.OCTlirae~tt C ero ITOMOWbD 

rrpe.nen o6Hapy~eHllll He acer.Qa YJJ.OBneTBOpHeT Il0Tpe6HOCTHM TeXHOno

fH4eCKOfO KOHTpOnH. 

c uenh·D CHli~CHHH rrpe.nenoa o6ttapy~eHHH OCHOBH~X u conyTCTByD

WHX JneMeHTOB MCJJ.HO-MORli6.QeHOB~X PYJJ. ll npoJJ.yKTOB llX nepepa60TKll 

pa3pa6oTaHa MeTOJJ.«Ka HrAA. B Ta6n. 3 If 4 .Qatt~ pe3ynhTaT~ attanuJa 

o6pa3UOB Me.QHO-MORll6JJ.eHOB~X py.n ll KOMMep4eCKOro KOHUeHTpaTa Me

JJ.ll. BocnpOlf3BOJJ.HMOCTb ll npaaunbHOCTh palpa6oTaHH~X MeTOJJ.0B aua

Rlf3a npoaepett~ cpaaHeHHeM c pe3ynhTaTaMw, rronyqe1111~u .npyrm1u 

MeTO.QaMll. 

B. pelynhTaTe anannJa, 11anpm1ep, ycTattoanetto, 4TO co,nep~a11ue 

peHllll B KOMMep4eCKOM KOHUeHTpaTe Monu6.netta B~e 500 r/T. 

'leTaeeTaH _ r naaa rroc a11we11a onucattRD JKcrrepm1e11Ta no pa3pa-

6oTKe onpe.neneHlfll 6naropOJJ.H~X w pe,nKOJeMenbH~X JReMeHTOB· a npu

pOJJ.H~X 06pa3uax. 

OnpeJJ.eneHHe 6naropOJJ.H~X w peJJ.KOleMenhH~X JneMeHTOB HBRHeTCH 

npo.non~ettneM uccne.noaattntt no pa3pa6oTKe MeTo,nuK KOMnneKcttoro 
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attaJJH3a yrnew, Me,!l.HO-MOJJH6,a.eHOB~X pyn H npo,a.yKTOB HX nepepa6oT

KH. Bnaropo,a.H~e H pe,a.Ko3eMeJJbH~e 3JJeMeHT~ B 3THX npHpOJJ.H~X o6-

pa3QaX B 60JJbWHHCTBe cnyqaeB npHCYTCTBYIOT B KOHQeHTpaQHllX Mettee 

1 r/T. TI03TOMY MeTOJJ.HKH attann3a Tpe6yDT cneun$nqecKoro nonxo,a.a. 

Ta6nnua 3. 

Pe3yJJbTaT~ onpe,a.eneHHll conep~aHHll 3JJeMeHTOB co YC3 

3-85 11 MeJJ.HO-MOJJH6,a.eHOBall pyna" (MHP) (n = 4, p = 0,95) 
__________ cone2~attne __ s_n2ouettTax _______ _ 

3JJeMeHT~ ______________ HfAA _____________ Haw,a.eHO_JJ.QyrHMH_MeTO,!l.aMH 

Cu 0,820 (26) 0,82 (1) * 
* Mo 0,0190 (20) 0,017 ( 1) 

Fe 3,030 (20) (2,786) 

As 0,0215 (15) (0,0186) 

Sb 0,0025 (5) (0,0025) 

Na 1,14 (2) (1,15) 

Mg 0,46 (2) (0,43) 

Ca 0,20 (2) (O, 21) 

Ti 0,25 (2) (0,282) 

Mn 0,012 (1) (0,015) 

Cr 0,0022 (2) (0,0020) 

Ni 0,0019 (3) (0,0024) 

Zn 0,011 (1) (0,0129) 

co 0,0016 (3) 

Pb 0,0089 (5) (0,00774) 

Zr 0,014 (2) (0,0100) 

Rb 0,0081 (11) (0,0078) 

Ce 0,0052 (9) (0,0044) 

Nb 0,0016 (6) (0,0013) 

w 0,0027 (9) (0, 0030) 

Ba 0,101 (14) (0,0890) 

Sr 0,0214 (25) (0,0177) 

Th 0,0004 (1) (0,00033) 
u _________________ oiooo3_1ll · _________________ 10Looo298l __ _ 

TipHMeqattne: -B cKo6Kax ,a.aHa norpeWHOCTb nocne,a.ttett un$p~ 

* ) - aTTeCTOBaHH~e conep~aHHll. 
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Ta6nnua 4. 

PeJynbTaT~ onpeneneHHll conep~aHHll OCHOBH~X H conyTCTBYIOU!HX 

:ineMeHTOB co YCJ 5-86 "MenH~H KOHQeHTpaT". MHP. (n=4, p=0,95) 
, ______ cone2~aHHe_s_nQOQeHTax __________ _ 

_3neMeHT~ ____________ HfAA ___________ HawneHo_npyrHMH_MeTOJJ.aMH 

Cu 31,87 (36) 32,0 (2) * 
Mo O, 13 (2) O, 14 (1) * 
Fe 

Zn 

Pb 

As 

Sb 

Se 

Te 

Zr 

Ag 

Au 

Ni 

Co 

Ge 

19,6 (3) 

0,125 (12) 

0,016 (2) 

0,28 (5) 

0,037 (7) 

0,0085 (3) 

0,0010 (8) 

0,0042 (9) 

0,0062 (4) 

« 0,0005 

0,0061 (4) 

0,0081 (6) 

0,0009 (2) 

* 19,8 (·6) 
*· o, 15 (1) 

0,014 (1) * 

(0,040) 

* 0,0077 (4) 

* 0,0008 (3) 

(0,0040) 

* 0,0066 (2) 

(0,00001 - 0,0002) 

_Mg ___________________ OL016_15l ________________ ----

npttMe•iaHHe: -B cKo6Kax naHa norpewHOCTb nocne,a.Heii un$p~ 

* ) - aTTeCTOBaHH~e conep~aHHll. 

HaMH ycoeepweHCTBOBaHll MeTO,!l.HKa onpeneneHHll conep~aHHll 30JJOTa 

C nOMOWbD MHKpoTpoHa. la C4eT 6onee T04HOrO ycTaHOBJJeHHll npocT

paHCTBeHHOro pacnpe,a.eneHHll nonefi pe3oHaHCH~X HettTpOHOB H ffeKOTO

poro ycoeepweHCTBOBaHHll cnoco6os o6pa6oTKH pe3ynbTaToB attaJJH3a 

npOH]BO,!l.HTeJJbHOCTb 6~Jla _IlOB~WeHa B 1,5-2 paJa ( pttc. 6 ). npenen 

o6Hapy~eHHll 30JJOTa C HCn()JlbJOBaHHeM peJoHaHCH~X HettTpOHOB 

ypaH-rpa<jmTOBoro Ky6a MHKpoTpOHa COCTaBHJJ 5 10- 2 r/T B py,a.ax H 

Jr/TB .Me,!l.HOM KOHUeHTpaTe. 

Ha ocHoBe MeTona raMMa-raMMa-coananeHHfi nnH perncTpaQHH KacKan-

H~x raMMa-KB3HTOB 
192

1r (T 1;2=74, 2 cyT) pa:1pa60TaHa MeTOJJ.HKa 

Maccoeoro aHaJJH3a Hpttnm1. .!laHHall MeTOJJ.HKa ycnewHo HCilOJJb30Bana 

nnH onpenenemtll conep~anm1 HpHJJ.Hll B xpoMH,a.ax. .!loc_THrHyT npenen 
o6Hapy~eHHll 3 10- 2 r/T (17]. 

./lJJH onpeneneHHll conep~aHHH 6naropo,a.H~x 3JJeMeHTOB Ir, Pt n 
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rue. 6. npocTpaHCTBeHHOe pac-

npenenettue pe3oHaHcHux HettTpo~ 

HOB s KaHanax o6ny4eHttH o6pa3-

uos C s rpaq>HTOBOM Ky6e 1: a)

H]OMeTptt4eCKOe "6)-Tonorpaq>tt-

4ecKoe tt3o6pa~eHtte. 

np. B cnyiiae-ucnonblOBaHttH q>o

TOHettTpOHOB MttKpOTpOHa, rne 

nflOTHOCTb noTOKa COCTaBnHeT 

scero 108 -109 HettTp.cM-
2
c-

1
, 

Tpe6yeTCH npensapttTeflbHOe KOH

QeHTpttposaHtte. HaMtt pa3pa6oTaH 

MeTOJl KOHQeHTpttposaHttH pana 

6naroponHux JneMeHTOB c nocne

JlYKXllHM ucnonblOBaHtteM nna on

peneneHttH ux conep~aHttH ttHCT

pyMeHTanbHhlX aKTttBaQttOHHhlX Me

TOJlOB aHafltt]a Ha MHKpOTpoHe. 

KOHQeHTpttposaHtte Au, Ir, Pt, 

Ru, Os tt Re tt3 nopon pa3ntt4-

HhlX TttnOB npOBOJlHJIOCb nyTeM 

BO]fOHKH B noTOKe BO]Jlyxa nptt 

TeMnepaType 1000-1200 °c. B 

Ta6n. 5 JlaHhl HaWtt pe3yflbTaThl 

attanu3a pana 6naroponttux Jne

MeHTOB B npttpOJlHhlX o6pa3uax. 

npenenu o6Hapy~eHttH nna HeKo

Topux tt3 6naroponHux MeTannos, 

JlOCTHrHyTue C nOMOWbD onucaH

HOH MeTOAHKH, cnenyKXUtte: 
-2 -3 

Ir-2 10 r/T, Au-2 10 r/T 

H Pt-2 10-2 r/T (18,19]. 

Ta6nwua 5. 

Pe3yflbTBThl onpeneneHHH conep~aHHH Ir, Pt H Au B HeKOTOphlX 

npttpOAHhlX MaTepttanax (t=l,5 4, d=40 MM, V=5 fl/4, T=1200°c. 

conep~atttte ( r/T) 

TIOPOAhl Macca tta-
_________________ BeCKH,_r _________ Ir ____________ Pt _______ Au __ 

XpOMHThl 10 

MeJlHhlH KOHUeHTpaT 10 

flttKeJieBhlH KOHQeHTpaT 10 

0,24(6) 

s 0,03 

s o, 10 

:S 0,05 

s 0,08 

5,4(12) 

:S 0,05 

4,0(5) 

0,10(2) 

GypuH yrOJib 50 s 0,02 s 0,02 0,7(1) 

npttMe4aHtte:_B_CK06KaX-JlaHu-norpeWHOCTH-nocnenHHX-UH~p.---

H> 

nna onpeneneHttH conep~aHttH penKoJeMeJibHhlx JJieMeHTOB Hly'leHa 

nepcneKTHBHOCTb ttCilOJib]OBaHHH CMeWaHHOro raMMa-tt HeHTpOHHoro no

JIH tt3ny4eHttH. 3KcnepHMeHThl no nony'leHHD CMewaHHOrO raMMa-H HeHT-

''''~''''" , .. ~,,,._~,,, 4' ' 
~, '''"'' '"' \. ~ ' ' ~~-- ... ''"'"'", ,.\ 

~.Li~' 
~~l~I~~~ 

\.. "' ,,,,\_,' 

' 

6 \ ~' ,,, ' ' 
\. ... \. " "~ ~ ,, ..... '' ... \ 

PHC. 7. CXeMa ycTaHOBKtt CMewaHHOro (,-n) 

nona. 1-TOpMO]HaH MHWeHb; 2-TOpMO]HOe H3-

ny4eHtte; 3-cBttHeu; 4-JaMeAJittTeJih tt3 nneK

cwrnaca; 5-MOHttTopu; 6-06pa3uu tt CTaHnapT

Hhle MaTepttanu. 

pOHHoro nom1 npo

aeneHu Ha ny'IKe 

TOpM03HOro H3JIY'le

HHH MttKpOTpOHB (20] 

(pttc. 7). HcnOJib30-

BaHtte CMewaHHOrO 

IlOJIH Il03B0JIHeT no

JIY'IHTb ttH$OpMaQHD O 

conep~a1rntt acex 

P33 B OAHOM o6ny'le

HHH, 'ITO HCKJID'laeT 

owtt6Ktt, CBH]aHHhle c 

HeOAHH_aKOBhlMH ycno
BHHMH JKCnepHMeHTOB 

HAA H fAA. 

B_nHTOH_rnaae OilHCaHhl cymeCTBYKXUHe cewqac HeHTpOHHhle HCTO'I

HttKH tt H3MepttTeJibHO-Bhl'IHCJIHTeJibHhle CHCTeMU, HCil0Jlh3yeMUe MH 

nposeneHHH BKTHBBQHOHHOro aHaJitt3a B MOHfOJIHH (22,23]. 

KpoMe Toro, OilHCBH pa3pa60TBHHhltt HBMH rrpoeKT C03ABHHH B MHP 

HOBOH na6opaToptttt aKTHBBQHOHHOro aHaJIH3a. OCHOBHOH $H3tt'leCKOH 

ycTaHOBKOtt·na6opaTopHtt BKTHBBQHOHHOro aHaJitt3a ( nAA) MHP 6ynyT 

QHKJIH'leCKHll ycKopttTeJib JJieKTpOHOB - MttKpOTpOH MT-22, C03ABHHhltt B 

na6opaTOptttt HJlepHhlX peaKQHH OH~H. c ueJibD rrony'leHHH $oTOHeHTpO

HOB Ha OJlHOM H3 KaHaJIOB ny'IKa 6yneT pa3MemeH ypaH-6epHJIJIJleBhltt 

KOHBepTOp. B Ka'leCTBe 3BMeAJIHTeJIH 6yneT HCIIOJib30BaH rpa$HT0Bhltt 

Ky6 pa3MepoM 150 x 150 x 150 C_M. 

. H3MepHTeJihHO-Bhl'IHCJIHTeJihHhltt QCHTP HOBOll na6opaTOpHH 6yneT 

C03ABH_Ha 6a3e rrepcOHBJibHhlX KOMIIbDTepoB H 4-5 raMMa- cneKTpOMCT

ptt4CCKHX TpaKTOB C nonynpOBOAHHKOBhlMH ACTCKTopaMH. 

CornaCHO npenaapttTeJibHOH OUCHK~ 3TB na6opaTOpHH 6yneT peHTa-

6eJibHOll B cnyiiae BhlilOJIHCHHH 30-50 ThlCH'I aHBJIH30B B ron. 

HaCTOHWHe HCCJieAOBBHHH no pa3pa60TKe MCTOAHK JJICMCHTHOro aHa

JIH3a COCTaBa aemecTBa 6hlJltt rrpoaeneHhl B CBH3H C nnaHaMH C03ABHHH 

B MHP yKa3aHHOll na6opaTopttH. 
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B_3aKnl04eHllll ccj>opMynupoBaHbl OCHOBHble pe3ynhTaTbl nuccepTaUllOH

HOM pa6oThl: 
1. C uenhlO o6ecneqeHllH snepH~ll naHH~ll MHOf03neMeHTHOf0 

raMMa-aKTllBaUllOHHOro aaanll3a ll3MepeHbl BblXOAbl 79 cjJOTOHnepHblX 

peaKUllll no aKTllBaUllOHHOH MeTOAllKe, B TOM 4llCne snepsble nonyqeHbl 

naHHUe nns 8 3neMeHTOB: Tm, Dy, Yb, Hf, Os, Ir, Pt ll Hg. 

2. Ha OCHOBe npoBeneHHUX 3KCnepuMeHTaRbHUX nccnenoBaHllll H3y

qeHhl, npennolKeHu H peannJoBaHhl: 
- OilTllManhHble cnoco6u OAH03neMeHTHOf0 raMMa-aKTHBaUllOHHOro aHa

nu3a nns onpenenettus coneplKaHHH xnopa, cepe6pa, ypatta "Topus B 

yrnsx MeCTOpo~eHllll MHP; 
- cnoco6hl onaospeMeaaoro onpeneneHHH si, Fe, Sr, Zr H Ba B yrnsx 

npll KpaTKOBpeMeHHOM o6nyqeHllll TOpM03H~ ll3nyqeHHeM; 
- cnoco6u onttospeMemrnro onpeneneans 6onee 40 3neMeHTOB B yrnsx 

npll 4-5-qacOBOM o6nyqeHllll TOpM03H~ ll3nyqeaneM; 

- QllKnHqecKll» MeTon aaanH3a BaaanHs B yrnsx. 
3. ·B pe3yRbTaTe npoBeneHllH pa6oT c llCil0Rb30BaHlleM pa3pa6oTaH

HblX MeTOAllK MHOf03neMeHTHOfO raMMa-aKTllBaUllOHHOrO aHanH3a yrneii 

noKa3aHU B03MOlKHOCTll oueHKll CTeneHll 3arpH3HeHllH OKpylKalOllleH cpenu 

npll ClKllfaHllll yrnH Ha 3ReKTpOCTaHUllHX ll Ha npyrllx npoMblIIUleHHblX 

ycTaHOBKax. 
4. Pa3pa6oTaHa ll onpo6oBaHa HOBaH MeTOAllKa llHCTpyMeHTanhHOfO 

aHanll3a MOHfORbCKllX MeAHO-Monu6neHOBblX pyn ll nponyKTOB llX nepe

pa6oTKll nns 3KCnpeCCHOfO onpeneneHllH B HllX OCHOBHUX ll conyTCT

BYIOlllllX 3neMeHT0B. npenenbl o6HapylKeHllH ll TO'IHOCTb aHanll30B Bnonae 

ynosneTBOpHIOT cospeMeHH~ Tpe6osaHllHM aaanHTll4eCKllX MeTOAOB. 

npttMeHeHlle pa3pa6oTaHIIOH MeTOAllKll B npOMUWJieHHOCTll MHP MOlKeT 

elKeronHo nasaTb 6onbWOl1 3KOHOMllqecKllll 3~eKT 3a cqeT 3aMeHU npll

MeHHeMoro B HaCTOHmee BpeMH XHMllqecKOfO MeTona. 
5. HccnenoBaHo npocTpaHCTBeHHOe pacnpeneneHHe noTOKOB Tenno

Bhlx ll pe30HaHCHblX He»TpOHOB B rpacj>HTOBOM Ky6e npll llCil0Rb30BaHllll 

panllOHYKRllAHblX 124sb +Bell 252cf llCTQqHllKOB ll cjJOTOHe»TpOHHOfO 

ypac1-6epunn11esoro KOHBepTopa MllKpoTpOHa. 3TO n03Bonnno onpene

nllTh OilTHManbHhle ycnOBllH o6nyqeHllH npll ycosepweHCTBOBaHllll MeTO

AllK aaanHJa. 
6. BnepBble BHenpeH B attanllTllqecKylO npaKTHKy MOHfORllll 3Hepro

nucnepCllOHHblll panHOll30TOTIHUH peHTreaocj>nyopecueHTHblll aHanll3. Pa3-
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pa6cnaHhl Konw1ecTse1rnhle MeTonhl MHoro3neMeHTHoro attanu3a Menao

Mon116neHOBhlx pyn, B qacTHOCTll aHan113a cepe6pa B MenHOM KOHUeHT

paTe c npenenoM o6HapylKeHIIH 5-10 rlT. Ha 3TY MeTOAIIKY nonyqeHO 
aBTOpCKOe co11neTeRbCTBO. 

7. Ha nyqKe TOpM03HOf0 ll3nyqeHllH MHKpOTpOHa c~pMttpoBaHo CMe

maHHOe raMMa-HeHTpOHHOe none. 3TO Il03BOnllnO C03llaTb OilTHManLHYD 

KOMnneKc11y10 MeTonuKy nm1 onpenenec1us coneplKaam1 penKo3eMenhHhlx 
:rneMeHTOB. 

8. Pa3pafioTaHHaH cjJll311KO-XIIMll4eCKaH MCTOAIIKa KOHUCHTp11poBaHIIH 

Il03BOnHeT 3~eKTIIBHO sunenHTL 6naropOllHble MeTannhl II peHIIM ll3 

pa3n11•rnhlx np11ponc1hlx MaTep11anos Maccoii no 50 r H onpenenHTL 11x 

coneplKaH11e nyTeM nocnenyowero raMMa- ll ae»Tpoaao-aKTHBauuoHHoro 
a11an113a C 11cnonL30BaHlleM MllKpoTpoHa. 

9. noKa3aHa 6onLwaH nepcneKTIIBHOCTL np11MeHeH11H MeTonos raMMa-

11 HCiiTpOHHO-aKTIIBaUIIOHHOro ac1an113a C IICilORL30BaHHCM MllKpoTpOHa 

nnH peweHIIH MHOfllX aKTyanLHblX II nepcneKTIIBHUX npo6neM Haponaoro 
X03HMCTBa MHP. 
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