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8 nocnenaee apeM.H .llllepao-<jlaa aqecKae MeTOJlbi aemecTaeaaoro aaanaaa 

IT01IY'I8IOT Bee 6onee !UHpOKOe pacnpoCTpaae aHe B llpOMbi!UIIeHHOCTH. 3To CBSI38BO 

C 6biCTpbiM p OCTOM 
lTOTpe6HOCTH pa3Hb!X OTp a c n eli llpOMbl llllleHHOC TH H TeXBHKH 

B cymeCTBOBaHHH 3KCnpeCCHbiX, TO'IHbi X H B8JlelKHbiX M e TOJlO B 8H81IH3a, 
KpoMe 

Toro, 
Slllepao-<jJH3H'IeCKHe MeTOilbl 8H81IH38 B 6on&mHHCTBe cny'Iaea no CBOHM 

xapaKTepHCTHKaM cymecTaeaao npeaocxonHT llpyrae paaee paaBHTbie MeTOilbi 

aneMeBTHOI'O 8H81lH38 BemeCTB ( OllTH'IeCKHe, XHMH'IeCKHe H llp. ) • 

Ycnernao npnMeHHeTcH a aacToHmee apeM.H un.11 paaabiX nenell aeliTpoaabill 

8KTIIB8UHOHHbil! 8H81lH3, KOTOpbif.i, 0 6 Jl8Jl8.11 !UHpOKHMH B03MOlKHOCT.IIMII B CB.II3H C 

ero BbiCOKoll 'IYBCTBIITen&aocT&ro, nony'IHn a'aa'IHTen&aoe pacnpocTpaaeaae aa 

Ill OCHOBe C0 3 Jl8HHb!X B H8CTO.II!Uee BpeM.II peaKT(!)pOB II HeiiTpOHHbiX reaepaTOpOB 

OllaaKo HMeromaec.H TPYilHOCTH n lllleHTH¢HKaunll Taro ann aaoro pallHonao­

Tona no aaepraa Y - nyqe ll, HllaKne c eqeaaH aaxaaTa ae l!T po ao a unH pHila sne­

MeaToa, aeyllo6Hbie un.11 o6c'I <'lT a nepaoubi nonypacnalla aaneneHH biX panlloaKTIIBHOCTel! 

n pHBOJl SI T B pS!)le C1IY'I8eB K HeB03 MOlKHOCTH 8H81lll38 0 Dp83U OB H8 COJleplK8HHe 

aeKO-TOpbiX aneMeaToa, na6o K cymecTneHaoMy yxyllrneaniO s Kcnpeccaoc Ta 11 aa -

JlelKHOCTH 8H81IH38 STHM MeTOJlOM. 

npnMeHeHHe llY'IKOB n e r K HX 38pHlKeHHbiX 'I8CTHJ.{ ( llpOTOHOB, ne liTpOHOB, 

8) /2,3,4 / 
a -'I8CTIIU H HOHOB He , nonyqaeMbiX H8 Y CKOpH T e iiHX , B H8CTOS!ll{ee 

BpeMSI HeCKOilbKO p8Cl11HpS!eT B0 3MO>KHOCTII liKTHBBUHOHHOI'O MeTOJla 8H81III38 , He 

npeTennyH, OllHaKo, aa ycnernaoe npe o noneane 
acex TpynaocTeli, B03HHKaromHx 
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npH Hcnonba osaHHH HeilTpOH Ho-aKTHsauHoHHoro MeTona. Cosep rneHHO Hosoe Hanpas-

neHHe B aHa !lH3C 3 !le MeHTOB OTKpbiBaeTCSl npH aKTHBaUHH SIUep THJKe!l b lMH HOHa MH, 

Hac TOHlllaH p a 6 oT a 6brna npeunpHHI'!Ta c u enhJO paapa 6 oTKH MeTona aKTHBa-

UHOHHOI'O a HallH3a , KOTOpb!H 3 aK!lJO"!a e TCS'! B HCllO!lb3 013aHHH a -aKTH BHO C TH 1 

Hasene HHO H B s e rn e CTBe ,llp H 06!ly "! eHHH ero llY"!KOM TS'! ~< e!l b! X 3apSilKeHH b!X "!aCTHU, 

yCK Ope HH hl X H a UHK!lOTpOHe. 

XapaKTepHoil oco6eHHOC T bJO npHMeHeHH S'! TH~<CllbiX HOHOB HB!li'I e T cl'! T O o6cTo-

SITeJibCTBO, "!TO llllS'! pS'!Ila TSl ~<e ll b!X 3 ll-=Me HTOB, Ha"!HHBS'! C pellKHX 3 eMe!lb, llpH 

0 6!ly "!e HHH TS'!JKe!lb!MH HOHaMH B03 HHK810T paUHOH3 0TOll h l, HC!l b!Tb!BB!Ollll!e a-pac-

nan , npH"!e M aHeprHI'! HcnycKaeM biX a -"!aCTHU CTpOI'O HHilHDHnya!lbHa llllSl KalK-

llOI'O pallHOH3 0TOna. 

3¢¢eKTHBH 8 Sl (100% ) perHCTpaUHSI a -"!BCTHU llonynpOBOilHHKOBblMH neTeKTO-

paMH H "!pe3 B hl "!aHHO BhlCOKOe 3Hepre TH"!eC KOe p a apern e HHe llOC!lellHHX naeT 803 -

MOlKHOC Tb llO!ly"!HTh XO pO lii YJO "! YBCTBHTe !lb HOC T b H C TO!lp oueHTH y JO H36 H paTe!lb-

HOCTb a Ha!lH3 a. 

Llnn 3KCnepHMG HTa!lbHOH llpOBGpKH yKa3aHHOI'O M fl T0.08 6 b!llH llpos ene H b l 

Onb!Tb! no pa3pa6 0TKe aKTHBaUHOHHOI'O aHa!lH3a py.O Ha COnepJKaHHe CBHHUa C 

llOMOlllb!O ycKOpeHHbiX HOHOB yrnepo.oa-12. 

Bbr6op CBHHua .onn aHanHaa o6'hSICHneTcn qpeaabr"!ailHoil TpyllHOCTbJo onpeuene• 

rlHSl STOI'O aneMeHTa Het!TpOHHb!M aKTHBaUHOHH b JM MeTOilOM, LleilCTBHTe!lbHO, Ce"!eHHSl 

aKTHBBUHH H30TOnOB CBHHUa no peaKUHH ( n , Y Ha Ten!lOBblX Hei!TpOHaX COCTaB-

llSl!OT llHlllb e.QHHHUbl M6apH, a npH :83aHMOileikTBHH 6b!CTpb!X HeilTpOHOB C SI.QpaMH 

CBHHUB o6pa3yJOTCSl npOilYKTb! C 6!lH3KHMH H.QepHb!MH xapaKTepHCTHKaMH, HneHTH­

¢HK8UHSl KOTOpb!X nO"!TH HeB03MOlKH8, OoaTOMy B HaCTOSilllee BpeMSI HeT Ha.QelK­

HOI'O n.oe pHo-¢H3 H"!ecKoro MeTona aHanHaa Ha couepJKaHHe aToro aneMeHTa. OpH­

"!eM, npyrHe ( He HUepHO-¢H3!1"!eCKHe ) MeTO.Obl aHa!lH3a He .Oa!OT .QllSI CBHHUB 

XOpOliiHX peoyllbTa TOB, 

On b!Tb! npOBO.'!Mlll!Cb HB UHK!lOTpOHe TSIJKe!l b !X MOHOB Jla6opaTOpHM H.QepHb!X 

12 
peaKUHH OHHH Y-150 HB B b iBe.oeHHOM llY"!Ke HOHOB c+4 c aHeprHel! ~ 80 M a s. 

H a M HHepanoa, no.oeepraarnHxcn aaanHay, npHroTaB!lHBanHCh MMllleHH, KOTo­

pbre s uanbHel!rn eM o6ny"!a!lHCh Ha UHK!loTpoHe. OpH aTOM Hcnonhaosancn MeTo.o 

HaHeCeHHSl B3BeCH TOHKO pa3Me!lb"!eHHOI'O MHHepana B aueToHe C He60!lbliii!M 

KO!lM"!eCTBOM HHTpOIC!leT"!8TKH H8 anJOMHHHeByJO ¢onhry ( TO!lliiHHOil 7MK) C ll8!lb­

HeilliiHM BbiCyliiHBaHHeM H I1pOKa!lHB8HHeM llpH TeMnepaType " 300°C llllSl y.oane-
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IIHH HHTpoKneT'-!aTKH . H eo6xoaH Mbiii WI>! npHroToaneuHH MHme~m T OHKHii nopomoK - nyapa 

aaHHoro MH Hepana ( pa3Mep '-IBCTHU 0,5 -2 MK) nony qancH TmaTenbHbiM pa3Menb'-!e -

HHe M 3H8'-IHTen bHOrO KOnH'-! eCTB8 M HHepana B araTOBOH C T ynKe. 

3TOT MCTOA HCKmO'-IBn B03 MO)!{HCCTb o6orameHHH H nH o6eaHeHHH CBHHUOM 

aemecTaa
1 

HaH eceHHor o Ha MHmeHb, no cpaBHeHHIO c HCXOAHbiM aemec T BOM . M RmeHH 

H3 rOT8BnHBanHCb TOnlUHHO A 2 ~ • 
KoHcTpy KUHH KaMepbi, B KpTopoii npOH3BoaunoCb o6ny•IeHHe MHilleHeii 11 

c6op a -p8AH08K T HBHbiX npOAYKTOB HaepHbiX peaK UHH MeTOilOM , OIIH CBHHbiM B pa ­

/6/ 
6oTe , IIOK838 HB H 8 pHC. 1. 

5Iapa OTAB'-IH, B03HHKBIOillHe llpH B38 HMOaefiCTBHH HAep MHilleHH H H B n 9 T8IOillHX 

'-13CTH11_, Bbi6HBBnHCb H 3 MHIIIeHH B 0 6 beM , HB IIOnHeHH biA r830M ( a p r OHOM) npH ABB­

neHHH ., 0 ,2 aTM. TonlllHHa MHmeHH ( 2~2 ) 3HB'-IHTenbHO n peBbilllana aemi'-IHH Y 
C M 

npo6era Haep OTA8'-IH, B03 HHK8BillHX llpH CnHH HHH Haep CBHHU8 H yrn epoaa, 110 3 T OMy 

B 03M0)!{Hble HeOAHOpOUHOCTH T OnillHHbl M H illeHH He OK83biB8nfl CylUeCTBeHHOro BnHH -

HHH H8 KOnH'-! e CTBO Haep n pOAYKT OB peaKUHH CnHHHH H HUep CBHHUB II y rnepoaa , 

Bbi6HTbiX B r B30BbiH 06beM, KOTOpOe B ABHHOM cnyqae 3BBHCeno T OnbKO OT II OTO -

KB HOHOB y rnepo aa '-!epe3 M Hill e Hb H KOHUeHTp8UHII BTOMOB CBHHUB B BemeCTBe MHtueHH. 

Pa3 yMeeTcH, 3 HB'-IHTe nhHbie HeoaHopo,:~ nocTH MRmeHeA H cRnhnoe pa3nH'-!He B 

cpeaHeti TOnillHHe p83HbiX MHllleHeti 6binH HeuonycTHMbl B CBH3 H C H3MeHeHHeM 

BbiXOAB pBAH08 KTHBHbi X n poayKTOB H3-38 3BBHCHMOCTH ce'-!eHHH o6pa300BHHH l!BHHOrO 

npoayKT8 OT 3 HeprHH Hane TB IOillHX '-IBCTHU. 

5Iupa OTA3'-IH, Bbl6HTb ie 113 MHllleHH, TO pMO:JHniiCb B ra3 e H OC8)!{A8nHC b HB 

cTeHKH ra3oBoro o6beMa . C6o pHHK ( aniOMHHHeaaSI <!>onhra, noKpbiBB IOillBH BHyTpeH ­

HHe c TeHKH ra3oaoro o6oeMa ) nocne OKOH'-IBHHH o 6nyqeHHH BbiHHMancH H n oMeiuancSI 

B cneuHBnhHyiO K8M e py C nonynpOBOAHHKOBbiM lle TeKTOpOM anSI C'-leTa HBBel!eHHOH 

a -pBilli08KTHBHOCTH . 

B CBH3H c TeM, 'ITO a -paiHIOB KTHBH bie S!a pa pacnonaranHCh Ha noaepxHOC TH 

C60pHHKB '-1pe3Bhl'-18fiHO TOHKHM cnoeM, B03M0)!{H0 6wno o6ecne'-IHTb BhlCOKYIO 

reoM e TpH'-!eCKyiO a<jlq'eK TH B HOC Tb C'-l e Ta ., 30% OT 2 TT ) 6e3 YX;'AilleHHH 3Hepr e TI! 

q ecKoro p a3pemeHHH , KOTo p oe onpeaenHnocb pa3 pemea11eM aeTeKTopa . B on biTax 

H CllOnh30BBnCH KpeMHI!e BbiA noaepXHOCTH0-68pbepHbiA aeTCKTOp pa6oqeti nno-

lllBilbiO 1,5 cM
2 , I!Me!Oilli!H 3HepreTH'-!eCKOe pa3petueHI!e 30 K3B JlnH 

Anf·U H Cm2
•
4
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B onHCbisaeMbiX onbiTax KOllll'tecTso csuaua s o6paauax onpenensmocb no 

HHTeHCHsaocTH a-nHHHII Rn u
2 

( E a •6,26 Mas, T X'"' 28 MHH) H Rn
210 

17/ 
Ea""604 Mas, TX •2,7 'lac) s a-cneKTpax, nony'!aeMbiX c nonynposonHH-

Kosoro neTeKTopa. PanHOH30TOUbi Rn
212 

H Rn.
210 

o6paaosbisanucb s peaynbTaTe 

a -pacnana KOpOTKOlKHSYll!IIX Rll9p Ra 2 16
11 Ra 21 \ CHHT93HpyeMblX npK nonHOM 

Cni!RHHH Rll9p CSHHU8 H yrnepona. 

82 Ph 208 

Ph 208 
~2 

12 

6 
C , 4u ) 

2H a 
88 Ra 

C 12 6 ) R 214 a 
6 • n 88 a .. 

86 Rn212 ~ 

86 Rn210 ~ 

A6comoTHbie u oTa0 cuTenbHble uaTeacusaocTu a -nuaul! s aa6nronaeMbiX cneKTpax 

Cyll!9CTS9HHO 38SHCRT OT Bp9M9HHOrO pelKHM8 H8KOUIT9HHR H C'I~Ta 8KTHSHOCTH, 

BpeMSI aaKonneauSI Bbi6upanocb paBHbiM onaoMy qacy, o6c'!~T c6opHHK£l H8'1MHancSI 

qepea 20 MHHYT nocne OKOH'I8HIISI o6ny'ICHHSI II nnHITCSI 40 MHHyT. B cnyqae Hapy-

lll9HHSI ll8HI!OrO Bp9M9HHOrO p9lKIIM8 ssonHnHCb COOTS9TCTBy!Oll!H9 f!OnpaBKH C 

yq~ToM nepuonos rronypacnana a -uany'laTenel!. 

npu o6ny'I9HHH MHlll9H91!, ripl!rOTOBn9HHbl X H3 npo6 UOITHM9T8ITITH'!9CKHX pyn 

KaaKaaa c HasecTHbiM coneplKaHHeM csHnua, 6bma nonyqeaa KanH6poaoqaaSI rrpRMall 

38SHCHMOCTH HHT9HCIIBHOCTH C'I~T8 a -'18CTHU npH 38ll8HHblX ycnOBHSIX 0Ub!T8 

oT npoueHTHoro coneplK8HHSI ca;uaua s naHHbtX npo6ax (puc. 2). 

ToT ljlaKT, 'ITO TO 'IKH aToll aaBHCHMOCTH xopowo nernu aa rrpSIMyro, cnylKIIT 

110llTS9plKlleHH9M KOflH'I9CTB9HHOlf KOpp9KTHOCTH aKCri9pHM9HT8 II CSHll9T9flbCTsyeT 

0 B03MOlKHOCTI! llOCTHlK9HHSI Bb!COKOI! TO'!ItOCTII 8H8flH38 aTHM M9TOAOM. 

B OITHCblS89MblX 0Ub!T8X CSHH9U llll9HTI!ljJHullpOB8nCR CO CTOITpOU9HTHOil H36H­

p8T9flbHOCTbiO, non nei!CTBH9M HOHOS yrnepona C aaepruel! 80 Mas a -p8Jlli08KTI!S­

H bl9 npOAYKTbl ll89T H9 TOflbKO CSHH9U, HO H ApyrHe aneM9HTbl C Z > 77, 8 T 8 KlK9 

neKOTOpble penKoaeMenbHbie aneMeHTbi, uarrpHMep Pr H Nd • KalKnoMy ua aTHX 

aneM9HTOB rrpH 8H8flH39 6yneT COOTB9TCTBOB8Tb B a -CIT9KTpe C80SI xapaKT9pH8SI 

a -nHHHll, aanpuMep: 

Au 197 a- flHRHSI At 206 -Ea u5,7 Mas Tx • 30 MHH . 

Tl204 a- flHUHSI Fr 212 
- E a ~6,40 Man T y,- 19 MHH. 

Paapellleaue cymec Tsyromux a -neTeKTopoa nocTaToqno nm1 nucKpeTnoro 

Bblll9ITCHHSI K8lKllOll H3 9THX nHHHl!. 
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Ilo HHTeHCHBHOCTH B03HHKa!OIIU!X IIIIHHfi MOJKIIO onpeAeiiSITb KOIIH'!eCTBeHHO 

coAepmaaHe a n eMeHTOB B o6pasue. 

l.Jy BCTBHTellbHOCTb TOf'O HIIH R.E!Of'O aKTHBaUHOHHOf'O MeTOAa on.peAellSJeTCli 

ypOBHeM tiloHa, HMeBIUef'OCli B Ollb!Te, H aOCOIIIOTHOii BellH'!H HOH C'!~Ta , HaOHpaeM?f'O 

sa apeMSI 3KcnepHMeaTa. ¢oa, HaOil!OnaBIUHfiC SI B HaCTOSI!Ue M OllbiTe, HaXOAHilCSI 

- 5 
aa ypoaae 10 aecoaoro npou eaTa. Oa onpenellSIIlCSI a -paAHOaKTHBHhiMH s a-

rpSis aeaaSIMH nonynpOBOAHHKOBOf'O neTeKTOpa H KaMepbi, B KOTOpOli 3 TOT neTeKTOp 

llOMeruallCli, a T8Kme sarp li3HeHHSIMH CBHBUOM llOAIIO )KKH MHIUenel! H npyf'HX 

noaepXHOCTefi , naxonHBIUHXCSI llOA ny'!KOM. IloaToMy npenen '!YBCTBHTe llhHOCTH 

aHaiiH3a Onpe~ellliilCli 8H3KHM ypOBHeM a-aKTHBHOCTH Ba COOpHHKe npH Ma-

llbiX KOHUeHTpaUHliX CBHHUa B MHWeHH H HMell BellH'!HHy 10-
3

-10-4 BeCOBOf'O 

npoueHTa npH HHTeBCHBHOCTH nyqKa 1-2 MKa 
181 

TaKHM o o pas oM, ~a npHMepe cauaua aKcnepaMeaTallbHO noKasaaa B0 3MO*HOCTb 

npoaeneHHli aH81lH3a PY.(l H MHHepanOB Ha COnepmaHHe M'81Ib!X KOilH'ieCTB ( AO 

10-3 -10-4 aeCOBbiX npoueHTB) TOf'O IIIlH HHOf'O aneMeHTa C llOMOIUb!O aKTHBallHH 

aerueCTBa ny'iKOM TSi mellbiX HOBQB H perHCTpallHH H8BeneHHOH a -pa/IROaKTHBHOCTH. 

IlpHMeH51 SI OOilee TSI:>Kellble 'IaCTHUbl ( 0 IS , Ne ~O II At •<~j H ycoaepWeHCTBOBaB 

MeTOnHKY ):IllS! perHCTpa!lHH 6ollee KOpOTKO:>KHBYWHX a -panHOaKTHBHhiX H30TOilOB, 

MO*HO 3Ha'I:HTenbHO paCWHpHTb OOilaCTb npHMeHeHHSI 3TOf'O MeTona nilS! aHanH38 

Ha COnep:>KaHHH llJ06biX alleMeHTOB C aTOMHbi M HOMepOM ~ OOilee BhlCOKHM J,'ieM 

50-55. 

IlpeHMYWeCTBa 3TOf'O MeTona aH81lH3a nepen npyrHMH CyrueCTBY!OWHMH Me-

TOnaMH 3aKil!O'ia!OTCli B CneayJOrueM: 

1. IlpHMeHHMOCTb nllH aHallH3a Ha COnep*811He TeX 31leMeHTOB, nilS! KOTOpb!X 

aenpHMeHHM HIIH 3aTpynHeH aeitTpOBI!blit, tilOTOaKTHB81lHOBflbl>l H npyrae MeTOn bi 

aHallH3a. 

2. CTonpoueHTHali H30HpaTellbHOCTb K Bb!OpaHHOMy JlllSI aaanu:aa aneMeHTy 

H aeaaBHCHMOCTb OT 3119MeHTHOf'O COCTaBa aHa/IH3HpyeMOf'O BerueC TBa. 

3. BoaMO*HOCTb onaoapeMeano onpenenHTb co~:tep*aaae a aewecTae cpaay 

HeCKOilbKHX aneMeHTOB, Ka*Jlblli H3 KOTOpb!X naeT a -paAHOaKTHBHOCTb UOA , 

~:teitCTBHeM nyqKa Tli*ellbiX HOHOB. 

4. BbiCOKaSI altcnpeccaocTb npa BbiCOKoit qyacTBHTellbHOCTH aaanaaa. 

5. IlpOCTOTa o6paOOTKH 3KcnepHMeHTa/lbBbiX J:taHHbiX Allli llOIIy'ieHHli npo-

UeHTHOf'O COJ:tep*BHHli TOf'O HIIH HBOf'O 3/leMeHTa B BeWeCTBe. 

7 



B aaxmoq eaH e aBTOpbi Bbipa )l{a JOT 6naroaapaocTh upo,P. f.H.<Pnepoay aa 

IIOCTO IIHHOe BHHM8 I-IHe K .118HHOi! pa6oTe H A.f.f1HrrhKOBy 3 8 IIOMOmh B H3rOTOB-

n eaHH KaMep bi an SI aaar.aaa. 
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/3. ca.:>oc; o >' -

{{ !:lnfJorHe-kue 

Puc. 1 

U U30.PNT0pbl 

{0. ctJOprlUK I 

lcH ........ 
KoacTpyxnHH KaMepbi anH aKTHBaUHH MH we ae ll H c 6o pa a -pa.IIHO-
aKTHBBhiX IIpO.IIyKTOB H.llepHblX peaKUHli; 1-Kopny c KaMepbi, 2-TOKOCoeMHHK, 
3-K8Mepa C6opa, 4-MBXOBHK 38)1(HM8 K8Mepbl c6opa, 5-KaCCeTa MHJJJeHH, 
6-axoaaaH ,Porrhra, 7-orropaaH 111al16a, 8-xopuyc KaMepbi c 6o pa, 9-y urroT­
aeaae, 10-c6opHHK, 11-yiiiiOTHeHHe H H30JISITOpbi, 12-Tpy6Ka 0Xii8 ll(!.l0HTI H, 
13-raaoaaH Tpy6xa, 14-paaoeM TOKOcoeManxa, 15-BbixoaHaSI ,Ponhra , 
16-H30JIHTOp • . 
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