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UaneTKa P., WanaeaCKHA M.P., P7-3855 

OrrbiTbi rro XHMHH sneMeHTa 104-Kyp'laTOBHH.,IV •• XHMH'!eCKHe 

H paAHOMeTpH'!eCKHe MeTOAhl aHanH38 

B CTaTbe OIIHCbiBBIOTCSI MeTOAhi paAHOMeTpH'!ecKoro aHanHaa, HCIIOnb

ayeMbie B OnbiTBX IIO paapa60TKe 6b!CTporo H Herrpepb!BHOrO MeTOAB pa3Ae

neHHSI KOpOTKO>KHBY!UHX npoAyKTOB l!AepHb!X peaKUHil. Yfano>KeH Cnoco6 necop6-

UHH BKTHBHOCTH C arrnapaTypb! (rrpHMeHSIBWeiiCSI nnll cpaBHeHHSI neTy'!eCTH 

XnOpHAOB sneMeHTa 104, raciJHHSI , peAK03eMenhHb!X sneMeHTOB H t:paHCIInyTOHHe

BblX sneMeHTOB ), CIIOC06bl XHMH'!eCKOrO BhtneneHHSI H panHOMeTpH'!eCKOil - · 

HAeHTHcPHKBUHH H30TOIIOB rrnyTOHHSI, TpaHCIInyTOHHeBblX sneMeHTOB,IeB.ITO.ITHf, 

H,H m Sc H 24 Na • 

OpenpKHT 06be,nKHeHHoro KHCTKT)'Ta s,nepHbiX KCCJie,noBaHKlt. 
,LJ,y6Ha, 1968. 

Caletka R., Shalayevsky M.R. P?- 3855 

Experiments on the Chemistry of the Element 
104-Kurchatovium. IV. Chemical and Radiometric Methods 

of Analysis 

The methods of · the radiometric analysis , used in the exp eri
ments on the development of the fast and continuous method o f 
separation of short-lived products o f nuclear reaction, are being 
described. The way of desorption of the activity from the equipment 
(which was used to compare the volatility of the element 104 chlo
rides, halfnium, rare-earth and transplutonium elements) and the 
ways of chemical separation and radiometric identification of the 
plutonium isotopes, trans plutonium elements, 168, 170, 171Hf, 44, 44msc 

and. 24Na, have been presented. 

Preprint. Joint Institute for Nuclear Research. 
Dubna, ~968 
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MeTona 3Kcrrpeccaoro a. 

MOB - IIpOAYKTOB S!AepH: 

IIOnb30B8HHH 3TOrO MeT• 

Kyp'laTOBHSI. E bwa orrHc. 

Ollb!TOB Ha yCKOpHTen• 

BBHHH 38TOpMO)f{eHHblX E 

PHPYID!Uero areHTa H no 

HHeBbiX 3neMeHTOB 0 B03. 

3Ta O'IHCTKa OCylU 

paanenHeMbte 3neMeHTbi , 

HHSI TpaHCIInyTOHHeBbiX 

oca)f{nanHcb Ha rroaepXH• 

TpaacrropTHpoaancH raac 

CTaBnHnH co6otl rrnacTHI 

HHe HMeeT TlUBTenbHQe 

C OAHOil CTOpOHbl , H Tp€ 

npyrotl. 0CKOnKH CIIOHTE 

rrpouecce OIIbiTa Ha cn10 

rrpocne)f{HBanocb no HX , 

pHMeHTa arrnapaTypa pa: 

Tet\ H paAHOXHMH'IeCKH I 

B HBCTOSI!Uefi p a 6o 

KHX aHanH30B H CIIeKTpC 

THcPHUHpOBBTb H3 0TO!l b l 

AHTb 6anaHC H X BKTH B HC 



B rrpe.llbi.llYIUHX CTaTbSIX a ToA cepHH 
/1-3/ 

coo6manoch o pa3pa6oTKe 

MeTO.llB 3KCIIpeCCHOrO 8.llCOp6UHOHHOrO p83,lleneHHSI xnopHCTblX COe,llHHeHHA BTQ

MOB - rrpO.llYKTOB Sl,llepHblX peaKUHH, HBXO.llSIIUHXCSI B ra30BOA <jla3e, H 06 HC

Il0nb30B8HHH 3Toro MeTO.ll8 ,llnSI H3y'ieHHSI XHMH'ieCKHX CBOHCTB a neMeHTB 104 

Kyp'iaTOBRSI. Ebma orracaaa arrrrapaTypa, rrpe.uaa3HaqaamaSICSI anSI rrpoae.ueHHSI 

OilbiTOB Ha yCKOpRTene TSilKenbiX HOHOB. 0IIbiT COCTOSin B xnopHpo-

BBHHH 38TOpMOlKeHHblX B ra3e BTOMOB OT.llB'iH C IIOMOIUbiO ra3oo6pa3HOrO xno

papyiOIUero areHTa H rrocne.uyiOW:eM a.ucop6uaoHHOM oT.ueneHHH TpaacrrnyTo

HReBbiX aneMeHTOB, B03HHK810W:HX O.llHOBpeMeHHO C aneMeHTOM 104. 

3Ta O'iHCTKa ocymeCTBnSinacb rrporrycKaHaeM rrOTOKa ra3a, co.ueplKamero 

pa3.uenSieMbie aneMeHTbi, qepe3 crreuaanhHbie ljlllnhTpbi. XnopacTbie coe.uaae-

HRSI TpaacrrnyTOHHeBbiX aneMeHTOB ( Am , Cm Cf Fm , 102, 103) 

OCBlK.llBnHCb HB IIOBepXHOCTH Tpy6oK H !j>RnbTpOB, B TO BpeMSI K8K 104 ( CJ 41 ) 

Tp8HCIIOpTRpOB8nCSI ra30M K ,lleTeKTOp8M CIIOHTBHHOrO .ueneHHSI, KOTOpble IIpe,ll

CTaBnSinH co6oll rrnacTRHKH cniO.llbi. KaK 6binO IIOKa3aHo paaee, oco6oe 3Ha'ie-

HRe HMeeT TIUBTenbHoe CpBBHeHRe IIOBe,lleHRSI 104-ro aneMeHT8 C ra!jJHHeM, 

C O,llHOH CTOpOHbi, H TpeXBaneHTHbiMH Tp8HCIInyTOHReBbiMH aneMeHTBMH - C 

.llpyrol!. 0CKOnKH CIIOHTBHHOrO ,lleneHHSI aneMeHTB 104 perHCTpRpOBBnHCb B 

IIpOUeCCe 0Ilb!T8 HB CniO,llSIHbiX .lleTeKTOpax. noae,lleHRe lt<e .llpyrRX aneMeHTOB 

rrpocnelKifBanOCb IIO lfX ,llOnrOlKHBYIUHM H30TOII8M. nocne ,llnRTenhHOrO 3KCile

pRMeHT8 arrrrapaTypa pa36Rpanacb, BKTHBHOCTb CMbiBanaCb C OT,llenbHb!X 'iBC

TeH H pa.llROXHMH'ieCKH aaanR3HpOBanaCb HB CO,lleplKBHHe pa3nR'iHblX H30TOIIOB . 

B aacToSIIUel! pa6oTe OIIHCbiBBIOTCSI MeTO.llHKH .uecop6uaa, pa.uaoXRMH'iec

KHX 8H8nH30B H CileKTpOMeTpH'ieCKHX H3MepeHHH, Il03BOnHBIUHe HB,llelKHO H.lleH-

TH!jJHUHpOBBTb H30TOilbi Am , Cm , Cf Fm Hf , Sc R N a 11 cao-

.lll!Tb 6anaHC HX BKTHBHOCTII. 
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1.0. [lecop6UHSI aKTHBHOCTH C annapaT ypbl H UOArOTOBKa 

paCTBOpOB K XHMH'IeCKOMY BbiAelleHHIO 

Oocne OKOH'IaHHSI o6ny'leHHSI npOBOAHliCSI KOliH'IeCTBeHHblil CMblB aKTHB

HOCTH co scex 'lacrei! raaosoro Tpaxra annapaTypbl. LlnH CMbiBa nonsonmuei! 

rpy6KH ( /1-3/, CM. pac.l) H3 Hep>KaBeiOIUei! CTaliH HCUOnb30Banacb KOHUeHT

pHpOBaHHaSI aaoTHaH xacnora H AHCTHnnHposaHHaH Bona. Kaxoro-na6o aaMeTHo

ro paapyrneHHSI UOBepXHOCTH Tpy6KH B npouecce o6pa60TKH KHCliOTOi! He Ha6-

liiOUaliOCb. 

CTeKliSIHHble H Te<jlnOHOBble BCTaBHble Tpy6KH o6MblB8liHCb a30THOH KHC

liOTOil (I :5) c no6asxoi! 2% nnasaxosoi! KHCliOTbl npH aarpeBaHHH. OpHcyTcT-

BHe nnaBHKOBOH KHCliOTbl He06XOAHMO AliSI paCTBOpeHHSI HalleTa H3 COeAHHe

HHil HH06HH H UHpKOHHSI. BpeMSI KOHTaKTa CMblBHOrO paCTBOpa CO CTeKliSIHHOH 

noBepXHOCTblO COKpamanOCb AO He06XOAHMOro MHHHMYMa ( 1-2 MHHYTb!) AliSI 

TOro, 'IT06bl npeAOTBpaTHTb aarpH3HeHHe paCTBOpOB KpeMHHeBOil KHCliOT Oi! . 

3 a T eM 06Mb!BaeMble Tpy6KH CTIOllaCKHBaliHCb BOA Oil H a30THOil KHCliOTOil (} :5), 

HaCb!IUeHHOil 6opHOil KHCliOTOil, AliSI nepeBOAa B paCTBOp 3lleMeHTOB, o6pa3yK>

lliHX HepaCTBOpHMbie ljrropHAbi. TaxaH o6pa6orxa HMeeT 3Ha'IHTenbHble npeHMY-

IUeCTBa no CpaBHeHHIO, HanpHMep, C HCUOllb30BaHHeM AliSI CMb!Ba KOHUeHTpH

poBa HHOH a30THOil KH CliOTbl, KOTOpaH ynanSieT aKTHBHOCTb CO CTeKliSIHHOil HliH 

Te<jlnOHOBOil UOBeXHOCTH BeCbMa MenneHHO H HenOliHOCTblOo 

AHanorH'IHblM o6paaoM o6MbiBaliHCb Te<jlnoHOBbie H cTeKnSIHHbie HacanxH, 

HCUOllb3yeMble B Ka'leCTBe HHepTHblX <jlHnbTpOB, H ClllOASIHb!e neTeKTOpbl UOC

ne 06C'IeTa HX anb<jla-aKTHBHOCTH Ha HOHH3aUHOHHOil KaMepe. [lnH ny'IWero 

CMbiBa MeXaHH'IeCKHX 'laCTHU, Clly'lai!HO nonaBIUHX Ha neTeKTOpb! B peaynbTa-

Te KOpp03HH ra30BOrO TpaKTa, Cli10Ua 1 norpy>KeHHaSI B paCTBOp, OCTOpO>KHO 

npOTHpanaCb BaTHblM TaMTIOHOM. 

KaK npaBHliO, B paCTBOpbl no6aBliSiliHCb Heo6XOAHMbie HOCHTeliH H HHAH-

KaTOpHble H30TOTibl. 8 TeX Clly'laHX, KOrna AliSI CMbiBOB HCTIOllb30BaliHCb paCT-

BOpbl, COAep>KaWHe nnaBHKOBylO KHCliOTy, HOCHTeliH peAK03eMellbHblX 3lleMeH-

TOB no6asnHnHCb B pacrsopbi 6opHoi! xacnoTbi . KonaqecTBO aenecop6aposaa

Hoil aKTHBHOCTH npOBepHliOCb panHOMeTpH'IeCKH no raMMa- aKTHBHOCTH H COC

TaBliSiliO He 60llbWe 5 - 7% o6mero KOliH'IeCTBa aKTHBHOCTH. 

XHMH'Iecxae <jlHnbTpb! ( NaCI HliH KCI B KOliH'IeCTBe AO 100r) H 

KOHAeHCaT ( NbCI 5 ZrCI HliH HX CMeCb B KOliH'IeCTBe AO lOr) paCT-
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BOpRnHCb B pa36aaneHHOil J :5 COnRHOH KHCnOTe, B KOTOpy 10 rrpeAB8pHTenbHO 

A06aansrnHCb Heo6xoAHMbie HOCHTena. PacTaopeHHe aniOMHHHeBbiX IIOAnoJKeK 

IIpOBOAHnOCb B UeHTpH$yJKHOil np06HpKe B MHHHM8nbHOM KOnH'IeCTBe KOHUeH

TpHpOB8HHOH COnRHOH KHCnOTbl IIpH HarpeBSHHH. 

npa6nH3HTenbHbiJ! COCT8B H 06'beMbl paCTBOpOB nepeA H8'18nOM XHMH

'IeCKOJ! 06pa60TKH IIOK838Hbl H8 pHc.J. 113-38 TOPO, 'ITO OTAenbHbie paCTBO

pbi BeCbM8 OTnH'I8nHCb IIO CBOeii KHCnOTHOCTH, COAeplK8HHIO IIpHMeCeJ! If 

06'beMy, IIepeA XHMH'IeCKHM BbiAeneHHeM HCCneAyeMbiX H30TOIIOB IIpOBOAHnOCb 

HX KOHAHUHOHHpOB8HHe . L[nsr 3TOPO A06aansrnHCb He06XOAHMbie HOCHTenH If HH

AHK8TOpHbie H30TOIIbl ( eCnH OHH He BHOCHnHCb B paCTBOp AnR CMbiBOB), IIpO-

BOAHnOCb OC8JKAeHHe PHApOOKHCeii 8MMH8KOM , OC8AKH AeKaHTHpoaanHCb H 38-

TeM OTAensrnHCb or pacraopa ueHTpH$yrHpoaaHHeM. Oco6eHHO rmarenbHaR 

IIp0MbiBK8 1IpOBOAHn8Cb IIpH o6pa60TKe OC8AKOB, Bbiii8BWHX H3 paCTBOpOB XH

MH'IeCKHX $HnbTpOB, H3-38 OII8CHOCTH o6pa30B8HHSI B ll8nbHeiiweM ManopaCT

BOpHMbiX ABOJ!HbiX $TOpHAOB wenO'IHbiX MeTannoa C $TOpHA8MH UHpKOHHSI 

If HH06HSI. 

2.0. XHMH'IecKoii BbiAeneHHe 

nplf KOHAHUHOHHpoRaHHH npOBOAHnaCb O'IH CTK8 OT con el! , HeOC8lKA8IO

WHXCSI aMMHaKoM, H OT KHcnor. EonbwHHCTBO ApyrHx 6annaCTHbiX aneMeHTOB 

(npeJKAe BCero HH06Hl! H UHpKOHHH) nepeXOAHnO B OC8AOK PHApOOKHCeii. 

HecMoTpSI Ha 6onbWYIO pa3HHUY a COAepJKaHHH 6annaCTHbiX a neMeHToa, MeTo

AHKH BbiAeneHHH, K8K rrpaaHno, AnSI acex $paKUHll 6binH OAHHBKOBbiMH. B o 

BCeX cny'ISRX HCIIOnb30B8nHCb Kn8CCH'IeCKHe p8AHOXHMH'IeCKHe MeTOAHKH Bbi

AeneHHR 
14

-
61

, HHJKe npHBOAHTCSI TOnbKO HX Kp8TKOe 0IIHC811He. Eonee IIOA-

p06HO H3nOJKeHbi HeKOTOpbie CIIeUH$H'IeCKHe 1IpH06neMbi, OTHOCSIWHeCSI K ASH

HOi! TeMe. Ha pHc.2 npHBOASITCSI cxeMbi rrocneAoaarenbHOCTeii OTAenbHbiX 

onepauHll B OIIbiTBX IIO XHMH'IeCKOi! HAeHTH$HK8UHH 3neMeHT8 !04. AHanorH'I

HbiM 06pa30M npoBOAHnHCb XHMH'IeCKHe Bbil{eneHHR H B MOAenbHbiX OIIbiTax/1/. 

L[ng HAeHTH$HK8UHH H H3MepeHHSI OTAenbHbiX H30TOIIOB HCIIOnb30B8nHCb 

raMMa- H anb$a-cneKrpoMeTpbi ( CM. HHJKe), 'ITO yrrpomano rrpoaeAeHHe pa-

liHOXHMH'IeCKHX 8H8nH30B nepeA CBMHM H3MepeHHeM, T8K K8K He HYlKHO 6bi-

no A06HB8TbCSI BbiCOKOll paAHOXHMH'IeCKoii 'IHCTOTbi npenaparoa. B HeKOTOpbiX 

cnyqagx MOlKHO 6bino aoo6me o6XOAHTbCR 6e3 npeAaapHTe nbHoro paAHOXHMH'IecKo-

ro BbiAeneHHSI OTAenbHbiX H30TOIIOB. 
6 

I/IOO 'lacn 
.JVI.R H3KepeHMII « -en 

/onpe,J(eJieHHe Pl 

3a HCKnD\IeHHeM ~pa 
XHM. ~Mhtpa H ltC 

<l>HJiunar 
BP4,H3B03,NOj,ce \ 

aa c6poc 

0CBJ(OK 
LaF3,ceF3,cne)(H m 

Tl13, 1'33 ,sc 

npouHsKa I:£ m 

l 
nepeocax)(eHHe ~to 

pacr 
HaCii 
ocax 
Harp 

La(OH)
3

,Ce(OH 

Tll::l. P33 

(CM.pHC.26) 

lJnc .2 A. CxeMa pa. 



JTopy 10 npenaapHTenbHO 

ll!OMHHHeBblX IJOilllOJKeJ< 

:OM KOIJH'IeCTBe KOHUeH-

nepell H8'181JOM XHMH-

'ITO OTilellbHbte paCTBQ-

plKBHHIO llpHMeCei! II 

X JI30TOIJOB llpOBOilJIIJOCb 

X OilJIMbte HOCJI T eiJH H JIH-

raop llllSI CMblBOB) 0 npo-

lleKaHTHp OBBIJHCb H 3 8 -

)co6eHHO TlUa T e llbHBSI 

3BlllHX 113 paCTBOpOB X H

IlBilhHeilllleM M a nopacT

¢TopunaMH UHpK OHHSI 

T corre ll, H e OCBlKilB IO-

6annaCTHb lX 3 1le M e HTOB 

CB il OK rHilpOOKH Cel\ , 

: THblX 3 1leMe HTOB, MeTo-

,tnH OllHHBKOBbtMH, B o 

'-IH'IeCKH e MeTOilHKH Bbl-

onucaHHe. E onee non-

b l , OTHOCS!lllHeC SI K llBH-

IhHocrell ornenbHbiX 

IeMeHT a 104. AHanorH'I -

B MOilellbHb!X Ollb!TBX/1/, 

JTOIJOB HCIJOilb30B81lHCb 

omano npoaeneHue pa

raK KBK H e HYlKHO 6bt

napaTOB. B HeKoropbtX 

r e nbHo ro panHOXHMH'IecKo-

~ Y.cxo.JUWII pacnop ~ 

I/IOO 'laCTI> ----~--....:::...-------.-
.JVIll H3KepeHMII « -cnes:rpoB I/IO •~acn 

/onpe,Jte.lleHHe Pu .JVIII H3KepeHHII <1- cnes:r~oB 
36 HCB:AD\IeHHeM ~paKUHH /onpe,Jte.lleHHe44 • 44~c, ~a/ 

XHM. ¢MI>Tpa H KOIU. 

Ocax,JteHHe KOHU. NH40H 
/KO!UHUHOHHpOB6HHe/ 

BF4,H3B03,No3,ce-(NaCl) 

Ha c6poc 

Oca,JtOK 
Nb(OH)

5
,zr(OH)41 LA(OH) 3,ce(OH) 3 

TI13, P33, H:f ,sc 

paCTB. B KOHU.HNO) 
npHrOTOB.IIeH )NHN03,1NHF 

aarp., nepeu., neHrpwp. 

Oca.u:oK 
LaF3 ,ceF3 ,cne.u:~ Nb,Zr 

TTI3, 1'33 ,sc 
I 

<l>Mbtpar 
Nb ,Zr,H:f,Sc 

npou~sKa I~ HF -----------------1 

nepeocax.u:eaHe ~ropMAoB 

pacrsopeHo B 3NHN03 
H6C~!II. H3Bo3 
ocax.~teHHe KOHU. NH4 OH 
aarp.,nepeu.,uearpHP. 

La(OH 3,ce(OH) 3 
TII::J, P33 

I 
(CM , p 11C,2 6) 

/ cu. 'lacn B/ 

<ll Mbtpar 

BF4,H3B03 
Ha c6poc 

I 

1Juc.2A . CxeMa paLHIOX II MJP JeCKUX MeTOllOB aHamt3a . Paa.neneuHe P33 u Zr(Nb) . 
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Oci!I,I;Oit 
Le.(OH)3,ce(OH)J 

TIIJ,P33 

I/IOO qacn ciJpax~n 
X1111.i(lr-':&Tpa • ltOQ. I I 
AJIR onpe.-enuu h 

4>uJ.~r 

La, c.leAH Ce, BrO'j1 JO'j1 NO'j 
Ul'llllll.nl, P33 

Harp. t 

oc~. :rm4oH 

qexrp.ciJ. 

0C8,lOit 
La(OH) 3,c.leAH Ce 

TIIJ,P3J 

AOOcax.Jteuxe 

Ce(J03)4 

pacra. B lOu ltOBQ. HNO 

OX.IaQeRO,Ao0aB.IeHO O,ir KBrOJ 
;~;ooaueuo 20u BacYJt.p-pa vo

4 
QeBTJIIciJ. 

~ 
Ce(J03)4 

Ha cOpoc 

I 
ft.JILT~~ 

Br0'j1 JO'j1 NO) 
na cOpoc 

~ 
La(OH) ) 
Tir.l,P33 

pacrsopeeo s 0,05)(JI O,JRBN03 
~------------~ H HaHeceHO Ba 3KCTpUK~OHRYD 

ltOJIOHKy; ~eJICHHe &a ~paKnHH 

La,Am+Cm,C:f+Fm. 

PHc.2E. CxeMa paa.HOXHMH"iecKax MeTonoa aaaiiHaa . ()qycyz:a H paane.."IePHe 
P3a ( Tna). 

8 

I 
Oca.JJ;olt 

BaZrF6 , CJie .. ii 

H:f,Sc 

npOM!iBJta ~ I 

pac 
HII.C 
OC8 

ueF 

4>xnu~r 

Zr,H:f 1 Sc /CJleA 

/s cAyqae ueo6xo~ 
nepeocax.~t. BaZ: 

oca 
!tOR 

ueH 

Oca..oJt 
Zr(OH)4 
H:f,Sc 

npo.~~;onxeHI 

Pac.2B.CxeNa pa 



ltOBit . Bl'JO 

~BUBO 0 ,?r KBrO) 

: HaCHI(.p-pa KJ04 

C8Jt01t 

~(J03)4 
cO poe 

bTpall 

·o;,Noj 

:Opoc 

,05JUI O,JNHNo3 
IKCTPiiKJlHOHHYJl 

ICHI!e Ha f!'paK!lHJf 

~a H paane.n:ef'.tte 

I ~uupar 

Nb,Zr,Hf ,sc 

oc~eHXe Bacw•. 

p-oK Ba(No3)2, neHTpllcfl 

I ~ 
Oca.nolt ~JIJI 

BaZrF6 , C.Jie,Jtli Nb Nb, 

Hf,Sc 

I 
npOKYBJta ~ Hl!' -----------------11 

paCTB. B )NHNO) 

HI\Ciil(. H)BO) 

ocaQeaze ~so4 
ueurpa~J. 

---=~-=H=JIL rpar 
zr,Hf ,Sc lc.lle.J.H Nb I 

IB cxyqae ueOOXOAHKOCTH 

nepeoc6XA. BaZrF6 I 

ocax,~.eaze 

ItO Bit. NH4 OH 

ueurpa~J. 

0C8,1;01t 

Zr(OH)4 
Hf,Sc 

npo.ltoJixeuHe 

sa cOpoc 

I 
0C8JI;Oit 

BaS04 
ua cOpoc 

Psc.2B.Cxeua P8llKOXBMH'IeCJ<BX MeTOllOB BB81UI38 . ()qacTJ<a Zr (H r) . 
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npo.l(oJJl'teHHe 

I 
paCTBOpeuo B 6NHC1 

.I(00aaJieHO 5Mr La, Harp. 
oc~eHI!e I~ p-ou 
<JleHMJiapCOHOBOR K-Tii B 6NHC1 

Occuox 
lf>eHMJIB.pCOHaT Zr 

H:f, en e.n.u Sc 

I 
npOW!lBKa 1NHC1 

co.n.epx~eR O,I% ~AK 
oOpaOOTKa IQ% p-owNaOH 

npOK!iT!in OC~OK paCTB. 
B 6NHC1, ocax.n.eaMe 
6~ p-OM NMH,II.aJILHOR K-T!i 
uarp., nepew., neurpHcp. 

l 
il>MJil>TpaT 
ua cOpoc 

I 
~if,1LipaT 

Hll. cOpoc 
Oc~oK nocne npo~uBKH M3MepeHHe Ha 

UMH.I(aJIRT Zr 
~-cnexrpo~erpe H onpe.l(eJieHMe 

H:f 
XH~ ·reCicoro B'iXO,na 

PHc.2B (rrpoaonlKe HH e). 

10 

2.1. 

nepaoA CTBAHeA r 

Tn3. Jlng SToro OCB>IU 

rHApOOKHCeA paCTBOpS!n 

neHHeM nnaBHKOBOA KHC 

IN HF. OTaeneHHhte oT 

HoA Bbtaep>KKH npoMbtBaJ 

TeM p8CTBOpS!nHCb B 

npeaaapHTenhHoro oca>K 

pHaoa. 3To Tpe6oaanoc: 

CyTCTBOBBnH 6onbillHe K 

PHAHbiX !j!HnbTp8TOB H 

!jlTOpliAbl ( ra!j!HHA). 

B KaqecTBe HOCHT 

HCnOnb30B8nCSI nBHTBH, 

pa6oTKoA. Koraa npean< 

HnH Tn3 Ha xpoMaTorp 

OT 0,5 AO 1 Mr. 8 OCTI 

npH BbiAeneHHH COTeH "-

pOKOnHqeCTB UHpKOHHS! 

Hc nonbaoaancg uepHA a 

nocne oqHc TKH <PT• 

K Br 0 3 H OCB>KAeHHeM 

K JO 3 a KHcnoll cpeae. 

Jlng paaaeneHHSI c~ 

XpOMBTOrpa!jlH SI B CHCTet 

- H NO 3 • KonoHKH anSI s 

lllHM o6pa3oM: K Heo6xo, 

KB , BenHqHH8 3epeH 3 M 

He6onhrnoe KOnHqecTBO 

Kpb!TOM COCyae. nocne I 

cycneH3Hpoaancg a 0,1 II 

¢yrHpoaanacb H aaTeM n 



~HJILTpaT 

Ha ctlpoc 

<l>J.!,1btpar 
Hli celpoc 

Jl H3MepeHKe Ha 
1e H onpe,lleJieHHe 
!'iX0)\6 

2.1. Bbi.QeneHHe H pa3.QeneaHe pe.QK03eMe1IbHbiX {i=>33) 

H Tp8HCIInyTOHHeBb!X (Tn3) sneMeHTOB 

nepBOH CT8.QHeH IIpH XHMH'!eCKOH o6pa60TKe SIBHnOCb Bbi.QeneHHe P33 H 

Tn3. JlnSI aToro oca)I{.QeHHbie H3 CMbiBHbiX pac Tsopos H rrpoMbiTbie oca.QKH 

rH.QpOOKHCeH paCTBOpSinHCb B KOHUeHTpHpOB8HHOH 830THOH KHCnOTe H A06aB

neHHeM rrnaBHKOBOH KHCnOTbl H BO.Qbl paCTBOp .QOBO.QHnCSI .QO 2-3N HN0
3 

H 

IN HF. 0T.QeneHHbie OT <jlH1IbTpaTa HepaCTBOpHMbie <jlTOPHAbi rrocne 10-MHHyT

HOH BbiAep)I{KH IIp0MbiB8nHCb 1% paCTBOpOM rrnaBHKOBOA KHCnOTbi, BO.QOH H 38-

TeM paCTBOpSinHCb B 3N HNO s B IIpHCyTCTBHH 6opHOH KHCnOTbl. nocne 

rrpe.QB8pHTenbHOrO OC8)1{.QeHHH rH.QpOOKHCeH IIpOBO.QHnOCb rrepeOC8)1{.QeHHe <jlTo

pH.QOB. 3TO Tpe6osanOCb OC06eHHO B TeX c ny'laHX, KOr.Qa rrepBOH8'18nbHO IIpH

CyTCTBOBanH 60nbll1He KOnH'!eCTB8 HH06HH H UHpKOHHH. ¥13 06'be.QHHeHHbiX <jlTo-

PHAHb!X <jlH1IbTp8TOB 

<jlTOpH.Qbl ( ra<jlHHH), 

H30nHpOBanHCb a neMeHTbi, o6pa3yiOIUHe paCTBOpHMbie 

B Ka'!eCTBe HOCHTens P33 H Tn3, o6pa3yiOIUHXCSI B SIAepHbiX peaKUHHX, 

HCIIOnb30BancSI naHTBH, KOnH'!eCTBO KOTOpbro OIIpe.QensnOCb .QBnbHeHilleH o6-

pa60TKOH. Kor.Qa rrpe.Qrronaranocb rrpoBOAHTb HHAHBH.Qyanbaoe paa.QeneHHe P33 

HnH Tn3 aa xpoMaTorpa<jlH'!ecKoii KonoHKe, KOnH'!eCTBO HOCHTens Kone6anocb 

OT 0,5 .QO 1 Mr. 8 OCTanbHbiX cny'!BHX HCIIOnb30B8nOCb 10-20 Mr naHT8H8, 

npH Bbi.QeneHHH COTeH MHKporpaMMOB naHT8H8 (oco6eHHO B IIpHCYTCTBHH M8K

pOKOnH'IeCTB UHpKOHHH HnH HH06HH) B Ka'leCTBe BCIIOMOraTenbHOrO HOCHTenH 

HCIIOnb30Bancs uepHH B KOnH'!eCTBe 10-20 Mr. 

nocne O'IHCTKH <jlTOpH.QOB IIpOBO.QHnOCb OT.QeneHHe uepHSI OKHCneHHeM 

K Br 0 3 H oca)I{.QeHHeM HepaCTBOpHMoro Ce (JO 
3

) 4 HaCbiiUeHHhiM pacTBOpoM 

K JO 3 B KHcnoA cpe.Qe. 

Jlns pa3aeneHHH cyMMbi P33 HnH Tn3 HCII01Ib30Banacb aKcTpaKUHOHHas 

XpOM8TOrpa<jlHH B C HCTeMe .QH-2-S THnreKCHn<jloc<jlopHBH KHCnOTB (Jl23r~K) -

- HNO 3 • KonOHKH AnH SKCTpaKUHOHHOH xpoMaTorpa<jlHH roTOBHnHCb cneayiO

IUHM o6pa30M: K He06XO.QHMOMy KOnH'IeCTBy <jlToporrnac Ta-3 (B BH.Qe IIOpOill

Ka, BenH'!HHa 3epeH 3 MK) .Qo6aBnSinHcb Jl23rc:I>K H3 pac'!eTa 1 :4 ( Mnlr), 

ae6onblllOe KOnH'!eCTBO 6eH3ona H CMecb TIUaTenbHO nepeMelllHBanacb B oT-

KpbiTOM cocyAe. nocne HCrrapeHHH 6ea3ona <jlToponnacT c aaaeceaaoii Jl23r~K 

cycneH3HpoBancs B 0,1 N HNO 3 • Jlns yAaneHHH B03.Qyxa cyGrreH3HH ueHTpH-

<jlyrHpOBanacb H 38TeM IIHIIeTKOH H8HOCHn8Cb B XpOM8TOrpa<jlH'!eCKYIO KOnOHKy, 

11 



PaaMepM HCUOnbayeMbiX KOnOHOK 0 , 3 - (4- 8) CM, 3nJOHpOB8HHe npoBo

llHnOCb npH KOMH8THOH TeMnepaType CO CKOpOCTb!O 0 , 3 - 0,4 Mn/c~ MHH. 

Ka*ll8H KOnOHK8 HCllOnb30BanaCb TOnbKO OllHH paa, T8K K8K He HCKnJOqanacb 

B03MO*HOCTb HX aarpst3HeHHSI COp6HpOB8BillHMHCSI H30T0ll8MH MelllSIOillHX 8nb

cjla-aKTHBHbiX 3neMeHTOB , o6pa3yiO!llHXCR B npouecce o6ny'leHHR. 

fHupoOKHCb naaTaaa ( BMecTe co cneQOBbiMH KOnH'IeCTBSMH T n3) 1 non y 

qeaaaH oca*lleHHeM pacTsopa nocne oTueneHHR uepHR1 pacTsopgnacb B 0 1 1 N 

HNO 3 H paCTBOp OHlleTKOH H8HOCHnCH B KDnOHKy . 3n~HpOB8HHe npOBOllHnOCb 

paCTBOp8MH 830THOH KHCnOTb! 1 KOHUeHTpaUHSI KOTOpOH DOll6HpanaCb Ha OCH<>

B8HHH KanH6poBKH. B Ka'leCTBe OTMeT'IHKOB cny*HnH HHllHKaTopHbie KonH'IecT-

sa 1 44 Ce x) H 155 Eu 1 KOTOpb!e OllHOBpeMeHHO HCllOnb30B8nHCb llnH onpe-

lleneHHH XHMH'IeCKoro BbiXOlla. MecTonono*eHHe nHKOB OTllenbHbiX Tpaacnny

TOHHeBbiX 91IeMeHTOB H8XOllHTCSI B cornaCHH C peaynbT8T8MH pa60Tbl 
11 

/xx) . 

B ODbiTax no HlleHTHcjJHKaUHH 104-ro 3neMeHTa 1 KaK npasHno1 npoBOllHnocb 

TOnbKO paaueneHHe no cjlpaKilHHM1 TaK KaK cneKTpbi anbcjla-pacnalla OTllenbHbiX 

Tn3 H HX nepHOilbl nonypacnaua ll03BOnHnH npOBOllHTh H81le>KHYIO HlleHTHcjJHK8-

UHIO OTllenbHbiX H30TonoB B CMecH. PacTBopoM 0,3N HNO 3 nJ:OBOllHnOCh 3niOH

poBaHHe naaTaua H nerKHX Tn3 (uo KIOPHH), aaTeM 3N HNO 3 uecop6Hposa

nucb TIDKenble Tn3 (KanHcjlopuHA, cjlepMHii). Paa ueneuHe npoBOllHnocb npH KOM-

HSTHOH TeMnepaType, npH'IeM YllOBneTBOpHTenbHbie peaynbTSTbi 6binH nonyqe

Hbl B OllHOH cTallHH. Ha pHc . 3 npHBOllHTCH anbljla-cneKTp cjJpaKUHH Cf H Fm 

co cneuaMH H30TonoB Am H Cm • nonaQaHHe nocneQHHX so cjlpaKUHIO TIDKe

nbiX Tn3 snonHe ecTecTseaao, ecnH y'leCTb BbiCOKHe ce'leHHH HX o6paaosaHHR. 

2.2. Bb1AeneuHe racjlnHH (uHpKOHHst) 

EonblllHHCTBO MOJlenhHbiX onbiTOB 1 onucaHHbiX B npeAbillYWHX HalllHX pa-

60Tax 11 •101, npoBOAHnOCh c aeliTpOHOllecjJHUHTHbiMH H30TonaMH 
170

' 
111 Hf, 

22 A 
o6paayiOWHMBCH B SlllepHbiX peaKUHRX Sm (ecTeCTB) ( Ne, :n) Hf • C y'le-

TOM H30TOllHOrO COCTaBa ecTeCTBeHHOro CaMapHSI H 3HepreTH'IeCKOH 38BHCH-

x)HaoTon 144 Ce Ao6asnHncst K pacTsopy nocne yAaneHHR BeCOBbJX KDnH'IeCTB 

uep""· 
xx) 

Henasuo B nepHOllH'IecKoli nHTepaType noRBHnHCb pa6oTbl, B KOTopwx TaK>K e 

OOHCbiBSeTCR npHNeBeBHe 3KCTp8KUHOBHbiX XpOM8TOrpacjJH'IeCKHX KOnOHOK AnSI 

paaAeneHHH Tn3
18•91 . 

12 

' ' 

' 

A 

100r------

80 

60 

1,() 

20 

0 
PHc .3. Anhcjla-cneKTp cppa 

c'leTa. N - HOMep KaHa 

5,50 - 241 Am; 5 180 -
24 ~ 

7 1 03 - 2 52 Fm • Ko3qxjlHUH 



3n~HpOBaHHe rrpOBD-

0,4 Mnlc~ MHH, 

aK He HCKn~qanacb 

MH Mema~IUHX anb-

;TsaMu Tn3), rrony

CTBopsmacb B 0,1 N 

posaHue rrposouunocb 

6upanaCb Ha OCHD-

IKBTOpHble KOnHqeCT-

aosanucb una orrpe-

uenbHwx TpaHcrrny

tMH pa6oTbi 11 /xx) . 

rrpasuno, rrposouunocb 

- pacrraua oTuenbHbiX 

rr~osouunocb an~u-

!NO 3 uecop6uposa-

rposouunocb rrpu KOM-

.TaTbr 6wnu rronyqe-

ljlpaKUHH Cf u Fm 

BO ljlpaKUH~ TIDKe-

eHHa HX o6pa30BaHHa, 

lb!UYIUHX HaWHX pa-

OITaMH 
170 ,171 Hf, 

I BeCOBb!X KOnuqeCTB 

ITbl, B KOTOpWX TaKJKe 
leCKHX KOnOHOK una 

f 
I 

• 
' 

A 

~0~------~--------~--------~ 
55 5.8 B:n .26.50 .15 7.03 

80 

60 

20 

0 

Puc,3. 
cqeTa. 

5,50 
7,03 -

l ! ll 1 \ 

60 
N 

Anh!j>a-crreKTp ljlpaKUHH Cf u Fm . A - oTHOCHTenbHaa CKopOCTb 
N - HOMep KaHana, Uuljlpbi Ha pucyHKe o6oaHaqa~T 3Hepru~ B M 3B, 

241 Am; 5,80 - 244 Cm ; 6,1 1 - 242 Cm ; 6 ,26 - 24° Cm ; 6,75 - 248 Cf; 
252 Fm . KoaljlljluuueHT oqucTKH ( Cf • Fm) OT ( Am • em)' > J02 . 
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-- ---

TaelJJMna I, 

3aBMCHMOCTh OTHOCMTeJJ~HNX B~OAOB (~) Z30TOTIOB 1\ \-\ \ 

B ll,llepHblx peaKl.IMIIx SrmecrecrB. (22t\\e,X.I'I\. )A"\ 

~~I72 : I7I : 170 : I69 168 : : : . 
• X • 

: 
4 : 

: 5 : 
: 

I) : 
: 

;TI;/ : 
: 

'~'1;2 
A 

ITp>~MettaHM : 

. 
17 ,I : 6,4 : 20,1 : 3,4 : 8,2 

: : : : 
4,3 : 16,0 : 6,9 : 18,8 : 3,6 : : : : 
0,4 : 11,5 : 14,8 : 8,8 : 17,2 : : : : _____._ . 

5 JJ er : II tJac: 12 "4ac : ~ 8 .lli!H. : 25 MMH : . 
: 

6,7 ,li;H, 8 15 ,li;HH: I ,9,IIHH : 1,5 ,li;HII ; 7 MMH, . 

PaCtJP.T BNXO,IIOB npoBO,liHJICH ,IIJIH MaKCHMYMOB Ha KPHBO~ 
B03Cly~,D;eHV.II C BbiJJeTOM ,llaHHOrO tlMCJJa He~TpOROB, 
ITepMO,llbl TIOJJypacna,lla npi!BO,IIHTCII B COOTB8TCTBM C 
paeloro~ [n] . 

14 

MOCTH BbiXOAOB peaKUH 

C 'IHT8Hbl BbiXOAbl OTAeJ 

ueHTax oT o6mero BbiX 

HB AOITID OTHOCHTeiTbHO 

H HeHAeHTH~HUHpOB8HHI 

yBeiTH'IeHHeM 9Hepr'IIH ' 

paC'IeTOM Ha M8KCIIM8T 

H811 6onee Bblr'OAHbiMH C 

CTBT O'IHO 60ITblUHM rrep 

AO'IepHHX 1130TOITOB H > 

TH~IIKBUHH ITpOBOAHfl8Ct 

C ITOMOIUbiO Ge(Li)- C 

'IBCTHUbl 115-130 MaB, 

r'8MM8- CITeKTpOB ~p8KU 

Mil 
22 

Ne c SHeprHeH 

rrocne KOHUa o6ny'leHH~ 

ITHKOM OTHeCTH K pacr 

.. 
1 ee Lo .. 188 Yb , KBK 

nocne HX paCIT8A8 OCHC 

pHc,5) / 11,12 / , 

XHMH'IecKoe BbtAe 

Ta rrocne OTAeneHHH L 

OcaaoK rrpOMb!BancH I 'X' 

BOpHncg B CMecH HNO~ 

6apHH, n orroiTHH T eiTbHBH 

HaTa H3 6N HCI H 

OC8>KA8ITCH MHHA8flbHOH 

naHTaH. 

2.3. Orrt= 

B Ka'leCTBe rroan 

yCKopeHH b iX TH >KeiTbiX II< 



B t\ \-\\ 

rt\ 

69 168 

,4 8,2 

,8 3,6 

' 
0 17,2 

AHIH. 25 MMH 

) )J.Hil 7 MMH. 

iKcHMyMoB Ha KPHBOR 

I'ICJia HeRTpOHOB. 

3 C00Tfl8TCTBM C 

MOCTH Bb!XO.QOB peaKUHli C HCnyCK8HHeM .Q8HHOro 'IHCna HeliTpOHOB 6binH pac

C'IHT8Hbl Bb!XO.Qbl OT.QenbHblX o6pa3yiOillHXCH H30TOllOB ra<jlHHH, KOTOpb!e B npo

UeHT8X OT o6mero BbiXO.Qa npHBe.QeHbi B Ta6n.1. EonbwaH qacTb npHXO.QHTCH 

H8 .QOniO OTHOCHTenbHO nerKHX H30TOllOB C KOpOTKHM nepHO.QOM nonypacna.Qa 

H HeH.QeHTH<jlHUHpoaaHHbiX K HaCTOHilleMY apeMeHH . Hx BbiXO.Q aoapacTaeT c 

yaenH'IeHHeM 3HeprHH 6oM6ap.QHPYIOilleli 'I8CTHUbl. n ocne.QHHH llO.Q6HpanaCb C 

paC'IeTOM HB M8KCHM8nbHb!li Bb!XO.Q H30TOllOB C M8CCOli 170 H 171, o6na.Q8IOillHX 

H8H6onee BbirO.QHblMH C TO'IKH 3peHHH H8CTOHWeil pa60Tbl CBOliCTB8MH: .Qo

CT8TO'IHO 6onbWHM nepHO.QOM nonypaCna.Qa, OTCyTCTBHeM MeW8IOillero BnHHHHH 

.QO'IepHHX H30TOllOB H X8p8KTepHblM BH.QOM raMM8- ClleKTp8 ( CM, pHC,5), Y!.Qe!'-

TH<jlHKaUHH npoBO.QHnacb no nepHo.Qy nonypacnaaa H no cneKTpaM, nony'IeHHbiM 

c noMOWbiO Ge (Li ) - cneKTpoMeTpa, OnTHManbHaH aHeprHH 6oM6apaHpyiOwell 

qaCTHUbi 1 1 5 - 130 Maa. Ha pHc .4 H 5 npHBe.QeHbi HH3K03HepreTH'IeCKHe 'IBCTH 

raMMa- cneKTpOB <jlpaKUHH ra<jlHHH, nony'IeHHOli npH o6ny'IeHHH C8M8pHH HOHB-

MH 
22 

Ne c 3HeprHell 125 Mae. YlaMepeHHH npOBO.QHnHCb B pa3HOe apeMH 

nocne KoHua o6ny'IeHHH. raMMa-nHHHH, Ha6niO.QaeMbie Ha pHc.4, cneayeT ue

nHKOM OTHeCTH K pacna.Qy OTHOCHTenbHO KOpOTKO>KHByWeli UenO'IKH I Sl H f-. 

-.tea Lu -. 188 Yb , KBK aTo BbiTeKaeT H3 cpaaHeHHH c .QaHHbiMH pa60Tbi /111. 

nocne HX pacna.Qa OCHOBHblM H3ny'IaTeneM S!BnHeTCH H30TOll I?O H f (CM, 

pHc.5) /11,12/, 

XHMH'IeCKoe Bbi.QeneHHe ra<jlHHH npoBO.QHnocb, KaK npaBHno, H3 <jlHnbTpa-

Ta nocne OT.QeneHHH La F 
3 

cooca>K.QeHHeM c Ba Zr F 1 ( CM,pHc. 28). 

Oca.QOK npOMbiBancH 1% pacTaopoM nnaBHKoaoil KHCnOTbi H aoaoil , aaTeM pacT-

aopHnCH B CMeCH HN0
3 

+ H 
3 

BO 3 H ao6aaneHHeM 

6apHil. DononHHTenbHaH O'IHCTKa npoBO.QHnacb oca>K.QeHHeM a BH.Qe <jleHHnapco-

H8T8 H3 6N HCl H nocne nepeaoaa nocne.QHero B rH.QpOOKHCb UHpKOHHll 

OC8)K.QanCH MHH.QBnbHOH KHCnOTOH , 8 K8'IeCTBe 8HTHHOCHTenSI HCnOnb30B8nCSI 

naHTBH . 

2 . 3 . OnpeaeneHHe H X H M H'IecKoe noa eaeHHe CKaH.QHH 

B Ka'IeC T Be noano>KeK anSI M H WeHell H <jlHnb T pOB (noHH>KBIOillHX aHeprHIO 

ycKopeHHbiX TSI>Kenbi X HOHOB) HCnOnbaoaanHCb AI - <jlonbrH , B npoayKTax 

15 
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Pac.4. raMMa-cneKTp H30TOnoa I"atPHHSI, o6pa3y!OutHXCSI npH o6ny'!eHHH npH
POllHOI"O caMapHSI aoaaMH 22 Ne c saepl"ael! 125 Msa, A - CKopocTh c'!eTa, 

N - HOMep Kaaana. J.13Mepeaae npoaonanoch aa Ge( Ll )-neTeKTope cnyc
TSI I 'lac nocne Konua o6ny'leHHSI, 

55 

1 3 

f\62 83 99 119 

\ ! ! 
I t;,. 

/i 1\ 
l ' 



-~ 

{ i' ' I .. I ; ' 
\.' -' ., ' I ' J J I I I I I." \10J 

Wo m ~ m 
N 

A 

PHc,4. raMMa-cneKTp H3oTonoe ra<jJHHSI, o6pa3YIOIIlHXCSI npH o6ny'laHHH npH
P0llHoro caMapHSI HOHaMH 22 Ne c aHeprHell 125 Mas, A - cKopoCTb C'laTa, 

N - HOMep KaHana, l13MepeHHe npoeoaHnocb Ha Ge(Li )-aeTeKTope cnyc
TSI I 'lac nocne KOHUa o6ny'leHHSI, 
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PHc,6, raMMa-cneKTp H30TOnoe raljJHHII, o6pa3y!OillHXCII npH otSny'laHHH npH-
POLtHOI"O caMapHII HOHaMH 11 Ne c aHeprHell 125 Mas, l13MepeHHe nposo
LtKnocb cnyCTII 15 ~aces nocne KOHUa otSny~eHHII, B aepxHeM yrny noKa3aH 
cneKTp 1 nony~&HHbill Ha CUHHTKnni!UHOHHOM cnaKTpOMaTpe C KpHCTannOM 
N A 1 ( Tl) 40 X 40 MM, 



o6ny'le HHSI noaToMy HaX OAHnHcb H30T OITbi CK a HAHSI 
44

' u m Sc , o 6paao a aa

WHeCSI a peayn b T a T e peaKuH li 27 AI ( 22 Ne, u n) H 
27 

AI ( 
22

Ne, 2p,3 a ) . 

Eonbwoe ce'leHHe 3 T HX peaKUHH / l3 / H xapaKT epHC T H'IeCKHli raMMa- cneK T p 

44 , Um Sc IT03BOnSinH npOBOAHTb H3MepeHHe Ha P8MM8- CITeKT pOMe Tpe paC-

npeaeneHH SI CKBHAHSI BAOnb raaoaoro TpaKTa 6ea XHMH'IeCKoro aHanH3a He-

ITOCpeACTBeHHO B paCTBOpaX CMbiBOB. 

npHCyTCTBHe CK8HAHSI Bbi3b1Bano HeKOTOpble 38TPYAHeHHSI npH paAHOXH

MH'IeCKOH O'IHCTKe P33 H ra~HHSI. 8 6e3HOCHTenbHOM COC T OSIHHH CK8HAHH rrpH 

oca)KAeHHH La F 3 H3 cna6oKHcnoll cpeAbi npeH MywecTBeHHO nepeXOAHT a oca-

AOK, a CHnbHOKHcnoll cpeae (~ SN HN0 3 ) B rrpHCyT CTBHH H36biT K8 nnaBH-

Koaoll KHCnoTbi ocTaeTCSI a pacT aope . A HanorH'IHO aelicT aye T npHcyT C T BHe aM

MOHHliHblX Coneli. B b160p KOHKpeTHblX ycnOBHH 38BHCen OT npeACT OSIWHX 38-

AB'I paAHOXHMH'IeCKOPO ananH38 . llnS! O'IHC T KH n a HT8H8 OT CK8HAHSI ITpH OC8)K

AeHHH ~TOpHAOB 6onee 3~~KTHBHO HCITOnb30B8T b UHpKOHHH B Ka 'leC T Be aHT H-

HOCHTenSI, 'leM H30TOITHb1H HOCH T enb. 

2 . 4. OnpeaeneHHe HaTpHS! 

npH o6ny'leHHH amOMHHHSI ycKopeHHblMH HOH8MH 
22 Ne HapSIAY co CKaH-

AHeM o6paayeTCSI TaK)Ke H30Ton 
2 4 Na . 3To o6CTOSITenbCTBO , TaK )Ke KaK 

H a cnyqae cKaHAHSI, noaaonSino H3y'laTb pacnpeaeneHHe aToro H30Tona npH 

xnopHpOB8HHH H TpaHCrrOpTe II nony'laTb AO!IOnHHTenbHbie CBeAeHHSI 0 npOHC-

XOASIWHX npoueccax. 

Eonbwoll BbiXOA 1130T ona 
2 224

Na, ero Bbi COKBSI aHeprH SI raMMa- nyqell 

11 15- qacoaoll nepii OA nonypac n a a a cosaaaa nH ac e H e o6xoAHMbie ycn o aHSI anSI 

ero onpeaeneHH SI HenocpeACTBeHHO B CMbl BHbiX paCTBOpa x ITOA 06HO CKaH-

AHID. Ha pHc . 6 np11aeaeHa BbiCOK03HepreT H'IHa SI qacTb ra M Ma- cneKT pa 
44

' 
4401

Sc 

II CyMMbl 
4 4, 44 m 

Sc + 
2 4 

Na . 

2 . 5 . OnpeaeneHHe nnyToHHSI 

KaK 6hin o noKa3aHo B p a 6 oTe 12 ~ n o n aaa n11 e Ha c nJOASIHbie AeTeKTOpbi 

0,005 M KP nny T OHHSI, T. e . 3.10- 6 AOnH ero o 6 wero KOnll'leCTB8 H8 MHWe HH, 

18 
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npHBOllHIIO 6bl K 38MeTHOM)' yBellH'IeHHIO <j>oHa CnOHTHHHOrO aeneHHH. 

BaHAY aToro a KH)I(llOM onbiTe npoaoaenocb TUlaTenbaoe eccnenoaaHHe 

pacnpeneneHHH no raaoBOM)' TpaKry nnyTOHHH, nonaaa10mero a raaoabiH no

TOK H3-38 'IHCTH'IHOrO paapymeHHH MHllieHH noa AeHCTBHeM ny'IK8 yCKOpeH

HblX TH)I(ellblX HOHOB. KaK CllenyeT H3 H30TOnHoro COCT8B8 nnyTOHHH MHllie

HH /
2

/, 811b!jla-aKTHBHOCTb BbiWeyK838HHOrO KOIIH"'eCTB8 nnyTOHHH p8BH8 -

2.J03 pacnanoa/MHH. noaTOMy JlH)I(e 3H8'1HTenbHO MeHblliee 38rpS13HeHHe nny

TOHHeM nerKO o6Hapy)I(HB8110Cb C nOMOlllblO H3MepeHHH ero 811b!jla- HKTHBHOCTK. 

B BHllY Toro, 'ITO caMbiM onacHhlM Hansmocb aarpH3aeaee nnyToHHeM cmo

llHHbiX aeTeKTOpOB, B K8)1(ll0M Ollb!Te HX 81lb$a-aKTHBHOCTb npoaepHn8Cb H8 

8nb!jla-HOHH38UHOHHOH K8Mepe llO npoaeaeHHH CMblBOB. 

npH M81lb1X KOHUeHTp8UHHX HelleTy'IHX COeAHHeHHH B CMblBHblX paCTBQ

pax OnpeaeneHHe TIIIYTOHH51 npOBOAHIIOCb H8HeCeHHeM 811HKBOTHOH 'IHCTH 

( .. I II 00) naaaoro pacTaopa a a noanO)I(Ky, ynapeaaaHeM pacTaopHTenH H 

H3MepeHHeM HH Hnb!jla-cneKTpOMeTpe. BbiCOKaH ynenbHHR anb$8-aKTHB-

HOCTb nnyTOHHH MHllieHH TI03BOIIH118 onpeaenHTb OTIHCHbJe KOHUeHTp8UHH B llpH

CyTCTBHH ApyrHX 811b!jla-aKTHBHblX H30TOnOB x) JlH)I(e npH TIIIOXOM paapeme-

HHH H3-38 OTHOCHTellbHO TOIICTOro CIIOH. 

npH 6onblliHX KOHUeHTp8UH51X HelleTy"'HX CDellHHeHHH TIIIYTOHHH onpeae

IIHnCH B p8CTBOpe rHapOOKHCeli P33 {nepea OTAelleHHeM uepHH B BHlle HOll8 -

TB) H3MepeHHeM Hnb!jla-8KTHBHOCTH 811HKBOTHOH 'IHCTH {J/J00) pacTaopa. 

B MOAenbHbiX onbiTax 6bmo ycTaaoaneao, 'ITO XKMH'IeCKHli Bhlxon nnyTOHH SI 

He MeHbllie 80% npH KOIIH"'eCTBeHHOM BbiAelleHHH ljrropHllOB P33. 

2.6. OnpeaeneaHe xHMH"'eCKoro Bblxona 

XHMH"'ecKufi ablxoa onpeaenHIICH B3BemaaaaHeM cooTaeTCTBYIOlliHX coe-

llHHeHHii a aeconoA <j>opMe. Bb!xoa aeaecoMbiX KOIIK'IecTaa P33 H Tn3 onpe

nenHnCH c noMOll!biO paaHoaKTHBaoro HHllHKaTopa u s Eo • PaaHoaKTHBHblll 

HHllKKHTOp 
9 5 

Zr { nocne npeaaapHTenbaoli O"'HCTKH OT 
8 

s N b 3KC TP81UlH e ' I 

TTA) HcnonbaoaancH anH onpeaenHHH XHMH"'eCKoro BbiXO.lla nHpKOHIIH a T ex 

CIIY"'HHX, KOrJla ero BeCOBble KOIIH"'eCTBH y)l(e npHCYTCTBOB811H 8 H CXOI1HO'f 

pac Taope . 1-'lx HCTO<t_HllKOM HBIIHIICSI xnopapyJOWKii HOC IITenb ( Zr C1
4
). Onpe-

,) . 
OnpeneneHKe nnyTOHHH npoBO.llH1IOCb cnycTH uecKonbKO naea nocne KOHh1 

061Iy"'eliHSl, T 8K 'ITO OCHOBHHH "' fiCTb .llpyrnx KOpOTKOJKHBYlliltX Hllbtba-aKTUBH f.l ~ 

H30 Tonoa K a TOMY apeMeHil yJKe pacnanand< •• • 

neneHHe XHMH'IeCKOrO 

AHIIOCb HH OCHOBHHKK 

3.1. 

ilnH HlleHTH!j>HKHL 

HOrO H3MepeHH51 HCTI01 

KpHCTamiOM N aJ ( Tl ) 

AVI-1 00 VI3MepeH 

KHX ycnoaHRX. B cny'l 

npOBOAllnHCb COOTBeTC 

H paCCT051HHe OT aeTE 

OnbiTHblM nyTeM AilS! J 

neHHH npoBOllHIIHCb r~ 

!j>OTOTIHKHMH. no Cll8ll: 

H3MepS111HCb THK)I( e ne 

8 T8K)I(e HE'KOTOpblX H 

npOBOllH118Cb HH raMM 

Ge(Li )-aeTeKTopa H 

VlaMepeHHH anb<jl 

'IE'CKHX yCT8HOBK8X, C 

COB THTIH AVI-100 

Oaaa H3 yc Taao 

KOli. nepen H3MepeHH 

aprOHOM H H8TIOIIHHI18 

2 8 TH. Anb!jla-HOHH38I 

poro npOH3BOllH118Cb ( 

ra30B. 3!jl!jleKTHBHOCTE 

x) 
ABTOpbl Bblp8)({810T 

npenocTaaneaHe anna1 



OHTaHHOI"'O JleneHHSI, 

ITenbHOe H CCileJlOBaHHe 

owero s raaosbili no

lHeM Tiy'IKa ycKopeH

:Tasa DIIYTOHHSI MHWe-

3 DIIYTOHHSI pasHa · 

,wee aarpSI3HeHHe nny

ero a nbcpa- aKTHBHOCTH, 

HHe DllYTOHHeM CIIID-

CTb nposepSinaCb Ha 

B CMbiBHblX paCT BQ-

HKBOTHOJi 'laCTH 

" paCTBOpHTellSI H 

llbHBSI 8nbcpa-8 KTHB-

! KOHUeHTpaUHH B npH

H DIIOXOM p 8 apewe-

H DIIYTOHHH onpeJle

uepHSI B BHJle HOJl8 -

l /100) pacTsOp8 . 

IH BWXOJl DTiyTOHH SI 

>B P33 . 

)TBeTCTBYIOIDHX COe-

a P33 H Tn3 onpe-

• P8JlM08KTHBUbi>t 

9
$ N b 3KCTpaKuu e 1 

>Jl8 UHpKOHIISI B T eX 

DB811M B HCXO{IHO'f 

aHeli nocne KOri u t 

UHX anb<Pa- 8KTI! BHf.l'( 

JlelleHHe XHMH'IeCKOI"'O BbJXOJla DIIYTOHHSI, KaK y>Ke OTMe'IallOCb BbiWe, npOBO-

JlHIIOCb Ha OCHOBaHHH MOJlenbHblX ODbiTOB, 

3.1 . YlaMepeHHe raMMa - cneKTpos 

ilnSI HJleHTH<jJHKBUHH 1"'8MM8- 8KTHBHblX paJlHOH30TODOB H HX KOIIH'IeCTBeH-

HOI"'O H3MepeHHSI HCDOilb30BallCSI CUHHTHilllSIUHOHHbJli l"'aMMa- cneKTpOMeTp C 

KpHcTannoM N aJ ( T1 ) 40 x40 MM H 100-K8H81lbHbJli aHallH3aTOp HMTIYilbCOB 

AYI -100 YlaMepeHHSI npoBOJlHIIHCb s OAHHaKOBbiX reoMeTpH'Iec-

KHX ycnosHSIX. B cny'IaSix, KOI"'Jla Heso3MO>KHO 6binO BbiTIOIIHHTb 3 TH ycnosH SI, 

npOBOJll!nHCb COOTBeTCTBY!OillHe nepeC'IeTbJ Ha DOI"'IlOilleHHe, <jJopMy HCTO'IHHKa 

H paCCTOSIHHe OT JleT eKTOp8. Koa<jJ<jJHuHeHTbi JlllSI nepec'IeTos onpeJlellSIIIHCb 

ODbiTHbiM nyTeM JlllSI JlaHHoll aHeprHH 1"'8MM8-nyqell . KonH'IeCTBeHHbJe onpeAe

neHHSI npOBOJlHIIHCb rpa<jJH'IeCKHM H3MepeHHeM Dll01ll8JlH DOJl COOTBeTCTBY !OillHMH 

<jJOTODHK8MH . no CTiaJly HHTeHCHBHOCTH OTJlellbHblX llHHHll B 1"'8MMa- cneKTpe 

H3MepSinHcb T8K>Ke nepHOJlbi nonyp8cnaAos. VI JleHTH<jJHK8UHSI H30Tonos 
170

' 
171 

H f . 
a TaK>Ke HeKOTOpblX HellTpOHOJle<jJHUHTHbiX H30TODOB P33 (eM. p860TY /10/) 

DpOBOJlHI18Cb Ha 1"'8MMa- cneKTpOMeTpe, COCTOSIIlleM H3 DOTiyDpOBOJlHHKOBOI"'O 

Ge(Li)-AeTeKTOp8 H 2048-KaH81lbHoro 8HanH3a T op8 HMnynbcos x). 

3.2. YI3MepenHe 81lb<jJa- cneKTpos 

YI3MepeHHSI anb<jJa- 8KTHBHbJX Tn3 nposoAHIIHCb Ha 8nb<jla- cneKTpoMeTpH-

'leCKHX yCT8HOBK8X 0 COeJlHHeHHhlX C 8MDIIHTYJlHhlMH 8H811H3aTOpaMH HMTIYilb-

cos THn8 AYI-100 

0JlH8 H3 yc TaHOBOK COC TOS!Ila H3 81lb<jJ8 - HOHH3aUHOHHOll K8Mepbl C CeT

KOli . nepeJl H3MepeHHeM K8Mepa OTK8'1HB8118Cb JlO <jJOpB8KYYM8, npOMbiB8118Cb 

8pl"'OHOM H H8DOIIHS!IlaCb CMeCb!O MeTaH8 (3%) H 8pl"'OHa (97%) JlO Jl8BileHHSI 

2 aTH. Anbcjla-HOHH38UHOHHaSI K8Mepa o6opyJlOB8Ha Wlli030M, npH nOMOillH KOTO

poro npOH3BOJlHI18Cb CMeH8 06pa3UOB 6e3 nepeHaTIOIIHeHHSI KaMepbl CMeCb!O 

1"'8308, 3<jJ<jleKTHBHOCTb C'leT 8 K8Mepbl 5 0 % OT 4 rt , M8KCHM81lbHaSI DllOillaJlb 

x) 
AsTopbi Bblp8>K8JOT 6narOJl8pHOCTb H.Yp6aHuy, H.flHnT8KY H H.Bp3any 38 

npeJlOCT8BileH H e annap8 Typbl H DOMOillb npH H3MepeHHSIX, 
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anbcjla-aKTHBnoro o6pa3ua 20 cM2, pa3pemaJOWa51 c noco6HOCTb no 3 Hepruu 

35-40 K3B, cpon a o6nacTH 3HepPHA 6-9 M 3 a 1-2 HMn/qac,M3 a, n ecTa6unb

HOCTb K03cpcpHUHeHT8 yCHfleHH51 yCTBHOBKH I % 38 CyTKH Henpepb!BHOA pa60Tbl, 

ilae Apyrue yCTBHOBKH COC T051flH H3 KBMep C nonynpOBOJlHHKOBbiMH )le

T e KTOpBMH, nnoWBJlb '!YBCTBHTenbHOrO Cfl051 )leTeKTOpa 2,5 CM2, pa3pelll8IO

lll851 cnoco6HOCTb no 3HeprHH 50 K3B, 3q,¢eKTHBHOCTb perHCTpaUHH 20% OT 

4 rr , cpoH a o6naCTH 3 HepPHA 6 M3B 3a apeM51 H3MepenuA (. 2 cyToK) paaen 

HYfl!O, 'ITO OC06eHHO BB>KHO npH H3MepeHHH O'!eHb MBflbiX HHTeHCHBHOCTeil 

a nbcjla-u3nyqaJOlllHX o6pa3uoa, 

H a puc.3 npHBOJlHTC 51 cneKTp cppaKUHH Kanu!jlopHH51 H cpepMH51, nonyqeu

HhiA Ha anbcjla-cneKTpOMeTpe C nonynpOBOJlHHKOBbiM )leTeKTOpOM, 

H3MepeHH51 anbcpa-aKTHBHOCTH cnJOA51HbiX nnacTHHOK-JleTeKTopoa 3ne

M e HTa 104 npOBOJlHflOCb HB BTOpOA anbcjla-HOHH38UHOHHOA KBMepe C CeTKOA, 

OCHOBHOe OTflH'!He KOTOpol\ OT BbillleOnHC8HHOA 38Kfll0'!8eTC51 B B03MO>KHOCTH 

H3 Mep51Tb o6pa3Ubl C nflOlll8Ab!O AO 50 CM2 , 

3 . 3. KonTponb 38 nnyTOHHeBhiMH MHllleHSIMH 

n oll )leACTBHeM ny'!K8 ycKopeHHb!X T51>Keflb!X HOHOB B03MO>KHO '!8CTH'{-

noe pa3pymenue nnyTOHHeaoro c nog MHllleHH H 3arp513HeHHe ee noaepxHOCTH 

npOJlyKT8MH p83flO>KeHHSI HOCHTenel\, no~TOMY oco6oe BHHMBHHe yAen51flOCb 

COC T051HHIO MHllleHel\ AO H nocne HenpepblBHOrO o6nyqeHHSI B T e'!eHHe 2 - 3 cy

T OK - BpeMeHH, Heo6XOJlHMOrO Jlfl51 npoBeAeHH51 OAHOrO 3KCnepHMeHT8. 

KoHTponb ocymeCTBfl51flC51 BH3yanbno H na anbcjla- cneKTpOMeTpH'!ecKoA 

YC T BHOBKe C nonynpOBOAHHKOBbiM AeTe KTOpOM, 38KOnnHMHpOB8HHblM TBK, '{TO 

C'{HT8flHCb TOflbKO anbcjla-'l8CTHUhi, BhlneTBIOlllHe nepneHAHKYfl5!pHO K CflOIO MH

meHH, nepeA H3MepeHHeM nnyTOHHeBOI\ MHllleHH yCT8HOBK8 Kanu6pOB8fl8Cb 

no 3T8fl0HHOA nnyTOHHeaol\ MHllleHH C HeBeCOMbiM CnOeM. no B e flH'!HHe CMe-

llleHHSI anbcjla-nHKa nnyTOHHSI MHllleHH no cpaBHeHHIO C Bnbcpa-nHKOM 3 T 8flOH-

noA Pu - MHllleHH onpeAengnocb nanuque 3anbtneHH51 nnyTOHHeaoPo cnoSJ . 

0 6 mee K OflH'{eCTBO nnyTOHH51 Ha MHllleHH OnpeAefl51flOCb H KOHTpOnHpOB 8 fl OCb 

n o HHTeHCHBHOCTH anbcpa- H3 nyqennSI 
238 

Pu u c noHTBHHOPO AeneHH SI 
242

Pu . 
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