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0ITy6nHKOBBHHhlB K HBCTOHlliBMY BpBMBHH pa60Thl ITO paaneneHHID BKTH

HHUHhlX aneMeHTOB MeTonoM paciTpenenHTen&Hol xpoMaTorpa~HH Ha 6yMare 

( PXE), ITpoiTHTBHHol paanHqHhiMH aKcTpareHTaMH HnH KOMITneKcoo6paaoBa

TenHMH, OTHOCHTCH 0 B OCHOBHOM 0 K paaneneHHID ypaHa H TOpHHo B pa6oTaX 

/1,2/ . 
KHOXB H COTpo ITpOBeneHO paaneneHHB HBKOTOphlX TpBHCypaHOBhlX 

aneMe HTOB Ha 6yMare, ITpOITHTBHHOI TpH-H-OKTHnBMHHOMo flonHhii CITHCOK 

/3/ 
pa6oT ITo· PXE oiTy6nHKOBaH B c6opHHKe o 

B HBCTOHruel pa6oTe H3yqanacb B03MO~HOCTb paaneneHHH BKTHHHU-

Hh!X aneMBHTOB OT Th no Cf H HX BaneHTHhlX ~OpM B B30THOI If xnop-

Hoi KHcnoTax MeTonoM PXB aa 6yMare, ITpoiTHTaHao:l TeTpa6yTHnrHITo~oc

~opHol KHCnOTOI (TEf<llK) o Ebinlf ITOCTaBnBHhl OITb!Tbl ITO paaneneHHID BK

THHHUHhlX aneMBHTOB MeTOUOM TOHKOCnOIHOI XpOMBTOrpa~HH HB Te~noHe-40, 

HBChllliBHHOM TEf<llKo 
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3KCI18pHM8HT8JibH8SI "'8CTb 

B onhiTax ncnonb3oaanacb TeTpaoyTHJirHnocjloccjlopuasr KHcnoTa ( TEf <PK), 

O"'HW8HH8SI OT nponyKTOB f'Hllp0JIH38 H IIOJIHM8pH38UHH, 

B onnoi1 cepHH onbiToB xpoMaTorpacjJHqecKasr 5yMara ( aaTMan-1) 

nponHTbiBanacb 0, 1M pacTaopoM TEf<PK a aueTone c no5aBKoi1 aonhi ( 20: 1) 

H 3aTeM BbiCYWHBanacb aa B03l!yxe, B npyrol!: cepHH OIIbiTOB npHMeHSIJIHCb 

paCTBOpbi 0,5M H 1M TEf<PK, 

B paooTe Hcnonb3oaanHcb cnenyJOWHe pannoaKTHBHbJe H3oTOITbi 2 34 Th, 

229Th 233 u 237N 239 p 241A 243 A 244 c 2,1!6Cf 246 Cf "' c H , , p , u , m , m , m , , ubiJI H -

T83HpOB8H Ha 310-caHTHMeTpOBOM ycKOpHTene MHOf'038pSil!HbiX HOHOB flHP 

Ol1Hl1 B srnepaol!: peaKUHH 
238 U ( 12 C, 4n) 246 Cf. 

Ka)l(llbiti H30Ton KOHTponHposancsr no ::meprHH ero a -"'aCTHU, ~nsr 

CHSITHH a -cneKTpOB I1pHM8HSIJICSI IIOJiyiipOBOllHHKOBb!H ('Si ) neTeKTOp 

c pa3peweaHeM "' 30 KaB, .UeTeKTop Obin conpH)I(eH co 100-KaHaJibHbiM 

8MIIJ1HTyl!HbiM 8H8J1H38TOpOM HMIIyJibCOB, 

0IIb!Tb! IIpOBOl!HJIHCb IIpH KOMH8THOH TeMnepaType BOCXOllSIWHM M8TO

llOM, flpollOJI)I(HTeJibHOCTb Ollb!TOB BbiOHpanacb TaK, "'TOObl cjlpOHT KHCJIOTbl 

rronHHMancsr aa BbiCOTy 30 CM, BpeMSI .aKCII03HUHH Kone5anocb OT 5 ( B IM 

HNO 3 ) llO 15 qacoB ( B 14M HNO 3 ) • lliHpHHa IIOJIOCOK oyMarH 1,5 CM, 

PaCTB~p C H30TOII8MH (oT 1 llO }0 MKJI) H8HOCHJICSI Ha oyMa)I(HYJO neHTy 

B 1M HNO 3 na paccTosrHHH 5 cM oT ypoBHH anJOeHTa. flpH aToM IIHTHo 

aa cTapTe rronyqanocb ae 5onee 3 MM B unaMeTpe. 

flo OKOH"'8HHH 0IIb!T8 JI8HTa BbiCYI1IHB8JI8Cb 0 pa3p838J18Cb Ha y"'aCTKH 

mHpHHofi 1 CM, KoTopbie 38TeM ooC"'HTbiBanncb Ha a -c·I~T"'HKe, B rrocne

nyJOWHX Ollb!T8X 0 IIOCJie 0Tp800TKH YCJIOBHH p83l!8JIE'HHSI, li8HT8 1Ip0TSII"'HB8-

JI8Cb rrepen C"'AT"'HKOM 0 C08llHH8HHhlM C C8MOIIHCU8M, 

3aaqeHHSI R r orrpenenHnHCb rro rrono)l(eHHJO MaKCHMyMa a -aKTHBHo-

CTH, To"'HOCTb orrpeueneHHSI R r = ±_0,02, flpH 3Ha"'eHHHX R r < 0,5 own5-
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K8 COCT8BJ1H8T :!:_0,3, BocrrpOH3BOllHMOCTb pe3yJ1bT8TOB - B 1Ip8ll8JI8X TO"'HO

CTH orrpeueneHHH 3Ha"'eHHfi R1 • 

BaJI8HTHbJe COCTOHHHH 8JI8M8HTOB OIIp8ll8J1HJ1HCb IIO XpOM8TOrpaMM8M 

HX "'HCThlX B8JI8HTHhlX cjlopM, 

Pe3YJ1bT8Tbi H o5cy)l(geuue 

Ha pnc. 1 H 2 rrpHBeueHa 38BHCHMOCTb GHa"'eHHfi Rr oT KoHuea-

TpaUHH HNO 
3 

H HCI 0 4 nnSI psrua aKTHHHllHbiX aneMeH''.'O<J rr rrx BaneHT-

HhiX cjlopM, flo 3THM 38BHCHMOCTSIM MO)I(HO II0ll00p8Tb ,VCJ. )BHSI 1 II pH KOTO

phlX 6yueT IIpOHCXOllHTb p83ll8J18HU8 CM8CU 3J18M8HTOB, flpHM8phl T8KUX 

pa3ll8JI8HUH IIOK838Hbl Ha pHC, 3,4 U 5, 

Hy)I(HO OTM8TUTb1 'ITO 8MepUUHH U KJOpUti M8HSIIOTCSI M8CT8MU rrpu 

HU3KUX KOHUeHTpaUHSIX HNO 
3 

• flouo6HaSI unBepcuH na6nJOuaeTCSI iJ.JISI Am 
141 

H Cm npu BbiMbiBanuu ux c KaTuoaoo6MeHHbiX CMOll 13M HCI 

Ha puc. 6 rroKa3ano oTneneane Cf oT Am u Cm , KoacjlcjluuueHT 

O"'UCTKU Cf OT Am u Cm paBeH 20, oT Np Pu U u O"'UCTK8 

IIOJ1H8SI, 

B BM HNO 3 MO)I(HO no6uTbCH pa3ueneHHH Am u Cm 

.UnSI pa3ueneHUH BaneHTHbiX cjlopM Np u Pu , a TaK)I(e cyMMbi 

Np (V), U (VI), Am(III) u Pu B HCI0 4 xapaKTepua pe3KaH cjlopMa nu-

KOB I{ XOpOWUe KoacjlcjJUUU8HTbl pa3)l8JI8HUSI, 0IITUM8JlbH8SI KOHU811Tp8UHH 

HCI 0 4 paBna 2,8M. 

flpu ucnonb3oBauuu 0,5M nnu IM pacTBopoB TEf<PK MO)I(HO nerKo 

OTll8liUTb Am H Cm · OT cyMMbi ocTaJlbHbiX aKTUHUllHbiX aneMeHTOB BO 

Bcex BaneHTHbiX cjlopMax 11 rrp11 JIJOObiX KouuenTpauuHx HNO 3 u HCI 0 4 

(puc, 8 ), 
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Pnc. 2. 3aBHCHMOCTh R r nwil aKTHHHnHhiX aneMeHTOB OT 
KOHU8HTp8UHH HCI04 (011M TEf<PK) 1 - U(VI) : 
2 - Np (VI) ; 3 - Am 1 Cm (III) ; 4 - Pu (IV) ; 
5- Np(IV); 6 -Pu(VI); 7 -Pu(III) 1 Np(V) 1 Th(IV). 

~or llf/11}. n~v) 
U(Vt) 

Hm(ro) 

t .tf(O 

::s 
t 
~110 
~ 
~ 

1-l.D 

kJ 

Pu(fll} 

i 3 .f" 1 !J If I~ IS If /g 1.1 l!> l.S" .t.J .U Jl 

CM 

Pnc. 3, Pa3nenerme Th, U , Np 1 Pu , Am B 
3M HNO 3 Ha 6yMare BaTMaH-1, rrporm

TaHHOH 0, 1M TEf<PK. 
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Puc. 5. Pa3aeneHue BaneHTHbiX ¢opM rrnyToHUSI 
B 3M HNO 3 (BaTMaH-1, 0,1M TEf<PK). 
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Puc. 6, Pa3aeneHue Cf , Am 'u Cm B 10M HNO ~ (BaT

MaH-1, 0, 1M TEf<PK). 
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3IW'IeHIHI R r nnH Pu (III) CH51Tbi BnnoTb no BhiCOKHX KOHUeHTpauHti: 

HNO a, 3To, oqeBitllHO, B03MO)KHO noToMy, 'ITO cKopocTb peaKUHH OKHcne-

HHH nnyTOHHH (Ill) B HNO 3 rrpn KOHUBHTpaumr Pu (Ill' , MeHbll!eti: 10-
5 

-

-6 /5/ 
10 IV\, HB O'I8Hb B8J1J1K[J , llm1 Bb!51CH8HH51 BJ11151HH51 KOJ1J10HJl006pa30B8HH51, 

KOTOpoe MO)K8T CIIOC06CTBOB8Tb II051BJ18HHID aKTHBHOCTH nnyTOHH51 C 3THM 

3H8'18HH8M R f , nonyqeHHe Pu (III) npoBOJlHJlOCb pa3Hb!MH MeTonaMH, 

HCKJ1ID'I8IDUIHMH B03MO~HOCTb Konnoanoo6pasoBaHH51, TaK KaK cneKTpoMeT-

pH'18CKHH 8H8J1H3 npH 3THX KOHUBHTp8UH~X nnyTOHHH H8IIpHM8HHM, MBTOJl 

PX5 MO)KBT 6hiTb HcnoJ1b30BaH JlJ151 H3Y'IBHH51 rroBeneHH51 Pu (Ill) B KOHUeH

TpHpoBaHHOH HNO 3 

lln51 Bhl51CHBHH51 B03MO)KHOCTH 6hlCTpOrO p83Jl8J18HH51 TpaHCypaHOBblX 

3J18M8HTOB 6hlJ1H nOCT8BJ18Hhl OnhlThl no TOHKOCJlOHHOH XpOM8TOrpa~HH &a 

TeqlJ10He-40 ( "' 200 MBUI,) Tonll!HH8 CJ1051 12,5 Mr/ CM 
2

, CJlOH HB3aKp.enneH

Hbili, HaCbill!BHHbiH O,lM pacTBopoM T5f¢K. lln51 pa3neneHH51 6bma B351Ta 

cMeCb 235 ll ( 1 Mr), 
237 Np (0,2 Mr), 239 Pu (0,1 Mr), 

241 Am (0,02Mr), 

Fe, Ni , BpeMH pa3neneHHH 35 MHHyT (BMBCTO 6 qacoB Ha 6yMare), cnoti: 

BO Bj)BMH 9J1IDUHH H8XOJlHJ1C51 B ropH30HT8JlbHOM nOJ10)!(8HHH, npHMep pa3Jl8-

J18HHH IIOK838H Ha pHC, 7, 3-BaJlBHTHbiB 9J1BMBI!Tbl BBJlyT ce6H HH8'18 0 'IBM 

npH pa3)l8J1BHHH Ha 6yMare, 'ITO MO)KBT 6hlTb 06bHCHBIIO p83J1H'IHhlMH ancop6-

UHOHHb!MH CBOHCTBBMH 6yMarH H TBcPJ10H8 no OTHOUIBHHID K T5f¢K, 

llaHHbiB, npHBBJlBHHb!B Bbllll8 1 noK83b!B8IDT1 'ITO p83Jl8J18HH8 B8J18HTHblX 

cjlopM Np H Pu 
1 

a T8K)K8 cyMMhl BKTifHHJlHbiX 9J18M8HTOB MBTOJlOM 

paCIIpBJlBJlHTBJlhHOH xpoMaTorpa~HH Ha 6yMare, nponHTaHHOH paCTBOpOM 

T5f¢K, H MBTOJlOM TOHKOCJlOliHOH xpoMaTorpacjJHH BIIOJli!B YllOBJ18TBOpHTBJ1h-

HOB H MO)KBT CJly)KHTh JlJ151 KOJlH'IBCTBBHHhlX OUBIIOK H 8H8J1HTH'IBCKHX pa6oT, 

ABTOp rrpH3H8TBJ18H K8HJlHJlDTY XHMH'IBCKHX HayK n,H, MocKBHHy 38 

TIOJ1B3HhlB COBBThl H 06Cy)K)l8HHB pe3yJ1bT8TOB, 
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Pac, 7, Pa3neneHae aneMeHTOB TOH• 

KOCJlOHHOH xpoMaTorpa~HeA H8 

Te~noHe-40 B 3M IINO 3 ( 0, 1M 

T5f¢K), 
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3aBncnMOCTb R r 
TEf<PK; 1 - Am , 
4 - Pu (Ill~ Np (V) 

r • ~ I ,. , 
" 

1.1. ,, 

[HA1t1,J If 

oT KOHUeHTpaulur HNO 3 rrpn ncrronbsosaHMll 0,5 M 
Cm (III) ; 2 - U(Vt) ; 3 - Pu (IV) , Pu (VI) ; 

, Th (IV) • 

12 

Bb!BO,(!bl 

1. DoKasaaa B03MO)I{HOCTb pas.ueneHMH a HNO 3 If HCI 0 
4 

cyMMbi 

H8KOT0pb!X aKTliHll.UHbiX 3J18M8HTOB If liX B8J18HTHbiX QJOpM M8TO.UOM pac

rrpe,U8JIHT8JlbHOH xpoMaTorpaQJHH Ha 6yMare, rrporrHTaHHOH TeTpa6yT~nrHrro

Q1ocQ1opaofi KlfCJIOTOHo 

2. Dpose.ueao pa!3.ueneaHe MllnnHrpaMMOBbiX KOJIH'IeCTB U , Np 

Pu a TaK)I{e · Am MeTO.UOM TOHKOCJIOHHOH XpOMaTorpaQJHH Ha TeQJ-

noae-40. 
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