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J1aBeCTH01 .'ITO IIpOUeCCbl 38XB8Ta Op6HTanbHb!X aneKTpOHOB IIpHBOJlSIT 

K B03HHKHOBeHHlO JlO'IepHHX BTOMOB, HOHH30B8HHb!X B COOTBeTCTBYlOIIIHX 

i .·. BHyTpeHHHX o6ono'IKax ('lame Bcero K-o6onO'IKe). B peay1IbTaTe rrocne-

JlYJOII!ero paaBHTHSI KacKaJla BaKaHCHH (rrepeXOJlOB O*e) o6paayeTCSI crreKTp 

/1,2/ 
aapSIJlOBbiX COCTOSIHHi!: JlO'IepHHX aTOMOB . • B 'laCTHOCTH, aaxBaT 

K 125 X H 211 Rn -aneKTpOHOB S!JlPBMH H30TOIIOB e 

,.. Xe , •• J 

It-t. Rn. 

3 

9,3,100% 
58,3 JlH, 

120 
Te CTa6, 



125 
npHBO):IHT K B03HHKHOBeHH!O CneKTpa 3apSUlOBbiX COCTOSIHHft aTOMOB J 

H 211 At. 

nocneayJOmeA c·TaJlHeft SIBnsreTcsr npouecc HeHTpanHaauHH MHoroaapsra

HbiX HOHOB Aoaa H acTaTa 9neKTpoHaMH OKPY*aJOIUHX 'laCTHU. Kone'IHbie 

aapSit:IOBbie COCTOSIHHSI OYAYT B 3Ha'IHTenbHOH Mepe onpeaenSITbCSI COOTHO

IUeHHeM noTeHUHanOB HOHH3aUHH, a TaK)I{e CKOpOCTeH npoueccOB nepet:~a'IH 

aapSIAa H HOH-MOneKynsrpHbiX peaKUHH HOHOB ):IO'IepHHX 8TOMOB, 

B aannoft paooTe H3y<~anHcb npoayKTbi aaaHMOAeAcTaHsr c 6eHaonoM 
125 21 I 

aTOMOB J H At , o6paayJOIUHXCSI a peaynbTaTe K-aaxaaTa H3 

COOTBeTCTBY!OIUHX H30TOnOB onaropOJ:IHbiX ra30B, 
125 

MeTOt:IHKa nony<~eHHSI H30Tona Xe obma noapo6Ho onHcaHa a pa-
/3/ 211 

6oTe • HaoTon Rn nony'lancsr no peaKuHsrM rnyooKoro pacmenneHHSI 

Th npoToHaMH c 9HeprHeA 660 M9a Ha BHyTpeHHeM ny'IKe CHHXpouHKno

TpoHa OHHH. nocne npegaapHTenbHOI'O BbiJ:Iep)I{HBaHHSI MHIUeHH (5-10 'Ia-

cos), oHa pacTaopsrnacb a KOHueHTpHpoaaHHOA HNO 3 , conep*ameA He-

3Ha'IHTenhHoe KOnH'IeCTBO HF . 8MaHauHsr yHOCHnacb TOKOM renHsr H co-

6Hpanacb Ha aKTHBHpOBaHHOM yrne, OXna)l{):laeMOM )I{H):IKHM a30TOM, Jlanee 

noaymKa C aKTHBHpOBaHHbiM yrneM npHCOet:IHHSinacb K BaKyyMHOH ycTaHOB

-5 
Ke ( .. 10 MM pT,CT,), H npOBO):IHnCsr UHKn O'IHCTKH 211Rn oT napoa 

BO):Ibl, KHCnOTbl H nOCTOpOHHHX ra30B, 3aTeM nyTeM 3aMopa)I{HBaHHSI npOH3-
2ll 

BOllHnaCb cpaCOBKa Rn B aMnynbi C TIUaTenbHO Aei'a3HpOBaHHbiM OeH-

aonoM (cooTHomeHHe o6'beMoB '*Ht:IKOH H raaoo6paaHoH cpaa a oTnasrHHbiX 

aMny nax obmo .. 20). n ocne oTnaHKH aMny nbi paaMopa*HaanHCb H TIUaTenb

. HO BCTpS!XHBanHCb, 8TH yCliOBHSI o6ecne'IHBanH npaKTH'IeCKH nOliHbiH nepe

/4/ 
BOA KCe1{0Ha H pat:IOHa B )I(HJ:IKY!O cpaay , HcnonhayeMbie B OnbiTaX aK-

125 2 I I 
THBHOCTH Xe H Rn COCTaBJISIJIH., 1 mCu. 

HaKonneHHe no<~epHHX npoayKTOB ocymecTsnsrnocb a oTcyTCTBHe cae-
1 25 

Ta, npH KOMHaTHOH TeMnepaType. BpeMsr HaKonneHHSI ansr J COCTaansr-
211 

no"" 5 t:IHeA, a At ., - 15 'lacoa. 

4 
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AHanH3 Oopa3y!OIUHXCSI XHMH'IeCKHX <JlOpM HO):Ia H aCTaTa npoao 

MeTOJ:IaMH 9KCTpaKUHH1 TOHKOCnOHHOH H ra30BOH.XpOMaTorpacpHH, Ha 
211 

HHe aKTHBHOCTeH At npOBO):IHnOCb no a - H peHTI'eHOBCKOMy H3 

HHSIM, 3KcTpaKUHSI Heopra~H'IeCKHX <JlOpM HOJ:Ia H acTaTa B npHCYTCT 

HOCHTeneH ( 1 MI'/ Mn c6 H5 J H 1 MI'/ Mn J 2 ) 1M paCTBOpOM Na 

noKa3an~, 'ITO B opraHH'IeCKOH cpa3e KaK ):lnSI HO):Ia 1 TaK H ):IllS! aCTa1 

TaeTcsr 20 + 6% aKTHBHOCTH, AHanorH'IHbiH peaynbTaT ohm nony'leH 

aHanHae MeTOllOM TOHKOCJIOHHOH XpOM8TOI'pacpHH Ha 3aKpenneHHOM Cl 

Kieselgel H c 5% rHnca ( nposraneHHe a xnopo¢l.opMe HnH Tony one). AI 

npOBO):IHliCSI KaK B npHCyTCTBHH HOCHTelleH C6 H5J H J2 ), TaK H 6 
x) 

XpoMaTorpacpH'IeCKHe HccnenoaaHHsr noKaaanH, 'ITO eAHHCTBE 

opraHH'IeCKHM coenHHeHHeM HOt:la H acTaTa, o6paayJOIUHMcsr npH K-a 
I 25 211 

B Xe H Rn B Cpene )I(HJ:IKOI'O oeH30lla 1 SIBliSI!OTCSI 1 COOTBeTCTB€ 

Hoa6eHaon H acTaTooeHaon. B nocneaHeM cny<~ae cpaKT o6paaoaaHHsr 

TooeHaona Obin nonTaep*AeH TaK*e nepeaeneHHeM ero a npHcyTCTBI 
211 

HOA6eH30Jia B Ph At(J) a 2 H nocnegywmeii: MHOI'OKpaTHOH nepeKpHC 

aauHeB nocnenHero, 

HHTepecHo oTMeTHTb, 'ITO nocne 'lebiTpexKpaTHOH 9KCTpaKUHH 

raHH'IeCKHX cpopM acTaTa H3 6eHaona IN pacTaopoM H 2SO 4 HnH 

IUeHHbiM paCT BOp OM SQ 2 a IN H 28 0 4 · , a opraHH'IecKoA <!Jaae c 

CSI 50% acTaTa, fJO-BH):IHMOMY 1 9TO CBH):IeTenhCTsyeT 0 TOM, 'ITO np 

KonneHHH a 6eHaone acTaTa 30% ero HaxoAHTCsr a cpopMe At(~. 

x) BpeMsr ynep*HBaHwsr ~H6 At Ha xpoMaTorpacpH'IeCKOH KOnOHKe 

BeTCTayeT apeMeHH yaep)I{HBaHHSI c6 H4 Cf\ J • 3To, nO-BH):IHMOMy, 
geTellbCTByeT 0 onH30CTH TeMnepaTyp KHneHHSI 9THX COe):IHHeHHH, 

5 



12~ 
03HHKHOBeHHIO CTieKTpa 3apH.ll0BbiX COCTOHHHH aTOMOB J 

10meH: c·Ta.llHeH sransreTcsr npouecc HeHTpanH3aUHH MHoroaapsra

Aa H acTaTa ::meKTpoHaMH oKpy)l{aJOIIlHX 'iaCTHU. KoHe'iHhre 

CTOHHHH oy.llyT B 3H8'iHTeJibHOH Mepe Oilpe.lleiiHTbCH COOTHO

UH81IOB HOHH38UHH, a TaK)I{e CKOpOCTeH IlpOUeCCOB nepe.lla'IH 

MOIIeKynsrpHbiX peaKUHH HOHOB .llO'iepHHX 8TOMOB, 

H paooTe H3Y'i81IHCb IlpO.llYKTbl B3aHMO.lleHCTBHH C oeH301IOM 

211 
n At , o6paayromnxcg B peaynbTaTe K-aaxaaTa H3 

IllHX H30TOIIOB onarOpO.llHbiX I'830B, 

126 
a nony'ieHHSI naoTona Xe ohrna noapo6Ho onncaHa a pa-

211 
Ton Rn nony'iancg no peaKUHSIM rnyooKoro pacmenneHHSI 

C SHeprHeH 660 Msa Ha BHyTpeHHeM IlY'IKe CHHXpOUHKJIO

Docne npeaaapHTenbHoro Bhr.ttep)I{HBaHHSI MHllleHH (5-10 'Ia-

TBopgnacb B KOHUeHTpnpoaaHHOH HN0
3 1 CO.ttep)I{8IIleH He-

KOIIH'IeCTBO HF , 3MaHSUHSI YHOCHJISCb TOKOM reJIHSI H co

KTHBHpOBSHHOM yrne, OXJIS)I{.ttSeMOM )I{H.ttKHM a30TOM, Jlanee 

HBHpOBSHHhlM yrneM IlpHCOe.ttHHSIJISCb K BSKYYMHOH YCTSHOB-

pT,CT,) 1 H IlpOBO.ttHJICSI UHKJI O'IHCTKH 211 Rn 
OT napoa 

·I H IIOCTOpOHHHX ra30B, 3aTeM nyTeM 3aMopa)I{HBaHHSI IlpOH3-

211 Rn 
B aMnynhr c TlllaTenbHO .tteraanpoaaHHhiM 6eH-

llleHHe Oo'beMOB 1)1{H.ttKOH H raaooopa3HOH lf>aa B OTIISSIHHb!X 

.. 20), Docne OTIISHKH SMIIYIIbl pa3MOp8)1{HB81IHCb H TuraTeJib

HCb, 3TH YCIIOBHSI o6eciJe'IHB8JIH npaKTH'IeCKH IIOJIHbiH nepe-

/4/ 
pa.ttoHa B )I{H.ttKYIO if>aay • 11cnonhayeMhre a onhiTax aK-

H 
211 

Rn COCTSBJISIJIHos 1 mCu • 

.llO'IepHHX IlpO.ttYKTOB OCyllleCTBIIHIIOCb B OTCyTCTBHe CBe-

126 
HOM TeMnepaType, BpeMSI HSKOIJJieHHSI .lliiSI J COCTBBJISI-

211 
At "' - 15 '18COB. 
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AHaJIH3 00p83Y!OlliHXCSI XHMH'ieCKHX ~OpM HO.tta H SCTaTa IlpOBO.tlHIICSI 

MeTO.ttSMH SKCTpaKUHH 1 TOHKOCJIOHHOH H ra30BOH.XpOM8TOrpaifJHH, I13Mepe-

211 
HHe SKTHBHOCTeH At IlpOBO.ttHJIOCb IIO a - H pe,HTreHOBCKOMY H31Iy'ie-

HHSIM, 3KCTp8KUHSI Heopra~H'IeCKHX ~OpM HO.lla H 8CTaTa B IlpHCyTCTBHH 

HOCHTeneit (1 MI'/ MJI c6 H6 J H 1 Mr/ MJI J 2 ) 1M paCTBOpOM NaOH 

noKaaan,a, 'ITO B opraHH'ieCKOH ¢aae KaK ansr noaa, TaK H anSI acTaTa oc

TaeTCSI 20 ~ 6% aKTHBHOCTH, AaanorH'IHhiii peaynhTaT ohm nony'leH npH 

8H81IH3e MeTO.llOM TOHKOCJIOHHOH XpOMaTOI'paifJHH Ha 38KpenneHHOM cnoe 

Kieselgel H c 5% rune a ( npogsneaue B xnopo<jlopMe unn Tony one), A a anna 

IlpOBO.llHIICsr KaK B IlpHCyTCTBHH HOCHTeJieH C
6
H

6
J H J

2 
), TSK H 6e3 HHX, 

x) 
XpoMaTorpaif>u'ieCKHe HccneaosaHHSI noKaaanH, 'ITO e.llHHCTBeHHhiM 

opraHH'IeCKHM coeaHHeHHeM HO.lla u acTaTa, o6paayiOIIlHMCSI npH K-aaxsaTe 
12~ 211 

B . Xe H . Rn B Cpelle )I{H.llKOI'O 6eH30118 1 SIBIISI!OTCSI1 COOTBeTCTBeHH0
1 

HO.lloeaaon H acTaTo6eaaon, B nocneaHeM cnyqae ¢aKT oopaaoaaHHSI acTa.

To6eHaona ohm nO.llTBep)l{.lleH TSK)I{e nepeseaeHueM ero s npHcyTCTBHH 
211 

HO.ll6eH30Jia B Ph At(J) a 2 H nocneayl0IIleit MHOI'OKpaTHOH nepeKpHCTaJIJIH-

38UHeB nocneaHero, 

11HTepeCHO OTMeTHTb 1 'iTO llOCJie 'iebiTpeXKpaTHOA 9KCTpaKUHH Heop-

I'SHH'IeCKHX lf>opM acTaTa H3 oeH30JI8 lN pacTaopoM H 2SO 4 HIIH HSCbi-

llleHHbiM paCTBOpOM 80 2 B lN H 28 0 4 · , B opraHH'IeCKOH <jlaae ocTaeT-

CSI 50% SCTSTa, flo-BH.llHMOMY 1 9TO CBH.lleTeJibCTBoyeT 0 TOM 1 'iTO llpH Ha

KOllJieHHH B oeHaone acTaTa 30% ero HaXO.llH't-CSI s ¢opMe At(O) • 

x) BpeMSI yaep)I{HBaH~sr ~H6 At Ha xpoMaTorpa¢n'leCKOH KOJIOHKe 

BeTCTByeT apeMeHH yaep)I{HB8HHH c6 H4 Cf\ J • 3To, no-BH.llHMOMy, 

.lleTeJibCTByeT 0 OIIH30CTH TeMnepaTyp KHlleHHSI STHX COe.llHHeHHH, 

t 5 
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