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S u m m a r y 

An investigation has been carried out 
of the chemical behaviour of radioactive lan­
thanide atoms formed in Pr and Nd trifluor­
acetylacetonates and Pr and Ndhexafluorace­
tylacetonates irradiated with 660 MeV pro­
tons, and of those resulting from the im­
plantation of the Ln* 11 +l ioQs with an energy 
of 4 0 keV into crystalline Nd(HF.~) 3 . The ex­
perimental conditions, namely the chemical 
composition of the medium and the state 
of the crystalline lattice, appear to be 
important factors affecting the chemical 
reactions of the Ln* atoms and the forms of 
their stabilization. Some results characte­
rizing the behaviour of the Ln*.atoms 
introduced into crystalline Nd(HFA) 3 in dif­
ferent ways (by proton irradiation or ion 
implantation) indicate that the behaviour 
of radioactive Ln atoms is independent of 
energy. 
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BhmOJIHeHHhie 3a nocne.LJ.HHC ro.D.hi MHoro4ucneHHhie uc­

CJie)J.OBaHHJI llO XHMHH cPTOpHpOBaHHhlX 6eTa- )J.HKCTOHaTOB 

pe.LJ.K03eMenhHWX JneMeHTOB /P33/ noKa3anu nepcneKrus­

uocr~ 
1
HyllOnh30BaHHJI HX )J.nfl pa3nH4HhlX aHanHTH4CCKHX 

UCnCH' 1, • llpH paCCMOTpCHHH HMCIOJUHXCfl )J.aHHhiX llCpC.LJ. 

HaMu B03HHK sonpoc: B03MO)f{HO nu ucnonh30BaTb JTH coe­

.LJ.HHCHHfl KaK MaTepuan MHlliCHCi npu pa3pa6oTKC MCTO)J.OB 

6WCTporo Bhl)J.CnCHHJI H 04HCTKH naHTaHH)J.OB - llpO.LJ.YKTOB 

fl.Ll.CPHWX peaKUHH. C JTOi T04KH 3pCHHfl Mhl HCCnC)J.OBanu 

npC)f{)J.C BCCrO XHMH4CCKHC cPOPMbl CTa6HnH3al.I,HH pa)J.HO­

aKTHBHbiX aTOMOB nauTaHH.LJ.OB ( Lu") . o6pa3yiOIUHXCfl npu 

o6JIY4CHHH rpuciJrop- u reKcaclJropauerunaueToHaToB ueo.LJ.HMa 

H npa3CO);J.HMa npOTOHaMH BblCOKOi JHCprHH. 

0CHOBHhlMH BOnpocaMH, Tpe6oBaBWHMH OTBCTa, 6hinH 

pa)J.HaUHOHHafl yCTOH4HBOCTb KOMllnCKCOB H pCTCHUHfl /y.LJ.ep­

)f{aHHe/ I ,n' B ciJopMe ucxo.LJ.HhiX MoneKyn. Pauee Bhmonueu­

HbiC pa60Thl, B KOTOphiX H3y4anocb llOBC)J.CHHC pa)J.HOaKTHB-
12 6 I 

Hh!X a TO MOB B o6ny4CHHhlX 6eTa- )J.HKCTOHa TaX 1 
-

1 
, yKa-

3hlBaJIH Ha 3aBHCHMOCTh OTHOCHTCnhHhiX BhiXO)J.OB cPOPM 

CTa6HnH3aUHH KaK OT ycnOBHH o6ny4CHHJI, TaK .H OT Bhi6paH­

HOrO MCTO.D.a auanu3a. Mo)f{HO 6hino O)I(H.LJ.aTh, 4TO ;D.nfl clJro­

pupoaauuwx auerunauerouaros P33 uurepnperauuJI JKcne­

pHMCHTanhHWX )J.aHHhlX 6y)J.eT He MCHCC CnO)f{HOH. 

)].JIH nony4eHHJI CBe)J.eHHH, KOTOphie, B npHHli,Hlle, MOrnu 

6hi pacrnupHTb uarnu npe.LJ.CTasneHHfl o npouecce cra6unu-

3auuu Ln*, Mbi H3Y'IHnH TaK)f{e XHMH4CCKHe ciJopMhl, o6pa-

3YIOJUHeCJI npH HMnnaHTal.I,HH HOHOB Ln1
+B KpHCTannhl reKca­

cPTOpaueTHnaueTOHaTOB HeO)J.HMa. IJpouecc HMnnaHTali,HH 
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no3aonJin MOAenHpoaaTL noBeAeHHe "ropJiqero" aToMa a 
'IHCTOM BHAe, CB060AHOM OT 34lc~JeKTOB paAHOJlHTH'IeCKHX 
npoueccoa, Bhi3LIBaeMLIX npoTOHHLIM o6nyqeuueM. 

3KCIIEPHMEHTAJibHAJI lJACTb 

PeazeHmbl 

HCDOJlb30BaJ1HCb KOMDJleKCHble COeAHHeHHJI HeOAHMa H 
npa3eOAHMa c HT«l>AA H Hrci>AA* THna LnL 

3 
• n H 

2 
0 , 

CHHTe3HpoaaHHLie no MeTOAHKe/7/. HcXOAHLIMH peareHTaMH 

cny:>KHJlH COJlH Nd( NO 3) 3 I"'IAa" I' Pr ce 3 l"q"l H 6eTa­
AHKeTOHbi HT«l>AA H Hr«l>AA !IJupMLI Koch-Light Lab, L TO, 
Colnbrook-Bucks, England . IIony'leHHLie KPHCTannLI 
xenaToa HeOAHMa HMenH 6neAHo-cupeHeayiO oKpacKy, xe­
naToa npa3eOAHMa - 6neAH0-3eneHyiO oKpacKy H cneAyiD­
tUHe TeMnepaTypLI nnaaneHHJI: Nd (Tci>AA) 3- ( 130-131 oc), 
Nd(rci>AA) 3 - (149-151 °C), Pr (Tci>AA) 3 -(134-135 °C) 
H Pr(rci>AA) 3 -(149-151 °C). Bee 3TH 3~a'I~HHJI xoporno 
COrnacyiOTCJI C JlHTt>paTypHbiMH AaHHbiMH 8•9', 3a HCKJliO­
'IeHHeM N d ( rci>AA) 3 ' AllH KOTOporo npHBOAHTCJI t 11.11 = 
= 141-142 '-'C/8/ . 

HenocpeACTBeHHO nepeA o6ny'leHHeM CHHTe3upoaaHHLie 
coeAHHeHHJI e~e pa3 nepeKpHcTannH30BLIBanucL H3 ropJiqero 
6eH30JlbHOrO paCTBOpa H KpHCTallllbl BhiCYillHBaJlHCb B BaKy­
yM- JKCHKaTope HaA Mg( ceo 4) 2 • 

06Ayttenue 6ema- ouKemonamo6 NJ u Pr npomoHaMu 
c EP= 660 M3B 

)].nJI o6ny'leHHJI BbiCOK03HepreTH'IeCKHMH npOTOHaMH B 
Ka'leCTBe MHilleHeH CllY:>KHJlH KpHCTallllhl XeJiaTOB H HX pacT­
BOpbl. KpHcTaJIJibl, npeAaapuTenLHO oaKyyMupoaaHHLie, H 
pacToopLI xenaToB a 0,1M T.licl>l C 6 H 6 15 MriMnl o6ny­
'lanHcL B 3anaJIHHbiX cTeKJIJIHHLIX aMnynax. KaK npaaHno, 

*HTci>AA. :--TpH¢TopaiJ,eTHJiaUeTOH, Hrci>AA - reKca­
¢TopaiJ,eTHnaueTOH (HL). 
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YCllOBHJI o6ny'leHHJI 6binH ClleAYIO~HMH: HHTeHCHBHOCTb Bbi­
BeAeHHOrO npOTOHHOrO ny'IKa ..., 10 1l pjCM ~ C, BpeMJI 
o6ny'leHHJI - oKono 6 ttac; A03a, nony'leHHaJI o6pa3IJ,aMH 3a 
3To apeMJI, cocTaanJina =20 Mpao /10/. 

PaAHOaKTHBHble aTOMbl naHTaHa, uepHJI, npa3eOAHMa 
H HeOAHMa nonyqaJlHCb C OTHOCHTellbHO 60llblllHMH BhiXOAaMH 

B pea!UHJIX THDa: 

( 
'n) . * N <fl' · 59Pr p, xp} -....... I . * C(' ', ~ Pr • 60 

-....._, ,a ' 58 .J9 57 
.....------· Nd(p. xpyn) 

60 

HMnAaHTflai.IUJI paouoaKTIIU6HbiX amoMo6 Ln., 
6 KPUCTIIQ/l/lbl Ncl /Fcl>AA/ 3 

HMnnaHTaUHB: HOHOB Ln1 < 
1
.1 ) npoBOAHnacL Ha cenapaTo­

pe H30Tonoo OJIC H PX/ 11~ MeTOA nonyl.feHHH Ln' c 6onL­
rnou YAeJILHOH aKTHBHOCTbiO H llOArOTOBKa HX K pa3.JJ.eJieHHIO 

112 ' no H 30TonaM noApo6Ho onucaHLI B pa6oTe' ' KpHcTannH-
'leCKHe MHilleHH AllB: HMnJiaHTaUHH TOlltl\HHOH 90< 110 MZ/CM 2 

rOTOBHJIHCb BhiCYiliHBaHHeM paCTBOpa \dlrci>AA/1 B aueTOHe 
Ha CTeKJIB:HHhiX llJiaCTHHKaX pa3MepOM 25 X 4 MM, KOTOpLie 
xpaHHJIHCL 3aTeM a aaKYYM- JKCHKaTope B TeMHOTe. He­
nocpeACTBeHHO nepeA HMllJlaHTaUHeH llOArOTOBJieHHLie KpHC­
TaJlJIH'IeCKHe o6pa3Uhl HarpeBaJIHCb npH 50'· C B Tel.fCHHe 
40 MUH AllJI CHHTHJI B03MO:>KHbiX Ae!IJeKTOB. )].JIH HMllJiaHTaUHH 
Ka:>KAOro H3oTona (.1'1 ,\=132, 134, 135, 1371, 137 Pr, 
\d I\ =138 H 1391 u Th I A = 148-151, 154-l56lcny:>Kuna 
OTAeJILHaB: MHilleHL \<Vrci>AAI3 . 11MnnaHTaUHR npOBOAH­
nacb npH KOMHaTHOH TeMnepa Type H AaBJieHHH l 0-6 MM pm. CTII 
B Te•JeHHe 15 MUH, JHeprHJI HOHOB 6LIJia 40 1<3B. 

Ha npHMepe llOBeAeHHJI HMllJiaHTHpOBaHHhlX HOHOB Tep-
6HJI H3y'laJIHCb TaK:>Ke J¢!1JeKThl OT:>KHra KpHCTaJIJlOB 
\d lrci>AAI

3 
AO H llOCJie HMllllaHTaUHH;BllHRHHe npHMeCeH 

CTa6HllhHOrO JiaHTaHa B BHAe HOHOB t:Jg LaO+: BepOJITHOCTb 

I 
I+ . ~ 

BHeApeHHJI yCKOpeHHhiX HOHOB ~11 B MaTpHUY, B KOTOpOH 
ueHTpanLHLIH aToM MeTanna HMen APYrYID XHMH'IeCKYIO npu-
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po,11;y, B qacTHOCTH, a KpHcTaJIJibi Zr lr<J>AAI 
4 

• 3TH 

nocne,IJ;HHe MHWeHu IToJIII.{HHoii: 13 -:-16 MZ/cM 2 I roTOBHJIHCb 

H3 CBe)KeCHHTe3HpOBaHHOrO H nepeKpHCTaJIJIH30BaHHOrO CO­
e,IJ;HHeHHB. 

AHaAu3 XUMU'lecKux ¢opM 

XHMH'IeCKHe l}>opMbl CTa6HJIH3aD;HH pa,IJ;HOaKTHBHbiX a TO­

MOB JiaHTaHH,li;OB aHaJIH3HpOBaJIHCb ,IJ;BYMB MeTO,IJ;aMH: pac­

npe,IJ;eJIHTeJibHOH xpoMaTorpal}>ueii:Ha3anonHeHHoiiKH3enLry­

poM CTeKJIBHHOH KOJIOHKe I e = 100 MM H d = 2 MMI H Ba­
KYYMHOH cy6JIHMan;ueii:/3/ • 

B nepBoM cnyqae o6nyqeHHbie KpHcTaJIJibl LnL 
3

• nll
2
0 

pacTaopBJIHCb B 0,1 M pacTBope Tli<J> B C
6

H
6

, u onpe,IJ;e­

neHHblii: 06beM BBO,IJ;HJICB B KOJIOHKy; 06Jiy'leHHble paCTBOpbl 

Cpa3y BBO,li;HJIHCb B KOJIOHKy. IIpH I}>HJibTpaD;HH paCTBOpOB 

'lepe3 KOJIOHKy c KH3enbrypoM nuraH,IJ;-HaCblll.{eHHble coe,IJ;u­

HeHHB THna LnL 3 He 3a,IJ;ep)KHBaJIHCb Cop6eHTOM H OTMbiBa­

JIHCb pacTBopoM 0,1 M Tli<J> B C 6 11 6 ; 3aTeM :naHonoM 

BbiMbiBanucb nuraH,IJ;- ,IJ;el}>uuuTHbie l}>opMbl I Ln L 
0 

_ m I m+ 

I m = 1; 21 H 6M nee - HOHbl Ln 3+ • 

MeTo,IJ; BaKyyMHoii: cy6nuMan;uu ucnoJIL3oaancB TOJibKO 

,IJ;JIB _aHaJIH3a o6nyqeHHbiX KpHcTannoa reKcai}>TopaueTun­

aueToHaToB Nd u Pr ; TpHI}>Topan;eTunaueToHaTbi - Mano 

JieTy'IHe XeJiaTbl, H ,IJ;JIB HHX 3TOT MeTO,IJ; Henp~)O,IJ;eH. B03-

rOHKa npOBO,li;HJiaCb npu 140 ° C, ,IJ;aBJieHHH 10 MM pm.cm. 
B Te'leHue 1,5 'lac. IIocne OKOH'IaHHB B03rOHKH onpe,IJ;eJIB­

JIOCb OTHOCHTeJibHOe CO,IJ;ep)KaHHe OT,IJ;eJibHbiX pa,IJ;HOaKTHB­

HbiX H30TOnOB B cy6JIHMaTaX H OCTaTKaX, a TaK)Ke onpe,IJ;e­

JIBJIHCb H3MeHeHue sec a B3BToro ,IJ;JIB aHanu3a xena Ta u co­

,IJ;ep)KaHue COOTBeTCTBYIOII.{ero naHTaHH,IJ;a IPr HJIH N dl B 
OCTaTKe H B cy6JIHMaTe. 

Pa,IJ;HOMeTpuqecKuii: aHaJIH3 nonyqeHHbiX o6pa3IJ.OB npo­

BO,IJ;HncB c noMOII.{biO Ge ( Li) - raMMa- cneKTpoMeTpa u 

aMnJIHTY,IJ;Horo MHoroKaHaJibHoro aHaJiu3aTopa "TeH-

3op-4096" 1131 no cne,IJ;yiOII.{HM Hau6onee HHTeHCHBHbiM 

raMMa-nHHHBM: 
132 

La IT 1; 2 =4,8 'lac, Ey =464 K3BI; 
132

Ce I T 1; 2 = 4,5 'lac, E = 182 K3BI H 135 Ce 
I Tl/2 = 17,2 'lac, E Y = 265 u 306 K3BI; 138pr IT 1/

2 
= 

= 2,2 'lac, Ey= 783 K3BI; 139Nd ITI/2 =5,5 !lac,Ey= 
= 114 K3BI. 

6 

M3MepeHue aKTHBHOCTH o6pa3n;OB c HMnJiaHTHpoaaHHbiMH 

H30TonaMH npoBO,IJ;HJIOCb Ha npu6ope VA-M- 141 I "Vakiitro­

nik" , r,D;PI. 

PE3YJibTAThl H HX OECY)J(j{EHHE 

f/JopMbl cma6uAu3at~uu Ln* noc.tte o6Ay'leHu.R xe.11amo6 
npomoHaMu c E p= 660 M3B 

0THOCHTeJibHble KOJIH'IeCTBa aTOMOB Ln*, cTa6unu3u-

poaaHHbiX B Toii: unu uuoii: l}>opMe B 3aBHCHMOCTH OT arpe­

raTHOrO COCTOBHHB MHWeHH IKpHCTaJIJibl HJIH paCTBopl, 

onpe,IJ;eneHHbie MeTO,IJ;OM pacnpe,IJ;enuTeJibHOH xpoMa Torpa­

l}>uu, npuae,IJ;eHbl B Ta6n. 1. IIpe,IJ;cTasneHHbie aenH'IHHbl -

cpe,IJ;He-apHI}>MeTH'IeCKHe 3Ha'leHHB HeCKOJibKHXOUpe,IJ;eJieHHH 

In > 31 CO cpe,IJ;HeKBa,IJ;paTH'IHOH OWH6KOH. 

-113 ,IJ;aHHbiX Ta6JI. 1 CJie,IJ;yeT, 'ITO JIHraH)J.- HaCbii..L{eHHbie 

COe,IJ;HHeHHB - OCHOBHaB l}>opMa CTa6HJIH3alJ,HH Ln' npH 

paCTBOpeHHH 06Jiy'leHHbiX KpHCTaJIJIOB B 6eH30Jie C ,IJ;06aBKOH 

T 64> u B o6ny'leHHbiX pacTsopax. Ecnu ucnonb3oBaTb KOJIOH­

KY C KH3eJibrypOM ,IJ;JIJI aHaJIH3a XHMH'IeCKHX l}>opM B 'IHCTbiX 

6eH30JibHbiX l6e3 Tli<J>I pacTaopax <lnopupoaaHHbiX 6eTa­

.D.HKeToHaToB JiaHTaHH,li;OB, TO DOJiy'laiOTCJI pe3yJibTaTbl, KO­

TOpble He COOTBeTCTBYIOT HCTHHHOH KapTHHe BCJie)J.CTBHe 

Heo6paTHMOrO rH)J.pOJIHTH'IeCKOrO pa3pyWeHHJI KOMnJieKCOB 

Ha noaepxHOCTH"KH3enLrypa, conpoBO)K,IJ;aromerocH BbiMbiBa­

HHeM cao6o.D.Horo nuraH.D.a 6eH30JIOM u nornomeHHeM cop-

6eHTOM o6pa3yiOllJ,HXCJI npH 3TOM JIHraH)J.- .LJ.etPHUHTHbiX 

$opM l4,l5/ : Ln*L 3 ·nil 0:-- Ln*L
2

011+(n- 011
2

0+10- •. ru,IJ;po­

JIH30BaHHbie XeJiaTbl 3aTeM JierKO BbiMbiBaiOTCJI H3 KOJIOHKH 

3THJIOBbiM CnHpTOM. 

T~KHM o6pa30M, 3aMel.l.{eHHe BO,IJ;bl B KOOp,li;HHaUHOHHOH 

c$epe XeJiaTHOrO KOMnJieKCa Ha T li<J> C o6pa30BaHHeM KOMII­

neKcoa Tuna LnL3 ·2T6<J>/
16 • 17 / no3BOJIBeT no,IJ;aBHTb rrpo­

uecc rH)J.pOJIH3a H HCKJIIO'IHTb ero MeWaiOllJ,ee BJIHJIHHe Ha 

cTa6unu3aUHIO Ln * B nuraH,IJ;- HaCbiJ..UeHHOH $opMe. 

KaK DOKa3aJI KOMIIJieKCOHOMeTpH'IeCKHH aHaJIH3, OT­

HOCHTeJibHaJI peTeHUHJI Ln* COBna,IJ;aeT no BeJIH'IHHe C OT­

HOCHTeJILHbiM KOJIH'IeCTBOM 3JieMeHTa MHWeHH I Pr HJIH 

Nd I B $opMe ucxo,IJ;Horo coe,IJ;HHeHHB, coxpaHHBwerocB 
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nocne npoTOHHOH 6oM6ap~HPOBKH. TaKoe coana~eHHe yKa-

3hiBaeT Ha B03MO>KHbiH 6biCTphlii o6MeH Ln * H Ln 3+ B 

pacTaopax C sH 6 - Tli<l> Me~y nepaoHaqanhHhiMH «t»opMaMH 

cTa6unu3aUHH Ln* H npo~yKTaMH pa,D;HOllHTHqecKoro pa3py­

meHHB nocne o6nyqeHHB coe,D;HHeHHii. 

Mo:>KHO 6hlno O:>KH,D;aTb, qTo o6MeHHhie peaKUHH 6y.IJ;yT 

MeHee oepoBTHhl B TBep.IJ;oii 4la3e npu cy6nuMaUHH xenaTHhiX 

«t»opM Ln * H3 o6nyqeHHhiX KpHcTannoo. Pe3ynbTaTbl TaKoro 

aHana3a .IJ;llB reKca«t»Topau;eTanau;eToHaToB npe,D;cTaoneHhi 

B ma6A. 2. BH.IJ;Ho, qTo B cnyqae xenaTa npa3eo,D;HMa o cy6-

nHMaT nepeXO,Il;JIT cpaBHHTellbHO 6nH3KHe no BeJIHqHHe OTHO­

CHTeJibHhle KOnHqeCTBa pa,D;HOaKTHBHbiX H30TOnOB H MaKpo­

KOnaqecTB npa3eO.IJ;HMa, H o6~aR KapTHHa pacnpe,D;eneHHB 

Ln*no,D;o6ua nonyqeHHoii MeTo,D;oM pacnpe,D;enuTenhHOii xpo­

MaTorpa«t»aa. 

Ho npa cy6nuMaUHH Ln* H3 Nd ;rc~>AA/ 3 6blnH 

nonyqeHbi CYUleCTBeHHO oTnuqaJOUlHecB pe3ynhTaTbl. B cy6-

nHMaT nepeXO,D;HllO llHWb 2Q-30o/o pa,D;HOaKTHBHbiX H30TOnOB 

llaHTaHH,D;OB, B TOM qucne H 139 Nd, TOr,D;a KaK CTa6HnbHOrO 

Heo,D;HMa cy6nHMHpoaanoch oKono 80o/o. 3To pa3JIHqae B pe-

3YJibTaTax MO:>KHO 06'bBCHHTb TeM, qTo B03MO:>KHaB 06MeHHaB 

peaKIJ;HB Me:>K,D;y "ropBqHM" pa,D;HOaKTHBHbiM aTOMOM H CTa-
6HllbHbiM aTOMOM B KpHCTannax reKca«t»Topau;eTHnau;eTOHa­

TOB Ln* + LnL 
3 

-• Ln + Ln*L 
3 

3aBHCHT OT npoqHoCTH xena TOB. B 

rpynne JiaHTaHH,D;OB ycToiiqHBOCTb KOMnneKCHbiX COe,D;HHeHHH 

HapacTaeT OT naHTaHa K JIJOTeiJ;HIO, n03TOMY CTa6HllH3aiJ;HB 

Ln * B «l»opMe nuraH,D;-HaCbi~eHHhiX coe,D;HHeHHii, o npuH­

uune, 6onee aepoBTHa .IJ;nB coe,D;HHeHHH npa3eO,D;HMa, qeM 

.IJ;nB Heo~aMa. Bo3MO:>KHO, qTo cy6nuMau;HOHHhlii aHanH3 He 

BHOCHT CY.UleCTBeHHbiX H3MeHeHHH B nepBOHaqanbHYIO BeJIH­

quHy peTeHIJ;HH npo,D;yKTOB B,D;epHbiX peaKIJ;HH paCUlenneHHB 

B KpHcTannax reKca«t»Topau;eTunau;eToHaToB HeO.IJ;HMa H npa-
3eO.IJ;HMa. 

KoMnneKCbl Pr /r<I>AA/ 3 ·nil 20 H Nd /rci>AA/ 3 • nll2 0 
o6na,D;aJOT npaKTHqeCKH O,D;HHaKOBOH pa,D;HOllHTHqecKOH ycToii:­

qaBOCTbiO no OTHOWeHHIO K npOTOHaM BbiCOKOH 3HeprHH. 113 

.IJ;aHHhiX ma6A. 2 cne.IJ;yeT, qTo OHH npeTepneaaJOT pa3pywe-

HHe CO CKOpOCTbiO OKOllO 16/o Ha 1 MpaO. 

9 



N 

i 
Ill 

~ 

10 

• • ::r 
i • Ill 

Q 
1>-. 

~a 
0 "' 
~ 2 
P.,:C 
>. :a • 
"" i a: Ill 
P,"( 

c: 2 
-'"" M 
~CIS 
'--' p, 
ll c: 
0 "" loC 0 
... ... 
CIS CIS 
.. a:l 
0 0 
0 .. 

u 
• ::r 

CIS 

~ = ... .. 
«< u 

= :a Ill p, 
0 0 
1>-. .. 
Uj' 

a~ 
>\..ll 

~ 
~ = II: 

• Q) . "" Ill 1>-. 
• Ill 
1110 
cu 0 

:f 
~ 
0 

,f 

I I g. : : 
I I .. Q)~ I I 
I I «< ll • I I 
IO !Ill IIIIo< 0 I 0 I 0 

: t; : = eo~ ;.• : ~' : .!tl '1:\1 1111:10\1 10'1 
., ~~ ~0 : : 
M I a:l I I I 
0D I tc 0D I I 
!:lo I lD Ill .S I I 
U II>" lDU I I 
1:111>-.liCI> NINIO. 
~ I Ill M 1111 +I I +I I +1 «< 10 Ill C"'\ I 1:'- I N 

t; I g 0~ I 0\ : : 0\ 
Ill..--, ti:I t:: Ill I I u"" I ~- ~ ~ ~-----'----+---
H'-'f I I I 

I «< .. : I --Sl : : 
I Ill .SI !-t Ill • "41 1/'\ I 1/'\ I ID : ~ =: ~ ~~~ J} : ct' : 61 
I U IIIII 011 • (I) t:ll CX) I H I CX) 
I I" '01 I< (,-< ll 01 I I 
I Ill.... 1 I I 

:::;u::; J. I 
I loC IIIII Ill = «< I 

I& :g; ~~ ""I"" 
I i I I" M IQ +f I +I 

I>. Ill 0 I 0 
IIIII g 0\ I H 

18 g~ : 
I 
I 

~ : 
~ I I 

0\ I I 
C"'\ I I l I 
H I I 

I I 
I 
I 

I I.. I 

r3' 1'41'4 
('"\ 111'111/'\ 
H I -D I C"'\ 

I 
I 

CD I 
0 I 

1/'\ I I 
C"'\ I \0 1D I 
H I +I +I I 
~ ICO Nl 

N I -D C"'\ I 
C"'\ I I 
H I I 

I I 
I I 
I I 
I I 
I I 

<3 I -"1' -"1' I 
--.__, I +I +I I 

N I H 0\ I 
C"'\ I 1/'\ .:r I 
H I I 

I I 
I I ·r 

('"\ 

6' 
CX) 

H +r 
1:'­
N 

ID +r 
1:'­
N 

..... 
+I _,. 

('"\ 

~ 
N 

I .. I I .. 
!II ltdlloCI .S 
• lliiOI ll 
::r I Ill I .. I Ill 

I :1 ~~~~:~ 
: ~ 1 [;'18lt; 

I 
I 

.. I 
td I 
IC I 
0 I 
.... I 
CD M I 

= -'"" I 
lo( :l : 
I >9< I «< ~ I 

... ..__, I 
ID 1._ I 

f.Q ~ I 

I I 
I I 
I I 
I I 
I 0 I 
I +I I 
I 0\ I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I 0 I 

: J}: 
I I 
I I 
I I 
I - I 

ID 

6' 
N 

('"\ 
+I 

0 
N 

H 
+I 

('"\ 
1:'-

-D 
+I 

('"\ 
1:'-

~. 
\0 
ID 

";'. 
0 
CX) 

Ill 
0 .. 
«< .. 
8 

M 

~ 
~ 

~ 

• 
t 
L 

i 

t 
l 

c.PopMbl cma6uAu3aiiUU paouoaK111UBHbiX amoMoe Ln *, 
UMnAaHmupoeaHHbiX e KpucmaAAbl zeKca,PmopallemuAa!lemo­
Hamoe NcJ u Zr 

3KcllepHMeHTaJILHLie pe Jym.Ta TLI xpoMa Torpa$H'-IecKoro 

H cy6rrHMaUHOHHoro aHaJIHJOB XHMH'-IeCKHX $opM Ln * , 
HMIIJiaHTHpoBaHHLIX B KPHCTaJIJILI Nd /r<I>AA/ H 

Zr /r<I>AA/4 ,llpe.LJ.cTaBJieHLI B ma6A.3.KaK BH.LJ.Ho H3 IIJJiy­

'-leHHLIX peJyJILTaTOB, )J.JIH BCeX HMIIJiaHTHpOBaHHLIX aTOMOB 

Ln *, YCKopeHHLIX B BH)J.e HOHOB Ln* ( 1+), OTHOCHTeJILHLIH 

BLIXO)J. JIHraH)J.- HaCLIIUeHHLIX MOJieKyJI, Ollpe)J.eJieHHLIH XpOMa­

TOrpa$H'-IeCKHM MeTO)J.OM, 6LIJI llpaKTH'-IeCKH O)J.HHaKOBLIM 

/OKOJIO 700/o/. IlpH BHe)J.peHHH )l(e HOHOB Ln*O+ :na BeJIH­

'-IHHa BoJpacTaJia .LJ.O 80o/o. BepoHTHo, 3To MO)I(HO o6'LHCHHTL 

TeM, '-ITo llpH pacTaopeHHH KpHcTaJIJioa Nd/r<I>AA/
3 

a 

opraHH'-IeCKOM paCTBOpHTeJie peKOM6HHaiJ;HH XeJiaTHLIX MO­

rreKyrr )J.JIH HOHOB Nd*O+ H Pr*O+ llpoTeKaeT B 6orrLweii 

CTelleHH 6rraro)J.apH llpHCYTCTBHIO a TOMa KHCJIOpO)J.a BO 

· BHe)J.pHeMOM HOHe. 

lb peJyrrLTaToB ma6A. 3 Ha IIPHMepe IIOBe)J.eHHH Tb* (+) 
BH)J.HO, '-ITO OT)I(Hr KpHCTaJIJIOB He BJIHHeT, B llpe)J.eJiaX OWH-

6oK OIILITa, Ha o6paJoaaHHe Tb* /r<I>AA/
3 

/cy6JIHMa­

UHOHHLiii aHaJIHJ/. CTa6HJIH3aUHH Tb * B JIHraH.LJ.- HaCLIIUeHHoii 

4JopMe 6Lirra 110'-ITH B 2 paJa MeHLWe llpH HMIIJiaHTaiJ;HH 

a KpHcTaJirrLI Nd /r<I>AA/3 HoHoa Tb 1 +, a IIY'-IKe KoTo­

PLix 6Lirra HeKOHTpOJIHpyeMaH IIPHMecL cTa6HJILHoro rraHTaHa 
139 

Lao+. Mo)I(Ho llpe.LJ.nOJIO)I(HTL, '-ITo B 3TOM cJiyqae a 

KpHCTarrrrax B03HHKaeT 3Ha'-IHTeJILHO 60JILWee KOJIH'-IeCTBO 

.LJ.e$eKTOB, MewaJOIUee, B Ollpe.LJ.eJieHHoii CTelleHH, o6paJoaa­

HHIO XeJiaTHLIX MOJieKyJI Tb* /r<I>AA/ 
3 

, ITOCKOJILKY '-IHCJIO 

aTOMOB, IIOIIa)J.aiOIUHX Ha MHWe.HL, B03pOCJIO 110 cpaBHeHHIO 

c HMIIJiaHTan;Heii yJILTpaMHKpOKOJIH'-IecTB /=lOu amo­
Moe/cM 2 /. 

CocToHHHe KpHcTaJIJIH'-IecKoii peweTKH Nd/r<I>AA/ 
3 

c 

TO'-IKH 3peHHH o6pa30BaHHH B Heii )J.e$eKTOB, BepOHTHO, 

6y)J.eT 3aBHCeTL TaK)I(e OT pa3MepOB BHe)J.pHeMOrO B Hee 

HOHa. Puc. J IIO)J.TBep)I()J.aeT 3TO llpe)J.IIOJIO)I(eHHe, IIOKa3LIBaH 

YMeHLWeHHe CTa6HJIH3aUHH Ln* B JIHraH.LJ.- HaCLIIUeHHoii $op­

Me c yaeJIH'-IeHHeM pa.LJ.Hyca HMIIJiaHTHpyeMo_r9 HOHa Ln* (+) 
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Puc. 1. 06pa3o6aHue Met~eHbiX xe/lamHbJX MO/IeKy/1 npu 
uMn/laHmat~uu 6 Kpucma/1/lbl Ncl /FtPAA/3 paouoaKmU6Hblx 
amoM06 Ln* / E L. + = 40 K:JB/ 6 3a6UCUMocmu om pa­
ouyca 6HeOpJieM020 nUOHa. 

PaccMaTpHBaJI HMllJiaHTaD;HIO HOHOB Tb*(+) B KPHCTaJIJibi 

Zr /rcf>AA/ 4 , MO)KHO BH.D.eTL /ma6/l. 3/, qro o6pa3oBaHHe 

Tb}'rcf>AA/3 npoHCXO.D.HJio a He3HaqHreJILHoii creneHH, aepo­

JITHo, H3- Ja BLICOKoii ycroiiqHaocrH Zr /rcf>AA/ 4 , acnee.cr­

BHe qero 6oJILWHe no pa3Mepy HOHLI rep6HJI I r =0,93 A I 
He Moryr BLITecHHJL H3 peweTKH Zr jrcJ>AA/ 4 HOHLI n;Hp­

KOHHJI I r =0,79 A/ H o6MeHJITLCJI c HHMH. KpoMe Toro, 

MO>KHO npeJ],llOJIO)KHTb, qTQ B03HHKaJOID;He npH HMllJiaHTaD;HH 
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Ta6JIHL(a 4 

CTaCh!ml38l{I1R /_n :tE- B JUiraH,n-H8Cblll\8HHOtl tlJOptle (%), TIOCJie 

oGJ1ylieHl1R Kpl1cTannoB Nti(riiiAA)3 · n H~O rrpoToHaMl1 c 

Sp = 660 !;laB 11 UMTIJI3!1T8l\VIIl HOHOB 4, •(
1
• C E Lt! ... = 40 KSB 

&/ 
XpoMa TorpaltJl1qecKl1~ 

8H8JIH3 

660 MaB p r 40 K3B ~*( +) 

cyonl1MamtoHHw1 
8H8Jll'l3 

Cc 

Pr 

Nd 

5 9:!:.3 

75±.2 

59t,I4 

72±.8 

7I 

63t..IO 

660 M3B p I 40 K3B Ln w(+) 

'54±. I 

27±.6 

27t.I 

27t.IO 

30 

43±_3 

LJ.e¢eKTbi KpHcrannHYCCKOH pelllCTKH Zr jr<I>AA/-1, o6pa3yH 

pa3ynopHLJ.OYCHHblC 30Hbl, npC!1HTCT8YJOT peaKUHHM 'I h' (I 1 ) C 

clJpai'MCHTaMH MOJ1CKYJ1 H, TCM CaMbiM, o6pa30BaHHIOJ1HI'aHLJ.­

HaCbiJUCHHbiX clJopM Tit. KaK noKa3biBaJOT pe3yiibTaTbi, 

/r /f'<I>AA/-1 !10CJ1C HMHJlaHTaUHH B ero KpHCTaJIJlbl HOHOB 

Th' (!) cy6nHMHpyercH noYTH nonuocTbJO /94o/o/, YTO ro­

BOpHT 0 ero HC3HaYHTCJ1bHOM pa3pylllCHHH. 3TO llOHHTHO, 

llOTOMY YTO LJ.CCTpyKUHH Manoro CJ10H BCIUCCTBa, Bbl3biBaCMaH 

HMHJlaHTaUHCH HOHOB, CYll.ICCTBCHHO HC BJ1HHCT Ha IlOBCLJ.CHHC 

ero ocHoBuoii Macchi npu cy6nHMaUHH. OoBCLJ.CHHe )I(C 

HMllJlaHTHpOBaHHbiX HOHOB, HX peaKUHH 6yLJ.yT OllpCLJ.CJ1HTbCH 

COCTOHHHCM HMCHHO 3TOrO IlOBCpXHOCTHOrO CJ10H. 

AHanH3HPYH H cpaBHHBaH pe3yiibTaTbi, xapaKTepH3YJOlliHC 

XHMHYCCKOe llOBCJI.CHHC OLJ.HHX H TCX )I(C aTOMOB Ln". BBC­

Jl.CHHbiX B KpHCTaJ1Jlbl ~d/r<I>AAf3 pa3HbiMH CllOCo6aMH 

/o6nyYeHHeM nporoHaMH c FP = 660 M:JB H11H HMnnaHrauueu 

HOHOB, ma6/l. 4/, MO)I(IJO CKa3aTb, YTO OHH llOKa3biBaJOT 

3HepreTHYCCKYIO HC3aBHCHMOCTb llOBCLJ.CHHH paLJ.HOaKTHBHbiX 

aroMoB Ln . CymecrBeHHbiMH $aKTopaMH, BJ1HHIOll.IHMH Ha 

XHMHYCCKHC peaKIJ,HH H $opMbl CTa6HJ1H3aUHH Ln *. HBJ1H­

IOTCH YC110BHH 3KCDCpHMCHTa /XHMHYCCKHH COCTaB CpCLJ.bi, 

COCTOHHHC KpHCTannHYCCKOH peiiiCTKH/. 

qTO KacaeTCH npaKTHYCCKOrO HCllOJ1b30BaHHH HCCJ1CLJ.O­

BaHHbiX 6era- LJ.HKCTOHaTOB npa3COLJ.HMa H HCOLJ.HMa, TO 

14 

MO:>IUIO CKa3aTb, YTO H3- 3a BbiCOKOH CTCilCHH peTCHIJ,HH 

paLJ.HOaKTHBHbiX aTOMOB JlaHTaHHLJ.OB H, CJ1CJI.OBaTeJ1bHO, LJ.O­

BOJlbHO HH3KOH CTCllCHH o6orall.ICHHH llpH HCCJ1CLJ.OBaHHbiX 

YC110BHHX OHH MallO llOLJ.XOLJ.HT Jl.J1H HCDOJ1b30BaHHH B KaYeCTBe 

MaTepuana MHIIICHH. 0LJ.HaKO 3KCI1CpHMCHTbl DO HMllJlaHTaUHH 

Ln * ( l+ l noKa3biBaiOT, YTO 3TOT MCTOLJ. MO:>KeT cny:>KHTb 

LI.11H OUCHKH YCTOHYHBOCTH llOLJ.06HbiX opraHOMeTaJ1J1HYCCKHX 

KOMI1J1CKCOB. 

B JaKniOYeuue aBropbi Bbipa:>KaiOT 6naroLJ.apHOCTb 

HryeH ryHHb Mai H M .ALJ.HJI6HIII 3a DOMOlllb npH BblllOJ1HCHHH 

OT Jl.CJlbHbiX 3TallOB pa60Tbi. 
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PyKonucL nocrynuna B HJAarenLCKHH OTAen 
3 Mapra 1975 roAa. 

fpou011a H.H., 3aAneaa H.r., HcnaMosa X.M., 
ne~Se.Qea H.A. P6 - 8651 

41opMhl cra6BnB3anBa pallaoaxrlfBHhiX aroMOB nasraHHllOB 
Bo.+roplfpOBaHHhiX 6&T8-llRX&TOH8T8X npa3&0ll8M8 H H80llBM8 

\ Ma~eao XBMB~ecxoe nosenesae pallBoaxrasswx aroM9B naaraHallos, o6-
JNI3YXilllllxc.a npB oCSny~eKBB rpaljlrop- a rexcaljlropaneranaueroaaros npaaeoAB;· 

.~ • a B80llBNa np·ot'OHMB c E P .. 660 MaB a npa HMnnaaTaiiHa aoaos Ln* 1+ 

(E.,.~ • 40 ~~:aB) B xpacrannw rexcaljlropaueranaueroaara aeonawa. Cy­
JqecT'BeBswM.il tjlaxropaMa, BnlffiiOIIlBMB sa XIIMH~ec•e peaxn11a H 4roJ>uw cra-
C5RRB3UBB Ln* 1 JIBollfiiO'I'Cfl fCoiiOBBfl 9KCnepBM9HT8 ( XHMH~eCKBA COCT8B Cpe-
llWo cocrooae KPHCTannB"'ecKoll pewerxa). PeayJJbTa1'hi

1 
xapaKrepH3YIDIIlRe 

D08&.Q8HB8 O.QHBX B TaX JKe ATOMOB Ln*, BBe.QeHHhiX B KpHCT8oiioiihl 
Nd(f41AA) 3 pa3BhiMB cnoco6aMB (o6ny'feaaeM nporoaaMB ana HMnnasrauBeA 
BOBOJI)", rioxa3hiB8101' 9Beprera~ecxyro He38BKCBM«:n. llOI!I&.Q&KHB pa.QBOBKTBB-

.IIWX arowoa Ln. 
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