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S u m m a r y 

The chemical behaviour of ~Zr and 87 my 
atoms formed in zirconium and yttrium beta­
diketonates irradiated with high energy pro­
tons has been studied using liquid chromato­
graphy and vacuum sublimation. It is shown 
that the yield of the different: chemical 
forms depends on the type of beta-diketo­
nate, on the presence of tributylphosphate 
(TBP) as organophosphorus down in the solu-
tion and on the aggregate state of the 
chelates by the irradiation. 

The results obtaind confirm the great 
importance of thermal reactions of "hot" 
atoms. 

@1974 06M?OUHeHHbiU UHC171UIIIY171 JIOepHbiX UCCAeOoaaHUU ,[fy6Ha 

- flpH H3y'leHHH XHMH'IeeKHX 3qxpeKTOB JI,nepHbiX npeBpa­
~eHHH B o6ny'leHHbiX 6eTa- ,I:{HKeTOHa TaX MeTannoB 6onLWaJI 
qaeTL eae.neuaB: .no noene.nuero apeMeua 6blna nonyqeua 
,I:{llJI KOMnneKeOB e aiJ;eTanau;eTOaOM - npoeTeHwHM B 3TOM 
Knaeee eoe.naueuaB: KoMnneKeoo6pa3oBaTeneM /eM. B /I/ /. 
0 XHMH'IeeKOM llOBe,neHHH pa,naoaKTHBHbiX aTOMOB, B03-
HHKaiO~Hx npa o6nyqeuaa eaeTeM, eo.nep)l(a~x cllTopapo­
BaHHble narau,nbl, nepable peJynLTaTbl 6blna ony6naKoBaHbl 
B pa6oTe /2/, r .ne 6blno noKaJauo, 'ITO B o6ny'leHHbiX eye­
neHJHJIX MeTaJIJIH'IeeKax nopomKoB Zr ana Nb B paeTBopax 
au;eTanau;eToua, T~HcllTopau;eTanau;eToua a reKeacllTopau;e­
Tanau;eToua eTa6anaJau;aJI pa,naoaKTHBHbiX aTOMOB Zr a 
Y e o6pa30BaHHeM eOOTBeTeTBYIO~HX Me'leHbiX xenaTOB 
npoTeKaeT B pa3HH'IHOH CTeneHH B 3aBHCHMOCTa OT THna 
6eTa-,naKeToua: ua 15-25~ B au;eTanau;eToue a ua 40-80'*' 
BO cllTOpHpOBaHHLIX 6eTa- ,naKeTOHaX. 

HacTOJI~aJI pa6oTa .&BnJieTcJI npo,non)l(euaeM uamax ac­
cne,noBaHaH /2/, a u;enL ee 3aKnJO'IaeTCJI B H3y'leHaa XaMa­
'lecKoro noae,neHHJI pa,naoaKTHBHbiX aTOMOB Zr a Y, o6pa-
3y~axcJI npa o6ny'leHaH BLICOK03HepreTa'leCKaMH npOTO­
HaMH cllTopapoBaHHbiX 6eTa-,naKeTOHaTOB 3TaX 3lleMeHTOB, 
C TeM, 'IT06bl OIJ;eHHTL BllHJIHae CTeneHH cllTopapoBaHHJI 
xenaTa ua XHMH'IecKae cllopMbl cTa6anaJau;aa pa,naoaKTHB­
HLIX aTOMOB. B nocne.nuee apeMJI cllTopapoaauuLie 6eTa­
,naKeToHaTbl MeTannoB npaaneKaiOT ace 6onLwee BHaMauae 
HCCne,noBaTeneH a3-3a CBOaX clla3HKO-XHMa'leCKaX eBOHCTB 
/BLICOKaJI TepMa'leCKaJI CTa6anLHOCTL, neTy'leeTL/, 'ITO 
JIBHllOCL BeCLMa cy~eCTBeHHLIM ,nnJI llPHMeHeHaJI HX B aua­
naTH'IeCKaX u:en.11x /3,4/ . .HJyqeuae noae,neua.11 pa,naoaKTaa­
HLIX aTOMOB B TeX ana aHLIX ycnOBaJIX OllbiTa ll03BOnaT 
OIJ;eHHTL B03MO)I(HOCTL HCllOllL30BaHaJI 3TaX COe,naHeHaH 
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B pa,n:HOXHMHqeCKOH npaKTHKe B KaqecTBe MHllieHeH .D:JUI 
o6nyqeHHH H nocne,n:yroll.\ero Bbl,n:eneHHH H3 ilux pa,n:uoaK­
THBHLIX npo,n:yKTOB. 

3KcnepUMeHIIQAbHQR ~QCIIb 

B ma6A. 1 npHae,n:eHLI 6era- ,n:HKeroua Tbl Zr H Y, KOTO­
pble fiLIITH CHHTe3HpoaaHLI HaMH llO B3BeCTHblM MeTO,n:H­
KaM /5,6/ H cny>KHnH B Kaqecrae o6nyqaeMLIX coe,n:HHeHHH. 
liera- .D:.HKeTOHLI H/TCI»AA/ H H/r«<»AA/ 6LinH MapKH Koch­
Light 'Lab, LTO, Colnbrook-lllcks, mgl.; H/TCI»A-H·liM/ 
H H/TCI»A-H·BM/- MapKH Elstman Codak Co., USA. XenaTbi 

Zr/TCI»A-H-liM/4 H Zr/ TCI»A-H-BM/4 anepaLie CHH-
Te3HpoaaHbl HaMH. OuH npe,n:craansror co6o:H 6enLie KpH­
crannbl, xopowo pacraopHMLie a oprauHqecKiiX pacrao­
pHTenJix ( C6H 6 , CC1 4 , CHC1 3 , C6H 12). 

Ta6~1 

HeKO'l'OJiie WfOJlBpoBiliWle 6e'1'8-,JtDe'l'oBA'J.'JI l r • Y • 
Hcxo,Jglld · .6e'!'a-,JtDeTo- · TeMD.epaTJpaociUJaue-
6eT&-AK- ~OPMJ&a a MOA.JeC BAT llllSI, 

lt8TOJl ( COlt p&llleaBOe 
o60SBA'I8De) HaD on- .DTepaT)'l)-

pe,~teJle- &e ,ll&JIBIIe 
llllSI 

TJ!Btrop- Cll:3C~COOH3 tr (T~AA)4 128-129 128-130[6] 
&IleTJU-
&IleTOB 154,0 y (~AA)3 135-136 146-14BC7J 

132 t8J 

TPB!J1rop- Cll:3COC~COCH (CH3)2 tr(NA-a-81)4 86-87 Be or 8.IleTJU-
-aso-6y- 182,1 ::=:-
TPE)iorol)- Cil3C~C~CH(CHg)~ tr(~-a-111)4 68--69 aeor 
&IlCft.l-
aso-JI8Jle- 196,7 
pulle'r8H 

~e.Jtc$op- ~3C~COCils ll" (NAA)4 I 145 152-154 [9] 
Ul8rB~- 39-42 [1Q) Uleroa i 

208,0 Y(Nll)3 ! 135-137 142-144 [7] 
-- ----
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Mero,n:HKa no.n:roTOBKH H o6nyqeHHB o6pa3~oa, xpoMa­
rorpal!>uqecKoro H cy6nHMa~HOHHoro pa3,n:eneHHB XHMHqec­
KHX 4lopM pa,IUIOaKTHBHbiX a TO MOB Zr H Y H HX pa,n:HO­
MeTpHqeCKOH H,n:eHTHI!>HKa~HH Ha OCHOBe llOBe,n:eHHB 86 Zr H 
87 m Y no,n:po6HO OllHCaHa B pa60Te /l/ . 

06nyqeuHe xenaroa npoao.n:unocL ua BbiBe.n:euuoM nyq­
Ke nporouoa c 3Heprue:H 660 MaB H HHTeHCHBHOCTLIO 
-1011 npOIIOH/Celf npH 0611.\eM llOTOKe 3a apeMB o6nyqeHHB 

15 2. 7 -
6.10 npOIIOH/cM. Jl, COOTBeTCTBeHHO, .ll:03e 1,8.10 pa6. 
KpucrannHqec~ue o6pa3~LI o6nyqanHCL a aaKyyMupoaau­
HbiX aMnynax. PacraopHTeneM .n:ns npuroroaneHHB pacrao­
poa xenaroa, a TaK>Ke ,n:ns 3niOHpoaaHHB xenaTHbiX l!>opM H3 

xpoMaTorpai!>HqecKOH KOITOHKH Cny>KHIT 6eH30IT. B ps,n:e 

OllbiTOB, HCXO.D:B H3 H3BeCTHbiX ,n:aHHLIX 0 CHHepreTHqeCKOM 
34>1l>eKTe oprauoll>ocl!>opHbiX a.n:,n:yKroa /II-13 I, Mbl H3yqanH 
anHJIHHe TpH6yTHnl!>ocl!>ara /Tliel»/ ua xpoMarorpal!>uqecKoe 
pacnpe,n:eneHBe XHMHqeCKHX 4lopM 86Zr H 87my, HCllOITb3YB 
0,1M pacraop oqHII.\eHHoro Tliel» a C6H6. 

~nB o~eHKH creneHH o6pa3oBaHHB xenaTHbiX MoneKyn 
86 Zr H 87my Mbl HC,OITL30BanH TaK >Ke, KaK H B cnyqae 

C a~eTHna~eTOHaTaMH I/, MeTO,n: BaKyyMHOH cy6nHMa~HH 
KpHcrannoa. OnTHManLHble ycnoBHB cy6n&Ma~HH 6blnH ua:H­
,n:eHbl npe.n:aaparenLHO .n:ns Ka>K,n:oro xenara, OHH npHae,n:eubl 

HH>Ke B IIQM. 4. 3TOT MeTO.D: ,n:aeT B03MO>KHOCTL HCKITIOqHTL 
BTOpHqHLie 34>1i>eKTbl, KOTOpble MOryT B03HHKaTL npH paCT· 
aopeHRH xenaroa. O,n:HaKo HcnonL3oaaHHbiH Mero.n:xpoMaTo­
rpai!>HqecKoro pa3,n:eneHHJl XHMHqecKHX 4lopM ll03BOnBeT HaM 
cpaBHHTL DOBe,n:eHHe pa,n:HOaKTHBHbiX aTOMOB llpH o6nyqeHHH 
cycneH3HH nopoWKOB MeTannoa a 6era- .D:HKerouax /2/ H a 
o6nyqeHHbiX 6era- ,n:aKeToHa rax /uacTOBII.\aJI pa6ora/. 

PeayAbiiQIIbl u ux o6cyxoeHue 

3KcnepHMeHTanLHble pe3ynLTaTbl, nonyqeHHble npa xpo­
Marorpai!>HqecKoM pa3,n:eneHHH XHMaqecKHX l!>opM pa,n:aoaK­
THBHbiX aTOMOB Zr H Y , o6pa3yiOII.\HXCB npH o6nyqeHHH 
6era-,n:HKerouaroa, npe.n:craaneHbl a ma6A. 2, r.n:e npaae-
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Taci.DIIB 2 

Pacnpe,lleJieiDie 86 l ro • 87,., Y (%), odpas7J11111XCS DPI 

odJIY"'eiUIII dfta-,llDe'l'OBa'l'OB Z,. • Y , 11~ O'l',lle.liJaJIIIU 

XBIIJA8CUIIJ! ~JIIf.IIIIB DPI IIX Xpc-.ft'l'O~ecJEOII Pf18lteJieBU. 

Xe.IIB'l' 
T.Arpera'l'aoe 
l~oo'l'~e ------~~---+--~~~~-­
'! xe.ra'!'a npa 86 ::z 

od.1;V"'eBD z:: r 

t'J.(~)4 KIJKC'l'UJIH 9,~,6~ 0 . 12,6z5,6: 74,2±3,1 

P8C'l'BOP 13,7;t2,3 1 34,1±4,5 Il,J±0,6 41,fix0,8 
--- ---- -- I - -l -- --- ~ - ----- -- -T - ----~- -----------.............., 

ti"(~A-Kso-111)4 : R.PKC'l'a.uH 48,1±0,2; 3,4,±3,4 12,4±!,4 56,1±2,4 

! p8C'l'BOP 29,1±1,1 i 4,4±4,4 37,8;t8,8 68,6;t0,2 

b (~A-aso-BI)4 
1 

KPIC!'U.III 40,6±1,41 2, 7±0,2 7 ,9j,:2,I 63, 7;t2,1 
. I -

p8C'l'BOP 30,(),±3,a \ 2,1;t2,I 29, 7±0,4 60,J:t2,8 

tr (NAA)4 'RPIC'l'a.Lllli 24,2;t2,0 ~ 0 14,~,1 78,7~,1 

. PflC'l'BOP 18,5,±3,9 8,2±0,2 15,1;t2,7 80,1±4,4 

lr<AA>
4 

[r] ! xpac'l'aJVIH 14,0;t0,8 26,4±1,2 9,1;t2,0 17,2±1,1 

! PflC'l'BOP 22,8;t8,9 36,5±8,0 12,8±5,7 17,2±4,9 

Y (~AA)J 'KPKC'l'a.Lllli 43,Q;t5,0 4,8±0,2 44, 7±7,1 50,4,±3,2 

Y<NAA)3 

Y <AA> r1 ~ 3 - ~ 

: PflC'l'BOP II,Qx4,0 12,0j;I,8 50,4±1,3 40,5,±3,9 
,--- ., 

KPIC'l'a.Lllli 17,6±1,4 0 46,5±4,3 69,J±1,8 

p8C'l'BOP 26,1±10,7 0 55,6±1~ 60,7±1,8 

KPIC'l'a.Lllli 41,3±6,0 2I,J±6,3 22,Q;t5,5 12,7~.4 

PflC'l'BOp 16,B±J,2 15,8±4,4 43,1,±3,9 67,ot,6,8 

,IJ;eHLI aenH'IHHLI, xapaKTepH3YIOli.\He cTa6HnH3a~HIO 86 Zr H 
8 7m Y B 4JopMe MaTepHHCKHX /xenaTHLIX/ MOJieKyn H B 4JopMe 

MOJieKfJI C ,IJ;ei}HnuTHLIM 'IHCJIOM nHraH,Il;OB, paCC'IHTaHHLie 

H3 COOTHOWeHHJI: 
m=n + m+ 

P(Men+ ( JIHraH,IJ;) J~m~ 
1

P (Men ( JIHraH,IJ; )n-m] +PMe n+ .. lOO%, 

r,IJ;e p- ,!J;OJI~ 86 Zr HJIH 87m Y B COOTBeTCTBYJOII.leB XHMH· 

qecKoii 4JopMe; nzr -4, ny = 3; n > m • 
~JIJI cpaaHeHHJI ,IJ;RHLI pe3ynLTaTLI, nony'leHHLie paH;e 

,IJ;JIJI o6ny'leHHLIX a~eTHJia~eTOHaTOB 3THX MeTannoB /1 • 
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IlpHBe,IJ;eHHLie BeJIH'IHHLI JIBnJIIOTCJI cpe,ll;HeapH4JMeTH'IeCKHMH 

3Ha'leHHJIMH H3 'IHCna N:? 3 H ,n;aHLI co cpe,IJ;HeKBa.n;paTH'IHOii 

OWH6KOB. 
H3 pe3ynLTaTOB ma6A. 2 BH.IJ;HO, 'ITO aTOMLI 86 Zr npH 

o6ny'leHHH 4JTopHpoaaHHLIX xenaToB Zr H Y cTa6HnH3Hpy­

IOTCJI B 4JopMe xenaTHLIX MoneKyn Zr (·L )4 c HaH6onLWHM 

BLIXO,IJ;OM /40-45~/ B o6ny'leHHLIX KpHCTannax 

Zr /TCI>A-H-BM/4 , Zr /TCI>A-H·IiM/4 _ HY /T4lAA/s, T.e. 
a xena:tax c ire-c:HM:Me'fpB:"iiioif HiiH 6onee pa3aeTaneHHoii 

CTPYKTypoii; ,IJ;JIJI ,IJ;pyrHx ~e 4JTopHpoaaHHLIX xenaToa 3Ta 

aeJIH'IHHR KOne6neTCJI B HHTepaane 10-30~. 0THOCHTeJILHO 

BLICOKHB BLIXO,IJ; 86zr /40-50~/ B 4JopMe C ,IJ;e4JH~HTHLIM 
CO,IJ;ep~aHHeM JIHrRH,IJ;OB Ha6niO,IJ;RJICJI ,IJ;JIJI 4JTOpHpOBRHHLIX 

6eTa-)\HKeTOHRTOB HTTpHJI, T.e. B OTCyTCTBHe MaKpOKO· 

nH'IeCTB H3oTonHoro aemecTaa. 
qTO KacaeTCJI noae,n;eHHJI 87m Y , TO BH,IJ;HO, 'ITO ero 

RTOMLI CTa6HJIH3HPYIOTCJI npeHMYII.leCTBeHHO B 4JopMaX C 

,IJ;e4JH~HTOM JIHraH,IJ;OB H B O'leHL He3HR'IHTeJILHOB CTelleHH -

a xenaTHoii 4JopMe, 3a HCKniO'IeHHeM pacTaopa Zr /TCI>AA/4 • 

IlpH cpaaHeHHH xpoMaTorpa4JH'IecKoro noae,IJ;eHHJI
86 

Zr H 
87m y B o6Jiy'leHHLIX 6eTa·,IJ;HKeTOHRTRX BH,IJ;HO, 'ITO HaH· 

6onee 3aMeTHoe BJIHJIHHe CF 
3 

- rpynn, axo.IJ;Jili.\HX a MoneKyny 

xenaTa, Ha6niO,IJ;aeTCJI ,IJ;JIJI aTOMOB 87m Y: ao acex 4JTopHpo-

aaHHLIX xenaTaX, He3RBHCHMO OT CTeneHH HX 4JTopHpOBRHHJI 

/TCI>AA H rcJ>AA/, pa,ll;HORKTHBHLie aTOMLI Y CTa6HJIH3H· 

pyiOTCJI npeHMYII.leCTBeHHO B 4JopMaX (Y•ln-m) m+. 
CpaaHeHHe BLIXO,Il;OB xenaTHLIX 4JopM pa,ll;HOaKTHBHbrX 

aTOMOB Zr H Y npH o6ny'leHHH 6eTa·,IJ;HKeToHaTOB MeTan­

noa I ma6A. 2/ H cycneH3HB nopOWKOB Zr MeT. H N~ reT. B 
pacTaopax 6eTa-,IJ;HKeTOHOB /AA, TCI>AA H re~>AA/ 2 

noKa-

3LIBaeT, 'ITO 86 Zr H 87 m Y cTa6HJIH3HPYIOTCJI c HaH60JIL­

WHM BLIXO,IJ;OM B cycneH3HJIX 4JTOpHpOBRHHLIX 6eTa- ,!J;HKeTOHOB 

/70-80/~ no cpaaHeHHIO c H/AA/ j-20~/, ,!J;JIJI caMHX 

~e 6eTa- ,IJ;HKeTOHaToB TaKoro 341clleKTa CF3 -rpynn He Ha6niO­

,IJ;aeTCJI. 3To npoHcxo,IJ;HT 3a c'leT Toro, 'ITO CF 3 - rpynnLI, 

o6JIR,IJ;RIOli.\He 60JILWHM 3JieKTpOHHLIM CpO,Il;CTBOM, He yCHJill· 

BRIOT ycTOB'IHBOCTH 4JTOpHpOBRHHLIX 6eTa· ,IJ;HKeTOHRTOB K 
peaK~JIM pacmenneHHJI npH pacTaopeHHH /14,15/. TaKHM 

o6pa30M, llOJIY'feHHLie pe3yJILTRTLI llOKR3LIBaiOT, 'ITO BnHJIHHe 

4JTopMeTHJILHLIX rpynn B paCCMOTpeHHLIX 4JTOpHpOBRHHLIX 
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cacTeMax npoJianJieTcJI He acer,D.a, a TOllhKO a onpe,D.eneH­

HbiX YCllOBHJIX. 

Pe3ynLTaTbl, nonyqeHHhle npH H3y'leHHH anHJIHHJI Tlicl> 
Ha pacnpe,D.eneHHe 86 Zr H 87m Y cpe,D.H xHMH'IeCKHX 

~OpM xpoMaTOrpa~H'IeCKHM MeTO,D.OM, npe,D.CTaBneHbl 

B 111a611. 3. 

CpaBHHBaJI 3TH pe3ynLTaTbl c ,D.aHHbiMH 111a611. 2, MO)I(HO 

C,D.enaTb BbiBO,IJ. 0 TOM, 'ITO BBe,D.eHHe Tlicl> B paCTBOpHTenb 

oco6eHHO 3aMeTHO anaJieT Ha noae,D.eHHe 87 m Y ·: TaK, ero 

BbiXO,IJ. B xenaTHOH ~OpMe yaenH'IHBaeTCJ!, C ,D.e~HUHTOM 
naraH,D.OB yMeHbruaeTCJI, a B HOHHOH ~OpMe H3MeHJieTCJI 

a He3Ha'IHTenLHoii cTeneHH. Ha pacnpe,D.eneHae 86 Zr no 

XHMH'IeCKHM ~OpMaM npHCYTCTBHe T licl> Mano BllHJieT B 

cnyqae Zr /Tcl>AA/ 4 • HO OHO cymecTBeHHO CKa3b1BaeTCJI 

.D.nJI xenaToa Y /T(f)AA/3 a Y /r(f)AA/3 · 
IlonyqeHHble pe3yllbTaTbl n03BOllJIIOT CKa3aTb, 'ITO ,D.eii.­

CTBHe Tli(f) Ha&6onee 3aMeTHO npOJIBllJieTCJI, KaK H npH 

>KH,IJ.KOCTHOH 3KCTpaKUHH, B TeX cnyqaJIX, KOr,D.a xenaT 

ra,D.paTapoaaH: .D.llJI HTTPHJI H3BeCTHo, 'ITO ero xenaTbl, 

KaK H xenaTbl ,D.pyrHX pe,D.K03eMellbHbiX 3lleMeHTOB, CO,D.ep­

>KaT B CBOeii. KOOp,D.HHaUHOHHOH C~epe MOneKynhl BO,IJ.bl, 

KOTOpble TPY.D.HO y,D.anaTL 11 61, .D.nJI uapKOHHJI >Ke 6e3BO,D.Hble 

xenaTbl MeTO,IJ.H'IeCKH nony'IHTb. ,IJ.OCTaTO'IHO nerKO I l7/ • 

Pe3ynLTaTbl 111a611. 2 a 3 noKa3biBaiOT ,'ITO a 3aaac&Mo­

CTH OT HCXO,IJ.HOrO xena Ta BbiXO,IJ. o6pa3UOB• 86 Zr H 87m Y 
C nOllHbiM H ,D.e~HUHTHbiM 'IHCllOM naraH,D.OB B O,IJ.HHX cny­

qaJIX BbiWe npH o6nyqeHHH XenaTOB B TBep,D.OM COCTOJIHHH, 

'leM npH o6ny'leHHH paCTBOpOB, B ,D.pyrHX Clly'laJIX OH 

HH>Ke HllH O,D.HHaKOB B npe,D.enax OWH60K OnhiTa. 

0 XHMH'IeCKHX ~OpMaX CTa6HnH3aUHH pa,D.HOaKTHBHbiX 

a TO MOB Zr H Y , nonyqaeMbiX aaKyyMHOii cy6nHMauueii 

KpHCTannoB, MO>KHO Cy,D.HTb no ,D.aHHbiM 111a611. 4 H puc. 1,2. 

Pe3ynLTaTbl, nony'leHHhle npH cy6nHMaUHH Heo6ny­

qeHHhiX H o6ny'leHHbiX o6pa3UOB H noKa3b1BaiOIUHe CTeneHb 

nepexo,D.a MaKpoKonaqecTaa aemecTaa a cy6nuMaT, roao­

PJIT o TOM, 'ITO ucxo,D.Hhle o6pa3Uhl Zr ;rc~>AA/ 4 a 

Y /Tcl>AA/.,_ cpe,D.H ,D.pyrHX HCClle,D.OBaHHbiX HaMH xenaTOB 

xapaKTepH3YIOTCJI MeHLWeii neTy'leCTbiO: y /Tcl>AA/3 ,D.eii.-
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•oHa•oe u••pu.JI. 
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CTBHTeJibHO Mano neTy'l / 7/ , a Zr lrcJ>AAI 4 • KaK ITOKa3aJIH 

Hawn 3KcnepnMeHThl, qacTH'IHO pa3naraeTcs npu cy6nu­

Mau;uu. Cne)],yeT TaK>Ke OTMeTHTh, 'ITO Zr ITcJ>A-n-liMI
4 

, 

Zr ITcJ>A-n-BMI 4 u Y lrcJ>AA/a o6na)],aiOT MeHbrneii pa­

JJ.Hau;noHHoii ycTOH'IHBOCTbiO no cpaBHeHHIO c JJ.pyrHMH xe­

naTaMn • 

.H3 puc. J H 2 BH)],HO, 'ITO o6pa30BaHHe xenaTHhlX 

MOJieKyn 86 Zr 3aBHCHT OT CTeneHH 41TopupoBaHHS HCXOJJ.· 

Horo xenaTa: 'leM 6onbrnee qucno CF 3 -rpynn COJJ.ep>KHTCs 

B 6eTa- .IJ..HKeTOHa Te, TeM 60nbrnag )],OJIS a TO MOB 86 Zr ne­

pexoJJ.HT B cy6nnMaT. BwxoJJ. >Ke xenaTHbiX MoneKyn 
87

m Y 
yBeJIH'IHBaeTCS )],JIS o6ny'leHHhlX 6eTa· )],HKeTOHaTOB HTTpHS, 

a JJ.JIS coeJJ.HHeHHH .u;npKOHHJI OH MeHseTcs Mano. KpoMe 

TOrO, CJie)],yeT 3aMeTHTb, 'ITO O)],Ha H Ta >Ke BaJieHTHOCTb 

.u;eHTpanbHoro aToMa MeTanna B HCXOJJ.HOM xenaTe u o6pa-

3YIOI.IJ;erocs paJJ.HOaKTHBHoro aToMa o6nerqaeT o6pa3oBaHne 

Me'leHhlX xenaTHhlX MOJieKyn /IS/. 
lflyqeHue raMMa- cneKTPOB, nony'leHHWX )],JIS cy6nnMa­

TOB OT o6ny'leHHWX KPHCTannoB 6eTa- JJ.HKeToHaToB Zr , 
noKa3ano, 'ITO o6Hapy>KeHHwe raMMa-nnHHH npnHaJJ.Jie)l(aT 

paJJ.HOaKTHBHWM H3 oTonaM .u;npKOHHS:: . 242 K 3B ( 86 Zr) , 
510 K3B (aHHHr. nHK), 908 K3B ( 

89 Zr ) npH YCJIOBHH, 

'ITO H3MepeHHS npOBO)],HJIHCb cpa3y nocne OKOH'IaHHS cy6-

JIHMa.IJ;HH. Cne)],yeT 3aMeTHTh, 'ITO KpoMe 86 Zr u 89 zr 
)],pyrue H30TOnhl .IJ;HpKOHHS He MOrJIH 6WTb 06Hapy>KeHhl no 

YCJIOBHJIM 3KCnepHMeHTa. 

raMMa-cneKTphl cy6nHMaTOB OT o6nyqeHHhlX xenaTOB 

HTTpHS CO)],ep>KaT raMMa-nHHHH, KOTOphle B OCHOBHOM OT· 

HOCSTCS K H30TonaM Y I 85 Y , 86 Y , 87m Y I H Zr j86zr I. 
PaccMaTpn:sas nony'leHHhle pe3ynhTaTw, MO>KHO CJJ.e­

naTh 3aKJIIO'IeHHe 0 TOM, 'ITO TOJibKO 6eTa- )],HKeTOHaThl.IJ;Hp­

KOHHJI, 6naro.II.,apg pa.II.,HOXHMH'IeCKOH 'IHCTOTe nony'leHHOrO 

cy6nHMaTa, MOryT 6WTb HCnOJib30BaHhl B npenapaTHBHOM 

OTHOilleHHH, B 'laCTHOCTH, .II.,JIJI nonyqeHHJI Me'leHhlX xenaTOB 

.IJ;HpKOHHJI MeTO.II.,OM BaKyyMHOH cy6nHMa.IJ;HH. 

0 B03MO>KHOM MeXaHH3Me 06pa3 OBaHHJI pa3JIH'IHbiX XH­

MH'IeCKHX 4lopM pa.II.,HOaKTHBHbiX aTOMOB, B03HHKaiOUUIX npH 

o6nyqeHHH 6eTa- .IJ..HKeTOHaTOB BhlCOK03HepreTH'IeCKHMH npo­

TOHaMH, .IJ..OBOJihHO no.II.,po6Ho roBopunocb B pa6oTe II/. Pe-

3YJibTaTw, nony'leHHwe B HacTOJI~eii pa6oTe, noKa3wBaroT 
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BnHRHHe XHMH'IeCKO~ cpe~~, B KOTOpO~ llpOTeKaeT CTa6u­
nH3ai.J;HR aTOMOB, B03HHKaiO~HX B pe3ynLTaTe R~epH~X 

peaKI.J;H~, H OO~TBep)l{)l:aiOT TeM CaM~M 6onLlllOe 3Ha'leHHe 
TepManLu~x peaKu;u~, onpe~enReM~x nocne~yro~e~ xuMu­
qecKo~ o6pa6oTKO~ o6nyqeuuoro o6pa3u;a. B ~auuoM cny­
qae OOKaJaHO BnHRHHe Ha peaKI.J;HH pa~HOaKTHBH~X aTOMOB 
Zr u Y paJnuqu~x 3aMeCTHTene~, ciJTop-MeTunLu~x u 
MeTHnhH~X rpynn, BXO~R~HX B COCTaB MOneKyn~ xenaTa, 
OT KOTOp~X 3aBHCHT yCTO~'IHBOCTL BHYTPHKOMIIneKCH~X 

coe~uueuu~ MeTannoa, a TaK:>Ke anaiuue Tli(J), aae~euue 
KOToporo ocna6nReT unu ucKnroqaeT CBR3h MeTann-uoua 
c MoneKynaMu ao~~ B Koop~uuau;uouuo~ cciJepe KOMnneKc­
uoro coe~uueuuR, 'ITO cnoco6cTayeT o6pa3oaauuro xenaTu~x 
KOMDneKCOB. 

BbiBOObl 

1. MeTo~aMu >KH~KOCTHO~ xpoMaTorpaciJuu u BaKyyMuo~ 
cy6nuMau;uu HJyqeuo XHMH'IeCKoe noae~euue pa~uoaKTHBH~x 
aTOMOB 86 Zr u 87m Y , o6pa3yro~uxcR npu o6nyqeuuu 
B~COK03HepreTH'IeCKHMH IlpOTOHaMH ciJTopupOBaHH~X 6eTa­
~HKeTOHaTOB UHPKOHHR H HTTpHR. 

2. lloKaJauo, 'ITO npu pa3~eneuuu XHMH'IeCKHx ciJopM 
aTOMOB 86 Zr u 87 m Y MeTo~oM xpoMaTorpaciJuu B~xo~ 
xenaTH~X, C ~eciJHUHTH~M lfHCllOM nuraH~OB H HOHH~X 
ueopraHH'Ie CKHX ciJopM 3aBHCHT OT THOa 6eTa-~HKeTOHa Ta 
pa3nHlfH~M o6pa30M. 

3. Bae~euue Tli<l> B o6nyqaeMLlii 6eu3onLHLlii pacTBop 
xenaTa H B 3niOeHT OpHBO~HT K yaenU'IeHHIO BLIXO~a xenaT­
H~X ciJopM aTOMOB 86 Zr B o6ny'leHHLIX xenaTax HTTPHR u 
aTOMOB 87 m Y OpH o6ny'leHHH xenaTOB H I.J;HpKOHHR H HT­
TpHJI. 

4. llpu BaKyyMHOH cy6nHMai.J;HH o6ny'leHHLIX xenaTOB 
UHPKOHHJI H HTTPHJI BLIXO~ aTOMOB 86 Zr B ciJopMe xenaTa 
B03pacTaeT c yaenuqeuueM cTeneuu ciJTopupoaauuJI xenaTa; 
BLIXO~ xenaTHLIX MOlleKyn 87 

m y yBenB'IBBaeTCJI ~llJI o6-

nylfeHHLIX xenaTOB BTTpBJI, a ~nJI xenaTOB UBPKOHBJI OH 
MeHJieTCJI He3Ha'IBTenLHO. 
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AaTop~ npuuocJIT caoro 6naro~apuocTL K.Pouuo jny­
aeucKuii yuuaepcuTeT, lienLruJI/ 3a npe~ocTaaneuue 6eTa­
~HKeTOHOB. 
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