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BB@lillHHe 

CpaBH:aTeJU,HO 6on»moe 'Ul:CJlO HCCJle.I{OBaHHJ.i no XHMIDi "ropwrn:x" 

aToMoB, BO3IDU<8.JO!ltliX npn o6JlY'l,eH.RH MeTannoopraH.Rtzecxax coe,ll;.RHeH.RJ.i, 

CM3aHo K8K C RsyqeH.ReM MexaHRsMa IlOBe,D;eHl'IH aTOMOB OT,D;aqa, Ta.K 

c TeM, qTo 3TH coe,nMHeHHH m.iem onpe,D;eneHHoe sHatzeHHe B npRKna.n;

HoJ.i Pa.n;ROXRMHR. Cpe,D;H MHormc H3ytzeHHblX coe,nMHeHHJ.i MeHee Bcero OKa-

3anRCb HCCJle,D;OBaHH!:JMH MeTannoopraH:aqecKHe coe,nMHeHHR. HecMOTPR Ha 

To, tzTO y~e B 1934 r. a3yqaJ1Hcb nocne,ll;CTBM 6eTa-pacna,D;a B 
210P6 (Cff3)4, TOJU,KO c .1955 r. HatzaJlOCb 6onee no,D;po6Hoe HCCJle,ll;OBa

HHe XRMHtzecKIDC IlOCJ18,ll;CTBHJ.i JU{epHHX npeBp~eHHJ.i B MeTannoopraHnqe

CKHX coe,nMHeHIDIX. Pa,D;HOXHMHqecKHe HCCJle,D;OBaHHR C STHMH coe,D;HHeHH

.flMH npe,ll;yCMaTpHBan.R pemeHHe Ta.KHX sa.I{aq, Ka.K H3OTonHoe o6orameHHe, 

MOJleKyJlRpHHe CHHTesI:J, B!:JRCHeHHe MexaHR3Ma pea.KrzyJ.J.i pa,niwaKT.HBl!llX 

aTOMOB. C 3THX TOtzeK 3peHHR ,ll;OCTaTOqHO IDHPOKO 6HJ1.H H3yqeHH weHHJl!:J, 

~ranonHaH.RHI:J, MerannoueHH, anerananeTOHaTI:J H HeKoropHe ,npyrae coe

,ll;HHe illl.lI • 

TIOHCK ycKopeHHHX MeTO,ll;OB BH,D;eJleH.RR HefiTPOHO)16(J).HizyJ.THHX H3OTO

noB pe,D;KO3eMeJlDH!:JX 3JleMeHTOB (P33)' IzyJ.pKOH.RR H HTTPHR ,ll;JlR ;fl,ll;8pHO

cneKTPOCKOnHqecKHX HCCJle,D;OBaH.RJ.i, npHBeJl Hae K Heo6xo,nHMOCTH H3yqe

HHR BO3,D;8J.iCTBHR B!:JCOKOSHepreTHt[8CKHX npoTOHOB Ha HeKOTOpHe 6era

,D;.RK8TOHaTH 3THX MeTaJlJlOB. B1moJ1HeHH1:Je aa nocne,nH.He rO,ll;ll HCCJ18,ll;OBa

HHR no XHMHH KOMTIJleKCOB MeTaJlJlOB c 6eTa-,D;HKeTOHrurn noKa3aJlH nep

cnEKT.HBHOCTb HCilOJlD3OBaHHR RX ,ll;JlR pa3J1HqH!lX aHaJlHT.HqecKHX nenen. 

EeTa-,ll;HK8TOHaTH MeTaJlJlOB npe,D;cTaBJIRIOT co6ofi CO8,ll;HH8HHR, o6na,nruo

mae B 6OJ1DIDHHCTB8 CBO8M OTHOCHT8JU,HO BHCOKOJ.i TepMHt[8CKO~ ycTOJ.iqH

BOCTbID H neryqecTbID, oco6eHHO WTOPHPOBaHHHe npOH3BO,ll;HHe. 3TH CBOM

CTBa MOrJlH 6H CJlJl!WTb OCHOBOJ.i ,ll;JlR 6HcTporo pa3,D;8Jl8HHR MaTepHana 
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Mlllll8Hll 11 Pa,D;llOa.HTHBHHX aTOMOB. 0.l(HaI{O )(JUI aToro npelK.l(e Bcero He

o6XO.l(llMO 6HJ!O, llCCJ!e.zioBaTl, XllMll'leCRlle (!)OpMbl CTa1lllUl38.IUill pa.l(llOaI{

TllBHHX aTOMOB, odpasyIOllJHXC.II npn 06J!Y'leHRn 6eTa-.l(llReToHaTOB. 

Ilpll nsyqennn XllMll'leCRllX ajqleRTOB .II.l(8PHIDC npeBpameH11i1 B o6ny

qel!Hl:lX deTa-.l(llReToHaTax MeTaJIJloB 60J!1,IJlaJI qacT1> CBe.1tem1'1 .zto nocne.zt

Hero BpeMeHll 61rna nonyqeHa JllllD1, .ItJ!.II ROMilJleRCOB C aueTHJltmeTOHOM -

npocTeiilllHM B aTOM Rnacce coe.n11neHRff KOMnneRcoo6pasoBaTeneM. Aue

TnnaueToHaTH no.nBepraJlllc1> OOJ!Y'leHRro, rMBHl:lM o6pasoM, c ue}ll,JO nsy

qeHnJI Mexam-rnMa noBe.neHWI aTOMOB OTJta'ln, 06pasy10II1HXC.1I B peam.mmc 

C HeiiTPO!laMl:I. 0 XllMH'leCROM COCTOmurn pa,n;noa.HTHBHh!X aTOMOB Ilpll 06"

Jly'leHllll qJTOPHPOBaHllbIX 6eTa-.l(HReTOHaTOB CBe.zteHllii He 61rno. Hcc11e.no

Ba!U1JI C HHMU npe.ncTaBJ!.IIJlll HeCOMHeH!illH llHTepec, B qacTHOCTll, ,!\JllI. 

ll3y'leHH.II BJlll.lIHll.lI 1TOpllpOBaHHbIX MOJleRyJl Ha XHMH'leCKOe COCTO.IIHRe 06-

pa3y10Ul]1XC.II npll OCJJlyqeHllll pa,n;llOa.HTllB!illX aTOMOB., 

HacTOJimM pa6oTa IlOCBJimeHa ,13yqennro XHMH'leCKllX (l)OPM CTa6RJlll-

3aU~H pa,!\ROa.HTHBHIIX aTOMOB HeR0Top1,1x P33 ( oT La .l\O Nd), Y n Zr , 

odpasy10II1HXC.1I npn o6ny'leHRH npoTOHaMll c aHeprneii 660 MaB qiTop1:1po

Bal!HHX 6eTa-,nnReT01JaTOB 8TllX 8JleMeHTOB, a TaRJKe aueTRJ!aueTOHaTOB 

UllPKOHRH ll llTTpll.lI. 

nJ!.II Toro 'lTOOhl HMeTl>, no B03MOJKHOCTR, npe.ztcTaBJ!eHne O Tex 

npenpameHH.IIX, KOTOPW.I IlO.l(BepramcJI aTOMhl OT,!\a'lll B 6eTa-.l(llR8TOHa-

" Y" Tax, Rsyqa.11oc1, oopasoBamrn 6eTa-JtHReToHaToB Zr n aa .. c'leT 

"ropITTero cnHTeaa" npll 06.11yqeHHn cycneHallH MeTaJlJlllqec:rrnx nopomitoB 

B 6eTa-.l(llR0TOHax. C aToii JKe ue}ll,IO naytJ.aJlllC1, XllMll'leCRHe (!)OPM!l pa

.l(HOa:rtTI:lBHHX aTOMOB noc.11e ru.mnaHTaUHn HX Ka.H 0.l(H03ap.lI.l(HHX HOHOB B 

RPllCTUJlJlll 6eTa-.ztHKeToHaToB, '!TO Il03BOJlllJlO MO.l(eJlllpOBaTI, IlOBe.l(eHI:le 

"rop.lI'lero" aToMa B OTCYTCTBHe paw!OJlllTlltJ.0CK.11X ajqleRTOB, B03HHKa!O

lllHX IlO.l( .zteiiCTBHeM llOHR3npy10mero I:13JlY'leHHJI. 
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MaTepHaJl .l(llccepTaUHH COCTOHT ll3 BBe.l(eHH.II, Tpex OCHOBHIDC 

qacTeii, ,8aRJl!OtJ.eHWI H BbIBO.ItOB. 

B nepBoii qacTn (r.11aBH I-3), npe.ncTaBJ!.IIlOlllefi JlllTepaTypHHii o6aop, 

.ztaeTC.fI RpaTKOe onncrume llCTOpl:lll B~8ImRHOBeHll.fI XllMllll "ropJit1nx11 aTo

MOB, MeTO.l(OB llCC.110.l(OBaHll.lI HX XllMll'lecKoro COCTO.IIHI:1.fI ll HeROTOPHX oco

deHHOCTeii noBe.neHll.fI B o6nytJ.eHHHX MeTa.11noopraHI:1qecRnx coe.l(llHeHH.IIX 

(qieHHJlH, (l)TaJlOUHaHllHbl, MeTan.11oue!ill, Kap60HRJlll, 6eTa-.l(ll.KeToHaTH). 

Bo BTOpon qacTll (rJlaBbl I-5) ll TpeT1>efi qaCTH (rJlaBbI'I-2) H3JlO

~eHbl MeTO.l(ll'leCKHe BOilpOCbl aKcnepllMeHTa, pe3y}l1,TaTbl llCCJ!e.l(OBaHll.lI H 

nx o6cylK.l(eHHe. 

MeTonHKa aKcnepnMeHTa 

06'.beRTaMll HCCJle.l(OBaHll.lI 6bIJlR BU6paHH: TPW}TOP- n reRcarpTopaue

TirnaueTOHaTbl (T<l?AA H r<l?AA) Pr, Nd, Y n 2r ; TpH(l)TOpau;eTnJ1-1130-

-Ba.11epR.11- H TpH(l)TopaueTnJ1-nao-6yTHpnJ1MeTaHaTH (T<l?A-n-H,i 11 T<l?A-n-m) 

"Zr; aueTnJ1tmeT0HaTH (AA) Zr n Y ; cycneHanH t,1eTaJlJlllqecRnx nopom

KOB Zr n Nt B Ta.Hnx 6eTa-Jt!!KeToHax, :rmK aueTn.11au;eTOH (HAA), deHao

:a.11aneToH (HBA), TpnqiTopaueTnnau;eTOH (HT<l?AA) n reKca(l)Topau;eT,rnau;eToH 

(HI'<l?AA) • 

KpHCTaJlJlbl H pacTBOPbl 6eTa-.l(RKeToHaTOB, a TaKlKe cycneHsnn o6ny

tJ.aJlllC1, npn KOMHaTHOll TeMnepaType B TetJ.eHne 5-7 qacoB mrne,neHHllM nyq

KOM npoTOHOB c aneprnen 660 MaB, HHTeHCHBHOCTl>IO 6•1015 npOTOH/cM2 

na cHHXPOL\HK.1lOTPOHe JiffiI OM.fill. 

Pa.l(llOaKTHBHhle aTOMH ln •, Y • H 2 r • odpasoBh!BaJ1Hc1> B pe3yJ11,

TaTe .II.l(epHbIX peaKUHH npn B3/IBMO~ellcTBHH BhlCOKOaHepreTH'l0CKHX npOTO

HOB C BemecTBOM. 

PaaJlRtJ.H!le no XRMH'l0CKOMy cocTaBy WOfMhl, B ROTOpbIX CTaCJHJlll3HPO

BaJ!llC1, paJtROaKTHBHHe aTOMbl, o6paayIOllJH0C.II npH odnyqeHHll OeTa-~HKeTO

HaTOB, B o6meM Bll,ll,e MOJKHO npe.ncTaBHT1, CJ!e.l(y!OmHM o6paaoM: 
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Men (Jllll'aH.IJ;)n - MaTepHHCKa!I MOJleKy.718., 

[Men ( Jllll'aH.IJ;) n-m ]rn .. n ;;-m - JllU'aH.IJ;-Ae<pHI(llTHue wopt.111 1 
n+ I 

Me - HOHU MeTaJl.718., 

Pa3AeJleHHe XllMRqecKHX 4)0.!J,I npoBOARJlOCI, MeTOAOM pacnpeAeJlH

TefilHOll xpoMaTorpaqJnn HU 3aTIOJlH0HHOll KH30JlbrypoM KOJlOHKe li M0TOAOM 

BaKYYMHOll cy6JlllMaUHH, qTO Il03BOJlliJlO nonyqHTI, AOnomunomne ~yr APY-· 

ra pe3yfilTaTu. 

Tipn xpoMaTOrpaqJaqecKOM pa3A0Jl0Hlili onpeA0Jl!IJlC!I BUXOA Tpex 4JOPM: 

JlliraHA-HacumeHHUX MOJleKyJl, HOHOB C A04Jlil{liTHUM COA0PJKaHlieM JllU'aH.IJ;a 

H HeopraHHqecKHX HOHOB. MeTOA cy6JlllMal{liH, B KOTOPOM HCKJll}qaJlocr, HC

ITOfil30BaHlle pacTBOPHTeM, IlOI<a3UBaJl pacnpeAeJleHHe ~HOaKTliBHIDC 

aTOMOB B BIU{e JleTy'lHX H HeJleTyqnx coe.nnHeHHit. 

COAePlKaHHe paAliOaKTliBHUX aTOMOB B KaJK,IJ;OH 4JpaKUliH IlOCJle pas

.neneHli!I onpeAeMnocr, pa.n;HoMeTp:aqecRu c noMomr,BJ_ Ge ( Li )-AeTeKTopa 

11 4096-KaHafilHoro ammrnaTopa (10 cM3 , pa3pemeHHe 2,5 KSB Ha JlliHllll 

1332 60co) c yqeTOM Bcex He06XOAllMUX nonpaBOR. H,neHTHqJliKaI(ll!I-IlOBe~ 

.neHH!I pa.nnoaKTHBHUX aTOMOB npOBOAliJlaCI, no Han60J1ee liHT0HCHBlillM H 

xapaKTepHUM raMMa-JlliHH!IM COOTBeTCTBYICJ1110ro li30TOila 862r (T1;2=16,5 

qac; EK= 243 KaB), 87mY(T1;~14,0 qac; EJ' =381 1rnB), 
132 La(Tv2==4,8 qac; Ey=464 1rnB), 132ce (T1; 2=4,5 qac; EJ'= 182 

KaB), 135ce (T1; 2=17 ,5 qac; E ,r =265 H 300 1rnB), 138Pr (T1; 2=2,2 

qac; Er =783 KaB) n 139Nd (T1; 2=5,5 qac; E = 114 RaB). 

~OpMU CTa6HJIB3aURH pa,JllOaKTliBHUX aTOMOB P33, o6pa-
3YIDUUlXC!I npn 06J1yqeHHH TPH@TOP:: :a reKcaipTopaueTHJ1-

aueT011aTOB npaseogru~a n neo.JIHMa. 

Pe3yfilTaTu, nonyqeRHWnpn nsyqeHHn Buxo,na BOsHHKarommc B o6ny

qeHHUX 6eTa-,D;HKeToHaTax npa3eOAMMa H Heo,nHMa pa,n:aoaKTHBHUX aTOMOB 

P33 (ln • = La, Ce, Pr, Nd) B OTAefilnux XMMnqecKux 4JOpr.mx MBTo,nOM 

pacnpeAeJlHTefilHOH xpoMaTOrpaqJHH, noKasuBaJOT OTHOCHT0filHUe KOJlliqe-
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* cTBa ln , cTa6:aJ1Rs:apoBaHHUX B TOH HJlH HHOfi XHMHqecRott qio!J,le B 

saBHCRMOCTH OT Tlifla 6eTa-,D;HKeToHaTa, arperaTHOro COCTO!IHruI Mllllle

HH (KpHCTaJIJlH HJlli pacTBOp) 1 npncyTCTBID! HeilTpafilHIDC opraH04)004JOP-· 

HHX ,no6aBOK (Tpn6yTHJlq>OCqJaT) B opraHHqecKOM pacTBOPHTeJle. 

Ha nonyqe1rnux AaHHmc cneAYeT, qTo npn pacTBopeHHH o6nyqeHHux 

KPHCTaJlJlOB B 6eH30Jle c ,no6aBKott Tpn6yTHJlq>OCqJaTa (TBli), a TaK~e B 

o6nyqeHHUX o, 1 M TBli/CsHs-paCTBOpax xe.718.TOB CTa6HJlH3al{liJI ln" npo

HCXOAHT npeRMymecTBeHHO B qJO!)Me JllU'aH.IJ;-HacumeHHHX coe,nnHeHHll (50-

60%). B qncTUX ~e 6eH30filHIDC pacTBopax {6e3 .no6aBOK TBli) BUXO,D; l,,";_ 

-xeJlaTHUX MOJleKyJl paBeH HyJllO HJlli HeCKOfilKID.I npoueHTaM H ,D;Jl!I KPH

CTaJlJlOB HAM pacTBOPOB. 3TH pe3yfilTaTU xapaxrepH3YDT B/lHJIHHe TBI>, 

ORa3uBaeMoe Ha npoueccu CTa6HJlli3aI(ll:H pa,n;HOaKTHBHUX aTOMOB JlaHTaHH

,D;OB B 6eTa-,nnReToHaTax. H3B0CTHO, qTo TPR4JTOP- H reKcai,TopaueTHJl-. . 
aueToHaTu Pr n Nd npeACTBBll!IlOT co6ott rwaT:apoBaHHue xenaTu Tnna 

LnL3 • nll2.0. KpoMe Toro, npn 4JHfilTpaun:a qepes KOJlOHKY pacTBopoB, 

He COAep~aBlJIHX TBli, Ha IlOBepXHOCTH KH30filrypa Morna nponcxo,nHTI, 

AOilOJlHRTefilHM rwaTaI(llJI coe.n;nHeHHtt. B npncyTCTBHH )Ke TBli B KOOP

,nnHal{liOHHOff CqJepe XeJlaTHOrO KOMilJl0KCa llpOHCXO,D;HT 3aMemeHHe MOJleKyJl 

BO,D;U Ha MOJleRynu Tfil C o6pasoBaHHeM KOMilJl0KCOB THlla lnl.J • 2 TBli, 

qTo npHBO.nHT K no,naBJleHHD rwoJ1H3a H HCKJll)qaeT ero MemaICJ111ee BJlli!I-

* HRe Ha cTa6HJlH3anHD ln B JllU'aH.IJ;-HacumeHHott wop,1e. 

XHMH'l0CROe COCTO!IHHe pa,zmOaKTHB.HHX aTOMOB ll! 
a Y B o6inrtJeHnux 6eTa-.IIHReTOHaTax UHpKoHlUI n HTTPRH, 

PesyfilTaTu, nonyqeHHue npn n3yqeHHH XHMH'l0CKRX qJOpM CTa6HJlH-
. :It y If 

3aun:a Zr n npa o6nyqemrn. nx aueT.1rnaueT0HaTOB :a 4JTOpnpoBaHHmc 

npOR3BO,D;HHX, IlOKU3aJlH, qTo ~ If H yx cTa6HJlH3HpOBaJlHCI, B pa3Jlli'i

HUX XHMnqeCKRX 4JOPMBX, OTHOCHT0filHUa BUXO,D; KOTOpUX 3aBHC0Jl OT Tll

na 6eTa-,nnKeToHaTa, arperaTHoro cocTo!IHli!I xeJ1aTa (KpncTaJlJlU, pacT

Bop), HaJlliqHJI H30TOilHOrO HOCHTeJl!I, MeTo,na pa3Ae~eHM. 
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Ilpn xpoMaTorpaq,nqecKOM p~s.n:enemm XMMHqecKRX cpopM oKasanoch, 

qTQ aTOMU BSzr CTa6HJlli3liPOBaJll'!CJ:, B <pO:pMe XeJlaTHHX MOJleKyJl C HaH60JU, 

llIBM BUXO.IJ:OM (40-48/n B RPHCTa]l}laX Zr(T<l>A-n-ml)4, Zr(T<l>A-n-.EM) 4, 

Y(T~AA)3 , T.e. B xenaTax c HecHMMeTpHqHon R.llli 6onee pasBeTBJleH

Hoti cTpyKTypoi,i. 0THocnTeRJ:,HO BEICOK.l:!ti Bmco.n: 86 Zr (40-50%) B nnra.H,I(

.n:ecp:ar:mTHOti 1oPMe Ha61110.n;a.JlcR npn o6nyqelill.n cpTopnpo:saHHux 6eTa-,nnKeTo

HaToB HTTPHR, T.e. B OTCyTCTBl!e MaKPOKonRqecTB H30TOilHOro BemecT:sa • 

ATOMH B?m Y npn o6nyqemm 6eTa-,nHReToHaTOB Zr n Y cTa6HJll'l

s11poBannc1:, npeHMymecTBeHHo B cpo:pMax c .n;ecpRURTOM Jllra.H,I(a (50-80%). 
\ . 

~o6aBKa T~ B opraHHqecRHll pacTBOPHTeRJ:, npHBO,nHJla K TOMY, qTo oc-

HOBHM qacTh B?m Y (.no 70%) nepexo,naJ!a HS Jillra~-.n:eqiHURTHHX cpo:[l,I 
Jt-

B xeJ1aTHy10 qiopMy, qTo cBRsaHo, KaK H B cnyqae Ln , c no.n;aBneHHeM 

acpcpeRTa rn.npoJillsa. 

PesyJU,TaTu cy6J1HMa~ noRa3aJill, qTo o6paso:salll!e xeJ!aTHHx Mone

RYJl B Rpl:!cTa}lJlax saBHCHT OT CTeneHH ipTOpHpo:saHl:!R xeJ!aTa. TaK, qeM 

6oJlhmee qncno C~-rpynn RMeJill 6eTa-,nnKeT0HaT1,1 Zr H Y (cooTBeTcT

BeHHo AA, T<l>AA, r~AA). TeM 60.lll,filM .IJ:OM 86zr nepexo,na.11a B J1eTyqy10 

xenaTHYIO cpo:pMy (.no - 82%), BHXO.IJ: JKe xeJlaTHHX MOJleRy.Jl B?m Y yBe.JlH

qJ1:saJ1CR TOJlhKO B o6nyqeHHHX xeMTax HTTPWI (.n:o ,...52%), a .n;M 6eTa

,IUIBeToHaTOB UHPROHHR OH He MeHRJlCR C RSMeHeHHeM qncJla c-5-rpynn B 

xeMTe H dun He3HaqnTeJlhHHM (2-5%). BepO.llTHO, O.n;.IIBaKOBaJI :saneHTHOCTh 

ueHTpaJlhHOro aTOMa MeTanna B RCXO.n;HOM xeJ!aTB R o6pasylOlllerocR B HeM 

pa,nnoaKTHBHoro aToMa o6nerqaeT o6paso:saHHe xe.11aT!illX MoneKyn; c .n;py

rol,i CTopo1m, saMemeHHe aToMa O.n;Horo MeTaJlJ!a aTOMOM .n;pyroro MollteT 
0 0 

3aBHCeTJ:, OT pasMepa RX pa,ltll.yca .( 7. y3• = 0,92 A, 'tz,,••= 0,79 A). 

CpaBHl:!BaR BHXO.IJ: xeJlaTHHX cpo:pM aTOMOB 86 Zr R B?m Y npH o6ny

qeHHH 6eTa-,nHKeToHaTOB, co.n;epllta!llHX H He co.n;epllta!ilHX o.n;HoRMelilll,Jfl Me

Tall.Jl, MOlKHO npe.n;nonaraTh, qTo o6paso:Ba.lme MetJeHoro xenaTa MOJKeT npo

TeKaT1:, RaK B pesyJll,TaTe "ro~ero" cHHTesa, TaK H sa cqeT peimURtt 
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saue~eHHH ueHTpa.11I,HOro aTOMa MeTaJlJ!a B MOJleRyne xeMTa aTOMOM 

.n;pyroro MeTa}Ula. 
TB.RHM o6pasoM, nonyqeHHHe pe3yRJ:,TaTu n0Kasa.J1H onpe.n:e.llm'.lJlYIO 

pORl:, XHMHqecKOfi cpe.n;u, .B ROTOpon npoTeKaeT cTa6RJlH38.lUIR pa,!l,HOaR

THBHHX aTOMOB, B03HHRax>l!UI-X B pe3y.11J,TaTe .fI,ll;epHHX peaRUR», H pORl:, 

TennoBWC peaKUHtt, onpe.n;eMeMHX nocne.n:ylOlllen o6pa6oTROil o6nyqeHHo-

ro o6pas~a. 

06pasoBaRKe xenaTHHX MoneRyn IIHPROHHR H HTTPHR np:a 
06.n.yqeIDIH cycneHSRil nopolDROB MeTaJlJlOB Zr H N& B 

pacTBOpax 6eTa-JU!.KeTOHOB. 

06paso:saHHe XHMHqe·cKHX cpo!IA Zr " :a Y" npn 06nyqe1mn cycneH

snff, RaR MOICHO no.naraTh, npoHCXO.n;RT npH nepexo,ne STRX aTOMOB sa 

CtJeT .fI,D;epHoff peim~ B pacTBOPH 6eTa-.n;HKeTOHOB R Bsam.w.n;eilcTBHH 

c HIDAH H c TeMR cpparMeHTaMH, KOTopue .BOslmRam B npouecce 06ny

qeID1.R. IIonyqeHHHe ,naHHHe noKa3H:aaIOT, qTO DOBe.n;em1e aTON,OB 
86 Zr 

:a . B?m Y onpe.n;eMeTCR, B OCHOBHOM, XRMRqecKRMR CBOMCTBBMH cpe.n:u, 

B ROTOPYll OHR nona,ll.ruoT, T.e. THDOM 6eTa-,nHKeTOHa • .GOJll:,llll:!H _BUXO.IJ: 

xenaTHHX MOJ1eRyJ1 Zr it- .a Y * B cycneH3RRX 1-n'<l>AA R ~AA (40-801,) 

no cpaBHewrn,c cycneH3HRMH B HAA H HEA ( ,.,20'%) MOllteT 6HTl:, npl:!IlR

CaH TOMY, tJTO a TOMEI cpTopa ocna6JlJDOT CBR3h B. HaH6onee peaKUROHHO

cnoco6HOM MecTe MOJ1eRyJ1U JlHI'aH,l(a, a aTo MOlKeT cnoco6cTBOBaTl:, 06-

pasoBamm xenaTHllX MoneKyn • 
Ha npRMepe cycneHsnii, co.n;epiKalllRX TpHq;TopaueT1:1naueToH, 1:13yqa-

J10Ch BJlRRHHe pas6aBJleHRR 6eTa-,nnKeTOHa opraHRqecKRM paCTBOpHTeJleM 

(HT<l>AA/Cslfs=3/I; I/6; I/9) _- YMeHJ:,meHRe BHXO.n;a xeJlaTHHX rpO!l,I c yBe

}!HqeHReM pas6aBJ1eHl:!R HTiAA 6eHsonoM MOlKHO o6~RCHRTJ:, RaR saBHc1:1Mo

cn10 OT ROHUeHTpaURH JUU'aH.n;a, TaR R T'eM, qTQ SHeprl:!R B036yl!(,ll;eHHR 

aTOMOB OT~aqR npR coy.n;apeHHRX C MOneKy.naMH pa36aBHTeJ1R na.n;aeT .no 
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SHatieHHil, MeHI>mHX, qeM 3HeprM CBJI3li C-H B MOJleKyJle JiaraH,ll;a, a 

BCJle,IJ;CTBHe 3TOro yMeHI>ruaeTCR li BOSMOlKHOCTI, o6pasoBaHRR xe11aTH1D( 

MOJleKyJl. 

'B 3TRX HCCJle.IJ;OBaHMX CJle,IJ;OBaJlO TaK~e ytIRTHBaTI,, tITO MeTaJlJlH 

MOryT pearapOBaTI, C 6eTa-,n:imeTOHaMR, tiaCTHqHO pacTBOpRJICI, B HHX. 

Pe3yJ1I,TaTa, IlOJiyqeHHHe IlPR onpe.n;eJieHRn pacTBOPHMOCTR Heo6JiytieHHO

ro R o6nyqeHHoro nopomKa HH06RR B HAA H HTwAA, noKasaJIB, tIToNGMeT 

B HAA He paCTBOPRJlCR, a B HTwAA OH qacTRqHo paCTBOPRJlCR { y -KOJlli

qecTBa), npHqeM pacTBOpRMocTI> o6nyqeHHoro nopomKa BospacTaJia npn

MepHo B 5 pas no cpaBHenmo c Heo6nyqeHHm.1. C ytieTOM sToro qia.I(Ta 

6HJIB npoBe,neHH RCCJle,IJ;OBaHIDI, IlORasaBllllie, 'ITO npR B3aRMO,neitcTBllli 

npe,n;BapHTeJII,HO o6nyqeHHoro N~"-nopomKa c 6eTa-,IJ;HReToHaMll aToMaZr* 
K 

R Y , nona.n;rnoUU1e B pacTBOP TOJlI,KO sa ctieT pacTBopemm sepeH no-

poruKa, cTa6HJlli3HPOBaID1CI, B Tex ge XRMlltieCKIDC ~OPMaX, KOTOpae Ha6~ 

,naJlliCI, R npR 06nyt1eHHH cycneHsHit, HO KOJlliqecTBeHJlo HeCKOJlI,KO B .n;py

roM COOTHOrueHHH. TaKHM o6pasOM, MOlKHO nonaraTI>, tITO 06pas0Bam1e xe

JlaTHHX MOJleKyJl 86zr .Pl 8?my npn o6nyqerum cycneHSRit RBJIReTCR 
" It cyMMapHHM pesyJII,TaToM "rop.lI'lruc" peaKnait Zr H Y , nona.n;8.IJUU1X B 

3aMe,IJ;JlffiOU1YJO RX cpe,zzy {6eTa-.zumeTOH) sa ctieT OT,naqR,pa.n;ROJlRTllqecKRX 

npoueccon no.n ,neitcTnaeM npoToHOB a pacTBopeHRa: MeTaJlJlliqecKoro nopom

Ka B 6eTa~,nHKeTOHe. 

XHMHtieCKOe COCTOJIHHe pam!.OaKTRBHIDC aTOMOB. RMllJiaHTR
poBaHHmc B KpHcTaJlJIH c noMOl!ll,JO Mace - cenapaTopa> 

.llM nonytieIDl.lI CBe,neHHA, KOTOpae MOrJlR 6H pacllll,IpHTI, RMeJOOtlleCR 

npe,ncTanneHM o npouecce cTa6aJIBsanaR PaJU!OaKTRBHIDC aToMOB B o6ny

tieHHHX 6eTa-.zumeToHaTax, 6aJIB asyqeHH x.1maqecKae ~op.ta pa.n;ROaKTRB

Hmc aToMoB Ln" , RMnnaHTapoBaHHmc B KpacTaJlJIH Nd{r~AA)3 R 

Zr{r~AA)4• 
IlpeHMymecTBO MeTo.n;a HMilnaHTauHR, sacnyDBaD11ero nee 6om,mee 

nmmrume accJie,noBaTeneit B asyqemm XRMRtiecxwc nocne.n;cTmdl JmepHIDC 
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npenpameHHit, SaKJl!O'laeTCR B TOM, tITO sHatIHTeJII,HO YM8HI,WaJOTCR Pa.n;HO

JIBTRtieCKH8 aqqieKTH B o6nyqaeMOM coe.n;aHemm, a TaK~e KOHTP01lliPYJOT

CR HatiaJII,HM RRHeTRqecKM 3Heprll.f! Ii sapJm KOMilOH8HTOB nytIKa HOHOB. 

0MnnaHTauPIR ROHOB ln *{1+) C 3Hepraeil 40 miB IlPOBO,IJ;RJiaCI, Ha 

8Jl8KTPOMarHHTHOM cenapaTope RSOTOilOB OT,neJia Jm8PHOff Cll8KTPOCKOilHH 

a pa.n;aoxHMRR JI!ID OHRH. 

XpoMaTorp~aqecKHit aHaJIRs 
MOB Ln" {132,134,135,13?ce+; 

XHMRqecKIDC ~Op.I pa.n;aoaKTRBHIDC aTo-
13?pr+, 13?pro+; 138,139Nd+, 

138, 139NdO +; 151,154, 156T6+), HMilJlaHTRpOBaHHIDC B KpHcTaJlJll,I 

Nd(r~AA)3, no~asaJI, qTo- OTHocnTeJII,H&it B&Xo,n xenaTHax MoneKyn 

.n;M Bcex aTOMOB ln " 6&Jl npaRT.0.qecRa o,n;aHaROBHM ( ?0-80%) • 

Ilpn cy6m1MauHR KpllCTaJlJlOB Mt(rwAA)3 B cy6JIHMaTe 6&Jl0 Hail.ne

HO 20-40% Ce*, Pr* .0. Nd•, RMllJlB.HTHPOBaHHHX KaK Ln *(1+), a B cny

qae HMilJlaHTauHR ROHOB 149-151, 154-156T8 ~ Ii 138,139NaO+ B cy6JIB-

MaTe 6ano o6napygeao 80-90% T' • R Nd •. 

Ilpn HMllJiaHTauHR 148.rl • B KpncTaJlJl& Zr (I'\t>AA)4 , T_.e. B xe

JiaT C ueHTpaJII,JWM aTOMOM MeTaJlJia, RMeJOm.B.M .npyryJO BaJ18HTHOCTI>, 06-

pasoBaHRe 148r_r8 {r~AA)3 H [148r_r6 (r~AA)3_n/11
1- npOH?XO.IJ;llJlO B He-

3HatIHT8JlI,HOft CTeneH:a: {4-14%) l! ( .... 1%) COOTB8TCTB8HHO; OCHOBHM 

qacTI, aTOMOB OCTaBaJiaCI, B ~O.IJMe HOROB. 

Ilp:a "B6aBaHan" IlOCTOpOHHRX aTOMOB B MaTpnuy KPHCTaJlJlliqecKoro 

nemecTBa B pemeTKe BOSHRKaJOT ,neqieKT&, KOTopae MoryT OKaS&IJaTI, BJIBR

HHe Ha IlOCJle,Izylllltee IlOBe.n;eHHe HMilJlaHTHPOBaHHHX aTOMOB. Taxoe ·BJIHll

HHe ,neqieKTHOro COCTOJ!lillR Kp:WcTaJlll.RqecKOit pemeTKH 6eTa-,IUU(8TOHaTa 

Ha o6paso:aa.HHe xeJiaTHHX MoneKyn aTOMOB Ln,, 61mo noKasano npn HM

nnaHTB.UJ,m B RpacTaJlJIH M/(NAA)3 HOHOB 155T6 c npllMeCI,JO CTa6an.r,

Horo JiaHTaHa {139 Lao)+. B sTOM cnyqae BIDCO.It 155TI -xenaTa oKasan

cs IlOtITH B .ItBa pasa MeHI,me, nepOHTHO, BCJle,ItCTBlle Toro, qTo B RPH

CTaJlJlBX BOSHHKaeT 3HatIKTeJll,HO 6oJll>mee ROJIBtieCTBO ,zteqieKTOB, IlOCKOJlI,-
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RY 'l.ll.CJlO aTCMOB, nona.I18.!0tll.ll.X Ha M.wnem,, B03POCJ10 no cpaBHeHm:> C , 

'l.ll.CJlOM aTOMOB np.ll. l!MilJlaHTmnm: ym,TpaMmtpOROJl.ll.'leCTB. ieweRTHOe CO

CTOHHPie Rp.0.cTannoB Nd(rlbAA)3 6y~eT TaR~e saB.0.ceTL ROT pasMepoB 

BHe.I\PHeMHX B HIDC ROHOB, 'ITO IlO.I\TBC~am pesy.n:r,TaTH, IlOR.a3HBa!OOUle 

YMem,memie CTelleHR CTa6.ll.Jl.ll.3~ U'I , B Jllll'~-HaC!:lllleHHO! WOp.le C 
lf(I-) 

yBeMtieHHeM pa,ItPJ,yca .ll.MilJlaHTRpyeMoro RO.Ha Ln ( OT "'93% .IIJIJI T8 
0 0 

c Z =0,93 A ~o -27% AJIJI Ce ct =1,07 A). 
Pesym,TaTu, xapaR.Tep.0.syIOOUle Ha npm.iepe Tep6RH XRMR'lecRoe co

cTOHHJ'ie pa,I(P!Oa.KTHBHHX aTOMOB, MMllJUWTBPOBallllliX,B pasJlR'lHHe coe~H

HeHIDJ:, Nd(NAA)3 Id 2ir(r~AA)4, Il03B0.lllD)T C.I\eJlaTI, 3aRJ1Dtl8HR8 0 TOM, 
;// 

'ITO waRTOpaMiii, onpe~eJL<I!OOlRMH BID:O.I\ woIM ln , 6uJ1.0. xm.1aqec1t:an co-

cTaB R COCTomme KpHcTaJlJU!q8CKO! pemeTRR MaTep.0.aJl.8. MaTPHWl• TaR, 

cpaBfil!BaJI WOINH cTa6.0.ID1saium aTCMOB T6 • np.0. m.mnaHTauHH me B KPH

cTaJl.llli .W(rlAA)3 14 lf'(rlbAA)4, BH,D;HO, 'ITO np:a O~RHaROBHX 8KcnepR

MeHTaJU,HHX ycJlOBIDDC BHXO~ T,•,r1AA)3 B cnyqae - Zr(rlbAA)4 COCTaB

JJJ!Jl 14% (xpoMaTorpaqiaqemrna aHa.mrn) RJlH 4% (cy6mmaUROHHH! aHaJ1Rs), 

Tor~a KaR B cnyqae Nd(rlbAA)3 OH 6un-oRono 65% z,m.93%, cooTBeTcT-

' BeHHo. Bepoi=rrHo, 3'1'0 MOl!tHO o6~HCJ:ill.TI, TeM, 'ITO 6om,mne no pasMepy 
0 

HOHH Tep6HH ( 't=0p93 A) He MoryT BHT~CruiTI, HS KPHCTaJlmi.qecKoft pe-
0 

i meTKR Zr (NAA) 4 ROHbl ~IJROHM ( 't =0, 79 A) n o6MeMTLCH c HRMR, a 

B03HmtamtRe npn RMil.lmHTanKm 'AeqJ8KTH EPHCTaJl,'lll'l8CRO! pemeTRR 

Zr(rlbAA)4 , o6pasyH pasynopimoqeH1lJle soau, npenHTCTBYIOT peaRUIDIM 

T& • C wparMeHTaMR MOJleRyJl .II, TeM Ca.MHM, o6pa30Balllil0 Jllll'~-HaCH

meHHHX woPM T&•. 

Pesym,TaTu, xapaKTepnsy!OlllRe xm,aqec:irne noBeAeHRe aToMOB ln •, 

BBe~eHHHx :a xpncTaJ1J1H Nd(rlbAA) 3 ~BYMR pasHHMR cnoco6aM.0. - o6ny

'leHReM npOTOHaM.ll. 0 8Hepr.0.en 660 MaB R RMilJlaHTaUReH ycKopeHHHX .ll.0-

HOB (Ta6n.1), IlOKa3HBaIOT HeSaBliC.ll.MOCTI, IlOBe~eHRH P~.ll.OaKT.ll.BHHX aTO-- ' ' MOB ln OT m:snepreTR'lecRoro COCTOHBrut(sneprlUI OT~aqz pa~ROa:RTHBBHX 
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aTOMOB, o6pasyIDtll.ll.XCH B peaKIJ;HSIX C BblCOK08HepreT.0.qecKHMR npoTOHaM.ll., 

paBHa 06H'lHO HeCKOJlI,KHM MaB, a 8HeprM HMilJlaHTRpyeMHX P~OaKTHB

HHX .ll.OHOB 6HJl.8. 40 K8B) • 

Ta6mi.ua 1 
CTa6.0.misaURH ln • B J1Hrall,IJ;-liaCH!lleHHott woPMe (%) nocne o6ny
qeHRH KP.ll.CTaJlJlOB ~r~AA)s npoTOHaMH c Ep=660 MaB .0. HMilJlaH-

Taurut ROHOB Ln•(+) c E ln',,. = 40 RsB. 

Ln If XnOMaTor=maqec1t.0.a aHaJllis Cy6JIBMarmoHHHf aHaJllis 
660 MsB p 40 K8B ln*\:J 660 MaB p 40 K8B /.n-\+J 

Ce 59±3 72±8 34±1 27±10 

Pr 75±2 71 27±6 30 

Nd 59±15 63±10 27±1 43±3 

OcHOB!lHe BHBOJIH. 

1. J13yqeHH XHMR'leCKRe wop.m CTa6RJ1H8aurut pa.I\.ll.OaKTl1BHHX aTOMOB 

naaTammoB ( la,, Ce, Pr, Nd), .ll.TTPRH .0. URPKOHRH, o6pasyromnxcH npH 

o6nytieHRn TpnqiTop- n reKcaqiTopaueTHJ1B.UeT0HaToB Pr, Nd, V H 2r , 

aueTHnaueToHaTOB a .0. Y, cycneHs.0.n MeTaJ1J1RqecKHX nopomKOB Zr a 

N~ B 6eT~-~eToaax npoToHaMR c sHepraen 660 MsB. 

licnom,soBaH.0.e B KaqecTBe o6~eRTOB nccJle~oBamm nmpoKoro cneKT

pa xenaTHHX coeA.0.HeHHil, ~o cm: nop ( sa HCKJlll'leHHeM aueT.0naueT0Ha

TOB) He nsyqeHHHX B TaKIDC pa6oTax, Il03BOJ1RJ10 nonyqRTI, HOBHe CBe~e

HRH O XHMH'l8CK0M noBeAellilR pa,nROaRT.ll.BHHX aTOMOB B saB.ll.CHMOCTR OT 

pasmi.qHoro TRna wall,IJ;OB, llMeDl!lRX MeTHJ11,HHe R WTOPMeTHJlI,HHe rpynnu 

{aueTnnaueToHaTu R WTOpnpoBaHHHe npo.0.s:ao,nHJ,Ie); pasM'lHoro q.0.cJJa 

WTOpMeTHJlI,llliX rpyn~ B MOJleKyJle Ree CHMMeTpRqHOCTR (TpHqlTO!)aueTHJl

aueTOHaTH R reKCaqiTopa,ueTRJ!aU8TOHaTH), npocTpaHCTB8HHOH CTPYKTYPH 

MOJleKyJIH (TpajiTopa,ueT.0.naueTOHaTH, TPl1WTopaueT.0.n-.0.so-6yTRPRJ1MeTaHaTH 

R TPHWTOpa,ueTnn-nso-:sanep.0.1JMeTaHaTu). 
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2. IIony'leHa o6nrnpHaJI RH\lJOPMawrn o XHMli'I8CKOM COCTomurn pa,n:ao
c'

aKTRBHhlX aTOMOB, a TeM CaMblM R O peaKwrnx, B KOTOphle Offil BCTYII8.!0T 

B npouecce HX TePMaJIBsawrn B o6nyqeHHh!X pasJIB'lHhlX no qias:aqecKoMy 

. COCTOHHRID MilllleHRX (KpHcTaJlJlhl, paCTBOPhl, cycneH3RR), H tipli RCll0Jll,-

30BaffilH ,nByx HesaBHCHMhlX MeTo,noB aHaJIBsa (pacnpe,neJIBTeJU,HaJI xpo

MaTorpaifJRH n BaRYYMHM cy6JIBMauzH). 

3. lfayqeHhl XHMR'l8CKHe qJO!)Mll CTa6RJIB3aUirn pa,nROaKTHBHhlX aTO

MOB JJaHTl;HH.nOB, HMllJJaHTRPOBaHHllX B BR,ne o,nHosapR,nHhlX HOHOB C 3H8.P-

. r:aen 40 1rnB B KPHCTaJlJll,I l!eKOTOPhlX 6eTa-,nRReTOHaTOB (reKCaqJTopaue

THJlaueTOHaT Heo,nHMa R reKCaqJTopaueTH]laUeTOHaT UHPKOHRR), 'lTO .nano 

B03MOlKHOCTI, np:a6JIB3HT1,C.ff K llOHHMa.HID'.l nepBR'lHhlX npoueccoB, nponcxo

.nmIIRX C .I)a,nROaRTHBHhlMR aTOMaMR. CpaBHeffile R aHaJlli3 pesyJU,TaTOB, 

nonyqeHHHX npR nsyqeHRR XHMH'l8CKOro IIOBe,neHRR pa,nROaKTRBHhlX aTO

MOB, RCTOPR.ff B03HliKHOB8Hll.ff KOTOPHX B KPHCTaJlJlliqecKOH pemeTKe nc

cne.nyeMh!X coe,nRHeHHil 6una pasJIB'lHO£i (B pesyJU,TaTe H,nepHux peaKUH£i 

RJIB sa cqeT HMnnaHTailIDt), noKasaJ1R onpe.neJl.fflOlnee BJIBmme KBR cocTa

Ba XHMR'l8CKO£i ope.nu, B KOTOpo£i OKa3HBaIDTC.ff pa,nROaKTRBHHe aTOMH, 

TaR R .neqieKTHoro COCTO.ffffil.ff KPRCTaJlJIBqecKOH pemeTKR. 

TaKHM o6pasoM, aKcnepHMeHTaJlI,HhlH MaTepman co.nepl!rn.T HOBue ,naH

HHe O XR¥R'l8CROM llOBe.nerum. pa,naoaKTRBHhlX aTOMOB, B03HltRal!lllID( npa 

06nyqe1m:a pasJIBqHoro TRIIa 6eTa-,nRReToHaToB npoTOHaMR. BnepBHe no

nyqeHH CBe,neHRR O XHMR'lBCKOM COCTO.ffffilR pa,nROSRTRBHhlX aTOMOB npR 

o6nyqeHRR qJTOPRPOBaHHhlX 6eTa-,nRReTOHaTOB Ro peaKUHHX pa,nROaKTRB

Horo aTOMa co CBOCJO,nHblM KOMllJ18RC006pasoBaTeneM. Bee 0TH ,naHHhle 

mecTe C pe3yJ11,TaTaMR, nonyqeHHblMR npR R3Y'l0HliH XRMR'l8CKRX ~Op.I 

pa.nROaKTRBHllX aTOMOB, .HMIIJlaHTRPOBaHHhlX B KPRCTaJlJlhl 6eTa-,nRReTOHa

TOB, ,naJOT HOBmi mrna.n B X.HMIDJ "rop.ff'lRX" aTOMOB. 
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IIonyqeHHue HOBHB pe3yJ11,TaTH O XllMR'l8CKRX ~oµAax CTa6RJIB3auRR 

pa,nROaKTRBHhlX aTOMOB pe,nK038M8Jl1,HhlX 3Jl8M8HTOB, RTTPRH ll IUl.PKOHR.ff, 

o6pasyIDIJUlXC.ff npR o6nyqeffiln IDC 6eTa-,nRK8TOHaTOB npoTOHaMR C 3Hep

r:aett 660 MaB, MoryT 6h!T1, peKOMeH,nOBaHH .nM llCll0JlI,30BaHll.ff B nocne

.nyIDIJUlX pa,nROXHMH'l8CKHX pa6oTax B OT,nene HJIB B JU)yrax na6opaTOPHHX 

npR oueHKe B03MOlKHOCTR np.HMeHeffil.ff 3TRX 008,nRHeHRH B KaqecTBe 06-

nyqaeMHX MHmeHe£i RJlll .nM nonyqeHR.ff M8'l8HllX 6eTa-,nRK8TOHaTOB. 

Ilo TeMe .naccepTallliR ony6J1RROBaHhl cne.nyIDIJUle pa6oTH: 

1. H.r.sanuew, X.M.McnaMow. IIpenpRHT OMHM, PI2-6355, 
.I{y6Ha (1972), (32 CTp.). 

2. H.r.3a£iueBa, l.M.McnaMoBa, HryeH rynfil Man, K.PoHHo. IIpenpnHT 
OIDM, P6-7203, .I{y6Ha (1973).J.?n~IYf.<'!C½em. ,37,865 (1975). 

3. H.r.sanuew, X.M.HcJlaMOBa, HryeH rynfil Man. IIpenpRHT OMHM, 
P6-7467, .I{y6Ha (1973).Rad,~clremRadioa,,at.Lett., 16,155 (1974). 

4. H.r.sanuew, X.M.MCJlaMOBa, HryeH ryRHI, Man. IIpenpRHT OMHM, 
P6-8103, .I{y6Ha (1974) .RadtiJdten,.l?trdtikrllQf'.Le.tl , 19,361 (19'i'.4). 

5. H .M.rpoMOBa, H.r .3a£iueBa, X.M .McnaMOBa, H.A.Jie6e,neB. 
IlpenpHHT OHHM, P6-8651, .I{y6Ha (1975) • 

a TaKllte 6h!Jlli npe,ncTaBJ18Hhl .noKJJa,nH, T€3llCH IWTOPhlX ony6JIBKOBaHll 

B cne.nyIDIJUlx MaTep.0.a.nax: 

1. H.r.sanueBa, X.M.HcnaMOBa, HryeH ryRfil Man, K.POHHO 
t th Jnfernaft'()na£ /lot lltonr ChemL•9f,;y !ljml'osl°um, ;t,::&:c/,, 
FRG, 1973, p.31. 

2. H .M .rpoMOBa, H.r .sanuero, X.M .McJlru.lOBa, H.A. Jle6e.neB. 
8 -1.h Jntema:tionat Hot I/tom Chemistr7 S;mposivm, 
SP/I, Bet9ium, 1975, p.121 • 
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3. 11.11.rpoMOBa, h. r. 3afiueBa, X .M .HcJJ.aMoBa, 11.A. Jie6e.n;eB. 

XI MeH,n;eneeBcKni1 c7,e3.n; no o6mei1 n npnKna.n;Hofi XllMllll, pecjJepaThl 
.n;orrna.n;oB n COOCJll.lBHllH, :!., 220, 11s,n. "HayKa", M., 1975. 

Ilo MaTep11aJ1aM .n;:eccepTauRll 6h1Jrn: c.n;enaHhl JJ;OKna.D;hl Ha· CllMnosnyMe 

no XID/illll roi;i.fI'mX aTOMOB, !OJIBX, ~Pr, 10-14 ceHTJI6pJI 1973 r. H Ha 

MOCKOBCKOM ropo,ncKOM ceMHHape no XW✓.HH ropw-rnx aTOMOB, MI'Y, 10 .n;e

KadpJI 1975 r. Ilpe.n;cTaBneH .n;oKna.n; Ha IY CBMnosnyM no pa.n;naunoHHoii 

XllMHll, KecTxem,, BeHrpHJI, 1-5 illOHJI 1976 r. 

PyitOilHCL nocrynnna B H3AaTeJlLCKHR OTAeR 
12 anpenH 1976 roAa. 
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