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Ill 
B 1967 rony XJOneToM H np. ObinO noKaaaa:o, 'ITO Mea:neneBHii Mo-

JKeT Ob!Tb IIOlly'leH B llBYXB8ll9.1iTHOM COCTO.IIHHH H 'ITO ero CT8Hll8pTHblfi OKHC

l!MT9llhHO-BOCCT8HOBHT9llhHblll IIOT9HUH8ll COCT8Bl!.II9T - 0,2 B. B COOTB9TCTBMM 

CO CTP09HHeM 8TOM8 M9Hll9li9BM.II nonyCTHM8 B03MOlKHOCTh nOl!Y'I9HH.II ero 

B COCTO.IIHMH OKHCli9HHSI J + 1 KOI'll8 npoH30llll9T nol!H09 38IIOliH9HH9 5 f 

ypoBH.IIo 0oCKOllbKY llBYXB8li9HTHbl9 p9llK039M9llhHbl9 H 8KTMHHllHbl9 9li9M9HTbl 

no CBOHM cBoficTBaM aaanorH'IHbi Sr 2+ , MOJKHo npenrronoJKHTh, 'ITo MJ 1+ 

6yneT aaanoroM Rb 1+ 

MeaneneBMfi-256 Mbi rronyqanH c noMomhJO ycKopHTenSI MHoroaapSillHbiX 

HOHOB Y -300 06'b9llHH9HHOI'O MHCTMTyTa S!ll9pHbiX HCCll9llOB8HHii (L{yoa:a) IIO 

cneny10mefi peaKunM: 

23BU ( 22He, pJn) 256MJ. 

BbiXOLl M9HL19li9BMSI ITpH o6ny'I9HHH B T9'19HH9 1,5 '18Co COCT8Bl!Sill COTHM aT0-

06 
,. 2s6MJ 

MOB. pa3yJOmHnC.II 

256MJ _3_._3_. __ _. 

90 MHHo 

pacnanaeTcSI no cnenyJOweft cxeMe: 

c.n. 
160 MMHo 

Ero perHcTpaUHSI npoBonHnach no noqepa:eMy 256 Fm c noMomhJO cqeT'IHKoB 

CnOHT8HHOrO ll9li9HH.II, IIli8CTM8CCOBbiX A9TeKTOpOB M !poc!paTHbiX CT9KOllo .MeH-

A9l!9BHll Bblll9ll.lll!C.II nyTeM nepepa60TKH ypaHOBOfi MHlli9HH no ~TOpHllHOii CX9-

M91 npH 9TOM B K8'19CTB9 HOCHT9l!SI HCnOl!b30B8l!HCh COl!H TeX p9llK039M9llb

HbiX 9li9M9HTOB1 KOTOpbi9 Tp900B8liHCb llll.ll BOCCT8HOBHT9llhHbiX npoueCCOBo 

illl.ll H3Y'I9HHSI B03MOlKHOCTH BOCCT8HOBli9HM.II M9Hll9li9BH.II llO OllHOB8li9HT

HOro COCTOSIHH.II H8MH Ob!ll8 HCIIOllh30B8H8 Ta lK9 BOCCT8HOBHT9llbH8SI CHCT9M8 1 
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KOTopaH npHMeHHnach paHee nnH nony~eHHH nsyxsaneHTHoro ¢epMHH 12•31 • 

8 Ka~eCTBe cpenhl nnH BOCCTBHOBneHHH HCITOnh30BancH 3T8HOnhHbiH paCTBOp 

xnopHnoB penKoaeMenhHhiX sneMeHTOB H xnopHcToro sonopona, conep*amHli 

MeHneneBHH, a B Ka~eCTBe BOCCTBHOBHTenH - MeTannHqecKHH MarHHHo B 3TOH 

CHCTeMe, KBK 6binO Il0K838HO paHee / 2 ,3/, pa3BHBaeTCH IlOTeHUHan, noCTa

TO~HbiH nnH BOCCTBHOBneHHH no nsyxsaneHTHOro COCTOHHHH Eu 3+ , Sm 3+ H 

Yb 3+ , rrpH~eM rrepBbre nsa sneMeHTa, rrepexonH B asyxsaneHTHoe cocTOHHile, 

o6paayroT ManopacTBOpHMhre xnopHJ:Ihi H BbiiianaroT B ocaaoK. 

npH H3y~eHHH rrpouecca BOCCT8HOBneHHH ¢epMilH HaMil 6brno ycTaHOBne

HO, ~TO B 3TOH CHCTeMe OH BOCCTaHaBni!BaeTCH no nsyxBaneHTHOrO COCTOHHI!H 

npH noTeHuHane soccTaaosneHHH Sm 3 + no Sm 2+ H aa cqeT HCTilHHo-Hao

Mop¢Holi coKpHcTannHaauHH rrepexonHT B TBepnyro ¢aay nHxnopHna caMapHH. 

B npoTHBonono*HOCTh sToMy, ¢epMHli He coKpecTannHayeTcH c EuC/2 

o6paayromHMCH npH BOCCT8HOBneHHH Eu 3+ 1 IIOCKOnhKY anecb He noCT!lraeT

CH Tpe6yeMOrO OKHCnHTenhHO-BOCCTaHOBHTenhHOrO IIOTeHUHana. B CBH31l C 

TeM, ~To B sonHhiX pacTBopax noTeHuHan napbr MJ 2+ I MJ 3+ npHMepHo Ha · 

0,25 B nonO*HTenhHee COOTBeTCTByJOmero IlOTeHUHana eBp0IlH5!1 MO*HO 6binO 

o*HnaTh, qTo rrpH KpHcTannHaauHH Eu Cl 2 

neT nepexonHTh B TBepnyro ¢aay. 

soccTaHaBnHBaromHlicH Md 6y-

OrrbiThi nposonHnHCh cnenyromHM o6paaoM. B cneuHanhHYJO rrpo6HpKy no-

MemanH 0,5 Mn sTaHonhHoro pacTBopa, conep*amero MeHneneBHli-256, ero 

no~epHHH rrponyKT ¢epMHli-256 H oKono 50 Mr EuCI3 • K pacTBopy ao6as

nHnH 0,5 Mn 7M pacTBopa xnopHcToro sonopona B 96% aTaaone H 25 Mr Me

TannH~ecKoro MarHHH. B peaynhTaTe peaKUHH lEuC/3 + Mg __. lEuC/2 +MgC/2 

o6paaoBhrBancH ocanoK Eu Cl 2 , KOTOpb!H ~TnenHnH ueHTpH¢yrHpOB8HHeM 

H TmaTenhHO rrpOMbiBanH paCTBOpOM TOrO *e COCTaBa, ~TO H MaTO~HhiH, HO 

He conep*aiUHM paiJ.HOaKTHBHhiX H30TOilOBo AnHKBOTa HCXOnHoro H KOHeqaoro 

pacTBopoB, a TaK*e nonyqeHHhiH ocanoK 6brnH nonseprHyThi HaMepeHHHM qHc

na 8KTOB CilOHTBHHOrO neneHHHo Ha OCHOBBHHH 9THX naHHhiX 6brn paccqHTaH 

npoueHT aaxsaTa MeHneneBHH ocanKoM EuCI 2 • CpenHHe peaynhTaTbi Ha 

HeCKOnhKHX napannenhHbiX OilbiTOB npHBeneHbl B Ta6nHue 1. Lln5! CpaBHeHHH 

B Toil *e Ta6nHue npencTaBneHhi peaynhTaThr, nonyqeHHhre paHee no aaxsaTy 

¢epMHH 

EuCI 2 

EuC/2 H SmCI 2 • 0Kaaanoch, qTo aaxBaT MeaneneBHH ocanKoM 
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1). B rrpoTHBorrono:>KHOCTb aaHHhiM aMepHKaHCKHX y'feHhiX, rroTeHuHan 

BoccTaHOBneHHH MJ 3+ ao MJ 2+ ne:>KHT oTpHuaTenbHee cooTBeTCTByiOmero 

ITOTeHuHana LlnH eBponHHo Toraa MeHaeneBHH UOn:>KeH OCTaTbCH B 3-BaneHT

HOM COCTOSIHHH H 0 BHanorH'fHO !j:lepMHIO, He UOn:>KeH 38XB8Tb!B8TbCSI OC8UKOM 

EuC/ 2 
2). DpH noTeHuHane BoccTaHoBneHHH Eu 3+ uo Eu 2+ B cnHpTOBhiX 

pacTBopax MJ 3+ BoccTaHaBnHBaeTcH ao MJ 7+. B sTOM cnyqae MeaaeneBHii 

T8K:>Ke He UOn:>KeH 38XB8Tb!B8TbCSI OCBLIKOM EuC/2 AHanorH'fHbie onb!Thi, 
1J7Cs npoBeaeHHbie HaMH c HcnonbSOBaHHeM HHUHKaTopa , noKasanH, 'fTO 

uesHii saxBaTbiBaeTCH ocaaKoM EuCI 2 B KonH'feCTBe MeHee 1%. 

Dpeanono:>KeHHe 0 B03MO:>KHOCTH BOCCTaHOBneHHSI MeHaeneBHSI LIO OLIHOBa

neHTHOrO COCTOSIHHSI HaM npeacTaBnHnOCb BepOHTHbiMo 

J.13 nHTepaTypHbiX LlaHHbiX /
4 / H3BeCTH0 1 'fTO COnH, HMeiOIUHe KpHCTan-

nHqecKyiO perueTKy THna 

nH'fecKoii perneTKoii NaCI 

CsCI 1 B npOTHBOnOnO:>KHOCTb COnHM C KpHCTan-

1 He o6pa3yiOT 8HOManbHb!X CMelliaHHbiX KpHcTan-

noB. 8TO 06CTOHTenbCTBO HBnHeTCH O'feHb B8:lKHbiM 1 nocKOnbKy o6nerqaeT 

HJ:IeHTH!j:JHKBUHIO OUHOBaneHTHOro MeHaeneBHHo HeCMOTpH HB :3T01 HBMH 6binH 

nOCTBBneHbl cneuHanbHbie OnhiTbl no H3y'feHHIO 38XB8T8 OCBUKOM xnopHCTOro 

Ue3HH 2- H 3-BaneHTHbiX peaK03eMenbHbiX sneMeHTOB H CTpOHUHSI B ycnoBHSIX 

npoBeaeHHH sKcnepHMeHTa. EhmO ycTaHoBneHo ( Ta6nHua 2), 'fTO peuKose

MenhHbie sneMeHTbl B 2- H 3-BaneHTHOM COCTOHHHH, a TaK:>Ke Sr +2 
npaKTH-

qeCKH He 38XB8Tb!B8IOTCH OC8LIKOM CsCI • CneuoBaTenbHo, ocauoK xno-

pHCToro Ue3HSI MO:>KeT HBHTbCH KOnneKTOpOM MeHUeneBHSI TOnbKO B OLIHOBa

neHTHOM cocTOHHHH, H saxBaT HM MJ 2+ HnH MJ 3+ npaKTH'feCKH HeBosMo-

:>KeH. 

0CHOBbiB8SICb Ha nony'feHHbiX pesynbT8T8X1 Mbl npoBenH CepHIO OnbiTOB, 

B KOTOpbiX ocymeCTBnHnaCb KpHCTannH38UHH OUHOBpeMeHHO UBYX OCBUKOB 

EuC/ 2 H CsCI • llnH sToro nocne Ha'fana KpHcTannH3aUHH EuC/ 2 

B CHCTeMy BBOJlHnH 0, 1 Mn STBHOna, H8CbiiU9HHOrO XnopHCTb!M U93H9M0 

BcneucTBHe yMeHbiiieHHH pacTBopHMocTH CsCI Bhmaaan B ocaaoK. TaKHM 

o6pa30M 1 o6pasyiOIU8HCH TBepaaH !j:la3a COCTOHna H3 EuCI 2 H CsCI 

CpeaHil:e pe3ynhTaThi HecKonbKHx onbiTOB no 3axBaTy MeHueneBHH cMeCbiO 

LIBYX OCBLIKOB npHB9U9Hbl B Ta6nHue 3. Dony'feHHbie LIBHHbie, BepOHTHO, MO:>KHO 
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o6'bHCHHTb TeM, "'TO MeHJleneBHi!: IIpH BoccT8HOBneHHH Eu 3+ao Eu 2+ rrepexo

JlHT B 0JlHOB8neHTHOe COCTOHHHe H o6p83yeT TBepJlbiR p8CTBOp C CsCf 38 

C"'eT HCTHHHO-H30MOp$HOR COKpHCT8nnH38UHH, 

CneJlylOIII8H cepHH OilblTOB 6bin8 IIOCT8BneH8 H8MH B ycnOBHHX1 KOr)la 

TBepJl8H $838 COJlep:lK8n8 TOnbKO OJlHH OC8ll0K - CsC/ o LlnH 3THX OilbiTOB 

B Ka"'eCTBe conesoro $oHa 6bin Bbi6paH pacTsop Yb Cl 2 YbCI 3 o B 

Jl8HHOft CHCTeMe pa3BHBaeTCH IIOTeHUHan, 3H8"1HTenbHO 6onee BbiCOKHH, "!eM 

S 3+ F 3+ 
IIpH BOCCT8HOBneHHH eBpOIIHH1 H T8KHe HOHb\ 0 K8K m H m , rrepe-

XOJlHT IlpH 3TOM B JlByXB8neHTHOe COCTOHHHe, 0IIb!Tbl IIpOBOJlHnHCb 8HanorR'l:

HO OIIHC8HHbiM Bbiiiieo 

CIIHpTOBOft paCTBOp xnopHCTOrO ue3HH BBO)lHnCH B CHCTeMy B TOT MO

MeHT, KO r)la JlOCTHr8nOCb M8KCHM8nbHOe BOCCT8HOBneHHe HTTep6HH LlO JlByX

B8neHTHOrO COCTOHHIH11 0 "!eM MO:lKHO 6bin0 CyJlHTb IIO IIOHBneHHIO 3eneHOH 

oKp8CKH p8CTBOP8o Oc8JlOK CsCI OTJlenHncH ueHTpH$yrHpoB8HHeM H TIII8-

TenbHO IIpOMbiB8nCHo Tip0MbiB8HHe ero OCyiiieCTBnHnOCb p8CTBOpOM Toro :lKe 

COCT8B81 "'TO H M8TO"!HbiH1 HO He CO)lep:lK81IIHM p8llH08KTHBHhiX H30TOIIOB, 0Ka-

38nOCb1 "'TO, K8K H B IIpeJlbiJlyiiiHX OIIbiT8X1 MeH)leneBHft IIp8KTH"!eCKH non-

HOCTblO rrepexOJlHT B TBepJlylO $83Y CsCI ( T86nHU8 3). 

H8 OCHOB8HHH rrony"!eHHblX pe3ynbT8TOB MO:lKHO CJlenaTb TOnbKO OJlHH 

BhlBO)l: IIpH BOCCT8HOBneHHH HTTep6HH H eBpOIIHH JlO JlBYXB8neHTHOrO COCTOA

HHH B p8CTBope HCI B aTaHone MeT8nnH"!eCKHM M8rHHeM MeHJleneBHft ·nepe

XOJlHT B COCTOHHHe OKHCneHHH J+ H 38 C"'eT HCTHHHO-H30MOp$HOH COKpHCTan-

nH38UHH 38XB8TbiBaeTcH ocaJlKOM CsCI . 3TH :lKe oiibiTbi II03BOnHIOT 

CJlen8Tb IIpe)liiOnO:lKeHH9 0 TOM, "'TO XHMH"'eCKHe CBOHCTB8 MeHJleneBHH 

IIOXO:lKH H8 CBOHCTB8 TH:lKenbiX menO"'HbiX MeT8nnoB, 

ABTOpbi Bbip8:lK8IOT rny6oKyiO 6n8rOJl8pHOCTb 8K8JleMHKY r.H. <t>nepoBy 

38 IIOCTOHHHblH HHTepec K BbiiiOnHHBIIIeitcH p860Te, Q,A, Ean8XOBCKOMY H 

C.TI, TpeTbHKOBOft - 38 IIOMOIIIb B ee IIpOBe)leHHH, 8 T8K)Ke COTpyJlHHK8M OT

)len8 ycKopHTenefi nHP OIHH1 38 o6ecrre"!eHHe "!eTKOH pa60Tbl UHKnoTpOH8, 
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PyKOfiHCb fiOCTynHna B H3liSTenbCKHA OTllen 

21 MapTa 1972 rolla • 

Ta6.mma I. 
3axBaT Me~e~eBER H 0epMER OCanKaMH X~OpH~OB CaMapER 

H eBpOIIID1. 

MPI:Kpoa~eMeHT. 0CMOK. 3axBaT MHKPO-
a~eMeHTa oca.n-

KOM. (%) 

Fm EuC12 
1,8 ±o,2 

Fm SmC12 
30 ± 5 

hld EuC12 I2 ±. 2 
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Ta6.mma 2. 

\ 3axBaT OC~OM X~OpMCTOrO Ue3HH MMKPOKO~eCTB pe~o-

3eM8~HHX 8~8M8HTOB. 

)J.BrBaJI8HT- Yb2+ ·:u2+ Sr2+ s»f+ 
Hhl HOH. .u 

Y!OHHb!Yi p~HYC 
cl> 

0,93 1,10 1,10 1,II 

3axBaT ocan-
KOM (%) 0,17 o.14 0,13 0~16 

TpexBMeHTHhli Yb3+ y3+ Eu3+ sm3+ Ce3+ 
HOH. 

YlOHHhl¥ pa.n;MyC 0,86 0,88 0,95 0,96 1,03 
(A) 

3axBaT OC~OM 
(%) 

0,2 0,4 0,5 0,3 0,4 

Ta6mma 3. 

COKpMCT~3auMR Me~e~eBRff H MZKPOKO~eCTB py6H~ 

C X~OpHCTh!M U83MeM. 

·- TBep.IJ;aR cpasa. Mm~pos~eMeHT 
Ko~qecTBO 
MMKPOS~eMeHTa 

B rBef~ol lfla3e ) 

CsCl Rb 85 ± 5 

CsCl + Md 70 .± IO 
EuCl2 

CsCl Ma 80 +20 
-30 
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