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OpraanqecKne peareHTbi npno6peTa~T ace 6onbrnee aaaqeane B XHMH

qecKoM aaanHae B CHny CBOefi Bb!COKOH "'YBCTBHTenbHOCTH H H36HpaTenb

HOCTH peaKuHfi c HOH8MH MeTannoa. B nocneaane rOLlbi oco6oe BHHMaHHe 

yaenReTCSI peareHTaM, o6paay~lliHM xenaTHbie KOMnJieKCbi
0 

KOTOpbJe xapaKTe

pHay~TC51 H8JIH"'HeM OLlHOro HJIH 6onee I.IHKJIOB, COLlepM8lliHX 8TOM MeTanna. 

XenaTnpy~ume nHraHLlbi HMe~T <flopMyny B o6rneM anae: 0 0 
II II 

R -C-C -C-R 
1 1 2 

Ill 
Rl MeTHnbHbie, <fJTOpMeTHIIbHbie, • R2 , rae 

R3 

!fleHHJibHhie H PRLl apyrnx paaHKanoa, H R 3 - soaopoaHhiH paanKan. 

Hannqne B xenaTax I.IHKJIH"'ecKHx rpynnnpoBoK oqeHb CHnbHo ysenH"'H

BaeT HX YCTOA'iHBOCTb no CpaBHeHH~ C COeLlHHeHH51MH noao6Horo COCTaBa, 

HO He HMe~lliHX I.IHKIIOB. YCTOH"'HBOCTb C8MHX xenaToB B CHIIbHOH Mepe 

38BHCHT OT THna I.IHKnOBo 3KcnepHMeHT81IbHh!e Ll8HHbie CBHLleTeJibCTBy~T 
0 TOM, "'TO HBH6onee yCTOA'iHBbiMH 51BII51~TC51 n51TH- H llieCTH"'neHHb!e I.IHK-/2/ 
lib! • flpaKTH"'eCKH MOMHO nony"'HTb XeJIBTHbie KOMnneKCbl JI~6oro MeTan-

na. TepMHH "xenaTHbie' ( KnernaeBHLlHhie) ncnonbayeTC51 Ll1I51 onncaRH51 

I.IHKIIH"'eCKHX COeLlHReHHA, B KOTOpbiX KOIIbi.IO 38MKHyTO KOOpLlHH8I.IHe~ He

noaeneHRhiX nap aneKTpoHoB MeTanna. flpouecc o6paaoBaRH51 TaKHx coeau~ 
HeHHH H3BeCTeH KBK xenaTHpOB8HHe. 
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/3/ 
XenaTHbie coe.oHHeHHSI o6na.oaJOT cne.oyJOIUHMH csoltcTBaMH : 

l) XOpOWO paCTBOpS!JOTCSI B opraHHqecKHX paCTBOpHTeJlSIX H He paCTBOpS!IOT-

CSI B so.oe; 2) oqeHb cna6o .OHCCOUHHpOBaHbl1 T,e, SIBJlSIJOTCSI He3JleKTpO-

JlHTaMH; 3) MHOrHe H3 HHX CITOC06Hbl ITpH ITOBbiWeHHbiX TeMnepaTypax B03-

rOHS!TbCSI 6e3 pa3JlO)f{eHHSI; 4) qaCTO HMeJOT SipKyJO OKpacKy 
1 

OTJlHqaJOIUyJOCSI 

OT OKpaCKH 06bJqHb!X COnelt COOTBeTCTByJOIUHX MeTaJlJlOB, 

XHMHH xenaTHbiX COe.OHHeHHit ITOCBSIIUeHo 6onbWOe qlfCJlO pa6oT, HO B 

npe.onaraeMOM 0630pe 6y.OyT paCCMOTpeHbl CBOitCTBa KOMITJleKCOB HeKOTOpbiX 

HaH6onee xapaKTepHbiX {3 - .OHKeTOHOB, 

M eTannHqecKHe npoH3BO.OHbie f3 - .OHKeTOHOB nonyqaJOTCSI npH B3aHMO-

.OeHCTBHH C COe.OHHeHHSIMH MeTaJlJlOB (OKHCJlaMH 1 Kap6oHHJlaMH, COJlSIMH) H 

B o6MeHHbiX peaKUHSIX {3 - .0HKeTOH8Ta Me.OH C HeopraHHqecKHMH COJlSIMH 

.opyrHx MeTannos. B npaKTHKe npHroTosneHbi H H3yqeHbi xenaTbi npHMepHo 

60 aueTHnaueTOHaTOB1 HeCKOJlbKO MeHbWee qHCJlO TpH~Top- H reKCa~TOpaue-

THnaueTOHaTOB H ITpOH3BO.OHbiX .OpyrHX f3 - .OHKeTOHOB, 

0 
BeTa-.OHKeToHaTbi MeTannoB nnaBSITCSI npH TeMnepaTypax HH)f{e 200 C, 

qacTb H3 HHx pa3naraeTcSI npH nnasneHHH, T,e. OHH TepMHqecKH ae.oocTa

Toqao CTa6HJlbHbl 1 HO HeKOTOpbie o6na.oaJOT 6onbWOH yCTOHqHBOCTbJO K TeM-

nepaType, aanpHMep, EtueTimaueToHaTbi Be , Al H Cr 
0 /4/ 

6e3 p83JlO)f{eHHSI ITpH TeMnepaTypax CBbiWe 300 C 

yneTyqHB8JOTCSI 

TaK KaK MHOrHe xenaTHbie KOMITJleKCbl pa3naraJOTCSI npH ITOBbiWeHHOit 

TeMnepaType, To aanpasneaHe Hctne.ooBaHHii wno no nyTH noHcKoB TaKHx 

{3 - .OHKeTOHOB, KOTOpbie .QaBaJlH 6bi TepMHqeCKH 6onee yCTOitqHBbie Me

T8JlJlHqeCKHe npOH3BO.OHbie, p a60Tbl B 9TOM HanpaBneHHH npHBeJlH K nony

qefiHJO .OOCXaTOqHO YCTOitqHBbiX COe.OHHeHHit ~TOp3aMeiUeHHbiX npOH3BO.OHbiX 

aueTHnaueToaa. 

CBOitCTBa {3 - .OHKeTOH8TOB MeTaJlJlOB MO)f{HO HCCJle.OOBaTb MeTo.OaMH 

ra3oxpoMaTorpa~HqecKoro aaanH3a 6naro.oapSI neTyqecTH H OTHOCHTeJlbHofi 

4 

' 

i 
'',!''.; 

. 

'"1: ll.< I, • 

TepMHqeCKOfi CTa6HJlbHOCTll 3THX COe.OHHeHHfi, 

o6pa3yeMbiX HOHaMH MeT8JlJlOB pa3JlHqHOH BanE 

aaH6onee npHeMneMbi anSI ra3osoA xpoMaTorpl 

.OHKeTOHOB, KaK aueTHJl-1 TpH~TopaueTHJl- H r< 

BaJlOHMeTaH, 0co6oro BHHMaHHSI 3aCJlY)f{HBaJOT 

KaK OTHOCHTeJlbHO BhlCOKaSI neTyqeCTb 3THX Cl 

HHTb fX AJlS! aHaJlH3a 60JlbWOrO qlfCJla MeTaJll 

AueTHnaueToHaTbi 

0 

AueTHnaueTOH (AA) 

0 

CH - /!- CH -~ 
3 2 

BHTeJlb rOMOJlOrHqeCKOrO pSIAa {3 AHKeTOHO 

neaa AOCTYITHOCTbl01 a TaK)f{e 60JlblliHM KOJll 

/4/ 
meii:CSI erO MeTaJlJlHqeCKHX npOH3BOAHbiX 

/5-
neaaoro cocTaBa co MHOrHMH MeTannaMH 

I 101 
MoryT 6biTb pa3aeneHbi aa TpH rpynnbi 

1. AA-Tbi MeTannoB, B KOTOpbiX saneHTHO 

meHbi oaaosaneHTHbiM pa.OHKanoM,C II 0 • Hanp 
5 7 2 

Zn (C H 0 ) , Sc ( C II 0 ) , AI (C H 
5722 5723 57 

II. AA-Tbi MeTannoJIAOB, B KOTOpbiX Bt 

3aMeiUeHbi paAHKanoM aueTnnaueToHa. JlanpH~ 

Si (C H 0 ) Cl 
5 7 2 3 

Ti (C
5 

H 
7 

0 
2 

)
3 

Cl. 

l/1. 3Ty rpynny cocTaBnSIJOT TaKne AJ!. 

KaK opraaHqecKHe coeAHHeHHSI, aanpHMep, au 

TaKHe csoii:cTBa aueTHnaueToHaToB, Ka~ 

BOpHMOCTb B opraHHqeCKHX p8CTBOpHTeJlSIX 1 ~ 

npH HarpeBaHHH, aHOMaJlbHaSI OKpaCKa CBH.Oe~ 

COeAHHeHHSIX aTOMbl MeTanna CBSI3aHbl C HeH, 

5 



13/ Ie COe!IHHeHHH o6naaaJOT cneayJOIUHMH CBOHCTBBMH : 

CTBOpHJOTCH B opraHH'IeCKHX paCTBOpHTenHX H He pBCTBOpHJOT-

2) O'IeHb cna6o CIHCCOUHHpOBBHb1 0 T,e, HBnHJOTCH He:;meKTpO

HOrHe H3 HHX CIIOC06Hbl IlpH IIOBbiiiieHHbiX TeMrrepaTypax B03-

pa3nOMeHH51i 4) 'IBCTO HMeJOT HpKyJO OKpBCKy, OTnH'IBIOIIIYIOCH 

6bi'IHbiX Conelf COOTBeTCTByJOIUHX MeTannoB, 

enaTHbiX coeaunenulf rrocBHIUeno 6onbllloe 'IHcno pa6oT, Ho B 

063ope 6yayT paCCMOTpeHbl CBOHCTBa KOMIIneKCOB HeKOTOpbiX 

KTepHbiX {3 - CIHKeTOHOB, 

eCKHe IIpOH3BOCIHbie 
{3 - CIHKeTOHOB rrony'IBIOTCH IIpH B3BHMO-

MeTannOB ( OKHCnBMH 0 Kap60HHnBMH, COnHMH) H 

{3 - !IHKeTOHBTa Meau C HeoprBHH'IeCKHMH COnSIMH 

oa. B rrpaKTHKe rrpuroToBnenbi H H3y'IeHbi xenaTbi rrpHMepao 

HBTOB 0 HeCKOnbKO MeHblllee 'IHCno TpH~TOp- H reKCB~TOpaue-

H IIpOH3BOCIHbiX apyrux f3 - CIHKeTOHOB, 

0 TOHBTbl MeTannoB IInBBSITCH IIpH TeMIIepaTypax HH)I{e 200 C, 

B3naraeTC51 IIpH ITnBBneHHH 0 T,e, OHH TepMH'IeCKH He!IOCTa

bl0 HO HeKOTOpbie o6nBJlBlOT 6onblllOH YCTOH'IHBOCTbiO K TeM-

Mep, s.ueTHnaneToHaTbi Be , Al H Cr 

0 141 rrpu TeMrrepaTypax CBbiiiie 300 C 
yneTy'IHBBIOTCSI 

HOrHe XenaTHbie KOMIIneKCbl pa3naraJOTCSI IIpH IIOBbiiiieHHOtl: 

HBITpaBnenue HCCneJlOBBHHH lllnO ITO IIYTH IIOHCKOB TBKHX 

, KOTOpbie JlBBBnH 6bi TepMH'IeCKH 6onee YCTOti'IHBb!e Me

H3BOJlHbie, P a6oTbi B aToM narrpaaneHHH npHBenu K rrony

o YCTOH'IHBb!X COeJlHHeHHH ~TOp3aMeiUeHHbiX IIpOH3BOCIHbiX 

f3 - JlHKeTOHBTOB MeTannoB MOMHO HCCneJlOBBTb MeTOJlBMH 

H'Iecxoro aaanH3a 6naroaapH neTy'IeCTH H OTHOCHTenbHofi 

4 

...... 

~~v, 

I ' . 

';; 
~; 

l.:t:: , . 

TepMH'Iecxofi cTa6HnbHOCTH STHX coeaHHeHHH, Dpu paccMoTpennn coeannenui!, 

o6pa3yeMbiX l!OHBMH MeTannOB pa3nH'IHOH BBneHTHOCTH
1 

6binO HBHJleHo, 'ITO 

HBH6onee IIpHeMneMbl anH rB30BOH XpOMBTOrpa~HH ( fX) xenBTbl TBKHX f3 -

!IHKeTOHOB, KBK aueTHn-, TpH~TopaueTHn- H reKCB~TopaueTJmaueToH, !IHITH

BBnOHMeTBH, 0co6oro BHHMBHHH 38CnyMHB810T <J!TOpHpOB8HHbie xenaTbi, TBK 

KBK OTHOCHTenbHO Bb!COKBH neTy'IeCTb 3THX CoeaHHeHHH Il03BOnHeT IIpHMe

/4/ HHTb fX ClnH BHBnH3B 6onblllOro 'IHCna MeTannoB 

AueTunaueToH 

AueTunaueToHaTbi 

0 

(AA) CH - {;- CH 
3 2 

0 
II 

- C- CH 
3 

IIpOCTeHIIIHH IIpeJlCTa-

BHTenb roMonorH'Iecxoro pHaa {3 CIHKeTOHOB, DorrynHpHOCTb ero o6ycnoB-

neHa JlOCTYIIHOCTbiO, a TBKMe 6onblllHM KOnH'IeCTBOM HH~OpMBUHH, KBCBJ0-

/4/ . 
meilcH ero MeTannH'Iecxux rrpoH3BOJlHbiX • AA o6pa3yeT xenaTbi orrpeae-

nennoro cocTaBa co MnorHMH MeTannaMn 
/5-18/ 

I 101 
MoryT 6biTb pa3aenenbi Ha TpH rpyrrrrbi 

H MeTannouaaMH, KOTOpbie 

1, AA-Tbi MeTannoB, B KOTOpbiX aanenTHOCTH MeTannoB rronnoCTbJO 3aMe-

meHbi oanoaaneHTHbiM paauKanoM,C II 0 • HarrpHMep: 
5 7 2 

Zn (C H 0 ) 
5 7 2 2 

Sc(C
5

!1
7

0
2

)
3

, Al(C
5

H
7

0
2

)
3

, 

Tl C H 0 , Cu (C H 0 ) 
572 5722 

Th (C 
5 

H 
7 

0
2 

) 
4 

, 

11. AA-Tbi MeTannonaoa, B KOTOpbiX BaneHTHOCTH sneMeHTa qacTH'IHO 

3aMeiUeHbi paauKanoM aueTnnaueTona. llarrpnMep: B C H 0 ) Cl ; 
5 7 2 2 

Si (C 
5 

H 
7 

0 
2 

) 
3 

Cl Ti (C H 0 ) Cl. 
5 7 2 J 

Ill. 8Ty rpyrrrry cocTaBnHJOT TBKlle AA-Tbi, KOTOpbie aeayT ce6H, 

KaK opranH'IeCKne coeauHeHnH, narrpnMep, aueTunaueToHaT cepb~ 

TaKHe CBOHCTBa aueTHnaueTOH8TOB 1 KBK HX HeHOHHbiH xapaKTep, paCT

BOpHMOCTb B OpraHH'IeCKHX p8CTBOpHTenHX 1 3HB'IHTenbHBSl CTB6HnbHOCTb 

IIpH HarpeBaHHH, BHOMBnbHB51 OKpBCKB CBHCleTenbCTByJOT 0 TOM, 'ITO B 8THX 

' 
COeJlHHeHHSIX BTOMbl MeTanna CBH38Hbl C HeHBCbiiUeHHblMH opraHH'IeCKHMH 

5 
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MoneKyn8MH 1 IIpH'IeM He TOnbKO 'lepe3 HX OCHOBHble BaneHTHOCTH1 HO T8K

/7/ 
~e IIOCpeaCTBOM HX OCT8TO'IHOro CpoacTB8 

MoneKynHpHaH cTpyKTypa aueTHnaueToHaToB, ycTaHoaneHHaH no coaep

~aHHJO B HHX MeTannoB H CIIeKTpaM Y<J> nornomeHMH 1 COOTBeTCTByeT <flopMyne: 

( 

CH~ l 3 c-o-....' 
HCt:.C=O ... Me 
CH ,.,- jr 

3 n 

rne Me - MeTann, a n - ero aaneH~THOCTh. 

06maH ¢opMyna anH AA-ToB MeTannoa - Me( HA )n nHlllb ypaH 

o6pa3yeT coenHHeHHe TMrra UO ( AA) • HA, 
2 2 

Ta6nMU8 1 CBHaeTenbCTByeT 0 6onblllOM 'IHCne pa6oT, IIOCBHIIleHHbiX 

CHHTe3y H H3y'leHHIO CBOi!CTB AA-TOB MeTannoB, H, KaK BHaHo, BO MHOrHX 

H3 HHX yaenHeTCH BHHM8Hlfe HCCneaoBaHHHM, K8C8101IlHMCH T9pMH'I9CKHX 

CBOfiCTB STHX XenaTOB o 

YcTaHOBneHO, 'ITO TepMH'IeCK8H CT86HnbHOCTb KOMIIneKC8 38BHCHT OT 

/31/ . 
npHpoabi MeT anna • TaK, AA -Tbi Cr (Ill) H Be (h) KHIISIT npM aT-

Moc¢epHOM aaaneHMM 6e3 pa3no~eHMH, a AA -P33 pa3pylllaJOTCH npM TeMrrepa

Typax MeHblllHX1 'l:eM HX TeMrrepaTypbl KHIIeHHH, 6binO HafineHo, 'ITO OCHOB-

HhlMH rrpoayKT8MH pa3n0~9HH51 KOMIIneKCOB B OTCyTCTBHe KHCnopoaa 51Bn51-

IOTCH aueTOH H aByOKHCb yrnepona, 8 B HeKOTOpblX cny'I851X - 8U9THn8U9TOH 

/32/ 
H MeTaH • TepMM'IecKaH cTa6MnhHOCTb AA- Me , onpeaeneHH8H no 

o6p830B8HHIO ra3006p83Hb!X IIpoayKTOB, yM9Hblll8eTC51 B pHay: 

N a (I) > Cr( Ill) > Al (Ill) > N i ( 11) > Fe (Ill) > Co ( 11) > Co (Ill) > Mn (IV) . 

11ccneaoBaHHJO neTy'leCTH 6onbllloro 'IRena AA-ToB 6~:o~:nH nocBHilleHbi 

/34, 38-411 /34,39,41/ 
pa60Tbi ; B pa6oTaX OIIHC8H <flpaKUHOHHbiii B8KYYMHblti 

cy6nHM8TOp, C IIOMOIIlb!O KOTOpOrO 6bin s<fJ<!JeKTHBHO pa3aeneH p51a MHOrO

KOMIIOHeHTHbiX CMeCeH f3 - aMKeTOH8TOB pa3nH'IHhiX MeTannoB , 0aH8KO 

/39/ 
oKa3anoch, 'ITO AA-Thi naHT8HHaoa H HTTpHH HeneTy'IH , CpeaH 'leTbr-

pex TlllaTenbHo H3y'leHHhiX naHTaHMaHhiX KoMnneKcoB ( La , Sm , Ce , 

6 

' 

HeKOTopye ~aHKo-XHuHqecKHe x~ 

H3B8CTHYX 8~8THn8~8TOH8l 

A~eTHna~eToHaTY: 

I 

Li, Be, Na ,Al ,Sc,Cr, Co(]~ 
Co(I),Ni, Zn, Y, Zr, Aq ,Cd, . 
Cs, P31-, Hq 1 recn Jh, N(h. 

M~. Ae1 5c 1 MnW, Fe(IJ, 
Co ri) I Cu (l)IGa,Y,Cd, 
]n 1 La,Nd,Sm,Eu 

Be , Cu OD, Zn , P31-

Li, Be, Na I M9,, Ae, 1< 15c, 
Ti, Cr, Mnan, 1="e(ID) 1 coon,cornn, 
Cu(Dl 1 Zn, Y, Pd, *J• Cs, P33; 
PI ,TWl

1 
Th, VOW, MoOz(!), 

HayqeHHY8 CB( 

2 

MoneKynHpHaH c~ 

KOHCT8HTY oe5pal 

KOHCT8HTY ,ltHCCI 

Yt, HK-cnexrpw 

B U,liiiOI oO•a 

---------"---------·-------~--~-~-----~---4-
Be,NQ,Mq,Ae,K,Ca, 
Sc, 1I, VC() I Cr I Mn {Jl)l 
fvln(IYJ, Fe(Il

1 
CoCDil,Ni, Cu, Gal 

Zr, Rh, Pd,Cd I Jn, Pi, HqCJn, 
re en I Th I utJYl, uol.rl), 

Tepoucue xap 
TIItJ(teiiiiip&TJP 
H•l, lleTJqecn, 

CJOUJfllll•JI) 

-----------·---~----------~----~~---~------
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npH'!8M He TOllbKO qepe3 HX OCHOBHbl8 BaneHTHOCTH1 HO TaK

/7/ 
BOM HX OCTBTO'IHOrO CpO!lCTBa 

n.s:rpua.s:r cTpyKTypa aueTHnaueTonaTos, ycTaHosnenua.s:r no coaep

MeTannoB H cneKTpaM Yet> nornotuenHH, cooTBeTCTByeT 4>opMyne: 

( 

CH3'c-o,)' , 
HC --c=o..-1 Me 
CH-" )1 3 n 

eTann, a n - ero sanen~THoCTb, 

opMyna an.s:r AA-ToB MeTannoB - Me(llA)n nHillb ypa!i 

UO ( AA) • HA. 
2 2 

HH8Hll8 TH!lll 

1 CBH!l8T811bCTByeT 0 6ollblllOM 'IHCne pa60T1 noCBHmeHHbiX 

'!8HHIO CBOHCTB AA-ToB MeTannoB, H, KBK BH!lllo, Bo MllorHX 

TCH BHHMB!Jd8 llCC118!lOB8HHHM 1 KaCaiOmHMCH TepMH<JeCKP.X 

xenaToB • 

eno, 'ITO T8pMH'J8CKaH CT86HnbHOCTb KoMnneKca 3aBHCHT OT 

na 
1311

• Tax, AA-Thi Cr(/11) 11 fJe(!') KHnHT npn aT-

6ea paanoJKeHHH, a AA-P33 paapyillaiOTCH rrpn TeMrrepa-

qeM HX TeMnepaTypb! KHnellH.H, EblllO Hatfaeno, 'ITO OCHOB-

H pa3l!OJK8HHH KOMnneKCOB B OTCyTCTBHe KHCnopoaa HBl!H-

asyoKHCb yrnepoaa, a B neKoTopbiX cny<Ja.s:rx - aueTnnaueTon 

epMH<Jecxa.s:r cTa6HnhnocTb AA- Me , onpeaenenna.s:r no 

3006pa3Hb!X npo!lyKTOB, yMeHbillaeTCH B pHay: 

Al ( /ll) > N i ( ll) > Fe (Ill) > Co ( ll) > Co (Ill) > Mn ( l V) . 

HHIO neTyqecTH 6onbllloro <JHcna AA-ToB 6wnH nocBHillenbi 

1/ /34 39,411 
; B pa6oTax ' OllHCaH 4JpaKUHOHHbiJi BaKyyMHbiii 

oMOillbiO KoToporo 6blll s¢4>eKTHBno paaaenen p.s:ra Mnoro-

/3 - !lHKeTonaToB paanH'!HbiX MeTannoB • Oanaxo 

/39/ 
A-Tbi nanTanHaos H HTTpHH neneTy'IH • CpeaH <JeTbi-

ayqennhiX nanTallH!lllhiX KoMnneKcoB ( La , Sm , Ce , 

6 

..,...-

Ta6JJHU8 1 
HeKOTopye ~SHKO-XHUH~ecKKe xapaKTepHCTHKH 

HSB6CTHYX 81.{6THn81.{6TOH8TOB 

AueTHnaueToaa TH; ~ay~eHHYe CBO"CTB8 

I I 2 

Li, Be, Na ,Al,Sc,Cr, Ca(J).I MoneKynHp&a.ll CTPYKTypa 
Ca(l),Ni, ln, Y, Zr, Aq ,Cd, . 
Cs, P3J, Hq, run, Th, ~ 

M~. Ae, 5c 1 MnW,Fe(IJ, 
CortJ,Cu(ll,Ga,Y,Cd, 1 KoHcTaHTY o6paaoBaHHH 
Jn, La,Nd,Sm,Eu 

Be 
1 

Cu (1[) Zn P33- I KoHcTaHTY ~accol{Hal{HH 
l ) 

Li. Be, Na, t-19,, Ae, k,Sc, 
Ti, Cr, Mn{/l), 'Fe{HJ), Co(J[) ,Co(U[), 
Cu (lll,ln, Y, Pd, ~~ Cs, P33; 
Pl ,Ttrn, Th 1 YOW, MoOz(J), 

Y~, ltK-cnexrpw,cneKrpY 
8 B .. IUOI od~&CTI 

1 

1IHTepnypa 

3 
7,9,19-23 

24 

25 

7 ,9.19-22, 

25,26 

19-20 

27-29 
---------"~·-----·-------1--~-------~---·------------~------------
Be,NQ,Mq,Ae,K,CQ, Tepu.lltCEJe xapaxrep•c-
Sc, 71, VCtl,Cr, frtn (J), nxlr(reiDleparypa n~aue-

9,10,19-22 
)()-34 

35-!11 MnOfJ, Fe(IJ, Co(DJJ,Ni, Cu, Go, HIJI, reryqecn, ren.wora 
Zr, Rh, Pd, Cd , ]n, Pl. , Hq CKl, cyd.UiflllliJI) 

re (!), Th, utiYl l uol.a), -----~o.-----------
--------~-~---------- -----~---~-----~ 
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Er ) TOnbKO 6e3BOAHhiH AA- La rroKaaan crroco6HoCTb K eoaroHKe. Bbi-

cKa3hiBaeTc51 rrpenrrono)l{eHHe, 'ITO, ecnn 6bi MO)I{HO 6bino rrony'IHTb 6eaBoAHbie 

AA - Ln , oHH, eepo51THO, o6nananH 6bi BbiCOKoil cTerreHbJO neTy'leCTH. 

CoaepweHHO HHoe rrono)l{eHHe Ha6nJOnaeTCH nng AA- Sc( Ill) , V ( /J') , 
++ 

Th (/ V) , UO (VI) ; ace OHH - xopowo neTy'IHe H TepMH'IeCKH ycToil:'IH-
2 

Bbie COellHHeHH51i 8H8nH3bl flOK838nH 1 'ITO K8)1{llblil: H3 9THX xenaTOB 6hin 

6e3BOllHbiMo 

OrrpeneneHHe TeMrrepaTyphl cy6nHM8UHH H aoH peKpHcTannnaaunH oT

nenbHbiX xenaToB rroKaaano 1 'ITO Sc (Ill) MO)I{eT 6biTb nerKo oTneneH oT 

++ 
U (IV) H UO (VI) <lJpaKUHOHHOil: 

2 

BaKyyMHOll B03rOHKOll CMeCH COOTBeTCT-

ByJOWHx AA -Toe. KpoMe Toro, Sc U • Th MO)I{HO oTnenHTb oT acex 

naHT8HHLlOB
1 

HCITOnb3Y51 paanH'IHe B TepMH'IeCKOH CT86HnbHOCTH H neTyqeCTH 

A A -ToB 9TH X neyx rpyrrrr 9neMeHTDB. 

C 1955 rona B nHTepaType rrepHOLIH'IeCKH flOHBnHJOTC51 C006llleHHH 0 

paaneneHHH aueTHnaueTOH8THbiX KOMITneKCOB MeTannoB MeTOAOM rx. B 

/42/ 
pa6oTe nayqanocb rx- rroaeneHHe AA -TOB AByxeaneHTHblX (Ba I Be • 

Ca , Cd , Co Cu Mg Mn Ni Zn VO , Mo0 2 ), Tpex-

BaneHTHhiX ( Al , Co , Cr 1 Fe , Mn 1 · Ti ) H qeTbipexeaneHT-

HhiX (Zr , H f ) MeTannoe. Hccnenoeanacb B03MO)I{HOCTb paaneneHHH cMecH 

AA- Be , Cd , Hg(ll) , 

ITHKH 6binH ITonyqeHhi nng 

Zn 

Be 

neHbi AA- Al Cr Fe(/ll) 

Sc 

Sc 

H 

/43-45/ 

Zn 

Al ; xopowo c<PopMHpoBaHHhie 

I 42/ 
; ycrrewHo 6hinH paane-

06WHH o630p ITO fX-paaneneHHIO aueTHnaueTOH8TOB MHOrHX 9neMeHTOB 

/4/ 
6bin cnenaH MowbepoM H CHBepcoM • 06aop oxeaTbiBaeT HCcnenoaaHHH, 

BbiiionHeHHbie no 1965 rona, H 'IHcno rrono6HbiX pa6oT ece yaenH'IHBaeTcH. 
/46/ 

HenaBHO 6bin8 H3y'leHa rx AA- Me ITpH Bb!COKOM naaneHHH ( 54-68 aTM) • 

ITpH 9THX ycnoBH51X BITepBbie 6bin0 ocymecTBneHO rX-BbiLieneHHe AA- I r (Ill) • 

Ceoil:cTBa 6eTa-LIHKeToHaToB MeTannoB IT03BDnHIOT nerKo BhiAen51Tb HX 

113 CMeceif ceneKTHBHOH 9KCTp8KUHeH 1 qeMy ITOCBSillleH flOAp06HbiH 063op 

8 

I 

/8/ H. CTapbi • TaK, HaiTpHMepl 9KCTpaKUHH xena, 

6nH3KHX ITO CBOil:CTB8M sneMeHTOB, K8K Zr H 

/49/ H Ta 6binB yciTewao ITpHMeHeHa nng nx 

8 ITOCneAHHe roAhl CTBnH AOBOnbHO lllHpOKC 

rneHHbie H3y'leHHIO ITOBeAeHHH 8TOMOB 1 ITOny'I810IU 

HOrO pOL18 HAepHbiX rrpeBpaweHHH B opraHH'IeCKF 

B 9TOM oTaoweHHH HHTepecHhiMH ITpHMeHHTenhH' 

HBnHIOTCH pa6oThi Mail:axonna H Paifxonna, ITOCE 

aToMOB oTAB'IH c AA- Me B TaepnoM cocT051HF 

B8HHH 
6bm nciTonbaoaaH MeTon, ITpenno)l{eHHbii 

38Knl0'1810lllHHCSI B TOM,'ITO ITpH o6ny'leHHH He 

cMeCH conH ypaHa H KOMITneKCHOrO coeAHHeHHSI 

lllHXCSI ITpH pacweiTneHHH ypaHa 8TOMOB OTA8'1H 1 

9Heprneil:, ITpOHHKaeT B peweTKY KOMITneKcaoro 

K o6pa30B8HHIO CB060llHhlX OT HOCHTeneil: Me'll 

aeanif. B peaynhTaTe nay'leHH51 peaKuHil: "ropH' 

no aaifneao, 'ITO ITpH o6ny'leHHH 

103 105 
paay10TCH AA-Tbi Ru • Rh 

Heil:TpOH8MH C 

99 M /50/ 
• 0 

aano, 'ITO ITO OTHOllleHHIO K o6pa3y101UHMCSI 8TC 

51BnHeTC51 THITH'IHbiM CT86HnH3Hpy101UHM coeAHHI 

8TOM8 .. B <lJopMe xenaTa 38BHCHT OT KOnH'IeCTB 

cMecH. Hayqeane MexaanaMa cTa6nnnaauHH a, 

IToKaaano, 'ITO o6paaoaaHHe ero aueTnnaueTOHI 

ueHTp8nbHOrO 8TOM8 B KpHCTannH'IeCKOH pe1UE 

KOMITneKC8 H8 paAH08KTHBHblH aTOM HnH HOH 1 

/54/ 30Hbl • llnH ITpOBepKH o6MeHHOrO MeXaHH 

ITp51Mhie 9KCITepnMeHThi c AA- Co , AOITHpoB• 

9 



6e3BOAHbiH AA- La rroKasan erroeo6HoeTb K B03T'OHKe. Bbr-

rrpearrono)l{eHHe, 'ITo, eenu 6br MO)I{HO 6bino rrony'IHTh 6e3BOLIHbie 

HH, BepOHTH0 1 o6naaanlf 6bi BbieOKOH eTeiieHbJO neTy'leeTH. 

Hoe rrono)l{eHHe Ha6nJOaaeTeH anH AA- Sc( Ill) , U (II') 
++ 

2 
(VI) ; Bee OHif - XOpOlliO neTy'IHe If TepMHqeeKH yeTOH'IIf-

HH; BHBIIIf3bi IIOKa3BIIH 1 'ITO KalK):{biH lf3 STHX xenaTOB 6b!II 

eHHe TeMrrepaTyphl ey6nHMaUiflf H 30H peKplfeTBIIIIIf3BUiflf OT

TOB IIOKB3BII0 1 'ITO Sc (/If) MOlKeT 6b!Tb neT'KO OTaeneH OT 
-+-+ 

() (VI) <fJpaKUifOHHOH BBKYYMHOH B03T'OHKOH eMern eOOTBeTeT-
2 

oa. KpoMe Toro, Sc u Th MOlKHO OTaenHTb OT Beex 

eiiOIIh3YH p83IIH'IIfe B TepMHqeeKOH eTa6HnhHOeTH If neTyqeeTH 

ABYX rpyrrrr sneMeHTOB. 

OAB B IIIfTepaType rrepHOlllf'leeKif IIOHBIIHJOTeH eoo6WeHHH 0 

eTHnaueTOHBTHhlX KOMrrneKeoB MeTannoB MeTOAOM rx. B 

syqanoeh rx- rroseaeHHe AA -TOB nsyxaaneH'I'HbiX (Ba • Be • 

0 Cu Mg Mn Ni Zn VO , Mo0
2 ), Tpex-

Al Co Cr Fe Mn Ti If 'leTbipexsaneHT-

MeTannoa. Heenenosanaeb B03MOlKHoeTb pasaeneHHH eMeeu 

Hg(ll) , Zn 

Be yqeHbl lliiH 

Cr Fe(ll/) 

Sc 

Sc 

H 

/43-45/ 
Zn 

Al ; xopowo e<PopMHpoBaHHbie 
I 421 

; yenewHo 6binH pasae-

sop no fX-pasaeneHHJO aueTunaueToHaToB MHornx sneMeHTOB 

141 
OllibepoM If CHBepeoM • 063op OXBaTb!BaeT HeeneaoBaHH51

1 

ao 1965 rona, H 'IHeno rrono6HbiX pa6oT see yaenH'IHBaeTeR. 

/46/ lf3y'leHa rx AA- Me npH Bb!eOKOM nasneHiflf (54-88 aTM) • 

BHHX BnepBbie 6brno oeyweeTBneHo fX-BbrneneHHe AA- 1 r (Ill) • 

6eTa-AHKeTOHBTOB MeTannOB n03BOIIHJOT neT'KO BbJAenHTb lfX 

eKTHBHOH SKeTpBKUHeif, 'leMy noeBHilleH nonpo6Hb!H o63op 

8 

.,... 

181 H. CTapbi • TaK, HanpHMep, sKeTpaKuHH xenaTHbiX eoenuHeHHif TaKHX 
/47 48/ 

6nH3KHX no eaoll:eTBaM aneMeHTOB, KaK Zr H Hf ' • Nb 
/49/ u Ta 6brna yenewHo npHMeHeHa nn.11 HX pasaeneHHH. 

8 noeneaHHe f'Ollbl eTanH llOBOIIbHO lliHpOKO nOHBIIHTbeH pa60Tbl 1 noeBH

meHHbie H3y'leHHIO noseneHHH aTOMOB, nony'laiOillHXeH B peaynhTaTe pa3IIH'I

HOT'O pona RnepHbiX npespameHHif B opraHH'IeeKHx KoMnneKeax MeTannoa. 

8 3TOM OTHOllieHHH HHTepeeHbiMH npHMeHHTeiibHO K {3 - AHKeTOHaTaM 1 

HBIIHIOTeH pa60Tbl M aifHXOnna H Paifxonna, noeBHilleHHbie H3y'leHHIO peaKUHH 
/50,52,53/ 

aTOMOB oTna'IH e AA- Me B TBepnoM eoeTOHHHif • nn.ll Heeneno-
/511 

BaHHH 6brn Henonb30BaH MeTOll 1 npennolKeHHbiil: EayMrepTHepoM H 

3aKIIIO'IaiOillHHe51 B TOM 1 '1TO npH o6ny'leHHH HeltTpOHBMH nopOlliK006pa3HOH 

eMeCH eonH ypaHa H KOMnneKeHOT'O eoenHHeHH.II MeTanna qaeTb o6pa3yiO

illlfXeH npu paemenneHHH ypaHa aTOMOB oTnaqu, o6nanaiOmux 6on~>woll: 

aHeprHelt
1 

npOHHKaeT B peweTKY KOMnneKCHOT'O coeaHHeHif51 1 'ITO npHBOllHT 

K o6pa30BaHHIO CB060llHb!X OT HOCHTeneft Me'leHbiX KOMnneKCHbiX eoenlf-

HeHHA. B peaynhTaTe uay'leHHH peaKulflt "ropH'IHX"' aTOMOB e AA- Me 6bi-

no HaltneHo, 'ITO npH o6ny'leHiflf Heti:TpoHaMH cMeelf UO If AA- Co o6-
2 

103 105 99 /50/ 
paayiOTCH AA -Tbi Ru , Rh , Mo • 3To ueenenoaaHRe noKa-

aano, 'ITO no oTHoweHHIO K o6paayiOillHMeH aToMaM oTna'IH AA-T MeTanna 

.IIBIIHeTCH Tlfnlf'IHbiM eTa6Hnlf3HpyiOillHM coenuHeHifeM: BbiXOll paAHOaKTHBHoro 

aToMa B <fJopMe xenaTa 3aBifeHT OT KOIIH'IeeTBa KOMnneKea B o6nyqaeMOH 

cMecu. Hay'leHHe MexaHif3Ma cTa6unusauHH aToMa oTna'llf B aToft eucTeMe 

noKaaano, 'ITO o6paaosaHue ero aueTunaueToHaTa npoHcxoaHT nyTeM o6MeHa 

ueHTpanhHOT'O aTOMa B KpHCTannlf'leCKOH peweTKe CTa6Hnlf3HpyiOmero 

KOMnneKCa Ha panuoaKTifBHbiil: aTOM HIIH HOH 1 a He no MexaHif3MY T'Op.ll'lelt 

/54/ 30Hbl • nn.11 nposepKH o6MeHHOT'O MeXaHif3Ma peaKUiflf 6binlf nposeneHbl 
103 /52 55/ 

npRMhie aKcnepRMeHTbi c AA- Co , nonupoBaHHbiM Ru ' 

9 
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' 131 133 
Dpn nayqeann rroBe.neanH 'ropH'lnx" aToMoB 1 n 1 , o6paay-

/52,53/ 
!OlllHXCH rrpn HeifTpOHHOM o6ny'!eHHH Tex )l(e C8MbiX CHCTeM 

1 
OK8-

381l0Ch0 'ITO rrponcxo.nnT o6paaoBaane MOHoifo.nnpoBannoro AA- Me , rrpn-

'!eM non 38Meman 8TOM BOAOpOA8 y yrnepOAHOf'O 8TOM8 0 CBH38HHOf'O C 

ueaTpanhHbiM aToMoM MeTanna B KoMrrneKce, XpoMaTorpa¢nqecKoe nccne

.noBaane llOK8381lO, 'ITO 60ilhlll8H '!8CTb HOA8 CT86HilH311pyeTCH B BH.Qe 

C H 13110 Me ( C H 0 ) n llHIUh He3Ha'!nTenhHaH '!aCTh ero o6pa-
56 2 5722 

ayeT .npyrne XHMJf'!eCKHe !)JopMbi, 3TO CBH.QeTenhCTByeT 0 TOM
1 

'ITO pe8KU11H 

rrponcxo.nnT rro o6hl'!HOMY MexaanaMy aaMemeHHH rrpn ranon.nnpoBaHI!H, 

Hay'!eHHIO x»M»'lecKoro rroBe.neanH aToMoB oT.naqn, B03HnKa1Dmnx rrp» 

u /56-59/ 
o6ny'!eHHH aueTHil8UeTOH8TOB HeHTpOH8Mll 1 llOCBSIIUeH pS!A .npyr»X pa60T , 

llnH 06bSICHeHHSI MeX8Hll3M8 pe8KUHH Me)I(.Qy 8TOM8MH OTA8'IH H 

aueTnnaueToHaTaMn MeTannoB aeo6xo.nnMhl .nanhHeifmne BKcrrepnMeHThl, 

llOCKOilhKY BTO B8)1(HO llllH pa3p860TKH MeTOAOB llOIIY'!eHHH p831lll'!Hb!X Me

'!eHhlX coe.nnaeanif. 

XenaTbi cbTopnpoBBHHbiX 6eTa-.nnKeToHoB 

XnMHSI xenaToB !)JTopnpoBaHHbiX f3 - AHKeTOHOB BO MHOf'OM 8H81l0-

f'H'IH8 XHMHH aueTJfll8UeTOH8TOB0 OAH8KO cymeCTBeH,Hbie p831lll'll1SI H861l!OA8-

/4/ /60/ 
IOTCH B CTe1Je,HJf HX neTy'!eCTH 11 TepMOCTOHKOCTH • C»Bepc H .np. 

C'!HT810T 0 'ITO: 

1) yBen»qeane neTyqecT» !)JTopnpoBaHHhlX f3 - AHKeTOH8TOB '!8CTH'!HO 

MO)I(eT 6b!Th o6ycnoBJieHO yMeHbllleHHeM B8HAepB881lhCOBb!X Cllll H, B03-

MO)I(H00 yMeHbllleHHeM Me)I(MOileKynSipHOH BOAOpOAHOH CBS13ll BO !)JTopco.nep-

)1(8UlllX KOMlllleKcax; 

2) BepOS!TH0 0 60ilhll1He 8TOMbl !jJTopa Hapyii1810T llllOTHyiO Yll8KOBKY 

KpHCT81lllH'leCKOH pellleTKH1 'ITO T8K)I(e MO)I(eT Cl10C06CTBOB8Tb 60ilbllleif 

neTy'!eCTH, 

10 

I 

EonhiiiHHCTBo ¢TopnpoBaHHhlx KoMrrneKcoB 

llOHH)I(eHHOM A8BileHHH B HHTepBane TeMrrepaTyp c 

TaKHe CBOHCTB8 9THX KOMlllleKCOB OK83b!B8IOTCH 1 

/< 
MeHeHHH MeTO,Q8 fX AIIH p83.QeneHHH MeT81lllOB 

Tp:nc!JTopaueTnnaueToHaTbl n reKca<}JTopa! 

Ha !)JTopnpoBaHHbiX f3 - .nnKeToHaToB aTn 

aan6onee nayqeHHb!Mn. <f>opMynbl Tpn!)JTopaueTnnm 

aueTnnaueTOHa ( f<f>AA) ll ll3BeCTHbie KOMlllleKCbl 11 

Ta6nnue 2. Hccne.noBaHHH BTHx f3 - AHKeTOH8TC 

B OCHOB,HOM 1 llpOBO.QllllHCh B H81lp8BileHHH HX p 

Ehlna l10K838Ha B03MO)I(HOCTh rx paa.neneHHSI AilS! 

Cu ( ll) 

Ga , In 

Mn ( ll) 

Rh 

Zn 

lr 

Mg Rb Al 

Hf • Th Mo 
KpoMe MeTo.na rx, AIIH paa.neneHHSI pS!A8 ME 

pOB8HHb!X f3 - AHKeTOH8THbiX KOMlllleKCOB HCllOll 

unoaaoif cy6nnMaunn n BKCTpaKunn. TaK, cMec:n ' 

Mg , Fe n Al 6hlllH paa.neneHhl !jlpaKUHOHHOH 

/39/ 
xenaToB P33 6blllO rroKaaaao, '!To TeMrrepaT 

0 
XOASITCH B HHTepBalle 76-134 C, 38 HCKIIIO'!eHHeM 

KOTOpOrO = 49-65°C. O.naaKo oKaaanocb, 'ITO 

TepMH'!eCKH ycTOH'IHBhl 1 'ITO yMeHblllaeT B03MO)I(H 

.neneHHH !)JpaKUHOHHOil Cy6nli~18UIIeif, 

KoMnneKCbi T<t>AA c Zr n Hf nayqanncb 

6biiiH ncnonhaoBaHbi npn paaneneHJJII 8Tl!li 8neMef 

/93/ 
uneif • 3KcTpaKunoaaoe naBneqeane MeTannol 

/96-{ 
T<f>AA ncnonhaOBanocb n B .npyrux pa6oTax 

11 



" " 131 J 3y'leHMM rroaeaeHMH ropH'lMX BTOMOa I 33 
J , o6paay-M 

/52,53/ Hei!TpOHHOM o6nyqeHMM Tex )l{e CBMhiX CHCTeM , OKB-

rrponcxoanT o6paaoaaune MOHoiloanpoaauuoro AA- Me , rrpn-

Mewan aToM aoaopoaa y yrnepoauoro aToMa, casraauuoro c 

M aToMoM MeTanna a KoMrrneKce. XpoMaTorpa~nqecKoe accne

aaano, 'ITO 6on&wasr 'lBCTb ilona CTa6nnaanpyeTcsr B anne 

0 Me (C H 0 ) H llMIUb He3HB'lMTen&Hasr 'laCTb ero o6pa-2 5 7 2 2 

XMMM'leCKHe ~OpMw, 3To CaHaeTen&CTayeT 0 TOM, 'ITO peaKUHH 

no o6w'lHoMy MexaunaMy aaMeweunsr rrpn ranonaaposaunn, 

RIO XHMH'leCKOT'O ITOaeaeHHH BTOMOa OTDB'lH, B03HRK810lliHX rrpn 

u /56-59/ eTHll8UeTOH8TOB HeMTpOHBMH, ITOCBHweH PHD apyrHX pa6oT , 

~HCHeHHH MeX8HH3M8 peBKUHfi Me)l{ay BTOMBMM OTllB'lH H 

aTaMn MeTannos Heo6xonMMbi aan&Hefiwae 8KcrrepnMeHTbi, 

0 B8)1{HO LlllH paapa6oTKR MeTOLWB ITOlly'leHHH p83llH'lHblX Me-

HeHHfi, 

XenaTbi d>TopapoBaHHbiX 6eTa-anKeToHoa 

XenaToa ~TOpHpoaaHHbiX {3 - llRKeTOHOB ao MHOT'OM BHBJIO-

aueTanaueToHaTos, oaHaKo cymecTaeHHbie paanaqasr Ha6nJOna-

/4/ 160/ HH ax neTyqecTH H TepMocTofiKocTa , Caaepc H np, 

'lBHHe lleTyqeCTH $TopnpoaaHHhlX I 
{3 - LlHK8TOH8TOB tf8CTH'lHO 

6ycnoaneHo YMBHblliBHHeM aauaepaaanbCOabiX CHJJ R, B03-

lliBHH8M Me)I{MoneKynsrpnofi aonoponnofi casraa ao $Topconep

Kcax; 

THO, 60JJbWHe BTOMbl ~TOpa HapywaJOT ITJIOTHylO YIT8KOaKy 

OH PBWBTKH, 'ITO T8K)I{e M0)1{8T CITOC06CTaOB8Tb 6onbwefi 

10 

...... 

Eon&WHHCTao ~TopnpoaaHHbiX KOMrrneKcoa 6biCTpo aoaronsreTcsr rrpn 

ITOHH)I{BHHOM aaaneHHH a HHTepaane TeMrrepaTyp OT KOMH8THOH ao 100°C, 

TaKRe caofiCTaa 8THX KOMITJJeKcoa OK83hla810TCH aec&Ma UBHHhlMH ITpR ITpH

/4/ MBHeHHH MBTODB fX DJJH paaaeneHHH MeTannoa 

eTOHBTbl H reKca 

I13 ~TOpHpOB8HHbiX {3 - LlHKBTOHBTOB 8TH CoeaRHBHHSI SIBJIHIOTCSI 

uan6onee H3y'leHHbiMH, <l>opMynbi TpH~TopaueTnnaueToHa ( T<I>AA), reKca~Top

aueTnnaueToHa ( f<I>AA) H H3a8CTHbie KOMITJJ8KCbi MX C MeTBllliBMH LlBHb! B 

Ta6nnue 2, I1ccnenosaunsr 8THx 
{3 - DHKeToHaToa, HCXOllH H3 HX CBOfiCTB, 

a OCHOBHOM 0 ITpOBODHJJHCb B HarrpaaneHHH HX paaaeneHRSI MBTOllOM fX, 

Eb!liB ITOK838Ha ao3MO)I{HOCTb rx paaneneHHH nnsr T<I>AA-
Tl (I) Be 

Cu (II) 

Ga , In 

Mn(/1) 

Rh 

Zn 

Zr 

Mg 

Hf 

Rb Al Cr 
I 4, 8, 89-95/ 

Fe(III) , Cs 

• Th Mo 
KpoMe MeToaa fX, DliH paaneneHHH psrna MeTannoa a anne HX $Topn

pOB8HHhlX {3 - llHKeTOH8THhlX KOMITJJBKCOB HCITOJJb30B8JIRCb MBTOllhl ~paK

UHOHHOfi cy6nHMaUJfH H 8KCTpaKUHR, TaK, CMeca T<I>AA- Mg , Cr a Re 

/41/ Mg , Fe H Al 6b!liH paaaeneHbi $paKuHoHHofi cy6nnMauaefi , Dnsr 
1391 

xenaToa P33 6b!llO ITOK838H0 1 'ITO TeMrrepaTypbi HX cy61JHM8IIHH Ha-
0 

XOllHTCSI a HHTepaane 76-134 C, 38 HCKJJIO'leHHeM 

0 
KOToporo t = 49-65 C, OnnaKo OK838llOCb, 'ITO 

T<I>AA- Ce(/1/) , JillH 

T<I>AA- P33 ueaocTaTO'IHo 

TepMH'IeCKH YCTOfi'IHBbi, 'ITO YMBHhlli88T a03MO)I{HOCTb HX 8$~eKTHBIIOT'O paa-

neneHRH $paKUHOHHOif cy6mJ~l8Ul!ei\, 

KoMnneJ{Cbi T<I>AA c 7r II 18 93 94/ Hf nayqanncb a psrae pa6oT ' ' n 

6billH IICTIOllb30aaHbl TipH paaaeneHI!ll 9TJI)i 8lleMeHTOa )f01LlKOCTHOI1 .SKCTpaK
/93/ 

URefi , 3KCTp8KUIIOHHOe 113aJJe'leHI!e MeTannoa a Bll DE> KO~liTlleKcoa C 

T<I>AA HCTIOllb30aanoch H a npyriiX pa6oTaJi /96-99/ 

11 
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~aelmiua 2 

HeKo~pue 6era-~HKeTOHH (xpoue AA) H ux KounneKcH c uerannauu 

~ -~K8'fOH 

I 

BeHaounaueToH 

Jla6eaaomnue-
'f8H 

llmnBBanoJ.tueTaH 

typounaueTOH 

TpllllJTopaue!lln-
aueTOH 

rexca~Topaue-
'l.'IIH811,8TOH 

' 

TeaomnTpH~Top-
811,8TOH 

I 

THoTeHOIIIll'l.'plll
ll!TopaueToH 

Ko;~t 0CSDt8H HOU8HU8'eyp8 topuyna 

2 3 4 

BA I-¢eHKn-I,3-6yra~KOH Q-f-CH;t-f-CH3 
0 0 

,I(SII I,3-~H~eHHn-I,3-npona~HOH ,Q-c-t~-12.- ~ -Q 
I ~ o 

llllll 
_I CH3 c~ 

2,2,6,6-reTpaueTHn-3,5-ren-ICU -c- c-Ol -c-t-cu 
T8~HOH 3 I II .l I I 3 

{113 0 0 Cl43 

tA I-(2-¢ypoun)-I,3-6yTa~HoH 
. , 0-0 0 
c-CI1;~.-C-CU3 

'l'Hl I,l,l-TPB~Top-2,4-neHT~OH CF - C- cu -C - C ~ 3 , l • 
a a 

l'M1 i 
I,I,I,5,5,5-reKC8GTOp-2,4-

neHT8~110H CJ:
3

- C- CHJ.- C- CF3 
I n r 

a 0 

m ' I-( 2-'l.'eHOIIJI) -4 ,4 ,4-TPHWTOp~ [J_ ~ ~ 
I ,3-6yTa~HoH c- cu - c- cF3 s .2. 

j 

3 4 

llpHrOTOBH8HH K BCCne-
JluepaTYpa ~OB8HH KOWnHeKCH CHe-

~JlUIHX ueTannoB: 

5 6 

Be. Ae, Mn(l), Fe(]!), 8,61-63 

CoW, Ni, Cu W, P3J. 

Ca, Mn(l), Ni, Cu (U), 8,21,63 
Pd, P33-

Li, Be, Na, K, P31, Th(JJ), 8,39,64-67 
u (If} 

Zr, Hf 18,68 

Be (Ill, Ae,Cr, Fe(UJ, Fe(lll 5 ,8,39,41 .63 
Co(l), Ni, Cu(l), Ga. Zr, Mo. 69-71 
'Ru, 'Rh. Jn, PJJ, J.l/, P6 U(lfJ 

At, Sc(l), Cr, Mn, Fe(l), 39,03,69,70 
Fe(l), Co{l), Ni, Cu(l), ln, lr, 72-78 
Mo, l?u, Rh, P3J; 14(, Th 

Be, Mg. Ae, Cr, Mn, Fe, Co, 18,20,21,25' 

Nt', Cu. Zr, Tti., Cd, P3J, 
27,28,30-33. 
38,43,61,68 

1-1(, TN I) I 'Pfl 79-82 

Co(l), Ni, Cu (ll,ln,Cd, 
83 

'P~ 

Be, Ae, Mn, Fe(l), Cc(IJ, 
61 Ni, Cu (l) 

llHB8llOA'l.'pK!lJTOp-, Dti 12,2-~ue'l.'HJI-,,i,i-'l.'pHWTOP 
811,8TOH . 3,5-reKCS~HOH 

I CHi 

1

1

CJ.I-C-C-CU -C-CF3 3 I I l • 
, CH 0 o 

5, Y, 'P3J- 8,44,79,84 

Zr, J.lf 18,19 
I 

1 1-(2-nuppolrt.li)-4,4,4-Tpiii4JTopl fJ•o 
1
o
1 llHppOHH'l.'pK!lJTOp- 'JNl 

aue'l.'oH ' 1,3-6y'l.'a~uoH 1 111 c- cu~- c- cF3 
]3e, A!, Mn, Fe(l), Ca(l}, 18,61,85 
Co(l}, Ni, Cu, Zr, 11f 

W tyPOHn'fpH!lJ'l'Op- i ~~~ : 1-{2--IPYpOHn)-4,4,4-TpHtPTOp- n ~ ~ 
aueTOH l,3-6yT8~1tOH ~or c- CH l- c - CF3 

UNa. K, P31- 13,44,86 



lllPHroToBneHH H accne- I fi ·,llHKeTOH Ko,11 06DtaH HOIIeHKJiaTypa ~op11yna ,llOBBHH KOWnneKCH cne- JlHTepaTypa 
.llYlOUII!X WeTanJIOB: 

I 2 3 4 5 6 
.EieH30HnBUeTOH .EiA I~eHHn-I,3-6yTaH,llHOH ;o-f-CH.z-f·CI-/3 

Be, Ae, Mn(l), Fe(JIJ, 8,61~3 

0 0 Co(l), Nt, Cu W, P3:t 
') ltB6eH30Hlllle- ].{EM I ,3-.llH!l>emm-1 ,3-nponaH.llHOH iOc- cH,_- ~-0 Ca, MnW, Ni, Cu W, 8,21,63 TBH 

I ~ o Pd. P3a-
I 013 CH3 :l{HnBBanol.1ueTaH .lUI» 2,2,6,6-TeTpaueTHn-3,5-ren-:CJ./ -c- c-CJ./ -c-t-e~1 Li, Be, Na, K, P31, Th(Jfi. 8,39,64~7 

TBH,llHOH I 3 I II .z • I 3 u (!F) I (113 0 0 Cfl3 

;:; i 0 0 
~ypoHnaueTOH IliA I-(2--\Pypo:~~n)-I ,3-6yTaH,llHoH I CJ-c- cH.~.- t. c11

3 Zr, Hf I8,68 

Tpil!l>Topaue'ftln- TtMl I,I,I-TPI!l>Top-2,4-neHTa~oH Be W, Ae, Cr, Fe{U), Fe(/l}, 5 ,8 ,39,4I ~63 
CF - C- CJ./ - C - Ol Co(l), Ni, Cu{l), Ga, lr, Mo, aueToH 3 • J. ' 3 69-?1 a a 'Ru, 'Rh. Jn, P3J, /.1/, 'P6 U(/1. 

reKCBlPTOpaue- l'Nl: 1,1,1,5,5,5-reKca¢Top-2,4- At, Sc(l), Cr, Mn, Fe(l), 39,03,69,70 
TiiJISUeTOH neHTBH,llHOH 0::3- ~- CHJ.- f- CF3 Fe(l), Co(l), Ni, Cu(!),Zn,lr, 72-78 I 

0 0 Mo, 'Ru, "Rh, P33; J../{, Th ' 

TeHOHnTPH!l>Top- m : I-(2-TeHOHn)-4,4,4-TpH<l>Top~ {]_? ~ Be, Mg, Ae, Cr, Mn, Fe, Co, ·I8,20,21,25, 
aueTOH I I ,3-6yTaH,llHoH c- cu - c- cF3 Ni, Cu, lr, Tti, Cd, P31, 27,28,30-33. 

! s .2. 38,43,6I,68 
I 1-!f, TN I) I 'Pfl 79-82 

~ '~::~;'{~~~~-"}:;'!!;- ,~{~ .· 
.· ,: . 

~·""'' · .. · '=· ~ - -

-
~ npO,llOJIXBHHe Ta6XHUH 2 

I ? ~ 3 4 5 ,:; 

li-{2-TeHOBn)-4,4,4-TpH<i>TOp- 0-5 5 Co (E), Ni, Cu (ll,ln,Cd, Tli!OTeHOii!RTpH- • • 83 !l>TopaueTOH SDl ! I ,3-.ll!fTHo6YTBH,lliiOH s C·CH.z.· C-~CF3 'Pb 
i 

lieH30Bn~HqJTOp- E1ll II-weaHn-4,4,4-TpH~Top- Of·CH~ ·1- c~ Be, Ae, Mn, Fe(l), Co(JJ, 
6I au eTCH ii .3-6YTfuOH 0 0 Ni, Cu (l) 

12,2-,llHIIeTHn-6,6,6-TpH~TOp 
' Cf./3 

18,44,79,84 TIHBanolTpH!l>TOp-~ Btl ICJ.I-C-C-CH.z-C-CF3 5, Y, 'P3]-aueToH J,5-reKC8H,llHOH 3 I • • 
I , CH, 0 o i 
I ! i 
I I-(2-mtppoH:r.)-4 ,4 ,4-TpH~Top 1 0- ~ ~ ! 

TIIIIppoHnTpH<l>Top-~ 1rm Zr, 1-lf 
! 

I8,19 aueToH 1 ,3-6YTBH.llHOH I IIH c- cu.,- c- CF3 

w ! ' I-(2--\Pypollln)-4,4,4-TpiiiWTOp- 0-0 0 'Be, M, Mn, Fe(l), Co(I),1 
lllyPOHnTpH!l>TOp- i~lll · 

0 E-CH.z·C- Cf3 Co(l), Ni, Cu, Zr, Hf 
!8,61,85 aueToH I ,3-6yTBHJtHOH 

(')13 

TieHTB!l>Topnpona- I ,I ,1,2 ,2-neHTBQJTOp~ ,6-.llH- . c ~ 
Li, Na, 1(, P3 t- 13,44,86 Iltmll · C.F - Cf.C·CU - - -C~ HOHDIIIBBJIOlt!AeTaH •emn-:s .s-ren'f8HABOH 1 3 ? 0 J. ~ C/IJ 

renTB<{JTOp,llHiole- : 1.1 ,I ,2,2,3 ,3-renTBI!JTOp- 0 0 CH3 
rtD • n I 43,66 ,si ,o7 · 7~7-.lliiiUeTHn-4,6-0KTBH,llHOH CF -CF -CF -C-CH -C-C-CH3 ~e. At, Cr, Fe(l), Ni, TlllnOKTBH,llHOH 3 ~ ~ ~ I 

Cu., Y; 'Pet, 'P31, Th, 88 
I cu, U, Np, Pu 
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DoCKOnbKY TIPAA HeCHMMeTpH'IeH, H3yqeHHe KOMnneKCOB 3Toro 

nHrBHAB fl03BOn51eT nonyqaTb UeHHYID HH~OpM8UHID 0 npocTpaHCTBeHHOM 
141 

CTpoeHHH 8TH X coeaHHeHHH • TIP AA -Tbl TpexBaneHTHbiX HOHOB MeTannoB 

MoryT cymeCTBOBaTb B BHAe ABYX H30MepHhlX KOH~HrypaUHH ( UHC,- TpaHc-), 

H B p51ae pa6oT 6hlno HccneaosaHo pasaeneHH0 reoMeTpHqecKHx HsoMepos 

T<PAA- Cr Co , Rh , Al Ga In Fe(l/l) 
1100,1011 

XenaTbi f<PAA npeacTaBn51IDT erue 6onbruHfi HHTepe:-: no cpaBHeHHID c 

xenaTaMH T<PAA. rx-pasneneHHe RX B03MO)I{HO npH cpaBHHTenbHO 6onee 

HRSKRX TeMnepaTypax, qTo HCKniDqaeT pasno)l{eHne seruecTBa. XoporuHe xpo-

MaTorpaMMbi 6binR nonyqeHbi npn KonnqecTBeHHOM onpeaeneHRR f<PAA -

I 1021 
Be • Al , Cr , Ga , Fe (Ill) , Rh , yaoaneTBOpR-

1891 TenbHbie pesynhTaTbi 6binR nonyqeHbi npn pasaeneHRH f<PAA- Co , Rh • 

11MeiDIUHeC51 naHHbie no rx f<PAA- Zr R Hf 
174/ 

noKasanH, qTo aTR xenaTbl 

pasaenRTb Henb351 
1391 

oepr H np. 0 HCXOA51 R3 onpeueneHHbiX RMR TeMnepaTyp cy5nHMa-

URR-peKpRcTannH38URR xenaToB P33, npeanonO)I{HnH BOSMO)I{HOCTb pasne-

neHRSI cMecefi r<PAA-ToB xenaToB La Dy La Er La 

Lu , a T8K)I{e oTaeneHne Sc R Th OT f<I>AA-ToB BCeX naHT8HRJ:lOB. 

f<PAA o6pasyeT c P33 rnapaTHpoBaHHbie xenaTbi, KOTOpbie nnoxo aKcTpa-

rRpyiDTCSI, 0JJ.HBKO ao6aBneHRe HefiTpanbHbiX LlOHOpOB K CRCTeMe nOBbiiUaeT 
• /103/ 

cTeneHb HX aKcTparnpyeMoCTR , npnqeM ynaeTc51 pasaenRTb rasoxpo-

MaTorpa~nqecKH KOMnneKCbl P33 npH BBeaeHRR 8KCTpaKTa B KOnOHKy, Ha 

pnc. 1 noKasaHo pasaeneHJ!e HeKoTopbiX P33 nocne aKCTpaKUHH nx CMeruaH

HbiX KOMnneKCOB (f<PAA-T o!l>) URKnoreKC8HOM 0 a Ha pRe, 2 - R3MeHeHHe 

BpeMeHR yaep)I{HBBHRSI B 38BHCRMOCTH OT BenHqJIHbl ROHHOrO paanyca MeTan-

na. 

TaKHM o6pasoM, cpeaH xenaToB an51 nanbHefirunx nccneaoBaHHH RHTe

pecHbiMH OK83biB8IDTC51 xenaTbi TIPAA H f<I>AA, flOCKOnbKY OHH TepMHqeCKH 

ycTofiqHBee H cy5nRMHpyiDTC51 npH 6onee HHSKHX TeMnepaTypax, qeM xenaTbi 

AA ( Ta6n. 3). 

14 

I 

• 

1 c 
0 

B 

50 

Ot, I ' I -

2.0 i5 iO ! 25 
BpeM..l. y9ep:xcu6c 

PHc. 1. XpoMaTorpaMMa, nonyqeHH851 npH rx CMell 
Yb 3+, Er 3+ , Dy 3+ c f<PAA 11 TE<P I 1031. A-u 

C - Yb (f<PAA) • 2TE<P; L1 - Er (f<PAA) • 2 
• 2 TE<P. 
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PHc. 2. rasoxpoMaTorpa~nqeCKHe ABHHbie no yaep>t 
KOMnneKCOB P33 C f<I>AA B 38BHCRMOCTH OT HOHHO 
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y T4>AA HeCHMMeTpH'IeH, H3Y'IeHHe KOMITneKCOB 3TOro 

nHeT ITOnyqaTb ueHHYID HH~OpM8UHID 0 ITpOCTpaHCTBeHHOM 
/4/ 

coeaHHeHHM • T4>AA -Tbl TpexBaneHTHbiX HOHOB MeTannoB 

OB8Tb B BHAe LlBYX H30MepHb!X KOH~HrypaUHH ( UHC,- Tp8HC-), 

T 6hlno nccneaoBaHo pa3aeneHH•· reoMeTpHqecKHX H30MepoB 

Co ' R!t Al Ga In Fe(l/l) /100,101/ 

c:fJAA ITpeacTaBnHIDT ewe 6onbWHH HHTepe~ ITO cpaBHeHHID C 

A. fX-pa3aeneHHe HX B03MO*HO ITpH cpaBHHTenbHO 6onee 

aTypax, qTo HCKniDqaeT pa3no*eHne BewecTBa. Xopowne xpo-

6binH ITonyqeHbi ITpH KonnqecTBeHHOM OITpeaeneHHH fc:fJAA -

Cr , Ga , Fe ( lll) , Rh 
11021

, YllOBneTBOpH-

/89/ bTaTbi 6binH ITonyqeHbi IT pH pa3aeneHHH f4>AA- Co , Rh • 

IHHble ITo rx fc:flAA- b .H Hf 
/74/ 

La Dy 

oTaeneHHe Sc H Th oT 

ITOK838nH, qTo 3TH xenaTbl 

La Er La 

fc:flAA -TOB Bcex fl8HT8HHL10B. 

c P33 rnapanrpoBaHHhie xenaTbi, KOTOpbie ITnoxo aKcTpa

ao6aBneHHe HefiTpanbHb!X LlOHOpOB K CHCTeMe ITOBb!WaeT 
/103/ 

TparnpyeMocTH , ITpnqeM yaaeTcH pa3aenHTb ra3oxpo-

KOMITneKCbi P33 ITpH BBeaeHHH aKcTpaKTa B KonoHKy.
1 

Ha 

pa3aeneHne HeKoTopbiX P33 ITocne aKcTpaKUHH HX CMewaa

(f¢AA-TEc:fl) UMKnoreKC8HOM 0 a Ha pHC. 2 - If3MeHeHHe 

B8HHg B 38BHCHMOCTH OT BenHqHHhl HOHHOrO paanyca MeTan-

a3oM, cpean xenaToB anR aanbHefiwnx nccneaoBaHHM HHTe

BBIDTcR xenaTbi Tc:fJAA H f¢AA, ITOCKOflhKY OHM TepMMqeCKif 

6nMMHpyiDTCg IIpH 6onee HH3KHX TeMrrepaTypax, qeM XenaTbl 
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8peM.~ ':JI]ep:xcu6auuJt, MWi 

Pnc. I. XpoMaTorpaMMa, rronyqeaHag IIpH rx CMewaHHbiX KOMrrneKCOB 

Yb 3+, Er 3+ , Dy 3+ c fc:fJAA H TE¢ I 1031. A-uHKnoreKcaa; B - TE4>; 

C - Yb (f4>AA) • 2TEc:fl; n - Er (fc:flAA) • 2 TE<P; E - Dy (fc:flAA) 
• 2 TB¢. 3 3 ~ 

:i 
:j 
~ 
.( 
:;:, I 
8-to 

t.La 

cQ 
:::s 
~ 9 
it-
~8 
I( 

~ 
_§-, 

3, .... I I I 

0.80 AAA ~-- ... 

Me3·c,4) 

Pnc. 2. fa3oxpoMaTorpa~nqecKHe aaHHbie ITO yaep*HBaHHID aa KonoHKe 
KOMITneKCOB P33 C fc:flAA B 38BHCHMOCTH OT HOHHOro paaHyca /1031. 

15 



""""' .::t 
['-

""""' 0 
0 

.,. 
rq 

.::t 1..(\ 

~ 
['- co 0'\ 

I I .::t 
0 
E-l 

eo "" a!; H ['-
tU 
:X:: 

"" 0 
E-l 

tU <l) 
::i' ~ 
:sl :sl ,........ 
~ ~ "' 

,........ C) 
C) :X:: 

tU ~ :X:: ro 
E-t ~ 

tU 
tU 0., 
0., -8 -E-l E-l o~ C) 

<l) 

::a 

~ 
0., 
0 

~ So :X:: 
tU 

~ C\J - .. 0., 
C\.J 1..(\ 8 

~ .,. .::tm ~ 

H H 
H HI .::t 

E-l ('IJ I 1..(\ H 
0 H (\J .. H 
~ H.::t 
<l) :s:: HIJ'\ 
:X:: H 

['-
0:: H 
:sl H 
:X:: 
<l) 

~ 
rq "" ro .. 
~ 
t:: 

< co .::t\.0 ~ < 0'\ H H 

::zl 
H (\J C\J . H 

0., 
~ 
E-l 
tU 
0., 
Q) 

1::::1 
::a 
Q) 

E-t 

~ - ,........ -~ 
ro ~ l=i ts1 E-t 
0,) "-..J "-..J '-' 

::a! ~ ~ ~ (...) 

16 

~ 

1..(\ 
H "$.(\J H 

I 0 '11 .::t 0'\ 
H 

' 
C\J 0'\ 

H 
1..(\ "" H 

,........ 
C) 

,........ :X:: 
C) ro 
s~ 

-...J ~ 

0 0 .. .. .::t 0 
0'\ 0 .::t "" .::tO'\ H .,. 
1H I 

(\J co 
I .::t C\J 

1..(\ 1..(\ H H .. .. 
co 0'\ 
.::tCO 
H H 

1..(\ 
!:'--""' 0'\ 

0 ['- . .,. 
\.0 H= 
C\J letl .::t 

\.Ot<l 0'\ 
['- 0., H 
H~ 

,........ - -
~ ~ ~ 
'-' - ~ 

~ ~ :::l N 

1..(\ .. 
0'\ 

1 
1..(\ .. 
['-
C\J 

I 
co 
C\J 
H 
I 

1..(\ 
C\J 
H 

1..(\ 
0'\ .,. 
"" 0'\ 
H 

~1 
~ 

·( 

-.......... 
.:I: 

Jlpyrue 6et8-llHKeTOH8Tei 

B npouecce XHMHqecKHX HccneaoBaHHA xena1 

noB 6hlnO CHHTe3HpOB8HO H OX8p8KTepH30B8HO 3H8 

neKCOB, CO!lep>K81UHX B KaqeCTBe nHr8HilOB {3 -

npeacTaBneH aaneKo He nonHhiM: nepeqeHb HMeiOIUl 

!lnH KOTOpbiX y>Ke H3BeCTHbl KOMnneKCbi C MeTann, 

!lenbHhiX npHMepoB MO>KHO YllOMHHYTb HeKOTOpble I 

HblM , H3 <fyrOpHpOB8HHblX {3 - llHKeTOHOB 0 KpOMe 

Bblllle, HBnsteTcH flHBanoATpH¢'ropaueTOH ( nT A). c 
/84/ 

30B8H B rx KOMnneKCOB P33 • HHTepeCHblMH 

/39 64/ 
H ap. 0 

flO HCCne!lOB8HHIO KOMnneKCOB P33 

( nnM), He<lJTopHpOB8HHhiM fJ - llHKeTOHOM. 3TH 

XOpOllleA TepMHqeCKOH CTa6HnbHOCTH MoryT 6b!Tb 

0 
BSHbi npH TeMnepaType HH>Ke 140 C H paaaeneHbi 

La ao Gd apyrast, 6onee neTyqast, oT Tb 

neneHhi cnellyiOIUHe CMecH: 

La - Tm Pr - Tm Ce - Th 

La - Yb Pr - Yb Ce - Yb 

CneayeT ynoMstHyTb o xenaTHbiX coeaHHeHHSI 

/83 104-108/ 
HOB 

0 
0 y KOTOpbiX 38MeiUeHHe 8TOM8 

llOn>KHO Bbl3b!B8Tb 6onbll1He H3MeHeHHH B ceneKTH 

/105/ 
fJ - llHKeToHHbix KoMnneKCOB • M eTannJ'IqE 

{J -llHKeTOHOB neTyqH, llOCT8TOqHO CT86HnbHbl 

/83/ 
eT npOBO!lHTb HX fX p83!leneHHe 

17 
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llpyrHe 6eT8-llHKEtTOH8Tbi 

B npouecce XHMHqecKHX HccnenoeaaHA xenaTHhlX coellHHeHHA MeTan

noe 6binO CHHT93Hp0B8HO H OX8p8KT9pH30B8HO 3H8qHTenbHOe qHcno KOMn

neKCOB, conep>KawHx e KaqecTee nHraanoe {3 - llHKeToHbi. B Ta6nHue 2 

npencTaenea naneKo ae nonHbiA nepeqeab HMeiOWHxcH {3 - llHKeTOHOB, 

AnSI KOTOpb!X y>Ke H3B8CTHbl KOMnneKCbl C MeTannaMH. B KaqecTee OT

nenbHbiX npHMepoe MO>KHO ynoMHHyTb HeKoTopbie H3 HHx. TaK, nepcneKTHB-

Hb!M , H3 cf>TopHpOB8HHbiX {3 - llHKeTOHOB, KpoMe paCCMOTpeHHbiX H8MH 

Bbiiiie, 51Bn51eTC51 nHeanoATpHcf>TopaueTOH ( nT A). Oa ycneiiiHO 6bm Hcnonb

/84/ 
30B8H B rx KOMnneKCOB P33 • 11HTepeCHbiMH 51Bn51IOTC51 pa60Tbl Eepr 

/39 64/ 
H Ap. ' no HCCnenoBaHHIO KOMnneKCOB P33 H C AHmmanoAMeTaHOM 

( nnM), Hecf>TopHpOB8HHbiM f3 - llHKeTOHOM. 3TH KOMnneKCbl B CHny HX 

XOpOIIIeA TepMHqecKOA CTa6HnbHOCTH MoryT 6b!Tb KOnHqeCTB9HHO cy5nHMHpO-

O 
BSHbi npH TeMnepaType HH>Ke 140 C H pa3neneHbi aa aBe rpynnbi: onaa oT 

La ao Gd JlpyraH, 5onee neTyqag, oT Tb no Lu • ObinH pa3-

JleneHbi cneJlyiOWHe cMecH: 

La - Tm Pr - Tm Ce - Th Nd - Tm 

La - Yb Pr - Yb Ce - Yb Nd - Yb. 

CnenyeT ynoMHHYTb o xenaTHbiX coenHHeHHHx THO- f3 - JlHKeTo

/83 104-108/ 
HOB ' , y KOTOpb!X 38MeWeHHe 8TOM8• KHCnopoJla HB 8TOM cepbl 

JlOn>KHO Bbl3b!B8Tb 6onbiiiHe H3MeHeHH51 B ceneKTHBHOCTH H CTa5HnbHOCTH 

I 1051 f3 - JlHK9TOHHbiX KOMnneKCOB • MeTannHqeCKHe np0113B::JJlHbl8 THO-

f3 -l1HK9TOHOB neTyqH, llOCTaToqHO CTa6HnbHbl Ha B03Jlyxe, qTo no3BOn51-

/83/ 
eT npOBOJlHTb HX fX p83JleneHHe 
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Oomne 3aKnroqeHHR o cBoAcTBax oeTa-gnKeToHaToB 

Opn cpaBHeHHH a4l$eKTHBHOCTH aKcTpaKUHH pa3nRqHhiX f3 -.11HK8TOH8-

TOB MeTannOB OblflO TIOK838H01 qTO ycToAqHBOCTb BHyTpliKOMTineKCHbiX coe

.QHH8HHH M8TannOB H8XO.QHTCR B onpe.neneHHOH 38BHCHMOCTH OT TiplipO.Ilbl 

pa.anKanoB-3aMeCTHTenen. XapaKTep 3aMeCTHTenel BnHReT aa cBoAcTBa 

HCXO.QHOrO peareHT8 li onpe.nenReT ero .QHCCOUH8UHID1 paCTBOpHMOCTb B 

opralfliqeCKQM paCTBOpHTene H Bone. Y CT8HOBneH0 1 qTO $TOp1ipOB8HHbie f3 

nnKeTOHhi ( R - CO - CH -CO -CF ) H f3 - nnKeTOHhi, conep:>Kamne 
2 11ll n 3 0- ·· 

TIRTiiqneHHbiH reTepOUHKn ( \ 1- ~ ."J-0 ) 1 RBflRIDTCR H8HOOnee 
· 0 ,I S , Se 1681 

aq,q,eKTHBHbiMH KOMTineKCOOOp830BaTenRMH • 3neKTpOOTpHU8TenbHbie 

aTOMbl $Topa B xenaTaX B pe3ynhTaTe HH.IlYKUHOHHOrO a$$eKT8 TIOBbiiU8IDT 

qyBCTBHTenhHOCTb peaKUHH 6onee qeM B 100 p83 1 qTO TI03BOnReT, HCTI0flh3YR 

3TH COe.QHHeHHR
1 

npOH3BO.IlHTb 8lf8flH3 MeTannoB B cne.QQBblX KOnHqeCTB8X 

-13 I 1091 -12 - 141 
(HanpHMep, Be- 4.10 r 1 Cr - 10 r ). 

H3yqeaHe neTyqecTR f3 - .11HKeTOH8TOB pa3nHqlfblX MeTannOB TIOK8-

38n0
1 

qTO $aKTOpaMH
1 

onpenenRIDllillMH CTeneHb neTyqecTH 1 RBflRIDTCR CHM-

1401 
MeTpliR H TIOnRpHOCTb MOneKyn • Oo HMerolliHMCR .118HHbiM TeTp83.1lpH-

qeCK8R H OKT83.1lpHqeCK8R K00p.QHH8UHR $TOpHpOB8HHhiX nHr8H.QOB BOKpyr 

ueaTpanbHoro aToMa MeTanna npHBO.IlHT K MeHbiUeA TennoTe cyonnMaUHR, 

qeM nnR ae$TopHpoBaHHhiX ( pHc. 3) ( TennoTa cy6nHMauHH, o6hi'iHO paccqn-

TblB8eMaR H3 .118HHbiX 38BHCHMOCTH .QaBneHHR napOB OT TeMnepaTypbi, 

RBnReTCR KpHTepHeM neTyqeCTH COe.QHH8HHR). 

HMeeTCR oonee 50 npHMepoB, nonTBep:>KnaromHx, 'iTO $Top, BxonRmHA 

B COCTaB MOneKynhi 1 yBennqHB8eT nerKOCTb 3fliDHpOB8HHR npH rX, 'iTO, 

B CBOID oqepe.llb
1 

nepcneKTHBHO .llnR H3y'ieHHR KOOp.llHH8UHOHHblX COe.QHHeHHH 

11101 
MeTannOB 3THM MeTO.IlOM 

ne'I)''ieCTb xenaTOB yBenH'iHB88TCR C yMeHbiUeHHeM 

I 1111 
MeT anna 

18 

HOHHOrO pa.nHyCa 

' 

( 

B 3aKnroqeaHe cnenyeT OTMeTHTh, 'iTo oou 

xenaTOB qacTo ae BbinonHRIDTCR. TaK, B pR.ne c 

HOA rpynnw Ha TpH$TOpMeTHnbHyro yBeflH'iHBaeT 

ao yMeHbiUaeT neTyqecTb npyrnx. Ta~HM o6pa3( 

OTHOIUeHHe Me:>K.Ily neTyqeCTbiD1 MOneKynRpHOA C 

peHHR H TeMnepaTypoA CyonHM8UHH .llOBOflbHO en 

CK838HHR 0 TIOBe.neHHH xenaTOB 'i8CTO He nO.QTB 

1611 
Te Eonee Toro, B HMeromeAcR nHTepaType 

B oueHKe BenH'iHHhi TeMnepaTyphi nnaBneHHH 0.111 

CTeneHH rH.npaT8UHH H neTyqeCTH. 

TeMnepar'jpa. ·c 
127 91 72 49 182 ,...._,. 

30 0AA 8 
•6A ' 20 • &T4'A 
• .-r<PA tS It ..... ATTA u 

5__~ 
..... 
~2 

~ 6 ~ 
!=>-- .,. ~1.0 

Q6 
zt o '-e.. ~ I 

0.3 

O.lt 2.:5 2.5 2.7 2.9 - • 0.1 
2.2 

.1_ X 103 -
T 

PHc. 3. neTy'ieCTb HeKOTOpb!X f3 - .llHKeToHa~ 

38BHCHMOCTH OT TeMnepaTyphi: cneBa - Co (Ill) 
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g¢ljleKTHBHOeTH 3KeTpBKURR pa3nRlfHbiX {3 -LlHK8TOHa-

binD 110K838HO, 'ITO yeTOHlfHBOeTb BHyTpHKOMITneKeHb!X eoe

OB H8XOL1HTe~ B orrpeaeneHHOH 38BHeHMOeTH OT 11pRpOLlbl 

eTI!Teneii. XapaKTep 3BM8CTHTeneA BnRSieT Ha eeoifeTBa 

eHT8 R orrpeaen~eT ero L1ReeOUR8UR~, paeTBOpRMOeTb B 

aeTeopnTene R eoae. YeTaaoeneao, 'ITO ljJTopRpoeaaHbie f3 

- CO - C/1 - CO - C F ) R f3 - LlRKeToHhi, eoaep*aiURe 
2 11ll nJ lf1 

TepouRKn ( \ ;- ~ :ro ~- J- ) , SJBnH~TeSJ aaR6onee o ,I s , s~ 1681 
KOMrrneKeoo6pa3oBBTenHMR • 3neKTpooTpRuaTenbHbie 

xenaTax B pe3ynbTBTe RHLlYKUROHHOro aljlljleKTa 110Bb!IUB~T 

Tb peaKUHH 6onee lf8M B 100 pa3, 'ITO 1103BOnSJeT, Rerronb3YH 

1 11pOH3BOL1HTb 8H8nR3 MeTannoB B ene!lOBblX KOnRlfeeTB8X 

8 4 10
-13 I 1091 C 

10
-12 - 141) 

e-. r 1 r- r • 

neTylfeeTH f3 - LlRKeTOHBTOB pa3nRlfHbiX MeTannOB 110K8-

paMH, orrpeaenSJ~UIHMR eTerreHb neTylfeeTH1 S!BnH~TeSI eHM-

1401 
HOeTb MoneKyn • Do RM8~1URMeSJ Ll8HHhlM T8Tp83LlpR-

LlPHlfeeKaSI KOOpL1HH8URH ljJTopRpOB8HHblX nRr8HL10B BOKpyr 

TOMB MeTanna 11pRBOL1RT K M8Hbmeif TerrnoTe ey6nHM8UHR
1 

MpOBBHHhlX (pRe, 3)(TerrnOT8 ey6nRM8UHH 1 06hllfHO paCClfR-

LlBHHblX 38BHeRMOCTH LlBBneHRSI rrapOB OT TeMrrepaTypbl
1 

pHeM neTylfeCTH COeL1RH8HRS1), 

onee 50 11pRMepoB1 110L1TB8p)f{Ll8~1UHX1 'ITO lj!Top, BXOLlS!UlHH 

ynhi, yeennlfRBaeT nerKOCTb an~RpOBBHHSI rrpn fX, 'ITO, 

, rrepcrreKTHBHO LlnH R3Ylf8HHSI KOOpL1HH8UHOHHblX COeL1HH8HRH 
I 1101 

M8TOL10M 

xenaToe yeenHlfRBaeTcSJ c yMeHbmeaneM noaaoro paaRyca 

18 

~ 

I I 

B 3aKn~qeane cneuyeT OTMeTRTb, lfTo o6ume rrpaeRna e noeeaenn11 

xenaTOB 'facTo He Bbll1onaH~TCH, TaK, B pHae enyqaen 3aMerueaHe MeTvtnb

aoii rpyiiiibl HB TpR!jJTOpMeTRnbHj~ yBenRlfRBaeT neTylfeeTb OL1HRX xenaToB, 

ao yMeabrnaeT neTylfeCTb apyrRx. Tat;:RM o6pa3oM, oKB3biBaeTeH, 'ITO co

oTHorneaRe Me*L1Y neTylfeCTh~, MoneKynHpHoii CTpyKTypoii, TerrnoToii Rerra

peHRH R TeMIIepaTypoif cy6nRMBURH LlOBOnbHO CnO)f{HOe,R IIOSTOMy rrpea-

CKB3BHHSI 0 IIOB8L18HRH xenaTOB lfBCTO He IIOLlTBep)f{LlB~TCH B 8KCIIepMMeH-
16JI • 

Te 
• Eonee Taro, B HMe~meHCSJ nHTepaType BCTpeqa~TCH pa3HornacMH 

e oueaKe eenRlfRHbi TeMrrepaTypbi rrnaeneHRH oaaoro n Taro *e xenaTa, 

cTerrean rRapaTaunn R neTyqeeTn, 

Te.Mnepar'jpa. ·c 
127 91 72 49 

Te.M.neparijpa, ·c 
182 11flt 112 Bit 60 

30 I!IAA 8 
20 •6A 6 

•&T•A 
... .6 'PT'PA 

I-" 
ecpTCIIA ~ If u ATTA 

a_~ 1-' 

~z 
~ 6 ~ 

"'-- 't ~1.0 

lr~ ~ I 
a6 

0.3 
1 

• 

' 0'+' 1 1 1 1 ·, , , , , I 
. 2.3 2.5 217 2.9 3.1 

.1_ X 103 -
T 

01L • • • • 1 1 , 1 I I 
I 2.2 Zlf 2.6 2.8 3.0 

ix 103 
T 

PRe. 3. neTylfeCTb H8KOTOpbiX f3 - LlMK8TOH8TOB Co (Ill) H Fe(ll). B 

3BBRCRMoeTn oT TeMrrepaTypbi: eneea - Co(l/1) , errpaea - Fe(ll) 401, 
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OpHMeHeHHe 6eTa-gHKeToHaTOB 

EeTa-JlHKeTOHbl H HX npOH3BOilHbie, KaK aTO BHilHO H3 BbiUJeHanO)KeHH0-
/112-117/ 

ro H H3 npyrHx pa6oT, aanpHMep, , UJHpoxo npHMeHSIIOTCSI s aaanH-

THqecxoft XHMHH npH SKCTpaKUHOHHOM H fX paaneneHHH aneMeHTOB, a TaK)Ke 

nnSI MHKpoaaanHaa. KpoMe Toro, f3 - llHKeTOHaTbl MeTannoB HaXOilSIT see 

6onbUJee npHMeaeaHe nnH paanHqHbiX TexaonorHqecKHX ueneft, 8TH coenHHe-

HHSI B CHny CBOHX CBOftCTB OKaaanHCb oqeHb nepcneKTHBHhlMH JlnSI nony~e

HHSI nneHOK H ocallKOB Bb!COKQqHCTb!X MeTannOB H OKHCnOB MeTannoB, TaK, 

nnSI oca)KneaHSI MeTannoB aa cTexne 6hma HcnonbaosaHa OTHOCHTenbHO Bbi-

coxaSI neTyqecTb H nerxaH paapyUJaeMOCTb aueTHnaueToHaToB 

MeTannos. OpH nocTyne soanyxa HnH KHcnopona B raaosy10 ~aay, conep)Ka-

my10 napbi xenaTa, npoHcxonHT paapy111eaHe xenaTa H oca)I(JleaHe oxHcna 
/22/ 

MeTanna, qTQ 6binO HCnOnb3QBaHO JlnSI nonyqeHHSI JlHaneKTpH~eCKHX cnoeB, 
0 

0THOCHTenbHO HH3KHe TeMnepaTypbl ( 300-350 C) 1 npH KOTOpb!X npOHCXOJlHT 

paapyUJeHHe xoMnnexcos, noasonSIIOT HcnonbaosaTb B xaqecTse nonno)KeK 

paanHqHbie MaTepHanbi: CTeKnO, noKpbiTYIO anOKCHilHOft CMOnOft 6yMary 1 

/118/ nonHMepabie HHTH • Ha pHcyaxe 4 npencTasneaa cxeMa annapaTypbi 1 

C nOMOIUbiO KOTOpOft HayqanOCb OCa)I(JleHHe MeTannHqeCKOI'O K06anbTa H3 
/119/ 

raaosoft ~aahl, conep)Kameft aueTHnaueToHaT xo6anbTa H sonopon • 

06paaeu xenaTa s ~a~oposoft nonoqxe 4 noMemancSI s xsapuesy10 Tpy6xy5 

JlnSI aarpesaHHSI •IJ1cnapSieMbift'' xenaT 38XBaTbiBancSI TOKOM BOilOPOila npH 

aTMoc~epaoM nasneaHH. Bonopon onaospeMeHHD Hrpan ponb H soccTaaoBHTenst 

H raaa-aocHTenH.BoccTaaosneHHe xo6anbTa no MeTanna H oca)I(JleHHe ero aa 

cTeaxax xsapuesoft Tpy6xH npoHcxonHno s Toft ee qacTH, xoTopaSI aaxonH-
o 

nacb s nononaHTenbHOft neqH 6, B aoae BhiCoxoft TeMnepaTyphl (275-300 C). 

20 

5 

PHc. 4. CxeMa annapaTypbi nnSI TepMHqecKl 
1 - Tpy6qaTaSI neqb; 2,3 - TepMonapa; 4 -
uesaSI Tpy6xa; 6 - xonbuesaSI neqb, 

5 

PHc, 5, YcTaHosxa nnSI nonyqeaHSI qHCTbiX 
npH Hcnonb30BaHHH T<t>AA H r<t>AA MeTann 
xaMepa nnSI cy6nHMaUHH; 3,6 - HarpesaTel 
oca)I(JleHHSI; 7 - nonno)I(Ka nnH oca)I(JleHHSI; 

oxna)I(JleHHSI. 
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DpHMeHeHHe 6eTa-nHKeToHaToB 

HX IIpOH3BOAHbie, K8K :3TO BHAHO H3 BbiWeHanO)KeHH0-
/112-117/ 

pa6oT, aanpHMep, , wHpoKo npHMeHHIOTCH B aaanH-

npH :3KCTpaKUHOHHOM H fX paaneneHHH aneMeHTOB, a TSK)Ke 

aa. KpoMe Toro, f3 - .QHKeTOH8Tbl MeTannOB H8XO.QSIT BCe 

eaHe ansr paanHqHhiX TexHonorHqecKHX ueneA. 3TH coe.QHHe-

HX CBOftCTB OK838nHCb oqeHb rzepcrzeKTHBHhiMH .QnH nony~e-

ca.QKOB BhiCOKOqHCThiX MeTannoB H OKHcnoB MeTannos. TaK, 

MeTannOB H8 CTeKne 6bin8 HCIIOnb30B8H8 OTHOCHTenbHO Bbl-

Tb H nerKasr paapywaeMOCTb aueTHnaueToHaTos 

aocTyne soaayxa HnH KHcnopoaa B raaosy10 ¢aay, coaep)Ka-

Ta, IIpOHCXO.QHT paapyweHHe xenaTa H OC8)K.QeHHe OKHCna 

/22/ 
binO HCIIOnb30B8HO AnSI nonyqeHHSI .QHaneKTpHqeCKHX CnOeB • 

0 
H3KHe TeMnepaTyphl ( 300-350 C) 1 II pH KOTOpb!X IIpOHCXO.QHT 

OMIIneKCOB, II03BOnSIIOT HCIIOnb30B8Tb B KaqeCTBe IIO.QnO)KeK 

pHanbi: CTeKno, IIOKpbiTYIO :3IIOKCH.QHOH CMonoft 6yMary 1 

/118/ 
H • Ha pHcyHKe 4 npencTasneaa cxeMa annapaTyphi, 

poft Hayqanoch oca)K.QeHHe MeTannHqecKoro Ko6anbTa Ha 

/119/ 
coaep)Kameft aueTHnaueToHaT Ko6anbTa H soaopoa • 

B ¢ap¢oposoA noaoqKe 4 noMemancH B KBapuesy10 Tpy6Ky 5 

,J1cnapHeMbiH xenaT 38XB8TbiB8nCH TOKOM BO.QOpO.Qa IIpH 

BneHHH, Boaopo.Q O.QHOBpeMeHHO Hrpan ponb H BOCCT8HOBHTenH 

.BoccTaaosneHHe Ko6anbTa ao MeTanna H oca)K.QeHHe ero Ha 

OH Tpy6KH IlpOHCXO.QHnO B TOft ee qacTH, KOTOpaH HSXO.QH-

0 enbHOft rzeqH 6, B 30He Bb!COKOH TeMIIepaTyphi ( 275-300 C), 

20 

..... 

1 

~· ·z::=:Hl 
/119/ PHc. 4. CxeMa annapaTyphi anH TepMHqecKoro paano)KeHHH Co ( AA) 

3 
• 

1 - Tpy6qaTasr rzeqb0 2,3 - TepMonapa; 4 - noaoqKa c o6paauoM; 5 - KBap
uesaH Tpy6Ka; 6 - KOnbueBaH neqb. 

PHc. 5. YcTaHOBKa ansr nonyqeHHH qHCThiX MeTannHqecKHX nosepx.HocTeft 
IIpH HCIIOnb30B8HHH T!I>AA H f!I>AA MeTannoB 11201. 1,10 - BO.Qopoa; 2 -
KaMepa anH cy6nHMauHif; 3,6 - aarpesaTenH; 4 - o6paaeu; 5 - KaMepa ansr 
OC8)K.QeHHSI0 7 - IIO.QnO)KK8 .QnH OCa)K.QeHHS10 8 - noByWKa'; 9 - 6aHSI .QnH 
oxna)K.QeHHH, 
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Ha pHc. 5 rroxa3aHa ycTaHoBxa anH nonyqeHHH 'IHCThlX MeTannHqe-

cxHx ITOBepxHOCTefi ITpH HC!10nb30BBHHH cpTOpHpOBBHHbiX {3 -AHXeTOHB -

1120/ 0 
TOB • Tax, f<PAA- Cu cy6nRMHpoBanCH npH 80-95 C B xaMepe 2, 

aanee ITOCTynan B OCBARTenhHYID XaMepy 5, XOTOpaH RMena TeMrrepaTypy 

0 0 
250-500 C. Pa3nOMeHHe rrapoB xenaTa HB'IRHanOCb DpR 250 C B BOCCTBHO-

BRTenbHOll aTMoccpepe R DpH 350°C B BTMOCcpepe HHepTHOrO ra3a. B Ta6-

nRue 4 DpRBe)leHbl xenBTbl Tex MeTannOA\ 1 XOTOpbie HCDOnb30BanRCb B :3TOH 

pa6oTe anH nony'leHR51 MeTannHqecxHx noxpbiTHi1 npR onpeaeneHHbiX TeMnepa-

TypHbiX ycnOBRHX. 
/74/ ' 

B pa6oTe onHchiBaeTcH nonyqeaHe lr 0 
2 

R H fO 
2 

npH TepMH-

qecxoM pa3noMeHRR neTy'IRX r<PAA - Zr R Hf ( 600°C R 500°C, COOTBeTCT

BeHHo) • 

LlnH MHorux xenaTHbiX coeaRHeHHi1 6bma Hai1aeHa na3epHa51 axTRB -

1121,122/ 
HOCTb • na3epHbie CBOHCTB8 OX838nRCb xapaXTepHb!MH An51 COeJlR-

HeHRi1 eBpODR51 c EA, LlEM, TTA, ET<PA H RX npoR3BOAHbiX c 3aMeCTR-

Ten51MR B 6eH30nbHOM XOnbue, 'ITO C03Jl8eT 6onbll1Re rrpecneXTHBbl An51 

RCDOnb30B8HR51 :3THX COeARHeHRH. 

VI3BeCTHbi pa6oTbi, xoraa f3 -JlHXeTOHBTbi 6binR Hcnonb30BaHbi anH 

nonyqeHRH o6oraiJleHawx MeqeHwx coeauaeHHi1. Tax, paauoaxTHBHhli1 

Heu 6bin nony'leH rrpH Hei1TpoHHOM o6ny'leHHH AA- Mn H EA- Mn 

Mapra

/123/ 

OaHaxo o6orameaHe 6bmo ae6onbll1HM R3-3a 6biCTporo o6MeHa MeMay HOH0-

/124/ 
reHHbiM MapraaueM R MapraHueM B opraHH'IecxoM coeaHHeHRH. B pa6oTe 

++ 239 [ UO ] EA 6bm ucnonh3oBaH anH nonyqeHHH o6orameaHoro U 
2 

B rrocneaHHe aBa aecBTHneTRH cTan paCTH RHTepec x f3 - auxeToHaM 

C uenbiD HX lllRpOXOro DpOMbiillneHHOrO DpRMeHeHR51 1 T.X. OXB3anocb, 'ITO 

He6onbll1Re Jl06aBXR RX B pa3nR'IHhle MBTepHanw DpHBOAHnH X 38MeTHOMy 
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0 C1J 0 C1J 0 
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, 5 J!OKB3BHB yr:TBHOBKB IlJI51 IIOJiy'LJeHH51 'LJifCTb!X MeTBJIJIIf'LJe

HOCTeR rrpH HCJ!OJib30BBHHif ¢TOpllpOBBHHhlX ~ -IllfKeTOHB -

ITaK, fr:PJ\1\- Cu 0 
cy6nHMllpOBBJICH IIpH 80-95 C B KBMepe 2, 

nan B OCBilHTeJibHYID KBMepy 5, KOTOpBH lfMena TeMrrepaTypy 

Pa3no~eH!fe rrapoB xenaTa HB'LJifHanocb rrpH 250°C B BOCCTaHo

o 
Moc¢epe H rrpH 350 C B aTMoc¢epe lfHepTHoro raaa. B Ta6-

neHbl xenBThl Tex MeTaJIJIOil, KOTOpbie lfCITOJib30B8JIHCb B 9TOi1: 

onyqeH!fH MeTann!fqecKHX rroKpbiT!frr rrpH orrpeneneHHhiX TeMrrepa-

e orrHChiBaeTcH rronyqeHHe Zr 0 
2 

H H {0 
2 

rrpH TepMll-

o 0 
~emm neTy'LJHX fr:PAA - Zr H Hf ( 800 C n 500 C, cooTBeTCT-

or11x xenaTHwx coennHeHHrr 6wna HarrneHa naaepHaH aKTHB -

22/ 
flaaepHhie CBO!lCTBa OK838JIHCb xapaKTepHbiMif I1JIH coenH-

H C EA, DEM, TTA, 6Tr:PA H Hx rrpoH3BOI1HhiX c aaMeCTH-

.:JOnbHOM Konhue, 'LJTo coanaeT 6onbwHe rrpecrreKTHBbi unH 

H 9TifX COenHHeHHiJ:, 

bl pafiOThl 1 Korna ~ -I1HKeTOH8Tbl 6binH lfCITOJib30B8Hbl IlJIH 

rarueHHhiX MeqeHhiX coenHHeHHrr, TaK, panHOaKTifBHhiii 

qeu rrpH HeiJ:TpOHHOM o6ny'LJeHnn AA- Mn H EA- Mn 

Mapra

/123/ 

weHHe 6wno He6onbWHM lf3-3a 6wcTporo o6MeHa Me~dy lfOH0-

/124/ 
HueM n MapraaueM B opraHH'LJecKoM coenHHeHnH. B pa6oTe 

ncrronb3oBaH nnH rrony'LJeHHH o6orameuuoro 239 U 

HHe I1BB neCHTllJieT!fH CTBJI paCTH HHTepec K ~ - I1HKeTOHBM 

lllpOKoro IIpOMbiWneHHoro IIpHMeHeHifll
1 

T,K, OKB3BJI0Cb
1 

'LJTO 

BBK!f HX B pB3JIH'LJHhie MaTepnaJibl IIpHBOLlllJill K 3aMeTHOMy 
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H3MeHeHHID caottcTB npoayKUHH. TaK, aanpHMep, ao6aaneHHe 0,1-1% no aecy 

AA K nonHtPeHHnOBbiM a<f!HpaM aaeT >KHAKOCTH c BbiCoKoti: TepMH'IeCKoti: cTa-

6HnbHOCTbiD, xopowea conpoTHBnHeMOCTbiD K neaoo6paaoaaHHID. TaKHe >KHA-

KOCTH HCnOnb3yiDTCH KBK xnaaoareHTbl B 8TOMHb!X peaKTOpax. npH BBeae

HHH AA ynyqrnaiDTCH aaresHOHHbie caottcTBa opraHH'IeCKHX noKpb!THti: H 

CT86HnH38UHH CHnHKOHOBbiX H CM830'1Hb!X >KHAKOCTeti:, HCnOnb3Y8MbiX anH 
/118/ 

pa60T B Bb!COKOTeMnepaTypHOM pe>KHM8 • 

AueTHnaueToHBThi MeTannoa 6naroaapH caoea pacTaopHMOCTH a opra-

HH'18CKHX paCTBOpHTenHX ABIDT B03MO>KHOCTb BB8A8HHH npoBOAHlliHX HOHOB 

MeTannOB B T8KH8 M8T8pHanbi 0 K8K p83HH8 0 nnaCTHKH, CM830'1Hbl8 Macna 

H AP•o B KOTOpblX MeTannbl MOryT npOHBnHTb xapaKT8pHbl8 CBOi!:CTB8 0 HanpH

Mep, KaTanHTH'18CKHe. AA-Thi pHaa MeTannoB HcnonbsyiDTCH KaK KaTanHsa-

TOphi B npoueccax OKHcneHHH yrneBOAOPOAOB1 nonHM8pH38UHH H8H8Cbllli8HHbiX 
I 118/ 

yrneBOAOpOAOB, AnH nony'leHHH BOAOHenpOHHU88MblX noKpblTHi!: o 

AA- Me cny>KaT TaK>Ke npoMe>KyTO'IHbiMH npoayKTaMH anH CHHTesa 

apyrHx aemecTB. TaK, Ha ocHoBe AA- Be H AHtPeHHn!jloc!jlosHeBoi!: KHcnoTbi 
0 /22/ 

6binH nony'I8Hbl HOBbie cononHMepb! 0 CTa6HnbHbl8 AO 530 C 0 

AueTHnaueToH HcnonbsyeTCH anH HsBne'leHHH MeTannoa HenocpeacTBeH

/22/ 
HO H3 MHH8panOB o Ha pHCYHK8 6 npHB8A8Hbl peaynbTaTb! HCCn8AOB8HHH 

aKCTpaKUHH Mn H3 TBepAhiX MapraHueBhiX pya npH o6pa6oTKe Hx AA. 

<I>TOpHpOB8HHbl8 {3 -AHK8TOHbl H HX M8TannH'I8CKH8 npOH3BOAHbl8 no 

CBOHM CBOii:CTB8M 6btnH 6b! B8CbMa yao6Hbl AnH T8XHOnOrH'18CKHX ueneii:, 

OAHBKO H3-38 Manoii: KOMMepqeCKOti: AOCTynHOCTH HX npOMblllin8HH08 npHM8-

H8HH8 noKa orpaHH'IeHo. BMecTe c TeM rpaHHUhi HcnonbsoaaHHH f3 -AHKe-

TOHOB H HX M8TannH'18CKHX npOH3BOAHhlX paClliHpHIDTCH 1 H8CMOTpH Ha ae!jJH-

UHTHOCTb {3 -AHK8TOHOB H3-38 6onblliHX TpyAHOCTei!:, conpH>K8HHbiX C HX 

CHHT830M. 
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' 

~ 

f 

3 

100 .~ 
& ~ 

s::: 
~ 

501 
_./ 

1 z 3-v oL---~--~----~ s 
8peAUl, LtO.C n 

PHc. 6. Hsane'leHHe Mn npH o6pa6oTKe TBepAbiX 1 

aueTHnaueTOHOM 1221. YcnoBHH! a) 129°C, 2 q; B 

c) 2 '1, pyaa: AA = 1:4. 

HacTOHillHii: o6sop no xenaTHhiM coeAHH8HHHM 

neMbl
1 

AnH perneHHH KOTOpb!X a<fJ!jleKTHBHb!M OKa3bll 

aToro Knac~a coeAHHeHHi!:. 3aecb Mbi paccMoTpenE 

Hb!X f3 -AHK8TOHaTOB 0 noKa3aB1 B OCHOBHOM, Hall 

CBOHCTBa
1 

H H8 npeACTaBHnH noapo6HO pHA HX tPH~ 

T8pHCTHK
0 

orpaHH'IHBlliHCb CCbinK8MH Ha HM8IDillH8C 

no ceHTH6pH 1971 rona. 

25 



TB rrpo.ayKUHH. TaK, aanpHMep, .ao6aBneHHe 0,1-1% no Becy 

BbiM a!fJHpaM .aaeT )Kif.llKOCTH C BhlCOKOlt TepMH'IeCKOll CTa

Olliefi conpoTHBnHeMoCTb~ K neaoo6paaoBaHH~. TaKHe )Kif.ll

TCH KBK xna.aoareHTbl B 8TOMHbiX peaKTOpax. flpH BBe.ae-

TCH a.are3HOHHbie CBOltCTBa opraHH'I:eCKHX noKpb!THlt If 

HKOHOBhiX If CM830'1Hh!X )Kif.l]KOCTelt, HCnOnb3yeMbiX .UnH 

I 118/ 
eMnepaTypHOM pe)KHMe 

OHBTbl MeTannOB 6naro.aapg CBOefi paCTBOpHMOCTH B opra-

HTenHX .llB~T B03M0)KHOCTb BBe.l]eHHH npoBO.llHWHX HOHOB 

e MaTepHanhi, KaK peauaa, nnacTHKH, cMa30'I:Hbie Macna 

MeTannbl MoryT npOHBnHTb XapaKT9pHbl9 CBOitCTB8
1 

HanpH-

pH.aa MeTannoB Hcnonbay~Tcg KaK KaTanuaa-

OKHcneHHH yrneBO.UOpO.llOB1 nonHMepH38UHH HeHaChlW9HHhlX 

/118/ 
nH nony'l:eHHH BO.llOHenpOHHU89MhlXnOKphlTHit 

Y*BT T8K)Ke npoMe)KyTO'IHbiMH npo.ayKT8MH .UnH CHHT93a 

TaK, Ha ocaoee AA- Be H .au$eaun!floc$oaueeolt KHcnoTbi 

0 /22/ OBhie cononHMepbi, cTa6HnbHhie JlO 530 C • 

H Hcnonb3yeTCH JlnH H3Bn9'19HHH MeTannOB HenocpeJlCTBeH

/22/ 
• Ha pucyHKe 6 npueeaeRbi peaynbTaTbi uccneaoeanHH 

H3 TBepJlhiX MapraaueBbiX pya npu o6pa6oTKe Hx AA. 

hie {3 -JlHKeTOHbl H HX MeTannH'I:9CKHe npOH3BOJlHhie no 

I 

6hmH 6bi eecbMa yao6Rhi anH TexaonorH'I:eCKHX uenelt, 

Oil KOMMepqeCKOll .UOCTYITHOCTH HX npOMbillineHHOe npHMe-

H'IeHo. BMecTe c TeM rpaHHUhi Hcnonb30BaHHH {3 -JlHKe-

nH'I:eCKHx npOH3BOJlHhiX paCIDHpH~TCH1 HeCMOTpH Ha aelfJH

HKeTOHOB H3-38 6onblliHX TpyJlHOCTefi, COnpH)KeHHblX C HX 
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100 
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SD 

3 

a 

tee AA 
'lee P'J9111 

0 1 2 3 0' I 5o I -100 .. 

8peAtJ., t<ac meAtnepaT':Jpa. ·c 

PHc. 6. 113Bne'l:eHHe Mn npH o6pa6oTKe TBep.ahiX Mapraau~BhiX MHHepanoa 

aueTHnaueToHoM 1221. YcnoBHH: a) 129°C, 2 q; e) 129DC, py.aa: AA = 1:4; 

c) 2 '1, py.aa: AA = 1:4. 

HacToHmHfi o63op no xenaTHhiM coe.aHHeHHHM npe.acTaBnHeT Te npo6-

neMhi, .llnH perueHHH KOTOpb!X acPlfJeKTHBHbiM OK83hiBaeTCH Hcnonb30B8HHe 

8TOrO Knacca COeJlHHeHHit. 3.aecb Mbl paCCMOTpenH TOnbKO 'IBCTb H3BeCT

HhiX {3 -JlHKeTOH8TOB, nOK838B 1 B OCHOBHOM, HaH6onee HHTepeCHbie HX 

CBOitCTBa 1 H He npe.UCTaBHnH noJlp06HO pH.U HX $H3HKO-XHMH'I:eCKHX xapaK

TepHCTHK, orpaHH'IHBlliHCb CCbinK8MH Ha HMe~IUHecg pa60Tbi
0 

ony6nHKOB8HHbie 

.ao ceHTH6pg 1971 ro.aa. 
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Y CJIOBHB o6MeHa 

TipenpHHTbi H coo6meHHSI Ol1Hl1 paccbinaJOTCSI 6ec 
HMHOrO o6MeHa,yHHBepCHTeTaM, HHCTHTyTaM, na6op£ 
Hay"!HbiM rpynnaM H oTaenbHbiM y"leHbiM 6onee 50 c 

TionyqaTenHM H3aaHHR OVIHH npeaocTaBnHeTCSI BC 
SIBHTb HHHUHBTHBY B 6ecnnaTHOfi ITOCbinKe ny6nHK8UE 
o6MeHa npHHHM8lOTCSI aay"!Hbl9 KHHrH, *YPH8nblt np 
ny6nHK8UHH no TeMaTHKe Ol1Hl1. 

EaHHCTBeHHbifi BHil ny6nnKaunfi, KOTOpbiil: HaM n 
aTO penpHHTbl t OTTHCKII CTaTeil: , Y*e ony6nHKOB8HHbJ: 

~ p11ae cny"laeB Mbi caMH o6pamaeMCSI K aay"!Hl 
6onee KpynHbiM nonyqaTenHM HBlllHX H3aaHHi1 - c np 
cnaTb H8M K8KHe-nH60 KHHrH HnH BhlilHC8Tb anSI H8lli 

JKypaanhi, H3aaromnecSI B nx cTpaaax. 

OT,neJibHble 3anpocbl 

l13naTenbCKHfi oTaen eJKeroaao BbmonHHeT oKono 
COB H8 Bb!CbinKY H3aaHHil: 011HI1, B T8KHX 3anpoca 

yKa3biBaTb HHaeKc aanpalllHBaeMoro naaaHHSI. 

A,npeca 

TIHcbMa no BCeM BonpocaM o6MeHa ny6nHKaUHSII 

oTaenbHhle H3aaHHSI cneayeT aanpaBnSITb no aapecy: 

Mocxaa, 
rnaBHbiil IIO'IT8MT, IIIH 7 
Ha~aTenbCKHil oT~en 

06be~HHeHHOrO HHCTHTYTll 

H~epHbiX HCCne~OB8.HHi1, 

Aapec anSI ITOCbinKH BC9X ny6nHK8UHil: B nopSia 

6ecn~aTHOil: noanHCKH Ha Hay"!Hble *YPHBIIbi: 

Mocxsa, 
rnaBHbiH IIO'ITBMT, IIIH 

HsyqHo-TexHH'IeCKBH 6Hf 

06be~HHeHHOrO HHCTHTYT• 

H~epHbiX HCCne~OB8HHH. 


