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1. Bne,l\eHne 

Tep1rnxpoMaTOrpa<pH<ICCIUie, TX, H ra3oxpoMaTOrpa<pH<ICCKI:Ie, rx, Me

TO.D;hl IIOMHMO HX IIpJIMOro Ha3Haqemm (pa311;CJICHHC KOMIIOHCHTOB C.MCCH) 

Bee 6om,rnee 3Ha<ICHI:Ie npHo6peTaIOT B HCCJIC.D;OBaHHJIX <pII3HRO-XI:IMH'ICCRHX 

CBOHCTB KOpOTRO)I{llBymHx pa,n;HOHYKJill.D;OB. 

IJ;enTpam,HI,IM norrpoco.M no.n;o6HLIX HCCJIC,lI;OBaHHH JIBJIJICTC/I H,lI;CHTIIqrn

KaIUIJI CTCXHOMeTpll<ICCKOrO COCTaBa .JieTyqHX COC,lI;llHCHHH MllRp03JICMCH

TOB. C 3Tofi u;em,10 HCIIOJih3YIOT pa3JIB<IHhle RoppeJIJiu;I:II:I: teMnepaTyp a.n:

cop6u;HH Ta (Te1mepaTypa B MaRCHMyMe IIHRa a,n:cop6u;1m cop6aTa) H 3H

Talli>IIIIH a.n;cop6wm tlHi c cooTBeTcTnyromHMH 3HTaJii,mrnMn Hcnapemrn, 

tlHi, H cy6mrMaU:HH 6.H s. 0,n:HaIW na 3TOM nyrn: BCTpe<1aIOTCJI npHHUH

nuaJihHLie Tpy.n;nocn1. 

A.n:cop6u;HoHHLIM 1rnTepuaJ10M, HaH6oJiee qacTo HcnoJI1,3yeMLIM .lI;JIJI TX

II rx- ROJIOHOR, JIBJIJICTCJI RBapn:enoe CTCKJIO, SiO2. B pa60Tel1l ,n:JIJI TX

CHCTCM C OTRphlTLIMll (6e3 naca,n:KII) I{OJIOHKa.MI:I H3 RBapn:a noJiyqeno npu-

6JIH)I{CHHOe ypaBHCHHC 3aBHCHMOCTll 6.Hi OT Ta ,lI;JIJI XJIOpll,lI;OB H OKCUXJIO

pn.n:on: 

6.Hi=[(8,8±0,4)m-210,18±10,5-(1,04±0,05)mn(-atr Vo/ S1To)]Ta, (1) 

r.n;e ID - 'lllCJIO aTOMOB B MOJieRyJie JieTy<Iero COC,n:HHCHI:IJI; R - ra3onaJI IIOCTO

JIHHaJI, a - OTPHU:aTeJihHLIH rpa,n;HeHT Ha TX-y<1acTRe KOJIOHK!iI; tr - BpCMJI 

OIILITa HJIH BpeMJI )IUI3HH ll30Tona, ecJIH T l/2 MCHhIIIe BpeMCHH OIILITa; Vo 
- pacxo.n: ra3a-HoCHTeJIJI npH cTan.n:apTHLIX ycJioBHJix; S1 - IIJioma,n:1, pa-

60<1efi IIOBepXHOCTll ROJIOHRH, npHXO.n:JimaJICJI Ha C,n;HHHu;y ee ,lI;JIHHhl; TO -

crnH.n;apTnaJI TeMnepa1ypa (o6LiqHo 298 R). 3Haqemrn tlHi, ou;eHeHHLie c 
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IlOMOI.ll;I,IO ypanHeIDIJI (1) no ,n:aHHnIM pa3HhlX pa6oT, B KOTOphlX llCil0Jlb30-

BaJIII "o,n:IIHaKoBhle" TX-cncTeMhl, nee me pa3JIIIqaIOTCJI Mem,n:y co6oii. 9ToT 

<paKT, Bll.D:IIMO, o6'bJICHJieTCJI TeM, qTO n TX-cHcTeMaX ycJIOBIIJI, OT KOTOphlX 

3aBHCIIT COCTOJIHIIe pa6oqeii nonepXHOCTll cop6eHTa, B pa3HhlX OllhlTaX He 

ncer.n:a o,n:IIHaKono KOHTpoJIIIponaJIII. 

lfanecTHol2,3l, HanpnMep, qTo SiO2 ru,n:poKcIIJIIIpyeTcJI no.n: .n:eiicTBIIe.M 

rrapon H2O, npucyTcTnyromux n aTMOC<pepe. 

Ilpon;ecc ,n:eru,n:poKCIIJIIIponaHIIJI JIBJIJieTcJI necbMa Me,n:JieHHhl.M, rpyrrrrhl 

QH- IIOJIHOCTbIO y,n:aJIJIIOTCJI C IIOBepXHOCTll Jllllllb npu BhlCOKOH TeMIIe

paType (1427 K). O,n:HaKo aKTIIBHhle raJioreHnpyromue areHThl (SOC12, 
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BBr:1+ Br:2. K0T0phle Han6oJiee qaCTo ucrroJih3JIOTCJI n pacornTpHnae11hlx 

3JlCCb pa6oTax), rrpucyTCTBY:lOllUie n ra3e-H0CUTeJie. BhlTeCHJIIOT C rronep

XH0CTU rpyrrrrhl oH-. 3a11eHJIII IIX Ha r-(f=Cl,Br). IloKa3aHol
1
l. qTQ pa

nHonecue TaKoro rrpouecca rrpaKn1qecKII HacTynaeT 3a 2-3 t:Iaca. 01. TaKiKP 

pnc.l. 
PanHOBCCHOC OTHOIJICHHC tIIIC'CJI yKa3aHHhlX BhllllC II0HOB Ha C}lllHIIUl' IIO-

ncpXH0CTll K0JI0HKII. oqeBIIJlH0. 3aBHCIIT -OT C00TH0llleHIIII ynpyroCTll na pon 

H2O II raJI0fPHIIpyIOW:IIX an'HT0B B ra3C. TioJIHalI raJIOrt'HII]lHaJI }.lOJllIC})lI

KclUllJI SiO2 HaCTynaeT Jlllillb npu rny6oKo:i:i ocyllIKe ra3a-HOCIITPJIII. 
TipII rny6oKo:i:i ocyllIKe II JlJIIITCJibHOH ( oKoJio 3 qacon) npe}lnapIITPJibHoit 

nponynKP ClICT('}.lhl pa6oqpft XJIOpII.D:HOH OICCbIO 3Haqf'HIIJI L:l.H:: cop6aTOB 

no a6coJIIOTHOiI BCJIIIqIIHC 6bIJlll 6JIII3KII K :➔HTclJibnIIll ncrrapeHIIJI. L:).H~. 
npn Te1rneJmTy1w KnncHIIII . . Tb, cooTBPTCTBYIOIUIIX m•mcnn. T.P. na:ti}lcno 

npamwo 
I L:).Hg 1~ L:).H;'. (2) 

Hnll,C TaKIIP ycmrnIIII II ,n:aHHhlC, noJiyqeHHhlC npII :➔Tm!. 6)"Jl('}.1 Hcl3hlBaTb 

yc.rronuo "IIneaJihHhllvm''. HarrpuMep, ocyllIKY ra3a-nocnn'JIII n pa60Tcl
4
l 

npoII3B0JlIIJIII c no.M0IUhIO Mg(ClO4)2, a B pa6<nclll n cII<'TC}.I)' ocyllIKII JlO

noJIHIIT<'JlhHO noJlKJIIOqam1 pa3Hhlf' JionyllIKII JlJIII H 20. B nnr qIH"JH' nwn

KareJib :MgO u qrnm,Tp n3 ucomna npn 250 K. 3naq<'HIIII ·mT,l.'IbnIIn n 

TetrnepaTyphl a,ncop6unII, rro.rryqennhlc npn .npyrux ycJionn11x. 6yJlC}.I o6o-

3HaqaTb KaK b..Hg n Ta-
9HTaJihnnH a,ncop6uun ZrCL1. HfCl.1 n NbClri. nhlqm·m'HHm' no ypanm'-

nnro (1), no ,nanHhlM [11, -L:l.Hg/KJ],ill MOJih- 1, panm,1: 63.-l±l.5: 60.3±1.1 n 

46,5±1,0, II no ,uannhlM [4l, b..Hg/KJ],ill MOJih- 1, pamrn: 71.8±3.1: 68.1±2.8 

U 55,3±2,5, COOTBCTCTBC'HH0. 
3mtqcHIIII coorncTcTny10mnx D.H;; / KJ],ll, 110Jih - I panHhl: 65 _3[

5
]: 60 _3[

5
] n 

46,8. TiocJic,ilJ-IJIII Bf'JiuqnHa 011nrena npu6JrnlliPHHO no :,·panHPHIIIO 

b..Hi = RTb[ln(Tb)+4,573] no TpyToHy - X1rnh1:1-e6paHTy npn Ti,=5:20 K 

[7]. 
Dn,nHO, qTo ,[(JIil BCCX ynoMIIH)'ThlX Bhlllll' x.rropn.non 3Hc11.Jl'HHII OTHOlll!'IUiii 

L:l.Hi/ b..Hi 3naqn110 nc oTJinqaIOT<"II .npyr OT .npyra n qwJlHIIII ux B!'Jilllll!Ha 

B }laHH0M cnyqae panHa 0,87±0,03. TaKIIM o6pa3011. ('('Jlll Hl'06Xo.LUDIO qm

BHHTb nonc,nennc orrpc,neJICHHoro pJIJla cop6aTOB no p<'3:">'JlbTaT,nI pa3HhlX 

onhlT0B, TO ,nocTaToqH0 3HaTb noBCl(CHIH' X0TII 6hl 0l(H0f<l U3 HUX B .. II,[(('-

aJibHOif? CllCTCMP. 
l{p01w Toro, na a.ncop6uuoHHO<' cno:i:i<'TB0 nom'pXHO<'TII TX-KoJioHKl! no-
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:\IID!O XIDrn:qecIGI aKTIIBHhlX areHTOB, aHaJIOrIIqHI,IX ynoMJIHJThlM Bhlllll', :\10-

ryT OKa3hlBaTI, BJllIJIHIIe II xm.mqeCKII ycTo:t:l:qIIBhle no OTHOllICHIIIO SiO2, 

Hanpm.1ep, raJioremui:M rn:eJioqHhlX MeTaJIJIOB. Pe3yJII>TaThl pa6oT[4,8l MoryT 

6MTI, paccMOTpeHhl n KaqecTBe IIJIJIIOCTpaUIIII TaKoro BJIIIJIHIIJI. .IJ:ne ce

pIIII onhlTOB Bhlno~HeHhl c NbBrs B OTKphlThlX TX-KOJIOHKaX n CIICTeMe c 
BBr3+Br2. OTJIHqIIe 3TIIX onhlTOB cocToJIJIO n TOM, qTo Ha nxone n TX

KOJIOHKY B onMrnx[81 6MJI noMern:eH <pIIJII>Tp II3 rpaHyJI KBr(773 K) .UJIJI 

xm,mqecKoro yJiaBJIIIBaHHJI Hf II Zr. 

OueHIIBaJI .UJIJI NbBrs c noMorn:1,10 ypanHeHIIJI ( 1) 3HaqeHIIJI t::.Hi no pe-

3JJII,TaTaM pa6oT [4,81, noJiyqIIM, qrn B nepnoM cJiyqae[4l, t::.Hi= 
(-57±2) K.ll:m MOJII> -l (no TpyToHy - XIIJII>.Ue6paHTy t::.H:=58,0 :KJ{)K MOJih-1), 

, T.e. B 3TIIX ycJIOBIIJIX BhlnOJIHJICTCJI npaBIIJIO (2), II IIX (ycJIOBIIJI) MOmHo 

cqIITaTI, II .UJIJI 6poMII.UHhlX CIICTeM "II.l{eaJII.HhlMII" , n ynoMJIHJTOM Bhlll!e 

CMhlCJie. 3To yKa3hlnaeT Ha TO, qTo B ra3e-HOCIITCJie npII MaKpOKOJIIIqecTnax 

B;E3r3 paBHOBeCHaJI ynpyroCTI, BO.l{JIHhlX napoB .n;ocTaToqHo HII3Ka II CIICTeMa 

no3TOMY .UOCTIIraeT "IIneaJII.Horo" COCTOJIHIIJI . 

EcJIII B npIICJTCTBIIII napon raJioreHII.UOB rn:eJioqHI,IX MeTaJIJIOB 3Haqe

HIIJI 3HTaJII>nII:t:l: II TeMnepaTyp ancop6UIIII o6o3HaqIITI> t::.ilg II Ta, TO no 

naHHhlM pa6oThl [81 c noMorn:1,10 rnro me ypanHeHHJI (1) .UJIJI NbBrs 6y.n;eM 

IIMCTI, t::.ilg=(-74±4) K.ll:iK MOJII,-1, T.e. B 3TOM cJiyqae CIICTeMa naJieKa OT 

"II.UeaJII,Ho:t:l:" . 

MoiKHO BII.UeTI., qrn .UJIJI NbBrs n CIICTeMax[4,8l pa3HIIri:a t::.ilg - t::.Hi 
=(-17±5) K.ll:iK MOJII, -I JIBJIJieTCJI 3HaqIIMOll BeJIIIqIIHOll. OTMCTIIM, qrn OHa 

( pa3HIIUa) 6JIII3Ka I{ CTaHnapTHOll 3HTaJII.nIIII o6pa30BaHIIJI .UBOllHOro coe

.UIIHCHHJI KNbBr6 , !:::.HJ= (-22 ± 2) K.ll:m MOJII> -l [81, T.e.: 

!:::.Ha~ t::.Hi +!:::.HJ. (3) 
Bo3MOiKHO, BhlpameHIIe (3) He JIBJIJieTCJI IICKJIJOqeHIIeM, a npencTaBJIJieT 

co6oii TaKiKC npaBIIJI0 .UJIJI CIICTeM, cop6eHT K0TOphlX noKphlT MOJieKyJiaMII 

raJioreHII.UOB rn:eJioqHI,IX MeTaJIJIOB, C KOTOphlMII, KaK noKa3aHO B pa60Te[9]' 

neHTaraJioreHII.U II OKCIIraJioreHJ:I.U Nb 06pa3y10T nnoiIHoe coe.n;IIHCHIIe. 

B CO0TBCTCTBIIII C Bhlll!eCKa3aHHhlM, BH.IJ;IIMO, npaBIIJia (2) II (3) MOmHo 

IIcnoJII.30BaTI. .n;JIJI npII6JIIImeHHoro onpeneJieHIIJI 3HaqeHIIii: t::.Hi II !:::.HJ, 
eCJIII CTeXIIOMeTpIIqecKIIH COCTaB MOJieKyJI cop6aTa II3BeCTeH, TaK me KaK II 

.UJIJI onpcneJieHHJI CTeXIIOMeTpIIqecKoro COCTana MOJieKyJI, ecJIII t::.Hi IIJIII 

!:::.HJ cooTneTcTny10rn:IIx nern:ecTB onpeneJieHhl npyrIIM cnoco6oM. B npoTII

BHhlX cJiyq;-rnx .UJIJI II.UCHTIIqnrnauIIII cop6aTa, oqenII.UHO, Heo6xonm,w IIMeTI. 

1-ilKOH-TO nonoJIHIITCJII,Hhlll KpIITepIIii. 
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B HaCTOJIIUCll pa6oTe .n;JIJI II.n;eHTII<pIIKaUIIII CTeXIIOMCTpIIqecKoro COCTaBa 

coemmeHIIii (xJiopII.n;on II OKCIIXJiopH.n;on) Mo II Te HapJI.n;y c npanIIJIOM (2), 

KOTOpoe BhlnOJIHJICTCJI B "II.n;eaJII,HhlX" ClICTeMaX, IICIIOJII,30BaJilI conocTa

BJieHIIe OTHOCIITeJII,ffbIX BhlXO.IJ;OB HaII60Jiee nepoJITHhlX coemmeHHH, noJiy

qeHHhlX pacqeTHhlM II 3KCIIepIIMeHTaJII,HhlM IIJTJIMII, 

2. 3KcnepHMeHTaJibHaJI qaCTb 

HccJie.n;yeMhle lI30TOnhl 97Zr, 97Nb, 99Mo, 132Te lI 
99

Tc 110.rryqaJIII rrpII 

.n;eJieHIIII 235U (110.n; .n;eiicTBIIeM TeIIJI0BhlX HeHTpOHOB Ha MlIKpoTpoHe JUIP 

MT-25) n BII.n;e aTOMOB oT.n;aqII, TOpM03JIIUIIXCJI B ra3e. J13 aMIIJJihl c MII

ll!eHI>IO (235U) yKa3aHHhle HJKJilI.n;hl BhlHOCIIJilI C nOMOIUI.IO a3p030JieiI II3 

yrJiepo.n;a "C", a n .n;pyrIIx •OIIhlTax II3 "KBr". A3po3oJIH II3 "C" yJiaBJIII

naJIII Ha <pIIJII>Tp II3 aRTlIBliponaHHOl'O yrJIJI, I{OTOphllI 3aTeM cyll!IIJilI, noMe

rn:aJIII n cTapTonyro 30HY TX-KoJioHKH H3 KBapuenoro cTeKJia. A3p030Jill II3 

"KBr" yJianmrnaJIH Ha <pllJII.Tp II3 KBapuenoro rropoll!Ka, KOTOphlH 3aTeM o6-

pa6aTMBaJill HNO3. PacTBop, co.n;epmarn:nn pa.n;IIOHJRJIH.IJ;hl, mmapnnaJIH II 

rrepeHOClIJIII Ha KBapueBhlll rropoll!OK, ROTOphlH rrpoRaJilIBaJill mm: cynrnJIII 

n rroMern:aJIII n cTapTonyro 30HY TX-KOJIOHKll. 
TeMnepaTypy n.n;oJII. TX-RoJIOHIGI lI3MepJIJIII c rrorpell!HOCTI>IO 2-3 K. B 

KaqecTBe xJiopnpyromero areHTa ncrroJII,30BaJIH SOCb (Pso~h ~ 0, 16 aTM), 

rrpII ROMHaTHOH TeMrrepaType rrporrycKaJilI ra3-HOCIITeJII, Ar co cKopoCTI,IO 

V
0
=0,5 cM3c-1. KoJIOHIGI IIMeJilI rrJiorn:a.n;I. rronepXHOCTII Ha 1 CM .n;JIHHhl S1 = 

0,942 cM2 . .lJ:JinTeJII,HQCTI, OllhlTa cocTaBJIJIJia 1,5 qaca, rrpe.n;napIITeJII.Ha.ff 

110.IJ;r0TOBI{a KOJI0HRll 3aKJIIOqaJiaCI, B ee rrpo.n;ynKe pa6oqeii cMeCI,IO B Te

qeHIIe 2-x qacon. Ocynmy ra3a ocyrn:ecTBJIJIJilI c 110Morn:1,ro JIOBJIIIIGI ll3 

cnJinRareJIJI, MgO, Mg(ClO4) H ueoJIIITa A rrpH KOMHaTHOH TeMrrepaiype. 

B 3TIIX orrhlTax Ar .n;orroJIHHTem,Ho oqmn:aJIII OT 02, rrporrycKaJI ero qepe3 

<pHJII,TP n3 aKTHBirponaHHOH no.n;opo.n;oM Me.n;II (T=523 K). KoHUeHTpauw 

CJie.n;on 02 B 3TlIX ycJI0BlIJIX He _n;oJI}I{Ha 6MTI, HH}I{e 10-
11

aTM ll3-3a rrpoHlI-

uaeMOCTlI CTeHOK KOJIOHKll, 
B .n;pyroii cepllll 0llhlT0B rrpll rrpoqlIX paBHhlX ycJIOBlIJIX ra30M-HOClITeJieM 

BMecTo Ar 6hlJI no3.n;yx, n RoTopoM Po2 ~0,2 aTM. 
CxeMa ycTaHOBRlI .n;aHa n [ll. B orrhlTax c Ar IICX0.n;HOe nemecTBo, co

.n;epmamee pa.n;IIOHYKJIH.n;hl, rrepe.n; rrocTaHOBROH B cTapTonyro 30HY cyll!mrn 

2 qaca rrpII 4 73 K. B orrhlTaX c B03.n;JXOM ero cyllIHJill 30 MIIH rrpn 423 K, 

qrn6hl yMeHI,lllllTI, rrocJie.n;cTBlIJI KOHTaRTa nemecTBa c aTMOCcpepoii. IlplI 
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3T0M BMecTe C nemecTB0M B CTapT0BYIO 30HY rrorra.n;amI 0CTaBnrn:ecJI II0CJie 

cyIIIKII cne.zu,r B0)U,I, K0T0phle CHIDKaJIII BhlX0.n; JieTyqIIx coe.zumeHIIH Zr H, 

oqemr.n;Ho, cTerreHb xnopn.n;HoH MO.ll;Hq>IIKau:mrl11 cop6aTa B TX-qacTII Ko

JI0HKII. O.n;HaKo Ha o6pa3oBaHHe neTyqIIx coe.n;HHeHm1: Mo II Te 0HH He 

oKa3hlBaJIII 3aMeTHoro BJUIJIHIIJI. Ou;eHKa ·rr01m3ana, qTo, HarrpIIMep, cooT

H0llleHIIe BhlX0,ll;0B coe.n;HHeHHll l\,fo lI Te KaqecTBeHH0 He MeHJieTCJI, ec.rrn 

B KaqecTBe Hcxo,n:HhlX qiopM HCII0Jib3onaTb H2MoO4 II H2TeO3, cM. HIDKe. 

KpoMe Toro, Heo6xo,n:HMO 0TMeTlITb, qTo norrpoc 06 HCXO.n;HOH qiopM:e MIIKpo

K0MII0HeHTa B "CTapTOBOH 30He" K0JI0H0K B 0IIhlTaX Ha rryqKax ycK0plITeJie:u 

rrpH pe)KIIMC OH-Jia:ti:H 0CTaeTCJI 0TKphlThlM .. O.n;Hal{O n 0IIhlTaX Ha Jia6opa

TOpHhlX ycTaH0BKax ( oq)<p-JiaHH) IICX0,n:HaJI <pop Ma MHKp0K0MII0HCHTa HH0-

r.n:a M0}I{eT 6hlTI, 3a,n:aHa. QqeBH,U:HO, B 3TOM pe}I{IIMC MO}I{HO 3a,n:aTb pa3Hhle 

qiopMhl MHKp03JieMeHTOB, CM.HIDKe. 

HarrpIIMep, B cnyqae a3po30JIII "C" npe.n;rronaranoc1, ncxo.n;Hoe coe.n:n

HeHne: [MOx] rrpII x=O, 1 II 2, T.e. [M], [MO] II [MO2], r.n;e M: Zr, Nb, 
Mo, Te n Tc. B c.zyqae a3p030JIII "KBr" MO}I{HO rrpIIHIIMaTb, HarrpIIMep, 

,n:JIJI Te x=2 II .umr Mo x=3. 

CKaHIIponam1e KOJI0HKII rrpono,n:IIJIII c rroM0IIlhIO 1-,n:eTeKTopa, Ge(Li), 

qepe3 IIleJIII nrn:pIIHOH 3 II 5 CM. OTHOCIITeJibHYIO 1-aKTIIBHOCTI, HYKJIII,U:a 

Ha II3MepJieMOM yqacTKe KOJIOHKII, P(E), OTI{Jia,U:hlBaJIII Ha TepM0Xp01vfaTO

rpaMMax B 3aBIICIIMOCTII OT ero (yqacTKa) rropJI,ll;I{0BOro HOMepa, N°, B,U:OJII, 

TX-KoJIOHKII. Ha pIIc.2 3KcrrepIIMeHTaJihHhlH o,n:IIHoqHhlH IIIIK, HarrpIIMep, 

ZrCl4 IIMeeT rronyimrpIIHY Ha rronynhlcoTe, panHyIO 3 CM (10 K). OTcro.ua 

M0}I{HO BII,U:eTb, qTo coce,n:rrne IIIIKII M0}IffiO, X0TJI 6hl IIpII6JIII}I{eHHO, pa3pe-

lllIITb, ecmr IIX Ta 0TJrnqaroTcJI Ha 10-;--15 K. · 

B cnyqae o6pa30namrn HeCKOJihKIIX ,N, coe)UIHeHIIH o,n:Horo 3JieMCHTa 

rrpoII3B0,U:IIJIU rrpn6JIIDKeHHOe pa3JIO}I{eHIIe TepMoxpoMaTorpaMM, HCXO,n:JI II3 

Ha6JIIO,n:aeMhlX 3HaqeHIIIIH 'I'a- M,n:eHTII<pIIKaU:IIIO cop6aTa rrpOBO.n;HJIII, eCJIII 

OTHOCIITCJII,Hhl:U 3KcrrepIIMeHTaJibHhll1 BhlX0,U: ,n:aHuoro coe.zurneHIIJI P;(8) 6hlJI 

He HaMHoro MeHbllle IIJIII rrpeBIJlllaJI 10%. 
B OIIhlTax .z:t:JIJI ncex HyKm1,n:on cyMMa rrapu;IIoHaJibHhlX ,n:anneHIIH neTyqIIx 

coe.n;HHeHIIH I::NPMOyCiz='=AoT1;2 RTs/ln2AVs ~ n. 10-11an1, r.n:e Ao -
cyMMa ~y-pacrra.n:on HyKmr.n:a, cop6IIponaHHOro B TX-qacTII KOJI0HKII, A -

qHcJio Anora.z:i;po, Ts II Vs· - TeMrrepaTypa II 06II1IIH pacxo.n: ra3a B cTapTono:u 

30He K0JIOHKII, cooTneTCTBeHHO. YcnoBHhle cpe.n;HIIe 3HaqeHIIJI PMOyClz = 

(I::NPMoyc1J/N rrpII pacqeTax 6hlJIII rrpIIHJIThl paBHhlMII 6-10-18aTM. 

KpoMe Toro, B oT,n:emHhlX orrhlTax orrpe,n:eJIIIJIII cTerreu1, xnopII.n;Ho:ii MO-

.... 6 

AII<pIIKaU:lIII SiO2 B 3aBIICIIM0CTII OT npeMeHII rrporrycKaHIIJI pa6oqe:ii ra30-

BOH cMeCII ( Ar+SOCh) qepe3 K0JIOHKY rrpII T=423 K. 
fpyrrm,I c1-, ycIICBlllIIe q>IIKCIIpOBaTbCJI 3a BpCMJI 0IIhlTa, t,. Ha II0-

BCpXH0CTII SiO2, CMhlBaJIII )UICTIIJIJIIIpoBaHHOH no.n:o:u c pH=pH0 • I1pII 

3TOM, II3-3a peaKU:IIII: :=Si-Cl+H2O--+:=Si-OH+HCl, rrpoTeKaromeif Ha rro

nepxHOCTII 3KCIIOHIIpoBaHHOII I{0JIOHKR-. pH pacTBOpa Ha BhlX0.n;e II3 HCC 

)'MeHhIIIfillCH II crnnoB11ncx paBHhIM pHe- '(P11c. l ). CM. TaIOKe pa6oTy [ 17], B 

KOTopoii npe)J.JI0;KeH .naHHbIH MeTO.D; onpe.neJieHHH CTeTieHII XJI0pHponaHHH Si02-

3. Crroco6 o~eHKH OTHOCHTeJibHhIX BhIXO~OB coe~HHeHHH, 

o6paayeMbIX MHKp03JieMeHTOM 

O.z:t:H03HaqH() 0TBCTIITI, Ha norrpoc: B KaKOH x1n.mqecKOH <pop1H' aTmI OT

.z:i;aqu rrorra.z:i;aeT n peaKU:II0HHoe rrpocTpaHCTB0 TX-RoJIOHKII. r.z:i;<' c11_v rrpeJl

CT0IIT o6pa30BhlBaTb JICTyqIIe coe.n;IIHeHIIJI, He ncerm1 rrpe,n:cTaBJIJIC'TCJI B03-

M0)KHhlM. ITo:HoMy rrpII pacqeTax n KaqecTne IICX0.U:HhlX <l>opM 3Jif':).Il'HTa 

paccMaTpIIBaIOTCJI HCCK0JibKO HaII6oJiee ncpoJITHhlX <pop11 [l\IOx], (rn<' x=0. 

1, 2, 3). Kna)lpaTHhle CK06KII o603HaqaIOT, qTo )lJIJI pacq<'T0B IICIIOJII,3)"

IOTCJI CTaH)lapTHhle 3HTaJihIIIIII, 6..HJ
298

, II 3HTpoIIIIII . .6.5'}298 , o6pa3onaHIIJI 

:➔TIIX nemecTB n TBCp)l0M COCTOJIHIIII, I{0T0phl<' ycJI0BH0 rrpIIHII!.HlKlTCJI )lJIJI 

0IIIICUHIIJI o6pa30BHHIIJI M0JICKYJI )li:lHHoro BCIUCCTBa n ancop6ttponaHHCn! 

COCTOJIHIIII. 

B ,n:aHHOM CJiyqae rrpIIHJITO, qTo 3aMeHa ancop6IIponaHHOro CO('T0JIHlIJI 

OT,U:CJlbHhlX qaCTIIU: Ha TBepnoe C0CTOJIHIIC C0OTBCTCTBYIOIUIIX B<'lll<'CTB HP 

,U:0JI}I{Ha BHCCTII cymecTneHHhlX OTKJIOHCHIIH B OU:CHOqHI,I(' 3HaqcHIIJI OTH0CH

TCJII,HhlX BhlXO,U:OB 6JIH3KIIX no CBOHCTBaM JICTyqIIX COP)lHHCHIIii (xm>pH.1lOB 

II OI{CIIXJIOpIIJlOB) 0)lHoro II Toro )KC 3JieMCHTa. 

O6mee BhlJmmeHIIe .1lJIJI peaKD:nit o6pa3onaHIIJI Ha6JIIO)laP110ro n onhIT<' 

R0HeqHoro qIIcJia, N, JieTyqIIx coe,n:IIHeHnif :➔JI<'M<'HTa. l'vL n xJiop1rn:Hoit 

CHCTCMC M0}I{HO 3aIIHCclTb, HaIIpII~~~p, B BII.U:<' 

[MOx]+mO2+nSOCl2 --+ MOyClz j +IL, 

7 
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r.n;e x,y,z,m, n lI [ JIBJIRIOTCJI K03qJqJHJ:IlieHTa:MH, KOTOphle MoryT nplIHlI

MaTI, 3Haqemrn OT O J.(0 qucJia, COOTBeTCTByromero BhlCI!IeMY om1cmnem,

HOMY COCTOJIHlIIO 3Jie~IeHTa, L - 3TO Bee raaoo6pa3Hhle npo.n;yKThl peaKUlIH, 

KOTOphle He co.n;epmaT MlIKp03JieMeHTa, a JIBJIRIOTCJI npo.n;yKTaMH B3alIMO

.n;eiICTBIDI SOCh c peareHTm,rn: [MOx] H 02. 

CTpeJIKa T B ypaBHeHHH ( 4) yKa3hlBaeT Ha c.n;Bur paBHOBeCHJI BnpaBo 

Bcex peaKuuiI, u.n;ymux c o6paaoBaHneM raaoo6pa3HhlX MOJieKyJI MUKpo3Jie

MeHTOB, KOTOphle noKUJ.(aIOT noBepXHOCTb peaKUUOHHOH 30Hhl. CJie.n;oBa

TeJibHO, B J.(OCTaToqHo J.(JIUTeJibHhlX onhlTaX TaKne peaKUllll .name npn OTHO

CUTeJibHO HeBhlCOKlIX 3HaqeHIIJIX lIX KOHCTaHT paBHOBeCIUI II .uame npII OT

HOCHTCJibHO HH3KHX TeMnepaTypax MOHyr 6bITb Ji:OBC,lJ:CHbl AO KOHIIa. 0,lJ:HaKO npo

uecchl nocJie.n;oBaTeJibHOro o6pa3oBaHIIJI HeJieTyq11x ¢opM MUKp03JieMeHTOB 

C z=O lI y=x+ 1, 11.uym11e no peaKUIIJIM ( 4)' JIBJIRIOTCJI CTporo paBHOBe

CHhlMlI npoueccaMII T.e. cooTHoIIIemie BhlXOJ.(OB HeJieTyq11x cpopM: MO, 

MO2 II MO3 6y.n;eT onpe.n;eJIRTbCJI B .uaHHhlX ycJIOBIIJIX cooTHOIIIeHIIeM KOH

cTaHT peaKUIIH lIX o6pa30BaHIIJI II CTeneHbIO HaKonJieHIIJI npe,Uhl.UYil(lIX He

JieTyqnx cpopM 3JieMeHTOB. 

CraH.uapTHaJI KOHCTaHTa paBHOBeCIIJI peaKUIIll, I(~, (npII HOpMaJibHhlX 

ycJIOBUJIX) MO)KeT 6hlTb onpe,UeJieHa 113 COOTHOIIIeHUJI 

lnK~=-6.Zf/ RT, (5) 
r.n;e 6-Zf - CTaH.n;apTHhlH II3o6apHO-lI30TepMIIqecrrniI noTeHUIIaJI peaKUIIII, 

Kai{ lI3BeCTHO, B nepBOM npn6JimKeHIIlI paBeH 

b.Zf = b.H298 - Tb.S298 . (6) 
B ycJIOBIIJIX onhlTa np11 lnPi:MOx]=O .n;JIR JieTyqIIx coe.n;IIHeHIIH, o6pa3y

IOil(IIXcJI no JII06oMy II3 KamiJIOB ( 4
1

), npII m=O II ( 4") npII m#0 IIMeeM: 

lnPMoyc1.=lnK~+mlnP0 2+nlnPsoc12 - llnP1, (7) 
r.ue Po

2
, Psoc1

2 
II P1 - napuIIaJibHhle .uaBJieHIIJI cooTBeTcTBy10m11x MaKpo

n MIIKpOKOMnOHeHTOB B ra3e-HOCIITeJie .n;aHHOH ClICTeMhl. I13 ypaBHeHIIJI ( 4) 

MO)KHO BII.n;eTb, qTo Ha o,UHy MoJieKyJiy MOyClz o6pa3yeTCJI l MOJieKyJI L. 
C ueJibIO yqeTa BepoJITHOCTII o6pa3oBaHIIJI pa3HhlX coeJ.(IIHeHIIH MIIKpo-

3JIC:MeHTOB Ha O,UHO CTOJil{HOBCHIIC C Heo6XOJ.(lIMhlMlI ra3006pa3HhlMlI MOJie

KyJiaMII npn ,UaHHOM 3HaqeHIIII X no KaHaJiaM ( 4
1

) II ( 4") BBCJ.(eM BCJIIIqUHhl, 

l{OTOphle onpe.n;eJIIIM KaK 

<p:=ln(PMoyc1J/n II 

<p;=ln(PMoyc1J/(m + n), 

(7') 
(1") 

C00TBCTCTBCHHO. O6myro BepOJITHOCTb BhlX0J.(a Kam.uoro coeJ.(lIHeHIIJI no 

0601n1 KaHaJiaM aanIIIIICM n nn.ue cyMMhl: 

8 

I " ( ) ~=~+~ 8 
Mo)KHO noKa3aTI,, qTO norpeIIIHOCTI> <p' H <p" 6y;n;eT coCTaBJIJITI> RC 6oJiee 

5%, ecJIU B nepBOM np116JIII)KCHHII BMCCTO P1 B3JITI> cpeJ.(Hlle 3Ha•rnmrn Pr,= 

PMoyCI.· IlpII 3TOM OTMCTIIM, 'ITO K03qJqJIIUIICHThl I :a n (nJIR n+m) B 

OCHOBHOM 6JIU3KlI MC)KJ.(y co6oii:, ll no3TOMY B J.(aJibHCii:IIICM RX OTHOIIIeHHJIMlI 

MO)KHO npeHe6pe%. 

C ueJibIO yqeTa Toro o6cTOJITCJibCTBa, qTo "<IRCJIO coeJ.(lIHeHRii: N J.(JIR 

Ka)KJ.(oro MIIKp03JICMCHTa JIBJIReTCJI KOHe"<IHhlM "'IRCJIOM, IIOJIY"'llIM HOpMHpO

BaHHhlC BCJiliqIIHhl, KOTOpble B .n;aJibHCii:IIICM np:a IIOTCHUHRPOBaHRll J.(OJDKHhl 

6hlTb 6oJibIIIC eJ.(lIHIIUhl, KaK II <l5i 
<pi= _..'i• -. xlOO • (9) 

~N'P• 
,UaJiee orrpe.n;eJIRM, KaKyIO qaCTI>, ji, OT BCCX MOJICKYJI BCCX N COCJ.(lIHCHlili 

COCTaBJIRCT 'lIICJIO MOJICKYJI i-COCJ.(lIHCIDffi no BhlpalliCHlIIO 
· ji=ei,-iji; , (10) 

r.n;e ip-;, JIBJIRCTCJI 3HaqeHIICM <pi Toro COCJ.(IIHCHIIJI, "'IRCJIO MOJICKYJI KOTOporo, 

jo = eV¼' npIIHIIMaeM 3a o,UHy 'laCTI>. 3Haqemrn OTHOCRTCJibHhlX BbIXO,L(OB, 

P; (x), B npoueHTax (cM. Ta6JI.1-4) noeyqaeM, np:apaBHJIB CYMMY LN ji K 

100%. 
CIIMBOJI (x) oaHaqaeT, 'ITO Pi(x) oueHeHhl J.(JIJI Hcxo.L(Hoii cpopMI:,I [MOx] 

rrpII .n;aHHOM 3HaqeHHH (x). 

4. Pe:1ym,TaTLI 11 oocyJK,AeHHJI 

TepMoxpoMaTorpaMMhl 97Zr, 97Nb, 99Mo, 
132

Te :a 
99

Tc, nao6pameHHLie 

Ha pnc. 2 II 3, noJiy<IeHhl n XJIOpll,llHbIX ClICTeMaX npH raae-H0CHTCJIC aproHe 

II aapo30JIJIX "C" II "KBr", cooTBCTCTBCHHO. OTMCTHM, 'ITO Ta cop6aTOB 

Zr, Te IIMeIOT OJ.(lIHaKoBhle 3Ha"<Iemrn B o6e:ax paccMaTpRBaeMl>IX cncTeMax, 

T.e. cTeneHII xJiopIIpoBaHIDI nonepXHOCTH SiO2 H b.H;J Mg B 3TRX CHCTe

MaX OJ.(lIHaKOBLI, cM.Ta6JI. 1 n 2. IloaToMy oHII ( cncTeMJ:,I) oTJIR'laJIRc1> JilIIIIb 

IICXO,UHbIMH cpopMaMII HYKJIRJ.(OB B CTapTOBOH 30HC KOJI0HKII, CM. 3KCnepH

MCHTaJibHYIO -qacT1>. TaK KaK 3Ha"<IeHIDI b.H; B no,zi;o6HhlX "MeaJibHhlX" 

cIIcTeMaX 6hlJIR orrpe,n;eJieHhl[lJ .n;JIJI ZrC4 H NbCl5, cM. Ta6JI.l, TO B o6omc 

CJIY"'laHX K03qJqJRUIICHThl b.H;/ 6.Hg=0,81. 
EcJIR pIIc.2a II 3a, Ha KOTOpbIX H306pameHhl pe3yJibTaThl 4-x OIIbITOB, Ha

JIO)KlITI>. ,zi;pyr Ha ,zi;pyra, TO .n;JIJI 99M? Ha HIIX M0iKHO OTMeTHTI> no Kpaii:Heii 

Mepe IIICCTI> MaKCIIMyMOB IlHK~B- Taj k, onpe.neneHHLie C norpeIIIHOCTl>IO RC 

6oJiee 3 % paBHbl: (1)- - 400, (2)- 378, (3)- 360, (4)- 340, (5)-:- ~23 H (6)- 310 K. . 

' 9 
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11
an.1 , Ts=973K 

P(E) - ,uoJIH (%) aTOMOB nyHJill.Ua, a.n:cop6llp0Banm,1x Ha H3MepJie)..IOM yqa-

CT:He ,UJillHOii 3cM. 
N° - HOMep yqacTKa. Pa<;:CTOHHlle OT cTapTOBOH 30HLI; L=3Nc•cM 

10 

P(E)/% 

20 

10 

0 

I I 

20_, 

10 

a 

I 

6 

35.4%n 

11MoOP2 
M0Cl4 

l 

TeCl2 
l 

' - ZrCl4 

0 I ' I .... I I I I I 

0 10 20 

Pm: .3 Tep110xpol\rnTorpal\n.thl 

a) 99~,fo 

6) 9izr ll 132Te 

ycJIOBHH: "KBr'', ocTam,noe nqmc.2 

11 

No 



ConocTaBJUUI no HMeIOIUHMCJI ,n:aHHhlM OTHOCHTeJII,HYIO JieTyqecTI, HJBe

CTHhlX XJIOpHJI.OB H OKCHXJIOpHJI.OB Mo C yKa3aHHhlMH Bhlllle Ta, B Ta6JI. l 
B rropJI.n:Ke yneJIHqCHHJI JieTyqecTH rroMemeHhl rnecTh JieTyqHx coeJI.HHCHHii 

~Io. Ce,n:1,111,111 JieTyqm.1: coe,UHHeHHeM, oqeBHJI.HO, JIBJIJieTcJI BhlCIIIHM XJIO

pHJI. MoC16, 11ecTo KoToporo B 3T0M pH.UY He orrpe,n:eJieHo. OueHKa noKa-

31,1naeT, qTo MoC16 rrpH 6oJihIIIHHCTBe ::iKcrrepHMeHTaJihHhlX ycJioBH:fi: m.1eeT 

rrpeHe6pe)I{llMO MaJihlM BhlXOJI. H ero HJI.eHTHqnrnaUHIO BO ncex OIIhlTaX He 

npono,n:IIJIH. XoTJI no Tb=580K OH MeHee JieTyq, qeM MoOCl4, BHJI.HMO, 

6oJiee JieTyq,. qeM MoOCh H MoCk 
IlpH n1,16ope COOTBeTCTBYIOIUero CTeXHOMeTpHqecKoro cocTaBa coe,n:HHC-

HHJI Mo, cop6HponaHHOf0 B ,n:aHHOM nHKe, JI.OIIOJIHHTeJII,HO yqHThlBaJIH co

rJiaCoBaHHOCTI, JHaqeHHM OTHOCHTeJII,HhlX BhlXO,UOB, noJiyqeHHhlX 3KcnepH

MeHTaJII,HhlM ( CM. pHc.2a II 3a) H pacqeTHhlM rryTJIMH ( CM. rn6JI. 1 H 2a H HX 

rrpHJIO)KeHHJI). 
H3 yKa3aHHhlX Bhlllie ,n:aHHhlX MO)KHO BH,UeTh, 'ITO B O,IUIHaKOBblX TX-

on1,1TaX npH JaMeHe "C" Ha "KBr" qHcJio IIIIK0B Mo cHJihHO pa3JIHqa

eTcJI. O61,JICHHTI, 3TO MO)KHO JIHIIII, ynoMJIHYThlM Bhlllie pa3JIHqHeM HCXO

JI.HOfO cocTOJIHHJI aTOMOB 99Mo B cTapTono:fi: JoHe TX KOJIOHKII B 3THX on1,1-

Tax. ATOMhl 99Mo, co6paHHhle Ha "KBr", cneuHaJII,HO rrepeno,n:IIJIII B Mo03, 

oKHCJIJIJI ero aJoTHOii KHCJIOToii II npoKaJIHBaJI ( 4 73 K) oca,n:oK Ha noJ,n:yxe, 

nLpHc.3. CorJiaCoBaHHOCTh 3KcnepHMeHTaJII,HhlX ,n:aHHhlX C pacqeTHhlMH 

rrpH HCXOJI.HOM cpopMe [MoO3], CM.Ta6JI.2a, JIBJIJIIOTCJI Ha,UeJKHhlM ,uoKa3a

TCJII,CTB0M Toro, qTO crroco6· oueHKII yKa3aHHhlX BeJIHqHH H ero ToqHOCTI, 

y.n:oBJieTBopJIIOT Tpe6onaHHJIM rrocTaBJieHHOM 3a,uaqH ( CM.TaKJKe [lll, r.ue rrpH 

o6pa6oTKe MaKpOKOJIHqecTB WO3 TIIOHIIJIXJIOpII.UOM rrpH 973 K B OCHOBHOM 

TaKJKe rroJiyqaJIH WO2Ch). 
B 3KcnepIIMeHTax c "C" B cTapToBo:fi: JoHe KOJIOHKH, nepoJITHO, MoryT 

npHcyTCTB0BaTI, HYKJIII.Uhl B HH3IIIIIX cTerreHJIX OKHCJieHHJI. H3 ,n:aHHhlX 

Ta6.n:. l H ee rrpHJI0)KeHHJI M0JKH0 BH,UeTh, qTO 6oJiee IIIHpOKHM crreKTP JieTy

qHX coewmeHHM Mo, KOTOphl:fi: Ha6JIIO,UaeTCJI B 3TIIX OIIhlTaX, CM. pHc.2a, 

no oueHKC M0JKHO rroJiyqIITh JIHIIIh rrpH HCX0.UHhlX cpopMax, [Mo] H [Mo02]-

B onhlTaX c noJ,n:yxoM B o6eIIx TX-cHcTeMax rrpII CHHJKeHHH cTeneHH 

110.LJ:H{l>HKaUHII cop6eHTa HJ-Ja rrpIIcyTcTBIIJI cJie,UoB H2O ( CM. pIIc.4a,6 II 

cpaBHH c pm:.2a H 3a) ITHKII Te H Mo cMemeHhl B cTopoHy BhlCOKIIX TeMrre

paTyp, X0TII HX B3aHMHOe noJIO)l{eHHe coxpaHIIJIOCh. 
EcJIH rrpH Hcxo,n:Hoii q>opMe [MoO3], T.e. rrpH x=3, KaK B Ar, TaK II B 

B0J,n:yxe, CM. pIIc.3a H 46, Mo 06pa3yeT B 0CHOBHOM OJI.HO JieTyqee coe.n:H-
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Hemm, KOTopoe H.n;eHTH<p~HpyeTcJI KaK MoO2Ch ( co 3HatJHTem,Ho Mem,

IIIHMH BLixo,n;aMH rrpHcyTcTBYIOT, BH.n;HMO, M0Cl4 H MoOCl3), TO B orrLITax 

c "C" 3aMeHa Ar Ha B03.n;JX 3HatJHTemHo yMem,IIIaeT 'IHCJIO JieTy'IHX co

e,n;HHeHHH Mo, CM. pHc.2a H 4a. B rrpHCJTCTBHH 02, otJeBH.n;HO, ,n;oJIJI He

oKHcJieHHOH cpopMLI [Mo] yMeHI,IIIaeTCJI H npH STOM 3HaqeHIDI P; (3) HP; (0), 

nonyqeHHhle c IIOMOmI,IO TepMO,n;HHa?.mtJeCKHX pactJeTOB, ( CM. Ta6JI.3 

H npHJIO}KeHHe K Hen) He corJiaCYJOTCJI Me}K)];y co6on. J,fa 3THX pactJeTHhIX 

,n;aHHhIX TaK}Ke MO}KHO BH,n;eTL, 'ITO Ha nepBOH CTyneHH peaKD;HH ( 4) npH 

x=O, no on;eHKe 06pa3yeTCJI 35% JieTytJHX coe,n;HHeHHH Mo, 63% MoO2 

H 2% MoO3. IlpH ,n;JIHTem,HoCTH onLITa 1,5 tJaca HaKOIIHBIIIHecJI oKCH.n;LI 

MoO2 H MoO3, otJeBH.n;HO, ycrrenaIOT rroJIHOCTLIO nepexo,n;HTL B JieTytJHe co

e,n;HHemm, CM.Ta6JI.3, r.n;e IIOKa3aHhI paC'IeTHhle 3HatJeHHJI P;{0,2), KOTOphle 

YtJHThIBaIOT noJIHLie BhIXO.n;hl JieTytJHX coe.n;HHeHHH B .n;nyx CTyneHJIX peaK

UHH (4) rrpH x=O H x=2. IlpH 3TOM P; (9) HP; (0,2) cornacyIOTCJI Me}K)];y 

co6o:rr. 
Pe3ym,TaThI ( Ta6JI. l -3) noKa3hIBaIOT' 'ITO HaHMeHee JieTytJHMH coe.n;HHe-

. HHJIMH Mo, nOJIY'IeHHhIMH B onLITaX, nepoJITHO, JIBJIJIIOTCJI HH3IIIHe coe,n;H

HeHHJI: MoOCh, MoOCl3 H MoC14. A HaH6oJiee JieTytJHMH coe.n;HHeHHJIMH 

JIBJIJIIOTCJI MoO2Ch H MoOCl4, co.n;ep}Ka~e Mo B BhlcIIIeH cTeneHH oKH-

cJieHHJI. 
IlpoMe}KyTotJHoe noJio}Keime no JieTytJeCTH Me}K)];y MoO2Ch H MoOCl4, 

BH.n;HMO, Mo}KeT 3aHHMaTL M0Cl5 [121. Ha pHc.2a H 3a Me}K)];y nHKaMH 

MoO2Ch H MoOCl4, nepoJITHo, npHCJTCTByeT He6om,IIIaJI a.n;cop6UHOHHaJI 

30Ha eme o,n;Horo JieTy-qero coe.n;HHeHHJI, KOTOphIM no HMeIOmHMCJI ,n;aHHLIM 

6oJiee nepoJITHO MO}KeT JIBJIJITLCJI MoCk 
ConocTaBJIJIJI pe3ym,TaThI 3KCnepHMeHTOB H pactJeTOB, MO}KHO BH)];eTl>, 

'ITO .n;aHHOe JieTytJee coe,n;HHeHHe noJIYliaeTCJI C pa3HhIM OTHOCHTeJil>HLIM Bhl

XO)];0M npH xJiopHpoBaHHH pa3HLIX HeJieTYtJHX cpopM. HanpHMep, MoO2Ch 

C HaH60JII,IIIHM BLIXO)];OM 06pa3yeTCJI H3 MoO3. 
J,fa cKa3aHHoro Bhllile B pa:meJie 3 . MO}KHO O}KH)];aTl>, 'ITO B onhITaX OH-

JiaHH C KOpOTKO}KHBymHMH HYKJIH,n;aMH BH)]; HX TepMoXpoMaTorpaMM, npH 

npo'IHX paBHhIX ycJIOBHJIX, )];OJI}KeH MeHJIThCJI B 3aBHCHMOCTH OT HX T1;2-

HanpHMep, TaKOH 3cpcpeKT ,n;eHCTBHTeJII,HO MO}KHO 3aMeTHTI, npH cpaBHe-

. Hlili TepMoxpoMaTOrpaMM H30TOnOB Mo li w, H3o6pallieHHhIX Ha pHc.5[lB) 

(pacnpe,n;eJieHHe H30Tonon n.n;om, TX KOJIOHKH onpe,n;eJIJIJIH no ,n;otJepHHM 

HyKJIH)];aM, KOTOphle B 3THX ycJIOBHJIX He ,n;aIOT JieTytJHX coe,n;HHeHHH). B 
Ta6JI.4 ( a H 6) ,n;aHhI pe3ym,TaThI on;eHOK OTHOCHTeJII,HhIX BhIXO)];OB coe.n;HHe-
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, IlpHJIO>KeHHe K Ta6JIH~e 1 

Tep!.m,mrna111f'lecKHe napaMeTpLI n JHa<IeHHJI .P;(x) .U.JIJI coe,ll,HHemm Mo, 

06pa3y10IUHXCH no peaKIJ;HHM (4), npH Po
2 

= 10-11aTM., Psoch=0,16aTM. 

Ts=9i'3K 

N• I{); I{); • 'Pi ~ j; P;(x) X 

n/n MoOyClz m=0 m:/0 
1 MoOCh 43,87 33,43 77,31 12,75 4,26 10,1 0 
2 MoOCb 42,90 38,58 81,49 13,44 8,49 . 20;2 0 

3 MoCl4 45,55 40,33 85,88 14,17 17,54 41,7 0 
4 Mo02Ch 32,72 33,29 66,01 10,89 0,66 1,6 0 
5 MoCls 39,24 36,90 76,15 12,56 3,52 8,4 0 
6 MoOCJ4 40,42 37,00 77,42 12,77 4,34 10,3 0 
7 MoCl6 34;88 33,64 68,52 11,30 1,00 2,4 0 

8 Mo02 25,45" 47,94 73,38 12,11 2,23 5,3 0 
~ 

CyMMa 606,17 42,05 

1 MoOCI2 41,40 40,58 81,98 14,46 39,69 20,2 2 

2 MoOCh 45,15 42,66 87,81 15,49 111,01 56,5 2 

3 MoCl4 47,78 30,39 78,17 13,79, 20,24 10,3 2 

4 Mo02Ch 41,13 26,95 68,08 12,01 3,42 1,7 2 

5 MoCls _42,40 30,71 73,11 12,90 8,29 4,2 2 

6 MoOCl4 42,77 32,77 75,54 13,33 12,74 6,5 2 

7 MoCl6 30,65 30,46 61,12 10,78 1,00 0,5 2 

8 Mo03 0,91" 40,11 41,02 7,24 0,03 >0,o•· 2 

CyMMa 566,83 196,41 

* - n=0. 

** - BLixo.u. MoO3 npH x=0 cocTaBHJI oROJio 0,1 % 
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I1pHJiomeHHe K Ta6JIHue 2 

Tep110.lOIHa1m:qecKHe rrapaMeTpI.I H 3HatieHllJI Pi(3) JJ.JIJI coe.lOIHeHHH Mo. 
o6pa3yIOIUHXcJI rro peaKUllJIM ( 4), rrpli Po

2
=0,2 aTM H 10-11 aTM, Psoc1

2
= 

= 0,16 aTM Ts.= 973K 

No " 
'Pi ~ ji Pi(3) 'Pi 'Pi 

rr/rr MoOyClz m=0 mfO 

Po1=0,2 aTM. 

1 MoOCh 41,52 48,52 90,04 13,70 5,76 2,6 
2 MoOCl3 45,21 48,62 93,82 14,27 10,18 4,5 
3 MoC14 47,83 49,89 97,72 14,87 18,54 8,2 
4 Mo02Ch 58,38 54,14 112,52 17,12 175,92 77,3 
5 MoCls 40,76 51,81 92,57 14,08. 8,41 3,7 
6 MoOCl4 5~,39 40,71 92,10 14,01 7,85 3,5 
7 MoC16 42,12 36,42 78,54 11,95 1,00 0,4 

CyMMa 657,31 · 227,65 
P02 = 10-11aTM. 

1 MoOCh 41,50 40,64 82,14 13;43 4,75 1,9 
2 MoOCl3 45,20 42,69 87,89 14,37. 12,16 4,9 
3 MoC14 47,83 43,90 91,79 15,00 22,99 9.3 
4 Mo02Ch 57,6 47,2 1Q4~62 17,10 187,14 75,3 j 
5 MoCls 40,31 48,30 88,61 14,48 13,69 5,5 
6 MoOCl4 50,8 33,4 84,20 .13, 76 6.65 2,7 
7 MoC16 42,14 30,50 72,61 11,87 1,00 0,4 

Cyima 611,85 248,38 
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IlpnnomeHHe K Ta6Jllln:e 3 
TepMoxpoMaTorpaq:mqecKIIe napaMeTpLI ll 3HaqeHIDI P;(x) JJ.JIH coe.zum~

mm Mo, 06pa3y10mnxcJI no peaKD:IDIM (4), npn Po2 =0,2 aTM., Psoc12= 
= 0,16 lrrM Ts= 973K . . 

No 'Pi 
" 

'Pi 'Pi <pi ji P;(x) X 

n/n MoOyClz m=O m#0 
1 ·MoOCl2 43,88 45,29 89,17 12,79 8,26 6,7 0 

2 MoOCl3 42,90 46,49 89,39 12,82 8,53 6,9 0 

3 MoC14 45,55 48,24 93,79 13,45 16,03 13,0 0 

4 MoO2Ch 32,72 45,15 77,87 11,17 1,63 1,3 0 

5 MoC15 39,24 42,83 82,07 11,77 2,99 2,4 0 

6 MoOCl4 40,42 44,90 85,33 12,24 4,76 3,9 0 

7 M0Cl5 34,88 49,57 74;45 10,68 1,00 0,8 0 

8 MoO2 · 49,17* 55,84 105,01 15,06 80,15 65,0 0 

CyiIMa 697,09 123,35 

1 MoOCh 41,40 48,49 89,89 13,71 32,56 23,2 2 

2 MoOCh 45,15 48,59 93,74 14,29 58,60 41,8 2 

3 MoC4 47,78 38,30 86,07 13,13 18,19 13,0 2 

4 MoO2Cl2 41,13 38,80 79,94 12,19 7,14 5.1 2 

5 MoCls 42,40 36,64 79,04 12.05 6,22 4.4 2 

6 :Y!oOCl4 42,77 40,67 83,45 12,72 12.19 8.7 2 

7. MoC16 30,65 36,39 67,05 10,22 1,00 0.7 2 

8 MoO3 24,62 51,97 76,60 11,68 4,2-9 3.1 2 

C:y')1:-.rn 655,77 140,21 

* - n=O 
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HllM w II :Mo LlJIJI ycJIOBllM 6Jill3l\llX I{ :-rncrrepn:-.1eHTclJlbHhl:\L vfa ,naHHhlX. 
rroMemeHHhlX Ha pnc.5, ll B Ta6JI.4 M0iKH0 Bll,lleTb, Harrpm,1ep, qTO pacqeT

Hhle aaHHLie, rroJiyqeHHLie rrpn ncxoaHoit <popMe [MO3], ue :\1=:\!o n \V. 
y.nonJieTB0pllTCJlbH0 corJiacyIOTCJI C ::rncrrepnMeHT0M Jlllllib JJ.JIH 

90
:\Io ( 5. 7 

qac) n 174V/ (29 MllH). A 0TH0CHTeJibHLIC BhlX0.llhl JieTyqnx coeJJ.nHeHnit. 
87Mo (14,6 c) n 89Mo (2,15 MllH), 164W (6.3 c) n 167W (20 c) JiyqIIIe orrH
cLinaIOTCJI pacqeTHhlMll ,naHHhlMll rrpn !fCX0LlHhlX lpop:-.rnx [:vi] ll [~·102]-

)].oJIJI BhlCOKOTPMrrepaTypHhlX cop6aTOB Mo n \V, n KOTOphlX OHll Haxo
LlJITCJI. oqenIILlH·o, B 6oJieC HII3KIIX CTCITCHJIX Ol\IICJieHIIJl. B 3TIIX 3l\CI1epII:-.leH
TaX yMeHbIIIaeTcJI rrpII yneJIIIqeHIIII T 1;2 II30Torron Mo II \V. B pacqnax 
rrpII II3MCHeHIIII X OT O JJ.O 3, T.e. rrpII rrepexo.ne OT rrepnoii KO BTOpoii II 
TJ)CTbCH CTYITCHJIM peaKUIIII ( 4)' Ha6JIIOLlclPTC1l aHam>rIIqHOf' y:-.1cHbIIIf'Hlle 
llX ( TaKllX c-op6aTOB) ,UOJIII. ()qeBIILlHO. qTo H.YKJIII.llhl (" T 1/2 <6 (" nwr:vT 
yqacTB0BaTb BO BTopoii, TC}I 6oJiee B TpPTb<'H cTyrreHJIX I1()JJ.06HhlX p<'aKUIIi-i: 

C eme MCHbllICH nepoJITHOCTblO. 
CJieayeT 3a:MeTIITb, qTO rrpII HII3KIIX TCMI1CpaTypaX' CEOp<H"TII peal\UIIH 

xJiopnponamrn: cTaHOBJITCJI JHaqIITf'JibHO HIImc. I10:-Ho:-.1y rrPpPxo.n cop6IIpo
naHHoro fW02Cl2] B ra3006pa:moe coe.u1rneuue WOCI4 n :➔Toii cIIc-T<':\H' 
MO}I{CT rroTpe6onaTb JJ.JIIITCJibH0ro npeMCHII. HO 3TOT ~('lH'XO.ll II("I{Jll()qIITb 
HeJii,311. HarrpIIMep, n TX:3KcrrepIIMeHTax rrpII yneJIIIqeHllII IIX npe~H'Hll 
rrpoBC.UCHIIJl C 3-x JJ.O 30 qa(~OB [l:l,!'1) .UCHCTBIITCJibHO Ha6JIIO.UaCT<"1l Olt'IU<'
HllC ITIIKa 176W(2,5 qaca) c 423 K Ha 373 K. OTHOCIIT<'JibHO aoJiroa--IIB)"
IUIIM II30TOI1 176W' oqeBII.UHO, ycrrenaeT XJIOpIIponaTbCJl B rrp:u:c-yT<TBIIII 02 
rrpII x=3. ITo3ToMy oH ( 176\V) n ocHoBH0M 06pa3ycT rn<'.UIIH<'Hllt' "·O2CI:i. 
cM.Ta6JI.4, K0Topoe n 3TllX ycJIOBIIJIX IIMCeT T,, ~ 423 K. O.um1Eo 3a 30 
qacon rrpII 423 K [WO2Ch] n 6oJibIIIOH cTerreHII. BII.UIIMO. rrepc•xo.UIIT n 60-
Jiee JieTyqee coe.UIIHCHIIC \~lOCl4, IIMeIOmee B :~TIIX :vcJioBIIJIX T=373 K 
(paBHOBCCIIC .uaHHOM peaKUIIII cMemeH0 nrrpano, T.l\. rrpII '.➔T011 o6pa3y<'T<"Jl 

JICTyqee coe.UIIHCHIIC, CM. pll3,lleJI 3). 
ITone.ueHIIC Nb, Ta, Zr H Hf paHce[l,10,l9,20l TaKlliP IIJyqaJIII n TX-cmTP~Iax 

(Ar, SOCh, 0 2). BLIJIO rroKa3,lHO, qTo KpoMe TX-rrnKon :u:x Bhl<"IIIHX XJIO
p:u:.uon 3TII :-meMCHThl 06pa3y10T II 6oJiee BhlC0KOTCMm•p,nypHhl(' c-op6aThl. 
3HaqeHIDI T" '.➔TIIX MCHCC JieTyqIIX COC.UIIH<'HIIH 0I<a3aJIII('l, paBHhl: 370±10. 

305±10, 423±10 II 423 ± 10 K, coorneTCTBeHHO. 
Bo3HMKHoneHIIC nLic<>KoTcMrrepaTypHoro ITIIKa y Nb MOlliH<> 061,Jic'HllTb 

o6pa3onaHIIeM n .uaHHhlX ycJionn11x raJoo6pa3H<>r0 NhOCl:1• KoTophlii. i-aK 
H3necTHo[ 12l. ynoitqnn. °YqIIThlBaJI, qTo Zr(Hf)OCh n raJonoii tl>a3c> HP-
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Puc.5 TepMoxpoMaTorpaMMLI: 
a) 164W (6,3c) 87Mo (14,6c) 
6) 167W (2Oc) 89Mo (2,15MHH.) 
B) 174W (29MHH) 90Mo (5,7qaca) 
ycJioBHJI: Ar, V

0
=O,2Jic-1, t1=2 qaca,· S1=O,942cM

2
, Psoch=0,03 ani:, 

Po
2

=O,O4 an1., Ts=72OK, JlJIHHa IIJMepJieMoro yqacTKa 5 cM, ci1.TaKiKe 

pa6oTy [18]. · 
P(E) - cM. pHc.2. 
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Ta6mu~a 4 · 

TepMomrnaMil'IecKHe rrapaMeTpLI n 3gaqeHIIJI, Pi(x), .zi:mr coe.zi:nneHl:lfi W 
n Mo, o6pa:iyromIIXcJI no peaKJlIDIM (4) rrpII Po2=O,O4 aTM., Psoc12= 
= 0,03 aTM u Ts .,; 720K 

A 

No WOvClz 
. 

'Pi 'Pi ,Pi ip; ji .P;(x) X 

1 WOCI2 32,500 44,603 77,103 10,420 0,96 0,1 0 

2 WOCl3 42,846 54,238 97,084 13,120 14,23 0,7 0 

3 WCl4 39,403 52,220 91,623 12,382 6,80 0,3 0 

4 W02Cl2 39,833 56,614 96,446 13,034 13,06 0,6 0 

5 WCls 36,164 46,586 82,750 11,183 2,05 · 0,1 0 

6 WOC14 36,328 47,474 83,802 11,325 2,36 0,1 0 

7 WC16 33,126 44,308 77,434 10,464 1,00 0,1 0 

8 W02 61,006* 72,737 133,743 18,074 2017,17 98,0 0 

CJMMa 739,985 2057,634 

1 WOCI2 16,470 41,730 58,200 9,236 0,32 · 0,1 2 

2 WOCh 44,988 49,675 94,663 15,022 104,11 30,8 2 

3 WCl4 41,961 36,749 78,710 12,490 8,28 2,5 2 

4 W02Ch 40,339 46,214 86,554 13,735 28,75 8,5 2 

5 WCls 37,969 34,982 72,852 11,561 3,27 l;O 2 

6 WOC14 34,843 40,591 75,434 11,970 4,92 1,5 2 

7 WC16 26,244 39,146 65,389 10,377 1,00 0,3 2 

8 W03 34,864* 63,500 98,365 15,609 187,51 · 55.4 2 

CyMMa 
. 630,167 337,956 

1 WOCh -2,366 35,452 33,086 6,426 0,01 >0,0 3 

2 WOCl3 . 35,850 45,106 80,956 15,724 5,80 2,4 3 

3 \VCl4 "32,823 43,554 76,378 14,835 2,38 1,0 3 

4 W02Ch 47,827 52,133 99,960 19,415 232,58 94,0 3 

5 \VCls 31,777 47,715 79,492 15,439 4,37 1.8 3 

6 WOC14 38,586 34,499 73,086 · 14,195 1,26 0,5 3 

7 WCl5 37,327 34,577 71,904 13,966 1,00 0,4 3 

CyMMa 514,862 247,394 

.·2.5 



B 

No MoO v Cl z 'Pi 'Pi 'Pi 'Pi ji P;(x) X 

1 MoOCh 40,110 52,213 92,323 12,337 14,13 0,4 0 

2 MoOCb 39,373 51,856 91,229 12,191 12,21 0,3 0 

3 MoCl4 42,977 54,602 p7,579 13,040 28,53 0,7 0 

4 MoO2Ch 35,928 52,709 88,637 11,845 8,64 0,2 0 

5 MoCls 36,321 46,704 83,025 11,095 4,08 0,1 0 

6 MoOCl4 38,783 49,929 88,712 11,855 8,72 0,2 0 

7 MoCls 30,309 42,195 72,503 9,689 1,00 >0,0 0 

8 MoO2 73,162* 61,148 134,310 17,948 3864,19 98,0 0 

CyMMa 748,318 3941,51 

1 MoOCh 31,242 46,662 77,905 12,622 17,58 7,4 2 

2 MoOCh 41,202 47,782 88,984 14,418 105,86 44,8 2 

3 M0Cl4 45,322 38,990 84,311 13,661 49,65 21,0 2 

4 MoO2Ch 32,104 42,096 74,201 12,022 9,65 4,1 2 

5 MoCl5 - 39,563 36,253 75,816 12,284 12,54 5,3 2 

6 MoOCl4 38,312 42,904 81,217 13,159 30,07 12,7 2 

7 MoCl., 23,284 36,926 60,210 9,756 1,00 0,4 2 

8 MoO3 18,986* 55,561 74,547 12,078 10,20 4,3 2 

CyMMa 617,190 236,554 

1 MoOC'2 28,866 45,863 74,729 12,034 . 0,82 0,3 3 

2 MoOCb 40,003 47,183 87,186 14,040 6,07 2,1 3 

3 MoCl4 44,123 49,205 93,327 15,029 16,32 5,6 3 

4 MoO2C'2 55,471 54,731 110,202 17,746 247.07 84,9 3 

5 MoCl5 37,085 50,369 87,454 14,083 6.34 2,2 3 

6 MoOCl4 49,995 42,105 92,101 14,831 13.39 4,6 3 

7 MoCl6 39,661 36,327 75,987 12,237 1,00 0,3 3 

Cymia 620,987 291,008 

* - n=O 

B TeI{CTe .n:aHhl rroJicHemm R Ta6n.4A, K0T0phle TaRa;e oTH0CJITCJI K Ta6.ir.4E. 

CM.pHc.5. 
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CTa6IrneH, B pa60Te[l9] rro.n:o6Hhle OllhlThl 6hlJIH rrpoBel{CH!i[ c l\IaKpOKOJIH

qeCTBOl\1 DCll{CCTDa H ITOKa3aHo, qTo TDep.n:hlii K0Hl{eHCaT, o6pa3yIOUlllllCJI 

n TX-RoJioHRe rrpH 423 I{, HMeeT crexnoMerpnqecKHll cocran 6mI3KHn K 

Zr(Hf)OCh. KpoMe Toro, B pa6oTe[lO] ITORa3aHo, 'ITO rrpH Po
2
=const Dhl

xo.n: BhlC0I{0TCMITepaTypHoro cop6ara y Hf yMeHhlliaCTCJI n HeCKOJihKO pa3 

npn ll3MeHemm Ts OT 623 K .no 723 K. 3rn .nanHh!e ,HeJih3SI 061,JICHHTI, 

o6pa3oBaHHeM [HfOCh] Ha ITonepxHoCTH ROJIOHKH. M, HaK0HCU:, ITOKa3aHo. 

'ITO c pocToM Po 2 n ra3e-HocnTeJie Bhlxo.n: ra3oo6pa3HhlX OKCHXJiopn.n:on :\"b. 

Zr n Hf Bo3pacraer. 

B Harne.ti: pa6oTe DhlITOJIHeHhl pac'tfeThl OTHOCHTCJihHhlx· Dhlxo.n:on ~bOCh 

n NbCh ITPII x=0, 1 II 2 II Ts/I{ paDHhlX 673, 873 II 973. HaITpII:11cp. 

D:JIJI ycmrnIIii OIThlTOB[IO] (Ts=673 K) comaCHo pacqernM, Bh!Il0JIHeHHhIM npH 

Po/aTM,paBHbIX: 10-10, 10---:5, 10-4, 10-3, 10-2, 2. 10-2, 5. 10-2, o, 1 II 0,2 

aTM, BLixo.n: NbOCl3 n ITpou:enrnx panen: 28, 56, 72. 85, 92. 9--1, 95. 96 II 

97 COOTDeTCTDCHHO, 'ITO KoppeJIIIpyeT C 3RcrrepIIMCHTclJihHhl:11II llHHHhl:lrn[ 10l. 
I{poMC Toro, pe3yJihTclThl paC'ICTOD IT0I{a3hlDaIOT. 'ITO ITpII :VDPJIII'IPHIIII Ts 

or 673 I{ .n:o 973 I{ Dhlxo.n: NbOCl;i y11en1,rnaeTcJI n 2.5 pa3a. HaITpm1ep. 

ITO OU:PHKe rrpII Po 2 = 10- 10 arM H Ts=973 K Dhlxo.n: NbOCl:i panPH oKoJio 

10%, CM.Ta6JI.l, qro D 2,8 pa3a HIIllie, 'ICM ITpll 673 n. C:'.11.Dhlllil'. 

OrMeTnM, 'ITO n pa6ore[
20l, n Roropoii: pacITpe.n:eJicHne 92::-{b n 182Ta n.n:oJih 

TX-KOJIOHRII rrpn Ts~900 K II3MepJIJIH ITO nx -y-aKTHDHOCTH 'IepP3 lll<'Jih 

llIHpHHOll lcM, 6hlJIO ITOKa3aHo, 'ITO rrpH Po2 ~ 10-10an1. HapJI.n:y C HX 

IICHTilXJiopn.n:aMH OTHOCHTCJihHhle BhlX0l{a MCH{•(' JIPT_vqnx C0P.11:IIHl'HIIii ( 0K

CHXJIOIHI.11:0D) Nb H Ta cocTaDJIJIJIH OK0JI0 10%, cp. ra6JI. l, n 80% C"O0TDPT

CTDCHHO. Ou:eHKcl BhlX0.11:0D ra3006pa3HhlX IICHTaXJIOPII.11:0D u ffKCHXJiopn.n:on 

Zr H Hf 3arpy.n:neHhl, TaR KaK .D:JIJI rrocJIC.11:HHX D.HJws HP H3D<'CTHhl. 

ITo cpamieHHIO c flHJ298 XJiopn.n:nhlx coe.n:nncnnii: Ti n .n:pyrux ITPJH'Xo

JlHhIX MeTaJIJI0B )lJISI ZrOClz oirn, Bep0SITH0, HMeeT 3Ha'IeHHe ~ 730 K)l)K/MQJih -] . 

C HCIIOJih30BaHI1cM flHJ
298 

ZrOCl2 H HfOCh 6JIH3KH<' K :-noii: DPJIII'IUHl'. 

6hlJIH DhlIIOJIHCHhl paC'ICThl 0TH0CIITC'JihHhlX DhlXO):{0D :-nnx OKCHXJI0})H.11:0B D 

TCX me ycJIODUJIX[lO). Pe3yJihTclThl paC'I('T0D Ra'ICCTBl'HH0 c·orJiac.VIOTCJI c 

'.➔KCITCJ>HMCHTOM H co cRa3aHHhlM DhlllIC 0 IIOBC):{f'HHH ORCIIXJiopn.n:a :\'hOC'l:i-

IToMHl\10 CRa3aHHoro DhlllIC 0 CTCXH0l\ICTpnq('("K(H.1 CO("TclDP Jll'T_Y'I~X ("()

C.D:HHCHIIii n3yqaeMhlX HYRJIU.D:0D pacn,IOTJ>HM })<'3_\!JihTaThl Oll;('HOK ~H:: no 

:➔RcrrcpHMeHTHJihHhlM .n:anHhlM ollH1>-Jiaii:H c II0MOlllhIO ypaDHl'HIIJI ( l) H no

JIY'IcHne D.Hi 3THX coe.n:nncnuii c IlOMOlllhIO Ko:➔ <IHl>IIU:Hl'HTOD ~Ha/ ~H,~. 
HcUI.11:C'HHhlX ):{JIJI ):{aHHhlX CHCTPM. 
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Ta6mn.(a 5 

X -6.Hi + 6.Him;zq, ++ .6.H;Bl:J.q, ++ 

n/n :\IOvClz k.l{;I< M0JTh -I 

1 :\-foOCh 68±2 67 107i 

2 MoOCh 60±1 63 100 

3 MoCl4 57±1 60 95 

4 ~foO2Ch 53±2 55 94 

5 :.IoCls 49±1 54 87 

6 :.IoOCl4 46,5 51 83 

7 ZrOC_12 89,3 89,8 140 

8 ZrC14 63,4 66,5 10.j,6 

9 TeCl2 60,0 55,5 90,0 

10 TcCls ~49 ~54 ~88 

+ 3HaqeHIIJl -6.Hi - 3T0 cpe.lIHlle 3HaqeHllJI, noJiy't!eHHhle no ;:i;aHHbn! 

ra6n. l-3. Hey:i,;aJaHHhle norpeIIIH0CTll cocraBJIJilOT 10-20o/c 
++ b.HiBI,Iq, ll 6.H:Bhlq, oueHeHhI C Il01!01Ubl0 ypaBHeHllH: [!

5] 
~Hi= [~Hi/ R-(27. 9± l.2)m+ (606±27)]/[(6, 47±0. 28)10-

3
m -(0. 1-1± 

0.01)]1! 
~H:=[~Hi/ R + (18, 14 ± 0. 94)m - (393, 75 ± 20. -l0)]/[(4.50±0. 23)m -

(97.6}±.j. 06)]10-3, C00TB('IC'TBt:HH0. 

_2f! 

l-fa ra6n.l-3, M0}I{H0 mr;:i;en,, '<ITO .lIJIJI M0Cl4, M0Cl5 II MoOCLi, ll,JIJI 

R0T0phlx ll3BeCTHhl t:1H:' npaBHJI0 ( 2) BhllI0JIHJieTCJI. 
MoOCl3 ll MoO2Ch llMeIOT JIHIIII, 3Ha't!eHHJI t:1Hi. Y't!HThlBaJI, '<ITO n 

OCH0BH0M ORCllll,hl ll ORCllXJIOplll1,hl 6oJiee TyrorrJiaBKll [7,12], 't!eM XJIOpH,IU,I, 
MO)I{HO IlllL(eTI,, "CJTO ll .lIJIJI 3TllX COe,/J;llHeHHH C npaBllJIOM (2) Ta~e HeT 
6om,IIIoro pacxo)I{ll,eHllJI. IlpanllJIO (2) BhllloJIHJieTcJI TaIOKe .lIJIJI TeCh II 
TcCh, • 

HpoMe Toro, n Ta6JI.5 rrpe,n:cTaBJieHhl oueHo"CJHhle 3Ha't!eH1llI tlH: H t:1Hi 
JieTy"CJllX coe,n:nHem1fi Mo, Zr, Tell Tc. CpaBHllBaJI ux c JIHTepaTypHhlMll 
.n:aHHhlMII, npllBell,eHHhlMll n Ta6JI.l-3, MO)I{H0 Bllll,eTI,, '<ITO OHll corJiacyIOTCJI 
Me}I{L(y co6ofi. 

.:Vfa-3a oTcyTcTnllJI cooTBeTcTnyrom;Hx JIHTepaTypHhlX ll,aHHHX ll.JIJI MoOCh, 
cpaBHllM Bhl"CJllCJieHHhle 3Ha"CJeHHJI t:1Hi, tlH: H t:1Hi ero ll ZrOCh. .:Vfa 
aToro cpanHeHllJI cJie;:i;yeT, '<ITO MoOCh 6oJiee JieTy-q, "CJeM ZrOCh. 8TOT 
BhlBO.lI HaX0L(llTCJI B corJiaCllll C llMeIOlUllMllCJI npell,CTaBJieHllJ!Mll O CBOH
CTBax cpaBHllBaeMhlX 3JieMeHTOB. 

Pacc"CJllTaHHhle n 3Tofi pa6oTe P; (x), t:1Hi, tlH: ll tlH~ cornacyIOTCJI c 
He3aBll~llMhlMll aRcrrepm1eHTaJibHhlMH lJ.aHHmm P; (8) ll tlH!, t:1Hi, HMe
IOlUllMllCJI B JillTepaType. TaRoe corJiaClle He3aBllCllMO IIOJIY't!eHHI,IX ;:i;aH
HhlX He MO)I{eT 6bITb CJiy't!aHHhlM. QqeBllL(HO, qTo 3TO corJiacue JIBJIJieTCJI 
.lIOCTaToqHI,IM Il0.lITBep)I{ll,eHlleM Cll,eJiaHHoro Bhl6opa HaH6oJiee nepOJITHhlX 
CTeXllOMeTpll"CJeCKllX COCTaBOB ra3006pa3HhlX COe,/J;llHeHllfi ll3y-qeHH.hlX Mll
Rp03JieMeHTOB B ycJIOBllJIX ,n:aHHhlX OIIhlTOB, CM. pnc.2-4 ll ra6JI.l-5 . 

OTMeTllM, "CJTO npll cpaBHeHllll JieTyqecTll coeL(llHeHllfi pa3HiiIX 3JieMeH
TOB MO}I{HO IIOJib30BaTbCJI 3HaqemuiMll tlZg = tlHg - Tat:1si, CM. Ta6JI.l-3. 

B 3aRJiroqeHne anTophl 6Jiarol1,apJIT A.<I>.Honropoll,ona 3a u;eanhle 3aMe
qaHllJI ll qJiena-Roppecnoall,eHTa AH 1ICCP H. 3napy. 3a llHTepec R pa6oTe. 
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