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AORJIa)l;LI ARa)l;eMBB BaYR CCCP 
1972. TOM 202, M 5 

YAK 541.67 ([>H3HQECKAH XHMHH 

).. I fr UPPo IS'T .tJ~}... ( 
A. :no <1>:nJImmOB, . c. ~OtiCKA , 

'IJleB-KOppeenOBAeBT AH cccp B. M. K03bJPEB 

BJIHHHHE BhICOKoro ]J;ABJIEHIIH HA g-<IlAKTOP 
H IillIPHHY JIHHHH a. n. P. BOAHoro PACTBOPA HHTPATA MEAH 

MSBec'rHO JIHlUh HeCKOJIhKO C- 3
) pa60T no BhlHCHeHIHO BJmHHHH BHeIIIHero 

)l;aBJIeBHH Ba xapaKTep CIIBKTPOB 3.II.p. B )JUIAKHX CHCTeMax. 

B )l;aHHoii pa60Te C006m;aBTcH 0 BJIHHHHH BhlCOKoro rH)l;pOCTaTlJ1IBCKOrO 

p;aBJIeHHH (p;o 500 Kr/CM
2

) Ha g-<paKTop H nmpHny JmHHH llH Bop;Horo pac

TBopa HlITPaTa Mep;H. l1SMBPBHHH IIPOBO)l;HJIlICh nplI KOMHaTHOH TeMlIepaType 

(230 C) Ha pap;HocneKTpOMBTpe P8-1301, 060PYP;OBaHHOM ClIe~lIaJIhHO CKOHCT

PYUPoBaHHoH IIplIcTaBKoH, lIsMepHTeJIhHOH H'IeiKoH B KOTOPOH HBJIHeTCH cnH

paJIh, a BhlCOKO'IaCTOTHaH MOJQ'JIH~HH BBep;eHa BayTPh cocyp;a BhlCOKoro p;aB

JIeHHH BBTKOM, orH6aIOm;HM CIIHpaJIh. IIPlI lIsyqeHlIlI saBHClIMOCTH mHplIHhl 

JIHHHH <l.II.p. Bop;Horo paCTBopa HHTpaTa Mep;lI Mhl HCXOP;HJIH HS IIpep;BapHTeJIh

HO nOJIyqeHHOH KOH~eHTpa~lIoHHoH saBlICHMOCTlI llH (M) : 

M. MOJI/JI 5 4 3 2 1 0,5 0,25 0,12 0,06 0,03 
tlH, a 86 86 90 98 128 136 140 142 142 142 

IIPH HSMBHeHlIH KOH:qeHTpa~HH OT 4 p;o 0,5 M Ha6JIIOp;aeTCH SHa'IHTeJlhHOe 

ymHpeHHe JIHHl<JH, a B 06JIaCTHX M > 4 H M < 0,5 llH nO'ITlI He saBH

CHT OT M. 
AJIH lICCJIep;OBaHHH 1I0P; p;aBJIeHHeM 6hIJIlI BhI6paHhl TPH KOH~eHTP~H: 

M = 0,12: 1; 4 (CM. pHC. 1), npH'IeM pe3KaH 3aBHCHMOCTh OT p;aBJIeHHH p;o 

---5.103 Kr/CM2 Ha6JIIOp;aJIaCh TOJIl>KO IIpH M = 1. AJIH Bcex H3yqeHHhlx KOH

~eHTpa~HH OTMe'IBHO He3Ha'IlITeJIhHOB YMBHl>meHHe g-<paKTopa OT 2,195 IIpH 

P = 1 I{r/CM
2 

p;o 2,188 npH P = 5000 Kr/CM2
• l1s COIIOCTaBJIeHHH 3Ha'Ierurii: 

llH (P) P;JIH pa3JIlI'IHhlX KOH~eHTPa~lIH C lICCJIep;OBaHHoH r. II. BHIIIHeBCKOH 

e) SaBHClIMOCThIO mlIplIHhl JIHHlIlI Bop;Horo paCTBopa HHTpaTa MeAH H TeMlIe

paryphl I:!.H(T) BHp;eH aHaJIOrH'IHhlH XOP; lISMeHeHlIH. MomHo npep;IIOJIOmlITh, 

'ITO 3aBHClIMOCTh mHpHHl>I Cu (NOsh' 3H:O OT p;aBJIeHHH B OCHOBHOM OlIpep;e

JIHeTCH CIIDH-CIIHHOBhlM 06MeHHl>1M BSa.HMOp;eHCTBlIeM. 

BJIHHHDe BospaCTaIOm;ero p;aBJIermH Ha YMeHhmeHHe illlIpDHhI JIHHlIlI, 06y

CJIOBJIeHHOH CIIHHOBhlM 06MeHOM 'L,l;, ~iSj (Ii.; - 06MeHHhlH HHTerpaJI) MomHO 

1I0HHTh, lICIIOJlhSYH peSYJIhTaThI pa60Tl>I (5). ABlImeHHe MOJIeKYJI B mH)l;KOCTH 

MomeT 6hlTh OXapaI{Tep1I30BaHO BpeMeHeM "t'l = rt1JAS / KT, B Te'IeHlIe KOTOPO

ro 'IaCTH:ql>1 HaXO)l;HTCH p;pyr OT p;pyra B npep;eJIax 3<p<peKTlIBHoro pa)l;HYca Bsa

DMop;enCTBHH R, D BpeMeHeM Meffi)l;Y CTOJIKHOBeHHHMH MOJIeKYJI "t'2 = 750rJ 7 
/ RTM (A - )l;JIHHa cB060)l;HOrO np06era MOJIeKYJI). IIPH YCJIOBlIH "t'1 /;;2 «?, 1 
121 J2"t't2 ~ 1 mHpHHa JIHHHH nponop:qHOHaJIhHa 1/;;2 --- RM / 1J, T. e. mHpHHa 

JIHHHH p;OJImHa YMeHhmaTbCH C POC-TOM p;aBJIeHHH, KOTopoe BbI3hTBaeT YBeJIH

"leHHe BH3I'lOCTH H KOH~eHTpa~HH. IIOJIb3YHCh )l;aHHhIMH 0 C)JUIMaeMOCTH BO)l;bJ 

II H3MeHeHHlI BHSKOCTH 1I0P; p;aBm~HIIel\I (6), MhI nOCTpOHJIH TeOpeTH'IeCKOe OT

HomeHHe mHpHHhl IIpH pa3JIH'IHhlX p;aBJIeHHHX P(iI1Hp) K IIIHpHHe npH aTMo

{;<PePHOM p;aBJIeHHlI (llHe) P;JIH M = 1 (CM. plIC. 2). 
COrJIaCHe TeopHH H ::mcneplIMeHTa MomHO C'IHTaTb yp;OBJIeTBOpHTeJIbHhlM, 

-eCIDI yqeCl'b, 'ITO npH'IIIHbI BJIIDIHHH p;aBJIeHlIH Ha paCTBopl>1 'Ipe3Bhl'IaHHO 

CJIOffiHbI. AJIH 06'bHCHBHHH pHp;a 3KcnepHMeHTOB IIPlIXOAlITCH IIpeAIIOJIOmHTb 

cmIIMaeMOCTb H Ae<popMa~HIO caMHX MOJIeKYJI. IIPH Bl>ICOI'lOH KOH~eHTpa~HH H 
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(jOJll.moR BJlaKOCTH W/'t12 ~ i (w. -'IaCTOTa OOMeHHOrO BaaHMOAeiicTBHJl), 

nJ;e BhlpameHHe ~JIJl mHpHHI>I JIHHHH B paCTBOpaX CBO~HTCH K peaYJIl>TaTY ~JIJI 
TBep)l;l>IX TeJI H BJIHHHHe OOMeHa Y'lHTI>IB'aeTCH KOppeJIHIJ;HOHHOii . <PYHKD,Heii 
·e-"'O'/2"'e' (,roo - peaOHaHCHaH 'IaCTOTa), T. e. npH YCJIOBHH ,ro/"&12 > 1 mHpHHa 

.JIHHHH He aaBHCHT OT BHaKOCTH (~aBJIeHHJl); O'IeBH~HO, aTO HMeeT MeCTO AJIJI 

.aaBHCHMOCTH I1H (P) npH M ~ 4. MaMeHeHHe mHpHHhl C AaBJIeHHeM npH 
M = 0,12 HeBeJIHKO (Mo-l:!JIp~ 
~ 3a), npH'IeM, KaK BH)l;HO Ha KOH

D,eHTpaD,HOHHOR aaBHCHlIWCTH, a~eCl> 
POJIl> oOMeHHhlx B3aHMO~eiil:cTBHii 
MaJIa. AJIJI TaKoR KOHD,eHTpaD,HH 

mHpHHY JIHHHH MomHO 06'bHCHHTI> 

fqtl~[1 t 
IJf) 

t '''~~ 
~ 'k~~L 

Iff) nr~ 

ff)(} 

9f) 

~ r+~ ,I 
'() Itltlf) 2f)f)tl .JfJfJtl 

PRC. 1 PRc.2 
PHC. 1. 3aBHCHMOCTb mHpHHhl J)J!HHR BOllHoro pacTDopa HHTpaTa MellH OT lIaBJIeHHJI. 

1-0,12 M; 2-1 M; 3-4 M 

PHC. 2. TeOpeTH'leCRaJl (1) H aRCIlepHMeHTaJIbHaJl (2) saBlIClIMOCTb /)JJp /l1Ho IIIlIplIHbI 
JIlIHlrii: a.n.p. BOlllforo pacTDopa HHTpaTa MelllI (M = 1) OT lIaBJIeIIlIJI 

COBMeCTHI>IM AeiicTBHeM MexaHH3MOB' peJIaI{CaD,HH RHBeJICOHa - ATKHHca (1) 

I1H = 0,234/0-2& (l1g2u + 211g1) + 
H RHBeJICOHa - MaK-RoHHeJIa (~ ) 

I1H = (a1 + a2mr + a2m}) ~ 'rifT, 
r)w !J.ga. = 2,0023 - ga.; g il H gJ. - rJIaBHhle 3Ha'leHHH g-TeHaopa, m] - npo
eKD,HH H,ll;epHOrO KBaHTOBoro 'IHCJIa, ai, a2, as - napaMeTphl, aaBHCHID,He OT aHH-

30TponHH seeMaHOBCIwro H CBepXTOHKoro BaaHMoAeRcTBHR H KOppeJIJID,HOHHO

ro BpeMeHH Bpa.IJJ,aTeJII>HOrO 6pOYHoBcKoro ~BHmeHHH KOMnJIeI{Ca 

4 :rtTjr3 

'tr =""3 'i' ~ 'rifT (r - paAHYC KOMIIJIeKca), 

Ha6JIlO~aBmHiicH HaMH CJIa61>IR 8q,q,el<T Moamo 06"1>HCHHTI> TeM, 'ITO npH yBe

JIH'IeHHH ~aB'JIeHHH BoapaCTaeT BHSKOCTl> paCTBopa; KpOMe Toro, aHH30TponHhle 

napaMeTpl>I a.n.p. TUKllie MorYT H3MeHHTI>CH C ~aBJIeHHeM, eCJIH ~OnyCTHTI>, 'ITO 

nOCJIe.n;Hee cnOCOOHO Bhl31>IBaTI> .n;eq,opMaD,IHO KOMnJIeKca. 

AHaJIOrH'lHhle 1I3Mepemm npOBe.n;eHhl HaMH B paCTBopax pH.n;a ~pyrHx 
BOHOB; nOJIY'leHHI>Ie pe3YJIl>TaThl Oy.n;YT o6cym.n;eHI>I B APyroM COOOID,eHHH. 

Rasanc-Rlm q,H3IIKO-TeXIDl'lecrurli: IIHClIItyT 
ARalleMIIlI naYK CCCP 

UHTHPOBAHHAH nHTEPATYPA 
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,l1;ORJlRAI>I ARaAeMHH HayR CCCP 
1972. TOM 202, .M 5 

YAK 54Cf27: 546.65 <PH3lfgECKAH XHMI1H 

ARa~eMHI\ AH YCCP It B. H~MIIPCrum, 3. 11:. POMAHEHKO, JI. II. BYI1:APIIH 

1I3~EHIIE PEAKI.(1I1I OBMEHA JIlIr AH]l;AMII 
B 3TIIJIEH]l;IIAMIIHTETPAAD;ETATE JIIOTED;IIH METO]l;OM H.M.P. 

MeTOp; H.M.p. OI>lJI HCIIOJIl>30BaH IIpH H3Y'IeHHH MHorHX peaKqHH oOMeHa 

JIHraHp;OB B IWMIIJIeKCHhlX coep;HHeHHJIX. aTHM MeTop;oM H3Y'IaJICH oOMeH aTH

JIeHp;HaMHHTeTpayRcycHoH KHCJIOTbI (EATA) B KOMIIJIeKCaX HeKoTophlX Helle

pexop;Hhlx C, 2), d-nepexop;HhlX (3) MeTaJIJIOB H ypaHa ('). AaHHhle 110 H3Y

'IeHHIO MeTop;OM H.M.p. peaKD;HH OOMeHa EATA B KOMII.TIeKCaX p.3.a. B JlHTepa

Type OTCYTCTBYIOT. Op;HaKO, OCHOBhlBaHCh Ha HMeIOID;l!IXCH HeMHOrO'IHCJIeHHbIX 

paOOTaX, MomHO Ol>IJIO OmHp;aTl>, 'ITO aTOT MeTOp; OKameTCH npIUleHHMhlM H 

P;JIH HCCJIep;OBaHHH peaKD;HH OOMeHa B KOMIIJIeKCaX p.3.a. TaK, B paOOTe C) 
1I0Ka3aHa HeaKBHBaJIeHTHOCTl> IIPOTOHOB aIIeTaTHhlX rpYIIII B KOMIIJIeKCaX 

Ln~ATA -, rAe Ln3+ = Ce, Pr, Nd, Sm. aTo OOCTOHTeJIbCTBO 1I03BOJIHeT Ha

p;eHTbCH, 'ITO IIPH Ollpep;eJIeHHl>IX YCJIOBHHX (HallpHMep, IIpH 1I0BblmeHHH TeM

nepaTYPI>I) MomHO HaOJIIOp;aTb OOMeH Me}KAY HeaI{BHBaJIeHTHhlMH 1I0JIOrI{e

HHHMH. 

IJ;eJIbIO HaCTOHID;eH paOOThl OhlJIO H3Y'leHHe peaKD;HH OOMeHa HOHa aTHJIeH

p;HaMHHTeTpaaD;eTaTa C aTHJIeHp;HaMHHTeTpaau,eTaTOM JIIOTeD;l!IJI MeTop;OM H.M.p . 

ClleKTpbI H.M.p. 3allHChlBaJiH Ha IIpHoope JNM-C60L (paOO'IaH 'IaCTOT:l 

60 Mr:v;) C 1I0JIeBOH pa3BepTKoH. B Ita'Ioc,TBe BHYTpeHHero aTaJIOHa P;JD1 II3-

MepeHHH XHMK'IeCKl!IX CP;BHrOB HCIIOJIb30BaH OeH30JI. MCCJIep;OBamre npOBop;n

JIOCl> B BOP;HOM paCTBope. B paooTe HCUOJIl>30BaJIHCl>: a30THOKHCJIbIH JIIOTe

D;Hn H p;BYHaTpHeBaH COJIb aTHJIeHp;HaMHHTeTpaYKcycHOH KHCJIOTbI MapKH 
'I.p;.a. 

TaK KaK OOM,eH JIHraHp;aMH IIpep;1I0JIliraeT HaJIH'IHe CBooop;Horo EAT A B

paCTBope, TO aKCllepHMeHT BbIIIOJIHeH IIpH COOTHomeHHH pearHpYIOID;HX KOM

IIOHeHTOB 1: 3 (KoHD;eHTpaD;HH HHTpaTa JIIOTeD;HH 0,02 MOJI/JI, KOHD;eHIpaqHH ' 

EATA 0,06 MOJIiJI) H IIpH pH 9,7. B JIHTepaType eCTl> YKa3aHl!IJI Ha B03Mom

HOCTl> oopa30BaHHH B aTHX YCJIOBHIIX KOMIIJIeKCa COCTaBa 1: 2 (6, 1), Ha aTO 

me YKa3hlBaeT H H3MeHeHHe ClleKTpOB 1I0rJIOID;eHHH B BHP;HMOH OOJIaCTH 

paCTBopOB XJIOpHp;a Heop;HMa IIpH H3MeHeHHH KOHn;eHTpaD;HH EATA. 

Ha pHC. 1 IIOKa3aHbI CIIeKTpbI H.M.p. paCTBopa, cop;epmaID;ero 0,06 MOJI/JI 

EATA H 0,02 MOJI/JI Lu(NOs)s (pH 9,5) IIpH pa3JIl!I'IHl>IX TeMnepaTYpax. 

IIoJIQ}KeHHe CHrHaJIOB a H 6 B cneKTpe paCTBopa IIpH 21° COBllap;aeT C 1I0JIO

meHHeM aTl!IX CIIrHaJIOB B ClleKTpe paCTBopa EATA, He cop;epmaID;ero JIIOTe

D;HH H HMeIOID;ero TaKHe me TeMllepaTypy H pH. CHrHaJIbI a H 6 cMeID;eHbI B 

CTOPOHY CJIaObIX 1I0JIeH. CHrHaJI 6 IIpep;CTaBJIHeT COOOH KBapTeT, op;HaKO IIpH 

HH3KOH KOHD;eHTpaD;HH EATA, KaK B HameM CJIY'Iae, B ClleKTpe IIPOJIBJIIlIOT

CH TOJIbKO p;Be HaHOOJIee HHTeHCHBHble KOMllOHeHTbI aToro KBapTeTa. 

M3 pHC. 1 BHP;HO, 'ITO 1I0BhlmeHHe TeMllepaTyphl IIPHBOP;HT K nOCTelleH

HOMY CJIHHHHIO paCm;ellJIeHHbIX CHrHaJIOB. CJIHHHHe CHrHaJIOB IIPOHCXOP;HT 

BCJIep;CTBHe OhlCTporo (B mKaJIe BpeMeH H.M.p.) OOMeHa Hp;ep MemAY Mar

HHTHO HeaKBHBaJIeHTHbIMH 1I0JIOmellHilMII (8). B TOM cJIY'Iae, Korp;a paCCTOH

HHe MemAY paCID;ellJIeHHMMH CHrnaJIaMH COH3MepHMO C l!IX mHpIIHOH, CRO

POCTl> OOMeHa (1/ -c) MOrIteT OhlTb Ollpep;eJIeHa CJIep;yIOID;HM oopa30M (9): 
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