
IWHn;eHTpan;HH 1,8M paspemeliHe C.T.C. 60JIee SHa'UITeJIbHO, HO II OHO nO'lTII 

nOJIHOCTbIO CHIIMaeTCH p;aBJIeHlIeM 4000 aT. (pIIC. 3). IIoJIHaSI mlIplIHa JIIIHIIII 

s.n.p ., T. e. paCCTOSIHlIe Mem)l;Y KpaiiHIIMH nlIKaMH C.T.C., Ha'llIHaSI C KOHn;eHT­

pan;1I1I 0,125M II HIDRe YMeHbmaeTCSI JIlIIDb Ha 3-4 a. C KOHn;eHTpa~1I 0,03M 
TIIlIplIHa OTp;eJIbHhlX KOMnOHeHT C.T.C. npaRTlI'IeCKlI He saBHCIIT OT p;aJIhHeii­

mero pa3Bep;eHlISI. 

,1J;JISI IIsyqeHlISI BJlIIHHlISI p;a:BJIeHIISI Ha llIlIpHHY JIlIHD C.T.C. 61>IJIa B3SITa 

ROHn;eHTpa:n;rr:SI 0,01M. ,1J;a:BJIeHlIe p;o 6000 aT. nO'lTII He BJIlISIeT Ha ROHCT3HTY 

C.T.C. (a). ,1J;JISI pa36aBJIeHHOrO paCTBopa ROHn;eHTpan;1I1I 0,01M H'l6;uop;aeTCR 

·JIlImb HeSHa'llITeJIbHOe YMeHhmeHlle ( 1-2 a) 

'CYMMapHoii nOCTOSIHHOii ~a, 'ITO corJIacyeTcSI C \ 

peSYJIbTaTOM P;JIH MOHOI{pIICTaJIJIa (3). 3aBIICH- ) 
MOCTh llIlIpHHhI 1-IT II 4-ii JIIIHIIIT C.T.C. (co CTO-

'pOHhl CJIa6hlX nOJIeii) OT p;aBJIeHHSI nplIBep;eHa 

lIa plIC. 4. 

illlIpHHa JIl'IHlIii a.n.p . npn 60JIbml'IX ROH­

n;eHTpan;l'ISIX onpep;eJISIeTCSI P;IIIIOJIh-p;HnOJIhHbIM 

BSal'IMOp;ciicTBl'IeM cnIIHOB. YBeJIl'I'leHl'Ie mBpBnbT 

JIBHl'IH C p;aBJIeHlIeM p;OJImHO 6hlTb nponop:n;rr:o- H 

HaJIhHO POCTY BHSROCTB paCTBopa ~(p) B yne­

~H'leHlIIO nJIOTHOCTl'I 'IaCTBn; n(p), 06YCJIOBJIeH­

lWMY Cml'IMaeMOCThIO ml'Ip;KOCTl'I. TIop;06HaH 3a­

Bl'ICBMOCTb Ha6JIIOp;aeTCH TOJIbRO P;JlSI pacTBopoB 

IDnpaTa xpOMa npH ROHn;eHTpan;l'Il'I 3M. Bo~­
MomHoii npl'I'IBHOii SaMep;JIeHIISI POCT::) iillIpIIHbT 

~l'IHlIl'I MapraHn;a MomeT 6hlTh 06pa30BaHHe ac­

'COIl,l'IaTOB MOJIeRYJI (9) . I-ta qeCTBeHHoe 06'bHCHe­

RHe Ha6mop;::teMOMY B3MeHeEIHIO mIIprrIThl JIIIRl'IR 

MomeT TaKme p;aTb TeopHSI (4.), COrJIaCHO HOTO­

poii ymBpeHIIe JIlIHl'Il'I 06YCJIOBJIeHO P;ILllOJIb­

.,lUIIIO.TTbHblM B3aRMop;eiicTBIIeM CIInHOB, MOP;YJIH­

pyeMblM TeITJIOBblM . p;Bl'ImeHHeM II 06MeHHblM 

B3aBM<?)l;eiicTBBeM. 06MeHHoe B3a:IiIMOp;eiicTBl'Ie, 

B CBOIO o'tJepe)l;b, TaRme 3aBl'ICHT OT TenJIOBOrO 

}J;BHmeHHH 'IaCTl'In;. illl'Ipl'IHa JIlIHl'III orrpep;eJIHeT­

.eH xapaHTepHCTH'leCHl'IM BpeMeneM J( = "t"c / 

(1 + "(I"t"effi e 2), 1:c - BpeMR HOppeJISI~TIrr 6poy­

HOBCIWrO p;BIDReHIIll, npOnOp:n;rr:OHaJIhHOe BH3RO­

CTII paCTBOpa, "t"1 ....... 'tc - BpeMSI, B Te'leHlIe RO­

PlIC. 3. BJUUIHlIe AaBJIeHlIH B a 
cneKTp a.n.p. BO~Oro pacTBopa 
HB:TpaTa Mn2+ KOHn;eHTpaD;lIll 
1,8 M. 1 - P = 1 aT., 2 -1200 

aT., 3 - 4000 aT. 

'TOpOrO peamI3yeTcll 06MeHHOe B3aHMOp;eiicTBHe, ffi. - 06MeHHaH qaCTOTa. 

YmlIpeHlJe JlHHIIl'I B.liITpaTa MapraHn;a (3M) B ~ 1,02 pa3a (~p / ~l = 1,56) 

npH p == j:j000 aT., 06'bHCHHeTCH <lTOR TeoplIeii, eC;IlI IIplIHHTh (0. Mn = 
= 0,38· to ceR. II 'tc = 2.10-11 ceR. nplI aTMOC<pePHOM p;aBJIeHIIII. C yMeHh­

me ImeM ROHn;eHTp;l-qH1I BJlIIHHlIe <paRTOPOB, OCJIa6JIHIOID;IIX )l;HIIOJIh-)l;HnOJIbHhle 

B3aIIMop;eiicTBIIH (o6paaOBaIDIe acco:n;rr:aToB IIJIH 06MeHHhle B3aHMop;eiicTBHH), 

YMeHbmaeTcSI H npH ROnn;eHTpaD;lIH ~ 2M 6apOMeTpH'leCRaH 3a:BHCHMOCTb 

mHpHHhl JIHHHH CTaHOBHTCH CRJIbHee. Op;HaRo OROH'tJaTeJIbHOe 3aRJIIO'IeRHe 0 

npH'llIHaX, 06YCJIOBJIHBaIOID;Hx mnpnHbI JIIIHlilR IIpII BbICOHBX IWHn;eHTpaD;lISIX, 

MomHO Cp;eJIaTb, JIBmb 3Hall 113MeHeHHe Bll3ROCTH BbICORO ROHn;eHTpHpoBaH­

"Horo pacTBopa nop; p;aBJIeHlIeM, ROTopoe, BepollTHo, OTJIH'IaeTCH OT yneJIH'Ie­

"HHSI BH3HOCTH 'IHCTOii BOP;I>I. 

TIPH MaJIhlX Rorrn;eHTpan;HHx (MeHbme 0,5M P;JIll xpoMa H ~0,12M P;JIH 

'MapraHn;a) mHpHHa JIlIHHH 6yp;eT 06YCJIOBJIeHa TOJIbRO Op;HO'laCTB'IHMM B3aH­

Mop;eiicTBHeM. ,n;JIH napaMarnHTHblx IIOROB C <lJIeRTpOHHhlM cnHHOM S> 1/2 II 

aHll30TponHhIM TeH30pOM TOHKoro paCIIJ;CnJIeHlIH mHpHHa JIHHl'IH onpep;eJlHeT­

oCn MexaHH3MOM peJIaRCan;Hn MaK-[apEH (5), a p;JIn HOMnJIeHCOB C BbICOROii 

oCHMMeTpHeii I{pHCTaJIJIH'leCHOrO nOJlll - MexaHH3MOM AJIbTmYJIepa - Ba­

.JIHeBa (6). 
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BOP;H1>IH KOMnJIeKC MapraH.IJ;a HMeeT OKTaap;pH'IeCKYIO CHMMeTpHIO H nmpH­

Ha JIHHHH BhIpamaeTCH COOTHOmeHlleM (6) 

1 hoo . 
T; ~yrTcth 2k'/.' wO.l'~ 1, (i). 

rp;e Wj ~ 100- 800 CM- 1 
- ~raCTOTa c06cTBeHHhIx KOJIe6aHl~H KOMnJIeKCa, 

'Y - xapaKTepHCTH'IecKHi napaMeTp p;aHHoH TeopHH. BeJIH'lHHhI, onpep;eJIHIO­

JJJ;He ero, KaK 6l>JJIO YCTaHOBJIeHO P;JIH OKTaap;pJftIeCKHX IWMIIJIeKCOB K06aJIb­

Ta C), MeHHIOTCH C p;aBJIeHHeM He3Ha'IHTeJIbHO, noaTOMY napaMeTp 'V MomHO 

C'IHTaTb 1I0CTOHIIHbIM npH Bcex 3Ha'leHHHX p. He pacnOJIaraH p;aHHDIMH 0 

BJIHHHHH p;aBJIeHHH Ha KOJIe6aTeJlbHyIO CTpYKTYPY OnTH'IeCKOrO cneKTpa Bem;e­

CTBa, IIpep;IIOJIaraeM, 'ITO npn IWMHaTHOH TeMlIepaType, Korp;a cth(hw;/ 2kT) ~ 

IJpcm, 
25 f-

t2J~ 

f9 

2 8 

. 
I 

" 

v 

5 ' 5' 

~ 1, HeKOTopoe H3MeHeHHe 'IaCTOTl>I 

HOpMaJILHbIX KOJIe6aHHH He 1I0BJIHHeT 

Ba mHpHHY JIHHHH (8). TaKHM 06pa30M,.. 

npH MaJIhIX KOH:qeHTpa~Hx 3aBHCHMOCTh­

mHpHHDI JIHHHH MapraH:qa OT p;aBJIeHHH 

OlIpep;eJIHeTCH B OCHOBHOM KOppeJIH~OH­

HDIM BpeMeHeM 1I0BopOTHoro p;BH:;HeRnH 't'r. 

113 aKClIepHMeHTaJIl>Hl>IX HCCJIep;OBaHHK 

BH3IUIX paCTBopOB MapraH:qa H xpOMa 

(9,10) CJIep;yeT, 'ITO 't' r CBH3alI0 He C MaKpo-
108 aT.-+ 

PRC. 4. 3!UllICiRMOCTb illHplllllil hlIRIllI CKOIIH'IeCROll BH3ROCTl>IO pacTBopa KaK :qe-

a.u.p. CBSPXTORI<OR CTPYRTYPbl BO'~O- JIoro, a C MHKpOCKOlIHlJ:eCKOH BH3IWCTl>JO' 
ro paCTBopa HlITpa1'a Mn2+ OT AaBJIe- Ha rpaIDIn;e lIapaMarHHTHDIH KOMIIJIeHC-

mIll pacTBOpHTeJIb. IIOCKOJIbKY 'IeTBepTaH JIH-

HHH, He HMeIOm;aH ymHpeHHH OT CBepXTOHKoro B3a:I'IMOp;eHCTBHH, OKa3hIBaeTCH 

gJIH O,01M 1I0'lTH 1I0CTOHHHOH rrpH Bcex SHa'leHllHX p, TO Tn a CJIep;OBaTeJIbHO, 

1'1 MHRPOBHSKOCTb 3aBHCHT OT p;aBJIemm HeSHa'lHTeJIbHO. 

OTMeTHM, 'ITO HeCOOTBeTCTBHe H3MeHeHHR: CKOPOCTH Bpam;aTeJIbHOrO p;BH­

meHHR: nop; p;aBJIeHHeM H MaHpOBH3HOCTH OTMe'laJIOCb TaRme IIpH H3yqeHHH. 

Hp;epHoro peSOHaHca B mHp;ROCTHX nop; BDICOKHM p;aBJleHHeM (11). B OTJIH'IHe 

OT CJIyqaH MapraHn;a, JIHHHH xpOMa HCIIl>lTl>IBaeT 3Ha'lHTeJIbHOe ymHpeHHe IIpH ' 

MaJIhIX ROH:qeHTpa:qHHX. IIpep;IIOJIaraH, 'ITO MHKPOBJI3ROCTb 3p;eCh TaIDJ&e 1I0'lTH 

IIOCTOHHHa, Ha6JIIOp;alOm;eeCH yBeJIJftIeHHe IllHpHHbI MOllOIO 06'bJICHHTb yBeJIH­

'IeHHeM IIOCTOHHHOH TOHKoro paCm;elIJIeHHH D (p). IIapaMarHHTHbIH HOH Mn2+, 
B OTJIH'IHe OT HOHa Cr3+, HaXOp;HTCH B OCHOBHOM COCTOHHHH 68 H 1I0aTOMY 

9JIeRTpH'IeCKOe nOJIe, C03p;aBaeMoe JIHraHp;Hl>IM oRpymeHHeM, rrpHBop;HT R pac­

m;eIIJIeHHIO aHepreTH1J.eCRHX YPOBHeH HOHa TOJIbHO C yqeToM BhIcrrmx 1I0PHP;ROB, 

TeopHH B03MYIU;eHHH. O'leBHp;HO, 1I09TOMY me BJIHHHHe HCRa}HeHHH CHMMeTpHll 

HpHCTaJIJIH'leCKOrO nOJIn KOMnJIeKCa 1I0P; p;aBJIeHHeM, CHJIbHee CKajUeTCn Ha 

nOCTOHHHOH TOHHoro paCm;elIJIeHHH xpOMa, Haxop;nID;erOCH B COCTOHHHH 'F, . 
'IeM MapraH:qa. 

B aTOM CJIyqae ymHpeHHe JIHHHH HlnpaTa xpOMa IIpH KOH:qeHTpa:qHH 0,05M' 
MomHO 06'DHCHlITb peJIaKca:qHOHHhIM MexaHH3MOM MaK-fapBH (5) 

(2)' 

eCJIH C'IHTaTb, 'ITO D (p) yBeJIH'IHBaeTCH B 1,31 pa3a. J];OIIYCTHMOCTb TaKoro­

yBeJIH'IeHllH 1I0CTOHHHOH TOHKoro paCm;eIIJIeHHH IIOp;TBepll<p;aeTcH B pa60Tax 

YOJIma (12), H3yqaBmero a.n.p. B TBepp;l>IX COJIHX xpOMa nop; p;aBJIeHHeM p;o 
10000 aT. H rra6mop;aBmero IIpHpam;eHHe paClIpep;eJIeHHH B KpHCTaJI;m'leCKOM 

1I0JIe 6 = 2D Ha 30%. . 
ABTOPDI BhIpamaIOT 6JIarOp;apHocTb f. II. BHmHeBcKoH 3a o6cymp;eHHe pe-

3yJlbTaTOB. 
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