
<I>A30BhlE P - T-,n:HArPAMMbI H IIOJIHMOP<I>HbIE IIPEBPAIIJ;EHHR 113 

H 120 K6ap COOTBeTCTBeHHO IIepexop;RT B MeTaJIJIH'IeCKOe COCTOJlHHe S1. RaK 

IIOKa3aJI OIIbIT, HaKJIOH KPHBOH nJIaBJIeHHJI <pa3bI BhlCOKoro p;aBJIeHHJI repMa

HHJI nOJIOmHTeJIeH, TaKoH me 3HaK HaKJIOHa npep;nOJIaraeTCJI H P;JIJI KPHBOH 

nJIaBJIeHHR <pa3hl BbICOKoro ,n:aBJIeHHJI KpeMHHJI. CTPYKTypa <pa3 BbICOKoro 

p;aBJIeHHJI 3THX 3JIeMeHTOB HCCJIe,n;OBaJIaCb peHTreHorpa<pHlJeCKH, H aHaJIH3 

nOKa3aJI, 'ITO OHH 06JIap;aroT pemeTKoH THna 6eJIoro OJIOBa (THn AS) - TeTpa

rOHaJIbHOll 06'beMHOn;eHTpHpoBaHHoH S~. 
RaK Mhl yme ynoMHHaJIH, MeTaJIJIR'leCKOe, HJIH 6eJIoe, OJIOBO IIMeeT 

CTpyKTypy TeTparOHaJIbHYro 06'beMHOn;eHTpHpoBaHHYIo (THn AS) C OTHome

HHellI ocen ci a = 0,S4S. C nOHHrReHHeM TeMnepaTyphl p;o 13,So C npOHCXOP;HT 

nepecTpoiiKa ;)TOH pemeTKII, MOp;II<pIIKan;IIJI a-Sn - cepoe OJIOBO - IIMeeT 

pemeTKY Ky61I'lecKYro THna aJIMa3a II Bce CBOHCTBa nOJIynpoBop;HIIKa. 

Ha pHC . 18, e npHBep;eHa <pa30BaJl P - T-,n:HarpaMMa OJIOBa (no pa60Te 79) . 

06JIaCTb cTa6HJIbHOCTH ceporo OJIOBa JIe}KHT B nOJIe OTpHn;aTeJIbHbIX ,n:aBJIe

HFIll, <pa30BbIe rpaHIIn;bI Memp;y a- H ~-Sn H KpHBaJl nJIaBJIeHIIJI a-Sn pac

C'lHTaHhl. Ilop; p;enCTBHeM p;aBJIeHHJI ~-Sn npeTepneBaeT nepexo,n: B MOP;H<pHKa

n;Hro Snll 83, KOTOpaJl, KaK nOKa3aJIH peHTreHOBCKHe IICCJIep;OBaHHJI, IIMeeT 

CTpyKTypy TeTparOHaJIbHYro 06'beMHOn;eHTpHpOBaHHYIO 25, 6JIH3KYro K Ky6H

'!eCKOll 06'beMHOn;eHTpHpOBaHHOII (THn A2). B03MomHOCTb nepexo,n:a OT 

pemeTKH 06'beMHOn;eHTpHpoBaHHo:i1 TeTparOHaJIbHOH TlIna AS K 06'beMHOn;eH

TplIpoBaHHo:i1 Ky6H'leCKOH B OJIOBe 6bIJIa paCCMOTpeHa TeOpeTHlJeCKH Ha 

OCHOBe KOHn;enn;HH 3anOJIHeHHJI npOCTpaHCTBa 84 H, KaK Mhl BH,n:HM, no,n:

TBep,n:UJIaCb. 

C B H Hen; npH aTMOC<pePHOM p;aBJIeHHH P;O caMoro rJIy60Koro OXJIa}K,n:e

HHH coxpaHHeT pemeTKY Ky6HlJecKYlO rpaHen;eHTpHpOBajIHYIO THna Ai. 
Ilop; p;aBJIeHHeM nOJIHMoP<PHhlH nepexop; y CBHHn;a 6hlJI 06HapymeH nplI 

161 K6ap 85, npH'IeM H3Y'leHHe pJI,n:a CnJIaBOB Ph - Bi ,n;aeT OCHOBaHHe npep;

nOJIaraTb, 'ITO <pa3a BhlCOIwro ,n:aBJIeHIIH CBHHn;a 6y,n;eT IIMeTb CTpyKTypy reK

CarOHaJIbHYIO nJIOTHoynaKoBaHHYIO THna A3 86 • 

IITaK, paCCMaTpHBaH <pa30BbIe P - T-,n;HarpaMMhl 3JIeMeHTOB rpynnbI 

yrJIepop;a, MbI MomeM OTMeTIITb pH,n; xapaKTepHbIX oc06eHHOCTeH. Bo-nepBbIX, 

3TO 'IHCTO BHemHee CXO,n;CTBO B O'lepTaHHH ,n;HarpaMM. IlocJIe CHJIbHO paCTJI

HYTOll p;HarpaMMhl yrJIepo,n;a CJIep;YIOT yme 60JIee C}l<aThle ,n;lIarpaMMhl B CJIyqae 

KpeMHHJI II repMaHHJI H yme COBceM KOMnaKTHaJl p;HarpaMMa OJIOBa; COKpa

IIJ;eHHe H,n;eT KaK no OCH p;aBJIeHHH, TaK H no OCH TeMnepaTYp. IloJIe CTa-

6HJIbHOCTH MO,n;H<pHKan;HH co CTPYKTypO:i1 rpa<pHTa JIemHT B CJIyqae KpeMHHJI 

H repMaHlm B 06JIaCTH OTpHn;aTeJIbHbIX ,n;aBJIeHHH; TO rRe npOH30mJIO 

H C <pa30R, HMerom;en CTpyKTypy THna aJIMa3a (a-Sn) y OJIOBa. MORmo 3aMe

THTb TaKme, 'ITO <pa3hl, HMerom;He o,n;HHaKOBhle CTpyKTYPhl, HMelOT OP;HH H 

TOT me 3HaK HaKJIOHa KPHBOR nJIaBJIeHHJI, MeHJleTCH JIHmb yrOJI HaKJIOHa 

KpHBOil. Ra3aJIOCb 6bI, p;HarpaMMY Ka}I<,n;oro 3JIeMeHTa MomHO nOJIY'lHTb, 

«paCTHHYB» p;HarpaMMY coce,n;a, CJIe,n;yrom;ero 3a HIIM B nepHo,n;H'IeCIWH 

Ta6JIHn;e. 

lITaR, paCCMOTpeB <pa30BbIe p;HarpaMMhl 3JIeMeHTOB rpynnbI yrJIepo,n;a, 

MomHO CI<a3aTb, 'ITO C POCTOM ,n;aBJIeHHJI nOJIHMOP<PHb1e MO,n;H<pHKan;HH CMe

HJlIOT p;pyl' ,n;pyra B CJIep;YIOm;eR nOCJIep;OBaTeJIbHOCTH: reI{CarOHaJIbHaJl CJIOHC

TaR A9 (rpa<pHT) -+ aJIMa3HaJl A4 (aJIMa3, Sil, Gel, a-Sn) -+ TeTparOHaJIbHaJl 

06'beMHOn;eHTpHpoBaHHaJl AS (rpa<pHT-ll, Sill, Gell, ~-Sn) -+ nceBp;0I<y6H

'leCKaR 06'beMHOn;eHTpHpoBaHHaJl (Snll) -+ I<y6HlJecI<aJl rpaHen;eHTpHpOBaHHaJl 

Al (Ph) -+ reKCarOHaJIbHaJl nJIOTHoynaKoBaHHaJl A3 (PhIl). 
CMeHa KpHCTaJIJIHlJeCKHX CTpyKTyp nop; p;eRcTBHeM p;aBJIeHHJI COnpOBO}K

,n;aeTCH POCTOM K . 'I. HJIH, MomHO CI<a3aTb, 'ITO npH CMeHe CTPYI{TYP no,n; p;e:i1-

CTBHeM p;aBJIeHHJI YBeJIH'lHBaeTCJI I<03<P<PHn;HeHT 3anOJIHeHHJI <p (OTHomeHHe 

06'beMa, 3aHHMaeMoro aTOMaMH, K 06'beMY BceR 3JIeMeHTapHoR JI'leHlm). 8TO 

OT'leTJIHBO BHP;HO H3 Ta6JIHn;bI. 

8 Y <DH, T. 88, llbJll. 1 
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IIOCJIep;OnaTeJlbHaJl CMeHa RpHCTaJIJIHqeCRHX CTpyKTyp 
aJIeMeHTOB IV - B rpyIIIIhI C POCTOM p;aBJIeHllJl COIIpOBOlR,lIaeTCJI 

POCTOM K. q . H Koai!>i!>HIIHeHTa aanOJIHeHHJI npocTpaHcTBa <p 

THn 
A 9 A4 

I 
A5 A2 Ai A 3 pemeTKH 

K. q. 3 4 I 6 6,2 6-76 12 
I 

<p 0,171 I 0,340 I 0,535 I 0,680 I 0,740 0,740 

Cym;eCTBYIOm;aJI nOCJle~OBaTeJlbHOCTb ifJaaoBhlx ~HarpaMM ~aeT OCHOBaHHe 

npe~nOJlaraTb, 'ITO B TaKOM me nopH~Ke Oy,n;yT CMeHHTb ~pyr ~pyra MOAHifJH

Kan;HH BhlCOKoro ~aBJleHHH y Bcex 3JIeMeHTOB rpynnhl yrJlepo~a, T. e. y OJIOBa; 

KpeMHHH, repMaHHH H yrJlepo~a MomHO omH~aTb cym;ecTBoBaHHH ifJaabI 

CO CTPYKTYPOH KYOH'IeCROH rpaHen;eHTpHpOBaHHOH H reKCarOHaJlbHOH nJIOT

HoynaKoBaHHOH THna A3. 

9. 8JIEMEHThl V - B fP"YIIIIbI 

<1>aaoBhle AHarpaMMhl 3J1eMeHTOB 3TOH rpyuIIhl TOme oOHapymHBaIOT BnOJlHe 

OT'IeTJlHBYIO nOCJle~OBaTeJlbHOCTb C POCTOM nopH~KOBoro HOMepa; 3TO MomHO 

BH~eTb yme ceiI'Iac ~ame Ha BeCbMa HenOJlHl>IX ~HarpaMMax. 

<1>ocifJop npH OOhl'IHhlX YCJlOBHHX HMeeT HeCKOJlbKO aJlJlOTpOnHl>IX ifJOPM -

OeJlhlH, meJlThlH, KpaCHhlH ifJocifJop, HO HaHOOJlbIJ:IJni HHTepec npe~CTaBJlHeT 
nOJlynpoBo~HHKOBaH MO~HifJHKan;HH - 'IepHhlH ifJocifJop, npOHBJlHIOm;aH CBOH

CTBa, OJlHaKHe K 3J1eMeHTaM V-B rpyIIIThI. OPTOpOMOH'IeCKaH C O~HOH n;eHTpH

pOBaHHOH rpaHbIO (8 aTOMOB B H'IeHKe, K. 'I. = 3) KpHCTaJlJlH'IeCKaH CTPYK

Typa 'IepHOrO ifJocifJopa xapaKTepHa TaKme H ~JlH O~HOH Ha aJlJlOTpOnHhlX 

MO,D;HifJHKan;HH MhlmbHKa. 

¥ CTOiI'IHBOH ifJOPMOH MhlmbHKa HBJlHeTCH TaK HaahlBaeMhlH MeTaJlJlH

'IeCKHH MhlmbHK, HMeIOm;HH pOM003~pH'IecKYIO CTPYKTYPY TlIlla A 7. B 3TOH 

me CTpYRType KpHCTaJlJlHaYIOTCH H OCTaJlbHhle 'IJleHhl V-B rpYUlI1,I - cyphMa 

H BHCMYT. 
Ha pHC. 19, a nOKaaaH Y'IaCTOR P - T-~HarpaMMhl 'I e p H 0 r 0 ifJ 0 e

ifJ 0 p a. Ero KPHBaJI nJlaBJleHHH onpe~eJleHa ~o 20 1'i-6ap 87, a rpamI:IJ;hl 

Mem~y MO~HifJHKan;HHMlI HaMe'IeHhl JlHillb TO'lKaMH npH KOMHaTHoH TeMne

paType. IJepexo~ B ifJasy PH HaH~eH no CKa'IKY OO'heMa npH 50 1'i-6ap 20 

H C nOMOm;bIO peHTreHOCTpYKTypHoro aHaJlHSa npH 80 1'i-6ap 88; nepexo~ 3TOT 

BHJlhlH H conpoBom~aeTcH OOJlbmHM rHcTepeaHcoM. RaK nOKaaaJlO peHTre

HOBCKoe HCCJle~OBaHJIe, OPTOpOMOH'IeCKaJI CJlOHCTaH cTpyKTypa 'IepHOrO ifJoc

ifJopa PI B 3TOM cJlY'Iae nepeXO~HT B CTpyKTypy THna MhlmbHKa A7. IJPH 

~aJlbHeHmeM cmaTHH npH 124 1'i-6ap npOHCXO~HT HOBaH nepecTpoHKa aTOMOB, 

H MO~HifJHKan;HH PIlI HMeeT CTpyKTypy KY0H'IecKYIO npHMHTHBHyIO 88. . 

<1>aaoBaH P - T-~HarpaMMa MhlmbHKa npe~CTaBJleHa Ha pHC. 19, 6. 
3~ecb ~OCTOBepHO HaBeCTHO Tome HeMHoro 3J1eMeHTOB. RpHBaH nJlaBJleHHH 

nOCTpoeHa ~o 60 1'i-6ap MeTO~OM ~HifJifJepeHn;HaJlbHO-TepMH'IeCKOrO aHaJlHaa 89, 

a nOJlHMopifJHhlH nepexo~ B ifJa3Y AsH aaifJHKcHpoBaH npH 100 1'i-6ap, npH'IeM 

npH HCCJle~OBaHHH 3Toro Bem;eCTBa no~ ~aBJleHHeM BpH~mMeH He BH~eJl 
peaKHX CKa'IKOB OO'heMa, XOTH H OTMe'laJl aHOMaJlbHOe nOBe~eHHe ~eKpe
MeHTa OO'heMa npH ~aBJleHHHX, npe~eJlbHhlX ~JlH ero YCTaHOBKH -100 1'i-6ap 20. 

Ha KPHBOH 3J1eRTpOConpOTHBJIeHHH OH OTMeTHJI O'leHb ObICTPhlH cna~ npH 

100 1'i-6ap, 'ITO ~aJlo BOaMOJKHOCTb npe~nOJlOmHTb, 'ITO B ~aHHOM cJlY'Iae 

HaOJlIO~aeTCH nOJlHMopifJHhlH i:repexo~ 21. B03MomHaH rpaHHn;a Mem~y OOhl'I

HhlM MhlmbHKOM H ifJaaoH BhlCOKoro ~aBJleHHH npHBe~eHa HaMH Ha pHC. 19, 6 


