
A 0 K A A A hI 
AKAAEMI1I1 HAYK cCCP 

1969 i . 

N "3 a 1973' 



IlJIH lICXOP;HLIX 06pa3~oB C 60JILIIIOH Nd • OTCIOJJ;a CJIep'ye'r p;OnOJIHllTeJILHLIH BLI

BOP;: p;lICJIOKa~1'fF[ He lIrpaIOT caMOCTOHTeJILHOH pomr B 06pa30IBaHlIlI ~eHTpa, 
a p;eHCTByroT JIlIIIIL KaK CTOKlI AJIH BaKaHClIH. 

HaIWHen;, MLI npHXOAHM R 3aKJIIO'IeHlIIO, 'ITO nplI BLICOI{lIX TeMJIepaTYpax 

1/4 nOJIHOrO KOJIII'IeCTBa iJ>ociflOpa B KpeMH:<IlI HaXOAlITCH B Mea<AYY3JIHHX; B PH

,n;e CJIy'!aeB iJ>ociJ>op BHe)l;peHHH coxpaHHeTCH npH OXJIam)l;eHHlI 06pa3~oB AO 

KOMHaTHOH TeMnepaTYpLI. C 3TOH TO'IKlI 3peHHH 60JILIIIOH K03iJ>iJ>lI~HeHT AHCP

¢Y31IH P B Si (2) 06YCJIOBJIeH TeM, 'ITO iJ>OciflOP AHifJiJ>YHAlIPyeT no Me}KP;YY3-

JIlIHM, B OTJIlI'IUe OT JJ;pyrlIX rrpIDIeCeH 3aMe~eRlIH, AlIifJiJ>YHP;lIPYIOIU,RX no Ba

KaHClIHM. ECJIlI YBeJIlI'IlITb Ko~eHTpa~HIO BaKaHCHR B 06pa3n;e rryTeM IIJIaCTPI

'IeCKOH AeiJ>opMa~HlI, TO AllcpiJ>Y3lIH iJ>ocq10pa AOJJa<Ha 3aMeAJIUTLCH, Tal{ I{al{ 

P;OJIH BHeApeHHoro iJ>ociJ>opa, COrJIaCHO (1), YMeHLIIIaeTCH. IIpH lBal{aHClIOHHOM 

MexaHlI3Me p;HQJCPY3lIH p;OJImHa 6LIJIa 6LI YCIWPlITLCH. I1MeHHo TaIwiJ 3iJ>cpeKT 

6LIJI 06HapYJI{eH B pa60Te (3): nplI p;lIHaMH'IeCKOH ,JJ;ecpopMau;rur KpeMHlIH AlIif>

iJ>Y3lIH Ga, B, Sb YCIWpHJIaCL, a )l;1IifJCPY3lIH P 3aMeAJIHJIaCL. IJ;pyroe CJIeACTBUe 

1I3 cyrn,ecTBoBaHHH cpoc¢opa BHep;peHlIH COCTOlIT B TOM, 'ITO npH JIerHpOBaHHlI 

RpeMHlIH TOJILKO iJ>OCCPOpOM ROH~eHTpanlIH 3JIeRrpOHOB n AOJImHa OTJI1I'IaTLCH 

or nOJIHOrO cop;epmaHlIH ¢occpopa c. ECJIH ypOBeHL Ev + 0,13 3B aKn;enTOp

HLIH, TO n = (c - N) - N ~ i/ZC, a eCJIlI P;OHopHLm, TO n = c - N ~ 3/4C . 

ITo MHorlIM JIHTepaTypHLIM lICTO'IHHKaM (HanpHMep (10, 12)) n 6JIlI3Ka J{ c. 

OC06HHJ{OM CTOHT AaHHLIe pa60TLI (1). Bcero BepOHTHee, ypOBeHL Ev + 0,13 3B 

HBJIHeTCH P;OHOPHLIM, 'ITO corJIacyeTcH II C n ,aHHLIMlI (6,7) rro peKOM6HHan;HR 

Ha 3TOM ypOBHe. 

rocygapCTBeHHbrii HayqHO-JiICCJIegoBaTeJIbC!mii 
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AOIOlap;bI ARap;eMHlI BaYR CCCP 
1969. TOM 186, .M 3 

-YAR 539.89 XlfMIIH 

"r A . Gor~~ro"", sY. fioo"/().. L. G. Kh~o5tOl\t:q;,A/ ' 
'if, A. rOPlOHOBA, c. B. lI~nOBA, JI. r. XBOCTAHijEh 

nOBEAEHIIE CdSiP2, CdGeP2, CdSnP2, ZnSnP2 ZnGeP2 

II ZnSiP2 B YCJIOBHHX BblCOKHX AABJIEHII:R H TEMIIEPATYP 

(Ilpe8cTa6.!1eno alta8eMUltOM JI. (/J. BepeUfaeunb~M 30 XII 1968) 

IJoBeAeHHe pHAa COeAHHeHlIH COCTaBa ABC2 TIpH BbICORHX AaBJIeHHHX II 
TeMnepaTypax HccJIeAoBaJIOCb pa3JIH'IBbIMH aBTopaMH. J];JIH OJ];HOH rpynnbl 3THX 
Be~ecTB (AIBIIIC2 VI) OblJill oOHapymeHhl HOBbIe MeTaCTaOHJIbHbm lPaShl co 
CTPYKTYPOH THna a-NaFe02 (1). Be~eCTBa P;PyroH rpynm,I (AIJBIVC2 V, rAe 
C - As) pa3JIaraIOTCH Ba ASIIC2 V + BIVCV + C2 V (2). 

B HaCTOH~eH paOOTe lICCJIep;OBaHbI npH BbICOI{oM p;aBJIeHHH coeAHHeHHH 
CdSiP2, CdGeP2, CdSnP2, ZnSnP2, ZnGeP2 H ZnSiP2, KpHCTaJIJIH3YIO~HeCH 
B CTpyKType XaJIbKOnHpHTa. 

PaOOTa BblnoJlHeHa Ha KaMepe BbICOKoro AaBJIeHHH, CROHCTPYPHpoBaHHoH 
B MHCTHTYTe IPFl3mrn: BblCOKFlX AaBJIeHHH AH CCCP Bepe~arHH:bIM, HOBHKO
BhlM, XBOCTaHn;eBbIM, II03BOJIHIO~eH reHepHpOBaTb AaBJIeHFle AO 165 Koap. 
B KR'leCTBe penepHblX TOlleK npH H3MepeHHH p;aBJIeHHH CJIymHJIH IIOJIHMOPIP
Hble nepexop;bI B Bi (25,4; 26,9; 89,3 Koap), B Ba (59; 144 Koap), B Sn 
(115 Koap) H Ph (161 Koap). McxoAHble rrpOAYKThl B BHAe nopOIIIKOB COOT
BeTCTBYIO~HX coeAHHeHHH CHHTe3FlpOBaHbI B <l>H3HKo-TeXHH'IeCROM HHCTHTY
Te HM. A. <1>. MOlPlPe AH CCCP. 

HCCJIeP;yeMble Be~eCTBa IIOMem;aJIFlCb B KOBTeHHep HS BN, Haxw~mn;HHCH, 
B CBOIO O'IepeAb, B n;HJIHHAPlI'leCKOM HarpeBaTeJIe H3 rpalPHTa. ROHe'IHble IIpO
P;YRTbI H3y'!aJIHCb peHTreHOrpaIPH'IeCKH, nYTeM C'beMRH AeoaerpaMM (I{aMepa 
PRJ]; -57, IPHJl:bTpOBaHHoe MeAHoe HSJIY'leHHe) . 

-YCTaHOBJIeHO, 'ITO IIpH AaBJIeHHH 60 Koap H TeMIIepaType BhlIIIe 7000 

CdSiP2 pa3JIaraeTCH Ha Cd II SiP2. IIpH 3TOM SiP2 KpHCTaJIJIH3yeTcH B CTPYK
Type THna nHpHTa, 'ITO COOTBeTcTByeT H3BeCTHblM H3 JIHTepaTyphl P;UHHhlM 
(3-5) AJIH 3Toro coep;HHeHHH, CHHTe3HpOBaHHoro H3 3JIeMeHTOB KaR rrpK HOp
MaJlbHOM AaBJIeHHH, TaK H B YCJIOBHHX BblCOKlIX AaBJleHHH H TeMllepaTYp. Pac
'IeTHOe H3MeHeHHe yp;eJIbHOro OO'beMa IIpH peaKn;HH pa3JIOmeHFlH (oes Y'IeT3 
rronpaBKH Ha CmFlMaeMOCTb H TerrJIOBOe paCIIIHpeHHe) paBHO A V / Vo = 20 % , 
!.i3 IIHKHOMeTpH'IeCKOrO H3MepeHFlH n.lIOTHOCTH. nOJIY'IeHHOH npH pa3JIOmeHHH 
CMeCH (Cd + SiP2) lPacjJ = 4,96 + 0,02 r/cM3 OTHOCHTeJIbHOe H3MeHeHHtl 
yp;eJIbHOrO OO'beMa TaI{me AOJImHO ObITb paBHO 20 %. HarpeBaHHe CMeCH (Cd + 
+ SiP2) B BaI{YYMe npH TeMnepaType 600° B Te'I6HHe 1 'Iaca IIPHBOP;HT K CHH
Te3Y HcxOAHoro npOAYKTa CdSiP2. 

J];JIH CdGeP2 npH p;aBJIeHHH 50 Koap H TeMnepaType 900
0 

oOHapymeua 
CTeKJIOOOpa3HaH lPa3a, B03HBKaIO~aH H IIpH HOpMaJIbHOM p;aBJIeHHH npH OhlCT
POM OXJIamAeHHH H3 paCnJIaBa (6). IIpH OOJIee BhlCOKHX AaBJIeHHHX, H TeMne
paType BhlIIIe 7000 HaOJIIOAaeTCH pa3JIOmeHHe CdGeP2. Ha AeoaerpaMMax npo
p;yKTa, nOJIy'!eHHoro IIpH AaBJIeHHH 50-70 Koap H TeMnepaTypax BblIIIe 700°, 
HaOJIIOp;aIOTCH JIHHHH CdSP2 H 'IepHorO IPOClPopa, 'ITO p;aeT OCHOBaHHe npeJJ.llO
JIOmHTb, 'ITO pa3JIOmeHHe HAeT B COOTBeTCTBHH C peaKn;HeH 3CdGeP2 -+ CdsP2 + 
+ 3GeP + P ('IepHblH) paHee HaHp;eHHOH (2) AJIH apceHHAOB. IIJIOTHOCTb no
Jly'!eHHoH CMeCH, H3MepeHHaH llHRHOMeTpH'IeCKHM MeTop;OM, IpacjJ = 5,2 + 
+ 0,02 r/cM3, 'ITO COOTBeTcTByeT H3MeHeHHIO YAeJlbHoro OObeMa npH paSJIome
HHH Ba BeJIH'IHHY 11 V = -25,38 CM3/MOJIb, OTHOCHTeJIbBOe H3MeHeHHe OO'beMa 
COCTallJIHeT 15 %. 
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AaHHl>Ie 0 CHHTe3e GeP H3 aJIeMeHTOB nplI HOpMaJIbHOM ,u,aBJIeHHH npIIB0-
t(eHbl B pa60Te (7), rAe nOJIyqeHbI ,u,Be cPa3bI GeP1,ol H GePO,73, HHTeHCHBHOCTJI 
n MemrrJIOCROCTHble paccToHHHH HOTOPbIX He COBrra,u,aRJT C pe3YJIbTaTaMH, rro
JIyqeHHbIMH B HaCTOHllWR pa60Te (Ta6JI. 1). AHa.'IOI'IftIHbIR CHHTe3 GeP H3 a.rre
MeHTOB, HO npn BbICOHHX ,u,aBJIeHHHX (,u,o 40 R6ap) H TeMnepaTypax, npOBe,u,eH 
B pa60Te (8) , r,u,e nOJIyqeHl>I ,u,aHHhIe 
,u,JIH HeCIWJIbTUlX cPOPM rrpe,u,nOJIaraeMO
ro coe,u,nHeHIUI COCTaBa GeP, He COBna
,u,aJOIllJIe c ,u,aHHbIMH, rrpRBe,u,eHHbIMH 
B Ta6JI. 1. 

ilPR ,u,aBJIenIIli BbIIDe 70 H6ap n 
TeMnepaTypax 0'1' 500 ,u,o 12000 XapaI{
Tep pa3JIOmeHllH CdGeP2 H3MeHHeTCH. 
Ha ,u,e6aerpaMMax BelllecTBa, nOJIyqeH
Horo npH YHa3aHHbIX Bl>Ime napaMeT
pax, o:r'IeTJIHBO BH,u,HbI JIHHHH MeTaJI
JIII'IeCIWrO Ha,u,MHH, 'ITO, B03MomHO, 

YHa3bIBaeT Ha pa3JIO}I{eHHe, aHaJIOrH'I
Hoe ynoMHHYTOMY pa3JIOmeHHIO ,u,JIH 

CdSiP2. MemnJIOCROCTRble paccToHHHH 
H HHTeHCHBHOCTH GeP2 rrpHBe,u,eHl>I B 
Ta6JI.1. JIHTepaTypHhle ,u,aHHl>Ie 0 CHH
Te3e GeP2 npH aTMoctjlepHoM ,u,aBJIeHHH 
i{ B YCJIOBJfHX BhlCOHHX ,u,aBJIeHHH 11 
TeMnepaTYP OTCYTCTBYIOT. ilHHHoMeT
pH'leCRH onpe,u,eJIeHHaH nJIOTHOCTb CMe
CH (Cd + GeP2) Pa4J = 5,6 -+
+ 0,02 r/cM3, 'ITO COOTBeTcTByeT OTHO
CHTeJIbHOMY YMeru,meHHIO y,u,eJIbHOrO 
06'beMa npn pa3JIOmeHHH Ha 25 %. 06-
paTHhlii CHHTea Hcxo,u,Horo coe,u,HHeHHfl 
CdGeP2 oCYllleCTBJIHeTCH HarpeBaHHeM 
rroJIyqeHHoH npH pa3JIOmeHHH CMeCH B 
BaRYYMe npH TeMnepaType 400

0 
B Te'Ie

HHe o,u,Horo 'Iaca. 
,il;JIH CdSnP2 H Z'nSnP2 npH ,u,aBJIe

HUH BbIIlle 40 H6ap H TeMnepaType 
400-6000 HaH,u,eHo o,u,HOTHnHoe pa3JIO
meHHe 

3CdS.B.P2 --+ CdSP2 + 3SnP +P (qepHLlB), 
3ZnSnP2 --+ ZnSP2 + 3SnP +P (qepHLlB). 

Ta6JI,Hua 1 

MelRlIJIOCKOCTHhle paccTolIHHII 
IT HHTBHCHBHOCTH JIHHITB: 

I 

O.CJI. 
O. CJI. 
O. CJI. 
cpo 
cpo 
CJI . 
CJI . 
O. CJI. 
C. CJI. 

d 

II 
I 

,lJ;JIII ,GeP 

3,868 c. 
3,494 O.CJI. 
3,133 Cpo 
2,979 CJI. 
2,841 CJI. 
2,715 O.CJI. 
2,339 O. ('.JI. 
1,981 CJI. 
1,953 CJI. 

,lJ;JIII GeP2 

CJI. 4,135 O.CJI. 
O. CJI. 3,709 O. CJI. 
O. CJI. 3,304 O. CJI. 
CJI. 3,100 O. CJI. 
CJI. 2,922 o. eJI. 
CJI. 2,675 CJI. 
O. eJI . 2,104 O.('.JI. 
o. CJI. 1,998 O. CJI . 
eJI. '1,811 O. CJI. 
o. eJI. 1,765 O. CJI. 
O. CJI. 1,675 O. CJI. 
O.CJI. 1,648 

d 

1,~77 
1,811 
1,59() 
1 55'[ 
1 :497 
1,32'1 
1,296 
1,212 
1,163 

1,590 
1,542 
1,463 
1,212 
1,146 
1,028 
0,9753 
0,9502 
0,9352 
0,8613 
0,8471 

,lJ;'JI1I !JlasLl SnP npH 10-20 K6ap 

Cp o 
cp. CJI. 
CJI • 
Cpo 
Cpo 
CJI. 
C. 

CJI. 
cn. 

3 , 591 e. 1 ,648 
3,428 ('.JI. 1,480 
2,922 cpo 1,427 
2,436 CJI. 1,352 
2,276 CJI. 1,331 
2,006 CJI. 1,273 
1,906 
1,791 
1,728 

llPH aTOM CTpYRTypa SnP COOTBeTCTBOBaJIa CTpyRType THna NaCl c uapa
MeTpOM a = 5,506 -+- 0,002 A (CM. Ta6JI. 2). 

PaC'IeTHOe H3MeHeHHe y,u,eJIbHbIX 06'beMOB !J. V / Va COCTaBJIHeT 13 % ,u,JIH 
CdSnP2 H 11,9 % ,u,JIH ZnSnP2, a OTHOCHTeJIbHble H3MeHeHHH 06'bell10B, nOJIy
'IeHHhle H3 nHHHOMeTpIftIeCRHX H3MepeHHH UJIOTHOCTH CMeCH npo,u,yRToB paJ
JIOmeHHH, paBHbI 13 H 12 % COOTBeTCTBeHHO. 

ITOJIyqeHHble peHTreHoBcRHe ,u,aHHble HeCROJIbIW OTJIIftIaIOTCH no HHTeH
CHBHOCTH JIHHHH H rrapaMeTpaM 3JIeMeHTapHoH H'leHRH OT ,u,aHHhlX, npHBe
,u,eHHhlX B pa60Te (8), B ROTOPOH HaM,u,eHa Ry6IftIeCRaH tjla3a SnP npH CHHTe-
3e no,u, ,u,aBJIeHHeM J!l3 CMeCH 3JIeMeHTOB Sn + P. ~ho OT-lfB:'IHe, B03MomHO, 
CBHaaHO C OTHJIOHeHHeM OT CTeXHOMeTpH'IeCKOrO COCTaBa. 'npH HOpMaJIbHOM 
,lIaBJIeHHH (9) SnP RpHCTaJIJIH3yeTcH B reRCarOHaJIbHOH CTpyHType C napa
MeTpaMH aJIeMeHTapHOH H'IeHRH a = 8,78 A; c = 5,98 A; z = 8, nJIOTHOCTb, 
paCC'IHTaHHaH no peHTreHOBClmM ,u,aHHbIM, paBHa 4,98 r/cM3. 
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llPH )l;aBJIeHHH 10-20 R6ap H TeMlIepaType 7000 
)l;JIH CdSnP2 HMeeT Me

CTO, 1I0-BH)l;HMOMY, TOT me CaMbI:H THII paSJIOmeHHH (Ha no YRaSbIBaeT IIPH

CYTCTBHe Ha )l;e6aerpaMMax JIHHHH: (d3P H 'IepHOrO <poc<popa). O)l;HaKO SnP 

B 8TOH 06JIaCTH )l;aBJIeHHH: HMeeT )l;pyryro HpHCTaJIJIH'IeCHYIO CTpyHTypy, He 
COBlla)l;aIOIqYIO C )l;aHHbIMH (9). MemlIJIOCHOeTHbIB paCCTOHHHH H HHTeHCHB

HOCTH JIHHHH nOH <paabI IIpHBeAelIbI B Ta6JI. 1. 
B HHTepBaJIe )l;aBJIeHHH OT 20 )l;0 40 H6ap cocym;ecTByIOT 06e <pasb1 SnP, 

Ha 'ITO yHaSbIBaeT IIPHCYTCTBHe Ha )l;e6aerpaMMax JIHHHH 06eHX <pas. 

1 

Cpo 
c. 
c. 
c. 
c. 
cpo 
CJI. 
c. 

T a 6~JI B I( a 2 

MelKUJIOCKOCTHble paccToHHBII B BHTeHCltBBOCTB JIBHBB: AJIH <fJa3IJ SnP 
co CTPyKTYPOH TBIIa NaCl 

I dnsMep I hkl 1 I dH3MCP I hkl 

3,15 111 3,18 c. 1,12 422 1,12 
2,72 200 2,75 cpo 1,0553 511/333 i,060 
1,93 220 1,95 c.m. 0,969 440 0,973 
i,65 311 1,66 Cpo c. 0,928 531 0,931 
1,53 222 1,59 o. c. 0,916 600/442 , 0,918 
1,37 400 1,38 c. m. 0,870 620 0,871 
1,26 331 1,26 CJI. m. 0,839 533 0,840 
1,23 420 1,23 CJI. 0,829 622 0,830 

CJI. m. 0,795 444 0,795 

IIpH )l;aBJIeHHH BbIIlIe 60 K6ap H TeMlIepaType BbIllle 6000 
Ha )l;e6aerpaM

Max CdSnP2 TaH me, KaJ{ H B cJIyqae CdGeP2, nOHBJI1!IOTCH JIHHHH MeTaJIJUI· 

'IeCKOrO Ha)l;MHH, HHTeHCHBHOCTb ROTOPbIX YBeJIH'IHBaeTCH C POCTOM )l;aBJIeHHH. 

O)l;HaHo JIHHHH, cooTBeTcTByrom;He Ry6H'IeCHOH <paae SnP co CTPYHTYPOH THIra 

NaC], npHcYTcTBYIOT)l;O )l;aBJIeHHH 120 K6ap. 

,D;JIH ZnSnP2 He 06HapymeHo aHaJIOrH'IHOrO nOHBJIeHIDI MeTaJIJIH'IeCKOrO 

D;HHKa BO BceM HCCJIe)l;oBaHHOM )l;HanaSOHe )l;aBJIemrii H TeMlIepaTYp. ZnGeP2 
npH )l;aBJIeHHH )l;0 120 K6ap H TeMnepaType )l;0 1500° H ZnSiP2 npH )l;aBJIeHHII 

AO 90 K6ap H TeMIIepaType AO 15000 
He npeTeplIeBaIOT HHKaKIiIX HSMeHeHHH. 

RaK BH)l;HO H3 IIpHBe)l;eHHhlX Bhlllle peaYJIbTaTOB, coeAIIHeHHH CdSiP2, 

CdGeP2, CdSnP2 H ZnSnP2 B ;YCJIOBHHX BhlCOKHX AaBJIeHHH H TeMlIepaTYP 
paaJIaraIOTCH aHa.lIOrH'IHO cooTBeTcTBYIOm;HM cOBAHHeHHHM C MbIlllbH}WM 

CdSnAs2, CdGeAs2 H ZnSnAs2 (2). OTJIJifQHe COCTOHT B xapaKTepe paaJIome

HHH, a HMeHHO B BbI)l;eJIeHHH MeTaJIJIH'IeCKOrO l{aAMHH B CJIyqae CdSiP2, 

CdGeP2 H CdSnP2• ,D;HarpaMMbI (T, P) )l;JIH ABYx nOCJIeAHHX coep;HHeHHi HB
JIHIOTCH 60JIee CJIOmHbIMH, 'IeM lJ;JIH cooTBeTcTBYIOm;HX apceHH)l;oB, H lJ;JIH OI{OH

'IaTeJIbHOH HHTepnpeTan;HH HymlJ;aIOTCH B lJ;OIIOJIHHTeJIbHbIX lJ;aHHbIX 06 YCTOH

'IHBOCTH COelJ;HHeHHH: GeP, GeP2, SnP IIpH BbICOKHX )l;aBJIeHHHX H TeMlIepa

Typax. 
B SaKJIIO'IeHHe aBTopbI BbIpamaIOT 6JIarOlJ;apHOCTb aKalJ;. JI. <1>. Bepem;a

rImy sa nOCTOHHHoe BHHMaHHe H yqacTHe B 06cYiKlJ;eHHIiI peSYJIbTaTOB, a TaK

'He H. B. RaJIHeBOH, A. C. BOpm;eBCKOMY, IO. A. BaJIOBY, B. II. COKOJIOBOH 

II II. II. TbI'IHHe sa nOMOID;b npH BbInOJIHeHHH pa60TbI. 

HHCTlITYT ifJ1I3HKlI BIJCOKlIX AaBJIeHHH IIOCTYIIlIJIO 
AKap;eMKlI HayK CCCP 30 XII 1968 

<l>H31IKo-TeXHH'IeCKlIB: lIHCTl'lTyT HM. A. <1>. HoifJifJe 
AKaAeMHH HayK CCCP 
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