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BEJ1HIQIT C~HgSnS4 - PTYTHCTbIR qJlEH fPYDDbl CTAHHHHA 

(llpe(}CTtlBlleHO OKO(}eMUKOM B.H. CMUPHOBbLM 21 I 1987) 

C4>anepHTonO,IJ;06HaH CTpYKTYpa CTaHHHHa Cu~ ~Fel ~Sn" +S4 HBJIHeTCH npOH3BO,IJ;
HOH OT CTPYKTYpbI xaJIbKOnHpHTa CuJ+Fe~+ S4. CTpYKTYpa CTaHHHHa ,IJ;onycKaeT 
3HaqHTeJIbHbIe H30Mop4>HbIe 3aMeIlleHHH: Cu1 ~ -Ag; Fe1 + -Zn, Cu1"t", Cd, Hg .•. ; 
Sn4 + -Ge, (As3 ++ Ass"t"), (Sb3 + + Sbs +) ... K HaCTOHIlleMY BpeMeHH B rpynne CTaH
HHHa H3BeCTHbI: CTaHHHH CU1FeSnS4 142m (co6cTBeHHo CTaHHHH MH cTaHHHH-Fe); 
KeCTepHT CUl ZnSnS4 14 (CTaHHHH-Zn); KypaMHT CU2 CUSnS4 142 m (cTaHHHH-Cu); 
qepHHHT CuCdSnS4 14 2m (cTaHHHH-Cd) ; OKapTHT Ag2 FeSnS4 14 2m (cTaHHHH-Ag-Fe) ; 
nHpKHTaCHT AglZnSnS4 14 2m (HJIH/4) (cTaHHHH-Ag-Zn); K CTaHHHHY 6JIH30K 6PH
apTHT CUl (Fe, Zn)GeS4 14 2m. 

B cepe,IJ;HHe 70-x rO,IJ;OB 8.10. BOJIrHHbIM 06Hapy>KeH B CypbMJlHO-PTYTHOM MeCTO
pO)K,IJ;eHHH XaH,IJ;apKaH (KHprH3HH) HOBbIH Me,IJ;HO-PTYTHO-DJIOBHHHbIH Cynb4>un. 3TOT 
MHHepan, Ha3BaHHbIH B qeCTb H3BeCTHoro reOJIOra-HCCJIe,IJ;OBaTeJIH PY,IJ;HbIX MeCTOpO)K,U,e
HHH Cpe,IJ;HeH A3HH A.C. BeJIHKOrO (1913-1970 rr.), H3yq8nCH B.C. rpY3,IJ;eBbIM, 
B.IO. BOJIrHHbIM, H.M. qepllHUoBoH, T.H. qBMeBoH; 6bIJIH H3yqeHbI 4>H3uqecKHe CBOHCT
Ba H COCTaB MHHepana, ,IJ;1IH KOToporo 6bIJIa npe,IJ;1IO)KeHa 4>0pMYJIa (Cu, Hg) S Sn2 S1 0 H 
npocTpaHCTBeHHaH rpynna 14/mmm. CTpYKTypa BeJIHKHTa pacIIIH4>pOBaHa n.H. Kan
JIYHHHK [2], KOTopaH YCTaHOBHJIa ee CXO,IJ;CTBO co cTaHHHHoBoH H npe,IJ;JIo)KHJla ,IJ;JIH MH
Hepana np. rp. 142m; elO )Ke C nOMOIllblO aBTOAH4>paKTOMerpa PI "Syntex" YCTaHOB
JIeHbI napaMeTpbI TeTparOHanbHOH c4>anepHTOnO,IJ;06HOH HqeHKH BeJIHKHTa - 40 = 5,542 ± 
± 0,003 A; Co = 10,908 ± 0,007 A; Z = 1; 4>opMYJIa BeJIHKHTa no [2] 
CU3,7sHgl,7sSn2 Ss L (Cu, Hg) 11 Sn4S16]' 
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PIle. 1. OleKTphloTp8)l(eIIHJI MHllepanoB rpylUI CTaHHHHa: 1 - BeJIHKHT (Xa.jtAapKaH); 2 - CTaHHHII 
(KopHyonn) O[ 81; 3, 4 - UHIIKHCThIA CTaHHHII (3 - qaTKaparaA, 4 - MaAcKoe); 5 - KecrepBT 
(BOJILpH) [81 
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Tat)nHua 1 
OrpallreHHe (Rmax' %) MHHepanOB rpynnbl CTaHHHHa B HHTepBaJIe BIlAHMorocneKTpa 
(A = 420-100 HM) 

MHHepan 420 440 460 480 500 520 540 

BenHKHT 24.6 25.2 25.7 26.3 26.6 26.6 26.4 
CraHHHH [8] 23.5 24.7 25.8 26.7 28.2 28.6 29.3 
CraHHHH 22.3 23,8 25,0 26.0 26.6 27.0 27,5 
Zll-CTaHHHH 21.5 22,4 23.5 24,6 25,6 26.3 26,7 
KeCTepHT [8J 22.6 22,7 24.6 24.7 25.2 25,7 25,8 

Ta6 n Hua 1 (oKOH'laHHe) 

MHHepan 560 580 600 620 640 660 680 700 

BenHKHl' 26,2 25.8 25.4 25.2 24.9 24,7 24.5 24,4 
CramiHH [8] 29,4 29.5 29.6 29.0 28.6 
CraHHHH 27,7 27.9 27.8 27.7 27.7 27.6 27.7 27.7 
Zll-CTaHHHH 27.0 27.1 27.0 26,8 26,6 26.4 26.5 26,(i 
I<eCTepHl' [8 J 25.5 25,7 25.5 25.5 25,4 

n P H M e q a H H e. MHKpope4meKTOMeTp "SlIeCK " . 3T8110H MeT81IJlH1IecKHii KpeMHHH. 8H81IHTHK 
T.H. lfBHJIeB8. 

llpOCTpaHCTBeHHaJl rpynna BenHKHTIl aHanOrH1flUl np.rp. CTaHHHHa H qepHHHTa 

[3, 7]. B rHApoTepManhHhIX ycnOBWIX 6hVIH CHHTe3HpOBaHbI BenHKHT, cepHH TBep,r:u,IX 
paCTBOpOB BenHKHT- KeCTepHT H qepHHHT-KecTepHT, YCTaHOBneHa a,J:J,AHTHBHaH JaB HCH

MOCTh napaMeTpo~ 3neMeHrapHOH HlIeHKH )J)IJI 3THX CTaHHHHonOn06HbIX <paJ [4]. B AaRb
HeHweM npH MHKP030H,IJ;OBbIX HccnenOBaHHHX 6bVI YTOqHeH COCTaB 06paJua BenHKHTa, 

)J)IH KOToporo onpeneneRa CTpYKl'ypa. HenaBHo B MeCTOpO)KneHHH KBHPYBHnKa (llepy) 
ODHcaH MHHepan [5], aHanOI'HllHbIH BenHKHTY no cocTaBY (Ta6n. 2) H OnTHlleCKHM 
CBoHcTBaM. 

BenHKHT MecTopo)K,I1;eHHH XaH,IJ;apKaH cnaraeT MenKHe 3epRa H KpHcTannbI TeTpa

rOHanbHO-CKaneH03npHllecKoro ra6HTYca pa3MepoM no 1 MM. BenHKHT accoIUlHpyeT 
C aHTHMOHHTOM, Meramfima6apHTOM, aKraWHTOM, nHBHHrCTOHHTOM, KBapueM, <p1IIOO
pHTOM. UseT MHHepana TeMHo-cepbm, 6necK-MeTannHlleCKHH, useT qepTbI - cepbIH. 

TBep,n;OCTb no WKane Mooca OKono 4. ilnOTHOCTb MHHepana 5,59 r/cM3, onpeneneRa 
MeTo,n;OM rHAPOCTaTHlIecKoro B3BeWHBaHHH. CnaHHocTb OTCYTcTByeT. B oYpa)KeHHOM 
CBeTe BenHKHT cepbm, cBeTno-cepbm C 3eneHoBaTo-6ypoBaTbIM, KopHllHeBaTo-3eneHbIM 
OTTeHKOM. DTpa)KeHHe HH3Koe, HH)Ke TeHHaHTHTa, 6nH3Koe K cTaHHHHY • .1lByoTpa)KeHHe 

06bIllHO e,I1;Ba 3aMeTHOe, H3pe,I1;Ka Ha6111o,IJ;aeTcH cna6bm IUleoxpoH3M B KopHllHeBaTo-

3eneHOBaTbIX TOHaX. BHYYpeHHHe peq;neKcbI H ·cnaHHoCTb OTCYTCTBYIOT. B cKpemeHHbIX 
HHKOnJIX HCHO aHH30TponeH C UBeTHbIMH 3<p<peKTaMH B rony6bIX H 3eneHoBaTo-rony6bIX 

TOHaX. CneKYp oYpa)KeHHH BenHKHTa XapaKTepH3yeTcH nonorHM MaKCHMYMOM B 3ene

HOH o6nacTH (pHC. 1, Ta6n. 1), Tor,n;a KaK MaKCHMyM OTpa)KeHHH CTaHHHHa HaxO,I1;HTCH 
B )KenTOH o6nacTH [8] . DTpa)KeHHe BenHKHTa B uenOM HeCKonbKO HH)Ke, qeM CTaHHHHa. 

C POCTOM UHHKHCTOCTH CTaHHHHa OTpa)KeHHe CHH)KaeTCH, npH6nH)KaeTCH K KecTepmy; 

OTpa)KeHHe BenHKHTa HeMHoro Bblwe KeCTepHTa (CM. pHC. 1). MHKpoTBepnOCTb BenH

KHTa coCtaBnHeT 215-305, B cpe,I1;HeM 270 Kr/MM2 (n= 5) (llMT-3, P = 30 r); MHKPO

TBepn OCTb . HeCKonbKO HIDKe, qeM Y CTaHHHHa H KecrepHTa. 

12.367 
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Ta6nHIla 2 
XHMH'IecKD COCTaB BeJlHKHTa 

KOMnOHeHT XaAAapKaH, KHPI'H3HJ1 KBHPYBHJIKa, nepy [ 5 J 

Mac. %* I $OPMyJI. eA Mac. % 1 ctJopMyn. eA. 

Cu 23,16 ± 0,49 1,95 } 1,96 
24,34 ~96} 1,96 

Ag 0,19 ± 0,07 0,01 
Hg 29,49 ± 0,68 0.78\ 21,81 0.56\ Cd 0,16 ± 0,09 0,01 

~,29 . 088 Zn 2,49 ± 0,25 0,20 
. 1,00 3,66 

Fe 0,01 ± 0,01 0,35 0,03 ' 
Mn 0,02 ± 0,01 
Pb 0,10 ± 0,05 0,01 
Sn 17,60 ± 0,47 0,79 23,87 ~03\ Ge 1,31 ± 0,22 0,10 
As 0,27 ± 0,19 0,02 0,92 - 1,03 
Sb 0,11 ± 0,09 0,01 -:-

Te 0,05 ± 0,03 
S 24,18 ± 0,69, 4,11 } 4,12 25,94 ~13} 4,13 
Se 0,10 ± 0,04 0,01 

CYMMa 99,84 8 99,97 8 

. * CpeAHee H3 6 aH8JIH30B, MHKP030HA "Camebax", aH8JlHTHK 3.M. CnHPHAOHOB;- Bi, Mo, WHe 06HapY)l(eHbI. 

Ta6nHIla 3 
PeHTI'eHorpaMMa BeJIHKHTa M~TOpolKAeHHJI XaiiAaPKaH 

1./11 hkl 

1,5 5,37 5,45 002 1 1,476 1,477 314 
1,5 3,89 3,89 102 1 1,390 1,389 400 

10 3,17 3,19 112 1 1,365 1,364 008 

0,5 3,02 3,04 1ro 1 1,333 1,3344 226 
1,5 2,78 2,778 200 0,5 1,288 1,2884 118 
1 2,71 2,692 201 1 1,275 1,2733 332 

1,5 2,46 2,448 104 2,5 1,264 1,2635 316 
1 2,23 2,240 114 0,5 1,243 1,2422 420 
0,5 2,03 2,031 105 1 1,224 1,2242 208 

2,5 1,958 1,964 220 0,5 1,213 1,2123 009 
8 1,941 1,946 204 2 1,132 1,1305 424 
1 1,845 1,848 222 1 1,12L 1,1203 228 

1 1,757 1,757 310, 0,5 1,079 1,0796 425 
4 1,671 1,672 312 0,5 1,072 1,0706 10.10 
3,5 1,646 1,650 303 0,5 1,063 1,0626 336,503 

1,5 1,591 1,594 224 1 1,050 1,0512 11.10 
0,5 1,520 1,521 206 0,5 1,028 1,0290 504 

a o = 5,555 ± 0,003 A. Co = 10,911 ± 0,008 A, V= 336,7 A3 

n PH M e 11 a H He. YCJIOBHe C"beMKH: PKY-114 MM; Cu-8HTHKaTOAi aH8JIHTHK H.M. qep~OBa. HHAeK-
cw orpa)l(eRHH YT01IHeHW 3.M. CnHPHAOHOBWM. napaMerpw pemeTKH pacC'IIIT8HhI MHK no BeeR COBO-
KYIDIOCTH OTp8)l(eIDlR. 
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Ta6nHua 4 

OapaMeYpltl 3JleMeHTapHoit JI1IeiiKH MHHepanOB rpyollltl CTaHHHHa 

MHHeplUlhl ao, A CO' A V, A3 

CraHHHH CU2 FeSnS4 [3] 5,45 10,76 319,6 
KeCTepHT CU2 ZnSnS4 [1] 5,43 10,86 320,2 
qepHHHT Cu2 CdSnS4 [6] 5,53 10,83 331,5 
BeJIHJ<HT CU2 HgSnS4 5,56 10,91 336,7 

COCTaB BeJIHKHTa Xa~apKaHa onpe,n;eJIeH C nOMoIIlblO MHKP030H,IJ;a "Camebax" 
(25 KB, 15 HA); 3TIl.TIOHbI - XHMH'IeCKH aHaJIH3HpoBaHHble CTaHHHH (,n;ml Cu, Sn, S), 
KOJIOpa,n;oHT (Hg, Te), JIHBHHrCTOHHT (Hg, Sb), reCCHT (Ag), rJIa,Il;HT (Ph), cHHTeTJIl.Iec
KHe SnS2 (Sn), ZnSe(Zn), CdSe(Cd, Se), Ge(Ge), GaAs (As); paclleT COCTaBa BbmOJI
HeH no nporpaMMe ''CORRECS''. XHMHllecKHH COCTaB BeJIHKHTa (Ta6JI. 2) 6JIH30K K 
cTeXHoMeTpHllHoMY CU2 HgSnS4; H3 npHMeCeH oco60 XapaKTepeH IlHHK (2-4%), HHTe
pecHa 3aMeTHaH npHMeCb repMaHHH. <l>opMYJIa BeJIHKHTa XaH,IJ;apKaHa, B paCqeTe Ha 8 aTO
MOB, 

(CUI ,9SAgO,OI) 1,96 (HgO,78CdO,01 ZnO,20PbO,01) 1,00 (SnO,79 GeO,1 OASO,02 X 

X Sbo,odo,92 (S4,l1SeO,od4,12' 
PeHTreHorpaMMa nopollIKa XHMHlleCKH aHarrH3HpoBaHHoro o6pa3Ila BeJIHKHTa p;aHa 

B ra6n. 3. XapaKTep peHTreHOrpaMMbI 6JIH30K K CTaHHHHY H qepHHHTY [7]; napaMeTpbI 

pellIeTKH, paCCqHTaHHble MHK, COCTaBJIHIOT ao = 5,554 ± 0,003 A; Co = 10,911 ± 0,008 A; 
V = 336,7 A 3 ; peHTrt!HOBCKaH IUIOTHOCTb 5,27 r/cM 3

• 

MTaK, BeJIHKHT CU2 HgSnS4 npe,n;cTaBmleT C060H PTYTHCTbIH qrreH rpYIUlbI CTaB
HHHa (cTaHHHH-Hg). B pH,IJ;y MHHeparroB rpynnbI CTaHHHHa npH3aMeIIleHHHFe-Zn-Cd-Hg 
3aMeTHO YBeJIHllHBalOTCH napaMeTpbI 3JIeMeHTapHoH HqeHKH (Ta6JI. 4). 
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