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Hanpasnennoit kpucTajumsanueil pacilaBa BHIPAIIEeHB! MOHOKpUCTAUIBI coemumHeHmil Feln,Si, CulnsSg u
TBepmbIx pacTBopoB (Feln,S4)x - (CulnsSg)i—x. ITokasano, uro kak mcxomuble coemunenust FelnySs, CulnsSg, Tak
U TBEp/BIE PAcTBOPbl HA MX OCHOBE KPUCTAUIM3YIOTCA B CTPYKType KyOMYecKOil INIHMHENH. YCTaHOBJICHO, YTO
napameTp JICMEHTApHOW A4YEHKU a ¢ MapaMeTpoM COCTaBa X M3MeHseTcs JIMHEHHO. MeronoM sepHOd ramma-
PE30HAHCHOI CIEKTPOCKOIIMH B IPOCBEYMBAOIICH I€OMETPUH HM3y4eHBl JIOKAJIbHBIE COCTOSIHHMS HOHOB jKejie3a B
YKa3aHHBIX TBEPJbIX pacTBopax. [{MaToMeTpUYecKM METOIOM HCCJIEIOBAHO TEIUIOBOE PACIIMPEHHE, OIPEEICHBI
KO3((UIMEHTHl TEIUIOBOIO PACIIMPEHHUs], IPOBEICH pacdueT TemmepaTypel Jlebas n CpeaHEKBafpaTHIHBIX AUHAMU-

YECKHX CMENICHUNA AJ19 BBIPAlICHHBIX MOHOKPUCTAJJIOB.
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1. BBepeHune

PasBuTre COBpEMEHHON MUKPO- M HAHODJICKTPOHUKH CTa-
BUT 3a1a4y pa3pabOTKH M KCCJICIOBAHHUS MATEPHAJIOB C
(U3MYICCKUMHE CBOMCTBaMH, HA OCHOBE KOTOPBIX MOT'YT ObITh
CO3MaHbl MOJTYIPOBOIHMKOBBIE MPHOOPH C HOBBIMH (hyHK-
IMOHAJIbHBIME BO3MOXHOCTsIMU. K Takum marepuaiam OT-
HOCsITCsl M TpoiiHbie coemmuenns tuma MBY!'CY!, MBUCY!
(M — Cu, Ag, Fe, Mn; Bl — Al, Ga, In; C¥''— S, Se, Te).
WHTepec K 3TUM COCTUHEHUSIM OOYCJIOBJIEH WX YHHKAIb-
HBIMH CBOMCTBaMH (OTCYTCTBUE IIEHTPA MHBEPCHH, BHICOKASI
HEJIMHEHHAsS BOCIPUAMYUBOCTh W JpP.). ODTH MAaTepPHAIIBI
MOT'YT HaWTH TPAKTUYECKOE MPUMEHCHUE MPU CO3MaHUU Ha
MX OCHOBE JIa3epOB, MOIY/ISITOPOB CBeTa, (POTONETEKTOPOB
U JIPyTHX YCTPOMCTB ONTO-, MAKPO- M HAHO3JICKTPOHHKH,
yIIpaB/sieMbIX MarHuTHBIM mosieM [1-7]. Xorsi cBoiicTBa
ykazanHbIX coenuHennit FelnySs m CulnsSg Bronme wusy-
YeHbl, TBEPJBIC PACTBOPHI HAa MX OCHOBE IO HACTOSIIETO
BPEMEHHU HCCIeNoBaHbl HemoctaTtouno [8—-13]. B Hacrosimeit
paboTe HPUBOIATCSA PE3Y/IbTATHl BHIPAIIMBAHUS MOHOKPH-
cTajuioB TBepabiX pacTBopoB (FelnySy)y - (CulnsSg);_, uc-
CJICMOBAHUS MX KPUCTAJUTMYECKON CTPYKTYpPbI, JIOKAJIBHBIX
COCTOSIHUII MOHOB eJjie3a METOIOM CIIEKTPOCKOIHHU siep-
HOro ramma-pesonadca (fII'P) u TemnoBoro pacmmpeHust
IMATATOMETPUICCKIM METOIOM.

2. 3KCI'IepI/IMEHTaJ1bHaﬂ YyacTb

Coemmuennst FelnpS4, CulnsSg m TBepmsle pacTBOpHI
(FelnyS4)x - (CulnsSg))_x HpenBapUTEIbHO CHHTE3UPOBAIIH
JBYXTEMIICPATYpPHBIM METOIOM. B 3ToM Merome ammysty
[OMEIIAIOT B JBYX30HHYI0O T'OPH30HTAJIBHYIO I€Ub, TEMIIC-
parypy 30H KOTOPOil MOXHO PEryJMpoBaTh HE3aBHCHMO

1*

Ipyr oT [pyra, a MeTa/UIMYeCKHMe KOMIIOHEHTH U cepa
HaXONATCS B PasHBIX 4YacTAX KBapLeBoil ammysel [IpenBa-
PHTEITBHO aMITYJTBl ITPOXOAMIIA XUMHUKO-TEPMIIECKYI0 00pa-
60TKy (TpaBJicHHWE B ILUTABUKOBOM KHCJIOTE, 3aT€M B CMECH
HNO;:HCl=1:3, mocie Wero ux HpOMBIBJIA B TUCTHJI-
JIMPOBAHHOH BOLE C IOCJEAYIOIMM OT)KUIOM B BaKyyMe
npu temmepatype 1270K). Takas obpaboTka ammyn cro-
COOCTBYET YCTPaHEHHIO NIPHMeECEei, KOTOpbIE CoepyKaTcs Ha
TTOBEPXHOCTH KBAPIIEBOH aMITYJIBL.

DJjieMeHTapHbIc KOMIIOHEHTH! (MeJlb, MHIMI, HKEeJIe30) Yr-
crotoil Bee 999.999%, B3STHIE B COOTHOIIEHUSX, COOT-
BETCTBYIOLINX COCTAaBY COSAMHEHHMS UM TBEPHAOro PacTBopa,
3arpy)Kajii B KBapLEBYIO JIOIOYKY, KOTOPYIO pacroJiaraim
B O/THOM KOHIIC KBapIIeBOH aMmyJsibl. B mpoTHBOMOIOXKHOM
ec KOHIIe HaXOmWJIach cepa, B3fTast ¢ U30BITKOM OT CTEXHO-
METpHHU, HEOOXOOUMBIM [IJIsl CO3/IaHUs AABJICHUS ee HapoB
Hap pacmiaBoM ~ 2.0 atm. [Tocsie oTKauky aMITyJIsl 10 OCTa-
TOo4HOTO jaBeHus ~ 1073 Ia ee oTnauBamm OT BaKyyMHOM
CHCTEMBl M paclojlarayii B TOPU3OHTAJIbHOM HBYX30HHOM
Ieyd TakuM o0pa3oM, YTOOBI JIONOYKA ¢ METAJIMYECKUMHU
KOMIIOHEHTAaMH HaXOWJach B ,lopAvyeil” 30HE Iedu, Ife
TeMiepaTypy ycraHaBiuBamu ~ (1390—1420) K. Cepa —
B ,,XOJIOMHO 30HEO TeMmmeparypy KOTOPOH MOBBIIAIN CO
ckopoctbio ~ 100K/a mo 680—700K wn BeImepxwBamm B
TeyeHue 29 (UIs POTEKaHHsl PCaKIMK MEXIy MeTaylInye-
CKHUMH KOMITOHEHTaMH U [iapaMu cepbl). J1Jist 6osiee MoTHOro
IIPOTEKaHUs ATOH peakluy TeMIepaTypy ,,XOJONHOI 30HBI
C TakoH ke ckopocThio mosbimramy 10 950 K ¢ moBTopHOI
BhIepKKoi B TedeHume 14. Ilo mcredenmm ykasaHHOTO
BPEMEHHU TEMIIEPaTypy ,,lOpAYeil” 30HbBI IIOHMKAIN CO CKO-
poctbio 50 K/4 no 800K u neur oTKIIOYaIM OT CETH.

[TonyueHHbIe CIIMTKM, KaK ONMHCAHO BHIIIE, NEPErpyxKajiu
B [BO/HBIC KBAapLEBBIC AaMITYJIbl, U3 KOTOPBIX BHYTPCH-
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Puc. 1. Tudpakrorpammsl TpoitHbix coenuHermit Feln,Ss, CulnsSg u Bepmbix pactBopoB (FelnySs)y - (CulnsSg)i—x.

HsS aMITyJla 3aKaHYMBajlach MJIMHAPUYECKUM KallJUIAPOM,
obecnieunBaomM  (POPMHUPOBAHAEC MOHOKPUCTAILTIICCKON
3arpaBku. K HapyXHOI ammysie CHM3y NpHBapHBAJIM KBap-
LIeBHIl CTepKeHb, CILyKMUBIIMU Aep:xaTesieM. [locie Bakyy-
MUPOBAHHUS aMITyJIbl €€ IMOMEINAIM B BEPTUKAIBbHYIO OJIHO-
30HHYIO Ile4b C 3aJaHHBIM TEMIIEPAaTYpPHBIM I'PAJUEHTOM, B
KOTOPO# TPOBOAM/IA BBIpAllUBaHNE MOHOKPHCTAILIOB. Tem-
nepaTypy meun mosbimrami 1o ~ (1400—1420)K n s
TOMOTEHHU3ALUN paciulaBa BBIICP)KUBAIN IIPU ITOH TeMmIle-
parype 24. ITocie yka3aHHOro BpeMeHH BBIIEPKKU IIPOBO-
IWJIA HANpPAaBJICHHYIO KPHCTAJUIM3ALMIO PacIUIaBa ITOHIDKAsS
TeMIepaTypy Ie4u co ckopocTeio ~ 2K/u ngo mosHoro
3aTBepHeBaHUs paciiaBa. [{j1g roMoreHn3anuy moJTyYeHHBIX
cmtkoB mx omxuramu npu 1020K B Tevenne 3004. Ber-
pallleHHbIe B TaKHUX YCJIOBUSX MOHOKPHCTAJIIBI MMENH [Ha-
MeTp ~ 16 MM 1 utiHY ~ (40—45) MM, OBLTH OTHOPOIXHBIME
¥ TOMOT'€HHBIMH, YTO YCTaHOBJICHO METOIaMH MHUKPOPEHTIe-
HOCIIEKTPaJIbBHOI'O 1 PEHTI'C€HOBCKOI'O aHAJIM30B.

CocTraB BBIpallICHHBIX MOHOKPHCTAJIJIOB OIpPEesIsd C
MTOMOIIBI0 MHKPO3OHOBOTO PEHTICHOCHEKTPAJIbHOIO aHa-

Jm3a. B xauecTBe Bo30yauTeNnss TOPMO3HOI'O PEHTI€HOBCKO-
r0 W3JIyYCHHs HMCIOJIb30BAIM 3JICKTPOHHBIA JIyd PacTpPOBO-
ro 3JIEKTPOHHOTO MHKpOCKoma ,Stereoscan-360“. B kaue-
CTBE aHAJIM3aTOPa PEHTTEHOBCKOTO CIIEKTpa HCIOJIb30BAIN
peHTreHoBckmit cniekrpomerp ,,AVALON-8000“. OtHoch-
TeJIbHAsI TIOTPEIIHOCTD OIpelesIeHNs] KOMIIOHEHTOB COCTaB-
nsna £5%.

PaBuoBecHocTh coegunenuii Feln,S4, CulnsSg m ro-
MoreHHOCTh TBepabiX pactBopoB (FelnySy)x - (CulnsSg)i—x
OIIpenesIsyIi PEHTTeHOBCKMM METOIOM. YTJIOBbIE TOJIOKEHUS
JIMHUIA TUQPAKIMOHHOrO CIIEKTpa 3alMChIBAJIA HA PEHTIe-
HoBckoM nau¢paxkromerpe JJPOH-3M B CuK,-usnyuenuu c
rpaduToBbIM MOHOXpoMaTOpoM. OO0pasubl 1J1 PEHTICHOB-
CKHX M3MEPCHHII TOTOBWJIM ITyTEM H3MEJIbYCHUSI MOHOKDPH-
CTaJUIOB U NOCJIEAYIONIe UX 3alPEeCCOBKON B CIIELAIbHOM
nepskarene. [{1d CHATHA MeXaHUYECKUX HaNpsDKCHHMH, BO3-
HHUKAIONIUX IPHA U3METbYCHAN MOHOKPHCTAIUIOB, TPOBOIHIIH
HX OTXKUT B BakyyMe npu Temnepatype 700 K.

W3yuyenne JOKaJbHBIX KOHOGWIypaldii MOHOB jKejie3a B
crpykrype TBepmbix pactBopoB (FelnySs)y - (CulnsSg)i—x
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Ta6bnuua 1. PesyibraThl peHTIEHOCHIEKTPAIBHBIX M3MEPEHHUIA
ConeprxaHue 3JIeMEHTOB, aT%
Ilapametp
Fe Cu In S
cocTaBa X
pacu. OKCII. pacu. OKCII. pacu. OKCII. pacu. OKCII.
1.0 14.29 13.94 — - 28.57 28.34 57.14 57.72
09 11.68 11.82 1.30 1.22 29.87 29.33 57.15 57.63
0.7 7.70 7.59 3.30 343 31.87 32.00 5713 56.98
0.5 4.76 491 4.76 4.66 3334 3324 57.14 57.19
03 252 2.39 5.89 6.12 34.45 34.69 57.14 56.8
0.0 - - 7.15 6.95 35.71 35.82 57.14 57.23

Hpu/vteuaHue. pacd. — pacuY€THOC 3HAYCHHUE, IKCII. — IKCHECPUMCHTEJIbHOEC.

npoBoawm ¢ nomompio Merona fAI'P B mpocBeunBaromeit
TeOMETPHHU IIPY KOMHATHOH TeMIepaType ¢ MOMOIIBIO CIICK-
Tpomerpa MS2000 ¢ ucrounuxom °’Fe/Rh (40 MKu). ITpo-
IrpaMMHYIO OOpabOTKYy CIIEKTPOB BBIIOJHSIA C HCIIOJIB30-
BaueM rnporpaMMel MOSMOD, yunTeiBatommeil pacmpene-
JICHHE KBaJIpYMOJIbHBIX paciueruieHuii (A). Bce m3oMepHbie
cnBury (§) MpUBEIEHBl OTHOCHTEIBHO ITAJIOHHOrO 0bpasia
a-Fe. IllupuHa JIOpeHLEBEIX CHEKTPaIbHBIX JIMHUI Ha MOITY-
BbICOTE ObUIa (ukcupoBaHoii U coctasisaia 0.15 mwm/c.

TerutoBoe pacmmpeHne W3MEpsyId Ha KBAapIIEBOM [HJIa-
ToMeTpe B uHTepBajsie Temmepatyp 80—400K, B koTopom
M3MEPEHHsI OCYIIECTBIISIIOTCS OTHOCUTEIIBHO TETJIOBOT'O pac-
mupennst kapia [14]. Tlepen u3aMepeHus MU YCTaHOBKY Ba-
KyyMHPOBaJIU, 4TO MPENATCTBOBAJIO OKHCJIEHUIO 0Opa3loB.
Nsmepennst mpoBommm Ha oOpas3max co CpemHHMH pas-
Mepamu 3 x 3 x 12mMm. Temnepatypy U3Mepsiiid XpoOMesTb-
amomersieBoil Tepmonapoil. B untepsane 80—293 K npouc-
XOIWJI €CTECTBCHHBI HarpeB obOpasma 3a cYeT WCHapCHHs
KUIKOro aszora (ckopoctb Harpesa ~ 3 K/vMuH), a B MHTEp-
Bajsie 293—400 K narpeB Bemu co ckopoctbio 3—5 K/muH.
Takne ckopocTy HarpeBa MO3BOJISJIH ITOJTy9aTh BOCIIPOU3BO-
OVMBIE PE3YJIbTATHL

3. Pesynbratbhl n o6cyxaeHne

PesynbTaTel MUKPOPEHTICHOCIIEKTPAIBHOTO aHAJIM3a BBI-
paIllEHHBIX MOHOKPHCTAJIJIOB TIPECTaBsIeHbl B Tabur. 1. Bum-
HO, YTO COIEpKaHMe KOMIIOHEHT B BBIPAIICHHBIX KPHCTAJI-
nmax coepmHeHmid FelnpSs, CulnsSg m TBepmpix pacTBOpoB
(FelnyS4)x - (CulnsSg)1_x YOOBJICTBOPUTEIBHO COINIACYESTCS
C 3aaHHBIM COCTaBOM B MCXOTHOU mmxTe. ClienyeT TakKe
OTMETHTD, YTO HE HAOJIIONAETCS 3HAUYMTE/ILHBIX OTKIOHEHHI
COCTAaBOB B Pa3HBIX TOYKAaX MOHOKPUCTAJIOB, YTO CBHIIC-
TEJIbCTBYET 00 UX OMHOPOIHOCTH.

Hudpaxtorpammel coenunaenuit Feln,Sy4, CulnsSg u tBep-
meix pactBopoB (Feln,S4)y - (CulnsSg)i_x mpuBemeHsl Ha
puc. 1. BugHo, 4r0 Ha BCeX MpPEICTABJIICHHBIX IU(PAKTO-
rpaMMmax MPUCYTCTBYIOT HHICKCH OTPaXKCHHM, XapaKTePHbIC
IUIsi KyOM4YeCKo# CTPYKTYpHl HIMHE M. PaspenieHne BHICO-
KOYIJIOBBIX JIMHHI HA YKA3aHHBIX JH(paKTOrpaMMax CBHIC-
TEJILCTBYET O PABHOBECHOCTH COCIMHEHHI M TOMOT'€HHOCTH
TBEPIBIX PaCTBOPOB.
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[lo wm3MepeHHBIM 3Ha4CHWAM YIJIOB mudpaknmm Me-
TOOM HaWMEHBIINX ~KBajZipaTOB ObIIM pPAacCYMTAHBl IIa-
paMeTpsl 3JIEMEHTAPHOH SYCHKH, KOTOpBIE PpaBHBL a =
= (10.612+0.005) A n1s1 Feln,Sq u a= (10.682+0.005) A
w1 CulnsSg.

Ha puc. 2 npencraBieHa KOHIICHTPAIOHHAs 3aBHCH-
MocTb mapamerpa a. Kak BumHO, u3MeHeHue napamerpa a
C COCTaBOM X JIMHEHHO, T. €. IPOUCXOIUT B COOTBETCTBHU C
3aKOHOM Berappa.

Al'P-ciextp TpoitHoro coemuHenust Feln,S; mpencras-
JeH Ha puc. 3,a. Ilporpammuas o6paboTka MO3BOJIAET
BBIIEJIUTb B CIEKTPEe TpHU INOACIEKTpa — [Ba [QyOJie-
ta Fe’* (6 =0.86mm/c, A=3.22mm/c; § = 0.64mm/c,
A=131mm/c) n ymmpennsii cunryer (6 = 0.34mm/c).
HccnenoBanms, npoBeneHHbIE paHee METOfaMH HEHTpPOHO-
rpadun u AlP-criekTpockonuu, O3BOJISIOT MPEIIIOJIOKUTb,
YTO JBa YKa3aHHBIX AyOJeTa XapaKTepU3yloT HOHBI JKe-
Jie3a, 3aHMMAIOIIUE COOTBETCTBEHHO OKTa’ApUYECKHE IO-
summu B u Terpasppudeckue mosunmu A B CTPYKType
Feln,S; [15,16]. Crnemyer OTMETHTb, 9TO COOTHOLIEHHE
BKJIQIOB IBYX pacCMaTpPHBAaEMBIX KpHCTaLIOrpapuIecKu
HEOKBUBAJICHTHBIX MMO3UIINIA HOHOB Jkesie3a (91% mst okra-
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Puc. 2. KonneHTpalioHHasi 3aBUCUMOCTD TIapaMeTpa dJIeMEHTap-
HOIt staeiiku @ uist TBepabix pactBopoB (FelnySs)x - (CulnsSg)i—x.
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Ta6bnuuya 2. Ceepxronkue mapamerpol AI'P-ciektpoB moporukoB (FelnySs)y - (CulnsSg)i—_x B 3aBHCHMOCTH OT Hapamerpa cocTaBa X

(paxuun

X IoncrexTp §,MM/c A, Mm/c hy/hy A% BanentHoe
COCTOSIHHEC

Jy6mer D 0.86 322 1 91 Fe*t

1.0 Jy6mer D 0.64 131 1 6 Fe*t

Cymrner C 0.34 0 — 3 Fe**

Jy6rer D, 0.83 3.28 0.84 90 Fe?"

0.9 Hy6erD, 0.76 1.04 1 8 Fe’*

Cymrner C 0.34 0 — 2 Fe*t

Hy6ner D, 0.83 325 0.9 83 Fe’*

0.7 Jy6mer D, 0.79 0.78 1 9 Fe’*

Hy6ner D3 0.27 0.73 1 8 Fe**

Hy6ner D, 0.85 321 1 78 Fe*t

0.5 Jy6mer D, 0.72 0.69 1 14 Fe**

Cymrner C 0.29 0 — 8 Fe**

Hy6ner D, 0.83 323 0.95 65 Fe’*

03 Jy6mer D, 0.79 0.70 1 11 Fe**

Jy6met D3 0.34 0.68 1 24 Fe*t

Tlpumeuanue. 5 — w30MepHbli caBur, A — KBaJpyIosibHOE pacuierieHue, hy/hy — oTHoweHue uHAA TyGseTa (acumMMeTpusi), A — BKJIaJ MOJCIEKTpa.

1 3% TSI TETPadIPHUYCCKHX MO3MIINIA) COOTBETCTBYET paHee
00OHApYyKEHHOMY COOTHOLIECHHIO METOIOM HeHTpoHOorpaduu
(90% muist okTa- 1 4% IUIs TETPAdIPUUCCKUX HO3HIHMIA ).

ATrP-cnektpsr  TBepmbix  pactBopoB  (FelnySg)x -
-(CulnsSg)1_x B 3aBHCHMOCTH OT MapaMerpa COCTaBa X
IpefcTaBieHsl Ha puc. 3,b—e. IlapameTpel CHeKTpoOB,
MIOJTyYCHHBIE B Pe3yJIbTaTe WX AIPOKCHMAIIH, TIPUBEICHBI
B Tabn. 2. B cnekrpe SAIP (FelnyS4)o.9 - (CulnsSg)o.1
(puc. 3,b) npeobnanaer aybsier Dy ¢ BBICOKMM 3HaYeHHEM
KBajipynosbHOro pacuerviennst (A = 3.21-3.28 mm/c), xo-
Topeii onmceBaet (asy Feln,Ss [17]. XKemeso, cormacHo
3HAYCHUIO M30MEPHOI0 CABUra JaHHOTO 1yOsieTa, BXOOUT B
3TO COefMHeHHe ¢ BajleHTHOCThio Fe?™. B criekTpe naHHOro
COCTaBa COHEP)KUTCH - MaKCUMAJIbHBIA BKJIaf [OAaHHOTO
ny6sera (89%), ONHAKO B CIIEKTpax APYTMX HCCJICIOBAHHBIX
COCTaBOB, JIaHHBI HoAcHekTp D Takxke fABJsAeTCS NOMU-
HupyonmM. Habmonaerca acummeTpus JMHUN Ay6Jiera
h;/h,, kotopas mis coctaBa ¢ X = 0.9 cocrasnsier 0.84 u
ABJIseTCS MakcuMasibHOU. [lomoOHasg acuMmeTpusi JIMHHUH
nybnera D) HaOmomaeTcss B MEHBLICH CTENEHNW TaKXKe B
cnekrpax cocraBoB ¢ X = 0.7 u 0.30.

Taxke B cmekTpe cocrtaBa ¢ X = 0.9 HabmomaoTcs
MOTOHATE IbHBIC TOACHEeKTPH (my6ster Dy w yrmpeHHI
cunrier C), nsomepHsie caurd kotopex (8§ = 0.72—0.79
1 0.27—0.34 Mm/c, COOTBETCTBEHHO) MO3BOJISIOT UACHTH(U-
IMPOBaTh BaJEHTHOE COCTOsIHME kKese3a kak Fe?* m Fet,
COOTBETCTBEHHO, IIONOOHO CIIEKTPY MCXOOHOI'O COECIMHEHHUS
Feln,S4 (puc. 3,a).

JlaHHBIE TIOICTICKTPH HPHCYTCTBYIOT B CIIEKTpaxX BCeX
MCCJICIOBAHHBIX cocTaBoB. Briam my6meta D cHmkaercs
1o 65% c ymeHblieHneM X (MHHMMaJIbHBII BKJIag OOHapy-
e mist X = 0.3). Bag cunriera C, COOTBETCTBYIOIIE-

100
99
98

97
100

O O O
~N o0 O

—_
S
(=

o O
o O

Transmittance, %

100.0

99.6

99.2
100.0 feses

99.6

99.2

Velocity, mm/s

Puc. 3. AI'P-ciektpsl
. (CuIn588)17x.

TBepmblX  pactBopoB  (Feln,Ss)x -
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ro Fe**, Bo3moxHO, BXOZISIIEro B cocTaB Cyabduia xesesa
Fe;_xS, HampoTuB, yBenuuuBaeTcsi U gocturaet 24% s
x = 0.3. CrieiyeT oT™MeTHuTh, 4To HoHbl Fe3* MoryT ommuch-
BaThCs TakKke aybsierom (06o3HadeH kak D3) B crmekTpax
Tex cocraBoB (Hampmmep, X = 0.3), rie MX COmEpPIKUTCS B
IOCTATOYHOM KOJIMYCCTBE.

Bxiag my6siera D, Bapeupyercss B coctaBax ¢ X = 0.3,
05 un 0.7 B mmamasone 9—14% B 3aBucUMOCTH OT X
(tabu. 2). B cektpe ¢ X = 0.9 aror Briax Man (puc. 3, b).
BricoK#iT H30MEpHBIIT CABUT JTAHHOTO MOJICIICKTPa YKa3bIBaeT

14

12

10

(o)
T

ocL-106, K!

100 200 300 400
T,K
Puc. 4. TemnepaTypHble 3aBUCUMOCTH KO3((UIIICHTa TEIUIOBOTO

pacimpenus coenuuenuii Feln, Sy, CulnsSg, 1 TBepIbIX PacTBOPOB
(Felnzs4)x . (Culnssg)lfx.

14

400 K
300K

L 2

L 4
L 4

12

Felny)S, 20 40 60 80
X

CulnsSg

Puc. 5. M30TepMbl KOHIICHTPALMOHHBIX 3aBHCHUMOCTEH Qi JUTS
TBepubix pactBOpoB (FelnySs)x - (CulnsSg);—x mpu Temrepary-
pax 180, 300, 400 K.
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Ta6bnuua 3. KospdurmeHTsl TEMIOBOrO PaCIIMPEHHsI, TEMIIEPATY-
pa [lebas u cpenHeKBafpaTHIHBIC AMHAMUYECKHC CMEIICHHUS aTo-
MOB TpoiHHIX coequHenuit Feln, Sy, CulnsSg 1 TBepapIx pacTBOpoB
(FeIn284)x . (CuIn583)1,X

X a - 10°, K1 ¢, K ViR, A
1.0 4.40 249 0.1954
0.7 6.90 195 0.2401
0.5 8.15 178 0.2589
0.3 9.70 162 0.2816
0.0 11.9 145 0.31846

Ha TO, YTO OH TAKKe XapaKTEepPHU3yeT jKejie30 B BaJICHTHOM
coctosinuu Fe?*, kak u ocHoBHOM my6ser D . CyuiecTBeHHO
Ooyiee HHM3KOE 3HAYCHHE KBaJIPYIOJIBHOTO pPACHICIUICHUS
(A =0.69—1.04Mm/c) mo cpaBHeHmoO ¢ ny6ietom D
(A =3.21-3.28 Mm/c) ykasbiBaeT Ha TO, YTO HOHBI XeJie-
3a, OMUCHIBAGMBIC ABYMsl JAHHBIMHU OyOjieTamu, 3aHHUMAiOT
pasHbIe TIOJIOKEHHsT B KPACTAJINYCCKOM peleTke (TeTpas-
pHUYecKoe M OKTa’ApHyecKoe OKpyxkeHue Fe B coemuHeHnn
FeIn2S4).

PesyspTaThl M3MEpeHWiI TEIJIOBOIO pPACHIMPEHUS TPEs-
CTaBJICHBI Ha puc. 4. AHAIN3 MOJIYYCHHBIX PE3yJIbTaTOB I10-
Ka3bIBaCT, YTO KOA((PUIMEHT TEIIOBOrO paclIUpeHus (i )
IUISL TBEPBIX PACTBOPOB PACTET B MHTEPBAJIC TEMIICPATyp
T = 90—360K, Boiue 360 K pocr o 3amenisiercst u ciabo
3aBHCHT OT Temmeparypbl. Takoe moBemeHHE (i CBS3aHO,
MO-BUAMMOMY, C KOJIMYECTBOM Je(EKTOB B MCCIICAYEMBIX
Marepraax.

Ha puc. 5 npencraBiieHbl KOHICHTPAIIMOHHBIC 3aBHCHMO-
CTU K03((HULIIEHTOB TEIUIOBOTO paciupeHns (@) npH pas-
JIMYHBIX TemIleparypax. BUIHO, YTO yKa3aHHBIC 3aBHCHMO-
cti @ (X) OpH pasIMYHBIX TEMIICPaTypax UMEIOT JIMHEHHbII
XapakTep.

[lonyuenHble 3HaueHus1 ¢ OBUIM HCIIOJIB30BaHBl IS
pacuera Temmneparypsl Hebast (OF) 1 cperHeKBaIpaTHIHBIX
[MHAMHYECKHX cMemmeHuii (v/U2) mo cremyiomum (popmy-

JraM:

o 14.3 "

D~ ol PAl2y 13

43. 10*14{ [D(Op/T)/Op/T] + 1/4}
AGp

ViR = . ()

rae ap — Ko(UIMEHT TemIoBoro pacmupenns B K1,
A — cpenHss aToMHas Macca B T, V — CpEmHMIA aTOMHBIN
06beM B cm>, D(Op/T) — dynkuus Jledas.

INony4enHble Hamu 3HavyeHuss OF u V2 mpuseneHs
B Tabs. 3. BupmHo, uro 3HaueHus temmeparypsl ebas c
mapaMeTpoM COCTaBa X YMCHBIIAIOTCSH, a CPEIHEKBaIpa-
THUYHBIE IMHAMHYECKHE CMEICHUS aTOMOB YBEJIMYUBAIOTCS.
Takoe noBeeHrEe YKa3aHHBIX BEJIMYMH B TBEPJIBIX PACTBOPaX
(Culn,Sg);—x - (FelnyS4)x cBHmETENBCTBYET 06 OCIa0ICHIN
XMMHYECKOH CBSI3H C M3MCHCHHEM X.
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4. 3akniouyeHue

MeTtonom BpumkmeHa BeipalieHbl MOHOKPUCTAILIIBL TPO-
HeIX coemmaeHMt Feln,S4, CulnsSg m TBepmpIx pactBo-
poB (FelnzSs)x - (CulnsSg)_x, ompenmesieHsl MX COCTaB M
CTPYKTypa. YCTaHOBJICHO, YTO KaK TPOIHBIC COCTMHCHHUS
Feln,S4, CulnsSg, Tak u TBepaple pacTBOpPH Ha HMX OC-
HOBE KPUCTAUIM3YIOTCS B KyOWYECKOW CTPYKType ILIUHE-
ym. [lokazaHo, 4TO mapameTp 3JIEMEHTAPHOH sUeiiKu ¢ X
n3Mendercss jmHelHo. Ilo cmextpam AI'P ycranosieHo,
YTO HCCJICIOBAaHHBIC KPUCTAJUIBI comep:kaT ¢asel Feln,S4
u FeS;_x (0 <x < 0.7), mpudem BKJIaq MOCJCHHEH pac-
TeT ¢ yBeiaudeHueM comepxkanus CulnsSg. Jumatomer-
PUYECKMM METOIOM KCCJIEIOBAHO TEIJIOBOE paCIIMpPEHUE
YKa3aHHBIX MaTepUaJIOB M ONPENEICHbl MX KOI(PHUIMCHTH
TEIUIOBOTO paciuupenus. PaccunTansl Temmepatypsl [lebast
U CPETHEKBAIpATUYHBIC IMHAMUYECKHE CMEIICHUSI aTOMOB
s coemumHernit FelnpS4, CulnsSg m TBepapIx pacTBOpOB
(FCIHQS4)X . (CuIn5Sg)1_x.
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(Feln;Sy)« - (CulnsSg),_x solid solutions
single crystals: crystal structure, and
thermal expansion

L.V. Bodnar!, M.A. Zhafar', Yu.V. Kasyuk?,
Yu.A. Fedotova?

! Balarusian State University

of Informatics and Radioelectronics,
220013 Minsk, Belarus

2 Research Institute for Nuclear Problems
of Belarusian State University,

220030 Minsk, Belarus

Abstract Employing the directed method of melt crystallisa-
tion the single crystals of Feln;S4, CulnsSg compounds and
(FeInzSs)x - (CulnsSg)1—x solid solutions have been grown. It
is shown that both the initial Feln;S;, CulnsSg and the solid
solutions based on their basis are crystallised in the spinel cubic
structure. It is found that the elementary cell parameter a
changes linearly with the composition parameter X. Employing
the method of the nuclear gamma-resonant spectroscopy in the
transparance geometry the local states of iron ions were studied
in the solid solutions. Using the dilatometric method the thermal
expansion was studied, the coefficients of the thermal expansion
were determined and the calculation of the Debye temperature and
RMS dynamic displacements was carried out for the grown single
crystals.
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