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MUHUMYMA HA ®A30BOH JTUATPAMME CHUCTEMBI Cd-Mg
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AHHoTanus. V3MepeHneM KOHIIEHTPALMOHHBIX 3aBUCHMOCTEH MapaMeTpoB 00pas3IoB CHCTEMBI
KaJMHUI-MarHuii onpeeneHa o0nacTb TBEPAbIX PACTBOPOB ¢ HEMOHOTOHHBIM M3MEHEHHEM (PU3HKO-
XMMHYECKUX M JEKTPO(YUINIECKIX CBOICTB, a TAKKE MPETIOKEH BO3MOKHBIN MeXaHN3M 00pa3o-
BaHMS TOYKH MHHMMYMa Ha ()a30BO [uarpamMMe JaHHOM CHCTEMBI CO CTOPOHBI KaMusl.

KiaroueBrble ciioBa: TBEPAbIC PACTBOPHI, MUHUMAaJIbHAA TOYKa, BEIDOKICHUEC.

BBEJEHHE

daszoBas quarpamma cuctembl Cd—Mg uccienosa-
Jach HEOTHOKpaTHO [1-4] u npencrasiser codoi aua-
rpaMMy, OTPaXkarolllyl0 HEOTPAHUYEHHYIO PaCTBOPH-
MOCTH KOMITOHEHTOB KakK B )KMJIKOM, TaK U B TBEPJIOM
cocrostau (puc. 1). OqHako XapakTep KOHIEHTPAIH-
OHHBIX 3aBUCUMOCTEW JIMHUI JUKBUAYC U COJUYC
BOJIM3M YHCTOTO KaJMUS MO3BOJISIET MPEIATIONOKUTD
BO3MOXKHOCTB CYIIIECTBOBaHMS B JAHHOM KOHILIEHTPA-
[IMOHHOM MHTEpPBajie MUHUMaIbHOM TOUYKH, T7I€ COTIPH-
KacaroTCsl IMHUM JINKBUIYC U conuayc. Takoe npen-
MOJIOKEHNE 00OCHOBBIBACTCS MPAKTHYECKU MOTHBIM
BBIPOXKJICHHEM 00eHX KPHUBBIX (Da30BBIX paBHOBECHH
B IIPSIMYIO JIMHHIO, 8 MPEHU3HOHHOE U3MEPEHUE TEM-
neparyp riaBieHus (KpucTauiM3alkm) B 3Toi oonac-
TH TI03BOJIUT OIPEACIUTh OTHOCUTEIBHO HEOOJIBIION
MOJIbeM KPHUBBIX JIUKBUYCA M CONUAYyCA MOCie o0pa-
30BaHUsI MUHUMAJIbHOM TOUKH, KOTOPYIO 110 aHAJIOTUU
C BBIPOKIEHHOW ABTEKTUKOM MOXKHO OXapaKTepHU30-
BaTb BBIPOXKICHUEM COCTaBa TOYKH MUHUMYyMa (azo-
BOM JIMarpaMMbl.

Cuuraercs [5, 6], uro cymiectBoBanue Ha (ha3o-
BOH quarpaMMe ¢ HeOrpaHHYEHHOU TBepmodasHou
PacTBOPUMOCTBIO €IMHCTBEHHOTO COCTaBa TBEPIOTO
pacTBOpa, IUIABALIETOCs MPU OCTOSHHOW TeMIepary-
pe, BO3MOXKHO IIPH YIIOPSAIOYCHUH KPUCTAIITHYECKON
CTPYKTYpBI B JAHHON KOHIICHTPAIIMOHHOW 00JacTH.
B sTOM cirydae npu NOCTOSHHON TeMIlepaTtype MOTyT
OJTHOBPEMEHHO Pa30pBaThCs OONBIIMHCTBO XUMHUEC-
KHX CBsI3el ¢ 00pa30BaHMEM 'OMOTCHHOIO PACIUIaBa.
[TmaBnenne Bcex IpyTrX CIIJIAaBOB TBEPBIX PACTBOPOB
CHUCTEMBI, COCTaBbI KOTOPBIX JIEXKAT CJI€BA U CIIpaBa OT

TOYKM MUHHUMYMAa, IPOTEKACT B HHTEPBAJIC TEMITEpa-
Typ. B cBsi3u ¢ a3TUM TipencTaBnsieTcss HEOOXOIUMBIM
HCCIIeA0BaTh (PU3UKO-XUMHUECKUE U AIIEKTPOPU3N-
YeCKKe CBOWCTBA B MHTEPBAJIC COCTABOB CO CTOPOHBI
KaJMH, JISKAIIMX BOJIU3U MPEANoIaraeMoil TOUKH
MUHHMYyMa (ha30BOM aAuarpammbl. B aToM mHTEpBa-
Jie BO3MOXKHO TMPOTEKaHKE MPOIIECCOB, CBSI3AaHHBIX C
MIEPEX00M OT HOHBAPUAHTHOT'O K MOHOBAapPUAHTHOMY
IUTABJICHUIO TBEPJIOTO pPacTBOpa.

C yueToM M3JI0KEHHOTO, 1IeJIb HACTOSAIEeH PadOThI
COCTOSUIA B BBISSCHCHHHU (PU3UKO-XUMHUECKOH IPUPO-
IIbl CTPYKTYPHBIX ITpeoOpa3oBaHuii BOJIHM3H MPE.IIO-
JaraeMoi TOYKH MHHHAMYMA, a TAKXKE OMpE/ICICHUC
cocraBa 3TOi Touku. J{Jsl TOCTYKEHHS MOCTaBIICH-
HOW 11eTT HeOOXOAMMO OBUIO PEIIHTH 3a/1a4y 1O CHH-
Te3y cepur 00pas3IoB pa30aBIEHHBIX TBEPIBIX pac-
tBopoB Cd, Mg BOMM3M KajMHs M HCCIIEN0BATh UX
CBOWCTBA.

OBBEKT UCCJIIENJOBAHUSA
N METOAUKA SKCIHEPUMEHTA

OOBEKTOM HCCIIEA0BAHNS SABJISIINCH ITOJIMKPUCTAI-
JMYEeCKHe 00pa3iibl pa30aBICHHBIX TBEP/IBIX PACTBOPOB
Cd, Mg . Jlns usyuenus Bo3MOKHOCTH 00pa3oBaHus
TOYKM MUHHMYyMa Ha (a3oBOH JuarpaMme CHCTEMBI
Cd-Mg ObL1 BBIOpaH KOHIICHTPAIIMOHHBIH WHTEPBAJ
BOmm3K grctoro kaamus (0+5 mom. % Mg). O6pasisr
cuctembl Cd—M(Q ObLIH IPUTOTOBIICHBI IPSIMBIM CILIAB-
JICHUEM KOMIIOHEHTOB, B KQUECTBE KOTOPHIX UCIIOIH30-
Banbl kaamuid Mapku KnOA (TOCT 1467-93) u maruwuii
Mr98 (I'OCT 804-93), 10IOIHUTEIHHO OUHUILICHHBIE OT
OKCHJIOB IBYKPAaTHOH CyOIMMaIuel B BaKyyMe.
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Puc. 1. ®a3zoBas nuarpamma cuctemsl Cd—Mg [4]
[Fig. 1. Phase diagram of the Cd-Mg system [4]]

CuHTE3 KOMIIOHEHTOB OCYIIECTBIISUICS B KBapiie-
BBIX aMIlyjiaX, BaKYyMHPOBAaHHBIX O OCTaTOYHOTO
nasienus 5-107 rlla npu temneparype na 10-20 K
BBIIIIC TOYKH KPUBOH JIMKBHyca JaHHOTO ciuiaBa. C
LIEJTBIO TTOBBIILICHUS TEMIIEPATYPHON CTOWKOCTH aMITyJT
U CHIDKCHHUS XMMHUYECKOTO B3aUMOJICHCTBHS MEXKIY
KBapIIEBOM aMITyJION ¥ KOMIOHEHTaMH IIUXTHI BHYT-
PEHHIOI MOBEPXHOCTh aMILyJbl TpapUTU3UPOBAIIH.
B3BemmBanne KOMIIOHEHTOB BBITIOIHSIN Ha aHAIU-
tryeckux Becax BJIP-20 ¢ morpemiaoctsio + 510 .
JJisi ToMOTeHHM3aIUN PacIuiaB MMOBEprajcsi H30Tep-
MHYECKON BBIICPKKE B TEUEHHE TPEX YacoB, MOCIE
Yero MpOBOJMIIOCH 3aKalWBaHHE 00pa3IOB B XOIOJI-
HYIO BOAY AJISl CBEEHHS K MUHUMYMY JIMKBal[HOH-
HBIX IIPOLIECCOB.

Ha cunTe3upoBaHHBIX 00pa3nax CHUCTEMbI Kaj-
MUM-MAarHui OpoOBENU PsJl U3MEPEHUM UX CBOMCTB.
[Tpu n3MepeHnn yaeTbHOTO COMTPOTHUBIICHUS CIUIABOB
(puc. 2) ucmonb30BaCs 4ETHIPEX30HIOBBI METO
Banbneca. Pentrenorpadudeckue nucciaeaoBaHus 00-
Pa3oB MPOBOIUIN METOIOM TTOPOILKA Ha TUPPAKTO-
merpe {POH 4-07 ¢ ¢unsrpoBanasiM CuKoa-nzmy-
YCHHEM, UMEIOLIUM JUTHHY BOJHBI A = 0.154059 HwM.
CbeMKy IPOBOJIMIIN B IUCKPETHOM PEKUME C IIaroM
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0.1°, BpeMsi OKCIIO3UIIMH B KON TOUYKE COCTABIISIIO
1 cex. OOpaboTKa IKCIEPUMEHTAIIBHBIX PE3yJIbTaTOB
OCYIIECTBIISUIACh MO CIIEIHAIBHBIM ITPOrpaMMaM Ha
PC Pentium 111, paboTarotieM B KOMILIEKCE ¢ AU(paK-
TomeTpoM. [TorpentHocTs onpeneNeH st MeXILUIOCKOCT-
HBIX paccTosinuii d, He mpesbimana 5:10 nm.
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Puc. 2. KoHIleHTpaIl[MOHHAS 3aBUCHMOCTD Y/IEJIBHOTO
COMNPOTHUBIICHHUS 00pa3noB cuctembl Cd—Mg

[Fig. 2. Concentration dependence of the resistivity of
samples of the Cd-Mg system]
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PE3VJIBTATBI 1 UX OBCYXKXKIEHUE

Ha puc. 2 npuBeieHa KOHIIEHTPAIIMOHHAS 3aBUCH-
MOCTh Y/ICTBHOTO COMPOTUBIICHHS 00pa3IoB, COCTAB
KOTOPBIX JISKUT B OOJIACTH IMPEIIOIaraeéMol TOYKH
MuHUMYMa (ha30Boi quarpammsl. 13 rpaduka BuHO,
4T0 BONIKM3M cocTaBa 2.5 moj. % Mg HaOmromaeTcs 3a-
METHBIN CHaj] yACIbHOTO CONPOTUBICHHS, YTO MOXK-
HO OOBSICHUTh YMEHBIIICHHEM PAcCesHUsI HOCUTEINEH
TOKa B pe3yJIbTaTe yIOPsJ04eHHsI CTPYKTYPhI TBEPIO-
r0 pacTBOpa JaHHOTO COCTAaBa.

[puBeseHHbIC Ha pHC. 3 KOHIIGHTPAIMOHHBIC 3aBH-
CHMOCTH MapaMeTpoB a u C o0pa3uos cucrembl Cd-Mg
MOXKHO HHTEPIIPETUPOBATH KaK CTPYKTYPHBIE TIPeoOdpa-
30BaHMS TBEPABIX PACTBOPOB, MTPOUCXOJISIINE BOIU3H
TOYKHA MUHAMYyMa Ha (a30Boi auarpamme. M3 nutepa-
TYPHBIX JJaHHBIX [7] U3BECTHO, YTO JUIS KaJMHSI, KPUC-
TAJUTM3YIOLIETOCS B TEKCATOHAIBHON PeIleTKe, Xapak-
TEpHO OTHOIIEHKE mapaMeTpoB c/a = 1.8859, crmbHO
OTJIMYAIOIIEeCs OT WACANBHOTO JUIS TeKCaroHaJIbHOM
mapoBoi ynakoBku (c/a = 1.663). B 1o xe Bpewmst, st
BTOPOTO KOMITOHEHTA CUCTEMbBI — MarHusi — 3TO OTHOIIIE-
Hue, paBHoe 1.6235, ropaso Onmke K BhIIIE TPUBEIICH-
HOMY 3HAYEHUIO [T HeaTbHOM yITakoBKH. DTOT (pakT
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Puc. 3. KoHnieHTpaliMoHHbIE 3aBUCMOCTH MapaMeTpoB d
U ¢ 3NeMEHTapHO# sueiiku 0opasios cuctembl Cd—Mg

[Fig. 3. Concentration dependencies of the parameters a
and c Unit cell of the samples of the Cd—Mg system]
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JIaeT OCHOBAHHUE MPEJITIOI0XKHUTH, YTO B 00JIACTH OYCHB
pa30aBIICHHBIX TBEPABIX PACTBOPOB HA OCHOBE KaMHUSI
MOSIBJICHHE B KPUCTAUTUYESCKOM PELICTKE KaIMHsI aTo-
MOB MarHusi IPUBOJUT K YCPESTHECHUIO OTHOMMEHHBIX
u pazHonmMeHHbIX cBszeit Cd—-Cd nu Mg-Cd.

B nononHenne k 3ToMy (akTy CIeayeT y4uThI-
BaTh, YTO B JAHHOM 00JIAaCTH KOHIIGHTPALIUil BO3MOXK-
HO YIOPSI04CHHUE B CIUIABaX B PE3YIbTATE B3AHMHOTO
riepeMeleHus OIMKAUIINX COCSIHUX aTOMOB, TaK 4TO
aTOMBI KaJIMHsI 3aHIMAOT HauboJee yaaieHHbIE APYT
ot npyra mecra [8]. U3 rpaduka (puc. 3) BuaHO, 4TO
M3MEHEHHE COCTaBa TBEPAOTO PAacTBOpPa OT YHUCTOTO
KaJIMHSI B CTOPOHY YBEJIHYCHUSI COICPIKAHUS MarHus
NPUBOIUT K 00PA30BaHUI0 MaKCUMyMa Ha KOHIICHT-
PALIOHHO# 3aBUCHMOCTH MOCTOSTHHOM PEIIETKH d, H,
COOTBETCTBEHHO, MUHMUMYyMa Ha KpuBoii C = f(X). ITo-
SIBJICHHE Pa3HOHAIPABICHHBIX YKCTPEMYMOB Ha 3aBU-
CHMOCTSIX & U C B OJJHOM KOHIICHTPAIIMOHHOM HHTEpBa-
Jie IPUBOJIUT K YCPSTHEHHIO OJJHOMMEHHBIX U Pa3HO-
MMEHHBIX CBSI3€M B KPUCTAIIIMYECKON pENIeTKE TBEP-
1bix pactBopos 3ametenus (I'TIY) cucremsr Cd—-Mg.
I[Tpu 3TOM COCTaB MUHUMAJILHOM TOYKH COOTBETCTBY-
€T MaKCHMaJIbHOMY YCPEHEHHIO CBSI3EH.

Takum 00pa3oMm, MOTy4EeHHbIE YKCIIEPHUMEHTAIIb-
HbIC JIaHHBIC TTO3BOJISIIOT MPEANOIOKHUTE CYIIECTBO-
BaHue Ha (a3oBoit nuarpamme Cd—Mg BOM3HM uncTo-
r0 KaJMHUs BBIPOJKICHHOM TOUYKH MHHHUMYMa, KaK 3TO
MoKa3aHo Ha puc. 4.
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[Fig. 4. Formation in the phase diagram of Cd-Mg near
the pure cadmium of the “degenerate” minimum point]
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3AK/IIOYEHUE

[IpuBenennbie B paboTe pe3yabTaThl MO3BOJISIOT
MIPEAIONIOKHUTh, YTO CKIIOHHOCTH TBEPABIX PacTBO-
POB K CTPYKTYPHBIM YMOPSIOYE€HHUSIM BOJIW3H YHC-
TBIX KOMIIOHEHTOB MOXET MPOSIBIATHCS TaKXkKe B 00-
pa3oBaHuH Ha (Pa30BON AWArpaMMe TOYKH MUHUMY-
Ma C HHBapUaHTHBIM IUIaBIEHUEM TBEPJOr0 pacTBO-
pa B 3TOM TOUKe.

OkoHuaTeabHOE MOATBEPKIECHUE BO3MOXKHOC-
TH (pOpMHPOBaHUS BBIPOKICHHOW TOUYKH MHUHHUMYM
MOXHO TIOJIyYHUTh MPOBEJACHUEM MPEIH3MOHHOTO
nuddepeHIuaIbLHO-TEPMUYECKOTO aHain3a, KOTo-
Pl 1acT BO3MOXXHOCTb OLIEHUTh T€MIEpaTypHbIN
MOJIbEM JINHUHM JTMKBUIYC M COJUAYC MOCIIE€ COCTaBa
2.5 mom. % Mg.
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POSSIBILITY OF FORMATION OF DEGENERATE POINT OF MINIMUM
ON PHASE DIAGRAM OF SYSTEM Cd-Mg
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Abstract. The purpose of the work was to clarify the physical and chemical nature of structural
transformations near the alleged valley, and also definition of structure of this point. For the
achievement of the goal it was necessary to solve the problem of the synthesis of a series of the diluted
solid solutions Cd, Mg near cadmium and to investigate their properties.

For the research into the of a possibility of the formation of the valley on the phase diagram of the
Cd-Mg system, the a concentration interval near clear cadmium was chosen (0+5 mol. % Mg).
Samples of the Cd—Mg system were prepared by direct alloying of components, which used Cd
markings KdOA and magnesium Mg98, additionally purified from oxides by double sublimation in
vacuum. For homogenization, the melt was isothermally aged for three hours, after which the samples
were quenched in cold water to minimize the segregation processes.

Measuring the concentration dependence of the parameters cadmium-magnesium system samples
determined range of solid solutions with non-monotonic change in the physicochemical and electrical

properties.

The obtained experimental datas allows us to assume the existence on the phase diagram of the
Cd-Mg near clear cadmium of the degenerate valley as it is shown in fig. 4.

The results given in the work allow us to assume that the tendency of solid solutions to structural
streamlinings near clear components can be shown also in education on the phase diagram of the
valley with invariant melting of a solid solution in this point.

Final confirmation of a possibility of formation of a degenerate point at least can be received carrying
out a high-precision differential thermal analysis which will give the chance to estimate temperature
raising of lines a liquidus and a solidus after structure 2.5 mol. Mg %.

Keywords: solid solutions, the minimum point, degeneration.
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