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SBnenue pacciioCHuA )KPI,I[KOCTeﬁ HUI'pacT Ba’XXHYI POJIb B IIPOLECCaX pa3ACJICHU BCIICCTB MC-

TOJIOM SKCTPAKIUH, TIOATOMY 3aCITy’KUBacT BHHUMATEIBHOTO M3ydeHHWs. Kpome Toro, pacciamBaro-
IIMeCs. PacIUIaBbl MHTEPECHBI C TOYKU 3pCHUS (PU3UKH KPUTUICCKUX SBICHUH B KOHICHCHPOBAHHBIX
cucreMax. OIHAaKO 10 HACTOSAIIETO BPEMEHHU PACCIOCHNE HETPO3PAUHBIX JKUIKOCTEH, U B 0COOEHHO-
CTH METaJUIMYECKUX U TOJYIPOBOJHUKOBBIX PACILIaBOB, M3YYEHO KpaifHe ciabo. M3 80 nBOWHBIX
CHCTEM, B KOTOPBIX OOHAPY)KEHO PACCIOCHHE B JKHUIKOM COCTOSHHH, TOJBKO B HECKOJBKHX PHBO-
JIATCSl DKCTIEpUMEHTAJIbHBIE JaHHbIe, 0003Havaromue KynoJ aByxda3zHoit oonactu L; + L,. Bo Bcex
OCTaJIbHBIX CJIydasX 00JaCTH JIMIIb HAMEUEHBI M0 KpasM IMyHKTHPOM. AHaIH3 CIPaBOYHOIO Mare-
puana 3a Oonee MO3IHUI NepHOJ BPEMEHHU MOKa3al, YTO MOJIOKEHHE Ie] B OTHOIIEHUH HCCIIeI0Ba-

HUsE o0J1acTell pacciianBaHusI MPAKTHYECKN HE H3MEHHIIOCH.

OTMedeHHOE OOCTOSTENBCTBO CBSI3aHO, HA HAll B3IJIAN, C OTCYTCTBHEM 3KCIEPUMEHTAIBHOTO
METO/ia, MO3BOJISIONIEI0 HAJEKHO YCTAHOBUTH MOJIOKEHUE JTHMHUU MOHOBApUAHTHOIO PaBHOBECHH,
KOTOpasi OTpaHUYMBACT 00JIACTh PACCIANBAHMS B KHKOM COCTOSIHHH.

B HacTosee BpeMs A pellIeHHs 3TOW 3afaydl 4allle BCEr0 MCHOIb3YIOTCS METOABL: H3Mepe-
HUSI 3JICKTPOIIPOBOAHOCTH, BSI3KOCTH, IUIOTHOCTH, MpdepeHnnantsHO-TepMIUECKOTO aHa3a, 3a-
KaJIKU U3 KHJKOTO COCTOSIHUSI C MOCIEAYIOIINM METaIorpauuecKuM aHaIu30M U Jp.

C HCTIONb30BaHMEM HUMITYJIBCHO-(A30BOrO METOa MCCIeNOBaHa 00JIAaCTh paccHauBaHUs B CHC-
teme Cu—Pb. Ha ocHOBe 3KCTIepIMEHTAIBHBIX JaHHBIX IIOCTPOCHA JIMHUS MOHOBapUAaHTHOTO PaBHO-
BECHsI, OTPaHMYMBAIOIIAs YKAa3aHHYIO 00JacTh. YCTaHOBIEHBI KOOPIAMHATHI KPUTHUYECKOH TOUKH:
temnepatypa — (1271 + 2) K, cocras — 0,35 at. monu Pb, ocransHoe Cu.

B nanHO# paboTe mokazaHo, 4TO UMITYJILCHO-(a30BbIi METO MOXKET OBITh C YCIIEXOM HCIOJIB30-
BaH /U HAJEKHOTO YCTAHOBJICHHUS TPAHHIBI 00IACTH PAacCIOCHUS KUIKOCTEH Ha (ha30BOi 1uarpam-
Me€, TAKXKE [ onpenenenus Iy, PacCIOCHU U Ul UCCIEN0BAaHUs CAMOT0 MPOLECCa PACCIIOCHHS.

Kniouesvie cnosa: umnynvcho-ghazoewiii memoo, cKopocms YIbmpaszeyKa, ouazpamma coCmos-
HUSL, pACCIOeHUsl, MEMANIuYecKue U NOJIYNPOBOOHUKOBbIE CUCTIEMbI.

Beenenue

PaccnanBanne MOJEKYISPHBIX M HOHHBIX
KHUJKOCTEN HaIeKHO M3y4yaeTcs TOUYHBIMU OITH-
YeCKUMH MeTOoAaMH. B 3eKTpOHHBIX paciuiaBax
(KMAKHMX MeTaJlulax, paciulaBax MOJYyMETaIOB U
MOJYIIPOBOAHUKOB [1]) siBIeHHME paccianBaHUs
TaKke MIMPOKO pacmpocTpaHeHo. [locrmenctBue
ONTUYECKOH HENpPO3pauyHOCTH, NPELHU3NOHHOE
M3y4EHUE PACCIanBaHUSA U 3aKPUTUYECKUX SIBIIE-
HUH B HUX HaTAJIKUBAETCS Ha CEphe3HbIE TPYIHO-
cti. VmMeromuecs orpaHMYeHHbBIE SKCIEPUMEH-
TaJbHBIE JAHHBIE, MOJYYEHHBIE Pa3HBIMH METO-
JaMH, JOCTATOYHO POTUBOPEYHUBHI.

Tax, cormacHo [2—4] u3 80 TBOMHBIX CHCTEM, B
KOTOPBIX OOHApPYXEHO PACCIIOCHUE B KHKOM CO-
CTOSTHUH, TOJBKO B HECKOJIBKHX IPUBOISATCS SKC-
MePUMEHTAIbHBIC JTAHHBIC, 0003HAYAIOIIUE KYIIOJ
nmByxdazHoi obmactu L, + L,. Bo Bcex ocTambHBIX
CITy4dasx 00JIacTH JIMIIIL HAMEUESHHI 10 KPasiM ITyHK-
TUPOM. AHAIT3 CIIPAaBOYHOTO Marepuaia 3a ooee
MO3IHUM Tepuoj BpeMeHH [5—7], mokasa, 4To mo-
JIOKEHHE JIeN B OTHOIICHUH MCCIIEIOBaHUS 0o0Jac-
Tel paccianBaHusI MPAKTUICCKH HE M3MEHIIOCH.

[ToaToMy LiebIO0 HACTOSIICH pPaOOTHI SIBJIS-
eTCs JIeTalbHOE W3y4YCHHE pacCllauBaHUS pac-
m1aBoB B cucreme Cu—Pb.
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Metoabl HCCIe10BAHUS

HccnenoBanue paccinamBaromIMXcsl paciuia-
BOB HMITYJIbCHO-(Da30BBIM METOZOM Ha TPOXO-
JIAIIeH BOJIHE C TEPEMEHHON aKycTU4ecKoW Oa-
301 onucanbl B [8—11]. CyTh MeTOIa 3aKII09YacT-
Csl B TOM, YTO MU3MEPAETCS CKOPOCTh pacipocTpa-
HEHHs yIbTpa3ByKa V; B 3aBUCHMOCTH OT BBICO-
TBl A cTON0a XHUAKOCTH M aHAIN3UPYETCS Tak
Has3bIBaeMast V;—h-XapakTepucTHka Npu (HUKCH-
poBanHOH Temneparype. CoBokymHOCTb V,—h-
XapaKTEPUCTUK MPH Pa3IMYHBIX TeMIeparypax u
JUISL pacIuIaBOB PAa3HBIX HMCXOTHBIX KOHIIEHTpPA-
U aeT MOJHYI0 UCKIIOUUTENBHO SKCIIEPUMEH-
TaJIbHYI0 MH()OPMALIKIO O PAcCIauBaHUU pacIuia-
BOB 0€3 KaKuX-JIMOO anpHOpPHBIX JOMYICHUH W
pacueTos.

Ha puc. 1 npeacraBieHsl pe3yabTaThl U3Me-
PEHUH CKOPOCTH PacHpOCTPaHEHHUs YIbTPa3ByKa
o BeicoTe pacruiaBa CuggsPbgss IpH pa3nmuaHbIX
temneparypax. Ilpu 1317 u 1291 K (coorBerct-
BEHHO JUHMU 1, 2) V;—h-XxapakTepUCTUKH TIpe.-
CTaBISIIOT TpsMBIC, TapaJUieNbHBIE OCH /A, T. €.
CKOPOCTh YyJBbTpa3ByKa HE 3aBUCUT OT BBICOTEHI,
YTO U JOJDKHO OBITH JUIi OAHOPOJHOIO pacTBopa
(B mpenmenax maHHBIX HEOONBIINX OOBEMOB 00-
pasiia, KOHEYHO, KOTJla MOKHO NpeHeOpeub u3-
MEHEHUSIMH THAPOCTATHYECKOrO HABJICHHS IO
Beicote). Ho mpu 1271 K na V,—h-xapakrepu-
CTHKe 3 yXe uMeeTcs CTyleH4yaThlil ckadok. [Ipu
3TOW TeMIlepaTrype paciulaB YK€ PpacCIOWIICS.
Hanee npu 1258 u 1248 K BenuunHa CTyneHbKU
AV, mocnenoBaTensHO yBenuuuBaercs (V,—h-xa-
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Puc. 1. NameHeHMe cKOpPOCTM pacnpocTpaHeHusA

ynbTpa3Byka Nno BbicOoTe cTonba paccnavBatolie-

roca pacnnaBa CuggsPboss npu 1317 (1), 1291 (2),
1271 (3), 1258 (4), 1248 K (5)

pakTepucTukd 4, 5 COOTBETCTBEHHO), YTO TOBO-
pUT 00 YBEIMYCHUH KOHIIEHTPAIIMOHHOTO Pa3phl-
Ba B CYIIECTBYIOIIUX CIIOSX C TIOHIKEHUEM TeM-
epaTypsl.

Ha puc. 1 BuaHo, yto cryneHbku V,—h-
XapaKTePUCTUK 3—5 (UKCUPYIOTCS C OOJIBIIOH
TOYHOCTBIO Ha OJHOM W TOH ke BbicoTe. dDakT
TOrO0, YTO TPAaHULA MEXKIY CIOSMU MPU U3MEHE-
HUU TEMIIEpaTypbl OT MOMEHTA PacCIauBaHUs J0
MOHOTEKTUKH YJIEP>KUBACTCSI B OJTHOM IOJOXE-
HUHU, CBUIETENBCTBYET TOJBKO O IMepepacmnpese-
JIGHWW aTOMOB KOMIIOHCHTOB 0€3 HW3MCHCHHS
Maccel 1 o0beMa (a3. CieoBaTeIbHO, 3TOT CO-
CTaB MOXKHO CUMTaTh KpuTHueckuM. [lockombky
TeMIIepaTypa pacciauBaHus (QUKCUPYETCS J10C-
TaTOYHO YETKO, TO TeMmIeparypy V,—h-xapakre-
PUCTUKH 3 MOKHO CUUTATh KPUTUUECKOM.

Uccnenyst V;—h-xapakTepucTUKu s pac-
IJIaBOB JIPYTUX HCXOMHBIX KOHIIEHTPAIMH, OdYe-
BHUJIHO, MOKHO TIOCTPOUTH BECh KYIOJ pacciau-
BaHMs Ha AuarpaMMme coctosiHus. s 3Toro mo
JMaHHBIM ~ HCCIICOBaHUN V— h-XapaKTepUCTHK
CTPOUTCS KOHIIEHTPAIIOHHO-TEMITepaTypHas 3a-
BHCHMOCTb CKOPOCTH YyibTpa3Byka. Ha puc. 2
MPEACTABICHA TaKasl 3aBUCUMOCTb B BHUJIE IMOJH-
TepM 1-8 coorBercTBeHHO. COOTBETCTBYIOIINE
paciuiaBaM UCXOAHBIX KOoHLeHTpauui 15, 20, 30,
35, 40, 50, 60 u 65 ar. % Pb. O06pasys oburyro
OTHOAIONTYI0, KOTOpas MPEACTABISICT N3MCHCHUE
CKOPOCTH YJIBTPa3ByKa BIOJL KyIOJa pacciau-
Banus. Ilpu 7> T, Bce MOAMTEPMBI UMEIOT OT-
pHUIIaTeIBHBIA HAKJIOH K OCH TemiepaTyp. Takoe
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Puc. 2. TemnepaTypHO-KOHLIeHTpPaUMOHHaA 3aBUCUMOCTb
CKOPOCTW pacnpocTpaHeHusi yrnbTpa3Byka B pacnnaBax
cuctembl Cu-Pb (orubGarowas kpuBas)) u TemnepaTypHbie
3aBMCUMOCTU V; ANA cnnaBoB pa3fnU4YHOro cocTaBa Bbille

KpuBOM paccnamBaHuA (nonutepmbl 1-8 cooTBeTCTBYIOT
obpasuam, cogepxawmm 15, 20, 30, 35, 40, 50, 60 n 65 aT. % Pb)
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Puc. 3. ®parmeHT anMarpammbl ¢pa3oBbix paBHoBecun cuctembl Cu—Pb, unnnioctpupyrowmn
nonoxeHne KpPUBOM MOHOBapUaHTHOrO PaBHOBECUS «KMUAKOCTb — XMAKOCTb» B COYeTaHUMU
C MOHOTEKTUYECKOIN ropu3oHTanbio: 1 — pesynbTaTbl HacTosIWeNn paboThl; 2, 3 — gaHHbIe [15]

MU3MEHEHUE CKOPOCTH YNbTpasByka mpu 1> T,
BIIOJIHE OOBACHUMO, TaK Kak BblEe 7, UMeeTCs
OJTHOpPOJHBINA pacTBop. Kak BUAHO M3 puC. 2, HU-
KaKUX aHOMaJIM{ Ha MONHUTEPMax He IMPOCMaTpU-
BaeTcsl. OHM JIMHEHHO CNajaroT ¢ TEMIEPaTypoH,
Ha4yMHasg OT TEMIEPATyp paccilauBaHusl.

B coorBercTBHM C BBIBOgaMH B paboTax
[12, 13] aToT (aKT rOBOPUT O TOM, YTO HET BBI-
POKEHHOTO  Pa3BUTUSl  KPYHMHOMACHITAOHBIX
(biaykTyanuii KOHIICHTPALMK B PaciljlaBax JaHHOM
cuctembl. K Takomy ke BBIBOJLy TPHUIILTHA aBTOPHI
pabotsI [14].

Ilo TemmepaTypaM nepexona pacliaaBoB HC-
XOJHBIX KOHIIGHTpAIMi U3 OAHO(PA3HOTO COCTOSI-
HUS B JIByX(a3zHOe BOCHPOM3BEICHA JHHUS MO-
HOBAapUaHTHOTO paBHOBECHS Ha I —Xx-AHarpaMme
cucrembl Cu—Pb B o0nacti paccioeHus pacruia-
BOB, KOTOpas MpeaCTaBIeHa Ha pHC. 3.

YepHBIMU KpPY>KKaMU U KpECTHKaMH 000-
3HaueHbl AaHHble [15]. HeTpyaHo Buaerh, 4To
MOJIy4eHHbIE HaMU Pe3yJbTaThl JOCTATOYHO XO-
POILIO COTNAacyrOTCs ¢ 3THMHU AaHHbIMH. W3 puc. 3
BHJIHO, YTO KpHBas MOHOBAPUAHTHOTO paBHOBE-
CHSI <OKHJIIKOCTh — JXKHUAKOCTB» B cucteme Cu—Pb
MpeJcTaBiIsieT co0ON XapakTep acHMMETPHYHOM
OMHOJAIM, MAaKCUMYyM KOTOPOH HECKOJIBKO CMe-
IIeH B CTOpOHY Oounbiiero copepxkanus Cu. Bri-
cota o0NacTH pacciavBaHus, TO €CTh pa3HHUIlA
MeKAY Ty U Tyonorexruca COCTABIAET 43 rpamyca.
[lo mosmy4yeHHBIM TaHHBIM MOXHO OLEHHUTH Clle-
IYIOIIHUE KOOPAMHATHI KPUTUYECKON TOUKH: TeM-

neparypa — (1271 + 2) K, cocras — 0,35 ar. monu
Pb, octansuoe Cu.

3axkioueHue

B nannoii paboTe nmoka3aHo, 4TO HCCIIEAOBa-
HHE CKOPOCTH PAacHpOCTPAaHEHHsl YJIbTpa3ByKa
sBrsieTcst 3Q(HEKTUBHBIM U HAJCKHBIM METOAOM
MOCTPOCHUSI KPUBBIX MOHOBapHaHTHOTO PaBHO-
BECHSI «OKUIKOCTh — XKHUIKOCTh» Ha (a30Boil n1ua-
rpamme, TaKKe Ui ONpPEJeNICHUsT KPUTHYECKON
TEMIIepaTypbl PACCIOCHUS W JUIs MCCIICIOBaHUS
caMoro Impolecca PacciliOCHUs] B BBICOKOTEMIIE-
paTypHBIX paciilaBax JBOWHBIX METATIMYECKHX
U TIOJTYTIPOBOTHUKOBBIX CHCTEM.
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RESEARCH OF MELT STRATIFICATION
IN Cu-Pb SYSTEM USING THE PULSE-PHASE METHOD
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Stratification in liquids plays an important role in dividing substances through extraction, this is
why it should be studied very closely. What is more, melt stratification is interesting from the point
of view of critical phenomena physics in condensed systems. However, up until now stratification
in nontransparent liquids, in particular in metal and semi-conductor melts have not been sufficiently
studied. Out of 80 double systems that show stratification when in liquid state, only a few have
experimental data reflecting the dome of the two-phase field L; + L,. All of the other only have their
field borders marked with dotted lines. The analysis of the reference material from a later period of
time has indicated that the situation with the research of stratification fields has hardly changed.
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In our opinion, such a situation results from the lack of an experimental method that would al-
low to accurately establish the position of a monovariant equilibrium line limiting the stratification
field in liquid state.

Today in order to solve this problem, the following methods are employed most often: electrical
conductivity measurement, viscosity, density, differential and thermal analysis, quenching in liquid
state with further metallographic analysis, etc.

We researched the stratification field in the Cu—Pb system with the pulse and phase method.
A line of monovariant equilibrium limiting the specified field is constructed on the basis of experi-
mental data. The coordinates of the critical point are established: temperature — (1271 £ 2) K, con-
tents — 0.35 atomic fraction Pb, the rest is Cu.

This paper shows that the pulse and phase method can be successfully used to accurately estab-
lish the liquid stratification border in a phase diagram, T, of stratification and also to study
the stratification process itself.

Keywords: pulse and phase method, ultra sound velocity, condition diagram, stratification,
metal and semi-conductor systems.

References

1. Regel’ A.R., Glazov V.M. Periodicheskiy zakon i fizicheskiye svoystva elektronnykh rasplavov
[Periodic law and physical properties of electronic melts]. Moscow, Nauka Publ., 1978, 307 p.

2. Khansen M., Anderko K. Constitution of binary alloys. McGraw-Hill Book Company, Inc., 1958,
1305 p.

3. Shank F. Struktury dvoynykh splavov [ Structures of double alloys]. Moscow, 1975, 759 p.

4. Lyakishev N.P. (Ed.). Diagrammy sostoyaniya dvoynykh metallicheskikh [State diagrams of bina-
ry metal systems]. Moscow, Mashinostroyeniye Publ., 1997, vol. 2, pp. 288-290.

5. Schurmann E., Kaune A. Z. Metallkunde, 1965, vol. 56, pp. 453-461.

6. Chakrabarti D.J., Laughlin D.E. Bull. Alloy Phase Diagrams, 1984, vol. 5, no. 5, pp. 503-510.

7. Dzhurayev T.D., Vakhobov A.V. [The degree of short-range order is a criterion for determining
the types of stratified systems]. Report of the Academy of Sciences of the Tajik SSR, 1986, vol. 29, no. 1,
pp. 32-35. (in Russ.)

8. Glazov V.M., Kim S.G. [Study of stratification of melts by acoustic method]. Reports of the USSR
Academy of Sciences, 1985, vol. 282, no. 5, pp. 1170-1173. (in Russ.)

9. Glazov V.M., Kim S.G., Nurov K.B. [The study of stratification of melts in the Sb—Se system by
the acoustic method]. Proceedings of the USSR Academy of Sciences. Neorganicheskiye materialy,
1990, vol. 26, no. 3, pp. 526—529. (in Russ.)

10. Glazov V.M., Kim S.G., Nurov K.B. [Study of stratification of melts in the Ag—Te system].
Zhurnal fizicheskoy khimii. USSR Academy of Sciences, 1991, vol. 65, no. 8, pp. 2049-2054. (in Russ.)

11. Nurov K.B. [The main features of the research method of stratified melts of metals and semicon-
ductors by the acoustic method]. Vestnik TNU. Dushanbe, 2015, no. 1/4 (168), pp. 127-130. (in Russ.)

12. Glazov V.M., Kim S.G. [Acoustic studies of delamination and supercritical phenomena in elec-
tron melts]. Reports of the USSR Academy of Sciences, 1986, vol. 290, no. 4, pp. 873—876. (in Russ.)

13. Regel” A.R., Glazov V.M., Kim S.G. [Acoustic studies of structural changes during heating of
semiconductor and semimetal melts]. FTP, 1986, vol. 20, iss. 8, pp. 1353—1376. (in Russ.)

14. Kononenko V.I., Yatsenko S.P. [Some physical properties of metallic stratified melts]. Pro-
ceedings of the USSR Academy of Sciences. Metally, 1970, no. 3, pp. 205-208. (in Russ.)

15. Chakrabarti D.J., Laughlin D.E. Bull. Alloy Phase Diagrams, 1984, vol. 5, no. 5, pp. 503-510.

Received 23 March 2019
OBPA3EIl HUTUPOBAHMUSI FOR CITATION
Xomxaes, @.K. UccrnenoBanue 061acTu paccianBa- Khodzhaev F.K., Nurov K.B. Research of Melt Strati-
HUs paciuiaBoB B cucremMe Cu—Pb mmmynbcHO-(a3oBbIM fication in Cu—Pb System Using the Pulse-Phase Method.
metonoMm / O.K. Xomkaes, K.b. Hypos // Bectauk FOYpI'Y. Bulletin of the South Ural State University. Ser. Metal-
Cepus «Metamtyprus». — 2019. — T. 19, Ne 4, — C. 5-9. lurgy, 2019, vol. 19, no. 4, pp. 5-9. (in Russ.) DOI:
DOI: 10.14529/met190401 10.14529/met190401
BecTtHuk KOYplY. Cepus «<Metannyprus». 9

2019.T. 19, Ne 4. C. 5-9



