denepasbHOE areHTCTBO 110 00Pa30BaHUIO
[ocymapcTBeHHOE 00pa3oBaTeAbHOE YIPEKIEHUE
BBICIIETO ITPOPECCUOHAARHOTO 00pa3oBaHUd
«TBepCcKOH rocymapCcTBEHHBIH YHUBEPCUTET?
Kadenpa TeopeTuueckoii pU3UKHU

PU3HKO-XHMHYECKHE ACIIEKTHI
H3YYEHHS KAACTEPOB,
HAHOCTPYKTYP
H HAHOMATEPHAAOB

ME>XBY30BCKHH CEOPHHK HAYYHBIX TPYAOB

BBINYCK 2

TBEPDH 2010



YK 620.22:544+621.3.049.77+539.216.2:537.311.322: 530.145

BbbK XK36:I'5+B379
@50

Penen3eHnThnI:

JIoKTOp TeXHIMUYEeCKHX HayK, podeccop, 3acayKeHHBbI nestens Hayku Poccuiickoit deneparui,
MPOPEKTOp IO HAYYHOH paboTe TBEPCKOro rocyAapCTBEHHOTO TEXHUIECKOTO YHUBEPCUTETA
B.A. Tuxomupos
Kanaunar pusnko-mMareMaTnueckux HayK, TOIEHT Kadeapsl PU3NKH Mbe30-

U CETHETOZJIEKTPUKOB TBEPCKOT0 roCyJapCTBEHHOTO YHUBEPCUTETA
H.H. bonvuwakosa

PenaknnoHHas KOJLIerus:
CamconoB Brnamumup MuxaiinoBud — 3aBeayromuii kadenpoil TeopeTHdeckod (U3MKu
TeI'Y, mpodeccop, a.¢.-M.H. (OTBETCTBEHHBIN PEIAKTOP);
CozaeB Bukrop AnpireeBnd — 3aBenyromuil kadeapoir ¢pusuku ¢axyiabTeTa 3JIEKTPOHHON
texHuku CeBepo-KaBkazckoro ropHo-mMeTamryprudeckoro HHCTUTYTa, pogeccop, A.¢.-M.H.;
l'aduep FOpuii SAxoBneBuu — 3aBenyromuii kadeapoit oOmel u SKCIIepUMEHTATBLHON (PU3UKH
XaKaccKoro rocyJJapcTBEHHOI0 YHUBEpCUTETA, podeccop, 1.¢.-M.H.;
Cno6usixoB Hukomait FOpbeBuu — poneHt, K.¢.-M.H. (3aM. OTBETCTBEHHOI'O pPEIaKTOpa,
OTBETCTBEHHBIN CEKPETaph);
bazyneB Anatonuit HukonaeBua — noneHr, k.¢.-M.H.;
Komaposg I1aBen BsiaecnaBoBuy — o1eHT, K.(h.-M.H.;
Ckonnu Bukrop JIeoHn0BUY — TOLIEHT, K.(.-M.H.

®S0  DHU3MKO-XMMHUYECKHE ACIIEKThl M3Y4YEHMsI KJIACTEPOB, HAHOCTPYKTYD H
HaHOMaTepuaioB [Tekct]: MexBy3. c¢O. Hayd. Tp. / mom oOmel pemakiuei
B.M. Camconosa, H.1O. CnobusikoBa. — Teps: TBep. roc. yH-T, 2010. — Bpim. 2. —
168 c.

ISBN 978-5-7609-0560-4

COopHUK  cocTaBlI€H U3  OpPUTHHAIBHBIX  CTaTel  TEOPETUYECKOro U
HKCIIEPUMEHTAILHOTO XapaKTepa, OTPAXKAIOUIUX pe3yJbTaThl HCCIECIOBAaHUNH B 00JacTu
¢bu3uku Mex(a3zHbIX SBICHUH M HAHOHAYKH, BKIIOYas HaHOTepMOAMHAMUKY. COOpHHK
NpeHa3HaYeH AJs HAy4YHbIX W WH)XCHEPHO-TEXHUYECKHX pPAaOOTHUKOB, MpernoaaBaTenei
By30B, CTYIEHTOB M acmupaHToB. l3maHue mnoaroroBieHo Ha Kadeape TeopeTHYecKOil
¢u3uku TBepCKOro rocyJapCTBEHHOTO YHUBEPCUTETA.

YK 620.22:544+621.3.049.77+539.216.2:537.311.322: 530.145
BBK ’K36:I'5+B379

ISBN 978-5-7609-0560-4

© Komnektus aBTopos, 2010
© TBepckoi rocy1apCTBEHHBIM
yHusepcuret, 2010



Meskey3oeckuili c60pHUK HAYUHBLX MPYO0e

YK: 532.64: 546.311
BJUAHUE HEJTOYHBIX, INEJTOYHO3EMEJIBHBIX U
AJITE3NOHHO-AKTUBHBIX JIEMEHTOB HA IIOBEPXHOCTHOE

HATAXKEHUE CBUHIA, OJ1IOBA U UHIUSA
A3. Kamemesl), AT. M03r0}301712), M.X. HOHG)KGBI), B.A. Co3aes”
YKabapouno-Bankapckuii 2ocydapemeennviii ynusepcumem um. X.M. Bepbexosa (KBI'Y),
360004, e. Hanvuux, yn. Yepuviuescxoeo, 173
DVupearcoenue Poccuiickoii akademuu nayk O6beOuHenHblTl UHCIMUMYM BbICOKUX
memnepamyp PAH (OUBT PAH), 125412, 2. Mockea, ya. Hcopckas, 13

Cesepo-Kasxasckuii copno-memannypeudeckuti uncmumym (I'TY),

362021, e. Braouxaexas, yn. Hukonaesa, 44
sozaevv(@kbsu.ru

B pabote mpuBoauTCs 0030p MO BIUSHUIO MAJIBIX TOOABOK IIEIOYHBIX, IMIETOYHO3EMEIbHBIX
U are3MOHHO-aKTUBHBIX DJIEMEHTOB Ha MOJIUTEPMBI M HM30TEPMbl OMHAPHBIX CIUIABOB Ha
OCHOBE CBUHIIA, OJIOBA M MHINS

BBenenue

JlanHbie 10 moBepXxHOCcTHOMY HatsbkeHuto (ITH) m miioTHOCTH CIlaBOB,
COJICpKAIIUX IIEJIOYHbIE M IIEeJIOYHO3EMENIbHbIE 00aBKH, MPEJICTABISIOT
3HAYUTEIBHBIN MPAKTUYCCKUM HWHTEpPEC, MOCKOJIBKY IMOJ00HBIE HO0OABKH H3-3a
BBICOKOW aKTUBHOCTH MOTYT CYIIECTBEHHO HW3MEHSTh MHOTHE (PU3HKO-
XMMHUYECKHE CBOMCTBa MeTalljla-pacTBOpUTEss. B oTimyme OT pacriaBoB
IIEJTOYHBIX META/UIOB, KOHIICHTpalMoHHbIe 3aBucumoctd IIH cnaBoB ¢
y4acTHEM  HICJOYHBIX U MICJIOYHO3EMENbHBIX  METAJJIOB  M3YYEHBI
MPEUMYIIECTBEHHO B OIPAHUYEHHBIX KOHIICHTPAIIMOHHBIX MHTEPBAJIaX, a YUCIIO
M3YUYEHHBIX OJO0HBIX CUCTEM HEBEJIHKO [1].

OcoObIii MHTEpEC BBI3BIBAIOT HCCIEAOBAHUS TOBEPXHOCTHBIX CBOICTB
CIIJIABOB Pb—Li,Pb— Na,Pb—-K . CBHUHIIOBO-IUTHEBBIC pacmiaBbl

JO3BTEKTUYECKOIO M 3BTEKTUYECKOI'O COCTaBa IIEPCIEKTUBHBI B KayeCTBE
TEIJIOHOCUTENEN B SEpHBIX ycTaHOBKax. PacmmaBel Pb—Na u Pb—-K c
OIPEIEIICHHBIMU KOHLICHTPALMAMHU HATPUS U KU NEPCIEKTUBHBI B KaYECTBE
MIO’KapOCTOMKUX  TEIUIOHOCHUTENIEH  SANEPHBIX YCTaHOBOK. lccnenoBaHus
MOBEPXHOCTHBIX CBOMCTB CILJIAaBOB C MajbIMU J00aBKaMHU IMIETIOYHBIX METAJJIOB
BaXKHBI TaKKe ISl pa3paOOTKM HOBBIX BBICOKOAKTHUBHBIX IPHUIIOEB M CHCTEM
METAJTU3ALNH.

[Ipu pa3paboTke KaTOOHBIX MaTepUalOB, B KOTOPBIX HCIOJIb3YIOTCS
MOKPBITUS W3 LIEJIOYHBIX M HIEJIOYHO3EMEIBHBIX METAUIOB M HUX CIUIABOB,
BO3HUKaET NpolsemMa cTaOUIbHOCTU caMUX MOKpbITUH. IloaToMy Ha mpakTuke
UCIOJb3YIOT JINOO KOMIIO3UIMOHHBIE (rerepodasHble) KaTOIHBIE MaTepuabl,
a10o B OoJiee TYroIUIaBKOM METaNIMYeCKOW MaTpHIIE PACTBOPSIOT LIEIOYHbIE
WIA IIEJOYHO3EMENbHbIE J00aBKH, KOTOpPbIE HENPEPBIBHO, BCIIEIACTBHUE
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NOBEPXHOCTHOM cerperamuu, o0oramaroT MOBEPXHOCTh Marpuubl. K Takum
CUCTEMaM OTHOCIT W JINTHH-cOJEpKalue crasbl, Hanpumep, Cu—Li,
Pb — Li, xoTopble TpejiaraeTcsi UCMoJIb30BaTh B KauecTBe KatojoB CuHATA U
B JIPYTUX U3JENUAX BAKYyMHOM MHUKPO- U HAaHOAJIEKTPOHUKHU. OmnpeneseHHbIN
MHTEpEC B Ka4eCTBE MOAOOHBIX KAaTOJOB JIJIsl HEKOTOPOI'O Kjacca 3JIEKTPOHHBIX
npuOOPOB MOTYT IIPEJCTABIATH CIIIaBbl Sn — Ba.

Heo0OxoaumMo OTMETUTh, YTO B PAHHUX HKCIIEPUMEHTAX HCIOJb30BAJIUCh
HEJ0CTaTOYHO OYMUIIEHHBIE MeETaulbl (B YacCTHOCTH, JIUTHH), B IIPOIECCE
UCCIIEJOBAaHUI HEJOCTATOYHO YUHUTHIBAIUCH MPOLIECCHl 00pa30BaHMs OKCUIOB U
MU3MEHEHMS COCTaBa (3a CUET UCIApEHUs IIEJTOYHBIX METANIOB), HEIOCTATOYHOE
BHUMAHHUE YJAETSUIOCh HCIOJIb30BAHUIO COBPEMEHHBIX HH()OPMAILIMOHHBIX
TEXHOJIOTMH IIpU  ONPENEIICHHM TOBEPXHOCTHBIX CBOMCTB  pacIUIaBOB.
TemnepaTypHblii WHTEpBad HM3MEPEHUN ObUT OTPaHHMYEHHBIM, TOCKOJBKY B
OMbITaX MPUMEHSUIUCH MPUOOPHI, B OCHOBHOM, U3 MOJIMOJIEHOBOT'O CTEKJIA.

Haubonbumime  3aTpygHeHUss  NpU  OCYLIECTBIECHUU  IMOJAOOHBIX
SKCIIEPUMEHTOB OOYyCIIOBJIEHBI TEM, YTO B TMPOIECCe H30TEPMUUYECKOMN
BBIJICPKKH BO3MOXHO MPOsBICHHE dP(HEKTa «BBITOPAHUS JOOABKH LIEIOYHOTO
WIA LIEJIOYHO3EMEIBHOIO MeTajuia, TeM OoJsiee OIyTUMOro TOrja, Korja
n3Mmepenre IIH mpoBoauTcs Ha rpaHune MeTal — BAKyyM, a HE B Cpele
MHEPTHOIO rasa.

Haauele mo IIH cucrem Pb-Li,Pb— Rb,Pb—Cs,Pb— Na,Pb—K B

JUTEPATYpE BCTPEUAIOTCA KparHe peako [1].

[ToBepxnoctubie cBoiictBa (I[IH, yrael cmauuBaHus, KUHETUKA
pacTekaHus) OECCBUHIIOBBIX pACIUIaBOB Ha OCHOBE OJIOBA W WHIUS W3YUYEHBI
MOKa TaK e HeaocTaTouHo. Oco0oe BHUMaHUE B JINTEPATYPE YACICHO MPHUIIOSAM
Ha OCHOBE IBTEKTHUKHU OJIOBa (MJIM paCIJIaBOB OKOJIOIBTEKTUYECKOT'O COCTaBa),
HarpuMep, cucreme Sn— Ag, a Takke cucremaM Sn— Bi (Sn—Bi —Cu),
Sn—Zn,Sn—Sb [2-9].

C Tteopernyeckoid Touku 3peHus uzydenue IIH onoBa ¢ maneiMu
no0aBKkaMy TIpUMeced BaXHO I u3ydeHus dddexra TemmepaTypHOM
oydpepnoctu  IIH  [10], xoTopwlii He  Bcerma  OOHapyXUBaeTcCs
AKCIEPUMEHTAIILHO, TTPOIIECCOB CaMOOPraHU3aIlMd Ha TTOBEPXHOCTH PACILIABOB,
BIUAHUS d(PdeKkTa MOBEPXHOCTHON cerperanuy Ha XOJi MOJUTEPM U HU30TEPM
[TH.

Teopernueckue uccnenoBanusa I1IH Ha ocHOBE 0J10Ba C MCHOIB30BaHUEM
OOJIBIIOTO TEPMOAMHAMUUYECKOTO TIOTEHIIMala TpoBOAWIM B pabdore [11],
aBTOpPBl KOTOPOM paccuMTaium u30TepMbl cucteM Sn—Zi npu 1T =600K,
Sn—Zn nipu T =723K, Sn—Ag npu T =1250K u Sn—1In npu T=700K. B
[11] moka3zaHo, 4TO CylIECTBEHHOE BiMsHUE Ha Xxon u3zorepMm I[IH oka3biBaeT
MOBEPXHOCTHAsI Cerperaius BTOporo KoMmnoHeHta. Heo6XxoumMo OTMETUTh, YTO
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B oOnactu Maibix KoHueHTpauuii oT 0 1o 10 ar.% pacyeTsl HE TPOBOIUIIUCH.
NMeHHO B 00JIaCTM MajibIX KOHIIEHTpAlMM TpuMecHu HabIroAaroTcs Haubosiee
cymectBeHHble 3¢ (dekThl cMauumBaHug. Tak, Hampumep, B  paboTe
H. Ocratonynoca u cotp. [l2] npu wu3yyeHuum cMauuBaHusg candupa
pacruiaBaMu cuctembl Sn — Al oOHapyKeHo, uTo npu KoHueHTpauuu 1,15 aT.%
AIIOMUHUS B 0JIOBE HAOJIIOJACTCS PE3KOe CHUKEHUE yria cMadunBaHusi ot 160°
1o ~60° npu 7T ~1200K .

B pa6orax H.B.I'ybenko u cotp. [13, 14] nHa uzorepmax IIH Obutm
OOHapyXEeHbl  «OCHUWJUISIIIUUY», OOBSCHSIEMBbIE MPOTEKAHUEM  IPOIIECCOB
yHOpSAI0OYEeHHUsST Ha TMOBEPXHOCTU paciuiaBa. [Ilpu sTomM caMoopraHuzanus
CTPYKTYpbl MOBEPXHOCTHOTO CJOSI TMOBTOPSIETCA C POCTOM KOHLIEHTPALIH.
AHAJIOTHYHBIC «OCIUUISIIIUN» B cucTeMe Pb — Sn Oblmu oOHapyKEHBI B padboTe
[15], B TO Bpems kak B [16] oHM He HAaOJII01aTNCh.

Jlo HemaBHETO BPEMEHH CTPOCHHE MMOBEPXHOCTHOTO CJIOSI HE MOTJIO OBITh
JETaTbHO H3YyYEHO U3-3a OTCYTCTBUSI AJE€KBATHBIX AKCHEPUMEHTAIbHBIX
MeTon0B. Tonbko Osiarofapsi yCOBEPIICHCTBOBAHHOMY METOJy MaJIOyTJIOBOTO
paccesiHus OBUIO YCTAHOBJIEHO, YTO IOBEPXHOCTHBIN CIIOM >KMIKOCTEW MpHU
TeMIIepaTypax Ha HECKOJbKO T'PaJyCOB BBINIEC TOUKHU IUIABJIICHUS MPECTABIISICT
co0Oif  JABYMEpPHYIO  KBa3UKPUCTAUIMYECKYIO  CTPYKTYypy.  TouiuHa
MOBEPXHOCTHOTO CJIOSI OIIEHUBAETCS B 1-2 MOJIEKYJISIPHBIX (ATOMHBIX) IHaMETpa.
OTU JaHHBIE TakK € YKa3blBAlOT HAa BO3MOXHOCTh CaMOOpPTaHU3ALMH
MOBEPXHOCTHOTO CIIOSI JKUJKOCTEH TMpU OMNPENCICHHBIX TeMIlepaTypax H
KOHIIEHTpAaIUsX.

b.JI. Cymm u M.U. BaHoBa mokazanu [17], 4TO TOBEPXHOCTHBIN CIION
(ITC) uncTOM KUAKOCTU UMEET arperaTHOe COCTOSTHUE, OTJIUYHOE OT COCTOSTHUS
B 00beMe, T.e. mporecc oopazoBanusa [IC MoxxHO paccMaTpuBaTh Kak (pa3zoBbIif
nepexo/l KUIAKOCTb — ABYMEpPHOE TBepAoe Teno. B pamkax 3Toi Mopenu
MOBEPXHOCTHOE HATSHKEHUWE O, BONM3M TeMmmeparypbl IulaBieHus 71

m m

IMPOIMOPHUOHAJIBHO TCINIOTC IINIABJIICHHA Qm , OTKyJa CJICAyCT, 4TO

Gm :Qmps5:Qsl H (1)
Trac IOS — IIJIOTHOCTH TBepL[Oﬁ (1)331)1, Qsl — TCILJIOTA ITJIaBJICHU S HC B pacque Ha

enuHuny romanu. B mepBom mpubmmkenun tonmuHa [IC d=a (tne a —
napaMeTp KpHUCTALUTMYECKOW pelieTku JaHHoro BeniectBa). CootHomeHue (1)
MOJITBEPKACHO HKCIIEPUMEHTAIIBHO.

Taxum oOpa3om, BOIpoc 0 BIMSIHUM Majbix mpumecedd Ha [TH meramnos
OCTaeTCs aKTyaJIbHBIM U HEOOXOIMMO OOJIbIIIE SKCTIEPUMEHTABHBIX TaHHBIX I10
[TH pa30aBneHHBIX pacIUIaBOB, MOJYUYEHHBIX C MCIOJB30BAHUEM 0OJIEe YUCTHIX
METAIIJIOB U C TIPUBIICYCHUEM 00Jiee TOYHBIX METOI0OB H3MEPECHUH.
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MeToauka usmepeHui

N3mepennst [1H pa30aBiieHHBIX CIUIABOB HAa OCHOBE CBHHIIA, OJIOBa WU
WHJWS TPOBOJWINCH HAa OPUTHMHAJIBHOMW YCTAaHOBKE (C BOJOOXJIO0XKIa€MbIM
koprycoM) [18] meromom nexaied Kariu ¢ MOrpeimHocThio meHee 1 % B
IIMPOKOM HWHTEpBaJe TeMIlepaTyp B aTmocdepe renus (WM B BaKyyme
~0,01 ITa).

ITepen dororpadupoBanreM ¢ MOMOIIBIO ITU(PPOBOM KaMepbl Karuis
BBIJICP>KUBAJIACh MPU MMOCTOSIHHOW TeMrneparype B TeueHue 10 MuH.

O6paboTtka 1udpoBOoro u300paKeHUs] Kalld MPOBOAMIACH JBYMS
nyTamu. [lepBelii, TpaaUIIMOHHBIN, 3aKII0YaeTCs B oOMepe Mpoduiis Karuid 1o
meroqukam J1.B. Xantangze [19] u Hopces [20], B TO Bpems Kak BTOpPOi
peanu3yeTcs C NPUMEHEHHEM YHCIEHHBIX METO/I0B.

TunuuHbll BUJ KalUld HCCIEAYyeMOTO BeIeCTBa M €€ IapaMeTphl Ha
CHHUMKE IIpECTaBICHBI HA puC. 1.

264,8 Mm —

Puc. 1. Tunmunas ¢otorpadus B wmetome Oomibmoi kKarmid. (YKa3aHHbIE HAa CHHUMKE
napaMeTpbl COOTBETCTBYIOT H300paKEeHHIO, @ HE CAaMOH Karuie)

OOMep Karuii MPOBOJMIICS C HCIOJB30BAHUEM OBICTPOJEHCTBYIOIIETO
NpOrpaMMHOTO  KOMIUIEKCa, TO3BOJIAIOIIEro  oOpabaThiBaTh  1U(PPOBOE
n300pakeHWe Karii W TPOBOJUTH ONTHMM3AIMOHHYIO MPOLEIYypY IS
ompeaesicHUs  Kod(pQUIIMEHTa IOBEPXHOCTHOTO  HATSHKEHUS  KUJIKOCTH
METOJIaMH JIeXKallled Kariu (Ha TOJJIOKKE), «OOoJbIIoi» Karuu (B 4Yallke),
OTpbIBa Karumi (Bucsie kaman) [21]. B ocHOBE METOMMKHU JICKHUT HICOIOTHS
YUCJIEHHOT0 UHTErpupoBanus ypaBHeHusa FOHra-Jlannaca, 3anucaHHoro B BUIE

" 1 H - 2
a yz 2 T N 2x+_’ ()
A+y)" yd+y") a R,
rie a’=c/(Apg) — KanwuispHas TMOCTOSHHAs, o — KO3(pQULIUEHT
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IMOBCPXHOCTHOI'O HATAKCHMUA, H — BmIcOTa KaIllJly, [x,y(x)} — KOOPpAWHATHLI

I'paHUILbl MEPUAMOHAIBHOIO CEYCHUs Kalul, R, — paauyc KPUBHU3HBI B BEPXHEH
TOYKE KA, Ap — pa3HOCTb IUIOTHOCTEN KUAKOCTH U OKPYKAFOIIETO rasa.

ABTOMAaTHU3UpPOBAHHBIM  KOMIUIEKC, B KOTOPOM  MOCIEAOBATEIbHO
peanu3yroTcs Tpu OJ0Ka, pazpaboTaH B BHJIE MPWIOKEHUS IS ONIEPAIMOHHBIX
cucteM Windows ¢ ucnonb3oBanueM cpenbl nporpammupoBanust DELPHI.

briox 06paboTku n300paXkeHuit OCYyIIEeCTBIAET CUUTHIBAHUE TPadhUUECKUX
GdaiiinoB, coaepKamux W300paKEHUS MEPUIUOHAIBHOTO CEUEHUS KaIuTh W
BbIIeNieHne Tpoduiia karmu. ['paHuiia Karum ompesenseTcs B aBa dTama: 1)
mudpoBas 00paboTka M300paKEHUST C HCIOJIH30BAHUEM BBICOKOYACTOTHOTO
bunpTpa; 2) ompeaeneHHe KOHTypa Karld METOAOM IPOCTPAHCTBEHHOTO
mupdepenniupoBanus. Pe3yapTaToM BTOPOTO dTama SBJISETCS 3aBUCUMOCTD
JTMaMeTpa TOPU30HTATEHOTO CEYCHUS OT BHICOTHI KATlIH.

B BBIMHCINTETEHOM OJIOKE PACCUMTHIBAIOTCS TEINIOPU3NUECKHIE CBOHCTBA
KUIKOCTH C HUCIIOJIb30BAaHUEM JIMHEHHBIX Mojeneil. Bo3MoxHO mnpuMeHeHHe
0ojiee CIOXKHBIX HEJIMHEHHBIX MOJeJel, HO B O3TOM clydyae BpeMsi cuera
CYILIECTBEHHO yBEIMYHUBACTCS.

brmox BeIBOma pesynbratoB (Qopmupyer dain ordera 00pabOTKH
HKCIIEPUMEHTAIBHBIX JaHHBIX.

CmaBel cucteM Sn— Ba,Sn—Sr u Pb— Ca TOTOBUIINCH B CTEKJISTHHBIX

amnynax B arMmochepe renus B DPU3NKO-TEXHUYECKOM HMHCTUTYTE HU3KHUX
temmneparyp uM. b.. Bepkuna HAH VYkpaunsl (1. XapbkoB). CIUTKHA TBEPIBIX
pactBopoB (TP) m oOpa3upl M3 HMX 1O IPOBEIACHUS ONBITOB XPAaHWIHCH B
BaKyyMHOM Macie Mapku BM—1.

[Tpu u3mepenusax [TH ucnonb3oBanuck rpaduToBBIC YAIEYKH, B KOTOPHIE
Kalulsl CIUIaBa IIOJABajach 4Yepe3 CTEKISIHHYI0 BOPOHKY C  BBITSHYTBIM
KanwuisipoM. BHyTpeHHuid o0bem daiieuek KaauOpoBasics no pTyTtu. Hamwu
IIPEABAPUTEIBHO TPOBOAUINCH HM3MEPEHHUS TEMIIEPATYPHBIX 3aBUCHMOCTEN
KpaeBbIX YIVIOB CMAyMBAHUSA IIOJUIOKEK HCCIECIYEMBIMU  BELIECTBAMM.
Oxka3anoce, 4TO yIJIbl CMAaYMBAHUS YMEHBIIAIOTCS C POCTOM TEMIIEPATypbl, HO
BO Bcex ciydasx O>7/2, 4ro yKashlBAET HA OTCYTCTBHE 3aAMETHOTO

B3aMMOJICHCTBHS MKy PACIIaBOM U I'paHUTOM.
Cucrema Pb- Li

TP cuctembl CBUHEI] — JIUTUH MOJy4Yadu CIUIaBJICHUEM MCXOIHBIX YHUCTBIX
HaBecok cBuHIA Mapku C0000 u autus yuctoTod 99,8 mMac.% B CTEKIISTHHBIX
ammyiax B atMocdepe renusi. Konnentpauuu TP BoiOupanuch Huke mpenena
PacCTBOPUMOCTH M KOHTPOJIUPOBAIHUCH IO OCTATOYHOMY CONPOTHUBJIEHHUIO.

HeoOxomnmele it onenku [IH 3HaueHHWs IUIOTHOCTH OLIEHUBAIHU IO
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npoduiaio Kari MetoaoM [19] ¢ ucnonb3oBanuem tabnuil bamdopra—Anamca,
a oOMep Karuty mpoBoauiics 1mo Metoay [20].

Ha puc. 2 npuenens! nonutepmsel [1H pacrmaBoB Pb — Li, momy4eHHBbIE
B MHTEpBaJIe OT TOYKU IaBiieHus 10 ~1100K, U3 KOTOpOro BHUIIHO, YTO C
yBenunueHueM temnepatypsl [TH nonmxkaercs nuneiHo [22].

500
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Pesynbratel usmepenuit I[IH xujgkoro cBHUHIIA HacTOsAMIEH paOOTHI
CpPaBHHMBAJIUCh C PEKOMEHAYEMBIMH HaHHbIMU [23]. JlurepaTrypHble NaHHBIE
CYIIECTBEHHO OTJIMYAIOTCS JPYr OT JApYyra, Tak Kak OHU ObUIM MOJYYEHBI C
MIOMOIIBIO PA3JIMYHBIX METOJOB U3MEPEHUN M HA PA3HBIX MOJUIOKKAX, B OJHUX
Clly4asiX M3MEpEHHusi MPOBOJWINCH B BaKyyMe, B Jpyrux — B armocgepe
MHEPTHBIX ra3oB. Kpome TOro, B OmpITax HCIOJIB30BAJICS CBUHEL Pa3HOU
YUCTOTBHI.

Hampumep, B pabdote [24] mns cBuHua mapku CO0 mpu Temmepatype
mnaBinenuss 600,5 K ngna IIH nomyuyensl 3Hauenuss o =488,8MH/M u

do/dT :—O,OSMH/(M‘—IK). K coxanenuto, B [24] He yKa3zaHa CTENEHb
BAaKyyMHUPOBAHHs ONBITHON yCTaHOBKU. PexoMentyemble 3Hauenus o u do/dT
wist Pb (99,999 mac.%) mnpu T, npusoastcs B pabore [25]: o =470MH/mM,
do/dT =—0,085MH/(MUK). YcnoBus mpoBesieHus SKCIEpHMeEHTa, Hambonee

OJMM3KMEe K HamuM, ObUIM peaau30BaHbl B padoTe [26], rae ¢ HCIOJIb30BaHUEM
rpadHUTOBBIX MOUIOKEK B aTMocdepe renvs B MHTEpBaje Temreparyp ot 823 1o
1273 K npu do/dT =—-0,11mH/(MUK) Gbuto monmydeno 3nauenne ITH B Touke

mwiasienus o =462mMH/M, uro mHa 2% oOTIMYaeTcs OT HANIMX JAHHBIX
(o0=472mH/m). TlnotHocts B pabore [26] He wu3Mepsuiach, a ObUia
3aMMCTBOBaHA U3 pabOThI [27], YTO MOTJIO MOBJIUATH HA 3HAYECHHUS O .

3nauenne do/dT =-0,085MH/(MUK), monyd4eHHOE HAMH, COBIAACT C
PEKOMEHIYyEMBIM B [25].

OTMETHM, YTO TEOPETHYECKHME OLeHKM o W do/dT nna cBuHLIA NpH
temriepatype mmiaasinenus no C.H.3agymxuny wu ILIL IlyrageBuuy nparot
o=462MH/M u do/dT =-0,1MH/(MUK) coorserctBenHo [28], a mo
CU. lonemo o =454mMH/m [25]. WHTepecHO CPaBHUTH HAIIM JAHHBIE IO

cBuHlly ¢ naaHHbiMM X.M. MOparumoBa u 1p. [29], rae MCHONb30BaJICS CBHHEL]
0co00i uncToThl (99,9999 mac.%): npu 623 K umu O6bi10 TomyyeHo 3Hauenue [TH
o =437,9MH/M, uro G1IM3KO K HALIMM JaHHBIM.

K  coxanenuto, pesynbrarel u3mepenuit IIH  pacrmaBoB ¢
KoHIeHTpausiMu JuTusa ot 0 10 0,05 at.% cpaBHUTH 3aTPyIHUTEIBLHO, TaK KaK
NnoJI00HBIE JaHHBIE B JUTEparype OTCYTCTBYIOT. Ho oOpamaer Ha cebs
BHUMAaHHE TOT (DaKT, 4TO Majble JOOABKU JUTHUS CYyIIeCTBEHHO moHmxkaroT [TH
cBuHIla (puc. 2). Tak, Hanpumep, nodaska 0,3 at.% Li cHuxkaer ¢ Oosee, ueM
na 100MH/m . Bo BceM TeMIiepaTypHOM MHTEPBAJIE UCCIIEN0BAHUS 3aBUCUMOCTH

o(T) muueitnst u do/dT <0, 9TO yKasbiBACT HA OTCYTCTBHE XHMHYECKHX

CO€I[PIH€HHI>1 Ha IMMOBCPXHOCTH pacCIlyiaBa IaHHOTI'O COCTaBa. OI[HaKO IIpH ICPEXOJC OT
coCraBa K COCTaBy CTCICHb YIIOPAAOYCHHOCTHU B ITOBCPXHOCTHOM CJIOC MOKCT
MCHATBCA. 9TI/IM, I[NO-BUANMOMY, 00BSICHAETCS paSHBIﬁ HAKJIOH ITOJIMTCPM.
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Cucrema Sn - Ba

B mocnennee necarunerne uHTepec K uccaenoBanuto IIH osoBa u
CILJIABOB Ha €r0 OCHOBE BHOBB BO3pocC [30-34], MOCKOIBKY MOA0OHBIC PACTUIABEI
MOTYT OBITb HCIIOJB30BaHbl MPH CO3JAAHUM JIETKOIJIABKUX TPHUIIOEB JUIS
6ecdIr0CcoBOM Malku alFOMUHMUS U €T0 CIiiaBoB [34, 35].

B Hactosimiem pasznene nOpencTaBi€Hbl  pe3yJIbTaThl  MCCIETOBaHUM
nonutrepMm [IH u mioTtHOcTH pacminaBoB o0510Bo-Oapuii. OOpasibl TOTOBUIKCH
CILIaBJICHUEM 0JI0Ba yrucTOTOM 99,9995 Mac. % u 6apus uucroroit 99,9 mac. %.

st 00paboTku M300pa)KeHU Karelb, MOJIy4YaeMbIX B DKCIIEPUMEHTAaX,
UCIIOIb30BaJIaCh aBTOMATU3WPOBAHHAS CHUCTEMA, MO3BOJISIIONIAS OINEPATUBHO
nosyyats nansbie 1o [TH [36, 37].

PesynbraTtel m3mepenunt I[IH g cucremsl Sk —Ba 1okazaHbl Ha
puc.4,5. Manbie no6aBku Oapus pe3ko cHuxkawT I[IH cnnaBoB, urto
0O0BSICHSIETCSI TTOBEPXHOCTHOM aKTUBHOCTBIO Oapus MO OTHOIICHHIO K OJIOBY
(o, =580MH/M, 0, =224MH/M) 1 Ha nonurepmax [TH HalGnrogaeTcst U31oM

(puc. 4). YpaBHEHHS TOJUTEPM IUIOTHOCTH W3YYCHHBIX CHCTEM IPUBEIICHHI B
TaduIle.
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Puc. 4. TTomutepmsr [TH cucremsr Sn— Ba .
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Puc. 5. U3otepmer [TH pacninaBos Sn— Ba .
3nauennss [IH wyumcTtoro omoBa yJIOBIETBOPUTEIBHO COIVIACYIOTCS C
annpokcumareit pesynpratoB X.M. Moparumona u np. [29]:

o =569,53—0,0548T (mH [ m),

3)

a Takke ¢ JaHHbIMU paboThl [lapka ¢ coTp. [38], B KOTOpOU MPUBOIUTCS

o =580,00—0,06507 (mH /m).

4)

Tabmuma 1. Koaddunmentsl 4, B THHEHHBIX anmpoKCUMAIMil MiIoTHOCTH p=A—B-T B

paciiaBax Ha OCHOBC CBMHIIA, OJIOBA U UHAWA

A, B, A, B,
Pacras Kr/m’ KF/ (M3 x K ) Pacrnap Kr/m’ KF/ (M3 x K )

Sn 7309 0,641 Pb 10468 0,59
Sn —0,061 at. % Ba| 7299 0,626 Pb —0,03 ar.% Li 9539 0,31
Sn —0,097 at. % Ba| 7297 0,620 Pb —0,10 ar.% Li 9524 0,32
Sn —0,116 at. % Ba| 7279 0,614 Pb —0,30 ar.% Li 9045 0,52
Sn —0,01 at. % Ag | 7302 0,616 Pb —0,50 ar.% Li 8969 0,61
Sn —0,03 ar. % Ag | 7315 0,627 Pb — 0,019 mac.% Ca | 11768 0,18
Sn — 0,05 ar. % Ag | 7342 0,642
Sn —0,10ar. % Ag | 7356 | 0.651 In 7240 0.537
Sn —3,80 ar. % Ag | 7363 0,682 In —0,1ar.% Ti 7205 0,601
Sn —0,591 at. % Sr| 7277 0,582 In —03ar. % Ti 7195 0,589
Sn — 1,928 at. % Sr| 7319 0,635 In —0,5ar. % Ti 7173 0,574
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IIH pacmuiaBoB Sn— Ba CHWXKAETCS C yBEIWYEHUEM TEMIEpaTypbl, IPU
5TOM Temreparypusie kodbdurmentot [TH 6musku k do/dT nanas 4uctoro

onoBa. Jlanuwsie mo monmutepmam I[IH pacrnmaBoB oioBo-Oapuii B juTeparype,
HACKOJIBKO HaM W3BECTHO, OTCYTCTBYIOT. HEKOTOpPBIN M3710M Ha 3aBUCUMOCTSIX
o(7), Buarmo, oObsACHsIeTCS N3MEeHeHneM KoHIeHTpanuu 0apus B [1C pacraga.

W3 puc.5 BuaHO, 4TO Manble 100aBKHM OapHsi K OJOBY MPUBOIAT K
peskomy cumkernto [TH (~100mMH/m). OtmeueHnblii GpakT oObsICHIETCSA TeM,

YTO B JAaHHOM cucTteMe Oapuid SBISETCS MOBEPXHOCTHO-aKTUBHOMN JOOABKOM.

Cucremsbl Sn-Sr u Sn- Ag

CrmnaBel cucteMbl Sn-Sr TOTOBWINCH B CTEKISHHBIX aMmIyjiax B
aTMoc¢epe Teausl U3 UCXOAHBIX METaUIOB YHUCTOTOM: 0J0BO — 99,9995 mac. %
(mapka OBY-000), crponmuii — 99,5 mac. %. CmiaBel cucTeMbl Sn- Ag

TOTOBWJIMCH CIUIaBJICHUEM MCXOHBIX HABECOK B KBapIIEBBIX aMITyJIaX B BaKyyMme
~ 0,01 Ila u3 Takoro *e ojioBa u cepedpa uuctoThl 99,999 mac. %.

Jist oOpaboTku M300payKeHUW Karesb HCIOoJb30Bajlachk cuctema [36,
37].

Ha pwuc. 6 npencrasnensl nonutrepmbl  I[IH  onoBo-cepeOpsiHOM
IBTEKTHKH, & Ha pUC. 7 — JaHHbIE 10 CIJIaBaM CUCTEMBI 0JI0BO — cepebpo. Ha
puc. 8 npuseaeHsl noautepMsl [1H cruraBoB 0510BO — CTpOHIMIA.
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Puc. 6. ITomurepma ITH crutaBa Sn — 3,8 at.% Ag
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Puc. 7. Ilonurepmel I[TH cucremsr Sn— Ag
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Puc. 8. ITomurepmsr [TH cucremsr Sn— Sr

Ha nomurepmax ITH B cucremax Sn—{0,01, 0,03, 0,05, 0,10} ar.% Agn
Sn—1{0,591;1,928} ar.% Sr nmerorcst n3rudsl (puc. 7, 8). ITH B obmactu cripasa

OT MaKCUMYMOB XOPOIILIO alMpOKCUMHUPYIOTCS TUHEWHBIM MPUOINKECHUEM.
[losiBnenne makcumyMma Ha noiutepmax I[IH B cucremax Sn—Ag u

Sn — Sr MoxHO 00BsicHUTh Ha ocHOBe ypaBHeHusa C.U. Ilonens u B.B. [1aBioBa
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st temneparyproro ko3dguuumenta ITH (TKIIH) [10], omnwuceiBaromiero
3 dekT «remneparypHoit 0yhepHOCTHY.

B cmmaBax Sn—Sr NONOMHUTENBPHOM NPUYMHOW HEJIMHEUHOCTH
nomurepm IIH Mornmo crarb 4YacTUYHOE UCHApeHHE CTPOHLMS  (XOT
UCCIIEIOBaHMs MPOBOAWINCHE B arMmocdepe renus). Ha 310 ykaswiBaroT
OTKJIOHEHMsI IUIOTHOCTHM OT JIMHEWHOM 3aBUCHMOCTH B OOJAcTH BBICOKHUX
TEMIEPATYDP.

Cucrema Pb-Ca

Ha puc. 9 npuBoaurcsa nonurepma [TH cimasa Pb + 0,019 mac.% Ca.
3HaueHU MJIOTHOCTH B CHCTEME CBHHEI-KAJIBIMI XOPOIIO ONMHCHIBAKOTCS
JUHEWHOW 3aBUCHUMOCTBIO (CM. Tabmnuily), B TO BpeMs Kak Ha moiutepme [TH
oOHapyxeH Makcumym npu Ttemneparype 7 ~1115K (puc.9), cmpaBa ot
kotoporo [1H nuneiino yObiBaer.
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Puc. 9. ITomurepma ITH pacriaBa Pb + 0,019 mac.% Ca

B cucreme Pb—Ca JONOJHUTENBHOM NPUUYUHOW HEIUHEHHOCTH
nosmrepmbl  I[TH Morno crare 4YacTM4HOE HCMapeHue KanbLus  (XOTs
UCCIIEJIOBaHMS MPOBOIMWINCH B aTMochepe renusi). Cienyer OTMETHTb, YTO B
cucTeme Pb—-Ca KO3 PUITUECHTHI JUHERHOTO ypaBHEHUS,
aNMpPOKCUMUPYIOLIETO HKCIIEPUMEHTAIbHbIC JaHHBIE CIIpaBa OT OOHAPYKEHHOTO
MaKCHUMyMa, OJIN3KHA K 3HAYEHUSAM, KAaK MOJYyYEHHBIM HaMH JUISl aHAJIOTMYHBIX
3aBUCUMOCTEW YUCTOTO CBUHIIA [22], TaK U pEKOMEHIyeMbIM [25].

[Tossnenne makcumyma Ha nosmrepme IIH B cucreme cBMHEN—KaIbIUn
MO>KHO TakK e OOBICHUTH TaKke Ha OCHOBE ypaBHeHus [10].
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Cucrema In-Ti

Temnieparypnas 3aBucumocts [IH pacmaBieHHOro 4mucToro uHAMSA
M3ydyeHa JOCTaToyHO xopomo [39-41], B TO BpemMs Kak HUMEIOIIHECS B
auTepaType OmnbITHble AaHHble mo [IH XuakuX WHOMEBBIX CIUIAaBOB BeChbMa
OTpaHUYEHHBI U NpOoTUBOpeunBbl. Tak, uzmepenus I1H xuakux crimaBoB WHIUS
C MeIIbI0 U cepeOdpomM ObLIM TIpoBeieHbl B [41], rae moKa3aHo, YTO MOTUTEPMBI
[TH nuHeWHBI BO BCel 00JaCTH MCCIASIOBAHHBIX TEMIIEpATyp M KOHIICHTPALIHIA.
I[TH pacniaBiieHHBIX WHIWM-OJIOBSHHBIX CIUIABOB HccieaoBaiioch B [40, 42],
npuueM B [42] uzorepmbl IIH mpencraBisitor coboii npsimble, a B [41] oHM
HEJIMHEWHBI ITpy TeMrieparypax 525 u 1213 K.

bosb1ioi MmpakTUYECKUii MHTEPEC MPEACTABIISIIOT KCCIEAOBAHHS MaJbIX
100aBOK aJare3uOHHO-aKTUBHOTO TUTaHa Ha [TH unaus. OnbITHBIE JaHHBIE TO
[TH >kuakux CrijiaBoB cUCTEMBI [n —Ti B IUTEpaTrype OTCYTCTBYIOT. JInib B [43,
44] 61 0OHAPYKEH MOPOT CMAYMBAHUS PACIUIABICHHBIMU UHIUNW-TUTAHOBBIMU
CIulaBaMu C KoHIeHTpauue 7i He Oonee 0,5 ar.% ¢dropuaa kaibuus B
temrneparypHom auamazone 1173-1423 K. B pabore [44] ¢ 11e1b10 BBISBICHUS
MEXaHU3Ma 3TOro SIBJIEHUs ObUI paclIUpeH KPYr HCCIEAOBAHHBIX METAJIOB
(Ga, Ge, In, Sn v Au ), B KOTOpbIE BBOJIUIINCH MaJible JOOABKH TUTAHA.

B Hacrosiem paszaene npuBOIsATCS Pe3yabTaThl UCCIECIOBAHHUMN MTOTUTEPM
wI0THOCTU U ITH 4yucToro nHausa U TpeX UHAUU-TUTAHOBBIX CILUIABOB B JKUJIKOW
daze B amama3zoHe OT TeMrepaTypbl IuiaBieHus a0 ~1150K. Ha puc. 10
IIPEACTABIIECHBI NOJUTEPMBL, a Ha puc. 11 —uzorepmsl I1H pacrutaBos In —Ti .

JloBeputenbHas MOTPEIIHOCTh pE3yIbTaTOB MIPOBEJICHHBIX
HKCIEPUMEHTOB,  OOBEAMHSIONIAS  CHUCTEMATHUYECKyH0 M CIy4alHYIO
COCTaBJISIFOIIME, pacCUUThIBANIach Mo meroauke [45] m cocraBwia 1% mid
mioTHOCcTH U 2% nna IIH meranmnmyeckux pacmaBos. 13 puc. 10 BugHO, 4TO
[IH BHauane yBeIWYMBAETCS, a 3aT€M YMEHBIIAETCS C IOBBIIIEHUEM
TemiiepaTypsl. Bennuuna 3Toro adexra npeBbiaeT NorpeiHoCTh U3MEPEHHIM
ITH meraimnyecKkux pacruiaBos.

HeoOxomumo ormetuth, yto IIH >kmpkux crmraBoB cucrteMbl [n—Ti
YBEIIMYUBAETCS C POCTOM KOHUEHTPALUH TUTAHA.

PerpeccroHHO-CTaTUCTUYECKUI aHATN3 Pe3yIbTaTOB TaKoH 00pabOTKHU C
ucroiab3oBaHueM kpurepus Puimiepa [46] mokazan, 4TO BO BCEX CIydasx
ONTUMAJIbHBIM SIBJISIETCSL JIMHEWHOE allpoKcUMupyrouiee ypaBHeHue. CpenHee
KBaJpPaTUYECKOE OTKJIOHEHHE OMNBITHBIX JaHHbIX 10 IMmIoTHocTH u [IH
MCCIEIOBAHHBIX PAcIUIaBOB OT PACCUUTAHHBIX IO AaNIPOKCUMUPYIOIIEMY
ypaBHeHHI0 He npeBbliano 0,4%.

Tak Kak JMTEpaTypHbIE JaHHBIE O IIOTHOCTU U ITH MHAMKA-TUTaHOBBIX
CIUIABOB B JKUJAKOM (haze OTCYTCTBYIOT, TO HAJEKHOCTh W TOYHOCTH
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BBIITOJIHCHHBIX I/ISMepeHPIf/'I IMPOBCPAIINCH IO COOTBETCTBYIOIIUM pE3yJibTaTaM
JJIA YU CTOI'O MHOUA.
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Puc. 10. ITonurepmsr [1H cuctemst In—Ti

Oka3zanoch, 4YTO pacXOXKACHUE MEKIY HHUMH M PEKOMEH]yEMbIMU
CIIPAaBOYHBIMU AaHHBIMU 1O TI0THOCTHU [47] u IIH [48] pacnaBiieHHOTO MHIHS
JEKUT B Tpelenax OIEHEHHOM paHee JOBEPUTEIBHON IMOrPEIIHOCTH
MPOBEJICHHBIX KCIIEPUMEHTOB.

[TosiBnenne makcumyma Ha nojqurepMax I[IH XuIkuX CIjiaBOB CHCTEMBI
In —Ti MOXHO OOBSICHUTH Ha OCHOBE ypaBHeHus [10].

TemneparypHasa 3aBucuMocTh [IH usydenHbix [49] WHIUNA-TUTAHOBBIX
CIUIaBOB ONpEAeNsieTcss ABYMs KOHKypHpyromuMmu npoueccamu. C  omHOM
CTOPOHBI, POCT TEMIIEPATYpbl NPUBOAUT K CHkeHUIO ux IIH, ¢ npyrom — c
MOBBIIIEHUEM TEMIIEPATypPbl YBEJIMYMBACTCS MOBEPXHOCTHAsT KOHUEHTPALIUS
TUTaHA — KOMIIOHEHTa CIUIaBOB C Oosiee BhICOKMM 3HaueHueM [IH B xuakoit
dase, yem unmmii (o, =1558MH/Mm, 0, =556MH/M [25]), uTo, B KOHEUHOM

cyeTe, NpUBOAUT K yBenndeHnto [1H 3Tux Metaimmmyeckux paciuiaBos.

Ha puc. 11 npuBogsrcs mnzorepmsl [IH cuctemMbl mHOWM — TUTaH, U3
KOTOPOTrO BHJIHO, uTOo mpu Temmepatypax 950 K u 1150 K noGaBku THTaHa
NpUBOJAT K yBennueHnto [IH nHams, T.e. B yKkazaHHOM JIUara3zoHE TEMIIEpaTyp
TUTaH BeJeT ce0sl KaK MHAKTUBHAs TI00aBKa.
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Puc. 11. U3orepmsl I1H pacninasos In—Ti

[Ipu Gonee nuskux temmepatypax (550 K u 750 K) mob6aska 0,1 at.%
THUTaHAa MPUBOAUT K cHWkeHUIO [TH. /lanbpHeiee yBennueHne KOHUECHTPALUU
TUTaHa B MHAMKM npuBoautT K pocty IIH. IlomoObnoe mnoBenenue TpeOyeT
JaIbHENIIETO UCCIIEIOBAHUS.

NHTepecHO OTMETHUTH, YTO HAWOOJIBIIKE TMOPOTH CMAuYMBaHUSI WHAUM-
TUTAHOBBIMH pacIulaBaMu, MpeAcTaBieHHble B padore [50], HaOmogar0Tcs Kak
pa3 mpu CpaBHUTEIBHO HU3KHX TeMIepaTypax. ITO, BUIAMMO, CBSI3aHO C TEM,
YTO Ha TIOBEPXHOCTH paciiaBa MPOUCXOJAT HEKOTOpPhIE  IMPOIIECCHI
yHOpsIA0UEHUsI CTPYKTYphI, ogo0HbIe onucanubiM H.B. I'y6enko [13, 14].

Cucrema In- Na

PesynbraTel uzyuenus I1H B cucreme I/n— Na npencraBieHsl Ha puc. 12
u 13. U3 puc. 12 Bugno, yro nomutepmsl I[TH unaus u pacrasos In-{0,02; 0,1;
0,3 1 0,5} ar.% Na JTUHEHHO MOHIKAIOTCA ¢ YBEIIMUCHHEM TeMIlepaTypsl [S1].
Mansie no0OaBkum HaTpus cHwkaroT [IH wunaus, T1.e. HaTpuil sABiseTcs
NOBEPXHOCTHO-aKTUBHOM 100aBkoi (puc. 12, 13).

N3 puc. 13, roe nokaszana 3asucumocts I[IH pacnnaBoB [n— Na ot
KOHLIEHTpauu npu  temneparype 71 =1073K, BuUAHO Tak XKe, YTO C
YBE/IMYEHHEM KOHIIGHTPAIlMM HAaTpHs Ha 3aBucHMocTH o (X ) Habmomaercs

mMuHuMyM npu X =0,02 ar.% Na, 4TO, BO3MOXXHO, CBSI3aHO C M3MEHEHHEM
MEKATOMHOTO B3aUMOJICHCTBUS [0 MEpPE YBEJIWYEHUS KOHIIEHTpPALMM HaTpus.
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DTa 0COOEHHOCTh MPOSIBISETCS M Ha yriax cMayuBaHus paciuiaBamu In— Na
peaktopHou craim 12X18HIT [52].

330 ® In
A TIn-0,10ar.% Na
B In-0,50ar.% Na
i 4 In-0,02ar.% Na
480 _- v -0,30 ar.% Na
>
= 430
=
o
380
330-....|....|....|....|....|....|....|
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Puc. 13. U3orepma I1H pacninaBoB /n— Na
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3ak/I0oueHue

C wucnonp30BaHMEM TpaUTOBBIX MOMJOXKEK MOJYYEHBI MOIUTEPMbI
MOBEPXHOCTHOTO HATSHKEHMS O M IUIOTHOCTH CBHUHIIA L pa30aBIeHHBIX
pacmnaBos: Pb—Li, Pb—Ca, Sn—Ba, Sn—Sr, Sn—Ag, In—Ti, In— Na B
IIMPOKOM HHTEpPBAJIE TEMIIEPATYp. YCTAHOBIEHO, 4T0 mnosurepMbl [IH n
IJIOTHOCTH B cucremax Pb—-Li, Sn—Ba, In—Na yaOBICTBOPUTEIHHO

OTIMCHIBAIOTCS TUHEHHBIMH YPABHCHHUSIMHU C OTPUIIATESILHBIMHU TEMIIEPATYPHBIMH
koo duimenramu do/dT w dp/dT . B cucremax Sn—Sr, Sn— Ag, Pb—Ca,

In—Ti oOHapyxeHbl HenuHeiHble moiautepMbl [IH, oOBsicHsIeMBbIC, TIaBHBIM
obpazom, 3¢ dexTom «TemmeparypHout oydeproctu» ITH.

Ha uzorepmax [TH m3yueHHBIX cUCTEM CYIIECTBEHHBIX OCOOCHHOCTEH HE
0oOHapy>KeHOo, 3a UCKIoYeHueM cucteMbl In— Na. IlokazaHo, 4to B obiacTu
MalbIX KOHIeHTparmii mpu X =0,02 ar.% Na nHa 3aBucumoctn o (X )

pacIuIaBoB MHANN-HATPUN HAOIIOIAETCS MUHUMYM.
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