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BBE/IEHHUE

Axkmyanonocms mempl. OJHUM U3 TYTeW  YBEJIMYEHUS  TIPOYHOCTH
QTIOMUHHUEBBIX  TMPOBOJOB  SIBISICTCS  JICTUPOBAaHWE  AJIIOMHUHUEBBIX  CIUIABOB.
Jlerupytomue 53JIeMEHThl JOJDKHBI OOECIEUUTh POCT MPOYHOCTU MPU JOCTATOUHO
BBICOKOM 3JieKTpornpoBogHOCTH. Kak mpaBuiio, mpuMecH TMOBBIMIAIOT MPOYHOCTh
QTIOMHUHHS U B TO K€ BpeMs MOHIKAIOT €ro AJIEKTPONPOBOIHOCTb. MOXKHO, KOHEUHO,
BBIOpAaTh MPUMECH, KOTOpHIE, IMOBBINIAs MEXaHMYECKHWE CBOWCTBA aFOMUHUS, Malio
CHIKAIOT €ro MPOBOJUMOCTb, W BBOAUTh HUX C LEIbI YBEJIWYEHUS MPOYHOCTU
ATFOMUHMUSL.

HauGonbmmuit addext naer qodaBka B antoMuHUN KpeMHHUS. OHAKO MPOYHOCTH
ATOTO CIJIaBa B HAKJICTIAHHOM COCTOSIHMHM HEJIOCTATOYHO BBICOKA. ¥YJAYHOE COYECTAHUE
BBICOKON MEXaHWYECKOM MPOYHOCTH M BBICOKOM DJEKTPOMPOBOJAHOCTH IOJTYYarOT,
OpUMEHssT TpPOWHBIE H 0oJiee CIOXKHBIE IO COCTaBY QJIIOMUHHEBBIE CIUIABHI,
OJTHOBPEMEHHO COJEpXkalllUe€ KPEMHHUM, MarHuii, »ene30 u Ap. dyemMeHTsl. [lonBepras
UX CIEIUaIbHON TepMHUYeCKOH 00paboTKe MOXKHO JOCTHYh JKEJIaeMOro pe3yJibTaTa.
Takue criaBel HOCST Ha3BaHHUe anpapei [1-3].

N3BecTHBIN CIIaB ajppel - 3TO CIUIAB AJIOMUHUS C TAKUMH XHUMHUYECKUMH
aneMeHTaMH, Kak kpemuuit (ot 0,4 1o 0,7%), xene3o (ot 0,2 no 0,3%) u maruuii (ot 0,3
1o 0,5%). B cocrtaB craBa anbapes B 0053aTeIbHOM MOPSAKE BKIIOUECHBI KPEMHUN U
MarHui, KOTopble 00yCIaBINBAIOT OCHOBHBIC (PU3MKO-XUMUYECKHE CBOMCTBA JAHHOTO
cruiaBa. OTHOILIEHWE COAEpKAHUS KPEMHHUST M MarHusi JOJKHO COOTBETCTBOBATH
dbopmyne coemuHeHmss Mg,Si, oOpasyomerocs B CIUIaBe W SBIISIOMIETOCS
YOPOYHUTENIEM, COOOIIAIONIMM €My BBICOKME MeXaHudeckue cBoicTBa. ONHaKo B
MPAKTUYECKUX YCIOBUSIX HAJI0 YUYUTHIBATH MOCTOSHHOE MPUCYTCTBUE B CILJIABE XKeEje3a,
KOTOpOE TPECTABISIET MOKAa HEM30€kKHYI0, HO YaCTO BPEJHYIO NMPUMECh BO BCSKOM
TEXHUICCKOM aIIOMUHUH, 00pa3ys COeIMHCHHE, couepkamiee kpemuuid (AlgFe,Sis).
[ToaTomy, 4TOOBI OOEcHeUnTh MOJHOCThIO OOpa3oBaHUE coeAuHeHus Mg,Si, B ciuiaB
HaJI0 BBOJAUTH HEKOTOPbIN M30bITOK KpeMHus (0,4-0,5%) npoTuB KoJIMUeCTBA KPEMHUSI,

PacCCUYUTAaHHOTO TEOPETHICCKUM IyTeéM [1-3].
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OCHOBHOI XapaKTEpUCTUKOW YIMPOUYHEHHUS CIUIABOB TAKUM COEAMHEHHEM, Kak
MQg,Si sBasieTcss TO, 4TO PacTBOPUMOCTH €r0 B TBEPAOM AIIOMHUHUHU C TOHUKCHUEM
TEeMIepaTypsl najaaer. Tak, MakCUMalbHas PacTBOPUMOCTh MgpSi B allOMUHUU TNpPU
595°C paBHa 1,85%, a mpu 200°C — Tonbko 0,2%. IlosToMy, ecinu HarpeTbiii BbIIIE
500°C cnnaB TUma anpapesi, B KOTOPOM IpH 3TOM TeMmIepaTrype B TBEPIBIM pacTBOp
nepexoautT  Bc€ komudecTBO MQ,SI, NOJIBEPrHYTh OBICTPOMY 3aKaJIMBaHUIO
(OXJTaXXEHUI0), TO B AJIIOMUHUHU IPOUCXOJUT 00pa30BaHUE MEPECHIIIEHHOIO pacTBOpa
Mg,Si [1-3].

Astopsl [1-3] oTMeUaroT, YTO MPU AJTUTSIBHOM JIS)KAHUU YKA3aHHOTO CIUIaBa W3
TBEPABIX PACTBOPOB IMPOUCXOAMUT BhIJCIeHUEe H30bITka MQ,Si, mpeacTaBisIoNIero
co0Ol TOHKOJIMCTIEPCHYIO CTPYKTYPHYIO COCTaBISAIONIYIO, TIPH 3TOM MPOUCXOAUT
IPOLECC IUCIIEPCUOHHOTO TBEPACHUS, B PE3YJIbTaTe YEro MeXaHW4eckas MPOYHOCTh
CIuIaBa MoBbIaeTcs. JlaHHbIN npoiecc (AIUTEIBHOE JIEKAHUE) SIBJISETCA CTapeHHUEM
CIUIABOB B €CTECTBEHHBIX YCIOBHUSX (€CTECTBEHHBIM cTapeHueMm). Kak mnoxasbiBaer
NpaKTHUKa, Ha CKOPOCTh M 3(PQGEKTUBHOCTH TMpollecca CTAPEHUs  CIIaBa MOXKHO
BO3JICCTBOBATh HE3HAUMTENbHBIM €ro mogorpeBoM (B mpenenax 150-200°C), npu
JAHHBIX TEMIIEpaTypax MpoIecC CTAPEHUs YCUITMBACTCA U yCKOpAETCs (MCKYCCTBEHHOE
crapenue). [Ipu UCKYCCTBEHHOM CTapeHHH coenuHeHne Mg;Si BBIBOIMTCS M3 COCTaBa
TBEPJOTO PACTBOPA, UYTO BBI3BIBACT IMOBBIIICHUE 3JIEKTPONPOBOJIHOCTH YKa3aHHBIX
CIUTaBOB.

J171st MpOBOJIOKH, U3TOTOBJICHHON U3 CIUIABOB «aJbJpeiiy, pa3paboTaHa METOAMKA
U CXeMa TepMHUYEeCKOH 00pabOTKM MPOBOJIOKH, CYIIHOCTh KOTOPOHM 3aKIIIOYaeTcsl B
CIIEYIOLIEM: KaTaHyK WM IPECCOBAHHYK 3aroTOBKY 3aKajJuBalOT B BOJE IpH
510-550°C, 3aTem MpOTATHUBAIOT U MOJBEPTalOT UCKYCCTBEHHOMY CTapeHuro mpu 140-
180°C [1-3].

[IpouHocTh Ha pa3pblB Yy anpJpess BABOE BbIle, 4YeM Yy amtoMuHus. llpu
OJINHAKOBOW MPOBOJIMMOCTH 3TO 00ECIEUNBAET POYHOCTH TPOBOJOB U3 anbjapes - B 1,5
pa3 OOJbIIYIO, Ye€M NPOYHOCTb MEAHBIX IPOBOJOB INPH BABOE MEHBLIEM BECE.
BcenenctBue 31oro pasmepsl MpOJETOB BO3AYIIHBIX JIMHUKA MOTYT OBITh YBEIHYEHBI.

Bosbiias TBEpAOCTH anplpes YMEHBIIAET PUCK MOBPEXKIACHHS ITPOBOJOB IIPU MOHTAaXE,



KaK 3TO HIMEET MECTO IPU ATFOMUHUCBBIX WJIA CTAJICATIOMUHUEBBIX TIPOBOJIAX.

CornacHo wuccinenoBanusiM [1-3], pa3paboTaH CIJIaB «aldbApeily», SBISIOMIMICS
TEPMOYIMPOYHSAEMBIM CIUTABOM, a TaK)Ke aJIOMHHHCBBIM IPOBOJIHHKOBBIM CIIABOM C
obmieit popmynoit E-AIMQSi. DTo BhICOKOIIACTUYHBIA W 00JIaaIOMIUNA BBICOKUMHU
NPOYHOCTHBIMHA ~ XapaKTEpPUCTHKAMHM  CIUTaB.  M3BeCTHO  Takke, UTO  IpH
BBICOKOTEMIIEPATYpHOH 0OpabOTKE JaHHOTO CIUIaBa €ro  3JCKTPONPOBOIHOCTh
3HAYUTEJIBHO MOBBIIIACTCS. JTa XapaKTePUCTHKA CIJIaBa HMCIIOJIb3YeTCsl, B YaCTHOCTH,
IPY U3FOTOBJICHUH TPOBOJIOB IS BO3YIIHBIX JIMHUMN dJIEKTpOIepeaay.

B cBsi3u ¢ TeM, 4TO amOMHUHHEBBIC IPOBOIA W MPOBOJA M3 PA3IHUYHBIX CIIABOB
ATIOMHMHHUS JUIS JIMHUK 3JIEKTpPOIepeiad MCIONb3yITCS B aTtMocdepe Ha OTKPHITOM
BO3/AyXe, aKTyaJlbHOH 3ajadell sBIACTCS IOBBIINICHHE KOPPO3MOHHOCTOWKOCTH
yKa3aHHBIX CIJIABOB.

B nmanHOi pa0OoTe TOCTaBiieHa 3ajgada MCCICI0BATh (PU3MKO-XUMHUCCKUC
CBOWCTBA aJIFOMHHHEBOIO MPOBOAHMKOBOro ciiaBa E-AIMQSI («ambapeit») myTém
JICTUPOBAHMS XUMHYCCKHMMHM SJIEMEHTAMHM MOJTPYIIbI TAJUTHS U Ha UX OCHOBE CO3/aTh
HOBBIC MTPOBOTHUKOBBIC CIIABBI C YIYUIICHHBIMH XapaKTEPUCTUKAMH W CBOHCTBAMHU.

UszBectHo [1-3], u4TO aMOMUHHMI ¥ CIUIaBBI HA €ro OCHOBE  SIBJISIOTCS
KOHCTPYKIIMOHHBIMA W TOJYIMPOBOJHUKOBBIMA  MaTepUalaMd W HAlUIM [IUPOKOE
INPUMCHEHHE B OSJICKTPOTeXHHKE. J[JIs amroMHHHUSA, KaK MPOBOJHUKOBOIO MaTepHaa,
XapaKTepHbl TAKUE XapaKTEPUCTUKH, KaK TEIJIO- U DJICKTPOIPOBOJHOCTh, TaK KaK OH
SIBIIICTCS. BTOPHIM HaWOOJiee IIMPOKO TEXHUYCCKH IPUMEHSIEMBIM MeTauioM (Ha
MIEPBOM MECTE HAXOAWUTCSA Meab). Kpome TOro, M3BECTHO, YTO Yy QJIIOMHHHS HH3Kas
IUIOTHOCTH, BBICOKAsh KOPPO3MOHHOCTOMKOCTh B aTMOC(EPHBIX YCIOBHSX, a TAKKE EMY
XapaKTepHa BBICOKAsi CTOWKOCTh K BO3JICHCTBHIO arpeCCUBHBIX XUMUYECKUX DJIEMEHTOB
U XUMUYIECKUX BEIICCTB.

AnroMuHHME  0o0najaer W JAPYrUMHU  MPEHMYIIECTBAMH, B YaCTHOCTH, K
W30JIAIIMOHHBIM MaTephalliaM OH HEHTpajJeH, KaKk NPU HOPMAIBHBIX, TaK W TIPH
MOBBIIIICHHBIX TeMIleparypax. Ero HEHTpaabHOCTh MPOSBISETCS MO OTHOIICHUIO K
pa3iMYHBIM JIaKaM, TepMoruiactam, Maciam. OT JApyrux MeETaUIOB aJTlOMUHUHN

OTJIMYACTCS HU3KOM MarHUTHOM BOCIIPUUMYHUBOCTBIO, a TaKXXC CITIOCOOHOCTBIO K
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00pa3oBaHHWIO B JJIEKTPUYECKOW JYyre HEIEKTPOIPOBOJHOTO TMOPOIIKOOOPa3HOTO
coequnenus (Al,O3) [1-3].

Hcnonp30BaHue afOMUHUST W €r0 CIUIaBOB B KayeCcTBE MaTepuaia Jyis
KOMMYTAllMOHHBIX ~ alllaparoB, MayT  JIMHUK  JJIEKTporepeaad,  KOPIYyCOB
IIEKTPOIBUTATEIICH, BBIKJIFOUATEICH HM  T.Jd. PEriJaMEHTHPYETCS  OCOOBIMH
peIMUCaHUsIMH WU OOIIMMHM MPaBUIIaMUA KOHCTpyupoBanus [1-3].

Hcnonp30BaHue allOMHHHS, KaK TMPOBOJHHUKOBOTO MaTepuaia SBIACTCS
HKOHOMHUYECKH I1eIecO00pa3HbIM, TaK KaK €ro IieHa Ha PbIHKE 3HAYUTEIbHO YCTYyIaeT
nieHe meaud. Kpome Toro, 1ieHa aqlOMUAHUS MPAKTHYECKH HE MEHSACTCS Ha MPOTSHKCHHUH
MHOTHX JIET, TO €CTh ocTaéTcst crabmibHoM [1-3].

ABropel  [1-3] oTMeuarOT psAA  CIAOKHOCTEH, CBSI3aHHBIX C IPUMEHEHHEM
MPOBOJHUKOBBIX AJTIOMHMHHEBBIX CIIABOB, KOrJa W3 3THX CIUIABOB H3rOTaBIMBAIOT
TOHKYIO TPOBOJIOKY, B YaCTHOCTH, OOMOTOYHBIC MPOBOJA M JP. U3JCIHS, TaK KaK 3TH
CIUIaBBI 00J1aIAI0T HHU3KOM MPOYHOCTHIO U HE3HAYUTEIHHBIM KOJIMYECTBOM MEPETHOO0B,
B CBSI3U C YEM MOTYT JIETKO Pa3pyIaThCsl.

B nacrosiiee BpeMs pa3pabOTaHbl psii AIFOMUHHEBBIX CIUIABOB, COXPAHSIOIINX
BBICOKHE TPOYHOCTHBIC XapaKTEPUCTHKH HE TOJBKO B TBEPIOM, HO U B MSITKOM
COCTOSIHUHM, OTH pa3pabOoTaHHBIC CILIABBI HAXOMIAT CBOE TIPUMCHEHHE, Kak

IPOBOIHUKOBEIC MaTepHaisl [1-3].



OBILIASA XAPAKTEPUCTUKA PABOTHBI

Heabio padoThl SBISETCS YCTAHOBICHHE TEMIEPaTypHBIX 3aBHCUMOCTEMN
TEPMOJAMHAMUYECKUX,  KHHETUYECKUX M  aHOJHBIX CBONCTB  aJllOMUHUEBOTO
npoBoaHUKOBOro cruiaBa E-AIMgSi (“anapeii”), JerupoBaHHOTO TaJUTMEeM, UHAWEM U
TaUIMeM,  NPEAHA3HAUYEHHOTO0 M HYXJ  DJEeKTPOTeXHHUYECKUX  oTpacieit
TPOMBIIIJIEHHOCTH.

JIns MOCTMIKEHUsI TOCTABJICHHOM IIEIM KCCIIEOBaHUSl OBLIM TOCTaBJICHBI U
pElIeHBI CIeAYIONINE 3adaYu:

- UCCJEJOBAaHWE 3aBUCHUMOCTH 3HAYEHUU TEIUIOEMKOCTH OT TeMIlepaTypbl U
U3MEHEHUS TEPMOJMHAMUYECKUX XapaKTEPUCTUK ATIOMUHHUEBOTO IMPOBOJTHUKOBOTO
cruiaBa E-AIMQSi («anpapeii») ¢ rajuimeM, HHIAXEM U TaJTHEM,

-  UW3yYeHHE KHHETHKH OKHCJICHHUS MPOBOJHUKOBOro crmiaBa E-AIMgSI
(«anmpapeii») B TBEPIOM COCTOSIHWM, C TAUTHEM, WHAWEM M TaJJIMEM, OIpPEICICHHUE
MEXaHU3MOB OKHCIICHHUS CIUIaBa «aJlbApPEi»;

- ONpeJieJICHuEe Ha OCHOBAHUU MPOBEACHUS IKCIEPUMEHTAIBHBIX pa0OT BIUSHUS
rajulns, UHAWS W TaJUTMS HA aHOJIHOE MOBEJCHUE MPOBOJIHHMKOBOTO cruiaBa E-AlIMgSi
(«ampapeii»), MPOBOAMMEIC B 3JeKTpoauTHUecKoi cpeae NaCl,

- ompeaeneHne (U3NKO-XUMHUECKUX XapaKTEPUCTUK YETHIPEXKOMIIOHEHTHBIX
CIUIaBOB [IJI1 YCOBEPIIEHCTBOBAHUS UX XUMHUYECKUX COCTABOB C LIEJIbIO JAIBHEHMIIETO
HCIIOJIb30BaHUS B PA3JIMUHBIX OTPACISAX MPOMBIILIEHHOCTH.

O0BbeKTBI, METOABI HCCIE0BAHNS U HCI0JIb30BAHHAS ANNIAPATYpPa

OOBEKTHl HUCCIICIOBaHHS - AJIOMHHHUEBBIA NMPOBOAHHMKOBBINA cimiaB E-AIMgSi
(«ampapei») cocraBa Al+ 0.5S5i+0,5Mg (mac%), a Takke METAIUTMYECKUE TaJUIHi,
VHIUM U Taummi. s uccienyeMoro cCruiaBa MU3MEPEHBI CIEAYIOIIHME MOKa3aTeln:
TEIJIOEMKOCTH  Ka)XXJOTO CIUIaBa B  PEXHUME  «OXJaxaeHus». Fcnoab3oBaHbl
MOTEHIIMOCTATUYECKU I (mpubop [11-50.1.1), peHTreHo(a3oBbIit (PDA),
MeTaorpauueckuii 1 TEpMOTrpaBUMETPUUYECKUIN METO/Ibl aHAIM3a 00Pa3loB CILUIABOB.
[lonyueHHble  pe3ylnbTaThl  OOpabaThIBAJUCh MAaTEMAaTHUYECKMUMH  METOAaMU B

nporpammax Microsoft Excel u Sigma Plot 10.
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CreneHb 10CTOBEPHOCTH U ANpodanus pe3yJibTaToB

CreneHbp JOCTOBEPHOCTH paboOThl oOOecreuyeHa COBPEMEHHBIMH METOAaMU
UCCIICIOBAHUM, KAadye€CTBEHHBIM COOTBETCTBHEM  IIOJIYUYEHHBIX pE3yJbTaTOB C
MMEIOLIUMHUCS B JIUTEpPAType HSKCIIEPUMEHTAIbHBIMU JAHHBIMHU M TEOPETUYECKUMU
MIPEACTABICHUSMM.

OcCHOBHBIE TOJIOKEHUSI JAHMCCepTalud oOcyxaanuch Ha: PecmyOnukaHcKon
HAy4YHO-TIPAKTUYECKON KOH(pEepeHIUn «AKTyalbHble MPOOJeMbl HHAYCTpUATU3ALUU
PecnyOnuku Tamxkuxuctan: npobnemsl u crparerun» (ymande, Texnomornueckuit
yauBepcuter Tamxkukucrana, 2019); PecnyOnukaHckoll Hay4dHOM KOH(EpEHIIMU
«Pa3Butue sHepretuueckoil otpaciau Pecnyonuku  Tamxuxucran»  (dymanGe,
Texanueckuit komnemx TTy um. M.C.Ocumu, 2019); PecnybiukaHckol — HaydHO-
npakTuyeckol koHdepeHMu «Poib HApOAHOrO TBOpYECTBA B PA3BUTHUH MU
YCTOWYMBOCTH HALIMOHAJIBHOW KYJIBTYphI», MOCBAMIEHHONW 00BsBiIeHUI0 2019-2021 1T
rojilaM pa3BUTHUS JIEPEBHU, TypU3Ma U HapoaHOTO TBopuecTBO» ([ymanoe, Tamkukckuit
rOCYyJIapCTBEHHBIN  memarornueckuidi  yHuBepcuter wuM. C.  AiiHu, 2019),
PecniyOnukaHckol  HaydHO-TIpakTU4ecKoll KoHbepeHimn «MHnycTtpuanuzamus -
dakrop paszBuTHs dKkoHOMHMKM Pecny6nuku Tamxukucran» (bycton, I'opho-
MeTaJUTyprudeckuii MHCTUTYT Tamkukucrtana, 2020); PecnmyOnukaHCKOM HaydHO-
npakTUUeckor KoHpepeHnun «leosorndeckue W MapKIIeHaepcKue NpoOiIeMbl B
pa3paboTKe MECTOPOXKICHUI TOJIE3HBIX HCKOMAeMbIX», MOCBAMIEHHOW  20-1eTuto
U3Y4YEHUS] W Pa3BUTHUS E€CTECTBEHHBIX, TOYHBIX M MareMatnyeckux Hayk (BycTos,
I'opHo-meTamnyprudyeckuit ”HCTUTYT Tamxkukucrana, 2020).

Hay4ynass HOBHM3HA HCCJeI0BaHMM. /(11 TIPOBOAHHUKOBOrO AJIKOMHUHUEBOTO
crutaa  E-AIMgSi  («ampapeit») — yCTaHOBIEHAa  3aBHUCHUMOCTb  W3MEHEHHH
TEPMOJAMHAMUYECKUX XapaKTEPUCTHK (PHTANBIUSA, PHTpONus M sHeprus ['mbbca) wu
TEIJIOEMKOCTH OT U3MEHEHHMsI TEMIIEPATYPbl M CONEPKAHMS JICTUPYIOLIUX JJIEMEHTOB
raJulAsl, UHAUSA W Tajuldsl. BBISABICHBI 3aBUCUMOCTH TEIUIOEMKOCTH W TEMIEPaTyphbl U
ONpENENIEHO, 4YTO C YBEIMYEHHEM TEMIIEPATYPHOTO pEeXHMa TEIIOEMKOCTH
MIPOBOJTHUKOBOTO amfoMuHUEBOTO crutaBa E-AIMQSI («ampapeii») ¢ rajumeM, HHIANEM H

TaJUIMEM YBEJIWYUBAIOTCA, a SHeprus ['mb0ca cmiaBoB ymeHbiaercs. C yMEHbIIEHUEM
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J0JIM TaJliusl, UHAUS U TaJuius B ciiaBe E-AIMgSi («anbapei») SHTaNbIUsS U SHTPONUS
CIUIABOB YBEJIMUMBAIOTCS, a 3Heprus [ ndoca cHkaercs.

BrlsiBlieHa 3aBUCMMOCTH TEMIIEPATypbl U CKOPOCTH OKHCJIEHHS HCCIEIyeMOTo
cruiaBa. OmnpeneneHo, 4YTO NpPH YBEJIMYEHUU TEMIIEPAaTypHOTO peXUMa CKOPOCTH
OKHCIICHUSI aJIFOMHHHEBOTO MpOBOAHMKOBOro cmiaa E-AIMQSi («ampapeii») ¢
rajylieM, HWHAMEM W TaJUIMEM, B TBEPJIOM COCTOSIHUM, HMMEIOT TEHJEHLHIO K
yBenmuennio. Ompe/eneHa KOHCTAHTA CKOPOCTH OKHCIICHHS CIUIaBa, coctapupimas 107
kr/m>c™. Takxke mokasamo, uto cruaB E-AIMgSi («anbapeii») ¢ rauimeM, HHAHEM U
TaJUJIMEM OKUCIISETCS COTJIACHO TUIEPOOINYECKON 3aKOHOMEPHOCTH.

[loTeHMOCTaTUYECKUM U TMOTEHIUOJAMHAMUYECKUM METOJAMH HCCIIeIOBAHUS
YCTaHOBJIEHO, YTO B YCJIOBHSX CKOPOCTH pa3BEpPTKU MOTEHLMana, paBHoW 2 MB/c,
KOPPO3MOHHOCTOMKOCTh HMCXOJHOTO anoMuHUEBOro cruiaBa E-AIMgSi («anpapeii»)
Bo3pactaer oT 20 g0 30% mpu nerupoBaHuu €ro go0aBkaMu B npenenax He 6omee 1,0
mac%. Ilotenmman xopposuu wucxonHoro cruiaBa E-AIMgSi («ampapeit») B 3ToM
cllydae CIBUTaeTcss B 00JIaCTh TOJNOKUTENbHBIX  3HAYEHUW, a TMOTEHLHUal
OUTTUHTO00pa30BaHMsI M TOTEHIMAN peraccuBallid — CABUTAIOTCA B 00JacTh
oTpUIaTENbHBIX 3HAUeHHH. [Ipu mepexoje OT CIIaBoOB C rajiieM K CIUIaBaM ¢ UHAHEM
U TaJUTUEM HaOII0J1aeTCsl YMEHBIIICHUE CKOPOCTH KOPPO3HH CILIaBOB (7151 criaBoB ¢ 1,0
Mac% 100aBKH).

Teopernueckasi 3HaAUYMMOCTb PpadoThl. B guccepraiuu  M3J0KEHBI
TEOPETUYECKHUE ACIEKThl MCCIEIOBAaHMUM: JOKA3aTeIbCTBA BIMSIHUS CTPYKTYpHI,
TEMIIEpaTypHasi 3aBHCHUMOCTh TEIJIOEMKOCTH M H3MEHEHUE TEPMOAMHAMUYECKUX
(GyHKIMIA, 3aKOHOMEPHOCTH U3MEHEHUI KOPPO3HOHHO-3JIEKTPOXUMHUYECKHE,
KAHETHYECKHE U JHEPreTUYECKHE XapaKTepUCTHKH alroMHHHEBOro cruiaBa E-AlIMgSI
(«anmpapeit») ¢ rajiiueM, UHIANEM U TaJITUEM.

IlpakTuyeckass  3HAYMMOCTHL  PadOTHI. [TogoOpaHbl ONTUMAaJIbHBIE
KOHIIEHTpAIMl MOAU(PUIUPYIOMUX A00aBOK (Ta/uids, WHAWS W TaJumdsl) IS
MOBBIIICHUS] KOPPO3HOHHOW CTOWKOCTH UcXoaHOTo crutaBa E-AIMgSi («ampapeii»).

B 1nemom Ha OCHOBE MpPOBEAEHHBIX MCCIEJOBAHUI OTHAEIBHBIE COCTaBbI

ATFOMHHHAEBOTO TTPOBOIHUKOBOTO crutaBa E-AlIMQSI («ampapeii») ¢ raJuiieM, HHIUEM H
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TaJUIMEM MOJTy4YeH Manbli naTeHT PecniyOnuku Tamxukucras.

Ha 3amury BHIHOCATCS

- TOJYYEHHBIE B PE3YyJbTaTe€ MCCICIOBAHUS 3aBUCHUMOCTH TEIIOEMKOCTEH H
W3MEHEHUM TEePMOAMHAMUYECKUX XapaKTEPUCTUK OT TEMIIEPaTypHOrO pexuMa
AIFOMMHHAEBOTO MPOBOAHKKOBOrO cruiaBa E-AIMQSI («anpapeii») ¢ ramiuem, HHIHEM U
TaJIUEM,

- KUHETUYECKHE U DJHEPreTMYECKHWe IMapaMeTpbl Ipollecca OKHUCICHHS
ATFOMMHHAEBOTO MPOBOAHKKOBOrO cruiaBa E-AIMQSI («anbapeii») ¢ ramiuem, HHIREM U
TaJUIMEM, OMNpeNeNAEHHbIE JJI1 TIOJYYCHHBIX CIUIABOB MEXaHU3Mbl OKUCIICHHUS.
UnentudunmpoBanubie (PU3NKO-XUMUYECKUMH METOJIaMHU TPOJIYKTHI, MOJYYCHHbIC B
pe3yibTaTe  OKHUCJICHUS CIUIaBOB, YCTAHOBJICGHHE HX BIUSHUS Ha (HOPMUPOBAHHUE
MEXaHU3MOB OKUCIICHUS CIIJIABOB;

- 3aBUCMMOCTH AaHOJHBIX XapaKTEPUCTHUK aJTIOMHUHUEBOTO MPOBOIHUKOBOTO
cruiaBa E-AIMgSi («anpapeit») ¢ rajuideMm, WHIWEM W TaUIMEM M CKOPOCTH €ro
KOPPO3UHU OT KOHILIEHTPAIUH JIETUPYIOINX KOMIIOHEHTOB, B 3JIEKTPOJIUTUUYECKON cpelie
NaCl;

- OIIPECIICHBI CIJIaBbl C ONTUMAIBHBIMH JOOABKaAMU JIETUPYIONIUX KOMIIOHEHTOB
rajuids, WHAUS W Tajulus, MPOSBISIONIME MaKCUMaJIbHYI0 KOPPO3UOHHOCTOMKOCT,
KOTOpBIE SABJISIOTCS IEHHBIMU MaTepUajlaMi B IMIPOU3BOJICTBE AJIEKTPUUECKUX MPOBOIOB
U Kaberneil.

JInuHbIA BKJIAJ aBTOPA BKIIOYAECT aHAIN3 JINTEPATYPHBIX JAHHBIX, IOCTAHOBKY
U PpEIIeHHE HCCIEeI0BATeNbCKUX 3a7ad, MOATOTOBKY WM MPOBEJCHUE J1a0OPaTOPHBIX
HKCIIEPUMEHTOB, aHAJU3 TMOJYYEHHBIX pPe3yJabTaToB, (OPMYIUPOBKY OCHOBHBIX
MOJIOKEHHUH M BBIBOJIOB JUCCEPTAIMOHHOMN pabOTHI.

Iyoaukanuu. [lo Teme AuCCEPTAMOHHOTO HUCCIEAOBAaHUSA OMYOJIMKOBaHbI [
paboT, U3 HUX 3 CTaThU B PEICH3UPYEMBIX KypHanIaX, pexomeHmayeMbix BAK mpwu
[Ipesunente PecnyOonuku Tamxukuctan U 4 craredl B maTepuanax KOH(pEpEeHIHi,
MOJIY4eH 2 MajbIX TaTeHToB PecnyOnmku TamKuknucTaH.

O0beM um cTpykTypa auccepramum. JluccepranmoHHas paboTa BKIIOYAET
BBEJICHWE, 4YETHIPE TJIABBI W TPUIOXKCHHs, W3JIOkKeHa Ha 153 cTpanuiax
KOMITBIOTEpHOT'0 Habopa, BKItoYaeT /8 pucyHkoB, 49 Tabmum, 86 Oubanorpagudaeckux

HAaUMEHOBAHUU.
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I'JIABA 1. CTPYKTYPA U ®U3UKO-XUMUYECKHUE CBOMCTBA
CIINTABOB AJIIOMUHUSA C DJIEMEHTAMMU IMOATI'PYIIIBI I'AJIJIUA
(0630p nHTEpATYpHI)

1.1. CrpykTypoodpa3oBaHue U CBOIiCTBa CIJIABOB
cucrembl Al-Ga, Al-In u Al-TI

Cucmemor Al-Ga. Tammuit - o00blyHas NpuUMECh OOKCUTOB; TEXHUYECKHM
amomuanid coaepkut 10 0,01% Ga. ABtopsl [4] B CBOMX HCCIIEIOBAHMIX MOKa3aIH,
YTO TaKWE HE3HAUUTEIbHbIE KOJIMYECTBA TaJUIUS MPAKTUYECKHU HE BIUAIOT HA OCHOBHBIC
CBOMCTBa aJIFIOMUHMS, TIOATOMY Ha MPAKTUKE B CIJIaBaX aJllOMUHUS COJIEPKAHUE TaJUTHS
HE TIPOBEpsSIETCS U HE YyuyuThiBaeTcs. [IpeACTaBisSOT HWHTEpPEC MOIYNPOBOISIINE
cBoricTBa coenunenus As(GaAl), a crutaBel cuctembl Ga-IN-Sn npUMEHSIOT B Ka4eCTBE
CMa3KH MMPU MEXaHUIECKON 00pabOTKe ATFOMUHHS.

B cootBeTcTBHU ¢ OOJIBIIMHCTBOM COOOIIEHUN TaIUH M alfOMUHUNA 00pa3yroT
IPOCTYIO IBTEKTUUYECKYIO cUCTEMY (pUCYHOK 1.1) ¢ 9BTEKTHYECKON TOUYKOM, OIM3KON K
CTOpOHE TaJUlid Ha auarpamme coctosiHus, npu 98% Ga u temmneparype 26,5°C [5],
aBTOpBl paboTHl [6] ompenenuiu cymiecTBoBaHue coeauHeHust GaAl,, B KoTopoM
cojiepKaHue rajiust coctaBisieT 56,5%, a aBTopbl paboT [7, 8] BHepBbie cOOOMIAIOT ©
coenquHeHusax GaAl u GapAl, B KOTOpBIX coliepKaHHWe TajlIusl cocraBiseT 72,1 u
83,8%, COOTBETCTBEHHO. PacTBOpMMOCTH Tajliusg B TBEPAOM aTOMUHUU COCTABIISIET
npuMepHo 15-20% nipu 3BTEKTHUYECKOW TemIepaType; pacTBOPUMOCTb AIIOMUHHS B
rajylid He3HauuTenabHa [8]. B HEpaBHOBECHBIX YCIIOBHSX, NMOJYYEHHBIX B PE3YJbTaTe
OBICTPOTO OXJIAXKICHUS, PACTBOPUMOCTH TAJUIUS TOBBIIAETCs 10 75% u o0pa3yrorcs
MeTtactabmibHble (a3bl [7]. M3ydeHBI TepMOIMHAMHYECKHE CBOMCTBA CIUIABOB [8],
CTPYKTypa paciuiaBos [9].

B pabGore [9] ormewaercs, 4YTO mMapaMeTpbl KPHUCTALUIMICCKOW PEIIETKA
ATIOMHUHUSL YBEIIMUMBAIOTCSA B CBSI3M C PACTBOPEHHEM B QIIOMUHHUM Tallldsd U
COCTaBIAIOT IpU KOHLeHTpauuu rammus 1,6% 4,0504 A, a skcrpanomupoBaHHOE
snauenue 4,057 A cooTsercTByeT mnpesnenbHOIl pactBopumocTH, To ecThb 20% Ga.

[moTHOCTH MOBKIIAETCA JUHEHHO U B ciuiaBe ¢ 2,54% Ga, y=2,74 r/em® [11]. U3yuena
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IJIOTHOCTh paciiaBoB. [lpu koHueHTpaunu ramwms 2,27% >3IEKTPOCONPOTHUBICHUE
TOBBINIACTCS JTHHEHHO 10 3HaueHus 2,87-10° Om-m, u, Kak ykasamu aBrops! [12], mpu
coaepkaHun rausg 85% BIEKTPOCONPOTUBICHUE ATIOMUHHS JOCTUTAET CBOETO
MaKCUMaJIbHOTO 3HaueHus. OJHaKo, KaKk TIOKa3bIBA€T NPAKTHUKA, BEIUYHUHBI,
paccuUMTaHHblE JUIsl DJIEKTPOCOMPOTUBIIEHUSI PACIUIABOB, SBJSIOTCS HEAOCTATOYHO
TouHbIMM.  OTMedaeTcss  TakkKe  HE3HAUWTEIbHOE  CHUXXEHHUE  MarHUTHOMU
BOCIIPUUMUYHMBOCTH CILJIABOB C cojiepxkaHueM rauius. CKOpoCTh JABMXKEHHS aTOMOB
rajuids K rpa"uiaMm 3épeH amoMuHus npu 27°C npuMepHO Takas K€, KaKk CKOPOCTb
mudy3un Tauus B JKUAKOM aJTIOMUHUU (D=10" cm?/c). DHeprusi rpaHullbl pasjaena
KUJKUM ramuiuil - TBEPABIM amoMuHui Haxoautcs B mnpenenax 0,06-0,3 H/wm.

HOBerHOCTHOG HATAKCHUC aJIIOMUHUA IMIPU BBCIACHUUN 2106aBOK rajums yMCHbIIACTCA

[48].

Ga,% (am.)
5 0 20 0 50 70
T, K T T w T T T te
900 H“\ 627
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700 “} S 427
|
M +AL | !
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500 - — L,,ip‘,w._____-v ffffffff 907
.200/0 | : 99 G/D \
2 | 263°( ,
UU /l 7
/ i | Lo<005% 7
i Al+Ga J ! o fo
/ J| ‘ |
AL 20 40 60 80 Ga

Ga % (no macce)

Pucynok 1.1 - Jlmarpamma cocrosiaus Al-Ga [48]
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Cucmembr Al-In. AmoMUHUI ¥ MHAWA OIPAHMYEHHO PACTBOPSIOTCS B KHUJIKOM
COCTOSIHUM, MOHOTEKTHYECKass Touka HaOmomaerca npu ~637°C u  obisactb
HECMEIINUBAEMOCTH mpoctupaercss oT 12-21 nmo 88-94% In mpu MOHOTEKTHYECKOU
Temreparype. Kputuueckass Touka pacmoJiokeHa npuonauzutenbHo npu 68,8% In u
947°C [13]. OBTEKTHYECKAsI TOYKA CO CTOPOHBI MHAMS OTBeUaeT KoHIeHTpauuu 99,95%
pu 155°C. PactBopuMOCTh MHAMSA B AIFOMUHHAH B TBEPIAOM COCTOSIHUU ITOHUKAETCS C
0,17% mnpu MoHoTekTHuyeckoit Temmeparype g0 0,07% mpu 527°C (pucyHok 1.2).

M3ydeHbl TepMOIMHAMUYECKUE CBOMCTBA CIUIaBoB [ 14].

: In, %/(am.)
2 5 10 20 30 5{] 70

1 | | ! tr
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/_'-'———.._ \

M+AL / 2 wudxocmu
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~ 100 97%
VQ;/O// 637°C ’
<
J\~a,fs%
AL Al+In,,
707
s 9995%
/ 155°0

Al+In In

P
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S AN

RE==——==T==

20 40 60 a0
In, % (no macce)

Pucynok 1.2 - JIuarpamma cocrostaust Al-In [48]

M3MeHeHu# mapaMeTpoB pemi€TKU aJlOMUHUS WIM WHIWS He oOHapyxeHo [15].
[Ipu yBenuMyeHUM COAEpP)KAHUS MHIAUA DJIEKTPOCONPOTUBICHUE TOBBIIMIACTCS U
nocruraer 3Hadenus 2,7-10° Omrm; npu 4% In moBbIIEHUE 3JIEKTPONPOBOJHOCTHU
pacIlJIaBOB Tak)Ke HEBEJMKO. MarHuTHasi BOCHPUUMYUBOCTD MPAKTUUYECKU HE MEHSETCS
MpU BBEJCHUM MHIUSA B KOJMYECTBAX, HE MPEBBINIAIOIMIMX MpPEesl pacTBOPUMOCTH.
[Ipenen TexkyuecTd 3aKaJ€HHBIX U COCTAPEHHBIX CIJIABOB YBEIWYMBAETCS BILUIOTH IO

koHueHTpanuu 0,10% In. IloBepXHOCTHOE HATSKEHUE >KUJKOTO WHJIHS HAa TBEPIAOM
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MOJIMKPUCTAJUTMYECKOM amoMuHuu coctasisier 0,6-0,7 H/m [16]; nByrpaHHbIil yroiu
MEXIY TBEPABIM alIOMUHHEM W JKHJIKAM HWHIHEM coctaBisier 90° B UWHTEpBale
temneparyp 327-627°C. U3yueHbl BSI3KOCTh M KO3(ppuuueHT nuddys3uu pacriaBos.
NHauil HE3HAYUTENBbHO BIIMSET HA KOPPO3HMOHHYIO CTOMKOCTBH alOMUHMA. M3ydeHbl
DJIEKTPUYECKHE U MAarHUTHBIC CBOMCTBA CILIaBoB [48].

Boinenenve unaus u3 TBEPAOro pacTBOpa XapakTepusyeTcsi 00pa3oBaHUEM 30H U
YaCTHI[ ¢ KPUCTAIUIMYECKON PEIIETKON MPOMEKYTOUHOTO TUTIA - TPAHELIEHTPUPOBAHHOM
Kybudeckoit (a = 4,65 A), umeromux Ty ke OpHMEHTHPOBKY, YTO M MAaTpHIa. DTH
YacTHUIbl B JajbHEWIIIEM MPEBpaIlalOTCs B BBIJICJICHUS WHAUS C TETpParoHaJbHOM
pemérkoi. ['panéHble yacThibl, OOpa3yemble MPU CTApPEHUU BHIIIE TEMIEPaTypPhI
IJIaBJICHUS WHAMWS, W3ydeHbl B pabore [17]. Wuauii, mogoOHO KaaMHUIO, CHHUXKAET
CKOPOCTh CTapEHMs U BEJIMUMHY MEPBOTO MaKCUMyMa YIPOYHEHUS B CIUIaBaX CUCTEMBbI
Al-Cu 3a cuét ymenbIieHus ckopoctu odopaszoBanus 30H I'TI, HO yckopsieT oOpa3oBaHue
BTOPOT0 MAaKCUMyMa U MOBBIIIAET €r0 BEJINYHHY.

Cucmemor Al-Tl. Dta cucrtema OTHOCHTCA K MOHOTEKTHYECKOMY THIY C
HOHBapUAHTHON TOYKOW €O cTOpoHbl amtomubus okoio 0.3% TI mpu 657°C [18].
OO6nacTb paccioeHusl pacHIMpsSeTcs ¢ YBEIMYEHUEM TeMIiepaTypbl npumepHo 10 34%
Tl mpu 1127°C. TlonararoT, 4TO KpUTHYEeCKas Touka Haxomutcs npu 1777°C, Bblie
TOYKU KuneHus Tauius. Co CTOPOHBI TAJIUS 3HAYEHUS PACTBOPUMOCTH CIIEAYIOIIHE:
0,7% Al mpu 1227°C, 0,25% Al npu 827°C, 0,1% Al npu 657°C; mnpenenbHas
pactBopuMocTh coctaBisieT 99,95% T (uudpa momydeHa METOAOM DKCTPAMOISIIAH) Y
TOUYKH ero 1uiaBienusi, papHoit 303°C. TepmonuHaMuuecKkre CBOMCTBA JTaHbI B paboTax
[19, 20].

Jlo0aBKM Tamivs CYHISCTBEHHO HE BIUAIOT Ha TMOBEPXHOCTHOE HATSHKCHUE H
KHUJIKOTEKY4eCTh ATFOMUHHS, a TAKXKE Ha mpoiiecc ctapenus criaBoB Al-Cu [19, 20].

1.2. Tenj0éMKOCTb aJTIOMUHUSI, MATHUS, KPEeMHUSI
rajljins, UHAUA U TAJLJIUS

Tennoémxocmo anomunus. COrIaCHO HCCIEAOBAHUSAM, NPOBEAEHHBIX B [21],
ATIOMHUHUI TIpU aTMOCHEPHOM JIaBIICHUM U TEMIEpaType IUIABJICHUS, COCTaBIAIONICH

933,61 K, anmoMuHUNA HMEET TPaHEUEHTPUPOBAHHYIO KPHUCTAJUIMYECKYH) PEIIETKY
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(r.ark.), mepuon kKotopoit mpu Temmepatype 298 K cocraBmser a = 0,40496 um [22].
ABTOpBI paboThl [22] Takke HCCIEIOBaId 3aBUCHUMOCTh KOA(D(PUIIMEHTA JIMHEHHOTO
pacmpenus (TKJIP) antoMuHMsT OT TeMrepaTypbl U NOKa3ajid, YTO 3Ta 3aBUCUMOCTh
JUISl METAJUIOB C BBICOKOM JIMHEHHOCTBIO SIBJIAETCS 00Jiee HU3KOM, YeM JJi METalIOB C
HU3KOM JIMHEWHOCTBIO, OJHAKO [JIi JTHUX METaUIOB HaOIoAaeTcs cia0bIi
HE3HAUUTENbHBIA pOCT JIMHEWHOCTU. Kpome Toro, He3HaYUTENbHOE YBEIUYECHHUE O
OTMEUaeTCsl JUIsl alIOMUHUSL TpU 00paboTKe ero Temmeparypamu, OJM3KUMH K €T0
TEMIIEpaType IIaBJICHHUS.

Pe3ynbTaThl M3ydeHUs TEIUIOEMKOCTH alltoMuHUs aBTopamu [21] mnpuBoasTcs
rpaduueckn Ha pucyHke 1.3 u B Tabmuue 1.1. Ilo MHEHHIO aBTOpPOB, TEIIOEMKOCTD
QITIOMUHUSL YBEJIMYMBACTCS MPHU TMOBBIIMICHUH TEMIEPATYphbl 10 TOYKH IUIABJICHUS, TO

ecTh Kiaccuyeckoe 3HaueHue 3R mepecekaercss B obOmactd 63, 3aTeM OTMeuaeTcs
HE3HAUYHUTEIbHOE YyBENWYCHHE  TeruoéMkoct mpu C//3R=123. Jlns amoMuHUA

KO3 GUIIMEHT AMEKTPOHHOI TerutoéMkocTH (v,) coctaiser 1,35 mIx/(mons-K?) [22].

Co,AXfKe-K)
I
’ ;6’5’ 7
Jn’?«:?g - 4,6;'
R "'""—"'T"f Vim
800} /4 b, K
« 400
3
- 380
400+ f 4 350
340
| | | I

J 250 s00 70 10007 K

Pucynor 1.3 - TemmepaTypHasd 3aBHCHMOCTb YIelIBHOH TeILTOEMKOCTH (Cp)

ATKOMHHHSA OT TeMIlepaTypsel debas (6p): 1 — [30], 2 — [21]. 3 — nanueIe [31].

ABTOpSHI [23] uccnenoBanu cBoiicTBa amroMuHus ¢ yuctoror 99,999%, nmpu sTom
ompeaeneHo, uyro npu Temneparype <400 K norpemHocTs  pe3yabTaToB,

npeacTaBiaeHHbIX B Tabnuie 1.1, cocraBuna 1%, B untepsane temmneparyp >400 K u no
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TEMIIEPATYPHI IIABJIECHUS NOTPENIHOCTh cOCTaBisuIa 2%, a I )KUAKOTO AIFOMUHHUS —
3%.

Tadauna 1.1 - TerwrodH3IHYECKHe CBOHCTBA allOMHHHA [21, 24-28]

d, Cp. o108, Ay P'l‘:"g:
T,K . . L/Lo
r/leas | Aw/(ECK) | sme BT(M'K) OM'M
50 - 483,6 358 1350 0,0478/0,0476 -
100 2,725 800,2 228 300,4/302 0,442/0,440 -
200 2,715 903,7 109 236,8/237 1,587/1,584 0,77
300 2,697 951,3 93,8 235,9/237 2,733/2,733 0,88
400 2,6 991,8 93,6 238,2/240 3,866/3,875 0,94

500 2,665 1036,7 88,8 234,7/236 4,995/5,020 0,96
600 2,652 1090,2 83,7 230,1/230 6,130/6,122 0,95
700 2,626 1153,8 78,4 224,4/225 7,350/7,322 0,96
800 2,560 1228,2 73,6 220,4/218 8,700/8,614 0,97
900 2,550 1153,8 69,2 217,6/210 | 10,18/10,005 | 0,99
933,615 | 2,368 1228,2 68,0 217,7/208 10,74/10,565 | 1,06

933,61, | 2,350 1255,8 35,2 98,1 -24,77-25,88 1,06
1000 2,290 1176,7 36,4 100,6 -28,95 1,04
1100 - 1176,7 39,5 106,4 -31,77 -
1200 - 1176,7 42,4 - -34,40 -

Hnst anromuHus  KO3GGUIIMEHT TeMIepaTypOpPOBOTHOCTH SIBISIETCS BBICOKHM,
IUIsl allFOMUHUSL B TBEPAOM COCTOSIHUM TIpu Temneparypax Beimie 150 K xapakrepen
OTPUIATEIBHBIA TEMIEPATYPHBIN KOAI(DPUIIMEHT, KOTOPHIH MEpexXOoauT B 001acTh
TOJIOKUTEIIBHBIX 3HAYCHUH JIJIS1 KUAKON (pa3bl aIFOMUHUSL.

Asropamu [29] uccnenoBairch TeMIepaTypHbIC 3aBUCHMOCTH KO3 (UITMCHTOB
TEMIIEPATYPOTIPOBOHOCTH QIIOMUHUSA, PE3yJIbTaThl WCCICAOBAHUS TPUBOIATCS  HA
pucynke 1.4. Ilokazano, YTO OTHOCHUTEIIBHOE OCTAaTOYHOE COMpPOTUBJICHHE ®

amoMuHus coctapisier 1600, mpu 3Tom B TemnepatypHoMm uHTepBaie oT 700 mo 900
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K norpemnocTs nu3mepenuii coctaBuia 4%, a BbIIIE UM HUXKE YKA3aHHBIX TEMIEPATYP
— 8%.
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PucyHokr 1.4 - TemmepaTypHasd 3aBHCHMOCTE Ko3(dHIHeHTa TeMIepaTypo-

IIPOBOIHOCTH (0.) aTFOMHHHA [29].

AJNIOMUHUNM B JKMJIKOM M TBEPJIOM COCTOSHUSAX HMEET TEeIUIONPOBOAHOCTbD,
KOTOpasi obOecreunBaeTCsl DJIEKTPOHHBIM CTPOCHHEM allloMuHus. Bxiag crpoeHus
peméTkn amtomuHus npu temneparype 800 K cocrtaBuser 2%, Torma kKak s
OCTaJIbHBIX JAHHBIX [0 CTPYKTYpPE U CTPOCHUIO ATIOMUHUSL TIOTPEIIHOCTH COCTaBISIOT
nopsiaka 5%.

Tennoémxocme maenus. COriacHO HCCIACIOBaHUSAM aBTOpOB [32], miist Maraus
XapaKTepHa TeKcaroHajdd Has IUIOTHOYMAaKOBaHHAs CTPYKTypa pemérku (T.1.y.),
KOTOpasi COXpaHseTcs A0 TEMIIEpaTyphl IJIABJICHHUS MAarHus, TO €CTh J0 TeMIEpPaTyphl
923 K u HopManbHOM naBieHud. CTpykTypa T.0.y. Uil MarHus UMEET CIeAyIolue
3Hauenus: nepuona o = 0,32094 um, npu temnepatype 298 K ¢ = 0,52103 am.

OcCHOBHBIE XapaKTEPUCTUKU TEIIOEMKOCTH JIJIi MarHUsl TPUBOJSATCS B TaOJIHIIE
1.2 v rpadnyeckn Ha pucyske 1.5. Y aenpHasa rermnoéMiocTs (Cp) MarHus nepecekaeTcs
C KJaccuueckuM 3HaueHueM 3R B oOmactu, Omuskoil Kk 62°F, 3aTeM HE3HAYHUTEIILHO
YBEIIMYUBAETCS, YTO XapakTepHO U JAPYTUM MeTajllaM, JaHHas 3aBHUCUMOCTh
MPOCJICKUBAETCA B CBA3UM CO CBOMCTBAMHU KOJIEOAHWM METayIOB, KOTOPHIE HUMEIOT
OTKJIOHEHUSI OT TapMOHUYECKUX KoJIeOaHWM, JaHHOE CBOICTBO HOCHUT Ha3BaHUE

AHTapMOHU3M.
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Tadauna 1.2 - TemwtodH3HYeCKHe CBOHCTBA MarHug [21, 22, 25, 33-36]

d. Cp. o108, A, p-108,
LK ries® | J#/(xrK) | am¥e | Br/(mK)? OM'M Lo
50 - - 358 1350 0,0478/0,0476 -
100 2,725 483,6 228 300,4/302 0,442/0,440 -
200 2,715 800,2 109 236,8/237 1,587/1,584 0,77

300 2,697 903,7 93,8 235,9/237 | 2,733/2,733 | 0,88
400 2,675 951,3 93,6 238,2/240 | 3,866/3,875 | 0,94
500 2,665 991,8 88,8 234,7/1236 | 4,995/5,020 | 0,96
600 2,652 1036,7 83,7 230,1/230 | 6,130/6,122 | 0,95
700 2,626 1090,2 78,4 224,4/225 | 7,350/7,322 | 0,96
800 2,595 1153,8 73,6 220,4/218 | 8,700/8,614 | 0,97
900 2,560 1228,2 69,2 217,6/210 | 10,18/10,005 | 0,99
933,61s | 2,550 1255,8 68,0 217,7/208 | 10,74/10,565 | 1,00

933,611 | 2,368 1176,7 35,2 98,1 -24,77 1,06
1000 3,350 1176,7 36,4 100,6 -25,88 1,06
1200 2,290 1176,7 39,5 106,4 -28,95 1,04
1400 - 1176,7 42,4 - -31,77 -
1600 - 1176,7 44,8 - -34,40 -
1800 - 1176,7 46,8 - -36,93 -

CornacHo wucciaenoBanusM [36], BETUUMHBI YACTBHOH TEMIOEMKOCTH IS
KUJKON (pa3pl MarHusl UMEIOT OTPHUIATEIbHBIC TeMIIepaTypHbIe K03 dunueHTsl. Takxke
JUIE MarHdAs pPacCYUTaH KOd(PPUIMEHT 3JIEKTPOHHOW TETUIOEMKOCTH (Y.), BEIMYWHA
koToporo pasHa 1,3 MJLx/(MosK?).

Tennoémxocms Kpemuusi WMCCIEAOBANIM aBTOpbl paboTel [38] B MMIKMpPOKOM
TemnepaTrypHoMm uHrepsaie 1,2-1690K.

ABtopamMu [39] moONy4YeHBl pe3yJbTAaThl [0 HCCIEJOBAHHUIO  YACIbHOU
TEMJI0EMKOCTH MOHOKPHUCTAJUIMYECKOT0 KpeMHUs. Pe3ynbTaThl 3TUX UCCIEAOBAaHUN B
BUJIC TE3WCOB TMpeAcTaBieHbl B padorax [40-42]. B ykazanHbIXx paboTax aHaim3
YACNbHON TEIUIOEMKOCTH KPEMHUSI MPOBEJAEH HAa OCHOBAHHMM MOJIYYEHHBIX aBTOpPaMHU

JAHHBIX B CPAaBHEHHU C MOJIYYEHHBIMHU paHEe U PEKOMEHJI0BaHHBIMU B padote [38]. B
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tabnuue 1.3 mnOpuBeneHbl Pe3yNbTAaThl BBIYHMCICHUS  YACIbHOW  TEMJIOEMKOCTH
MOHOKPHCTAJIMYECKOTO KPEMHHMSI, KOTOPbIE MOJIYy4YeHbl B HMHTEpBaje CKaHUPOBAHUS
pu cKOpocTH, paBHoW 4 K/muH, ocoboe BHUMaHue B pabortax [38, 40-42] yaeneHo
ONpEJENICHUIO TEIJIOBOro 3(d@exra KpeMHHUS, KOTOPBIM CBsSI3aH C BTOPUYHBIMU

(ha30BbIMU NIEPEXOAAMH.

Lo dxfxe -K)

500} Eﬁml l 67 2
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Pucynok 1.5 - TemmnepaTypHasd 3aBHCHMOCTE YIeTBHOH TeIlT0EMKOCTH (Cp) Mar-

HHA OT TeMIeparypsl Jedas (6p): 1 - [35]: 2 -[21]: 3 - maHHEIE [37].

Tadauna 1.3 — BenuuuHbl TemIOEMKOCTH, pacCUMTaHHBIE aBTopaMmH [39] mipu miare

HarpeBa 10 K/MHUH 111 MOHOKPHUCTAIUNTMYECKOTO KPEMHUS

T,K Cp, Hx/(Monb-K) T, K Cp, x/(Monb-K)
350 21.35 610 48.99
400 22.37 620 43.97
450 22.95 630 39.85
500 23.56 640 38.05
520 24.30 650 34.12
540 25.15 660 33.78
550 25.98 670 32.15
560 161.34 680 31.46
570 75.38 690 30.32
580 64.58 700 29.90
590 59.30 710 24.85
600 54.00 - -
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Tennoémxocmo  eannus. llpu atrMochepHOM HaBICHUU TaUIMH  HUMEET
OpTOPOMOMUECKYIO CTPYKTYpY ¢ nepuogamu mpu 297 K: a = 0,45197 um; b = 0,45260
HM; ¢ = 0,76633 uwm. INaumii — nerkomnaskuii Metamt (T, = 302,94 K) [21], npuuem
temneparypa Jlebas, onpenenéHHas u3 KaJOpUMETPUUYECKUX HU3MEPEHUN MpPU HUZKUX
temreparypax (6p = 317 K), Bbille TOYKM IUIABJICHHS, TaK 4YTO 00JacTh
KOHJIEHCUPOBAHHOI'O  COCTOSIHMSI JUJISl HEr0o  SBISETCS  «HU3KOTEMIIEPAaTypHON».
CyIecTBYIOT MHOTOYHMCIICHHbBIC HECTaOMIbHBIC MOAM(UKAIIMK rajutus [22].

J17151 MOHOKPHUCTAJUIMYECKOTO TaJUTUS Ol = 11,5-10'6 K'l; op =315 10° K'l; Oc —
16,5-10° K Brons oceii a, b u ¢ B uaTepBase 223-293 K.

B pabGore [33] mpuBeneHnl 3HAUYEHUsS TeMIepaTypHOro KkoddduimeHTa
JIMHEMHOTO pacCIIMPEHUs Tajuius, yCpeaHEHHbIE B uHTEepBaje 273+ Ty, a = 18,3-10° K™.
Cenenus O TUIOTHOCTH TaJUIUS TIPU PA3JIMYHBIX TEMIIepaTypax MpUBEICHbI B TaOIUIE
1.4. OHu OSTYYCHBI MHTEPIIOJSAIUCH JTaHHBIX, IPUBEICHHBIX B pabote [22].

Just rannmust  3aBUCUMOCTBH  YIEIbHOM TEIUIOEMKOCTH ~ OT TeMIEpaTyphl
XapaKTepu3yeTcs TEM, YTO TBEPABIN rajuInii UMeeT 3HAYUTENbHO HU3KYIO0 TEMIIEPATYPy
IUTaBJICHUS IO OTHOIIEHUIO K Temneparype Jlebas, To ecTh Ha rpaduke 3aBUCUMOCTU
yIIeTBbHOMN TEMIOEMKOCTH Tajluiis OT TeMnepaTypsl (pucyHOK 1.6) BHUIHO, YTO TOJIHOTO

Haceierns Cp He HaOo1aeTcs, a B )KUAKOHM da3ze raums C.* /3R =110, KpoMe TOTO, C

YBCIMYCHUCM TCMIICPATYPHLI 5TO OTHOHICHUC IIJIABHO CHUXKACTCA.

Co, AX/(K2-K)

400t

JO0+

200

100 |85

i | | ! i

g e 200 00 400 SOOTK

Pucynok 1.6 - TemmnepaTypHad 3aBHCHMOCTB VISITBHOH TEILTOEMKOCTH (Cp) rai-

nug [30. 35].
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Ta6imua 1.4 - Termodusudeckue cBoiicTBa raums [21-23, 30, 34, 43]

. d, Cs, -10°, A p-10°,
’ r/em® | Ix/(xrK) | e Br/(mK)? OMM
o0 - . 72 63,4 -
100 5,96 265,9 29,1 47,4 5,5
200 5,935 341,6 20,9 42,4 11,0
300 5,9032 384.,4 18,6 40,6 17,9
302,92s | 5,9037 411,3 - - -
302,921 | 6,0947 409,9 - 28,9 19,53
400 6,027 393,9 - 39,7 24,64
500 5,933 386,2 - 46,3 29,76
600 5,840 3819 - 54,7 31,61
700 5,747 379,5 - - 33,45
800 - 377,9 - - 35,06
1000 - 376,4 - - 38,54

Tennoémxocmo unous. 1lpu HOpMaTbHOM JAaBJIICHHMM WHAWK HMeeT 00BEMHO-
[ICHTPUPOBAHHYI0 KPUCTAJUIMYECKYIO (0.I.K.) CTPYKTYpY PEIICTKH C TMEepPUOJaMH TPHU
293 K: a = 0,32512 uM, ¢ = 0,49467 uMm [32]. DTa pemeTrka MpeICTABISIET COOOM
BBITSHYTYIO BJIOJIb OCH T.ILK. [32].

Wuanit = oOnmagaeT  CYIIECTBEHHO  AHMU3OTPONMHBIMA U aHOMAaJbHBIMU
TEMIIEPATYPHBIMH  3aBHUCHUMOCTAMH TEMIEPATYPHBIX KOA(D(UIIMEHTOB JIMHEHHOTO
pacmmpenus. TemnepaTrypHas 3aBUCUMOCTh CPETHETO TeMIIepaTypHOro KoddduiuenTta
JUHEWHOTO pacmupeHus (o) B 0OMEM COOTBETCTBYET HOPMAIBHOW JJIS TPOCTBIX
METaJIOB.

Cenenust 0 TEIIOEMKOCTH MHIUS TpadUuecKu MPUBOASITCS Ha pucyHke 1.7 u B
Tabmuue 1.5. Kak 1 OOJBIIMHCTBO APYrHX MPOCTBIX METanoB, 3aBucuMocts C, (7)
nepecekaeT kimaccuueckoe 3Hauenuwe Jlromonra-Iltm 3R’ B paiione 6 u nanee
HECKOJIBKO BO3PAacTaeT C TEMIEPaTypol BCIEACTBHE AHTAPMOHHYECKUX A(P(DHEKTOB H
AJIGKTPOHHOTO BKIana. KoapduimueHt snaektpoHHOUW Temioémkoctu (y.) = 1,672
KI[)K/MOJIL'KZ. OtHomierne C./3R=12, BOJIM3M TOYKH IUIABJICHHUS YMEHBIIACTCS C

MOBBIIIIEHUEM TEMIEPATYPHI.
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Pucynoxk 1.7 — 3aBucumocts ynenbHoi TtemnoeMkoctd (C,) HHAnS OT

temnepatypsl [ebas: 1 — [22]; 2 — nannbie [37]

Tadauma 1.5 - TemrodHzHIeCKHe CBOHCTBa HHIHA [21, 22, 30, 33, 34]

d. o -1068, A p 108,
T.K | C )| :
r/oa? ME/C BT/(MmK) OM'M
50 - 162.0 86,2 /104 -
100 7.45 203.0 64.6 97.7/97.6 2.78
200 7.38 2245 54.0 89.5/89.7 6.01
300 7.31 234.5 47.9 81.4/81.6 9.24
400 7.23 250.3 40.8 73.8/74.5 15.0
42978s | 7.21 255.7 38.3 70.6/72.9 16
420781 | 7.00 2558 21,1 37.8/- 32.3
500 6.95 250.2 222 38.6/- 33.2
600 6.88 2452 24.1 40,7/- 36,2
800 6,74 240.1 28.2 45.6/- 40.8
1000 6.67 237.1 - - 45.4

Tennoémxocmv mannua.  Tanmuii Tpu HOPMaJIbHOM JAaBJICHUM HMMEET [IBE
nonumMopdHeie  MoaupUKAIIK: Opd  HU3BKUX  TemIeparypax  CcTaOuibHa

KpHUCTaJUIM4yecKas r.u.y. ¢ nepuogamu npu 291 K: a = 0,34566 um u ¢ = 0,55248 HwM, a
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ot 507 K no Touku masnenus (T, = 577 K [32]; 576,2 K [29]) — o.1.k. ¢ meproom a =
0,3882 HM.

JInst  rammds  OTMEdYaeTcs aHWU30TPOIHOCTh 3aBUCHMOCTH  TEMIIEPATyPHOTO
KodhpuIMeHTa JTHHEHHOTO pacIIUPEHUs OT TEMIIEPaTyphl, a TaKKe CYIIECTBEHHOE
W3MEHEHHE 3HadeHui TemriepaTypHoit nmpousBoaHon do/dT, Haxongmuxcs BbIlIe eg.
CBeneHHMsI O IUIOTHOCTH TaJTUST B 3aBUCUMOCTH OT TEMIIEPATypbl, TOJYYCHHBIC
pacyeTHBIM TyTeM, IpUBE/IeHbI B TabuIe 1.6.

3aBUCHMOCTb YJEJIbHOM TEIJIOEMKOCTH TaJUIMS OT TEMIEpaTypbl, IPUBEIEHHAS

Ha pucyHke 1.8, sBisieTcss OOBIYHOW IS HOPMAJIbHBIX METAJIOB, XOTS NEpeceueHue
kpuBoit Cp (T) kmaccuyeckux 3HaueHud 3R mpOMCXOAUT HECKOJIBKO BBIIIE 6’8. IIpu

XK
atom otHouieHne Cp° /3R =1,2 BOJIM3M TOUKY TIABJICHHS U Jlajiee HECKOJIBKO yOBIBAET

C MOBBIIICHHEM TEMITEPaTypSI; Yo = 1,47 MIDx/(Monb-K?) [22].

Ta6imua 1.6 — Termnodusuueckue cBoiicTBa Tayus [33, 21, 29, 23, 35, 22, 44]

K d, Cb, a-10°, A, p-10°,
r/em’ JIx/(xr-K) M/c Bt/(m-K) OmM'M
50 - - - -162,6 -

100 16,06 119,78 50,1 72,4/55,6 4,2
200 11,96 126,04 38,7 58,3/49,4 11,1
300 11,85 128,89 30,1 45,9/46,1 19,2
400 11,74 134,4 27,6 43,6/43,8 27,1
500 11,64 138,9 25,2 -142,1 37,0
508a. 11,54 139,2 - - 37,5
508p 11,54 149,5 - - 33,0
576,2s 11,53 160,7 - - 38,5
576,2l 11,28 149,2 - - 75,5
600 11,25 148,0 - - 76,0

800 10,88 142,4 - - 82

1000 10,50 140,6 - - 88




25

CordMfiKe-K)

200
|%
750
e & —— - — ; i
w00 | IR’
la-p Top
50
| 1
/4 250 500 LK

Pucynok 1.8 — TemmneparypHasi 3aBUCUMOCTh yaeabHON Teruioémkoctu (Cp) st

Tayus, cormacHo [21, 35]

1.3. OcodeHHOCTH OKHMCIeHHs cIuIaBoB cucteM Al-Ga u Al-In

Cucmema Al-Ga. XuMHUYECKHH 3JEMEHT TaJUIMH HUMeEeT (PU3UKO-XUMUUYCCKUE
CBOMCTBa, BO MHOTOM CXO0>HE€ CO CBOMCTBaMM aJIOMHHHS, OJHAKO OHHM OTJIMYAIOTCS
MEXy cO00# 1O psITy CBOHCTB.

B pabotax [45, 46] aBTOpHI M3YYHIH CBOMCTBA JKUAKUX CIIaBOB B cucteme Al-
Ga, B 4aCTHOCTH, MPOLIECCHI, TPOTEKAIOIINE TTPU OKUCIIEHUH 3TUX CIUIaBOB. Pe3ynbTaThl
JAHHBIX HCCIICIOBaHMM MpuBoaaTcsa B Tabnunax 1.7 u 1.8, a tawke rpadudecku Ha
pucynkax 1.9-1.11.

UccnenoBanust mpolecca OKUCICHHUS KUAKUX aJIOMUHUEBBIX CIUIABOB, B
qacTHOCTH, conepkamux rammid (0,1 mac%) Obutn mpoBeneHsl B pabotax [45, 46].
ABTOpBI 3TUX PabOT B ONBITaX C TAJJIMEM BapbUPOBAIU TEMIEPATYPHBIM MHTEPBAT H
MPOBOJIMJIA ONBITHI HA cIiaBe npu temneparypax 983, 1033 u 1083 K. B mpouecce
WCCJIEIOBAHUSIX OBUIO BBISBICHO HE3HAYMTEIHHOE YBEIMYECHHE CKOPOCTH OKHCIICHHS
ATIOMHUHUEBOIO CIUIaBa C TalIMEM W OTMEYAeTCs, YTO Ha CKOPOCTh OKHCIICHHS
OKa3bIBA€T BIIMSIHUE TeMIlepaTypa U Bpems oOpabOTKH UCXOJHOro crasa. [lokazaHo,
YTO MPU MaKCUMaIbHOM Temriepatype onbiToB 1083 K wepe3 30 MunyT OT Hadana
JKCIIEpMMEHTa yJAedbHas Macca obOpasma  coctaBisgeT 9,0 Mr/cM%, Takxke OblLia
paccuuTaHa BeJIMYMHA KaXyIEWcsl SHEprud aKTHBAallMM YKAa3aHHOTO Ipoliecca

OKHUCJICHHUS CIIaBa aTlOMHUHUS C rajuiueM, paBHas 79,6 kJx/Moib.
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PucyHok 1.9 - KpHEBIe OKHCIEHHS CIUIABOE CHCTeMEBl Al-Ga, comep:xamux Ga

(mac%o): a) 1.0; 6) 20,0;: B - 40,0: T - 80,0 [45, 46].

Kak Bumno w3 pucynka 1.9a, BHeceHue nermpoBaHHOW moOaBku rammms (1,0
Mac%) B CIUIaB QJTIOMUHUS HE3HAYUTEIIbHO YBEJIMYMBACT  CKOPOCTH OKHCIICHHUS
HCCJIEMYEeMOTO CIUIaBa, MPU OTOM DHEPrus AKTHBAIUS JICTUPOBAHHOTO TaJTMEM
AJIFOMUHUEBOIO CIIJIaBa HE3HAUMUTEIbHO CHIDKaeTcs. CorjacHo uccieaoBanusm [45, 46],
JUIsL alIOMUHHMEBOTO cIulaBa, JierupoBaHHoro ramiueM (0,1 mac% ramnus) npu
temneparypax or 983 mo 1083 K umcTuHHAs CKOpPOCTh OKHCIICHHS YBEIHMYHBACTCS,
cooTBeTCTBeHHO, ot 2,33:10* 10 5,0-10™ kr/(M%c), SHEprus aKTHBAIMHK [IPOLECCa MPH

ATUX YCIOBUSIX cocTaBisgeT 79,6 kI[x&/Monb, OJHAKO NPHU YBEJIUUYECHHUH COJIEPKAHUS
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nerupytoniero kommnonenta (1,0 mac% rammms) B yKa3aHHOM TeMIIEpaTypHOM
MHTEpBAe CKOPOCTh OKHCIICHHS HECKOTBKO YBEINIMBACTCS, cocTaBmss ot 2,85:10™ 1o
52510 KF/(MZ'C). DHEprusi akTUBAIMUA JAHHOTO MPOILECCa, COOTBETCTBEHHO, TAKKE
cHUXKaeTcs, coctanisis 71,76 kJx/mMonb. Pe3ynbraTsl TaHHBIX UCCIEIOBAHUM, COTJIACHO
[45, 46] nmpuBenens! B Tabiume 1.7,

UccnenoBanusi mpOBOJIUINUCH CO CIUIABOM AIFOMUHUS, JIETUPOBAHHOIO TajUIHEM
(20 mac%) (pucynok 1.96). U3 kuHEeTHUUECKUX KPUBBIX pUCYHKa 1.90 BHAHO, 4TO B
Te4eHue NepBbiX 5-10 MUHYT OT Havasia OMbITa yJedbHas Macca oOpasiia MHTCHCUBHO
YBEJIUYUBACTCS, U3 YEr0 MOXHO KOHCTaTHUPOBaTh OOpa3oBaHUE CIa0O0W 3allUTHOU
TIEHKA HA TIOBEPXHOCTHU CILJIaBa, KOTOpas eiie He chopMUpoBaia B JOCTATOUHON Mepe
CBOM 3alllUTHBIE CBOMCTBA. 3aTeM MO MEpEe YBEJIMYCHHUS Ha TOBEPXHOCTH CILIaBa
OKCUJTHOM TUIEHKHM OKHCJICHHE cIutaBa 3amejyisieTcs. Kpome Toro, B paborax [45, 46]
otMedaetcs oOpasoBanue Hapsaay ¢ o-Al,O; TBEpmoro pactBopa coctaBa GaAlOg,
COJIEp’)KaHHE€ KOTOPOrO IO MEPE HAKOIUIEHUS pa3pyllaeT OKCHUIHYIO IUIEHKY Ha
MOBEPXHOCTH UCCIIEAYEMOrO CIUIaBa.

HccnenoBanus mpoliecca OKUCICHUS aJIFOMUHUEBBIX CIUIaBOB ¢ raueM (ot 40
10 60 mac% ramusi) aBTOphl [45, 46] mpoBOAWIM B IIMPOKOM MHTEPBAJIC TEMIIEPATYp
(ot 853 no 1053 K). [Tokazano, yto BrepBbie 10 MUHYT OT Hayaja Mpolecca OKUCICHUE
crulaa ¢ Ga mporekaeT JHMHEWHO, HO mocie 20 MUHYT OT Haydaja SKCIEPUMEHTa
OKHUCJICHUE TMPAKTUYECKH OCTaHABINBAETCS.

Pucynok 1.9B xapakTepu3yeT HpOLECC OKHUCICHHS aJTIOMUHHEBOIO CIUIaBa C
nobaBkamu rammus 40 mac%. Kak BUIHO KPUBBIX OKMCJICHUS Ha PUCYHKax 1.9B, mpu
OIMHAKOBOW TemmepaType y cIulaBa ¢ conaepxanuem ramwims 60 mac% CcKopocThb
OKHCJIEHUSI HECKOJIbKO BBIIIE [0 CPAaBHEHHIO CO CIUIaBOM, JerupoBaHHbIM 40 mac%
raus. ABtopbl [45, 46] yTBepkaaroT, 4YTO 4yeM OOJibllle B HMCCIEAYEMOM CILIaBe
COJIepKaHMs TaJlIusl, TEM HIKE Y JAHHOIO CIUIaBa BEJIWYMHA KaXYIIEWCs 3HEPruut
aktuBanuu (y cruiaBa, JerupoBarnHoro 60 mac% Ga ona cocrtaBusier 40,50 xJ[>x/mMomb,
COTJIACHO JAaHHBIM TaOmuIbI 1.7).

Ha pucynke 1.9r nOpuBOgATCS  KUHETHYECKHE  KPHUBBIE  OKHCIICHUS,

XapaKTEepU3yIIIMe Mpoluecc OKucieHus cruiaBa ¢ gobaBkamu 80 mac% ramwius B
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3aBUCUMOCTH OT TEMIIEpaTypbl U BpeMeHU IaBieHus. Kak BuaHo u3 pucyHka 1.9r, nis
ATOr0 CIUIaBa COXPAHAETCS YK€ HMEIOIIAscs OWHAMHUKA  3aBUCHMOCTH CKOPOCTH
OKHUCJICHHMSI OT TE€MIIepaTypbl, TO €CTh YEM BBIIIE TEMIEPATypa, TEM BbILIE CKOPOCTb
OKHCJIEHUS YKa3aHHOro oOpasma. 3aluTHas IUJIEHKA Ha CIuiaBe, JierupoBaHHOM 80
mac% Ga, 3akaHuuBaeT cBo€ popmupoBanue yepe3 40 MUHYT OT Hayana HKCIEPUMEHTA.
ABTOpHI [45, 46] onpenenuiivn UCTUHHYIO CKOPOCTh OKHCIIEHUsI oOpasiia, KoTopasi Mnpu
903 K pasma 6,16:10" kr/(m*c), mpu Ttemmeparype 953 K HCTHHHAS CKOPOCTB
OKHCIICHHS HECKOIBKO yBEIMYMBACTCS, COCTABisis Benmamuy 7,67-10% kr/(m*-c).
Brrunciiennas s3Heprusi akTuBalMK TaHHOTO Mpoiiecca coctaBuia 30,10 kJ[>x/Mob.

Tadauna 1.7 - [TapaMeTpsl OKHCISHHA JKHIKHX CIUIABOB CHCTeMEI Al-Ga

Cocrae cru1aBoB, | Temnepatypa | FlcTHHHAS ckopocTh | Kaskymascs SHepIrHA
mMac%o OKHCIIeHHd, OKHCIIeHHA aKTHBAIIHH,

Al Ga K K-10-kr-m2-cex! EJ[A/MOTh
1003 2.78

100 0.1 1053 4.17 70,12
1103 5.83
983 2.33

99.9 0.1 1033 3.43 79,67
1083 5,00
983 2.85

99.0 1,0 1033 3.66 71,7
1083 5.25
953 3.17

80 20 1003 4.21 58,52
1053 5.93
1003 5.0

60 40 54,76
1053 7.16
853 4,10

40 60 903 6.08 40,55
953 7.5
203 6.16

20 80 30,10
053 7.67
753 5.0

0.8 99.2 803 6.6 27,29
853 3.3
573 3.58

0,0 100 773 6.83 134,35
973 10.33
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Taxxke NpOBENEHbI 3KCIEPUMEHTHI CO CIUIAaBOM, cojepkamum ramumid (99,2
Mac%), oOpaszer] uccieaoBanu npu temmeparypax 753, 803 u 853 K. Cornacno [45, 46],
y 3TOr0 CIUIaBa OTMEYAIOTCSI MAaKCHUMAaJIbHAsl CKOPOCTh OKUCJIEHHS M, COOTBETCTBEHHO,
caMoe MCHBIICe 3HAYCHUE KaXKyllehcs 3Hepruu aktuBanuu (pucyHok 1.10a). Taxoke
aBTOPbI OTMEYAIOT, YTO C POCTOM TEMIIEPATYphl Mpolecca HaOII0JaeTCsl 3HAUMTEIbHOE
YBEJIMUYEHUE CKOPOCTH OKHMCIIEHHUS, YTO BUJIHO U3 TaOnuibl 1.7.

[lapannenbHO OMBITAM CO CIUIABOM QJIIOMUHUS C PA3IMYHBIM COJEpKAHUEM
raJiusi ObUTM MPOBEJEHBI SKCHEPUMEHTHI C YHCTBIM TaiueM. [lo cpaBHEHHIO cO
CIUTABaMU QJIOMUHUS U TaJUus, JJIS YUCTOTO TaJliusl OTMedaeTcs Oosiee JIUTENbHbIN
0 BpEMEHHU Ipoliecc (POPMUPOBAHUS OKCHUIHOM IIIEHKHM HA €ro MOBEPXHOCTHU, YTO
BUJHO M3 XapaKTepa KHUHETMYECKUX KPUBBIX Ha pucyHke 1.106. 3axkoHOMEpHOCTH
oOpa3oBaHHs Ha TOBEPXHOCTH pacIlaBa YUCTOTO TajulMsl OKCHIAHOW TUIEHKU
00BSACHAIOTCS TeM, 4TO Ga M €ro OKCHUbl UMEIOT BHICOKHUE 3aIIUTHBIE XapaKTEPUCTUKH,
B 4YacTHOCTH, Juig okcuaa ramwms (Ga,Oz) 3Hauenue Vor/Vye paBHo 1,30, a Taxxke
OKCHJ Taidsg 00JIaJJaeT BBICOKOW MPWIMIAEMOCThIO M OBICTPO TNPUIIUIAET K
MOBEPXHOCTH paciuiaBa. Takum oOpa3om, B Havalie Mpoiecca OKUCICHHS] OKCU/T TaJlInsI
IPOSIBISIET BBICOKHE 3aLIUTHHIE CBOKCTBA.

B pabotax [45, 46] Tarke ompeeneHbl CKOPOCTH OKHclIeHUss Ga B IMIUPOKOM
MHTEpBaJle Temieparyp ot 573 mo 973 K, kotopsie cocraBmiy 3HadeHus ot 3,58-107
no 10,3310 KF/(MZ’C), SHEpPrus aKTUBAIIMKM PACCMOTPEHHOTO Mpoliecca OKUCICHUS
qucTOro rayutns cocraBuia 134,35k]k/Mob.

B paborax [45, 46] aBTOpamMm Takke WCCIICTOBAHBI U30XPOHBI OKHCICHUS IS
CIUIaBOB QJIIOMHHUS C COAEPKAHUEM TaJlIus, BO BpeMEHHOM mIpoMexxkyTtke ot 10 mo 30
MuH. OT™MeYaeTcs, 4To 100aBku B cruiaB amomMuHus (meHee 1,0 mac%) He OKa3bIBalOT
CYILIECTBEHHOI'O BJIMSHUS Ha OKUCISEMOCTb allOMUHUEBOrO CILJIaBa, IPU yBEIUYEHUU
B COCTaBe aJIOMUHUEBOrO CIUIaBa COJEpKaHUSl TallIusl CKOPOCTh OKHUCJIEHUS
ATIOMHHHUEBOIO CIJIaBa YBEJIMYMBAETCS TAKKE B HE3HAUUTENIbHBIX Ipejaenax (PUCYHOK
1.11).

Jlns  crutlaBoB  aJlOMUHMSL C J00aBKaMH TajulMsl  TakKe MPOBEICHBI

uccnenoBanust  3aBucumoctu 1gK ot oOpatHoil Temmepatypsl (pucyHok 1.12).
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[Toka3aHo, 4TO caMyl0 HM3KYIO CKOPOCTh OKHCICHMS XapaKTepHa JUIi CIUIaBOB C
conepkannem Ga nHe Oomee 1,0 mac%. Kpome Toro, mpocnexuBaeTcs mpsimas
3aBHCHMOCTh CKOPOCTH OKHCJICHHUS YyKa3aHHBIX CIUIABOB OT KOHIICHTPAIMH TaJUIHs H
TEMIEepaTypsl Mpolecca, TO €CTh YeM BHIIIe KOHICHTpAIHs TaUIks B CIUIaBE U

TEeMIIEpaTypa Ipolecca, TEM BBILIE CKOPOCTh OKUCIeHHUs [45, 46].

g/S, gls,
mr/cm? a) mr/cm?
24 28
853K
20 | - 24 + 6) 953K
o =t 803K
20
16 / _ _ 773K
A 753K 16 |
12~ . ST3K
. 21 ¥«
8 g | ) .
4T 4
T. MHH
0 1 1 L 1 2 H 0 ) ) ) ) T, MHH
0 10 20 30 40 50 0 10 20 30 40 50

PucyHoK 1.10 - KpHBEI® OKHCIIEHHA CIUIABOB CHCTeMBI Al-Ga, comepsxamux Ga
(Mac%): a - 99.2; 6 - 100,0 [45, 46].

g\s, Q,

.
Mr/cmM KT/ Mo

100

1-10nmH.
2-30muH.

15

10

I I 1 1
Al 20 40 60 80 Ga

PrcyHoK 1.11 - I130XpOHEI OKHCIIEHHA CIUTABOE CHCTeMEI Al-Ga [45, 46].

I[Ipyu oOKuCIEHHH PACCMOTPEHHBIX CIUIABOB  ANIOMUHUS C  Pa3IUYHBIM
COJIEp’)KaHMEM TaJUTusl MPOUCXOJUT OOpa30BaHHE pPAa3IMUHBIX COCIUHEHUH, KOTOpbIE
ObBUTH WCCIIeZIOBaHbI PEHTreHO(a30BbIM MeTomoM [45, 46], monydeHHbIE Pe3yJIbTaThl

npuBoAsATCA B Tabnuie 1.8.
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Oxkcup ramiusi Mo OTHOLIEHUIO K MOBEPXHOCTU pacijiaBa MPOSIBISET CUIIbHBIE
CBOMCTBa MPUJIMIIAEMOCTH, YTO HAa HAYaJbHBIX CTAJUsAX MpPOIlECCa OKUCICHUS IMpHU
oOpa3zoBanun okcuaa rammms Ga,0O; xapakTepu3yeTcsi  CHIbHBIMU 3allUTHBIMU
cBoiicTBamu. M3 Tabmmiel 1.8 BHAHO, UTO B CIIaBax allOMHUHHUS C rajiideM (He Oolee
1,0 mac% Ga) u B mpoJyKTax OKUCJICHUS MPUCYTCTBYET TOJBKO OKCHUJl aTFOMUHUS
coctaBa o-Al,O3, B TBEpIOM cocTosiHuu. [Ipu copepkaHuM B aFOMUHHEBOM CILIABE
Ga (comepxkanue ramnus 20,0-40,0 mac%) TPOMYKTHI OKUCIEHUS COJIEPKAT TaKKE
TBEPABIA OKcua amroMUHUS o-Al,O3 1 TBEPABIN ABOWHOW OKCHI ATFOMUHUS U TaJUTHS -
GaAlO; [45, 46].

ABTOpBI [45, 46] cCUMTAIOT, UTO TaJlIMi OKa3bIBAET BJIUSIHUE HA CTPOCHUE OKCHUJIA
amomunans  o-Al,O3, u3MeHss ero, MpH 3TOM CKOPOCTH OKHCJICHHS CIIaBa
yBeJIMUMBaeTCs. B anloMUHMEBBIX CIIaBax ¢ cojepkanueM ramiusa 60 no 99,2 mac%
IPOUCXOAUT oOpazoBaHWE TBEPAOTO JABOMHOTO pacTBOpa CIEAYIOIIETO COCTaBa —
GaAlO;. YucTelil ra/uiii OKUCISIETCS 1O COCTOSHUA okcuma ramms - GayOs.
[lokazaHo, 4TO B 3aBUCHMOCTH OT OOpPa3yIOMIMXCA MPOIYKTOB B IMPOIECCE PEAKIIHU

N3MCHACTCA CKOPOCTH OKHUCJICHHUS CINNIABOB aJIIOMUHUA C PA3JIMYHBIM COACPIKAHNUCM Ga

[45, 46].

lgK
3.0
35 - 3
_ i 2
| | |

9.5 10,0 10,5 uT-10"
PrcyHok 1.12 — 3apHcHMOCTE 1gK oT 1/T n1s criaeoe cHeTeMmsl Al-Ga, comep-

#amex Ga (Mac%): 1 —-0.1;2—-1.0;3 —20.0; 4 —40.0 [45, 46].
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Tadauna 1.8 - ®az0BEIH cOCTAR IPOIVKTOR OKHCIEHHA CIUIABOE CHCTEMBI allk-

MHHHH-TAITHH 110 TaHHEIM PDA [45, 46]

Coctae caeog. Mac%o
@a30BbBIH COCTAB MPOIVKIOB OKHCIEHHA CILTABOB

Al Ga

99.9 0,1 0-AlO;
99.0 1.0 0-AlO;
80.0 20,0 0-AlyO:+GaAlO;
60.0 40,0 0-AlOs+ GaAlO;
40,0 60.0 GaAlO;
20,0 80.0 GaAlO;

0.8 99,2 GaAlO;

0,0 100.0 Ga;0s

Cucmema Al-In. OkucieHne aJTlOMUHUCBBIX CIIABOB ¢ MHIWEM OBLIH M3Y4YCHBI B
pabote [47]. OHn u3yyanu CIUIaBBI C Pa3IUYHBIM cojaepkaHueM uHaus — oT 0,01 mo
99,99 mac%, uccienoBaHus MPOBOJMUIUCH B aTMOC(epe Bo3ayxa, TaKkKe ObLITH U3YUEeHBI
KMHETUYECKHE TMPOLECChl, MPOTEKAOIIUE IpPU OKHCICHUM YKa3aHHBIX CILJIABOB,
pE3yAbTAThl UCCIAEAOBAHUS KNUHETHUYECKUX U SHEPTETUYECKHUX MPOLECCOB MPUBOJSTCS B
tabmunax 1.9-1.11 u Ha pucynkax 1.13 u 1.14.

Kunernyeckne KpuBbIE OKHCICHHS ATIOMUHUEBOIO CIUIaBA C COJEpPKaHHEM
unaua 0,01 mac%, paccuntannbie npu temneparypax 953, 1003 u 1053 K npuBenensl
Ha pucynke 1.13a. Kak Bugno u3 pucynka 1.13a, nanHbIi iporiecc MpOTEKaeT ¢ HU3KOH
CKOPOCTBIO OKHCIJICHUS, KPUBBIE OKUCJIEHUS TaHHOTO CIUIaBa UMEIOT NapadoanyecKuit
Bua. /[ maHHOTO mMporecca OKUCISHHs aBTopamu [47] ObLIM pacCYUTaHBI UCTUHHBIC
CKOPOCTH, KOTOpPBIE COCTaBUJIM BEJIUYUHBI B IIpelesiax 1,9-10%-4,38-10™ KF/(MZ‘C),
TaKKe IS JAHHOTO TPOIlecca OKHUCICHWs ObUTa BBIUMCICHA BEIMYMHA KaXyIIEHCS
SHEepruM aktuBaruu - 76,49 xJ[x/Moab. ABtopamu [47] TakkKe TPOBEIACHBI
peHTreHo¢a30Bblil U MH(PpPAKpacCHbI aHaNW3bl YKA3aHHOTO CIUIaBa U IMOKAa3aHO, YTO
MPOJYKTOM OKHUCJIeHUus anmtoMuHueBoro ciasa ¢ 0,01 mac% wHaus sSBISIETCS OKCHUJT

amromMuHuSA - o-Al,O3 (tabmumer 1.9 u 1.10).
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Tadoauma 1.9 - KHHeTHUeCKHe H DJHEPIeTHUECKHE MapaMeTphl Mpolecca

OKHCIIEHHS KHIKHX CIUIABOEB CHCTeMEBI Al-In [47]

CocTaB CILIaBOB, | TemmepaTypa | FICTHHHASA CKOPOCTh
Mac%o OKHCIEHHs, | OKHcIeHH: K-10-4, KaKymascd SHepri
Al In K Kr/(M2-C) AKTHBAIHH, KJTA/MOTE
1003 2,78
100.0 0,0 1053 4,17 70,12
1103 5.83
053 1.9
99.99 0,01 1003 3.10 76.49
1053 4,38
953 2,77
00.97 0,03 1003 4.15 70.43
1053 5.5
953 3.5
00.95 0,05 1003 4.9 66.8
1053 7.0
953 5.0
90.0 10,0 54.7
1003 6.5
953 5.3
34.0 16,0 1003 6.9 47.8
1053 3.9
853 2.8
0.05 00.95 203 4.5 73.74
953 6.8
853 3.6
0.03 99,97 Q03 5.4 64.34
053 7.9
853 4,75
0,01 99.99 903 5.8 58.0
053 8.85
673 5.0
0,0 100.0 873 7.57 140.6
1073 10.83
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Tadauna 1.10 - ©a30BBIH cOCTAB MIPOAVKIOE OKHCIIEHH CIUIABOB CHCTEMEI Al-In

10 JaHHEIM PDA [47]

CoCTaE CILTABOE. Mac%o
@a30BBIH COCTAE MIPOIVKTOE OKHCICHHA CILIABOR
Al In
1200.0 0.0 0-AlL O3
99,99 0.01 0-AlL O3
99.97 0.03 0-ALO3
99.95 0.05 0-ALO3
90.0 10.0 0-AlL O3+ InxOs
84.0 16.0 t-Al O3+ InxOs
0,05 00,95 In;O;
0,03 09,97 In;O;
0,01 090,99 In;O;
0.0 100.0 In;O;

Jlns amoMuHUEBOrO cruiaBa ¢ cojepxanueMm uHaus (0,03 mac%) KuHeTHuecKkue
KpUBbIE OKHUCJICHHUS TpuBeJeHbl Ha pucynke 1.136. [lns crmaBa  amroMuHWus,
coxepxkamero 0,03 mac% In, onpenensitorcst 0oJiee BBICOKHE BEIUYUHBI YIEIBHON
Macchl OINMBITHOTO 00pasia, ueM i oopasma ¢ coaepkanuem 0,01 mac% In. Taxke mo
Mepe YBENWYCHUS TEMIEpaTyphl  CKOPOCTh OKHUCJICHHUS UCcienyemMoro oOpasia
HECKOJIBKO yBEIMIHBACTCA U cocTapiser 107 KF/(MZ'C). ABTOpHI [47] HA OCHOBaHHMU
npoBefeHuss POA mpoayKTOB OKUCIECHHS YKA3aHHOTO CIUIaBa OTMETHJIM, YTO OKCHJIbI
WH]IYA B CIUIaBE€ OTCYTCTBYIOT.

Jlns amroMHHHEBOTO cIutaBa ¢ cojepxkanueM uHausA 0,05 mac% Ttakxke B padote
[47] mocTpoeHBl KMHETHYECKUE KPUBBIC OKUCIICHUS, WMCIOIIHE MapaboIMIecKuil BU/.
OxcunHas TiéHka Ha moBepxHocTH cruiaBa ¢ 0,05 mac% In monHOCTHIO ChOopMUpOBaHA
yepe3 30 muHYT OT Havaima mpouecca okucieHus. I[Ipm 1053 K ormewaercs

. -4 2
MaKCHMaJbHOE 3HaUCHUE HCTUHHOM CKOPOCTH OKHMCIeHUs, paBHas 7,0-10™ kr/(m“-c).
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PrcyHok 1.13 — KpHBEIE OKHCIEHHA CIIABOB CHCTeMEI Al-In, cogep:xamHx HH-

nuH (Mac%):a—0,01: 6 —0.03; 28— 10,0: T — 99,95 [47].

Kak BugHO n3 Tabnuuesl 1.9, 11 anioOMUHUEBBIX CIUIABOB C COAEPKAHUEM HHAUS
(10,0 m 16,0 mac%) oTMeydaroTCss MaKCHUMAaJbHbIE BEIMYHMHBI CKOPOCTH OKHUCIEHHUS U
MUHUMAJIbHBIE 3HAYCHMs KaxKyliewcs sHeprum aktuBanuu (54,7 u 47,8 x/x/monb),
COOTBETCTBEHHO. XapakTep KHHETHYECKUX KpUBBIX cruiaBa ¢ uHaueM (10 mac%)
oTpaxx€H Ha pucyHke 1.13B. Kak BugHO u3 pucynka 1.13B, B mepBbie 10 MHUHYT OT
Hayaja Mnpouecca KpUBble JTUHEWHO 3aBUCAT OT TEMIEPATYpPHI, Jajee 3allluTHas MIIEHKA
Ha MOBEPXHOCTU CIUIaBa YBEJIIMYMUBAETCS, YBEIUUYMBAIOTCS U €€ 3alUTHBIE CBOWCTBA U

3aBUCUMOCTb CKOPOCTU OKUCIIEHHUS OT TeMMEPATyphl IPUHUMAET MapadoIMueCKuil BUT

[47]
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Jns crutaBoB amomunus ¢ uHameM (10,0 m 16,0 mac% wHAHA) HW3ydYCHBI
IIPOAYKTHI OKHCIIeHHs ciutaBa. Merogamu POA n MK-cnekTpockonuu nOATBEPKAECHO
oOpa3oBaHME B YKa3aHHBIX CIUIaBaX OKCUJIOB HMHIUS W AJTIOMUHUS CJICAYIOUUX
coctaBoB: IN;O3 wu a-Al,Os. Bosiee cioxHbie OKCHABI B JaHHOM IIPOIECCE  HE
obOpazyrorcs [47].

Aptopamu [47] B mmpokoM uHTepBajie temmneparyp (853, 903 u 953 K) taxxe
UCCJIEIOBaHbI A TIOMUHHUEBBIE CIUIaBbI C BHICOKUMHM COJICPYKAHUSIMU UH]IUSI, B YACTHOCTH,
¢ coaepxanusiMu 99,95; 99,97 u 99,99 mac%. [dns 3TUX CIUIaBOB TaK»K€ MOCTPOCHBI
KMHETUYECKUE KPUBBIE MPOIECCOB UX OkucieHus (pucyHok 1.13r). Ormedaetcs, 4To
IIPU BBICOKUX COJEPKAHUAX UHJMS B AJIIOMUHHEBBIX CIIaBaX OKHUCJICHUE WHTCHCUBHO
npoTekaet B nepBbie 10 MUHYT OT Hayaa mpoiiecca, a CKOpOCTh OKUCIICHUST YKa3aHHBIX
CIUUIaBOB PACTET C yBEIMYCHUEM COJIEPKaHUS B CIUIABE UHIUS.

Jlnst cpaBHEHUS Pe3yJIbTaTOB OBUIM MPOBEEHBI OMBITHI ¢ OKHUCICHUEM YHUCTOTO
WHJIUSI, TIPU ATOM TeMIIepaTypa BapbUpOBaJIach B IIUPOKUX npeaenax - 673, 873 u 1073
K. Kunernueckue KpuBble JaHHOTO Mpoliecca UMEIOT MapaboIndecKuil BUl, a CKOPOCTh
OKHCIeHHsT cocTaBmia ot 5,0-10™ KP/(MZ-C) npu Temmepatype 673 K no 10,83-10™
KF/(MZ'C) npu Temrieparype 1073 K, sneprus akruBanuu pasHa 140,6 x/{x/Mons [47].

ABTopsl [47] mocTponan HM30XPOHBI OKHCIICHHUS IS aJlOMHHHECBBIX CIUIABOB C
BBICOKMMH COJICPKAHUSAMU WHIUA Uil ONPENEICHUS POJIM AIIOMUHHUS U UHIUS B
nporecce okucieHus. Kak BugHo 3 pucyHka 1.14, He3HAUMTENbHBIE COJCpPKAHUS
ATIOMHUHUSL CHUKAIOT OKHCISIEMOCTh [N, B TO ke BpeMs [Jisi CHUIKEHHsS Ipolecca
OKHUCJIEHUS HEOOXOAUMBI BBICOKHE COAEP KaHUSI UH]IUS B CILJIaBE.

Takum o0pa3oM, Ha OCHOBAaHMM NPOBENEHHBIX UCCIEIOBAHUNA MOXHO
KOHCTAaTUPOBATh, YTO MaJible JTOOABKH WHIUS B CIUIAB AJIOMUHUS TPAKTUYECKA HE
OKa3bIBAIOT MOJOXKUTEIBHOIO BIHUSHUS HA OKHUCISIEMOCTh AJIOMUHHUS, YTO BUIHO M3
BBICOKMX 3HAYEHUN HEPrUM aKTUBAIMU MPOLIECCA OKUCIIEHUS allOMUHUEBOIO CIUIaBa C
uHaueM. JlaHHBIE WCCIEOBaHHUS  MOATBEPXKICHBI MeEToAaMu (DU3UKO-XUMHUYECKOTO
ananuza (MK-cnexkrpockonuu u POA).

N3 nannabIX, mpeacTaBieHHbIXx B Tabaumax 1.10 u 1.11, BUAHO, 4TO OCHOBHBIMHU

MNpOAYKTaMH OKHUCJICHHA B CIlNIaBaX, COACPIKAIINX BBICOKHMC KOHIOCHTPAIMKM aJIFOMHWHMUA,



37

- 310 OoKkcun amromuHus 0-Al,O3, a B cIlaBax ¢ BBICOKUM COJCPKAHUEM UHIUS — ITO
okcun uaaus - 1NyO3. Kpome toro, ans cminaBoB amomunus ¢ unaueM (10,0 u 16,0
Mac% In) mpoaykTaMu OKUCICHUSI TTOMUMO OCHOBHOTO mpoaykTa o-Al,O3 mporcxoaut
oOpa3zoBanue InyO3. Ilo wmHenuro aBTopoMm [47], B TOPOAYKTAX OKHUCICHUS
UCCJIEIOBAHHBIX AJIOMUHHUEBBIX CIUIABOB C HMHJMEM He 00pa3yloTcs OKCUAbl Ooiee

CJIOXKHOI'O COCTaBa.

Q.
K2/ MOJIB

N
MI/cM™

1-10 MuH
2 - 20 MHH

100

50

L [ R N | [ 1
Al 0,02 0,04 9996 99,98 In
In, mac %

Pucynok 1.14 - M30XpoHbI OKUCIICHHS aTIOMUHUEBBIX CIUIABOB ¢ HHANEM [47]

Tadauna 1.11 - TIpogyKIEl OKHCISHHA 00pasVIOIIHXCA IIPH OKHCISHHH CIUIABOB

cHcTeMBl Al-In no gaHHEIM HK-crieKTpockoHH [47]

CocCTaE CILTABOER,
CocTtae OpoIVEKIOB
Mac%o Yactotsl MK-cIeKTpoB, cM-l
OKHCJIEHHA
Al In
100,0 0.0 455, 470, 525, 799, 1100 0-AlO;3
99.95 0,03 470,525, 610, 650 1090 0-ALLO;
455,470, 610, 1090 0-ALO;
84 16
540,670, 780. 1150 In O3
0,05 09,95 540,670, 1150, 1270 In: 05
0.0 100,0 540,670,780, 1150, 1270 In.0;
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1.4. Koppo3u0OHHO-3/IeKTPOXUMHYECKOE MOBeIeHHE CIJIABOB
cucrtem Al-Ga n Al-In

AJIOMUHUN TpU CIUIABJIEHUM C HHIUEM U TalUIMEeM MNPUOOPETaeT BBICOKUIMA
OTPULIATENIBHBIN MOTEHIINAJ, YTO HAIUIO IUPOKOE MPUMEHEHHE JTaHHBIX CIUJIaBOB IMpHU
MIPOU3BOJICTBE MPOTEKTOPOB U AHTUKOPPO3HMOHHBIX TMOKPHITUA  METAUTMYECKHUX
w3nenuid. [loaTomMmy MHorume aBTopbl [48, 49] mOCBATHIM CBOM HCCICAOBAaHUS
U3YUYEHUIO  DJICKTPOXMMHMUYECKOTO TIOBEJICHHS M  CTAIlMOHAPHBIX  MOTEHIIUAJIOB
QTIOMHUHUS, JISTUPOBAHHOTO pAa3IMYHBIMH COJCpXKaHMsIMU WHAUS U ramwus. Ho
UMEIOIINECS TUTEPATypHbIC CBEJICHUS SBJISIIOTCS OTPAHUYCHHBIMU U HETIOJHBIMU.

M.M. IlypeHOBUY U JIp. ONMHUCHIBAIU AHOJHBIC CBOMCTBA CIUIABOB AJIFOMUHHUS C
uHaueM u ramummeMm [49], KoTophle OTMETHJIM JBa OCHOBHBIX HEJOCTAaTKa aJOMHUHUS,
3TO:

- BBICOKAasi COMPOTUBIIIEMOCTh 3aIIUTHOTO OKCHIHOTO CJIOsi (MpUBOASIIAsS K
HEJOCTATOYHO OTPULATEIbHBIM  3HAYEHUSM [OTEHUHAala HE3aMKHYTOM Lenu u
paboyero MoOTeHIMANa TpPHU peajbHON IUIOTHOCTH AaHOJHOTO TOKa, a TaKke K
NacCUBAllMU TP OTHOCUTEIBHO HU3KUX TUIOTHOCTSX TOKA);

- BBICOKOE€ 3HA4YeHHE OTpUIATEeNbHOTO nuddepeHiuanboro 3gpdexra, To ecTh
YBEJIMYEHNE KOPPO3UOHHOIO TOKA C POCTOM aHOJAHOM IJIOTHOCTHU TOKA.

[Monapuzanmonnnas guarpamma cruiaBoB Al-In (pucynox 1.15) (mo 0,18%)
NoKa3aja, 4To CIUIaB aTIOMUHUS C UHIUEM JIaKe IPU OYEHb MAJIOM COJICPKAHUU UHIUS
(0,025%) oka3zancst 6IaronpuATHBIM Jisi OOpHOBI C BBINMICYKA3aHHBIMH HEIOCTATKAMHU
[49].

[Monspuzarmonnas nuarpamma ciiaBoB Al-In u Al-Ga nokaspiBaeT, 4TO CIUIaBbI
XapaKTepU3YyIOTCs 3HAUUTEIBHO OOJiee OTPUIIATETbHBIM 3HauUeHUEM E ., YeM YHCTHIN
amroMuHN. TepMooOpaboTaHHBIN CIUIaB 00JIajlaeT JIYYIIUMH CBOWCTBAMHU, YEeM
3aKIEHHBIN.  OTO  moaTBepkaaercs  3HadeHusmu  OJD  (oTpumareabHOro
muddepennmansHoro 3¢ dexra), OBICTpOE YMEHBIIEHHE KOTOPOTO C POCTOM
CoJepKaHMsl WHAWS TPUBOAUT K HE3HaYuTeabHOM mnoTepe BemiectBa (~0,5%), yTo

oyt B 30 pa3 MeHbIIIE, YEM Y YUCTOTO alntoMuHu [49].
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Pucynok 1.15 - Tlonspuzanmonnas guarpamma cruiaBoB Al-In (kpussie 1, 2) u
Al-Ga (xpuBas 3) (1, 2 — cruiaB Al-In, 3akanéunsiii (1) 1 TepMudeckn 00pabOTaHHBIM
(2) ¢ makcumanbHbiM conaepskannem uHaus (0.185%); 3 — crmaB Al-Ga (0.15%); 4, 5 —
COOTBETCTBEHHO KpHWBBIC ISl BhIEeNeHHOTO Hy; 6 - aHOmHAast KpuBas JJIsl YUCTOTO

amomunus [49]

Poct kKoHIEHTpaIy JeTHPYIOMIET0 KOMIIOHEHTa OTpUIaTeNbHo BiauseT Ha O/D.
Astopsl [49] mokazanu, uto nuddepeHianbabiii 3QHEKT MPaKTUYECKH OAMHAKOB IS
Bcex HMOHOB U paseH 0,2-0,4%.

CraBiieHMe alIOMHHHS € TauimeM naéT cxonHble 3¢dektol. [Ipomcxomut
3HAYUTEIFHOEC CMEIICHHE CTAllMOHAPHOTO IOTCHIMANla, TO ecTh mpsimod Tadens, B
OTPUIIATEIBPHYI0 CTOpPOHY. BMecTe ¢ TeM TIUIOTHOCTh TOKa TMacCUBAIlMU HE
YBEJIMYMUBACTCS TaK CHJIBHO, KaK B Clydae MHAUS. | aumiii Takke MMeeT 3HAYMTEIbHO
MeEHbIIIee BIusHUE Ha AuddepeHuanbabiii 3gdekrt, yem unamii [49].

[Ipu gocTWXKeHWH COAEp)KAHWS TalIUsl, COOTBETCTBYIOIIETO BBIJCICHHUIO
uHTepMeTainYeckor  daser AlGa,, TPOUCXONUT Naxe 3HAYUTEIHLHOE YBEIMUYCHHUEC
oTpunaTenbHoro auddepeHmanbHoro 3 hexra mo CpaBHEHUIO C YHUCTHIM aTIOMUHUACM.
Ha ocHOoBanum 3TOr0 OBUTO CAENAHO 3aKIIOUYEHHWE, YTO C TOYKH 3PEHUS MOCTABICHHON
3amaun Oojee IenecooOpa3HO HAMpPaBUTh MaTbHEHINNE W3BICKAHWUS Ha YIIYYIICHHUE

CBOWCTB aJTFOMUHHUEBBIX CIUIaBOB ¢ uHaueM [50].
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N3ydeHa cKopocTh B3aUMOACHCTBUSA C BOJON U MUKPOCTPYKTYPOH aJItOMUHUEBO-
rajuiieBeiXx craBoB [51]. B pabore Cokonbckoro u ap. [92] moka3zaHO, 4YTO
JIETMPOBAaHUE ANTIOMUHUSA TajlIMEM, HHIUEM (@ TaKXKe OJIOBOM) IMO3BOJISIET PEaIn30BaTh
TEPMOJMHAMUYECKYIO HEYCTOMYMBOCTH AQIIOMUHHUS B pEaKkUUMU B3aUMOJEUCTBHUS C
BOJIOH.

OO0paboTka HSKCHEPUMEHTAIBHBIX JAaHHBIX I[OKa3aja, YTO MPU HHTEHCHUBHOM
pPacTBOPEHHUM AITIOMUHUS B BOJE€ MAaKCHUMAaJbHbIE€ CKOPOCTH BBIJEICHHUS BOJIOpPOJA U3
CIJIaBoB, conepxamux 5,0; 6,0; 7,0; 8,0; u 9,0 mac % ramus, nocrurarot 220, 285,
500, 810 u 120 1/(M**MHH), COOTBETCTBEHHO IpH Temieparype 25°C [52].

bbu10 mokazaHo, uYTO MpHU MOBBILIEHUU TEMIEPAaTypbl CKOPOCTH BBIIEIEHUS
BOJIOPOJIa PE3KO Bo3pacTaeT. B aToM ciyudae BelieicTBUE OYpHOTO BbIIENIEHUS BOAOPOAA
npu temrnepatypax 70-85°C Ha MOBEpPXHOCTH ATIOMUHHUSA HE yCIeBaeT 00pa30oBaThCs
crutomHas miéuka 6emuta AIOOH, u criaB anmoMuHUS ¢ rajutieM (IpU KOHICHTPaIMK
Ga>6 wmac%) pacTBOpsieTcsl MOJIHOCTbIO. MakcUMajbHble CKOPOCTHU BBIJIEICHHUS
BOJIOpPOJIa TPHU B3aUMOJCHCTBUU aJTIOMHUHHMEBOrO CIUIaBa, cojaepxaimiero 6,0 mac%
rajums, ¢ Bogou npu 25, 40, 70 u 85°C pasusl 285, 1500, 1700 u 3220 JI/(MZ'MI/IH),
cootBeTcTBeHHO [50].

DHeprusi akTUBALIMU BBIACJICHUS BOJOPOJAa, PACCUUTAHHAS U3 TEMIIEPATYPHOI
3aBUCUMOCTH CKOPOCTH BBIJICJICHUSI BOJOpOJa M3 BOABI ITUM CIJIaBOM, paBHa 9,14
KKaJI/MOJIb.  3Hau€HUE OHHEPrUu  CBUJCTEIBCTBYET, 4YTO CKOPOCTh  peakluu
B3aUMOJICUCTBUS AIIOMUHHUSA C BOJON JUMUTUPYETCS KUHETUYECKUMH OIPaHUYEHUSMHU
[52].

Bricokasi peaknoHHast ClIOCOOHOCTh OTMEYAETCs JUIsl aFOMUHHUEBBIX CIUIABOB,
JIETUPOBAHHBIX OJHOBPEMEHHO MHIUEM, 0JIoBoM U rayumeMm [52]. Ilokazana Bemymias
pOJIb rajulvs B YKa3aHHBIX CIUIaBaX, KOTOPBIA MPOsBIsET Haubosee CUIbHBIE CBOMCTBA
U MaKCHUMAJIbHO CHI)KAET PEAKUHOHHBIE CIIOCOOHOCTH QJIIOMUHHUS - BBICOKYIO
PEaKLIMOHHYK0 CIOCOOHOCTh B BOJHOW Cpele, a TakKe IacCUBHOCTb aJIOMMHMS.
Bbicokasi CKOPOCTh pacTBOPEHHUs aTIOMHUHHMEBBIX CIUIABOB € J00aBKaMU rajuivsl B BOJE
3aBUCUT OT HHTEHCHBHO Pa3BUBAIOLIEIOCS IMPOLECCa MEKKPUCTAUIMTHOM KOPPO3UU

(MKK). W3 Tteopun KOPpO3UMOHHBIX MPOLIECCOB M3BECTHO, YTO HaWOOJbIIECH
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CIIOCOOHOCTBIO K CaMOPAacTBOPEHUIO 00JaJar0T CIUIaBbl U METAJUIBI C HEOJIHOPOJIHOM
NOBEPXHOCThI0. OOBEMHAs HEOJHOPOJHOCTh METajla WM €ro CIulaBa MPUBOJUT K
BO3HMKHOBEHHIO HA TOBEPXHOCTH TaJIbBAaHUYECKUX  DJIEMEHTOB  Makpo- |
MUKPOCKOITMYECKHUX pa3MepoB [53, 54].

CornacHo guarpamme coctosaus cucreMbl Al-Ga [48] HamOombiei
aKTUBHOCTBIO K  KOppO3UM B  BOJE OOJIaalOT  aJIOMUHHUEBBIE  CIUIABBI,
romoreHu3upoBanubie Tpu  750°C uw  OBICTpO OXJaXAEHHBIE JO0 KOMHATHOMU
TEMIIEPaTyPhl OTIUBKOUN B KOKHUIIb.

Pesynbratel MukpocTpykTypHoro ananmuza Al-Ga (3%) crmiaBoB yka3bIBalOT Ha
JIEHAPUTHYIO CTPYKTYpY. Y CIUIaBa ¢ COAEpKaHHEM Tayus 10 5% MOXKHO OTUETIMBO
BUJIETh TpaHUlbl paszaena (a3, oOoramEHHble 3BTEKTUKOW rayus. Emé Oounbliee
yBenudeHue (mo 15% Ga) npuBoaUT K SYEHUCTON CTPYKTYpE CIIaBa, YTO HAXOJUTCS B
TMIOJTHOM corjiacuu ¢ padoroii [51].

B Tabmuue 1.12 npuBonarcs pe3ysibTaTbl KOPPO3UOHHO-3JIEKTPOXUMHUYECKOTO
U3YYEHUs ATIOMUHHUEBBIX CIUIABOB C PA3JIMUYHBIM COJIEPKAHHEM TaJuIMs, UCCIIETOBAHUS
IPOBEACHBI 110 METOJMKE, pa3paboranHoi B [54,56], cmiasel Al-Ga npeasapureabHO
NOJIBEprajii  KaTOJHOM TMOJIApU3AIlMU, CKOPOCTh pa3BEPTKU cocTaBisuia 10 mB/c.
KpoMe TOro, H3y4eHbI 3aBHCHMOCTH [IOTHOCTH TOKA (i, MA/CM?), XapaKTepH3YIOIIHE
HAYaJo Mpollecca MacCUBAIlMU, OT COJAEpXKaHUS B aTIOMUHUEBBIX ciuiaBoB In u Ga
(pucynok 1.16).

N.H. TanueB u COTPYIHUKM H3y4YIM CBOMCTBA YUCTOIO AaJIOMUHHS W
ATIOMUHUEBBIX CIUIABOB C TaJJldeM W HHAMEM U TOKa3aJld HaJludhe Ha
MOJISIPU3ALMOHHBIX MOTCHIMOJANHAMUYECKUX KpPHUBBIX HW3YYEHHBIX CIUIABOB TPEX
o0nacTeil akTUBHOCTH - MACCUBHOW, TPAHCIACCUBHOW M aKTUBHO-TIACCHBHOM o0JacTei
[56].

ITokazano [56], 4YTO 4YHUCTBIE AaJIIOMHUHHUEBBIE  CILIABBI AMEIT Ha
MOTEHIMOJUHAMUYECKUX KPUBBIX 3HAYUTEIBbHO OOJBIIYI0 MACCUBHYIO 00JacTh IO
CPaBHEHHMIO CO CIUIaBaMH, JICTUPOBAaHHBIMU HHJIMEM U TaJIMEeM, a [OoJHas HX
naccuBanus (i,y) ¥ TUIOTHOCTH TOKOB Hayajga mnaccuBaluu (ly,) MPU YBEIUYEHUHU

KOHIICHTPAIIMU UH/US U TaJUIUsl yBEJIMYUBaKOTCS (pUCyHOK 1.16).
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(ckopocTb pa3BépTku nmoteHrmana 10 mB/c) [56]

mac% B B B B B | MA/em® | MA/eM
0 0.991 | 1.65 1.40 | 0.680 |0.730 | 0.80 0.20
0.005 | 1.069 | 1.74 1.45 | 0745 |0.715| 0.82 0.28
0.05 | 1.200 | 1.75 1.45 | 0.750 |0.770 | 0.84 0.30
0.1 1.220 | 1.76 1.45 | 0.755 |0.775 | 0.85 0.30
0.2 1.250 | 1.76 1.45 | 0.755 |0.780 | 0.87 0.32
0.4 1.290 | 1.76 1.45 | 0.780 |0.795 | 0.90 0.33
0.6 1.320 | 1.76 1.45 | 0.800 |0.815 | 0.94 0.33
0.8 1.340 | 1.75 1.45 | 0.805 [0.820 | 0.98 0.33
1.0 1.350 | 1.75 1.45 | 0.825 |0.835 | 1.00 0.34
1.5 1.350 | 1.76 1.45 | 0.833 [0.843 | 1.01 0.34
1.8 1.350 | 1.75 1.45 | 0.846 |0.855 | 1.01 0.34
2.0 1.357 | 1.75 1.45 | 0.865 [0.870 | 1.02 0.34
10 1.356 | 1.86 1.46 | 0.880 |0.885 | 1.23 0.36
15 1.356 | 1.75 1.46 | 0.890 [0.895 | 1.32 0.36
20 1.356 | 1.76 1.46 | 0.900 |[0.915 | 1.39 0.38

JlaHHBIN TIpollecC CIBHUTaeT TOTEHIHMAT MUTTUHTOOOpa3oBaHUS B 00JACTh
OTPHULATEIIBHBIX 3HAYEHUM, BCJIEACTBHE 4YETO HAa MOTCHUUOAWHAMUYECKHX KPHUBBIX
MPOUCXOJIUT YMEHBIICHUE MACCHUBHOM 001acTH, TO €CTh KOPPO3WOHHAS CTOMKOCTH
YKa3aHHBIX CIJIAaBOB yxyamaerca. OTMeyaercs, 4To 100aBKH rajuids B aAJIlOMUHHEBBIN
CIUTAB 3HAYMTEIHHO YMEHBINAIOT MACCHBHYIO O0JIACTh Ha MOTEHIIMOJIMHAMHYECKHUX
KpPHUBBIX [0 CPABHEHHIO C PAaBHO3HAYHBIMM KOHILIEHTPALUSIMU KaAMUsl U UHUs [56].

Kpome Toro, moGaBkM B adlOMUHHEBBIA CIUIAB WHAWS W TaUTHsl CMEMIAIOT
MOTEHIMAbl TMUTTUHIOOOpa30BaHUA M pernaccuBalMd B Oojee OTPULIATENbHYIO

o6stacte. Tak, BeMMUMHA OTEHIIMAIa TUTTUHTO00pa30BaHusl CHIDKaeTcss oT —680 s
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amomuans 10 -900 MB s crimaBa Al-Ga (20%).

Lin, MA/cM?

7.4 | Ga

1.0 /M//M

0.6 | TR | B
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. 2
Pucynok 1.16 - 3aBUCHMOCTD IUIOTHOCTH TOKa Hayaya MacCUBAIUH Iy, (MA/ cM”)

OT cojiepKaHusl rayus U uuaus (mac%) B antoMuHuu [56]

[ToTennuan pemaccuBanuu Takxke MeHsercs ot -730 (uns Al) o -918 mMB (crnaB
Al ¢ 20% Ga). Takxe 100aBKH K allOMUHHEBOMY cIutaBy rawius (2%) u unmus (2%)
U3MEHSIIOT CTAI[MOHAPHBIN MOTEHIINAI CIIJIABOB B 00JIACTh MOJOKUTEIBHBIX 3HAUCHUH B
nepsbie 15-20 MUH OT Haudaja mpolecca, a Jajee Npyu yBEIMYEHUH BPEMEHHU Ipoliecca
noteHuuan Eg, vop. HE M3MeHAETCA. KpoMe Toro, nmokasaHo, 4To MMEETCS 3aBUCHMOCTb
Ecsxop. OT comepakanus serupyromux saemenToB (Ga, In). [loGaBku ramnus v MHOMA
cMemaoT Egxop. B OTpUIATENBbHYIO 00JacTh 3HaueHHH (pucyHok 1.17), HecMoTpst Ha
TOT (aKkT, YTO [ TauMsl W WHAWS BEIWYMHBI CTAHJAPTHBIX DJIEKTPOJIHBIX
noteHnuanos (-0,53 u -0,34 B, COOTBETCTBEHHO) SBISIOTCS 00JICE MOJOKUTEILHBIMH,
YeM BEJIMYMHA CTaHJIapPTHOTO 3JIEKTPOJHOTO NMoTeHnnana anmoMunus (-1,66 B) [56].

Ha pucynke 1.18 mnpencraBieHbl MOTEHIIMOJAMHAMHYECKHE KPHUBBIC CILJIAaBOB
cucrembl Al-In B cpene 3% pactBopa NaCl, mpu ckopoctr pa3septku noreHimama 10
MB/c, BUIHO, 9TO MONSIpU3AIMOHHBIC KPUBBIE XapaKTEPUIYIOTCS HATHINEM YCTOMINBON
MacCUBHOM 00JIacThiO0 Nake npu KoHueHTpauuu uHaus 10 mac%. C yBenudeHuem
KOHIICHTPAIlMM HHJHUS B KauyeCTBE JETHPYIOIIETO KOMIIOHEHTa IUIOTHOCTh TOKa
yBenunuuBaetrcsi. (OO0JIacTh aKTUBHOTO PACTBOPEHUS MPUXOAMUTCS HAa 3HAYCHUS

noreHnuaioB or -1.50 mo -1.85 B [56].
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Pucynok 1.17 - 3aBUCHMOCTh MOTEHIHada CBOOOAHON KOppo3uu (-Egi) OT

coJiepKaHus Tayutis U uuaus (Mac%) B amoMuHun [56]

Ha pucynke 1.19 noka3ana 3aBUCUMOCTh MOTEHIIMAJA CBOOOHON KOPPO3UHU OT
BpeMeHH t ("4ac) sl alfOMUHUEBBIX CIUIABOB C TaJUTMEM, MHAMEM M KaaMueM. BuaHo,
YTO HamOoJiee HIIEKTPOOTPULIATENIbHbIE 3HAYEHUS TOTEHIIMAJIOB COOTBETCTBYIOT
crwaBaM  cucteMbl  Al-In, ¥ B MeHbIIEH CTelmeHHM CMel[aeTcs MOTEHIMAl B
OTPUIIATEIbHYIO 00JIaCTh 3HAYEHUW OT JIETUPOBAHHS alOMHUHHUS Kaamuem (kp.3

pucynok 1.19).
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Pucynok 1.19 - IloTeHimoanHamMuuecKue KpHBbIe CIutaBoB cucteMbl Al-In, B
cpene 3% pactBopa NaCl, mpu ckopoctu pasBeptku mnoreHnmana 10 wmB/c,

conepoxarmue (Mac%): 1-0.051n;2-2.0 In; 3-10.0 In [56]
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AKTHBalMSl QIIOMUHMS J100aBKaMM TajulMsl W HUHIUS TO3BOJISIET MIUPOKO
UCIOJBb30BaTh HX Mg pPa3pabOTKU NPOTEKTOPHBIX cIuiaBoB. (O0a JETHPYIOMINX
AJIEMEHTa MOTYT ObITh PEKOMEHJOBaHbl B KaueCTBE JOOABKHU K aTIOMUHUIO B KaueCTBE
IIPOTEKTOPHOI'O0 MaTepuaa.

Kak moka3biBaeT mpakTuKa, ONTUMAJIBHBIM 3aIIUTHBIM CIIBUTOM MOTEHIMANA JJIs
BCEX PACCMOTPEHHBIX METAJIOB (TaJUIUM, MHAUHN, KaaMuil) sBiseTcs BenuurHa 200 MB,
TaK KaK KAaTOAHBIC IOJSPU3ALUN PACCMOTPEHHBIX CIUIABOB W UX CTEIECHU 3aIUTHI

00yCJIOBIIEHBI 3aBUCUMOCTBI0, MPUBEAEHHOM Ha pucyHke 1.20.
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Pucynok 1.19 - 3meneHus moTeHInaga cBOOOIHON KOPPO3HH (CTAIMOHAPHOTO)
oT BpeMeHH t (Jac) /i allfOMUHHUEBBIX CIUIABOB C TAJTUEM, MHAMEM M KaJMHUEM, TMpU
compepkannn (Mac %): 1 — 2.0% Ga, 2 — 2% In, 3 — 0.05 Ga, 4 — 2.5% Ga, 5 -
amoMuHNN Mapku A5 [56]
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Pucynok 1.20 - BiusHHe KaTOJHOTO CHABUra MNOTEHIMATA AJTOMUHUEBBIX

CILUIABOB Ha CTEIEHb UX 3aIUThI [57]
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[TocTtpoenue rpaduka 3aBUCMMOCTH BIUSIHUS KaTOJHOTO CJBUra MOTEHIMAJa
ATIOMMHHUEBBIX  CIUIABOB Ha CTENEHb WX 3amuThl (pucyHok 1.20) mMeeT Ba)KHOE
3HAYEHUE ISl TMPAKTUYECKUX IeJie, TO €eCTh 3alllUTHBIA CABUT TMOTEHIIMAJA
BBIOMPAETCS COOTBETCTBEHHO 00JIACTH, KOTOpasl 3alllTpuxoBaHa Ha rpaduke. Ho mpu
ATOM HEMaJIOBaXKHBIM BOIPOCOM OCTAETCS pacrpesiesieHue 3JIEKTPOIHOI0 MOTeHIIMAalla
[0 TOBEPXHOCTH 3alllMIIAeMOTO MeTalsla, Kak IoKa3areiab dA(PheKTUBHOCTH
MPOTEKTOPHOM 3aIUTHl OT KOPPO3UOHHOTO paspyiieHus. B pe3ynbrare mpoBeaEHHBIX
palboT B TaHHOM HaITpaBJICHUH aBTOPOM [57] cienaHsbl cieIyroIne BEIBOIbI:

1. TlokazaHo, 4TO MIPU YCJIOBUU KOHTAKTa MPOTEKTOpa (ATIOMUHUEBBINA CIUIaB) U
MeTajuia (CTalib) MOBEPXHOCTH 3AlIHUIIAeMOT0 00bEKTa HE SBIISIETCS M30TIOTEHIIMATBHOM.

2. Yem Oobllie pacCTOSHUE MEXIAY METAIOM U MPOTEKTOPOM, TEM MEHBIIE
3aIuIIEHHAs] 30Ha MTOBEPXHOCTH CTaJIH.

3. Pe3ynbrarthl U3BMEpeHUN pacnpeiesieHus dJIeKTPOJHOTO MOTEHIIMaIa MeTasia
(ctanmp) marOT BO3MOXKHOCTb PAacCUMTaTh PaAMyC 3alUTHOTO JEUCTBHUS MPOTEKTOpaA, a
TAK)K€  ONPENENIUTh TEOMETPUUECKHE MapaMeTpbl CaMoro IMpOTEKTopa Ipu
IPOEKTUPOBAHUH MPOTEKTOPHOMN 3aIIUTHI.

UccnenoBanocks Takke BAUMSAHUE UWHOAUA 10 1% Ha  KOPPO3HOHHO-
AIEKTPOXUMHUICCKOE TTOBEJICHUE aTIOMUHUS BBICOKON cTernmeHr YucToThl (Mapku A6NO,
cocrosimiero u3 99.9999%) c menpbl0 HMCKIIOYUTH BIUSAHHE TpUMEced (JKene30 |
kpemuuit). I[lomsgpuzanvioHHble KpuBBIE OBUIM CHSTHI  COTJIACHO METOJAMYECKUM
pekoMmeHaamusaMm [55]. PesynbpTaTel uccnenoBanuii BHeceHbI B Ta0bmuibl 1.13 u 1.14.

Kak BumHo u3 3HaueHuii Tabaunsl 1.13, 100aBKM HHAMS 3aMETHO CMEIAIOT
AIEKTPOXUMUYECKUE TMOTEHIIUATBI ATIOMUHUSA (CBOOOJTHONW KOPpPO3UHU, PEracCHUBAIIHH,
KOPPO3UH M MUTTUHTOO0PAa30BaHuUs) B OTPHUIATENIbHYIO0 00JacTh 3HaueHu. [laccuBHas
00J1aCTh TIPH TOM YMEHBIIIACTCS, TO €CTh CIUIaBBI cucTeMbl Al-IN MeHee maccCuBUPYyEMBbI
[0 CPAaBHEHUIO C aTtOMUHUEM. TOK KOppO3UH 3aMETHO PaCTET JO KOHLEHTPALIMU UHIUS
0.05%, 3atem He3HaunTenbHO cHUkaeTcs y ciuiaBoB Al-In (0.1%) u Al-In (0.5%) wu,
HaKOHEI], COCTaBy C MAaKCHMAJIbHbIM 3Ha4YeHUEeM Jierupytomero kommnoHeHTta (1.0%

WH/IMS) COOTBETCTBYET HaNOObIlas BEJIMUYMHA TOKa KOppo3uu (tabmuua 1.13).
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Tabauma 1.13 - DieKTpOXMMHUYECKHE XapaKTEPUCTUKU CIutaBoB cuctembl Al-In,

CHSITBIC ITPH CKOPOCTHU pa3BEépTku nmoTeHnuana 10 mB/c (mmo x.3.c.) [56]

Tn, Ecran: | -Banm. | Bums | -Bmo, | -Bpems | lmns i
% TI0 Macce B B B B B MA/cM? | MA/eM?
0] 0.99 1.65 1.40 0.680 | 0.730 0.80 0.20
0,005 1.01 1.73 1.50 0.750 | 0.785 0.81 0.26
0.05 1.02 1.73 1.50 0.755 | 0.790 0.83 0.26
0.2 1.05 1.73 1.50 0.840 | 0.870 0.84 0.27
2.0 1.27 1.72 1.50 0.900 | 0.925 0.92 0.28
4.0 1.27 1.72 1.50 0.900 | 0.925 0.94 0.28
8.0 1.28 1.70 1.50 0.915 | 0.930 0.98 0.29
12.0 1.28 1.70 1.50 0.930 | 0.945 1.02 0.30

CrnenoBarenbHO, MOXHO KOHCTATUPOBATh, YTO JIOOABKOW WHAMS K AJFOMHUHUIO
HEBO3MOXKHO JIOCTUTHYTh COXpaHEHHUs, a TeM OoJiee TOBBIIMICHUS KOPPO3UOHHOU
croiikoctd. OpnHako paHHble Tabmuiy 1.13 wm 1.14 yka3piBaloT Ha JOCTaTOYHO
BBICOKOOTPHIIATEIbHBIEC JIEKTPOIHBIC MOTEHIIHANBI CIIaBOB cucteMbl Al-In maxe mpu
HU3KUX 3HAYCHUSAX KOHIICHTPAIIMU UHHUS, YTO JaeT BO3MOXKHOCTh MCIIOJIb30BaTh HHIUIN
B KaueCTBE aKTUBHUPYIOIICH JOOABKH K aJIlOMUHUIO M €r0 CIJIaBaM B 1I€JIOM B KaueCTBE
3 PEKTUBHBIX aHOJIOB-TIPOTEKTOPOB.

Ta6auma 1.14 - DiekTpOXMMHUYECKHE XapaKTEPUCTHKH CIUTaBOB cucTeMbl Al-In

(ckopocTh pa3BépTKHU moTeHIMana 2 MmB/c, 1o x.3.c.) [58]

In, DIIEKTPOHbIE MTOTEHITUAbI, B Ixop.,

% o macce | -Egpx | -Exop. -Epen -E.o AE . AM®
- 0.98 0.96 | 0.770 0.680 0.60 0.003
0.025 1.03 1.00 | 0.860 0.90 0.35 0.010
0.050 1.05 1.05 | 0.860 1.10 0.30 0.015
0.10 1.07 1.15 | 0.870 1.09 0.25 0.011
0.50 1.10 1.23 - 1.09 0.20 0.013
1.00 1.16 1.25 - 1.08 - 0.020




48

1.5. BbIBoABI 10 0030pYy JUTEPATYPHI H NOCTAHOBKA 321241

[Tonbopka mutepatypHoro ob63opa [31, 45-48, 55-56] B oOnactu
CTPYKTYypoOoOpa3oBaHus U (PU3NKO-XMMHUYECKUX CBOWCTB CIUIABOB QTIOMHUHHS C
AJIEMEHTaMH TOATPYMIBI Tajulvsl MOKa3aja MEPCIEeKTUBHOCTh HCIONB30BAHUS HX IS
KOMMYTallMOHHBIX ~ almapaTroB, MauyT  JUHUA  JJEeKTporepenad,  KOpPIyCOB
AIIEKTpOJIBUTATENeH, BBIKJIOUaTedae u T.1. B mutepatype mmeercs mHbopManus o
KAHETHKE OKUCJICHHS, KOPPO3MOHHOM CTOWKOCTH aTIOMHHHUEBBIX CIUIaBOB C
DJIEMEHTAaMHU TIOATPYIIBI Taulus B arpecCHUBHBIX CpelaX, IMOCKOJBKY YKa3aHHBIC
CIUIaBBl  HCHOJB3YIOTCS B METAJUTypru4ecKkux mpoueccax (TepmMooOpadoTka,
OKCIUTyaTallWisi TPU BBICOKUX TeMIlepaTypax WM arpecCHBHBIX Cpeaax) u
MIOJIBEPTalOTCs Pa3IMYHBIM THUIAM KOppo3uu. VIMEIOTCs CBENEHUs O TETUIOEMKOCTH
YUCTOTO  AJTIOMUHHS, DJIEMEHTOB TMOJTPYNIBl TaTUS. AHaIU3  JTUTEPaTypHI
CBUJICTEIIHCTBYET, YTO MO JIAHHOMY HAIPaBJIICHUIO TPUMEHUTEIBHO K JIBOWHBIM |
TPOWHBIM CIUIABaM HCCJEJIOBAHMM TMPOBENECHO HEJAOCTAaTOYHO, B YACTHOCTHU JJISt
CIUIABOB, KOTOpBIE IUIAHUPYETCS MCCIeNOoBaTh B JaHHOW paborte. JluTepaTypHbie
JaHHBIE TIOKA3bIBAIOT, YTO HET CBEACHUH O (PU3MKO-XUMUUYECKUX CBOMCTBAX
HPOBOIHUKOBOTO alfoMUHKEeBOro criaBa E-AIMQSI («anpapeii») ¢ rajmueM, HHAUEM U
TajueM. Takum  00pa3oM, BO3HUKJIA HEOOXOJMMOCTh TPOBECTH YKa3aHHBIE
UCCJICIOBAHUSA M CHUCTEMaTU3MPOBATh TIONyYCHHBbIE B pE3yJbTaTe WCCICAOBAHUS
PE3YNbTATHI.

B nannol mmcceprannoHHOW paboTe Oblia MocTaBjieHa 3ajadya CHHTE3HpPOBATH
MIPOBOJHUKOBBIN amoMuHeBbIH crutaB  E-AIMQSi  («anmpapeit») ¢ pasTudHBIMU
KOHIIEHTpAIUSIMUA TaJTUsl, WHAUS W TaUldsd, TOCTPOUTh JUArpaMMbl COCTOSTHUS
M3YYEHHBIX CHUCTEM, a TaKkKe HCCIeoBaTh (PU3UKO-XUMUUYECKUE CBOWCTBA
CHUHTE3MPOBAaHHBIX AIFOMHHHEBBIX criaBoB ¢ Ga, In u TI U OMpENeInTh UX

OKCILTYaTalMOHHBIC COCTABbI B 3aBUCUMOCTH OT TCMIICPATYPHI U XapaKTCpa CPpCAbI.
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I'JIABA 2. UCCJIEJOBAHME TEIVIO®U3UYECKHUX CBOUCTB U
U3MEHEHUHN TEPMOJUHAMMNYECKUX ®YHKIIUN
AJIIOMHUHHUEBOI'O ITPOBOJAHUKOBOI'O CILIJIABA E-AIMgSi («aabapeii»),
JIETUPOBAHHOI'O 'AJIJIMEM, UHAWEM U TAJJIMEM
2.1. Teopusi MeTOaAa M CXeMA YCTAHOBKA /151 H3MEpPEeHUs!
TEMJI0OEMKOCTH TBEPABIX TeJl

B nuteparypHbIX UCTOUHHKAX paHEe HE PacCMaTPUBAIMCH TEPMOIUHAMUYECKHUE
CBOMCTBAa IMPOBOJAHMKOBOI'O CIUIaBa  HA OCHOBE aloMuHuUs cocraBa E-AIMgSi
(«ampapeii»), KOTOPBIN JETUPOBAH PA3IMYHBIM COJACPIKAHUEM TaJIUs, HHIAUS U TaJUIHs.
[ToaToMy HamMu B HACTOAIMIEH JHUCCEPTAIMOHHOM pabdoTe MOCTABJICHA LEJb
YCTAHOBJICHUS  3aBUCUMOCTH BJIMSIHUS JOOABOK YKa3aHHBIX JIETUPYIOIIUX AJIEMEHTOB
(Ga, In, Tl) Ha TepMoaMHAMHYECKHE XAPAKTEPHUCTHKM M 3HAYCHHUS TEIUIOEMKOCTH
IPOBOJAHMKOBOTO CIJIaBa Ha OCHOBE altoMuHusA coctaBa E-AlIMgSi («anpapein»).

Hamu Obutn u3ydeHnsl o0pasiipl anroMuareBoro civiaBa E-AIM(QSi («ampapeii»)
C LIETBIO0 OTPEAENICHUs] CKOPOCTH UX OXJAXACHUS, NI 3TOTO ObUIM IOCTPOEHBI ISt
BCEX MCCICIYeMbIX OOpa3lloB KpHUBBbIC OXJaXACHUs oOpas3noB cruiaBa E-AlIMgSi
(«ampapei») ¢ pa3aUYHBIMU KOHIIEHTpAUUAMHU Tajuldsg, UHAUS U Tamiusa. Kpussie
OXJIAXKJIEHHUS 00pa3lloB — 9TO TEeMIIEpaTypHbIE 3aBUCHUMOCTH OOpa3loB OT Iepuojaa
BpPEMEHHU, YIIEAIIETO Ha UX OXJIaXKIEHUE B aTMOC(HEPHOM BO3YyXE.

N3BecTHO, 4TO TEPMOJIMHAMUYECKOE PABHOBECUE B CHUCTEME — B JAHHOM CJIy4ae
— TOJYIPOBOJHUKOBOM altoMuHUEBOM crutaBe E-AIMgSi («ampapeit») sBisieTcs
PETaKCAlMOHHBIM IPOLIECCOM, KOTOPBIA XaPAKTEPU3YETCSI BPEMEHHOW 3KCIIOHEHTOU,
IIpU TEPMOJIMHAMUYECKOM PABHOBECHUHU B cHCTeME Oo0Jee HarpeTble 4acTHUIlbl CIUiaBa
OTJIAlOT YacTh TEIJIa MEHEE HarpeThIM YacTUIIaM CILIaBa.

JIns Hamiero ciiyyass TeNO MPU HAarpeBaHWM OTIA€T 4acTh CBOEro TEIja B
OKpYXKaIOUIyl0 Ccpely, TO €CTb TOMY Telly, KOTOpoe oOJianaer OOTBITION
TEIIOEMKOCTBIO, MOKHO TaKXKe CKa3aThb — OECKOHEUHOM TermmoéMKocThio. [loaTomy B

HAlllMX MCCIEIOBAHUAX Mbl INPHUHUMAEM TEMIEPATYpy OKPYXKAKOIIEH Cpeabl, Kak
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IIOCTOSIHHOE 3HAa4YeHHWe, TO €CcTb Ip. B JaHHOM cilyyae W3MEHEHUE TEMIIEPATyphI
M3Yy4aeMOro CIUIaBa OT BPEMEHH IPUHUMAET CIEAYIOIIUN BU:

AT = AT, e~t/™

rae; AT - TeMnepaTypa HarpeToro Tejaa MUHYC TEMIEpaTypa OKpYKarollel Cpeibl;

AT, - TemmepaTypa HarpeToro Tela MHHYC TEMIIepaTypa OKpYXKarolled cpeibl
IIpU yCJIOBHH, uTO T = 0;

T, - KOHCTAaHTa, XapaKTepU3YIOLlas OXJAXKICHUE Teja, PaBHA KOJUYECTBY

BPEMEHH, TPU KOTOPOM Pa3HOCTh TEeMIIepaTypbl HArpeToro Tejda U TeMIepaTyphl
OKpY’Karolen cpejibl YMEHBIIIAETCS B € pas.

TennoéMKOCTh MPOBOJHUKOBOTO CIIaBa Ha OCHOBE allOMHHUSI cocTaBa E-
AIMgSi («anpapeit»), KOTOPBIN JIETUPOBAH PA3TUYHBIM COJICP)KAHUEM TaJUTHs, UHIUS U
TaNIMs, W3MEPAIM  Ha YCTAaHOBKe', KOTOpas mpuBoautcst B pabore [95] m
MOJICPHU3MPOBAHA HAMH JIJI BBIMOJTHEHUS TMOCTaBICHHBIX LIEJEH JHUCCEePTAIMOHHOU
paboThl (pucyHoK 2.1).

Temneparypy wuccienyemMbpix oOpa3lioB  H3MEpSUIM C TOMOIUIbI0 IU(POBOTO
MHOTOKaHaJIbHOTO TEPMOMETPA, PE3yIbTaThl U3MEPEHUN (PUKCUPOBANKNCH B PEKUME
peaNbHOrO0 BPEMEHU B TaOJIMYHOM BUJIE Ha KOMIbIOTEpE. TOUHOCTh TEMIIEPATYPHBIX
u3MepeHuit B skcnepuMmenTax Obiia paBHa 0,1°C. Temneparypa dhuxcupoBanack yepes
kaxayro | cexkynay. Temnepatypy BapeupoBanu B mnpenenax 40-400°C. Ilpu
U3MEPEHUSAX TEIVIOEMKOCTA PACCUUTHIBAIA OTHOCUTENBHYIO OIIMOKY HW3MEpPEHUS
TEMIIEpaTyphl, KoTopas cocraBmwia =+1%. Takke ObUla paccuMTaHa MOTPEHTHOCTD
MU3MEPEHUS TeTIOEMKOCTH, KOTOpasi B 3aBUCUMOCTH OT 33JIaHHOM TeMIepaTyphl Oblia B
npenenax ot 4 10 6%.

Pesynbrarel U3MEpeHHs TEIIOEMKOCTH OXJIaXIeHHs 00pa3noB ciuiaBa E-AlIMgSi
(«ampapeii») ¢ pa3MMYHBIMU KOHIICHTPAIMSIMU TaJUTASL, UHANS U Tauis 00pabaThiBan
B niporpamme MS Excel, rpadukn TemmoémMKocTH CIUIaBOB CTPOWIIMCH B MPOrpaMMe

Sigma Plot. Taxxe Obin paccuntan ko3ddunuent koppemsmun (Ryop) TpOTEKarOIIMX

1 - .
Manviii namenm Pecnyonuxu Taoxcuxucman Ne TJ 877 « Yemarnosxka ons onpedenenuii menioemMkocmu u
Menionpo8ooOHoCmuy meepovix meny, npuopumem uzoopemenus om 20.04.2017 .
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PHcyHOK 2.1 - CxeMa VCTAaHOBKA A4 OIMpeIelleHHT TEIITOEMEKOCTH TBED IBIX Tl
B PEKHMe «OXTaKIeHHA»: 1 — aBToTpaHchopMaTop, 2 — TepMOpPervidarop, 3 — 3neKIpo-
edb, 4 — HaMepaeMBIH o0pasell, 5 — 3Tal0H, 6 — CTOHKa 37IeKTpoIedH, 7, 8, 9 — MHOro-

KaHaIbHBIH MHGpPOoBOH TepMoMeTp, 10 — perHcTpHPVIOIIHH NPHOOP (KOMIIBHOTED).

CmnaBel E-AIMgSi («ampapeii»), JTerupoBaHHBIE Pa3IUYHBIMHU COJIEPKAHUSIMU
Ga, In wu Tl cuHTe3upoBanmM B IIAXTHOW J1aOOPATOPHOM IMEYM COMPOTHBIICHUS
(CILOJI), TemmepaTyphl IUIaBICHUS BapbupoBaiu B mpeaenax ot 750 mo 800°C.
OCHOBOM 17151 TIOJTy4eHUs alfOMUHUEBOTO cruiaBa E-AlIMQSI ciyxuin amoMuHIi MapKu
A6, mpeaBapUTEIbHO JETHMPOBAB €ro OMNPEACIEHHBIMU  COACpPKaHUSIMU MArHus U
kpemHusi. JlerupoBanue amoMuHUSA Mapku A6 KpeMHUEM NPOBOIMIN € YYETOM
KpPEMHHUS, COJep Kallerocs B HCXOJHOM aJIIOMUHUH (TO €CTh COAEpPKAHUE
Metaimyeckoro kpemuus ~0,1 mac%). Marnuii npeaBapUTeNbHO 3aBOpavyvBaivd B
ATIOMUHUEBYIO (OJIBTY, 3aTeM BBOAWIM B pacIiulaB alIOMHHHUS C TIOMOIIBIO
KOJIOKOJIbYMKA. MeTainuecKnil Tajiui, UHAUW W TaJUIMd BBOJAWIKWCH B paciuiaB B
3aBepHYTOM B amtoMuHueBou (omsre Buge. ComepkaHWMe MarHAS W KPEMHHS B
MOJIYYEHHBIX CIUIaBaX OMNpPEAeNsUIM METOJAOM XHMHYECKOTO aHallu3a B XUMHYECKOU
nabopatopuun ['YII «TAnKo». Kpome TOro, AOMOJHUTEIBHO XHWMHYECKHUE 151

MUHCPAJIOTHYCCKUE COCTAaBbI CILIAaBOB KOHTPOIHUPOBAIM MCETOAOM B3BCIIMBAHMHA
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HAaYaJIbHOM IIMXTHI U MOJTYYEHHBIX CIUIaBOB. CIUIaBbl, B KOTOPBIX BEC OTKJIOHSICSA >1-2
OTH.%, CHHTE3WpOBaIM BHOBb. Ecuu IIOJIyYEHHBIE CIUIaBbl COOTBETCTBOBAJIH
TEOPETUYECKHU 3aJaHHBIM CIUIaBaM, W3 HUX YJAJsUIM IUIAKK U OTJIMBAIU B rpa)UTOBOM
W3JIOKHUIIE O00pa3lbl i AaNbHEHIINX TermodU3nYecKuX uccieqoBanuii. Pasmep
00pasIoB CTPOro KOHTpOJUpoBaics - jyiuHa 30 MM u nuameTp — 16 Mm.
2.2. Temy10éMKOCTh M TEPMOAMHAMUYECKHE (PYHKIUH AJTIOMUHHEBOI0
npoBoaHnKoBoro cimiasa E-AIMgSi («aabapeii»),
JIETHPOBAHHOTO rajuimem [1, 7 — 9-A]

B naHHO#l cepun ONBITOB  JUIsl MCCIEAYyEMbIX OOpa3loB OBLIM TOJYyYEHbI
3aBUCUMOCTH TEMIEPaTypbl OT BPEMEHHU, KOTOPbIE IpaUuecKu MPUBEIEHBI HA PUCYHKE
2.2, NaHHbBIE 3aBUCUMOCTH MOKHO ONUCATh CIIEAYIOLUIUM BBIPA)KCHUEM |

T=ae " + pe™*¢, (2.1)
rie a, b, p, k—const, t — Bpems1, HeoOX0MMOE JJ1s1 OXJIAXKICHHSI 00pa3IOB.

T.K
500 -

OER

——  GZTanocH (AISN)
................... AlDE Mg 0550
+0.05Ga
- +#.1Ga
+0.5Ga
+1.0 Ga

200 4

a 200 400 800 200 1000 1200

Pucynok 2.2 — 3aBUCHMOCThH TeMIEPATyphl 00PA3IOB OT BPEMEHHU OXJIAXKICHUS
s amoMuHUEBBIX ciutaBoB E-AIMQSI («anpapeii»), nerupoBaHHBIX pa3THYHBIMU

conepkanusiMu Ga B CpaBHEHUU C 3TATOHOM (YHCTHIN amoMuHani Mapku ASN)

N3 ypasuenus (2.1) myrém ero nudepeHnupoBaHus M0 BPEMEHH OXJIAXKICHUS,
BBIBOJINTCS YpPaBHEHHUE, [0 KOTOPOMY PACCUMUTBIBAEM CKOPOCTH  OXJIAXKICHUS
UCCleTyeMbIX 00pa3iioB, B YaCTHOCTH:

dT/dt=- abe™* - pke™**. (2.2)
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N3 ypaBHenus (2.2) nns amoMuHueBOro cmiaBa E-AIMgSi («ampapeit»),
JIETUPOBAHHOTO PA3IUYHBIMU cojiepkaHusAMU Ga paccUuTanu CKOPOCTU OXJIAXKICHUS
00pa3IoB, pe3ysbTaThl pacu€ToB MPUBOAATCS Ha pucyHke 2.3. Taxxe B Tabmwuie 2.1
MPHUBOAATCS BEIUMYMHBI KO3 duiueHToB a, b, p, k, ab, pk u3 ypaBuenus (2.2) mis

00pa31oB UCCIEAYEMBIX CILJIaBOB.

-dT/dt. K/e
0.8 4
3Tarvow (A ua o AN .
08 4 PETTTTTr T AH:'EMQQ-E_S, j
T =————— +0.05Ga -
—————— (.1 Ga ) /

——— +0.5Gs -
—_————— 1,0 G8 ’

T.K

PucyHnok 2.3 — 3aBUCHMOCTh CKOPOCTH OXJaXACHHUS 0O0pa3loB is
ATIOMUHHUEBBIX  cIulaBoB  E-AIMgSi  («anmbapeii»), JIETUPOBAHHBIX Pa3IUYHBIMU

coaepkanusiMu Ga B CpaBHEHUH C 3TAJTOHOM (YHCTHIH amoMuunii Mmapku ASN)

3atem, MOJCTaBIAs W3 ypaBHEHHS (2.2) pacCUMTaHHbIE 3HAYEHUSI CKOPOCTHU
OXJIQXKJICHUSI CIUIaBOB B ypaBHeHHE (2.3), pacCuMThIBaEM Y/CIbHBIC TEIIOEMKOCTH

anmomuHAEBOTO cimiaBa E-AIMQSI («anpapeii»), TerupoBaHHOTO TaJUTHEM M 3TaJOHA

(Al mapxu ASN):
m (dd j
1 t 1

sz :CI031 m, (de : (2.3)

dt
rae:  My=pi1Vi —Maccel 3TaTOHHOTO afOMUHUSA Mapku ASN;

M,=p,V, — Macchl uccaeayeMbiX 00pas3IoB; (Z_T) (?j_T) - CKOPOCTH OXJIAXKICHUS
t 2 t 1

00pa3IoB U3 CIIABOB U ATAJIOHA MPU JJAHHOU TeMmepaType.
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Tadauna 2.1 - 3Hadedus ko3ddHIHeHTOR @, b, p, k ab, pk u3 ypaeHeHH" (2.2

14 ciriaea E-AIMgSi («anpgpei» ), TerHpOBaHHOI'O TallHeM

Coaep:xaHHe ralIHA ) ) )
b-10-, k1075, | ab'10-1, | pk1073,
B cirtaee E-AlMgSi | a K p. K
¢l ¢l K-c! K-c'!
(«anpaped»), Mac%o
Cmnae E-AIMgSi
165.61 4,46 | 314,72 2,27 7.38 7.14
(«anpaped»)
0.05 172,18 | 4,55 |314,99| 2.20 7.83 6.92
0.1 159.14 | 4,71 |314.85| 2,02 | 7.49 6.35
0.5 153,82 | 4,64 [31399] 1,81 | 7.13 5,67
1.0 159234| 4.73 |315.17| 2.10 | 7.54 6.62
JTalIoH
49426 | 5.01 |31992| 2.57 | 0.25 8.23
(Al Mmaprn ASN)

3aBHCHMOCTH YJCNbHBIX TEIUIOEMKOCTEH amoMuHueBoro ciuiaBa E-AIMgSi
(«ampapeii»), JETUPOBAHHOTO pa3IUYHBIMU cojaepxkaHusMu Ga, OT TemiepaTypbl

paccymTanyd Ha OCHOBAaHUHU TOJIMHOMHOM PETPEeCcCH IO CIEAYIONEMY YPaBHEHHIO:
0 2 3
Cp, =a+bT+cT" +dT. (2.4)

s ypaBHenus (2.4) Benmuuunbsl koddduimentoB a, b, ¢, d mnpuBogsrcs B
Tabnure 2.2.

Ha pucynke 2.4 m B Tabnune 2.3 mnpUBOASTCS 3HAYCHUS TEIUIOEMKOCTEH
UCCIIEyEMBbIX CIUIABOB, pACCUMTAHHBbIE MO BbIpaxkeHuwo (2.3), 3HAYEHMUS
TEIUIOEMKOCTEN BBIYMCISUIA 4epe3 Kaxapie 25 K. Kak BUTHO, MPOMCXOAUT CHUKEHUE
3HAUYEHWN TEIIOEMKOCTH M3YYEHHBIX CIUIABOB TPU YBEIWYCHHH cojaepxkaHus Ga B
CIUIaBe, MPHU 3TOM  IMPU yBEIMYEHUH TemnepaTypsl B mnpenenax oT 300 mo 450 K

TETJIOEMKOCTBD CIJIABOB PACTET.
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Tadauua 2.2 - 3nayenus kodppuuueHToB a, b, ¢, d u3 ypaBuenus (2.4) nys oo6pas3os
u3 antomMuHueBoro cruiaBa E-AIMgSi («anpapeit»), nerupoBanHoro Ga U 3TaJOHHOTO

anroMuHueBoro oopasma mapku ASN

Conep:kaHHe TALTHA B Ko3ddHiHeHT
a. b, c. d-10-4,
crwiaege E-AIMgSi . ) KOPPENAHH
Ta/wr-K /- K2 [/kr- K | /K4
(«ampapet»). Mmac% R. %
Cmnae E-AlMgSi
-10394.96| 84,30 0.21 1.71 0.9925
(«anpapet»)
0.05 -10394,96| 82,90 | -0,20 1,66 0.9899
0.1 -13788.22| 106,85 | -0.26 2.11 0.9950
0.5 -19463,50| 152,21 | -0.38 3.15 0.9980
1.0 -1014732] 78.49 | -0.19 1,51 0,9989
DTanoH (Al Mmapku ASN)| 645.88 0.36 0.00 0.00 1.0

[lo paccunTaHHBIM BEJIMYMHAM YAEIBHON TETIOEMKOCTH aJTIOMHUHUEBOTO CIIJIaBa
E-AIMgSi («ampapeit»), JETMPOBAaHHOTO pa3IMUHBIMH  cojaepkanusmMu Ga wu
MOJIYYCHHBIM  DKCIIEPUMEHTAJIBHO BEIMYMHAM CKOPOCTEH OXJIAXICHUS YKa3aHHBIX
CIUIaBOB OBLIH oTpeIeNIeHbI 3aBUCUMOCTH KOA(D(HUIIUEHTOB  TEIJIOOTAAYH
amomMuHueBoro cruaBa  E-AIMgSi  («ampapeit») OT  TeMmmeparypbl, COTJIACHO

CIEeAYIOIIEMY YPAaBHEHUIO:

o dt : (2.5)

rae. T u Tp— remmeparypbl 00pa3iioB U OKPY>KaIOIIEH Cpeibl, COOTBETCTBEHHO;
S, m - muomamd TOBEPXHOCTH UCCIEAYEMbIX OOpa3lOB W WX MAacChl,

COOTBCTCTBCHHO.
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Tadauma 2.3 - TeummeparypHas 3aBHCHMOCTh VIEIBHOH TeILIOEMKOCTH
(xIa/kr-K) ciutaea E-AIMgSi («ansapeH»), TeTHPOBAaHHOTO TaIHeM H 3TaloHa (Al

MapkH ASN)

Cogep:xaHHe TaITHT B T.K

crriaee E-AlMgSi
300 325 350 375 400 450
(«ansaped»). Mac%

Cmnae E-AIMgSi
751,00 | 855,36| 907.62| 923,83| 920,00| 916,37

(«anpaped»)
0.05 678.55 | 794.12| 858.13| 886,15| 893,72| 909.80
0.1 574.54| 731,23 | 820,21| 861,25| 874,13| 894,55
0.5 531,77 | 712,59| 802.69| 831,60| 828.86| 846,53
1.0 531,62 | 658,39| 733,81| 772,05| 787.26| 805,20

3tanoH (Al mapka ASN) | 854,62 | 877,90| 901,55| 925,45| 949,48| 997,46

C’p, J/(xr-K)

1100 1
1000 -
900

800 -

700 - 7 ——————  37anoH (Al mapku A5N)
/ : - E-AlMgSi ("angpeii")
/’ —————— +0.05 Ga

——-—-- +0.1Ga
600 — — —  +05Ga
————  +1.0Ga

T,K
T T T T T T T
320 340 360 380 400 420 440

500

PucyHnok 2.4 - TemneparypHas 3aBUCUMOCTb yAECJIbHON TEIJIOEMKOCTH CruiaBa E-

AIMQSi («anpapeii»), TErHPOBAHHOTO Pa3TUYHBIME COJCPKAHUSIMH TaJUTHEM U TAJIOHA

(Al mapxu ASN)

3aBHCHMOCTH KO3(()HUIMEHTOB TEIIOOTIAYu allOMHUHUEBOTO ciuiaBa E-AIMgSi

(«ampapeii»), JIETMPOBAHHOTO pA3IUYHBIMU cojepkaHusiMu Ga oT TeMIeparypsl



S7

MPEJICTABICHBI HA PUCYHKE 2.5.

o, B2 K)
60 -

50 1 ——————  3TanoH (Al mapku ASN)

: - E-AIMgSi ("angpei")

—————— +0.05 Ga

40 | — —— - +01Ca =

30 -

20 4

T.K
300 320 340 360 380 400 420 440

Pucynok 2.5 - TemmeparypHas 3aBHCHMOCTb KO3(D(HIIMEHTa TEII00THaYH
amoMuHreBoro crmiaBa E-AIMgSI  («ampapeii»), JIErMPOBAaHHOTO  Pa3IMYHBIMH

coJiepKaHUsIMU TayueM U sTasioHa (Al mapku ASN)

3aTeM B TMpOLIECCE€ DKCIEPUMEHTA HAa OCHOBaHWUW ypaBHeHUs (2.4)
pPacCCUMTHIBAIIM 3aBUCUMOCTH M3MEHEHHH SHTAIbINH, SHTpONUU U 3Hepruu ['mb0ca ot
TEMIIEPATyphl, C MPUMEHEHHEM MHTETPaJOB OT BEJMYMH YIEIbHBIX TEIIOEMKOCTH

HCCIIeTyeMBIX 00Pa3IIoB:

[H°@) - B T =aT ~T)+2 (T ~ID+ ST -T)+ ST - T, (2.6)

[5°(D) -5 ) =ak = +5@ ~T)+ (T~ T +5(T° - @.7)
3, ;

[GY(T) -G (T =[H"(T) - H(T,)]- TIS"(T) - §° (T,)]. (2.8)

B ypaBHeHUsX (2.6)-(2.8) Benuunna T, coctaBisuia 298,15 K.
Pe3ynprarel pacuera TeMmepaTypHBIX 3aBUCUMOCTEM HM3MEHEHHWM DSHTAJIBIINM,
sHTpormH u 3Heprun ['md0ca cornacHo ypaBHeHUsM (2.6)-(2.8) mpoBOAMIUCH ¢ IIIAroM

Temnepatypsl, paBabiM 25 K (Tabmuma 2.4 u pucynku 2.6-2.8).



58

Tadauna 2.4 - 3aBUCUMOCTH W3MEHEHHUI TEPMOJIMHAMUYECKUX XapaKTEPUCTUK OT

temneparypel  ciuiaBa  E-AIMQSI  («ambapei»),  JETHPOBAaHHOTO — Pa3IMYHBIMHU
conepxanusimMu Ga u stanona (Al mapku ASN)
CozeprxaHue rauiis B T, K
cruiaBe E-AIMgSi 300 325 350 375 400 450
(«ampapeii»), Mac% [HOT)-HT)], KJDK/KT 11 CIUTaBOB
Cruias E-AIMgSI
(camapei) 1,3799 | 21,5847 | 43,7138 | 66,6654 | 89,7383 | 135,4471
0.05 1,2451 | 19,7762 | 40,5196 | 62,3809 | 84,6546 | 129,5626
0.1 1,1125 | 18,4786 | 38,9238 | 60,9993 | 83,7508 | 129,9372
0.5 0,9674 | 16,7417 | 35,8409 | 56,3663 | 77,1572 | 118,5852
1.0 0,9726 | 15,9695 | 33,4642 | 52,3503 | 71,8750 | 111,5986
Oranon (Al mapku A5N)| 1,5795 | 23,2351 | 45,4777 | 68,3149 | 91,7514 | 140,4266
[S°(M)-s°(my)], kJk/kr-K st criiaBoB
CruiaB E-AIMgSI
(camapeii») 0,0046 | 0,0692 | 0,1348 | 0,1982 | 0,2577 | 0,3654
0.05 0,0042 | 0,0634 | 0,1248 | 0,1852 | 0,2427 | 0,3484
0.1 0,0037 | 0,0592 | 0,1198 | 0,1807 | 0,2394 | 0,3482
0.5 0,0033 | 0,0536 | 0,1102 | 0,1669 | 0,2205 | 0,3181
1.0 0,0033 | 0,0512 | 0,1030 | 0,1551 | 0,2055 | 0,2991
Otanon (Al mapku A5N)| 0,0053 | 0,0746 | 0,1405 | 0,2035 | 0,2640 | 0,3786
[G°(T)-G°(Ty)], KJIK/KT U1 CIIaBOB
Crnas E-AIMgSI
(camapei) -0,0043| -0,9209 | -3,4739 | -7,6429 |-13,3499| -28,9837
0.05 -0,0038| -0,8394 | -3,1931 | -7,0741 |-12,4299| -27,2549
0.1 -0,0034| -0,7732 | -3,0065 | -6,7655 |-12,0232| -26,7576
0.5 -0,0031| -0,6922 | -2,7354 | -6,2028 |-11,0526| -24,5595
1.0 -0,0030| -0,6705 | -2,5947 | -5,8237 |-10,3367| -22,9901
Oranon (Al mapku A5N)| -0,0049| -1,0111 | -3,7068 | -8,0133 |-13,8629| -29,9625
[Ipumeuanue: *Tp = 298,15 K
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(Ho (T) - H° (To)), KIL#/KT

180 -
160 1 —  3tanoH (Al mapku ASN)
................... E-AlMgSi ("angpeit")
14049 +0.05 Ga g
——— - +0.1Ga
A
120 4 —— — +05Ga .--""///
e
o
100 -
80 -
60 -
40 ~
20 -
T,K
0 1 1 I I I I I

300 320 340 360 380 400 420 440
Pucynok 2.6 - TemnepaTypHasi 3aBUCUMOCTb M3MEHEHUHN SHTANbINH (KIX/KT)

crutaBa E-AIMQSi («ansapeii»), terupoBanHOro rajuideM u 3tajgoHa (Al mapku ASN)

(8°(T) - 8° (Te)), KJLK/(ET- K)

3TanoH (Al maprku ASN)
e E-AlMgSi ("angpei")
e +0.05 Ga
—_—— - +0.1 Ga
— — —  +050QCa L
-~
03 | T
e
0.2
0,1 ~
T, K
0,0 T T T T T T T
300 320 340 360 380 400 420 440

PucyHok 2.7 - TeMmItepaTypHasa 2aBHCHMOCTE SHTPOIHH (K [%/krK) 1714 ciiaea

E-AIMgSi («anepapet»), TeTHPOBAHHOTO TalIHEM H 3TaloHa (Al MapkH ASN).
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(G°(T) - G (To)). KILE/KD

-10 4

31anoH (Al mapku ASN)
: - E-AIMgSi ("angpeii")
—————— +0.05 Ga

———-  +0.1Ga

_—— +0.5 Ga

————— — +1.0Ga

T.K
T
300 320 340 360 380 400 420 440

-50 T T T T T T

PucyHokr 2.8 - TemmnepaTypHad 3aBHCHMOCTh H3MEHEHHH 3»HeprHH ['HOOca
(xa/kr'K) nna crinaga E-AIMgSi («aasgped»), 1eTHpOBaHHOTO Ta/LIHEM H 3TalOHA

(Al mapka ASN).

CrnenoBarenbHO, TEINIOEMKOCTH aTFOMUHHEBOTO crutaBa E-AIMgSi («anpapeit»),
JIETUPOBAHHOTO Pa3IMYHBIMU coAepkaHusiMu (Ga, B pekUMEe «OXJAXKIACHUS» ObUIH
OTpeJieJIeHbl Ha OCHOBAaHUU WM3BECTHBIX 3HAYCHHM TEMJIOEMKOCTH YMCTOTO aJTFOMHHUS
Mapku  ASN, KOTOphIi OBLT TPHUHAT 3a JTAIOHHBIA oOpaszen. bwpulM TONTydYeHBI
MOJIMHOMBI 3aBUCHUMOCTEH TeMIepaTypbl U TEIUIOEMKOCTH, a TaKXe TeMIepaTypbl U
TEPMOAMHAMUYECKUX XapaKTePUCTHUK M3ydaeMbIX CIUTaBoB. M3  xapakrepa
MOJIYYEHHBIX TIOJIMHOM CJEAYeT, YTO YBEIMYCHUE TEMIIEpaTypbl  YBEIUYHBACT
3HAYCHUS  TEIUIOEMKOCTH M TEPMOJMHAMUYECKHX XapaKTePUCTHK CIUIaBa, KpOMeE
sHeprun ['mb0ca, KoTopas ¢ yBeIMYCHHUEM TEeMIIEpaTyphl CHIDKaeTcs. Kak mokazamm
HaIllM WCCIIeIOBaHus, J00aBKH K allfoMHUHHEBOMY ciiaBy E-AIMgSi («ampapeii») Ga
(ot 0.05 mo 1.0 mac%) CHWXKAIOT BEIUYHUHBI TCIUIOEMKOCTH M TEPMOIUHAMHYCCKUX
XapaKTEPUCTUK HCXOJHOTO CIUIaBa, KpoMe 3Hepruu ['mb0ca, KoTopas Ipu  yBEIUYCHUN
coAep KaHUsl TaJuIMsl B CIIJIaBE 3aMETHO yBelIM4uBaeTcs. Kak mokaszanau ucciieaoBaHus,
POCT PacCMOTPEHHBIX XapaKTEPUCTUK  CIUIABOB  OT YBEJIWYEHHUS KOHIIEHTpAIUU
JIETUPYIONIETO KOMIIOHEHTAa — Tajulus  3aBUCHUT OT TOTO, 4YTO TaJUIMil OKa3bIBaeT
MOJUPHUIMPYIOIIEE BO3JCUCTBHE W HM3MEHAET CTPYKTYPY TBEPAOTO aIIOMHHHEBOTO

pactBopa (o-Al), ycunuBaeT B MHOTOKOMIIOHGHTHBIX CIUIaBaX HMX TI'€TEPOTCHHYIO

cTpykTypy [70-72].
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2.3. Tem10éMKOCTh, KOAPPHUUHEHT TEIUVIOOTAAYH U TePMOAMHAMHUYEeCKHEe PyHKIUH
aJIOMHHHEBOT0 MPOBOIHUKOBOI0 CIVIABA
E-AIMQSi («anbapeii») ¢ maanem [6-A]

DKCIEPUMEHTAIBLHO TOJYyYCHHBIC BPEMEHHBIC 3aBUCUMOCTH TEMIIEPATYPhI
oOpasnoB (pucyHok 2.9a) onuceiBatorcst ypaBHeHueM (2.1). Ilo gopmyne (2.2) Obuin
BBIUMCJICHBI CKOPOCTH OXJaXJIeHUs oOpasmnoB u3 cruiaBa E-AIMQSI («ambapeit»),
JICTUPOBAHHOTO MHJHMEM, KOTOpbIE MPHUCTaBICHBI Ha pucyHke 2.90. Taxke B Tabiuie
2.5 npuBoasTCa BennuuHbl KoddpunreHtoB a, b, p, K, ab, pk u3 ypaBuenus (2.2) mis
00pa3IoB MCCIICIYeMbIX ATFOMUHUECBBIX CILIABOB C PA3JIMUHBIM COJICPKAHUEM WHIIHUS.

Tadanna 2.5 - 3HadeHHd Ko3(QGHIHEHTORB a, b, p, k, ab, pk u3 ypaBHeHH" (2.2

nns crtaea E-AlMgSi («anpapety). 1eTHPOBAHHOTO HHIHEM

Cogep:xaHHe HHIHA ) ) )
b 107, k107, | ab'10L | pk10-3,
B ciriaBe E-AIMgSi a K p-K
cl cl K-cl K-cl
(«anpapet»). Mac%o
Cmnae E-AlMgSi
165,61 | 446 | 314,72 | 2.27 | 7.38 7.14
(«ampape»)
0.05 162.3698 | 4,7657 | 3144689 | 2.21 7,74 6.94
0.1 159.2344 | 4,7344 | 3139676 | 2,11 7,54 6.62
0.5 159.1289 | 4,7402 | 313.8969 | 2.15 7.54 6.75
1.0 158.8464 | 4,7560 | 3143442 226 | 7.55 7.11
DT1anoH (Al MmapkH
49426 | 5,01 | 319.92 | 2.57 | 0.25 8.23
ASN)

3atem, MOJCTaBiAs W3 ypaBHEHHsS (2.2) pacCUMTaHHbIE 3HAYEHUS CKOPOCTH
OXJIAKJICHUS CIUTABOB B ypaBHeHHE (2.3), paccuMThiBaeM yJeJIbHBIC TEIIIOEMKOCTH
amomuHreBoro cruraBa  E-AIMQSI  («anpapeii»), JETHPOBAaHHOTO  Pa3IMYHBIMH
conepkanusimu In u atamonnoro oopasma (Al mapku ASN).

3aBHCHMOCTH YJCIBbHBIX TEIUIOEMKOCTEH amoMuHueBoro crurasa E-AIMgSi
(«ampapeii»), JTETUPOBAHHOTO PA3IUYHBIMUA COACPKAHUSMHU WHIUS, OT TEMIIEPaTyphl

TaKXKe PaCCYMTAIN Ha OCHOBAHWHW TIOJMHOMHOM perpeccuu 1o ypasHeHuto (2.4).
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T.K
500 -
250 4
———  GTanos (Al wapm HOA)
................... Al'D.5g 0 55
_______ +0.05 In
a0 4 . —_————— e +0.11In
— — —  #05In
350 -
300 -
T T T T !  LE
a 200 A00 800 500 1000 1200
0.8 S A
——— GTancH {Zn sapm HOA))
------------------- AlD.5Mg 0550
T e — — +0.05In
—_———a +0.1 In
_ +0.5In
------ +1.01n
0.4 4
0.3 4
2.2
0.1 4
0.0 T T T T T T T T=K

200 320 340 380 380 400 420 440

Pucynok 2.9 - I'paduk 3aBUCUMOCTH TeMIEpaTyphl OT BpeMEHH (a) U CKOPOCTH
OXJIXKICHHS OT TeMIiepaTypsl (0) s oOpasmoB u3 ciiaBa E-AIMQSI («amsapeit») ¢

uHaueM u dtanona (Al mapku ASN).

3nauenust ko3pduimeHToB a, b, ¢, d B ypaBHenuu (2.4) npuBeaeHbl B TaOIHIIE

2.6.
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Tabdauna 2.6 - 3Ha4eHHA KO3(QQHITHEHTOB a, b, ¢, d H3 ypaBHeHHA (2.4) a14 06-
pasnoB H3 cmnaBa E-AlMgSi («anrsaped»). TETHPOBAaHHOTO HHOHEM H 3TailoHa (Al

MapkH ASN)

KosddHH-
CoIep:xaHHE HHIHA B
a. b. c. d-10-4, eHT
criaBe E-AIMgSi . )
Ma/kr-K - [Ta/kr-K? | Ia/kr- K° | JDe/kr-K* |koppendiHH
(«ampape» ). Mac%o
R, %
Cmnae E-AlMgSi
-10394.96 | 84.30 0.21 1.71 0.9925
(«aTBIOper»)
0.05 -9097.83 | 70.1609 | -0.1650 1,30 0.9977
0.1 -9873.37 76,60 -0.18358 1.48 0.9978
0.5 -36064.74 | 67.2785 | -0.1608 1.29 0.9965
1.0 -0115.79 70,10 -0.1668 1.33 0.9969
St1anoH (Al mapru
645.88 0.36 0.00 0.00 1.0
AS5N)

Ha pucynke 2.10a u B Tabnuie 2.7 TPUBOAATCS 3HAYCHHUS TEIUIOEMKOCTEH
UCCIIEyEMbIX  CIJIABOB, pPACCUMTAHHBIE MO BbIpaxkeHuo (2.3), 3HAYEHMUS
TEIUIOEMKOCTE BBIYUCIIN uepe3 Kaxabie 25 K. Kak BUIHO, MPOUCXOAUT CHUIKECHUE
3HAYEHUIN TEITOEMKOCTH U3YUYEHHBIX CIUIABOB NPH YBEIMYEHUU COACPKAHUS UHAUS B
CILIaBe.

[lo paccunTaHHBIM BETUYMHAM YIEIbHON TEIIOEMKOCTH aJIIOMUHUEBOTO CIIaBa
E-AIMgSi («ampapeii»), JErHpOBAaHHOTO PA3IUYHBIMUA COJACPKAHUSMU WMHAUS W
MOJIyYEHHBIM  SKCIEPUMEHTAIBHO BEIMYMHAM CKOPOCTEW OXJIAXKIEHUS YKa3aHHBIX
CIUIaBOB  ObLIU OTpeIeNICHbI 3aBUCUMOCTH KOA((PUIMEHTOB  TETUIOOTAAYN
amomMuHueBoro cruaBa  E-AIMgSi  («ampapeit») OT  TeMmepaTypbl, COTJACHO
cnenytoriemMy ypaBHeHuto (2.5). Ins cmmaBa E-AIMgSi («anpapeit»), JTerupoBaHHOTO
WHJIMEM, 3aBUCUMOCTb KOA(PUIIMEHTa TEMI00Tauyu OT TeMIepaTyphl MpeCTaBlIeHa Ha
pucynke 2.106. Kak Buano u3 pucysnka 2.1006, oT pocta Temreparypbl Ko3)PUIUEeHT

TCILIOOTAAYH CINIABOB PACTCT, a OT YBCIMYCHUA COACPIKAHWA MHANA I1aAacCT.
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e
800 { . — STano (AN )
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PucyHOK 2.10 - TemmeparypHad 3aBHCHMOCTh VIEITBHOH TEILTOEMKOCTH (a) H
ko3 dHITHEHTa TerooTaa4vH (0) ciriaBa E-AIMgSi («ansapei») ¢ HHIHEM H 3TaloHa

(Al mapxn ASN).

3atem B MPOLECCE DKCIEPUMEHTA Ha OCHOBaHMU ypaBHeHHS (2.4)
pacCUMTHIBAIN 3aBUCUMOCTH MU3MEHEHHUH SHTAJIBIINM, SHTPONUHU U 3Heprun ['ndbca ot
TEMIEPATyphbl, C MPUMEHEHUEM HWHTETPaAJOB OT BEIMYMH YJEIbHBIX TEIIOEMKOCTH
UCCIIeyeMbIX 00pa3ioB 1Mo ypaBHeHUIO (2.4). PesynbraThl pacuera TeMIepaTypPHBIX

3aBUCUMOCTEM W3MEHEHUM »HSHTalbIUU, DSHTpONUMU UM HHepruu ['mbOca coriacHo
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ypaBHeHUsM (2.6)-(2.8) mpoBOAWIKCH C IIaroM TeMIiepaTypsl, paBHbiM 25 K (Tabnuna
2.8 u pucynku 2.11-2.13).

Tadauma 2.7 - TewmmeparypHad 3aBHCHMOCTh VIESIBHOH TEILUTOEMKOCTH
kJ#/(kr"K) crmaa E-AIMgSi («ansapei»). JTeTHPOBAHHOTO HHIHeM H 3TanoHa (Al
MapkH ASN)

Cogep:xaHme T.K

HHITHA B CILT4aBE

E-AlMgSi

300 32 350 375 400 450

Lh

(«ampaper»),

Maco

Crae

E-AlMgSi 751.00| 855.36 907.62 023.83 920,00| 916.37

(«anpapet»)
0.05 610.44 | 738,99375 | 819.735| 864.85125 | 886.53 | 908,325
0.1 560.63 | 688.3175 | 766.63 | 809.4425 |§830.63 | 863.63
0.5 529.81 | 644.600625 | 715.61 | 754931875 | 774.66 | 803,71
1.0 493,21 | 614,100625 | 688.585| 729.131875| 748.21 | 771,835
3TanoH

854.62| 877.90 901,55 025,45 949.48| 997.46

(Al maprn ASN)

(H®), xJx/xr
180
180
——  GranocH | Al napiss ASH)
140 4 e AlDEMMgD 5Si
—————— +0.05 In f
120 4 e - #01in S
-~

_— +0.5 In f

Pucynok 2.11 - TemnepaTypHas 3aBUCUMOCTb U3MEHECHUI 3HTAJbIINKU cIuiaBa E-

AIMgSi («anpapeii»), merupoBaHHoro uuareM u dtanona (Al mapku ASN)
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(%), KILx/(xkrK)
0.4 - ——— FTancH | Al mapi ASN)
----------------- AlDENMg D5 S
—————— +0.0EIn
—————— +0.1 In ....____.;Jd_,
0,2 —_— +1.51In ;—

T K

PucyHok 2.12 - TemmepaTypHas 2aBHCHMOCTE JHTPOIHH 1714 ciutaga E-AlMgSi

(«anpaped»). TETHPOBAHHOTO HHIHEM H 3TalnoHa (Al mapku ASN).

[G°], &[T
o4
N“:—m
=10 T
T
20 4 ——  ZTancH (Al wapr ABN) -
................... Al 0.50g 0.55i
—————— +0.05In
e +0.1 In
-0 4 — — —  #0EIn
——————— +1.0 In
-40 4
1 T T T T 1 T E: K
320 340 230 380 400 420 440

PHcyHOK 2.13 - TeMmneparypHad 3aBHCHMOCTE H3MeHeHHH 3HeprHH ' HOO0ca an4

criaBa E-AlMgSi («ansaped» ). TeTHPOBAaHHOTO HHIHEM H 3TamoHa (Al Mapkx ASN).
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Tadauna 2.8 - TemmeparypHad 3aBHCHMOCTE H3MEHEHHH TepMOJIHHAMHYECKHX
¢yHEHH crriaBa E-AIMgSi («anpapei» ). TeTHPOBAaHHOTO HHIHEM H 3TaloHa (Al map-
KH ASN)

Coneprxanue UHAUS B T.K
crutaBe E-AIMgSi 300 325 350 375 400 450
(«ambapeii»), mac% [HO(T)-H (T,)], KJLK/KT ISt CILIABOB
CruiaB E-AIMgSi
. 1,3799 | 21,5847 | 43,7138 | 66,6654 | 89,7383 | 135,4471
(«ampapeii»)
0.05 1,1401 18,4258 | 38,3268 | 59,8000 | 82,1071 | 127,7938
0.1 1,0263 16,7555 | 35,0307 54,7911 75,3226 | 117,5771
0.5 0,9373 15,2327 | 31,7442 | 49,5221 | 67,9192 | 105,4935
1.0 0,9022 14,8532 | 31,2205 | 48,9997 | 67,4982 | 105,4415
Oramon (Al mapku ASN)| 1,5795 | 23,2351 | 45,4777 68,3149 | 91,7514 | 140,4266
[S°(M) -], xJx/(xr-K) ms crimaBos
Crnas E-AIMOST |5 hoss | 00602 | 01348 | 01982 | 02577 | 03654
(«ampapeii»)
0.05 0,0038 0,0591 0,1180 0,1773 0,2349 0,3425
0.1 0,0034 | 0,0537 0,1079 0,1624 0,2154 0,3149
0.5 0,0031 0,0488 0,0978 0,1468 0,1943 0,2828
1.0 0,0030 | 0,0476 0,0961 0,1452 0,1929 0,2823
Dramon (Al mapku A5N)| 0,0053 0,0746 0,1405 0,2035 0,2640 0,3786
[G(T)-G°(T,)], KJIK/KT 1/1s CILIaBOB
CmnaB E-AIMgSi
. -0,0043 | -0,9209 -3,4739 -7,6429 | -13,3499 | -28,9837
(«ampapeii»)
0.05 -0,0035 | -0,7774 | -2,9880 -6,6815 | -11,8380 | -26,3130
0.1 -0,0032 | -0,7047 -2,720 -6,1009 | -10,8267 | -24,1165
0.5 -0,0029 -0,641 -2,4713 -5,5303 -9,7983 -21,759
1.0 -0,0028 | -0,6230 | -2,4155 -5,4325 -9,6620 | -21,5741
Oranon (Al mapku ASN)| -0,0049 | -1,0111 -3,7068 -8,0133 | -13,8629 | -29,9625
[Tpumeuanue: *To= 298,15 K

CrnenoBaTenbHO, TETUIOEMKOCTH alFOMUHHEBOTO crutaBa E-AIMgSi («anpapein»),
JIETUPOBAHHOTO PA3JIUYHBIMU COJEPKAHUSIMU UHJUA, B PEKUME «OXJIAXKACHUS» ObLIN
OMpeJieSIeHbl HA OCHOBAHUU W3BECTHBIX 3HAYEHUN TETUIOEMKOCTH YMCTOTO AJTIFOMUHMS

Mapkn  ASN, koTopblii OBUT TPUHAT 32 ATAJIOHHBIA oOOpasen. bbulM MOTy4YEeHBI

MOJIMHOMBI  3aBUCHUMOCTEH TEMIEPATypbl M TEIUIOEMKOCTH, a TaKXKE TEMIIEpaTypbl U

TEPMOJIMHAMHUYECKHUX XapaKTEPUCTUK M3y4daeMbIX cruiaBoB. I3  xapaktepa
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MOJIYYCHHBIX TOJIMHOM CJEAYyeT, YTO YBEJIWYEHUE TEeMIIepaTypbl  yBEIHYHUBAET
3HAUEHUS  TEIUIOEMKOCTH M TEPMOJMHAMHYECKHX XapaKTEPUCTHUK CILJIaBa, KPOME
sHeprun ['nb0ca, KoTOpas ¢ yBenWYEHUEM TeMmmeparypbl cHuxaetrcs. Kak nmokazamu
HallM McclefoBaHus, [00aBKM K amoMuHuUeBoMy ciuiaBy E-AIMgSi («anpapein»)
uaaus (ot 0.05 mo 1.0 mac%) CHIKAIOT BEJIMYMHBI TEIJIOEMKOCTH U
TEPMOJMHAMUYECKUX XapaKTEPUCTHUK HMCXOAHOTO CIUlaBa, Kpome sHepruu ['nbbca,
KOTOpasi Py YBETUYEHUH COJEPKaHUS MHAMS B CIUIaBE 3aMETHO YBEJIMYMBAETCS.
2.4. Biusinue 100aBOK TAJLJIMS HA TEIUIOEMKOCTh U TepMOAUHAMUYeckue PyHKIUH
amoMmuHueBoro cmiasa E-AIMgSi («anbapeii»)
OKCHEepUMEHTAIbHO  TOJIYyYCHHbIE  KpUBBIE  OXJaXJAeHUs  oOpasloB U3
AIFOMMHAEBOrO MPOBOAHMKOBOro cmiaBa E-AIMQSI («ampapeity) ¢ Tamimem

npe/ICTaBIeHbl HA pUCYHKE 2.14.

T.E

500 -

450 A

20 1% — Sranod (Al mapm ASN)

................... AlD5Mg0.5 Si

i T T —— 005 TI

0 | —————— HA1TI

400 -

280 4
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240 -

220 -

200 -
280 . . . , , ,

0 200 400 800 800 1000 1200

Pucynok 2.14 - I'paduk 3aBUCHUMOCTH TeMIIEpaTyphl OT BPEMEHH OXJIAXKICHHUS
mis obpasnoB u3 cmiaBa E-AIMQSI («ampapei»), JIETHPOBAaHHOTO pPa3IHYIHBIMH

coziepkaHusiMu T, 1 3TalOHHOTO aFOMHHKMEBOTO 00pa3ia Mapku ASN.

Jns  uccnenyemMbix 0Opa3lioB  TEMIEPATYpPHbIE 3aBUCHUMOCTH OT BPEMEHU
OXJaxJeHus  MNoguuHsoTcs ypaBHenuto (2.1). U3 ypaBuenuss (2.1) mocne ero
nudpepeHupoBaHUs o TeMIieparype OMPENENSIN  CKOPOCTH OXJIAXKACHUS

aJTIOMUHHUEBBIX TMPOBOJHUKOBBIX cIiaBoB E-AIMgSi («anbapeii»), JermpoBaHHBIX
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pa3IUYHBIMU cojepkKaHusiMu Tauus. [lomydeHHble B pe3ysibTare  UCCIEAOBAHUS
3aBUCUMOCTH (pUCyHOK 2.14), a Takxke mpUBEAEHHBIE HAa pucyHke 2.15 ckopocTu
OXJIAXEHUS JUISl U3YUYCHHBIX CIJIABOB OMUCHIBAIOTCA NosimHOMamu (2.1) u (2.2), 3aTeM
ObUTH ompenescHbl X K03 UIMeHTh U3 ypaBHenus (2.2) - a, b, p, k, ab, pk (trabnuma
2.9).

Tadauna 2.9 - 3Ha4eHnd kos3(dHuuHeHToB @, b, p, k, ab, pk cocnactio ypaBHeHHIO

(2.2) o719 aTroMHHHEBOTO cIiiaga E-AIMgSi («ansapety ). JeTHPOBAHHOIO TALTHEM

Conepxanue Tannus

_ b-107, k107, | ab' 10, | pk-107,
B crutaBe E-AIMQSi a, K 1 p, K 1 1 g 1
. c Cc K-c K-c
(«ampapeii»), Mac%
CrutaB E-AIMgSi
. 165,610 | 4,460 | 314,720 | 2,270 | 7,380 | 7,140
(«ampapeii»)
0.05 162,3698 | 4,7657 | 314,4689 | 2,21 |7,74 6,94
0.1 159,2343 | 4,7344 | 313,6677 | 2,11 | 7,54 6,62
0.5 158,4398 | 4,7202 | 314,4958 | 2,06 | 7,48 6,48
1.0 158,3433 | 4,7255 | 314,4139 | 2,10 |7,48 6,60
OTajoH
494,260 | 5,010 | 319,920 | 2,570 | 0,250 | 8,230
(Al mapku ASN)
-dT/dt, K/c
80 -
50 -
STano (Al map AIBN )
................... N UEMG UES|
401 e +0.05 T
————— +0.1 Tl
— 05T
w{ —-——— +1.0Tl
0 l , : : — TK

400 420 440

Pucysok 2.15 - TeMmepaTypHad 3aBHCHMOCTE CKOPOCTH OXTaXIeHHA 00pasLoB

H3 ciaea E-AlMgSi («ansaped»). TerHPOBAHHOTO TALTHEM, H 3TanoHa (Al Mapku

ASN).
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3areM HaXOJWJIM CKOPOCTH OXJIAXJICHHUS ATIOMHHHEBBIX ciuiaBoB E-AIMgSi
(«anmpapeii»), IETHPOBAHHBIX PA3JIMYHBIMU COACPKAHUSAMU TaJUIMS, ajie€ BBIYMCIISIN
yAeNbHBIE TEIIOEMKOCTH YKa3aHHBIX CIUIAaBOB corjacHo ypaBHeHuto (2.3). Kak
MOKa3aJId PE3yNbTaThl MPOBEAEHHBIX PACUETOB, [JIS1 ATFOMUHUEBOIO MPOBOJIHUKOBOTO
cruiaBa E-AIMgSi («anpapeit») ¢ TtamimeM W 3TajioHHoro odbpasmna (Al mapku ASN)
3aBUCUMOCTH YJAEJbHBIX TEIJIOEMKOCTEH OT TeMIlepaTyphbl OMUCHIBAIOTCA YpaBHEHHEM
Buga (2.4). 3uauenus koddduimentor (tabmmma 2.10) B ypaBHeHuu (2.4) ObLiu
paccuMTanbl B mporpamme Sigma Plot.

Ha pucynke 2.16 m B Tabmuue 2.11 mnpuBomsaTCs pe3ynbTaTbl W3y4YEHUs
3aBUCUMOCTEH  TEIUIOEMKOCTEH H3y4yaeMbIX CIUIABOB OT TEMIIEpaTyphbl COTJIacHO

ypaBHeHusM (2.1) u (2.4).

Tadauna2.10 - 3HadueHHd Ko3((HIHEHTOR @, D, ¢, d corilacHO ypaBHeHHs (2.4)
114 o6pa3noB H3 ciriaea E-AIMgSi («anpapei» ), 1eTHPOBAHHOTO TaIAHEM H 3TaTOHA

(Al MaprH ASN)

CoJep:xaHHe TaLTHA KosbdHHeHT
a, b. c. d-10-,
B cIr1aBe E-AIMgSi ) ) KOPPETALHH
Jis/er-K | Tow/kr-K2 | Ts/er-KG | Tac/kr-K*
(«ampapet» ). Mac%o R. %
Cmae E-AIMgSi
-10394.96| 84.30 0.21 1.71 0.9925
(«ampaped»)
0.05 -0160.158 | 70,7421 -0,167 1.32 0.9957
0.1 -0628.38 | 74.8055 -0,180 1.45 0.9950
0.5 -10609 82.3 -0.1991 1.61 0.9970
1.0 -0781.75 75.9 -0,183 1.47 0.9925
JTanoH
645.88 0.36 0.00 0.00 1.0

(Al Mmapru ASN)
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Tadauma 2.11 - TewmmepaTypHas 3aBHCHMOCTb VIEIBHOH TEILTOEMKOCTH
(kIx/kr-K) crrmaga E-AIMgSi («ansaped» ). TerHPOBAHHOTO TATIHEM H 3TaloHa (Al

MapkH ASN)

CogepxaHHe TATTHA T. K

B cir1aBe E-AIMgSi

300 3 350 375 400 450

| ]
L

(«ampapet» ). Mac%o

Cmae E-AlMgSi

751,000| 855,360 | 907.620| 923,83 | 920.000| 916.370

(«ampIaped»)
0.05 596.472| 722,962 | 801.577| 844,692 | 864.682 | 884.787
0.1 528.270| 648.486 | 720.420| 757,667 | 773.820| 797,22
0.5 509.000| 635.3906 | 709,125 | 745,297 | 759.000| 779.375
1.0 487.250| 602.6093 | 668.375| 698,328 | 706.250| 711.125
ITaloH

354.620| 877.900 | 901.550| 925.450| 949.450| 997.460
(Al mapxn ASN)

:| N
Cp. Ix/(zr-K)
— FTancH AEN
1200 savaee ARD EMgHDESI
—— =+ 05 TI]
—— 0TI
—_— =+ 5Tl

200 320 240 260 280 400 420 440

Pucynok 2.16 - 3aBHCHMOCTH YJICIBHBIX TeruioéMkocTeit crutaBoB E-AIMgSi
(«ampapeii»), TISTUPOBAHHBIX PA3TUYHBIMHU COJICPKAHUSAMU TAJLIUS OT TEMIIEPATyphl U

sTanoHHoro oopasna (Al mapku ASN)
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Kak BumHO u3 pucyHka 2.16, yBelIMYE€HHE COIEpXkKAHUSA B CIUIABE TaJUIMS
CHI)KAET BEJMYMHBI TEIUIOEMKOCTH HUCCIENYyEMBIX CIJIaBOB, a YBEJIWYEHUE,
COOTBETCTBEHHO, TEMIIEPATyphl - YBEIMYMBAECT 3HAYEHUS TEIUIOEMKOCTH YKa3aHHBIX
cruaBoB. [lo 3KCEpUMEHTAIIBHO MOJYYEHHBIM BEJIMYMHAM CKOPOCTEW OXJaXIECHUS U
UX yJEIbHBIX TEIIOEMKOCTEN MO ypaBHEHUIO (2.5) ObLIM BBIYMCIEHBI TEMIIEpaTypHbIE
3aBHCHUMOCTH KOA()(PHIIMEHTOB TEIUIOOTAA4YH aJIOMUHHEBBIX cruiaBoB E-AlIMQSI
(«anpapeii»), ¢ pa3aUYHBIMU COJEP)KAHUSAMU Taymus. TemmnepaTypHble 3aBUCUMOCTH
K03 PHUIMEHTOB TermooTAaun s cruaBoB E-AIMQSI («anbapeit»), JerupoBaHHBIX
TaJUIMEM TMpeAcTaBieHbl HAa pucyHke 2.17. TloBbllieHHEe TemmepaTypbl YBEIUUHBAET
3HaueHUs KOA(P(UIMEHTOB TEIUIOOTAAuM CIUIABOB, a MPHU YBEJIMYEHHUU COJIEPKAHUS

JICTUPYIOUICTO KOMIIOHCHTA — TAJUIUA — CHUXKACTCA.

e ¥
o, Br/(m= K)
B
——— GFmancH (Al mapk AIBN)
................... F'] Dﬂﬂg DES’l -
ol —mm—- +005 Tl s
—— +1 Tl

+0.5TI

Pucynok 2.17 - TemmepaTypHas 3aBUCUMOCTh KOX(G(UIIMEHTAa TEIIOOTIaun

cruiaBa E-AIMQSI («anpapeii»), terupoBannoro taumeM u 3tajgoHa (Al mapku AS5N)

JIns pacuéra TeMIepaTypHON 3aBUCUMOCTH U3MEHEHHUM SHTAIIBIIUU, SHTPOIUU U
sHeprun ['mb6ca mo ypaBHeHusM (2.6)-(2.8) ObUIM UCIONB30BAHBI HHTErPAJbl OT
yACNbHON TEIIOEMKOCTU MO ypaBHeHHIO (2.4). Pe3ynbraThl pacuera TeMIepaTypHBIX

3aBUCUMOCTEM W3MEHEHUUM JHTalbIWU, SHTponuMU U HHepruum ['mbbOca coriacHo
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ypaBHeHUSM (2.6)-(2.8) MmpoBOAMUIUCH € IIAroM TeMIiiepaTypsl, paBHbIM 25 K (pucyHku

2.18-2.20 u Tabmuna 2.12).

H’ /
B Da/Er
180 -
180
——  GranoH (Al mapim ASN)
qag 4 e AlD5NMg 05 S
______ H105 T
——— - +H1TI
120 — — — #05TI

320 240 260 280 400 420 S50

Pucynok 2.18 - TemmnepaTypHasi 3aBUCUMOCTh HM3MEHEHUW HHTANBIIUHM JJIS

criaBa E-AIMQSi («aiabapeii»), TerupoBaHHOro TajuiieM, U 3tajoHa (Al mapku ASN)

(SD): W(HKJ
0.5 -
—————  FranoH (Al maprs ASN)
................... Al [I.E-Mg 0.5 5i
449 @ —mmm—— +00ETI
—— e — s +H1TI

— — —  s0ETI

Pucynok 2.19 - TemneparypHas 3aBucuMocTbh 3HTpornuu (kJx/kr-K) nns

cruiaBa E-AIMgSi («anbapeii»), JIerupoBaHHOTO TauieM, W dtasioHa (Al mapku

A5N)
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Tabauna 2.12 - 3aBUCUMOCTh TEPMOJMHAMUYECKUX XAPAKTEPUCTUK OT TEMIEPATypPhl

criaBa E-AIMQSI («ambapeii»), T1erupoBaHHOTO Pa3IMYHBIMU COACPKAHUSIMU TAJUTHS U

stasonHoro oopasma (Al mapku A5N)

Conepxanue Tl B T.K
cmase E-AIMgSi 300 325 350 375 400 450
(«ambapeii»), mac% [HO(T)-H (Ty)], KJIK/KT ISt CILIABOB
CruiaB E-AIMgSi
1,3799 21,5847 | 43,7138 | 66,6654 | 89,7383 | 135,4471
(«ampapeii»)
0.05 1,0928 17,6983 | 36,8419 | 57,4814 | 78,8838 122,5935
0.1 0,9670 15,7912 | 32,9889 | 51,5231 | 70,6965 109,8709
0.5 0,9307 15,3610 | 32,2615 | 50,5043 | 69,3391 107,6698
1.0 0,8914 14,6323 | 30,6086 | 47,7526 | 65,3414 100,6836
DTanoH
1,5795 23,2351 | 45,4777 | 68,3149 91,7514 140,4266
(Al mapku A5N)
[S°(M)-S°(T)], xx/(xr-K) s crimaBos
CmutaB E-AIMgSI
0,0046 0,0692 0,1348 0,1982 0,2577 0,3654
(«ampapeii»)
0.05 0,0036 0,0567 0,1134 0,1704 0,2256 0,3285
0.1 0,0032 0,0506 0,1016 0,1527 0,2022 0,2945
0.5 0,0031 0,0492 0,0993 0,1496 0,1983 0,2885
1.0 0,0030 0,0469 0,0942 0,1415 0,1869 0,2702
Dranon (Al mapku
0,0053 0,0746 0,1405 0,2035 0,2640 0,3786
A5N)
[GO(T) -G (Ty)], KJK/KT 171 CILIaBOB
Cmnas E-AIMgSi
-0,0043 | -0,9209 | -3,4739 | -7,6429 | -13,3499 | -28,9837
(«ampapeii»)
0.05 -0,0034 | -0,7462 | -2,8706 | -6,4210 | -11,3764 | -25,2740
0.1 -0,0030 | -0,6642 | -2,5636 | -5,7442 | -10,1852 | -22,6366
0.5 -0,0029 | -0,6440 | -2,4973 | -56113 -9,9648 -22,1699
1.0 -0,0027 | -0,6145 | -2,3761 | -5,3260 -9,4372 -20,9051
DTtanoH
-0,0049 | -1,0111 | -3,7068 | -8,0133 | -13,8629 | -29,9625
(Al mapxu A5N)
Ilpumeuanue: *Ty coctasnset 298,15 K.
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PrcyHOK 2.20 - TemmnepaTypHad 3aBHCHMOCTE H3MEHeHHH 3HepTHH ['HOOca 114

crwtaea E-AIMgSi («ansapet»), 1eTHPOBaHHOT O TAILTHEM, H 3TaloHa (Al MapkH ASN).

TemmepaTypHble 3aBUCHMOCTH 3HAYEHUH TEMJIOEMKOCTH - 3TO YHUKAJIbHBIC
XapaKTEPUCTUKH KaKJIOTO WHIWUBUAYaJbHOTO BEIIECTBA, OHHU IO3BOJISIIOT CHEJaTh
BBIBOJ] O CTPOCHUHU MOJICKYJI, UX B3aUMOJICHCTBUH U SHEPTUU B3aUMOJICHCTBUS aTOMOB
B MOJICKYyJiaX. POCT TEII0EMKOCTH ¢ pOCTOM TeMIIepaTypbl OOBSICHICTCS TTOCTECIICHHBIM
BO30YKJICHHEM  HOBBIX  CTEMEHEH  CBOOOABI  MOJEKyd  (KoieOaTenpHBIE U
BpaIaTeNIbHbIC), Ha KOTOpPbIE Takke HUAET Teriora. [lodToMy TEmIoEMKOCTh TaKkKe
Bo3pacTaeT. Jlo6aBku Tayvsg B M3y4eHHOM KoHIleHTparuoHnHoM uHTepBaie (0,01-0,5
Mac%) YMEHBIIAIOT TEIUIOEMKOCTH, SHTAJBIHUI0O U HHTPOIUIO MCXOAHOrO criaBa E-
AIMgSi («ampapeii»). [Ipu 3ToM BenmuuHbl SHEpruu [ '166ca pactyT

2.5. 3aki04eHne MO0 BTOPO¥i IJ1aBe

PesynpraTel uccneoBaHUS TEIUIOEMKOCTH W TEPMOJMHAMHYECKHX CBOWCTB
cruiaa  E-AIMQSi  («ampapeii»), JIETHPOBAHHOTO TaJUTUEM, HHIUEM U TaJUTHEM,
0000menpr B Tabmmmax 2.13-2.14. Cmmas, comepxkamuii 1.0 mac% nerupyromero
KOMITOHEHTA, YKa3bIlBA€T HA POCT OT TEeMIEpaTyphl TEIIOEMKOCTH, Kod(duimeHnTta
TEIJIOOTAAYH, SHTAIBIIMNA U DHTPOIUH, CHIKEHUE dHeprun ['mbOca, a OT comepkaHus

JCTUPYIOMICTO KOMIIOHCHTA UMCCTCA 06paTHa$1 3aBUCHUMOCTD.
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Tabdmmpma 2.13 - 3aBUCUMOCTHM  YAEIBHOM  TEIUIOEMKOCTH  AJIFOMHHHEBOTO
npoBoIHKUKOBOTO crutaBa E-AIMQSI («anbapeii»), JerupoBaHHOTO TaJUTHEM, HHIANEM H

TaJUIUEM, OT TEMIEPATypPbl

Conepxanue T, K

>

JETUPYIOUIETO
KOMITOHEHTA

B CIIJIaBC

E-AIMgSi

300 325 350 375 400 450

(«ampapeii»),

mac%

Cnnas
E-AIMgSi | 751,00 | 855,36 907,62 923,83 920,00 | 916,37
(«ampapeii»)
1.0 Ga 531,62 | 658,39 733,81 772,05 787,26 | 805,20
1.01In 493,21 | 614,100625 | 688,585 | 729,131875 | 748,21 | 771,835
1.0TI 487,25 | 602,609375 | 668,375 | 698,328125 | 706,250 | 711,125

DTtaioH
(Al mapku | 854,62 877,90 901,55 925,45 949,48 | 997,46
A5N)

[lo mpoBeaEHHOMY LMKy HCCJIENOBAHMN W3MEHEHHH TErIopU3nYecKux U
TEPMOJANHAMUYECKUX XaPaKTEPUCTUK g amroMuHHeBoro criaBa  E-AIMgSI
(«ampapei»), JETHPOBAHHOTO pAa3MYHBIMU conepkanusmu Ga, In m TIl, moxHO
3aKJIIOYUTh, YTO B II€JIOM JIJIsi YKa3aHHBIX CIUIABOB C MOBBIIIEHUEM TEMIIEPATYpPhI
mpoliecca  yBEJIMYMBAIOTCA 3HAYCHUS TETUIOEMKOCTH CIUIABOB, MX KOX(h(OHUIIMEHTOB
TEMJIOOT/Iauu, a TAKXKE DSHTAJIBIHUU U SHTPONUHU, OTMEYAETCS, YTO 3HAYEHUS SHEPrUu
['u60ca mpu sTOoM cHMXKatoTCA. J[J M3ydeHHBIX CIUIABOB TaK)Ke OTMedaeTcs oOpaTHas
3aBUCUMOCTh HM3MEHEHHUS YKa3aHHBIX TEIIOMU3UYECKUX ¢ TEPMOJUHAMHYECKUX
XapaKTEPUCTUK OT KOHIEHTpAlMUd B CIUIaBax JICTUPYIOIIMX KOMIIOHEHTOB — TaJlIus,

HWHAWA U TaJlJIUA.
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Tadauna 2.14 - 3aBUCUMOCTH DHTAIBIUU, SHTpPONHUU M 3Hepruu ['mbOca s
AIFOMMHHAEBOTO TPOBOAHKMKOBOro cimiaBa E-AIMQSI («ambapeii»), JerupoBaHHOTO

rajyjineM, HHAUEM 1 TAJIJIIMEM, OT TEMIICPATYPLI

Conepxanue T, K
JIETHPYIOILETO 300 325 350 375 400 450
KOMIIOHEHTA B CILIABE
E-AIMgSi («anbapeii»), [HO(T)—H(Ty)], kK/Kr 11 CIIaBOB
Mac%
CruiaB E-AIMgSi
1,3799 21,5847 | 43,7138 | 66,6654 | 89,7383 | 135,4471
(«ampapeii»)
1.0 Ga 0,9726 15,9695 | 33,4642 | 52,3503 | 71,8750 | 111,5986
1.0In 0,9022 14,8532 | 31,2205 | 48,9997 | 67,4982 | 105,4415
1.0TI 0,8914 14,6323 | 30,6086 | 47,7526 | 65,3414 | 100,6836
OTajaoH
1,5795 23,2351 | 45,4777 | 68,3149 | 91,7514 | 140,4266
(Al mapxu A5N)
[S°(T)-s°(M)], xJIx/(xkr-K) mst crtaBos
CmutaB E-AIMgSI
0,0046 0,0692 0,1348 0,1982 0,2577 0,3654
(«ampapeii»)
1.0 Ga 0,0033 0,0512 0,1030 0,1551 0,2055 0,2991
1.0In 0,0030 0,0476 | 0,0961 0,1452 0,1929 0,2823
1.0TI 0,0030 0,0469 | 0,0942 0,1415 0,1869 0,2702
OTajaoH
0,0053 0,0746 0,1405 0,2035 0,2640 0,3786
(Al mapxu A5N)
[G(T)-G°(T,)], KJK/KT 171 CILIaBOB
Cmnas E-AIMgSi
-0,0043 -0,9209 | -3,4739 | -7,6429 | -13,3499 | -28,9837
(«ampapeii»)
1.0 Ga -0,0030 -0,6705 | -2,5947 | -5,8237 | -10,3367 | -22,9901
1.0In -0,0028 -0,6230 | -2,4156 | -5,4325 | -9,6620 | -21,5741
1.0TI -0,0028 -0,6145 | -2,3761 | -5,3260 | -9,4372 | -20,9051
Oranon (Al mapku A5N) -0,0049 -1,0111 | -3,7068 | -8,0133 | -13,8629 | -29,9625
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TI'JTIABA 3. UCCJIEAOBAHUE KUHETUKHN OKUCJIEHUSA
AJITIOMUHHUEBOI'O TIPOBOJHUKOBOI'O CIIJIABA E-AlIMgSi
(«anwpapei»), JETUPOBAHHOI'O 'AJIJIMEM, UHAUEM U TAJIJIMEM

3.1. Amnmaparypa ¥ MeTOAMKA UCCIeI0BAHUS KUHETUKHN OKHMCJIEHUS CILIABOB

JIns v3ydeHHs] KUHETHYECKUX IIPOIIECCOB, MPOTEKAIOIIUX TPU OKHUCICHUU
METaJIJIOB M CIUIABOB, B YACTHOCTH, U3YUYEHUSI CKOPOCTH OKHUCJICHUSI pa3padaThiBa€MbIX
IPOMBIIIJICHHBIX CIUIABOB HCIOJIB3YETCS B OCHOBHOM TEPMOTPaBUMETPUYECKUN METOJ,
SIBIIIOLIUICS CaMbIM Pe3yJbTATHBHBIM I JIAHHOTO THma uccieaoBanui [74-80].
JlaHHBIN METOJ| IUPOKO MPUMEHSETCS MPU HCCIICIOBAaHUU KHUHETUYECKUX MPOIECCOB,
MPOTEKAIIINX B Pa3IMUHBIX CIUIaBaX, TaK KakK SIBIAETCS MPOCTBIM U €r0 MOXKHO
UCITIOJIB30BaTh B IIMPOKOM Juaras3one temmepatyp (Boie 1773 K).

Kunertnueckue  ucciegoBaHus  ObUIM  TPOBEJCHBI HA  OCHOBE
BBICOKOTEMIIEpATypHOH BaKyyMHOW JlabopatopHoid — meun TammaHa,  TPUHIUI
JICHUCTBUS U CXeMa KOTOpOMl TpuBejeHa aBTopaMmu B [86] u rpaduuecku mokaszaHa B
BUJIE CXEMBbI Ha pUcyHke 3.1.

J1st iiccneroBaHUM MCTIONB30BANIA TUTIIA U3 OKCHJIA aJTFOMUHHUS BBICOTOM 25 MM U
auamerpoM 20 MM, B KOTOPBIX MPOBOAMIIN IUIaBlIcHHE cruiaBa amomuaus E-AlIMQSi
(«ampapeii»), TETUPOBAHHOTO PA3UYHBIMU COACPKAHUSMHM TaJUIMs, UHIUS U TaJUINs,
pa3orpeB CILIaBOB IMPOBOIMIHN B aTMochepe Bo3ayxa [77].

[Ipouiecc OKUCIEHUSI UCCIEAYEMBIX CIUIABOB KOHTPOJUPOBAIM IO W3MEHEHHIO
Beca turias dyepe3 kKaxnable 30-60 cexyna. llorpemHocTs u3MepeHUN  TaHHBIX

ucciaenoBanni cocrasisuia =10%.
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PucyHok 3.1 - CXeMa VCTAHOBKH 1714 H3VIEHHA KHHETHEH OKHCICHHT METAII0B
H CILUTABOE (1 - medp TamMmaHa, 2 - 4eX0J H3 OKCHIA allOMHHHA, 3 - Ta30MpOBOI4IIad
TpyOEKa. 4 - THTens, 5 - TEpMOIapa, 6 - INaTHHOBAaA HHIE, 7 - BOJOOXIaKIaeMad KPBIMI-
Ka. 8 - MOTEHITHOMETD, 9 - Boga, 10 - kaTeToMeTp. 11 - 9eX0T H3 MOTHOIEHOBOTO CTEK-
ma, 12 - Ipy:KHHA H? MOJIHOIeHOBOH IPOBONOKH, 13 - moacraeka, 14 - KpeImKa, 15 -

TPOH H XOIOIHIBHHE) [96].
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3.2. KuHernka okuc/JIeHUs TBEPAOro aJIlOMUHUEBOI0 MPOBOJIHUKOBOI0
ciiaBa E-AIMQSi («aabapeii»), JIernpoBaHHOro rajuinem [4-A]

Hamu n3yveHa KHHETHKA OKUCIICHUS AJIFOMUHUEBOTO MTPOBOIHUKOBOTO ciiiaBa E-
AIMgSi  («ampapeii»), JIETHPOBAHHOTO PA3IMYHBIMU  COJCPKAHUSIMH TaJUIHS, B
YaCTHOCTH OMBITHI TpoBoAWIHCH ¢ KoHLeHTpanusamu 0.05; 0.1; 0.5 u 1.0 mac% ramnus.
B mporecce OkuCieHUsT yKa3aHHBIX CIUIABOB PACCMATPHBAIUCH DHEPrETHUECKUE U
KUHETUYCCKHE XaApPaKTCPUCTHUKU  OKUCIICHHUS, PE3yJbTaThl KOTOPHIX TpaduuecKu

OTpakKeHbI Ha pucyHkax 3.2-3.8 u B Tabnunax 3.1-3.2.
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PHE}’HQH 3.2 — KHHeTHYEeCKHE KPHERIC OEHCIICHHA aTHMHHHCEOTO IIPOBOIHHEO-

Boro ciwiaea E-AIMgSi («ansaped») (a) H nerHpoeandoro 0.05 mac% Ga (0).
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PHC}’HGKE.E’! — KHHeTHYeCKHE EPHEBIC OKHCIICHHA aTHMHHHEEOTO IIDOBOIHHEO-

BOTO cIlTaea E-AIMgS1i («ansapei»), TerHpoBaHHOTO rainHeM, Mac%: 0.1 (a); 0.5 (6):

1.0 ().
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B mpouecce usyuenuss oxucienus cruiaBa E-AlIMgSi («anbapeii») ¢ nodaBkaMu
Pa3IUYHBIX COJIEPKAHUM Tauiusi OBbUIM BBIYMCIICHBI UCTUHHBIE CKOPOCTH OKHUCJICHUS
M3Yy4aeMbIX CIUIABOB B 3aBUCUMOCTH OT TEMIIEPATYyphl MPOIEcca, KOTOPhIE COCTABUIIU
ot 2.67-10" 10 3.28:10" kr'M*cex™, COOTBETCTBEHHO IS CIIABOB C COMCPKAHHSIMH
rauust ot 0,0 mo 1,0 mac%. Taxke Mg HCCIENyeMbIX CIUIABOB OBLUIM HalJICHBI
KaXKYIIUECs] YHEPTUHM aKTUBAIMH MPOIECCOB, KOTOPhIE COCTABUIIN, COOTBETCTBEHHO, OT
128,5 no 98,9 x/lx/Monb nst criaBoB ¢ copepkanusimu rammus ot 0,0 go 1,0 mac%
(Tabnuma 1.3).

beina mpoBeseHa cepusi ONBITOB MO MCCIEAOBAHUIO TMPOIECCa OKHUCICHUS
TBEpaoro cmaBa E-AIMgSi («anbapeit»), nerupoanHoro ramwtiem (0.05 mac% Ga).
OkucneHure TpoBOAWIN B TeMIleparypHoM uHTepBasie oT 723 mo 823 K. Jlns manHoro
npoiiecca ObLIN MOCTPOCHBI KWHETUYECKHE KPUBBIE (PUCYHOK 3.20), U3 KOTOPBIX BUIHO,
YTO  TPU YBEJIMUYCHUH TeMIIepaTypbl U BPEMEHHU Mpoliecca CKOPOCTh OKHUCIICHUS
TaKk)Ke yBEIMYMBAETCs, OJHaKo yepe3 20 MUHYT OT Hayaja mpolecca CKOPOCTb
OKHUCJICHHSI TIpeKpaliaeT CBO€ yBeIIMYEHUE W CTAHOBUTCA MOCTOSHHOM, COCTaBIISAS IPU
823 K Benuuuny 3.34-10™ kr/™m% [Ipu >TOM 3HEprusi aKTUBAIIMU OKUCJICHUS CIliaBa E-
AlMgSi  («ampapei»), nerupoBannoro rammuem (0.05 wmac% Ga) paBHa, B
COOTBETCTBHH ¢ JaHHBIMH Tabymipl 1.3, 120.3 k/[x/mMonp (Tabmuna 3.1).

Taxxe wu3ydeHa CKOpOCTh OKucieHus cmiaaBoB E-AIMgSi («anbapeity),
nerupoBaHHbIX coaepxkanusmu rausa 0.5 u 0.1 mac%. Kak BunHo u3 pucyska 3.3a u
3.30, yBeIMYCHHE KOHIICHTPAIMM JIETUPYIOMIETO KOMIIOHEHTA TaJiusi  TaKkKe
HE3HAYUTENbHO MOBBIIAET CKOPOCTh OKHUCJIEHUS YKa3aHHBIX CIUIAaBOB — HAMNpHUMED,
CKODOCTH OKHCIIEHHSI CIUIaBOB ¢ cojepxanueMm ramwmuga 0,05 mac% paBHBI 1pu
Temmeparypax 723, 773 u 823 K, coorserctBenno, 2,72-10%; 2,91-10% wu 3,34-10™
Kkr'M2cek’, TO IPH TeX JKe TEMIeparypax CKOPOCTH YKa3aHHOTO CIUIaBa C
coaepxkanuem rayumms 0,1 mac% cocTaBisiOT 2,81-10*% 3,00:10* wu 3,41-10* xr'm
2-ceK'l, a I cIiaBoB, JerupoaHHbIX 0,5 Mac% Ga — 2,98:10* 3,14:10™ u 3,53-10™
KI"M 2-CeK ', COOTBETCTBEHHO (pucynok 3.3 u Tabauma 3.1).

DOHeprusi aKTUBAIlUA  YKa3aHHBIX CINIABOB TAaKXKE  HECKOJIBKO HIDKE TI0

CpaBHEHHIO cO ciutaBoM ¢ coaepxkanueMm 0,05 Ga - wu cocrtaBiaser JuIs CIUIaBa ¢
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conepxkanuem 0,1 mac% Ga — 117,8 x/[x/Mons, s crnasa ¢ coaepxanuem 0,5 mac%
Ga -108,5 k/Ix/monb, Toraa kak npu coaepxkanuu 0,05 mac% Ga sHeprus akTUBaAIUU

BoImIe 1 coctaBmna 120,3 x/[>k/MOIIb.

Tadauoma 3.1 - KHHeTHYECKHE H 3HepreTHUECKHe MapaMeTphl aTIOMHHHEBOIO

[IPOBOJHHKOBOIO cILTaBa E-AIMgSi («ansapeiy ). TerHpOBAaHHOTO TATITHEM, B TBEPIOM

COCTOAHHH
Conep:xanHe | Temneparypa | McTHHHadA ckopocTh | Kakymaaca sHeprHa
TATTHI B OKHCTIE€HHA, okHcTenns K-10-4, AKTHBALIHH,
CILTaBe, Mac%o K Kr-M-2-¢l K ][4/ MOTIB
723 2.67
0.0 773 2.89 128.5
823 3.28
723 2.72
0.05 773 291 120.3
823 3.34
723 2.81
0.1 773 3.00 117.8
823 341
723 2.98
0.5 773 3.14 108.5
823 3.53
723 3.09
1.0 773 3.22 98.9
823 3.66

MakcumasnbHble 3HAYEHHSI CKOPOCTH OKHCJCHHMS OTMEUaloTCA JJid CIUIaBa,

-4, -4 -4 -

nerupoBanHoro 1.0 mac% Ga, coorBerctBernro 3.09-107; 3,22:-107 wu 3,66-10™ xrMm
2.¢ NpHU TeMIepaTypax, cooTBeTcTBeHHO 723, 773 u 823 K. Takxke st 3TOro cruiaBa

XapaKTEpHO MUHUMAJIbHOE 3HAYEHUE SHEPTUU aKTUBalMK - Bcero 98,9 kJx/Mob.
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BbisiBieHO, 4uTO  Hambosiee MHTEHCUBHBI POCT  YAEJIBHOM MacChl JaHHBIX
CILJIABOB MPOTEKAET B T€UYEHHUE MEPBbIX 5-10 MUH OT Hayasia mpouecca, TO €CTh B 3TOT
MPOMEXKYTOK BPEMEHHM  OKCHAHAs IUIEHKA SBISETCS HE JIOCTATOYHO CHJIBHOW U
oOnafaeT ciabbIMU 3aIUTHBIMU CBOMCTBaAMHU.

Yepes 20 MuHYT MOCie€ Hauyaja NpoLEcca OKHUCIEHUS  3allluTHAas IUIEHKA
3aKaHYMBaeT CBOE (QopMHUpOBaHUE U OCTaHABJIMBAET OKHUCJIEHHE cIuiaBa. Jlms
dbopMupoBaHus OKCUIHOM TUIEHKM OTMEYEHa CIEeayroIlas 3aBUCUMOCTB: CKOPOCTh
OKHCJICHUS YBEJIMUMBACTCS C MOBBIIMICHUEM TEMIIEPATypPhl MPOIEcca U, B TO K€ BpeMs
MPU YBEJIWYEHUH TOJIIIUHBI IUIEHKHW Ha MOBEPXHOCTH CIJIaBa  CKOPOCTh OKHCJICHHS
3HAYMUTENILHO CHIKAETCS, 3aTEM 3aTOPMaKUBACTCS.

Konnentpanmuu Ga B crumaBe a0 0.05 Mac% HE3HAUUTENbHO BIUSIOT Ha
OKHCJIIEMOCTh AJTIOMHUHUEBOrO0 TMpoBOAHUKOBOro criaBa E-AIMgSi («ampapeit»).
JlanpHelee yBeIMYeHUE KOHIICHTPAIIMK TaJUTHS MOBBIIIACT OKUCIIEMOCTh UCXOIHOTO

npoBoaHukoBoro ciuiaBa E-AIMgSi («ansapeii») (pucynku 3.4 u 3.5).

Q.
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E-AlMgSi («anpapet»), TerHPOBAHHOTO TalIHeM, IpH 823 K.

st u3yueHHsix cruiaBoB E-AIMgSi («anpapeii»), JerupoBaHHBIX Pa3InyHbIMU
conepxkanusimu Ga (ot 0,05 1o 1,0 mac%) taxke Obutn U3yuyeHbl 3aBucuMoctd £gK ot
oOpaTHOI TemriepaTypbl (PUCYHOK 3.6), H BBISBIEHO, YTO MPOIECC OKHUCICHUS

paccMaTpUBaEMBbIX CIUIABOB MPOTEKAET JIMHEWHO.

-lgK

— 3

I I I
121 1,29 1,38 1/T-10°

PucyHoK 3.6 — 3aBHcHMOCTE 1gK oT 1/T 1714 anrOMHHHEBOTO IIPOBOJHHKOBOTO
criaBa E-AIMgSi («ansapei») (1), TerHpoBaHHOTO ranHeM, Mac%: 0.05 (2):; 0.1 (3);

0.5 (4): 1.0 (5).
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B Tabmuue 3.2 npuBeneHbl pe3yiabTaThl OOpaOOTKM KUHETHYECKUX KpPUBBIX
OKHCJICHUSI B BHUJIE€ 3aBUCHUMOCTH (g/s)z-t (pucynku 3.7 u 3.8) myis adlOMHHUEBOTO
npoBoaHKUKoBOrO crutaBa E-AIMQSI («anwsapeii»), comepxkaniero ot 0.05 mo 1.0 mac%
rayusi. OTMedaeTcsi, YTO KMHETHYECKHE KPHUBBIE CIUIABOB HMMEIOT BUJ TUIEpOOT U
COOTBETCTBYIOT TUIIEPOOTMUECKOMY 3aKOHY.

Tabdauna 3.2 - IlonMHOMBI KMHETHYECKUX KPUBBIX OKHUCIIEHUS TBEPAOTO
QTIOMUHHEBOTO TMPOBOJHUKOBOTO cruiaBa E-AlMgSi («anbapeii»), JIerupoOBaHHOTO

Pa3IMIHBIMU COACPIKAHUAMU T'AJIITHA

Conepxanue N
Ga B cmiase, é fﬁ GE) D;“
MaC% § E IHommHOMEI KBaAPaTHYHBIX KPUBBIX OKHCJICHUA E E
% S CILIAaBOB g 2
= 3 )
723 y = -0,6:10°x"+ 0,000x° - 0,044x" + 0,973x 0,981
773 y = - 0,6:10°x*+ 0,000%° - 0,038x* + 1,109x 0,988
00 823 y =-0,6-10° x* + 0,000%° - 0,041x* + 1,289x 0,994
723 y =-0,5-10" x" - 0,000x° - 0,019x" + 0,878x 0,983
773 y =-0,510% x* - 0,000x° - 0,025x* + 1,055x 0,990
005 823 y =-0,510% x* - 0,000x° - 0,027x? + 1,193x 0,995
723 y =-0,5-10°x" - 0,001x° + 0,004x" + 0,788x 0,991
0.1 773 y =-0,510% x* - 0,001x* + 0,005x* + 0,898x 0,995
823 y =-0,510°x* - 0,001x* - 0,007x% + 1,092x 0,997
723 y=-0,5-10" x" - 0,001x° + 0,007x° + 0,746x 0,992
0.5 773 y =-0,5-10" x* - 0,001x* + 0,014x* + 0,823x 0,997
823 y= -0,510°x*- 0,001x° + 0,004x* + 0,999x | 0,999
723 y =-0,510" x" - 0,001x° + 0,012x" + 0,756X 0,990
1.0 773 y =-0,5-10" x* - 0,002x* + 0,021x* + 0,801x 0,996
823 y =-0,510% x* - 0,002x* + 0,016x* + 0,934x 0,998
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3.3. Bausinue MHIMSI HA KHHETHKY OKHMCJIEHHUS AJJIOMHUHHEBOTO MTPOBOIHHKOBOTO
ciiiaBa E-AIMgSi («anbapeii»)

JIiss  WccieoBaHMs MpoIecca OKHMCICHUS aJFOMHHHUEBOTO TPOBOJIHHUKOBOTO
cruiaBa  E-AIMQSI  («ambapeit») ¢ WHAWEM CIUIaBbl  JICTUPOBAIM  Pa3IMnYHBIMU
coapepkanusimu uHaug — oT 0,05 mo 1,0 mac% In. JIns mosiydeHHBIX CIUIaBOB
MPEICTABICHHBIX COCTABOB OBUIM OIPEICICHbl  KUHETHUYSCKHE W DHEPreTHUYCCKHUE

XapakTepucTuku (pucynku 3.9-3.15, tabmuiet 3.3 u 3.4).

Tadomuma 3.3 - KHHeTHYeCcKHe H JHepleTHYeCcKHe MapaMeIphl Ipolecca

OKHCIIEHHS TBEPI0I0 ATKMHHHEEOI O IPOBOIHHKOROIO cIviaea E-AIMgSi («ansaped»)

¢ HHIHEM
Copep:xaune | Temmepatypa | HcTHHHAaA crkopocTe | Kakvimasgcd 3HepTHA
HHIHT B CIUTABE, | OKHCISHH, okHcIeHHa K-10-4, AKTHBALTHH,
Mac%o K Kr-M2-cl K/ MOTIE

723 2.67

0.0 773 2.89 128.5
823 3.28
723 2.76

0.05 773 2.95 114.1
323 3.39
723 2.86

0.1 773 3.05 109.6
823 3.47
723 3.04
773 3.20 00.4

0.5
823 3.57
723 3.14

1.0
773 3.27 01.8
823 3.70
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s ucxomnoro TBEpmoro cmiaBa E-AIMgSi («anpapei») KUHETHYECKHUE
MIPOIIECCHI OBLIN OMpPEACIICHBl MPHU PA3TUUYHBIX TEMIIEpATypaX, KOTOPhIE BAPbUPOBAIIUA B
npenenax 723, 773 u 823 K. bpuio nmoka3zaHo, 4To 0Opa3yrolMecss Ha MOBEPXHOCTAX
HCCIIETyeMBbIX CILJIABOB 3alllUTHBIE TUIEHKU B HavaJsie MpOoIecca SBIISIIOTCS CIa0bIMU, UX
3alllUTHBIC CBOMCTBA €Illeé HE JOCTATOYHO C(POPMHUPOBAHBI, U CKOPOCTb OKHUCJICHUS
YBEJIMYUBACTCS C YBEIMYCHUEM TEMIIEPATypPhl OKUCIEHHUS, YTO BUIHO U3 TaOIuIs! 3.3.

OxuciieHre aTFOMHUHHEBOrO MPOBOAHMKOBOro civiaBa E-AIMQSI («anbapeii») ¢
conepxanuem uHaus 0.05 u 0.1 mac% (pucynok 3.9) npoucxoaut ¢ HopMUPOBAHHEM
OKCHUJTHOM TJIEHKU Ha IMOBEPXHOCTU MCCIEAYEeMBIX CIJIABOB 0oJjiee MEIJICHHO, YTO
O0COOEHHO 3aMETHO B HauyaJbHOM JTamne (opMupoBaHHUs 3auUTHON TIEHKU. Takxke
BUJIHO, 4YTO TEMIIepaTypa Mpolecca U €ro MNpPOAOIKUTEIBHOCTh HE OKa3bIBAIOT
CYIIECTBEHHOTO BJIMSIHUS Ha OKHCJICHHE CIJIaBOB, TO €CTh CKOPOCTH OKHCJICHUS
UCCJIEyEMbIX CIIJIABOB YBEIIMYMBAIOTCS HE3HAYUTEITBHO.

CkopocTu OKHCIIEHUsS] paccuuThiBaiu 1o Gopmyie: K = g/s -At, nmpu stom s
cruiaBa, JierupoBanHoro 0,05 mac% WHIUS CKOPOCTU OKHCIICHUS ObUTH paBHBI 2,75-107%;
2,95-10" u 3,39-10™ KM >ceK™), COOTBETCTBEHHO npu temneparypax 723, 773 u
823 K. J[ua cmiasa, serupoBaHHoro 0,1 mac% In, ckopocTu HECKOJIBKO BBIIIE U
COCTaBHIIN 2,86~10’4, 3,05~10'4 u 3,47'10'4 KF'M_Z‘CCK_l, COOTBETCTBEHHO MpPH
temnepatypax 723, 773 u 823 K. Takxke i NPOLECCOB OKUCICHUS YKa3aHHBIX
CIUTABOB OBLIM PACCUMTAHBl KaXKYIIUECS YHEPTHUH aKTHBAIUU, KOTOPHIE COCTABHIIN JIJIS
criaBa E-AIMgSi («anpapeii»), comepxkarniero 0.05 mac% In - 114, 1 xJI>x/monb, a mis
criaBa ¢ coxepxkanmem wuHamsa 0,1 mac% - 109,6 xlx/mMons. Ha ocHoBanuu
MPOBEAEHHBIX ONBITOB IOKAa3aHO, YTO MPH YBEJIUYECHHH COJAEpKaHUS WH]IUS B CIUIaBE
KaXKYIIAsACS SHEPTHs aKTUBALIMM HMMEET TEHJICHIINIO K CHUYKEHUIO, YTO TaK)K€ BUIHO U3
Tabnuie! 3.3.

boimu  W3ydeHbl  KMHETUYECKUE  KPHUBBIE  OKUCJIEHUS  aJIIOMHHUEBOIO
npoBoHUKOBOTO cimiaBa E-AIMgSI («ambapeit»), conepsxkarniero 0.5 u 1.0 mac% nHIUs
(pucynok 3.10), u mokazaHo, YTO B PacCCMAaTPUBAEMOM TEMIIEPATYPHOM HHTEpBajie (OT
723 no 823 K), 4TO CKOpPOCTh OKMCIEHHSI YKa3aHHBIX CIUIAaBOB B Haualle Mpoilecca

okucneHus (depe3 15 MHHYT OT Hauaja mpolecca) JUHEHHO BO3pacTaeT, a 3aTeM
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NPUHUMAET BUJ MapadoJibl, TO €CTh MPOLECC 3aMeMIAeTcsl BO BpeMeHu. M3 maHHbIX
pucyHka 3.10 MOXHO cAenaTh BbIBOJ, YTO Ha HAYAJbHOM A3Tame€ MpOLecca OKUCICHUS
oOpa3oBaHHE€ 3alIUTHOW IUIEHKM HA TOBEPXHOCTH HCCIEAYEMBIX CIUIaBOB HOCHUT
TOYEYHBIN XapakTep, a 3aTeM 4Yepe3 ONpPeNesIEHHBIM OTPE30K BPEMEHM Ha IMOBEPXHOCTHU
CIUIABOB 00pa3yeTcs IIOTHAas IUIEHKA M3 OKCUA aJIFOMUHUS.

g/s: 104, kriv?
13K

73K
— 1K

T, MuH

PHC}’HQKS.Q — KHHeTHYeCKHE EPHEBIC OKHCIICHHA aTHOMHHHEEOT O IIPDOBOIHHEO-

Bporo cirraea E-AIMgeSi («aasaper») ¢ 0.05 (a); 0.1 (0) mac% HHIHA.
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g/s: 104, kr/w?

T . . T T y T, MHH
0 10 20 10 40 50 60
Pucysok 3.10 — KHHeTHIECKHE KPHEBIE OKHCIEHHA aTIOMHHHEBOTO IIPOBOIHH-

KOBOTO cIr1aea E-AIMgSi («anpapei») ¢ HEOHeM, Mac%o: 0.5 (a); 1.0 ().

Jlst mpoBogHuKoBOTO crutaBa E-AIMgSi («ampapeii»), comepkaiiero pa3indHbie
KOHIICHTpAIIUN WHMsI, ObUTa McclieoBana jorapudmuaeckas 3asucumocts IgK ot 1/T
C MOMOIIbIO ocTpoeHus rpaduka (pucyHok 3.11), coctaBuBiias npsamyro nuauio. Kak
BUJAHO W3 pucyHka 3.11, HuKe pacnonararorcsi JIMHUW, OTHOCSIIHUECS K YUCTOMY

cruiaBy E-AIMgSi («anpapeit»), Hag KOTOPOM B MOPSAJIKE BO3pACTaHUsl COJEPKAHUS
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JIETUPYIONIETO KOMIIOHEHTAa WHJUSA PACIOJIO0KEHBI JTUHUM, OTHOCAIIUECS K CIUIaBaM
Bunno, 4to kpuBble, OTHOcsmuecs K cruiaBaM E-AIMgSi («ampapeity), c

coaepxkanusimu 0.05; 0.1; 0.5 u 1.0 mac% In.

-IgK

38

1,21 1,29 1,38 IT-10°

PrcyHok 3.11 — 3aBHCcHMOCTE IgK o1 1/T 114 alrOMHHHEBOTO IPOBOIHHKOBOTO

crrtaea E-AIMgSi («ansapet») (1) ¢ HEaHeM, Mac%o: 0.05 (2); 0.1 (3): 0.5 (4); 1.0 (5).

3areM i aTIOMUHUEBOTO MPOBOAHMKOBOrO cruiaBa E-AIMgSi («anbapeity),
coJlepKalllero pa3inyHble KOHIEHTpauu IN, ObUIM MOCTPOECHBI M30XPOHBI OKUCIICHUS,
KOTOpBIE TMpeacTaBieHsl Ha pucyHkax 3.12 um 3.13. KpuBble XapakTepu3yroTcs
MOHOTOHHBIM YBEJIMYEHHUEM CKOPOCTH OKHCIEHHUSI C PpPOCTOM TEMIIEpaTypbl U
COJIepKaHMs UHIUS HA BCEM MPOTSHKEHUU OKUCIUTEIBHOrO npouecca (yepe3 10 MunyT
- kpuBas 1, yepe3 20 munyT - kpuBasg 2). Kax BugHo u3 pucynkoB 3.12 u 3.13, Ha
CKOPOCTb OKHCIJICHUS BIUSET KOHIICHTPALMS JIETUPYIOHNIETO KOMIIOHEHTAa B
UCCIIEyEMOM CIUIaBE, YTO BUJHO W3 CHU)KCHHUS BEIMYMH DHEPTHM AaKTUBALMU OT
YBEIIMYEHUS COJIEPKAHUA B CIUIaBaX UHIUS.

Kunernueckue KpuBble OKUCICHUSI HMCCIEIYEMBIX CIIJIABOB UMEIOT HEJTUHEWHbIN
XapaKTep, TO €CTh MOXKHO CKa3aTh, YTO OKHCIICHHE CIUIAaBOB HMEET BUJ THIEPOOIIBI
(pucynku 3.14 u 3.15). Jlyist mOATBEpKACHUST HEIMHEMHOCTH KUHETHUYECKUX KPHUBBIX

okucnenus cmiaBa E-AlMgSi («anbapeit»), coaepkaiiero pa3indHble KOHIIEHTpaluu
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In, OBUTM MOCTPOEHBI TOJMHOMBI KHHETHYECKUX KPHUBBIX OKHCIICHUSI AJFOMUHUEBOTO
npoBogHHKOBOrO cruiaBa E-AIMgSI («ampapeii») ¢ pa3nuuHbIMU conepxkaHusMu In,

KOTOpbIE CBEACHBI B TAOHILy 3.4.

e Q.
g/se 10~ kr/m k/Lx/vons
2-20 mmn.
s 24 130
— —e
] e "
\ 1-10 mun
| “— MHH. —8= 14 11
ST
i - 110
0 - \J—
_I:".--. - = 100
— — — —_
6 ~ I i
F' == -
=] 9
|
= 7 I | | ! '

00 0l 0.5 0.6 0,7 0.8 0.9 Lo

Pucysok 3.12 — 30X pOHEI OKHCTIEHHT ATIOMHHHEEOT O IIPOBOIHHEOBOT O CILTABA

E-AlMgSi («anpaped») ¢ HHOIHeM IIpH 723 K.

Q.
g/se 10~ kr/o’ klx/oas
2-20 yum. )
-— .-
15 - - o 1 1 130
t\ 1-10 mu=. ]
2 )/f e {1
\
Y = 110
1Y
J:.‘h - -1 100
§ = TTE-—-
P
=1 %0
r e
= I T I T | I

00 01 0.5 0.6 0,7 08 02 Lo

PucyHOK 3.13 — 30X pOHEI OKHCI€HHA ATIOMHHHEEOT O IIP OBOOHHKOBOT O CILTABA

E-AIMgSi («ansaped») ¢ HHOHeM IIpH 823 K.
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(g/s)10%, kri/m?

P S T S . 1 X. § .\

oo 713K

Y ———— '\

T, MHH
0 10 200 30 10 50 60
Omtt—0— 823 K
O 0 O 0 a 773 K
a——s—e—2 723K
r Y » T, MHH

0 10 20 30 40 50 60

Pucynok 3.14 — KsagpaTuuHble KHHETUYECKHE KPHUBBIE  OKHCIICHUS

ATFOMHHHAEBOTO TIPOBOIHUKOBOTO citaBa E-AIMQSi («ampapeii») (a) ¢ 0.05 mac% In

(6).
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(2/s)2-10%, kri/m!

16 | P — . 1 X. B .Y
12 4 e D e e e G 1 1 3
iyt pepeeytreeets, 1 2.3 K
08 4
0,4 - ﬂ)
T. MHH
0 4 r T v
0 10 20 k1) 40 50 60
(2/5)%-10%, kri/w!
2823 K

o773 K

T213K

T, MHH
] 10 20 0 40 50 60
(g/s)*-10%, kri/m?
—c—o—o—813 K
16 - Oy 773 K
prmpyetrepr——, ] 2.3 K
0.8 -
B)
0 t L] Ll L L L] L FE: 3II-]}I
0 10 20 30 40 50 60
Pucynok 3.15 — KBagpaTuuHbie KHHETHYECKHE KPHUBbIC

OKHUCJICHHA

ATFOMHHHAEBOTO TIPOBOIHUKOBOTO crutaBa E-AIMQSi («ampapeii») ¢ 0.1 (a); 0.5 (6) u 1.0

(B) mac% uHAMA
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Tadampa 3.4 - IlonMHOMBI KHHETMYECKMX KPHUBBIX OKHCIEHHS TBEPIOTO
AIFOMMHHAEBOTO TIPOBOJHUKOBOrO ciutaBa E-AIMQSI («ampapeii»), ¢ pa3iHudHBIMU

coaepkanusimu In

Comepxanue | 5 = o
£ = S

Bcmiase In, | B 2 = £
o, E IHoTMHOMEBI KHHETHYECKUX KpI/IBBIX OKHUCIICHUA =~ a

Mac% E 5 g =
=~ CIIJIaBOB ™ (oF

o ~ o (oF

= © X2

723 |y= -0,6-10° x* + 0,000x° - 0,044x° + 0,973x | 0,981

0.0 773 |y =-0,5-10"x"* + 0,000x® - 0,038x* + 1,109x 0,988
823 |y= -0,610°x* + 0,000%° - 0,041x? + 1,289x 0,994

723 | y=0,5-10"x" - 0,000’ - 0,021x" + 0,889x 0,983

0.05 773 | y=0,5-10"x" - 0,000%° - 0,028x* + 1,042x 0,989
823 |y=-0,510"x" + 0,000x® - 0,039%* + 1,267x 0,992

723 |y =0,5-10°x" - 0,001x° - 0,001x" + 0,779x 0,985

0.1 773 |y =10,510°" - 0,000% - 0,012x* + 0,967x 0,991
823 |y=0,510°" - 0,000%° - 0,019x* + 1,164x 0,993

723 |y =0,5-10"x" - 0,001’ + 0,007x" + 0,775x 0,986

0.5 773 |y =10,510°x* - 0,001x° - 0,001x* + 0,934x 0,992
823 |y=0,510°x* - 0,000% - 0,018x* + 1,169x 0,994

723 =-0,5-10°x" -0,001x> + 0,006x° + 0,798x 0,991

1.0 773 =-0,5-10°x* -0,001%* + 0,004x* + 0,920x | 0,995
823 =-0,5-10°x* -0,000%° - 0,013x* + 1,158x 0,997

3.4. KuHeTHKa OKHUCJICHHUS AJIOMHHUEBOI0 MPOBOAHUKOBOIO CILJIaBa
E-AIMQSi («aabapeii»), JIernipoBaHHOT0 TAJIJIHEM
HcciienoBanwst mporiecca OKUCICHHS aTFOMHHAEBOTO TIPOBOJIHUKOBOTO CIniaBa E-
AIMgSi («ampapeii»), nerupoBannoro Tawmmmem ot 0.05 go 1.0 mac%, mpoBoaMINCH
npu Temneparypax 723, 773 u 823 K. XuMuueckne COCTaBbl CIUIABOB M PE3yJIbTATHI

uccienoBanus 0000meHsl rpaguvecku Ha pucyHkax 3.16-3.22 u B Tabmmmax 3.5 u 3.6.
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g/s' 10+, ki’

12 « e e ) 2.3 K
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Pucysok 3.16 — KHHeTHUYECKHE KPHBBIE OKHCIEHHA ATIOMHHHEBOTO IIPOBOJHH-

KOBOTO cIr1aea E-AIMgSi («ansgped»). merHpoBa”HHoro T1 mac%: 0.05 (a): 0.1 (©).
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g/s: 104, kriv?

0§23 K
713K

al

eyt 71 3

T. MHH

g/s'104, kr/s?

16 1
2823 K
073K
723K
T, MHH
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Pucynoxk 3.17 — KuHeTMyeckue KpUBBIE OKHCICHUS  AJIIOMHUHUEBOTO

npoBoHUKOBOTO cruiaBa E-AIMQSi («anbapeii»), nerupoBanHoro tayumeM, mMac%: 0.5

(a); 1.0 (0).
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Tadoauoa 3.5 - KHHETHISCKHE H JHEPTETHUSCKHE MAPaMETPEl OKHCIIEHHA TBED-

0T ATHOMHHHEBOTO IIPOBOIHHKOBOIO cIi1aBa E-AIMgSi («anbapei» ). TeTHPOBAaHHOTO

TALTHEM
Copep:xagne | Temmeparypa| IICTHHHAA CKOPOCTE Kaxymaaca sHep-
TALTHA B CIUIaBe, | OKHCISHH, okHcnenHa K-10-4, THS AKTHBAIIHH.

Maco K KT M-2-¢! K J[#/MOIIB
723 2.67

0.0 773 2.89 128.5
823 3.28
723 2.80

0.05 773 2.99 108.9
823 3.44
723 2.90

0.1 773 3.09 100.3
823 3.47
723 3.10
773 3.25 91.5

0.5
823 3.62
723 3.19

1.0
773 3.31 84.1
823 3.76

JlnHaMHuKa poCTa YACIBbHOM Macchl 00pa3lloB B 3aBUCHUMOCTH OT BPEMEHU M
TEeMIIEpaTyphl I AFOMUHUEBOTO IMPOBOIHUKOBOro cruraBa E-AIMQSI («ambapeii»),
JICTUPOBAHHOTO TaJUIMEM, KOTOpas OTpakeHa Ha pucyHke 3.16, TmoKa3bIBaeT
YBEJIMYCHUE CKOPOCTH OKHUCJIGHHS HCCICIyeMOro CIUIaBa TMPH  YBEIUYCHHH
TEeMIIepaTyphl TpoIiecca OKUCICHHA. Ha MOBEpXHOCTH CIUIaBa, KOTOPHIH COJEPIKHUT
nerupyomuii komnoneHt tamwui (0.05 mac%), ormedaeTcss camoe MEIJIEHHOE IO
BpeMCHH (OpPMHpPOBAaHUE 3alIUTHOH IUIEHKM 10 CPaBHCHHIO CO CIUIaBaMH,

JICTUPOBAaHHBIMH OoJbImMu coxepkannsamu  tawms (0,1; 0,5 u 1,0 mac% TI), sty xe
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3aBUCUMOCTb BUIHO U3 TaOIUIBI 3.5. J[aHHYI0 3aKOHOMEPHOCTh MEXaHU3Ma OKUCICHUS
CIUIABOB ~ MOXHO OOBSICHUTH TEM, 4YTO HA MOBEPXHOCTH  CIUIABOB C BBICOKHM
CoJlepKaHUEM JIETUPYIOIIET0 KOMIIOHEHTA TalUIMs ~ MPOUCXOAUT oOpazoBaHue Oosee
CIIOXHBIX OKCHUIOB, KOTOpble 00JIajaloT, COOTBETCTBEHHO, 00jee CHIbHBIMU
3AIIUTHBIMHA XapaKTEPUCTUKAMM.

Ha pucynke 3.17 BHIHO, YTO KHHETUYECKHUE KpHUBBIEC, ITOCTPOCHHBIE IS
QIIOMUHUEBOIO  MPOBOJHMKOBOro cruiaBa E-AIMgSi («anpapeii») ¢ pa3inyHbIMU
COJECPKaHMSIMU TaJUIMsS, YKa3blBalOT HAa  POCT CKOPOCTH OKHUCJIEHHUS CIUIABOB W,

COOTBETCTBCHHO, HA YMCHBIIICHUE KAXKYIIEHCS SHEpruK akTuBanuu (Tadauia 3.5).

Q.
g/se 10~ kr/m’ k/I:x/Moas

15 = 2-20 muH. 7 130

i/./fJ v
_\ 1-10 vmm. 1 120
e -

\

\

\

‘\

= 100

—
 ——
—
—_—
T
o

=
44 ] I I | I I
0,0 0l 0,5 0.6 0,7 0.5 0,9 L0

PucyHoOK 3.18 — 130X pOHEI OKHCIEHHA ATHOMHHHEBOT O IIPOBOJHHKOBOTO CILIABA

E-AlMgSi («anpapeH»), TeTHPOBAHHOTO TaLTHeM, IpH 723 K.

B 00600mEénHOM BHIE M30XPOHBI OKHCICHHS AJTIOMHUHUEBOTO MPOBOTHUKOBOTO
cruiaBa  E-AIMQSI  («ampapeii»), JserupoBaHHOro TaymueMm, mnpu 10 m 20 wmwuH,
npuBeneHpl Ha pucyHkax 3.18 um 3.19. JloGaBka Ta/mumsi HECKOJBKO YBEIMYHBACT
CKOpDOCTh OKHCIEHHs ucxoaHoro crmiaBa E-AlIMgSi («anmpapeit»), 4To BHAHO U3

CHIDKCHUS 3HAUCHUMN K&)Kym@ﬁCH OHCPIUKU aKTHUBAIlH.
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B Tabmuue 3.6 npuBeneHbl pe3yiabTaThl OOpaOOTKM KHUHETHYECKUX KpPUBBIX
OKHCJICHUSI B BUJE 3aBUCHUMOCTH (g/s)z-t (pucynku 3.20 u 3.21) nng aJrOMUHHUEBOTO
npoBoaHuKoBoro criaBa E-AIMgSi («ansapeity), conepxarniero ot 0.05 no 1.0 mac%
tausa. Crenyer 3aKkiIl04YdTh, 4YTO XapakTep OKHUCJIEHHUS CIUJIaBOB TOJYHUHSETCS

runepOoInYecKOr 3aBUCUMOCTH.

g/se 10, kr/m? ::,Z[mfg:rm
2-20 mun. 2
15 — e "_l S BT
\ 1-10 mmn —
-
| Fe— - 120
12 l/‘d-
\
"‘. = 110
o 4 \
\
.\ — 100
N
6 — J_J:
S — — 90
-F ————
rc -] 80
= 1 I I ! I

0.0 0.1 0.5 0.6 0.7 0.8 0.9 L0

Pucynok 3.19 — M30XpoHbI OKUCICHUS alFOMHUHHEBOTO MMPOBOIHUKOBOTO CIIJIaBa

E-AIMgSi («anpapeii»), JerupoBaHHOTO TaLikeM, mpu 823 K

3aBucumocTts IgK ot 1/T misa anroMuHHEBOTO MPOBOAHUKOBOTO ciuiaBa E-AIMQSI
(«anmpapeit»), JETHPOBAHHOIO TA/UIMEM, MPEACTABIIET COOOH MPSAMYIO JIMHHUH, YTO
CBHJICTCIILCTBYET O TMPAMOJHHEHHOCTH IPOIEcCca OKUCICHHUS HCCICIyeMOro CIijiaBa

(pucyHok 3.22).
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(g/s)>105, kri/m?
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Pucynok 3.20 - KsagparuuHble KHHETHYECKHE KpPHUBBIC OKHCICHUSA
AJIFOMUHUEBOIO MPOBOAHKMKOBOTO civiaBa E-AIMQSi («anpapeii») (a) ¢ 0.05 (6) mac%

TaJlJInsAa
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(g/s)%-10%, kri/art

(g/s)-10%, kri/a

L]
=

60
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Pucynok 3.21 — KBagpaTuuHble KHUHETHYECKHUE

KpUBBIE

OKHCJICHHUA

aJIFOMUHUEBOI0 MPOBOIHKUKOBOrO ciuiaBa E-AIMQSI («aapapeii») ¢ 0.1 (a); 0.5 (6) u 1.0

(B) Mmac% tanmnus
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Ta6auma 3.6 - I[lodMHOMBI KHHETHYECKUX KPHUBBIX OKHUCIICHUS aIOMUHHEBOTO
npoBoHHKOBOro crutaBa E-AIMQSI («anpapeii»), JIerMpoOBaHHOTO  Pa3IMYHBIMU

conepkanusmu Tl

Conepxanne | g =

Berase T, | 2 & % §
<

Mac% & E ToTMHOMBI KHHETHYECKHMX KPUBBIX OKHCICHHS | = E

% 2 CILIABOB < g

> o &

= o < g

723 y= -0,6:10° x* + 0,000x° - 0,044x* + 0,973x | 0,981

00 773 y=-0,6:10° x* + 0,000%° - 0,038x* + 1,109x | 0,988

' 823 y=-0,6:10% x* + 0,000%° - 0,041x* + 1,289x | 0,994

723 y =0,510" x* - 0,000%° - 0,022x° + 0,857x 0,992

0.05 773 y =0,5-10" x* - 1E-04x® - 0,025%* + 1,001x 0,996

' 823 y=-0,6-10" x* + 0,000%° - 0,036x* + 1,199x | 0,997

723 y =0,510° x* - 0,001x° - 0,003%* + 0,766X 0,991

01 773 y = 0,5-10%x* - 0,000x3 - 0,010%* + 0,924x 0,994

' 823 y = 0,5:10% x* - 0,000%° - 0,017%* + 1,107x 0,996

723 y =0,5-10° x* - 0,001x° - 0,000x° + 0,821x 0,991

05 773 y=0,5-10% x* - 0,001x® - 0,008x* + 0,979x 0,993

' 823 y =0,5-10* x* - 0,000%% - 0,019%* + 1,172x 0,995

723 y =0,5-10" x* - 0,001x° + 0,007x" + 0,779x 0,991

L0 773 y =0,5-10* x* - 0,001x3 + 0,003%* + 0,925x 0,995

' 823 y=0,5-10° x* - 0,001x - 0,007x? + 1,104x 0,997

-IzK

38

1,21 1,29 1,38 UT-108

PHcyHOR 3.22 — 3aBHCHMOCTE 1gK 0T 1/T 114 anoMHHHEBOTO IIPOBOIHHKOBOTO
criaea E-AIMgSi («anpapei») (1), 1erHpopaHHOr0 TaaaHeM, Mac%o: 0.05 (2); 0.1 (3):

0.5 (4): 1.0 (5).
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3.5. 3aki1r04eHMe 1O TpeThei riase

HccnenoBanre MOBEACHUs PA3IMYHBIX METAUNIMYECKUX CIUIABOB B arpeCCHBHBIX
cpenax, cpefax C BBICOKMUMH TeMIepaTypaMH SIBISIETCS BaXKHBIM M aKTyaJlbHbIM
BOIIPOCOM, TMOCKOJIbKY MpPaKkTUYECKH BCE METAJUIbl WM  CIUIaBbl, KOTOpBIE
UCIIOJIB3YIOTCSI B TEXHOJOTMYECKUX MpPOLEcCax, pa3pylIaloTcs B OKPYXKAIOMIEeH HxX
cpelie — MPOUCXOIUT MO0 UX KOppo3us, JUOO OKHUCIEHHE, TMOO Ha HUX OKa3bIBAET
HETaTHUBHOE  BJIMSHUE BBICOKHE Temrmeparypbl. llodTomMy mepen XUMUKaMH H
TEXHOJOTaMU CTOSIT aKTyaJbHbIE 3aJaud MO PEHICHUI0 TEOPETUYECKHX BOIPOCOB
NPOJUICHHS CPOKa IKCILTyaTallii METAJIOB U CIUIABOB, UCCIIEIOBAHUIO KUHETUYECKUX,
OHEPreTUYECKUX U TEPMOJMHAMUYECKUX CBOMCTB YKa3aHHBIX METAUIOB WM CILJIABOB.
JIns paccMOTpeHMsI YKa3aHHBIX XapaKTEPUCTUK METAUIOB U CIUIABOB, CHUKAIOIIMX
IPOIIECChl OKHCJICHUS W KOPPO3UH, HEOOXOAUMO H3yueHHE (PUBHKO-XMMHUYECKUX U
KPUCTAJUIOXUMHUYECKUX CBOWCTB 3alIUTHBIX IUIEHOK, KOTOphbIe  (OPMHUPYIOTCS B
pe3ynbrate 00pa30BaHMs OKCHAOB Ha MOBEPXHOCTSIX METAJUIOB U CIIaBOB. BhisBiieHa
3aKOHOMEPHOCTh, 4YTO KOrja 0O0BEMBI 00pa30BABIIMXCS OKCHUIOB Ha MOBEPXHOCTH
MeTalyla WIM CIUlaBa OyJIyT MeHblle OObEMOB CaMHUX METAJIOB WJIHM CIUIABOB, TO
3alllUTHBIE TUIEHKM Ha WX IMOBEPXHOCTH OYAyT MOPUCTHIMHU, HE CIUIOIIHBIMU, YTO
OKa3bIBAaET OTPUIIATEIILHOE BO3JECHCTBHE HA METaUIbl M cruiaBbl. Kucmopoa B JaHHOM
Clly4ae MMeEeT CBOOOJHBIN JOCTYN K MOBEPXHOCTH METAJUIOB WUJIU CIUIABOB, YCHJIMBAs
U yCKOpsisi ipoliecc okuciaeHusi. Koryma npoayKTel OKUCICHUS SBISIOTCS HEJIETYYUMHU
TBEPABIMUA BEHIECCTBAMHU, HX OTIOXCHHE TMPOWCXOJUT HA BHEIIHUX MOBEPXHOCTIX
METaJJIOB WJIM CIUIABOB, MIPH 3TOM MPOUCXOAUT OO0pa3oBaHUE 3AIIUTHOTO OKCHUIHOTO
cnosi. Ecnu 3ammTHBIC TUIGHKU (OPMUPYIOTCS TUIOTHBIMH, B HUX OTCYTCTBYIOT TIOPHI,
TO KHCIIOPOJ, MOXKET MPOHUKATh K TIOBEPXHOCTH MeETajula WM CIUIaBa  TOJBKO
MPOHUKas BIIyOb TBEPAOW (ha3wl. Jlerupyromue XUMUYECKHUE JJIEMEHTHI, HaXOIACh B
COCTaBe OKCHJIOB 3alllMIaeMOTO CIUIaBa, 3aTPyAHSAIOT AUPPY3UI0 KUCIOpOAa K
MOBEPXHOCTH CIIaBa U, TEM CaMbIM, 3aMEIUISIOT OOIIHIA TIporiecc okuciieHus [82-84].

B  Tabmune 3.7 nmpuBOAATCS  pe3yJbTarhl  000OIIEHUS  MPOBEAEHHBIX
UCCIIEIOBAHUNM aJIOMUHHEBOTO MPOBOJHHKOBOro cruiaBa E-AlIMgSi («anbapeit»),

JCTUPOBAHHOI'O Pa3/IMYHbIMH COACPIKAHUAMM I'aJUInsd, MHAWA WU TaJUIUd, 110 U3YUYCHHIO
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U3MEHEHUS KQXYILIEWCsT DSHEPrud aKTUBALIMM OKHUCJIEHUS B 3aBUCHUMOCTH OT
KOHUEHTpalMy JIETUPYIOIIMX KOMIIOHEHTOB. Kak BugHo wu3 Ttabmuuer 3.7,
MaKCUMaJIbHOE 3HAYEHHE SHEPrUM aKTUBAIIMM OTMEYaeTcsl y cIulaBa Jjis crjaBa E-
AlMgSi, nerupoBannoro 0,05 mac% Ga — 120,3 k/[>k/M0OJb, MUHUMAJIBHOE 3HAYCHUE —
COOTBETCTBEHHO Y CIIaBa ¢ cojaepxkanueM 1,0 mac% taus.

Tadiamna 3.7 — 3aBUCUMOCTh KaXKyIIEHCS DHEPTrUM AKTUBAIMHU IIPOLIECCA OKHUCIICHUS
AIFOMUHHEBOTO TPOBOJHMKOBOrO cruiaBa E-AIMQSI («ampapeii»), gerupoBaHHOTO

rajlyiméM, HHIUEM U TaJIJIUEM, B TBépI[OM COCTOAHHU

CoaepxaHue Jerupyrommx
0,05 0,1 0,5 1,0
KOMITOHEHTOB B c1ijiaBe, Mmac%
INannumii 120.3 117.8 108.5 98.9
Wngnii 114.1 109.6 99.4 91.8
Tanmuii 108.9 100.3 91.5 84.1

Ha ocHoBaHMM NpOBEAEHHBIX HUCCIEAOBAHWNA KHUHETUKH OKHCIEHHUS TBEPIOTO
AIFOMUHHEBOTO TPOBOJHMKOBOrO cruiaBa E-AIMQSI («ampapeii»), JerupoBaHHOTO
raJiyTueM, UHANEM U TaJJTMEM, ObUIO BBISIBIICHO CIEYIOIIEE:

1. okucieHue pacCMOTPEHHBIX CILJIABOB IPOTEKAET COOTBETCTBEHHO
TUNEepOOIMYECKOT0 3aK0HA, @ CKOPOCTH OKUCJICHUS COCTaBIISIOT ~10" kr-m%-cex™;

2. cuiaB E-AIMgSi («ampapeii») ¢ ralyiueM UMEeT camble Mallble CKOPOCTH
okucinenus, a craB E-AIMgSi («ampapeii»), JEerupoBaHHBIA TalTUEM -  CaMbIe

BBICOKHC CKOPOCTH OKHCJICHHUA.
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I'JIABA 4. AHOJHOE ITOBEJEHHUE CIIJIABA AJIIOMUHHUEBOI'O
MPOBOJHUKOBOTI'O E-AIMgSi («anbapeii»), JETUPOBAHHOI'O
T'AJIVIMEM, UHIUEM U TAJIJIMEM
4.1. MeToauka uccjaef0BaHUsA KOPPO3HOHHO-JIEKTPOXUMHYECKHUX
CBOJMCTB CILIABOB

Jns DIEKTPOXUMUYECKUX  HCCIENOBAaHUN  00OpasloB  aJIOMHHHEBOTO
npoBoHuKoBoro cruiaBa E-AIMgSI («ampapeii»), XuMuueckoro cocraBa, Mac%: Si -
0.5; Mg - 0,5, ObuM HccleIOBaHbl aHOJHBIE M KATOJHBIC MOJSPU3AINU, KOTOPHIC
npoBoauin B 3% pactBope anekrponuta NaCl [85]. OOpasupl morpyxkaiuch B
UCCJIEYEMbIM PACTBOP AJICKTPOJIIUTA U TOJSPU30BAIM OT HAYaJIHLHOTO MOTEHIMANA 10
3HAYCHHUH, KOTJ]a OTMEUAJIMCh MAaKCUMAJIbHBIC 3HAUCHUSI TFIOTHOCTH TOKA MCCIIEAYEMBIX
oOpasmoB. [lpu 5TOM pacCUUTHIBAIUCh 3HAYEHUsI TOTEHIIMAIOB CBOOOHON KOPPO3UU
(Ecsxop.) 0OOpa3moB. Pe3ympTaTsl m3MepeHuil o600meHsl Ha pucynke 4.1 (kpuBas 1).
[locne wdero s oO0pa3loB CIUIABOB MPOBOJAUIU MOJSPHU3ALMIO B 0OpaTHOM
HarmpaBieHun (pucyHok 4.1, kpuBble 2 u 3), MOBeIs 3HAUYEHUs TMOTCHIMANIA JI0
3HaueHnusa 1,3 B, npu koTopoMm okcuiHas IUJIEHKAa Ha MOBEPXHOCTH oOpaslia cruiaBa
pacTBopssiach. 3aTeM Juisi 00paslioB CIUIABOB MPOBOAMIIN TEPENONIAPU3AIMIO, TPHU
KOTOpO# (puKcupoBajcs MOTeHIIMAN NTUuTTUHrooOpazoanus (E;,) Bo BpeMs mnepexoaa
KaTOJIHOTO TOTEHIMala B aHOAHBIN MOTEeHIIUA (pUCYHOK 4.1, kpuBas 4).

Takum oOpazom, ObuTa TIONTy4eHA MOJSPU3ANMOHHAS KPUBasi, HA KOTOPOU ObLIH
ONpEeNIeNIEHbl BETUYMHBI OCHOBHBIX 3JEKTPOXUMUYECKUX MOTEHIIMATIOB HCCIEAYEMBIX
CILJIABOB:

—E . HIH — Eg sop. CTAlIHOHAPHBIH IIOTEHITHA HIH [OTEHIHAI cB000JHOH Kop-
PO3HH;

—E,;, — HOTEHIHAT peNacCHBAIHH;

—E_, — NOTeHIHAI IHITHHI000pa30BaHHA,

—E,op. — IOTEHITHAT KOPPO3HH;

—lyop. — TOK KOPPO3HH.
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-E.B(x.c.3)

-Exop.
1.2

1‘0

-E.CB.KOp.

0.8
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PucyHok 4.1 - AHOIHAf H KaTOJIHAA IIONApH3IalHOHHAA (2 MB/c) KpHBad amnto-

MHHHEBOTO cIr1aea E-AIMgSi («ansapei» ). B cpene snekrponHTa 3% NaCl [85].

[lo xaTogHOW KpPUBOM  TaKKE€ PpACCUUTHIBAIMA  BEIUYMHY TOKA KOPPO3UHU
UCCIIElyeMOTO CIUIaBa, B pacdyéTax y4YUTHIBAIM  Ta(EIOBCKYI0 HAKIOHHYIO (By),
3HaueHne Kotopou coctaBisuio 0.12, MOCKONBKY JJIsl aJIOMUHHS U CIUTABOB Ha €O
OCHOBE B HEUTPAJIBHBIX CPEAAX MUTTUHIOBAsI KOPPO3US NPOTEKAET B 3aBUCUMOCTH OT
MOHU3AIMU KUCIOpOJa U €ro KaTtoJHou peakuuu. CKOpOCTh KOPPO3UU [JIsl CILUIABOB
BBIYUCIISUTH 110 popMyIe:

K=i k

Kop.

npuHUMast 1t amoMuHus K paBHbIM 0.335 1/A 4.
B BbIUMCIEHUSIX ANEKTPOXUMHUYECKUX MOTEHIMAIOB YKa3aHHBIX CIJIaBOB Oblia
TaKX€ PacCUUTaHa UX BOCIPOM3BOJIMMOCTb, KOTOpas cocTaBwia oT +5 no +10 mB,

2
Taxxke paccunThIBaIM TUIOTHOCTH TOKa KOPPO3uH, KoTopas Obuta paBHa ot 0,001-10
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710 0,005-10 A/m°. TToapoGHast METOAMKA CHATHS MOISPH3ALHOHHBIX KPHBBIX CILTABOB

npejcTaBieHa B padotax [86-94].

4.2. Bausinue 100aBOK ra/iiusi HA AaHOJAHOE MOBeIeHHEe ATIOMHUHHEBOI0
npoBoaHnkoBoro ciiiaa E-AIMQSi («aabapeii»),
B pactBope iekTpoaura NaCl [2, 5-A]

B nmaHHOW cepuu OIBITOB  PAacCMOTPEHBI KOPPO3MOHHO-IIICKTPOXUMHUYCCKUE
uccrnenaoBanus cruiaBa E-AIMQSI («anbapeii») ¢ ramimeM, B pacTBOpPE 3JICKTPOJIHMTA
NaCl (tabmuupt 4.1-4.4 u pucynku 4.2-4.5). Ha pucynke 4.2 npusejacHa rpaduyeckas
3aBUCUMOCTb IIOTEHIMana cBOOOAHOM Koppo3un (-Eg «op, B) 0T Bpemenu nis
obpasios u3 cmiaBa E-AIMgSi («anpapeii») ¢ raminem, B pactBope 3aektposianuTta NaCl.
Kaxk BugHo 13 tabnui 4.1-4.3, 3HaueHUs MOTEHIMAI0B cBOOOIHON KOppo3uu (-E; Kop,)
OpH  TOTPY)KEHUU HCCIACAYEMBIX CIUIABOB B PAcTBOP D3JICKTPOJIUTA CMEIIAOTCS B
00acTh 60J1ee MOJOKUTETbHBIX 3HAUCHU.

B tabmume 4.4 i uccleqyeMbiX CIUIABOB TPUBOISATCS pacu€Tbl  UX
KOPPO3MOHHO-3JIEKTPOXUMHUUYECKIX CBOMCTB. Ha ocHOBaHWU pe3ynbTaToB Tabmuibl 4.4
MOKHO KOHCTaTHpPOBaTh, YTO JIETHPOBAHHE HCXOJHOTO  AJIFOMUHHEBOTO CILIaBa
AIMgSi («anpapei») pasaudnabiMu cogepxanusamu rawtus (ot 0.05 go 1.0 mac% Ga)
B pactBopax ojektposuta  NaCl  pa3nmyHbIX  KOHIEHTpalMid  CMEIIAloT
ANEKTPOXUMUYECKUE TMOTCHIMANBI HUCCIEAYEeMbIX CIUIABOB (MOTEHIMAT KOPPO3UH,
MOTEHIIMAJI PENacCUBAIlMM W TOTCHIMAI MHTTUHI000pa3oBaHUsA) B 00JacTh Oojee
MOJIOKUTENIbHBIX 3HAYCHUM, OpH ATOM  TPOUCXOJUT  YBEJIMYCHHUE CTONKOCTH

HCCICAYCMBIX CIIIIABOB K MUTTUHTOBOM KOPpPO3HH.



111

Tadauna 4.1 - BpeMmeHHAad 3aBHCHMOCTE IIOTEHITHATA (X.C.3.) cBOOOJIHOH KOp-
PO3HH (-E g 5op.) ATIOMHHHEBOT O CILTaBa E-AIMgSi («ansapei» ) 0T colep:KaHHg [aUTH,

B pacTeope 3nexrponsrta 0,03% NacCl

Bpems BeIIEpIKKH, Coneprkanue rayus, Mac%
MUH 0.0 0.05 0.1 0.5 1.0
0 0,946 0,920 0,908 0,901 0,888
0,15 0,937 0,913 0,901 0,894 0,880
0,2 0,930 0,906 0,895 0,887 0,872
0,3 0,922 0,899 0,889 0,881 0,866
0,4 0,914 0,892 0,883 0,875 0,860
0,5 0,907 0,886 0,878 0,869 0,854
0,6 0,900 0,880 0,873 0,863 0,849
2 0,894 0,875 0,868 0,858 0,844
3 0,888 0,870 0,863 0,853 0,839
4 0,883 0,865 0,858 0,848 0,834
5 0,878 0,861 0,854 0,844 0,830
10 0,873 0,857 0,850 0,840 0,826
20 0,869 0,853 0,846 0,836 0,823
30 0,865 0,850 0,843 0,833 0,820
40 0,862 0,847 0,840 0,830 0,818
50 0,860 0,845 0,838 0,828 0,817
60 0,860 0,844 0,838 0,827 0,817
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PucyHok 4.2 - BpemeHHasd 3aBHCHMOCTB [IOTeHIIHANA (X.C.3. ) CBO0OJHOH KOppo-
3HH (-Ecs 5op. B) clmaea AIMgSi («aneapetin) (1), comep:xamero raxaHH, Mac%e: 0.01
(2): 0.05 (3); 0.1 (4): 0.5 (5). B pacTROpE 31eKTpOaHTa 0,03% (a); 0.3% (6) H 3% (B)
NaClL
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Tadauna 4.2 - BpeMeHHas 2aBHCHMOCTE [IOTeHIIHATA (X.c.3.) CBo00IHOH Koppo-
3HH (-Ecg z0p., B) cIi1aea E-AIMgSi («ansape») 0T coOIep:xaHHA TallHd, B pacTBope

snekTponHTa 0,3% NacCl

BpewMms BeIIEpIKKH, Coneprkanue rayus, Mac%
MUH 0.0 0.05 0.1 0.5 1.0
0 0,985 0,955 0,946 0,934 0,922
0,15 0,976 0,947 0,938 0,926 0,914
0,2 0,968 0,939 0,930 0,919 0,907
0,3 0,961 0,932 0,922 0,912 0,900
0,4 0,954 0,925 0,915 0,905 0,893
0,5 0,946 0,918 0,908 0,898 0,887
0,6 0,938 0,911 0,901 0,891 0,881
2 0,932 0,905 0,895 0,885 0,875
3 0,925 0,899 0,889 0,879 0,869
4 0,918 0,893 0,884 0,873 0,864
5 0,912 0,888 0,879 0,868 0,859
10 0,907 0,883 0,875 0,863 0,855
20 0,902 0,879 0,871 0,859 0,851
30 0,897 0,875 0,868 0,855 0,848
40 0,893 0,872 0,865 0,852 0,845
50 0,891 0,870 0,863 0,850 0,843
60 0,890 0,870 0,862 0,850 0,842

3aBHCHMOCTH CKOPOCTEH KOpPpO3UH aTroMUHUEBOro crutaBa AIMgSi («ampapeii»)
OT cojaepkaHus raums, B pactBopax anekrposmTa 0.03, 0.3 u 3.0% NaCl npuBeacHbI
Ha pucynke 4.3. Kak BunnHo u3 pucynka 4.3, 100aBKU TaJlTusl K AIIOMUHAEBOMY CILIaBY
E-AIMgSi («ampapeii») 3HAYUTEIBHO CHIDKAIOT CKOPOCTh KOPPO3UH HCCIICIYEMOTO

craBa 1pu Becex konueHTparmax (0,03; 0,3 u 3,0%) NaCl.
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Ta6imna 4.3 - BpeMeHHas 3aBUCUMOCTb MOTEHIMANa (X.C.3.) CBOOOJTHOM

koppo3udt (-Eg; xop., B) amommnneBoro cmasa E-AIMgSi («anpapeii») oT comepxanus

rajuins, B pactBope atekrponura 3.0% NaCl

Bpems BeIIEpKKH, Coneprkanue rauus, Mac%
MUH 0.0 0.05 0.1 0.5 1.0
0 1,020 1,002 0,986 0,975 0,958
0,15 1,010 | 0,991 0,978 0,967 0,949
0,2 1,002 | 0,979 0,970 | 0,958 0,941
0,3 0,995 | 0,968 0,962 0,950 0,934
0,4 0,986 | 0,959 0,954 | 0,942 0,927
0,5 0,977 | 0,951 0,947 0,935 0,920
0,6 0,967 | 0,944 0,940 | 0,928 0,914
2 0,958 | 0,937 0,933 0,921 0,908
3 0,950 | 0,931 0,927 0,915 0,903
4 0,945 | 0,925 0,920 | 0,909 0,898
5 0,940 | 0,920 0,914 | 0,904 0,893
10 0,936 | 0,915 0,908 0,899 0,889
20 0,930 | 0,911 0,903 0,895 0,886
30 0,926 | 0,908 0,899 0,892 0,883
40 0,922 | 0,905 0,896 0,889 0,881
50 0,920 | 0,903 0,894 | 0,887 0,879
60 0,919 | 0,902 0,894 | 0,886 0,879

HpI/I BBIITOJIHCHUH I/ICCJ'ICI[OBaHI/II\/’I Tak)ke OblJIa BEIABJICHA 3aBUCHMOCTh CKOpOCTH

KOPPO3UHU HCCIENYEMBIX CIUIaBOB OT KOHIEHTpauuu B pactBope anektponuta NaCl

XJIOpUI-HOHOB. 1I0Ka3aHO, YTO CKOPOCTH KOPPO3UM YBEIUYMBAECTCA NPHU YBEIUUYCHUU

KOHIIEHTPALIMU XJIOPHUA-UOHOB B PACTBOPE AJIEKTPOJIUTA. Pe3ynbTaThl H3yYEHUs] JAHHOU

3aBUCUMOCTH OTPaKCHBI Ha pucyHke 4.3 u B TaOmmie 4.4, U3 KOTOPHIX BUIHO, YTO
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MUHUMaJIbHasl CKOPOCTh KOppo3uu HaOmoaaetcs A ciaBa E-AIMgSi («anpapeit») ¢
comepxannem Ga, pasubiM 0,05 Mac% B pactBope 0,03% NaCl — 15,74-10° r/m*4ac,
CHJIa TOKA JUIA 3TOTO CILIABa TAKXKE SBISETCS MUHHMAIBHON M coctaBimser 0.047-10°
A/M.. Jlns cmmaBa ¢ comepkanmeM rammmst 1,0 mac% B pactBope 3,0% NaCl —
CKOPOCTh KOPPO3MM  HMMEET MAKCUMAJbHOE 3HAYEHHUE 24,45-10° r/mM*uac, wu
MHUHUMAJILHOE 3HA4Y€HWE  CHJIBI TOKa - 0,073 10 A/M° [IpoTuBOMOIOKHAS
3aBUCUMOCTh MPOCIICKUBACTCA MPU H3YUYCHUH 3aBUCHUMOCTH  IUIOTHOCTH TOKa OT
KOHIIGHTPAIIMM  XJIOPUJ-UOHOB B PACTBOPE OJJIEKTPOJUTa, TO €CTh YEM BBIIIE
COJIep’)KaHHME XJIOPUIA-UOHOB B JJIEKTPOJUTE, TEM MEHbIIEC 3HAUYCHMs TIJIOTHOCTH TOKa
(pucynok 4.4). CnenosarenbHo, cmiaB E-AIMgSi («anpapeit») ¢ coxaepkanuem (Ga,

paBabeIM 1,0 mac% B pactBope 0,03% NaCl, siBisercs onTuManbHBIM B KOPPO3HOHHOM

OTHOILICHUH.
K '103, /M qac
28 -+
i\\
A I
= = |
24 - J—
20 + - _lrl a2
M & [
M -'J-—-—-_‘ 1
12 L L] L L L JrI L]
0 01 0,2 0,3 0,4 0,5 L0Ga, mac%

Pucynok 4.3 - 3aBHCHMOCTb CKOPOCTH KOPPO3WH AJTFOMHHHEBOrO crijiaBa E-
AIMQSi («ampapeii») oT KOHICHTpaIyii rayuus, B pactBope atekrponuta 0,03% (1);
0,3% (2) u 3,0% (3) NaCl.
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Taomuma 4.4 -  KoppO3MOHHO-AIEKTPOXUMHUYECKUE  XAPAKTEPUCTHKHU
ATFOMMHHUEBOTO TMPOBOJHUKOBOro crutaBa E-AIMQSI («ampapeii») ¢ pa3indHbIMH

conepxxkanusimu Ga, B pactBope annektponuta NaCl

Cpexa Conepxanue DIIEKTPOXUMUYECKUE CROpOCTS KOppO3IH
NaCl rajuius B moTeHIHansl, B (x.c.3.)
Mmac% S “Ecaxop.| “Exop. | “Eno. | “Epn. iKop‘-lgz, K21 o
mac% A/M r/Mm“-4ac
- 0,860 | 1,100 | 0,600 | 0,720 | 0,049 16,41
0.05 0,844 | 1,082 |0,595| 0,710 | 0,047 15,74
0.03 0.1 0,838 | 1,067 |0,587 0,710 | 0,045 15,07
0.5 0,827 | 1,050 |0,579| 0,704 | 0,043 14,40
1.0 0,817 | 1,044 |0,565| 0,700 | 0,041 13,73
- 0,890 | 1,180 | 0,680 | 0,768 | 0,066 22,11
0.05 0,870 | 1,164 | 0,660 | 0,756 | 0,065 21,77
0.3 0.1 0,862 | 1,147 |0,649| 0,752 | 0,063 21,10
0.5 0,850 | 1,132 | 0,642 | 0,748 | 0,060 20,10
1.0 0,842 | 1,119 |0,636| 0,748 | 0,058 19,43
- 0,919 | 1,240 |0,735| 0,800 | 0,082 27,47
0.05 0,902 | 1,224 |0,720| 0,780 | 0,080 26,80
3.0 0.1 0,894 | 1,217 |0,710| 0,776 | 0,077 25,79
0.5 0,886 | 1,210 | 0,704 0,769 | 0,075 25,12
1.0 0,879 | 1,200 | 0,696 | 0,760 | 0,073 24,45

Taxxe B mpomecce wucciemoBanus i craBa E-AIMgSi («ambapeit») ¢
pasnu4HBIM cojiepkanreM Ga OBLTM MOCTPOCHBI MOISPU3ANNOHHBIE KPUBBIE (PUCYHOK
4.5). W3 pacnonoxkeHusi aHOAHBIX MOJISIPU3ALMOHHBIX KPHUBBIX BHUIHO, YTO BCE
UCCIIeyeMbIe DJICKTPOXMMHUYSCKAE TOTEHIMaNbel B pactBope dnektposmta NaCl
CMEIAIOTCS B o0nactu 0Oosiee TOJIOKUTEIbHBIX 3HAYEHUH B MNPUCYTCTBUHU

JCTUPYIOHMICTO KOMIIOHCHTA Ga, TO €CTh MOXXHO KOHCTAaTHPOBATh, YTO JJId CIIJIaBOB E-
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AlMgSi («anpapeit») ¢ pa3auyHbIMH cofepkaHusMu Ga  CKOpPOCTH aHOJHOTIO
PACTBOPEHHUSI CHHIKAIOTCS C YBEJIMUEHUEM COJIEPKAHUS JIETUPYIOIIEr0o KOMIIOHEHTA.

U‘,U‘g b . >
Ixop. «107°, A/v”
0,08 -
0,07 A
0,06 -

0,05 -

0,04 +

NaCl, %
0;03 u u ¥

0,03 0,3 3,0

PucyHoxk 4.4 - 3aBUCHMOCTh TUIOTHOCTH TOKa KOPPO3HH aJFOMUHHEBOTO CIUTaBa
E-AIMgSi («anbapeii») (1), coneprkariero ramwmid, mac%: 0.01 (2); 0.05 (3); 0.1 (4); 0.5
(5) ot kounenTpanuu NaCl.

E,B
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Pucynok 4.5 - Anonsbie nonspusarnmonsasie (2 MB/c) kpuBbie alIFOMUHHUEBOTO
cruiaBa E-AIMgSi («ansapeii») (1), conepxkarmtero Ga, mac%: 0.01 (2), 0.05 (3), 0.1 (4),
0.5 (5), B pactBope anexrposmta 0.03% (a) u 3% (6) NaCl.
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Tak kak jerupoBanue rauieMm ciiaBa E-AIMgSi («ambapeii») CHIDKaeT
CKOPOCTh €T0 KOPPO3UHU W CABUTAET €r0 JJIEKTPOXUMHYECKHE MOTCHIIMAIbl B 00JaCTh
0oJiee TOJIOKUTENBHBIX 3HAYCHUH, TO TaHHYIO TCHICHIIUIO MOKHO OOBSICHUTH C TOYKH
3pEHUs] TETEPOTCHHOCTH CTPYKTYPHI MCCIEAYEMBIX CIUIaBOB, KorAa JierupoBanue Ga
YBEJIMYMBAET TETEPOreHHOCTh MaHHBIX CIUIaBOB. lccrmegoBaHne MHKPOCTPYKTYPBI
paccMaTpuBaeMbIX CIUIABOB MPOBOAMIIOCH C IMOMOIIBIO AIEKTPOHHOTO MUKPOCKOIA C

yBenuueHueM B 650 pa3 (pucyHok 4.6).

Pucynok 4.6 - Mukpoctpykrypsl (x650) antomunueBoro cruiaBa E-AIMgSI

(«apapeii») (a), merupoBanHoro rayumemM, Mac%: 0.05 (6), 0.1 (B), 0.5 (r) u 1.0 ().
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Kak BumHO M3 pucyHka 4.6a, y ucxomHoro cmasa ¢aza Mg,Si mpencrasieHa
uronpuatod (Gopmoi, Ha pucyHke 4.60 CTpo€HHE  MHUKPOCTPYKTYpPbl HECKOJIBKO
U3MEHsIeTCs, TaK Kak B TBEpAbIA uMcxonHbli cruiaB E-AIMgSi («anpapein») BBOAUTCS
JETUPYIOMIMM 35eMeHT rayuuid ¢ coaepxkanuem 0,05 mac% Ga. Jlanee ¢ yBenudeHuem
JIETUPYIOLIETO KOMIOHEHTa ramusa B cmiase 10 0,5 u 1,0 mac% MukpocTpykTypa
HCXOJHOTO MCCIEIyeMOro CIjiaBa MpeTepreBaeT 3HAYUTENbHbIE U3MEHEHUsS! (PUCYHOK
4.68-1), Tak Kak BbiAcieHue ¢as3bl MQ,SI ¢ pocToM cojepikaHusi Taulds B CIUIaBe
TOPMO3UTCS 10 MUHHUMAaJIbHBIX 3HAYCHUH.

4.3. Bausinne 100aBOK MH/IMSI HA AHO/IHOE TOBeAeHNEe AJTIOMUHHEBOT0
npoBoAHNKOBOro ciiiaBa E-AIMgSi («aabapeii»), B cpeae aexkrpoaura NaCl
[2, 5-A]

Pe3ynbTaThl KOPPO3MOHHO-JICKTPOXUMHUYECKUX HCCIICIOBAHUN AIFOMUHHEBOTO
cruiaBa E-AIMQSi («anbapeii») ¢ unaueM, B cpene anekrpoauta NaCl npeacraBieHbl B
tabnmunax 4.5-4.8 u Ha pucynkax 4.7-4.10. Ha pucynke 4.7 npupeneHa rpadudeckas
3aBUCHMOCTB ITOTEHIMAIa CBOOOIHOM KOPPO3UU (-Ecy «op., B) OT BpeMenu i1 00pa3nos
3 cmiaBa E-AIMQSI («ampapeii») ¢ ubgumem, B cpene diektponuta NaCl. s
UCCJIEIOBAHHBIX 00PA3I[0OB CIUIABOB BBISBJIEH CIABUT MOTEHIIUAIOB CBOOOIHON KOPpO3UU
B 007acTh Oojiee TMOJOXKHUTEIBHBIX 3HAYEHUH IPH TOTPYKEHUH 00paslioB B PacTBOP
anekrpoauta NaCl (tabmumsr 4.5-4.7).

Taxxe mokazaHo, 4yTo JerupoBaHue UcxogHoro cmiaBa E-AIMgSi («ampapeii»)
pazmuunbiMu copepxanumsimu In (0,05-1,0 mac% In) B amekrpomute NaCl pazmuanoit
KOHIIEHTpaIuu CIABUTAIOT MOTCHITHAITBI KOppO3HH, penaccuBaiu "
MUTTUHTO00pa30BaHUS B MOJOKUTEIBHYIO 00JaCTh 3HAYCHUH U OJTHOBPEMEHHO C THM
MOBBINIAETCS CTOMKOCTH CIUTABOB K MUTTUHTOBON KOppo3uu (Tabdmuna 4.8).

3aBHCHMOCTh  CKOPOCTH  KOppO3WHM  allfoMuHueBoro ciuiaBa  E-AIMgSi
(«ampapeii») oT comepkanus wHaWsA, B cpene dnekrposnura 0.03, 0.3 m 3.0% NaCl
npuBeaeHa Ha pucyHke 4.8. JloGaBkum wHmus K amomMuHueMy cmiaBy AlMgSi
(«ampapeii») CHWXKAIOT CKOPOCTh €ro KOPPO3WH, H BBIABJICHO, YTO 4YeM OOJIbIIe
KOHIICHTpAIUsl XJIOPUA-UOHOB B pPAcTBOpE, TeM BBIIIIE CKOPOCTh KOPPO3UHU

HCCICAYCMBIX CIINIABOB. HanMeHnbinne 3HaueHUS CKOpPOCTH KOPPO3HWHM H INNIOTHOCTH



TOKa KOpPpO3UHU

comepkanuem In 1.0 wmac% (pucynok 4.9). Cnaenmosatenbho, cmiaB E-AIMgSi

(«ampapeit») c comepkanuem In, paBabm 1,0 mac% B pactBope 0,03% NaCl, ssisercs

HUMCIOT CIIJIaBbl
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AIMQgSi («ampapeii»), JerHpOBaHHBIC WHAMEM C

OINITUMAJIBHBIM B KOPPO3WMOHHOM OTHOIIICHUH.

Tadauna 4.5 - BpemeHHad 3aBHCHMOCTE MTOTeHITHATA (X.C.3.) CBOOOIHOH KOp-

pO3HH (-Ecgsop. B) cmnaea E-AIMgSi («anpapeti»n) oT cooep:kKaHHA HHIHA., B CpEle

exTponnta 0,03% NaCl

Bpems Conepxanue naaus, mac%
PRVICPIRE 0.0 0.05 0.1 0.5 1.0
MHWH
0 0,946 0,916 0,899 0,885 0,877
0,15 0,937 0,908 0,891 0,876 0,869
0,2 0,930 0,900 0,884 0,868 0,862
0,3 0,922 0,893 0,877 0,863 0,855
0,4 0,914 0,886 0,869 0,856 0,848
0,5 0,907 0,880 0,863 0,849 0,841
0,6 0,900 0,874 0,857 0,843 0,835
2 0,894 0,867 0,852 0,837 0,829
3 0,888 0,861 0,847 0,832 0,824
4 0,883 0,856 0,842 0,828 0,820
5 0,878 0,851 0,837 0,824 0,316
10 0,873 0,846 0,833 0,820 0,812
20 0,869 0,842 0,829 0,817 0,809
30 0,865 0,838 0,826 0,314 0,806
40 0,862 0,835 0,823 0,811 0,803
50 0,860 0,833 0,821 0,809 0,801
60 0,860 0,833 0,820 0,809 0,800
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Tadauna 4.6 - BpeMeHHas 2aBHCHMOCTE [TOTeHIIHAaA (X.C.3.) CBo00IHOH Koppo-
3HH (-Ecz sop.. B) ci1aea E-AIMgSi («ansapeii») 0T coIep:kaHHT HHIHY, B Cpele 3IeK-

TpoxHra 0.3% NaCl

Bpewms Coneprxanue nnaus, Mac%
PRVICPIRE 0.0 0.05 0.1 0.5 1.0
MUH
0 0,985 0,947 0,940 0,930 0,919
0,15 0,976 0,935 0,931 0,918 0,910
0,2 0,968 0,926 0,923 0,907 0,901
0,3 0,961 0,918 0,915 0,898 0,893
0,4 0,954 0,911 0,907 0,890 0,885
0,5 0,946 0,905 0,900 0,883 0,878
0,6 0,938 0,899 0,893 0,877 0,871
2 0,932 0,893 0,887 0,872 0,864
3 0,925 0,888 0,881 0,868 0,857
4 0,918 0,883 0,875 0,863 0,851
5 0,912 0,878 0,871 0,859 0,847
10 0,907 0,874 0,864 0,855 0,844
20 0,902 0,870 0,860 0,851 0,840
30 0,897 0,866 0,857 0,848 0,836
40 0,893 0,863 0,854 0,845 0,833
50 0,891 0,861 0,852 0,843 0,831
60 0,890 0,861 0,852 0,843 0,830
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Tadauna 4.7 - BpeMeHHas 2aBHCHMOCTE [TOTeHIIHAaA (X.C.3.) CBo00IHOH Koppo-
3HH (-E g z0p.. B) ciitaea E-AIMgSi («ansapei») OT colep:KaHHd HHIHA, B Cpele 3/IeK-

TponHta 3.0% NacCl

Bpewms Conepxanust unausi, Mmac%
PRVICPIRE 0.0 0.05 0.1 0.5 1.0
MHWH
0 1,020 | 0,990 | 0,977 0,962 0,951
0,15 1,010 | 0976 | 0,961 0,948 0,939
0,2 1,002 | 0966 | 0950 | 0,939 0,930
0,3 0,995 | 0,958 | 0,943 0,931 0,922
0,4 0,986 | 0,950 | 0,936 0,924 0,916
0,5 0,977 | 0,943 | 0,929 0,917 0,910
0,6 0,967 | 0,936 | 0,923 0,911 0,904
2 0,958 | 0,930 | 0,917 0,905 0,899
3 0,950 | 0,924 | 0,912 0,900 0,894
4 0,945 | 0,918 | 0,907 0,895 0,890
5 0,940 | 0,913 | 0,903 0,891 0,887
10 0,936 | 0,908 | 0,899 0,887 0,883
20 0,930 | 0,904 | 0,896 0,884 0,880
30 0,926 | 0,900 | 0,893 0,881 0,877
40 0,922 | 0897 | 0890 | 0,879 0,873
50 0,920 | 0,895 | 0,888 0,878 0,871
60 0,919 | 0895 | 0,887 0,878 0,870




Tadoaunna 4.8
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Koppo3nOHHO-2IEKTPOXUMUYECKUE

XapaKTCPUCTHUKH

antomuHueBoro cmaa E-AIMgSi («anpapeit») ¢ paznuuHbIMUA cofep:kaHusamu In, B

pactBope anekTposura NaCl

Copep:xaHHe DIeKTpOXHMHIECKHE
Cpena CEOpOCTE KOPPO3HH
HHIHA B OTEeHIHANEL, B (X.c.3.)
NaCl, . _ _
CILTAEE, Igop~10-, K-10-°,
Mac%o -ECE.I-CD-p. 'Encc-p. -Ero. 'Epn. - -
Mac%o Alw? I/M*-4ac
- 0,860 | 1,100 | 0,600 0,720| 0,049 16.41
0.05 0,833 | 1.070 | 0,580 (0,700 | 0,046 15.41
0.03 0.1 0,820 | 1.055 |0.568 | 0,692| 0,044 14.74
0.5 0,809 | 1,043 | 0,557 (0,686 | 0,042 14,07
1.0 0,800 | 1.030 |0.544 0,681 | 0,040 13,40
- 0,890 | 1.180 |0.680 0,768 | 0,066 22,11
0.05 0,861 | 1.154 |0.648 0,748 | 0,064 21.44
0.3 0.1 0,852 | 1.137 | 0.637 0,740 | 0,061 20.43
0.5 0,843 | 1.120 | 0,629 0,737 | 0,059 19.76
1.0 0,830 | 1.109 |0.620|0,735| 0,057 19.09
- 0,919 1.240 |0,735|0,800| 0,082 27,47
0.05 0,895| 1.214 | 0,708 (0,771 | 0,075 25,12
3.0 0.1 0,887 | 1.209 | 0,700 (0,765| 0,073 24.45
0.5 0,878 | 1.198 | 0.691 0,764 | 0,071 23.78
1.0 0,870 | 1.187 | 0,680 0,755 | 0,068 22,78
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Pucynok 4.7 - BpemeHHass 3aBUCUMOCTH TOTEHIIMAla CBOOOTHOW KOPPO3UHU
(-Ecsxop.» B) amromuumeBoro cmnasa AlMgSi («ampapeii») (1), comepkamiero nHIuii,
Mac%: 0.01 (2); 0.05 (3); 0.1 (4); 0.5 (5), B cpene anekrponura 0,03% (a); 0,3% (0) u
3% (B) NaCl.
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PucyHor 4.8 - 3aBHCHMOCTE CKOPOCTH KOPPO3ZHH ATHOMHHHEEOTO CILTABa
E-AIMgSi («ansapeH») 0T KOHLEHTPAUHH HHIOHA, B cpele snekrponaHta 0.03% (1);
0.3% (2) 1 3,0% (3) NaCl.
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PucyHOK 4.9 - 33aBHCHMOCTE IUIOTHOCTH TOKA KOPPO3HH aTHOMHHHEBOIO CILTaBa
E-AIMgSi («anbpapet») (1), cogep:xamero HHIHH, Mac%o: 0.01(2):0.05(3): 0.1 (4): 0.5

(5) oT koHUeHTpaHH NaCl.
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Taxke B mpouecce wuccienoBanus st cmiaBa E-AlIMgSi («anpapeit») c
pa3IuYHBIM cofepKaHueM IN ObLIM MOCTPOEHBI MOJISPU3ALMOHHBIE KPUBbIE (PUCYHOK
4.10). W3 pacnosioKeHus aHOJHBIX MOJISIPU3ALMOHHBIX KPUBBIX BHUJIHO, YTO BCE
UCCIIEIyeMbIe DJIEKTPOXMMHYECKHE MOTeHIMaabl B pactBope anekrpoiuta NaCl
CMEIIatTCs B oOiactu OoJjiee TMOJIOKUTENbHBIX 3HAYEHUH B MPUCYTCTBUU
JErUpYyIOUIEro KOMIOHEHTa IN, To ecTh MOKHO KOHCTaTUPOBaTh, YTO ISl CIUIaBOB E-
AlMgSi1 («anpapeit») C pa3IUMYHBIMH CcOJEpkKaHUsAMH IN CKOPOCTH aHOJHOTO
PACTBOPEHHUSI CHIIKAIOTCS C YBEITMUEHUEM COJICpKAHUS JIETUPYIOIIEr0 KOMIIOHEHTA.
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PucyHok 4.10 - AHOIHEIE IOIAPH3AMHOHHEIE (2 MB/c) KpHEBIE aTHOMHHHEBOTO
cirraea E-AIMgSi («ansapetin) (1), cogep:xamero HHIHEH, Mac%: 0.01(2),0.05(3). 0.1
(4). 0.5 (5). B cpene snexrponnta 0.03% (a) v 3% (6) NaCl

Tax kax nerupoBanwe uHAuMeM cruiaBa E-AIMgSi («anbapeit») CHIKAET
CKOPOCTh €r0 KOPPO3WH U CABUTACT €r0 AICKTPOXUMHUYECCKUE MOTCHIHAIBI B 00J1aCTh
0oJee TOJIOKUTENBHBIX 3HAYCHUH, TO MAHHYIO TEHICHITUIO MOXXHO OOBSCHUTH C TOYKU
3pEHHs]I  T€TEePOre€HHOCTH CTPYKTYpPbhl HMCCIEAYEMbIX CIUIABOB, KOIJA JIETUPOBAHUE
WHJMEM  YBEJIIMYMBAET TETEPOreHHOCTh JaHHbIX cmuiaBoB. [lpu wuccinegoBaHuu
MUKPOCTPYKTYPBl CIUIAaBOB  BBISABICHO, 4YTO y HCXOMHOro ciuiaBa (aza MQ,Si

npejcTaBieHa wuroyibuatod Qgopmoit (pucyHok 4.11a), Ha pucynke 4.60 ctpoeHue



127

MUKPOCTPYKTYPBI HECKOJBKO HM3MEHSETCS, TaK KaK B TBEPABIA HCXOMHBIA cIiaB E-
AlMgSi («anmpapeii») BBOAMTCS JETUPYIOUIMHA 3JIEMEHT HHAWH ¢ comepxanueM 0,05
Mac% In. Jlanee ¢ yBelMYeHHEM JIETUPYIONIET0 KOMIIOHEHTA UHUA B cruiaBe 10 0,5 u
1,0 mac%  MHKpOCTpYyKTypa  HMCXOOHOI'O HCCIEIYEMOIO CIUIaBa MPETEpPIECBAET
3HAYUTENIbHbIC H3MeHeHHUs (pucyHok 4.11B-1), Tak kak BbaeneHue ¢assl MQ,Si ¢

POCTOM COACPIKAHNA MHAWA B CIUIABE TOPMO3UTCS 1O MUHHUMAJIbHBIX 3HAYCHUH.

Pucynok 4.11 - Mukpoctpykrypa (x650) crmmaBa E-AIMgSI («ampapeit») (a),

nerupoBaHHOTO MHANEM, Mac%: 0.05 (6), 0.1 (B), 0.5 (1), u 1.0 (m).
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4.4, Biusinue 100aBOK TAJJIMsl HA AaHOTHOE MOBeeHIEe AJTIOMUHUEBOTO

npoBoaHNKOBOro ciiiaBa E-AIMgSi («aabapeid»), B cpeae aexkrpoaura NaCl

AHalorMyHBIE  KOPPO3HOHHO-IIEKTPOXMMHUYECKHUE  HUCCICOBaHHUS  ObuH
npoBejicHbl co crutaBoM E-AIMQSI («ampapeii») ¢ Tauem, B cpeae anekTposuta NaCl
(taGnumbt 4.9-4.12 u pucynku 4.12-4.15). Ha pucynke 4.12 npuBeneHa rpaduueckas
3aBUCUMOCTB IIOTEHIIMAIa CBOOOAHON KOPPO3HHU (-Egy xop., B) OT BpeMeHH 11 00pa3Los
u3 cmaBa E-AIMgSi («ambapeii») ¢ tamuem, B cpene annektponnta NaCl pasnuuHoit
koHnentparuu (ot 0,03 10 3,0%) (tabmuipsr 4.9-4.11). Kak BUAHO U3 TAOJIHMI, CaMbIi
OOJIBIIION  TOTCHIMAI CBOOOAHON KOppo3uuM wuMeeT 4yHcThid crutaB  E-AIMgSI
(«ampapeii») — 0,946 B B cpene 0,03% NaCl, nanee mo Mepe MoBBIMICHUS COACPKAHKS B
cruiae Ttaums ot 0,05 mo 1,0 mac% ¥ yBenMYEHUH BPEMEHM BBIAEPKKHU CIUIaBa B
DJIEKTPOJIUTE TOTEHIMAT CBOOOAHONW KOPPO3UM MOHOTOHHO CHHXKACTCSI M CaMBIA
HU3KUI TOTEHIMal CBOOOAHOW KOPPO3UM OTMEYaeTcs Yy criaBa  E-AIMgSI
(«anmbapeii»), serupoannoro 1,0 mac% Tl — 0,792 B B cpene snekrpoiuta 0,3% NaCl
(pucyHok 4.12).

[IpoBenena cepusi OMBITOB MO H3YYEHUIO KOPPO3UOHHO-JIEKTPOXUMUUYECKHX
xapakTtepuctuk cruiaBa E-AIMgSi («anpapeit») ¢ Taminem, B pacTBOpPE 3JIEKTPOJIUTA
NaCl (tabmuier 4.9-4.12 u pucynku 4.12-4.15). Ha pucynke 4.12 mnpuseneHa
rpaduyeckas 3aBUCHMOCTb MIOTEHIMAIa CBOOOIHON KOPPOo3uH (-Ecg. «op., B) OT BpeMeHH
st o6pasioB u3 craBa E-AIMgSi («anbapeii») ¢ TamimeM, B pacTBOPE 3JIEKTPOIUTA
NaCl. Kak Bugno u3 tabmwui 4.11-4.12, 3Ha4eHUS MMOTEHIIMAIOB CBOOOIHONH KOPPO3HH
(-Ees. «op) TpH  MOTPYXKEHUM HCCIEAYEMBIX CIIABOB B PAcTBOpP 3JIEKTPOJIUTA
CMEMIAIOTCs B 00J1aCTh 00JIee MOIOKUTEIbHBIX 3HAUCHHIA.

B Ttabmune 4.12 nans wuccienyeMbIX CIUIABOB TMPUBOASTCS pacdy€Thl  HUX
KOPPO3UOHHO-3JICKTPOXUMHYECCKUX CBOMCTB. Ha ocHOBaHMM pe3ynbTaToB TaOIUIb! 4.12
MOXHO KOHCTaTHUPOBAaTh, YTO JIETUPOBAHHE HCXOIHOTO  aFOMWHHEBOTO CIJIaBa
AlMgSi («anmpapeii») pa3muuHabiME cojiepkanusaMu taumas (ot 0.05 mo 1.0 mac% Ga)
B pactBopax oasekrposmta NaCl  pasnuyHbIX — KOHIIGHTpAnUii  CMeEIIaroT
ANEKTPOXUMHUYECKUE TOTCHITMAIBI HCCIEAYEMBIX CIUIaBOB (TIOTCHIIMAN KOPPO3HH,

MOTEHIMAJl pernaccuBallud M MOTEHUHUAI NUTTUHrOOOpa3oBaHUsi) B 00JiacTh Ooliee
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ITOJOXUTCIBHBIX 3H3.‘-ICHHI>1, IIpu 3TOM IMpouCXoauT YBCINYCHHUC CTOMKOCTH

HCCIICAYCMBIX CIIJIaBOB K MMUTTUHTOBOU KOppo3uu.

Tadauna 4.9 - BpeMeHHas 2aBHCHMOCTE [TOTeHIIHANA (X.C.3.) cBo00IHOH Koppo-
3HH (-E g z0p.. B) ciitaea E-AIMgSi («anpapei») OT coJep KaHHs TallHd, B cpele 37Iek-

TponHta 0.03% NacCl

Bpems Coneprxanue Tamnus, mac%
PRVICPIREL 0.0 0.05 0.1 0.5 1.0
MHWH
0 0,946 | 0,905 | 0,889 0,880 0,870
0,15 0,937 | 089 | 0,879 0,872 0,861
0,2 0,930 | 0,888 | 0,871 0,864 0,853
0,3 0,922 | 0,880 | 0,864 | 0,856 0,845
0,4 0,914 | 0873 | 0,857 0,849 0,838
0,5 0,907 | 0867 | 0,851 0,842 0,831
0,6 0,900 | 0861 | 0,845 0,836 0,825
2 0,894 | 0,855 | 0,839 0,830 0,819
3 0,888 | 0,849 | 0834 | 0,825 0,814
4 0,883 | 0,845 | 0,829 0,820 0,809
5 0,878 | 0841 | 0,825 0,816 0,805
10 0,873 | 0837 | 0,821 0,812 0,801
20 0,869 | 0,833 | 0,818 0,809 0,798
30 0,865 | 0,830 | 0,815 0,806 0,795
40 0,862 | 0,827 | 0,812 0,804 0,793
50 0,860 | 0,825 | 0,810 | 0,802 0,792
60 0,860 | 0,824 | 0810 | 0,801 0,792
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Tadauna4.10 - BpeMeHHad 3aBHCHMOCTS [IOTeHIIHANA (X.C.3.) CBOOOIHOH KOp-
PO3HH (-Es 50p.. B) aTroMHHHEEOTO cInaea E-AIMgSi («aneapeii») oT coaep:xaHHa Tal-

7HA, B cpene MekTpoanTta 0,3% NacCl

Bpemsa Cogep:xaHHe TanTHd, Maco
SRR, 0.0 0.05 0.1 0.5 1.0
MHH
0 0.985 0.938 0.924 0.915 0.901
0.15 0.976 0,928 0.913 0.907 0.893
0.2 0.968 0.920 0.905 0.899 0.885
0.3 0.961 0.913 0.898 0.892 0.877
0.4 0.954 0.906 0.890 0.886 0.870
0.5 0.946 0.899 0.883 0.880 0.863
0.6 0.938 0.892 0.877 0.874 0.857
2 0,932 0.886 0.872 0.869 0.851
3 0,925 0.880 0.867 0.864 0.846
4 0,918 0.875 0.863 0.859 0.841
5 0,912 0.870 0.859 0.854 0.837
10 0,907 0,866 0,856 0,849 0,833
20 0,902 0,862 0,853 0,844 0.829
30 0,897 0.858 0.850 0,841 0.826
40 0,893 0.855 0,848 0,838 0.824
50 0,891 0.852 0.846 0.836 0.822
60 0.890 0.852 0.845 0.836 0.822
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Ta6muna 4.11 - BpemenHas 3aBUCHUMOCTb MOTEHIMAJIA

(x.c.3.) cBOOOJHOM

koppo3udl (-Eg xop., B) crmaBa E-AIMQSi («anmpapeii») oT comepskaHus Tayuius, B cpesie

anekrpoauta 3.0% NaCl

Bpewms Coneprxanus taus, Mac%
PRV 0.0 0.05 0.1 0.5 1.0
MUH
0 1,020 0,978 0,968 0,956 0,942
0,15 1,010 0,961 0,954 0,942 0,929
0,2 1,002 0,950 0,946 0,931 0,920
0,3 0,995 0,941 0,935 0,922 0,913
0,4 0,986 0,934 0,926 0,914 0,906
0,5 0,977 0,927 0,918 0,909 0,900
0,6 0,967 0,921 0,911 0,902 0,894
2 0,958 0,916 0,906 0,896 0,889
3 0,950 0,911 0,901 0,891 0,884
4 0,945 0,907 0,897 0,887 0,880
5 0,940 0,903 0,893 0,883 0,877
10 0,936 0,899 0,889 0,879 0,873
20 0,930 0,896 0,886 0,876 0,870
30 0,926 0,893 0,883 0,873 0,867
40 0,922 0,890 0,881 0,870 0,863
50 0,920 0,888 0,880 0,868 0,861
60 0,919 0,888 0,879 0,868 0,860
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PucyHok 4.12 - BpeMeHHas 3aBHCHMOCTE IIOTEHIIHATA (X.C.3.) CBOOOIHOH KOp-
po3HH (-Eciop. B) amroMuHHeBOTO cIiitaBa AIMgSi («aneapetin) (1), comep:xammero
TanHH, Mac%: 0.01 (2); 0.05(3):0.1(4); 0.5(5). B cpene sanekrponuta0.03% (a); 0.3%
(6) 1 3% (B) NaCl.
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Taxxe nna cmnaBoB E-AIMgSi («anpapeil») ¢ pasiuyHBIMU COJAEPKAHUSIMU
nerupyromero komnoHenta tamaus (ot 0,01 mo 1,0 mac%) ObuiM  U3Yy4YeHBI HUX
KOPPO3UOHHO-3JICKTPOXHUMHUYECKHE CBOMCTBA (Tabnuia 4.12).

[Ipu BBITIOIHEHUH UCCIICIOBAHUM TaKKe ObllIa BBISIBICHA 3aBUCUMOCTE CKOPOCTH
KOPpO3UH HCCIEAYEMBIX CIUIABOB OT KOHIIGHTpamuu B pacTBope anmektponuta NaCl
XJopuA-uoHOB. [lokazaHo, 9TO CKOPOCTH KOPPO3HH YBEIHMUMBACTCS TPU YBEITUUCHHUU
KOHIICHTPAIINH XJIOPHI-HOHOB B PacTBOPE AJICKTPOJIUTA. Pe3ynbTaThl M3y4eHHUS JaHHON
3aBHCHMOCTH OTpakeHbl Ha pucyHke 4.13 u B Tabmuie 4.12, u3 KOTOPHIX BHIHO, YTO
MUHUMAaJbHasi CKOPOCTh KOppo3uu Habmonaercs s criaBa E-AIMgSi («anbapeit») ¢
comepxanneM Tamims, pasabiM 0,05 mac% B pactBope  0,03% NaCl — 14,40-10°
r/M’4ac, CHJIA TOKa ISl 9TOTO CIUIABA TAKKE SBISETCS MHHUMAIBHOM H COCTABIISCT
0.043-10* A/m°. Jlnst cruraBa ¢ comepskarmem tamwtst 1,0 mac% B pactBope 3,0% NaCl
— CKOPOCTh KOPpPO3MH  HMMEET MAaKCUMAJIbHOE 3HAYCHUE 22,11-10° r/m*uac, wu
MUHHAMAJIbHOE 3HA4YE€HWE  CUIBl TOKa - 0,066 10 A/M2 [TpoTrBOTIONIOKHAS
3aBUCUMOCTh IIPOCIEKHUBACTCS TPU HM3YUYEHHH 3aBUCHUMOCTH  IUIOTHOCTH TOKa OT
KOHIIEHTPAIIMK XJIOPUJ-UOHOB B PACTBOPE DIEKTPOJIUTA, TO €CTh YeM BBIIIE
collepKaHUe XJIOPUI-UOHOB B AJIEKTPOJUTE, TEM MEHBIIE 3HAYEHUs IJIOTHOCTU TOKa
(pucyHok 4.14). CnenoBatenbHo, ciiaB E-AIMgSi («anpapeit») ¢ comepxkanuem T,
paBubiM 1,0 mac% B pactBope 0,03% NaCl, sBnsieTcst onTUMaIbHBIM B KOPPO3UOHHOM
OTHOIICHHH.

Takum o0Opa3om, JErHPOBAHUE PA3UYHBIMU COJACPKAHUSAMH TAJUIAS UCXOTHOTO
cruiaBa E-AIMgSi  («ampapeii») B mpucyrctBum  dnektposmta NaCl  pasmuaabix
KOHIIEHTpAIMil CHBHUTaeT y UCCIEAYEMbIX CIUTABOB C TAJUTHEM MOTEHIIMAIBl KOPPO3HUH,
penaccuBalid ¥ TMHUTTHHTOOOPAa30BaHUS B TOJIOKHUTENBbHYIO 00JIacTh 3HAYEHUU U

OJHOBPCMCHHO C 3THUM ITIOBBIIIACTCA CTOMKOCTH CIIABOB K MUTTUHTOBOMU KOppO3uu.
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Koppo3nOHHO-31EKTPOXUMUYECKUE

XapaKTCPUCTHUKHU

amomuHreBoro ciutaBa E-AIMQSI («anpapeii») ¢ TaummeM, B pacTBOpE 3JICKTPOJIMTA

NaCl
DIIEKTPOXUMUYECKUE
Cpena | Conepxanue CkopocTh KOppo3uun
moTeHIHansl, B (x.c.3.)
NaCl, TaJUIus B _ , 2
lop.- 107, K-107,
Mac% | cruiaBe, Mac% | -Ecpxop. | “Exop. | “Eno. | ~Epn. ) )
A/M r/Mm“-4ac
- 0,860 | 1,100 | 0,600 | 0,720 | 0,049 16,41
0.05 0,824 | 1,058 | 0,568 | 0,692 | 0,043 14,40
0.03 0.1 0,810 | 1,044 | 0,557 | 0,680 | 0,040 13,40
0.5 0,801 | 1,030 | 0,545| 0,680 | 0,038 12,73
1.0 0,792 | 1,018 | 0,532 | 0,674 | 0,036 12,06
- 0,890 | 1,180 | 0,680 | 0,768 | 0,066 22,11
0.05 0,852 | 1,140 | 0,636 | 0,736 | 0,062 20,72
0.3 0.1 0,845 | 1,128 | 0,625 | 0,730 | 0,060 20,10
0.5 0,836 | 1,114 | 0,614 | 0,722 | 0,058 19,43
1.0 0,822 | 1,098 | 0,606 | 0,718 | 0,056 18,76
- 0,919 | 1,240 | 0,735 | 0,800 | 0,082 27,47
0.05 0,888 | 1,202 | 0,694 | 0,765 | 0,073 24,45
3.0 0.1 0,879 | 1,192 | 0,680 | 0,754 | 0,071 23,78
0.5 0,868 | 1,179 | 0,668 | 0,746 | 0,069 23,19
1.0 0,860 | 1,167 | 0,656 | 0,740 | 0,066 22,11
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Pucynor 4.13 - 3aBHCHMOCTE CKOPOCTH KOPPO3HH aTHOMHHHEBOTO CILTaEa E-
AlMgSi («ansape» ) OT KOHLIEHTPallHH TalllIHA, B cpele aneKkrponanTra0.03% (1); 0,3%
(2)u 3,0% (3) NaCl.

0,09 iKﬂp. -ll]:, A/’
0,08 + =1
-3
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0,05 -«
0,04 -
NaCl, mac%
0,03 Y r Y
0,03 03 3,0

Pucynok 4.14 - 3aBucUMOCTb MIJIIOTHOCTH TOKAa KOPPO3UU AIIFOMUHHEBOTO CIUIaBa
E-AIMgSi («ampapeii») (1), comepxkamiero Tammi, mac%: 0.01 (2); 0.05 (3); 0.1 (4);
0.5 (5), or xonuentpanuu NaCl.
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Taxke B mpouecce wuccienoBanus st cmiaBa E-AlIMgSi («anpapeit») c
pa3IMYHBIM cojiepkaHueM 1| OBUIM TOCTPOCHBI MOJISIPU3AIMOHHBIE KPUBBIE (PHCYHOK
4.15). W3 pacnoyiokeHus: aHOAHBIX MOJISPU3ALMOHHBIX KPUBBIX BUIHO, YTO BCE
UCCIIEIyeMbIe DJIEKTPOXMMHYECKHE MOTeHIMaabl B pactBope anekrpoiuta NaCl
CMEIIatTCs B oOiactu OoJjiee TMOJIOKUTENbHBIX 3HAYEHUH B MPUCYTCTBUU
JIETUPYIOUIEr0 KOMIIOHEHTA TaJUIUsl, TO €CTh MOKHO KOHCTaTUPOBATh, YTO JUIsl CIUIABOB
E-AIMgSi («anmpapeii») ¢ pa3iMYHBIMH COACpPXKAHUAMH 1|  CKOpPOCTH aHOJHOIO
PACTBOPEHHUSI CHHXKAIOTCS C YBEIIMUEHUEM COJICpKAHUS JETUPYIOIIEr0o KOMIIOHEHTA.

-E.B E.B

1.2 —

0.8 —

\

I

oy W

0.6 -

| I |
. - T T T
2 1 0 lgi.Ahe 2 1 0 lgi, Ahe

Pucynok 4.15 - AHomHbIe mossspu3aniioHHbIe (2 MB/C) KpuBbIE ATFOMUHHEBOTO
crutaBa E-AIMQSi («ansapeit») (1), comepkamero tammui, mac%: 0.01 (2), 0.05 (3),
0.1 (4), 0.5 (5), B cpene anmekrponuta 0.03% (a) u 3% (6) NaCl

Tax kak nermpoBanue TaymeM craBa E-AIMgSi («ambapein») CHIDKAET
CKOPOCTh €0 KOPPO3UH U CABUTACT €r0 AICKTPOXUMHUYECCKUE MOTCHIMAIBI B 00J1aCTh
0oJee TOJIOKUTENBHBIX 3HAYEHUH, TO TAHHYIO TEHJEHIIUIO MOXKHO OOBSICHUTHh C TOYKU
3pEHHsI  T€TEePOre€HHOCTH CTPYKTYpPbhl HMCCIEAYEMbIX CIUIABOB, KOI/A JIETUPOBAHUE
TaJuTueM YBEJIMYUBAECT TE€TEPOreHHOCTh JaHHBIX cIulaBoB. MccienoBanue
MUKPOCTPYKTYPbl ~pacCMaTpPUBAEMbIX CILIaBOB MPOBOAMIOCH C TOMOUIbIO

AJIGKTPOHHOT'O MUKPOCKOIIA ¢ yBeauueHueM B 650 pa3 (pucyHok 4.16).
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Pucynok 4.16 - Mukpoctpyktypsl (x650) amromunueBoro cruiaBa E-AIMgSI

(«ampapeii») (a), rerupoBanHoro tautuem, Mmac%: 0.05 (6), 0.1 (8), 0.5 (r), u 1.0 (1)

Kak BumHO u3 pucyHka 4.16a, y ucxoaHoro ciuiaBa ¢aza MQ,Si mpencraBinena
uronpuaToin popmoi, Ha pucyHke 4.160 cTpoeHHE MHUKPOCTPYKTYPbI HECKOJBKO
M3MEHSETCS, TaK Kak B TBEPAbIN ncxomaubii cruiaB E-AIMgSi («anbapeit») BBoAUTCA

JICTUPYIOMUH 3JIeMeHT Taiuui ¢ comepkanueM 0,05 mac% TI. [lanee ¢ yBenwueHuem
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JIETUPYIOLIETO KOMNOHEHTa Tauis B criaee a0 0,5 u 1,0 mac% Muxpoctpykrypa
HCXOJIHOTO HCCIIEIyEMOro CILJIaBa MpETepIieBacT 3HAYUTEIbHbIE U3MEHEHUS (PUCYHOK
4.16B-1), Tak kak BbigeneHue (a3sl MQ,Si ¢ poctom comepxkanus Tl B cruiaBe
TOPMO3UTCS 10 MUHUMAaJIbHBIX 3HAUCHUH.

4.5. 3ak/0ueHne Mo 4eTBEPTOIl r1aBe

B nannom moapaszene mpuBOAUTCS 0000IIEHUE PE3YJIHTATOB, MOJIYUYEHHBIX MPU
UCCJICJIOBAHUN KOPPO3UOHHO-IICKTPOXUMUYECKUX XapPaKTEPUCTUK U aHOJIHOTO
MOBEJICHUs aTlOMHHUEBOro craBa  E-AIMgSi («anbapeii») B 3aBUCUMOCTH OT
JIETUPOBAHUSL €T0 PA3TUYHBIMU COICPKAHUSMH TaJTUs, UHAUS W TaJUIUs B PacTBOpE
anekrpoiuta NaCl paznuunsix koHmeHTparuii (tadauist 4.13 u 4.14).

Omnpeneneno, uro s cruiaBa E-AIMgSi («anpapeti») npu erupoBannu ero Ga,
In u Tl ormewaercs  cMelieHHE TOTEHIMANIa KOppo3uM B oOsiactu Oojee
MOJIOKUTEIBHBIX 3HAYCHUH C YBEJIWYEHUEM COJICP)KaHMs YKA3aHHBIX JIETUPYIOIIUX
KOMIIOHEHTOB. Takke CyIIECTBEHHOE BIUSHUE HAa MOTEHIMAIBI KOPPO3UH YKa3aHHBIX
cwaBoB ¢ Ga, In u Tl oka3pIBalOT KOHIEHTPAIMKM 3JCKTPOJIUTOB W OTMEYCHA
TEHACHIUS CHUKEHUS 3HAYCHHI MOTEHIIMAIOB CBOOOIHON KOPPO3UH MPU YBETUUCHUU
koHueHTparuu dekTpoauta NaCl — gem Bbite kourentpanus pactBopa NaCl, tem
HUKE BEJIMYMHBI MOTEHIIUAIOB CBOOOIHOM KOPPO3UH HCCIEYEMbIX CIUIABOB.

Tak, mis ucxomnoro cmiaBa E-AIMgSi («anpapeii») ¢ rammuem (0,05 mac%)
OTMEYAeTCsl CaMbIii BHICOKMM ITOTEHIIMAT CBOOOJHOM KOPPO3UH B Cpejie dIEKTPOIUTA
0,03% NaCl -0,844 B, a cambiii Hm3kuid orMedaercs y cmuiaBa E-AIMQSi («ampapeii»)
¢ raumem (1,0 mac%) B pactBope 3,0% NaCl -0,879 B. Takas xe TeHACHIHA
MIPOCIICKUBAECTCS U JIJIsl CILUIABOB, JISTUPOBAHHBIX UHAUEM U TaJUIHEM.

Taxxe OTMEYaeTCst 3aBUCHUMOCTD U3MEHEHUS MOTEHLIUAJIOB
MATTUHI000pa30BaHUSI U PENacCUBALlUM HUCCIEAYEMbIX CIUIaBOB OT COJEpKaHUS B
CIUIaBax JIETUPYIONIUX KOMIIOHEHTOB TaJUIMsl, UHIUS U TaJius. YeM Bblllle coiepKaHue
B CIUIaBE J00aBOK Ga, In u TI TEMbl BBIIIE BEJIMYUHBI YKA3aHHBIX
ANEKTPOXUMHUYECKUX  XapakTepucTuk. Kpome TOro, moTeHHHallbl  CBOOOJIHOMU

KOppPO3UH ¥ MUTTUHTOOOpa3oBaHus yBenuduBarorcs B psaay Ga — In — Tl (tabmumna

4.13).
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Tadanna4.13 -TToTeHIHANE (X.C.3.) cBOOOIHOH KOPPO3HH (-Ecs sopp.. B) H IIHT-
THHTOO0OpazoeaHHs (-E. . B) anroMHHHeBOT 0 cILTaea E-AIMgSi («ansaped» ). TerHpo-

BEaHHOTO I'alJIMTHEM, HHOIHEM H TAITHEM, B CPCIC JICKTPOIIHTA NacCl

Coznep:xaHme CILTaBsI C CInaBel ¢ Crnaesl
Cpena
Ga.Inu Tl TaJITHEM HHTHEM ¢ TATLTHEM
NaCl,
B CILT4BE.
Maco 'E:E,m:!-pp. 'Er[.u-. 'E:E,L:u-pp. 'Er[.u-. 'E:E,x,:u-pp. 'Er[.u-.
Mac%o
- 0.860 | 0.600 | 0.860 | 0.600 | 0.860 0.600
0.05 0.844 | 0,595 | 0,833 | 0.580 | 0.824 0.568
0.03 0.1 0.838 | 0,587 | 0,820 | 0,568 | 0.810 0.557
0.5 0.827 | 0.579 | 0,809 | 0,557 | 0.801 0.545
1.0 0.817 | 0.565 | 0,800 | 0.544 | 0,792 0,532
- 0.890 | 0,680 | 0,890 | 0,680 | 0,890 0.680
0.05 0.870 | 0.660 | 0.861 0.648 | 0.852 0.636
0.3 0.1 0.862 | 0.649 | 0,852 | 0.637 | 0.845 0.625
0.5 0.850 | 0.642 | 0.843 | 0.629 | 0.836 0.614
1.0 0.842 | 0.636 | 0,830 | 0.620 | 0.822 0.606
- 0.919 | 0.735 | 0,919 | 0.735 | 0,919 0,735
0.05 0,902 | 0.720 | 0,895 | 0,708 | 0,888 0.694
3.0 0.1 0.894 | 0.710 | 0,887 | 0.700 | 0,879 0.680
0.5 0.886 | 0.704 | 0.878 | 0.691 | 0,868 0.668
1.0 0.879 | 0,696 | 0,870 | 0.680 | 0.860 0.656

Taxxe oTmedaeTcs TCHACHOUA POCTa BCJIHWYHUHLI IINIOTHOCTH TOKa M CKOPOCTH
KOPppO3MH C YBCIMYCHHCM KOHIOCHTpPAIHWK XJIOPHUI-MOHOB B J3JICKTPOJIMUTC. I[aHHaﬂ
TCHACHIMA OTMCYACTCA AJI1 BCCX MCCIICAOBAHHBIX CIIJIaBOB M HC 3aBUCHUT OT COCTaBa H
CoACpKaHuA JICTHPYIOIIUX KOMIIOHCHTOB. Ha6J'IIOI[aeTC$I YMCHBIICHHUC CKOPOCTHU
KOPpO3uH IIpHU IEpEeXoaAc OT CILUIaBOB C raJuiIi€M K CIJIaBaM C HMHAWCM W TaJllIMCM

(rabmmma 4.14).  Jlna amommameBoro cruiaBa E-AIMQSI  («ampapeit») Takoke
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XapaKTEePeH pOCT CKOPOCTH KOPPO3MM C yBelndeHWeM KoHieHTparuun ClI° B
anektpoiute (Tadbnuna 4.14).

Tadauuna 4.14 - 3aBUCUMOCTD MJIOTHOCTH TOKA KOPPO3UU U CKOPOCTU KOPPO3UU
amomuHreBoro civiaBa E-AIMQSI («anpapeii») ¢ ramem, HHIMEM U TAUIMEM, B Cpejie

anekrpoauta NaCl [94]

CKopocCTh KOppO3UH
Conepxanue
Cpena CILIABBI C CILJIaBEI C
Ga, InuTa CIUIAaBbI C MHAUEM
NaCl, rajjineM TaJJIUEM

B CILJIaBE, _ 2 — 2 — 2 2
Mac% heopp.- 107, | K-10%, | lxopp.- 107, | K-10%, | Igopp-107, | K-107,

Mac% 2 2 2 2 2 2
A/m /Mg A/m /M~ g A/m /M~ g

- 0,049 16,41 0,049 |16,41 0,049 |16,41

0.05 0,047 15,74 0,046 |15/41 0,043 14,40

0.03 0.1 0,045 15,07 0,044 | 14,74 0,040 |13,40

0.5 0,043 14,40 0,042 | 14,07 0,038 12,73

1.0 0,041 13,73 0,040 |13,40 0,036 | 12,06

- 0,066 22,11 0,066 |22,11 0,066 |22,11

0.05 0,065 21,77 0,064 |21,44 0,062 |20,72

0.3 0.1 0,063 21,10 0,061 |20,43 0,060 |20,10

0.5 0,060 20,10 0,059 19,76 0,058 19,43

1.0 0,058 19,43 0,057 19,09 0,056 | 18,76

- 0,082 27,47 0,082 | 27,47 0,082 | 27,47

0.05 0,080 26,80 0,075 | 25,12 0,073 | 24,45

3.0 0.1 0,077 25,79 0,073 | 24,45 0,071 | 23,78

0.5 0,075 25,12 0,071 |23,78 0,069 |23,19

1.0 0,073 24,45 0,068 |22,78 0,066 |22,11

TakuM 00pa3oM, yCTAHOBJICHO, YTO aHOJHAs YCTOMYMBOCTH MOBbIMIaeTcsa Ha 20-
30% npu momudukanuu o 1.0 mac% Ga, In u Tl amromuaueBoro cmiasa E-AIMgSI

(«ampapeii»), B cpene atekrpoauta NaCl.
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BbIBO/IbI

OcHogHble HayuHble pe3yIbmamsl UCC1e006AHUA:

1. B pexuMe «oxJaxiaeHus» HCCIEAOBAHA TEMIIEpaTypHas 3aBUCUMOCTh
TEMJIOEMKOCTH aJFOMUHUEBOTO TMPOBOAHUKOBOro cmuiaBa E-AlMgSi (“ampapeir”),
JErMPOBAaHHOTO TAJUIMEM, UHAMEM M TajuieM. [loka3aHo, YTO ¢ POCTOM JIETUPYIOIIETO
KOMIIOHEHTAa TEIUIOEMKOCTh CILJIABOB YMEHBIIAETCA, OT Temmepatyphl pactér. [lpu
nepexo/ie OT CIUIABOB C TrajulMeM K CIUIaBaM C TajUIMeM BeJIWYMHA TEIJIOEMKOCTh
yMmeHnbinaetcs [1, 6-8-Al.

2. UccnenoBanusmu TEMIIePaTYyPHBIX 3aBUCUMOCTEH W3MEHEHUS
TEPMOJAMHAMUYCCKUX (YHKIMH aTFOMHHHEBOrO MPOBOJHHMKOBOrO ciutaBa E-AlIMQSI
(“ampapeir’””), JNETMPOBAHHOTO TajUTMEM, HWHAUEM M TaJUIMEM IIOKa3aHO, YTO TMpH
nepexojie OT CIUIABOB C TajuUIMEM K CIUIaBY C TaJUIUEM BEJIWYWHBI SHTAIBIHNH U
SHTPONUU yMeHbIIATCs. C pOCTOM TeMIEPaTypbl DHTANBIMA W DHTPOMHS CIUIABOB
pactér, 3HayeHue HHepruu [ubbca pactér. H3MeHeHUE TEIIIOEMKOCTH U
TEPMOJUHAMUYECKUX (YHKIHMI CIUIaBOB OOBACHSETCS POCTOM T€TEPOTr€HHOCTH
CTPYKTYPBI CIUIABOB IPH KX JIerHpoBauuu [1, 9-A].

3. MerogoM TepMOTpaBUMETPUU  HUCCIEAOBaHA  KWHETUKA  OKHCIICHHS
ATIOMUHUEBOTO TpoBOAHMKOBOTO cruiaBa E-AIMgSi (“anpapeit”), nerupoBaHHOTO
rajulieM, WUHJIUEM U TaJUIMEM. Y CTAHOBJIEHO, YTO OKHCJIEHUE CIUIAaBOB MOAYHUHSIETCS
FHMepOOTHIeCKOMy 3aKOHY C HCTHHHOM CKOPOCTBIO OKHCIeHHs mopsiaka 107
KI'M'2:cek™; BBISBJICHO, 9TO CAMbIC MHHMMAIBHBIC 3HAYCHHS CKOPOCTH OKHCICHHS
umerot cmaBel E-AIMgSi (“anpapeii”) ¢ raimueM, a MakCUMallbHBIE — OTHOCATCA K
crulaBaM ¢ taumeM. Cpeau  JeTUPYIOIMX AJIEMEHTOB HAWOOJbIIee 3HAUYCHHE
KKYIIEHCs JHEPTHH aKTUBAIMN XapaKTEPHO TSI CILIABOB ¢ TayutueM [4-Al].

5. TloTeHUHMOCTaTUYECKUM METOJOM B MOTEHIUOJUHAMHYECKOM PEXUME CO
CKOPOCTBIO pa3BepTKH TOTEeHIHWana 2 MB/c WuCClIenoBaHO AaHOAHOE TMOBEACHUE
ATIOMUHUEBOTO TMpOBOAHUKOBOro cmiaBa E-AlMgSi (“anpapeit”), 1erupoBaHHOTO
rajuiieM, uHAueM u TaureM. I[lokazaHo, 4To H00aBKU JIETUPYIOIIETO KOMIIOHEHTa B

kosmmyectBax oT 0.05 mo 1.0 mac.%, Ha 30-40% MOBBIIIAIOT KOPPO3UOHHYID CTOMKOCTH
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CIUUIaBOB aJIIOMHUHUS B HeWTpanbHOU cpene anektponuta NaCl. [TokazaHno, uto 106aBKu
rajas, uHAuS U Tamums K craBy E-AlMgSi (“anpapeil”) MOBBILIAIOT 3HAUEHUE
ANEKTPOXUMUYECKUX NOTEHIHANOB, B cpene 3nekrpoauta NaCl. [Ipu 3ToM oTmeueHo,
YTO C POCTOM KOHUEHTPAIMH XJOPUI-MOHA B DJIEKTPOJIMUTE 3HAYEHHE MOTECHIIMAIOB
YMEHBIIIAIOTCS ¥ CKOPOCTh KOPPO3HH CILUIABOB pacTyT [2, 3, 5-A].

Pexomenoayuu no npakmuueckomy ucnoib308aHuIo pe3yibmamaos:

- Ha OCHOBAaHWHU TIPOBEJCHHBIX (PUBUKO-XUMHUUECKUX UCCJIEIOBAaHUNA HAYYHO
000CHOBaHbI TpaHUIBl aTfOMHHKEBOro ciutaBa E-AlIMQSI («ampapeii») ¢ ajaeMeHTaMu
NOATPYNNbl Tausa. B dacTHocTH, OBLIO TMOKAa3aHO, YTO ONTUMAJIbHOE KOJIMYECTBO
AJIEMEHTOB TMOATrpYNnbl ramius B cruiaBe E-AIMgSi («ampapeii») COOTBETCTBYET
koHueHTpauuu 0,05—-1,0% no macce. CriiaBbl C TaJJIUEBBIM MOKPHITUEM UMEIOT CaMbId
HU3KUN MMOKa3aTelb KOPPO3HH,

- pa3paboTaHHBIC CIUIaBbl M CIIOCOOBI WX TMOJYYCHHUS PEKOMEHIyEeTCs JUIs
UCIIOJIb30BAHUS MPEIIPUITHIM MPOMBIIITIEHHOCTH MOABEAOMCTBEHHbIE MUHUCTEPCTBY
IPOMBIIIIEHHOCTH ¥ HOBBIX TeXHOOorui PecniyOnuku TapKuKucTaH;

- ONBITHBIE TMAapTHM HOBBIX CIJJABOB  MOTYT IPOM3BOJAUTHCA Ha  0aze
[l'ocynapctBeHHoro Hay4dHoro yupexiaenus LleHTp wuccnemoBaHusi MHHOBAIIMOHHBIX
TexHoJiorui npu HanmonanbHOM akagemMund HaykK TaJpKUKHCTaHa C LEJIbIO MOCTABKHU

3dUHTCPCCOBAHHBIM IIPCAIIPUATUAM U BEIOMCTBAM.
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