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OT3bIB

BeJyllleif OpraHM3aLuu Ha AMCCePTaLHOHHYI0 paGoTy OkmitoBa Illaxpoma
[lyxkyp6oesnua «®H3HKO-MeXaHHYECKHE H XHMHYECKHe CBOCTBA CBHHIIOBO-
cypemsiHoro ciiiaBa CCy3 ¢ InTHeM, HATpHeM H KaJIHeM», IPeACTaBJIeHHOI Ha
COMCKAHHe Y4eHOIl CTeNneHN KaHANJATA TEXHUYECKUX HAYK MO0 CHEeLHANLHOCTH
2.6.17 — MaTepuaioBeieHHe (TeXHHYECKHE HAYKH)

AKTYaJIbHOCTb TeMbI AUCCEPTALIHH

B THIPO3JIEKTPOMETAITY PrHH, ralbBAHOTEXHHKE, aKKyMYJISTOPHOM
TIPOU3BOACTBE U KaGeNbHOM TEXHUKE CBHHEL ¥ €TI0 CIUTABHI LIMPOKO UCTIONIB3YIOTCS B
KauecTBe Marepuaja aHoAa M 3amMTHOH oGomoukn. HecMoTps Ha pan
Pa3paboTaHHBIX HOBBIX aHONHBIX MATEPHATIOB, W 3AIUMTHBIX NOKPHITHH, CBHHEL,
HECOMHCHHO, OCTaHETCS OCHOBHBIM MaTE€pHAIOM I KPYNHOMACIITaGHBIX
JJICKTPOXUMHUYECKHX IPOHU3BOACTB M KalOelbHOM TeXHMKHM. B 3Toii CBS3M 0c060
aKTyaJleH BOMPOC MPABHJIBHOTO BEIOOpa JIETMPYIOIIMX 3JIEMEHTOB, KOTOPHIE He
TOJIBKO CMOCOOCTBOBaIM Obl MOBBHIEHHIO AHONHOM CTOMKOCTH CBHHLA, HO H
YROBIETBOPSIK GBI TPEOOBAHUA TEXHOJOTHH B CIIyYae, €CJIM MOHBI 3THX JJEMEHTOB



GyIyT MOCTYNaTh C aHOAA B PacTBOP M OKa3BIBaTh BO3JCHCTBHE Kak HAa KAaTOIHEIMH,
TaK U Ha aHOJHBII MPOLECCHL.

Illenounsle Meramisl (LLIM) sBNAIOTCA aKTHBHBIMM  MoIuduKaTopamu
CTPYKTYpPHl CBHHIIOBO-CYpbMSHOTO CIjlaBa. B Hacrosiiee BpeMs OXHO3HAYHO
YCTAaHOBJIEHO TMApaJUIENIU3M MEXAY YBEIMYCHHEM CTOHKOCTH M H3MCHEHHEM
3EpHHCTOCTH CIUIaBa, YTO TOATBEP)KAACT CYLICCTBYIOI(ME TPEACTABICHUA O
MoAUGULMPYIOLIEH pOJH JIUTaTyp B KOPPO3HH CILIaBOB.

NsyyeHre GUHAPHBIX 1 MHOTOKOMITIOHEHTHBIX CHCTEM M MOCTPOCHHE JUarpaMm
COCTaB - aHOAHBIE CBOMCTBA B COMOCTAaBJICHHH C (a30BEIM COCTOSHHEM CIIIaBOB
MO3BOJIMJIO BBISBUTH HOBEIE AHOAHBIE MaTepHalbl U OMPEACIHUTh ONTHMAIbHBIE
TIpeIeIibI JIETHPOBAHUS CBHHIIA.

CornacHo KiacCH(QMKaLMKU 3JIEMEHTOB IO XapakTepy HX BO3ACHCTBHSA Ha
aHOIHOE TOBEICHHE CBMHIIA, KOTOPOE OMPEHCNACTCS HMX METAUIOXMMHYECKUMH
3MEKTPOKATAIMYECKMMH ACHCTBHAMH, IETOYHO3EMENIBHBIE METAIbl OTHOCATCHA K
3JIEMEHTaM MOAU(PHULMPYIOIIEr0 ¥ CTPYKTYPHOTO - JIETHPYIOLIEro ACHCTBHUA.

Takum oGpasoM, HcCClIeROBaHHE (QHU3NKO-MEXaHHUYECKHX, XHMHYECKHX,
TeMNOQU3NIECKUX M TEPMOAMHAMMYECKHX CBOMCTB CIUIABOB CBHHIA-CypPbMBI C
IEJIOYHBIMH METANIaMH SBJIAETCA aKTyalbHOM 3ajayei, T.K. MO3BOJAET Hay4HO
0060CHOBaTh BEIOOp COCTaBa MABOMHBIX M MHOIOKOMIIOHEHTHBIX CIUTABOB JUIS
Pa3UYHBIX OTpaciieil TEXHUKH, B TOM YHCIIE KaOENbHOM.

Bonpoc 3KOHOMHMH MaTepHAIOB, HCTOMb3YIOIMXCs IPH MPOU3BOICTBE Kabenei,
npuobperaeT BCE GonblIOe 3HAUYCHHE. OTO OTHOCHTCA HE TONBKO K METaliawm,
KOTOpEIE IPUMEHSAIOTCS NIPH U3TOTOBJICHHH TOKOIMPOBOISAIIMX KU U METALTHIECKHX
000IoueK, HO TaKXKe K H3ONUPYIOIIMM MaTepyajaM M 3allUTHBIM IOKpPOBaM.
DKOHOMHS 3aAIUTHBIX IOKPHITHH JOCTUraeTcs 3a CYET MPHUMEHEHHS HOBBIX
MAaTEepHATIOB M MOBBILIEHHs KOPPO3HOHHON CTOMKOCTH CBUHLIOBBIX 060/I0YEK, 3a CUET
UX YTOHEHHS. B CBf3M ¢ 3THM JAuccepranuoHHas paGora Oxmmosa IILIII,
MOCBALIICHHAs JaHHOM mpoOjleMe ¥ HampaBICHHOE Ha BBINOJIHEHHWE psfa
rOCyZapCTBEHHEIX CTpaTeTHii ¥ MPOrpaMM SBJISAETSCS aKTyalbHOM.

3HAYHMOCTD MOJIy4e€HHbIX aBTOPOM AHCCEPTALMH Pe3yIbTATOB
HayuHasi 3HAYHMMOCTb PaGOTHI 3aKIII0YAETCS B CIICAYIOLIEM:

e CHCTEMATH3UPOBAHEI BUABI B3aMMOACHCTBHA CBUHLA U CYPbMBI C HEKOTOPBIMH
aneMeHTaMu nepuoauyeckoit cucremsl JI.M. Menneneesa;

¢ IIOCTPOEHO PAcUETHEIM ITyTEM AWarpaMMEI cocTosHus cucreM Sb-Fr, Sb-Th,
Sb-Ra, Sb-Er, Sb-Pm, Sb-Eu Pb-Fr, Pb-Ra Meronamu HauMMEHBLILIX KBaJpaTOB M
KOppeALuy;

eH3yYeHEl MHKPOCTPYKTYypa, MEXaHHYECKHE CBOWCTBA M IIOCTPOEM MOJCIB
KPUCTAUTHYECKOH PeIIETKH CBUHIIOBO-CypbMsHoro cruiaBa CCy3 ¢ uTHeM, HaTpHeM
U KaJeMm;

e JaHHEIE 110 JUarpaMMaM COCTOSTHHMI ObLIM IOJIy4EeHEI aBTOPOM INpH M3yYEHHH
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3aBHCHMOCTH  TEMIIEPATypbl IUIABJICHUSA HMHTEPMETAUIMAOB, 3BTEKTHYECKHX
NpeBpalleHuii ¥ UX KOHLIEHTPAlMK B 3aBUCHMOCTH OT IOPSAKOBOrO HOMEpa BTOPOro
KOMITOHEHTa B MEPHOAMIECKO# Tabnuue. BenuunHe! K03QPUIHEHTOB KOPPENALUY U
BEIBOABI M3 YPaBHEHHI NOKa3BIBAIOT, YTO MEXAY MCKOMBEIMHM IapaMe€TpaMH H
MIOPAKOBEIM HOMEPOM BTOPOrO KOMIIOHEHTa B NMEPHOAMYECKOM TabnMIEe MMEETCs
Xopomasi JHHEHHas Koppensauus. Mcxons u3 3TOro MONOXKEHHs, LENecooOpasHO
BECTH JaJbHEHINI pacyér A TOYHOTO ONMpEAENICHU 3HAYEHHH Y 110 X, 110 KOTOPBIM
ObljIa MIOCTPOEHBI AuarpaMmbl coctosiHua cucteM Sb-Fr, Sb-Th, Sb-Ra, Sb-Er, Sb-
Pm, Sb-Eu Pb-Fr, Pb-Ra meromamu 3KCTpamoysLUH, WHTEPNOIALMH, METOAAM
HaMMEHBIINX KBaJpaTOB U pacu&éToM Ko3¢hGHIMEeHTa KOppEALHH;

®B PEXHME «OXJAXACHHUS» MO M3BECTHOM TEIUIOEMKOCTH 3TAIOHHOro obpasua
u3 cBuHIa Mapku CO0 onpeznesieHa yAenbHas TEMIOEMKOCTh CBUHLIOBO-CYPbMSHOTO
CCy3 ¢ nutneM, HaTpPHUEM U KATHEM U YCTaHOBJICHBI MOJIMHOMBI, OMHCHIBAIOLIKE €TO
n3meHeHud. [Ipu nmepexome ot craBa CCy3 ¢ nuTHEM, K CILIaBaM C HaTpHEM H
KaJIHEM BEJIMYMHA YIACNBHOM TEIUIOEMKOCTH yMeHbIIaeTcs. MCronp3ys ¢ MHTErpabl
OT YAENBHOM TEIIOEMKOCTH YCTaHOBJICHBI MATEMaTHYECKHE MOJIEIIH TEMIIEPATYPHOM
3aBHCHMOCTH H3MEHEHM 3HTAIBNHNM, SHTPOMMH M dSHepruu I'mb6ca crmasoB. C
MIOMOIIBIO YCTAHOBJICHHBIX MOJeJNell IMOKa3aHO, YTO C POCTOM TEMIIEpaTyphl U
KOHLEHTPAlMd IIEJIOYHBIX METAUIOB TEIUIOEMKOCTb, JHTAJIBMMS M OSHTPOMHSA
CBHHILIOBO-CypbMsHOro cmiaBa CCy3 yBenmM4MBAIOTCS, a 3HaYCHHUsA 3Heprun I'mb66ca
ymenbinarores. [Ipu nepexoze OT CIIaBOB € JIMTHEM K CIJIaBaM C HATPUEM U KallueM
BEJIMYMHBI SHTATBIIMUA U SHTPONHUH YMEHBIAIOTCS;

e METOAOM MeTaiorpaguu MOKa3aHo, YTO AOOaBKH JIMTHS, HATPHUs U Kalus [0
1.0 Mac. % 3HAYUTENBHO H3MEJNBYAIOT CTPYKTYPHBIE COCTaBJIAIOIIME CBHHIIOBO—
cypbMmsiHoro cruiaa CCy3;

® CTaHJIAPTHEIMH METOAAMH U3MepeHus (MeTox BpuHemn) TBEPAOCTH METAIIOB
noka3zaHo, 4yro no6asku 10 1.0 mac.% menounsix MetauioB CCy3 yMeHBIIAIOT
TBEPAOCTH U MPOYHOCTH CBUHLOBO-CypbMsHoro cmiasa CCy3;

®METOOM TEPMOTPaBHUMETPHUH II0Ka3aHO, YTO C POCTOM TEMIIEPATypEl H
COZIEP’)KaHHUS JINTUS, HATPUA U KaJlus B HCXOAHOM CIUIaBE CKOPOCTh €0 OKHCIICHHs
YBEJINUMBAETCA. YCTaHOBJICHBI 3aKOHOMEPHOCTH H3MEHEHHS KHHETHYECKHX H
SHEPreTHYECKHX XapaKTEepUCTHK TMpoIEecca OKHCIEHHs CIUIaBOB, B TBEPIAOM
COCTOSIHUH, B BO3ZYIIIHOM Cpexe;

®METOAOM PpEHTTeHO(a30BOro aHalM3a OMNpPENENICHO, YTO MNPH OKUCICHUH
MCCIICNOBAaHHEIX CIIABOB 00pa3yIOTCs MPOCTHIE OKCHABI M OKCHJBI THNA IUMHHENCH:
PbszO5; Sb204, PbO, H3OSb5013; LiszO3; Pb304; Sb03; Na6Pb05; NaSbO3,
Pb,Sb,07; K3SbsOy4; Pb(SbyOg); SbeO;3; H3OSbs; KsSbs. VYcranosnena poinb
JIETUPYIOLIMX JIEMEHTOB B (OpMHPOBaHUH (pa30BOro COCTaBa MPOAYKTOB OKHCIICHHS
CIUIaBOB ¥ MEXaHHU3ME MPOLIECCa UX OKHUCIICHHUS;

¢ IOTEHIIMOCTATHYECKAUM METOAOM B  TOTEHUMOAMHAMMYECKOM  peXHMe



(cxopocTs pa3BEpTKH MoTeHnMana 2MB/c) nokazaHo, YTO KOOABKM JIUTHS, HATPUS U
Kamusg Ha 25-30% MOBHIIAIOT KOPPO3HOHHYIO CTOMKOCTh CBHHIIOBO-CYPBMSIHOTO
criaBa CCy3. YcTaHOBIEHBI 3aKOHOMEPHOCTH M3MEHEHHsI OCHOBHBIX KOPPO3HOHHO-
3JIEKTPOXMMHYECKHUX XapaKTEepPHCTHK (moTeHIMANIOB KOppO3HH,
MUTTHUHrOOOpa30BaHMs M PEMAacCHBAlMM) CIUIABOB OT KOHLIEHTPALMH JIETMPYIOIIHX
KOMIIOHEHTOB U XJIOPHA-HOHA.

IIpakTHYecKkasi 3HAYHMOCTh MOJIyYeHHbIX pe3yJbTaToB. Ha ocHOBe
MPOBEAEHHBIX MCCIICAOBaHMI YCTaHOBJIEHBI ONTUMAJIbHbIE KOHLIEHTPALIHUH IIEJIOUHEBIX
METaJNIOB B CBUHLIOBO-CYpbMsAHOM cIutaBe CCy3 s kaOebHOM TEXHUKH.

BEHINONHEHHEIE Hay4YHBIE MCCICIOBaHHUS MOCITYXHIM OCHOBOH IS pa3paGoTKu
COCTaBa CBUHLIOBO-CYypbMsiHOro cmiaBa CCy3 ¢ IIE/UIOYHBIMH METaJlIaMH, KOTOphIE
3alIMINCHB MalbiM mnaTeHToM Pecrmy6muxu Tamxukucran. Ilo pesynsraram
UCTIBITaHUH OBLIO  YCTaHOBJICHO, YTO HOBBEIf CBHHIIOBO-CYPHMSHEIM CIIaB
OTJINYAeTCA MOBEIMICHHON KOPPO3HOHHON CTOMKOCTBIO INMPH COXPaHEHHUH YPOBHS
3JIEKTPONIPOBOAHOCTH. BBICOKOE 3HaYeHHE KOPPO3HMOHHOH CTOMKOCTH CIjiaBa
MO3BOJIIET YMEHBIIUTh METAUIOEMKOCTh 3AIMUTHON OGOJIOYKH M 3a 3TOT CYET
TMOJIyYUTh SKOHOMUYECKHUI 3D DeKT.

VBeNMYeHHe KOPPO3HOHHOM  CTOMKOCTM CBHHIOBoro cmiaBa CCy3
MOAMGUIMPOBAHHOIO ILNEJOYHBIME MeTaulaMH Ha 10 % MO3BONSAET YMEHBIINTH
METaNIOEMKOCTh €AMHMIBI U3JAEIUN U3 MPEIIOKEHHOrO CIutaBa Toxe Ha 10%, T.k.
€ro KOppO3HOHHAs YCTOHYMBOCTh Ha 25% Gorblie, YeM y H3BECTHOTO CILJIaBa.

OG0oCHOBaHHOCTb H AOCTOBEPHOCTDb MOJIyYEHHBIX B JUCCEPTALMOHHOM paGoTe
pe3yNbTaToB OOECMEYMBAIOTCS CHUCTEMHBIM MOAXOAOM K MCCIEIOBaHHAM C
TIPUBJICYCHUEM COBPEMEHHBIX CTaHJapTU30BaHHBIX 3KCMEPUMEHTAJIbHO-
AQHATUTHYECKUX METOMIOB HCIBITAHUI, a TaKXKE COrJIaCHeM IOJyYEHHBIX Pe3yJIbTaTOB
WCCIICNOBAaHUI C JIMTEPaTypHEIMH AAaHHBIMH M pe3yJbTaTaMH JAPYTHX aBTOPOB.
Hccnenosanus NpoBOAMINCH Ha MpubOpax, MpOIIEAUMX aTTecTauuio. ITonyueHHse
B paMKaX [MCCEpTallMOHHOH paboTe pe3yabTaThl IIHPOKO. OOCYXIEHHI W
OnMyOJIMKOBaHbI B pPELEH3UPYEMBIX XypHalaX, YTO CBHAETENBCTBYIOT 00 WX
JIOCTOBEPHOCTH.

ABTOpOM AuccepTalMy omy6aukoBaHO 30 HayYHBIX IMyONMHMKaIMii, U3 KOTOPBIX
6 craTbM B pELEH3MpPYEMEBIX >XXypHalaX, pekoMmeHmoBaHHEIX BAK Poccuiickoii
Oenepamus:  «Kypran dusnveckoit XUMHNY, «MarepuanoBeacHue»,
«Heoprannueckue Martepuansl»y, «BectHuk Ka3zaHCKOro rocyaapcTBEHHOro
TEXHHYEeCKoro yHuBepcureta uM AH. TynoneBa», «BectHuk CaHKT-
INeTepOyprckoro rocyapCTBEHHOrO YHHBEPCHTETA TEXHOJIOTMH M AW3aiiHa» U 24-
CTaThH B MaTepHaaX MEXIYHapOAHBIX U pPeCcITyOIIMKaHCKHX KOH(EPEHLHIA.

Bce pe3ynpTaTel, MONy4YCHHBIE aBTOPOM, SBISAIOTCA HOBBIMH, BBIBOJBI
chopMyMpPOBaHEl apryMEHTHPOBaHHO. OCHOBHBIE IOJIOXKEHMS AMCCEPTALIMOHHOM



paGoTel OTpakeHBl B aBTOpedepare, a mMyONMKaLUMM OTPAXXAlOT OCHOBHOE WX
COZAEp)KaHHUE.
CTpyKTypa U coaepxKaHHe AUCCePTALHH

JluccepraoHHas paGoTa COCTOMT U3 BBEJICHHS, 5 IJ1aBa, 0030pa JIUTepaTypEl,
3KCTIEPUMEHTAJIBHOIO MaTepHaya, BBHIBOAOB, CIHMCKA JIMTEPATYPHl M TPHUIIOKEHHUIA.
Juccepramus Ha 176 cTpaHMIax KOMIBIOTEPHOro Habopa, coneput 58 Tabmui, 76
pucyHKOB B 106 HalMeHOBaHMS JINTEPATYPHBIX HCTOYHHKOB.

Bo BBeAeHHH M3J0OXKEHBI TMPEANOCBUIKM M  OCHOBHBIE IpPOOJIEMBI
HCCNEeNOBaHus, OOOCHOBaHa aKTyallbHOCTh pabOTBl, pacKpeITa CTPYKTypa
M CCepTaLUH.

B nepBoii ryaBe MPOAaHAIM3UPOBaHBI  DPE3YJBTAaTHl  MCCIICAOBaHHIA
OTEYECTBEHHBIX M 3apYO€XHBIX y4YEHBIX 10 TeMe AuccepTalu. OnucaHel 06aacTu
NPUMEHEHHS] U CBOMCTBAa CBHHILIOBBIX CIUIaBOB M MX TEMIO(H3HYECKHE CBOHCTBA;
OCOOEHHOCTH OKHCJIEHHS M  KOPPO3HOHHO-JIEKTPOXMMHYECKOTO  IOBEACHUS
CBHHIIOBBIX CIUIaBOB B Pa3IMUHBIX cpefax. Ha oOCHOBe BBIMONHEHHOro o0630pa
OTMEYEHO, YTO TEIUIO(PU3NYECKHE CBOMCTBA OTAEIBHBIX TPYNN CIUIAaBOB XOpOLIO
u3ydeHsl. IMEIOTCS CBEICHHS O BIUSAHHH TEMIEPATYPHI U JISTUPYIOIIMX METAJUIOB Ha
UX TEIUIOBEIE U TeIiopu3nueckue cBoiicTBa. ONHAKO B JIMTEpAType OTCYTCTBYET
uHpOpMaLUA O TEPMOAMHAMHUYECKHX, KMHETHYECKHX M aHOAHBIX XapaKTE€PHUCTHKaX
CBHHII0BO-CypbMsHOro cmiaBa CCy3 ¢ nutuem, HaTpueM M KanueM. Ha ocHoBaHuH
MPOBEAECHHOTO aHAIN3a COpMyIHPOBaHEI 3a1a4M pabOTHL.

Bropas riaBa paGora NOCBSIIEHa CHCTEMAaTH3alMH BUIOB B3aMMOACHCTBHS
CYyppMBl U CBHMHIA C dyeMeHTamu Tabmuuel JI.M. MeHzaeneeBa M MCCICNOBaHUH
MEXaHMYECKHUX CBOMCTB CBHHLIOBO-CypbMsaHoro cruiasa CCy3 ¢ nuTHeM, HaTpHEM H
KanueM. IIpUBENEHBI METOAMKH TPOBEACHHS 3KCIEPUMEHTA W  PE3yJIbTaThl
HCCIIEAOBAHUA CTPYKTYPHO-MEXaHMYECKUX CBOMCTBA CBMHIIOBO-CYPBMSHOTO CILIaBa
CCy3 c nuTueM, HaTpHUEM U KaIHEM.

MHEKpPOCTPYKTYpY CBHHIIOBO-CypbMsHoro cruiasa CCy3 ¢ nutueM, HaTpueM U
KaJIMeM MCCIIeIoBaM Ha CBeTOBOM Mukpockone Mapkd BHMOME/I-1. Merogom
MeTaorpaduy IMOKa3aHo, YTO JOGABKM JIUTHSA, HATpUs M Kamus, ocobenHo mo 1,0
Mac. % 3HAQUHTEJIBHO H3MENBYAIOT CTPYKTYpHBIE COCTaBJISIOLIME CBHHLIOBO-
cypeMaHoro criasa CCy3. CTaHAapTHEIME METOAaMHU H3MepeHus (MeTon Bpunensis)
TBEPAOCTH METAIOB MOKa3aHo, uTo Ao6asku ot 0,05 mo 1,0 mac. % yutHs, HaTPUA U
KU YMEHBIIAIOT TBEPAOCTD M NMPOYHOCTH CBUHIIOBO-CypbMsHOro crasa CCy3.

Tperbst ryiaBa paGoTbl MOCBALIEHAa MCCIEAOBAHHIO TEMIOPUINYECKUX H
TEPMOJAMHAMMYECKHX CBOMCTB (yHKumii CBHHIOBO-CyppMsHoOro cmiasa CCy3 c
JIUTHEM, HATPUEM M KaJlHeM. YCTaHOBJICHO, YTO C POCTOM TEMIEpPaTypsl U OT
ConepKaHMs JISTHPYIOLIUX JIEMEHTOB TEIIOEMKOCTb, SHTAJIBIUS  SHTPOMHS CIIaBa
CCy3 yBenuuuBaloTcs, a 3HaueHus SHepruu ['n66ca ymensmaercs. [Ipu nepexone ot
cruaBa CCy3 ¢ IMTHEM K CIUIaBaM C HaTPHEM M KaJIHEM TEIUIOEMKOCTb, SHTANBIUS U






