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I'omocoBa Muxanna AnekceeBrya « PU3UKO-XUMUYECKOE UCCIIEIOBAHNE CHCTEMEL
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KaHJUaTa XUMUYCCKUX HayK I10 crienuanbHocTy 1.4.15 — XuMmus tBepmoro tena

AKTYaJIbHOCTL TeMbl JUCCEPTAIMOHHOM PadoThI

OnHo# W3 aKTyalbHBIX 3a7ad COBPEMEHHOTO MAaTEPHANIOBENCHHUS ABJIETCS
pa3paboTKa HOBBIX MaTE€pUalIOB, pabOTAIONIMX B YCIOBHAX BO3AEHCTBHS BBICOKHX
TeMrepaTyp. Takue marepuansl B MEPBYIO O4Yepenb TPEOYIOTCS aBHAIMOHHOU U
a3pOKOCMMYECKOM OTpPaciliM IPOMBINUICHHOCTH, HO Takke OHH HIParT
HEMAJIOBAXHYI0 pOIb B MSTALIyprHH, aBTOMOOUJIECTPOCHUH, JSHEPIETHKE.
Temmepatypa 5KCIUIyaTaMu IIHPOKO HCIONB3YEMBIX JUIS  HU3TOTOBJICHHS
TEIUIOHATPY)KEHHBIX JJIEMEHTOB MAaTE€pPHalIOB, TaKMX KaK CyIEepCIUIaBbl Ha
KOOaNbTOBOM M HHUKENEBOH OCHOBE WM ATIOMHUHHABI THTaHa, KaK IPaBUIIO,
orpannyuBaercs 1000 °C. C Touku 3peHMs NOBBIMICHHUS PAbOYMX TEMIIEPATYp
OONBIION HMHTEpEC BBI3BIBAIOT CHIMLUABI TYTOIUIABKHX METAJUIOB, B YaCTHOCTH
ciunuabl Huobuss u Momubnena. [IoCcKoMbKYy HpUAME HE TONBKO OTHOCHTCS K
TYTOILIaBKAM METajuIaM, HO elie U 001afaeT OTINYHON KapOCTOMKOCTHIO, MOXKHO
3aKJIFOYNTh, YTO CWIMLOMIABI MPHUOUS HMEIOT OOJNBIION MOTEHIHMAT B KauyeCTBE
BBICOKOTEMIICPAaTYPHbIX  KOHCTPYKIMOHHBIX MAaTEpUalioOB U  KOMIIOHEHTOB
KapPOCTOMKMX KOMIIO3UTOB Ha DCHOBE KapOuIa KpEMHUSL.

JIJis M3rOTOBIIEHHUS MaTepUaliOB C 3aJaHHBIMH CBOMCTBAMU M KOHTPOJIS
TEXHOJIOTHYECKUX TapaMEeTPOB UX IMOIY4YEHHs HEOOXOOMMO MMETh CBEICHHUS 00
0COOEHHOCTSX B3aMMOAEHCTBHS COCTaBILIIOIIMX HMX KOMIOHEHTOB. OnmHako Ha
CETONHAIIHUAN NeHb HHGOpPMALMHU O Ipoleccax, IpoTekamonux B cucreMe Ir-Si-C,
B JINTEPATypHBIX UCTOYHUKAX KpaitHe mano. [IpoBeneHHBIE B AHUCCEPTALIMOHHOMH
paboTe WccaeqoBaHUs HANpawBIeHBl Ha yBEeMUUeHHE o0beMa (hyHIaMEHTaIbHBIX
3HAHWA ¥ pacIIUpeHHe MPEICTAaBICHUHM, HMeEmuxcs 00 3TUX Ipoleccax.
ITockonbKy HAKOIUIEHHBIE B Xofe paboTel maHHBIE MOTYT 3(Q{EKTUBHO
HCIIONIBE30BAaThCA I PEIICHHs TEXHOJIOTMYECKUX 3a7ad II0 H3TOTOBJICHHIO
BBICOKOTEMITEpATYPHBIX MaTepHalIoB, TeMa MUCCEPTallMH, HECOMHEHHO, SBIAETCS
aKTyaJbHOMU.

AHa/Iu3 coliepKaHus TUCCEPTAIMOHHOMH padoThI

JIlvccepramnuss BKJIIOYAET BBEACHHE, 6 TJaB, 3aKIIOYCHHC U CIIHCOK
JIUTEpaTYpHBIX HCTOYHHKOB, cocrosmuid m3 221  Gubimorpaduyeckoro
HanMeHOBaHMs. PaboTa m3noxeHa Ha 141 cTpanuie u conepxuT 83 pucyHka u 22
TaOIHILIBL.

Bo BBeJeHHH IPUBEICHA aKTYaIbHOCTh PaboThI, CHOPMYIHPOBAHBI LIENb U
3aJa4yM, OTpaKeHa TEOpPEeTHueCKas M IIPaKTHYeCKas 3HaYMMOCTh, H3JIOKCHEI
Hay4Has HOBHU3HA U MTOJIOKECHHM S, BHIHOCHMEIC Ha 3aIIUTY.



B mepBoii riaBe IIpeNCTaBICH JIMTEpaTypHEIH 0030p IO TeMme
uccaenoBanus. OmKCaHbl CTPYKTypHBIE OCOOCHHOCTH KapOHaa KpeMHHA |
UpUIUd, a TalkKe MX OCHOBHBIE CBOMcTBAa. IIpHMBENEHEl CBENEHUS O
B3aUMOJCUCTBHM KapOuJa KpeMHHS C MEPEXONHBIMH METaJUIaMH, OIHCAHO
(asoobpasosanue B cucreMax SiC-Me, rne Me — Ni, Co, Cu, Pt, Pd, Rh, kuneTuka
B3aUMOJCUCTBHA M IU(Oy3ds KOMIIOHCHTOB B 3THX CHCTEMax, OIMCAHEI
MEXaHHU3MBl (OPMHPOBAHMSA IEPHOIUYECKON MHKPOCTPYKTYPHl B CHCTEMax,
COICpXKaIMX MeTalwl, He oOpasyrommil kapoumsl. OTOENBHO paccMOTpEeHa
cuctema Ir-Si-C 1 npoaHann3upoBaHa ee MpakTHIecKas 3HAYIMOCTb.

Bo BTOpOIi riaBe onucaHbl HCXOIHBIE MAaTEpPHAIIBI, MCIONB30BAHHEBIE IS
U3TOTOBJICHUS TIOPOIIKOBBIX CMeced U AHGQY3HOHHBIX Map, PEXUMBl HX
TCPMHUYECKOM 0OpabOTKH, H3T0KEHB MOAPOOHOCTH IMPOLECCOB COESAUHEHUS
OpyCKOB U3 KapOHuma KpEeMHKS C HCIIOJIb30BAHMEM IIPOMEXYTOYHOTO CJIOS M3
UpHUIUA U CHHTE3a MOHOCHIMIMIA Hpumus. KpoMe Toro, BTopas riaBa COmEpKUT
MOApOOHY0  MHGOPMAIMI0O O  METOOMKAX  HCCIEHOBAHHUM  CTPYKTYDHI
SKCIEPHUMEHTAIBHBIX 00pa3loE U UX PU3UKO-MEXaHHYECKUX CBOUCTB.

Tperbs riiaBa comepXrT pe3yIbTaThl UCCIEIOBAHMM IOPOIIKOBEIX CMecei
upuaus U SiC pasnuyHON 3epHHCTOCTH, TEPMUYECKH 00pPabOTAHHBEIX B IMIMPOKOM
auamasone Temmeparyp (1000 — 1900 ©°C). Iloka3aHo, YTO IIPOLECCHI
(pa3zoobpasoBaHuss B CHCTEME B YCIOBHSX TBEPAO(A3HOro B3aUMOIEHCTBUS
xomroHeHTOB (T < 1400 °C) 3aBuCAT HE TOMBKO OT TEMITEPATyphl 0OpabOTKH U
COOTHOIIICHUS KOMIIOHEHTOB 3B CMECH, HO TakKe OT IUCIEPCHOCTH HCXOIHBIX
NOPOIIKOB M HAaJIWYUsA KHCIIOPOAHBIX mpuMeceld. CHIDKEHHE TUCIEPCHOCTH
PCarcHTOB IPHUBOJAMT K POCTY CKOPOCTH PEaKIMH, a Haluuhe Kuciopoma B SiC
YMCEHBIIAET BBIXOX MpPOAyKTa peakuud. Ilocne oxmaxkaeHus 00pasIios,
B3aUMOJIEHUCTBUE KOTOPHIX NPOMCXOAMIO B IPUCYTCTBHH XHIAKOHU (asel, B HX
CTpykType Obula  3aduKCHpOBaHa  BBICOKOTeMIepaTypHas (asza  Ir,Si,
CTabHIu3alus KOTOPOH OOBSCHAETCS BBICOKMMH CKOPOCTSAMH OXJIaXKICHUS.
VY CTaHOBIIEHO, YTO IOBTOPHEIA HarpeB NPHBOAUT K pacmamy NaHHOM (as3bl Ha
3BTEKTOMAHYIO0 cMech Ir;Si m Ir;Si,. IlokasaHo, 4TO BO BCEM HCCIELYEMOM
JWana3oHe TEMIEpaTyp M COCTaBOB OoraTelx kpemaumeM (Si > 50 ar. %)
CHUIIMLIMIOB UPUAUS HE POpMHUpYETCS.

B wyerBepToii riaBe IPUBOIATCS PE3YNIbTaThl HCCIEIOBAHMI IIPOIECCOB
B3auMoneictBuag SiC u wpmaus B auddysuonHsx mapax. I[lokaszaHo, YTO
TBEpAO(Aa3HOE B3aUMOICUCTBUE KOMIIOHEHTOB IIPUBOIUT K (OPMHPOBAHHUIO
nuddy3noHHON 30HEI, cocTosAnIer u3 cinoeB Ir3Si / Ir3Si + IrsSi, / IrSi / IrSi + C,
CMEHSIOIUX Ipyr Apyra B HampaBieHud oT upuaus k SiC. VYcraHoBIeHa
JMUHENHas 3aBUCHMOCTh MEXIY TOIIIUHOMN MPOAYKTOB PEAKITUH U JTUTEIHHOCTHIO
BBIICPXKKHA IU(QPY3MOHHBIX Map MPH MOBBINICHHON Temieparype. l3ydeHa
3BOJIIOLUS MEPUOANYECKON MUAKPOCTPYKTypHl cios IrSi + C mpu yBenmuueHHU
JUIMTEIILHOCTA B3aUMOJAEUCTBAS KOMIIOHEHTOB, W MPEIIOKEHB MPUYUHBI €€
¢opmupoBanus. IlokasaHo, 4r0 B NMPUCYTCTBUHU >XHAAKOM (pas3pl (CIIEKaHHE IIpH
temmneparype > 1417 °C) xapaktep B3aUMOACHCTBUS KOMIIOHEHTOB MEHSETCS, a



COCTaB M MOPQONOrus MNPOTYKTOB 3aBHUCAT OT TEMIIEPATYPHl TEPMUYCCKOM
0bpabotku. Ilocne 06paboTku Aubdy3HOHHOM Mapsl HpH TeMIEpaTypax, GIU3KEX
K Temmeparype IutaBnenus IrSi, Oputo 3adukcupoBaHo 00pasoBaHHE He
HaOJIroaBIIMXCs paHee (a3 ¢ comepkanneM KpeMans 6omee 50 at. %.

IlaTast rjiaBa TOCBAIISHA HCCIEIOBAHHIO CBOWCTB CHJIMIMIOB HPHINS,
c(hOpMHPOBaHHBIX IIpH B3auMoaeiicTsru Ir 1 SiC. Ha ocHOBaHWH aHANN3a NaHHBIX
AUGPaKUMOHHBIX HMCCIENOBaHUMK O00paslOB NpH pAa3IMYHEIX TEMIEpaTypax
OmpereneHsl KO3QHHUIMERTE TepMUIecKoro pacumpenus ¢as Ir;Si, Ir,Si, Ir;Si, u
IrSi, wu3sMepeHa uX MMKpPOTBEpAOCTh. [ OTHENBHO CHHTE3MPOBAHHOTO
MOHOCHJIMIIUIA HUPHIOWsS OIpENCIICHbl TEIUIOQU3NUECKUE XapaKTEPUCTHKHA. B
TIpoIeCcCe UCCIIeNOBaHUM COSAMHEHHs OBLT 0OHapyXeH (a30BEIi epexol] BTOPOro
poza, olpeneneHa ero TEMIIEPTypa.

B mecroii rnase obcy:kmaeTcst crocod coequHeHHs KapOMIOKpEMHHEBOI
KE€PaMHUKHA C TOMOMIBI0 IMPOMEXYTOYHOIO CIIOSI M3 HPHOWSA. BbUIH IONy4YeHEI
COEIMHEHHM IIyTEM TBEPAOGAsHOTO B3aUMOACUCTBUS KOMIIOHEHTOB B TEYECHHUE 8,
12 m 16 yacoB M myTeM KpATKOBPEMEHHOTO B3aHMOACHCTBUS B IPHUCYTCTBHU
XHUIKoM (a3pl. VCOBITaHUS MONyYEHHBIX OOpaslOB HAa TPEXTOYEYHBIH M3rub
[O3BOJIMIM  YCTaHOBUTh, YTO YBEIWYCHHE MJIMTEIBHOCTH TBEPA0(}a3HOro
B3aUMOJECHCTBHA NPUBOAUT K CHIDKCHHIO IPOYHOCTHBIX XapaKTEPUCTHK
COCIMHEHH BCIEACTBUE pOCTa YIVIEpOAcOoAepkamero cios. K cHmKeHMIo
IIPOYHOCTH TaKXKe NPUBOIUT ITOSBICHUE XXUIKOW (a3pl B MPOMEKYTOUHOM CIIOE,
9T0 OOBSACHAETCS YBEIMUEHHSM pa3MEPOB IMOP W YIJIEPOAHBIX BKIIOUEHHH B
COEIMHUTEIHEHOM CJIOE.

3aKJIl0YeHHe COJACPXKUT OCHOBHBIE PE3YNIBTaThl M BBIBOIBI, CICIIAHHEIE B
paboTe, a TakKe MEPCHEKTUBEI JATHHEUIIIETO Pa3BUTHS TEMBI UCCIICIOBAHMNS.

Cnucoxk JuTepaTypbl JOCTaTOYHO IIOJIHO OTPaXaeT COCTOSHHUE
HCCIIEZIOBaHUM paccMaTpUBaeMoi B paboTe CHCTEMEL.

Hay4ynasi HOBH3HA HccIeI0BaHUS

Hayuynas HOBH3Ha pa0OThHI 3aKIFOYACTCSl YCTAHOBICHUM 3aKOHOMEPHOCTEMH
dazo- u CcTpykTypoobOpasoBarnus mpu B3aumoaeucTBuu Ir u SiC B mmpoxom
WHTEpBaJle  TEMIepaTyp. DLbBUI0O [OKa3aHO, YTO MNpH  TBepHodasHOM
B3aMMOJICHCTBIH KOMIIOHEHTOB HEe 00pa3yroTCs CHIMIMIEL, conepxkamue 6omee 50
aT. % Si, HO ux GhopMHUpOBaHKE MPOUCXOOUT MPU TEMIIEpaType, MIPEBHIMAONICH
TeMIepaTypy miaBienus IrSi B mpucyrcrBun u3bdsirounoro SiC. 3aduxcupoBaHa
cTabmim3ais BBICOKOTEMIIepaTypHoi ¢as3el IrySi B ycimoBuAx OBICTPOro
oxnaxaeunsa. OnpeneneH xapakTep TBEpA0(a3HOro B3aUMOICHCTBHS HUPHUIUS U
Kapbuna kpeMHuUs B AU (GY3MOHHBIX [Tapax MPH BBIAECPKKE AIUTENBHOCTBIO OT 14
00 56 u, obmapyxeHO GOpMHUpOBaHHE NEPHUOJUYECKOM MHUKPOCTPYKTYPEI
IPOAYKTOB peakimu. Takxke B X0ne paboThl MIOTy4eHB! HOBBIC JaHHEBIE O (QU3UKO-
MexXaHndeckux cBodctBax IrSi, IrpSi, IrSi,, IrSi, mma IrSi ompenenens!
TemIohU3NIECKHEe XapaKTEPUCTUKH U OOHapykeH (a30BBIA IEPEXOX BTOPOIO
poza.



Teoperuveckasi 4 MpaKTHieCKas 3HAYHMOCTh THCCEPTANUOHHON PaGoThI

Teopetnyeckas  3Ha9aMOCTH  pabOTBI  COCTOMT B  pacCIIMPeHUU
(QyHIaMeHTaNnbHBIX 3HAaHWM © mpoleccax, MpoTeKarommx B cucteMe Ir-SiC B
001acTH BBICOKMX TEMIIEPATy), U CBOWCTBAaX MPOAYKTOB peakiuu. IloiydeHHEIE
JaHHBIE BHOCAT CYIIECTBCHHBIM BKJIAN B IIOHHMaHWe OCOOEHHOCTEH
TBEpA0(}A3HOro B3aUMOJCHCTBHS KOMIIOHCHTOB W DEaKIWi, MPOTEKAMOMHUX B
IIPUCYTCTBHY KUIKOU (a3pl. I1oTydyeHHBIE DaHHBIC MOTYT CIYKHUTh OCHOBOM A
CO3MaHHs HOBBIX MAaTEpHANOB M KOMIIO3UTOB, pabOTAlOMUX B YCIOBUAX
IOBBIIICHHBIX TEMIIEPATYp 4 BHEIIHETO MEXaHUYECKOTO HArpyXeHHs, YTO
ONpEAEIIET NPAKTUYECKYI0 LISHHOCTh IIOIY4YEHHBIX PE3ynbTaToB. [IpakTrueckas
3HAYMMOCTE IIOATBEPKIACTCA IMaTEHTOM, MOIYYEHHBIM Ha CIOCO0 COSTUHEHHS
neTaned U3 KapOUIOKPEMHHEBON KEPaMHUKH C IMOMOIIBI0 IPOMEKYTOYHOIO CIIOS
U3 UL

O00CHOBAaHHOCTH M I0CTOBEPHOCTH HAYYHBIX NOJIOKEHHI U BHLIBOIOB,
c(popMy THPOBAHHBIX B JUCCEPTALHHA

OO0CHOBaHHOCTh U OCTOBEPHOCTH BBIHECEHHBIX Ha 3alIUTY ITOJIOKCHUH,
pe3yslbTaTOB M BBIBOAOB  JHWCCEPTAllMOHHOM  paboTel  obecmednBaeTcs
UCIIOJIb30BAaHUEM HAIC)KHBIX U COBPEMEHHBIX METOOWK HCCIEHOBaHUS U
COOTBETCTBHUEM  I[IOJNy4EHHBIX  pPE3yAbTaTOB  JIUTEPATypHBIM  JTaHHBIM.
IIpencraBneHHbIe B paboTe pe3yabTaThl IPOLILIH allpoOayi0 Ha MHOTOYHCIEHHBIX
BcepoccHHCKMX W MEXIYHADONHBIX HAy4YHBIX KOHQEPEHIMAX H JOCTATOYHO
IIOJTHO H3JOXEHbl B 21 meuyaTHOH pabore, W3 KOTOPBHIX 6 OMyONMKOBaHBI B
KypHanax, uagekcupyeMbix Web of Science u Bxonsmux B nepeuess BAK.

3ameyaHud N0 JUCCEPTAMOHHOM padoTe

1. B Tabn. 5 mpuBOmATCA CBEOEHHA O IUIOTHOCTH [ABYX 00pasloB
MoOHOcWIHLKAa upuausa. Onupasch Ha 3T NaHHbIE, najiee B paszgene 5.3.1 aBrop
OLICHHWBAET COAEpXaHHE yriepona B Tabmerke. OmHaKo, pa3HUIA B IUIOTHOCTH
TaKKe MOXET OBITH CBSI3aHA C Pa3NMYMEM B MOPUCTOCTH. lIpuHMMAancCs nu 3TOT
IapaMeTp BO BHUMaHHUE?

2. B Tabn. 6 npuBencus! ganHbie POA nucxognoro nopomka SiC u mocie
pa3IM4YHbIX BUAOB 00paboTky. IIpenmonaraercs, 4TO MCXOMHBIA M OKWCIECHHBIN
IOPOLIKK  JOJDKHBI COAEPXKATh 3HAYUTENBHOE KOJIMYECTBO KHMCIOPOIHBIX
npuMeced, onHako muk SiO, NPUCYTCTBYET HA PEHITEHOIPaMMax HCXOIHOIO U
IIPOTPETOTO B aprOHE MOPOIIKOB.

3. B muddysuonnoit mape, obpaboranHoii mpu 1600 B TeueHue 1
MHHYTEI, ObLT 3adukcupoBaH [1;Si,, 0Opa3oBaBmIMiiCcsS B pe3ynbTate pacnazna Ir,Si.
OnHako, 0 HaJHMYHH BTOPOTO MpoAyKTa pacmana — Ir;Si, He coobmaercs. bein
OH 3aduKCHpOBaH B 00pasue?

4, W3 puc. 64 He OYCBHOHO, pasnWuUMMbl JTU 3epHa Ir;Siy m IrsSis?
O6macTd, OTMEYEHHBIE KakK COOTBETCTBYIOIIME HaHHBIM (asamM HMET
OJMHAKOBEIM KOHTPACT Ha MpWBEAEHHOH MUKpodoTorpaduu.

5. Panee B pasmene 3.2.1 roeopmioch 00 00pa3oBaHME TBEPIBIX
PacTBOPOB Ha OCHOBE CHIMIMIOB UPUAMA. B CBA3M ¢ 3TUM BO3HHUKACT BOMPOC, HE



MOXET JId HM3MEHEHHE IIapaMETPOB DEHIETKH IPH IOBBIMLICHUH TEMIIEPATYPEI,
obcyxmaemoe B paszmene 5.1, Takke OBITH CBS3aHO C WM3MEHEHHMEM COCTaBa
CUIMIIMIOB IIpY B3aUMOIEHCTBUM KOMIIOHEHTOB B cHcTeMe IpHu Harpese? JInGo
IVl OIpENENICHUs MapaMeTpOB PEMICTKH CHIMIHAOB OBUIM KCIIOJIB30BaHEI
MoHO(da3HsIe 06pa3upl? 3 onvcanus METOIUK ¥ PE3YILTATOB 3TO HE OUEBHUIHO.
VkazaHHBIE 3aMe€YaHHMsI HE CHIDKAIOT OOMMH BBICOKHME  YPOBEHB

JVICCEPTAlMOHHOM paboTHl U €€ HAYYHYIO U IMPAKTHYCCKYIO [ICHHOCTE.

3axio4uenne

Conepxxanue IUCCEepTallMOHHOM paboTEI «DUBUKO-XUMHYECKOE
HCCIIEIOBAHUE CHUCTEMBl UpUIMA — KapOunm kpemHus» IlomocoBa M.A.
COOTBETCTBYIOT IMacrnopry cnenuanbHocTd 1.4.15 — Xwumusa TBepmoro Tena.
Marepruansl OHCCEpTallMOHHEIM paboOThl TPaMOTHO H3JIOXKEHBI M XOPOIIO
IPOMUTIOCTPUPOBaHEl. TeKCT aBTOopedepaTa MONHOCTHIO OTPAXKAET COIEpPIKAHUE
IUCCEPTAIOHHOM paboTHI.

I[To o00beMy, ypOBHIO pEIIaEMBbIX 3a1a4, HOBHU3HE pE3yJbTAaTOB, HUX
JIOCTOBEPHOCTH, HAYYHOM U MPaKTUYECKOW 3HAYNMOCTH AUCCEPTALMOHHAS paboTa
I'omocoBa M.A. OTHOCTEIO COOTBETCTBYET KPUTEPUAM, YCTAHOBICHHBIM IIyHKTOM
II 9 «llonoxeHus O TMPUCYKIOCHUM Y4eHbIX creneHeW» (IlocTaHoBIEeHHE
[TpaButensctBa PD ot 24 centsaOps 2013 r. Ne 842), mpenpsBisieMbBIM K
KaHAUOATCKUM  OUCCEpPTaluiAM, MW  SBJSIETCS  3aKOHYCHHOM  HAy4yHO-
KBaTH(UKAaIMOHHONX paboroit. Cumraro, 4TO aBTOp IUCCEPTALMOHHON paboTEI
lomocoB Muxaun AmnekceeBHY 3aCiIy’KMBAcT IPUCYKICHHUS YYEHOUW CTEIECHH
KaHIUIaTa XUMUYECKIX HayK I10 cuenuansHocTh 1.4.15 — Xumus TBepaoro tena.
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