OT3blIB
ouumansHoOro onnoHeHTa Jlorayesa AnekcaHapa Bacunbesmya
Ha auccepTaunoHHyo paboTy MaHakosoi Onbr CepreeBHbl
«[lncnepcroHHo-TBepaetowme CBC- maTepuasbl Ha OCHOBE BOWHbIX Kapbugos (Ti,Zr)C
n (Ti,Nb)C 1 nx npumeHeHne B TEXHONOMMAX 3/IEKTPOUCKPOBOIO NerMpoBaHuns»,
NpeAcTaB/IEHHOW Ha COMCKaHWe YYeHOW CTerneHn KaHanaaTa TeEXHUYECKMX HayK Mo

cneunansHocTn 05.16.06 - MNMopoLuKoBas METaINYPrus U KOMMNO3ULMOHHbIE MaTepuasbl

AKTYa/IbHOCTb TeMbI guccepTaLnm

Pa3paboTKa HOBbIX COCTaBOB MaTepuasioB A1 MHOFOKOMMOHEHTHbIX (DYHKLMOHAIbHbLIX
MOKPbITUIA, MPUMEHSIOLLMXCA A1 3alWTbl MOBEPXHOCTU U3LeNUA N WHCTPYMeHTa, ABASeTCS
aKTyanbHOM 3agadveil. OgHUM 13 3PMEKTUBHBIX CNOCO60B HaHeceHUs M®IT ABASeTCA TEXHONOIS
3NIEKTPOUCKPOBOro fiernposanns (3WJ1). TokpbITua, nosydvaemble B npouecce 3N/, nmeroT
BbICOKYIO MPOYHOCTb CLEMIEHN C OCHOBOM (f€Tanblo) M 06ecrneynBatoT BbICOKUIA YPOBEHb
3KCN/yaTaLMOHHBIX CBOWCTB.

MMonyyeHne 3neKTPOAHbLIX matepuanos cuctem Ti-Zr-C-ceaska n Ti-Nb-C-cBaska TpygHo
OCYLLUECTBUTb B pamKax TPagULMOHHbLIX TEXHONOrMIA MOPOLUKOBOWM MeTannyprum u Tpebyet
NPUBNEYEHUS HOBbIX MOAXOLOB M METOA0B. AJIbTEPHATUBON TEXHONOTMSAM MEYHOro CUHTE3a U
CMEeKaHWs  CMY)XXUT  CamopacnpoCTpaHsAOWMIACA  BbICOKOTeMMepaTypHbii  cuHTes  (CBC),
OCHOBaHHbIA Ha MCMONb30BAHUM BHYTPEHHEN 3HEPrMn XMMWYECKOro B3aMMOAENCTBUS UCXOAHBIX
peareHTOB. [poBeAeHWe B OfHOW ycTaHOBKe cHavana CBC, a 3aTeM CW/I0BOrO YM/OTHEHUS
ropsaumx NpPoAyKToB CuHTe3a (TexHonorns CBC- KOMMakTMpOBaHWA) MO3BOMSET B OAHY CTaAvIo
noslyyaTb KOMNaKTHbIE 3ar0TOBKM M3 MaTeEPMasioB Ha OCHOBE TYronnaBKNUX COeAVMHEHMWI C BbICOKO
CTENEHbIO XMMUYECKOW YACTOTbI B TEUEHME HECKONbKNX CEKYHA,

Ana  a(h(heKTMBHOIO  yNpaBfieHWs CTPYKTYpOW W CBOMCTBaMWM TakUX MaTepuaos,
nonyyaemblx Metogom CBC, Heo6X04MMO NpOBECTU WCCNefOoBaHWe 3aKOHOMEPHOCTel W
MEXaHW3MOB TOpeHWs, MpPOLLeCCOB (Paso- M CTPYKTypoobpa3oBaHMsi B BONHe ropeHus. Ha
CErofHALIHNIA fieHb AOCTAaTOYHO XOPOLUO M3y4YeHbl AUCNEPCUOHHO-TBepAerome CBC- maTepuasl
cuctem Ti-Cr-C n Ti-Mo-C ¢ MeTaNM4ecKoin CBA3KOW, HO ANA MOHMMaHUS 0O6LLUEn KapTWHbI
CUHTE3a MHOTFOKOMMOHEHTHbIX cucteM TiC-MeNN'"-cBA3Ka, Heob6X0AMMO M3yuuTb  CriaBbl,
NernpoBaHHble 3ieMeHTaMn He Tonbko VI, Ho 1 V-V rpynn.

Pa3paboTka HOBbIX COCTABOB KOMMO3ULMOHHBIX AUCMEPCUOHHO-TBEPAEIOLLMX 3/1EKTPOAOB
MO3BOIUT MOMYYaTb MOKPbLITUS C MOBbLILEHHON Xapo- U W3HOCOCTOMKOCTHIO MPU CPaBHUTENbHO
HEBbICOKOM TO/LLMHE U LLepOXoBaToCTu. ViccnefoBaHne KMHETUKM MacconepeHoca U onpegeneHune

pexxnma AT dasnatoTcA aKTya/1bHbIMW  3afiad4aMi  On1a  MNoayvYeHnsa BbICOKOKaYECTBEHHbLIX



MOKPbITUIA.

Ha OCHOBaHMM W3NOXEHHOro Tema AMccepTauMoHHON paboTbl MaHakoBoil Onbru
CepreeBHbl «[ucnepcnoHHo-TBepaetowne CBC- matepuanbl Ha OCHOBE ABOMHbLIX Kapbuios
(Ti,Zr)C wn (Ti,Nb)C n ux npumMeHeHWe B TEXHOJIOTUAX 3MIEKTPOUCKPOBOro J/1ermpoBaHus»
NpeacTaBnAeTCs akTyalbHOM N MMEET BaXKHOE 3HauYeHWe 419 HayKn 1 NpakTUKW. JuccepTaunoHHas
pabota MaHakoBor O.C. OTHOCUTCS K MPUOPUTETHOMY HaMpaB/iEHUO HAyKW W TEXHONMOrUi

Poccuiickoii ®defiepalimm, CBS3aHHOMY C CO3aHMEM KEPaMMUeCKNX KOMMO3ULMOHHbLIX MaTepUanos.

HoBwu3Ha uccnefoBaHuii 1 MoMyYeHHbIX Pe3y/ibTaToB, BbIBOLOB M PeKOMeHAALNIA

Hanbonee BaxHble pe3ynbTaTbl AWCCEPTALMOHHON paboTbl, HECOMHEHHO, NPeACTaBMsAOT
Hay4YHYH0 HOBU3HY.

Ha ocHOBaHMM 3KCNepyMEHTOB BbIJBMHYTa HayyHas runoTesa O CTafAWMMHOCTU MPOTEKaHWUM
peakunii npu CBC cuHTe3e coeAuHeHuid B cucteme Ti-Zr-C-cBA3Ka NpU  BapbMpOBaHUU
cofiepXaHunsa Zr 1 cBA3KW. B npofyKTax cCUHTe3a C cojepykaHnem Zr > 11 % 3epHa NepechbILLeHHOro
TBEPLOro pacTeopa Ha OcHoBe kapbuga TutaHa (Ti,Zr)C obpa3yroTcs y)Ke B 30He rOpeHus; B 30He
[0ropaHus NMPOUCXOAMT POCT 3ePeH U YaCTUYHBbIA pacnag, nepecbILLeHHOro TBepA0ro pacTeopa Ha
age asbl (Ti,Zr)C u (Zr,Ti)C, a B CBA3Ke 06pa3yeTcs NHTEPMeTaNNAHas Npoc/oika dasbl SlaBeca
(Ni,Co)(Ti,Zr)2 (npn 5% cBaskn) nnn asbl Ti(Ni,Co) (npn 20 n 30 % cBs3km). NokasaHo, YTO
BaKyyMHbIA oTXXur rpy 900 °C B TeyeHUe 4 4acoB MPOAYKTOB CUHTe3a cucteMbl Ti-Zr-C-cBsizka ¢
cofep>kaHuem Zr > 11 % nosbILaeT CTeneHb TBepLOPaCTBOPHBIX MPEBPALLEHWIA, B pe3y/ibTaTe Yero
YBE/IMYMBAETCA KOHLEHTpauma asbl Ha OCHOBe Kapbupa umpkoHus (Zr,Ti)C, a B cnnaBax c
cofepxxaHunem Zr > 22 % nomumo asbl Ti(Ni,Co) BbLuenseTcs nHtepmetannng ZrCoa ¢ pasmMepom
yactuy, meHee 100 Hw.

Ana cuctembl Ti-Nb-C-cBsiska yCTaHOBNEH MeXaHU3M W CTagMAHOCTb  XMMUYECKUX
npeBpaLleHunii B BOSIHE TOPEHNS CMeCel, COCTOSILLMIA B TOM, YTO MEPECHILLEHHbIV TBEPAbIA pacTBOp
(Ti,Nb)C o6pasyeTcsd B 30He AOropaHus, Npu 3TOM KapowiHble 3epHa WMEKT XapaKTepHYH
KO/IbLIEBYO CTPYKTYPY C MOBbILIEHHON KOHLEHTpaLmein H1obus Ha nepudepni 3epeH. BakyyMHbIA
omkur npu 850 °C B TeueHMe 14aca NPOAYKTOB CMHTe3a NpU COAepXaHUn CBA3KN 5% npuBOAUT K
BbLLENEHNIO M30bITOYHON (ha3bl P- (Ti,Nb), a npu 30% cBsi3kM - HaHOpa3MepHbIX a3 MbCor,
NisNbAI, NizNbAl.

BbifiBEHO MOMNOXWUTE/NIbHOE BAWAHWE BakKyyMHOro OTXWra MpPOAYKTOB CUHTe3a Ha
9PO3UOHHYI0  CMOCOBGHOCTL  pa3pabOoTaHHbIX MaTepuanoB B Ayre paspsafga  MMMYNbCHOro
3NEeKTPOMCKPOBOro MpoLecca U CKOPOCTb (POPMUPOBaHNSA MOKPLITUIA Ha MOLI0XKKAaX U3 CTan U
TUTAHOBOIO Cr/1aBa.

HayyHass HoOBM3Ha VICC]'IE,U,OB&HI/IVI N NONYYEHHbIX pPe3ynibTatoB [MMO/IHOCTLHO OTPaKEHA B



BbIBOJAX AMNCCEPTALMN U PEKOMEHAALMIA ANs NPaKTUK.

3HAYMMOCTb A1 HAYKW U NPOM3BOACTBA NOJSTYYEHHbIX Pe3y/ibTaToB

MonyyeHHble  pe3ynbTaTbl MNPEACTaBAAOT  MPOYHYHD OCHOBY ANS  MOCAeAyHLMX
nccneaoBaHnii B 06nacty nonyyeHns Metogom CBC CMOXHbIX MHOTOKOMMOHEHTHbIX MOPOLLKOBbLIX
CUCTEM C 3/1EMEHTaMW, WMEHOLMMM CYLIECTBEHHO Pa3/INYHble TemnepaTypbl MAaBMeHNs, YTO
COGCTBEHHO W SBASETCA NPU3HAKOM (PyHAAMeHTa/IbHO paboThbl. [pakTuyeckas 3HaYMMOCTb
AuccepTauuyM  TaK dKe 0uYeBMAHA, MOCKOMbKY paspaboTaHHble  AUMCNEePCMOHHO-TBEPAEtOLLMe
3NeKTPOAHbIE MaTepuanbl Npownu onpobosaHne Ha npeanpuaTusax: OAO «YpanbCKWil Hay4Ho-
TexHonornyecknin - komnneke» (r. HwxkHuin  Tarun), OO0 «butac» (r. Camapa), OOO

«TpaHCMOPTHbIE LuararoLime cuctemMbl» (r. MOCKBa).

CTeneHb 060CHOBAHHOCTY M JOCTOBEPHOCTU KabKAOI0 Hay4YHOr 0 MosIoXKeHUs

Kaxxgoe Hay4HOe MOMIOXKEHME, COCTaB/IAOLLEE HAYUYHYIO HOBW3HY, JOCTOBEPHO YCTaHOB/IEHO
B 9KCMEPMMEHTax, KOTOpble BbIMONHEHbI Ha COBPEMEHHOM 000pPYAOBaHUWA. 3T Hay4Hble
MOMIOXKEHUA BbITEKAOT M M3 HAyYHbIX [MNOTE3 U pa3paboTaHHbIX MOAenieid, Ha OCHOBaHMU
3KCMepuUMeHTabHbIX AaHHbIX. Bonee TOro, Noay4YeHHble pe3ynbTaTbl COracytoTcs C U3BECTHLIMM B
nuTepaTtype pesy/bTaTamu, MNPEeALIECTBYHOWMUMN AaHHOMY Hay4dHOMY uccnegoBaHuto. Cnegyet
0Cc0b0 OTMETUTb, YTO UccnefoBaHns B 06nactn CBC CNoXHb! 1 TPYLOEMKWN BCNEACTBME CNOXKHOCTU
KOHTPONA 3TOro MpoLecca, NpoTeKatollero 6bICTPO U B 3aKpbITOW cucTeme. [0OCTOBEPHOCTb
3KCMEePUMEHTa/IbHbIX [aHHbIX 060CHOBaHa MPUMEHEHMEM CTaTUCTUYECKMX METO4OB 006paboTKm
pe3ynbTaToB 3KCMEPUMEHTOB, a TaKXe WCMNO/b30BaHMEM COBPEMEHHOIO CEPTU(IULMPOBAHHOIO
0bopynoBaHMs.

Co0TBETCTBMe PaboThbl TPeboBaHMSAM, NPeabsBSEMbIM K AMccepTaLmam

BbinonHeHbl Bce TPeGOBaHUS NpeAbsiBMsieMble K AuccepTauusm. [ogpo6HO nposefeH
NIMTEPATYpPHBIV 0630p BCEX 3HAUMMbIX NMY6GINKALMIA, OTHOCSLLMXCS K 3alaHHOV Teme AMCcepTaLym.
MpoBefieH aHanM3 aTUX My6AMKaLUIA, NMPaBUIbHO YCTAHOBMEHbI 33434l UCCEeA0BaHNs, BblGPaHbI
nccneayemble COCTaBbl M METOAbl WX WUCCNeAoBaHUs.  OKCMepUMeHTaNbHble  Pe3ynbTaThl
npeacTaBneHbl YeTKO, Kak B Buae rpadukoB M doTorpaduii CTPYKTyp, Tak W TeKcTa WX
onucbiBaroLLero. PaboTa HammcaHa rpaMOTHbIM S3bIKOM. [lMccepTaumst U aBTopedepaT cofepkart
TpeGyembl pasaenbl U COOTBETCTBYHOT APYT APYrY.

OCHOBHbIe AOCTOMHCTBA N HEAOCTATKM MO COAEPXKaHWUIO AnccepTaunm

JOoCTOMHCTBOM ancceptagnn ABNAETCA  TO, 4yTo OHa  HOCUT KOMIMIEKCHbIIA



9KCMEepUMEHTaNIbHO-TEOPETUYECKUNIA  XapaKTep CO 3HAYUTENbHOW MPUKNAAHOW  UHXXEHEepPHO-
TEXHONOrMYECKON YacTbo, COAEPKMT OnucaHne BceX He06X04MMbIX 3TarnoB UCCNeL0BaHNN.

K HegocTaTkam No CoAep>kaHuio aucceprauny cneflyeT OTHECTU CNeAyHoLLmMe 3ameYvaHuns:

1 Bo BBefeHWM OTMEYEHO, YTO Ha CErofHsLIHWUIA [eHb AOCTATOYHO XOPOLIO M3YYeHbl
ancnepcuoHHo-Teepaetowme CBC- matepuansl cuctem Ti-Cr-C n Ti-Mo-C ¢ MeTannmnyeckoi

CBA3KOW. Llenbto paboTbl siBNAeTCA pa3paboTka HOBbLIX AMCMEPCUOHHO-TBEPAEIOLL;UX MaTepuaios
Ti-Zr-C-cBaska U Ti-Nb-C-cBs3ka C ynyulleHHbIMW CBOWCTBaMW, OfHaKO, MO pe3ynbTaTam

nccnefoBaHNi, CpaBHEHUA CBOWCTB faHHbIX rPyrnn MaTepyasioB He NPoBeAeHo.

2 OTcyTCTBYET MH(OPMaLUs 0 METOAE M3MEPEHMUS TOJLL;UHbI U CNJIOLUHOCTM MOKPbITUIA
(Tabnuupl 22 n 32).

3 He paHbl NOACHEHWA Moyemy [1S BbISB/EHWS MUKPOCTPYKTYpbl 06pasuoB Ha
MOAJI0XKaX U3 CTaI 1 TUTAHOBLIX CMNJ/1aBOB aBTOP NMPUMEHWUN OAUH U TOT XKe peaKTuB.

4  ABTOpOM paspaboTaHa TexHonoruyeckas MHCTpykums T 34-11301236-2008 Ha
MpoLecc 31eKTPOMCKPOBOIO YNPOYHeHUst AeTaneil (KnanaHoB rasopacnpefenieHns, LaTyHOB)
[Burarens BHYTPEHHero cropaHus. B TO e BpemMsi KOHKPETHble MpaKTUYecKue pesy/bTarhbl
3N1eKTPOMCKPOBOr0 YNPOYHEHUs MpeACTaBNeHbl [1A COBepLUleHHO Apyroi getanu (ronoska
MyaHCOHa).

5 B pgucceptauum  OTCYTCTBYET CMMCOK COKPALLEHWA, MO3TOMY WCNONb30BaHMeE
COKpaLLEeHNn B Ha3BaHWM nogpasaenos (Hanpumep: 3.2.1 WccnegoBaHne O®PIY) npeactaBnseTcs
He COBCEM Yy[ayHbIM NPUEMOM.

6 HeT nosicHeHuin novemy B Tabnmue 13 (cTp.85) cymmapHas gonst a3 coctaBa Ne3 Bcero
80 % Bec.

7 Ha pucyHke 11 (cTp.77) OTCyTCTBYET MHOpPMaLMS O COCTaBe CMECei, Ansi KOTOpbIX
npeAcTaseHbl 3aBUCUMOCTH.

COenaHHble 3amMeyvyaHUsi He CHWDKAKOT BbICOKOM Hay4yHOM W MPaKTUYeCKOW 3Ha4YMMOCTU
BbINO/IHEHHOW PaboTbl.

3aknoyeHme

MpencTaBneHHaa AmMccepTaums BbIMOMHEHA HA BbICOKOM Hay4HO-TEXHWUYECKOM YPOBHE U
npesAcTaBnseT cob0M 3aKOHYEHHYH0 HayYHO- KB/IM(IMKALMOHHYO paboTy.

Pe3ynbTaTbl AUCCEPTaLMOHHON paboThbl, BbIHOCKMMbIE HA 3alWUTY, NpoLwav anpobauuto Ha 15
Hay4YHO-TEXHNYECKMX KOH(epeHUuax, onybankoBaHbl B 4 CTaTbaX B XXypHanax u3 nepeuHs BAK.
ABTOpebepaT MONHOCTLIO OTpaXaeT COfepXaHve AuccepTauuu. PedynbTaTbl AUCCEPTALMOHHOM
paboTbl MOryT 6bITb UCMO/b30BaHbI B 06/1aCTW MONYYEHWS YKAPOCTOMKMX MIEHOK Npu paspaboTke
MepcrneKTUBHBIX U3AEeNNI aBUaLMOHHON NPOMBILLIEHHOCTH.

YunTbiBas aKTyanbHOCTb BbIMO/IHEHHbIX UCCNEA0BAHWUIA, UMEHOLLYHOCA Hay4YHYH HOBU3HY ©



MPaKTUYECKYI0 3HAYMMOCTb Pe3y/bTaToB, CUMTalD, YTO NpeACTaB/NeHHas AuccepTalMoHHasa paboTta
Y[OBNEeTBOPSeT BCeM TpeboBaHMAM M. 9 T10NOXKEHWUS O NPUCY)KAEHUN YUeHbIX CTeneHewn,
YTBEPXAEHHOM [locTaHOBNEHVEM npaBuTenbcTBa PP oT 24 ceHTA6ps 2013 r. Ne 842, a ee aBTop,
MaHakoBa Onbra CepreeBHa, 3aCny>XWBaeT MNPUCYXAEHUS YYEHON CTEneHW KaHauaaTta
TEXHUYECKMX HayK Mo cneumanbHocTh 05.16.06 - «lMopoLukoBas METaNNYPrus 1 KOMNO3ULMOHHbIE

MaTepuabi».

OurumanbHbIA ONMOHEHT:

KaHampat TeXHUYecKmx Hayk,

HavanbHMK ceKTopa NopoLLIKOBbIX

MeTa/IIMYeCKNX MaTepuanos

NHMT OAQO «Komnosnt» A.B. Jlorayes

Mognuce Jlorayesa A. B.

MOATBEPX A0

[npektop IHMT OAOQ «Komnil/, /1> B.H. ByTpum
o -V

Noraues A. B.

141070, Kopones, MockoBcKoit 061., yn. MNMruoHepckas, 4. 4
Ten.: +7 (495) 513-23-07, info@kompozit.ru
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