OT3bIB

Ha aBTOpedepaT IUCCepTALIY Ha COUCKAHHE YIEHOH CTETICHH
JOKTOpa TeXHUYECKUX Hayk HaymoBoi EBreHHH AJICKCaHAPOBHBI
Ha TCMY «Pa3pa60TKa Hay4HbIX OCHOB JICTUPOBaHHUA AJIFOMUHUEBLIX CIIJIABOB
IBTEKTUYECKOr0 THUIIA KaJIbIIHEM»
1o cremuaigbaocTd 05.16.01 «MeTamnoBeeHUE U TepMUTIeCKad obpaboTka
METAJJIOB U CIUIABOBY.

Tema [uccCepTalMM BecbMa AaKTyalbHA, [TOCKONBKY HANpaBleHa Ha peIICHHC
BA)KHOH HAyYHO-TIPAKTHYECKOH MPOOIeMBl, HaInpaBJIeHHOH Ha 000CHOBaHNE NPUMEHEHHUS
Ka/lbldsd B KA4eCcTBE OCHOBHOIO JIETHPYIOLIETO OJIeMEHTa AIIOMHHMEBBIX CIUIABOB
SBTEKTHYECKOro THTa, BKmouas u3ydeHne (opMupoBaHus (asoBoro cocrasa H
CTPYKTYphl MHOTOKOMIIOHEHTHBIX CTIIABOB M Pa3pabOTKy TEXHOJOIMHYECKMX [1apaMeTpoB
M3rOTOBJIEHUS (PACOHHBIX OTIIMBOK U Je(OPMUPOBAHHBIX oty pabprKaToB.

HayuHasi HOBU3HA pabOTHI:

1. IToctpoeHsl parMeHTH! HOBBIX (pa30BBIX AHArPaMM Al-Ca—X1 ...—Xn (rme X1-
n, - Mg, Zn, Cu, Si, Fe, Ni, Ce, La, Mn, Zr, Sc) B 001acTH aJllOMAHHUEBOrO yIja, 4To
[03BOJIMJIO; YCTAHOBHTH TPAHHMIIBI TIOABIEHWS MEPBUYHBIX KPHCTALIOB BO  BCEX
JICCIIeIOBAHHBIX CHCTEMaX TPU GBICTPOM (IKCIIEPUMEHT) U MEJIEHHOM (pacuer B Thermo-
Calc) OXTaKIeHHUH; yCTAHOBHTD 3aBHCUMOCTH MEXJy COCTaBOM M CTPYKTYpO#l KalbLUH-
COIepIKAIIUX CILTABOB; ONpPENETHTE (hasoBbIH COCTAB KaJIbIUi-coepKallnuX CIUIaBOB MPH
pa3HEIX TEMIEpAaTypaX; ONpPEACIHTH MOCIEeN0BaTeIBHOCTD (a30BBIX TpEBpAIEHUHd B
KaJIbLMi-COepKallix CIUIaBaX; OINpPEeAeNIUTh TeMIepaTypel TPOMHBIX U YETBEPHBIX
SBTEKTHYECKIX PEAKIUi M COCTaB COOTBETCTBYIOLIMX 3BTEKTHK; MOATBEPIUTH HATHHHMC
PacTBOPHMOCTH LHKa B coeunenny Al4Ca 1o ob6pasoBaHust (a3l IEPEMEHHOTO COCTaBa
(Al,Zn)4Ca mpu TMOCTOSHHOM COJEPKAHWM KalbLHs (20 ar.%); yCTaHOBWUTH HAJIM4YHE
pAaCTBOPUMOCTH MEJH, IepHs U JaHTaHa B COCAMHCHHUH Al4Ca nmo obpasosanus a3
(AL,Cu)4Ca, Al4(Ca,Ce) u Al4(Ca,La); ycTaHOBHUTH HATMIHIE PacTBOPUMOCTH KaJlblUs B
coenunenmsx Al4Ce u Al4la no oOpa3oBaHuA daz Al4(Ce,Ca) u Al4(La,Ca);
YCTAQHOBUTH Hanudpe B OOJIBIIMHCTBE CHCTEM Al-Ca—X TpOHHBIX aJIOMHHUJIOB
(Al7Cu2Ca, Al10Fe2Ca, Al9CaNi ¥ 1p.), B CBSI3U C 4Ye€M MPEANOJOXKUTh HATHMINC
TIEPUTEKTUIECKONM PEaKUUy B aTIOMHUHUEBOM yINy CHCTEM Al-Ca-Ni, Al-Ca-Fe, Al-Ca-
Mn, ¥ CIPOTHO3MPOBATH CTPOEHHE MX IMOBEPXHOCTEH JIMKBHAYC COINACHO MOIyHCHHBIM
3KCIIePHMEHTANBHBIM JaHHBIM; CIPOrHO3UPOBATH CTPOCHHE geTBepHoO# cructemsl Al-Ca-
Fe-Si B 0071aCTH QJIFOMUHHUEBOTO YIVIA.

2. TlokasaHo, 4TO JErupylouure dIeMeHTsl (X) B chCTeMax Al-Ca—X HEOTUHAKOBO
BIIMSIOT HA CTPOEHHE ATIOMUHUEBO-KAIbIHEBON 9BTEKTHKH. BBIABIEHO, YTO 3TO BIMAHUE
CBS3aHO ¢ BeJIMUMHON WHTEpBala KpucTallsanuu cruiasa. Haubomee —cunbHO®
orpy6IeHne 9BTEKTHKH BBIABICHO B CILIABAX C MArHUEM.

3. YV CTaHOBJICHHBIE 3aBUCHMOCTH IIPOYHOCTHBIX CBOMCTB aTIOMUHUEBO-KAJIBIINEBBIX
CILTABOB OT PEXHMOB TEPMHYECKOH OOpabOTKU IO3BOJMIM ONPEACTUTH CICAYIOIee:
TeMIepaTypa Hadana (OpMOM3MEHEHHs JaCTHI IBTCKTUYECKHUX aFOMHHU/IOB 3aBHCHT OT
(a3oBOro cocraBa 3BTEKTUKA M €€ JUCIEPCHOCTH. B GOJBLIMHCTBE HCCIIEIOBaHHbIX
crcteM oHa coctasisieT 450-500°C; nobaBka CKaHI¥sI B KOTHYECTBE 0,3 mac.% mo3BOISIET



nony4ats B ciuiaBax cucreM Al-Ca-Sc u Al- Ca—Sc—X (rme X, - Mg, Zn, Cu, Fe, Si, Ni,
Zr, Mn) s¢dext ynpounenus, paBublii 30-40HV 1mo cpaBHEHHIO C JUTHIM COCTOSHHEM,
mocne orxura npu Temmepatypax 300-350°C. D10 nmaeT BO3MOXKHOCTH YIIPOYHSTH
OTJIMBKH ¥ Ae(pOPMUPOBAHHBIE MOy (HaOPUKAThl 6€3 UCIOIb30BAHUS ONEPALHU 3aKATIKH;
yOpouHstolmi sddekt 3a cuer HaHouacTH ¢assl L12 B Kanbumit-comepikarmux
AIFOMUHUEBBIX CIIaBaX MOXXET ObITh IOJMydyeH IPH ITOJIHOM WM YacTUYHOM 3aMeHe
CKaHIUs 100aBKOW UMPKOHHA. IIpy 3TOM MUK yIpPOYEHHs CHABHTAeTCA B CTOPOHY Golee
BbICOKUX Temmepatyp (400-450°C);  mpu JilerMpoBaHMM aATFOMUHHUEBO-KAIBLHEBBIX
CIIaBOB LMHKOM W MarHHeM XapakTep pachaja allOMHHHEBOTO pacTBOpa M BHUJ
YIPOYHSIOMIUX BBINENCHUM HEe MEHSETCS II0 CPaBHEHHUIO ¢ OeCKaIbIHEBBIMY CILUIABAMH, a
MakcuManbHoe ynpouHenue (1o 200 HV) nocturaercs mpu Temmeparypax craperus 170-
180°C.

4. YCTaHOBNEHBI 3aBHCHMOCTH MeXIy COCTAaBOM, CTPYKTYpOH H CBOMCTBaMH
CIIaBOB Ha ocHoBe cucteMsl Al-Ca-Zn-Mg; npennoxeHsl pexuMsl TepMudeckoit (T6) u
neQopMalMOHHBIX 00paboTOK, OOecHeunBaIONIHe KOMIUIEKC MEXAHUYECKHX CBOLCTB
KaJbIIMH-COePIKAIIMX CIIABOB Ha YyPOBHE BEICOKOIIPOYHBIX CIUIABOB 7XXX CEPHHU.

5. YcraHOBI€Ha BO3MOXKHOCTH IOIy4YEHUS! SKOHOMHOJIETHPOBAHHBIX aTIOMUHHEBO-
KalblHEeBBIX CIIABOB C MOBBIMIEHHBIM coAepxaHueM Fe u Si 3a cuer o6pasoBaHms
TpoiHEIX amoMuHUAOB All0CaFe2 u Al2Si2Ca, uMeromux KOMNakTHyI0 (GopMy H
BXOJSAIIMX B COCTaB MHOTOKOMITOHEHTHBIX 9BTEKTUK.

6. YCTaHOBIEHO, YTO MHOTOKOMIIOHEHTHBIE AIFOMHHHEBO-KAJbIUEBbIE CILIABEIL,
comepkame Fe, Si m Mn, o6namaloT y3KHM HHTEPBAIOM KpHCTAJLUIH3ALINH,
00eCIIeUHBAIOIINM  [OBBIICHHBIE JIMTEHHBIE CBOWCTBA, 4YTO TO3BONAET IOIY4arh
(acoHHbIE OTIIUBKHU CIIOKHON KOHQHIYpaIHH.

7. YCTaHOBJIEHO, YTO MHOTOKOMIIOHEHTHbIE ATFOMUHUEBO-KAIbIMEBLIE CIIIABbL
mociie cepOMAU3UPYIOIEr0 OTXKHIA, B IPOLECCE KOTOPOTro GOPMHUPYIOTCS rno0yspHbIE
BKJIIOYEHHUsl OBTEKTHYECKMX (a3 (B komudectBe 10 40 006.%), 00IamaloT BBICOKOM
Ae(OPMallMOHHOK ITACTHYHOCTHIO, IO3BOJISA TIONyYaTh Pa3IHIHBIE 1oy hadpuKaTel
(JIKCTBI, IPYTKH, IPOBOJIOKY) Ha CepuitHOM 060pyI0BaHHH.

3HaYNMOCTb pa6OTBI AJIsL IIPAKTHKH 3aKJII0OYaeTCs B CICeAYyOIICM:

1. IloxasaHa BO3MOXHOCTB MOTy4eHHs Ha OCHOBe cucTeMbl Al-Ca-Mg-Si-Mn-Zr-Sc
JIETKOIO  KOPPO3MOHHOCTOMKOTO Ae(pOPMUPYEMOro CIUIaBa, OOJIANAOIIEr0 BpPEMEHHBIM
conporusierreM 6onee 300 MIla u He TpeGyromero 3akaiku. OGOCHOBaHA Ha IpHMepe
citaBos cucreM Al-Ca-Fe-Si, Al-Ca-Mn (Fe,Si) mepcrnekTHBHOCT HCIIONIB30BAHUS
KaJIbLUH-CONePKALIUX CIUIABOB [ MPOM3BOACTBA (DACOHHBIX OTIMBOK HA CEPHIHOM
000py/IOBaHHM, B TOM YHCJIE METOJOM JIMTHS IIOJ JaBICHHEM, [IO3BOJISS NOCTHTAaTh
BPEMEHHOI'O COINPOTHUBICHHS B JIUTOM cocTtosHuM GOosnee 200 MIla. OGocHoBana Ha
IIPUMEPE  JIETKOro KOPPO3MOHHOCTOMKOro cmaBa cucteMbl Al-Ca-Mn-Fe-Si-ZrSc,
YIPOYHACMOro 0€3 3aKajlKy, BO3MOXKHOCTH MONYYEHMS M3 ANIOMHHHUEBO-KAJIbIHEBbIX
CTIIaBOB KaK (PaCOHHBIX OTJIMBOK, Tak U Ae(OPMHUPOBAHHBIX TOTy(GaGpHKaTOB (B TOM
YKCJI€ TOHKOJIUCTOBOTO MPOKATa).

2. Tlokasana Ha IpHMepe BbICOKONMPOYHBIX MOJENBHBIX CIUIABOB cucTembl Al-Ca-
Zn-Mg BO3MOXHOCTb IONy4YeHHS B TOpPSYEKATAHBIX JIHCTOBBIX obpazuax u
IITAMIIOBAHHOM IIOPIIHE IMPOYHOCTHBIX CBOMCTB (002~470 MIla) Ha ypoBHE CILIaBOB
7xxx cepuu. IlokazaHa Ha mpuMepe OSKCHEPUMEHTAIBHOIO MOIEIBHOIO CIUIaBa
Al4CalFe0,6S10,2Zr0,1Sc, cymmapHas o Kalblui-COmEPIKAILIIX da3 B KOTOpOM
IpeBEIaeT 18 06.%, BO3MOXHOCT IONY4YEHHs B MPOMBIIIEHHBIX YCIOBUSX CIHTKOB



nuameTpoM 10 150 MM ¥ pa3iIMuHBIX JAe()OPMUPOBAHHBIX oy padpuKaToB (B TOM YHCIIE
npoBosioku auametpoM 0,26 mm). [aHbl 00IiHe TEXHOJIOIHYECKHE PEKOMCHIALHMH IIO
pa3paboTKe: JIETKAX KOPPO3UOHHOCTOMKHMX CIIABOB, YIPOUHAEMBIX YacTHIAMU L12 Ge3
MCIIONB30BAHUS 3aKATKM (JIMTEWHBIX U Ie(OPMHUPYEMBIX); BEICOKOIPOYHBIX aTFOMHHHUEBO-
KaNbl[MEBBIX  CIUIABOB,  yIPOYHSEMBIX LMHKOM M  MarHueM (IUTCHHBIX |
neOpMUPYEMBIX); AIIFOMHAHHAEBO-KaJIBLIAEBBIX «eCTECTBEHHBIX KOMITO3UTOBY,
comepskarux 10 40 06.% MHTepMeTaTTIHBIX YaCTHIL (nuTelHO-1eOPMUPYEMBIX).

OCHOBHbIE TIOJIOKEHHUs IUCCEPTAIMU OIyOJIMKOBAHBI B JOCTATOYHOM OOBeMe UL
JIOKTOPCKOM JIMCCEPTAlliM, & WMEHHO B 63 MedYaTHBIX paboTax, M3 HHX 33 crateu B
W3IaHUAX, peKoMeHmoBaHHBIX BAK ¥ BXO[slinx B MEXIYHapOIHBIE HHICKCHPYEMBIE
6a3bl manHbIX «Web of Science» u «Scopus» (BkIrouyas 7 cTareil B XKypHanax IE€pBOTO
kBapTuisi); 1| MoHOrpadus u 4 mareHra.

3ameuaHus 1Mo padore:

1. JledbopMaIMOHHYIO TEXHOJOTHYHOCTE CIUIABOB C KaJbLIAEM aBTOP OLEHUBACT C
IOMOLIBIO OIlepaluy MpokaTku. BosmoxHo, nHTepMeTaia AlsCa mo3BoIseT NoMyIUTh
TOHKHe JMCTHL Ho, HandMe B JIMCTaX BHICOKOM JONH XPYNKO# (asbl mpy KOMHATHOM
TeMIlepaType MOXET CHIDKaTh MX COINPOTHBISAEMOCTh 3HAKONEPEMEHHBIM HArpyskaM.
CTOUT 1M MCIIOJb30BaTh AJTIOMHUHMEBO-KaJbIMEBble CIUIaBbl MMEHHO [UIsl IMOJIYy4YeHHUs
JUCTOB?

2. HoBble cIIaBpl IO JIMTEMHBIM XapaKTEPUCTHKaM aBTOpP CpPaBHUBAET C
CHTyMHHAMH, OJHAKO He YKa3blBAlOTCs YyCIOBHs IIPOBENSHHS OKCIEPUMCHTOB Ha
TOpSYEIOMKOCTD U JKHIKOTEKYYeCTh (CTEleHb IeperpeBa pacriiasa u Ip.), ONpeAeAnach
4 B paboTe JIMHEeHHas ycaaka?

CeaHHble 3aMEUaHNs HE CHIDKAIOT LIEHHOCTH PaboTHI.

Cyms 1o aBropedepary, AuccepTanuoHHas pabora Haymosol Esrenuu
AJIEKCaHIPOBHBI SIBISIETCA  3aKOHYEHHOU HayYHO-KBaTM(UKAIHOHHOH paboTod u
COOTBETCTBYeT NAacHmopTy Hay4Ho# crenuanpHocTd 05.16.01 «Mertannosenenue u
TepMIYecKas 00paboTKa METAIUIOB U CILIaBOB»Y, a Takke IL. 9...11, 13, 14 «Ilonoxenue o
opsiAiKe TIPUCYXKIEHUs yIeHbIX cTeneHeih [loctanosnenus [IpaBuTenscTea P® No 842 ot
24.09.2013 r. (B pex. ot 28.08.2017 1.), a e& aBrop Haymosa EBrenus AnekcaHipoBHA
3aCIly)KMBAET MIPUCYXKICHNS yIEHON CTENCHH JIOKTOPA TEXHUIECKUX HayK.

JIOKTOp TEXHHYECKHX Hayk, Ipodeccop,

npodeccop Kadenpsl TeXHOIOTHH MaTEPUAIOB U TPAaHCIIOPTA,

®Ir'BOY BO«IOro-3amnaaHsiii rocyJapCTBEHHBIN

YHUBEPCUTET» 1! 2.2/’ KonmbixoB Banepuii FiBaHoBH4Y

Hayunas crenumanbHocTh: 05.16.01 «MeTauioBeieHHe M Te€pMUYCCKast obpaboTka
METAJIJIOB U CILJIABOBY
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