OT3bIB
Ha aBTopedepaTr aucceprauuu Centiopunoil XKauubl Anexcanaposusl «llonyuenue
ceprueCKUX MOPOIIKOB M3 CIUTABOB Ha OCHOBe amtfoMuHKIa HUKesst NiAl qis anau-
TUBHBIX TEXHOJIOIHI», MPEACTABICHHON HAa COMCKAHME YYE€HOW CTENEeHHW KaHAuaara
TEXHUYECKUX HayK 1o crnenuanbHocTy 05.16.06 — [TopolikoBas MeTa/uLyprusi 1 KOM-
ITO3ULIMOHHBIE MATEPUAIIBI.

AKTyaJIbHOCTb pabOThl 3aKIOYaeTcss B PELIEHMH aBTOPOM psijia HAyYHBIX U
NIPaKTUYECKUX 3a/a4 MO3BOJISIIOLIMX MMOJIy4aTh NOPOUIKOBBIE IPaHyJIbl U3 CILUIABOB Ha
ocHoBe NiAl. [TocnenoBarenbHO UCTIONB3YSI TEXHOJIOTHH CaMOPACIPOCTPAHSIONIEro-
cst BeicokoTemneparypHoro cuHte3a (CBC) u 1eHTpoOeKHOM pa3nuBKKU ¢ MHAYKLHU-
OHHBIM TI€PEIIABOM U IJIa3MEHHBIM LEHTPOOEKHBIM pacrblIEeHHEM aBTOPY YJaJlOCh
o0ecnevyuTh MnoyydeHue chepuyecKuX MHTEPMETAUIMIAHBIX rpaHys. [Ipu 3TOoM BbI-
OpaHHBI TEXHOJOTMYECKUH KOMIUIEKC TMO3BOJSET 00eCleYyuTh 3aJaHHBIA COCTAaB,
CTPYKTYPY Y BBICOKOE KaueCTBO I'PaHyII.

M3 nay4yHo¥ HOBU3HBI Haubosiee CYIIECTBEHHBIM SBJISIOTCS YCTaHOBJICHHbIE
aBTOPOM 3aKOHOMEPHOCTH (POPMHUPOBAHHUSI COCTaBa, CTPYKTYPhI ¥ CBOWCTB CJIOXHO-
nerupoBaHHbIX aMOMUHHUIIOB HUKenNs (NiAl-Cr-Co-Hf, NiAl-Cr-Co-Hf-B u NiAl-
Mo-Cr-B-Mn-Hf) Ha Bcex 3Tamax KOMIUIEKCHONW TEXHOJOTHH TOJYYEHHs IpaHyll.
IlosryyeHHbIE 3aBUCUMOCTH MOTYT OBITh HCIIOJIb30BaHbI MPU pa3pabOTKe HOBBIX MH-
TEPMETAJIIN/THBIX CIUIABOB ISl UCIOJIb30BaHUsl HE TOJIBKO B aJIMTUBHBIX TEXHOJIO-
THSIX.

B npakrtudeckoM ruiaHe HauOoJiee CYIIECTBEHHBIM JTOCTOMHCTBOM pPabOThI SIB-
JsieTcs pa3padOTaHHbIM aBTOPOM perjiaMeHT Ha MOJydeHHe rpaHyJl, YTO B COYeTaHUU
C MPOBEICHHON amnpoOanueil MOoJTy4eHHBIX pe3ysbTaToB paboThl B ycioBusix OAO
«KoMmo3uT» mno3BoisieT yclnemHo MaclTadupoBaTh IMpeiaraéMyto TEXHOJIOTHIO B
IPOMBIIIIJIEHHOE ITPOU3BOCTBO.

Pe3ynbrarsl paboThl NPOLLIM TOCTATOUYHYIO anpoOanyuio U J0KIaAbIBAIMCh Ha
Poccuiickux 1 MeXIyHapOIHbIX HAYYHBIX KOH(EPEHLIUSX.

JucceprauronHas pabora CentriopuHoi X.A. siBisieTcs 3aBepIlIEHHOM Hay4-
HO-HUCCIIEIOBATEeNIbCKOW ~ paboOTOM,  BBIMOJHEHa  HA  BBICOKOM  Hay4HO-
MCCIE10BATEIbCKOM yPOBHE U OTBeuaeT BceMm TpeboBaHusM BAK P®, a ee aBrop,
0e3yCJIOBHO, 3aCily’)KUBAeT MPUCYKACHUS €My YUYEHOW CTENeHHW KaHIuaaTa TeXHUu4Ye-
CKMX HayK 1o cneryansHoctd 05.16.06 — [lopomkoBast MeTayuryprust ¥ KOMITO3ULU-
OHHbIE MaTepHUaJIbl.

3aBenyromuii 1aboparopueit «KoHcTpyKim-
OHHBIE U UHCTPYMEHTAJIbHBIE MAaTEPHUAIIBI»
HNucturyra MaTepI/IaHOBe,HCHI/I}I XabapoBckoro
Hay4YHOI'O LIEHTpa }:[am,

XUMYXUH
Cepren Hukonaesnu
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OT13bIB
Ha aBTopedepaT AuccepTanuyn
CenTiopunoii JKanubl AjIeKCaHAPOBHbI
«[Tonyuenue cdepruecKrx MOPOIIKOB U3 CILIABOB Ha ocroBe antomuama Hukens NiAl
JUISt @JUTATUBHBIX TEXHOJIOTUIY, Mpe/ICTaBIeHHON Ha COMCKaHNe y4eHO CTeneH!
KaHJMATa TEXHUYECKHUX HayK M0 CHEeHHalbHOCTH
05.16.05 — [TopomKoBas MeTaJULypris 1 KOMIO3HIMOHHDIC MaTepHUabl

[ToBBILIEHHE SKCILTyaTallHOHHBIX XapaKTepUCTHK W3meNuil 1 KOHCTPYKLUHM B Ha-
cTofIIEe BpeMs TUKTyeT OCTPYIO He0OX0UMOCTh COBEPILIEHCTBOBAHMS CYIIECTBYIOLINX 1
pa3palOTK¥ HOBBIX MaTepHaloB 1 TexXHOJIOTHI WX TMOJydeHus. IJTO, B CBOIO 0YEpElb,
TpeGyeT pa3BHTHs TEOPETHYECKHX MOJXOAOB K OMHCAHMIO IIPOLIECCOB CHHTE3a MHHOBA-
[IHOHHBIX MaTepUaloB Ha OCHOBE COBPEMEHHbIX METO/OB uccnepoBanust. OJHUM U3 TIPO-
616 MHBIX aCIIEKTOB TEOPHH U TIPAKTUKH CO3aHNs KOMIO3UIMOHHBIX MAaTepHaion HOBOT'O
IOKOEHHUs] OCTAIOTCS BOIPOCHI, CB3aHHbIE, B TOM YHCIIE, C MCCICNO0BAHUAMH IPOLIECCOB
haso- U CTPYKTypooOpa3oBaHus CHHTE3UPYEMBIX crmaBoB. C ATHX TO3ULHUHA PElCH3H-
pyeMasi IuccepTalioHHast paboTa, HanpaB/ICHHas Ha MCCITeIoBaHre 0COOEHHOCTe! U Me-
XAHW3MOB SBOJIIOIKMH (Da30BOro cocTaBa, (HOpMHUPOBAHUS MHUKPOCTPYKTYDEI U (U3KKO-
MEXAHMUYECKHX CBOMCTB XKapOMPOUHBIX 1 KAPOCTONKMX MaTepHaos Ha OCHOBE HHTEepMeE-
tayuana aukenst NiAl B aguuTuBHbiX 3D TeXHONOTHSX, MPEACTABIIACTCA BEChbMa aKTyalb-
HOM.

CornacHo TexcTa aBTopedepara B paboTe 10CTaTOMHO KOPPEKTHO MOCTABICHA 1eJlb
¥ 3amaur uccnegosanuil. Tlokasana Hay4qHas HOBM3HA paboThl, 3aKII0YaroIIasics B ycTa-
HOBJIEHUM 3aKOHOMEPHOCTEH CTPYKTYPHBIX U (a3oBbIX rpeBpaleHnii, MPOTeKaoIuX B
CIIIaBaxX, MMEIOIKMX B COCTaBe MHTEPMETAIN HUKEII NiAl.

[IpakTuyeckasi 3HaYMMOCTb PAOOTEI 3aKIOYACTCS B pa3paboTKe PeXUMOB MHOIO-
CTAJMHHOM TEXHOJIOTHU MOMy4YeHHUs JIEKTPOJIOB U3 CILIABOB, coziepyKalliX WHTepMeTall-
yun Hukenst NiAl, METOZOM IIEHTPOOEKHOrO CBC-7UTh, a TaKxke B MOMydeHuH chepH-
yeCKHUX rpaHyJl U3 yKa3aHHbIX BbILIE CTIIABOB.

Pe3ynbTaThl UCCNIE0BAHUK HMEIOT IIMPOKYIO anpobalyio ¥ B MOJHON Mepe 0Tpa-
JKeHBI B 13 MyGIMKAIUAX, B T.4. B 4 U3/@HUsX, B KypHANax, BXOJAIIUX B [lepeueHs, pe-

xomennoBaHHbIii BAK P® u BXoasIUX B 6a3p1 nanaex SCOPUS u Web of Science.



[IpeCTaBISIOT 3HAYMTENbHBIA HAYYHBI HHTEPEC YCTAaHOBICHHBIC MEXaHU3MBI
CTPYKTYPHBIX M3MEHEHHiT HCCIIe/lyeMbIX KOMIIO3HUIHH, B 4aCTHOCTH, BIABICHHRIC B xoJie
HCCle0BaHMii 0COOEHHOCTH KPUCTATM3alMK CIIaBOB Ha OCHOBE MHTEPMETAILITM/IA NiAlL

B uenom penensupyemas padora CenriopuHoit ZK.A., coriacHo TeKcTa aBTOpede-
paTa, COJEpKMT BCe HEOOXOJMMBbIE ACIEKThl AMCCEPTALMOHHOIO MCCIIE/IOBAHMA: KOp-
PEKTHO TOCTaBIIEHHbIC Lelb M 33/[a4d, Hay4Hy0 HOBU3HY M NPAKTHYCCKYIO SHATMMOCTD,
CBSI3aHHBIE C BBISBJIEHHEM 0COOEHHOCTEH (pa30BbIX MPEBPAIIEHUN U MPOLECCOB CTPYKTY-
pO06Pa30BAHKS KAPOIPOUHBIX M KAPOCTOMKUX KOMIO3UIMH Ha OCHOBE HHTEPMETALIN/IA
nukens NiAl B mpoleccax MX CHHTE3a, a Takke pa3pabOTKOH peKMMOB IOJy4CHHS rpa-
HyJ M3 WCCIIeyeMbIX CIUIAaBOB CHCTEMBI NiAl-Cr-Co-Hf, cnocobcTByromux Moy 4eHHI0
MOBBIIIEHHBIX (U3UKO-MEXAaHUIECKUX CBOMCTB M3nenui. Pe3ynpTaTsl WCCJIEIOBAaHUN B
MoJTHOM Mepe omucansl B 13 myGnukanusx. JuccepTanuonHas paboTa BBIMOTHEHA B MOJI-
HOM COOTBETCTBUM ¢ TpeGoBaHMsAMH 1.9 [losoxeHUsT O MPUCYKAECHUN YHCHBIX CTeneHen
BAK P®, a ee aBrop, Centroputa KanHa AJieKCaHAPOBHA 3aCITy’)KUBACT NPUCYKICHHUA
yUeHOMW CTeleHH KaHIu1aTa TEXHHYeCKUX HayK IO CIeHHaIbHOCTH 05.16.05 — Iloporko-

Bass METAJLUIYpTUs U KOMITO3ULIUOHHBIC MaTCpUaJbl.
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OT13bIB
Ha aBropedepar auccepranuu CeHTioprHON XKaHHBI AJEKCaHIPOBHEI
«[Tomyuenue chepruecKux MOPOLIKOB U3 CIIJIaBa Ha OCHOBE aJTFOMUHU/IA HUKEIISA
NiAl a1 agAMTUBHBIX TEXHOJIOTHI», MPEACTaBIeHHONW HAa COUCKAHHUE YUEHOM
CTENeH! KaHIUIaTa TEXHHYECKUX HayK 110 crenuaibHocT 05.16.06 —
MOPOIIKOBAas METAJULYPIrUsl U KOMIIO3ULIMOHHEIE MaTEPHAIIBI

PaGora 1mOCBsIlEHA CO3JaHUIO WHTErPAJbHON TEXHOJIOTMM IOJIyYEeHHS
MOPOILIKOB M3 CIUIABOB Ha OCHOBE JIETMpOBaHHOTrO MHTepMeraymuaa NiAl s
alTATUBHBIX TexHoJoTul. [lomydeHre oTeuyecTBEHHBIX MOPOLIKOBBIX MaTEpHAIIOB
U3 BBICOKOTEMITEpATYpPHBIX CIUIABOB SIBIISIETCSI OYEHb BAXXHOH CTpaTerd4ecKom
3amaveii. [losTomy paboTa akTyalbHa W HMEET MPAKTUYECKYI0 H HAy4HYIO
HOBH3HY U 3HAYMMOCTb.

HayuHas ¥ mpakTHYecKash 3HAYUMOCTh 3aKJII0YaeTcsi B TOM, 4TO B pabore
Npeio)KeHa WHHOBAlMOHHAS TEXHOJIOTHS, BKIIOUamollas B cedsd IIOoIydYeHue
nonydabpukara crulaBa wmerogoM IeHTpobexHor CBC-mertammyprun —u3
OKCHJTHOTO CBIPBS, TOCJEeIYIOIINA WHIAYKIMOHHBIA IIepeIuiaB ¢ IOJy4YeHHeM
KpYyIHOrabapuTHOW TpPYyTKOBOM 3arOTOBKM M  IUIa3MEHHOE LEHTPOOEeKHOE
pacIbUIEHHE ¢ MOTy4eHHeM cepruuecKux rpaHyJ nopomika. B pabote npuBeieHs!
pe3yJbTaThl CTPYKTYPHO-()a30BOT0 aHAIN3a MOJy4aeMbIX CIIJIaBOB Ha BCEX JTarax
TEXHOJIOrHYeCcKoro mporecca: B ciutkax nocie CBC cuHTesa, B mpyTKax 1ocie
neperyiasa, B TOJMy4eHHOM mopouike. OnucaHbl MeXaHW3Mbl (POPMHPOBAHHUS
CTPYKTYpBI, BIMSHHE HA CTPYKTypy BHEIIHHX (akTopoB. OcoObli HHTEpeC
BBI3BIBAET pasjell, TOCBSILIEHHbIH MOAU(UKANNK crlaBa HaHodacThliamu ZrO; B
npolecce HHAYKIMOHHOTO TIepeniaBa.

I[IpexacTaBieHHbIe pe3yIbTaThl UCCIENOBAHUS HAlOT 3HAHUS O COBPEMEHHOM
crocobe CcOo3JaHusl TOPOIIKOB W3 CIUIaBOB HA OCHOBE JIETHPOBAHHOIO
uHTepMeTautiaa NiAl s afquTHBHBIX TEXHOJOIHH, OOHOBJISIIOT U YTIyOJISIOT
3HAHUS O CTPYKTYPHBIX MPEBPAILEHUSIX B MCCIEAYyEMBIX BBICOKOTEMIEPATYPHBIX
MarepHraliax, pacCIHpsIOT 001acTh UX IPUMEHEHHS.

Pe3ynbrarhl paboThl OIyOIMKOBAHBI B BEIYIIMX POCCHHCKHX Hay4HO-
TeXHHYECKUX  M3JAHUAX,  COOTBETCTBYIOIUIMX  HAyYHOMY  HaIlpaBJICHHUIO
JECCepTaluK M anpOOHUpPOBAaHbl HA HAYYHBIX KOH(QEPEHIMUSX Pa3IMYHOIO YPOBHS.
Asropedepar u quccepranus Cenrropunoii XK. A. rarot npejcrasieHne o0 aBTope
paboThI, KaK O MOATOTOBIEHHOM, KBAIM(HUIMPOBAHHOM CIIELHAIKCTE, CIIOCOOHOM
CTaBHTh U peliaTh Hay4HbIE 3a/1a4H.

ITo aBTOpEdepaTy CyIIECTBEHHBIX 3aMEYaHHU HET.

Cumraem, uro gauccepranuoHHas pabora  Cenrropunoit  JKaHHBI
Anexcanaposusl «[lonydeHne chepuueckux MOPOLIKOB M3 CIIaBa Ha OCHOBE
amomuamaa HuKeds NiAl [ agIuTHBHBIX TEXHOJIOTHI», COOTBETCTBYET BCEM
Tpe6OBaHMAM II. 9, MPEABABIAEMBIM K KaHIUIATCKUM IMCCEPTALIMIM «[Tonoxenus
0 MPUCYXIECHUU YUYCHBIX CTeNeHe» B pelaKIuu ITocra"nosnenuii [IpaBuresbCTBa
Poccuiickoit ®enepanuu Ne42 ot 24.09.2013 r. 1 Ne 335 or 21.04.2016 ., a ee
aprop Cenmiopuna JK. A. 3acIyXuBaeT NPUCYXKACHHS eH y4eHOU CTENeHH



KaHIMOAaTa TEXHUYECKMX Hayk Mo crenuansHoctd 05.16.06 — mopoikoBas
METAJUTYpPI'usi 1 KOMIIO3ULIMOHHBIE MaTepHaIbL.

[Tpodeccop kadenpsl SKCIEPUMEHTATIBHOM
¢bu3uku HarmoHabHOT O MCCIIEA0BATEIBCKOIO
ToMCKOTO MOJTUTEXHUYECKOIO YHUBEPCUTETA ' [IIapkees FO.I1.

JlonieHT Kadenpsl MaTepUaAIOBEIEHUS U
TeXHOJIOTUU MeTaioB HanmoHanbsHOro
HCCIIeI0BaTeIbckoro ToMCKOro

MOJIMTEXHUYECKOI0 YHUBEPCUTETA KoBanesckas XK.I'.

[[apkees FOpwuii IleTpoBud, TOKTOp (U3HNKO-MaTeMaTHIECKHX HayK, Ipodeccop,
npocdeccop Kadenpsr 9KCIIEpUMEHTAIBHOU ¢busuky, denepanbHOE
roCcyJIapCTBEHHOE  aBTOHOMHOE  O00pa3oBaTelIbHOE  YYPEXKIEHHE  BBICILETO
oOpaszoBaHus «HanuoHanbHBIN HcclaenoBaTeNbCKUIA TOMCKUM [MOJINTEXHUYECKUI
yHUBEpCcUTETY, 634050, Tomck, mp. Jlenuna, 30, +79138062814, sharkeev(@tpu.ru,

wWww.tpu.ru.

KoBanesckas XKanna I'ennaapeBHa, KaHAUAT TEXHUYECKUX HAYK, TOLICHT, TOLEHT
Kadenpsl MaTepUalOBElEHHs M TEXHOJOIMH  METallJIOB, ®denepanbHOE
rocyJIapcTBEHHOE  aBTOHOMHOE  00pa3oBaTelbHOEe  YYPEKAEHHE  BBICIIETO
o6pasoBanus «HalMOHANBHBINH Hcce0BaTelbCKiid TOMCKUH MOJTUTEXHUYECKUU
yauBepcuter», 634050, Tomck, mp. JleHuHa, 30, +79061990577,

kovalevskaya@tpu.ru, www.tpu.ru.

[Toxnucu Illapkeesa FO.I1. Y Koanesckoi X.I'.
ta0u s Ceprd
3aBepAI0 R AT,

TOMCKOTO TOTHTEXHUYECKOT-YHHBEPCHTERa 72 7h AnanneBa O.A.

22.11.2016.
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OT3bIB
Ha aBTopedepar aucceprauuu CeHTiopuHO# XXaHHBI AJleKCaHAPOBHEI
«[Tomy4yenne cheprdecKuxX NOPOLUIKOB U3 CIUIABOB Ha OCHOBE AJIFOMUHU/Ia HUKEJIS
NiAl U1 afqUTHBHBIX TEXHOJIOTHID, TIPEICTABICHHON HAa COMCKaHUE YYE€HOH
CTeIeHM KaHAMaTa TEXHUYECKUX HayK 10 crenuanbHocTH 05.16.06 —
[TopoiikoBasi MeTaJUTyprus ¥ KOMIIO3UIIHOHHBIE MAaTePHAITBI

Jlnsg pa3sBUTHS aBHALIMOHHO-KOCMUYECKOM TEXHHKH TpeOyeTcs CO3[aHue
HOBBIX YKapOIPOYHBIX MaTepHaoB, pabOTalOMMX B JKCTPEMAIbHBIX YCIOBHIX.
OcoOblif HMHTEpeC BBI3BIBAIOT CIUIABBI HAa OCHOBE SKBHATOMHOIO AJIIOMHUHUMA
HHUKeJIs, KOTOphle 00J1a1al0T YHUKAJIbHBIM COYEeTaHHeM XUMHYECKHX, QU3MIECKUX
1 MeXaHUYeCKuX cBoMcTB. OHAKO, HECMOTPSI Ha BHICOKUE (QU3UKO-MEXaHUYECKHE
CBOMCTBA, CIUTABBI Ha OCHOBE AJIOMHHMJA HUKEJS 10 HACTOAIIEr0 BPEMEHH HE
HAIIUTA [IHPOKOTO MPOMBIIUIEHHOTO IPUMEHEHHS], YTO CBA3aHO C MX MPAKTHYECKH
HYyJIEBOH IJIACTUYHOCTHIO M HU3KOW MPOYHOCTBIO NP KOMHATHOM TeMIIepaType.

IMonyduenue crutaBoB Ha ocHOBe NiAl TpaAMIIMOHHBIMA METAJLLY PrHYeCKUMU
METOJaMH C IOCIeAyIomeil MexaHndeckold 0OpabOTKOM OCIIOXXKHEHO BBICOKOM
XPYIKOCTBIO MaTePHAJIOB M CKJIIOHHOCTBIO K PACTPECKMBAHHUIO U BBHIKpAIIUBAaHHUIO B
nporecce 06paboTku. B kauecTBe anbTepHATHBHOIO METOJA MOJNy4YEHHs W3MEUi
U3 ciiaBoB Ha ocHOBe NiAl GONBIIUMH MEpCreKTHBAMU O0JIaJaroT TEXHOJIOTHH,
HO3BOJIAIONIME IIOJyYaTh 3arOTOBKH M3Jeui, Onu3kux K KoHeuHoH ¢opme. K
TaKUM TEXHOJOTHAM OTHOCATCS TpaHylbHas METAUIyprus U  aAKTHUBHO
pasBuBarompecs anauTBHble TexHoNoruu (AT) CceleKTHBHOrO Jia3epHOro U
3JIEKTPOHHO-JIy4eBOr0 CIUIaBiIeHus. Jnsg peanu3anuy  BBILIENIEPEYHUCICHHbBIX
TEXHOJOTMH  HEOOXOAMMBI  HCXOIHBIE TOPOIIKK  (TpaHydbl)  3aJaHHOIO
XHMHYECKOTO M TPaHyJOMETPUYECKOIO0 COCTaBa, K KOTOPBIM TPEIbSBISIOTCS
BhICOKHe TpeGoBanus. ['panyinsl Ha ocHoBe NiAl, ynoBneTBopsromue TpOOBaAHHAM
AT, B Hacrosiee BpeMs NPOMBIIUIEHHO HE NPOM3BOIATCA. B CBs3W ¢ 3TUM
nuccepraimonHas pabora CentiopuHoit XK. A., mocBamgHHas pa3paboTke
MHTETPaJbHOM TEXHOJIOTWH MOJy4YeHHs] IIOPOIIKOB IPABUIIBHON CeprHIecKoi
GOpMBI ¥ perjaMeHTHPOBAHHOM 3E€PHUCTOCTH M3 HOBBIX JKapONpPOYHBIX H
KAPOCTONKHX MaTepraioB Ha ocHoBe NiAl Juiid MCIONB30BaHMs B aJMTHBHBIX
TEXHOJIOTHSAX, SBIISETCS aKTyadbHOW. HaydHble 3ajauu, IOCTaBIEHHBIE aBTOPOM
IpY BBIIOJHEHWH HCCIIEOBAHMUS, SBISIIOTCS TaKXKe aKTyaJlbHbIMH M 3HaYMMBIMU
KaK B HAyYHOM, TaK U IIPAKTUYECKOM OTHOILECHHUSX.

Hayunass HoBH3HAa paGorbl. BpuiBieHBl  ocobeHHocTH — (aso-u
CTPYKTypooOpa3oBaHusi CJIOXKHOJIETHPOBAaHHBIX CIUIaBoB Ha ocHoBe NiAl B
3aBUCUMOCTH OT  COIep)XaHHs  JIETUPYIOLIUX KOMITOHEHTOB: ISt
BBICOKOJIETUPDOBAHHOIO CILUIaBa (CyMMa JIETHPYIOIIMX OJEMEHTOB ~26%art.)
XapakTepHo  (OPMHpOBaHHE  KOMIIO3UTHOH  CTPYKTYyphl, B  KOTOpOi
WHTEPMETAUTHIHAS MaTpHLa yIIpOYHeHa O0OpHUIaMH BYX THIIOB — TYTOILIABKUMU
(Mo,Cr)B u mnactuunbiMu  NiypAl;Bg; Hu3KONErHpOBaHHBIH cIIaB  (CymMMma
JerupyromuxsieMeHToB ~ 10% ar.) OTiIMYaeTcs BBICOKHM COJCpXKaHUEM
ocHoBHO# (a3sl NiAl (Gonee 90%macce.), ynpounénHoit 6opunamu CrB u HIB;



cpennenerupoBannble cruiaBel cucteMbl NiAl-Cr-Co-Hf (cymma nermpyrommx
aneMeHTOB ~18%art.) obnanator AByX(a3HO CTPyKTypoH, B KOTOpPOH MaTpHIia
NiAl ynpodHeHa MeNKOIUCIIEPCHBIMH BbleneHusiMH Ha ocHoBe Cr. OTMeyeHo
HacJieJoBaHUE CTPYKTYpPHI CILUIABOB Ha BCEX 3Tamax Mporecca Noly4eHus rpaHyJl.

YCTaHOBNIEH JKCTpEeMaJIbHBIM XapakTep 3aBUCHUMOCTH Ipefesia MPOYHOCTH
npu cxatud ot cootHomenus Cr/Co B CBC-cmaBax Ha ocHOBe cucTeMbl NiAl-
Cr-Co-Hf. HaubGonpiire 3HaueHUs] MPOYHOCTH Ha CXKaTue, TBEPJAOCTH, yIPYIroro
BOCCTaHOBJICHHs UMeeT cruiaB ¢ cooTHomeHneM Cr/Co=2 3a cué€T BBIAECNEHHUS B
matpuue NiAl ynpoussitoreit tucnepcHoi a3l Ha OCHOBE XpoMa.

ITokazano, uyro BBegeHue B coctaB cmiaBa NiAl-Mo-Cr-B-Mn-Gf
HaHoyacTul ZrO, B konuyecTBe 1,5% 00. HA cTagUH BaKyyMHOT'O HHAYKIIHOHHOIO
neperiaBa IMPUBOAUT K CyIIeCTBeHHOMY wu3MenbdeHno ¢assl (Mo,Cr)B u
IOBBIIIAET pPaBHOMEPHOCTh €& pacrpeneneHUss B 00bEME OTIUBKH, 4YTO
CHOCOOCTBYET YBEJIMYEHHUIO IPOYHOCTHBIX CBOMCTB CILIaBa.

IIpakTHYeckasi 3HAYHMOCTb AuccepTanuu. Pa3zpaboraHa uHTerpaibHas
TEXHOJIOTHS TIOJy4eHHus1 chepruiecKkrx MopoInkoB Ha ocHoBe NiAl, Bkitovaromast
TPU OCHOBHBIX TIiepefiena: IIOdy4deHHe moiydabpukara cIulaBa MeETOJOM
ueHTpobexxHod CBC-MmeTaJuiyprud M3 OKCHAHOTO CBHIPbS; JABYXCTaAUHHBIN
neperiaB moirygabpukara C MONMy4YeHHEeM Ha TepBOM CTaguu padUHUPOBaHHS
JerasMpoBaHHOIO0  CJIMTKAa, a Ha BTOPOM cCTaguu — DJIJIEKTpoAa U3
HaHOMOJU(UIIMPOBAHHOIO CIUIAaBa; IUIA3MEHHOE LEHTPOOEXKHOE paclbUICHHE
3arOTOBKH, YTO TIO3BOJIMJIO IIOJYYUTh KAdeCTBEHHBIE TIpaHyjbl IIPaBHIILHOM
chepudeckoit GOpMbI U periiaMeHTUPOBAaHHONW 3€PHUCTOCTH Il UCIIOJIL30BaHUs B
aJIUTUBHBIX 3d-TEeXHOJIOTHUSAX.

Paspaboran mabopaToOpHBI  periaMeHT Ha IpoLecCc  IOJy4YeHHS
SKCIEPUMEHTAIBHBIX O00pa3loB TI'paHys MNpaBWIbHON cdepuueckoil (GopMbl H
perjiaMEeHTHPOBAaHHOM  3€pHHCTOCTH M3  JKapONPOYHBIX  MaTepHalioB  C
UCIIOTIb30BaHHEM HHTErPATbHONW TEXHOIOTMYECKOH LIETIOYKH.

B OAO «Kommo3ut» mo pa3spaboTaHHOMY J1abOpaTOPHOMY PpEIrJIAMEHTY
TOJIy4eHBI SKCIIEpUMEHTAIbHbIE 00pa3isl rpanyi u3 ciuiaBa cucteMbl NiAl-Cr-Co-
Hf, mpoBemeHa KOMIUIEKCHAsE OLEHKa HMX CBOMCTB M IIOATBEPXKIEHO, YTO
THOJly4eHHBIE TPAHyJbl TOJHOCTBIO YIOBJIETBOPSIOT TpeOOBaHHMSAM TEXHOJOTHH
IpaHyJIbHOM METAJLUTypryuy U aJINTUBHOIO IIPOU3BOCTBA.

Ha paspaboTtaHHbIii B paboTe criocod MOoIy4eHHUs JIEKTPOIOB U3 CILIAaBOB Ha
ocHOBe amoMuHua HUKeIsA NiAl ais neHTpoOeXXHOro MIa3MeHHOr0 pacibLICHUS
nojana 3asBka Ha uzo0perenue Ne 2015130329 0123.07.2015r.

B nenosurapun HATY «MHUCuC» 3apeructpupoBaHo Hoy-Xay «CocTaB H
cr1oco6 IMOJIy4eHHUs BIIETPOJOB U3 JKApOIIPOYHOro CIIaBa Ha OCHOBE aFOMHUHHJA
HUKeNs JUIs IUIa3MEHHOIO IIEHTPOOEXHOrO paclblUIeHUs TIpaHys] IpPaBUIIbHON
cepuyeckoit GOpMBI U periiaMeHTHPOBAaHHOM 3€PHUCTOCTH JUIsl HCIIOJIb30BAaHUS B
aJTUTUBHBIX 3d-TEXHOIOTUIX»

Cyns mo asropedepary, B uenmoM pauccepramus Centiopunod JK.A.
npeacTaBiseT co0Ol BaKHOE U MHTEPECHOE MCCIIEOBAaHKHE, KOTOPOE BBIIIOJIHEHO
Ha BBICOKOM HayYHOM YpPOBHE M HMMeeT OOJIBbIIYI0 IPAaKTHYECKYI0 3HAYUMOCTb.
OHO CIOCOGCTBYET PpELIEHHIO BaKHEWIIeH HaydHO-TeXHHYECKOH HpobieMbl,



3aKIIIOYAIONIeHCs B pa3pabOTKe MHTErPalbHOM TEXHOJNOTMH IS MOJTyYeHHs
MOPOIIKOB  NpPaBUIbHOW  cepryeckoif (GOpMBI M  peraMeHTHPOBAaHHOM
3€PHUCTOCTH M3 HOBBIX JKapOIPOYHBIX U JKAPOCTOMKHX MAaTEpPHAIOB Ha OCHOBE
MHTepMeTaunaa Hukens NiAl 1 ucnonb30BaHus B aJIUTUBHBIX TEXHOJIOTHSIX.
Oran4uTensHOM 4epTol IpeACTaBieHHBIX B JMCCEPTAllHM HCCIENOBAHHN U
pa3paboOTOK SBISETCS UX KOMIUIEKCHOCTB M JIOTHYECKas 3aBepIueHHOCTs. HoBbie
Pe3yJIbTaThI, IIOJTy4YCHHbIE aBTOPOM, JJOCTOBEPHBI, @ BEIBOABI XOPOIIO 0OG0CHOBAHHI.
Cynst mo ciucky myGnuKaluii, OCHOBHBIE Pe3yNbTaThl JUCCEPTALUOHHOMN paboTsI
NPEICTaBIIEHB] B IEYaTH B TIOJHOM 0OBEMe.

CunraeM, 4TO MO aKTyalbHOCTH 3aad, HAayYHOH HOBH3HE, [PAKTHYECKOM
3HaYMMOCTH IOJTy4€HHBIX PEe3yJIbTaTOB M yPOBHIO ITyOJIMKALMH AUCCEPTAIMOHHAS
pabora Cenriopunoii JKaHHBI AJleKCaHIPOBHEI «ITomyuenue chepuueckux
NIOPOIIKOB M3 CIUIAaBOB Ha OCHOBE alOMHHHIA HHKens NiAl s ajIuTHBHBIX
TEXHOJIOTUI TIONHOCTBIO y/OBJIETBOPSET BCEM TPEGOBAHMSM, HPEeIbSBIAEMbIM K
paboTaM Ha COMCKaHHEe Y4YeHOH CTeNeHHM KaHIUAATA TEeXHUYECKHX Hayk, a
Centiopuna JK.A. 3acimy)KHBaeT NpHUCYKIEHHS YYEHOM CTeNeHH KaHIWIaTa
TEXHHYECKUX HayK 1o crnenuansHocTd 05.16.06 — IMopomkoBas MeTamtyprus u
KOMITO3MIIMOHHBIE MaTEPHAJIL.

HavanpHUK Hay4YHO-HCCIIE10BATENBCKOTO

OTZeJa CTPYKTYpPHOU MaKpOKMHETUKU

THI] CO PAH, nokTop TeXHMYEeCKHX HayK,

npodeccop A /[ @ TP Q) IOpuit Muxaitnosnd MakcuMoB
(CrnemuansHocts 01.04.17 — XuMHUecKast WU3MKa,

B TOM 4HCJIe (PU3KMKa FOPEHUS U B3PHIBA)

Crapumii Hayunslit corpyaaukx THL] CO PAH,

KaHIUaT TEXHUYECKUX HAYK

(Cnemmansrocts 05.17.11 — TexHomorus

CHJIMKATHBIX U TYT'OIUIAaBKHX HEMETAIUITMYECKHUX

MaTepHaIoB) ) 7// LA Ounpra Knasneesna Jlenakosa

DenepanbHOe rocyapcTBEHHOE GI0KETHOE YUPeKIeHHE
Hayku ToMckuit HayuHslit ienTp CUOGUPCKOro OTaeNeH s
Poccniickoit akanemun Hayk (THL] CO PAH)

634055, r. Tomck, mp. Akagemuueckuii, 10/4

ten. 492-471, 492-702

E-mail: combustion2005@yandex.ru

B.B. Kosocos




OT3bIB
Ha aBropedepar gucceprauuu CenrTiopuHOoi JKaHHBI AJIeKCaHAPOBHbI
«Ilonyuenue cehepuueckux nopowikoe u3 Cniagoé HA OCHOGE AIIOMUHUOA
Hukena NIAl ona adoumuenblx mexHos02uil, TIPEJCTABICHHON Ha COMCKaHHE
y4EeHOW CTeNeHH KaHIuJaTa TeXHHYeCKUX HayK mo crnenuanbHoctd 05.16.06 —
[TopoikoBasi METaJLITyprusi ¥ KOMIIO3UIIMOHHbIE MaTepHaJIbl

Tema pucceprauvonHoir pabotsl Centiopunodt X.A. sBisieTcs KpaliHe
aKTyaJbHON B HACTOsIee BpeMsi, UMesl B BUIY Ipojospkaromuiics 6ym B obiactu
aIUTUBHBIX TEXHOJOTHMM TOJNy4YeHUs METAUIMYECKUX JeTalled U U3AeNuil
cinoxHod ¢opmel. KiroueBol 3ajmadeit B 9TOM  oOnacTH  Hapsgy C
KOHCTPYHMPOBAaHMEM M CO3JaHHEM OOOpYIOBaHMS JJisi pead3alid aJJUTHBHBIX
TEeXHOJIOTHI sBJseTcsl pa3paboTKa NEepPCHeKTHUBHBIX COCTaBOB M CIIOCOOOB
MOJly4eHHUsI IOPOIUKOBBIX MaTepHAJIOB, HCIOJIb3YEeMbIX TMpU JIA3epHOH U
ANIEKTPOHHOJIy4YeBOM neuvatu. JTta 3anada s Poccun ocoOeHHO akTyaslbHA, Tak
KaK OTE€YECTBEHHOI'O IIPOM3BOJCTBA IMOPOIIKOB CIUIABOB, aJallTUPOBAHHBIX JIJIS
IPUMEHEHUs] B AaJUTUBHBIX TEXHOJOTUSAX HET, a I[IUPOKOoe IpUMEHEHUe
UMIIOPTHBIX TOPOLIKOB B HACTOsLIEe BpeMsi HepeaslbHO BBUIY UX JTOPOTOBH3HBI.
Beibop o0bexkTa uccienoBaHHM B HacToslled paboTe Tak)Ke HE BHI3bIBAET
BOIIPOCOB M COMHEHHM, TaK KaK aJIOMUHMIBI HHUKENsS W, B 4YacTHOCTH, NiAl,
obraznast peKOpIHON XKapOMPOYHOCTHIO, IMIUPOKO MPUMEHSIOTCS B aBUIIMOHHOM U
pPaKeTHOM JIBUTaTeJIeCTPOCHUH.

XOTsl KOHEYHOM LEeNbI0 AUCCEPTAIMOHHOTO HCClieIoBaHus Obuta pa3paboTka
TEXHOJIOTUU TOJy4YeHUs] ChepruecKHX IOPOIIKOB HAa OCHOBE MOHOAIIOMHHH/IA
HUKeJs, paboTa COAep>KUT MOAPOOHbIE CTPYKTYpPHbIE UCCIIEIOBAHUSI MAaTepUaIOB
Ha BCeX CTaAusX TEeXHOJOTHMYecKoro mnpoiecca: nenrpoodexHas CBC meramtyprus
— uHAyKuuoHHbIA nepernaB CBC-mpoaykra — mia3aMeHHOE IEHTpoOexKHOoe
pacnblIeHHe CIUTKOB C IOJIYy4Y€HHUEM TIpaHyld HeoOXxoaumoro ¢GpakUUOHHOIO
cocTaBa sl NPUMEHEHHUS B aJAUTUBHBIX TexHojorusx. [Ipu stom Ha mepeom
JTale TEXHOJOTMH MCIOJIb30BaIU BBICOKONPOU3BOAUTENBHBIA U 3KOHOMUYHBIN
npouecc CBC ¢ BOCCTaHOBUTENBHOW CTaJMel, 4TO MO3BOJISET JOMOIHUTEIBHO
YAELIEBUTH IIPOLYKThI CUHTE3a 3a CUET UCIOJIB30BAHUS OKCUIHOTO CHIPHSI.

Bnepsblie npoBeeHsl UCCIeNOBaHMs CTPYKTYPhl, IPOYHOCTH U IJIACTHYHOCTH
(B ToM umcie Tpu Temnepatypax 1o 1100 °C), a Taxke KMHETHKH OKHCICHHS H
BbICOKOTeMIlepaTypHoi mnonsydectd kak CBC marepmanoB, Tak W Marepuaa
CIIMTKOB I10CJIe AyroBoro neperuiaBa. Ha ocHOBe pe3ysbTaToOB 3TUX HUCCIIEOBAaHUN
oO1rpHOro Habopa coctaBoB BbIOpaH MHOTOKOMIOHeHTHBIH cruiaB NiAl-Cr-Co-
Hf, naubosiee oTBeuvaromuii TpeOOBaHUSM IO TPOYHOCTHBIM CBOKCTBAM U
TE€XHOJIOTMYHOCTH Ha CTaJMU IOJYyYeHHs MOopouIka U3 ciuTka. Ha atoMm criase ¢
UCIIOJIb30BAHUEM IIPOMBILNUIEHHOW YCTAHOBKM IIJIa3MEHHOr0 I[€HTPOOEKHOIo
pacnbUIeHUs MOJIy4YeHbI cepruuecKre MOPOLIKA ¢ XOpowmuM (10 65 %) BbIXOIOM
(Gpakuuy, NPUTOAHOM A HCIOJNB30BaHHS B JIa3epHOM M 3JIEKTPOHHOJYUYEBOM
neyaTH.

Takum o0Opa3oM, co3maHa WHTerpajbHas TEXHOJOTHS IOJyYEHHS W3
OKCHJHOTO CBIpbs IOPOIIKOB HA OCHOBE MOHOAJIIOMUHMJIA HUKES, OTBEYAIOIIMX



BceM TpebOBaHHMSM B OO0JACTH aJAUTHUBHBIX TEXHOJIOTHH MO (QpaKIHOHHOMY
COCTaBy, TEKy4eCTH, OJHOPOJHOCTH BHYTPEHHEH CTPYKTYpbl M COJEPKaHHIO
HEMETAJUTHYECKUX NpuMecei. M0)XHO 0KHJaTh, YTO UCIIOJIb30BaHUE I0JIyYEHHBIX
MOPOIIKOB JJIs JIa3epHOM TedYaTH OTBETCTBEHHBIX JETallel aBMaKOCMHUYECKOH
TEXHHKHA 00eCIeYUT HeOoOXOOUMBble IKCIUTyaTallMOHHbIE CBOMCTBA U 3HAYMTEIBHO
yAEUEBUT UX TPOU3BOLCTBO.

[To comepxanuro aBTOpedepaTa HeT 3amedaHui. HM3noxeHue sicHoe W
JIOTHYHOE, M0 KayecTBY O(OpMIIEHHsS Takke HeT 3aMedyaHuid. B memnom pabota
NpeICTaBISETCs 3aKOHYEHHBIM, JIOTHYECKA OOOCHOBAHHBIM M I€JIbHBIM Hay4HBIM
uccienoBanueM. [losrydeHHbIe aBTOPOM pe3yJIbTAThI - HOBBIE U SIBJISIFOTCS BaKHBIM
BKJIAJIOM B pelIeHHEe AaKTyaJlbHOW HAay4YHO-TEXHHUYECKOH MpoOsieMbl CO3JaHus
OTEYECTBEHHOT'O TMPOU3BOJACTBA MEPCHEKTUBHBIX IMOPOILIKOBBIX CIIJIABOB IS
MIPUMEHEHUS B aJI/IUTUBHBIX TEXHOJOTHUIX.

CuuraeM, d4ro aucceprauuMoHHas pabora  CentiopuHoil  JKaHHBI
AJeKcaHIpOBHBI COOTBETCTBYeT BceM TpeOoBaHUsAM «llonoxkeHHuss O TmopsaKe
NPUCYXKIEHUSI  YUYEHBIX  CTENeHeW», NpeAbsBIsIEMbIM K  KaHIUJATCKUM
JuccepTauusM, a €€ aBTOp 3acilyXHUBAaeT IPUCYXKIEHUsS YUYEHOU CTEeIeHHU
KaHJuJaTa TEeXHUYEeCKUX Hayk mno crneunanbHoct 05.16.06 — IlopomkoBas
METAJTyPrusi U KOMIIO3ULIMOHHBIE MaTepUaJIbl

Jupekrop MucTuTyTa Qusuku npounoctu u marepuanosenaenuss CO PAH
un.-k. PAH, nokrop ¢usuko-mMaremaruueckux Hayk (crenuainssHocts 01.04.07 —
¢dbu3uKa TBepioro Tena), mpodeccop

[Icaxwe Cepreii [ puropseBud

e

['maBHBI Hay4yHBId COTPYAHMK Jabopatopu (U3UKH HAHOCTPYKTYPHBIX
¢bynkunonanbHbelx MarepuanioB UOIIM CO PAH, noktop TeXHHYECKHX HayK
(cmenmanbHOCTh 05.16.01-MeTannoBeneHue U TepMuyeckas oopaboTka MeTaIoB),

JIOLIEHT %
24 IIpuObITKOB I'eHHannit AHpeeBuy
T _7’

634021, Poccus, r. ToMck, npocn. AkageMudyeckun, 2/4
WuctutyT Dusuku npounoctu u matepuanosenenuss CO PAH -
Tenedon: +7 (38-22)49-18-81

e-mail: root@ispms.tomsk.ru
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OT3bIB
Ha aBropedepar mucceprammu CenTiopuHOi XKaHHEI AJleKcaHIPOBHEI HA TEMY
«ITonmyuenne ceprueckux MOPOIIKOB U3 CIUIABOB HA OCHOBE aIOMHUHUAA HuKes NiAl mis
aJJIUTUBHBIX TEXHOJIOTHITY,
NPE/ICTaBICHHOM Ha CONCKAHUE YYEHOH CTENEHH KaHIu1aTa TEXHHYECKUX HAYK 110 CIENHaTbHOCTH
05.16.06 — ITopomkoBast METALTYPIrHsl H KOMITIO3UIIHOHHEIE MATEPHAIIEI

Pabora XX.A. CeHTiOpHHON IIOCBSINEHAa AKTYAILHOW TeMe: HCCIIEOBAHHIO MONydEHHS
IIOPOIIKOB MHOTOKOMITOHEHTHBIX CIUIABOB C HMHTEpPMETAUIMAHOW Marpuueid u3 NiAl co
chepuyeckoit popMoil YACTHUIL IS IPUMEHEHHS B COBPEMEHHBIX aJUTHTHBHBIX TEXHOJIOTHSAX.

B paGote moyden psj MHTEPECHBIX Pe3yJbTaTOB, 00JIANalOMKX CyMIECTBEHHONH HOBH3HON B
JaHHOW 00JacTH Haykd. B 9acTHOCTH, M3yYeHHI NMapaMeTpsl FOPEHHUs NPH IOJy4EeHHH METOIOM
1eHTpobexnoro CBC-1uThsi MHOTOKOMIIOHEHTHBIX CIUIABOB Ha OCHOBE AFOMHHHMIA HuKens NiAl,
HCCIIeIOBaHbI MEXaHMYECKUE CBOMCTBA MaTEPHAIIOB PAa3IMYHOIO COCTaBA, OMPEAEIICHE] T0KA3aTEId
xapocroiikoctd  CBC-nonydabpukaToB u CINTKOB IOCIE WMHAYKIMOHHOTO MeperiaBa Hu
IIOCTPOCHBI AUarpamMMel JeopMallii Ha CXKaTHE IPH BBICOKMX TeMIleparypax. BaXKHO OTMETHTS,
49T0 B paboTe C HCHONB30BAHHEM COBPEMEHHBIX METONOB JETAIbHO M3y4eHAa 9BOJIONHS
MHKPOCTPYKTYpPhI B (pa30BOr0 COCTaBa IMPOMEKYTOUHBIX ¥ KOHEYHOIO NMPOAYKTa HA BCEX CTANUSIX
CHHTE3a, YTO MO3BOJISET CYAUTh O MeXaHU3Max (a3o- ¥ CTPYKTypooOpa3oBaHus B pacCMOTPEHHBIX
Iporeccax.

[IpukiafHyl0 EHHOCTh MMEIOT pa3pabOTaHHBIE COCTAaBbI M METOABI CHHTE3a MOPOMIKOB
MHOTOKOMIIOHEHTHBIX CILIABOB ¢ MHTEPMETAUINYECKON Marpuueit NiAl, UMeomuxX MpaBHIbHYIO
chepuueckyro Gpopmy, [T HOCIEAYIOMETO UCIIOIb30BAHMS B UTATHBHBIX TEXHOJIOTHSIX.

PesynbraTel MccienoBanuii omy6IMKOBAHBI B PEHEH3UPYEMBIX MEXIYHAPOIHBIX KypHAIax
no mnpopumo paboTHI, JONOXKEHH! Ha OONBIIOM KONMYECTBE MEXAYHAPOJHBIX HAYYHBIX
xoH(pepenmii. ConckareneM 3aperncCTpUpoBaHO | HOy-xay Ha Croco6 IOJTyYeHHs JIEKTPONOB H3
’KapoIpoOYHOro CIUIaBa Ha OCHOBE HHTepMeTautuaa NiAl.

3aMevaHus:

1.B  aBropedepare = He  NPHUBEACHO  CpaBHEHHE  pa3pabOTaHHBIX  HOPOLIKOB
HHTEPMETA/UIMYECKHX CIUIABOB C  CYNIECTBYIOIIMMH  aHAJOTaMH; OTCYTCTBYIOT  TaKXe
9KOHOMHUYECKHE MMOKa3aTeM NPeII0KEHHOI0 MHOrocTaauitHoro npomecca ux nonxyyenus (CBC B
ueHTpudyre, IByKpaTHBIH HHIyKIIMOHHBIH EPEILIaB, IIa3MEHHOE EHTPOOEKHOE PACTIBUICHHE).

2. IlockonbKy NOpPOWIKH TpeQHA3HAYEHB! JUIS AaUIMTUBHBIX TEXHOJOTHH, OBUIO OBl
KEJIaTeIbHO IPUBECTH MIPUMEPHI IIOJYYEHHBIX U3 HUX HU3/ENIUN U HX MEKPOCTPYKTYP.

Bricka3aHHBIE 3aMeUYaHUs HE CHIKAIOT HAYYHOU 3HAYMMOCTH MCCIIE[OBAHMIA.

PaboTa BBIIONHEHAa Ha JOCTaTOYHO BHICOKOM YPOBHE, OOJIAJ@eT CYIIECTBEHHOM HAaydHOM
HOBH3HOW W MPAKTHYECKOH LEHHOCTBIO H CBUJIETENBCTBYET O HAIWYHH y €€ aBTOpa KBATH(HKALHH,
COOTBETCTBYIOIIEH CTENEHM KaHAMIaTa TEXHHYECKUX HAyK mo cremuansHoctH 05.16.06 —
MOPOIIKOBasi METAJLUIyPrus M KOMIIO3HMI[MOHHBIE MaTephaibl. Ha OCHOBaHMHM BBHIIIECKA3aHHOTO
couckarenb JK.A. CeHTIOpHHA MOIHOCTHIO 3aCITy)KUBAET MIPUCYKIACHHUSI HCKOMOM YYEHOM CTEIIEHH.

I'naBHBI HAYYHBIH COTPYTHHK
naboparopuu ¢pusuku ToHkux mwieHok ®THU HAH Benapycu,
I.¢.-M.H., TOIEHT B.b. Xuna
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