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OT3bIB BEAYIIENA OPTAHU3ALIMA
Ha JAWCccepTanuoHHyo pabory Henmamymesa Anjipest AleKCaHApOBHYA
«IMoryyeHne peakKIHOHHBIX TEMJIOBbIIEISIOMHNX
AKTHBHPOBAHHBIX COCTABOB H JICHT HA HX OCHOBe /ISl COE/IMHEHHSI MATEPUAJIOB)),
[pECTaBICHHYIO Ha COUCKaHHE YYEHOM CTEIICHU KaH1/aTa TEXHUYECKUX HayK IO

crenuanbHOCTH 05.16.06 — [ToporikoBas METAJUTYPIrUsi 1 KOMIIO3ULIMOHHBIC MaTCpUAJIbI

AKTYaJIbHOCTH PA0OTHI

JluccepranmoHHast paboTta MOCBAIIEHA MIPUMEHEHHIO MIPOLIECCOB
CaMopacIpoOCTPAHSIONIETOCs  BBICOKOTEMIEPATypPHOro  CHHTE3a (CBC) pmna coenuHeHUs
MaTepHaloB, TAKUX KaK YIJIEPOJHbIE H YIJIEPOAHbBIC-YIIECPOJHBIC KOMIIO3HTBI, HMEIOIINE
BBICOKYIO TEMIIEpaTypy IUIABJICHUS, COCJMHEHHE KOTOPBIX OOBIYHBIMH METOZAMH CBapKH
MpaKTHYECKH HEBO3MOXKHO. CyIIeCTBYIONIHE B NPOMBIIIICHHOCTH METO/BI COCAMHCHUSA TaKMX
MaTEpHaIoB 3aKJIIOYAlOTCS B IPAMEHEHHH Pa3jIMYHbIX KJICEB, MCIOIb30BAHME KOTOPBIX MOKET
BHOCHUTH orpaHﬁquHe Ha nocnenylomée NpPUMEHEHNE COSTMHEHHBIX KOMIIO3HIMA B CBA3H C UX

OTHOCHTEIBHO HHU3KOM TemImeparypoil pasnoxenus. Ilpumenerne asropom mpomecca CBC



apigeTcs S(QGEKTHBHON albTCPHATUBOM INPHMEHACMBIM B MPOMBIIUICHHOCTH METOAaM
cOeMHEHNUs] TAKUX TYTOIIABKHX MaTepuasioB. biaronaps HaIMumio XMMHUYECKOH COBMECTHMOCTH
MEXIy MPOAYKTAMH pEaklUd ¥ COEIUHSIEMBIM MaTepHaIoM, a TaKKEe BO3MOXKHOCTH
dGopMupoBanus (yHKIMOHATEHO-IPAIUEHTHBIX MaTepraioB (PI'M) Mexay IeTalsMH MOXKHO
TTOJIYYHTH NPOUHBIHA COEMHUTENBHEIN OB, CBOMCTBA KOTOPOTO HE HAKJIA/BIBAIOT OrPAHMICHUH
Ha noceayromee MIPAMEHEHNE COEeTUHEHHBIX MaTepUAaJIOB. Vcnonb30BaHue
BBICOKOTEMIIEPATYPHOM SK30TEPMHUYECKON PEAKIMU IPH COCIMHCHUH MAaTEPHUAIOB IO3BOJIAET
OXBAaThIBAaTh OOJILIION CIEKTP COSTMHIEMBIX KOMIIO3UIIMH, IIPH 5TOM 3HAYMTEIEHO COKpAIaeTCs
BpeMs NOJTy4YEHHs] COEIMHEHHsI, TaK KaK [PoIiecc He TpeOyeT JUIHTENbHbIX BBIACPIKEK B MEYH.

B 93T10if CcBA3M aWccepralMOHHYI0 paboty HemamymeBa A.A., IOCBSIICHHYIO
HCIIOJIB30BAHUIO PEAKIMOHHBIX TEIUIOBBIIESIONIAX COCTABOB M JICHT Ha HX OCHOBE I
COCIMHEHHS TYTOIUIABKHMX YIJIEPOJHBIX MATepPHATOB ClIeNyeT CUMTATh aKTyalbHOH. BaxHOCTH
paboThl TOATBEPKIACTCS €& BBIIOTHEHHEM B COOTBETCTBMU ¢ DesiepanbHBIMH LEIECBBIMH
nporpamMMamMu U rpantamu POOU.

CtpykTypa 1 00beM JUCCEPTALHH

I[I/ICCCpTaL[I/IOHHa.SI pa60Ta COCTOUT U3 BBCIACHUA, 5 rnaB u O6IIIHX BBIBOJIOB, H3JIOKCHA HaA
134 crpanmnax, comepxut 8 Tabmun, 39 pucyHkoB. CHHCOK HCIIOJNB30BAHHOHM JIUTEPATYPHI
COJIEPKHUT 91 UCTOYHMUK.

Bo BBeeHHH aBTOP 000CHOBBIBAET aKTYAILHOCTH PaGoThl, GOPMYIHPYET LENTb pabOThI U
3ama4dl HCCIICJOBAHMs, Ha OCHOBE KOTOPBIX IPHUBOJUT OCHOBHBIE HAY4YHBIE ITOJIOKCHHUS,
BBIHOCHMBIE Ha 3aIlUTY.

B nepBoii raaBe (aHAIUTHYECKHI 0030p JUTEpPATyphl) MPEJICTABICHBI NAHHBIC IIO
crocobaM COEIMHEHWs MATEPUalioB, a Tak)Ke OCOOCHHOCTH COEIUMHEHHS MaTepHajloB C
ucnons3oBarneM Merona CBC. PaccMoTpeH BOIPOC O TIOBBIIIEHHH PEaKIIHOHHON CIIOCOOHOCTH

PEeaKIHOHHBIX COCTABOB C MOMOIIBIO METO 1A IIPEABAPHTENLHON MeXaHNIeCKOH akThBauu(MA).



Bo BTOpO#i r/1aBe MPUBOIITCS XaPAaKTEPUCTHKHM MCXOHBIX KOMIIOHEHTOB, MCTOMMK H
HCIIOJIL3YEMOr0 000PYI0BaHUS UL IOJIy9EHHS M UCCIICIOBAHMS PEAKIMOHHBIX COCTABOB U JICHT
Ha WX OCHOBE.

B Tperbeii uW 4erBépTOH I/1aBe PACCMOTPEHBI PE3YJIbTaThl OKCICPUMCHTAIbHBIX
MCCIIeIOBAHUIM BIIMSHHUS PA3IMUHBIX PEXHMOB MPEABAPHTEIBHON MEXAHUYECKOM aKTHUBALMH HA
CTPYKTYPY M CBOMCTBa MOJIyYEHHBIX PEAKIHOHHBIX cMecel. M3BecTHO, 4T0 MA peaknmOHHBIX
cMeceil NPUBOAMT K  3HAUMTENBHOMY  IIOHIDKEHHMIO — TeMIEpaTypbl — HHUIMHPOBAHHS
CaMOpACIPOCTPAHAIONIEHCS JK30TEPMHYECKOH peakuuu. braromapa otomy s¢dexry B
JMCCEPTAIMA ONMpPEeICHbl PeXUMbl MA, INO3BOJIMBIIME CHHU3UTH TEMIIEPATypy 3aXKUTaHHUS
coctaBa Ni+ Al Ha 290 °C, a coctasa Ti + 0,6Si Ha 550 °C. [{ns onpeneaeHust BO3MOXKHBIX IPHYHH
TAaKOTO MOBEICHHUS PEaKIIMOHHBIX COCTABOB C IIOMOIIBIO METO/Ia MPOCBEYMBAIOIIEH dJIEKTPOHHOH
MUKPOCKOITHH BBICOKOTO pa3pellieHus Oblla HCCIIeIOBaHa aTOMHas CTPyKTypa cMeceit Ni + Al
06pabOTaHHEIX B OMTHMATEHOM peXXiMe paboThl IIaHETaPHO! MEJTBbHUIBL. BBUIO MOKa3aHO, YT
uto cMech Ni + Al mociie MA COepKUT HAHOKPUCTAUIHYECKUE IPOMEXKYTOUHBIE (ha3bl, KOTOPBIC
He OOHApPYXXUBAIOTCS C MOMOIIBIO PEHTTEHOBCKOH NM@pAaKImu. bbul clenaH BbIBOJ, YTO 3TH
HAaHOPa3MEpHBIE CTPYKTYPHBIE COCTABIAIOIIME CIyXaT B KauyeCTBE IEHTPOB OOpa3oBaHHs
HHTEPMETAUTHAHBIX (a3 BO BpeMs SK30TEPMHYECKOH peakuuu Mexay Ni u Al, xoropsre
IPUBOJAT K CHHYKEHHMIO TEMIIEPATyPbl HHAIMMPOBAHUS U SHEPTHM AKTHBALMH JAaHHOH PEAKIHH.
Ha ocHOBe 5THX AaHHBIX ObuiM moiyudeHbl coctaBbl Ni + Al u Ti + 0,6Si ¢ moBbIIEHHOR
PEAKIMOHHON CHOCOOHOCTBIO, KOTOpBIE B JalbHEHIIEM HCIONB30BAINUCE IPH COCAMHECHUM
YIJIePOHBIX MaTEPUATIOB.

IIsrtass rJaBa MOCBSIIEHA COCIUHEHMIO VIJICPOJHBIX MAaTepHajoB C MOMOIIBIO
peaxtmonnoro cios Ti / ma-Ni+Al / Ti u peakunonHbIX jeHT coctaBa Ti + 0,6S1. IIpoBeneHs!
KOMILIEKCHBIE KCIIEPUMEHTAIbHBIC UCCICIOBAHUSA MHUKPOCTPYKTYPBI, JIEMEHTHOTO COCTaBa H
MPOYHOCTH. CBAPHBIX COE/IMHEHUH, IOKA3aBUIME MEPCICKTHBHOCTh HCIIONB30BAHHA JaHHOTO

MeTroaa.



B 3aK/TI0YEHHH IUCCePTAIIH COPMYIHPOBAHbI OOMIAE BBIBOIBI 10 pabOTE.

JlocTOBEPHOCTH H HAy4Hasi HOBH3HA Pe3yJIbTATOB

HayuHble TONOKEHWSI U BBIBOBL, CHOPMYITHPOBAHHBIE B AUCCEPTalUH, 00OCHOBaHBI ¥

SKCIIEPUMEHTAIBHO  HPOBEPEHBL  JIOCTOBEPHOCTH  OKCIICPUMEHTANBHBIX  PE3yJILTATOB
0GeCIIeYnBACTCS KOMIUIEKCHBIM HCIIOJIL30BAHUEM COBPEMCHHBIX M aTTECTOBAHHBIX MCTONOB U
METOIMK HCCIIEIOBAHUS M CONOCTABIEHHEM TOJTyYEHHBIX PE3yJIbTaTOB C pe3yibTaTaMu Ipyrux
aBTOPOB.

Hayunas HOBH3HA 3aKJIIOYAETCS B CICAYIOMIEM:

1. Ilonyd4eHbl HOBHIC MAAaHHbIC O CTPOCHHH OOpasyloIUXCs B pe3yabTaTe MA
HAHOKPUCTAJUIMYECKIX das, CITy’KaIllMHU 3apO/IBIIIaMH o6pa3zoBaHuUs
MHTEPMETAUIMAHBIX (a3 BO BpEMsA OSK30TCPMHUCCKOH PEAKIHH, MOHIKAOUIUMH
TeMIepaTypy MHAIMMPOBAHHS 1 SHEPTHIO AKTHBALMH 00pabOTaHHBIX cMeceit.

2. VCTaHOBJIEHO BIIHSHAE PA3IMYHBIX PEXKMMOB MEXaHHUECKOH 0OpabOTKH B ITAHETAPHOH
LIapOBOH MeNbHHIIE Ha CTPYKTYPY U CBOHCTBA 00padaThIBAEMOro MaTepuaa B CHCIEME
Ti-Si u mokasan HauGomee >h(PEKTUBHBIA pexuM 0OpabOTKH CMECH, B KOTOPOM
COBMEII[AeTCsl HCTHPAIOIIEE U YAapHOE BO3JIEHCTBUE PA3MOJIBHBIX TEJI, IPUBOIAIICE K
06pa30BaHNIO0 KOMIIO3MIMOHHBIX JacTuIl Ti/Si.

3. VYcraHOBIEH MEXaHU3M B3aUMOJICHCTBUSA pEeaKIMOHHOIO ciost
Ti / mexanoakTuBupoBanubeii  Ni-Al/Ti wu ¢ COeAMHAEMBIMU  YIJICPOAHBIMH
Marepuanamu. [lokazaHo, 9TO BCIEACTBUE PE3UCTUBHOIO SJIEKTPUYECKOrO HArpesa 10
400 °C B MEXaHOAKTHBHPOBAHHON KOMIO3HLUMOHHOM cmech Ni/Al MHHIMHpYETCA
3K30TEPMUYECKAs PeaKuys, TEMIO OT KOTOPOH IIaBUT MOPOIIOK Ti, B3aumozeHcTBue
KOTOPOTO € YIJIEPOJIOM B JaTbHEHIIEM IIPUBOAUT IPHBOIUT K ob6pasosanuto ¢asel TiCy
B 00JIACTH COEAMHEHHMS.

[IpakTHyecKass 3HAYMMOCTb PAOOTHI 3aKJIOYAETCS B BO3MOKHOCTH HEMOCPEACTBEHHOTO

HCIIONB30BaHUS Pa3paGoOTaHHOrO crocoba IIOMYYeHHUs] SHEPTrOBBIACIAIOMMX AKTHBUPOBAHHBIX



coctaBoB crcTeMbl Ni + Al u jtent cuctems! T1 — Si U1 Hepa3beMHOIO COEAMHEHUS YTTICPOIHBIX
MaTepuanos. |IpakTHyeckas IEHHOCTh pabOThI MOATBEP:KICHA HATMYMEM IIaTeHTa Ha Crocod
TOJTyYeH]s] HAHOCTPYKTYPHUPOBAHHBIX PEAKIIMOHHBIX (OJIBT.

Pe3y/bTaThl JUCCEPTALIMOHHOM PabOTBI MOTYT ObITh PEKOMEHI0BAHbI K MCIIOIB30BAHHUIO B
HAYYHBIX OpPraHHU3alHsIX U MPOM3BOJICTBEHHO-IIPOMBIIUICHHBIX MPEANPUATHSX, 3aHUMAIOIINXCSA
pa3paboTKOM KepaMMYeCKMX W KOMIIO3MIMOHHBIX MarepuauoB: HHCTHTYT CTPYKTYpHOH
MaKpOKHHETHKH U Tpobiiem Matepuanoseaenus PAH (r. Uepnoronoska), Otaen CTPYKTYPHOMU
MakpokuHeTHKH Tomckoro Hayunoro nentpa Cubupckoro oraenenns PAH (r. Tomck), MHCTHTYT
XMMHYECKOH KuHeTHKH u ropenus Cubupckoro otaenenus PAH (r. Hosocubupek), OAO
«Kommozur» (r. Kopoués), THI] ®T'VII BUAM (r. Mocksa), ®I'YII MMMIIII «Camor» (T.
Mockga), OAO «YHHEMCKOE MOTOPOCTPOHTEIBHOE MPOU3BOICTBEHHOE OOBEAHHEHHEY.

3aMe4yaHus MO JHCCEPTALMOHHOI padore:

1. He nmpenacraBieHbl KOJNUYECTBEHHBIE JI@HHBIE O TIPOYHOCTH  COCIMHCHHUS,
oGpasyomerocsi TpH MCHONb30BaHKM peakimonHoro ciost Ti / ma-NitAl / Ti.
Paspymienne o6pasiia MO YIJEPOAHOMY MaTepuany He HecéT HHpopmamuu o
[IPOYHOCTH COCAMHEHHS 3 THX KOMIIOHCHTOB.

2. Tlpu yrtBepxaennn, uto MA cMmece Nit+Al conepKUT HaHOKPUCTAIMIECKHUE
IIPOMEXYTOYHBIE (ha3bl, MOHIKAIOIIME TEMIIEPATypy HHHUIMHPOBAHHA W OHCPIHIO
aKTHBAllMM JAHHOW peakuuH KOpPpeKTHeH OyJeT TIOBOpHUTh, 4YTO TeMmIepaTrypa
MHUIIMAPOBAHHS MAaeT HE TOJIBKO 3@ CYeT 00pa3oBaHMUs MPOMEKYTOUHBIX (a3, HO U
3a CYeT yBeJIMYEHHs IUIOMIAN KOHTAKTa MEXy peareHTaMH CMECH.

3. UHTepecHBbIM OBUIO OBl MOJMYYATH H300PAKEHHA IPOCBEYUBAIOLIEH OSICKTPOHHOH
MHKPOCKOIIMH C HCIOJIb30BAaHHEM METOJ0B MUKPOAM(PAKIUH M TEMHOIOJBHOTO
u300paKeHnsi, 49ToOBl ONHO3HAYHO yKas3aTh Ha HaIMYHEe MPOMEXYTOUHBIX
MHTepMeTALTUAHBIX (a3 B cucteMe Ni-Al uiy nepechlllleHHBIX TBEPAbIX PaCcTBOPOB

AI(Ni) 1 Ni(Al).



3akiouenue

OTMmeueHHBIE HEJOCTATKH HE CHIDKAIOT TEOPETHYECKOM M MPAKTHYECKOM 3HAUMMOCTH
BBINOJIHEHHBIX A.A. HemanymeBsIM HCCI€ROBaHU, @ OMyYEHHBIE B AUCCEPTAIIMA PE3YIBTATHI
COOTBETCTBYIOT IIOCTABJICHHEIM ILIE€JISIM.

ABTopedepar OTpaxaeT COJepXKaHHe IHCCepTalMd. HayuHble W NpaKkTHYECKHe
pe3yJbTaThl AUCCEPTAlUd MPENCTaBIeHb B 13 omyOGIMKOBaHHBIX paboTax, B TOM 4YHCiIE B 4
CTaThIX B )KypHajax u3 nepeuns BAK.

B nemom muccepramusa A.A. Hemamymesa mpexcrasisier co60if 3aKkOHYEHHOE HAy4YHOE
HCCIIEIOBaHKE, BBINIOJIHEHHOE HA BEICOKOM IMPO(GECCHOHAIFHOM YPOBHE H COZIEPIKALIEE PEIEHHE
aKTyaJIbHOM 33714l COEMHEHHS TYTOIIJIaBKUX YTJIEPOJHBIX MAaTEPHAIOB.

Jlucceprannonnas paboTa OTBeYaeT BCeM TPEOOBAHUSIM K KaHIUIATCKMM JHCCEPTAIIHAM
IlonoxxeHuss O MPUCYXXIEHHWH YyYEHBIX CTENEHeH, yTBepKAeHHOro IlocTaHOBIEHHEM
npasutenscTBa PO ot 24 centabps 2013r. No 842, a e€ aBTOp 3aciyXUBaeT NPUCYXKIEHUS EMY
CTENICHH KaHJUOaTa TEXHUYECKUX HayK ©o crneuuanbHoctd 05.16.06 — Ilopomxosas
METAJUTYPIrHs ¥ KOMIIO3UI[MOHHbBIE MaTepHAIBL.

OT3bIB Ha OHCCEPTAIMIO PACCMOTPEH M OOCYKIEH Ha PACIIMPEHHOM KOJUIOKBHYME
na6oparopuiit Ne 29, 5 u 3 ®I'BYH WHCTUTYT METaLIyprdd M MaTepualoBeJeHHs HM. A.A.

baiixoBa PAH «18» maprta 2016 r., mpotokoi Ne 3.

B.A. 3enenckuii

23 mapta 2016 1.
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