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oouquanbHono olnoHeHTa, AOKTOpa $uruxo-lvtaTeMaTplqecKux HayK' npotfeccopa' AI'IpeKTOpa

Hayuno-uccJreAoBareJlbcKofo tfueuro-rexHl{qecKolo LIHCTI{TyTa t[e4epalrHoro

rocyAapcTBeHHorO aBToHoMHorO o6pa:OnaTeJIbHoro yqpe)KAeHl4t Bblclllero o6pa:oraHur

<Haquoualrnstfr uccleAoBaTenbcKllfi HuxeropoAcrrafi rocyAapcTBesnsrfi yHfiBepcl{reT

nu. H' H. Jlo6aqencKoro> tlyrunrgeena BlaAuuupa Hunolaenuua

Ha .{uccepratluro PssaHqesofi Alensl Alexcangponurt

<<ouguro-xl,IMl,IqecKa{ MexaHLIKa cI,IHTe3a LI peaKIIHOHnag cnoco6HocTb KOMno3uuuoHHbIX

[oporr]KoB (Al-28), npeAcTaBneHHylo Ha coucKaHne yuenofi cTeneHu KaHAI'I'[aTa Qusuro-

MareMarurrecKnx HayK no crrequanbl o cru 1.4.4 - @}Isuqecrafl xuMvr['

flucceprauus PssaHllesofi A.A. nocBtlqeHa aKTyanbHoMy HalpaBneHLI]o co3AaHI{-g HoBbIx

3gepreTl,rqecKI4X MaTepI,raJIOB C HC11OJI63OBaHIteM B I{X COCTaB9 KOM[63I4III4OHHrIX rropolxKoB (Al-

2B>, o6laAaroul[x srrcoXOfi renflotofi, noiIHOTOfi I'I CKopocTbto cfopaHl'1u B OK]ISJII{r9JI6HrIX

cpeAax.

AKTyarbHocTb pa6oTbl o6ycnoueua 6olluruuu [epcneKTI4BaMI4 npuMeHeHLIt

6opco4ffxalIll4x KoM[o3LIquoHHbIx nopoIIIKoB B 3HepreTl4qecKl{x KoHAeHcI{poBaHHbIx

cI,ICTeMax, KoTOpbIe BbI3bIBarcT geo6xo.{utr,tocTb AeTaJIbHOTO n cI4CTeMaTI',IqecKofo I4CCneAoBaHI4t

BJrr{f,Hr4.fl p9)KLTMOB r,rx r43roToBJIeHLIt u o6pa6or:xn' BJIIIfl[oIqux Ha UOpsoloruro'

rpagynoMeTpuuecxrafi cocTaB, Cocrotglle noBepxHocrl4' yAenbrryrc IIoBepxHocTb I'I ql4croTy

nopotuKoB, Ha $usuro-xr;rMl{tlecKl4e llpoqeccbl, npoucxoAtllll4e IIpu HafpeBe cI4HTe3UpyeMr'Ix

MaTepI,IaIIOB.

,{uccepraqnn,6ezcoMHeHzt,o6laAaernay'urofnoeusHOfi'cpeguKJI]OrIeBbIxHayr{HbIX
pe3ynbTaroB cneAyeT BbI.qeJII{Tb IlccJIeAoBaHIte AByxcraAUfisoro xapaKrepa [peBpaIIIeHI4s

KoMrro3r{qr4oHHbrx [oporI]KOB (A1'2B) c o6pa3oBaHl{eM npoMexyrouHofi uerac'ra6ulruoil

sasu, 11pu pacnaAe roropofi I4MeeT MecTo crauxoo6parHoe Bo3pacTaHl',Ie CKOpOCTI{ OKI4CJI9HI{';{

KoMrro3I4IIuoHHbIx [opoIIIKoB (A1-28). Orueuy raKxe 6onrruofi o6teu [poBeAeHHbIX

3KcneplrMeHraJrbHbrx uccne4oranufi crpyKTypbr, ryropooloruu a $parquoHnoro cocraBa

MeJrKo3epHr{cTbrx KOMIIO3IdIII4OHHbIX [opoIIIKOB (A1-28))' IETOTOBJIeHHbIX MeTOAOM

MexaHoaKTLrBAr\Vtv, a TaKXe I'ICCneAoBaHl4ir snug]Fius npoAoJIng4TeJIbHOCTI'I CI{HTe3a vI aocTaBa

pa3MonbHo[ cpeAbr Ha [apaMeTpbl cTpyKrypbl I'I peaKuI{oHHyIo cuoco6uocrb KoMIIo3HUI4oHHbIx

noporrrKoB (Al-2B)). Eolrurofi uay{Ilbtfi I4HTepec raK]I(e BbI3bIBaer npeAcraBneHHa't B fnase 4

AnccepTarlr4r4 KaqccTBenuar tfrasuKo-xl4Ml'IqecKafl MoAens o6pa:onaHl4{ MeTacTa6Ulruofi M-

Qaalr n npoqeCce MexaHoCI,IHTe3L vr) B qaCTHocTu, O6cyxgeHl4e IIpI4qlIn ee o6pasoBaHvs Lr

IlpuqllH IIO{BIeHI4-fl KHHerI4qecKI{x I{ TepMoAI4HaMI{qecKI'rX OrpaHl4qesufi na o6paronaHl'Ie 6onee

c'ra6lurHuxI4HrepMerannI'IAoBHaocHoBe6opngaaJIloMI4HI'If,'
Ilpanru.regKas 3HaqIrMoCTb Al4ccepralluosnofi pa6OTbI 3aKJlloqaeTcr r paspa6orre

ocHoB co3AaHr{t npoMblrrlnennofi rexHoJIofI4H LI3roroBrIeHI'Iq KoMro3I'Iq[oHHbIx noporuron <Al-

2B>. IIolyreHHbIe HayqHHe pe3ynbrarbl 14 peKoMeHAaUI4lI Aplccepralluosnofi pa6orrt Moryr

6rrrr ucnolb3oBaHbr npn pa:pa6oTKe HOBbIx sHepfeTI{qecKI{X CIIJIaBOB Ha ocHoBe aJI}oMI4HI'Ifl'

flr.rccepraurroHHafl pa6ora HaIII4CaHa IIOHTTHbIM HayqHbIM t3bIKOM' I43JIO)KeHa ua 119

cTpaHr4rlax, BKJrloqaer e ce6q 77 pucyrurcos u 16 ra6luq. llo ceoefi CrpyKrype Al4ocepTauu'[

cocTorrT rrc BBeAeHr,rg, Jrr4TepaTypHolo o6ropa, qeTblpex ilIaB, BbIBOAOB LI CII{CKa nl{TepaTypbl'

BKflIoqarcuero I 03 llcroqHuKa'

Bo nnegeruu flpeACTaBJIeHO o6OcnoeaHl4e TeMbI AI'ICcepTaUIru, OTpOKeHbI aKTyaJIbHOcTb



r,rccJIeAoBaH.ai1, wx HayqHat H9BI,BHa I'I [paKTuqecKas 3HarII4MoCTb, C$opuylupoBaHbl UeJIb I{

3aAarrn pa6OTbI, IIepeqUCneHbI OCHOBH6I9 pe3ynbTaTbl I'I 1OJIOX(SHI4g, BsIHOCI{M6I9 Ha 3aIIII{Ty'

B neproff rJIaBe lpeAcraBneg aHaJII'ITI'IqecKI{ft o6aop pa6oT B o611aarg [pI4MeHeHI4t

MeTOAOBMexaHl,IqecKoroJIeMpoBaHI{tAntnoIytteHI'ISSHepfeTurlecKvxKOMnO3I'IUUOHHbIX

Marepr,raJroB c rpe6yeMbrMlr cBoficrBaMr{. noApo6no o6cyx.qaercfl BJII4flHI{e MexaHoaKrpIBaIIpII4

Ha cTpyKTypHo-MopOoJIorLIqecKI,Ie xapaKTepI'IcTI{KI'I nopouKoBbIX MarepI4aJIoB' AnanusupyeTct

BJIlr{HHe MexaHoaKTr{Baur{r4 Ha peaKrlr,IoHHyto ciloco6HocTb 3HepreTI'IqecKI{x KOMno3I4TOB'

Bropar rJIaBa COAep)KI4T OnI{CaHI{e UcnoJlb3yeMbx MaTepI4UUIOB, MeTOAI'IKII I43roTOBJIeHHt

KSMIIO3HLII4SHHbIX nopoluKoB (Al-28) u MeToAoB II9CJI9AOBaHI'Ifl I4x xapaKTepI4cTI{K V

peaKrIr4OHHOfi Cloco6HocTpr. llo.qpo6HO OnLICaHbI pexvMbl MeXaHOaKTI{BA\uu'

ooecne.rr4naloulr4e [onyr{eHHe KoM[o3r,rquoHHbIX 6opco4epNalrlux nopoIrIKoB pa3nHr{Horo rI4na'

Tpersn rJIaBa flocBtlrleHa I,IccJIeAoBaHI4rO B[lvrflHvrfl TeXHoJIoruqecKI4x pe]KI{MoB

MexaHoaKruBaI{I4LI Ha cTpyKTypHo-MopOoJIorI4qecKI{e xapaKTepl4cTilKn v tfpaxrlrzoultblfi cocraB

KoM[o3HIII,IoHHbIx nopoIIIKoB (Al-28>. Onucanrt p$ynbTaTbl sneKTpoHHO-MI'IKpocKon[qecKI'Ie

rn peHTreHOAI,IOpaKIIutoHHbIX I{CcJIeAOBaHI'Ifi nopoIIIKoB B I4CXOAHoM COcTO'HI'Iu I4 IIocJIe

pa3nfirrHbrx penolMoB MexaHoaKTI4BAIIuu (raprupOnalcr cocraB pa3MonbHoft cpeAbl vr

flpo.qomKr,rTeirbHocTb MexaHocr{HTe3a). floraaauo, qTo flpu 6olHurrx BpeMeHax

MexaHoaKTr,rBarlutl o6ecnequsaeTcr noJIHOe pacTBopeHl4e 6opa B Kpl4cTannuqecKofi pe[IeTKe

KoMno3HII[oHHbIx IOpOIIIKOB vr O.qHoBpeMeHHo npoucxoAtlT arnoMepadut nopolxKoB

Ha6JIroAaerCt yBenl{qeHge cpeAHeo6teunoro pa3Mepa qaCT14II' I4ccne4oraHo BJIt4tHI{e

pa3MonbHoft (rexuo.noruqecKofi) cpeAbl Ha pa3Mep o6lacrefi KolepeHrHofo pacceflHr4s'

[oporrrKoB u BenuqraHy Mr{KpoAfiopaKllur (yponenr BIryrpeHHI'tx HanpsxeHl.'Ifi) B

clrHTe3r{pyeMbrx rlopouKoBbx MarepuaJlax. floragaHo' qro npl4 yBerI4r{eHI'II4 BpeMeHI4 piBMoJIa

u3MeHeHr4e AaHHbtx napaMeTpoB HMeer ocqunnl4pylouufi xapaKTep, KOTOpbIfi o6yclonleu

KoHKypr,rpyloul}lM rrpoTeKaHr{eM flpoqeccoB QparueHraquu 3epeH vr AI'IHaMVqecKofi

peKpr4cTaJlnr43arlr{u. vcrauosfleHo, qTo BHe 3aBI{CUMOCTLI OT COCTaBa TexHoJIOfI',ItIeCKOfi CpeAbI,

Kugerr{Ka r43MeHegfir KoMrroHeHTHoro u tfparquounoro cocraBa KoMIIo3ItUlIoHHoro nopoIIIKa

npI,I MexaHoaKrI,IBaIIulI O11peAenteTct cOoTHoIIIeHLIeM cKop6crefi Tpex Ba]IMo3aBI4cI4MbIx

npoqecgoB: BIIeApeHI{eM 6opa e aIIOMIIHI'Ifi, pa3pyrueHl'IeM TIaCTuII 14 ux arpefalq:rlefi 3a crler

(fionoAHoft cBapKr,r)). Ha ocnosaHr4lr npoBeAeHHbIX I'ICCJIeAOBaHI{fi aBTOpOM ycTaHOBJleHO' qro c

yBenurreHl,IeM coAepxaHl4r 6opa pa3pyIIIeHlIe KoMtIo3I'IqIIoHHbIx IIopoIIIKoB npuo6peraer

KBa3I,IxpyIIKLIfi xapaKTep, npoqeccbl Apo6neHl'Lfi I'I (fioJloAHofi cBapKI{)) ypaBHoBeIIII4BaIoTcfl 14

<lparquounblfi cocraB cra6I4JII'I3I'Ipyerct.

B uerneprofr fJIaBe npeAcraBJreHbr pe3ynbTarbl llccJIeAOBaHpIs KVHeTaKLI npeBpalrleHl4s

14 B6rCOKOTeMrrepaTypHofo oKr{cJreHr{r KoMno3I4III4OHHbIX nopoIIJKOB (Al-28>. 
'{nr 

npoeegeHur

r,rccJreaoBaHlrfi 6rrln vcnoJrb3oBaHbl, B [epBy]o oqepeA6' Mero.{bl KanopI'IMeTpHI{ U

BbrcoKoTeMnepaTypHof, peHTreHoBcKofi AlIOpaKqI'Iu' VcraHosleHo, r{ro tITo peaKIII4r 6opa c

aJrrOMLrHI,IeM B MexaHoaKTI{BI,IpOBaHHbIx [OpolnKax I4MeeT {pKo BblpaxeHHblfi AB)D(craAI'IfiHbIfi

xapaKTep. Ha nepnofi (uusxoreunepaTypHofi) cra1kl1o6pa:yercr orcyrcrByloulat Ha Qa:oerx

Ar4afpaMMax cr{cTeMbr (<anroMr4Hl{fi-6op> MeracTa6}InbHat {asa' a HA BTOpOff

(BbrcoKoreMreparypgoft) cra4uu rrpoAyKroM flBrflercfl AI,I6opI4A aJIIoMt'tHI'It AlBz. floKa3auo,

qTo IIpu TeMIIepaTyp e 470 oC B MexaHoaKrIlBIapoBaHHbIx tropolxKax npoucxo,4l4T o6pa3olaHl{€

Meracra6l,IJlbHofi M-Oa3EI, Koropa{ npll reMrepaType 640 oC rpaHc{opMllpyerct B Ar6opt4A

aJrloMtrHr4f,. floragauo, r{To oco6eHHOCTbro KpucraJIJIuqeCKOfi CTpyKTypbI Meracra6l4JlbHofi M-

ipassr qBnteTct CyUIecTBoBaHlIe TpaHcnopTHrrx KaHIUISB' [apaJUIeJIbHbIx oct4 c' 3ro

o6ecnequsaeT aHr43oTponHbrfi xapaKrep .ul4otbysul4 B KpucTaJIJII4qecKofi pelxeTKe M-tfa:rt'



BrrcxasaHo npeAnorroxeHne, qro rIpeLIMyuIecrBeHHoe o6paeonaHue M-t[a:u BMecro

TepMoAr,rHaMr,FrecKu paBHoBecHbrx 6opugon aJIloMI,IHI,It o6yclonleHo MeHbIII'IM BKnaAoM

3Heprr.ru yupyroft ge$oprr,raqur{ B BeJrr{qLIHy sHeprerl4qecKofo 6aprepa ua-ga 6olrruoft pa:uuqrt

B yAeJrbHbrx o6reuax Qag, a raKxe srtcorofi au${y:uoHnoft [poHl4llaeMocr6]o

Kpr4craflrutlecrofi pelxerKu ueracra6ulrnofi M-$asu'

flporegeuu uccJreAoBaH[s, BrrvflHlrf, peaKIII,II4 Me)KAy KoMrIoHeHraMu Ha KI{HeTLIKy

BbrcoKoTeMrrepaTypHofo oKr{cJreHrds MexaHoaKTLIBItpoBaHHbIX KOMIIO3}IUI4OHHbIX qacTl{u B

cpeAe cyxoro Bo3Ayxa. Vcrauonreno, qro peaKuu{ ssauT\ao.{eficrB14r. Mex.{y 6oporrl vI

aJrroMnHr{eM r4Meer rpexcraAufinrrfi xapaKTep, [pl4qeM Bropat - BblcoKoreMnepa'rypHafl cra\nfl',

cB{3aHHar c pacnaAoM M-$a:u - nponcxolllr c pe3KI{M yBeJILIqeHLIeM cKopocrv peaKJ\Prv.

flora3auo, qro Beporrnoft npuuuHofi peoxoro Bo3pacraH[t cKopocrl,I peaKlluu Ha cra[uv

BbrcoKoTeMnepaTypHoro HarpeBa tBJIteTC{ yqacTl,Ie B npoqecce HepaBHoBecHbIX

npoMexyroqHbrx [poAyKToB pacnaAa M-Qasu z o6pasonaulu 4u6opuAa aIIIoM[IHktt'

B BrrnoAax c<$opuynrapoBaHbr ocHoBHbIe pe3ynbrarbl Al,Iccepralluonnofi pa6orrt,

yKEBbrBaroque Ha peueHl,Ie [oCTaBJIeHHEIX 3aAaq.

,[ocronepnocrr noryqeHHbrx pe3yJrbraroB o6ecneqHsaercs ncrIoJIb3oBaHI4eM

coBpeMeHHbrx MeroAoB r,rccJreAoBaHr4t, I4cnoJIb3oBaHueM arrecroBaHuoro o6opy[oBaHufl vr

r4MepnTenbHofi annaparypbr, npr{MeHeHIteM coBpeMeHHbIx MeroAoB o6pa6orrcu u andrusa

sKCrrepI4MeHTZrJIbHbIX .{aHHbIx.

Anropetfepar orpax(aer coAep)Kanl4e AnccepraIII4I'I B uomrofi Mepe.

OcHoeHrre pe3yn6rarbr Atrcceprarluousofi pa6orrt AoKJIaAEIBzrnLIcb Ha l3 nouQepeHllll{x,

ony6luxonaHbr B 4-x crarrrx B xypHaJrax, peKoMeHAoBaHHEx BAK, us 5-"tu c6opnurax re3ucax

AoKJraAoB na npo$unbHblx Bcepoccufi crux I{ Me}qyHapoAHblx rou$epenqurx.

flo guccepralll4la I4Meercfl pflA BonpocoB u saueqanufi:

l. Mexanoarcrvaarlvrfl nopotuKoB npoBoAlrnacb c I,Ic[oJIb3oBaHI,IeM craJlbHblx uapoB r43 cralwr

nX15. 3ro uoxer lpr,rBecrr,r K 3arps3HeHrrro cLrHTe3r4poBaHHbIx [opoII]KoB xeJIe3oM LI

ynrepoAoM, Koropbre raKxe MoryT Bcryrlarb B peaKllurc c aJIroMI4HIleru u 6opotu.

2. B fnase 4 gucceptarlnr,r HeAocraroqHo noJIHo onr4caHa MeroAI4Ka BblcoKoreMneparypHElx

peHrreHoBcKr4x trccneAonauufi, oco6euso npolleAypa aHarv3a crpyKTypbl nopollrKoBblx

MareplraJroB nplr reMrreparypax Brrrrre reMleparyprr nJIaBJIeHI,IT (800 oC), a rarcKe MeroAI{Ka

pacrur.r{pouKr.r crpyKTypn M-tfasu (n,te:rolura pacqera KoopAlnHar noguqufi aroMoB B

Kpncrannuqecrofi peuerKe M-$atu).
3. ,fta onucaHr,r.fl npoqecca 3BoJrroqulr crpyKTyprr rropomKoB rlpll MexaHoaKTIaBaIIpILI Ha

crp.7I-72 Ar4cceprarluu rpeAnolxeHa rrpoqeAypa pacqera BeJIITqLIHrI rlpeAena reKyqecrll 14

rrpeAena [por{Hocrn [oporrrKoBbx Marepl4aJlon. Ae'rop npeArlonamer, qro ocHosHofi BKna,{

B lr3MeHeHHe rrpeAeJra TeKyqecTr{ BHOCIIT ALrCnepCHOe ynpOqHeHI,Ie, HO He rII,ITbIBaer
BJrr,rflHpre r,r3MeHeHrar nJrorHocrr{ .qnclonaqufi 14 BHyrpeHHInx rpaHLIq pa3AeJIa Ha

MexaHr,rqecxue csoftcrBa nopollrKoB.

4. B flane 3 gncceprarlrdu aBrop npeAnonaraer, qro ocqrrnnupyroqufi xapaKTep oBonroqlll4

crpyKTypbr noporrrKoB flpu MexaHoaKrLIBaIIuu o6ycrouenbl KoHKypeHquefi rtpoqeccoB

t[parnreuraquu 3epeH v Avrnauvqecrofi peKpr4cr.rnJrv3apu. O6rt.{Ho npeArlonaraerct, qro

Artlr rrporeKaHul{ Ausauuqecxofi peKpl{crannlz3a\Hv geo6xoAuurt rIoBbIIleHHbIe

reMfleparyprr narpend, B ro BpeMr KaK pa3MoJr noporrrKoB flpoucxoAl4n npl4 rounarHofi
reMnepaType.

5. Anrop uclonb3yer repMnH (fionoAHas cBapKa)) npu o[ucaHr4r,r [poqeccoB 3BonroIII4t4

loporrrKoB 6es ero pacuru$ponwt u o6'sxcHeHr{r fusuro-xul,ru.{ecroft npr4poAbl 3Toro



rrpoqecca [pLI Mexauoc]IHTe3e KoMno3I4III{oHHrIX nopoIrIKoB (Al-28).
BsrcxagauHbre 3aMeqaHu"rr He cHnlrarot o6rqyro oIIeHKy pa6orrt, Al4ccepral{I4q BbInorHeHa

Ha BbrcoKoM HayqHoM ypoBHe.

,{HccepraqnoHHar pa6ora Preauqeeofi A.A. npegcraBrf,er co6ofi 3aKoHqeHHyro Hayr{Ho-

rrccJle,{oBarenbcKyro pa6ory, ocHoBHbIe IIoJIo)KeHI,IJI, B6IBoA6M peKoMeHnat.J:uu {Brqrorc{

JIOfHtIHbIMI'I U XOPOII]O APTMCHTLIPOBAHHbIMI4.

[raccepraqproHHas pa6ora PseaHqeeofi Aresu ArexcaHnpoBHbl Ha reuy <@rcI4Ko-

xl4Ml4qecKat MexaHprxa cuHTe3a II peaKulloHna.fl cnoco6Hocrb KoMno3IzIIuoHHbIX nopourxon <Al-

28> cooreercrByer rpe6oeauzrM rrtr. 9-14 <floroxeHl,It o [optAKe npl4cyx,4eHlzt yqeHbIX

creueuefi>, yrBepx{AeHHofo nocraHoBJreHlieM llparuremcrea Poccuficxofi @e4epaqun or

24.09.2013 roAa Ns 842 (peg. or 11.09.2021), npegrnBrrreMbrM K Arnccepralll{tM Ha cot4cKaHl4e

yueuofi crefleHlr KaHAuAara HayK, a e0 arrop, Preauqena AreHa AlercaHApoBHa, 3acJryxvBaer

lpr4cy)KAeHzr y.reuofi creneHr,r lrraqIlr4l.ara Sururo-rr,rareMarl{rlecKl4x HayK rlo crrellvairbHocrl{

| .4.4 - Ousuqecra fl xvv'r4fi.
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