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Penrop TaAxnncKoro
rocyAapcTBeHHofo rreAaforrrqecKoro

yHrrBepcrrrera r.rM c. Afiun,
HayK, npoQeccop

I46oqy.n.no3oA a A.I,I.
u-b, 'o,/fn.L 2022r,

o or4ru{AJIbHbIr4 o T3brB

ne4yqe fi opraHr43 arl ukr Ha Ar,rc c eprarllroHlryro p a6 ory

VIAuen,a [Ig uxyaxu III a pu Qonn.r a

Ha reMy : <<@asuKo-xLrMlrrrecrue csofi crBa rlrrHKoBoro crrJraBa I{AMr4. 5 -2,

JrerupoBaHHofo cKaHALreM, r4TTppreM r4 JraHTaHoM), npeAcTaBJreHHyro Ha coprcKaHue

yrenofi creneHr{ KaHAnAara rexHuqecKprx HayK

no creIII{€IIIbHocrI{ 2.6.17 - Marepz€uroBeAeHue (rexnnqecK[e Hayrz)

Oqenrca aKTyaJrbHocrrr reMbr ArrcceprarlrroHHoro HccJreAoBaHrrfl

I-lnnrconsre crIJIaBbI IuLIpoKo rrcrroJrb3yrorcr,B pa3JrlrrrHbrx o6nacrsx rexHr,rKrr.

B nocJleAuee BpeMrI AaHHbre cnJraBbr cr€urn nplrMeH{Tb B KaqecrBe aHoAHbrx

3arrlrrrHbrx noKphrrr4fi cranrnbrx Lr3Aennfi, roHcrpyrqurfi r4 coopy)Keuuir. Paspa6orra

HoBhIX 3aIIrurbIX nonprrrufi AJrfr yBerlrqeHr,rf, cpoKa gKcnryararlnvr crzrlrbubrx

KoHcrpyKqufi ocra€rca gocrarorluo croxnofi za4a'reir. Mnoroo6ptrLre u cJro)KHocrb

KOpp03I4OHH6IX npOqeCCOB, npOTeK€IIOqUX npu KOHTaKTe MaTepr4ZlJrOB C

oKpyxaroql{M}I cpeAaMH 3arpyArrrrror paspa6omy reoperuqecKrlx rroAXoAoB,

no3BoJl.rlorr1prx ocyrqecrBJrrrb B noirHofi Mepe ocosHanHrrfi nu6op cocraBa 14

cnoco6os rroJrfreHlrx sS Qerrr{BHbrx 3arrlrrrHbrx norpurufi .



?IccreAosalnvrfl. BbrcoKoreM[eparypHoro

3JreKTpoxI4Mr4qecKr.Ix csoficts cruraBoB, BJrr{rIHLre

nporeKanlrr gTlrx npoqeccoB B3auMoAetrtcrr;urfl.

Marepl4€uroBeAeHafl Mera[rl{rlecKrfx cl{creM. B

LICCJIeAOBAHIfl. OqeBLIAHa LI He BbI3bIBaeT

AlrccepTarlprr4 HarrrJra oTpax(eHr{e u BKJrrorreHa

oKr{cJreHrf, n Koppo3rroHHo-

afpeccr{BHbrx cpeA Ha xapaKTep

f,Brrrorcs nayrrrofi 6asoir AJr{

erofi cBfl3u aKTy€rJrbHocrb reMbr

Hr{KaKr{x counenzfi. Teuarraxa

B peuru3ar\urL focyAapcTBeHHbrx

crpareruft H rlporpaMrra Pecuy6JII{KI{ Ta4xlrrucral) <flporpauMhr rrHHoBarlr4oHHoro

p a3gurprs. P ecrry6rurxz Ta4xvr Kr{craH na 20 | I -2020 rorbD).

Jf uwu rt e rut ad c o ucqamenfl 3aKIrroqaercfl

HaxoxAeHrar cloco6on oupeAeJreHLrr E perueHrrs

v qpoBeAeHVI{ I{ccJIeAoBali.vIs. B na6oparopHbrx ycJroBr{f,x, craTr{cilr.recxofi

o6pa6orne gKcrrepr,rMeHT€rJrbHbrx pe3yJrbraroB, SopnazpoBaHr{e OCHOBHbIX

rroJro)r(eHrlfi u srrsoAoB Arrcceprarlr4 r{.

Ofiryue npuHqanu nocmpoeHufl u cmpyKmypa padomu

,.{uccepraqrloHHa{ pa6om cocrorrr Ia3 BBeAeHzx, rp6x nraB, BhrBoAoB, cnl{cKa

nplrJrox(ennfi. [uccepragux r43JroxeHa Ha 130 crpaHr{rlax

na6opa, BKJrroqaf, 27 ra6lraqrr, 53 plrcyuKoB u 128

B aH€rJrLr3e nnTepaTypHbrx AaHHbrx,

nocTaBJreHHbIX 3aAaq, noAfoToBKe

JrlrTepaTypbr r4

KOMnbrcTepHOfO

6z6nuorpaQruecxlrx HaLrMeHo rlanuir.

Bo eeederuuu usnrolKeHbr rlpeArrocburKlr r{ ocHoBHrre npo6neMbr r4ccJreAoBaurrfl,

o6o cHoeaHa aKTy€rlrbHocrb pa6orsr, pacKpbrra'crpyKTypa .{zccepr a;!lrrv.

B nepeort anaee <<@ngzro-xrlMlrqecr<r,re csoficrBa uLrHKa r{ ero cmraBoB c

aJIIoMrIHneM, cKaHAIireM, I{T'qp[eM vI JIaHTaHoM) upune4€H anaaJtug I4MeIoIIr4xct

JlllTeparypHbrx AaHHbIx rro ocHoBHbrla csoficrBaM 14 o6nacreft [pr4MeHeHr4r rIrrHKa r{

ero cnJIaBoB; crpyKTypoo6pasonaHl4e IIprHKoBbrx crrJraBoB c uurroMaHr4eM, MeAbro,

MATHI4EM, CKAIIAIIEM; OCO6CNHOCTI.I KI{HETLTKI{ OKI{CJIEHI{'I

csoficrs qr{HKa Lr ero cnJraBoB. !.Irfl r.r3roroBJrenufl.

UCIIOnByIOTCf, CruIaBbI IILIHKa C aJIIOMt4HneM U MarHr.IeM.

O6sop JlnTeparyphr [oKut3€lJI, qro Kr4Herr{Ka oKr{cJreHr{rr sJreMeHToe II ra III
lpyIIIIbl nepuoAuuecxofi ra6nnqrr HeAocraroqHo r,r3) reHa. Tarxe orcyrcrByror

cBeAeHLtt o Koppo3I{oHHo-SJIeKTpoxLIMI4qecKLrx n $usnrco-xuMl4qecKltx csofictsax

III4HK-€UIrcMI{HUeBbIX CnJIaBOB, Jren{poBaHHbrx cKaHAr{eM, I4TTpkreM vI IraHTaHoM, qro

2

pr sJreKTpoxr4MnqecKrx

npoTeKTopHbrx aHoAoB



rpe6yer npoBeAeHr4rr CI,ICTEMATIITqECKLIX I{CCJICAOBAIJIiiuT AIS LIJ'. III4POKOTO

frpuMeHeHlrr.

[nx qunKoBbIX cnJraBoB I]AMI4.5 -2, nerrtpoBanHbrx cKaHAueM , urp)neM u
JIaHTaHoM' KoTopble peKoMeHAyeTc.tt B KaqecTBe 3aIIII{THoro [Or(pbrTr.rt

Mer€LlrI4qecKlltx v3l.eIruir n KoHcrpyKrJuir, Heo6xoAuMo r4ccJreAoBarb K[rrerrrrqy

oKI4cJIeH[,I' SJIeKTpoXI{MLrqecKI4e cBoficrBa c ycTaHoBJIeHI{eM 3aKoHoMepuocrefi

ux I43MeHeHrIit'. kIs BbIIrrelI3JIo)KeHHoro cJleAyer, qro noAo6nrre uccJre.4oB a1r4.8.

flBJISIOTc'fl aKTy€uIbHbIMIlt U IIMeIOT KaK IIpI{KJIaAHOfi, TaK n Syn4aueHranrnrrfi
TeopeTr4qecKr4fi xapaKTep.

Bo smoport zJtane [p]IBeAeHbI pe3yJrbrarbr ct4HTe3a rl]rHKoBbrx crrJraBoB

LlAMr4.5'2, cO cKaHALIeM, I4TTpLIeM kr JIaHTaHoM 14 r4ccJre.rloB aHne

BbICOKOTEMIIEPATYPHOTO OKTICJIEHI4' YKA3AHHbIX CNJIABOB.

Tpemtn anona rlocBflIrleHa BJIr{rIH}rro cKa:aryLrl, urrprrg" n JIaHTaHa Ha

Koppo3I{oHHo-sJIeKTpoxLIMI{rIecKI4e csoficrna rlr,rHKoBoro clJraBa LlAMr4.5-2.

,{nccepraqrloHHa.f, pa6ora 3aBeprlaerc.n o6qunau BbrBoAaMr4, cnr{cKoM

rtrkrrrapoBaunoft Jrr{Teparypbr 14 rrpr{Jro}KeHueM.

Cmenent oflocnoeaaHocma u docmoeepHocma ocruouHbtx paynbmamor u
p e Ko rrt e H d a qu fi , c fi opmyn ap o s aH H bm e d u c c ep ma r4a a

Brrno4rr Lr rIoJro)I(eHI{rI, cQoprrryn[poBauHbre colrcKareJreM, o6ocnosaHH

TeopeTI4qecKIltMI{ BbIKJIaAKaMII[ pI IIOJD^IeHHbIMLI [paKTr{qeCKr4M}r pe3yJrbTaTaMr.r

npOBeAeHHbIX KOMnJIeKCa CLICTeMaTLITIeCKIIX SKCnepI{MeHTaJIbHbIX I{CcJre.UOeaH[fi.

,{octonepHocrb pe3yJlbraroB I{ccJreAoBanufi o6ecne.reHa rrpr4MegeHr{eM

coBpeMeHHbIX MeroAoB n npu6opoB Ha rapl4poBorrHbrx MoAepHr43r4poBaHghrx 14

ycoBeplleHcrBoBaHHblx npu6opax v ycraHoBKax, ux .Uocraro.rHofi
BOCIpOI43BOAI4MOCT6IO U CpaBHeHLreM pe3yJrbraroB c AaHHbrMr,r Apyrr{x aBTopoB.

Haufionee sotlcHblMa psyJtbmamuilu BbrrroJrHeHHbrx . lrccJre.qosannir

r4gnena vr.LIf ., o 6 e cne.rnB €rroque H o s a:t Hy u c cn e d o e a ru n u fi fl 6n rrc m c.r :

- ycraHoBJreH MexaHr43M U KHHeTI{Ka npoqecca oKr{cIreilnfl rII{HKOBOTO CfrJIaBa

IJSNIr4.S-Z, JlerupoBaHHoro cKaHALreM, r{TTpLreM n JraHTaHoM, B TBepAoM

cocrotHllu. Brr-flsreHbl 3aKoHoMepHocrl4 I{3MeHeHr{rr cKopocrlr ra^:onofi Koppo3r.rrr or
TeMneparyphr u cocraBa crIJIaBoB. Oupe4e.nenu o[Tr{M€rJrbHbre KoHrIeHTpa\nu



Jlerupyloqplx Ao6aBoK cloco6crnyroqnx noBbrrrreHrre xapocrofiKocrr{ rl?rHKoBoro

cmraBa UAMI4.5-2;

- Bbtf,BJIeHo, qro o6pasonauue 3aIrII{THhrx oKcr/tAHbIX coe.{prnenzfi KaK

[poAyKT oKIIcJIeHI4fl CIIJIaBoB 3aBVcLIT OT TeMnepaTypbl oKLIoJIeHI,I{ LI KOHIIeHTpaI\uvI

KOMTIOHCHTOB B CIIJIABE.

- r3freHo BJrlnrHHe P3M

rlrrHKoBoro crrJraBa UAMI4.5-2.

(Sc, Y, La) na oJreKTpoxuMrruecKyro Koppo3prro

Parpa6oraHbr cocraBbr crrJraBoB, ycrofiqvsux r
xprvtzqecrofi vt SJreKTpoxuNan.recxofi Koppo3r.ru. Onpe4eJreHbr 3aKoHoMepHocrrrr

LI3MeHeHrIrI cKopocrl,I gJreKTpoxr{rrd[.recrofi Koppo3r.rrr crrJraBoB or KoHrlewrparJnvr

xJropLrA-LroHoB r4 cocTaBa clJraBoB.

IIp axmuqecKafl sHa.tuMo cmt p afiomot

flparruuecKat IIeHHocrb I{ccJIeAoBaHufl, 3aKJrroqaerc.f, B paspa6orxe cocraBa

crIJIaBoB c Har,ruenrrueft cKopocrbro oKLrcJreHKf, Lr ycrofiuunocrblo K

SJIeKTpOXIIMIIFIeCKOfi XOppOSVrVr, a TaK)Ke B OnTLrMr.rga\W. COCTaBa IIpIHKOBOTO CfIJIaBa,

JIerupoBaHHoIo cKaHArIeM, [TTprreM n JIaHTaHoM, rlo3BoJrrroIlafl peDIaMeHTrrpOBaTb

TexHoJIOf[ro rIoJDrueHI,nr crrJraBoB 14 9KoHoM]rTb AOpOrOCTOrrrIr4e Jrernpyroq[e

KOMNOHEHTbI.

llorryuennrre HoBbIe cocraBbr crrJraBoB 3arqlruleHbr 3 MaJrbrMH rrareHT€lMr4

Pecrry6nurz TaAxuK[craH.

llo reMe Ar,rcceprarlula ony6wmoBaHbr 4

peKoMeH.uoBaHHbrx BAK Pocczficxofi @e4epaqnz Lr 11

Mex(AyHapoAHbrx u pecny6JrrrKaHcKax rcoHfepen:quit, a rarcKe rroJq reHo 3 uanrrx

rrareHTa Pecrry6nuxu Ta4xraKucrau.

,{nccepraqux VIAuesa I4.III. coorBercrByer nacnopmy cneqautbHocmu

2.6 .I7 -Marepu€rJroBeAeHue (rexnrvecKr.re Hayru) rro rryHKT€rM :

n.1. Paspa6otra HoBbIx MerarrfiqecKrirx Lt KoMno3rrrlr4oHHbrx Marepr.r€uroB c

3aAaHHbIM KoMnJIeKcoM csoficts rryr€rra ycraHoBJrelaufl, Qyn4avreHT€lJrbHbrx

3aKoHoMepnoctefi BlrvIsrlHkrfl. cocraBa, crpyKTypbr rexHoJrorr4r4, a rarcKe

eKcnJryaralllloHHbrx Ii r4Hbrx Qaxropor na SynrquoH€[JrbHbre csoficrsa Marepv€uroB.

TeoperuuecKlle Ii gKcneplrMenT€urbHbre r4ccJreAoBaHar Syn4anaeHTaJrbHbrx cnssefi

cTaTbrr B xypH€LJrax,

crarefi B Marepr4aJrax

cocraBa u crpyKTypbr MeraflJruqecKrrx MarepualroB c KoMnJreKcoM Qzsuro-



MeXaHlIqecKIltX I'I SKcIIJIyaTaIIHoHHbIX cBoficTB c IIeJIbIo O6ec11elleHr.r.f, HaAeXHo cTvr vr

AonroBeqHocrll Aer€ureft, ugAeIrufi MaIII,IH ,r KoHcrpyKrlr{fi (xr,ruz.reclcofi,

He0TexrlMr{qecKofi, SHeprerrarlecKoft, MallrLrHocrponrensnofi JrerKofi,

crpor,rrenrnofi);

n.2. YcranosreHlae 3aKoHoMepHocreft Qzsuro-xnMt4qecKr,rx v Suszro-
MexaHI4qecKI{X [poqeccoB, npoucxoA.fiIqux B reTeporeHHbrx u KoMrro3r4rltroHHhrx

crpyKrypax;

n.3. Pa:pa6orra HarrHbIX ocHoB nu6opa MeraJrJrr{rrecKr,DL MarepprErJroB c

3aAaHHbIMra csoficrraM?I [pI{MeHLITeJrbHo K KoH4perHbrM ycJroBr{rrM r43roroBJr e1Lrfl, Lr

9 KcrrJryar arlun 4 eranefi , us ge niuit, MarrrlrH Lr KoHcrpyrqufi ;

n.5. VcranosreHlre 3aKoHoMepnocrefi u Kpr{Tep[eB orleHKr,r pircpyrrreHr,rt

MeTaJIJIuqecKI/tx MaTepIIEIJIoB or .{eftcrnzx MeXaHuqecKI{x Harpy3oK kr sHeumefi

cpeAbr.

n.10. Paspa6orra cnoco6os [oBbrrrreHlrr Koppo3rronsofi crofirocrrz

MeTaJIJIXq€CKIID(' HeMOTaJIJIUq€CKAX 14 KOMTIO3IIIII4OHHrIX MaTepI4€uIOB B pa3JII4rrHbIx

ycJro Burx 3 Kc[JryaT arJur4.

u. 1 6. CogAanue Meralrl4rrecKlax Marepur urJroB, crroco6nrrx 3KcrrJryarr4poBarbct

B gKCTpeMaJIbHhrX ycJIoBlI{X: arpeccuBHbre cpeAbr, [oBbrrrreHHbre reMneparypbr,

MexanuqecKlre Harpy3KLr, BaK)ryM n Ap.

3 uJnertaHun no d uccepmaquoHHo fi p ad ome

1. B pa6ore He LI3) reHbl MexaHuqecKr{e cnoficrea crrJraBoB, TaK KaK

pa^:pa6oraHHble crrJIaBbI, MoryT ncnoJlb3oBar,;cfl. [paKTLIrIecKI4 Bo Bcex

ooJracrflx [poMbIIrrJIeHHocrI4, B qacrHocra rrfl 3a[u.ITbr cr€tirbHhrx

us geluir, KoHcrpyK tlufi u co opylreHzfi or Koppo3r{r.

2. Kuuerzra oKI4cJIeHI{rI cnJraBoB I,BrreHa Jrl{rrrb B TBepAoM cocrof,Hr{14.

Cre.qosaro lI3rrLITb KuHerlttlecKl4 e xapaKTep vrcruKn HeKoropblx cnJraBoB

TaKXe B XCTAKOM COCTOf,HI4I{.

3. 3lexrpoxllMl4qecKl{e csoficrsa crrJraBoB BbrnoJrHeHbr roJrbKo B

nefirpalsuofi cpe4e oJreKrpoJlr4ra NaCl. Clegonano rpoBecrrn no4o6noe

LICCJIEAOBAHUfl. B KbICJIbIX N IqEIOqHbIX CPEAAX, IITO AAJIO 6bI

BO3MOX(HOCTb noCTpOIrtTb 3aBLICI{MOCTI/I CKOpOCTI4 KOppO3LII,r CIJTaBOB OT



pH cpe4rr.

4. [zccepraqr4oHnEur

rpaMMaTLIrIecKHX kI

37:65;72 r{ r.A.)

pa6ora Mecr€rMr{ He Jrr4rneHa orAeJrbHbrx

crurrncruqecKr4x orun6or (nanpnrr,rep crp. 15; 28:

OtN,re'reHHbIe 3aMel'anprfl, He yMoJurror HarrHyro u upaKTuqecKyro rleuHocrb

AllcceprallnoHHoro LIccJIeAoB aHnfl. LI He cHr{xaer ero aKTyanbHocrb.

Pa6ora BbI[oJIHeHa Ha BbIcoKoM HayqHoM ypoBHe r{ npeAcraBJr.rrer co6oft

3aKOHqeHHOe LTCCJTeAOBAHT4q B KOTOpOM noJryrreHbr cyuecTBeHHbre Ha) rHbre

pe3yJrbTaTbr.

P e xo u en d a qu u n o uc n oJt b s o I aH uro p e3yil b mamo I uc cn e d o e aH u.fl

Pesynsrarur I{ccJreAoBanvts,) nprane4€nHrre B Ar,rcceprarlraonnofi pa6ore

kT4neea m.IJl'., MoryT 6rttr [cnoJlb3oBarrbr npeAnpurrrntukr noABeAoMcrBeHHbrMra

MnullcrepcrBy npoMblllrerrHocrr{ n HoBrrx rexHoJrofrirfi Pecrry6Jrr4Klr TaAxnrucraH,

focy4apcrBenHbrM rrpe)KAeHrrrrrM <I{enrp no prccJreAoBaHr{ro

rexHolorraft>> HaqzoHalrnofi aKaAe}/Iuu HayK Ta4xrarncrala,

rIpolI3BoAcrBeHHI{KaM, a rarcKe BV3arvru MeraJrJrypn4qecKoto

upoQzlefi n yre6nux upoqeccax.

flucceptaq[oHH€rfl pa6om II.Irr. IIAnena Ha reMy: <<@usuKo-xprMr{qecKr4e

csoficrsa qLIHKoBoro cnJIaBa I{AMI4.5 -2, termpoBaHHoro cKaHArreM, krr-rp)ue6 Lt

JIaHTaHoM>, sBJrterct 3aKoHqenno[ HafrHo-r4ccJreAoBarenrcrofi pa6orofi .

fly6nnraqun aBTopa BnoJrHe orpax(uuor coAepxaHr{e Aricceprarlzonnofi
pa6out, Koropble orry6nuxoBaHbl B BeAyrqvx Ha)Arnbrx perleH3r4pyeMbrx )KypHaJrax.

Texcr anropeQepara couracyerctr c 4uccepraquefi.

,{uccepmqnx

HayrHofi HoBrr3He

o6rcuy u coAep)KaHnrc npeAcraBJreHHoro vrarpualra,

rlpaKTlrrrecxofi qeHHocrrrr coorBercrByer rpe6onauvrflv^,

I{HHOBaIIUOHHbTX

MET€TIIJIOBE.IIAM 14

LI XLIMI{qCCKOTO

SaxnrcqeHue

lo
VT

yKa3aHHbINa s (noJrolKeHIrI4 o npucyx(Aenr4r4 yr€nux creneneft>> (llocraHoBJreHLre

flpanurelbcrBa Poccuficxoft (De4epaquu or 24 cenrx6px 2013 r. Ilb842),

npeAstBJUIeMbIM K KaHAI4AarcKLrM AlrcceprarlvrflM, a ee aBTop klgnen I,Ignxy4xa

IIIapuSonnY 3acJrlDKldBaer npr4cpKAentrfl, ucrorvrofi creneHr{ KaHAr4Aara



TexHHqecKr{x HayK rro cnequaJrbHocT}r 2.6.17

HayKr{).

Orsrre 3acJryrnaH u yrBepxAeH Ha

<<O6uas r4 HeopfaHlrqecK€rfl xvrlldkrfl>>

IleAaron4t[ecKoro yHI/Bepc[TeTa I4M. C.Afinu

2022r.).
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