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A,II)KIIKI,ICTAHA
(DupAanca Aruesrz.ra Ha reMy <Cnoficrea

B ra6oparopvu <<KopporuoHHocrofiKi,re
8.I4. HurcurvrHa HaqvoHanbHofi aKa.qeMr{H

utrIIoMHHLIeBoro rIpoBoAHI4KoBoro cnJIaBa E-AlMgSi (<alrgpeb) c eJreMeHraMfi
Iro.4rpyrrnbr f€urJrlrD) BbItroJrHeHa
Marepr4€lJrhr) I4HcTvrTyTa xvrMlkrkr vrM.
HayK TaAxur<ncraHa.

Arzes (DIap4aRc Arveeu.{ s 2013 roAy oKoHrrLrJr Sarcynmer crpor4reJrbcrBa
u apxl{TeKTypbr Ta.{xuxcKoro rexHuqecKoro yHr4Bepcrarera HM. aKaA. M.C.
Ocuun ro clelll4anbHocrn <fopHrrfi I4HxeHep-crpouTenb). Cnoro rpytroBya
AetrenbHocrb Haqar B 2014 roAy Ha AoJrxHocrrd rrH)KeHep ropHtrK OOO
<TaAxrarcKofo-Kr{TaftcKu ropHonpoMbrrrrreHHar KoMnalvrfl>>. C 1 llapra2016 no
Hacrotrrqee BpeMr oH pa6oraeT Ha AonxHocrb cTaplllefo rrpeiloAaBareJr.fi KaoeApbr
<Cemcroro crpor4TeJrbcrBa, rnAporexHr{Ka u reoJrorrrr,r)) ,{anrapzncKoro
rocyAapcrBeHHoro yHHBepcI4Tera. B 2016 ro4y oH HarraJr HafrHyro Ae.f,TeJrbHocrb
B KarrecrBe co?rcKareJr-rr no crerlr4aJrbHocrr4 05.02.01 - Marepr4aJroBeAenrae (n
3neKTporexHrzxe).

HayvHsrfi pyrcouoAr{Teirb :
Ca$apon Axpop Mnpsoeeuu - AoKrop rexHrlqecrufi uayr, npo$eccop,

ArrpeKrop l4ncrnryta xvruvrv uvr.8.I4. Hururuna HaquoHalrnofi aKaAeMr4r{ HayK
Taaxrarcrzcrana.

Hay.rHrrfi rconcy.rrbraHT:
Iauuen Llsary"n"rro HanpyroBl{q - AoKrop xr4Mr4r{ecKvrir uayx, npoQeccop,

aKa.{eM}rK HaquoH alrH ofi aKaAeMI4I,I HayK TaAxzxn er aHa, s an e4yro u1efi
na6oparopweir. <<Koppo:r,roHuocrofiKue Marepr,raJrbr)) I4ncrnryr xLrMLrv npr. B.L'I.
HuxnruHa Haquouamnofi aKaAeMr4[ HayK TagxurucraHa.

IIo rrroraM obcyxAeHun Arlcceprarl[u rprrHflTo cJreAyrouue
3aKrroqenue: Tbvra 4r4ccepraquoHHofi pb6oru Arlreea @.A. rrocB.f,rleHa
I4ccJreAoBa]F':1'ro pa3nr.rqHbrx cnoficrs aJrIoMr4HHeBoro crrJraBa E-AlMgSi ("an4pefi")
c firfrJrr{eM, HHAr4eM kr r€urJrrreM IrocpeAcrBoM Koropbrx pazpa6atbrBaercr u
ofrTr{Mr{3r4pyeTc.f, cocTaBbl TpoHHbIX cfrJraBoB, IrpeAHa3HarreHHbIX IJIfl HYNA

3JTeKTpOTeXHI{qeCKUX OTpaCneU [pOMbrrUJreHHOCTr4.
'O6rexroM r{ccire.uoBaHr4fl, cJryxvn crrJraB E-AlMgSi ("algpefi") cocraBa

Al+ 0.5Si+0,5Mg (wac.Yo), a
I4ccreAonanufl. ArrccepraHToM

TaKXe MeraJlJrrarlecxufi ranrwtit,
npoBoAuJrrrcb tr3MepeHr{eM

vtup:uit u rar.rtwit,
TEIIJIOCMKOCTII B



/

pexHMe (oxnax.qeHl4g)), TepMorpaBl{MerpurrecKI4M, MerEurJrorpaSuuecxuu,
peHTreHo$asonrrrr,r, rroreHrllrocrarI4qecKr4M MeroAaMH. MareMarr,rqecKarr
o6pa6orrca pe3yJrbraroB npoBoAHJIacb c LlcrroJrb3oBaHr{eM craHAaprHoro rraKera
rrpr.rJrox{enkrfl,Lr rporpaMMu Microsoft Excel n Sigma Plot 10.

fittx perueHr4rr rrocraBJressofi 3ap.a'r'v .qzccepraHToM u3yrreHbr
TeMneparypnofi 3aBuclrMocru rerrJlo6vrxocrn H Lr3MeHeHnfi repuoAr4HaMnr{ecKax

Synrqufi €urroMr{HrreBoro rrpoBoAHlrKoBoro crrJraBa E-AlMgSi ("an4pefi") a
faJrJrr4eM, LrHAueM v rurlrr4eM r,r pa3pa6orr<a cocraBa HoBbIX KoMno3r4uufi cnrasos.

I4ccreAoeaHbr Kr4HerI4KI{ oKIrcJIeHLIf, ilpoBoAHnKoBoro crrJraBa E-AlMgSi
("an4pefi") c rarur4eM, ?rHAr4eM I4 TaJIJII4eM, B TBepIoM cocrof,Hr4r4 u onpe.qeneHbr
MeXaHLI3M IIpOqeCCa I4X OKI{CneHvfl'

3rccnepuvreHTaJrbHo onpeAeneHbl Blrvrfllrrtrfl, rarilvrfl, r4Har4fl, u rarrrtrfl. Ha
aHoAHoe noBeAeHHe npoBoAHrlKoBoro crrJraBa E-AlMgSi (o'al4pefi"), B cpeAe
3neKrpoJrrara NaCl.

[uccepraHToM BnepBble B pexl4Me ((oxJrax{Aenkrfl>> r{ccJreAoBaHo
TeMneparypHas, 3aBr4crrMocrb yAemHofi renroeur<ocru u r{3MeHeHHe
TepMoAr4HaMr4rrecKr{x Syuxqufi aJrroMraHr4eBoro npoBoAHrrKoBofo cnJraBa E-
AlMgSi ("ar4pefi"), IerapoBaHHoro raJrJrr{eM, r4HAr{eM H T€urJrr{enr. Onpe4eJreHo,
IITO C pOCTOM JrerHpyloqefo KOMnOHeHTa re[JTOeMKOCTb CrrJraBOB yMeHbrXaeTC{,
or reMrreparypbr pacrer. llpra nepexoAe or crrJraBoB c raJrJrueM K cnJraBaM c
T€UIJII4CM BEJIIIqUHA TCIIJIOCMKOCTb yMeHbruaerc.rr. Zccre4onaHuflMrI
TeMneparypHbrx 3aBHcHMocrefr r{3MeHeHrz.rr repMoAr{HaMuqecKr4x Qyur<rlnfr
€LrrroMrrHueBoro [poBoAHr4KoBoro crIJIaBa E-AlMgSi ("atgpefr")o terupoBaHHofo
faJrJI[eM, LIH.qI,IeM I{ TaJIJIUeM IIOKEBaHO, r{TO npz nepexoAe OT CIIJIaBOB C faJIJIHeM

K cnnaBy c rturJrlreM BeJrIrqLrHbr gHTaJrbrrrar{ r{ 3HTponrar4 yMeHbrrrarorcf,. C pocronr
TeMrreparypbr sHT€rrrbnvs. rr gHTporrufl crrJraBon pacr€r, 3HarreHr{e oHeprr{r{ lu66ca
yMeHbrrraercfl. I4sNaeHeHue rerrJroeMKocrr4 u repMo.{EHaMr4rrecKlrx Qyuxunft
crrJraBoB o6r.scHsercs pocroM rereporeHHocrrr crpyKTypbr crrJraBoB npu r,rx
iIerHpOBaHLII4.

B pesyruTare npoBe.qeHHbIX rlccJleAoBauuit Anzesa @.A. r,r3yrreH TarcKe

/

KHHeTLTKa OKr4CireHU.rI €UrrOMr4Hr,leBOfO IpOBOAHT4KOBO|O CrrJraBa

("ar,4pefi"), nef?rpoBaHHoro r€uIJIlIeM, rlHAr,reM u
TepMolpaBlrMerpr,rqecKr{M MeroAoM. YcraHoBJreHo, rrro oKr,rcJreHlle

E-AlMgSi
TAJIJIIIEM

CIIJIABOB

[oArrzHrrercf, runep6aru{r{ecKoMy 3aKol{y c ucruuttoit cKopocrbro oKTIcJIeHI{t
nopi4xa 10-4 nr't-''r.*'t; BbItBJIeHo, r{To caMble MHHI4MAJIbHbIC 3HAI{CHHfl

("ar4pefi") c raJrrIHeM, acKopocrra oKr{cJreHrrr r{Meror crrJraBbr E-AlMgSi
MaKcHMaJrbHbre orHocf,Tcs K crIJIaBaM c raJrrrr4eM. Cpe4ra JrerrrpyrcIllux
sJreMeHToe Hau6orbrrree 3HarreHrde xaNyqefics sHeprvru aKTvrBar\uu xapaKTepHo
AJI.'I CIIJIABOB C T€UIJII4EM.

lloreHrluocrarl{rrecKr{M MeroAoM B rroreHrlr4oAr{HaMurrecKoM pexuMe co
cKopocrbro pa3BeprKr4 uoresquara 2 nrB/c nccJreAoBaHo aHoAHoe noBeAeHI4e
aJraMr4rrr{eBoro npoBoAHr4KoBofo crrJraBa E-AlMgSi ("angpeit"), terupoBaHHoro
faJrJrr4eM, rzHArreM Lr raJrlrkreru. lloxasaHo, rrro Ao6asxu Jrerlrpyrcuefo KoMrIoHeHTa
B Korr4qecrBax or 0.05 Ao 7.0 wac.Yo, wa 30-400/o nonuuaror Koppo3l,IoHHyro
crofircocrr crrJraBoB €urroMrrHr4.tr B nefirpanrnofi cpeAe 3neKTpoJrrlTa NaCl.



floKa-saHo, r{To Ao6asr[ rarrrr4fl., unhkrfl. u raJrIrvrfl. K crIJIaBy E-AlMgSi ("al4pefr")

rroBbrrrraroT 3HaqeHr,le SJTeKTpOXI4MI{qeCKHX IIOTeHIII4€UIOB, B CpeAe SJIeKTpOnI',lTa

NaCl. llpn 3ToM orMeqeHo, qro c pocroM KoHIIeHrpaUW xJIopI,IA-I4oHa B

SneKTponuTe 3HaqeHr4e noTeHrII{aJroB yMeHblualoTc.s u cKpocTb Koppo3l4lr

crrJraBoB pacTyT.
Jln.rHrrfi BKJTaA aBTopa 3aKrroqaerc.g B aHaJrvge nl4TeparypHblx AaHHbIX, B

rrocraHoBKe vr peruen[r4 3aAar{ I4ccJleAoBatltfr, noAroroBKe u rIpoBeAeHHI{
gKcrrepr4MeHTaJrbHblx I{ccne,qoBa;uuit B na6oparopHblx ycrloBl'Itx, aHaJIrI3e

noJrf{eHHbrx pe3yJrbraroB, n Soprr,rynllpoBKe ocHoBHbIX IroJloxeHuit u BbiBoAoB

Ar4CCepTaIII{I4.
CreueHr AocroBepHocrrr pe3yJrbraroB rIpoBeAeHHbIx I{ccJreAoBaHIIl-I.

.{raccepraqux Anneea (DnpAasca ArIaeBHtIa Ha reMy: <CeoficrBa aJIIoMTIHI'IeBoro

npoBoAHlrKoBoro crrJraBa E-AlMgSi ("angpefi") c 3JIeMeHraMIl noArpynttbl

raJrJrllfi>) rBJrrercr 3aKoHqeHnofi nayrHo-I4ccJleAoBarenbcrcofi pa6orofi. B nefi ua

ocHoBaHr4r4 caMocTof,TeJrbHo BbI[OJIHeHHbIX aBTOpOM SKCIIepI4MeHTaJIbHbIX

LrccJreAoBanufi. perueHa aKTyEuIbHarI :nay-rt:nas, upo6neua B o6lacrrl

MaTepI,laJroBeAeHr.Ie . B SneKTpoTexH[Ke, cBfl3aHHa{ C CyqecTBeHHbIM nOBbIIUeHI{eM

eS SexrznHocrr{ gefi.crrlux rpoBo.qHHKoBbIX cIIJIaBoB crlcreM E-AlMgS i - Ga,

E-AlMgSi-In ra E-AlMgSi-Tl.
Hon us Ha pe3yJr braro B II poBeAeH H blx rl ccJr eAo B arunit.

YcraHouenrr ocHoBHbre 3aKOHoMepHocrLI H3MeHeHI4rI TelrnoeMKocrl{ 14

HsrvreHeHufi TepMoAlrHaMnqecKr,rx QyHrqIafi (suranrnux, 3HTporrl4fl kr 3Heprl4ff

fu66ca) aJIroMLIHlIeBoro npoBoAHI{KoBoro cnJIaBa E-AlMgSi ("anApefi") c

taJIJrHeM, I4HAI4eM Vt TAII$]/I?M B 3aBI4CI4MOCTI4 OT TeMIIepaTypbI I4 KOIUqeCTBa

nerrapyloqero KoMrIoHeHTa. lloragaHo, rITo c pocroM TeMneparypbl

TerrJroeMKocTb, SHTaJrbfrr,rf Lr 3HTpOrMfl. €ilIIOM?IHI{eBO|O IIpOB0AHHKOBOTO CIIJIaBa

E-AlMgSi ("an,4peit") c r€urJrlreM, HHALIeM Lr raJrlrvreM yBellur{vrBarorcfl., a 3Heprl{fl

fu66cayMeHbruaercf,. C ynelrmeHl4eM AoJII{ raJrlrvrfl, lrHilLrfl. vr ralrlrr4fl s curane E-

AlMgSi ("an4peft") enralrrrvrfl. vr oHrporut yMeHblxalorct, a 3Heprl{s' lw66ca

pacrer.
IIoKasaHo, qro c pocroM TeMneparypbl cKopocrb oKHcJreHI{fl

aJrroMraHlreBoro [poBoAHr{KoBofo cIIJIaBa E-AlMgSi ("angpefi") c faJiJIrIeM,

rag.{r4eM Lr raJrrrueM, B TBepAoM cocrofl:nuvr yBenkIquBaerc.a. KoHcranra cKopocru

oKr4cJreHra.rr LrMeer rrop.rrAoK 10-arr/u2. c-t. ycta"oBJleHo, lITo oKHcJIeHI{e curasa E-

AlMgSi (ooan4pefi") c faJrJrHeM, HH,qt,teM vr TaJIJII{eM roAqnH{erct

runep6orurlecKoMy 3aKoHY.
lloreHquocTaTl4r{ecKuM MeTo.{oM B noTeHUHoAI4HaMI4q e cKoM pexuMe npu

c1opocrr4 pa3BeprKlr rroreHrlvraJra2 wBlc ycraHoBJIeHo, rITo Ao6aeKtl JIerI{pynuII4x

KoMrroHeHToB Ao 1,0 wac.Yo yBelnql,IBaroT Koppo3HoHHyro crofrrocrb I4cxoAHoro

crrJraBa E-AlMgSi ("al4peit") na20-30%.llpu srorra orMer{aerc.t cABI4r Bcex

3JreKTporexHr4qecKr4x rroreHrlr4aJloB. llpu uepexoAe or cIIJIaBoB c TaJIJI?IeM K

crrlaBaM c r4HAr4eM r4 TaJrJrr,reM ua6nn4aercf, yMeHbIrIeHI4e (4nx cunanon c 1,0

wac.o/o lo6asK7) BerzrrlrHa noreHrluaJloB H yMeHbeHrle cKopocrl,l Koppo3I4I4.

f|parcru.recKafl 3Harrr,rMocrb padorur: BunolneHHble I{ccrIeAoBaEr4fl.

nO3BoJILIJII{ BbItrBI{Tb COCTaBbI CIIJIaBOB, oTJll4qarcIJluxcf, nauuenrurefi



OKHCII.IeMOCTbIO rlpu BbICOKI4X TeM[IepaTypax vr IIoAO6paTb oIITI{MaJIbHbIe

KOHTIeHTp altl{vnaa"pyatuux Ao6asor< (ra;rrrufl' vI:g.Iivfl vI TaJIIM') lu IIOBbIIIIeHUf,

Koppo3?roHnofr crofi r<ocu{ r4cxoAHofo cIIJIaBa E-AlMgSi ("anlPefi ")'

B rIeJroM Ha ocHoBe fIpoBeAeHHbIX LlCCJIeAoBaItuit oTAeJIbHbIe cocTaBbl

€urroMr4HrreBoro npoBoAHllKoBoro crrJraBa E-AlMgSi ("angpefi") c faJIJIHeM,

r4HAHeM U TaJrrrveM 3arrlllqeHbl MaJIbIMI4 IIaTeHTaMI{ Pecuy6nurn TaAxuKI4CTaH'

ouenra BbrrroJrHennofi coIIcKaTeJIeM pa6orm: BbIBOAbI Al40cepTaquosnoft

pa6oru vr ouy6nHr<oBaHHble Hayr{Hble crarbll rro rgMQ Al4cceprauul4

cBnAeTeIIbCTByIoT O CooTBeTcTBLII4HayuHOfi r<eanU$raxA\nV col4cKaTe1"s AJrVesa

@.A. HA COr{CKaHr4e yueuofi crerreHr4 KaH'qr4Aara rexHI4rIeAKI4X HayK rlo

cneqr{aJrbHocrrr 0 5 . 02. 0 i - Marepr,raJloBeAeHra e (n 3neKrp orexHr'rrce)'

flolnora rr3Jrolr(eHl{fl MaTepIIaJIOB AIICCepTaIIIIU B paoorax',

Ony6.rrUrCOBaHHbIx cOIIcKaTeJIeM. OCHoeHOe CoAepXaHHe AI'IcCepTaquOuHofr

pu6otu, oTpaxeHo e 10 uy6III4KaIII4tX, KoTopble AocTaroqHo II9JIH6 oTpaxaloT ee

coAeplr(aHr{e, vr3 Hr4X 5 uayuHHX XypHanax' peKoMeHAOBaHHbIX BAK flpu

flpe:u4eHre Pecny6JII4KI4 TaANtlrucraH'

,{raccepraq"orn"u" 
'pa6ora 

Aru9n1 9't:. Ha reMy: -Cl:O:1"-1- 
Tty::i:,:"::

ilouoo""KoBoro ,nnu"u E-AlMgSi ("Tff:fi") t :l:5::?y: J"::Pi*l
rpe6onail4f,M gAI( npu llpesu,4eure Pecny6nr'rr<ra

--  -- : : -

faJIJIr{g) coorBeTCTByer

Ta.uxurucraH, a ed anroP
TCXHI4I{ECKUX HAYK IIO

AocrollH rlpllcyxAeHl'llo yuenofi crerleHl4 KaHAI{Aara

creu?raJrbHocrtr 05.02.01 MarepuaJIoBeAeHI4e (e

3neKTporexnure).
3axffo.reuue fipr{Hsro HA 3aceAaHr{e ceKuI4I{ v'IeHOrO coBera IIo

HeopfaHr4uecxofi, opraHurrecrofi, $n:H'recr<oft uprarna4uofi xnvtvrkr Vluwuryta

xvrMzrv B .I4. Huxurus a HAHT'
flpuycraBaJro Ha3A}elLauuw29 rIeIoBeK uz 34 I{JIeHOB CeKUI4I4'

Pesylmarbr foJrocoBaHVrfl. ((3a>) - 29 uel., (npoTI4B)) - HeT' (BO3AepxaJIocb))

- Her, rlporoKon Ns7 or 13 '07 '2020r'

flpe4ce4areJlb 3aceraHufl', ,' ,
A.X.H., npo$eccop l, /fryA6aynxaes B'A'

Y.reHsrft ceKperapb

/
a .  / /

ftfr/ 3oraAosa M.r.


