
oQuqrarbHoro

OT3bIB

orrrroHeHTa Ha ArICCepraIIrIoHHyIo pa6ory fly;rorona

npCflcraureHHylo

XIIMHqECKIIX

ilapnes4?r(oHa Pyru6oenuqa Ha TeMy: <<8"[lrqHlre peAKO3eMeJIbHbIX MeTaJTJIOB

Ha KOppO3ItOHHbIe CnOfiCrna [pOMbII[JIeHHOro CIIJIaBa AM13>>,

KAHAIIAATA

Texnororuq

3JTeKTpOXII M IITIeCKIIX [p0qeccoB II 3aIIIIITa OT KOppo3IIII

MerallUqeCKLIe CfIJIaBbI, KaK Ha CTAAlltVI IpOII3BOACTBa' TaK I{ IOCJIe

Ha coucKaHrre Y'reuofi crerleHrl

HayK rlo c[eqrIaJrbHocrrl 05.17.03

BonJrorqeHll-f, B BLIAg y3noB JIeraTeJIbHbIX al[apaToB' ropa6nefi, o6opyAoBaHLIt

14 MHO|O ApyfI4X kr3lieJ.rnfl. noABepfaroTc-f, Koppo3LTLI' llpxturte I,I KocBeHHbIe

rroTepr4 oT Koppo3r4r4 B AeHeX(HOM BblpaxenuvI cocTaBJIflIOT MLInnI4apAbI

AonnapoB B MI4poBoM uacrura6e. Peurenue gTofi lpo6leuu B cBfl3n c

pacurr4peHr4eM accoprLrMeHTa Mer€uuILIqecKLTx uzlletuit' v KoHcrpyKrJW,

yBenVqeHLreM o6tdua ( IIpokT3BoAcTBa sBJIteTcq aKTyaJIbHofi 3a4aqefi'

coBpeMeHHofi HayKI4.

[IayuHar HoBrr3Ha pa6orbr 3aKrroqaercq B ycraHoBJIeHI4lI MexaHI'I3Ma I4

3aKOHOMepHOCTI4 I43MEHEHLIf, cKopocrll sJIeKTpOXI4MTIqeCKOfi kr f€BoBofi

Koppo3r4r{ crrJraBa AMr3, JrerLrpoBaHHoro peAKo3eMeJIbHbIMZ Mer€ulJraMu (P3M)

oT KOHrIeHTparlVrV pacTBopa, cocTaBa 14 TeMIIepaTypbI OIIJIaBOB; BbUIBJIeHI'Ie

MexaHI43Ma BJIvlfl:n:afl. P3M Ha cTpyKrypy cIIJIaBa AMr3 rpl,IBoA-f,rlero K

r,r3MeHeHgro Koppo3r4oHHbrx rr rerrJro$v3LIrrecKl4x cBoficrB; pa3pa6orKe cocraBa

crrJraBoB Ha ocHoBe €urroMLTnkrfl Lr MarHlrrr, nerLIpoBaHHbIX P3M ycrofiql'IBblx K

oneKTpoxl4MllqecKofi u rasosoft roppoauu.

TeoperuqecKafl lr rpaKTrrqecKaq 3HaqlrMocru pa6orm.

B reoperuqecKoM rrJraHe pa6ora npeAcraBJlter 6onrruofi I'IHTepec B ToM,

qTo Ha ocHoBe gKcrreplrMeHT€LrrbHbrx AaHHbIX C VCIOJIb3OBaHI4eM COBpeMeHHbIX

MeroAoB BbrrroJrHeHbr 3aAarrtr, pelraroqve npo6leuu rloBblrrleHue KopposlloHHofr

crofiKocrv curraBa AMr3, 3a crrer ucrloJlb3oBarrnfl. B KarlecrBe JIerHpyIouILTX

Ao6aBoK peAKo3eMeJIbHbIX Mer€LIIJIOB.



llparcrnuecKar 3HaqlrMocrb, oqeBLrAHo,

BbrrroJrHeHr4r focyAapcTBeHHbrx nporpaMM

TeM, qro 6rrla HarrpaBneHa Ha

<llporpaMMhr LrHHoBar{kroHHoro

pa3BLrrLrfl Pecuy6lzru Ta4xzrucraH Ha 2}Il-2020rogu>> u <flIporparralaa

BHeApeHr4f, HayqHo-TexHr4qecKZX .qocrzxenzfi B lrpoMbrrxJreHHoe

rlpor43BoAcrBo Pecny6nrarcz Ta4xzxucraH Ha nepzoA 2010-2ol5r.r.>>.

Peey*raru peanbHo r4crroJrb3oBaHbr rrpLt rpor43BoAcrBe uzle:luit
OTBETCTBEHHO|O HA3HAqCHLI.f, .

, {ocroBepHocrb u o6ocnoBaHHocrb H,ayrrHbrx troJrolr(eu uit n BbrBonoB.

BbICOKOM HAYqHOM VI[uccepraqlroHHa-rr pa6ora BhrrroJrHeHa Ha

MeroAI4qecKoM ypoBHe. Anropou no4po6no orrr4caHbr Marepv€Lnbr z MeroAbr

LlccneAoBauuit, a rarcKe Ll3yqeHhr xI4MLIqecKI4e cocraBbl crIJIaBoB, Koppo3LIoHHbIe

cnoficrna coBpeMeHHbIMLI MeroAaMrz. Ocuonubre rroJrox{ eHLrfl u pe3ynbrarbr

Al{ccepraquoHnoft pa6orrr, BbIHocLIMbre Ha 3arrlLrry, AoJro)KeHbr Ha

rouQepenuutx pa3nLIrrHoro ypoBH x. Ha reoperr4qecKLrx Lr oKcrrepzMeHT6prbHbrx

AaHHbIX, [OnyqeHHbIX B pe3yJlbTaTe LICIIOJIb3OBaHnfl KnaCCuIIecKIzX tr HOBbTX

MeroAoB LIccneAoBalj.vIfl, dazupyercn BhlcoKar creneHb AocroBepHocrtr
pe3ynbTaToB' IITO nOATBep)I(AaeTcfl CpaBHI4TeJIbHbIM aHaIII43OM nonyqeHHbrx

pe3ynbraroB c AaHHbIMZ Apyrnx LrccJreAoBarelefi rro aH€urorv.rHofi TeMarprKe.

Teoperr'rvecKa-fl u npaKTl4qecKafl o6ocuonaHHocrb HayqHbrx noroxeuufi,
BbIBOAbI rOfI4qecKI4 BbITeKaIOT Lr3 pe3ynbraroB co6crnennrrx r4ccne.rloB auuit
aBTopa. Onz ocHoBaHhI Ha IleneHanpanrennofi [ocraHoBKe gKcrrepLrMeHTa,

6olrruou uH0opvraruBHoM Marepu€ue, rroATBep)KAaercr vx BHeApeHzeM B

rrpor43BoAcrBo. .{ocronepHocrb

I4CIIOJIb3OBAHLIEM ATTECTOBAHHO|O o6opy4oeaHvrt,

AocrarollHrrfi yponeHb HaAextHocrLI pe3ynbraroB r{ LrcrroJrb3oBaHraeM gr€uroHHbrx

o6pa:qon. CQopuynLIpoBaHHhIe coLrcKareJreM BbrBoAbr rorr4qHo ocHoBhrBaro refl Ha

coorsercrBrre anropeQepara coAeplr(aHrrro Arrcceprarluu

pe3ynbTaToB TaK)r(e AOCTLIfHyTa

o6ecueqzBaroruero

rrpLrBeAeHHhrx B ALrCCepTarILTr4

co6creeHHbrx 14 ccJre.uosaHufi .

nr4reparypHhrx .IIAHHbIX pe3ynbTaTax

B anrope Q ep are Ar{cc eprarlr4 r.r 14 3JroxreHbr o cHoBHhre pe3ynbrarbr



BKnaA aBTOpa

3HAIILTMOCTb

Ar4cceprarlr4oHHofi pa6orrr z KoHKperHo cSopuyJII4poBaHHbIe BbIBoAbI, rIoKzBaH

AeropeQepar

B rrp oBeAenuOfi LT C CJIeAOB auuit, CTeIIeHb HOBII 3HbI LT npaKTlatle CKaf,

pe3ynbraToB I,IccJIeAoBaHvIs) o6cyN4eHu rIoJI)4IeHHbIe AaHHbIe.

rroJIHocTbIo , cooTBeTcTByeT coAepxaHkllo ALICCepTaIIIIOHHOfi

pa6orbl. fiuccepraqul V anrope$epar IIoJIHocTbIo oTBerIaeT Tpe6oBaHu.f,M

<lloroxeuu.s [pucyxAeHLrkr yrleHblx creneHefi)) yrBepxAeHHbIfi

llpanurenbcrBoM Pecny6nraKll TaAXUKLI craH

Jlr.rHsrfi BKJTaA aBTopa.

[uccepralluoHHat pa6ora

garon.reHHrrfi ca ocrof,TeJrurufi TpyA, o6laAaer BHyrpeHHIlM eAI'IHcrBoM.

flpone4eHuelvt aHarrvr3a cocro.f,HI4.f, npo6leuu cQopuyll4poBan 3araqu

r4ccJre.rloBaHufl.. Brruonnzl Bec KoMTIJIeKc LIccJIeAoBaHvIvI, nonyqun HoBbIe

HayqHbre pe3ynbrarbr u BHec rz.rHrrft BKJIaA B Koppo3LIoHIryIo HayKy

AIIIOMI{HI4 CBbIX CIIJIABOB.,

pe3yJrbrarbr kr ux o6cyN4enue (pas4eJreHbl Ha 3 orAeJIbHbIX uanu), 3aKJIIorIeHLIe,

BbrBoAbr, crrr4cKa rlr.rrlrpyeMofi nzreparypbl us l29 rIcrotIHLIKoB rI rpLIJIo)KeHI4e.

Oqenrca coAepxaHtrflr3aBeprleHHocrb pa6orrr rI KaqecrBo ee oQopulernfl,.

,.{zccepraIILIoHHat pa6ora Ilynorona lI.P. upeAcraBJleHa B BI4Ae

r4MeIOrII4XCt JILT Tep aTyp HbIX

luccepraqproHHa.rr pa6ora coAepxrrr 56 ra6rrurlu 52 pucyHKoB. llo MarepIlaJIaM

Ar,rcceprarlr{r4 ony6nzxoBaHo 13 nayunrrx pa6or, B ToM 'rlacre 4- s BeAyIrII4x

perleH3r{pyeMbrx HayqHbrx xypHurJrax peKoMeHAoBaHHbIX BAK upz llpeal{AeHre

P e cny6nzr<z Ta,4xraKLI craH.

O6aop JlLIreparypbl AuccepraIIVV coAepxur no4po6noe orll4caHue

.rlaHHbrx rro reMe LIccJIeAOBAH:ar'. on SKnloqaer s ce6s

no4po6noe orrr4caHze TepMoAkrHaMuKrI gJIeKTpoxkIMLItIecKoIZ Koppo3kIrl, Koppo3LTI'I

€IIIIOMI'IHI4CBO-MA|HLICBbIX CIIJIABOB LI BTILIAHVT' JIEILIPYTqI4X gJIEMEHTOB HA HEC,

B3aLrMoAeitcrrrnu €urroMLrHlreBbrx crrJraBoB c KucnopoAoM H crpyKTypaer csoficrsa

turroMuHlreBo-MarHlreBbrx crrJraBoB. Tarxe paccMorpeHo BIrLrsIJIde

flyrarona lI.P. npeAcraBJuler co6ofi

cnerlr4anbHo rroAror BJreHHofi pyronncvr:na 142 crp., BKJIK)qaer BBeAeHLTe, o6sop

nr4TepaTypbr, r43Jrolr(eHr{e MaTepzanoB vI MeTOAOB I4CCJIeAOBaHUS" a TaKxe



CTIJIABOB.

Ocralurue

uccJIeAoBaHLIflM.
t

Bropar rJIaBa

oneKTpoxuvruqecrofi

peAKo3eMeJrbHbrx MerulrrJroB (P3M) Ha reulodurocm ztrIK)MI4HI'IeBo-MarHLIeBbrx

Tpr{ fJIaBbr IIOCB-'IIUCHbI 3KC rI ep I{MeHTULIIbHbIM

nocBtIIIeHa crIHTe3y cnJIaBoB kr vrccne4oBaHl4ro

Koppo3llu npoMbrlrrJleHHoro crIJIaBa AMr3 c 4o6anraun

P3M (P3M-Sc,Y, La, Ce, Pr u Nd). Baxno, uro onpeAeneHo xl4Ml4'recrzfi

cocraB lonyqeHHbrx crrJraBoB aroMHo-SMtrccploHHblM CrIeKTp€t[bHbrM aH€UIII3OM

r4 cKaHr4pyrorqLrM gJreKTpoHHbrM MrrKpocKonoM. llorenqr4ocrarrlqecKllM MeroAoM

orrpeAeJleHa cKopocTb sJleKTpoxzvflaqecrofi Koppo3I4LI cIIJIaBa AMr3'

nerr4poBaHHofo P3M B BOAHOM pacrBope NaCl prcnnrlHofi ronqenTpal\avl.

Cogepxanue nerupyroqlrx KoMrroHeHToB B crIJIaBe cocraBJUIJro or 0,05 Ao

o,Swrrc.oh. BHssneHo, qro Ao6asxu Sc,Y La, Ce, Pr u Nd B I4HrepBane 0,1- 0'5

vac.o/o yBenLlrrllBaror Koppo3rroHHyro crofirocu ocHoBHofo crIJIaBa. Brucneno

kT3MeHeHIIt cKopocrl4 Kopposvar crrrraBoB or nop-flAKoBoro HoMepa P3M' B

pa3AeJre 3aKJrroqeHrre AaHHOfi rrtaerr aBTOp fpaMoTHO O6rscnseT MexaHI43M

rroBbIIIIeHI4fl Koppo3l4onnofi ycrofiuunocTll cIIJIaBoB. Ilpone4euo cpaBHl{renursIfi

alurt3 nonyqeHHblx pe3yJIbTaToB AJIf, cIIJIaea AMr3 c AaHHsIMI4 ApyrLIX

aBropoB Ans AMr0.2, AMr2, ANIr4.

B rJraBe 3 rrpvBeAeHbr pe3ynbrarbl rlccJleAoBalvrs. BlrvrfllFlvrfl' P3M Ha

oKI4c[seMocTb cIIJIaBa AMr3. VcraHoe[eHH KI4HCTIIqECKLIE LI 3HEP|ETI4IICCKUE

rrapaMeTpbl rlpoqecca ra:oeofi Koppo3llz cIIJIaBa AMr3, c Ao6aeraN'ILI P3M'

,Ilo6aercu P3M .qo 0.5vrac.o/o ytryturaror NapOCrOfiKOCrb crIJIaBa AMr3. Bttusuus

TeMrrepaTypbl Anfl, Bcex cIIJIaBOB XapaKTepvrcyeTcs' IIOBbIIIIeHLIeM CKOpOCTLI

oKLTcJreHut. AnrOpOvr, O[peAeneHLIeM KaIISCTB9HHOIO COcTaBa IIpOAyKTOB

oKtrcJreHrrr I4K- cuexrpocKonuefi srrqsneH MexaHLI3M ycrofiuznocrll cIrJIaBoB K

rasosofi KOppO3I,Iu. PeaylrraTbl lIHTepnpeTLIpyIOTcq KlaCcutIeCKI{MI4 3aKOHaMLI

rasosofi Koppo3l,Iu cIIJIaBoB z reopuefi xapocrofiKoro JIeILIpoBaHI4f,'

fraea 4 nocs-sqeHa r43yqeHuro BrlLrfl]F.vrfl. cKaIJI\Vrfl., VrrTpvrfl' v ITaHTAHA HA

TerrJroeMKocTb vr roeQSuqLreHT Te[[ooTAarIlI cIIJIaBa AMr3 MeTOAOM



oxnaxAeHl4t. Oupe4erenrr Lr3MeHeHLrf, yAenrHofirenlo€vrcocrLr orcocraBa

cnJraBoB vr reMrreparypbr. BeAeuze P3M B crrJraB AMr3 rrpkrBoALtr K

He3HarrkrrenbHoMy c rr)KeHzro yAenbHofi rennoeMKocrLr. 3Aecr [pocMarpvrBaercfl,

o6pa6orrz

3KCnepI4MeHT€LrrbHbrX AaHHbrX.

Ha ocnosaHnvr lonyqeHHbrxpe3ynbraroB aBTopoM cAeJraHbr aAeKBarHbre

BbrBoAbI.

Brrcoxa.s reoperlrqecKa.{ 14 rrpaKTruecKar 3HaqLrMocrb pa6orbr rro3BoJrrer

peKoMeHAoBarb pe3ynbTaTbr LrccJreAoBaHufl Anfl LrcrroJrb3oBalJufl. B

TIpOII3BOACTBe HOBbIX CrrJraBOB Ha Marrrr4HOCTpOkrTeJrbHbrX rrpeArrpr4r^wrflx

Pecuy6lzrcu v B yre6novr rpoqecce Bbrcrlvx yre6Hrx 3aBeAeHlr-f,x rrpz

noAforoBKe oaK€LrraBpoB, Mafr{cTpoB

HanpaBneHr4rr.

llo pa6ore, cqlrraro yMecrHo BbrcK€Barb cneAyroqee saMeqaHLrir vl

uoxerannfi:

1. ,{zccepraHT yrBepxtAaer, vro "yvreHbrrreHue KoHrleHTparryrkr xnop-LroHoB

cnoco6crByer cHLrxteHlrro cKopocrLr Koppo3vrvr", Ho He Aa€r AocrarotrHoe

o6l.scHeHr4r groro flBlrenLrfl.

2. KopposzoHHaq cpeAa (NaCl)

urprpoKoe [puMeHeHr4e KoMrrbroTepHbrx [porpaMM Anfl
t

v acnLrpaHToB MeTaJrnypfr4qecKofo

B HeKOTOpbrx Cnr{arx Ar4ccepTaHToM

[LIruerct KaK "greKTponLrr NaCl". Tar rar gneKTponLrroM Mo)Ker 6rrm rar
pacrrJlaB, TaK LI pacTBop NaCl, ro neo6xoAl{Mo 6uro orMervrb, qro per{b

zA€r o"pacrtropeNaCl".

3. Hexoropble pe3ynbrarbr rrplrBeAeHbr KaK B BrrAe ra6flu.rHrrx AaHHhrx)TaK14

B BrrAe rpa$zvecKoro raso6paNeHvrfl,B KoropoM ser ueo6xoAr4Mocrr,r.

4. B reKcre Bcrpeqalorct oreqarKlr r{ HeyAaqHbre Bbrpa)KeHlrr (rrp. 39, 4I,
47,53,110, 116).

OAnarco yKa3aHHbIe HeAocrarKr4 He cHlrr{aror reoperr4rrecrofi 14 HayqHo-

np aKTr.rq ecrofr 3 H arrr4 M ocTLr Ar.rc c epTarlr4 oHHofi p a6 oTbr.

.{zccepraqur llyrorosa lI.P. orBerraer Qopvryne cnequ€rnbHocrrr 05. 17.03

-TexHoJIOfLrt sJIeKTpOXZMr4rreCKLrX [pOqeCCOB r,r 3arrIUTa OT KOppO3r4r4, KaK pa3Aena

HayKv o6 o6rqzx 3aKoHax, onpeAenrrculux cKopocrb Lr MexaHLr3M Koppo3kroHHbrx



IIpoqeccoB,

Kopp03r,rrc

BlruflHvre pa3nr4rrHbrx Sarropor Ha 3JIeKTpoxLTMuqecKyro I4 ra3oBylo

CTIJIABOB.

3anrro.reHne.

,{ucceprarlrroHHaf, pa6ora llynorona llapnes4xona Pysu6oeezqa Ha reMy

coorBercrByer rpe6onanprsM ((lloJro)r{eHlrr o npr4cy)KAeHvru yqeHbrx creueHefi>>

yrBep)KAennrrfi llparzrelbcrBoM Pecuy6nurcu TaAxkIKLIcraH npeAbtBnteMblM K

KaHAr,rAarcKr4M ArrcceprarlLrrM, a ee aBTop, flynoroe llapne3AxtoH Py:z6oenzu,

3acnyxo4Baer rrpr4cBoeHr{.[ yteHofi crerreHlr KaHAkIAara xLIMI4qecKI4x HayK rlo

crerlr4anbHocrLr 05.17.03 - TexHoJrofus gneKTpoxr4MrIqecKI,IX [poqeccoB I4 3aIqI4Ta

oT KOppo3LlU.

OQuqzanrnrrfi orrIoHeHT -

AoKrop rexHLrqecKLrx HayK, upo$eccop ra$e4pu

TexH o Jr o f r4r4 il'darruH o cTp o e HI4 s, M eT aJI JI op e)KyITILT e

craHKLr r4 LrHcrpyMeHTbr Ta4xurcroro

Ca$apon A*pop Mupsoenzv

Ea4yp4uHos C.T.

r flyruan6e, np.

Ten.:935350900

<<Brrz.snue peAKo3eMeJrbHbIX

npoMbrruneHHofo crrJlaBa

rnanzQuraquonnofi pa6orofi,

MeroAr4qecKoM ypoBHe, IIo

npaKTr4r{ecrofi 3Haqr4Mocrl,I,

MerulrrJroB Ha Koppo3I4oHHbIe csoftcrea

AMr3> flBIrflercu 3aBeprrreHHol4 Ha) {Ho-

srruorneHHofi Ha coBpeMeHHoM HayqHoM vr

aKTy€LnbHocrLI, HoBLI3He, Teoperl,Iqecxofi vr

AOCTOBepHOCTLI vr o6ocHoeaHHocrr4 BhrBo.IIoB

Email : safarov-am @mail.ru
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