
OT3bIB

Ha AI'IccepraI{}IoHHyIo pa6ory Tynumto ?Ipuuu Bla4urrlHpoBHbr Ha reMy <Paspa6orxa

sHepropecypcoc6eperaroql4x pexc{MoB BHeIIe.rHoft Aea3oraur.ru xr.rAKoro MerajrJra B ycJroBr{flx

uureucuSuKallul{ fipoueccoB TellJloMacconepenoca) npeAcraBneHHyro Ha co1acKague y.reuoft

creneHll KaH.ql{.{ara rexHI,IqecKI4x HayK no cnellr4aJrbHocrr{ 05.14.04 <IlponlrtuueHHiur

TerrnoSHepreTr,rKa)).

AcnzpaHrra Tynulxo klpnna Bla4nnrupoBHa 3a rrepuoll rroAroroBKr.r Ar.rcceprarlurd
npotBl{na ce6s xax rpy.uonrc6uertft u qeneycrpeMnennrrft uayuHufi LtccJre,qoBareJrb, cnoco6urrft
peaJII'I3OBarb Ilenu 14 saI.a.s,u, [ocraBJleHHbre HayqHbrM pyKoBo,4r.rreJreM, npr.rMeHflTb Anq perueHHt

3TI4X 3aAarl coBpeMeHHbIe MeroAbI I,lccJIe.4oBaHHs., Alir'aJrmgupoBarb I,I r,rHTerpupoBarb noryqeHHble
pe3yJlbrarbl. Eyayuu ac[HpaHTKofi gaoqHoft Sopvrr o6yuenux, oHa yqacrBoBaJra B rrpoBeAeHr{r{
yve6ulx saHgrufi KaK Ha ra(pe4pe <Merarurypruflcruruu cnJraBoBD AoHeuxoro Haur4oHaJrbrroro

TexHr4qecKoro yHuBepcuTeTa, TaK Ir B rIIKOJre.

Arryalruocrb reMbl I,IccJIeAoBaHur. llpo6neMa oHepropecypcoc6epeNeuur rBJrsercfl

o.usoft I'I3 K[IoqeBbIX rlrl. MerannyprlE.recrofi [poMbrllrneuuocrr{, BBr,r.{y eHcoxofi
SHepro3arparHocrl4 gToro npol43BoAcrBa Ha 6onHurancrBe granoB TexHoJrorn.{ecxoft qefloqKr,r.

[aunaa oIIeHKa n nolHofi Mepe orHocurc . K TexHoJroruqecxofi $a-:e ynyu[reHr,rr KaqecrBa
Mer€ulra, n noropoft HaxoA.f,T IlrllpoKoe n eQ(fer<ruBHoe rrpuMeHenug ycraHoBKr{ nnene.{Hofi

Aefa3arlr4I,r.

llponegeuHrrft o6sop coBpeMenHoro cocrosHur npo6reMbr Aea3orarluu xHAKoro Merajura

IIOKa3aJI' qTO CyqeCTBeHHOe BIILIfrF^ne Ha COCTaB MeTanJIa B T€XHOJIOTUqX ero AeiBOTarIUlI HMSIOT

Ilpoqecchl KoHBeKTpIBHoro renJloMaccolepeHoca aroMoB a3ora B pacnnaBe. Arropn pa6or craBrr

npo6nenay H3bIcKaHI4s Ao[oJIHIlTeJIbHbrx cnoco6os unreucu$uKarl]rlr sneneqHoft Aea3orarfr.rrd

pac[naBoB c yqeroM cyulecrByloqnx paspa6orox B gToM HanpaBJreHr4r{. Klaccuqecxuira

BapnaHToM sHeue'rHofi Aera3aIIHLI MOTUIJIJIa flBlrflercr- ero [poAyBKa HHeprHbrM ftl3oM B KoBrrre.

LI.LI' EopHaqrufi, 8.I4. Mavr.rxun, B.C Xunqenro. na ocuoBaHrar,r sKcnepr,rMeHTaJrbHbrx

LlccneAoBaHrafi ualulu, gro He lIHTeHcI,IBHocrb npoAyBKr,r, a Konr4qecrBo lry3brpeft aprona,

BHeIpseMbIx B MeraJIn B eAIlHtIqy BpeMeHIz, tBJrqercq $axroporr,r uureHcuSuKarlr4r4 lrpoqeccoB

KoHBeKTI'IBHoro renJloMacconepeHoca. flo AaHnrrvr H.M. rlyftxo Hav6olee r,rHTegcr,rBHoft no

Te[JIOMaCCO[epeHocy tBJl.f,erct npoAyBKa qepe3 nopucrbre sJreMeHTbr AHr4rrIa KOBrrra, Koropzur

o6ecne'unaer pacnpeAeJleulae MeJIKux ny3brpbKoB rrHeprHoro rilla no BceMy o6reuy pacnnaBa.

A.B. Kaft6l4qeB I4ccJIeAoBan BJII4xHI4e sneKTpllqecKoro Bo34eftcrsgs Ha pac[JraB MeraJrJra B

I]poqecce eHeueqHoft AerasauHl4. I4s sapy6exurrx clequanucroB BHeneqnoft Aea:orarlnefi

3aHLIManI,Icb rlpeuMyrrlecrBeHHo rnoHcKr.re yqeHbre: A. Kazuo, T. Harada, S. Tasisada.



B uacroxulee BpeMr orcyrcrByer yHl4Bepcanruufi cnoco6 Aea3orarlr4r4 MeruurJra Ha ypoBHe

coBpeMeHHlrx rpe6onawuit t< KaqecrBy MeraJIJII,IqecKI,rx r.r3Aerufi snepropecypcoc6eperaroqfie

pexr.rMbr ranreucu$uKarluIa npoueccoB TellJloMacconepeHoca. B csssu c srHM aKTyaJrbHa reMa

Al4ccepraur{onsofi pa6orrr, r(oropat ilocBflIrleHa parpa6orre gHepropecypcoc6eperarcqux

pe)KI,IMoB i.rureHcu$uKarlrir4 rlpoueccoB TenJloMacconepeuoca B ycJloBrr{x nueue.rHofi

.4CA3OTAUHPI METAJIJIA.

I{enr v 3araqv LIccJIeAoBaHI4.l. Ifenrro pa6oru rBJrrrorcr pa:pa6orr<a

gHepropecypcoc6eperaroqux pexuMoB Aea3oraur.ru xr.rAKoro MeraJrJra B ycnoBlrrx

unrencuQnKarlr4r.r npoueccoB TenJloMacconepeHoca.

3aaa.ru r.rccJrenoBaHll{ :

pa:pa6orra cuoco6a oHepropecypcoc6epeNeHr.r.s BHene.rHofi Aera3arlun )Kr.r4Koro

MeraJIJIa or pacrBopenHoro a3ora KoMIIJIeKcHrrna nos4eficrBrleM B ycJroBnrx fiHTencr,r$r.rxaquu

IlpoqeccoB TerrJroMacconepeHoca;

nocrpoeHr.re MareMarlaqecrofi MoAenI4 npoqeccoB TenJroMaccouepeHoca a3ora B

Nu4xoft BaHHe B ycnoBr.r{x ilpoAyBKI4 pac[naBa aproHoM qepe3 (rropr4croe Konbrlo)) B AHr{rqe

KoBIrIa flprr arMoc$epHorra AaBJreHr.ru noA cJIoeM €BoronpoHr.rqaeMofo cr.rnTerr.rqecKofo urnaKa;

rrapaMerpr,Iqecxa.fl u4enrn$nraqur groft MoAenr.r orHocr.rreJrbHo peanbHoro

o 6rerra rro AaHHbrM na6oparopHbrx r.rccJre4onaHI.rfi ;

npoBeAeHlle r{I4cJIeHHbIX gKcnepl{MeHToB Ha ocHoBe MareMarr,Iqecrofi MoAenu 14

paspa6orxa 3Hepropecypcoc6eperarouero pexriMa rexHoJrorur4 B ycnoBr4u unreHcutpuKarlr{r4

npoqeccoB TerrnoMacconepeHoca;

npoBeAeHr{e III,ICJICHHbIX SKCnepr{MeHTOB kr pa.rpa6oma

gHepropecypcoc6eperaroqero pexl4Ma rexHoJIorHLI Aea3orarlr4r,r B ycnoBzsx LrHTeHclrSuxaquu

trpoqeccoB TenJroMaccolepeHoca [pLI KoMrIneKcHoM nos4eficrnur,r Ha MerzrJrn BaKyyMa, npoAyBKr,r

I{HepTHbrM ra3oM 14 SneKTpOCTaTLrqeCKOrO nOJIt.

Hayvuax HoBH3Ha noJrfreHHbrx pe3ynbraroB.

1. Bnepnue npil MareMarllqecKoM MoAenr,rpoBaHr.rr{ xoHnexrueHofi gn(f(fy:uu

yAan{eMoro I43 xr.rAxoro MeraJIJIa m3a npr ero BHenequofi o6pa6orKe B ycnoBurx aruocipepnoro

AaBJIeHpIt yureu renloo6ueH paclnaBa c arMoc$epofi qepe3 crofi cunrerlrqecxoro rrrJraKa.

Paspa6oraHHar MareMarr.rqecKas MoAenb npl4MeHr.rMa K Merzrnny c AocraroqHo srrcorofi

TeMneparypoft nrauenufl,rr eQ(perrnnHo onrlcblBaer pacrBopenueyp.anfleMoro asora B paclnaBe

I,I I{oHI,I3aULIrc e u€N,{ aroMoB ra3a.

2. Bnepsrre reoperr,rqecKll o6ocHoBaH r,r gKcrepvMeHraJrbHo rroArBepxAeH s$Qexr

unrencu$uKarlur4 MoJrlr3arlr4oHHoro :nena 2[N] : {Nz} renJroMaccoo6uenHoro upouecca

yAaneHut a3ora u3 pacnnaBa MeraJIJIa, MexaHI,I3M Koroporo cocrouT B Qoprrruponauuz



3neKTpocrarlrqecKuM noJreM o6nacrl.I rIoBbIIrIeHHoft xonuenrpallllu (.uora,nusonaHuoro crycrra)

s o6racrlr npoeKrlr.rr4 rpanr{rlbr 3neKTpo.ua (ucrounuxa gneKTpocrarprqecKoro norlx) Ha

ltextf asHyro rloBepxnocrr "naKyyM-Merarr".

3. BngpeFre B pe3ynbrare rrpoBeAeuubrx uccneAoBauuft ycrauoBneHbl HayqHble

npeAlocbrnKr.r peanr{3aquu gHepropecypcoc6eperarorqero pe}rfl4Ma rexHoJrorulr nHeneqnoii

Aefa3allu[ MeTaJrJIa oT pacTBopeHHoro B HeM a3oTa IIpu rracTHr{ MoJrv3auHoHHoro 3BeHa B

nr,IMr4TlrpoBaHI4I,r renJlouaccoo6lreHuoro [poqecca.

4. BnepsHe [onyqeHo o6o6ulenue coorHorrreHr{r 3aKona Craneprca AJrr rrocraHoBKu

rpaHur{Horo ycnoBr4s K ypaBHeHrlro KoHBeKrueHofi alr$$y:uu aroMoB a3ora B pacnnaBe rrplr

r,rccJreAoBaHnkr B n€u npoueccoB TerrJloMacconepeHoca. O6o6rqeHr{e AocrprrHyro ga c.r€r

AorronHlrreJrbHoro yu€ra eog.qeficrefl.f, 3nerTpocrarl4qecKoro noJrt AoKpr.rrr.rtrecKl4x

HarrpnreHHocrefi na uex$asHyro noBepxHocrb (BaKyyM-MeraJrJrD 14 creneHr.r rroHu3aulrrd aroMoB

a3oTa B pacflnaBe.

5. BnepeHe

TerrJroMaccoo6uennoro flpoqecca a3ora s x[Axofi BaHHe npra BHeneqHoft Aea3orarlrrr4 MeraJlna

KoMlneKcHrnr,r no:geficrBl{eM B ycnoBl{tx JIHMI4TI4poBaHr4t 3Toro npoqecca rugernqecroft

(rr,ronns aqlronHofi ) c'r agueit.

Teoperu.recKirrr 3HalluMocrb pa6otu.

1. O6ocuoeaH a$$ercr uureHcla$uKaul,Itr Monpr3arlproHHoro 3BeHa 2[N]:{N2}

TerrJroMacco o 6u enn oro npouecca y l.urcHlrfl a3ora I43 paclnaBa M eraJrJra.

2. O6o6rqeno coorHorrreHlle 3axoHa Cuneprca Anq nocraHoBKr4 fpaHrlqHoro ycnoBl,Ifl

K ypaBHeHr{ro KoHBeKrueHofi guS$yslall aroMoB a3ora B xr.rAKoM Merz}JrJre c yudrou nos4eficrnux

3neKTpocrarr4rrecKofo flonq AoKpr.rruqecKr,Ix HaupxNeunocrefi ua vrexQa:Hyro rroBepxHocrb

(BaKyyM-MeTaJrJr) H CTerreHr,r r4oHpr3aIIpII4 aTOMOB asoTa B pacnnaBe.

IlparruuecKafl 3Har{I4Mocrr pa6oru.

Paspa6orauusrft sHepropecypcoc6eperaroqraft pexr,rM rexHoJrorurl B ycroBl,Isx

raureHcu$uKarluu [poqeccoB KoHBeKTI4BHoro relJloMaccolepeHoca B paclnaBe.

flonoxeur.r{, BbIHocpIMbIe Ha 3aIrII,ITy.

l. 3$Serr unreucu$IrKaullu Monr43aqr{oHHoro 3BeHa 2[N] - {Nr}

TenJroMaccoo6uennoro npoqecca yAaJIeHLIfi a3ora LI3 pacnnaBa MeruIJIJIa.

2. Coornoruenue 3aKoHa Cuneprca [nfl rrocraHoBKr4 rpaHprqHoro ycnoBplq K

ypaBHeHr{ro KoHBeKTr4BHoft au$Sp}II4 aroMoB a3ora B xr4AKoM MeraJrJre c y.r€rou nosAeficrnu.s

3neKTpocrarlrqecKoro ilon.f, AoKpr.rrl,rqecKux nanprx0nuocrefi na lreN(pasHyro noBepxHocrb

(BaKyyM-MeraJrJr) 14 crefleHr,r ,roHu3a\nv aroMoB a3ora B pacnnaBe.

rrpoBeAeHa KONI,IqECTBEHHA' orIeHKa 14 HTCHCI,IBHOCTI4



3. MareuarrrecKat Mo.4enb [poqeccoB r(oHBeKTr4BHoro renJroMacconepeHoca nplr

sHene.rHoft Aera3arlr4r.r xr,rAKoro MeraJIJIa npolynxoft rlHeprHbrM ra3oM trp]r arMoc$epuou

AaBJreHlru no.{ cJIoeM clrHTeTl{qecKoro IIrJIaKa.

Cnoco6 sHepropecypcoc6epeNennx rexuoJlorlrrd nneneqsoft Aera3arlur4 )rfl,rAKoro

MeraJrJra or pacrBop€nnoro e H€Na a3ora unrenczSnKarlprr4 rrpoueccoB TenJroMaccoilepeuoce.

Acnupaumofi Tynurxo I4.8. npopa6oran gnaqureruurrfi o6reu nr,rreparypHbrx

ncTorrHr.tKoB n0 TeMe Ar{ccepTarlupr, r43yrleH.bl coBpeMeHHbre MeTo.qbI KaK MaTeMaTI,IqecKoro

MoAeJrr{poBaHr.rfl (rvrerog KoHeqHbrx pasuocrefi), TaK u o6pa6orr<u p$ynbraroB

9Kc[epr{MeuTaJrbHbrx rlccneAoBaHnft (ltero4u KoppenrrlnoHHoro u perpeccr4oHHoro aualuson).

Pyroao4unaa;r MHolo pa6ora coorBercrByer BceM rpe6onanuru BAK, [peAbrBnreMbrM K

AucceprarlusM crreqr{aJrbHocru 05.14.04, a acnr4paHTKa I4.B.Tynunro 3acnyxr{Baer

rrpr4cyxAeHnr yuenofi creneHr4 KaHAHAara rexHr4qecKlrx HayK.

Hay.uruft pyKoBoAr4Tenb
AOK. TeXH. HayK,

AorIeHr, upo$eccop xatpe4pu
<Texsuqecrax renloSr.r3r.rKa)
|OyBIIO <IoHeqrufi naquonamnuft
TexHl{trecKraft ynunepcl{Ter)) 3axapoe H.I4.
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