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OT3bIB

BeAyrrleil opraHr3aql{u Ha AIrccepTaUHoHIIyrc pa6oTy Ilnisosa Orvra4r<yla

Xanaporcy;roB[qa Ha TeMy: <<@nluro-xnMuqecKne cBoficTBa cBI{HIIOBO-CypbMflHOfO

cnJraBa ccy3 c rueIorrHo3eMeJIbHbIMI{ MeTaJIJIaMID>, IIpeAcTaBJIeHIIyrc Ha coIIcKaHI{e

yrreHof crerleHl{ KaHArrAara rexnurrecKrrx HayK rro cneulraJlbHocrl{ 02'00'04

(DHgnqecKafl xIrMHfl.
Arrya.nrnocrb reMbl Arrcceprallrrn

B rra,{posneKTpoMeTAlI]rypruWr, raJIbBaHOTeXHI4Ke' aKKyMyJUITOpHOM [poII3BOACTBe 11

ra6elurofi TexgrrKe cBr4HerI u ero cnnaBbr IIrI4poKo I4crlonb3ylorc{ B Ka'llecrBe Marepl4ana

aHoAa Ia 3arrlr4THofi O6OlOqrra. HecryrOrp fl. Ha pfl'[pa3pa6oTaHHblx HOBbIx aHOAHbIx MaTepI4aJIoB

V 3anII4THbIX IIoKpbITI4f, CBI4HeII, HoCOMHeHHO, OCTaHeTCfl OCHOBHbIM MaTepI4tuIOM Anfr

KpyrrHoMacrrrTa6Hbrx SneKTpoxI4MI,IqeQKLIX [p0II3BOACTB I4 Ka6enbHofi TeXHI4KI4' B 3TOfi CB'3I4

oco6o aKTyiLJreH Borrpoc npaBr4JIbHOrO Bbl6opa nerEpylolqllx SJIeMeHTOB' KOTOpbIe He T0JIbKO

CI6CO$STBOB1UII4 661 uOerr111eHl4lg aHOAHOfi CTOftKSCTI4 CBIIHUa' HO I4 yAoBneTBOptruI 6bI



Tpe6oBanr.rs rexHororlrr4 B cJryqae, ecJur rroHbl 3TI4x gJIeMeHToB 6yayr nocryrlarb c aHoAa B

pacrBop r4 oKa3brBarr eogAeftcrBr4e KaK Ha KaroAHrtfi, taK ll Ha aHoAHrrfi npoqeccu.

Couacno lpyrofi ToqKr4 3peHr4r crofirocrr cBItHIIa 3aBlrclrr or [3MeHeHLIs urvl

uo.qu$raqllpoBaHrtr ero crpyKTypbr rrplI Jren4poBaHIlLI, T.e. or BerI4qI4HbI KpI,IcranJIoB cnJIaBa.

Mo4u$uraropaMr{ crpyKTypbr c[JraBa Moryr cJryxnrb Mertuulbl, uMelolque MaIryrc

Mex{aToMrryro cBfl3b, cneAoBaTeJrbHO, Hr43Kyro TeMIIepaTypy nJIaBJIeHI4t, MaJIyIo [IpotlHocTb I4

rn€pgocrr. A4cop6vrpyflcb Ha 3apo)KAaroqrxcr Kpl4craJlnax, oHI4 ropMo3.,IT Iax pocr,

yMeHbruaroT rroBepxHocTrryro gHepflrlo BHoBb 3apolKAalorqerocq KpI4cTiLIIna, B pe3ynbTaTe

vero o 6pasyerct BblcoKoAlrcnepcnrrfi c[JIaB.

Cnnaerr cr4creMbr cBr,ruerl-cypbMa xapaKTeprr3ylorc{ npocrofi gBTeKTIrKofi u ne6onrurofi

egar4l4Hofi pacrBopr4Mocrbro KoMrror{eHron (vrarcnualruax 3,5 vac.o/o Sb) u orruqarorcf,

srrcorofi Mexanra.recrofi [porrHocrbro, rurrefinuuu ceoficreaN{ra. 3rz cnJIaBbI IIIIrpoKo

[pr4MeHrrorcs B aKKyMyJUITopnoft npoMbrrrrJrenHocrl4 AII5. rBroroBJIeHIrt peIIIeroK vr B

oTAeJrbHbrx cJrrraf,x Anf oTJ[rBKpr aHoAoB An{ 3neKTpoJII43a CepHOKI4CnbIX paCTBOpOB IIITHKa,

KaAMr.rr v MapraHrla.

Kopposul cnJraBoB cBr4HrIa c cyprnroft xoporuo H3yrIeHa B cpeAe gneKTpoJII4ra H2SOa, u

rtpu orcyrcrBrrr{ sHeruHefi [ompr43arllIr4 ycraHoBJreH He3HatlllTelruuft pocr cKopocrlr

Koppo3trr{ (cnlaeu Ao l% Sb) u cna6o nrrpaxenurrfi MI{HuMyM, npraxo4xquficx Ha

oBTeKTr4qecruft cocras. CHuxeHrle cKopocrl4 Koppo3I{I4 cnJlanoe, 6lzsKI,Ix uo cocraBy K

gBTeKTr4Ke, o6rrcnxercr yMeHblreHr4eM piBMepoB KpI4craJrJIoe aHoAHofi Sa:u - oBI4HIIa.

KopposraonHoe [oBeAeHr4e 6ranapnrrx crrJraBoB B cpeAe cepnoft KI4cJIorbI n guaqurelurofi

brenenu orrpeAeffercr r{x crpyKTypofi. flo HeKoropblM AaHHrIM, MiLIIhIe KoJII{qecrBa cypbMbl B

cBrrHue (lo 0,25Yo) ne srusK)r Ha rpoqecc pa3pyrueHl,It aKKyMyJItropHbIX perlTeroK. C

yBeJrr.rqeuueM KoHueHTparlrrrr cyprMbr Koppo3r4t aHoAoB Bo3pacraer. 3ru pe3yJlbrarbl 6unu

nolyrreHbr nprl KparKoBpeMeHHbrx r4crbrralkrflx (25 vacon) n ycnonvrflx 3aps.Aa v pa3pflra

cBr4HrloBoro aKKyMynf,Topa. Vseru{.reHr{e coAep)Ka]Flvfl cypbMbl BtlJrors no 3%o rloqrl4 He

BJrr,rrer na croftrocrb crrJraBa, rr Jrr4rr]b B AIaaIIa3oHe KoHueHrparyufi ot 3 Ao 6oh npoucxoAl4T

cyulecrBenHoe cHVx(eHIle Koppo3krv, ilpvxoAttqeect Ha cocraB Pb + 4.25% Sb.

Cyl" rro ilpeAcraBJreHrrbrM B Ar4ccgprarlr4rr Marepr4ilJlax B JII,ITeparype Her ceeAeHuft o6

aHoAHoM noBeAeHr4rr crrJraBoB cBr4Hua c cypruofi r uefirpanbHblx cpeAax, a raKxe ux Qzsuro-



XI4 MI,IqECKI,IX CBOfi CTB.

Taxurvr o6pasou, BbrnoJrueHr4e Ar4cceprarluosnofi pa6oru [peAycMarp[Biulo

paspa6orry HoBbrx KoMro3r,rquir saocHoBe crJIaBa cBI4HIIa c 3Yo Qvac.) cypnrvrn (CCy3) c reM,

.rro6tr rpeBparurb AaHsuft cnJraB B noJre3Hbrfi npoAyxr, rcoroprrfi orJII4tIiLJIcff 6u oco6uuu

csoficrBaldr,r r,r Mor nprrMeHrrrbcrr B npoMbruneHHocru. flttt peaJII,I3aIIuIr flocraBJlesHofi qenu

aBTopoM B KaqecrBe o6rerra r4ccJreAoBanus 6Hr nrr6pau yrasanrrfi cnJIaB, roroprrft AaJIee

rroABepftrrrct rrao4u(pnUr4poBaHr.rro qenoqHo3eMeJIbHbIM[ Mer[LJIJravru (ranull4eM, crpoHIII4eM Ir

6apueru) B KorrlrqecrBe or 0.01 ao 0.5 r'r'ac.o/o.

Crpyrcrypa u coAepr(aHl{e AIrccepraIIrIH.

,{r.rccepraqrrouutur pa6ora cocror4T vrg BBeAeHI4{, qerblpex uIaB vr rIpI4JIox{eHIrt,

r,r3Jrox(eua na 150 crpaHlrqax KoMrrbrcTepHoro rra6opa, BKJIIoqaer 82 pucyxra, 54 ra6mr1nl-

1 27 6u6rorp a$ u.recKl4x HaI4MenoB anufi .

Bo BBeAeHrrrr tr3Jtor(eHbr rrpeluocbrnKr4 A ocHoBHbIe npo6neult HccJIeAoBaHHs,

o6o cnosaHa aKTyanbHo crn pa6orbl, p acKpblra crpyKTypa AI,Iccep r a\fiv.

B nepnoft rJraBe paccMorpexbr crpyKTypoo6pasoranze kr (prasnro-xrMllqecKl4e

csoficrea crrnaBoB cBr4HrIa c gJreMeHTauu II rpyrrrrbr nepploAnqecrofi ra6nuqlr; [peAcraBJIeH

o6sop JTflTeparypHbrx AaHHbrx B o6racru npl{MeHeHlu cBLIHIIa kr ero cnnaBoB;

esauN{oAeficrBr4e cBraurla c rqeroqHo3eMeJrbublMl{ MeraJIJIaMI4; Te[Jlo€urocrr cBIrHIIa, cypbMbl,

KaJrbrlr4r, crpouur,rr u 6apux; oco6esnocrrr BbrcoKoreMneparypHoro oKI{cJIeHI4t cBI4HIIa u ero

cnnaBoB; Brrvrfl:avte rqenorrHo3eMeJrbubrx MerarIJIoB Ha aHoAHoe rIoBeAeHI4e cBI,IHrIa. Ha ocnose

BbrloJrneHnoro o6gopa noKa3aHo, qro renloSu:raqecKlle 14 TepMoAZHaMI4qecxze croficrea,

Kr.rHerr{Ka oK[cJreHr4t, aHoAHoe [oBeAeHI4e clJIaBoB oBI,IHIIa c 6epnrutxeu, MafHIleM,

turroMrrHr4eM 14 rrlenoqHo3eMeirbHbrMr4 MeTiLrIJraMH xopolllo I43ytIeHbI, r{efo Helb3t cKa3aTb o

cBrrHrlo-cypbMruoM cnJraBe CCy3 c KaJrbrlraeM, crpoHIII4eM LI 6apuetr, T.e. ,UIt Aantrofi rpyrrrrbl

c[JraB oB r4MeloTct JII{Irrb cKyllble oTpbIBotIHbIe cBeAeHkIt.

Taruu o6pasov, B cBfl3r{ c orcyrcrBr4eM clrcreMarl4qecKlrx AaHHrIX o (pusvno-

xr4Mr4qecKtrx csoficreax crrJraBa CCy3 c KarIbIIveM, crpouuvleM v 6apueu [ocJIeAHIre 6ulu

B3{Tbr aBTopoM B KarrecrBe o6rerra r4ccneAoBaurrt B ganuofi Alrccepralluounofi pa6ore.

Bo nropofi rJraBe [pr4BeAeHbr py3ynbrarbr r.rccneAoBanvrfi renloQusutlecK[x csoficre z

raguenenuft TepMoAr4HaMr'tqecKrrx Qynrqrafi cBIlHIIoBoro c[JIaBa CCy3 c IqenoqHo3eMeJIbHbIMI4



METAJIJIAMII.

Tperrn rJraBa nocBrrrleHa orrrlcaur4ro oKc[pIrMeHTaJIbHbrx I{ccJIeAoBaHnfi rranerzxrn

oKr4cJregr4f, cBrrHrloBoro cniraBa CCy3 c KaJrbIII4eM, crpoHIII4eM vI 6apneru, B TBepAoM

cocTotHI,Iu.

B verneprofi r.naee nprrBeAeHbr pe3ynbTarbr uoreHIILtoAI4HilMI4tIecKoro [ccJIeAoBaHI4t

cBr,rHrloBoro c[naBa CCy3 c KaJrErIrreM, crpoHllnev_zr6apueu, B cpeAe sneKTpoJlllraNaCl.

,{uccepraqLroq:aas, pa6ora 3aBepruaercs o6qnt\al{ BbIBoAaM[, crrLIcKoM III4TI{poeaHHoft

iMTepaTypbr u npunoxeHl4eM.

Halr6o.rree BaxHbrMr.r p$yJrbraraMl{ Al{ccepralluonnofi pa6orn Huegosa O.X.,

o6ecneq[sarcqrre lroBll3ny [ccJreAoBan[ft sertlorcs:

Ycranosrega reMleparypHrur 3aBl4cl4Mocrb teulo€vrxoctu, roo(pSnquenra

TenJroorAarrr4 14 r43Menenufi TepMoArluaMr4rrecrr4x $ytncultft (onralrnnl4, gHTponI4Ir, SHeprLII4

fu66ca) cBr4HUoBo-cypbMf,Horo crrnaBa CCy3 c KaJIbIIueM, crpoHlluett,6apueu. Iloxasano,

rrro c pocroM TeMneparypbr rr Kor[qecrBa nerupyroulefi ,qo6asKla B crlnaBe CCy3

reulo€vgocrn, rosQ$raquenr renJroorAaqn, SHTtulbnvfl, SHTpo[us crrJraBoB pacryr' a

3gaqeHue gHeprr4r,r fu66ca yMeubmaercs. B rrpeAeJlax noArpyn[bl npl4 flepexoAe or cnJIaBa

CCy3 c KnJrbrlreM K crrJraBaM co crpoHIILIeM u lapuew rlpld coAep)Kanuv 0,5tvnc-o/o III3M

gHTurrrbrrptfl r4 gHTpor11af c[JraBoB yMeHbruaercs. 3na.IeHlre gHepn4ufu66ca B gToM ptAy rarcKe

yMeHbrrlaercf.

llorenuuocrarr4qecKr4M MeroAoM B [oreHIII4oALIHaMI,IqecKoM pex{4Me [pI4 cKopocrl4

pa:rdpl<z noreHur4ttfl a2 ytBlcycraHoBneHo, tITo Ao6anru KaJIbIII,Ifl, crpoHlll4fl n 6apvx Ao 0'5

vac.o/o n ABa pa3a IIoBbIruarcT aHoAuyto ycrofi'u4BocTb cnJIaBa CCy3. Berraqusu

[oreHrlr.raJroB rrrrrrr4Hroo6pasoeauzr pr perraccr,rBallrll4 cIIJIaBa CCy3 c yKa3arIHbIMLI

MeraJgraMr{ 11o Mepe pocra KoHrIeHTparI[[ xnoprrA - r4oHa B gJIeKTpoJrI,ITe cMelrltlrorcf s 6oree

orprrrlareJrbHyro o6lacrr. llpll nepexoAe or crrnaBoB c KturbIIIreM K cIIJIaBaM co crpoHIII4eM I'I

6apveru [oreHrlr4iurH ceo6oAuofi ropposvwrvrprrrunroo6pasoBaHl,It pacryr, T.e. cMellliuorct B

6onee noJlo)KlrrenbHyro o6nacrs.

llparrnuecKafl 3HarlllMocrb.

Ha ocHoBe npone4€nnrx [ccreAoeaHzfi aBTopoM ycTaHoBneHbI onTI4MaJIbHbIe

KoHrleHTpaqrur KaJrbrlrrfl, crpoHrlr4{ vr 6aput B cBtIHIIoBo-cypbMsHoM crIJIaBe CCy3.



BmnoprenHbre Hayqgbre r4ccJreAoBaHr4{ rlocJryx{rrJllt ocnoeofi AJII pa3pa6o:rru cocraBa HoBbIX

cBr{HuoBo-cypbMf,Hgbrx clJraBoB, xoroprrft 3arrlnrueHbr MtuIbIMbI [areHTaMrr Pecny6nnru

Ta,uxurr.rcran

Hayunrrft BKJTaA corrcKareJrff B pemeHlrlr HayrrHoft saAaqn cocrorlT

B CJreAyI0UIeM:

- rro reMe Alrcceprarlr4tr ony6ntr orano 16 pa6or, B ToM tIIlcJIe 7 crareit B xypHaJlax'

peKoMeHAoBaHHbrx BAK Poccuficrofi (Degepawu v 7 varepnwroB AoKJIaAoB, B Marepl4arlax

MexAyHapoAHbIX u pecnyltuKaHcKl4x roHQeperqtlfi ;

- Bbrrrrer43JroxeHHoe no3BoJrrer KoHcrarlrpoBarb AocrarorlHo srtcoKraft ypoBeHb

aupo6aquu Ar4cceprarlrroHHoro rrccJreAoBaHl4{. Matepual Aflcceprallrllr roflrrlHo vr

rrocJreAoBareirbgo r43JroxeH, xopouo I4JIJnocrpI4poBaH, BbIBoAbI AocraroqHo o6ocuoeauu;

- c$oprrayJrr4poBaHnbre BbrBoAbr rr orry6rulronaHHble HayrrHbre crarb[ aBTopa

coorBercrByrcT raclopry cleqr{airbHocrr4 02.00.04 - @ugu'IecKaf x}IMI4r{ (rexHu'recrure

nayru) ro rryHKraM n.!;1.2; n.5; r,r u.7 rpe6onaHl4tM BAK Poccuficxofi (De4epaqtua.

O6ocnonaHHocrb tr AocroBepHocrb ocHoBHbIx pByJrI'TaroB Aucceprarlnonnofi

pa6orrt.

' Btr4Br,rraeMbre Ha 3arqr4Ty HayqHbre noJloxeul4t kr pe3ynbrarbl o6ycnoelena

KoppeKTHocrbro [p[MeHfleMbrx B pa6ore $zsnHo-xnMuqecKux MeroAoB ficcreAosaHllft;

rrcnoJrb3oBagrreM arrecroBaHnoro o6opyroBalnfl, o6ecneqlrearcIuero AocrarorlHrrft yponenr

HaAexHocTr,r pe3ynbTaToB; KoMnJreKcHbIM rIpLIMeHeHI4eM B3aI4MOAOrIOnHtrolqux

r43Mep[Tenbgbrx MeroAoB; rrc[oJIb3oBaHI{eM gTaIIoHHbIX o6pa:r1or; corJlacoBaHHocrbto

pacqeTHbrx rr 3KclepuMenTuurbnbrx AaHHbIX, CXOAI4MOCTbIO pe3ynbTaToB r'rccJleAosaHlafi,

rrpoBoAr4MbIX B na6oparopHblx ycnoBvflx; ny6lxraqr4flMlr B peIIeH3I'IpyeMbIX xrypHanax;

o 6cyxgenlleM O cHoBHbIX p$ynbTaTOB Ha p a:lIIatIHbIx Ha1nlHrrx xonS epeHllutx'

c$opuynupoBaHHbre co[cKaTeJreM BbrBoAbI JIOTUTIHO OCHOBbIBaIOTCS Ha [pI4BeAeHIIbIx

B Arrcceprarl vv nvrreparypHbrx AaHHbrx Ir pe3yJlbrarax co6crBeHHbIX [ccreAosaHllfi .

K pa6ore I4Melorct cneAyloulae 3aMeqaHl4fl:

1. I4ccneAoBaHIIt renlO€vtxoCru CIIJIaBOB aBTOpoM npOBeAeHI4 B pexOIM

(oxJrtDKAe:flkrfl>>. OAnaxo He rrpecraBJreH cBeAeHIrs o coflacraBl4Mocrr{ nolyrleHHbrx

pe3ynbTaToB c pe3ynbTaTaMI,I noJrytIeHHbIMII ApyTIIMI,I MeToAitMI{.



2. [uccepraHTy cneAoBaJro 6u 6onee rny6olco paacMorperb BJILI{HI{e

Ao6aeor c y.r€rovr rrx gneKTpoHHoro crpoeHl4fi Ha oK[cJlreMocrb

rp€xrounoH eHTHsIX cnJIaBoB.

JrefI{pyrcurx

noJryqeHHbIX

BbINOJII{EHHbI3. KopposI4oHHo-gJreKTpoxI4MI'ItIecKI{e 14CCeJIeAOBaHI4t

rrareHrlr4ocrarrrqecKrlM MeroAoM rrprl cKopocrl4 pa:e€prru [oreHIII4ttrIa 2tnBlc, [peAcraBntn

r,rHTepec cBeAeHrre o noBeAeHr,rr4 cnJIaBoB I4 npl4 Apyrlx cKopocrtx pa:ndprru rIareHIII'ra[a.

4. B rexcre Alrcceprarlr4r4 Bcrpeqarorc.fi crrlrldcrl4tlecKl4e I4 rpaMMarl4qecKue oqpr6ru

(ctp. 46;68; I 19 r.a )

O4naxo, grr4 3aMeq a1vrfr He cuprxaror o6Uyro UeuHocrb LI BaxHocrb nrrnomrensoft

pa6omt.

P et<otvr eu d aquu n o uc n orrbs o 6 aH uru p e3y nb mamo e uc cn e d o 6 aH un

perynrraru nccJreAoBaHus, rpvBe4€unrre B Al4ccepraqnonnoft pa6orrr Hpr€goea O.X.

Moryr 6rrrn rrcrroJrb3oBaHbr [peAlp[srplsMll [oABeAoMcrBeHHbIMI4 Munucrepcrey

[poMbrrrrneHgocrpr v HoBbrx rexnolorufi Pecny6nuxz Ta4xr'rxucraH, focyAapcrBeHHblM

HayqHBrM yqpex<4euI,reM <Ilenrp r4ccJreAoBaHl{x I4HHoBarII4oHHbIX TexHoJIorLIu IIpu AH

pecny6nrarra Ta4xlrrucraHD, BY3air,rn MeraJlJrypruqecKoro I{ xktMl4qecKoro upo(punefi n

yue6nrrx upoqeccax.

3axlroqenue

[uccepraquoHHas pa6ora Hr€gosa Ouagxyna XaupoxynoBnr{a Ha reMy: <@uguro-

xr4Mr{qecKr{e ceoficrsa cBrlHrloBo-cypbM{Horo clnaBa CCy3 c qenotIHo3eMeJIbHbIMIr

MerilrrJraMrD> npeAcraBneHnyro Ha corrcKaurae yvOnofi creneHil KaHALIAaTa rexHl4qecKlrx HayK

no cleurraJrbHocrrr 02.00.04- OragrrecKat xI4MI,III coorBercrByet rpe6oBaHl4f,M <floroxenus

o rroprAKe rrprrcy)KAeH[s yqeHbrx crerreHefi>>, yrnepxAeHHoro BAK MI'IHIrcrepcrBo HayKI4 14

Bbrcrlero o6pasOeanur PoCCuficltOft @e4epaquu, flpeAsflBnf,eMblM K AIIcCepTaUI{tM Ha

cqr4cKague y.renOfi cTeneHll KaHAI4AaTa HayK. Pe:ylrrarrr, Ouy6rulKoBaHHble B

perlegr4pyeMbrx HayqHbrx xrypnaJrax, BnoJIHe orpalKiuor coAepxcaHue pa6orrr. AnropeSepar

coorBercrByeT coAep)KaHulo AI4CCepTaIII4ll.

Aerop Ar,rccepTarlzonnofi pa6oTbl Hla€soe OlaaAryn XarrapoxyloBurl - 3a ycTaHoBJIeHI{e

TepMoAr4HaMr,rqecKr4x, KrrgerlrqecKr,rx r4 aHoAHbIx csoficre cBHHIIoBoro cypMbtHHoro cnJIaBa
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