
Orsrrs Ha aBrope$epar .(I{ccepraqraz Korxoeofr M.C.
"MuuepaJroro- TexHoJrorr4tlecKrre o co6 euuo crr4 xeJre3o-TnTaHoBbrx pyA

MeAseAeBcKoro Mecropox \eHurfl, ", [pe4craereHHofr Ha co HcKaHr,re

yueuoft crerleHr4 KaHIr4Aara reoJloro-Ml{HepaJlorurrecKl4x HayK, rlo
cnequanbHocrr4 2 5 . 00. 0 5 - "MuuepaJlotl4q, Kpl4crannorpaS ur"

Ifelsro paccMarpr.rsaeldofi AHcceprauuoHuofi pa6oru flBilflercs, Bbr.,rBrleHHe

MI,IHepanoro-TexHoJlorurrecKux oco6eusocrefi nxpanleHHbx rr4TaHoMarHerI4ToBbIx lI
I,IJIbMeHr.rr-Tr{TaHoMarHeruToBtIx pyA Me4ne4eecxoro MecropoxAeHI{fl Anfl
o6ocuoeauus cnoco6oB Hx eo:NaoNHofi npoMbllxneuHoft nepepa6orxu. lrx ororo
aBTopy AaHHofi Ar,rcceprarluu 6rrro Heo6xoAIauo peIxI4Tb pqA KoHKperHbIx 3aAaq, B

ToM rrucre: [poaHa,rrr3upoBarr oco6esuocrl4 cocraBa Ia yc:rosltfi $opuzponanur
BbrcoKorr4TaHr.rcrblx BKpanJIeHHbrx pyA MeAeelescKoro MecropoxAeHHf, . ycraHoBHTb

BJu4f,Hrre oco6egHocrefi r4x [epBl4rlHoro BelrlecrBeHHoro cocraBa, a raKxe
I4HTEHCI{BHOCTII H3MEHCHI4fl CTO HA NOCTMAIMATI4I{CCK}IX 3TAIIAX

Mr.rHepanoo6pasonauzfl. - Ha crelleHb pacKptlTuq cpac,rauuit pyAnrrx L HepyAHbIx

MHHepanoB [pr4 npoBeIeHi.ru rexHoJIorI4rIecKLIx npoqeccoB o6orarqeHrafl pyA,
UCCneIOBaTb nOBeAeHI{e pyAHbIx MI'IHepanOB B TI4TaHOMaIHeTIITOBbIX I'I I'IJILMeHI'IT-

TI,ITaHOMarHeTr,rToBbIx PYAaX B MaTHI4THOM rlone [pLI pa3HbIX 3Har{eHI,LflX efo
HanprxeHHocrr4, oueHlITb crpyKrypHylo u Sasonyro HeorHopoAHocrb pyAHbIx

Mr.rKpoarperaroB, nposBI,IBIxyIoc.,I B pe3ynbrare reepgoSa:Hllx flpeBpaIrleuufi npu

oKucJrr4TeJmuou o6xzre 4po6leuoro Marepl4ana pyn pa3Hblx KJIaccoB Kpy[HocrI,I -

npr{ reMneparype I 100"C 14 Bo BpeMeHHoM IaHrepBarre paBHoM 24 'a., 48 '1. u 72'1.
B npoqecc e Bbrrro JrHeHr,r, fl epequcJreHHllx Br,rrue 3ag.aq aBTop oM AI,IcceprauI,ItI

6rr:ru nonf{eHbl cneAyrorrlr4e BaxHbIe HayqHLIe il HayqHo-[paKTI4r{ecK[Ie

pe3ynbTaTbr, xapaKrepl43ylotuue oIHoBpeMeHHo u HayrlHylo HoBpI3Hy .qausofi

lpaKTlrqecKrr 3Harrr,rMofi HayuHoft pa6otu: Ha rlpl4Mepe rlrraHoMarHerl4ToBblx H

rrJrbMeHlrr-Tr{TaHoMarHer}rroBbrx pya Me.qeeAeBcKoro MecropoxAeHl4q npocnexeHa

3BOJrrOrIr4' npoAyKToB pacilan{a rBepAoro pacTBopa pflAa MafHerLIT-I4IIbMeHI',Ir,

BblpaxeHHa.s B r{3MeHeHUV COCTaBa rr cTpoeHV, MIIKpOarpefaToB TIrTaHOMafHerura B

npouecce ux co6upare.nruoft flocrMarMarfiqecxoii nepeKpucrarlril3alu.ilu,

ycraHoBneHo BJu4.rIHrre gJleMeHToB-npzuecefi Ha 3HaqeHlze cr[IHoBoto MatHI4THolo

MOMeHTa MafHeTI4Ta r,r LrJrbMeHr4Ta TLITaHOMa|HeTI,ITa B pyAax 3TO|O MeCTOpOXAeHr4s.,

BO BHerrIHeM Ma|HHTHOM noJre olpeAeneHo [oBeAeHI{e ML{KpOafperaToB

TI,ITaHoMatHerrrra pasuofi cretteHu rlepeKplrcrannv3aulalr u MaprI4TI43auI'II4,

SKClepr4MeHTanLHo AoKa3aHa B03MOXHOCTb HanpaBneHHofo t43MeHeHU.s

TexHoJrort4qecKr.rx ceoficrs py.uHrrx MI4HepanoB (rlaraHouarHerlrra I{ }rJIbMeHI4ra) npu

OKr,ICJrHTeJISuOrrt O6xure, ycTaHOBJIeHa 3aBI40I4MOCTb CTpyKTypnOfi H xIaMU'IeCrOfi

HeoAHopolHocrr.r pyAHbIx MI4HepanoB (u ilx Ml4Kpoarperaron) B paMKax

fpaHynoMeTpuqecKofo cneKTpa oT BpeMeHHOTO I4HTepBaJ'Ia OKr'ICJrlrTeJIbHOfO O6X<Ura

u Psl, Apyrux pe3ynr,TaroB.

Ocrauonlrocb, c yqeroNr ceoefi uayuuoft cneuuanl{3allu?I (uerpolorur n
reoxraMr.rs pyAoHocHbrx MarMarr.IqecKux cepufi) Ha oueHKe 3Har{HMocrLI flonyrreHHblx

pe3yJIbTaTOB, [T3JIOXeHHbIX B nepBoM 3aIIII4UIaeMOM HayqHoM IIOJIOXeHITU:

"MnolograAufrsOcrr flpoqeccoB MlIHepa[oo6pa:onanux e ra66poulax I4, flpexAe

Bcefo, flBIreH]afl. tIOCTMafMaTr{qecKofo xapaKTepa npeAorlpeAelrli{nu MHHepanofo-

TexHoJlorr,IqecKu e oco6eugocrrr BKpalneHHbIx pyA - Ml4HepanbHltfi cocras, Tvlftbr

cpacTaHug) ruop$ocrpyrrypnrrft cocTaB pyAHLIx MI4HepanoB v lrx Su:uuecxne
cnoficrna, Koropbre o6yclonulu ocHoBHbIe IroKa3arenl4 pacKpbITI'Ifl 3epeH M[IHepanoB

(uurpoarperaron) ra B rlenoM oco6eHsocru o6orarl4Mocru pyA". Tax, anroporvt

IUCCepTaur,ur oTMerreHo, rrTo cI4AepoHI,ITOBaf, pI I,IHTepCTUIIpIOHHaq' CTpyKTypbI B



I4CCIeAOBaHHbTX TeXHOJrOrI4qeCKr.rX npo6ax xapaKTepl{3yrorcq Mex3epHoBErM

pacnonoxeHr.reM flepBr.rqHo o6oco6lesssrx pyAHbrx Mr.rHepanoB (sepeu

Tr,rraHoMarHerr.rra ra r.rJrEMeHrara), c ponuoft rloBepxHocrbro rpaHyu ux cpacrauufr, Ho

il c qacrr4rrHbrM rrpoHr4KHoBeHr4eM Apyr B Apyra. 3ro e uenoM Moxer noroxr{TenbHo
BJrr,rqTb Ha pa3AeneHr4e MHHepanbHLIX arpefaToB TaKr4x [epBr.IrrHo o6oco6leuur,x
renepaqufi Tl4TaHoMarHerr.rra rr HJIbMeHura - or crrJrr,rKaruofi cocraBJrflrorqeft, npz
locneAyloueM nonyqenuu rpy6oro xene3o-TllraHoBoro KoHrIeHTpara.

Buecre c reM, aHanr,r3r,rpylorcq v MHorI4e ue6laronpu.srHbre Saxroprr,
3aTpyAHqlOUue paCKpbITlIe 3epeH pyAHbIX MI'IHepanOB 14 B IIeIIOM, CI4J'IbHO BnIIslOtttI{x
Ha oco6esnocru o6orarzrr,rocrur I4ccneryeMblx pyA. Tax, MHKpoarperarbl

TrrraHoMarHerrrra v rrJrbMeHI{Ta xapaKTepl43ylorcq crpyxrypuofi u Sa:onofi
HeoAHopoAHocrbro, o6yc.ronreuHofi Ha,rluqueM npoAyKToB pacilaAa rBepAoro
pacrBopa. MopSonorux v BHyrpeHHee crpoeHlae 3epeH mumaHoMazHemuma
rrpereprrenu Haz6oree cHJrbHoe Ir3MeHeHIre B npouecce rrocrMarMauaqecroft
avrSra6oru3t4rJW pyAoHocHblx ra66po-uopuron. Taxze npeo6pasoBarlafl
coIIpoBox.4aloTcs or{uueHueM MarHeT}rToBo}I MaTpI{qbr TI4TaHoMarHeTI4Ta oT

3rreMeHToB-upunaecefi, n trepBylo oqepelb, or ruraHa (upu pocre co.qepNaHufi

naua4r,rr), c o6pa:onaupreM no nepra$epzra xcenorr.rop$Hbrx pa3Hbrx rro KpyrrHocrr,r

3epeH rro3AHero cerperaur4 oHHoro HJIbMeHara. Hanru paHee B ceprn4

ouy6ruxonaHHbrx pa6or [Xonognon u Ap., 2012,2075,2016) 6ruto rlora3aHo, rlro
groMy cuoco6creoBano 3HaqrrreJrbHoe coAepxaHlre xnopa (Cl cursurlfi oxucrl.I:rem,)
B COCTaBe [OcrMarMarr4r{ecKofo (cy6corll4ycHoro) $moHla. MaHeparuuue
arperarbr rI,ITaHoMarHerr4Ta B vccneAoBaHHblx npo6ax [oABep]KeHbI TaKxe

fr.rnepteHHoMy flpoueccy Maprr4rusa]g./lil c o6pa:oaaHr4eM rrceB4onropoo reMarr4Ta.

Cerperaqaossufi ufibmeHum B rHTaHOMafHeruTOBbrx PYAaX
[per4MyrrIecTBeHHO BcTperlaeTc.[ KaK npoAyKT pacllaAa TBeplolo pacTBopa pflAa

r4JrbMeHr4T-MarHerr4T, [epBVrrHo o6oco6leunufi umnaeHr.rr ilMeer 3Aecb noArrI,IHeHHoe

3HaqeHpre. Irhmrenrar-TI,ITaHoMarHerI,IToBbIe pyAbl cJIoxeHbI KAK

r4HAt4Bt4AyUII,I3LrpOBaHHbIMI4 3epHaMI4 nepBI4rIHOlO MaTMaTLITIeCKOTO I4IbMeHI,ITa, TaK

la cerperarlr4oHHr,rMr4 rrporyKTaMr pacila4a rBepAoro pacrBopa. 3rIa Aee ocHoBHbIe

reHepaulrr4 r.rJnMeHr.rra (paHnxx vt nosAuqq) 3aMerHo pzrnllqalorcfl He roJIbKo

nrop$onornefi sepeu, Ho rr rro cocraBy. flosAuufi lrJrbMeHur o6orau]aercq rI'IraHoM H

MapraHrleM, rrp?I cHI4xeHIaI4 coAeprxanuft xeJle3a 14 MarHI,Is.

Ha ocHoBaHlru o6o6ueHur AaHHbIx tro Mr4Hepanoruu I4ccne.4oBaHHlrx

aBTopoM TI,ITIoB pyA c4enaHo o6ulee 3aKJIIoqeHV e 'oB ocHoBHbIx ortepalll4qx

o6otaqeuraq, yqr,ITbrBa, cJIoxHoe crpoeHI,Ie MI,IKpoarperaroB TI4TaHoMarHerllTa,

tfuuzuvecxutwu uemodauu 6olMo)tcHo oudenumu mumaHoMaznemumoouil,
cnoucerunotit ruenocpedcm6eHHo 14uKpoazpezamottu mumflHoMilzHemuma, u
uilbMeHumoeufi npodyxmu. flanrueftruax nepepa6orra rLITaHoMarHerl4ToBoto

npo.qyKTa rpe6yer ueneHarlpaBreHHoro H3MeHeHuq Qa:onofi Lt crpyxrypnofi
HeoAHOpoAHOCTH MHKpOafpelaToB c yr{eToM yxe 3a[yllleHHoro [pI4poAHoro
lpoqecca oKr{cneHl4.,r MarHerura (vaprrarusal{r4r{)". Taxue Bo3MoxHocrI,I

npeAcraBnqror AaHHbre, Koropble nerrll s o6ocHoeaH[e Broporo v rperbero
3arurrlraeMbrx uoJloxeuufi, c oilpeAeneHlleM flapaMerpos ueo6xoAl4Mblx Anfl
c03AaHI|Ifl IIepcneKT[rBHoI,l TexHoJIOrUqecKo14 CXEMbI nepepa6omu
BbrcoKorlrraHl4crblx pyA MeABe.4eBcKoro MecropoxAeHllfl .

Taxnlr o6pa:ovt, uccneAoBauu-a Mapuu Cepreenusr Kolroeofi napr4y c

HayrrHbIMI.{ I,IMe}or H BaxHyIo [paKTur{ecKy}o 3HatllrMocrb. flolyueuur'te
SKcneprrMeHTaJrbHbre AaHHbre o xapaKTepe pacKpblTl4s MVHepanbHbIx alperaToB

BKpalrreHHbrx xeJre3o-TrrraHoBbrx pyA Me.qeeAeecKoro Mecropox.4eHzf, uoryr 6smr

Ircnorb3oBaHbl nnfl o6ocHosaHus KpyrlHocrl4 Hx u3MerbqeHl,ts B npoqecce

pyAorroAroroBKr'l. Arianus pacilpe.qeneuus. pyEHbIx MlrKpoatperaroB'B [poAyKTax



MarHpITHofi (alexrpolraruurnofi) celapaual4, rloJryrreHHbrx rrpz pa3Hbrx 3HarreHr4.r]x

HalpqxeHHocTl4 MalHIrTHoro fIoJI-[, [o3BonqroT onpeAenr,rTb o[TI,IMaJIbHbre
rrapaMerpbr cerexrzeHofi rr,raruuruofi cenapauHr{ ilrrfr BbrAeneHr.r,
Tl4TaHoMarHerlzroBoro Ir HJIEMeHI4ToBoTo npoAyKToB. Pe:y:rsrar6r oKl,rcJrrrreJrbHoto

o6Nzra Apo6neHoro Marepl4ana Ha Bo3Ayxe cBlrAereJrr,crByror, rrro rarcofi npouecc
rIpIrBoAIrT K yMeHbIIreHHK) CTerreHI4 HeOAHOpOAHOCTI4 MVHepaJrbHOtO r4 XI..IMr{qeCKOrO

cocraBoB I4 rlo3BoJlfler rroBbllnarb pacxpblBaeMocrb BHoBb o6pa:onaHHbrx xeJre3o- t4

Tl{TaHco.qepxalqux MLIHepaJIbHux (pas B TexHoJroruqecKr,rx [poAyKTax, cuoco6crnyx
IIOBbITTTeHI,IIO H3BIeqeHIafl, TVTAHA B TaKI{e TeXHOJIOfr.rqeCKr.re [poAyKTbI.

flpe4craueHHafl Mapraefi Cepreenuofi Korxoeofi x :arqure KaHArrAarcKiur

Ar4cceprauufl "M14uepanoro - TexHoJIorHr{ecKI4e oco6euuocrr4 xene3o-Tr,ITaHoBbrx
pya Me4neAeBcKoro MecropoxA eur4fl. 

o', lro cleuuanr,Hocrr.r 25.00.05 -
"MzHepa,'rorl4q, Kpllcra,'rn orpa$ u fl" flB rfl.er cf, 3 aKo H qeH HsIM H ayr{H bIM

rrccneroBaHl4eM. flocraereHHbre 3aAarrlr BrIIIoJIHeHET, 3arrrr4ilIaeMble Hayr{Hbre

roroxeHr4, xopouo c$opuy:rupoBaHll tt o6ocnosaHbr HoBbrM Saxruuecxul,r
Marepuanon. Ouy6rnxoBaHHr,re pa6orrt B IleHrpanbnofi ueqaru no cnucxy BAK
rroJrHocrblo orpaxalor pe3ynbrarbl rlpolenaHHofi pa6orrr. llpaxruvecxar
3HaLII,{Mocrb IaHHoro I4ccneIoBaHI4g B[oJIHe oqeBI4AHa. He esl:btgaer coNlHeur4fi

aKTyanbHocrb, nocroBepHocrb uHayqHas HoBLI3Ha arofr pa6orrr. Cylr no
anrope$ep uty, AaHHafl. pa6ot a [onHocrrro coorBercrByer rpe6on aHV flM BAK,
npeAbsBn.f,eMbrM K KaHA[rAarcKr4M Ar.rcceprarlr4flM. Ee anrop, Mapua Cepreenua
Kolrona, HecoMHeHHo 3acnyxrrBaer rrpucyx4errfl. efi yuenofi crerreHrz KaHLLrIara
reonoro-MHHepanoruqecKr.rx HayK no cneuurlnbHocru 25.00.05 -"MuuepaJrorr.rfl,
Kprrcrannorpa$ut".

[oxrop reoJloro-MI4HepanorurlecKLIx HayK,

uasHrrfi uayuusrft corpyAHraK na6oparopult
rrerponorr.rr{ MarMarLIqecKLIx Soplaaqnft
@e4epanruoro rocyAapcrBeHHoro 6rorNeruoro yqpexreHr.rq Hayxr4

Lluwuryr a reo Jro rI,Iu r.{ reox LIMI{ pr vMeHil aKa,qeMI'IKa A. H. 3 an apr{u Ko ro
Ypa.nrcroro orAeneHr{q Poccuficxoft AraAelu4LI HayK (l4ff VpO PAH)
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