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o$uquanrHoro ounoHeHTa Ha Ar{cceprarlr4oHr{yro pa6ory Ilayrcona Muxau.rra
A.rrercceenu.ra <Marnrarnrre 14 MarHuroreruroBbre ceoftcrna rurApLrpoBaHHbrx
MaTepvitrloB Ha ocHoBe peAKo3eMeJrbHbrx MeraJUroB), [peAcTaBJreHrryro Ha
coucKtlrrue yuenoft creneHl4 Ka]'l.Ar4[ara Qnsuro-rvrareMarrrtrecKrfrx HayK rro
c[equarrbHocrrr 01.04.1 1 - SnsuKa MarH]rrHrur sereHzfi.

Pe4roseueJlbHble MeraJrJrbl, B qacrHocrrr, fa4olunuft HaxoArr rrrr4poKoe
rIplIMeHeHLIe B p€I3ruqHbrx o6nacrsx.- laLawrlaafl c 3JreKTpoHlrKLr r,r MeAurlvHbr, rr
3aKaHrIrrBM flAqfdJiofi enepreturofi, a B rlepcleKTrrBe naitgyr ilprrMeHeHlre KaK
xJIaAareHTbI B TBepAorenbHbrx MarHlrrHbD( xonoALrJrbHlrKax. He uenee Bax(HbrMrfr

TexHoJIOru{qecKIrMrr Mareprr€ulaMu ,rBJrf,roTc{ coeArIHeHLIt Ha ocHoBe
pe,qKo3eMeJrbHbrx MeraJUIoB Lr )r(eJre3a. B qacruocrll, peAKo3eMeJIbHbIe
coeAI,rHeHI,[fl c BbIcoKLIM coAepx(aHlreM Fe, a I{MeHHo, 4nofinrre RcFerz ra rpofiurre
R.zFer+B, R(Fe,T)rz rrcrroJrb3)rrorcfl. I.]fls. rroJrrreHr4ff BbrcoKosHepferr4qecrcvxuluxu
BbrcoKoKo3pIII{TLIBHbTX nOCTO-nHHbrX Ma|HTITOB, KOTOphre HaXOAtr rrrr4poKoe
npplMeHeHrre B caMbrx pa3nurrubrx o6lacrrx [poMbrrrueHuocru.

Xoporuo pl3BecrHo, qro BoAopoA Moxer upoHrrKarb B Kpr.rcriurnnrecryro
peurdrry uHTepMer€LJrJrrrAoB rr MerarrJroB. Heroroprre Mareprrutrrbr rrouroqaror
BoAopoA rprl KoMnarsofi Ter!fireparype pr arMoc$epnorra AaBJreHrru. I,Iseecruo
TaKXe, rITO BOAOpOA MOXer LBMeHTTb MeXaHprqeCKI{e, OfITI{rIeCKIre,
gneKTpnqecKrre Lr MarHlrrHble cnoficrna MareprlarloB, oKa3blBtur reM caMbIM
3aMerHoe BJlrrtHrre Ha r{x QynxquonalrbHbre xapaKTepvglrKt4. Vqurrrsas Aannrrfi
$arr, MoxHo KoHcrarrlpoBarb, rITo rIccJreAoBaHrre BIrkrnnul- 3aAarrHoro
KoJII{rIecrBa BoAopoAa Ha Marnr,rrHbre cnoftcrsa Marepr,rafloB f,BJrrerc-fl aKTyrurnofi
sa4a.Ieft Susmz MarHrrrHbrx xmerlnl, oco6eHno B qacrtr MarHlrrHoro
MareplIaJIoBeAeHHt, rrocKonbKy 3HaHr{e 3aKoHoMepnocrefi u ocHoBHbrx
MexaHkI3MoB BIrr4frrvrfl BoAopoAa Ha MarHrrrnbre cnoficrna no3BoJrLrr
crlporHo3LIpoBaTb rr crrHTe3r,rpoBaTb HoBbre MaTepkr€rrrbr c KoMrrJreKcoM HoBbrx
yHlrK€urbHbrx MarHr{THbrx ceofi crs.

Heo6xoAzMo raKxe orMerI,ITb, qro Ao Hacro{rqero BpeMeHrr 6onrumucreo
LIccJIeAoBaHuVt MarHr.rrHbrx cnoficrn Bcex BbrrrrenepequcneHnbrx coe.uuHeHuit u vtx
ruApLrAoB 6ruo BbrrroJrHeHo, DraBHbrM o6pasou, Ha noporuKoBbrx
rloJluKpplcr€tlruqecrczx o6pasqax B HeBblcoKr{x crmr.FrecKrlx MafHurHbrx uoJl.ttx.
3ro upunoArrr K ToMy, uro zn$opMarlurr o6 o6rvreuHbrx B3arruo4eficrwrf,x Brryrp?I
v Mex4y rloAperuerKaMLI, o MarHl,IToKpr{cr€rrrJrrrqecxofi aHu3orponukr kr

MaTHI4THrIX $asoerrx [epexoAax, r4HAyrvrpoBaHHbrx BHemHr{M MarHrrrHbrM rroJreM,
sBrrerct He uomrofi. ,{eficrnnreJlbHo, ecJrlr rrppr }rccJreAoBaHtrur
uHTepMerarlJlrlqecKr{x coe4unenufi TWra R-Fe r{crroJrb3oBarb crarurrecKkre
MarHprrHble rroJur Ao 15-20 Ttt, To craHoBrrrc.fi HeBo3Mo)r(Ho na6nroAenue



lpoqecCoB IOJIHoIO HaMarHvIqvIBaIJIdfl, ApyILIMI{ CJIoB€IMI4, Ha6nroAeHrre KacKaAa
IIHAyIIUpOBaHHbIX MarHrrTHbrM nOJreM C[uH-rrepeoprreHTarlr4oHHbrx [epexoAoB, a
TaKXe (n crry.rae rf,)KeJrbrx peAKo3eMeJrbHbrx MeraJrrroB) na6nro4eHrre nepexoAa u3
Qeppznaarrurruoro cocrotHrre n SeppoMarrrlrrHoe. B Jrrrreparype [paKTltqecKr{
orcytcrByror rlccneAoBaHut,- Kacaroulrrecr cra6ranrnocrrr MarrrrrrHbrx csoficrs
rIlApI{AoB c rerleHrreM BpeMeHeM. Kpafine Marro un$oprvraquu o Bnrtrrliruu
rLIApLIpoBaHns. Ha MarHuroK€rJropuqecKr4e csoftcrna coeAr,rHeHufi R-Fe n o6nacrz
MafHurlrblx Sasonux nepexoAos. Bce BFnTrecKa3aHHoe uo3BoJUIer cql,ITarb reMy
ArlccepralluoHnofi pa6orrr, a raKxe [oJryrreHHbre B nefi ocnoBHoe fesynrraru,
H eCOMHeHHO, al(ryaJlb H bIMII Lt CBOeBpeMeHHbIMLI.

CrpyrcrypHo Ancceprallrlfl cocrol{T r43 BBeAeHurr, rrflTtr rJraB, ocHoBHbrx
pe3ynbraroB vr BbrBoAoB, cnr{cKa qr,rrupyeuofi Jrureparypbr. Terccr pa6oru
rr3JloxeH Ha 115 crpanLrrlax, BKJrroqat
Jrureparyp s uz 122 HaLr MeHoB anuft .

B nepnofi HraBe rrplrBeAeH

7l plrcyHoK, 17 ra6nnq, u crucoK

oo3op JrrrTepaTypHbrx AaHHbrx o
KpI4crarlnu.Iecxofi crpyKType raAonrrHrrf, r4 rrnTepMeraJrrrnAoB Ha ocHoBe P3M u
xeJre3a c aroMaMLI BHeAperaufr u 3aMeqeHrlrr, o6 nx MarnrrrHbrx ceoficrnax, o6
o6ueulnrx B3alIMoAeitcrr;uffi. rr MarHr.rroKprrcralrJrnqecrofi anr,r3orponuu. C4enau
TaKXe o6sop I{ccJleAoBanuit Marnr{ToKalopuqecKoro e$Serra B uau6otee
nepcneKTnBHbrx MaTepr4 arrax.

Bropan ruraBa Al,rcceprarlur4 [ocBrtrIeHa ouucaHrrK) cuoco6on rroJryqeHuf
ucxo,{Hbrx r,r rrrApr.rpoBaHHbrx o6pa:qon, llx arrecrarlnv1- a[naparypbr u MeroAoB
LI3MepeHut MarHLITHbrx csoficrB. O6rerravm uccneAoBanlrvfl flBJrrrorcfl
peAKo3eMenrnrrfi MeralrrJr raAoJrLrurrfi lr ero rBepAbre pacrBopbr BHeApeHr{r, a
TaKXe IrIAplIAbr LIHTepMeTaIrJIlIqecKI{x coeALlnenuft P3M Ir )KeJre3a c parwrunofi
crexrroJrMerpllefi.

B rperrefi r.rrane [pIaBeAeHbI pe3yirbrarbr KoMrrJreKcnoro LrccJreAoBalvrs.
MarHl,IToKtulopuqecKux v Marulrrocrpr4KrlrroHHbD( csoficrs MoHoKprrrcraJrlra
raAoJrlrHrrr n ero rBepAoro pacrBopa GdHo.rs, a raKxe o6pasqon c
HaHoKpr{CralrnrE.recrcoft crpyrrypofi, uonyreHnoft B pe3ynbrare [porleAypbr
orlrtcrKrr raAoJrkrHr{r or rrocropoHHux upuvrecefi .

B .rerneprofi r.rrane upLIBeAeHbI gKcneprrMeHTarrbHbre rr reoperrrqecKr.re
pe3yJrbrarbl I{ccneAoBanurfl. [oJleBbrx sanzcuN4ocrefi HaMarHuqeHHocrrl
coeAl4HeHufi TmFerrTiH" (*: 0; 0.9; 1; 1.1) n TmzFerzIL (x: 5.5) c BbrcoKr,rM

coAepxaHLr eM BoAopoAa, BKrroq€Ls MaKcrrMulrrbHoe.

B uqrofi rJraBe rIpLIBeAeHbI pe3yJlbrarbl KoMrrJreKcHoro uccneAoBanufr.
crpyKTypbr, IroJleBbrx Lr reMrreparypHhrx ganzcrauocrefi HaMarHlrqeHHocru, a
TaKXe MarHLtroK€tlopuqecKoro e$Serra B coeAr4HeHlrflx rLrrra RzFer+BIL vr

(Ndo.sRo.s)zFer+BH*, rAe R: Pr, Ho, Er H Tm (0 SxS 5.5).
Cpe4Ia ueJloro ptr4a HoBbIX lI [paKT?IqecKLr Bax(Hbrx pe3yJrbraroB, BrrepBhre

noJryqeHHbrx aBTopoM AuccepralJxu, B IIepByrc oqepeAb, MoxHo orMerurb
cJleAyroque na u6oJree Ba)r(Hbre pe3yJrbrarbr :



l. B rraonoxpl4crarlJre raAoJrlIHLrrI rlocJre ero rlrApupoBaHrrr Ao cocraBa
GdHo.rs o6HapyxeHo aHr.I3orporlHoe rroBeAeHue MarHlrroKalopr{rrecKoro e$$ema
v MarHl,ITocrpktKrluu, cBs3aHHoe c lI3MeHeHrIeM noxanrnofi uarnnrnoft
aHLl3orpo[r4r4, nosHurcaroIqefi IIpu 3aloJlHeHr{rr aroMaMlr BoAopoAa rrycror B
reKcaroH€lJrrnoft perrerKe.

2. B MOHOKpI,rCTUrJrrraX TmFerrTiHr ra TmzFerzHs.s c MaKclrMiurbHbrM
coAepxaHueM BoAopoAa B LrM[yJrbcHbrx MarHlrrHbrx [oJrrx Ao 60 Tl
ua6nro4alocr tBJIeHrIe rrHAyrlupoBaHHoro BHerrrHrrM MtlrHLrrrrbrM rroJreM

QepporvrarulrrHoro cocrorHrrrr, onaroAapfl qeMy yToqHeHbr [apaMeTpbr
Kptlcr€urJlllqecKoro rloJlf, r,r o6uennufi naparraerp. YcranonneHo, qro n o6oux
cJryrraf,x rllApr{poBaHrre [puBoAr4T rc ocra6.neHr4ro Me]KrroAperuerorrHbrx o6uennrrx
B3arrMoAeftcrnufi BcJreAcrB[re yBen[qeHnr paccroxnnil Mex(Ay
MarHuroaKTI4BHbrMrI r,rouaMrr. Ocnonnofi [apaMerp EprrcrzrrrJrr4qecKoro rroJlf,
yBenr4rrlrBaercr no a6colrofirofi neluuune, a B cJrrrae frrApLrAa Tm2Fe17H5.5
H3MeHtr 3HaK, rITo [pr4BoAIaT K cMeHe rutta uarulrnofi aHrl3orporll4r{ c
oAHoocHofi wa nJrocKocrb ocefi JlerKoro HaMarHr{qnBaur4fr B o6lamu HLr3Kr4x
reMrrepaTyp.

3. lloKasauo, qro MarHurHbre ceofictearuIrDlryia TmFerrTiHr f,BJurro'Tct
cra6unrnrrurE u [oJrHocrbK) Bocnpor43BoArrcr [ocJre o,Uroro roAa xpaHeHLrf,
o6pasa rIpH KoMHarHoft TeMrreparype rr HopMarrrnofi AaBJreHr{rr, B To BpeMrr KaK
cnoficrea rkr4pvr4a Tm2Fe17Hs.s cra6utbHbrMrl He rBJrrro'Tca. O6napyxeHo, qro co
BpeMeHeM BOAOpOA MOlr{eT rrOKr{AaTb TeTpasApruecKr{e rryCToTbr, rrTo uptrBoAtlT K

LI3MeHeHHTO CTpyKTypHbrX r4 MarHr4THbrX XaparcrepprcTrrK.
4. [lx rraAprrAoB TmzFer+BHs.s kr (Ndo.sTmo.s)zFeuBHs.s c

MaKCLIMUUIbHbIM COAepX(aHr{eM BOAOPOIa IIpU rr3MepeHrrr4 HaMarHnrreHHocTtr B

rlMlyJlbcHbrx MarHLITHbrx rIoJIflx Ao 60 Tn TaruKe ua6lroAanocr aJreHrre
I{HAyIIr{poBaHHoro BHerrrHLrM MarHrrrHbrM rroJreM SeppouarHrrrHoro cocroflHur.
flolyreHrr 3HaqeHrIrI rrepBoro rr BToporo Kpr,rrr.rqecKr,rx uoneft u o[peAeJreHbr
3HaqeHHr [apaMerpoB Me)KrroAperueronHoro o6uennoro B3ar{MoAeitcrrius.

,{ocronepHocrb rroJryqeHHbrx p$yJrbraroB He Bbr3brBaer couueHufi.
floryreHue Lr arrecrallur o6pasqon upoBoAr4Jrrrcb rfrcBecrHbrMpr craHAaprHbrM[r r{
opuruH€rJrbHbrMr,r MeToAaMV. l4suepeulu upoBoAaJrr4cb KaK Ha
MOHOKpLICTaIIJIIaqeCKUX, TaK Lr nOJrLIKpLIcTaIIJrpIqecKrrrX O6pa":qax. ?ICCleAoBAHufl,
crpyrTypHbrx vt MarHurHbrx ceoficrs npoBoArrJrprcb c rrcnoJrb3oBaHrreM
coBpeMeHHbrx MeroALrK vr o6opy.uonaHkrfl. flonyrcHnrre pe3yJrbrarbr xopoIuo
cornacyrcTct MexAy co6oft u c irr{TeparypHbrMrr .qaHHbrMrr (ttp" laurusvrkr
uocne4nux).

IlparcruuecKafl rleHHocrb. Han6oree rleHHbrMrr c [paKTr4qecrcofi ToqKr4

3peHLIt, na uofi B3IJI'A, flBJITTOTCf, pe3yJIbTaTbI IIO I4CCJTeAOBaHUIO Ma|HI4THbIX II
MarHurorerJloBbrx cnoftcre MoHoKplrcraJuroB NdzFer+B u (Ndo.sPre.5)2Fe1aB u vx
TLIApI4AoB (c pa3HbrM coAeplKaHlreM BoAopoAa B o6pa:qax). B peyJrbrare
uccneAoBanuit ycraHoBJIeHo, qro rnApupoBankre [pprBoAlrr K yBenuqeHuro



TeMleparypbl Klopll a yMeHbIueHLIro reMneparyphr crrr4H-[epeopneHTarlr{oHHoro
Sa':onoro lepexoAa. 3ro o3Haqaer, qro Mo)KHo cyqecrBeHHo pac[upr4Tb
TeMrreparypnrrfi ApranasoH pa6orbr rrocrotHHbrx MarHuroB, rl3roraBJrnBaeMbrx Ha
ocHoBe 3Tax coegunenzft.

. Tervr He MeHee, rro- AnccepraqzonHofi pa6ore uMeK)Tc.fl cJreAyronryre
BOTIpOCbI I| 3aMeqaHr.Ifl :

1) B texcte AI4cceprallnr{ He cKiBaHo .flBHhrM o6pa:orra o6 o6relauou
paclpeAeneHrlu BoAopoAa no o6pasuy, xort MoxHo rrpeArroJrolKraTb, qro ycroB11t
rlrApllpoBannfl uo4o6panhr raKrrM o6pasou, .ryo6rr o6ecne.nnrr paBHoMepHoe
pacrpeAeneHrle BoAopo,4a rlo BceMy o6relry. HepanHonaepHoe pacupeAeJreHrre
BoAopoAa Moxer cyrqecrBeHHblM o6pasou cKa3arbcr Ha gKcrrepr{MeHT€rJrbHbrx
pe3ynbTaTax.

2) Ha puc. 3.1. 1. upI{BeAeHbI pe3yJrbrarbr rrprMoro r6MepeHr4.fl
aliuadatnqecKoro t43MeueHnt reMueparyphr B MoHoKprrcrarrJre GdHe.15. B uone l.g
Tn na6lroAaerct 3HaqI,ITeJIbHafl arrr{3orpour,rx MK3. 

-B 
to xe BpeMrr-rrp" ra""-r^

noJurx (.rncnenurre 3HaqeHr4r ATua He npune4eHrr), 
"im uo pr4cyHKy,

aHLI3orpo[lrt 3HarIr.tTeJIbHo MeHbrue, uro rpe6yer o6txcHeHrlrr. 34ecr x(e HaAo
orMerLITb, qro B HraBe 2 ronopurc{ o [orperrrHocrrr [prMor.o n3MepeHus MKO n
0'05 K, .ITo He BIroJrHe coHracyeTct c [pLtBeAeHHbrMr4 puc. 3.1 .1. pesynbTaTaM1r.

3) 3ua'rzrerbnafl. qacrb rlccneAoBaHHbrx n pa6ore o6pasqon flBr;11orct
MoHoKpucrurrIaMn, B Koropbrx spKo rtpo.flBrfiorcs eQQercrrr aHlr3orponuu
MaTHIITHbIX csoftcrs. .{nx ryruero Bocnprr{Tur u [onrrMaHrrr pe3yJrbraroB,
)KeJIareJIbHo 6uno 6u npeAcraBrlTb orAeJrbHo HaqarrbHbre (cla6ononenue)
yrIacTKlI HaMarH[qennocrefi, Halpl4Mep, B BI,IAe BcTaBoK Ha prircyHKax.

4) I'Iuerorcs HeKoropbre 3aMeqaHllr ro o$oprvuren[ro Arrccepraquonnofi
pa6otu. B rer<cre Arlcceprallnu Bcrpeqarorcr oun6ru n oueqarKu.Hittpwrrep, na
crp.79 B BbrBoAax IIo rJraBe 4, rryH r 3, uauucaHo (... BoAopoA co BpeMeHeM
IIOKI'IAaeT OKTiDApuqecKIIe IIO3IIqIIII I4 ocTaeTctr B oKTagApuqecK[X rro3rrrllrDo).r{acro pLIcyHKu B Al,IccepraIlvrr4 [peArrrecrByror Irrx yrroMrrHaHr{ro B TeKcre, a
rroArrr{cu Ha oc.nx pLrcyHKoB Ha anmuficKoM r3blKe.

Bognrlxurrae Borrpocbr vr cAeJraHHbre 3aMeqaHlrr He cHvxraror o6rqefi
rloJroxfl4TeJrruofi orIeHKr4 IIOlyqeHHbrx B pa6ore pe3yJrbraroB u He MoryT
cylqecrBeHHo rIoBJrllrITb Ha o6qyro BhlcoKyro orIeHKy Aacceprarlzongofi pa6oru
M.A. flayrcona. ,{uccepraqr4fl flBrrflerc-f, BrroJrHe 3aBeprrreHnofi na5rqHofi pa6orofi n
aKTyzlIIbHoM I4 IIpaKTzqecKLI BaXHoM HaIIpaBJIeHI,ILI CoBpevrennofi $rasuxn, B XoAe
BbIrIoJrHeHLtt roropofi rloJryqeHbl Ilenrrfi pflA HoBbrx vr 3HarruMbrx HafrHo-
o6ocuonanHhrx pe3ynbraroB.

B pe3yJrbrare aH€LrIrI3a Ar,rcceprarlrEounofi pa6oru Mox(Ho o6ocHonauno
yrBepxAarb, qro KaK TeMa 4aHHoft Auccepralluonnofi pa6orrr, TaK rr rroJrJ reHHhre
n Heft ocHoBHbre peyJrbrarbr noJrHocrbro orBeqaror [aclopry cleqrriurbHocru
01.04.1 1 - @nguKa MarHurHbrx xerenutrr BAK pO.




