


AJII ilpou3BoAcrBa BonoKoHHofi onrnrr{, B rrpor43BoAcrBe 6uronux ulacruacc. B

Hacrotrqee BpeMs ocHoBHbIMLI cSepanrra norpe6reuna repMaHr4f, f,Bir{rorcr:

unQparpacnafl. onrnKa; olrl,IqecKlre BoJroKHa; [por43BoAcrBo rrJracrMacc, r4e Ge

LICnOnb3yeTCt B KarrecrBe Karanlr3aropa cI{HTe3a; gJreKTpOHr4Ka 14 CorHeqHbre

6arapeu; AereKTopbl HoHH3LIpyrorIr4x r{3nfreHr4fi. B uacro.sqee BpeMr repnrauzfi

flBJrflercfl. nau6olee nocrpe6oBaHHblM Marepr4€uroM AJrtr aKycroonrrrqecKrdx

ycrpoficrB ynpaBJleHvrfl. JIa3epHbIM I43ryr{eHr4erra I4K rr repareprloBoro Ar4arr€BoHoB.

flaparennypur f,BJlflerc.f, nocrpe6oBaHHhrM Marepr4€rJroM Arrfl co3AaHr{f,

upu6opon kr ycrpoficrn aKycroorrr4Ku u Qorouuru. Monorpucr€rJrJrbr

rlaparenJlypura - rerparona-ulHofi lao4rzQuxaqau,4rroKcn,{a reJrJrypa (o-TeO2) -
o6laAaror p{AoM yHI4KanbHbIX Anr ArroJreKTprrKoB csoficrn. Kpzcrallbr r4Meror

uuporzfi. AHana3oHoM rpo3parlHocrl{ (0,35-6,0 vrxira) 6es 3aMerHbrx rroJroc

[orJIoIIIeH]rf,, [paKTI{qecKkI HepacrBoprrMbr B BoAe, JrerKo o6pa6aruBarorcf,.

Kpucrallbl [apareJIJIypI4Ta o6ua4aror BbrcoKrrM aKycroolrlrqecKlrM KaqecrBoM r4

aHoM€uIbHo BbIcoKoX auusorporuu olTl,IqecKr{x, aKycrr4rrecKr{x ra Soroynpyrr4x

CBOLICTB, IITO nO3BOJIteT IIpI{MeHtTb I4X BO BCeX KJIaCCaX aKyCTOOITHqeCKI{X

uprE6opon: 4eQlerropax, MoAyuropax, eJreKTpoHHo-[epecrpar{BaeMbrx Sunrrpax
I{ ALIcIepCLIOHHIIX lrunvrflx 3aAep}KKI{ AJI{ MoII{urx $evrToceKyHAHbrx JrasepHbrx

MAIIILIH.

Bucorne rpe6onaHua K olrlrrrecKzM cr4creMaM u upu6oparra, qacrbro

KOTOpbIX flBIrflIOTCfl, KpI4CTaJInbI fepMaHr4r U napaTeJrJrypuTa olpeAeJrreT LI

coorBercrnytoqzfi ypoBeHb rpeOonauufi x onrurrecKoMy KaqecrBy 14 crpyKrype

KpI{CT€UIJIOB, A TaKXe K TaKr{M rrapaMerpaM MoHoKpI4cr€urJIoB, KaK VX

enerrpo$l{3l{qecKlle ceoftcrsa 14 renno$usrrqecKne xapaKTepr{crnKr,r. Bce 3To

AeJIaer l4ccneAoBaHr4e cnofictn, a raKxe Bo3MoxHocrb KoHTpoJr{ [apaMerpoB

orlTl{rrecKr4x 3aroroBoK a rcryal u no fi saAa.refi .

flpra6opu Ha ocHoBe repMaHl,Ifl 14 napareJrJrypura, r4crroJrb3yrorcr B

pa3rI{qHbIX KJII{MarIdr{ecKI4x ycJroBr{sx, Bo BpeMr pa6oru KpucrilJrJrhr MoryT

pa3olpeBarbcf,, tpe6onaG BoAtHoro oxJlaxAeHr4s, c Bo3HI4KHoBeHr4eM B Hrrx

TeMrleparypHblx lpaAHeHToB. I4ccneAosaHue reuroQn:uqecKlrx xapaKTepr{crr4K



TIO3BOJIpIT BbIpaIqLIBaTb KprlcT€rJrJrbr, O[Tr4M€rJrbHbre AJrr KoHKpeTHoIo

ICIIOJIb3OBAHLIfl.' A TarcKe KOHCTpyI4pOBaTb CLICTeMy T9IIJIOOXJIa)KAaIO{IIIX

eneMeHroB B rrpu6opax u ycrpoficrBax.

KoruuereHllut B o6racru pa3pa6orKl4 u rrpor{3BoAcrBa onrr{qecKux

MarepLI€uIoB tBJrfeTc.fl KrroqeBbrM sarcropon AJr.'I pa3BvrrLrfl. Bcex naupanneHufi

$orouuru. .BuureI43Jlox(eHHoe o[peAen.f,er aKTyaJrbHocrb tr 3HarrrrMocrb

rlocraBJreHHofi aBTopoM npo6nelau.

BaNno orMer[Tb LI To, rITo BbIBoAhI Aucceprarll4oHHoro HccJIeAoBaHLrt yx(e

HaxoAf,T cBoe [paKT[rlecKoe rIpHMeHeHrre B TexHoJrofl4.f,x Bbrpalrll{BaHvrfl.

KpLT CT€rirJrOB napaTeJrnyplrTa u fepMaHr4.rr.

Pa6ora cocrollT Ila BBeAeHH.f,, rrerbrpex rJraB r{ ocHoBHbrx pe3yJrbraroB 14

srtnoAos. . Bo BBeAeHIT[ o6ocuoertBaercf, aKTy€urbHocrb r,rccneAoBaHvrfl\ ero

HOBI{3Ha, TeOpeTLIqeCKat I4 IIpaKTLIqeCKaTI 3HaqI4MOCTb; yKa3bIBaeTCt efo I{eJIb,

3allarru, o6texrrt; SopvrynrapyrcTc.fl IroJroxeHr.rr, BbrHocr{Mbre Ha 3arrlr4Ty;

o6ocHosrrBaerct MeronoJlofl{fl 14 MeTOAbr T4CCJTeAOBAHUS, AOCTOBepHOCTb

pe3yJrbTaToB, Ha) rHafl HoBu3Ha.

lepnan rJraBa npeAcraBJr{er co6ofi AocrarorrHo rroApooHbrr{

JrprreparypHHfi o6s op uo reMe uc cne4oB anvrfl,.

Bo nropofi uane BbIrIoJrHeH Trllareimurrfi anaJru3 MeToALTK r4 arrlaparypbr

I{ccJIeAoBauuit, BIToJIHe 4ocrarovnrrfi Arrfl o6ocnosauzs AocToBepHocrH

3KC[epUMeHT€rIrbHbrX pe3ynbTaToB.

Tpersn fJraBa [ocBf,IrleHa I4ccne.{oBaHI{tM AI,IOJreKTpIiIqecKLrx I,I TerIJIoBbIx

XapaKTepPIcTLIK MOHOKpT4 CT€rJrJrOB rrapaTeJrJrypprTa 3ABI{CI{MOCTI4

Kpr.rcr€urJrorpaQuuecrofi opueHTarlr4lr.

B pa6ore BbITIoJIHeHbI uo4po6urre gKcnepnMeHTaJrbHbre r4ccJreAoBantrfl,

rlacrorHblx 3aBl{cplMocrefr v unuuofi KoMTIoHeHT Ar4gJreKTpra.recrcoft

rrpoHr,rrlaeMocrr4 B LrHrepBaJre reMrreparyp or 30oC ao 360'C.

Hau6oree LrHTepecHhrM MoMeHToM HccJreAoBaHr4f, (pasger 3.1) nnnrrrort

BrIepBbIe o6napyxeuurrfi SeHorvreu, sro AzeneKTpr{qecKar npoHr4rlaeMocrb,

coorBercrBylou{at HanpaBneHr{ro pocra Kprrcr€LJrna Ha 25% 6olrrue, qeM

?



KJIacca cI{MMerpI{u 422 [apareJlJlypura c Kplrcr€urJrorpa$r4qecKofi TorrKLr 3peHprt

9KBI{BAJICHTHbI.

K coxaneHr4ro, B orrucaHrau QenonaeHa (cna. TaKnre prEc. 3.1), uanpuvrep,

rrpoHr4r{aeMocTb Kp14cT€urJra napaTeJrJrypr4Ta)

Kpr4cr€rrrJrorpaQnuecKoMy HarrpaBJreHr4ro [1-10], Korop€ur

tIcrIoJIb3oBaJIacb npl{ BbITf,rLrBaHuu Kpr{craJrJra rro Meroay rloxpanbcKoro, na 25Yo

6onrrue, qeM B HarlpaBneHura [ 10] ...) .qouyqeua ouru6rca. HaupaBJreHr{r [110] ra

U-10] B rlaparennypllre He Moryr 6urr n1euru$zrlupoBaHbr r.r pa3rpaHr,rqeHbr Ha

peHTreHoBcKoM 4nQpar<roMerpe, prrrr raxuu-ma6o ApyrrlM MeroAoM. Hemss

orlpeAenl{rb BAoJIb KaKoro HarrpaBnenr4f, [110] vilvr [1-10] Bbrrf,ruBaerct

KpI{cr€uIJI. floeronry, MoxHo yrBepxAarb roJrbKo, rrro Ar,rsJreKTpu.recKafl,

rlpoHllqaeMocrb KpkIcraJlna B HarrpaBJreHr{r{ BbrparrlHBaHr4fl Lr B oprofoH€urbHoM

Hanp aBJreHI{I{ pa3JlnrlaeT C fl,.

.{aunoe 3aMerIaHI4e He cHlrrtaer uayuuofi 3Haqr4Mocrr4 o6HapyxeHHoro

Qeuoueua.

3anepruaerc.r rnaBa I4ccneAoBaHHeM KosQ$uqr4eHra renJrorpoBoAHocrra

Kpr.rcr€rlrJra rapareJrrrypr{ra B HanpaBneHr{rx [110], [1-10], [010] rE [001].
rlernepran fJraBa nocBsrrleHa r4ccneAoBa:ukrflr.n .qr{gJreKTpuqecKr4x Lr

TeIIJIOBbIX XapaKTepLIcTI{K MOHOKpI{0T€UIJIOB repMaHl{f, .

3rcuepnnaeHTaJlbHo IIccJreAoBanacb cneKTpaJrbHas, 3aBI.IcI4Mocrb

roeQQuquerTa rlpo[ycKaHI4"l KpI{craJInoB repMaHr4.f,, Jrerr4poBaHHhrx raJrJrueM,

BI{cMyroM, HITKeJIeM, r<o6amtoM, aJIroMI{HI,IeM, a raKxe nerupoBaHHoro cyprrraofi

6es AucroKalllaouHoro repMankrfl. B qkrana3oHe Airr4H BonH 8-12 urcu, a raK)Ke B

AnqHHoBoffrosofi o6lacrn ocHoBHbrx rrr{KoB SouoHHoro [oDrorrleHr4r.

O6napyxeHo H€IrII{qI4e oAHoBpeMeHHo AByx (KucJropoAHbrp) rrr4KoB norJrorrleHnr.

I4ccneAonanu orrTl4rlecKue csoficrna KpylHora6apuruux KpucrairJroB

fepMaHl4fl, ollpeAeJlfleMble crpyKTypHbIM coBeprrleHcrBoM Kpr4cr€urra 14 3Harlr{Mbre

Ar{sneKTpuqecKar IIpoHr{rlaeMocTb,

HaIIpaBJIeHI4IO, HeCMOTpt Ha TO, IITO STLI

cooTBeTcTByrouIaf,

HanpaBneHvrfl.: n [110]

opToroH€urbHoMy

u [1-10] n cnny

(Ar{9neKTpLrqeoK€ur

cooTBeTcTByrcrqat

AJrs cr{creM [epeAaqz zso6paNesnft c BbrcoKHM pa3perueHr{eM.



Hau6olee IlHTepecHbIM MoMeHToM veraeproft rJraBhr flBJrrrorct

opl{fnHanbHble pe3ynbTaTbl sKcnepr{MeHT€rrrbHofo HccJreAoBaHI/ls. OilTUqeCKOfO

rporycKaHr{s fepMaH.Id'fl. B repareprloBoM Anan€l3oHe AnLrH BoJrH (pazaen 4.2).

Pesylrtarbl gTofo gKcnepI4MeHTa B orrlrque or pe3ynbraroB I{ccJre.{oB auul,

B nn$parcpacHoM Al4ala3oHe rloKa3brBaror pe3Kyro 3aBr4cr{Mocrb rrponycKaHarfl

LrcJIfreHI{.[ Tepal'eplloBoro Ar{arra3oHa .qnr4H BoJrH or KoHrIeHTparU4Lr npuuecefi

cypbMbl vI raJrlrvlfl. O6uapyxeHo, qro ilpolycKaHlre repMaHr4f, B TepafepqoBoM

Al{ana3oHe AIHH BoJIH cylqecrBeHHo Hlrxe, qeM B I{K Ar4arr€BoHe. ,4aHo

KarlecrBeHnoe o6rxcHeHl4e gTux SeHonreuoa. Pesylrrarhr HoBbre, oHIr r4Meror

BbICOKyIO HayrrHyr0 IleHHocrb, rrocKonbKy B Hacro.f,ulee BpeMr repiraaunfi

tBJl{ercs ocHoBHbIM aKycroolrrkrr{ecKr4M Marepv€uroM AJrf, co3AaHtrfl, upu6opoe

yrrpaBJreHr{.rr TepareprloBbrM r{3Jrr{eHrreM.

llepe4 HaMLI 3HarIHMoe cepbe3Hoe r{ccneAoBaHr4e, ocHoBHbrMLr HayqHbrMn

pe3yJIbTaTaMI{ KOTOpO|O CTaJIO I4CCIeAOBAHIi.e OIITLIqeCKI4X, TeIJIOBbIX,

ALI3JIeKTpUqeCKI4X XapaKTepIICTLTK KpHCT€UrJrOB fepMalJ],/.s, v [apaTeJrJrypuTa.

Ha ocHoBaHI4I,I [poBeAeHHbIX gKcrreprrMeHT€urbHbrx I,rccJreAoBauuir n vx

aHaJwr3a aBTopoM rloilr{eH p.rrA HoBbrx pe3yJrbraroB, cpeAlr Koropbrx, Ha Harrr

B3rJrrA, nan6olee 3Haqr4 MbrMr{ f, BJrsrorcr cJreAyrourr4 e :

1. o6uapyxeHo H€tfiuqtae 2-x (KrrcJropoAHhrx) rrrlKoB norJrorqeHr4.rr B

MOHOKpTICTaJIIaX fepMaHl4r, MaKgLrMyMbr KOTOpbrx coorBercrByror

qacroraM 841 cna-l ra 855 cu-I, o6ycJroBJreHHbrx pocroM KoHrleHTparruv

KllcnopoAa or l0ttAo 1017 cvr-3,

2. n zu$parpacHoM I{ TepareplloBoM cneKTp€rJrbHbrx Araa[a3oHax BrrepBbre

BbIf,BJIeHbI 3aKOHOMepHOCTI{ BJrr4flHr4fl npr{Mecrr v ee KoHrIeHTpaIItru Ha

olrr{qecKo e IIp oflycKaHr{e B MoHoKp 
'lCT 

anrruqecKoM f epMaHr4H,

3. nnepnue l4ccneAoBaHa 3aBllcr4Mocrb Koe$QrErIr4eHTa relJrolpoBoAHocrur

Anfl MOHOKpT4 CT€TJIJIOB rrapaTennypuTa fepMaHr4r oT

Kpl{cr€tJlJlorpaQrauecKoro HalpaBJleHr,rs kr 1.nfl. Kpr.rcr€LJrnoB repwaHufl, n-

TKrra oT KoHrIeHTparIr{r4 rrpr4Mecu,



4. tlpu HccneAoBaHvrtr ArloneKTpr4r{ecKofi [poHnrlaeMocrr4 KpgcraJrnoB

rlaparenJlypura odnapyNen $eHolrreH, cBfl3auHufi c HalpaBJreHr4eM pocra

KpLrcT€urJra.

Bsturelasro)I{eHHoe [o3Bonter cAenarb BbIBoA, rITo AaHHoe uocJle.4oB artLre,

nonyqeHHbrx B Ar4ccepraqraonHoft pa6ore

r4cnoJrb3oBaHr4eM coepeueuHofi alnaparyphr u

cofJracoBaHHocrbro pe3yJrbTaToB nonyqeHHbrx

.{uccepraqrzx fanalsna M.IO. I{Meer Bax{Hoe [paKTurrecKoe 3HaqeHrre.

KouunexcHble MeroAbI orlpeAeJreHll-f, olrurrecKr,Ix napaMerpoB Kpr.rcranJloB

repMaHLIt MoryT 6rrTb [pLIMeHeHbI Anfl KoHTpoJrr KaqecrBa BbrparrleHHbrx

KPHCTUUIJIOB TNfl OITI{IIECKHX SJICMEHTOB CI4CTCM TEIIJIOBI.I/IEHKIfl. 3UAHAC

TeIJIoBbIX xapaKTepI4crl{K Moxer 6nrl Hcrronb3oBaHo Anr ynyqureHgf, KaqecrBa

OIITI4qeCKLIX SJIeMeHTOB HA ocHOBe repMaHII[, pa6OrarOl1efi B yCnoBLrrX

IloBbrrrreHHbrx TeMlepaTyp.

9ucleHnble 3HaqeHur roesszqzeuroB TenJro[poBoAHocrr4 rrapareirJrypprra

MOryT r4Crronb3oBarbc{ npr4 pacr{ere o[Tr4MaJrbHbrx Sopuu v piBMepoB

SNEMEHTbI HAKOHCTpyKTIT4OHHbTX 3neMeHToB, oKpyxarcqnx aKycroonrHrrecKr4e

ocHoBe MoHOKpT4CTETJTJTOB rrapaTennypr4Ta.

luccepraryux o0opuneHa B coorBercrBkrLr c BAK p@, H3JroxeHa

fpaMorHblM HayqHbIM t3bIKoM, coAepxr4T r,rnnrocrparlw 14 ra6tutlr1 TeKcr

conpoBoxAaerct ccbIJIKaMIr ua ny6ruKarlr{r{. llonyveuHbre pe3ynbrarbr pa6o6r

AocraroqHo xopolllo apryMeHTnpoBaHbr u anpo6upoBaHbr Ha poccnficrnx kr

MexAyHapoAHbrx ron$epenqn{x.

flo vrarepvuraM r{ccJreroBaHLrfl. ony6rnr<oBaHo 13 nayuurrx pa6or, B ToM

qucne 9 crarbvr B xypHulnax, BxoAsrqrrx B nepeqeHb BAK rro AauHofi

cneuvanbHocTH.

pe3yJrbTaToB

MeTOAOB

pa3nI{rIHhIMI4

6esycnonno, o6la4aer Hayqnofi nosnsHofi .

.{ocronepHocrb

orrpeAeJrqeTc.f,

I4CCIeAOBAIlIdfl.,

MCTO.4AMLT.



AeropeQepar AocraroqHo rIoJIHo LT npaBr{JrbHo orpaxaer ocHoBHoe

c o.4epx aH r4e Ar4c c epT arlvrkr.

Buecre c reM Ar{cceprarlr4r He Jrr4rrreHa HeAocrarKoB.

l. oAun kr3 He,{ocrarKoB orMer{eH Ha crpaHr4ue 4 or3brBa ne4yrqefi

opraHlr3arluu.

2. I4ccteAoBaHlno orlTl{qecKr4x cnoficrs Kprlcr€urJrr4qecKoro repMaHnt

rlocBf,IrleHo AocraToqHo MHofo gKcrrepHMeHT€ulbHbrx u reoperl4rlecKlrx

pa6or, cneAoB€ulo 6olee rrerKo yKuBarb, rreM Hacrof,rrlee I4ccJIeAoB an1re

oTJrr{rraeTcr oT [peArxecTByroulr4x.

3. BogrraoxHo cJIeAoB€uIo 6rt 6oree qerKo o6ocuosarr o6reAuHeHne e o,{Hofi

pa6ore TaKLIX AocraroqHo pa3Hblx orrrr4qecKr{x MaTepLr€rJroB, KaK repnaaurafi

H naparennypr,rT.

4. B reKcre AIaccepraIIIrI4 IlMerorc{ orrrrcKu vr crunvrcrr4rrecKr{e HeroqHocru. B

KarrecrBe uoAo6soro rpr{Mepa Ha crpaHkrrle 24 roeSsraqr{eHr

aKycroolrr4rrecKofo Kaqecrna M2 orrpeAeneH ABaxAbr AByMr Sopuynarrau

(I.7) I,I B reKcre. Cropocrb 3ByKa B HLrx o6osHa.reHa pa3rr.rqHbrMu 6yxnavrn

3ar<mo.reHLre rro Ar{cceprarlur4.

OrNre.reHHrre HeAocrarKl4 He cHLDI{aIor o6ulero ltonoxlrrenbHoro

BnerIarJIeHI{rI or pa6oru I,I He BJlr4f,ror Ha ee ocHoBHbIe BbIBoAbr I,r 3arUuIUaeMbIe

IOJIOXEHLI'.

IIo arrya-tbHocrl4, Hayruoft HoBr/BHe, o6rerr,ry [poBeAeHHbIX I,rccJle4onauufi

14 [paKTl{qecrcofi 3HaquMocrn, Al{cceprarlr{oHHa{ pa6ora fasarsHa M.IO.

orBerlaer rpe6onauvrrra (nyHKros 9-14 "IloroxeHufl, o rrop{AKe [pr4cyxAeHr4fl,

yqeHbIX crenenefi"), rrpeAttBn-seMblM BAK K ArrccepraUr{rM Ha coucKaHr4e

ytegofi creneHl4 Kan4vr4uta HayK (llocrauoBJreHrae flpanrarelbcrBa Pocczficxofi

(De4epaqzu or 24 ceurr6pr 2013 roAa J\b842), a ee aBrop HecoMHeHHo,

3acJryxftIBaeT llpucyxAeHl{f, crerreHll KaHAIaAaTa Quauro-MaTeMaTr{qecKr{x HayK

lro cneIII4aJIbHocrLI 01.04.07 - Qraszra KoHAeHcr4poBaHHoro cocro{Hr4rr.




