OT3hbIB
opUIMaJbHOTO ONMNOHEHTA Ha JIUCCEPTALUIO
KOHAPATHEBOMW JlroagMusbl AsiekcaHZpPOBHbBI
«CaMopacnpoCTPaHAKIMKUCA BbBICOKOTEMIIEPATYPHBIA CHHTE3 MOPOLLKOB
HUTPUAHBbIX Kommo3uuui Si.N,TiN, Si.N.-AIN, Si,N.-BN, AIN-BN, AIN-TiN,
BN-TiN c npruMeHeHUEM a3UJa HaTPUS U TAJIOWJHBIX COJIEU», MPeACTaBJIeHHYIO
K 3alljUTe Ha COMCKaHWe YYEeHOM CTeNeHU JJOKTOpa TEXHUYECKUX HayK
no crneuuranbHoCcTH 01.04.17 - xuMHvyeckasi pU3MKa, TOPEHUE U B3PhIB,
¢$u13MKa IKCTpEMA/IbHBIX COCTOSIHUM BellleCTBa

AxTyanbHOCTb TeMbl. OCHOBHbIE MEPCHEKTUBbI MCMOJIb30BAaHUS HAHOMAaTepUa-
JIOB, CBSI3aHbl C CO3/JaHMEM HOBBIX TEXHOJIOTUM MOJIYYEHHUS MOPOIIKOB C «OCOOBIMU»
CBOMCTBAMM: MHOTOKOMIIOHEHTHYH) KepaMHMKY, MeTa/UIOKEPAMHUKY, KaTaJM3aTophl,
COp6EeHThI, MUTMEHTDI, CeJIEKTUBHbIE TAa30MOIJIOTUTENH, JOOABKHA K CMa304YHbIM MaTe-
pyajsiaM, MarHUTHbIE KU/JJKOCTHU, MarHUTHbIE HOCUTEJU UHPOPMALIUK, MOAUPUKATOPbI
NOPOILIKOB, abpa3uBbl U T.J. B 3Toil o6sacTH 0COOYI0 pOJib UTPAlOT MOPOLIKOBBIE
HuTpuaHble kKommno3unuu Si,N,-TiN, Si,N.-AIN, Si*-BN, AIN-BN, AIN-TiN, BN-TiN.

OZHUM K3 NEePCIEeKTUBHbIX METO/I0B MOJIyYeHUs] MOPOUIKOBbIX MaTEPUAJIOB SiB-
JIIETCS MEeTO/] CaMOpPacClpOCTPaHsAILerocsi BbicCOKoTeMnepaTypHoro cuHresa (CBC).
B pexxume wkiaccuyeckoro CBC ¢ a3oTupoBaHMEM NpU FOPEHUM MOPOLIKOB B ra3oo0-
pa3HOM a30Te BO3MOXKHO MOJYYEHHE HUTPUJAHBIX KOMNO3ULUK. OJJHAKO YIpaBJSTh
CBOMCTBaMM M pa3MepaMM KOHEYHOTO MpOAYKTa AOCTaTOYHO CJOXHO. Hampuwmep,
YTOObI pa3Ae/IMTh YacTHIbl TUTaHAa U 6opa B ucxogHou muxte CBC, Heo6xoauMo B
Hee BBO/IUThb KaKWe-JIMOO0 WHEpPTHble TYTOIJIABKHE JI0OABKM WM KOMIIOHEHTHI Iiejie-
BOM KOMITO3UIUH, HO 3TO CHKAeT BbIXO/] U Ka4yeCTBO MOJIy4aeMOT0 MaTepHraia.

[Ipumenenve B npoueccax CBC Heoprannyeckux asuzoB (CBC-A3) kak Bcmo-
MOraTeJIbHOW JJ00aBKU K OCHOBHBIM peareHTaM - YHUCTbIM MOPOIIKAM a30THPYeMbIX
3JIEMEHTOB, SIBJISIIOLIMECS JIONOJHUTENbHBIM MCTOYHHUKOM a30THPYEMOIO 3JIEMEHTA,
NPUBOAM/IO K TOBBIIIEHWID KauyecTBA U JUCIEPCHOCTU MOPOLIKOBBIX HUTPUIHBIX
KOMNO3ULUH. [Ipr 3TOM HAaHONMOPOLIKOBbIE HUTPUAHBIE KOMIIO3ULIUMU B pexxume CBC-
A3 B cucTeMe «a30THUPYEMbIN 3JIEMEHT - a3u/, HATpPUs - TaJIoWJHasl COJIb a30TUPYEMO-
ro 3JIeMeHTa» MoJIyYeHbl HE ObLIU.

M3BecTHO, 4TO Mepexos, OT 3JEMEHTHBIX MOPOLIKOB K MPEKypcopaM - XUMHUYe-
CKUM CO€JIMHEHUSIM, COJIEPXKALMM a30TUPYEMbIM 3JIEMEHT, SIBISETCS OJHUM U3 Mpue-
MOB YMEeHblIEHHUS] pa3Mepa CUHTe3upyeMbix nopouikoB B CBC. IlockosibKy ucnosib-
30BaHME MPEKYPCOPOB, C OJHOU CTOPOHBI, MPUBOJUT K YZElIEBJIEHUI0 KOMIIOHEHTOB
UCXOJHOU IHXThI (0COO6EHHO, 1Mo 60pYy), a, C APYroM CTOPOHBI, a30TUPYEMBbIH 3Jie-
MEHT, 00pa30BaHHbIA U3 raJIOTEHU/Ia, SIBJISIETCS BeCbMa aKTUBHbBIM, TaK KaK He UMEET
OKCU/JIHOW TIeHKHU. [103TOMy BecbMa NepCHEKTUBHbIM BUAUTCH UCIOJIb30BaHUE IS
NOJIy4eHUs1 HAHOTIOPOILKOB HUTPH/IOB UM MX KOMIIO3UI[MK B Ka4yeCcTBE OCHOBHBIX pea-



FeHTOB HE 3JIEMEHTHBIX MOPOIIKOB, @ UX NMPEKyPCOPOB — FAJIOMIHBIX COJeH a30THPY-
€MBIX JJIEMEHTOB B CHCTEMaxX «TaJIOHW/IHbIE COJIH a30THPYEMBIX 3JIEMEHTOB - a3ull
HaTpH».

Takum obOpasoM, uccrienoBaHue U paspaborka npouecca CBC-A3 ¢ uenonb3oBa-
HUEM TAJIOWJHBIX COJIEH a30THPYEMBIX 3JIEMEHTOB B Ka4€CTBE OCHOBHBIX MCXOJIHBIX
peareHTOB Uil MOJy4YeHHS HAHOMOPOUIKOBBIX HHMTPH/IHBIX KOMITO3HMLHH BBICOKOTO
Ka4yecTBa sBISETCS aKTyaJlbHOM 3a1a4ei.

AKTYyalbHOCTh TEMBI TIOATBEPKIAAETCA TEM, YTO OHA BBIMOJIHANACH MPH PHHAH-
coBoii nogaepxxke PO®U, Pocobpasopanus U T.1.

CrpykTypa M 0o6bem aucceprauuu. Jluccepraiis COCTOMT M3 BBEICHHS, Lle-
CTH TJIaB, 3aKJIIOYEHUs U npwiokeHuit. Pabora usnoxena Ha 881 crpanule (BKIroYas
npuiaoxenue Ha 480 crpanuuax), cogepxur 487 pucynkos, 370 Tabiuil, CIIHCOK HC-
MOJIb30BaHHBIX HCTOYHUKOB U3 484 HaUMEHOBaHHH.

Bo seedenuu 060CcHOBaHA aKTYaIBHOCTh TeMBI NPeJIOKEeHHOH paboTel, onpe/e-
JIeHbl ee LeJib U 3aJauu, a Takke chopMyIHpOBaHbl OCHOBHBIE 10JIOKEHHS, BHIHOCH-
MBle Ha 3alIMTy, Hay4YHas HOBHM3HAa W NpaKTHYeCKas 3HAYMMOCTh IOJyYEHHBIX pe-
3ynbTaToB. [IpencTaBneHbl cBeneHHs 00 anpobauuy, J0CTOBEPHOCTH Hay4yHBIX pe-
3yJbTaTOB pabOThI U X peaH3alHH.

B nepeoii 2nase npejactasieH 0030p TUTEpaTyphl 110 TEME JAHCCEPTALMOHHON pa-
60ThI, COCTOALIMN M3 IMIECTH pa3/ie/IOB U BhIBOJOB. B riiaBe npuBe/ieHbl CBEJIECHHA 110
PBIHKY HaHOMOPOLKOB. ONMUCHIBAIOTCS TEXHOJIOIMH MOJTy4eHHs, CBOiCTBa U 001acTH
NMPUMEHEHHS HAaHOPa3MEpPHBIX MOPOIIKOB HUTPHAOB H HUTPUAHBIX KOMIO3ULMiA. Pac-
CMaTpHBaeTCs MPOLIECC CaMOPaclpOCTPAHSAIOLIErocsi BbICOKOTEMIIEPaTypPHOIO CHHTE-
3a, KaK OCHOBHO# Mpolecc MOJy4YeHHs YJIbTPAAMCIEPCHBIX W HAHOIMOPOIUKOB HHT-
PHIHBIX KOMITO3HILIHIA.

Bo emopotui rnaBe coaepxarcs cBeIeHHs 0 MeToAuKax, npubopax u obopyaosa-
HHUHM, NpeJHa3HaYeHHBIX JUIS TOJyYeHHUS W MUCCIICOBAHUA HUTPHIHBIX KOMIO3HLIMIA.
Bein npousBeieH BBIOOp cUCTeM, MpeJHa3HAUEHHBIX I CHHTe3a MHKpPO- U HaHOIIO-
POLIKOB HUTPHAHBIX KOMMNO3MIMIA. /laHa XapaKTepUCTHKA HCXOJHOIO ChIpbSl U MarTe-
pHAJIOB, UCTIOIB3YEMBIX JUIS CHHTe3a. TakKe npeAcTaBieH pacuéT coAepKaHUus KOM-
TIOHEHTOB MCXOJHBIX CMecell M TEeOpPEeTHYEeCKOro COAEp)KaHHs a30Ta B HUTPHIHBIX
KOMITO3ULIMSAX.

B mpemveii 2nage npejactaBiieHbl TEPMOJAMHAMHYECKHE pacueThl aguabaTuye-
CKHX TeMIepatyp oOpa3oBaHHs HUTPUIAHBIX KOMIIO3ULHI, CHHTE3HPYEMBIX C UCTIOJb-
30BaHHMEM a3u/ia HATpPHUs M TaJIOHMHBIX COJIEH a30TUPYEMBIX 3JIEMEHTOB, U3MEHEHHE
3HTAJIBIIMK B PEaKliH, a TaKKe COCTaB NMPOJYKTOB peakLMU. BbuiM nocTpoeHs! 3aBu-
CHMOCTH PaBHOBECHBIX KOHLIEHTpallMii MPOAYKTOB CHHT€3a OT COOTHOILIEHHSA HUCXOJ-
HBIX KOMIIOHEHTOB B LIMXTE C YYETOM JaBJI€HHA rasa.

B uemeepmoii 2nase npeicTaBIeHbl pe3ysbTaThl IKCIIEPUMEHTAIBHBIX HCCIIEA0-

BaHHMi TeMIepaTypbl, CKOPOCTeH ropeHHs asHIHBIX CHCTEM M CHHTe3a HaHOpa3Mmep-
HBIX HHTPH/HBIX KOMIIO3HIHI B peXKHMe CaMOPACTIPOCTPAHAIOLIEr0Cs BHICOKOTEMITE-



paTypHOro CHHTEe3a C MCIOJIb30BaHHEM a3M/la HaTpHs M TaJOHIHBIX COJiel a3oTHpye-
mbix 2semenToB (CBC-A3). MccnenoBan $azoBblii cocTas, pasMepbl H MOPHOIOTrUs
CHHTE3MPOBAHHOTO KOHeYHOro mnpoxykra. HakneHsl palMOHaNbHbIE CHCTEMBI LIS
CHHTE3a YHCTHIX MHKpPO- W HAHOMOPOMIKOBBIX HUTPUJHBIX KOMMNO3ULMA 6e3 mobou-
HBIX TPOAYKTOB. [laH cpaBHHUTENIbHBINH aHAIU3 3aBUCUMOCTEH TEPMOJAMHAMHMYECKOH H
3KCIIEPUMEHTABHOM TeMneparypsl OT KOJIMYECTBa KOMIIOHEHTOB B CHCTEMax IpH
MOJIy4eHHH HUTPHAHBIX KOMIO3HUIMA. Y CTaHOBIEHO, YTO OONBINOE BIMSHHE HA JKC-
NepUMEHTAIbHYIO TEMIIEpaTypy rOpeHHs CMECH OKa3biBalOT TEMIIEPATyphl pa3sioike-
HHS/CyOIMMalMi UCXOIHBIX KOMIIOHEHTOB - TAJIOMIHBIX COJIEH.

B namoti 2nase NpeACTaBIEHb! pe3y/IbTaThl M0 HCCIIE0BaHHIO XMMHYECKO# CcTa-
MMWHOCTH 00pa30BaHMs HUTPHIHBIX KOMIIO3HMLIMH, a TaKKe MEXaHH3M M CTPYKTYpo-
obpa3zoBaHue KOHeyHOro rnpoaykra. Co3iaHbl MOJEIH XHMHYECKOH CTaIHIHOCTH MM0-
Jly4eHHsi HATPHAHBIX KOMIO3HIHIA ¥ TpeCTaBlIeHbl CXeMbl CTPYKTYpoOoOpa3oBaHus U
HU3MeHeHHs MOP(HOIOTHH HCXOAHBIX KOMIIOHEHTOB PallHOHAIIBHBIX CHCTEM MPH MOJTY-
YeHHH KOHEYHOTrO CHHTE3HMpOBaHHOTO npoaykra. [Uis onpeneneHls XMMHYECKOH cTa-
AMHHOCTH 00pa3oBaHMs HHUTPHUIHBIX KOMMO3HLMH ObLIH BeIOpaHBI CHCTEMEI 110 KO-
HeuyHOMY (ha30BOMY cOCTaBy.

B wecmoii 2nage pazpaboTaHa TEXHOJIOTMYECKas CXeMa MpoLecca MOoIydYeHHs
YUCTBHIX HUTPUAHBIX KOMITO3HIMHA W HUTPHAHBIX KOMMO3ULHHA ¢ MOOOYHBIM MPOAYK-
ToM. [IpescTaBneHa ONbBITHO-NMPOMBILIIEHHAs yCTaHOBKa. PaccuuTaHbl HOpMBI BpeMe-
HH TEXHOJIOTMYECKOro mpoiecca A HapabOTKM OMBITHBIX MapTHH MOPOLIKOB HUT-
PHAHBIX KOMIIO3MUMH W3 palMOHAIBHBIX cHcTeM. OrnpeneneHa obmias NpoaoJIKu-
TEJIbHOCTb LIMKJIA MOJTyYeHHs HUTPUAHON KOMMO3HULIMK Oe3 yueTa NpoBe/IeH!s napa-
NeNIbHBIX Onepauuil (CMelMBaHMe LIMXTHI, OXJIAXK/EHHE PeakTopa, CyllKa rOTOBOIO
npoaykra). Onpeznenensl oTxoabl a3uaHo# TexHonorud CBC u cnoco6bl uX yTHiIHu3a-
LHsi.

JocToBepHOCTE H 000CHOBAHHOCTD, MOJY4YEHHBIX pe3yabTaToB. JlocToBep-
HOCTB TOJyYEHHBIX pe3yJIbTaTOB MOATBEPHKIAETCS HCIOJIb30BAHUEM CepPTHOHULHUPO-
BaHHBIX MPUOOPOB /Ul OLIEHKH TEeMIIepaTypbl U CKOPOCTH TOpeHHs, peHTreHo(a30Bo-
ro cocrasa, MOp(hOJIOrUH ¥ pazMepa 4acTHL KOHEYHOTO CHHTE3HPOBAHHOTO MPOAYK-
Ta, @ TAKXKE aTTECTOBAHHBIX (U3MYECKUX METOJOB MCCIIEIOBaHHS: TEPMONApHEIE Me-
TOJBI H3MEPEHHs MapaMeTpoB CHHTEe3a ¢ NMPUMEHEHHEM aHaIoro-uu@poBoro npeood-
pasoBarelis; peHTreHo(a30BbI aHANM3 M pacTpPoBasi NEKTPOHHAS MHUKPOCKOIHS C
MHKPOPEHTTE€HOCTIEKTPAJIbHBIM aHAIM30M KOHEYHOTO CHHTE3HPYEMOTO MPOAYKTa.

ITomy4eHHsle B paboTe JaHHBIC HE MPOTUBOPEYAT pe3yJibTaTaM JAPYTHX aBTOPOB.
BeIBOZIBI M peKOMeHAaLuH, chOopMyTHPOBaHHEIE B paboTe, SKCIIEpUMEHTAIBHO 000C-
HOBAaHBI.

Astopedepar U MyOIMKALMK NOJHOCTHIO OTPAXKAIOT COAEPIKAHHE TUCCEPTALIUH.
OcHoBHBIE pe3ysbTaThl paboTsl omybaukoBansl B 170 paborax, 18 crareit u3 xorto-



PHIX B peLIEH3MPYEeMBIX M3JaHuAX, pekoMeHaoBaHHBIX BAK, 6 crareil B XypHanax
Scopus, a Takke 2 MoHorpaduu u 2 natenra P®.

3HAYMMOCTD VISt HAYKH H NMPAKTHKH. ABTOPOM JI0Ka3aHa NMpPUHLMIIHAIbHAS
BO3MOXHOCTb MCIIOJIb30BaHHA B KAYECTBE OCHOBHBIX IIMXTOBBIX MaTepHaJIOB [UIs I10-
JNlydeHuss HATPUAHBIX KoMmro3uimii B pexxume CBC-A3 npekypcops! Si, Ti, Al u B B
BHJIE TAJOMIHBIX coJjieii. YCTaHOBIIEHO, YTO MCMOJIb30BAHHE B KauyeCTBE HMCXOJHOIO
peareHTa He 3JIEMEHTHBIX [OPOLIKOB KPEeMHHMs, THTaHa, alOMHHHs WM Oopa, a ux
XMMHYECKHX COeTMHEHHIT B BHJI€ TAIOMIHBIX COJeH MO3BOJSAET OJyYUTh B MpoLEecce
CBC-A3 HaHOpa3MepHBIE MTOPOIIKOBBIE HUTPHUIHBIE KOMITO3HLIMH.

DKCNEPUMEHTAIBHO YCTAHOBJICHbl 3aKOHOMEPHOCTH TOPEHHs a3sHHBIX CHCTEM
CBC u cuHTe3a MUKpPO- H HaHOpPa3MEepHBIX HUTPHAHBIX KOMIIO3HLIMA M3 CHCTEM a30-
THPYEMBI 3JIEMEHT - TaJIONeHH/l a30THPYEMOT0 IEMEHTa — a3H/l HaTpHs U raJoreHHU-
JIbl a30THPYEMBIX 3JIEMEHTOB — a3M]l HaTpus. BbisiBieHa HemnocpeACTBEHHas CBA3b
MEXIy COCTaBOM MCXOJHON cMecH M ()a30BbIM COCTaBOM, CTPYKTYpOH NPOAYKTOB
cuHTe3a. OmnpeaeneHsl MEXaHHW3Mbl XHMHYECKHX peakLuii o0pa3oBaHUs MHKpO- H
HAHOpa3MEPHBIX HUTPHIHBIX KOMIO3HLIMH

HccnenoBaHo cTpyKTypooOpa3oBaHue KOHEUHBIX MPOIYKTOB pallHOHAIbHBIX CH-
creM. YCTaHOBJIEHO, YTO KOHEYHBIH MOPOLIKOBBIH MPOMYKT COCTOMT M3 CyOMHKpO-
KPUCTAUTMYECKUX PAaBHOOCHBIX, CHEPUYECKHX, MIACTHHYATHIX M BOJIOKHUCTBHIX 4Ya-
cTul cpeanero pamepa 150-250 HM ¢ OTAeNIbHBIMU HAHOYACTHLIAMH CPEIHUMH pa3Mep
KoTopeix cocraiser 70-100 HM uau Mukpoyactuuamu - 400-500 HM, B oTIIHYHE OT
MOP(}ONOrHH M CTPYKTYPBl MCXOJHBIX KOMIIOHEHTOB CHCTEM, MpPEACTaBIAIOIIMX CO-
60ii cMech KpYMHBIX arjloMepaTHBIX YacTULl pasMepoM Oonee 10 MKM.

Pa3paboTaHsl NpakTHYECKHE PEKOMEHJALMH N0 OpraHU3aliH TEXHOJIOTHYECKO-
ro mpoiecca NMpOM3BOACTBA ONBITHBIX MAapTH MOPOIIKOB HUTPHIHBIX KOMITO3ULIHIA,
Ha3HAYEHUIO PEXHMMOB MOJyYeHHS MHKPO- U HAHOPa3MEPHBIX MOPOLIKOB HUTPUIAHBIX
komno3uumii MetogoM CBC-A3 ¢ HeoOX0auMO# CTPYKTYpoOil U TpeOyeMbIM XUMHYe-
CKMM cocTaBoM. JlaHel peKOMEHJalMU M0 YTHIM3ALMH OTX0A0B TexHojorud CBC-
As.

PexomMeHaLHH N0 MCNOJIL30BAHHUIO Pe3Y/IbTATOB H BbIBOJOB JHCCEPTALIHH.

Jins nanepHEHero MCroab30BaHus CleAyeT PEeKOMEHI0BAaTh Pe3yJIbTaThl TEOPETHYE-
CKMX M JKCINEpUMEHTAIbHBIX MCCIIEIOBaHMH mpoliecca caMopacnpoCTpaHsIOMIerocs
BBICOKOTEMIIEPATYPHOI'0 CHHTE3a C UCIMOb30BAaHUEM a3U/a HaTpUs U raJIOWAHBIX CO-
Jie#l a30THpPYEMBIX 2JIEMEHTOB. PallioHabHbIe CHCTEMBI U1l CHHTE3a YMCTBIX MHKPO-
¥ HAHOTIOPOLIKOBBIX HUTPUHBIX KOMIO3HLMH 6e3 noboyHbIX npoaykToB. [IpakTuye-
CKHE€ PEKOMEHJALMM IO OpraHM3alMHd TEXHOJOTHYeCcKOoro rnpouecca MpoHu3BOACTBA
OMBITHBIX MAPTHI MOPOIIKOB HUTPHAHBIX KOMITO3ULHMH, HA3HAYEHHIO PEXUMOB I10-
JIy4Y€HUs] MUKPO- U HaHOPA3MEPHBIX MOPOLIKOB HUTPHUHBIX KOMIO3HLMHA ¢ HeoOXo-
JAUMOH CTPYKTYpOii H TpeOyeMbIM XUMHYECKHM COCTaBOM. PeKkOoMeHJalMu 1o yTHIIH-
3alliH OTXO/OB TEXHOJIOIMM pa3paboTaHHOH TEXHOJIOTHH.
3ameyaHHs MO AMCCEPTALIMH:
1. I1.1 Hay4yHO# HOBH3HBI. ABTOp YKa3bIBAaeT: «...MO3BOJIAET MOJYYHUTb B
npouecce CBC-A3 HaHOpa3sMepHbI€ MOPOLIKOBBIE HUTPHAHBIE KOMMO3ULMH. JTO






