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OT3bIB OPHIHANLHOIO ONNIOHEHTA

JIOKTOpa TEXHUYCCKUX HaykK, coBeTHHKa aupektopa PI'YII «HUM duzuyeckux
npobnem um. @®.B. Jlykuna» Kupeesa B.FO. Ha muccepraumio Xapaamosa
Hukonass AnexcanmapoBuya Ha TeMmy: «MoOHHO-IIa3MeHHOE NOJyYeHHEe H
BO3MOXKHOCTb HCHOJIb30BaHHS CJI0€B TBepaoro pacrBopa Ha ocHoBe (SiC),.
x(AIN), Ha MOHOKDHCTA/IHYECKOM KPEMHHHY», NPEJCTABIEHHYI0 HAa COMCKAHHE
YYEHOH CTeNneHH KAHAHJATA TeXHHMYECKHX HaykK 1o crneuuaidbHocTd 05.27.06 —
«Texnonorus u 060pyn0OBaHUe AJIsi IPOM3BOICTBA MOJIYNPOBOIHUKOB, MATEPHUAIIOB U
pHUOOPOB AIIEKTPOHHON TEXHUKH)

bnarogaps yHukanbHBIM cBOMCTBaM KapOuja KpeMHHs, HUTPHIA ATFOMUHUSA U
MX TBEpPAbIX PAacTBOPOB, CHJIOBBIE M OINTOZJIEKTPOHHbIE MPUOOPBI HAa KX OCHOBE
HMEIOT pan CYLECTBEHHBIX IIPEUMYLLIECTB nepen aHaJIOrMYHbIMH
MMKPO3JIEKTPOHHBIMU [IPUOOPaMHM M3 MOHOKPHCTAJUIMYECKOr0 KPEMHHS M HHUTPHIA
rajuids. JTO KacaeTcs, NMpexIe BCEro, BO3MOXHOCTH MCIIOJB30BAHMUS YKA3aHHbBIX
NpUOOPOB NPH TNOBLILIEHHBIX TEMIEPATYpaxX, YPOBHAX palHalldd H B XMMHYECKH
arpeccuBHbIX cpepax. OIHAKO NpOM3BOACTBO NPUOOPOB HA OCHOBe KapOwWja
KpPEeMHHsl, HUTPH/Ia ATIOMHHHMS W MX TBEpJBIX pacTBOPOB TpeOyeT HCIOJIb30BAHUSI
MOJJIONKEK H3 canpupa WIM KapOuaa KpeMHHUs, KOTOpbIE HMEIOT BBICOKYIO
ce0eCTOUMOCTb.

[TosToMy Tema auccepTalMOHHON paboThl, MOCBSIIEHHON pa3paboTKe HOHHO-
MJ1a3MEeHHOH TeXHOJIOTHH ()OPMHPOBAHMS MOHOKPHCTAIUTHYECKHX CJIOEB TBEPIBIX
pacTBOpOB Ha ocHOBe (SiC);.(AIN), Ha MOANOXKAX MOHOKPEMHHUSI ¥ UCCIIE/[OBAHUS
CTPYKTYPBbI, CBOMCTB K 0bsiacTell MpUOOPHOro npuMeHeHUs1 ChOPMHPOBAHHBIX CIIOEB,
ABIAETCA BECbMa aKTyallbHOM W HaNpaBlIeHHOM Ha pelIeHWe BKHOW Hay4YHO-
TEXHUYECKOM M IIPAKTUYECKOH MpOOJEMBI: CO3JIaHKMe JEIIeBBIX MOJIOKeK |
3G(EeKTHBHOH TEXHONOTWM [jii TNPOM3BOACTBA CHJIOBBIX U OITOAIEKTPOHHBIX
npuObOpPOB Ha OCHOBE KapOHMJa KPEMHHMS, HUTpUIA AMOMHHHS W WX TBEPAbIX
pacTBOpOB.

HanGonee BakHRIMH  pelyinTaTamMu  guccepTanMoHHol  paGore
ABJISIIOTCH:

], Pazpaboran TEXHOJOTHYECCKHI npoLece (hopMUpoBaHMs
MOHOKPHCTAITHIECKHX CT0eB TBepAbiX pacTBopoB (SiC))7(AIN)g; u (SiC)ys(AIN) s
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TOMUMHOM 10 100 HM Ha MNOJIOKKE MOHOKPEMHHS C OpHEHTALHEH (111) npwm
Temneparype (800 - 1000) °C MarHeTpoHHBIM pachblIeHHEM MOTHKPUCTAITHYECKOMH
OZIHOPOJHOH KOMIIaKTHOW MMILIEHH cO cKopocTbio 10 0,1 Hm/c mpu SHEPIrHd MOHOB
aprosa 10 500 5B u mIoTHOCTH HOHHOTO NOTOKa 10 10 MA/cM”.

2. Tlokasano, 4To XxuMuueckuil W (a30BBIA COCTAB CJIOEB, MONYYEHHBIX
MarHeTpOHHBIM pPacCIbICHUEM MOJHKPUCTAIIIMYECKOH OJHOPOJHOM KOMIAKTHOM
mumeHd  (SiC);(AIN),, TnpakTHYecKd OJMHAKOB C e& COCTAaBOM [oce
NPEABAPUTEILHOIO pacnbuieHus B Teyenne (10 - 15) MUHYT U NpH IIOTHOCTH TOKa
(7 - 8) MA/eM’.

3. YCTaHOBNEHO, YTO aTOMHAs CTPYKTypa HAHOPA3MEPHBIX CIIOEB TBEPIBIX
pactBopoB  (SiC);«(AIN), Ha MOHOKPUCTAIIMYECKOH TOMIONKKE KpEeMHHUS ¢
opueHTauuei (111) onpenensiercss kak Temneparypoi MOMIONKKH, TaK CKOPOCTbIO
HaHeceHus cnos. Ilomukpucrannuyeckue cinov (GOPMHUPYIOTCS TpH TeMIeparype
nozanoxku Hke 800 °C mpu ckopoctr pocra 10 0,2 HM/c. MOHOKpHCTaITHYECKHE
CJIOW NpH SMHUTAKCHM 06pasyrotcst mpH Temmneparype noanoxku 800 °C u Beime
ckopoctu pocra (0,10 - 0,15) am/c.

4. TlokasaHo, 4YTO TONyYeHHE MOHOKPHCTAIIMYECKMX CJIOEB TBEPIBIX
pacTBOpoB (SiC),.(AIN); Ha MOHOKPHCTAIIHYECKOM KPEMHHH C OpHEHTALMEH (111)
BO3MOXHO M IIPH MCMOIb30BaHNM TPUHLIMIIOB YHJAOTAKCHH. Y CTAHOBIEHO, YTO OTKHT
FeTepOCTPYKTYPBI "TIONUKPUCTAIUIMYECKUH CIIOH TBEpPJOro pacTBOpa TONIIMHON JI0
60 HM Ha MOHOKPHCTAITHIECKOH KPEMHHEBOH MOIOKKe" IpH temmneparype (800 -
900) °C B cpene aprona B Teuenue (30 - 40) MUHYT oGecreynBacT (hopMHpoBaHue
MOHOKPUCTAJIMYECKOTO  ciosi.  Yucrora  (1IEpOXOBATOCTH)  MOBEPXHOCTH
MOHOKPUCTAJNIMYECKUX CJIOEB TBEPIOrO PacTBOpAa BO BCEX CIydyasX HAXOMUTCS Ha

YPOBHE YHMCTOTHI (ILIEPOXOBATOCTH) MOMIOKKH MOHOKDEMHHMS M COOTBETCTBYeT 14
KJ1acCy YMCTOTBI MOBEPXHOCTH.

Hayunas HoBH3Ha paoThl NOJTBEPKIACTCA:

1. Pa3paboTkoii Mozmenu pacdera CTpyKTYphl M TOMOJNOrHS Auo0B 1IIOTTKH
AL CHJIOBOM SJIEKTPOHMKH W 3KCIIEPUMEHTAIIbHBIM [OATBEPKACHHEM MyTeM HX
M3rOTOBJICHUA C NMPUMEHEHHEM MAarHeTPOHHBIX CJIOEB TBepABIX pacTtBopoB (SiC),.
«(AIN), u rerepocTpykTyp Ha MX OocHOBe. B M3roTOBIEHHBIX AMOMAX B Jinara3oHe
Temneparyp ot 25 no 150 °C npakTHYeckH IOJIHOCTBIO OTCYTCTBYeET ekt
00paTHOro BoCCTAHOBIIEHMS (BpeMsi BOCCTAHOBJIEHHS He Gomee 50 HC), 3HAYEeHUs
TOKa yTe4KH HE NpeBbIlalT 20 MKA npu HanpsbkeHHH npoGosi Ha yposHe 650 B, a
NIPAMOM TOK JIOCTUTaeT 3HAYEeHUH 10 25A.

2. IlposeneHneM  (HU3MKO-XHMHYECKOTO OGOCHOBAHHS  BO3MOXHOCTH
MOy4CHUA  HETIPEPBIBHOTO  pAna TBEpAbIX pacTBOpoB  (SiC)i(AIN), 1pu
temneparypax (800 - 900) °C ¢ y4eToM MEXaTOMHOIO B3aMMOIEHCTBHS npu
PasIniHOM XHMHYECKOM COCTaBE M €ro HKCNEPUMEHTAIBHOTO MOATREPKIEHHS.

3. Co3anueM ¢ NOMOIIBIO pa3paboTaHHON MOIENH CTPYKTYPBI U TOIOJIOTHH
CBCTOJMO/A C JallbHUM YIBTPA(QHUONIETOBBIM H3IyYEHHEM M PATHYHBIM YHCIIOM
KBaHTOBBIX SIM ¥ (hoTOMO/a HA OCHOBE TBepBIX pacTBopoB (SiC), (AIN),.

IIpakTHYecKas 3HAYMMOCTD Pe3yJabTATOB PaBbOThI 3aKITI0UAETCS:
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- B pa3paboOTKe TEXHOJIOrHYECKOro Mpolecca HOHHO-IUIa3MEHHOTO T10JTyYeH s
reTepOCTPYKTYP (TemrieiToB): MOHOKPHUCTAJUTMUECKH A KpeMHUH -
MOHOKPHCTALJIMYECKUH HaHOpa3MepHbIii ciioit TBepabiX pacTBOPoB (SiC)y(AIN)g; 1
(SiC)os(AlN)os ¢ TpUMEHEHMEM MAarHEeTPOHHOrO pACMbUICHHS  OJHOPOIHOM
IOJIMKPUCTANTMYECKON MHUUICHHW aHAJIOTMYHOIO coCTaBa Mpu Temreparype 10 1000
°C:

- B pa3paboTke (U3MKO-TONONOTMYECKOH MOjenHu  yibTpadhHoIeToBOro
CBETOJIM0A C JJIMHHOW BOJIHBI B Makcumyme u3nyuerus ot 350 go 220 um na
ocHoBe TBep/IbIX PacTBOPOB (SiC);.(AIN), ¢ pasnMUHBIM YHCIOM KBAHTOBBIX 5IM;

- B OKCIICPUMEHTAJIbHOM M3TOTOBJIEHUH C IPUMEHEHHEeM MAarHeTPOHHBIX CJI0eB
TBepAbIX  pactBopoB  (SiC);(AIN)y, ®  rerepocTpykTyp Ha HX OCHOBE
paboTocrnocodbnbix a1noaoB HIOTTKY ISl CHIIOBO# 2JIEKTPOHUKH, HMEIOIIHX BhICOKHE
paboyne XapaKTepUCTHKH.

B wayuneix Tpynax Xapnamosa H.A. [0CTaTOMHO TOJNHO HM3JI0KCHBI
pe3yapTaTbl  €ro  NUCCCePTAUMOHHOH padoTbl. (OOOCHOBAHHOCTH BBIBOJOB W
PEKOMEH/IallMH AUCCePTALMKM OCHOBBIBACTCS HA TMOJYYEHHLIX DKCIEPUMEHTAIBHBIX
pesyiabTaTax OOJBIIOTO KOJMYECTBA HMCCICAOBAHUH 110 BIMSIHHIO DEKXHUMOB
(hopMHpOBaHMS MArHETPOHHBIX CIIOEB TBEPABIX PACTBOPOB (SiC);«(AIN), Ha
CTPYKTYpY, ~XHUMHYECCKMH COCTaB M  (U3HKO-XHMHYECKHE  XapaKTepPUCTHKH
FeTepoCTPYKTYp M npubopoB Ha HX oOcHOBe. MccienoBanus npoBeseHbl C
IPUMEHCHNUEM COBPEMEHHBIX METOL0B MCCIICJI0OBAHUN: ONTHYECKOH, 3JIeKTPOHHON M
CHIIOBOH aTOMHOM MHMKPOCKOIIMM, BTOPHYHONM MOHHON Macc CIEKTPOCKONUHU
(BUMC), peHTreHoBcKoit audpakrorpapuu 1 MexaHHUECKOI npoduromMeTpuu.

HocToBepHOCTL NOJYYEHHBIX Pe3y/IbTATOB MOATBEPIK/IEHA IPOBEJAECHHbIMHU
SKCMICPUMEHTAIILHBIMM  MCCIICIOBAHMUSIMM, a TaKKe MPAKTHYECKMM MOJyueHHeM
padoToCrocoOHbIX An0A0B LIIOTTKH [UIst CHIIOBOH DNEKTPOHHKH, UMEIOIIMX BBICOKHE
pabo4ne XapaKTepPUCTHKH, ¢ NpUMeHeHHeM MarHeTPOHHBIX CJIOEB  TBEP/IBIX
pactBopoB (SiC), «(AIN), U reTepocTpyKkTyp Ha UX OCHOBE.

Conepxxanne aBropedepaTa COOTBETCTBYET OCHOBHBIM HOJIOKEHHSIM
AMCCEPTALHH, KOTOpbIe onyOnrkoBaHbl B 20-TH paGoTax, B TOM 4MCiie 3 CTAThH B
KypHajlaX, BXOJAIIEM B mepeHeHb pekomenoBaHHbiXx BAK Muno6puayku Poccun
M3JIaHUA 110 crieunanbHOCTH. OCHOBHBIE PE3YJbTAThl MHCCEPTALHOHHON paboThl
AOKNANBIBATUCE H OOCYKAAINCL Ha 7-MH MEHKAYHAPOIHBIX H POCCHMUCKMX HAYYHO-
TEXHHUYECKUX KOH(EPEHIIUsX.

HAuccepranus n asropedepar orBeyaroT KputepusM IlookeHns o MopszKe
[PUCYAKACHUS YUEHBIX CTENEHEH, MPeIbSBIIeMbIM K KaHANIATCKUM JHCCepPTALUSM
Js MPUCYXKACHHSA Y'{GHOF[ CTCIICHH KaHIuJaTta TEXHHYECCKHX HayK Imo
cnenuanbHocTH 05.27.06 — «Texnonorus u obopynosanue juis MPOU3BOJICTBA
ONyNPOBOAHKWKOB, MAaTePHAJIOB U IIPUOOPOB AIEKTPOHHON TEXHUKH».

Jlnunplii Bkaaa Xapiaamosa H.A. B noayuenun pe3yJIbTaToOB NPOSABUHIICS:
- B IIOUCKC M aHalu3e¢ Oﬂy6ﬂlfll{OBaHHle pe3yanaTOB I10 TCMEC ﬂI/]C-CepTaU,HH;



- B YCOBEDLICHCTBOBAHHHM y3Jla PpACIOJIOKEHHUS MHIIEHH, TOMIOKEK MU
METOAMKM  TOJY4EHHA CII0EB, 00ECeYMBalOMMX CTALMOHAPHOE IIPOBEICHHE
TpoLecca MarHeTpOHHOTO PacMblICHUsI KOMIIAKTHOH MHOTOKOMITIOHEHTHOW MUIIIEHH;

- B TIPOBEJCHHH CEPMM SKCIICPUMEHTANBHBIX PabOT MO MArHeTPOHHOMY
MOMy9E€HHIO  HaHOPa3MEPHBIX CII0eB TBEpAbIX pacTBopoB (SiC) . (AIN), wu
IeTEPOCTPYKTYP Ha UX OCHOBE;

- B aHAllM3€ pE3YJbTATOB HCIONL30BAHHBIX AHAJIMTHYECKUX METOJIOB,
ONpEIe/ICHUs TAPaMETPOB CJI0EB TBEP/bIX PACTBOPOB H IE€TEPOCTPYKTYD;

- B ODOCHOBaHMM W YTOYHEHMH (U3MYECKOrO KIACTEPHOrO MeXaHH3Ma
MarieTpOHHOIO  PACHbLICHHS MHOTOKOMIIOHEHTHOX MHINEHH M  TOJNyYeHHH
JIOTIOJIHUTENBHBIX ~ (DM3UKO-XMMHYECKHX JIOKA3aTeNbCTB  HM30MOP(HOro HMOHHOTO
3aMCIICHHUS! [IPY HU3KOTEMIIEPATYPHOM (POPMUPOBAHUH CIIOEB TBEPABIX PACTBOPOB;

- B NPOBEJICHWH MOJIEIMPOBAHKS MApPaMETPOB 3NEKTPOHHBIX YCTPOMCTB Ha
OCHOBE TBEPZbIX PACTBOPOB Ha MOHOKPHCTAILTHYECKOH TTOLIONKKE,

- B 000DILEHNH 10TyYeHHBIX Pe3yJIbTaTOB, MOATOTOBKE HAy4YHBIX myOauKanuii
H NPEJCTAaBIEHUH HX Ha KOH(DEPEHIIUAX.

Ilo copepxanuio u opopmiennio pa6orb MoxkHO caenaTsb caeayomue
3aMeYaHuA:

1. 1 B puccepraumm, u B aBTOpedepare aBTOP HUCMONB3yeT TEXHHYECKHH
JKAPTOH, U HAaOJIIOAIOTCS CTHIIMCTHYECKHE HETOYHOCTH, HAIIPUMED:

- BO 2-0M u 3-eM ab3ane Ha ctp. 5 aBTopedepara u Ha cTp. 6 nuccepranuu
aBTOp IMIIET: KHOHHA MOJHPOBKA MOBEPXHOCTH NOMJIOKKH Nepea 3MUTAKCHENH,
AOCTHraomas Bbile, 4em 14 kiaace wepoxosatocTH» U «Bee npomeccs
PeaIn3yloTCsl B BaKyyme 0e3 ero paspeiBa», OYEBHIHO, YTO peyb HAET O KIaccax
YMCTOTBI TOBEPXHOCTH M Mpolieccax 6e3 BbIHOCA MOMIOKKH W3 BAKYYMHOM KaMepbl;

- BO 2-oM ab3alie Ha cTp. 6 aBTOpedepaTa u cTp. 7 JUCCepPTaAllMKM aBTOP IMULIET:
«MOTy4€HHE KPHCTA/UIODHEHTHPOBAHHBLIX CJIOEB TBEPIOTo pacTBOpa (SiC),.
«(AIN), Ha MoOHOKpHCTALIHYECKOM KPEMHHH ¢ NpPHMEHEHHEM TNPUHLHIIOB
JMHTAKCHH H SHAOTAKCHH NPH MAarHeTPOHHOM pAaCNbLIEHHH MHIIEHHY,
OYE€BUJIHO, YTO p€Yb UIeT o npoueccax, T.K. C TTIOMOILBIO NPpUHLOHUITIOB ITOJIYYHUTH CJIOH
HEBO3MOXHO.

2. Ha puc. 1 c1p. 12 aBropedepara Ha rpaguke He MoKasaHa omIMOKa
(Pa3dpoc) sKCHepUMEHTAIBHBIX TOYeK. AHATOTHYHOE 3aMEYAHNIE OTHOCHTCS KO BCEM
pucyHKaM aBTopedepara W AWCCEPTAIMH, TZe NPUCYTCTBYIOT 3KCIEPUMEHTAIbHBIE
TOYKH.

3. Ha puc. 2.3 ctp. 39 auccepraumu na rpaQuke ¥ B NOJPUCYHOYHOM HAIIIHCH
MPOM30LIIA MyTAHULIA BEIUYUH I'g U Iy,

4. Ha ctp. 14 aBropedepara 1-ii a63arr CHHU3Y aBTOp NHILET: «3aBHCHMOCTD
COCTAaBA IUIEHOK OT IJIOTHOCTH NOTOKA HOHOB HCCIEN0BAJIACh, HCXOAA M3
aHaTH3a  cocTaBoB  obpasuos  miaenox  (SiC)0,5(AIN)0,5, MOJIY4YEeHHBIX
HaNbLICHHEM TBEPAOro pacTBOpa NpH IJIOTHOCTAX TOKa 3 MA/em’, 5 MA/em u 8
MA/em>. JHeprusi HOHOB cocraBasiia 500 KsB». Ou4eBH/IHO, YTO 3HEPIUS UOHOR

cocrapisia 500 9B, T.k. npu 500 k3B aBrOp moMy4Hn Gbl MMIIAHTALMIO, a4 He
HUOHHOE pacrblIeHue.
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5. Ha ctp. 55 nmccepramum 1-it a63an ceepxy asrop numer: «Takum
o0pasom, 6o/bIIas 4acTh FHEPIUH IIEKTPOHA, NPEKIE Y€M OH MONALET HA aHox,
HCIOJB3YeTCH HAa HOHM3ALHIO H BO30yXIeHHe aTOMOB MHUIIEHH, YTO
SHAYHTEILHO YBEJIHYMBACT 3(P(PeKTHBHOCTL Npouecca HOHH3AUMH H NIPHBOAHT
K BO3pacCTaHHIO KOHUCHTPAUHH MOJIOXKHTEILHBLIX HOHOB Yy NOBEPXHOCTH
KaToja». OYeBH/IHO, YTO HYXKHO TOBOPUTH 06 MOHM3ALMM H BO30YX/IeHHH aTOMOB
pabouero rasa, a He aTOMOB MHUILEHH.

6. Ha ctp. 60 nuccepraumm 3-i a63an cBepxy aBTop nuuer: «IMomnoxkn
KpemHusi  oOpaGateiBanmncr  merogom RCA, koropwlii  cocrouT M3
MOC/IE€0BATE/IbHO BbINOJHAEMbIX onepauui». OYeBUIHO, YTO peub HEeT o
3anaTeHToBaHHOM (upmoii RCA mponecce, a He MeToIE OUHCTKH.

7. Ha ctp. 68 nucceprauuu 4-i a63au asrop mumer «Caesiano JAONMyLIEeHHeE,
4TO CKOPOCTL pOCTa CJI0H COBNAJAET CO CKOPOCTBLIO PACHbLICHHS MaTepHaja
MMUILEHH. JTO CBAI3AHHO C TE€M, 4YTO IJIOLIAAbL MHIUECHH NpaKTH4Y€CKH B Ba pa3a
NpEBbIAJIA TUIOWAAL NMOMIOKKHY. ITO HEBEPHOE JOMYIIEHHE, T.K. CKOPOCTh
OCAXIEHHUS paBHA CKOPOCTH PACHbUICHHs J€JEHHOA Ha KBAJpaT pacCTOSHUS OT
MHUIIIEHH OO MOOJIOMXKKH.

OnHako ykasaHHble HENOCTATKH HE CHUXKAIOT LEHHOCTH JMCCepTall|H,
KoTopasi, — sBJACTCA  3aKOHYEHHOH  Hay4yHO-KBaIM(DMKALMOHHOW  paboToii,
COZepxallel pellieHne akTyalbHOH 3a1a4i, HMEIOLIEH CYLIECTBEHHOE 3HAYCHHE JU1st
TEXHOJIOTHH H3rOTOBNEHHS CHIIOBBIX M ONTORJIEKTPOHHBIX NPUGOPOB Ha OCHOBE
(SIC)]_\(AIN)‘

Hcxons u3 Bhimensnoxkennoro, paGora Xapaamosa H.A. ynosnersopsier
TpedoBaHHAM, mnpeabsiBisieMbiM BAK Kk kamamaaTckum AHCCEPTALHAM MO
cneunanbuoctd 05.27.06, a on 3aciyxuBaeT NPHCBOGHHS HCKOMOI Y4eHoi
CTENEeHH KAHAH/IATAa TEXHHYECKHX HaYK.
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JI.T.H. B.IO. Kupees
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