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OQHUIHANBHOrO ONIMOHEeHTA Ha aucceprario A.B. [Tonkosoit
«Pa3paboTKa OCHOB TeXHOJIOrHH NOJIyYeHHs HaHokomno3znTos FeCo/C
HA OCHOBE COJIeH MeTAIOB H NONHAKPHJIOHHTPHIA
noa peiicrsuem UK narpesar,
NPeNCTaBIeHHYIO HA COMCKAHHE YYEHOH CTeNEeHH KaHIUIaTa TEeXHHYECKHUX HayK
no cneuuanbHOCTH «Texwojorus M obGopynoBaHue OIS MPOU3BOACTBA

MOJIYIPOBOAHMKOB, MATEPHAJIOB U NPHOOPOB 3NEKTPOHHOM TexHukuy (05.27.06)

PassuTHe cHCTEM BBICOKOCKOPOCTHOW GecrnpoBopHo#, unudppoBoii u
CIyTHHKOBOM CB#3M, TNOTPeOHOCTL B MHOBBILEHWH [POIYCKHOM CrnocoGHoCTH
GeCrnpOBOAHBIX CHCTEM CBSA3H M YJIYYIIEHHH XapaKTEPUCTHK TAaKHX CHCTEM
CTHMYJIHPYIOT paboTel B obaactu snektponuxku CBY puanaszona. HepaspsisHo ¢
3ajayaMHi pasBUTUSA CHCTEM H3Iy4YeHHst M neperayd B CBY pgmanazone crowt
3a]a4a 3QHEKTHBHOTO TMOIVIOWEHNS 3TeKTPOMArHUTHOro u3nydenus (OMHU) ans
3alIMThl OKPYXKAIOWIEH Cpeabl, MAaCKUPOBKH OOBEKTOB M T.A. PaccmarpuBaemast
IuccepranuoHHas pabora mnocpsmieHa pa3paboTKe 9KOHOMHMYHOIO —METOo/a
_j MOMYHEHHUsI NOTNIOIMIAIOMMX MOKPRITHH st npumeHenuss B CBY nuanasoue, 4ro
ofycnaBnuBaer ¢€ HECOMHEHHYIO aKTyalbHOCTb.

B kauecTBe Marepuaiia /uia noryomaromero nokpbitus A.B. TTonkosoii 6uun
BRIOpAaH mepcneKTHBHBIA  Mmarepuan - FeCo, HaHOYACTHLBI  KOTODOrO
Pacrionoxensl B yriepoanon marpuue. st Beibopa MeTona CHHTE3a yKa3aHHOTO
KOMIIO3UTa ObLI NPOBEJEH 3HAYMTEIbHBIH JINTEpaTyPHBIH 0030p, npugéﬂeﬁmﬁ B

NEpBOM  ryaBe, KOTOpbIH  1OKa3al OKOHOMHMYECKYI0 M TEXHHYECKYIO




11eJ1€CO00pa3HOCTh MCIIOJIB30BAHUS METOa Moay4eHus: HaHokommnosutos FeCo/C
Ha OCHOBE COJICH METaJlJIOB U NOJIMaKpuIoHuTpuia noj jaeiicrsuemM MK narpesa.

Jlns pa3zpaboTKu MeToja, [MO3BOJISIOMIETO NMPOM3BOANTE KOHTPOIHMPYEMBbIH
cuHTe3 O0OCYXKIAaeMOr0 HAHOKOMIIO3UTA IMCCEPTAHTOM OBLIM  NPOBEJIECHBI
noApoOHBIE  MCCJICHOBAHMS  XMMHYECKHMX  IPOIECCOB B HCIOJL3YEMBIX
npekypcopax moa aercrteuem MK-HarpeBa M TEOPETMYECKOE MOJEIMPOBAHHUE
CTPYKTYpPBI, ONHMCAaHMA KOTOPHIX INpPHBEACHBI BO 2-H Inase. MoaenunpoBaHue
II0Ka3aJI0 BO3MOKHOCTH IPOTHO3UPYEMO U3MEHSATH IIPOBOASAIIME XapaKTCPHUCTHKH
METaJUI-yIJIepOJHOTO HAHOKOMITO3UTA TP €r0 CHHTE3E.

B Tperbeii riase nquccepTalliy aBTOPOM TNPEJICTaBIIEHO ONMCAHME Mporecca
cunre3a HaHokomosuta FeCo/C u mnoapoOHOE ONMMCaHWE  PE3yJLTATOB
MCCIENOBAHKUS KOMIIO3UTA PAa3IMYHBIMH METOAMKAMHU B  3aBHCHUMOCTH  OT
IapaMeTpoB IIPOIlecca CHHTE3a M HMCXOMHOIro MaTepuana. BeiaBieH psan
3aKOHOMEPHOCTEH, KOTOphIE IO3BOJIMIM pa3paboTaTh OCHOBBI TEXHOJIOTUH
CHHTE3a METaJlI-yIJIePOJHOr0 HAHOKOMIIO3UTA M BBIOPATh HCXOJHBIM MaTepual
IIpeKypcopa, IMO3BOJSIONMNA  00eCHedynuTh KOHTPOJIMPYEMOCTh Ipolecca o
BOCIIPOM3BOAUMOCTH PE3YJILTATOB.

JInss  IOCTYDKEHMS 3asABJICHHOM IleNM JUCCepTaluH 1o  pa3paboTke
TEXHOJOIMH IOJIyYeHHsl paJuomoriomaumero Matepuana [lonkosoit A.B. Obul
NIPOBEACH Psijl UCCISIOBAHUM CBOWCTB KOMIIO3UTA B 3aBHCUMOCTH OT MapameTpoB
Ipolecca CHHTE3a NPOBOAMBILETOCS B COOTBETCTBUM C pa3pabOTaHHOM paHee
TexHojorued. OmnucaHue U pe3ynbTaThl JAHHBIX HCCIIENOBAHUKM IPUBE/ICHBI B
YETBEPTOM IIIaBe.

Takum 00pa3zoM, MOXHO OTMETHTh, 4YTO YCIEUIHOMY JAOCTHKEHHIO
3asBJIEHHOM Ieqy paboThl CrOCOOCTBOBANM I'PAMOTHO IOCTABIICHHBIC 3a/1a4M H
TMIOCIIEI0BATEILHOCT B METOJOJIOTHH UCCIEI0BAHUS.

CyliecTBeHHBIM OTJIMYMEM AWCCEPTAllMU ABISAETCA TO, YTO aABTOPOM
paspaboTaHbl OCHOBEI TEXHOJIOIHM CHHTe3a HaHoKoMno3uTa FeCo/C npu momoruu

meroga WK mHarpesa, Koropasi OTAMYAaeTcss IPOCTOTOM  aIapaTypHOro



obecriedeHnss M II03BOJISET C BBICOKOW TOYHOCTBIO KOHTPOIHPOBATh YCIOBUA
CHUHTE3a.

Pe3ynbTaThl MCCIEIOBAHNS UMEIOT APKYIO IPAKTHIECKYIO HATNpaBIECHHOCTD,
MIOATBEPKIAEMYIO AKTOM MCIIOJIBL30BaHMs, IIPU 9TOM CTOUT OTMETUTh JOCTATOYHO
BBICOKYIO 3((EKTHBHOCTL pPa3pabOTaAHHOrO HAHOKOMIIO3UTA s IOTIOICHHs
OMU B BocTpeGOBaHHOM B HacTosiee Bpems Auanaszone wactor (20 — 40 I'Tm).
HauGonbmas 3¢ pexruBHOCTS noronienust IMU Habmroganack st 4acToThl 34,7
I'T'1y 1 coctaBuna 99,5%.

OTaenbHO XO4ueTcs OTMETHTh 3P deKT, HaOI0JaeMblil PU MCTOIb30BaHUN
PaJFONOTJIONIAOINEHf BCTABKM HAa OCHOBE pa3pabOTaHHOrO HAHOKOMIIO3MTA,
KOTOpEI 00ECredYns MpPOIyCKAHUE IPAMOW BOJHBI M3JIyuY€HHA C MEHBIIMM
K02 PHUIMEHTOM IIOTTIOLICHHS, 9eM [UIsl 0OpaTHOM BOJIHBL.

Hayunas HoBuzHa paboThl A.B. ITonmkoBoif 3aKI09aeTCA B CIIEAYIOMIEM:

- paspabotan u 000cHOBaH crocod cunTesa HaHoyactuy FeCo mnpy momoru
meToa VK Harpesa nojauakpuaIOHUTPHUIIA,

- H3y4eHBl OCOOCHHOCTH MeXaHu3Ma cuHTe3a HaHokomioszntos FeCo/C B
3aBucuMocT or rtemmeparypel MK-marpesa, Tuma COCAMHEHMS  IKEIIE3a,
konnenTpanuu Fe u Co u UX COOTHOIICHUA,

- YCTAHOBJIEHBI 3aBUCUMOCTH ¢BOMCTB HaHOKOMII03uTOB FeCo/C 0T ycnoBuit
UX CUHTE3a;

- BrepBbIe Mccnenosano norsontenne MM nankommnosutamu FeCo/C, B
TOM YHCJIE B 3aBUCHMOCTH OT YCJIOBHH UX CHHTE3a.

BmMmecTe ¢ TeM CUMTA0 HEOOXOAMMBIM OTMETHTE HEKOTOPBIE HEIOCTATKH
paboThL:

1. Tlpu obocuosanun Beibopa FeCo B kayectBe 6a3oBOro marepuana Iyis
HCCIIENyeMOTO KOMIO3MTA YTBEPIKIAeICA, 4TO OH olmajaeT HauOONBIIHMM
3HAueHMEM HAMATHMYEHHOCTH HACBHINEHHs U BHICOKOM TemmepaTypoit Kropu. Ilpu
3TOM HE YKa3bIBAeTCSl MCTOYHUK JAaHHOW MH(POPMALWH, a TAKKE HE MNPHUBOIATCS
YUCACHHBIE JaHHBIC W MX CPaBHEHHE C APYTHMMH MaTepualaMH, I{OTO.pI)Ie MOTYT

UMETL OJIM3KME MO 3HAYCHUIO nmapaMeTphl. Taxxe He pacKphIBACTCS, MOYCMY
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MMEHHO 3TH MapaMEeTpPhl SBJISIOTCS KPUTUYHBIMH NpPHU BHEIOOpE MaTepuana s
peanu3auuy NPUOOPHOTO MPUMEHEHHS — [OIVIOMIEHHs 3JIEKTPOMATHUTHOTO
U3TYYCHHs, KOTOPBIN 3asBJIEH B aKTyaJIbHOCTH PabOTEI.

2. TauHasi quccepTanust sIBAACTCA IPOJOJDKCHHEM B Psily pabOT HAYHIHOTO
komexktuBa  MUCHUC, nNOCBAIIEHHBIX — MONYYEHHIO  METAJLI-YIJIEPOIHBIX
KOMIIO3UTOB, B YaCTHOCTH II0 IIOJYYEHHIO KOMIIO3UTa C HaHOYACTULAMH
nepMaulos, AUCCEpTauusi II0 TEXHOJIOTHIO CHHTe3a KOTOpOro Oblia YCHENIHO
3alMIICHA HECKONBKO jeT Hasad. OmHako, K COXANEHHI0, B JUCCEPTALMU HE
IIPUBOJUTCS CPABHUTENIBHBIX JAHHBIX 10 IApaMeTpaM IMOJYyYEHHBIX KOMIIO3UTOB —
Kakoi m3 Hux Oonee apdekTuBHO moriom@aer DM H3nydeHue, Kakoi ABISLETCS
0oJ1e€ IKOHOMUYHBIM B [IPOU3BOCTBE U T. /..

3. Ha crpannue 195 npu anamuse pe3yabTaToB HCCIENOBAHUS TIPUBOUTCS
YTBEPKICHHE, YTO C pPOCTOM TEMIIEPATYpPHl IPOUCXOMUT CTPYKTYPHPOBAHHUE
amop¢pmoro yriepoma B Marpuie I[IAH, ur0 mNpHBOAMT K CHMIKCHMIO
MPOBOJMMOCTH. JlaHHOE YTBEPXKJIECHUE SIBISETCS BEChbMa CIOPHBIM, IIPU TOM, YTO
yke Ha cTp. 196 mpHBOZMTCS NpPOTHBOpEYAlCe €My YTBEPKICHHE, KOTOPOEe
ITaCUT, YTO C YBEIMYECHUEM % COMEPIKAHHs METAIIA B KOMIIO3UTE YBEIMYHBACTCSA
COIEpKaHUE CTPYKTYPUPOBAHHOrO yrjepona (rpa)€HOBBIX CTPYKTYp), HTO
IPUBOJUT K YBEIUUCHUIO DIEKTPOIPOBOIHOCTH.

4. Ha crtp. 196 mpHBOIUTCS HEKOPPEKTHOE YTBEPKAEHHE, YTO IJyOuHa
CKMH-CJIOST Uil MeTajioB cooTBeTcTByeT 100 Hm. JlaHHOE yTBEepXKaeHHUE HE
YUUTBIBACT JJIMHY BOJHBL M3JIyYeHHMs M TIapaMeTpbl MaTepuasia, HarnpuMep
BEIMYUHY OTHOCHTEILHONM MAarHUTHOM IIPOHMIIAEMOCTH, KOTOpas MOXKET
OTIMYATHCS Ha HECKOJIBKO HOPSAAKOB JUTS Pa3IMYHBIX METAILIOB.

5. Ilpym wmccnenoBaHMM BIMSHWS [ApAMETPOB CHHTE3a KOMIIO3HTA Ha
KO3((PUIMEHT MOITOMEHNs U oTpaxkeHuss IMU NpUBOAATCS TaHHBIE TONBKO II0
TPEeM BapHaHTaM CHHTe3a KOMIO3UTa. IIpu 3TOM KOPPEKTHOMY CpaBHEHHIO
MOJAOTCS TOJBKO JIBa CIIy4asl, B KOTOPHIX H3MEHSEMBIM IapaMEeTPOM SIBIISLICS
MUCXOJHBIM  maTepuan — (epoleH WIM  aleTHNIANETOHAT JKene3a, [pu

3a(DMKCHPOBAHHBIX TEMIIEpaType H % COJepKaHui0 MeTajuia B pactsope. Tpernii
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K€ BAPUAHT OTIHYACTCA Cpasy U IO TeMrieparype H rno % cojep:KaHuio MeTasa.
B cBsi3u ¢ yeM npu ananu3e pesysbTaTOB CIOXKHO CAENATH BBIBOL O TOM, Kako# n3
napamMeTpoB Gonbie BiIuseT HA Ko3(UuUeHT nornomenus IMU — TeMIiepaTypa
CHHTe3a, b0 % conepikaHue MeTania.

B nesom, BuIBIeHHBIC HENOCTATKH M 3aMeYaHHA He BIAUAIOT HA OBl
BBICOKHH ypOBeHb NpescTaBieHHOH paGoTel. Comepixarnne JHCCepTALUNn M
apropedepara cooTsercTByer TpeboBanusm I[lonoxenus BAK. Astopedepar
COOTBEICTBYET MaTepuanaM, NpEACTaBIeHHbIM B JIHCCEPTAIMOHHOH paboTe.
OCHOBHbIE TONOXKCHHS AUCCEPTAUMOHHON paboTHl onyOIUKOBaHbl B I€4aTH o
AOJIOXKEHBI HA HAYYHBIX KOH(EPEHLMAX.

Xody OTMETHTH TaKKe Xopoliee opopMiIeHHE paboTel 1 BonbLioi 06beM
HCIOJIE30BAHHBIX  JIMTEPATYPHBIX = MCTOYHMKOB. Pe3ynbTaThl  npoBeeHHBIX
aBTOPOM  TEOPETHUHECKUX pacyeToB W  MOJEIMPOBAHHS, WX COIVIacHe ¢
IKCIIEPUMEHTOM, Oonbiioit  o6beMm NPOBEACHHBIX HCCHEAOBAHMHI, a TakkKe
AEMOHCTpALMA NPUMEHEHUA pa3spaboTAHHOTO METONA U CBONHCTB CHHTE3UPYEMOro
Marepuana s CO3JaHus PaavoNONIOMAOLIMX MATEPHAIOB MO3BOISMIOT OLEHHTD
pe3ysibTaThl paboThl KaK HOBbIE U 1OCTOBEPHBIE.

Cunraro, uto penensupyemas pabota cOOTBETCTBYET KBAJTH(DUKALMOHHBIM
TpeboBanusmM BAK Kk juccepraluaM HAa COMCKAaHMe YUYEHOH CTerneHd KaHaujaaTa
TEXHHUYCCKUX HayK no cnenuanbHocTn «TexHonorus wm obopynopanue s
TPOU3BOACTBA  MOJYNPOBOHUKOB, MATEPHAIOB M  HPUGOPOB  3NEKTPOHHOM
Texnuku» (05.27.06) a ee aBrop — Ilonskosa Anena Bacuibesna 3aCiTyKUBaeT
TIPUCYKACHNA €H yUeHOH CTENEeHN KaHIu1aTa TEXHHIECKUX HayK.
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Kuleshov A. E., Migunov D. M., Nabiev R. M., Petrukhin G. N,
Rychkov G. S., Shcherbakhin Yu.V. V. / TECHNICAL
PHYSICS LETTERS, 2013, No 2, V. 39, pp. 206-208

4. Electron flux amplifier on diamond-coated silicon grating.
Belousov M. E., Il'ichev E. A., Kuleshov A. E., Metveeva N. K.,
Minakov P. V., Petrukhin G. N, Nabiev R. M., Rychkov G. S. //
TECHNICAL PHYSICS LETTERS, 2012, Ne 3, V. 38, pp. 276-
278

5. Mask for micropattern formation on diamond films, Belousov
M. E., Il'ichev E. A., Kuleshov A. E., Matveeva N. K., Minakov P.
V.. Petrukhin G. N., Nabiev R. M., Rychkov G. S. //
TECHNICAL PHYSICS LETTERS, 2012, Ne 3, V. 38, pp. 225-
227

6. Catalytic growth of nanostructures from carbonaceous
substrates: Properties and model notions. Il'ichev E. A., Inkin V.
N., Migunov D. M., Petrukhin G. N., Poltoratskii E. A., Rychkov
G. S., Shkodin D. V. // TECHNICAL PHYSICS LETTERS,
2010, Ne 2, V. 36, pp. 170-172

7. Carbon nanostructures' catalytic growth from carbonaceous
substrates in comparison with PECCVD method. Alekseeva Ye.
Yu., Ilichev E. A., Inkin V. N., Migunov D. M., Petruhin G. N.,
Poltoratskil E. A., Rychkov G. S., Shkodin D. V. // Proceedings of
SPIE - The International Society for Optical Engineering, 2010, Ne
1,V.7521

8. Field-Emission Diodes Based on  Semiconductor—
Polycrystalline Diamond Heterojunctions V.A. Bespalov, E.A.
II'ichev, A.E. Kuleshov, D.M. Migunov, R.M. Nabiev, G.N.
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