[Ipu oroOpakeHnn MHOXKeCTBa rpa)KOB Ha OJHOM OKHE Yy IMOJIb30BaTENs
MO>XET BO3HHMKHYTh HEOOXOAMMOCTb PAaCCMOTPETh OJWH M3 TpadUKOB MOA-
poOHee, MO3TOMY Ba)XHO, 4YTOOBI B MpOTrpaMMe MNPHUCYTCTBOBaja (DyHKIUS
MaKCHUMH3allU{ BBIIEIEHHOTO rpaduka HakKaTHeM KOMOWHAIMU KJIaBUII WU
yepes MaHeNlb KHOIOK.
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UCCJEIOBAHME CTPYKTYPbI 1 ONTUYECKUXCBOMCTB YTI-
JJEPOJAHbBIX HAHOTPYBOK,
BBIPAIIEHHBIX PA3JIMYHBIMU METOJAMMA

E. 10. Jlemenko, U. K. Kupuna

VYrneponausie HaHOTpYyOKH (YHT) mpeactaBisitoT coO0i MpOTSHKEHHBIE 1H-
JUHJPUYECKUE CTPYKTYPHI AUAMETPOM OT OJIHOTO JI0 HECKOJBKUX JIECSATKOB
HAaHOMETPOB U JJIMHOW 10 HECKOJIbKMUX MHUKPOH, COCTOSIIIUE U3 OJHOTO WM
HECKOJIbKUX CBEPHYTHIX B TPYOKY I'€KCaroHaJbHBIX T'pa(UTOBBIX CJIOEB U 3a-
KaHYMBAIOIIKECS ToJycepuueckol ToJOBKOW. YHUKaIbHBIE (PHU3UKO-
xuMmuueckne cBorMcTBa YHT BBI3BAIM OrPOMHBIN MHTEPEC MCCIIEIOBATEIIEN B
CBSI3U C HTUPOKUMH TEPCIIEKTUBAMH UX NpuMeHeHus. OnHako s 3P heKTuB-
HOTO MPUMEHEHHUs YTJIEPOJHBIX HAHOTPYOOK HEOOXOJUMO CO3/IaTh MpUeMIIe-
Myto Mertoauky noiaydeHus YHT ¢ HeoOXxomuMpiMu XapakTepuctukamu. Kak
MOKa3alld MCCJIEIOBAaHUs, CYIIECTBYET IIMPOKOE MHOroOOpa3ue YCIOBUH, B
KOTOpBIX Habmogaercs s¢dexkruBHoe oOpazoBanne YHT.

B nannoii pabote paccmoTpensl Takue MeToasl GopmupoBanus YHT, kak
ra3o-¢gaszHoe kKaramutudeckoe paszioxkeHne CO U METOJ XUMUYECKOTO OCaXK-
JICHUs B TlapaxX, KOTOPBIM B aQHIJIOA3BIYHOW JIUTEpAType OOBIYHO HA3BIBAIOT
CVD-meroaom (Chemical vapor deposition).

MATEPUAJI U METOJUKH

Meroauka NOpPUTOTOBIEHUSI OJIHOCTEHOYHBIX YTJIIEPOJHBIX HAHOTPYOOK
(OYHT) c ucnonp3oBanueM razo-¢ha3Horo KaTaJuTHIECKOTo pocTa Obuta aHa-
JIOTUYHOW mpuBeneHHON B padote [1]. YacTumpl MeTamia-karamuszaropa ¢op-
MUPOBAJIMCh TMYyTEM TEPMUUYECKOM JAEKOMIIO3UIIMU TMEHTaKapOOHUJIA KeJe3a
(Fe(CO)s) B moroke CO npu naBnenuu 2 at™. 1 temmneparype 1100 °C.

Poct YHT c¢ ucnons3zoBanuem meroga CVD ocyiiecTBIsIICS Ha cIeUUAIIb-
HBIX OPUEHTUPYIOMINX MOJIOKKAX U3 opucToro okcuaa amomuaus (Al,O;),
NOJIy4deHHOro B mporecce aHoauzanuu Al ¢onbru. TonmuHa MOIIOXKEK
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coctaBusia ~ 90 mxMm, auametrpsl mop ~ 50 — 80 HM. 3aTreM mOpHl OBLIU
3anojaHeHbl Ni IyTeM 3J1eKTPOXUMUYECKOTO OCAKICHUS. YTIEPOHbIE HAHOT-
pyOKM BbIpamuBanuch myTem nuponusa aneruiena (C,H,) npu temmneparype
900 °C u naBnenuu 1 aT™M. B TeueHue 15 MUHYT.

CrpykrypHble ucciaenaoBanus oopasnoB YHT mpoBoauiauck ¢ ucmonab3oBa-
HUEM METOJ/la MPOCBEUMBAIOLIEH 3JeKTpOHHOW MuKpockonuu (IIDM) u cka-
HUpPYIOIIEH 31eKTpoHHOM Mukpockonuu (COM). [ns nomydenus [1OM-
M300pKEHUI HMCIOJB30BAJICA 3JEKTPOHHBIA MPOCBEYMBAIOIINNA MHUKPOCKOM
Hitachi-H800 (SInonus) ¢ neicTBYOMKM YCKOPSIOIUM HamnpsikeHueM 10 200
kB. [Ins o0pa3noB, MoONMy4YeHHBIX METOJIOM raso-¢asHoro pasznoxenus CO,
TaK)K€ MPOBOAMIIOCH MCCIEAOBAHME METOJIOM KOMOMHALMOHHOTO pPAacCEesTHUs
(KP) cBera. Cnektpol KP yriepoaHsix HAHOTPYOOK OBLUTM MOJYYEHBI C OMO-
b0 ABTOMATU3UPOBAHHOTO CIIEKTPOMETPUYECKOIO KOMILIEKCA, CO3AaHHOTO
Ha 6aze RAMALOG4 ¢upmbel SPEX. Peructpanusi crieKTpoB MpoBOuIach B
nuamnasone 40 — 1800 CM'I, JUIS1 BO3OY KJICHHS UCTIOJB30BAIOCh U3JIyUEHUE ap-
TOHOBOTO Jlazepa C JUIMHOM BOJHBI 514.5 HM, MoOUIHOCTH Ha 0Opasie
~ 100 mMBT.

PE3YJIBTATBI 1 OBCYXJIEHHE

Ha puc. 1 mpeacrasneno [IOM-uzo6paxxenne OYHT, chopmupoBaHHBIX
nexkommnosunuein CO u Fe(CO)s. Buano, yTo uccienyeMblii MaTepuall Coaep-
XKUT onpeneneHHoe koinmuyectBo YHT, xoTopsle, kak nmpaBuiio, HAXOIATCS B
BUJIE TIEPEIJIETEHUIN U CBSI30K. 3HAYUTENbHYIO YaCTh HCCIEAYyEMOr0 MaTepua-
Jla COCTABJISIIOT Pa3jIMYHbIE KJIACTEphl, MPEACTABISIONIME COOOM YaCTUIbI Ka-
Tanu3aropa aubo rpadura pazmepoM 1 — 6 HM. J[JIMHBI MOJTy4YEHHBIX yriie-
POJIHBIX HAHOTPYOOK JTOCTUTAIOT HECKOJBKUX JAECSITKOB MUKPOMETPOB. 3Ha-
yeHus nuametpoB OYHT coctaBuimm 1 — 10 HMm.

Ha puc. 2 npuenena mukpodoTorpapuss MHOIOCTEHOUYHBIX YTIEPOAHBIX
HaHoTpyOok (MYHT), Beipamennsix metogom CVD. JlanHble 0Opa3ibl OTIIU-
YaJIUCh BBICOKOM CTENEHBIO OJHOPOJHOCTH. /[Mama3zoH IMaMeTpOB IMOJTY4YEH-
HBIX HAaHOTPYOOK cocTaBms 50 — 100 HM.

3apeructpupoBanHbiii criekTp KP 00pa3ioB, mogydyeHHbIX METOJIOM Tra3o-
(a3HOTO KaTAIUTUYECKOTO POCTa, MPECTABIIEH Ha puc. 3.

['pynna nuHU#, cocpefoToueHHas B O0JACTU 4YacTOT, COOTBETCTBYIOLIUX
150 — 250 cM™', OTHOCHTCS K TaK HA3IBAEMBIM PaJHAIBHBIM IBIIIALAMY» MO-
nam (PJIM). HuzkouactotHbiM PJIM COOTBETCTBYIOT paguaibHbie KOJIeOAHMS
aTOMOB yriepoaa B TpyOkax. Yacrora Takux KojieOaHUH OOpaTHO MpPOIOp-
[[MOHAJIbHA PAJNYCy HaHOTPYOOK, MOSTOMY yKa3aHHas yacTh criekrpa KP co-
AepXKUT WH(POPMALIMIO O paclpeleleHnd TpyOok mo auamerpam [2 — 4]. U3
MOJIyYEHHOTO CMeKTpa ObUIM W3BieYeHbl 3HaueHuss P/IM BOJIHOBBIX uucen
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OJHOCTEHOYHBIX YIJIEPOJHBIX Puc. 2. COM-u3o6paxenne MYHT,

HaHOTPYOOK, CHOPMHUPOBAHHBIX BBIpAlIeHHBIX MeToI0oM CVD
nexommo3zunueit CO u Fe(CO),
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Puc. 3. CiekTp KOMOMHAIIMOHHOTO PACCESTHUS YTIIEPOTHBIX

HAHOTPYOOK, MOTYYSHHBIX METOJIOM
razo-gasnoro pasnokenus CO

(249 1 267 cM™"), KOTOPBIE HCIIONB30BATKCH [T BBIYHCIICHUS JUAMETPOB Ha-
HOTpYyOOK. Jlnanma3zoH mnosmyyeHHbIX 3HaueHuil qumerpoB OYHT cocraBusieT
0?84 — 0796 umM. Ilonocel KP, koTOpble IPUCYTCTBYIOT B IUAMA30HE BHICOKHUX
3HaueHHi BonHOBBIX drcel (1500 — 1600 cM™), TO3BONISIOT 0XapaKTePH30BATH
tun npoBoaumoctd YHT [2 — 4]. Y3kue nuHuM COOTBETCTBYIOT PE30HAHCY HA
MOJyPOBOJIHUKOBBIX TPYOKax, TOr/Ia KaKk LIMPOKHUE U aCUMMETpUYHBIE MPO-
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¢unn oTOOpaXXkaroT Pe30HAHC B METaIMYecKux TpyOkax. [[ns mcciemyeMbix
00pa31oB 3aperucTpupoBaH MUPOKUN NPOoUIb TAHTEHIMUATIBHBIX MOJI C MaK-
cumymoM mpu 1538 cm™'. Dta monoca oGyclOBlIEHA HATMYMEM MeTalLINde-
CKHUX TpyOOK Majoro nuametpa (oxosio 0.9 uM). J[onoJTHUTENBHBIN Y3KUN MUK
npu 1593 cM' Ha (oHE MMPOKOH IOIOCH! CBA3AH C MPUCYTCTBHEM IIOIYIIPO-
BOJIHUKOBBIX TPyOOK. MOXHO clienarh BBIBOJ O TOM, YTO OOpa3iibl TaHHOTO
TUIIA COAEpKAT CMECh METAUINYECKUX U MOIYIPOBOJHUKOBBIX TPYOOK, yalle
BCEro B BHJIE CBSI30K OTJENIbHBIX HAHOTPYOOK, C YKa3aHHBIM BBIIIEC AMAMET-
pOM.

Takum o0pa3om, ObUIM MPOBENEHBI JE€TANbHBIE HCCIEIOBAHUS CTPYKTYp-
HBIX CBOWCTB YIJIEPOJHBIX HAaHOTPYOOK, B YaCTHOCTH, OLIEHEHBI MX AJUHA U
auametp. Ilyrem ananmsza cnexktpoB KP yriepomusix HaHOTPYOOK, MOTydeH-
HbIX paznoxenueM CO, ObuH NoydeHbl 3HaueHus: quamerpo YHT, a taxoke
OIpEJIENICH TUII IPOBOJIUMOCTH HAHOTPYOOK B MCCIIETyeMbIX 00pa3lax.
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HEWMPOCETEBOU AHAJIN3
U MIPOI'HO3UPOBAHUE BPEMEHHBIX PSIJIOB

A. A. JIoruHOBCKHI

Bo MHOrux ciiy4asx mpouecchl B HMPUPOJHBIX M TEXHUYECKHUX CHUCTEMAaX
MOTYT OBbITh ONHCAHBI BPEMEHHBIMU pSAIaMH, MPEACTABIAIOIIMMU 3HAUCHUS
CUCTEMHBIX TAPaMETPOB B MOCJIEI0BATEIbHBIE MOMEHTHI BpeMeHH [1-2].

Cy1iecTBYIOT AB€ OCHOBHBIE LIEJIM aHAJIM3a BPEMEHHBIX PANIOB: OIpeaese-
HUE MPHUPOABI psifa U MPOrHO3MpOBaHUE (MpeacKazaHue OyayIIMX 3HAUYEeHUH
BPEMEHHOT'O psi/ia MO HACTOSIIMM M MPOLUIBIM 3HAYEHUsAM). MoJenb MOXKET
ObITh MCIOJIb30BaHa ISl MHTEPHPETALUH KOHKPETHBIX AAHHBIX (Harpumep,
JUIsL TOHUMAaHUSI CE30HHOI0 U3MEHEHMsI KypPCOB BaJIIOT) U MO3BOJISIET IIPeiCKa-
3aTh OyylIMe 3HAaUEHUsI BPEMEHHOTO psJia MyTeM UX 3KkcTpanossiinuu [1-2]. B
pe3ynbTare NPOrHO3UPOBAHMS YMEHBIACTCS PUCK IPU NPUHATHH PELICHUM.
[Iporno3 oOBIYHO MONTy4aeTcss OMMUOOUYHBIM, HO OLIMOKA 3aBUCUT OT HCIOJIb-
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