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MeToab! mONyYeHUA Pa3INUYHBIX TUIIOB yIJIepOoAHBLIX HaHOoCTPYKTYp (YHC) oT-
JUYaTCsa GONbIINMM MHOTOOOpasueM. B HMHCTUTYTEe Temyo- u MaccooOMeHa
uM. A. B. JIetkoBa HAH Benapycu ¢ 2005 roga akTUBHO TPOBOAATCS HCCJIENO-
BaHUs, MOCBAIIEHHBIe MoayderHnio YHC mpu pasmokeHUU YTJIeBOAOPOIOB B
IJIa3Me SJIEKTPUUYECKOro paspsla M MX IpUMeHeHHuio. B Hacrosdimein pabore
IIpeACTaBJIeHbl PEe3yJbTAThl HCCJIENOBAHUI, HANPABJEHHBLIX HA IIOJIyJYEHUE B
MIPOMBIIIJIEHHBIX MacIiTabax yriepoAublx HamomatepuasoB (YHM) uHuskoit
ce6ecTOMMOCTH, KOTOPhIE MOTJIA ObI MCIIOJIB30BAThCA KaK MOOABKU IJIA MOIU-
dUKaIuU CBOMCTB Pa3IMYHBLIX IIPOMBIIILIeHHBIX MaTepuaioB. [Tlonyuenne YHC
OCYIIeCTBJIAJIOChE MeTOAOM Ira3o(asHOro0 OCaMKIEeHUsA B IIPUCYTCTBUM OyTOBOI
BO3IYIITHOM I1JIa3Mbl IIPU aTMOC(EPHOM AaBJI€HUU 0e3 MCIIOJb30BAHUS CIIEI[U-
aJIbHOT'O KaTaJIM3aToPa; B KAYeCTBe IIOCJeIHero BhICTYIIaa MeTALINYecKas II0-
BEPXHOCTH peakTopa. B cTaThe mpeacTaBiieHa yCTaHOBKA IJIA moayueHus Y HM
mpous3BoaUTEeIbHOCTEI0O A0 300 r/u u paboume ycaoBuA Ipoiiecca. IIpoBenéH
amanm3 moayuaeMblx ¥YHC mocpeacTBOM CKaHUPYIOIIel WM IIPOCBEUYMBAIOIIEH
9JIeKTPOHHON MUKPOCKOIINM, a TaKyKe MPUBENEHBLI Pe3yJIbTAaThl AUCIIEPCHOTO
aHaamnsa mosryudaemoro Y HM.

Merongu omep:kanHsa pidHUX TUMIB ByryeneBux HaHOCTPYKTYpP (BHC) BinpisHs-
IOThCS 3HAYHUM pisHOMAaHiTTAM. B IHCTHTYTI Temno- i macoobminy im. O. B. JIu-
koBa HAH Binopyci 3 2005 poky aKTUBHO BUKOHYIOTBCS JOCJIiTKEeHHA, TIPUC-
BAueHi omep:kanHio BHC mpu poskjazai ByIJIeBOAHIB y ILIasMi €JIEKTPUUHOTO
po3pAnLy Ta ix 3acTocyBaHHIO. B 1ifi poOOTi HaBemeHO Pe3yJILTATU JOCJIiIKeHb,
COPSIMOBAHUX HA OJE€PyKaHHA B IPOMUCIOBUX MacIliTabaxX BYIJIEIleBUX HAHOMA-
repisanis (BHM) mu3pKoi cobiBaprocTy, siki MOriiu 6 BUKOPHUCTOBYBATHCA SK
mobaBKu mjyA Moxmikarlii BJIacTUBOCTEH PiSHMX TPOMMCIOBUX MAaTepPifAsiB.
Opepe:xanasa BHC saificHioBasiocss MeTO0I0 ra30(hasHoro ocaiKeHHs B IIPUCYT-
HOCTi JyroBoi mOBiTpAHOI I1adMu 3a aTMOChepPHOTO THUCKY 0e3 BUKOPUCTAHHS
CIIEI[iAJIBbHOTO KaTaJIiszaTopa; B AKOCTi OCTAaHHBOT'O BUCTYIIAJIa MeTajieBa MOBep-
XHs peaxTopa. B cTarTi mpencrasiaeHo ycTaBy s ogepskanuda BHM npoayxkTu-
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BHicTIo 10 300 r/roz. i poboui ymoBu mporiecy. BukoHamo aHATI3y ofep:KaHUX
BHC 3a 10o1moMoroio CKaHiBHOI i IPOCBIT/IIOBAIBLHOI €JIEKTPOHHOI MiKPOCKOIIii, a
TaKO0K HaBeJEeHO Pe3yJIbTaTH QUCIIePCHOI aHarisu ogepskanoro BHM.

The methods for fabrication of different types of carbon nanostructures
(CNS) are marked by great variety. Starting from 2005, the researches fo-
cused on fabrication of carbon nanomaterials (CNM) at the hydrocarbons de-
composition in the plasma of electric discharge and their further application
are being extensively carried out in the A. V. Lykov Institute of Heat and
Mass Transfer, National Academy of Science of Belarus. This article repre-
sents the results of the research aimed at commercial-scale production of low
prime-cost CNM, which could be used as additives to modify different indus-
trial materials. The CNS fabrication is performed by CVD method in the pres-
ence of arc air plasma under atmospheric pressure using no specially pre-
pared catalyst. Metal surface of the reactor served as a catalyst. The article
also contains a description of a plant for CNM production with production
capacity up to 300 g/h and of process operating conditions. The analysis of
the obtained CNS is carried out by scanning and transmission electron mi-
croscopy. The results of disperse analysis of the obtained CNM are also pro-
vided.

KaroueBrie caoBa: HU3KOTEMIIEpATypHAA ILJIa3Ma, yIrJepoAHble HAHOTPYOKU
¥ HAHOBOJIOKHA, MeXaHU3M KapOUIHOTO ITMKJA.

(ITonyueno 19 oxkmaodpa 2010 2.)

1. BBEJEHUE

B macrosmiee BpeMa 13BECTHO MHOMKECTBO PA3JIMUHBIX HUTEBUJHBLIX yT-
JIePOIHLIX HAHOCTPYKTYP. OHM MOTYT OTJIMYATHCA IO JJINHE, IUaMeTpy,
KOJIMYECTBY CJIOEB, HAMMYNIO BHYTPEHHEHN IIOJIOCTH, IIEPETOPOIOK MEXK-
Iy BHYTPEHHHMMHU CTE€HKaM#u, (pOpMe IIOIEePeUuHOro cedeHus, (opme
TPpyOKM (IpaMas, cupaabHasd, KOJNbIIeBUAHAST), HAJIUUNIO YaCTUIl Ka-
TAJIN3aTOPA Ha OKOHUAHUAX, B OCHOBAHUAX WJIM BHYTPHU IOJIOCTH, CTE-
IIeH! BeTBUCTOCTH, PACIOJIOKEHNIO Ha IIOAJ0MKKe U T.4. MccaemoBarenu
CXOOATCA BO MHEHHNH, UYTO Ha 3T TIapaMeTPhI BJINAIOT:

— cmoco6 nmoayuenusa Y HT/YHB;

— COCTaB U CTPYKTypa KaTaausaTopa;

— mapameTpbl pocTa (TeMilepaTrypa, GaBJIeHNEe, BHEIIHee 3JIEKTPO-
MArHHTHOE II0JIe, CKOPOCTh IIPOKAYKH PEareHTOB U T.I.);

— HCTOYHUK yIJepoja.

MoO:KHO BBIIEJUTDL JBE OCHOBHBIE I'PYIIIILI CIIOCOOOB MOJYYEHUS yIJIe-
POIHBIX HAHOMATEPHUAJIOB: BO3rOHKA I'paduTa ¢ IOCJaenyIoell KOHIeH-
cammeii yrJyepoza (SJIEKTPOAYTOBOII CHHTE3, Ja3epHO-TepMHUUYEeCKuil
CUHTE3, Pe3NCTHUBHOE HCIIapPeHIe, HCIapeHune SJIEKTPOHHBIM MW MOH-
HBIM IIYYKOM); Pas3JIOKeHNne YIJIePOoI0COIeps;KalliX COeIUHEeHn 1 oca-
JKIeHUe yrjepoga Ha moajokke. IlepBas rpymma TpebyeT BBICOKHMX
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remnepatyp (3000-4000 K), uto HaxkJIagbIBaeT pAJ OTpaHUUYEHUI Ha
IIpoIece MOJyUeHUA YIJIePOTHBIX HaHoMaTepuasioB. [IlupoauTudecKkue
METOIbI, B YaCTHOCTH, IIMTHUPOKO MCHOJb3YEeMbIA MeTo ] ra3o(ha3sHoro Xu-
muueckoro ocaxkaenuda (I'@XO0) u ero moguduKanuu, He TPeOYIOT CTOJD
BBICOKUX TEMIIEPATYP, IABJIAIOTCA 60ojiee THOKMMU U PEJOCTABIAIOT 00-
Jee IIUPOKHE BO3MOYKHOCTHU IJIs IMOJYUYEeHHS HAHOMATepHaJioB C pas-
JIMYHBIMU XapaKTePUCTUKAMM.

KaranuzaTop urpaet onpeneasioniyio pojb B KUHETUKE 00pa3oBaHUs
¥ pocTa YIJIePOAHBIX HUTEBUIHLIX CTPYKTYP (Ipu PUKCHUPOBAHHBIX IIa-
pameTrpax mpoiiecca). OT BbIOOpa KaTaausaTopa 3aBUCUT aKTUBAIIUA TO-
ro WM WHOTO MexXaHu3Ma POCTa, CKOPOCTh Oo0pasoBaHUA HAHOHUTEI,
MOPGOJIOTHA 1 COCTaB IIOJIyUaeMoro npoaykTa. McciaenoBaTenn yaesis-
10T 0OJILITIOE BHUMAaHME BEIOOPY U MOATOTOBKE KaTaausaropa. [aa ay:a
HaAHOSJEeKTPOHMKHU ynopanoueHHble YHT/YHB BwIpanuBaioT Ha IOA-
JIOJKKe C HAHOCTPYKTYPUPOBAHHLIM KaTaJIM3aTOPOM, HAHECEHHBLIM IIO
OIpeJeJIEHHON cxeMe MM Ia0J0HYy, 3aUacTyIO OCaKAas KaTaJIUuTUUe-
CKHe YaCTHUIILI B IOPHI COOTBETCTBYIOIErO IIOPHCTOTO MAaTepuaJia,
HaIIpuMep, aHOAWUPOBAHHOTO OKcuaa ajdoMuHusa [1-5]. B apyrux ciay-
yaax, rae He TpedyeTcsa TaKoii BBICOKOH CTeIleHU YIIOPAIOUeHHOCTH YT-
JIePOAHBIX HAHOCTPYKTYP, ITOPOIIKOBLIN KaTaims3aTOp MOKeT HaHO-
CUTHCA Ha MOBEPXHOCTH MOIJOKKU, PACILLIATHECA BHYTPHU PEAKIIMOH-
HOM KaMephl UJIU IPOCTO IIOMEIAThCI B TUTENb. B JIf060M cayuae, IoI-
TOTOBKA U BBeJleHIe KaTaJau3aTopa OCTAETCA CAMOCTOSITEeIbLHBIM 3TAallOM
B TeXHOJOTHUU MHOJYUEHUS YIIEPOSHBIX HAHOMATEPUAJIOB, TPEOYIOIIUM
AJOIIOJIHUTEJIbPHOI'O BpEMEHH 1 3aTpar.

B macrogieii pabore mpeAcTaBJeHBI Pe3yJbTAaThl MCCJIETOBAHIIA,
HaIIPpaABJI€EHHBIX HAa IIOJIYYE€HME B IIPOMBIIIJIEHHBIX MacmTa6ax yriepogz-
HBIX HAHOMAaTePHUAJIOB OTHOCUTEJILHO HU3KOI ce0eCTOMMOCTH, KOTOPLIE
MOrJIK OBl MCIIOJIB30BATHCSA KaK M00aBKU AJA MOAU(DUKAIINKU CBOICTB
IIOJINMEPOB, G€TOHOB, METAJIJIOB, KOMIIOBUTOB U APYTUX MATEpHAaJIOB,
BOCTPeOOBAaHHLIX B IIPOMELIIILIEHHOCTH. IloIyueHie yriaepoaHbIX CTPYK-
TYP OCYIIECTBJISAIOCH METOAOM I'a30(ha3HOr0 OCAKIECHUA B IPUCYTCTBUHI
JIyTOBOM ILJTa3MBI IIPU aTMOC(EPHOM TaBJIeHUU 6e3 UCIOJIL30BaHUA CIIe-
IIUAaJbLHOTO KaTaausdaTopa. Pojb IIOCJIeTHEro BBIMOJHANA MeTaJInde-
CKas MOBEPXHOCTh peaKkTopa.

2. OKRCIIEPUMEHTAJIBHAAI YCTAHOBRA

B UucTturyTe Temao- u maccooomena um. A. B. JIeikoBa HAH Benapycu
¢ 2005 roga aKTUBHO BBIIIOJHAIOTCSA MCCJIEIOBAHUSA, IIOCBAIEHHBIE II0-
JIYUYEHUIO YIJIEPOIHBIX HAHOMATEPUAJIOB IIPU PA3JIOMKEHNN YIJIEBOLOPO-
OB B ILJIa3Me 3JIeKTPUUYECKOro paspana U ux npuMeHenuio. IIpenaarae-
Mas SKcIepuMeHTaJbHAasa ycramoBka CY100 paspaboraHa ¢ IeJbio CO-
3JaHUA TeXHOJIOTUU IOJYUYEHUs YIIePOAHBIX HAHOMATEPUAJOB B IIPO-
MBINIJIEHHBIX MacIlITabax.
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Bty

Puc. 1. Cxema sKCIepuMeHTATbLHON YCTAHOBKU: I — KaTaJIUTUYECKAA ITOBEePX-
HOCTBH POCTA HAHOMATEPUAJOB (IJIa3MOXMMHUUECKUN peakTop); 2 — ILJIa3MOT-
poH; 3 — pabouas YaCTh UHCTSINETO YCTPOMCTBa; 4 — INTOK UHCTSIIETrO
ycTpoiicTBa; 5§ — Kamepa cOopa yriiepoJHOro Matepuasa; 6 — BBITPY3HON Me-
XaHmsM; 7 — KaHaJ ImoJaum ILIasMoo0pasyIiolero Bo3nyxa; 8, 9 — KaHaJbl
momaum paboueii cmecu; 10 — cBOOOAHBIN BEIXO OTPA6OTAHHOM ra30BOM CMECH.

Cxema yCcTaHOBKU IIpeJCcTaBJieHa Ha pucyHKe 1. PeakmuonHasa Kame-
pa mpezacTaBiigeT cO00I CTAJBLHYIO IUJINHAPUUYECKYIO BCTABKY AJIMHOI
118 cM ¢ BHyTpeHHUM AuaMeTpoM 17 cM u Toamuuoi 1 cM, COOCHO pas-
MEIEHHYIO B MUJINHIPUIECKOM Kopiryce. CMech BO3ayxa ¢ YyIJIEBOLOPO-
IOM IOJAETCA B IJA3MEHHBIN ITIOTOK. BHYTpeHHSA IIOBEepPXHOCTH 1
BCTABKHU SBJAETCA paboueil MOBEePXHOCTHIO, Ha KOTOPOIi oOpasyeTcs yr-
JIEPOOHLIA MaTepuajl, KOTOPLIN IMEePUOSUUYECKHN CUHINAETCA MexXaHude-
CKHM CIIOCO0OM C IIOMOIIBIO YHCTAIEr0 YCTPOHUCTBA, IIPEACTABJISIOIIETO
c000i1 paszeIéHHOe Ha YeThIpe CerMeHTa KOJIbI0 3, IJIOTHO BCTABJIEHHOE
BHYTPb BcTaBKHU. C IIOMOIIBIO IIITOKA 4 KOJIBIIO IIepPeMelllaeTCcsA B BEPTHU-
KaJbHOM HAIIPaBJIEHUU BAOJb BCEH AJUHLI BCTABKH, COCKpebas Hapoc-
il Ha CTeHKaxX MaTepuasl, KOTOPHIA CChIIaeTcs B Kamepy cbopa b u
IOcJie OCTBhIBAHMS A0 KOMHATHOM TeMIIepPaTypPhbl U3BIMAETCS C IIOMOIIIBIO
BBITPY3HOTO ycTpoiicTBa 6. Takum o0pazoM, KOHCTPYKIIUSA YCTAHOBKU
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MO3BOJIAET paboTaTh B HEIIPEPLIBHOM peskuMe. BcTaBka BBITTOJIHEHA U3
JerupoBaHHOM ctanu mapku X18H10T, 1 eé moBepXHOCTE CIAYIKUT €CTe-
CTBEHHBIM KaTaJU3aTOPOM JJIS POCTA YIJIEPOAHBIX HAHOTPYOOK M HAHO-
BOJIOKOH.

Hna rubKocTy BapbUPOBaHUSA IIapaMeTPOB IIpollecca o0pas3oBaHUA
YTJIepOMHOTO HaHOMAaTepuaja IIpelycMoTpeHa mogaua pabodeii cmecu B
PEaKIIMOHHYIO 30HY IO TPEM pasAebHBIM KaHaJlaM: KaHaJ IJIasMo00-
pasyioliiero Bos3Ayxa 7, KaHaJ 8 IoJadl CMeCH HeIIOCPEeACTBEeHHO B
IJIa3MEHHBIN ITOTOK U KaHaa 9 mogauu cMecu uepes (PQOPCYHKHU B KPBIIII-
Ke peakTopa. Pacxombl Bo3gyxa 1 yriiepoacomeps;Kalllero rasa B KamIoM
KaHaje pPeryJupyioTcsa ¢ IIOMOINLIO YIPaBIAeMbIX pacxogomepoB. s
reHepamnuy IIJIa3Mbl B YCTAHOBKE MCIIOJb30BAJICS ILJIA3MOTPOH MOIITHO-
ctbio 10 70 kBr. HaGoneHue moist TeMIIepaTyp B peaKTope OCYIIeCTB-
JAJI0Ch ¢ ToMmolnbio Tepmomap T1-TH, ycramoBIeHHBIX II0O BBICOTE
BCTaBKH Uepes3 paBHLIe NpoMexkyTKU. Tepmomnapa T6 ycraHoBeHa gua-
MeTpaJbHO IIPOTHUBOIOJI0KHO T1 Ha TOI ’Ke BbICOTE AJIA KOHTPOJIS pac-
mpeneeHusA TeMIIepaTyp OTHOCUTEJILHO Ocu peaKkTopa. Bece Tepmomapsl
U3MEePAIT TeMIepaTypy BHeIHeHd ITOBePXHOCTU BcTaBKU. IloKasaHus
TepMoOIIap U yIpaBdeMbIX pacxomoMepoB moctynaioT Ha [IK u exxemu-
HYTHO coXpaHdioTcA B haiii.

3. YCJOBUJ IIOJYYEHUA YI'JTEPOOJHOI'O HAHOMATEPHUAJA
N ETO AHAJHU3

Hyrosoii paspsaz MIasMOTpPOHA IPU aTMoc(epPHOM TABJIECHUU CO3LAeT
IOTOK BO3AYIIIHOM KBasMPaBHOBECHOM MJIA3MEI ¢ 00IIeMaccoBOii TeMIIe-
patypoii = 2000 K. Ha mepBoHauaJIbHOM dTalle SKCIePUMEHTA B TeUeHIIe
1 yaca IpouCcXOOUT Pa3orpes padoueil 30HBI PA30rPETHIM IIJIA3MOI BO3-
IYXOM IO TeMIlepaTyp, npesnimiamoinux 600°C. Kax moKasnIBaeT OIBIT,
POCT YrJEepOSHOTO MaTepraja MPOMCXOAUT B AHAlla3oHe TeMIIepaTyp
600—800°C. ITocae cTaguu pasorpeBa B peakTop HOJaETCA CMeCh BO3/IY-
Xa ¥ MeTaHa.

OTHOCHTEIbHOE COOTHOIIIEHIEe KOJNUYEeCTBa peareHTa W OKMCJINTEJsd,
BRIpasKaeTcd uepes hakToOp SKBUBAJIEHTHOCTH :

y=—"%n, 1)

rje vV, 1 V, — KOJMYeCTBO B MOJIX PeareHTa 1 OKMCJINUTEeJIS COOTBETCTBeH-
HO, N — CTeXHUOMeTPUUECKUN Koa(h(PUIINEHT, PABHLIN YHUCIIy MOJei OKUC-
JINTEJIsT, HEOOXOAMMOMY [IJIs TIOJTHOTO OKHMCJIEHU S OQHOT'0 MOJISI peareHra.
B cayuae peaxmium merana ¢ Kucaoponom n = 2. Iaa shdekTuBHOTO
pocTa yriaepoAHOro MaTepuaJia B KaMepy Imogaércsa pabouas cMech, CO-
OTBETCTBYIOIAS 3HAUEHUAM Y > 4.
Perynapusiii xpomatorpadpuuecKkuii aHaans oTpadOTAaHHONU Ia30BOU
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TABJINIIA. MoJsieKyJIApHBIM cOCTaB ra30BOIl cMeCH Ha BBIXOJE peaKTopa.

Tas N, H, CcO CH, 0,
Koumeurpamus, 06.% 32,3 44,6 18,1 0,8 0

cMecH Ha BBIXOJle peaKTopa IMOKAa3hIBaeT IMOoCToAHHOoe Hamuume N,, H,,
CO u CH,, He BCTYOUBIIIETO B peakIinuio. B Tabauile IpuBegeHO cpegHee
IPOIEHTHOE COoZepsKaHre KOMIOHEHTOB BBIXOJTHOW Ia30BOII CMecH, Xa-
paKTepHOe Jia paboueii cmecu npu Y = 4,8.

YacTe Bogopoga Bmecte ¢ CO o6pasyioTcsa B pe3yJbTaTe peakIliy ua-
CTUYHOIO OKMCJIEHUA MeTaHa B IjIa3Me:

CH, + 0,50, — CO + 2H,. (2)

B ciryuae 3aBepIIEéHHOr0 YaCTUYHOTO OKUCIEeHUA (Y =4) COOTHOIIIeHTE
obpasyromuxcsa CO u Bogopoza paBHo 1:2. IIpu 3HaueHMAX Y >4 mOCTY-
MamInuii B peakTop M30LITOK MeTaHa IIOABEepPraeTcs IHPOJIN3Y, YTO OT-
paskaeTcs B HMOBBIIIEHNY COAEPKAHMU BOAOPOLA HA BEIXOIE 34 CUET CHIU-
sKeuusa xouneHTpamuu CH,. BeicBoOOKIAIOIIUICA B pe3yJbTaTe IIMPO-
Jusa yriepon (opmMupyer Ha paboueil MOBEPXHOCTH HAHOMATEPUAJBI,
rpauT u caxky.

BrimosiHeHHEBIE HCCJAEIOBAHUA IIOKAasajiud, UYTO B 00BEME peaKTopa
CTPYKTYpPHUPOBaHHBIe (DOPMBI yrieposa He obpasyiorcs. B To ke BpeMs
npu Temneparype 650—-700°C Ha MeTaIIUUYECKOMN ITOBEPXHOCTH IIPOUC-
XOIUT MHTEHCHBHOE 00pasoBaHNe YIJIePOAHBIX HAHOTPYOOK M HAHOBO-
JIOKOH. JI71s1 060pasoBalHusa CTPYKTYPHUPOBAHHOTO yIJjepoaa HeoO0X0oauMO
HaJIW4ne OIPeNeIEHHOrO 3HAUeHUA PA3HOCTH TEMIIEPATypP MEXIY raso-
BBIM IIOTOKOM I CTEHKOH peaKTopa, a TaKiKe TeMIIepaTypHOro rpajaueH-
Ta BAOJIb TOJIITMHBI CTEHKH.

B gaHHBIX ycCIOBHUAX 00pasoBaHHE YIJIEPOSHBIX HAHOCTPYKTYP C
HaMOOJbIIell BePOSTHOCTHIO IIPOUCXOAUT II0 MeXaHM3MY KapOumHOTO
mukga [6, 7], korga yriepon, nud@yHIUPYA CKBO3bL METAJJINYECKYIO
YacTHUIly, 00pasyeT HaHOCTPYKTYPY (TPYOKY MJIM BOJOKHO) HAa €€ ThIJIb-
HOII cTOopoHe. ITO MOATBEPIKIAeTCA NAHHLIMHM aHAJIN3a II0Jy4aeMOro
MIPOIYKTAa, KOTOPEI colep:KuT yacTuIbl MeTasioB (Ni u Fe) u ux okcu-
moB. Ha mamrOM sTame paGoT MPOM3BOAUTEILHOCTE YCTAHOBKHU COCTAB-
aser 250—-300 r/u yriepoaHoTro HaHOMATEpHAJa CO CpeqHeil CTelleHbIO
crpykrypusanun 30-50% u mo 90% 1mocie MPOXOKIEHUA MUKJIA CIIe-
uaJbHO 00PaboOTKH.

Ha pucynke 2 nmpeacraBiaeHbl THITMYHBIE MUKPOGOTOrpaduu moayda-
eMoro mMmarepuaJa. B cuiy TOro, 4To JaHHBIN CIIOCOO IMOJYUYEHUSA yIJIe-
POIHEBIX HAHOCTPYKTYP He TpeOyeT CHeruaJbHO IIPUIOTOBJIEHHOIO Ka-
TAJIN3aTOPa, MaTepuasl OUeHb Pas3HOOOpaseH MO MOP(OJJIOTHIECKOMY,
IUCIIEPCHOMY U CTPYKTYPHOMY cocTaBy. Hapsany ¢ yriepogHbIMU HAHO-
BOJIOKHAMU U HaHOTpyOKamu ¢ pguaMmerpamu or 20—50 um g0 200 HM B
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Puc. 2. Mukpodororpadhuu moayyaeMoro HaHOMAaTepuasa, IIOJyUYEeHHbIe II0-
CPeACTBOM: @, 6 — IIPOCBEUMBAIOINEH MUKPOCKOINN; 8 — CKAHUPYIOIIEH MUK-
POCKOIINH.

MaTepuaJje IPUCYTCTBYIOT U KPYIHLIE aMOpP(HBIE 00pa3soBaAHUA C JIU-
HelHBIMU pasMepaMu OT 1 MKM U BBIIIIe, YACTUILLI IpaduTa, METAJLIOB 1
ux okcumos. Pororpaduu HaHOMATEPHAJIA IIOJIYUYEHBI HA IIPOCBEUYNBA-
IoIIeM dJeKTpoHHOM Mukpockone JEM 100 CX npoussoaurtes ‘JEOL
Ltd’ (Mucturyr dusuonorun HAH Benapycu «lleHTp sJIeKTpPOHHOI
MUKPOCKOINM») X HA PACTPOBOM 3JIEKTPOHHOM MUKPOCKONE (PUPMBI
Carl Zeiss Supra 55, paspeiiernue g0 0,7 HM, YCKOPSAIOIIlee HAIIPSKeHUIe
ot 200B mo 30xB (MucTuTyT Temmao- u Mmaccooomena um. A. B. JIbiKoBa
HAH Benapycu, mabopaTopusi BOJOPOIHON 3HEPreTUKU; 3aBeIyIOInii
dunaros C. A.).

Ha pucynke 3 mpeacraBiieHBI Pe3yJbTaThl M3MEPEHUSA AUCIIEPCHOIO
cocTaBa YrJIePOAHOI0 HAHOMATEPMAJA, BBIIOJHEHHBIE C IIOMOIIBIO Jia-
3epHOro Au(PaKIMOHHOr0 aHAJIN3aTOpa pasMepa uacTull ‘analyzette 22°.

Kak BugHO 13 prCyHKA «CLIPOIi» YIJIEPOAHBIN HaHOMATEPUAJT O0e3 IOo-
ciaenyooieil 00paboTKM COAEPKUT IPENMYIIEeCTBEHHO YaCTHUIILI C Xa-
paxTepHbIiMu pasMmepamu oT 0,5 1o 50 MKM, YTO IIPOTUBOPEUMT MCCJIE-
IOBAHUAM DJIEKTPOHHON MUKPOCKONuHU. Ilo-BUAMMOMY, 5TO CBSZAHO C
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Puc. 3. PeBYJILTaTI:I HU3MePpeHnud AUCIIEPCHOI'0 COCTaBa IIOJIiydyaeMoro yrjepomn-
HOI'O HaHOMAaTepuaJia.

TeM, YTO HAHOTPYOKM, HAHOBOJIOKHA U APYyrue yIrJiepoaHblie 0oOpasoBa-
HUS, HAXOAIIHECd B «ChIPOM» IPOAYKTE B CYXOM BHuIe, 00pPas3yIioT ar-
JoMepaThl, pa3Mepbl KOTOPBLIX HAa MOPANOK 1 6oJiee ITPEBLIMIAIOT HAHO-
METPOBBIN J1alla30H Pa3MepoB.

Hna pasgeleHUA STHUX arJiOMEPaTOB CTPYKTYPUPOBAHHOTO W He-
CTPYKTYPHPOBAHHOT'O yTIJieposia HeoOxoamuMa chelnuaibHas oOpaboTKa,
cuenu(prUKa KOTOPOM TECHO CBA3aHA C KOHKPETHOM 00JIacThI0 JaJIbHeli-
IIero IpuMeHeHUs IIoJydaeMoro mpoaykra. MceiaegoBanus B 9TOM 00-
JIACTU MPOIOJIKAIOTCA.

4. SAKJIOYEHUE

Paspaborana u co3gaHa yCTAHOBKA AJIs IIOJYUYEHUSA YIJIEPOIHBIX HAHO-
MaTepHUaoB IIyTEM PAa3jIOKeHUsS YIJIeBOLOPOLOB B ILIazMe IyroBOTO
paspanga. IIpou3BogUTEIPHOCTS YCTAHOBKY HA CETONHAINHUIN OeHb I0-
cturaet 300 r/4 yriiepoaHoro MaTepuasia ¢ JoJeil CTPYKTYPUP OBAHHOTO
yraepoma 40—-50% .

Ananua Mukpodororpaduii moaIyuaeMoro HpPOAyKTa yKasbIBaeT Ha
HaJIW4Yne CTPYKTYPHUPOBAHHBLIX (DOPM yriepoka B JOCTATOUHOM KOJIHUe-
CTBEe, ONHAKO M3-3a SBJIEHUS arIOMepalyiy Pas3INuYHBbIX YIJIEePOTHBIX
dopM pasMepnl YACTHUIL «ChIPOTO» IMIPOAYKTA JexaT B nuamasone ot 0,5
1o 50 MKM.

st paspylleHus arJiOMepaToB U BbIAEJEHUA eIMHUYHLIX HaHOPAas-
MepHBIX 00beKTOB HE00XO0ANMA CIlellaIbHasd 00paboTKa.
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