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BJIMAHUE ITAPOB BO/Ibl HA CHHTE3
MHOT'OCJIOUHBIX YITIEPOAHBIX HAHOTPYBOK

3amumii A.Q., 3aiikoBckuii A.B., Kamoxunsiii H.A., Koctorpyn U.A., CmoB:k /I.B.

DenepanbHoe 0l0KeTHOE YupexkaeHne Haykn «HcTuTyT Temodusnku um. C.C. Kyrtartenaaze»
CO PAH, Hosocubupck, Poccust (630090, r. HoBocubupck, npoc. JlaBpentsesa, 1), e-mail:ikostogrud@gmail.com

[IpoBeneHs! McciieIOBaHUS O BIUSIHUY IIAPOB BOIBI HA CHHTE3 YIIIEPOAHBIX HAHOTPYOOK METOJIOM TEPMHUUECKOTO
KaTaJITHYECKOTO OCAKICHUS U3 Ia30BOil (ha3bl Ha MOJIOKKE C NPEABAPUTEILHO HAHECEHHBIM clIoeM skene3a 0.8 HM.
B kauecTBe raza npexypcopa HCIOJIb30BajICs METaH, B Ka4ecTBe Oy(pepHBIX ra30B aproH U Bogopoa. CHHTE3MPOBAHBI
MHOTOCJIOWHBIC YIIIEPOJHbIC HAHOTPYOKH. AHAJIN3 YIIIEPOJHBIX HAHOTPYOOK METOaMH CHEKTPOCKOIMH KOMOMHALIH-
OHHOTO PAcCEesTHUS M MPOCBEYNBAIONICH JIEKTPOHHOW MHKPOCKONUH MOKa3all, YTO YBEJINUCHNE KOHIIEHTPALMH IT1apoB
BozbI 10 0,2%o0 MPUBOANT K MOITHOMY TPAaBIEHHIO aMOP(HHOTO yIIeposa ¢ MOBEPXHOCTH YIIEPOAHBIX HAaHOTPYO. [Ipn
OOJIBIIMX KOHIIEHTpALUSIX TapoB BobI 0,2-1%o CTPYKTypa MHOTOCTIOHHBIX YITIEPOJHBIX HAHOTPYOOK MEHsIeTCst Ha GaM-
OykoByto. IIpy GOMBIINX KOHIIEHTPAHAX BOABI (3%o) KaTaIMTHYECKNI CHHTE3 YIIIEPOAHBIX HAHOCTPYKTYp IpeKpara-
eTcsi. MakcMMallbHOE Ka4eCTBO IpaUTOBBIX CTPYKTYP JOCTUTACTCS IIPU KOHIIEHTPAIMHK 1apoB Boasl 0.35%o.

THE INFLUENCE OF WATER VAPOR ON THE SYNTHESIS
OF MULTI-WALLED CARBON NANOTUBES

Zamchiy A.O., Zaikovskiy A.V., Kalyuzhnyy N.A., Kostogrud Y.A., Smovzh D.V.

Institute of thermophysics SB RAS, Novosibirsk, Russia
(630090, Novosibirsk, prosp.Lavrentiev, 1), e-mail:ikostogrud@gmail.com

The effect of water vapor on carbon nanotubes, synthesized by the method of thermal catalytic deposition from
the gas phase on a substrate, covered preliminary by the iron layer of 0.8 nm, was studied. Methane was used as a
feedstock gas, hydrogen and argon as a buffer gases. The multilayer carbon nanotubes were synthesized. According to
analysis of carbon nanotubes by the methods of Raman spectroscopy and transmission electron microscopy, increasing
the concentration of water vapor up to 0,2 %o leads to complete etching of the amorphous carbon surface of the carbon
nanotubes.At high concentrations of water vapor 0.2 - 1 %o structure of multi-walled carbon nanotubes changed to
bamboo.The highest quality of graphite structures is achieved at water vapor concentration of 0.35 %o..

PASMEPHBIE D®®EKTHBI JUIJEKTPUYECKOI'O OTK/IMKA B TOHKOIIJIEHOYHbIX
KUCIIOPOACOJAEPKAIIUX CETHETOJIEKTPUYECKUX CTPYKTYPAX

3yoko C.II.

OI'BOY BIIO «Cankr-IletepOyprekuii rocy1apCTBEHHBIN 2IEKTPOTEXHUIESCKUI YHUBEPCUTET
«JIOTW» um. B.U. Yneanosa (Jlenuna)», Cankr-IlerepOypr, Poccus
(197376, r. Cankt-IlerepOypr, yiu. [Ipod. [Tonosa, 5)

OrnmcaHa MOJIEITb PasMepHOTo S QeKTa IMIEKTPUYECKOT0 OTKIIMKA TOHKHX TICHOK CErHETORIEKTPUKOB CO CTPYKTYPOi
TIEPOBCKATA B MAPAIEKTPUIECKOM H B CETHETOIEKTPIIECKOM COCTOSIHISIX. PasMepHEIil aheKT mposiBisieTcs Kak B yMEHb-
IIEHUH AUIEKTPUUECKOH IPOHMIIAEMOCTH, TaK M B CMEILIEHNH TOYKH (ha30BOT0 Mepexosia Mo CPaBHEHHIO ¢ 0ObEMHBIM MaTe-
puasom. OmHOMN U3 IPHYMH pa3MepHOTo 3 deKTa SBISETCS KOPPEISIHS MOJSIPI3AHY 1 e OJIOKHPOBKA Ha TPAHHIAX TUICHKA
(HyneBbIe TpaHUUHBIE YCTOBHS). CTaThst CONEPKUT OMUCAHNE MOZIETeH 3aBUCUMOCTH CIOHTAHHOM U IMHAMHYECKOI MOMsIpH3a-
LMY OT TeMITepaTypsl M IPOCTPAHCTBEHHOH KOOP/MHATEL. BBEIeHB! KpUTHUECKHE pa3Mephl CETHETORNIEKTPUYECKOro 00pasa.
Iloka3aHo, 4TO M TONILMHA IUIEHKHU, IPU KOTOPOI OHA TEPSIET CBOM CETHETOAIEKTPUUECKHUE CBOMCTBA, U TOJIINHA, IIPU KOTOPOH
ee AUNIEKTPUUCCKUN OTKIINK HAYMHACT 3aBUCETh OT Pa3MEPOB, OIPEEIIIOTCS KOPPEILILIMOHHBIM ITapaMeTpoM Marepuaa. [1o-
Ka3aHo, YTO MPOSIBIEHHE Pa3MepHOTo 3(deKTa B IIIEHKE 3aBUCHT OT OPHEHTALIHU BEKTOPA TONSPU3aLIIN.

SIZE EFFECTS OF DIELECTRIC RESPONSE OF THIN FILM
OXYGEN-CONTAINING FERROELECTRIC STRUCTURES

Zubko S.P.

Saint Petersburg Electrotechnical University “LETI”. Saint-Petersburg, Russia
(197376, Saint-Petersburg, str. Professora Popova, 5)

The model of size effect of dielectric response in thin perovskite ferroelectric films has been described in ferroelectric
and paraelectric states. Size effect is manifested in the reducing the dielectric constant and shifting the phase transition
temperature in comparison with bulk material. One of the reasons of size effect is the correlation of the ferroelectric
polarization and freezing of the polarization on the film surface (zero boundary conditions). The article contains description
of models of dynamic and spontaneous polarization as a function of temperature and spatial coordinates. The critical sizes
of ferroelectric sample have been introduced. The film thickness at which it loses ferroelectric properties and the thickness
at which the dielectric response of the film begins to depend on its size are determined by the correlation parameter of the
material. The appearance of the size effect in the film depends on the orientation of the polarization vector.
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