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BJUAHUE CTPYKTYPHBIX TAPAMETPOB ITIOPUCTBIX OKCHUJ0OB
BEHTHJIBHBIX METAJIJIOB HA YJEJIbBHYIO BHYTPUIIOPOBY 1O ITOBEPXHOCTb

Hcenenyetes BIMsSHEE KIIOUEBBIX M'€OMETPHUYECKUX NMapaMeTPOB MOPHUCTHIX OKCHIHBIX IJICHOK BEHTUJIBHBIX METAJIOB (ANio-
MWHHUSI, THTaHa, HIOOHUS) Ha BeNMUMHY UX YACIbHOH BHYTPHIIOPOBOI MOBepXHOCTH. PaccMaTpuBaeTest CTPYKTypHask MOJIENb B BHJIC
IUIOTHOYNaKOBaHHBIX I'eKcaroHalbHBIX SUecK ¢ IeHTPaIbHBIMH [UIHHAPHICCKUMH TopaMu. IIpiBeieHb MaTeMaTHUECKHE 3aBUCH-
MOCTH JJIsl pacueTa 0OBeMHON J1oaM THop (IIOPUCTOCTH) M YEIbHOM MOBEPXHOCTH B 3aBUCHMOCTH OT MEXIIOPOBOTO PACCTOSIHUS H
JuameTpa Hop. B XoJie nccraenoBaHus yCTAHOBICHO, YTO yAENbHAS IOBEPXHOCTh TNIEHOK 3aKOHOMEPHO BO3pacTaeT P YMEHBICHUN
MEJKIIOPOBOTO PACCTOSIHUS M YBEIHUSHUH AUaMeTpa Mop. BeISBIeHO, YTO MakcHMaIbHOE 3HAUCHHE Y/IETLHON IOBEPXHOCTH JOCTH-
racTesl IpH HepexogHol nmopuctocté okoio 90 %. IlokasaHo, 9To jJaibHellee yBeNUUSHHE MOPUCTOCTH MPHBOJUT K CHUXKCHHUIO
VIEeIbHON MOBEPXHOCTH, UTO 0OBICHSETCS IIpeoOpa3oBaHUEeM CTPYKTYPLL: NMEPEX0A0M OT CHCTEMBI I'eKCarOHANBHBIX COT K cTonbua-
Toit cTpykType. IlodydueHHble pe3yiabTaThl MMEIOT BLICOKYIO MPaKTHUECKYIO 3HAUMMOCTh JUIsl TIPOSKTHPOBAHHS COBPEMEHHBIX
YCTpOHCTB MHTETPabHON MICKTPOHUKHY, O TUMH3AIMHU (HOTOKATATM3AaTOPOB [Tl OUMCTKH BOJBL a TaKXkKe MPH CO3JaHUH BBICOKOI)-
(PeKTHBHBLIX TETUIOOTBOJAIINX CJIOEB U aHTHOTPAXKAIOIUX MOKPLITHI IS COTHEUHOM SHEPTETHKH.

[T:1eHKE TOPUCTHIX OKCHJIOB BEHTIILHBIX METAIUIOB TAKUX KaK AJIOMUHUM, THTaH, HHOOWH MCIONB3YIOTCS B Kade-
cTBe (DYHKITMOHATLHEIX KOMIIOHCHTOB MHTETpaIbHOM anekTpoHuky [1; 2]. Ha ocHOBE 5THX mIeHOK GOpMHPYIOT JTH-
BJIEKTPUUIECKUE cIOH [3; 4], CBETOMPOBOISIINIE CTPYKTYPH [S; 6], popMo3agatomue MaTpHITH AT TEMIUIATHOTO CHHTE-
32 [7]. BHIIEeyIoMSsIHY THIE TOPHCTHIE INIEHKH UMEIOT CTPYKTYPY THIA ITMEINHBIX COT, COCTOSIYIO M3 TeKCaroHalIhHEIX
SMEEK ¢ IMWINHAPHIECKOU IOpoH B 1ieHTpe sueliku [8-9).

OCHOBHBIMH CTPYKTYPHBIMH IIapaMETpaMH IIOPHCTHIX OKCHJIOB SIBISICTCS PACCTOSIHHE MEXIY NECHTPAMH IIOp
(Dine) m maametp mop (dpor). Mi3MeHAa 5TH MapaMeTphl, MOKHO IMOJIYYaTh PasiHIHbIE CTPYKTYPHL HU3KOIOPHCTHIE
(mopucrocts 1-50%), BhIcOKONOpHCTHIE (OopUCTOCTh 51-90 %), a Takke crosduarble CTPYKTYPHI (IOpUCTOCTEL 91—
99 %) (pucyHOK 1).

Pucynok 1 — CxeMaTH9HOe H300paskeHHEe TeKCATOHAILHBIX fi9eeK MOPHCTHIX OKCHIOB BEHTHJIHLHBIX MeTAJIIIOB:
a) sigeiika ¢ HI3Koii mopucTocTHI0 (MopHCcTOCTh 1-50 %); 6) sideiika ¢ BEICOKOil MOPHCTOCTHIO (MOpHCTOCTEL 51-90 %);
sideiika co CTOIONKOBOIl CTPYKTYpoii (MopucTocTh Gostee 90 %)



164 ©KC XXXIV: maTepuansl koHdbepeHunn. — MpoaHo: Mpry, 2026

BaxubIM napaMeTpoM HOPHCTHIX INICHOK SIBISETCS VAeTbHas (BHY TPHUIIOPOBas) IMOBEPXHOCTh TAKMX IIEHOK. Mc-
X0/151 M3 0003HAYCHHEIX Ha PUCYHKE | ITapaMeTpoB, BEIBEAEM GOPMYIIEL Ul pacieTa 00LeMHON J0JHN TOop (IOPUCTOCTH
P) nynenbuolt moBepxHOCTH (Sgp ).
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Korna do, = Dy, IMEET MECTO LEPEXO]T CTPYKTYPhL TUIIA «IMENUHBIX COT» K CTOXOYaTOR CTPYKTYPE, Kak 5TO
npeIcTaBIeno Ha pucynke 1. llpu oToM S, TOCTAraeT MaKCUMAIBHOIO 3HAYEHUS. SHAYCHHUE TIOPHCTOCTH [IPU U3MEHE-
HUH CTPYKTYPHI cocTaBisieT 90,7% u obosHavaeres Kak Pp,. Ilpu ranpHeimeM yBEIHICHAN OPUCTOCTH S,y PACCTH-
TBHIBAETCS 110 ciesyomeit Gopmye:

P—P,
Sop = Sspmax (1 100% — Ptr> @

Ha pucynke 2 npescTaBieHa 3aBHCHMOCTD V/CITBHOM MOBEPXHOCTH UCCIE/YEMBIX IUICHOK OT X MOPUCTOCTH YIS
CTPYKTYP € pazINIHBIM MEXIIOPOBBIM paccTosiHAeM. Kak BHJIHO W3 PHCYHKA, V/ETbHAS IIOBEPXHOCTD VBEIMIUBACTCS
IIPH YMEHBINCHAN MEXIIOPOBOTO PACCTOSHUS M JIOCTUTAET MaKCHMAILHOTO 3HAUCHISI [IPH YBEMMUCHN N JUaMETpa 0P |
VMEHBIICHIH MEXIIOPOBOTO paccTosHUS. 1 IpH 5TOM MakcnManbHOE 3HAUCHHUE VACTRHON TOBEPXHOCTH JOCTUTAECTCS IPH
nopucrocTd okoio 90 %. Ilpu manpHelImeM yBENMMIEHAH IOPUCTOCTH 3a CUET YBEIMICHHUS pacTpaBa CTEHOK TeKcaro-
HaJILHBIX STIEEK IMEET MECTO VMEHBINCHUE V/ICIBHOM TOBEPXHOCTH, YTO OOBSACHSICTCS TPE0OPa30BaHIEM OT CTPYKTYPHL
TeKCaroHANBHBIX sTMeeK (CTPYKTYPHl MIETUHBIX COT) K cTONOHYaTO# CTPYKTYpe ¢ IEeHTpaMH cTOIOUKOB B Tak Ha3bIBae-
MBIX MECTaX COSTMHEHHS TPEX TeKCArOHATIBHBIX SUEEK, KaK DTO CXEMaTHIHO [IOKa3aHO Ha PUCYHKE 1.

JIOCTHTHYTHIM YpPOBEHb VACTHHOM MOBEPXHOCTH IIOPHCTOTO OKCHJA ¢ TeKCarOHAILHOH CTPYKTYPOH OKoIo
100 M%/cM? IIpeJICTABISET UHTEPEC IS OPUCTLIX MATEPUATIOB HCIIONL3Y EMBIX B KAUECTBE (DOTOKATATH3ATOPOB XUMUYE-
CKUX peaKIiif, HalpuMep, HOPHUCTHIM OKCH/] TUTaHa MCHOIB3YETCsI ISl OUMCTKH BOJBI OT OPraHMYECKUX 3arps3HEHAi
[10]. TopucThlif OKCHT AMTIOMHUHISI ¢ MEHUMAIBHON ITOPHCTOCTHIO MOXKET OBITH MCIIONB30BaH B Ka4ECTBE TEIUIOOTBO-
JUIITETO CIIOSI OT AJIOMUHHEBBIX MIEKTPOJIOB, PabOTAIONMX MPH BHICOKHAX IIOTHOCTSIX DIEKTPUIECKOTO TOKA, UTO M03-
BOJBIET IIOBBICHTH HaJI€)KHOCTD SIEKTPOHHLIX m3aenuit [11]. Konrpomupyemoe yrpapieHe HOPUCTOCTHIO MOXKET TaKKe
HCIIONB30BaThCs IPH (POPMHUPOBAHWH MHOTOCIONHHBIX CBETOBOJHBIX CTPYKTYP € CEepAIeBHHOH, oOnajnarommeil MOBHI-
IMEHHBIM TIOKa3aTeNleM IPEOMIICHHUS 3a cUeT OoJee HU3KOH NOPHUCTOCTH BHyTpeHHero cios [12-14]. CronGuarkie
CTPYKTYPHI ¢ BBICOKO IIOPHUCTOCTHIO MOTYT OBITH HCIIONB30BaHLl B KAUECTBE aHTHOTPAXAIOMUX MOKPHITHH Ha MeTan-
JTUIECKIX IOBEPXHOCTSIX B (POTORIEKTPHICCKUX U POTOTEILIOBEIX IIpeoOpazoBareneit corneanoif suepruu [15].
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Pucynok 2 — I'paduk 3aBHCHMOCTH yAeIbHOIl HOBePXHOCTH OPHCTHIX IVIEHOK ¢ TeKCAaroHAILHOIH CTPYKTYpoii
OT CTPYKTYPHBIX IAPAMETPOB COCTABJISIOIAX HX sSTTeeK
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The influence of key structural parameters of porous valve-metal oxide films (aluminum, titanium, niobium) on their specific
intra-pore surface area is investigated. A structural model based on close-packed hexagonal cells with central cylindrical pores is
considered. Mathematical expressions are provided for calculating the pore volume fraction (porosity) and specific surface area as
functions of the inter-pore distance and pore diameter. The study established that the specific surface area of the films consistently
increases with decreasing inter-pore distance and increasing pore diameter. It was revealed that the maximum specific surface area is
reached at a critical porosity of approximately 90%. It is shown that a further increase in porosity leads to a decrease in the specific
surface area, which is explained by a physical structural transition from a hexagonal honeycomb system to a columnar structure. The
obtained results have high practical significance for the design of modern integrated electronic devices, optimization of photocata-
lysts for water purification, and the development of highly efficient heat-dissipating layers and anti-reflective coatings for solar ener-
gy applications.
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