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BJUAHHUE CTPYKTYPHBIX ITAPAMETPOB IIOPUCTBIX OKCHU OB
BEHTWJIbHBIX METAJIJIOB HA YJEJIbBHYIO BHYTPUIIOPOBY1O IIOBEPXHOCTD

Hcenenyercs BIUSHUE KIIOYEBBIX M€OMETPHUYECKUX ITApAMETPOB MOPUCTHIX OKCHJHBIX IUIEHOK BEHTUIIBHBIX METALIOB (alTio-
MUHUS, TUTaHa, HUOOWS) Ha BETMYMHY UX YAeTbHOM BHYTPUIIOPOBOM ITOBEPXHOCTH. PaccMaTpuBaeTcst CTPYKTYPHas. MOJIEND B BUJIE
IUIOTHOYIIAKOBAHHBIX T€KCArOHATBHBIX SUEEK ¢ NEHTPATFHBIMU IUIMHPHIECKUMY ITopaMu. 1IpuBe/ieHbl MaTeMaTHUeCKUe 3aBUCH-
MOCTH ISl pacueTa 0OOBEeMHON JIONMH Op (TIOPUCTOCTH) U YAECIBHOM IIOBEPXHOCTH B 3aBUCHMOCTH OT MEKIIOPOBOTO PACCTOSHUS U
JaMeTpa IIop. B Xo/ie uccIen0BaHusl yCTaHOBIIEHO, UTO Y/IelbHas [IOBEPXHOCTH INIEHOK 3aKOHOMEPHO BO3pacTaeT IIPH YMEHBITICHUN
MEXKIIOPOBOTO PACCTOSHUS M YBEIMUYEHUH JraMeTpa Mop. BREIBIEHO, YTO MAKCUMAaIbHOE 3HAYEHUE YENBHOM IIOBEPXHOCTH JIOCTH-
raercst IpH IepexoHoit nmopuctoct okoio 90 %. [lokasaHo, UTO jaibHEHIee yBEIMUEHHE IIOPUCTOCTH IIPUBOUT K CHUKEHUIO
VJIEbHOM TIOBEPXHOCTH, YTO OOBICHSETCS IIPeobpa3oBaHUeM CTPYKTYPBL: IIEPEXOIOM OT CUCTEMBI IekKcaroHaIbHBIX COT K cToN0ua-
Toit cTpykType. IlomyueHHBIe pe3ylbTaThl UMEIOT BBICOKYIO IPaKTUUECKYIO 3HAUMMOCTH JUISL IIPOEKTHUPOBAHWS COBPEMEHHBIX
YCTPOMCTB MHTErPATHHON SIEKTPOHUKY, ONTUMU3AIMHU (OTOKATAII3aTOPOB ISl OUHUCTKY BOJIBL, & TAKKe IIPU CO3/[aHUH BBICOKO3(-
(EKTUBHBIX TEIUIOOTBO/ISINHX CIIOEB M aHTHOTPAYKAIOIIMX TIOKPHITHUH JUISI COTHEYHON SHEPIeTUKH.

[1neHKH OPHCTHIX OKCHAOB BEHTHIBHBIX METAUIOB TAKUX KAK AFOMUHHH, TUTAH, HIOOWH HCIOJIB3YIOTCS B Kave-
CTBE (PYHKIHMOHAIBHBIX KOMIIOHECHTOB MHTETPANBHON 3nmekTpoHuKkH [1; 2]. Ha ocHOBe 3THX MIeHOK (hOPMHPYIOT M-
3NCKTPHUCCKUC CTI0H [3; 4], CBETOMPOBOAAIIIC CTPYKTYPHI [5; 6], (hopMO3aTaromIine MATPHIBI A1 TCMILIATHOTO CHHTC-
3a [7]. BeimeynoMsHyThIe HOPHCTHIC IICHKH UMEIOT CTPYKTYPY THIA MUETHHBIX COT, COCTOSAIIYIO H3 FEéKCATOHANIbHBIX
SMEEK C HUIMHAPUUYECKO N MOPOH B LICHTpPE sruekku [§—9].

OCHOBHBIMH CTPYKTYPHBIMH NAPaMETPAMH MOPHUCTHIX OKCHIOB SIBIBICTCSA. PACCTOSHHE MCEKIY IICHTPAMH IIOP
(Ding) m muametp mop (d,,,). VIBMEHSS 3TH MAPAMETPhL, MOXKHO MOJIYYATh PA3MYHBIC CTPYKTYPbL: HH3KOMOPHCTHIE
(mopucrocTs 1-50%), BBICOKOTIOpHCTHIE (TMOPHCTOCTE 51-90 %), a Tarke crondyaThie CTPYKTYPHI (MOPHCTOCTH 91—
99 %) (pucyHOK 1).

¥ Sn— -

Pucynok 1 — CxemaTnuHoe H300 paskeHHe FeKCarOHATBHBIX STUeeK MOPUCTHIX OKCHIOB BEHTUILHBIX METATUIOB:
a) siveiika ¢ HI3KOH MOPUCTOCTRIO (opHcTocTh 1-50 %); 6) sTueiika ¢ BHICOKOIT MOPHUCTOCTHIO (MOPUCTOCTD S1-90 %);
sigeiika co cTOIONKOBOI CTPYKTYpoii (mopucTocTh Gotee 90 %)
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BaxHbIM mapaMeTpoM HMOPHUCTHIX IJICHOK SBJSETCA YIACAbHAS (BHYTPUIIOPOBAsA) MOBEPXHOCTh TAKUX IICHOK. Hc-

X0z U3 0003HAUCHHBIX HA PHCYHKE 1 mapaMeTpoBs, BeBeaeM (popMyIsI A1 pacueTa 00bEMHOM J0IH MOP (IOPHUCTOCTH
P) " ynenpHOM MOBCPXHOCTH (Sp).
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Dine |3 100%

Korma dy,o, = Din¢, IMEET MECTO MEPEXOA CTPYKTYPHI THIIA «ITMETUHBIX COT» K CTONOYATOM CTPYKTYPE, KaK 3T0
NPEACTABICHO HA PUCYHKE 1. TpH 3TOM S, JOCTHTaeT MAKCHMAILHOTO 3HAYCHHS. 3HAYCHUE MOPUCTOCTH NPH U3MEHE-

HHH CTPYKTYPBI COCTABIAET 90,7% H 0003HAYAETCA KAK Py, IIpH NanbHEHINEM YBETHIECHAN TIOPHCTOCTH S, PACCHH-
THIBACTCS TIO CICAYIOIICH (popMyIe:

S, =S (1= L P 3)
sp T Yspmax 100% _ Ptr

Ha pucyHke 2 npeacTaBicHa 3aBUCHMOCTD YACIBHON MOBEPXHOCTH HUCCICTYEMBIX IICHOK OT MX MOPUCTOCTH AT
CTPYKTYD € Pa3IHYHBIM MEKIOPOBBIM pacCTOsAHHEM. Kak BUIHO M3 PHCYHKA, YACTBbHASA IMOBEPXHOCTh YBEIHYUBACTCI
NIPpH YMCHBIICHHUHU MCIKITOPOBOTO PACCTOAHUA U JOCTUTACT MAKCHMAJIBHOTO SHAYCHI ITPH YBCIIUICHUH JHAMCTPA OP H
YMCHBIICHHH MCKITIOPOBOT0O PACCTOAHHUA. HpI/I 3TOM MAKCHMAJIBbHOC 3HAYCHHUC y;[eJIBHOfI TOBCPXHOCTH AOCTUTACTCSA NPH
MOpUCTOCTH O0KOJI0 90 %. IpH magpHEHIICM YVBCIHICHHH MOPUCTOCTH 3a CUCT YBCIMUCHHS PACTpaBa CTCHOK T'¢KCaro-
HAJIBHBIX AYCCK UMCCT MECTO YMCHBIICHAC VACTBHON MOBEPXHOCTH, UTO OO BACHACTCS MPSOOPA30BAHIEM OT CTPYKTYPHI
TCKCATOHATBHBIX SUCCK (CTPYKTYPHI MUCIHHBIX COT) K CTOIOYATOH CTPYKTYPE C LUCHTPAMH CTOJIOMKOB B TAK HA3BIBAC-
MBIX MCCTAX COCAUHCHI TPEX TCKCATOHAJIBHBIX AUCCK, KAK 3TO CXCMATHIHO MOKA3AHO HA PUCYHKC 1.

JIOCTHTHYTBII YPOBEHb YACIBHOM MOBEPXHOCTH MOPHCTOTO OKCHAA C TEKCATOHATBHOM CTPYKTYPOH OKOJIO
100 M%/cM? mPEACTABIAET HHTEPEC AT OPUCTHIX MATEPUATIOB HCTIOJIb3Y EMBIX B KAYECTBE (DOTOKATATU3ATOPOB XHMHMC-
CKHX PEaKLMH, HATIPUMED, MOPUCTBIA OKCHI THTAHA UCTIONB3YETCA AMA OYMCTKH BOABI OT OPraHWYECKHX 3arPA3HCHUI
[10]. TlopucTsIii OKCHI AMOMHHUS C MHHHMAIBHOM MOPHCTOCTHIO MOXKET OBITH HCIIOJIB30BAH B KAUCCTBE TCIUIOOTBO-
JUIIETO CIOSL OT ANFOMHMHHEBBIX 3JICKTPOJO0B, PA0OTAIONIMX IPH BBICOKUX IUIOTHOCTSIX 3JICKTPHUICCKOTO TOKA, YTO MO3-
BOJISIET MIOBLICUTh HAACKHOCTD 3JEKTPOHHBIX u3aenui [11]. Kontpompyemoe ynpasacHHE IOPUCTOCTHIO MOYKET TAKKE
HCIOJIB30BaTECA MPH (POPMHPOBAHHH MHOTOCIOHHBIX CBETOBOJHBIX CTPYKTYP C CCPALCBHHOW, 00JAAIOIICH TOBHI-
IICHHBIM TIOKA3aTCICM MPCSIOMIICHHA 32 CUCT O0Jiee HHU3KOH MOPHUCTOCTH BHYTpPSHHETO cos [12-14]. CronOuarteie
CTPYKTYPBI C BBICOKOH IMOPHCTOCTHIO MOTYT OBITh HCIOJIB30BAHBI B KAUECTBE AHTHOTPAKAFOIIMX MOKPHITHH HA METal-
JMYECKUX IIOBEPXHOCTSX B (DOTOINEKTPUHUCCKHUX M (POTOTEILIOBBIX IPeoOpazoBaTeNcH COMHEYHOU 3HEpTUH [15].
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Pucynok 2 — I'padmk 3aBUCHMOCTH Y€/ ILHOI IIOBEPXHOCTH HOPHCTHIX IIJICHOK € T'eKCarOHAIBHOI CTPYKTYpOil
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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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