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Annoranusi. O000IIeHB! pe3yIbTaThl CHHTE3a M UCCICIOBAHUS TUICHOYHBIX CTPYKTYP, MOTYIEHHBIX 30]Ib-TENb
MeronoM B BI'YUP. OOcyxmaroTcs 3aKOHOMEPHOCTH CHHTE3a W ONTHYCCKHE CBOWCTBA JICTHPOBAHHBIX
JIAHTAHOUAAMH KCEpOTeNel B MATPHIIAX C MAaKpO- M ME3OMOPUCTHIM KPEMHHEM, TIOPUCTHIM aHOTHBIM OKCHIIOM
aJIOMUHUS W CHHTCTHYCCKMMHU omnanamMu. OOCYKITAIOTCS BO3MOXHOCTH TPUMEHEHHUS IUICHOK KCeporene
JUTSL CTPYKTYp HaHO(OTOHWKH M MHUKPOIJICKTPOHHKHA HA OCHOBE PE3YIbTATOB KAHAWAATCKUX JUCCEPTALUH,
3alMIIEHHBIX NpH BemonHeHnH npoektoB HNJI 4.5 «Hanodoronuka» BI'YIP.

Knrouesvie crnosa: 30JIb-T'CJIb, HaHO(l)OTOHI/IKa, MUMKPOI3JICKTPOHUKA, JIIOMUHCCICHIIUA.

Abstract. The results of synthesis and investigation of the film structures, prepared with the sol-gel method
in BSUIR, are summarized. The peculiarities of synthesis and optical properties xerogels doped with lanthanides
in matrices with macro- and mesoporous silicon, porous anodic alumina and synthetic opals are discussed.
The possibilities of application the xerogel films for the structures of nanophotonics and microelectronics
on the basis of results of PhD theses, defended within the projects of laboratory 4.5 «Nanophotonics» at BSUIR
are discussed.
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MHorue MaTepuaibl U IJICHOYHBIE CTPYKTYPBl MOTYT OBITH IONYYEHBI 30Jb-T€llb METOHOM.
3onp — nucrepcus KOJTOUAHBIX yacTull pazMepoMm oT 1 mo 100 aM B >kuakoctu [1]. 30mb cocTout
13 MPEKypcopa, paCTBOPUTENS U APYTMX KOMIIOHEHTOB, HAalpUMep, KUCIOTHI U BOABL. ['elb — IpoIyKT
MOJHMKOHAEHCauun 30is. llmeHka redst Moxer OBITh IOMydeHa HaHECEHHEM 3011 METOJ0M
ueHTpuyrupoBaHus uin norpyxeHus. Ilpu tTepmooOpaboTKe refb npeBpaiaeTcsi B TBEpIOTEIbHBIN
MaTtepuan — Kceporenb. Eciii B 3071b BBECTH KOMIIOHEHTHI HY)KHBIX XHUMHYECKHX SJIEMEHTOB, 3TH
3JIEMEeHTHl OyOyT BXOIHWTH B COCTaB Kceporens. 30Jb-Telb METOIOM (OPMUPYIOTCS HCTOYHUKH
i y3un aKmenTOpHBIX M JOHOPHBIX MpUMECed B KPEMHUH M IMOJYINPOBOAHUKOBBIE COCAMHEHUS
A’B’ [2]. Juddy3uoHHOE NErHpoBaHHE MPOMCXOTMT NPH BBICOKMX TEMIIEPATypaX, IOCIE Uero
TUIEHKa MOKET OBITh yaanieHa. MeTo orpykeHus! IpuBiIeKaTeeH i (GOPMHUPOBAHUS MOKPHITUH Ha
U3IEUAX OOJNBIION IIIOMAAN, HAIPUMEP, OKHAX, TaK KaK JAJIsl 9TOro He TpeOyercsi BaKyyMHas KaMmepa
U KOHTPOIb aTMOC(epbl, a HAaHECEHUE 30715, KaK U MU HEHTPU(YTUPOBaHNHN, MOKET OCYILECTBISITHCS
Ha Bozayxe. [l momydeHHWs OJMHAKOBBIX IUIEHOK B TEUEHHE IJIUTENBHOTO BPEMEHM BaKHO,
9TOOBI 3071b COXPAHSI CTAOUIBHOCTD, HE U3MEHSIS BSI3KOCTH.

30Jb-TeNb METOJI IPUBJIEKATENICH AJISl SKCIEPUMEHTATOpa CBOCH TMOKOCTBIO. DTHM METOJI0M
(OpPMHPYIOT MHOT'OCIIOWHBIE TIOKPBITHS, OTIMYAIOIINECS TIOKa3aTeNleM MPETOMIICHHS 3a CYET BBIOOpa
npexypcopa. Hanpumep, mieHka okcuia KpeMHHs ¢ ToKazaTeneMm mpenomneHus 1,45 ¢opmupyercs
U3 30J151 HA OCHOBE TETPAdTOKCHCHIIaHA, MJICHKAa OKCUAA THTaHA C TOKa3aTelleM MpeloMileHHus Oonee
IBYX — W3 30151 HA OCHOBE TeTpa’TokcuTuTaHa. C yBeIWYEHHWEM TEMIIEpaTypsl TepMOOOpabOTKU
IUIEHKH Kceporejeld mnepexomsiT u3 aMoppHOH ¢a3bl B KpPUCTAUIMUECKYIO, M HX IOKa3aTelb
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MPETIOMJICHUSI  YBEMUYMBAaeTCsd (OKCHJ THUTaHA, THUTAHAT CTPOHIUS, TUTAHAT Oapus © Ap.),
WJIM COXPAHSIFOTCS PEHTreHoaMop(HBIMU (OKCHJ KpeMHUs). BBeneHue B coctaB 3078 PacTBOPHMBIX
KOMIIOHEGHTOB JIAHTAHOUJIOB O00ECIEYMBAECT WX IPHCYTCTBUE B KCEPOrele C KOHTPOIUPYEMBIM
COOTHOIICHHEM KaTUOHOB [3—6]. TpexBajeHTHbIC JaHTAHOUIBI, KAK M NP MOHHOW HMIUIAHTALIUU
B MOJYMPOBOJHUKA U JUAJIEKTPUKH,  JIEMOHCTPUPYIOT  JIIOMHHECLCHLMIO  JIAHTAHOUJOB,
obOecnieueHHyI0 TepexofamMu Mexay Tepmamu 4f-31nekTpoHoB. KOHIIGHTpaluy JIaHTAHOUIOB OHOTO
WM HECKOJIbKMX THIIOB B KCeporeie 3aJaroTcs Ha CTaJMU NPUTOTOBIICHHS 30i8. TakuMm oOpa3oM,
30JIb-T€lTb METOJ| JaeT BO3MOXHOCTh H3ydaTh WOH-MOHHOE B3aUMOJICHCTBHE MpHMecei (Kpocc-
penakcaluioo, amkOHBEPCHIO) B TUICHKaX M IOPOIIKaX, n30eras M3rOTOBJIICHUE MUIICHEH CI0XKHOTO
COCTaBa, KaK JJIsl MarHETPOHHOT'O PacIbUICHHsI, He TpeOysl yCKOpUTeNeil U BakyyMma, Kak IpU HOHHOU
umiuiantanuu [7]. TemmepaTypa CUHTE3a TBEPAOTEIBHBIX KOMIIO3UTOB 30JIb-T'€Ib METOIOM, Kak
npasmiio, He npessinaer 1000 °C.

Hcnonw3ys pa3nuyHbie METOBI TUATHOCTHKH, HAMH OBLIO TMOKa3aHO, YTO 30JI MPOHUKAIOT
BUIyOb MaTpull ¢ mopaMu mopsinka 50 HM — MOPHCTBIH KPEMHHWH, MOPUCTBI aHOAHBIA OKCHI
QTIOMUHHUS W CHHTETHYECKHE OMajbl, 4YTO JacT BO3MOXKHOCTH (OPMHPOBATH CTPYKTYPHI
KCEpOrellb/TIOPUCTasl MaTpPHUIlAa TONIMHONH HECKOJIBKO JECITKOB MUKpoH [3—6]. IIpoHMKHOBeHUE
B KaHAJbl ME30MOpP IMOPUCTOrO aHOJHOTO OKCHA aTIOMUHIS KCEPOTres, ICTHPOBAaHHOTO 3pOreM WU
TepOueM, KOHTPOIHPOBAIOCH METOJOM MacC-CIIEKTPOMETPHH BTOPUYHBIX HOHOB U MPOCBEUHBAIOIICH
ANEKTPOHHOW MUKpockomued. Ha rnyOoune mo 30 MKM OT mOBepXHOCTH 0Opasila HaOIomacs
kceporenb [8—11]. VHTEHCHBHOCTH JIOMUHECHEHLIUU TEpOHS B CTPYKTYpPE KCEpOrelb/OPUCTHIN
AQHOJHBIA OKCHJ| AQIIOMUHUS H KCEPOTesh/NOPUCTBI KPEeMHUH BBINIE, YeM TIOCIE WOHHOM
nMmrutanTaiuu [12, 13]. HauOonee WHTEHCHBHAS JIIOMHUHECIICHIIUS JIAHTAHOWUJIOB B KCEPOTEISAX
B IIOPUCTOM aHOJHOM OKCHJC QIIOMHHHS HAONIOmaercs BAONb KaHAJIOB IOp, YTO CBS3aHO
C Tiepepachpe/elieHueM TNIOTHOCTHA (POTOHHBIX cocTostHuM MaTpuiiei [IAOA, o 4eM CBUIETEIhCTBYET
BBITATUBAHUE BJOJb KAaHAJOB IOp HWHIUMKATPUC JIOMHHECUEHUMH U paccesHus [14]. Dueprus
n3nydeHus (POKYCUPYETCsS B Y3KOM TEIIECHOM YTJIE, YTO MEPCIIEKTHBHO JUIS AUCTUICHHBIX TEXHOJIOTUI
1 nipeoOpa3oBaTenei U3ITydeHHS.

307b-T€b CHUHTE3 MATEPHUANIOB, JICTUPOBAHHBIX JIAHTAHOUJAMH, B TOpPAX CHUHTETUYECKUX
omanoB o0ecreunBaeT (HOPMUPOBAHUE TBEPAOTEIBHBIX CTPYKTYP — TPEXMEPHBIX (OTOHHBIX
KpPHUCTAJUIOB, JUIS KOTOPBIX XapaKTEPUCTUKH JIOMUHECIICHIINM MHTCHCUBHO UCCIECAYIOTCS B YCIOBUAX
MOJIABJICHUS CIIOHTAHHOTO HcIyckanus [15, 16]. OmHOMepHbIE (OTOHHBIC KPUCTAILIBI — IJICHOYHBIC
CTPYKTYpBI, JUIsl KOTOPBIX IOKa3aTeNlb MPEIOMIICHUS H3MEHSETCS B OJHOM HANpPABICHUHU, TAKKE
(hOpMUPYIOTCS 30IIb-T€Ih METOAOM C BO3MOXKHOCTBIO JICTHPOBAHHS JaHTAHOUJAAMH ONPEICIICHHBIX
CIO€B CTPYKTYpBI, HampuMep, MOIYBOJIHOBOW CIIOM MHKpope3oHaTopa. IIpumepbl Takux CTPYKTYp
MpeacTaBiieHsl Ha puc. 1. [17].

15.0kV x60.0k SE(U) m ——. B ' [ 15.0kV x50.0k SE(U)

a o 6

Puc. 1. POM-u300paxkeHust CTPYKTYP: @ — HOIYYEHHBIX OTPY)KEHHEM;
0, 6 — TIOYYCHHBIX LEHTPpU(YrHpOBaHNEM U3 TUIeHOK Keeporeneit BaTiO;/Si0,
C M3MEHSIOIMMCSI TTOKa3aTeleM NMPEIOMIICHHS B HAalIPABJICHUH B/IOJIb HOPMaJH K TIOBEPXHOCTH

CTpykTypbl — peHTreHOoaMOp(HBI M HMEIOT TMOJOCY HEMpo3padHOCTH  ((hOTOHHYIO
3ampelieHHyo0 30Hy) B obmactu 600-700 HM, koTOpasi cMemaercs B KOPOTKOBOJHOBYIO O0JIACTh
C YBEITMUCHUEM TeMITepaTypbl 0OpaOOTKM W B JJTMHHOBOJIHYIO OOJIACTh C YBEIMYCHUEM TOJIIIHHBI
cinoes BaTiO; u Si0, — puc. 2.
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Puc. 2. Cniextp otpaskennst ogHoMepHoro ¢orornoro kpucramia BaTiOs/SiO, n BHemHuMiA Bux obpasia

BBenenue B 3011 TpeXBaJCHTHBIX JIAHTAHOMAOB oOecredrBacT QHIBTpaM JOMOIHUTEIBHYIO
(GYHKOWIO — JIOMUHECHEHIHWIO B MIMPOKOM ONTHYECKOM JAWana3oHe, YTOo MOKa3aHo B padoTax
acupanToB U MaructpanToB BI'YUP I1.A. Xonosa u }0./1. KopHumnosoii.

C wucnonb3oBaHMEM 30Jb-I'€llb CHHTE3a THUTaHAaTa CTPOHLIHA C(HOPMHPOBAHBI CTPYKTYPHI
Si/TiO4/Pt/SrTiO3/Ni, nans KOTOPHIX HAOMIOAAOTCA JIBAa COCTOSIHHS C  CONPOTUBIICHHEM,
OTIUYAIOUIMMCS Ha TP MOPsAKA BEIWYUHBI IS auana3oHa yactoT oT 10 k['u go 2 MI'n. IIpu stom
C YBEIMUYEHHEM TONIMHBI MIeHKH oT 250 mo 430 HM BenMuMHA CONPOTHBIIEHUS M3MEHSETCS
oT 2 10 9 OM i Hu3KoOMHOro coctossHuA U oT 40 1o 750 xOM m1st BEICOKOOMHOTO COCTOSIHUS IS
gactotsl 10 k['1. OGHapyKeHHBIE PE3UCTUBHBIE CBOMCTBA MJICHOK TUTAHATA CTPOHLIHS MEPCIIEKTUBHBI
JUI1 MEMPHUCTOPHBIX y1eMeHToB [18, 19]. KonneHcaTopHble CTpYKTYpHI, H3TOTOBIEHHBIE HA OCHOBE
MHOTOCJIOWHBIX IICHOK TUTaHaTa cTpoHUUs TomumHod 250-430 HM, cOpPMHUPOBAHHBIX 30Jb-TENb
METOJOM Ha KPEMHHUHU C HW)KHHUM D3JIEKTPOIOM H3 IUIATHMHBI U BEPXHHUM JJIEKTPOAOM M3 HHUKEIS,
XapaKTepU3YyIOTCS ~ JUANEKTpUYecKod  mpoHunaemocteto  150-190 wu  TaHreHcom  yria
mnekTpudeckux norepp  0,06-0,1 coorBerctBeHHO It wactorel 1 MI'm. Xapakrepuctuku
KOH/IGHCAaTOPOB, TIOINYYEHHBIX 30Jb-T€lb METOAOM, CpPaBHMMBI CO CTPYKTYpaMH Ha THUTaHaTe
CTPOHLIMSI, CHHTE3MPOBAaHHBIMH MarHeTpOHHBIM pacmeuieHneMm [20]. PabGotet B obmactu
MUKpO3JIEKTPOHUKH BexyTcsd B TecHOM corpyaHuuectBe ¢ OAO «MHTerpam» — ymnpasistomen
KommaHuerd xonguHra «MHTterpan». I[lnmanupyercss uccieqoBaHuE BIEKTPOPHU3MUECKUX CBOMCTB
CTPYKTYpP CETHETODJIEKTHKOB, pa3eIEHHBIX TOHKUMHU IJIEHKAMU TUAJIEKTPHUKOB.

Passutne 3o0mb-rens texHonornn B HWJII 4.5 BI'YUP orpaxkaroT Takxke moka3aTenu
MOATOTOBKM KaJApOB BbIcHIeH KBajnudukauuu. 3a mocieguue 4 roAa TMoI PYKOBOICTBOM
H.B. I'artoHeHko0 3aIUIICHBI 3 KaHJIUJaTCKUe JIMCCEpPTALINU: AM. Amapug [21],
X. Coxpabu Anapaku [22], JI.C. Xopomko [23]; paHee 3allUIICHB KaHIUAATCKUE TUCCEPTAIHH
O.B. Cepreesbim (2001 1.), U.C. Momuanom (2003 r.), T.B. Kum (2010 1.).

[Iponomxkaercss MeXIyHApOIHOE COTPYAHUUECTBO. BBITTOMTHEHBI MEXIYHAPOAHBIE TPOEKTHI —
NHTAC, MHTL. IlpoaBwkeHre TEXHOIOTMHW HHTEPHEPEHLINOHHBIX (DUIBTPOB 30JIb-TENlb METOIOM
JOCTUTHYTO Onaromapsi BEIIONHEHHIO Oenopyccko-unauiickoro npoekta 'KHT «3o0mb-rens mokpeITus
Ui IpeoOpa3oBaHusl  DHEPTMM W NpPUMEHEeHHsT B (QOTOHMKE M MHKPODJIEKTPOHHUKE)
¢ MexayHapoOHBIM LIEHTPOM IIEPENOBBIX HCCIEIOBAHMI B OONACTH TOPOIIKOBOW MeETajlypruu
n HoBeIX MatepuanoB (ARCI) r. Xaiimapaban (Muaus), 3aBepmmBmerocs B 2018 r. PasBuaercs
COTpyAHHYECTBO C HannoHanmpHBIM HCCIENOBaTENBCKUM SAECPHBIM  yHUBepcuTeroM «MUDN»,
r. MockBa u yHuBepcuteroM TI. Cuanp, KHP mo cuHTE3y NHEpoBCKHUTOB A7 CTPYKTYpP MHKpPO-
W ONTORJICKTPOHUKU. B paMkax 0eropyccKo-pOCCHICKOro IMPOEKTa MOJNOABIX Y4eHBIX ¢ CaHKT-
[erepOyprcxkum rOCyJ1apCTBEHHBIM 3JIEKTPOTEXHUYECKUM YHUBEPCUTETOM JIDTN»
uMm. BU. YnpsnoBa (Jlenmna) (mpoexkt Ne TI17PM-122  «®otoanektpudeckue 3ddextst
B TOHKOIIJICHOYHBIX TEPOBCKUTONOAOOHBIX OKCHIHBIX CHCTEMax» IpH Noanep:kke bemopycckoro
pecriyonukanckoro  ¢oHma  (yHOaMeHTanbHBIX — ucciegoBanuid  u  Poccmiickoro  ¢onzaa
(dyHIaMeHTaJIbHBIX HCCIeIOBaHUI) pa3paboTaHa MeTOAWKa (POPMHUPOBAHUSI MOPHCTHIX TICHOK
TUTaHaTa CTPOHIMS, HaY4HBIH pykoBoautens H.c. HUJI 4.5 M.B. Pynenko. PaGoTsl, BBIONHEHHBIE
B HWJI 4.5, xopomo uuTHpyIoTCs: 10 AaHHBIM 0a3bl Scopus, HHAEKC Xupiia gadopatopun 21.
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