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B pa6oTe paccMaTpuBalOTCs BOMPOCbl, CBA3aHHble C METOAMKOM OLLeHKU ONTUYeCKOro
KayecTBa HaHOMOPUCTbIX CUIMKATHbIX MaTpul. lMpeacTaBneHbl pe3yabTaTbl UCC/IefA0BaHUS
06pasuoB Ha pasHbiX 3Tanax WUX WM3roToBJIEHMS MPU UCNONb30BAaHUU MeTopa LupoBOM
ronorpaduyeckort uUHTepbepomeTpumn. [lpoBeaeH aHanU3 BAUSHUSA CUbI  TAXECTU
Ha dopMMpoOBaHME NOPUCTOM CTPYKTYPbI B MpoLLeCcCe XMMUYECKOro TpaB/ieHUs.

The paper discusses issues related to the methodology for assessing the optical quality of
nanoporous silicate matrices. The results of the study of samples at various stages of their
manufacture using the method of digital holographic interferometry are presented. The
gravity effect on the formation of a porous structure in the process of chemical etching was

analysed.

BBEJLEHUE

B HacTosilee BpeMsi yC/IO’KHeHHe IpH6OpOB U pac-
mypeHue cheprl IPUMeHEeHHU S U3/TyYeHHH OITH-
YeCKOTo AHalla30Ha BbIBUIAIOT HOBbIe TpeboBa-
HUS K OIITHYeCKUM MaTepuajaM U paspaboTke
TeXHOJIOTHH CO3JaHUS HOBBIX OINTHYECKHUX MaTe-
PpHaJIOB C 3aJaHHBIMHU CBOMCTBAMH. MaTpPUYHBIN
IPUHIHKII IOCTPO@HH ST KOMIIO3HUIJMOHHBIX MaTe-
PHaJIOB BXOJMT B YHUCJIO IIePCIeKTUBHEIX.

Ocoboe MeCTo cpeiu IIOPUCTHIX CTPYKTYP 3aHHU-
MalOT HaHOIIOPUCThIe CUIMKATHBIe MaTPHUIHI [1].
HaHomopuCTEle MAaTPUIBl Ha OCHOBE CHJIMKAT-
HOI'0 CTeKJ/a IPeACTaBIsSIOT cO60M COBepIIeHHO
0C0o6BIH, B CBOEM POfie YHUKAIbHBIM, HHCTPYyMEHT
HUCCIe0BaHU S QU3HMKO-XMMHUYECKHX IIPOLEeCCOB
B OTpaHHUYeHHOM ob6beMe, COU3MePHUMOM C Mac-
mTaboM NpOoTeKaHMUs IPOLIECCOB U Pa3MepaMU
H3y4daeMbIX 00BEeKTOB: OTPAaHUYEHHOCTh IIPO-
CTpaHCTBA M 3@ PeKTUBHBIN KOHTAKT CO CTEHKAMHU
rop obyciaBIMBaIOT CyLleCTBeHHbIe 0COOeHHOCTH
COCTOSIHM S BelleCTBa-HAIIOJHHUTeI 10 CPaBHe-
HHUIO CO CJlydaeM eT0 HaxoX/JeHHs B CBO6OgHOM

o6beme. UMeHHO 5Ta BO3MOXKHOCTb OIIpefenseT
MOBBIIIeHHEe HHTepeca K HAHOMOPUCTHIM CHIIU-
KaTHBIM MaTpHLIAM U SIBJSETCS B HacTosIlee
BpeMs IIpefMeTOM Pa3HOCTOPOHHHUX HCC/Ie[0Ba-
Huu [1-3].

[I[ppMeHeHHe HAHOMOPHUCTBIX CHIHMKATHBIX
matpul (HIICM) B HacTosilee BpeMsl, IJIaBHBIM
obpa3oM, CBSI3aHO C UX IIPO3PAYHOCTHIO B BUAU-
MO 06J1aCTH CIIeKTPa U BO3MOKHOCTBIO IIOJIy4e-
HUS 06pa3IoB ONITHUYEeCKOro KavyecTna [1].

HccnemoBaHHUe HAHOMOPUCTBIX MAaTpPHUILL 3aHHU-
MaeT oIpefieleHHYI HHUIIY B )XM3HH Hay4HOIO
coobmecTBa. [JIs MOJy4eHHUSI MaTepHuana, KOTO-
pBli OymeT ob61amaTh HeOOXOOUMBIMHU CBOM-
CTBaAaMH, BakHO pa3paboTaTb He TOIBKO TEXHO-
JIOTUIO IMOJIydyeHU s 06pa31loB CO CTabUIBPHBIMU
Y BOCIIPOM3BOJMMBIMH XapaKTepPUCTHUKaMHU, HO
Y MeTOJ bl KOHTPOJIS KauyeCcTBa M3r0TaBIHMBaeMbIX
o6pasmoB. Kak mpaBuUIo, CyIIeCTBYIONHEe MeTOIbI
paspaboTaHBl Ay XapaKTepHU3allUU KadecTBa
ONITHYEeCKUX IIOBEPXHOCTEH. B To 5ke BpeMs OITHU-
yeckoe kayecTBo HIICM ompenesnsgeT BHYTPpeHHSI
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IOpUCTasi CTPYKTypa obpasiia, K XapaKTepU3allluu
KOTOPOM He BCerfa BIPSIMYIO IPHMeHHUMBI METOMBI,
pa3paboTaHHBIe 1715 OLIeHKH OITHUYeCKUX [IapaMeTPOB
OIHOPOIHBIX (CIIJIONITHBIX) HEITOPUCTBIX MaTePHUAJIOB.

B paborax [1, 3] mokasaHo, YTO ONITUYECKOE Kavue-
cTBO o6pa3noB HIICM ompemensiioT 3Tallbl XUMHYe-
CKOI 06paboTKM 3arOTOBOK: KHCIOTHOE TpaBIeHHe
U 1IIeJIOYHOEe TPaBJIeHHe.

Llenbio paboThl SIB/ISIETCS HCC/IeJOBAHHE OITHYe-
CKOTO KayecTBa 06pasLioB mocje MpoBefeHUs Heob-
XOAUMBIX 3TAIIOB XMMHYECKOro TPaBJIeHU S, paspa-
60TaHHBIX AJI5 UCII0Ib30BaHM s HIICM B OIITUYECKUX
3KCIIepHMeHTax [3].

METO/bl UCC/IEAOBAHUA
B paboTe KCII0/1b30BaIMCh HAHOIIOPHUCThIE CHIMKAT-
Hble MAaTPHUILIBI, U3TOTABIHBaeMble U3 HaTpHeBobopo-
CHUJIMKATHOIO ABYX$a3HOro cTeks1a, 06pa3oBaHHOTO
IBYMS B3aHMOIIPOHUKAIOIMKUMU pa3aMU: XUMUYe-
CKH HEeCTOMKOM ODOPAaTHOM M XMMHUYECKH YCTOMYHU-
BOM KpPeMHe3eMHOM. [[JIs UX IIOJIy4eHU s HCII0JIb-
30BaJIMCh 3aTOTOBKU B BH/e IIOJIMPOBAHHBIX JHUC-
KOB JHaMeTpPOM 15 MM U TOILIMHOMN 1 MM (BO3MOXKHO
TaK>Ke MCII0/Ib30BaHMe IIJIOCKOIIapa/l/Ie/IbHBIX I1jIa-
CTHH), U3TOTOBJIEHHBIE 10 OTPabOTaHHON TeXHOJIO-
Iy U3 AByxXdasHoro crexsa /IB-1, mpourenmrero cra-
IU0 TepMoobpaboTku ¢ paszmeneHueM dpa3 u obpaso-
BaHHEM JIMKBALIMOHHBIX KAaHAJIOB.

OCHOBHBIMH XapaKTepPUCTUKAMHU 00pa3LoB IIpHU
KX [OJIyUYeHUHU SIB/SIIOTCS CPpefHUI JHaMeTp IOp
1 obbem obpasia, He 3aHATHIM KpeMHe3eMHBIM

INTRODUCTION

KapKracom (cBobonHBIH 06beM 110p). CpeIHUM AHa-
MeTp nop Haubonee BocTpe6oBaHHBEIX 06pa3IoB
(HIICM-17) coctaBnsgeTt 17 HMm. CBoOOOHBIN 06beM
II0p HaXOOUTCS B Iipenenax (48-58)% M 3aBUCHUT
OT BpeMeHHU IIPOBeJleHHUS IIPOLeAyPHI LIeT0YHOT O
TpaBjeHHUs. [IpU U3rOTOBJIEHUU HAHOIIOPUCTHIX
CHUJIMKATHBIX MaTpPHUI] cob6II0Aa/ICs TEXHOIOTU-
YeCKHUH peraiaMeHT, I03BOJISIONI UK BOCIIPOU3BO-
OUTH 3alaHHbIe XapaKTepucTUKU HIICM oT map-
THUH K IapTHH.

IIpu U3y4eHUHU ONTHUYECKUX CBOMCTB BHYTPeH-
HeHN CTPYKTYyPpbl Npo3pauHbIX 06pa3noB Haubo-
7ee pacnpoCTPpaHEHHBIMHU U YyBCTBUTEIbHBIMU
SABISIIOTCSI UHTepdepoMeTpUUYeCKHe MeTOLHI,
OLleHHMBAIOIHe COCTOsIHUe obpaswa 1o ero paso-
BBIM H3MeHeHHUsIM. B paboTe HCIIOIB30BaH METO/[,
nudpoBoU ronorpadruueckon HHTepdepoMeTpUHU
(ITY) [4]. PazpaboTaHHAass MeTOLUKA I103BOJIsLIA
noysy4yaTrb uHTeppeporpaMmsl (MI) cocTosHUS
obpasiia Ha pa3HbIX 3Tallax U3roToBiaeHus HIICM,
OCYyIIeCTB/ISATh CPaBHEHMe M aHa/IU3 3KCIIePUMeH-
TaJbHBIX PE3y/IbTATOB.

KoHTposb OIITUYECKOMN OTHOPOJHOCTH 06pa3u03
IIPOU3BOAHUIICS IIyTeM HCCIeIOBAHUS UX GAa30BBIX
XapaKTePUCTHK Ha 3KCIIePUMEHTAIbHOM CTeH/Ie
(puc.l).

CTeH[ npefHa3HaueH A/ UCCIef0BaHUS dpa3so-
BBIX TPaHCOOPMAIUH IPO3PaYHBIX 00BEKTOB
MeTOoAOM LUPPOBOM roinorpadrdeckor HHTEP-
dbepomerpuu (LUTU) u cHabkeH TepMHHAIOM
st 06paboTKH IKCIIePUMEHTAIBHBIX JAHHBIX [4].

Nowadays, the increasing
sophistication of devices and the
expansion of the scope of opti-
cal range radiation impose new
requirements on optical materi-
als and the development of tech-
nologies for creating new optical
materials with given properties.
The matrix principle of com-
posite material construction is
among the promising ones.
Nanoporous silicate matri-
ces have a special place
among porous structures [1].
Nanoporous matrices based on
silicate glass are a very special

and unique tool for investiga-
tion of physical and chemical
processes in a limited volume,
commensurate with the scale
of processes and size of objects
under study: limited space and
effective contact with pore walls
cause significant features of
filler material as compared with
the case of its presence in a free
volume. It is this possibility that
determines the increasing inter-
est in nanoporous silicate matri-
ces and is currently the subject
of various studies [1-3].

The current use of nanopo-
rous silicate matrices (NPSMs)

is mainly due to their trans-
parency in the visible region of
the spectrum and the possibil-
ity of obtaining optical quality
samples [1].

The research of nanoporous
matrices occupies a niche in the
life of the scientific commu-
nity. In order to obtain a mate-
rial that will have the desired
properties, it is important to
develop not only the technol-
ogy for obtaining samples with
stable and reproducible charac-
teristics, but also quality con-
trol methods for manufactured
samples. As a rule, the existing
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Puc.1. DkcnepumeHmanbHbili cmeHO 045 UCCAed08aHUs npo-
3pavHbix 06veKMo8 Memooom Ludposol 20n02paduyeckol
uHmepgepomempuu: 1 —30HOUpyrouw Ul Aasep; 2a, 2b - ceemo-
deaumenbHbie Kybbl; 3 — Konaumamop, 4 — obvexm uccaedosa-
HUSI; 5 = 3epKaAbHAs N0BOPOMHAS cucmemd; 6 — 8X0OHAs AUH-
3a; 7 — anepmypHas duadpazma; 8 — paclwupumenbHas AUH3A;
9 - npuemHas CMOS-mampuua

Fig.1. Experimental bench for the study of transparent objects by
DHI: 1 - probing laser; 2a, 2b - beam-splitting cubes; 3 - collima-
tor; 4 - object under study; 5 - mirror swivel system; 6 - input
lens; 7 - aperture diaphragm; 8 - expansion lens; 9 - receiving
CMOS matrix

Y3en obbeKkTa BBIHECEH 3a IIpefe/ibl OCHOBHOH
HHTepbepoOMeTPUIECKON CXeMBI, UYTO JaeT BO3-
MOKHOCTb IIPOBOJUTH HCCIeLOBaAHHE Pa3HBIX
COCTOSIHU M OJHOI'O U TOT'0 3Ke 06'beKTa IIPH BO3JIeM-
CTBHHU Ha Hero BHe IIpeneJsioB HHTepbepomMeTpa

[0 CXeMaM: 3aTOTOBKAa — KOHTPOJb; KUCAOTHAs
ob6paborka (HIICM-7) - KOHTpPOJIb; 1llesIouHas obpa-
6orka (HIICM-17) - KOHTpPOJIb.

Y3en obpekTa mpencTaBasieT cob60H KIOBETY
C BOOOM, B KOTOPOH YCTaHABIMBAETCS HCCIe-
nyemblil obpaser]. O6paser pacronaraeTcs B LieH-
Tpe 06beKTHOIO My4YKa MepHeHIUKYISPHO ero
LeHTpaabHOMY 1y4dy. HHTepdepeHIIHOHHBIH
KOHTPOJIb MpeACTaBasgeT cob0Hl 3KCIepHUMeHT
o nony4eHHU0 HHTepdeporpaMmsl (MI) U BKIIIO-
YaeT IIOJIydeHHeEe ABYX LLHUPPOBEIX IOJTOrPaMM
H,u H, nyTeM CbeMKH IBYX KaZpoB (3KCIIO3U-
uus 1/1500 c) (omguH Kapp), H; - rororpamma
c obpasuom (BTopou Kaap), H, - romorpamma
6e3 obpasma. B mpoMe>XKyTKe BpeMeHH MeXAY
KaapaMu obecriednBaaoch CTabrIbHOE COCTOSHUE
YCIOBUM CBEMKH U OTCYTCTBHE Ppa30BbIX U3MeEHe-
HUI B 00beKTHOM IIy4Ke.

HHTepdeporpamMmma, xapaKTepH3yollasi COCTOSI-
HHe 00beKTa Co3/laBalach C IOMOIbIO IPOTPaMM-
Horo obecrmedyeHHusl CTeHJA IIyTeM BBIYHUTAHHS
ronorpaMmel H, u3 rosorpaMmsl H;, ¢ popmu-
poBaHHeM pa3BepHYTOM IO IJomanu obpasma
pa3HoCTH $a3 ¢ TAHTEHILIMATbHBIM KOHTPACTOM:
WT = H, - H,.

Kaskgas tTouka MUI' ¢ KoopAHHATAMU X, Y B I1J10-
CKOCTH 06beKTa XapaKTepHu3yeT U3MeHeHHe pa3sl
06BeKTHOTO my4Ka ¢(z) U BEIUHCISETCS IO OPp-
myse (1) [5]:

A¢ =2m x A(nl)/A, (1)

methods have been developed to
characterize the quality of opti-
cal surfaces. At the same time,
the optical quality of NPSMs
is determined by the internal
porous structure of the sample,
and the methods developed for
evaluating the optical param-
eters of homogeneous (indis-
creet) non-porous materials are
not always directly applicable to
its characterization.

It has been shown in [1, 3]
that the optical quality of NPSM
samples is determined by the
stages of chemical treatment
of the blanks: acid etching and
alkaline etching.

The aim of the work is to
investigate the optical quality of
the samples after the necessary
chemical etching stages devel-
oped for the use of NPSM in opti-
cal experiments [3].

RESEARCH METHODS

In this work nanoporous silicate
matrices made of sodium boro-
silicate two-phase glass formed
by two interpenetrating phases:
chemically unstable borate and
chemically stable silica were
used. To obtain them, blanks
shaped as 15 mm dia. polished
disks 15 mm and 1 mm thick
were used (plane-parallel plates
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can also be used), manufactured
according to a proven techno-
logy from two-phase DV-1 glass,
which underwent heat treat-
ment with phase separation
and the formation of liquation
channels.

The main characteristics of
the produced samples are the
average pore diameter and the
sample volume not occupied by
the silica frame (free pore vol-
ume). The average pore diame-
ter of the most popular samples
(NPSM-17) is 17 nm. The free pore
volume is in the range (48-58)%
and depends on the time of the
alkaline etching procedure. In
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rge A - AJIKMHA BOJHBI U3Jy4eHUs B obpasle;
A(nl) - ©3MeHeHMe ONITHYECKOH TONIIMHEI 06pasna
[0 OCH Z, I - CPeIHUH II0Ka3aTesb IIpeOMIeHU S
obpasua, | - reomerpuueckas (busuveckas) ToI-
muHa obpasua.

TeXHO/IOTMYeCKHMH PeskUM nonydeHus HIICM kak
OCHOBBI 06 MHBIX PETHCTPUPYIOLIUX Cpef, pa3paba-
THIBAJICS C LIeJIbI0 CO3JAHM S MATPHUIL] C XapaKTepH-
CTHKaMH, pAaBHOMEPHO paclpefieJleHHBIMHU I10 TOJ-
muHe obpasna [6]. [IosToMy II0CKOIIapasebHble
ob6pa3nsl (TOMIKUHON 1+4 MM) pacIioyiaraluch BO
BpeMs XUMHU4eCcKon 06paboTKU B ITOJIOKeHU U, HAH-
bosee 61M3KOM K BepTHKaAbHOMY, YT0ObI obecrie-
YUTh PABHOMEPHOCTb XapPaKTEPHUCTHK I10 TOIIINHE
(B TOpH30HTA/JIPHOM HallpaB/eHHH). B HacTosImee
BpeMs IOSIBU/IACh HEOOXOOUMOCTh XapaKTepH30-
BaTh KA4eCTBO IIOPUCTHIX MAaTPHUILL C TOYKHU 3peHUS
IOBBIIIEHU I OIITUYEeCKON OLHOPOLHOCTH IIO IIJIO-
mamu 06pa3u0B H3roraBiauBaeMbiXx HIICM.

OnHOM K3 IVIABHBIX 3a/1a4 HUCCJIeLOBAHUS SIBIIS-
JI0Ch OIpefesieHHe BIMHSHUS CHIB TIXKeCTH
Ha pe3yJbTaT IIPOBeJEeHHUS 3TAIIOB XUMHUYECKOTO
TPaBJIeHHUS 3aTOTOBOK. [IpM YCTaHOBKe Ha XUMHU-
yeckylo 06paboTky obpa3ibl OpHeHTHUPOBAJIUCH
TakKUM 00pa3oM, 4UTOOBI LeNCTBHE CHJIBL TSIKeCTH
10 OTHOIIEHHIO K 06pa3my Bcerna 6bJI0 HAllpas-
JIeHO B OJHY CTOPOHY. [/ Toro 4Tobkl ompeme-
JINTb BIIMSHUE CUJIBI TSKEeCTH Ha pPe3y/IbTaT TpaBiie-
HUS$, Ilepe[ Ie0YHBIM TPaBieHHeM obpasery 1 6511
HoBepHYT Ha 180° OTHOCHTE/NIBHO FOPHU30HTAIb"
HOM ocH, a obpaser 2 6611 OCTaBJIeH B IIPeKHEM
[IOJIOKeHHU H.

OnTHyeckoe KagecTBo ob6pa3moB HIICM omnpe-
JlensieTcsl Kak Ka4eCTBOM 3arOoTOBKH, TaK U CTPYK-
TYPOM IMOPHUCTOro KapKaca. ONTHYecKoe KauyeCTBO
3aTOTOBKHY OIpefessieT ONTHUYECKAsI OOHOPOL-
HOCTb MaTepuasa (MCxomgHOe CTeKI0 IB) u Kaue-
CTBO OIITHKO-MeXaHHUYeCKoH o6paboTku. Kak npa-
BUJIO, 3arOTOBKA He UMeeT OIITHYEeCKUX HEOTHO-
POoHOCTel IIOoKa3aTeas npeaomaeHusa. KauecTso
MeXaHHU4YeCKOH 06paboTKU ONTHUYECKHUX II0OBEPX-
HOCTeH COOTBETCTBYeT TpebOOBAaHHUSIM, KOTOPHIE
NpenBSIBASIOTCS NPU 06paboTke ONMTHUECKHUX
nmertaner. OgHaKko, HeGONIBIION pa3Mep ob6pa3ioB
(mo 50 MM) 1 MaJiag TonmuHa (1-3 MM) UCIIOJIb-
3yeMBIX 06Pa30B OrPAHHUYHBAIT BO3MOKHOCTH
06paboTKHU, YTO IPUBOAUT K HATUUHIO HEKOHTPO-
JIUPYeMOTO yIJa MeXy ONTUYeCKHMHU II0BEePXHO-
CTSIMH, TO eCTh K KJIMHOBUJHOCTH obpas3ua.

K rmosiBJIeHHUIO HEOJHOPOJLHOCTEHN IOKa3aTess
[IpeJOMJIeHHUS INPUBOLUT XUMHUecCKast obpa-
6orka, GopMHUpYyoOIIas MOPUCTYIO CTPYKTYPY.
IToprCcThle MAaTPHUILLBL IIPeACTAB/SAIOT cCOO0M Heo-
HOPOJHYIO CpeAly, KOTOpasi COCTOUT K3 IBYX KOM-
IIOHEHTOB — CUJIMKATHOI0 KapKaca u cBo6ogHOTO
ob6beMa mop, KOTOPBIM MOXKeT OBITh 3aIlOJIHEH
Bo3ayxoMm (ob6pasel B BO3AYLUIHO-CYXOM COCTOS-
HUH), TH60 UMMepPCHOHHOM KUJKOCTBIO C OIlpe-
IeleHHBIMH XapaKTepHUCTHKaMHU (ImoKasare-
JleM IpeJIoOMIeHHUS U Ko3OPUIIMeHTOM IIOIJIoIe-
Hus). [IokasaTesb IIpeoMJIeHUS B JAHHOM CIy-
Yae mpenacTaBiseT cobor 3¢ PeKTUBHBIM ITOKa3a-
TeJlb NPeNOMIeHUS (N,44) MHOTOKOMIIOHEHTHOM
Cpelbl, KOTOPBIM oIlpefensieTcsd NaplHalbHbBIMU

the production of nanoporous
silicate matrices the techno-
logical procedure was followed
which allows of reproducing
the specified characteristics of
NPSM from batch to batch.
When studying the optical
properties of the internal struc-
ture of transparent samples the
most common and sensitive are
interferometric methods that
estimate the state of the sam-
ple by its phase changes. The
method of digital holographic
interferometry (DHI) was used
in [4]. The developed method
allowed of obtaining interfero-
grams (IG) of the sample state at

different stages of NPSM manu-
facturing, to carry out compari-
son and analysis of experimen-
tal results.

The optical homogeneity of
the samples was monitored by
examining their phase char-
acteristics at an experimental
bench (Fig.1).

The bench is designed to
study phase transformations
of transparent objects by digi-
tal holographic interferometry
(DHI) method and is equipped
with a terminal for process-
ing experimental data [4]. The
object module is placed out-
side the main interferometric

scheme, which makes it pos-
sible to study different states
of the same object when it is
exposed outside the interferom-
eter according to the scheme:
blank - control; acid treatment
(NPSM-7) - control; alkaline
treatment (NPSM-17) - control.
The object module is a cuvette
with water where the sample to
be examined is placed. The sam-
ple is set in the centre of the
object beam perpendicular to its
central beam. Interference con-
trol presents an interferogram
(IF) experiment and involves the
acquisition of two digital holo-
grams H1 and H2 by shooting
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Tabauua 1. Mapamempbl uccaedyenblx Mampul, npu 3anoAHeHUU nop 8030yxom U 80000 NocAe KUCAOMHO20 mpasAeHus (3man 1, 0bpasel,

HICM-7) u nocae weno4Hozo mpasneHus (3man 2, o6pazet, HICM-17)

Table 1. Parameters of the studied matrices when filled with air and water after acid etching (stage1, sample NPSM-7) and after alkaline

etching (stage 2, sample NPSM-17)

O6pasew

Sample Stage 1. Acid etching (NPSM-7)

\"/

% n
¢
. (Nyp = 1,33)

nop’

1 22,6 1,36 1l A%

3T1an 1. KucnotHoe Tpasnenue (HNCM-7)

3T1an 2. Llleno4yHoe TpasneHue (HNCM-17)
Stage 2. Alkaline etching (NPSM-17)

V., % N,
> (Myop =1,33)

54,3 1,21 1,385

2 22,6 1,36 1,44

53,9 1,21 1,385

BKJIagaMH Ka>XIOM COCTaBASIOIEeN, U OI4
MOPUCTOM MATPHUILBI C AByMS KOMIOHEHTaMHU
BBIUHC/sIeTCS IO Gopmyite (2):

Ny = Vnopnnop +Ven,, )
rae Vo, ~ OTHOCHUTENbHBIN CBOOOAHBIN 00beM
[0p; Npop, ~ [IOKa3aTeslb MPeJOMIeHUS HAIO-

HUTessl cBobomHOTO o6beMa mop (IIOPHI 3aII0JI-
HEeHBl BO3JYXOM ~ N,, = 1, IIOPBl 3aII0TTHEHBL
BOJIOH ~ Ny, = 1,33); V, ~ oTHOCKTeNbHBIN 06beM
obpasna, 3aHUMaeMbIH CHJIUKATHBIM KapKacoM;
n, - IOKa3aTeab HPEJIOMJIEHHUS KapKaca HOpU-
croro obpasua (n, =1,45).

B KauecTBe OCHOBHOTIO IIapaMeTpa [IIs OLleHKH
ONTHYECKON HeOLHOPOAHOCTH HCIIONIb30BaHA

BeJIMYMHA U3MeHeHUs 1o pabodel MOBEPXHOCTH
obpasua 3¢ deKTUBHOIO IMOKa3aTess IIpeioMJie-
Hu4 (n,y), KoTOpas B pabore o6o3Havaercs An.

H3mepeHHe cBOOOAHOTO 06beMa IOP MPOU3-
BOJMJIOCh BECOBBIM METOJOM — IIO pa3HHMIle Beca
obpasia B BO3YIIHO-CYXOM COCTOSIHUH U IIPH €ro
3aII0JTHEHHUH BOJOM C IIOCJIeAYIOIUM PacueTOM.

9bPeKTUBHBIN IOKa3aTelb MPeTOMIEHUS
obpasia, pacCUMTAaHHBIH 10 dopmyie (2), pen-
cTaBasieT cob6oll IoOKa3aTelb IIpeIOMJIeHUS,
yCpegHeHHBIH 110 BceMy o6beMy obpasiia, To ecTh
KaK I10 ToNIHHe obpaslia, TaK U I10 ero IyIomasu.

B Tabs. 1 mpuBeeHbI IapaMeTPhl KCCIeyeMbIX
06pas10B B BO3AYIIHO-CYXOM COCTOSSHUU U IIPHU
3aI0/THeHU U IIOP BOJIOM IOC/Ie KaskK/I0T0 U3 3TAIIOB
XHMHYECKOTO TPaBIeHHUS.

two frames (exposure 1/1500 s),
one frame, H1 is a hologram
with sample, the second, H2
is a hologram without sample.
In the time interval between
frames a stable state of imaging
conditions and absence of phase
changes in the object beam were
ensured.

The interferogram, describ-
ing the state of the object, was
created with the bench software
by subtracting the hologram
H2 from the hologram H1, with
the formation of a phase differ-
ence expanded over the area of
the sample with tangential con-
trast: IG = H1 - H2.
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Each point of the IG with x,y
coordinates in the object plane
describes the phase change of
the object beam ¢(z) and is cal-
culated by the formula (1) [5]:

Ad =21 x A(nl)/A, (1)

where A is the radiation wave-
length in the sample; A(nl) is a
change in optical thickness of
the sample along the z-axis, n
is the average refractive index
of the sample, 1 is the geomet-
ric (physical) thickness of the
sample.

The technological mode of
obtaining NPSM as the basis of

volumetric recording media was
developed with the purpose of
creating matrices with charac-
teristics uniformly distributed
over the sample thickness [6].
Therefore, the plane-parallel
samples (1+4 mm thick) were
placed during chemical treat-
ment in the position closest to
vertical in order to ensure uni-
formity of characteristics along
the thickness (in the horizon-
tal direction). Now it became
necessary to describe the qual-
ity of porous matrices in terms
of improving the optical homo-
geneity over the area of samples
produced by NPSM.
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Tabauua 2. ®asosas cmpykmypa 3a20mosoK 0Asl UCCAeyemblx
06pa3uos duckoe (N1 u 2): uHmMepdepozpanimbl NOAY4YeHb! 8 803-
dywHol cpede u 8 800HOU cpede

Table 2. ®azosas cmpykmypa 3a20mosoK 945 Uccaedyemblx 06paz-
uo8 duckos (N2T u 2): uHmeppepozpammbl NoAyUeHbl 8 8030YLIHOL
cpede u 8 800HOL cpede

O6pasew,
Sample

B BO3AYLWIHOMN cpee
In air

B BogHOM cpepie
In water

3aBHCHMOCTH pacIpefesieHUs IIOP II0 pas3me-
paMm IocJie MpoBeJeHHSs 3TAallOB XHUMHYIECKOTO
TpaBJIeHUS OBLIM OIlpefeeHBbl IyTeM dKCIIepU-
MEeHTA/JIbHOI'O U3MepeHUs U30TepM afcopbLuu-
gecopbuuu nmapos 3TuI0BOro cnupra (HIICM-7)
U napoB pTyTu (HIICM-17) [6]. lHaMeTPsl IO IPHU

One of the main aims of the

MaKCHMaJIbHOM 3HaYeHUHU 3TON QYHKLHUHU AAIU
Ha3BaHUS obpasnam, MoJIy4aeMbIM I10 JAHHOHU
TexHomoruu — HIICM-7 u HIICM-17.

PE3Y/IbTATDI

VuTepdeporpaMMEl, xapakTepHu3ywiirue $pa3oByI
CTPYKTYPYy UCXOAHBIX 06pa31[0B-3aTOTOBOK, IIpHBe-
IeHBI B Tab.2.

Kak BUJHO U3 IPUBEeJEHHBIX JAHHBIX, UHTepde-
PEeHLIMOHHBIE II0JIOCHL B 3aTOTOBKAX PACIIOIAraloTCs
o romazny ob6pa3noB MPakKTHYECKU Iapal-
JIeJIBHO APYT APYyry. PaccTosiHHe MesKAy I0JIOCaMU
omnpenensieT KIUHOBUIHOCTh 06pa3a-3aroToOBKH.
CirenyeT OTMeTHUTH, UTO 3TO PACCTOSHHUE II0 IIJIO-
magu obpasiia-3aroTOBKHU MpPaKTUYeCKU He H3Me-
HSeTCs, 4YTO CBUJETe/NbCTBYeT, KakK U CJIe/0BaJio
O>KHJATh, O pPABHOMEPHOCTH pacIlpelle/leHU s I10Ka-
3aTesIs IpeJoMJIeHHU S CIUIOMHOTO0 obpa3ma cpensl
I10 ero o6Bemy.

HHTepdeporpaMMBl HCCIeAyeMBIX obpas-
LI0B | ¥ 2 I10CJIe Ka>KA0TO 3Talla TPaBJIeHUS IIPUBe-
IeHbl B Tab.3.

OTMeTHUM elle pa3, YTO UHTepPepeHI MOHHbIe
I10JIOCHI B 3arOTOBKAX PACIIOJIO>KEHBI IapaJlieIbHO
OPYL OPYTY Y PAcCTOSTHHE MeXXIY HUMHU IIPaKTH-
YeCKH He U3MeHseTCs Mo Iutomany obpasmna. B o
>Ke BpeMsI IT0CJIe XUMHUYeCKOH 06paboTKH CTPyK-
Typa HHTepdeporpaMM H3MeHsieTcs - Habmro-
JlaeTcss UCKPUBJIEHHE [10JI0C U YMEeHbIIeHHe pac-
CTOSIHH S MeXXAY HHMHM B HallpaBJIeHHUH CHIIBI
TS>KeCTU. TaKHe M3MeHeHHUS XapaKTepHBI KakK
onst HIICM-7, Tak u gnsg HIICM-17. U3MeHeHUe

study was to determine the
effect of gravity on the result
of the chemical etching steps
of the blanks. When setting up
the chemical treatment, the
samples were oriented in such
a way that the effect of gravity,
with respect to the sample, was
always directed in one direction.
In order to determine the grav-
ity effect on the etching result,
sample 1 was rotated 180° around
the horizontal axis before alka-
line etching and sample 2 was
leftin the same position.

The optical quality of NPSM
samples is determined by both

the quality of the blank and the
structure of the porous frame.
The optical quality of a blank is
determined by the optical homo-
geneity of the material (source
glass is DV) and the quality of
the optical-mechanical process-
ing. As a rule, the blank has no
optical inhomogeneities of the
refractive index. The quality of
optical surface machining cor-
responds to the requirements
for machining optical parts.
However, the small sample size
(up to 50 mm) and small thick-
ness (1-3 mm) of the used sam-
ples limit the machining pos-
sibilities, which leads to the

presence of an uncontrolled
angle between the optical sur-
faces, i.e. to the wedging of the
sample.

Appearance of refractive index
inhomogeneities is caused by
chemical treatment that forms a
porous structure. Porous matri-
ces are heterogeneous media
that consist of two compo-
nents - a silicate framework and
a free pore volume, which can
be filled with air (air-dry state
sample) or with an immersion
liquid with certain characteris-
tics (refractive index and absorp-
tion coefficient). The refractive
index in this case is the effective

VoL.14 No.6 2021 NANO INDUSTRY



HAHOMATEPUADbI

Ta6auua 3. ®azosas cmpykmypa 06pasos nocAe KucAomHozo mpasaenust (HMCM-7) u weno4Hozo mpagaeHus (HICM-17), nony4eHHas
8 8030yLWHOL cpede U 8 800HOLU cpede. Obpasel, 1 Ha 3mane WeA04H020 MpasAeHUs OpUEHMUPOBAH OMHOCUMEeAbHO HANPABAEHUS! CUAbI

msxkecmu (g) c nogopomom Ha 180° No CPABHeHUH C NOAOXKeHLeM NpU KUCAOMHOM MpagAeHuU

Table 3. The phase structure of samples after acid etching (NPSM-7) and alkaline etching (NPSM-17), obtained in air and in water. Sample1in
the alkaline etching step is oriented relative to the direction of gravity with a 180° rotation compared to the position during acid etching

HMNCM-7
B BO3AYLUHOM cpepe
NPSM-7 in air

O6pasewn
Sample

g
B BOAHOM cpeae (2)
NPSM-7 in water

HMCM-7

Bepx

HIMNCM-17
B BO3/yLIHOM cpepe
NPSM-17 in air

Hwns Hwn3
Bottom

HMNCM-17
B BOAHOM cpepe
NPSM-17 in water

Bottom

Hwn3 Hwn3
Bottom Bottom
2 Bepx Bepx Bepx Bepx
Top Top

Bottom

Top Top

refractive index (p.f) of the mul-
ticomponent medium, which is
determined by partial contribu-
tions of each component, and is
calculated for a porous matrix
with two components according
to formula (2):

where V,, is the relative free
pore volume; ng,, is the refrac-
tive index of the free pore vol-
ume filler (pores filled with
air - ny,, = 1, pores filled with
water - nN,, = 1.33); V, is the
relative volume of the sample
occupied by the silicate frame;

n, is the refractive index of the
porous sample frame (n, = 1.45).

The change in the effective
refractive index, N4, which is
denoted by An in the paper, is
used as the main parameter for
assessing optical heterogeneity.

The free pore volume was
measured by the weight
method - the difference in
weight between the sample in
the air-dry state and when it
was filled with water, followed
by a calculation.

The effective refractive index
of a sample, calculated using
formula (2), is the refractive
index averaged over the entire
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sample volume, i.e. over both
the sample thickness and the
sample area.

Table 1 comprises the param-
eters of the test samples in air-
dry state and when filled with
water after each of the chemi-
cal etching steps.

The pore size distribution
relationships after the chemi-
cal etching steps were deter-
mined by experimental mea-
surements of the adsorption-
desorption isotherms of ethyl
alcohol vapour (NPSM-7) and
mercury vapour (NPSM-17) [6].
The pore diameters at the max-
imum value of this function
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IoJoKeHU s obpasiia Bo BpeMs LieJIouHOM obpa-
6oTku (0bpaser 1) Mo CpaBHEHHUIO C ero I10JoXKe-
HHUeM BO BpeMs KHUCIOTHON 06paboTKU IIPUBO-
OUT K JOCTATOYHO IPUYYAJIHNBON popMe UHTEpP-
bepeHIIMOHHON KAapTUHBI — HNOSBJIEHUO "BIa-
OUHBL" B IIleHTpe o6pasia. OTo CBUAETEIbCTBYET
0 3HAYHUTEJIbHOM BJIMSHUHU CHUJIBL TAXKECTH
Ha IIPOLeCcCH PACTBOPeHHU S XUMHYECKH HeCTOH-
KoM ¢a3el u aMopdPHOro (TOHKOLUCIIEPCHOTO)
KpeMHe3eMa U BbIBeJIeHUS IIPOAYKTOB PeaKkIuHU
M3 JIMKBAI[MOHHBIX KaHAJIOB.

BaskHO MOAYEPKHYTh, YTO OITHUYECKAS HEOJ-
HOPOJLHOCTb IIOPUCTHIX 06pa3moB obycioBaeHa
HepaBHOMEPHOCTBHIO paclpeeeHHUs CBOOOLHOrO
o6beMa mop mo o6vemy obpasma. IIpu 3TOM TOI-
muHa obpasna | He U3MeHsIeTCs.

IIpy pacCMOTpeHUHU HHTepdeporpamMm, I0JIy-
YeHHBIX B JaHHON cxeMe (puc.l), paccTosiHHUe
MeXIy ABYMS HHTepdepeHIIMOHHBIMHU II10JIO-
CaMU COOTBETCTBYET Pa3HOCTH a3 21m. ITa BeIu-
YHHa ollpeJesieT U3MeHeHHe cpefHero sdpdpex-
TUBHOTO ITOKa3aTess IpeJoMJeHHs obpasma
Ha ero MOBePXHOCTHU MeXAY ABYMS CMeXHBIMU
rmonocaMu (tabin.4). Ilociie MpoBeLeHUS 3TAIOB
XUMHYECKOTO TPABIE€HUS PACCTOSIHHE MeXIY
HHTepbepeHIIMOHHBIMHU [10JIOCAMH U3MeHSeTCs
B HaIIPaBJIEHUHU CHUJIBI TSKeCTH. [IpudeM, yMeHb-
IIeHHe PAaCCTOSHUS MeK/AY I10JIOCAMHU CBU/IETeb-
CTByeT 06 yBeJIMUeHHU AN MeXAy HUMU U IIPU-
BOAUT K YBeJIHMYEeHHIO 3HAUEHUHN H3MeHeHUS
IoKa3aTess IIpeOM/IeHHS Ha eJUHHUIY ATHHBI
B HAIIPaBJIEHUHU CHJIBL TSISKECTH.

Tabauua 4. BeAuduHa usmeHeHuUl nokasameAst npeAoMAeHuUs 06~
pasua mexxoy 08yms CMeXXHbIMU UHMepdepeHUUOHHbIMU NOAO-
camu (An/2m) Ha pasHbix 3manax uzzomoseaeHus HICM npu uc-
CAe008aHUU UX ONMUYECKO20 Kavecmaa memodom LIrV Ha 3Kc-
nepumeHmanbHom cmexde (puc.1)

Table 4. The value of changes in the refractive index of the sample
between two adjacent interference bands (An/2m) at various stages
of NPSM preparation when examining their optical quality by DHI
on the experimental bench (Fig.1)

ST1an An/2m, 1074
WU3roToBJIeHUS
Preparation
stage B Bo3payxe B Bope
(Npop=1 (N,0p=1,33)
In air In water
KncnoTHoe Tpas-
nieHve (HMNCM-7) 3,91 3,70
Acid etching
LllenoyHoe Tpas-
nerHune (HMNCM-17) 4.4 3,84
Alkaline etching

Hanpumep (cm. Tabm.3), B ILeHTpe
obpasua 2 u3MmeHeHHUs $as3bl B 2T IPOUCXOAUT
Ha y4dacTke Az =5 MM, a Ha BepxHeM Kpae obpasia
Ha yudacTke Az = 0,2 MM. MeHHO Benru4yHnHa An/d
(d - paccTosiHHe MeXXAY ABYMS HHTeppepeHI|HOH-
HBIMU I10JIOCAMH) XapaKTepHU3yeT ONTHYECKYIO
HeOJHOPOLHOCTb 06pasua, 3¢PeKTUBHBII IIOKaA-
3aTeJlb IIPeJIOMJ/IEHHSI KOTOPOU IIPH ero oIlpefese-
HHUU yCpe[HeH I10 06beMy.

gave names to the samples
produced by these technolo-
gies - NPSM-7 and NPSM-17.

RESULTS

Interferograms describing the
phase structure of the origi-
nal blank samples are shown in
Table 2.

As can be seen from the above
data, the interference fringes
in the blanks are arranged
almost parallel to each other
over the sample area. The dis-
tance between the fringes
determines the wedge shape of
the sample blank. It should be
noted that this distance over

the area of the sample blank
practically does not change,
which indicates, as one would
expect, the uniformity of the
distribution of the refractive
index of a solid medium sample
over its volume.

Interferograms of test sam-
ples1and 2 after each etching
step are shown in Table 3.

Note again, that the interfer-
ence fringes in the blanks are
parallel to each other and the
distance between them practi-
cally does not change over the
sample area. At the same time,
after chemical treatment the
structure of interferograms

changes - a curvature of fringes
and a decrease in the distance
between them in the direction
of gravity are observed. Such
changes are characteristic of
both NPSM-7 and NPSM-17. The
change in sample position dur-
ing alkaline treatment (sample
No.1) compared to its position
during acid treatment results
in a rather bizarre interference
pattern - the appearance of a
"trough” in the centre of the
sample. This indicates a sig-
nificant influence of gravity on
the dissolution of chemically
unstable phase and amorphous
(finely dispersed) silica and the
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An/d, 1074, MMt mm*

zZ, MM | mm

Puc.2. Vi3meHeHue seauduHbl An/d e ceveHuu A-A 06pasuo8 HICM-17 Ne 1 u 2 (cm. ma6a.3): nyHKmMuUpHble AUHUU — 3d20MOo8KU
8 800HOLUI cpede, CNAOLHbIE AUHUL — 06pa3Lbl NOCAE NOAHO20 LUKAAG XUMu4veckol 06pabomku 8 800HoU cpede. Bepx obpasua, z=0,

npu e20 NOAOXKeHUU 80 8pems LWeao4Ho20 mpasaeHus (HINCM-17)

Fig.2. Change of value An/d, in section A-A of samples NPSM-17 No.1 and 2 (see table 3): dashed lines - blanks in aqueous medium, solid
lines - samples after full cycle of chemical treatment in aqueous medium. Top of sample, z = O, at its position during alkaline etching

(NPSM-17)

Ha puc.2 mokasaHO M3MeHeHHe BeJTHUYHHBI An/d
B CeueHUH A-A HcCIelyeMbIx 06pasiioB. BaskHo oTMe-
TUTB, 4TO A1 06pasroB HIICM-17, ony4eHHBIX IIPU
YKa3aHHOM IeOMeTPUH XMMUYeCKoH 06paboTKH 3aroTo-
BOK, 3a/IaHHOM BEeJIMUHUHOM OIITHYeCKOM O HOPOSHOCTH
(Hanpumep, An<1074), MOryT 06/1a1aTh TOIBKO He6OIIb-
mre (HeCKOJIbKO MHJUTIMETPOB) y4acTKH 06pasiia.

BbIBO/Lbl

B paboTe mpomeMOHCTPHUPOBAHO 3HAUUTENbHOE
BIHAHUE CHUJIBI TAKeCTH Ha OpMUPOBaAHHUE IIOPU-
CTOM CTPYKTYPBl CHIHMKATHBIX MaTpul HIICM
U Ha pacnpefeneHue cBobomHoro obvema Imop
no muomanu obpasua. [IokasaHo, YTO XapaKTep
3TOr0 BAUSIHHSA HE 3aBHCHUT OT BH/JA TPaBIeHHS:

removal of reaction products
from the liquation channels.

It is important, that the opti-
cal inhomogeneity of porous
samples is due to the non-uni-
form distribution of the free
pore volume over the sample
volume. The sample thickness 1
does not change in this case.

When considering the inter-
ferograms obtained in this
scheme (Fig.1), the distance
between the two interfer-
ence fringes corresponds to a
phase difference of 2m. This
value determines a change in
the average effective refrac-
tive index of the sample on

its surface between two adja-
cent fringes (Table 4). After the
chemical etching stages the dis-
tance between the interference
fringes changes in the direction
of gravity. Moreover, a decrease
in the distance between the
bands indicates an increase
in An between the bands and
results in an increase in the
change in refractive index per
unit length in the direction of
gravity.

For example (see Table 3),
in the centre of sample 2 a
phase change of 2m occurs
at Az = 5 mm, and at the
upper edge of the sample at

HAHO MHOVCTPHA Tom 14 Ne6 2021

Az =0.2mm. Itis the value An/d
(d - distance between two inter-
ference fringes) that charac-
terizes optical inhomogeneity
of the sample which effective
index of refraction, when deter-
mined by volume averaging.

Figure 2 shows the change
of An/d value in section A-A
of the investigated samples.
It is important to note that for
NPSM-17 samples obtained with
the specified geometry of the
chemical treatment of blanks,
only small (a few millimetres)
sections of the sample may have
a given value of optical homoge-
neity (e.g. An<1074).
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B HaIlpaBJIeHHUHU CHJIBI TSOKeCTH PACCTOSHUE MeXKIY
HHTeppepeHIIMOHHBIMHU [10JIOCAMHU YMEHbBIIAEeTCS,
YTO BeJleT K yBeTHUeHHUI0 3G HeKTHBHOIO IT0Ka3aTesst
IIpeIOMJIeHHU S B HUKHeHN 4acTH obpasia, pacrono-
SKeHHOTro B paboueM o6beMe BepTHKAIBHO.

OnTHyeckasi HEOLHOPOIHOCTh 06pa31oB 06ycI0B-
JleHa BAHSHHUEM XUMHUYEeCKOT0 TPAaBIEHUS U CBS-
3aHa C yoaJeHueM JerkopacTBOpuMoH dasel, obora-
IeHHOM OKKCIaMHu 60opa U HaTpHU S, IPU KUCTOTHOM
TPaBIeHUU, U yAaJeHHeM 'BTOPUYHOI0" KpeMHe-
3eMa K3 obnacTu paspyuieHust 60paTHON a3kl IpU
IIeJIOYHOM TPaBJIEHUH.

Kak mokasas mpoBeJeHHBIN aHAIU3, KOIHUYe-
CTBEHHBbIe JaHHble H3MeHeHUSs I0Ka3aTess Ipe-
JIOMJIEHU S HA e AUHHUIY JJIMHBI JOCTATOYHO BBICOKH,
Y OIITHYEeCKH OJHOPOJHBIMU MOKHO CHHUTATh TOJIBKO
OTZAeNIbHBIE YUACTKU pabouel miomanu obpasma.

[IpakTH4YeCKHd BasKHBIM Pe3y/JbTaTOM SIBISETCS
KCII0Ib30BaHHeE MeToza LUPPOBOI Tosorpaduyeckomn
HHTepdepoOMeTPUH IJISI UCCIIeTOBAHUS OIITUYECKOTO
KadyecTBa HAHOIIOPUCTBIX CHJIMKATHBIX MaTpHII.
Pa3paboTaHHasi METOJMKA HCCJIeJOBAHUS ONITHYe-
CKHUX XapaKTepuCTUK HIICM Mo3KeT 6bITh IPUMeHeHa
IJ71s1 KOHTPOJIst 06pas1oB IIpU pa3paboTKe TeXHOIOT U~
YeCKUX peskUMOB monydyeHus HIICM ¢ 3aflaHHBIMHU
3HaUYeHHUSIMU OIITUYECKON OTHOPOLHOCTH.
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CIIeKTPOCKOIIHA.

Jekaapauus o koH$paukme unmepecos. Asmopeol 3a18A10Mm
06 omcymcmauu KOHMAUKMOB UHMepecos UAU AULHBLX 0MHOuLe-
Hul, Komopble MozAu bbl nosausms Ha pabomy, npedcmasAeHHyto
6 daxHoll cmamoe.

CONCLUSIONS
This study demonstrates a sig-
nificant influence of gravity on
the formation of the porous struc-
ture of NPSM silicate matrices and
on the distribution of a free pore
volume over the sample area. It
is shown, that the nature of this
effect does not depend on the type
of etching: in the direction of
gravity the distance between the
interference fringes decreases,
which leads to an increase in the
effective refractive index in the
lower part of the sample located
vertically in the working volume.
The optical heterogeneity
of the samples is due to the

effect of chemical etching and
is associated with the removal
of the readily soluble boron
and sodium oxide-rich phase
during acid etching and the
removal of "secondary" silica
from the borate phase break-
down area during alkaline
etching.

The analysis shows that the
quantitative data on the change
in refractive index per unit
length is quite high and that
only parts of the working area
of the sample can be considered
optically homogeneous.

The practically important
result is in use of the digital

holographic interferometry for
studying the optical quality of
nanoporous silicate matrices.
The developed method of inves-
tigation of optical characteris-
tics of NPSM can be applied to
control samples when develop-
ing the technological regimes of
production of NPSM with speci-
fied values of optical homogene-
ity. |
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