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HccnenoBano BiusHMEe HAHOPA3MEPHBIX HEOZHOPOAHOCTEH Ha IpOIlecChHl (aso-
BOT'O Pase/ieHus B KaIbIUACHINKOGOCHATHBIX CTEKIAX MEIUIINHCKOrO Ha3HAa-
YyeHUs. ¥ CTAHOBJIEHO, UTO HAJMUME KaljieoOpasHbIX HAHO- 1 MUKPOHEOJHOPOI-
HOCTEHl B CTPYKType KaJbIUHCHMINKO(GOCHATHHIX CTEKOJ OKAa3bIBAET CYIIe-
CTBEHHOE BJIMSAHUE Ha PACCJIOCHUE CTEeKJa B IPEIKPUCTALINZAIOHHOM IIePHO-
[le, CIIOCOOCTBYSA MHTEHCUBHON TOHKOQUCIIEPCHON KPUCTAJIN3AIIUYN THUAPOKCO-
allaTUTa W PyTHUJIa IIOCJe TEPMOOOPaOOTKM. Y CTAHOBJIEHO, YTO HJIS TOHKOIIC-
IIePCHOI 00BbEMHON KpucTajausanuu GpocdaToB KaJbIld HEOOXOAUMEIM YCJIO-
BUEM ABJAeTCA obeclieyeHre CTeXMOMEeTPUYECKOT0 COOTHOIeHus: (aszoobpasy-
IOIIUX OKCHUAOB B KosimuecTBe 5 MoJi. % P,0; u 8 mos.% CaO u Hammume B cocTa-
Be CTeKJIa OKCHUja TUTaHa cofepsKanmeM 8 moi. % .

HociimxeHo BIJIMB HAHOPO3BMipHMX HEOTHOPiIAHOCTEN Ha Ipollecu (PasoBOTO
po3zineHHsA B KaybllificuiaikodocdaTHUX CTEKJAaX MEIUUYHOrO IPU3HAYEHHS.
BceranosBsieHo, 1110 HaABHICTh KpaMJIENoAiOHUX HAHO- Ta MiKpPOHEOTHOPiZHOC-
Tell y CTPYKTYpi KanbiilicuaikodochaTHIX CTEKOJI CYyTTEBO BILJIMBAE HA PO3-
mIapyBaHHSA CKJIa B IIEPEJKPUCTAIIBAIIMNHOMY Hepiofi, CIPUAOYYN iHTEHCUB-
Hili TOHKOAMCIIEPCHIN KpucTajgisallii rifpoxcoamnaTuTy Ta PyTUAY IIiCJId Tep-
MO000pobIeHHsI. BecTaHOBIEGHO, [0 AJIs1 TOHKOLUCIEPCHOI 06’eMHOI KpucTaJri-
3a1rii ochariB KanabIlito HEOOXiJHOIO YMOBOIO € 3a0€3IIeUeHHs CTeXioMeTpuy-
HOTO CIIiBBiZHOIIEHHA (ha30yTBOPIOBAJBHUX OKCHUAIB y KiJBKOCTI 5 M0i.%
P,0; i 8 Mmos.% CaO Ta HaABHICTH y CKJIa[i CKJIa OKCUAY TUTAHY BMicTOM 8
Mo % .

The influence of nanoscale inhomogeneities on the phase-separation process-
es in calcium silicophosphate glasses of medical purpose is investigated. As
revealed, the presence of drop-like nano- and microinhomogeneities in calci-
um silicophosphate glasses renders a substantial influence on glass delami-
nating in the precrystallization period and promotes fine crystallization of
hydroxyapatite and rutile after heat treatment. It is established that a neces-
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sary condition for fine bulk crystallisation of calcium phosphates is keeping
up of stoichiometric relation of phase-forming oxides in quantities of 5
mol.% P,0, and 8 mol.% CaO and presence of titanium oxide in quantity of 8
mol.% in glass composition.

Karouessle cioBa: CTEeKJIOKPHUCTAJIJINYEeCKHEe MaTepuaJjibl, HaHOMaTePHUaJbl, I'I-
POKcCoaIlaTuT, Kpucrajajanu3alusd, (baBOBOG pasnejieHue, SapO,ZIBIIIIEOGPaSOBaHI/Ie.

(ITonyueno 19 oxkmasabps 2010 e.)

1. BBEAEHHUE

WuTepec ¥ HaHOMaTepuasaM O0YCJIOBJI€H BO3MOYKHOCTBHIO MOAM(MUKA-
IUYU U Jake TPUHIIUINAJILHOTO N3MEHEHUA CBOMCTB M3BECTHHIX Mare-
pHAaJIOB IIPU IIepexofie B HAHOKPHUCTAJIINUECKOEe COCTOSHNE W HOBBIMU
BO3MOKHOCTSAMU, KOTOPEIE OTKPLIBAeT HAHOTEXHOJIOTUS MPU CO3AAHUN
00'BEKTOB M3 CTPYKTYPHBIX dJIeMEHTOB HaHopasmepos [1, 2]. Ha cero-
THAITHUHA TeHb BO3MOKHOCTHA Pa3HOCTOPOHHETr0 IPUMEHEeHNA HaHOTEeX -
HOJIOTUI B 00JIACTY MEAWIIUHBLI, XUMUN U APYTHUX OTPACJIEH IPOMBIIII-
JIEHHOCTHY O3BOJISIOT PEIIaTh CJAOMKHLIE 3a/JaUll HAYKU U TeXHUKH.

IIpu cosmammy HOBBIX MMOKOJEHUIN (PYHKIIMOHAJILHBIX HaHOMATEPU-
aJloB MEIUITMHCKOTO HAa3HAUeHUs BaKHYIO POJb HUIPAIOT MPOIIECCHI
caMOOpraHmM3aIlni, KaKk Ha cTaauu (QOPMUPOBAHUA 3apPOALIIIEH, TaK U
Opu uX JaJbHeHIIeidl »sBoJionuu. IPpGeKTHBHOE YIIpaBJIeHNe CBOM-
CTBAMU MATEPHAJIOB MOXKET OBITH JOCTHUTHYTO TOJHKO B TEPMOAMHA-
MUYECKN HEePABHOBECHBIX YCJIOBUAX NPU HOJYUYEHUU CIEIUPUUESCKUX
IUCCUNATUBHBIX CTPYKTYP. OTU CTPYKTYPHI IPEACTABIAIOT cOO0U BEI-
COKOYIOpPAMOUEeHHBIE CaMOOpPTraHu3yloIluecss o0pasoBaHUA B CHCTe-
MaX, JAJIEKUX OT PaBHOBECHUS, 00JIafaloIre OoIpeneJEéHHON (PopMoii u
XapaKTepHBIMU IIPOCTPAHCTBEeHHO-BpEMEeHHBIMU ITapaMetrpamu [3].

CTeKJIOKpHCTAIINYEeCKe MaTepuaJjbl (CUTAJNILI), KOTOPhbIe XapaKTe-
PU3YIOTCSI PAIOM YHUKAJbHBIX CBONCTB: MeIUKO-0MOJOTMUYECKUMU,
XUMUYECKUMHU, DJIEKTPUUECKUMIU, MEeXaHNUeCKUMU, HAIJIU CBOE IITH-
poOKoOe IpUMeHeHle TaK:Ke 0Jaromaps BbICOKOYIIOPAAOYEHHOM caMoop-
ragusanuu [4, 5]. Tak, obeclieueHre AUCCUIIATUBHON HAHOCTPYKTYPHI
SABJIAETCA BAKHBIM (haKTOPOM IIPU HMOJYUYEHUN TOHKOKPUCTALIINIECKUIX
KaJabluiicuinkogochaTHbIX CTEKOJ 1 MaTepraJoB Ha uX ocHoBe. [laH-
Hble MaTepHUaJbl IBJIAIOTCSI OCHOBOM IIPU IMOJYUEHUU OMOCOBMECTUMBIX
CTEeKJIOMATEPUAJIOB U AHTHOAKTEPUAJbHBLIX CTEeKJIOKPUCTALINUYECKUX
SMaJIeBBIX MOKPBITHI. OCHOBHBEIM ACIIEKTOM IIPU CHUHTE3€ YKa3aHHBIX
MaTepuaJjioB ABJAeTcs obeclneueHre OO0OBEMHOM PaABHOMEPHON TOHKO-
IVCIIEPCHOI KpucTaausanuu gochaToB KalIbIlNA, B YaCTHOCTH, 38 CUET
peanmsanuy JUKBAIIMOHHOTO MeXaHn3Ma 3apoabinieodpasoBanusa. Bos-
HUKHOBEHNE BTOPUYHOI'O paccjaanBaHUA KaK dTalla TeTepOreHHOTOo 3a-
POKIEHUA KPUCTAJINUYECKUX IIEHTPOB CBSI3aHO ¢ 0O0pa3oBaHUeM CTAOM-
JU3UPOBAHHBIX KJACTEPOB — reTepodasHbIxX (pIroKTyaruii, oopasyio-
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X CAMOOPTaHUBYIOIIYIOCSI HAHOCTPYKTYPY [2].

HawmocTpyKTypupoBaHue B CTEKJIAX U CTEKJIOKPUCTAJLINYECKUX MaTe-
puajiax IPOUCXOIUT 34 CUET KPUCTAINBANNYU aMOPMHBIX CTPYKTYD IIy-
TEM (QIIOKTYAIITMOHHOTO 3apOKICHUS HYKJIeaTOPOB HAHOKJIACTEPOB C II0-
caenyiomum ux pocroMm [1, 6]. CyiecTBoBaHME MUKPOHEOTHOPOIHOCTEH
CIIOCOOCTBYET IOCJIEAYIONEMY PACCIOCHUIO CTEKJIA B IPEKPUCTAIIN3A-
muouHOM mepuone [4]. JIMKBaIMOHHLIN MeXaHU3M 3apOIbIlIeo0pa3oBa-
HUA CO3JAET YCJIOBUA A 00eclieueHUA PABHOMEPHOM CUTAJLIN3UPOBAH-
HO¥ CTPYKTYPHI C KPUCTAJLINUECKUMU (pa3aMU, KOTOPBIE OTBEUYAIOT 34 OC-
HOBHBIE CBOIICTBA CUTAJLIIOB.

W3sBecTHO, UTO KanbuicuInKodochaTHbIE CTEKIA XapaKTEePU3YIOTC
IIUPOKUMH o0JtacTaMu JukBanuu. Mexanusm geiicteua P,0; B KauecTBe
KaTajansaTopa KPUCTAJJIN3alluy OCHOBAH HA Pa3eJIeHUN CUCTEMEI Ha B
skunKue Gaspl. PochOPHBIN aHTUAPUA BCTPAUBAETCA B CTEKJI000PA3yIo-
IIYIO CETKY U CO3IAET YCJIOBUS IJIA pas3pbiBa cBaA3eil Si—0—Si, MOCKOJIbKY
obpasyercs ABoIiHAs CBA3b pocdhopa ¢ ogHUM Kucjopogom. Takass cBA3H
otsanuaet Terpasaps [PO,] or [SiO,4].

Ilensio manHOIl paboOThI OBLIIO MCCIeJOBaHME HAHOCTPYKTYPHBIX M3-
MeHeHUII Ha HavaJbHBIX CTAAUAX 3apPOJbINIeo0pasoBaHuA B KAJNbITUIi-
cuanKodochaTHBIX CTEKJIAX.

2. METOIUKA

Bce wmccinemyemble cTEKJIa OBLIM CBAapeHBI B OJMHAKOBBIX YCJIOBUAX
npu temieparype 1300-1320°C B KOPYHIOBLIX TUTJIAX C IIOCJIEIYIO-
UM OXJIAXKAeHNEeM Ha MeTAJJINYeCKOM JIHCTe.

s onpeneseHns MeXaHU3Ma JIUKBAIIUU CTEKOJI ITOCJIe BapKU ObLIN
BBITIOJTHEHBI 9JI€KTPOHHO-MUKPOCKOIIMYECKME WMCCJAEeIOBAHUA UX MUK-
POCTPYKTYPHI, KOTOPHIE OBLIN BHITIOJHEHBI Ha 3JIEKTPOHHOM MUKPOCKO-
ne ‘Tesla’ ¢ ucxomgunim yBeaunuenrem 2500—3000 pas. UgeaTuduiiupo-
BaHMe KPUCTAJJINYECKOM (pashl B MCCIAEAYyEeMbIX CTEKJIAX yCTaHABJIMBA-
JI C TIOMOII[bI0 PEHTTreH0(ha30BOr0 aHaln3a, KOTOPHIN BHIIOJHAIN Ha
ycranoBke « [[POH-3».

3. PESYJIBTATHI U UX OBCYKAEHUE

PaspaboTka OMOAKTHUBHBIX KaJbIUNCUINKO(GOCHATHLEIX CTEKJIOKPIU-
CTAJINYECKNX MAaTEePHAJOB MEIUIIMHCKOTO0 Ha3HAUYEHUS IIPeIyCMaTpH-
BaeT CO3JJaHNE CTEKJOMAaTPHUIlbl C PAa3BUTON JMKBUPYIOIIEH CTPYKTY-
poii, B pe3yJbTaTe KOTOPOil 00pasyioTcs: rerepodasHbie (QIIOKTYAIINT C
MMOCJIeAYIOIINM O0pasoBanueM Kpucrajandeckux ¢as ¢ochaToB Kalb-
1, OTBETCTBEHHLIX 3a OMOAKTHUBHOCTL. OCHOBHEBIM (DAKTOPOM, OIIpe-
IeIA0NNM KPUCTALIN3AIMOHHYI0 CIIOCOOHOCTD HMCCIeNyEeMbIX CTEKOJI,
sABIAeTcA comep:kanue u cooruortenune CaO u P,0;, Hammume KaTaamsa-
TOPOB KPUCTAJINBAINN, 4 TAKKE HAXO0MKIeHIe TaHHbIX CTEKOJI B HU3KO-
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Puc. 1. KpucranmusanuoHHas CIOCOGHOCTH HCCIEAYEMBIX CTEKOJ B IICEBIO-
TpoiiHoii cucreMme (SiO,+B,0;3)+2—(Ca0+P,0;)+2—(TiO,+Zr0O, + Al,0;), Txe
¥ — (Na,0 + Li,O0 + K,0).

WJIY BBICOKOKPEMHE3eMICTOI 00JIacTH.

g mocTu:KkeHUs YKa3aHHOM ITeji1 HaMHU OBLIJIO CMHTe3WupoBaHO 12
cocTaBoB cTéKoJ B cuctreme R,O—RO-R0O,-R,05,—P,0,-Si0,, rae: R,O —
Na,0, Li,0, K,0; RO — Ca0O; RO, — TiO,, Zr0O,; R,0; — Al,O;, B,Os.

Ilo xapakTepy HaaIuuusa KPUCTAJINYECKOHN (pasbl IIOCJEe BapKU KC-
caenyeMble CTEKJIAa MOKHO pas3feinTh Ha: Ipo3paunbie — Ne 8, omaJec-
meHTHBIe — NeNe 2, 3, 5, 10, 11 u 3aramyirenHbie cTexkaa — NeNe 1, 4, 6,
7,9, 12 (puc. 1).

ITo narHBIM peHTTreH0(ha30BOTO aHAIN3a NCCaeayeMbIe cTeKaa NeNe 9—12
XapaKTepU3yIOTCA PA3IUNYHON MHTEHCHUBHOCTBHIO 00pa3oBaHUA TUIPOKCO-
amatura (I'AIl) y:xe mocje BapKu IIpu coiepskanuu B Hux P,O; or 4 10 6
mou.% u CaO ot 6 10 10 mou1.% wu npu coorrorrernu CaO/P,0; ot 1,5 1o
1,67. Harnoe coorHomenue CaO/P,0; aABidgeTCA CTEXMOMETPUUECKUM IIPHU
CHHTe3e TpuKajbliuiipocdaTa M T'MAPOKCOATIATATA COOTBETCTBEHHO (pUC.
2). Hanmnune ykasaHHBIX KPUCTAJLINYECKUX (has3 B JAHHBIX CTEKJIAX SBJIA-
eTcsI TIePBOCTENeHHOI 3amauell IIpu CUHTe3e GMOCOBMECTHUMBIX CTEKJIOMA-
TepUaJIOB.

s maBepTHBIX cTEKOJ NeNe 3 Ta 4, KOTOphble HAXOAATCA B HU3KO-
KpPEeMHe3eMUCTON 00J1acTH YKa3aHHOI CUCTEMbI, MHTEHCUBHAA KPUCTAJI-
auzanud TiO, B popMme pyTuiia HabI0gaeTCS yiKe IocJie BApKU U YCUJIH-
BaeTcs mocJyie TepMooOpaboTKM. [[aHHBIE CTeKJa XapaKTepu3yIOTCA ca-
MOM BBICOKOII KPUCTALIN3AIIMOHHON CIIOCOOHOCTBIO CPEeaU NCCIeSYEeMbIX
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Puc. 3. MukpocTpykTypa crexaa Ne 10.

CTEKOJI.

s cTéKoJ BhICOKOKpPeMHedeMucTolr obmactu NeNe 1, 2, 5-12 mpu
comep:xkanuu SiO, > 50 moua.% srigenenue TiO, ompernensercsi COOTHO-
mieaueM Na,O/TiO,. [amubie cTekja, XOTA U XapaKTepPU3yITCS COOT-
"HomreHueM Na,O/TiO, > 1, mpu KOTOPOM IIOJIOKEHUE THUTaHa B CETKe
CTeKJIa ABJIAETCS TeTPadIpPUUYEeCKUM, OTJINYAIOTCI WHTEHCHUBHON KpU-
cramnausanueii pyruiaa upu cozep:xanuu TiO, ot 5 mo 8 moa.% . ATo
o0bsaAcHsAeTcA HaauuueM B coctaBe créxkoa CaO, P,0; u ZrO,, KoTopbie
UHUIUUPYIOT Kpucramnusanuio TiO,, codmaBas yciaoBUA AJA Iepexoaa
THUTaHa U3 TETPA3IPUUECKOM B OKTA9APUUECKYIO KOOPAUHAIIHUIO.

B orauune ot xpucrannmuzamnuu TiO,, KoTopas peryaupyercs 6Jaronaa-
PA COIep:KaHUIO IIeJIOYHBIX U IEJOYHO3eMeJIbHBIX MEeTaJlIOB, Ha BbIIe-
geuue ZrQO,, TIaBHLEIM 00pasoM BJIMSET TOJBKO €ro coaep:kaHue. Mssect-
HO, uTO pacTBopumocTh ZrQ, nmpu 1250°C cocrasaser 10%, a mpu 800°C
— T0JbKO 5% . [I09TOMY CO CHMIKEHMEM TeMIIepaTyphl YaCTh OKCHUIA ITUP-
KOHHUS B ICCJIEAYEMbIX CTEKJIAX KPUCTAJLIN3YeTCs B Bue 6aameenTa.

Hanuune rugpokcoanaTuTa HapAAy ¢ PYTUJIOM U O0aIaesienTOM B HC-
cJaeIyeMBbIX CTEKJIaX MO3BOJISIET 00ecIIeuBaTh UM HeOOXOAUMYIO PACcTBO-
PUMOCTH C IIEJbI0 CO3JAHUS ITOBEPXHOCTHO-aKTUBHBIX CTEKJIOKPUCTAJI-
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Puc. 4. MukpocTpykTypa crexaa Ne 11.

JUYECKUX 6MoMaTepuasoB.

3aTeM IJiA MCCJIeMOBaHUSA CTPYKTYypPOOOpasoBaHUA B JAHHOM cucTeMe
oLy BeIOpanb! cTexaa Ne 10, Ne 11 u Ne 12 ¢ pasauyHbBIM KOJIHUYECTBOM
obpasoBaBIIuxcsa Kpucramnnueckux Gas B suge ['AIl u TiO,. ITo ganabIM
AJIEKTPOHHOI MHUKPOCKOIINY CTPYKTypa odpasma Ne 10 xapakrepusyercs
moyiocuaTocthio. OHa IIpeAcTaBiieHa MIWHHBIMU OJOKAMM, OPUEHTUPO-
BaHHBIMHY II0 HAIIPABJIEHUIO (ppOHTa KpucTaaausanuu mupunoir 0,2—-0,6
MKM, Ha KOTOPHIX, B CBOIO ouepelb, HAGIIOAAI0TCA KaljieoOpasHble BbI-
nenennsa pasmepom 0,02-0,08 mxm (puc. 3, a). HeuérkocTs rpanmuis 6.J10-
KOB 00'bACHAETCA HAJWUUYMEM HA HUX TOHKOTO CJ0s cTeKJodasel. Kpome
ATOTO, IPU JaJbHEHNIIeM yBeJIWUYeHUU B o6pasiie HaOJII0Aa0TCs TOHKUE
ILJIACTUHYATHIE HEOAHOPOAHOCTH OT MEJIKUX 10 00Jiee KPYIHBIX Pa3MepPOB
(puc. 3, 6, 8). TouxkogucmnepcHasa )asa COCTOUT M3 MEJIKUX, Karaeodpas-
HBIX MUKPOHEOTHOPOLHOCTel pasmepoM oT 8 M 10 0,1 MKM.

O6paser; Ne 11 mpeacrasiaser coboit MHOTo(a3Hy0 CUCTEMY, KOTopas
COCTOUT M3 MATOYHOTO CTEKJA U XapaKTepu3yeTcsa HAJIUUNEM KaIlJIeBU-
HBIX oOpasoBanuii pasmepom 0,07-0,28 MKM, KOTOpEIE, IIO-BHAUMOMY,
SABJIAIOTCA HYKJeaTopaMu o0pasoBaHmWA TUApoKcoamatura (pmc. 4, a).
IIpu ganpHeiinell KpUCTANLIU3AIIUN 9TU 00PA30BaAHUS YBEIUUUBAIOTCA B
pasmepe ot 0,2 1o 1,8 mKMm (prc. 4, 6). [lapanieabHo ¢ 9TUM IPOIIECCOM
ugéT obpasoBaHMe UIJIOOOPA3HBIX KPHCTAJIJIOB PYTHJIA Pa3MepoM
0,14x1,08 mxM.

Bokpyr xamneBugHBIX o0pasoBaHUil B JaHHOM cTekJge (puc. 4, a)
HaOJIIOAAIOTCA KOPOTKME MHUKPOTPeInuHbl. [[aHHbIl (aKT 00bICHIETCS
TeM, UTO M3JIOM 006pasila COIPOBOKIAETCA IIPOXOKIeHueM (GpPOHTa KpHU-
CTAJLIU3aI[UY, KOTOPBIH 00pasyeT CKOJI BOJHBI Uepes YacTHUIy BKJIIOUEH-
HOU (as3bl, KOTOpPasA OTJNYAETCSI OT MATPUIIBI COCTABOM U CBOMCTBaMu. B
pesyJbTaTe 9TOTO 3a KaKABIM O0pasoBaHueM Ha0JII0/laeTcsa MUKPOTPEIIU-
Ha. Ha MukpodoTorpaduu sTo ABJIeHNE BbIPAKEHO B BUIE XapaKTepHOI
KapTUHBI, KOTJA OT BCEX YACTHUIL OTXOAAT MHUKPOTPEIINHEI, Mapajieib-
HBIEe MeXKy co00ii ¥ HallpaBJIeHHbIE COOTBETCTBEHHO HAIIPaBJICH M0 (DPOH-
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Puc. 5. MukpocTpykTypa crexaa Ne 12.

Ta BOJIHBI. JlaHHOE sABJeHUEe NaéT BO3MOKHOCTDL OIPENeIUTh HaJInuue B
CTPYKTYpe HCCIeNyeMOro CTeKJia 0OJIBIIIOro KoJnudyecTBa obJacreit, KOTO-
pble OTJIMYAIOTCA 10 CTPOEHUIO MJIM COCTABY OT CTEKJIOMATPHUIILI B TEX
cIyJasx, KOrJa 9TH 00JIaCcTH JIesKaT 3a IIpeleaMy BO3MOYKHOCTH MeTOIa.
ITo KacaeTcs HAYAJIBHBIX CTAAUM HYyKJIealuu KpucTaLindeckux das. Ilo-
9TOMY IOSIBJIEHNE IMapa/lIeJbHBIX TPEIUH BO3Je KallJIeBUAHBIX 00paso-
BaHUI HA ITOBEPXHOCTU CKOJIa CBUIETEIbCTBYET KaK 0 (DIIOKTYAIMOHHOM
XapaKTepe MUKPOHEOJHOPOAHOCTEI, TaK U O HaUaJjie HyKJIeallun.

CrpyKkTypa obpasia Ne 12 muxpoHeogHOponmHa (puc. 5). OHa mMmeer
pasHooOpasHbie 9JIeMEeHThI CTPYKTYPHI U Pa3MepoB. JJIeMEeHTHI IIPeCcTaB-
JIeHBI 3aMKHYTLIME ceprueckuMu yactuamu pasmepom ot 0,03 mo 0,5
MKM; VIJUHEHHBIMN IPU3MATHUYEeCKUMHU dacTuiiamMmu pasmepom 0,5x2,5
MKM, KOTOPbIE XaOTHYeCKH IPOHUBLIBAIOT MATPUUYHYIO OCHOBY U OKAa3bI-
BAIOT BIMSAHNE Ha apMHPOBAaHHKE MaTepuaja, a TaK:Ke YIJIOBbIMU, ILJIOT-
HBIMU 3€épHaMu pasmepoMm oT 3 mo 5 MrM. Cohepuueckue oOpasoBaHUS
MMEeIOT TJIaAKYIO BHIIYKJIYIO IIOBEPXHOCTh, UYTO CBUIETEILCTBYET O HEIOo-
CpeICTBeHHOM PasBUTHU JUKBaliuu. B mpenenax maHHBIX 00pasoBaHUI
BOSHHUKAET BHYTPEHHSA JUKBAIUA C JAJTLHEHIITNM IPOIIECCOM YIIOPAIO-
YyeHUs CTPYKTYPHI. IIposiBiieHIe B CCIeayeMOM CTeKJie BTOPUUHOTO pac-
cJaMBaHUS CBUAETEJILCTBYET O TIeTEePOreHHOM 3apOABIIIe00pasoBaHUMI
THAPOKCOAIATITA, UTO IOATBep:KAaeTcsa ganusiMu PDA (puc. 2).

Kak mokasajio mayueHne CTPYKTYPhI UCCIEIYEeMbIX CTEKOJI, He3aBU-
CIIMO OT COJIep:KaHusd B HUX KpucTajandeckoii ¢paswl B Buge I'AlIl o0-
UM AJIS BCeX HUX ABJIAETCS CHOKHBIN XapaKTep JUKBAIIMOHHBIX SAB-
JIeHUIi, KOTOPBII BhIpasKkaeTcsa B 00pasoBaHuM HaHochepHUUeCKUX HeOo-
HOPOAHOCTEH BHYTPU MUKPOKAIIe/b.

4. BBIBOAbI

Hannuwme chepruecknx HaHO- 1 MUKPOHEOTHOPOSHOCTEHN B CTEKJIAX CH-
crembl R,O-RO-R0O,—R,0;—P,0;,—SiO, mpuBoAUT K KaleJbHOM JUKBa-
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UM, KOTOopas AJsd peajanus3aliii TOHKOANUCIEePCHOM, 00bEMHOMN KpUCTaJI-
JUB3aIUY IBJIsAETCA 00Jee BLITOAHOM, UeM CTa0MIbHAA KPUCTAIN3ATIN
crekjga. Haanume rugpokcoaaTuTa B CTEKJIAX YKA3aHHOU CUCTEMEI SIB-
JsIeTCsI OCHOBHBIM (haKTOPOM HOJIyUYeHUsS OMOCOBMECTHUMBIX CTEKJIOMA-
TEePUAJIOB MeIUIIMHCKOTO Ha3HAUEHU .
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