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[IpencraBieHbl pe3yabTaThl eMTOCEKYHIHOM JIa3epHOM MUKPOOOPaOOTKM B aTEPMUYECKOM U TETUIOBOM
pexXumMax npo3pavyHOro CUTajla Ha ocHoBe cuctembl Li,O—Al,0;—Si0, co 3HaueHueM TeMnepaTypHOro
ko3 duIMeHTa JIMHEHHOTO paclIMpeHusi, OJIM3KUM K HYJ10. Pe3ynbTaThl 3JIeKTpOHHONW MUKPOCKOITUU U
IUbPaKIUK SIEKTPOHOB MOATBEPXKIAIOT MOTHYIO aMOPGU3AIINI0 HAHOPa3MEPHBIX KPUCTAILIOB [3-3BKPHIT-
TUTOIIOJOOHBIX TBEPABIX PACTBOPOB IMOM AEUCTBUEM JIa3€PHBIX UMITYJILCOB. METOIOM KOJMYECTBEHHOM
¢a30B0I1 MUKPOCKOITMHU MPOBEEHA OLIeHKAa U3MEHEHUSI TToKa3aTeJIsl TPeJIOMJIEHUS B OTAEIbHBIX 3allCaH-
HBIX JIa3epHBIM MydykoM Tpekax. [1pu yacrore cnenoBanus 10 kI B aTepMUYECKOM peskuMe TIOJTHAst aMOpP-
duzauus cutasuia NPUBOAUT K CHUKEHUIO nokasaresis npejaomieHust (An = —0.0035) B o61actu 1a3epHoit
00paboTKM, YTO OTKPBIBAET BO3MOKHOCTU UCITOJIb30BAHUS TIPSIMOIA JIa3epHOI 3aMCy KaHAJIbHBIX BOJTHO-
BOIOB B TEPMOCTAOMJIbHOI CUTAJUIOBOII MaTpHUIIE.

KitroueBble ci10Ba: JTUTUEBOAUTIOMOCUJIMKATHBINA CUTALI, TeMIepaTypHbIi KO3 GUILIMEeHT JUHEeitHOro pac-
mupeHus, GeMTOCeKYHIHBI J1a3ep, JazepHast amopdusaius
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BBEAEHHWE

IIpo3pauHble cUTAIbI MPUBJIEKAIOT BHUMAaHUE
uccaegoBaTeseil 6aarogapss BO3MOXHOCTU Bblaesie-
HUS B 00bEeME CUTANITIO00PA3YIOIIUX CTEKOJ MHOXKe-
CTBa KpUCTAJLJIMYECKUX (ha3 C pa3IMUHBIMU (DYHKIIM-
OHaJIbHbIMU cBo¥icTBaMu. Cpenu cuTaaiooopasyto-
mux cucteM cucrema Li,O—Al,0;—SiO, 3aHuMaer
0c000€ MECTO BBULY BO3MOXHOCTHU TOJy4YeHUSI IPO-
3payHOro MaTepuasa co 3HayeHUeM TeMIIepaTypHOTO
koo dunueHra nuHeiiHoro pacimupeHus (TKIIP),
OMu3KUM K HyJo [1, 2]. JlocTXKeHue CTOJIb HU3KUX
3HaueHuil TKJIP cBsi3aHO C BhlIEJIEHUEM B 00beMe
nutueBoamomocurkatHoit (JIAC) marpuiisl [3-3B-
KPUIITUTOINOIOOHBIX TBEPABIX PACTBOPOB, UMEIOLIUX
otpuuareibHble 3HaueHus1 TKJIP. Metonuka cuHTe-
3a CUTAJIJIOB JAHHOI CUCTeMbI COBEPILIEHCTBOBAJIACH
0oJsiee 1oJlyBeKa, YTO MO3BOJWIO HaladUThb CEpUii-
HbI BBIMTYCK KPYMHOTrabapuUTHBIX U3AEIUI C TOMyC-
koM otkjoHeHus: TKJIP B nuanazone £7 x 107 K™!
[3, 4]. JIAC-cuTajuibl B OCHOBHOM HPUMEHSIIOTCS B
Ka4yeCTBE OCHOBBI 3€pKaJl aCTPOHOMUYECKUX TEJIECKO-
MOB U JAeTajieil KOJbLIEBBIX JIa3epHBbIX TMPOCKOIOB,
obecrieurBasi TIOCTOSTHCTBO MX Pa3MepPoOB B IIMPOKOM
JIMana3oHe TeMIleparyp, HeoOXoauMoe IJIsT CTaOMIIN-

3alu paboYuX XapaKTEPUCTUK, U YCTOMUMBOCTh K
BHEIITHUM BO3ACHCTBUSIM [5].

Hapsny c atum, Bce Oonblllee BHUMaHUE IIPUBIIS-
KaloT MCCIeJ0BaHus B 001aCT MUKPO- U HAHOMO-
INGUIUPOBAHUS CTPYKTYPhI IIPO3PAYHBIX IUAJIEK-
TPUKOB, U OTHUM M3 HanboJjiee aKTUBHO pa3BUBalO-
IIMXCSI METOJIOB B 3TOiT 00J1aCTU SIBJISIETCS JIa3epHas
MUKpPOOOPadbOoTKa, IT03BOJIsoIIasl IPELU3NOHHO Me-
HSITh CBOIMCTBAa MUKPOOOBEMOB Matepuaia. Hamnbosb-
WA UHTEPEC MPEACTABISIOT JIOKAIbHbIE M3MEHEHUS
CTPYKTYPbI, BO3HUKAIOIIIE B MaTepyalie IO, IeiiCTBY -
eM (peMTocekyHIHBIX (PC) J1a3epHBIX UMITYJIBCOB, I10-
CKOJIBKY 3a CUET HEJIMHEMHOIo MeXaHM3Ma MOIJIOIIe-
HUSL YIBTPAKOPOTKUX UMITYJILCOB, XapaKTePU3YIOIIX-
CSl MCKJTIOYUTEJIbHO BBICOKOW MMKOBOM MOIIIHOCTBIO,
MOSIBJISIETCS] YHUKAIbHAsI BOBMOXXHOCTD CEJICKTUBHOIO
MOIU(MUIIMPOBaHUST MaTepuana BHYTPU (POKAJIBLHOTO
ISITHA C pa3pelIeHueM BIUIOTh IO CYOMMKPOHHOTO.
BrizBanHoe BozneiictBueM MC-j1a3epHOro my4dka Jio-
KaJIbHOe€ M3MEHEHME XMMWYECKOIO COCTaBa, ONTHYE-
CKUX XapaKTePUCTUK, XMMUUECKOI CTOMKOCTH W TIp.
MO3BOJISIET (POPMUPOBATh B 00beMe TUIIEKTPUKOB Pa3-
JIMYHBIE KOMITOHEHTBI IUISI MHTETPaJbHBIX YCTPOMCTB
¢GOTOHMKU ¥ MUKPOGIIOUANKH [6].
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HMccnenoBanuio MUKpoMoaubUIIMPOBaHUST pa3-
JIMYHBIX CTEKOJI U KpUCTAJIOB ITyykoM P C-a3epoB
MOCBSIILIEHO MHOXKECTBO MyOJMKalMii, OMHAKO UCCe-
JIOBaHWS BO3AEHCTBUS YIBTPAKOPOTKHUX JIA3€PHBIX M-
MyJbCOB Ha CTPYKTYpY MPO3PauyHbIX CUTALIOB TOKa
eNVUHUYHBI [7—9], XOTS @ priori MOXHO TIPENNOJOXUTD,
YTO CUTAJLIBI, B T. Y. CUTAJLI C OKOJIOHYJIEBbIM 3HAUEHU -
em TKJIP, aeistitoTcs TIepCrieKTUBHOM cpenoii st hop-
MUPOBaHUsI UHTETpaIbHbIX BOTHOBOIOB [10].

A.C. JlunnatbeB U Op. [8] HemaBHO MPEIJIOXUIN
crnocod co3gaHud B 00neMme JIAC-cutaiia OMHOMO-
JIOBBIX KaHAJILHBIX BOJHOBOIOB IIyTE€M 3alMCH 1IM-
JIMHAPUYECKON 000J0YKM M3 CepUM MHapalieIbHBIX
TPEKOB C MOHMKEHHBIM MOKa3aTeJIeM IIPeJIOMIICHMS,
PAaCIIOJIOKEHHBIX BIUIOTHYIO ApyT K npyry. Ilo koc-
BEHHBIM JaHHBIM KOHQoKanbHOI KP-crnekrpocko-
nuu B padote [8] ObUI cAeslaH BBIBOI O TOM, YTO JIO-
KaJIbHO€ M3MEHEHHUE IMOKa3aTesisl MpeOMJICHUS B
oobeme JIAC-cuTajiyia o0ycjaoBICHO TEM, YTO MPO-
CTPaHCTBEHHO-CEJICKTUBHbBIII HarpeB c(OKYCUpPOBaH-
HbIM D C-1a3epHBIM ITYYKOM BbI3bIBAET YACTUUHYIO
WM MOJHYIO aMOp(U3aLMI0 KPUCTALIMYSCKUX MUK-
poctpykTyp [11].

BonHoBOmHEBIE CTPYKTYpHI B OOBbEME CTEKIIOKPH-
CTAJUIMYECKUX MATPUL] C MOBBIIIEHHBIMUA MEXaHM-
YEeCKMMHM U TEPMOCTAOMJIILHBIMU CBOMCTBAMU MpPeEJ-
CTaBJISIIOT OOJBLION UHTEpEC AJIS1 pa3padOTKU KOM-
IMIOHEHTOB WHTErpaJbHBIX OIITUYECKUX CXEM WU
MUWHUATIOPU3ALMU OINTODJIEKTPOHHBIX YCTPOMCTB
a3’pPOKOCMUYECKOro 0a3mMpoBaHUs, UCHBITHIBAIOIINX
CUJIBHBIE MEXaHNYECKMEe HAarpy3Ku U Iepenaabl TeM-
nepatyp. [Ipu 3TOM IeTanbHBIX MCCIIENOBAaHMIT U3Me-
HEHUSI XMMMYECKOro 1 (pa30BOro cocTaBa B MOAU(pU-
HUpoBaHHBIX P C-UMITyJIbcaMU 00JIACTIX CUTAILIOB
MPAaKTUYECKU HET, XOTS MOHMMaHUE MPOTEKAIOIINX
IIpU JIa3€PHOM BO3IEICTBUHU IIPOLIECCOB OE3yCIIOBHO
BaXKHO TSI LieJIeHaIIpaBJICHHOM pa3pabOTKM KaHaIb-
HBIX BOJIHOBOJIOB U JIPYTUX MHTETPAJIbHBIX ONTUYE-
CK1X KOMITOHEHTOB B pa3jIMYHbIX CUTAJUIaX.

B Hacrosteii padbote BriepBble IPeICTaBIeHbI JaH-
HbI€ O (PAa30BBIX U CTPYKTYPHBIX N3MEHEHUSIX, BO3HU-
Kamux B yabTparepmocToitkoM JIAC-cuTtanie moxn,
neiictBueM @ C-1a3epHbIX UMIIYJIbCOB.

OKCITEPUMEHTAJIbBHAA YACTDb

Jlag mccienoBaHuit 1a3epHO aMmopdn3alium CcH-
TaJJla HaMW CHHTE3UPOBAHO CHUTaIOOpasylolee
MHOTOKOMITOHEHTHOE CTEKJIO Ha OCHOBE CUCTEMBI
Li,O0—Al,05;—Si0, ¢ no6aBkamu okcuaos P,0s, TiO,,
Zr0,, ZnO, MgO, BaO, CaO0, As,0;, Sb,0;. Cripbe-
BbIe KOMITOHEHTHI IIMXThI KBaJIMU(dUKauuii “oc. 4.” u
“X. 4.” TIIATeJIbHO IIepeMeIINBaJIi B pacyeTe Ha X1-
Muyeckuit coctaB (Mon. %): 61.1 SiO,, 15.9 Al,O;,
11.1 Li,O, 4.9 P,0,, 2.1 TiO,, 0.9 ZrO,, 0.4 ZnO,
2.0 MgO, 0.8 BaO, 0.4 CaO, 0.2 As,05, 0.2 Sb,0;.
JaHHBII COCTaB CTeKJia BOCHPOM3BEIECH U3 paboT
[10, 12], B KOTOpBIX ObLIa ITOKa3aHa BO3MOKHOCTH
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MOJIyYE€HHUS U3 HETO CUTAJLJIA C YIbTPAaHU3KUM 3Haye-
Huem TKIJIP.

CrekJio Bapwid B KOPYHIOBOM TUTJIE 0OBEMOM
600 mu1 mpu Temneparype 1600°C ¢ BEIpaboTKOI pac-
IUiaBa B OJIOK Ha Ppa3orpeTylo CTAIbHYIO TUIACTUHY B
dopmy. Ilociie oTkura cuTauIM3almio 00pa3LoB MPo-
BOIMJIU B My(eJIbHOI MeUYU o ABYXCTaAUHHOMY pe-
KUMY TepMOOOpabOTKU, UTO TTO3BOJISIIO Pa3ieiuTh
STaITbl 3apOKASHUS U POCTa KPUCTAJIOB U MTPEeLIN3H-
OHHO PeryJIMpoBaTh UX pa3Mep U KOJINUECTBO, a clie-
JloBaTesIbHO, M KOHEYHbIE CBOICTBa Martepuaiia. Kak
1 B padorte [12], mpo3paunbie oopa3sibl JIAC-cutai-
Jia, MOJIydYeHHbIe TEpMOOOPaOOTKOI CTeKsIa B TeyH,
cofiepXKali HAHOKPUCTAIUTHI [3-3BKPUITUTONOTOOHBIX
TBepabIX pacTBOpoB U uMenu TKIIP o_g) 12000c =

=—15x 107 K '[12].

DKCIIEPUMEHTHI MO JIa3ePHOMY MUKPOMOIUDU -
LIUPOBAHUIO CUTAJIJIOB MPOBOAMIN Ha YCTaHOBKE
npsimoit nasepHoii 3armmucu FemtoLab (Workshop of
Photonics) Ha ocHoBe PC-nazepa Pharos SP (Light
Conversion Ltd), uziryyaroiiiero uMMnyJibChl JJINTEILHO-
cteio 180 ¢ Ha mmHe BotHb! 1030 HM. JIazepHOE MMK-
poMoIn(pUIIMPOBaHNE 00PA3IIOB CUTAJIOB BBITIOTHSI-
JIOCh ITyYKOM C YaCTOTO¥H ClieA0BaHUSI UMITYJIbCOB 10 mim
500 xI11, yTO OOECITeYnBaIO aTEPMIYECKIIA WIIN TEILIO-
BOM XapakTep JJa3€pHOIro BO3A€HCTBUS COOTBETCTBEHHO
[13]. IIpeumn3uoHHOE ITO3UIIMOHUPOBAHUE U IIepeEMe-
IIeHUe O0pa3loB OTHOCUTEJbHO Ja3epHOro Iyyka
MPOBOJIUJIOCH C OMOUIBIO TPEXKOOPAMHATHOTO MOTO-
pusupoBaHHoro cronuka ABL1000-Aerotech ¢ nuHeii-
HBIMU TTIO3ULIMOHEPAMU Ha BO3MYIIIHON MOMYIIIKE.

st onpenenenust HauboJiee BLITOMHOTO peXXuMa
Jla3epHOIi 00pabOTKU, 0OeCIeUynBaIoNIero (GOpMMUpo-
BaHUE OTHOPOOHBLIX MOIM(MUKAIINIT B OOBEME CUTaI-
JIOB, ObITY 3aIIMCAHbI CEPUY MapaJICIbHBIX TPEKOB ITy-
TeM MepeMelleHuss oOpaslia IMepreHIuKYISIPHO Ha-
MpaBJICHUIO pacIIpOCTpaHeHUs C(pOKYCUPOBAHHOTO
J1azepHOro jayda co ckopoctreio 200—1000 mxm/c.
DHeprusi UMNyJIbCOB BApbUPOBAJIACH B IUAIIA30HE OT
40 mo 500 uIx. YrpasieHUe IBVDKEHUEM 00pasia OT-
HOCUTEJTBHO JIa3epHOTO IMyYKa U €r0 CUHXPOHU3ALIMS C
JIa3epHOIi reHepalueii ObUIM pean30BaHbI IIPU TOMO-
M rporpammHoro obecnieueHust SCA Professor. Jla-
3epHBII MMy4OK (POKyCHUpOBaICS 00beKTBOM Olympus
LCPLN IR 50% (N.A. = 0.65) Ha myouny 100 MKMm.

CBeTJIonoJibHasI ONTUYECKasi MUKPOCKOITUST TOP-
LIOB TPEKOB BBITIOJHSJIACH C TIOMOIIbBIO MUKPOCKOTA
Olympus BX51. KommaectBeHHas (pazoBast MUKPOCKO-
st (KPM) npoBoauiIack Ha IJIMHE BOJHBI 1045 HM ¢
LIEJIbIO OLIEHKU M3MEHEHMUSI MoKa3aTesisl MpeoMIIeHUS
B OTIEJIbHBIX 3alIMCAaHHBIX JIa3epoM Tpekax. s aToro
ObLI MCMOJIb30BAaH MOTOPU30BAHHBIN ONTUYECKUN
Mukpockor Olympus BX61, ocHallleHHBIIT MOHOXPOM-
aoii 14-onTtHoit [13C-kamepoit Retiga 3000 11 0ObeKTH-
BoM Olympus UPlanFL 10X (uucioBas aneprypa 0.3).

U1t U3ydeHuUsI JIOKAJIbHBIX CTPYKTYPHBIX IIpeoopa-
30BaHMIA, Ipoucxoadiux mnoa neiicrsuem ®C-mna-
3€PHBIX UMITYJIbCOB, IIPUMEHSIICS KOH(pOKaIbHBII
Ne 4
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Puc. 1. Ontuyeckast Mukpodgororpadus Tpeka, 3alMCaHHOTO B TEIUIOBOM pexuMe (a) mpu yactote ciaemoBanust 500 kI,
sHepruu umiyinbcoB 300 HIX 1 ckopoctr ckaHupoBaHusi 200 MKM/c, 1 onTryeckasi MUKpodoTorpadust Tpeka, Kapta ¢a3o-
BOTO CIIBUTA U YCPETHEHHBIN MPOodUIb MoKas3aTesisl peIOMJICHUs TTOIePEeYHOro CeYeHMs TpeKa, 3alMCaHHOro B aTepMUYe-
CKOM pexxume (0) mpu yactore cliienoBaHust uMITyibcoB 10 kIir, sHepruu umiryabcoB 300 HIIX M CKOPOCTM CKaHUPOBAHMSI
200 MKkM/c (31eCh 1 ajiee yKa3aHbl HAIpaBJeHUs BOJTHOBOTO BEKTOpPA JIA3€PHOTO IMy4yKa k 1 MepeMelleHH s JIa3epHOro nmyJyka

OTHOCUTEJIbHO 00pasua v).

KP-cnekrpomerp Nanofinder B cocTaBe 30HIOBOI
HaHomabopatopun NTEGRA Spectra (NT-MDT).
Bo30yxneHrne KOMOMHALIMOHHOIO pPacCesIHUSI OCY-
1LIECTBJISLIOCH MTOCPEACTBOM aprOH-MOHHOTO Jia3epa ¢
JUIMHOM BOJHEI 488 HM. JlazepHblii JIyd (hoKycupo-
BaJicsi 00beKTUBOM MUKpockorna Mitutoyo MPlan
100X B misiTHO AruameTpoM ~0.8 MKM.

Hnst nucciaengoBaHUsl CTPYKTYpPhl TPEKOB METO-
JIOM TIPOCBEYMUBAIOIIENA JTEKTPOHHOM MUKPOCKO-
nuu (IIPM) ¢ momMo1bio cpoKYyCMPOBAaHHOIO MOH-
HOTO ITyYKa M3 IIOIIePEYHOro CeYeHMs TpeKa ObLIu
MOATOTOBJIEHBI TOHKHE JIaMEJIM Ha paCTPOBOM 2JIEK-
TPOHHO/MOHHOM MukKpockorne Versa 3D (Thermo
Fisher Scientific, CIIIA). HemocpeacTBeHHOe Ha0II0-
JIeHre W MCCAeNOBaHNe CTPYKTYPhl MOOU(UILIMPOBaH-
HBIX 00JlacTeil CUTAJUIOB B HAHOMACIITA0E BBITIOMHSI-
Jiock Ha ITOM Tecnai Osiris (Thermo Fisher Scientific,
CIIA). UccnemoBaHus IIPOBOAMIIMCH IIPU YCKOPSTIO-
meM HanpskeHnu 200 kB. ITpubop ocHalieH BBICO-
KOYIJIOBBIM KOJIBLIEBBIM AETEKTOPOM TEMHOIO ITOJISI
(High-Angle Annular Dark-Field detector) (Fischione,
CIIA) u cuctemoii 3HeproAuCIepCUOHHOTO PEHTIe-
HoBckoro MukpoaHanusa SuperX (Bruker, CIITA).

HEOPTAHUYECKWE MATEPUAJIbI
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PE3VJIBTATBI 1 OBCYXIEHHWE

B o6pasue JTAC-curamia paBHOMEPHO IlepeMe-
MIAIOIIUMC JIa3ePHBIM IMYYKOM ObLIM 3alTUCAHBI Ce-
PUHM TIPOTSKEHHBIX MOAM(UKaIIMii (TPEKOB) MpU Ba-
pbUPYEMBIX ITapaMeTpax Bo3aeiicTBusi. B 3aBucumMo-
CTH OT Pa3INYHBIX COYCTAHWIA SHEPTUU UMITYJIBCOB U
CKOPOCTM CKAaHMPOBaHUS JIa3ePHBIM ITyYKOM IIAPUHA
TPEKOB B 00beMe CUTAIIIa U3MEHSIIACH OT 1 10 3 MKM 1
OT 2 10 7 MKM JJIs1 aTepPMUYECKOTO U TETNIOBOTO pe-
KMMOB COOTBETCTBEHHO. Pe3yibTarsl mjisi HauboJjee
yIauHOTO cCoUeTaHUs MapaMeTpOB 3aMucy MpuBeae-
HBI Ha ONTUYECKUX MUKpodoTorpadusx (puc. 1).

JJ1s1 olleHKU JIOKaJIbHOTO U3MEHEHUS TToKa3aTest
TIPEJTOMIICHUST TPOBOIMIIACH PETUCTPAIIHS CTeKa OIT-
TUUYECKUX CHUMKOB TpeKa B ITPOXOJISIIEM CBETE C IIa-
roMm no ryouHe 1 MkM. /lajiee ¢ MOMOIIIBIO TIPOrpaMM-
HOI 00pabOTKM CTPOMIIOCH (pa30BOE M300paKeHnE, Ha
OCHOBE KOTOPOTO, 3Has IITyOMHY 3allMCaHHOTO Tpe-
Ka, MOXKHO paccuuTaTh pa3HOCTh An MeXIy Moka3a-
TeJIeM TIpeJIOMIICHHST HeMoaubHUIITMpOBaHHON 06J1a-
CTU CUTaJIZIa U O0JIaCTH, TTOABEpPriIeiics Ja3epHOM
oOpaboTke. Paznuuue mokasaresyieit mpeJioMJeHUs B
Ppa3HBIX 00JIaCTIX MaTepuaa SIBISIETCS 00sI3aTeJIbHBIM
YCJIOBUEM TSI peayiu3aliii B HeM 2ddeKTa MOoJTHOTO
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Puc. 2. OnTuyeckas Mukpodororpadus Toplia Tpeka, 3aliMcaHHoro B oobeme JIAC-cuTaia mpu 4acToTe CAeIOBaHUS UM~
mysbeoB 10 kI, sHeprun nmmynscoB 300 vHZIx, ckopocTn ckanuposanus 200 mxm/c (a), u ciektpsl KP (6) Hemonudumpo-
BaHHOI obyactu ( /), 3aMMcaHHOTO JIa3epoM Tpeka (2), UICXOTHOTO cTekiia (3).

BHYTPEHHEro OTpaXeHWsI, Ha KOTOPOM OCHOBaHbI
METOAbI CO3MaHUsI ONTUYECKUX BOJOKOH W BOJIHO-
BOOHEIX cucteM [14, 15]. JlazepHas 3ammch TpEeKOB B
JIAC-cutaie B TEIUIOBOM peXUME BO3IeiCTBUS
MYyYKOM C 4acTOTOl ciaegoBaHust UMITYyIbcoB 500 k11
BBI3BIBAET JIOKAJIbHOE M3MEHEHUE MoKaszarelisl Ipe-
JIOMJIEHUS IEpeMEeHHOro 3HaKa Ha pa3Hol IITyOuHe 1
¢dbopMuUpyeT CIOXHBIN TTpoduib An B 3alMCaHHBIX
Jla3epoM TpeKax, UTO KOppeJupyeT C pe3yjbTaTaMu
pa6otsl [13]. OgHako non AeiicTBueM nyuyka PC-na-
3epa MpPU 4YacToTe cliefoBaHUs UMITYabcoB 10 kIia
Mokazaresib IpeJOMJIeHUSI CTAOMIBHO YMEHbIIIAeTC sl
u ipu sHepruu 300 kJ[X ero JoKaJIbHOE U3MEHEHUE
npocturaeT ypoBHs An = —0.0035 (puc. 1). HaGmona-
eMBbIi 3(pPEKT MOXKET ObITh OOYCJIOBJIICH YaCTUYHBIM
VUTY TIOJTHBIM pacIijIaBJIeHUEM KpUCTaTNYeCcKOol a-
3bl TMOJ, AEUCTBMEM Jla3epHbIX MMITYJIbcoB. [Tomo6-
Hble pe3yJbTaThl ObUIM OMMCAHbI B HAIlIEH TTPeabIay-
el padote [8], roe yacTuuHast amopduzanus Obla
KOCBEHHO TTOATBEPXAeHA YBEIUYEHUEM TTOTYIITUPHU-
HbI MUKOB Ha ciekTpax KP, 00ycIoBIeHHBIX IIPUCYT-
CTBMEM KPUCTAUTMYECKUX (pa3, HO HEMOCPEACTBEH-
HOe HaOJIoAeHWEe U ACTAIbHBIM aHAIU3 JIOKaJIbHOM
amopoduszauuu JIAC-cutaajioB B 3alTMCaHHBIX Jla3e-
pOM TpeKax paHee He MPOBOIUIKCD.

Ha puc. 2 npuBeneHa ontudeckass MUKpOdOTO-
rpacust Toplia TpeKa, 3alMCaHHOTO ITPU YaCTOTe Clie-
noBanus 10 kI, Ilpu M3MeHeHUU >HEPruu Jazep-
HbIX MITyJILCOB OT 100 mo 500 H/IK BeIcOTA TTOTIEpEY -
HOTO CeYeHUsI TPEKOB U3MEHsIeTCs B nuara3zoHe 10—
20 mxm. Taxke Ha puc. 2 mpuBeneHbI crieKTpbel KP
HeMoan(GUILIMPOBAHHOTO CUTAJlJIa, 3alTUCAHHOTO Jia-
3epHBIM ITyYKOM TpeKa Y UCXOTHOTO (HECUTAIIN3U-
POBaHHOTO) CTEKJIA.

HEOPTAHUYECKHWE MATEPHUAJIbI

Cnektpsl KP tpekoB, 3anmucanHbix B JIAC-cutai-
Je (puc. 2), IeMOHCTPUPYIOT IIPOMEXYTOUHYIO Kap-
TUHY MEXY CIIEKTpaMU CUTaJIJIa 1 UCXOMHOro He3a-
kpuctamzoBaHHoro JIAC-crekiia. HuzkoyactoTHbie
Ky B oonacty 100—180 cv~! 1 muk nipu ~490 cm ™!,
COOTBETCTBYIOIIIME TUTAHCOAEPXKAIIMM (ha3am U TBEP-
noMy pactBopy [-sBkpurtuta [15] COOTBETCTBEHHO,
CTaHOBATCS cjlabee W YIIUPSIIOTCS, TaKUM 00pa3om
CTaHOBSICh OJivke Mo ¢GopMe K COOTBETCTBYIOIIUM
yyactkam crnektpa KP ucxonnoro JIAC-ctekina. Pa-
Hee [8] npenmnonaranock, YTo B (POKaJbHOM 00JaCTH
JIa3epHOTO TyyKa JOCTUTAETCs MOBBILIEHUE TeMIIe-
patypbl npuMepHo a0 2800 K 3a onuH UMIYJIbC C
sHeprueii 100 H/IX, T.e. TeMIiepaTypa B 00JaCTH Ja-
3epHOi 00pabOTKM HOCTATOYHO BBICOKA IJISI aMOp-
¢duzaM HAaHOKPUCTAJIOB.

HccnenpoBanus metogamu I1OM monrBepXnaroT
aMopuU3aLUI0 KPUCTAIUTNIYECKOM (hpa3bl B MCCIIEAyE-
MOM CUTaJUIe KakK B TEIUIOBOM (puc. 3), TaK U B aTep-
Mu4eckoM (puc. 4) pexxmmax.

Ha cHumke xopoiiio BugHa ¢azoBopasaesieHHast
CTPYKTypa CHUTaJIJlIa BHE 00JIaCTH JIa3€pHOM 3aIllCH,
BKJIIOYAOIasi TEMHbIE 00JIaCTH pa3MepOM MOpsiaKa
10 HM, COOTBETCTBYIOIIME HAaHOKpHCTajIaM, TOLIa
KaK CTPYKTypa TpeKa oKa3bIBaeTcsl omHoponHa. He-
MMOCPENCTBEHHO HabI0gaeMoe NCUYe3HOBEHUE HaHO-
KPUCTAJJIOB B TPeKax XOPOIIO KOppeaupyeT ¢ IU-
¢paKIIMOHHBIMY KapTUHAMH, 3alIMCaHHBIMU B 00J1a-
CTU BO3ACHCTBUS JIa3epHOro ITydyka M 3a mpeaejaamMu
3TOM 00JacTh: B 0OIACTSIX BHYTPU TpeKa OPITTOBCKUE
pedIIeKChl OTCYTCTBYIOT, TOIa KaK Ha Au(paKIIOH-
HOM KapTUHE 00JIacTH 3a TpelesiaMH 30HBI ICUCTBUS
JIa3epHOTO ITyyKa HaOII0Nal0TCsl TOUeUHbIe pedIeKChl
OT OTAEJIBHBIX HAHOKPHCTAJIIOB, KOTOPbIe (POPMUPYIOT
KOJIbIIa, YTO TOBOPUT O MPOU3BOJILHOM OpHEHTALIMU
Ne 4
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Puc. 3. CsetnononbHbie [1DM-13006pakeHrst 06JIacTH CUTaJlIa C TPEKOM (a) ¥ rpaHuILlbl Tpeka (0), 3anucaHHoro B JIAC-cu-
TaJUule B TEIUIOBOM peXUME JIa3ePHBIM ITYYKOM C YaCTOTOM ciaemoBaHust uMityabcoB 500 kI, aHeprueit umiryabcoB 300 v
npu ckopocTu ckanupoBaHust 200 MKM/C, M KapTUHBI IM(MPaKLMY 2IEKTPOHOB OT BblAEJIEHHbIX 001acTeil (B, I).

Puc. 4. CsetnonosbHble U300paKeHUs1 yyacTKa CUTalJIa BHE 30HBI JlJa3epHOro MoauduuupoBaHus (a) 1 o61acTy cutalia B
npenenax Tpeka (6), 3amMcaHHOro B arepmuueckoM pexkxume PC-aa3epHbIM IMYyYKOM C YaCTOTOM CAeHOBAHUS UMIIYIbCOB
10 kI, sHeprueit ummnynabcoB 300 HIX npu ckopocty ckaHupoBaHust 200 MKkM/c, TtostydyeHHble B pexxume [TPOM, ¢ nudpak-
LIMOHHBIMM KapTUHAMU OT BbIIEJEHHBIX obJacTteii (B, I).

KPUCTAJUIMTOB, 1 TaJIO BOKPYT LIEHTPAJILHOTO pediieK-
ca oT aMop(pHOI MaTpUIIbl. AHAJIOTUYHEIE PE3yJIbTa-
TBhI OBUIM MOJY4YEeHBI W IJIsI TpeKa, 3allMCaHHOIO B
aTepMUYECKOM peXUME MPU YaCTOTE CISAOBAHUS J1a-
3epHbIX UMITyIbcoB 10 kIt1. Pe3yabraToMm Takke ObI-

HEOPTAHUYECKUWE MATEPUAJIBI tom 59 Ne 4

Jia TIojHasi aMmopdu3alus KpUcTaaIndecKoit ¢hasbl B
o0beMe curtamia (puc. 4). Takum obpa3oM, maxke B
YCIIOBUSIX, HEe BBI3BIBAIOIIMX 3¢ eKTa HAKOTUICHHUS
TerJja OT MHOTUX UMITYJIbCOB [ 16], TerioBoe Bo3aeii-
CTBUE OTHEIBHBIX MMITYJIbCOB OKa3bIBAeTCS TOCTa-
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TOYHBIM LISl TOTO, YTOOBI paCILUIaBUTh HAHOKPUCTAII-
JIbl, YCTPAHUTh MHOTO(a3HYIO CTPYKTYpy U BOcCCTa-
HOBUTb OTHOPOIHYIO CTPYKTYPY CTEeKJIa.

Ha uzo6paxenusx [1DM B obnacTn 3a mpenena-
MU TpE€Ka XOpOo1Io 3aME€THA TUITNYHas MHOFO¢)a3HaH
cuUTaajoBasl CTPYKTypa, MpHUYeM KOHIIEHTpaILUs
TEMHBIX HAHOKPUCTAJJIOB BOJIM3U TpaHUI] TPEKOB
YMEHBIIIAeTCsI, YTO CBUACTEIbCTBYET O Hayaljie Tpo-
LIECCOB PACTBOPEHUSI HAHOKPUCTAJLIOB B 30HE PE3KO-
ro TEMIIEPATYPHOTO IpagueHTa, KOTOPHI (hopMuUpy-
eTcst BOKPYT (pokanbHOM obnactu [16].

SAK/IIOYEHHME

IIponeMoHCTpupoBaHa BO3MOXHOCTb IIPSIMOMA
JlazepHOit aMopdu3aluu HaHOpa3MePHBIX KpUCTa-
JIOB [3-3BKPUITUTOTIONOOHBIX TBEPABIX PACTBOPOB B
cuTtajie ¢ Ko3PPUIIMEHTOM TEPMUYECKOTO pacIlInpe-
HY, OJIM3KUM K HYJTIO, Y BIIEPBEIE ITOKAa3aHa MIPUHIIV-
MMaabHAas BO3MOXHOCTD (OPMUPOBAHUS KaHAJIBHBIX
BOJIHOBOJOB B 00OBbEME TEPMOCTAOMIBHONM CUTAJIJIO-
BOU MaTpuUlIbl.

ITo manaBIM ITTDM BBEICOKOTO pa3pellicHUs U aHa-
Jm3a IUdpakiuuy 3JEKTPOHOB YCTAaHOBJIEHO, 4TO
MOJTHAst aMOp(U3ALIUST CUTAJLIIA MOKET OBITh JOCTUTHY-
Ta Kak B TEIUIOBOM, TaK U B aTepPMUUYECKOM PEXUMAX
BosaeiicTBusg ®C-1a3epHbIX UMITYJILCOB. B arepMuye-
CKOM peXUMe MPU YaCTOTE CJIETOBAHUSI UMITYJIbCOB
10 xI'o1 mosrHass amopu3anms cuTaiiaa B 00J1acTh Jjia-
3epHOM 00pabOTKM MPUBOIMUT K 3aMETHOMY CHIXKE-
HUIO TToKazaTess npejomiieHus (An = —0.0035).

OMHAHCHUPOBAHUE PABOThI

Pa6ora BrinosiHeHa nipu nomuepxke Poccuiickoro Ha-
yaHoro ¢oHnaa (cornmamenue No 19-19-00613-1T).
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