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OBITAA XAPAKTEPUCTUKA PABOTHI
AxKTyaJabHOCTh paboThI U CTelleHb pPa3paboTaHHOCTU TEMBEI.

CoBpeMeHnHoe pa3BUTHE TEXHUKU U TEXHOJIOTHI BBIIBUTACT HOBBbIE TPEOOBAHUS K
croiicTBaM MarepuaJioB. Jloctuxkenus pyHIaMeHTAIbHON HAYKN MO3BOJISTIOT HE TOJIb-
KO YJIOBJIETBOPUTH 3T TPeOOBaHUs, HO U JIAIOT BO3MOXKHOCTH WM3TOTOBJICHUSI U MC-
MOJIb30BAHUSA MATEPUAJIOB C YHUKAJbHBIMU CBONCTBAMU, KOTOPBIE ONPEJICTAIOT HOBbIC
HallpaBJEHUA PA3BUTUA TEXHUKH.

K rmakum jocrikenusM (pyHIaMEHTAJIbHOW HAayKH OTHOCATCS (DOTOHHBIE KpH-
CTAJIJIbL, TIPEJCTABJIIONINE CODOM CYOMUKDPOHHBIE TEPUOJIMYECKHE JINIJIEKTPUUECKUEe
CTPYKTYPBbI. DTH CTPYKTYPbI 00JAJAI0T YHUKAJIHLHBIMA ONTUYECKUMU W HEJUHEHHO-
ONTUYECKUMU CBOMCTBAMHU U MOTYT HalTH MPUMEHEHHUE B 3JIEKTPOHUKE ¥ HAHOMDOTOHHU-
ke. OJHUM M3 MEePCIeKTUBHBIX NMPUMEHEHNH (DOTOHHBIX KPUCTAJLIOB SIBJISIETCS CO3/1a-
HU€E Ha UX OCHOBE ONTUYECKUX KOMIIbIOTEPOB.

K macrosmemMy BpeMeHU M3BECTHO HECKOJHKO METOJIOB M3TOTOBJIEHUS TPEX- JIBYX-
¥ OJTHOMEPHBIX CTPYKTYD [1-5], KOTOpbIE MO3BOJIMIIN TTOJYIUTH (DOTOHHBIE KPUCTAJLIIBI
Jutst naHpakpacHoit obsactu crekrpa. OIHIM U3 METOJI0B, KOTOPBIH TTO3BOJISIET MOJLY-
yaTh Oe3jiepekTHbIE epuojmieckue (POTOHHBIE CTPYKTYPhI, SIBJISI€TCH METO/, uHTEpPdEe-
peHInonHo# iurorpadun [6]. s usrorosnennst GOTOHHBIX CTPYKTYP 9TUM METOIOM
HEOOXOUMBI (POTOTYBCTBUTEbHBIE MATEPUAJIBI, TTOKA3ATEH TPEJTOMICHI KOTOPBIX B
HacTosiIIee BpeMsi He 1peBbiiaer 1,7.

[IpoBejiennbie KccaeOBaHUsT 1TOKA3bIBAIOT, UTO I M3TOTOBJIEHMST (DOTOHHBIX
CTPYKTYP C 3alIpelIeHHO 30HOi B BUAUMOIT 00JIaCTH CIIEKTPa HeOOXOINMbI MaTepHAaJIb,
[I0Ka3aTe b IIPEJIOMJIEHIsT KOTOPBIX B BUJAUMOI 00/IACTH CIEKTPA IPEBLIIIACT BEJIMIN-
uy 1,9 [7]. Oxno u3z BosMOxkKHBIX perienuii mpodseMbl co3jianust (POTOHHBIX KPUCTAJI-
JIOB ¢ (DOTOHHOM 3alIPeIieHHON 30HOI B BUJMMON 00JIaCTU CLEKTPa - MOJUpUKaIMs
OIITUYECKUX CBOMCTB (POTOUYBCTBUTEJHLHBIX MaTe€pUAJIOB, & MMEHHO, NOBBIIIEHUE KX
oKas3aTeJist MPEeJIOMJIEHNsT ¢ COXPAHEHWEM ONTUYECKON MPO3padHOCTH U (POTOUYBCTBHU-
TeJILHOCTH.

Kak yka3zbiBajoch Bbllie, (GOTOHHbIE CTPYKTYPbl 00J1a/1al0T U YHUKAJIbHBIMU HEJIU-
HEHHO-ONTUYECCKUMU CBOUCTBAMHU, CBA3AHHBIMU C CYIIECTBOBAHUEM 30HHOU CTPYKTY-
Pbl U BO3MOXKHOCTBIO YIIPABJICHUA T'PYIIIOBOU CKOPOCTHIO 3JEKTPOMATHUTHBIX BOJIH,
B YAaCTHOCTH 33 CYeT MPUOJIMMKEHUMS I'PYIIIOBONM CKOPOCTU K HYJIIO Ha Kpasix 3alipe-
IIeHHO 30HBI. POTOUYBCTBUTEIbHBIE MATEPUAJIBI, UCIOJIb3yeMble JIJI CO3MaHus (Po-
TOHHBIX KPUCTAJIJIOB ABJIAIOTCA U30TPOIHBIMU, YTO 3aTPYAHACT UX UCIIOJb30BAHUE JIJIA
HEJIMHEHHO-ONITUYECKUX TTpeodpas3oBaHuii. B ¢Bsi3n ¢ 3TUM BO3HUKAET BONPOC, BOZMOXK-
HO JIA JIMHAMUYECKOe U3MEHEHUE HeJIMHEHHO-OITUYEeCKMX CBOMCTB KpUCTaJL/1a, ITI03BOJIs-
0lI[ie, HAIlpUMe]D, OCYIIECTBJSIThH Ipeobpa3oBaHie JaCTOThI U3JIYUEHHUsI, PACIPOCTPa-
HSIOIIErocs B (pOTOHHOM KPHUCTAJLIE.



Bee BblineckaszanHoe olpejiesisieT aKTyabHOCTb HPOBOAMMbIX UCC/IC0BAHMU, IIeJTh
KOTOPbIX:

UccnenoBanme BOSMOXKHOCTH yIIPABICHUST OMTHICCKUME (CTATHICCKUMY U JIHHAMHU-
YeCKUMM) CBOWCTBAME M30TPOIHBIX CPEJL JiJisi GOTOHHBIX KPUCTAJLIIOB.

JLjist JocTrKEeHsI TTOCTABACHHOR e/ HEOOXO[MMMO PEIIUTh CJICAYIONIIe 3a,1a9u:

1. PazpaboTKa MeTOJUKN M3TOTOBJICHHUSI CYCIIEH3UI C 3aJIaHHBIM II0Ka3aTeJeM IIpe-
JIOMJICHUS;

2. Pazpaborka MeTO/MKN M3IOTOBJICHUSI U UCCJIEIOBAHUE ONTUYECKUX CBOMCTB KOM-
MO3UTHOTO MaTepuaJja (pOTOPE3UCT-HAHOTACTHUIIEI JIJIsT (POTOHHBIX KPUCTAJLIOB;

3. UccnenoBanne BiIUsSHUSI OCHOBHBIX IIapaMETPOB Ha KaUeCTBO TPEXMEPHBIX (POTOH-
HBIX CTPYKTYP, MOJIYyYaeMbIX METOJOM WHTEP(EPEHITMOHHON JinTorpadun;

4. MojesinpoBanue JIMHAMAYECKOI'0 UBMEHEHUsI HEeJIMHEHHO-OITUIECKUX CBOMCTB O/1-
HOMEPHOI'0 (POTOHHOI'O KPHUCTAJLIA U3 M30TPOIHOTO MaTepHUAJIa;

5. MonesivpoBanue reHepaliy BTOPOil TapMOHUKHK B OJIHOMEPHOM (POTOHHOM KPH-
CraJujle U3 U30TPOIHOI0 MaTepuaJla.

Hayuynas HOBu3HA pabOTHI:

1. [Ipennmoxkena m SKCIEPpUMEHTAJHHO PeaJm30BaHa METOUKa CO3JaHus CyCIIeH3Ui
HAHOYACTHUIL JMOKCHJIa TUTAHA B BOJIE, ATAHOJIE U METUJIITUIIKETOHE. BriepBhie mokas3a-
HO, 4TO ODOJiyueHUe CYCIIEeH3UN JIMOKCHJIa TUTAHA CBETOM YJbTPadUOJIeTOBOIO Jlhalia-
30Ha& B COBOKYITHOCTH C YIbTPa3BYKOBLIM JIMCIEPIUPOBAHUEM IIPUBOJINT K YJIYUIICHUIO
MOHOJIUCIIEPCHOCTH, CHUKEHUTO CPEJIHEro pasMepa HAHOYACTHI] B CyCIEH3UN W MHOTO-
KPaTHOMY YBEJUYEHUIO CTabUJILHOCTU CYCIIEH3UU BO BPEMEHH.

2. [Ipejiyiokena u 9KCIepUMEHTALHO Pean30BaHa METO/MKa CO3/laHusi HAHOKOMIIO-
3UTHOrO MaTepuaJja u3 (gporopesucta SU-8 n HAHOYACTHUIL JUOKCHIa TUTAHA HA OCHOBE
paHee IPUTOTOBJEHHBIX CYCIEH3U HaHOYACTHIl. BrepBble oCymmecTBIeHO YBeInIeHne
nokasaresst npesjaomiaerust ¢poropesucra SU-8 co sunauenus: 1,59 jo suadenus: 1,93 na
JUINHE BOJIHBI 633 HM ¢ cOXpaHeHUEeM ONTUYIECKON MPO3PAUHOCTH U (POTOUTYBCTBUTEIb-
HBIX CBOiiCTB (poTopesucTa. BriepBbie IpoieMOHCTPUPOBAHO SIBJIEHHE 00PATUMOIO YBe-
JIMYEHUs] PACCEsTHUS B KOMIIO3UTHOM MaTepuaJie (hOTOPE3UCT /HAHOUACTUIIBI JTUOKCHJIA
TUTAHA TPU MOHWKEHUN TEMIIEPATYPbl KOMIIO3UTHOT'O MaTepHraJia, OT TeMIIEPATYPbI 3a-
nekanns (90°C) mo komuarHO# TemmepaTypbl (23°C).

3. B pesynbrare nccnenoBanus BJAUSHAS OCHOBHBIX TapaMeTpPOB Ha, KAUECTBO TPEX-
MEPHBIX (POTOHHBIX CTPYKTYP, MOJYUIAEMbIX METOJIOM WHTEP(MEPEHIIMOHHONW JIMTOrpa-
dun ObLI TPEJJIOKEH MEXaHU3M U MaTeMaTU4decKas MOJIe/Ib [HOPOIOBOH 1OJIMMEPU3a-
1uu poropesucta SU-8, OTJIUUHBINA OT TPa UIMOHHLIX. BriepBbie mokas3aHo, 9TO MOPO-
roBag J103a [MOJIUMePHU3aIin Py O0JIbIINX NUHTEHCUBHOCTSIX 3aBUCUT OT BPEMEHH IKCIIO-
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HUPOBAHMs HEJIMHEITHO, aHAJOTUYHO 1TPK OOJIBIINX BPEMEHAX IKCIIOHUPOBAHUS 1TOPOTO-
Bas J103a MOJUMEPHU3aIiK 3aBUCUT OT MHTEHCUBHOCTHU HeJimHeitHo. Brepsble mokas3aHo,
YTO TPW MOCTOSTHHOM TTPOU3BEJCHUN WHTEHCUBHOCTU Ha BPEMsT SKCIIOHUPOBAHMUS JO-
3a M3JIyUeHHUsi, ToJydaeMast (pOTOPE3UCTOM, 3aBUCUT OT BPEMEHHU IKCIOHUPOBAHUS U
IOYTH HE 3aBUCUT OT WHTEHCUBHOCTH.

4. Tlpejiorkera ¥ YUCACHHO PeaU30BaHa METOJMKA JUHAMUIECKOTO M3MEHEHUSI
HEJIMHEeHHO-ONTHYECKUX CBOMCTB OJHOMEPHOro (POTOHHOI'O KPUCTAJIA U3 U30TPOIHO-
ro marepuaJa. IIpojeMoncTpupoBaHa BO3MOXKHOCTb I'€HEpallud BTOPOl rapMOHUKH B
OJIHOMEPHOM (POTOHHOM KPHCTAJIIE U3 W30TPOITHOTO MaTepuaa ¢ MaKCUMAJIbHON -
dbexrusnocruio 0,22% st aymnbl Boanbl 1226 um. IIpojgemoncrpupobana BO3MOXK-
HOCTb T€Hepallui TPeTheil ¥ BBICHINX FaPMOHMK apMOHUK B OJHOMEPHOM (POTOHHOM
KPHUCTAJIJIE U3 N30TPOITHOTO MaTepuaJa.

HayvyHasg meHHOCTh M HMpaKTU4deckKas 3HAYNMOCTh IIOJIYYE€HHBIX Pe3yJIib-
TATOB:

1. ¥YBenueHne MOHOJIMCIIEPCHOCTH ¥ YMEHbIIIEHUE CPEJIHEIo pa3Mepa HaHOYACTHIL B
CYCTIEH3WH TIpW O0JIyIeHWr ee YabTPadroIeTOM TTO3BOJISIET TOBOPUTH O TOM, UTO Haii-
JIeH HOBBIH T0/XO0/ K CO3JIaHUIO YCTOUYMUBLIX CYCIICH3UI 38 CYET JIEKTPOCTATUICCKOT'O
OTTAJIKUBAaHUs, TIOJIYUEHHOI'O B Pe3yJIbTaTe MOsBJICHUSI IIOJOXKHUTEJHHOTO 3apsijia y Ha-
HOYACTHII.

Vcnonb3oBanue yibTpaduosera i CTadUIN3AIME CYCIIeH31 HAHOUACTUIL MOXKHO
IPUMEHATD JIJIsI JIFOOBIX HAHOYACTHUIL, CIIOCOOHBIX K BHEIIHEMY (DOTOI(D(MEKTY B yKa3aH-
HOM J[Malia30He CIeKTpa. BO3MOXKHO MCIOJIH30BAHNE JIA3EPHOIO W3JIyIEHUST JIJIsi yBe-
JIMUEeHNS CTAOUJIBHOCTH CYCIEH3UI B 3aBUCUMOCTH OT XapaKTepa CIIEKTPa MOIJIONEeH
HAHOYACTHUIL U UX IYBCTBUTEJHHOCTU K PA3HbIM JIMAIA30HAM JIJTUH BOJIH.

2. B pesyabraTe coueranust pu3mIecKux cBoiicTB dporopesucra SU-8 1 HAHOIACTHI]
JINOKCHJIa, TUTaHA MOXKHO CO3J[aBaTh OINTUYECKHU IIPO3PATHBIA KOMIIO3UTHBIN MaTepuaJ
C 9KCTPEMAJILHO BBICOKUM Cojiepxkatuem Hanodacruil (10 38 06.%).

[ToBblilenue mokazaresis mpesjgoMmseHus poropesucta SU-8 j10 HIOPOroBoro 3HaUCHUs
1,9 B BumMoit 001aCTH CIIEKTPa B COUETAHWY C UCCJIEIOBAHHON BOZMOYKHOCTHIO CHHTE-
38 TPEXMEPHBIX [EPUOJUICCKUX CTPYKTYP U3 JAHHOTO (POTOPE3UCTA, MOXKET MO3BOJINTH
PEIIUTh 3aJ1a1y CHHTe3a TPEeXMEPHBLIX (DOTOHHBIX KPHUCTAJLJIOB ¢ (DOTOHHOI 3aIIperieH-
HOI 30HOM B BUANMOIT 001aCTH CieKTpa. AJanTupoBaHne METOINK CHHTE3a, KOMITO3UT-
HBbIX MaTEePUaJIOB, ONMMCAHHBIX B HACTOsIIEH paboTe, MOXKET NPUMEHSATCs IPU CO3/IaHIK
JIPYTUX METAMATEPHUAJIOB U PACIINPHUTH OOJIACTH UX HPUMEHEHHSI.

Onucannoe siBJIeHHE MEPEKJIOYEHUsT PACCESTHUST B KOMIIO3UTHOM MaTepuaJe Inep-
CIEKTHBHO C TOUKU 3PEHUs ero NpUMEHEHUsl JJIsi CO3/IaHus ONTUIecKux auddy30poB
JUIsl IPUHYAUTEIBHOTO PACCessHUsI CBETa M HAPYIICHHUs €ro KOI'ePEHTHOCTH.

3. BrisBiieHHBIE 3aKOHOMEPHOCTH TOPOTOBOil MOJIUMepU3aIuu (hOTOPE3UCTa, O3B0~
JISIIOT B 3HAYUTEJILHOI CTEIleH! BapbUpPOBATh IIOJXO/bI 10 PEIICHUIO SKCIEPUMEHTAJ b
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HBIX 3a/1a4, CBsI3aHHBIMU ¢ ncosb3oBanueM (oropesucra SU-8. Henuneitnas 3apucu-
MOCTD TTOPOTOBO# JIO3BI TOJUMEPUIAINN OT BPEMEHU SKCIOHUPOBAHUS W WHTEHCUBHO-
CTU U3JIyYeHUs MMO3BOJIST PA3BUTH HOBBIE TTOJXO/bI 110 00bSICHEHUIO TTPOIECCOB, TPOTE-
Kalolux B poTopesucre.

[Tpenoxkernrast MmaTeMaTn4ueckas MOJIEIb TTOPOTOBOM TOJNMepU3aI (POTOPE3NCTA
MOZKET 103BOJIUTH DOJIee TOUHO IJIaHUPOBATH IKCIEPUMEHT 110 CO3JIaHUIO0 TPEXMEPHbIX
MEPUOUICCKIX CTPYKTYP METOJIOM WHTEPMEPEHITMOHHON uTOrpadu 1 aHaJIu3UupPo-
BaT €ro pe3yJibTaThl.

4. TlpuanunuajbHasg BO3MOXKHOCTH HCIIOJb30BAHUA OJIHOMEPHBIX (POTOHHBIX KpHU-
CTAJIJIOB M3 U30TPOITHOIO MaTepuaJia Jijisi TeHepallii BTOPOil U BBICIINX MAPMOHUK MO-
JKeT CrocobCTBOBATH PA3BUTUIO ITOW 00J1aCTU HAYKM KaK B (DyHJIAMEHTAJILHOM, TaK U
MPUKJIATHOM CMBICTE.

[Tpunnun renepalum Bropoit rapMOHUKKM B OJIHOMEPHbBIX (DOTOHHBIX KpUCTAJLJIaX U3
M30TPOITHOTO MaTepuaja TO3BOJUT YIENEeBUTH CO3/IaHue YCTPONCTB JIJisd TeHeparun
JIA3epHOTO W3JIyUYeHWsI HOBBIX JIJTMH BOJIH, JIJIsT KOTOPBIX HE CYIIECTBYET KPUCTAJJIHU-
YECKUX aKTUBHBIX CPEJI CIIOCOOHBIX K I'€Hepalliy MepBOil rapMOHUKK HA, 9TUX JIJIMHAX
BOJIH, UTO, B CBOIO OU€PE/ib, CKAYKETCA Ha PA3BUTUU TEXHOJOTWI M3TOTOBJIEHUS OJHO-
MEPHBIX (POTOHHBIX KPUCTAJIIOB.

WUcnionb3yembie MeTOABI UCCJIEIOBAHUI

st perienusi ¢popMyIMPOBaHHBIX 3aJlad B PabOTe MCIOJIb30BAJICH KOMILJIEKCHbIT
TIOJTXOJT, COUETAIONINI COOCTBEHHbIE pas3paboTaHHbIE METOJUKHU, a TaKXKe W3BECTHBIE
9KCIIepUMEHTAJbHBIE METOJIbI M METOJ/Ibl KOMIIBIOTEPHOT'O MOJIETUPOBAHMS:

e Jljis1 co3/laHmst YCTORUMBBIX CYCIIEH3UI HAHOYACTHIL JUOKCH/ 18 TUTAHA B BOJE, dTa-
HOJIE I METUJIITUJIKETOHE HCIIOJIL30BAJIaCh METOUKa, pasdpaboTaHnasl B HACTOsI-
et pabore, BKIIIOUAOIIas B ce0sI METOJIMKY CTaOUIN3AIUN HAHOYACTHUIL JUOKCH 1A,
TUTAHA, I METUJIITUIIKETOHA.

e Jlna pacdera M3MEHEHMS IMOKA3aTess MPEJIOMJICHUs CYCIEH3UI MCIOJIb30BAJICH
nonxoael Makcesenna-I'apaerTra nu bpyrremana.

® ZLHH onpezaeseand MOHOAUCIIEPCHOCTU HAHOYaCTHUIL B CYCIIEH3MH MCIIOJIb30BaAJICA
METO/J USMEPEHUA JUHAMUYIECKOT'O pacCedHud CBE€Ta B CYyCII€CH3UHU.

st co3manus HAHOKOMIIOBUTHOIO Marepuasa (OTOPE3UCT/HAHOIACTUIBI HC-
10JIb30BaJIaCh COOCTBEHHAsI pa3paboTaHHas METO/MKA.

e [lj1s1 co3/laHusi TPEXMEPHBIX MEPUOUIECKUX CTPYKTYD ((DOTOHHBIX KPHCTAJIIOB)
UCIIOJIL30BAJICS METOJ HHTepEPEHITMOHHON JINTOrpadQ .
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o Jljist MojiesiMpoBaHust reHepalui BTOPOM rapMOHUKKU B OJJHOMEPHOM (POTOHHOM
KPHUCTaJIJIe UCIOTb30BAJICSA METO]| KOHEUHBIX Pa3HOCTel BO BpEeMEHHOI 00J1acTu 1
nporpaMmmubiit maker MEEP.

HOHO}KeHI/IH, BbIHOCHMBbIC€ Ha 3alIUTYy:

1. Obsydenue cycleH3uii JUOKCH 1A TUTAHA B BOJIE, METUJIITUIKETOHE U STAHOJIE M3~
JIydeHHeM yJIbTPapro/IeToBOTO JIralia30Ha B TedeHnn 4 4acoB B COBOKYITHOCTU C
YAbTPA3BYKOBbBIM JIUCIIEPIUPOBAHUEM ITPUBOJIAT K YMEHBIIEHUIO arperaiu HaHO-
YaCTUIL, TOBBIIIEHUIO ONITHYECKON OJHOPOJIHOCTH CYCIEH3Uil U CHUKEHUIO CpeJIHe-
ro pa3Mepa HaHOYACTHII.

2. Monwmposanue doropesucta SU-8 HaHOUACTUIAME JIMOKCHJIA, TUTAHA B KOHICH-
Tparyn 38 06.% IPUBOIUT K YBEIMUEHHIO TOKA3ATEIsI IPeJIOMJIeHNsT (POTOPE3UCTA,
SU-8 co sunauenus 1,59 + 0,01 ygo 3uauenus 1,93 4+ 0,01 na jyuHe BostHbI 632,8
aM. Paccaurannoe nmo mojenn Bpyrremana 3uadenue mokasaTesist MPEIOMICHWST
JIJIsi BLIOPAQHHO# KOHIEHTPAIIMU HAHOYACTHIL JMOKCH/IA TUTAHA, JIJIsi JIJIMHBI BOJIHBI

632,8 um cocrasager 1,97 £ 0,01.

3. IIpu BapbupoBaHUM BpEMEHU SKCIIOHUPOBAHUS U MOIIHOCTHU TTyYKa, T'eJINH-Ka, M-
eBOI'o Jiazepa B MeTojie MHTep(EPEeHIMOHHON JinTorpaduu 1OporoBas Jio3a Io-
JIUMEPU3allny JIMHEHHO 3aBUCUT OT BPEMeHW SKCIOHWPOBAHUS B Jualazone 2-8
MUHYT, IPA MOIITHOCTU TTy4dKa 15 MBT n HeImHEiiHO 3aBUCUT OT MOITHOCTH ITyd-
Ka B juariazone 3Havdenuii 1-15 mBT, nipu Bpemenn skcrionupoBaHusi 4 MUHYTBI.
Hokazano, 1To nopor nojuMmepusainu poropesucra SU-8 usMeHsieTcst Ipu coxpa-
HEHUU TTPOU3BEJIEHNS TPOU3BEIEHNS MOIITHOCTH Ty YKa Ha BPEMS IKCITOHUPOBAHUS
MpU U3MEHEHUW BPEMEHU SKCIIOHUPOBAHUs B npejiesiaX 1-23 MUHYTHI ¥ MOIITHOCTH
nydka B rpejesnax 1-15 mBT.

4. MojenupoBaHue TeHepaIl BTOPOMl TAPMOHUKH B OJTHOMEPHOM (POTOHHOM KpH-
CTaJljIe U3 U30TPOITHOTO MaTepuaJia MOKa3aJo, uYTO JJis MepPUOInIecKoil CTPYKTY-
PbI CTEKJIO-BO3JLyX € TOJIIWHON BO3JIYIIHBIX W CTEKJISHHBIX TPOMEXKYTKOB 266 u
177 um obHApY2KeHa reHepaliis BTOPOil rapMoHuki ¢ spdekrunocrbio 0, 62x 1077
Ha JUTHHe BOJIHBI 1,226 MkM, ¢ addekTuBrocTbIO 0, 22% 1072 Ha jytrHe BoJHbI 1,226
MKM, ¢ sbdexturrocThio 0,32 x 107% wa gymne Bosab 1,246 MM, 1 ¢ adex-
tusHocThio 0,76 X 107° na jumue Bosabl 1,246 MrM. OGHapy»KeHa TeHepalys
TpeTbeil TapMoHuKH ¢ 3 dekTuBHOCTBIO 1,3 * 107° Ha namHE BosHLI 1,226 MKM.

CreneHb JOCTOBEPHOCTU HAYYHBIX IMOJIOXKEHUII M APYTrUX MHOJIY4YE€HHBIX
pPEe3yJIbTATOB:

1. B monb3y nmocroepuocTn I 3amuimaeMoro mojgoXKeHus CBUACTEIHLCTBYET TO, UTO
U3MepEeHne JUHAMUYECKOTO pacCesHrus CBETa MOKA3aJ0, YTO CYCIEH3UHU, MMOJIBEPIHYB-

7



LIMECsT JIONOJHUTEbHOMY OOJIYYEHUIO YJIbTPAUOIETOM, sBJISAIOTCS 00Jiee MOHOUC-
IEePCHBIMU 110 CPABHEHMIO ¢ HeOOJIYUEHHBIMH, & CPEJIHHUI pa3Mep HaHOUYACTHI] B 00-
JIYIEHHO CYCIIEH3UM CYINECTBEHHO MEHBIIe aHAJOTMIHOrO MapaMeTpa HeoO 1y YeHHOM
cycriensuu. B cojiep:kaTe/ibHON 4acTu BTOPOM IJIaBbl IPUBEJIEHbI BCE HEOOXOJMMbIe
JIAHHBIE 110 JAHHOMY UCCJIEOBAHUIO.

2. Tocroepuocts II 3amiuiaemMoro mojoyxkeHust mojTBepKaercs TeM, 9To 1moKasa-
TeJIb IPeJIOMJICHUsT KOMIIO3UTHOTO MaTepuaJa, n3MepeHHbIi 110 yriiy Bproctepa, cocra-
BuJ1 Besinauny 1,9340, 01 jyisa giuabl BostHbl 633 HM, [IPU ITOKa3aTese IpeJoMJIeHns Ha
qucToro porope3ucra u3MepeHHoro rem xe merojoM 1,5940, 01 na juinae BoJiHbl 633
uM. [Ipu pacuere 1nokasaresisi 1pejOMJIEHUST KOMIIO3UTHOI'O MarepuaJia 110 MOJIEJIsIM
Makcpenna-I'apaerTa nu bpyrremana ero 3nadenue cocraBuao 1,97.

3. Hdocrosepuocrs I 3amuimaemMoro mooKenus moITBepK1aeTcsi HeIoCPeICTBEH-
HBIMU M3MEPEHUsIMA Pa3MepOB 3all0JMMepU30BaHHO# objiacTu 1o ¢gororpadusam, mo-
JIYIEHHBIM Ha 3JICKTPOHHOM MUKPOCKOTIE.

4. B nousib3y pocroseproctu IV 3amuinaeMoro moJioXKeHust TOBOPUT TOT (PAKT, UTO
METOJI, MOJICJIMPOBAHUS ONTUYECKUX CBOWCTB € TIOMOIIBIO TporpamMuoil cpejibi MEEP
IIPOBEPEH Ha, MOJIEIbHBIX 3a/a9aX, PE3yJbTaT KOTOPLIX MOXKHO Ipejackasarh co 100%
BEPOSITHOCTBIO.

JImgaHbIl BKJIaJ aBTOpA:

BoJIbIIMHCTBO 1OJIyYeHHBIX PE3YJIHTATOBR MTOJIyY€HO JIMTHO aBTOPOM. JIndHbIi BKJI1a,]
COCTOUT B y4aCTUU B IIOCTAHOBKE 3aJlauu, pa3paboTKe MOJIeJIell, IporpaMMbl pacuera
1 KOMILJIEKCA [IPOI'PaMM, IOJIyUeHHE BCEX TeOPETUUECKUX Pe3yJIbTaToOB, CO3IaHUN JKC-
MEPUMEHTAJIbHBIX YCTAHOBOK U ITPOBEJICHUN SKCIIEPUMEHTA, aHAJU3e U WHTEPIpeTaIun
HOJIYUEHHBIX Pe3yJIbTaToB, (POPMYJIMPOBKU OCHOBHBIX HAy4HbIX BbIBOJIOB. BKJiaJi oc-
HOBHBIX COABTOPOB 3aKJIIOUAETCSA B IIOCTAHOBKE 3a]1a9K, COBMECTHOM IIPOBEJIEHUN OT-
JIeJBHBIX 9KCIIEPUMEHTOB 1 00cykeHnn pesysbraros uccaenopanuii (H. /1. Kywmnko-
Ba, FO0.B. Mukuisien), pazpaborke nporpammuoro koga (M.B. Tepryros, I.T. TuxyJis),
COBMECTHOM IIPOBEJICHUN OTJIEJIbHBIX IKCIEPUMEHTOB, OOCYXKJIEHUU U UHTEPIIpeTalun
rekoTopbix pesysbraros ([.C. cakos).

IIy6aukanumn:

[To marepuanam juccepraiuu OryOJUKOBAHO 7 TeYaTHbIX PadOT, B TOM 4wucie 3
CTATbU B XKypHaJax, pekomenjoBadibix BAK, 4 crarbu B ¢COOPHUKAX TPYJ/IOB MEXKJLY-
HAPOJHBIX KOH(EPEHIIHii.

Amnpobarus paboTsl: MaTtepuaJjs UccepTaloOHHON pabOThI JOKIAIbIBAJIICH: Ha,
VI Mexaynapogaom onTudeckoMm Konrpecce «OyHpaMeHTabHbIE TPOOJIeMbl OIITUKN»
(Cankr-Tlerepbypr, 2010); va MexktyHapo/HOI HayYHO-TIPAKTHYECKON KOHMEPEHIIH
«Onruka HeogHopojHbix crpykTyp 2011y (Moruses, 2011); na VII Mex iynapoHoii
KOH(bEPEHTIN{ MOJIOIBIX YUeHbIX U creruaancToB «Onruka - 2011» (Caunkr-Ilerepbypr,
2011); ma «IV Permonasbhoit koudepeniun acnupanToB u goktopanTos KOYpl'V»
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(Hessibunck, 2012); na VII MextynapojiHom orrrudeckoM konrpecce «DyHjaMeHTas b-
uble mpobsieMbl ontuky - 2012» (Cankr-Ilerepbypr, 2012); na «V PeruonanbHoit KoH-
depentn acnimpanTos u gokropanToB FOYpI'Y»y (Hensibunck, 2013); Ha exxeroHom
KOHKYpce-KoH(epeHuu Mosiojibix yuenbix u aciupantos 19O YpO PAH (Exarepun-
oypr, 2013); wa VIII Mexxynapoaoii KoHMEpeHInii MOJOIBIX YICHBIX U CIEIHaJIH-
croB «Onruka - 2013» (Cankr-Ilerepbypr, 2013).

O0beM u cTpyKTypa auccepranuu: rccepraiiisi COCTOUT U3 BBEIEHUs, TPEX
rJlaB, 3aKJIIOUEHUSI W CIUCKa JIMTEePaTypbl, cojiepxkaliero 165 HanMeHOBaHUN IUTH-
pyemoii inteparypbl. O0Imuit 00beM juccepTaliui, B Kirodas 31 WIIOCTpAIuo U 2
TaOJINIbI, COCTAaBUJ 143 MAIIMHONKMCHBIX CTPAHUIIBL.

OcHoBHOe cojiep>kKaHue paboThI:

Bo BBemeHumn obocHoBaHa aKTyaJbHOCTb TEMbI JUCCEPTAIMOHHON paboOThI, chop-
MYJILPOBAHBI TIeJIb ¥ 3aJIa49i KCCJIE/IOBaHUs, N3JI02KEHBI OCHOBHBIE PE3YJIbTaThl PabOThI
1 yKasaHa WX HaydHasl HOBU3HA U MMPAKTHUUIECKAsl 3HATMMOCTD, IPUBEIEHB OCHOBHbBIE
[IOJIOXKEHUSI, BBIHOCUMBbIE Ha 3allUTY, UX JOCTOBEPHOCTD, OIUCAHA CTPYKTYpPa JUCCEDP-
TaINN.

IlepBas raaBa nocssiiera (pOTOHHBIM KPUCTAJLIAM, UX ONTHICCKUM CBOMCTBAM 1
c11ocobaM X M3TOTOBJICHMUSI.

B naparpade 1.1 onucana ucTopus BOSHUKHOBHUs (POTOHHBIX KPUCTAJIOB, UX OII-

TUYECKUE CBOMCTBA, PACCMOTPEHBI 00JIACTH WX TPUMEHEHUSI.
B naparpade 1.2 cienan 0030p paboT, MOCBSIIEHHBIX CIIOCO0aM M3rOTOBJICHUST (DO-

TOHHBIX KPUCTAJJIOB. YKa3aHO, 9TO CO3JI@HKE TPEXMEPHOIO (POTOHHOI'O KPHUCTAJLIA C
¢OTOHHOIT 3aIpeIeH O 30H0i B BUIUMOI 00JIACTU CIIEKTpa SBJIsieTCsl (PyHTaMeHTa b~
HO TIpoOJIeMOit pu3MKH, JI0 cux 1op HeperieHHoi. Ha ocHoBe JinTepaTypHBIX JIaH-
HBIX OIPEJIEJIeH CaMblil IEPCIEKTUBHBIA METO/| H3TOTOBJIEHUS TPeXMEePHbIX (POTOHHBIX
KPUCTAJIJIOB — METOJI HHTepdepeHIIMOHHOI uTorpadun. PaccMOTpeHbl U Ollpe/ie/IeHbl
CUJIbHBIE U CJ1abble CTOPOHBI 3Toro Meroja. CdhopmyinpoBaHa ojHa U3 3ajia49 HACTOSI-
IIIer0 MCCJIeIOBaHMS, CBsI3aHHas ¢ MOJAM(UKAIMEeH ONTUIECKUX CBONCTB W30TPOITHOTO
MaTepuaJa, IPUMEHIEMOI'0 B IIPOIECCe M3NOTOBJICHUS TPEXMEPHBIX (POTOHHBIX KPH-
CTAJIJIOB METOJIOM MHTeP{epeHIInOHHO# uTorpadun.

Bropas rsiiaBa nocssiiieHa CO3J@aHII0 KOMIIOBUTHOIO MaTepuaJa u3 (poTope3nucra
SU-8 ¢ ucrnoJsib30BaHeM HaAHOYACTHUIL JUOKCHIA TUTAHA C [EJbI0 MOAUMDUKAINNA OTITH-
JeCKIX CBOMCTB (pOTOpE3ncTa.

B naparpade 2.1 npusejien 0030p JIUTEpPATypPbl, IOCBAIIEHHBIA PObJIEeMaTHKE CO-

3JIaHUsT KOMIIO3UTHBIX MarepuaJioB. [IpuBejieH psiji paboT, ONKUCHIBAIOIIMX YITPaBJIe-
HUE Pa3JIMYHBbIMKA (PUBNIECKUMHU CBOHCTBAMU HAHOKOMIIOBUTHBIX MarepuaJjon. Ornu-
caHbl 00JIACTH U KOHKPETHBIE IIPUMEPhI IpUMEHEeHHsI HaHOKOMIIO3uToB. [lokazaHno, 1To
HAHOKOMIIO3UTHBIE MaTepPUaJIbl ITUPOKO IIPUMEHAIOTCS /s MOJAMMDUKAIIUN OIITHIECKUX
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CBOMCTB Pa3/InYHbIX MATEPUAJIOB, B TOM YUCJIE U JIJIsl HOBBIIIEHUSI IOKA3ATEJISI IIPEJIOM-
JIEHUsI TIPO3PAYHBIX B ONTUYECKOM JIMAIa30He MATEPHUAJIOB. YKa3aHO, YTO IIOBBIIICHKE
MOKa3aTe s TTPEJOMJIEHNsT OCHOBHOTO MaTepuaJia B KOMITO3UTE MPUBOJAUT K TOsIBJIC-
HUIO 3aITPENIEeHHOM 30HbI B TPEXMEPHOM (POTOHHOM KPHUCTaJLIe B HH(MPAKPACHOH 00J1a-
CTU CIIEKTpPa, 0DO3HAaUeHa MpobJieMaTHKa, AHAJOTHIHOTO MO/IX0/1a B BUIUMOI 00J1acTH
cuexkTpa. Ha ocHoBanum o630pa jiuTepaTypbl CJiejiaH BbIBOJ, 00 aKTyaJIbHOCTH HACTOSI-
IIEr0 UCCJIEJIOBAHUS 10 CO3JIaHUI0 KOMIIOBUTHOIO MaTepuaJa Ha OCHOBE (DOTOPE3uCTa
SU-8, IpuMeHsIeMOro PpY U3rOTOBJICHUN TPEXMEPHBIX (POTOHHBIX KPUCTAJLIOB, C HEJIHIO
JIOCTU>KEHUsI IIOPOTOBBIX 3HAYCHUI IMOKA3aTe s IPEJOMJICHHS OIIPEJIEISIONIero MOpor
cyiecrBoBaHus (POTOHHOMN 3allpeleHHO! 30HBI B (POTOHHOM KpHCTaJlJIe B BUJIMMON
00J1aCTHU CIIEKTPA.

B naparpade 2.2 jjaHo onucanue pasjudHbIX MMOJX0J0B 110 U3MEHEHUIO 1T0Ka3aTe-

Jisl IPEJIOMJIEHMST KOMIIO3UTHBIX MareprasioB. Onuucanbl 101x0/ bl Bunepa, Makcsesura-
['aprerTa n Bpyrremana. I[IpuBejieno KonmiuecTBeHHOE CpaBHEHNE N3MEHEHUS MMOKa3a-
TeJIST TPEJOMJIEHNST YCJIOBHOTO KOMIIO3UTHOIO MaTepuaJia - CyCIeH3Un JIMOKCH 1A, THTA-
Ha B BOJIE 110 YKA3aHHBIM MOJIEJISIM.

B naparpade 2.3 omnmcana HaCTOsIIAsS METOJINKA, CO3MaHUs KOMIIO3UTHBIX MaTePH-

aJIoB (CyCIeH31il) HAHOUACTULL JMOKCH/Ia TUTAHA B PA3JIMUHbIX pAacTBOpUTEIisix. B pe-
3yJIbTaTe peaJu3alliid 3TOi MeTOJUKU ObLIO CO3/IaHO HECKOJbKO 00pa3loB CyCIIeH3UN
HaHOYACTHUIL JIMOKCHUJIa TUTAHA B BOJIE, 9TAHOJIE U METUJIITUIIKETOHE.

B naparpade 2.4 [IpuBejieHbl pe3y/ibTaTbl UCCACIOBAHUS OITUICCKUX CBOMCTB CyC-

nen3uit. Onucanbl 9KCIEePUMEHTAJIbHBIE PE3YJIbTATHI YBEJIMICHUSI TOKA3ATEIsT ITPEJIOM-
JIGHWSI CYCIIEH3UII ¢ POCTOM KOHUEHTPAIMU HAHOYACTHUIL, COIJIACYEIIMEeCs ¢ TeOPeTH-
JeCKUMHUM pacueTaMu 1Mo mopaenasMm Makcsenna-I'apuerta n Bpyrremana. bern m3me-
peH ToKasaTesb MpeJIOMJIeHUs] CyclieH3nii guokcujaa tutana B Bojge n B MEKe npu
KoHIeHTpaiusax or 1 10 5,5 06.%. Ilokasaresnb npesomaeHns BOJHBIX CyCIEeH3UIA Me-
HsJICA B jJuanaszoHe 3Hadenuit or 1,345 mo 1,385 g nnuabl BoaHbl 589 HM. Iloka-
3aTesib npesoMyaenns cycnensnit B MEKe menanca B qumanasone smadenwnit or 1,395
j0 1,435, Usmepenus nipoBojiniuchk Ha pedppakromerpe ¥ PJI-1 Ha jyimne BosHbl 589
HM. DKCIIEPpUMEHTAJIbHbIE 3HaUYeHs 3(PMEKTUBHOIO MOKA3aTessI IPEIOMICHUsT CYCIIeH-
3Uil OKa3aJuCh OJIM3KY K pacueTHbIM 110 MojiensiM Makcesna-I'apuerTa u Bpyrremana.
MeTonom u3Mepenust JUHAMAIECKOTO paccesHns CBeTa B CyCIEH3UU OIpejieseHa JTUc-
IIEPCHOCTH Pa3MepOB HAHOYACTHIL B CycleH3usX. lIpejiorkeH KOMILIEKC METOUK 110
YMEHBIIIEHUIO JUCIEPCHOCTH CYCIIeH3U, YBEJUUYEHUIO UX CTAOMJIBHOCTH IPU JIOMOJ-
HUTEJILHOM UX OOJIYUeHHH YJIbTPaUOJETOM C IOCTSAYIONUM KOHTPOJIEM CYCIEeH3UN
METOJIOM M3MEpPEeHUsI JMHAMUYIECKOro paccesiiusi. PaccmMoTpeno orpejenenne pacipe-
JIeJIEHUST HAHOYACTHUIL [I0 pasMepaM B cycliensun ¢ aranosiom (puc. 1). 3 puc. 1 BujHo,
YTO OCHOBHAsl Macca HaAHOUACTHIL B CYyCIIEH3WH JIEXKUT B obOjiacTu pazmepon 20-40 Hw,
YTO JOCTATOTIHO JIJIs MOBBIIIEHHS ITOKa3aTe sl IPEJIOMJICHI ONTHIECKIX MaTePHAJIOB,
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Puc. 1. PacnpeﬂeﬂeHHe IO pa3MepaM HaHOYaCTUIL JUOKCH/Ja THUTaHa B CYCIIEH3UHUC 3TaHOJIOM

HO CYIIECTBEHHO IPEBBIINIaeT HOMUHAJILHBINA pa3Mep, 3asiBJICHHBII IPOU3BOIUTEIEM —
1-3 uM. OJiHAKO, MHOTOKPATHOE YJIBTPA3BYKOBOE JIUCIEPTUPOBAHUE (IIPOJIOJIKUTE b
HOCTHIO OoJtee 24 1acoB) u 00JIydeHre PTYTHON JTAMITON B TedeHnr 4 9acoB JiJis JOM0JI-
HUTEJILHOM cTabM/IM3alui HAaHOUYACTULL IIOMOIAeT JIOCTUYb 3asBJIEHHBIX TPOU3BOJIUTE-
JIeM pa3MepoB HAHOYACTHUIL ¢ XOPOIeil MoHoucepcHocThio. Ha puc. 2 mpejcrapieHo
pacripejiejieHie HAaHOYACTHUIL 0 pa3MepaM B 00JIyUEeHHON CyCIIeH3WH, U3 KOTOPOT0 BU/I-
HO, YTO B CYCII€H3UU IOJHOCTHIO OTCYTCTBYIOT HaHOYACTHUIHI pazmepom Oojiee 10 HM.
[Iuk pacmpejenenns NPUXOAUTCS Ha pa3Mep HAHOUYACTUIL 2,77 HM, NIPH ODOIIel Juc-
nepcHocTu pasmepon oT 1,6 10 9 M. Takum oOpas3oM Jl0Ka3aHO, ITO JIOIMOJHUTEIHLHOE
obJiyueHre PTYTHON JAMIIOi MPUBOAUT K OOJIbINeH ¢cTabnIbHOCTU CYCIIEH3MI, a TaK»Ke,
YTO yBEJUUYEHUE BPEMEHU YJIbTPa3BYKOBOI'O JUCIEPIUPOBAHUS [IPUBOJAUT K yMEHbIIIE-
HUIO pa3Mepa HaHOYACTHI] B CyCleH3un. TakuM oOpas3oM, OBbLIN IOJIYUEHbl ONTHIECKN
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Puc. 2. Pacupenesnenne no pasmepamM HAHOYACTHIL JUOKCH/IA TUTAHA B CYCIEH3UUC ITAHOJIOM, 00JTy-
YeHHOW yabTpadroJIeToM

OJTHOPOJIHBbIE CYCIIEH3UU, pa3Mep YaCTHUIl B KOTOPBIX COIJIACYETCd C pa3MepaMu, 3as1B-
JICHHBIMU TTPOU3BOJUTEISIMU HAHOYACTHII.
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[IpuBejieHbl pe3y/ibTarTbl 110 U3MEPEHUIO CIEKTPa HOIJIOIMIEHUs CYCIIeH3MU HaHOYa-
CTHUIL JIMOKCHUJIA TUTAHA B dTAHOJE M O0bsICHEHHE Ha OCHOBAHUU STUX PE3YJIbTATOB M3-
MEHUBIIErocs: 1pera cycrnensuit. Cycrnensnn mMen KpacHOBaThii orreHok. Ha puc.
3 NPUBEJIEH CIIEKTP TOIJIOIMIEHNWS CYCIIeH3Mel JUOKCHIa TUTaHa B 9TaHOJE, UMEBIIe
KPacHY0 OKpacKy, B auanazone JauH BoiH 300-1100 am. B cnekTpe Hab/01a7ICA CIIa,T
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JIIHHA BOJIHBI, HM

Puc. 3. CrnekTp moromieHuns 6e10T0 cBeTa CycleH3ueil THOKCHIa TUTaHA B ATAHOJIE

HOTJIONIEHUST B KPAacHON 00JIaCTH CIeKTpa ¢ MUHUMyMOM B objiactu 750 HM, 9TO H
XapaKTepu3yeT KPaCHOBATYIO OKPACKY CYCIIEH3Uil. DTa 3aBUCUMOCTH BO3HUKAET M3-3a,
CIIaJla B CIEKTpe TOIVIONEHUS HAHOYACTHI] JIMOKCH I8 TUTAHA.

B naparpade 2.5 npejjiokeHa METoMKa co3jiaHns (POTOUYBCTBUTEILHOTO KOMIIO-

3UTHOIO MaTepUaJia Ha OCHOBE cyclensuit HanodacTull u ¢poropesucra SU-8. B pesyiib-
TaTe peaju3alii JAHHONH MeTOJMKK ObLI M3MOTOBJIEH KOMIIO3UTHBLINA MaTepuaJ (poTo-
pesucr SU-8 /Hano4acTuIbl JUOKCHJIA TUTAHA ¢ O0BEMHBIM COJIEPKAHUEM HAHOUACTHI]
38%. UccnemoBanbl OnTHYECKUE CBOMCTBA IIOJIyYEHHOIO KOMIIO3UTHOIO MaTepuaa —
U3MEPEH ero MoKa3aTesb NPeJIOMJICHUS W YPOBEHb PaCCesSHHsI, a TaKxKe JIOKA3aHO CO-
XpaHeH#ue (POTOUYBCTBUTEJIbHBIX CBOUCTB MOJIYUYEHHOIO KOMIIO3UTHOI'O MaTepUaJa.
MunnMyM Ko3(DUIMEHTa OTPayKeHUst MPUXOAMJICH Ha yros najenns 62,5° £ 207,
4TO COOTBETCTBYET II0Ka3aTesl0 HPEJOMJICHUsS KOMIIO3UTHOIO MaTePUAIA TMeomp
1,92 4+ 0,001 na pmwmHe BoHBI 632 HM. PacuerHoe 3HadeHme mokKazaTessd MpeOMJIe-
HUsI KOMIIO3UTA JiJIs JJAHHOMN JIJIMHBI BOJIHBI B PaMKax MoJieJii Bpyrremana cocTaBujio
Besinumnny 1,97. Takum oOpasoM, 1oJiyueH HaAHOKOMIIO3UTHbBIN MaTepuaJsl ¢ loKa3are-
JIEM TIPEJIOMJIEHHU T TIPEBBIIIAIOIIIM TTOPOTOBOE 3HAUEHNE Ny, = 1, 9 JIJIsT BOSHUKHOBEHU ST
3alIPeIeHHoi 30Hbl B (DOTOHHOM KpHCTaJIIe, U3rOTOBJCHHOM M3 TaKOI'0 MaTepHaJia.
B naparpade 2.6 onucan nouck onTuMaJibHbIX YCJIOBU 3aIUCH TPEXMEPHBIX TTEPHO-

Jmaeckux ctpykTyp B dporopesucre SU-8 merogom nHTEPQEPEHIMOHHOI inTorpadun
C ONHMCAHUEM METOJIMKM co3/iaHus 0bpasnoB. [lokazaHa 3aBUCHMOCTDH MEPUOJIA TPEX-
MEPHBIX CTPYKTYP OT MeOMeTPUH WHTEP(MEPEHITNOHHON YCTAHOBKH. DKCIEPUMEHTAb-
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HO MOXKHO JIEI'KO PeaJin30BaTh NeOMETPUI0 HHTEPMEPEHIIMOHHOM JinTorpahun Ipu yrie
a Mexy nydkamu oT 1 o 90°. Ilpn jymmHe BoaHBI 442 HM 9TO MO3BOJIUT 3alIMCHIBATH
permeTkn ¢ meprnogaomM ot 25 MM 70 300 HMm.

Ecim a = 8,5° 1o A = 2,98 MKM (9KCIIEPUMEHTAIBHO TOJYUYeHO 3HadeHne A =
3,08 + 3,04 Mkwm, dororpadust pereTKn mpejcTapieHa Ha pucyHKe 4), ecan o = 5°,

Puc. 4. Tlepuoa TpexmMepHO# TepuogHIecKoil CTPYKTYPhI MPHU yIIe MeXKIy mydkamMu o = 8, 5H°

10 A = 5,06 MKM (9KCriepuMeHTaJIbHO ToJydeHo 3nadenue A = 4,97 =+ 5,01 mkwm,
dboTorpadust pemerku npejicTaBIeHa Ha PUCYHKE 5).

Puc. 5. Ilepuon TpexmepHoil mepuoudecKoil CTPYKTYPbl IPU yIJjie MeXKTy IydKamu o = 5°

BrisiBjieHa 3aBUCUMOCTDH CKBaXKHOCTH 110D OT JI03bI IOTJIOIMEHHOIO u3Jjydenust. [Ipu-
BEJICHO MaTeMaTH4YecKoe OIHUCaHKe JaHHOro mpoiecca. OOHAPYXKEHO, UTO JIMHeiHasd
3aBUCUMOCTD JIO3bI MOTJIOIEHHOI'O U3JyYeHUs OT BPEMEHUM IKCIOHUPOBAHUA U MHTEH-
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Tabauna 1. cpaBHeHHEe Pa3MepoB TPEXMEPHBIX PEIIeTOK 3aIUCAHHBIX ¢ OJUHAKOBOU MOIIHOCTHIO U
Pa3HBIM BPEMEHEM SKCHOHUPOBAHHS

Homep obpasna | Mommocts, MBT | Bpems skcrionupoBanus, Mut | Pazmep cTpyKTypbl, MKM
32.1 11 2 760
32.2 3.5 6,5 1100
32.3 0.9 23 2350

CUBHOCTHU M3JIyUYEHUsI OJIHOBPEMEHHO HE BBITIOJHSIETCS, a BBIIOJJHSIETCS JJIsi JIBYX 3TUX
11aPaMEeTPOB 110 OTJIEJILHOCTH U B Y3KUX JUAIa30HAX.

[Ipu nmocTostHHOM ITPOM3BEIEHUN BPEMEHHU SKCIIOHUPOBAHMSI HA MWHTEHCUBHOCTDH I10-
JlydeHHast (POTOPE3UCTOM JI03a M3JIYUEHHUS HE COXPaHSIeTCst. DTOT (PakKT JI0KA3bIBALT
Pa3JIMUIHBIA pa3Mep 3aM0IUMEePU30BAHHOI 0071aCTH POTOPE3UCTA IIPH ITIOCTOSTHHOM IIPO-
U3BeJCHUN MOIHOCTH IIyUYKa Ha BpeMs SKCIIOHHPOBAHUS, PE3YJIbTAaThl IIPeJCTaBICHbI
B TabJmIe 1.

B maparpade 2.7 npuBesieHbl 9KCIEPpUMEHTAJIbHBIE PE3YJIHTATHI 110 OIPEIeJIEHUIO

pOITyCKaHus 00pasia MoJy9IeHHOTO KOMIIO3UTHOrO Marepuasa. OOHApyKeHO IKCIIO-
HEHIMAJbHOE I1aJIeHNe TPOIIYCKaHus 00pasiia Ipu OXJIaXKIeHUU 0 KOMHATHON TeMIIe-
pPaTyphl IPU YCJIOBUU KCIOJb30BaHUs JIONOJHUTEHLHOTO aJI€3UMOHHOIO CJIos (POTOpPE-
3UCTa B METOJIMKE MPUIOTOBJIEHUsT 00pasIia.

DddekTa cBeTOpaccesHus He BO3SHUKAET, €CJIU IPU U3rOTOBJIEHUN 00pa3iia KOMIIO-
3UT HAHOCUTH HEIOCPEJICTBEHHO Ha CTEKJIO 0e3 MPOMEXKYTOUHOI'0 aJI'€3UOHHOI0 CJIOS.
CpaBHeHue 1poIyCKaHust Yepe3 obpasell ¢ aJIle3HOHHBIM cJioeM 1 6e3 Takosoro (puc. 6)
[IOKa3bIBAET, UTO KOMIIO3UTHbBI! MaTepuaJj CTAHOBUTCS HMPUTOJIHBIM JIJIs IIOCIEIOMNX
9KCITOHUPOBaHM WHTEP(MEPEHIMOHHONW KapTUHOW TPU HAHECEHUU HEIOCPEICTBEHHO Ha,
CTEKJISHHYIO TMOJJIOKKY 0e3 UCIOJIb30BaHus B KayecTBe a/'€3MOHHOI'0 CJIOsi YUCTOrO
doropesucra SU-8. [TomyTHenne obpasia mpu OXJIaxKIeHUH 10 KOMHATHON TeMIepa-
TYPBbI IPEIATCTBYeT (DOPMUPOBAHUIO HHTEP(EPEHITMOHHON KapTUHBI U, KaK CJIeJICTBUE,
3aIMCH TPEXMEPHBIX PEIIeTOK B KOMIO3UTHOM Marepuaje. Crenerhb MOMyTHEHUS 3a-
BUCUT OT O0'b€MHOM JI0JIM HAHOYACTHUIL JIMOKCUJIA TUTAHA, PEI'YJIUPYs KOTOPYIO, MOXKHO
JIOOUTHCS YCUJIEHUS WJIM OCIa0JIeHUsT CBETOPACCESHUSI U UCIIOJIH30BATh HAOJIIOMaeMblii
3 deKT 1 N3roTORIEHNN yIIpaBiasteMbiX Juddy30poB, nepekodaresieil paccesiHus,
9JIEMEHTOB YIPABJIAIONIUX KOI'€PEHTHOCTHIO ONTUYECKOI'O U3JIyYCHUS.

B TpeTbeiil Ti1aBe npuBejieHbl PE3YIbTAThl YUCJCHHOTO MOJICJTUPOBAHUS JIMHAMHU-
YECKOI'0 M3MEHEHUsI HEJIMHEWHbIX CBOWCTB M30TPOIHOIO MaTepuaJsia B COCTaBe OJ[HO-
MEpPHOTO (POTOHHOTO KPHUCTAJLIA.

B naparpade 3.1 npubejien 0630p JiuTepaTyphl HOCBSIIEHHbIH 1Ipobjieme HeJnHed-

HBIX IIPOIIECCOB B M30TPOIHBIX CPEJIax, a TaKKe HeJMHEHHBIX IIPOoIeccoB B (POTOHHBIX
KpucTayiax. [lokazano, 4To n30TponHble MaTepHaJIbl MOAXOAT JJIs pelIeHns] HeKOTO-
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Puc. 6. CpaBrenne 3aBucumMoctT K03 OUITMEHTA TPOMYCKAHUs 00pa3ia KOMIIO3UTHOTO MAaTEePUaIa C
aJITe3MOHHBIM CJIOeM U 0e3 aire3nOHHOrO CJIod, OT BPpeMeHU, IPU OXJIaXK/IeHnu OT TeMuepaTypsl 95°C
a0 23°, Ha AJiuHe BOJHBL 632 HM

PbIX 3a/la4 HEeJUHEHHON OLTUKU, TAKUX KaK IeHepaliui BTOPbIX U BbICIIUX I'APMOHUK.
Onuncanbl BOSMOXKHBIE MEXaHU3Mbl BOSHUKHOBEHUS X(Q) HEJUHEHHOCTU B U30TPOMHDLIX
cpenax. IlpuBenen psijg paboT 10 reHepaluu BTOPOI MapMOHUKHW B OJIHOMEPHOM (O-
TOHHOM KPHCTAJLIE, [I0KA3aHbl IPEUMYIIECTBA UCII0JIH30BaHUsT (DOTOHHBIX KPUCTAJLIOB
B KauecTBe CPEJI /I MeHepallii BBICIINX TapMOHUK. Ha ocHOBe nnuTepaTypHBIX JTaH-
HBIX U OTCYTCTBHUs pabOT 110 TeHepalii BTOPOH TapMOHUKHU B OJHOMEPHBIX (POTOHHBIX
KPUCTAJLIaX 13 U30TPOITHOIO MarepuaJa cpopMyanpoBaHa OJHa U3 33129 HACTOSIIETO
MCCJIeJIOBAHKST — MOJICJIMPOBaHNE I'eHePallii BTOPOl rapMOHUKK B (DOTOHHOM KPHUCTAJI-
Jie U3 U30TPOITHOrO MaTepuaJa Ha OCHOBE JTUHAMUYCCKOTO U3MEHEHU €r0 HeJIUHEeHHBIX
CBOIICTB.

B naparpade 3.2 npuBejieHO OIUCaHKE YUCJICHHOTO METO/[a MOJICJIMPOBAHUS — Me-

TOJIa KOHEUYHBIX pa3HOCTEl, chOpMySIMPOBaHbI €r0 MPEUMYIIECTBA /I PEHIeHUs 3a-
Jlad CBABAHHBIX C PACHpOCTPAHEHUEM JIEKTPOMArHUTHBIX BOJIH B cpejie. [IpuBejienbl
Pe3YILTATHI THCICHHOI0 MOJEINPOBANHS [0 co3pannio aunammaeckoil x(?) menumeii-
HOCTH B OJTHOMEPHOM (POTOHHOM KPHUCTaJIJIe W I'eHepalud BTOPON TapMOHUKH Ha Ta-
KOl HejimHelnocTu. Pacuurana sdpekTuBHOCTD reHeparuum BTopoit rapMoHuku Ha 4
JUTMHAX BOJIH, HA OJHON M3 KOTOPBIX TaKKe pacduTaHa 3(D@PEeKTUBHOCTH I'eHepaIun
TpeTbeil TapMOHUKHU. [IpoBesien psi1 Inc/IeHHbIX IKCIIEPUMEHTOB IO PACIIPOCTPAHEHUIO
JIBYX BOJIH C 4aCTOTaMU, OTJIMYAIOIMUMUCA B 2 pa3a, JiJIsi OJIHON U TON »Ke CTPYKTY-
pbl OJIHOMEPHOr0 (POTOHHOI'O KpUCTAJLJIa U Pa3HbIX HAOOPOB JIMH BOJIH. B KauecTse
NEepBO# TAPMOHWKN OBLIM BBIOPAHbI pa3IMdHbIe JITMHBI BOJTH. [Ipyn pacmpocTpaHeHUH
nydka ['aycca ¢ JyInHO# BOJTHBI IEPBOi TapMOHUKHU B (POTOHHON CTPYKTYype bsrarogaps
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patee nasegennoil (2 pererke na BbIXOAE U3 CIPYKTYPbI HAOMIOLAI0CH U3/1YYCHUE HE
TOJILKO Ha OCHOBHOIi, HO W Ha yJABOEHHOI dacToTe. Ha BXom mojaBasics rayccoB ImydoK
eIMANYHON MormHocTn. Ha pucyrke 7 mpejcrapieHa 3aBUCHMOCTH MOITHOCTU W3JIY-
YeHUsT Ha BbIXOJie U3 (POTOHHON CTPYKTYPhI OT YaCTOThI IPHU JIJIMHE BOJIHBI 11E€PBOii
rapMoHuKku 1226 nwm. IIpomeminas MOITHOCTH HOPMHUPOBaHA Ha €IUHUILY MTOAABAEMOIl
MoInHocTH. VI3 pucyHKa 7 BUJIHO, UTO KpOMe H3JIydYeHHUs Ha YJIBOCHHON 4acToTe ¢ (-
(bEKTHBHOCTBIO TTPeobpas3oBaHis BO BTOPYIO rapMornky 1 = 0, 22 x 10~2 nabnogaercs
U3J1yYeHue Ha YTPOEHHON vyacTore ¢ 3PPeKTUBHOCTHIO 1Pe0dPa30BaHus B TPETHIO rap-
MOHUKY & = 1,3 x 1076,

107 -
10° -

107° -
10'11 L

10" L | !
0,0 0,1 0,2 0,3

[poteaiias MOMIHOCTh, OTH. /.
—
(=1
T

Yacrora H3JIydeHHs, OTH.e]l.

Puc. 7. 3aBucuMOCTb MOIIHOCTH HM3JIYYEHHS Ha BBIXOJE U3 (POTOHHOI'O KpUCTaIa OT dacTorhl. Ha
BX0/Ie B (DOTOHHBIM KPHUCTAJLI JIJIMHA BOJIHBI IogaBaeMoro nydka [aycca: 1,226 MKM.

[Tony4uenabie pe3ysibTaThl MO3BOJIAIOT MPEAIOIaraTh, ITO JIJId JAHHON JIJIUHBI BOJI-
HbI MOYKHO TOJIONPATH CTPYKTYPY TaKUM 00pa3oM, 4ToObl YBEJININThH IPEPEKTUBHOCTH
reHepaliuy BTOpoi rapMOHUKY, & TaK>Ke 11OJIYUUTh I'eHEPAIUIO BbICIIUX rapMouuK. [Tpu
JUIMHE BOJIHBI HAJA0INEro U3jydeHus Ao = 1,226 nabjoaeTcs renepaliisi He TOJIbKO
BTOPOIl, HO U TPeTbell FapMOHUKK CO 3HAUYUTE]TbHO MEHBIIUM KO(MMUIIMEHTOM IIPEod-
paszoBanus, KOTopbiii cocrasui 1,3 x 1075,
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B Baksrouenun ¢hpopMyaupoBaHbl OCHOBHBIE PE3YJILTATHI PAOOTHI.

I. B pesysibrare ucciiejioBanus MOJUMUKAIIMU ONTUIECKUX CBOMCTB CyCIIEH3UN Ha-
HOYACTUI JUOKCHA TUTaHA, KOMIO3UTHOIO MaTepuaJia (POTOPE3UCT-HAHOTACTUIIBI U
doropesncra SU-8 iist (POTOHHBIX KPUCTAJLIOB:

a) Paspaborana mMeTonnka CO3/aHust W CTaOWIN3AINYT CYCTICH3WH HAHOTACTHIL JIU-
OKCH/JIa, TUTAHA B PA3JUUIHBIX COJbBeHTaX. OOHAPYZKEHO MOBBIIIEHNE KAIeCTBa, CyCIIeH-
3Uil, YBeJIUUEHNEe X BPEMEHM >KU3HU, YMEHBbIIEeHUE CPEJHEero pa3Mepa HaHOYACTHIL B
CYCIIEH3UU IIpU OOJIYUYEHUH YIbTpadHOJeTOM 3a cUYeT BHellHero ¢gporoaddekra B Ha-
HOYACTHUIAX JUOKCHJIA TUTAHA.

0) 3aduKkcnpoBaHa 3aBUCHMMOCTD YBEJMUEHNsI TTOKA3ATEsI TTPEJTOMJICHUsT CYCITIeH3Hit
¢ pocToM KOHIeHTpaluu Hanodactut. Onpejener 3hdEeKTUBHBIN TOKa3aTE/b TPEJTOM-
JIEHUST HAHOYACTHUIL JIMOKCU/Ia TUTAHA B COIVIACUU C TAOJMIHBIME JaHHBIMU. MeTomom
U3MEPEHUd JUHAMUYECKOTO PACCesHUA CBETa B CYCIICH3UU OIPEJCJICHO PacIpee/IeHue
HAHOYACTHUIL B CyClleH3uM 110 pasdmepam. [Ipu wmcciiejioBanum CrekTpoB MPOINyCKaHUs
CYCTICH3W# HAHOYACTHIL JUOKCHIA TUTAaHA OOHAPYKEH MAaKCHUMyM B KpPacHON 00OJacTH
CIIEKTpA.

B) Paspaborana merouka co3gaHus KOMIO3UTHOTO Marepuasa goropesuct SU-
8-HAHOYACTUIIB JUOKCH 18 TrTana. OOHAPYKEHO MepeKII0UeHne PACCesHUsT B MIJIEHKE
KOMIIO3UTHOIO MATePUAJIa [PU UCIOJAb30BAHUN &JI'€3MOHHOTO CJIOsI B 3aBUCUMOCTH OT
TeMIIePaTyPhl, IPEII0KEH MEeXaHU3M STOIO SIBJICHUSI.

r) [Ipu koumenTpanuu Hanogactutl 38 00.% moKazaTes b MPEJIOMIICHHsT KOMIO3UTHO-
ro MmarepuaJja coctasua 1,93 £+ 0,01 ma gaune Bosnsl 632,8 nM. Paccuntannoe mo mo-
nesii bpyrremana 3Hadenue mokasaTesist IPeJIOMJICHHsT JIJIsT BLIOPAHHON KOHIIEHTPAI[UN
HAHOYACTUIL JIMOKCHJIa TUTaHa JiJIsd JIIMHBI BOJIHBI 632,8 HMm cocrasiaser 1,97 £+ 0, 01.

1) ObHapy2KEeHO HAPYIIIEHUE U3BECTHO 13 JIMTEPATYPbl 3aBUCKMOCTH [TOPOI'OBOH J10-
3bl O0JIy4YeHUsI, TIOJIYIeHHON (POTOPE3UCTOM OT MOIIHOCTH IIyUKa U BPEMEHH SKCIIOHU-
POBaHUS B KOMIIJIEKCE U MOsIBJICHUE HOBOW 3aBUCHMOCTH JIO3bI O0JIyYeHUs OT MOIIHOCTH
Iy4YKa U BPEMEHM SKCIOHUPOBAHUS 110 OTJI€JILHOCTH.

I1. B pesysibrare ucciepoBanust reHepaiui BTOPO FrapMOHUKK B OJJHOMEPHOM (ho-
TOHHOM KPHUCTAJJIE U3 N30TPOMHOTO MaTepuaJa;

a)IIpomMoieTMpoBaHHO pacnpocTpaHeHne JIJIMH BOJIH TEPBOH U BTOPOH TapMOHUKH
B OJTHOMEPHOM (DOTOHHOM KPHUCTAJLIE.

0)Haiineno pacmpesesnenne x?) menumeiiocT B OQHOMEPHOM (POTOHHOM KPHCTAJ-
Jie, HaBEeJIeHHOU CYMMAapHBIM IT0JIeM I[IePBOU U BTOPOU TapMOHUKN.

B)IIposesen pacuer apdekTuBHOCTH TPEOOPA3OBAHNST U3JTyUEHHUsT BO BTOPYIO rap-
MOHUKY IIPpUA BO3/AEHCTBUN HA CTPYKTYPY C X(Q) HEJIMHEMHOCTBIO U3JIy4YeHUEM IepBPH
rapMoHuKku. st JyinHbl BoJIHBL A3 = 1,226 MKM HabJonanach 3pOeKTUBHOCTD IIpe-
00pa30BaHUsA U3JTyUeHHs BO BTOPYIO rapMOHUKY cocTaBmia =0,22 x 1072,
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r)[Ipu roit ke jymHe BosiHbl A3 = 1,226 MKM oOHapy»KeHa IeHepaldsi TPeThei
rapMOHUKH ¢ KoadduruenTom mpeobpaszosanus 1,3 x 1075

Buenpenue pe3yabTaToB padoT M peKOMEHIAINM II0 WX JaJIbHEnInemy
MCIIOJTh30BAHUIO

PesynbraThl uccepTainoHHOl pabOThl UCIOJB3YIOTCS B J1aOOpaTOPUN HEJIUHERHOI
ontuku 9P PAH u ma kadenpe ontukn u cuekrpockonun OVpI'Y misa usydenus
ABJICHUN B3aUMOECHCTBUA U3JTYIECHUS C BEIIeCTBOM.

PaspaboranHble METOJUKKM HCIOJB3YIOTCS JIJIsi BbIIOJHEHUs] KBaJM(MPUKAIMOHHBIX
paboT HGakaJIaBpOB M MAIrvMCTEPCKUX JUCCEPTAIUil Ha Kadeape ONTUKU U CIIEKTPOCKO-
uun FOYpI'Y.

Pesynbrars! guccepraiuu 1eaecooOpastHo UCnoib3oBaTh B HOKHO-YpajbcKoM T0-
cynapcreennoM yuupepcutere, Camapckom dpununaae Ousnueckoro nncruryta PAH, B
Uncruryre ontuku armocdepol PAH, B TomckoMm rocymapcrBeHHOM yHUBEpPCHUTETE, B
Cankr-IlerepOyprckom rocymapcTBeHHOM yHUBEpCHTETE MH(MOPMAITMOHHBIX TEXHOJIO-
I'Uil, MEXaHUKWA U OITUKHU.
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