«Ontuka atMocdepbl 1 okeata», 37, Ne 8 (2024)
DOI: 10.15372/A0020240812

NCTOYHUKN W NPMEMHUKN OIITUYECKOTO NU3JIYUYEHWA
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IIpescTaBieHbl Pe3yJIbTATHI MCCIETOBAHUS BIUSHUS MOPQOJIOTHH U COCTaBa TOHKHUX ILIEHOK, OOpa3ymoInx
CTPYKTYPY AUDJEKTPHUECKUX 3€PKAJ ONTUYECKUX PE30HATOPOB KOT€PEHTHBIX MCTOYHUKOB /7 JUIAPOB, Ha IOPOT
onTuueckoro mpo6os. B mporpammuoM o6ecreuenun Optilayer mpoBeseHo MoJesNpoBaHEEe IUAJIEKTPHUECKUX
3epKaJl ¢ UCHOJb30BaHKMeM IByX map MartepuanoB: TiO,/SiO, u ZnS/YbF;. C moMolpio 2JeKTPOHHONH I aTOMHO-
CIJIOBON MUKPOCKOIHHU OIpe/esleHbl UX MopdoJornieckie oco6eHHOCTH. MeTOoIOM HOHHO-TY4eBOTO PACIbBLIEHHS
HaHeceHa PAaCCYUTaHHAS CTPYKTypa MHTep(depeHIOHHOTo IMOKPHITUS Ha MOAJTO0XKKY 3 KBapua Mapku KI. Ompe-
JIeJIEH TIOPOT JIa3ePHO-UHAYIINPOBAHHOTO MPO60sS AnsaeKTpidecKux 3epkan usayuerneM Nd:YAG-nasepa Ha [inHe
Bomubl 1064 HM, KoTopbiii coctaBia 4 Jlx/cm? maa sepkana TiO,/SiO, u 3,2 JIsx/cM? ana sepkata ZnS/YbF;.
PesysibraThl paGoTbl MOTYT GBITh MOJE3HBI TIPU U3TOTOBIEHUN IMIIEKTPUIECKIX 3€PKAT C BBICOKUM MOPOTOM OMTHU-
YeCKON MPOYHOCTHU IS JUAAPHBIX CUCTEM U KOMILTIEKCOB KaK B MCTOYHHKAX, TaK M B IPUEMHBIX CHCTeMaX.

Knaiouesvie croea: nusiekTpuueckoe 3epKaio, JUAap, IMOI0XkKKa, KBapl, MOp(OJIorus, onTuuecKuii mpo6oii;
dielectric mirror, LIDAR, substrate, quartz, morphology, optical breakdown.

Beegenue

C 11esbI0 KOHTPOJII W OIeHKN W3MeHeHUs Tapa-
METPOB OKpYsKalolllell cpe/lbl yKe J0JTOe BpeMs BeleT-
¢ pa3paboTKa JIa3epHbIX KOMILJIEKCOB — JHAAPOB, Kak
CTAllMOHAPHBIX, TaK M MOOWJIBHBIX, YCTaHABIMBAEMBIX
Ha MalllMHbl WK JeTaTeJbHble ammapaTsl [1]. 3oHau-
poBaHue aTMocdepbl — 3aJja4a HeTPUBHAJIbHAS; OHA CO-
TpspKeHa ¢ pellleHneM MHOKecTBa TpobJieM, HalpuMmep
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C TIOTJIONIEHNEM JiadepHOTO u3iyuyenusi. [l ee pee-
HUS UCTIOJIB3YIOTCS MCTOYHHUKH, [AEHCTBYIOIN[NE B OKHE
mpospadHoctu  arMocdepsl.  IlomMuMo — THOTJIONIEHUS,
n3JIydeHNe Tak)Ke paccenBaeTcsi aTMocdepoii, 4To BbI-
3bIBAeT JIOTIOJIHUTEJNbHBIE TPYAHOCTH B PETHCTPALIUN
curtaya. PenreHue 3Toil mMpo6JIeMbl CBSI3aHO yiKe C yCO-
BEpIEHCTBOBAHIEM KOHCTPYKI[MU ¥ TapaMeTpOB Kak
€caMoTro MCTOYHWKA [IJIST 30HAMPOBAHUS, TaK U IIPUEMO-
nepelaiolieil acTu Jugapa.

B pa6ote [2] nmpomeMoHCTpUpOBaHa BO3MOKHOCTH
pacIImpeHnsT BBICOTHOTO [HAma30Ha 30HIMPOBAHUS
arMocdepbl MyTeM MPUMEHEHNUS [BYyX IIPUEMHBIX TeJie-
CKOTIOB /IyIsI OJIVDKHEN M JasibHell 30H, a TakkKe o6be-
JIUHEHUsT aHATOTOBBIX U CYETHO-(DOTOHHBIX JIHTAPHBIX
CUTHAIOB B oAuwH o6muii. B pabore [3] permraercs
3a/la4a TIOBBINIEHUSI SHEPIUU UMITYJIbCOB U3JIydaTeist
[IPU COXPAHEHWU BBICOKON YaCTOThI WX IIOBTOPEHUSI.
Bbicokast 3HepTHs UMITYJbCOB MO3BOJISIET JOOUTBHCS
6ouiblnieil JaTbHOCTH 30HMPOBAHUS, a BBICOKAS YaCTOTa
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TIOBTOPEHNS — YBEJUYEHUs paspellaronieil cIocobHo-
CTH TIpH peTHCTpaImu o6paTHoro curHama. OmHaKo
CYTIIECTBEHHOE TOBBINIIEHNE SHEPTUH MMITYJIbCOB WM3JTY-
YEHUST COTMPSKEHO ¢ PUCKAMU TIOBPEXKIEHNS KaK CaMo-
TO aKTUBHOTO 3JIeMeHTa, TaK M 3epKaJ pe30HaTopa
OIITUYECKOTO TeHepaTopa.

TTopor masepHo-uHAyIMpoBaHHOrO Tipo6ost (TTJTUII)
JIM3JIEKTPUYECKUX MHTep(ePeHIINOHHbIX 3epKas (a Tak-
K€ TPOCBET/IAIONINX TOKPBITHH) 3aBUCHT OT MHOKECT-
Ba mapameTpoB u (akrtopoB. Hampumep, oTpaxkaress-
Hasi CIOCOOHOCTD 3epKajia, KaK MPABUJIO, YJIy4IIaeTcst
IyTeM yBeJIUYeHHUs] YHUCJIA CJI0EB, COCTABJSIONNX UH-
TepdepeHIINOHHYI0 CTPYKTYpYy. A 3TO, B CBOIO oOuye-
pelb, IPUBOJUT K YBeJUUYEHUIO CyMMapHBIX MeXaHHue-
CKUX HANPSDKEHUI B CJI0AX W, KaK CJIEJCTBUE, TLJIOXOM
aJre3u TJIEHKH U BO3MOXKHOCTH €€ PACTPEeCKUBAHUS
B IIpoIlecce IKCILTyaTaIl[ii ONTHYECKOTO dJjeMeHTa [4].

Eme oamn BaxkHbI ¢axkTop, BAMSONINI Ha
[IJINII mHTepdepeHINOHHBIX TOKPHITHII, — MopdoJo-
IrHYecKUil cocTaB IIEHOK M UX XHMHUYecKas CTeXHOo-
MeTpugd. IIpm BakyyMHOM MeTojle HaHeCeHUs TLIeHOK
B HHUX MOKeT 06Pa30BBIBATHCS HECTEXMOMETPUYECKast
CTPYKTYpa, HUHBIMH CJIOBAaMH, BKJIOYEHUS, KOTOpbIe
SBJIAIOTCS IIeHTpaMu norJoienust [5, 6]. Takue BkJIio-
yeHHUsl IIpU BO3/EHCTBUU HAa HUX BBICOKOSHEPIHMUYHBIX
JIa3epHBIX WUMITYJbCOB BBICOKOI MOIIHOCTH pa3orpe-
BAlOTCS, BBI3bIBAS ONTHYECKWIl Mpo6oit TieHku. /[[as
pelieHust 3TON TPO6JIEMBbI pa3pabaTbIBaeTcsl TeXHOJIO-
ruyeckas KapTa IIpollecca HaIbLIeHHs IJIEHOK B Ba-
KyyMe C ONTHMaJbHBIMU IlapaMeTpaMyl, IIPU KOTOPBIX
CTEXNOMETPHS IUIEHOK O6JN3Ka K HOMHHAJIBHOMY CO-
craBy [7, 8].

Ha ceropusimHuii feHb HauGoJjiee PacipoCTpaHeH-
Hble MeTOJbl TOJYUYeHUS UITeKTPUYECKUX IIJIeHOK,
o6afaonux BbicokuMH 3Havenusamu IIJIII, — meto-
JIbl 3JIEKTPOHHO-JIy4eBOI0 U HOHHO-JIYYeBOIO OCasKjie-
g [9], a takke aToMHO-cJoeBoro ocaxkgenus [10].
B mnameit pa6ore OBLIT WUCTOIB30BAaH METOJ MOHHO-
ayuesoro pacnbuienns (MJIP) mienok B BakyyMme. OH
TI03BOJISIET PACHBLISATD MUIIEHN MPAKTUYeCKH BCeX Ma-
TEepPUATIOB BBICOKOSHEPIMYHBIM HOHHBIM IIyYKOM IIpH
JaBeHnn B KaMepe mopsaka 107—107 ITa. Opmaxo
BBICOKASI HEPTUS MOHOB PACHBLIAIONIETO TTyYKa TaKiKe
MO>KeT BbBI3BIBATb PAcCla/l CJOKHOTO COeJMHEHHS Ha
3JleMeHTapHble COCTABJISIONINE, UTO MOBJIEYET Hapylle-
HUe CTeXHOMeTpUU COCTaBa HAIIbLIsIeMON IIIEHKHU.

Ilens HAcToOsMIEll paGOTBI — ONMpeNeTUTh BINSHUE
coctaBa U MOPQOJOTUU UIJIEKTPUIECKIX 3epPKAJT /IS
JIa3epHBIX HUCTOYHUKOB JHJAPHBIX KOMILIEKCOB Ha TIO-
pPOT ONTHUYECKOTO Mpo6osi TPH BO3JeilCTBUM HAa HUX
BBICOKOHEPIUYHBbIMU JIA3€PHbIMU UMITYJIbCAMHU.

1. BbiGop MaTepuaJoB U MOJEJHPOBAHHUE
uHTep}ePEHIIMOHHBIX MOKPHITHI

Jlia pa6oThl 3epKas ObLI BbIOpaH IeJIeBOI aHa-
mazoH 970—1175 HM ¢ TIIeHTpOM Ha [JIMHE BOJHBI
1064 1M, Tak Kak B 3TOM Amuama3oHe pabortaioT YAG-
n  YAP-5a3epnl, JernpoBaHHble HMOHAMU HEOUMa

u UTTepOUs, KOTOPBIE SBJSIOTCS MCTOYHUKAMU BBICO-
KOHEPTUYHOTO W3JAy4YeHUs W IIIPOKO HCIOIb3Y-
IOTCS [T HAKAYKU TapaMeTpPUYecKUX TeHepaTopOB
cBeTa cpenHero MK-amamasoHa B JHIAPHBIX KOMILTEK-
cax [11].

OmnTudyeckoe MOKPBITHE MOJENUPOBATIOCH B IPO-
rpaMmuoM o6ectieuennu Optilayer. B kadectBe mos-
JIOKKH OBLT MCTOb30BaH KBapli Mapkn KU n3-3a BbI-
COKOIi JIy4eBO MPOYHOCTBIO KBapieBoro crekia (6osee
30 JIx/cm?) Ha AIMHAX BOJIH, 6u3kux k 1064 M [12].
B kadecTBe TJIEHKOOOPA3YIONINX MaTepHajoB ObLIH
BbIOpaHbl BbIicOKoNpeomstiomue TiOy, ZnS u HU3KO-
npesomistionine SiO,, YbFs3. /laHHble Marepuasbl Ha-
HOCIJTHCh B BHUJIe MOHOCJIOEB /I OIpeJeseHHs MOp-
dosornn. [I1g co3maHUA AMIIEKTPUUECKOTO 3epKaja
u3 HuX Obuin o6pasoBaHbl aBe mapbl: TiO,/Si0O,
u ZnS/YbF3. Takoii BbI6op 06yC/IOBJEH BBICOKOIT pas-
HUllell MeXX/y ToKa3aTeJIMH TPETOMJIeHUs 9TUX Mare-
pHaNoB, M, KaK CJEeICTBUE, MEHBIINMH KOJMYeCTBOM
7 TOJIIMHON C€JIoeB, HEOOXOIUMBIMU [T JTOCTUKEHUS
MaKCUMaJBHOTO KO3(p(PHUIMEeHTa OTpaxkeHHd. ITO,
B CBOIO 0Yepe/lb, YMEHbBIIAeT BePOSITHOCTD MPOo6Oos 3ep-
KaJsa 13-3a MeXaHIM4YeCKIX HAPsKeHnil B croax. Kpome
TOTO OKCH/IHBIE Tapbl MaTePUAJIOB TBEPKE U MOTYT 06-
nagath 6ojiee BBICOKMMHU 3HAYEHUSIMU KOMIIOHEHT TeH-
30pa HAIpPSKEeHNd, B OTJINYNE OT CyJIbMHUI0B U PTOPH-
0B, uTo Takke Biuser Ha IIJINII unrtepdepeHInon-
HOTO NOKPHITHA. lcmonb3yeMble MaTepHasIbl, TOJIITHBI
TMOKPBITHIH, KOJIYECTBO CJIOEB, a TaKyKe CPeAHUI KO-
adduiment orpaxkenus (R) B IlejeBoM Anamna3oHe
TIpeJICTaBJIeHBI B TabJIIIIe.

XapaKTepHCTHKH PAaCCYHTAHHBIX [H3JEKTPUYECKHX
3epKa

[TapameTp 3HaveHUe

Pa6ounii auamna3oH MOKPbBITHS

(R >99%), um 970—1175

Marepuai TiO,/SiO, | ZnS/YDbF3
Dusnyeckast TOJIUHA

MOKPBITHS, HM 2587 2576
Onrtuyeckas TOJNIIMHA TOKPBITHS 4649 4648
CpeaHuii Mo Iuamnasony

K02 DUIIEHT OTPaKEHHS, % 99,8 99,7
KosmvecTBo €/10€B TOKPBITUSA, IIT. 18 18

Ha puc. 1 mpuBeqieHBI pe3yabTaThl MOIETNPOBAHTS
CIIEKTPOB OTPAKEHUS C IeHTPAJbHOU JJIUHONW BOJHBI
1064 um. V3 puc. 1 u TabauIbl BHIHO, YTO [T 000UX
3epkaa R > 99% B mmpokoM auamaszone ot 970 1o
1175 um. Ha pmmne Bommubl 1064 HM  koadduiiment
oTpakeHusI 3epKaja Ha ocHoBe TiO,/SiO, cocrabiser
R =99,8%, a sepkan ZnS/YbF; — 99,7%. ®usnue-
CKasl U ONTHYECKAs TOJIIUHBI MPAKTHYECKU OJMHAKO-
BbI, B 000UX CJIydasX YHCJO CJI0eB paBHO 18, mostomy
[TJINIT 3epkan MOKHO CpaBHUBATb MCXOJd U3 TePMO-
MeXaHUYeCKUX CBOUCTB U MOP(OJOrHIecKUX 0COGeH-
HOCTell HCIOIb3yeMbIX MaTepHasoB.
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Puc. 1. Pe3ysibrarT MOJeTMPOBAHUS CIIEKTPOB OTPAKEHIS AMITEKTPUUECKHIX 3ePKAJ C IEeHTPATbHON IauHOIN BouHbI 1064 HM

2. Mopdouiorusi oy4eHHbIX MOHOCTIOEB,
ux gedeKTHas] CTPYKTYpPa B 3aBHCHMOCTH
OT YCJIOBUI HANbLJICHUS

[Tepen mamblIeHEM MHOTOCJIONWHBIX WHTepdepeH-
IINOHHBIX 3ePKAJTbHBIX MOKPBITUN MPOU3BOIUIACH OI-
TUMU3alUusI PEKUMOB HambLieHusT MoHocJoeB TiOo,
SiO, ZnS u YbF3. C momoipio MOHHO-JTy4eBOil Ha-
IBLINTEMbHON MammHbl Aspira 200 MOHOCJION TOJIIIIH-
Hoit 10 HM HaHOCH/IHMCH Ha TOJIOXKHN U3 KBapia KU
B PasJMYHBIX peXkUMax HambLieHus (BapbUpOBaINCH
mapiuagbHOe JaBJeHle Ta30BOH cMecH, I0/laBaeMoii B
KaMepy IIpH HANbLIEHNH, ¥ HaNpsbKeHHe Ha HOHHOM
UCTOYHKKE). AHA/NM3 MOJYYEHHBIX MOHOCJOEB ObLI
TpOBe/IeH C WCIIOJb30BaHNEM CKAHHUPYIOIIETO 3JIeK-
TpoHHOro Mukpockomna Tescan MIRA 3 LMU c kato-
nom IorTku. B okcuaHbIX coeHEHUSX Ha OCHOBe
MeTaJ/IoB, a Takxe coeguHennu ZnS (puc. 2, a) ne-
(exTHOII CTPYKTYPHI ITEHOK HaiimeHo He 6bL10. O6HA-
PY’KUBAJNCH OT/ebHBbIE Te(EeKThl TOTOXKKI B BUJIE
IapanuH WA BBIKOJOK. CTeXHOMeTPHYecKHil COCTaB
He HapyIlleH, TJIeHKa COCTOWT M3 2JieMeHTOB Zn u S,
a Takke MHUHHMMaJbHOro KoimdectBa (Menee 0,05%)
pacmpLisieMoro rasa aprona (Ar).

B xoze pa6otbl 6t caenanbl cHuMkn (puc. 2, 6)
MoHocsos1 TiO,y. Cpemnauil pasmep 3epeH OKCHA THUTA-
Ha coctaisieT nopsiaka 100—120 uM, onu (opMupyioT
arnmomepatbl pazmepamu S500—600 uMm. Ilmenka, mouy-
yaemag MetogoMm WJIP, mnortHas, ee cTpykTypa Hemo-
pucrasi. OTKJIOHEHWIT OT CTEXMOMETPUH COCTaBa He
oGHapPYKEHO.

Hawubospiimii uHTEpeC MPeACTaBUIN HAMbLIEHHBIE
MOHOCJION HHU3KOIIpeJoMJSonnX MarepuaaoB SiO,,
a takxke coequuenne YbF;. B Monocioe SiO, Ha Ha-
YaJIbHBIX 3Talax OTPaGOTKU IPOIlecca PACIbLIEHUsT Ha-
6mofannch aedeKThl IIEHKH B BHUIE CKOILUIEHUST KOHT-
JIoMepaToB, WAEHTH(UIMPOBAHHBIE B JaJbHeHIIeM Kak
YICTBI HelrpopearnpoBaBuuii kpemuuii (puc. 3, a, 6).
B utore cepum sKcnepuMeHTOB JedeKTHAS CTPYKTypa
IUIEHKN OKCHJa KpeMHus Gblia ycrpatena (puc. 3, 6).

Bunsinne cocraBa u Mopdosiorun onTHYeCKHX HHTEP(EPEHIIHOHHBIX TOKPHITHHA. ..

ITocse cHMXEHHS YCKOPSAIOMIETO HAIPSKeHUS HOHHOTO
uctournka ¢ 3500 mo 2800 B medexTHasd CTPyKTypa
IIJIEHKN OKCHAa KPeMHUS ncdessa. ITOT (HaKT TOBOPUT
0 TOM, YTO TIPU BBICOKHX HANPSIKEHUSX U BCJIEJCTBUE

MIRAS TESCAN

50,84 uM

40,00

30,00

20,00

10,00

0,00

Puc. 2. N3o6paskeHus: o61acTii MOBEPXHOCTH MOHOCTI0s ZnS,
MOJIyueHHOE Yepe3 OGbeKTHB 3IeKTPOHHOTO Mukpockoma (a),
u MoHocJ1051 TiO,, mosyuenHoe MerogoM ACM (6)
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MIRA3 TESCAN
5 um

a

MIRAS TESCAN
20 ym

G

Puc. 3. [leexTHast cTpyKTypa, o6HapyKeHHas B IJIeHKaX oKcuaa kpeMHus (@), yBeindeHHas 06/1acTb ¢ OGHAPYKEHHBIM JAedek-
ToM (6), GesnedekTHas TIeHKAa OKcuaa KpeMHus (6)

BBICOKOTO Pa30TpeBa CaMON MUIIEHH MaTephajl MOKET
pacmbLIAThCS B BUJE Kamedb. JTO, B CBOIO OYepeb,
HETATHBHO BJIMsIET HAa CTEXHOMETPHIO IUIEHKH, €€
CTPYKTYPY U JIy4eBYIO TIPOYHOCTD.

CoenuHeHust Ha OcHOBe (PTOPHUIOB, B YaCTHOCTH
YDbFs;, uMeror B cBoeM cocTaBe JIETKOJETYYHH KOMIIO-
HeHT ¢rop. [loaToMy pH BBICOKMX 3HEPTUSAX MOHHOTO
IyYKa BO3MOJKHO Pa3JoXKeHHe COelNHEeHUsS Ha COCTaB-
JITIONINE C TOCTeTYIoNNM yJIeTydnBaHueM ¢dTopa 3a
TIpe/Ie/Ibl HATbLINTEbHONW KaMephl, YTO BJIEYET 3a CO-
6011 HECTEXIIOMETPUYHOCTD COCTaBa HAIIBLISIEMOTO MOHO-
crnoga [13]. Y monocmos YbFs; MuoxkecTBO gedextoB
(TeMHBIE 06JTaCTH Ha pHC. 4), KOTOPbIE, TO-BUANMOMY,
MOTYT OBITb CBSI3aHBI C OTCYTCTBHEM (PTOpa B COeMHE-
HUU W, KaK CJIEJCTBHE, SBJATHCSI BKIIOUEHUSMH YICTO-
ro uTTepOus.

Puc. 4. Mzo6paskeHne o6aacTu moBepxXHOCTH MOHOCI0sT YDF3,
HOJTyYeHHOe Yepe3 OObeKTHB 3JIeKTPOHHOTO MUKpocKkoma: 2 —
nedexrHas, 19 — 6esmedextnas obractu (puc. 5)

DJIeMEHTHBII aHaIM3 HECKOJbKUX objacTeil, mpo-
BeJIEHHBII C TIOMOIIBIO 3JIEKTPOHHOTO MIUKPOCKOTIA, TO/I-
TBEP/IIJI TEOPHIO, YTO B TeMHBIX obmactax (2 Ha puc. 4)
mpeo6iasaeT Kak pa3 UTTepOuil U CyIIeCTBEHHO HeI0C-
taer ¢propa. CootHotenust Gpropa K UTTEPOUIO B TeM-
HBIX 00JIaCTSIX CcOCTaB/sgeT mpuMepho 1:5. ITo moKa-

3aHO Ha puc. 5, a. [lna Gesnedextroit obmactu (19 Ha
puc. 4) cooTHolIeHHe Mekay (TOPOM ¥ HTTepOHeM
cocTaByisierT nopsaaka 1:3, Kak I0Ka3aHo Ha puc. 5, 6,
4yTO yKJIa/AbIBaeTcss B popmyay coenunenus YbFs. Bor-
COKas 3HEPrusl MOHHOTO Iy4YKa paspyllaeT CcoeInHe-
HUeE, YTO TPUBOJUT K MOSIBJEHUIO GOJBIIOTO0 KOJIUIECT-
Ba /e(eKTOB B TOHKOH mieHke YbFs.

uBc,/ 3B

0o 2 4 6 8 10 12 14 16

18 kaB
a
OF
Wt, % o
Sl F 330 03
Yb 11,2 0,1
40 cC 28 0,0

uyBc,/5B

o t 2 3 4 S5 6 7 8 9xaB

Puc. 5. dneMenTHBIN aHamu3 MoHOca0s YDF3: cmektp, coot-
BerctByouii cexropy 2 (@), 19 (6) Ha puc. 4

Ha ocHoBe MozenupoBaHus HHTephePeHIINOHHBIX
nokpeitnii u3 Marepuanos TiO,/SiO, u ZnS/YbF3
(cM. tabauny u puc. 1) u mosydernoil uHbopMaun
06 nx MOpQOJOTHIECKIX OCOOEHHOCTAX AUIJIEKTPUYE-
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Puc. 6. Hanecennbie Ha mo10:xKy u3 kBapia KU 3epkasibHble
TIOKPBITHS

CKHe TOKPbITHS GBLIH HaHeceHbl Ha HOJIOKKY KBaplia
KW MeTooM BakyyMHOTO HMOHHO-IYYeBOTO pacIIbLie-
nua (puc. 6).

3. ITopor onruyeckoro npo6os
pa3paboTaHHBIX 9KCIEPHUMEHTAIbHbBIX
MOKPbITUI

B kavecTBe MCTOYHMKA U3JIYUYEHHS UCIOJb30BAICS
Nd:YAG-na3ep, reHepupylomuii u3aydeHue Ha JJINHe
BoJiHbl 1064 HM ¢ monepeuHoil AnoHON Hakaykoi. OH
pa6oTan B pekuMe aKTHBHOI MOYJISINU TO6GPOTHOCTH
¢ JUTATEJbHOCTBIO UMIYJbCOB T = 35 HC W YacTOTOM
crepoBanuss  umiysibcoB [ = 1000 I'n. V3mepeHHbIit
JluaMeTp JIa3epHOTo IIyYKa Ha BXOJHOI aleprype uccie-
IyeMBIX 06pa3IloB COCTABUJI BO BCeX 3KCIIEPHMEH-
Tax d = 350 + 10 MKM 10 ypoBHIO 1/€? OT MaKCHMAJIL-
HOll wWHTeHCHBHOCTH. CpeaHAS MOIIHOCTb W3JIy4YeHUS
Nd:YAG-nasep Bapbuposanack or 0,5 1o 10 Bt B u-
HeHHO-TIOJIAPU30BAHHOM TayccoBoM Tiyuke (mapamerp
M? < 2), dororpadus UCTOUHNKA M3TyUeHHS W cXeMa
U3MepUTENbHOTO CTeH/1a IPUBe/IeHbl Ha puc. 7.

Nd:YAG- 113
KBAHTPOH

UM

Puc. 7. Nd:YAG-nazep mia onpenenenuss [LJIUII uccaenye-
MbIX 06pasnoB: 31 — rayxoe 3epkayo pesoHaropa; Nd:YAG-
KBAHTPOH C IONepeuHoll HelpepbiBHOW JMOJHON HAKAUKOIi;
[T — mpusma I'nana; [13 — naccuBnbrii 3aTBop Cr:YAG; 32 —
BBIXO/IHOE 3epKasio pesoHatopa ¢ 50%-M mpomyckanuem; JI —
¢okycupylomas auH3a; VIM — n3Mepuresb MOIIHOCTH

CormacHo MexkayHapomHoMy ctangapty [SO 21254
acdeKTUBHAA IJION[Ab TayccoBa IydKa OIpese/IseTcs

kak S = nd*/4. TII0THOCTD SHEPTHN JA3EPHOTO M3y~
YeHUs

E = 8P,,/(fnd?), @)

rne P,, — cpenHss BBIXOJHAS MOIHOCTH Jazepa Ha-
Kkauku [ 14].

ITopor omnTtuyeckoro mpo6osi 06pasloB oOmpese-
agancsa 1o Mertoguke R-on-1. CyTb ee 3akiodaercs
B TOM, 4YTO KayKgasd OTAeJbHas 06JacTh KpHCTajLIa
TO/IBepraeTcss Jia3epHOMY OOJYyYeHUIo ¢ TIOCTIel0Ba-
TEJTHbHBIM TOBBINIEHIIEM WHTEHCUBHOCTH JI0 TeX TIOp,
MOKa He TPOU30iiieT onTHYecKuil mpo6oii mwin He Gy-
JleT TOCTUTHYTO 3apaHee 3a/[aHHOE 3HavYeHUe MJIOTHO-
cTu sHepruu. B Hamiell paboTe mccieOBaHUE IIPOBO-
IUIOCh C JJTUTENTBHOCTBIO 3KCHO3UINHU Ty = S5 ¢. Ha
ucceyeMblit 06pasel] BO3IeiicTBOBAJ TTAKeT Ja3ePHBIX
UMMYJbCOB € (PUKCHPOBAHHBIM YPOBHEM IJIOTHOCTH
9HEPTUH, He BBI3BIBAIONINM MOBPEXKIEHUS TTOBEPXHOCTH
Kpucta/ioB. /laee ypoBeHb IJIOTHOCTH SHEPTUH YBe-
guuuBaica ¢ maroM ~0,1 I/ oM. [Ipu mnosiBneHNN
BU/IUMOTO TOBPEK/IEHNS HA TIOBEPXHOCTH IKCIIEPUMEHT
mpekpamiaicd. 3ateM o6pa3sell epeMeraicsa Ha 0,5 MM
10 BBICOTe WJIM IMUPUHE TP TTOMONIN JIBYXKOOPIUHAT-
HOHl TOJBIKKHU; JKCHEPUMEHT TOBTOPSJICS TATh Pa3.
BeposATHOCTh ONTUYECKOTO MPO6OST OIIEHUBAIACD MyTEM
mocTpoenusi rpaduka KyMYJSITHBHOII BepOSITHOCTH
B 3aBUCHMOCTH OT IUIOTHOCTH 3HEPTHH OITHYECKOTO
npo6og. 3a mopor onrudeckoro mpo6os (WO0d) mpu-
HUMaJach BeJWYWHA IUIOTHOCTH 3HEPTHH, COOTBETCT-
BYIOIIas aMMPOKCUMAIINN BEPOSITHOCTH ONTHYECKOTO
mpo6os K HYJIO.

Y [usieKTpUYecKOro 3epKajia HAa OCHOBe TIapbl
TiO,/Si0, IIJINII = 4,0 +0,1 Ixx/cM?;, 11 3epkaia
Ha ocHoBe ZnS/YDbF; om pgocruram Jmmb 3,2 +
+0,1 /x/cm?. Tak kak ucciefyeMble 3epKaga 06Ja-
Jali  OJMHAKOBBIM KOJIMYecTBOM cjoeB (mo 18),
a Takye NPHUOJIU3UTENBHO OJAMHAKOBOH ToMmUHON (M.
TabJNIy) M XapaKTePHCTHKONW OTpaskeHUsT Ha [IJINHE
BosHbl 1064 HM, TO cymecTBeHHyo pasHuiy B IIJIMII
MOJKHO OOBSICHUTD TOJTBKO HAJIUIHeM 1e(DEKTHOH CTPYK-
Typbl B Monocinoe YbF3 (cMm. puc. 4, 5). Hapymenne
CTeXHOMETPUN TPUBOJUT K TOSBIEHUIO JOKATHHBIX
LIEHTPOB TIOTJIONIEH, 3-32 YeT0 IPH BO3/IeiiCTBUN BbI-
COKO3HEpPreTHYeCKNX JIa3epHbIX HMMIYJbCOB BO3HUKAET
JIOKAJIBHBII TIeperpeB 00JacTH, TPUBOJSIIMN K OITH-
YeCKOMY TIPO6OI0 MOKPBITHS W OTCJIOEHHWIO OT MOJTIOK-
KU ¢ paspylreHneM obaydaeMoii o61acTi.

3akaoueHue

[IpoBeneno MopenpoBaHHUe MHTePQEPEHIMOHHBIX
JINDIEKTPIUECKIX 3epKaJl Ha OCHOBe Tap MaTephasioB
TiO,/SiO5 u ZnS/YbF3 maa pabGouero mmamasoHa
¢ TeHTpasbHOI JHOI BoHbI 1064 HM. Pacuer moxka-
3aJl, 4TO MOKHO MHOJIy4uThb oTpaskeHne R > 99,7% Ha
1[eJIeBOM JI/IIHe BOJIHBI.

C MOMOIIBIO 3JIEKTPOHHOTO U aTOMHO-CHUJIOBOTO
MHIKPOCKOIIOB HCCJIeJoBaHa MOPQOJOoTHYecKas CTPYK-
Typa MOHOCJIOEB HCIOJIb3yeMbIX MaTepuasioB. [lokasamno,
YTO BBICOKOIPEJIOMJIIONINE cIon Kak ZnS, tak u TiO,
PN HaHeCeHWHW WX Ha TOJJIO0XKKY MeTOJJOM WOHHO-IIY-
YeBOTO pachbLIeHusT UMeIoT 6e3/ieDeKTHYI0 CTPYKTYpPY

Bunsinne cocraBa u Mopdosiorun onTHYeCKHX HHTEP(EPEHIIHOHHBIX TOKPHITHHA. .. 715



1 TUIOTHYIO YIaKOBKY YacTHUI[, YTO TTO3BOJISET TIOIyYaTh
TJIEHKN C BBICOKUM TTOKa3aTeseM TPeJOMJIEHTI.

UccenoBanne HU3KOTMPEIOMIAIONINX MaTepUAJIOB
SiO, u YDbF3; mokasano, 4ro B MOHOCJOSIX JaHHBIX
MaTepUAJIOB IPUCYTCTBYIOT PA3JIUIHOTO Poja /ledeKThI.
Tak, npu pacubuieHnu SiO, Ha BBICOKHX YCKOPSIIOUINX
HaIPSKEHUSX MOHHOTO HCTOYHHKA (BBICOKAS SHEpPrus
HOHOB) YacThb KPEMHHUs He yCIeBaeT IIPOpearupoBaTh
IO COCTOSTHUSI OKCH/Ia, BBI3BIBas JedeKThl HaNbLIsgIeMoi
TIeHKA. DTH AedeKThl MPaAKTUIeCKN MOJHOCTBIO YCTpa-
HSIOTCS MyTeM MoA6opa ra30BOil cMecu aproH,/ KICJIo-
POl TIpW pacTbLIeHNH MaTepuaja W TMyTeM CHIKEHUS
YCKOPSIONIETo HANPSIKEHNI MCTOYHUKA.

YcTaHoB/IeHO, YTO TIPM MOHHOM PACHBLIEHUN MU-
menu YbF; B HambLIgeMoll ILIeHKe IOABJIAETCI O0JIb-
II0e KOJINYeCcTBO JedeKTOB. DJIeMEHTHBII aHalInu3 3TUX
o6acTeil MOKa3bIBaeT HEJAOCTATOK (TOpa € CYIIeCcTBeH-
HBIM IIpeobaaganneM nrtep6us (cootHomenue 1:5). 1o
BBI3BIBAET JIOKAJbHOE OTKJIOHEHWE OT CTeXUOMETPHUH
cocTaBa TUTEHKH, JaHHBbIE Te(eKThl SBIAOTCA B TOM
YHcJie U TOTJIOMAIONUME 1leHTpaMu. OHAKO CHUKEHNe
yckopsioniero Hanpsokenuss Ha 20—25% He BbI3bIBaeT
CYTIIECTBEHHBIX HM3MeHeHHIl KoJamdecTBa /edeKToB.
JlaspHelinee cHIKeHTE MOITHOCTH MCTOYHUKA TIPUBOIT
K OY€Hb HU3KOW CKOPOCTH PACHbLIEHUST U, KaK CJEICT-
BH€, HEBO3MOKHOCTH HAHOCHTb MHOTOCJIOITHBIE TOKPBI-
THSI, I03TOMY TPeGYIOTCS JOTIOTHUTETbHBIE NCCTeI0BAHMS.

Anamus TIJIUIT (L = 1064 um, t©=35He, [=
= 1000 Tm) AMAAEKTPUYECKHX 3€pKaJ Ha OCHOBE Iap
MmarepuanoB Ti0,/SiO, u ZnS/YDbF3 Ha momioxke,
cnenanHoit u3 kBapna KU, mokasas, 4To IuU3JIEKTPH-
yeckoe 3epkajo Ha ocHoBe Ti0O,/SiO, crnoco6HO
BbIJIepKaTh ONTHYECKYIO HATPY3KY 70 4 /Ik/cM?, B To
BpeMs KakK 3epkajio Ha ocHoBe ZnS/YDbF; — 1o
3,2 Jk/om’.

@unancuposanue. VccreoBanne BBIIOJHEHO TIPH
noguepkke PH® (rpant Ne 23-79-10193, https://
rscf.ru/project,/23-79-10193.%22).
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