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PACS 42.55.Rz; 42.55.Xi; 42.60.Fc

JlxuTTEp M NIpeieIbHASI HIKHSSA YaCTOTA HMITYJIbCOB I'eHepalun
TBEPA0TEJIbHOIO JIa3epa ¢ IM0THOH HAKAYKOM
NpH NACCHBHOM MOYJISIUA JOOPOTHOCTH Pe30HATOPA

M.AU.Bbenosoaos, A.®.llaranos

Hccaedosan Oxncummep umnyavbcos 2enepayuu aazepos Ha kpucmaniax Y3AlsOp;:Nd 3t (YAG : Nd) u CazGa;Ge30 5 Nd>+
(CGGG : Nd) ¢ 0uoomnoil Hakauxoii npu nACCUBHOl Mooy Aiyuu doopomuocmu pezonamopd. OOHApyICceHo, umo oxcummep j
3asucum om wacmoml f cAe008anUs UMNYAbC08 2eHepayuu Kak j = A/f7. Ilokazano, umo npedebHas HUNCHAA yacmoma f7,
eeHepayuu UMNY.Abcos Aazepom onpedeasemcea napamempamu A u y Oxcummepa u pasna AC=D . Jag Nd:YAG-aaszepa f;,

cocmasuao 14 I'y, a 049 Nd: CGGG-aazepa— 5 T'y.

Karouesvle caosa: meepoome.ivHoie aazepvl, OUOOHAA HAKAUKA, NACCUBHASL MOOYAAYUSL O0OPOMHOCIIU, OHCUMIMED UMNYAbCA.

1. BBenenne

ITepcrek TUBHOCTD MCHOJIb30BAHUS UMITYJIbCHBIX TBEPIO-
TesibHBIX J1a3epoB (TTJI) ¢ mnoaHOM HAKAYKOW B pa3JIMYHBIX
00J1acTSIX HAYKHU M TEXHUKH O0YCIIOBIICHA UX HAZIEKHOCTBIO, &
TaKXke MPOCTOTON YCTPOHCTBA M IKCIUTyaTanuu. B Hacrosiee
BpeMsI IPOJIOJKAFOTCS] HHTEHCUBHBIE pa3padOTKU KOMIIAKT-
HbIX ©MIYJbCcHBIX TTJI ¢ nnonHoM HaKaYKoU Mpy NaCCUBHOM
Moy JoOpoTHOCTH pe3onaTopa [1 —3]. B kauecTse J1a-
3epHOTO 251eMenTa B Takux T TJI ucrnomp3yroTest Kak XOpoIino
M3BECTHBI KprcTamt Y3AlsOp,:Nd* (YAG : Nd) [1, 3], Tak
¥ OTHOCHUTEJIbHO HOBBIH 7151 JAHHBIX IPUMEHEHUA KPUCTAILIT
KaJIbIHH-TaJuIi-repManmesoro rpanata Ca;Ga,Ge; O, : Nd>+
(CGGG:Nd) [2].

Hapsay ¢ apyrumMu pabouyuMu XapakTepUCTHUKAMU HUM-
nynbcHoro TTJI mpeAcTaBisiFOT MHTEpEC CTAOUIBLHOCTH U
HWKHSISI TIpeiefIbHAS 4YacToTa f CIIeIOBAHMS UMITYJIbCOB Te-
Hepauuy Jjazepa. DTH NapaMeTphl ONPEACISIFOTCS JHKUTTE-
pom umnyJsibcoB renepanuu TTJI.

B Hacrosimeit paboTe uccie0BaH KUTTEP UMITYJILCOB
redepanuu TTJI Ha kpuctammax YAG:Nd u CGGG:Nd ¢
JIMOTHOM HAKAYKOW TMPHU MACCHBHON MOIYJISIIUU JOOPOTHO-
CTH Pe30HATOpA U OIpeiesieHa MTpe/ieSIbHASI HUXKHSIS 4acToTa
/L IMITyJIbCOB T€HEPAIUH ITHUX JIA3€POB.

2. JDKcnepuMeHT

CxeMa 3KCHepUMEHTAJIbHON YCTAHOBKM [IJIs UCCIIE0Ba-
HUS JUKATTepa uMnyJsibcoB reHepanmu TTJI mokasana Ha
puc.1. JIazepHblii quo I ¢ BOJJOKOHHBIM BBIXOA0M 2 (UUCIIO-
Bas aneptypa NA = 0.22, nquametp cepaueBunbl d. = 100
MKM) CJIy>KHJI HICTOYHHKOM HaKaukd. [[JIMHA BOJIHBI H3JIy4e-
HMSl HAKQuKM /A, cocTapisiia 805 HM, HIMPUHA CHEKTpA W3-
JIydeHUs Ha oJ1yBbIcoTe A/ ObL1a paBHA ~ 2 HM. MUKPOOOH-
eKTUB 3 (POKYCUPOBAJI U3JTyYeHNUE U3 BHIXOHOTO TOPIIA BOJIO-
kHa 2 (nsgTHO auameTpoM 90 MKM) Ha JIa3epHBIN 3JIEMEHT
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Puc.1. Cxema skcriepuMeHTAJIbHON YCTAHOBKHY ISl UCCIIETOBAHMSI JDKUT-
Tepa uMyJibcoB reHepanuu TTJI ¢ quoHON HAKAYKOW NMPHU MACCUBHOM
MOJyJISIIMU TOOPOTHOCTH PE30HATOPA:

1 —na3epHsblil A0, 2 — ONTHYECKOE BOJIOKHO; 3 — MUKPOOOBEKTHUB; 4 — J1a-
3€PHBIl AJIEMEHT; 5 — HACBIIIAFOIIMICS MOTJIOTUTEIND; 6 — BBIXOAHOE Ce-
pUYecKoe 3epKalio.

>
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(JID) 4, xpenuBIIMIACS TEPMONACTON HA MEIHBIA TEIIOOT-
Boa. Ilepennsis rpanp JID (Ha puc.l 3ayepHeHa) ciryxuia
BXOJIHBIM 3€pKaJioM, a chepuiecKkoe 3epKaio 6 (paguyc 5 cm,
koo dunuent npomyckanus 0.01) sBISIIOCH BEIXOIHBIM 3€p-
KaJIOM pe3oHaTopa Jlazepa. B pesonaTop sazepa momermal-
Csl HACBHIIIAFOINUICS MOTJIOTATENIb 5 HA OCHOBE KPHCTaJLIa
YAG : Cr* tonmmuoit 1 MM, mpocseTneHHoro Ha 4 = 1.06
MKM M UMerolero ko3ggunuent nponyckanus 0.9 npu ma-
JIBIX THTEHCUBHOCTSIX MAIAFOIIETr0 Ha Hero n3mydeHus. Kon-
nenTparus noHos Nd3* B masepraom xpucrame YAG : Nd
coctapisna 0.8 x 10 cm~3, a ero TosmmuHa pasHsaack 4.1
MM. 3a omuH npoxod B 3ToM JID mormomanock 70 % u3-
syuennst Hakauku. B xpucraimie CGGG : Nd koHneHTpanus
Nd3** cocraBmama 2.0 x 102 cm—3, Tommmaa JID paBHATACh
1.5 MM, ¥ 32 OMH MPOXOJ morjomanock Takxke 70 % u3-
JIyYeHUs] HAKAYKH.

3. Pe3yabTatsl 0 UX 00Cy:K/1eHHE

Turmmunerii Bug ummyiabea reneparuu T TJI mokazan Ha
puc.2,a. B cinydae Nd : YAG-na3epa JIUTEIbHOCTh UMITYJTb-
ca Ha TOJIYBBICOTE COCTaBjsija 15 HC, a €ro 3Heprus —
2.1 mx/lx. Yacrora f ciieqoBaHUS MMITYJIbCOB T'€HEPALUU
Nd : YAG-na3epa nzmensiiach ot 4 10 35 kI'11 npu u3meHe-
HUU TOTJIOIIEHHOM MOIIHOCTH Hakauku oT 0.35 mo 1 Bt. B
ciayuae Nd : CGGG-na3zepa TUNYHBIE 3HAYSHUST T TEITLHO-
ctu u 3Heprun umiyJsibcoB rereparmu Nd : CGGG-na3epa
coctaBisuim 11 He u 3.5 Mk, a yactoTta f ciieJOBaHUSI UM-
nyJabcoB u3MeHstiack oT 3 go 13 k['m mpu m3menenun
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Puc.2. Tunnunsiit Bux umnysbea redepanuu TTJI, ckopocTh pa3BepTKi
10 He/neun (a), a Takxke ciydaiHbIi pa30pOC HHTEPBAJIOB CJICIOBAHUS UM-
MyJIbCOB F€HEepaILUK, CKOPOCTh pa3BepTku 10 Mkc/aen (0).

MOTJIOIIEHHON MOIMHOCTH Hakavyku oT 0.45 mo 1 Bt. dumHa
BOJIHBI M3JIy4€HUs Ja3epoB paBHsiach 1.06 MKkM.

JxutTep nMmnynbcoB renepannn TTJI nmposiBisiics kak
ciIyvaiiHble U3MEHEHUsl 4acTOThI OBTOPEHUS WUJIM NEpUoaa
cleoBaHus UMIYJIbcoB Treneparuu TTJI, T.e. BpeMeHHBIX
PACCTOSIHUT MEXy BEPIIMHAMU COCETHUX UMITYJIbCOB TeHe-
panun. CiryyaitHbI# pa3opoc NeprOI0B CIIEAOBAHMS HMITYJIb-
coB renepanuu TTJI Bu3yanu3upoBasics Ha SKpaHe OCIHILIO-
rpada (puc.2,6) npu padboTe MOCTISTHETO B PEXKUME 3aTIOMHU-
HAHUS, KOTJ1a KaXJbI MOCJIEAYIOIIUNH UMIYJIbC PErucTpu-
pYeTCs Ha 9KpaHe OTHOCUTENBHO MPEIbIAYILETO, CIYKAILETro
HavaJioM pa3BepTku. [xxuttep j umnysibcoB renepanuu TTJI
rmoJjiarajicsi paBHbIM 1/4 nHTepBaa pa3dpoca IMIYJIbCOB Ha
sKpaHe ocmmiiorpada W ONpenessuicss Kak CTaHAapTHOE
OTKJIOHEHHE TIEPHO/IA CJICTOBAHUS UMITYJILCOB OT €ro Cpeli-
Hero (oxugaemMoro) 3uavuenus 7. Hacrora f'cie1oBaHUS UM-
MyJIbCOB TEHEPAIMU TAKXKe CUUTAJIACh PABHOU €€ CpeTHEMY
3HaYeHuto, npuieM f = 1/T.

Ha puc.3 moka3aHbl 3aBUCIMOCTH JDKATTEPA j UMITYJIHCOB
rereparuu TTJI oT 4acTOTHI cie10BaHUSI UMITYJILCOB f ISl
oboux J1azepoB. AHAJU3 MOJIYYEHHBIX PE3YJIbTATOB IIO-
Ka3bIBAET, YTO BEJIMYMHA DKATTEPA j XOPOLIO AIIPOKCHMHU-
pyetcst yHkiueit j = A/f7, rae mapaMeTpbl IKATTEpa ) 1 A
coctapistioT st Nd : YAG-mazepa 1.4 u 180 mxcxI'r'#, a
s Nd: CGGG-mazepa 1.3 u 200 mke-xI'n!? coorsercr-
BEHHO.

HaunGosee 3HauuTEICH UKUTTEP HA HIKHUX 4acToTax f
nuana3zona reHepamu Nd: YAG- u Nd: CGGG-na3epos,
KOT/Ia MOTJIOIIEHHAS! MOITHOCTL P HaKayKy HEe3HAYUTEIHHO
npebiiaet nopor renepanuu TTJI. C yBequueHueM f JKUT-
TEp j YMEHbINAETCSI M CTAaHOBUTCSI MeHee 10 % Ha BepXHHX
4acTOTax Auana3oHa reHepaly UMIYJIbCOB.

J (vixe) - Nd : YAG-na3zep

y=14
A = 180 mxcxI''*
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Puc.3. DxcrnepuMeHTaIbHBIE 3aBUCHMOCTH JUKUTTEPA j UMITYJIbCOB Te-
wepanun TTJI ot wactotsl f ciaenoanus umiysibcoB st Nd: YAG- u
Nd: CGGG-na3zepoB (TOYKH), CIUIOLIHON KPHUBOM IMOKa3zaHa (YHKLHS j =

A/f7.

Ecnu BesimuMHa KUTTEPA j CTAHOBUTCS PABHOU NEPUOIY
T = 1/f ciepoBanust umiyabcoB renepanuu TTJI, TO MOHS-
THE YaCTOTHI [ ¥ epuoaa T cjaeJoBaHUS UMITYJIbLCOB TePSET
MPAKTHYECKHU CMBICI. [103TOMY HIDKHIOIO MIPEIeNIbHYIO Ya-
CTOTY fi mMIyJibcoB rerepanuu TTJI mMbl ompenenm u3
yenosust j = 1/fi = A/f{. Tlpu TakoM OLpeIeICHUN dac-
TOTHI fi, €€ BeIMYMHA OyJIeT BhIPAXKATHCS Yepe3 mapaMeTpbl
A u y mxurtepa kak fi = AY0Y Torna 3mauenne nmxueit
npeaesibHON yacTtoThl fi st Nd: YAG-na3epa coctaBisieT
14 T, a s Nd : CGGG-nazepa — 5 I'm.

4. 3akaouenue

WUccnenoBan mxuttep ¢ ummyiabcoB renepamuu TTJI Ha
kpuctaiax YAG :Nd u CGGG : Nd ¢ auoaHoi HaKauKon
TIPH TACCUBHON MOYJISIITUN JOOPOTHOCTH pe3oHaTopa. -
Ha BOJIHBI U3JIy4YEeHHS JIa3epoB paBHsIach 1.06 MKM, M-
TeJILHOCTHU ¥ SHEPIHU FeHEPUPYEMBIX UMITYJILCOB COCTABJISA-
qm 15 ve m 2.1 mxJIx miust Nd: YAG-nasepa u 11 HC n 3.5
Mk /Ix mst Nd : CGGG-nasepa, a yacToTa f cJIeT0BaHUS HM-
MyJIbCOB NP U3MEHEHHUHU TOTJIOIEHHON MOIITHOCTH HAKAYKA
Haxommiach B nuana3zonax 4—35 x['n u 3—13 xI'u cooTBet-
CTBEHHO.

OG6HapyXEeHO, YTO JDKUTTEP j 3aBUCUT OT YACTOTHI f KaK
Jj= A/f{. llokasaHo, 4TO mpejesbHAS HIKHSS 4acToTa fi
TeHePAIMU UMITYJIbCOB JIa3€POM OMPEIEIISIETCS MapaMeTpa-
My 1 A mxurrepa u pasaa A0~ [Tapamerpsl 7, A u ua-
crota fi 1 Nd: YAG-u Nd : CGGG-na3epoB COCTABIISUIIN
1.4, 180 mxcxI'm'#, 14 T'm u 1.3, 200 mxc-kI'n!3, 5 I'm co-
OTBETCTBEHHO.
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