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AHHOTANMS

Ipenmer ucciaenoBanusi. PaspaboTan U MpeACTaBIEH METOJ H3YYEHHS TEPMOONTHYECKHX HCKAKECHHH B TBEPHOTEIBHBIX
Ja3epax, KOTOPBIH JIETKO MOXKET OBITh HCIONB30BaH JUI HCCIECIOBAHHMSA AKTHBHBIX 3JIEMEHTOB Majoro (mopsiika 2 M)
muamerpa. Metoa. OnmcaHHBIM B JaHHOH paboTe SKCIIEPUMEHTANBHBIA METOX OCHOBAH HA PETHCTPAlUM OTKIOHCHUS
SHEPreTHYEeCKOro ILEHTpa MPOOHOr0 IIydYKa, NPOXOAAIIEr0 4epe3 TEePMOHANPSDKCHHBIH aKTHBHBIA 2yeMeHT. OCHOBHBIE
pe3yJabrarbl. [lodydeHsl 3KcIIepUMEHTaNbHbIE PE3yJIbTaThl UCCICIOBAHMS ONTUYECKOM CHIbI TEIUIOBOM JIMH3bI B aKTUBHOM
anemenTe U3 Yb-Er-crexiia mmpu monepevyHoi j1a3epHON IHOJHOW Hakadyke B pexXuMe 0e3 reHepaluu, B pexxnMe CBOOOIHO
TeHEpaLUK U B PeKUME MOAYIAMU N0OpoTHOCTH. [IpHBeneHb! MoMyYeHHbIE 3aBUCUMOCTH BEJTMUMHBI ONTHYECKOI CHIIBI OT
SHEPTUU Hakadku. M3MepeHus MpoBOAWIMCH IS ABYyX KOMIIOHEHT MONSApU3alMKM Ha ABYX AiIMHaxX BoiH (632,8 HM u
1550 HM), 9TO TMO3BONMIIO TOKa3aTh OTCYTCTBHE SIBHO BBIPQKEHHOTO ACTUTMAaTW3Ma TeIUioBOH JHH3EL IIpakTHueckasi
3HAYUMOCTB. 3HaHHE 0COOEHHOCTEH TEIUTOBOTO pekuMa PadOThl MOAOOHBIX JIa3epOB MO3BOIUT 0OJIee TOYHO PACCUUTHIBATH
napaMeTpsl pe30HATOpa B YCIOBUSAX BOZHUKHOBEHUS TEILIOBOM JIMH3BL.
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Abstract

Subject of Research. Investigation method of thermo-optical distortions in solid-state lasers was developed and presented.
The method can be easily used for research of small diameter (approximately 2 mm) active elements. Method. The
experimental method described in this paper is based on the registration of deviation of the energy center of the probe beam
passing through the thermally stressed active element. Main Results. We have presented experimental results of the thermal
lens optical power research in the active element made of Yb-Er glass pumped transversely by a laser diode in the following
modes: without generating, free-running and Q-switching. We have submitted obtained dependences of the optical power on
the pumping energy. The measurements have been performed for the two polarization components at two wavelengths
(632.8 nm and 1550 nm) showing the absence of explicit astigmatism of the thermal lens. Practical Relevance. Knowledge
of the thermal regime of such lasers gives the possibility for more precise calculation of the resonator parameters in terms of
the thermal lens occurrence.
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WCCNEQOBAHVE TEPMOOMNTUYECKMX HEOOQHOPOOHOCTEW B Yb-Er-CTEKIJIE...

BBenenue

Ha cerogasammanii [eHp B Ta3epHBIX AATbHOMEPAX 4acTo MCIIOIB3YIOTCS J1a3epsl Ha Yb-Er-cTexie ¢ anon-
HOW HaKauyKoW ¢ BBIXOAHOH 3Heprueit 8—12 Ml n yactoroi moBropeHus uMITyIbcoB 10 10 I'm [1-3]. Akryans-
HOM 3aj1aueil sIBISIeTCS] OBBIIIEHHE BBIXOIHOM SHEPIHU U YaCTOTHI TIOBTOPEHUSI MMITYJILCOB, OJIHAKO Psij GakTo-
POB mpenATCTBYeT 3ToMy. OIMH U3 HUX — 3TO TepMHUYECKas MPOYHOCTh aKTUBHBIX JIEMEHTOB, a BTOPOU — Tep-
MOONTHYECKHE UCKaXEHUS B aKTUBHOMU cpefie [4]. [lockonbKy TepMOONTHYECKHE HCKAKEHHUS HAOIIONAI0TCs IpU
TpajIMeHTe TeMIleparyp, TOpa3o MEHbBILIEM IOpPOra TEPMHUYECKOTO paspylIeHHs aKTUBHOIO 3jieMeHTta (AD), u
OKa3bIBAIOT CYIIECTBEHHOE BIMSHHE Ha BBIXOIHBIE XapaKTEPUCTHKH Jiazepa [5], To HeoOXoauMo MX MOApPOOHOE
U3yUYCHHUE.

Tak kak B paboTe paccCMaTpUBAIOTCS TBEPAOTEIHHBIC Ja3ephl HA OCHOBE 3POUEBBIX CTEKON, KOTOPHIE OT-
JNYAIOTCS HU3KOU TEIUIONPOBOIHOCTHIO, TEPMOMHIYINPOBAHHbEIE YPQEKTHl B TAKHUX Jla3epax OKa3BIBAIOT CYIIE-
CTBEHHOE BIMSHHUE HA UX paboTy. Bamsane temnosoit mua3el (TJI) B mepByto odepens CKa3pIBaeTCS Ha YBEIUYE-
HUH PACXOAMMOCTH BBIXOJHOTO JIa3€pHOTO U3IYYEHUs, a APYTHE TEPMOONTHYECKIE HEOTHOPOTHOCTH U BBIHYX-
JICHHOE JIBYJIy4erpelioMIIeHHe, posiBisitoiieecst B Yb-Er akTHBHOM 3JIeMEHTE NP BHICOKUX SHEPTHUsIX HAKAYKH,
MIPUBOIAT K CHIDKEHUIO 3((HEKTUBHOCTH TeHepanuu. B paznuaHbix pabotax [6—9] ommchIBalOTCS 0COOCHHOCTH
paboThl MajloradapuTHBIX HEOXJIaXIAEMBIX Jla3epoB Ha Yb-Er-crekiie B yCIOBHSX TEPMOONTHYECKUX HCKaxe-
HUM aKTHBHBIX 3JIEMEHTOB. OLICBI/IJIHa HeO6XOJIl/IMOCTI) HX y4d€Ta IpHu pacyeTe JIa3€pHBLIX ONTHUYCCKUX CUCTEM,
TaKuX, HallpuMep, Kak Jia3epHble AajJbHOMEPHI C JAIILHOCTBIO pabOThl IO HECKOJIBKHX IECSTKOB KHUJIOMETPOB.
OnHako JeTabHOTO MCCIIENOBAaHMS 3THX 3(P(PEKTOB NMPUMEHHUTENBHO K Ja3epaM JaHHOTO THIIA JI0 HACTOSIIIETO
BPEMEHU HE MPOBOAMIOCH. B 4aCTHOCTH, OTCYTCTBYIOT JOCTOBEPHBIE JAaHHBIE O TEPMOONTHUECKUX XaApPaKTEPH-
CTHKAaX COBPEMEHHBIX BEICOKOA((PEKTUBHBIX JTa3epHBIX Y b-Er (hocdarHbIx cTeKoI.

[Mockompky 3amaua m3MepeHus ontuieckoi cuirel TJI B mazepHOoM AD He SBISETCS TPUBHAIBHOMN U TpeOy-
€T y4eTa MHOXKECTBa (PaKTOPOB, BKIFOYASI TEOMETPUIO aKTUBHOW CPEIBl, TO C LENBI0 BRIOOPa ONTHMAIBHOTO Me-
TONla MU3MEPEHHS ONTHIECKOU cribl TJI ObUTM pacCMOTPEHBI HECKOJIBKO METOIOB:

— wuHTepdEepPeHINOHHBIN MeTox [5];

— METOJ U3MEPEHHsI PACXOAMMOCTH U3MEPUTEIHHOTO ITydKa, MPOLIEIIEro Yepe3 TePMOHANPSKCHHbBIH aKTHB-
HbIH 3nemeHt [10, 117;

— METOJ «cpbIBay reHeparui [12, 13];

— OompelelieHHe TEPMOONTUYECKUX abeppaluii ¢ NCII0JIb30BAHUEM OTKJIOHEHUSI M3MEPUTEIHLHOTO ITyyKa Jiazepa
[14].

[TepBrbIit METO TO3BOJISIET MOTYYaTh MAKCHMAIBLHO TOUHYIO KapTHHY UCKaXeHHH B AD, HO MMEET BBICO-
KyIO0 YyBCTBHUTEIBHOCTD K Pa3blOCTHPOBKaM, BUOPALIMSIM U TEIUIOBBIM IIOTOKAM, a TAaKXKe 3aTPyJHSET I10JIydeHUE
JIOCTOBEPHOH MH(POPMAIIH MTPH HATWYIHH JOTIOTHUTEIBHBIX OTPAXKAIOIINX ITOBEPXHOCTEH. B Hamem ciydae mpu
n3MepeHnn TJI B aKTUBHBIX 3I€MEHTaX MaJloTo AHaMeTpa BO3MOXKHO BOSHHKHOBEHHE JOMOTHUTEIEHON OIMIHOKH,
CBsi3aHHOU ¢ audpakuuei Ha aneprype AD. Bropoii MeToa mpocT B peaiu3aluu, ¢ ero MOMOIIBI0 BO3MOXHO
u3MepeHue (POKyCHOTO pacCTOSHHSI TEPMOHABEICHHOW JIMH3bI, HO OH HE J[a€T MOJHYI0 KAPTUHY TEPMOOINTHYE-
CKHX HCKaxkeHHH AD. MeToz «CpbhIBay TakKe HE ITO3BOJISET MOAPOOHO HMCCIIEN0BATh TEPMOOITHIESCKUE HCKaXKe-
Hus no cedennto AD. K Tomy e oH He mo3BossieT uccienonarb TJI B AD BHe pe3oHaTopa, YTO HE JIOMyCKaeT
KOMIUIEKCHOTO IIOAX0/1a K U3Y4YEHHUI0 TEPMOONTHYECKNX HCKakeHHH B AD. IlocneqHuil MeTox MpocT B peannsa-
MM ¥ TIO3BOJISIET JIOCTATOYHO MOAPOOHO OLEHUTH PacIpe/elieHne TEPMOONTHYECKUX HEOJHOPOIHOCTEH Mo ce-
YeHu1o AD, BKIII0Yas TEIUIOBYIO JIMH3Y, TEIJIOBOH KJIMH U JIETIONSPU3ALIHIO.
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Puc. 1. Cxema akcnepuMeHTanbHoOro cteHaa Ans u3yvyeHus TeEpMOONTUYECKMX HEOAHOPOLAHOCTEN NPU MOMOLLM
N3MepUTENBLHOro Nyyka nasepa: A3 — akTuBHbIV anemeHT; TJ1 — Tennosasa nuH3a; K — onMHHodoKycHasa nuH3a;
3O — aKkpaH, Ax — cMmeLleHue NpobHoro ny4ka

Taknum oOpa3om, Harboee MOIXOAAIIMM METOAOM JUIsl PEIICHHs ITOCTABICHHON B HACTOsIIEH paboTe 3a-
Jla4H SIBIISICTCS METO/I CKaHUPOBaHUsI AD M3MepUTENbHBIM IyukoM. Ha puc. 1 npeacraBiena cxema SKCIIepUMeH-
Ta nocnexHero Metona. I1pu Hasenenun TJI B AD nta3zepHbIil My4OK OTKIIOHSAETCS Ha HEKHUH yrod o. B dokansHOM
IOCKOCTH AMUHHOGOKYyCcHOH ymH3H (K) pacmonokeH 3kpaH, Ha KOTOPOM HAOIIOmAeTcs JIMHEHHOE CMEIICHUE
ISITHA M3y4eHHs. JJOCTOMHCTBA 3TOTO0 METOAA — MPOCTOTa UCIIOIHEHHUS SKCIIEPUMEHTAIFHOTO CTEHAA M OHO-
3HAYHOCTh PE3YJIbTATOB, TAK KaK OTHOCHTEIILHOE CMEICHHE ITydka B (POKaIBHON IIOCKOCTH KOJUTUMAaTopa 00-
paTHO MPONOPLUHOHAIBHO (POKYCY TEIUIOBOM JIMH3BI U HE 3aBUCHUT OT APYTUX (akTopoB. TakuM 006pa3oM, B OCHO-
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BE€ 3TOTO METO/a JISKAT He BBI3BIBAIOIINE COMHEHUSI 3aKOHBI T€OMETPHUIECKON oNnTUKH. K ToMy e TaHHBIH METO.
MO3BOJISIET JOCTATOYHO TOAPOOHO OIIEHUTH PACHpeAeTCHHE TEPMOONTHYECKHX abeppalud MO cedeHuio AD,
BJro4ast TJI, TeruioBo# kinH u aenossipuzanuio. Heo0xoquMeiM ycinoBreM siBiisiercsi GOPMUPOBaHHE A0CTATOU-
HO TOHKOTO M3MEPHUTENBHOTO My4Ka, AHaMEeTp KOTOPOTO OMpeNesieT IPOCTPAHCTBEHHOE pa3penIeHne METoa.

Llens HacTOsIIEH PaOOTHI 3aKIIIOYANIACH B pEasIM3alMi METO/Ia U3MEPEHUsI IIPOOHBIM MyYKOM TEPMOOITH-
YEeCKHUX HEOJHOPOAHOCTEH B MasiorabaputHoM AD B pexuMme 0e3 reHepanuu, CBOOOIHOI reHepauui 1 MOIyJsi-
o JIO6pOTHOCTI/I 1 NOJIYUYCHHHU 3KCHEPHUMCHTAJIbHBIX 3aBUCHUMOCTEN ONTHYECKOW CHJIIBI TEIIOBOH JHMH3BI OT
SHEPrUM HaKadyKH.

Onucanue BKCﬂepl/lMeHTaﬂbHOﬁ YCTAaHOBKHA

Jnst peanuzaumu BEIOpAaHHOTO MeTona ObUI pa3paboTaH IKCIEPUMEHTANBHBIH CTEHI, CXeMa KOTOPOro
TpecTaBIcHa Ha pHC. 2.
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Puc. 2. Cxema akcnepvMeHTaneHoro cteHaa
(BIMY — 6nok nuTaHus n ynpasneHus nasepa, F — dpokanbHasa NNOCKOCTb NNH3bI)

B cBs13u ¢ TeM, 4TO mccienoBaHNe MPOBOAMIOCH Ha MasorabaputHoM AD ¢ pasmepamu 2%30 MM, HEOOXO-
MO ObII0 chOpMUPOBATH Y3KUH ITyYOK M3MEPHUTEIBHOTO J1azepa. s 3TOro H3IydeHue Ja3epHOro ANO0/A BBOIH-
JIOCh B OMHOMOJIOBOE ONTHYECKOE BOJIOKHO C YHCIOBOH amepTypoii 0,14, 3 KOTOPOTO BBIXOMMII ITy4YOK, ONH3KHA K
Tayccony. [Ty4ok (oxycHpoBaics ¢ IOMOIIIBIO CIIEIUATBHO MOA00OpaHHON ONTHYECKON cucTeMbl BHYTpb AD. [pu
9TOM pa3mep my4ka B AD 1o Bcel [uinne He npesbinan 300 MkM. MakeT uaiydarens ObUl YCTaHOBIICH Ha ITOJBUXK-
KU C BO3MOXKHOCTBIO MIEPEMELIECHHS €T0 B IONEPEYHON ONTHYECKON OCH IUIOCKOCTH B TOPU3OHTAIBHOM U BEpPTHU-
KaJIbHOM HarpasieHuu ¢ marom 10 mxm. [Ipu 3ToM npoOHBIi Iy4oK MOT iepeMeniarhest 1o cedeHuto AD. Mexay
00BEKTHBOM ¥ AD IS MOJYYCHHS JIMHCHHO TOJIIPU30BAHHOTO M3JIyYCHHUsS OBbUT YCTAHOBJICH moisipusarop [ana.
ITnockocTs NMONApU3AIMHU JTa3epPHOTO ITydKa IPU 3TOM MOIJIa OPUEHTHUPOBATHCS BIOIb TOPU3OHTAIBHOM MM BEPTH-
KanpHOM ocu. Ha Beixone u3 AD ycraHoBieHa AMMHHO(OKYCHas JuH3a (f, = 1600 MM) M3 KOMIUIEKTa ONTHYECKOM
ckamb OCK-2, B (hoKasIbHOM TITIOCKOCTH JIMH3BI — ONITHYECKast HOXKeBast quadparmMa ¢ BO3SMOXKHOCTBIO TIepeMellie-
HUS B IBYX KoopanHarax ¢ marom 10 MkM, a 3a Heil — pOTONpHEMHHK.

HyXHO MOgYepKHYTh, YTO IS OIyYSHUSI MAKCUMAJIbHO JIOCTOBEPHBIX PE3YJIbTAaTOB B KAYECTBE M3MEPH-
TEJIFHOTO IMyYKa ObUIO MCIIOIb30BAHO M3IIyYCHHE JIA3€PHOTO AMOAa C JUIMHOM BOJIHBI, OJMM3KOHW K AJMHE BOJIHBI
rerepanuu (1,55 Mxm).

W3mepeHns NpoBOAMINCEH CIIEAYIOIUM 00pa3oM. Jo BKIIIOUEHH HaKayKHd HOXEBas Iuadparma rnepeMe-
Manach U MOCTENEHHO MEePEKPhIBaa IMMy4yOK U3MEPUTEIBHOTO Jlazepa 10 TeX MOp, MOKa MOILIHOCTh MaJatoIIero
Ha (OTONPHEMHHK M3JTy4Y€HHs HE CTAHOBMJIACh POBHO B 2 pa3a MEHbILE MOIIHOCTH M3JIy4eHHs 0e3 auadparmsi.
OTa KOOpAHHATa COOTBETCTBOBAJA SHEPreTUUECKOMY LIEHTpY Iyuka. [locne BKIIIOUEHHMsS] HaKaukd U COOTBETCT-
BCHHO CMCHICHUA ITyYKa MOBTOPAJIOCH AHAJIOTHUYHOC U3MEPCHUE IJI HAXOXKIACHUA KOOPANHATBI QHEPICTUICCKOI'O
LEHTpa ITy4Ka.

OKCIEpUMEHTHI NPOBOAMINCH Ha MAaKeTe, CO3JaHHOM Ha OCHOBE paHee ONTHMH3MPOBAaHHOTO BapHaHTa
nasepa', paccuMTaHHOrO Ha paGoTy C YACTOTOI CleIOBaHMsS MMITYIbcoB 10—15 ['Il U ¢ BBIXOXHOI dHEprueii u3-
ayuyenust 10—-15 mJx npu ymmrensHOCTH UMITyabca renepanuu 30 He. B kayecTBe Hakauky MCIIOJIb30BAJIUCh TPU
CTOBATTHBIC JIA3EPHBIC JUONHBIC JTUHEHKH C IJIMHOW BONHBEI reHepanmu 940 HM. V3MepHUTeNnbHBIN MydoK nepe-
MeIaics Mo ceueHuro AD B IBYX B3aMHO TIEPIICHANKYISPHBIX HaNpaBiIeHUs X (puc. 3).

U J112-9]11, AO «JIOMO», Pocensi, Paspaborku JIOMO. VmmyibCHBIH JTa3epHbIA U3JTydaTesIb ¢ TUOAHONW Hakaykou [Diek-
TpoHHbIH pecypc]. Pexxum moctyna: http://lomo-tech.ru/?a=4&b=5&c=4, ceoboxuslii. 3. pyc.
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Puc. 3. 30bpaxeHne 30HbI NPOXOXKAEHWUSA U3MEPUTENBHOTO Nyyka Yepes akTUBHbIA aNeMeHT
Pe3yabTarsl U 00Cy:KIeHUS

W3mepenus npoBOAMIKMCH HAa YacTOTe MOBTOpeHUs uMmynscoB 10 I'u. Vi3MeHeHne sHeprun Hakayku mpo-
U3BOJIWIIOCH 3a CUET PEryJHpOBKHU ee ANUTeNbHOCTH. [locne BKiItoueHUs Hakauku B TedeHue 15-20 ¢ mpoucxo-
JIAII0 YCTAHOBJICHHE CTALIMOHAPHOIO TEILIOBOIO PEXUMA.

ITpu 0OpaboTKe pe3yabTaToB Al KKIOTO 3HAYEHHS CMEIIeHHs X, Y U3MEpUTENBHOTO IyyKa OT LEHTpa
AD Opu1a paccynTaHa ONTHYECKAs CHJIa HaBEIEHHOH TEIUIOBOM JIMH3HI 0 CIEAYIOMen GhopmyIe:

Dm:i: Ax >
Ju X T

rae D, — onThYecKas cuia HaBeIeHHOW JIMH3BL, f;,; — (POKyCHOE paccTosHHEe TEIIOBOM JIMH3bI, Ax — CMeEIleHHE
LeHTpa Mmy4ka B (oKajibHOU TIockocTH F anmuHHOGOKYCHOW JHH3bI (pUc. 2); X — CMelIeHHe M3MEPUTENBLHOTO
My4Ka OTHOCHTENILHO 1eHTpa AD; f, — GOKyCcHOE paccTosiHue JIMH3BI (puc. 2).

Jlasiee ObUTO MPOBEACHO YCPEIHEHHUE MOJYYCHHBIX 3HAYCHUN ONTHUCCKOW CHIIBI JUIS Ka)IIOTO 3HAUCHHUS
OHEPIrur HaKa4Ku U IMOCTPOCHLI rpa(bmm 3aBUCUMOCTHU OHTH‘leCKOﬁ CUJIbI OT DOHEPIrur HAKa4YKW JJId ABYX KOM-
MOHEHT ToJsipu3anuii (puc. 4).
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x — 0e3 reHeparu (1,55 MKM, 7-KOMIIOHEHTA)
+ — 6e3 reHeparmu (1,55 MKM, (-KOMITOHEHTA)

Puc. 4. SkcnepuMeHTanbHasi 3aBUCMMOCTb ONTUYECKOW CUMbl TEMMOBOW MMH3bl OT 3HEPrUN HaKauku
Ha anuHe BonHbl 1,55 MKkm

Crenyer 3aMeTUTh, YTO MPU HOBOPOTE MOJSPU3ALMK U3MEPHTENBHOTO Mydka Ha 90° ONTHYECKHE CHIIBI
TEIUIOBBIX JIMH3 AU JBYX KOMIIOHEHT IIOJISIPH3allMi ITOMEHSUINCh MECTaMH, YTO TOBOPUT 00 OTCYTCTBHH SBHO
BBIPa)KEHHOTO aCTUTMAaTHU3Ma TEIUIOBOM JIMH3BI.

PazHuna Mexay ONTUYECKUMH CHIaMH JUIS 7~ U ()-KOMIIOHEHT TNOJISIPU3ALUK OOBSICHSAETCS TEM, UTO B
TEPMOHAIPSHKEHHOM LIUIUHAPUYECKOM aKTUBHOM 3JIEMEHTE MPHU IMPOXOKACHUH JIMHEHHO MOISIPU30BAHHOIO CBE-
Ta MPOUCXOAUT U3MEHEHHE COCTOSIHUS TMoJspu3auuu. J[pyruMu cioBamu, Takoii AD MOXeT ObITb IpeNCcTaBiIeH
KaK (a3oBas IUIACTHHKA C IEPEMEHHBIMU 10 CEYSHHUIO HANpaBJICHUSIMH TIaBHBIX oceid. [y pacyera mpuparie-
HHSI CBETOBOTO ITyTH JUIS AByX KOMIIOHEHT MOJISPU3ALUH UCTIONB3YIOTCS cieaytomue GopMyssl [5]:

AL (r) = - [T(r) - (P + Q) + T(W = P) = T(r) - 0],

AL,(r)=1-[Tp()-(P-Q+TW —-P)+T(r)-Q].
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B.HO. Xpamos, N.B. YaekuH, K.M. YaBkvHa

Onrrueckue crtbl TJI a7 IByX KOMIIOHEHT MOJISPU3AIlAH OIMCHIBAIOTCS clienyromeit popmymnoit [5, 11]:
p T P + Q

D, =—tT | p+
20,80 T2

3necs [ — IrHa aKTHBHOTO IeMeHTa; 1;(r) — TeMueparypa BHYTpH AD Ha PacCTOSIHHUU 7 OT LeHTpa; 1 —
CpeIHee 10 CEYCHHUIO MPHUpAIIeHNne TeMIeparypsl; Pr— o0mias MOITHOCTE TEIUIOBBIAENEHUH B AD; Ay — TETIO-
MPOBOJHOCTh MaTepuaa; S — IIoaab MOMEePEYHOr0 CCYCHUST aKTUBHOIO JJIEMECHTA; mapaMeTp W xapakrepusy-
€T cpez[Hee yBeJ’lI/l‘leHI/le OIITUYECCKOI'O nyTH, nponopuMOHaanoe cpe,uHeMy 10 CECUCHUIO npﬂpameﬂmo TeMnepa—
Typsl. TepmoonTuyeckast XxapakTepUCTUKa P MpONOpIMOHaIbHA YCPEAHEHHON AJS IBYX KOMIIOHEHT IONsSpHu3a-
uuit ontudeckor cune TJI. Bennuuna Q omnpenesnsieT pazHULy ONTUYECKUX CHUJI TEIUIOBBIX JIMH3 JUIsl OPTOTO-
HaJbHBIX MOJIIpu3auui [5].

Kak BumHO M3 BEIIIENIPUBEACHHBIX (opmyn, ontudeckas cmia TJI, oOpasyromascs B IHIHHIPHICCKOM
JJIEMEHTE, SIBHO 3aBUCHT OT ILIOMIANN ceueHHst AD, IMOJHONW MOITHOCTH TEIUIOBBIIEICHUS U OT TEPMOONTHYE-
CKUX MapaMeTpOB MaTepHaa.

YYuUTHIBaIITO aHAJOTHYHBIE N3MEPEHHS Ha JUTIHE BOJIHBI 1,55 MKM HEe MOTIIH OBITH MTPOU3BEICHEI C yCTa-
HOBJICHHBIM PE30HATOPOM B PEXMME CBOOOIHOW T€HEPAIliy U MOAYJSAIHNK JOOPOTHOCTH (C YIETOM OTPaKCHHUS
Ha TITyXOM 3epKajie pe30HaTopa), ObUIH MPOBEIEHBI aHAJIOTHYHBIE M3MEPEHHS C UCIIONIb30BaHHEM U3TydeHus He-
Ne-nazepa (A = 632,8 um). J{ns1 3TOTO Ja3epHBIN AWOA ¢ ATUHOW BOJHBI 1,55 MM ObLT 3aMeHeH Ha He-Ne-nazep
JITH-302. Iuametp myuka He-Ne-nazepa B AD nocie GpokycupoBku Taxke He mpeBbiman 300 mxm. C HComb-
30BaHUEM l'[OJ'Iy‘ieHHl)lX JAHHBIX IJI51 ABYX IJIMH BOJIH 6])1]'11/1 HOJ'Iy‘leHbI ZlI/lCHepCI/IOHHI)Ie COOTHOILICHUS OJ1s1 Tep-
MOOIITUYECKUX KOHCTAHT P u Q:

P155=0,92Pg3,

0155 = 1,150632,
rae Py ss 1 Q155 — TEPMOOIITHYECKHE ITApaMETPhI ISt UTHHBI BOJHBI 1,55 MKM; Pgs; M Jg32 — TEPMOOITHYECKUE
mapaMeTpsl JUIA UIAHBL BONHBI 632,8 HM. [I0CKOJBKY TMOJTYYEeHHBIC 3aBHCHMOCTH OIPENEISIOT OXHO3ZHAYHYIO
CBSI3b MEXIY TEPMOONTHYCCKIMH XapaKTEPUCTUKAMH Ha JIBYX IUITMHAX BOIH, 3TO JaeT BO3MOXKHOCTH IIPOBEIC-
HUS B JaJbHEHIIEM HCCIEeIOBAaHUS Ha JJIHHE BOJNHBI 632,8 HM ¢ MMOCIEAYIOMNM MEepecdeToM Pe3yJabTaToB Uit
IUTAHBI BOJIHBL 1,55 MKM.

3,5
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S 3 a3
=¢ ‘e
E 2,5 £ .6
g L4
S 2 P
g L5
=N
=
= 1
@)

0,5

0,4 0,6 0,8 1 1,2

OHeprus Hakauku, J[x

Puc. 5. MNepecymTaHHble 3aBUCMMOCTM ONTUYECKON CUMbl TEMMOBOWN NINH3bI Ha ANUHE BOMHBI 1,55 MKM
B Yb-Er-cTekne npv AnogHom Hakauke B pasHbix pexumMax: 1 — Mogynsaumns 4o6poTHOCTH (p-KOMMOHEHTa),
2 — mopynsuma gobpoTHOCTH (r-koMmnoHeHTa), 3 — cBobogHas reHepauus (r-komnoHeHTa), 4 — ceobogHas
reHepauus (¢-KoMMnoHeHTa), 5 — 6e3 reHepaumu (r-koMnoHeHTa), 6 — 6e3 reHepaumm (Q-KOMMNOHEHTA)

Kak BugHO 13 puc. 5, TeroBbiieneHne B AD He CHIIBHO OTIIMYAETCS IS 9TUX TPEX PEKUMOB, B OTIIMINE
OT HEOJUMOBBIX JIa3€POB, Y KOTOPBIX TEIUIOBBIACICHHE B pexkume 6e3 reHeparn Ha 10-20 % BrIme, gem B pe-
*KuMe ¢ rerepanueit [5, 15]. B Yb-Er nazepHoii cpene Bce yCIoXKHSETCS 32 CUET NPUCYTCTBHS KaHAJIOB IIOTEPh
SHEPrHH BO30YXKACHHUS, BKJIAJ B TCIUIOBBIICICHUEC KOTOPHIX 3aBUCHT OT CTCIICHH HWHBEPTHPOBAHUS JIA3CPHOM
cpensl [12]. Takke OBUIO YCTAHOBJIEHO, YTO ONTHYCCKUE CHIBI TEIUIOBOW JIMH3BI JJIS IBYX IMOJSAPU3AIUN OTIH-
yaroTcs npuOim3nTensHo Ha 30%, 94TO HEOOXOAUMO YUYHUTHIBATH MPH UCIIONB30BAHUHN B Ja3epe MONSPU3YIOIINX
KOMIIOHEHTOB.

3akauenne

[TonyueHbI SKCIIEPUMEHTAIBHBIC 3aBUCUMOCTH ONTHYECKOM CHJIBI TEIIOBOW JIMH3BI OT YSHEPIHH HAKAYKH B
TpeX pexumax padoTsl Jiazepa. ApoOMPOBaH METOA M3YyUEHHUs] TEPMOONTHIECKUX HEOJHOPOIHOCTEH B TBEPHIO-
TEJIbHBIX JIa3ePax, KOTOPbI MOXKET ObITh NPUMEHEH [UIsl CCIICOBAHMS AKTUBHBIX JIEMEHTOB MAJIOr0 IMaMeTpa
(okom0 2 MMm). OnITHYECKHE CHIIBI JIMH3 U3MEPEHBI Ha ABYX JUIMHAX BOJH, YCTAHOBIICHBI IPUOIMKEHHBIE JHCIIEp-
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WCCNEQOBAHVE TEPMOOMNTUYECKMX HEOOQHOPOOHOCTEW B Yb-Er-CTEKIJIE...

CHOHHBIE COOTHOILICHHS Sl TEPMOOIITHIECKHUX XaPAKTEPUCTUK P 1 Q, 9TO BA)KHO YYUTBIBATD IIPU ONMTHMU3ALAN
Ja3epoB.

B pesynabrare OpOBEAEHHBIX SKCIIEPHMEHTOB OBLIO YCTAQHOBIICHO, YTO ONTHYCCKHE CHIIBI MPAKTHYCCKH
JIMHEHHO 3aBUCAT OT YHEPTUH HAKAauKH. V3MepeHue B Pa3iudHbIX PEKAMAaxX pabOTHI j1a3epa MoKa3ajo, 4To OITHU-
YECKUE CUJIbI TCIJIOBBIX JIMH3 JJId BCEX PEKUMOB OYCHb 6.]'11/131(1/1, YTO AOCTATOYHO OYEBUJHO B CBA3U C HU3KUM
KII/] nazepoB Ha Yb-Er-crexe.
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