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PE®EPAT

OO6mmit 006EM paboThl 63 cTpanul, 29 pucyHkoB, 8 TabmuIl, 32 UICTOYHUKA.

TBEPJIOTEJIBHbBIN JIA3EP, ND:YAQG, TEIIVIOBAA JIMH3A,
[TPOCTPAHCTBEHHBIE XAPAKTEPUCTUKMU, OHEPTETUYECKUE
XAPAKTEPUCTUKHU, IIUPOKWN JUAITABOH YACTOT, ITACCHUBHAS
MOJVYJIALA JNOBPOTHOCTH, ITPOTPAMMHO-ATIITAPATHBIN
KOMIUIEKC (ITAK), @OTOCTABMJIBHOCTB PE3OHATOPA.

O6bektr wuccnenoBanusi — TtBepaoTenbHbIE Nd:YAG mazep ¢ maccuBHOM
MOJyJIALUEN JOOPOTHOCTHU U MOMEPEYHOM JTUOTHOM HAaKauKOH.

[lenpto paboThl fABISETCA pa3pabOTKa W IKCHEPUMEHTaJIbHAs TECTUPOBAHUE
CHUCTEMBI YIPABJICHUS TEIUIOBBIM PEXMMOM HAa OCHOBE MNPOrPaMMHO-AIIAapaTHOrO
KOMIUIEKCa Ui 00ecredeHHuss CTAaOUIIbHBIX NMPOCTPAHCTBEHHBIX M IHEPIETUUYECKUX
XapakTepucTuK BbIxogHOTO u3myueHus Nd:YAG na3epa B HIMPOKOM Juama3zoHe
YacTOT CJIEAOBAHUS UMITYJIbCOB.

MeToapl UCCIIEIOBaHMA: TEOPETHUECKUN aHalu3 TeIoBbIX 3((EeKToB B
TBEPAOTENBHBIX JIa3epax, pa3padoTKa aJropuTMOB YIIPABJICHUS TEIIOBBIM PEKUMOM
pe3oHaTtopa, mpoekthupoBanue u uzroropienue I[IAK, »skcnepuMeHTalbHOE
UCCJIEIOBAHUE XAPAKTEPUCTUK JIA3€PHOT0 W3IIyYEHHUs (SHEprus, JJIMTEIbHOCTb
UMITyJIbCa, IIONEPEYHOE pPACHpPE]ECICHUE HWHTEHCUBHOCTH) C HCIOJIb30BAHHEM
CHEKTPOMETPOB, TPOGUIOMETPOB U OCHUILIOTPadOB.

Y CTaHOBJIEHO, YTO OCHOBHOM NPUYMHOW JETpajallid XapaKTEPUCTHUK Jiazepa
OpU TOHM)KEHUU YacTOThl CJIEIOBAaHUS HMMITYJIbCOB SIBIISIETCA HECTAOMIBHOCTD
TEIUIOBOH JIMH3BI B aKTUBHOM 3JieMeHTe. PazpaboTan MeToa KOMIEHCAUU TETJIOBBIX
3p(HEeKTOB MyTeM pEryJIHpPOBKU UIUTEIHHOCTH HUMITYJHCOB HAKaYKd W TOJA4H
JOMOJHUTENBHBIX "HporpeBouyHbIX" umnyibcoB. Co3gannblii [IAK peanusyer
JAHHBIN AJITOPUTM YTIPABIICHHUS.

[Toxazano, uyto mnpumeHenue pazpabotanHoro I[TAK mo3BossieT coxpaHsaTh
CTaOWJIBHOCTh BBIXOJHON JHEpruu (OTKIOHeHHE < 2.5%) W MPOCTPAHCTBEHHOTO
npoduiis mydka mpu paboTe nasepa B auamnazone yactor oT 1 I'm mo 22 I'm
(HOMHHaJIbHAA YacToTa). JUIMTENTbHOCTh UMITYJIbCA YBEJIMYMBAETCS HE3HAYUTEIBHO (C
8.6 HC 1o 11.3 HC).



POD®EPAT

ArynbHBI a0'€M paboThl 63 cTapoHkKi, 29 MamtoHKay, 8 TabIIill, 32 KPBIHIIHI.

[IBEPTALIEJILHEI JIA3EP, ND:YAG, HATIJIABAA JITH3A,
[TPACTOPABBIA XAPAKTAPBICTBIKI, OHEPT'ETBIYHbIA
XAPAKTAPBLICTBIKI, IIBIPOKI  JBISAIIASOH YACTOT, IIACIVHAS
MAAVYJIALOBIA HOABPOTHACII, TIPATPAMHA-AITAPATHBI KAMIIIEKC
(ITAK), CTABIJIBHACIIb PO3AHATAPA.

AO'exT nacinenaBanns — uBépaaneababl Nd: Y AG nazep 3 naciyHail Mayisiibisi
nabpaTHAacCIIl 1 manspoyHai 1pIéaHal HaKadKai.

Mbrait paboThl 3'syisienia pacrnpaioyka 1 SKCIepbIMEHTalbHAs IpaBepka
CICTAMBI KIpaBaHHsS IEIJIaBOra pKbIMYy Ha AacHOBE IparpaMHa-arapaTHara
KOMILJIEKCY JJisi  3a0ecnsiudHHS CTaOUIbHBIX MPAacTOpPaBbIX 1 HHEPreThIUHBIX
XapaKTapbICThIK BbIXagHora BbinpameHbBaHHA Nd:YAG mnazepa V¥ MIBIPOKIM
JBISITIA30HE YacTaT Macis0oYHACHI IMITYJIbCay .

Meranel  nacienaBaHHSY: TIAPITHIUHBI  aHaAMI3  IEIIaBblX AdekTay vy
UBEpAAICNbHBIX JIa3epax; paclpanoyka airapbiTMay KipaBaHHS LIETIABOTa PIKbIMY
pa3aHarapa; mnpaektaBaHHe 1 BbIpad I[IAK; »skcnepbiMeHTanbHae nacieaBaHHE
XapaKTapbICThIK Jla3epHara BBIMPOMIHIOBAHHS (PHEPris, Mpausdriacib IMIYJbCY,
nanspoyHae pa3MepKaBaHHE I1HTIHCIYHACII) 3 BBIKAPBICTAHHEM CIIEKTpaMeTpay,
npodinamerpay 1 acupuiorpaday.

YcraHoylieHa, IITO aCHOYHAaW NMpbIYbIHAKA MAaraplidHHSA XapaKTaAPBICTBHIK Jiazepa
Npbl MAHDKAHHI YacTaThl MACSAIOYHACII IMIyJibcay 3'ayiselia HecTaOUIbHACIh
LEIJIaBOM JH3bl ¥ aKThIYHBIM »3JeMeHlle. PacnpanaBanbpl MeTaJ KamIEHCalbli
HerIaBbixX deKTay MuIIxaM paAryJipoyKi mpamsdriacill IMIyJibcay HamaMmKi 1 1majgadbl
JManaTKOBBIX '"mparpaBaibHbIX" iMImydbcay. CtBopanbl [TAK poamizye nan3eHsl
aJIrapbITM KipaBaHHS.

[Takazana, mro mnpeiMsiHeHHe pacnpanaBaHara [IAK na3Banse 3axoyBaib
cTabunbHACIb BbIXaIHOM 3Hepril (aaxuieHHe < 2.5%) 1 mpacTtopaBora mpo@uio myyka
npsl paboue nasepa Yy AbisnazoHe yacroHakat an 1 ['m nma 22 I'n (HamiHayibHas
yacTata). [Ipansriacip iMIyJbCy napsiiiuBaelia Hi3HavyHa (3 8.6 He ga 11.3 He).



ABSTRACT

Total volume: 63 pages, 29 figures, 8 tables, 32 sources.

SOLID-STATE LASER, ND:YAG, THERMAL LENSING, SPATIAL
CHARACTERISTICS, ENERGY CHARACTERISTICS, WIDE FREQUENCY
RANGE, PASSIVE Q-SWITCHING, HARDWARE-SOFTWARE COMPLEX
(HSC), RESONATOR STABILITY.

Object of study: A passively Q-switched Nd:YAG laser with transverse diode
pumping.

The aim of the work i1s the development and experimental validation of a
thermal regime control system based on a hardware-software complex to ensure
stable spatial and energy characteristics of the output radiation of an Nd:YAG laser
over a wide range of pulse repetition frequencies.

Research methods: Theoretical analysis of thermal effects in solid-state lasers;
development of resonator thermal management algorithms; design and
implementation of an HSC; experimental investigation of laser output characteristics
(energy, pulse duration, transverse intensity distribution) using spectrometers, beam
profilers, and oscilloscopes.

It was established that the primary cause of laser performance degradation at
lower repetition rates is the instability of the thermal lens in the active element. A
compensation method for thermal effects was developed, involving adjustment of
pump pulse duration and injection of additional "pre-heating" pulses. The
implemented HSC executes this control algorithm.

It was demonstrated that the application of the developed HSC maintains
stability of the output energy (deviation < 2.5%) and spatial beam profile while
operating the laser across a frequency range from 1 Hz to 22 Hz (nominal frequency).
Pulse duration increases marginally (from 8.6 ns to 11.3 ns).



