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thnfuwgnnn  uwblinpw|  pwnwnphsubin,  dhugnbn it thugbinh  nGupnd
wulniuwihu uwblwnpubpp YEunpnuwund Bu hugbiph wwpwddwu ninnniejwu
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Pnjuwgnnn  wihpwhu nwownbpp  ubplujwgywsd bu  hpbug  wulyntuwhu
uwblwptbinh dhgngny [1].
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A;(a, B,z t) = any?
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[ Ei(x,y,2,0) e 4B dxdy (1)

Lnwdting (2) hwywuwpnidp «inpqwd nwawnbinh» dninwydnpnipywdp, unwgdb §
wpunwhwjnnyntu

_ilg+b)l

gyl e 2 . lb-g) _ r¥(a=kysin®)?  r’g*
Ale, B,1) = Hngb\/m sinc=— exp[ Ta(iicos?®) B ] (4)

npwnbn H = —iy%ElOEZO, sincy =Si%:
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dholt Yuqdwd P-wulynuhg Ywiudwsd SLF dwnwgujpdwu Gpwiht hgnpniejwu
wulniuwihu pwtujwdnipiwu hwdwnp Yniwbuwup [2].
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wulywu wwly: Pugbiph swnwyhnubiph dedwgdwu nbwpnud (wgbpwhu
thugbph  wuyniuwhu uwblwpubpp  YEunpnuwund  Bu - wnwpwddwu
hhduwlwu ninnniejw 2nipg, U Ynhubwp nwpwddwu nbwpnid upuppnu
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uhtppnuhqd jwgbpwiht thughinh hhdtwlwl uwblyunpwg pwnwnphsubinh
dhole, hush ounphhy wpryniuwybnnieiniup Yupnn b wéb] dh pwup
Yuwpgny, b dhwdwdwuwl dwnwgujpnidp nwnund § fJuhuwn ninpnnpnywd:
Lhnbwpwn, hgnp S<g Swnwguwjend unwlwnt hwdwp  owunhdw]
wulywu puwnpnigiwu nbwpnd huwpwynp £ Yphpwnbp wybh jwiu W hgnp
lwqbpwiht thugbin® Udwqbgubiny ns gdwiht pnipbinh oujnhlwlw
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CAAKSIH FOPWA

NCCNEAOBAHWE ONTUYECKOT O BbINPAMIEHNA TASEPHOI O U3JTYHEHUA B
ONSNEKTPUYECKMX M dEPPOMAIHUTHBLIX HENMHEAHBIX CPEAAX

AHHOTALINA

WccnepoBaHue MOCBALLEHO reHepauuu W JETEKTUPOBAHUIO SEKTPOMArHUTHOTO
usnyveHna CBY, TeparepuloBoro M ONTUYECKOrO AManasoHOB C UCMONb30OBaH/EM
HENMHENHO-ONTUYECKNX U MArHUTOOMNTUYECKUX MaTEPUAOB.

B nepsoii rnaee nccneposaHbl 0cOBEHHOCTU FreHepaLni Pa3sHOCTHOW 4acToThbl W
ONTUYECKOTO BbINPAMIEHNA NA3EPHOrO U3NyYeHUA B HENUHENHbIX KpucTannax. bBeino
MokasaHo, YTO €CU pafMychl NasepHbIX MyYKOB 3HAYMTENBHO MEHbLUE JJIMHbLI BONHbI
rEeHepUpPYeMOro Usy4YeHWA, TO B clly4ae KONMMHEAPHbIX NasepHbIX NyYKos, bnaropaps
MX LUMPOKOMY YFTIOBOMY CMEKTPY, MPOUCXOAMUT 3pdperTUBHOE npeobpasoBaHue, a
reHepupyemas BOMHa pacnpocTpaHaetca nof yrnom Yeperkosa. C ysennueHuem
pafMycoB My4KOB YrOBblE CMEKTPbI NasepPHbIX MyYKOB KOHLLEHTPUPYIOTCA BOKPYR
OCHOBHOFO HamnpaBJ/iEHA PacrpocTpaHEHWA MyYKOB, W B Clyyae KOJJIMHEAPHOTO
pacnpocTpaHeHUA YMEHbLUAETCA BEPOATHOCTb CHHXPOHHOTO B3aUMOLEWCTBUA, B
pesyibTaTe Yero CHUMaeTCA 1 3pheKTUBHOCTL FrEHepaLu N3NyYeHUA.

PesynbTathl MccrenoBaHMA MOATBEPHIAIOT, YTO B CIyYae NA3epPHbIX MyYKOB C
6onbLUMMU MoNepeYHbIMU pasmepami StpheKTMBHOCTE MNpeobpasoBaHna MOMET ObITb
3HaYMTENBHO  YBENUYEHa, €CIM  MyYKW  PacnpOCTPaHAIOTCA  HEKONMIMHEAPHO
OTHOCUTENBHO JPYr Apyra, Nnop, yrinom obecrieynsaroium dasoBblii CUHXPOHK3M.

B cnyuae reHepaLun TeparepL,oBoOro 13nyYeHra npu onTUManbHOM BbIGOpe STOro
yrna MomHo obecneynTb BEKTOPHBIY CUHXPOHU3M MEM[Y OCHOBHbBIMU CMEKTPaNbHBIMM
KOMMOHEHTaMM nasepHbIX MNy4Kos, Onarofjapa 4emy 3ppeKTUBHOCTL MOMET
YBENMYNTBCA Ha HECKONBbKO MOPAJKOB, W OJHOBPEMEHHO W3MlyYeHWe CTaHOBUTCA
y3KOHarpaBieHHbIM. Takum obpasom, Npu onTUManbHOM BbiGope yria AnA nonyyYeHus
moLLHoro TIU-u3ny4eHna MoxHoO Mcronb3oBaTh bonee LMPOKME N MOLLHBIE NasepHble
MyYKK, CHUMAA BEPOATHOCTL OMTUHECKOrO MOBPEMAEHNA HENMHENHOMO KprcTanna, npu
3TOM COXpaHAA ycnoBuA AnA 3pheKTUBHOro NpeobpasoBaHmA.

MNpepnomeHHble BO BTOpPOW rnaBe AMccEpPTaLMM  CXEMbl  MEPUOAUYECKON
nonApusauun HenuHeliHoro kpuctanna (PPLN) u wnckycctBeHHON nepuopuyeckoit
nonApusaumMn HenuHeiiHoro Kpuctanna (APPLN) moryt cnysutb sdpcberTBHbIMM
METOlaMU TeHepauun TeparepLoBOro UsNyYeHUA C OfHOPOMHbIM pacrpefeneHnem
MHTEHCMBHOCTM B Nyuyke. B uvacTHocTW, peanusauma nepuopmyeckoil monapusauum
TONBKO B OTAENBHOM MPAMOYrONBHOM CEYEHUU MPU3MOODPA3HOro HENMHEHOro
Kpuctanna MO3BONAET MONy4YUTb KBasMMOHOXpomaTthyeckoe Tl L-u3NydeHne c
OTHOCUTENBHO PaBHOMEPHbLIM  pacrpefieNneHemM WHTEHCMBHOCTM B MOMEPEYHOM
CEeYEHWW Ty4yKa MyTemMm OMTUYECKOTO BbINMPAMIEHNA (EMTOCEKYHOHBIX asepHbIX
MMIMYNbCOB.
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B pabote mopenuposaHa rerepauus TIL u3nydeHWA B nnockonapaniensHom
uckyccteeHHom Kpuctanne APPLN. MokasaHo, yto Tl u-usnyyerue, reHepupyemoe npm
ONTUYECKOM BBINPAMIEHUN CBEPXKOPOTKUX Ja3epHbIX WMMYIbCOB, MOMET OblITb
M3BNEYEHO W3 KpWCTaina C BbICOKOW acpdperTuBHOCThIO (B0 50%) nyTem nokpbiTuA
BbIXOLHOM MOBEPXHOCTM  KpucTanna hasoBOi  WAM  amniMTYLHOW  MacKO¥,
COOTBETCTBYHOLLLEI NapameTpam BOJHbI.

B Tpetebeil rnaBe uccrefoBaHO [ETEKTUPOBAHWE Na3EPHbIX WMMMYNBLCOB B
dheppomMarHnTHbIX KpucTtannax. PesynbTaTel WcCnefoBaHWA NOATBEPMAAIOT, HTO
npospayHble eppoMarHNTHble KpPUCTalibl MOFYT UCMONb30BaTbCA B KadyecTse
BbICOKOCKOPOCTHbIX AETEKTOPOB Nla3€PHOrO M3MYYEHWA U B KAYECTBE HENMHEWHbIX
3NEeMEHTOB ANA reHepauun TlL-U3NyyeHUAs MyTem HenWHelHoro npeobpasoBaHUA
nasepHoro Wusnyyenva. MccnepoeaHue nokasbiBaeT, YTO AETEKTUPYEMbI CUrHan
Monmy4YaeTcA TOMbKO B  HaMarHWyeHHoM obpasle. 3aBUCMMOCTb  ammuTyLbl
OETEKTUPYEMOTO CUTHana OT BHELUHEro HamarHW4MBalOLLEro TMojd  XOPOLLO
COOTBETCTBYET CTATUYECKOW KPUBOW HaMarHWuBaHUA cheppoMarHnTHoro obpasua, 4To
MOATBEPHAAET TMMOTE3Y O TOM, 4TO 3PCPEKTUBHOCTL AETEKTMPOBaHUA obycnoBneHa
HENMHENHOCTBIO CTAaTUHECKOW KPUBOW HamarHW4YMBaHUA. DTy rUMoTesy NMojTBEPKaET
TAKME XapaKTep 3aBMCMMOCTM OT MarHWUTHOrO MonA ammanTyabl Tl LU-usnyveHus,
MoNy4YeHHOro BCNEACTBUE OMTUYECKOTO BbIMPAMIEHNA (HEMTOCEKYHAHbBIX NasepHbIX
UmnynecoB B MoHokpucTanie YIG,

PesynbTathl vccnefosaHna, NPOBELEHHOrO B pamkax gUccepTalum, MOTyT HailTm
pasnuyHoe npumMeHeHWe. B 4acTHOCTM, OHM MOTyT crocobcTBOBaTh MOBbILLEHUHO
3pPEKTUBHOCTM  cucTeM  reHepalun Tl L-M3NyyeHUA, Mony4yeHHoro  nyTem
npeobpa3oBaHNA NasepHOro UsNyYeHWA, U POPMUPOBAHUA BbICOKOKAYECTBEHHBIX T1 Lj-
nyykoB. PesynbTaTbl uccrefoBaHWiA HenMHeliHOro npeobpasoBaHUA Na3epHOro
U3MyYeHWA B PeppoMarHUTHbIX KpucTannax MoryT ObiTb MCMONb30BaHbl A
pa3paboTkn BbICOKOCKOPOCTHbIX MarHuToonTudecknx u CBY petextopos usnyveHus,
UCTOYHMKOB Tl L-N3NyYeHUa 1 B Jpyrux obnactax.
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SAHAKYAN YURI

INVESTIGATION OF OPTICAL RECTIFICATION OF LASER RADIATION IN
DIELECTRIC AND FERROMAGNETIC NONLINEAR MEDIA

ANNOTATION

This study focuses on the generation and detection of microwave, terahertz, and
optical electromagnetic radiation using nonlinear optical and magneto-optical
materials.

The first chapter examines the features of difference frequency generation and
optical rectification of laser radiation in nonlinear crystals. It is shown that if the radii
of the laser beams are significantly smaller than the wavelength of the generated
radiation, then, in the case of collinear laser beams, due to their wide angular
spectrum, efficient conversion occurs, and the generated wave propagates at the
Cherenkov angle. As the beam radii increase, the angular spectra of the laser beams
become concentrated around the main direction of beam propagation. In the case of
collinear propagation, the probability of synchronous interaction decreases, leading to
a decrease in the radiation generation efficiency.

The results of the study confirm that for laser beams with large transverse
dimensions, conversion efficiency can be significantly increased if the beams propagate
noncollinearly relative to each other at an angle that ensures phase matching. When
generating terahertz radiation, optimal selection of this angle can ensure vector
matching between the main spectral components of the laser beams, thereby
increasing efficiency by several orders of magnitude while simultaneously making the
radiation highly directional. Thus, with an optimal angle, wider and more powerful
laser beams can be used to generate high-power terahertz radiation, reducing the
likelihood of optical damage to the nonlinear crystal while maintaining conditions for
efficient conversion.

The periodic polarization of a nonlinear crystal (PPLN) and artificial periodic
polarization of a nonlinear crystal (APPLN) schemes proposed in Chapter 2 of the
dissertation can serve as effective methods for generating terahertz radiation with a
uniform intensity distribution within the beam. In particular, implementing periodic
polarization in only one rectangular cross-section of a prismatic nonlinear crystal
enables the generation of quasi-monochromatic terahertz radiation with a relatively
uniform intensity distribution across the beam cross-section through optical
rectification of femtosecond laser pulses. This paper simulates the generation of
terahertz radiation in an artificial plane-parallel crystal (APPLN). It is shown that THz
radiation generated by optical rectification of ultrashort laser pulses can be extracted
from the crystal with high efficiency (up to 50%) by applying a phase or amplitude
mask corresponding to the wave parameters to the crystal's output surface.
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The third chapter examines the detection of laser pulses in ferromagnetic crystals.
The results of this study confirm that transparent ferromagnetic crystals can be used
as high-speed laser detectors and as nonlinear elements for generating THz radiation
through nonlinear conversion of laser radiation. The study demonstrates that a
detectable signal is only obtained in a magnetized sample. The dependence of the
detected signal amplitude on the external magnetizing field corresponds well to the
static magnetization curve of the ferromagnetic sample, confirming the hypothesis that
the detection efficiency is due to the nonlinearity of the static magnetization curve. This
hypothesis is also supported by the dependence of the THz radiation amplitude on the
magnetic field, obtained by optical rectification of femtosecond laser pulses in an YIG
single crystal.

The results of this dissertation have various potential applications. In particular,
they can contribute to increasing the efficiency of THz radiation generation systems
through laser conversion and the production of high-quality THz beams. The results
of research on nonlinear conversion of laser radiation in ferromagnetic crystals can
be used to develop high-speed magneto-optical and microwave radiation detectors,
THz radiation sources, and other applications.
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