Tpurrepusie 3¢ dexTs B reocucremax (1822 mas 2026 r., Konmomua, Poccust)

T'UBPUIHBIA METOJ BOCCTAHOBJIEHUS UCKAKEHHU BOJIHOBOI'O ®POHTA
HA OCHOBE HEMPOHHOM CETH

A. B. Koros" *, 10. A. Poqumkos?, C. E. [lepeBaiios', K. ®. Bypaonos',
. b. Meepos?, A. A. CosioBbeB!

!Pedepanvhulil ucciedosamenvckutl yenmp HUnemumym npukiaonoi guzuxu um. A. B. Fanonosa—I pexosa
Poccuiickoii akademuu nayx, Huocnuii Hoseopoo, Poccus

’Huoicecopodckuil 2ocydapemeennsiil yhusepcumem um. H. U. Jlobauesckozo, Huscnuii Hoseopoo, Poccus
*E-mail: kotov@ipfran.ru

JlocTukeHre MaKCUMallbHOM MUKOBOW MHTEHCHUBHOCTH HA MOIIHBIX JIA3€PHBIX YCTAHOBKAX OTPaHUYEHO
HCKa)KEHUSIMU BOJTHOBOTO (DpOHTA B ITyUKe, U B YACTHOCTH, abeppalisiMi HEOAMHAKOBOTO ONITHYECKOTO My TH,
KOTOpBIE BO3HHUKAIOT MEXIY NAaTYMKOM BOJHOBOTO (GpoHTa M QOKycOM Imydka. J[as KoMIeHcaluu JaHHbBIX
abepparuii TpeOyeTcs JOMOJHUTENbHAS KaJTMOpPOBKA aJalTHBHON ONTHYECKOW CHUCTEMBI, IIeJIb KOTOPOM
HaWTH TAJOHHBIA BOJTHOBOM (PPOHT 0OECTICUNBAIONTUN HAMITYUITyIO (DOKYCHPOBKY. TpaJuIIMOHHBIE METOIbI
KaMOpOBKU TPEOYIOT IIUTENbHOM MHOTOUTEPALlMOHHONW ONTHMHU3AIMU, UYBCTBUTEIHHONW K HAYaJbHBIM
ycnoBusiM. Pa3BuBaroliiecs B mociieJHIe To/ibl [OIX0/Ibl HA OCHOBE HEHPOHHBIX CeTel 00eCcTIeunBaloOT BHICOKYIO
CKOPOCTbh, HO YaCTO IEMOHCTPUPYIOT HEIOCTATOUHYIO TOYHOCTh. B manHoi1 paboTte npeuiaraetcst TMOPUIHBIHN
METOJI BOCCTAaHOBJIEHUSI MCKa)KEHUH BOJHOBOTO (PPOHTA, OCHOBAHHBIM Ha aHaimu3e (Pa3zoBO-pa3HECEHHBIX
n300pakeHui B OKpecTHOCTH (hokyca. [IpennoskeHHbI METOT coueTaeT CBEPTOUYHYIO HEUPOHHYIO CETh IS
MpeJ/icKa3aHusl Ha4allbHOTO MPUOIMKEHHS U aJTOPUTM ONTUMU3ALIMU JIJIsl €r0 YTOUYHEHHus. B skcniepumente
Ha JiazepHOor yctaHoBke PEARL mipu MCXOHBIX MCKOKEHHUSIX BOJTHOBOTO (DPOHTA CO CPETHEKBAAPATUUHBIM
otrknonenreM (CKO) ot 0.15 no 0.6 nyvH BoaH pa3zpaboTaHHBIN METOI 00€CTICUHST OTHOCUTEILHYIO OIITHOKY
BoccTaHoBJeHUss MeHee (0.25. B pesyibTaTe B cepuu SKCrIepuMeHTOB (hoKycrupoBka ¢ uucioM LlTpens mopsiaka
0.95 nocturanace 3a 2—4 utepanuu.
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Achieving maximum peak intensity in high-power laser systems is limited by wavefront distortions in the
beam, particularly by unequal optical path aberrations that occur between the wavefront sensor and the beam
focus. Compensating for these aberrations requires additional calibration of the adaptive optics system, the
goal of which is to find a reference wavefront that provides optimal focusing. Traditional calibration methods
require time-consuming, multi-iteration optimization that is sensitive to initial conditions. Neural network-
based approaches developed in recent years offer high speed but often exhibit insufficien accuracy. This paper
proposes a hybrid method for wavefront distortion reconstruction based on the analysis of phase-separated
images in the vicinity of a focal point. The proposed method combines a convolutional neural network to
predict an initial approximation and an optimization algorithm to refine it. In an experiment on the PEARL
laser facility with initial wavefront distortions with a standard deviation from 0.15 to 0.6 wavelengths, the
developed method achieved a relative reconstruction error of less than 0.25. As a result, focusing with a Strehl
ratio of approximately 0.95 was achieved in 2—4 iterations in a series of experiments.
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