Tpurrepusie 3¢ dexTs B reocucremax (18-22 mas 2026 r., Komomua, Poccust)

M3MEPEHUE U KOMIIEHCAIIUS CPEAJHETI'O HAKJIOHA BOJTHOBOT'O ®POHTA
I'. B. bamkaros*, U. B. ZKuBoroBckuii, B. E. Kapacuk, A. A. Caxapos

Mockosckuti 2ocyoapcmeennbiii mexnudeckuil ynugepcumem umenu H. 5. baymana (HayuonansHwill ucciedosamenbcKutl
yuusepcumem), Mockea, Poccus
*E-mail: bashkatov@bmstu.ru

W3BecTHO, 4TO IpU pacrpoCTpaHEHUH B aTMOC(epe N3TyUCHUE MTOIBEPraeTCss HCKAKEHHUSM, YTO IPUBOIUT
K YXYALIICHHUIO XAPAKTEPUCTUK AaCTPOHOMUYECKHMX TEJIECKOIIOB M OTKPBITBIX ONTHUYECKUX JIMHUM CBS3H.
OnTrueckue napameTpbl aTMocepbl, O3BOJISAIONINE OLIEHUTD BIUSHUE €€ COCTOSIHUS Ha padOTy 3TUX CUCTEM,
001a/1a10T BEICOKOM MMPOCTPAHCTBEHHO-BPEMEHHON N3MEHYMBOCTHIO i HMEIOT CTOXAaCTUICCKUH Xapakrep. s
YTOYHEHUS CYIIECTBYIOUINX MOJIEICH B3aUMOJCHCTBUS aTMOC(Ephl M ONITUYECKOTO M3ITyYeHHsST HEOOX0IUM
3HAYUTEIIbHBI MAaCCUB JKCIIEPUMEHTAJIBHBIX JIAHHBIX.

Jliis perieHus 3ToM 3a7ja4y IPUMEHSIOT JaTYUKHU BOJTHOBOTO (ppoHTa (Hanpumep, aatuuku [llaka—I"aptmana
WM TaTYMKH KPUBU3HBI). ClieyeT OTMETHTD, YTO TAKUM JaTYUKaM JUISl TPOBEACHUS H3MEPEHHI HE00X0 1M
MCTOYHUK OIOPHOTO CHUTHANA, HECYIHi MHpopMannio o0 armMochepHoil TypOylneHTHOCTH. B HEKOTOpBIX
CIIy4asix €ro MOYKHO peaan30BaTh ¢ IOMOIIBIO OTPAKEHHOI'O OT YIOJIKOBOI'O CBETOBO3BPAILATENS U3ITyYCHHUS.
WneanbHblil cBETOBO3BpaIlaTeab 00OpalllaeT HANPaBICHUE PACIPOCTPAHEHUS IyUYKa BJOJb €r0 ONTUYECKOU
OCH M TIPOM3BOJUT LEHTPAITbHO-CUMMETPHYHOE TIPEOOPa30BaHUE PACIIPEICIICHHS OIS IyYKa B TUIOCKOCTH
Ma/ICHUS] OTHOCUTENTFHO CBOEH BepIIMHBI. JJaHHBIH (akT, BMECTE C IPUHIIUIIOM B3aUMHOCTH PAaCIIPOCTPAHEHUS
M3JIy4EeHUS, TO3BOJISIET 3aKIIOYUTh O BO3MOKHOCTH IIOJHOM KOMIIEHCALMH CPEIHEr0 HAKIOHA BOJIHOBOI'O
(bpoHTa IIpH BYKPATHOM MPOXOXKICHUH ITydKa (C MOCIIEIOBATEILHBIM MPSIMBIM M OOpaTHBIM XOJIOM), YTO
JIeNlaeT ero M3MEpeHUue HEBO3MOXKHBIM. YKa3aHHBIH APQEKT XOpOIIO W3BECTEH NpU paboTe C JTa3epHBIMU
OTIOPHBIMU 3BE3/1aMU, OJJTHAKO (PU3NYECKasi IPUPO/a SIBJICHUS B JaHHOM Cilydae HHasl.

B pamkax mccinenoBaHus MPOBEAEHO MAaTEMAaTUYECKOE MOJECIMPOBAHHUE PACIIPOCTPAHECHUS U3JIyYCHHS B
HEOJTHOPOAHOM atMocdepe, MPUBOASIICH K BOSHUKHOBEHHIO HAKIIOHA BOJHOBOTO (DPOHTA MPH Pa3THUHBIX
JUaMeTpax Iydka u cBeToBo3Bpauiaresns. [lokasaHo, uto qudpakius Ha anepTypax nepeaaroiieid CUCTEMbI U
CBETOBO3BpALLATElIsl 00yCIIaBIMBAET MOSIBJICHUE YyBCTBUTEIHOCTH JIaATYMKA K CPETHEMY HAKJIOHY BOJIHOBOTO
¢bpoHTa, TpUYEM CTENEeHb OSTOW UYYyBCTBHTEIBHOCTH OIpENeNsieTcs pa3Mepamu ameptyp. llpuBenensr
pe3yabpTaThl HKCIEPUMEHTAIbHBIX HMCCIIEIOBAHUN, IMOATBEPKAAIONIME BO3MOKHOCTD U3MEPEHUS CPEIHETO
HaKJIOHA BOJTHOBOTO (PpOHTA.

MEASUREMENT AND CORRECTION OF THE GLOBAL WAVEFRONT TILT
G. V. Bashkatov¥*, I. V. Zhivotovsky, V. E. Karasik. A. A. Sakharov

Bauman Moscow State Technical University, Moscow, Russia
*E-mail: bashkatov@bmstu.ru

Atmospheric propagation introduces distortions in optical beams, degrading the performance of astronomical
telescopes and free-space optical links. The atmospheric optical parameters, which determine the extent of this
impact, are highly variable in both space and time and exhibit stochastic behavior. Accurate modeling of the
interaction between optical radiation and the atmosphere therefore requires extensive experimental datasets.

Wavefront sensors, such as Shack—Hartmann or curvature sensors, are commonly employed to address
this challenge. These sensors, however, require a reference source that carries information about atmospheric
turbulence in order to provide meaningful measurements. In some implementations, this reference can be
realized using radiation reflected from a corner-cube retroreflector

An ideal retroreflector returns the beam along its incoming axis and performs a centrally symmetric
transformation of the transverse field distribution relative to its vertex. When combined with the principle
of reciprocity, this property implies that the global wavefront tilt can be completely compensated during
double-pass propagation (forward and backward), rendering its direct measurement impossible. While similar
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phenomenon is well documented in the context of laser guide stars, its underlying physical mechanism differs
in the present scenario.

In this study, we perform numerical simulations of beam propagation through a nonuniform atmosphere,
which induces wavefront tilt depending on the diameters of the beam and the retroreflector. Diffraction at
the apertures of both the transmitting system and the retroreflector generates sensor sensitivity to the global
wavefront tilt, with the degree of sensitivity determined by the aperture sizes. Experimental results confirm
that the global wavefront tilt can be measured under these conditions.
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