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

TEOPHSI BO3MYIIEHUM JIJISI ®A30BBIX KOPPEJISIIAA CBETOBOM BOJIHBI,
PACIIPOCTPAHAIOIIENCS B TYPBYJIEHTHOM CPEJIE

. B. KoJiokousioB" *, B. B. Jleoenen!, ®@. A. Crapukos?, B. A. boraues” u A. B. Hemuena®

Hnemumym meopemuyeckou gpuzuxu um. JI. J]. Jlanoay, Mockea, Poccus
?Bcepoccutickuil HayuHo-ucciedo8amenbCKutl UHCmumym skcnepumenmanvhoul gusuxu, Capos, Poccus
*E-mail: igor.kolokolov@gmail.com

MpbI TeOpeTHUECKH HCCIIeAyeM KOppesalnoOHHbIe PYHKIMU (a3bl CBETOBOM BOJIHBI, PACIIPOCTPaHSIONICHCS
B TypOyJeHTHOH cpene. Mbl UCHONB3yeM ypaBHEHHE AJs jorapupma orumOaromnieil BOJIHOBOTIO Makera,
KOTOpOE BKIIIOUAET HEJIMHEHHBIN YIeH BTOPOro nopsjaka. OCHOBBIBAsCh Ha ’TOM YpaBHEHUH, pa3padaThiBacM
METOJI BBIYMCIICHHUS MOMPABOK K KOPPEJISIMOHHONW (YHKIUU, MOJYYSHHOH B JTUHEHHOM NpUOIMKEHUU.
MBI BbIYMCIISIEM TIEpBbIE TOMPAaBKU, ONpeAeCHHbIE ¢ TTOMOIIbIO OJHOIMETIEBBIX AUarpaMM, U HAXOJIUM UX
aCUMITOTUYECKOe ToBe/ieHue. bbuio 00HapykXeHO, YTO Ha KOPOTKHUX PACCTOSHUSX MEXKIY TOYKaMHU TepBast
MOTpaBKa K MapHOIl KOPPeIsSIMOHHON (QyHKIMU (Pa30BBIX IPaJUECHTOB UMEET TaKoe e MacIITaOupoBaHue,
KaK ¥ HyJIeBOE MpHUOIMKEHUE, a Ha OOJBIINX PACCTOSHUSX TMEPBOE MPHUOIMIKEHNE 3aTyXaeT ObIcTpee, YeM
HYJIEBOE.

Takum 006pa3om, HET HUKAKWX OCHOBAHMM IM0JIarath, YTO KOPPEKLHUS pa3pylIUT HYJIEBOE MPUOIMKEHUE.
C ucnosib30BaHWEM CBOMCTB CUMMETPUHU YPaBHEHHMs ClieJaHbl HEKOTOpbIe HEMEepTypOATHUBHBIE BBIBOJBI.
B wacTHOCTH, MBI IPOJEMOHCTPUPOBATIH, YTO MEJIKHE JETalu M300paKeHUs, MOJy4aeMOro ONTHYECKOM
cucteMoil uepe3 armocdepy, pa3Mas3bIBalOTCAd H3-32 TYypOYJNEHTHBIX GIYKTyaluil, ¥ Mbl OICHUIH
MaKCUMAaJIbHBIN pa3zMep ATUX JIeTaJel C TOYKH 3peHUs Aucnepcuu PeIToBa. OTH pe3yabTaThl MO3BOJISIOT HAM
3aKJII0YUTH, YTO YCIOBHEM MPUMEHHUMOCTH TEOPUHU BO3MYUICHUH SBIISIETCS MAJIOCTh qucniepcuu PeiToBa, U
3TO YCJOBHE BBIMOJHAETCS PABHOMEPHO HAa PACCTOSHUAX MEXAYy Toukamu HaOmoaeHus. OTHOCUTENbHAS
MONPaBKa Ha paCCTOSHUSIX, MEHBIIINX WJIU MOPSJIKa pajnyca nepBoii 30HbI OpeHeist, MMeeT TOT K€ MOPSA0K,
4TO U Jnucrepcus PeiToBa, B TO BpeMs Kak Ha OOJIBIINX PACCTOSHUSAX OTHOCHUTENbHAS MOMpaBKa HAMHOTO
MeHbIIE nucnepcuu PeiToBa. CienoBaTenbHO, €M €IMHCTBEHHBIN mapameTp (aucnepcust PeiToBa) man, To
HYJIEBOE MPUOIIKEHHE MOKET OBITh UCTIOIB30BaHO JIJIs1 KOPPEIAIMOHHON GyHKIMH (a30BbIX TPaAHEHTOB
Ha J1I000M pacCTOSTHUU.
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We theoretically investigate the correlation functions of the phase of a light wave propagating through a
turbulent medium. We use an equation for the logarithm of a wave packet envelope, which includes a second-
order nonlinear term. Based on this equation, we develop a diagrammatic technique to calculate corrections
to the correlation function obtained in the linear approximation. We calculate the first corrections determined
by one-loop diagrams and find its asymptotic behaviors. We found that at short distances between points, the
first correction to the pair correlation function of phase gradients has the same scaling behavior as the zero
approximation, and at long distances, the first approximation decays faster than the zeroth one. Therefore,
there is no evidence to suggest that the correction will destroy the zeroth approximation.

Some non-perturbative conclusions are made using the symmetry properties of the equation. We
demonstrated that small details of an image received by an optical system through the atmosphere are smeared
due to turbulent fluctuati ns, and we estimated the maximum size of these details in terms of the Rytov
dispersion.
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These results allow us to conclude that the applicability condition for the perturbation theory is the smallness
of the Rytov dispersion, and this condition holds uniformly over the distances between observation points.

The relative correction at distances smaller or of the order of the radius of the first Fresnel zone is of the
same order as the Rytov dispersion, while at larger distances, the relative correction is much smaller than the
Rytov dispersion. Therefore, if the single parameter (the Rytov dispersion) is small, the zeroth approximation
can be used for the correlation function of phase gradients at any distance.
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