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YCTPAHEHUME UCKAKEHUMN HA NU30BPAKEHUSAX ITPU HAJTUUUH
TYPBYJEHTHOCTH

AHHOTALNUA

[lenpto WCcneAOBaHUS SABISETCS YCTPAaHEHHE BIUSHUS MOJEIH TypOylIeHTHOCTH Ha
MoJIydaeMbIX H300paxkeHusx. PemieHne MaHHOW 3aJadd JTOCTUTACTCS ITyTEM KOMITBIOTEPHOM
(buNbTpaIK 3alIyMICHHBIX H300paXeHHH.

B pabote nmomyuyeHsl H300pakeHUsI ¢ CMOICIMPOBAHHBIMU TypOYJICHTHBIMU MCKAKCHHUSIMH, a
TaKKe MpoBeJieHa X 00pabOTKa MPU MOMOIIU KaCKaIHBIX (DUIBTPOB.

TYPBYJIEHTHOCTb, KOMIIbBIOTEPHA I OB PABOTKA N30BPAXKEHUI
BBEJEHUE

B nHacTosmiee BpeMsi IMEET TEHIEHIUIO MPOBEACHUE HATYPHBIX AKCIEPUMEHTOB. 3a4acTyro
IpY MPOBEJCHUU IKCIEPUMEHTA BBIIOJHIECTCS (HOTO MM BHIEOCHEMKA. BeiencTBue onTHYECKOn
IPUPOJIbI, €CIIH UCCienyeMas cpefia UMeeT HEOAHOPOJIHOCTH MO KO3 ULIMEHTY MPeOMIICHUs, TO
9TO MOKCT NMPUBCCTU K UCKAKCHHUIO IMMOJTYYCHHBIX PC3YJIbTATOB.

YcTpaHeHue WMCKaKEHMA HW300paXEHUN TPOU3BOAMTCS TPH TMOMOIIM MX KOMIIBIOTEPHOM
¢unpTpanun. B cnyuyae ycTpaHeHUS MCKaXEHHMS KAaKOTO-TO OINPENEICHHOTO BUAA YacTO MMEETCs
MOJIeJb ATOr0 MCKa)KEHUS, YTO TO3BOJISIET PEIIUTh 0OpaTHYIO 3a1ady U OIpeAeIuTh MapaMeTphbl
HeoOxoumoii guibtparnuu. OIHAKO B 00IIEM Cilydae, KOorJa He U3BECTHA MOJENb HCKaXKCHUS WIIN
HE HaiiileHo oOpaTHOE pelleHue, HWHOrJa MOKHO BOCIOJIb30BAThCS 0Aa30BBIMU ONEpaLUSIMU
(GUIBTPAUK C LENBI0 JOCTHKEHUS YIyUIIeHUS H300paKeHuUs.

MOJAEJIUPOBAHHUE U IOCTOBPABOTKA

[Tpu MoaenupoBaHuM aTMOC(HEPHBIE UCKAXKEHUS MOKHO OIMCATh KaK UCKaXKAIOLIH orepaTop
H, hbopmyna uist koToporo npuBeaeHa Hke [1].

H(uv) = exp(—k - (u® +v7) ), (1)

rae ko3¢ dunueHt k onuceiBaet TypOyneHTHbIe cBolicTBa atMochepsrl. Tak, mpu k = 0,001 Oyzaet
yMepeHHasi TypOyJIeHTHOCTb, a ripu k = 0,00025 — cnabast.

[TonyueHHOE M300paskeHUE MPH HEOOXOAUMOCTH CIIepBa MOKHO 00paboTaTh METMAHHBIM
(GUIBTPOM, TEM CaMBbIM U30aBHB €0 OT JIOKHBIX 3HAUCHHUH MUKCENIeH Ha N300paKeHHH.

Jis HausTy4Imero BU3yaabHOTO BOCIIPUSATHUS H300paXKEeHUE, COJIepIKallee pe3yIbTarT
HaJIOXKEHUsI TypOYJICHTHOCTH Ha TOJIE3HBIN CUTHAT MOXKHO MOJIBEPTHYTH 00paboTKe MyTeM
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yBenu4eHus pe3kocTr. OHUM U3 CITOCOO0B YBEIHMUCHHSI PE3KOCTH CITYKUT UCIIOIb30BAHNE
CBEPTKH UCXOJTHOTO U300pakeHust ¢ Mackoi Jlaruiaca. Huke npusenena ¢popmysia s o00paboTku
n300paxeHus [2].

f’(xay):f(x’y)_kL'Z(xay)a (2)

rae k;, — KoaPUITMEHT YCUIIEHUS PE3KOCTH (BBIOMPAETCS IKCIIEPUMEHTAIBHO), z(X,)) — CBepTKa
UCcXo/IHOTO n300pakeHus ¢ mackoit Jlamnaca. /lannas ¢popmyna OyaeT crpaBeuinBa pu Macke,
LIEHTPAJIBHBIN 3JIEMEHT KOTOPO MMEET OTpULIATENIbHOE 3HaueHHeE. [[pumMepom Takoil MacCKu MOXKET
CTaTh MaTpHIla 3%X3 ¢ HEHTPATBHBIM JIEMEHTOM, PABHBIM -8, a OCTaJTbHBIMU DJIEMEHTAMU PAaBHBIMU
l.

[Tpu 06paboTKe OMOTHUTEIHLHO CTOUT OOPATUTh BHUMAHKE HA YaCTOTHBIE COCTABIISIFOIINE
n3o0pakeHus. J{ist 3Toro He0OX0IMMO BEITIOIHUTE Dyphe MpeoOpa3zoBaHUE U TOCMOTPETH Ha
pe3ynbraT. Eciau Ha n300paxkeHnu ecTh NEPUOANMYECKUN IIIyM, TO €r0 MOXKHO OT(QHILTPOBATS.

TakuMm o0pa3oM, OCHOBHOH aJITOPUTM COCTOUT M3 IEPBOHAYAIILHOTO YCTPAHEHHUS IITYMOB,
3aTeM OLICHKE U BO3MOXHOH KOppeKTupoBke Dypbe-npeoOpa3oBaHus, U MOCIE ITOr0 IPUMEHEHUIO
YBEJIMYEHUS PE3KOCTU U300paKEeHHUS.

J171st o1ieHKH paboThI aITOPUTMA BBITIOTHEHO HATIOXKEHHE Ha U300paKeHHE MOICTU
TypOynenTHocTd. Ha pucyHke 1 npeicTaBiieHbl HCKa)KEHUS C Pa3HBIM HCIIOJIb3yEMbIM
K03 punreHToM TYypOYyIEeHTHOM aTMOC(hepsbI.
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)

e)
a) k=0; 6) k= 0,0001; B) k = 0,0002; T) k = 0,0003; 1) k = 0,0004; €) k = 0,0005

Puc. 1. MonenupoBaHue TypOyJIEHTHBIX UCKaXXCHUI HA N300paKEHHUIX

brio BEIOpaHO TecTOBOE M300pakeHUE, CoIepIKaIee B cede NCKaxeHus oneparopa H ¢
1enbo ero ynyuiienus. K ncxogaomy n3zo0pakeHuto Oblia mpuMeHeHa (UIbTPAIHs 110

YBEIIMUYCHUIO PE3KOCTH, a 3aT€M ONTHMH3ANNS U yIydlIeHne KOHTpacTa. Pe3ynbraT mpeacraBieH
Ha PUCYHKE 2.

Firk

sk

ik

0)
a) HCXOHOE n300pakeHue 0) 00paboTaHHOE U300paKeHIE
Puc. 2. Pe3ynbraT peanu3aiyy alropurma

Tenepb paccMoTpuM U300paxkeHue ¢ OoJiee CHITLHOM TypOYJIEHTHOCTHIO U HEOOIBIINMU
nedexTamMu, IpeICTaBICHHOE Ha PUCYHKE 3.
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Puc. 3. Bropoe ncxomHoe nzo0paxeHnue

9710 n300pakeHne MOKHO 00paboTaTh TOUHO TakK K€, HO CIIepBa CTOUT UCIOJIb30BaTh
MeauaHHbId GuIbTp. Takke MpH JKeIaHUH STOT GHIBTP MOXKHO C/IeNaTh alalTHBHBIM. Pe3ynbraT
00paboTKH BTOPOro M300pakeHusl MPUBEIEH Ha pUCYHKE 4.

Puc. 4. Bropoe o0pabotaHHOE H300pakeHne

O6paboTanHOE N300pakeHHE MOTYUMIIOCh O0JIee PE3KUM, HO YK€ 3aMETHO, UTO NpH Oojee
CHJIbHOH TypOYyJICHTHOCTH JaHHBII aITOPUTM He OYyJIeT 1aBaTh CYNIECTBEHHOTO YITyUIICHHSI
H300paXkeHusl.
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3AK/IIOYEHUE

[To pe3ynbpraTam 00pabOTKH MOXKHO CKa3aTh, YTO BEIOPAHHBIN aITOPUTM HOJXOAUT TOJIBKO
M0JT UCKaXXEHHsI, COOTBETCTBYIOIIHE cnaboit TypOynentHoctu. [Ipu 06paboTke cTout obpamarts
BHHUMAaHUS Ha IIyMbl UCXOJHOTO N300paKeHMs, TAaK KaK €CJIM MCI0JIb30BaTh YBEIUUYEHUE PE3KOCTH,
TO MPU HAJIMYUH ITYMOB OHU TakKe OyAyT BbLIEIATHCS. [t ycTpaneHus BAUSHUM Ooiee CHIIbHOM
TypOYJIEHTHOCTH Ha N300paKEHUSIX BCE KE CTOUT pelIaTh 0OpaTHYO 3a/1ady IPH UCIIOJIb30BaHUU
MOJIeJTN UCKa)KEHUSI.
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ELIMINATION OF DISTORTION IN IMAGES IN THE PRESENCE OF TURBULENCE

The aim of the work is to eliminate the influence of the turbulence model on the images. The
solution of this problem is achieved by computer filtering of images.

Images with simulated turbulent distortions were obtained in the work, and their processing was
carried out with cascade filters.

Currently, there is a tendency to conduct full-scale experiments. Often during the experiment, a
photo or video is taken. Due to the optical nature, if the medium under investigation has in
homogeneities in the refractive index, this can lead to a distortion of the results obtained.

TURBULENCE, COMPUTER IMAGE PROCESSING
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