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®YHKLUUA PA3MbITUA TOYKU ONTUKO-INEKTPOHHbIX U30BPAXEHWUN
NP CMA3E U AE®POKYCUPOBKE, OBYCJOBJIEHHbIX
HEOAHOPOOHOCTbIO ATMOCO®EPDI

B cmamve paccmampusaromesi ocnogHble uckadicaroujue akmopwl, o0ycroieHHble HeOOHOPOOHOCMbIO A~
Mocgepbl, npuodsiyue K cmMazy u 0eQOKYCUPOsKe ONMUKO-IIeKMPOHHBIX u300padicenui. Ilonyueno mamemamuue-
CKoOe @blpadiceHue npu GIUSHUU AMMOCHEPHbIX UCKANCEHUT U 8bipadicenue Ol QYHKyuu pazmvimus mouxu. s
UCKAIHCEHHO20 U300PAdICEHUs, NOLYUEHHO20 C ANNApama OUCMAHYUOHHO20 30HOUPO8anUs 3eMuu, NOCMpPoeHa QYHK-

yust pasmovlmus movkKu.
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JIEHMHOCNb.

BBepeHue

IMocTtanoBka mpo6JiemMbl B 001emM Bujae. M3pect-
HO [1 — 5], 9yTO HamboNee YaCTHIMU CIyJ4assMH HUCKaXKe-
HUM ONTHKO-IJICKTPOHHBIX HM300paKCHUH SBISIOTCS
Pa3MBITHS U3-3a HeMpaBWIbHOIO (hoKyca U cMa3a. OmHa
U3 TPWYMH YKA3aHHBIX HCKAKCHUN — BIIMSHUE aTMO-
chephl. 3aKOH UCKaKECHUS M300paKCHUS OPEIeIACTCS
(G yHKIMEH UCKAKSHUS WM (PYHKIIUCH pa3MBITHS TOUKH
(®PT), ssapoM uckaskaromiero onepartopa [5].

Hens crateu — onpenenuts OPT, oOycmosiieH-
HYI0 aTMOC(EPHBIMU UCKAKECHHUSAMHU.

AHATH3 TOCJETHUX TOCTHKEHWH W MyOauKa-
muii. BorpocaM pacrnpocTpaHeHHs ONTHYECKOro H3Jy-
YyeHUs1 B atMocdepe, BIUSHHUA aTMOC(ephl Ha ONTHYe-
CKUIl CHUTHAJ, BIUSHUSA TYPOYJICHTHOCTCH aTMOCQEpHI
HA ONTHYCCKUIM CHUTHAJ TOCBSIICHO OOJBIIOE KOJHYe-
CTBO pabOT, HEKOTOPHIC W3 KOTOPBHIX PACCMOTPEHHI B
[1]. Ycranosneno [2, 3, 6 — 16], uTo Mo xXapaxkTepy uc-
Ka)KEHHH ONTUYECKOrO CHrHajla aTMOC(EpHBIC MTOMEXH
Pa3IenAOTCS HAa HECKOJBKO Ipymil. [IpoaHanu3upyem
BO3MOXHOCTh TonydeHuss ®PT ¢ yueToM H3BECTHBIX
XapaKTEPUCTUK aTMOC(HEPHBIX UCKAXKCHUH.

NMocTaHOBKa 3afa4n U U3NnoXeHue
MaTepuanoB nccriegqosaHus

MoJiekysipHOE TIOTJIONICHUE W3JIYYEHHUsS aTMO-
chepHBIMU Ta3aMH MPUBOIANUT K SHEPTETUICCKUM ITOTE-
psaM B curHane. M3sectho [2, 3, 8 — 10], uro atMocdepa,
KpOME BOJSHOT'O Iapa, COCTOMT IJIaBHBIM O0pa3oM M3
a30Ta, KUCIIOpOJa W aproHa, MPOIICHTHOE COACPIKaHHE
KOTOPBIX IPUBEACHO B Tao0I. 1.

ATMochepa TakkKe CONCPKUT U JIPYTHUe KOMIIO-
HEHTBHI, OJIHAKO, KaK yka3aHo B [1], Apyrue comepka-
pecs B atMmocepe ra3sl He OKa3bIBAIOT CYIIECTBEHHO-
IO BIMSHUS Ha IOTJIOIICHHE BHIUMBIX M HH(Mpakpac-
HBIX BOJIH. BOIsHOM map oka3bIBaeT HAUOOJbIICE BIIUSA-
HHUC Ha PACHpPOCTPAHCHHE ONTHUYCCKOrO CUTHAJIA B JUa-
ma3oHe 5,5 — 7,5 MkMm, 2,6 — 3,3 MKM, a Takke B I0JIO-
cax TOTJIONEHUsI C LIEHTPaMH OKOJIO JJUH BOIH 1,87;
1,38; 1,1; 0,94; 0,81; 0,72 mxm. ToHKast CTpyKTypa Ko-
J1e0aTeIbHO BPAIIATEIBHOTO CIIEKTPa BOASHOrO Iapa
Ype3BBIYAHO CIOKHA M 3amyTaHa. Kaxkmas w3 3THx
ITOJIOC COCTOUT M3 COTEH U AK€ ThICSIY OTHAEIbHBIX JIH-
HUM, WACHTHU(UKANUSA KOTOPBIX MPEACTABIACT COOOM
BecbMa CIOXKHYIO 3a7a4y [1, 3].
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Tabnuna 1
CoctaB cyxoro Bo3ayxa
Cocrapistone CpeqHss KOH- IIpumeuanue
atMocdepbl | IEeHTpalus B
Tponocdepe, %
N, 78,084 B Bepxuell uonocdepe
JICCOLUMpPYET, Ha Ooree]
HU3KHX YpPOBHIX Mepe-
MeIIaH
0, 20,946 Jucconuupyer Bbiie 95
KM, Ha 0ojee HU3KHUX|
YPOBHsIX ITepeMelIaH
Ar 0,934 [lepememan 10 BBICOTHI
110 xm, Bblie — auQ-
(y3HOE pasneneHue

ATMochepa TakKe CONCPKUT U IPYTUe KOMIIO-
HEHTHI, OJIHAKO, KaK yka3aHo B [1], Apyrue couepka-
uecs B atMmoc(epe ra3nl He OKa3bIBAIOT CYIIECTBEHHO-
ro BIMSHUSA Ha IOTJIOIIEHHE BHIUMBIX M HH(Mpakpac-
HBIX BOJIH. BOIsHOM map oka3bIBaeT HAUOOJbIICE BIIUSA-
HHUC Ha PACHpPOCTPAHCHHE ONTHUYCCKOrO CUTHAJIA B JUa-
ma3oHe 5,5 — 7,5 MM, 2,6 — 3,3 MKM, a TakKe B I0JIO-
cax TOTJIONIEHHUsI C LIEHTPaMH OKOJIO JJUH BOiH 1,87;
1,38; 1,1; 0,94; 0,81; 0,72 mxm. ToHkast CTpyKTypa Ko-
J1e0aTeIbHO BPAIIATEIBHOTO CIIEKTPa BOMSHOTO Iapa
Ype3BBIYAHO CIOKHA M 3amyTaHa. Kaxkmas w3 3THx
ITOJIOC COCTOMUT M3 COTEH M Ja)Ke THICAY OTACIbHBIX JIU-
HUM, WACHTHU(UKANUSA KOTOPBIX MPEACTABIACT COOOM
BecbMa CIIOXKHYIO 3a7a4y [1, 3].

AbdpO30JIbHOE M MOJIEKYIISIPHOE paccessHhe OTOU-
paeT y ONTUYECKOr0 CUTHAJIA YacTh SHEPTUH U TepenaéT
€€ «paccestHHOM» CUTHAIBbHONW KOMIIOHEHTE C HU3KOYac-
TOTHBIM TIPOCTPAHCTBEHHBIM crekTpoM [3]. Hambomee
4acTo BCTpeuarolyecs B atMocdepe a’spo3onu mpen-
CTaBJIAIOT COOOM Karuld BOABI B JKAIKOM W TBEPIOM
COCTOSIHUAX, O0BEIUHACMbIC OOLIUM ITOHATHEM — THI-
pOMeTeophl (IOXKIb, TYMaH, CHET, IbIMKa U T.I.). Oc-
JabJICHWE SHEPTHHM BUAMMOTO JHAara3oHa OOBsICHIETCS
TEM, YTO BOJIHA HABOJUT TOKU CMEIICHUS, KOTOpHIC, B
CBOIO 0Yepe/ib, SBIAIOTCS MCTOYHHKAMH BTOPUYHOTO M
PACCEeSHHOIO WM3JIYUCHHS, YTO Takke co3maeT 3hQeKT
ocia0JIeHUs B HANPABJICHUH PACIPOCTPAHCHUS BOJIHEI,
MIPUYEM B BUIUMOM JIMANia30HE OCHOBHBIC ITOTEPH dHEP-
THUM CO3JIal0TCs 3a cueT siBleHust paccesnus [1, 2]. K
a’p030J1IM B aTMoc(hepe OTHOCATCS IMEPEHOCHMEBIC BET-
POM YaCTHIIBI TBUTA U MOPCKOW COJIH, TIPOIYKTHI Cropa-
HuUs (caxka, Teren), KOHICHCHPOBAHHBIC OpPraHHYCCKHE
OCTaTKU M BEIIECTBa, 00pa3yIomIuecs B pe3yabTaTe Xu-
MUYecKuX peaknuii B atMochepe. KoaddumumeHrsr as-
PO30JIBHOTO PACCESIHUSA OYCHb CHJIBLHO 3aBHCHT OT pas-
MEpPOB, XUMHUUECKOI'O COCTaBa M KOHIICHTPAIIMU YACTHI]
a3p030J1s1, KOTOPBIE MOIBEPIKEHBI OOJIBIION H3MECHYHBO-
CTH BO BpeMeHM U npocTpaHcTBe. C JOCTaTOUHON s
HH)KEHEPHBIX PACUCTOB TOYHOCTHIO MOYKHO CKa3aTh, YTO
KOHIIEHTpAIIMsl a’3po30Jisi C POCTOM BBICOTHI A0 10 kM
ymenbmaercs [1, 2].

CBeroBast BOJIHA, PACIPOCTPAHSIOMIASACT B 36MHOM
atMochepe, KpoMe SHEPreTUYCCKHUX IMOTEpPh, HMCIBITHI-

BaeT (UIYKTyallUH aMIUTUTYAbl U (a3bl, BO3HHUKAIOIINE
BCJIE/ICTBHE CIy4alfHOTO MPOCTPAHCTBEHHO-BPEMEHHOTO
pacripezieneHus [OKas3arTellsi MNpPEeIOMJICHUs BO3IyXa,
00yCJIOBJICHHBIC TYPOYICHTHBIMHU JIBM)KCHUSIMU B aTMO-
cdepe, BIEKyIIUMH 3a CO0OH CiydaiiHOE H3MEHEHHE
TEMIIEpaTyphl M CBS3aHHOTO C HEW MOKa3aTessi MpesioM-
nenusi. MzBectHo [1 — 3], uTo corjlacHO TEOpUHU paclpo-
CTpaHEHHs BOJH B TypOyJIeHTHOH atmocdepe sHepre-
THUYECKHE IIOTEPU IPOXOJSIIEro M3IY4eHUs OKa3bIBa-
I0TCS HE3HAYHUTEILHBIMHU 110 CPABHEHHUIO C OTEPSIMH U3-
3a MOJIEKYJSIPHOTO paccesiHHs, B TO BpeMs Kak Iapa-
METPbI ONTHUYECKON BOJHBI HCIBITHIBAIOT CYIIECTBEH-
HbIC ciydaiiHbie Qaykryanuu. OIykTyaluu aMILIATYIbI
U (a3bl BOJHBI B ONTUYCCKOM ITy4KE MPUBOAAT K MOSB-
JICHUIO TIOMEX, CBS3aHHBIX C M3MCHEHUEM CTPYKTYPBI
OIITHYECKUX MYYKOB: PACIIUPEHUIO ONITUYECKOTO MyJKa,
(uIyKTyalysiM HaIlpaBJeHHUs €ro paclpoCTpaHeHUs U
pacuierieHns: ONTUYECKOro ITy4Ka.

OCHOBHBIMU TIPUYHHAMHU TYpOYITH3aIMU BO3IYIII-
HBIX TEUEHHUH B aTMoc(epe SBISIIOTCS BOSHUKAIOIIHE 10
TEM WIA UHBIM NMPUYUHAM KOHTPACTHI B MOJIAX TEMIIC-
patypsl U ckopoctH Berpa. K aTtMocgepHbIM mporiec-
caM, (OpMUPYIOLIUM 3TH KOHTPACTHI, OTHOCATCA [17]:

— TPEeHHEe BO3IYIIHOI'O IIOTOKA O IOBEPXHOCTH 3EM-
JM 1 00pa3oBaHKE B HIDKHEH ero yactu npouis cko-
pocTH BeTpa ¢ OONBIIUMH BEepTUKAJIBHBIMU TPaIHeHTa-
MU;

— HEOJMHAKOBOE HarPEeBaHUE PA3JIUYHBIX YIACTKOB
MOACTHJIAIONIEH TOBEPXHOCTH 3E€MIIM W CBSI3aHHOE C
9THM Pa3BUTHE TCPMHUECKON KOHBEKIIUH;

— TIpoIecChl  00JIaK0OOpa30BaHUsl, IPH KOTOPBIX
MIPOUCXOIUT BBIIENIEHUE TeTlla KOHACHCAIMHA U KpUCTa-
JU3alUU 1 U3MEHEHUE XapaKTepa IOl TeMIIepaTyphl |
CKOPOCTH BETPA;

— CONMMKeHNEe W B3aMMOJICHCTBUE Macc BO3JyXa C
PA3THYHBIMU XapaKTEPUCTHKAMH BOJIU3U aTMOCHEPHBIX
(pPOHTOB M BBICOTHBIX (PPOHTAIBHBIX 30H, TJC BEIHUKH
TOPU30HTAJIbHbIE KOHTPACThl TEMIIEPATyphl U CKOPOCTH
BETpa;

— ToTepsl  yCTOHYMBOCTH BOJHaMH, OOpa3yrolIu-
MUCS B MHBEPCUOHHBIX CIIOSIX, HAa TPOIONAay3€e U BOJIHM3H
JPYrUX aTMOC(EpHBIX MOBEPXHOCTEH pasiena;

— nedopMarMisi BO3IYIIHBIX TEUCHHUH TOPHBIMHU
MPEMATCTBUAMUA U BO3HHKHOBCHHE BOJIHOBBIX BO3MY-
IIEHUWA ¥ POTOPHBIX JBW)KEHUH Ha TMOJBETPEHHOW HX
CTOpOHE.

Pacmmpenne myuka TypOylieHTHOM aTMmocdepoit
JieNlaeT HEBO3MOXKHOH (POKYCHPOBKY OITHYECKOTO W3-
Jy4eHHs Ha OOJNBIIMX PAaCCTOSHUAX, YTO UMEET MECTO
IIpU ChbeMKH ¢ OopTa JieTaTebpHoro anmnapara. [lo mepe
YBEIMYEHUS AMaMeTpa HCTOYHHKA AU(PaKIHOHHOE
MSITHO B (POKyce YMEHbIIaeTcss B TYpOYJIEHTHOW aTMO-
cdepe HE B COOTBETCTBUH C M3BECTHBIMHU B ONTHKE Of-
HOPOJHBIX cpell popMysIaMu, a 10 HEKOTOPOro KOHeY-
HOT'O pa3Mepa, KOTOpOe Ha3bIBAIOT pa3MEpPOM HacChIIIIe-
HUSL.
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[ToMHUMO MOJIEKYIISIPHOT'O TOTJIOMIEHHUS, a3PO30JIb-
HOTO U MOJIEKYJSIDHOTO paccesiHusi Ha pPacrlpocTpaHe-
HHE ONTHYECKOTO CUTHaJla OKa3bIBAIOT BIMSIHUE TTOMEXH
OT TIOCTOPOHHHUX HMCTOYHHMKOB (paccessHHOE W OTpa)KeH-
HOE COJTHEYHOE HM3Iy4YeHHEe, COOCTBEHHOE CBEUCHHUE aT-
Mochepbl U 3eMHOW MOBEPXHOCTH | T.1.). [lomexu ot
MOCTOPOHHUX UCTOYHHKOB MPOSBISIFOTCS B 100ABICHUH
K CUTHally He3aBUCHMOW (DOHOBOH cocramistomei [3].
MakcumainbHasl SpKocTh (DOHa ISl TIOMEX Pa3IMYHOU
TIPUPOIBI TIpHUBeAeHa B Tad. 2 [3].

Tabnuua 2
MaxkcumainbHas IpKoCTh (hoHa IS TOMEeX
Pa3IMYHOMN MPHUPOJIBI

MaxkcumasbHas sIpKOCTb
dona, Br/cm™cp-MKM
Ipupoaa GOHOBBIX TOMEX A =1MKM A =10MKM
OTpaxkeHHE COTHEYHOTO 107! 105
W3JTy9eHUs BOJHOM Mo~
BEPXHOCTBIO
PaccesiHue conHeyHOTrO 1072 1077
n3IydeHus atMmochepoit
(sipxocTh 6e300a4HOTO
Heba)
PaccesiHue conHeyHOTrO 1073 1077
W3ITydeHUs 00JIaKaMu
(sipkocTh 00J1a4HOTr0 Heba)
TemoBoe U3Ty4eHUE 1077 1073
aTMochepsl
CeueHune atMocdepsl 10710 1076

Kpome TeroBoro paBHOBECHOTO M3JIy4eHUs B aT-
Mocdepe MNPUCYTCTBYeT HEPABHOBECHOE U3IIy4EHHUE,
BBI3BAaHHOE PAAOM (PU3NUECKUX U XMMHYECKHX IpoIiec-
COB, KOTOPOE UMEET MECTO IPU B3aUMOAEHCTBUHU OITHU-
YEeCKOW M JKECTKOH COJHEYHOW paauanuu ¢ aTMocde-
poil. Pe3ynpraToM 3THX IIPOLECCOB ABJIAETCA cinabdas
JIOMUHHUCHEHIMS atMocdepsl. HetemoBoe onTuueckoe
M3JydeHne Ha3bIBaIOT cBeueHneM atmocdepsi [1, 3, 17].
OnHako, CBEUEHUE aTMOC(EpPhl SABIAECTCS CYIECTBEH-
HOM NOMEXOH TONBKO NpU paboTe ONTUKO-3IEKTPOHHBIX
pudopoB B HOUHOE Bpems [3, 17].

Taxum 06pa3oM, B paMKax JUHEHHOro mpuOImKe-
HHA TIPOLIECCOB IIEPEHOCAa U3JIy4eHMs, NPUHATOTO IPH
U3JI0KEHUU MaTepuala U JOCTaTOYHOIO I OOJBIIMH-
CTBa MpAaKTUYeCKUX curyauui [3], paccMOTpeHHBIE
BBIIIE aTMOC(EPHbIE UCKAKEHHUSI MOTYT OBITH ONMCAHbI
MaTeMaTH4eCcKoi Moenbio (1):

y(t;,ty) = a”h(rl,rz)x(tl —T1,t; —T,)dtdt, +b, (1)
D

rae x(t,t,) — BXOIHOI CUrHAJ, II0J€ UCTUHHOM SIPKO-
CTH 3eMHOH moBepxHocTH; Y(t;,t,) — BBIXOIHOI cHT-
HaJI, MoJie IPKOCTH, HabJIrojaeMoe uepe3 atmMochepy; a
U b — mapamerpbl UCKa)XEHHIA: COOTBETCTBEHHO, KOI(-
GbUIMEHT MPO3PAYHOCTH aTMOC(Epbl M SIPKOCTh (OHA
(O<a<l,b>0); h(t,t,) ®PT, o0ycrnoBieHHAs

TypOyJIEHTHOCTBIO aTMOC(EPHI.

ITo pesynbraTam, mpeacraBieHHBIX B paborax [3,
11, 12], cnenyer, uto ®PT momyckaer TOBOJIBHO TOY-
HYIO aIlIPOKCUMAIIHIO:

5
2,26

Ty +7T

12 , ()
12

h(t;,t,)=C-exp|| -

Ie I — IapaMerp, CIyKal[uii OLIEHKOH paauyca IaTHa
«Pa3MBITHA» ABYMEPHOIO CUI'HAJIA;
C — oCTOsIHHAs. HOPMUPOBKHU.

Ilpn HaOmiomeHMM M3 KOCMOCAa B HalpaBJIECHHHU,
OJIM3KOM K HAaaupy, B 3aBUCUMOCTH OT COCTOSHHMS aTMO-
cdepsl 3HaueHus: r u3Mensitores ot 1,7 mo 10 cm [3],
T.€. OKa3bIBAIOTCA MEHbIIE, YeM IPOCTPAHCTBEHHOE
paspeleHHe COBPEMEHHBIX CHCTEM AUCTaHIMOHHOIO
3oHAupoBaHus 3emiu [18].

IIpoBenem ouenky ®PT, obycnoBieHHyO TypOy-
JIEHTHOCTBIO aTMoc(epsl I CHUMKA, IPeAcTaBIeHHO-
ro Ha puc. 1.

N3obpaxenue B3siTO M3 ucroyHuka [19] u npen-
CTaBJIeT COOOH ONTHKO-3JIEKTPOHHOE H300pa’keHue
3eMHOI MmoBepxHOCTH paszmepoM (512x512) muxcenos,
256 rpaganuii SIpKOCTH CEPOro LBeTa, MOIYyYEHHOE CO
CIIyTHHMKA JUCTAHIIMOHHOI'O 30HIUPOBAHMS 3eMIIH.

C yuerom (2) ®PT, oOycnoBneHHast TypOyJIeHTHO-
cThI0 aTMOoc(epsl, UMeeT B (pHC. 2).

BbiBOAbI U HanpaBneHus
AanbHeWwWwnxX nccnegoBaHum

Takum oOpazom, B pabore momyuena OPT, o0y-
CIIOBJIEHHAsI TYpOYJIEHTHOCTBIO aTMoc(epsl, IS H30-
Opaxenust puc. 1. BunHo, 4TO AEHCTBUTENBHO, MONY-
yenHass O@PT Moker OBITH TIpe/cTaBlIeHa I'ayCCOUION.

Puc. 1. McxonHoe nzo0OpaxkxeHune ¢ moMexon Tuma
«cMa3» U edokycupoBKoOi
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Puc. 2. ®PT, o0OycnorieHHas TypOyICHTHOCTHIO
aTMocdepsl

B nmanpHeieM HCCIeTOBAaHUSAX HEOOXOAUMO HC-
cnenoBate OPT, 00ycnoBieHHbIE APYTUMH HCKaKalo-
nmMu (pakTopamMu, MPUBOISIIIUM K Ie(POKYCHPOBKE H
cMa3y M300paXKeHUs, TAKUMH KakK JBIKECHHE O0BEKTa U
armapaTHRIC HCKaKCHUSL.
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OYHKUIA PO3SMUTTA TOYKU ONTUKO-ENEKTPOHHUX 30BPAXEHDb
NMPU 3MA3I TA AE®OKYCYBAHHI, LLLO OBYMOBJEHI HEOOHOPIAHICTIO ATMOC®EPU

B.O. MMasni#i, O.M. Makoseituyk, I".B. Xynos

B cmammi po3sensioaromecs 0CHOBHI CROMBOPIOIOYU hakmopu, wo 06yMo6ieHi HeOOHOPIOHICMIO ammocepu, wo npugo-
0amb 00 3Ma3y ma oe QoKYCy8aHHIo ONMUKO-ENeKMPOHHUX 300padicerb. OMpumano MamemamudHull 6Upas npu 6NIUGI AmMmoc-
Gepnux cnomeopenv ma supas ons QyHKyii pozmumms mouku. [Jis cnomgopeno2o 300pasiceltsi, Wo OMpUMAaHo 3 anapamy ou-
cmanyitino2o 30H0ysanHs 3emii, no6y008ana QyHKYis posmummi mouxi.

Knrouogi cnosa: 306pasicenns, pynkyis pozmumms mouxu, 3mas, 0e poxycysanns, ammocgepa, mypoyieHmuicme.

FUNCTION OF DEGRADATION OF THE POINT OF OPTIKO-ELECTRONIC IMAGES AT GREASING AND
NOFOCUSING, CAUSED BY HETEROGENEITY OF ATMOSPHERE

V.A. Pavliy, A.N. Makoveychuk, G.V. Khudov

In article the basic deforming factors caused by heterogeneity of atmosphere, leading at greasing and nofocusing of optic
electronic images are considered. Mathematical expression at influence of atmospheric distortions and expression for function of
degradation of a point is received. For the deformed image received from the device of remote sounding of the Earth, it is con-

structed function of degradation of a point.

Keywords: the image, function of degradation of a point, greasing, nofocusing, atmosphere, turbulence.
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