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PaccMaTpuBaeTcss aJirOpUTM BOCCTAHOBJEHUS KOI(P(MUIMEHTOB OTPa’KEHUS 3€MHOU TOBEPXHOCTU C YYETOM
BJIMSHUSI TOJSIpU3anuil usaydeHus. [IpoBoautcss ampo6aiiiisl pe3yibTaToB pabOThl aJrOPUTMa JJIS HSATH KaHATIOB
npu6opa MODIS Ha Tpex yuacTkax: Ha lore ToMckoil 06s., B MockoBckoit u Mpkyrckoit 06s. /s oleHKH 1o-
IPENIHOCTH aJITOPUTMA UCIIOIb3YIOTCSI TECTOBBbIE TOUKI B IIEHTPE XBOWHBIX JIECHBIX MAaCCHBOB B JIETHUII IIepHOJ TOZA.
CornocTaBJsII0TCs pe3y/IbTaThl IPeJaraeMoro ajJropurMa ¢ yueTroM u 6e3 yueTa moJsipusanuy, aaropurma MODO09
1 pe3yabTaTel 6e3 aTMoc(hepHON KOPPEKLUUH ¢ M3MePEeHHSIMH, IPUHATBIMU 3a 3TajloHHble. CpaBHEHMe ITOKa3bIBaerT,
YTO Cpe/iHNe 3HAUEHH Pe3yJbTaTOB MpeIJaraeMoro aJrOpUTMa € YUeTOM BJIUSHUS MOJISPU3ANUU OJIIKe K ITaTOH-
HbIM, eM ajroputMa MODO09 NASA B 1-m (0,620—0,670 mxm), 3-M (0,459—0,479 mxm) u 4-M (0,545—0,565 MKM)
kananax MODIS, oraudue oHOro nopgaka Habmogaerca aas 2-To kanaaa MODIS (0,841—0,876 mxm). B 8-M ka-
nase MODIS (0,405—0,420 MKM) A7 OJHUX CUTyalluii MpeAnouTuTeTbHee OMH aJTOPUTM, a /s APYTUX APYTOi.

Kntouesvie croea: armocdepHas Koppekius, K03pUIneHT oTpakeHnsT 3eMHOIl TTOBEPXHOCTH, MOJISIPU3ALINS,
Meron Momnre-Kapio; atmospheric correction, Earth surface reflection coefficient, polarization, Monte Carlo

method.

BBeaenne

Y CHyTHUKOBBIX JAaHHBIX OYeHb ITHMPOKHH KpPYyT
npuMeHeHnust. OHOI N3 KJTIOYEBBIX BEJMYUH, XapakTe-
pH3YIOIIell COCTOSTHIE 3eMHON ITOBEPXHOCTH, SIBJISIETCS
K0a(bPUINEHT OTpaskeHUs 3eMHON moBepxHocTH (MIH
anb6e/l0  MOBEPXHOCTH), KOTOPBI MOXKHO MOJYYHUTh
U3 JIaHHBIX CIIyTHUKOBBIX M3MepeHUii. /[aHHbIe MHTEH-
CHBHOCTH TPUHHMAEMOTO CIYTHIKOBBIM NPHOOPOM M3-
JydeHHUd cojepkaT B cebe WHQOpMannio He TOJBKO
0 HabJ0[aeMOM NHKCesIe Ha MOBEPXHOCTH 3eMJIH, HO
n 06 M3JIy4yeHn!, paccessHHOM B aTMocdepe, a Takxke 00
U3JIy4eHUH, OTPAKEHHOM y4YacTKaMH BHe HalJI0/1aeMo-
ro nukcesst. 1loatoMy HeOGXOAMMO BBINOJHATH ATMO-
chepHyI0 KOPPEKITHIO CITYTHUKOBBIX JIaHHBIX. JTa IIPo-
6yieMa pemnraeTcsl Ha MPOTSKEHHN JJINTETbHOTO BpeMe-
Hu [1—16]. B HacTosmuit MOMEHT CO3/IaHbl U Pa3BUBa-
10TCA IMTaTHBIE aJITOPUTMBI /I 06pabGOTKN M3MepeHuit
npubopos MODIS [5], POLDER [11], MISR [13]
n ap. B atux anroputMax KoppeKIuu IpHOJIIKEHHO
OLIEHNBAIOT BJIMSHHE GOKOBOTO IOJICBETA M CYMMApPHYIO
OCBEIEHHOCTb 3€MHOIl ITOBEPXHOCTH, YTOObI YCKOPUTb
nosryderne pesyJabrata. OFHAKO B CUTYAIMSIX GOJIBIION
MYTHOCTHU aTMOc(epbl, Pe3KOro n3MeHeHHs K03 duim-
€HTOB OTPKEHNUS, a TAaKKe IIPH HATWYUHN TTOBEPXHOCTeEH
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C CYIIECTBEHHBIM OTpasKeHHeM BJIUsSHIE GOKOBOTO IIOJI-
cBeTa U [IOIOJIHUTEIbHON OCBENIeHHOCTH 3eMHOM Io-
BEPXHOCTH CYyIIleCTBEHHO Bo3pacTaeT. Hampimep, B [ 16,
c. 233] yka3biBaeTcsl, 4YTO B CUTYAI[H BBICOKOI MyTHO-
¢t atMocdepbl IPU HAOMOJAEHNN MaJTeHbKHUX 03€ep, OK-
PY’KEHHBIX PaCTHTENbHOCTBIO, BO 2-M KaHase IpHubopa
AVHRR (uenTp kanana A = 0,85 MKM) HesIb3s mpeHes-
peratb ONIMOKAMHU, CBSI3aHHBIMH C Y4eTOM GOKOBOTO
mojicBeta. bosiee Toro, B pe3ysibTaTaX aJrOPUTMOB KO-
PEKIIMA MOTYT TIPHCYTCTBOBATb IUKCENH, [JISI KO-
TOPBIX aJTOPUTMBI JAIOT OTpHUIlATeTbHbIE 3HAUYEHUS
K03 GUIMEHTOB OTpakeHUs. Hampumep, airoputM
MODO09 ans 8ro kamasa MODIS (uentp kanama
A = 0,412 mxm) B (aitie MYD09.A2012174.0610.006.
2015246230245.hdf comepsxur 10 14% 10m0GHBIX IHK-
cemeii. TakuM o6pa3oM, CYIIECTBYIOT CHTYyallld, Tpe-
6yloIie aKKypaTHOTO y4YeTa BJIUSHUS GOKOBOTO IIOJI-
CBeTa U JOTOJHHUTENbHOU OCBEIEHHOCTH OTPa’KEHHBIM
n3nydeHneM. KpoMe Toro, B yKa3aHHBIX aJTOPUTMAaX
YacTo WCHOJIb3YeTCsSI OCpeJHeHHe pe3yJbTaTOB 3a He-
ckospko aHel (mampmmep, [5]). OmHako B cirydae He-
00XOJIIMOCTI BOCCTAHOBJIEHUS KOa(DUIleHTa OTpaske-
HUS y4acTKa 3eMHOil IOBEPXHOCTU 32 OJIHO H3MepeHHe
U BBIMIOJIHEHHSI KAUeCTBEHHON aTMocdepHOil KOppeKIuu
JUUISL KaK MOKHO GOJIBIIETO YUCJIA YYACTKOB CYIIECTBYIO-
Iye ToAXO0bl TpeGyIoT MojepHHU3anu. /1 permeHms
TaKoll 3a1a4u B paMKkax pa6ot [17, 18] B TIOA CO PAH
MIPE/VIOKEH U PA3BUBAETCS AJTOPUTM BOCCTAHOBJIEHHS
K03 PUIMEHTOB OTPAKEHNS, CTPOTO YINTHIBAIOIHI BJIA-
Hie GOKOBOTO TMOJICBETA U HEOJAHOPOIHOCTH 3eMHOIT
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moBepxHOocTH. CpaBHeHWE pe3yJbTaTOB KOPPEKINU
C TOMOMIBIO 3TOTO ajroputMa Aas AaHHbIx MODIS
¢ pesyabratamu asroputMa MODO09 NASA noxasbia-
€T, Y4TO B Psi/ie KaHAJOB TIpe/jiaraeMblil airoputM 06-
paGaTbiBaeT CHUMKHU C MEHbINell IOTPENTHOCThIO, YeM
asroputm MODO09. Ho BcTpedaioTcst cutyaiii U Ka-
HaJIbl, [ KOTOPBIX TOrPeIHOCcTh ajroputMa MODO09
HECKOJIbKO MEeHBIIIe WM OJHOTO TOPSAKA C Ipejarae-
MbIM ajroputMoM. [Ipmumna BbIGOpa manubix MODIS
I anmpobaliuyl aJrTopuT™Ma B TOM, UTO 3TH JaHHBIE
OOIIEIOCTYIIHBI W 1T HUX Ha TPOTSKEHWH [TUTETh-
HOTO BpeMeHH coBeplleHcTByeTcs ajaroputm MODO09.

B [17, 18] He yureH psn (aKTOPOB, SABJIAIONIXCS
UCTOYHNKAMU TIOTPENTHOCTH: peJibed MOBEPXHOCTH, ee
HeTaMGePTOBOCTD, TOJISIPU3AIHS M3JIyYeHUSI U BIUSHUE
06JTaYHbIX TI0JIell Ha n3o6pakeHne 6e306JJaUHBIX yYaCT-
KOB. 3aj1aya OIeHKH BJIMSIHUA pejbeda Ha MOTPEITHOCTD
BOCCTAHOBJIEHUSI OTPa’KaTeJbHBIX CBOMCTB 3eMHOU IO-
BepxHOCTH permanach B [19, 20], a yder HenmambepTo-
BOCTH aHAJIM3UpoBaicd B [5, 6, 10]. Itu daxTopsl MbI
IJTAHUPYEM PAcCMOTPETh B JajibHeiimux pa6orax. Mc-
cJe/loBaHNe BJUSHUS OGJAYHBIX MoJielt Ha 6e306Jau-
Hble y4acTKM HadaTo Hamu B [21].

BimstHue TOJISIPH3AIUN OLEHUBAJIOCH AaBTOpaMu [ 22—
24] nng pelreHus MPAMOR 3aadl TepeHoCa COJTHETHO-
TO W3JIy4eHUs B cucreMe <«atMocdepa — 3eMHas IIO-
BepXHOCTb». [lo OIleHKaM 3THX aBTOPOB, MOJSIPU3AIHI
MOJKeT BHOCHTD MOTPEITHOCTh 0 10% B MHTEHCHBHOCTD
IIpUHUMaeMoro u3jaydeHnd. B mammx pa6otax [25, 26]
6BLIO TIOKA3aHO, YTO IPU BOCCTAHOBJEHUH K03(hdum-
€HTOB OTPasKeHNS HEKOTOPBIX MOBEPXHOCTEl HEYUYeT T0-
JIAPU3AIMU MOKET TIPUBOJUTD K aBCOMIOTHBIM TIOTPel-
HOCTSIM, TIPEBBIIIAIONINM 3HAYEHIE BOCCTAHABIMBAEMOTO
koadduuenta orpaxkenus. CeJoBaTeJbHO, HAIPUMED,
IUIL  YYACTKOB, TIOKPBITBIX cJjaGooTpakaroneil pac-
TUTETBHOCTBIO, BO MHOTHX CJIy4asgxX TpeOyeTcs ydeT
BJIUSHUSA Ha pe3yJbTaT TOJSAPU3AINN U3aydeHunsa. Pac-
CMOTPHUM Jajiee MOIUMUITMTPOBAHHBIN aJTOPUTM BOC-
CTAHOBJIEHUS KOI(P@PUIMEHTOB OTPAXKEHUS C YIEeTOM
MOJIIPU3AIUN U3JIyYeHIs] U ero anpoballiio Ha IpuMe-
pe cHuMKoB mpu6opa MODIS.

IIocranoBka 3a/laui U ME€TO/[ p€IICHUA

Ha BepxHIOIO IpaHuIy aTMocdepbl B HallpaBIeHUN
Ogyy NAJIaeT Mapaie/bHblil TOTOK COJHEYHOTO H3JIyde-
Hust. Ha HEKOTOpOIi BBICOTE OT TOBEPXHOCTH 3eMiu /iy
pacrosio’keHa CIIyTHUKOBag CKaHHUpYIOIIas OITHKO-
3JIEKTPOHHASI cUCTeMa, KoTopas (hopMupyeT n3o6paske-
HHUe y4yacTKa 3eMHOIl IIOBEPXHOCTH B KaHaJsle Ipuéopa
C LEHTPOM A U INMPUHON KaHada AL B HallpaBJIeHUU
®y. VIHTeHCUBHOCTb IPUHUMAEMOTO CIIyTHUKOBOH CHC-
TeMOW W3JydeHHS CYHUTaeTcd H3BecTHo. ATMocdepa
paszeseHa Ha cdepHyecKue CJIOU, B KAKIOM H3 KOTO-
PBIX 3a7aHbl K03(M@UIIEHTbl a9PO30JbHOT0 U MOJEKY-
JISIPHOTO PACCESTHUS U OCTAOJEHUS Oy, 4, Os m, Ot,ar Ot m»
a Takyke MaTPHUIBI a9PO30JIBHOTO M MOJIEKYJISIPHOTO pac-
ceanusa R;; o, Ry . IloBepxHOCTD 3eM/IM HEOXHOPOAHA
U oTpakaeT U3JydeHHe 10 3akoHy JlambGepra. Tpebyer-
cs1, 3Has MHTEHCHBHOCTH IIPHHUMAEMOTO H3IyIeHU I
BceX Ha6JII0/laeMBIX THKcesTell 3eMHOIl OBEPXHOCTH
(1.e. ee apKOCTHOE M306PAKeHUE) U ONTHYECKUE Hapa-

MeTpbI arMocdephl, BOCCTAHOBHUTL K03(MQUINEHTDI OT-
pakeHUs 3eMHOII TOBEPXHOCTH B KaHase mpubopa.

B kaudectBe mcrouHmKa uHQOPMAIUU IS TOJY-
YeHUS a’PO30JBHBIX ONTHYECKUX  KO3(D(DUINEHTOB
WCTOJIb30BAHbI Ha3eMHble W3MepeHWs CeTH CTaHIHii
AERONET [27], rme B cBOGOAHOM IOCTYIlEe XPAHSTCS
cBefieHns 06 aspo30bHON ontmdeckoil Toaumue (AOT),
mapaMeTpe AHTCTpeMa, (DYHKIMH paclpefiesieHus 4ac-
THII TI0 pa3MepaM M O KOMILJIEKCHOM IIOKa3aTese Ipe-
JIOMJIEHUS 9aCTHUI] a9PO30JII B MOMeHT n3Mepenusd. C mc-
TOJTb30BAHUEM JTUX JAHHBIX TPOTPAMMON Ha OCHOBe
asroput™Ma Bopena—Xadmena [28] B MoHOXpoMaTmye-
CKOM TNpPHUOJIKEHUN Ha [ITMHE BOJHBI A BOCCTAHABJIM-
BAJINCH CpeJHNE MO cJIol arMochepbl WHANKATPUCHI
7 MaTpHIBI a3PO30JBHOTO paccesHUA. B mpeamomoske-
HUW, 9TO OCHOBHASA YACTh a3PO30Jis HAXOIUTCI B HILK-
HeM S-KIJIOMETPOBOM CJIOe, WHAMKATPUCHI W MaTPHUITBI
paccesHUs UCMOJMb30BANCH JJIS 9TOTO CJIOS aTMOC(EPHI.
[l cyioeB BBIIE TIPeIIOJIATaI0Ch, UYTO BJMSIHUE TO-
JITPU3AIINU OTCYTCTBYET, a MHAMKATPUCHI a3PO30JIHHO-
ro paccessHus 6pasuch u3 Mozenaeii LOWTRAN-7 [29].
Cpenu aTHX MoJeseil BBIOHPAJIACh ONTHYECKAsT MOJIENb
¢ manbosee 6m3koit AOT Ha paccMaTpuBaeMoit A, 1 Bep-
TUKAIBHBIN TTPOGUIb a9PO30THHBIX ONTHIECKUX KOI(D-
(UITNEHTOB 32/1aBAJICSI B COOTBETCTBUM C 3TOH MO/IEJNBIO.
Taxoii cmoco6 3aJaHusA a’pO30JbHON ONTHYECKON MO-
e 06yCJIOBJIEH TeM, UTO TPOGUIb a9PO30JbHBIX Ma-
paMeTpoB ObLI HEU3BECTEH.

B xauecTBe OCHOBBI /I MOJY4YeHUS TMPOGUIA KO-
a(pUINEHTOB MOJEKYJISPHOTO PACCETHUS HUCIIOIb30-
Basch cuyTHUKoBble maHHble MODIS u3 npoayxkra
MODO07 (MYDO07) [30] BeprukanbubIx mpoduieil Tem-
mepaTypbl U JaBleHUud W JAaHHble K03(hPUINEHTOB MO-
JIEKYJISIPDHOTO PACCESTHUSI BO3JyXa Ha JIJITHE BOJHBI A
IpH HOPMAJBHBIX yciaoBUAX [31]. Marpuma Mosexy-
JgpHoro paccesuusa 6panach u3 [32, c. 81]. /lannbie
npoduieil MOJEKYJIIPHOTO TOTJIONIEHNs BBIONPAJIChH
u3 mozxeneit LOWTRAN-7 kak cpenHme B auama3oHe
JUTMH BOJIH OT A — AL 7o A + AL Ge3 ydyeTa ammapaTHOH
¢yukuu npubopa. ITo 0O6YCIOBIEHO TeM, YTO pac-
cMaTpuBaeMble B paborte Kanambi MODIS waxongarcs
B [Mamna3oHaX ¢ HeGOJBIINM MOJEKYJISPHBIM IOTJIONIe-
nuem (manpumep, [2, c. 15-17]).

B kadecTBe MCXOIHBIX JaHHBIX U3MepPEHUIl MHTEH-
CUBHOCTHU U3JIyYeHNs, PeTHCTPUPYEMOll TPUEMHUKOM, HIC-
OJIb30BAJIICH SIPKOCTHDBIE N306PasKeH s 3€MHON TIOBEPX-
Hoctn u3 npoaykra MODO021KM (MYD021KM) [30].

Otpesie/ieHHbIE TAKIM 06pa3oM ONTHYECKHE K03~
(UIMEHTHI, MaTPUIILI PACCESHUSI M PE3YJbTaThl M3Me-
peHNs WHTEeHCHBHOCTH TNPHHUMAEMOTO H3JIyYeHUs SIB-
JIAIOTCS BXOJHBIMH TapaMeTpaMH IS pa3paboTaHHOTO
HaMU KOMILIEKCa TIPOTPaAMM BOCCTAHOBJIEHUS K03(hdu-
IIMEHTOB OTPaKeHUS 3eMHOU MOBEPXHOCTH. JTOT KOM-
IJIEKC CTPOTO YUYUTHIBAET WHTEHCUBHOCTH, (DOPMUPYIO-
e puHEMaeMbiil curnan (puc. 1).

BJok-cxeMa pa3pabOTaHHOTO KOMILIEKCA IIPOTPaMM
MpHUBeJleHa Ha puc. 2.

IMomraroBas mporeaypa arMocdepHoOil KOppeKiun
CBOJUTCS K CJIeIYIOIIEMY.

1. Ompenensercs npsMoil koaddunmeHT npomyc-
kauus T'; Tpacchl OT HAGJII0aeMOT0 MUKCENSA 0 TPUeM-
HOH CHCTEMBI.
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Puc. 1. VnrencuBHoctH, (popMupyomme MIpHHUIMAeMblil CIIyTHUKOBON CUCTEMOIl CUTHAJ, U JOIOJHUTENbHAS OCBEUIEHHOCTh 3eMHOI

IIOBEPXHOCTH, KOTOPbIe YUNTHIBAIOTCS B IIPe/lJlaraeMoM aJrOpuTMe: @ — HepaccesiHHOe U3JIyueHre oT Hab/I10/1aeMoro yyacTka 3eMHOI

noBepxHoctu Ip; 6 — u3nydeHue, paccessHHoe B atMocdepe W He B3auMOJIeiiCTBOBaBIlee ¢ 3eMHOI MOBEPXHOCTBIO Ig,; 6 — HU3Iy-

YyeHNe, OTPA’KeHHOE COCEHUMHU YYacTKaMH 3eMHON ITOBEPXHOCTH U Jajiee paccesHHoe B atMocdepe, WIH GOKOBOI NOACBET g
2 — JIOTIOJTHUTEbHASI OCBELNIEHHOCTh 3eMHOI MOBEPXHOCTH OTPa’KeHHbIM u3aydenueM Ey, E, u T.1.
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Puc. 2. Biok-cxeMa KoMILTeKca mporpaMM. Iloy:KUPHBIM BbIleleHbl OJOKH, B KOTOPBIX HCIOJb3YIOTCS AJITOPUTMBI MeTOa
Mounre-Kapiio

2. Metogom Monre-KapJjio A58 3eHUTHOTo yrJia
CoHIa, CpeHeTo 10 pacCMaTPHBAEMOMY YYIACTKY Oy,
B MOHOXPOMATHYECKOM MPUOIIKEHUN BBINOJHAETCS
pacueT WHTEHCHUBHOCTH u3aydeHU: [g,,, He B3amMojeii-
CTBOBABIIIETO C 3€MHOI MOBEPXHOCTHIO, C yYETOM IOJIsI-
pHU3anuyu U3MydeHus Ajad HampaBieHuit 6, = 0; 135; ..;
75° u ¢ = 0; 45; ..; 180° (30 mampassenuii). Pacuersr

JUISL KaykKJIOTO HaIpaB/JIeHUs B HACTOSIIMII MOMEHT Bpe-
MEHH BBITIO/IHSIOTCS He3aBUCHMO. 1o 5THM pe3yIbTaTaM
ONIPEJIENIIOTCS TPUGTHKEH bl 3HaYeHus! I, ; 10 (op-
myae (1) us [17, 33]:

_ Bi +\’Bi2—4A1‘C13 (1)

Isun,i = ZAH. y
itd,i

2 2
Ciing i +Co (\11 — g COS(Pi) + Coolyg i1 — 12 COSO; (\[1 — Mg SiH(Pi) , @ <900

Aiz

(2)

2 — 2
C11H(21,i + C31(\/1 - H?z,i COS(Pi) +Csolg i1 - "'I'(Zi,i COSQ; ( 1- Hfi,i Slﬂ(Pz') @ >90%
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Ciang,i + Coz[1- g icose;, @; <90 3)

Ciotig,i + Cszqyf1- g cosg;, @; > 90%

rle Wy ; — KOCHHYC 3€HHUTHOTO YIJIa NPHEMHUKA IIPH
HaGJIIO/IEHNH {-TO TINKCEN; ¢p; — a3UMYT MeXXIy HalpaB-
senusiMu Ha CoJiHIle W Ha TPHEMHUK B i-M IHKCeJIE;
C11, C12, C13, C21, C22, C23, C31, ng, C33 — KOHCTaHTbI
anmpoKCUMAIllM, OlpejiesiseMble MEeTOJJOM HauMeHb-
mux kBagparoB (MHK) 1o ysioBbiM 3HadeHusM g,
11 GUKCUPOBAHHOTO Ogyy.

Asroput™ pacueta I, € yYeTOM MOJISIPU3AIUU
7 €To TeCTHPOBaHUe ONUCcaHbI B [25, 26].

3. Meronom Mounre-Kapsio BbIYHCASAIOTCA  y3J10-
Bble 3HAUeHHs WHTerpaia (DYHKIMH PA3MBITUSI TOYKH
(®PT) kanana dpopmupoBatusa 60KoBoro moacsera I g
JIISL YTJIOB OTKJIOHEHUS OT HalpaBJjeHus B Haaup 6, = 0;
15; ..; 60°. Vcxonasa u3 3TUX pe3yJbTaTOB, OTPEeIs-
I0TCS TPaHMIBl M30ILTaHAPHBIX 30H Oy , (o6macTn Ha
3eMHOIl TTOBEPXHOCTH, B TIpe/ielaX KOTOPBIX MOKHO
C 3aJJaHHOM TIOTPEITHOCTHIO & MCTOIb30BaTh OHY U TY
sxxe MPT) no kputepuio [17, 18]:

]surf (Hk) = Isurf - A1 - 273 )Nv

Isurf(“'k)j oY . (4)

1
M1 =1- A[Isurf(1)_ 146 )

5= Istlrf(uk)_lsurf(uk+1), (5)

Isurf(ukﬂ)
1 1
Isurf(p') = *T(p,) + Idif = 7T(“’) + J‘ h(u’ Yooy (Pw)dSr (6)
‘| T S

Tae [ = cosby j 3a/aeT TPAHUILY Mexkay k-it u R+ 1-ii
n3omIaHapHbIME 30HaMu; 2(p, 7y, ¢,) — OPT kanama
opmMupoBanmsg 60k0BOTO MojicBeTa (BEJINYMHA, Xapak-
TepU3yIolas MHTEHCUBHOCTh PACCESIHHOTO WM3JIyYeHUs,
MPUXO/AIIETO U3 TOYKU C TTOBEPXHOCTHBIME KOOP/IHA-
TaMu (74, Q) B TPHEMHYIO CHCTEMY, HaGJII0JAIONLYIO
MIIKCeJb B HANIPABJEHUN [ MPH €UHUYHOI CBETUMOCTH
3eMHOI TOBEPXHOCTHN); 7, — MOBEPXHOCTHOE PaCCTOS-
HUe OT TleHTpa HabJII0aeMOTo MUKCeJIsT Ha 3eMHOU TI0-
BEPXHOCTH [0 TOYKH Ha 3eMHOH IMOBEPXHOCTH; (O —
a3MMyTaJbHBIH YTOJ HAa 3eMHOU TMOBEPXHOCTH MEKIY
HAIPaB/IEHNEM Ha TMPOEKIUI0 MPHEMHON CHCTEMbI Ha
3eMHYIO0 TOBEPXHOCTh M HallpaBJIeHHEM Ha PaccMaTpH-
BaeMylo TOYKYy U3 Ha6iofaeMoro mukcesis; S — Besd
IJIONIAh 3€MHON TOBEPXHOCTH; & — TIPeJebHO JI0-
MyCTUMBIHl YPOBEHD MOTPEITHOCTH MPH UCIIOJIb30BAHUN
@DPT, coorBercTByIomeit p;, BMecto DPT, coorBerct-
Bylomieil w11 (B pacyerax ucrombsoBaitach & = 0,05);
A, N — KOHCTaHTBI aNIIPOKCUMAIIUY, OIIpe/esiaeMble
MHK; T(u) — npsiMoe TIpoIyCKaHKe TPacchl OT IPHEM-
HOI1 CUCTEMBI /IO 3eMHOIl TIOBEPXHOCTH NPU OpUEHTAITHH
JINHUY BU3WPOBAHUS B HAIIPABJEHUH (L.

4. Ompenensgercss paauyc obgactu GOKOBOTO TO[-
cBeTa R, BHe KOTOPOTO C 3aJlaHHOI TIOTPENTHOCTHIO &1
MOKHO CYUTATD BJIHSHNE GOKOBOTO TOJICBETA HYJIEBBIM.
MOosKHO TOKa3aTh, YTO [AJisI BBITOIHEHHS /IS IPON3-
BOJIbHOI HEOJHOPOTHON TTOBEPXHOCTH YCJIOBUS

1> mjn% >3, @)

i

e Q; = Fouf, i Esum, i HEKOTOpOoe TOYHOe 3HaueHHe
CBETUMOCTH 3eMHOI TOBEPXHOCTH B i-M NuKcese; Q; —
NpHOIKEHHOe 3HAYeHHe CBETHMOCTH, KOTOPOE IOJIY-
YUTCSI, eCJI CYUTaTh, 4YTO BHe R, OOKOBOIl IIOACBET
OTCYTCTBYET; §; — BEeJUUNHA, XapaKTepPU3yIolasd MaKCH-
MaJbHYIO TOTPEITHOCTb, CO3aBaeMyi0 HCHOJIb30BaHU-
eM pajauyca 6okoBoro nojcsera (B pacuerax &; = 0,95),
JTOCTATOYHO BBITTOJHEHUST YCJIOBUS

J‘J. h(uky rw! (Pw)dS
_ S(Ry)

iR = J.L/’l(uk,mn%)dS

1

T
J‘J‘ h(uk; Yy (Pw)dS ,
N

rne R, — pamuyc GokoBoro mojcBera st k-it DPT,
paccuntbiBaemoii mias yraos (4); T, — mnpsamoe mpo-
MyCKaHWe, COOTBETCTBYIOIee TpaHuile R-f M30IIaHap-
Hoii sombl; S(R)) — II0ma b Ha 3eMHOIl MOBEPXHOCTH
B Ipefiesiax pajanmyca Rj.

B [18] mna paccmarpuBaeMbIX Jajiee KaHAJIOB
MODIS, nna 0,1 < AOTy 55 < 5, IpPOU3BOJBHOTO HEU3-
BECTHOTO pacupefiesieHns Koa(hUIIEHTOB OTPaKeHHS
0 3eMHOIl TIOBEPXHOCTH ¥ Pa3HOOOPA3HBIX CHUTYanuit
OIIEHUBAJINCh CBepXY 3HaueHus Ry, IS KOTOPBIX BBbI-
nosero ycaosue (8). R;, HaxomuTcs B npejesax
3 < Rj, <40 kM B 3aBucumoct ot A, AOT u pacmoso-
skenusg CoJHIIA U TIPUEMHON CHCTEMBI.

Jlis Kask[oH U3 M30IUIAaHAPHBIX 30H R METOA0M
Mounre-Kapsio Boruncisiercs DPT kanama ¢opmupo-
BaHusA 60KoBoro noxacseta iy, 7,, ¢,) B npegenax Ry.
DyuKIwsa i pacCUuTbIBaeTCS I 7, = 0; 0,25; ...; 35;
35,5 KM; ...; Rp; 90 = 0; 5; ...; 180°.

5. Merosom 3eiijiesis pemaeTcsa cucTeMa JUHE-
HbIX anare6pandeckux ypashenuii (CJIAY) i ompe-
JleJIeHNsT paciipejie/ieHusT CBeTHMMOCTH 3eMHOW TMOBepX-
Hoctu Q; [18]:

> 81 + (81 - 1) (8)

N;

Isum,i = Isun,i + zAz]Q] + Aout,i@ir 1= m, (9)
j=t

7 Gy, 0,008, =],
T

Ai,]’ ~ (10)
h(uk,'r rzu,jr Pew, j )Sj7 i# ]‘;
N;
Aout,i = Idif(Hki)—ZAi,p (11)
j=t
= Isum,i - Isuu,i
Qi -1 ’ (12)
=T; + Lgir(ua i)
T
rae Isum,i — HHTEHCUBHOCTb CyMMapHOTO IIPMHUMaeMO-

TO CIIyTHUKOBOH cucTeMoii usayueHus; N — xoiudect-
BO THKcesell paccMaTpuBaeMoro ydactka; N; — KoJu-
4ecTBO THKceJiell B Tpefiesiax paanyca Rj oT i-TO THK-
cens; (i, — TPaHWUIA R-if M30IIAHAPHON 30HbI, B KOTO-
pyio Tomajgaer i-it MuKceJab; Q; — BeJIWYWHA, TPUOJIH-
JKEHHO OIleHHMBAIOIasi CBETUMOCTh IIOBEPXHOCTH BHE
paccMaTpuBaeMoii 061acTi; S; — TIOIAAb i-TO THKCEJI.
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Pemerne cucreMbl ypaBHeHuit (9) ais Bcero pac-
CMaTpHBaeMOT0 y4acTKa II03BOJIET yUecThb BJMSAHIE He-
OTHOPOJHOCTH 3€MHOI TIOBEPXHOCTH.

6. MetogoM MonTe-KapJio BbIYUCTSAETCS OCBETeH-
HOCTb 3eMHOH MOBEpPXHOCTH 6e3 ydeTa IepeoTpake-
auit Ey.

7. Boruncngercs paguyc obiacté (popMHUPOBAHUS
JIOTIOJTHUTETbHOI OCBEIeHHOCTH OJHOKPATHO OTpakKeH-
HBIM U3JydeHueM R, BHe KOTOpOil MOXKHO CUHUTATb J10-
TIOJIHUTENIbHYIO OCBellleHHOCTh paBHoii (0. MoskHO TI0-
Ka3aTb, YTO [JISI BBINOJHEHUS [JI IPOU3BOJIbHON He-
O/IHOPOJIHOI TIOBEPXHOCTH yCJIOBUS

. Fsuef i
1> min 2 > §,, (13)
J 7’surf,i

TNIe Tsuf, i — HEKOTOPBIH KO3(PUIINEHT OTPaKEHNA i-TO
HUKCeJs; Fyyp; — NpUbImkeHHoe 3HaYeHHe Koadduim-
€HTa OTPaKEHN, MOJIyYaeMoe MPH UCIIOJIb30BAHUU Pa-
nuyca objactu GOpMUPOBAHUS [OMOJHUTETBHON OCBe-
HIEHHOCTH; 8y — BEJUYMHA, XapaKTepU3ylomas MaKCH-
MaJIbHYTO MIOTPEITHOCTD, CO3/[aBaeMyI0 HCIOJIb30BaHIEM
paanyca (OpMHUPOBAHNUS JOTOTHUTENBHON OCBEIIeHHO-
ctu (B pacuerax 8, = 0,95), JOCTATOYHO BBHIIOJIHEHUS
YCIOBUS

J‘l’q(rw)dS
LR =S® 5%, 1 isyy), (14)
Y1 Y1
v = || u(,)dS, 15)
|

rne hy(r,) — sHauenne MDPT kaHama GHOpMUPOBaHMUS
JIOTIOJIHUTEIbHOIT OCBeleHHOCTH (BEJIMYMHBI, XapaKTe-
pHU3yioleil OCBEIEeHHOCTb TOYKU IOBEPXHOCTH OTpa-
JKEHHBIM U3Jy4yeHWeM W3 TOYKW TTOBEPXHOCTH, yIaJeH-
HOWl Ha PACCTOSIHUU 7, TPH eIMHUYHONU CBETUMOCTH
3eMHOI MOBEPXHOCTH).

B [18] mna paccMaTpuBaeMbIX [lajiee KaHAJIOB
MODIS, nmna 0,1 < AOTjs5 <5 u pasHOOGpa3HBIX
CUTyalluil OIleHUBAJINCHh 3HaYeHUs R, IS KOTOPBIX
BbIMosTHeHO yeaoBne (14). R jmeskur B Tmpejesax
0<R<15x&M.

Mertonom Monte-Rapno paccuntbiBaetcss DOPT
KaHajga (GOPMUPOBAHUSA JOMOJHUTENBHOI OCBENeHHO-
CTH 3eMHOIl TIOBEPXHOCTH OTPaKeHHBIM B CHCTEMeE <aT-
Mocdepa — 3eMHasl MOBEPXHOCTb» u3aydenueM /fiy(r,)
B mpefesnax paguyca R. DyHKuus /; pacCIuThIBaeTCS
st r, = 0; 0,25 kM5 .. R.

8. Merogom HbloToHa ¢ WTEPAMOHHBIM pPeIIeHH-
em BcriomorartesibHbix CJIAY Mertomom 3efifienss perra-
eTcd HeJMHeHHasd cHUcTeMa YpaBHEHWIl OTHOCHUTEIHHO
Tourf BIQ [18]:

Qi _
Ey
M; S 2
: P (rsurf 71)
= Tsurt,i 1+ ]Z:;Ci,jrsurf,j + Cout,irsurf,i + m ) (16)
Ci,j ~ hl(”’m,l])S] (17)

M;
Cout,i =Y - Zci,jy (18)
j=1
Tsurt,i = %) (19)
T 14O/ E

THAE Tyuf i K03 UIIHEHT OTpaKeHUsI i-TO THKCEJS
U300paKeHusT; ¥y,f; — KOI(D@PUIUEHT OTpaskeHUs i-ro
MUKCeNs, TOJIYYeHHBbIH B TPUOIIKEHUN OHOPOHON
MoBepXHOCTU; M; — KOJNYeCTBO THKCesel, Moma/Iaio-
mux B 06acTh pagunyca R BOKPYT i-TO MUKCEJ.

Pemenne uemuueiinoit cucrembr (16) mossosser
y4YecTb BJIMSIHIE HEOJHOPOJHOCTU 3€MHOII TOBEPXHOCTU
Ha ee OCBEIeHHOCTb. BBIMOJHEHHDI aHalIN3 IOKa3bl-
Baetr, uyrto 1A curyanmun AOTss = 3, #guf < 0,4 1O-
rpeIHocTh ucnosb3oBanusa (16) e Gosee 3%. Heyuer
BJIUSHUSA HEOTHOPOJHOCTH TOBEPXHOCTH TIpH (popMu-
POBaHUN JOMOJHUTENBHOIN OCBENEHHOCTH B 3TOI CUTYya-
LUK TPUBOIUT K TIOTPEITHOCTIM B mpeaenaax 19%. [laa
mouiekyJisapHoii atMocdepbt (AOTgs5 = 0) 1 gy < 0,4
IOTPENIHOCTD Hcmo/b3oBanug (16) He mpesbimaer 1%,
a ogHOpoaHOro Ipubamxenus — 10,6%.

AHaJIu3 ycJI0BUI CXOAUMOCTH cucTeM ypaBHeHuit (9)
n (16) B pa6ore [18] mokaspiBaer, 4to cucrema (9)
cxoautcs mpu Jo6oM pasmepe mukcens mpu AOT < 1,
a npu paspemteHun B Hagupe B 1 km — npu AOT < 4.
Cucrema (16) cxoquTcst Ipu BeeX pacCMOTPeHHBIX B [18]
curyarusax (0,1 < AOTy 55 < 5).

Anpoolaiusi MOJiepHH3HPOBAHHOTO
aJrOpUTMa BOCCTAHOBJICHUS
K03 PHUIINEHTOB OTpasKeHH S

3€MHOM NMOBEPXHOCTHU

Jlyist anpobariy u OIeHKU MOTPEITHOCTH aJTOPUT-
Ma BOCCTAHOBJIEHUST KO3 (PUIIMEHTOB OTPaKEHUsI C yUe-
TOM BJIUSTHUST TIOJISIPU3AI[Ui ObLIN PACCMOTPEHBI CHUM-
ku MODIS ana Tpex TecToBbIX yduacTkoB (puc. 3):
1) yuacrok 1ora Tomckoit o6a. (55,95—56,85° c.mI.,
84,05—84,95° B.1.), 2)y4actok MoCKOBCKOll 06
(55,72—55,95° c.m1., 37,56—38,10° B.1.); 3) yuactok p-
KyTckoit 06u. (51,42—52,67° c.mr., 103,64—105,47° B.11.).
Pe3yibTaThl TIpe/ijiaraeMoro ajJroput™Ma ¢ yuetoM u 6es3
y4YeTa MOJISIPU3AIUU COIOCTABJISLINCH C Pe3yJIbTaTaMu
asroputMa MODO09 u pesynbrataMul, IOJIy4aeMbIMU
6e3 arMochepHOil KOPPEKITHH.

[l olleHKM TOTPENTHOCTel aJTOPUTMOB paccMaT-
PUBATHCH TECTOBBIE TOYKU B I[eHTPE XBOWHBIX JIECHBIX
MaccuBoB. [lorpenHOCTb alTOPUTMOB OIEHUBATIACH KaK
OTJIIYIEe BOCCTAHOBJIEHHBIX KO3(D(UIIEHTOB OT PE3yJib-
TaTOB W3MepeHnuit [34], mpuBeseHHBIX B Tabmd. 1.

Kak mokasaj aHaiu3 s TPeX TEeCTOBBIX TOYEK
Ha paccMaTpUBAeMbIX ydyacTKaX, KO3(QPUIUeHTb OT-
paxkenus B kanamax MODIS c¢ nearpamu A = 0,412;
0,469; 0,555; 0,649 MKM TIpM OTCYTCTBHM CHeTa W Ma-
JoM cofepskanuu asposzonss (AOTyss < 0,1) caabo or-
JINYAIOTCS OT Ha3eMHBIX HU3MepeHHit n3 paboThl [34]
(ta6n. 2). CienoBatesibHO, [JIs1 3THX KaHAJOB M y4acT-
KOB JIaHHbBIEe [ 34] MOXHO MCMIOJBb30BaTh KaK 3TAJTOHHBIE,

BoccranoBiieHne k03(pUIHEHTOB OTPaskeHUsT 3eMHOIl IOBEPXHOCTH IO CIIYyTHHKOBBIM uaMepenusm MODIS... 645
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Puc. 3. Pacnosoxenue paccMaTpuBaeMbIX Y4aCTKOB Ha 3eMHOI IIOBEPXHOCTH, AJIsA KOTOPHIX BBIIIOJIHAIACH anpoéaunﬂ aJiropuTMa:

6

6

a — Tomckag 064.; 6 — MockoBckas 0611.; 6 — VIpkyTckas o6

Ta6numa 1

3uavenust k03P PUIHEHTOB OTPAKEHUST MOJOAOI XBOU
3peJioii cocHbl B JieTHUil mepuo/ roga ua [34]

0,412 | 0,469 | 0,555 | 0,649 | 0,860
0,021 0,026 0,050 0,038 0,310

A, MKM

Vsurt, meas( )\4)

a OT/INYMS OT HUX MPHUOIMKEHHO OIEeHWBAIOT MOTPEIi-
HOCTb aJTOPUTMOB.

Otrmmune Ko3p(PUIINEHTOB OTpakeHHS B KaHaJle
MODIS ¢ nenrpom A = 0,860 MM (Tabm. 2) or usMe-
pennit [34] cuabHee, TOTOMY 4YTO OTpasKeHHE B 3TOM
KaHaJle CYIeCTBEHHO 3aBUCUT OT COCTOSTHUS PACTUTENh-
Hocti (ee MPOAYKTHBHOCTH). I109TOMY B psjie CUTya-
Uit 7711 TOr0 KaHasa JaHHble [34] 6yayT HENPUTOAHDBI
Kak aTasioHHble. Hampumep, 1715 TecToBoil Touku B Mo-
CKOBCKOIi 06JI. yKa3aHHbIe [JaHHble HEIPUTOTHBI KaK
atajion nipu A = 0,860 MKM.

ANbTepHATHBON paccMaTPUBAEMOMY TIOIXOIY MOT-
Jio 6bITh cpaBHeHUe KO03(h(UIMEHTOB OTpa’KeHUs VIS
YY4aCTKOB C TIPOBE/IEHHBIMH HA3€MHBIMU HU3MePEHUSIMU.
Ho 3To TO3BOJIUT OIEHUTH TMOTPEIHOCTD TOJBKO IS
o6macreil, TJe ecTb Takue u3MepeHusi. Hampumep, st
Poccun — ato TONBKO equHUYHbIE TOUKU. PaccMaTpu-

BaeMbIli HaMU IIOJIXOJ Ke IIpuUMeHUM [AJId IIUPOKOIo
Haéopa y4acCcTKOB 3eMHOI IIOBEPXHOCTH.

Yuacmox na roee Tomckoii 06..

TecToBblil yuacTok pacrnosarajics Ha tore ToMmckoit
0611. (55,95—56,85° .., 84,05—84,95° B.1.) (puc. 3, a).
O6pabaTbBamich ceMb CHUMKOB mpu6opa MODIS,
clenanubie B mepuoa ¢ 17 mo 23 wions 2012 r. ana
At Kanastos: 1 (mentp kanana L = 0,649 mxm), 2 (A =
= 0,860 mxm), 3 (A = 0,469 Mmxm), 4 (A = 0,555 MKM)
u 8 (A = 0,412 MKM), IpOCTpaHCTBEHHOE Pa3pelleHne —
1000 m. AOT omnpenendnach 1O JaHHBIM CTaHIUU
AERONET Tomck-22 (56,417° c.m1., 84,074° B.11.) [27].
B paccmatpuBaemnle aunm AOT) 55 Haxogmuach B Ipe-
neaax or 0,1 7o 1,52.

Ha TectoBOM yuacTKe OblTa BbIOpaHa TOYKAa Ha
TeppuTOopun TOMCKOTO TOCYJapCTBEHHOTO IMPHPOIHOTO
3aKa3HUKa ¢ KoopAmHaTamMu 56,2° c.1r., 84,3° B.a1. Ko-
apputmenTsr OTpasKEHN 1JIT ATON TOUKHU, TOJTyIeHHbIe
mpe/iaraeMbIM aJTOPUTMOM C y4eToM u Ge3 ydera Io-
JIIPU3allid, aJATOPUTMOM 6e3 KOPPEeKINH M aJTOPUT-
mom MODO09, cpaBHHBaJUCh C HA3eMHBIMH HU3Mepe-
HugaMu u3 [34]. [lnsg KakJoro KaHaja, CeMH CHHMKOB

Ta6auima 2

Ormmune kK03(pPUIHEHTOB OTPaskeHNs, BOCCTAHOBJIEHHBIX MpPeIJaraeMbiM ajJropuTMOM
u aaroputMmom MODO09, nasa TectoBoii Touku B aeHb ¢ Huskoit AOT

. Ab6couorHoe ornune oT [34]
Ne KoopauHater TecToBoI Jlata AOT, 5 h NI
ydacTka TOUKH
0,412 0,469 | 0,555 | 0,649 [ 0,86
MODO09
1 56,2° c.u1., 84,3° B.j1. 22.06.12 0,103 0,006 0,010 0,002 0,011 0,037
58,85° c.mr., 37,83° B.1. 06.05.17 0,044 0,004 0,003 0,007 0,001 0,145
3 52,52° c.mr., 105,06° B.1. 21.06.17 0,037 0,012 0,006 0,011 0,002 0,044
Anzopumm ¢ yuemom noaspu3auuLL

1 56,2° c.mr., 84,3° B.x. 22.06.12 0,103 0,013 0,001 0,007 0,005 0,059
58,85° c.mr., 37,83° B.A. 06.05.17 0,044 0,014 0,005 0,007 0,007 0,139
3 52,52° c.mr., 105,06° B.1. 21.06.17 0,037 0,021 0,008 0,015 0,012 0,046
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n paCCManI/IBaeMOﬁ TOYKH OIIpeesIAJI0Ch CpeaHee OT-
JIMYEe OT 3TAaJIOHHOTO 3HAYCHMA:

Arsurf (X) = ‘rsurf,nlg (7“) - 7’surf,m(-‘ens (7“) ) (20)

THE Fsuf, alg{A) — K0a(DDUIMEHT OTpakeHNs TeCTOBOIO
yYacTKa Ha JJINHE BOJHBI A, BOCCTAHOBJIEHHBIH COOT-
BETCTBYIOIINM AJTOPUTMOM W3 CHYTHUKOBBIX JAHHBIX;
Tsurf, meastA) — HaseMHOe usMepenue KoadduienTa
OTpakeHUs Ha JJIMHe BOJIHBI A u3 [34].

[Tosryyennble cpefHue 3HAYEHUS AFgyq PHBEJEHDBI
Ha puc. 4.

AFgurf
0,20

—=— AJroput™ 6e3 KOppeKIuu

—e— Asroputm MODO09

0,15 - —A— AropuT™ 6e3 yueTa MOJSIPU3AININ
—v— AJITOPUTM C YUeTOM HOJISIPHU3AIIH

0,10

0,05

IL

0,00 - v

L 1 " 1 L | " 1 ' I
0,4 0,5 0,6 0,7 0,8 0,9
A, MKM

Puc. 4. CpaBHeHNe cpeJHUX IO CeMU CHIMKAM 3HAYEHHH A¥gyf
JIJTS TeCTOBOM Toukm Ne 1

CpaBHeHIE A7, IPE/ITATAEMOTO AJITOPUTMA C A gy
asroputMma MODO09 mnokasbiBaeT, 4TO TpeisaraeMblit
JTOPUTM C YYeTOM TOJISIPU3AIMH [JISI paccMaTpHuBae-
MBIX TECTOBBIX CHHUMKOB UMeeT 3aMETHO MeHbIIINe OT.IH-
YW OT 3TAJOHHBIX 3HAYEHUl [ KaHAJIOB C IeHTpaMu
A = 0,649; 0,469; 0,555 MKM ¥ IIOYTH OJMHAKOBbBIE
otimung a1 A = 0,860 MKM 10 CpaBHEHHIO C aJTOPHUT-
moMm MODO09 NASA. Oanaxko Ha A = 0,412 MKM 3Ha-
4eHms, oaydeHHble aaroputMmoM MODO09, 6mike k pe-
3ynbrataM [34].

Yuacmox ¢ Mockoeckoii 06.1.

TecToBbBIIT yuacTOK HAXOUJICSA B CeBePO-BOCTOYHOM
yacTH T. MOCKBBI ¢ KOOpAMHATAMU: 55,72—55,95° c.1.,
37,56—38,10° B.1. (puc. 3, 6).

PaccMarpuBasioch TATh CHUMKOB, clleaHHbIE ¢ 6
no 7 masa 2017 r. Koppekuusi BBINOJHAJIACh [JIS TeX
JKe TIITH KaHasioB npu6opa MODIS, uto u ams Towmc-
Koil 06JI., MOJIEKYJIIPHOE U a3P030JIbHOE TIOTJIONIEHIEe
U paccessHHEe BBIGUPATUCH MO OIMHMCAHHOMY BBIIIE AJITO-
putmy. Craniusi AERONET Moscow pacnoJiaraercs
B TOYKe ¢ KoopaumHaTamu 55,707° c.ur., 37,522° B.J.
B paccmarpuBaemble nuu AOTss Haxoqunaach B IIpe-
neaax ot 0,04 mgo 0,07.

Ha tectoBoM yuacTke 6bLia BbiOpaHa Touka B Ha-
IINOHATBHOM TapKe «JIOCHHBIN OCTPOB» ¢ KOOpAMHATA-
mu 58,85° c.mr., 37,83° B.n1. CpaBHeHHe CpeJHUX IS

3TOIl TOYKU U TSITH CHUMKOB 3HAYEHUI A¥g,f MIPEICTAaB-
JIEHO Ha pHC. .

Arsurl'

0,18 ~ = —=— AJTOPUTM 6€e3 KOPPEKITII
0.16 r —e— Ausropurm MODO09

P\ —a— AsropuT™ Ge3 yueTa TOMAPH3AIUK
0,14 —v— AJITOPUTM C yYeTOM TOJISIPU3AIIHI
0,12
0,10
0,08
0,06
0,04
0,02
0,00

. I . I . L . I . |
0,4 0,5 0,6 0,7 0,8 0,9

A, MKM

Puc. 5. CpaBHeHMe CpeIHUX TI0 MATH CHUMKAM 3HAUEHUH Afgyf
I TecTOBOI TouKkl Ne 2

Ha puc. 5 BugHO, YTO pe3yJbTaThbl BOCCTAHOBJIE-
HUS KO3(D(UIMEHTOB OTPaKEHUS TTOBEPXHOCTH 3eMJIH
MPaKTUYECKH He OTJNYAIOTCS OT TAJOHHBIX 3HAUYeHMUIT,
MOJTyYeHHBIX PAcCMOTPEHHBIME ajaroputMamu (3a Hc-
KJIIOYEeHHEM aJroputMa 6e3 aTMOc(epHON KOPpEKIIn)
M faHHoro caydad. IIpm A = 0,860 MkM 3z1ech Ha-
6o/1aeTcd  CyliecTBeHHO O6oJiblliee OTImume oT [34].
[Mpuunna atoro, mcxonsd w3 Taba. 2, B TOM, UTO [laH-
Hble [34] oTamyaloTCsA OT peajbHOTO 3HAUYEHUS KOoa(]-
QuimenTa oTpakeHUsI B 3TOM KaHajle W He MOJIXO[SIT
JUUISL PACCMATPUBAEMOIi CUTYAIlUU KaK 3TAJOH.

Yuacmox ¢ Hpxymcxoii 06.4.

PaccmarpuBasics yaactok B6au3u o3. Baiikai ¢ kKo-
opamHaramu: 51,42—52,67° c.mr. u 103,64—105,47° B. 1.
(puc. 3, 6).

O6pabaTbiBaIOCh YeThIpe CHHMKa 3a mepuog ¢ 20
o 21 wionst 2017 r. KoppeKIus BBITIOJHSIACH IS TEX
JKe TITH KaHasioB mpu6opa MODIS, 4ro m a1a mpe-
JIBITYIIX YYaCTKOB, MOJIEKYJISIPDHOE M a3PO30JIbHOE TI0-
TJIOIEeHNe W paccesTHue BhIGUpanch aHajsorndno. CraH-
uust AERONET Irkutsk pacrmosioskeHa B KoopaumHaTax
51,800° c.m., 103,087° B.1. B paccmarpuBaembie THU
AOT, 55 nHaxoaumnach B npegenax ot 0,04 go 0,06.

Ha TectoBOM yuacTKe 6bLTa BbIOpaHa TOYKa B TO-
CyIapCTBEHHOM IIPUPOJHOM 3aKa3HuKe «KpacHbrii Ap»
¢ xoopamHaTaMu 52,52° c.mr., 105,06° B.1. CpaBHeHTe
3HAYEHUN Afg, JJS 9TOW TOYKH, CpeHee 10 YeThIpeM
CHHUMEKaM, TIPeJICTaBJIeHO Ha puc. 6.

CpaBHeHIe Pe3yJIbTaTOB TIOKA3bIBAET, UTO MpeJa-
raeMblil aITOPUTM C YYETOM TIOJISIPU3AIIH [T paccMaT-
PUBaEMBIX TECTOBBIX CHHUMKOB MMe€ET HECKOJHKO MeHb-
Ie OTJIMYUSA OT ATAJIOHHBIX 3HadeHuil 1ia A = 0,469;
0,555; 0,412 MM, uem MODO09, 1 o4t oanMHaKOBbIE
otymuns 719 A = 0,860; 0,649 MKM.

3HavyeHUsI CpPeHUX IO pPAacCMATPUBAEMBIM CHUM-
KaM A¥gyf U BCEX PACCMOTPEHHBIX YYACTKOB W aJITO-
PUTMOB cO6paHBI B TabI. 3.
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[ Arsurl'
0,18 |-
016 L —=— AJroput™ 6e3 KOppeKI[UI
' —e— Anropurm MODO09
0,14 B —a— AnroputM Ge3 yueTa MOJISPU3AIIUI
012 F —v— AJITOPHUTM C YUETOM TMOJISIPU3AIIUI
0,10 -
0,08 -
0,06
0,04
0,02 —!>\k
0,00 S| : ! ; I . I . ]
0,4 0,5 0,6 0,7 0,8 0,9
A, MKM
Puc. 6. CpaBHeHHe CpeJHUX IO YETIPEM CHUMKaM 3HadyeHHUH

A¥guf IS TECTOBOI TOUKH No 3

Ta6auma 3

CpenHee oT/MYHe Afgy,s OT HA3€MHBIX U3MepeHuii [34]

A¥surt, A¥surt,
Arsurfy
AFgu, | QJITOPUTM | QJTOPUTM
Homep | A, QJITOPUTM
anaroputM| 6e3 ydeTa| ¢ yIeToMm
y4acTKa | MKM 6e3
MODO09 | momsapu- | moagpu-
KOPPeKINu
3a11u 3a1un
0,412 0,193 0,012 0,035 0,033
0,469 0,116 0,013 0,013 0,006
1 0,555 0,053 0,011 0,010 0,003
0,649 0,030 0,017 0,007 3,0E-5
0,860 0,031 0,021 0,034 0,027
0,412 0,164 0,017 0,018 0,018
0,469 0,094 0,009 0,009 0,008
2 0,555 0,035 0,012 0,011 0,011
0,649 0,027 0,010 0,010 0,010
0,860 0,155 0,157 0,155 0,156
0,412 0,173 0,014 0,008 0,011
0,469 0,098 0,010 0,009 0,008
3 0,555 0,047 0,012 0,010 0,010
0,649 0,023 0,011 0,008 0,010
0,860 0,035 0,036 0,036 0,030
3akoyeHne

Anpobartiust MobUITUPOBAHHOTO AITOPUTMA C yue-

TOM NOJIAPpU3allu U3JTyUYeHUA MMOKa3bIBaeT, YTO €Tro HC-

I10JIb.

30BaHle MO3BOJIAET CYIHECTBEHHO CHU3UTD IOI'penI-

HOCTb BOCCTaHOBJICHUA KOBCP(I)I/IL[I/IEHTOB OTpa’kKeHus:d

3€MH

Ol TIOBEPXHOCTH.
CpaBaenne c¢ anroputMoM MODO09 mnoxa3sbiBaer,

YTO TIPE/JIOKEHHBII aJTOPUTM JlaeT MOTPEITHOCTH BOC-
CTAHOBJIEHUS] Tg,f CYIIECTBEHHO HIDKE, YeM aJITOPUTM

MODO09

NASA nma A =0,469; 0,555; 0,649 Mkm,

u ogHoro mopsgka — Ha A = 0,860 mxm. Ha A =
= 0,412 MKM [ OAHUX CHUTyaIlWil IOTPEeIrHOCTH BOC-
CTAHOBJIEHUS 7g,f MEHbIE IIPU MCIIOJIb30BAHUU AJITO-
putMa MODO09, pias apyrux npeglodTuTeIbHee aJro-
PHUTM, TIpelJOXXKeHHBIII B Hacrosmeill pabore, a IId
TPETbUX AJTOPUTMBI IIPUBOJAT K TOTPENTHOCTSM OJIHO-
ro IOpsKa.
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The algorithm of reconstruction of the Earth surface reflection coefficients with allowance for radiation
polarization is considered. The algorithm was approbated for 5 channels of the MODIS device and three territo-
ries: south of the Tomsk region, Moscow region, and Irkutsk region. To estimate the error of the algorithm, test
points in the center of coniferous large forest areas in summer season were used. Results obtained using the
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the reference data than those obtained using the MODO09 NASA algorithm in the first, third, and fourth MODIS
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eighth MODIS channel, one algorithm is preferable in some situations, and another algorithm is preferable

in other situations.
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