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OucTtaHuinHe 30HAYBaHHSA
nnaHer



loes aucTaHUinHOro 3oHAyBaHHSA NJaHeT

CBitno Big ocsiTnoBaya (CoHue abo nasep) 3 BigoMMMuH
XapaktepucTtukamm (po3nogin eHeprii N0 CNeKTpy, nonsapusadis)
po3cCiloETLCA NOoBepxXHer Ta/abo atmocceporo nnaHeTn
Po3cisiHe cBiTNO 3MiHIOE CBOI XapaKTepUCTUKN
(Po3nogain eHeprii no cnekTpy, nonapusauiro i T.4.)

!

Mu BUMiprOEMO XapaKTepUCTUKU (3MiHN) LbOro cBiTna
Lli 3miHn 3anexaTtb Big (pi3an4HUX (ONTUYHUX) BNAaCTUBOCTEMU
po3ciloBaviB, 3 AKMX CKNagaeTbCA NOBepPXHIO / atMmoccepa nnaHeTn
Mu BigHOBROEMO iHpopMauito Npo Pi3snYHI BNaCTUBOCTI
noBepxHi/atMoccepu aHaniayroum napamMeTpu po3CiAHOro cBiTna



BuB4YeHHsA cBiTna, po3cisiHoro (BigouTtoro)
noBepxHero/aTMoceporo nNraHeTn

1. PoTOMETPIA - BUBYEHHS 3MIHN ACKPABOCTI
noBepxHi/aTMocdoepu B 3arexHOCTi Bid 3MiH YMOB
OCBIT/TIEHHS | CNOCTEPEKEHHS.

2. CnekTpodoTomeTpis i KonopumeTpia - BUBYEHHS
PO3noAiny eHeprii PO3CiIHOro CBiTNa No CreKTpY.

3. NMonapumeTpia - BUBYEHHA nonspusadil BUNPOMIHIOBaHHA.



OcHoBu noBepxHeBOI hoTomeTpil



ZA

POoTOMETPUYUHI KYTHU
N — HOpMAaJIb /10 NIOBEPXHi

[ — KYT NaJiHHA (OCBIiTJIEHHSI)
€ — KYT BIAOUTTSA (PO3CilOBaHHS)

¢ — KYT MK IUIOIIMHAMU NAAIHHSA
Ta BIIOUTTH

O — KYT (pa3u
B - doTromeTpuyHa mupora
Y — GoTOMETPHUYHA TOBIOTA

(B, v — doTroMeTpUYHiI KOOPAUHATH)

HaoOopu doroMeTpHYHi KYTIB:

(i,e,0) (a,i,e) (a,B.y)




OcHoBu choTomMeTpiil

CBiTNOBUN MOTIK @, WO pPO3CIIOETECA MandaHYMKOM Ha MNOBEPXHI
Micaus nnowero S B HanpsAMKY cnocTtepirada B TinecHomMy KyTi .

®(a,i,e,A)=S- | I(a,i,e,1)dQ. (1)
Q4
oe [ (o, i, e, ) — IHTEHCUBHICTb, A — JOBXWHA XBUIII.
(2 eKcnepuMeHTanbHo BUMIPHa. I[HTEHCUBHICTb cBiTna
I [W [/ m?sr-um] moxe 6yTu npeacTasrneHa sk
I(a,i,e, A) = Eo(A) ro(4) F(a,ie, A), (2)

ne Ey(4) — HopmMarnbHa OCBITMEHICTb MangaHumKa,
ro(A) — HOpMasibHUN KOeILIEHT BIAOUTTA Ha LOBXMWHI XBUNI A,
F(a,ie A) - POTOMETPUNYHA (PYHKLLIA.

[ToBepxHeBa ACKpaBiCTb MangaH4ymKa

B(a,i,e, A)=1I(o,i,e, A)/cos e, (3)



KoediuieHT BiabntTA, anbbeno

KoedilieHT BIiAbUTTAS MangaH4uka
r(o,ie, ) = B(a,ie, 1) /Eo(A) = I(a,i,e, A)/(Eo(4) cos e) . (4)

3i cnocTepexeHb 3pydHiwe oTpumyBaTu Buaume anvbeno (daktop
SACKPaBOCTi)

A(a,ie, A) =m r(o,i,e, 4), (5)

®Pi3n4yHUM ceHC BuAMMOro anbbeno: ue kKoeghiuieHm e8i0bummsi
rnogepxHi 3a 0aHUX yMO8 OC8ImsieHHs | criocmepexXeHHs 8iOHeceHUU 00
KoegbiuieHmy 8iobumms HopMmarsibHO oceimreHiu Jlambepmosckou
rnosepxHi (ro =1 /n).

"Aemomobinb exe 4yekag Ha Hac, g8ibpyroyu gi0 5iedb cmpumMyeaHoi eHepeail; U020
asnbb6edo 6yrio HacmirnbKuU 8UCOKUM, @ 8UBSIUCKYHOYE 8 [1030/710mMi COHUE HacmiribKu
ACKpasuM, Wo MeHi 0ogesiocs npuwypumucs, wob He ocninHymu”.

«Hosi npurogn CtaneBoro LWypa» Nappi NappicoH



PoTomeTpUUHaA PYHKLUIA

Bugnme anbbego nNoBepxHi  Moxe  OyTM  BUpPaXeHo
doToOMETPUYHY YHKLUI F(o,i,e, 1)

A(a,ie, ) =AoF(o,ie A), (6)

yepes

ne Ao — anbbeno npu ctaHgapTHUX YMOBaX OCBITIIEHHS/CNOCTEPEXEHHS,
Hanpuknag, 4o = A(0,0,0).

doTomeTpuyHa yHKLIA MoXe ByTn bakTopizoBaHa
F(o,i,e, 1) =fla, A) D(a,i,e, 1), (7)

oe f— dasoBa yHKLUIA, a D — gnckoBa pyHKLIS.

NMpeameTtom gocnigaxeHHsA B hoToMeTpil €:

1) po3noain Ao No ANCKY MNaHeTw;

2) noBeaiHka POTOMETPUYHOT PYHKUIT ANSA PI3HUX OINTAHOK.



OuckoBa (pyHKUIA

Micaub Mae B nepiomy HabnuxxeHHi popmy Kyrii.

[lnckoBa yHKLIA ONUCYE 3aKOH PO3MNOAiny HACKpaBOCTI MO OUCKY
Micsaus (Hanpuknag, onucye nagiHHA SICKpaBOCTi A0 TepMiHaTopa, abo
3MiHY SICKPaBOCTi AiNIAHKU B 3aneXHOCTi BiA 1l JIOKaribHOro Haxuny), i

3anexutb Big i Tae (B Tay).

[OuckoBa doyHKUiA onucye, sk Burnsggana 6 Micaub, akbu He 6yro
Bapiauin anbbeno no I NoBepXHi.

[nckoBa QyHKUIS 3anexutb | Big KyTa dasn, ane us 3anexHIicTb
OMUCYE TiNIbKN HOPMYBanbHUN KoeilieHT Ofid BCbOro gucka.

[lnckoBa (pyHKUIA 00O3BOMSAE NPUBOANUTN ACKPABICTb BCIX TOYOK HA AUCKY
00 CTaHOAPTHUX YMOB (i = e = o/ 2):

Aeq(a) = A(a,B,y) D(a,B,y), (8)

e A.(a) - ekBiroHanbHe anbb6eno.



OuckoBa dyHKUiA AKIMOBa
Hawnbinblw agekBaTtHa guckoBa yHKUIS — doopmyna AkiMoBa:
D(a,B,y) = cos (a./ 2)(cos B)*' " “eos[(y —a / 2)n/ (n—a)]/ cosy,  (9)

ae v — koediuieHT wopctkocTi (v = 0.34 ana mopis i v = 0.52 angd
MaTepuKiB).

PyHKUia AKiMOBa OMNUCYE PO3MOAIST ACKPaBOCTI MO
aucky  Micaua 3Ha4YHO  TOYHIWeE, HIK  yHKUIl
Lommel-Zeeliger, Minnaert i McEwen | BoHa 3Ha4HO
npocrTiwe dyHkKuil Hapke.

Teop. auckoBa QyHKUIA BuBegeHa AKIMOBMM B
NPUNYLLEHHI 2paHUYHOI WOopPCMKOCMi MOBEPXHI. . .
MisHiwe LWkypatos HO.[. BuBiB U0 dopmyny, .ﬂ.O.AKiMOB
BUXOOSAYM 3 KOHUEenuil  gbpakmaro-rnodibHor

CMPYKMypu rno8epxHi.




OuckoBa (pyHKUIA
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Bugume anbbeno o =-63.6° [vckoBa yHKLis



EkBiroHanbHe anb6eno
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Albedo

Bugume anbbeno o =-63.6° ExBiroHanbHe anb6eno



daszoBa pyHKLiA MicAYHOI noBepXHi fla)

o) 3aneXxunTb TiNbKU Big d.
flo) He 3anexuTb Big i Ta e (B Ta ).

fla) onucye, 9K SCKpaBIiCTb OAaHOro MamgaH4ymka 3MIHIOETbCHA 3 KYyTOM
doasmn.

Sk noka3yromb criocmepexXeHHs, 1JabopamopHi eUMipro8aHHsI ma
meopemu4He Modesiro8aHHs, f(a) 3anexumpb 8i0 Pi3UYHUX i
ONMMUYHUX eslacmueocmeu no8epPXxHi.



Aa) = me™™* + me™™* + mse™=?,

Equigonal albedo
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da3oBa pyHKLUIA ACKPABOCTi MiCAYHOI NOBEPXHi,
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KapTyBaHHA napameTpiB hasoBoli ¢

o ¥, (’ « o -

YHKLiI

[10 ypaxyBaHHS BNnBYy penbedy [licna ypaxyBaHH4A

MNapameTp Haxuny dpa3oBol byHKUIT ¥



KapTa nokanbHuUX HaxusniB NOBepPXHi

Hawa kapta 77 (poTokniHOMETpIs) Kapta 77 3a gaHuvm SELENE LALT




KapTa nokanbHUX HaxuniB NoBepXHi.
NMopiBHAHHA 3 KOCMIYHUMUM AAHUMU




[10 ypaxyBaHH4A [Micna ypaxyBaHHSA



NASA Lunar Reconnaissance Orbiter (LRO)



NASA Lunar Reconnaissance Orbiter (LRO)

3anyck: 18 yepsHAa 2009 p Atlas V.

Ha paHuun yac sunyuweHo 27 penisiB EDR Tta CDR (09.09.2016)



Wide Angle Camera (WAC)

UV Baffle

4— \/isible Optic

\

%

VIS Baffle

3aranbHun surnag WAC Ontuka WAC



3aranbHi xapaktepuctukm kamepu WAC

Parameter

Visible

uv

FOV (monochrome/color)

IFOV (nadir)

image scale (nadir, 50-km altitude)
image frame width monochrome
image frame width 7-band color
image format monochrome

image format color (for each band)
fi#

focal length

system MTF (Nyquist)

Gain

detector noise

detector full-well

SNR (at 1000 DN)

radiometric accuracy

detector digitization

data link to SCS

temperature Sensors

lossless compression ratio
Voltage

peak power

orbit average power

Mass

volume (width x length x height)

91.9°/61.4°

1.498 mrad

74.9 m/pixel

104.6-km

59.6-km

1024 samples x 14 lines
704 samples x 14 lines
5.052

6.013 mm

0.37

259+0.7¢ /DN
66t4de”

46,100 £ 3600 e

= 150

1% relative, 10% absolute
11 bit, encoded to 8 bit
RS422, 2.5 Mbps

1

1.7:1

287V DC

27W

26W

09 kg

59.0°
7.672 mrad (4 x 4 binning)
383.5 m/pixel

56.8-km

128 samples x 4 lines (binned)
5.65

4.693 mm

15.8 cm x 23.2 em x 32.3 cm (incl. radiator)




PoTOMETPUYHI CMYTU

Band name lgﬁr [nm] FWHM [nm] RC [(W/m?/sr)/(DN/s)]
320 nm 321 32 865
360 nm 360 15 018
415 nm 415 36 3727
565 nm 566 20 3310
605 nm 604 20 3377
645 nm 643 23 3273
690 nm 689 39 2612

0.08 T T T
0.07 F 1“ ;
o.oe§— f \h _
€ 005F :
W E 3
1] E E
£ 0.04F 3
w E 3
c E E
g 0.03 F :
o.uzé— _
0.012- _
000l UL U S

300 350 400 450 500 550 600 650 700
wavelength [nm]




o KRR

w £ 0K

Row Index

715 +
727 +

740 +
753 +

766 +
780 +

793 +
805 +

Po3TawyBaHHA inbTpiB HA MaTpuLi

+Xvis +Zvis

704 columns

| s/c velocity
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NMokputta noBepxHi Micaua cnocTtepeXxeHHAMMU
kameporo LROC WAC Ha kiHeub 2015 p.

2k 288 3 3
&a0 1000 1400

N

Ha gaHunin yac sunyuweHo 27 penisie EDR 1a CDR (09.09.2016)

Kamepa LROC WAC Hapae yHikanbHUU Habip gaHux
AN BUBYEHHA POTOMETPUYHOI (PYHKLIT MICAYHOI NOBEPXHi
Ta BUpPiLWeHHA 3aBAaHb AUCTaHUinHOro s3oHayBaHHA Micsaus.



NMpobrnemu iCHYHOUYMUX MO3aiK, OTPUMAHUX
3a gaHuvmu LROC WAC



NMpoGnemu icHyrOUYMX Mo3aik, oTpMMaHux 3a gaHnmu LROC WAC

Mo3aika LROC WAC RDR da3oBe BigHOLWEHHSA

HeoObxigHoO rpamMoTHO npoBoANTU (pOTOMETPUYHY peayKLito
Ta opTopekTidikauiro paHnx LROC WAC!




NMpoGnemu icHyrOUYMX Mo3aik, oTpMMaHux 3a gaHnmu LROC WAC

1. MpUcCyTHiCTL WIBIB

2. CunbHuM BNNuB
penbedy
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Hoga Bepcis mosaikn LROC WAC RDR



Cneuundika gpaHnx LROC WAC,
AKy Tpeba BpaxoByBaTu npu
nobyayBaHHi 6e3lWOBHUX MO3alK anbbeno



Cneuundpika paHux LROC WAC:
3MiHa NnapaMeTpiB NpoeKuii B MeXxax o4HOro 3o0o6paxeHHs

BuxigHa npoekuis:
noxuna (koca) nepcnekTneHa
(Tilted Perspective projection).

Pe3ynbTyroua npoekuis:
LnningpuyHa (equirectangular
projection). Kpok 0.0025°.

BukopucrtoByeTbca bibnioTeka
NnaneTtHol KapTorpadii xIRIS.

[TapameTpun npoekuil 6e3nepepBHO
3MIHIOKTBCA Y300BX OpOITH.
EdemepugHi gaHni 3 sgep SPICE.
[1poekKuisa npmBognTbLCA OO0

| Rimoon = 1737.400 km

[lepeTBOpeHHS npoekuil Ta 3wmnBaHHA nia-kagpis LROC WAC



Cneuundika paHux LROC WAC: cunbHa gnucropciss onTUKu

- 8

BuxigHi nig-kagpv B LI 3wuTi nig-kagpw B LI




Cneuundika gaHnx LROC WAC: cunsHuK BNAMB naparnakca




Cneundpika pannx LROC WAC:
CcunbHe 3MiHa POTOMETPUYHUX YMOB B MeXax Kaapy

33 43 53 63 73 a3

Phase Angle, deg

2

L 8 dy

Anbbeno KyT BigountTa daz3oBUN KyT.
Ae = 60°! Aa = 60°!
VYpaxyBaHHS ITapajiakciB JluckoBa (QyHKITis dazoBa QyHKIIIs



[locTaHOBKa 3agauvi

Po3pobutn anroputM nodyayBaHHA Oe3WOBHUX
Mo3aik 3a gaHumum Kamepu LROC WAC, akuu Oyne
BpaxoByBaTu cneuudgiky Lmx gaHux.
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To be continued ...



