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BBEAJEHUWE

B Mupe B nociienaue 20 jieT HaOIIOOAETCS Oy TH-
MBI POCT YMCJIa IIPOrpaMM, IOCBSIIEHHBIX HCCIIe-
JoBaHuio Mapca. B ocHoBe 3Tux mporpamMm Jjexar
pa3paboTKa, UCIIbITAHUS 1 MOCIEIYIOIINI 3aITyCK K
Mapcy crenimajabHOTIO MCCIEI0BATEIILCKOTO 000py-
noBaHusi. Cpeau Hauboliee U3BECTHBIX — IMOCAaKa
mapcoxogoB Mars Exploration Rover (MER), Curi-
osity, Perseverance u turatrdopmser InSight. Ouepen-
HBbIM BaXXHBIM IIIaroM cTajia pa3dpadboTka KOCMUYe-
ckoro armapara (KA) 9x3oMapc-2022 (coBMeCTHBIH
npoekT 'K Pockocmoc n EBpomneiickoro xocmMmde-
ckoro areHTcTBa, ESA), cocrosiiiero u3 aByx MoayJieit:
IEPEICTHOTIO U AeCaHTHOTrO. JleCaHTHBII MOIYJIb CO-
JIEePXXUT MApCOXOI M II0CamOuHyI0 miaardopmy (cM.
puc. 1), ocHallleHHYI0O HayYHbIMU TIpUOOpamMu st
nccienoBaHust Mapca. Llens Muccum — 3T0 uccaeno-
BaHME IOBEPXHOCTU U IIOANOBEPXHOCTHOTO CJIOSI B
HEIMOCPEACTBEHHOI OJIM30CTM K MECTYy ITOCaAKHU,
IIpOBEIeHNE T€OJOTNYECKIX Mpo0 ¢ 1IeIbIo OOHapy-
XKEHHUSI XW3HU B IIPOLLIOM M B HacrtosiueMm (Vago
u ap., 2017; Zelenyi u np., 2015).

Okcnenuuust k3oMapce-2022 cocTOUT U3 Tpex
OCHOBHBIX 3TallOB:

— 3Tall BBIBEASHUS U IlepeseTa cocTaBHOro KA;

— 3Tan CITyCKa—IMOCaJKU JeCAHTHOTO MOAYJs Ha
MOBepXHOCThL Mapca;

— 2TaI paboThl Ha TTOBEpXHOCTH Mapca.
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Drtan padboThl Ha MOBEPXHOCTHM Mapca BKITIoUaeT B
cebs 3 ¢asbl:

— (pasa PYHKLIMOHUPOBAHUS TTOCATOUYHOM IIJIaT-
¢dopMBI Ha TTOBEPXHOCTH Mapca 0o che3ma Mapcoxoaa;

— (paza cbe3ga Mapcoxola ¢ MOCagoYHOM IjIaT-
GopMBI;

— ¢daza PyHKIMOHUPOBAHUS MMOCATOUYHOM TIIAT-
¢opMbI Ha MOBEPXHOCTH Mapca mocje che3na Map-
coxoja.

B nociienHue roapl, ¢ y4eTOM yBEJIMUYEHUS YUCTIa
1 00beMa HayYHBIX 3a7a4, 0CO00 aKTyaJbHBIM CTaJIO
CO3/aHMEe HOBOTO TMOKOJIEHUSI TeJIeBUBMOHHBIX CHU-
CTeM JJId JUCTAHIIMOHHBIX (POTO- U BUIAEOCHEMKU
HeOeCHBIX Tell. DTO MOTpedOoBAIO OT pa3pabOTYUKOB
KCIIOJIb30BaHUS TPUHIUIIMATIBHO APYTUX KOHCTPYK-
TOPCKUX PEIIEHUI U CO3MaHUsl HOBBIX aJlTOPUTMOB
dyHKIIMOHUpPOBaHUS TIpUbOpoB. PereHue 3amauu
MOJIyYEHUSI BU3YaJIbHbIX UM300pakeHUI SBISIETCS
MpaKTUIECKN 00SI3aTeIbHBIM IJIST TI000i1 KocMU4de-
CKOM MMCCUU, CBSI3aHHOU C AMCTAHIIMOHHBIMU KOH-
TaKTHBIMU HCCJIEIOBAHUSIMM MOBEPXHOCTEN TIJIaHET
U IpyruxX HeOECHBIX TeJI C MOMOIIBLIO aBTOMaTH4e-
CKMX MOCaTOYHBIX CTAHLIMI, YTO HE CTaJI0 UCKIIIOUe-
HueM u 11 KA Dk3oMapc-2022 6iarogapst ycra-
HoBKe TesieBUu3uoHHoI cuctembl TCITIT-OM Ha no-
callouHyo 1atdopmy (A6pamoB u ap., 2018).

OnTuko-Gu3nyecKre XapakTepuCTUKU TeIeBU-
3MOHHBIX CUCTEM B 3HAYUTEJILHON CTENEHU omnpee-
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ABPAMOB u np.

Puc. 1. INocamounas riatcopma KA Dk3oMapc-2022 (¢ paCKpbITBIMY COTHEYHBIMY MAHEJISIMK 1 TPATIOM JUTSI MapCOXO0/ia), Ha KOTO-
pyto ycraHapuBaetcst TCIITT-DM. https://www.esa.int/ESA_Multimedia/Images/2015/11/Egress_test_rover_in_ CNES_Mars_Yard

JITIOT Ka4yecTBO IIejeBoii mHpopMaluu — GHOTo- U
BumeoMatepuanoB. [loaromy O6OJbIIIOE BHUMAaHUE
OBLIO YIEJIEHO KAJIMOPOBKE U MCCIIEIOBAHUIO ONTU-
Ko-pusngeckux xapakrepuctuk TCIIII-OM B pam-
KaxX Ha3eMHOI OTpabOTKM.

HA3HAYEHWE U 3AJAYU TCIIIT-OM

TeneBusnonnass cucrema TCIIII-OM npenHa-
3HauYeHa JIJIs yCTAaHOBKM Ha MTOCATOYHYIO IIaThopMy
KA Bx3oMapc-2022 u skcrmayaTallid B COCTaBe
KOMIUIEKCa HayIHOM aImapaTryphl BO BpeMsI ITOCaaKu
1 Ha TIOBEPXHOCTHU TJIaHETHI Mapc ¢ 1IeTbIo peleHus
3a7a4 HayYHOTO U MPUKJIAJHOTO XapaKTepa IyTeM pe-
ructpanuu poro- u BuneonHdopmanuu. TCITIT-OM
MpeCTaBIIsieT CO00i KOMITJIEKC U3 YeThIPEX ONTUKO-
aJIeKTpOHHBIX Kamep (KAM-O/®M) u BbIYUCIU-
TeJibHOrO ycTpoiictBa bCI /DM, npenHa3zHa4YeHHOTO
11 bopMUpoBaHUS HUGPPOBBIX U300paKEHUM OKPY-
Xarouieid 00CTaHOBKM 1 OOBEKTOB, HAXOMSILIMXCS B
TpemelIax MoJjst 3peHUsI KaMep, ¢ COXpaHeHNEM MOJTY-
YeHHOU MHMOpMaLIUU IJIST TOCHEAYIOIEe mepeaayn
MO paJroKaHaly Ha Ha3eMHbIe TyHKThI IIpyueMa J1aH-
HBIX WU PETPAHCIISITOPHI.

B xone pa6oter TCITTT-DM Bo Bpems ITocagku Ha
Mapc 1 Ha ero NOBEPXHOCTU IMPEAYCMOTPEHO BbI-
MMOJTHEHHUE CISAYIONINX OCHOBHBIX HAYYHBIX 3a/1a4:

e pEerucTpanus IBETHBLIX CTATUYHBIX M300pake-
HUH ITOBEepXHOCTH 1 aTMocdepsl Mapca (Bo BpeMs 1
nocJe nocagku KA Dk3oMapc-2022) B BUIMMOIM 00-
JIACTU ONTUYECKOIO JHMAIa30Ha 3JIEKTPOMATHUTHBIX
BOJIH;

ACTPOHOMMWYECKHWM BECTHUK

e TIPOBEICHUE IBETHO BUIEOCHEMKHU IIPUIIO-
BEPXHOCTHBIX M aTMOCGEPHBIX IPOLIECCOB, B TOM
YHCJIe VCClefoBaHMe TTbLIeBOM 3K30chephl Mapca;

e U3MEPEHUE CIIEKTPAIbHBIX IPKOCTEN (LBETHO-
CTH) OKPYXAIOIINX OOBEKTOB Ha TPEX JJIMHAX BOJIH:
0.45, 0.55 1 0.65 MKM;

« (bopMUpOBaHUE KPYTOBOI MMaHOPAMBbl MOBEPX-
Hoctu Mapca Bokpyr Mecrta mocagku KA Dk3o-
Mapc-2022 1 TocTpoeHre BUIeOpsaIa ITaHOpaMm;

o HCClIeqOBaHUE OKpPYXKAloLIeil 0O0CTAHOBKM Ha
IMOBEPXHOCTU Mapca B auana3oHe TOpUM30HTaAIbHBIX
yI710B 10 360°;

e aHaJIV3 OTpaXKaTeJIbHBIX/I[BETOBBIX XapaKTepU-
CcTHK yJacTKka rmocanku KA Dk3oMapc-2022;

» TeoMOphOJIOTHYECKUI aHAJIU3 yyacTKa TMocai-
ku KA Dx3oMapc-2022;

e TIOOIEPXKKaA IPYTrMX HAYYHBIX DKCIIEPUMEHTOB
MyTeM perucTpaumuu n300pakeHU M UIN BUIEOMOCTe-
JIOBaTeJIbHOCTEH.

B TCIIIT-DM peanu3oBaH psig HOBBIX PEILIEHUI,
B TOM YMCJIE€ B YACTU aJITOPUTMUYECKOTO obecreye-
HHsI, KOTOPBIE TTO3BOJIAIT IIOJIYYUTh BaXKHYIO MH(POP-
MalMIO0 MO OCHOBHBIM HAaIIPaBJICHUSM HCCIEN0BA-
HUi. B oTin4uve oT Mpenblaylux MUCCHUIA, B KOTOPBIX
MOCTPOEHME MMaHOPaMbI OCYIIECTBIISIJIOCH ITyTEM MO-
CJIEAOBATEJIbHOU CBEMKHU OTIEJbHBIX CEKTOPOB OII-
HOIl KaMepoi, YCTaHOBJIEHHOW Ha IIOBOPOTHOM
miardopme, a CrieKTpajabHass MHOOpMaLMs Imoayda-
JIach MocjeaoBaTeIbHOM CMEHOI CBEeTOMDUIBTPOB, B
JaHHOM 3KCIIepUMEHTE IIpeaycMaTpuBaeTCsl OOHO-
BPEMEHHOE MOJIyYeHME ITaHOPAMBbI B LIBETE YETHIPbMSI
CTallMOHApHBIMU KaMepaMu, o0OeclieurnBaloIuMuy
Ne 5
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Puc. 2. biok coopa nanubix BCI/DM (ciieBa), yetbipe Kamepbl KAM-0O/DM (cripaBa) 1 MeXOJI0UHBIE KaOeIu, BXOISIINE B

coctaB TCIIIT-DM, Ha ucnbitanusix B UK PAH.

MOJIHBIN KPYTroBOii 0030p. DTO MO3BOJIMT HA 3HAUU-
TEJILHO JIyYIlleM KauyeCTBEHHOM YPOBHE MCCJIENOBATh
IMHaAMU4YecKre aTMoc(epHbIe MPOLIECChI, B YACTHO-
CTH, TIPOLIECCHI TIEpEeHOCA ITBUIU U MTbUIEBbIE OyPU.

DKCIIEpUMEHT 3aIJIaHMPOBaH B TOM yacTu Mapca
(monnHa OKCU), TOe IO CUX IIOp HE IIPOBOAWIMCH
HCCJIEIOBAHUS C TOCAJIOYHBIX MOAYJIE U pOBEPOB
(Mandon u ap., 2021). B coueTaHuUM ¢ BBICOKUM Ka-
4eCTBOM (POTO- M BUACOCHEMOK MOXHO C YBEPEHHO-
CTBIO CKa3aTbh, YTO TEJIECBU3UOHHBII 3KCIIEPUMEHT
MOXKET AaTh HOBBIE JAHHBIE O CTPYKTYpE U COCTaBe
MOBEPXHOCTU, CBOMCTBAX IIOYBBI, aTMOCGEPHBIX Xa-
paKTepUCTUKAX B paiiloHe MOCcaaKU U, B COYETAaHUM C
JTaHHBIMU IPYTUX S3KCIIEPUMEHTOB, — HOBYIO MH(MOP-
MaLUIo IO (pyHIAMEHTAILHBIM MPOGIeMaM UCCIIEeI0-
BaHUsI Mapca, B YaCTHOCTHU, €ro Ie0JIOTUU, UICTOPUU,
KJIMMAara 1 Ap.

Bricokoe mpocTpaHCTBEHHOE pa3pelleHne Kamep
TCIIIT-ODM oTKpbhIBaeT BO3MOXHOCTh ITOJIyYECHUS
pPE3KUX M300paXEHUI MEJKUX 2JIEMEHTOB, TaKHUX,
KaK KaMHU, TIECOK, TTO3BOJIMT OOHAPYXXUTh U3MEHE-
HUS pelibeda, MbIJIeBOE MOKPHITUE U IPYTHMe OCOOEH-
HOCTH MOPOJbI U TTOYBBI, BAXKHbIE 151 yCTAHOBJIEHUS
MPOUCXOXAEHUS TOBEPXHOCTHBIX 3JIeMEHTOB. Ta-
kuM obpazom, TCIITI-ODM MozkeT omnpeaeinuTh Kak
JIOKaJIbHbIE OCOOEHHOCTH pefibea, Tak U OOIIyIo
KapTUHY MECTHOCTH.

KOHCTPYKLHA TCIIT-5M

TCIIII-OM, ycTtaHOBIIEHHasI Ha UCIIBITATCIbHOM
OCHACTKe, MpecTaB/ieHa Ha puc. 2.
ACTPOHOMMWYECKHNU BECTHUK

TOM 57 Ne 5

BCA/DM mnpencraBnsieT coboii pe3epBUpPOBaH-
HYIO BEIYMCJIMTEIILHO-YIIPABJISIONIYIO MAllIMHY C Ha-
0opoM MHPOPMAILIMOHHEBIX MHTEep(EHCOB 1 3HEPTro-
HEe3aBUCUMOM MaMsIThIO IJIsI XpaHEHUS TaHHBIX, pea-
JIM30BaHHYIO B BUje MOHOOJ0OKa. K OCHOBHBIM
(GYHKIMSIM yCTPOIICTBA OTHOCSATCS KOMMYTAIIVS ITH-
TaHUS U yIpaBjJeHUE PabOTOil YeThIpex KamMep Ha
pasziuyHbIX 3Tanax padbotel KA Bk3oMapc-2022,
IpHeM, CKaTre U Iepenada TaHHbIX IJIS1 TPaHCIISIIN
Ha 3eMJI10, a TakKXKe paclIMpeHHbIe MOJIb30BaTe/b-
ckure GyHKIMU 06paboTKN N300pakeHU ! U ypasiie-
HUs (aitioBoil CUCTeMOiT HAKOTIUTE IS JaHHBIX.

BCJ1/5M otnu4gaeTcst 60JbIINM 00BEMOM SHEP-
TOHE3aBUCUMOI aMSITH, YTO ITO3BOJISIET COXPAHSITH B
HEeM HeoOXOAMMbIe MacCUBBI (hOTO- M BUACOAAHHBIX
1o nepenaun B 610k BUIT KA Dk3oMapc-2022.

Kamepsr KAM-0O/DM npemHa3HadYeHBI IJIST yCTa-
HOBKM Ha BHEIIHUX HE3aTEHEHHBIX y4acTKax Kopiyca
KA D9x30Mapc-2022 ¢ 1eabio ToJydyeHUsT 0030pHbBIX
U300paKeHUi OKpyxXKarollleii 0OCTaHOBKMU B TIpele-
JiaxX MoJIst 3peHUs C 11eJ1blo (hOPpMUPOBAHUS KPYTOBO
3aMKHYTOM TTaHOpaMbl B pexume ¢GHOTO- U BUACO-
cbeMKU. [ToyyeHHbIe KamepaMU U300paKeHUs B BUIIE
mudposoro 1oroka mnepenarorcs B BCIA/DM. OcHoB-
HbIe TeXHUYeCcKUe XxapakTeprucTuku KAM-0O/9M npu-
BeIEeHEHI B Ta0. 1.

B KAM-0O/9M wucnonb3yercss MajaohopMaTHBII
IIUPOKOYTOJBLHBIN O0BEKTUB, CIICIIMAIbHO pa3pado-
taHHbIN 111 TCITIT-DM ¢ pOKYCHBIM pacCTOSSHUEM
f=4.8 MM, yrJIOBBIM ITOJIEM 3peHuUs 115° X 115° 1 ot-
HOCUTENbHBIM oTBepcTueM D : f=1: 8.
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Taomna 1. OcHoBHbIE XxapakTepucTuku KAM-0O/5M

ABPAMOB u np.

XapakTepucTUKa 3HaueHue
VrioBoe moJjie 3peHusl, yIjl. Ipa 115 x 115
Yucno pabounx IMMKceaei 2048 x 2048
OTHOCHUTEILHOE OTBEPCTUE OOBEKTUBA 1:8
BrixomHas pa3psaaHOCTh KBAHTOBaHUS, OUT, HE MeHee 8
LIBeTHOCTH RGB
MaxkcumanbHBIi TEMIT CbeMKU, HE MEHee 1 kanp/c
JvHaMu4yecKuit nuarna3oH OOIMHOYHOTO Kanpa, 1b 60
I'PUII (rmybmHa pe3ko n306pakaeMoro IpoCTpaHCTBa) IIPU AUaMEeTpe KPyKKa ot 1.0 mo o°
HEepEe3KOCTU, paBHOM 1.6 TMaroHaJIn MUKCeNsT TaTYuKa U300pakeHus, M, He MeHee
Paspemaroias crirocoOHOCTh, HE XyXke 65 (map TUHUIT) /MM

Taomuua 2. dopmaThl U300paKEHU, MOJIydaeMbIX IIPU paboTe ¢ KaMepaMu

Hlupuna x Bhicora, bunupoBaHue PazpsgHocTh, OUT LiBeTHOCTBH O6beM B namMsT, MOUT
MMUKCENb
2048 x 512 Her 12 RGB 16
1024 x 1024 2x2 14 Monoxpom 16
1024 x 1024 2%x2 14 RGB 16
2048 x 2048 Hert 12 RGB 64

doTomMaTpuia SIBISIETCS BEICOKO MHTETPUPOBAH-
HBIM MHMKPO3JIEKTPOHHBIM IIpUOOPOM, IIpemHa3Ha-
YEeHHBIM IS PETUCTPALlUM ONTUYECKOTO M300paxe-
HUS 1 TIEpeaadu ero B BUae HU(POBBIX BUACOTaHHBIX
Ha BHemrHue ycTtpoiictBa. Ilo pa3paboraHHOI B
MNKHM PAH MeTonuke Kaxaast poTomMaTpulia MpoOXxo-
IUT MpOLENypY HACTpONKHW Iepen yCTaHOBKOW B
mpuodop.

CAM3 CAM2

e - e
- I ; P
CAM4 cami  /
./,

Puc. 3. TopusoHTanbHbie mojs 3peHust kKamep TCIIIT-
DM, yCTaHOBJIEHHBIX Ha ITocamodyHoil 1uratrdopme KA
Ok30Mapc-2022.

ACTPOHOMMWYECKHWM BECTHUK

Ilo CpaBHCHUIO C KaME€paMU, MCITIOJIb30BaHHbBIMUA
B npyrux muccusix, KAM-O/DM wumeer MaTpuily
GOJIBIIIETO pa3pellleHNsI, a TAKKe OOJIBIIOE TI0JIe 3pe-
HUWA, YTO ITO3BOJIMT ITOJYYUTD I/1306pa}KCHI/I$I 3HA4YU-
TCJIBbHO JIYUIIICTro Ka4yeCTBa.

JJ1s1 TOBBIIIIEHUST YACTOThI CheMKH IPU TTOCAAKE B
KaMmepax pealn30BaHO OMHUPOBAaHUE Kaapa, MpU KOTO-
POM pa3Mep n300pakeHns1 yMeHbIaeTcs B 4 pa3a. Mop-
MaTbI n300paxkeHmit, monydaeMble ¢ Kamep TCIIIT-DM,
MNpuBEIEeHEI B Ta0I. 2.

M3 KOHCTPYKTUBHBIX OCOOCHHOCTEN TaK:Ke BazK-
HO OTMETUTh, UTO B a3UMYTAITBHOM TJIOCKOCTHU OITU -
yecKue ocH Bcex yeThipex Kamep (KAM-0O/DM) pas-
HeceHbI Ha 90°, 4To TTO3BOJISIET 00ECICYNUTh TTOJTHBIA
0030p JIMHUY TOPU30HTA 32 CUET IePEKPhIBAIOIINXCS
noJeit 3peHust Kamep (puc. 3). Kamepsl pazMenieHbl
Ha Kpasx ITOCaloYHOM TuIaTopMbl B HeETOCpeI-
CTBEHHOI OJIM30CTH OT BHEIIHETO KOHTYypa Ha cIie-
[MaJIbHBIX KpOoHINTeitHAX (puc. 4).

HA3EMHDBIE UCITBITAHUA TCIIIT-OM

JJsg moATBepXAeHUSI paboOTOCIOCOOHOCTHU
TCIIIT-5M B UKHM PAH O6buta mpoBeneHa cepusi
WUCIIBITAHUM, KaK OTAEJIbHBIX KaMep, TaK U BCeU cu-
creMbl B HejoM. OnucaHHbIE B HaCTOsIIEil cTaTbe
UCIIBITaHUS ObLIM HampaBJeHbl Ha TMOATBEPXIeHUE
FeOMETPUUYECKMX U PAIUOMETPUUECKUX XapaKTepu-
CTUK Kamep, TaK KaK UMEHHO 3TU XapaKTePUCTUKHU
OMpeAessIioT KayecTBO M300paXkeHUi, TepenaBae-
Mbix TCIIIT-OM (Dapsies u ap., 2015).
Ne 5
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Puc. 4. Pacrnionoxenue kamep KAM-O/DOM mnpubopa
TCIIII-DM Ha nocanouHoii Iiatdopme KA Dxk3oMapc-
2022 u yBeIWYEeHHBIN BUI OOHOW M3 HUX (IBE Kamephl
BBLIEJICHbI KPACHBIM U OTMEUEHBI CTPEJIKAMU; OCTaJIbHbIE
JIBe KaMepbl CUMMETPUYHO PACITOJIOKEHbI Ha TTPOTUBO-
MOJIOKHOM CTOPOHE U HE IMOKAa3aHbl).

B xome ncnbITaHmii ObLIN IIPOBEPEHEI CIEAYIOIINE
XapaKTepUCTUKU KaMep:

* MOoJie 3pEHUS;

* paspeliaroiiias CritocOOHOCTb;

* DIyOMHa pe3Ko U300pakaeMoro MpocTpaHCTBa
(TPUII);

* KO3(hGUIIMEHT HEPaBHOMEPHOCTU YYBCTBU-
TEJIbHOCTU KaMep IO TOJII0 3pEHUS;

* a0COIOTHASI YYBCTBUTEIBHOCTh KaMep;
* IMHAMUWYECKUI TUaIta3oH Kamep;
* IMCTOpCUS Kamep.

W3MEPEHME I10J151 3PEHUS
Y PA3PEIIAIOLIEN CTTOCOBHOCTU
KAM-0/5M

ITpoBepka 1oJist 3peHusi IPOBOAUIACH TPU TTOMO-
IIIM MOBOPOTHOTO cToJjia. HampoTuB Kamephnl ycra-
HaBJIMBaJlaCb MUIIIEHb, UMEIOIIIas] YETKO BbIpaXKEeH-
HYIO OTMETKY B 1IeHTpe (puc. 5). [ToBOpOTHHIN cTOI
Bpalliajicsl Tak, 4ToObl OTMETKa IoTlaaajia Ha Kpai
kagpa (puc. 6). PasHuiia B moka3aHMsIX yriia TIOBOPO-
Ta CTOJIa U €CTh YIJI0BOE I0Jie 3peHUsI OObEeKTUBA.
st Bcex kamep KAM-0O/9M noJjie 3peHus 10 TOpu-
30HTaJIM U BEPTUKAJIU cOCTaBmIo 112°.

Jlas ompenelieHUsI pa3pelialplieil ClocoOHOCTU
KaMep UCIIoIb30Balach Ta ke MUIIeHb Siemens Star.
Ona npencrasisger coboit 60 win 120 paguagbHBIX
YepHBIX IITPUXOB Ha OenoM ¢doHe. [Ipu chemke Ta-
KOil MMIIIEHM, Ha OIIPEACIICHHOM pPACCTOSIHUU OT
LEHTpa YepHbIC MOJOCHl HAUMHAIOT CIUBAThCS BME-
CTE U YK€ HeJb3sl pa3IndMTh BU3YaJIbHO ABE OTIEIIb-
HBIE TOJIOCHL (puc. 7). I3MepuB TONILUHY IITPUXOB
Ha 3TOM paCCTOSIHUM, MOXHO BBIYMCIIUTDL paspelia-
IOIIIY10 CITIOCOOHOCTD B ITapax JIMHUI/TIMKCelb, a pa3-
JIEIVB 3Ty BeJIMYUHY Ha pa3Mep IUKCes NepeilT K
oOImenpuHATEIM T1apaM JmHH/MM. [lpenenbHas
paspeliaroiiasi CHoCOOHOCTb 3TOi MaTPULIbI COCTAB-
steT okono 90 map amHumii/MM. OgHaAKo, TaK Kak
MaTpHlia IBETHAsI 1 Ha ee TTMKCEeJIM HaHECCHBI 1IBET-
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Puc. 5. Mumens Siemens Star, HCTOJIb30BaBIIASICS TSI
ompeaeeHUsI pa3pellaiolieii CnocoGHOCTH KaMep B Ipe-
JIeJIax IOJIsl 3pEHUSL.

HBIE CBETOPMILTPHI (6aitepoBCcKMii (pUIBTpP, puc. 8),
TO TIpenebHasT pa3pelnalonas ClioCOOHOCTb YMEHb-

aeTcs mpuMepHO B V2 pas, T.e. 10 65 map Ju-
HU/MM.

Paspenraroniasi crmocoOHOCTh Mo MullieHu Sie-
mens Star ompenessieTcsT CAeAYIOIMMNM 06pa3oM:

* U3MepgeTcd paauyc o0JacTU B MUKCENSIX, T
LITPUXU HEPaA3TNINMBI;

* IIMPHUHA LITPUXOB Ha YKAa3aHHOM pPaCCTOSTHUU
BBIYMCIISIETCSI COIIACHO (hOopMYyJie:

S =2nr/N, (1

Puc. 6. ®parMeHThI KaapoB MPU KPAWHUX MOJTOXKEHUSIX
MUIIEHH.
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Puc. 7. M3o6pakeHue MuiieH! Siemens Star Ha paccTo-
sauu 1 m. KpacHbIM Kpyrom IiokazaHa o0JIaCcTh, IJe
IITPUXH HEPA3TUINMBI.

Puc. 8. ®unbrp baiiepa Ha maTpulie Kamep.

Puc. 9. M306paxeHue rpaHULIbl, 110 KOTOPOU MPOBOAY-
JIOCh U3MEpeHMe paspellaronieii CmocoOHOCTH IO yma-
JICHHOMY OOBEKTY.

e » — U3MEPEHHbI pagnyc; N — 4uCiio IITPUXOB B
MUILIEHN;

* paspelamplasi CltoCOOHOCTb BBIYUCSIETCS CO-
m1acHo popMmyJie:

R =1/(Sp), (2)
Iae p — pa3Mep MUKCeNIsl U 1aeTcs B Tlapax JUHUN/MM.

HM3MepeHust Tpy oMol MUILIeHU Siemens Star
noKa3aju, YTO pa3peliarolasi ClriocOOHOCTbh KaMep
HaxoauTcsl Ha ypoBHe 70 map JUHU/MM.

Taxkxe ObL1a M3MEpeHa pa3peliarlasl crocoo-
HOCTD I10 PE3KOI IpaHuIle YAaJeHHOTO O0BbeKTa ITy-
TeM u3MepeHus GyHKUMY pa3MbiTust rpaHuibl (Edge
Spread Function), mo KOTOpoOii MOXHO BBIYMCIIUTH
dyHkiuio nepegauyn moayiasuuu (MTF). [Inst mpo-
BEepKM Obl1a BELIOpaHa KOHTPACTHAsS TpaHWIIa yaaaeH-
Horo 3naHusi. U3MepeHus1 mokasaiu Te Xe pe3y/bTaThl,
YTO M M3MEpeHUs Mo MuilleHu. B KkadyecTtBe ymaneH-
HOTO 00BbeKTa OblIa BIOpaHa pe3Kas rpaHulia JoMa,
Haxojs1erocs Ha paccrosiHuu 6osiee 400 m (puc. 9).

I'mybuHa pe3ko mM300pazkaeMoro IIPOCTpPaHCTBA
(I'PUIT) onpenensieTcsl Kak AMana3oH PacCTOSTHUIA,
IPY KOTOPBIX KPYXKOK paccessHUs He MpeBbiaer 1.6
nuaroHanu nukceias. @opMyna 11 BbIUMCICHUS
ommxkHen 1 ganbHel rpaaun [ PUIT:

_ Rf’
- Kfz + KRz
; , A3)
_ Rf
R2_z—
f + Kfz— KRz

rae R, — nIuctaHuMs OO INepefHeill TPaHULbI PE3KO
n300paxkaeMoro NpoCcTpaHcTBa; R — mucraHuus ¢o-
KyCUPOBKM; R, — mucraHuMsa OO 3aIHEW IpaHULbI
pe3Ko n300paxkaeMoro MpoCcTpaHCTBa; f — (OKYCHOE
paccTosiHUe 00BEKTHBA B MeTpax; K — 3HaMeHaTellb
reOMETPUUECKOTO OTHOCUTEIBHOIO OTBEPCTUSI 00b-
eKTUBa Wwin guadparMeHHOE YHMCIIO; 7 — OUAMETP
KpYyXKa HEpPEe3KOCTU WU JOITYCTUMBIN KPYKOK pac-
CesTHUSI.

ITo dopmyste BeIUMCIIEHUST ONVKHEH W HATbHEH
rpanul] 'PUII (3) ¢c yueToM TOTO, YTO HA pACCTOSIHUU
2.5 M ¥ Ha yoaJIeHHBIX 00BbeKTaX KPY>KOK pacCesTHUs
3HAYMUTEJIPHO MEHbIIe 1.6 mraroHaau IMUKCes, TT0-
JTydaeTtcs, uyTto OmmkHsg rpannna ['PUIT mexxur He
nanbine 0.5 M, a TafbHSSI TpaHULIa HAXOAUTCS B Oec-
KOHEUYHOCTU. DTO 3HAYMT, YTO IIPH I10Jie 3peHus 112°
rpagycoB U ¢opmarte MaTpuilbl 2048 X 2048 nukce-
Jieit, KaMepbl UMEIOT YIJIOBOE pa3pellleHrue BO BCEM
HaO0JII0JAEMOM IIPOCTPAHCTBE OKOJIo 4’, win 3.5 MM
Ha PacCTOSTHUU 3 M.

ACTPOHOMUWYECKWM BECTHUK Ttom 57 Ne5 2023
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Puc. 10. Pe3ynbraT KOppeKIIMK HEPABHOMEPHOCTH OCBEIIIEHHOCTH 110 TTOJTIO 3pEHUS.

Puc. 11. VicxonHoe n3o0paxeHne CTeHIA M TEOMETPUIECKNA CKOPPEKTUPOBAHHOE M300paXkeHUeE.

W3MEPEHUE HEPABHOMEPHOCTH
YYBCTBUTEJIBbHOCTH, ABCOJIOTHOM
YYBCTBUTEJIbHOCTU
U IUHAMUYECKOTO JIUATA30HA
KAM-0O/5M

HemanoBaxkHbIM MapamMeTpoM Kamep SIBJSIETCS
HEPaBHOMEPHOCTb YYBCTBUTEIBHOCTHU 10 TOJIIO 3pe-
Husl. [llupokononbHble 0OBbEKTUBBI UMEIOT CUJIbHOE
MajieHrue OCBEIIEHHOCTU Ha KpasiX U IS MOJTyYeHUs
pPaBHOMEPHBIX MO BCEMY TOJII0 3pEHUS KaJIpOB HEOO-
XOJIMMO 3HAThb CTEINEeHb 3TOTO TMaAeHUST OCBEIIICHHO-
ctu. JIns udMepeHusl 3TO HEpaBHOMEPHOCTU HC-
nojb30Bajlach KaauOpOBaHHAsI WHTErpUpylolas
cepa. Takas cpepa maeT paBHOMEPHYIO OCBEIIISH-
HOCTb I10 BCEMY MOJII0 3pEHUS, COOTBETCTBEHHO Ma-
JIeHUEe SPKOCTU Ha MOJyYEHHOM KaJipe U OydeT uc-
KOMOI1 HepaBHOMEPHOCTBIO ocBellleHHOCTU. M3Mme-
peHus ToKaszajiu, 4YTO SIPKOCTb B yIJy Kazapa
COCTaBJIIET OKOJIO 15% OT SIpKOCTH B IIEHTpe Kapa,
YTO COOTBETCTBYeT pacueraM. [1o mosyyeHHbIM Kaipam
ObLIM COCTaBJIEHBI TOJUHOMBI KOPPEKIIMU, KOTOPbIE
OynoyT NPUMEHSITbCS TpU 00pabOTKe ITOJy4YeHHBIX

ACTPOHOMMWYECKHNU BECTHUK
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M300pakeHU M OJ1sT KOMIIEHCAIIMU 3TOi HepaBHOMEP-
HocTu (puc. 10).

Hcnonb3oBasiasicss ”HTerpupymoolimnas cpepa ObI-
Jla OTKaauOpoBaHa, T.e. ObIJla M3BECTHA €€ CIIeK-
TpajibHasl SPKOCTh B aOCOJIIOTHBIX BeJIMYMHaX. Takke
OBLTM M3BECTHBI CIEKTpalbHas UYyBCTBUTEIHLHOCTH
MaTpUIBl B KaXIOM M3 KaHAJIOB U CIEKTpalbHOE
nponyckaHue o0beKTUBOB. [TyTeM HeKOTOPBIX MaTe-
MaTHYECKHX OIlepalivii, 3Hast 3T MapaMeTphl U U3-
MEPUB SIPKOCTh peajlbHOrO M300paxkeHUs chephl Ha
KaMepe, Mbl TOAy4YMIM Ko3(dUIMEeHThl abCOJIIoT-
HOW YYBCTBUTEIBHOCTU KaMep, KOTOpEIE 3aTeM HC-
MOJIb30BAIMChH TSI pacyeTa TpeOyeMbIX BpeMEH 3KC-
noHupoBaHus. Tak ke 3TU KaMepbl Telepb MOLYT
OBITH MCITOJIB30BaHBI IS (DOTOMETPUM CHUMAEMOI
CLICHBI.

Euie omHuM mapaMeTpoM, OIpeaesIsTIonIM Kade-
CTBO TOJTy4aeMbIX U300pakeHU, SIBISIETCS TUHAMU-
YeCKUIl OVara3oH KamMep. YHPOIIEeHHO, AWHAMUJe-
CKMIi Iyana3oH OIpeaessieTCsl KaK OTHOLIEHUE SIPKO-
CTU CaMOTO CBETJIOr0 O0OBEKTA, PA3IMIUMOTO KaMepoii,
K SIPKOCTH CaMOT0 TEMHOTO 00BbeKTa, BCe ellle pas3iiv-
yuMoro Ha (poHe 1ryMoB. st KAM-0O/DM caMbiM sip-
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Puc. 12. Kamepst KAM-0O/3M (4 wmr.) npu6opa TCIITT-DM Ha cTeHae, UMUTHPYIOIIEM MocanodHyo riatdopmy KA Dk30-

Mapc-2022 B xone ucnbeitanuii B MK PAH.

KUM O0OBEKTOM SIBJISIETCSI yPOBEHBb 0KoJ10 4095 rpana-
maii ALIIT (potomarpuiibl ocHalIeHbI 12-OUTHBIM
AIIIT), a TeMHOBOI1 IITyM Y HUX HAaXOIUTCS HA YPOBHE
5.5 rpamauuii ALIIl. Takum oGpa3zom, TpuHUMAS,
4TO OOBEKT CTAHOBUTCS pa3IMYUMBbIM, KOTA €ro sip-
KOCTb paBHA BeJIMYMHE IIIyMa, Mbl HAXOIUM, UTO JU-
HaMWYECKUU Irara3oH KaMep COCTaBIIsIeT okoJjio 750
(unu 57.5 nb).

N3MEPEHUE INMCTOPCUN
KAMEP KAM-0O/5M

B 3agaun TCIIII-DM BxoauT cocTaBlieHUE KpY-
TrOBOIi TaHOpaMBbI BOKPYT anmnapara. s aToi 3agaumn
HEOoOXOIMMO MPOBECTU T€OMETPUYECKYIO KAJIMOPOB-
Ky KaMep, KOTOpasl CBSI3bIBAET peaIbHbIC YIJIBI C KO-
opauMHaTaMu Ha Matpuie. M3-3a OonbIIoro Imoss
3peHMsT KaMep U300pakeHUsI UMEIOT CUJIbHbIE MCKa-
XKEHHUSI Ha Kpasx, He ITO3BOJIIONINE Oe3 MOITOIHM-
TeJIbHBIX KaJIMOPOBOK BBIYMCIUTH HampaBJeHUE Ha
00BeKT Ha n300paxkeHun. KaanbpoBka mpoBOIMIach
B (hOoTOrpaMMeETPUIECKOM IIPOTrpaMMHOM obecIiede-
Huu PhotoMod. i KaauOpOBKU HMCIOJb30BAJICS
CTEHJ C paBHOMEPHBLIMU MeTKaMu (puc. 11). BuaHo,
qT0 M300paxkeHne nMeeT hopMy “HOAYIIKK” U Tpe-
OyeT cepbe3HBIX KOPPEKTHPOBOK. B KauecTBe Momenun
JUCTOpCcUU Oblla mpuHSTa (Gopmyna (u3NUECKOi
nuctopcuu (4).

Xeorr = X — klxr2 - kzxr4 - k3xr6 -
— RQx* +r’) = 2Pxy — bx — by,
Yeor = ¥ = kiyr® = kyyr* — ksyr® — (4)
— P2y’ +r") = 2Pxy — ax — ayy,

r2 = X2 +y2.

Puc. 13. Onna u3 kamep KAM-0O/9M nputopa TCIIII-
OM Ha cTeHIe, UMUTUPYIOLLEM MTOCaT0UYHYIO0 IIaThopMy
KA Dkx30Mapc-2022 B xone ucrnbitanuiit B UK PAH.
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Puc. 14. Kanpel, nosrydenasie TCITIT-OM Bo BpeMst (pyHKIIMOHATIBHBIX UCITBITAHUIA.

Puc. 15. Mtoroast naHopaMa, MoJiydeHHasl B pe3yJibTare coenMHeHus yeThipeXx Kaapo TCIIIT-DM.

ITocne xoppekuun uH300paXeHUe CTAaHOBUTCS
“IUTOCKMM ” 1 KOOpAMHATHI Ha HeM HaIIPSIMYIO CBSI3a-
HBI C YIJIOBBIM HallpaBJeHHEeM Ha 00BbeKTHI (puc. 11).
Takue nzobpaxkeHUus y>Ke MOXHO HUCIIOJb30BaTh IS
pemeHust GoTorpaMMETPUUECKUX 3a1a4, HATIPUMED,
IIJISI TIOCTPOEHUSI KPYTOBOI ITAHOPaMBI U TIOCTPOSHUS
TpexMepHOI MoAeu pelibeda BOKPYT armnapara.

OYHKLMOHAJIbHBIE UCITBITAHWA TCIII

ITocne mpoBepKM BeeX XapaKTepPUCTUK KaMep Obl-
JIV TPOBeAEHBI KOMILUIEKCHbIE (DYHKIITMOHAJIbHbBIE UC-
neiTaHusl. B aToOit cTtathbe mMpUBOASTCA pe3yJibTaThl
CcOOpPKM ITAaHOPAMHOTIO M300pakeHUSsI, OMHAKO II0JI-
Hble (PYHKIIMOHAIbHbIEC UCITBLITAHUS BKIIIOYAIU B Ce-
051 MHOXECTBO NIpyrMX NpoBepoK. B Hux Bxoaunu
MPOBEPKU PaBOTOCIIOCOGHOCTA BO BCEX PEXMMAX,
HauyMHasl ¢ MPEAnoJeTHOM MPOBEPKU, 3aKaHYMUBAs
nocankoif Ha Mapc u pabOToO# Ha ero MoBEpPXHOCTH,
pa3IuYHbIC UCIBITAHUS HAOeKHOCTU, TeMIepaTyp-
HBIE€ U BAKYYMHBbIE€ UCIIBLITAHUSI U MHOTOE APYroe.

ist mosyyeHust n1300pakeHUii ObLT pa3paboTaH U
W3TOTOBJICH CTEHN, WMUTHUPYIOIINN I10CAIOYHYIO
mnatdopmy KA Dk3oMapc-2022 B yacTu pacmnoJio-
XKEeHUs MecT KaMep (puc. 12).

CTeHa COOTBETCTBOBAJ KaK JIMHEMHBIM, TaK M YT-
JIOBBIM pa3Mepam nocaaouyHbix MecT KA Dk3oMapc-
2022. Ha puc. 13 nokasaHa omHa U3 KaMep, pa3me-
LIEHHBIX NoJ yrjiaMu B 32.5°.

ACTPOHOMMWYECKHNU BECTHUK
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CreHp 6611 ycTraHoBIeH Ha Kpbilie UKW PAH u
ObUTa TIpOM3BeIeHAa OMHOBPEMEHHAasl CheMKa OKpY-
JKaIOIIero TPOCTPAHCTBA BCEMU YETHIPHMSI KaMepa-
mMu KAM-O/5M. B xone o6paboTKu KaapoB ObLia
ycTpaHeHa HEePaBHOMEPHOCTb YYBCTBUTEIBHOCTH
KaxXImoi KaMmephl. Takke OBLIM NPOBEICHBI IIBETO-
KOppeKIIUsI, TaMMa-KOPPEKIUsSl SIPKOCTU U Apyrue
CcTaHmapTHEIE omepanuu. IlomydeHHBIE M300paxe-
Hus (puc. 14) ObU11 TeOMETPUYSCKU CKOPPEKTUPOBA-
Hbl U TIpU MOMOIIU cHelraiu3dupoBaHHoro I10
CcKJIeeHBI B maHopamy (puc. 15). Hebounblme repena-
IIBI SIPKOCTH MEXIY KaJapaMu 00yCIaBIMBaIOTCS TEM,
4yTO Mpu oOpaboTKe He OblIa ydTeHa abCoItoTHas
YYBCTBHUTEJIBHOCTH KaMep.

SAKJIIOYEHUE

B xome HazeMHBIX MCOBITAHUI OBLIO MOATBEP-
XKIEHO, YTO ONTUKO-(PU3NIECKNE XapaKTCPUCTUKU
TCIIIT-DM 1mo3BOJIST YCOEIIHO BHIIOIHUTD 3a1a4n
Hay4YHOU MUCCHUMU.

Hcrnonb3oBaHHBIE ITPU pa3paboTKe KOHCTPYKTOP-
CKHU€, TEXHOJIOTMYECKNE U MPOrpaMMHbIE pELIeHUS
ob6ecrreunBaror g TCIITT-DM:

« TIOJTHBIN KPYTrOBOi 0630p KaMepaMu;

 TIOJIyYEeHHE PE3KUX U300pakeHU BO BCEM UH-
TepBaJie paCCTOSIHUIA;

* TIOJIyYeHHE LIBETOBOM MH(OpPMALIVHN;
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* LHI/IDOKI/Iﬁ IMHAMWYECKUI TUAITa30H IJIS1 CheM-
KN KaK OCBCIICHHbIX, TaK M 3aTCHCHHbBIX Y4YaCTKOB
ITIOB€PXHOCTH,

o JTOCTHXXEHHUSI KOMITPOMHUCCA MEXAY pa3sMepoM
n3o0paxkeHUss (C Yy4eTOM Y3KOM IIMPUHBI ITOJIOCHI
MPOITYCKAHUSI pPaguoOKaHajla) U ero KayeCTBOM 3a
CUET MWCIOJIb30BAaHUSI OITUMAJIbHOIO aJropuTMa
CXKaTUSI U300paKeHMSI.

C yyeToM 4pe3BBhIYaiiHOI BOCTPEOOBAHHOCTH Ka-
YeCTBEHHOI (pOTO- 1 BUACOMHPOPMALIUUA OTKPbIBa-
IOTCSI mepCIeKTUBEI Mcnoib3oBaHus TCIIIT-OM ms
VCCIENOBAaHNSA TaKXKe U APYIMX HEOECHBIX TENl B CO-
cTaBe OyoylLIMX KOCMUYECKUX aIlliapaToB.
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