CrekTpajibHble IPHOOPLI
Spectral Devices

VIIK 528.7,681.78

SKCITEPUMEHTAABHBIN OBPA3EI] HINPOKO3AXBATHOTI'O
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[MpencraBien psii HawOosee 3HAYMMBIX HAYYHBIX DE3YyNbTAaTOB, TOJNYYCHHBIX Ha Kadenpe Quanueckoil onTH-
KM 1 TPUKIAIHOW MH(POPMATHKH TIPH BBINOJHEHUH 3aJaHuil o mporpammaM CorozHoro rocynapcrsa «Kocmoc-HT»
n «Monutopuar-CI'». B pamkax mocnemHeii co3naH SKCIEPUMEHTAIBHBIA 00pa3el] ONTOIEKTPOHHOTO CKaHEepa C CHC-
TEMOI perucTpanuu, XpaHeHus U 00pabOTKU JaHHBIX B COCTABE MHOTOCIEKTPAJIbHOrO MH(PAKpacHOro pajnoMerpa.
AHanm3upyeTcst CTPYKTypa yKa3aHHOTO 00pasila U TeXHHYECKHE XapaKTePUCTHUKH €T0 COCTAaBHBIX YacTel: almapaTypsl
yTpaBiIeHUs] (POTONPHEMHBIM yCTPOHCTBOM, CHEIHNATN3NPOBAHHOTO BHEOMpoOLEccopa, OI0Ka CHHXPOHU3ANNH, OoKa
YIJIOBOTO CKAaHMPOBAHUS U KamOpaTopa nHPppaKpacHOro GoTONpHUEMHHUKA.

Kntroueswte cnosa: >xciepuMeHTaIBHBIN 00paserr; (OTONpPHEeMHOE YCTPOUCTBO; ONTOAIEKTPOHHBIN CKaHEp; BUICO-
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PROTOTYPE OF A WIDE-ANGLE OPTOELECTRONIC SCANNER
WITH A SYSTEM FOR DATA RECORDING,
STORAGE, AND PROCESSING
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M. R. PASLIADOVICH?®, S. N. SHARASHKIN*

*Belarusian State University, 4 Niezalieznasci Avenue, Minsk 220030, Belarus
Corresponding author: A. A. Minko (minko@bsu.by)

Most significant scientific results obtained at the department of physical optics and applied informatics in this field
within the scope of the Union State Research Programs «Kosmos-ST» and «Monitoring-US» are presented. The goal of
the Monitoring-US Project was the development and manufacturing of a prototype of the optoelectronic scanner with
a system for data recording, storage, and processing as a part of a multispectral infrared radiometer. The structure of the
developed prototype is analyzed; the technical characteristics of its components such as the control equipment of photo-
detector device, specialized video processor, synchronization unit, angular scanning unit, and infrared photodetector
calibrator are given.

Key words: prototype; photodetector device; optoelectronic scanner; video processor; infrared photodetector calibrator.

BBenenue

Hayunble nccnenoBanus Mo cO3AaHNUI0 aHTEHH KOCMUYECKHUX allapaTroB Hadajiuch B bemopycckom rocy-
JapcTBEHHOM yHUBepcuteTe B 1970-x rr. mon pykoBoactBoM pekropa BI'Y akanemuka A. H. CeBueHko u po-
pekropa 1o HayuHoi padote JI. B. Bonozapko.

B oGnactu pa3zpaboTku anmaparypbl 1 METOAOB JUCTaHIIMOHHOTO 30HAupoBanus 3emin (/133) u3 kocmoca
nccaenoBanus Hadatel B 1985 1., BosmiaBisiembie pektopoM bI'Y akamemukom JI. Y. KuceneBckum u B Ty Topy
KaHAuAaToM (pu3nKo-mMaTeMarndeckux Hayk b. 1. benseBbiM (HbIHE — TOKTOP (DPM3HKO-MaTEeMaTHYECKUX HayK,
mpodeccop).

Ha xadenpe dpusndeckoii ontuky' paboThl MO CO3NAHMIO ATMAPATYPhI IS 30HAUPOBAHHS 3eMII B HH(pa-
kpacHoM (MK) nunamazone Bexgytcst ¢ 2003 . (A. A. Munbsko, M. H. KoBanenko) no nporpammam Coro3HOTo
rocynapctsa «Kocmoc-CI'y, «Koecmoc-HT» [1; 2] u «Morutopunr-CI» [3].

MOHHTOPHHT OKpY>KaloLIel CpeAbl M Ype3BbIUAHbIX CHUTYalldi HEBO3MOXKEH Oc3 MPHUBIICUCHHS JaHHBIX
HaOmoaeHus 3eMin U3 KocMoca. B HacTosimee BpeMs Uil CbeMOK U3 KOCMOca Han0oJiee 4acTo UCTIONb3YIOTCS
MHOTOCTIEKTPaJIbHbIE ONTHKO-MEXaHUYECKNE CUCTEMBI (CKaHEephl), YCTAaHOBJIEHHbIE Ha HCKYCCTBEHHBIX CITyT-
HHUKaX 3eMJIM pa3IMyHOro Ha3HaueHus. [Ipu momomu Takux cucteM (GOpMHUPYIOTCs H300paKEeHNUs, COCTOSIINE
13 MHOKECTBA OT/IEIIBHBIX, TIOCIIEIOBATEIBHO MTOTYyYaeMBbIX JIEMEHTOB. TepMHUH «CKaHHPOBaHUE» 0003HAYAET
pa3BepTKy M300paXeHUs IPU MTOMOIIN CKAaHUPYIOIIETo IeMEHTa (Kadarolerocs Win Bpallaloerocs 3epKa-
J1a), I0JIEMEHTHO IPOCMATPUBAIOLIETO MECTHOCTD MIONIEPEK ABUKEHUSI HOCUTEIS U MOCHUIAIOLIETO Ty YUCThII
MOTOK B OOBEKTUB U Jlajiee Ha TOYEUHBIA AaTYMK, TPEoOpa3yoUInii CBETOBOM CUT'HAM B 31eKTpudyeckuii. Cka-
HEepHbIe N300pakeHUs] MOYKHO TIOYYHTh BO BCEX CIEKTPANIBHBIX JHMara3oHax, HO 0COOCHHO () EeKTHUBHBIMU
siBysitoTes BUuauMbld 1 UK-auanason [4; 5].

B nmannoii paGore paccMaTpuBaroTCs BONPOCH! pa3paboTKH clieKTpanbHoW anmaparypsl st [I33 B UK-
oOactu criektpa. DG PeKTUBHOCTH a’dpokocMuueckoit UK-cheMku 00ycioBiieHa yCTOMYNBBIMUA MHINKAIIHOH-
HBIMH CBOMCTBaMH TEMIICPATypHOI'O IMOJISI MHOTHX OOBEKTOB M SIBJICHHI Ha 3eMHOW IMOBEPXHOCTH, KOTOPBIE
HE 00HAPY)KUBAIOTCSA JPYTUMH JUCTAaHIIMOHHBIMU MeTonamMu. BaxubiM nocronnctsoMm MK-cbhemkn siBisercs
BO3MOJKHOCTB IOJTy4aTh HH()OPMALIKIO KaK B THEBHOE, TaK ¥ B HOUHOE BpeMsl.

CTpyKTypHasi cxemMa IKCIePUMEHTAJIbHOI0 00pa3ua
IIHPOKO3aXBATHOI'0 ONTO3JIEKTPOHHOIO CKaHepa
€ CHCTEeMOM perucTpamnum, XpaHeHus U 00padOTKM JaHHBIX

Hawmu 6b11 pa3paboTan 1 H3TOTOBIICH SKCIIEPUMEHTATBHBIN 00pazerr (D0) IIMpoK03aXBaTHOTO ONMTOAIIEKT-
POHHOTO CKaHEpa ¢ CUCTEMOM PEeTUCTPallNK, XPaHCHHUS 1 00pa0OTKU TaHHBIX B COCTaBE MHOTOCIIEKTPAIHHO-
ro MK-paguomerpa s criyrHukos J133. Pabora npoBoauiiacs coBmectHo ¢ ®I'VIT « L ITHU W Maiuy, riae Obut

'Kadenapa (usnueckoii onTHKH cosnana B centsaope 1953 1. Bosrmasun kadenpy A. H. Cepuenko u pykoBomui eio g0 1978 r. ITozxe
kadenpy Bo3mmasmsm: M. P. [locnenoBua (1978-1979), A. M. Benbsckuit (1979-1981), 1. I1. 3atekoB (1981-1993). C 1993 . kadenpoit
¢msnyeckoit ontuku (¢ 1 centsaops 2017 r. — kadenpa Gpuznueckol ONTUKHN U MPUKIAAHON HHYOPMATHKH) PYKOBOAUT A. A. MHHBKO.
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MOJTYYeH MHOTORJIEMEHTHBIN MHOTOCTIeKTpanbHbid MK-oTonpruemuuk u ontuueckas cucrema hopMupoBa-
HUs n300pakeHus, a Takke ¢ [ ocygapcTBeHHBIM onTHYeCcKUM HHCTUTyTOM nMenn C. 1. BaBuinosa, rje mpo-
BOZATCS pabOTHI MO CO3/IaHUI0 MHOTORJIEMEHTHOTO MaTpUYHOTO MHOTOCTIEKTpaitbHoro MK-(hoTonpuemunka
n UK-teneckona.

90 muUpOKO3aXBaTHOTO OITOIIEKTPOHHOTO CKaHepa C CUCTEMOM PEerHCTpaIliy, XpaHeHus u oO0paboTKU
JAHHBIX BKJIIOYACT: almaparypy yrpasieHus: poTonpueMHbiM ycrpoiictBoM (DITY), crienmanu3znpoBaHHbIid
Bujeonporeccop (CB) mnsa ®ITY, 6ok cuHXpoHHM3aIMU, OJIOK YITIOBOTO CKaHMpoBaHus, kaiubparop MK-
(oTorpreMHHKa C 3JICKTPOHHO-MEXaHUUECKUM MPUBOJOM. CXeMa TIOIKITIOUSHHSI COCTaBHBIX YacTel mpuBe-
JieHa Ha puc. 1.

Crienaan3upoBaHHBIN " " Anmnaparypa <:> OITY
BHJIEOINPOLIECCOP l 'l ynpasinenus OITY

Puc. 1. Ilogxmouenne cocTaBHBIX yacTeit DO MHUPOKO3aXBaTHOTO ONTOIEKTPOHHOTO CKaHepa

Fig. 1. Connection of the components of the prototype of a wide-angle optoelectronic scanner

Amnmaparypa ynpasienus: OI1Y npenHaszHavueHa /i perucTpanuy n300paKeHus ¢ YeThIpeX JIM0O MIeCTH
MarpuaHbix UK-poronpuemunkos. OHa Takke MO3BOJIIET KOHTPOJIUPOBATh UX OCHOBHBIE ANIEKTPUUYECKUE Ta-
paMeTpbl ¥ I3MEPSITh pabouune HaNpspKeHHS U Temriepatypy. C MoMOIIbI0 CUCTEMbI (POPMHUPYIOTCS BCE MTOCTO-
SIHHBIC U UMITYJILCHBIC HAMIPSHKCHUS YIIPABICHUST MYJIBTHIIEKCOpOoM (hoTornpreMHUKOB. [locTosTHHBIE HANps-
JKEHHS PETYIUPYIOTCS C MTOMOIIBIO 12-pa3psiiHbIX 1 poaHanorossix npeodpasosareneit (LIAIT). BoerxogHoi
curHajn (poTonmpueMHHKa MOCTynaeT Ha 16-pa3psaHbli aHamoro-udposoi npeodpasosarensb (ALIIT) Omoka,
npeoOpasyercs B UPPOBYIO GOPMY H ITEPEAaCTCs B KOMITBIOTED, TJIe TPOUCXOJUT U3MEPEHHE €ro TapaMeTpoB.

Bxomsunii B cucremy KoHTposuiep opMupoBaHus cHHXpocurHaioB u Bujeo LIATT obecnieunBaeT co3na-
HHE KOMITO3UTHOTO BHJICOCUTHANA JUIs pocMoTpa m3o0paxkenus ¢ MK-dortonpruemMHnka Ha TeIeBU3HOHHOM
MOHHTOpE.

Amnmaparypa ynpasineHus OITY coctouT U3 31eKTpOHHBIX ONoKoB ¢ uHTEepdericom LVDS ans ckopocrt-
HOW Tiepeliayyl JIAHHBIX BUJICOIpOIieccopy, OPMUPOBAHHUS YIPABISIONINX CUTHAIOB B COOTBETCTBUH C IHU-
KJIOTPaMMO# paOOoThl PaTUOMETPOB M CUMTHIBAHUS MaHHBIX OT 16-paspsnubeix ALIL. Ha puc. 2 moxasanbl
COCIMHEHHS OT/ICIBHBIX OJIOKOB MEXITy COOOH M ¢ OTOTPUEMHUKAMH.

Brox popmupoBanus
YIPaBJISIONINX >

CUTHAJIOB MHuorokaHaIbHBIH

UK-¢poronpreMHUK
C CHCTEMOM
Brnox
CUMTBLIBAHMS TaHHBIX

OXJIXK/ICHUS
Puc. 2. CtpykrypHas cxema anmnaparypsl ynpasinerus OI1Y

bnok
YIIpaBiIeHUs
DITY

Fig. 2. Block diagram for the photodetector control unit

[MuTanue anmmaparypsl OCYIIECTBISIETCS] OT KOMIIbIOTEpa 1o HHTepdelicHbiM kademsm USB unu LVDS.
OcnosHble mexHuueckue xapakmepucmuxu annapamypul ynpagienus @IV :

Yucno BBIXOJIHBIX KAHAJIOB MOCTOSTHHBIX PETYIUPYEMbIX HANPSKEHUN 24
Uuncno BEIXOAHBIX KaHAJIOB UMITYJIbCHBIX PETYIUPYEMbIX HapsKEeHUH 15
Jnana3oH peryinupoBKH ITOCTOSIHHBIX HANPSKEHUI 0-5B
ITorpemHoCTh YCTaHOBKH ITOCTOSIHHBIX M UMITYJIbCHBIX HaIPsLKEHUN +1 %
Uucno Bxonubix kaHanoB ALITT 24
AMIUTUTY/IA BXOJHOTO HarnpsibkeHust 6moka AL 5B
Yucno pazpsanoB AL 16
Iena maaamero paspsaa ALII 0,5 MB
Ywucio BXoaHBIX HHPOPMAITHOHHBIX KaHaioB TTL 2
Yucno BEIXOAHBIX HHPOPMAHOHHBIX KaHaioB TTL 2
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Yucno LVDS-untepdeiicor 240 M6/c 1
Uucio USB-unTepdeiicoB 1
Yucno RS422-unrepdeticos 1

CB npegnasHaveH Jyis perucTpanuy n300pakeHui ¢ 4eTbIpex 100 mectu Marpudabix MK-dotonpruemMunkos
C 3aIUCHIO HA HAKOIIUTEJIb OJTyYeHHBIX JaHHBIX. OH TakKe I03BOJISET YCTaHABIMBATh IAPAMETPhI PETUCTPALIUN
UK-n300pakeHn, IUTEIBHOCTh CEaHca 3alicH, OCHOBHBIE AleKTprdeckue napameTpsl UK-dotonpruemMuukos
1 U3MEPATH paboune HapsLKEHNS U TEMIIEPaTypy (POTONPHEMHHUKOB, OCKOJIBKY COAMHEH IIOCPEICTBOM HHTEP-
¢eiica USB ¢ anmaparypoit ynpasienust @ITY. CB MoxeT UCIONB30BaThCsl B CTEHJIAX BBIXOAHOTO M BXOJHOTO
KOHTPOJISL (JOTONIPUEMHHUKOB IPU UX TPOU3BOICTBE U IIPOBEICHUH UCTIBITAaHUH.

Buneonpoueccop obecrieunBaeT BEIBOA BUICOCHTHATIA KAKAOTO (POTOMPUEMHOTO MOJYJISI Ha CTaHAaPTHBIN
MOHUTOP (AMCIUICH), IPEABAPUTEIIbHYIO 00padOTKY 3aperuCTPUPOBAHHBIX JAHHBIX U ()OPMHUPOBAHHE MacCH-
BOB JIJaHHBIX B COOTBETCTBUU C TOIIOJIOTHEN Pa3MEIIeHHs YyBCTBUTEIbHBIX 3JIEMEHTOB, 3aMCh U BHIYUTAHNE
TEMHOBOT'O CUT'HaJ1a, KOPPEKIHIO YyBCTBUTEILHOCTH 1 XpaHEHHE.

B nponecce peructparuu currana ¢ @ITY Bugeonpoeccop coXpaHseT B aMsTh HHGOPMAIHIO 00bEMOM
10 4 I'6 s mocnenytoeii 00pabOTKH U BOCIIPOU3BEACHUS YIIPABISIOINM KomnbioTepoM. CB obecrnieunBaeT
CHHXPOHHU3AIUIO TIPOIlecca CYMTHIBAHUS NaHHBIX co Bcex PIIY kak moa mporpaMMHBIM yIpaBICHHEM, TaK
U IO MOCTYIUIEHHIO BHEIIHETO CUHXpOCUTHaNA. [lepron moCcTyIuIeHnsl CHHXpOCHTHAJIa COCTABIISET HE MEHEe
2 MC ¥ 331a€TCs C TOYHOCTHIO 110 =1 %.

Buzaeonpoueccop coCTOUT M3 CIEAYIOMINX SIEKTPOHHBIX KOMIOHEHTOB (puc. 3): OnoKa LEHTPalbHOTO
nporieccopa PC104+, tBepnorensHoro SATA-aucka, MOy sl TaMsITH KaapoB, MOAYIS IM(POBOI 00paboTKn
BUICONOTOKA PEaIbHOTO BPEMEHH, OJI0Ka MUTaHMS.

Monynb nudpoBoit 00padOTKH BUAEONIOTOKA PEaJbHOIO BPEMEHH IIPEAHA3HAUCH 11 BBICOKOCKOPOCTHOI'O
(o 240 M6/c) oOMeHa TaHHBIME C KOMITBIOTEPOM M MoayJieM (oTonprueMHUKOB. OH 00ecTieunBacT nepeaavy
1 ipueM 32-pa3psaHblX TaHHBIX B KoMmbiotep 1o mmHe PCI 33/66 MI'. Momyins COeauHAETCS C KOMITBIO-
tepoMm uepe3 untepdeiic PC104+. CtpykrypHas cxema MOIyYJIsl IPUBEICHa Ha pHcC. 4.

WnTepdetic, Oybeproe O3Y nannbpix, O3Y k0dQPUIMEHTOB KOPPEKIIMHA U TEMHOBOTO TOKa (POTOIIPHEM-
HUKa, a TaKke uHTepdelic Kk (horonpueMHHUKY peaiu3oBanbl B nporpammupyemoii [IJIMC. PCl-unrepdeiic
BBITIOTHEH B BHJIE spa Ha si36ike VHDL. LVDS-unTepdeiic k Moaymro GpoTorpreMHrKa U3TOTOBIIEH Ha 0a3e
CXEMHI cepuanuzaropa-aecepuanuzaropa DS92L.V18.

Monynb conepxut 32 nudpoBEIX KaHaJIa BBOJA-BbIBO/A, CHAOKEHHBIX Oy(epHBIMH YCHIINTEISIMH, obec-
MEYMBAIOLIIMH €T0 3aIIUTY MPU MOJKIIOUYEHHH K BHEUTHUM yCTPOMCTBaM.

B monyne ¢ ucnonnenuem PC104+ gononnurensHo copepxkutcs LIAII AD5328 ¢ 8 aHanoroBeiMu BbI-
X0/laMH. 3HaYEeHNE BBIXOJIHBIX HANPSKEHHH 3a7aeTcs ¢ MOMOIIBIO YIPaBIISIONIeH MporpaMMbl KOMITBIOTEpA.
Kpome LAII, monyne ¢ ucnonnenuem PC104+ conepxkut 16-pazpsansiit ALIII AD7686 ¢ uensamu cMenieHust
JUTS TIOJIKJTIOUSHHS] TATYUKOB TEMIIepaTyphl, BCTPAUBAEMBIX B (JOTOIPHEMHHUK WJIH CUCTEMY.

VYnpagisiiomnias nporpamMma 00ecreuynBaeT peryJIupoBaHie BhIIIETIEPEUHCICHHBIX YCTPONCTB, a TAKKE BbI-
BOJI B pealibHOM MaciTabe BpeMEHH BBIXOJHOTO CHT'HAJA ¢ ()OTONPUEMHHUKA Ha SKpaH MOHUTOPA.

CB s poTonpreMHOro ycTpoiicTBa paboTaeT ToJbKO ¢ anmnaparypoit ynpasnenus OIIY u nogxmodaeTcs
¢ momorpio nHTEepdeiicHpx kadeneit LVDS (tuna IEEE1394) u USB.

Ocnoenvie mexuuueckue xapaxmepucmurxu CB:

Uwncno oJHOBPEMEHHO 00CITyKUBaeMbIX (DOTONPUEMHBIX YCTpOcTB  4/6

MakcuMainbHasl 4acToTa puema JaHHbix ¢ OITY 30 MI'g
WHuTepdetic BUacOoaHHBIX C ammmapaTypoi ynpasnenus OITY LVDS
VYrpasinstomuii unTepdeiic ¢ annaparypoit ynpasienust ITY RS422/USB
WuTtepdeiic 21eKTpOHHOTO KITFoYa USB
BydepHas mamsaTh TEMHOBOTO CUTHAJIA BUACOINIPOLIECCOpa 1 M6
Bydepnas namsaTe k03 UIHEHTOB KOPPEKIIMU CUTHANA

BUJIEOIIpOLIECCOPA 1 M6

Pa3zpabotannsiii CB obecrnieunBaeT >IEKTPONUTAHAE anmaparypsl ynpasiaenus OI1Y, yctaHoBKy He00xo-
JTUMBIX PEKHMOB NMUTaHHUS (POTONPUEMHUKA, U3MEPEHUE M 3AIIOMHUHAHAE MACCHBOB COOTBETCTBYIOIIUX BBI-
XOMHBIX JaHHBIX. OH comepkut DSP-01moku 11t KOppeKIuH BUACOIIOTOKA CO BCeX (DOTOMPUEMHBIX MOIYJIEH
B peaJIbHOM BPEMCHU.

Jlnist peructpanyu n300pa)keHus y4acTka 3eMHOW MOBEPXHOCTH € MOMOIIBIO OMTOAICKTPOHHOTO CKaHepa
B cocraBe MHoOrocrekrpaibHoro MK-pamguomerpa HEOOXOIMMMO CHHXPOHU3UPOBATh MOTOK AaHHBIX oT MK-
(OTOTIPUEMHHKOB C MOJIOKEHUEM CKaHEpa M yIJIOM MMOBOPOTa CKAHUPYIOIIETo 3epKaia. DTy 3a/iady periaeT
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: Brox nenTpansHoro Monynb
Brox maranus nporeccopa PC104+ <:> MaMSTH KaJpoB
TBepaoTenbHbIH Monyns mudpoBoii 06paboTkn
SATA-auck BUJICOIIOTOKA PEaIbHOIO BPEMEHU

Puc. 3. CrpykrypHas cxema CB
Fig. 3. Block diagram of a specialized video processor

O3V ko3¢ punneHToB
KOPPEKI[H TEMHOBOTO
TOKa (hOTOIPHEMHHKA

1I

<:> LVDS-unrepdetic
¢doTonpueMHuKa
PCl-unrepoeiic y
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Puc. 4. CtpykrypHas cxema MOayJis idpoBoii 00pabOTKK BHICOMOTOKA PEAbHOIO BPEMEHH
Fig. 4. Block diagram of the digital processing module for real-time video stream

OJIOK CHHXPOHHU3AIINHU, KOTOPBI KOHCTPYKTUBHO COCTOMT W3 TUIATHI CITyTHUKOBOM HaBuranuu NV08C-CSM-
BRD, onto3nekTpoHHOro JaTyrKa MOJIOKEHHS CKaHUPYIOLIETo 3epKajia U HHTepQercHbIX kabenei. Crernua-
JIU3UPOBaHHAs TOANpPOrpaMMa O0EeCIeUMBACT CHHXPOHHU3AIMI0O MOTOKa MaHHbIX oT MK-doronmpuemHukon
C METKaM{ BPEMEHH, TOIyYEHHBIMU OT OJIOKa CHHXPOHU3ALINH.

[Inara cmyTHUKOBOM HaBHTAIMM O0ECIIEUMBACT OMpEeNIeHUE MONIOKEHHS (MTO3UIIMOHUPOBAHNE) CKaHepa
¢ momotipio ciryTHUKOB GLONASS n GPS 1 BeIpaOoTKY MMITYJIECOB, CHHXPOHH30BAHHBIX C YacaMH CITYT-
HUKOB. OMNTOANEKTPOHHBIA AaTUYMK IOJIOKEHHSI CKAaHUPYIOIMIETO 3epKalla CIYKHUT IS KAIUOPOBKUA JaHHOTO
IOJIOKEHMSI B PETIEPHON TOUKE.

30 mHMPOKO3aXBATHOTO ONTOIEKTPOHHOTO CKaHEpa C CUCTEMOM PerucTpaliy, XpaHeHus: 1 00paboTKH JaH-
HBIX B cocTaBe MHorocrnekrpaibHoro MK-paguomerpa st ciyraukoB JI33 mpencrapisier co0oit yecTporHcTBO
JUTSI TIOITyYeHISI N300paKeHNST OOBEKTOB B TEIUIOBOM JHAIa30HE (TETTIOBHU30D).

YUToOBI HIMETH HH()OPMALIHIO O TEMIIEPAType HAOIIOAAEMBIX 00BEKTOB, HEOOXOIUMO OTKATHOPOBATH MPHEM-
HuK UK-n300paxkeHnss kak MUHIMYM I10 TPEM MCTOYHHUKAM M3ITydeHHs pa3Hoi Temreparypsl. [locie kammo-
POBKH TETJIOBHU30P NPEAOCTABISIET HE TOJIBKO BH3YaJbHYIO, HO M LHU(PPOBYIO HH(GOPMALIUIO O TeMIIEpaType
00BEKTOB B KaXKJI0M TOUKE n300pakeHus. Takoi TerioBu3op HasbiBaeTcst UK-pagnomerpom.

AOCOIOTHO Y€pHOE TEJIO — IVIaBHbIM HCTOYHUK KaJTUOPOBKHY sl CPEIHE- U JUTMHHOBOIHOBBIX MK-1osoc
(ot 3,5 mo 14,4 MKM) — clleqyeT CIPOCKTUPOBATh TaK, YTOOBI MOJYIMIACH MTPAKTHUCCKA HEOTPaKArOIIas
MOBEPXHOCTH, TOYHO COXPAHSIOINIAsl CBOIO TEMIIEPATYPY U MO3BOJISIONIAS OMPEETUTh TeMIIepaTypy GoToHa
¢ nomomibio MK-pagromeTpa 1mo 3padky 4epHOTO Tea.

AstroHomubIi UK-panuomerp (ynpaBisgeMblii JUCTAaHIIMOHHO) JIOJDKEH UMETh COOCTBEHHBIN BCTPOCHHBIN
KanuOparop, KOTOPBIH TeHEpUPYET TEIIOBOM MOTOK OT M3JIydaTellsl C ero MpPOrpaMMHO 3aJaBaeMoOl TeMIie-
parypol, 4ro obOecriednBaeT paJioOMETPHUYECKYIO, CIIEKTPaIbHYI0 W TPOCTPAHCTBEHHYIO KanmnOpoBky MK-
(horonmpuemHmKa paguomMeTpa. B Hamem cirydae 3TaTOHHBIM H3ITydaTeNIeM CIIY>KUT HarpeBaemas IIacTHHA —
MOJIeNTb a0COIIOTHO YEPHOTO Tela.
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B BI'Y paspaboran u um3rotoBieH uctouHuk MK-nzmydenus: — xanuOpaTtop, KOTOPBIN HacTpauBaeTCsl Ha
3amanHyto Temmeparypy B nuamasone 30—90 °C ¢ Tounocteio mo 0,01 °C. B cocraB xanubparopa BKITIOUCH
MIPEU3UOHHBIN JaTYMK TeMIepaTypsl Ha TepMomeTrpe conpotusienus TM293-02, korntponnep PID-perynsatopa
Ha nporeccope C8051F350, comepkammii B coctaBe 24-paspsianbiii curma-aensra AL, [HTMM-perymstop
MOIITHOCTH HAarpeBaTeIbHOTO JJIEMEHTa YEepHOTo Tenia, paspaboraHHoro B locynapCTBEHHOM ONTHYECKOM
nHctutyTe uMenn C. M. BaBuioBa crenuanbHO /7Sl MCIIONB30BaHUS B OOPTOBBIX CHCTEMax KaJTHOpPOBKH.
Temmeparypa kanubparopa 3a1aeTcsi MPOrpaMMHO.

Koncrpykuus yepHoro tena — KaJmbpaTopa MO3BONSIET H3MEPATh TEMIIEPATypy € MOMOIIBI0 TEPMOMETpa
conporusienus. Conporupienne Harpesarens 0,6—0,7 OM pu HOpMAIILHBIX aTMOC(EPHBIX YCIOBHsIX. Mak-
CUMAJIFHO JIOMYCTUMBIM UTHTENbHBIN pexuM dkcmuryaranuu 180 °C (kparkoBpemenno mgomyctumo 200 °C).
[pu 180 °C nuranue kanuOparopa COCTaBISET MPUOIUZUTENHHO 3,5 B MOCTOSHHOTO HANPSIKEHUS TIPU TOKE
4 A. Jlns 6onee GBICTpOro HarpeBa /10 HEOOXOIUMOM pabodeli TemnepaTypbl IPOBOIMINCH UCTIBITAHUS C TIO-
nadeit Hanpspkenust 7-8 B npu Toke 8—9 A Ha KopoTKoe BpeMms.

Kanubparop 3axperuisiercs Ha BpaIlaromeMcsi AUCKe C JOTOJHUTENFHO YCTAaHOBJICHHBIM Ha HEM 3epKa-
JIOM Y IUPOKOANIEPTYPHOU anadparMoil U pa3MeniaeTcsi MeX/y ONTHYECKOH crcTeMol pamuomerpa u MK-
¢doronpuemankoM. TakuM 00pa3zom, UMEeTCsl BOZMOXKHOCTD 33J1aTh TeMIIeparypy KalTuOpOBKH, BBECTH KalHO-
parop B ONTHYECKHUH MyTh PaOMETPa, OTKPBITH MOCIEIHUH IS HAOIIOACHUS! OOBEKTOB Yepe3 ONTHYCCKYIO
crcTeMy WM 3aKpbiTh MK-(hoTonpreMHNK ITyXuM 3epKaioM Jist PUKCalui COOCTBEHHBIX TETJIOBBIX IITYMOB
MpUEMHUKA.

3aKjaoueHne

B pazpaboTanHoii 1 cO31aHHOM anmaparype NpUMEHEHBI AIEKTPOHHbIE OJIOKK 00pabOTKK BHICOCUTHAIA,
BKITIOUAsi KOPPEKIIMIO Ha TEMHOBBIE IIyMbI U CIIEKTPAIBHYIO YyBCTBUTEILHOCTH (POTOTPUEMHHUKA. DTH OIOKH
BBITIOJTHSIFOT MaTEMaTHYECKHUE TPOLICYPhI 0€3 MPHUBIICUEHUS TPOIECCOPOB, UTO obeceunBaeT Oonee 3 hek-
TUBHOE OBICTPOJCHCTBIE H MUHUMAJIbHOE MCIIOIh30BaHHE PECYPCOB OOPTOBOM AIIEKTPOHHUKH [0 CPAaBHEHHUIO
C CYIIECTBYIOIIMMH B HACTOAIIEE BpeMs cUCTeMaMHu. [IpruMeHeHne anmapaTHoi 3aucy BUIeoCHrHaa B ra-
MSITh OOPTOBOTO KOMITBIOTEPA TAKXKE PUBOAUT K SKOHOMHH €T0 PECYPCOB, IPU 3TOM HE UCIIONB3YETCSl PEKUM
npsimoro pocryna (DMA) B maMsiTh KOHTpoILIepa G0pPTOBOM BEIYUCIUTEIBHON CUCTEMBI.

st Becex 6mokoB 1 DO ONTORIEKTPOHHOTO CKaHepa BBITIOIHEHBI JTA00paTOpHO-OTIa[0YHbIC UCTIBITAHUS
B bI'Y u HUU [1®IT umenu A. H. CeBuenxo bI'Y na crenne «Kamenus» (puc. 5).

Pazpaboranbl mporpaMma W MeToiMKa HCHbITaHud. Bee Onmokn u cuctembl D0 IMUPOKO3aXBaTHOTO OIITO-
ANEKTPOHHOTO CKaHepa MPOILIH MeTposiorudeckyio arrecranuio B PYIIL «benl MMy (cBUIeTEnHCTBO O METPO-
noruueckoit arrectauu 01 Ne 10-50). B 2017 r. nposenena anpobarus D0 B O VI « [ THUMMam» (. Koponés,
Poccust) (puc. 6), koTopast mokas3ajia BO3MOKHOCTh UCTIOIB30BaHUS TAHHOW armapaTypsl sl CO3MaHUs MPOTO-
tuna cnytHuka /133 B MK-quana3zone.

Puc. 5. icnpitanus 6mokoB DO-ckanepa Ha KoMmiuiekce «Kamenusn.
Acnupant 0. A. Kpot ¢ HayuHBIMH PyKOBOAUTEISIMU
b. U. bensieBrim (ciieBa) U A. A. MuHbKO (cripaBa)

Fig. 5. Tests of blocks of the scanner prototype on the «Camellia» complex.
Graduate student Yu. A. Krot with his research supervisors
B. I. Belyaev (left) and A. A. Minko (right)

36



CnexTpaiabHble NPHGOPHI
Spectral Devices

Puc. 6. 90 onrtoanekTpoHHOro ckaHepa B coctase MK-panuomerpa
Ha anpoOarmu B OI'VIT « [ THUMMam» (r. Koponés, Poccust)

Fig. 6. Testing of the prototype of an optoelectronic scanner
as a part of the TsNIIMash IR radiometer FSUE (Korolev, Russia)

WcnbiTanus TOKa3bIBAOT YHUKAIBHOCTh MOJTy4eHHOro D0 MIMPOKO3aXBaTHOTO OMTOICKTPOHHOTO CKaHepa
MHoOrocrekTpaiabaoro MK-paanomerpa ¢ cucteMoil periucTpaiiy, XpaHeHust 1 00paOOTKY TaHHBIX TSI CITy THH-
k0B /133 1 menmecooOpa3HOCTh €ro HCITOB30BaHusI ITPH co3manuy armaparyps! 133 B Poccum 1 bemapycu.

[pencraBnenHas anmnaparypa yHUBepcallbHA U MOKET UCIIONB30BAThCS € (POTONMPHEMHBIMU YCTPOUCTBAMHU
paznuaHoTro (hopMara M CIEeKTPaIbHOTO UAITa30Ha.
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