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TexHUYecKue pelleHu1s NpuU co3gaHnum 06beKTUBOB
ANS AUCTaHLMOHHOIO KOCMUYEeCKOro 30HAMPOBAHMSA
3emnu onpenensioT kKayecTBo nepegaBaemMon
reomHdopmaumu. B ctaTbe pacCMOTpPeHbI
MAeosiorMyeckme noaxoabl K KOHCTPYKLUSAM
ONTUYECKUX CXEM 06BEKTUBOB runepcnekTpasibHOM
CbeMOo4YHOW annapaTypbl HabaaeHUs

M permctpauum. OnmncaHbl ycioBMS NpUMeEHeHUs
06bEKTUBOB pas/IMYHbIX K/IACCOBB B annapartype
CMYTHUKOBbIX CUCTEM.

CHOBHBIM HCTOYHMKOM MAAHHBIX I/ Leo-

MHPOPMALIMOHHBIX CHCTEM C/IyXKaT pe3ysb-

TaThl JUCTAHIIMOHHOIO KOCMHYECKOTO 30H-
nupoBaHUs. OpOUTaTBHBIE KOCMHYeCKHe CIIyTHUKHU
Ha OCHOBe IapaHTHPOBAHHBIX KOHTPAaKTOB obecrie-
YUBAIOT HHPOpPMALIMeN TOCyZAapCTBEHHBIE CTPYK-
TYpBl. BypHOe pa3BUTHe BHIUKC/IUTETPHON TEXHUKHU
IIpUBeO0 K BBICOKOMY CIIPOCY Ha KOCMHYECKYIO
nHPopManuwo [1]. IIpy 3TOM KOMIIAHHUH-OIIEePaTOPEL
B KOMMepUeCKHUX Lie/IIX UCIIONb3YIOT YacTh pecypca
(oxomo 50%) mst OpMHUPOBAHM S KOCMHYECKHUX H30-
OpaskeHHI CBEPXBBICOKOTO paspemleHHs. TouHOCTb
reorpapuuecKkor IMPUBSI3KH K [eTaJIBHOCTh IIONTY-
yaeMbIX H300paskeHHI I103BONSIOT GOPMHPOBATH
Ha HX OCHOBe KapThl U IJIAaHBI KPYIIHOIO MacITaba.
XoTs paHee 3TO MOXKHO OBIIO OCYIIECTBUTH TOJIBKO
C MCII0NIb30BaHHEM a3POPOTOCHEMKH.

CerofHs C IIOMOIIBIO POCCHHMCKHUX KOCMHYECKHX
anmnapartoB "Pecypc-II" Ne 1 u N2 2 BriepBbIe OCYILIeCT-
BJseTCsl AeTajbHOe IINMPOKOIIOJIOCHOe IHIIepCIIek-
Tpa/bHOe OIITHKO-31eKTPOHHOe HabimomeHHe 3eM-
HOM II0BePXHOCTH [2].

JlemudprupoBaHUe U OIpefeleHHe, HAIPH-
Mep BHJA U COCTOSIHHUSI PACTHUTENIBHOCTH, HUAEHTHU-
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During the development of lenses for remote space
sensing of Earth, the technical solutions determine
the quality of transmitted geo-information.
Ideological approaches to the constructions of optical
arrangement of lenses of hyperspectral surveying
instruments for surveillance and recording are
considered in the article. Conditions of use of the
lenses of difference categories in the equipment of
satellite systems are described.

esults of remote space sensing serve as the
R main source of data for geo-information

systems. Orbital space satellites on the basis
of guaranteed contracts provide information to
the state agencies. Rapid development of computer
engineering resulted in high demand for the space
information [1]. At the same time, the companies-
operators use part of the resource (about 50%) for
commercial purposes in order to generate the
space images with ultrahigh resolution. Accuracy
of geographic reference and degree of detail of
obtained images allow forming the map and plans
with large scale on their basis. However, previously
it was possible only with the use of aerophotography.

Nowadays, using the Russian spacecrafts
"Resurs-P" No. 1 and No. 2 the detailed broad-band
hyperspectral electrooptical observation of earth
surface is performed for the first time [2].

For example, deciphering and determination
of type and state of vegetation, soil identification,
structure of contamination film on the surface of
water refer to the shortlist of activities, which can
be performed by hyperspectral space photographs.
The peculiarity of hyperspectral video recording
equipment of the spacecrafts "Resurs-P" consists
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AHTeHHa 60pTOBOIO CUHXPOHM3NPYIOLLLEro
KOOPANHATHO-BPEMEHHOrO YCTPOMCTBA
Antenna of the onboard synchronizing
coordinate and timing device

O6begnHeHHas
fBuraTenbHas ycTaHoBKa
Integrated propulsion system

AHTEeHHa KOMaHAHO-U3MepUTEIbHON CUCTEMbI
Antenna of command measurement system

ArperaTHblii 0TCek
Accessory bay

barapes
Battery

CVNOBOM r’MpOCKONMYECKNIA KOMMIEeKC
High-power gyroscopic system

ONTUKO-3/1eKTPOHHAA annapaTtypa
Electrooptical equipment

bnok onpefeneHns KOOpAMHAT 3Be34,
Star position measurement unit

M3mepuTenb yri1oBon CKOpocTm
BOJIOKOHHO-ONTUYECKMI C aKcenepomeTpa
Fiberoptic rate-measuring device

on the accelerometer

Puc.1. Annapam "Pecypc-1"
Fig. 1. Camera RESOURCE I

MpnBOpPHbLIN OTCEK
Instrument bay

OTcek LeneBon annaparypbl
Special-purpose equipment bay

MpocnekTpanbHaa annapaTypa
Girospectral equipment

AHTEHHOe YCTPOMCTBO BbICOKOCKOPOCTHOWM
pagnoavHUK

Antenna of high-rate radio-frequency
transmission line

KomnneKc WmpoKo3axBaTHON
MyIbTUCMEKTPasbHOM annapaTypbl
Wide-coverage multispectral equipment system

NHbpakpacHbIZ NOCTPOUTENb MECTHOM BEpTUKANU
IR local vertical pointer

AHTEHHa KOMaHAHO-M3MepUTeIbHON CUCTEMDbI
Antenna of command measurement system

¢uKaL M IOYBBI, COCTaBa IIJIEHKH 3arpsS3HeHHS
Ha [I0BePXHOCTH BOJBI — BOT JIUIIb HeOOJIBIIOK ITepe-
YeHb 3a/ja4, KOTOPBIe II03BO/ISIOT BBIIIOTHUTH FHUIIEP-
CIIeKTpa/IbHble KOCMHYeCKHe CHUMKHU. OCO6eHHOCTh
TUIIePCIeKTPATBHOIO CBEMOYHOT0 060pymOBaHUS
anmnaparoB "Pecypc-II" 3akiaoo4aeTrcs B BO3MOXKHO-
CTH IIpOBe[leHUs OJHOBPEMEHHOM CBEMKH OFHOIO
U TOTO K€ yYaCTKa 3eMHOM II0OBePXHOCTH B HECKOJIb-
KHUX Y3KHX CIeKTPaJIbHBIX [Hama3oHax or 0,4
1o 1,1 MKM. DTO II03BO/ISIET I10/1y4aTh BEICOKOMHPOP-
MaTHBHBIe H306paskeHUsI 3 MHOM [TOBEPXHOCTH IJIsI
pelleHMA 3a4ayv 3aKa3duMKoB - MuHODpHpoabl Poc-
cuu, MUC Poccum, Poccenbxo3a, PocprlbonoBCcTBa,
Pocruppomerta U gp. (puc.l).

Annapatel 'Pecypc-Il' He ycTymawmoT IO Kaue-
CTBY MHOQOPMALIUM, IIOTy4YaeMOH C aHAJIOTMYHOM
anmaparypsl lkonos 2 (CIIA) u Pleiades (PpaHIms).
CpaBHUTeIbHAS OLIEHKA MMaHXPOMATHYECKHUX CHHUM-
KOB, IIOJIYUYeHHBIX C 3THUX allllapaToB, IIOATBepPXK-

in the capability of simultaneous surveying of
the same section of earth surface within several
narrow spectral ranges from 0.4 to 1.1 pm. It
allows obtaining the high-informative images
of earth surface for the solution of the tasks
of customers: Ministry of Natural Resources
and Environment of the Russian Federation,
Ministry of Emergency Situations of the Russian
Federation, Ministry of Agriculture of the Russian
Federation, Federal Agency for Fishery, Federal
Service for Hydrometeorology and Environmental
Monitoring of Russia etc. (Fig. 1).

The spacecrafts "Resurs-P" are not inferior
with respect to the information received from the
analogous spacecrafts Ikonos 2 (USA) and Pleiades
(France). The comparative evaluation of panchromatic
photographs taken from these spacecrafts proves the
absence of significant differences in their graphic
and informative properties (Fig. 2).
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Puc.2. CudHetl, Ascmpaaus, ¢omo c annapama
"Pecypc-I1" Ne 2

Fig. 2. Sydney, Australia a photo made with camera
RESOURCE No.2

JaeT OTCYTCTBHe CYIIeCTBEHHBIX Pa3/MUUHN B HX
n306pa3suTeNbHEIX U MHOOPMATHBHBIX CBOMCTBAX
(puc.2).

KocMmuyeckue amnrmaparel BecbMa 3PeKTHUBHO
pellaloT caeAyIolKe 3a4auH:

e cocTaBleHHe U OOHOB/IeHHe obIereorpadude-
CKHX, TeMaTH4YeCKHUX U Tolorpadrieckux KapT;

* KOHTPOJIb 3arpsi3HEHHS OKpPY’KAIOIlel Cpembl,
3KOJIOTMYeCKUH KOHTPOJIb B pAOHAX I'€0/I0r0pas-
BeJJOYHBIX PaboT U mOOBIYM MOJIe3HBIX HCKOIA-
eMBbIX, KOHTPO/Ib BOJOOXPAaHHBIX U 3aIOBeIHBIX
pPalioOHOB;

* HMHBeHTapHU3allus IPHUPOLHBIX PecypcoB (cemb-
CKOXO3SHCTBeHHBIX K JIECHBIX YLOOHH, IIacT-
611y, parioHOB MOPCKHX ITPOMBIC/IOB), CO3/IaHHe
3eMeJIPHOTO0 KaJacTpa U KOHTPOJIb XO3SHCTBEH-
HBIX ITPOLIeCcCOB AJIsi obecriedyeHUS PallMOHAIBHOMN
JesSTebHOCTH B Pa3/MUYHBIX OTPACISAX XO3SH-
CTBa;

« uHbopMalMOHHOe obeclleyeHHe IIOMCKA 3aIa-
COB HepTH, IPHPOJHOIO ra3a, pyAHBIX U JAPYTHX
MeCTOPOXK/AEeHHI [10JIe3HBIX HCKOIIaeMBbIX;

* KOHTPO/Jb 3aCTPOMKH TepPUTOPHI, IOIydeHHe
OAHHBIX [JISI MHXeHEePHOM OLIeHKH MeCTHOCTH
B HHTepecax XO351ICTBeHHOMU [leSITe/IbHOCTH;

* uHPOpMalKMOHHOe obecreueHue /1 IPOKIAAKH
MarucTpajied U KPYyIHBIX COOPY>KeHHH, aBTOMO-
OUIBHBIX, JKeJIe3HBIX AOPOr, HepTe - U ra3oIpo-
BOJIOB, CICTEM CBSI3H;

+ OLIeHKA JIe[JOBOM 0OCTaHOBKHU;

e HabnomeHHe PAHOHOB YPe3BBIYANHBIX CUTYALUH
C Ile/Ibl0 MOHUTOPHUHIA CTHUXMHHBIX 6elCTBUI,
aBapHH, KaTacTpod, a TaKKe OLleHKH HX IOoC/Ie]-

136 ®POoTOHMKA N24/58/2016

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m ONTUYECKME YCTPOUCTBA M CUCTEMbI I
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Spacecrafts solve the following tasks in very
effective manner:

« compilation and update of general geographical,
thematic and topographic maps;

« control of environmental contamination,
ecological control in the regions of geological
exploration works and mineral resources
mining, control of water conservation and
protected areas;

« inventory of natural resources (agricultural
and forest lands, pastures, offshore operation
areas), compilation of land cadastre and control
of economical processes in order to ensure the
rational activities in various sectors of economy;

« information provision of the search activities
with respect to oil, natural gas resources, ore
and other deposits of mineral resources;

 control of building development, obtainment of
data for engineering evaluation of the area for
the benefit of economic activities;

« information support for laying the mainlines
and large-size buildings, motor roads, oil and
gas pipelines, communication systems;

« evaluation of ice situation;

« surveillance of emergency areas for the
purpose of monitoring of natural disasters,
accidents, catastrophes and evaluation of their
consequences and planning of remediation
activities.

It is obvious that the number of tasks for
future spacecrafts will be expanded. The technical
solutions of optical schemes of the lenses intended
for use in the systems of space surveillance have
the crucial importance in ensuring the quality
of information received from satellite systems [3].
In particular, they will allow maintaining the
competitiveness of electrooptical instruments
of the Russian spacecrafts in future, which are
planned for launching in the years to come. Let us
consider four types of optical schemes, application
of which significantly expands the number of tasks
made with respect to the satellites of remote Earth
sensing.

One of these tasks consists in the study of
lightning, specifically one of its new types, which
was recorded for the first time entirely by accident
in 1989 and received the name "sprite". Sprite refers
to the rare type of lightning discharges, a certain
likeness of lightning striking in mesosphere and
thermosphere. It is difficult to distinguish between
different sprites but it is well known that they
occur during the period of heavy thunderstorm at
the height of 50-130 kilometers (at the same time,
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CTBUM M IJIAHUPOBAHUSI BOCCTAHOBHTE/IbHBIX

MepOIIpUATHH.

OueBH/HO, UTO KPYT 33/au 414 OyAymMux KOCMU-
YeCKHX aIllaparoB OymeT pacmiupsaThbcsi. Ompepens-
Iolllee 3HaueHHe B obecreyeHHH KauecTBAa HHOP-
MalKH, IIOJy4aeMOH CO CIYTHHKOBBIX CHCTEM,
pHo6peTaroT TeXHHUYeCKHe PelleHHs! ONTHYeCKHX
cxeM 06BbeKTHBOB, IpeJHa3HAaUeHHBIX AJISI HCIIOJb-
30BaHUS B CUCTeMaX KOCMHYeCKoro HabmroneHus [3].
VIMeHHO OHH II03BOJAT B OyAyIleM COXPaHUTb KOH-
KyPeHTOCIIOCOOHOCTh ONTHKO-3IeKTPOHHOM aIIapa-
TyPBl POCCUMCKHX KOCMHYECKHUX alIlapaToB, IIJIaHU-
PyeMBIX K 3aI1yCKy B 6/IK>KaMIIKe rofsl. PaccMOTpUM
4yeThlpe THUIIA OITHYECKHX CXeM, [IPUMeHeHHe KOTO-
PBIX 3HAYMTe/IbHO paclIUpsieT KPYT 3ajJla4d, Bo3jiarae-
MBIX Ha CIIYTHUKH JUCTAHIHOHHOIO 30HJHUPOBaHU I
3eMu.

OpHa M3 TaKMX 3ajJa4y - H3y4YeHHe MOJHUH,
a KOHKpeTHee — OFLHOTO M3 HOBBIX BHJOB MOJHUH,
BIIepBble COBEPILEHHO C/Iy4alHO 3adUKCHUPOBAHHOIO
B 1989 roAy u MONy4YHBIIero Ha3BaHHe 'CIIPAHT'.
CHopauT - pefKHUH BHJ, I'PO30BBIX Pa3psilioB, HeKoe
nomobue MonHUM, Obioulelt B Me3ochepe U TepMo-
cepe. CIIpaMTHl TPYAHO Pa3IHYKMMBI, HO U3BECTHO,
YTO OHH IOSABJISIOTCS B CHJIBHYIO T'PO3y Ha BBHICOTE
ot 50 1o 130 kM (IIpy TOM, YTO BBICOTA 06pa3oBaHUS
"0OBIYHBIX' MOJHUHI He 6osee 16 KM) U OOCTHUILAIOT
[0 60 KM B AJIMHY U 10 100 KM B fraMeTpe. CIPanThHI
MOSIBJISIIOTCS 4epe3 [ecsiTble NOJM CeKyHJBl II0CjIe
ydapa O4YeHb CHJIPHOM MOJHHH M JJISTCS MeHee
100 Mc 1 yamle Bcero pacIpoCTPaHSIOTCS OLHOBpe-
MEeHHO BBepX M BHU3, IIpUYeM pacCIIPOCTpaHeHHe
BHI3 3aMeTHo bosblne u 6pICTpee.

COopauThl MHOIOLBeTHB. Pa3HHIA IIBETOB
0OBSCHSIETCS. PAa3IUYHBIM J[aBIeHHEM H COCTa-
BOoM aTMochepsl Ha pa3HBIX BbICOTaX. Ha BhICOTe
70 KM a30T faeT KpacHoe CBe4deHHUe, a 4eM OHKe
K 3eMmse, TeM Oosbllle AaBJIeHHe U KOJIHYECTBO
KHCJIOpOoJa, U LBeT ClIpaliTa MeHseTCd Ha CUHUH,
rony6om u 6enbir. Jo cuX MOp 0 QU3HUUYeCKOHN MpHU-
pole CIPanTOB HM3BeCTHO KpaKnHe Mano. dorto,
IIpeLCcTaBJeHHOe Ha PpHC.3, IOKa3blBaeT, Kak
BBICOKO MOIYT MOLHSTBCS CIIPAHWTBI, U CO3[aeTCd
BIle4YaT/eHHe, YTO OHH, HapsAAy C IMOJAPHBIMHU
CUSIHUSIMH, MeTeopaMH KU cepeOpUCTBHIMHU 065a-
KaMH, KaK Obl IPUKACAIOTCS K KPalo 0KOJI03€MHOT0
IIPOCTPAHCTBA.

Y4YUTEIBaSg HalH4YHe LBeTHOCTH Yy CIPaHTOB,
ONTHYeCKas CUCTeMa, [03BOJSIOMIAS IIPOBOAUTD UX
perucTpanuio, JOoIKHA UMeTb Y3KHUI pabouuil Criek-
TpasbHBIM AHama3oH. M3 rabapUuTHBIX cO0OpaskeHU M
ero IIMPHUHY IlenecoobpasHo obecredUTh BCTPOEH-
HBIM UHTEPOEPEeHIIHOHHEIM QUIBTPOM.

i1

Puc.3. Cnpalimbi Had Benbaueli (pomo ¢ MKC 14.08.2015)
Fig. 3. Sprites over Belgium. Photo made from International
Space Station on Aug. 14th, 2015

the height of formation of "standard" lightning
is not more than 16 kilometers) and reach up to
60 km in length and 100 km in diameter. Sprites
occur in tenth fractions of second after the strike of
very severe lightning and last for the period of less
than 100 milliseconds; most often they propagate
simultaneously upwards and downwards, and the
propagation downwards is noticeably larger and
faster.

Sprites are polychromatic. The difference
between colors can be explained by the various
pressure and composition of atmosphere at different
heights. At the height of 70 km the nitrogen gives
red luminescence, and the closer to earth the
greater pressure and amount of oxygen are, and the
color of sprite changes to blue, light blue and white.
Up until now, we have very little information about
the physical nature of sprites. The photograph given
in Fig. 3 shows how high the sprites can rise, and

Puc.4. Cxema wupokoy20nbH020 06sekmusd F=9 mm
Fig. 4. Layout of wide-angle lens, F=9mm
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[ pelleHHs 3TOH 3aJadH
6Bl pacCYUTaH CBETOCHJIbHBIM
IIHPOKOYTONBHBIH  0OBEKTHUB
(prc.4) co BCTPOEHHBIM HHTep-
bepeHITMOHHBIM UIBTPOM, 06e-
CIIeYUBAIOMKUM PabOUUM CIeK-
TPajAbHBIM AHamnasoH oT 0,7769
mo 0,7779 MKM. OOBeKTHUB KMeJ
¢dokycHoe paccTtosHue F=9 MM,
OTHOCHUTEJIbHOe oTBepcTtHe 1:1
U yIJI0OBOE I10J1e 3peHus 98°. Brico-
Kasi CBeTOCHJIa M Heobxogumoe
KaueCcTBO M300paskeHUS B Ipen-
CTaBJIeHHOM  CeMHJIMH30BOM
06BbeKTHBe MOCTUTAIOTCS ITpPUMe-
HeHHeM cIiocoba dYeperoBaHHUS
BBICOKHMX M HH3KHX IIOKa3aTesler
[IpeIoMJIeHUsl CTeKoI. KOHCTpyK-
THUBHBbIe JaHHBle 00BeKTUBA IIPHU-
BefleHHl B Tabnule. IlonydeHHas
cXemMa C IPUBeJEHHBIMH TeXHU-
YeCKMMH XapaKTepHUCTHUKaAMH
peanun3oBaHa C BECOBBIMH IIOKa-
3aTeisMU B Ipegenax 1070r.
PacueTHEle 3HAa4YeHHS pa3sMepoB
KPY>KKOB pacCesHHUsI U IPpaPUKHU
YaCTOTHO-KOHTPACTHBHIX XapaKTe-
PUCTHUK O006BEKTHBA IIPHBEEHBI
Ha puc.5u 6.

Tak KaK [JOaHHBIH o06bek-
THB OTHOCHTCSL K KJIACCy IIHPO-
KOYLOJIbHBIX CHCTeM, BecCbMa
MHTEpPeCHBIMH C TOYKH 3peHHs
obecrmmeyeHHsI  NOCTOBEPHOCTH
IMojay4aeMoM KOHEYHOM Kap-
TUHKUA SABAAIOTCA 3Ha4yeHUS
OUCTOpCHUU. [paduk [HUCTOP-
CHM W KPUBHU3HBL I10/I5 IIOKa3aH
Ha puc.7. COrNacHO IONYyUYeHHBIM
pesynbTaTaM, HpU pacyeTe ynaa-
JI0OCh JOCTUYb JUCTOPCHUHU, BeJIH-
YMHa KOTOPOM He IIpeBBbINIAeT
27,9%. UTo B IpUHIMUIIE ABJISIETCI
KJIaCCUYeCKOM BeJIHYMHOM JIMC-
TOPCUU /I CTOIPaZlyCHOro 06b-
eKTHBAa. BIHMSIHHMe TaKOH [JIHC-
TOPCHMH [OCTAaTOYHO HaIJSIIHO
JeMOHCTPUPYIOT  HMCKa>kKeHHS,
BO3HHKAWOLIHe IIpU Ilepefade
n3obpaskeHUs KBajpara (puc.8).

He MeHee akTHBHO IIpHU Befe-
HUU HabNIOmeHUN C KOCMHYe-
CKMX allllapaToB HCIIONb3yeTCs
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KOHCTPYKTUBHbIE AAHHbIE LUIMPOKOYro/IbHOro 06beKTrBa
Constructive data of wide-angle objective

Mapka cTekna

N A=0,7774 MKM

AvameTp NNH3, MM

128,23 . K5 124
47,21 1,47305270 26
- 317 1,0 -
-651,6 o i 36
58,21 1,56603702 20
- 149,1 1,0 _
5.3 40 T®10 46
51,4 1,78686388 3
- 10 1,0 _
181,13 . 2ns 46
~608,1 2,31607373 26
- 2 1,0 _
MnockoCTb . - 46
MNocKoCTb 1,51080178 26
- 2 1,0 _
96,36 . 7ns 43
312,6 2,31607373 3
- 8 1,0 _
28,25 » K 43
21,48 1,47305270 34
- 19 1,0 _
41,69 s 7ns 35
312,6 2,31607373 3
- 9,04 - _
MnockocTb K8 24

15 1,51080178
' (3aWMTHOE CTeK10)
rnockocte (Protective glass) 24
- 10 1,0 _
MAOCKOCTh B MA0CKOCTb U306paXkeHus ~
Image plane
=800 | 2=l Dey 3p= 9,0 MM AN=0,7769-0,7779 MKM
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Puc.5. Pazmepbl Kpy»KKos paccesiHus 0bsexmuga F=9 mm
Fig. 5. Size of circles of diffusion of lens, F=9 mm
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Puc.6. M'paguxu YKX obeekmusa F=9 mm
Fig. 6. Curves of contrast transfer function of lens, F=9 mm

cpesHHM M MK-nHamasoHBl JJIMH BOJH, IO3BOJISIO-
IIKe [IPOBOJHTDL ChbeMKY CKBO3b ABIMKY, TYMaH, CMOT,
IIBLIB, ABIM U 06/1aKa. YUUTHIBASI, YTO OPOUTAIBHBII
ammapaT MOXKeT IIPOM3BeCTH IIOBTOPHYIO CBEMKY
OJHOTO M TOLO K€ y4acTKa 3eMHOH II0OBEePXHOCTH
TOJIBKO C WHTEPBAJIOM B TPH AHS, aKTYaJbHOCTb
TaKOH 3a/a4y CTAHOBUTCS OYeBUTHOM.

Jnsi HonydeHUs ONepaTHBHOM HHPOpPMaLlMU
B HebJIarompUsTHBIX YCIOBHUSX KOCMHYeCKHe aIlla-
paThl OCHAINAKOTCS OINTHYECKUMHU CHCTEeMaMH,
paboTarom MU B Pa3IMUYHBIX CIIEKTPAJIbHBIX AHalla-
30HaX. ECTeCTBEHHBIM CTpeMJ/IEHHEM IIPU pelleHUuH

it appears that together with aurora, meteors and
noctilucent clouds they seem to touch the space
edge.

Taking into account the presence of chromaticity
in sprites, the optical system, which allows
recording them, must have the narrow operating
spectral range. Due to dimensions, it is reasonable
to provide its width with built-in interference
filter.

In order to solve this task, the high-aperture
wide-angle lens (Fig. 4) with built-in interference
filter, which provides the operating spectral range
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Puc.7. Fpaguku ducmopcuu u Kpusu3sHbl noast obsekmusa
F=9 mm

Fig. 7. Distortion curves and lens field curvature curves of
lens, F=9 mm
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Puc.8. VckaxxeHue keadpama, obycaosaeHHoe ducmopcuel
obvekmusa F=9 mm

Fig. 8. Distortion of a square caused by lens distortion,
F=9mm
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Puc.9. Cxema 08yx0uana3oHH020 obsekmusea F=300 mm
Fig. 9. Layout of double-range lens, F=300 mm.

TaKHX 3a/a4 CTAJIO OCHAIIeHHe CUCTeM HabIIooeHU A
He MHOXXeCTBOM OOBbeKTHBOB AJisl PabOTHI B OTHENb-
HBIX [OHalla30HaX CIeKTpa (BUOUMOM, OIMKHEM,
cpensHeM MM Ja/IbHEM HUK-guamasoHe), a obwek-
THUBAMH, CIOCOOHBIMM PaboTaTh B HECKOIBKHUX
OHATIA30HaX.

CrmenuanpHO AL 3TOM ILenu ObII  paccuu-
TaH LLBnyLHana30HHLIﬁ 300-MM O6BEKTUB (pHc.9)
C OTHOCHUTEJIBHBIM OTBepcTHeM 1:3,5 u pabounmu
cnexkTpaMu AA;=(0,4-0,9) MkM u AA,=(1,5-1,7) MKM.
[lonyuyeHHasi cxema C IIPUBeNEHHBIMU TeXHHYe-
CKUMH XapaKTepHUCTHKAMH peaiM30BaHa C Mac-
COBBIMHM IIOKa3aTenssMU B Ipenenax 1680 rpamm.
KavecTBeHHBle XapaKTepPUCTUKHU [ABYXAHAIla30H-
HOoro ob6bekTHBA B KakJoM pabodeM [mualiaszoHe
npencTaBaeHbl Ha puc.10-11. CraemyeT OTMeETHTB,
4yTto mpu pacdyere YKX o0b6BeKTHBA NPHUHSATH Cie-
AyIOIIHe BeCOoBble KOIPOUIMEHTHI [/ Pa3sTHYHBIX
IOJIUH BOJH pabodux [OHAIMa30HOB. B nuamasoHe
A)\I: 0,4 mxm - 0,4; 0,5 mxm - 0,6; 0,6 MKM - 1;
0,7 mkm - 1; 0,8 mxm - 0,6; 0,9 mkM - 0,3. B guana-
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from 0.7769 to 0.7779 pm, was estimated. The lens
had the focal distance F=9 mm, relative aperture 1:1
and angular field of view 98°. High light intensity
and required quality of image in the suggested
seven-lens objective are reached using the method
of alternation of high and low refractive indices of
glasses. Constructive data of the objective is given
in table. Obtained scheme with specified technical
characteristics is implemented with weight indices
within the limits of 1070 g. Calculated values of
sizes of confusions circles and graphs of frequency-
contrast characteristics of the objective are given in
Fig. 5and 6.

Since this objective refers to the category of
wide-angle systems, the distortion values are very
interesting from the point of view of reliability
of obtained final image. Craph of field distortion
and curvature is shown in Fig. 7. According to
the data obtained during calculations, it was
managed to achieve the distortion, value of which
does not exceed 27.9%. And in general this value
is the classical distortion value for hundred-
degree objective. Influence of such distortion can
be demonstrated in quite graphic manner by the
distortions, which occur during the transmission
of square image (Fig. 8).

During the surveillance from spacecrafts, the
medium and IR range of wavelengths is also actively
used; it allows performing the recording through
the haze, mist, smog, dust, smoke and clouds.
Taking into account the fact that orbital spacecraft
can perform the repeated recording of the same area

Puc.10. Mpaduxu YKX ob6vexmusa F=300mm,
AA,=(0,4-0,9) mkm

Fig. 10. Curves of contrast transfer function of lens,
F=300 mm, AA,=(0,4+0,9) pm.

Puc.. Mpaguxu YKX obsexmusa F=300 mm,
AA,=(1,5-1,7) mkm

Fig. 11. Curves of contrast transfer function of lens,
F=300 mm, AA,=(1,5<1,7) ym
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30He A)\Z: 1,5 mxMm - 0,5; 1,55 MM - 0,7; 1,6 MKM — 1;
1,65 MmkMm - 0,7; 1,7 MKkM - 0,5.

[J1aBHOM 0COO@HHOCTBIO TaKOro 06beKTHBa, pabo-
TAIOIIero B CIIeKTpa/ibHOM AuamasoHe 400-1700 HM,
SABJISI€TCSL BO3MOKHOCTBb OIpele/ieHHs COCTOSSHUSA
atMocdepnl, HIOeHTHUOUKALHUKM U GUKCHUPOBAHUSA
0CO6BIX COCTOSIHHUM 3eMHON IIOBEPXHOCTH, OTHeJb-
Hble COCTaBJIAIOLIMe KOTOPbIX MOIYT 3HAaUHTE/IBHO
BIMSATh Ha KaudeCTBO H300paskeHHusi. Hampumep,
AHAMU3UPYysT CHUMKH, IOJy4YeHHBIe C IIOMOIIBIO
TaKoro o6beKTHBa, MOXKHO besible 06/1aKa OTIUYHUTH
OT CHera U JIp[la, a pasHble BUABI IIBUIM KU JObIMa
B BO3[lyXe - OT BOASHOIO I1apa.

OmHako nans 6omee TOUHOM U 3beKTHBHOU
KOPpPeKIMM CHHUMKOB MCIIONb3YIOT OIITHYeCKHe
CUCTeMBI APYroro Kjacca — 3TO AJIMHHOQPOKYCHBIE
O06BEKTHUBBl MaJIOTO IOJSI 3PeHHUs, NpenHa3HaYeH-
HBle, KaK IIPaBHUJIO, Ojs paboTel B OZHOM U3 CIIeK-
TPaJIbHBIX JHUAIIa30HOB.

[l pellleHMs TaKHUX 3aJay B Y>Ke pPacCMOTpPeH-
HBIX CIIeKTPaJIbHBIX JHAIla30HaX AA=(0,4-0,9) MKM
u AA,=(1,5-1,7) MKM MOXHO HPHUMEHHUTH IpeJ-
CTaBJIeHHBle HUKe MIHHHOQPOKYCHBIe OOBEeKTHBEI
C ¢oxkycHBHIM pacctosHHeM F=440 MM, OTHOCH-
TeJIbHBIM OTBepcTHeM 1:3,28 U TeM Ke JIMHEHHBIM
moneM 64 Mm. Ha puc.12 nzobpaskeHa omnTHUeCKas
CcXeMa BapHaHTa TaKOro JIHHHO(POKYCHOrO 06BeK-
THUBA 4714 crekTpa AA=(0,4-0,9) MKM. Pacuet cmenaH
IOt KOMOUHAI MU Mapok crekon CaF,, CTK19, JIK5
1 TP10. Ob1asg Macca ONTHUYECKUX OeTaler B IO/~
YeHHOM CXeMe He IIpeBblIIaeT 2960 r. KauecTBeH-
Hble XapPaKTepUCTHUKH AJIMHHOQPOKYCHOrOo 0OBex-
THUBA IIpU paboTe B CIIeKTPaJIbHOM JAHarasoHe oT 0,4
o 0,9 MKM mpencTaBieHBl Ha puc.l3. IIpu pacuerte
YKX o06beKkTHBa s PAa3THYHBIX IJIMH BOJH IIPU-
HUMAaJIMCh CHIeAYIoIiHe BeCoBble KO3QPUIIMEHTHI:
0,4 mxm - 0,4; 0,5 MM - 0,6; 0,6 MKM - 1; 0,7 MKM - 1;
0,8 MxkMm - 0,6; 0,9 MmKkM - 0,3.

OmnTuyeckas cuCTeMa AIHHHOPOKYCHOIO Yy3KO-
II0JIBHOTO 00BeKTHBA C AHAJIOTMYHBIMH TeXHUYe-

i g

of earth surface only with the interval of three days,
the topicality of this task becomes obvious.

In order to obtain the operative information
under adverse conditions, the spacecrafts are
equipped with the optical systems operating
within different spectral ranges. Equipment of
surveillance systems not with multiple objectives
for the operation within individual spectral ranges
(visible, near, medium or far IR range) but with
the objectives, which are able to operate within
several ranges, became the obvious aspiration when
solving such tasks.

Specifically for this purpose, two-range 300
mm objective (Fig. 9) with the relative aperture
1:3.5 and operating spectrums AA;=(0.4-0.9) pm
and AA,=(1.5-1.7) pm was estimated. Obtained
scheme with specified technical characteristics is
implemented with mass parameters within the
limits of 1680 g. Qualitative characteristics of two-
range objective within every operating range are
given in Fig. 10-11. It should be noted that during
the calculation of frequency-contrast characteristic
of the objective the following weight coefficients
for different wavelengths of operating ranges are
applied. Within the range AA;: 0.4 pm - 0.4; 0.5 pm -
0.6; 0.6 pm -1; 0.7 um - 1; 0.8 pm - 0.6; 0.9 pm - 0.3.
Within the range AA,: 1.5 pm - 0.5; 1.55 pm - 0.7; 1.6
pm -1; 1.65 pm - 0.7; 1.7 pm - 0.5.

The main peculiarity of such objective operating
within the spectral range of 400-1700 nm consists
in the capability of determination of atmosphere
state and identification and recording of the special

T THL"
i

Puc.12. Cxema dnuHHOpOKYCH020 0bvexmusea F=440 mm,
AA =(0,4-0,9) mkm

Fig. 12. Layout of long-focus lens, F=440mm,
AA=(0,4+0,9) pm
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Puc.13. 'pacpuxu YKX obsekmusa F=440 mm,
AA=(0,4-0,9) mkm

Fig. 13. Curves of contrast transfer function of lens,
F=440 mm, AA=(0,4+0,9) ym.
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Puc.14. Cxema 0AUHHOMOKYCHO20 06Bekmusa F=440 mm,
A =(1,5-1,7) mkm
Fig. 14. Layout of long-focus lens, F=440mm, AA=(1,5+1,7) um

CKHMH IapaMeTpaMu (GoKkycoM, THMHEHHBIM II0TeM
3peHHsI U OTHOCUTEJIBHBIM OTBepCcTHeM) misi pabo-
4yero CIeKTPajabHOLO AHAalla3oHa oT 1,5 mo 1,7 MKM
HMeeT OPYTol BHJ KU OTIHMYaeTCsl YMeHbIIeHHBIM
KOJIMYeCTBOM OIITHYeCKHX KOMIIOHEHTOB (puc.l4).
PacueT croenaH A8 KOMOMHALIMM MapoK CTeKOJ
CTK3, CaF,, BK8, JIK5 u K8. Ofmas macca ONTH-
YeCKHUX JeTajlel B IOJy4eHHOM CcXeMe COCTaBseT
2360 r. CitegyeT OTMETHUTH, UTO YMEHBIIEHHE MaCChI
OAHHOTO BapHaHTAa [IJIUHHOPOKYCHOTO 06BeK-
THUBa I10 CPaBHEHHUIO C NPeAbAyIHUM 06yCI0BIeHO
MMEHHO yMeHbIIeHHeM YHCJIa JeTasnel, X0Ts AJIhHa
0b6beKkTHBa yBelHUUIach 6osee uemM Ha 70 MM. Kaue-
CTBEHHBIe XapaKTePUCTHUKHU AJIHUHHODOKYCHOTO 00B-
eKTHBa IIpH paboTe B CIIeKTPaJIbHOM [HaIlla30He
oT 1,5 o 1,7 MKM ITpeJcTaB/ieHbl Ha puc.15. IIpu pac-
yeTe YKX 06beKTUBaA 14 Pa3TuYHBIX OJIHH BOJIH
OPHHUMAJIKCh CIeAyIIHe BecOoBble KOIPOUIIH-
edTHl: 1,5 mMmxMm - 0,7; 1,55 mxkMm - 0,9; 1,6 MKM - 1;
1,65 MmxMm - 0,9; 1,7 MKM - 0,7.

YUUTHIBasg XapaKTep 3alau, pellaeMbIX CHOYT-
HMKOBBIMU M HWHBIMH KOCMHYECKHMHM CHCTeMaMH
HabmlofeHUs, BeCbMa Ba’KHBIM ITapaMeTpPOM YCTa-
HOBJIEHHBIX B HHX OOBEKTHBOB SIB/ISETCS IIOCTO-
SIHCTBO IIOJIOKEHHU S IVIOCKOCTH H300paskeHUs] IpHU
H3MeHeHUHU TeMIlepaTypbl OKpYy>KalollleH Cpesl
MK TepMOCTabuIbHOCTH 0OBbeKTHBa. Bce paccMmo-
TpeHHBle 06beKTHBBI OBLIM OlLleHeHBI 110 BeJTUYHHE
CIIBUTA IIJIOCKOCTH M300paskeHHU S B JHAIIa30HEe I10JI0-
SKUTEJIBbHBIX TeMIlepatyp 5-35°C.

[Ipu U3rOTOBJIEHUH MeXaHUYECKUX JeTalel 06b-
eKTHUBOB M3 JIIOMHUHHEeBOro ciuiaBa [16, KOTOpBIH
“MeeT Ko3QPUIIMeHT TeMIIepaTyPpHOIo paclIupeHU I
o367=0,0000238 (1/mMMm-°C), pacYeTHBIM CHABUT ILJIO-
CKOCTH HaW/ydlled YCTaHOBKH Ha +15°C OT pacdet-
HOM TeMmIlepaTyphl 20°C y JaHHOro Kjacca 06beKTH-
BOB He ITpeBbIIIaet 0,3 MM.

OmnThyecKkHe pacyeThl [IOKa3bIBAIOT, YTO TaKHe
BeJIMYMHBI MOKHO KOMIIEHCHPOBATh OCEBBIM CMellle-
HHeM OJHOM U3 IUH3, T.e. U3MeHeHHeM COOTBeTCTBY-
IOIHMX BO3AYIIHBIX IIPOMEXKYTKOB. 3TO JaeT OCHOBA-
HIe HCII0/b30BaTh e MHBIM KOPIYC C HEIIOJBHU KHOM
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state of earth surface, individual components of
which can significantly influence on image quality.
For example, when analyzing the photographs
obtained due to the use of such objective, white
clouds can be distinguished from snow and ice, and
different types of dust and smoke in the air can be
distinguished from water steam.

However, for more accurate and efficient
correction of photographs, the optical systems of
other category are used - long-focus objectives with
small field of view, which are intended for the
operation within one spectral range, as a rule.

The long-focus objectives with the focal distance
F=440 mm, relative aperture 1:3.28 and the same
linear field 64 mm, which are given below, can
be applied in order to solve such tasks, within
the spectral ranges, which have been already
considered, A\, = (0.4-0.9) pm and AA, = (1.5-1.7)
pm. The optical scheme of the variant of such
long-focus objective for the spectrum AA= (0.4-0.9)
pm is shown in Fig. 12. The calculation is made for
the combination of glass grades CaF,, STK19, LK5
and TF10. The total weight of optical components
in obtained scheme does not exceed 2960 g. The
qualitative characteristics of long-focus objective
when operating within the spectral range from 0.4
to 0.9 pm are given in Fig. 13. When calculating the
frequency-contrast characteristics of the objective
for different wavelengths the following weight
coefficients were applied: 0.4 pm - 0.4; 0.5 pm - 0.6;
0.6 pm-1;0.7pum-1; 0.8 pm - 0.6; 0.9 pm - 0.3.
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Puc.15. Mpaduxu YKX obvexmuea F=440 mm,

M =(1,5-1,7) mkm

Fig. 15. Curves of contrast transfer function of lens,
F=440 mm, AA=(1,5<1,7) ym
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Puc.16. Apanbckoe mope
Fig. 16. Remains of the Aral Sea

YCTaHOBKOM OCHOBHBIX KOMIIOHEHTOB U QOTOIPHEM-
HHMKa U IPUMEHSTh OJJHO KOMIIeHCHPYIOIllee KOJIbI0
IIOABM>KHON JIMH3BI, a IOAKATHE JIMH3bl K KOMIIeH-
CUPYIOIIEeMY KOJIBIYy OCYLIeCTB/ISITh OOBIYHO IIPHUMe-
HsIeMBIM B OIITHKe IIPY>KHUHHBIM CTaIbHBIM KOJIBLIOM,
KOMIIEHCHUPYIOIIUM TeMIlepaTypHble AedopMalihu
(B HameM cinydae MeHee +0,4 MM). KOHCTPYKTHBHO
Takoe 'MJaBapllee’ IT0JIO’KeHHe JIMH3Bl IIpefjiara-
eTCs OCYIeCTBISATh IPUMeHeHHeM KOJbla U3 Mare-
pHaa C BBICOKUM 3HaueHHEeM KodQOHULIMEeHTA TeM-
[IepaTypHOro pacliMpeHHUs — HallpUMep, MaTepHasa
ITA TY6-05-988-87. [I)iss KOMIIEHCAILIMY HETOYHOCTEH,
BO3HHUKAIONIUX H3-3a JOCTATOYHO 6OJIBIION AIHHBEI
KOMIIEHCAI[MOHHOIO KOJIBIIA, NPH HEOOXOAHMMOCTHU
MOKHO IPUMEHHTb KOHCTPYKIIHMIO "IBOMHOIO" KOM-
[IeHCALIMOHHOr0 Ko/Iblia. IIpM 3TOM HMeeT CMBICI
IIpefyCMOTPETh BO3MOXKHOCTb KOMIIEHCALIMH Pas-
bpoca ko3dPuILIMeHTa THMHENHOTO pPacuIupeHus G1o-
poracta ®4 cOOTBETCTBYIOIIEH KOHCTPYKIIHEk Kpe-
IeHM s Kosel [4].

[I[ppMeHeHHEe PACCMOTPEHHBIX OOBEKTHBOB
no3BosisieT 6osee mETANTbHO IIO IIOJNy4YeHHBIM CHHM-
KaM aHa/JM3UPOBATh COCTOSIHHME PACTHUTENIbHOCTH,
beperoBoil IMHUU U IPUOPESKHON aKBaTOPHH, bostee
IDOCTOBEPHO HAXOAUTh U OIpefle/siTh 3alaHHbIe 00B-
eKTbl. OHU IO03BOJST CIYyTHUKOBBIM OINTHYECKHM
CHUCTeMaM [ejlaThb YeTKHe CHHMKH I10BepPXHOCTH,
HeCMOTPSI Ha IBLIb, CaXKy U APyTHe MOMeXH, NpHU-
CYTCTBYIOIIHe B aTMocdepe 3eMIIH.

Kpome Toro, B KOPOTKOBOJIHOBOM HHdpaKpac-
HOM Y4acTKe CIIeKTpa CTAaHOBSITCS XOPOLIO 3aMeTHBI
pasiuuus MeXAy MaTepHaJaMH, 4YTO IMpeACcTaB-
nsieT 6e3yCI0BHBIN MHTEPeC P pa3BejiKe II0Te3HBIX

i g

The optical scheme of long-focus narrow-field
objective with analogous technical parameters
(focus, linear field of view and relative aperture)
for operating spectral range from 1.5 to 1.7 pm
has different form and is distinguished by the
lower number of optical components (Fig. 14). The
calculation is made for the combination of glass
grades STK3, CaF,, BK8, LK5 and K8. The total
weight of optical components in obtained scheme is
2360 g. It should be noted that the weight decrease
of this variant of long-focus objective in comparison
with the previous one is stipulated by the decrease
of number of components, although the objective
length increased by more than 70 mm. Qualitative
characteristics of long-focus objective during the
operation within the spectral range from 1.5 to
1.7 pm are given in Fig. 15. When calculating the
frequency-contrast characteristics of objective
for different wavelengths the following weight
coefficients were applied: 1.5 pm - 0.7; 1.55 pm - 0.9;
l.opm-1;1.65um - 0.9; 1.7 pm - 0.7.

Taking into account the character of the tasks
solved by satellite and other space surveillance
systems, very important parameter of objectives
installed in them consists in the consistency of
image plane position in case of ambient temperature
variation or thermal stability of objective. All
considered objectives were evaluated by the value
of image plane shift within the range of positive
temperatures 5-35 °C.

When making the mechanical components of
objectives from aluminum alloy D16, which has
the coefficient of temperature expansion aper =
0.0000238 (1/mm-=C), the calculated shift of the
plane of the best device by +15 °C from the specified
temperature 20 °C in this category of objectives does
not exceed 0.3 mm.

Optical calculations demonstrate that such
values can be compensated by axial displacement
of one of the lenses, in other words, by variation of
the relevant air gaps. It gives grounds for the use
of common body with fixed mounting of the main
components and photodetector and application of
one compensating ring of movable lens, and the lens
clamping to compensating ring can be performed
with the help of commonly used spring steal ring,
which compensates the temperature deformations
(inour case, less than +0.4 mm). Constructively such
"floating" lens position is suggested to be arranged
on the basis of us of the ring made of material with
high value of temperature expansion coefficient,
for example, material PA TU6-05-988-87. In order
to compensate the inaccuracies occurring due to
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HCKOMlaeMBbIX, B YIIPaBAeHHUH BOAHBIMHU pecypcaMH
(puc.16) 1 BO MHOTHX IpYTHUX IPUMeHeHHUIX.

[Ipy KOMIIJIEKTOBAaHUM allllapaToB, NpeJHa3Ha-
YeHHBIX [JISl 1lellel MOHMTOPHHIA JIeCHBIX MacCH-
BOB, IIpeAIIOYTEeHHEe [OKHO OBITH OTAAHO MHOIO-
CIIeKTPaJbHBIM OOBEeKTHBAM, GOPMHUPYIOUIUM
MHOI030HaJIbHble doTorpadpuyeckre n3obpaskeHHUSs
J1eCOB U I03BOJISIONIMM I10/1y4aTh CHUMKH BBICOKOT'O
IemPPOBOUHOIO KayecTBa IIPH ChbeMKe B TedeHHe
IIOYTH BCEro CheMOYHOI0 MepHofa ~ Kak JIETOM, TaK
U paHHEeH OCeHBIO.

B 3aknwouyeHut H€O6XO,ELI/IMO OTMEeTHUTHb, 4YTO
pe3yabTaThl KOCMHYECKOM ChbeMKH BOCTpebOBaHBI
1 B BOEHHOM 00/1acTu NpH obHapyskeHHH M KJac-
cuduKauuu o06beKToB. TaK 4YTO HCIONb30BaHHUE
CIIYyTHHUKOB JUCTAaHI[MOHHOTO 30HAUPOBaHUS 3eM/IU
B PaBHOI CTeIleHH 00yCI0B/IeHO IIOTPebHOCTSMHU KaK
BOEHHBIX, TaK U IPa’kAaHCKHUX I10/Ib30BaTeJIeH.
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quite large length of compensating ring, if needed,
the construction of "double" compensating ring can
be used. In such case, it is important to provide
the opportunity of compensation of coefficient of
linear expansion of teflon F4 with the relevant
construction of ring mounting [4].

Application of considered objectives allows
analyzing the state of vegetation, coastline and
offshore strip in details on the basis of obtained
photographs, finding and identifying the set
objects in more accurate manner. They will give
opportunity to the satellite optical systems to take
distinct photographs of surface despite the dust,
soot and other interferences, which are present in
the atmosphere of Earth.

Besides, in short-wavelength infrared region of
spectrum the differences between materials become
well noticeable, and it is of absolute interest during
the prospecting of mineral resources, in control of
water resources (Fig. 16) and in many other scopes
of application.

When  completing the instruments
intended for the purposes of monitoring of
forest areas, the preference should be given to
multispectral objectives, which generate the
multi-zone photographic images of forests and
allow obtaining the photographs with high
deciphering quality, in case of surveying during
the whole surveying period, in summer and early
automn.

In conclusion it should be noted that the results
of space survey are in demand by military industry
as well for the cases of detection and classification of
objects. Thus, use of satellites of remote sensing of
Earth is equally stipulated by the needs of military
and civil users.

AJIBBEPT ®EJJOPOBUY BEJIO3EPOB

Anbbept Gefoposuy beno3épos — BbIZAKOUMIACA [0  MpOM3BOACTBA

achepmyeckon

ONTHKM,

y4eHbll B 061aCTM ONTUKM 1 ONTOTEXHMKM, ABTOP
ApKNX paboT No MCTOPUN HAYKN W TEXHUKN. Ero
NMyTb KaK Y4EHOrO CBS3aH C pasBuTUeM [ocy-
[ApCTBEHHOM0 MHCTUTYTA MPUKNAAHOW ONTUKM
(T1N0). A.®.beno3épos, 6narogaps Caoei 3Hep-
TUM N 3HAHWAM, pa3pabaTbiBan WMPOKMIA Kpyr
Hay4HO-TeXHUYECKMX 334a4 WUCCIE[0BAHNS Heogd-
HOPOAHOCTel B MPO3payHbIX cpeax. OcylecT-
B8 HayyHoe pykosoacTao MUMO, oH pa3suBan
npoekTbl N0 MK-TeXHUKe: OT NoaynpoBOAHMKO-
BbIX MaTep1anos Ans npuemMHuKos MK-usnyyenus
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0T ronorpauyeckoin MHTEpHEpoMeTpUmn n and-
PaKLMOHHON OMTUKN A0 TEXHONOMNIA ONTUYECKMX
MOKPLITMIA BCEX BUAOB. B chepy BANAHUS y4eHoro
BXOAMNIO M MPOWU3BOACTBO OMTMKO-3EKTPOHHbIX
TENNOBM3MOHHLIX NPUBOPOB NEpBOro, BTOPOro
W TPeTbero MOKONMEHWA, METPONOrus ONTMKO-
3/1eKTPOHHbIX NpnbopoB B NK-06nacTu. Anbbept
(OefopoBMY yIwen w3 Xu3Hu B uioHe 2016 roga,
HO C YuTaTensaMu OCTAIOTCS ero 3ameyaresbHble
KHUTW MO UCTOPUM ONTHUKM.

Pedakuus xypHana "OOTOHUKA"




