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ONMHHOOKYCHbIE
3epKaJibHO-/IMH30BbIE
06BbeKTUBbI

M. II. Muwkun, A. I1. IlIkadapesuy
HTL «JISMT» BeAOMO, MuHck, Pecniybauka Beaapyce

MpepcTaBneHa KOHCTPYKUMUSA ANNHHOGDOKYCHbIX
3epKaJibHO-/INH30BbIX 06bEKTUBOB AN
BMAUMOro n UHppakpacHoro gmanasoHa: VIS,
SWIR, MWIR u LWIR. ®poHTanbHas rpynna

Yy BCeX 06beKTUBOB OAUHaKoBas — 2 3epkana,
npuyeM nepsoe (prime) 3epkano BbINOJHEHO
Anametpom 150 MMm. lnameTp 3epkana 6bin
BbI6paH ncxoas U3 Tpe6oBaHUM K cBeTOCUIE
06beKTMBa U BOSMOXXHOCTU U3rOTOB/IEHUSA
3epkana B npousBopacTee. Kpome TOro,
OJAMHaKOBbIV AMAMETP OCHOBHOIO 3epKasa

npu He06X0AUMOCTU NO3BOJISIET 06BLEAUHUTD
HecKonbKo KaHanos (TB u SWIR, TB u LWIR)

B OAUH. B cTaTbe onucbiBaeTcs TeN1@BUSUOHHbIN
1 SWIR 06bekTnB ¢ pokycom 600 MM

M OTHOCUTEeNbHbIM oTBepcTuem F/4, MWIR
06beKTUB € POKYCOM 400 MM U OTHOCUTEJIbHBIM
oTBepctueM F/4 n LWIR 06bekTnB ¢ poKycom
250 MM N OTHOCUTE/IbHbIM oTBepcTueMm F/1.6.
MpuBepeHbl BApUaHTbl MOCTPOEHUS 3epKaJibHO-
JINH30BOr0 3yM U MY/IbTUKQHA/IbHOr O
06bekTUBOB € pokycom 400-800 MM

M OTHOCUTeNbHbIM oTBepcTuem F/5-F/10.

KntoueBble cnoBa: A4/IMHHODOKYCHbIN
3epKanbHO-IMH30BbIN 06LEKTMB, 3yM 06BLEKTUB,
MYAbTUKAHANbHbINM 06bekTmB, VIS, SWIR, MWIR
n LWIR, npnbopbl HabatogeHns

Cratbs noctynunna: 13.02.2024
Cratbs npuHATa:11.03.2024

BBEOEHWE

[IpuMeHeHHe ATHHHODOKYCHBIX OOBEKTHBOB B IPH-
6opax HabnwomeHUSs 1aeT BO3MOKHOCTh MAKCUMAJIBHO
IpUOIU3UTE 00BEKT, UOeHTUPULIMPOBATH €ro U OIIpe-
IEeJIUTh TOUHYIO JAIBHOCTH. C APYrod CTOPOHBI, CJIOXK-
HOCTh OOBEKTHBA oIlpefensieT rabapuTsl M Iapa-
MeTpHl YIIPaB/IeHHS] BCEro OITHKO-3JIeKTPOHHOIO
KOMILJIeKca HabmiomeHusi, CBeTOCH/IA, KaK KM3BeCTHO,
CyLIeCTBEHHO B/IHsSeT Ha paspelleHHe OOBEKTHBA,
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Long-Focal Length
Catadioptric Lenses

1. P. Shishkin, A. P. Shkadarevich
LEMT Scientific and Technical Center of BelOMO, Minsk,
Republic of Belarus

The design of long-focal length catadioptric lenses
for the visible and infrared ranges (VIS, SWIR,
MWIR and LWIR) is proided. The front group of

all lenses is similar and consists of 2 mirrors, with
the first (prime) mirror having a diameter of

150 mm. The diameter of the mirror is selected
based on the requirements for lens aperture and
possible production of the mirror. In addition, the
same diameter of the primary mirror, if necessary,
allows to combine several channels (TV and

SWIR, TV and LWIR) into one. The article describes
a television and SWIR lenses with a focal point of
600 mm and a relative aperture of F/4,a MWIR
lens with a focal point of 400 mm and a relative
aperture of F/4, and a LWIR lens with a focal point
of 250 mm and a relative aperture of F/1.6. The
design options for a catadioptric zoom and multi-
channel lenses with a focal point of 400-800 mm
and a relative aperture F/5-F/10 are indicated.

Keywords: long-focal length catadioptric lens, zoom
lens, multi-channel lens, VIS, SWIR, MWIR and LWIR,
observation devices
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Article accepted:11.03.2024

INTRODUCTION

The use of long-focal length lenses in the observation
devices makes it possible to bring an object as close
as possible, identify it and determine the exact range.
On the other part, the lens complexity determines the
overall dimensions and control parameters of the entire
optical-electronic observation complex. It is known that
the aperture significantly affects the lens resolution
designed for a particular spectral range.

Figure 1a shows the dependence of the lens aper-
ture on the spectral range and pixel size. Obviously,
when moving to the long-wavelength region of the
spectrum, it is necessary to increase the aperture ratio
in order to obtain an acceptable lens resolution. How-
ever, an increase in the relative aperture in a long-focal
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PACYUTAHHOIO /i TOIO WKW HMHOIO CIIeKTPAJIbHOIO
Juara3oHa.

Ha pwuc. la moxasaHa 3aBHCHUMOCTb CBETOCHIJIBL
0b6BeKTHBA OT CIIEKTPAJIBHOIO AUAMA30HA M pa3mepa
nukcena. O4eBUAHO, YTO IIPU Iepexofie B JJIHHHO-
BOJIHOBYIO 0671aCcTh CIIeKTpa TpebyeTcsi yBeTHYHUBATh
CBeTOCH/Iy, YTOOBI IIONy4HUTh IIpHEMJIeMOe pa3pelle-
Hue ob6bekTHBa. HoO yBelHYeHHe OTHOCHTEIBHOIO
OTBEPCTHS B ATUHHOPOKYCHOM OOBEKTHBE aBTOMa-
THYeCKH IIPUBOAUT K POCTY JHAMeTpOB JHH3 U raba-
puTOB. IIpyM 3TOM TOYHOCTb M3rOTOBJIEHHS JHH3
U MeXaHHUYeCKHX JeTa/lel Jo/IKHA ObITh JOCTATOYHO

— IMukcens 15 p
— ITukcens 10 p
6 - — IIuKkcens 5 p

JUIMHA BOJIHEI, |
S
T

BBICOKOM, YTOOBl 0DecrieduTh pacyeTHOEe pasperie- 0 | ! ! !
HHue B cobpaHHOM oObekTHBe. CO3ZaHHE ONTHMAJIb- 0 5 10 15 20 25
HOHM KOHCTPYKLUHM JJIHUHHOQOKYCHBIX 3epKalbHO- Ceerocuna, Fff

JIMH30BBEIX OOBEKTHBOB 11 HIMPOKOTO IIpUMEHeHUS
1 6BLIO LIeJIbI0 HACTOSIIEH PaboThI.

TEJIEBU3NOHHbIA OB BEKTUB %
OOBeKTUB UIpaeT KIIOYEBYIO POJIb B TeIeBU3HMOHHOM it
KaHaJle 1 B KOMOHMHALIUK C IIOLOOPaHHBIM CEHCOPOM _\
obecrieyrBaeT TpebyeMyio HaJbHOCTh OOHApPYy’KeHHS. :
JlanbHOCTh OOHAPY)KEHHUSI 3aBUCHUT M OT BETHYMHBI  }
dOKYCHOr0 paccTOSIHUS 00BEKTHUBA U OT CBETOCHIIBL.
PasMmep IMHKCeJa U JUATOHAIb CEHCOPA TakkKe OKa- |  [600/4
3pIBAIOT BIMSIHME Ha BeJTMYMHY AAIBHOCTH OOHapysKe-
HUS — /151 6O/IBIIero MUKCcena U OrpaHUYeHHOTO MO
3peHMsI MOKHO PaCcCUUTaTh OOBEKTHUB C XapaKTepH-
CTHUKAMH, GIM3KHMHU K TeOpeTHUeCKOMY IIpefeny. Ha
IIPaKTHKe JJTHHHOQOKYCHBIM CBETOCHIIBHBIE O6BEK- |  fe00/4 Diffraction MTE Wavelength Weight

THUB C BBICOKMM KOHTPACTOM I/I306pa)KEHI/I$I II03BOJIAET
IIOJTYy4YHUTDb bomee AeTaJbHoe I/I306pa)KEHI/IE YAaJIEHHOI'0

Scale: 0,30 83,33 mm

b)

Diffraction Limit 643,8 nm 56
0,0 Field (0,00°) iy 5

T
it 546,1 nm 73
O6'beKTa" oo C }; 0,7 Field (0,52°) 486,1 nm 73
Ha puc. 1b-1c mokasau BH/[, 3€pKaJIbBHO-JIMH30BOI'0O - - _ % 1,0Field(0,75°) 435,8 nm 70
TeJIeBU3HUOHHOIO 00BbeKTHUBAa U Fpaq)I/IK OIITHYEeCKOH Defocusing 0,00000

IepefaTodyHoH OYHKLUKHU. [lepBoe 3epKkano OHaMe-
TpoM 150 MM - acdeprueckoe, BTOpoe 3epKaJIO — IIJIO-
CKOe, YCTaHOBJIEHHOe IIOf, YIJIOM 45°, majiee ciemyer
TpyIIa U3 3-X JIMH3, obeclleunBaoNas HCIPaBaeHHe
XPOMAaTHYeCKHUX H II0JeBbIX abeppanuii. O6BEKTHB
€ $OKyCHBIM paccTossHHeM 600 MM KM OTHOCUTE/IbHBIM
oTBepcTHeM 1:4 mpemHasHaueH sl ceHcopa 1" (mua-
TOHAIb 16 MM) U UMeeT yTJI0BOe I10j1e 3peHud 1,5°, Kak
BUJHO U3 rpadrka, paspelleHue obbeKTHBA COCTaB-

nset 80 IMH /MM IIpy KoHTpacTe 0,5. ‘ ‘
10 20 30 40 5 60 70 80

Spatial Frequency (Cycles/mm)

Modulation

SWIR OBBbEKTHUB 0
C mosiBIeHHEeM CEeHCOPOB, PaboTalOIIMX B IIMPOKOM
CIIeKTpaJibHOM [AxarasoHe 0,8-1,6 pm, [IOSBUICI
M HOBBIM KjIacC 06beKTHBOB. IIpHMep 3epKaabHO-
JTUH30BOr0 06BeKTHBA C (QOKYCHBIM pPaCCTOSIHHEM Puc. 1. Tenesu3suoHHbili 06sexmus
600 MM ¥ OTHOCHTE/IBHBIM OTBEpPCTHEM 1:4 mpuBeneH Fig. 1. Television lens

Ha pHuC. 2. KOHCTPYKTUBHO OOBEKTHB BBIIIONIHEH IIO
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M3BeCTHOM cxeMe MakcyTtoBa (KaccarpeHa) W OT/IH-
4JaeTcsl TeM, 4YTO IIepBoe 3epKajIo AxaMeTpoMm 150 Mm
HMeeT chepryecKyo $opmy, BTOpoe 3epKalo IIOCKOe,
a TpeThe 3epKaI0 YCTAaHOBJIEHO IIof yrioM 45°, 4To
3HAYMUTebHO COKpaIlaeT rabaputsl obpekTrBa. C yde-
TOM IIMPOKOrO CIIeKTPAJIBHOIO AMala3oHa HCII0Nb30-
BaHHe 3epKajl B COCTaBe 0OBEKTHUBA II03BOJISIET JIETKO
€ro aXpoMaTH3HPOBaTh, YTO HeIIPocTo bbuIo OBI cre-
7aTh B CXeMe, COCTOSIIEeH TOIBKO U3 JIMH3.

LWIR OBDBHEKTUB
ObpexTHBBI, paboTamnire B AJIMHHOBOIHOBOK 065a-
CTU MHOPaKpacHOIo Ouaras’oHa 8-12 pm, akTHBHO

T
S || —

I

1]

£600/4 Scale: 0,64 39,06 mm

a)

f600/4 Diffraction MTF Wavelength Weight

1600 nm 85
1 400 nm 90
1200nm 100
1000 nm 90

Diffraction Limit
——-— % 0,0Field (0,00°)
- _-._.% 0,7Field (0,52°)

- - — L 1,0Field(0,75°) 800nm 80
600 nm 70
1,0 500 nm 60
0,9 Defocusing 0,00000
0,8
§ 0,7
506 5
50,5
(=]
20,4
0,3
0,2
0,1
L L L L L L L I
10 20 30 40 50 60 70 80
b) Spatial Frequency (Cycles/ mm)

Puc. 2. SWIR-06sekmus
Fig. 2. SWIR lens
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length lens automatically leads to an increase in the lens
diameters and dimensions. Moreover, the production
accuracy of lenses and mechanical parts shall be high
enough to ensure the rated resolution in the assembled
lens. The purpose of this paper is to develop an optimal
design of long-focal length catadioptric lenses for wide
application.

TV LENS

The lens plays a key role in the television channel. In com-
bination with a selected sensor, it provides the required
detection range. The detection range depends on both
the focal length of the lens and the aperture ratio.

The pixel size and sensor diagonal also affect the detec-
tion range, since for a larger pixel and a limited field of
view, a lens with the performance close to the theoretical
limit can be designed. In practice, a long-focal length
high-aperture lens with the high image contrast allows
to obtain a more detailed image of a distant object.

Figure 1b-1c shows a view of a catadioptric television
lens and an optical transfer function chart. The first mir-
ror with a diameter of 150 mm is aspherical, the second
mirror is a flat one installed at an angle of 45°, followed
by a group of 3 lenses that adjust any chromatic and field
aberrations. The lens with a focal length of 600 mm and
a relative aperture of 1:4 is designed for a 1" sensor (with
the diagonal of 16 mm) and has an angular field of view
of 1.5°. As it can be seen from the chart, the lens resolu-
tion is 80 lines/mm with a contrast of 0.5.

SWIR LENS

Due to the occurrence of sensors operating in a wide
spectral range of 0.8-1.6 pm, a new category of lenses
has been developed. An example of a catadioptric lens
with a focal length of 600 mm and a relative aperture
of 1:4 is shown in Fig. 2. Structurally, the lens is made
according to the well-known Maksutov (Cassegrain)
circuit and is distinguished by the fact that the first
mirror with a diameter of 150 mm has a spherical
shape, the second mirror is flat, and the third mirror
is installed at an angle of 45° that significantly reduces
the lens dimensions. With due regard to the wide spec-
tral range, the use of mirrors in the lens makes it easy
to achromatize it that would not be easy to do with an
option consisting of the lenses only.

LWIR LENS

The lenses operating in the long-wave infrared range of
8-12 pm are actively used in the up-to-date observation
devices. Figure 3a shows a type of a long-focal length
lens with a focal point of 250mm and an aperture ratio
of 1:1.6. The first mirror with a diameter of 150 mm is
aspherical, and the second mirror is flat.
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f£600/4 Diffraction MTF
Diffraction Limit
0,0 Field (0,00°)
0,7 Field (1,00°)
1,0 Field (1,50°)

1
1
|
|
Rl

Modulation

£250/1.6 Scale: 0,79 31,65 mm
a)

|
£250/1.6 Scale: 0,80 31,25 mm
b)

Wavelength Weight
12 000 nm 1
10 000 nm 1
8 000 nm 1

Defocusing 0,00000

5 10
c)

Puc. 3. LWIR obsekmus
Fig. 3. LWIR lens

15 20 25 30

Spatial Frequency (Cycles/mm)

A\

£400/4
a)

Scale: 0,92

27,17 mm
—

£20-400x2.8
b)

f400/4 Diffraction MTF
Diffraction Limit

Scale:

0,75 33,33 mm

—

Wavelength Weight
4 800 nm 1

———-— % 0,0Field( 0,00°) 3200 nm 1
———— T 0,7Field (-0,41°) 3700nm 1
~ - - — § 1,0Field (-0,57°)
1,0 Defocusing 0,00000
0,9
0,8
506
30,5
20,4
0,3
0,2
0,1
s s s s s s s \
5 10 15 20 25 30 35 40
9 Spatial Frequency (Cycles/mm)

Puc. 4. MWIR obsekmus
Fig. 4. MWIR lens
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IIPUMEHSIIOTCSI B COBPeMeHHBIX Ipubopax Habnrofe-
Hud. Ha puc. 3a mpexacTasieH BHJ, IJTHHHOQPOKYC-
HOro obbeKTHBa C QOKYCHBIM pacCTOSHHEM 250 MM
U1 OTHOCHUTEeIbHBIM OTBepcTheM 1:1,6. IlepBoe 3epKaio
JuaMmeTpoM 150 MM acdeprueckoe, a BTOpoe 3epKajo
IIJIOCKOe.
I'paduk Ha pHC. 3¢ IOKa3aH [l [IPOCTPAHCTBEH-
HOM 4acToThl 30 JIMH/MM, UTO COOTBETCTBYeT paspe-
LIEHHUIO ITHKCeJIa C pasmepom 12-17 pm.
Ha puc. 3b mpuBeneH Apyroil BapUaHT 06beKTHBA £800/10 Positions:1-2  Scale: 0,92 28,74 mm
C 2-KpaTHBIM 3epKaJbHBIM 3KCTeHJepoM. B 3KcTeH- a) —
Jlepe IepBoe 3epKajo guamMerpom 150 MM acpepurue-
CKoe, a BTOpoe 3epKasio - chepa. £800/10 Diffraction MTE Wavelength Weight
Diffraction Limit 643,8 nm 7
MWIR OB bEKTUB ———-— % 0,0Field( 0,00°) giéfgg g?
[IpuMep MIMHHOQOKYCHOro OOBEKTHBA, IpeJHA3Ha- ~ - -~ & 0,7Field (-0,32°) 486,1nm 22
YeHOTo IS CpelHeBONHOBOHM obmacTu umHdpakpac- || - & 1,0Feld(-0,46%) 435,8nm 9
HOTO AuanasoHa 3-5 pm, mpuBeneH Ha puc. 4. Oco- 1,0 Defocusing 0,00000
6eHHOCTBIO KOHCTPYKIIMH TaKOrO THIIA JIMH30BBIX 0,9
00BeKTHBOB, IPeACTaBIeHHBIX Ha PBIHKE, SB/ISeTCS s
Halu4yve JTUQPAKLHUOHHBEIX, achepHUecKHX 3JIeMeH- § 0,7
TOB M OXJakOaeMbIX 601oMeTpoB (ceHcopoB). Kpome 206
TOrO, aIlepTypHas AuadparmMa oO6BEKTHBA [JO/DKHA «éo,s
OBITh pACIIONIO>KEHA 3a IOC/IeAHeN JIMH30M, a ee qua- 0
MeTp Jo/IKeH OBITh COIIACcOBaH € pabouell arepTypor g’;
0,1
S S S S S W R
10 20 30 40 50 60 70 80
b) Spatial Frequency (Cycles/mm)
£800/10 Diffraction MTF Wavelength Weight
Diffraction Limit 1600 nm 85
—— f oomea( oo om0
- - _. % 0,7Field (-0,32°) 1 000 nm 90
~_ - _ % 1,0Field(-0,46°) 800 nm 80
£400/5 Scale: 0,77 32,47 mm 1,0 Defocusing 0,00000

—

£800/10 Scale: 0,77 32,47 mm .

b) A 9 Spatial Frequency (Cycles/mm)
Puc. 5. 3ym o6eekmus Puc. 6. MyabmukaHanbHbll 0b6vekmus

Fig. 5. Zoom lens Fig.6. Multichannel lens
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6onomerpa (cold stop). Ha puc. 4a mpencTaBieH BUL,
IJIMHHOQOKYCHOr0 06beKTHBA C POKYCHBIM pacCTOsI-
HueM 400 MM 1 OTHOCHTe/IBHBIM OTBepcTHeM 1: 4. Oba
3epKasa (mepBoe graMeTpoM 150 MM) K [Be JIMH3BI —
achepuueckue. KauectBo M306paskeHUsT 06BEKTHBA
I0Ka3aHo Ha puc. 4b. ®oKycHMpOBKa Ha OJIMKHIOI
OUCTaHIIMIO OCYLIeCTB/ISIeTCS C IOMOILBIO IOCTeIHer
nuH3BL. Ha puc. 4c mpuBeleH Ipyroil BapHaHT 06b-
eKTHBa C IIepeMeHHBIM ¢okycom 20-400MM C 2-KpaT-
HBIM 3epKa/IbHBIM 3KCTE@HEePOM. B 3KCTeHzepe rmepBoe
3epKajio fraMeTpoM 150 MM achepuyeckoe, a BTopoe
3epKaJio - cdepa.

3YM U MYJIbTUKAHAJ/IbHbIA OB bEKTUB

JIByx3epKaJIbHYI0 KOHCTPYKLHMIO MOXKHO HCII0/Ib30-
BaTb IIPU IPOEKTHUPOBAHHUU OOBEKTHBOB C IIepeMeH-
HBIM GOKYyCOM K MYJIBTHUKAHAJIBHBIX 00BeKTHBOB. Ha
puc. 5a-b mpexncTaBneH Bup 3ymM-06BeKTHBA C (OKYy-
com 400-800 mM. M3meHeHHe GOKYCHOIO PACCTOSIHUSA
OCYIIeCTB/ISIeTCSI C IIOMOIIBIO ITepeMellleHHs 2-X IPYIIII
nuH3. PpoHTaNbHOE 3€pPKa/0 BEIIIOJHEHO JHaMe-
TpoM 80 MM, YTO CHEIAHO M3 COOOPasKeHHUM OITH-
MaJIPHOTO COYeTaHMS OCHOBHBIX IIapaMeTpPoB 0OBeK-
THBA: MaIa3oH GOKYCHEIX PacCTOsSHUM (400-800 MM),
rabapursl (<250 MM), mone 3peHUs (2-1°), pa3peleHue

The chart in Fig. 3c is shown for a spatial frequency
of 30 lines/mm that corresponds to a pixel resolution
of 12-17 pm.

Another option of the lens with a 2x mirror extender
is shown in Fig. 3b. In the extender, the first mirror
with a diameter of 150 mm is aspherical, and the sec-
ond mirror is a sphere.

MWIR LENS

An example of a long-focal length lens designed for the
mid-wave infrared region of 3...5 pm is shown in Fig.
4. A design feature of this type of lens available on the
market is the diffractive, aspherical elements and cooled
bolometers (sensors). In addition, the lens aperture
diaphragm shall be located behind the last lens, and its
diameter shall be consistent with the operating aperture
of the bolometer (cold stop). Figure 4a shows a view of
along-focal length lens with a focal point of 400mm and
arelative aperture of 1:4. Both mirrors (the first one with
a diameter of 150 mm) and two lenses are aspherical.
The image quality of the lens is shown in Fig. 4b. Focus-
ing at close range is achieved using the last lens. Figure
4c provides another option of the lens with the variable
focus of 20-400 mm and a 2x mirror extender. In the

OAQO aMM3 mmenu C.H. BOBMACBO — YNPOBAAIOLLLOA KOMMNOHHA XOAAMHTA (BeaOMOn

EENOMO
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mu.{m KOMNTHIE 20AAMHMD BEAOMON AnR MROWIACACTED ONTHYECKHX
INBMEHTEE, B HOTTOSILEe BpesE 3080, BENYCKOST BoaLUI0e KoArYe-
CTED ONTHNECKMN SASMEHTOR POIAMIHOR CADKHOCTH MO YepTeam

Jgﬁtﬂ“lm;}, DﬂTH"I'EQHHE SABMEHTBl, NMPOHIBCASHHBIE HL

THAHECHMM
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Tabauua. CpaBHUTENbHbIE XapakTEPUCTUKM 06EKTMBOB
Table. Comparative features of lenses

— ‘% ONTUYECKUE YCTPOMCTBA M CUCTEMb| I

CnekTp AnvHa ® 3epkana, MM Yron nons Pa3speweHune, [AavHa, MM AnCTOp-
Range BOJIHbI, MKM F of the mirror, 3peHus NNH Length, (78
Wavelength, mm Field of view Resolution, mm Distortion
pHm angle line
VIS 0,4-0,7 600 4 150 1,5° 80 600 <5%
SWIR 0,8-1,6 600 4 150 1,5° 80 250 <5%
LWIR 8-12 250 1,6 150 3° 30 250 <5%
MWIR 3-5 400 4 150 1,2° 40 210 <5%
VIS 0,4-0,7 400-800 5-10 80 2-1° 80 250 <5%
SWIR 0,8-1,6 400-800 5-10 80 2-1° 80 250 <5%

(80 nuH/MM). Ha puc. 6a-Cc IIOKa3aH BapHaHT 00D-
eIMHEHHS [IBYX CIIeKTPAIbHBIX KaHaIOB (TB K SWIR)
C HCIOJb30BAaHHEM CBeTONe/NMTeIbHOM IIPH3MBI
(x-cube) 1 JaHBI UX ONITHYECKHE XaPAKTEPHUCTUKH.

CpaBHUTeNIbHbIE XaPAaKTEPUCTUKU OOBEKTHBOB
IIpe[CTaB/IeHsl B Tabulle.

3AKJ/TIOMEHUE

[IpencTaBieHHass KOHCTPYKLUMS JJIMHHO(OKYCHBIX
00BEeKTHBOB Ha OCHOBE JIByX3e€PKaJTbHOM CXeMBbI SBJIS-
eTCsl ONTHMAJIBHOM C TOYKH 3PeHMSI YMCIa KOMIIO-
HEHTOB, FabapHUTHBIX Pa3MepOB K BO3MOXKHOCTH H3T0-
TOB/IeHHS B IIPOM3BOACTBe. Bce 0OBEKTHUBEI MMEIOT
IpueMseMoe KayecTBO M306paskeHUsI U MOTYT HaHTH
IIpUMeHeHHe B HablolaTelqbHBIX ITpUOOpax pasnud-
HOTO Ha3Ha4yeHHUs.
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extender, the first mirror with a diameter of 150 mm is
aspherical, and the second mirror is a sphere.

ZOOM AND MULTI-CHANNEL LENS

The two-mirror design can be used in the production
of varifocal lenses and multi-channel lenses. Fig. 5a-b
shows a zoom lens with a focus of 400-800 mm. Any
changes in the focal length are performed by moving 2
groups of lenses. The front mirror is made with a diam-
eter of 80 mm that leads to the optimal combination
of main parameters of the lens: focal length range
(400-800 mm), dimensions (<250 mm), field of view
(2-1°), resolution (80 lines/mm). Figure 6a-c shows the
combination of two spectral channels (TV and SWIR)
using a beam splitting prism (x-cube) and with their
optical specifications. The comparative features of the
lenses are given in the table.

CONCLUSION

The given design of long-focal length lenses based on
a two-mirror design is optimal in terms of the number
of components, overall dimensions and production capa-
bilities. All lenses have an acceptable image quality and
can be used in the observation tools for various purposes.
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ITonmpaBKH B 3aKOH «06 o6ecrieueHHH eAHHCTBa H3MepPeHHH»

3aKOH 06 “aMHUCTN» NS CPeACTB U3MEPeHMI, KOTOpble MPUMEHSANCL A0
BCTYMNEHUs B CUNY 3aKOHOAATELCTBA 06 0becneyeHun efnHCTBA U3Me-
PEHWA, WHULMMPOBAH NPaBUTENLCTBOM PO 1 BHOCUT MOMpaBKM B 3aKOH
«0b obecneyeHun efMHCTBA M3MepeHUi». HopMmbl BHOCMMbIX MOMPaBOK
NO3BOAAT MPUMEHATL CPefCTBA M3MEpeHWs, NPUHAAJexXaluue WHOCTpaH-
HbIM OPraHu3aumMsAM AN WHOCTPAHHOIO MPOM3BOACTBA, TOMLKO B TOM C/y-
yae, ec/i 0becrneyeHa ux NpocneXnBaeMocTb K pPOCCUCKUM FOCYAAPCTBEH-
HbIM MEepBUYHLIM 3TAJIOHAM.

Kak nosichun panee pykosogutenb ®efepanbHOro areHTCTsa no Tex-
HWYECKOMY perynnpoBaHuio v MeTposiorun AHTOH LUanaes, ¢ BBeAeHHEM
B Poccun rocperynupoBaHus B 370N Cchepe K NpUMEHEHWIo CTann Jony-
CKaTbCsl TOMILKO CPeACTBA M3MEPEHNS YTBEPXKAEHHOrO TUMA, 3 SMHOTOYNC-
NEeHHOe u3MepuTenbHoe 060pyAOBaHMe, W3roToBAeHHOe B 1980-x rogax,
TO ecTb [0 BCTYMAeHUS B CWUNY 3aKOHOAATENbLCTBA, OCTANO0Ch BOOBLE 33
pamKamu 3aKoHoAaTenbCTBar. Mo ero cnosam, Takux CPeAcTB u3mepe-
HMS 0COBEHHO MHOTO HA MPOMbLILUAEHHLIX MPEAMPUSTUAX, NPeanpUSTUSX
060pOHHO-NPOMDbILLNIEHHOTO KOMMNEKCA.

BHOCUMble M3MeHeHUst NO3BOAAT NPUMEHATb NOA06HOe 060pyA0BaHME,
He NpoXoAs AOMOAHUTENbHLIX MPOLeayp, KOTOpble HeCIM Bbl CyL|eCTBEHHYO
LOMOMHUTENbHYIO HArPY3Ky ANS NPeanpusaTMiA. Npu 3TOM peyb MAET TONLKO
0 CIy4asx, Koraa 06opyAoBaHNe HAXOAUTCS B UCNPABHOM COCTOSHWM, A ero
TOYHOCTb MOATBEPX/AEHA NO UTOraM NOBEPKM, YKa3an rnasa BefOMCTBA.

Kpome T0ro, 3aKoH pernameHTMpyeT UCNONb30BAHNE ITASIOHOB eANHUL,
BE/NMYMH W CPEACTB MU3MEPeHUIA Mpu NpoBeAeHNN paboT 1 OKa3aHuu ycayr

Wkoaa-KoHhepeHLwHa

C MEXAYHAPOAHBIM YHaCTHEM
no ONTO3AEKTPOHHKE, POTOHHKE
W HaHoBuoCTpYKTYpam

SPbOPEN 2024

14-17 mas 2024 roaa

B 06MaCTN 0becneyeHns efuHCTBA U3MepeHUiA 33 npefenami PoCCUCKON
Oegepauin. NMpUHSTLIE HOPMbI NO3BOAST NPUMEHATL CPeACTBA U3MEpeHNS,
NPUHAANEXALLME UHOCTPAHHBIM OPraHW3aLUsM UK MHOCTPAHHOTO NPOu3-
BOACTBA, HO TOMbKO B TOM CAyyae, ecin obecneyeHa NpoCneXMBAEMOCTb
TaKMX CPEACTB K POCCMICKUM rOCYAAPCTBEHHBIM NEPBUYHBIM 3TANOHAM.

Mpeanaraemble JOKYMEHTOM U3MEHEHUS HEOBXOAUMbI B YCIOBMSAX «pea-
NM3aLMM LMGPOBOM IKOHOMMKM W MO3BONST 06eCneynTh Mpo3payHoCTb,
peanu3yemMocTb U KOHTPOAMPYEMOCTL PaboT B 061aCTU 0becreyenns eanH-
CTBA U3MEpeHMiA, NOBLICMTL WX 3GPEKTUBHOCTLY, FOBOPUTCS B MOSCHUTEND-
HOM 3anucke.

B 3TanoHHyio 6asy PO, noMMMO rocy4apCTBEHHLIX 3TaNOHOB, BKAIO-
YAIOTCS  TaKKke 3TANOHbI  IOPUANYECKUX AUL W UHAMBUAYANbHLIX
npeanpuHUMaTenen.

OfHOM 13 HOBENN 3aKOHA SBNSETCS 1 BBEAEHWNE PernaMeHTaLMn NCnonb-
30BaHWUS MHOCTPaHHLIX CPEACTB U3MEPEHN NpK NpoBeAeHNM paboT 3a npe-
genamu Poccun. C 3TUM CTANKMBARTCS, Hanpumep, rockopnopauus «Poca-
TOM» NpU CTPOUTENbCTBE 06LEKTOB B APYrMX rocypapcrsax. Kpome Toro,
u3MepuTenLbHoe 060pyaoBaHMe 3apybexHOro Npou3BOACTBA MCMONb3YETCS
Ha ra3oBo3ax Npu Morpy3ke W Bbirpy3ke OKVUKEHHOTO MPUPOJHONO rasa.

3aKOH fOMKeH BCTYynUTbL B cuny ¢ 1 mapta 2025 rofa, 3a UCKlYeHnem
OTAELHBIX MONOXEHWIA, KOTOPble KacaloTc [OCYAapCTBEHHON METponor-
Yeckom CyXO6bl U HAYHYT AeincTBOBATD C 1 AHBAps 2026 roga.

https://ria.ru u https://tass.r
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HWY BLU3 - CaHkT-NMeTepbypr aa.baryshnikova@hse.ru
YHACTHHMKOB MHOCTPAHHBIX ONYBAMKOBAHHBIM
M NPEACTABAEHHLIX PABOT YYACTHHUKOB CTATEN
Ueab WKOABFEOHODEDEHUMKW — NOIHOKOMMTE MOACABI MCCASADBOTEASH, OCMNWPOHTOR M CTYASHTOBR C OKTYOABHBIMM 3OACHOMM M

ADCTHMEHMAMM B OBACCTH hMIMKM M TEXHOACTHKM HOHOCTRYETYR. NPHBOPOo8 HO MX OCHOBE, O TOKXE B POACTREHHEX OBACCTAX.
MPeACCTOBHTE YHOCTHHEQM BOIMOMHOCTE NPHOBRECTH Ok MySakdHB BRCTYIASHHA, NOACHM HOYSHRE POSOT AR NyDAMoLEM,
NOIHAOECMMHTE  HOYHHOS COOBLIEBCTED CO CEOMMM DeWARTATOMM M ODMEHRTECE HASAMH,
COTRYAHMMECTRO.

Boe npuHATeie Teamcel ByayT onyGamkopauel B cOopHuke koHdepeHuMy. Aydlune paGoTel NO PEIYARTOTAM NOCTERHON CeCCHM BYAYT
OTMEYEHB] NOYETHBIMH FRAMOTAMH H MPHICMH,

CTHMYAHMDOEDTE DO3EHTME  HOYWHONO
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