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HabawpeHus
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PaccmoTpeHbl 0CO6@HHOCTM NOCTPOEHUS
Te/IeBU3NOHHbIX 06beKTUBOB Anga cuctem
Ha6ntopeHus. NMpuy NpoeKTUPOBaAHUU
TeNeBU3NOHHbIX 06beKTUBOB HEO6XO0AUMO
Y4UTbIBATb COBOKYMNHOCTb $GaKTOPOB, KOTOpble
B/IUSIIOT HA BE/INYUHY AANbHOCTU O6HApyXeHUs:
pasmep nNuKcens BbIGpPaHHOM MaTpULbI

M ee paspelueHue, pokycHoe paccTosHue,
OTHOCUTE/IbHOE OTBEPCTME U NoJie 3peHus
o6bekTUBa. ONTUMabHOE coYeTaHue 3TUX
$akTOpOB, HApAAY C KOHCTPYKLMel 06beKTUBA,
no3BossieT A06UTbLCS BbICOKOro paspelueHus

M NOJIYYUTb MAaKCUMA/IbHYIO AANIbHOCTb
o6HapyXeHus.

KntoyeBble cnoBa: 06beKTUBbLI, CUCTEMDI
HabnoaeHns

CTaTbs nonyyeHa: 21.11.2019
MpuHaTa K nybankaumm: 14.01.2020

P®OKYCHOE PACCTOSAHUE

Besn4ynHA [aJbHOCTH HabniomeHus (obHapyKe-
HUSI) HAIPSIMYIO 3aBUCHT OT QOKYCHOTO PaccCTo-
SHUS oOBeKTHBA. B HacTosIlee BpeMs Ha pBIHKe
[IpeAaraeTcs LMIHUPOKHH BBIOOP TeIeBU3UOHHBIX
06BeKTHBOB C [HaNa30HOM GOKYCHBIX PacCTO-
sHun (10~700 MM), OTHOCHTE/JBHBIX OTBEPCTHUH
(F/2.5~F/8) u yrnoBeix mosei (1~30°). Ho, kak
II0Ka3bIBaeT IPAKTHKA, 0OBEKTHUBHI C IepeMeHHbIM
GOKYCHBIM pacCTOSIHUEM He MOTYT obecredYuTh
Tpebyemoe paspelieHHe, 0CObeHHO IPpU OOIBIIMX
GOKYCHBIX PACCTOSIHUSIX, a 3HAUUT, He I103BOJISIOT
IIOJIyYUTh UeTKoe H306pakeHHe oOBeKTa, yHasleH-
HOro Ha OojbIIMe PacCTOSIHUS. B 3ToM ciydae
Ienecoobpa3Her HKCIIONB30BaTh JAMHHODOKYC-
Hble 00BeKTHUBB C QUKCHUPOBAHHBIM (QOKYCHBIM
PacCTOSIHUEM.
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Television Lenses
for Surveillance Systems

1. P. Shishkin, A. P. Shkadarevich
RTC «LEMT» BelOMO, Minsk, Republic of Belarus

The features of constructing television lenses

for surveillance systems are considered. When
designing television lenses, it is necessary to

take into account a set of factors that affect the
magnitude of the detection range: the pixel size of
the selected matrix and its resolution, focal length,
relative aperture and field of view of the lens. The
optimal combination of these factors along with
the design of the lens allows you to achieve high
resolution and get the maximum detection range.
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FOCAL LENGTH

The magnitude of the range of observation (detection)
directly depends on the focal length of the lens. Cur-
rently, the market offers a wide selection of television
lenses with a range of focal lengths (10~700 mm), rel-
ative apertures (F/2.5~F/8) and angular fields (1~30°).
But, as practice shows, lenses with variable focal
lengths cannot provide the required resolution, espe-
cially at large focal lengths, which means that they do
not allow to obtain a clear image of an object remote at
long distances. In this case, it is more advisable to use
telephoto lenses with a fixed focal length.

PIXEL SIZE
With the development of digital technology, the pixel
size in cameras is constantly decreasing, however, to
obtain a theoretical resolution of the lens, you must
use a sensor with a large pixel. We clarify this state-
ment using well-known formulas.

The lens resolution for a given pixel size is calcu-
lated by the formula

_L
T’

where N is the spatial frequency in lines/mm, x is the
pixel size in microns.
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PA3MEP MNKCEJA
C pa3BuUTHEM LHUOPPOBBIX TEXHOJOTHH pa3Mmep IHK-
cefss B Kamepax IIOCTOSSHHO yMEHbIIAeTCs, OZHAKO
IJIS. TIOJIyYeHHUsI TeOPETHYECKOTO paspelieHHs 06beK-
THUBa HEoOXOZMMO HCIIONIb30BaTh CEHCOP C OOIBIIMM
nuKceneM. IIOSCHHUM 3TO yTBep>KAEHHE C ITOMOIIBI0
H3BECTHBIX GOPMYII.

Pa3penieHure OOBEKTHBA [AJIS1 33JaHHOIO pa3mepa
IIMKCeJISI BRIUUCISIETCS 110 GopMyIie:

N= %
rae N - OpoCTpaHCTBeHHAs 4acToTa B LITP/MM, X -
pa3sMep IIUKCeIS B MKM.

Hampumep, mgnad nukcena 6,25 MKM HYKHO pac-
YUTATh 0OBEKTUB C paspenieHueM 80 JTHH/MM, a A
nuKcena 4,16 MKM yske moTpebyeTcs: paspelleHHe He
MeHee 120 THH/MM.

OTHOCUTE/IbHOE OTBEPCTUE
BerMYMHA OTHOCHUTEIBHOIO OTBEPCTHS OOBEKTHBA
mpu 60/1bII0M POKYCHOM PACCTOSIHUU B HEMAJIOH CTe-
IIEHH OIIpeAe/seTCs BO3MOKHOCTBIO H3IOTOBJIEHHS
JTHUH3 MaKCUMAaJIBPHOIO AHaMeTpa C TpebyeMoil Tou-
HOCTBIO. B Tabn. 1 mokasaHa 3aBHUCHMOCTb JHaMe-
Tpa JIMH3, UX KOJIMYecTBa, AJHHBI, Beca 00BbeKTHBA
OT THIa, QOKYCHOIO PACCTOSHHA U OTHOCHUTETBHOIO
OTBEpCTHS.

I ompene/ieHHS MHHHMAaJIPHOTO OTHOCHTEIIb-
HOT'O OTBepCTHsI 0OBeKTHBA BOCIIONB3yeMCsl KpHTe-
puem Pejes:

=1 szﬂ
X ’ D,

rIe X - pa3Mep MUKCeIa B MKM, /D — OTHOCUTETbHOE
oTBepcTHe, A - pabouast AIMHA BOJTHBL B MKM.

Ing A=0,55 MKM U HOHKcena 3,75 MKM IIOJIYYHM
F/5,6, a gis nnukcena 5,36 Mkm - F/8.
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For example, for a 6.25 pm pixel, you need to calcu-
late a lens with a resolution of 80 lines/mm, and for a
4.16 pm pixel, a resolution of at least 120 lines/mm is
already required.

RELATIVE APERTURE
The magnitude of the relative aperture of the lens at
a large focal length is to a large extent determined by
the ability to manufacture lenses of maximum diam-
eter with the required accuracy. Table 1 shows the
dependence of the diameter of the lenses, their num-
ber, length, and weight of the lens on the type, focal
length, and relative aperture.

To determine the minimum relative aperture of the
lens, we use the Rayleigh criterion:

1ol
x=122),
where x is the pixel size in microns, /D is the rela-
tive aperture, and A is the working wavelength in
microns.
For A=0.55 pm and a pixel of 3.75 pm, we get F/5.6,
and for a pixel of 5.36 pm, we get F/8.

LENS ANGLE FIELD AND SENSOR DIAGONAL
The diagonal of the sensor is determined by the focal
length and the angular field of the lens. In turn, the
larger the angular field, the smaller the achievable
limit of the resolution of the lens in the calculation.

CAMERA RESOLUTION
To calculate the camera resolution, we use the
expression

where R is the camera resolution in pixels, S is the
sensor area in mm?, x is the pixel size in microns.

Tabnuuyal.
Table1.
dokycHoe OTHOCUTENbHOE CBeToBOM AnameTp  KonmyecTBo AMH3 AnnHa, Mm Bec, kr
paccrosiHue oTBepcTue Light diameter Number of lenses | Length, mm = Weight, kg
Focal length Relative aperture
100 F/2,8 peTpodoKyc 52 9 170 0.2
300 Fl4 TeneobbeKTmB 72 12 240 0.5
300 F/5,6 TeneobbeKkTMB 52 7 240 0.2
700 F/5,6 Teneob6beKkTMB 120 7 560 2.5
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31,65 mm 36,76 mm
f300/5,6 Scale: 0,79 19-Sep-19 f300/5,6 Scale: 0,68 19-Sep-19
a)

1,0 1,0
0,9 —f 0,9 ———————p
0,8 e e 2 T 0,8 ‘__________m)_____q__*_‘_;
0,7 0,7 1
0,6 N 0,6 1
|2 T PO g 23] GRS SRS — R SR G
E 0,5 PR R T E 0,5 1 = =23
0,4 0,4 1
0,3 0,3 1
0,2 0,2 1
0,1 0,1 1
0,0 : : : : : ‘ 0,0 : : : : : ‘
0,00 2,00 4,00 6,00 8,00 10,00 12,00 0,00 2,00 4,00 6,00 8,00 10,00 12,00
Image height (mm) Image height (mm)
— ... 20 LP/MM (sagittal) —....— 40 LP/MM (sagittal) e — 80 LP/MM (sagittal)
b) ——— — 20LP/MM (tangential) @~ — — — 40LP/MM (tangential) ------ 80 LP/MM (tangential)

Puc. 1. Teneobvekmusbl ¢ oKycuposKol: a — 8U0 06vekmus0s, b — 2paduku onmuyveckol nepedamoyHol yHKUUU
[MTF(Modulation transfer function) — Konmpacm; Image High — KoopduHama noas 3pexus]
Fig. 1. Focused telephoto lenses: a - view of the lenses, b — graphs of the optical transfer function

Tabnuua 2.
Table 2.
Field Point Relative MTF Design Design+ Field Point Relative MTF Design Design+
Field Tolerance Field Tolerance
1 0 0,55 0,36 1 0 0,54 0,36
2 0,5 0,55 0,35 2 0,5 0,52 0,34
3 0,7 0,54 0,34 3 0,7 0,52 0,33
4 0,85 0,53 0,33 4 0,85 0,51 0,33
5 10 0,52 0,32 5 10 0,48 0,30
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YIJIOBOE NMOJIE OBbEKTUBA

n ANATOHAJIb CEHCOPA

JluaroHaab ceHcopa omnpefensercsd GOKYCHBIM PacCTo-
SIHHeM U yIJIOBBIM I10JIeM 06BeKTHBA. B CBOIO ouepesp,
yeM 6osibllle yIJIOBOe IIOJie, TeM MeHBbIIe JOCTHKHU-
MBI ITpefiesl paspelleHHs o6beKTHBA IIPU pacyeTe.

PA3PELLEHUE KAMEPDbI

JIsi  pacdera paspelleHHs KaMepbl HCIIOIb3yeM 28,74 mm
BBIPpKEHUE: f300/4 Scale: 0,87 05-Oct-19
a)
RS,
1,0

rae R - paspelieHre KaMephl B ITUKCeIax, S — IUIOLIATb 0,9
CeHCOopa B MM?, X ~ pa3Mep IHUKCeJISl B MKM. 0,8

Kamepa, co3maHHas Ha 6aze marpuusl 1" (gua- o 0.7
rOHaJAb 16 MM, IUIOWAAb ceHcopa S=123 MM?, OUK- % 0,6
cen x=5,5 MKM), 6y/:[eT HMeTb paspelleHre R=4 M, 5 0,5
a ¢ marpunen 4/3" (zmaroHanp 21,6 MM, S=225 MM?, s 04
x=5,5 MKM) - 7,4 M1I. 0,3

0,2

KOHCTPYKLMA ot
Jnst 06BeKTUBOB C 6ONBIIMM (OKYCHBIM PACCTOSTHHEM 10,0 20,0 30,0 40,0 50,0 60,0 70,0 80,0
06BIYHO BBIGUPAIOT CXeMY TeJIe00BEKTHBA, KOTOpast SBJIsL- Spatial frequency (cycles/mm)
eTcsl HanboJiee KOMITAKTHOM 13 BCEX U3BECTHBIX CXEM.  Diffraction limit

[Ipu paspaboTke ATUHHOPOKYCHBIX OOBEKTHBOB ———  Axis ,
ocoboe BHUMaHHUe yressercss rabapuram, KoIH4Ye- S oo =g 0,5 Field(1,157) “Glgge;e;rith Wellght
CTBY JIMH3, BeCy, CTOMMOCTH, a TaKXke Mpefle/IbHbIM SR 07 Feld@SeY) o 1
fomyckaM Ha GOpMy U LeHTPUPOBKY JIMH3 60/IBIIOTO E 0,8 Fleld (1'95:) 486,1nm 1
IoyaMeTpa IIPU HU3TOTOBIEHUHU. Hampumep, 06beKTHB . — - - R LOREd@29) porousing -0,00000

¢ doxycom 300 MM K OTHOCHUTE/IbHBIM OTBepcTHeM F/4
OymeT uMeTh guaMeTp QPOHTATIBHOM JIMH3BL IIOPSIKA
75 MM. H3roToBjieHHe U KOHTPOJIb JIKMH3 GOJIBIIIOrO
JuameTpa 3HAYMTE/IBHO YCIOXKHSET ITPOU3BOJCTBO
06BeKTHBOB. TpeboBaHMs, IpenbsBIsSEMBIe K MeXa-

Puc. 2. 12-nuH308bIl 06BeKmMu8: a — 8Ud obvekmuad,

6 - 2paduk onmuyeckol nepedamouHol GyHKUUU
[Modulation — Konmpacm; Spatial frequnce - npocmpa-
cmeeHHas yacmoma, LP/mm — Jlun/mm; Diffraction MTF -
AUPPaAKUUOHHAS onmuyeckas nepedamouHas GpyHKu]

Fig. 2.12-lens lens: a - view of the lens, b - graph of the opti-
cal transfer function

A camera created on the basis of a 1" matrix (16 mm
diagonal, sensor area =123 mm?, pixel x=5.5 pm) will
have a resolution of R=4 MP, and with a 4/3" matrix
(21.6 mm diagonal, $=225 mm?, x=5.5 pm) - 7.4 MP.

DESIGN
1. Super ED lenses For lenses with large focal length, the telephoto lens
2. HR lenses circuitry is usually chosen, which is the most compact
3. E-HRlens

of all known lenses.

When developing telephoto lenses, special atten-

Puc. 3. O6wvexmus «Olympus» pempogokyc meneobvexmus tiop is paid to dimensions, th? number of lenses,
Fig 3. ((O,\/mpus» Lens te’ephoto lens retrofocus WElght, COSt, a.nd aISO the maximuin tOlel‘al‘lceS on

the shape and alignment of large-diameter lenses dur-

PHoToONICs vOL. 14 N212020 g9
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HUKe, TaKKe JOCTATOYHO >KeCTKHe, YUUThIBas IMHY  ing manufacture. For example, a lens with a focus of

Y TMaMeTpBI OIIPaB B KOPITyce 00BeKTHBA. 300 mm and a relative aperture of F/4 will have a front
lens diameter of about 75 mm. The manufacture and
®OKYCUPOBKA monitoring of large-diameter lenses greatly compli-

Bonbline pasmepsl M BeC JIMH3 B IJIMHHOPOKYCHBIX  cates the production of lenses. The requirements for
obbpekTHBax (1-3 Kr) BBIHYKIAIOT HCKaTh pelleHHe  mechanics are also quite stringent, given the length
C BHyTpeHHeH GOKYCHPOBKOM ¢ moMomibio mepeMente-  and diameters of the frames in the lens housing.
HUSI BHYTPeHHeF I'PYIIIIbI IMH3.

FOCUSING
PA3PELLUEHUE The large size and weight of the lenses in telephoto
Ha puc. 1 mokasaHbl 7-IMH30BBIM M 3-THH30BBIM  lenses (1-3 kg) force us to look for a solution with inter-
TeeobbeKTUBEL C QOKYCHBIM paccTosHHeM 300 MM  nal focusing - by moving the inner group of lenses.

Tabnuua 3.
Table 3.
Element Tilt Arc Min Dec/Roll Element Tilt Arc Min Dec/Roll
1-2 1,0 0,02 1-2 0,5 0,01
3-4 1,0 0,02 3-4 1.0 0,01
5-6 0,5 0,02 5-6 1.0 0,02
7-8 0,5 0,01
9-10 0,5 0,02
11-12 1,0 0,01
13-14 1,0 0,02
Tabnuua 4.
Table 4.
Surface Fringes Thick Glass Surface Fringes Thick Glass
Pow/IRR Ad An/Av Pow/IRR Ad An/Av
1 2/0.5 0,2 0,0002/0.2 1 2/0.5 0,5 0,0002/0.2
2 2/0.5 0,04 2 2/0.5 0,02
3 2/0.5 0,04 0,0002/0.2 3 2/0.5 0,5 0,0002/0.2
4 2/0.5 0,02 4 2/0.5 0,3
5 2/0.5 0,1 0,0002/0.2 5 4/1 0,5 0,0005/0.5
6 2/0.5 0,1 6 4/1 +0,8
7 2/0.5 0,08 0,0002/0.2
8 2/0.5 0,02
9 2/0.5 0,2 0,0002/0.2
10 2/0.5 0,02
11 2/0.5 0,08 0,0002/0.2
12 2/0.5 0,06
13 4/1 0,04 0,0005/0.4
14 4/1 +0,8

100 POTOHUKA TOM 14 N2 12020
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M OTHOCHTENBHBIM OTBepcTHeM F/5,6. O6BeKTHBBHI
paccuMTaHBl O CeHcopa 4/3» M UMeIOT pacyeTHoe
paspemenue 80 nuH/MM. CBeTOBOM JUaMeTp QpPOH-
TaJIbHOM JIMH3EL 52 MM.

7-TUH30BBIN TeleoOBbEeKTUB — AIl0OXPOMAT 6osiee KOM-
MNaKTHBIM (I7KMHA 240 MM) U B 1[e/IOM HMeeT JIy4IlHe
XapaKTepHUCTUKU. BHyTpeHHSS (OKyCHPOBKa B HeM
OCYIIeCTB/ISIeTCSl IOABIDKKOM IOC/efHel JIHMH3BL.
3-THMH30Basi KOHCTPYKIIMS HeCKOJIbKO JJINHee (285 MMm),
HO HMMeeT Psifi NPerMYINecTB: B OObeKTHBE MHHHU-
MaJIbHOe KOJHYEeCTBO JIMH3, eCTh QYHKUMSA QOKYCH-
POBKH (C IIOMOIIpIO IlepeMelleHHs (GPOHTAIbHOMN
TPYIIIbI JINH3) U CPAaBHUTEIbHO HEBBICOKHE TpeboBa-
HHS K U3TOTOBJICHHIO.

AHAJTN3 4OMNYCKOB
B Tabn. 2 mpencraBiieH pe3yJabTaT BIAHSHHS AOIY-
CKOB Ha KOHTPACT HU300paskeHUs 7-TUH30BOrO (C/1eBa)
U 3-1rH30Boro (crpaBa) o6beKTHBOB. M3MeHeHHe
KOHTPACTa IIOKA3aHO /ISl 5-TH TOYEeK YIJIOBOTO II0JIs
Ha IIPOCTPaHCTBEHHOM YacToTe 80 THH/MM.

B Tabsn. 3 mpuBeneHsBI JOMYCKU Ha HelleHTPHPOBKY
M HAaKIOH, B Tabi. 4 - Ha GOpPMYy U TOJIIIMHY JTHH3,

BO3AYIIHbIE IIPOMEXYTKH KM CTEKJIO.

RESOLUTION
Figure 1 shows a 7-lens and a 3-lens telephoto lens
with a focal length of 300 mm and a relative aperture
of F/5.6. The lenses are designed for a 4/3" sensor and
have an estimated resolution of 80 lines/mm. The
light diameter of the front lens is 52 mm.

7-lens telephoto lens - apochromat is more compact
(length 240 mm) and generally has better character-
istics. Internal focusing is carried out by moving the
last lens. The 3-lens design is somewhat longer (285
mm), but has several advantages: the lens has a mini-
mum number of lenses, there is a focusing function
(by moving the front group of lenses) and relatively
low manufacturing requirements.

TOLERANCE ANALYSIS
Table 2 shows the result of the influence of toler-
ances on the image contrast of a 7-lens (left) and a
3-lens (right) lens. A change in contrast is shown for
5 points of the angular field at a spatial frequency of
80 lines/mm.

Table 3 shows the tolerances for decentration and
tilt, in Table 4 for the shape and thickness of the
lenses, air gaps and glass.
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Tabnuua 5. Tabnuuya?7.
Table 5. Table7.
Field Point Relative MTF Design Design+ Surface Fringes Thick Glass
Field Tolerance Pow/IRR Ad An/Av
1 0 0,65 0,33 1 2/0.5 0,5 0,0003/0.2
2 0,5 0,61 0,30 2 2/0.5 0,1
3 0,7 0,59 0,27 3 2/0.5 0,02 0,0002/0.2
4 0,85 0,55 0,23 4 2/0.5 0,02
5 1,0 0,50 0,18 5 2/0.5 0,04 0,0004/0.2
6 2/0.5 0,04
7 2/0.5 0,08
Ta6bauua 6.
Table 6. 8 2/05 0,02 0,0004/0.2
Element Tilt Arc Min Dec/Roll 9 2/05 0,02 0,0002/0.2
12 10 0,02 10 2/0.5 0,02
34 05 0,01 11 2/05 0,02 0,0005/0.2
5_g 1.0 0.01 12 12/3 0,04 0,0003/0.2
8-10 1.0 0,005 13 2/0.5 0.1
11-13 1.0 0,02 14 4/1 0.06 0,0005/0.3
14-15 1.0 0,02 15 471 0.04
16-18 17 0,02 16 4/1 0,04 0,0005/0.2
19-20 17 0,02 17 6/15 0,02 0,0005/0.2
21-22 1.0 0,02 18 2/0.5 0.08
19 4/1 0.1 0,0005/0.4
CpaBHeHHe IIOKa3blBaeT, YTO 7-JIMH30BBIM 00B- 20 4/1 0.5
eKTHB HMeeT 6onbLI:Iee YHCI0 JIMH3 C IIpeNeIbHbIMHU 51 12/3 05 0,0002/0.2
JOIIyCKaMHK M C 3TOM TOYKHU 3PEeHHUS 3X-JIMH30Bas KOH-
CTpyKLHUs 6oslee IIpeAIIOYTUTEIBHA. 22 12/3 +0,95

YBEJIMMEHUE CBETOCWUJIbI

YBellMueHHe OTHOCHUTEIBHOIO OTBePCTHS B IJIMHHO-
doxycHOM obbexTHBe (Tab. 1) Hen3beskKHO MpHBeeT
K yBeJIMUeHHIO YK C/Ia IMH3 U UX pa3Mepos (1, 2], uTo
COOTBETCTBEHHO IIOBBICUT U TPYA,0eMKOCTb U3IOTOBJIe-
HHs. Kpome 3Toro, mjisg COXpaHeHHS BBICOKOTO Kaue-
CTBa M300pakeHMsI BO BCeM [Halla3oHe AMCTAHIIUU
HabJT0/IeHU ST KOHCTPYKITHS MeXaHH3Ma GpOKYCHPOBKHU
CTaHOBHUTCS 60s1ee CJIOKHOM.

Ha puc. 2 npuBoguTCcs IpUMep 12-THH30BOro 06b-
eKTHBa [1] c okycHBIM paccTosHHeM 300 MM K OTHO-
CUTeNbHBIM OTBepcTHeM F/4. O6BeKTHUB pacCuMTaH
Ui ceHcopa 4/3" u uMeeT paspelieHHe 80 JIHMH/MM
B IIpefiesiax BCEro yInoBoro moyus. CBeTOBOM JHaMeTp
GPOHTaIBPHOM THUH3BL 72 MM. QPOKyCHPOBKa B 0OBEK-
THBe OCYIIeCTBIIsieTcsl Ipynmon auH3 (9-11). Belcokoe

102 ®OTOHUKA TOM 14 N2 12020

Comparison shows that the 7-lens lens has a larger
number of lenses with extreme tolerances, and
from this point of view, the 3-lens design is more
preferable.

INCREASE IN THE RELATIVE APERTURE
An increase in the relative aperture in a telephoto lens
(Table 1) will inevitably lead to an increase in the num-
ber of lenses and their sizes [1,2], which, accordingly,
will increase the laboriousness of manufacturing. In
addition, to maintain high image quality over the
entire range of the observation distance, the design of
the focusing mechanism becomes more complex.
Figure 2 shows an example of a 12-lens lens [1] with
a focal length of 300 mm and a relative aperture of
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KauecTBO H300paskeHUs! 0OBeKTHBA IIOATBEPKIAETCS
rpadUKOM ONTHYEeCKOHM IIepeflaTOYHON QYHKIHUH
(puc. 26). Pe3yIpTaThl pacyeTa JOIYCKOB 12-THH30BOIO
obpekTHBa MeTOfOM MoHTe-Kapio IpencTaBIeHb
B Tab. 5-7.

PacyeT IOKa3bIBaeT, YTO AOIYCKU Ha JTHUH3BI 00b-
eKTHBa C y4eTOM OOJBIIMX AHAMETPOB [JOBOJIBHO
cTporde: ¢opma moBepxHocTH 2/0,5; TonIIMHA
0,02-0,04 mm; crexno 0,0002/0,2; meLeHTPHUPOBKA
0,005-0,01 MmM; HakIoH 0,5-1".

J7is cpaBHeHMS Ha PHC. 3 ITOKa3aHa KOHCTPYKIIHS
bonee cnoskHOro 17-nMMH30BOro 06BeKTHUBa «Olympus»
€ QoKyCcHBIM paccTosHreM 300 MM M OTHOCUTEIbHBIM
orBepcTheM F/4. TabapuTHBIe pa3mepsl 992x227 MM,
Bec 1,3 Kr, paspemieHue 80 TXUH/MM.

3AKJTIOYEHUE

B KOHEYHOM HTOre KOHCTPYKLHS TeJIeBH3HOHHOIO
obbexTHBa OymeT 3aBUCETh HE TOMBKO OT OINTHMAllb-
HOrO COYeTaHHUs Bcex (aKTOPOB, OIpeesIIInX
Ka4eCcTBO M300paskeHUsI, HO U OT YPOBHSI TeXHOIOTHH,
KOTOpasi MOKeT OBITh KCIIONB30BAHA IPU PEATTBHOM
U3TOTOBJIEHUU OO BeKTHUBOB.

LASER

companents
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- IMopHble nasepsl
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- DPSS nasepbi
- 3aLUMTHBIE OYKH

MK TEXHUKA:

- Mukpogucnneu Amoled
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- Kamepb!

SWIR, MWIR, LWIR
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F/4. The lens is designed for a 4/3" sensor and has a
resolution of 80 lines/mm within the entire angu-
lar field. The light diameter of the front lens is ~72
mm. Focusing in the lens is carried out by a group
of lenses (9-11). The high image quality of the lens
is confirmed by the optical transfer function graph
(Fig.2b) The results of calculating the tolerances of a
12-lens lens by the Monte Carlo method are presented
in Tables 5-7.

The calculation shows that the tolerances on the
lenses of the lens, taking into account large diam-
eters, are rather strict: surface shape 2/0.5, thick-
ness 0.02-0.04 mm, glass 0.0002/0.2, decentration
0.005-0.01 mm, tilt 0.5"-1".

For comparison, Fig. 3 shows the construction of
the more sophisticated Olympus 17-lens lens with a
focal length of 300mm and a relative aperture of F/4.
Overall dimensions 992x227 mm, weight 1.3 kg, reso-
lution 80 lines/mm.

CONCLUSION
Ultimately, the design of a television lens will depend
not only on the optimal combination of all factors
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