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BBEAEHWUE

rdpoBble TeXHOJOTUH H3MeHUIH QYyHKIIMOHAJIb-
HOCTb COBPeMEeHHBIX HabnrofaTenbHBIX NPHUOOPOB.
C mosiBIeHHeM MUHHUATIOPHBIX HCTOYHHUKOB CBETQ,
CEHCOPOB, AHUCIIIEeB IOSIBUIACh BO3MOKHOCTb 06be-
OUHATH KaHAJIbl, paboTalomue B pa3HbIX CIIEKTPAJIb-
HBIX [HAlla30HaX. Bo MHorux mpubopax ecTtb GyHK-
LISl U3MepeHHUs JAIBHOCTH U BBIBOJA MHOOpMAIIUHU
B II0JIe 3peHUs. YBeTHUYHJ/ICS AHAla30H KPaTHOCTHU
U pabounx TeMrepatyp. IIpubopsl ctanu bonee Kom-
IIaKTHBIMHU U JIETKUMH.

[Ipuctynass K pa3paboTke MHOTOQYHKLIHOHAIb
Horo 6uHOKIA [1-2] Heo6XOOUMO OIpelNentuTh ONTH-
MaJIBHYIO KOHCTPYKLIHIO 00BeKTHBA KOKIOr0 KaHA/Ia
C y4eToM psifia IlapaMeTpoB OHMHOK/IS: YBeTUYeHHUS,
II0JIs 3peHHUsl, pa3pelleHUs] U AAIBHOCTH Habmione-
HUs. UCXOASI M3 3THUX IIAPAMETPOB OIIpelesIoTCs
HeobxoguMoe QOKyCHOe pacCTosHHe O06BeKTHBa,
CBeTOCHJIA WU AHANa30H (GOKycHUpoBKH. Ilombupa-
eTcs GopMaT ceHcopa M AMCIUIesl. Bce KaHaBl IpU
3TOM JOJDKHBL OBITH COIJIACOBAHBI MeXAY c060¥.
HM3BeCTHO, 4TO AeTanu HabmomaemMoro o6bekTa, ero
UIeHTUOUKALIUS CYLIeCTBEHHO 3aBUCST OT CIIEK-
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The paper provides the optical channel
description for digital multifunctional
binoculars. The design of low-profile and
lightweight television variable focus (zoom)
lens and night vision and infrared lenses
with internal focusing is given. The design
options for the eyepiece assembly of
binoculars are shown.
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INTRODUCTION

Digital technologies have changed the functionality
of present-day observation tools. With the advent of
miniaturized light sources, sensors, and displays,
it has become possible to combine various channels
operating in different spectral ranges. Many devices
have a range tracking function and possibility to
display information in the field of view. The range
of magnification and operating temperatures have
been increased. The devices have become more
discreet and lighter.

When starting to develop multifunctional
binoculars [1-2], it is necessary to determine the
optimal design of the lens for each channel with
due regard to a number of binocular parameters,
such as magnification, field of view, resolution and
observer-target range. Based on these parameters,
the required lens focal length, aperture ratio and
focusing range are determined. The type of the
sensor and display is selected. All channels must
be consistent with each other. It is well-known
that the details of the observed object and its
identification significantly depend on the spectral
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TPaJIPHOIO AHala30oHa U OT OCBeLIeHHOCTH OKpysKa-
omten cpefbl. C OGHOM CTOPOHBI, IPMMeHeHHe TOro
WJIM MHOT'O KaHajia MOKeT 3HAUYMUTEeIbHO PaCIINPUTh
BO3MOXKHOCTH OMHOK/IS B 3aBUCHMOCTH OT YCIOBHUH
HabIOmeHNUs: BpeMeHH CYTOK, IIOTOABI M HATbHO-
ctu. C Ipyroi CTOPOHBI, o6beqUHEHHE 3-5 OITHYe-
CKHUX KaHaJIOB B ONHOM IIpubope BeleT K yBelHue-
HUIO rabapHUTOB U Beca.

TENEBU3UOHHbIN OBbEKTUB

C MEPEMEHHbIM ®OKYCHbIM
PACCTOAHUEM

B TeneBH3MOHHOM KaHajle COBpPeMeHHBIX Habmio-
OATelbHBIX IIPUOOPOB IIPUMEHSIOTCS OO6BEKTHBBHI
C IepeMeHHBIM QOKYCHBIM PacCTOSHHEM. [JHaIla3oH
H3MeHeHUsl QOKYCHOTO PACCTOSIHHSI MeXKOy KOpOT-
KUM PoKycoMm (IIHpoKoe I10j1e) U IIMHHBIM GOKycoM
(y3Koe Imojie) MoXKeT HocTuratb 30-90 Kpart. Takue
06'BEeKTHBBL KIMEIOT CJIOSKHYI0 KOHCTPYKIIHIO C IIpHMe-
HeHHeM 60/IBIIOr0 KOTUYeCcTBa achepUdecKUX JIHH3.
JIJIs CTallMOHAPHBIX TPHUOOPOB, TIe AOMYyCTUMBIH BeC
npubopa 5-10 Kr, mpruMeHeHHe ITOAOOHBIX 0OBEKTH-
BOB BIIOJIHE OIIPaBJaHoO. B ciydae, Korga obuiym Bec
npubopa He LOJKEH IPeBHIINATh 1-2 KT He0OX0IUMO
YMEeHbBIIATh rabapuThl 06beKTUBA, a 3HAYWT U JHa-
11a30H POKYCHBIX PACCTOSIHUM.

Ha puc. 1 npuBelleH IpUMep KOMIIAaKTHOIO TeJle-
BU3HOHHOTO 06BeKTHUBA C IepeMeHHBIM (QOKYCHBIM
paccTtosiHueM 8-50 MM, KOTOPBIKM UMeeT JOCTATOUYHO
IIPOCTYI0 KOHCTPYKLHIO IJIsI 3yM-00BeKTHBA (BCETO
11 nuH3) U BHIIONTHEH 6e3 achepuyecKUX II0BEPXHO-
cTer. M3MeHeHHe (QOKYyCHOrO PacCTOSIHUS U (OKy-
CHPOBKAa Ha OIMSKHIO AMCTAHLIHIO ITPOH3BOJMUTCS
C IOMOIIBIO IIepeMeIlleH s JByX IPYIII JIUH3. [IHHa
obbekTHBa ~100 MM, a ero Bec IO JIHMH3aM He Ipe-
BeimIaer 70 r. O6bekTHUB objazaeT GOJBIIOM CBETO-
cunoit (F/1.25-F/1.4) u paspemeHueM 80 IUH/MM,
YTO II03BOJISIET MCIIONB30BAaTh ero JJjs CeHcopa
¢ dopmartom 1/2" (1920x1080).

OBBbEKTUB HOYHOIO BUAEHUA

C BHYTPEHHEN ®OKYCUPOBKOM

O6BbeKTHBEl HOYHOIO BHAEHHUS IMIHPOKO HCIIO/Nb-
3yI0TCS B COBPeMEeHHBIX Hab/lofaTelbHBIX MPH-
bopax. TpagHLMOHHO OHH I PUMEHSIOTCS
B KOMOMHALMU C 371eKTPOHHO-ONTHYECKHUMH IIpe-
obpasoBaTensimMu, paboTAOMMUMU B CHIEKTPAIb-
HoM pAuamasoHe 400-900 M. Takass KOHCTPYKLIMSI
HOYHOro npubopa MMeeT HOBOIBHO bosbpmine raba-
PUTBHI, II09TOMY ee TPYAHO IPHUMEHHUTb B MHOIO-
dyHKIMOHANBHOM 6HHOKIe. ECIM B KauecTBe UyB-
CTBUTEJIBPHON MaTPHULBl IPUMEHHUTh LHUOPOBOU
ceHcop - HHU3KoypoBHeByI0 (low light) kamepy, To

=

range and on the ambient light illumination.
On the one part, application of one or another
channel can significantly expand the capabilities of
binoculars depending on the observing conditions:
time of day, weather and range. On the other
part, combination of 3-5 optical channels in one
device leads to an increase in its dimensions and
weight.

TELEVISION VARIABLE FOCUS

(ZOOM) LENS

The television channel of modern observation
devices uses the lenses with variable focal lengths.
The range of variation in the focal length between
short focus (wide field of view) and long focus
(narrow field of view) can reach 30-90 times.
Such lenses have a comprehensive design with
a large number of aspherical lenses. For the fixed

14,71 MM

a) f8-50/1.25-1.44  Position:1 Scale:1,70

14,71 MM

b) f8-50/1.25-1.44

Position: 3 Scale:1,70

Puc. 1. Teresu3uoHHbIl 06veKmMU8E C NnepeMeHHbIM POKYCHbIM
paccmosiHuem: a) 8 nonoxkeHuu f= 8 mm, b) 8 nonoxxkeHuu
f=50 mm

Fig. 1. Television variable focus (zoom) lens: a - in the posi-
tion of f=8 mm, b - in the position of f=50 mm
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instruments, where the permissible weight of the
device is 5-10 kg, application of such lenses is
completely justified. If the total weight of the
device should not exceed 1-2 kg, it is necessary
to reduce the lens dimensions, and therefore the
range of focal lengths.

Figure 1 shows an example of a low-profile
television lens with a variable focal length of
8-50 mm that has a fairly simple design for a zoom
lens (in total 11 lenses) and is made without any
aspherical surfaces. Any changes in the focal length
and focusing at close distances are provided by
moving two groups of lenses. The lens length is
~100mm, and its lens weight does not exceed 70 g.
The lens has a large aperture ratio (F/1.25 - F/1.4) and
a resolution of 80 lines/mm that allows it to be used
for a sensor with a 1/2” format (1920 x1080).

a) f50/1.4 Scale: 2,20

NIGHT VISION LENS

WITH INTERNAL FOCUSING

The night vision lenses are widely used in the
up-to-date observing devices. Conventionally, they
are applied in combination with the electron-
optical converters operating in the spectral range of
400-900 nm. This design of a night vision device has

b) £25/0.9 Scale: 4,30
rather large dimensions, so it is difficult to use it in
the multifunctional binoculars. If a digital sensor,
Puc. 2. Obvekmugbl HO4H020 BUOEHUSI (A0y AALim) C BHY- namely a low light camera, is used as a sensing
mpeHHeli pokycuposkoli: a) f= 50 mm, b) f =25 mm matrix, it is possible to significantly reduce the
Fig. 2. Night vision lenses (low light) with internal focusing: dimensions and weight of the binoculars.
a)f=50 mm, b) f=25 mm The examples of lightweight and low-profile

lenses that are used for low-light cameras are given
in Fig. 2. Both lenses focus at close distances up to
5 m while maintaining the high image quality. In
a lens with a focal length of 50 mm and a relative
aperture of 1:1.4, focusing is provided by moving
the last component; in a lens with a focal length
of 25 mm and a relative aperture of 1:0.9, the last
lens is moving. The lens resolution is 40 lines/mm,
and such lenses are designed for a 1/2” sensor (8 mm
diagonal). The angular field of view of the lenses is
10° and 20°, and the their weight is no more than
70 g and 45 g.

THERMAL IMAGING LENS

WITH INTERNAL FOCUSING

A view of a thermal imaging lens with internal
focusing operating in the 812 p m range is shown in
Fig. 3. The achromatized thermal imaging lens [3, 4]

f50/1 Scale: 3,00

Puc. 3. Tenno8u3UoHHbIl 06BeKMus ¢ 8HympeHHel has a triple-lens design. In this structure, the outer
¢oxycuposKoli lenses are made of germanium, and the middle
Fig. 3. Thermal imaging lens with internal focusing lens is made of zinc selenide. Internal focusing is

achieved by moving the middle lens. The weight of
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MOXKHO 3HAuUMTe/lIbHO COKPAaTUTb TrabapUThl U BecC
buHOKIIS.

[IprMepsl JIeTKUX M KOMIIAKTHBIX OOBEKTHBOB,
KOTOpEIe IPHUMEHSIOTCS JJISi HHU3KOYPOBHEBOU
KaMepbl, IIPeACTaBlIeHsl Ha puc. 2. Oba obbeKkTHBa
HMeIT GOKYCHPOBKY Ha OIMKHIOIW AHCTAHIIHIO [0
5 M C coxpaHeHHeM BBICOKOTO KauecTBa H300paxke-
HUS. B 06beKTHBe C GOKYCHBIM PaccTosiHHuEM 50 MM
Y OTHOCHUTE/IBHBIM OTBepcTHeM 1:1.4 poKycHpOBKa
OCYILeCTBJISTCS C IIOMOILUBIO IIOJABMKKHU I10C/IeTHEr0
KOMIIOHEHTa, B 00BeKTHBe C QOKYCHBIM PpacCTOs-
HHeM 25MM H OTHOCHTE/IbHBIM OTBepcTHeM 1:0.9
IOBIDKeTCSl IMOCHAefHssl JHH3a. PaspelleHue o6beK-
TUBOB COCTaBjsieT 40 JIMH/MM M pPacCUMTaHB OHU
Iy1s ceHcopa 1/2" (mmaroHans 8 MM). YI/IOBOe IIoje
3peHHs ob6veKTHBOB 10° 1 20°, a Bec JIMH3 He Oonee
70rud45r.

TEMJIOBU3NOHHbIN OB BEKTUB

C BHYTPEHHEN ®OKYCUPOBKOWM

Bu/ TelIOBU3HMOHHOTO O0BEKTHBA C BHYTPeHHEH
doKkycrupoBKoM, paboTaromiero B AuamnasoHe 812 MKM
NpeAcTaBleH Ha pHUC. 3. AXPOMaTH3HUPOBAHHBIN
TeIUIOBU3MOHHBINA 00BeKTHUB [3, 4] MMeeT 3-JIMH30-
BYI0 KOHCTPYKLIUIO, B KOTOPOM KpaKMHHe JTHH3HL che-
JIaHBl U3 TepMaHHs, a CpelHss JIMH3a BBIIIOJHEHA
M3 CeleHMJA LHHKA. BHyTpeHHsdd (QOKyCHpPOBKaA
OCYyIIeCTB/ISETCS C IIOMOLIBIO IOABMKKH CpelHeH
JTUH3BL. Bec nUH3 06beKTHUBa He IpeBblmaer 30 T,
a ero AnruHA 65 MM. OCHOBHBIE XapaKTePUCTUKHU 00B-
eKTHBOB IIpUBe/IeHbl B Tabulie.

NCEBAOBUHOKY/IAP

HabioneHue yoaleHHBIX IIpeJMeTOB IByMs I7Ta3aMHU
6oree KOMGOPTHO M eCTECTBEHHO ISl YenoBeKa. Ilo
3TOM NPUYHHe MHOTHe ITPOU3BOJUTENIHN TeeCKOIIH-
YecKUX NPHOOPOB HCIIONIB3YIOT OHHOKYISPHYIO HIH
I1CeBAOOMHOKY/ISIPHYIO CXeMy B KOHCTPYKLUHH. IIceB-

Ta6nuua 1. OCHOBHbIE XapaKTePUCTUKN 06beKTUBOB
Table 1. Main specifications of lenses

S

3payoxk
OKY‘:'IHP Eyepiece
Pupil
3epKajio
Mirror 3pagox
Eyepiece
OKRyJ1sIp )
Pupil

3epKajio
Jucren Mirror
Display
a)
3payox
OKyrsp Eyepiece
Pupil
3payok
IIpu3sma Eyepiece
Prism
OKynsap )
Pupil
IIpusma .
‘ Prism JluH3a
JInH3a Lens )
Lens ’«
CILIUTTED IIpusma
Splitter ‘)\ Prism
JInH3a Lucruien
b) Lens Display

Puc. 4. [McesdobuHokyAsp. a - 1eapuaHm, b -2 eapuanm
Fig. 4. Pseudo-binocular. a - option 1, b - option 2

ObbeKkTuB DoKyCcHOe paccTosiHue, CBetocuia ®okycuposka, [AnvHa,  PaspeleHwue, Bec, Yrnosoe

Lens MM Aperture M MM JIVH /MM none,°
Focal length, Focusing, Length, Resolution, Angular

mm line/mm field, °

TeNeBU3NOHHbIN 8-50 F/1.25-F/1.4 oo -5 100 80 70 50-10

Television

Ho4yHoro BuaeHuns 25-50 F/0.9-F/1.4 co—5 45-75 40 45-70 20-10

Night vision

TennoBM3NOHHbIN 50 F/1 oo —5 65 40 30 12

Thermal imaging
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NOOKMHOKY/SIpHAsl CXxeMa KOMIIaKTHee U jerde U em
JlaeTcs MpearoyTeHue IIPU CO3LaHMM COBPeMeHHBIX
111 $poBeIX MpHOOPOB. Ha pHc. 4a mOKa3aHa XOPOIIO
M3BeCTHas CxeMa IICeBIOOMHOKyIspa st mpubopa
HOYHOIO BHAEHHS. 3a CYeT IpPUMeHeHUs ache-
PUKH B Hell MaKCHMaJIbHO COKPAILlleHO KOJIHYeCTBO
JMH3 W TeM CaMbIM 3HAYMTe/bHO YIIPOIeHa KOH-
cTpykuus. Ha puc. 4b mokasaH 6oree KOMITaKTHBII
BapUaHT IICeBAOOMHOKY/ISIPA C OPUIHMHAIBHON KOM-
IIOHOBKOM IPH3M M CBETOLENIHUTEeNbHOMN ILIACTHHEI
(cmnutrepa). Oba BapuaHTa PaboTarOT ¢ BUIUMBIM
yBenudeHureM 10-15X ¥ BBIXOAHBIM 3Pa4KOM 5-6 MM,
OHCTOPCHS Ha IpeBhIIlaeT 1-2% MpH Iojie 3peHus 40°
32 OKYJ/ISIPOM.

MesK3pauKoBOe pacCTOSHHE MOXKeT H3MeHSThCA
B IIpefesiax 58-72 MM 3a CYeT IepeMelleHUs KOMIIO-
HEeHTOB, HaXOASIIMXCA B MapaJI/IeIbBHOM Xo[e Iy4eH
(B 1-M BapHaHTe 3TO MPOCTPAHCTBO MeXAY JHH3aMH
U IIPHU3MOH, BO 2-M - 3a CYeT IlepeMellleHHs [IPaBoro
KaHaJla OTHOCHUTE/IbHO CIZIUTTEPA).

3AK/TIOYEHUE

IIpencraBneHHble B CTaTbhe PelleHHSI MOLYT HAaWTH
[IpHMeHeHHe He TOJIbKO IIPHU CO3JAaHHH MHOIOQYHK-
LIMOHA/IbHBIX OHMHOK/IEHN, HO M HCIIONb30BaHBI IPHU
pa3paboTke MIKMPOKOro KjIacca ONTHYECKUX YCTPOHCTB,
B KOTOPBIX JIETKMI BeC M KOMIIAKTHOCTD SIBJISIOTCS
[IPUOPHUTETAMH.
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lenses does not exceed 30 g, and its length is 65 mm.
The main specifications of the lenses are shown in
the table.

PSEUDO-BINOCULAR

Observation of distant objects with two eyes is
more comfortable and natural for a person. For this
reason, many manufacturers of telescopic devices
use a binocular or pseudo-binocular design in their
work. The pseudobinocular circuit is more discreet
and lightweight, therefore it is preferred when
developing the up-to-date digital devices. Figure 4a
shows a well-known layout of a pseudo-binocular for
anight vision device. Due to the use of aspherics, the
number of lenses is reduced as much as possible and
thus the design is significantly simplified. Figure 4b
shows a more discreet option of a pseudobinocular
with an original arrangement of prisms and a beam
splitter (splitter). Both options can be applied with
an apparent magnification of 10-15x and an exit
pupil of 5-6 mm, its distortion does not exceed 1-2%
with a field of view of 40° behind the eyepiece.

The interpupillary distance can vary within
58-72 mm due to the movement of components
located within a parallel path of the rays (in the
1t option, this is the space between the lenses and
the prism, in the 27 option, this is achieved due
to the right channel movement of relative to the
splitter).

CONCLUSION

The solutions given in the article can be used not only
for the development of multifunctional binoculars,
but also for the creation of a wide range of optical
devices when the light weight and compactness are
priorities.
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