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B ctaTbe paccMOTpeHO HanpasJ/ieHue
COBepLIEeHCTBOBAHUSA CUCTEMbI YripaBieHus

orHem (CYO) 06bekToB 6pOHETAaHKOBOM TEXHUKM,
3akJ/iloyatouleecs B Co3gaHun ctabuamsnpoBsaHHom
KOM6MHUPOBAHOW MHOIOKaHa/IbHOW ONTUYeCKOM
CUCTeMbl NpuLenbHO-HabAOAaTE/IbHOIO KOMMJIeKCa
C 0AHUM 06LMM BXOAHbIM 3pa4ykKoM, a TakXe ee
Moaudukaumus B BUAe naHopaMmHoro npuéopa.
Takow noAxop, pewaeT MHOXeCTBO 3a4au:

OT MMHUMM3ALLUU FONIOBHbIX YacTelr, NO3BOJISAIOLMX
ONTUMMU3NPOBATb CUCTEMY [BYXMNIOCKOCTHOMN
cTtabuamsauum noaoXXeHns TMHUU BUSUPOBaHUS,
[0 O4HOBpEeMeHHOM paboTbl B pas/IudHbIX
cnekTpanbHbIX AMana3soHax, T.e. NoJly4yeHus
KOMM/IEKCMPOBAaHHOI0 NaHOpPaMHOro nsobpaxeHus,
NOBbILLAIOLLEr0 BEPOSITHOCTb HAXOXAEHUS

M pacnosHaBaHUS Lie/iel B CJIOXHbIX YCJ10BUSAX
HabnpeHus.

accMaTpuBasi COBpeMeHHBle CTabUIH3UPO-
PBaHHBIe npuuensl Ajasi 6oeBbIx 6GPOHHPOBaH-

HBIX MallKMH, MOXHO OTMETHTb, YTO BCE OHH,
KaK IPaBU/I0, UMEIOT JHEBHOM ONTHYeCKHUM KaHall
M MHOTHe JIOIIOJIHHUTE/IbHO OCHAIleHbl HOUHBIM KaHa-
JIOM, a TaKXe JIa3epHBIM [Ja/IbHOMepoM. JIHeBHas
ONTHKA CUYUTAETCS OUEHb BASKHBIM 37IeMEHTOM IIpPU-
Lle/1a, Tak KaK ONTHYeCKHUI KaHa/l IpsiMoro ob3opa
OCTaeTcsl JIy4IIHMM BapHaHTOM obecreueHHs H306pa-
>KeHH S BBICOKOM Pa3pellalolell ClI0COOHOCTH U I1epe-
Ja4Yy MCTHHHOIO I]BeTa B TaKOM KadecTBe, KOTOpoe
HeoOXOAMMO /1151 yBepeHHOI0 OII03HABAHMUS LIeJIH.
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This article deals with the improvement of the

fire control system of armored vehicles. It details
designing of a stabilized multiunit and multichannel
optical device of the sighting and observation system
utilizing a single common entrance pupil. Some
modifications of the basic system, e.g. a panoramic
device are also reviewed in this article. Such
approach allows the solution of numerous tasks -
from minimization of the head parts allowing the
optimization of the biplanar sighting line stabilization
system up to the simultaneous operation in different
spectral ranges, i. e. obtaining a complex panoramic
image, which enhances the probability of detection
and recognition of targets in adverse observation
conditions.

hile considering modern stabilized sights
Wfor combat armored vehicles, it can be

noted that all of them, as a rule, have
a daylight optical channel and many are further
equipped with a night channel, as well as a laser
rangefinder. Daytime optics is considered to be a
very important element of the sight, since the optical
direct view channel remains the best option for
providing a high-resolution image and transmitting
the true color in such a quality that is necessary for
positive identification of the target.

The night channel is either a thermal imaging
camera with IR optics and a sensitive element
in the form of a grating allowing to eliminate
mechanical scanning, or a channel built on
electron-optical image intensifiers operating in the
near-IR range.
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HouHoI KaHaJI IpelcTaBiseT cobor nubo Temo-
BU3HOHHYIO KaMepy C MK-OITHKON M 4yBCTBHUTEJIb
HBIM 37eMeHTOM B BH/Je pellleTKH, I103BOJSIONel
060 THCH 63 MexaHHUYeCKOro CKAHUPOBaHUS, TH60
KaHaJI, TIOCTPOEHHBIN Ha 3JeKTPOHHO-OITHYECKHUX
YCHUIUTENSIX SIPKOCTH K306paskeHHsI, pabOTAIOLMIKX
B bnmskHeM UK-guarmasoHe.

OCHOBHBIM TaKTH4YeCKUM TpebOBaHHEM K IIpH-
6opHOMY OCHaIleHHIO OpPOHEeTeXHHUKHU siBisieTcs obe-
CIleyeHHe BO3MOXKHOCTH 3deKTHBHO MCIIO0/Nb30BaTh
npubopsl B YCIOBHSX BHUOPALIMM IIPU ABHKEHUU
MAIIHHBL.

9TO O3HAadaeT, 4YTO OIEepaToOp, HAaXOASCh IIOf
3amuToN OpoHK OaIIHM, HOJIKeH BecTH Habiroge-
HHUe M3 JBHKYIIEHCs MalIMHBI, yBepeHHO o6Ha-
PY>KMBaTh U OIIO3HABaTh Lie/b, IMPHUOIMKAIOIIYIOCS
¢ m060ro HalpaBlIeHHUs, U I0Jy4aTh HHPOPMAIIHLIO
0 IapaMeTpax FOPU30HTAaJIbHOM M BePTHKAJIBHOU
HaBOAKHU. [ly1sl obecrieyeHHUs 3TUX TpeOOBAHUMN MPHU-
Lie/T DOJKeH ObITh OCHAIleH CTabMIM3HMPOBAHHBIMU
OITHKO-3JIEKTPOHHOM U OIITHYEeCKOK CUCTeMaMHU.

Och BH3HMPOBAaHHUS IIpHUIleNbHO-HabMIOAaTEb"
HBIX CHCTeM, YCTaHOBJIEHHBIX Ha OpOHeTeXHHKe,
BCJIE[CTBHE JIMHEHHBIX W YIJIOBBIX IlepeMelleHH
B IIpollecce [ABMKeHMUS MAIIHHBl I10ABEpPraercs
OIlpefle/IeHHBIM YIJIOBBIM BO3MYyILIeHHSM. YTOOEI
KCII0/Ib30BaTh IIPULIE 10 Ha3HaUYeHUI0, He0bX0q MO
MMeTb BO3MOXKHOCTb YIPaB/ATh I0JOKEHHEM ero
OCH BH3MPOBAaHHUS B TOPU30HTAIbHOM U BePTHKAJb-
HOM IIJIOCKOCTSAX. Tak>Ke Heob6XomMMO, UTOOBI I10J10-
>kKeHHe OBLIIO CHMHXPOHHU3HPOBAHO C OCSIMHU THPOC-
KoIla [/I MUHHUMM3ALUU BIUSHUS YITIOBBIX BO3MY-
IeHUN. MMeHHO TouHasi cTabuiIn3aLus 03BojsieT
IIOJIyUUTh OTUET/IBee U306paskeHUe HabmomaeMbIX
06BeKTOB, 0becreunBas pacrio3sHaBaHHe LIeJIH.

Jl1s1 yIIpaBiIeHHs OChbI0 BU3HPOBAHUS U CTabMIIH-
3alMU U306paskeHUs, [I0Jy4aeMoro B II0JIe 3peHHUs
IIPUIIe/IOB, KaK IPaBU/IO, HCIOB3yIOTCS IJIOCKHE
3epKajia MM IIPU3MBL B CHUCTeMax C 6onbpIIMM AHMa-
[Ia30HOM MPOKa4YKK JTHHHUK BU3UPOBaHHUS (Ho 70°).
[IperMyIIecTBa 3epKaj IepeJ IPHU3MaMH oOue-
BU/IHBI - 3epKasa bosee sierkye 3/1eMeHTBI 10 CPaBHe-
HUIO ¢ npusMaMu. C/leloBaTe/lbHO, 3epkala HMeIOT
MEeHBIIHNN MOMEHT HHEepPLUH, UYTO B 3HAYHTEIBHOU
Mepe yIpollaeT UX HUCIIONb30BaHUEe B KauecTBe CTa-
OMIM3UPYIOLIero 31eMeHTa. JlaHHAs CTaThsl He CTa-
BUT 33/lauell pacCMOTPeHHe C/ly4daeB CUCTeM C 60b-
IIMMH YIJIAMH ITPOKAaYKH JIMHUU BHU3HUPOBAHUS,
KOTZla HaJIMuHe IIPU3MEHHOro 37eMeHTa, MeHSIo-
IIero HalpaBjleHHe TUHUH BU3UPOBAHHUS, 00yCIOB-
JIeHO >KeCTKOM Heob6X0IUMOCTBIO.

CoBpeMeHHBIe YC/IOBUSI, KpoMe TpebOBaHMUI,
06yC/IOBIeHHBIX TeXHHYeCKHUMH O0COOeHHOCTSIMHU

i1

The main tactical requirement for instrumentation
of armored vehicles is the provision of the ability
to effectively use the instruments in vibration
conditions when the vehicle is moving.

This means that the operator, while protected by
the armor of the tower, must perform observation
from the moving vehicle, positively detect and
identify the target approaching from any direction,
and receive information about the parameters of
horizontal and vertical pointing.

To ensure these requirements, the sight should be
equipped with stabilized optoelectronic and optical
systems.

The aiming axis of sighting and observation
systems installed on the armored vehicles, due to
linear and angular displacements during the
movement of the machine, is subjected to certain
angular perturbations. Touse the sight forits intended
purpose, the position of its aiming axis should be
controlled in the horizontal and vertical planes, and
synchronized with the gyroscope to minimize the
effect of angular disturbances. Precise stabilization
makes it possible to get a clearer picture of the
observed objects, providing a target recognition.

To control the aiming axis and stabilize the image
obtained in the field of view of the sights, flat mirrors
or prisms are usually used in the systems with a large
range of roll of aiming line (up to 70°). The advantages
of mirrors before prisms are obvious, since mirrors
are lighter elements and, therefore, have a smaller
moment of inertia, which greatly simplifies their use
as a stabilizing element. This article does not pose the
task of considering cases of systems with large angles
of roll of aiming lines, when the presence of a prism
element that changes the direction of the aiming line
is due to an extreme need.

Current conditions, in addition to the requirements
due to the technical features of the design
solution of the sighting systems, put forward the
requirements for ensuring the multidimensionality
of visual information, detailing the features of the
observed objects, depending on the spectral range
of observation. For example, the known thermal
signatures of different objects of observation,
depending on the nature of the materials they are
made of, make it possible to identify heated objects
invisible through the visual channel using a thermal
imaging channel.

Multichannel and multispectral modern sighting
systems of armored vehicles are not just mood of the
times. This is a consistent step in the development
of observation and sighting systems, which makes
it possible to increase the survivability of the object
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KOHCTPYKTHUBHOI'O pelIeHHsl IMPHUIeNbHBIX CHCTEM,
BBIIBUTAIOT TpeboBaHUs 10 obecriedyeHHUIO MHOTO-
IJIAHOBOCTH BH3yaAbHOM HHQOPMAIHUH, [eTa-
JIU3allUU ocoDeHHOCTerM HabnwomaeMbX o00bex-
TOB B 3aBHCHUMOCTH OT CIIEKTPAJIPHOIO IHAIa30HA
HabnrogeHus. Hampumep, H3BeCTHBIE TeIIJIOBBIE
CUTHATypBl pas3IH4YHBIX 00BeKTOB HabiiogeHUS,
3aBUCSIIME OT XapaKTepa MaTepHasoB, U3 KOTOPHIX
OHHU H3TOTOBJIEHBI, JAIOT BO3MOXKHOCTH HIEHTUPH-
LIUPOBaTh HarpeTble 00OBEKThl, HeBHUAKMBIEe depe3
BHM3ya/IbHBIK KaHaJl, C IIOMOIIBIO TeIIOBH3HOHHOIO
KaHana.

MHOroKaHaAbHOCTh KU MHOTOCIEKTPaJbHOCTh
COBPeMEeHHBIX [TPULIeJIBHO-HAOII0AATeIPHBIX CUCTEM
06B5eKTOB OpOHETEeXHUKH SIBJSIETCSI He IIPOCTO Bes-
HHUeM BpeMeHH. DTO 3aKOHOMeEpHas CTYIEeHb pas3-
BUTHUS CUCTeM Ha6nofeHUsT U IPULIETUBAHUS,
II03BOJISIIOIIA S IIOBBICUTH JKUBY4eCTh 06BbEKTa 3a CUeT
yBelH4YeHUsT HHPOPMATHUBHOCTH II0JIy4aeMOro H30-
bpaskeHus:, obecriedeHHUs] BO3MOKHOCTH OIIEPAaTHB-
HOTO aHajmu3a OOCTAHOBKK M IIPHUHSITHUS BepPHBIX
pellleHH I BO BpeMsl 60eBbIX IeICTBHUH.

3HAYUTENBHBIH ONBIT paboThl HajJ ONTHYe-
CKUMU CHCTEMaMU IIPULIETbHO-HAOGIIOAATENBHBIX
npubopoB, IpenHa3HAYEeHHBIX [/ KOMIIJIEKTO-
BaHUusa 00bexToB BTBT, oCHOBAaHHBIM Ha aHaIH3e
PBIHKA CYIIeCTBYIONIMX OTeYeCTBEHHBIX H 3apy-
6e>XHBIX H3OeMIUH-aHA/JIOT0B, IIOKa3bIBaeT, YTO
Ha3pena oCTpas HeobXOMMMOCTbh CO3JAHHUS CTa-
6UIHU3UPOBAHHBIX KOMOMHHPOBAHHBIX MHOTOKa-
HaJbHBIX OINTHYECKUX CHUCTEM C OTHHM OOIHUM
BXOJHBIM 3paukoM. TaKoM IOAXOH peliaeT MHOXKe-
CTBO 3aJa4y: OT MHHMMM3AIL[UH TOJOBHBIX YaCTeH,
[I03BOJISIIOIIMX OINTHMH3HUPOBATh CHUCTEMY [BYX-
IIJIOCKOCTHOM CTabMIM3alLMKU IIOJIOKEHUS JTUHHUU
BU3UPOBAHUS, O BO3MOKHOCTH OJHOBPeMeHHOU
paboTEl B Pa3MHUYHBIX CIEKTPAJbHBIX JHAIA30-
Hax, T.e. IIOJIy4YeHHUS KOMIIJIEKCHPOBAHHOIO K30-
bpaskeHUsI, ITOBBIIIAIOIIETO BEPOSTHOCTH HAXOXKIE-
HUSI ¥ PACIIO3HABAHUS Lie/led B CJIOKHBIX YCIOBHSIX
HabnromeHus.

B HacTosIeN MyblMHUKAUKU MpeAIaraeTcss K pac-
CMOTPEHHIO CXeMa IpHULiesa, BKIKYAIOMEro B ceds
BH3ya/IbHBIM, TeleBU3HMOHHBIM, TeIJIOBU3HOHHBIM
Y Ta7IbHOMEPHBIN KaHaJbl (pUc. 1).

B mpezjIoKeHHOM CXeMe BCe IIPHIIe/IbHO-Hab/Io-
JaTe/bHBle KAHAIBL U IIPHEeMHBIN KaHaJs J1a3epHOro
HalbHOMepa paboTaloT Yepe3 eJUHOE BXOLHOE OKHO,
a TOJIOBHAS YacTh CTAHJAPTHO pellleHa B BH/Je Kada-
IOIlerocsl 3epKajia C CHUCTEMOM ABYXIIJIOCKOCTHOM
CTabMIN3al UK TMHUY BU3HPOBAHHUS.

S deKTHUBHOe pacnpeiesieHHe BXOIIero [I0TOKa
H3/y4eHHUs], OTPakeHHOI0 OT TOJIOBHOIO 3epKaia,

600 DOTOHUKA TOM 12 N2 6 (74) 2018

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbI Il
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

by increasing the information content of the image
obtained, enabling the operational analysis of the
situation and taking correct decisions during combat
operations.

Significant experience of working with optical
systems of sighting devices intended for the
completing of the facilities of AAFV, based on the
analysis of the market of existing domestic and foreign
analog products, shows that there is an urgent need
to create stabilized combined multichannel optical
systems with one common entrance pupil. This
approach solves a lot of problems: from minimizing
the head parts, which allow to optimize the system of
two-plane stabilization of the aiming line position, to
the possibility of simultaneous operation in different
spectral ranges, i.e. the acquisition of a complexed
image that increases the probability of finding
and recognizing targets in difficult observation
conditions.

In this article, it is proposed to consider the scheme
of a sight, which includes visual, television, thermal
imaging and range-finding channels (Fig. 1).

In the proposed scheme, all sight-observation
channels and the receiving channel of the laser
rangefinder operate through a single input window,

Toy1oBHOE 3epKajo

3aIIUTHOE CTeK/IO

' BU3yaIbHBIH KaHAI

,

-
2]
TeneBU3UOHHBIN KaHAI

CriekTpofenuTenb Nel

TIpueMHBIH o
KaHaJl
JanpHOMepa

DJIeKTPOHHBIHA
OKYJISIP

CIIeKTpOJe/IUTeNlb
Ne2

TeIUIOBU3UOHHBIN
KaHal

Puc. 1 Cxema MH020KaHANbHO20 Npuuena ¢ Ad3epHblM
0anbHOMeEpOM U 08YXNAOCKOCMHOU cmabuau3auuet AuHUU
8U3UPOBAHUS

Pic. 1. Layout of multi-channel sight with laser range-finder
and biplanar stabilization of sighting line
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obecriednBaeTCs TpeMs CIIEKTPOJEIHUTEIBHBIMHU 3JIe-
MeHTaMH (puc. 2):

*  CIeKTPOHe/HTesNb 1 oTpaskaeT SJHUAIA30H CIIeK-
Tpa ot 0,45 mo 1,1 MKM U IIpOIIyCKaeT gualia-
30H 0T 1,5 710 13,0 MKM (C KOHTPOIBHBIMU pabo-
YUMHU criekTpamu (1,5-1,6) MKM u (8-13) MKM);

*  CHeKTp, HpoLIef NN Yepe3 ClIeKTPofeIuTeNb
1, momajaeT Ha CIeKTPOJENUTeNb 2, KOTOPBIH
oTpaskaer guamnasoH (1,5-1,6) MkM, dopmupys
IIY4YOK M3JIy4eHHs IIPHeMHOr0 KaHaJja Hajlb-
HOMepa, U IpoIlycKaeT AuamasoH (8-13) MkM,
bopMHUPys IY4YOK H3/Iy4YeHHUS TeIlJIOBU3HUOH-
HOIO KaHana;

* CHeKTp, OTPa>keHHBIHM OT CIIeKTPOJeNuTeNs
1, momajaeT Ha CIeKTPOAeNUTeNb 3, KOTOPBIH
OTpa’skaeT CIeKTPajabHBIN pAuamna3oH (0,45-
0,65) MKM, GOpPMHPYsI CBETOBOM IIYUYOK BH3Y-
aJBHOTO KaHaJjla, M IPOIyCKaeT OHalla3oH
(0,65-1,1) mxM, GOpPMHUPYSL CBETOBOL IIY4OK
TeJIeBU3MOHHOI0 KaHaJja.

B 3TOM ciIydae TeJleBU3HOHHBIM KaHal Ooiee
>pdexTrBHO paboraeT Ha OOTBIIMX HANBHOCTSX,
KOIJla OTpe3aH KOPOTKOBOJIHOBBIK ydacTok (0,4-
0,65 MKM) U yIyd4IlaeTcs BHAHUMOCTh B IBIMKE,
B TYMaHe, B CYMePKH 1 HOYBIO.

OcobeHHOCTBIO IPEeIJIOKEHHOIO CXeMHOI0 pellle-
HUS SBSIETCS HeoOXOOHUMOCTh B HCIIONIb30BAHUH
BBICOKO3(PEeKTHUBHBIX CIIEKTPOJeIUTe/IbHbBIX IIOKPHI-
THH, TaK Kak 1-¥ CIIeKTPOAENUTENbHBIN 3l1eMeHT
LOJ’KeH HMMeThb Xopollee OTpa’keHHe Ha [JIMHe
BOJIHBI 1,5 MKM H Xopolllee ITPOIyCKaHHEe B ABYX
0651acTSIX CIIeKTpa II0 pa3Hble CTOPOHBI OT IJIMHBL
BOJIHEI 1,54 MKM - (0,4-1,1) MKM U (8-13) MKM. OBBIYHO
BhIZle/IeHHe OTPa’keHHOM AJIHHBI BOMHBHL 1,54 MKM
30 PeKTUBHO JOCTHUIAETCH IIPH IOJABIeHHUU 6onee
KOPOTKOM U boylee OIMHHON dYacTel cCIleKTpa 6e3
HOPMHPOBAaHUS IIPOIIYCKAHHS B 3THUX AHAIla30HAX,
T.e. B OCHOBHOM /JISl LieJIeHr He CIIeKTpopa3fe/eHus,
a QUABTpPAallMM, T.e. YCTPAaHEeHHUs CIIeKTPaJbHBIX
$oHOB.

[I[pakTHYeCKH B CIEKTPOJeIUTeNsiX Hauboiee
3¢ beKTUBHBIM SBJISeTCS pasfeseHHe I[aLaolero
HU3JIydeHHs Ha [ABa [Malla3oHa - HaIpUMep, Ha
BUAUMYIO 1 MK-1yacTu crextpa [1].

OmHaKko W 3[eCh MMEIOTCS CBOHM 0CODeHHOCTH.
Hampumep, BO3MOXKHBI [Ba pelleHHs CIEeKTpoje-
JIATeJIer: BBICOKOe OTPa’keHHe B [JIMHHOBOJIHOBOM
JHalia3oHe W BBICOKOE IIPOIlyCKaHHEe B KOPOTKOBOJI-
HOBOM HJIM Ha060POT - BBICOKOE OTPaskeHHe B KOPOT-
KOBOJIHOBOM [Halla30He KM BBICOKOE IIPOIIyCKAHHeE
B [UIMHHOBOJIHOBOM [JMalla3oHe CIeKTpa. Peanunsa-
LM [IEPBOTO pellleHU sl CBsi3aHa C PSIAOM TPYAHOCTEH,
peanu3anysl BTOPOro pellleHHs bosee IpennodTH-
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Puc. 2. Cxema pacnpedeneHus 8xo051u4e20 NOMOKa usAy4yeHus
mexoy paboyumu KaHanamu npuuena

Pic. 2. Diagram of distribution of incoming radiation flow
between working channels of sight system

and the head part is standardly solved in the form
of a swinging mirror with the system of two-plane
stabilization of the aiming line.

The effective distribution of the input radiation
stream reflected from the head mirror is provided by
the three spectral-splitting elements (Fig. 2):

« spectral splitter 1 reflects the spectrum range
from 0.45 to 1.1 pm and transmits the range
from 1.5 to 13.0 pm (with reference working
spectra (1.5 + 1.6) pm and (8 + 13) pm),

« the spectrum transmitted through spectral
splitter 1 falls on spectral splitter 2, which
reflects the range (1.5 + 1.6) pm, forming a
radiation beam of the receiving channel of
the rangefinder, and transmits a range of (8 +
13) pm, forming a beam of radiation from the
thermal imaging channel;

+ the spectrum reflected from spectral splitter 1
falls on spectral splitter 3, which reflects the
spectral range (0.45 + 0.65) pm, forming a light
beam of the visual channel, and transmits a
range of (0,65 + 1,1) mkm, forming a light beam
of the television channel.

In this case, the television channel works more

efficiently at greater distances when the short-wave
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Te/lbHa [2]. IMeHHO OHa U IIpHUMe-
HeHa B OIMCBIBAEMOM CXeMe.
BTOpol 0COOGEHHOCTBIO CXeMBI
SBJSeTCS IIOJIHOe OTCYTCTBHE
IIOABHMSKHBIX 4YacTel IPHU IIepe-
K/IIOUeHHUU KaHayloB. [IpaKkTH4e-
CKU B mpubope obecrieumBaeTcs
ogHoBpeMeHHast pabora Bcex
KaHajaoB. IIpyu HeobXOAMMOCTHU
MOKHO paboTaTh KaskABIM KaHa-
JIOM B OTAEIBHOCTH, U JJISI 3TOTO
HeoOXOZHMO TOJIBKO BKJIIOUe-
HUe/BBIK/IIOUeHHe COOTBETCTBYIO- -
IUX GOTONPHEMHBIX YCTPOMCTB.
[IpUBBIYHBIE IIOBOPOTHBEIE 3€p-

O6BEKTHB

Ipu3ma IlexaHa

A

Puc. 3. BusyanbHbil KaHan npuueia
Pic. 3. Visual channel of sight system

OKRynap

CBeTOQUIBTD

193,3

KaJla WKW HHBIe [JOIIOJHHTeIb
Hble IIOJBHMKHBIe 3JIeMeHTHI,
BBOJMMBIe B XOf Jlydel KaHaja, B JAHHOH cxeMe
OTCYTCTBYIOT, YTO HECOMHEHHO IIOBBHIIIaeT HaAeX-
HOCTb QyHKIIMOHHPOBAHUS CUCTEMBI B LI€JIOM.

PacCMOTpPUM  IOC/Ie[0BaTeJbHO IPHHIIHUII
IIOCTPOEHHUS U XapaKTePUCTHUKH Paboumx KaHasIoB
npHLena.

B mpencTaBlIeHHOH CHCTeMe 3aIIHUTHOe CTEKJIO
TOJIOBHOM YacTH BBIIIOJIHEHO K3 MaTepuana ZnS,
IIPOIyCKaIOIero Bce HeoOXOAMMBIe CIIeKTpasbHbIe
nuamna3oHel. CTeKJO YCTaHOBJIEHO C "0b6paTHBIM"
HaK/JOHOM B 6°, CHH’KAIOIIHUM BepOSTHOCTh O6Ha-
pPy>KeHHs 06BeKTa C BepToNeToB U BIIJIA M yMeHb-
MmapomuM 6JHMKOBaHHE ONTHKH, T.e. 3aMeTHOCTb
CUCTeMBI Ha pOHe OKpYy>Kaloleil 06CTaHOBKH.

BusyanbHbIA KaHan BBEIIIOJIHEH C yBeJIH4YeHHeM
8 KpaT u moneM 3peHHs 8° C BHyTpeHHeM IIpoMe-
SKYTOYHOM IIJIOCKOCTBIO JeHCTBUTENBHOr0 H306pa-
SKeHHUS [ obecriedeHUs] BO3MOKHOCTH YCTaHOBKHU
nubo AByX CeTOK (IIOABUSKHOM M HEIOJBH>KHOMN)

Ta6nauua 1. Kputepum JKoHCOHA
Table 1. Johnson Criteria

YpOBeHb BUAEHUSA
Level of vision

Yumcno N paspeluaemMbix NEPUOLOB IKBUBASIEHT-
HOW LUTPUXOBOW MUPbI HA KPUTNHECKOM pasmMepe
Habntogaemoro obbekTa
Number N of resolved periods of an equivalent line
target on the critical size of the observed object

region (0.4-0.65 pm) is cut off and visibility in haze,
fog, at twilight and at night improves.

A feature of the proposed scheme solution is
the need to use highly effective spectral-splitting
coatings, since the It spectral-splitting element
should have good reflection at a wavelength of 1.5
pm and good transmission in two spectral regions
on different sides of the wavelength of 1.54 pm - (0.4
+1.1) pm and (8 + 13) pm. Typically, the emission of a
reflected wavelength of 1.54 pm is effectively achieved
by suppressing the shorter and longer portions of the
spectrum without the transmission normalization
in these ranges, i.e. mainly for non-spectroscopic
purposes, but for filtering, i. e. elimination of spectral
backgrounds.

Practically in the spectral splitters the most
effective is the separation of the incident radiation
into two bands, e.g., into the visible and IR parts of
the spectrum [1].

Yucno nukcenos N (TeneBrU3MOHHbIX
JINHWI) HA KPUTUYECKOM pasMmepe
Habntogaemoro obbekTa
Number of pixels N (television lines) at
the critical size of the observed object

Ob6Hapy>eHune 1+0,25 2+0,5
Detection

OnpepeneHve opmeHTaumun 1,4+0,35 2,8+0,7
Orientation determination

Pa3nunyeHune 4+0,8 8+1,6
Differentiation

NaeHTuomkauma (onosHaBaHue) 6,4+1,5 12,8+3
Identification (recognition)
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C TIpUHUEIBHBIMH  IIKaJaMH
M 3HakaMH, 1ubo omHOTO Ipo-
cseTHOoro JKKH 3KpaHa C 3JIeKk-
TPOHHOU CXeMOM pOPMHPOBAHUS
MI06BIX BU/IOB I10JIS 3peHHUS.

YpoBeHb BUAeHNS

Level of vision

i g

Ta6numua 2. CoBpeMeHHble KPUTepun BU3yasibHOro BOCNPUSATUS
Table 2. Current criteria for visual perception

OnuncaHune
Description

BblaeneHne pa3mbiTOro NaTHa Ha GoHe moMex
Isolation of a blurred spot against noise

Cxema KaHa/a IIpeacTaB/ieHa O6Hapyxenne
Detection
Ha pHucC. 3.
OHa BKJIW0OYaeT B cebs 00b- PasznnyeHune
eKTUB, BBIIIOJIHEHHBIN B BHUE Orientation

ABYXTHH30BOH CKJIEHKH, [IPU3MY determination

Ob1beKT BblAeNSaeTCs C 4OCTAaTOYHOM ACHOCTLIO M AnddepeH-
LMpyeTCa no NpMHAAIEXHOCTU K Klaccy

The objectisisolated with sufficient clarity and differentiated
by belonging to the class

[lexana IIk-0° mns obopauuBa-
HUS U306paskeHUs, CBeTOPUIIBTP
IJIS1 KOPPEKLIMHU CIIeKTPA, OO
HUTENbHYI JIHH3y, CHCTEMY
CeTOK M OKyJIsip. YKa3aHHBIe Ha

MaeHTndmnkauyms
(ono3HaBaHue)
Differentiation

O6bekT anddepeHUMpPyeTCS MO NPUHAZNEXKHOCTU K TURY
BHYTPW KJlacca

The object is differentiated as belonging to the type within
the class

pUCYHKe TrabapHUThl CBHAETEIb

CTBYIOT O JAOCTAaTOYHOM KOMIIAKTHOCTH CHCTEMBI,
HMMeIollell pa3pellaroyio cllocobHOCTr7,5". Bee ane-
MeHTHl KaHaja, 33 MCKIKYeHHeM CBeTOQHIILTPA,
BBITIO/IHEHBI M3 0eCIIBeTHOrO OITHYeCKOro CTeK/a
T'OCT 3514-94. B xauecTBe MaTepuaja CBeTOQUIbLTPA
IIPUMEHEHO LBeTHOe CTeK/10 1o OCT 9411-91.

PacueT QOKYCHBIX PACCTOSHUM 06BEKTHBOB Telle-
BHU3HOHHOIO M TEIIJIOBU3MOHHOIO KaHAaJIOB IIPOM3-
BOJMJICSL MCXOAS K3 H3BeCTHBIX KPHUTEpHeB BH3Y-
aJIbHOI0 BOCHPUATHA. K HUM OTHOCATCS KPUTEPUU

However, there are also their own peculiarities.
For example, two solutions of spectral splitters are
possible: high reflection in the long-wavelength
range and high transmission in the short-wavelength
range or vice versa - high reflection in the short-
wavelength range and high transmission in the
long-wave spectral range. The implementation of
the first solution involves a number of difficulties,
while the implementation of the second one is more
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Tabnunua 3. KosdppurumeHTbl nepecHeTa KpuTepmes J)KOHCOHA A1 PA3/INYHbIX

3HAYeHUN BEPOATHOCTN BOCNPpUATUA

Table 3. Johnson's recalculation factors for different perception probabilities
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preferable [2]. It is the latter that is
used in the described scheme.
The second feature of the

scheme is the complete absence

E:?C%HET;);T?(?E;SIT?IZEMR 1,0 0,95 0,80 0,5 0,30 0,10 0,02 of moving parts when SWitChil’lg

ptionp channels. In practice, all channels

work simultaneously in the device.

Kospnument 30 20 15 10 075 050 025 If necessary, each channel can be
Coefficient . .

operated separately and switching

JskoHCOHA (3], mpuBemeHHble B Tabn. 1, U coBpe-
MeHHble KPUTEPUHU 3PUTEIBHOTO BOCIIPUSTHS, NIPHU-
BefleHHBle B Tabi. 2. [[>KOHCOH BBIAENHUI 4 YPOBHS
BH3Ya/IBHOIO BOCIIPUSITHSI, HO HHMKaK QOpMasbHO
He OoIlpefie/IMI 3TU MOHATHS. KOHKpeTHU3alUI0 OHU
nosgHee Hamiu B pabore JlrockeHa Bubepmana [4]
M aKTHBHO HCIIONB3YIOTCSl B HACTOsIIIee BpPeMs KakK
COBpeMeHHBble KPUTEePHUU BH3YaTbHOI'O BOCIIPHSTHUS.
YacTb U3 HUX [IpHBe/ieHa B TabII. 2.

Benuuuna "N" B Tabn. 1 ompepensieT Konude-
CTBO II€PHOMIOB 3KBHBAaJeHTHOM MHUPBI, paspellae-
MBIX HabniomaTeneM, 1151 JaHHOTO yPOBHS BUIEHUS
c 50% HON BeposSTHOCTbIO. TaKuUM 06pa3om, Korzaa
roBopsAT 06 OoOHapykKeHHHU LielH IO KPUTEPUSIM
JI’KOHCOHA, 10 YMOJUYaHUIO KMEIOT BBUY IIOPOTOBOE
3HaueHHe CUTHaJa, IIPH KOTOPOM BepPOSITHOCTDb Bep-
HOT'O IIPUHSITHS pellleHUs 0 HaJIMUMHU LieJIh COCTaB-
nsieT 50%, a MMeHHO: IIPHU 3aBeJJOMOM HaJMYHU
Lle/TM OTHOIIEHHe CIy4daeB oOHAPYKeHHUS U IIPOIYC-
Ka IIenIy cocTaBasgeT 1:1.

Jlns ompeneneHUss Heob6XOIMMOIo paspellleHUs,
obecrmeynBalIlero Apyroe 3Ha-

on/off of the corresponding
photodetectors is only needed.
The conventional rotary mirrors or other additional
movable elements introduced into the path of the
channel beams are absent in this scheme, which
undoubtedly increases the reliability of the system as
a whole.

Let us consider consistently the principle of the
design and characteristics of the working channels of
the sight.

In the presented system, the protective glass of the
head part is made of ZnS material transmitting all
the necessary spectral ranges. The glass is installed
with a "reverse” slope of 6°, reducing the probability
of finding the object from helicopters and UAVs and
reducing the glare of optics, i.e. the visibility of the
system against the background of the surrounding
situation.

The visual channel is made with an 8-fold
magnification and a field of view of 8° with the inner
intermediate plane of the actual image to enable the
installation of either two grids (movable and fixed)

YeHHe BepOSITHOCTH BOCIPHSITHS,
HeobXOZMMO HCIIONTB30BaTh COOT- —
BeTCTBYIoII e K03QHULIHEeHTH! [5].
3HayeHHe Kod3dPHUIIMeHTa Iepe-
cyeTa uymHcla N II€PUOLOB 3KBU-
BaJIEHTHOM MHUPBI, Pa3pelIaeMbIX
HabnlomaTeneM Ha KpUTHUe-
CKOM Ppa3Mepe obBeKTa, B 3aBH-
CUMOCTH OT TpebyeMoI BeposT-
HOCTH BOCIIPUSITHS IIpHBeIeHBI
B Tab1. 3.

U3 Tabnu1] BULHO, YTO, HAIIPH-
Mep, Oy obHapyskeHHUs oOBeKTa

Ne3

CHEKTPO/IGJII/ITGHB

193,3 —

0,45-0,65 25

MKM

!

—

38

0,651,1mxm | 23,1 —

C BeposATHOCTHIO 0,95 HeobxoguMmo,
4TOOBI Ha ero KPUTHUYECKOM pas-
Mepe YJIOKHJIOCh 1x2=2 mepuopma
3KBUBAJIEHTHON MHUPH (U1u 4
nuKcena GpoTonpueMHHUKA).
Hcxomga u3 3TOro C y4eToM
XapaKTePUCTHUK BBIOPaHHOM Tese-

w4 1
N

A2
m doTornnpueMHUK TB-KaHala

Puc. 4. KombuHauus menegu3uoHHO20 U 8U3YaAbHO20 KAHAAOS
Pic. 4. Combination of TV and visual channels

O6BeKTUB TeJIEBU3MOHHOI0 KaHala

BU3HOHHOH MaTpUIibl, oOIllpene-

604 ®POTOHUKA TOM 12 N2 6 (74) 2018



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
OPTO-ELECTRONIC SYSTEMS AND COMPLEXES
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

JUIUCh C/IefyIolye MapaMeTpPhl 3/JIeKTPOHHO O TH-
YeCKHUX KaHaJI0B CUCTEMBI.

TesleBM3MOHHbIV KaHan IIOCTpoeH Ha TB MmaTpule
dopmata 1280x1024 3;1eMeHTOB C pa3MepoM IIHKCena
5,5 MKM.

doKkycHOe PacCTOSSHUE TeleBU3UOHHOIO 003D-
eKTHBa OLIeHHBAJIOCh II0 3aJaHHOK [a/lbHOCTHU
BUJEHHUS 110 LIeJIM THUIIA TAHK 5 KM U KPHUTEPHUIO
obHapy>keHHs C BeposiTHOCTBIO 0,95. IIpM 3THX AaH-
HBIX I10 BBICOTE TaHKa, PaBHOH 2,4 M JOIKHO YKJa-
JBIBATHCA IIOpsAAKa 4 MHUKCeI0B GOTOIPHEMHHKA.
B 3ToM ciyuae 06beKT OyneT BeIAENSATbCS Ha QoHe
IOMeX KaK pa3sMBITOe IISATHO C BepOSITHOCThIO 0,95,

ITpy TaKMX HMCXOLHBIX JAHHBIX QOKYCHOE PAaCCTO-
SHHe TeJIeBU3HMOHHOI0 06beKTuBa F' g MOMKHO OBITH
He MeHee 46 MM.

CornacHo puc. 4 TeleBU3HOHHBIM KaHajl HCIIONb-
3yeT 06beKTHUB BHM3yaJIbBHOTO KaHaJla U CIeKTpoe-
THATe/NIbHOE IOKPBITHE Ha 3€PKaJIbHOM TPaHH IIOY-
[eHTanpusMbl BY-45° H3 IpHU3MeHHOH CHCTeMBI
IlexaHa A1 OTpaskKeHHU S CIEKTPAIbHOTO AHAlla30Ha
(0,45-0,65) MKM B BHM3yaJbHBIM KaHaJl U [/ IIpPO-
nyckaHus Auanasosa (0,65-1,1) MKM B Te/leBHU3HOH-
HBIH KaHaJl. 715 UCIIONTHEeH U CIIeKTPoJle/INTeIbHON
[IOBEPXHOCTH MCIIOJIb3yeTCsI CKJIeHKa 3epKa/bHOMU
rpaHHU NpHU3MBL BY-45° c TUIIOTeHY3HOU IPaHbIO IIpsi-
MOYIOJIBHOM IIPH3MBI.

B KOHCTPYKLUHHM MCIIOJIB30BAHBl CII@eKTPOLE/IH-
TeJIbHbIe IIOKPBITHS, IIPUMEPOM KOTOPBIX MOLYT CIIy-
JKMTh 4pe3BblYalHO 3PPeKTHBHEIe ITOKPBITHS I/
TUIIepCIeKTPaIbHOM allIlapaTypsl, pa3paboTaHHbIe
Ha KpacHOropckoM MexaHH4YecKoM 3aBofe [6].

Ha puc. 5 nmpuBeseHa CIeKTpajbHas XapaKTe-
PHUCTHKAa  3KCIEePHUMEHTAJIbHO

i1

Puc. 5. CnekmpanbHas xapakmepucmuka 27-cA0lUH020 cnek-
mpooeAumenbHo20 NOKPbIMusl

Pic. 5. Spectral characteristics of spectroscopic coating,
consisting of 27 layers

with impact scales and signs, or one luminous LCD
screen with an electronic diagram of the formation
of field of view of any kind. The channel scheme is
shown in Fig. 3.

It includes an objective lens made in the form
of a two-lens gluing, Pekhan Pk-0° prism for image
rotation, a light filter for spectrum correction, an
additional lens, a grid system and an eyepiece.
The dimensions specified in the figure indicate
a sufficient compactness of the system having a
resolving power of 7.5". All elements of the channel,
except for the light filter, are made of colorless optical
glass in accordance with GOST 3514-94. As color filter
material, colored glass was used in accordance with
GOST 9411-91.

anpobupOBaAaHHOM KOHCTPYKIIUHU
IIOKPBITUS CIIEKTPOJETUTEIBHOI0

72,6 7,13

MOAYIsSL IOJiss JOUCTAHILIMOHHOTO
30HIUPOBAHHUS 3eMJIH M3 KOC-
Moca, IpeAcCTaBisiomas cobon
27-CIIOMHYI0O CHCTEMY H3 CJI0€eB
ZnS (n=2,3) u MgF, (n=1,38), HaHe-
CeHHYIO Ha IUIACTHHY M3 CTeKJIa

K8: 0,536H, 0,662L, 1,000H, 0,797L, .
o4

Ge ZnSe

Ge |

0,795H, 0,946L, 0,905H, 0,838L,
0,8906H, 0,924L, 0,893H, 0,870L,
0,897H, 0,916L, 0,897H, 0,870L,
0,893H, 0,924L, 0,890H, 0,838L,
0,904H, 0,946L, 0,795H, 0,798L,
1,000H, 0,663L, 0,536H.
TennOBM3NOHHDbIN KaHan
IIOCTPOeH C MCIIOJIb30BaHHEM
MBM-MaTtpunbl ¢opmara 640x512

i

Puc. 6. Tennosu3UOHHbIlU KaHaA
Pic. 6. Thermovision channel

TII doTonIpHEeMHHUK
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3JIEeMEHTOB C pa3MepoM IIMKcesa
12 MrM.

OmeHKa QOKYCHOIO paccTo-
SHUSI TeIUIOBU3HUOHHOTO 00BeK-
THBa IpOBeJieHa C y4eTOM OCO-
6eHHOCTEN TeIlJIOBU3HOHHOIO
obHapysKeHMs: eClIH II0 BBICOTE
TaHKa YKJIaJbIBaeTCs ~ 2 IIHKCe-
noB GOTONpPHUEMHHUKA, TO 00OBEKT
BHIZIe/IIeTCsL Ha QoHe IIoOMeX Kak
Pa3sMBITO€ MSATHO C BEPOATHOCTHIO
0,5.

JTOMY YCJIOBHIO YIOBJIETBO-
psieT TeIIOBU3HUOHHBIN 06BbeKTUB
C GOKycHBIM paccTosHUeM Fg,
PaBHBIM 50 MM, U OTHOCHUTEJIb-
HBIM OTBepcTHem 1:1,02.

Takort ob6bekTUB A1 GOTO-
[IPHUEeMHOr0 YCTPOHCTBAa C pa3Me-
poM muKcena 12 MKM IpHMeHeH
B paccMaTpHBaeMOM CHCTeMe
1 IIOCTPOEH IO KJIAaCCHYeCKOH

@OTOIIPHUEMHUK
JarbHOMeEpa

JIuH3a Si

M

Puc. 7. MNpuemHbili KaHan danbHomepa
Pic. 7. Range-finder reception channel

CriekTpopenuTens Nel BU3yaJIbHBIN

KaHall

A

CriekTpogenuTens Ne2

cXeMe TPeXJIMH30BOro o06Bek-
THBa C HCIIOJIb30BaHHEeM MaTrepuhalioB Ge+ZnSe+Ge
(puc. 6).

[anbHoMep B CHCTeMe pellleH B BH/e IBYX OTAe/Ib-
HBIX KaHAaJIOB: M3/1y4Yalolero U IpueMHOro.

[TpreMHBIN KaHaj AalbHOMEpPA MMeeT yIroJ 10/
3peHus o~0,5°u doTompreMHOe YCTPOHCTBO C pas-
MepOM UyBCTBUTETbHOM TUIOMAAKH dg; = 0,35 MM.

Hcxonmsi MX 3TOro B IIPHeMHOM KaHajle IaJIbHO-
Mepa YCTaHOBJIEH 00BeKTHUB C QOKYCHBIM PpacCTOS-
HUeM F' =40 MM, UMeIOIIHI BBICOKHE I10Ka3aTelu
II0 CBETOIIPOIIYCKAHUIO Ha AJIHMHE BOJIHH ~1,54 MKM
U BBICOKYIO CBeTOCHJIY M BBIIIOJIHEHHBIN B BH[E OfH-
HOYHOM JIMH3bl U3 KpeMHUs (puc. 7). KauecTBo u30-
bpaskeHHsT 0OBEKTHBA XapaKTepH3yeTCs KPY>KKOM
paccesiHUSI, KOTOPBIH JOJIKeH OBITh MeHbIIIe pa3Mepa
4yBCTBUTE/BHOM IIIOMAAKHA QOTOIIpPHEMHMKA, paB-
Horo 0,35 MmM.

Ins moBblIeHUST 3PPEKTHBHOCTU CIIeKTpalib-
HOI'0 paclpefe/ieHHUs II0TOKOB U OIITUMH3allUK KOM-
[IOHOBOYHOI'O pellleHHs HAKJIOH CIIeKTPOAe/TNUTeb-
HOI IIACTUHKHU N2 2 BBIIIOJIHEH 10, yIJIOM 22,5°.

H3ny4aromee YCTPOMCTBO [AajJbHOMepa BBIIION-
HeHO OTHe/lbHBIM MoayieM (pHc. 8) C TelecKOIHYe-
CKOH TPeXJINH30BOM ONTHYeCKOM CHCTeMOH H H3Iy-
qaromuM MmoayieMm BJIM-IT 10-41.90.169.

Tak Kaxk H3ay4dyeHHe TBePAOTE/NbHOIO Jia3epa
HMeeT BBICOKYIO ITMKOBYIO MOLIHOCTD, M3/1y4YaONIHH
TPaKT BbIBeJeH M3 OOIIeH ONTHYeCKOHN CHCTEeMBI
CO CIIeKTPOJeIHUTeIbHBIMHU 37IeMeHTaMU U ITPOXOAUT
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The calculation of the focal lengths of the lenses
of the television and thermal imaging channels was
made based on known criteria of visual perception.
These include the Johnson criteria [3] given in Table 1
and the current criteria for visual perception given in
Table 2.

2%

TI7I0CKOCTD U3/IyYaIOLIUX
.. 97IeMeHTOB MOZYJIS

HV3ny4arouyi Moayas BJIM-1T

Puc. 8. M3ayyatowuti kKaHaa danbHomepa
Pic. 8. Range-finder radiation channel
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Tabnunua 4. OCHOBHbIE TEXHUYeCKne napamMeTpbl KaHan0B
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Table 4. Table of the main technical parameters of the channels

[MapameTtp

Parameter Visual channel

Bu3yasnibHbIN KaHan

ONTMKO-31eKTPOHHbIE KaHa /bl
Optical and electronic channels

TeneBM3NOHHbLIN
Television

TenI0BU3NOHHbIV
Thermal imaging

YBennveHue, kpat
Magnification factor 8,0 50 50
-noMH, rpaayc 27 o
Mone 3peHus -horizontally, ...° 50
Field of view: '
-no BH, rpaayc
-vertically, ..° 7,0 7,0

TOJIBKO Uepe3 obIKe FOJIOBHOE 3epKaJIO U 3aIHUTHOe
CTEeKJIO.

Jlis BU3yaqM3alHUK HM300paskeHHUS B OINTHKO-
3JIeKTPOHHBIX KaHalax (TeTeBU3HOHHOM
U TeIJIOBU3MOHHOM) MCIIOAb3yeTCsl MIeCTH/IHH-
30BBIM UYeTBIPeXKOMIIOHEHTHBIH OKY/ISp C ¢OKyc-
HBIM paccTossHHeM f'=15,67 MM, CONIPSI>KeHHBIH
¢ MmukpopuciuieeM SXGA060 dopmara 1280x1024
3JIEeMEHTOB U pa3MepoM MHHKcena 9,3x9,3 MKM, UMe-
IOIIMM pa3Mepbl aKTUBHOM 06sactu 11,941x9,56 MM
(mparo”anb=15,296 Mm).

[Ipu 3HAUKMTE/IbHOM Bece OIITHUYeCKHUX 3JIeMeHTOB
(214 1) oxkynsip mMeeT psf ocobeHHOCTeH. OCHOB-
HBIMH U3 HUX SABJISIOTCSA 3HAaYMTe/IbHOR YBeJIMYeHHe
(~16 xpat) u 6onbmmoe mone 3peHus (bonee 50°) mpu
HebOoJIbIION AUCTOPCHU (MeHee 5%) K IIpHEMJIEMOM
yOameHUH BBIXOLHOIO 3pauka (~ 30 MM), 0b6ycIoBIeH-
HOM CIellMHUKON IPUMeHeHHU .

IIpy cOBMeCTHOM IpPHMeHeHHH C TaKHM OKYJIS-
POM yIJIOBOM pa3Mep IIHKCea MUKPOJHCIIIes COCTa-
BUT 2,04, 4TO HNpaKTUYECKH IIONALAECT B CepeIUHY
nuarnasoHa (1 + 3)', SBISIOIerocs JUaIa3oHOM PeKo-
MeHJAyeMbIX 3HaueHHUH MHHHMAaJbHBIX YIJIOBBIX
pa3mepoB 06beKkTOB, HabloJaeMBIX IJ1a30M uepe3
OKYJISIP.

TexHHUYecKHe ImapaMeTphl OIITHYEeCKOTO
M OITHKO-3JIeKTPOHHBIX KaHAJIOB CHCTeMHI obecrie-
YHUBAIOT HablIoJeHHe C JOCTAaTOYHO BBICOKMMH 3Ha-
YeHHUSMHU YBeTHYeHHUS U COITIACYIOTCSI MeXAy coboit
IO I10JISIM 3PeHHUS.

YKa3aHHble TeXHHUYeCKHe IIapaMeTphl OIlpefesis-
IOTCS CIeAYIOUWMMUA GOpMyTaMu:

i yBeTHYeHH S

F. D,
— _ Llens " disp
H=H,, H,= -

eyep PRD

JIJ1s1 T10J1sL 3peHUs:

Johnson identified 4 levels of visual perception,
but did not formally define these concepts in any way.
They have been later specified in the work of Lucien
Biberman [4] and are actively used at present as the
current criteria for visual perception. Some of them
are shown in Table 2.

The value of "N" in Table 1 determines the number
of periods of an equivalent target, resolved by the
observer, for a given level of vision with a 50%
probability. Thus, when they say that a target is
detected according to Johnson’s criteria, the default
value is the threshold value of the signal, in which
the probability of a correct decision on the target is
50%, more specifically: if the target is known, the
ratio of the detection and misses of the target is 1:1.

To determine the necessary resolution, which
provides another value of the probability of perception,
it is necessary to use the appropriate coefficients [5].
The value of the recalculation factor for the number
N of the periods of the line target, resolved by the
observer at the critical size of the object, depending
on the required probability of perception, is given in
Table 3.

From the tables it can be seen that, e. g., to detect
an object with a probability of 0.95, it is necessary
1x2=2 periods of the line target fit on its critical size
(or 4 pixels of the photodetector).

Based on this, taking into account the
characteristics of the selected television matrix, the
following parameters of the electron-optical channels
of the system were determined.

The television channel is built on a 1280 x 1024 TV
matrix with a pixel size of 5.5 pm.

The focal length of the television lens was
estimated from a given range of vision for the target
of the "tank" type of 5 km and the detection criterion
with a probability of 0.95. With these data on the
height of the tank, equal to 2.4 m, about 4 pixels of
the photodetector must be fit. In this case, the object
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2-F

lens

2= Zarctg[w}
rae Fions ~ POKyCHOe paccTosiHHe 06BeKTHBA;

F'oyep ~ POKyCHOE paccTOSIHHE OKYIIAPa;
Dyisp ~ AMATOHANB 9KPAaHA MUKPOJHCIITIES;
Dprp ~ AHMATOHAJIb YyBCTBUTEIBHON 061aCTH
doTonpreMHOro yCTPOHCTBA;
hprp (Vprp) — pa3Mep ropusoHTanu (BepTH-
KaJIM) 9YBCTBUTEJIBHOM 06/1acTH GOTOIIpH-
eMHOI0 YCTPOMCTBA. 3HAUeHHU I ITapaMeTPOB
CBe/leHEbl B Tab. 4.

B HacTosiInee BpeMsl B Pa3IMYHBIX OITHUKO-3JIEK-
TPOHHBIX CHCTEMax 3alIUTHI, aIIapaType OXPaHBbI
U CJIe>KeHus, mpubopax HabIofeHUs U IIPULIeIHBA-
HUS LIUPOKOe NMPUMeHeHHe HaXOASAT CUCTeMBI Kpy-
rooro ob3opa, pemapoiue 3aJadu 0o6HApYKeHHUS

will stand out against the background of the noise as
a blurred spot with a probability of 0.95. With such
initial data, the focal length of the television lens
F’lens should be at least 46 mm.

According to Fig. 4, the television channel uses a
visual channel lens and a spectral-splitting coating
on the mirror face of the semipentaprism BU-45°
from the Pekhan’s prism system to reflect the
spectral range (0.45-0.65) m in the visual channel
and for transmitting the range (0.65 + 1.1) pm into
the television channel. For the execution of the
spectral-splitting surface, a gluing of the mirror face
of the BU-45° prism with the hypotenuse side of the
rectangular prism is used.

Spectral-splitting coatings are used in the
construction, as exemplified by the extremely
effective coatings for hyperspectral equipment

06BeKTOB B KPyTOBOM CEKTOPE. developed at the Krasnogorsk Mechanical Plant [6].

BecpMma aKTyalbHBIMHU
OHU SIBISIOTCS U [/ 0OBEKTOB
OpOHeTeXHUKHU. ‘ﬁl'il'u «
Cucrema Kpyrosoro 0630Pa I| ||Il "-1\'“-‘ To/IOBHOE 3epKajio
WM [aHopama B mpubope, ocHa- il;:ﬁ" b ¢
IeHHOM OIITHKO-3JIeKTPOHHBIMH i L
KaHa/JIaMH, - 3TO CIOKHBIN B3au- _?'_'I.—_\\f
MOCBSI3aHHBIN KOMILJIEKC, COCTO- .--lﬁ"l:. \":3
SAIIUH M3 OITHYECKOM CHUCTEMBI, —~ 'j-h
cucteMbl  GOTONPHEMHUKOB, Sairttos CTORI0
a TaKXe CHCTeMBl LHPPOBOU
obpaboTkm curHama. Paccma-
TpUBasi Crocobsl 3¢pdeKTHBHOrO MynbTUIIPU3MEHHEI 670K
0630pa IIPOCTPAHCTBA B PaMKax R
KOHCTPYKTHBHOro obecriedeHHUs CreRTpOeNHTeNbHAs

. IJIaCTUHKA Nel
Tpe6OBaHI/II/I K CHUCTeMe II0 Ha3Ha- o

YeHHI0, HeobXoguMa OeTaibHas

=T,

OLleHKa MPEMMYUIeCTB M Hemo- - : i

CTAaTKOB KOHKPETHOTo crocoba ' ' \J ']I_IW
peanus3alnuu  IOCTaBAEHHOM B I | T
3a4a49H. TIpHUeMHBIH KaHaI “‘Hn.” g

K Haubojee HM3BeCTHHIM
M dYalle BCero yrnoTpebiaseMbIM
Ha IIpaKTHKe crocobaM ob3opa
IIPOCTPAHCTBA OTHOCSTCS Clleny-
o1ue [7]:

JIa3epHOTro fasbHOMepa e
26 4
L

V o
U3/1y4aromui KaHal

JIa3€pPHOro LaJIbHOMEDpa TeleBU3HOHHBIN KaHAT

*  TeONONUTHBIM crocob,
npeAyCMaTPUBAKIUHU é]
MeXaHUUYeCKoe CKaHU- . TeryIOBU3UOHHBIN KaHAI
——
pOBaHHe IIPOCTPAHCTBA

BCeM YCTPOMCTBOM. ITa
cXemMa SIBJISETCSI IIPOCTEeH-
men. Ee rnaBHOoe mocTo-
MHCTBO — IIpefieIbHO IIpO-
CTOM ONTHYeCKHH TPaKT,

Puc. 9. Cxema MH020KaHAAbHO20 NpuueAd ¢ Ad3epHblM daAbHOMepOM U 08yxnno-
CKOCMHoU cmabuauzauuell AUHUU 8U3UPOBAHUS 8 8apUAHME NAHOPAMDbl

Pic. 9. Layout of panoramic modification of multi-channel sight with laser range-
finder and biplanar stabilization of sighting line
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Cepe6pUTh Bug A
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Cepe6pUTh

C

)

Puc. 10. laHHble 0ns pacyema npu3mbl NexaHa
Pic. 10. Data for calculating Pekhan prism

Fig. 5 shows the spectral
characteristic of the
experimentally approved coating
design of the spectral-splitting
module for remote Earth sounding
o from space, which is a 27-layer
system of ZnS (n = 2,3) and MgF2
(n = 1,38 layers deposited on a

a=D

c=1,414D K8 glass plate: 0.536H, 0.662L,
e 1.000H, 0.797L, 0.795H, 0.946L,
m=0.293D 0.905H, 0.838L, 0.8906H, 0.924L,
h=1,207D 0.893H, 0.870L, 0.897H, 0.916L,
d:nggl‘DlMM 0.897H, 0.870L, 0.893 H, 0.924L,

0.890H, 0.838L, 0.904H, 0.946L,
0.795H, 0.798L, 1.000H, 0.663L,
0.536H.

The thermal channel is

He COIepKallUH HU KOMIIEHCATOPOB Bpallle-
Hue K300paskeHMs, HU CKAHUPYIOUIUX 3ep-
Kl U T.1. OOHAKO IPU HAJTHUYHUM OITHKO-
3JIeKTPOHHBIX KAHAJIOB BO3HHUKAeT IpobieMa
cbpoca nHGOPMAIMK HAa HEIMOJBUKHOE OCHO-
BaHHE;

0630p 32 CYET IPUMEHEHUS] HECKOJIBKUX OHO-
TUIIHBIX ONTHUKO-3JIEKTPOHHBIX MOJIYJIeH.
[IpeuMYyINeCTBOM TaKOM CHUCTEMBI SIBISIETCS
OTCYTCTBI/IE MeXaHHU4YeCKUux HepeMeH_[eHI/II;I,
a He[O0CTAaTKOM - HeoOXOOUMOCTh B DOJIBIIOM
KoJlKn4uecTBe QOTOINPUEMHBIX YCTPOMCTB, UTO
B 3HAUUTE/NbHOM Mepe yBeJIHYHBAET LIeHY
CUCTEMBI U COBEPIIEHHO HeIIPUeM/IeMO B MHO-
rOKaHaTBHBIX IIPUOOPAX;

constructed using a 640 x 512
MBM array with a pixel size of 12 pm.

The focal length of the thermal imaging lens is
estimated taking into account the thermal detection
features: if the height of the tank is -2 pixels of the
photodetector, then the object stands out against a
noise background as a blurred spot with a probability
of 0.5.

This condition is satisfied by a thermal imaging
lens with a focal length F’},,; of 50 mm and a relative
aperture 1:1.02.

Such a lens for a photodetector device with a
pixel size of 12 pm is used in the system under
consideration and is built according to the classical
scheme of a three-lens piece using Ge + ZnSe + Ge
materials (Fig. 6).
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e ¢dopMupoBaHHMe IaHOpPaMHOro wu3obpaxe-
HUS 33 CYeT NPHUMeHeHHUs (OTOIPHEeMHBIX
YCTPOHMCTB M IIAaHOPAMHBIX OIITHYECKHUX
cucteMm Tumna “all sky" u "fish eye". 3ToT MeToOz,
KakK M DPeAbIAYIHH, OTIWYaeTCs OTCYT-
CTBHeM IIOABKJKHBIX YacTeM, HO, KaK IIpa-
BHJIO, TaKHe CHUCTeMBl OTIMYAIOTCSI MaJIbIM
Pa3MepoM BXOIHOIO OKHA, YTO HEIIpHeMJIEMO
IJ1s1 TeIIJIOBU3HOHHBIX CUCTEM;

e 0030p C IOMOILIBIO ONTHYECKOTO 3epKaJIbHOIO
IapHUpa. B 3ToM ciydae ¢oTompHeMHbIe
YCTPOMCTBA ONTHKO-3JIEKTPOHHBIX KaHAaJIOB
HEeIOJBMXHBI, HO HeobXomHMMa KOMIIeHCa-
L[S [IOBOPOTA M300paskeHU s, YTO YCIOKHSIET
ONTHYeCKHUH TPAKT, HO UCK/IOYaeT HAIHIHE
cucteMsl cbpoca HHPOPMAIIUH.

VIMeHHO TIOCJIeHHH CII0COD peanu3anuu Kpy-
TFOBOM ITaHOpPaMBI IPUMEHEH B paMKax OMHCaHHOU
KOHCTPYKIIMM MHOTOKAaHAJbHOIO IIPHUILIEJBHOIO
KOMILJIeKCa.

BapHaHT UCIIOTHEHHUS C BPALAOIIe s FOJIOBHOM
4JacThio J71s1 obecredyeHHs KpyroBoro o63opa pemra-
eTCs C UCII0/Ib30BAaHHEM MY/IbTHIIPH3MeHHOro 6710Ka
13 6-TH IIpHU3M J[0Be C YaCTUYHO U3MEHEeHHBIM BU3Y-
AJIBHBIM KaHaJioM (puc. 9).

.
"~ TonoBKa
[IaHOpPaMbI

230

MYyIbTUIIPU3MEHHBIN
610K

Puc. 1. PacnonoxkeHue u 2abapumsl KONAEHCAmMopos No8o-
poma u306pa>keHust 8 NAHOPAMHOM npuuene

Pic. 1. Location and dimensions of image rotation
compensators in panoramic sight system
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The rangefinder in the system is solved in the form
of two separate channels: the radiating and receiving
channels.

The receiving channel of the rangefinder has an
angle of view of o ~ 0.5° and a photodetector with a
sensitive pad with a size of dpr= 0.35 mm.

The focal length lens F',,, = 40 mm with a high
transmittance at a wavelength of ~ 1.54 pm and a
high aperture and made in the form of a single lens
made of silicon is mounted in the receiving channel
of the rangefinder (Fig. 7). The image quality of the
lens is characterized by a scattering circle, which
must be less than one time a measure of the sensitive
area of the photodetector equal to 0.35 mm.

To increase the efficiency of the spectral
distribution of streams and optimize the layout
solution, the slope of the spectral-splitting plate No. 2
is made at an angle of 22.5°. The radiating device of the
rangefinder is made as a separate module (Fig. 8) with
a telescopic three-lens optical system and a radiating
module BJIM-1T }¥0-41.90.169.

Since the radiation from a solid-state laser has
a high peak power, the radiating path is removed
from the common optical system with spectrographic
elements and passes only through a common head
mirror and a protective glass.

To visualize the image in optical-electronic
channels (television and thermal imaging), a six-
lens four-component eyepiece with a focal length of
f = 15.67 mm is used, conjugated with the SXGA060
microdisplay of 1280 x 1024 cells and a pixel size of 9.3
x 9.3 pm having active area dimensions of 11.941 x 9.56
mm (diagonal = 15.296 mm).

With a significant weight of optical elements (~ 214
g), the eyepiece has a number of features. The main of
them are a significant increase (~ 16 times) and a large
field of view (over 50°) with a slight distortion (less
than 5%) and an acceptable distance of the exit pupil (-
30 mm), due to the specific application.

In a joint application with such an eyepiece, the
angular pixel size of the microdisplay will be 2.04’,
which practically falls in the middle of the range (1 +
3)", which is the range of recommended values of the
minimum angular dimensions of objects observed
through the eyepiece.

The technical parameters of optical and
optoelectronic channels of the system provide for
the observation with sufficiently high magnification
values and are consistent among themselves in the
field of view.

The specified technical parameters are determined
by the following formulas:

To increase:



RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN
OPTO-ELECTRONIC SYSTEMS AND COMPLEXES
RERRR RN RN R N AR R AR R R R R N N AR N AR A AR RN NN

Bu3yanbHBIM KaHa/l B PacCMOTPeHHOM BBIIIe
BapHaHTe cofepxkal o6beKTHUB, Hmpu3My IlexaHa
I1Ik-0°, cocToAIIyH M3 IIOAYHeHTaIlpUu3Mbl BY-45°
U npusMel [lIMuATA ¢ Kpbller BKP-45°, cBeTOQUIIBTP,
KOPPeKTHUPYIOIIYIO JIMH3Y, MOABMIKHYIO M HeIOAd-
BMKHYIO CETKH U OKYJIAP.

BusyanbHBIM KaHajl B BapHaHTe IIaHOPAMBbI
C BpalaIoOLIeHCs TOJ0BHOM YacThIO JOJIKeH Cofep-
>KaTh 00BbeKTHB, NpusMy IlexaHa II-0° (cocTosmylo
Y3 MOJyIeHTAampu3Mbl bY-45° v mpusmel [IMuaTa
BP-45°), cBeTOQUIBTP, KOPPEKTHUPYIOLIYIO JIHH3Y,
IIOJABHMKHYIO K HEIIOABHKHYI CETKH U OKYJIAP.

KOHCTPYKTHBHEIE ITapaMeTphl IIpuU3Mbl I1-0° pac-
CYUTBEIBAIOTCS B COOTBETCTBUH C PUCYHKOM 10 [8].

[Ipu pa3mMepe BXOAHON IpaHU a=D=dce=40 mm
JJIHHA X0[a jy4a B IIpU3Me COCTaBUT 1=184,8 mMm.

[Tlepen CHeKTPOJeNUTENbHON IIJIACTUHKOM N1,
T.e. Ilepel BXOJHBIM 3paykoM, OOLIMM [AJsi BCeX
KaHa/IoB, B IIapa/jlelbHBIX IIy4Kax JyueH pas-
MellleH MYJbTUIIPH3MeHHBIN 670K B BHJe IIeCTH
IIOMAapPHO CK/JAEEHHBIX KM Pa3HOOPHUEHTHPOBAHHBIX
npu3M JloBe, M3rOTOBAEHHBIX M3 CylbQHIa LIHMHKA
ZnS (puc. 11).

MynpTUNpU3MeHHBIN 610K PacCYUTaH Ha IIPoO-
IIyCKaHMe MaKCHMAaJbHOTO CBeTOBOIO JHaMe-
Tpa B TeIIOBU3HOHHOM KaHaJsle, U HO/KeH ObITh

i1

F:ens DdiS
H:Hapt'Hel:flr D £
eyep PRD
For field of view:
Poro (Voo )
2B =2arct _PRD\ "PRD ] R
b "5

where F'y,, is the focal length of the lens;

F'oyep i the focal length of the eyepiece;
Dyisp 18 the diagonal of the microdisplay
screen;

Dpgp is the diagonal of the sensitive region
of the photodetector device;

hprp(Vprp) 1s the size of the horizontal
(vertical) of the sensitive region of the
photodetector device

The parameters of the parameters are summarized
in Table 4.

Currently, in various optical and electronic
protection systems, security and tracking equipment,
monitoring and sighting devices, the systems of a
circular survey, solving problems and detection of
objects in the circular sector, are widely used.

They are very relevant for armored vehicles.

PHOTONICS VOL. 12 N2 6 (74) 2018 611



i g

CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e
m ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbI Il
CECEEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e

Bpamenue o I'H (yron "a")

MyIBTUIIPH3MEHHBIA

610K \__"‘-—\__al

KaHal

U npusmbl MexaHa M-0°8 naHopamHom npuuene

panoramic sight system

BpaleHue Ipu3MeHHOoro 610Ka o T'H (yrox "a/2")

ITpusma IIMmuaTa BP-45

DJ1eKTPOHHBIHN

Puc. 12. VicxodHoe nonoxkeHue 3epKaana 2onoeku, myabmunpusmeHHo20 6noka

Pic. 12. Initial position of head mirror, multi-prismatic unit and Pekhan prism in

A system of circular vision or
panorama in a device equipped
with optoelectronic channels is
a sophisticated interconnected
complex consisting of an optical
system, a system of photodetectors,
and a digital signal processing
system. Considering the methods
of effective space review in the
framework of  constructive
provision of the system’s
requirements to the destination,
a detailed evaluation of the
advantages and disadvantages of
the specific method of realizing
the task is needed.

The most famous and most
commonly used methods of space
review are the following [7]:

. the theodolite method,
providing mechanical scanning of
space by the whole device. This
scheme is the simplest one. Its
main advantage is an extremely
simple optical path, which does
not contain any compensators
for image rotation, nor scanning
mirrors, etc. However, in the
presence of optical and electronic
channels, there is the problem
of dumping information on a
stationary base, an overview
due to the use of several similar

BBIIIOJIHEH C pa3MepaMM, yKa3aHHBIMH Ha puc. 1l1.
I 3pberTUBHOrO QPyHKIMOHHUPOBAHUS CHCTEMBI
IIpOCBeT/IeHHe IPaHel IpU3M J[0Be U IIOBEPXHOCTEH
3aIIUTHOIO CTeKJIa TOJIOBHOM YacTH Heob6XomHMo
BBIIIOJIHUTb aHAJIOTUYHBIMH.

HcxonHoe 1ooskeHHe 3epkaJjia FOJI0BKH, MYyIbTH-
npyu3MeHHoro 670Ka ¥ mpusMsl IlexaHa I1-0° moka-
3aHO Ha puc. 12,

B 3TOoM IIONOXKEHHH BO BCeX KaHaJaX 'Bepx-
Hu3" 1 "IpaBo-ieBo" KM300paskeHHUSI COOTBETCTBYIOT
peanpHOM OpHeHTAallMU H300paskeHHs, TOrga Kak
B IIePBOHAYa/IbHOM BapHaHTe CUCTeMBbI B 31eKTPOH-
HBIX KaHaJaX 10 OJHOM M3 KOOPAWHAT HeobX0muMO
6BLJIO OCYIIECTBISTH 3epKajbHOe OTOOpaskeHHe Ha
MUKPOAUCILTIEe.

[Ipy MOBOPOTE T'OJIOBHOM YacCTH B IOPU30HTAJIb-
HOM IIJIOCKOCTH Ha yroi "o B OKy/Isipe BH3yaJIbHOI'O
KaHaja IO0SIBJSeTCS HAaK/JIOH H300paskeHHs Ha TOT

JKe yroia o, A KOMIIeHCALlMH KOTOPOI'O MYJIbTH-

612 POTOHMKA TOM 12 Ne 6 (74) 2018

optoelectronic modules.

the view due to the use of several uniform
optical and electronic modules. The advantage
of such a system is the absence of mechanical
displacements, and the disadvantage is the
need for a large number of photodetectors,
which greatly increases the price of the system
and is completely unacceptable in multichannel
instruments;

the formation of a panoramic image through
the use of photoreceiving devices and
panoramic optical "all sky" and "fish eye'
systems. This method, like the previous one,
differs in the absence of movable parts, but as
a rule such systems differ in the small size of
the input window, which is unacceptable for
thermal imaging systems

the view using an optical mirror hinge. In
this case, the photoreceiving devices of the
optical and electronic channels are fixed, but
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IPU3MEeHHBIN OJIOK HOJKeH IOBOPAYMBATbCS B TY
’Ke CTOPOHY, YTO U r0JI0BKa, HO Ha yron "o/2", BoBoe
MEHBIIHH.

[Ipy TOpPHU3OHTAJBHBIX IIOBOPOTaX TOJOBKH
Ha Bcex yrnax (n-360°) mpu mobom umcie obopo-
TOB 'N" MYJIBTHUIIPU3MEHHBIN 6JIOK KOMIIEHCHPYET
HaKJIOH HU306paskeHU s /I BCeX KaHaAJIOB TAaHOPaMBI
OJJHOBPeMeHHO.

IIlprMep IIOBOPOTOB TrOJIOBKKM Ha 90° (BH3HMpOBa-
HUe BjeBOo) U 180° (BU3KpoOBaHMe Ha3aj) II0Ka3aH Ha
puc. 13.

Pa3mepsl npusm [loBe U 0bm1asi KOMIIOHOBKA IIPH-
6opa BBIIIONHSETCS TAKUM 06pa3oM, 4TOOkL IPU Bpa-
IIeHMH MYJIbTUIIPU3MEHHOro 670Ka HMCKIYasaoch
IepeKpblBaHHe H3Jy4alollero KaHaja Jja3epHOro
JajbHOMepa.

O4eBHIHO, YTO B TaKOM KOHCTPYKLHH IaHO-
PaMHOIO IIpHIleNa MOXHO 00eCHeYHuTh yBelHYe-
HHe IIepPUCKOIIMYHOCTH — TOJIOBKA MOXKET BBbIIBH-
raThCs OO0 3HA4YeHHs IIePUCKOIMMYHOCTH ~ 450 MM
0e3 CyIeCTBEHHOIO0 YBeJlHYeHHUS BHUHbETHPOBA-
HUA B KaHanax. CjegyeT OTMeTHTH, YTO IOJIOBHAS
4acThb, B KOTOPOH BCe KaHaJIbl 3aBOASTCS Yepe3 OMUH
HaKJIOHHO-TIOBOPOTHBIM 3€pKajIbHBIM 3JIeMeHT,
siBysieTcsi 60/lee KOMIIAKTHON B CPAaBHEHHUU C TOJIOB-
HBIMH YaCTSIMH, B KOTOPBIX CKaHHPYIOIIMMU 3JIe-
MeHTaMH OCHallleH Ka>kIbIH U3 KaHaJIOB. 9TOT GaKT
TaK>Ke CII0COBCTBYeT CHMKEHHIO YsI3BUMOCTH BBIHE-
CeHHBIX Ha OpOHIO TOJIOBHBIX YaCTeH IIPHUILITBHBIX
KOMILJIEKCOB U TIOBBIIIEHHIO JKUBY4YeCTH 00 BEeKTa.

PaccMOTpeHHBIH BapHaHT pellleHHs OIITHUYeCKOM
CHCTeMbl MHOLOKAaHaJIPHOLO IIpHIle/Ia C BH3Yajb-
HBIM W JBYMS OITHKO-3JIeKTPOHHBIMH KaHaJIaMH,
7a3epHBIM [A/JbHOMEPOM M [BYXIIJIOCKOCTHOM CTa-
bunusanuerl JTUHUM BHU3HMPOBAHHUS KaK B BapH-
aHTe IAHOpPaMBI, TaK U 6e3 Hee, ImpopabaThIBaICK
B TaKHUX rabapuUTHBIX pa3Mepax, KOTOpbIe COIJIACO-
BaHBI C FabapUTHBIMHU pa3MepaMHU LeJIoro psia MpHU-
LleJIbHO-Hab/MofaTeIbHBIX NIPUOOPOB, YCTaHOBJIEH-

i1

the rotation of the image is necessary, which
complicates the optical path, but excludes the
presence of an information reset system.

Itis the latter method of implementing the circular
panorama which is applied within the framework
of the described design of the multi-channel aiming
complex.

The variant with the rotating head to provide
a circular view is solved using a multi-prism unit
consisting of 6 Dove prisms with a partially modified
visual channel (Figure 9).

The visual channel in the above-considered
version contained an objective, a Pekhan Pk-0°
prism consisting of a BP-45° half-pentaprism and a
Schmidt prism with a BKR-45° roof, an optical filter,
a corrective lens, a movable and fixed grid and an
eyepiece.

The visual channel in the panorama version
with a rotating head part must contain an objective
lens, a Pekhan P-0° prism (consisting of a BP-45°
semipentaprism and a Schmidt BR-45° prism), an
optical filter, a moving lens and a fixed lens and an
eyepiece. The design parameters of the P-0° prism are
calculated in accordance with Fig. 10 [8].

For the size of the input face a = D = dj;g, = 40 mm,
the path length of the beam in the prism will be | =
184.8 mm.

Before spectral-splitting plate No. 1, i.e. in front
of the entrance pupil common to all channels, in a
parallel bundle, a multi-prism unit is arranged in the
form of six pairwise glued and differently oriented
Dove prisms made of zinc sulphide ZnS (Fig. 11).

The multi-prism unit is designed to transmit the
maximum light diameter in the thermal imaging
channel, and must be made with the dimensions
shown in Fig. For the effective functioning of the
system, the clearing of the faces of the Dove prisms
and the surfaces of the protective glass of the head
part must be carried out in a similar way. The initial
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EMbl U KOMMNJIEKCbHI Il

Pa3BopoT ronoBku 1o I'H
Ha 90 rpaZiycoB BJI€BO

KOMIIEHCUPYIOLIUI PasBOpPOT
MYJIBTUIIPU3MEHHOr0 6710Ka
BJIEeBO Ha 45 rpajiycoB

Puc. 13. [TaHopamHbil npuuea 8 apuaHme N08opomMa 20A08KU Ha

Pic. 13. Panoramic sight with head being turned 90° and 180° respectively

Pa3BopoT ronoBkH 1o 'H
__ Ha 180 rpagycos BIIEBO
(HabnromeHye Ha3am)

. KoMmeHcHpPYIOUIUI Pa3BOPOT
MYJIBTHUIIPU3MEHHOT0 6710Ka
BJIEBO Ha 90 rpasycoB

90° u180°

HBIX Ha obbekTax BTBT B Hacrtosimee BpeMs. JTO
obecrieurBaeT BO3MOXXHOCTb MOAEPHH3ALHUU 00B-
eKTOB IIyTeM pa3MellleHHS TaKOM MHOTOQYHKIIHO-
HaJIbHOU CHCTeMBI IPAKTHYEeCKH Ha CYIIeCTBYOIIUX
YCTAaHOBOYHBIX MeCTax LITATHBIX IIPHOOPOB MIK Ha
MeCTax C MUHHUMAJIBHBIMU 10paboTKaMH.
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position of the head mirror, multi-prism unit and
Pekhan P-0° prism is shown in Fig. 12.

In this position, in all channels, the "top-bottom"
and 'rightleft" images correspond to the actual
orientation of the image, whereas in the original
version of the system in electronic channels on one
of the coordinates it was necessary to mirror them on
the microdisplay.

When the head part is turned in the horizontal
plane by an angle "a", the image tilts to the same
angle "a" in the eyepiece of the visual channel that is
why the multi-prism unit must be rotated in the same
direction as the head, but by a half smaller angle
o/2",

When the head turns horizontally at all angles
(n - 360 °) at any number of revolutions "n", the multi-
prism unit compensates for the slope of the image
for all pan channels at the same time.An example of
head rotation by 90° (lift aiming) and 180° (backward
aiming) is shown in Fig.13.

The dimensions of the Dove prisms and the overall
arrangement of the device are designed so that when
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the multi-prism unit is rotated, the laser rangefinder
is not covered by the radiating channel.

Obviously, with such a panoramic sight design,
an increase in the periscopicity can be achieved: the
head can be extended to a periscopic value of ~ 450
mm without a significant increase in vignetting in
the channels. It should be noted that the head part,
where all the channels are routed through one swivel
mirror element, is more compact in comparison
with the head parts where each channel is equipped
with scanning elements. This fact also contributes
to reducing the vulnerability of the head units of
the aiming complexes positioned to the armor and
increasing the survivability of the object.

The considered variant for solving the optical
system of a multichannel sight with a visual and two
optical and electronic channels, a laser rangefinder
and a two-plane aiming line stabilization both with
and without a pan variant was worked out in such
overall dimensions that are coordinated with the
overall dimensions of a number of sighting and
observation devices installed on the facilities of AAFV.
This provides for the possibility of upgrading the
facilities by placing such a multifunctional system at
practically existing locations of standard instruments
or locally, with minimal modifications.
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