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OJIBIIMHCTBO COBPEMEHHBIX IIPHLIEJIOB C BBICO-

KOTOYHBIMH JaJbHOMEpPaMHU OCHOBAaHHI Ha

aKTHUBHOM CIiocobe M3MepeHUs JATbHOCTH. OH
3aK/II0YAeTCs B IIOCBUIKE Ha AMCTAHIIMIO JIa3epHOro
HMMITy/l1bCa, HO He obecrieyrBaeT CKPBITHOCTb H3Me-
peHui. IIpUyYyKHa B TOM, UTO ONTHYeCKHe NATYHKH,
yCTaHOBJIEHHEBIE Ha LIeJIH, II03BOJIAIOT JIETKO BhBISA-
BUTh (PaKT M3MePeHHUS U ONpe[eIUTh HaIlpaBIeHUe
M KOOPAMHATHI TOUKH, OTKYAA 3TO HM3MepeHUe 6bLIo
Ipou3BeseHo [1].

Hanpumep, B coBpeMeHHoM apmuu CIIA mexo-
THHEL, OCHALaeTCs JAaTYMKAMHU, PaCIIOI0KeHHBIMH
Ha IIUleMe, pa3paboTaHHOM IIO pe3ynbTaTaM HoeBoro
IIpUMeHeHUs B AQraHucTaHe, KOrja y4aCTHIMCh CIIy-
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ost modern sights with high-precision

rangefinders are based on an active method

of measuring range. It consists in sending
a laser pulse to a distance, but does not ensure the
secrecy of measurements. The reason is that optical
sensors mounted on the target make it easy to identify
the fact of measurement and determine the direction
and coordinates of the point from where this measure-
ment was made [1].

For example, in a modern US army, an infantryman
is equipped with sensors located on a helmet devel-
oped as a result of combat use in Afghanistan, when
cases of “friendly fire” in their units have become
more frequent (Fig. 1).

The system can “detect” exposure to lasers with
wavelengths of 1.064 and 1.55 microns, which are
used in laser rangefinders on various platforms, as



RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN
OPTICAL ELECTRONIC SYSTEMS & COMPLEXES m
RRRRRR RN RN R RN N R R R RN AR R R NN NN RN RN NN R AR RN RN

Yay «Ipy’KeCTBeHHOIO OUHS» II0 CBOMM IIOfpasferie-
HusM (puc. 1).

CucTeMa MOYKeT 3acedb 0b/yueHHe 1a3epaMHU C JJIH-
HOH BOJIHBI 1,064 1 1,55 MKM, KOTOpbIe HCIIO/Tb3YIOTCS
B JIa3epHBIX JAIbHOMEPAaX Ha Pa3IMYHBIX IUIATHOP-
Max, a Takke PRF-KogHpoBaHHEIe Ia3epHbIe MapKePhl
I ynpabisieMblx 60om6. CHUTHal MeXOTHHIY IIPH
061y4eHUH J1a3epHBIM JIy4OM IIOJAeTCS CHCTeMOM
B BHE “TaKTH/PHBIX CHUTHAJIOB» (BUOpalyu), Iocie
Yero Hy>KHO ObICTPO IIOMEHSTh MO3ULIMIO, B KPaliHeM
caydae - 6eroM B 6rsKariiiee yKpeiTHe. Kpome Toro,
TaKOe YCTPOMCTBO Ha IJIeMe MOXKeT 3acedb U OTpa-
SKeHHOe JIa3epHoe U3JyueHue.

B BOeHHOI TexHHKe CerofiHs IIpaKTHUYecKu Ha
KKIOM oObeKTe yCTaHaBAHMBaeTCsl CHCTeMa OIlOBe-
IeHHUsS O Ta3epHOM 06/IydeHHH, IIPU CpabaThIBAHUU
KOTOPOM BCTYIIaeT B IEHCTBHE CHCTeMa IIO[ABJIeHHUS
nenu. HHBIMH CI0BaMH, COBpeMeHHBIe OIITHKO-
37IeKTPOHHBIE CPeZCTBa JIerKo 0OHAPY>KUBAIOT TI060e
IenCTBHe C IpUMeHeHHeM aKTHBHOTO JIa3epHOro
peskuMa. B pesynbraTe pacceKpeuuBaHHUS 00BeKTa
IIPOMCXOJUT €ro YHHUUYTOKeHHe COOTBETCTBYIOUIHMMHU
CpencTBaMH.

[TaccuBHBIe ONTHYECKHe [OAJIBHOMEpHl OTIHYA-
IOTCSI OT aKTHBHBIX M 00JIaflaloT CKPBITHOCTBIO. Ho
IIPU 5TOM OHU He 06ecIriedHBalOT BBICOKOM TOUHOCTH
KM3MepeHUs OAJIbHOCTH B CPaBHEHUU C JIa3epHBIMU
JaJbHOMepPaMH.

B pabote [2] 6pUTH paccMOTpeHBI [1Ba MeToja I1ac-
CHUBHOTO HM3MepeHHs HAJbHOCTH. [lepBBIM M3 HHUX
OCHOBaH Ha M3MepeHHU BeTHYHUHBI MOJABKKKU 00B-
eKTHBa IpH POKYCHPOBKe Ha Iiesb (MeTof GOKyCHpo-
BaHMUS). BTOpol - Ha M3MepeHHH [Tapa/l/IaKTH4ecKoro
yIJa IIPU COBMeENIeHHH ABYX H300pakeHUH, GOPMHU-
PyeMBbIX [ByMsl KaHa/JlaMH, pa3HeCeHHBIMHU Ha BeJH-
YMHY BHYTpeHHeH 6a3bl (BHYTpHOa3HBIM MeTOx).

[TaccUBHBIe METOIBl II03BOJISIOT PEIIUTh 3afady
HM3MepeHUs NaJTbHOCTH [0 LieJIM, Haxo[sllercs Ha
yoaneHuu no 500 M, ¢ OIINOKOH IIpreMJIeMOM BelH-
uiHbl (IpubnusuTensHo 2-4 M). Ho 3Tu ycinoBus
COXPAHSIIOTCSI NPHU HCIIOAb30BAaHUHU [JJTHHHOPOKYC-
HBIX 00BeKTUBOB C pokycoM (F,5) He MeHee 600 MM
WM IpU pa3Mepe BHYTpeHHel 0a3bl mpubopa He
meHee 300 mMm. CorjacuTech, YTO IIPUMEHSATH IIOHS-
THS MaJIOTabapUTHOCTH U IPAKTHUYHOCTH K TaKUM
IIpUOOPHBIM PeIIeHHUSM [JOCTATOYHO COMHHUTETBHOE
3aHSTHE.

Huskast abconoTHass M OTHOCHUTENIbHAsI TOYHOCTb
HM3MepeHHUs JaTbHOCTH [0 Lle/IK B IIACCUBHBIX ONTHYe-
CKHUX [Ja/IbHOMepax CBsI3aHa C MaJIOK yIJI0BOM YYBCTBH-
TeJIbHOCTBIO Ye/I0BeYEeCKOro I7a3a M BIHUSIHHEeM Cybnb-
eKTHBHOTO0 (aKTOpa CHCTEMBI «4el0BeK-IaJbHOMep»
ITOT GaKTOP IIPOSB/ISAETCS IIPH peaIU3aLMU CJIOSKHOTO

i g

Puc.1. CeHcop naszepH020 0bayqeHus das nexomuHua LEWDS
Fig.1. LEWDS laser irradiation sensor for infantry soldiers

well as PRF coded laser markers for guided bombs.
The signal to the infantryman when irradiated with
a laser beam is supplied by the system in the form of
“tactile signals” (vibration), after which you need to
quickly change position, in extreme cases, by running
to the nearest shelter. In addition, such a device on
the helmet can detect reflected laser radiation.

In military technology today, at almost every object,
a laser radiation warning system is installed, when
triggered, a target suppression system comes into play.
In other words, modern optoelectronic devices easily
detect any action using the active laser mode. As a
result of declassification of an object, it is destroyed by
appropriate means.

Passive optical rangefinders differ from active
rangefinders and possess stealth. At the same time,
they do not provide high accuracy of range measure-
ment in comparison with laser rangefinders.

In [2], two methods of passive range measurement
were considered. The first of them is based on mea-
suring the magnitude of the lens movement when
focusing on the target (focusing method). The second
is based on measuring the parallactic angle when
combining two images formed by two channels spaced
by the size of the internal base (intrabase method).

Passive methods make it possible to solve the prob-
lem of measuring the distance to a target located at a
distance of up to 500 m with an error of an acceptable
value (approximately 2-4 m). But these conditions are
preserved when using telephoto lenses with a focus
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AJITOPUTMaA (l)OKYCI/IPOBKI/I HJIW COBMEIeHUS ABYX HU30-

6pakeHHM. K HUM IIPUCOeNIMHSIOTCS [OMOTHUTENb
Hble Cy6beKTHBHBIe OIIHMOKH OIlepaTopa M HU3Kasl CKO-
POCTb U3MEpeHHUH.

Ha coBpeMeHHOM ypOBHe pa3BUTHA LIUPPOBOH Tex-
HUKU IIaCCHBHBIE CIIOCOOBI HM3MepeHUs AAJIbHOCTH
MOTYT OBITh pellleHbl Ha HOBOM TeXHHYeCKOM ypOBHE.
B ero ocHoBe JIeXKUT KOMIIBIOT€PHBIM aHAIK3 H300pa-
SKeHHUH 06BeKTOB, ITOTyUYeHHBIX B pe3y/IbTaTe BH€03a-
NHCH. HamprMep, MAacCUBHBIM METOZ, OIpelereHHs
IAJIBHOCTH [0 LieJIM MOYKeT OBITh peanr30BaH Ha LU -
POBBIX BHAeoKaMepax [3-5], pasHeceHHBIX Ha H3BeCT-
HOe PacCTOsSIHHe JPYT OT Apyra (pHuc. 2).

3pmech ABa LKUQPOBBIX H300paskeHUsT HU3MepsieMOoro
obbeKkTa 1 PopMHUPYIOTCSl 06BeKTHBAMH 2 Ha POTOKA-
Mepax 3 U 4. 3aTeM IPOoLeCcCOp 5 BRIYMC/ISET OLeHOY-
HyI0 QYHKLHIO MEXKOY IBYMSI H300PKEHHUSIMH X;»
U «x,» obbeKTa 1. [Io MUHHMMAJIbHOMY 3HAU€HHUIO [IBY-
MePHOM HOPMHPOBAHHOM KOPPeIsIMOHHON YHK-
LMK OIlpefenseTcsl CABUI MeXAy H300paskeHHsIMH
obpexTa 1. [To0skKeHe MaKCHMyMa KOpPPesSLIHOHHOM
GYHKUMHU YTOUHSETCS B CyOIIMKCeTHOM [HaIla3oHe,
II0C/Ie Yero OCYLIeCTB/IAeTCH JIOKJIM3alHusI MaKCH-
MyMa C Haub6oJbpIINM 3HaueHHEeM KOpPpessLMOHHOM
byHKRIHUH.

TakuM ob6pa3om, CABUT MeXAY M300pakeHUSIMU Ha
doTompHeMHBIX MaTpHLax 3 U 4 MOXKeT OBITEH oIpefe-
JIeH C TOYHOCTBIO JI0 JeCAThIX J0Jiel pasMepa OJHOIO
IMUKCena GOTOIIpHUeMHMKA 3 UK 4. JJaJIbHOCTh «D» [0
obbexTa 1 oljeHUBaeTCd II0 COBULY «AX» MEXKAY H30-
OpKEHHSIMHU «X» U «X,» . [IpK 5TOM HeobX0AHMO 3HATh
paccTosHHe «B» MeKIY BHAeOKaMepaMU 3 1 4, a TaKKe
doxycHOe paccTosiHHe «f» 06BeKTHBOB 2 KaMep.

@

rae: f - GoKycHOe pacCTosiHHe 06beKTHBOB 2 BUE0Ka-
mep 3ud4;
B - paccTosiHMe Mexxay 06BeKTHBAMHU 2 BUEOKa~
Mep3u4;
AX - I3MepeHHBIN COBUT MeKIy H300paskeHH-
IMU ((XI» u «XZ»'

MeTonuKa CyOIIMKCeNTHOM MHTEPIONSLUU HaIlpaB-
JIeHa Ha IOBBIIIeHHE TOYHOCTH OIlpeJeeHus CABUra
Mexay usobpakeHHsMHU. I[Ipouieypa BKIIOYaeT
B cebsi BBIUHMCIEHHE OBYXMEPHOH KOPPesSLIMOHHOM
GYHKIMHU U ee HOPMHPOBKY. TeM CaMbIM yCTpaHS-
eTCs BIIMSHHE Pa3IuYMs B SPKOCTH U KOHTPACTHOCTH
0601X M300paskeHUE HAa TOUHOCTb U3MEPeHHSI.

OmHako TakKoe KOHCTPYKTHBHOE MCIIOJHEHUE
IanbHOMepa TpeOyeT NpUMeHeHHUS [BYX OJHHAKO-
BBIX T€JIeBU3HOHHBIX KAaHAJIOB C ABYMS 0OBbeKTHBAMU
U OByMsI QOTOIIpHEMHHKAMM, a TaKKe IIPUMeHeHH
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Puc.2. MaccusHbill onmMuKo-3AeKmMpOHHbIL 0aAbHOMEP C 8HY-
mpeHHel 6a3ol

Fig.2. Passive-mode optoelectronic rangefinder with internal
base

(Flens) Of at least 600 mm or with an internal base size
of at least 300 mm. The small size and practicality of
the device when implementing such solutions is a
fairly relative concept.

Low absolute and relative accuracy of measuring
the distance to the target in passive optical rangefind-
ers is associated with a low angular sensitivity of the
human eye and the influence of the subjective factor
of the human-rangefinder system. This factor mani-
fests itself in the implementation of a complex algo-
rithm for focusing or combining two images. They are
supplemented by additional subjective errors by the
operator and a low measurement rate.

At the current level of development of digital tech-
nology, passive methods of measuring range can be
solved at a new technical level. It is based on a com-
puter analysis of images of objects obtained as a
result of video recording. For example, the passive
method of determining the range to the target can be
implemented on digital video cameras [3, 4], spaced a
known distance from each other (Fig. 2).

Here, two digital images of the measured object 1
are formed by lenses 2 on cameras 3 and 4. Then, pro-
cessor 5 calculates the estimated function between
the two images “x,” and “x,” of object 1. The shift
between the images of object 1 is determined from the
minimum value of the two-dimensional normalized
correlation function. the maximum of the correlation
function is refined in the subpixel range, after which
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CHCTeMbl aBTOMAaTH4eCKOH POKYCHPOBKH 0O6BEKTHBOB
Ha BBIOPaHHYIO Llelb. JTO 3aTPyAHSET CO3aHKe IIPo-
CTOM M ManorabapuTHOM KOHCTPYKIIUH JaJbHOMEpA
€ HeGOJIBIIMM BECOM.

Hcrmonb3oBaHHe LHQPOBBIX MeTOLOB B COYeTa-
HUM C HOBBIMHU OPHUTHHAJIBPHBIMHU OIITHYEeCKHUMHU
pellleHUSIMH I103BOJIsSIeT CO3[aBaTh pPa3HOOOpasHbIe
BapHUAHTHl MaJ0TabapUTHBIX MACCHBHBIX ITPHUIIEIOB-
IATBHOMEPOB C BBICOKOM TOYHOCTBIO U3MEPeHHS 1alb-
HOCTH [I0 LIe/IH ITPY CKPBITHOCTH U3MepPeHHH.

[IpenJioskeHHs HOBBIX ONTHYECKUX pelleHHUN 6a3u-
pyIOTCSI Ha KOoMOMHALUKM 0OOKMX METONOB: MeTona
doKyCcHpOBaHMS Ha IIe/Ib U BHYTPUOa3HOro MeToAa [2].
OIHHUM U3 BapHAHTOB pPellleHHs Pealn3yeT IIPUHIIUII
HCIIO/Ib30BAaHUS OFHOrO OOBEKTHBA C BhIIENI€HHEM
13 ero OONBIION amepTypsl ABYX MAJIBIX aIepTyp,
pasHeCeHHBIX Ha HEKOTOPYI0 BeTHYHHY. JTa BeIH-
YMHA SIBJISeTCS BHyTpeHHel 6a30i. TaKkoM IMPUHLIUII
HCIIOIB3YeTCSl B TaK Ha3bIBAeMBIX ONTHUYECKHUX ¢[JaJb-
HOMepax JBOMHOIO0 U300paskeHUs» [6].

[Ipu ero peanu3allUU IOSIBISETCS BO3MOXKHOCTD
Pe3KOro yBeJTHYeHHMSs yITa amepTyphl (110 KParHUM
JTydaM OT pa3HeCeHHBIX aIlepTyp), OIpenensieMOoro
BHyTpeHHel 6a30i mpubopa U GOKYCHBIM PacCTOSI-
HUeM BBIZIeJIEHHBIX aIlepTyp - GOKYCHBIM PacCTOSI-
HUeM COOCTBEHHO JaJbHOMEPHOro obbekTHBa. POTO-
IIpHeMHOe YCTPOMCTBO IIOMeNleHO B (OKaJbHOU
IUIOCKOCTH JIaTBHOMEPHOIo 00BeKTHBa. TaKoe cxeM-
HOe pellleHHe ITACCHBHOIO OIITHKO-

the maximum with the highest value of the correla-
tion function is localized.

Thus, the shift between the images on the photo-
detector arrays 3 and 4 can be determined to within
tenths of the size of one pixel of the photodetector 3
or 4. The distance “D” to object 1 is estimated from the
shift “Ax” between the images “x;” and “x,”. It is neces-
sary to know the distance “B” between the cameras 3
and 4, as well as the focal length “f” of the lenses of 2
cameras.

D=%, @

where: fis the focal length of the lenses 2 of the cam-
eras 3and 4;
B - the distance between the lenses 2 of the
cameras 3 and 4;
Ax is the measured shift between the images
“x,” and “x,”.

The technique of subpixel interpolation is aimed
at increasing the accuracy of determining the shift
between images. The procedure includes the calcula-
tion of a two-dimensional correlation function and
its normalization. This eliminates the effect of differ-
ences in the brightness and contrast of both images on
the measurement accuracy.

However, such a design of the range finder requires
the use of two identical television channels with two

3JIEKTPOHHOTO AATBHOMEpPA Ha3o-
BeM MeTOfOM GOKYyCHPOBAaHUS
C BBIJEJEHHBIMH aIlepTypaMu
(puc. 3).

B KOHCTPYKLIHH LIeHTPAJIbHYIO
YacTh JATBHOMEPHOT0 06BbeKTHBA
(He y4aCTBYIOIIYIO B IIOCTPOEHUHU
H306paskeHHUsI) MOSKHO HCKIIIO-
YUTh, & B 3TOM 30HE Pa3MeCTHUTh
KaHa/Jl HaBeJeHHUs Ha Ielb -

N - B

INPHILEeTbHBIH TeJIeBHU3UOHHBIH

KaHa. |
KOHCTpYKTHBHOE  pelleHHe

CXeMBl 3aKJII0YaeTcss B TOM, UTO
B ($OKAJIBHOM IUIOCKOCTH HAIBHO-
MepPHOro 06BbeKTHBA HEIOABHKHO
yCTaHaBIUBaeTCI  (QOTONpHEM-
HHUK, Ha KOTOPOM H300paskeHHe
LlelM, Haxo[sllercss Ha ynaase-
HUU «6eCKOHEUHOCTH», bymeT pes- ‘

o |
—

|I TeJIeBU3UOHHBIN |
KaHa | |

ITIOCKOCTh
doTomprueMHUKA

U306paskeHue 06BEKTA,
yAATIeHHOTOo
OT 06'BEKTHUBA

( Ha OUCTaHLHI D

~X'(B=~Fy)

PacdoxrycupoBaHHOe
U pa3/iBoeHHOe U306pasKeHMe

doKanpHas
TIJIOCKOCTD

KUM. B 3TOM cilyyae BOCIIO/IB3Y-
emcsi popmynoi HetotoHa [7]. OHa
OIHCBIBaeT reOMeTpHUUecKHe 3aBHU-
CHMOCTH MeXKIy II0JIOKeHUSIMH

Puc.3. CxemHoe peweHue nputead ¢ danbHomepom 080LH020 U306pakeHus
Fig.3. Sight system schematic solution with a double-image rangefinder
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M pa3MepaMH IIpeJMeTa K ero H300pasKeHUs B Hle-
QJIBHOM OIITHYECKOM CHCTEME.

Torma mpy HaBeleHUH IpHUIleNa Ha Iejlb, HaxXo-
OSIIYyIOCs Ha JANBHOCTU D OT IlepelHeN JIMH3BI, H30-
bpakeHue Lenu OymeT COBUTATBCS OTHOCHTEIBHO
bOKaIBHOM IIJIOCKOCTH JAJTPHOMEPHOIO OOBeKTHBA
(OTHOCHUTEIPHO IUIOCKOCTH HEITOJBIKHOTO (OTOIIpH-
eMHHKA) Ha HEKOTOPYIO BEJIMUHHY «X'»:

, @)

[ |J:T'1

rIex - PAaCCTOSIHHe, H3MepsieMoe OT IIepefHero
¢doxyca obvekTHBa g0 HabnrogaemMoro o06b-
eKTa M IIpUHHMaeMoe KaK D IIpH yC/IOBHH, UTO
D HamHoro O6onbloie, YeM YyHaleHHe Iepen-
Hero ¢oKyca OT IIepBOM JIHMH3bl OOBEKTHBA;
F; - &okycHoe pacCTOSHHe [1aJbHOMEPHOTO
00BbeKTHBaA.

OcHOBHas 1IeJIb TaKOTO COBMEIINEHHOIO0 METOma -
MHOTOKPAaTHO YMEHBIIUTh IIyOHHY Pe3KOCTH 3a CUeT
CO3/IaHHUS BHYTpeHHeH 6a3oil «B» HeKOeH ¢3KBHBA-
JIEHTHOI» aIlepTyphl JaJIbBHOMEPHOr0 06beKTHBA, PaB-
HOHU «B/F;», U mobuThCsA pa3nBoeHHS H306pakeHHUs
obbeKTa, HaxomsIerocs biamske «0eCKOHeUHOCTHY .

[IpuyeM pasgBoeHHe H300pasKeHHUS OymeT Tem
6onbIIUM, YeM OamsKe 0ObeKT U ueM OOoJIbIlle «IKBH-
BaJIeHTHAs!» aIlepTypa, 4YTO BaKHO /MJIs IIOBBIIIe-
HUS TOYHOCTH H3MEPEeHHUS] BeJIMYUHBI Pa3[BOEHUS
[P BBIYMC/IEHHUU [BYXMEPHOM KOpPpeslHOHHOM
GYHKUMH.

Ecny OpUHSTH «3KBUBAJIEHTHYIO» aIlepTypy Halb-
HOMEPHOT0 06beKTHBA PaBHOM eluHuIIe (Koraa b=Fp),
TO B 9TOM C/Iy4ae BeJTMYMHA “X'» CTAHOBUTCSI PaBHOU
BeJIMYMHE PA3JBOeHHUS HU300pasKeHUM, MOJIeKaller
n3MepeHuIo. Torma KoHeuHast popMysia BEIYHCIEHUS
IOAITBHOCTH 10 ey bymeT UMeTh BUL:

2
__FJIL
-

D 3)
Hcrionb3yss MUHUMAJIBHOE 3HaUeHHe IByMepHOM HOp-
MHUPOBAHHOK KOPPEJISILIUOHHON QYHKLIMK, MOKHO OIIpe-
IeIUTh PAcCTOSHUE MeXOy H300paKeHUSIMH 0OBeKTa
C TOYHOCTBIO /IO IECATHIX [0JIeH Pa3Mepa OHOTO ITHKCeNa
oToITpreMHHKA JATTBHOMEPHOTO KaHasa “dry .
OueBHAHO, YTO oOImMHOKAa H3MepeHHS [AAIBHO-
CTH B 3TOM C/ydae OymeT OIpenensThCsl OMIKMOKOM
M3MepeHUs] BeTHYHHBl Pa3[ABOEHHS H300pasKeHUs
«Ax'». TIpUHHMAasi TOYHOCTb H3MepeHHs, PaBHOU
AXx'=0,2"dpgc, TIOTydaeM:
_F?

3 (4)

DxAD)=— A
( ) X'50,2-do’
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lenses and two photodetectors, as well as the use of a
system for automatically focusing lenses on a selected
target. This makes it difficult to create a simple and
compact design rangefinder with low weight.

Using digital methods in combination with new
original optical solutions allows you to create a variety
of small-sized passive sights, rangefinders with high
accuracy of measuring the distance to the target with
secretive measurements.

Suggestions of new optical solutions are based on
a combination of both methods: the target focusing
method and the intra-base method [2]. One of the
solution options implements the principle of using
one lens with the separation of two small apertures
from its large aperture, spaced by a certain amount.
This value is an internal base. This principle is used in
the so-called optical “dual image rangefinders” [5].

With its implementation, it becomes possible to
sharply increase the angle of the aperture (along the
extreme rays from the spaced apertures), determined
by the internal base of the device and the focal length
of the selected apertures - the focal length of the
actual rangefinder lens. The photodetector is placed in
the focal plane of the rangefinder lens. Such a circuit
design of a passive optoelectronic rangefinder will be
called the focusing method with selected apertures
(Fig. 3).

In the design, the central part of the rangefinder
lens (which is not involved in image building) can be
excluded, and in this zone to place a guidance channel
on the target - an aimed television channel.

A constructive solution to the scheme is that in the
focal plane of the rangefinder lens, a photodetector
is fixedly mounted on which the image of a target
located at a distance of “infinity” will be sharp. When
aiming the sight at a target located at a distance D
from the front lens, the target image will shift rela-
tive to the focal plane of the rangefinder lens (relative
to the plane of the stationary photodetector) by a
certain amount of “x'”, which can be determined by
Newton’s formula [6]:

b (2)

X' =

= ‘chl

where x is the distance measured from the front focus
of the lens to the observed object and taken
as D, provided that D is much larger than the
removal of the front focus from the first lens of
the lens; F, is the focal length of a rangefinder
lens.

The main goal of such a combined method is to
reduce the depth of field many times by creating an
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B cxeme pmanbHOMepa: 06BeKTUB € GOKYCHBIM pac-
cTosiHueM Fp=200 MM npu 3HadeHHH b=200 mMm;
TeJIeBU3MOHHAas KaMepa VAA-136-USB ¢ MHMHHMAaJIb-
HOHM pabouer ocBerieHHOCThIO 0,005 K U YaCTOTOHM
25Tn (paspaborka OO0 «3BC», MockBa) Ha 6a3e KMOII
doronpreMHHUK (TUID MTIMO34, dopmat 1280x960
3JIeMeHTOB, pasmep IIKKcena 3,75x3,75 MKM, 4acToTa
HarikBucra ~130 mTp/MM), pasMep UyBCTBUTEIbHOM
IJIOMIAAKH 4,8 % 3,6 MM (muaroHanb Dip=6,0 MMm). [Ipu
KCII0/Ib30BAaHHH B CXeMe [aJIbBHOMEPHOIO TaAKOT0 KOM-
IUIeKTa JeTajer omubKa Ax'=0,2-dyy- COCTABUT BeIH-
4yuHy 0,75 MKM. Pe3ynbTaThl pPacyeToOB BeIHYHHBI
TeOpeTUYeCKUX OIIKNO0K HM3MepeHUSs AaIbHOCTH IIpe-
CTaBjIeHBbI B Tab1I. 1.

BHU3HMPHBIN Te/IeBU3SHMOHHBIM KaHaJI MOXKHO IIOCTPO-
HUTb Ha TeJleBH3MOHHOU KaMmepe VAA-136-USB u maso-
rabapuTHOM 06BeKTHBe C GOKYCHBIM PaCCTOSIHHEM
Fop=18,2 MM, a B KaueCTBe OKY/JISAPHOro KaHaja
KCII0/Ib30BaTh OKY/JISP C (QOKYCHBIM PacCTOSHHEM
fox=15,67 MM u muxpoguciuieir SXCA060 dopmara
1280%x1024 c pasmepom muKcena 9,3x9,3 MKM H pas-
MepaMH aKTHUBHOU obnactu 11,941x9,56 MM (muaro-
Hasb Dy;;=15,296 MMm).

YI/0BOe II0jie 3pPeHMs TaKOro BM3HMPHOIO KaHajla
cocTtaBUT ~15,0°x11,2° (muaroHaap 18,7°), a yBEIH-
YeHHe TeJeBM3MOHHOIO KaHaja BBIYMCIMUTCI II0

dopmyie:

=T _h.h (5)

OIIT. ST, FéK. DTB

Ta6numua 1. OueHKa METOANYECKON OLIMBKM M3MEPEHNS
JANbHOCTU MeTOA0M POKYCMPOBAHMS C BbIAETIEHHbLIMMU
aneptypamu (F;=200 MM, 5=200 MM, dpjc=3,75 MKM)
Table 1. Focusing method with selected apertures:
Assessment of the methodological error of range
measurement (F;=200 mm, B=200 mm, d,,;=3,75 um)

LanbHOCTb Moasukka MakcrumanbHas olmnbKa
no uenu D, m 06bekTnBA n3MepeHns AanbHOCTN A0
Distance to X', MM uenn AD, m
targetD, m Shiftlens x', Maximum measurement
mm error
of distance target AD, m
500 0,080 4.7
800 0,050 +12,2
1000 0,040 +19,1
2000 0,020 779
3000 0,0133... +178,8
4000 0,010 +324.3

i g

“equivalent” aperture of the rangefinder lens equal to
“B/F;” by the internal base “B” and to achieve a split
image of the object closer to “infinity”.

Moreover, the bifurcation of the image will be
the greater, the closer the object and the larger the
“equivalent” aperture, which is important for increas-
ing the accuracy of measuring the magnitude of the
bifurcation when calculating the two-dimensional
correlation function.

If we take the “equivalent” aperture of the range-
finder lens to unity (when B=F;), then in this case
the value “x'” becomes equal to the amount of image
bifurcation to be measured.

Then the final formula for calculating the distance
to the target will be:

2
= G

X

D=

Using the minimum value of the two-dimensional
normalized correlation function, it is possible to deter-
mine the distance between the images of the object
with an accuracy of tenths of the size of one pixel of
the photodetector of the rangefinder channel “d,;".

Obviously, the error in measuring the range in
this case will be determined by the error in measur-
ing the magnitude of the split image “Ax'”. Assuming
the measurement accuracy equal to Ax’=0,2~dpxl, we
obtain:

_F?

+AD)= A
(D=AD) X'70,2-d’

(4)

In the scheme of the rangefinder: a lens with a
focal length F;=200 mm with a value of B=200 mm;
VAA-136-USB television camera with a minimum
working illumination of 0.005 lux and a frequency
of 25 Hz (developed by EVS LLC, Moscow) based on a
CMOS photodetector (MT9MO034, format 1280 x960 ele-
ments, pixel size 3.75x3.75 pum, the Nyquist frequency

~130 lines/mm), the size of the sensitive area 4.8x3.6

mm (diagonal D;,=6.0 mm). When using such a set of
parts in the rangefinder circuit, the error Ax'=0,2-d,,
will be 0.75 pm.

The results of calculations of the magnitude of the
theoretical errors of range measurement are presented
in Table 1.

A television sighting channel can be built on a
VAA-136-USB television camera and a small-sized lens
with a focal length F;,,,=18.2 mm, and use an eyepiece
with a focal length f,,=15.67 mm and a SXGA060 1280 x
format microdisplay as an eyepiece channel 1024 with
a pixel size of 9.3x9.3 pm and an active region size of
11.941x9.56 mm (D,,; diagonal = 15.296 mm).
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I[Tocse MOACTAaHOBKH COOTBETCTBYIOIIHX YKC/IOBBIX
3HAaYeHMH II0/lyuyeHHOe 3HaueHHe yBelIUYeHHUs Tejle-
BH3MOHHOIO KaHaJla COCTaBHUT [ ~3 KpaT.

TeneBU3HOHHBIN BU3HPHBIN KaHaa bymeT mocTa-
TOYHO MaJIOrabapHUTHBIM K ero 0OBeKTUBHYIO YacCThb
MOSKHO JIETKO Pa3MeCTHTh BHYTpHU Ipubopa B LieH-
TPaJIPHON CBOOOAHOM 30HE, a OKY/ISPHBIM KaHAI —
B 331Hel cBoOOIHOM 30He mpudopa.

JlanbHOMepHBIN 06BeKTUB 1ies1eco0bpasHO MOCTPO-
UTb I10 3epKa/JIbHO-THH30BOM CXeMe, TaK KaK OHa obe-
CIIeYMBaeT [OCTATOYHO IPOCTOe pellleHHe C MHHHU-
Ma/JIbHEIM ~KOJIMYeCTBOM ONTHYeCKHUX [leTajeH,
a TaKKe II03BOJISeT JOCTHUYDb HOCTATOYHO OOIBIIKX
3HaUYeHUI OTHOCHTE/IBHOIO OTBEPCTUS IIPH BBICOKOM
KauecTBe M300paskeHHUsI, OIpele/nsieMOro pasMepoM
nuKcena GOTOMpHEeMHHMKA AJI1 4acToThl HaMKBHCTa,
paBHOM ~130 mTp/MM.

Torga BapHaHT KOHCTPYKTHUBHOIO HCIIOJHe-
HUS IIaCCHBHOIO OIITHMKO-JIeKTPOHHOIO IIpHLiesa-
IalbHOMEepa C 3epKa/bHO-TMH30BBIM OOBEKTHBOM,
COCTOSIIIMM M3 BXOJHOM JIHMH3BI, [JIABHOTO 3epKaja
M TPeXJIHH30BOr0 KOMIIeHcaTopa abeppalluM, BKIIO-
Jaromiero B cebst oqHy OTPUILIATENBHYIO THH3Y H [iBe
IIOJIO>KUTE/IbHbIe JTMH3BI, MOXKET OBITh BBHIIIOJIHEH II0

cxeme, IPHUBEIEHHON Ha pUC. 4. PaboyuMHU 30HAMU
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The angular field of view of such a sighting channel
will be ~15.0°x11.2° (diagonal 18.7°), and the increase
in the television channel will be calculated by the
formula:

_ B D

_ md
"7 E,

r=r D, (5)

OIT. '

After substituting the corresponding numerical val-
ues, the obtained value of the increase in the televi-
sion channel will be I'~3 times.

The television sighting channel will be quite small
and its objective part can be easily placed inside the
device in the central free zone, and the ocular channel
in the back free position of the device.

It is advisable to construct a rangefinder lens using
a mirror-lens scheme, since it provides a fairly simple
solution with a minimum number of optical parts,
and also allows to achieve sufficiently large values
of the relative aperture at high image quality, deter-
mined by the pixel size of the photodetector for a
Nyquist frequency of ~ 130 lines/mm

Then, the embodiment of the passive optoelectronic
sight-rangefinder with a mirror-lens lens consist-
ing of an input lens, a main mirror and a three-lens
aberration compensator, which includes one nega-
tive lens and two positive lenses,

| CBOGOMHBIN | & |
06BeM 1

| CBO6OHBINA
o6BeM |

1 JanbHOMEPHBIR
\ KaHam Ne2
L

3NeKMPOHHbIM aa/leOMGPOM

rangefinder

OKynsip

Puc.4. KomnoH0804YHAS cxemMa 8apuaHma npuueAa ¢ naccugHbliM onmuKo-

Fig.4. Layout drawing of sight option with passive-mode optical electronic

can be performed according to the
scheme shown in Fig. 4.
The working areas of the range-

YacTs ) L Yacts finder lens are the areas of the

b ﬂjﬁ:ﬁﬁi‘”‘“’m J-/39P1<aﬂa rangefinding channels No. 1 and
'] No. 2.

Y7 'y The proposed implementation of

;,J-e'}]._ i Muxpopucrnel the principle of measuring range

by the magnitude of the image
split from spaced axisymmetric
apertures provides for the fixed
installation of all elements in all
channels of the sight. In this case,
the range measurement process
is similar to the measurement
with a laser range finder - the
central mark of the target chan-
nel is aimed at the object and, by
pressing the measurement button,
the range calculation is started in
accordance with the calculation
formula (4). The value of the mea-
sured range is displayed on the
microdisplay of the ocular channel.
In this case, the main processing
load is borne by the processor of
the device.

BEBIXOIHOM
3pavoK
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JATBPHOMEPHOTO OOBeKTHUBA SIBISIOTCS 30HBL JATBHO-
MepHBIX KaHajoB N2 11 Ne 2,

IIpenronaraeMasi peajn3alivs HNPUHIUIIA H3Me-
PeHHUS JATPHOCTH 110 BeJIMYKMHe pa3iBoeHUs HU3obpa-
SKEHUS OT Pa3HeCeHHBIX OCeCHMMETPUYHBIX amep-
Typ IpeAyCMaTpUBaeT HEIOABKKHYIO YCTaHOBKY
BCeX 3JeMEHTOB BO BCex KaHajlax Ipullena. llpu
3TOM IIpOLlecC M3MepeHHS HAJIbHOCTH AHAJIOTHYeH
HM3MePeHHIO C JTa3epPHBIM JAAIBHOMEPOM - LIeHTPasb-
Hasi MapKa BH3HMPHOIO KaHa/la HABOOUTCS Ha 00B-
eKT M HaKaTHeM KHOIIKHM HM3MepeHHs 3aIlyCKaeTcs
BBIUHCIEHHE HNAJTBHOCTU B COOTBETCTBHUHU C PaCUeT-
HOM Qopmynoi (4). 3HaueHHe H3MEpPeHHOM [AaJIb-
HOCTH BBICBEUHBAETCS HaA 3KpPaHe MHUKPOLHCILIes
OKY/ISIPHOTO KaHasia. IIpU 3TOM OCHOBHYIO BBIYHC-
JIUTeNPHYI0 HAarpy3Ky HeceT Ha cebe Iporieccop
npubopa.

CJI0KHOCTh aHalM3a U300pakeHUs], CHITOTO
¢ doTormpueMHHKA NAJIBHOMEPHOr0 KaHasla, U IIpo-
1ecca JaJIbHEeHMIINX BBIYMC/IeHUHN OJIS TaKOH CXEeMBbI
3aK/II0YaeTCs B TOM, 4YTO Ie/Ib Ha KOHEYHBIX IHC-
TaHOMAX (Hanmpumep, 500 M u 50 m) Habnromaercs
He TOJIbKO Pa3[BOEHHOM, HO U PacHOKYCHPOBAHHOM.
Pa3nBoeHUe H306PasKeHUSI OT TOUEYHOro ob6BeKTa
B IIJIOCKOCTH HEIMOJIBHUKHO YCTAHOBJIEHHOro ¢OTo-
IIpHeMHHKA U COOTBETCTBYIOIIee
yBenuueHHe PpacPOKyCHPOBKHU

The complexity of analyzing the image taken from
the photodetector of the rangefinder channel and
the process of further calculations for such a scheme
lies in the fact that the target at finite distances (for
example, 500 m and 50 m) is not only bifurcated,
but also defocused.

The bifurcation of the image from a point object
in the plane of a fixedly mounted photodetector and
the corresponding increase in the defocusing of this
image are shown by the ray path in Fig. 5.

According to the data given in Table 1, the theo-
retical error of range measurement is relatively
small: less than 1% per 500 m, and the measurement
speed (fraction of a second) allows you to confidently
use such a device as a universal one.

However, the practical use will still have some
limitations due to the significant transverse size
determined by the chosen base.

The length of the sight, implemented according
to the scheme of Fig. 4, is ~258 mm, height ~50 mm.
Such dimensions of the device are comparable with
the corresponding sizes of standard sights of the
PSO-1 type. The width of the device is determined
by the selected base (B=200 mm) and is about
205 mm.

3TOro H306paskeHUsI ITOKa3aHO
XO[OM JIy4eH Ha pHuC. 5.

CorjacHO JAaHHBIM, IIPUBeNEH-
HbBIM B Tabn. 1, TeopeTHdeckas
omunbKa H3MepeHHS NATBHOCTH
OTHOCHUTE/ILHO HeBeJIMKa — MeHee
1% Ha 500 M, a 6BICTpPOTa H3Me-
peHusl (JONM CeKYHABI) II03BO-
7eT yBepeHHO IIPUMEHSTh TaKOH

0,8 MM
~213 1IUKCeJI0B

80 MKM
~21 IIUKCcen

npubop B KauecTBe YHHBepCAJIb-
Horo. OpfHaKo IIpaKTHYecKoe
HCIIONb30BaHHUE Bce >Ke Oymer
MMeTb HeKOTOpble OrpaHHYeHHS
13-32 3HAYMUTENBbHOIO IIOIepeu-
HOTO pa3Mepa, OIlpefie/seMoro
BbIOpaHHOM 6a30M.

JJIMHa Tpullesa, peaJlM30BaH-
HOTO II0 CXeMe PHC. 4, COCTaB-
jsieT ~258 MM, BBICOTAa ~50 MM.
Takue rabaputsl nmpubopa cormo-
CTaBUMBI C COOTBETCTBYIOUIMMH
pasMepaMH IITATHBIX IPHUIIENIOB
tuna IICO-1. IIupuHa npubopa
orpefensiercss BoIOpaHHOM 6a30H
(b=200 MM) M COCTaBJIsieT BeJH-
YHHY mopsanka 205 MM.

7

Lle/ib Ha AUCTAHIIUU 50 M

Ilenp Ha AUCTAaHLMU 500 M /./
Llenb Ha “6€CKOHEYHOCTH?

I10CKOCTH GOTOIIPHEMHUKA

Puc.5. X0d ay4el 8 0aAbHOMEPHbIX KAHAAAX U 8eAUYUHbI OB0EHUS U306PaXKeHUs
019 NOAOXKeHUS ueAu Ha «6eckoHeyHocmu», Ha 500 m u Ha 50 m 8 nnockocmu
domonpuemHuKa

Fig.5. Ray diagram of range-finding channel and extent of image doubling in the
photodetector plane for a target position at «infinity», 500 m and 50 m
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[lJist cpaBHeHHUSI pa3MepoB Ha pHC. 6 H306paskeH
[IPUMep YCTAaHOBKH KOMIIOHOBOYHOM CXeMBl 3JIe-
MeHTOB c 6a3oi1l, paBHOM B=200 MM, Ha CHauImep-
CKOM BHUHTOBKe [lparyHoBa. CyMMapHBIM BeC OITH-
YeCKOM YacTH IMpHIena-AajbHOMepa COCTaBIsieT
~614 r, 4TO I03BOJISIeT BBIIIOJIHUTH NpU6OpP B obmem
Bece MeHee 2 KT.

OueBHUJHO, UYTO HeoOXOAMMO HCKaTb IIYTH CHHU-
SKeHHSI MacChl, [JIsSI 4ero IenecoobpasHo yMeHBIIUTh
IorepevYHbIN pasmep npubopa.

Kpome Toro, mist pachoKycCHpOBaHHOrO H306pa-
>KeHUs TOYHOCTb OIpefeleHUs PAacCTOSHUS MeTo-
OOM BBIUHCIEHHUSI [BYXMEPHOK KOppPeIsSLHOHHOU
GYHKIIMU MeXAy ABYMsS HM300paskeHUSIMU Ha OHOM
doTonpreMHUKe JAIbHOMEPHOIo KaHana OyieT CHU-

Puc.6. PacnonoxxeHue 3nemeHmos npuuena Ha CB/J
Fig.6. Arrangement of sight components on Dragunov sniper

rifle

SKaThCs 10 Mepe pacPOoKyCHPOBKH — II0 Mepe YMeHb-
IIeHUs NANbHOCTH A0 Lienu. IIpu 3TOM BeIHUYHHY
CHHKeHUSI TOUHOCTH Heobxogumo 6ymeT ommpesensiTh
IIpakKTHYeCKUM IIyTeM M KOMIIEHCHPOBATh BBeje-
HHeM COOTBeTCTBYIOIIEH MOMNPaBKHU.

B mensix cHH>KeHHUSI rabapUTHBIX pa3MepoB U Beca
npopaboTaH BTOpPOM BapHaHT IIACCHUBHOIO OIITHKO-
371IeKTPOHHOIO IIpHUllena-gaabHoMepa. [ig 3TOro
paccMoTpeHa BO3MOMKHOCTb KapAHHAJIbHOIO YMEHB-
IIeHUs IIOIIePeYHOro pa3Mepa npubopa, a Takke BO3-
MO>KHOCTh COXPAaHEHHUSI Pe3KOH 30HBI H300paskeHHUS
menu. KapauHaabHOE yMeHBIIeHHE II0IIePeYHOro
pasMepa MOJy4YeHO 3a CYeT OPUTHHAJIBHOTO KOMIIO-
HOBOYHOTO pemnieHUs (puc. 7).

YUYUTBIBas, YTO A0/ AATBHOMEPHOM YacCTH C TeJle-
BU3MOHHOU KaMepol VAI-136-USB cocTaBisieT ~369 T
U3 614 r, pelleHO HMCKIIYUTL OJHUH M3 JaJTbHOMEP-
HBIX KaHaJI0B, HM300paskeHHBIX Ha pHC. 4. B sTOoM
caydae COOCTBEHHO [aabHOMEPHBIN KaHasl OymeT

For comparison of sizes, Fig. 6 shows an example
of setting the layout of elements with a base equal
to B=200 mm on a Dragunov sniper rifle. The total
weight of the optical part of the rangefinder sight is ~
614 g, which allows the device to be made with a total
weight of less than 2 kg.

Obviously, it is necessary to look for ways to reduce
weight, for which it is advisable to reduce the trans-
verse size of the device.

Furthermore, for a defocused image, the accuracy
of determining the distance by calculating a two-
dimensional correlation function between two images
on the same photodetector of the rangefinder channel
will decrease as the focus is defocused - as the distance
to the target decreases. In this case, the magnitude of
the decrease in accuracy will need to be determined in
a practical way and compensated by the introduction
of an appropriate amendment.

YacTb P B e — . - YacTs
e 3eprana Puc.7.
LaJIbHOMEPHBII
KaHam Nel BapuaHm
e g 1125 - npuueia
= ~ _|Kaman - St S i € naccusHbim
| [ eAeREE MHUKpPOAUCIIIeH onmuko-
,1 l g 3NeKMpPOHHbIM
' danbHomepom
- ~ L Fig.7.Sight
- CBOGORHBI option with
e _ obveM , a passive-
I | mode optical
DOTOIIPUEMHUK Onruyeckas ock BBIXOAHOM electronic
JaIBHOMEPHOI0 KaHajla JaIBHOMEPHOIO 06beKTHBA 3pauoK rangefinder
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IIPe/CTaBASATh CO60KM KOMOMHALIMIO «II0JIOBUHOK”
0CeCMMMEeTPHUHBIX ONTHYEeCKUX 31eMeHTOB, I10CTPO-
eHHBIX [10 aHAJIOTUYHOH 3epKa/IbHO-INH30BOM CXeMe,
T.e. opMUpoBaHHe H3006pakeHUsI OymeT ocyIect-
BJIATbCA TOJBKO OOHHUM ONTHYECKUM KaHaJIOM, KOTO-
PBII CTPOUT H300paskeHHe 06beKTa Ha HEIIOABHKHO
yCTaHOBJIEHHOM O¢oTolnpueMHUKe. LleHTp H306pa-
JKeHHs 06beKTa, PacIoNOoKeHHOIo Ha «6ecKOHEe4YHO-
CTH», «CTPOMTCSI» ONTHYECKOM CHCTeMOH B LIeHTpe
doTonpreMHHKA [AJbHOMEPHOIO KaHala, C 3THM
LIeHTPOM COBMeIlleH M LeHTP BHU3HPHOIO KaHala
HaBeJleHHsI.

BO3MOKHOCTb COXpaHEHMsI Pe3KOH 30HBI H306pa-
JKeHHs Lle/n obecrieurBaeTcsi HEKOTOPBIM HAaK/IOHOM
IIJIOCKOCTH QOTOIPHEeMHHKA OTHOCHUTE/IBHO OITHYe-
CKOHM OCH [JaJbHOMepHOro obwekTHBa. Torga mHpu
M3MeHeHHH JHUCTAaHIUM [0 LeTH LIeHTp H3obpaxke-
HHUS Leld Ha QOTOIpHeMHHKe OygeT CMeIaThCs
OTHOCUTe/IbHO TOUYKM HaBeleHUd (LleHTpa $OTOIpU-
eMHHKa) COOTBETCTBEHHO M3MeHEeHHUIO JaAbHOCTH [0
obBpeKTa, 0CTaBasiCh pe3KUM. [Ipu TaKOM cxeMe LIeHTP
Lenu 6ymeT BUAEH Pe3KMM U CMeIleHHBIM OTHOCH-
TeJIbHO LieHTpa QOTONpHEeMHHKA [/ COOTBETCTBY-
IoIllel JanpHOCTH. Ho cmpaBa W cleBa OT LieHTpa
Lenu 6ymeT MpUCYTCTBOBATh PacPOKyCHPOBKA H3-3a
HaK/IOHA IIJIOCKOCTH QOTONpPHEeMHHMKA, T.e. y4acTOK
pe3Koro M3o00paskeHHUs Lenu bymeT y3sKMM M CMella-
IOIIMMCS [10 HAKJIOHHOM IUIOCKOCTH GOTOIIpHeMHHKaA
00paTHO MPOIOPLIMOHAIBPHO yMEHBIIEHUIO HATbHO-
CcTH 10 Uenr. COOTBETCTBYIOUIHUK XOZ, Jydel B IIO-
cKocTH GoToNnpUeMHHKA [JaJIBHOMEPHOIO KaHaza
[I0Ka3aH Ha pHuC. 8.

In order to reduce the overall dimensions and
weight, the second variant of the passive optoelec-
tronic sight-range finder was developed. To this end,
the possibility of drastically reducing the transverse
size of the device, as well as the possibility of main-
taining a sharp area of the target image, was con-
sidered. A drastic decrease in the transverse size was
obtained due to the original layout solution (Fig. 7).

Given that the proportion of the rangefinder part
with the VAI-136-USB television camera is ~369 g out
of 614 g, it was decided to exclude one of the range-
finder channels shown in Fig. 4. In this case, the
rangefinder channel itself will be a combination of
“halves” of axisymmetric optical elements constructed
according to a similar mirror-lens scheme, i.e. image
formation will be carried out by only one optical chan-
nel, which builds the image of the object on a fixed
photodetector. The center of the image of the object
located at “infinity” is “built” by the optical system in
the center of the photodetector of the range-finding
channel, and the center of the targeting channel is
also aligned with this center.

The ability to maintain a sharp area of the target
image is provided by tilting the plane of the photo-
detector relative to the optical axis of the rangefinder
lens.

Then, when the distance to the target changes, the
center of the target image on the photodetector will
shift relative to the pointing point (center of the pho-
todetector) according to the change in the distance to
the object, remaining sharp.

BcriomoraTesibHBle BeTUUYMHBI,
HeobxoqHMMble [JIs1 BRIBO/IA KOHeu-
HOHM GOpMyJIBI, IO KOTOPOH OCY-
IIeCTB/ISIeTCS BBIUHMC/IEHHEe [ajb-
HOCTH M0 Lenu obo3HadeHHl Ha
PHUCYHKe OYKBaMU «h», «x]» 1 «Xp».

JlalIbHOCTh [0 LielIK OIIpefessi-
eTCs 10 U3MEPEHHOMY CABHUTY «Xy»
LIeHTpa 06/1acTH pe3Koro K3obpa-
SKeHUS LleJId OTHOCHUTEIBHO OIIOpP-
HOTO IHKcena (GOTOIPHUEeMHHKA
NaJIbBHOMEPHOTr0 KaHasa, COOTBeT-
CTBYIOIIETO JJBHOCTH [0 IelH

TI10CKOCTh
doTorprueMHHKa

= 125

OrnTuyecKkas och JAIPHOMEPHOIO KaHala

X [NonoxkeHuHe

Ha «6eCKOHe‘-IHOCTI/I”, a TaKKe
IIHKCeIly HPI/IL[EJIBHOI:I MeTKH OJIs1

H300pasKEHUS
LieIH,

HaBe[leHH Ha LieJIb B BU3SHPDHOM

KaHalle.
AHANIHU3UPYysl reoMeTpHUecKHe
COOTHOIIEHHUS],  MJIICTPUPY-

eMble pHC. 8 W HCIOJIb3ysa Qop-
Myny HpioToHa (2), MOXKHO IONY-

TTonoskeHUe 0TOOPasKeHUS LIeNIU, HaXOAsIIecs Ha JJIBHOCTU Du

Puc. 8. X00 nyyeli Ha pomonpuemHuKe 0aAbHOMEPHO20 KaHAAd
Fig.8. Ray path in photodetector in range-finding channel

HaXOISAIIeHCS
Ha «oo»
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YUTbh KOHEUHOEe COOTHOUIeHHe [JIsl HCII0/b30BaHMUS
B BBIUHC/IMTelIe IIpubopa:

2 ’ :

F;-(B-2-x}-sina)

D= (6)

X,+(2-Fy-sino+B-cosa)’

Iie: O - YTOJI MEXK/AY OIITHYeCKOH OChI0 0OOBbeKTHBA
IAIBHOMEPHOT0 KaHajla U IIOCKOCTHIO pOTOITPH-
eMHUKA JaTbBHOMEPHOr0 KaHasa;

Xy, ~ ©3MePeHHas BeTMYMHA CMellleHUs [IeHTpa
obractu pe3roro u3obpaskeHUs HabII0Jae MO
I1eJIN B ITJIOCKOCTH CbOTOHPI/IeMHI/IKa OJAJIBHO-
MEPHOT0 KaHaJIa OTHOCUTENIBHO ITHUKCena GpoTo-
[IPUEMHHUKA, COOTBETCTBYIOIIET0 H300paskeHUI0
LIeJIN Ha «6eCKOHEYHOCTHY.

XapakTepHO, YTO LIMPUHA YYacTKa C Pe3KUM H30-
6paskeHHeM Lienu OymeT OIpPemesiThCS YIIOM «O»
HaKJIOHAa Q)OTOHPI/IQMHI/IKB. OTHOCHUTE/JIPHO OIITHYe-
CKOM OCH JaJIBHOMEPHOI'0 0O eKTHBA.

C yMeHBbUIEHHEM YyIJIa HaK/IOHA IUIOCKOCTH (OTO-
IIpUeMHHKA «o» IHPHHA y4acTKa C Pe3KUM H306pa-
>KeHHeM ILienu OyneT yMeHbINaThCs, TaK Kak IUIo-
CKOCTb Pe3KOro H300paskeHHs ILielH, IIOCTPOEHHOIO
OATbHOMEPHBIM OOBEKTHBOM, IIepIeHIUKYIsIpHA
ONTHYeCKOM OCH 06BeKTHBa. ONTHYECKHe PacdeThl
OIHO3HAYHO I10KA3bIBAIOT HaMH4He 3bdeKTa H3MeHe-
HUsI PE3KOCTH U300pasKeHHUs U MOTYT OBITh HATMIALHO
[IPOJEMOHCTPUPOBAHBl XOLOM JIy4eH B IUIOCKOCTH
doTorprueMHHUKA JaTbHOMEPHOIO

CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey
ONTUKO-3JIEKTPOHHbIE CUCTEMbI M KOMNJIEKCbHI Il
CECEEEEEEEEE e e e e e e e e e e e e e e e e e e e e e e e e e e ey

With this scheme, the center of the target will be
seen sharp and mixed relative to the center of the
photodetector for the corresponding range. But to the
right and left of the center of the target there will be
a defocus due to the inclination of the plane of the
photodetector, i.e. the area of the sharp image of the
target will be narrow and shifted along the inclined
plane of the photodetector inversely with the decrease
in the distance to the target.

The corresponding ray path in the plane of the pho-
todetector of the rangefinder channel is shown in Fig.
8.

Auxiliary values necessary to derive the final for-
mula by which the distance to the target is calculated

are indicated in the figure by the letters “h”, “x{” and

X5

The distance to the target is determined by the mea-
sured shift “x¢” of the center of the area of the sharp
image of the target relative to the reference pixel of
the photodetector of the rangefinder channel, corre-
sponding to the distance to the target at “infinity”, as
well as the pixel of the aiming mark for aiming at the
target in the target channel.

Analyzing the geometric relationships illustrated in
Fig. 8 and using Newton’s formula (2), we can obtain
the final ratio for use in the computer calculator:

KaHaja.

Hns 3epKaJIbHO-IMH30BOM
OIITHYeCKOM CXeMbl, H300paskeH-
HOI Ha PUCYHKe 7, XOfl TyueH IIpU
HaKJIOHe IIJIOCKOCTH QOTOIIpHU-
eMHHKA [JaJTbHOMEPHOIO KaHaja,
COCTABJISIONIEM O~5° OT OITUYe-
CKOM OCH [JAJTbHOMEPHOro 0OBek-
THBa, [IpeJICTaB/IeH Ha pHUC. 9.

Ha pwuc. 9 Takke IOKa3aH pas-
Mep H300pasKeHHUSs LieNH 110 Kpau-
HUM IIy4KaM JIy4ed ISl KaKOOH
JOABbHOCTH XOJAOM JIy4el OJHOIO
I[BeTa: CHMHUM - LieJb Ha «Becko-
HEYHOCTH», 3eJIeHbIM - Ile/ib Ha
guctanuuu 500 M, KpacHBIM -
LieJb Ha JUCTAHLUHU 50 M.

Ui ONTHMM3ALMU KPY’KKOB
paccessHUSI TAJIBHOMEPHOro 06beK-
THBAa U COXPaHEHMS KadeCTBa H30-
bpaskeHUSI LIeHTpA IIOIS 3PEHUS
IJIS. Pa3sHbIX OATbHOCTEH HaKIOH
IUIOCKOCTH $OTOIpHEeMHMKA OTHO-
CUTEJIBHO OIITHYEeCKOM OCH 00B-

TI/IOCKOCTH IIOCTPOEHUS I/I306pa)l(eHI/II;I
Ha COOTBETCTBYIOIIHX NAJIBHOCTAX

T1710CKOCTE HAKJIIOHHOTO
doTorpreMHHKa

Puc. 9. CmelleHus u306paxkeHuUl U U3MeHeHUe pe3Kocmu Uu3o6pakeHuti 0ns
danbHocmeli 00 ueau «beckoHeyHocmp», 500 M U 50 M Ha y4acmke HaAKAOHHO020
domonpuemHUKa £2 MM Om UeHmpa

Fig.9. Displacement of images and change of image sharpness for targets
located at «infinity», 500 m and 50 m in the portion of the photodetector, which
is tilted £2 mm from the center

LleHTp HaKIOHHOTO
doTorpreMHHKA

Ilenp Ha AUCTAaHLKU 500 M

Ilenp Ha JUCTAHIIUU 50 M
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O671acTh Pe3KOro INosne 3peHUst

HaBeJIeHUs Ha LIeNIb
B BU3UPHOM
KaHaje

[0 LIeTH
\

; |
HU306paKEHUS %: ‘ IAJIBHOMEPHOTO
LIeJIM, CMeleHHas % ! L— KaHaja
OT TOYKH 3
HaBeIeHUs :;;j ! ToYKa HaBeHeHUs
Ha LeNb 06paTHO ’:{’T ””””” ~7 Ha Lenb,
[IPOPOLIHOHAIBHO & ! \ COBIIAfAOLIAs
IANbHOCTH g ! [ CTOUKROH
: |
g
. I

/

{

=
L3

Puc. 10. Lieab 3aHUMaem ece noAe 3peHusi 0anbHOMepHO20
KaHana

Fig.10. Target occupying the entire field of view of range-
finding channel

eKTHBA LleNecooOpasHO OCYIIeCTBISATh B JHAIla30He
YIJIOB:

0°<a<15°, 7

Cob6CTBEHHO I10JIe 3peHHs JAJBHOMEPHOro KaHalla
TakKe OOYyCIOBIEHO B TOM YHC/Ie U BeJIUYHMHOH
HaK/IOHA IIJIOCKOCTH (QOTOIpPHMEMHHKA M COCTaBJIseT
1,0° 1o BepTHKaiIu U 0,6° I10 TOPHU30HTY.

Ecnmu pasmepsl LieJIM BeJIMKM, U OHA IlepeKphIBaeT
BCe I10J1e 3peHH S JAJIbHOMEPHOro KaHasla, TO BCe I10JIe
3peHH4 Ja/IbHOMePHOI0 KaHajla COOTBETCTBYET OMHOU
IAJIBHOCTH Jio Lenu. Toraa y3Kast 061acTb pe3Koro u3o-
OpaskeHusl Lienu OymeT pacronaraThCsi BePTHKAJIBHO
Ha IIJIOCKOCTH $oTolpreMHUKa (puc. 10).

B 3TOM ciiy4ae BO3MOSKHO BhHIYMC/IEHHE I10JI0KEeHUS
MaKCHMMaJIbHOTO 3Ha4YeHHs [ABYXMEPHOH HOPMHPO-
BAaHHOM KOPPEeISLIMOHHON QYHKIHUH B CyOIIHKCe-
HOM [HaIla30He IIPH HCII0JIb30BAHUM BCeH IIIOLALHU
doTonprueMHHUKA.

CutTyanus YCIOXKHSETCS, KOrha Iielb 3aHHMaeT
y4aCTOK MeHBIIH, YeM I10JIe 3peHHUsI JaIbHOMEePHOIO
KaHasa. ITpu 3ToM, KpoMe LIeJIH, B [10JIe 3peHUS JajIb-
HOMEpHOro KaHama OyAyT IomagaTh Y4acTKH MecCT-
HOCTH Ha JAJIBHOCTSX, OTAMYAIOMIMNXCSI OT JaJIBHOCTH
JI0 LIeJIH.

Torma y3kasi 0651acTb pe3Koro H300paskeHHS LielTH
OymeT HMMeTb CIOXKHBIK, OTIHMYHBIN OT BepTHUKaIU
npoduib, B KOTOPOM COOCTBEHHO Lienb byneT 3aHU-
MaTh y4YacTOK Pe3KOro H300paskeHHs, CMeIleHHBII
OTHOCUTEJIBHO TOYKH HaBeeHMs Ha LiejJb I10 FOPH-
30HTQJIBHOM JIMHHUHK, IIPOXOJsIlell uepe3 TOUKY
HaBefleHUs Ha 1ienb (puc. 11). OcTanbHble IIpeMeTh
MOTYT OBITh Jla/bllle, YeM ILie/ib (BePXHHI Y4acTOK Ha
PHUCYHKe), HIH OIMKe, yeM Liefb (HMKHHUM Y4acTOK
Ha PUCYHKe).

F;-(B-2-x;-sina)
X-(2-F,-sino+ B-cosa)’

(6)

where: a is the angle between the optical axis of the
lens of the rangefinder channel and the plane
of the photodetector of the rangefinder chan-
nel;
xf1s the measured value of the displacement
of the center of the region of the sharp image
of the observed target in the plane of the pho-
todetector of the rangefinder channel relative
to the pixel of the photodetector correspond-
ing to the image of the target at “infinity”.

It is characteristic that the width of the area with
a sharp target image will be determined by the angle
a of the tilt of the photodetector relative to the optical
axis of the rangefinder lens.

With a decrease in the angle of inclination of the
plane of the photodetector “a”, the width of the sec-
tion with a sharp image of the target will decrease,
since the plane of the sharp image of the target built
by the rangefinder lens is perpendicular to the optical
axis of the lens. Optical calculations unambiguously
show the presence of the effect of changing the sharp-
ness of the image and can be clearly demonstrated by
the path of the rays in the plane of the photodetector
of the rangefinder channel.

For the mirror-lens optical scheme shown in Fig. 7,
the ray path when the plane of the photodetector of
the rangefinder channel is tilted at a~5° from the opti-
cal axis of the rangefinder lens is shown in Fig. 9.

In fig. Figure 9 also shows the size of the target
image along the extreme beams of rays for each range
by the course of rays of the same color: blue - the tar-

O61aCTh PE3KOT0 —
HU306pKeHUS
IIPOCTPaHCTBa

Tlose 3peHus
IaJIbHOMEPHOTO
KaHama

HanpHUe 06 BEKTH —
O61acTh 411 — |
BBIYMCIIEHUH

- Topu3oHT

To4yKa HaBeeHUS

Ha LIeNb,
BIAMKHHE — | COBIAAOIIAS
06BEKTHI C TOYKOI HaBeIeHUs

Ha L1eJIb B BU3BHUPDHOM
KaHaje

Puc. 1. Lleab 3aHUMaem 4acmb noAsl 3peHus 0aAbHOMEPHO20
KaHana

Fig.11. Target occupying a part of field of view of range-
finding channel
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B sToM ciyuae Hauboinee 1enecoobpasHbIM bymeT
BBIULIC/IEHHE I10JIOKeHUSI MaKCHUMaIbHOTO 3HaUYeHMUs
IBYXMePHOH HOPMHPOBAHHOH KOPPeISLHOHHON
GyHKIMKM B CyOIIHMKCeTHOM [HaIla3oHe C KCIIONb30-
BaHHEM MeHbIIero yJacTka IUIomaau (oTompuhem-
HHUKA, HO OJIM3KOro K I[€HTPaJIbHOM TIOPH30HTAIb-
HOM JIMHHH, [IPOXOASIIEH Yepe3 TOUKY HaBe[leHHs Ha
Lenb (Ha pUCYHKe — 06/1acThb /151 BBIYMC/IEHHUH, OTMe-
YeHa IYHKTHUPOM).

Jl/1 BeIMYMHBI AAJIBHOCTH JI0 LIeIH TeopeTHYecKast
omMOKa oIpesie/sieTcsl BhIpasKeHHeM :

Fﬁ~(B—2~(x;b FAX,, )~sinoc)
(x, FAX}, )-(2-F;-sina+B-cosa)’

(D+AD)= (8)

[l ompeneneHHs] CABUra LieHTpa obrmacTu pes-
KOro M306paskeHHUsI Lie/IM HCIIONIb3yeM BBIUHC/ISIEMOe
IOJIOKeHHe MaKCHMAaJIBHOTO 3HAa4eHHS JBYXMEPHOU
HOPMMPOBAHHON KOPPeIsSLIMOHHON QYHKUHUHU B Cyb-
IIHKCeJTHOM JuarnasoHe. Torma MOXHO obecreduThb
H3MepeHHe BeIMYMHBL «Xg» C TOYHOCTBIO He XYXKe
0,2 oT pasmepa nrKcena GoTonmprueMHHKA JAJIBHOMEP-
HOI'O KaHaJa.

IIpu  pasmepe nHKcena  GOTONPHUEMHHUKA
0,00375 MM omK6Ka H3MepeHUs CMeIlleHHsI COCTAaBUT
Ax;b=0,00075 MM, a TeopeTH4YecKue OIIMOKU H3Me-
peHus NAJIBHOCTH [0 LK IPUMYT 3HAYeHUS /IS
Pa3sHBIX 3HAaYeHUH JalIbHOCTH (Tabi. 2). PacueTsl Ipo-
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get at “infinity”, green - the target at a distance of 500
m, red - the target at a distance of 50 m.

To optimize the scattering circles of the rangefinder
lens and maintain the image quality of the center of
the field of view for different ranges, it is advisable to
tilt the plane of the photodetector relative to the opti-
cal axis of the lens in the range of angles:

0°<a<15°, 7)

The field of view of the rangefinder channel
itself is also determined by the inclination of the
plane of the photodetector and is 1.0° vertically and
0.6° horizontally.

If the size of the target is large and it covers the
entire field of view of the rangefinder channel,
then the entire field of view of the rangefinder
channel corresponds to the same range to the
target.

Then the narrow area of the sharp image of the
target will be located vertically on the plane of the
photodetector (Fig. 10).

In this case, it is possible to calculate the posi-
tion of the maximum value of the two-dimensional
normalized correlation function in the subpixel
range using the entire area of the photodetector.

The situation is complicated when the target

occupies a section smaller than

YacTb 3epKajia

BU3UPHBIHA KaHA
(KaHaI HABe[eHMs)

TpexXIMH30BBIHI
KOMITIEHCATOP

YacTte
JIUH3BEI N2 1

doTOoIIprUeMHUK
[anbHOMEPHOIO
KaHaIa

BrIcoTa

IlnpuHa eluiel

~110 MM

C NAccusHbIM ONMUKO-3NeKMPOHHbIM aa/leOMepOM

rangefinder

OKY/ISPHBIA
KaHas

JUIrHa
~258 MM

Puc. 12. MpocmpaHcmeeHHoe pacnoAoXKeHUe 3AeMeHmo8 8apuaHma npuued

Fig.12. Exploded view of sight components with passive-mode optical electronic

the field of view of the range-
finder channel. At the same
time, besides the target, in the
field of view of the rangefinder
channel, areas of terrain will
also fall at ranges differing from
the range to the target.

Then the narrow area of the
sharp image of the target will
have a complex profile differ-
ent from the vertical, in which
the target itself will occupy a
section of the sharp image, off-
set from the point of pointing
at the target along a horizontal
line passing through the point
of pointing at the target (Fig.
11). The remaining objects can
be farther than the target (upper
section in the figure), or closer
than the target (lower section in
the figure).

In this case, it would be most
appropriate to calculate the posi-
tion of the maximum value of the
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Ta6nuua 2. OueHKa MeToAMYeCKON OLLMBKM M3MepeHnst 4abHOCTU 40 Lenun
Table 2. Measuring of the range to the target: Assessment of the methodological error

JanbHOCTb CmMmelleHre n306paxkeHms Lenm CmelleHre n3obpaxeHus OwnbKa n3mepeHms Owmnbka namepeHuns
Ao uenn Dy, m BAO/1b ONTUYECKOWN OCU X', MM Ha GOTONPUEMHNKE X'g, MM CMELLEHNS AX'g, MM AanbHOCTU AD, M
Distance to Imaging target shift Imaging shift on the PD, Measurement error of the =~ Measurementerror
target Dy, m by the optics axis x', mm X'pp, MM imaging shift Ax'pp, mm of the distance
target AD, m
500 0,080 0,06834... 0,00075 +5,6
800 0,050 0,04271... +14,3
1000 0,040 0,03417... +22,5
2000 0,020 0,01708... +91,9
3000 0,0133... 0,01139... +211,5
4000 0,010 0,00854... + 385,0

BelleHbl 11 Fﬂ=200 MM, b=200 MM, a=5°, pa3smepa two-dimensional normalized correlation tunction in

nuKcena 3,75 MKM, omubka m3mepeHus cMmereHus || the subpixel range using a smaller portion of the pho-

0,2 oT pa3mepa IHUKcea. todetector area, but close to the central horizontal line
Kak BHIHO M3 PacyeToB, BapHaHT oONTHKO- | passing through the targeting point (the figure shows

37IeKTPOHHOIO IIaCCUBHOTO manbHoMepa obecreun- || the dotted line for calculations in the figure).

BaeT IpHEMJIEMYIO IIOTPEIIHOCTb IIACCUBHOLO HU3Me- The theoretical error in determining the range is

PeHUS JATbHOCTH HA OCHOBHBIX AUCTAHIHSIX TOUHOM determined by the formula:

CoBpeMeHHbIM KOMMNaHUAM —
MHHOBALMOHHbIE pelleHnn!

N 3
| OAHOYaCTOTHDLIN
\\ DFB naszepHbiii guog,.
N
\ PA3MEP KOPMYCA
S CYUWECTBEHHO YMEHBLLEH

KomnaHwa Toptica eagleyard MepManMa) NPOAEMOHCTPMPORANA BLIAAIDUWACA WA N0 YMEHBWEHWIO PAIMEPE KOPNYCa
ogHouacToTHoro DFB nasepHoro guoga. 370 Nepexas ot 8-Mu WTsIpekosoro Bonsworo Kopnyca TO-3, K KoMNaKTHOMY
B-MM WTHIPbXOBOMY KOprycy TO-5. MpK 3TOM, MUHHATIOPHEIA Kopiyc TO-5 BKNIOYAET B CeGAR BOR TE IMBMEHTHI, YTO
W kopnyc TO-3; TEPMOINEKTRWHECKHA OXNA0WTENL, TEPMUCTOP W MOHWTODHBIA gvon. Kopnyc Takme repMeTHHeH.
ELle 0HO HEOCNOPUMOS ADCTOMHETRD — BeHa. Jlaleph & kopnyce TO-5 CyLBcTEEHHO AElLeaNe CBOMX 4CTapLilxs BpaTeeal
B Nepeyi MMHEAKY JUO008 B HOBbIX KOPMYCAX BXOOAT MAMYYATENA Ha 760 U 780 HM. MUHHATIOPHLIA KOPMYC NOIBOARET
CO303BaATH KOMMNAKTHLIE W HEQOPOrME AaTHHKM W INEMEHTHE ABETOMATHYECKOTO YNPABNEHMA

OCHOBHBIE NPUMEHEHWA! [ETEKTUPOBAHME HANNYMA KHCNOPOAA, B TOM YMCAE MPW NPOMIBOACTEE HOTONPUEMHEIX
MATEWL 1 TENNOBMIWOHHBIX NPHE0POE, MHTEPDEPOMATRMA W METPONOIMA.

IKCKADIUBHBIM Tpefcmasumesem Komnayuu Toptica eagleyard (Mepaanug) 8 PO sasaemcs komnanus sEapellaiias,

www.eurolase.ru

EBPOJIDN3
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ctpensbel opyskus Tuma CBJ (~500 M) c TeopeTHYeCKOH
omubKoM ~1,1%, a TakKe I103BOJISIeT BECTH CTPenbby Ha
IAIBHOCTH ~1 KM C TEOPeTHYECKOM ONIMOKOI H3Mepe-
HUS JaJBHOCTHU ~2,25%.

3pmech 6e3 orpaHHUYeHUH MOTYT OBITh UCII0JIb30BAHBL
BO3MOKHOCTH METO/Ia BBIUMC/IEHUS JBYXMEPHOKM KOp-
PeSILMOHHON QYHKLHU A4 OIpele/lleHUs CABUTA
n306pakeHMs, TaK KaK IS aHaJIK3a HCIIO0/Nb3yeTcs
0671aCTh pe3Koro M306paskeHUs IeTH Ha (OTOIpHEM-
HUKe JAJIbHOMEePHOIo KaHasa.

3AKJ/TIOMEHUE

Takoe KOHCTPYKTHBHOe HCIIOJIHEHHe II0 rabapurt-
HBIM M MaCCOBBHIM XapaKTepDUCTHKaM BIIOJIHE IIpH-
eM/IeMO i MPaKTHYeCKOro MCIIONB30BaHHSA, TaK
Kak I10IIepevYHBIN pasMep Ipubopa COCTaBIseT BelH-
YHHY mopsaka ~110 MM BMecTo 205 MM, I1OTyYeHHBIX
Ha IIepBOM BapHaHTe MUCIONHeHUs (pUc. 12) 3a cuer
HCIIOb30BaHUS QparMeHTa 0OBEKTHBA [JaJbHOMEP-
HOI'0 KaHa/Ia ¥ HaK/JIOHA IIOCKOCTH QOTOIIPHeMHHKA
JAJIBHOMEPHOTO KaHaJla OTHOCHUTEJIBHO OITHYeCKOH
OCH JIaTbBHOMEPHOTr0 06beKTHBA.

CyMMapHBIH BeC ONTHYeCKHMH 4YacTH BapHaHTa
[IpULena-JaJlbHOMepa COCTaBIseT ~428 r. DTo Haer
BO3MOKHOCTb pealH30BaTb IIaCCHUBHBIM OITHKO-
371eKTPOHHBIN IpHLleN-AaIbHOMEpP B Bece He 6osee
1 KT B Maji0rabapyuTHOM MCIIOIHEHHHU. B Tabn. 2 yka-
3aHBl pacyeTHble 3HAUEeHHS TeOPeTHUYeCKHX OIMIHO0K
MeTofa U3MepeHHH.
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If we use the calculation of the position of the maxi-
mum value of the two-dimensional normalized corre-
lation function in the subpixel range to determine the
shift of the center of the region of the sharp image of
the target, then it is possible to measure “x{” with an
accuracy of no worse than 0.2 of the pixel size of the
photodetector of the ranging channel.

With a photodetector pixel size of 0.00375 mm, the
bias measurement error will be Ax¢=0.00075 mm, and
the theoretical measurement errors of the range to
the target will take values for different range values
(Table 2).

The calculations were performed for F;=200 mm,
B=200 mm, a=5°, a pixel size of 3.75 pm, the error in
measuring the displacement is 0.2 of the pixel size.

As can be seen from the calculations, the opto-elec-
tronic passive rangefinder option provides an accept-
able error of passive range measurement at the main
distances of accurate firing of weapons of the SVD type
(~500 m) with a theoretical error of ~1.1%, and also
allows firing at a range of ~1 km s theoretical error of
range measurement ~2.25%.

Here, without limitations, the capabilities of the
method for calculating a two-dimensional correlation
function for determining the image shift can be used,
since the region of sharp image of the target on the
photodetector of the rangefinder channel is used for
analysis.

Such a design in terms of overall and mass charac-
teristics is quite acceptable for practical use, since the
transverse size of the device is about 110 mm instead
of the 205 mm obtained in the first embodiment
(Fig. 12) due to the use of a fragment of the lens of the
rangefinder channel and the inclination of the plane
of the photodetector rangefinder channel relative to
the optical axis of the rangefinder lens.

The total weight of the optical parts of the range-
finder scope option is ~428 g. This makes it possible to
realize a passive optical-electronic rangefinder scope
in a weight of not more than 1 kg in a small version.
Table 2 shows the calculated values of the theoretical
errors of the measurement method.
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