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OYKM HOYHOTIO
BUAeHus

M 0CO6EeHHOCTU ux
npuMeHeHuS
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T OAO «POM3», SIpocnasckas 06a., 2. Pocrmos

2 3A0 «3BC», 2. Mocksa

3 OKB OAO «POM3», SIpocaasckas 0ba., 2. Pocrmos

B cTtaTbe paccMOTpeH 0cobbii Kacc ONTUKO-
3/1eKTPOHHbIX MPU6OPOB — OYKN HOYHOIO
BUAEHUS, NO3BO/ISIIOLLME HE TOJIbKO YYYLIUTb
BUAMMOCTb B Pa3/INYHbIX YC/IOBUSIX HA61l0AeHUS
n ocBoboxpatouime pykm HabnopaTtens

AJ151 BbINOJIHEHUS pas/IMYHbIX onepauum,
ConyTCTBYIOWMX HabntoaeHuto. NMpueeaeHbl
BapWaHTbl ABYXKaHa/IbHbIX O4KOB HOYHOI O
BupeHuns c kaHanamu IR+TV n TV+SWIR
ANanasoHOB, paCCMOTPEHbI MPeMMyLLeCcTBa UX
NpUMeHEeHUSA.

Knro4yeBble c/ioBa: 04KM HOYHOTO BuaeHns, SWIR
AnanasoH, BHyTpnUKabmnHHoe obopyaoBaHue,
HU3KONMPODUILHbLIE OYKM, TENNO-TENEBU3NOHHbIE
OYKN

Hab/IIoeHNs U NPHULIETHUBAHUS SIBISIETCS. ecTe-

CTBEHHBIM IIPOLIECCOM 3BOJIOIHUH B 00/1acTH
npubopoctpoeHusi. [Io Mepe pasBUTHS TeXHOJIOTHH
KOHCTpYyKUMK O3I1 coBeplIeHCTBOBAIMCh, U CEIOMHS
OHU BIIONIHe 0becreuyHrBalOT BCeCYyTOUHOCTb K BCEIIO-
TOOHOCTh HabIIOmeHUs. Cpenu MHOI‘OO6pa3I/IF[ O3I1
MOSKHO BBIIETHUTB O0COOBIF K1acc ITPHOOPOB — OITHKO-
3JIGKTPOHHBIE OYKH, II03BOJIAIOLIME He TOJIbKO YJIyd-
MUTh BHUIUMOCTb, HO K OCBOOOXKZAIOIIMe PyKHU
HabmromaTens [A/s BBIIIOJTHEHMS Pa3lIM4YHBIX OIlepa-
LIUH, COIYTCTBYIONUIMX HAbMIONeHHUIO.

OoHMMH M3 IMepBBIX MpeACTaBUTeNer Kiacca
OIITHKO-3/IeKTPOHHBIX OYKOB SIBUJIMCh OYKHA HOYHOIO
BuneHusi (OHB) u mepBble paboume BapuaHTHl OHB
aKKyMY/IHpoBaIU B cebe Hambosee IepefoBble pelle-
HHS CBoero BpeMeHH. OOUH K3 o6pa3u03 OHB, wu3ro-
TOBJIEHHE KOTOPOT'0 JATHPOBAHO COPOKOBLIMU rOJlaMU
IIPOIIJIOrO BeKa, IIpUBefeH Ha puc. 1.

XapakrepHoH ocobeHHOCThI0 OHB 3TOr0 Iepuozma
SABJISIeTCS Ha/lM4Ke BHYIIMTEeJIbHOTO HHPpaKpac-

P a3BUTHE OITHKO-37IeKTPOHHBIX ITprbopos (O311)
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Night Vision Goggles
and Features of Their
Use

A.V. Medvedev', A. V. Crinkevich?, S. N. Knyazeva®
I ROMZ]SC, Yaroslavl region, Rostov

2 EVS CJSC, Moscow

3 ROMZ EDB]JSC, Yaroslavl region, Rostov

The article reviews a specific class of optical-
electronic devices, which are the night vision
goggles. They are not only improving the
visibility in various difficult observation
conditions but also freeing up the hands of
the observer thus enabling various operations
during the observation. There are two options
of two-channel night vision goggles reviewed
in the article featuring IR+TV and TV+SWIR
channels, respectively, in terms of the benefits of
their operation in the dark.

Keywords: night vision goggles, SWIR range, cabin
equipment, low-profile goggles, IR+TV goggles

for observation and aiming is a natural process of

evolution in the field of instrumentation. With
the development of technologies, OED designs have
been improved and today they fully provide all-day and
all-weather observation. Among the variety of OEDs,
a special class of devices can be distinguished - optoelec-
tronic glasses, which allow not only to improve visibility,
but also free the observer’s hands to perform various
operations accompanying the observation.

One of the first representatives of the class of opto-
electronic glasses were night vision goggles (NVG) and
the first working versions of NVG accumulated the most
advanced solutions of their time. One of the ONV sam-
ples, the manufacture of which is dated by the forties of
the last century, is shown in Fig. 1.

A characteristic feature of the NVG of this period is
the presence of an impressive infrared (IR) searchlight,
usually placed on the chest, as well as a metal shoulder

“backpack” with batteries and high-voltage voltage con-
verters, the main task of which was to convert the low-
voltage input voltage into voltage of tens of kilovolts for
power supply of electro-optical converters.

Over time, already in the 60s, the desire to reduce
dimensions led to a miniaturization of the IR illumina-

The development of optoelectronic devices (OED)
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Puc. 1. lNepsbie u3 nepsbix
Fig. 1. The very first ones

Horo (MK) mposkekTopa, KaK IPaBU/IO pa3MellaeMoro
Ha TPYyAH, a TaKKe MeTa/UIMYeCKOro 3aIljleYHOI0 PIOK-
3aKa C aKKyMY/IATOPaMH H BBICOKOBOJIBTHBIMH IIpe-
obpasoBaTeNsIMU HAIPsKEHUSI, OCHOBHAs 3a/ada
KOTOPBIX 3aKIIYasack B Ipeobpa3’oBaHUK HU3KO-
BOJITHOI'O BXOJHOIO HAIPsDKeHHUs B HaIlpsDKeHHe
[leCSITKOB  KHMJIOBOJIBT [JIS1 IIHMTAaHHS 3JIeKTPOHHO-
OIITHYeCKHUX ITpeobpa3oBaTteser.

C TeueHHeM BpeMeHH, yKe B 60-e rompl, CTpeM-
JeHHe K yMeHbIIeHHUI0 rabapruToB IPUBEIO K MUHHU-
aTopusanuud HMK-mpoxkekTopa, M yMeHBIIeHHE ero
pasMepoB M Beca IIO3BOJIMJIO IIepeMeCTHUTh IIpO-
JKeKTOp C TPYAMH Ha TrojloBy HabimoopaTens U 3akpe-
IIUTh €ro Ha obIleM C OYKaMH KPOHIITelHe, 4YTo,
HeCOMHEHHO, ITOBBICHJIO YAOOCTBO HUX NPHUMeHEeHHUs
(puc. 2).

B KOHCTPYKUMH KpOHIITeNHa 6blIa IIpesycMo-
TPeHa BO3MOKHOCTb OIIePAaTHBHOILO OTKH/IBIBAHHUS
HOUYHBIX OYKOB BBEPX, UTO [103BOJISI/IO BECTH 0ObIUHOE
HabniogeHue 0e3 yTOMHUTENIBHOIO M BpeMsi3aTpart-
HOTO JleMOHTaKa rmpubopa. OJHAKO ellle JOCTATOYHO
JOJITO OCTAaBaJICS HeH3MEeHHBIM 3aKpelIeHHBIN
Ha CIIMHe aKKyMY/ISTOPHBIN SIIHK C 31eKTPOHHBIMHU
6/10KaMH.

Ho mporpecc He CTOsiI Ha MeCTe, W IIOSBJIeHHe
MasorabapUTHBIX 3/JeKTPOHHBIX KOMIIOHEHTOB
II03BOJIMJ/IO [IePeHeCTH Ha 3aJHI0I0 YacTh IOJIOBHOIO
KpeIIeHUsI OYKOB ITPaKTHYeCKH BCe 3JIeKTPOHHBIE
6710KH, KOTOPBIE IIPEBPATHUINCH B HeOoMbIION 6JI0K,
YPaBHOBEIIMBAIOMIUIN COOCTBEHHO HOYHBIE OYKH,
eCTeCTBeHHO pacIiojlararmolnrecs epes ria3’aMu.

ITHUM 06CTOSITeNBCTBOM OOBSICHSIETCSI LOCTATOUHO
BBICOKAs IIOIY/ISIPHOCTD Lienoro psaa OHB, paspabo-
TaHHBIX B TOT IIEPHOJ, U 10 CHX I10P aKTHBHO IIPHUMe-

Puc. 2. Pazsumue koHcmpykuuu OHB - muHuamiopusauus
npoxekmopa

Fig. 2. NVG design development - Searchlight
miniaturization

tor and a decrease in its size and weight made it possible
to move the illuminator from the chest to the observer’s
head and fix it on a bracket common with the glasses,
which undoubtedly increased the convenience of their
use (Fig. 2).

The design of the bracket provided for the ability to
“fold” the night goggles up quickly, which made it pos-
sible to conduct routine observation without tedious and
time-consuming dismantling of the device. However,
the battery box with electronic units fixed on the back
remained unchanged for quite a long time.

But progress did not stand still and the appearance
of small-sized electronic components made it possible
to transfer almost all electronic components to the back
of the head mount of the glasses, which turned into
a small block that balances the actual night glasses,
which are naturally located in front of the eyes.

This circumstance explains the rather high popularity
of a number of NVG, developed at that time and are still
actively used to perform special tasks. As an example,
we can present the product ITHB-57E (Fig. 3).

The photo shows that for all its advantages, the prod-
uct is certainly far from perfect, since the low-voltage
battery when using it “serves” the on-board network of
the vehicle, and the standard headlights of the car are
used as an IR searchlight, which are covered with IR
filters.

A significant increase in the gain of new image
intensifier tubes, as well as the emergence of new types
of ultra-bright LEDs for the IR region, contributed to
the transformation of a powerful IR illuminator into
a miniature illuminator, the transparent plastic case of
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Puc. 3. [HB-57E Ha waemogoHe
Fig. 3. NVD-57E mounted on communication helmet

HSIIOMIMXCSI [OJIS BBIIIOJHEHHS CIeLMaJbHBIX 3a[ad.
B KauecTBe ImpHUMepa MOKHO IPeICTaBUTh H3[e/IHe
ITHB-57E (puc. 3).

Ha ¢oTto BUAHO, UTO IIPU BCEX CBOMX IUIIOCAX H3e-
nue, 6e3yC/IOBHO, HajlieKo OT COBEPLIEHCTBA, TaK KakK
HH3KOBOJIbTHBIM aKKyMYJISTOPOM IIPH €ro HCIIOIb30-
BaHHUU CIYKUT OOpTOBasi CeTh TPAHCIIOPTHOIO Cpen-
CTBa, a B KadecTBe MK IIposKeKTOpa HCIIONB3YIOTCS
IITaTHBIe $apbl MAIIMHBI, KOTOPble 3aKphIBalOTCI MK
bUIbTpaMH.

3HauuMTe/IbHOE yBeJIHYeHHe KO3QOULIMeHTa yCUie-
HUs HOBBIX DOII, a TakKe IOsSIBJIeHHEe HOBBIX THUIIOB
CBEPXSAPKUX CBeTOAMOLOB i MK obyacTu criocob-
CTBOBAJIO IIpeBpallleHHUI0 MolnHoro MK IposkeKkTopa
B MMHHHATIODHBIM OCBEeTHTe/b, IIPO3PavyHBIN IIIa-
CTUKOBBIM KOPIIYC KOTOPOrO OLHOBPEeMEHHO IIpen-
CTaB/IsUI COOOM ONTHUYECKYI0 CHCTEMY, a pa3paborka
B KOHIIe IIPOIIOrO CTOJeTHS MHHUATIOPHBIX 3JIeK-
TPOHHBIX KOMIIOHEHTOB (BBICOKOBOJBTHBIX [HOMOB
M KOHJIEHCATOPOB, MaaorabapuTHbIX TpaHchopMma-
TOPOB M AP.) II03BOJIMJIA PACIIONIOKUTH BEICOKOBOJIBT-
HBIF 610K HeIOCPe[CTBEHHO B KOPITyCe 3JIeKTPOHHO-
ONTHYEeCKOTO Impeobpa3oBaTensi, OCHAIEHHOTO
3QbeKTUBHBIM YCTPOMCTBOM B BHEe MHUKPOKaHAa/Ib-
HOU IIacTUHB (MKII). Pe3ynbTaToM CTalo KOpPeH-
Hoe HM3MepeHHe KOMIIOHOBOYHOTOo pemieHuss OHB, Bce
COCTaBHBIE YaCTH KOTOPHIX, a TaKke M IIPHUHAIJIEX-
HOCTH, obecreunBaroniye QyHKIIMOHHPOBAHHE, pas-
MeCTH/INCh B eJTHOM KopIiyce (puc. 4).

OpHaKo 0bLIMM HefOCTaTKOM TAaKOM KOHCTPYKLIUMH
SIBJISIETCS. 3HAUUTENbHBIN IIPOJOIBHBIN rabapUTHBIN
pasMep, KOTOPBIM OTpaHHUYHBAeT MIUPOTY HUX IIpH-
MeHeHHs. 3HA4YHUTeNbHBIN AHUCKOMOPT mobaBiser
Y OONBIION OITPOKHIBIBAIONIUM MOMEHT, KOTOPBIH
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which was simultaneously an optical system, and the
development at the end of the last century of miniature
electronic components (high-voltage diodes and capaci-
tors, small-sized transformers, etc.) made it possible to
locate the high-voltage unit directly in the body of the
image-converter, equipped with an effective device in
the form of a microchannel plate (MCP). The result was
aradical measurement of the layout solution of the NVG,
all the components of which, as well as the accessories
that ensure the operation, were placed in a single build-
ing (Fig. 4).

However, a common disadvantage of this design is
a significant longitudinal overall dimension, which
limits the breadth of their application. A significant
overturning moment also adds significant discomfort,
which puts a strain on the operator’s neck and facial
muscles, causing him to fatigue.

Further efforts of the designers aimed at improving
night glasses based on electron-optical converters went
in the direction of rearranging the internal elements
with a change in the optical scheme.

An example of such an approach are night goggles of
the adjacent profile 1ITH105, often demonstrated at exhi-
bitions in recent years (Fig. 5).

In glasses, the “forward” extension is significantly
reduced, but the high overall size did not disappear, it
simply changed direction - the vertical size increased
and the impression of a snug fit to the observer’s fore-
head was created.

Among the variety of NVG options, a special place
is occupied by goggles for aircraft pilots, designed for

Puc. 4. OHB 8mopo20 nokoneHus
Fig. 4. 2" Gen NVG
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CO3[aeT HAarpysKy Ha IIeHHble M JIHLEeBble MBIIILIBI
oIepaTopa, BBI3bIBAs €I0 YTOMJIEHHE.

JlanpHeHIINe YCHUIHS KOHCTPYKTOPOB, HaIlpaB-
JIeHHBle Ha COBEPUIEHCTBOBAaHHME HOYHBIX OYKOB
Ha 3JIeKTPOHHO-OIITHYECKUX IIpeobpa3oBaTessiX, IUIM
B HaIlpaBJIeHUM I1€PeKOMIIOHOBKH BHYTPEHHHX 3JIe-
MEHTOB C U3MeHeHHeM OITHYeCKOH CXeMBl.

[IprMepoM TaKOrO IIOAXOMA SIB/ISIIOTCSI HOYHBIE OUKHU
npueraroulero mpoduiis 1ITH105, yacTo 4eMOHCTPUPY-
eMBble Ha BBICTABKaX IIOC/IeIHUX JIeT (pHC. 5).

B o4ykax 3Ha4YHTE/NBbHO YMEHBIIEH BbIHOC «BIiepen”,
HO BBICOKHMH IabapUTHBIN pa3Mep He HCYe3, OH IIPOCTO
M3MeHU HallpaBleHHe — BBIPOC BepTHKAIBHBIN raba-
PHT, U CO3AAIOCH BIIeYaT/IeHHe IVIOTHOTO IIPHJIEraHHSs
Ko 716y HabmogaTens.

Cpenu MHOroobpasus BapuanToB OHB ocoboe mecTo
3aHUMAIOT OYKHM [JI IIHJIOTOB JIeTaTe/bHbIX allrapa- | Puc. 5. M3deaue 1MHI0S5
TOB, IIpefHA3HAuYeHHble I HabmofeHUs 3aKabuH- | Fig. 5. Product IPN10S
HOTO IIPOCTPAHCTBA JIeTAaTeIbHOIO aIlIapaTa B CyMep-
KaX M HOYBI0 B YCJIOBHSIX €CTeCTBEHHON HOYHOU
ocemeHHocTH (EHO) Ha MmecTHOCTH 0T 107 10 1,0 51K, || observing the space behind the cockpit of an aircraft at
a B psfie CIydaeB — IIPH IOHMKeHHOM Ipo3padHocTH || dusk and at night in conditions of natural night illumi-
aTMocdepbl, XapaKTepH3YIOIIEeHCs JIMKOM, TyMaHoM, || nation (NNI) on terrain from 10 to 1.0 lux, and in some

TOsKIEM U JIp. cases - with reduced transparency of the atmosphere,
TunuuHelM npenctaButeneM OHB gns mmno- || characterized by haze, fog, rain, etc.

TOB siBiseTcst mpubop «TEO-OHBI-01», IOCTpPOEHHBIN A typical representative of NVG for pilots is the device

Ha JOII nokoneHuu 11+ u I1I (puc. 6). “GEO-ONV1-01”, built on image intensifier tubes of gen-
I[TIpu ucnions3oBaHuu OHB Ha ocHoBe JOII crenyer || erations II+and III (Fig. 6).

YYIUTBIBATh TO, YTO BCe BHYTPEeHHee M HAaPY>KHOE OCBe- When using NVG based on image intensifier tubes,

IeHHe, B TOM YMC/Ie CUTHAIM3ALMS U IofcBeTKa BHY- || it should be borne in mind that all indoor and out-
TpUKabHUHHBEIX NpUOOpoB, 3acBeunBaeT dorokaroxsl || door lighting, including alarms and illumination of
3JIeKTPOHHO-OIITUYeCKHUX ITpeobpasoBaTeneil. B pesyis-
TaTe UCCIeNOBaHUM ObUla IpopaboTaHa BO3MOKHOCTB
HICIIONIb30BAaHMSI LIBETHBIX IIEHOYHBIX CBeTOQUIIBTPOB
IJIS Cy’kKeHHsI PabouMX CIIEeKTPaJbHBIX IHAIA30HOB
BHYTPUKAOMHHBIX H3/IydaTesIel, YT00bI yMEeHBIIUTb UX
BIMsSHHe Ha ¢oTokatonel OHB [1]. OnHaKo 3TO IIPHBO-
IHIO K OTPAaHUYEHHIO CIIeKTPAIBHOM XapaKTePUCTUKH
dorokatoma I0II.

Bosee 3¢pGeKTHBHBIM METOLOM MOIJIO OBl SIBISTHCS
IOpyroe KOHCTPYKTHBHOe pellleHHe, OCHOBaHHOe
Ha MeToJe MMIIYJIbCHOHM afallTalluu. 3/1eCh BHYTPEeH-
Hee U BHeIIHee CBeTOTEXHHYECKoe 0bOpyIOBaHHE II0[-
KII0YaeTcss K BHYTPUKAOMHHOMY CBETOTEXHHUUYECKOMY
obopymoBaHuo U K OHB 4epe3 610K CHHXPOHHU3AIIUH,
KOTOPBII obecrieyrBaeT paboTy B HIMITY/IbCHOM PESKHMe
U BO BpeMeHHOM IlpoTuBodaze OHB co CBeTOTeXHU-

YecKMM 000py[OBaHHEM, YTO I03BOJISIeT HUCKIIOYHTD Puc. 6.
napasuTHbIe 3acBeTKH OHB B TeMHOe BpeMsI CYTOK [2]. M3denue

Bce BapuaHTHI ajanTaluy TpebyIOT KOHCTPYKTHB- [EO-OHBI-01
HOTO YCJIOKHEHMSI BHYTPUKAaOHMHHOIO 371eKTpoobopy- Fig. 6. Product
IOBaHHUS, YTO IIPHUBOIUT K HEOOXOTHUMOCTH CO3JAHHS GEO-ONVI-01

CIIeHA/IM3KMPOBAHHOI'O BAPHMAHTA JIETATE/IPHOTO alllla-
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pata, agANTHPOBAHHOIO K HOYHBIM II0JIeTaM, a 3TO
CHIKAeT ero HaeXKHOCTh B IeJIOM, He obecriedmBasi
B [TOJIHOM Mepe KOMQOPTHYIO paboTy ITUJIOTA.

OnHaKo peleHHe 3TOH IIPobIeMBI CyIIeCTBYeT.

HcknoyeHre CIOKHBIX, TPYJOEMKHX K JIOPOTHX
METOJIOB A[ANTALIUU JIETATeJbHOIO aIlllapaTa CTAHO-
BUTCSI BOSMOSKHBIM, eC/TH ITHIIOT byzeT obecrieuen OOII,
HICIIO/Ib3YIOIIKM CIIeKTPa/IbHBII AHAIIa30H, OTIMYHBII
OT CIeKTPaJIBHOIO AMaIla3oHa H3Iy4YeHHs BHYTPHKa-
6rHHOrO 060PYAOBAHMUSI.

Takon mnpubop menecoobpasHo pemars B BUIE
HabII0JATeIBHOTO IPU60Pa C HECKOIBKUMU pabourMu
KaHAJIaMHU.

Hawnbornee 4YacTo BCTPEYAIOIIHUMCS COYETaHHEM
SIBJISIETCS. KOMOMHALIMS TEIUIOBU3MOHHOTIO U TeleBHU3HU-
OHHOT0 Hab/IIofATeNbHBIX KAHAIOB. ITH KaHAIBL, SIBIIS-
SICh 110 MHOTHM IIapaMeTpaM B3aHMOJOIOTHSIOIIUMH,
IIpY 06beJMHEHUH B COITIACOBAHHYIO HAO/TIOMATEIbHYIO
CHCTeMy I103BOJISIIOT IIOBBICUTD ee 3peKTUBHOCTb, TaK
KaK COXPaHSIOT PaboTOCIIOCOOHOCTb CHCTEMBI B YCIIO-
BHUSIX, KOTZIA ONMH K3 KAaHAJI0B Mao3dPeKTHBeH H3-3a
BHEIIHUX YCJIOBUH [3].

[IpMepoM TaKoro Ipubopa MOTYT CIY>KUTh HHU3KO-
podUIbHbBIE TeIlIo-TeleBU3HOHHbIe ouku OH-HKTB,
paspaboraHHble Ha POCTOBCKOM OITHKO-MeXaHHUYeCKOM
3aBoze (puc. 7).

OH-UKTB - 3T0 MHOTO®YHKIIMOHAJIBHBIN IIpUOOP,
IIO3BOJISIIOIINE OPHEHTHPOBATBCS K IIepellBUraThCs
I10 J1060F MEeCTHOCTH B CJIOKHBIX YCJIOBHSIX, OCYILECT-
BJIITh BOKIEHHE aBTOTPAHCIIOPTA, ITPOBOAUTDL HKHKe-
HEepHBIe U peMOHTHBbIe paboTsl, a Takke obecrieyrBao-
KM BO3MOSKHOCTb PabOThI C JOKYMEHTAMU B ITOJTHOK

Puc. 7. HuskonpoguAabHble menno-meAnegusuoHHble 04Ku
OH-UKTB
Fig. 7. Low-profile IR+TV goggles ON-IKTV
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in-cab devices, illuminates the photocathodes of the
image intensifier tubes. As a result of the research,
the possibility of using color film light filters to nar-
row the operating spectral ranges of in-cab emitters in
order to reduce their effect on NVG photocathodes was
worked out [1]. However, this led to a limitation of the
spectral characteristics of the image intensifier tube
photocathode.

Another design solution based on the impulse adap-
tation method could be a more effective method. Here,
the internal and external lighting equipment is con-
nected to the in-cab lighting equipment and to the
NVG through the synchronization unit, which provides
operation in a pulsed mode and in time antiphase of the
NVG with the lighting equipment, which makes it pos-
sible to exclude spurious illumination of the NVC in the
dark [2].

All adaptation options require a structural complica-
tion of the in-cockpit electrical equipment, which leads
to the need to create a specialized version of the aircraft
adapted for night flights, and this reduces its reliability
as a whole, not fully providing a comfortable pilot’s
work.

However, there is a solution to this problem.

The elimination of complex, time-consuming and
expensive methods of adaptation of the aircraft becomes
possible if the pilot is provided with an OED using
a spectral range that is different from the spectral range
of radiation of the in-cabin equipment.

It is advisable to solve such a device in the form of an
observation device with several working channels.

The most common combination is a combination
of thermal imaging and television observation chan-
nels. These channels, being mutually complementary
in many parameters, when combined into a coordinated
observing system, make it possible to increase its effi-
ciency, since they keep the system working in condi-
tions when one of the channels is ineffective due to
external conditions [3].

An example of such a device is the low-profile heat-
television glasses IR-TV NVG, developed at the Rostov
Optical and Mechanical Plant (Fig. 7).

IR-TV NVG is a multifunctional device that allows you
to navigate and move around any terrain in difficult con-
ditions, drive vehicles, carry out engineering and repair
work, and also provide the ability to work with docu-
ments in complete darkness, as well as in rain, snow,
fog, artificial and natural smoke.

The glasses are built according to the classical binocu-
lar scheme and have two working optical channels: tele-
vision and thermal imaging, and two eyepiece outputs,
with each of the objectives being installed coaxially with
one of the eyepieces.
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TeMHOTe, a TaKKe B JOXKIb, CHer, TYMaH, MCKYyCCTBEH-
HOM U eCTeCTBEHHOM 33lbIMJIEHUH .

OYKM IIOCTPOEHBI 10 KJIACCHYeCKON GHMHOKYJISPHOM
cxeMe M HMeIOT [Ba Pabouux ONTHYeCKHUX KaHaJa:
TeJIeBU3MOHHBIA M TEIUIOBU3HOHHBIM, M [IBA OKYJIAp-
HBIX BBIXOZI4, IIPH 3TOM KaKIABIH U3 OOBEKTHBOB YCTa-
HOBJIEH COOCHO C OFHHUM M3 OKYJISIPOB.

Bo3MOXHOCTh BBIBOZA KHopManuu Jroboro
M3 CIIeKTPAIBHBIX [JHUAIIa30HOB Ha [Ba AHCILIess obe-
criequBaeT paboTy C HCIIONb30BAaHHUEM CTEPEOCKOITHYe-
CKoro 3¢deKTa, YTO CYIeCTBEHHO IIOBBIIIAeT YA0O6CTBO
¥ HHQOPMATUBHOCTb HAOMIONEHHUS U CHIDKAET YTOMIIS-
€MOCTb I'J1a3.

KOHCTPYKTHBHBIE IIapaMeTphbl OINTHYECKHUX KOMIIO-
HeHTOB 00eCIIeuMBAaIOT YpaBHHBaHHEe (GOPMATOB H30-
OpaskeHMsI, YUTO II03BOJISIET IIPOM3BOLUTH KOMILIEKCH-
poBaHHe H300pKeHHI, ITOTYYeHHBIX B PA3THYHBIX
CIIeKTPAJIBHBIX JUAIA30HAX, U BBIBOOUTH KOMOHHHPO-
BaHHOe KM300paskeHHe C KOKLOTO U3 KAaHAJIOB B PA3IHY-
HBIX IIPOLIEHTHBIX COOTHOIICHHIX.

B mpubope HCIIONB3yeTCs CIeMaIbHASI CBETOCKHIIb-
Hasl ONTHKA C 3aLIUTOM OT 3aCBETKH, peall30BaH LU~
POBOM U ONTHYeCKHUH ZoOom, A/ YTeHHS JOKYMEHTOB
Y TOIlOrpadrUyecKUX KapT IIpefyCMOTpeHa BCTPOeHHas
mupokoyroiapHass MK moacseTka ¢ HHIHKALIHeH BKIIO-
yeHus MK-ocBeTuTens.

OpHako Kak 6Bl HU OBUIM IIMPOKH BO3MOSKHOCTH
TeIlJIO-TeJICBU3MOHHBIX OYKOB, IIPOM3BOOUTH C HX
IIOMOIIBIO HabniofleHHe M3 KabWMHBI IHJIOTA 4epe3
TeIJIOBU3HOHHBIN KaHA/I He IIPeICTaB/seTCs. BO3MOXK-
HBIM, TaK KaK CTeK/I0 KaOKHBI He IIPOIyCKaeT TeILIOBHU-
3MOHHbIe AUAIA30Hbl AJIMH BOJIH, U 3TO TpebyeT IIpu-
MeHeHHUSI BBIHOCHBIX I[IOBOPOTHBIX TEeIIOBU3MOHHBIX
KaMep, a TaKKe CHCTeM CJIeSKeHUSI M CMHXPOHM3alIuU
KX II0OBOPOTA C IIOBOPOTOM T'OJIOBBI ITHUIOTA [4].

"‘ ._i
sk
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The ability to display information from any of the
spectral ranges on two displays provides a stereoscopic
effect, which significantly increases the convenience
and information content of observation and reduces eye
fatigue.

The design parameters of the optical components pro-
vide equalization of the image formats, which makes it
possible to combine images obtained in different spec-
tral ranges and display the combined image from each
of the channels in different percentages.

The device uses special high-aperture optics with
protection against backlighting, digital and optical
zoom is implemented, for reading documents and topo-
graphic maps, a built-in wide-angle IR illumination
with indication of the inclusion of the IR illuminator is
provided.

However, no matter how wide the capabilities of
the thermal television glasses are, it is not possible
to use them for observation from the cockpit through
the thermal imaging channel, since the cockpit glass
does not allow thermal imaging wavelengths to pass
through, and this requires the use of remote rotary
thermal imaging cameras, as well as systems tracking
and synchronizing their rotation with the rotation of
the pilot’s head [4].

The possibility of unobstructed observation through
protective and windshields of vehicles is provided in
a universal version of the NVG with a classic television
channel in the visible range of the spectrum and a chan-
nel in the short-wave IR range from 0.9 to 1.7 microns,
called in Western terminology the SWIR range.

The SWIR channel, in contrast to thermal imaging,
not only provides observation through ordinary glass [5],
but also allows you to get an image even through heav-
ily tinted glass of a car (Fig. 8).
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B03MOXKHOCTb 6ecIpemnsiTCTBEHHOro HabJofeHHs
yepe3 3allMTHble U JIOOOBbIE CTeKIAa TPAaHCIIOPTHBIX
cpencTs obecriedeHa B YHHBepPCaIbHOM BapuaHTe OHB
C KIACCHYeCKUM TeJIeBU3MOHHBIM KaHaJIOM BHUIHMOTO
JHara3oHa CIIeKTpa U KaHa/IOM KOPOTKOBOJIHOBOro MK
OuaraszoHa ot 0,9 mo 1,7 MKM, Ha3bIBAa€MOTO B 3aIlajl-
HOH TepMHUHOIOrHH SWIR O1aI1a30HOM.

Kanan SWIR pguariasoHa, B OTJIMYHE OT TeIlJIOBU3U-
OHHOTO, He IPOCTO obecrieuyrBaeT HabmIofeHHe uepe3
00BIYHOe CTeKIO (5], HO W II03BOJSIET IONYYHUTh H30-
bpakeHHe Oaske Yepe3 CHJIBHO TOHHPOBAHHOE CTEKIO
aBTOMObMII (pHC. 8).

Kanan SWIR pguamnasoHa IOCTpoeH Ha (oTompHem-
HUKe Ha OCHOBe MaTepHasa InGaAs, KOTOpbIH Hanbosiee
3pdeKTHBHO obecriednBaeT depe3 KabMHHOe OCTeKIe-
HUe HOYHOe HablofeHVe M HabMIOgeHHe B IUIOXUX
IIOTOAHBIX YCA0BHAX. OLieHKa 3¢PeKTUBHOCTH 10 JaJTb-
HOCTH [IeHCTBUSI IIOKA3bIBA€T, UTO IPHUOOPHI HOUHOIO
BUJEeHUs C POTOIIPHEMHBIMH YCTPOHMCTBaMU Ha InGaAs
IIPH HU3KHX YPOBHSX OCBEILIeHHOCTH, MeHee 2-1073 JIK,
B YCJIOBHSIX ABIMKH, C1abbIX TyMaHOB M IbUIM (IpHU
MeTeOpOJIOTMYeCKOH JATBHOCTH BUOUMOCTH S, ~2,5 KM)
Ha IOPsAoK mpeBocxoast O3I1 Ha JOII [6].

Takum obpasoM, IpUMeHSsS ABa TaKUX KaHala,
MOXKHO IIOTY4YHUTb IIPaKTH4YeCKH YHHBepCaJIbHBIN
BapuaHT OHB i OWIOTHPOBAaHUS UM BOKIEHUS Pa3-
JIMYHBIX TPAHCIIOPTHBIX CPeACTB, TaK Kak SWIR KaHas
ITPAaKTHYEeCKHU BCerja COBMECTHM C OCTeKIeHHeM KabuH
U He TpebyeT [ONOTHUTENBHOM aIAlITAl[UK TPAHCIIOPT-
HOro CpeAcTBa K ImpemiaraeMomy OHB, a TeneBH3uU-
OHHBII KaHaJI C IPUBBIYHON BUAMMOCTBIO PaCIIHpsieT
BO3MOKHOCTH OHB U IIpefocTaB/iseT BHICOKOE pasperie-
HHe C BO3MOKHOCTBIO TOIIOJTHUTEIBHOIO 3JIEKTPOHHOI0
yBe/IMYeHUs .

BapuaHT KOHCTPYKTHBHOIO HCIIOIHEHHs YHHBEp-
canbHbIX OHB, HCIIONIB3YIONIHE OPUTHHAIBHOE KOMIIO-
HOBOYHOe pellleHHe, yMeHbIlIaollee BBIHOC 00beKTHBOB
BIlepesl U obecrievynBarollee Ooiee IUIOCKUH ITPOPHUIb
npubopa, IoKasaH Ha pUC. 9.

ITpenBapuTenbHO OHB ycTaHABIUBAIOT (3aKPeIl/IsioT)
mepeq, IIa3aMM Habmofartesns TaKUM o6pa3oM, YTOOBI
BBIXOJHbIE 3PAYKU OKY/ISPOB COBMECTH/IMCH C IVIa3aMU
HabromaTens.

M3-3a pasHULIBl CBETOBBIX JUAMETPOB OOBEKTHBOB
SWIR 1 TV KaHa/loB, a TaloKe PasHBIX I0IeH 3peHUs
mo I'H (40°) u BH (30°), 3epkaspHasi NpH3Ma HMeeT
HeCMMMETPHUYHYI0 $OpMY, a 3al[UTHOE CTEKJIO — BBITI-
HYTY10 popMy, IIpH 3ToM KaHa/ibl SWIR 1 TV cMmeleHb
OpYyr OTHOCHUTEJIBHO APYra B FOPHU30HTAJIBHOL ILIOCKO-
CTH Ha HEKOTOPYIO BeITHUYMHY Ax. PacyeTHble pa3Mephl
IpaHel 3epKAIbHOM IIPHU3MBl, PACCTOSIHHUSL M COOTBET-
CTBEHHO BeJTMYMHA AX MOTYT OBITB OIIpefie/IeHs! 110 raba-
PHUTHOM CXeMe, IIpefiCTaBIeHHOH Ha puc. 10.
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KaMepa BUAMMOTIO AHAIIa30HaA

Kamepa SWIR-auarnasoHa

Puc. 8. HabnwodeHue 8 SWIR duana3oHe Yepe3 moHUpo8aH-
HOe CmexAo
Fig. 8. Observation in the SWIR range through tinted glass

3amuTHOe CTeRI0, o Ve
el OTOIIPHEMHHK
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SWIR -~ Lo [l B |
doTonmpreMHUK }l.\ 5 |
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MUKDPOAHUCIIIEH
JIeBBIH

Puc. 9. BapuaHm KomnoHo8Ku yHueepcanbHbix OHB
Fig. 9. Universal NVG layout option
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Puc. 10. YHusepcanbHble OHB. K pac4emy pa3mepos
Fig. 10. Universal NVG. Aspects of size calculation

The SWIR channel is built on
a photodetector based on InGaAs
' material, which most effectively
provides night observation and
observation in bad weather condi-
tions through cockpit glazing. Eval-
uation of the effectiveness in terms
of range shows that night vision
devices with InGaAs photodetectors
at low illumination levels of less
than 2x1073 lux, in conditions of
haze, weak fogs and dust (at a mete-
orological visibility range S,~2.5
km), at order surpass the OED on
the image intensifier tubes [6].

Thus, using two such channels, it
is possible to obtain an almost uni-
versal version of the NVG for piloting
and driving various vehicles, since
the SWIR channel is almost always

Ecnu BeIpasuTh BeTHYHHY oTpeska 0,05 IByMS COOT-
HOILLIEHUSIMH Yepe3 Pa3Mephl JIeBOU BeTBU M Uepe3 pas-
Mepbl IIpaBOHM BeTBH, TO OyAyT CIIpaBeIUBbI C/IeIyIO-
e GOpMyIIbL:

H
0,0,=0,0,+0,0, = 06'21%“' + A tg(%) D
151 JIeBOU BeTBH, U
H W,
0105=AX+OZO3+0102=M+%+Az~tg > 2

JUIS1 IIPaBOM BeTBU, I1ie
O, - BepIIKMHA 3epKa/IbHOK [IPU3MBI;

compatible with the glazing of cab-
ins and does not require additional
adaptation of the vehicle to the proposed NVG, and
a television channel with the usual visibility expands
NVG capabilities and provides high resolution with the
possibility of additional electronic magnification.

A variant of the design of universal NVG, using an
original layout solution, which reduces the “extension”
of the lenses forward and provides a “flatter” profile of
the device, is shown in Fig. 9.

Previously, the NVG is installed (fixed) in front of the
observer’s eyes so that the exit pupils of the eyepieces are
aligned with the observer’s eyes.

Due to the difference in the light diameters of the
SWIR and TV channels, as well as different fields of view

117342, r. MockBa, yh. Beegenceoro, A 3, sopn. B | +7 (499) 578-05-48 | sales@laser-axport.com ‘E- .
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0,, 05, O, - TOUKH, JIesKall[he Ha OCH, IIPOXOoAsIel
yepes BePIIMHY 3ePKa/JIbHOL IIPH3MBbI
U [epIIeHJUKY/ISPHOU ONTHYEeCKUM
0CSIM OOBeKTHBOB;

Os - TOUKa IlepeceyeHHUsI OIITUYeCKOK OCH 0O6BbeK-
THBa JIeBOH BeTBH C [TepIIeHAUKY/ISIPHOU er
OCBbIO, IIPOXOSILel Yepe3 BePIIUHY 3epKaJlb-
HOI IIPU3MBI;

®;, ®, ~ YIJIBI [TOJIS1 3peHH S JIEBOK U IIPaBOU BETBEH
COOTBETCTBEHHO;

A, A, — pacCTOSIHHMSA OT CBeTOBOI'O JHAMeTpa [1epBoH
NHH3BI 06beKTHBA (MIH OT BXOJHOIO 3pauka
00BbeKTHBA) 0 BEPLUIMHbI 3€PKa/IbHOMN
npu3mel O; AJ1s 1eBOM U IIPaBOL BeTBeH
COOTBETCTBEHHO.

[Tocie NPUPaBHUBAHUS IIPaBBIX 4YacTer GopmMyI

HUTOr0BOe BbIpaskeHUe 1151 AX IPUHUMaeT BH[:

H
AX =

-H
06.MaKC.2 06. MUH. +A1 tg(%)_Az tg(%)- (3)

®opMysa copaBefjiMBa IIPH OTCYTCTBHH BHHBETH-
pPOBaHMs, a 33aJaHUe JOIYCTHMOIO BUHBETHPOBAHHUS
II03BOJIUT 0DeCIIeUuTh IPU IIPOEKTUPOBAHUU IIPHEM-
JIeMble pa3Mepsl IIpubopa.

BapuaHT TaKkol KOMIIOHOBKM, HMeIOIllel Bec
OIITHKH BCeX KaHaJI0B C MUKPOOUCIUIESIMHU U C ABYMS
3jleMeHTaMu NHUTaHUS TUma CRI23A ~134 r., MoXeT
obecriednTs HU3KHUIH NPOOUIb Ha YpoBHE ~45 MM
o rnybuHe (puc. 11).

TeneBU3HOHHAS BeTBb HabMOmeHUs obecriedyuBaeT
HabiomeHe HAPYSKHOM 00CTAaHOBKY JHEM M BHYTPH-
KabuHHOro 060pyn0BaHMS B JHEBHBIX U HOYHBIX YCIIO-
BUSIX 32 CUeT COBIMAJeHHUs] pabovyux CIIeKTPaIbHBIX
IOUAIIa30HOB BHYTPUKAOMHHBIX H3/IydaTeled U Tenle-
BH3HMOHHOI'0 GOTOIIPHEMHHUKA.

Kanan SWIR cIekTpaJbHOTO [JHara3oHa obecre-
ypBaeT HouHoe HabmomeHue 6e3 BIMSHUSI 3acBe-
TOK OT BHYTPHUKaOWHHOIO CBETOTEXHHUYecKoro obo-
PYAOBaHHUS 32 CUeT Pa3sHbIX pabouMX CIIeKTPaIbHBIX
[IHAIla30HOB TEeJeBU3MOHHOIO KaHaja, BHYTPHUKA-
OUHHBIX H3nyanene1?1 U pororrpreMHuKa SWIR gua-
mazoHa. Pabouuyl CIeKTpPajbHBIM [OHAIA30H Tee-
BHM3MOHHOI'O KaHaJIa U COBPeMeHHBIX CBeTONHUOIHBIX
BHYTPUKAOMHHBIX U3/Iy4daTeslel JIeKUT B AHAIla30He
or 0,45 go 0,85 MmkM, a SWIR KaHal MMeeT CIieK-
TpPaJbHBIN AUAIa30H OJHH BoaH oT 0,9 o 1,7 MKM,
yTo obecmeunBaeT HeobXOAUMOe pa3HeCceHUe
I10 CIIEKTPY.

XapaKTepHUCTUKH OYKOB HOYHOI'O BUIEHHUS B CpPaB-
HeHUH C CepUMHBIMHU Impubopamu TuUmoB 1IIH74
u 1IIH105 mpuBemeHEl B Tabm. 1. ®yHKUHOHAIbHAA
cxema OHB mpezcraBineHa Ha puc. 12. I[IpuBefeHHas
bYHKIHMOHANBHAA CXeMa SIBISETCS YHHBEPCAIbHOM
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Puc. T1. YHueepcanbHble OHB (8ud c60ky)
Fig. 1. Universal NVG. Side view

for HD (40°) and VD (30°), the mirror prism has an asym-
metric shape, and the protective glass has an elongated
shape, while the SWIR and TV channels are displaced
relative to each other in the horizontal plane by a certain
amount Ax. The calculated dimensions of the faces of
the mirror prism, the distance and, accordingly, the
value Ax, can be determined according to the outline
diagram shown in Fig. 10.

If we express the value of the segment 0,05 by two
ratios through the dimensions of the left branch and
through the dimensions of the right branch, then the
following formulas will be valid:

0,0,=0,0,+0,0, = Loﬁzmm +A, ~tg(%) (1)

for the left branch, and:
Hg ®,
OIOS=AX+OZO3+OIOZ=M+%+Az-tg 5 2

for the right branch, where:

0, is the top of the mirror prism;

0,, 05, O, are the points lying on the axis passing
through the top of the mirror prism and
perpendicular to the optical axes of the
objectives;

O; is the point of intersection of the optical axis of the
lens of the left branch with the perpendicular axis
passing through the top of the mirror prism;

®;, o, are the angles of the field of view of the left and

right branches, respectively;

A,, A, are the distances from the light diameter of the

first objective lens (or from the entrance pupil of
the objective) to the top of the mirror prism O,
for the left and right branches, respectively.
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Puc. 12. ®yHKUUOHANbHAS cXxema YHU8epcanbHbix OHB
Fig. 12. Functional scheme of universal NVG

M MOKeT SIBJISITbCSI OCHOBOM /11 OHB B 106bIX Bapu-
AHTaX CIIeKTPaJbHOIO HCIIONHEeHHUs Hab/loAaTelbHbIX

KaHaJIOoB.

B paccmatpuBaeMoM BapuaHTe OHB B Kaye-
cTBe QOTONPHEMHBIX YCTPOMCTB HCIIONB3yIOTCS IBe
matpuubl - SWIR marpuna ®YK36M mpou3BoACTBa
AO «HITIO «Opuon» popmara 640 x 512 MHUKCeI0B, LMe-
IOIIasl BBICOKYIO YYBCTBHUTE/IBHOCTb B KOPOTKOBOJIHO-
BOM HH}paKkpacHoM auarmasoHe 0,9-1,7 MkMm, 1 CMOS

After equating the right-hand sides of the formulas,
the final expression for Ax takes the form:

Ho Makc _Ho MuH @ o
Ax = . - 5. .+A1.tg[71)—A2~tg(72). ©)

The formula is valid in the absence of vignetting,
and setting the permissible vignetting will allow us
to ensure acceptable dimensions of the device when
designing.
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Matpuna EV76C660 mpoussoacTea Teledyne e2v dop-
MaTta 1280x1024 mukcena, obecrieydBarolasg Kaye-
CTBeHHOe M300paskeHHe IIPH M3MeHeHHHU OCBellleHHO-
cTH oT 5-1072 1o 5-10% nK.

bnox Iporeccopa, OCHOBHBIM BBIUYMCIUTEIbHBIM
SAAPOM KOTOPOT'O CIYXKUT IIporpaMMMpyemas Joruye-
ckast matpuna XC7A75T npousBoacTBa Xilinx, obecre-
urBaeT 06paboTKy MOCTyMaoIel BUAeoUnHGOPMaLMK
C IIOC/IeNYIOIIMM BEIBOAOM €e Ha MUKPOIMCILIEH .

AMOLED mukpoguciuien SXGA-120 R5 mpousBof-
ctBa eMagin Corporation ¢opmata 1280x1024 1mo3Bo-
JISIIOT 0TO6paskaTh IIOCTYIIAIONIYI0 BUACOUHPOPMALIHIO
1 BBOAUTD Cl1y>keOHbIe TaHHBIE.

Tabnuua 1. CpaBHUTE/bHbIE XapaKTEPUCTUKM NpnbBopoB
Table 1. Comparative characteristics of devices

HanmeHoBaHMe
Name

A variant of such an arrangement, which has the
weight of the optics of all channels with microdisplays
and two CRI123A batteries of ~134 g, can provide a low
profile at a level of ~45 mm in depth (Fig. 11).

The television observation branch provides observa-
tion of the outdoor environment during the day and
the in-cab equipment in day and night conditions due
to the coincidence of the working spectral ranges of the
in-cab emitters and the television photodetector.

The SWIR channel of the spectral range provides
night observation without the influence of illumina-
tion from the in-cabin lighting equipment due to the
different operating spectral ranges of the television

1MH105

TB+SWIR | TV+SWIR

TB kaHan SWIR

TV channel

YBennyeHue, kpat 1,0 1,0 1,05 2,10 1,05
Magnification, x
Mone 3peHuns, yra. rpaga. | Field of view, ang. deg.
'H|HD 40 45 40 20 40
BH | VD 38 30 15 30
[anbHOCTb ONO3HABaHWSA POCTOBOW GUTypbl HenoBeka 200 200 250 500 250
(EHO=0,005 51K), M
Recognition range of a person’s height figure
(EHO =0.005 lux), m
BMAMMOCTbL 06bEKTOB, HarpeTbix 40 =50 °C Het Het Hert EcTb
Visibility of objects heated to =50 °C No No No Yes
[AnanasoH ANONTPUNHOM HABOAKW, ANTP +4 +4 +4
Diopter adjustment range, diopters
DoKyCMpoBKa, M 0,25 - o0 = 0,25 — oo
Focusing, m
AvameTp BbIXOLHOTO 3payka, MM 6 13 4 (30Ha @11 Mm)
Exit pupil diameter, mm 4 (area @11 mm)
YpaneHue BbIXOAHOT0 3payka, MM 15 18 18
Removal of the exit pupil, mm
[nanasoH perynnposku «6asbl rnas», Mm 58-72 - 58-72
Eye base adjustment range, mm
[AvanasoH paboymnx Temnepatyp, °C +50 +50 +50
Operating temperature range, °C
MuTtaHve, B 3,0 3,0 6,0
Power supply, V (2 WwT. «AA») (2 WwT. «AA») (2 WT. «CR-123An)
(2 pcs. AA) (2 pcs. AA) (2 pcs. CR-123A)
Pasmepbl, MM 217x185x105 120x113x70 48x120x85
Dimensions, mm
Macca, kr 0,8 0,55 0,35
Weight, kg
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Biiok muTaHUs BblpabaTbiBaeT HeobxoguMble st
¢yHKuUMOHHpOoBaHUS OHB HampsokeHHs, a TakKKe
JlaeT BO3MOXKHOCTb 3aPsKaTh aKKYMYJ/ISTOPBI OT BHEIII-
HEero MCTOYHHKA MHUTAHHSA. B KauecTBe MCTOYHHKOB
MUTAHUS HCIONB3YIOTCS IBa Li-lon akkymyasitopa
TUIIOpa3Mepa 16340, emkocTbio 1200 mAh.

BaskHOI 0C06eHHOCTBIO ABYXKaHa/IbHEIX OHB sB/IS-
€TCSl MCII0JIb30BaHHe OTeYeCTBEHHBIX (GOTOINPHEMHH-
KOB. MOCKOBCKOe MpeAmnpusithe «OpuoH» pa3pabo-
TaJI0 U BBIIIyCKaeT HOBBIK MOAYJb — dopmarta 640 x 512
3JIEMEHTOB C IIarom 15 MKM, ITapaMeTpbl KOTOPOIO
IIpeACTaB/IeHbl B Tabnuie 2. B coctas MOAYJIsl BXO-
OST MaTpulla (GOTOYYBCTBUTE/IBHBIX 3JI€MEHTOB
u3 InGaAs.

MocKoBCcKoe mpeanpuaTue «Ilyabcap» 3aBepiuaeT
OKP 110 CO30aHMIO ITOTHOr0 aHajaora CMOS MaTpHIIEL
EV76C660. OpraHsl yIpaBlIeHHs [103BOJSIOT BEIOPATh
pasinYHBIe peKUMBI paboTel OHB: BBIBOA H300paske-
HHUS TobKO ¢ SWIR MaTpHIIBl, BBIBOJ, H300paskeHUs
TOIbKO ¢ CMOS MaTpHIIbL, BBIBOZ, KOM61/IHI/Ip0BaHH01"0
13006paskeHHsI, a TaKKe BBIBOA M306paskeHUst ¢ CMOS
MaTpULBl B PeXHME 3JIEKTPOHHOTO YBeJIUYEHHS
2 KpaTa, 4YTO fenaeT IPUOOpP IPAKTHUECKH YHUBEpP-
CaJIBHBIM BapUaHTOM [JIS1 MHOTHUX [IPUMeHeHUH .

Crnenyer ocobo OTMETHTb, YTO PeXHM BBIBOJA
KOMIIJIeKCHPOBAaHHOro M306paskeHus obecrieunBaer

el g
il gy

flazep TopWave 405 NpoMiBoAcTea TOPTICA (MepMaHua)

i g

channel, in-cabin emitters and a SWIR range photo-
detector. The working spectral range of the television
channel and modern LED in-cab emitters is in the
range from 0.45 to 0.85 pm, and the SWIR channel
has a spectral range of wavelengths from 0.9 to 1.7 pm,
which provides the necessary spectrum spacing.

The characteristics of night vision goggles in com-
parison with serial devices of types 1ITH74 and 1ITH105
are shown in Table 1. The functional diagram of the
NVG is shown in Fig. 12. The given functional diagram
is universal and can be the basis for an NVG in any
version of the spectral performance of the observation
channels.

In the considered version of NVG, two matrices are
used as photodetectors - SWIR matrix FUK36M manu-
factured by NPO Orion JSC with a format of 640x512
pixels, which has a high sensitivity in the short-wave
infrared range of 0.9-1.7 microns, and a CMOS matrix
EV76C660 by Teledyne e2v with a 1280x1024 pixel for-
mat, providing a high-quality image when the illumi-
nation changes from 5x1072 to 5x10% lux.

The processor unit, the main computing core of
which is the Xilinx XC7A75T programmable logic array,
provides processing of incoming video information and
its subsequent output to microdisplays.

CoBpeMeHHbIM KOMMaHUAM —
MHHOBALMOHHbIE pelleHnn!

[
- OpHO4YaACTOTHBIW Nasep
- TopWave gos
Ana nutorpadpum
“ rnnurpa$uu

HMOEANbHAA JaMEHD FROMOIAKAM B IHEDIOEMEMM Fa30BRIM

NAIEPAM HA MOHAX KPUNTOHA (406,7 HM W 413,71 HM), DOBIMHD MCNONbLIYEMEIM 8 nuTorpaduM 1 ronorpaduM. TopWave 405
ofecnaYMBasT BEXOOHYR MOWHOCTE 1 BT HA QNMHE BONHE 05 HM 8 CO4ETAHWM C NPEBOCKOAHMM KaYECTEOM ny4a, JdunameTtp
nyda | M {'I'hl'l. 1,15) COOTHETCTRVIOT YCTAHOBNEHHBM NAPIMETRAM rad0BOro na3tpa, 470 NOIDOARET NEMKO MHTEMPMPOLATE Bro
623 CYLBCTREHHLIX MAMEHEHINA B OMTHHECKYID CHCTEMY

JameTHo Honee BRICOKERN ANMHA KOTEPEHTHOCTM (> 100 M) 38T REHOE MPEXMYLLECTED B OTHOLWEHWW CTABMALHOR FEHepaL A
PHCYHED B MHTEDDEPEHLIMOHHDRA NWTOrPadHi Wik ronorpadim,

IEOHOMWYHAR IAMEHA ra30B0M0 NA3EPA — ANA NPOCTOND W YAOGHOTD YNPaENEHUA B NPUMAOKERMAX AnTorpadium ¥ ronorpadgma
Buicokan 3pekTHEHOCTE M HHIKAR CTOMMOCTE IKCNAyaTawmul

IKCRARRIUBHEM npedcmasumenses xoMnaHuy TOPTICA (Tepmanua) a PD

RAAREMER KOMAdHUN sEapoflaiian, www.eurolase.ru
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Tabnumua 2. MOMY dopmaTa 640 x 480 Ha AMaNA30H
0,9-1,7 MKM

Table 2. MFP format 640 x480 for the range of
0.9-1.7 microns

HavmeHoBaHue 3Ha4yeHune
Name Value
dopmaT MaTpuLLbl POTOHYBCTBUTE/bHbLIX

3/IeMEHTOB 640x512
Photosensitive matrix format

LLlar ¢OTO4YYBCTBUTENbHbLIX 3/IEMEHTOB, MKM 15
Step of photosensitive elements, pm

CneKkTpanbHbIA AManasoH, MKM 09-17
Spectral range, pm '
KBaHTOBas 3G PeKTUBHOCTDL, % 65

Quantum efficiency,%

CpeaHas yaenbHas 06HapyxXuTeabHas
CnocobHOCTb, BTL-Myl/2-cm 1-10%3
Average specific detectivity, W=-Hz1/2-cm

MakcnmanbHas kagposas yacTtoTa, 'y,

Maximum frame rate, Hz 400

BO3MOXKHOCTh OZHOBPEMEHHOIr0 HaOIIofeHUsT H30-
bpaskeHHUsI BHYTPUKAOMHHOTO CBETOTEXHHYECKOTO
obopymoBaHUs 4Yepe3 TeleBHU3UOHHBIM KaHAI M H30-
OpaskeHMS MECTHOCTH Ha BCeX YPOBHSIX eCTeCTBeHHOHN
HOUYHOM OCBellleHHOCTH 4yepe3 SWIR kaHan 6e3 Baus-
HH Ha Hero 3aCBeTOK OT BHYTPI/IKa6I/IHHOI‘O CBeToTeXx-
HHUYeCKOTro 060pymoBaHHUS.
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AMOLED microdisplays SXCA-120 R5 manufactured
by eMagin Corporation in 1280x1024 format allow dis-
playing incoming video information and entering ser-
vice data.

The power supply generates the voltages necessary
for the operation of the NVC, and also makes it possible
to charge the batteries from an external power source.
Two Li-Ion accumulators of 16340 size, 1200 mAh capac-
ity are used as power sources.

An important feature of two-channel NVG is the
use of domestic photodetectors. The Moscow enter-
prise “Orion” has developed and is producing a new
module - 640x512 elements with a pitch of 15 pm, the
parameters of which are presented in Table 2. The mod-
ule includes a matrix of photosensitive elements made
of InGaAs.

The Moscow enterprise Pulsar is completing R&D
work to create a complete analogue of the EV76C660
CMOS matrix. The controls allow you to select differ-
ent modes of NVC operation: image output only from
the SWIR matrix, image output only from the CMOS
matrix, combined image output, as well as the image
output from the CMOS matrix in the electronic zoom
mode of 2 krt, which makes the device almost a univer-
sal option for numerous applications.

It should be especially noted that the integrated
image output mode provides the possibility of simul-
taneous observation of the image of the in-cab lighting
equipment through a television channel and images
of the terrain at all levels of natural night illumination
through the SWIR channel without being influenced by
illumination from the in-cab lighting equipment.
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Dupma «Tarnop Xobecou Jlra.» Ocvosana & 1886 roay u yxe Bonee cra net ocTaeTca CHHOHMMOM
cnosa «rodMHocTes. Ceronna «Tainop Xoboon Ttas nporasoanT caomMble TOYHLE B Mupe NprBops ANR KOHTPaNS
NOPOMETPOB OTKNOHEHWA OT KPYrMoCTH, wepoxosatoctu/npoduna v pacnonoxexus nosepxHocten. Dupma
WIABECTHA W KOK NPOU3BOANTENL YNETRA-NPEUMIMOHHBEIX INEKTRPO-ONTHYECKKMX NPUBOPOR, 3NEKTROHHEX YPOBHER K
NpwBOpPOB ANA KOHTPONA KOMNOHEHTOB NPEUM3HOHHOM ONTHKKW M CBEPXIMALKMX NOBEPXHOCTEN,

Mockosckoe Biopo dupmel «Tannop Xobcod Nras, otkpeitoe 8 1992 rogy, NpM3soHo YAOBNETBOPATE NoTpes-
HOCTE POCCHIRCKMY NPOUIBOACTEEHHLX M HOYUHO-MCCNEN0BOTENLCKMX NPEANPUATHIN B NPEUMZMOHKEEK Nnpubopox
dupmel. B pamkax 3akniouerHoro, © ronosHem npeanpuatuem Poctexperynuposanmna - DIV «BHUHAMCs,
COrNAQLLeHmMa O HO","’-IH(:)'TEKIIHLIB'CKOM {:{}prﬂHH"{ECTBH, {prMﬁl (:IL:'*’[LL'E‘CTET['H&T TEXI'IHHEI:K""!’D F!GMEPKKY I"O{:y,ﬂ.ﬂp-'
cTeeHHex sTanoHos PO, 8 ocHoee koTopwx, Henoneayiotes npubope «Taanop Xaboon Trgs

l|:‘:_,-\_-I'I'F',Ll,l-ﬂl.",]]'ll'l'[T'I:|| ﬁlﬂlrﬂ(} BRIMONMHAKDT FiflﬁﬂTbl no HEO,H.'}" ﬂﬁclp}fﬂ{}ﬂﬂﬂldﬂ B H‘K{:IIIFYUT[]U‘HI‘:], flOHeF_‘)Ke prHﬁ(‘JpGH H
obposuoewx Mep, NPoBoAT 0ByYeHHe ONepOTOPOB 3aKA3YMKA, OCYWECTBARIOT MOPaHTHHHOE M NOCNErapaHTHA-
Hoe obcnyxusaHus npubopos. MoaobHue pabote mockoeckoe Biopo npeanaraet u ans npeanpusThil benopyc-
cun, Yepawnel, Kazaxcrada v apyrx rocypapeta Buiswero CCCP.

CHcreso gna KOHTPONA NOMLHNHHEOR 3D npodmnomerp PGI NOVUS Talyrond
Form Talysurf PGI

¥ 3D npodunomerp AN wameperna g, Tamupoi socnponascmuT Gopmy HETand,
MamepuTensHon CHCTEMa ANA KOHTRaNA W EQOXOBOTOCTH NOESRXHOCTH, MBOMETRRA. MEMDRKIYH IOMEDE NO KDY WHOCTH
RETONER NOMUMTIHMEDE W LETaNER B ocrose pazpoBoTkk — HOBOTOROKWA BEOTHEQNH W TOpMISHTANN. BoamoxHocTs

crnoueHoR hopel, TREDYIILKE BREOKG NBORHOR O THHMK CMEBLEHRME.
POIPELUEHN TDH KOWTDONE YMCTOTu
MOBEPNHOCTH W OTRNOHEHKWA OT 3000H-
HOH oD,

HAMBREHHE KOHTYRA B WepOX0BaTOCTH

Dorine NOVUS abecnesreoer cnocob:
HOLCTE iilf.le‘plni’h AMOMETD, YTON, EOY8cTan
oEpOBaTEM NOBEPXHOCTH B HOPMONEHOM ¥
NEQEBANHYTOM NONOKEHHM AATANN
NOCTOTOMHE CROPOCTRG H TOMHOCTHIC

Bnaronops sroR paspabore Taylor
Hobson pewaer npobnemsl, © KOTODEMM
BXEAHERHD CTONKHECKITCR NPORIBoIHTENE
MOAWMIHMEOBON W ABAFOTENLHDA NEOMsLL-
NEHHDCTH, O TOE X2 IIMH]HWTEI’IH
MPELHIHOHHBEX KOMIOHEHTOR

Cyprposik 5 capum

MprBop 4mm vaMepEHR NOpOMETpoR
(EROXORATOCTA NORERKHOCTA Enis Ry

Tropm Tankeypd Muatpa Cyprporux Qyo [ETONER B USK0BLX W NODopOTORHbX
YENGRHAX © MOKCHMANEHOH NPOUIBOAHTEN b
HOCTRE M \#I,UE;E' THOM B HOCMONBIOA0HMH

Lexonoi / Noboporopssm npwbop onm Cyprponsae yo npegroanosen ang
HAMELEHIR TOPAMETROR WEROKDEATOCTH  TOMHOR CUSHEH NTOPOMETROR WEPOoXoad-
M RONHBRCTOCTH HO FIF'.IFlM.hI.Ii. i {E}!‘_!'F}HHE'(:':HH TOCTH D.ETEH'I“ HEr‘IGEpEﬂG’EEHHD HO

HHTHYTHH_."IH'EHH",'TH.H MDBELKHOCTRX, MECTE 28 HATOTORNEHAA HOMOTHEM
Hamepesiva paguyco fyne, yrmon OIHOA KHOMKM, 30 CHMTOHHEIS CEryHbL
HOKNOHO I1FJDL1:'H.I|1S. MAHERHEY PO3MEPOE NPL AT LB L] K HOM C BOLLIMMMA

o] tI(JHEF}%}rL}(:H !'I{_]UL'I'.IHHFI. CriELsace SKMMM 30 MHA H MB NP2 00OCTOBRMM




