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B cTtaTbe paccMoTpeH 0cobbif Kacc ONTUKO-
3/IEKTPOHHbIX NPU60pPOB, UMeKLWMNX paboumnmn
cneKkTpasbHbIf guanasoH ot 0,25 no 0,3 MKM,
No/JIy4YMBLLUNIA HA3BaHUE COJIHEYHO-C/IeNnomn
ynbTpaduonet, Tak Kak CoJIHe4YHoe usnyvyeHune
YyKasaHHbIX AJIMH BOJIH NPaKTU4eCcku

He focTuUraet 3eMHOW NOBEPXHOCTU. DTOT Knacc
npu6opoB GpyHKLMOHUPYIOT faxke B YC/I0BUSX
pa6oTbl npoTne CoNHLA, YTO HEAOCTYIMHO
HUKaKOM Apyrom cucteme. B ctaTbe, Hapsay

€ 0CO6e@HHOCTSAMU NPU6OPOB COJIHEYHO-C/IENOro
Y®-agnanasoHa, npusefeHbl BApUaHTbl Npu6opoB
AN pa3inyHbIX cpep NnpuMeHeHus.

Knwo4eBble c/10Ba: COIHEYHO-C/IeNon,
Y®-gnanasoH, YO-nenenratop, YO-cucremMol
HaBeaeHus, AaTYUK BCMbILLIKMN

CTaTbs nocTynuna B peaaxkumio: 14.08.2021
CTatba npuHaTa K nybamkaumm: 10.09.2021

TMochepa 3eM/iM B cTpaTochepe Ha BBICOTE
A25—30 KM HMeeT IIOJIOCY IIOIVIOII@HHSI O030Ha
B obnacth ynbrpaduoneroBoro (Y®) crek-
Tpa 0,25-0,3 MKMm. IlosTomy Y®-usnyyenue ConHIla
He JIOXOUT JI0 IIOBePXHOCTH 3eM/IH, 06pa3yst B HU3KHX
CJ1051X aTMOCepBI, a UMEHHO B Tporocdepe, TaK Ha3bl-
BaeMYIO COTHEYHO-C/IeIlyIo» 30Hy. B 5ToM 30He conHed-
HOe M3/IyYyeHHe YKa3aHHBIX JJIMH BOJH IIPAKTHYeCKU
He JOCTHTaeT 3eMHOH ITOBEPXHOCTH, a IIPO3PaYHOCTb
ONTHYeCKUX TPAcC OTIHUYAEeTCs OT Hy/IeBOU.
ONTHKO-37IeKTPOHHBIE  CHCTEMBI, HMeWIIue
COTHEYHOro-CJIenioNt YO-paboumil CrIeKTpaslbHBIN AHa-
Ma3oH, QYHKIMOHHUPYIOT AaKe B YCIOBHSAX PaboThl
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Specific Features
of Solar Blind
UV-Range Devices
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This article reviews a specific variety of optico-
electronic devices operating in the spectral
range from 0,25 to 0.3 pm, which is commonly
referred to as Solar Blind Ultra Violet (SBUV)
spectral range as the solar radiation of the said
wavelengths does not virtually reach the earth
surface. The devices of this category are operable
even in the viewing conditions “against the sun”,
which is not possible with any other system.
Apart from special features of the SBUV devices,
their designs for various areas of application are
reviewed.
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an altitude of 25-30 km has an ozone absorp-

tion band in the ultraviolet (UV) spectrum of
0.25-0.3 pm. Therefore, UV radiation from the Sun
does not reach the Earth’s surface, forming in the
lower atmosphere, namely in the troposphere, the so-
called “solar blind” zone. In this zone, the solar radia-
tion of the indicated wavelengths practically does not
reach the earth’s surface, and the transparency of the
optical paths differs from zero.

Optoelectronic systems, which have a solar blind
UV working spectral range, function even when they
work “against the sun”, which is inaccessible to any
other system. For example, in optical-electronic sys-
tems of the visible and infrared (IR) spectral ranges,
when working “against the sun”, intense solar radia-
tion hits the photosensitive area of the photodetector
and creates strong interference or disables the entire
device.

Let’s consider the features of solar blind UV devices
for different applications.

The Earth’s atmosphere in the stratosphere at
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npotuB CONMHLIA, YTO HENOCTYIIHO HHUKAKOH JPYroi
cucteMe [1]. Harpumep, B ONITHKO-3/IEKTPOHHBIX CHCTe-
Max BUIMMOro U HHPpaKpacHoro (MK) crieKTpaIbHBIX
IHMAIa30HOB IpH pabore mpoTuB COMHIIA MHTEHCHB-
HOe COJTHeYHOe U3/TyueHHe I0MajjaeT Ha CBeTOUYBCTBU-
TebHYI0 0671acTh (OTOIIPHUEMHOIO YCTPOKCTBA K CO3-
IaeT CH/IbHbIE IIOMEeXH HJIH >Ke BBIBOLUT M3 CTPOS BeCh
ripubop (2, 3].

PaccMOTpPUM  0CO6@HHOCTH ITPHO6OPOB COTHEUHO-
cnernoro Y®-auana3oHa /i pa3sHbIX IPUMeHeHHH.

1.  YO-MEJEHTATOPDI

Haunbonee mupoxoe NIpHMeHeHHe IPHOOPBI CONHeY-
Horo-cieroro Y®-crekTpa B BuOe Y®-IleleHraTo-
POB HAIUIM B CHUCTeMax IIPOTHBOJEHCTBUS Tep-
POPHUCTHYECKMM aTakaM B COCTaBe KOMIIJIEKCOB
60pTOBOI 060POHEI HE TOTIBKO BOEHHBIX, HO U IPAKAAH-
CKUX aBUabopTos [4].

C MX IIOMOIIBI0 3KUIIAKH MOTYT IIOJY4aTh IIpef-
YIPeKIEeHHUsI O IIPUOIMKeHHH PaKeT 110 06HaPY>KeHHIO
C/IefIOB X PaKeTHBIX ABUTraTeneri. ObecriedrnBas CKOpO-
€T 0T 600 10 1400 M/C, ABUTATeNH PaKeT BBIOPACBHIBAIOT

i g

1. UV DIRECTION FINDERS

Devices of the solar blind UV spectrum in the form of
UV direction finders have found the most widespread
use in the systems of countering terrorist attacks as
part of the airborne defense systems of not only mili-
tary, but also civilian aircraft [1].

With their help, crews can receive warnings
about the approach of missiles by detecting traces
of their rocket engines. Providing speeds from 600
to 1400 m/s, rocket engines emit a jet of exhaust
gases heated to high temperatures, which are high-
temperature sources that ionize the air to form UV
radiation.

One of the variants of the UV direction finder was
developed at the ROMZ PJSC enterprise. The design
solution with the traditional placement of functional
units in a single body is shown in Fig. 1.

The device contains a narrow-band light filter,
a UV lens, an UFK-2 UV radiation sensor, additional
sensors, which include a GPS/CLONASS receiver,
a compass, an altimeter, and electronic units for pro-
cessing and issuing signal information.

BTYJII(I/I BHEIIIHEro KperjieHUus
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CBeToOUIBTP O6beKkTuB  YPK-2

Puc. 1. Bapuaum peanusauuu Y®-neareHzamopa
Fig. 1. Variant of heat source direction finder
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CTPYIO BBIXJIOIIHBIX Ta30B, Pa30TPeThIX [0 BHICOKHX TeM-
IIepaTyp, KOTOpble IIPe[CTaBISIOT COO0M BBICOKOTEMIIE-
PaTypHBIe HCTOYHHKH, HOHU3HUPYIOLIKe BO3AyX ¢ obpa-
30BaHHeM H3lydeHHs YP-cekTpa [5].

OpuH U3 BapuaHTOB Y®-meneHratopa paspaboraH
Ha npennpudatud I[IAO «POM3», KOHCTPYKTHBHOE
pellleHye C TPaSULIMOHHBIM pasMelleHHeM QyHKIK-
OHAJIPHBIX Y3/I0B B eQHHOM KOpIIyCe IpeacTaBIeHo
Ha puc. 1.

[Ipubop COmEep>KUT Y3KOIIOJIOCHBIM CBEeTOQHIBTP,
V®-06BeKTUB, OaTYUK Y®-usnyyenus YPK-2, momoi-
HUTe/IbHbIE JATYMKM, K KOTOPBIM OTHOCSATCS IIPHeM-
HUK GPS/TJIOHACC, xoMmac, aIbTHMETP (BbICOTOMep)
M 37IeKTPOHHBIE 6JI0KM ISl 06paboTKU U BBIOAYM CHI-
Ha/IbHOM UHQOpMaIIHU.

ITpy TakoM KOMIUIeKTallK K Y®-Tie/IeHraTop B COCTaBe
6opTOBOro KOMIUIEKCA 0becrieYHBaeT M3MepeHHe Tpex-
MEpHBIX KOOPAMHAT MCTOYHHUKOB YOP-U3nydeHUs,
a UMeHHO: OIlpelie/leHHe IIUPOThI, JOJITOTEl X BBHICOTEI
HaJl, [I0BePXHOCTbIO 3eMJIH.

Jatuuk Y®-u3nydeHHs IIpencTaBisieT coboi ¢oTo-
3/IeKTPOHHBIN yYMHOXHUTEIb OTE€YeCTBEHHOIO IIPOH3-
BozcTBa YOK-2, mpeobpasyromiuil 371eKTPOMarHUTHOe
M3/Iy4yeHHe OITUYECKOro AUalla3’oHa C JJIHMHAMK BOJIH
ot 210 mo 350 HM B 3/1eKTpHUYeCKHH CMIHal. OH HMeeT
IIOSYIIPO3payuHbIN GOTOKATON Ha OCHOBE reTepO3IIHUTaK-
CHQJIBHBIX HAHOCTPYKTYp coenriHeHHI GaN/AlN, Bbipa-
IIeHHBIX Ha IIOMJIOKKe M3 candupa, CUCTeMy YMHOKe-
HUS, COCTOSILIYIO M3 OBYX MHKPOKAaHAJIBHBIX IVIACTHH,
U YeTbIPeXCeKTOPHBIM aHO[, C YeThIPbMS OTAeIbHBIMU
BBIBOJIAMM, KOTOPBIM II03BOJISET OIPefe/NNuTh LIeHTP
37IeKTPOHHOM JIaBUHBI, GOPMHPYEMOM [IByMS MHKPO-
KaHaJIbHBIMHU [UIACTUHAMU JasKe B CJly4ae II0IIaJaHHs
Ha $OoTOKaTOH BCero ogHoro ¢oroHa. MIMeHHO LIeHTp
JIAaBHHBI CYUTAeTCsl KOOPAMHATOM IONaJaHus $OoToHA
Ha poToKaTox,.

KoopauHaTy OIIpefe/sioT 0 COOTHOIIEHHIO HaIlps-
SKeHUH, S5KBUBAJIEHTHBIX 3apsiilaM Ha KakIOM aHOJE,
COIVIaCHO CIeAYIOIUM GopMyIaM:

X=(U;+U,-U,-Uy) /(U + Uy + U+ Uy + Ugy),
Y=(U;+U,-Us-U,) /(U +U,+ U+ Uy + Uyys),

rae: U; - HAIIpSDKeHUsI, CHUMaeMble C i-T0 KBaf[paHTa
KOJI/IeKTOPA.

®yHKIMOHA/JIbHAA CXeMa BapuaHTa Y®-IiejeHra-
TOpa MpeAcTaBleHa Ha pUC. 2. QYHKIMOHHUPOBAHHE
CHCTeMBI IIPOUCXOIUT C/IeAyIIHM 06pa3oM. TOKOBEIe
CUTHaJIBL C aHOAOB YPK-2 momarmTcsa Ha TpPaHCHMIIe-
IDAHCHBIe YCHJIMTENH, Ipeobpasyioliye TOK B HAIIps-
>keHHe. C BBIXOJIOB yCHJIMTe/NeN CUTHA/IBI IOCTYIAI0T
Ha puddepeHIIHAIbHBIE YCUIUTENIH, GOPMHUPYIOIIKE
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In this configuration, the UV direction finder as
part of the onboard complex measures the three-
dimensional coordinates of UV radiation sources,
namely: determination of latitude, longitude and alti-
tude above the Earth’s surface.

The UV radiation sensor is a domestically produced
photomultiplier UFK-2, which converts electromag-
netic radiation in the optical range with wavelengths
from 210 to 350 nm into an electrical signal. It has
a semitransparent photocathode based on heteroepi-
taxial nanostructures of GaN/AIN compounds grown
on a sapphire substrate, a multiplication system con-
sisting of two microchannel plates, and a four-sector
anode with four separate leads, which makes it pos-
sible to determine the center of an electron avalanche
formed by two microchannel plates even in the case of
only one photon hits the photocathode. It is the center
of the avalanche that is considered the coordinate of
the photon hitting the photocathode.

The coordinate is determined by the ratio of voltages
equivalent to charges at each anode, according to the
following formulas:

X=(U;+U,~Uy-U3) /(U + Uy + U3+ Uy + Ug),
Y=(U,+U,-U;-U,)/(U;+U,+U;+ U, + Ugy),

where: U; are the voltages taken from the i-th quadrant
of the collector.

The functional diagram of the UV direction finder
option is shown in Fig. 2. The functioning of the
system is as follows. Current signals from the UFK-2
anodes are fed to transimpedance amplifiers that con-
vert current into voltage. From the outputs of the
amplifiers, the signals are fed to differential amplifi-
ers that generate paraphase signals necessary to match
the levels of three differential analog-to-digital con-
verters (ADC) of the STM32H743ICT6 microcontroller
with multiplexing of the input analog channels. The
use of differential channels of a 16-bit ADC can reduce
the conversion noise from the digital ground of the
microcontroller.

In the 14-bit ADC mode, the maximum conversion
frequency is 4 MHz, and when the input multiplex
channels are allocated to three channels for each ADC,
the maximum conversion frequency for all channels is
4/3 MHz.

Please note that the microcontroller has a maxi-
mum clock frequency of 480 MHz, which is suffi-
cient to run software without an operating system
(0S). For communication with external systems, two
interfaces are used: CAN or Ethernet 10/100. The
microcontroller is connected with the receiver of the
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Puc. 2. ®yHKUyUOHANbHAS cxema YD-neneHzamopa

Fig. 2. Functional diagram of UV radiation source direction finder

napadasHele CHUTHAJIBI, HeOOXOOUMBIe IS COIJa-
COBaHHMA C YPOBHAMH Tpex IuddepeHIIHaTbHBIX
aHa1oro-IUdPoBLIX Npeodpazosartenent (ALII) MUKPO-
KoHTpo/utepa STM32H7431GT6 ¢ MYIbTHUIIIEKCHPOBA-
HHEeM BXONHBIX aHa/IOTOBBIX KaHa/IOB. KcIionb3oBa-
HUe nuddepeHIIHATIBHBIX KaHAJIOB 16-TH pa3spsiiHOIO
ALIT 1o3BO/ISIeT YMEHBIIMTh IIYyM ITpPeobpa3oBaHMUS
0T UMPPOBOU 3eMJIM MHKPOKOHTPOJLIIEpa.

B pexxuMe 14-Tu paspspmoB ALIl MaKCHMalbHas
4JacToTa Irpeobpa3oBaHus paBHa 4 MI'Ll, a IIpH pacripe-
JleJIeHUH BXOJHBIX MY/JIbTUIIIEKCHBIX KAHAJIOB I10 TPU
KaHaJIa Ha KakAbIHA ALl MakCHMasbHas 4acToTa Ipe-
0bpa3oBaHUs BCeX KAHAIOB COCTaBsAeT 4/3 MI'LI.

CrnenyeT oOpaTUTb BHHMAaHHEe, YTO MHKPOKOH-
Tpo/l/Iep MMeeT MaKCHMaJbHYI TaKTOBYIO YacTOTY
480 MI1, OOCTAaTOYHYIO [JIS HCIIOJIb30BAHMS IIPO-
rpaMMHOro obecredeHusi 6e3 oOIepallHOHHOH
cuctemsbl (OC). s CBA3U C BHEIIHHMMMK CHCTEMaMH
UCIIoNB3yI0TCSL ABa MHTepderica: CAN mnu Ethernet
10/100. MHUKpPOKOHTPOJI/IEp C IIOMOIIBIO ABYX IIOCIIe-
IoBaTenbHbIX HHTepdeiicoB USART (RS232) cBs-
3aH C IIPHeMHHKOM KOCMHYeCKOH HaBHUTALIUOHHOM
cuctemsl [JIOHACC/GPS/GALILEO/QZSS/SBAS mopy-
nem GeoS-5M.

B rpakIaHCKUX INPHMEHEHHSX COTHEYHO-C/IeIlon
Y®-mienieHraTop MoKeT ObITh 3PEeKTHBEH B COCTaBe
OeCIIMIOTHOIO KOMIIJIeKca, pellalollero 3afadu
¢urcauuy fedeKTHBIX MeCT BbICOKOBOJBTHBIX
TUHUM 3/71eKTpollepefad I10 BO3SHHUKHOBEHHIO KOPOH-
HBIX Pa3ps/ioB, CIEKTP CBEeYEHMs KOTOPBIX IIOKA3aH
Ha puc. 3.

GLONASS/GPS/GALILEO/QZSS/SBAS space navigation
system by the GeoS-5M module using two serial USART
(RS232) interfaces.

In civil applications, a solar blind UV direction
finder can be effective as part of an unmanned com-
plex that solves the problem of fixing defective places
of high-voltage power lines upon the occurrence of
corona discharges, the emission spectrum of which is
shown in Fig. 3.

The calculation of the UV direction finder objective
is based on the spectral characteristics of the corona

YnsTpaduoner BUIMMBIN UAIIa30H
| | |
200 300 400 500
JUIMHA BOJIHBI, HM
Puc. 3. Cnekmp ceée4eHusi KOpoOHH020 pasps10d
Fig. 3. Spectrum of corona discharge glow
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obrekTHBa VY®-IeleHratopa OCHOBaH
Ha CIeKTPa/IbHOM XapaKTepHCTHKe CBeYeHUs! KOPOH-
HOTO paspsiia, M OKOHYAaTeJbHBIM BapHAaHT CXEMBI
peayin30BaH C NpPHMeHeHHeM C/IeAyIoIleH THHeHKH
MaTepHa/IoB: GTOPHUCTOrO KajIbLKsl, KBAPLIEBOIoO CTeK/Ia
U cardupa.
Y3KOIOJIOCHBIM ONTHYecKUI YO-GUapTp 61okupyer
CIIeKTP COJTHEYHOTO U3/Iy4eHHs U BBIIe/IsgeT COTHeYHO-
C/IeTIor y4acToK Y®-crexrpa ¢ AA=(0,24-0,28) MKM.
OCHOBHBIe  TexXHHYeCKHe  XapaKTepUCTHUKHU
Y®-miesieHraTopa:
*  CHeKTPAIbHBIN paboduil JUAIIa30H ~
0T 240 mo 280 HM;

*  [aJBHOCTb OOHAPY>KeHHS KOPOHHBIX Pa3psiioB ~
0o 15 km;

* yroj Ions 3peHus -30°;

* TOYHOCTH OIIpeJie/IeHHs YI/IOBbIX KOOPOAUHAT —
He boree +0,5°;

* TOYHOCTb OIIpe/ie/leHH s TPpeXMePHBIX KOOpAHHAT ~
He bonee +0,5 M;

* HHTepderic CBSI3U C 60TOBBIM KOMIIBIOTEPOM ~
CAN, Ethernet 10/100;

+ rabapuTHble pa3Mepsl - He 6oree
120x120 %250 MM;

* HampsoKeHHe NMUTaHuA - 22,2 B (unu Apyroe
I10 BBIOOPY 3aKa34HKa);

* TOK ITOTpeb/IeHUs IIPH HAIIPSKeHUH ITHUTa-
HHS22,2B-1mo03A;

e Macca - He bosee 2 KT;

* [uarasoH pabouux TeMIlepatTyp - oT -40 1o +55 °C.

YeTblpexaHOAHBIN YMHOXHUTeNb YPK-2 obnamaer
BBICOKHMH IapaMeTpaMHu. Tak, ycuaeHHe mopska 100
u 6ormee pa3 OTKPHIBAET IIHMPOKHE BO3MOXKHOCTH JJIS
obHapykeHHUsI Cl1abbIX CHIHAJIOB, a 3asBIeHHAs TOY-
HOCTb OIIpefie/leHHUsl YIJIOBBIX KoOpOMHAT +0,5° saBid-
eTCsl BIIOJIHE JOCTaTOYHOM /11 MHOTHX ITPaKTHYeCKHX
IIPHMeHeHHH.

i mpoBefleHMS CIIeLMa/IM3HPOBAHHBIX H3Mepe-
HUM, TpeOyIOmMX KapAHHAJIbHOIO IOBBHIIIEHHS TOY-
HOCTH OIIpele/ieHHs KOOpPAWHAT, IIpeAlpUsaTHe
«ITpOH3BOACTBEHHO-TEXHHUYECKHUI LIeHTp «YpaIAIMa-
3HHBeCT” IpeyIO’KUIO HOBYIO, KOHCTPYKTHBHO YIIPO-
IIeHHYI0 CXeMy II03UIJMOHHO-YyBCTBUTE/IbHOIO
doTomnpreMHHKa Ha OCHOBe ajMasa, o6safarolnyio
yMeHbIIeHHbIMU FabapUTHBIMU Pa3MePaMH.

Ha puc. 5 mokasaHa cxeMa KBaJPaTHOILO PacCIIONO-
SKeHHSI KOHTAKTOB IIPUEMHOIO 3/IeMeHTA TaKOr'0 YeThl-
PEeXKOHTAKTHOIO IO3ULIMOHHO-YyBCTBUTEIBHOIO $OTO-
IIpUeMHUKA C 0603HaUeHHeM «IIPUBSI3KHU» KOOPIHUHAT
€ro To4YeK M IIATHA 3acBeTKHU. [IpHMeMHHK SB/IsSeTCS
IIOJIHOCTBIO aHA/IOTOBBIM ITPHU6OPOM M MIHOBEHHO Cpa-
baThIBaeT Ha 3acBeTKy. PaspemeHue mpubopa 3aBU-
CUT OT paspelleHHs ONTHUKH M PAaBHOMEPHOCTH CBOM-
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OonTtudeckun YP-QUILTP

1-g rpymnmna 1MH3

Puc. 4. Onmuueckas cxema YP-obsekmusa
Fig.4. Optical arrangement of UV lens

discharge and the final version of the scheme is imple-
mented using the following line of materials - calcium
fluoride, quartz glass and sapphire.

A narrow-band optical UV filter blocks the solar
radiation spectrum and emits a solar blind portion of
the UV spectrum with AA=(0.24-0.28) microns.

Main technical characteristics of UV direction
finder:

« spectral working range is from 240 to 280 nm;

+ detection range of corona discharges is up to

15 km;

 angle of view is 30°;

« the accuracy of determining the angular coordi-

nates is no more than +0.5°;

« accuracy of determination of three-dimensional

coordinates is no more than +0.5m;

« communication interface with the bot computer:

CAN, Ethernet 10/100;
+ overall dimensions is no more than
120x120 x250 mm;

 supply voltage is 22.2 V (or another one at the cus-

tomer’s choice);

Puc. 5. Cxema 4-x KOHMAKMHO20 pomonpuemHuKa
Fig.5. Layout of 4-contact photodetector
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Puc. 6. KoHcmpyKuus 8akyymHo20 3MUCCUOHHO20 NpUeMHUKA
Fig.6. Design of airvoid emission receiver

CTB (OTOYYBCTBUTE/IBHOIO MaTepHajia II0 IUIOIALM.
[TpueM curHasa, ero ouudpoBKa U OIpefeeHe Koop-
JWHAT 3aHHMaeT MUHHMAJIbHOe KOJTH4eCTBO BpeMeHU
U He TpebyeT 60IBIINX BBIYHUCIUTEIBHBIX MOIIHOCTEH,
TaK Kak B OT/IM4YHe OT MaTpuIiel 1000x1000 s5memMeHTOB
06pabaThIBaeTCs BCEro OfHA, 3apaHee U3BeCTHAs, eNHH-
CTBEHHO HY>KHAs TOYKa U300pasKeHH.

XapakTepHON 0COOEHHOCTBIO KaHa/lIA IleleHTalluU
c ucrionp3oBaHueM OV gBiseTCs ClIOCOBHOCTH TOYHOTO
oIpefiesieHHsI KOOPAKMHAT TOIbKO OfHOK OMACHOM LIeNH.
IIpy HAJIMYKUM HECKOJIbKUX Lieflell UX OLHOBpeMeHHoe
IIOJIO’KeHHe He ollpenensiercs, a obpaboTka cHUrHama
CTAaHOBUTBCSI HEBO3MOXKHOK .

B cBs13u ¢ 3THM 6e3yC/IOBHBIN HHTEpeC IpefCTaBsieT
paspaborka Y®-dporompuemHuKa JOII apXUTEKTyphl
Ha OCHOBe HOBOK KOHCTPYKIIUM TBEPAOTENBHOIO CIIeK-
TPaJIBHOTO IIpeobpa3oBarens YP-1300paskeHHs AHama-
30Ha 20-270 HM B U300paskeHUe fuamna3oHa (738+10) HM
M B BUAMMOe K300pasKeHHe, ITPOBefleHHAs IpeArIpu-
stusmyu HUY MUIT u 000 «M3JI3 d3Y» (puc. 6).

Ha puc. 6a moka3aHa KOHCTPYKLHS BaKyyMHOIO
3MHCCHOHHOIO IPHeMHHKA: | - BaKyyMHO-TIJIOTHBIM
MeTa/I/Io-KepaMHUYeCKUH KOPIYC, 2 — BXOLHOe OKHO,
BBIIIOJIHEHHOE Ha OCHOBE aJIMa3HOM IIIACTHHBI, HAaChl-
IIeHHOM C BHeIIHeM CTOPOHBI SiV IleHTpaMU KaK MUHU-
MyM [0 TONIIUH ~o! (0 - KO3POUITHEHT IIOITIOIIEHKS
cBeTa B paboyeM CIIeKTPAJIPHOM JAMaIla3oHe), 3 - $oTo-
KaTof, YyBCTBUTE/NbHBIM B CIIEKTPaJIbHOM AHaIla30He

~730-740 HM ¥ cOpPMHUPOBAHHBIM Ha THIIBHOK CTOPOHE

IUIACTUHBL QJIMA3HOI'O BXOJHOIO OKHAa, 4 — MHKPO-
KaHa/ipHasa IwiactTiHa (MKII), 5 - KaTOZOIIOMHHEC-
LIeHTHBIN 3KpaH (KJI3), 6 - BOJIOKOHHO-OIITHYeCKoe
crexiio (BOC).

Ha puc. 6b mpencrasneHo ¢poto YO-poToKaTos ceTda-
TOrO THUIIA Ha OCHOBe aJIMa3HOM IIJIEHKH, Ha PHUCYHKe
6¢ - doTo Y@ 3011 B KOpILyCe 2+ ITIOKO/IeHH S C A/IMA3HBIM
¢$oToOKaTOAOM, HA PUCYHKE 6d - BUgMMOE H3o6pa>1<eHHe

+ consumption current at a supply voltage of 22.2V

isupto3A;

+ weight is no more than 2 kg;

 operating temperature range is from -40 to +55 °C.

The four-anode multiplier UFK-2 has high parameters.
Thus, an amplification of the order of 10° and more
times opens up wide opportunities for detecting weak
signals, and the declared accuracy of determining the
angular coordinates of +0.5° is quite sufficient for many
practical applications.

To carry out specialized measurements requiring
a radical increase in the accuracy of determining the
coordinates, the UralAlmazinvest Production and Tech-
nical Center proposed a new, structurally simplified
scheme of a position-sensitive photodetector based on
diamond, with smaller overall dimensions.

Fig. 5 shows a diagram of the square arrangement
of the contacts of the receiving element of such a four-
contact position-sensitive photodetector with the desig-
nation of the “binding” of the coordinates of its points
and the illumination spot. The receiver is a fully analog
device and instantly responds to ambient light. The
resolution of the device depends on the resolution of the
optics and the uniformity of the properties of the photo-
sensitive material over the area. Receiving a signal, digi-
tizing it and determining coordinates takes a minimum
amount of time and does not require large computing
power, since, unlike a matrix of 1000x1000 elements,
only one, known in advance, the only needed image
point is processed.

A characteristic feature of the direction-finding chan-
nel using a PMT is the ability to accurately determine
the coordinates of only one dangerous target. If there are
several targets, their simultaneous position is not deter-
mined, and signal processing becomes impossible.

In this regard, the development of a UV photode-
tector of an EOC architecture based on a new design
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npeobpa3oBaHHOro Y®-H3/1yuyeHUs! IIHPOKOAIEPTYP-
HOTIO IIy4Ka OT McTo4YHKKa JJC-30 (0,18-0,28 MKM).

M306paskeHre 00BEKTa IIPOELIUPYeTCsl HA BXOA-
HOe OKHO 2 U IIOIVIOIAeTcs B obbeme CEHCOpPHO-
ITpeo6pa3oBaTeIbHOTO C/I0S BXOAHOIO OKHA (aJMa3Hast
IUIeHKa ¢ SiV-LleHTpaMH Ha 1I060M MaTepHajie BXOLHOIO
okHa JOII, mpo3payHoOM sl U3lydeHUd 730-740 HM),
Ife B IUIOCKOCTH aJIMa3sHOM IJIACTHHBI TeHepPUPYIOTCS
IIPOIIOPLMOHAIBHO OCBEIEHHOCTH HepaBHOBECHBIE
3IeKTPOHBI U ABIPKU. IlocienHMe, 3aXBaTbIBasiCh SiV-
LIEHTPaMH, H3/1y4aTelbHO PeKOMOHMHUPYIOT C POsKIe-
HHEeM KBaHTOB CBeTa JJIMHOM BOJIHEI ~738 HM. MIX YHCIIO0
[IPOIIOPLMOHAIBHO HWHTEeHCHUBHOCTH PpacIipefeieHus
BXOIHOTO Y®-1306paskeHHUs] B IUIOCKOCTH BXOJHOTIO
OKHa JO0II. Pe3ynbTaToM B3aHMOJEMCTBUS SBISAETCI
IIpsiMoe ITPOIIOPIIMOHAIPHOE CIIeKTPATbHOE IIpeobpaso-
BaHHe YO-KapTHHBI H300pakeHUN B OIITHYECKoe H30-
6paskeHHe Ha [UILHE BOJIHEL B 738 HM.

[TonyyeHHOe H300paskeHHe O00BEKTA IIOMafaeT
Ha $oTOKaTon 3, OCaKOEHHBIM Ha THUIPHOK CTOPOHE
BXOJHOIO OKHa 2 M HMMEIOIIHUH BBICOKYIO KBAaHTOBYIO
3QPEeKTUBHOCTE C MaKCMMYMOM YyBCTBUTE/IbHO-
CTU B JuamnasoHe 730-740 HM, KOTOPBIH IIPOIIOPLIKO-
HAJIBHO ITpeobpasyeT ero B AByMepHOe H300paskeHMe
B doroanexTpoHaxX. POTO3NIEKTPOHLL JBYMEPHOIO H30-
OpakeHHUsI YCKOPSIIOTCS IIOJIeM, KX 3HEPrusi U 4HCIO
IIPOIIOPLIMOHAIBHO ITpeobpasyrorcs MKII 4 Bo BTOpHY-
HBIe JJIEKTPOHBI, 3aTeéM BTOPMYHBIE 3JIeKTPOHBI Kap-
THUHBI H300pPasKeHHS YCKOPSIIOTCS IIoJIeM B KaHalIax
MKII, HCOBITEIBAS BTOPUYHBIE YMHOKEHHS HX YHCIIA,
Y, BBIXOAs W3 KaHajoB MKII, yCKOpSIOTCA M HaIIpaB-
nsrorcst Ha KJI9 5, mpeobpasyloIlyi yCUIEHHYIO Kap-
THUHY M300pa>keHHH BO BTOPUYHBIX 37IeKTPOHAX B OIITH-
yeckoe M300pakeHHe B BHUAMMOM 4YacTH [AMalla3oHa,
BrIBomrMoOe 13 YP D0IT yepes BOC 6.

MUHHMQIBHO paspelllaeMasi BeJIMYHHA TaKoro YO
J0Il MOKET COCTABIATH AOJIM MHMKPOHA, a TOYHOCTh
I1eJIeHTalMH C €0 IIOMOIIbI0 MHOTOKPATHO BO3pacTaeT.
ITpu 3TOM CTaHOBHTCS BO3MOXKHBIM OIIpeJe/ieHre KOop-
OYHAT He OfHOM, 3 MHOKeCTBa OIIaCHBIX LIe/IeH.

[IpyMHLMKIT PerucTpaliviyd MCTOYHUKA H3TydeHUs
B CO/MHeYHO-cJlerloM Y®-IHuara3oHe MOXKHO OLI@HMTb
10 XapaKTepPHBIM KaipaM CIIeLIHa/IbHOK BHE0ChbeMKH
(puc. 7).

Ha pucyHKe IIpeficTaB/IeHBl pe3y/lbTaThl paboTsl TB
KaMephl, YyBCTBUTEIBHOU K Y®- M BHUIMMOK YacTH
CIIeKTpa. BepxHHUM CHHMOK IeMOHCTpPUpYyeT paboty
COJTHEYHO-CJIETIOT0 KaHa/la, He pearrupyrollnero Ha coj-
HeYHOoe H3/JIy4YeHHe, TaK KaK KaJp IIOJAy4YeH B TeM-
HOTe, U Hab/IIOfAeTCsl HeMOCPeNCTBEHHO TOJIBKO TOT
y4aCTOK C KOPOHHBIM paspsaoM. Ha HMKHEM CHHMKe
BBIBeZIeHO H300paskeHHe TOro skKe CaMOro ydacTKa IIpU
COJTHEYHOM 3acBeTKe. YUHMTBIBasl, 4uTo TB Kamepa BoC-
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of a solid-state spectral converter of a UV image in
the range of 20-270 nm into an image of the range
(738+10) nm and into a visible one, carried out by the
Moscow Institute of Electronic Technology and MELZ
FEU LLC, is of undoubted interest. (Fig. 6).

Fig. 6a shows the design of a vacuum emission
detector: 1- a vacuum-tight metal-ceramic body, 2 - an
entrance window made on the basis of a diamond plate
saturated from the outer side of the SiV with centers at
least to a thickness of ~a! (ar is the light absorption coef-
ficient in the working spectral range), 3 - photocathode,
sensitive in the spectral range of ~730-740 nm and
formed on the back side of the diamond entrance win-
dow plate, 4 - microchannel plate (MCP), 5 - cathodolu-
minescent screen (CLS), 6 - fiber-optic glass (FOG).

Fig. 6b shows a photo of a grid-type UV photocath-
ode based on a diamond film, Fig. 6¢ shows a photo of
a UV EOC in a 2+ generation housing with a diamond
photocathode, and Figure 6d shows a visible image
of converted UV radiation from a wide-aperture beam
from a DDS-30 (0.18-0.28 um).

The object image is projected onto the input win-
dow 2 and absorbed in the volume of the sensor-
transforming layer of the input window (a diamond
film with SiV centers on any material of the input
window of the EOC, transparent for radiation of
730-740 nm), where nonequilibrium electrons are gen-
erated in the plane of the diamond plate in propor-
tion to the illumination and holes. The latter, being
captured by SiV centers, radiatively recombine with

Puc. 7. KopoHHbili pazpsd 6 memHome (88epxy) u npu con-
HeuHom ceeme (8HU3Y)

Fig. 7. Corona discharge in the dark (at the top) and in bright
sunlight (below)
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IIPUHMMaeT U BUAMMBIHN CIIEKTpP, 3TO JaeT NpefcTaB-
NleHHUe ellle ¥ 06 oKkpysKaroIlell 06cTaHOBKe B TOM BHUJE,
B KOTODOM OHa BOCIPHHMMAETCS IIPHU BH3YaJbHOM
HaOIIOoeHUH.

I[TeneHraropsl, paboTamomue B YO-9acTH CIIEKTpa,
3HA4YUTe/IBHO JelneBe MK-I1eeHraTopos, He TpebyOT
OXJIKIEHUS M, KaK yKe ObLIO CKa3aHO BBIIIE, MeHee
[IOABep>KeHBl JeHCTBUIO IIOMeX OT COTHEUHOIO U3/lyue-
HHs, TaK KaK OHO ITOIJIOIAeTCS CJI0eM 030Ha B BEPXHHUX
crnosix aTMocdepel (rmosoca Fapties).

IlosgBneHre aBHALIMOHHBIX Y@-IIeJIeHTaTOPOB IIPH-
BeJI0 pa3pabOTYMKOB K MBICTH O BO3MOXKHOCTH BBe-
JeHusi Y@-IelleHraTopoB aTak B COCTaB TaHKOBBIX
KOMIUIEKCOB 3aluThl, U B 2000-2006 rogax Ha 3amanie
OBUIM MPeIIPUHSTHI IOIBITKY Pa3paboTKU TaKUX IIPHU-
6opoB [7]. B mpoliecce MCIBITAHUI yAaBaaoCh 3aperu-
CTPHMPOBATh MMITY/IEC CPAbaThIBAHHUS CTAPTOBOTO YCKO-
PUTeIsl IPOTHBOTAHKOBBIX YIIpaB/IsieMbIX pakeT (IITYP)
Milan, Ho He 6bLIO YCTOMYHBOIO CIeKeHHS 32 PaboTok
MapIIeBOIo ABUTATEJIs.

TO CBA3aHO C TEM, UTO, B OTJIMYHeE OT aBHALIMOHHBIX
paxket, IITYP umeroT ckopocTd ~500 M/c, a cocTosInHe
Ha BOOPY’KeHHHM CTapble THIBI — MeHee 300 m/c. Mx
SHEpreTHKa IIOYTH Ha IIOPSIOK cabee, YeM y 3eHUT-
HBIX M aBHALIMOHHBIX pakeT. [TUK M3ny4yeHHs dakena
CMelleH B 6oree IJIMHHOBOTHOBYIO 00J1aCThb, K TOMY SKe
IIPHMCYTCTBYIOIIEe Ha cpese comia YO-M3ny4yeHHe 3Kpa-
HHUPYeTCS 37MeMeHTaMH KOpIyca JeTAIled IpIMO
Ha TaHK PaKeTHl.

Perucrpaniyis TOJABKO HMMIIyJbCa CTapTa HemoCTa-
TOYHO MHPOPMATHBHA, TaK KaK He II03BOJISAET OIlpene-
JIUTh HaIlpaBJ/IeHHe I10/IeTa PAKeThl K OLIEHUTh CTeIIeHb
yrpo3nl. K ToMy >ke C/lI0)kKHasi IomMexoBasi 06CTaHOBKa
Ha3eMHOTro 60 (IIbUIb, [ABIM, BBICTPE/IBI, B3PhIBBI) CHHU-
JKaeT HaJe>KHOCTh IIPHMEeHeHUs IIeJIeHraTopa U BeleT
K JIOKHBIM CpabaThIBAaHUSIM. Pe3y/lbTaThl II0JIEBBIX
HUCIBITAHUH, NPOBeleHHBIX B [epMaHMH, II0Ka3alIx
HeIOCTaTOYHOCTb YYBCTBUTEIBHOCTH U IIOMEXOYCTOM-
YUBOCTU YO-TIeJIeHraTopoB. MCIOBITaTeNHM MIPHILIN
K BBIBOJIY O 11e/1eco06pa3sHOCTH Iepexofia K 6osee yCTOM-
YHUBBIM KaHaltaM cbopa HHPOpMaLMK, HAIIPHUMep
K PaJIM0/I0KalJHOHHOMY KaHaiy [8].

C 2007 roma Y®-TiesleHTraToOphl H3-32 HEJOCTATOYHOM
3QPeKTUBHOCTY He MCIIONB3YIOTCS IS OCHAIleHHs
CepUIHBIX 06BeKTOB OPOHETAHKOBOM TeXHUKH H OBUIH
MCKIIOYEeHBl W3 IIPeAIlojiaraeéMoro CocTaBa IIepCIIeK-
TUBHOU repMaHcKor BMIT Puma.

OTedecTBeHHbIe MCCIENOBAHUS TaKKe II03BOJISIOT
coenaTh BBIBOA, O TOM, 4TO Y®-IieJleHraTtop araku
He MOXKeT OBITb OCHOBHBIM JATUHMKOM B 6opToBOM
KOMIIJIeKCe 3aIlMThl Ha3eMHOM 60eBOM MaIIHHBI,
HO IOJIe3eH KaK AOIOTHHUTENbHBIM HCTOYHUK cOopa
MHQOpMALIMH, LieHa JIOKHOTO CpabaThIBaHUSI KOTO-

the production of light quanta with a wavelength of
~738 nm. Their number is proportional to the intensity
of the distribution of the input UV image in the plane
of the input window of the EOC. The result of the
interaction is a direct proportional spectral transfor-
mation of the UV image pattern into an optical image
at a wavelength of 738 nm.

The resulting image of the object falls on the photo-
cathode 3, deposited on the back side of the entrance
window 2 and having a high quantum efficiency with
a maximum sensitivity in the range of 730-740 nm,
which proportionally transforms it into a two-dimen-
sional image in photoelectrons. Photoelectrons of a two-
dimensional image are accelerated by the field, their
energy and number are proportionally converted by MCP
4 into secondary electrons, then the secondary electrons
of the image pattern are accelerated by the field in the
MCP channels, experiencing secondary multiplication
of their number, and, leaving the MCP channels, are
accelerated and directed to the CLS 5, which converts an
enhanced picture of images in secondary electrons into
an optical image in the visible part of the range, output
from the UV EOC through FOG 6.

The minimum resolved value of such a UV EOC can
be fractions of a micron, and the direction finding
accuracy with its help increases many times over. In
this case, it becomes possible to determine the coordi-
nates of not one, but many dangerous targets.

The principle of registration of a radiation source
in the solar blind UV range can be estimated from
the characteristic frames of special video filming
(Fig. 7).

The figure shows the results of a TV camera that is
sensitive to UV and visible parts of the spectrum. The
upper image demonstrates the operation of the solar
blind channel, which does not react to solar radiation,
since the frame was taken in the dark and only that
area with a corona discharge is directly observed. The
lower image shows the image of the same area under
sun exposure. Considering that the TV camera also
perceives the visible spectrum, this also gives an idea
of the environment in the form in which it is perceived
during visual observation.

Direction finders operating in the UV part of the
spectrum are much cheaper than infrared direction
finders, do not require cooling and, as mentioned
above, are less susceptible to interference from solar
radiation, since it is absorbed by the ozone layer in the
upper atmosphere (Gartley band).

The emergence of aviation UV direction finders led
the developers to the idea of the possibility of intro-
ducing UV direction finders of attacks into the tank
defense systems, and in 2000-2006, attempts were
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poro HeBBICOKA U MOKET OBITh IIpOBepeHa APYrHMMHU
YCTPOMCTBAMH [8].

2. YO-CUCTEMbl HABEAEHUA
YMPABJIAEMOIO BOOPYXXEHUA
OcobeHHOCTH CONMHEYHO-ClIeroro Y®-puamasoHa
CIIeKTpa OTKPBIBAIOT BO3MOKHOCTb MOJEPHH3ALIHNH
KoMIuiekcoB IITYP B 4YacTH YyCOBEpIIEHCTBOBaHHS
CHCTeM YIIPaBIeHHS II0JIeTOM PaKeT, MCIIOIb3YIOUIMX
HK-Tpaccep /19 KOPpPeKLHU TPAeKTOPHH I10/IeTa.

He cekper, uTo mcrionb3oBaHue HMK-Tpaccepa mop-
BepKeHO IOoMeXaM 3a C4eT OTPKeHHM COJHEeYHOIO
H3/lyueHUd OT 3eMHOH IIOBePXHOCTH M Ha3eMHBIX
IpegMeToB. MX Iepen3lIy4yeHHe CTAaHOBUTCS IIPHUYHU-
Hou cboeB MK-IaTYUKOB CUCTeMBI HaBefeHUsI. OgHaKO
IIPH NIPSIMOM HaONIOfIEHWH Cpe3a COIUIA JBHUTIaTess
netsinero ITTYP co cTopoHEI oriepaTopa pH OTCYTCTBUH
nomex oT ColHLA MOXHO 3QPEeKTUBHO HCII0Ib30BATh
cobctBeHHOe Y-m3nyueHue asuratesst [ITYP B Kaue-
CTBe Tpaccepa AJisl YIIpaBIeHUs [10JIeTOM PaKeThl. JTO
yIIpoOIllaeT KOHCTPYKTMBHOE MCIIOJIHeHHEe KOMILIeKCa
IITYP, Tak KaK M3 COCTaBa PaKeThl ITOJIHOCTHIO MCKIIIO-
yaeTcss MUK-Tpaccep.

TpebyeMBIN y3KHMI CIIEKTPaJIbHBIN AMAIIa30H OIIpe-
IensieTcsl, UCXOAsl U3 KOHCTPYKTHBHBIX 0COOEHHOCTE
IBUTATeleH HCIIONb3yeMBIX PAKeT, YTO 00yC/IOBIHBaeT
psin obIMX MPH3HAKOB. OCTAHOBUMCS HAa HEKOTOPBIX
W3 HUX.

PaboTa MasorabapuTHOTO ABHUIATeNIs] OpPHEHTALUH
Ha TOIUIMBHOM Ilape «MeTaH-KHUCJIOPOJ» B BHIHNMOM
CIIeKTpa/IbHOM [Halla3oHe IIpefcTaBleHa Ha pHC. 8.
HeBoopy>keHHBIM TIj71a30M GPOHT IIZIaMeHHM HMeeT
CHHe-3eJIeHBbIH LIBeT CBeYeHHs. JJuarpaMma CIIeKTpa
M3ydyeHHs ¢paKesia IVIAMEHH I[IPY CKUTaHHUM rasa H30-
6paskeHa Ha puc. 9.

Ha rpa¢uke IBHO BBIPKEH «BCIUIECK» H3/Iy4eHHs
B y/IBTPadHOIeTOBOI 06/1aCTH CIIeKTPa, KOTOPBIH IIPHU-
XOOUTCA KaK Pa3 B 30HE COJIHEYHO-
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made to develop such devices in the west. During the
tests, it was possible to register the triggering impulse
of the launching accelerator of the anti-tank guided
missiles (ATGM) “Milan”, but there was no stable track-
ing of the propulsion engine.

This is due to the fact that, unlike aircraft missiles,
ATGMs have speeds of ~500 m/s, and the older types in
service are less than 300 m/s. Their energy is almost
an order of magnitude weaker than that of anti-
aircraft and aircraft missiles. The peak of the torch
radiation is shifted to a longer wavelength region,
moreover, the UV radiation present at the nozzle exit
is screened by the elements of the body of the rocket
flying directly to the tank.

Registration of only the launch impulse is not infor-
mative enough, since it does not allow determining
the direction of the missile’s flight and assessing the
degree of threat. In addition, the complex jamming
environment of ground combat (dust, smoke, shots,
explosions) reduces the reliability of the direction
finder and leads to false alarms. The results of field
tests carried out in Germany have shown the lack of
sensitivity and noise immunity of UV direction finders.
The testers came to the conclusion that it is advisable
to switch to more stable channels for collecting infor-
mation, for example, to a radar channel [2].

Since 2007, due to insufficient efficiency, UV direc-
tion finders have not been used to equip serial objects
of armored vehicles and were excluded from the pro-
posed composition of the promising German infantry
fighting vehicle, Puma.

Domestic studies also allow us to conclude that the
UV attack direction finder cannot be the main sensor
in the on-board defense system of a ground combat
vehicle, but it is useful as an additional source of infor-
mation collection, the cost of false triggering of which
is low and can be checked by other devices [3].

cilerioro muariazoHa 0,2-0,3 MKM.
HMeHHO ero Haubosee Iie/1ecoo-
6pasHO HCIIONB30BaTh B CHCTEMAaX
KOPPeKLIMU HaIlpaBjleHHs II0jeTa
PakeT Ipu HaOMIOmEHUH CO CTO-
POHBI COILIA ABUTATeIs.

CoMHeHUEe BBI3BIBA€T TOJIBKO
IANbHOCTh JEHCTBHS B COJTHEUHO-
cieriom Y®-muaria3oHe. DTa IJIaB-
Hasg ocobeHHocTh Y®-muarasoHa
6pIIa HCCTemOBaHA ITOBEPXHOCTHO,
a CyLlecTBYWOLas MHXeHepHas
MeTOLMKa  pacyeTra IIpo3pau-
HOCTH aTMocdeprl B [OHaIla30He

Puc. 8. [lgsuzameAnb Ha monAugHoU nape «memaH-kKucaopod», NASA
Fig.8. Methane and oxygen fuel engine, NASA

0,22-14 MxM paspabaTriBanacs TOU
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M. C.H.BaBuIoBa B HHTepecax 0TpaboTKU MHOOpMa-
LIMOHHOIO TpaKTa KOCMMYECKOIO 3Ile/I0Ha CHCTeMBI
IIpenyIIpeXkIeH s 0 pAaKeTHOM HallaleHUH, 00JIacThb ee
[IPUMeHeHHs PacIIpoCTpaHsIach Ha yCIOBHSI Habmio-
IeHus U3 KocMoca [10], mostomy He TpeboBasa ocoboit
IeTalu3aluK YCIOBHUH HA6MIONeHUS B IPH3eMHOM
croe.

B 2008 romy corpysHHKaMu [V «BbICOKOTOPHBIH
reodU3nUeCKMN MHCTUTYT» PocrugpomeTra IIpoBe-
JeHBl SKCIIePHMEHTHI 110 Olpefle/leHUI0 0CObeHHOCTer
pacrpocTpaHeHus Y®-M3nydeHUs B ropax, a TakoKke
yepe3 obnaka, KOTOpble [JAlTH YHHKAJIbHBIE Pe3ysb-
TaThl. B ob;akax, Ha BBICOTE 2 KM, IIPU JOKIE U CHere
0OHaAPYsKUIIOCh ITPOXOsKIeHHe YO-CUrHaa C JaTbHOCTH
1 KM IIpH MeTeOpOJIOTHMYeCKOHN JaTbHOCTH BUAHUMOCTH
(MIB) menee 80 M, IIpXU 3TOM HIMeJIach BO3MOYKHOCTD
He TO/NBKO obeCrieyMBaTh IIpHEM SHEpreTHYecKHUX
CUTHaNIOB B Y®-guara3oHe, HO U HAXOAUTb C TOYHO-
CTBIO 10 1 rpagyca MOJIO’KeHHe HMCTOYHHUKA. ITO IO~
TBepKAAeT (aKT OTCYTCTBHS CYILIECTBEHHOIO IIOIJIO-
IeHUs HU3nydyeHnsd YO-IHamnasoHa Ha BOOSHBIX Iapax
1 IaeT BO3MOSKHOCTb TOBOPHTH O BefIeHUH paboT B aH-
HOM CIIeKTpPajIbHOM [AHalla3oHe B YCJIOBHAX TyMaHa
¥ 00671aYHOCTH HA AATBHOCTSX A0 HECKOTBKUX KM,

Takor [OAnbHOCTH BIIOJIHE JOCTATOYHO ISl YIIPaB-
neHust nonerom IITYP B Ha3zeMHOIM OOCTaHOBKe IIpU
OTCYTCTBUU (QOHOBOIO M3JIy4eHHs M, C/Ief0BaTeJIbHO,
IIpH OTCYTCTBHM MeIIAIOIINX OTPaKEHUM OT 3eMHOM
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Fig.9. Burning of natural gas and black oil fuel, flame bush
emission spectra
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2. UVTARGETING SYSTEMS FOR GUIDED
WEAPONS

The features of the solar blind UV range of the spectrum

open up the possibility of modernizing ATCM systems

in terms of improving missile flight control systems

using an IR tracer to correct the flight trajectory.

It is no secret that the use of an IR tracer is suscep-
tible to interference due to reflections of solar radia-
tion from the earth’s surface and terrestrial objects.
Their re-radiation becomes the cause of failures of the
IR sensors of the targeting system. However, with
direct observation of the nozzle cut of the flying ATCM
engine from the operator’s side in the absence of inter-
ference from the Sun, it is possible to effectively use its
own UV radiation from the ATGM engine as a tracer for
controlling the rocket flight. This simplifies the design
of the ATCM complex, since the IR tracer is completely
excluded from the rocket.

The required narrow spectral range is determined
based on the design features of the engines of the
missiles used, which leads to a number of common
features. Let’s dwell on some of them.

The operation of a small-sized engine of orientation
on a fuel pair “methane-oxygen” in the visible spec-
tral range is shown in Fig. 8. With the naked eye, the
flame front has a blue-green glow. The diagram of the
emission spectrum of the flame during gas combus-
tion is shown in Fig. 9.

The graph clearly shows a “burst” of radiation in the
ultraviolet region of the spectrum, which occurs just
in the zone of the solar blind range of 0.2+0.3 microns.
It is the most expedient to use in systems for correcting
the direction of flight of missiles when observed from
the side of the engine nozzle.

The range in the solar blind UV band calls in ques-
tion. This main feature of the UV range was inves-
tigated superficially, and the existing engineering
method for calculating the transparency of the atmo-
sphere in the range 0.22-14 pm was developed by the
S.I.Vavilov State Optical Institute, in the interests of
working out the information path of the space echelon
of the missile attack warning system, the scope of its
application extended to the conditions of observation
from space [4], therefore, it did not require special
detailing of the observation conditions in the surface
layer.

In 2008, the employees of the State Institution
“High-Mountain Geophysical Institute” of Russian
Meteorological Service conducted experiments to
determine the characteristics of the propagation of UV
radiation in the mountains, as well as through clouds,
which gave unique results. In the clouds, at an altitude
of 2 km, with rain and snow, a UV signal was detected
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[IOBEPXHOCTH U HAa3eMHBIX IIPEIMETOB, KOTOpbIe CIIy-
>KaT momexor MK-maTuyuKaM M PaHoJIOKALIMOHHBIM
cucremam (PJIC).

3. YO-CUCTEMbI NPU PEAJTU3ALNA
ANCTAHUMOHHOIO NOAPbIBA
CHAPAAOB

B nocnenHue rofpl 6osplIoe 3HaUeHHe IIpUaeTcs pabo-

TaM HaJl CO3JaHHEeM BBICOKOTOUHBIX apTH/UIEPUHCKHUX

boerrpriaco, obecreuMBaOMIKUX 32 KOPOTKOE BpeMs

IOpakeHHe B TAKTHYeCKOM 30He (Ha INTyOHHY [0 2-3 KM)

MaJIopa3sMepHBIX U YKPBITBIX Liesiel. B ocHOBe paboT

HCII0/Ib30BaHA TEXHOJIOTHS AUCTAaHIIMOHHOIO YIIpaBe-

HUS TOApPLIBOM boempuIlaca Ha 3aIaHHOM Ja/JIbHOCTH

Y Ha OIIpe/le/IeHHOK BBICOTe Haf, LIe/IbI0.

Cpeny mepBbIX Pa3paboTUMKOB ITONOOHBIX CHAPSIIOB
6pU1a mBerapckast kommnanus Oerlikon Contraves AG,
Bomrenmiass B 2000 romy B COCTaB F€pPMAaHCKOIO OpYy-
skelHOTro KoHIlepHa Rheinmetall-DeTec AG. Jtoi
KOMIIaHHel ObUIM co34aHbl 6oempHIIacel BO3ZYIL-
Horo mozpsiBa AHEAD (Advanced Hit Efficiency And
Destruction - «IoBbIIIeHHAasT 3))eKTUBHOCTh IIOMaAa-
HUSI U PaspylIeHUs»).

B Hel Hauboslee SIpKO ITPOSIBUJIOCH OTIMYMeE 3aIlaf-
HOM KOHCTPYKTOPCKOM IIIKOJIBI OT POCCHICKOI, KOTOpOe
3aKII04aeTcsl B CIefylollleM: Ha JyJIbHOM Cpese 3amaj-
HBIX OPyOHH YCTAaHOBJIEHBl CIlellHa/bHble KaTYIIKH,
KOTOpble IpH BbUIeTe CHapsfa IIOJAIOT Ha Hero
MMIIY/IbC CO BpeMeHeM 3aMe[JleHHs Ha pas3peiB. CyTb
MeTOo/Ia MJUTIOCTPUPYeTCst puc. 10.

I[Tpolecc BBOJA AAHHBIX O BpeMeHH IIOZIpbIBA CHa-
psiia OCyILIecTB/ISIeTCsl IO CIeflylolneMy aIrOpHUTMY.
XapaKTepHUCTUKH [ABMKEHHUS IeJIh OIpele/soTcs
JIa3epHBIM [OAJIBHOMEpPOM M IepemarnTci B IJBM
cucteMsl yrpasineHus: oraem (Fire Control Unit) gns
pacyeTa JAJIBHOCTH [0 Lield. JJaHHBIe O Ll IIOCTY-
AT B 6710K 3/1IeKTPOHUKU YCTAaHOBIIMKA B3pbIBATENIS
(ABM Electronics), Kyma Takke IleperaeTcsi U3MepeH-
Has [y/lbHasi CKOPOCTb CHapsfa. [lylpHasi CKOPOCTb
oIpenie/nsieTcsl C IIOMOILBIO IByX MHIYKIIMOHHBIX KaTy-
IIeK, PacCIOJIOCKeHHBIX Ha pacCTosHUHM 10 cm apyr
OT Apyra. IIpy NpoXOXKmeHUHU IepPBOM KaTyLIKH 3aIly-
CKaeTcs TakiMep, [P IIPOXOKAEHHUU BTOPOH KaTyLIKU
TaliMep OCTaHABIUBAeTCsl. 3Has PacCTOSHHE MeXKIy
KaTyIIKaMH M BpeMsl [IpoJieTa CHapsila MeXIy HUMH,
BBIUMCISAeTCA QaKTHYeCcKass CKOPOCTh CHapsga. JTH
JOaHHBIe IIOCTYIAIOT B KOMIIBIOTEp CHCTEMBI yIIpaBie-
HUs orHeM. OH BBIYHC/IsSIeT BpeMsI BCTpeuM CHapsa
C LIeJIbI0 U C IIOMOLIBIO ITIPOrPaMMaTopa IepeiaeT ero
Ha CHapsn.

[IporpaMMaTop COAEPKUT TPEeThI0 KAaTyMIKy HMHIYK-
TUBHOCTH, Ha KOTOPYIO IIOJAIOTCS KOAHPOBaHHBIE
HIMITY/IbChI BPeMeHHU I10JIpbIBa B3pbIBATE/IS.
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from a distance of 1 km at a meteorological visibility
range (MVR) of less than 80 m, while it was possible
not only to ensure the reception of energy signals in
the UV range, but also to find with an accuracy of 1
degree, the position of the source. This confirms the
fact that there is no significant absorption of UV radia-
tion by water vapor and makes it possible to talk about
conducting work in this spectral range in conditions
of fog and cloudiness at ranges of up to several km.

This range is quite enough to control the ATCM
flight in a ground environment in the absence of
background radiation and, therefore, in the absence
of interfering reflections from the earth’s surface and
ground objects that interfere with IR sensors and radar
systems.

3. UVSYSTEMS FOR THE
IMPLEMENTATION OF REMOTE
DETONATION OF PROJECTILES
In recent years, great importance has been attached to
work on the creation of high-precision artillery ammu-
nition, which ensures, in a short time, the defeat in
the tactical zone (to a depth of 2-3 km) of small and
sheltered targets. The work is based on the technol-
ogy of remote control of the detonation of ammuni-
tion at a given range and at a certain height above the
target.

Among the first developers of such projectiles was
the Swiss company Oerlikon Contraves AG, which
became part of the German arms concern Rheinmetall-
DeTec AG in 2000. This company created AHEAD
(Advanced Hit Efficiency And Destruction) air bursting
ammunition.

Here, the difference between the Western design
school and the Russian one was most clearly mani-
fested, which is as follows. On the muzzle of the west-
ern guns, special coils are installed, which, when the
projectile leaves, feeds it with an impulse with a time
of deceleration to rupture. The essence of the method
is illustrated in Fig. 10.

The process of entering data on the time of the pro-
jectile detonation is carried out according to the follow-
ing algorithm. The characteristics of the target’s move-
ment are determined by a laser rangefinder and are
transmitted to the computer of the fire control system
(Fire Control Unit) for calculating the range to the tar-
get. Target data is sent to the fuse installer electronics
unit (ABM Electronics), where the measured muzzle
velocity of the projectile is also transmitted. Muzzle
velocity is determined using two induction coils spaced
10 cm apart. When the first coil passes, the timer
starts, when the second coil passes, the timer stops.
Knowing the distance between the coils and the time
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Jis mprieMa JaHHBIX O BpeMeHH I10[phIBa B XBOCTO-
BOM YacTH CHapsiia HaXOOUTCS UeTBepTas KaTylIKa -
npyeMHas. IIpy Oy/lIbHOM CKOPOCTH CHapsla OKOJIO
1050 m/c Bech IpoLiecC M3MepeHHS OyIbHOH CKOPO-
CTH, BBIYMCIEHHH W NPOrpaMMHPOBaHMS CHapsa
3aHrMaeT MeHee 0,002 cekyH[I, II0oCjae 4Yero OaH-
Hble C IIPUEeMHOL KaTyIIKH BHYTPU CHapsiia Iiepe-
JAIOTCSl Ha MPOrpaMMHUPYeMBIH 3/IeKTPOHHBIN B3pbl-
BaTe/b, COJEPKAIME BBICOKOTOYHBIM 3/IeKTPOHHBIN
TaKnMep.

Buj HagyneHOro ycrporcrsa mymkyd MK 30-2/ABM
C JAaTYMKAMH-COJIEHOMJAMH Ha4daJbHOM CKOPOCTH
M IporpaMMaTopoM B3pblBaTelel CHapsiioB THIIA
ABM B cocTaBe KOMIIJIeKCa BoopyskeHHs BMII «Ilyma»
nepBor cepuw (2015 rox) mpeacTaBieH Ha poTorpaduu
(puc. 11).

TakuMm 06pa3oM, 3amafHBIN IOAXOM, K Pealn3alkuu
OUCTAaHIMOHHOIO IIoApbIBa 6asupyeTcss Ha H3MeHe-
HHUH KOHCTPYKLMKM OCHOBHOIO BOODYKeHHS M JIJif
€ro IIOJIHOLIEHHOIO MCIIOJIb30BAHUSA aBTOMaTHYecKas
IyIIKa HyXKOaeTcs B mopaboTkax. Kpome Toro, maT-
YUKW KU Kabenb Ilepefadm JAaHHBIX PACIIONATAIOTCS
CHAPY>KU M OTKPBITHI 15 10600 MeXaHHUYIeCKOTro BO3-
IeNCTBHUS, YTO 0CODeHHO KPUTHYHO IIPU 60eCTONIKHO-
BEHHUSAX UK IIPU IIPSIMOM OFHEBOM KOHTaKTe. Bormpoc
60eBOI >KHUBYUYeCTH TaKOK CHCTeMBl BCETZa OCTAeTCs

OTKPBITBIM.
3amaya, pemraemMas OTe4eCTBEHHBIMH IIPOE€K-
TUPOBIIHNKAMH, HMeeT [APYI'yl0 HAIIPABJIe€HHOCTb

KM 3aK/JII4YaeTcsa B HCIIOJIb30BaHHH apTI/IHHepI/II;ICKI/IX
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of flight of the projectile between them, the actual
velocity of the projectile is calculated. This data is fed
to the fire control computer. He calculates the time
of the meeting of the projectile with the target and,
using the programmer, transfers it to the projectile.

The programmer contains a third inductance coil, to
which coded pulses of fuse detonation time are fed.

To receive data on the detonation time in the tail
of the projectile, there is a fourth coil, a receiver. At
a muzzle velocity of the projectile of about 1050 m/s,
the entire process of measuring the muzzle velocity,
calculating and programming the projectile takes less
than 0.002 seconds, after which the data from the
receiving coil inside the projectile is transmitted to
a programmable electronic fuse containing a high-
precision electronic timer.

A view of the muzzle device of the MK 30-2/ABM
cannon with initial velocity solenoid sensors and an
ABM-type projectile fuse programmer as part of the
Puma BMP armament complex of the first series (2015)
is shown in the photo fig. eleven.

Thus, the Western approach to the implementa-
tion of remote detonation is based on a change in the
design of the main armament and for its full use, the
automatic cannon needs improvements. Furthermore,
the sensors and data transmission cable are located
outside and are open to any mechanical impact, which
is especially critical during combat or direct fire con-
tact. The question of the combat survivability of such
a system always remains open.

—
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V3MepeHHe HaYalbHOM CKOPOCTH
Ha BBIXOZie U3 CTBOJIA
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B BO3JyXe
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i
BIIOK DJIEKTPOHHUKA Y-
yIIpaBlIeHUS = | TI0ApPbIBa 6OempuIIaca G
OrHEM B BO3[yXee IIporpaMMUpPOBaHUE Tone3Has Harpyska:
B3pBIBATENS IIOPASKAOLTUI SIeMEeHT

Puc. 10. 3anadHebili eapuaHm peaausauuu cucmembl AUCMAHUUOHHO20 NOOpbI8a
Fig. 10. Western-type implementation of remote detonation system of munition
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Puc. 1. HadyabHoe ycmpolicmao 8 cocmase KoMnAeKca 800py>KeHUs!
BMIT «[yma»
Fig. 1. Muzzle device as part of Puma IFV armament system

The problem solved by domestic
designers has a different focus and
consists in using artillery systems
without changing their design,
that is, all remote bursting control
systems must be built into opto-
electronic devices and a projectile
with minimal modifications to
serial products.

ROMZ PJSC proposed the option
of fixing the flame of the shot by
the so-called flash sensor built into
the sight as a sensor for the exit
of the projectile from the barrel.
When fired, the flame is formed
due to the afterburning in air of

cucreM 6e3 M3MeHeHHUs UX KOHCTPYKI[UH, TO eCTh Bce
CUCTeMBl YIIpaB/lIeHUs IHUCTAaHLIMOHHBIM IIOJPBIBOM
IOJKHBI OBITh BCTPOEHBI B OIITHKO-3/IeKTPOHHEIE IIPU-
6opBl U B CHapsl C MUHHUMAJIBPHBIMU I0paboTkaMH
CepUUHBIX H3/Ie/THH.

IpepnpustueM [IAO «POM3» B KauecTBe JaTUHKa
BBIXOZA CHAPSAA U3 CTBOJA OBUI IIPeAJioskeH BapUAHT
bUKCcauY IJIaMeHU BBICTpesIa TakK Ha3bIBAeMBIM [AT-
YMKOM BCIIBIIIKH, BCTPOEHHBIM B IIpHLeN. [lnams
IIpU BEICTpesie obpasyeTcs BCIe[CTBHE [OTOPAHUS
Ha BO3ZlyXe BBUIETAIONIMX M3 KaHa/lIa CTBOJIA FOPIOYHX
rasos (OKHCH yIJepofa, BOLOpoJa, MeTaHa) U cBede-
HHS PacKJIEHHBIX I'a30B U TBePABIX yacTull [9]. OHO
TMIOSIBJISIETCS Ha HEKOTOPOM PACCTOSIHUU OT AYIbHOIO
cpes3a B IlepeHeH YaCTH BBIPBIBAIOIIErOCS M3 KaHAIA
CTBoJIA ra3oBoro obnaxa (puc. 12).

FopeHHeM IOpoXa OCYINECTB/ISIOT MeTaHHe CHa-
psifia B CTOPOHY HAaHMeHBIIETo COIIPOTUBIIEHHS, IIPU
3TOM BO3HHUKAaeT [y/1bHOe CBeueHHe. ITO KpaCHOBaTOe
CBeueHHe, KOTOPOe BUIHO [0 TOr0, KaK CHApSJ IIOKHU-
HeT cTBOJI. CBeUEeHHe CO3[AeTCsl [IeperpeThIMU ra3aMHu,
IIPOCOYMBIIMMUCSI MUMO CHapsiia

combustible gases (carbon monox-
ide, hydrogen, methane) escaping from the barrel
bore and the glow of incandescent gases and solid par-
ticles [5]. It appears at some distance from the muzzle
in the front part of the gas cloud escaping from the
bore (Fig. 12).

By burning gunpowder, the projectile is thrown
in the direction of least resistance, while a muzzle
glow occurs. This is reddish glow that is visible before
the projectile leaves the barrel. The glow is created by
superheated gases that seeped past the projectile and
emerged from the barrel ahead of time.

Generally speaking, a muzzle flash can be divided
into five distinct components. The primary flash is
caused by superheated propellant gases escaping from
the firearm behind the projectile, which emit their
energy into the environment in part as visible light.
The brightness of the primary flash is the highest, but
its heat dissipates very quickly and therefore is usually
not visible to the eye.

Intermediate flash is caused by the shock waves
generated by the high velocity of the exiting gases and

[ C oIlepeskeHHeM BBIIIEeIIHUMHU
M3 CTBOJIA.

Boobmie romopsi, AYIBHYIO
BCIBIIIKY  MOSKHO  pasfielUTh
Ha IISITh OTHAE/IbHBIX KOMIIOHEHTOB.
[lepBHUYHAs BCIBIIIKA BBI3BaHA
IeperpeTsMHU IIOPOXOBBIMHU
rasaMu, BBIXOOAIIMMU M3 OTHe-
CTPeJIBHOIO OPY>KMS 3a CHAapsoM,
KOTOpbIe M3/1y4aloT CBOIO SHEPIHI0
B OKPY)KAIOLIYI0 Cpefly YacTHUHO
KaK BHUAUMBIM CBeT. SPKOCTb
IIepBUYHON BCIIBIIIKK SIBJISIETCS
CaMOM BBICOKOHM, OJHAKO ee TeIlIo

Puc. 12. GMIT-2. [aams ebicmpena npu cmpenbbe u3 usdeaus 2A42
Fig.12. IFV-2. Blaze of flash when firing 2A42 item
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paccerBaeTCs O4eHb ObICTPO, M II0ITOMY OHA OOBIUHO
Majo3aMeTHa [/14 I71a3a.

ITpoMesKyTO4YHas BCIIBIIIKA BBI3BIBAETCS YAAPHBIMH
BOJIHAMH, CO3/IaBaeMbIMH BBICOKOH CKOPOCTBIO BBIXOISI-
IIMX [a30B U CHAPsiAa, U IIPOSIB/SETCs B BUe KPacHOBA-
TOr'O JHCKa [1epe, AyIbHBIM CPe30M.

BTopuyHas BCIBIIIKA IIOSB/ASIETCS Hajbllle BCEro
OT IY/IBHOrO Cpe3a B Buje 6ospmioro 6enoro Mim skei-
TOTrO IITaMeHH U BO3HHKaeT B pe3y/lbTaTe [TOBTOPHOL
BCIIBIIIKY BOCIUIAMEHEHUS - OKHUCIHTeNTBHOM peak-
LMY He IIOJHOCTBIO CrOpPEeBIIero BEIOpoca MpU CMe-
INMBAaHUK C OOM/IBHBIM KHCJIOPOZOM B OKpYsKaloIlek
aTMocepe.

ITocne paccerMBaHUS [OyIbHOM BCIIBIIIKK YacTHYHO
HeCropeBIIMH IIOPOX HJIM APyTHe HarpeTsle MaTe-
PHAIBl MOTYT BBIOPACBIBATBCS K3 MAYIBHOIO Cpe3a
U IIPOSIBJISITECS B BHUJE OCTAaTOUHBIX MCKp. [ly/bHBIE
BCIIBIIIKK CO3Jal0T OTYEeT/IMBYI0 KAapTHHY - IIOA-
IIMCH, KOTOPble MOTYT ObITh OOHAPY>KEHBI C IIOMOILIBIO
HK-Bu3yanMn3alliM, TaK KaK 371eCb BBICOKM TeMIlepa-
Typbl BCIIBIIIEK, TOPeHHSI M TeMIIepaTyphl B3pbIBa,
HeKOTOpble 3Ha4eHHs KOTOpeIX [10] 411 pa3sHBIX B3pBIB-
YaThIX BellecTs (BB) mpuBeneHs! B Ta61. 1.

JU1sl KSKOM TeMIIepaTypbl Mak-
CUMYyM H3/y4eHUsI COOTBETCTBYeT
oIlpefieZIeHHOM JIMHE BOITHBI, KOTO-
pasi, coIJIacHO 3aKOHYy BHHa, momy-
YeHHOMY AuddepeHIIHpoBaHHEM
3akoHa IInaHka [11], Bo3pacTaer
C yMeHbIlleHHeM TeMIIePaTyphl.

Hcmonp3ysd  3aKoH  cMelle-
HUs BuHa: A,,=2898/T [MKM],
roe T - TeMIepaTypa H3Jydalo-
mero Tena [K], u mepeBens 3Ha-
YeHHsI TeMIlepaTypbl Io Llens-
cuto (To) B rpagycel KenpBuHa
(Ty): Tg=T-+273,16, ompemenuM
WHTEPBAJI AJIMH BOJIHBI C MAaKCUMY-
MOM H37y4YeHHs AJII Pa3sIUYHBIX
B3pBIBUATHIX BelllecTB. Hampumep,
IJ1s1 HUTPOLIE/IIOIO3HOIO I10poXa
C TeMIIepPaTypoX BCHBIMIKU ~200 °C
U TeMIIepaTypou ropeHust ~2000 °C
(cm. Tabm. 1) WHTepBaI [JIHH

ThiX BEWECTB

explosives

A3ua CBUHLA
Lead azide

fpemyyasn pTyTb
[ekcoreH
RDX

[bIMHBI TOPOX
Black powder

B3pbiBYaTOE BELLECTBO
Explosive

Explosive mercury

HWTpOLLeNNt0N103HbIV MOPOX
Nitrocellulose gunpowder

i g

the projectile and appears as a reddish disc in front of
the muzzle.

A secondary flash appears farthest from the muzzle
as a large white or yellow flame and results from a re-
flash of ignition - an oxidative reaction of an incom-
pletely burnt outburst when mixed with abundant
oxygen in the surrounding atmosphere.

After the muzzle flash dissipates, partially unburned
gunpowder or other heated materials may be ejected
from the muzzle and appear as residual sparks. Muzzle
flashes create a clear picture, signatures, that can be
detected using infrared imaging, since there are high
flash, combustion and explosion temperatures, some
values of which [5] for different explosives are given in
Table 1.

For each temperature, the maximum radiation cor-
responds to a certain wavelength, which, according
to Wien’s law, obtained by differentiating Planck’s
law [6], increases with decreasing temperature.

Using Wien’slaw of displacement: A,,,=2898/T [uml,
where T is the temperature of the emitting body [K],
and converting the temperature values from Celsius
(To) to degrees Kelvin (Ty): Tg=T-+273.16, we define

Ta6nuua 1. TemnepaTypbl BCMbILWEK, FOPEHMS U B3PbiBa 418 Pa3HbiX B3pbiBYa-

Table 1. Temperatures of flash, combustion and explosion for different

TemnepaTtypa TemnepaTtypa TemnepaTtypa
BCMbILWKY, °C ropeHus, °C B3pbiBa’, K
Flash Combustion Explosion
temperature, °C | temperature, °C = temperature’, K
330-340 = =
175-180 - -

230 - 4000
290-310 - -
180-200 2000+3500 -
195-220 - 3800
290-295 = 3500

215 - 4600

BOJIHBI C MAKCUMYMOM HK3/TyYeHU s TeTpun
cocTaBUT ~Ah,,~(1,2-6,1) MKM Tetryl
(2898/2273,16 1 2898/473,16). TpoTun
I[Ipy TakoM CIIeKTpPaJbHOM TNT

JHamasoHe B KayecTBe [aT4YHKa

BCIIBIIIKM MOXHO HMCITIO/Ib30BaTh BHo

Penthrite

doronnpreMHUK THOa $3723-3
npousBogcrBa HUM «I'upukoHmg»,  *

CIIeKTP/IbHBIN AHUAIa30H KOTOPOIO

Ilo nauHbIM: https://slide-share.ru/brizantnie-vzrivchatie-veshchestva-263935

According to: https://slide-share.ru/brizantnie-vzrivchatie-veshchestva-263935
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OXBaTbIBaeT Hanbosee 3pdeKTHBHYIO YaCTh U3TyUeHHUS
[IePBUYHOM BCIIBIIIKH. IlapameTpsl $oTOIpHeMHHKA
®3723-3 mpHBeneHbl B TabiI. 2.

CyliecTBeHHBIM IIPEUMYILEeCTBOM SIBJISeTCS TO, YTO
B TaKOM [JATUHKe BBICTpela, BBHUAY 3HAYHUTe/TbHOM
ameprypel NpHEeMHHKA K HeOONbIIKM PaboduM [HC-
TaHLHSIM, He TpebyeTcst IOMOTHUTEe/TbHOM OIITHYeCKOH
crcTeMbl. TakKUM 006pa3oM, KOHCTPYKTHUBHOE HCIIOTHe-
HUe TIpubopa HabmomeHHUS-TIpUIeNa IS AUCTAHLIH-
OHHOTO IIOZIPhIBA CHAPSIIOB MOKET OBITH BBIIIOTHEHO
IIPOCTON MOJepPHHU3aLHel CePUHHBIX [IPHLIETIOB.

B KayecTBe MpHMepa MOXKHO IIPHUBeCTH MOZEp-
HHU3ALMI0 IMTaTHOIO BapHaHTA CEPUHHOrO IpHIiena
60eBoM MamIvHbl BTP-82A, COCTOAINEro U3 TOIOBHOH
YacTH U [BYX KaHAJIOB: OJHOKPATHOIO OIITHMYeCKOI'0
KaHaja KM MHOTOKPAaTHOTO OIITHKO-3JIEKTPOHHOIO
KaHasa [14].

®OTOIIpUEMHHUK [ATYUKA BCIIBILIKK BRICTpeJIa Liejie-
co0bpa3HO yCTaHABIUBATh B TOJIOBHOM YaCTH IpHLIeNa,
[I03TOMY B PACCMaTpPHBaeMOM BapHaHTe KOMIIOHOBKH
OH PacIIOJIO’KeH HeIIOCPeACTBEHHO II0f, TOJIOBHBIM
OTPaKALIUM 3epKa/IoOM, KHHEMaTHYeCKH CBA3aHHEIe
C OCHOBHBIM BOOPY>KeHHEM.

JaTyMK  BCIBIIMIKK  PerMCTPUpYeT  IIOTOK
HK-u371yyeHHsT CIOEKTPAJbHOrO [Oualia3oHa 2,6-
4,3 MKM, MOSBJISIOMHICS B MOMEHT II€PBHUYHOH
BCIIBIIIKK BBICTpesa. K3lydeHHe OT IIepBUYHOM
BCIIBIIIKKM IPOXOAUT IPUOOpPHBIE 3alMTHBIE CTeKIa,
OTPa’KaeTCs OT TOJIOBHOIO 3epKajla U (QUKCHUPYeTCs
NpHeMHOH IUIomafgkon ¢QoTonphueMHHUKA 1, KOTO-
pblil GOpPMHUPYET COOTBETCTBYIOUIWM 3JIeKTPHUUeCKUM
curnai (puc. 13).

[Tpuiienn [OIOJIHUTENIBHO OCHA-
IIAeTCS IBYMS MOAY/ISIMH: OIITHKO-
3JIeKTPOHHBIM Mofy/eMm 2, 3 61oka
J1a3epHOro ImporpaMmaropa-
usnydartens (JIIIM) kaHama OUC-
TAHLIMOHHOIO VIIPaBJIeHHS Bpe-
MeHeM IIOApHIBa CHapsimoB (KOY
BIIC) u HM3/1ydYaTelbHBIM KaHAIOM
MMIIYJILCHOTO JIa3epPHOIO JajIbHO-
Mmepa 4.

KasKOBIM M3 KaHAJIOB UMeeT cob-
CTBeHHOe IIpHeMHOe YCTPOMCTBO.
IIpreMHOe YCTPOIMCTBO KaHala
MMIIY/JILCHOIO JIa3ePHOr0 [JajIbHO-
Mepa BCTPO€HO B OOMH U3 OIITH-
YeCKUX KaHaJIOB IIpHIIeNa, a IIpH-
eMHoe ycrporcTso JIITHM KOY BIIC
B BHJIe CAMOCTOSTe/IHOIO y3/1a Pas3-
MeIlleHO HeIlOCPeACTBeHHO Ha CHa-
psime, paspaboTaHHOM Ha IIpef-

MapameTtp

Parameter

Pabo4mi cnekTpasbHbIA AManasoH, MKM
Operating spectral range, pm

LN1HA BOHbI MAKCMMYMa CNeKTPasibHOM YyBCTBUTENBHOCTU, MKM
Wavelength of the maximum spectral sensitivity, pm

Hanps»eHwne «xonocToro xoga», MB
No-load voltage, mV

®OTOTOK B pexKMMe KOPOTKOr0 3aMbIKaHMS, MKA
Photocurrentin short circuit mode, pA

ConpoTuBeHWE B «HyeBOM Touke» BAX, kOM
Resistance at the “zero point” of the VAC, kOhm

Bpems HapacTaHus (cnaza) obLyero Toka, MKC
Rise (fall) time of the total current, ps

Paszmep YyBCTBUTE/IbHOIO 3/IEMEHTA, MM
Sensing element size, mm
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the interval wavelengths with maximum emission
for various explosives. For example, for nitrocellulose
gunpowder with a flash point of ~200 °C and a combus-
tion temperature of ~2000 °C (see Table 1), the wave-
length interval with a maximum radiation will be

~My = (1.2-6.1) pm (2898/2273.16 and 2898/473.16).

With such a spectral range, an FE723-3 type photo-
detector manufactured by the Girikond Research Insti-
tute can be used as a flash sensor, the spectral range
of which covers the most effective part of the primary
flash radiation. The parameters of the FE723-3 photode-
tector are given in Table 2.

A significant advantage is that in such a shot sensor,
due to the large receiver aperture and short working
distances, an additional optical system is not required.
Thus, the design of the observation device-sight for
remote detonation of projectiles can be performed by
a simple modernization of serial sights.

As an example, we can cite the modernization of
the standard version of the serial sight of the BTR-82A
combat vehicle, consisting of a head part and two
channels: a single optical channel and a multiple opto-
electronic channel [7].

It is advisable to install the photodetector of the shot
flash sensor in the head of the sight, therefore, in the
considered variant of the layout, it is located directly
under the head reflective mirror, kinematically con-
nected with the main armament.

The flash sensor registers the flux of infrared radia-
tion in the spectral range of 2.6-4.3 microns, which
appears at the time of the primary flash of the shot.

Tabauua 2. NMapameTpbl doTonpuemMHmka ®3723-3 (HUWN «FTMpUKoHA»)
Table 2. Parameters of the FE723-3 (Girikond Research Institute) photodetector

3HayeHue
Value

2,6+4,3

3,2

100

50

3x3

npustitun HITO «ITpubop».
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B TBUIBHYI0 HYacTh CHapsia BCTPOEHO 3aIIHUTHOE
OIITHYeCKOe OKHO H3 JeHKocandupa ¢ uHTepbepeH-
LIMOHHBIM QHIBTPOM [UISI MOAY/S GOTONPHEMHOIOo
JHCTAHIIKOHHO-YIIPaBIs€MOI0 B3PBIBATe/IS (IYB),
KoTopoe obecrieqrBaeT HeOOXOOHMYIO I1OMeXO03alH-
IeHHOoCTh [IYB.

TakuM o06pa3om, B OCHOBE POCCHEIICKOIO ITPOEKTA
JIesKaT KOMIIOHOBOYHBIE DeIleHHsI, He IIOBTOPSIOIILe
3apybeskHbIe.

B 3amagHOM ITpoeKTe BOOPYsKeHHe OOBbeKTa HysKIa-
€TCsI B YCTAaHOBKe HOBBIX CHCTEM YIIPAaBIE€HMUS U 3/IeK-
TPOMarHUTHOI'O IIPOrpaMMarTopa. MOHTK [1OC/IeIHETO
MOJKeT OBITb CBSI3aH C CYILECTBEHHBIMHU TPYAHOCTSIMHU
KOMIIOHOBOYHOI'O M KOHCTPYKTHB-

i g

The radiation from the primary flash passes through
the instrument protective glasses, is reflected from the
head mirror and is fixed by the receiving area of the
photodetector 1, which forms the corresponding elec-
trical signal (Fig. 13).

The sight is additionally equipped with two modules:
an optoelectronic module 2, 3 of a laser programmer-
emitter unit (LPE) of a channel for remote control of
the projectile detonation time (CRC PDT) and an emit-
ting channel of a pulsed laser rangefinder 4.

Each of the channels has its own receiver. The
receiving device of the channel of the pulsed laser
rangefinder is built into one of the optical channels

HOIO XapakTepa, B TO BpeMs Kak
OTeUeCTBeHHBIM IIPOeKT IIpenyc-
MaTpHBaeT NpPHUMeHeHHe IIPOCTOMN
U JelleBOM J1a3epHOU CHCTeMBI
yIIpaBJIeHUsI, I103BOJISIOIIEE 00OF-
THCb MHUHUMAUIBHBIMHU IIepefes-
KaMu 60eBOI MaIIIMHBI.

[IperMmyIIecTBa TaKOM apxXHTeK-
Typbl O4YeBHAHEBI. OHa II03BOJISET
IATh TeXHHKe HOBble BO3MOXKHOCTHU
C MHUHHMQIbHBIMU BpeMeHHBIMU
M MaTepHaJlbHBIMH 3aTpaTaMH.
IIpu sTOM C/lefyeT OTMeTHTb, UTO
CHapsA, C OUCTAaHIIMOHHBIM YIIpaB-
JIeHHeM CYIIeCTBeHHO [elleBjie —
M3LeNIusa C IIpOorpaMMHPYeMBIM
B3pbIBaTe/IeM 3aIlafHOro THUIIA.

B aBrycte 2014 roga Ha [OOMO-
CKOBHOM mosuroHe OAO «HIIO
«I[Iprbop» 6BUTH ITPOBE/IEHI IIEPBBIE
HaTypHBIe HCIIBITAHHS B peaJlbHbIX
YCIOBHSX 9KCIUTyaTallMM BapHaHTa
npunena TKH-4TA-02 B cocTase
MaKeTHOI'O CTeHJa C YCTaHOBKOM
30-MM OymkH [12].

CtpensboBble HCIBITAHUS
Ha 33JlaBaeMbIX OAJIBHOCTSX IIOM-
pblBa CHapsAoB B PasIHYHBIX
IIOTOJHBIX YCIOBUSX OBUIM IIPH-
3HaHBl YCHOENHBIMH, TaK Kak
3¢ PeKTUBHOCTD ITOAPLIBA CHAPSA0B
cocTaBuiIa bonee 75%, 4TO IJis rep-
BBIX OIIBITHBIX 0Opa3lOB MpHLIena
Y CHaPSZOB SIBJISIETCS BIIOJIHE YIOB-
JIeTBOPUTeNbHEIM (pHC. 14).

be3yciioBHO, oTeyeCTBeHHAs Pas-
paboTka sBHIACP HOBBIM MIATOM
B Pa3BUTHU TEXHOJIOTHH ITpOrpaM-
MHPOBaHUS BO3IYIIHOIO IIOAPHIBA.

3alIUTHBIE ——
CTeKJIa

Puc. 13. BapuaHm mMH020KpamHo20 KaHana npuuena
Fig. 13. Variant of multiple channel sight

TonoBHOe 3epKaJIo
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BannucTUYecKUM BBIYMCIKUTENb, BBIIIOJHEHHBIN
C HCIO0Jb30BaHMEM MHKPOKOHTpo/iepa 1886BE2Y,
obpabaTbiBaeT JaHHBIE O JAJTBHOCTH [0 Lie/H, IOy~
YeHHBIe OT JIa3€pHOIo Ja/IbHOMEpa, a TakKe JaHHbIe
06 ycroBusX CTpensbbl (TeMIlepaTypa OKpPYsKaIloILIero
BO3/yXa, TeMIlepaTypa 3apsfia U [p.), U B ClefsIleM
pekriMe BBIYMCIISIET BeJIMYMHY I10JIeTHOIO BPeMeHH.
B MOMEHT BBICTpeJia JaTYMK BCIIBIIIKH BBICTpesia pop-
MHPYeT KOPOTKHH HMMIIY/JIbC, KOTOPBIM II€peBOLHT
6a/IIMCTUYeCKHU I BEIYHUCIUTENb B PeXKUM GOPMHUPOBA-
HHS UMIIY/IbCOB yIpaBiaeHus JIIIM. BalniucTH4YecKUU
BBIUKC/IHTENb 06eCIIeurBaeT BBOJ JATBHOCTH 0 LIeNH,
bopMHUpYys IO COIJIACOBAHHOMY QJITOPUTMY KOIO-
Bble IIOCBUIKM YIIPAB/ISIONIMX KMMIIY/JIbCOB, KOTOPhIE
IIOCTYIaIOT B OJIOK M3/lyueHUs. B 6710Ke H3lTydeHUs
bopmMHpyeTcs HMMIIYIbCHOE OIITHYEeCKOe HM3/IydyeHHe,
HaITpaB/leHHOe BIOJIb TPAeKTOPHH II0jieTa CHapsaga
U obecrieyuBaloIlee YCTAHOBKY B3PBIBATENS CHAPSAQ
Ha IIOAPbIB B 33JaHHOE BpeMs.

JaT4yuK BBICTpe/ia HaXOAKUTCS Ha PACCTOSHUM 10 2 M
OT Cpe3a CTBOJIa, PerUCTPUPYS BCIIBIIIKY OT BRICTpesia
U GOPMHUPYS HMITYJIbCHBIM CHUTHaI A 6a/THCTH-
YeCKOr0 BBIYHC/IMTENS. AIEPTypHBIM Yron ¢oTosse-
MeHTa, paBHBIM ~30°, obecmeunBaeT HaaekHOe Cpa-
b6aTbIBaHHME JATYMKA BBICTpesna 6e3 TOIOTHUTENbHON
BBIBEPKH I10 HAIIPaBIeHHUIO.

OnHaxo 1y JAaTYHKa BBICTpesia, YYBCTBUTEIBHOIO
B HMK-muamasoHe CIIeKTpa, BCerja CYILeCTBYeT IIPO-
61eMa BHENIHUX IIOMeX, ocobeHHO Ipu paboTe mpo-
THB COMHIIA, MOLIHOE U3/Ty4YeHHe KOTOPOro OYKBaIbHO
«3abuBaeT» poronprueMHUK (pUc. 15). KIMeHHO B 3TOH
CUTyallUl MOTYT ObITb B IIOJIHOM Mepe peal30BaHEI
IIperuMyIlnecTBa GOTONPHEMHUKOB COTHEYHO-C/IeII0r0
Y®-guara3oHa.

Puc. 14. GTP-82A. CmeHd08asi ompabomka npu cmpensbbe
u3 usdenus 2A72

Fig. 14 IFV-82A. Developmental testing when trap-shooting
with 2A72 armament
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of the sight, and the receiving device of the CRC PDT
LPE in the form of an independent unit is placed
directly on the projectile developed at the NPO Pribor
enterprise.

A protective optical window made of leucosapphire
with an interference filter for the remotely controlled
photodetector fuse (RCF) module is built into the rear
of the projectile, which provides the necessary RCF
noise immunity.

Thus, the Russian project is based on layout solu-
tions that do not repeat foreign ones.

In the western project, the armament of the object
requires the installation of new control systems and
an electromagnetic programmer. The installation of
the latter can be associated with significant layout and
design difficulties, while the domestic project provides
for the use of a simple and cheap laser control system,
which makes it possible to do with minimal altera-
tions of the combat vehicle.

The advantages of this architecture are obvious. It
allows you to give technology new opportunities with
minimal time and material costs. It should be noted
that a remote-controlled projectile is significantly
cheaper than a product with a Western-type program-
mable fuse.

In August 2014, the first full-scale tests in real
operating conditions of a variant of the TKN-4GA-02
sight as part of a mock-up stand with the installation
of a 30-mm cannon were carried out at the proving
ground of NPO Pribor OJSC [8].

Shooting tests at specified ranges of projectile deto-
nation in various weather conditions were recognized
as successful, since the projectile detonation efficiency
was more than 75%, which is quite satisfactory for the
first prototypes of the sight and projectiles (Fig. 14).

Undoubtedly, the domestic development was a new
step in the development of technologies for program-
ming air bursting.

The ballistic computer, made using the 1886BE2U
microcontroller, processes the data on the target
range obtained from the laser rangefinder, as well
as data on the firing conditions (ambient tempera-
ture, charge temperature, etc.), and calculates the
value of the flight time in the tracking mode. At the
moment of firing, the shot flash sensor generates
a short impulse, which transfers the ballistic com-
puter to the mode of formation of the LPE control
impulses. The ballistic computer provides the input
of the range to the target, forming, according to an
agreed algorithm, code messages of control pulses
that enter the radiation unit. In the radiation unit,
pulsed optical radiation is formed, directed along
the trajectory of the projectile and ensuring the
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Tonbko comHe4YHO-C/lemble GOTOIIPHEMHBIE YCTPOL-
CTBa CIIOCOOHBI PervCTPUPOBATH IYIBHYIO BCIIBIIIKY
IIPA CHUJIBHOM COTTHeYHOM (OHe, ITOCKOJIbKY IIPaKTHYe-
CKH He pPeardpyoT Ha 3TOT GpOH, TOr[a KaK Apyrue IIpu-
eMHUKH BUAHMMOIro U HMK-mHara3oHOB B TaKUX CJIOXK-
HBIX yCJIOBHSIX IIPOCTO «CIernHyT» [14-16].

AHANIM3UPys IIOPOXOBble 3apsiAbl, MOKHO OTMETHTD,
YTO CaMoe JipeBHee B3pbIBUaTOe BelllecTBO (BB) - AbIM-
HBIH [T0POX — IIpeZCTaBiIsieT CoB0 CMeCh ABYX TOPIOUHX
BellleCcTB (yrolnb M cepa) C OKHUCIHTeNeM (KaJareBas
CelUTpa) B C/leAyIolleM IPOLIEHTHOM COCTaBe: KaJlHe-
Basl CeJIUTpa - 75%, ApeBeCHBIN yroib - 15% 1 cepa —10%.
CenuTpa SB/seTCS OKUCIUTeNeM, JIerKO OTHAIOIIHM
KHCJIOPOJ, IIPU HAarpeBaHWH, Yro/lb — FOPIOYKM Belle-
CTBOM, a Cepa CIYKUT LIeMeHTaTOPOM, CBSI3bIBAIOILUM
CeJIMTPY C yIJleM, M OSHOBPeMEHHO TLOPIOYHMM Belle-
CTBOM, 0b/Ierdaronium BocIl/IaMeHeHHe [T0POoXa.

[Ipu ropeHHM cepbl Ha Bo3myxe obpasyeTcs moCTa-
TOYHO MHOro Y®-m3nydeHusa. Ha Ouarpamme cCIiex-
Tpa U3Ay4YeHUs IUIaMeHU cepsl [17], mpeAcTaBlIeHHOM
puc. 16, BUAHO, YTO M3ny4yeHHe HMK- U BUAMMOIO
[JHalla3oHa B CIeKTpe IIaAMeHH IIOYTH OTCYTCTBYIOT,
[I03TOMY IUIAMS CEPBl KasKeTCsl HaM 671eqHO-TOTybbIM.
Ecmu 661 MOXHO ObUlO BHAETh Y®-TyuM, IUIaMs
CepBl IIOKa3ajoCch OBl SpKUM. IIpU TOPEHHH CepEl
Ha BO3AyXe HaJIW4Ke 3HAUYUTENbHOH [OOMHU SHepPruu
B YO®-guamasoHe oT 250 mo 300 HM IIO3BOJSET IIPU-
MEHHMTb CONHedHO-clernoe GOoTOImpHeMHOe YCTPOH-
CTBO B KauecTBe JATYMKa BBICTpPe/la U IIPUMEHHUTD ero
B BapHaHTe MCIIONHeHUs cucTteMbl KIY BIIC c 1oBbI-
IIIeHHOM [10MEeXOyCTOMUNBOCTBIO.

Taxoke BO3MOKEH BAPHAHT BBeIEHHS B COCTAB IIPU-
LieJia elle OJHOr0 KaHaJla — KaHa/la PUKCALIMH pa3pbiBa
CHapsia, COCTOSIIIEr0 M3 Y3KOYIOJbHOTO OOBEKTHBA

Bakyymuoe obpynosanue
ANA ONTHEA W
MUKEPOINEETRPOHWER

MpoexkTHpoOBaHKE W
NPoWIB0ACTHED BAKYYMHLIX
HaNLINWMTENEHERIX

YCTAHOBOK «MoQ KNy s

Mporpamuoe cbecneyeHne
W BBTOMaTHI3UMA

HarotoeneHmne
TEXHOMNOrHYBCKNX
YCTPOWCTE

o)
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installation of the projectile fuse for detonation at
a given time.

The shot sensor is located at a distance of up to 2 m
from the barrel cut, registering the flash from the shot
and generating a pulse signal for the ballistic com-
puter. The aperture angle of the photocell equal to ~30°
provides reliable actuation of the shot sensor without
additional alignment in the direction.

However, for a shot sensor that is sensitive in the
infrared range of the spectrum, there is always a prob-
lem of external interference, especially when working

“against the sun”, the powerful radiation of which
literally “clogs” the photodetector (Fig. 15). It is in this
situation that the advantages of solar blind UV photo-
detectors can be fully realized.

Only solar blind photodetectors are capable of reg-
istering a muzzle flash in a strong solar background,
since they practically do not react to this background,
while other receivers of the visible and IR ranges sim-
ply “go blind” in such difficult conditions.

Analyzing powder charges, it can be noted that the
oldest explosive, black powder, is a mixture of two
combustible substances (coal and sulfur) with an oxi-
dizer (potassium nitrate) in the following percentage
composition: potassium nitrate - 75%, charcoal - 15%
and sulfur 10%. Saltpeter is an oxidizing agent that
easily releases oxygen when heated, coal is a combus-
tible substance, and sulfur serves as a cementing agent
that binds nitrate with coal, and at the same time
a combustible substance that facilitates the ignition of
gunpowder.

When sulfur burns in air, a lot of UV radiation is
generated. In the diagram of the emission spectrum of
a sulfur flame [9], shown in Fig. 16, it can be seen that

PazpaboTea ¥ MIrOTOBNEHWE
TOHKOMNEHOYHLIX HIAenWh

PazpaboTka TEXHONOrMA
thOpPMHPOBAHMA TOHKKX
nNeHoK

ONTHYECKHE INEMEHTLI

HansinurensHLIn CEpBHC

CnowHLIE U YHHKANLHKIE
NOKPLITHA
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www izovac-coatings.com
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1 COOTBETCTBYIOIIEr0 GOTOIIPHUEMHHKA, YTO I103BOJISET
IIOJIHOCTBIO KOHTPO/IKPOBATh U OLIeHHUBATh Pe3y/IbTaThl
CTpespOBI C YIIPaB/sieMbIM IIOJPLIBOM.

IIpy B3pbIBe Pa3spbIBHOIO 3apsifia OCKOJIOYHOIO CHa-
pafa Iof HeHCTBHEeM PacCIIUPSIONIUXCS ra3006pas-
HBIX ITPOAYKTOB JeTOHALIMH KOPIIYC CHapsiAa ApoOHTCS
Ha OCKOJIKH, KOTOpBIe Pa3/eTaloTCsI B pa3Hble CTOPOHBI,
Iopakasi Ha CBOeM IyTH JXKUBYIO CHIY U YSI3BHMble
yacTu 60eBoM TeXHUKH. [IIsl CHapsbkeHHs Ooerpuria-
COB OOBIYHO MPHMEHSIeTCS] IeKCOTeH, SIB/SIOIHUHICA
II0 CPaBHEHHIO, HAaIIpUMep C TPOTH/IOM, Bosee momr-
HBIM B3pBIBUATBIM BeIleCTBOM, II09TOMY B3PbIB COITPO-
BOXKIAETCSl O4YeHb BBICOKHUMU 3HAaueHHUSMH TeMIIepa-
TyPBl, CKOPOCTH U JaB/IeHUSI.

TemIiepaTypa B3pbiBa JocTHraeT 3500 K y Tporuia
1 4000 K y rekcorena (cM. Tabm. 1) ¥, B COOTBeTCTBUH
¢ dopmynoi (3), B 3TOM C/ydae ONTUMAIBHBIM OymeT
IpuMeHeHHe (QOTOIIPHEeMHHUKA, YYBCTBHUTEIBHOTO
B CIIEKTPAJIPHOM JHaIla30He AN=0,7-0,8 MKM.

Ho B 3TOM [Mama3soHe JOCTATOYHO MHOIO ITOMEXO-
BOT'O M3/1y4eHHs] KaK eCTeCTBEHHOT0, TaK U HCKYCCTBEH-
HOT'O IIPOMCXOKIeHHUS.

OnHako obpasyromiyecs: IIPYU B3phIBe rasbl, pa3orpe-
Thle JJO TAKHX BBICOKHX TeMIIepaTyp, HOHHU3HPYIOT BO3-
IyX, B KOTOpoM OyneT ob6pa3oBBIBAThCA ellle U H3/Tyde-
HUe Y®-crieKTpa. ITo AaeT BO3MOKHOCTD OCYIIECTBIISATh
dUKcaLIMIO pa3pbiBa CHapsia Haubosiee OIITUMaIbHBIM
BapHAaHTOM - C HCIIO/Ib30BaHHMEM MHOI'03/IeMeHTHOIO
IOBYXCIIEKTPAJIBHOTO aJIMAa3HOro GOTONpPHEeMHHUKA -
IlepefoBOi Pa3paboTKH, Ppeasl30BaHHOM Ha IIpef-
npuUsSTUN [IpOM3BOACTBEHHO-TEXHOMIOTMUECKUH LIEHTP
«YpanAnmasHHBect» [18].

Ha M3roTOBNIeHHBIX MaKeTHBIX 0Opasmax ObUIH
obecriedyeHbl CIIeKTpaJbHBIE [HAIMA30Hbl YYBCTBH-
TenbHOCTH st Y®-kaHana - 0,19-0,23 MKM H OJs
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the radiation of the IR and visible ranges in the spec-
trum of the flame is almost absent, so the sulfur flame
seems to us pale blue. If UV rays could be seen, the sul-
fur flame would appear bright. When sulfur is burned
in air, the presence of a significant fraction of energy
in the UV range from 250 to 300 nm makes it possible
to use a sun-blind photo-receiving device as a shot sen-
sor and use it in a version of the CRC PDT system with
increased noise immunity.

It is also possible to introduce another channel into
the sight, a channel for fixing a projectile rupture,
consisting of a narrow-angle lens and a correspond-
ing photodetector, which allows you to fully con-
trol and evaluate the results of firing with controlled
bursting.

When an explosive charge of a fragmentation pro-
jectile explodes under the action of expanding gas-
eous detonation products, the body of the projectile
is crushed into fragments, which scatter in different
directions, hitting manpower and vulnerable parts
of military equipment on its way. For the equipment
of ammunition, RDX is usually used, which is, in
comparison, for example, with TNT, a more pow-
erful explosive, therefore the explosion is accompa-
nied by very high values of temperature, velocity and
pressure.

The explosion temperature reaches 3500K for TNT
and 4000K for RDX (see Table 1) and, in accordance
with formula (3), in this case, it would be optimal to
use a photodetector sensitive in the spectral range
AA~0.7-0.8 pm.

However, in this range there is a lot of interference
radiation, both natural and artificial.

Puc. 15. GTP-82A. ConHue 8 noAne 3peHust 00HOKpamHoz0
KaHana npuuena

Fig.15. IFV-82A. The sun in the field of view of a single-
channel sight
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Fig. 16. Spectrum of Sulphur flame
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HK-kaHana - 0,8-3,3 MKM, a TaKKe JOCTUTHYTHI [IOPOrH
YYBCTBUTEIBHOCTH Aisi Y®-kaHana - 9-1072 Br/Iil/?
u wisa UK-kaHana - 6-10710 Bt/T1il/2,

[IpUHLMIIHATBHOE YCTPOMCTBO OHCIIEKTPAIBHOTO
doTonpreMHHUKAa OCHOBAaHO Ha HCIIONb30BAaHUU [BYX
doTonpreMHHUKOB, COOPMHPOBAHHBIX Ha IIPOTHUBOIIO-
JIOSKHBIX CTOPOHAX aJIMa3HOM IUIACTUHBI. PoTompueM-
HUK, C/IeIAHHBIM Ha OCHOBe ajiMasa, abCoIoTHO IIpo3pa-
YeH B BUAUMOH U MK-06/1aCTH CrieKkTpa, U 32 HUM MOXKHO
IIOMECTHTB JTI00YI0 H306paskarolyo MaTpuLy. Touky YO
OT LI MOXKHO IIOTOM HAJIOXKHUTb Ha BHUIHMOE MU
HMK-n306paskeHHe U paCCMAaTPUBATh Ha OLHOM KaJpe.

TexXHOMIOTMH U KOHCTPYKUMS OHCIIeKTPaIbHBIX MHO-
ro3JIeMeHTHBIX (QOTOIIPUEeMHHUKOB U (GOTOIIPHEMHBIX
YCTPOMCTB Ha OCHOBe aJIMa3HBIX MaTepHaJIOB IIpef-
rojiaraeT [IOOCTHKeHHe ¢opmata GOTOIpUEeMHHUKA
240 %240 371eMeHTOB C pa3MepoM IMUKcenel ~50 x 50 MKM
1 paboTy OHOBpeMeHHO B [IBYX JHAIIa30HAX:

* CHeKTpalbHBIN AuamnasoH (YP): 0,12-0,28 MKM;

¢ CHeKTpalbHBIM AuamasoH (MK): 0,7-3,6 MKM.

9¢dekTUBHOCTL IPpUMeHeHHs YP-cHCTeM HaIJISgHO
IeMOHCTPHUPYeTCsS KOMIUIEKCHUPOBAaHHBIM H306pa-
SKeHHeM, II0ly4yeHHbBIM B HK- u Y®-yyacTke cCIex-
Tpa. Ha pwmc. 17 mpeacraBieHa CheMKa ydacTKa Jieca
Ha bepery o3epa, Izie FOpPUT KOCTep.

Ha pucyHrke cneBa - usobpakeHue B HMK-criekrpe,
B LIeHTpe - H300paskeHHe KocTpa B YP-crekTpe (B IIpa-
BOM YaCcTH CHHUMKA sIpKoe IISiTHO). CropaBa IIpen-
CTaB/eHO cyMMapHoe MK- u Y®-m3ob6paskeHHe 3TOro
ydJacTKa.

MHorosneMeHTHbIN QOTONPHEMHUK I103BOJISIET OCY-
IIeCTB/ISITh He TOJIBKO QUKCAIMI0 CODBITHSI, HO U IIPO-
BOJIUTH KOOPAMHATHBIE H3MepeHHUsI, HeoOX0omuMBbIe 15
MIPaKTHUYeCKOM peanMu3allMU KaHala QUKCAllUM pas-
PBIBa CHapsJa, BCTPAaKBAaeMOr0 B OCHOBHOM IIpHIIEI.

i g

However, the gases formed during the explosion,
heated to such high temperatures, ionize the air, in
which UV radiation will also be formed. This makes it
possible to fix the burst of the projectile with the most
optimal option - using a multi-element two-spectral
diamond photodetector - an advanced development
implemented at the UralAlmazInvest Production and
Technology Center [10].

On the manufactured prototypes, spectral
ranges of sensitivity for the UV channel - 0.19-
0.23 pm and for the IR channel - 0.8-3.3 pm were
provided, as well as the sensitivity thresholds for
the UV channel - 9:10? W/Hz!? and for the IR
channel - 6-1071° W/Hz!/2,

The basic structure of a bispectral photodetector
is based on the use of two photodetectors formed on
opposite sides of a diamond plate. The diamond-based
photodetector is absolutely transparent in the visible
and infrared regions of the spectrum, and any imag-
ing matrix can be placed behind it. The UV point from
the target can then be superimposed on the visible or
infrared image and viewed in one frame.

The technology and design of bispectral multi-
element photodetectors and photodetectors based
on diamond materials presupposes the achievement
of a photodetector format of 240x240 elements with
a pixel size of ~50x50 pm and simultaneous operation
in two ranges:

« spectral range (UV): 0.12-0.28 microns;

+ spectral range (IR): 0.7-3.6 microns.

The effectiveness of the use of UV systems is clearly
demonstrated by the complexed image obtained in the
IR and UV regions of the spectrum. Fig. 17 shows a sur-
vey of a forest area on the shore of a lake, where a fire
is burning.
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4. TMPOYUE NPUMEHEHWUA
COJIHEYHO-CJIEMbIX YO-NMPUBOPOB
Hcxons U3 OmbITa IPHMEHEHMS OIITHKO-3JIeKTPOHHBIX
IpuboOpoB, ClefyeT OTMETHUTh, YTO YHHUBEPCAIBHOIO
rpubopa, pemIaomero abcomoTHO BCe 3aa4i C BBICO-

KO CTeIleHbI0 BEPOSITHOCTH,, He CYILecTBYeT.

[Tpubopsl conHeuHo-c/lernoro Y®-auamasoHa SBs-
IOTCS. BaKHBIM [OIIOJIHEHHEM K KaHa/llaM BHIHMOIO,
HK- 1 PJIC-Auamna3soHoB, a B HEKOTOPHIX CJIy4asX OHU
SBJIAIOTCA eJUHCTBeHHBIM BapHAHTOM pelleHMs
II0CTaB/IeHHOM 3aja4H (19, 20].

Cy1ecTByeT Macca IIPU/IOKeHUH, Ie, KPOMe OJHOIO
Y®-KkaHa/ia HaBe[eHUs WU I1eJIeHralluK, KaHaJIoB Jpy-
TUX CIeKTPa/IbHBIX [HAIIa30HOB IIPOCTO He TpebyeTcs.
K HHMM MOXHO OTHeCTH, HallpuMmep, HpuUbopsl 1Jis
opueHTalMu I10 CONMHIYY W 3Be3JaM B KOCMHUYECKOM
IIPOCTPAHCTBE, CHCTeMBI OOHAPYsKeHHSI U OTI03HABAHUS
“CBOM-UY>KOM”», CHUCTEMBbl KOHTPOJSI TEXHOJIOTHH BbICO-
KOTeMIIePaTypPHOIO IIPOM3BOMACTBA, CHUCTEMBI IIPOTH-
BOIIO>KAPHOI'O MOHMTOPHHIA, CHCTeMBl 0OHapY>KeHHs
CaMoJIeTOB I10 Y®-KM371y4YeHUIO PeaKTHBHBIX [BUTIaTe-
Jel, CUCTeMbl OOHApYKeHHUS IUIAMEeHH Pa3THYHOro
ITPOMCXOKIEHHUS U JP.

I TaKUX MPHJIOKeHHUM MO’KeT MCIIONIb30BaThCs
TONBKO OAUH Y®-KaHaJ, COCTOSIIUKM M3 OITHKH,
Y®-poTorpreMHHKA U 37IeKTPOHHBIX Y3710B 06paboTKU
CUTHasA.

He MeHBIIMH HHTepeC MPeACTaBIAIOT H [pyrue
MIPHJIOKEHHSI, TaKHe KaK CPeACTBA CKPBITOM IIOMe-
XO3allUIIeHHON Y®-0onTu4eckol CBsSI3H, Ja3epHble
CHUCTeMBI JIOKAUMKM W BUIeHHd Y®-AuamasoHa, KOTO-
pble SIBJISIIOTCS CTPYKTYpPHO 6osiee CIOKHBIMU ITpH60-
paMu, TakK KaK OHHM [O/DKHBI COAEP)KaTh AOCTATOYHO
MOIIHEIE JIa3ePHble KCTOUHHKH Y®-u31ydeHus. B aton
CBs3U OymeT HeMHIIHUM OTMETHTb, YTO B COJHEYHO-
cnernont Y®-obnactu criekrpa 0,2-0,3 MKM JOCTATOYHO
35bPeKTUBHBIM OyfeT HCII0Nb30BaHUE H3/IyuyeHUs
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On the left is the image in the IR spectrum, in the
center - the image of the campfire in the UV spectrum
(on the right side of the image there is a bright spot).
On the right is a summary of the IR and UV images of
this area.

The multi-element photodetector allows not only
recording an event, but also performing coordinate
measurements necessary for the practical implementa-
tion of the channel for fixing the rupture of a projectile
built into the main sight.

4. OTHER APPLICATIONS OF SOLAR BLIND
UV DEVICES

Based on the experience of using optoelectronic devices,

it should be noted that there is no universal device that

solves absolutely all problems with a high degree of

probability.

Devices of the solar blind UV range are an important
addition to the channels of the visible, IR and radar
ranges, and in some cases, they are the only option for
solving the problem.

There are many applications where, in addition to
one UV targeting or direction finding channel, chan-
nels of other spectral ranges are simply not required.
These include, for example, devices for orientation by
the Sun and stars in outer space, systems for detect-
ing and identifying “friend or foe”, control systems for
high-temperature production technologies, fire moni-
toring systems, aircraft detection systems based on UV
radiation from jet engines, detection systems flames
of various origins, etc.

For such applications, only one UV channel can be
used, consisting of optics, UV photodetector and elec-
tronic signal processing units.

Other applications are of no less interest, such as
means of covert interference-proof UV optical com-
munication, laser systems for locating and seeing in

Puc. 17.
W3o06paxeHue 8 K-
U 8 YO-duanasoHax
cnekmpa

Fig.17. Imagein IR
and in UV spec-
trum bands
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YeTBepPTOX TapMoHHUKH (0,266 MKM) Ja3epa Ha CTeKIIe
C HeoJ¥MOM M Ha HTTPUH-a/IIOMHHHEBOM TpaHaTe
Cc HeoguMoM [21].

[IpUK/IaHBIe BOSMOKHOCTH TaKHX ITPUOOPOB B 3Ha-
YUTENIBHOM CTelleHH OyAyT OIlpemessiThCsl IIOTEHIIH-
QJIPHO [OOCTMKMMBIMH TeXHHUYEeCKUMHM XapaKTepH-
CTUKaMH JIa3epPHBIX CHCTEM, OCHOBHBIMH M3 KOTOPBIX
SIBJISIIOTCS SHEPIus B UMIIYJIbCe JlIa3epa M YyBCTBUTE/Ib
HOCTb Y®-TIpHeMHHMKA.
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the UV range, which are structurally more complex
devices, since they must contain sufficiently powerful
laser sources of UV radiation. In this regard, it will be
useful to note that in the solar blind UV spectral region
of 0.2-0.3 pm, the use of the radiation of the fourth
harmonic (0.266 pm) of a laser based on neodymium
glass and on yttrium-aluminum garnet with neodym-
ium will be quite effective [11].

The applied capabilities of such devices will largely
be determined by the potentially achievable technical
characteristics of laser systems, the main of which are
the energy in the laser pulse and the sensitivity of the
UV receiver.
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