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BBEAEHWUE

Jleca ©UMeIOT OTPOMHOE 3Ha4YeHHe [JI Ye/loBeKa KakK
HWCTOYHHUK IHINK, HCTOYHHK SHEPIUH, CTPOUTENIb
HBIM MaTepHaj, ChIpbe [Jis IIPOM3BOJCTBA, peryss-
TOP MPHUPOOHBIX IIpolleccoB. IIpoimenmnire ABa roxga
C/IOKUJIHCH [IJIS JIeCOB KpaliHe HebnaronpusTHo. I1o
JaHHbBIM OBY «ABHanecooxpaHa» B 2021 rony B Poc-
cuu cropeso 6osbiie 10 MJIH FeKTapoB /1ecoB (I10 JaH-
HBIM [pHHIHC cropeno 6Gonbire 18 MIH rekrap oB
J1ecoB).
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The article provides information about the
device of an unmanned aircraft system. It tells
about the requirements for drones and about
the device of optoelectronic ultraviolet solar-
blind direction finders.

The article discusses the requirements for
optoelectronic UV-solar-blind direction finders
from the point of view of detecting a fire source
and transmitting this information to rescue
services. The emphasis is placed on the devices
of UV direction finders based on multi-channel
photomultipliers, which have a high potential
for timely detection of fires and rapid response
to extinguish them.
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INTRODUCTION

Forests are of great importance to humans as
a source of food, a source of energy, building mate-
rial, raw materials for production, a regulator of
natural processes. The past two years have been
extremely unfavorable for the forests. According
to Aerial Forest Protection Federal Budget-Funded
Institution in 2021, more than 10 million hectares of
forests were burned in Russia (according to Green-
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OpraHu3alus  IIPOLIeCCOB  IOXKAPOTYIIEeHHS
B Halllell CTpaHe ONMpAeTcsi Ha JOKYMeHT - «HopMa-
THBBI obecriedeHHOCTH cybbekTa Poccurickor Pemepa-
LIMH JIECOIIOKaPHBIMH GOPMHPOBAHHUSIMHU, TIOXKAPHOK
TeXHUKOM M 000pyJOBaHKEM, ITPOTHBOIIOKAPHBIM
CHapsDKeHHeM U HHBeHTapeM, HMHBIMH CpelCcTBaMH
IpefynpexXneHUs U TYIIeHUs JIeCHBIX II0KapoB»
(yIBepskIeHBl pacmopsskeHreM IIpaBuTenbcTBa PO oT
19.07.2019 Ne 1605-p, manee HopmaTuBel). MToru mec-
HBIX II0KapoB B 2021 roAy IoKasaau, 4YTO OCHAILEeHUe
U paboTa 1o ykasaHHBIM HopMmaTuBaM He obecrievu-
BaIOT CBOeBpeMeHHoe obHapykeHHe U ObICTpoe TyIle-
HHe JIeCHBIX II0KapoB. Kpome Toro, CyIlecTBYIOIIHe
HopMaTHBEl IPemsITCTBYIOT HCIIONb30BAHHUIO HOBBIX
TeXHHUYeCKUX pellleHHI, HalpHMmep crocoba HaBele-
HHUS JleTaTeJbHOIO alllapaTa Ha odYar IIo)Kapa M ero
TYIIeHHs OTHeracsmien >KHIKOCTbIO, KOTOPBIH OIIKCaH
B paborte [1] MK KUCII0/IB30BAaHUIO Y P-TI€/IeHIaTOPOB.

demepasbHOe AreHTCTBO JIECHOTO  XO3SIHCTBA,
®BY «BCepPOCCHMMCKHUM Hay4YHO-HCCIeJ0BaTeTIbCKUMI
HMHCTUTYT JIeCOBOAICTBA U MeXaHM3al[HH JIECHOTO X0351H-
ctBa» (PBY BHHMJIM) BBIITyCTHIN B 2021 Tomy MeTOOH-
YecKkre pekoMeHJAUMU «IIpaKTH4YecKoe HCII0NIb30Ba-
HUe OTeueCTBEHHBIX METO0B K TeXHOJIOTHM, a TakoKe
CpencTB OOHApyKeHHUS WU TyLIEHHUs JIECHBIX IIOXKa-
poB» [2], KoTopbIe ellle Gosblle 3aTPYAHSIOT HCIIOIb30-
BaHHe MHHOBAIIMI, [e/aloT KX HCIIO0/Nb30BaHUe IIpak-
THYeCKH HeBO3MOKHBIM. Ha puc. 1 mpuBefeH rpaduk
IJIOIIAH JIECHBIX 3eMeJlb, IPOMeHHBIX IIOKaPaMH.
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Puc. MNnowadb aecHbix 3emenb, npolioeHHAs NoXKapamu, MAH 2a
Fig. The area of forest lands covered by fires, million hectares
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peace, more than 18 million hectares of forests were
burned).

The organization of fire extinguishing processes
in our country is based on the document - “Stand-
ards for the Provision of a Constituent Entity of the
Russian Federation with Forest Fire Organizations,
Fire-Fighting Machinery and Equipment, Fire-
Fighting Fixings and Stocks, Other Means of Pre-
venting and Extinguishing Forest Fires” (approved
by the Decree of the Covernment of the Russian
Federation dated 07/19/2019 No. 1605-p, hereinafter
referred to as the Standards). The forest fires in
2021 showed that equipment and work according to
these Standards do not ensure timely detection and
rapid extinguishing of forest fires. In addition, the
existing Standards prevent the use of new technical
solutions, for example, the method of pointing an
aircraft at a fire and extinguishing it with a flam-
mable liquid, which is described in [1], or the use of
UV direction finders.

In 2021, The Federal Forestry Agency, the All-
Russian Scientific Research Institute of Forestry
and Mechanization (FBU VNIILM) issued 1 methodo-
logical recommendations “Practical Use of Domestic
Methods and Technologies, as well as Means of
Detecting and Extinguishing Forest Fires” [2], which
further complicates the use of innovations, makes
their use almost impossible. Figure 1 shows a graph
of the area of forest lands covered by fires.

PROTECTION OF FORESTS FROM FIRES

It is well known that effective fire fighting requires
timely real-time detection of fires and their prompt
rapid extinguishing. Such a technique is not avail-
able in the Standards used. For example, the doc-
ument provides for about 1935 monitoring com-
plexes with unmanned aerial vehicles (UAVs) and
(or) unmanned aircraft systems (UASs) for the whole
of Russia. The deplorable results of fire detection
and extinguishing indicate that either there are not
enough unmanned monitoring complexes, or availa-
ble unmanned monitoring complexes have low tech-
nical characteristics. At the same time, the Stand-
ards allow the replacement of equipment, technical
means of a certain class with equipment similar in
purpose, means of higher productivity (capacity).
But for some reason, none of the constituent entities
of the Russian Federation use this opportunity and
more advanced innovative equipment.

The “Unmanned aircraft system for automatic
detection and determination of coordinates of for-
est fires in the ultraviolet spectrum” can and should
fill the gap in terms of timely real-time detection of
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OXPAHA JIECOB OT NO>XAPOB
XopoIio HM3BeCTHO, UTO i 3ddeKTUBHOU 60ppOBI
C mojkapaMH TpebyeTcsi CBOeBPeMeHHOe B peaJbHOM
BpeMeHHU OOHapykeHHe IIOKapOB M HMX OIEepPaTHBHOE
6bicTpoe TymieHHe. ITogobHast MeTOAUKA OTCYTCTBYeT
B HCIIOJIb3yeMbIX HopMaTuBax. Hampumep, JOKYMEHT
npenycMaTpUBaeT st Bcer Poccum oxono 1935 kom-
II/IeKCOB MOHHUTOPUHTA C OeCIIMIOTHBIMH JIeTaTeslb-
HbIMHU amnnapatamu (BIUIA) u (uam) OecriHIOTHBIMH
aBUALIMOHHBIMU cucTteMaMu (BITAC). IliadeBHEBIE
pe3y/bTaThl OOHAPYKeHUS U TYIIEHHUS II03KapoB IOBO-
PST 0 TOM, YTO 1160 6eCITHIOTHBIX KOMIUIEKCOB MOHU-
TOPUHTA HeJOCTaTOYHO, JIMO0 6ecIIHIOTHBIE KOM-
IIJIeKChl MOHMTOPHHIA HMMeEIOT HH3KHe TexXHHUYecKue
XapaKTepUCTHUKHU. IIpu 3Tom HOpMaTHBBI [OIMYCKaIOT
3aMeleHHe 0DOPyZOBaHMS, TeXHHYECKOIO CpefCTBa
OIIpefie/IeHHOr0 KIacca Ha aHAJIOTMYHOe II0 IpefHa-
3HaueHUI0 obopymoBaHHe, CpefcTBa Oosee BBICOKOM
[IPOK3BOIUTEIBHOCTH (MOLIHOCTH). Ho roueMy-To HU
B OLHOM cybbeKTe Poccurickor Qemepallly 3TOH BO3-
MOJKHOCTBIO He IIOJIb3YIOTCS M He HCIIONB3YIoT bosee
COBepIIeHHOe MHHOBAITHOHHOe 060pyIoBaHHUe.
BocrionHUTE mpobesl B YacTH CBOEBPeMEHHOTO
B PeaJibHOM BpeMeHH OOHapyskKeHMUsI IIOKAPOB MOXKET
U JO/DKHA «BeclIMIoTHAsl aBUallMOHHAsI CHCTeMa aBTo-
MaTH4ecKoro obHapyskeHHsI K OIIpefle/leHHsI KOoOp-
OUHAT JIECHBIX IIOKapoB B YJIbTPadHoneToBor obna-
CTH CIIeKTpa». BecnnIoTHAas aBHUAIlMOHHAs CHCTEMa
ABTOMATHYeCKOro OOHapyKeHHUS M OIlpeleeHHUs
KOOPAUHAT JIECHBIX IIOKApoB B YP-06/1acTH CIIeKTpa
(mamee - BIIAC) [IpeACTaBIIsIeT cobo11 6ecriuIOTHUK
C YCTAaHOB/IEHHBIM Ha HeM OITHKO-31eKTPOHHBIM YJIb-
TpPadHO/IeTOBBIM COTHEYHO-C/IENIBIM I1eJIeHTaTOPOM.

BECMMUNITOTHUKN

[TopsAAoOK MCII0AB30BAHMS BO3AYLIHOIO IIPOCTPAaHCTBA
Poccurickoil Pemepaliii, B TOM 4HCIe U 6ecruior-
HBIMM BO3AYIIHBIMU cymamu (BBC, BITJIA, 6ecrimioT-
HHUKaMH, APOHAMH), yCTaHOB/IeH Peflepa/IbHBIMU ITpa-
BUJIAMU MCIIO/Ib30BAHMSL BO3LYILIHOTO IIPOCTPAHCTBA
Poccurickon Pefepanyiv, yTBep>KOEHHBIMH I10CTAHOB-
nenuemM IlpaBuTenbcTBa Poccuiickon demepalliu OT
11.03.2010 Ne 138 (manee - PAII-138).

B HacTosiIee BpeMsi B POCCHM 3aHHMaIOTCs OeCIIrIoT-
HUKaMU 6oree 100 oupm [3,4] Ha 110608 BKYC U Kollle-
nek. s obecriedeHus: 3QPeKTUBHOCTH IIPHUMEHEHHUS
BAC 6ecrImIOTHHUK 7151 06HAPYsKeHHUSI [T0KAPOB JI0JIKEH
00J1a1aTh C/IeIYIOUTUMHU XapPaKTePHUCTUKAMHU :

*  TI'PY30IOABEMHOCTB 2-5 KT (Macca Yd-resleHraTopa);
e KpeHcepcKasi CKOPOCTb IoneTa 50-100 Km/4ac,
yeM bosplire, TeM 3QPEeKTUBHEH
* JIJIMTe/IbHOCTD I10JIeTa Ha OJHOM 3aIlpaBKe
12-24 vaca, yem Gosbire, Tem 3bPEKTUBHEH .
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fires. The unmanned aircraft system for automatic
detection and determination of the coordinates of
forest fires in the UV spectrum (hereinafter referred
to as UAS) is a drone with an optoelectronic ultravio-
let solar-blind direction finder installed on it.

UAVS

The procedure for the use of the airspace of the
Russian Federation, including by unmanned aerial
vehicles (UAVs, UASs, drones), is established by
the Federal Rules for the Use of the Airspace of the
Russian Federation, approved by the Decree of the
Government of the Russian Federation No. 138 dated
11.03.2010 (hereinafter - FAP-138).

Currently, more than 100 companies are
engaged in drones in Russia [3,4] for every taste
and purse. To ensure the effectiveness of the use of
UAS, a fire detection drone must have the following
characteristics:

 load capacity 2-5 kg (weight of UV direction

finder);

 cruising flight speed of 50-100 km/h, the more,

the more efficient;

+ the duration of the flight at one refueling is

12-24 hours, the more, the more efficient.

The remaining parameters of UAVs are not of
a fundamental nature, since almost all UAVs have
all the necessary technical devices for being used in
detecting forest fires.

OPTICAL ELECTRONIC ULTRAVIOLET
SOLAR-BLIND DIRECTION FINDERS

Optical vision devices are used in the UV range
of the spectrum [5,6]. With the help of optical
ultraviolet vision devices, many important practi-
cal problems are solved. In addition to optical vision
devices with a working ultraviolet spectrum, there
is another class of ultraviolet devices - optoelec-
tronic ultraviolet direction finding devices. A direc-
tion finder is a device for determining the direction
to external objects and celestial bodies. With the
help of a direction finder, the bearing readout is
performed. There are visual, optical, acoustic and
radio direction finders. For the case of fire detection,
the main role is played by optical direction finders.
Optoelectronic ultraviolet solar-blind direction find-
ers have no less important and numerous civilian
and military applications. Unfortunately, these rich
opportunities are practically not used.

Solar radiation with a wavelength of 300 nm or
less does not reach the Earth’s surface. It is this
UV range that is called the sun-blind range. Practi-
cally, it is considered from 240 nm to 280 nm. In
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OcrasipHBle ITapaMeTphbl 6eCIIMIOTHHUKOB He HOCST
IIPUHLMIIHAIBHOTO XapaKTepa, TakK KakK ITPaKTHYecKH
Bce OeCITMIOTHUKH HMEIOT BCe HeOOXOMHMBIe TeXHHYe-
CKHMe YCTPOMCTBA I MCIIO0/Ib30BaHMS OeCIIMIOTHUKOB
TP OOHAPY>KEHUHU JIECHBIX IIOSKaPOB.

OMNTUKO-3/IEKTPOHHDbIE
Y/IbTPAOUNOJIETOBbDIE
COJIHEYHO-CJIENDbIE MEJIEHTATOPDI
B Y®-muamnasoHe CIIeKTpa HCIIO/Ib3yIOTCS ONTHYeCKHe
ripubopsl BuneHu [5, 6]. C IOMOIIBIO ONITUYECKUX Y/Ib-
TpapHOIeTOBBIX IIPHOOPOB BHUIEHHS PeLIaeTcsi MHOTO
BaKHBIX ITPAKTHYECKUX ITpobneM. KpoMme ONTHYECKUX
pubopoB BHAEHHSI C pabouuM yIbTPadHOIeTOBBIM
JHAIIa30HOM CIIeKTPa, CYLIECTBYeT ellle OAMH KIacC y/Ib-
TpapHOIeTOBBIX ITPHUOOPOB — OIITUKO-3TIEKTPOHHBIE YIIb-
TpadroneToBble IIPUOOPHI IIeNeHraluU. [lesleHraTop -
3TO YCTPOMCTBO [Jisl OIpeleleHHs] HaIlpaBlIeHHs Ha
BHeIIHHe 06beKThl M HebecHble cBeTH/Ia. C IIOMOIIBIO
I1eJIeHTaTopa IIPOM3BOJAT OTCYET IleleHra. Pa3InyaioT
IIeJIGHIaTOPbl BM3ya/bHble, ONTHYECKHe, aKyCTH4Ye-
CKHe U paJyoIle/IeHIaTopsl. g cay4das obHapykKeHHUs
[I03KAPOB IJIABHYIO POJIb UIPAIOT OITHYeCKHe IIeJIeH-
raTopel. Y OITHMKO-3JIKTPOHHBIX Y/IbTPAdHOIETOBBIX
COJIH@YHO-CJICIIBIX I1€/IeHIaTOPOB CYIIeCTBYIOT He MeHee
BaKHBIe U MHOIOYMC/I€HHBIE IPAKAAHCKHE K BOGHHBIE
obrnactu mpuMeHeHHs. K coxkaneHHIO, 3TH OoraTble
BO3MOXKHOCTH ITPAKTHYECKH He HCIIOIb3YIOTCA.
Hsnyyenne ComHIA C JJIMHOM BOJHEL 300 HM
¥ MeHblIe He [OXOAUT [0 IIOBEePXHOCTU 3eMIIH.
HMMeHHO 3T0T Y®-Auamna3oH M Ha3blBalOT COJIHEYHO-
CJIETIBIM [JHama3oHoM. ITpakTHYeCcKHd ero CYMTaIoT OT
240 HMm 10 280 HM. B 3TOM JHama3oHe B yCIOBUAX 3eMIU
IIPaKTHUYeCKH OTCYTCTBYIOT KaKHe-TH60 HCTOUHHKHU
Y®-usnydyeHus. [IpUPOAHBIX U MCKYCCTBEHHBIX MCTOY-
HHKOB Y®-H13/IydeHHs Ype3BbIYalHO MaJo, U IIOMeXHU
[IPaKTUYeCKH OTCYTCTBYIOT. IIpomyckaHHe aTMOoC-
deprl B 3TOM pAuarasoHe xopolree [7]. O6HapysKHUTh
KaKOM-HUOyIb mosiBUBIIELCS YP-00beKT OueHb JIeTKO
[8, 9]. CrieKTp COMHEYHOr0 U3/Ty4eHHs XOPOIIO H3y4deH
1 H3/I0’KeH B HOPMaTHBHBIX JOKyMeHTax [10-12].
ONTUKO-3/1eKTPOHHBIN Y®-ieeHratop He GopMU-
pyeT HHUKAKHUX H300paskeHUH, BUOeo, GoTorpaduii,
KapTHHOK ISl IIPOCMOTPa 4e/I0BeKOM HJIK 06paboTKu
KOMIIBIOTEPOM. ITO yCTPOMCTBO IIpefHAa3HadeHOo [JIs
OIlpefle/IeHUs YITIOBBIX KOOPAHMHAT OOBEKTOB, H3Iyda-
IOIIUX WIN OTPKAIOIIKX H3TyuyeHHe B YO- COMHeYHO-
CJIeIIOM [Malla3’oHe crekTpa. Y®-mejeHraTop oIpe-
JensgeT TOJAbKO YIJIOBYK KOOPAMHATY KaskIOIo
0OHapysKeHHOTO YIbTPadHOIeTOBOr0 06BbeKTa OTHOCH-
Te/IBHO CBOEH OITHYEeCKOU OCH. ITo/Iy4eHHYIO YITIOBYIO
KOOPAMHATY MOKHO Pas3/IOXKUTb Ha [IBe COCTABJIAIOLIME
KOOpAMHATBHI IO X U I10 Y.
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this range, there are practically no sources of UV
radiation in the conditions of the Earth. There are
extremely few natural and artificial sources of UV
radiation, and there is practically no interference.
The transmission of the atmosphere in this range is
good [7]. It is very easy to detect any UV object that
has appeared [8,9]. The spectrum of solar radiation
is well studied and described in regulatory docu-
ments [10-12].

Optoelectronic UV direction finder does not
generate any images, videos, photos, pictures for
human viewing or computer processing. This device
is designed to determine the angular coordinates of
objects emitting or reflecting radiation in the UV-
sun-blind range of the spectrum. The UV direction
finder determines only the angular coordinate of
each detected ultraviolet object relative to its optical
axis. The resulting angular coordinate can be decom-
posed into two component coordinates in X and Y.

Currently, four principal methods of creating UV
direction finders are known [13]. Based on them, the
design of direction finders, which are produced by
Russian enterprises, is built:

« based on an ultraviolet electron-optical image
converter coupled with a CCD matrix or CMOS
matrix. JSC “NPO GI-PO” Kazan, JSC “Central
Research Institute “Electron”, St. Petersburg,
PJSC “ROMZ”, Rostov, JSC “Cathode®, Novosibirsk,
Group of Companies “Kronstadt”, St. Petersburg,
etc. followed this path.;

« based on solar-blind hybrid television devices
based on electron-sensitive CTDs (charge transfer
devices), JSC “Central Research Institute “Elec-
tron”, St. Petersburg;

e Dbased on solid-state UV matrices, JSC NPO Orion,
Moscow;

« based on multi-anode photomultipliers with an
AlGaN-based photocathode, JSC “Cathode”, Novo-
sibirsk.

The table shows a comparison of the main param-
eters of UV direction finders produced by various Rus-
sian companies.

The tabular data show that the best set of basic
parameters have direction finders based on multi-
anode photomultipliers.

In addition, other types of direction finders have
poor performance, since they work in frame mode.
Because of this, when installing these direction
finders on aircraft carriers, it is necessary to use
amechanical or electronic image stabilization system,
for example, a gyro-stabilized platform, a steadicam,
a gimbal, etc. Also, direction finders based on per-
sonnel systems require large computing power and
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B HacToslIllee BpeMsl M3BeCTHBI YeTblpe IIPHUHIIUIIN-
aJIBHBIX Cr10coba co3manust YO-mieneHraTopos [13]. Ha ux
OCHOBe IIOCTpPOe€HAa KOHCTPYKLHMS IIeJIeHIaTOpOB, KOTO-
Pble IPOM3BOAAT POCCHIICKIE IPeIIPHUITHA:

* Ha OCHOBe YIbTPAQHONIETOBOIO 3JIeKTPOHHO-
OIITHYeCKOro IpeobpasoBatens (IOII) couse-
HeHHoro c¢ II3C martpuuen wiun KMOII matpu-
ten. ITo sTomy mytu nouutn AO «HIIO THMIIO»,
r. Kasaup, AO «IJHHH «3mexkTpoH», r. CaHKT-
HeTep6ypr, ITAO «POM3», r. PoctoB, AO «Katom»,
r. HoBocrbUpCK, rpyra KOMIIAaHHI «KPOHIITAAT”,
r. CankTt-TleTepbypr u zp.;

° Ha OCHOBe COJTHEYHO-CJIENIBIX THOPHUIHBIX Tejle-
BHU3HOHHBIX ITPUOOPOB Ha OCHOBe 3JIEKTPOHHO-
YyBCTBUTeIBbHBIX [1I13 (r1pubopoB IepeHOCa 3apsi-
1oB), AO «ITHUHU «3nekTpon», . CaHKT-TleTepbypr;

* Ha OCHOBe TBepHoTenbHBIX Y®-MaTpul,, AO HIIO
«OpuoH”», . MOCKBa;

* Ha OCHOBe MHOTOAaHOJHBIX (POTOYMHOXKUTeIeH
¢ ¢orokaTomoM Ha ocHoBe AlGaN, AO «Katom»,
r. HoBocubHpCK.

B Tabnuile faHO CpaBHEHHE OCHOBHBIX I1apaMeTpOB
Y®-11e71eHraTopoB MPOU3BOACTBA Pa3IUYHBIX POCCHM-
CKHX KOMIIaHHH.

Tabnu4Hble AaHHBIe IIOKA3bIBAIOT, YTO HAMIY4-
IIes COBOKYITHOCTBIO OCHOBHBIX IIapaMeTpoB obia-
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complex software that also works in real time. A sat-
isfactory solution has not yet been found.

One big advantage of direction finding systems
based on multi-anode photomultipliers should be
noted, and this advantage is the ability to register
the signature of UV objects (time dependence of
the UV radiation intensity of an object). The regis-
tered signature can be used to determine the type
and purpose of the target or object. Other types of
direction finders do not have such possibility. There-
fore, UV-sun-blind direction finders based on multi-
anode photomultipliers have a number of advantages.
Among other things, it should be borne in mind that
the multi-anode photomultipliers produced by JSC
“Cathode” have already been included in the “List of
Electrical and Radio Products Approved for Use”.

The success of using UV direction finders on heli-
copters, airplanes, tanks encourages the installation
of UV direction finders on UAVs. The only company
in Russia that is engaged in the installation of UV
direction finders on UAVs is Group of Companies
“Kronstadt”, https://kronshtadt.ru [14]. However, the
information from the prospectus for this product
reveals the fact that this product is an ordinary color
television camera and is not yet an ultraviolet direc-
tion finder.

Tabnuya. CpagHeHUe 0CHOBHbIX NApAMempo8 yAbmpadUOAemos8blx NeAeHzamopos
Table. Comparison of the main parameters of UV direction finders

®upma (Mcnonb3yemblin GOTONPUEMHUK) YyBCTBUTENLHOCTb BbicTpogencTBume Pasmepbl

Firm (photo receiver used) Sensitivity Speed of response Dimensions

rMno (30M+n3q) CpenHss Mnoxoe Gosblune CpefHas
HYPO (EOIC+CTD) Medium Bad Big Medium
LHMW «2nekTpoH» (30M+M3C) bonbuas [noxoe bonbline bosblias
Central Research Institute “Electron” (EOIC+CTD) Big Bad Big Big
LIHWW «2nekTpoH» (FTM) CpegHss noxoe CpegHune CpegpHsas
Central Research Institute “Electron” (GTD) Medium Bad Medium Medium
HIMO «OpuroH» (MaTpuLbl) Manas CpenHee Marsble Manas
NGO “Orion” (matrices) Small Medium Small Small
KP3T (®3Y AO «KaToay) bonbwas Xopowee CpepHue CpegHsas
RETC (PMT by JSC “Cathode”) Big Good

MepcrnekTUBHOE M3aenne, NporHos (G3Y AO «KaToa») OyeHb bonbLIas OTAnYyHoe CpegHune CpepHas
Promising product, forecast (PMT by JSC “Cathode”) Very high Excellent Medium Medium
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JNAIOT IIeJIeHraTOPhI
boToyMHOXHUTeIEH.

KpomMe TOro, ocTajbHble THIIBI II€JI€HIaTOPOB
HMMeIOT IUIoX0e OBICTPOeHCTBHe, TaK KaK paboraroT
B KaJIpOBOM peskuMe. }3-3a 3TOro Ipy yCTaHOBKE 3THUX
IIeJIEHTaTOPOB Ha aBHMAIIMOHHBIE HOCHTETH Heobxo-
OKMMO MCIIO/Ib30BaTh MeXaHHYeCKyl0 HJIM 3/IeKTPOH-
HYIO CHCTeMy CTabWIM3alluK H300paskeHUM, HAIIpHU-
Mep rMpOCTabH/IN3HPOBAHHYIO IUIATPOPMY, CTIHUKAM,
rumban U T.n. Takke IeJleHTaTOpPbl Ha OCHOBE KaJpo-
BBIX CHICTeM TPebyIoT GOJTBIIHX BBIUMCIUTETBHBIX MOII-
HOCTeH M CJIOKHOIO ITPOrPaMMHOro obecrieueHuUs,
paboTaromero K ToMy ke B peaJIbHOM BpeMeHH. YIOB-
JIeTBOPUTE/IPHOIO pellleHH s [1I0Ka He HalifleHo.

Hago Taxkoke OTMeTHUTh OLHO 6osbloe IIperMyllle-
CTBO CHCTeM IIeJIeHTallMi Ha OCHOBE MHOIOAHOIHBIX
$OTOYMHOXHTeIEH - 3TO BO3MOXKHOCTH PerucTpa-
LIMU CUTHATYphl Y®P-00BeKTOB (3aBUCHMOCTH HHTEH-
CUBHOCTH Y®-H31ydeHUs] 0OBbeKTa OT BpeMeHH). Ilo
3aperMCTPUPOBAHHOM CUTHAType MOSKHO OIIpeZe/IUTh
TUIl U Ha3HaueHHe LeMH WK obbekTa. [Ipyrue THIIbL
IIeJIeHTaTOPOB TaKOM BO3MOXKHOCTH He HMeloT. I1o3-
TOMY Y®-CONTHeYHO-C/Ierble IIeJIeHTaTOphl Ha OCHOBE
MHOTOAQHOAHBIX QOTOYMHOXKUTeTeH HMeIOT psif, IIpe-
UMyIIecTB. KpoMe Bcero rpovero, Halo UMeThb B BHIY,
YTO MHOTOQHOAHBIe POTOYMHOXXHUTETIH IIPOM3BOACTBA
AO «Katop» yske BOLIU B «IlepeuyeHb 3/IeKTPOPaTHOM3-
JeNHH, paspellleHHbIX K IPUMeHeHHIO”.

Ycmex HMCIonb30BaHHUA YO-IeIeHraTopoB Ha Bep-
TOJIeTaxX, CaMojeTax, TaHKaX IOOY>KIaeT yCTaHOBHUTH
Y®-mesieHraTopsl Ha OeCIMIOTHUKU. ENMHCTBEHHOMN
dupmMoi B PoccrH, KOTOpas 3aHHMMAeTCsS YCTaHOBKOM
Y®-nieniedraTopos Ha BIUJIA, aBngercd ¢upma «I'pymma
Kommanwun «KpormTanr», https://kronshtadt.ru [14].
IlpaBga, MHPOPMALIMS M3 IIPOCIIeKTa Ha 3TO M3JeIHe
PacKpbIBaeT TOT QaKT, YTO 3TO H3fenHe — OObIYHas
LIBeTHasl TeJIeBU3MOHHAsl KaMepa M HHUKaKUM Y/IbTpa-
$HOIeTOBEIM I1e/IeHTaTOPOM I10KA He SIBJISIeTCH.

Ha OCHOBe MHOI'OAHOJHBIX

ABTOMATUYECKOE OBHAPY>XXEHUE

N ONPEAENNIEHNE KOOPAOUHAT JIECHbIX
MO>XAPOB B Y®-OBJIACTU CIMNEKTPA
[IpUHLMI [eHCTBHS OeCrMIOTHOIO ABHALIKOHHOIO
KOMIIJIEKCA, COCTOSIIIero K3 OeCIIMIOTHHKA M YCTa-
HOBJIEHHOIO0 Ha HeM Y®-TlesleHraTopa, IIpelCcTaBIeH
B marteHTe [15]. MeTomMKa aBTOMAaTH4YeCKoro obHapy-
SKeHUsI U OIlpefie/leHUs] KOOPAMHAT JIeCHBIX II0KapOB
M37oKeHa B [16-18]. Kpome obHapyskeHHsSI U oOIIpefe-
JIeHUsI KOOPOHHAT IIO’KApoB, IIpeljiaraemMasi CHCTeMa
MOSKeT OIIpelesIsiTh IIOMAAb JIeCHBIX II0KapoB, CTPO-
HUTb KOHTYPBL JIECHBIX IIOKapoB. KpoMme Toro, cucrema
MOJKeT OIpefle/IsiTh THII II0’Kapa: IIOKAap BEPXOBOM HIIH
IIO>Kap HH30BOM, IIOXKAP JIECHOM HJIU IIOXKAP JIeCHOM

il 4

AUTOMATIC DETECTION AND
DETERMINATION OF THE COORDINATES OF
FOREST FIRES IN THE UV SPECTRUM

The principle of operation of an unmanned aircraft
complex consisting of a UAV and a UV direction
finder installed on it is presented in the patent [15].
The method of automatic detection and determina-
tion of coordinates of forest fires is described in
[16-18]. In addition to detecting and determining
the coordinates of fires, the proposed system can
determine the area of forest fires, build contours
of forest fires. In addition, the system can deter-
mine the type of fire: a crown fire or a ground fire,
a forest fire or a peat forest fire, a soil fire or an
underground fire. Information about the coordi-
nates of the centers of a forest fire can be the source
information for forest fire modeling programs, for
example, those designed by LLC “OKB “Burstroy-
proekt” (Trofimov V.A.) www.burstroy.ru. The for-
est fire model allows you to predict changes in the
continuous forest fire zone depending on current
weather conditions and the digital terrain model
at specified time intervals. Forest fire modeling is
implemented on the basis of “Recommendations
for the Detection and Extinguishing of Forest Fires”
(approved by Federal Forestry Agency (Rosleskhoz)
dated December 17, 1997) with the methodological
support of the All-Russian Research Institute for
Civil Defense and Emergency Situations of the Min-
istry of Emergency Situations of Russia and the Fed-
eral Center for Science and High Technologies.

The initial data for the simulation were the cur-
rent fire zone, the estimated parameters of the
forest area and the weather forecast. Additionally,
digital forest maps can be used (to limit the spread
of fire outside the forest area) and a digital terrain
model (to determine slopes).

The output data of the model are the fire propaga-
tion zones at the time points specified by the ini-
tial parameters. Additionally, the list of buildings
and structures falling into the fire zone with the
approach time, the number of people in the emer-
gency zone, the composition of forces and means
required to perform emergency rescue operations
(ERO) can be determined.

The model of a natural fire is implemented in two
versions:

1. ADLL running on Windows x64 (see an excerpt
from the structure to the modeling library in
the attachment). This implementation version
can be used if there is a management system
in which third-party libraries can be inte-
grated.
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TOpSIHOM, IOKap ITOUYBEHHBIM MJIM IIOKap IOf3eM-
HblM. MHQopMalLks o KOOpAWHATax OYaroB JIeCHOIO
II0’Kapa MOXKET SIBIAThCS UCXOOHON MHGOpMaLiyel A1
[IPOrpaMM MOJIEIHPOBAHUS JIECHBIX II0’KApPOB, HaIIpU-
Mep paspaborku OO0 «OKB «Bypcrpormnpoexr» (Tpodu-
MoB B.A.) www.burstroy.ru. Mojienb JIeCHOTO Iokapa
I103BOJIsIeT BBIIOJIHSTh IIPOTHO3UPOBaHME H3MeHeHHMUs
30HBI CIUIOLIHOIO JIECHOIO II0Kapa B 3aBHCHMOCTH OT
TeKyIIUX METEeOyCIOBHM M LIUPPOBOM MOJEIN MeCT-
HOCTHM B 3aJlaHHBIe MHTepBajIbl BPeMeHHU. Mozenupo-
BaHHe JIECHOTO IIO’Kapa peajl30BaHO HAa OCHOBAaHUU
«PeKOMEHJAIIUN 0 OOHAPY>KEHHI0 U TYLIEHHIO JIec-
HBIX II0’KapoB» (yTB. Pocnecxo3zoMm ot 17.12.1997) mpu
MeTOIHUecKOH MoJIep>KKe CO CTOPOHBI BcepoccrHcKkoro
Hay4YHO-UCCIe0BaTelbCKOI0 HHCTUTYTA I10 IIpobieMam
TPaKIAHCKOM O0DOPOHBI M YPe3BBIUAMHBIX CHUTYaLlUH
MYC POCCHH (®I'BY BHHHM I'OYC (PLI) 1 PenepanbHOro
LIeHTPa HayK{ U BBICOKHX TeXHOJIOTHH (®LIHBT).

VIcXomHBIMH JAaHHBIMHU [UIS1 MOJEIUPOBAHUS II0CIY-
SKHJTH TeKyILIasl 30Ha TOpeHHs, oboOLIeHHEBIe IIapaMe-
TPBL JIECHOIO MAacCHBAa K IIPOTHO3 IIOTOABI. [IOIIOMHM-
TeJIbHO MOTYT MCIIO/Ib30BaThCs LIMQPOBbIe KAPTHI JIECOB
(m71s1 OTpaHUYeHHs PacIIPOCTpaHeH s TOpeHUs BHe Jiec-
HOI'O MacCHBa) M LUQpoBasi Moenb MECTHOCTH (I
oIlpenieieH s YKIOHOB).

BBIXOOHBIMH JAHHBIMH MOJEIIH SIB/ISIOTCS. 30HBI Pac-
IIPOCTPAaHEHHUSI IIO’Kapa Ha MOMEHTBI BpeMeHH, 33JlaH-
Hble MCXOAHBIMHM IIapaMeTpaMH. JlOIIOJIHUTEILHO
MOXKeT OIpefesiTbCd IepeveHb 30aHHH K COOpYyKe-
HUH, NONAJAINHX B 30HY II0’Kapa CO BpeMeHeM II0A-
X0[la, YMC/IEHHOCTb HaceleHHUs B 30He UC, coCTaB CHUI
M CPeACTB, ITOTPeOHBIX /ISl BBIIOTHEHHUS ABAPHIHO-
criacaTenbHBIX pabot (ACP).

Mogenp IIPUPOAHOIO IIOXKapa peajr30BaHa B JBYX
BePCHSX:

1. Bubnuotexka DLL, BrimonHsgeMas B Windows X64.
3Ty BepCHIO peaIM3allii BO3MOKHO KCIIO0/Ib30BaTh,
eC/IM MMeeTCsl CHMCTeMa YIIpaBjIeHMs, B KOTOPYIO
MOSKHO MHTeIPUPOBATh CTOPOHHKeE O16IHOTEeKH.

2. B coctaBe BebO-mprIOKeHHsI «THIIOBOM ILIeHTP
YIIpaBIeHMsI», BBIIIOTHSIEMOM Ha JII000M orepa-
IIMOHHOM CHCTeMe.

AOMNOJIHUTEJIbHbBIE COEPDI

NMPUMEHEHUA YO-NEJIEHTATOPOB,
YCTAHOBJIEHHbIX HA BIJ1A

CpeacTtBo obecneyeHus 6esonacHOCTU

M nouncka HEMCHpaBHOCTEﬁ BO34VYLWHbIX
NIMHUN 3neKTponepepad, obecnevyeHus
6e30MacHOCTU Ha 31eKTPUPULUPOBAHHbDIX
XXesie3HbIX goporax

BIIJIA, ob6opymoBaHHBIK Y®-IIeleHraTopoM, ABH-
JKeTCS B aBTOMATU4YeCKOM PeKHMe II0 3aJaHHOMY
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2. As part of the web application “Standard Con-
trol Center” running on any operating system.

ADDITIONAL APPLICATIONS

OF UV DIRECTION FINDERS INSTALLED

ON UAVS

A Means of Ensuring the Safety and
Troubleshooting of Overhead Power
Transmission Lines, Ensuring Safety on
Electrified Railways

A UAV equipped with a UV direction finder moves
automatically along a predetermined route along
an overhead power line. The direction finder deter-
mines the three-dimensional coordinates of each
of them (latitude, longitude and height of the fault
above the Earth’s surface) by the UV radiation of the
corona discharges of faults. By the signal of the mal-
function glow the UV direction finder determines
the type of malfunction, makes a forecast of the
development of emergency conditions and promptly
transmits data to repair services in real time.

A Means of Ensuring the Safety of the
Electric Power Industry of Cities and Towns,
Detection and Localization of Fires in
Populated Areas, and Man-Made Fires

A UAV equipped with a UV direction finder equipped
with an ultra-wide-angle sun-blind photodetector
head [19] automatically patrols the territory of a city
or village along a given route. When malfunctions
of energy objects occur, accompanied by sparks,
corona discharge, electric arc, the direction finder
determines the coordinates of the malfunctions and
transmits these data to repair services in real time.
The same principle is laid down when fixing fires in
populated areas or man-made fires.

Means of Detection and Localization of
Natural (Forest and Steppe) Fires

A UAV equipped with a UV direction finder fitted
with an ultra-wide-angle sun-blind photodetector
head [19] automatically patrols natural territories
along a given route. When a fire appears in the for-
est or in the steppe, the direction finder determines
the coordinates of the fire and promptly transmits
this data to the Ministry of Emergency Situations in
real time.

A Means of Searching for Those in Distress

at Sea

The same principle of direction finding at sea can
be used if a sailor’s life jacket is equipped with a UV
radiation source based on UV LEDs or an excilamp.
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MapIIpyTy BO/Ib BO3AYILIHOM JHUHHUU 3IeKTpoIlepe-
na4. IlemeHraTop mno Y®-u3nydeHHUIO KOPOHHBIX pas-
PSIIOB HEHUCIIPAaBHOCTEH OIIpefie/isieT TpeXMepHbIe
KOOPAMHATHl KaKAOM K3 HHUX (WIHUPOTYy, OITOTY
Y BBICOTY HEHCIIPAaBHOCTH HAJ| IIOBEPXHOCTBIO 3eMIJIH).
Y®-T1e/IeHraTop II0 CUTHAType CBeYeHMSI HeHCIIPaB-
HOCTH OIIpefieisieT THUII HEeHCIIPABHOCTH, HelaeT IIPo-
THO3 Pa3BUTHS aBaPUMHBIX COCTOSIHUH U OIlePAaTHBHO
B pea/IbHOM BpeMeHH I1epe/iaeT JaHHbIe B PeMOHTHBIE
CITY>KOBI.

CpepcTtBO 06ecnevyeHns 6e3onacHOCTU
3/1eKTPO3HEPreTUKM ropoaoB U NOCE/IKOB,
ob6Hapy>XeHus n 1oKanumsauum

Nno>XapoB B HAaCeJIEHHbIX MYHKTAaX,
TeXHOreHHbIX NoXXapos

BIIJIA, o6opy,u013aHHbH?1 Y®-1esleHraTopoM, OCHa-
IIeHHBIM CBEPXIIHPOKOYIOJIBHOM COJHEeYHO-CIellon
doTompreMHON ron0BKOM [19], maTpynaupyeT B aBTO-
MaTH4YeCKOM peXHMe I10 33aJaHHOMY MapUIpyTy
TePPUTOPUIO TOPOZA MJIM IoceNnKa. IIpU MOsBIeHUH
HeHCIIPAaBHOCTeH OOBEKTOB 3HEPreTHKH, COIIPOBO-
SKAQIOUIMXCS. UCKPAMM, KOPOHHBIM pa3psiioM, 3JeK-
TPHUYeCKOM [Jyron IIeJIeHTaTop OIlpefesisieT KOOp-

BEJIOMO

ONTHK

il 4

A Means of Neutralizing Football Fanatics

The UAV moves along a given route inside the sta-
dium bowl. When a fire appears, the direction
finder determines the coordinates of the intruder.
In all these examples, UAVs equipped with the same
UV direction finder are used, the difference in these
devices is only in the software.

CONCLUSION

It seems that the Unmanned aircraft system for
automatic detection and determination of coordi-
nates of for-est fires in the ultraviolet spectrum is
one of the most effective innovations in the field of
early timely fire detection. It should be connected
to a fire propagation simulation program, which
makes it possible to make a forecast depending
on the type of fire source, current weather condi-
tions and a digital terrain model at specified time
intervals.
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OUHAThl HEHCIIPABHOCTEM M B PeaJbHOM BpeMeHH
IlepesiaeT 3TU NAHHBIe B PeMOHTHBIe CIYXObI. ToT
>Ke MPUHIUII 3a70KeH IPU QUKCHPOBAHHUHU OTHS
[IO’KapOB B HaceJeHHBIX IIYHKTAaX WIH TeXHOTeHHBIX
IIO>KapOB.

CpeAcTBO O6HApYXXEHUS U IoKannsauum
NPUPOAHbIX (IeCHBbIX U CTEMHbIX) NOXapoB
BIUIA, uMenmuu Y®-IeJleHraTop € CBePXIIHPOKO-
YTOJIbHOM COJTHEUHO-CIellO (QOTOIIPUEeMHOM TOJIO0B-
KoM [19], maTpynupyeT B aBTOMaTH4YeCKOM peKHMe
10 3aJAHHOMY MapIIpyTy HNPHUPOAHBIE TePPUTOPHH.
IIpy mosSIBIeHUH OTHSI B JleCy H/IH B CTellH IleJleH-
raTop oImpefesseT KOOPAHHATHl IIOKapa M oIlepa-
TUBHO B PeajlbHOM BPeMeHH IlepefiaeT 3TH [aHHEIe
B MYC.

CpeacTBO Noucka Tepnawux 6eacremne

Ha mope

TOT >Ke IPUHIUII IIeIeHTalliu Ha MOpe MOXKET OBITh
HCIIO/NBb30BaH B Cjydae, eCIH CIacaTeJbHBIM >KUJIET
Mopsika 060pyZOBaH HCTOUHUKOM YP-H3TydeHHs Ha
oCHOBe Y®-CBeTOAMOI0B WIIH 3KCUIAMITHI [20].

CpeAcTBO HeMTpanusauum

$pyT60NbHBIX PaHATUKOB

MO>KHO UCI10/1b30BaTh BITJIA BHYTpH Yalllyd CTaHOHa,
3a/laBasi TPAeKTOPUIO ero ABWKeHHs. IIpu IosBiie-
HUM Qariepa IeJIeHraTop oIpefensieT KOOPIHHATEI
HapyLIKUTe.

Bo Bcex 3THX IIpUMepax HCIIONb3YIOTCS OecIIHIoT-
HHKH, OCHallleHHbIe OSHUM H TeM Ke yIbTpaduose-
TOBBIM II€JIEHIaTOPOM, OTIMYMe B 3THX YCTPOMCTBAaX
TOJIBKO B IIPOrPAaMMHOM ObecIiedeHHH.

3AKJTIOYEHUE

[IpencTaBisieTcsi, 4TO OLHOM M3 caMbIX 3bPeKTHB-
HBIX MHHOBAaIlUM B 00JaCTH PaHHEro CBOEBpeMeH-
HOro 0bHapy>KeHHUS I10KAPOB SIBJISIETCS «BeCTUIoTHAS
aBHAIMOHHAs CHCTeMa aBTOMATH4YeCKOro OOHapysKe-
HUS U OIpeleleHUs KOOPIHHAT JIECHBIX IIOKaPOB
B Y®-o6nacTu criekTpar. OHa JOKHA OBITh COeTUHEHA
C NPOrpaMMOM MOJEIHPOBAHUS PACIPOCTPAHEHUS
OTHSI IIOXKapa, II03BOJISIS CTPOUTH ITPOTHO3 B 3aBHUCH-
MOCTH OT THIIA UCTOYHHKA OTHSI, TEKYLIUX MeTeoycC-
JIOBHUN U IIHPOBOM MOJEIHU MECTHOCTH B 33JaHHBIE
MHTEPBAJIbl BpeMEHH.,
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