VYuénsle 3anucku KpsiMckoro denepansHoro yunsepeurera umenu B. M. Bepnanckoro.

I'eorpadus. 'eonorus. Tom 7 (73). Ne 2. 2021 r. C. 307-315.

PA3JIE] 3.
TUJIPOJIOTUSI, OKEAHOJIOT VST M KJIMMATOJIOT UsI

VK 623.502
OILIEHKA BJIMSAHUS ®U3UKO-TEOTPA®UYECKHX YCJIOBUI HA
MHNOUCKOBO-CITACATEJIBHBIE PABOTbHI BU3YAJIBHBIM METO/I0OM B
CJOXKHBIX METEOPOJIOTUYECKHUX YCJOBUSAX
Jlopogpees B. B.', Kysneyos H. E.°, Heuaes B. H.?, Cmenanos A. B.*, Haconog A. A.°

12345 Boennstit yueono-nayunviit yenmp Boenno-6¢o30ymnvix cun «Boenno-e¢o30ymnan axademus
umenu npogpeccopa H. E. Kykoeckozo u I0. A. I'acapuna», Boponesic, Poccuiickas @edepayusn
E-mail: ®alexeynasonov@list.ru

B craThe pacCMOTPEHBI BONPOCH! OLEHKH BIUSHHSA (QU3HKO-TeorpaMIecKuX yCIOBHI Ha BU3YaIbHBIN MOUCK
B CJIOXKHBIX METCOPOJIOTMYECKUX YCIOBHUSX C IPUMEHEHHEM BEPTOJIETOB B PaiiOHE MOMCKOBO-CHACATEIBHBIX
pabor.

Knrouesvie cnoga: ¢usuko-reorpaddeckue YCIOBHUs, IOMCKOBO-CHAcaTeNbHbIe pPabOTHI, MOTEPHEBILIHE
OexctBus, JaHAIAQT MECTHOCTH, SIPKOCTHBIA KOHTpPAacT, Majopa3MepHble OOBEKTHI,  CIIOXKHBIE
METEOPOJIOTUUECKUE YCIIOBUSL, TIOJIETHAS TAIBHOCTH BUITUMOCTH.

BBEJIEHUE

[TouckoBo-cmacatensubie  paboter ([ICP) ¢ mnpuMeHeHWEM BO3IYIIHBIX CY/OB
NpeACTaBIsieT COO0H KOMIUIEKC MEPOTIPHUSITHH, HallPaBIeHHBIH Ha MOMCK, OOHAPYKEHHE U
criacaHue TePISIINX WM MOTEPIEeBIINX OENCTBHS MaccaxxupoB u dkunaxeid BC (mamee
UMEHYIOTCS — IOTepIeBLINe O€[CTBUE), OKa3aHWE UM MEOULIMHCKOW IOMOLIM U
3BaKyaluu ¢ Mmecta npowuciiecTBus. OCHOBHBIM MeTonoM BeimosnHeHus [ICP sBnsercs
paaMOTEeXHUYECKUH TIOMCK aBHAllMOHHBIMH CpPEJCTBAMM, €CIH TIPHU HCIIOJIb30BaHUHU
JAaHHOTO MeTozna He oOHapykeHbl mnoteprneBume Oexactsust (I1B), To npunHMMaeTcs
pelIeHne Ha MPOBEJCHUE AETAIBHOIO BU3YaJbHOTO IOMCKA M 00CIeI0BaHUSI MECTHOCTH
MPeJIoJiaraeMoro paioHa OeJCTBYsI ¢ IPUMEHESHHUEM aBUAIMOHHBIX CHJI U cpencTs [1].

O¢¢extuBHoCTs BusyanmpHOro moucka 1pu IICP  3aBucur ot  ¢usHKO-
reorpaMuecKux YCJIOBUM, IOJ KOTOPHIMH IIOHMMAIOTCA MOJETHI HaJ PaBHUHHOM,
XOJIMHUCTOH, TOPHOW W IYCTHIHHOH MeCTHOCThIO. Du3nko-reorpaduveckue ycIoBUs
OKa3bIBAIOT 3HAYUTEIHHOE BIUSHUE HA METEOPOJOTHUECKHE YCIOBHUS B CJIO€ OT 3eMJIU JI0
BbICOTBI 600 M. ONTUMaNbHBIMH BBICOTAMH ISl BBIIOJHEHHS BU3yaJbHOTO IIOMCKA
spisitorest 500-600 metpos jis camonéroB u 200—-300 meTpoB i BepTonéToB. Bricora
nonéra MOXET YTOYHSTHCS B 3aBUCHMOCTH OT YPOBHSI MOJTOTOBKH JKHIaxa, (QU3UKO-
reorpa)HMYeCKUX ¥ METEOPOJIOTHUECKUX YCIOBUH paiioHoB mon€ToB. [1, 2] BusyanpHoe
oOHapyXeHHe MaJopa3MepHOro oObekTa (0OBEKT C JIMHEHHBIMH pa3MepaMu
oT 1 10 5 METpPOB) 3aBUCHUT OT MOJETHOM AATHLHOCTH BUANMOCTH (¢ kabuHbel BC), BBICOTHI,
ckopoctu nosieta BC, xapakTepa noacTuiaromei HTOBEpXHOCTH U SIBJICHUH MOTOABI.
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IIpu Bemmonnenun IICP moTepmeBmne OeAncTBHE SIBASIOTCS, Kak MPaBHIIO
MajopasMepHeIMH OOBekTamMH. B pabore paccmorpen Bu3yanpHbIH momck IIb c
INPUMEHEHUEM BEPTOJIETOB HAJl PABHUHHON MECTHOCTBHIO.

[onérnas mampHOCTh BUguMOCTH (I1/IB) 0OBEKTOB HAmpsAMYyIO0 ONpPENENSIeTCS OT
nangmadTa — BUAA MECTHOCTH, OTJIMYAIOLICHCS] XapaKTEpHBIMH W MHIUBHIYalbHBIMU
gepramu. Jlagmmadt sSBISeTCS OCHOBHOW  emWHUIEH  (U3HKO-TeorpaduIecKoro
paiioHUPOBaHMSI TEPPUTOPUU C OJHOTHIIHBIM pelbedoM, KINMATOM, 3aKOHOMEPHBIM
COYETaHUEM MOBEPXHOCTHBIX BOJ, MOYB M pacTUTeNbHOCTH. OT naHamadTa MECTHOCTU
3aBUCHUT SIPKOCTHBIN KoHTpacT (K) oonekra I1b [3, 4].

Han mepecedeHHON MECTHOCTBIO TIPU NIEpPEMELICHUH O0JIAYHOCTH BBICOTA €€ HIDKHEH
TPAaHHUIBI 3HAYNUTEIBHO OHMKAETCS HaJ] yYaCTKaMH C BO3BBIIIEHHOCTSMH U MPAKTHYECKU
MOCTOSIHHO IPOUCXOIUT YXYyIIIEHHE BUIUMOCTH [3], Tak k€ Hal JIECHBIMH, BOAHBIMU
MaccHBaMH U 3a00JI0OYEHHBIMU YYacCTKaMH, C YBEJIMUEHHONW OTHOCHUTEJIBHOW BJIAXKHOCTBIO
BO3/1yXa, HaOJII01aeTCs MOHMKEHNE 00IAYHOCTH U yXY/IIeHHe BUAUMOCTH [4, 5].

IIpy omeHke METEOPONIOTMYECKUX YCJIOBHH BH3YAJIBHBIM IIOMCKOM B CIIOXHBIX
MeTeoposorudeckux ycnoBusax (CMY) Bo3HHKaeT MPOTHBOPEUHE, KOTOPOe 00YCIOBICHO
OTOXJICCTBJIICHUEM METEOpoJIoTHyYeckoi nanbHocTH BuauMoct (MJIB) 00BekTOB C
noJsieTHON NanbHOCThIo BUauMocTH (I1/IB). JlanHOE OTOXIEecTBIEHHE HE JOMYCTUMO MPH
BeimonHeHnu [ICP, Tak kak MOXKeT IpUBECTH K OoJiee ATUTENbHBIM 3aTpaTaM 10 BpEMEHU
noucka u ooHapyxenue I1b. [IpotuBopeune 00yCIOBICHO HE COBEPIICHCTBOM HAy4HO-
METOJUYECKOr0 anrmapaTa 1o OLUEHKH MOJETHON AaJbHOCTH BHAMMOCTH MaloOpa3MEpPHBIX
00BEKTOB Ha Pa3NWYHBIX NaHAmAadTax MecTHocTH. lIpoTmBopeume TpeOyeT pemieHHe
HAy4YHOW 3a/Ja4dl MO pPa3paboTKe METONWKH OIEHKH BIUSHUS (HU3UKO-TeorpaduIecKux
yCcIoBUIMl Ha Bu3yanbHbI mnouck npu BeinoigHeHnwe [ICP B CMY ¢ mnpuMmeHeHueM
BEPTOJIETOB.

IlosToMy yenvio paboOTHI SIBISETCS, IMOBBILICHHE KaueCcTBAa METEOPOIOrHYECKOro
obecieyennst [ICP myTtéMm oOUeHKH BIUSHHUS —(QHU3UKO-TeorpadUuecKuX yCIOBUN
BU3yaJIbHBIM MeTonoM B CMY. llenp mocturaercs pa3paOOTKOH MOJEIU TOJIETHOM
JAJILHOCTH BUAMMOCTH Majopa3MepHbIx 00bexToB I1b.

MOJIEJIb TMOJIETHOM JAJIBHOCTH BHUIAUMOCTU MAJIOPASMEPHBIX
OBBEKTOB INIOTEPIIEBIINX BEJACTBHUE B CJIOKHBIX METEOPOJIOT'HYECKHNX
YCJIOBUSX HAJl PABHUHHOM MECTHOCTBIO

@dusuko-reorpapuuecKre ycIoBUS U BPeMs Toja BIUSAIOT HA JaHAmAadT MECTHOCTU
[6]. JJanmmradT MecTHOCTH, OKa3bIBaET BIMSHIE HA YCIOBUS ONTHYECKONH MaCKUPOBKH (IO
YCIIOBUSIM omnThu4eckor MackupoBku I1b moapasgensiorcs Ha mano3zametHble K =0,2,
cpennezameTHple K'=0,6 u xopomo 3amerHbie K =0,9) u TeM campIM OTpakaeTcsi Ha
I11B.

Marematuueckas wmogzens I[IJIB  peanuszyercda Ha OCHOBE MOJIENH JAJbHOCTH
BUAMMOCTH Topora oOHapyxxeHus 11b, ¢ ydeTrom MX JMHEHHBIX pa3MEpOB B IMPOCTHIX
Mmeteoposoruyeckux ycnoBusx (IIMY mns BepronéroB He Hmxke 600 M BUAMMOCTH IO
ropu3oHTaau He MeHee 10 km.) [1] mo hopmyire:
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. —In(7>)
S, =1700- Lor - K -exp S—%
0

rae LOIr — numeiinble pasmepsl MaIopa3MEPHOTO 0OBEKTA;
K — xoHTpacTHOCTL 00BEKTA;
€ — IOPOr0Basi 4YyBCTBUTEIBLHOCTD I71a34;

SO — MCTCOPOJIOTUYCCKAA NaJIbHOCTh BUAUMOCTHU.

B rtabmume 1 mpenctaBieHbl 3HaYeHWS Topora OOHapyXeHHs OOBeKTa IpHU
PasNIMYHBIX  YCJIOBHSIX  ONTHYECKOW MAacKMpPOBKH  MecTHOCTH  (Koaddummentax
KOHTPACTHOCTH M JIMHEHHBIX pa3zMepos B [IMY).

Tabnuua 1.
JanbHOCTh BUANMOCTH IOpora 0OHapyKeHHsT MaJlopa3MEPHBIX OOBEKTOB (M) B
3aBUCHMOCTH OT JUHEHHOTO pazMepa (ipu & = 0.05) mpu pa3muyHbIX YCIOBUSIX
OINTHYECKOW MACKUPOBKH TPH PA3IUYHBIX APKOCTHBIX KOHTpacTax (K).

Koa¢ddumment K=0,9 K=0,6 K=0,2
KOHTPACTHOCTH
JluneitnbIii 1| 2 3 4 1 2 3 4 1 2 3 4
pasmep, M.
ITopor
olo |o |og|lo |o|o |o o | o
obmapyxenna, M | 2| [ S | 18 18139 |9 |2 |8 |8 |2
Al m |[w o |4 |« o |[<x | P ]° | a |«

Onenka BiusiHUS (PU3HKO-reorpaduueckux yciopuid npu nposeaenun [ICP 8 CMY
pean30BaHO C MOMOIIBIO TPeX MPOrpPaMMHBIX NMPOIYKTOB Al OBM: «PacueT nosnerHon
BUAMMOCTH C Y4YETOM JIMHEHHOro pasMepa oOBbeKkTa (OpueHTHpa)», «Pacuer mojeTHoOH
JTATBHOCTH BUIMMOCTH TPH IUIAHUPOBAHUU TIOJETOBY, «PacueT BIMSHHUS MECTHOCTH Ha
BBICOTY HW)KHEH I'paHHUIbl 00JaYHOCTH U METEOPOJIOTHUECKYIO AaJbHOCTH BHUANMOCTH
[7,8,9].

B xauectBe mpuMepa Ha pucyHkax 1—5 mpeacraBieHbl pe3ynabrathl oneHku [1/IB I1b
B CMYVY (Bbicota HmxkHeWd rpanuibsl obmakoB BHI'O =200m, MJIB=2000wm) c
JUHEHHBIMM pa3MepaMyd 1 1 2 M, pa3iuYHbIMU YCJIOBHSIMU ONTHYECKOH MACKHUPOBKH,
SIBJICHUSIMH TTOTO/IBI, BBICOTAMH M CKOPOCTSIMH TTOJIETA BEPTOJIETA.
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Puc. 1. 3aBUCHMOCTh TOJIETHOH NaTbHOCTH BHUIAMNMOCTH MAJOPa3MEpHOTO OOBEKTa
MoTepreBIIero OencTeus (MuHeHbIH pasmep L=1 m), myteBoit ckopoctu BC, nipu BeIcOTE
nonera Hm=50,100 1 150 M B ycnoBusix ontudeckoii mackupoBku (K =10,9) mpu
BHI'O =200 m, MZIB = 2 000 wm.
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Puc. 2. 3aBucMMOCTh MOJIETHOW NANBbHOCTH BUAMMOCTH Mallopa3MepHOro OoOBeKTa
norepreBiiero OexctBust (nMuHeiHbId pasmep L =1 wm), myreBoit ckopoctu BC, mpu
BbicoTe nosieta Ho = 50,100 u 150 M B ycnoBusx ontuueckoil mackupoBku (K = 0,6) npu
BHI'O =200 m, MZIB =2 000 m.
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Puc. 3. 3aBUCHMOCTh TOJIETHOH NaThbHOCTH BHUAMNMOCTH MAJOPa3MEpHOTO OOBEeKTa
norteprieBiiero OeactBus (nMuHeiHbld pasmep L =1 wm), myreBoit ckopoctu BC, mpu
BeicoTe monera Hm=50mM B ycmoBusx ontuueckoir wmackupoBku (K=0,2) mpu
BHI'O =200 m, M/IB =2 000 M.

SIBreHus moroAbl OKa3bIBaIOT HENocpeacTBeHHOe BiusiHUe Ha I1/IB. Pacnpenenenue
3aBucuMocTH IIJIB oT siBneHuil moroapl, ycioBUH ONTUYECKOH MACKUPOBKE, BBICOTHI U
CKOPOCTH 1oJIéTa BepTOoJIETa MpeICTaBIeHbl Ha prcyHKax 4-5 [7, 8, 9].
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Puc. 4. 3aBUCHMOCTb IOJIETHOHM MaJbHOCTU BUANMOCTU MAajOPa3MEPHOTO OOBEKTa
MOTepHeBIIero 6eCcTBUS (JIMHEHHbIHN pasmep L = 2 m) ot myteBoit ckopoctu BC, snenuit
orospl Mpu BblcOoTe mojera 50 M B pa3IMUYHBIX YCIOBMSIX ONTHUYECKOW MAaCKHPOBKH
(K=0,6; K=0,2) npu BHI'O =200 M, u M/IB =2 000 m.
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Puc. 5. 3aBUCHMMOCTH  MOJETHOW  BHUAMMOCTH  MajOpa3MEpHOTO  OOBEKTa
MOTEPIEBINEro OeACTBUA (JTMHEHHBIN pasmMep L=2 M) oT myTeBoit ckopoctu BC, apnenuit
noroAsl npu BeicoTe mosnera 100 M B Pa3NUUYHBIX YCIOBUSIX ONTHYECKOW MACKHUPOBKHU
(K=0,6; K=0,2) npu BHI'O=200 M, MZIB=2000 m.

AHnanmu3 BimsiHHA siBIIeHWH moronsl Ha IIJIB mokaspiBaeT ciemyromiee: B OXKIE
yXyAlLEHHE TMOJEeTHON BUAMMOCTU cocTaBiusteT 9%, B cHere 16%, B mopocu 20% mo
OTHOIIIEHUIO K JBIMKE.

BBbIBO/IbI

PesynbpTarhl paboTHI HO3BOISIOT CAENATH CICAYIOINE BHIBOIBL:

1. C yBenuueHneM BBICOTHI U cKOpocTH nonéra Beprosiéra [1IB ymenbiaercs.

2. BusyanpHblii mouck Majno3aMeTHeIX o0bekroB B CMY IICP mpoBomuth He
1enecoodpasuo, Tak kak [1/1B npu ckopoctu 50 kM/4 He npeBbitiaet 130 MeTpoB.

3. C yBenuueHHEM JIMHEHHOro pa3Mmepa B 3 pasa mpoucxoaut ysenuuenue [1[B B
2 paza.

4. TlpennoxkeHHass METOJMKA OLIEHKU BIHSHUS (PU3HKO-TeOrpapUuecKuX YCIOBHN
MO3BOJISIET OLIEHWBATh BO3MOKHOCTH npoBesieHus [ICP Bu3yanbHBIM METOIOM C YYETOM
YPOBHS IOATOTOBKH JETHOTO cocTaBa B CMYV.

5. AHamyM3 3aBUCHUMOCTH TIOJICTHOH JadbHOCTH BHIWMOCTH MAaJIOpPa3MEPHOTO
obnekra I1b, mokaspiBaet, 4To MONETHAS BUAMMOCTH CYIIECTBEHHO 3aBHCUT OT (DU3UKO-
reorpaguueckux ycinoBui (JaHAmadTa) KOTOPBIE ONPENENSIOT YCJIOBHS ONTHYECKOU
MacKUpoBKH. [lon€THas BUIUMOCTD XOPOLIO 3aMETHBIX OOBEKTOB B ISATh Pa3 MPEBBILIAET
MOJIETHYIO BUIMMOCTE MaJIO 3aMETHBIX 0OHEKTOB.

6. Takum o00Opa3oM, TOBBILICHUS! KauyecTBa METEOPOJOrMYECKOro OOecreueHus
BuU3yasbHbIM MeTojoM IICP mpu oueHke METeOpOoSIOrMYECKUX YCIOBHH pean3yeTcs
METOJUKOM TO3BOJISAIONICH YUYMTHIBATh (DU3UKO-TeorpaduuecKue yCIIOBHUs, Kak (akTop,
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KOTOPBIN ONPECIISCT YCIOBHS ONTHYSCKONH MACKUPOBKH M BO3MOXKHBIN CITOCOO TOUCKA U
cracenns 11b.
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ASSESSMENT OF THE IMPACT OF PHYSICAL AND GEOGRAPHICAL
CONDITIONS ON SEARCH AND RESCUE OPERATIONS BY VISUAL
METHOD IN DIFFICULT METEOROLOGICAL CONDITIONS
Dorofeev V. V.1, Kuznetsov I. E.?, Nechaev V. N.3, Stepanov A. V.#, Nasonov A. A.°

1.2345Military Training and Research Center of the Air Force “Air Force Academy named after
Professor N. E. Zhukovsky and Yu. A. Gagarin”, VVoronezh, Russian Federation
E-mail: Salexeynasonov@list.ru

The article deals with the issues of assessing the impact of physical and geographical
conditions on visual search, in difficult meteorological conditions with the use of
helicopters in the area of search and rescue operations. Search and rescue operations
(PSR) with the use of aircraft is a set of measures aimed at finding, detecting and rescuing
passengers and crews of the Armed Forces (hereinafter referred to as the victims of
disaster) who are suffering or have suffered a disaster, providing them with medical
assistance and evacuation from the scene of the accident. The main method of performing
the PSR is a radio-technical search by aviation means, if no disaster victims are found
when using this method, then a decision is made to conduct a detailed visual search and
survey of the area of the intended disaster area with the use of aviation forces and means.

The effectiveness of visual search in the PSR depends on the physical and geographical
conditions, which are understood as flights over flat, hilly, mountainous and desert terrain.
Physical and geographical conditions have a significant impact on the meteorological
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conditions in the layer from the ground to an altitude of 600 m. The optimal heights for
performing visual search are 500-600 meters for airplanes and 200-300 meters for
helicopters. The altitude of the flight can be specified depending on the level of training of
the crew, physical, geographical and meteorological conditions of the flight areas. Visual
detection of a small object (an object with linear dimensions from 1 to 5 meters) depends
on the flight range of visibility (from the aircraft cabin), altitude, aircraft flight speed, the
nature of the underlying surface and weather phenomena.

When performing the PSR, the BOS are, as a rule, small-sized objects. The paper
considers the visual search for PB using helicopters over flat terrain.

The flight range of visibility (MPV) of objects directly depends on the landscape — the
type of terrain that differs in characteristic and individual features. The landscape is the
main unit of physical and geographical zoning of the territory with the same type of relief,
climate, natural combination of surface waters, soils and vegetation. The brightness
contrast (K) of the PB object depends on the terrain [3, 4].

Over rough terrain, when the cloud cover moves, the height of its lower border
significantly decreases over areas with elevations and almost constantly there is a
deterioration in visibility [3], as well as over forests, water bodies and wetlands, with
increased relative humidity, there is a decrease in cloud cover and a deterioration in
visibility.

When assessing meteorological conditions by visual search in complex meteorological
conditions (SMU), a contradiction arises, which is due to the identification of the
meteorological range of visibility (MDV) of objects with the flight range of visibility
(MPV). This identification is not allowed when performing the PSR, as it can lead to a
longer search time and the detection of PB. The contradiction is not due to the perfection
of the scientific and methodological apparatus for assessing the flight range of visibility of
small-sized objects on various terrain landscapes. The contradiction requires the solution
of the scientific task of developing a methodology for assessing the impact of physical and
geographical conditions on visual search when performing RPS in SMU using helicopters.
Therefore, the aim of the work is to improve the quality of the meteorological support of
the PSR by assessing the influence of physical and geographical conditions by the visual
method in the SMU.

The goal is achieved by developing a model of the flight range of visibility of small-sized
PB objects.

Keywords: physical and geographical conditions, search and rescue operations, victims of
disasters, terrain, brightness contrast, small objects, complex meteorological conditions,
flight visibility range.
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