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B craThe mpeyiaraeTcst MoAelb BOCCTAHOBICHHS METEOPOJOTHYECKUX YCIOBHH (BBICOTHI HH)KHEI TDaHUIIbI
00JIaYHOCTH, BBICOTHI BEPXHEH TPaHUIBI O00JaYHOCTH, TOPU30HTAIBHONW BUIUMOCTH Y 3€MJIM M IOJIETHOM
BUJIMIMOCTH) TI0 TaHHBIM W3MEPEHHSIM IPO3pavHOCTH aTMOC(EpHI ¢ TIOMOIIBI0 HedeloMeTpa YCTaHOBICHHOTO
Ha OeCITUIIOTHBIN JIeTaTeNbHBIH ammapar.

KnioueBbie cioBa: mpo3payHOCTh aTMOC(epbl, OECHWIOTHBIE JIeTaTeNbHbIE Aammaparbl, I[TOHCKOBO-
criacaTebHbIe PabOTHI, MOTEpIEeBIINE OICTBUE, MaJIOradapuTHBIN He(eIOMETP.

BBEJEHUE

Tepputopus Poccuiickoit denepanny oOmupHA M JOCTATOYHO pa3HOOOpasHa IO
CBOMM (pr3uKO-TeorpadIecKuM W KIMMATHYECKUM YCIIOBUSM. B craThe paccMOTpeHBI
Pervonsr Cubupu u J[lanbHero BocToka, Haxomsfmuecs B pPa3IMYHBIX  (U3HKO-
reorpa)uyecKiX M KIUMATHYCCKUX YCIOBHAX. B TMoOCHeaHHME Tojabl Ha TEPPUTOPHUSIX
MAHHBIX PETHOHOB YBEIWYWIACH IOBTOPSEMOCTh CTUXHUHBIX, Pa3pyIIATENbHEIX,
MPUPOAHBIX H TMPUPOAHO-aHTPOIMOTCHHBIX SBICHUN, NPUBOIAIIMX K JOCTATOYHO
CEpbE3HBIM Pa3pPYIICHUSIM U YHHUTOKEHHUSIM MaTEPUATbHBIX IIEHHOCTEH, a TakKe THOCTH
moneil. OTto  o0yciaBIMBaeT HEOOXOIWMOCTH  COBEPIICHCTBOBAHHUS  ITOMCKOBO-
cnacarenbHbIX padoT (IICP) c mpumeHeHneM aBHAIH, TaK KaK aBUAIUS B 3TUX PETHOHAX
SIBJISICTCSI TIPAKTHUYECKH €IWHCTBEHHBIM OIEPATHBHBIM CPEICTBOM ITOMCKA W CIacaHUs
TEPISIIUX U TOTEPIIEBITNX OeCTBHE 00BEKTOB 1 Jroaei [1].

OTIHYUTENTFHOW OCOOCHHOCTRIO METEOPOJIOTUYECKOTO O0eCleYeHrusT W OICHKH
MeTeopojoruueckux — yciaouii  Cubupu  u  [JlanmeHero  Bocroka  ocliokHsETCS
MPOTSHKEHHOCTHI0 UMEIOIIUXCSl TEPPUTOPUN ITHX PETHOHOB, a TaKXKE YaCTUYHBIM (Ha
HEKOTOPBIX ~ y4acTKaxX T[IOJHBIM) OTCYTCTBHEM  METEOPOJIOTHYECKHX  CTAHIWH.
Hcnons3oBanne Bo3aymHbix cynoB (BC) mis Beimonuenus [ICP B ycrmoBHSX MOIHOTO
OTCYTCTBHS (HE JIOCTATOYHOTO KOJUYECTBA) METEOPOJIOTHYCCKON WH(pOPMAIUK SBIISETCS
3aTPyJHUTENFHOW W  CIOXKHOW 3amadeldl. B oTAenbHBIX  cioydasXx OTCYTCTBHUE
METEOPOJIOTHYECKON HHPOPMAIINH SABJISETCS TITABHON MPUYUHON YaCTHYHOTO WITH TTOJTHOTO
WCKITIOUCHUS TPUMEHEHHUS aBHWAIMK JJIsS BBITIOJIHCHHUS 3aJa4 [0 IOWCKY M CIacaHHUI0
MOTEPNEeBIINX OencTBHe O0BEKTOB (dkmmax, maccaxupel, BC) [2, 3]. Jlammmadr
MECTHOCTH OTIPEAETSET METEOPOJIOTHYECKHE YCIOBHS PETMOHOB, TEM CaMbIM BIHSET Ha
METEOPOJIOTHUECKOe OOecrieueHue TMONETOB M MX 0e30macHOCTh B IiesioM  [4].
CyI1ecTBYIOIIHE B HACTOSIIEE BPEMS METOIBI OIEHKH MTOTOAHBIX YCIOBHM C PEIKOH CETHIO
METEOPOJIOTHYECKUX HAOIIOJCHUIA SIBISIOTCS NPUOIMKEHHBIMA W HE YYHTHIBAIOT B
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JOJDKHOW CTETEeHH HEOJAHOPOJHOCTH TOJACTHJIAIOMICH TOBEPXHOCTH W JaHAmadTa
MECTHOCTH. JTO OOYCIIOBJIEHO HECOBEPIIEHCTBOM HAy4YHO-METOAMYECKOIO ammapara Io
OIIEHKE METEOPOJIOTHYECKUX YCIOBHUN HaJ HEOCBEIIEHHOW IMOJHOCTHIO, JIUOO C PEeaKoit
CEeThI0 HAOJIIOIEHHI B METEOPOIOTUIECKOM OTHOIICHUH TEPPUTOPHEH.

HecoBepnieHCTBO HAay4YHO-METOAWYECKOTO ammapaTa OLEHKH METEOpPOJIOTHYECKHX
YCIIOBHMI HAa HEOCBEIIEHHOW B  METEOPOJIOTHYECKOM OTHOLIEHHH TEPPUTOPHH
o0ycaBnMBaeT NPOTUBOPEUHE, 3aKII0YAIOIIEECS B TOM, YTO METEOPOIIOTHIECKUE YCIOBHUS
Ha HE OCBEMIEHHOM B METEOpPOJOTHYECKOM OTHOUIEHWH TEPPUTOPUM MPUXOTUTCS
OTOXKIECTBIATh C KIMMAaTHUYECKUMM YycloBuAMHU. llpoTuBopeume TpeOyer pemieHus
Hay4yHOM 3aJjaud IO COBEPIICHCTBOBAaHMIO HAYYHO-METOJMYECKOIrO ammapaTa OLEHKHU
METEOPOJIOTHUECKUX YCJIOBUI HaJ HEOCBEIIEHHOM B METEOpPOJOTHYECKOM OTHOLIEHHUH
tepputopueii. OCHOBHOW METEOpPOIIOTUYECKOW BEITMYWHOW OIPENesIIomel yCIOBUS
BO3MOXKHOCTH BBIIIOJIHEHHS aBHALMOHHBIX M IIOMCKOBO-CIIACATENbHBIX PaloT sBIsSETCA
npo3paunocte atmocepsl (ITA). TTA — o0OBbeKTHBHAs XapaKTEPUCTHKA YCIOBHMA
BUANMOCTH, KOTOpasi HE 3aBUCHUT OT SIBJICHUH [TOTO/Ibl, BpEMEHH CYTOK M BpeMeHu roaa. [1A
MO3BOJISIET  OMPEACTUTh METEOPOJIOTHUECKYI0  ONTHYeCKyr mambHOCcTh  (MO/D),
METEOPOJIOTHUECKYIO AaTBbHOCTh BUAMMOCTH y 3emin (M/IB), BeicOTy HIKHEH rpaHHLIBI
obmakoB (BHI'O) u BeIcOTYy BepxHeli rpanusl oonakos (BBI'O).

Pa3pemenne mpoTHBOpednss BO3MOMKHO pEaN30BaTh C IOMOIIBIO MPUMEHEHUS
OecrmmtotHoro nerarensHoro ammapara (brJIA). YcranoBka Ha coBpeMeHHble brJIA
OTKPBITOW apXHUTEKTYpPbl MOPTATUBHOIO HederoMeTpa MO3BOJIUT MPOBOAMTH M3MEPECHUS
NPO3pPayHOCTH aTMOc(epbl Ha HEOCBEIIEHHOM B METCOPOJIOTMYECKOM OTHOLICHUU
TEPPUTOPHH.

[TosTOoMy menblo paboTHl SIBISCTCS IOBBIIMICHHE KauecTBa METEOPOJIOTHYECKOTO
obecrieyenust [ICP myTtem pa3paOOTKM MOIENH BOCCTAHOBJICHUS METEOPOJIOTHUECKUX
YCJIOBHI HaJl HEOCBEIIEHHON TeppUTOpUEH ¢ ucnojbp3oBanneM briJlA.

Lenp nocturaercs perieHreM caeayonux 3a1aq:

1. Pa3zpaboTka MoOenH OIEHKA NPO3PAYHOCTH arMochepbl IO MPUMEHEHHUIO
ManorabaputHoro HedenomeTpa Ha briJIA.

2. KoHCTpyKTOpCKOE MNpENNoKEeHNEe B MOJEPHU3ALMHU HCIOJIB30BAHUS IOJIE3HOU
Harpy3ku briJIA.

MOJIEJIb BOCCTAHOBJIEHUSI METEOPOJIOTMYECKHX YCJIOBUI

Pemenne 3a1a4u 110 BOCCTAHOBICHHUIO METEOPOJIOTHYECKUX YCIOBUN U U3MEPECHHIO
3HAaYeHUI MPO3PavHOCTH aTMOC(Ephl pean3yeTcsi MaTeMaTHYECKOH MOJEINbI0, KOTopas
OIUCBIBAECTCS] CHCTEMOM JIMHEWHBIX YPABHEHUI U UMEET BUJIL:

T, = Ahf +Bh +7,
T, = Ah22 +Bh, +7,, (1)
r, = A} + Bh, + 7,
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rae hq, h,, h3 — BBICOTHI, HAa KOTOPBIX u3Mepsercs [1A, (M); T4, T,, T3 — U3MEpeHHAs
ITA, (%); T9 — IIA y 3emin, (%).

Pemas cucremy ypaBHeHwmit, HaxoauM T — [IA y 3emnu u koaddunmentsr A u B.

s pemieHus cucteMbl 3-X JIMHEHHBIX ypaBHeHul (1), rae T4, To, T3, Ry, hy, hy —
W3BECTHBIC BEJINUMHBL, a T, KO3 PHUIreHTs A 1 B — nepeMeHHbIe, KOTOpbIe HE0OX0IUMO
HalTu, ucnoyb3yerca npasuino Kpamepa. Hailnem onpenenuTenb TpeThEro MOpsiaKa
(ompeaenurens cucTeMbl — A)

h12 h 7,
A=y h g, )
ha2 h, 1,

CocraBuM ele Tpu ONpPENETNTENS CIETYIOIMM 00pa3oM: 3aMEHHUM B OTIpE/ICITHTENe
A mocnenosarensHo 1, 2 1 3 cTONOIBI CTONOIOM CBOOOJHBIX UeHOB 7;,7T,H T,. Torma

cornmacHo Teopeme Kpamepa, eciu onpenenurens A # 0, To paccmMarpuBaeMasi cucTeMa
UMEET OJTHO U TOJILKO OJIHO PEIICHHE, IPUYEM

A== -2, ©)

Torma mpu ycimoBUM IIOCTOSHCTBA JUCKPETHOCTH H3MEPEHHH IIO BBICOTE, T.C.
h1 - h2 = h2 - h3 H yCIIOBHH h1 > h2 > h3 IOJTy4aceM:

A 1, -271,+ 27,

A2 ?
B:ﬁz 1 hl (z,— 73)+h2(73 T1)+h3(z-l_z-2) )
A h-—h, h? +h> +h?
U Ty, BbIpa)kas U3 IIEPBOIO YpaBHEHHS CUCTEMBI
=7, — Ah? —Bh,. (6)
[TA B HaKJIOHHOM HaNPaBICHUU (Ty,,) ONIPEIALIIIETCS 10 hopMyJIe:
T = : )

c0sQ- In}/ I Ah2+Bh+z-
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rne H,,, — Boicota monera (M); Q — yroyn BU3MPOBAHMS, KOTOPBIA 3aBHCHT OT

BBICOTHI mosieta BJIA (°).
Bripaxenue (7) MOXET IMETh 3 PEIICHUS:
1. Ipu B* > 4Az,:

— Hnafl \ BZ - 4ATO (8)
2_
cosQ-In}/-In H,, (B+yB -4Ar, )+ 27,
€ H, (B—.B%-4Ar, )+21,

2. Ilpu B® < 4Ac,:
H,, +/4Ar, — B?
r — non TO (9)

Hn(m \/4ATO - 82
cosQ-Zln%-arctg BH._ + 27,

non

HAaK

rae

H, 4Ar, —B?

arctg BH_ +2r, (10)
BBbIpa)kaeTcs B paJraHax.
3. Ipu B* =4Az,:
= (2AH,  +B)B 1)
cosQ-In %
Q =arctg % (12)

n

rne Hy,, — BbicoTa nosnera briJIA (M); T, — mpo3padyHOCTh aTMOcdepsl Ha BEICOTE
norneta (%).

Marematnueckas mojnenb pacuéra ITA y 3emmu Ty mo3Boisier onpeaenuts MO/ u
M/IB y 3emnn, a [IA B HAKJTTOHHOM HAIPABICHUH (T,;5,) TIO3BOJISIET OMPEACIIUTD MOJIETHYIO
nansHOCTh BuaumoctH (I1/1B) mytem nepepacuera ee B MO/] ¢ yueTom yriia BUSUPOBAHHUS,
3aBHCSAIIEro OT MyTeBoil ckopoctu (W), koaddunmenta akkomonanuu (t), BEICOTHI 1oJieTa
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H u Kypcosoro yria Habmoznenus (). Ilpu stom Bmecto Q moxcraBnsercs

1071

!
nepemennas Q' , koTopas Berancisiercs no popmyie (13):

Q’=Q+57,3:V—tsin Q\/l+coszQ-cosza (13)

o

Hcnone3yst MmareMaTHIecKyto MoJensb [5], MoxkHo omnpenenuts 11JIB mis aro6oro BC.

Jid  TOonmHOW OLEHKM METEOpOJIOTMYECKUX YCIOBUM HajJ HEOCBEIIEHHOM B
METEOpPOJIOrHIECKOM OTHOIICHHH TeppuTopueii onpenesttores MJIB, BHI'O, BBI'O, I1/1B
myteM pacdeta MO/] mo ¢popmynam. 3a BHI'O u BBI'O npunumaetcs Bricota, rae MO/J]
MIpUHUMAET 3HaueHue, paBHoe 80 M uinu MeHee [5].

Takum o0Opa3oM, 1O U3MEpPEHHBIM 3Ha4YeHUsIM I[IA MOXXHO BOCCTaHOBHUTH
METEOPOJIOTMUYECKHE YCIOBUS MO MapLIPyTy MOJETa K MECTy CTUXMHHOIO OEINCTBUS U K
paﬁOHy BBIINTOJTHEHUSA ITOUCKOBBIX U CIIaCaTCIIbHBIX OHCpaHHﬁ.

[Nonmy4eHHast BoccTaHOBJICHHAsI METEOPOJIOTHUECKast HHPopMaIus ¢ momonipio briJIA
HaJ, HEOCBEIIEHHOW WIM TEPPUTOPUEH C PEIKOW METEOPOJOrHYECKON  CeThio
IPEIOCTaBIsET BO3MOXKHOCTE pykoBoauteito [ICP onenuts MeTeoponornieckue ycaoBus
HeoOxomumble it 3QQEKTUBHOTO TPOBEJCHUS TOUCKOBBIX M CIacaTeNlbHBIX padoT.
KoncTpykTopckoe npeanoxenre B MOJEPHU3aLKH [0 CTIONIb30BaHUIO ITOJIE3HON HArpy3Ku
BbnJIA 3akmrouaercs B ToM, yTo uist usmepenus [1A mpennaraercst yctaHoBUTh Ha brJIA
(puc. 1) Hedemomerp [6] co creayrOUIMMH XapaKTEPUCTUKAMH Macca OKOIo 4—5 Kr u
rabaputHble pazMepsl nopsaka 50*25%10 cMm, uTo mo3BomuT 0€3 OrpaHrYeHUH TPUMEHNATH
ero Ha briJIA [7].

Puc. 1. ManorabaputHsiii HeemomeTp.

Ocnamenne bnJIA  wmanmora®apuTHeIM — He(EIOMETPOM  MO3BOJIHUT  HM3MEPSThH
mpo3padHocTh atMocdeps! u onenusath MOJI, MJIB, BHI'O, BBI'O, Tun pacnpezeneHus
ITA (BummumoOCTH) C BBICOTOM TIOJ 00JIaKaMH, TEM CaMBIM MPEAOCTABIISISI BO3MOYKHOCTH 110
OIICHKE MOJIETHON M HAKJIOHHOW BUAMMOCTH HaJl HEOCBEIIEHHOW B METEOPOJIOTHYECKOM
OTHOIIIEHWH TeppuTopuei (puc. 2).
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8M

A 4

A

HedemoMeTp

Puc. 2. [TepciektuBHbI# KoMmIuieke briJIA asis OleHKH IPO3paYHOCTH aTMOChEPhI HaJl
HEOCBEIIEHHOM B METEOPOJIOTUYECKOM OTHOIIEHUH TEPPUTOPHH.

ANTOPUTM TIO BOCCTAHOBIICHHIO METEOPOJIOTHUYECKHX YCIOBHU MO MPUMEHEHHIO
komiuiekca briJIA ¢ n3MeHEHHBIM KOHCTPYKTHBHBIM PELICHUEM, BO3SMOXKHO MIPEICTABUTD
B BHJI€ MOAYJIBHOH CXEMBI C OTKPBITON apXuTeKkTypoi (puc. 3) [7].

VeTaHOBKa ManoradapuTHOTO HedheroMeTpa Ha koMiuteke briflA B
BHJIE II0TIC3HOH HAIPY3KH

' '

Onpezenerre pafoHOB, CKOPOCTEH H BBICOT BrmorHeHHE B 3aBHCHMOCTH OT THIIA
ONTHYECKOH MOIETH 3aMEpOB
Ipo3pauHocTH aTMoc(epsl B

XapaKTePHCTHK 11071eTa HA THCKPETHBIX

BBICOTAX

TIOIETA, HEOOXOAMMEIX 1A IIPOH3BOICTEA
H3MEpEHHH XAPAKTEPHCTHRE aTMOCeps!
(mpospauHOCTS aTMocdepsr)

h 4 Y

Ilepenaua JaHHBIX HAOMIOACHAH H BHIIOAHEHHE IEPEpPacueTa Ipo3pauHocTH atMoctepsl B MOJT

|

Omnpenenerre no sgaucHraM MOJ] MJIB, BHI'O, BBI'O, tun
PacIpeNeIeHHA TOPH3OHTATEHOH BHIHMOCTH ¢ BBICOTOH 10T
00IaKaMH, IOMETHYIO BHANMOCTE

N J
. A
OreHKA METEOPOTOTHYESCKHX YCIOBHH H BO3MOKHOCTH IPOBEACHHAA
Meponpmaraii [ICP

J

L
Puc. 3. Auroputm mnpumeHenus bnJIA ¢ wucmonp3oBaHHeM MajaorabapuTHOTO
He(enomerpa [7].

246



MOJEJIb BOCCTAHOBJIEHWI METEOPOJIOTMYECKUX YCJIOBUIA HAJL
TEPPUTOPUEU [TPU OTCYTCTBHUU IIOCTOSAHHBIX HABJIFOJJEHNU

BbIBO/bI

Peanuzanus naHHOM MOIENM BOCCTAHOBJICHHSI METEOPOJIOTMYECKUX YCIOBHM Hax
HEOCBEIICHHONW TEPPUTOPUCH TMO3BOJIUT OLEHHWBATH METEOPOJOTMUECKUE YCIOBHUS IS
pelIeHus CIeTYIONINX 3a/1ay:

— JUTSI BBITIOJTHCHHSI aBUAITMOHHBIX PA0OT M MOJETOB HA MECTHBIX BO3AYIIHBIX JTHHHUSIX
BOCCTAaHOBUTh Ha HEOCBEIIEHHOW TeppuTopueii mereoponoruueckune yciosus (MO/I,
M/IB, BHI'O, BBI'O, monérHas qatbHOCTh BUIUMOCTH);

— obecrieunTh 0€30MacHOE BBHIMTOJIHEHUE TIOIETOB 10 MPABUIIAM BH3YAIbHBIX ITOJIETOB
MOJT HU3KUMU 00JIaKaM¥ U HIDKE HYDKHETO 3IIENIOHA;

— BO3MOXHOCTh BbImonHeHneM [ICP mpm oTcyTcTBHM MeETEOpOIOTHIecKOit
UHGOPMAITUH HaJl HEOCBEIEHHOW TEPPUTOPHEH B METEOPOJIOTUYECKOM OTHOIIICHUM.

— TOBBICHTH PETYISPHOCTH, 3(PPEKTUBHOCTH U OE30MACHOCTH BHITIOJTHEHHS ITOJIETOB
Hax TepputopusmMu Cubupu u lansaero Boctoka.
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MODEL OF RESTORATION OF METEOROLOGICAL CONDITIONS OVER THE
TERRITORY IN THE ABSENCE OF CONSTANT OBSERVATIONS
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Professor N. E. Zhukovsky and Yu. A. Gagariny, Voronezh, Russian Federation
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The article proposes a model for restoring meteorological conditions (the height of the lower
cloud boundary, the height of the upper cloud boundary, horizontal visibility near the ground
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and flight visibility) based on measurements of atmospheric transparency using a nephelometer
installed on an unmanned aerial vehicle.

The territory of the Russian Federation is vast and quite diverse in its physical, geographical and
climatic conditions. The article considers the regions of Siberia and the Far East located in
different physical, geographical and climatic conditions. In recent years, the frequency of
natural, destructive, natural and natural-anthropogenic phenomena has increased in the
territories of these regions, leading to quite serious destruction and destruction of material
values, as well as the death of people. This makes it necessary to improve search and rescue
operations with the use of aviation, since aviation in these regions is practically the only
operational means of searching and rescuing objects and people in distress.

A distinctive feature of meteorological support and assessment of meteorological conditions in
Siberia and the Far East is complicated by the length of the existing territories of these regions,
as well as the partial (in some areas complete) absence of meteorological stations. The use of
aircraft (VS) to perform the SRP in the conditions of complete absence (not enough)
meteorological information is a difficult and complex task. In some cases, the lack of
meteorological information is the main reason for the partial or complete exclusion of the use
of aviation to perform tasks for the search and rescue of objects in distress (crew, passengers,
aircraft). The terrain determines the meteorological conditions of the regions, thereby affecting
the meteorological support of flights and their safety in general. The currently existing methods
for assessing weather conditions with a rare network of meteorological observations are
approximate and do not take into account the heterogeneity of the underlying surface and the
landscape of the area to the proper extent. This is due to the imperfection of the scientific and
methodological apparatus for assessing meteorological conditions over an area that is
completely unlit, or with a rare network of observations in meteorological terms.

The imperfection of the scientific and methodological apparatus for assessing meteorological
conditions in a meteorologically unlit territory causes a contradiction, which consists in the fact
that meteorological conditions in a meteorologically unlit territory have to be identified with
climatic conditions. The contradiction requires the solution of the scientific task of improving
the scientific and methodological apparatus for assessing meteorological conditions over a
meteorologically unlit territory. The main meteorological value determining the conditions for
the possibility of performing aviation and search and rescue operations is the transparency of
the atmosphere (PA). PA is an objective characteristic of visibility conditions that does not
depend on weather phenomena, time of day and time of year. The PA allows you to determine
the meteorological optical range (MOD), the meteorological visibility range near the earth
(MDV), the height of the lower cloud boundary (VNGO) and the height of the upper cloud
boundary (VVGO).

Keywords: transparency of the atmosphere, unmanned aerial vehicles, search and rescue
operations, victims of disaster, small-sized nephelometer.
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