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Jlumap Kak BaKHOe CPEICTBO HCCIEM0BAaHIS aTMOCGHEPHOTO a3pO30Jis MIMPOKO UCHOTb3YETCS TPH U3yUeHUH
pacmpocTpaHeHus aTMOC(EPHBIX a9PO30JbHBIX 3arpsi3Henuil. [Ipu mpoBeeHNN 3KOTOTHYECKOTO MOHUTOPUHTA U TEM
6oJlee TIPU UCIIOJIb30BAHUU [JIsI 9TOH 1esIl MOOUJIBHOTO JHapa Ba)KHO UMeTb WH(GOPMAIUIO He TOJbKO O HaIUYMe
3arps3HeHuil, HO U O JMHAMUKE UX PACIHPOCTPAHEHNs, O MPOCTPAHCTBEHHBIX KOODJMHATAX WX HCTOYHHKa. Ilpern-
JIOJKEH MeTO[] pacyeTa KOOPAMHAT 00beKTa HCCJeJOBAaHUS MCXOAS U3 KOOPAWHAT JNAapa, HAIPaBIEHHUS 30HIUPO-
BaHUI U PAcCTOSIHUA 10 oObekTa. IIpencraBieHbl NporpaMMHBII MOAYJIb pacyeTa KOOPAMHAT U IIPUMep ero Ipu-
MeHeHUS NP Pa3paboTKe BCIOMOTATENbHBIX JTHIAPHBIX CHCTEM.

Kntouesvle caoea: nucraHiinoHHOE 30HAWPpOBaHue, JHUJAap, pacdyeT KOOpAHHAT, KapTUPOBaHUE; remote sens-

ing, lidar, calculation of coordinates, mapping.

BBeaeunne

C yckopeHmeM ypOaHU3alMH W WHIYCTPHAIN3A-
nmuu Bce O6oJiblliee 3HaUeHWe NpHoOpeTaeT IpobreMa
HAPYIIEHUs] 9KOJOTHYeCKOro GajaHca B OKpYy’Kalomieit
cpene. B uactHocTH, 3arpsi3HeHHe aTMOCQEpPBI cepbes-
HO CKa3bIBaeTCs Ha TOBCEIHEBHON Ku3Hu U (pusmde-
CKOM 3710pOBbe Jiofieit [1, 2], yTo nenaer Hab/O/IEHUE
U HuccaeoBaHNe aTMOChEpPHBIX 3arpsi3HeHuil oIHOi
U3 aKTyaJbHBIX 3a/1a4.

JlJisT KOHTPOJISL PacIpOCTPaHEHMsT TPOMBIIIIEHHBIX
a3PO30JIbHBIX 3arpsi3HEHUIl HeoOXOJNMO 3HATh TaKue
[apaMeTpbl, Kak IMPOCTPaHCTBeHHble (TpexMepHble) KO-
OpAMHATBI WX WCTOYHWKA, HAMPaBJeHHE U CKOPOCTHh
UX pacrmpocTpaHeHus. Ilpu IpPOBeAeHUH METEeOPOJIO-
IUYeCKUX U3MePEHuil ¢ HUCMOJb30BaHUEM JIHIAPHBIX
KOMILIEKCOB WJIM TPH IUCTAHI[MOHHOM ONTHYECKOM
MOHHUTOPUHTE TIOTEHIMAIBHO OMACHBIX 00BEKTOB MOKET
BO3HUKHYTb HEOOXOJMMOCTb IIOCTOSTHHOTO KOHTDOJISI
curyaruu. /lnst obecriedyeHnsi TaKOTO KOHTPOJIS JAap-
HBIMH MeTOJaMH I1eeco06Pa3HO MPOTOKOJUPOBATH
Pe3yIbTaThl N3MepeHnil ¢ cOXpaHeHneM JaHHBIX, B TOM
qmcJe O KOOPJAMHATAX MecTa IPOBeIeHUsS N3MepPeHHil,
HAIPAB/IEHUN 30HIMPOBAHIS U PACCTOSHUS 0 HCCJIe-
lyeMoro 06beKTa, YTO MO3BOJISIET BIOCJECTBUU WJIH
B peXIMe PeaJibHOrO BpeMeHH KapTHPOBaTh MeTeOjaH-
HbIe WJIN PAcIPOCTPaHeHue 3aTrpsI3HEHUI.
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C Heo6XO/MMOCTBI0 HAJIOXKEHUST PE3yJIbTaTOB M3-
MepeHuil Ha KapThl MECTHOCTH HCCJIeI0BATEH, HCIOb-
3ylomne B paboTe JMAAPHBIE METOMBI, CTATKMBAIOTCS
€O JTH BO3HUKHOBEHHS HTUX METO0B, HO U HA MOMEHT
HATIMCAHUS HACTOSIIEH CTaTbu aBTOPAM He H3BECTHbI
CHCTEMbBI aBTOMATHYECKOH 00PaGOTKU [JaHHBIX, TT03BO-
JIIONIE B PEXXIME PeaJbHOTO BPEMEHU HAKJIA/bIBATh
pe3yJIbTaThl JIMJAPHBIX H3MePeHHH aTMOoc(epHBbIX 3a-
IPSI3HEHUIT Ha KapTy MECTHOCTU MJIH CO3/[aBaTh UX TPEX-
MepHyIo Mogenb. g atoro (cM., Hampumep, [3—10])
MTPOBOAUTCS IIUKJI JINJAPHBIX U3MepeHNUl co CKaHNpOoBa-
HUEM 110 HaIIPaBJEHUIO 30HINPOBAHNUS; 10 Pe3yJIbTaTaM
30HIUPOBAHUS CTPOUTCS IBETOBAs KapTa; € IIOMOIIBIO
rpadyecKoro peJakTopa u3o6pakeHne IBETOBON Kap-
TBI TPaHCHOPMUPYETCS B COOTBETCTBUU C YTJAMU CEK-
TOpa CKaHUPOBAHUS W HAKJAbIBAETCS Ha KapTy MeCT-
Hoctu. Takue MeTobl KapTUPOBaHHsI TPUBOIAT K 3a-
Jlep:KKe B 0O6pabOTKe [TaHHBIX, OCOOGEHHO €CJH pevb
UJIeT O MOCTPOEHUN TPEXMEPHBIX Mojelieil, YTo CHIKa-
eT 3 peKTUBHOCTD, yBeIMINBaeT 06beM paboOThI, a 3TO
KPUTUYHO TIPU TIPOBEJEHUN H3MEPEHHH ¢ MCIOJIb30Ba-
HIEeM MOGUIBHBIX JHAPHBIX KOMILIEKCOB.

OcHoBHag 1eJb PaGoThl — pa3paboTka MeToja
aBTOMATHYECKOTO  KapTorpauieckoro OToGpasKeHust
U Pe3yJIbTaTOB JUIAPHBIX U3MEPEHUil B PesKuMe Peaib-
HOTO BPEMEHH U CO3/laHle TIPOTPAMMHBIX PEIIeHni [1Jist
pea3aIiu 3Toro MeTo/Ia.

1. Pacuer koopauHaT

Jlna peneHns 3ajjaunl aBTOMaTH3aI[MH IIPOTOKOJIM-
POBaHNA JINIAPHBIX I3MepeHHil aBTopaMu pa3paboTaHa
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cucreMa 06pabGOTKM [aHHBIX, BKJIOYAIOMasg B cebs
creaytomue pyHKIum: 1) c60p JaHHBIX JUAaPHOTO 30H-
JUPOBAaHUA U JAHHBIX HO3UIMOHMpOoBaHuA (KOOpAUMHAT
TOYKHU PaCIOJIOKEHUsI JInapa, a3uMyTOB U YIJIOB BO3-
BBILIEHN TPacChl 30HAMPOBAHUSA) B PeajlbHOM BpeMe-
HU; 2) WHTerpanys JaHHBIX IIO3UIMOHIPOBAHUS U 30H-
qupoBaHusa (BpeMa 3a[epKKH JIMJAPHOTO CHUTHAJA)
U TIONyYeHHe KOOPAWHAT 30HAUPYEMOTO OODBEKTA;
3) kapTupoBaHWE W BH3yaJu3allusl MaHHBIX O IIPO-
CTPAHCTBEHHOM PpacCIpe/eseHIH a3po30Jisi U JAMHAMIKE
€ro pacrpoCTpaHeHs.

OpnHolt 3 (GyHKIMI CUCTEMDI SIBJSIETCS OIpe/e-
JleHne KoopAmHaT o6beKTa 3oHgupoBaHusa. KoopanHa-
TBI MOTYT OBITb PACCUUTAHBI U3 MOJYYEHHBIX OT JAaTUH-
KOB JInjIapa KOOPIUHAT €r0 MecTa MOJIOKEHUsS, a3uMyTa
7 yIJla BO3BBINIEHUS HATIPABJEHUS €T0 30HANPOBAHUS,
a TakKe pacCTOSHUS 10 o6bekTa. AGCTParmpysicb OT
KOHKDETHOIT 3a/1a4i, B JeKapTOBON CHCTeMe KOOPIAMHAT
KOODJMHATBI 11€J€BOil TOYKH MOJKHO MOJYYUTH IIPO-
CTBIM BBIYUCJIEHUEM U3 UMEIOIINXCS JBYX YIJIOB U pac-
crogHusg 10 ob6bekrta. Ho B JelicTBUTEIbHOCTH 3eMJLs
KaKk OrpoMHbIii reonp (sKBaTOpHAJbHBIA paaMyc Kak
60JIbIITast OJYOCh W TOJISIPHBIN pajinyc Kak Majas Io-
JIyOCb) ABJISIETCSI TPEXMEPHON CTPYKTYpPOH M TpH MHO-
TOKIJIOMETPOBBIX JUCTAHITUSIX 30HUPOBAHM €€ HEJIb3ST
paccMaTpuBaTh KaK IIOCKOCTh. Tak, TIpM TOPU30H-
TAJbHOM 30HANpPOBaHWK Ha 50 KM ommbKka B KOOPAH-
HaTax cocTaBuT 60siee 80 M 1 ¢ yBeJUYEHIEM PACCTOS-
Hust Gy/IeT TPUMEPHO KBaJpPAaTHIHO HAPACTATh.

JIIsT KOPPEKTHOTo TepecyeTa KOOpAWHAT 00BeKTa
MOXeT ObITb TpuMeHeH MeToj Buaiientu [11], koro-
pbIil SIBJISI€TCST BBICOKOTOYHBIM HUTEPAIIMOHHBIM aJITO-
putMoM. B HeM ucHosb3yeTcsl KJIACCUYECKOe pellleHne
Jlexxangpa, Beccenss u XesnbMepra Ha OCHOBE BCIIOMO-
ratenbHOH cdepnl. A.-M. Jlexkanap mokasasi, 4TO 3J7-
JINTIC B TEOJE3UN MOKHO TOYHO COOTHECTH € GOJIBIITHM
KPYTOM Ha BCIIOMOTaTeJIbHOI cepe, COMOCTaBUB Teo-
rpaduyecKyio MIMPOTY ¢ mupoToit Ha cepe. [Ipu aTom
JIOJITOTA W PACCTOSTHWE Ha 3JIIUIICONIE IePeBOSTCS
yepe3 J0JTOTY Ha cdepe U IJIUHY AYTU C MOMOIIBIO
unterpanoB. A@. Beccenb nu d. XenbMepT onpeneanain
OBICTPO CXOMAMINECS PAMAbI /I 3TUX HHTETPAJIOB, UTO
MTO3BOJIIET PACCUUTATh Teofle3nvyecKre KOOPIMHATHI
¢ HeoOXOAMMOI TOYHOCTHIO.

KpaTko Meton 3akiiodaeTcd B ciaenyiomeM. Vmes
HavaabHylo Touky (@1, A1) (@; — mupora pacrosoxe-
HUS JUapa, Ay — €ro J0JroTa), HadaJbHbIi a3uMyT o
n pacctosHue S 0 06beKTa, HeoOXOAMMO HaliTh
KoHeuHyI0 TOuYKy (@g, Ap) (KoopauHATBI O06BEKTA)
U MEPecYuTarb a3uMyT Oy B MPOEKIMH Ha ILJIOCKOCTH
KapThl.

Koopauuatsr (@g, Ay) BbIUHCIEM 10 (GOpMyJIaM

Py =

sinU; cosc + cosU;sinccosoy

= arctan s
(- f)\/sin2 a + (sinU;sine — cosU, cosccosa, )

(1)

rne Uy m U, — mmpoThl Ha BCIIOMOTaTelbHON cdepe
HayaJIbHOIO IOJIOKEHHMSI TOYKM U IIOJIOKeHHUSI TOUYKU

HoCcJie TIepecuera; G — YIJIOBOE PACCTOSTHHE MEXKIY
toukamn; [ = (a — b)/a — CITIOCHYTOCTh 3eMJIH; o —
[PAMOIi Teo/Ie3NIeCcKUil a3UMyT Ha SKBATOPE; U

7\.2 = }\.1 + L (2)
rae
L=M-(1-C)fsina x
x {c + Csinc[oos2cm + Ccosc(2cos?2c,, — 1)}}
— pasHMIA JOJTOT ABYX TOYEK, G, — YIJIOBOE PaccTOsl-

Hue MeXIYy CpeﬂI/IHHOﬁ JUHUEN 1 9KBATOPOM,

sincsina
M = arctan( 1 j

cosUjcoso —sinU;sincsinay
— paccTosiHUe Ha BcroMoraTesbHOIl cdepe Mexay Ha-

YaJbHBIM IIOJIOJKEHNEM TOYKH M IIOJIOKEHHEM TOYKHU
I1ocJIe 1epecyera,

C= %0052 oc[f(4 - 3cos’a) + 4}.
[lepecueT MpsAMOTO a3WMyTa TMPOBOAUTCS IO (HOp-
My.JIe

—sina

o = arctan| ——— 2 .3
sinU; sinc — cosUj cosccosay

«IIpamoit azumyt» (forward azimuth) — a10 asu-
MYT OT HAYaJbHOH TOYKH P; 0 KOHEYHON Touku Ps;
«o6parHblii azuMyT» (reverse azimuth) — or KoHeuHoi
Touku P, o HavaabHOIl Touku P;. Ha mnockoctun BO3-
MOJKHBI UYeTBIpe CJIy4as OTHOIIEHWS MPSIMOTO o M 00-
parHoro B asumyToB (puc. 1, 1B. BKJaKa), KOTOpPOE
B 001I[eM CJIyyae ONMUCHIBAETCS] OTHOLIEHUEM

|o.—B|=180° (oc, B e[0% 360°)).

ITo ymosuanuio MeroJ Bumnientn oGecrednBaer
pacyer KOOPJAMHAT B COOTBETCTBUHU C MeSK/YHAPOHOIL
cUCTeMOIl Teojie3mueckux mapameTpoB 3emun WGS-84
[12, 13]. B xome pa6GoThl HajJ HMporpamMMoii KaTporpa-
¢uueckoro oTobpakeHHs JUAAPHBIX [aHHBIX HaMU
peaym3oBaHa ToAmporpaMMa Ha si3bike Python, o6ec-
meynBaloNas pacyeT 10 AaHHOMY MeToxay. [l moury-
YeHHS KOOpPAWHAT O6beKTa B aBTOMATHYECKOM WJIH
PYYHOM peskuMe BBOIATCS koopauHaTbl GPS Hauamb-
HOI TOYKH, IPSAMOI a3UMyT M PACCTOSTHHE 0 0OBeKTa.
B pesyJsbTate moAmporpaMma BbIaeT JaHHbIE B BU/[E
reorpauvYecKUX KOOPAUHAT KOHEYHO! TOUKI.

2. KaprupoBanmne

3a/jaua PEKOHCTPYKIMH OGBEMHBIX Mojesell u3
JINJIAPHBIX JAHHBIX MPHU 30HAUPOBAHUU TOBEPXHOCTEN
yKe ycrmermHo pemanach [14, 15] m 6buta cBg3aHa
C pacyetaMu [T €IMHCTBEHHOW TOYKHU [JII KasKJOTO
HalpaBJIeHUs 30HANpOBaHug. IIpu JUAapHOM 30H/IH-
poBaHUU aTMOCQEPDI IS KayK[OTO HAIPABJIEHUS 30H-
JINPOBAHUS TPU CKAHUPOBAHUM HEOOXOIUMO PETHCT-
pHpOBaTh CHTHAJBI 10 BCell Tpacce, YTO Ha MOPSAKH

592 Yskan II., Kiumkun A.B., Koxanenko T.IL. u ap.



AY p Y

p
.P1 PZ

A pl Y
L/

E

Y
./

G 2

Puc. 1. Paznuunble ciayuan ompejeseHus a3uMyra: Py — HavajibHas TOYKa; P, — KOHEUHas TOYKA; o — IPAMOil asuMyT; B — 06-
patHblii a3uMyT: @ — 0 < o < 90°% 6 — 90 < o < 180°; ¢ — 180 < a < 270°; 2 — 270 < o < 360°
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Puc. 3. Pe3ynbrar HaoKeHHT JIHAApHBIX AaHHBIX Ha KapTy ['VIC cuctempr Open Street Map



yBenynBaeT O06GbEM XPaHUMbBIX, 0OpabaThbIBaeMbIX
U TIPEJICTABJISIEMBIX TOJIb30BATENIO B PEKIME PEaTbHO-
ro BpeMeHH [aHHBIX. [Ipu pacuere TOJIOKEHUS IIPO-
CTPAHCTBEHHOTO PACHpe/eIEHHOTO O00BEKTa, TaKOoTro
Kak IuIefi¢ AbIMa 3aBOACKOI TPYO6BI MM 06JaKO, MBI
MOJTy4aeM MacCHB KOOPJMHAT, Ha3bIBaeMblil 06JaKoM
TOYEK, C IAroM, PaBHBIM IPOCTPAHCTBEHHOMY pa3pe-
HIEHUIO JInapa U IIary cKaHaTopa Jujapa HpH TOpH-
30HTAJIBHOM CKaHUpoBaHUM. Tak, MpH CKaHUPOBAHUU
cextopa B 90° ¢ marom 0,5 M TPOCTPAHCTBEHHBIM pa3-
pemenneM 6 M Ha guctaHimn ot 1500 go 15000 M ot
Junapa Oy[er TOJydeH MAacCHUB U3 JaHHBIX O GoJee
gyeM 1,5 x 10° Toukax.

Ha ocHoOBe TOJy4eHHOTO MaccHBa KOOPAMHAT
TOYEeK MOKeT OBbITh CO3[aH Kaprorpaduueckuil cJoit
C TIOMOIIbIO, HAIPUMEpP, OTKPBLITOTO IPOTPAMMHOTO
obecrieuenns Geoserver [16] mim crmenuajgbHO paspa-
6OTAHHOTO MPOTPAMMHOTO OGecreyeHns: ¢ IeJblo Io-
cyestyomiero oro6pakenus cjos. s Busyaimsanuu
MOTYT HCIOJIb30BATbCS KaK HACTOJIbHbBIE MPUIOKEHUs,
takne kak QGIS [17], tak u Be6-xkmmentsr [TIC, Ha-
npuMep OpenLlayers [18], wmm crmemmanbHO paspabo-
TaHHbIE MporpaMMbl. B KadecTBe KapTorpadudyecKoit
OCHOBBI /IJIS1 BU3YAJIN3AIUH UCIOIb3YIOTCS CTaHJAPTHbIE
kapThl Google Maps, Bing man Open Street Map.

B pamkax Hacrogieil paGoThl A 9TOi Hean pas-
pa6oTaHa MOANPOrpaMMa Ha sI3bIKe TIPOTPAMMIPOBAHUS
Python. B kauectBe kaprorpaduveckoil OCHOBBI HUC-
nosb3oBanbl Kaptel Open Street Map (OSM). B noa-
mporpaMMe HaJIOKeHWe HOBOTO KapTorpadmiecKoro
cos peanmayercs depe3 6ubimorexy Folium (puc. 2),
KoTopas TpelHA3HAYeHA JJId BU3yalu3anuu reorpadu-
vyeckoil undopmarun B JavaScript u Python. Bermos-
HIEeT Pl TOCJeJOBaTETbHBIX JelicTBhii: 13 SM <«BbI-
3bIBaeTCSI» OCHOBa — 6a30Basl KapTa; CO3/JaeTcsl HOBBII
cJIolf — cHavYasa B BUJe TOYEK C OIpeeIleHHBIMI KOOP-
JUHATAMU, 3aTeM T0oYepeHO KKI0i TOUKe MpPUCBAN-
BaeTcsl olpefieleHHOE CBONCTBO, HAIpUMep IBETOBOI
KO/, B pe3yJbTaTe 4Yero cosjaercsi Iu¢poBoil aHamior
I[BETOBOU KapThbl JIMJAPHBIX [AHHBIX; B 3aBepIIEHUU
cJIoil HakTabIBaeTcs Ha 6a30BYIO KapTy.

[IBeTOBOII TMTKaTe COOTBETCTBYET pPeTUCTpUpYyeMast
doToTpUEeMHUKOM JTHJapa WHTEHCUBHOCTh CHUTHaJIA 00-
patHoro paccesdnug. Pazpa6oTanHas moAMporpamMMa
obecrieuynBaeT mepepacyer AeCATHYHOTO 3HAUEHUS WH-
TeHCcUBHOCTH, noJsydaemoro ot AIlll, B mectHazamate-
PUYHBIH 1[BETOBOI KO/I.

[Tpumep paGoOTHI TTPOTPAMMBI IS JUAAPHBIX TaH-
HBIX a9PO30JIBHOTO paccesHus ToKazaH Ha puc. 3 (us.
BKJIAJ(KA).

Yrenne

JHIAPHBIX JITaHHBIX

Nmmopt
6ubanorexn Folium

Dyukuusa folium. Map() —
coafaie 6a30B0ii KapTol

DyHKIHAa
folium.map. FeatureGroup() —
CO3JJaHHE HOBOI'O CJI105

bynkiwms folium. CircleMarker() —
npeoGpazoBaHiie JHJIAPHEIX JTaHHBIX

B MapKepbl

Dyukunsa add_child() —
JoGasienne aneMentos (Mapkepbl)
B HOBBIII cJ10ii

Konrpoib nojiHoro Ja

HenosHeHusa (pyHKLMI

Dyukima add_child() —
JoGapJieHHe HOBOTO ¢J10
Ha 6a30BYI0 KapTy

Puc. 2. CxeMa pa6oThbl OJIPOrPaMMBI KapTHPOBAHUS JHIAPHBIX JaHHBIX

Pacyer KOOpAUHAT 0G'bEKTa JHAAPHOTO 30HAMPOBAHHS U €ro Kaprorpaduyeckoe oToGpaskeHue 593



3akjaoyeHnne

B nHacrosmeil cTatbe mpeacTaBiIeH MeTON pacyeTra
KOOpDAMHAT TOYEK JMCKPETH3AINN Ha MyTH 30HANPOBA-
HUS CKAHUPYIOIIETO JINAapa W MEeTOA BHU3yaJn3aliuu
JMaHHBIX. MeTo pacyeta KOOPAWHAT OCHOBAH Ha reojie-
3MYECKOM MeTojie — MeTojie hopMyJibl BUHIIEHTH: ¢ TTO-
Mortbio GPS-TipueMHUKA U 3JIEKTPOHHOTO KOMITAca Ofl-
pellesIIIoTCsT MIMPOTa, JOJToTa JUjapa U HalpaBJeHHe
30HJMPOBAHUS U C YYETOM PACCTOSIHUS MEKIY TOUKOI
MUCKPEeTU3aNN W JHIAPOM MOKHO PAaCcCYUTATh KOOP-
IUHATBI Touku. Ha aTame Bu3yanmsaimm depe3 BBI30B
6ubsmorexkn Folium BBoguTcst nHopManusa o KOOpau-
HATaX ¥ 3aBUCSIINIT OT MHTEHCUBHOCTH JIMJAPHOTO 3XO0-
CUTHAJIa I[BET TOYEeK AUCKpeTum3amuu. TaxuM o6pasoM
co3/1aeTcd HOBBINT KapTorpaduyecKuit CJI0H, KOTOPIi
HaKJa/JbiBaeTcs Ha 6a30BYI0 KapTy, YTO MO3BOJISIET BHU-
3yaJI3UpOBaTh IOJy4YaeMble JUJapHble JaHHble. Pas-
paGoTaHHBIE MOJIIPOTPAMMBI COBMECTHO C JaTYNKAMU
TO3WIIMOHUPOBAHNS W YTJIOB HAKJIOHA IMO3BOJISIOT CO3-
JaTh AalMapaTHO-IPOTPAMMHBI MOMYJIb, BKJIIOYaeMbIi
B JINJapHbIE CHUCTEMbI, [JII KapTHPOBAHUS JaHHBIX
U TIPeJICTABJIEHNS Pe3yJbTaTOB U3MEPEHUIl B PeayibHOM
BpEMEHH C WCIOJb30BAaHUEM [PYKECTBEHHOTO II0JIb30-
BateJio nHTep(eiica.

DunancupoBanue. PaoTa BbINIOJHEHA B paMKaX
roczaganng TOA CO PAH (mpoert Ne 121031500340-6
B 4YacTH Pa3paGOTKU aJrOpPUTMAa pacyeTa KOOPMHAT
1 pa3paboOTKU aJTOpUTMa UCMOJb30BaHus online kaprt
n npoekT Ne 121031500342-0 B yacTu NOJIy4YeHHS JIU-
JIapHBIX JIAHHbIX).
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Lidar is an important tool for studying atmospheric aerosol; it is widely used in studying the propagation
of aerosol pollution in the atmosphere. During environmental monitoring, especially with a mobile lidar, it is
important not only to detect a pollutant, but also to determine the spatial coordinates of its source and the propa-
gation dynamics. In the work, we suggest a technique for calculating the coordinates of an object under study
from the lidar coordinates, sensing direction, and the distance between the lidar and the object. The software
implementation of the technique and an example of its application in the design of an auxiliary lidar system are

described.
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