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[IpeacTaBieHbl pe3yabTaTbhl MOAEPHU3AINK MOOHJIBHOTO a3po30JbHO-paMaHOBcKoro jmmapa <«JIO3A-A2s.
Hapsiny ¢ u3MepeHUsIME KoJieGaTeIbHOH KOMIIOHEHThI CIOHTaHHOTO KoM6uHaImoHHoro paccesstus (CKP) nugapHbIx
CHTHAJIOB JIUIap OJHOBPEMEHHO H3MepseT CHTHAJIBI YHCTO BpaIlaTeTbHOIO KOMOMHAIINOHHOTO paccesHus. PaccMmort-
peHa MeTO0JIOTHS MHTeplpeTaluy JugapHbiX AaHHbix CKP-zonaupoBanmsa. IlomyueHbl gaHHbIE OTHOBPEMEHHBIX
u3MepeHuil KosebareIbHON-BpalaTeIbHOM U YnucTO BpamaTeabHoil komrnoneHT CKP npu 3onaupoBanue atMocde-
pol Haja o3epoM baiikan. IlpezicraBieHbl pe3yabTaTbl BOCCTAHOBJEHUSI BePTUKAJBHBIX Ipodusieil oNTUYECKUX Xa-
pakTepuCTHK atMocdepbl s AJIUHBI BOJTHBI 532 HM 0 3TUM JAHHBIM.

Knwouesvie caosa: mumap, KoMOMHAIINOHHOe paccegHue, arMocdepa, Koad@UIueHT paccedHus, Koad@uuu-
eHT ocaabieHus, JugapHoe orHomrenue; lidar, Raman scattering, atmosphere, scattering coefficient, extinction

coefficient, lidar ratio.

BBeaeunne

AtMocdepHbIit a3p030Jb B 3HAUUTETbHON CTelleHn
BJIUSIET HA PaJMAIMOHHDBIH 6aaHc aTMocdepbl U SBJIS-
eTcd OJHUM W3 KJIOUEBBIX OOBEKTOB B KJMMAaTHYeC-
KUX JCCTIeOBAaHUSAX M BOIPOCAX IIPOTHO3MPOBAHUS
moroanl [1—3]. Aapo3oib TeHepHpyeTcs pas3JMIHBIMU
UCTOYHUKAMHI — €CTECTBEHHBIMH U aHTPOIIOTE€HHBIMH,
MO3TOMY €ro MUKpPO(HU3UYeCKHe U ONTUYECKHe CBOWCT-
Ba BecbMa pa3HooOpasHbl [4]. /luctaHiimonHble JTugap-
Hble METOJbI BO MHOTHX CJYYasiX SBJSIOTCS HPaKTHde-
CKH eIUHCTBEHHBIM CPEJICTBOM OIEPATUBHOTO KOHTPOJIS
aTMOoc(pepHBIX TMApaMeTPOB C BBICOKUM BpEMEHHBIM
U TIPOCTPAHCTBEHHBIM paspemnieHneM [5]. C moMoribio
JIUApHBIX CHCTEM W3y4YaloTCs TaKWe IIPOIecCHl, Kak
KJINMaTHYecKne M3MeHeHNs, aHTPONOreHHble 3arpsi3He-
Hust aTMocepbl, OMACHbIe MPUPOJIHbIE SIBIEHUS U TeX-
HOTeHHBIe KaTacTpodsl [6—9]. DTu ncciemoBanus 8-
JITIOTCSL OCHOBOW JUII  IUIAHMPOBAaHUS U peau3alnu
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MepONpUATHIl 110 MHHUMU3AIMH UX OTPUIATEJbHbBIX
TIOCJIe/ICTBUIL 71T IPUPO/IbI U YeJoBeKa.

Yoke IpakTUUecKN II0OBCEMECTHO B a3PO30JIbHBIX
Juapax Hapsly C U3MepeHHsIMH YIPYroro o6paTHO
PACCesTHHOTO M3JIyYeHHs OT a3po30Jieil ICHOIb3yIoT He-
yIpyroe KOMOWHAIMOHHOE paccestHie (paMaHOBCKOE)
0T MOJIEKYJIAPHOH cocTaBigionieil arMocdepnl, YTO
II03BOJIIET KOPPEKTHO BOCCTAHABJINBATD BepTUKAJILHBIE
npoduin  aspo30JabHBIX K03(hUINEHTOB 06PaTHOTO
paccesHus n ocjabsrenus. Haubosee pacnpocTpaHeH-
HBIM B TaKHX JINAPHBIX M3MEPEHUSIX SBJISIETCS METOJ
KoJ1e6aTeIbHOT0-BPAIaTeIbHOTO KOMOUHAIIMOHHOTO
paccestHHs Ha MoJjekysnax asora [6]. CymecTBeHHbBIe
HeJOCTATKH 3TOTO MeToja — HU3KOe cedeHue o6paTHO-
TO paccegHWS W 3HAUNTEJbHBIN YaCTOTHBIH CIABUT KO-
Je6aTe bHOIl KOMIOHEHTBI. JTU TPOGJeMbl BO MHOTOM
CHMMAIOTCS IIPU HUCMOJbB30BAHUHM YHCTO BpallaTesb-
HOTO CHeKTpa KOMOWHAIMOHHOTO PACCESHUS, Xapak-
Tepu3yeMoro G6ojlee BBICOKUM cedeHHeM OOpaTHOTO
paccessHUS ¥ MHHUMAJIBHBIM CJBHTOM YacTOTBI, YTO
IIPAKTU4ecKH yOUpaeT 3aBUCUMOCTb OT IOKa3aTeJis
Anrctpema [10].

CoBpeMeHHBIe peasiny Nccae0oBaHil aTMoc(epHO-
TO a3pO30J1 METOAAMH Ja3epHOTO0 30HMPOBAHI IIO-
6y>K/IAI0T COBEPIIEHCTBOBATD TEXHUYECKHE BO3MOKHO-
CTH JIIAPOB, TOBBIMIAg TOUYHOCTb U MH(POPMATUBHOCTD
IIPOBO/IMMBIX C UX IIOMOIIbIO H3MepeHWil, yBeJaudn-
Basi BBLICOTHBIN /MANlA30H MCCJIE[OBAHUII 1 pacuIupsis
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NATIa30H YCJIOBUH 3KCILTyaTalnu. B aToil CBA3M aKTy-
aIbHOl  3ajaveil  ABJAETCS CcO3[aHUE MHOTO(pYHK-
IINOHATBHBIX KOMIAKTHBIX T MOOWIHHBIX JIHIAPHBIX
KOMILJIEKCOB. VX TIpeuMyIecTBO 3aKJI0YaeTcss B BO3-
MOKHOCTH pa3MelleHus Ha MOJBIIKHBIX HOCHUTEJSX
(aBTOMOGIISAX, KOpabJIsIX, caMoJieTaX) U HCIOJb30Ba-
HUSI B CJIOKHBIX SKCIEJUIIMOHHBIX YCJIOBUSX, B TOM
YucJie B TPYAHOJOCTYIHBIX MeCTaX, C IeJIBI0 MCCJIeI0-
BaHUS HPOCTPAHCTBEHHOTO pacIpe/ie/IeHNs a3P030Jib-
HBIX TOJel KaK B JIOKAJbHBIX, TaK U B TJI06ATBHBIX
MacmTabax.

Iep gaHHOW PaGOTHI — MOAEPHU3AINSI IIPHEMO-
nepezaTyika MoOGHIbHOTO (caMoJsieTHO-KopaGebHOro)
a3p030JIbHO-paMaHoBcKoTO Juaapa «JIO3A-A2», a tak-
JKe MPOBeJIeHNe er0 HATYPHBIX HUCIBITAHUIA.

MCTOZ[OJIOI‘I/I}I HHTEepIIpeTanuu JaHHbIX
JUJAPHOIo 30HAUMPOBAHUA

C MareMaTHuecKolf TOYKU 3peHHS CBSI3b MeXAY
MOIIHOCTBIO JIMJAPHOTO CUTHAJA U ONTHYECKUMU Xa-
paKTepUCTUKAMU a3po30Jil Ha 30HAUpYIolelt [ I1He
BOJIHBI Ag = 532 HM B JJByXKOMIIOHEHTHOIl cpefie B IIpH-
6JIIKEHNN OTHOKPATHOTO PACCESHUSI OMHICBIBAETCS JIH-
JIapHBIM ypaBHEHHEM

PO\’O’ h) = %I:Bmol(}"o» h) + Baer(}'Oa ll):| X

h
X expi-2 j [Gmot oy 1) + Gaer Org, BN, (1)

ho

rne P(ky, h) — MomHOCTh curHaga, 06YCJIOBJIEHHOTO
MOJIEKY/IAPHBIM M a3PO30JIbHBIM paccessHueM Ha BBICO-
Te h; Py — ammapaTypHasl TOCTOSIHHAs; Pupol(ho, 72)
1 Baer(ho, 1) — KodPPUIMEHTH MOJEKYJISPHOTO U aa-
PO30JIBHOTO 06PATHOTO pacCesdHns Ha JJIMHE BOJHBI A,
Smol(ho, 1) M G,elhg, 1) — cooTBeTcTByIOMME KO3 PU-
IINEHTHI OCTa0IeHd.

XapaKTepPUCTUKN MOJIEKYJISTPHOTO PacCesTHUST MO-
IyT GbITh PACCYMUTAHBI 110 H3MEPSAEMBIM C IOMOIIBIO
30HZIOB JIMGO MOJEJIbHBIM BBICOTHBIM IIPOMUIIAM TeM-
nepaTypsl 1 Jabiennss. OCHOBHBIM CIOCOGOM BOCCTa-
HOBJIeHHS KO3((UINEHTa a3PO30JIbHOI0 0CHa6IEHHS
10 CUTHAJTY YIIPYToro o6paTHOTO PACCESHMS SBJISAETCS
TaK Ha3biBaeMblil Metos DepHanbra—Kierra [11, 12],
KOTOPBIii Hallle/T MPUMEHEHNE B eBPOTelicKoi TuaapHoit
cetu [13]. DTOT MeTON CO BCEMH €To TOCJTETyIONIMU
MOAM(PUKAINAMA U YJIydNIeHHsAMH oO6JafaeT H3BeCT-
HBIM OrpaHIYeHneM, 06YCJIOBIEHHBIM TeM, YTO ypaBHe-
nue (1) comepXUT JBe HeU3BECTHble BeJUYUHBI —
Bacr(Xo, ) 1 G,e(hg, 1), KOTOpBIE MOJKHBI OIIpese-
JIATBCA TOJBKO 110 OAHOMY HM3MEPEHHOMY JIMAAPHOMY
curtaiy. PenteHue HEBO3MOKHO 6e3 NpeANOJoKeHuit
O CBA3U MekJy HUMHU M OILEHKH I'PAaHHYHBIX WU 5Ta-
JIOHHBIX 3HaueHWiH Koa(uINeHToB B Kaan6poBOYHON
Touke /= B KauyecTBe CBSI3M HCIIOJIB3YIOT OTHOIIEHHE
L2e(h0) = aerlho, 1)/ Baer(Xo, 1) (a priori sapaBaemoe
cpejHee TI0 CJIOIO JUjapHoe oTHomeHue). HanGoaburee
BJMSHIE Ha KOPPEKTHOCTh BOCCTAHOBJIEHUSI OKa3bIBAaeT
NpuGIMKEeHHOE K NCTHHHOMY 3HadeHWIo JIJapHOe OT-

Homenne. ToOYHOCTh 3agaHus 3HadeHUH P (Lo, fix)
U Gae(Xg, i+) B KammGpoBouHOii Touke /i+ UTpaeT BTO-
pocTerneHHyI0 poJib [14]. ITu pe3ysbTaThl OKA3bIBAIOT
HEO6XOIUMOCTD JIOTIOJTHUTEIbHBIX HE3aBUCUMbBIX H3Me-
peHuii, KOoTopble MOTYT JaTh TOJIXOJAIIYI0 alMpPOKCH-
MAIIIo JIJAPHOTO OTHOIIEHUS.

C 970l 1esibl0 B a9pPO30JIbHBIX JUAapaX Hapsiay
C U3MEpPEHUsIMI YIPYroro o6paTHO PACCESHHOTO U3JIy-
YeHHWsI OT a’PO30Jiell HUCIOIb3YIOT KOMOUHAIIMOHHOE
(pamanoBckoe) paccesane (KP) or MosekymsspHOii co-
cTaBJsAONIeNl aTMocdepsl, ceueHle PaccesiHus KOTOPOil
u3BeCTHO. B paMaHOBCKOM Jiujape Ha CUTHAJ HEYTIPY-
roro (paMaHOBCKOro) OGPaTHOTO pPacCesHUs BJIHSET
a3p030JIbHOE  OCTabJieHne W3JIydeHusi, HO He HUHTEeH-
CHUBHOCTH a3P0O30JIbHOTO 06PATHOTO paccestHust. JTO TMo-
3BOJISIET HE3aBHCHMO BOCCTAHABJIMBATH BEPTHKAJbHbBIE
npoun  a3po30JbHBIX K03(hQUIEHTOB 06PaTHOTO
paccesHUsI U OCJIabJIeHNUSsI.

O6uuii popMan3M aJrOpUTMOB OTIPEIeSeHHs KO-
apPurmenta ocnabreHnsa U3 paMaHOBCKOTO JIHIAPHOTO
curHasia 6bl1 JaH B pabote [15] u cymiecTBeHHO A0pa-
6oran B [16]. /lma cMemieHHBIX [JIUH BOJH Ag, =
= 607 uM Kose6aTebHO-BpANIaTeTbHOTO KOMOMHAIIHOH-
HOTO paccestHus WK g, = 530 HM YHCTO BpalaTebHO-
ro KOMOMHAI[HOHHOTO DPACCesHUs Ha MOJIEKyJIaX a3oTa
MOII[HOCTD JIHJJAPHOTO CUTHAJIA UMEET BU/]

h
PGhg,, 1) = %’BRZ. (hg,, exp —I[Gmol g, 1) +
0

+ Gaer(hojs 1) + G ot iy, 1) + G (o, B[N} (2)

Koaddurment B rg, /) paccunThIBaeTCS M3 ILJIOTHO-
CTH a30Ta.

CoBMectHoe pemienne ypasHenuit (1) u (2) maer
BO3MOKHOCTD OJJHOBPEMEHHO OIPEAeNATh K03 duIm-
eHTbl o6paTHOro paccesHust u ocaabienus. Ilocie
npeo6paszosanus (1) u (2) x Bugy

PQuy;, MW

\P}\‘ivhr] = N0 '\erki:h* mo}\'iyh*
Ghais B ) = i e G 1) + Bt oy 1] =
T
< exp| -2 01 (hos, W),
h
N
WO Iy ) = POug,, Mh* BQhg,, )

PQg,, h)hi Blhg,, h)
I

X exp —J.[Gmol(loi, )+ oo (hg;, h’)] an
h

mpoIIn ONTHYECKUX MapaMeTPOB MOTYT OBITH MOJIY-
YeHBbI U3 COOTHOIIEHUH

Y (i, h, 1)

Baero\' i h) = _Bmo ()" i h) + e’
0 1 [‘P(?»Ri, n ]h)]z,, A+

d| 1 d
Gaer(}\'Oivh) = d]l|:1+p.ln\y(xRﬂh7 ]L“):| = %Taero\'()iv h), (4)
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Lrner()"oi, h) = GaerO"Oir h)/Baer(Q‘Oir h)’ (5)

rne  Lr, (g, ) — 1maapHoe oOTHOWIEHWE; | =
= [Xoi /Mg, 1A% A, — mapaMeTp AHTCTpeMa I KO-
acddurnenta ocnabieHus.

Kak BHZHO M3 TIPeICTaBIEHHBIX COOTHOIIEHHIT,
IpH BOCCTAHOBJIEHHH 3THX ONTHYECKUX IIapaMeTPOB
[I0 CUTHaJaM dYHcTo-BpamarejbHoro KP 3aBHCHMOCTH
OT II0Ka3aTesisi AHrcTpeMa IIpomnajiaer.

MoaepHusanusi KOHCTPYKIIMH
U ONITHYECKOil cXeMbl JHuAapa

Jlupap «JIO3A-A2» npenHasHavyeH IS JUCTaH-
IIHOHHOTO 30HINPOBaHUSI atMOcGhepbl B ITOJEBBIX IKC-
MEeINIIIOHHBIX YCJOBHAX C BO3MOXKHOCTBIO €ro ycTa-
HOBKH KaK Ha CTaI[OHApHOI cKaHWpyIoIeil miaTgop-
Me, TaK W Ha Pa3InIHBIX MOJBIKHBIX HOCHTESIX:
aBroMobuiie, Kopabie u camosere. Takasd MOOGMIBHOCTD
HaKJIaJbIBaeT OTpaHNYEHUsI Ha €ro >KeCTKOCTb KOHCT-
PYKIIMM # BecoraGapuTHble IMapaMeTpbl, BCJEICTBUE
Yero TMpeACTABJSIETCS HEBO3MOKHBIM IIPUMEHEHIe Ipe-
IU3UOHHBIX M OOBEMHBIX ONTUYECKHX YCTPOUCTB ISt
BBIZIE/IEHUST OT/AEIbHBIX JIUHUN CIeKTpa KOMOWHAIHOH-
HOTO paccestHusd. I[IpeamouTeHne OTAAETCS TPOCTHIM
U HaJe)KHBIM ONTHYECKUM 3JIeMeHTaM, OCYIIEeCTBIIIIO-
MM CeJIeKTUBHOE CIIEKTPaIbHOE pasfesieHne CUTHAJIOB
VIOPYTOTO ¥ PaMaHOBCKOTO paccessHus. B KadecTBe
TaKOBBIX HCIIOJIb3YIOTCS UHTeP(hEPEHIINOHHBIE IUXPO-
UYHDbIe 3epKajia M Y3KOMOJOCHBIE (PUIBTPHI.

ALl

530 um

1064 M

Onrtudeckast 6JI0K-cXeMa JuJapa MpecTaBieHa Ha
puc. 1. Iloapo6uoe ommcanne (GyHKIUOHATHHBIX BO3-
MOJKHOCTel 1 TEXHITUECKITX XapaKTePUCTUK CHCTEMBI TIPH-
BegeHnsl B pabote [17]. JIumap «JIO3A-A2» BKIOYEH
B MepevyeHb HayyHOTO oGopymoBaHust IleHTpa KoJLIEK-
THBHOTO MOJb30BaHust «ATMochepay (ITKIT «AtMocde-
pa») WHcruryta ontuku armocdepsr CO PAH [18].

Jlugap mepBoHaYadbHO OBLT OCHAIIEH KaHAJIOM
JUISL peTUCTpaIiu Kore6aTeTbHON KOMITOHEHTBI CIIEKTpa
PaMaHOBCKOTO CUTHasa Ha AjuHe BoJHbI 607 M. [lia
U3MepeHNusT YNCTO BpallaTeTbHON KOMIOHEHTBI CIIEKTpa
PaMaHOBCKOTO CHTHaJa Juaap ObLI J0060pyAOBaH Ka-
HaJIOM perucTpaluy Ha gaune Boaubl 530 uM (Ha puc. 1
BbI/JIeJIEH YepPHBIM HITPUXIYHKTHpOM). He usMeHnsiss 06-
KX TaGapuToOB IIpUEMOTIepeJaTuNKa JUIapa, 3TOT Ka-
HaJl KOHCTPYKTUBHO OBLI pa3MellleH B OCHOBHOII KaHaJ
peructpaiun Ha auuHe BosHbl 1064 HM. IlpoctpancTt-
BEHHO 3TU JJIMHBI BOJH ObLIN Pa3BeleHbI C MOMOIIBIO
quxpondHoro 3epkaia BS (DMLP900R-TohrLabs,
koaddunment orpaxkenus R > 90% B mosoce 400—
870 uM, xoadduiment npomnyckanus T > 90% B moJo-
ce 930—1300 um). OpgHomuH30BbIT  acdepuueckuii
o6bextB (AL1 Ha puc. 1) ana aaunabl Boausl 1064 oM
OBLT 3aMeHeH Ha aXpOMATHYECKUil [BYXJINH30BBIH 00b-
€KTHB, 4YTOObI YCTPaHUTh XpOMaTHYecKue abeppaiuu
U KOPPEKTHO PErucTpUpOBaTh CHUTHAJIBI B IMIHPOKOM
CIIeKTpe JJIMH BOJH OT BHAMMOI 10 Onmxkueir NMK-
obsactu. CeeKITI MOJIOCHI CIIEKTPa YICTO BpallaTesb-
voro KP ocyriecTBiisgniack ¢ moMOmIbio nHTepGepeHITINOH-
Horo ¢puibtpa IF 530.2-2 OD6 dupmsr Alluxa (CIITA).
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1064 um
N;‘
........ TR s
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-------------------------------- {f------ LOTIS TII LS-2131M
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_______ 120 M/l
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532 um PP WP 6L M 232 HM
[ //‘%OIL
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Puc. 1. Baok-cxema jumapa: LOTIS — Nd:YAG-nasep; PP — mosspusaiionssie miacTHHb; AL — aXpoMaTHuecKuil TpeXJInH30-

BbIil kosuMmatop; AL1, AL2 — acdepuueckie uH30Bble 00beKTHBBI; FS — MOTOpU3MpOBaHHBIE MPHCOBBIE AuadparMbl, MO3BO-

nsomye opMupoBath noss 3penust; L — guH3bl; NF — MoTOopusupoBaHHBIe GJIOKM CMEHHBIX HelTpaabHbIX (Guiabrpos; [F —

unTepdepennnonnsie Gpuiabtpsl; APD — doronpueMublii Moy b Ha ocHOBe JaBuHHOTO (porommona; WP — npusma BosutacroHa;
PM — npuemuble ¢goromoayn; BS — quxpouunoe nHrepdepeHIMoHHOe 3epkayio; M — 3epkaio
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Ha puc. 2 (cepble TpeyrosibHBle TOYKH) TOKa3aH
CIEeKTp TponycKanud (GUJabTpa MO TACTOPTHBIM JaH-
HbIM mpousBogutess. [lupura mpomyckaHus GUabTpa
¢ T >90% cocraBisier 2,5 HM ¢ IIeHTPOM Ha 529,5 HM,
OTITHYECKOe TOJaBJeHNe Ha KPBLIbIX He IMpPeBbINIaeT
YeTbIpeX TOPSAKOB. B 3Ty mosocy cHekTpa Iomajaer
10 70% aHTHCTOKCOBBIX JIMHHUN YHCTO BpallaTeJbHOrO
KP Ha MoJiekyJlax a3oTa U KHCJIOPOAA.
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Puc. 2. Ilpomyckanue oauHOUHOTO (Cepbie TPEYrOJTbHHUKN)
U BoitHOro (CoeMHEHHBIE UepHbIE TOUYKM) HHTeP(dEepPEHIIOH-
HBIX (UIBTPOB; JJINHA BOJIHbI Ja3epa (depHas JTUHUS)

Kak mokasano B pabote [19], cymepmosuius Jm-
HUIl B 3TOH TI0JIOCE CIIEKTpa XapaKTepHU3yeTcs HU3KOil
TeMIepaTypHO!l 3aBUCHMOCTBIO CeUeHHs] pacCesHUs.
UTo6Bpl 6IM3KO PACHOJIOXKEHHAS] JTHHUS JIa3epHOTO W3-
JIy4eHUs He TPOHHKATA B MOJIOCY MPOIYCKAHUS HHTEP-
depeHtmoHHOT0 (GUIBTPA, UCTOIb3YeTC TTaKeT U3 ABYX
OJIMHAKOBBIX WHTeP(ePEHITMOHHBIX (GuabTpoB. Ha puc. 2
TIpe/ICTaBJeHO TPOMyCKaHNe MaKeTa U3 ABYX (PUJIBTPOB
IF 530.2-2, u3MepeHHOe MHOTOKAHAJBHBIM aHAJIN3A-
TopoM crekTpa PMA-12 ¢upmbpr Hamamatsu (Smo-
Hus) ¢ paspemieHueM 0,5 HM (coeauHeHHbIe JUHUEH
4epHble Touku). ONTHYECKOE II0JaBJIeHUE Ha JUHUU
JIa3epHOTO  WM3JydyeHUsT 532,2 HM cocTaBjsieT O6oJiee
TeCTH TTOPSKOB.

BbLn BBITIOTHEHBI TECTOBBIE M3MEPEHUs PaMAaHOB-
CKUX CUTHAJIOB TIPU 30HAMPOBAHNN B YCJIOBUAX TJIOTHOM
MHOTOSIDYCHOI 06/1auHOCTU. Pe3yibTaT TaKUX u3MepeHuit
TIpuBeJIeH Ha puc. 3, Ha KOTOPOM MOKA3aHBI JHJapHbIe
CUTHAJIBI YOPYTOTO OOPAaTHOTO pacCessHus M YHCTO
BpamaTesbHoro KP, a Takke oTHOIIeHne paccedHuss R

R (532/530)
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P, orH. ex.
Puc. 3. Ilpoduin TugapHBIX CHTHAJIOB YIPYroro o6paTHOTO
paccessaust (A = 532 HM, cepas KpHBas) W UHCTO BpaIlaresib-
noro KP (A = 530 uM, yepHas KpuBag), a TaKKe OTHOLICHUS
paccestius R (coefiuHeHHbIe JTUHUEH TOUKI)

(mosHOTO  yIpyroro K MoJieKyJspHoMy). HecMorps
Ha TO YTO 3HaveHWe mapamerpa R mocturaet 250, mpo-
HUKHOBEHWE CHUTHAJa YIOPYTOro paccedHUsS B KaHAT
Bpamatesabnoro KP we mabmionaerca. CuUTHATIBI KoJie-
6areabroro (607 uM) u Bpamareabroro (530 HM) KoM-
GUHAIIMOHHOTO PACCESTHISI PETUCTPUPYIOTCS OIHOTHUII-
HbIMU poTonpueMHbIMI Moayassmu H10682-01 (Hama-
matsu Photonics, dmnoHusa), paGoTaoluMu B peKIMe
cueta ortoHOB. CHUTHANBI KOMOWHAIMOHHOTO 06PaTHO-
TO paccesiHUSI PETHCTPUPOBAIICH cHUCTeMOIl cueta o-
TOHOB C MaKCUMAaJIbHOI cKopocTbio cyeta 10 200 M.

Pe3ysbTaTsl 0ZIHOBPpEMEHHbBIX H3MepeHUid
CUTHAJIOB CIIOHTAHHOTO KOMOWHAIIHOHHOTO
paccesaHus

MoOGUIBHBI  A9PO30JbHO-PAMAHOBCKHIT  JIHIAP
«JIO3A-A2» moxazan cBoio 3(pdEKTHBHOCTD TIPU TIPO-
BeJICHNN B TeYeHNe Pl JTeT KOMIIEKCHBIX 3KCIe I
o uccyreoBanmio atMocdepsl HaT 03. Baiikan [20, 21].
3oHIUpPOBaHUEe TIPOBO/MJIOCH HA IBYX [JIMHAX BOJIH H3-
aydennud jgazepa 1064 u 532 um. Ilpuemnuoil cuctemoii
JINJIapa PerncTpupoBAIOCh YIPYroe o6paTHOe paccesiHie
Ha a’9p030JIsIX Ha THX JJIMHAX BOJIH, a TaKKe HeyIlpy-
roe paccesiHue Ha JITiHe BoJaHbI 607 HM, 06yCIOBIEHHOE
KoJie6aTeTbHO-BpPAIaTebHOW KOMIIOHEHTON KOMOIHA-
IINOHHOTO paccesHUs Ha MoJjeKyJax a3ora. Ilocie Mo-
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JIepHU3AIMK B IuJap ObLI J0OaBJIeH KaHas JJisl PerucT-
paluy 4nCcTO BpaliaTeJbHOI KOMIOHEHTBI KOMOMHAITN-
OHHOTO paccesHNs B Y3KOil TTOJI0Ce CIIEKTpa OKOJIO JIJIH-
HbI BosiHbl 530 HM. OJHOBpeMeHHbIE M3MepeHUus paMa-
HOBCKHX CHUTHAJIOB OBLIN BBITIOJIHEHBI B X0/e Kopabesib-
HON 3Kcneawiny Ha o03. bafikan. Perucrpanus atmx
CHUTHAJIOB OCYIIECTBJISIIACh B TEMHOE BPEMSI CYTOK C Ha-
KomteHneM npoduias B TedeHue 20 MuH n 24000 BbI-
CTPEJIOB Jla3epa, IIPOCTPAHCTBEHHOE pa3peleHne cTpoba
HakoILIeHus cocTassino 48 M. Ha puc. 4 npezncrapiieHbl
nmpoduJn paMaHOBCKUX CUTHAJIOB, MOJTyYeHHbBIE B CeaH-
ce 3onaupoBanug jupapom «JIO3A-A2» B ycioBuax
«4HCTOI» 6e300/1auHoi aTMocdephl.

CuTrHaJ bl yIPYTOTO PACCesHUS CYMMUPOBAJINCH
B OJUH TPo(dUIb 32 TOT JKe Mepuo/i HAKOILIEHUS, YTO
un npopunu KP, xak ato nmokaszano Ha puc. 4. Hakon-
JIeHHbIH 3a 20-MUHYTHBII CceaHC 30HUPOBAHUS CUTHAJ
ppamatebioro KP (BKP) mourm B aBa pasa Ipe-
BhImaeT curHan kosebareabHoro KP (KKP) mo moc-
TUTHYTOH BBICOTE TPHW PaBHOIl BeJMYNHE OTHOIIEHUS
curaan/mym > 10. Cpe/Hee OTHOIIEHNe HHTEHCHBHO-
CTH CHUTHAJIOB BpaliaTeJbHOTO CIIEKTpa K KoJsebaTesb-
HoMy 3a 100 ABaJIaTUMUHYTHBIX CEAHCOB 30HUPO-
Banug cocraBuino 20,3+1,2. Ilocne koppekiun
Ha Pa3HUIy B CHEKTPAJIbHON KBAaHTOBOIl 2(pPeKTUBHO-
ctu ¢otokatona doromonyas H10682-01 ama amun
BosiH 530,607 HM, 3HaueHHe KOTOpOii cocraBmio 1,28,
OTHOIleHNe MHTeHcuBHOCTH curHaioB BKP/KKP cra-
a0 15,8.

[Tpodumu mugapubix curianos (puc. 4) 6oL HC-
MMOJTb30BaHbl  JIJIT  COTIIOCTABJIEHHSI BOCCTAHOBJIEHHBIX
OTNITUYECKNX TapaMeTPOB a3’po30Jid IO pe3yJbTaTaM
O/THOBPEMEHHBIX WM3MepeHUil PaMaHOBCKUX CHUTHAJIOB.
Ha pmc. 5 mpejcraBiieHBI pacCUUTaHHBIE 10 (opMy-
aam (3) u (4) xoadpduimeHTH 06PaTHOTO PacCesHHUsT
Baer(ho, 1) 1 ocrmabmenns c,e(Ao, ), a Takike BocCTa-
HOBJIEHHBIE TIO 3THM TE€PBUYHBIM ONTHYECKUM Xapak-
TEPUCTUKAM a3PO030Jid NPO(PUIH JTHIAPHOTO OTHOIIIe-
mua (5) Lr,(Ay, 1) 1 HaKOILIEHHOH ONTHYeCKOH TOJI-

i t(hg, h).
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Puc. 4. Ilpoduan TupapHBIX CUTHAJIOB: YIPYTOrO PacCesHus

(L = 532 uM, cBerso-cepasg KpuBas), Bpamareabuoro KP

(0 = 530 uM, TeMHO-cepas KpuBas), KosebareiabHoro KP
() = 607 1M, yepHasd KpuBasi)

CornocraBjieHre TTPOU3BOUIOCH B UATIA30HE BbI-
cor ot 3 mo 6 kM. Hwxuuii npegen o6ycyioBieH orpa-
Hu4eHHOI 0 5 MI' muHeitHOIT cKopocThio cueTa (oTo-
HOB y ortomoayseii PM607 u PM530. B 6mmxaeilt
30He MHTeHCWBHOCTL curHasa BKP #a mopsamox 60sbiie
7 POTOMOYJIb B 3TOM KaHajle BBIXOJWI Ha JNHEHHOCTD

607 um P
ir BKP, A =530 um [ - i
5 L i L L
U 1 i 1 "N i 1 1 i ] L L 1 i L i 1 1 1 ]
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Puc. 5. BepruxanbHble NpodUIM ONTHYECKHX XapaKTepPHCTHK aTMoc(epHOro aspo3osis Haja o03. Daiikana, BoccTaHOBJEHHBIE
[0 JaHHBIM 30HUpoBaHusA JugapoM «JIO3A-A2»: a — xoaddunuent o6paTHoro paccesuus; 6 — koaduiment ociabieHuss; 6 —
JINJIapHOE OTHOIIIEHNE; 2 — ONTHYECKas TOJIIA
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cyueta ¢ AUCTaHLMII Bbime 2,5 KM, a B KaHaae KKP —
1 kM. Bepxuuil mpeses orpaHnyeH HU3KUM OTHOIIEHU-
€M CUTHAJ/TIyM i AUCTAHIUH 6osiee 6 KM.

B comocraBuMoM uaras3oHe BBICOT CpeHee pac-
XoxJeHue ko3 UINEeHTOB 06PAaTHOTO PACCESTHUS Paer,
BBIYMCJEHHBIX M3 KoJiehGaTeTbHOTO U BpallaTeJbHOTO
curHajioB KP, He mpesbimaer 3%. Pacxoxzenue B,
paccuuTaHHBIX 10 ynpyromy curtany u BKP na BbICO-
TaX OT 3 [0 8 KM, He IIpeBbINIaeT 5%. 3HAYUTEIHHO
6oJiblllee pacXoK/eHNe TOIyueHo s Koadduimenrta
OCTabNEHUsT Gyey — 20%. ITO 06YCJIOBJIEHO MEHBIIUM
orHomreHneM curHajt/myMm s KKP u, ciemoBaresn-
HO, GOJIbIIEN MOTPEITHOCThIO BhramcaeHuit (oHM yKa3a-
Hbl Ha rpadure koadduimenta ocnabuenus). Brian
B TaKOe PaCcXOK/JeHUe MOKET BHOCUTb HEKOPPEKTHBIN
y4eT TOoKa3aTesis AHTCTpeMa MPU BOCCTAHOBJIEHUU TO-
Kasartess ocaabnenns no curHagam KKP. [lng maupap-
HBIX OTHOIIEHMII, BOCCTAHOBJIEHHBIX II0 curHasaM KKP
u BKP, cpeanee 1o npodusio paccoriacoBanue JOCTH-
raer 15%. Pean3oBaHHbIe B JaHHOM JIHJape OJHOBpe-
MeHHbIe  U3MepeHUsT  KojebaTeJbHO-BpallaTeJbHOTO
7 YUCTO BpAIIaTeJTbHOTO KOMOWHAIIMOHHOTO PACCETHUS
MO3BOJIAIOT YBEPEHHO BOCCTaHaBIMBaTh Tpodmib (cM.
puc. 5) HakoIUIeHHOil omrmueckoil tommu t(hg, 2) 10
BBICOT TPOTIOTIAY3BbI.

3akouenue

Mo/iepHU3UPOBAHHBIH MOJISIPU3AIIMOHHBI  a3po-
30/IbHO-paMaHoBckuii jugap <«JIO3A-A2» mo3Bossier
OTHOBPEMEHHO PETHCTPUPOBATH CUTHAJIBI YIIPYTOTO pac-
cesHUS, KosebaTeJbHO-BpAIaTeTbHBIN 1 YICTO Bpallla-
TEJTHHBIN CTEKTPHl KOMOUHAIIMOHHOTO PACCESTHUS, TeM
CaMbIM CYIIECTBEHHO TMOBBINIAA TOYHOCTH U3MepPEHUS
ONTUYECKNX TTaPAMETPOB U <«IIOTOJIOK» 30HIMPOBAHUS.

AddexruBHocTh padoter gugapa «JIO3A-A2» mo-
KazaHa B KOpaGeJbHBIX U CAMOJIETHBIX IKCIEJUIIHSIX.

@DunancupoBanue. PaGota BbINOAHEHA NpH (Hi-
HAHCOBOH Tojlepskke MUHHCTEPCTBA HAYKH M BBICIIE-
ro o6pasoBanua PD (rpant Ne 075-15-2020-787).
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Yu.S. Balin, M.G. Klemasheva, G.P. Kokhanenko, S.V. Nasonov, M.M. Novoselov, S.V. Samoilova,
I.E. Penner. Modernization of the “LOZA-A2” lidar for simultaneous measurements of the vibrational-
rotational and purely rotational Raman spectra.

The results of the modernization of the mobile aerosol Raman lidar “LOZA-A2" are presented. Along with
measurements of the vibrational component of spontaneous Raman scattering of lidar signals simultaneous
measurements of signals of purely rotational Raman scattering are carried out. The technique for interpreting
Raman lidar sensing data is considered. The data of simultaneous measurements of the vibrational-rotational
and purely rotational components of the Raman scattering during sounding of the atmosphere above Lake Bai-
kal are obtained. The results of retrieving the vertical profiles of the optical characteristics of the atmosphere
at a wavelength 532 nm from these data are presented.
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