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[IpencraBienbl pe3y/bTaThbl JUJAPHBIX U3MepeHUIl BepTUKAIbLHOIO paclpeje/eHus 030HAa B HMIKHeH cTpaTo-
chepe — BepxHeil Tponocdepe Ha Cubupckoil mugapHoil cranunn MHcTHTyTa onTuKM aTMocdepnr uM. B.E. 3yesa
CO PAH nax r. Tomckom B 2023 1. [lokasan rozoBoil Xoa BepTHKATbHOTO paclpejeseHns 030Ha U 3aperucTpipo-
BanHoe 09.03.2023 r. nosbllleHHOe cojfiepkaHue o30HA. IIpeamnomnaraercs, 4YTo NPUYNHOI 3TOrO yBeJUUeHUS B JMA-
Ia3oHe BBICOT 8—14 KM cTaJ JOBOJBHO PeAKHil Ipolecc cTpaTocdepHO-TPOIoc(epHOro IepeHoca BO3AYIIHBIX Mace
yepe3 Tporornay3y. Pe3yabraTbl MOTyT ObITh IOJIE3HBI CHelUATHCTaM B o6iacté (pU3UKM U XUMUU aTrMocdepsl,

KJINMATOJIOTUH, OXPaHbl 0pr>1<a10mef/'1 Cpeabl.

Katuesvie crosa: atmocdepa, aupap, JujapHoe 30HAUPOBAHIE, 030H, HIDKHAS cTpaTocdepa, BepXHSS TPO-
mocdepa, crpartocdepHo-TpomocdepHbIii epeHoc; atmosphere, lidar, lidar sensing, ozone, lower stratosphere,

upper troposphere, stratospheric-tropospheric transport.

Beegenue

O30H ABJISIETCS OJHON M3 BAXKHBIX MAJIbIX COCTaB-
Jggiomux atMocdepbl. OH 3alIUIIAeT Bce KUBYIee HA
3emne ot ry6urtesbHoro Y ®D-B-msiaydenns CoiHIa.
Ero comepskanne Ha pa3HBIX BBICOTAX 3aBHCHT OT Pas-
JIMYHBIX (PaKTOPOB: (POTOXMMUMN, AMHAMITYECKOTO (Pak-
Topa u Ap. g ompeneseHNs CTeNeHN BIMSHUS KaK-
JIOTO M3 HHUX Ha COJlep:KaHUe 030HA HeOOXOJUMO 3HATh
BepTHKaJbHOE Ppactpesesenne ozoHa (BPO) B armo-
chepe. B HacTosmee BpeMs IS 3TOTO HCIOJIb3YeTCS
uHdOpMAaIHsI, MOIyYaeMas KOHTAKTHIME (030HO30H/IBI,
camoJieTHble u3Mepenust [ 1—4], pakersl) U JUCTaHIIUOH-
ubiMu Metogamu (ciytauku MetOp, SAGE 11, TERRA
u 7Ip., a TakxKe JHUJApbl, HCIOIb3YIONNe Ja3epHoe U3-
aydenue) [5, 6]. Bce oHU yauHO JOIOJIHAIOT APYT APY-
ra B ucciaenoBanusax. Co BTopoil nomoBusbl 1980-x rr.
JUIS HccJleJoBaHNUS 030HOC(hephbl aKTHBHO IPUMeHSeTCs
snazepHoe 3oHaupoBanue [7—10]. HauGoJsiee 4yBCTBH-
TEeJbHBIM CpeJyl JIa3ePHBIX METO/I0B SBJISETCS MeTOJ
nuddepennuaabHoro norJomienus [11].

Crpartocdepto-tponocdepubiii o6mMen (CTO) —
3TO JABYXCTOPOHHHUII Ipollecc: KOrJa OH HalpaBlleH
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BBEpX, peYb HUAET O TponochepHO-cTpaTocepHOM
mepeHoce, B IPOTHBHOM CJIy4ae — O cTparocdepHo-
tponiochepHoM. Tpormomaysa, ABJSIOMAsICS TpPaHU-
mefi Mexkay Tpomocdepoii m crpatocdepoii, WHOTIa
CTaHOBUTCSI MPOHUIIAeMOil /i1 o6MeHa MX CBOWUCTBaMU
(XUMHUYeCKUME, 3HeprHeii), KOTOpble ONOCPeIOBaHHO
BJIUSIIOT Ha TJIOGATBHBIN KIUMAT. JTH JBa IMOTOA006-
Pa3yIoNNX cJ0s aTMocQepsl 3eMJIN NMEeIOT CyIecTBeH-
Hble pa3/nyus B PAJUAIIMOHHOM peKHMMe, BEePTHKAJb-
HOM paclipefieJIeHNH TeMIepaTypbl M XHMITYECKOTO
cocrasa [12].

Uto kacaetcs Tpomocdepbl, To 3TO caMasl TIOTHAs
4yacTh 3eMHOII atMocdepbl, KOTopas COJAEePKUT MOYTH
Bechb BOJSAHON Tap, 3/1ech GOPMUPYIOTCSA 06JIaKa 1 0Cal-
KH. ITO cJOIl aKTHBHOIO IlepeMellUBAaHUs, B KOTOPOM
TeMIlepaTypa, KaK IIpaBIJIO, IHOHIDKAETCSI C BBICOTOI.
Harpesanue Bo3gyxa B Tponocdepe MPOUCXOIUT B OC-
HOBHOM H3-32 JIMHHOBOJHOBOTO U3Jy4YeHUs, OTPaKeH-
HOTO OT TIOBEPXHOCTH 3eMJu. B crpaTtocdepe, Haxo[s-
1leiicst BbIlIe Tporocdepbl, MOYTH HET BOASHOTO Mapa,
HO oHa cozep:kut g0 90% armocdepHoro o3ona. Bos-
IyX B 3TOM CJI0€ HArpeBaeTCs BCJIEACTBUE TIOTJIOMEHIIS
MoOJIeKyJIaMH 030Ha yJIbTpadnoeToBoil pagmanun. [lrg
cTpatocdepbl, KoTopas sBJgeTcs cjoeM 60bIIoil cTa-
THYeCKON yCTOWYMBOCTH, XapaKTepHO B CpeJHEM IIO-
BBIIIIEHNE TeMIIepaTypbl ¢ BbicoToii [12].

MHorue uccieoBaTeJn 0603HAYAIOT €TI0 Hanbo-
see aktuBHOTO CTO Kak «BepxHsAA Tpomocdepa — ca-
Masl HIDKHSS cTpatocdepasy. ITOT CJIOH ecTh KII04eBast
o6actb atMocdepsl, T/e IPOUCXOINT IepeMenIiBaHIe
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cTpaTochepHLIX W TPOMOCQEPHBIX BO3AYIIHBIX Macc,
BJIMAIONIAS B IMEPBYIO ouepe/lb Ha XUMHIO U paJuaIi-
OHHBIH popcuHT atMocdeps! [13, 14].

Josarospemennbie (¢ 1989 1.) peryasipHble uccezno-
BaHus o30Ha Ha Cubupckoit mmpapuoit cranun (CJIC)
Wucturyra ontuku atMochepsr CO PAH B Tomcke
TTOKa3aJIM, YTO Hanboslee 3HAUNMAd /I U3yYeHNT 9acTb
o30HOC(epbl HaxoAuTCsl B HIUDKHeH cTparocdepe —
BepxHell Tpomocdepe. B 3ToM nmamazoHe BBICOT CO-
Jlep:KaHue 030Ha 3aBUCUT OT (POTOXMMUU U JTUHAMHIYE-
ckoro ¢axrtopa. 37ech TPOTEKAOT cJ1ab0 N3yIeHHBIE
mporiecchbl crparocdepHo-TponocdepHoro obMeHa, [e-
¢opmanun o3oHOCDEPHI CTPYHHLIMI TedeHUAMH, Hop-
MHUPOBaHNe TOHKOMN <«SI3bIKOBOI» CTPYKTYPBI O30HOBOTO
cjod. V3-3a MeHbllell KOHIEHTpallul 030HA B HIDKHeI
crparochepe — BepxHeil Tporocdepe AJg TaKUX HUC-
crnenoBaHuil TpebyeTcs G6oJbIIas KOHIEHTPAIMOHHAS
YYBCTBUTEJIbHOCTD JINJJADHBIX M3MepeHMUil, T.e. usMepe-
nug BPO neo6xomuMo mpoBoanTh B 6ojiee KOPOTKO-
BOJHOBOII o6aactun Y -clieKTpa, Tle CcedyeHHe MOrJIo-
IIEHUST 030HOM 6O0JIbIIeE.

Ilesp HacTosmeil paGoTbl — aHaMu3 Inpodueit
BePTUKAJIBHOIO paclipe/le/ieHHsl 030Ha HaJ I. ToMckoM
B 2023 r., pe3yJabTaThl KOTOPOTO MOTYT GBITh UCIIOIbH30-
BaHBI 11 opMupoBaHusa Mogean BPO u oreHkn ako-
JIOTHYECKOTO COCTOgHHSA aTMochepbl Ha TepPUTOPHU
Tomckoit obaactn.

Annapatypa u MeTO/bI

Oynkunonupytomuit Ha CJIC nugapHblii KOM-
IJIEKC TIPU 30HIMPOBAHUH 030HAa MeTo/oM auddepen-
IIUATBHOTO TIOTJIOIIEHHSI HCTOb3yeT N3JTyYeHHe 3KCH-
mepHoro Xe—Cl-mazepa (A, = 308 HM) u mepByIO CTO-
KCOBYIO KOMIIOHEHTY €Tro Mpeo6pa3oBaHUs HA OCHOBe

KCC
JI5 D ca  JI3
299 uMm Nd 341 M
J14
BBIIP>|®IVKH 1
Y-/1 20,50

BBIHY KIE€HHOTO KoMOuHaiuonHoro paccesnusa (BKP)
B suelike ¢ BogopoaoM (A, = 353 HM) M IHO3BOJIZET
nosiydath npoduan BPO B auanazone 13—45 kM, T7e
cedeHNe MOTJIOIIEHNST 030HOM G303 = 1,4 - 1070 eM?. Tax
KaK co/lep)KaHWe O30Ha B HIDKHeH cTparocdepe —
BepXxHeit Tponocdepe MeHbIle, To AuA n3Mepernns BPO
B 9TOM [[HAlla30HE BBICOT HEOOXONMO yBeIUIeHne KOH-
IEHTPAIIMOHHON YyBCTBUTEIbHOCTH MeTona. B 2007 r.
KOMILIEKC OBbLI JIOTIOJIHEH JUapOM Ha OCHOBE YeTBep-
toit rapmonnku (266 M) Nd:YAG-nmaszepa B couera-
Hun ¢ texHukoii BKP-nipeo6pa3oBaHus ee B BOAOpO/IE:
nepBasg (Ao, = 299 M) u Bropasg (Ao = 341 HM)
CTOKCOBBIE KOMIIOHEHTBI. JTO TO3BOJUJIO TOJYYaTh
mauaple mo BPO B gmamasone BpicoT 5—20 KM, Tae
G99 = 4,4 - 107" cM? [15]. Brok-cxema Junapa Tpes-
cTaByieHa Ha puc. 1.

JlazepHoe u3syueHHe Ha A = 266 HM ToOcJe Hpo-
XOK/leHus depe3 sueiiky ¢ BojgopoaoMm amng BKP-
mpeo6pazoBanua (Ao, = 299 HM, Ao = 341 HM) Hampas-
nsgercss B arMmocdepy. OO6paTHopaccessHHOE WU3JIyde-
HUe TIOCTyNaeT B TPHUEMHBII TeJIeCKOI, HalpaBJIIeTcs
B KIOBETY CIEKTPAJbHON CEJEeKINN, T/e CIEeKTPOIesN-
TeJleM paslesIsaeTcs 10 KaHadaM C Aoy M Aoff, PETUCTPH-
pyerca DAY u panee mocrynaer B KOMIBIOTED IS
XpaHeHUs1 U AajbHefinieil o6pa6oTku. CHUTHAJIbI peru-
CTPHUPYIOTCS B peknMe cueTa (POTO/EKTPOHHBIX WM-
mybcoB. CurHAM OT OJMKHEN 30HBI OTpPe3aeTcs dJeK-
TPOHHBIM yIpasieHueM ®MIJY. BpeMsa HakoIlIeHUs
curnana ~ 40 MuH 3a oguH ceamc, cTpo6 — 100 M, To-
TPENTHOCTh M3MepeHusl B auanazone 5—20 KM cocTaB-
nsier 6—18%. 3a HOUb 06BIYHO peasnsyercss 1—2 ceaH-
ca TIpU OTCYTCTBUU METEOPOJIOTHUECKON O06JaTHOCTH
B atMocepe. Ilogpo6Hoe ommcaHme Jaigapa 1 ero Tex-
HUYeCKUe XapaKTepUCTUKU TpuBeieHbl B [16].

299, 341 um
baox
CHHXPOHU3AINN
DIY u mazepa
JI2

W{ i, Nd:YAG, 266 my

Do

Puc. 1. Baok-cxema ymmaapa: Nd:YAG — tBepaoTesbHblil Jasep; Hy — siueiika BKP-npeo6pasoBanus ¢ BomopogoM; I13 — aBTo-

MaTH3UPOBAHHOE BBIXOJHOE HMOBOpOTHOe 3epkano; 11/l — momeBag mmadparma; JI1—JIS — maun3s;; 1D — uHTepdepeHIOHHbIE

¢urpTpn; DOY — dorosnexTponHble YMHOXKUTeNH; Y-/l — ycwmurenu-auckpuMuHaTopsl; BBII — BbICOKOBOJIBTHBIE GJIOKU IHTA-

Hust @IY; D/] — maruuk 3amycka cuerynka poroHoB; KCC — KioBera cHeKTpaJbHOIl cenekiyy; | — Kabenb coenHeHHs 6J0Ka

cunxponusaiun MIY u mazepa; [IT — nmpuemnsiii Tenseckon cucrembl HbioToHa ¢ riaBHbIM 3epkasiiom auamerpom 0,5 m; Cl —
CIIEKTPO/Ie/IUTeh
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PesyabTatsl u 00CysK/AEHUE

Ha puc. 2 mpexacrasienst npodpumn BPO, momy-
yennble B 2023 r. Ha CJIC, B cpaBHEHUU C MOJIEJbIO
Kpiorepa [17]. Bcero 3apeructpupoBano 46 mpodueii
o30Ha. U3 puc. 2 BuAHO, 4TO cojiepsKaHlle O30HA IIO-
BBIIIEHO 110 CPaBHEHMIO C MOJIeJIbHBIM paclipe/iesieHueM
B sIHBape — MIOHE W MOHIUKEHO B mioJe — fekabpe. OT-
Jmdne BceX MOJIy4eHHBIX mpoduieit BPO Ha BbicoTax
9—14 kXM OT MOJEeJbHOTO paclpe/eseHnss gBJIIeTCs
eCTeCTBEHHBIM 711 quHamuku BPO B oTaenbHble aHU
30HIUPOBAHMS.

ITpu sonamposannu 09.03.2023 r. (puc. 3, a) 6bI-
JIO 3aperucTPUPOBAHO IOBBIILIEHHOE COZepKaHle 030HA
B BBICOTHOM /JHana3oHe 8—14 KM Mo cpaBHEHHIO C IIpe-
JOBIIYIIIMA U TIOCJeTyTomuMu THaMu u3Mepennii. Co-
riacHo [ 12] comepskanme o30Ha B BepXHeii Tporiocdepe —

HIDKHel crpatocdepe, cpean Apyrux (aKToOpoB, Mo-
skeT gaBagaTbest TpaccepoM CTO, a HM3Kasg OTHOCHUTEJb-
Had BJIAKHOCTb, KOTOPas He SABJAETCS CTpaTochepHbIM
TpaccepoM, TI03BOJIIET UAeHTU(HUITITPOBATD BO3IYIIHYTO
Maccy, KaKk OMyCTUBIIYIOCS U3 CTpaTocdepsl.

[lnsg aHanmu3a TPUYMH TOBBIMIEHUS COJEPKAHUS
o3zoHa 09.03.2023 r. ucnosb3oBajguch MpouaIn Bep-
THKAJbHOTO pacHpefieJieHHs] TeMIepaTypbl M BJIAXKHO-
CTH, TIOJy4YeHHBIE HA OCHOBE JAHHBIX a3POJOTHYECKOTO
30HAMpOBaHuA craHuuii r. KosmamesBa u r. HoBocu-
61pCcKa, KaK caMbIX OJM3KO PACIoJOKeHHBIX K T. ToM-
cKy, ¢ cafita http://weather.uwyo.edu/upperair/
sounding.html. Beprukanbibie mpoduiu teMoepaTypbl
U OTHOCHUTEJTbHOW BJIAJKHOCTH BO3/yXa, 3aperucTpHpoO-
BAHHBIX Ha JTUX CTAHIUAX, JJs BbIODAHHBIX JHEN
cxosxkn. IToaToMy, 4TOGBI He TIeperpyskaTh puc. 3, 6, 6,
TIpUBeJIeHbl JJaHHbIe TOJBKO CcTaHmmu T. Kosmarresa.
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Puc. 2. IIpodunn BepTHKATBHOTO pacipelesieHns KoHueHTpalmu o3oHa N B 2023 r. Haj r. ToMckoM; cepas KpuBasg — Mojesb
Kprorepa

BeprukaibHoe pacnpe/esieHrie 030Ha B HIKHel cTpartocdepe — BepxHeii Tponocdepe...
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Puc. 3. Bepruka/ibHoe pacipe/ie/ieHre KOHIleHTpaiu o30Ha B atMocdepe Haa Tomckom (56,5° c.ur., 85,0° B.1.) (a), Temmepatypsi (6)
u Baaxuoctu (6) nag Koamameso (58,3° c.ur., 83,0° B.4.) 09—14.03.2023 r., BpeMa MecTHOE

Ha npoduiax puc. 3, 6 BUAHO, YTO TIPH aspo-
30HINPOBAHUN OBLIO 3aPETUCTPUPOBAHO <«OTCYTCTBUE»
Tponomnaysbl (IpaKTHYeCKH BEPTHKAJIbHOE paclpe/ieie-
uue temrepatypsr) 09.03.2023 r. B 07:00 u 19:00. Ox-
HAKO TPOMOMAy3a OTYETJIMBO NPOCTIEKUBAETCS Ha TIPO-
¢une Temneparypbl Ha BbicoTax B paitoHe 11 xm 10.03
B 19:00. Takke Ha mpoduigx Ha puc. 3, 8 BUIHO, UTO
09.03 B 07:00 m 19:00 mabuoganmach MOHWKEHHAS OT-
HOCHUTETbHAS BJAKHOCTb BO3JyXa B CPAaBHEHHU C ee
snaverneM 10.03 B 19:00. Takum o6pa3oM, TP 30H/IH-
poBanuu BPO 09.03.2023 r., BeposTHO, ObLT 3aperu-
cTpUpoBaH gocratouyHo peakuii mporecc CTO.

[Tono6HBII pe3yabTaT OBLI TTOTyYeH HAMU B aripeJie
2007 r. [18]. Permcrpamms Takux ciydaeB, HPOMCXO-
IAIX B aTMocdepe, BakHa Ui MCCIEJOBAHUS IIPO-
I[eccoB  cTpaTtocepHO-TPOTIOCchepHOTO  B3aNMOIENHCT-
BUd, WX BJIMIHUSA Ha W3MeHeHWe KJIUMara, TepeHoc
BO3JIYIIHBIX Macc B aTMocdepe, uU3MeHeHHEe XUMIYe-
CKOTO COCTaBa BO3/yXa, GajlaHC Pa/MAIIMOHHBIX IIOTO-
KOB B HWXHell cTpatocdepe — BepxHeil Tpomnocdepe
(mpoexr STACCATO) [19].

3akaouenne

30HANpOBaHNE BEePTUKAJIBHOTO  PpacHpeseseHus
o3oHa Ha Cubupckoil mmpapHoil ctanuun VHCTHTyTa
ontuku atMocdepsl M. B.E. 3yea CO PAH B 2023 1.
NIOKA3aJI0 yBeJMYEHNe CO/ePXKAaHUSI O30HAa B IEPUOJ
¢ SHBapsl 110 MIOHb U €r0 yMeHbIleHHe ¢ UIOJIS 110 Jle-
Kabpb, YTO COOTBETCTBYET [AHHBIM JPYTUX aBTOPOB.
CoBMecTHBIII aHAIN3 pe3yJIbTaTOB JIA3epPHOTO 30HINPO-
BaHNSA BEPTHKATBHOTO paclipejiefleHHs O30HA B JHa-
mazoHe BBICOT 6—14 KM W a’pOJIOTHYECKOTO 30H/IM-
poBaHHS MeTeocTaHImu T. KosmamieBa mHokasas, 4YTO
B Mapte 2023 r. Hag ToMcKoM, BO3MO:KHO, OBLI 3ape-
TUCTPHPOBAH JIOBOJBHO peJKuil mporecc crpaTocdep-
HO-TpotocepHOTO TepeHoca BO3AYIIHBIX Macc depe3
Tpomonay3y. /[lampHefimuil peaHanm3 Bceif 6a3bpl gaH-
HBIX H3MepeHHil BepTHKAJILHOTO paclipe/ie/leHUs 030Ha
BHeCeT CBOW BKJIaJ B NOHNUMaHHE KJINMATOJOTHH, XH-
MHH  aTMoc(hepbl U IUPKYJISAIMOHHBIX MEXaHU3MOB,

MPOUCXOISININX B Hel, MPU MPOHUKHOBEHUH BO3MIYIII-
HBIX Macc u3 crparocdepbl B Tponocdepy yepe3 Tpo-
nonayay.
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