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IIVIEHAPHAS CECCUS

DJjIeMEeHThI CTOXACTUYECKOH CTPYKTYPHbI 00/ IaYHBIX MOJIeH
I'eopruii C. Fo.nnublﬂl

1 HNucturyTt pusukm armochepsr um. AM. OOyxoBa Poccuiickoit akaneMun HayK

[IpurnameHHbIN JOKIIAN

gsg@ifaran.ru

JlBa CTOXaCTHYECKHX JJIEMEHTa MOoJIeil O6JIa4HOCTH OBUIM HENABHO OIMCAHBI B JHUTeparype: 1) OTHOIICHHE UTHHBI
nepumerpa obnaka K ero mioinanau u 2) auddepeHuHanbHOE pacHpelejieHHe T'OPU30HTAIBHBIX JJIMH OOJIAKOB U
roiyOBIX HOJIOCOK HebGa MeXIay HHMMH. BCE 3TO C TOYHOCTBIO O HEMHOTHX IIPOLICHTOB MOX>XHO IIOHSITH B paMKax
TEOpHUH CcirydalHbIX aBMkeHHil KommMmoroposa 1934 r. 13 BTOpOro MOMEHTAa pacIIpeAelICHUsI BEPOSITHOCTH JUIS
mromanu (obsiaka) CISAyIOT T'MCTOTpaMMBI U 3aTeM AuddepeHInanbHbIC PACHPEICIICHUs] TOPU30HTAJIIBHBIX JUIUH.
JUIMHBI IEpUMETPOB 00JIaKOB MPOIIOPIHUOHAIBHEI UX JJIMHAM, HO KO3(OUIHUSHT IMpOoropruuoHaIbHOCTH C 3aBHUCHUT OT

6e3pasmepHoro napamerpa nonodus I[I: C=C(I1)~I1. DTo u 0OOBSICHSIET SMITUPUISCKUE 3aBUCUMOCTH.


mailto:gsg@ifaran.ru

CHyTHPIKOBbIe JAAaHHBbIC TUCTAHIIUMOHHOIO 30HAUPOBaAHUNA aTMOC(l)epr B 3agavdax

YHUCJICHHOI'O MPOrHo3a nmoroabl

1

Aaexkcanap b. Ycnencknii~ , Muxawnn [l L[pryHbHI/IKOBZ

1 Hayuno-ucciaegoBareabckuii HEHTP KOCMUYECKOU ruapoMmercopoaoruu "Ilnanera”

2 I'mppomMeTeoposoruueckuii Hay4yHoO-UccIegoBaTeabCKUul ieHTp Poccuiickoii denepanuu

[TpurnameHHbpIN JOKIIAN

abusp@mail.ru

BrmmonrHeH 0030p COBPEMEHHOTO COCTOSIHUSI U IIEPCHEKTHB pPa3BHUTHS CILyTHHKOBBIX HAOJIIOMATEIIBHBEIX CHCTEM
IUCTAaHIMOHHOTO 3oHAWpoBaHusi artrMmochepsl 3emuu (J3A), Bkiaroyass MeTOAbI U  CpeACTBa IIOJIyYESHHs

PIH(i)OpMaLIPIOHHOﬁ NpOoaYyKIIUHU I[3A, a TakK>XKeE€ €€ IIPpUMCHCHHUEC B 3aJavdax YHUCJICHHOI'O IIPpOrHo3a 1rnoroabl.

B mepBoii yacTn gokjaza pacCMOTPEHBI CYHIECTBYIOIIHE METOABI U cpeacTBa J[3A OTEYECTBEHHBIX U 3apyOEKHBIX
CIIyTHHKOBBIX CHCTE€M, MNpeJHAa3HAYEHHBIC JJII NOJYyYeHHs] HWHOOPMANHOHHOW HNPOAYKIIMHM N0 BEPTHKAIBHBIM
pacrpenesieHusIM TeMIlepaTyphl H BOISIHOTO mapa B atMocdepe, a Takke AByXMepHbIM (2D) mossiMm BeKTOpOB BeTpa
B Tpomnocdepe. B kagecTBe NEpCHEKTHBHOTO HAMpaBJICHUSI Pa3BUTHsI CIIyTHUKOBBEIX MeTONOB [[3A oOcy>kmaercst
ONBIT HCMOJB30BAHUSI HU3MEPEHUM runepcnekrpaibHbeiXx HMK-30HAUPOBIIUKOB (B KaHajlax MOTJOLIEHHUS BOASHOTO
mapa), YCTAHOBJCHHBIX Ha MOJSIPHO-OPOUTAIBHBIX H TI'€OCTAIlMOHAPHBIX METEOCITYTHHKAX, IJISI ONpeIcIICHUS

TpexmepHbix (3D) rmoseit BEKTOpPOB BeTpa.

BTopas wacte noknana nmocssmeHa 00630py padoT M0 HUCIIOIB30BAHUIO CITYTHHKOBBIX U3MEPEHHUN U NpoaykToB /I3A B
CHUCTEMaX YCBOEHHS METEOPOJIOTMYECKUX MAAaHHBIX, CBSI3aHHBIX C IOATOTOBKON Ha4dalbHBIX JAHHBIX IJII Moaenel
nporuHo3a moronsl. OOCyXIaroTCsT METOAUYECKHEe MIPoOiIeMbl 3(PpPEKTUBHOTO YCBOCHUSI HAHHBIX MHKPOBOJIHOBBIX HU
uH(}ppaKpacHBIX U3MEPEHUI, a TakKe HHOOPMAIMOHHBIX IPOAYKTOB J[3A 0 BeTpe no IBUKSHHIO OOJIAKOB U MOJISIM
BJIOXKHOCTH. AHAJIM3UPYETCsI BKJIaJ Pa3JIMYHBIX BHUAOB CIIyTHHKOBBIX HAOJIOAEHHUH B IIPOTHO3 moroxasl. IlpuBonsites
pe3ynbTaTbl YCBOCHHSA JAHHBIX HM3MEPEHHH C OTEYSCTBEHHBIX IIOJSIPHO-OPOUTAIBHBIX CIIyTHUKOB B CHCTEME
ycBoeHUsT naHHBIX ['mapomerneHnTtpa Poccum. O6GCyXIaroTCsi NepCHEeKTHUBBI HCIIOJIB30BaHUS JTAaHHBIX HAOIIOACHUI O

BETPE C BBICOKOOPOUTAIIBHBIX CIIyTHUKOB APKTHKA.
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I/ICCHGHOBaHHe COIepP2KaHHUA MU IMMOTOKOB KJIHMATHYECKH BAd2KHBIX I'a30B [IJIdd TEPPHTOPHHA
Cankr-IleTepOypra

Mapus B. MaKaPOBal , Imutpuu B. Wonos! , Credanu Y. dokal , Bnagmmup C. KOCHOBl , Amnartomnuu B.

1'[06ep013.c1<1/11511 , Anexkcasgp B. ossikos! | Xamyg X. Wmxacur! , Bragucnas O. erJ'Ibl

EBrenwnii B. A6aKyM0131 , Esrenuii B. IlleBuerko’ , Cepreti B. MI/IKyI]_IeBl

, Erop Il P5{6yH_IK01 ,

1 CaskT-IleTepOyprckuil rocyIapCTBEHHLINM YHUBEPCUTET

[MTpurnameHHBIN OOKIAL

m.makarova@spbu.ru

I'moGanbHbEIe U3MEHEHUS KHMMaTa SIBASIOTCS OOHOM M3 BaXKHEHUIIMX HAYYHBIX, COIMAIBHBIX WU 9KOHOMHYECKUX
mpo6eM COBPeMEeHHOCTHU. YTOOR OIeHUTh 3HAYMMOCTD 3TUX U3MEHEHUN U ITOHSThH CBSI3aHHLIE C HUMU DU3UYECKUE
U XUMHUYECKHe MTPOoIecChl, He00X0OUM MOHUTOPUHT aTMOCGEPHOTO COfePKaHUSA KIIMMaTUYEeCKY BaXKHHBIX I'a30B U UX
IIOTOKOB B aTMmocdepy. B pOokname mpencTaBiIeHbl OCHOBHBIE HTOTM [OJITOBPEMEHHEBIX CTalMOHApPHBIX Dypoe-
cnekTpoMeTpudeckux HabOmomenudi B CII6I'Y, HampaBrIeHHBIX Ha HU3y4YeHHe BPEMEHHBIX M3MEeHEHUH TIa30BOr0
cocTtaBa aTtMocdeprl. I[IpuBefeHH pPe3yabTAaThl MOOUJIBHBEIX H3MEPUTEJIbHBHIX KaMmnauuii EMME (Emission
Monitoring Mobile Experiment) 2019-2024 romoB O OLiEHKe BHIOPOCOB KIMMATUYECKM aKTUBHHIX TI'a30B C
Tepputopuu CaHKT-IleTepOyprckoy armomepanuu. CheslaH KpaTKuii 0030p MCCIeOOBaHUM, pa3BUBAIOIIUXCS Ha
Kadempe ¢u3nku aTtMmocheprl CIIOIY ¥ TOCBSINEHHHIX ONpEOeeHHI0 TOTOKOB ITAapHUKOBBEIX Tas30B C
KCIIO/Ib30BAHUEM ITY/IbCAIIMOHHEIX M KaMEePHEIX U3MEPEHUN OJ1 IPUPOLHEIX ¥ YPOAQHM3UPOBAHHEIX 9KOCHUCTEM.

QduHaHcuposaHue u bsaazo0apHocmu: VicciemoBaHue BBHIIIOIHEHO 3a CYET rpaHTa Poccuiickoro HayuHOro ¢poHma No
24-27-00033, https://rscf.ru/project/24-27-00033/. HccnenoBaHus IIPOBENEHBI C MCIIOJIb30BAHMEM amnapaTyphl
pecypcHoro uenTpa "I'eomoment" (Hayunsiii napk CII6TY).

HccieqoBaHHe MPOBEIEHO MPH MOAEePXKKe:

1. "PH®", rpauT No 24-27-00033



HNHaTepnipeTranvisi BO3MYILIEHUI mMapaMeTpoOB BepxHell aTtMocdepbl BO BpeMsi U IocJie

OKOHYAHUSA NMIPOIAOJIZKUTCIBbHBIX sIBJIEHUM KOCMMYECKO Moroabl

Maxkcum B. Kanmenkol? ,  KoncrantuuTl. PaToBckuiid Braagumup B. Kiumenko?l | denop C. beccapa

Amnppeii B. ILHBHHZ, Kynpusna B. Bemouenkol? | 2

612

EBrenmnii B. Po3zanos

1 Kamuaunarpanckuii duianar HHCTUTYTa 36 MHOTO MarHeTHU3Ma, HOHOC(HEPhI I PacIIpOCTPAHCHUSI PAIHOBOJIH HMEHHU
H. B. Ilymxkosa

2 Cankrt-ITerepOyprckuii rocy1apCTBEHHBIN YHUBEPCUTET

3 Opaena Tpynosoro Kpacunoro 3uamenun MHCTUTYT COTHEYHO-3eMHON (pru3nku CHOUPCKOTrO OTACICHUS

Poccuiickoii akagemMun Hayk

ITpurnameHHsIid JOKJIa

maksim.klimenko@ mail.ru

B maHHOM nokyane MpenCTaBIICHBI Pe3ysbTaThl MCCIENOBAaHWUS BAapHAaTHBHOCTH NIAapaMEeTpPOB BepxHel aTrMocdepsl B
Iepuonbl TEeOMAarHUTHBIX Oyph W COJIHEYHBIX IIPOTOHHBIX cOObBITHH. Hamm ObUIM paccMOTpEeHBI BapHalllH
SJIEKTPOHHOW KOHLEHTpaluu B HOHOcdepe Haag OTASIbHBIMH CTAaHUUSIMHM U IJIOOAJIBHOTO 3JISKTPOHHOTO
coIep>KaHUs 10 TaHHBIM HaOJIONEHWH U M0 pe3yabTaTraM MOJIEJIBHBIX pacdeToB. B paGore oOcykmaercst BOIIpoOC O
MOJEJIBHOM BOCHPOU3BEICHUH, HHTEPIIpeTaluuu (PU3NYECKHUX IIPOLIECCOB B BEpXHEH arMocdepe M  BIUAHUH
aTMochepHO-NOHOC(HEPHOrO B3aNMOAECHCTBHUI Ha HOHOC(EpPHBIE BO3MYIIEHUS B IEPHOABl I'€OMarHUTHBIX Oyph H
COJIHEYHBIX IIPOTOHHBIX CcOObITHI. CpaBHEHHME HOHOC(HEpPHOH H3MEHUYMBOCTH, IOJYYSHHOW 10 pe3ybTaTam
pacueTroB moxenei BepxHeil armocdepbr (I'CM TUII) u Bceit armochepsr (EAGLE), nokaszano, 4yro arMocdepHO-
noHocdepHOe B3aUMMOAEHCTBHE MOXKET UIpaTh OJHY U3 KIIIOYEBBIX POJIEH B M3MEHYHMBOCTH HOHOC()EpHI HA CPEIHUX

muypoTax.

HccaenoBaHue MPOBEAEHO NMPH MOIIEPIKKE:

1. "Caunkrt-IletepOyprckuii rocy1apcTBeHHbIN yHUBepcuteT', rpant 116234986


mailto:maksim.klimenko@mail.ru

Monens kaumata UBM PAH: coBpeMeHHO€E COCTOsIHUE, NTePCNEeKTUBLI PA3BUTHUA U

ydyacTHe B MporpamMMe CpaBHEHUsI KIUMaTudecKux moaejgeit CMIP7
EBrenun M. Bo.ﬂoz[nﬂl

1 HNucTuTyT BeluucauTeabHOU MaTteMaTuk um. I'.M. Mapuyka Poccuiickoii akaneMuu HayK

ITpurmameHHbIN JOKIaN

volodinev@gmail.com

PaccmarpuBaeTcss Mozens kaumatudecko cucrembl MBM PAH, koTopass cocToUT M3 JIBYX OCHOBHBIX OJIOKOB:
Mozenu oOmeidl IUMpKyasnuu arMoc@epsl, BKIIO4Yasi OJIOK IIOBEPXHOCTH CyHIIM M IOYBBI, U MOJEIH OOImeH
LOUPKYJISIIMM OKeaHa M MOpPCKOro Jpna. Takke MoJedb BKJIOYaeT B ce0s BOCHPOU3BEACHHE KOMIIOHEHTOB
YTIJIIEPOOHOTO IIMKJIA, adPO30JBbHBIN OJIOK, MapaMeTpHU3alHuIo JJICKTPUYECKHUX SIBJICHHNW. Moeib MOXXET BKIIIOYATh B
cebst Takke OJIOKM XUMHH aTrmocdepbl, OHMOXMMHUU OKeaHa, H JApyrue. PaccMmarpuBaeTcss BOCHPOHU3BEICHHE
MOJZICJIBIO COBPEMEHHOro KJIHMMaTa U ero HW3MeHeHHil HadymHass ¢ 19 Beka. Mopgeins B OCHOBHOM IIPaBHIILHO
BOCIIPOM3BOJAUT HaOIIOJAaeMbIe M3MEHCHHS, BKJIIOYasi IIO0OAJIBHO OCPEAHEHHYIO IIPU3EMHYIO TeMIlepaTypy U ee

reorpa(bnquKoe paciopeaciieHue, reMmieparypy CTpaTOC(i)epI:I, IIOTJIOICHHUC TCIJIa OKCAHOM.

PaccmarpuBaeTrcss nmpobiieMa HEONpeaeJIeHHOCTH PaBHOBECHOW UyBCTBUTEJIBHOCTH K YABOECHHIO KOHIIeHTpanu CO2
IJIsI peaJIbHOW KJIMMATHYECKOM CHCTEMBI, a TaK)Xe MOJIeIbHAasi paBHOBECHAsI TyBCTBHTEIILHOCTh I HEPaBHOBECHBIH

OTKJIUK.

IIpuBonsATcsa pe3yiabTaTbl BOCHPOU3BEAECHUSI MOJEJIBIO HM3MEHEHHMH KIMMaTa U YLJIEPOAHOIO ILMKIIA, BKIIOYas
yTJIeposa OKeaHa, pacTeHHH, Mo4YBbl U aTMocdepshl. Jlenaercs BbIBOA 00 OCHOBHBIX MCTOYHHUKAX HEOIPEAEICHHOCTH

IIpHU BOCIIPOU3BCACHUU YIJICPOJHOI'O ITUKIIA.

PaccmarpuBaemast Mozenp KiIMMaTa HMCHOJB3yeTCsI TaK)KE B MPOTHO3aX aHOMAJIMH IOTOXbI U KiIMMaTa Ha Cpok 1-3
Mecsiia U 1-5 7eT, KoTophle CTapTyIOT COOTBETCTBEHHO pa3 B Mecsiy u pa3 B roa. IlpuBonsitcs HekoTOpbIe
pe3yIbTaThl BOCIIPOU3BEACHUS MOJECIBIO CE30HHBIX aHOMAJIMH HOTOoAbl U aHOMAaJIMWi KiMMaTta npu pacuere Ha 1-5

JIET C p€aJIbHbIX HaAYaJIbHBbIX COCTOSIHUU KJIMMATHYECKOM CHUCTEMBI.

ITporpamMma mo cpaBHeHUIO kiImMatwmdeckux wmoxeneit CMIP7, ygactne B koropoil rmanupyercst B 2025-2027T,
BKJIIOYaeT B ceOs1 HaOOp 00si3aTEeNbHBIX UUCIICHHBIX, SKCIIEPUMEHTOB a Tak>XKe HaOoOp OBICTPHIX IKCIICPUMEHTOB
(fast track), mraH KOTOpPBIX corjlacyercsi ¢ Hanmucanuem 7-ro O MI'DUK, u pas3inudHBIX HOMIIPOCKTOB. BbICTpbIC
SKCIEPUMEHTHI BKJIIOYAIOT B ce0sl BOCIPOHU3BEACHHE COBPEMEHHOIO KJIMMaTa M ero MU3MEHEHHUI, U OOLIUpHBIH
HaA0Op HACATU3UPOBAHHBIX DKCIIEPUMEHTOB, II€JIb KOTOPBIX - HCCIICOOBAHNUE PA3JINYHBIX MEXAaHHU3MOB U OOpaTHBIX
CBsI3€H B MOJEJIBHON KJIMMaTHYECKOM cucTemMe. BaXHBIM OJIOKOM B 3TOM HNporpaMMe 3KCHEPHUMEHTOB SIBJISICTCS
BBIYHCIICHHE OH(M@PEeKTHBHOTO paauanuoHHOro (GOpPCHUHTA OT Pa3JIHYHBIX AaHTPOIOIeHHBIX BO3AEHCTBHM Ha
KJIMMaTUYEeCKYyIO cucTeMy. PaccMmarpuBaeTcss TEXHHMKA BBIYHCICHUSA 3(G@(EKTUBHOIO paguanuoHHOro ¢GopcuHra, a

TAaK>KXC BBIYHUCIICHHBIC q)OpCI/IHI‘I/I JAJIsT aHTPOITIOI'€HHBIX a3po3one171 " IMapHUKOBBLIX I'a30B.

HccaenoBaHue MPOBEAEHO MPH MOIJIEPIKKE:

1. "Poccuiickuii Hay4Hsbrlit pouna", rpant 25-17-00203
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40 Jlet ¢ "O3oHoBoii JApipoii': Uto B [lepcnekTuse?

Cepreii Il Cmbinuisiet ,  EsreuwuiiB. Pozanos?'1
1 Poccuiicknii rocyapCTBEHHbIN THAPOMETEOPOJIOTNYECKUN YHUBEPCUTET

2 Cankrt-IleTepOyprckuii rocynapcTBEHHBIH YHUBEPCUTET

ITpurnameHHbIN JOKIAN

smyshl@rshu.ru

B 1985 rony B AHTapKTHKEe OBUIIO OOHapy>KeHO MacHmTaOHOEe HCTOIICHHE O30HOBOIO CJIOS, IIPHIINCAaHHOE BEIOpOcam
rajJJoreHOoCOJIepKalllux COCAMHEHHUil. B  1majipHeHIIeM NOXOXXHE SIBJICHHMSA, HO B MEHBIIMX Macltadax,
¢UKCHUpPOBAIIMCh U B JIPYTUX PErHOHax, B YaCTHOCTH, B Apktuke. ITocnemyromye yCcHimsi HaydHOro cooOImiecTtBa U
NOJINTUKOB MO3BOJIWJIM BBISIBUTh (PU3MYECKHME U XHMMHYECKHE NPOLIECCHI, JIS)KAIMEe B OCHOBE 3TOrO SIBJIICHUSA, M
OIIpeNeJINTh CIIOCOO TMpemoTBpamleHuss KartacTpodudeckoro Oyaymtero. Peamm3oBaHHBIE B 1987 rony
MoHpealbCKUM HOPOTOKOJIOM OrpaHMYEHUs Ha O30HOpa3pylIarolliyde BELISCTBa ITOMOIJIM 3aMEJIMTh HCTOIICHHUE
O30HOBOTO CJIOSI M Jake CTaOMIN3UpoBaTh CHUTyalnio. lcIoib30BaHHME COBPEMEHHBIX XHMHKO-KIUMaTHUYSCKUX
mozaeneit 3eMHoil CucTeMbl MTO3BOJIWIJIO BOCIHPOU3BECTH (GOPMHPOBAHHUE O30HOBBIX AaHOMAJIMH B Pa3HbIX PErHOHAX U

OIICHUTHh OTHOCHUTEJIBHBINA BKJIAJ (1)I/I3I/ILICCKI/IX U XUMHUYCCKHUX IMTPONECCOB B UX pa3dBUTHC.

B noxmane mpuBOIATCS pe3yiabTAaThl YHCICHHOTO MOJICIHPOBaHUS (DOPMHPOBAHUSI O30HOBBIX aHOMAaJIHH B pPa3HBIX
pailioHax 3eMHOro mapa 1 OII€EHKH OTHOCHUTEIBHOI'O BKJIaJa YPOBHSI raJlor€HOCOAEp KaIlluX COSAUHEHUH, a TaKKe
TaKUX SIBJICHHUI KaK yCTOWYHBOCTH MOJISIPHOTO BUXPSI, AEHUTPU(UKALINS U ASTUIPATAHS B Pa3BUTHE O30HOBBIX JIBIP
B AHTApKTHKE U MHUHH-ABIPD ApPKTHKE. 3HAUYUTEIbHOE BHHUMAaHHE B JOKJIaJ€ MOCBSIIAETCS aHAJIN3y OOHApPYy’>KEHHOTO
B 2018 romy ucTomieHHsI O30HA B TPONHYECKOH M cpemHeill MIUPOTHOI cTpaTtocdepe, KOTOpOe IMOoKa He ITOJIydHIO
yo6enuresabHOro oObsicHeHHsA. OTCyTCTBHE B COBPEMEHHBIX XHWMHKO-KIMMAaTHYECKUX MOJEIAX HEKOTOPBIX
XUMHYECKUX pEeakIUii U HCIIOJIb30BAaHHE HETOYHBIX CXEM IIepeHoca IIpUMeced MOryT OBITh OTBETCTBEHHBI 3a

HECHOCOOHOCTh KOPPEKTHO BOCHPOU3BOIAMUTH 3TY HEMATUBHYIO TSHICHIIUIO.

HecMmotpst Ha ycuiamss MHPOBOTO cooOmiecTBa [0 OrpaHHYSHHIO BEIOPOCOB B aTrMocdepy O30HOPa3pyMIAIOIINX
BEILIECTB, MMOJIHOE BOCCTAHOBJICHHE O30HOBOTIO CJIOsl B OyaylieM MOKa He mpeapenieHo. B noknane obcyskaaercs Kak
OMHOBPEMEHHOE HM3MEHCHHE KJIHMMaTa H XHMHYECKOIO cocTraBa aTMocdepbl B OydyIleM MOXET IIOBJIHATH Ha
COCTOSIHHME O30HOBOTO CJIOS IIPHU Pa3HBIX CLEHAPHUSIX COAEP)KaHHUS MapHUKOBBIX U O30HOpa3pyliarolnux razos.Taxxe
oOcy>XnaroTcss Opyrue HOpoOJIeMBl, CTaBsIIMe o4 yrpo3y Oynaylliee BOCCTAaHOBJIEHHE O30HOBOTO CJIOSI, KOTOpBIE
MOTYT OBITH CBSI3aHBI C KOJIOCCAJIBHBIM YBEJIMYEHHEM KOJHMYECTBAa 3aIlyCKOB KOCMHYECKHX PaKeT, MacIITaOHBIMH
JISCHBIMHM  IIOKapamMH, MOIIHBIMHA H3BEP)KCHHUSIMU  BYJIKAaHOB WJIM IIHPOKO OOCYXJaeMbIMH MEpaMH IO

BMELIATEJILCTBY B KJIMMAaT, OCHOBAaHHBIMM Ha 3abpoce B cTpaTtocepy COSAUHEHHH, COIepIKaIluX CEPY.

HcciienoBaHue MPOBEIEHO NMPHU MOIIEPIKKe:

1. "Cankr-IleTepOyprckuii rocy1apcTBEHHBIN yHUBepcureT', rpanTt 116234986
2. "MuHHCTEpPCTBO HAYKH U BBIcHIeTO oOpazoBanust PO", rpant FSZU-2023-0002

3. "Poccuiickuii HayuHbld doua'", rpant 24-17-00230
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KOHIIeHTpalnyHi U IOTOKH MapHHUKOBLIX Ia30B HaJ TeppuTtopueH 3anagHoun Cudupu u
PoCCUHMCKON APKTHKH

Bopuc . Benan! , IITH.Astoxurn, M IO. ApmmaoB, CbB. bemaun, [ K. [HaBeimoB, I A. UBmer, A B.
Kozmnmo, [ B. Cumonenkos, I H.TommaueB., A B. ®odoHoB

1 HNHCcTUTYT oniTHKHU aTMOChepH uM. B.E. 3yeBa Cubupckoro oraenenus PoccuiiCKOM aKkafleMuu HayK

[MpurnaineHHLIN OOKIaM

bbd@iao.ru

IMo 3akmoYeHNI0 MeXKaAyHapOOHOU IPYIIILl 3KCIEPTOB 110 u3MeHeHUIo knuMata OOH opHOM M3 OCHOBHBIX IIPUYMH
r7100aTbHOTO IIOTEIJIEHUS SBIISIETCS yYBEIMUYEHNe KOHIIeHTPAlMM [TapPHUKOBHIX M OPYTUX ra30B, IOCTYIIAIOMNUX KakK
OT AQHTPONIOTeHHHIX, TaK M NOPUPOOHBEIX MCTOYHUKOB. [lo3TOMy TO4YHas OIleHKa HuX BEIOPOCOB M CTOKOB,
IepepaclnpenenesHuss MexXOy aTMocdepol, OoKeaHOM M 3eMHOHM Ouocdepoil uMeeT peliawlllee 3HadYeHUe [OJIg
pa3paboTKyM KIMMATUYECKON MOJIUTHKH M IIPOTHO3UPOBAHUSA OymylIux ero maMeHeHmu. OgHAKO, HECMOTPS Ha
6obIION 00BeM BLINIOJIHEHHBIX MCCIefoBaHMU Olo[KeTa INapHUKOBHEIX I'a30B Ha IIJIaHETE B ero OlleHKe BCe ellle
COXpaHseTCs 3Ha4YWUTeNbHasi HeOolpeneleHHOCTh. OTO TOBOPUT O TOM, UYTO He BCe MCTOYHUKHU U CTOKM IIOJIHOCTHIO
YYTEeHEH B X0[ie IIPOBEIEeHHEIX PacCueToB.

B HUOA CO PAH BemeTcsi MOHUTOPHWHI KOHIIEHTpAIlUM IapHUKOBEIX I'a30B B IIPU3EMHOM CJIO€ BO3AyXa Ha
Tepputopruu 3amanHoli CuOHpM C IIOMOWIBI0O 6 BBICOTHHIX OallleH, PaCIIOJIOKEHHBIX, KaK B IOXKHEIX, TaK H
ApkTudeckoM parioHax. Ha 3 mocTax KOMIJIEKCHOTO MOHUTOPHHTA IIPOBOAWUTCS MOHUTOPUHT 6 OCHOBHBIX
mpuMecell Bo3myxa, KOTOphele 0003HaYeHHEl BceMupHOM opranHusainueidl 3mpaBooxpaHeHus. ExemecsdHo
BBIIIOJTHSIIOTCST TIOJIETHI caMoneTa-nmabopatopuu Ty-134 wmnum Ak-40 ONTHK TI0 HM3MEPEHUIO 3arpsI3HSIONINX
atMocdepy razos, aspo3ons U caxu. [Ipu obciyxkuBaHUU 6 GalleH OCYIECTBIISIETCS U3MEPEHUEe KOHIIEHTPAIUU
IIapHUKOBHIX T'a30B C IIOMOIIIbI0 aBTOMOOUIS-1ab0paTOPUU B IPU3EMHOM CJIOe BO3oyXa BOOJIb MaplipyTa noe3gku. B
2024 rogy Ha4yaTH U3MEPEHUS TOTOKOB ITaPHUKOBBIX Ta30B C MIOBEPXHOCTH PeKu O0b KaMepHBIM METOAOM, a TaKXkKe
B BereTAlUMOHHLIN MEPUOI IPOHOJIXKAaJICA MOHHUTOPHUHI IIOTOKOB B oOcepBaTopuu «®oHOBasi» M Ha CTallMOHape
«I11OTHUKOBO>.

ITpoBemeHHBIN aHaNIM3 IIOKa3ajl, YTO B IIPH3E€MHOM CJI0€ BO34yXa, B 3aBUCUMOCTH OT palioHa TpeHH KOHIEHTpaluu
YTJIEKHUCIJIOTO ra3a B NPU3EMHOM CJioe Bo3ayxa cocraBnsn 2,47 - 2,65 mia ! /rop, POCT comepzKaHUS MeTaHa
OIPOUCXOOMNI CO CcKopocTeo 5,0 - 12,6 ann'l /rom. OTO HpeBHIIIAET CPeJHeNJIaHeTHhHle 3HadyeHUusA. [ 0moBou

TIPUPOCT COOEePKaHUS CO o 3amagHo¥ CuOHpPHM MIPEBHIIAET YCPETHEHHOE 10 3€MHOMY IIapy 3HaquHe OOHAKO
O6JTM3KO0 K JMaHHBIM oﬁcepBaTopnn Mayna-Jloa gns mapTa u uioHd 3a 2023-2024 rr.: A = 4,4 MJ'IH u A = 3,2 MnH 1

COOTBETCTBEHHO. B aBrycre 2024 r. KOHIIeHTpalus COZ' HaAo0OpPOT, B CpegHeM IIOYTH Ha 2 MIIH ! 6rima HUXKe, 4eM
B IIpedbIAyIleM TIOfy, YTO MOIJIO CTaTh Pe3yIbTaTOM CTUMVJISAIINKA OHEBHOTO IIOTJIOIIEHHWS YTJIEKHCJIOIO rasa
Ha3eMHBIMH 3KocucteMamu Cubupu, BBI3BAaHHOU pPeKOpPOHO TembiM neTtoM 2024 r. HaumeHbllass U3MEeHYUBOCTD
XapaKTepHa MOis N20. B cpemHeM pPOCT KOHIIEHTPAIMM ITPOMCXOOUT CO cKopocTeio 0,80 MJIp;u'1 /rom, 4TO

COOTBETCTBYET CPeOHUM 3HAYEHHNSM IIO IIJIaHeTe.

B cBoGomHO#M aTMochepe Hapg TeppuTopHed ora 3amagHoi Cubupu TaKxKe ITPOHOXKAJICS POCT KOHIEHTPalluU
IIapHUKOBHIX I'a30B Ha BCeX BHICOTaX. [IJI YIJIEKUCIIOTO ra3a OH COCTaBiIgeT B cpenHeM 2,21 ma l/rog, a CKOpPOCTH
yBeJIUYeHUs ero KOHIIeHTpalluy MaKCHMalibHa Ha ypoBHe 0,5 kM 2,24 MJIH }/rof ¥ MHHHMAaJIbHA Ha BEICOTE 3 KM -
2,19 MnH'llron [To-mpexkHeMy COXpaHseTCs MOBBIIIEHHAass CKOPOCTb POCTa KOHIIEHTpallUuu CO B IIOTPaHUYHOM
cioe atMmocdepsl JeToM, TOe OHa pocturaetr 2,50 MiH 1/1"011 YBenuueHne comepzKaHUSA MeTaHa TakKXke
HabromaeTcs BO Bcel Tpomocdepe U cocTaBiseT B cpemHeMm 9,1 mipph 1ron. Makcumanbrast CKOPOCTBb POCTa
¢ukrcupoBanach B IOTrpaHUYHOM cJioe - 9,7 ann'l/ron, MuHUManbHadg - 9,0 ann'l/ron PEerucTpupyeTcs: Ha BLICOTE
4-5,5 KM.
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ATrMocdepHasi paguanusi B MOJe/IM NIPOrHo3a noroabl M Kiiumata ICON: coBpeMeHHOE
COCTOsSIHME U NEePCIHEeKTHUBHI Pa3BUTHSL

1,2 1,2 1,2 2
’

Hartanbsa E. YybapoBa Mapusa B. IllatyroBa'“, Hapsesa A. [TuckyrHoBa“, Imnua O. IllyBamosa“,
1,2 2 2 2,1

Anekcen A. ITomoxoB , Bmapumup B. Konetikuu“ , HWMuHa A. Posunkuna“, I'manuii C. PuBuH
1 MockoBckuit TroCymapCTBeHHBIN YHUBepcuTeT uM. M.B. JlIomoHOCOBa
2 T'mopoMeTeopoIOrnYeCKU HayYHO-UCCIeNoBaTeNnbCKul eHTp Poccuiickou ®epgepanuu

[TpurnameHHBIN OOKIAL

natalia.chubarova@gmail.com

B pokname o06CyXpmaloTcsi pe3yabTaTHl WCCIIEOOBAHWM paauanuoHHBIX 3¢GdeKToB aTtMochepHOTo aspo30iis,
HEKOTOPHIX ITapPHUKOBBIX T'a30B M O0JIQYHOCTHU, IIOJIYUEHHBIE B UYMCJIEHHBIX SKCIEPHMEHTaX C UCIIOJIb30BaHUEM
poccuiickux  KoHdurypaumit ICON-Ru HerugpocTtaTu4ecKom mopenu ICON, KOoTOpasd IpUMEHSEeTCS B
KPaTKOCPOYHOM UMCJIEHHOM IIPOTHO3€ Iorombkl B pamMkax cucteMbl COSMO-Ru I'mgpometiienTpa Poccuu. Mogens
nmporHo3a noronsl u knuMarta ICON B mocnenHee BpeMs CTAHOBUTCS OJHOM M3 CAMBIX TOYHHIX M BOCTPEOOBAHHBIX
Mopmenel B Mupe. BcrmengcTBue 93TOro, HasnbHelIlee YIydllleHHMe KadecTBa MOJENIUPOBAaHUS KOMIIOHEHTOB
paguamnoHHoro OanaHca B aTMocdepe SBISETCS aKTyaJIbHOM 3afadel, CIIOCOOCTBYIOLIEH COBEPIIEHCTBOBAHUIO
IIPOTHO3a BaXKHBIX METEOPOJIOTUYECKUX XapaKTepUCTUK. PacueTs IPOBOOUIIUCH C UCIIONIb30BAaHUEM CUCTEMEL CETOK
(B TOM 4mCHe BJIOXKEHHHIX) C I1aroM oT 13 kM (mss rimobanbHOM KoHQUrypauuu) go 1 K.

s ycnoBuit sicHoro Heba OBIIM OIleHEHBI pafualnoHHbIe 3()(GEKTH, aHTPONOTeHHOE PafualliOHHOE BO3OEHUCTBUE
¥ CKOPOCTh pPaAguallMOHHOIO HarpeBa HaubOojlee BaXXKHBIX AHTPOMNOTEHHBIX IIpuMeceidl 3a mociemaue 20 neT
OTHOCUTEJNIbHO WX OOUHOYCTPUAJIbHOTO YPOBHS MOJI Pa3HBEIX CE30HOB I'ofa Ha IIpUMepe MOCKOBCKOTO pPeruoHa.
OmpeneneHbl OCOOEHHOCTH BEPTUKANIBHBEIX NTPOGUIEH paaualiOHHOTO BO3MENCTBUS B KOPOTKOBOJIHOBOM U
IOJIMHHOBOJIHOBOM CIIEKTPAJIbHBIX [AMala3oHaxX M MX BEIMYMHB Ha HUXHEW ¥ BepxHeW TrpaHullax atMochepsl B
3aBUCHUMOCTH OT BEICOTH CONHIIA 1 anb0eqo MoBepxXHOCTH. [IoKa3aHo BIUSHUE BEPTUKATLHOM CTPYKTYPHI a3p0O30J1s
Ha pafinalliOHHBIE XapaKTEePUCTUKHU aTMOC(ephl B CPAaBHEHUY C TaHHBIMU U3MEPEHUH.

IOns obnayHBIX yciaoBUlM Oblia olleHeHa 3G(GEeKTUBHOCTL ONMCAHUSA TpexMepHHIX (3D) paguauuoHHBIX 3(pdeKToB
007TaKOB IIpM HCIIONL30BaHMU anroputMa SPARTACUS B aBTOHOMHOM pamuaiinoHHON cxeme ECRAD, a Takxke
y4éTa [OOIMOJHUTEJIBHOI0 00JIaYHOTO COCTOsiHUuS. OOCyXKpaloTcs (U3MYeCcKre MeXaHW3MBI, JieXkKallre B OCHOBE
BBISIBJIEHHBIX 3aKOHOMepHoOCTel. IIpuBomsaTcss pel3ybTaTH MOLEIUPOBAHMUS IIOTOKOB COJTHEYHOTO HU3Iy4YeHUus B
nporHoctudeckoii mopenu ICON ¢ HCHONIb30BaHMEM pa3HBIX METOOOB pacueTa aTMocepHOM paguaiuyd B
Pa3nIUYHEIX 00JIaYHEBIX YCIIOBUSIX.

PaccmaTpuBaeTca BnusiHUe HeNpsSMBIX 3(GEeKTOB aspo30yIs Ha 007aYHOCTh U WX BO3OENCTBUE HA COJIHEYHYIO
papuanuio. ITokaszaHo, YTO yBeNUYEeHUE AAep KOHOeHCauuy B 00JIake MOXKeT IIPUBECTU K YMEHBIIEHU0 COJTHEYHON
paguanuu y 3eMHON mnoBepxHOCcTH Ha 10-12 %. B TO ke BpeMs IJIaBHOU NOPUUYUHOU DPACXOKOEHUS MeXOYy
U3MEpPEeHUsIMU U OaHHBIMU MOMEJILHBIX PAcUeTOB SBISEeTCS HETOUYHOe ONKCaHWe IPOCTPaHCTBEHHOM CTPYKTYPHI
00JI1aKOB ¥ [OJIH IIPSIMOT'O COJTHEYHOT' 0 U3JIyYeHU .

IonmonHEUTENEHO 006CYyKIaI0TCI 0COOEHHOCTY BOCIPOM3BENEHUs aHOMAJlbHO BHICOKWX 3HAUEHHUU MJIIMHHOBOJIHOBOI'O
OanaHCca ¥ ero CBsizell C IIPOTHO30M TeMIlepaTyphl BO3[yxa Y IIOBepXHOCTU. PaccmaTpuBaioTca Haubojee BaiKHBIE
dakTopkl, BAugiomye Ha GopMUpOBaHUEe YKAa3aHHOTO SIBIEHUS.

OueHuBaeTCs TaKXKe BIUSHUE PagUallMOHHBEIX 3(P(eKTOB Ha NIPOrHO3 MPU3EMHON TeMIlepaTyphl Bo3myxa. [laioTcs
OI[EHKM KaudeCTBa pacyeTOB KOPOTKOBOJHOBOM U [JIMHHOBOJIHOBOM papmanuu. OO6CyKOaloTcs NPUYUHEL
IOTPENIHOCTEN u IEePCHEKTUBBI pa3BUTHUA pamualoOHHBIX cxeM B KOHpHUTYpaumsx ICON-Ru.
HccnepnoBanue IpoOBeIeHO B PaMKaxX HayYHO-UCCIeoBaTeIbCKoM paboTsl Pocrumpometa, Tema Ne 125032004255-7
u MI'Y umenu M.B.JlomonocoBa, Tema HUP Ne121051400081-7.



CEKIIUA 1. CIIYTHUKOBOE 30HAUPOBAHUE ATMOC®EPHI u IOBEPXHOCTH

Ipencenarenn: n1.¢-m.H. Ycenenckuii A.Bb. (HayuHno-uccnenoBaTenbckuil HEHTP KOCMHYECKOM
ruapomereoposioruu [Inanera, Mocksa, Poccus)
Comnpeacenarean: 1.¢.-m.H. HepymeB A.®. (HITIO “Taiipyn”, O6HUHCK, Poccus), n.¢.-M.H.

IoasikoB A.B. (CIIOI'Y, Cankt-IletepOypr, Poccus)
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Heatwaves in the hypersaline Dead Sea and freshwater Lake Kinneret caused by severe
dust intrusion

ITaBen B. Kmma1

1 Tel Aviv University , U3paunb

pfalesti@gmail.com

We investigate lake heatwaves (LHWSs) in the Eastern Mediterranean region, where desert dust intrusions are
frequently observed. The role of dust intrusions in the formation of lake heatwaves has not been investigated in
previous studies. In our study we focused on this point using both satellite and in-situ observations. In-situ buoy
measurements showed that, in the two lakes located in the Eastern Mediterranean, in Israel: freshwater Lake
Kinneret and the hypersaline Dead Sea, - a severe dust intrusion (AOD of over 2.5 and surface dust concentration
of over 4000 pg/mS) caused the formation of lake heatwaves (LHWSs), as appeared in September 2015. This was
due to the two factors contributing to water heating at the lake surface: (a) the arrival of warm air from the desert
and (b) the absorption of both shortwave solar radiation and longwave terrestrial radiation by large amounts of
dust particles. In the two lakes, the lake heatwaves were represented by abnormally high daily maximal and
minimal surface water temperature (SWT) in comparison with their seasonally varied goth percentile thresholds
during the 10-day period (7 - 17 September 2015). The intensity of the observed LHWs was as high as 3 °C. We
compared satellite (METEOSAT and MODIS-Terra) SWT data with in-situ SWT based on buoy measurements.
First, spatial distribution of satellite (METEOSAT and MODIS-Terra) SWT showed that, over any part of the Dead
Sea, satellite SWT on dusty days was lower than satellite SWT on clear-sky September 6. This contradicted the
increase in in-situ SWT in the presence of the dust intrusion. Next, in the hypersaline Dead Sea and freshwater
Lake Kinneret, we conducted a quantitative comparison between satellite SWT data and in-situ SWT. Our
quantitative comparison showed that, in the presence of the dust intrusion, both orbital (MODIS-Terra) and
geostationary (METEOSAT) satellites did not detect the observed LHWSs. Instead of an increase in SWT, both
satellites showed a decrease underestimating the in-situ SWT by up to 10 °C. The obtained significant difference
between the satellite-derived SWT and in-situ SWT can be explained by the impact of the dust-caused infrared (IR)
perturbations on satellite IR measurements. This should be considered when using satellite data to analyze
heatwaves in the presence of dust pollution.

Reference: Kishcha et al., Remote Sensing 2024, https://doi.org/10.3390/rs16132314
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«9mnoxa Kengeima»: mepBoe «pykonozxatrue» CCCP u CHIA B xkocMmoce. K 50-1eTuio
npoekra «Co3-Ano/LI0OH».

Tamapa A. CyLI.IKeBlm1

1 UHcTuTyT npukinagHod MmateMaTuku uM. M. B. Kenpritiia Poccuiickoil akagemMuu HayK

tamaras40@yandex.ru

B 2025 romy HadYanuch riiyOMHHBIE I'eOIOJIMTUYECKUE M3MEHEHUS B MUDE U BOCCTAHOBJIEHUE ITOJITHOMACIITaOHBIX
OunnoMaTudeckux oTHolneHuu Mexkny Poccumenn u CIIA. B yects 50-1meTuss mepBOro PYyKOIIOXKaTHUS B KOCMOCE
COBETCKOTO U aMepHKaHCKOro skumaxedn «Cormo3-AnonnoH» KpavHe BAXKHO BcmnoMHUTE McTuCIaBa
BceBomoposuya Kenpggpima (10.02.1911-24.06.1978) - AkageMmuka u JIugepa Mo NpuKjIagHON MaTeMaTHKe C 35
ner (1946), I'maBHoro Teopernka KOCMOHAaBTHKH H I'1aBHOro mo 3BM (1947-1978), I'maBHOrO
MaTreMaTHKa crpaHbl (1951-1978), co3pmarenss u nepsBoro gupekropa IIEPBOI'O B mupe HUHcTHTyTa
npukiaagHou ™marematrukH (1953-1978),mepBoro IIpencemarensti MeXKBeIOMCTBEHHOI0 Hay4HO-
TEeXHHYEeCKOI'0 COBeTa 0 KocMuideCcKHuM ucciaegosanusM npu AH CCCP B craryce MHHHCTPA U reHepaia
(1959-1978), nyumiero IIpe3ugenta Akagemuu Hayk CCCP (1961-1975), opranu3aTtopa UHTEepKkocMoca
(1966-1978), egMHCTBEHHOro MareMaTHKa Tpuxkiabl I'eposi Commanmcruyeckoro Tpyma (1956, 1961,
1971). M.B.KenpgpIlll chirpajsl KJIIOYEeBYIO POJIb B OpPraHU3allMyd MeXOYyHapOoOHOTO HAy4YHOTO COTPYOHUYECTBa B
KOCMOCe UM peajin3allui IIepBOM COBETCKO-aMepUKaHCKOU kKocMudeckou I[Iporpammel SITAC (DKkcnepuMeHTalbHBIN
noneT «AmnomioH-Cor3»). CTHIKOBKA M KOHTAKTHOe B3auMopeicTBue «Coo3a» U «AMNOJiJIoHa» HECOMHEHHO
HCTOPUYECKUE U SIBUJIMCH MPOOOPa30M MEPBOM MERAYHAPOOHOUM KocMuueckoy cranumu (MKC), co3ganue KOTOpoO#
Hayamnock B 1989 rogy. C 1998 roma MKC Ha 3eMHOM opOuTe - 5TO CaMbIMi HOPOro¥ M aMOUIIMO3HEIM IIPOEKT B
obnactu mnwminoTupyemMor KocMmoHaBTukH. O IIporpamme 3IIAC (amrn. Apollo-Soyuz Test Project (ASTP))
Heo0X0oouMO IIOMHUTH, YTOOBI II0 MOCTOUHCTBY OIIEHUTH 3HAUMMYIO POINIb y4éHBIX u nu4dHOo [Ipesunenta AH CCCP
M.B. Kenppilia B CHUKEHUU HATPSKEHHOCTU COBETCKO-aMepPUKAHCKUX OTHOLIEHMWH B IoAbl Pa3psaOKU «XOJIOTHOM
BOMHEI» W B [OJKHOUW Mepe BOCIPUHUMATH DPOJIb MEeXAYHapOOHOTO HAy4YHO-TEXHWYECKOTO COTPYHHHYEeCTBa B
KOCMUYECKUX IPOEKTax B HACTOSAIIee BpeMs.

IlepBasi coBeTCKO-aMepuKaHCKasi IIporpamma O3IIAC ObIIa DOATrOTOBJIEHA ¥ peaJH30BaHa IO
HHUIIMATUBE M IIPH aKTHBHOM ydYacTuH akagemuka M.B.Kenpsima co cropobsl CCCP, a co CTOPOHBI
CIIIA - NASA (National Aeronautics andSpace Administration) - HaumonanbHOoro ympasnenusi CIIA 1o
a9pPOHABTUKE M HCCJIENOBAHUI0 KOCMHUYECKOI'O IIPOCTPaHCTBA, ATE€HTCTBa, IpUHAAJiekKallero npasuTenscTsy CIITA
¥ 3aHUMAIOIEerocs aBUaIllMOHHBIMY, KOCMUYECKUMHU U aCTPODU3UIECKUMU UCCIIEIOBAHUSIMMU.

B pamkax OJITAC BHIIONHANACh HaydHas IIporpaMMa, CBsg3aHHas C HCCIeOOBaHUSIMU BO3OEWCTBUS BOWHEL BO
BreTHaMe Ha OKpYyXKAaIOIIyl0 Cpemy ¥ KIUMAaT, TIe KpPOMe <«KOBDOBBIX OOMOEKeK» C IIMPOKUM IIPUMEHEHHEM
HamajMa, BEKUTABIINX [OECITKM T'eKTapOB 3eMjM, OBIIM ampoOMpOBaHEl CLEHAPHUM «KJIUMATUYECKON» U
«3Komorudeckoi» BouHHL. 30.04.1975 apmusi CIIIA nmpekpaTusia BOeHHbIe NeicTBuUs. BoliHa Oblyla 3aKOHYEHa, HO B
COBMECTHOM IIoJieTe B Huiojie 1975 roma HaydHas mporpaMMa Obljla IIPOMOJIZKEHA - OLIEHHWBAINUCH ITOCJIEOCTBUS
BOMHEL 1955-1975 rr. ABTOp OOKapa npuHuMana ydactue B npoekTe OIIOC coBMmecTHO ¢ MHCcTUTyTOM GU3MKHN
atmochepsl AH CCCP u A6GactyMaHCKON acTtpoduandeckoi obcepBaTopued - Hay4YHO-HCCIIEIOBATEIbCKUM
yupexpeHueM B ['py3un, ocHOBaHHOM B 1932 ropmy Kak IepBas BEHICOKOTOpPHasi acTpodu3mdeckas oOCepBaTOPHUS
CCCP. VccnemoBanuch adpo30JIbHBIE K Ta30Bble 3arpsi3HeHus aTMocheprl UM UX TPaHCTPAHUYHBIN IIepeHOoC.
BriepBrle IpoBefdeHHB MaHOPaMHBEIE CHEMKH cTpaTtocdeprl aTMochephsl IPOTAKEHHOCTBI0 0K0Jio 30 THICAY KM C
Y4eTOM HOJIAPU3aluu U3NTy4eHU .
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I''1o6anbHBIH MOHHTOPHHT TeMIepaTyphl IOBEPXHOCTH OKeaHa IO MaHHBIM CIIYyTHHKOBOI O
MHKPOBO/JIHOBOT 0 paauoMmerpa MTB3A-T'SA

1,2

Anacrtacus O. MaciasioBa , Anekcauaop b. Vemenckmiil

1 HayuHo-nccnemoBaTeIbCKUY IEHTP KOCMUYECKOU rugpomMmeTeoposioruu "[lIinaHera"
2 MocKOBCKHi TroCymapCTBeHHBIN YHUBepcuTeT uM. M.B. JlIomoHOCOBa

amas101001@mail.ru

B cocTas 1iesieBo# amnmapaTyphl MOISIPHO-0POUTAIbHEIX KocMuYeckux annapaTtoB (KA) cepuu METEOP-M (KA Ne 1,
2, 2-2, 2-3, 2-4 u nocnemyiomye) BXOOUT MHUKPOBOJHOBOU pammomeTp MTB3A-TA ¢ byHKOUAMHM CKaHepa U
aTMoc(epHOro 30HOWPOBIIMKA, K3MEpPeHUs KOTOPOro IIpefHa3Ha4YeHBl [OjIg [OUCTAHIUOHHOIO OIpefeleHus
reodU3NYECKUX IapaMeTpPoB aTMOCGhepPHl ¥ IOACTUIAIOIIEN TOBEPXHOCTH, B TOM YHCIIe, T1100aTbHOTO MOHUTOPHUHTA
TeMIepaTtypsl moBepxHocTu okeaHa (TIIO). Pammomerpudyeckue KaHanbl ckaHepa MTB3A-I'd umeior pabouue
4acTOTHl B OKHaX Mpo3pavyHocTu atMocdepst 10,6, 18,7, 23,8, 31,5, 36,5, 42,0, 48,0 u 91,65 I'T'1y c BepTUKAJILHON U
TOPU30HTAJIbHOU Iojsgpu3ainuel, a, HauuHasgs ¢ KA METEOP-M Ne 2-3 (3anymieH B 2019r.), coctaB u3MepeHuu
MTB3A-T'd mononHeH Ha 3KCIIepUMEHTalIbHOU OCHOBe CKaHEepHBIMU KaHajlaMu ¢ yactoraMu 6,9 u 7,3 I'T'm.

B moknapme paccMoTpeHBl pa3paboTka U IpHUMeHeHUe MogudUIIMPOBAHHOIO IO CpaBHeHHIO C [1] HeMpoHHO -
ceTteBoro anroputMa tuna MLP nnsa onpepenenus TIIO no manabiM MTB3A-T'A ¢ KA METEOP-M Ne 2-4 (3anylieH B
2024r.). BxogasIMu JaHHBIMU 0711 MLP aBISi0TCS aHTEHHBIE TeMIlepaTyphl Ta' U3MEDPEHHEIE B [ISITU BEPTUKAJIbHO
nongpu3oBaHHLIX KaHamax MTB3A-I'Ad c¢ wacroramu 10,65, 18,7, 23,8, 31,5, 36,5 [T, KOTOpHE, COTJIaCHO
TEOPEeTUYECKUM OLleHKaM, Haubojiee YyBCTBUTEJNBHHE K BapuamnusaMm TIIO. OTKa3 OT HCIONb30BAHUS B Ka4eCTBE
NIPEIUKTOPOB PagUOSIPKOCTHEIX TEMIIepaTyp Tb CBSI3aH CO 3HAQUYUTEJIbHBIMU CUCTEMATUYECKUMU PDACXOXOEHUSAMU T
Q¥ Tb ¥ XKejlaHUeM n36eXaTh BIUSHUS OOIOHUTEJIBHEIX OMMOO0K, BHOCUMEIX IIPOLENyPOl BHEITHEN KalTuOpOBKU
npu nepexome ot mkanbl T  k mkane T,. Ilpu pa3paboTke HEWPOHHO-CETEBOTO ajropuTMa OvLIM BeIOpaHa
4YeTHIPEXCIIOWHAsA OOHOHAIIpaBlieHHas ceTh ¢ ¢yHKUMel aktuBauumu RELU Ha TPEX CKPHITHIX CJIOSAX U JIMHENWHOM
yHKIIMEN aKTHUBaIlU¥M HEUPOHOB Ha BHIXOOHOM cJjioe. YHMCJI0 HEMPOHOB B CKPHITHIX CJIosiX cocTaBiseT 40, 30 u 15.
OOyueHne HEWPOHHOM CEeTH BHIIOJIHEHO Ha BEIOOPKE «Iap», COCTOSIINX U3 CUHXPOHHBIX, IIPOCTPAHCTBEHHO
COBMEIIEHHBIX aHTEHHBIX TeMIlepaTyp Ta u 3HaveHu# TIIO mo HabmiomeHWsM MOPCKuxX O0yeB m3 6as3wl ICOADS.
O0BeMm obyuaroriei BEIOOPKU cocTaBuil 6000 map, Tepputopus ajiasg GOPMHUPOBaHUS BRIOOPKU OBLJIa OTpaHUYeEHa C
60° 0. m. mo 60° c. mr. m ¢ 75° 3. O. 1 mo 30° B. A. BEIIM MCIONL30BaHL JaHHEIe YeThpex aHei: 15.07, 15.08, 30.09,
10.10 2024 roga.

[TpuBemeHH TPUMEpPHI KapT CHYTHUKOBBLIX OIleHOK TTIO rimo6anbHOr0 MOKPHITHS, TOCTPOEHHBIX M0 AaHHBIM MTB3A-
I'd za 01.11.2024 u 0o «cpemHEKIUMaATU4YeCKUM» 3HadueHusAM TIIO, monydyeHHBIM IO OaHHBIM peaHanu3a ERAD.
Bepudukarnus cnyTHUKOBBIX oneHokK TIIO mpoBomuiack CpaBHEHHEM C ONUXKAWIMIUMHU 110 MECTY U BPeMeHH
HabII0OeHUIMU MOPCKUX OyeB IIOCJie IPpUMeHeHUs Ipolenypsl GUIbTpaluu OLeHOK C IPYOLIMU OTKJIOHEHUSMU OT
«CpemHeKIUMaTUYeCKux» oIeHoK TIIO, T. e. MPeBHIIIIeHHEM CpeIHeKInMaTuYecKoi BenuuuHbl TIIO 6onee, yeM Ha
+/- 3 cTaEOapTHLIX OTKJIOHEeHUsd. CTaHOapTHEIE OTKJIOHEHUS ITIOCUUTaHB! AJI KaXO0T0 y3Jla CEeTKU KINMaTU4eCKOoro
Mo, MOoNydeHHOTo mo maHHBIM ERAS. Ipomenypa ¢puUALTPAIAK ITO3BOJISET COXPAaHUTL Gomee 65% CIYTHHUKOBBIX
oreHOK TTIO. BenuuuHB CpegHEeKBafpaTUYHOM omuOKM KapTupoBaHus TIIO Mo akBaToOpusIM 3eMHOTO IIapa B
MIMPOTHOM 30He +/- 60 rpam. 3a 01. 11. 2024r. meHsitorcs B guarna3oHe 1,0 - 2,0 C B 3aBUCUMOCTH OT 30HBI
30HOUPOBAHMS, 4YTO, C Y4E€TOM AOCTAaTOYHO BHICOKOI'O YPOBHSI MHCTPYMEHTAJIbHOro LIiymMa paHHbEIXx MTB3A-T'4,
moaTBepkKaaeT paboTOCIIOCOOHOCTL OIIMCAHHOI'O ITOOX0MA.

1. MacnamoBa A.O., VYcmenckuii A.B. KapTtupoBaHue TeMIepaTyphl I[IOBEPXHOCTHM OKeaHa II0 HOaHHBIM
MHUKPOBOJTHOBOTO paguoMeTrpa MTB3A-T'A co cnyTHuka «MeTeop-M» Ne 2-4 // MaTtepuansl 22-1 MexXayHapooHOU
KoHpepeHIMn «CoBpeMeHHBIE IIPOOIeMbl MTUCTAHIIMOHHOTO 30HOWPOBAHWS 3eMIH M3 KocMoca». MockBa: MKU
PAH, 2024. C. 46. DOI 10.21046/22DZZconf-2024a
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HaykacTHHT OBHKeHHsI 0071a94HOCTH 1o JaHHBIM KA Himawari-9 ¢ ucnojib3o0BaHuEeM
KOMOHMHHMPOBAHHOI'0 HEMPOCETEeBOro moaxoaa

Baagucnas . Bnomnﬂcxnifll'z , Amnekcaumop U. AHr_[peeBl'2 , AmnHacrtacusa B. Bopo,'l:[I/II.[Kaﬂl'2 , Cepreu H.

MamnbKOBCKHix !

! Buraucnurenpubi neHTp JalbHEeBOCTOYHOI'O OTAeJieHNsT PoccuiicKol aKafeMuu HayK
2 1T "Hay4yHo-ucclIenoBaTENbCKUN IIEeHTP KOCMUYEeCKOM rugpomMmeTeoposioruu "[lmanera"”

v.bloshchinsky@dvrcpod.ru

HaykacTuHTr pOBuUXKeHUS OOJIAYHOCTH IIPENCTaB/IsIeT CO0OM BajKHOE HAIPaBJIE€HHE COBPEMEHHOM METEOPOJIOTHH,
3aylaya KOTOPOIr'0 CBOAMTCS K aHANU3y U3MEeHEeHUN 06JIayHOTr0 ITOKPOBa Ha BPEeMEHHBIX MHTEpPBajlaX OT HECKOIBKUX
MHUHYT OO HECKOJIbKMX 4YacoB, YTO MMeeT BaXXHOe 3HaueHWe [OJid Pas3/IMYHBIX IPHUKIaOHBIX 3amad, TakKuX Kak
IIPOTHO3 KOHBEKTHWBHEIX IIPOIIECCOB, aHAJIM3 OIIaCHBIX aTMOC(l)eprIX SIBJICHUM (Hanpnmep, I'PO3, IIIKBAJIOB HIIA
nuBHeM), obecrnedyeHue 0e30MaCHOCTH aBUAIIUM, OINTUMM3AIIUSA CEIbCKOXO3SUCTBEHHBIX PabOT M IJIaHUPOBaHUE
paboTel coymHeuyHBIX OaTapei. Paspa6oTka 3(GeKTHUBHBEIX METOHNOB HAYKACTHMHTA, MOBHIIIAIOIINX €r0 TOYHOCTh M
3a6J1ar0BPEMEHHOCTD, CTAHOBUTCS HEOTHEMJIEMOM YaCThi0 Hay4YHBIX HUCCJIeoBaHUM B 0061acTu MeTeopoyoruu. s
peanu3aluyd HayKaCTHUHTa IIPUMEHSIOTCS pa3/IMYHBIE IIOOXOOHl, B TOM 4YHCJIe Ha OCHOBEe YMCIIEHHBIX MoOIesel
IIPOTHO3a IIOTroabl, a TaKzKe aJITOPUTMbI, OCHOBaHHBIE Ha aHAJIN3€ CIIYTHUKOBBIX I/I306pa}KeHPlﬁ. HpOFHOCTI/I‘-IeCKI/Ie
MOMeJIM, XOTh U 00/1afaloT BBICOKOM TOYHOCTHIO, TPEOYIOT 3HAYUTENILHBIX BHIYMCIIUTEIILHBIX PECYPCOB U 00HEMOB
HUCXOomHOM MHOpMAIMK, YTO [OejlaeT UX IpPUMeHeHUHe 3aTPaTHHIM U TPYLOEMKUM. AJIbTEPHATUBHLIM peIleHHeM
SABJISAETCSA UCIIOJIb30BaHKWE METOOOB aHa/In3a CIIYTHUKOBBIX HAaHHBIX, TAKHUX KakK OIITUYECKUM MOTOK MIIU HeﬁpOHHbIe
cetu. IlpencraBineHHBI B HOaHHOM paboTe alropuTM HayKacCTHUHTa 0O0JIayHOCTU OB pa3paboTaH Ha OCHOBE
HEUPOHHHBIX CETeH, KOTOPHIE XOPOIIO ce0s 3apeKOMEHOOBAJIM B QHAJIM3€ CJIOKHBIX MPOCTPAHCTBEHHO-BPEMEHHBIX
3aBucuMocTel. McciemoBaHue MPOBOOMIIOCH C HCIIOMb30BaHWMEM MOAHHBIX KaHalla C LEHTPaJbHOM MOJIMHOM BOJTHBI
11,2 mxm mpubopa AHI (Advanced Himawari Imager), yCTaHOBJIEHHOTO Ha KOCMHYeCKOM ammnapaTe Himawari-8/9,
TMO3BOJIAIONIET0 IIOJIydyaTh H300paxKeHWsT B BUOUMOM ¥ UWH(PaAKpacHOM [uama3oHEe C OPOCTPAHCTBEHHBIM
paspemieHueM 2 KM. Pa3paboTaHHBIN aArOpUTM IIpefcTaBiseT coO00M KOMOMHMPOBAHHBIN MOOXO0M, OCHOBAaHHBIM Ha
OPUMEHEeHUU OBYX MOI[GJ'IGI:I HayYKaCTHHTA, agallITUPOBAHHEBEIX OJId PEIIEeHUHA 3aJa4d IMPOTHO3HMPOBAHHUS OBUXKEHUA U
spoonuu obyiayHoctu. OCHOBOM MpeqjiaraeMoro Ioxxoma crana apxurtektypa NowcastNet, nmpenHasHaueHHas
OJISS TPOTHO3MPOBAHUS OCAJKOB. B3sTHIE M3 3TOM Mofenu OJOK TeHepaTopa ORI OOIOJTHEH MOAOy/eM,
TIO3BOJISIOUINM Y4€CTh BIUSHUE MOACTHUJIAIOIElN TOBEPXHOCTHU. ['eHepaTop Ovl1 00yUeH KaK JAeTEPMUHUCTHYECKAs
MofeJib, KOTopasi crocoOHa maBaTh HauOojiee TOYHBIM NIPOTHO3 HAIpPaBIEHUS OBUKEHUS OOBEKTOB U UX
uHTeHcuBHOCTU. OOHAKO, M3-3a yCPEeOHEHUS BHIXOOHBIX OAHHBIX, 3TOT IIOOXON MOXKeT IPHUBOOUTL K Pa3MEBITHIO
IIPOTHO3UPYEMEIX 00/1aYHBIX OOpa3oBaHuil. [71 MOBHIIIEHUS KadecTBa IIPOTHO3a Oblyla moOaBjieHa BTOpas 4acThb
aJqropuTMa, OCHOBaHHasd Ha Momenu CasFormer. Ota muddy3roHHas CTaTUCTUYECKAs MOMAEIb UCIOJIb3YeTCs OIS
MoCcTOOPabOTKM PE3YJIbTAaTOB IIPOTHO3A C IENTBI0 YIIYUINEHUS AeTalu3allii, KOHTPACTHOCTH M O0IEer0 BOCIPUSTHS
uzobpaxenuii. TakuMm o6pa3oM KOMOMHAIUSA [OETEPMUHUCTUYECKOI0 TIeHepaTopa U CTATUCTUYECKON MOneun
MMO3BOJIMJIa MOCTHUYL BBICOKOM TOYHOCTHM IIPOTHO3a, COXPaHssI TMPH ITOM [AeTaau OOJadYHBIX CTPYKTYP.
PaspaboTaHHLIN aIrOPUTM IIO3BOJISIET BHIIOJHSATH MPOTHO3 [OBUKEHUS O0O0JIAaYHOCTH HA CPOK OO 3 YacoB C
uHTepBasioMm 10 MuHyT. IIpoBemeHHas oOlleHKa KadecTBa paboTh pa3paboTaHHOTO alropuTMa ITOoKasaja, 4TO B
cpegHeM @i Bcex wu3o0paxkeHudn MeTpuka RMSE (Root MeanSquared Error) cocraBuima okono 7 K, SSIM
(Structural Similarity Index) - 0,75, PSNR (Peak Signal-to-Noise Ratio) - 27,1.

HccnenoBaHue NMPOBEIEHO IIPH MOOAEePXKKe:

1. "Poccuiickuii Hayunsiit ®oun”, rpaut 23-77-00011
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N3MEeHYHBOCTH XapaKT€PHUCTHK BHICOTHBIX CTPYHHBIX TEYE€HHH IO CIIYTHHKOBBIM
DaHHBIM. Moaein U IPOrHO3bI

1 1

AnexkcaHap ®. HepymieB~ , KoncrasTtuH H. Bumepatus™ , Powmas B. HBaHI‘OpOHCKHfIl

1 HayuHo-mpou3BoncTBeHHOE 00benuHeHue «Tandyn» , Poccus

nerushev@rpatyphoon.ru

BricoTHble cTpyliHbIe TedeHus (CT) - HeoThbeMJIEMBI U OYeHb BaXKHBIM 3JIEMEHT OOILIed IUPKYJIAIUN
aTMocdeprl. B HUX COCpemoTOYeHa OCHOBHAsI KMHETHYECKAas 9HePTusi BO3OYIMTHON o6oyouku 3emiu. CKOPOCTH
BeTpa B HUX MOxXKeT npeswimath 100 m/c. C HUMH CBS3BIBAIOT IIPOSIBJIEHWE HEKOTOPHIX aHOMAJIbHEIX IIOTOOHEIX
SIBJICHUU.

B mokmame paccMaTpuBaeTCs IMTPOCTPAHCTBEHHO - BpeMeHHasi M3MEeHYUBOCTh XapakTepuctuku CT CeBepHOro
TIONIyIIapusi B 30He 0030pa eBPOIEUCKHUX Ie0CTallMOHAPHEIX METEOPOJIOTHYECKUX CIIYTHUKOB BTOPOT'O IIOKOJIEHUS C
TMMOACIYTHUKOBOM TO4YkKOoM 0 rpam. OmpefeneHHBIE II0 CIYTHUKOBHIM [aHHBIM 00JIaCTH CTPYMHOTO Te4YeHUS
MIpeAcTaBisioT co00if cedeHusi CT TOPH30HTANBHOM IIJIOCKOCTBIO Ha ypoBHe mpubnusurtenpHo 350 rlla.
Brluncnisinuch cieQylomire OCHOBHEIE XxapakTepucTuku CT: MakcuMasnbHass CKOPOCTh BeTpa (Vm) Ha ocH, mupoTa (¢
) u monrota (A) uenTtpa obmactu CT, ero cpemHss riomianab (S), MaKCUMaIbHBIM T'PagUeHT (COBUT) TOPU30HTAIbHOM
CKOPOCTH BeTpa Ha IIMKJIOHUYECKOU (Gc) ¥ aHTUIUKIOHUYECKOU (Ga) CTOPOHAX, a TakXe 3¢GGEKTUBHOE BPEMS
«xusau» CT (7).

C ucnomnb3oBaHUEM KOPPEJSAIUMOHHOIO ¥ KPOCC-BEUBIETHOIO aHaIM30B PACCMOTPEHE! CB3U XapakTepuctuk CT ¢
TeMIlepaTypol BepxHel Tponocdeps! (T) Ha pa3HBIX YPOBHAX U IIJIOMIaAbI0 apKTUYECKOT0 MOPCKOTO JIbla (Sice).
Hawubomnsias cBs3b ¢ T xapaktepHa mid S u @. [Ipu sToM Bapuanuu T u S mpoucxonsat B npotuBodaze, a T u ¢ - B
dasze.

3HayuMas CBSI3b MEXKI'OLOBBIX BapUaLMH Sice HabmoaeTcsl TakKXkKe C IJIOIMAnbi0 S U MIMPOTOH (@ IeHTpa 0071acTi
CT. Bapualuu romoBOT0 KojieOaHus Sice u S IPOUCXOISAT MPEUMYIIECTBEHHO B (a3e, a KonebaHus Sice " @ OMTU3KHU
K mpotuBodaze. [ITpu 3TOM Bapualuy S orepekaioT Bapualuu Sice Ha 1,5-2,5 mec.

UccnemoBaHa cBa3b xapakTtepucTuk CT c KpynmHoMacmTaOHBIMU aTMOChepHBIMU HOpolieccaMu. [Ipu obIei
TeHIeHIINY K CHHXPOHHOCTH TOMOBLIX Bapualuii S u CeBepoaTimaHTHUYecKoro Konebauus (NAO) HabmomaroTcs OBa
BpPEMEHHHIX TPOMEXKYTKa, KOrfJa 3Ta TEeHMEeHIUS HapyllaeTcs uinu ocjaabeBaerT. [lepsuit nepuon (2009 - Hawaso
2010 rT.) MpeAIIecTByeT U3BECTHHIM aHOMAJIbHEIM ITOTOOHBIM siBjieHUsIM 2010 roma, OXBaTHBIIMM OONBIIYIO YacCThb
EBpasun, BTOpo¥ mepumopn (2013 rom) moxkeT OBITH CBsI3aH C aHoManusamu mnoromel B CIIA. ComocTasiieHue
Bapuanuu uHAekca NAO u mupoThl ¢ 1eHTpa obnactu CT meMOHCTPUPYeT UX MPOoTuBOda3HOCTh. [Ipu 3ToM
ocoberHocTu 2013 r. COXpPaHAIOTCH.

ConocraBieHrne Bapuaiuil xapakTepuctuk CT ¥ TemIepaTypHBIX aHOManu¥d B EBpone m Ha €BPOIEUCKOU
tepputopuu Poccum (ETP) mnokasano, uto npu cMmewmerHuu IeHTpa CT Ha ceBep OTHOCUTEIIBHO CPENHEro
MHOTOJIETHETO IOJIOKEeHUSI Ha 3HAYUTEJIbHOM TeppuTopuu EBpomnbl u B ceBepHEIX palioHax ETP cpepgHeMecsuHas
TeMIiepaTrypa ¢ 00JIbIIION CTEIIEHBI0 BEPOSITHOCTH OITyCKAEeTCs HUXKE KJIIMMaTUYeCKOW HOPMEI, 1 Ha00O0POT.

ITocTpoeHEl CTAaTUCTUYECKHUE MOIOEIN BPEMEHHOU U3MeHuYuBOCTH mnapameTpoB CT, B KaueCTBe IPEOUKTOPOB B
KOTODBIX BBHICTYHAIOT TeMIlepaTypHBIEe XapaKTEePUCTHKM TpoIocdepsl, IUIoImaah apKTUYeCKOr0 MOPCKOTO jIbla M
WHIOEKCH KPYITHOMAacCIITaOHEIX IIporeccoB. Momenu onuckhiBaioT oT 50 1o 70 % BpeMeHHOM U3MEHYUBOCTH S, @ U Vm
. Ha ocHOBe ucnosnbp30BaHus MOIENIM aBTOPETPECCUU U IPOUHTETPUPOBAHHOIO CKOJb3SMIET0 CPeJHEr0 BHIIOTHEHO
MIPOTHO3UPOBaHKe OyOyIINX U3MeHeHU XapakTepuctuk CT Ha CpoKu [0 4 JIeT.
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IIpu6op O30n0MeTp-TM 07151 KOCMHYECKHX anmnaparos «Monocdepa-M»

Opui C. HoﬁponeHCKHffll , Hwukwura A. Bsi3oBeTCKmiil , HWnpg A. 113Io6aH1 , Omner U. Kopa61'1e131 , OMutpuu

B. UoHoB? , Anpnpeti E. IlaTtanosS , Anexceii Y. BI/IKTOpOB3

1 WHCTUTYT KOCMUYECKUX UCCIENOBAaHUU PoccuiicKol akageMum HayK
2 CaukT-IleTepOyprckuil roCyIapCTBEHHLIN YHUBEPCUTET
3 Hay4yHOo-TpOu3BOOCTBEHHOE NpEeAnpusaiTre «ACTPOH DNEeKTpOHUKa» , Poccus

dobrolenskiy@cosmos.ru

B Hacrosimee BpeMsi B paMkKax IpoekTta «HWoHO030HO-2025» co3pman mpubop O3oHOMeTp-TM Onisi MOHUTOPHHTA
o3oHOCheprl 3emmnu. ITpuGop BXOOMT B COCTaB KOMIIIEKCA II€JIEBOM ammapaTypkl KOCMHUYECKHX alllapaToB
«HMonrocdhepa-M» NeNe 3 1 4, 3a1yCK KOTOPHIX OOJIZKEH COCTOAThCS B 2025 roay.

3apgauelr mpubopa SBASETCA MOHUTOPUHI OOMIETO COOEepzKaHWs O030HAa Ha OCHOBE HAOUPHBEIX CIOYTHUKOBBIX
U3MEpPEeHUN OTpaxKEeHHOT0 M PACCesTHHOTO cBeTa. IIpubop IMpefacTaBiseT co0oil crekTpoMmeTp YO-BUOUMOTO
muamnal3oHa [1], pabGotatomuit B mHTepBame miauH BonH 300 - 500 HM co cmeKTpanbHOUM BEIOOPKOM 0,1 HM u
paspemtenuem 0,3 - 0,4 uM. CneKTpa/ibHBEIM Auana3oH npubopa I03BOJIIEeT OCYLUIECTBIATh MOHUTOPUHT HE TOJIBLKO
030Ha, HO U OPYTUX ra30B, HAIIpUMep OUOKCHUOA a30Ta, B aTMochepe 3eMIIu.

B nmpomnecce co3pmaHus cieKTpoMeTpa OBUIM W3TOTOBJIEHBEI HECKOJIBKO IIPOTOTUIIOB M IIPOBEIEHO HECKOIJIBKO CEepUH
Ha3eMHBIX m3MepeHui. [loydyeHb OLEHKU OOIEro ComepzKaHUSA 030HA, PEe3yJIbTaThl COIOCTAaBJIEHH! C JAaHHBEIMHU
OMuKaNIINX He3aBHCUMBIX U3MEPEHUM CIIYyTHUKOBOM amnmapatypoi [2]. K HacTosmeMy MOMeEHTY IpPHUOOP IIPOIIEN
TIOJTHBIM IIMKJI HA3€MHBIX MCIIBITAHUN; IBa JIETHRIX 00pa3ija TOTOBH K 3alyCKy. IIOMUMO CIEKTPaSbHOM, OJIS1 JIETHBIX
obpa3uoB mnpubopa Ornlla IIpoBedeHa abcomioTHaAs paguoMeTpHdeckas KanubOpoBKa C IIOMOIIbIO 3TajloHa
CIIeKTPaJIbHOM IIJIOTHOCTU 9HEPreTUYeCKON IPKOCTH.

Kpome ToOro, Ha KoCMHYeCKHM amnmapaT «30HA-M» IIpefnojiaraeTcsi yCTaHOBKa «pacHIMPeHHON» MomubUuKaluuu
CIeKTpOMeTpa, IoJiyuyuBInas Ha3Banue O30HOMeTp-3. ITOT BapHUaHT Ipubopa IPenCcTaBisieT coO0M CIEKTPOMETP
co cBepxmupokuM nomeM 3peHus (100 rpamgycoB). OH TakxXkKe OTIM4aeTcss 0ojiee BBICOKOW II0 CPaBHEHHUIO C
OszoromeTpoM-TM cBeTocunoit. O30HOMETP-3 COCTOUT U3 ABYX KaHanoB: YO®-kaHamna (300 - 400 aMm) u BM3-kaHana
(400 - 800 uM). B ornuume ot O30HOMeTpa-TM, oO6amamllero TOYEYHBIM IojieM 3peHwus, O30HOMETP-3
TIpeaCcTaBiIsaeT Co00if BHUOEOCIEKTPOMETP, UMeloluii okKomno 200 pa3penmMBIX 3JIeMEeHTOB IIONepPEK TPaeKTOPHUH
IBUXKEHUS KocMuueckoro amnmaparta [3]. COOTBETCTBEHHO, BMECTO JIMHEMHOIO OEeTeKTOpa, HCIIOIb3yeMOro B
Oszonometrpe-TM, B O30HOMeTpe-3 mpennonaraercss ycraHoBka II13C- wmnu KMOII-matpuusl. PacuéTHoe
CIIeKTpaJibHOe pa3pelleHue cocrtasiseT 0,3 HM B YO®-kaHasne u 0,5 HM B BU3-kaHane. K HacTosmeMy MOMEHTY
pa3paboTaHa onTuyeckas cxema 06oux KaHasoB npubopa O3o0HOMETP-3.

JlutepaTtypa
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Mantsevich S.N., Belyaev D.A., Vyazovetskiy N.A., Moiseev P.P., Tchikov K.N., Krasavtsev V.M.,
Savushkin A.V., Rumyantsev D.M., Kananykhin I.V., Viktorov A.I., Kozyura A.V., Moryakin S.A.,
Poberovskii A.V. Development ofa space-bornespectrometer tomonitor atmospheric ozone// Applied Optics,
2015, v. 54, Ne 11, pp. 3315 - 3322.

2. Ho6ponenckuit FO.C., Monos [.B., Kopabnés O.M1., ®émopoBa A.A., Kepebiios E.A., IllaTtanos A.E.,
ITo6epoBckui A.B. HazemHbie nojsiesvlie udmepeHus U KaaubposKu HOB020 CNyMHUK08020 cneKkmpomempda
0151 MOHUMOPUH2a 030H0B020 Ca05 3emau // iccnegoBauue 3emnu u3 kocmoca, 2017, Ne5, cTp. 82 - 92.
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sudeocnekmpomempa 0415 Kapmupo8aHUusi 030HA U Opyaux 2a308 8 ammocgepe 3emau. CoBpeMeHHbIE
mpoO6IeMbl IUCTAHIIMOHHOTO 30HIUPOBAHUSA 3eMIu u3 KocMmoca, 2018, T. 15, Ne 1, cTp. 75 - 85.
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OneHka aperda KayecTBa opouTaNbHBIX HaOTI0OmeHuu AIRS conepxauusi CH 4 1COH
IPHMEHEeHHEe METOIOB KOPPEKIHH K MHOT OJIETHHM psiiaM

Bagum C. Pakutunl , EBrenus H. <I)eJ:[op013a1 , Haramnbsa C. KI/IpI/IJIJ'IOBal , Haramnba B. 1'[aHKpaT0Ba1 )

Huxomnati ®. Enanckuii

1 NacTuUTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKkoi akageMuu HayK

vadim@ifaran.ru

PaGoTa mocBsllleHa BaJWOallii CIYTHUKOBHIX maHHBIX AIRS v6 (Tombko IR-AIRS) mo o6meMy comepzkauuio CH 4 1
CO pns BoceMHaOIATHM Ha3eMHBIX cTaHIuMM ceTu MoHuTOpuHra NDACC 3a mepuom ¢ 2003 mo 2022 rop.
YcTaHOBNEHO, UTO MUHEWHBIM TPEHA Pa3HOCTH CIIYTHUKOBHIX U Ha3eMHBIX M3MepeHuu (TpeHO pacxoxkpeHusa AIRS-
GR) o6mero comepxanus (OC) CH 4 BMeeT OTpUIIaTeNIbHOe 3HaYeHHe NJIA BCeX MCCIIeNOBaHHBIX cTtaHInM. [JaHHBIN
9 deKT CBUOETENLCTBYET O HAIU4YUM [Opedda mapaMeTpoOB CIyTHUKOBOTO cleKTpoMeTpa. C HCIIOIb30BaHUEM
CUHXPOHU3UPOBAHHEIX PAAoB u3MepeHuit AIRS v6 U maHHBIX BCEX CTaTUCTUUYECKU PENpPe3eHTAaTUBHBIX CTaHLIMU
paccuuTaHO cpefgHee 3HadeHUe nOpedda pacxoxpgeHus OC CH4, paBHOEe 1.69%101% monex/cm? B cytku. C
UCIIOJIb30BAHUEM IIOJIyUHEHHOTO cpefHero KosdduumeHTa OpoBefeHa AMHaAMUYecKas KOPPEKNUS CIYTHUKOBBIX
OaHHBIX. [IpoBeeHO IMOCTAHIMOHHOE CpaBHEHUE ITapaMeTPOB KOPPEJISIINK CpefHecyTO4YHbIX 3HaYeHuit OC CH 4 ¥
OLIeHOK TpeHAa o maHHBIM AIRS um HazemHoro cnekrpoMmerpa NDACC pmo m mocie Koppeknuu. IlpuMmeHeHUe
OWHAMHYECKOM KOpPPEeKUMU K OpOUTANIbHLIM JaHHBIM ITPUBENIO K CYIIEeCTBEHHOMY YJIYUIIEHUIO COTJIaCOBAaHHOCTH
000MX TapaMeTpoB.

AHamOTWMYHEIM aHanmu3 Obln mpoBemeH miass OC CO. HMccrmemoBaHHe IOKa3ajao, YTO HUCXOMHEBIE PSIABl HA3€MHBIX U
cnyTHUKOBBIX u3MepeHul OC CO MMET XOPOIIyI0 KOPPEeIauio KakK Oy OTHeNbHbIX cTaHiui (R~0.8-0.9), Tak u
st Bcero Habopa maHHBEIX (R=0.93). Tpenn pasnoctu AIRS-GR pa3HoHaIpaBiIeH OIS Pa3HBIX TOYEK H3MEPEeHUH,
4TO SIBJISIETCS CJIEICTBHEM HEIOOLIEHKHU CITYyTHUKOM BHICOKMX KOHIIeHTpauui CO B IPU3EMHOM CJIO€ M3-3a BEIGPOCOB
OT IOXKaApOB ¥ AHTPOIIOTEHHOT0 BO3meMcTBUs. [loaTOMYy CIyTHUKOBBIM mpomyKT AIRS v6 OC CO He Tpebyet
IPOBeNeHUsI KOPPeKIUM B paMKax [OAHHOTO MeToja. B [Ookname TakKXKe IIPUBOIOATCS IOPYyTrHe NIpPUMepH
obHapyxKeHUsa apedda mapamMeTpoB CIYTHUKOBBIX IPpUOOPOB, B wacTHOoCcTH, Ot AIRS v7 (CH4) u OMI v3 (NOZ)'

PazpaboTanHasi METOOOJIOTUS COIOCTABIEHUSI U KOPPEKIMY OPOUTANbHBIX JAaHHBIX YHHUBEPCANTbHA U MOXKET OBITH
IIpUMeHeHa K JTI00BIM MHOT'OJIETHUM CITYTHUKOBBIM PSAaM.

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "TocymapcTtBeHHOe 3aganue", rpaHT 125020501413-6
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Hcnob30BaHHEe HEMPOCETEeBOro MOAX0/Ia MPH onpeae/IeHHH 001Iero U TponocpepHoro
colepzKaHHs 030Ha HAa OCHOBE M3MEPEHHH yXOOsIIero TeIIOBOro U3JTyYeHHu s

Anexkcangp B. Honskosl , dmaA. BI/IpOJIafIHeH1 , T'eopruit M. Hep06eJ10131 , Csermnana B. Akummunal ,

ExatepuHa I1. KproKOBCKHUX
1 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET

a.v.polyakov@spbu.ru

Inst MOHUTOpHHTA 00IIero comepzkauus o3o0Ha (OCO) u TpomocdepHoro o3zoxa (TPO) B BepTHKAIBHOM CTOJIOE
atMochepsl TH00aNbHEIE HENPEPHIBHBIE W3MEPEHUs MOTyT o00ecneduBaTh TOJIBKO CIIYTHUKOBHEIE METOMIH
OUCTAHIIMOHHOTO 30HOWpoBaHUSA. Cpenu HUX MeETOHOBl, OCHOBaHHBIE Ha U3MEPEHUSX CIEeKTPOB YXONSUIEro
TemnmoBoro MK wu3mydeHus, MO3BOJSIOT HONy4duTh HHpopManuio 06 OCO um TPO mpu OTCYTCTBUH COJHEYHOTO
U3JIy4eHUs, B TOM 4YHCJIe, B IePUON IIOJSPHOU HOYU. MBI paccMaTpuBaeM MeTomuku nonydernus OCO u TPO Ha
OCHOBE TaKHMX CIEKTpPOB, u3aMepeHHBIX npubopom HMKDPC-2 c Gopra cmyTHHUKa «MeTeop M» Ne 2. MeTomuku
OCHOBaHBI Ha MeTOodaxX MUCKYCCTBEHHEIX HeUpoHHBIX ceTed (MHC) u riaBHEIX KOMIIOHEHT. IlorpeumrHoCThb
annpokcuMmanuu OCO mpu obyuenuu c nomombio MHC B cpemneM 6nu3ka K 3 %, B TPOIMYECKOM pPeruoHe oHa
cocTaBisieT MeHee 2 %, a B IOJISIPHBIX PETrMOHaxX B 3UMHE-BECEHHUU IIepUOf Bo3pacTaeT Ao 6-8 %. Metogmomorus
ompepenenuss OCO 6pUIa HAMM HEOOHOKPATHO ONMCaHa PaHee, MO3TOMY MH IIOAPOOHO aHaIU3UPYEM B OOKJIane
HMHC Tonvko ansa ompepesnieHuss TPO. Ins 3TOrO0 MBI PAaCCMOTPEJIM pPa3MU4YHble HaOOphl 00yYaloIIUX OaHHBIX U
ontuMu3upoBanu CTpPykTypy HWHC. TlorpemHocts amnpokcuMmaiuu TPO mnpu obyueHum omnTumanbHOM HMHC
cocTasisieT okoyo 3,4 e.]l..

MeTonguky O6bUIM IPUMEHEHH! Ay 060paboTKU CIEKTPOB, U3MEPEHHEIX CO cIyTHHUKA «MeTeop M» Ne2 B 2015 - 2022
rogax. ITomydennble 3HaueHuss OCO cpaBHHBaANUCH C faHHbIMU npubopa TROPOMI Ha cnyTHuKe S5P M Ha3eMHBIX
HabmogeHu# (mpubops! [To6coHa u Bproepa, mpsaMbie udMepenuss ComHila). CTaHmapTHHE OTKJIOHEHUS Pa3HOCTEeH
COCTaBIISAIOT OKOJIO0 2,7% miisi o60oux cpaBHeHUM. Pe3ynbraThl onpenenerust TPO cpaBHUBANKUCh C JaHHBIMHU CTAaHLUM
cetu IRWG-NDACC. B cpepmHeM cTaHOapTHBIE OTKJIOHEHHS Pa3HOCTEM MeXXAy CIYTHUKOBBIMM U Ha3€eMHBIMU
Habmonenusmu TPO cocrasnsior okono 3 DU, uto cocraBnsieT ~15% ot TPO, mosy4YeHHBIX C TOMOIIbIO U3MepeHUuH
FTIR. TIpoananu3upoBaHa IPOCTpPaAHCTBEHHasA M BpeMeHHasa m3MeH4YmBOCTb OCO u TPO, mpuBOogsaTCS HpUMEPH
pe3yJybTaToOB u3MepeHui. B maHHON paboTe MBI IOKa3ajid, YTO, XOTS PETPECCHUOHHHINA IIOAXOH HE CUYUTAETCS
ONITUMANbHLEIM [OJI pelleHuss oO0paTHHIX 3amay [133, ageKBaTHOCTb U IIONHOTa oOydarolero HabGopa HaHHBIX
MMO3BOJISIET IIOJIyYUTH II€HHBIE Pe3ynabTaThl. TakKXkKe XOTHM OOpaTUTh BHUMAaHHWE HA TO, UYTO HCIIOJIb30BaHUE
npocreiieit UHC - nepuenTpoHa C OOGHUM CKPEITHIM CJIOEM - IIO3BOJISIET IIOJIyYUTH BIIOJIHE YOOBJIETBOPUTEIbLHEIE
pe3ynbTaThl. MccmemoBaHue BBITIONHEHO Npu nopmepkkKe CaHKT-ITleTepOyprckoro yHuBepcurteTa (mmdp mpoekTa
124032000025-1).

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "CankT-IleTepOyprckuit rocymapCcTBeHHLIN yHUBepcuTeT", rpanT 124032000025-1
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Banumanusi H”3MepeHHH 00I1ero cogepKaHusi 030Ha C POCCHHUCKOT 0O CIIyTHHKAa «APKTHKA
M»

Anexkcangp B. Monsikos! , HOpniut M. TI/IMO(beeBl , Bmapgucnas [I. BrnommuHCKUM

IOnus A. [llamMumnoBa2 , Amnactacus B. Bopo;muKas{2

2, TleTp M. Hepo6eJ10131 ,

1 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET
2 O1I "Hay4Ho-uCClIegoBaTeIbCKUN [IEHTP KOCMUYeCKoU rugpoMeTeoposnorum "Ilnanera"”

a.v.polyakov@spbu.ru

Poccuiickne xocmuueckue amnapaTthl (KA) «Apktuka-M» Omarogaps YHUKAJIBHOM BBICOKOSJUIUITUYECKOM
TPAaeKTOPUU WUTpaloT [Jig IMONSIPHBIX padoHoB CeBepHOTO IMonyilapuss GakKTUYEeCKH Ty Ke Pojib, dYTO
reoCTalMOHApPHBIE COYTHUKM [JIs 9KBAaTOPHAJbHBIX W CPEOHEMIMPOTHHIX o0jacTei 3eMmHoro mapa. Ha 6opty KA,
TIOMUMO [APYTOM allapaTypsl, ycTaHOBIeH papguoMeTp MCY-I'C, BrimonHAoIMN u3MepeHus B 10 crieKTpalabHBIX
KaHajlax B BUOMMONW U MHGpakKpacHOM obnacTsax crekTpa. Mcnonmb3oBaHue 3-Xx KaHAJIOB U3MEPEHUM B II0JIOCE
TIOTJIONIEeHUsT 030Ha 9.6 MKM M B OKHE MHPO3PAadYHOCTH aTMOC(ephl MO3BOJISET OMpemesisiTh o0Iee comepKaHue
030Ha B BepTUKaNlbHOM cToJibe. Brnaromapsi BHICOKMM HIPOCTPAHCTBEHHOMY pas3pelleHuio (0o 4 KM B Hagup) U
MEPUOOUYHOCTH u3MepeHud (15 MuHyT), OpuOOP NO3BONAET IONYYUTh YHUKAIbHYI0 HHOOPMALMIO O
TIPOCTPAHCTBEHHO-BPEMEHHON HM3MEHYHWBOCTH OOIIET0 COoOepzKaHWsS 030HAa B BEpPTUKATBHOM CTOn0Oe aTMocdeps
(OCO). IlepBrie kommekcHble cpaBHeHUs paHHBIX MCY-I'C OCO, nonydeHHble ¢ KA cepun «ApkTuka M», cC
OaHHBIMM HEe3aBUCHUMBIX HA3€MHBIX U CIYTHUKOBBIX M3MEpPEeHHUN IIOKa3ajil BBICOKYIO IIOTEHUMAJIbHYIO
nHPOPMATHUBHOCTh IIpubopa mpu ucciaenoBaHusx aHoMmanuii OCO. [Tumodeer u mp. 2025]. Mur cpaBuunu OCO,
nonydyeHHble ¢ KA cepuu «ApKTHKa M», ¢ HaHHBIMHA HE3aBUCHUMBIX CIIyTHUKOBHIX (1pubop TROPOMI Ha 6opty KA
S5P) u HaseMHBIX (M3MepeHUS IPO3PAYHOCTH MO IpsAMoMy COJIHIy Ha CTaHIMIX O30HOMETPUUYECKON CeTHu
npubopamu bpioepa u J[lo6CoHa) ¥ BHINIOJHUIIM KadeCTBEHHLIE COIOCTaBJieHUs pacnpegenenus OCO c
HE3aBUCUMHBIMHU OaHHBIMHU. [I0Ka3aHO, UTO CPEemHSST Pa3HOCTh MeXAy maHHBIMU IpubopoB MCY-I'C u TROPOMI
KonebmeTcss B pa3Hble mHM u3MepeHud or 1.3 mo 21.6 e.ll (or 0.4 mo 5% ) mo aOCOMIOTHOM BeJMYHHE, a
CTaHOAPTHOE OTKJIOHEeHMe pa3HocTH (pa3bpoc) oT 16.9 go 26.4 e.[l. (oT 5.4 go 7.9 %). ComocTaBIeHUsI C JAHHBIMU
030HOMETPUYECKON CeTH IIOKal3ajid, 4YTO CpefgHUe PAa3HOCTU MeXOY CIYTHUKOBEHIMH K Ha3eMHBIMU HOaHHBIMU
coctaBunu 5.1 e.Jl. (1.4%), a ctaEgapTHOe OTKIOHeHUe pa3HocTed 34.9 e.ll (9.6%). Ilpu sTOM Oy pa3IUYHEBIX
CTaQHIIUY 030HO30HOUPOBAHUS 3TH BEJIMUUHEI CYIIIECTBEHHO Pa3jindaioTCs.

TumodeeB u pap. CpaBHeHHe CHOYTHUKOBEIX usMepeHuit OCO MCY-I'C ¢ HazeMHBIMH UM CIYTHUKOBBIMU
usmepenusmu (Bruker 125HR, TROPOMI, UK®C-2). MeTeoposiorus U TUOPOJIOTus, B nedatu. 2025.

HccnemoBanue IIPOBEIEeHO IIPHU IIoJOdepPa2KKe:

1. "Cankrt-IleTepOyprckuii rocynapCTBeHHLIN yHUBepcuTeT", rpanT 124032000025-1
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HccnepoBaHue THHAMHKH KOHIIEHTPAIlMU METaHa 10 Pa3/IMYHBIM NPOAYKTaM JaHHBIX
cunekTpoMerpa TROPOMI Ha BBICOKHX HIHPOTAX

BagumMm CTaponyﬁneB1
1 HHCTUTYT KOcMOU3nYeCKUX uccienoBanuil u asponomun uM. 10.T'. Illadepa CuGUPCKOTO OTOENIEHUS
Poccuiickolt akageMun Hayk

starodubjr@ikfia.ysn.ru

[ MccnegoBaHUsI MPOCTPAHCTBEHHO-BPEMEHHBIX Bapualliil pacrpenesieHus aTMocepHOro MeTaHa IO JaHHBIM
cunektpomeTrpa TROPOMI 3a mepuonm 2018-2024 rr. (Maii-ceHTsO6ph) B paboTe ObLIM BBIOPAHBI TEPPUTOPUHU
3amapgHoi, BocTounoit Cubupu u JlambHero Boctoka (52°-85° c.i1. 60°-170° B.m.). st aHanmu3a KayeCcTBa HaHHBIX
IOCTPOEHa KapTa IJIOTHOCTM HOKPHEITUS CHUMKaMu no npopykraM RemoTeC m WFMD cnektpomerpa TROPOMI.
TakXkKe TOCTPOEHH KapTHl paclIpenesieHusT YCPEeOHEHHBIX 3HAUYEHHN KOHIIEHTPAIlMUM MeTaHa Oiasd 3 IPOOyKTOB
cuekrpomerpa TROPOMI. Tlo pe3ynbTaTaM OPOBEOEHHOTO aHanm3a 3a uccaenyeMeli nepumopn 2018-2024 rr.
BBISIBJIEHA TEHOEHIUS K POCTY KOHIEHTPaAUuU MeTaHa o BceM 3 npopykraM maHHbIX TROPOMI. I1o moCTpOeHHBEIM
KapTaM paclpelefieHus YCPeOHEHHBIX 3HAaUYEeHUN KOHIIEHTPAIIMU MeTaHa MMPOBedeH aHallu3, BhIIEeIeHbl HECKOJIBKO
30H “apTedaKTOB HAaHHBIX".
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MeToaguka onpegejieHUsI 3JIEMEHTOB BEPTUKAJILHOI'O paclipeeieHusi 030Ha B atMocdepe
10 HaHHBLIM u3Mepenu UK®C-2

1 1

CBetiaHa B. AkuminHa" , Anekcauap B. ITomsakoB™ , fAHa A. BI/IponafIHeH1

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

s.akishina@spbu.ru

O30H uMeeT KJIOYeBOe 3HAUYeHHe [JIT XMMHYEeCKOro M TeIJIoBoro OajaHca aTMmocdephl. B cBf3M C pasHBIM
BpeMEeHEeM XKU3HW, MeXaHu3MaMHu o0pa30BaHUS U pa3pyUIeHWs O30HAa, a TaKXkKe pa3Nu4YheM TPEHOOB €ero
U3MEHYUBOCTA U POJIM O030HA B PA3JIUYHEIX aTMOC(EPHBIX CJIOSX, BA)KHO MOIy4YaTh MHOpPMaUMI0O HE TOIBKO 00
obmieM comepXKaHUU 030HA, HO U O €ro IIPOCTPAHCTBEHHOM (BepTHKAJIbHOM U TOPU30HTAJIBHOM) M BPEMEHHOM
pacnpepneneHun. 1115 moydeHUs MHGOPMAIUU O BEPTUKAIBFHOM paclIpenesieHUN 030Ha MOXKET OBITh MCIIOJIb30BaH
MeTO# YXOHSIIEro TEIJIOBOI'0 u3ydeHUsi. B coctaB o60pymOBaHUS POCCHUMCKUX METEOPOJIOTUYECKUX CIYTHUKOB
cepuu “Meteop-M” Ne2 BxoguT runepcrnekrpanbHbiii MK-30aguposmuk UK®C-2, koTopeiii uamMepseT yxogsmee UK
TEeIIJIOBOe U3JIyUeHUus B OIuamnaloHe 660-2000 cm'L. Ouenku uHbopMaTuBHOCTU U3MepeHurt UK®C-2 nokasanu, 4To
cpenHee 4uCNO cTreneHel cBobomel curxana (DOFS) oTHOCHTENBHO BEPTHUKAIIBHOTO IPOMMISA 030HA 3aBUCUT OT
IIMPOTHI/Ce30HA U B CpemgHeM GJIHU3KO K 4.

[IpencraBieH anropuTM pemneHusi oOpaTHOM 3afadu C HCIOIb30BaHMEM (U3MKO-MaTeMaTH4YeCKOro II0OAXOMda,
peanu30BaHHOTO Ha OCHOBE MeTOfa CTaTUCTHYECKOU perynsapusanuu. s ydeTa HeolpefdeIeHHOCTel, BHOCUMBIX
IIOTPEIIHOCTSIMK IIapaMeTpoB INpsAMOM 3amauu (Ipoduib TeMIepaTypkl W BOHOSHOIO Ilapa, TeMIlepaTrypa
TIOBEPXHOCTH U [P.) W IIog00Opa ONTHMMAJILHOTO aJiTOPUTMa PelneHuss oOpaTHOM 3afady BOCCTAHOBIEHUS Ipodunein
030Ha IIpOBeNeHHl 3aMKHYTHIe UKCJIeHHBIe 3KCIEepPUMEHTH. B cpemHeM o BceM WIMpOTaM OIleHKa IIOIPEITHOCTH
ajropuTMa B OTHOIIEHHUHU OOIIEero comepskKaHus 030Ha cocTasnsieT 2.3 %. U3mepeHus o6Iiero cogepkaHus 030HA B
CpegHUX MINPOTaX WUMEIOT CaMyl0 BEICOKYIO TOYHOCTL (IIOI'DEITHOCThL OIleHWBaeTcsa Kak 1.7 %). B Oymymem
IIPefCTOUT YUeCTh HeollpeneleHHOCTh B OTHOIIIEHUY U3/Iy4YaTeIbHON CIIOCOOHOCTH IIOBEPXHOCTH.

YurcreHHBIE 9KCIIEPUMEHTEHL II0Ka3aly, YTO B Tporochepe CpefHss IOTPELIHOCTE ONpefeleHNusI ComepxkaHus 030Ha
mo pmaHHBIM u3Mmepenuin MKOC-2 6e3 yuyeTa MOTPEIIHOCTH Cra’KMBaHUS cocTaBisgeT 5-10 % B 3aBUCUMOCTU OT
IWINPOTH (HauMMeHbIIass IOTPENIHOCTh HalbiomaeTcss B BHICOKMX IMUPOTax). [lorpemnrHOCTh oOnpeneseHus
comiepKaHUsA CTpaTocPepHOTro 030HA COCTaBNsAeT 5-15 % (HauMMeHbINAs IIOTPEITHOCTh HAOIomaeTcs B HU3KUX
mupoTax). MakcuMasbHas IIOTPEITHOCTh OTHOCUTENbHO npoduns o30Ha HabGmomaeTcsa o00jacTy BepxHEH
Tponiocheprl/HuKHelN ctpaTocdeprl (UTLS-061acts) u coctasnseT 20-30 %.

IIpoBemeHa oOpabGoTKa peanbHBIX usMepeHudn HMKOC-2. Pe3ynbTaTel IPOBAIUOWPOBAHBI C BEePTUKAJIBHBIMHU
npodunsiMu 030HO30HOUPOBaHUS aTtMocdepsl. CpeaHHe pas3HOCTH II0KA3bIBAlOT, 4YTO B anroputm HMKOC-2
TmepeolieHUBaeT comepzkKaHue o30Ha Ha 10-25 % B UTLS-o6mactu, B TO BpeMs Kak B cTpaTocepe HeOOOIeHUuBaeT
comepkaHKe 030Ha Ha ~ 5-10 % 1o cpaBHEHUIO C MAaHHBIMU U3MEPEHUHN 030HO30H/IOB.

Pabora BrIONIHEHA ITpu nogaepzkke CIIOI'Y, HoMmep mpoekTa 124032000025-1.

HMccinegoBaHue MIPOBEIEHO MPH MOAAePXKKe:

1. "CankTt-IleTepOyprckuii rocymgapCcTBeHHLIN yHUBepcuTeT", rpanT 124032000025-1
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MeToq IrIaBHBIX KOMIIOHEHT B 3ajlade C2KAaTHsI H3MEPEeHHH CIIyTHHKOBBIX
runepcunekrpajibHbIx UK-30HITHPOBIIHKOB

1 1

JIeonup A. Jleycenko~ , AnekcaHgp b. Yconenckuii® , [Imutpuii A. Ko3moB?2

1 HayuHo-nccnemoBaTeIbCKUY IEHTP KOCMUYECKOU rugpomMmeTeoposioruu "[lIinaHera"
2 T'ocymapcTBeHHBIN Hay4dHBIM HeHTP Poccutickoit ®epmepariuu - "HccienoBaTelbCKUM IeHTP UMeHu M.B.
Kenpgwima"

leon.leusenko@yandex.ru

PaccmaTpuBaeTcsa IIpUMEeHEHHWE aJirTOpuUTMa MeTofda TJaBHBIX KoMmmoHeHT (MI'K) B 3apmade cxKaTUsl CIIEKTPOB
yxopsamero TenyoBoro MK-uznyuenus - wusMepeHuu runepcnekrpanbHoro HWK-zonpuposmmuka HWKOC-T'C,
IJIAHUPYEeMOT' 0 K YCTaHOBKe Ha IIePCIEeKTUBHBIX Ie0CTalluOHaPHBIX METEOCIIyTHUKAX CEPUU «IDJIEKTPO-M».

O6veMm maHHBX UK®C-I'C 3a OogMH Yac CbeMKH OYOEeT COCTaBjIsTh MpuMepHO 14,4 I'6aliT ¢ y4eTOM CIIEAYIOIIHUX
IIPOEKTHBIX XapaKTEePUCTHUK alnapaTyphl: perucTpalys CIIeKTPOB B 2-X Auamna3oHax (680 - 1210 em! 1 1600 - 2250
CM'l), CIleKTpanbHoe pas3pemierue 0,625 CM'l, o6acTh cheMKHu 640 x 640 KM2, IPOCTPAHCTBEHHOE pa3penieHue 4
KM B Hagupe, OKO0io 6,5 MymH cuekTpoB mo 1888 orcueTos, 10 6UT Ha OOUH CHEKTPAJIbHEIM OoTCUeT. BerencTaue
Gosmpiioro  o6beMa HeOoOXOOMMO CXKaTWe CIYTHUKOBOM wuHGopMalmu. Kpome TOro, B COOTBETCTBUU C
pekoMeHmanusaMu BMO wu3MepeHHs yYKa3aHHOTO COCTaBa CYMUTAIOTCS K/IIOYEBHIMH B  CO3[aBaeMo
HUuTerpupoBaHHOM rnobanbHoM cucteme HabmomeHuit (WIGOS) u gomKHBEI PaCIPOCTPAHATHCS ITOTB30BATEISIM B
TepMHHaX I'JlaBHBIX KOMIIOHEHT (T'K).

BBumy oTcyTCcTBuST (PaKTHUYECKMX CHYTHUKOBBEIX uaMepeHunit MK®C-I'C u YaCTHYHOTO HOAOOHsT XapaKTePHUCTUK
annapatypsl UKOC-TC u UK®C-2 orpaboTKa ajiropuTMa CXKATHUS BHIIOJHSIACh HAa HUMHUTAIMOHHEBEIX NAHHBIX -
n3Mmepenusax HK-cnektpoB HK-zonpupoBmmkamu HMKOC-2 (guamazon 660 - 2000 CM'l, 2700 cnekTpanbHBIX
OTCYETOB), YCTAHOBJIEHHBIMH Ha IIOJITPHO-OPOUTANBHEIX MeTeoCHmyTHHuKax «Mereop-M» Ne 2 mw Ne 2-4.
ITpemmaraeMbli aNrOPUTM peanu3yeT pas3foxkeHue Kaxpgoro MK-cmekTpa mo 6a3ucy 00600IIEHHBIX SMIHUPUYECKUX
opToroHanmbHBIX GyHKINH (D0P), KOTOPHIH (GOPMHUPYETCS U3 «CTapIINX» COOCTBEHHBIX BEKTOPOB BHIOOPOYHOM
KOBapMallMOHHOM MAaTpUILl, IOCTPOEHHOU IO pe3yjabTaTaM H3MepPeHUI U HOPMUPOBAHHOM Ha KOBapHalliOHHYIO
maTtpully myma [1, 2].

[I711 4MCIIeHHBIX 3KCIIEPUMEHTOB 110 CXKaTHI0 chopMUPOBaHEl pa3nuyHbie 6a3uckl DOD: Mo MOTyCyTOUHBIM cOpocaM
daitmoB ¢ mamabiMH HWK®C-2 3a oTmenbHBEEe Cpoku 2024r.; MO «TOHOBOM» BBIOOPKE, BKIIIOYaIel dais
u3aMepeHu# 3a 25 ymcmao Kaxmoro mecsma 2022 r. (06beM IpUMEpPHO 10% u 10° CIIEKTPOB COOTBETCTBEHHO).
ANTopuTM CKaTHuS IPUMEHSJICSA K JaHHBIM B TpeX OualasoHax (660-765, 765-1400 u 1400-2000 CM'l) U K IIOJTHOMY
cuekTpy. ITokasaHo, YTO aNIpPOKCHUMalMs CIEeKTPOB C IIOTPENIHOCTBHI0, He IIPEeBHIIIAIONIed MHCTPYMEeHTaJIbHBIN
myM, gocturaetrcs pasnoxeHueM no 20-30 (mepsas monoca), 30-40 (BTopas u TpeThsa monockl) U 30-50 (mOMHBIN
cuekTp) 30® B 3aBUCHUMOCTH OT CHOPMUPOBAHHOTO OPTOTOHANILHOTO 0Oa3umca. TeM caMbIM, IIOATBEpPKIEHA
93¢ HeKTUBHOCTL CO3MAHHOTO aJIrOPUTMa CXKAaTHUS — AJIS BOCCTAHOBJIeHUS (06e3 3aMeTHOU IToTepy MHGOOPMATUBHOCTH)
U pacrpoCcTpaHeHuUs MM0Ib30BaTessIM n3MepeHHbIx UK-cieKTpoB 4OCTaTOYHO onpenenaTh He 6omee 50 T'K.

1. Vcnencku#t A.B. u np. ITlpuMeHeHHMe MeToHa TJIaBHBIX KOMIIOHEHT [OJii aHanmu3a KMK-CIIEeKTPOB BBICOKOIO
pa3pelieHusi, U3MePEHHBIX CO CIIyTHUKOB - Mccnen. 3emnu u3 kocmoca, 2003. N 3, C. 26-33.

2. Koznos [I. A. u up. OuleHKa KOBapHUallMOHHON MaTPHUIL IIIyMa B U3MeEPEeHusIX 00pTOBOTro mHPpakKpacHoro pypbe-
criektpomeTpa UKDOC-2. - Uccnen. 3emnu u3 Kocmoca, 2022, Ne 1, C. 53-67.
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OO0 onpeneleHHH pacnpeneieHusI HCTOYHHKOB IBYOKHCH a30Ta B Tponocdepe mo
BBICOKOOeTa/TbHBIM u3MepeHussM I'CA/Pecypc-II No2

Oser B. IMocTouisikos! , Amnacracusa C. XpI/ICTOBal’z , Anekcen H. qy'HI/I‘{KOBZ’l , Anekcangp H. BopoBckuit

2

1

, HOnus C. MyxapTtoBa

1 NuacTUTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akafgeMuu HayK
2 MoCKOBCKHil rocymapCTBeHHBIN yHUBepcuTteT uM. M.B. JIomoHOCOBa

oleg.postylyakov@gmail.com

CeMeliCTBO OKHCJIOB a30Ta (NOX=NO+N02) UrpaeT TJIaBHYIO0 POJb B pa3pylleHUH 030Ha B cTpaTocdepe u ero

o6pa3oBanuu B Tpomocdepe. C 2013 roga Ha COTHEYHO-CUHXPOHHOM opbuTe paboTaeT cepusi CnyTHUKOB Pecypc-II.
T'unmepcnekTpanbHas anmapartypa (I'CA), ycraHoBiIeHHas Ha O0o0opTy Pecypc-II, perucrpupyetr paccCesHHOe
COJIHEYHOEe WU3JIydeHHe B CHIeKTpalbHOM pmana3oHe 430-520 HM, KOTOPBHIM HCIONIbL3yeTCS [OJIs OIpeneeHUs
comepXkaHuUs B aTMocdepe TaKoll IpuMecH KaK OUOKCHUI a3oTa. MH pa3paboranu MeTopn omnpepenenus 2D momns
comepKaHUA NO2 no wusMepeHusM ['CA Pecypc-II, KOTOpHIM [03BOJISIET IIONIYYUThH COLepKaHUe NO2 (o]

IIPOCTPAHCTBEHHEIM pPa3pelleHreM OKOJIO 2.4 KM IIPU TUNNYHOU AJIT KOCMUYECKHUX U3MEePEHUN TOYHOCTHU 1.0x1015
MOJIEK/CM2 Ha CeTKe npencTaBiieHus OaHHBIX 120 M [1], 4To mpeBHIIaeT IPOCTPAHCTBEHHOE pa3pelleHne OPYTrux
COBPEMEHHBIX CIIyTHUKOBBIX HHCTPYMEHTOB. Ero ucnosb3oBaHue 003Bonuiao B 2016 romy BIEepBHIE BHISIBUTH
TOYeYHble aHTPOIIOTEeHHBIE UCTOYHUKU IpUMecH MacliTaba IpennpUsATUs IO U3MepeHUusM u3 kocMoca [1]. Insa
WHTepIpeTanuy wu3MepeHW#d pa3paboTaHa XWMUKO-TPAHCIIOPTHAS MOOENIb C BBICOKMM IIPOCTPAHCTBEHHBIM

paspelieHuem [2].

B paboTe paccMaTpUBaOTCA HECKOJIbKO MeTOMOB pelieHus obpaTHOU 3amauu
OIIpefieJIEeHUs paclpeneeHnss HICTOUHUKOB IIPUMECH II0 MOJyYEeHHBIM BBICOKOAETAIbHBIM 2D MONSIM COomepzKaHus
NOZ' Ha mepBoM 3Talle Ha OCHOBE TPAHCHOPTHO-XUMHUYECKOM MOAesnu ObINT MOJIy4eH IIeid pacupeneneHust NO2
OT TOYEYHOrO CTAIlMOHAPHOTO WCTOYHHKA. TakKKe IIOKa3aHO, YTO IpU HAOGIIOMAEeMBIX KOHIIEHTPALMSIX NO2
KOHIIeHTpalus B mnuielide TUHENHO 3aBUCUT OT MOIIHOCTH BEIGPOCOB NOX. B pesynbTaTe OpuHATa JIUHEWHAS
Mopenb GOpPMUPOBaHUS IIPOCTPAHCTBEHHOTO pacIpeneleHus NO2 B 3aBHCHMOCTH OT IIPOCTPAHCTBEHHOTO
pacupenesieHns NCTOYHUKOB.

ITepBBIZI IIOCTPOEHHHIM METOH MOJI OLIEHWBAHUS paclIpelesieHUus HCTOYHUKOB SBISETCS JIMHENMHONW OIeHKOU
MUHUMaJIbHOU OUCIEPCUM C OrpaHUYeHHeM Ha OIepaTOpHYyl0 HeBA3Ky. B paccmaTpumBaeMoM HaMU Ciydae
aJITOPUTM MOZKET ObITh pPeayn30BaH C HCIIOIb30BaHMEM OBICTPOTro mpeoOpa3oBaHus Pypbe, KOTOPOE Hmpeodpas3yeT
MO[eJIb MPSAMOM 3ajiauy B 3a7avy C AUarOHaJILHON MaTPUIlEH, YTO CYIIeCTBEHHO YCKOPSET BEUNCIEHUS.

BTOpOﬁ paCCMOTpeHHBIfI HaMM MeTOoHd - OL€HKa KBaAPaTU4YHOI'O IIPOrpaMMHPOBaHMsA C OI'pPpaHHMYEeHHEeM Ha
BOCCTaHaBIMBAEMBIM CHUTHAN B BUOE €r0 ITOJIOXKHUTEIbHOCTHU. HOJIy‘-IaeMbeI AJITOPUTM ABJIAE€TCA HenuHeUuHBIM. 1715
BBIYHCJIEHUS TaHHOU OIIeHKU HCIIOJIB3yEeTCs aJITOPUTM IIPOEKIUU I'PaJUEeHTa.

IToka3zaHO BUAMMOE 3HAYUTENIbHO 060Jiee BHICOKOE KaueCTBO BOCCTAHOBIIEHUS pacaopenenieHud UCTOYHUKOB IIPU
HCIIOJIb30BAHHWHM BTOPOTI'O ITOOXoOa.

PaboTa BBHITIOJIHEHA 3a CYET CPELCTB IOCYOApCTBEHHEBIX 3amaHuii MDA um. A.M. O6yxoBa PAH, perucTpanuOHHBIN
"HomMmep TeMbl 125020501413-6, u MI'Y um. A.M. JIomoHOCOBa.

HccnemoBanue IIPOBEIEHO IIPHU IoJIepPa2KKe:
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1. "T'ocynmapcTBeHHoOe 3aganue MDA um. A.M. O6yxora PAH", rpant 125020501413-6
2. "T'ocymapcTBeHHOe 3amanue MI'Y um. A.M. JlomoHOCOBa", rpaHT 0e3 HOMepa
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HccienoBaHHe MPOCTPAHCTBEHHO-BPEMEHHOH H3MEHYHBOCTH 00IIero u rponochepHoro
coepzKaHHUsI 030HA IO JAaHHBIM CIIYTHHKOBBIX u3MepeHur UK®DC-2

Ana Bnponaifme}ll , Amnexkcanap Tonsikos! , Teopruut Hep06eJ10131 , Hwmutpuit Ko3mos

1

2 , HOpui TI/IMO(beeB1 ,

CBeTiaHa AKHIIIMHA

1 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET
2 T'ocynmapcTBeHHBIM Hay4YHBIHN 1IeHTP Poccuiickoit ®enepanuu - "ViccnemoBaTenbCKuM IeHTP uMeHu M.B.
Kenpnrwrma"

yana.virolainen@spbu.ru

O30H gBISETCS ONHUM U3 BaXHEWINX ITapaMeTpoB arMocdhephl 3eMiH, BIUAIOMIMNX Ha KJINMAaT, 9KOJIOTHUI0 M
moroxmy. CTpaTocdhepHBIH O030H IIOTJIOUIAET OIlacHOe [Jisi Ouocdeprl KOPOTKOBOIHOBOe Y®-usnydenue COITHIIA,
TponochepHLY 030H - MapHUKOBEIM r'a3, KOTOPHY B HUXKHeU Tponocdhepe TakKe OKa3blBaeT BpeOHOE BIUSHUE Ha
PacTUTEIbHOCTEL U 300POBLE JI0Ie.

MOHUTOPHUHT COOepzKaHus aTMOCPEepHOTrOo O030HA B paMKaxX MeEXAYHApOOHOM CHCTEMBI OHUCTAHIIMOHHOTO
30HOUPOBAHMUS ATMOC(HEPHI BBIIOIHSIETCS B HACTOSIee BPeMsI C HCIIOJIb30BAHHEM pPa3/IMYHOHN ammnapaTyphl U
reoMeTpUu HaOIIoOeHuH.

Poccuiickuii mpubop HKPC-2 usmepsieT yxopsinee TemnoBoe MK-usnydyenwe cucTeMbl 3eMis-aTMochepa Ha
cnyTHUKax cepuu «Meteop-M» Ne2 ¢ 2015 r. B Hacrosme# paboTe mpoaHaAJM3UPOBAHEI IOJS PaCIpeleIeHus
o61tero (OCO) u tponocdepnoro (TpCO) comepkaHusA 030Ha B repuop ¢ 2015 mo 2022 1., moJIyYyeHHbIe 110 JaHHBIM
criekTpoMeTpudeckux namepenuit UK®C-2 ¢ momMouipi0 OpUruHaabHOM MEeTOOUKY, OCHOBAHHOM Ha MCIIOJIb30BAHUU
MeTo[la UCKYCCTBEHHBIX HEMPOHHBIX CETEM.

HpOJIeMOHCTpI/IPOBaHBI BO3MOIKHOCTH HCIOIb30BaHUS OHaHHBIX MK®C-2 O aHanu3a 9BOJIIOIMM 030HOBOTO CIIOS B
IIepruong BO3HHUKHOBEHHS O30HOBEBIX aHOMasui, B TOM YHCJIEe, U BO BpeMs «IIOJIAPHBIX HOYEeM». HonyquH OILIEHKU
MeXTomoBhIX u3MeHenuut B OCO mis Pa3JIMYHBEIX PETMOHOB 3€MHOTI0 IIIapa.

[Tonmy4yeHHI IEPBEIE OLIEHKU U IIPOBENEH aHANKU3 pacupeperieHus u uaMeHeHus noneit TpCO Kak B rinob0ajbHOM, Tak
U B peruoHanbHOM Maciitabax. Iloka3aHo, 4TO CIyTHUKOBEIN mpubop MKOC-2 MozKeT OBITH UCIIOIB30BAH OJIS
aHanu3a IIPOCTPaHCTBEHHO-BPeMeHHOU u3MeHuYmBOCTH TpCO B mepuombsl pocTa €ro ComepzKaHWsl, BEI3BaHHEIE,
HaIpUMep, JIECHEIMHU II0XXKapaMu.

HccinegoBaHue MIPOBEIEHO MPH MOAePXKKe:

1. "CankT-IleTepOyprckui rocymgapCcTBeHHLIN yHUBepcuTeT", rpanT 124032000025-1
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CpaBHeHHE KapT paclpeaeieHHsI PaCTHTeILHOCTH CBepaI0OBCKOH 00/1aCTH Mo 0a3aM
maHHBIX MCD12C1 u BET'A-SCIENCE

I'puropun A. Cy}i:miz1
1 VYpanbckuii ¢pemepanbHBIM YHUBEPCUTET UMeHHU mepBoro Ilpe3unenta Poccun B.H. EnpumHa

augustmilosskiy@gmail.com

AKTyanmbHOCTb CpaBHEHUS KapT Pa3HbIX 0a3 HaHHBEIX 00yCIoBIeHa HEOOXOOMMOCTBIO IIOJyYEHUS MaKCUMaJIbHO
TOYHBEIX W aKTyaJbHBIX CBEIEHUN O TEPPUTOPHU, IIOCKOJIBKY B COBPEMEHHOM MUpPE CYyIIeCTByeT MHOXKEeCTBO
UCTOYHUKOB KapTorpaduueckoir uHGOpMAIUYM, U PA3INYUsi B KJIacCCUDUKALIMU OOBEKTOB U TUIIOB PACTUTEIBHOCTH
Mexkny 0a3aMM OaHHBIX MOTYT CYLUIECTBEHHO BIUSATHL Ha Pe3yJIbTaTH UCCIIEIOBaHUM, IIPU 3TOM TOYHOCTb HaHHBIX
MOZKEeT BapbUPOBATHLCS B 3aBUCHUMOCTH OT MCIIONIb3YEMOTI'0 HCTOYHHKA ¥ MeTonoB c6opa nHbopmarmu. Pasperenve
CHHUMKOB U METOIH 00pab0TKM JaHHBIX CYIIECTBEHHO BIUSIOT Ha JeTaJu3allvio KapT, a aKTyaJlbHOCTb HHGOPMAIUN
MOXKeT pa3nuyaThCsA B 3aBUCUMOCTH OT YaCTOTH O0OHOBIEeHUs 0a3 HaHHEBIX, UYTO UMeeT IpaKTuuecKoe 3HaYeHUue Oja
HAy4YHBIX MCCJI€NOBAHUN, TPeOYIOIIMX MaKCHMaJIbHO TOYHBIX OAHHBIX [/ KOPPEKTHOI'0 aHajau3a TEePPUTOPUH,
9KOJIOTMYECKOI'0 MOHUTOPUHTA, 3aBUCAIIEr0 OT [OCTOBEPHOCTU UHGOPMalUMKM O THUIAX PACTUTEIBHOCTH U
U3MEeHEeHUAX B 9KOCUCTEMaX.

MeTomooruyeckasi IIeHHOCTb CPAaBHEHMSI 3aKJII0YAETCS B BRISIBJIEHHM PAaCXOXKIOEHUU B KilacCUPUKAIUU OOBEKTOB,
ompemesieHUM HamboJiee TOYHBIX MCTOYHUKOB JAHHBIX, CO3TaHUNU METOOUK OO0bemuHeHUs WHGOpMalluu U3 Pa3HBIX
6a3 maHHBEIX. CpaBHEeHHEe KapTorpadruuecKUX JaHHBIX CTAaHOBUTCS Bce OoJjiee BaXXHBIM MHCTPYMEHTOM IJI CO3TaHUs
KOMIIJIEKCHBIX ITM(POBBEIX KapT, IIPOTHO3UPOBAHUS U3MEHEHUN B MPUPOOHOM Cpefie, MIaHUPOBaHUS X035IUCTBEHHOMN
OesATEeTbHOCTU U PellleHUus 3ajiay rOPONCKOT0 U PeruoHaibHOT O IJITaHUPOBaHU .

IMpomykT MCD12C1 co3pman Ha ocHOBe maHHBIX MODIS coGpaHHBIX B uKcesb padmepom 0,05°x0.05° (5600m) [1].
s co3manusa KapTel VEGA 1ucnosb30BaIuCh JaHHbBIE cieKTpopanuomeTrpa MODIS ¢ pazpemenuem 230Mm [2].

HpI/I aHaJIn3€e KJIaCCOB PACTUTEJIbBHOCTHU TOJIBKO IIO MX HA3BAHUAM BO3HHMKAIOT 3HAYHUTEJIbPHBIE PACXOXKIOEHHS B
olleHKe miolamer. OOHAKO, ecau OOLeOWHUTL THUNOBEL B OCHOBHBIE KJIACCHl, MOXKHO BBISIBUTH CXOXKHE
3aKOHOMEPHOCTHU B pacupeneeHuu miolane [3].

Taxk ke oO0bequHEHNE IUIOIAAel TUIIOB PACTUTEIFHOCTH KapThl Vega 00yCJIOBIEHO KPUTEPUSIMHU KitlaccoB MCD wu3
pykKoBofacTBa 1o skciyaTanuu MCD12Q1 Version 6, 3aK/Ti04aronuxcs B Ppa3pekeHHOCTH PACTUTEIbHOCTH pa3HOU
BRICOTHI [4]. B pe3ynbTaTe MPOBEAEHHOTO CPaBHEHHUS IIOKa3aHO, YTO KapThl pacTUTeNbHOCTH CBepHJIOBCKOMU
o6nacTu, MOJIydeHHBIE M3 OAHHBEIX OponyKTa Bera-Science m mpomykta MCD12C1 coBmagaioT C TOYHOCTBIO IO
HECKOJIbKUX IIpoleHTOB.I[Inomans ApeBeCHOU pacTUTEJIbHOCTH oTindaeTcsa Ha 1,37%, KycTapHUKOB Hab,76%,
TPaBSIHUCTOM pacTuTenbHOCTH Ha 0,25%, namrHu - 0,12% u BomHble 00BeKTH Ha 3,73%.

CIHMCOK MCII0Ib30BAHOH JTUTEPATYPHI

1. URL: http://iki-z.ru/default.aspx?id=3 (maTa obpaienus: 02.03.25).
2. URL: https://lpdaac.usgs.gov/products/mcd12c1v006/ (naTa obparenus: 02.03.25).
3. 3. A. Kypb6anos, O. H. Bopo6n€s, A. B. I'y6aes, C. A. JlexnuH, 0. A. TToneBuukoBa OLleHKa TOYHOCTH U

COIIOCTAaBUMOCTH TeMaTUYECKHUX KapT JIECHOTO ITOKPOBA PAa3HOTO IMTPOCTPAHCTBEHHOTO pa3peIleHuss Ha
npumMmepe CpenHero IToBomxkbes // CoBpeMeHHBIE ITPOOIEMbI IUCTAHIIMOHHOTO 30HAUPOBAHUS 3eMIH U3
kocMmoca. 2016. T. 13. Ne 1. C. 36-48.

4. User Guide to Collection 6 MODIS Land Cover (MCD12Q1 and MCD12C1) Product. URL:
http://d33.infospace.ru/d33 conf/sb2016t1/36-48.pdf (mata ob6pamenus: 02.03.25).
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CpaBHeHHeE JaHHBIX O IPO3aX CIYyTHUKOBOTO JeTeKkTopa monHu# Lightning Imager u
rpo3omneneHramuonnon cucrembl HAII «IImaHeTa» Ha eBPOIEHCKON TeppuTopuu Poccuu.

1

Hnona [I. l'opmoBa™ , Awnacracus II. Brnacl

1 orBY Llentp Kocmuueckoit 'mgpomeTteoporum «HUILI «I1nanera», Poccus

ilonagorlova@gmail.com

I'po30oBasi aKTUBHOCTb B Ky4eBO-HOXK[EBOM OOIAaYHOCTH YaCTO COIPOBOXKOAET HeOIarompuUsTHHIE U OIlacHBHIE
SIBJIEHUS TIIOTOABbI, B CBSI3W C dYeM AaKTyaJbHOM 3ajadedl SBISETCS OIepaTUBHBIM MOHHUTOPUHI T'PO30BOMU
IesiTeJIbHOCTH C BHICOKOM YaCTOTOM OOHOBJIEHUS MHGOPMAIIUH U IPOCTPAHCTBEHHON [eTaTu3aliuen.

B OI'BILI «HHII «IlnaHeTa» 9KCIIyaTUpPyeTCcs rpo3oneneHranuorHas cucreMa (I'TIC) us 8 rpo3oneneHraliuoOHHEIX
maT4yuKoB Vaisala, pacmonoxeHHbIX B LlenTpanbaoM u KOxkHOM (enepanbHbIX OKpyrax. COBMECTHO C aHAJIOTUYHOU
cucteMou u3 6 maTuyukoB Vaisala, skcmmyatupyemelx ®T'BY «BI'Mi» Ha CeBepHoM KaBkase [1], ocyiecTBisieTcst
HeNpepPHBHLIM MOHUTOPUHT T'PO30BOM aKTHBHOCTH Ha 3HAYUTEIbHON YaCTH eBpOIlelcKol Teppurtopuu Poccuu. C
TIOMOIIbI0 MaTYMKOB Vaisala maMepsieTcss HalpaBjeHHE Ha 3JIEKTPOMATrHUTHBIA CHTHAJ OT pa3psilia MOJIHUU U
PETUCTPUPYETCS BpPeMs ero HpUOBITHS B HU3KOYACTOTHOM auanaloHe crnekrtpa (1-350 kI'm). ITocme obpaboTku
manubix [TIC HMHILI «IInaHeTa» mpemocTaBisgeT UWHGOPMAIHWI0O O BPEMEHHU, MECTOIIONO0XKEHUM U TOKOBHBIX
XapaKTepPUCTUKAX Pa3psIoB U BCIHIIIEK MOIHUM THIA 00JIaK0-00IaK0 UK 001aK0-3eMIIs.

AnprepHaTtyBOM HazeMHBEIM [TIC gBJsieTCS MOHUTOPUHT I'DO30BOM aKTUBHOCTU C IIOMOIIBIO OEeTEKTOPOB MOJIHUM,
YCTaHOBJIEHHBIX Ha reocTalOHapHHBIX CIIyTHUKaXxX cepuu GOES (annapatypa GLM), FY-4
(anmapatypa LMI), MTG (anmapatypa LI). CrnyTHUKOBEIM geTekTop MonHui Lightning Imager (LI) ycTaHOBieH Ha
KocMHUYeCKOM amnmnaparte Meteosat-12 (touka ctossaus 0.3%) u QUKCUPyeT ONTHUECKUE HUMIIYILCH OT MOJIHUM BCeX
TUTIOB Ha BepxHei rpaHuile 00J1aKoB Ha [JIMHE BOJIHBEL 777.4 HM C pa3pelieHueM 4,5 KM B ITOJACIYTHUKOBOM TOYKE U
OJIUTEIPHOCTBHIO Kagpa 1 Mc [2]. 3oHa oxBaTa LI cocTaBnseT 6osee 80 % BUAUMOTO QUCKA W BKIIIOYAET TEPPUTOPUIO
EBpomnsl, B TOM 4YHUClIe €BPOIEeUCKYyIo TeppuTtopuio Poccuu. BrixogHble marHbIe LI HOCTYIIHEI IIOJIL30BATENISIM B OBYX
OCHOBHBIX BHUAAX - I'PYNIIBI U BCHOBIIIKM MOJIHMU - a TaKXe B BHUIE BTOPUYHBIX JaHHBIX, IPUBEJEHHBIX K CETKe
ckaHupymwilero paguoMmetrpa FCI (BXoguUT B IOJIE3HYIO0 HArpy3Ky 3TOTO XKe CIIyTHHKA) U HaKOIIeHHHIX 3a 30 c.

I'pynnbl MoOMHMU IO HaHHBIM LI mpepcTaBisiioT co6oi o0bedMHEeHUs COCeOHUX (0 CTOPOHE WU OUaTrOHAaJIH)
nmKcenen ¢ 3adUKCHUPOBAHHBIMU ONTHYECKMMH HMIYJIbCaMM OT MOJHHU B TedeHHe OOHOIO Kafgpa, dTo
mpencTaBisieT co00¥ aHaJIor pa3psgoB MOJHUM, 00HAPYKUBAEMbBIX HA3€MHBIMU CUCTEMaMU. BCHIBIIIIKY MOJIHUME 110
OaHHBIM LI - 5T0 06BbenuHEeHHEIEe 110 IIPOCTPAHCTBEHHO-BPEMEHHOMY IIPU3HAKY I'PYINIEH [2].

B paboTe paccMOTpeHBl 3aperduCTPHUPOBAHHBLIE CIIydyaW T'PO3 Ha €BPOIEHCKOM Tepputopuu Poccuu 3a MapT-Mai
2025 r. Tloka3aHO, YTO 30HHI I'DO3, OIPEMeNsieMble 10 AaHHBIM feTeKTopa MonHuu LI/Meteosat-12 u HazeMHOM
I['TIC HUILI «ITnaHeTa», UMEIOT HOCTATOYHO XOPOIIlee COOTBETCTBUE APYT C APYTOM, OJHAKO COYTHUKOBHIU IETEKTOP
yanie ¢GuKcupyeT OOJbilee KOJIMYECTBO BCIIBIIIEK MOJHWH. BO3MOXKHO, 3TO CBSI3aHO C T€M, YTO CIIYTHHUKOBHIH
npubop dukcupyer Oosbine 00JaYHBIX BCIBIIIEK MOJIHHM, KOTOPBIE COCTABJISAIOT, B CpPegHEM, Y2 OT OOILIEro
KOJIM4YeCcTBa MOJIHUM, B TO BpeMsi Kak HaszeMmHas ['TIC HUILI «IImaHeTa» c GoJbliieil BEPOSITHOCTHIO PETUCTPUPYET
BCHOHIINIKK THIAa oOiako-zeMns (o 95 % B IeHTpe ceTu), 4eM Tuma 0051aKo-0067mako (mo 70 % B IIEHTpe CEeTH).
OTMeueHO TaKXKe, YTO BCIIBIIIKKA MOJIHUM IO OAaHHBIM CIIyTHHUKOBOTO HeTekTopa LI cMmelleHBI II0 CpaBHEHHUIO C
mauabeiMu ['TIC HHL] «IImaHeTa» B BOCTOYHOM HaIIpaBIEHWM Ha paccTosHme oKojo 10-20 KM, 4TO, BEPOSTHO,
CBSI3aHO C XY[IIMM IPOCTPAHCTBEHHLIM Pa3pelleHueM CIYTHUKOBOI'O Ipubopa Ha Kpaio 30HE 0630pa U omubKkaMu
mapa’siakca.

CHOmcoK muTepaTypH:

1. ApgxumeB A.X., Cracemko B.H., TamacxanoB B.O. Cwucrema rpo3oneneHranum Ha CeBepHoM KaBka3ze.
MeTteoponorus u rugposorus. 2013. Ne 1. C. 2-11.

2. MTG LI level 2 data guide. https://user.eumetsat.int/resources/user-quides/mtg-li-level-2-data-quide
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BpeMeHHBbIE TPEHIbI H 9MHUCCHH coaepzkaHusi CO2 pOCCHHCKHUX TOPOJOB IO JAaHHBIM
CIIyTHUKOBBIX u3MepeHnuii 0CO-2

2

I'puropun K063ap1.1 , Teopruii M. HepoGenos“ , pwuii M. TI/IMO(beeB2

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 CasnkT-IleTepOyprckuii 'ocymapCTBEeHHBIN YHUBEPCUTET

kobzargv@mail.ru

PocT comepkaHus MapHUKOBHIX Ta30B B 3eMHOM aTMocdepe TPUBOOUT K HAPYIIEHUSIM paguallMOHHOTO OanaHca u
U3MEHEHMUSIM KJIMMaTa NJaHeThl. 3HAUYUTENIbHBIM BKJIaJl B 3MHCCUM BaXXKHEUIIEero ImapHUKOBOro raza CO2 BHOCAT
ropopa, BKJaJ KOTOPHIX olleHuBaeTcss —70%. HecMoTps Ha mpuHUMaeMble MEPHI TI0 COKPAIIeHUI0 aHTPOIIOTeHHBIX
oamuccuii CO2 B pasnUUYHBIX CTpaHaX POCT IMHCCHM mpomonxkaercsa. C 1990 roma rmobanbHbie BRIOpOCEI CO:
yBenuuunuck 6osee ueMm Ha 60 IPOIEHTOB. B mocnenHue mecaTUIeTHs OJjis MOHUTOpPHUHTA 00611ero copepxkauus CO
5 M ero QHTPOIIOTEHHOM OSMMCCUU aKTUBHO UCIIOIb3YIOTCS CIIYTHUKOBBHIE [UCTAHLUMOHHBIE W3MEPEHUS.
CoyTHUKOBEIE H3MepeHus U ompeneneHus comepxkauHusg CO2 0CymIeCcTBASIOTCS yXKe OIUTENbHBIN IIepUuon C
momoibio anmapatypbl GOSAT, OCO-2 u -3. Hsmepenuss OCO-2 mpopmosnkaloTcs yxke 6omee 10 met. B pabote
OpUBEeOEeHb IIPUMEPH aHaln3a H3MepPeHUU XCO2 cuytTHUKOM OCO-2 ¢ uenpi0 HU3y4eHHEe MIPOCTPAHCTBEHHO-
BPEMEHHOI'0 paclupenesieHusl COOAepKaHus 002 B OKPECTHOCTSX IIPOMEIILIEHHEIX IropomoB Poccuu (17 ropomos).
Ce30HHBIH X0 XCO2 B palioHe HCCIIeyeMBIX TOPOOOB XapaKTepeH MaKCUMYMOM B KOHIIe 3UMBI-Hadaje BECHBI U
MUHUMYMOM B KOHIIE JIeTa, YTO COOTBETCTBYeT CE30HHOMY H3MEHEHHUIO COOepKaHUus CO2 U B OPYrHX 4HacTax
njaHeTH. [luama30H MEXIOOOBBIX TPEHOOB XCO2 no paHHBIM u3MepeHuit OCO-2, Hanmpumep, B ropojax
Yensabunck, HoBocubupck u ExkaTtepunOypr cocrtasnseT 1,9-2,7 ppm/roxn, OlleHKa 3MUCCUU CO2 C TEPPUTOPUH T.
Yensabuncka 3a 5 uwoHa 2019 r. npu nomomu usmepenuit OCO-2 cocrtaBnseT 16 MT rlec TEPPUTOPUU BEPOSITHOI'O
ucTouHMKaA Ui ~0,9 Mt rlkm2. Ananus QHTPOTIOTEHHOU 3MUCCUU CO2 Ha OCHOBE WMHBEHTApPHU3allMOHHBIX 0a3

mauHblx EDGAR (anrn. The Emissions Database for Global Atmospheric Research) v8.0 3a 2019 r. mokasan

3aMeTHO MeHbIllee 3HaYeHHUe - YTO yHesIbHas SMUCCHUS ra3a Ha TePPUTOPHUHU ropoga cocraenseTr ~0,5 MT rlkm2.

HccnenoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "CII6I'Y", rpauT mudp npoekta 116234986
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XapaKTepHUCTHKH COOTBEeTCTBUs udMmepeHnu AOT opouransHOoro npudopa MODIS/Terra u
cetu AERONET B 3aBHCHMOCTH OT 00/IaYHBIX TapaMeTpPOB

1,2 1

Augpen E. Benos , Haranbesa B. [TaukpatoBa , Bapguwm C. PakuTHH!

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK
2 MocKOBCKHi TroCymapCTBeHHBIN YHUBepcuTeT uM. M.B. JlIomoHOCOBa

y.beloff2013@yandex.ru

MBI mTpoaHaIU3UPOBaU HaHHBIE U3MEPEHUM a’spO30JbHOM ONTUYECKOM TONIUHBEL atMocdepsl (AOT) Ha mnuHe
BonHEL 550 HAHOMETPOB, IIOJIy4eHHBIE C OpPOMTaAIBHOTO crekTpoMerpa MODIS, yCTaHOBJIEHHOTO Ha
cuyTHuke Terra, u3 23 TyHKTOB Ha3eMHOU ceTu crnekrpodoromerpoB AERONET, oTnuYamIMUXCcss II0 YPOBHIO
a9pO30JIbHOM HArpy3KM U PacIoJIoKEeHHBIX B Pa3HBIX parioHax EBpombl, A3um U APpuku M B pa3HBIX (HU3UKO-
reorpadryeckmux 30HaX. BHIIIOTHEHO comocTaBieHue wusaMepeHust MODIS/Terra (col. 6.1, ypoBeHb 3,
nepemeHHas AOD 550 Dark Target Deep Blue Combined Mean, paspemenue 1x1 rpagyc) ¢ cpemHeCyTOUYHHBIMHU
magHeiMH AOT cetu AERONET (ypoBeHb OaHHEIX 1.5); IpM 3TOM Ha3eMHbBIE H3MEpPEHUS pacCMaTpPUBAINUChH B
KadeCTBe 9TaJIOHHLIX), paCCUYUTAHEl ITapaMeTPhl KOPPEeIsaIIuy Ha3eMHEBIX U CIIyTHUKOBBIX JAHHBIX B 3aBUCUMOCTH OT
mapaMeTpoB oOmauHocTu (mepemenHast Cloud Fraction Day Mean, mpanee CFDM), omnpegensieMbBIX IO
u3MmeperussM MODIS. [Ins1 GONBIIMHCTBA CTAHIUM YCTQHOBJIEHO, YTO IPU yYMEHBIIEHWH ITapaMeTpa 00J1avHOCTH,
XapaKTEePUCTUKU COOTBETCTBHUS 00JIaYHBIX ¥ Ha3€MHBIX TaHHBIX yIy4IIatoTCH.

B pa6ote MbI ucnons3oBanu punbTpanuio gaHHEbEXx MODIS no nepemenuoi Cloud Fraction Day Mean c marom 0.1
B mpemenax oT 1.0 (HedunbTpoBaHHEIe AaHHEE) Mo 0.1 OIS MCCIemoBaHUS BIUSHUS MapaMeTpoB OOIaYHOCTH Ha
XapaKTEPUCTUKU COOTBETCTBUS CIIyTHUKOBBIX M HA3EMHBIX HAHHBIX (KO3(pOUIMEHT Koppensnuu, KodhGUIINEeHT
HaAKJIOHA ¥ CBOOOMHEINM YIeH TUHEHHON perpeccun).

Ha OGOJBIIMHCTBE IIYHKTOB, PACIOJIOXEHHBIX B KOHTHMHEHTAJIbHBIX paloHax ymepeHHOro mosica (10 m3 13)
YCTAaHOBJIEHO CYIIIECTBEHHOE yBenudeHue KoadounmenTa koppensaiuu (R) mpu yMmMeHbIlleHuH Oasia o61avyHOCTH (B
cpegaeM miist 10 cranmu# R yBenuuuincs ¢ 0.79 (ons HebunbTpoBaHHBIX faHHEX, CFDM = 1.0) go 0.84 mns CFDM
= 0.5 u 0.88 (g CFDM = 0.2). Ha 3-x ocTaBmuXCS yIy4llleHNe YIIOMSIHYTOTO IlapaMeTpa MeHee BeIpaxkeHo. Ha 1-
¥ u3 4-X CTaHIIUYM, PACIIONIOXKEHHBIX B MPUOPEKHBIX 30HaX TPOMUYECKOT0 U CyOTPOIIUYECKOTO T0sICca, aHaJIOTUYHBIN
9¢bdeKT yBenuueHUs KOPPEeISIUMOHHOro KoadduureHTa BhIpakeH SBHO, Ha OCTAJbHBIX TPEX - MEHee 3aMeTHO.
Cpenu cTaHIuMW, PACIOIOXKEHHBIX B IIyCThIHE, ONMMCAHHBIN 3(P(EKT XOpOoIIo BhIpaxkeH Ha 1-if U3 7-u CTaHUUH, eme
Ha OOHOM OH BHIpaXeH cjab0, Ha OCTAJIbHBIX 5-M IIYCTHIHHBIX CTAHIIUSAX aHaAJIOTUYHBIN 3¢ @eKT He oTMedaeTcs.
OdderT ynydimeHUs TPOYUX ITapaMETPOB COOTBETCTBHUSA (KO3(G(UIMEHT HAKJIOHA WM CBOOOOHEIM YJIE€H JIUHEHHOH
perpeccuu) B OCHOBHOM [JIi CTAHIIMM, PacCIOJIOKEHHBIX B KOHTHUHEHTAJIbHBIX paloHaX yMEpPEeHHOro Iosca; Ha
TPOIIUYECKUX IPUOPEKHBIX M IYCTHIHHBIX CTaHUMU 3ddeKTa ynydireHus OAHHBIX IapaMeTpPoB HE OTMEeYeHO
(3HadeHUa k ¥ a GIYKTyUPYIOT B AHaNa30He OOHUX U TeX JXKe 3Ha4YeHUN).

IIna ynydiieHus KadecTBa pmaHHbBIXx MODIS (mo AOT) Han KOHTHUHEHTANbHBIMKA paliOHaAMM IIpefdJiaraeTcs
dunbrpanusa no obmaynoctu CFDM =< 0.5, yBenuuuBalolas pernpe3eHTaTUBHOCTh U3MEPEeHu 3-T0 YPOBHS, U IpPU
9TOM HE3HAYHUTEIbHO YMEHbINAalollasi KOJIMYECTBO 3SKCIepuMeHTalpHOW wuHGopMaumu (mo 70-80% oT obmero
KOJTM4YeCcTBa He(UITHbTPOBAHHLIX TaHHBIX).
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CpaBHEeHHE MOHHUTOPHHIA I'PO3 MO COYTHHUKOBBIM, HA3€MHBIM METEOPOJIOTHYEeCKHM H
rpo3oImne/IeHralfiOHHbIM HaO/TIoneHusiM misi EBponeiickoi reppuropuu Poccuu

1

Enena B. BonkoBa~, Amnacracus II. Bnac!

1 orBY Lleuatp Kocmuueckoit 'mgpomeTteoporun "HHUI] "[Inanera" , Poccus

quantocosa@bk.ru

['po3bl - omacHoe $sIBJIeHWEe MOTroAbl, TaK KaK yHdaphbl MOJHHUN MOTYT BBI3BIBATh ITOXKaphl, IMOBPEXKAEHUSA JTUHUHU
9JIeKTpoliepefal, a CONPOBOXKAAIOWINYM WX CHUIbHBIM JTUBEHb HPUBOOUT K HABOOHEHUSM, PAa3MBLITUIO JOPOT, CXOOY
cene#t u np. HazemHble HaOIIOOEeHUS 3a IOTOHOM PETHUCTPUPYIOT I'PO3Y Ha METEOCTAHIMM U B OKPECTHOCTSX C
TIEePUOOUYHOCTHIO 3 U ¥ BPEMEHHBLIM JIarOM A0 HECKOJIbKMX YacCOB, a TakKXKe CyOBbeKTHUBHBI (HabiomaTeslb MOXKET
CIBIMIATh T'po3y Ha paccrosHuu o 20-30 KM M He paccabllaTh €OWHUYHBIM pa3psapn HaL CTaHLUWeMN, TakXke
CcyliecTByeT mpobOieMa IOMeIleHus HaOMIOmeHus B KOMOLI IIOTOOLI «B CPOK», «B IIOCIEOHHNW dYac» U «MeXOy
cpokaMu»). ['po3omnesieHTralliOHHBIE [aTUYMKM OOBEIMHEHHOUW TIpo3oleneHranuonHoi cucrtembl (I'TIC) HUIL]
«IImaneTa» u BBEICOKOTOPHOTO Tre0dU3UYECKOTO0 MHCTUTYyTA PETUCTPUPYIOT 3JIEKTPHUUECKHE DPas3psambl B oOake
HeNmpepHBHO Ha paccTossHUM A0 750 KM M MMEIOT TOYHOCTh MECTOOIIpelesieHUsI MOJIHUM B LieHTpe ceTu Ao 250 m
(BeposaTHOCTL OOHapyxkeHus 0o 80 %), omHAKO Ha Kpaio 0630pa oImnbKU MecTooIpenesieHus: pacTtyT oo 10-20 kM, a
BEPOSITHOCTH OOHapyxkeHus MoytHuM nagaeT fo 20-30 %. CnyTHHUKOBBEIE HAOJIIOAEHUS C IIOMOIIBI0 MHOTOKAaHAIbHBIX
pPagruoMeTpPOB-UMa/I?KePOB UMEIOT OOJIBIIYIO IJIOIagb IMOKPHITHUS, BEICOKYIO MEPUOAUYHOCTD (OO0 15 MUH) M MaJslbii
nar (HeCKOIbKO MHHYT), OOHAKO OETEKTHUPYIOT I'PO30BEIe 00OJIaKa 10 KOCBEHHBIM IIPU3HAKaM, a Py OOJIbIINX yrilax
BU3UPOBAHUS MOTYT TEPSATH HEOOMBIIKE MO IIOMIAAN ¥ UHTEHCUBHOCTU I'PO3BI UM CMEIaTh JIoKaluio obnaka (mo
20-40 kM).

B ELl HHWIL] «IIlnaHeTta» pa3paboTaHa MeTOOAuKa OOHAPYXKEHUS 30H TIPO3 II0 CIOYTHUKOBEIM H3IMEPEHUSM
panmuanvoHHOM TeMIepaTyphl B Pa3HBIX CIEKTPaibHBIX KaHajlax METOOOM IIOPOTOBOTO Iemu(pUpPOBaHUS IIO
KOCBEHHEIM IIpu3HaKaM. Brigensercsa 4 Kinacca rpo3 B 3aBUCUMOCTH OT MHTEHCHBHOCTU U BEPOSITHOCTH COOBITHS. B
2021 r. 3anylleH POCCUUCKUM BBICOKOIJUIMUITUYECKUMN TUIPOMETEOPOJIOTHYEeCKHUM KocMuueckui anmnapar (KA)
«ApkTtuka-M» Nel, a B ¢eBpane 2024 r. — KA «Apktuka-M» Ne2. MeTommKa HOeTEeKTHUpPOBaHUS TI'Po3 Oklla
afanTHpPOBaHa K maHHBIM mpubopa MCY-I'C-BI (MHOTO30HaIbHOE CKAaHUPYIOIIee YCTPOMCTBO - TeoCTallmOHapHOe,
MOOEPHU3UPOBAHHOE MJIsT BHICOKOUIUNTHUYECKUX opouT) KA cepuu «Apktuka-M». B mpegemax EBpomeiickoi
tepputopuu Poccum (ETP) pacnonoxkeHo 14 rpo3oneneHrallMOHHBIX OaT4uKOoB B coctaBe [TIC M HECKOIBKO
OEeCsITKOB METEOCTAHIINM, BEOYIINX HAOIIOIeHNe 3a IOTOHO0H.

[IpoBemeHo cpaBHeHHe 3X CII0OCOO0B MOHHUTOPHHTA TI'po3. B 1enoM, HauMeHee yHOGHBIMH [Jisi MOHHUTOPHWHTA
TPO30BEIX OOIAKOB SIBISIIOTCS Ha3eMHbIe HAOTIOeHUsT Ha METEOCTAHIUSIX 3a IOTOMOM M3-3a UX CYOBEeKTHBHOCTH,
TOYEYHOCTH, HEBO3MOXKHOCTH TOYHO OINPENENIUTh BpeMs I'PO3Hl (OTKJIOHEHHEe OT YKa3aHHOTO CPOKa [0 3X YacoB) U
OOJIBIIIOTO BPEMEHHOTO Jiara. B pe3ynbraTe, KaK CIOYTHUKOBBIE, TaK M I'PO30IEJIeHTallMOHHbIE HAGIONEeHHUs MIPHU
CpaBHEHHM C HUMH HAIOT CaMble HHU3KHE OLEHKM TOYHOCTHU. [IpM CpaBHEHUM CIYTHUKOBHIX HaOMIOOEHUH C
TPO30IIeJIEHTAllMOHHEIMU COBIIaIEHHEe HAMHOTO BHIIIe. CIYTHHUKOBBIE HAOIIOMEHUS HECKOJIBKO 3aBBIMIAIOT 30HEI
cnabwIX TPO3, MOKa3biBas 001aKa, CIIOCOOHLIE TTEPEPOOUTHCSA B TPO30BHIE, UKW, HA0OOPOT, pacmamatuecs, a I'TIC
He [»aéT IOJHOTO WPENCTaBIeHUS O CHUHOITHYECKON OOCTaHOBKe B peruoHe (BHYTPHUMAcCCOBas Tpo3a HIIH
¢dpoHTaNnbHANT).

ITosToMmy myis HauboJjiee MOJTHOTO MOHUTOPHHTA I'PO3 CJIEAyeT KOMOMHUPOBATH Pa3Hble BUALI HAOGIIOOEHUMN, YTOOH
OHU [OIOJIHANM OPYr Opyra. KM3-3a 60blIOl NEePUOOUYHOCTH U 3aJepKKU 10 BPeMEHM OTHOCHUTEJNIBHO CpoOKa
COYTHUKOBOM CBHEMKM Ha3eMHBIE METEeOHAOIIOIEeHUS MOTYT HCIIOJIb30BAaThCS TONBKO MJIsT aHau3a CUTyalui
«3a0HUM YHUCIIOM». HpI/I OII€PaTUBHOM MOHMTOPHHI'€ TI'DO3 OITHMAJIbBHO HaKJIaObIBATh HaGJ'IIOJ_IeHI/IH I'TIC Ha
pe3yIbTaTH CIIYTHUKOBOM KilacCU(MUKAIMY - TIOJIb30BaTEb BUAUT CUTYyallnio y ce0si Ha 3KpaHe 4epe3 ~20 MUH OT
YKa3aHHOT0 CPOKa C IePUOJNYHOCTEI0 00HOBIEHUT HHDOpMaLuuu 15 MUH.
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CEKIIUA 2. TMCTAHIIUMOHHOE 30HINPOBAHUE ATMOC®EPHI n

HNOACTUIAIOIIENA MIOBEPXHOCTH B PA3JIMYHBIX OBJIACTAX CHEKTPA

Ipencenarens: n1.¢.-m.H. TumodeeB FO.M. (CIIOI'Y, Cankt-IlerepOypr, Poccus)
Comnpeacenarean: 1.¢.-m.H. @eiirun A.M. (UT1D, Huxuanit HoBoropoa, Poccus), k.¢d.-m.H.
Bupoaaiinen S1.A. (CII6I'Y, Cankr-IlerepOypr, Poccus), 1.¢.-m.1. Ilykun I'.I'. (Boenuo-

KocMuueckas akaaemus um. A. ®@. Moxaiickoro, Cankr-IlerepOypr, Poccus)
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IIpencka3aHue BEPTHKAIBHOIO NPOGHIsi ONTHYECKOH TYPOYI€HTHOCTH IO
ACCHMWIHPOBAaHHBIM METEOPOJIOrHY€eCKHMM XapaKTepHUCTHKaM U JaHHBIM ONTHYECKHX
H3MEepeHHH C UCNOo/Ib30BaHueM MamuHHOro O0y4YeHus:

MaxkcumMm B. JZ[pI/Ira1 , Aptem IO. H_[I/IXOBL[eBl , IlaBenT. KOBa,uno1 , EBrenmui A. Kombinos2 , Cepreii A.

2,3,4

IMotauuu Bopuc C. Caq)OHOB4

1 HWHCTUTYT COTHEYHO-3eMHOM pu3uku CubMPCKOro OTHesieHusT POCCUICKON aKafieMUu HayK
2 NHcTUTYyT acTpoHoMumu Poccuiickoi akajeMuu HayK

3 MockoBckuit TOCyOapCTBeHHEIN yHUBepcuteT uM. M.B. JIomoHOCOBa

4 T'ocymapcTBeHHBIN acTpoHoMuYeckuit muctutyT umenu I1. K. Illtepubepra , Poccusa

driga@iszf.irk.ru

BBegenue

OmnTuyeckre HEeOTHOPOTHOCTH aTMOoChephl OrpaHWYMBAIOT Pa3pelIaollyi0 CIOCOOHOCTh HA3eMHHIX TEeJIeCKOIIOB.
IOnsa ynay4iieHusi KadecTBa HaOGMIOmeHUN HeoOXOOWMO 3HaHWe BBICOTHOTO PaCIpedeieHus CTPYKTYPHOM
IIOCTOSTHHOW TypOyJIEeHTHBIX (QIyKTyallui IIoKa3aTejs IIpejoMyeHuss Bo3myxa Cn2. B maHHOE paboTe MEI
anmpoOUpPoBa METOOL MAIIMHHOTO 00y4eHusi[1] ¢ menbio mpeacKa3aluus BEICOTHOTO mpoduns Cn2.

MeTopoaorusi

[nss momroroBku oOydaromiero Habopa [aHHBIX MCIIONL30BaJIMCh HaHHBIE peaHanu3a atMocdepbl ERA-5 u
METEeOPOJIOTHYECKHEe XapaKTEePHUCTUKH, IOJIyUeHHBIE B MPHU3EMHOM CJIo€. DTH HaHHBIE OBIJIM CKOMOMHWPOBAHEBI C
apXUBHBIMHU ONTHYECKUMU HaOmogeHusMu Cn2 Ha KaBKa3CKOM acTpoHOMHYECKOM obcepBaTopuu I'AUII MI'Y.

HOanurie ERA-5 wumeloT exkedacHoe pa3pellleHHMe U IIOJIy4eHbl B pe3yabTaTe aCCUMHJIAIUN U3MepeHUM
aTMOChEepHBIX XapaKTEePUCTUK. BXOmHBIMK MapaMeTrpaMu Ojsi oOydYeHHs MOOENIM CTalli: BHICOTA IIOTPAHUYHOIO
cyiosi, TypOyJIeHTHHE IIPUIIOBEPXHOCTHHIE HAINPSIXKEHUs, HANPSAKEHUS OT TI'PDAaBUTALMOHHBIX BOJH U CPEIHSAS
CKOPOCTH ITOPHIBOB BeTpal2].

MeTeOpOJ’IOFI/I‘-IeCKI/Ie XapPaKTEPUCTUKHN BKIIIOYAJIX TEeMIIePATyPy BO3yXad, CKOPOCTh M HaAIIPABJIEHHNE IIPHU3E€MHOI'0
BeTpa, a TaKXKe BJIaXXKHOCTEb. OnTudyeckue HU3MEPEeHUusd IIPOBOOUIIMCE C IIOMOIIBIO TEJIECKOIIa, MCIIOJIb3YsA METOOUKY
MASS-DIMM]I3].

JaHHBIEe U pe3yJ/IbTaThbl

H3mepennble 3HaYeHus: Cn2 ObUIM OOCTYHIHH maysg BeicoT: 0, 0.5, 0.71, 1, 1.41, 2, 2.82, 4, 5.66, 8, 11.3, 16, 22.6 rMm.
ApxuBBl [AHHBIX OXBaTHIBAIOT Ilepuod C 15 Hosa6psi 2007 roma mo 16 wutoHa 2013 roma. st oOydeHUs
HUCII0JIL30BAJINCh JeCATUYHLIe orapudmsel lgCn2.

B pesyneTaTe wucciaegoBaHus ObIJIa IIOJy4YeHa ONTHMAaJibHAasi KOHurypaumsa wopmenu "Crayuadiseii Jlec",
CBs3BIBalOIllas BepTUKabHbIe IPoGuiIn aTMochepHoil onTUYeCcKoi TypOyJIEHTHOCTH C HaHHLIMU peaHanusa ERA-5.
Mertop "Cnyuaiinoro Jleca" rmokasasn HauIydlllre pe3yiabTaThl: KO3GGUIIMEHT KOPPEISIIUN MeXAy N3MEPEHHBIMU U
IpelcKa3aHHBIMU 3HaueHusAMU Cn2 coctaBui okoyo 0.78.

IOnss BeicoTel 0.71 KM cpemHue aOCOMIOTHBIE ¥ KBaApaTHYECKHE OTKIOHEHUS MeXOy W3MEePEHHBIMH U
npefcKa3saHHBIMM 3HaueHUusAMHU 1g(Cn2) coctaBunu okoso 0.44 u 0.32 cooTBeTCTBEHHO. [IJ151 BEICOTHI 22.6 KM 3TH
3HauveHus: coctaBunm 0.13 u 0.03.

BBIBOOBI

HawnGoee BaxKHBIMY BXOQHBIMH XapaKTEePUCTUKAMU [IJIS MOOEINPOBaHUs BEPTUKAIbHEIX IIpodumeit AOT SBISIOTCS
maHHBIe peaHanu3a ERA-5, BKIIOYas COCTaBJISIOIINE CKOPOCTH BeTpa M TeMIlepaTypy BO37yXa. ITO II03BOJISIET
MPEMNOIOXKUTL, YTO BepTHKanbHble mpodunau AOT MoryTr GHITH OIpedeNieHBl C KCIIOIb30BAHMEM MAIIWHHOTO
00y4eHus OJisi APYTHUX aCTPOHOMUYECKUX 00CEPBATOPHUH.
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I[lo HamMM OLIEHKaM, WCIIOIb30BaHHE JIOKAIbHBIX NPU3EMHHIX MaHHBIX YIy4IIaeT KaueCTBO BOCIPOM3BEIEHUS
Bapuamui Cn2 Ha 5-8%.

Pabora BmImONIHEHa 3a cYeT rpaHTa Poccmiickoro HayyHOro doHpma Ne 23-72-00041. VismepeHuUs W IepBUYHAS
06paboTKa DaHHBIX OCYLIECTBJIEHH IIPK Ioanep:kke MunoOpHayku Poccuu.
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1. Shikhovtsev, A.Y. et al. Estimation of Astronomical Seeing with Neural Networks at the Maidanak Observatory.
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HccnemoBanue IIPOBEIEeHO IIPHU IoJIepPa2KKe:

1. "Poccuiickuii Hayuneii ®oHn", rpanT 23-72-00041
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IIpocTpaHCTBEHHBbIE pacIpeneIeHusI a3pP030Jisi Ha BHICOTAX IOJIETOB I'PazkJaHCKOH
aBHaANUHU 10 JaHHBIM npoekta DELICAT

1

Anekceut E. MamouTos"' , Obra B. <I>e1:[0p013a1

, Muxawnn E. l"op6yH0B1
1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK

alex1372049@gmail.com

B 2009-2015, kak w4yacTe 7-ou PamouHol mnporpaMMmbl EBpocoio3a II0 Hay4YHBIM HCCIEOOBAHUSIM U
TEXHOJIOTUYECKOMY Pa3BUTHUIO BEHITIOJTHSAJICS TIPOEKT DELICAT
(DEmonstration of LIdar based Clear Air Turbulence detection, [leMoHcTpainus oOHaApPyKeHUS TypPOYIEHTHOCTHU
sicHoro Heba Impu moMolu nupgapa) ¢ yuactuemM MOA um A.M. O6yxoBa PAH. B xome mpoekTa OvINT pa3paboTaH u
W3TOTOBJIEH CaMOJIETHBIM yibTpadmoneToBeIM nIupmap O 3a6aroBpeMeHHOro Oo0HapyKeHHUs TypOyIeHTHOCTH
sicioro Heba (TAH) Bmepenm mo Kypcy IO curHamy oOpaTHOTro paccesHus. HaGmiomeHue pacCessHHOTO Halal
U3JIyYeHUs I[IPOBOOUIIOCH Ha IOBYX IIONAPHU3aIUAX, C Ie/Ibl0 BhIAeeHUus (QIyKTyaldil CHUTHAJIOB OT ad’po30JId,
KOTOPBIM MOXKET IPUBOAUTH K Aemojspusanuu. B mepuopm 17.07-12.08.2013 roma Onutm mpoBemeH:l 11 mosneToB
obmiedl [ONMTENbHOCTHIO 33 Y. O HWCHOBITAHUSA Jupapa. [loneThl mOpoucxomwiyv Han 3anapHoit Espormoi,
BpuTaHCKUMH OCTpOBaMU U NPHUJIETAIOIUMU MOPCKHUMHM TEPPUTOPUSIMH B YCIOBUAX SCHOU Iorombl. CKONIIEHUsS
aspo3ons u/unu TAH OvIu 3aperucTpUPOBaHEL B KaXKOOM I10jieTe. B pe3ysbraTe OBLUI IOIyYeH YHUKAJIBHEIX MaCCUB
HaOIIONeHuH.

A5p03071b BEICTYIIAET B 2-X POJIIX:
1) oH gBIsIETCS IIOMEXOH, BHOCSAIIEH NCKaXEeHU B CBEIeHUsI 0 BO3SMOXKHBIX oOnmacTtsax TAH,

2) OH sABIsETCS OOBEKTOM M3Iy4YEeHUsl, B YAaCTHOCTH, HMCCJIEOOBAaHUS Pa3MepPOB M IIPOCTPAHCTBEHHO-BPEMEHHOU
SBOJIIOIINHY €TI0 CKOMJIEHUH.

B manHOiT pa6ote GBI MPOBENEH aHAIM3 TPOCTPAHCTBEHHBIX CIEKTPOB (JIYKTyalui IJIOTHOCTHU a’po30iisi. s
9TOTr0 BHIOMpPAJIUCH OTPE3KHW II0JIeTa C IIOCTOSSHHBIMH BBICOTOM, HAIpaBIEHHMEM M CKOPOCTBIO CaMoJeTa.
MHorovyacoBasi 3alKiCh HWHTEHCUBHOCTHU PACCESHHOTO H3JIy4yeHus pa3buBajach Ha OTPE3KH OJIUTENIHBHOCTHIO 1
MHHYyTa. 3a 3TO BpeMsl caMoJjieT cMemnasncs Ha 7-11 kM BOomb Tpacch mojieta. CUTHAI pacCMaTpPUBAaeTCs B OABYX
KOOpAMHATAaX: PaCCTOSHUE OT caMoJjieTa [0 pPacCemBalolero o6bemMa M IyTh CaMojeTa OTHOCUTEJIBHO BO3TYIITHOMN
Macchl. BBITT MpeasioxkeH HOBHIHM MeTon 00paGOTKM CUTHAJIa, OCHOBAHHHINM Ha 2-MepHOM mpeobpa3oBaHuu Dyphbe,
TIO3BOJISIONINYE UOeHTUGUIIMPOBaTh 06j1aka aspo3osd. [Ipu aToM genamTcs cienpylomue mpubnuxkeHus: 1) obrmaka
Ha MaciTabe BPEMEHH II0PsAOKa 1 MUHHYTHI HEIIOOBUXKHEI, 2) BapHalli¥ HalIPpaBJIEHUA JIMHUKW 30HOWPOBAaHMWSA Mallbl.
Bo BBemEeHHBIX BHIIIIE KOOPAMHATAX 00JlaKa a’dpPo30Jisi MPOSBIISIOTCSA B BUMAE IOJIOC, HAKJIOHEHHEBIX IOM yTrjioM 45
rpagycoB. Brramcnsinuchk nByMepHBIe Oypbe-CIEeKTPHI CUTHAIa OIS BRIOPAHHBIX 30H IIOJIETOB: a) 6€3 a3po307isi, 94To
IIO3BOJIIET OIIEHUTH YPOBEHL IIyMOB; ©6) c o6jmakaMu aspo3ons. [Hns 30H, rge HaOIIOgaeTcs aspo30Jib,
CIIEKTpaJibHAsA IUIOTHOCTh HMEET OCTPHIH IHMK B OKPECTHOCTH [JIaBHOM OUAaroHald YacCTOTHOM IIJIOCKOCTH.
ITones3HbIN CUTHAI B YKa3aHHBEIX KOOpAWHATAX IIpencraBiideT coboi IIJIOCKYIO BOJIHY B HAIIPABJIEHUMW OUArOHAJIHU, H,
crnemoBaTenbHO, Dyphe-pa3nokKeHMe TaKOro CUTHajla OyoeT CcomepzkKaTh TOJbKO TapMOHUYECKHE BOJIHHI BIOJTH
ouaroHany. [maroHaibHbIE CEYEHUS IIOJIYHYEHHBIX 2-MEPHBIX CIEKTPOB PaBHHI OJHOMEDHHIM IPOCTPAHCTBEHHLIM
criekTpam QrykTyaiui aspo3oss. OqHOMEPHBIE CIIEKTPHI KO-TIOJIIPU30BaHHOTO CUTHAJIA U KPOCC-TIONSIPU30BAHHOTO
CUTHAJIa MOOYUHSIOTCS CTEIEeHHOMY 3aKOHY C HaAKJIOHOM OT -2 mo -2.5. Bo dnykryarnusax Habm0gaeMoro cursaia
IpeBanupyoT 3pdHeKTH a3spo30IIH.

HMccrnegoBaHHe MIPOBEIEHO MPH MOAIePXKKe:

1. "UacTuTyT Pusuku atMmocheps uM. A.M. O6yxoBa PAH", rpanTt FMWR-2025-0002
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OnTuko-uHpoOpMaITHOHHOE odecliedeHHe OOHApPYyXKeHHsI apTedaKToOB Ha CII0KHOM (poHe
POGOTH3MPOBAHHBIM KOMIIIEKCOM C 3JIEMEHTaMH HEHPOHHBIX CeTeH

1 1 1

HUrops B. ixkumenko~ , Hpuit U. dkumenko- , IlonskoB B. Poman~, JlaBpuukos H. Hukomnaiil

1 denmepanbHOE TOCyOapCTBEHHOE 6I0fI3KeTHOE 00pa30BaTeIbHOE YUpeXKaeHne BLICIIET0 00pa30BaHUS
«HamroHanbHBIN UCCIIeq0oBaTeIbCKUM yHUBEPCUTET « MO »

jakigor@rambler.ru

ITog apTedakToM ciedyeT paccMaTpuUBaTh OECIUIIOTHBIN JeTaTenbHBIM amnmapaTr (BmnJIA). KpymHoraGapuTHBIE
BnJIA caMoOJeTHOrO THIA IO CBOUM JOeMacCKUDPYIOIMIMM XapaKTePHCTUKaM COIIOCTAaBUMEBI C TPaOUIMOHHBIMU
adpomMHAMHUYEeCKUMH IleaMu. B ycioBusx orpaHudeHHOM 5G(EeKTUBHOCTH pPAaAUOJIOKAIMOHHEIX MEeTONOB
IIEPCIEeKTUBHLEIM HaIllPaBJIeHUEM SIBJISETCS WCIIOJIb30BaHME DPOOOTH3WPOBAHHBIX CPEICTB OITHUKO-3JIEKTPOHHOU
pasBenku (O39P). Haubomee mepcmeKTuBHH cpenctBa ODP paboraromue B uHppakpacHoMm (MK) mmama3oHe, Tak
KakK croco6HH paboTaTh KPYrIOCYTOYHO.

B cBsi3u ¢ 9TUM pa3paboTaHa HeWpoceTeBass MOAENIb Ha OCHOBe apXuTeKTypsl YOLOV11, cnocoGHas aBTOMaTUYECKHU
OeTeKTUpoBaTh U Kiaccuduiuporats BIIJIA poTOPHOTO U CaMOJIETHOTO THUIOB, a Takxke ntull B UK-cuektpe. s
00y4YeHUsI UCIOJIb30BaH PACIIMPEHHBINM HAOOp HAHHBIX, BKJIIOUAIOMIMM KaK OTKPHITHIE JaHHLIE, TAK U COOCTBEHHBIE
BUIIE03allUCH, IIOJIydYeHHEIe C TeIJIOBU3MOHHON KaMephl mIR-1280C12S Ha paBHOMEPHOM U CJIOKHOM (oHe (mof
CJIOXHEIM (HOHOM CJIeyeT IOHUMMATh U3JIyYeHue HeomHopomHocTed A®, 0061ayHOCTL C pa3phlBaMH), a TakKXke B
Pa3UYHEBIX TOTOOHBIX YCIIOBUS U OUCTAHIUAX.

OOyuyeHHass MOMeNb OEeMOHCTPUPYET CPedHIOI0 TOYHOCTL 82,7% mpu monHOoTe 82%, yCHemHo uAeHTUQUUUpys
BITJIA pOTOPHOTO ¥ CaMOJIETHOI'O THUIIOB, a TaKXKe ITUIl. OOHAKO 3(p(EeKTUBHOCTH OOHApPyKEHUS OOBLEKTOB
cybnukcenbHOro pasmepa (<50 mukcenei) 0CTaETCsI OTOPAaHNYEHHOM, 0COOEHHO Ha CJIOKHOM (HeopmHOopomHoMm) AD,
KOTOPBIM CGHOPMHUPOBAH OO0JIAYHOCTHIO PA3JIMYHBIX KJIACCOB C HAJIWYHWEM PA3pPHBOB U (MIKM) 3HAYUTEJIHFHOTO
rpajueHTa BOOHOCTHU C MaJlbIMM YTJIOBEIMU BEJTMYUHaAMU.

I71s1 TIOBBHINIEHUS TOYHOCTH HOETEKIIMK MajlorabapuTHBIX lLiefled umcciefgoBaHo mpuMeHeHue metoma SAHI (Slicing
Aided Hyper Inference), oGecmedYmBalOIIETO0 aHaJIM3 BUAEOINOTOKa IIyTEM CEerMEeHTALlMM KaApoB (pa3mesieHue
BUAEOKaApPOB Ha CErMEHTHI).

IOns BreIOOpa ONTMMAIbHOTO pa3Mepa CcerMeHTa ObUIM IPOBENEHHl 9KCIePUMEHTaJIbHble UCCIeNOBaHUs
IIPOCTPAHCTBEHHBIX CTPYKTYD M3nydeHus obnaunoctu B MK-muana3one. Ha ocHOBe IOTy94eHHOTO CTATUCTUYECKOTO
MaTepuajsa O IIPOCTPAHCTBEHHEIX CIEKTpax HeOoZHOpomHocTel AQ yCTaHOBJIEHO, YTO XapaKTEPHEIM OTINYUEeM
IIPOCTPAHCTBEHHOM CTPYKTYPHI U3IyYeHUSs PAa3/IMYHEIX KJIaCCOB U 6asyioB 0671aYHOCTU SIBISIOTCS YITIOBEIE pPa3MepH!
U3JTy4YaloIuX HEOOHOPOOHOCTEN B BEPTUKAJIBHOM U TOPU30HTANIBHOM HaIlpPaBJIEHUSX, KOTOPHIE OIPENENISaNINCh II0
3HaQUEHUSM B3aUMHOU KOPPEIAINOHHON PYyHKIINY IIPeBHIIIAomMuxX Benuuury 0,5 - paguyc KOppensnun.

3amMeyaTeTbHEIM CBOMCTBOM BBISIBJIEHHBIX 3aKOHOMEPHOCTEH SIBJISIETCS TO, UTO HAWAEHHBIE PAOUYCHl KOPPEISIUHU -
3TO YIJIOBBIE HHTEPBalbl, B Mpefmejlax KOTOPOTOo KO3(GGUIMEHTE B3aUMHOM KOPPENSUUM 3HAYWME], T.€.
obHapyxuBaeTcs o00JlacTh NPOCTPAHCTBA, B IMpefenax KOTOPOTO IIPOCTPAHCTBEHHAsT CTPYKTypa H3TyYeHUS
HeogHOpoaHOCTeH A® Mo yriy MecTa W a3uMyTy He IOABEPIKEHA PEe3KUM H3MEHEHUSM, T.e. HOCUT PaBHOMEDHHIH
XapakTep.

IIna oueHk® 35QOEKTUBHOCTH MPENJIOKEHHOT0 MeToda MCIIOJIb30BajlaCh TEIJIOBU3WMOHHAs BHUAE03allliCh,
peructpupyiomas Tpaektopuio BIIJIA, KOTOpHIM HepeMellasncsd Ha MOCTOSHHOUW BeicoTe 500 M C paBHOMepHOH
CKOPOCTBIO, COKpalas guctauimio ¢ 3400 M 0o 1200 M OTHOCUTENIHLHO TOYKH HaOIOIeHUS.

Hcxomst 3 MPOBeNEéHHOT0 MCCIIeIOBaHU, pa3Mep CerMeHTa Ha BHUe03alucy ObIJI BEIOpAH PaBHBIM 512 MHKCEIISM,
pa3Mep NepekphITUSA Mexkay cocegHUMMU cerMeHTamMu 10% oT pa3Mepa cerMeHTa.

B pesynbraTe, OBIIO YCTAaHOBIEHO, YTO CerMeHTHas oO0paboTkKa C BHIOpPAHHLIMK IlapaMeTpaMH YyBeNluduia
BEPOSITHOCTH OOHapykeHus Ha 25-30% 10 CpaBHEHHUIO C TPAOUIIMOHHBEIM MOKAAPOBHEIM MeTomoM. OCOOEHHO CHIIBHO
9TO IMPOSIBUIIOCH Ha AuCTaHIuAX cBbimie 2500 MeTpoB, rae 3¢GpPeKTUBHOCTL O0HAPYKEHUST CETMEHTHOTO MOmXoda
mocturia 70-80%, Torma KaK NpPHW HCIIOIb30BAaHWU CTAHAAPTHHIX ITOKAAPOBBIX IOAXOOOB 3TOT IIOKa3aTelb He
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npeseiman 30%.
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I/Iccnenosanne B/INAAHUSA CIIEKTPAJIBHBIX ITIAPaMETPOB 30HIHUPOBAHHUSA IIPHA HCCJIEJOBAHHUHA
OKeaHa C YY4eTOM B3BO/IHOBAaHHOH IIOBEPXHOCTH C HCIOIb30BaHHEeM MeTona MoHTe-
Kapito.

Onbra C. Yxunosal-2

1 WHCTUTYT BEIYUCIUTETbHON MaTeMaTUKH U MaTeMaTUYeCKoM reodusuku CubOUPCKOTro OTHaesIeHusT POCCHUMCKOM
aKageMuu HayK

2 HoBocubupckuit HallMOHAIbHBIN UCCIeO0BaTEeIbCKUM TOCyqapCTBEHHBIN YHUBEPCUTET

olsu@osmf.sscc.ru

B maHHO# paboTe NMPOBENEHHI MCCIIEOBaHUS 3aBUCUMOCTH PE3yJIbTATOB 30HOAWPOBAHUS OT CIIEKTPa H3NTyYEHUS
JIa3epHOTO MCTOYHMKA. PaccMaTpuHBaeTCs 3ajada II0 OIeHKe OGYHKIMU paclpenesieHus II0 BpeMeHuU
WHTEHCUBHOCTH JIa3€PHOI'0 M3NyYEHUs, IIOCTYIAIIIero B MPHUEMHHUK II0CJIe MIPOXOXKAEHUS depe3 CHUCTeMYy Cpeq
«OKeaH-aTMocdepa» U3 3aJaHHOTO HCTOYHMKA C YyYETOM B3BOJIHOBAHHOW IIOBEPXHOCTH. B maHHOUW paboTe
PacCMOTpeH anropuTM MeTomoB MoHTe-Kapimo mpefHa3HaYeHHBIN I PEUIeHUsT 3afad Ja3epPHOT0 30HAUPOBAHUS
MIPUPOOHBIX Cpel MMEIOUIYI0 CIIyYalHyI0 TPaHHUIly pasfesia. B JaHHOM ciy4Yae TaKOBOHU SBJISIETCS IMOBEPXHOCTH
MOPCKOT'O BOJTHEHUS IIPU 30HAUPOBAHUN CHCTEMH Cpefl «OKeaH-aTMochepa».

PaccmaTpuBaemble 3amaud JIa3epPHOTO 30HOUPOBAHUS OT/IMYAIOTCS OT MHOTHX OPYIHUX 3amad aTMochepHOoH
ONTUKYM HaJIW4YMWEM CJIOXKHBIX TI'DAHWUYHBIX YCJIOBHM, CBSI3aHHBIX C KOHEYHBIMH pa3MepaMH HCXOOHOTO IIy4yKa
U3JIy4YeHUus U MaJbiM (Ha30BHIM 00BEMOM HEeTEeKTOopa, a TakXkKe MPUHIUIKAJILHO HeCTallMOHAapHBEIM XapaKTepoM
MOJeIMPYyeMOro Iporecca IepeHoca U3NydeHusi. ITo 06CTOATEIbCTBO 00YCIOBINBAET XapaKTepHEe TPeOoBaHU K
TEXHUKE CTATHUCTUYECKOTO MOJEJIMPOBAHUS U OIpeneiseT HeOoOXOOUMOCTb IIPUMEHEHUs JIOKAJIbHBIX OIIEHOK,
SIBJISTIOIIIUXCS XOTSI U TPYZOEMKUM, HO €IMHCTBEHHO BO3MOIKHBLIM CIIOCOGOM BBIYMCIJIEHUS MCKOMEBIX XapPaKTEPUCTUK
U3JTyYEHUS, PETUCTPUPYEMEBIX AETEKTOPOM C MaJIbIM ()a30BbHIM 0OHEMOM.

HNccnegoBaHus MOKa3kIBAIOT, YTO Pe3yIbTaThl 30HOUPOBAHKS 3aBUCAT OT IIOBEPXHOCTHU BOJIHEHHS, KOTOpPas, B CBOIO
o4yepenb 3aBUCHUT OT CKOPOCTH BeTpPa. B manHo#M pa60Te HucciienoBasiaCbh 3aBUCUMOCTE PE3YyJIbTAaTOB OT OJIMHBI BOJIHBI
HU3JIy4YEeHUsi, KOTOPasd BIINSAET Ha HHOIUKATPUCY pacCCedHusd 1, CJIeJOBaTEJIbHO, Ha HallpaBJIEHHE PaCCeAHHEBIX YaCTHII.

PaccmaTpuBaeTcs cucTteMa «OKeaH-aTMocdepa», B KOTOPOM Ha BBICOTe h HaXOOWUTCS CiIydaliHas rpaHulla pas3peiia
OBYX Cpeld, IPU B3aUMOIEWCTBUM C KOTOPON CBET HCIEITHIBAET MpPEJIOMJIeHMe WIKM OTpaXeHue. JTa rpaHUlla
mpencTaBisieT coO0M ClIydaiHyI0 IOBEPXHOCTb, COCTABIEHHYI0O W3 Habopa 3JIeMeHTapHBIX IJIOMIAOK, IIeHTPHI
KOTOPEBIX JieXKaT Ha BEICOTE h, a HOpMaJu K IIJIoIagKaM S - CJ'Iy‘-I&fIHbIG €OUHHUYHEIE BEKTOPEI C IIJIOTHOCTBIO
pacnpenenenus p(x) (masi TakoW MOOETH B3BOJTHOBAHHOUW MOBEPXHOCTH B COOTBETCTBYIOIIEH JTHMTEpaType
yTBEPXKIEHO Has3BaHWe «(daleTHass MOAeNb». B3amMopelcTBHE CBeTa C BEIIeCTBOM OIPEeNessieTCs 3afaHueM
Koa(pduimenToB ocnabmeHUsT W pacCesHUsI, a TakKKe HHOWKATPUCHI paccesHusi. B manHON paboTe Kak pa3l
KCCJIeN0BaJIOCh BJIMSIHME BHIOPAHHOM MHOWKATPUCH HA pacIpefesieHue II0 BPEMEHU WHTEHCHUBHOCTU U3JIy4EHUS
(1)I/IKCI/Ip0BaHH01"O B IEeTEeKTOope. Takxke HHTepeC IIpencTaBiId]l BOIIPOC BEJIMYHWHEBEI BIIMAHHNSA CKOPOCTH BETPa Ha
pacupenesieHre UHTEHCUBHOCTY U3JIYUYEHUS IIPU KOHKPETHOM [JINHE BOJIHHI.

Pe3ynbTaThl MOOENIMPOBAHUS IIOKA3aldd, YTO CKOPOCTh BeTpa OJWHAKOBO CHUIIPHO BIIMSET Ha pe3ylabTaT BHE
3aBHCUMOCTH OT MHOUKATPHUCHL. IIpefcTaBieHbl rpad®uKu 3aBUCUMOCTH OIS PA3HEIX CKOPOCTeH BeTpa. Kpome Toro,
caMO pacmpefejieHMe HHTEHCUBHOCTHU II0 BPEeMEHM TakiKe cJiabo 3aBUCHUT OT HHAOMKATpPuch. [IpencraBieHE!
rpaduKu 3aBHCHMOCTH pacIpefesieHusT WHTEHCHBHOCTH IIPW PA3MUYHBIX [JIMHAX BOJH [/ Pa3HBIX CKOPOCTeH
BETpa, AJIsI CHUHETO, 3eJIeHOro, (UOJIeTOBOTO OOJjiacTed creKTpa. lIpenmoyTeHue, BO3MOXKHO, CJIEOyeT OTHaBaTh
OJIMHaM BOJIH ¢ Oonee rinagkoi GyHKIHeH pacipeneneHus.

Pa6oTa BRITIONTHEHA B paMKax rocygapcTBeHHOTo 3amanus MBMuMI' CO PAH (mpoekT FWNM-2025-0002).
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HccnegoBaHue B3aMMOCBSI3H JIECHBIX IMTOKapoOB U rpo3 B CHOHPH IO JaHHBIM
OHUCTAHIIHOHHBIX HaO/II0IeHUH

1 1

Oner A. Tommuu~ , Bnagumup C. ConoBreB™ , JleHa [I. TapaGyKI/IHa1

1 HHCTUTYT KOcMODH3nYeCKUX ucciemnoBanuil u asponomun uM. 10.T'. Illadepa CuGUPCKOTO OTHOENIEHUS
Poccuiickolt akageMun Hayk

tomshinoa@gmail.com

[MpupopHble TOXaphl WUTPalOT BaXKHYIO PONb B TiIobambHOM yriaepogHOM LuKie. HaGmiomaeMoe B MOCHemHUE
IeCATUIeTUs NMOTeNJIeHne KIuMaTa BeOEeT K HapylleHUI0 eCTeCTBEHHON YaCTOTHI IPUPOLHLIX 10KapoB. OOHUM U3
OCHOBHBIX UCTOYHUKOB BO3TOPAHUS Ha OOIIMPHHIX, TPYAHOMOCTYIIHLIX TePPUTOPUSIX CUOUPU SBASIOTCS TPO30OBHIE
pa3pansl. OXupaeTcs, YTO IOTeIJIeHWe KIUMaTa MOXKeT IIPUBECTH K POCTY I'PO30BOM aKTHMBHOCTHU Ha BBICOKUX
mIMpoTax CeBEepHOTro TOJIyIlIapus. TTonuMmaHue B3aMMOCBsI3el Mexnay TPO30BOM aKTUBHOCTBIO,
METEOPOJIOTUUYECKUMHU YCJIOBUSAMH M NPUPOOHBIMU IIOXKapaMHU SBISETCS aKTyaJIbHOM 3ajadeidl B YCIIOBUSX
MEHSIOIErocs: KiauMaTta. B paboTe mpoBeméH MpeaBapUTESIbHEIN aHAIN3 METEOYCIOBUIN BO BPEMSsI BO3HHKHOBEHUS
MTPUPOMHLIX TOXKAPOB OT T'po3 B CubupH IO HJaHHBIM AMCTAHIIMOHHOTO 30HOWPOBaHUS M peaHanu3a ERAS5-Land.
Hawubomnblllee KOMTUYECTBO HAYaIbHBIX TOYEK BO3TOPAHWIN HPUPOMHBIX IT02KApPOB, aCCOIMMPOBAHHEIX C TPO30BHIMHU
paspsgaMu 3a paccMmaTpuBaeMbiii mepuon (2009-2024 rr.), HabmomaeTcs B IIEHTpPe M Ha BOCTOKe Cubupu.
MeTeoycyioBUs B IeHb PEruCTPaAllM BO3TOPAHUM OTIUYAIOTCS AJIS ITOXKAPOB, BOSHUKIINX B AeHb yOapa MOIHUU U
IJIS T102KapOB, BO3HUKIIUX C 3alepxkKKoi B 1-5 mHeill mocie ymapa MonHuu. CpefHee KOIUYECTBO OCAZKOB B INEHb
yoapa MOJIHMM [JIi T0XKapoB, BO3HUKIIUX cpa3dy coctaBuno 0,35 MM/meHb, B TO BpeMs KaK [OJid II03KapoB,
BO3HUKIIUX C 3aepkKoH - 0,52 MMm/meHb. CpenHue 3HaueHUs OeduitiTa gaBleHUs HACHILIEHHOTO ITapa COCTaBUJIN
1,17 rIla pns moxkapoB, BO3HMKIUX cpaldy, ¥ 1,01 rlla pgna moxXkapoB, BO3HUKIINX C 3aAepPXKKOU. 3HaUYeHUS
MTPU3EMHON TeMIlepaTyphl BO3AyXa A/ BO3HUKIIUX CPa3y IOXKapoB B cpemHeM cocTaBunu 21,5 °C, st moxkapos,
BO3HUKIIMUX C 3agepxkkoi, 20,7 °C.

HMccinegoBaHHe IIPOBEIEHO MPH MOAdepPXKKe:

1. "MuHUCTEPCTBO HAyKHU U BhICIIero obpa3oBanusi PO u Cubupckoe orgenenue PAH", rpanTt 122011700172-2
2. "MUHHCTEPCTBO HayKHU U BhICIIero oopasoBanusi PO u Cubupckoe ormenenue PAH", rpauT 122011700182-1
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O 3HAYUMOCTH IIPOCTPAHCTBEHHBIX H CIIEKTPAJIBHBIX IIPU3HAKOB B 3ada4e
PaCllIO3HaBaHHA 00;1aK0B Ha CIIYTHHKOBBIX H306pa}KeHHﬂX

Anexcangp C. Munkun!

1 UHcTuTyT npukinagHod MmateMaTuku uM. M. B. Kenpritiia Poccuiickoit akagemMuu HayK

amink@mail.ru

T'unepcnekTpanbHble M300paXKeHUsT IPENCTaBIISAIOT CO00M HaOOPH HaHHBIX, OOBIYHO ITOJIy4aeMEIX CO CIIYTHUKOB,
CIOCOOHBIX (UKCHUPOBATh CBETOBBIE CHEKTPHl B MHOTOYHCJIEHHBIX VY3KHX OUANa30HaX, dYTO TIIOBHIIIAET
nH(POPMATHUBHOCTh B CPDABHEHUHU CO CTAHAAPTHLIMU LIBETHHIMU M300pakeHUAMHU. [J151 aHaIK3a TUIIEPCIEKTPaIbHbIX
n300paxkeHuni, B YaCTHOCTH, B 3aJaue paclio3HaBaHUSA O0OIAaKOB, MIMPOKO MPUMEHSIOTCS MOOENINM Ha OCHOBe
HeWpoceTel U MAIIUHHOTO 00yuyeHuss. HeCMOTPST Ha BLHICOKYIO TOYHOCTD KJIaCCU(DHUKAIINY, MHOTHE U3 9TUX MOOeNeH
OOCTATOYHO CJIOKHBI B HHTEpIpeTanuu. B OONIbIIMHCTBE CjIy4aeB 3TO 3aTPyOHSET aHAIM3 pPe3yJIbTaTOB UX
MIPUMEHEeHUs, YTO [ejlaeT aKTyaJbHBIM CO3HaHHe ajJilrOPUTMOB OTOOpa 3HAUMMEBIX IIPHU3HAKOB C MCIIONb30BAHUEM
00BSICHUMEIX MOZEeJIel MalllHHHOTO 00y4YeHHUs.

Bonbio#t o6beM MCXOOHBIX HAHHBIX B THUIEPCIEKTPAIbHBIX M300paXKeHUSX COYETAEeTCS C KOPPEJSAIUIMU I10
COCEOHUM CHEeKTpaJIbHBIM JTUHUSIM, YTO HejlaeT HeoOXOOUMEBIM IIpoBeleHHe mopmbopa Hauboree MHOOPMATUBHBIX
IpU3HaAKOB. B maHHO#N paboTe IpemjiokKeH MeTOon OoTOOpa MPH3HAKOB HA OCHOBE aJTOPHUTMa KiIacCUPUKAIIMK B
COYeTaHWU C CYIIECTBYIOIIeH pPa3METKOW WCXOOHBIX CIIyTHHUKOBBIX HM300paXKeHW#, MNOJYYeHHHIX C CeHcopa
HYPERION. OmneHkKa 3HAaYMMOCTH BBIE€JIEHHHIX IIPH3HAKOB IIPOM3BOAMIACE C TOYKH 3PEHUS KadeCTBa
pacmo3HaBaHus 00IAKOB [IJis BEIOPAHHBIX KaTeTOPHN CHHUMKOB C MCIIOIE30BAaHHEM alrOpuTMa HUTEePaAIioOHHOTO
UCKTIOYEHUS TPYNI IIPU3HAKOB C BLICOKOU Koppensuuei. O6yueHre UTOTOBOro KnaccuduKaTopa MPOBOOUIIOCH 10
3HAYMMBIM CIIEKTPAJIbHBIM KaHajlaM W ITPOM3BOOHLIM MNpPHU3HAKaM [JII TPEX THUIIOB IIOBEPXHOCTEHW (OKeaH,
pPacTUTENbHOCTh, YPOAHU3UPOBaHHAS TePPUTOPHUs). [T paclmo3HaBaHUS CIJIONIHOM M YaCTHUYHOM OOIaYHOCTH IO
BRIOpPAHHBIM CIIEKTpPaJbHBIM KaHallaM IIpe[jiokKeHa MOMellb Ha OCHOBe HEHpPOHHOHW ceTu, paboTa KOTOPOH
IIpoaHaIu3upPOBaHa C YYETOM BIUSHUS IPOCTPAHCTBEHHBIX IIPU3HAKOB Ha PEe3YJIbTaT PAaclO3HaBaHUS 00JIaKOB.
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BoccTraHOoB/IeHHEe MapaMeTpPoOB aTMOC(GepHOro a3po30Jisi IPH MoMouiu npudéopa ODS
(Optical Depth Sensor)

Baagumup C. XOpKKHl , AmnnHa A. <I>e1:[opOBa1 , HOpuu C. ,]106poneHCKI/II711 , Hnbs A. ,'E[3I06aH1 , Hwuxkwura A.

BsI30BETCKHIA! , Anppeti 1O. Tutos! , Omer U. KopaGHeB1

1 WHCTUTYT KOCMHUYECKUX UCCIlefoBaHuM Poccuiickol akageMuu HayK

vs_khorkin@mail.ru

ITpu6op ODS (Optical Depth Sensor) 6ri1 paspaGoran B UKW PAH pmnsa muccuu dx3oMapc-2022. [TaHHBIE TpuGOD
BXOOUJI B COCTAB METEOKOMIIJIEKCA MOCAOOYHOH IIaTGOPMEl ¥ IPegHAa3HAvalICsa OIS OJIUTEIbHOTrO HabGIIogeHus 3a
cocTosHueM aTtMmocdephl Mapca U B3BEIIEHHOTO B HeW aspo3ond. IIpubop ODS mo3BosisieT oOIpenenuTh
CpefHeCyTOYHOe 3HaudeHHe adpPO30JIbHOM ONTHYECKOU TONIIMHBL, a TakKXkKe IapaMeTpoB paclpefeleHUs YacTHI]
aspo30Jia IO pa3MepaM. B ciydae MapCcuaHCKOM aTMOC(hephl aspo30jib UMeeT BaXHOe 3HadeHWe OJIs KjIuMarTa
IUIaHEeTEL - OH U3MeHseT pagUuallMoOHHHINM 0OajaHC, pacceuBasl COJIHEYHOe U3JIydeHue, TaKkKe YacCTHUILEH
aTMOChHEPHOT0 ad3p030Jis ABJIAIOTCA AOpaMu KOHOEeHCaluM, YTO BJIMSET Ha IUKJIEL BOOLI U CO2 JbOa B aTMocdepe.
Ocax[gasich Ha IIOBEPXHOCTH IIJIAHETH], a3p030Jib MeHseT ee anbbeno, 4TO HaubOoIbIIUM 00pa30M CKa3bIBaeTCs B
TMONSAPHBIX 06acTsax Mapca [Haberle R., etal, 2017]. IlosToMy [mOnuTenbHOe HAOMIOJEHHE 3a COCTOSTHHEM
MapCUaHCKOM aTMOCGEpPH U €€ TMHAMUKOM SIBJISIETCS aKTyaJIbHOM U Ba’KHOU 3afaden.

B Hacrosimee BpeMs, MOCJie OTMeHHB Muccuu OIk3oMapc-2022, nmpubop ODS wucnomb3lyeTrcss Ojig MTPOBENEHUS
U3MEepEeHUN B YCJIOBUSIX 3eMHON aTMocdepbl. OCHOBHBIM NPUHIIUIIOM paboThl mpubopa SBJISETCS U3MEpeHUe B
TedeHNe OHS BeJIMYKHEL IIPSIMOI0 COJIHEYHOTO U3IyYeHUs M paccessHHOro atmocdepoit [Xopkun B.C., u gp., 2023].
B paboTte paccMoTpeHa KOHCTPYKIIUSI U OCHOBHEIE XapaKTepPUCTUKM Ipubopa, KOTOphle IIO3BOJISIOTCA B pa3HOe
BpeMs CYTOK H3MePSITh KaK paccessHHOe aTtMocdepoil uanydeHHe, TaK M CyYyMMY pacCesSHHOTO U IIPSIMOTO0
COJIHEYHOTr0 wu3nydeHus. CpemHECYyTOUYHOe 3HadeHHe AadpO30JIbHOU ONITHYECKOM TOJIIUHEL T aTMocdephl

orpepmesisieTCs B ABYX CIIEKTPabHBEIX KaHallax - cuHeM (A = 320-500 uM) u kpacHoM (A = 700-1050 aM). ITogpob6HO
aHAIU3UPYETCS MEeTOOWKa 00pabOTKM [aHHBIX NIPHU IIOMOIIM CO3OAHHOM MOMEIH, KOTOpas OIMCHIBAET CBOMCTBA
atMochepsl B npubnuKeHUU IceBoocheprdeckoit reoMeTpuu. PacyeThl BeIMUYMHBI PACCESIHHOTO U3JIy4YEeHUs
TTPOBOOUIUCE METOAOM ChepuuecKUX TapMOHMK M OUCKPETHHIX OpAUHAT C Yy4eTOM MHOTOKPATHOTO pacCesHUs Ipu
nomortnu nporpammel Shdom [Evans, 2007]. B xome pacyeToOB YYHUTHIBAJIOCH a3P0O30JIbHOE OCJiabjieHue, PIIeeBCKOe
paccessHue, a TaKxKe Tra3oBoe TMOorjoleHue aTtMochepnl. Hcronb3lys IepedurcieHHbIe MeXaHU3MBl OcCiablieHus
U3JTy4YeHusT B aTMocdepe IJIaHeTH, MOMEINPOBAJICS BEIXOOHOM cUTHAJ ¢ mpubopa ODS myist pasiIuYHBIX COCTOSTHUMN
atMocheprl. PaccuuTaHHBIE 3HAYEHUS WUCIOIL30BAIUCh MO 00pabOTKM pPe3yIbTaTOB HA3EMHBIX II0JIEBBIX
usmepenu#t, npopogusmuxcsa B UKV PAH B 2022-2024 rr., yOaJeHHOTI 0 ONpenesieHus IOJI0XKeHus npubopa B xome
U3MepeHUl, BOCCTAHOBJIEHUS adpO30JIbHOM OITHUYECKOM TOJIIUHE U IIapaMeTpPOB paclpenesieHus a’spo30Jii IO
pasMepaM. Ha paHHOM 9JTame [OOJy4YeHO XOpoIlee COBIaOeHUEe TEeOPEeTUYECKUX U SKCIepUMeHTalbHEIX
3aBHCUMOCTEH, YTO II03BOJISIET BOCCTAHOBUTD @a3P0O30JIbHYIO O TUUYECKYIO TOJIINHY aTMOoChepHl T ¢ TOUHOCThIO 0.05.

Karuesvle ca08a: a3p030JibHAas ONITUYECKas TOJIINHA, ad9P030Jib, IIoTJoleHue, paccessare, SHDOM.

JIlumepamypa:

1. Haberle R., Clancy R., Forget F., Smith M., Zurek R., The Atmosphere and Climate of Mars. Cambridge:
Cambridge Univ. Press, 2017. 588 p.

2. XopkuH B. C., ®emoposa A. A., Jobponerckuii }0. C., Kopabnes O.H., Bsa3oBetrckuii H.A., [I3106an N.A.,
Canrup A.T'., TutoB A.1O., Tonemo [I., ITompo 2K.-I1., Parny I1., TIpubop ODS muccuu «3k30Mapc-2022»:
MO[eJINPpOBaHUE U Ha3eMHEIe II0JIeBble u3MepeHus // ACcTpoH. BecTH.: Uccnen. ConHeuyHnou cuctemsl. 2023. T.
57.Ne 4. C. 307-318. doi: 10.31857/S0320930X23040059.

3. K.F. Evans, Journal of the Atmospheric sciences-special section, p.3854-3864, 2007,
doi: 10.1175/2006JAS2047.1
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OMIuUpHUYecKasi MOJe/Ib ONITHYECKOH TOIIMIHHBI CTPAaTOC(GhEepPHOro a’po30Jis M0 JaHHBIM
JIMIAPHBIX H3MepeHHH B r. O0HuHCK ¢ 2012 mo 2023 rr

Brnagumup A. Kopmyno:.%1

1 ®I'BY HIIO «Taitdyn» , Poccus

korshunov@rpatyphoon.ru

OCHOBHBIM MCTOYHMKOM CepPH B cTpaTochepe SBASIOTCS BYJIKAaHWYECKHUE BHIOPOCH! 802. [Ipu u3BepXKeHUAX
B3PBIBHOI'O THUIA OHM IIPOUCXOOST HENOCPENCTBEHHO B cTpaTtocdepy. OmpeneneHHBIN BKIIang HAIOT W Opyrue
UCTOYHUKU AHTPOIOTE€HHOTO U HIPUPOTHOTO IPOMCXOKOEHMS, IPOOYKTH KOTOPBIX IIOCTyIalOT B cTpaTocdhepy B
pe3ynbTaTe BepTUKanbHOM muddy3uu u TpomocdepHo-cTpaTochepHOro oOMeHa. KOHEYHBEIM MPOOYKTOM
XUMHWYEeCKOU TpaHchopMauu CoeguHEHWH Cephl SBISETCS CepHas KHCJIOoTa, NIPU KOHIOEeHCAluWu KOTOPOH B
IIPUCYTCTBUU BOOSHOTO ITapa 06pa3yeTcss CEPHOKUCIIOTHHIM a3p030JIkb.

B HIIO «Taiipyu» (r . OO6HMHCK, 55.12 c.m., 36.6° B.m) ¢ 2012 r. TPOBOASATCS JNUOAPHBIE HU3MEPEHUS
cTpaTochepHOro aspo3ossi. CpenHsis ONTHYEeCKas TOJNIIMHHA cTpaTocdepHOoro aspo3oisa 3a nepuom ¢ 2012 mo 2023
rr. B cinoe oT 13 mo 30 kM cocraBuna 0.010 . B mokiage IPOBOOUTCS COIOCTaBIEeHUE JUIOAPHBEIX W3MepPeHuu
OIITUYECKOM TOJIIIUHBEI C UMEIOIIUMCS B JTUTEPAType [MOaHHBIMM O IMOCTYIJIEHUU SO2 (unmu cepsl) B cTpatocdepy.
ITpemBapuTeNIbHLIN aHAIK3 IT0KA3aJll, YTO HabJIIomaeTcs monoore BpeMeHHOT0 X00a CPeIHer0fOBLIX 3HAUeHUH Ts(ti)
U cogepKaHUs CEePH F(ti) B cTpaTochepHOM a3po30Jie, CBI3aHHOTO C U3BEPXKEHUSIMYU BYJIKAHOB B3PEIBHOTO THUIIA (tl.
- HoMep roga). [I71s1 TOCTPOEHUST MOAEesIN IPUHUMAETCS, YTO BeJIMUNHA F(ti)= 0.46[QT (ti -1) + QT (ti -2)exp(-1) + Q
T(ti -3)exp(-2) +... QC (ti) + QC(ti -exp(-1) + QC(ti -2)exp(-2)+...], roe QT’ QC -TPOIINYECKUEe QT u
CpeIHeIINPOTHEIE QC CpemHeromoBble 3MUCCHUM BYJTKAHOB B3PHIBHOTO THUITA, B3SThIE C BPEMEHHBIM cOBUTOM A=1
IOJI U3BEPKEHUM TPONMYECKOro mnosica u A =0 s cpemgHeIlInPOTHHIX U3BepKeHuul. [laHHBIE 10 QT’ QC B3SITHL U3
pabort [Carn et al., J. ofVolc. and Geoth. Res., 311, 99-134; Schallocket al., Atmos. Chem. Phys., 23, 1169-1207], a
Takxke c caiita HACA [https://so2.gsfc.nasa.gov/measures.html]. Jlamee paccMOTpeHO ypaBHEHUE ITUHENHOU

perpeccuu Tg (ti) = K1 F(ti)+ KZ‘ IIpu stom m3amepenus: 2012-2023 rr. HOMOTHEHH HaHHEIMU PAHHUX U3MEPEHUH
Ha OOGHUHCKOM NMUOapHOM CTAHIIUM IIOCJIe U3BepKeHUus BynkaHa [lunaTty6o B 1991 r. Cpenuss 3a 1992 r. BenuduHa

T, coctaBuia 0.14 + 0.01. Ons QT Ha OCHOBE MMEIOUINXCS JINTEPaTyPHBIX OaHHEIX IpuHATa BenuynHa 21300 KT. B

S
pe3ynbTaTe IOJy4YeHHl 3HaUeHUs KO03(pPUIIMEeHTOB K1=1.38 x 107 (Kt cepm)'1 u K2 =0.0038. BenuuuHa K2

npencraBiidieT coboit (I)OHOBOG 3HaueHHe T, Hag r. OOHMHCK, He CBsSI3aHHOE C BYJIKAHUYECKUMHU HU3BEPXKEHUAMU

S

B3PBIBHOI'O THIIA. COOTBETCTBEHHO, O cpenHeﬁ BEJIMYHWHBL T OTHOCHILIEUCS K B3PEIBHBEIMHU BYJIKAHUYECKUM

u3BepKeHUAM, nonydaercsa 3HadeHue 0.01-0.0038=0.0062. °
s naTepupeTanuy (poHOBOTO 3HAYEHUS Tg MPOBEJIeH y4eT BKJIafa anbTePHATUBHBIX TpPonoCchEePHLIX UCTOUHUKOB
B cofepKaHWe CEPHl B CTpaTOChepHOM a’spo30jie, K YUCIIy KOTOPHIX OTHOCSTCS Oerasupylollyie BYJIKaHBI U HHBIE
IPUPOJHEIE U AHTPONIOTeHHBEle UCTOYHUKU. [lo mamHBEIM [Brodowsky et al., Atm. Chem. Phys., 24, 5513-5548]
€XEeTroOHBIM BKJIAl 3TUX HCTOYHUKOB B CpeOHEM 3a Ipenbiayllyio Aaekamy coctaBun 156 Kt. Ilpu ydere sTou
I00aBKHU B F(ti) K03pGUIUEHT K1 HEe MEeHSeTCs, a KO3hOUIUEeHT K2 yMeHbIIaeTcs Ha BenuduHy 1.38 x 10 x156 =
0.0022. Benuuura 0.0022 otHOCHMTCE K (POHOBOMY CEPHOKHCIIOTHOMY a3pO30JiI0, He CBSI3aHHOMY C
BYJIKAHUYECKMMHU M3BEPKEHUSIMU B3pHIBHOTO Tuma. OctatouHasa pa3Huna 0.0038 - 0.0022=0.0016 cooTBeTCTByET
a5po30JII0 He CEPHOKMCJIOTHOTO THIIA, NPUCYTCTByloWleMy B cTpaTocdepe. IIpexkpe Bcero, 3TO a’po30Jib
IIPUPOOHLIX II0KAPOB U METEOPHHIM a’po30iib. IloJydYeHO YIOBIETBOPUTEILHOE COOTBETCTBHE IIPelIOXKeHHOM!
MOMENN C He3aBUCUMBIMHU HAaHHBIMU, YTO IIO3BOJIIET PACIIPOCTPAHUTH OTydYeHHBIE OLIEHKH B I1eJIOM Ha MIUPOTHYIO
3oy 50-602 c.m1.
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Pe3ynbTarhl n3Mepenud CO B IPH3EeMHOM CjIoe U B Tojiaie atMmocdepsl Ha cT. OOHHHCK B
2015 - 2024 rrT.

Koncranrun H. BKmepaTPlHl , Bmagumup I1. YcturoB, Apcenunisi B. lllunkuna

1 HITO "Taitdyn"

kvisher@rpatyphoon.ru

HemocpenctBenuoe BinusHue CO Ha MapHUKOBHIN 3(Q(eKT 3a cYeT MOTJIOMIEHUS COTHEYHOTO M3My4YeHUs B OKHE
Ipo3pavyHoCTH aTMocdepsl 3-5 MKM HEe3HaAuUUTEeIbHO, OOHAKO 3a CYEeT peakIUi C pafuKaJoM THOPOKCHUIIa OKMHCH
yriepoja KOCBEHHO BIHSIeT Ha COIOepzKaHue BTOPOro o 3hGeKTUBHOCTU IIapHUKOBOIO rasa - MeTaHa. JTO, a
TaKyKe TOKCUYHOCTBL 00yCTaBIUBAIOT aKTyaIbHOCTh KOHTPOJS 3a comepxkanueM CO B aTMocdepHl.

B poknapme pacCMOTpeHB METOOUKA M Pe3ynbTaThl u3Mepenuit CO B MpU3EeMHOM CJI0€ M TOJIIe aTMocdepsl Haf CT.
O6HuHCK B 2015 - 2025 IT. CIEKTPOCKONIUYECKUM KOMIIJIEKCOM CpemHero paspemenus MP-32. B mpuseMHOM cioe
usaMepeHus kKoHieHTpanmuu CO mpoBomsaTcs B mpoOax Bo3oyxa B MHOTOXOMOBOM KIOBETE C [IMHOM OIMTHYECKOTO
oyt okoino 30 M. OCHOBHBIE MeMIAOIIHE Ta3bl HZO u NZO‘ KoumenTtpanus CO Haxomulach B XOIe

TI0CJIEOBATENbHOM UTEPAIIUU - COIIOCTABIeHUS U3MEPEHHOT0 C pa3pemieHueM 0.12 em! CIIEKTPA B CIEKTPaJIbHBIX

uHTepBanax 2164-2181 u 2144.5-2149 emly pacuetoB o HITRAN-2020.

O6wee comepzxkanue CO B Tole aTMochepsl OMPEnesisiIioch B CIIEKTPaIbHLIX HHTepBanax 2155-2160 u 2126-2132

cM'}, Ifle OCHOBHBIME MELIAIIIMMY Ta3aMé SIBJISIOTCS NZO’ HZO u 03. O6paTHas 3apmada omnpepenenus CO B

ctosibe aTMochepHI pelllanachk C UCIIOMb30BaHUEM ITakeTa nmporpamMm SFIT4.

MaxkcuMarnbHEle 3HaYeHUS IOPU3EeMHOU KOHIleHTpauuu, HabmiomaeMble Ha cT. OOHMHCK B 3UMHUM Ilepuon, B
TeueHme 2015 - 2024 rr. IOCTENIEHHO yMEHbIIANUCh. BMecTe ¢ TeM, MUHUMAJIbHEIE BEINYNHE], XapaKTePHEIE I
neta, B mepuon 2021 - 2023 rr. Beipocnu mpuMepHo Ha 20 ppb, uTo 00yCOBMIO B ILIEIOM 3a BEeCh MHEPHO[
HaOTIOIeHUH TTOJIOKUTEBHBIN, HO HE3HAYUMEIM TPEH].

Pe3ynbeTaTel u3MepeHud mpubopoM MP-32 COIOCTaBIEHHI CO CIIYTHUKOBHIMU U3MEPEHUSIMHU OOIIETO CONEepKaHUST U
BEPTUKAILHBEIX TIpoduied okucu yriepopa opoutansabiMu KomiiekcaMu MOPITT u AIRS. CiyTHUKOBEIE HaHHBIE
YCPEOHSIIUCh OTHOCUTENBHO CT. OOHMHCK IO ITPOCTPaHCTBY B o6mactu 34°x38° Eu 53°%x57 N.

Cpepnue npuseMmHble KoHIeHTpanuu CO 3a mepuop ¢ 2015 mo 2024 rr. mo maHHeiM MP-32 u AIRS (cmoit 925 -
1000 rlla ) paBubl 158 = 47 ppb u 136 + 22 ppb.

U3mepenus obmero comepxkauusi CO npubopom MP-32 Xopoio corjacylTCs CO CIYTHUKOBEIMU

nauaeiMu MOPITT c R%=0.8. Cpepnnue 3HaueHus OC_CO B nipeferiax MOTPENIHOCTH COBIIafaloT ¥ paBHE (2.1 + 0.2)

1018 monek/cm?, IIPX 3TOM HEeOOJIbIINE TPEHIH HE3HAYNMEL.

TpeHner 00bEMHEBIX KOHITeHTPaIui xCO 1 CrieKTpajbHLIM cocTaB Kojiebauuil mo maHHeIM AIRS 1 MOPITT ¢ BeICOTOM

3HauUMTEenbHO MeHst0TCcsI. Ha BricoTax 200 - 300 rlla ¢aza MakcuMyMa TOIOBOM TapMOHUKM COBUTAETCS C (eBpas-
MapTa Ha aBrycT. CiefgyeT OTMETUTh 3HauuTenbHBIN pocT XCO Ha ypoBHIXx 50-300 rlla B neTHuil nepuopn B 2021 -
2024 rr. Ecnmu gna moBepxHocTed 925 m 1000 rlla Tpenpwsl AIRSorpunatensubl (-1.3 u -1.8 ppb/rom), To Ha
noBepxHOCTAX 50 - 200 rIla Tpenasl xCO 3a 2015-2024 rr. nonoxkurtenbHel (0T 0.08 mo 0.35 ppb/rom). CmeHa 3HakKa
TpeHma npoucxomuT BOIu3u 200 - 300 rlla.

Karwuesble caoea: okucs yeaepoda CO, npusemMHble KOHUeHmpauuu, obujee codepicaHue, 8biCOMHble Npopuiu,
cneKkmpasibHblU U 8el8/1€eMHbll aHaaAu3, CNymHUKo8as uHopmauyus
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O1neHKa MPOCTPAaHCTBEHHOI O Pacipeae/IeHUs MOTeHITHAIbHBIX HCTOYHHKOB
aTMoCc(pepHOro a3po30Jisi Ha OCHOBe ()OTOMETPHUYECKHX H3MepeHun Ha CpegneMm Ypase

1

Amnna II. Jlyxkenkasi~ , Exkarepuna C. HaFOBI/ILIbIHal’z

, Bacumnui A. HonuyGHHﬁl , Amnekcanmgp A. KapaceBl'2
1 WHCTUTYT IPOMBILIZIEHHOU 9KOJIOTHU Y PanbCKOT0 OTHeeHUsa PoCcCUICKOM aKajeMUU HayK
2 Vpanbckuil pemepanbHBIN YHUBEPCUTET UMeHHU nepBoro IIpe3upmenta Poccun B.H. Ensnuna

luzhanka@mail.ru

ATMochepHEI adp030Jib OTIUYAETCS BHICOKON BPEMEHHOM M MPOCTPAHCTBEHHOW M3MEHUYMBOCTHIO, CYILIECTBEHHO
BIMsSIET Ha OPOIeCCH 00pa30BaHusA 00IaKOB, OCAOKOB ¥ PAAUAllMOHHBIN TemmooOMeH. Pa3HooOpa3ne MCTOYHUKOB
aspo30jiell ¥ WX HEraTUBHOE BIHsHHE Ha 300POBbe 00YCIIOBIHMBAIOT HEOOXOOMMMOCTL HETAJbHOI0 HM3YUYEHHsS WX
pacupegesieHus: B atMmocdepe.

Ilens HacTosIled pabOTH - HUOEHTHGUIIMPOBATH OCHOBHHIE TeorpaduuecKre PEerHOHLI-MCTOYHUKU Pa3TUUHBIX
KJIaCCOB a’3po30JIel Ha OCHOBE CIIEeKTPaJbHBIX U3MEPEHUN a’3pOo30JIbHOM omnTudeckor Tommm (AOT),
nmpoBoguBIIHXCsA Ha CpemHeM VYpane B paMkKax TJI00alIbHOTO aspo3oibHOTo MoHuTOpuHra AERONET (
https://aeronet.gsfc.nasa.qgov/).

II71sT OLIeHKM TOJIed MCTOYHUKOB aTMOCGHEPHBIX IpUMeced npuMeHsncsa meton JI. D100, KOTOPHIA OCHOBLIBAETCS Ha
HaxoXpAeHuU QYHKIUM IMOTEHIMANbHOTO BKnaga uctouyHuka (Potential Source Contribution Function, PSCF),
CBSI3BIBAIOIIEN PE3yJIbTaTH MH3MEPEHWN C OOpaTHBIMH TPAEKTOPUSMHM BO3QYIIHBEIX IIOTOKOB, YTO IIO3BOJISIET
UAeHTUDUITMPOBATh PErMOHBI PACIIOIOKEHUS BEPOSITHHIX UCTOYHUKOB a3pP030JIs.

l'eorpadrueckass o6acTh Aenuach CETKOM Ha siUueiKu Cc mHAeKcamu (i,j), rme i u j HyMepyloT reorpadudeckue
KOOpPOUHATEI— JOJITOTY U IIUPOTY IIeHTPa BHIOEIEHHOU SUYEeNKU.

®yukuusa PSCF oneHuBaeT BepOATHOCTEL TOI'O, UTO BO3AYIIHLIE IIOTOKYU, IPOXOLANINe depe3 KOHKPETHYIO SUYeUKy
CeTKU, HeCyT OIpemeNleHHBIUW Kiacc aspo3onsda. PSCF pnsa ij-i a4elkm onpefesnseTcs KaK OTHOIIEHHWe 4YHCIa
TPaeKTOPUH, IPOXOAAIMINX Yepe3 3Ty SAYeUKy M OOCTaBIAIOIINX B TOUYKY MOHUTOPHUHTA ONpefeleHHBIM TUI YacCTHI]
(mij) K 00IIIeMy YUCITy TPAEeKTOPHUH, TPOXOOAIINX YEPE3 3Ty AUEUKY (nij)‘

Knaccudukaiiusa pervoHalbHBIX THUIIOB aspo30jied Oblfla BBEIIOJIHEHA METOMAOM K-CpemHUX Ha OCHOBE HU3MEPEHUH
cuekTtpanbHbix AQOT. B KauyecTBe HavalbHBIX IIEHTPOB KJIaCTEPOB 3afiaBajiuCh CIIEeKTPajbHble 3HAYEHUS
K09(hHUIIMEeHTOB OCjTabieHus U3JTyYeHUs, PaCCYUTAaHHbEIE HAa OCHOBE HAHHBIX PETHMOHAJIPHONW a3pPO30JIbHOM MOMEITn
MUrA wu rnobanbHo¥ w™Mopenu CALIPSO. Brino BhIIeNeHO TISITb TUIIOB aspo3oyed: meuib (Dust), YHCTHIM
kouTuHeHTanbHEIM (Clean Continental), 3arpsi3HéHHBI KOHTHHeHTambHBIN/OBIM (Polluted Continental/Smoke),
3arps3uénHas meiab (Polluted Dust), Beicokue guimbl (Elevated Smoke).

Brinu mpoaHanm3upoOBaHE JaHHBIE O IIEePEHOCe BO3AYIIHBIX MacCc Ha CpenHeM Ypajie K TOUKe C KOOPOMHATaMU
57.038 c.m., 59.545 B.n., moMydYeHHBIE C HCIOJIb30BaHHEM MporpaMMHOro obecmeueHusi momenu Hybrid Single-
Particle Lagrangian Integrated Trajectory (HYSPLIT) 3a mnepmom 2007-2020 rr. [ns pacuéta o0OpaTHBIX
TPaAaeKTOPUN UCIOJIL30BAJIMCh IIOJII METEOPOJIOTUYECKUX IapaMeTpoB CeBEpHOTO MONyLIapUs, IONy4YeHHBIE U3
apxuBa 6a3rl maHHBIX Global Data Assimilation System (GDAS1).

ITonydyeHHBIE pe3yJIbTaThl OEMOHCTPUPYIOT YETKYI0 IIPOCTPAHCTBEHHYIO [uddepeHIINanuio UCTOYHUKOB
aTMOoC(EepHEIX a’po30Jiel OJii HEeKOTOPHIX pPas3/IMYHBIX KiaccoB. Bricokue 3HauenHus PSCF (6onee 0.6) pns
a’po30el Kilacca BBICOKHE OLIMBI COCPEOOTOUYEHHl B paioHe 3amagHod Cubupu. ITO CBSI3aHO C MEPUOOUYECKUMHU
UHTEHCUBHBIMHM JIECHBIMM II0XKapaMM, KOTOPHIE BO3HMKAIOT B JaHHOM peruoHe. [ a3po30jiedl Kjacca IIbIb
MakcuMmanbHble 3HaYeHus: PSCF npeBnimaioT 0.8 U TOKanu3yOTCS B I0KHBIX PeTruMOHax, BKII0Uasi CTEIHBIE PaliOHbI
KasaxcTtana. 30ecb OCHOBHBIMU MCTOYHMKAMU SIBJISTIOTCS IPUPOOHBIE IIPOLIECCH - MBUIBHBEIE OYPU W 9PO3US IOYB.
IIna opyrux TUnoB aspo3osiel 3HadyeHus PSCF uuxe 0.5, 4TO He MMO3BOJISET OOHO3HAYHO BHIIEIUTH UX UCTOYHUKU
KakK 3HaYuMEbIe.

ABTOpEl BHIpaXKawT npulHaTenbHOCTE: M.B. Ilangenko, C.M. Cakepuny, C.A. BepecreBy, C.IO.Topza,
10.U. Mapkenosy, B. Holben, A. Smirnov 3a comelicTBre B IpoBedeHUU (HOTOMETPUUECKUX U3MEPEHUHN B IIYHKTE
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moHutopuHra AERONET, pacnonoxkenHoM Ha CpenHeM Ypare.

HccnemoBaHue BBHITIOTHEHO 3a cUeT cybcupuii MunoOpHayku P® Ha BhimoyiHeHHe HayuHoU TeMbl FUMN-2024-0004.
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CoBMecCTHBIE HAaO/TI0JeH)sI BapHallUH IapaMeTpPoB aTrMocdepsl HHTepdepoMeTpoM
®a6pu-Ilepo u UpKyTCKHM pagapoM HEKOIr€PETHOTIO PaCCesTHUST

HUnbsa K. EneMCKm‘fll , Powman B. Bacumnbesl , Amnekceu [I. ITenkos! , Makcum O. ApTaMOHOB1 , Cepreu C.

1 2 1 1

Ancatkua- , Yurynan H. EBceeB*, Banentusn Il. Jle6emneB” , Bukrop Il. TamnbikoB: , AHaTtonui B. TaH_II/IJ'II/IHl

1 Opzena TpymoBoro Kpacuoro 3HaMmeHu MHCTUTYT COMTHEUYHO-3eMHOM (pru3uku CUOUPCKOTO OTHEJIEHUS
Poccuiickoil akazeMuu HayK
2 HWHCTUTYT KOCMODHU3UUECKUX UCCIeNoBauui u aspoHomuu uM. F0.I'. llladepa CuOUPCKOTO OTHECIEHUS
Poccuiickol akageMun HaykK

ilya@iszf.irk.ru

PaboTa mocTpoeHa Ha HaOJIIOOEHUX, BEIIOTHEHHBIX B paMKaxX Hay4YHO-00pa30BaTeIbHOT0 HHTEHCHBa balKanbCKOM
MEeXIOYHApPOOHOM MIKOJBEI MOJOMBIX YUYEHBIX Mo (pyHmaMeHTanbHOU ¢u3uke B UpkyTcke ¢ 5 mo 10 ceuTsbpsa 2022
roma. Y4aCcTHUMKYM MHTEHCHUBA BHIIOHSANIN Pab0OThH Ha YHUKAJIBHBIX Hay4HBIX ycTaHOBKax MC3® CO PAH: MpkyTckui
pamap HekorepeHTHoro paccesuus (MPHP) u Onrtudeckue mnpubopbl HallMoOHAIBHOTO Telnoreod@u3mndecKoro
KoMmIiekca Poccuticko akagemuu Hayk (HTK PAH).

Ha cerogus, UPHP saBnsieTcs equHCTBEHHOM B Poccuu yCTaHOBKOM, IO3BOJISIONIEN OIpeNesisaTh IapaMeTphl BCel
TOJIIMY MOHOC(HEPH METOIOM HEKOIE€PEHTHOTOo paccesHus [1], B ToM 4ucie BOCCTAaHABIWBATH TAaKHE MapaMeTpPHI,
Kak MOHHAA U 3JIeKTPOHHas TeMnepatyphl Ti u Te, a TakKe 371eKTPOHHASA KOHIeHTpanus Ne [2].

Asponomuueckue uHTepdpepomerpoB ®abpu-Ilepo (UPII) Bxomsar B HI'K PAH u pacnonoxeHH Ha TepPPUTOPUU
l'eodusuueckou obcepBaTopuu MUC3® CO PAH (1. Topsl, Bypsitus) [3]. C ux mOMOIIbI0 TPOBOASATCS HaOIIOOeHUST
Pa3IMYHBIX XapaKTEPHUCTUK eCTECTBEHHOTO HOYHOT'0 CBeUeHUsI aTMOC(epHsl, B TOM YHCJIe - 3a CBeUeHHEeM KpaCHOU
nuHuU 630 HM, 4TO IIO3BOJISIET MIOIy4YaTh HaHHBIE 00 M3MEHEHUSIX TeMIepaTypH aTMocdepsl U CKOPOCTH BeTpa Ha
BBICOTE OKOJIO 260 KM.

Bo BpeMmsi HOuHBIX HabmomeHU B mepuomn 28 aBrycrta - 2 ceHTs0pss KoHueHTpauus Ne (mo MPHP) u kpacHoe
cBeuenne 1630 (mo H®II) mokazanm CXOXKHe Bapualluud. XapakTep OuHaAaMUKKH npodumein Ne I103BOIsSIET
TIPEeAIoJIOXUTh, YTO HOYHEIE 3HaYeHUs Ne oIpenensaoTcss MEPUAUOHAIFHLEIM BETPOM M BEPTUKAJIbHEIM II€PEHOCOM
HeUTpalbHOU KOMIOHEHTH. OLleHKY BepTHUKaNIbHOTO Opelida IIa3Mbl 1o Ae¥CTBUEM BeTpa B BepxHel aTMocdepe
MOZKHO IIOJIYYHUTb U3 YCJIOBUS CTAIlMOHAPHOCTU IIJIa3MHl IIOI AEeWCTBUEM CHUJIEl JIOpeHIla, 3JIeKTPUYEeCKOro IO U
CTOJIKHOBEHUMH C HEUTPAIbHLIMU YacTUIlaMM. Takasl OleHKa MoKa3aja, YTO HOYHOMW BepTUKAIbHBIN Apeid mma3Mbl
(7a ocHoBe maHHBIX U®II), XOpOIlIO KOPPENUPyeT C BepTUKAIbHON AMHAMHUKOMN moHOchepHOoi mna3Mel (mo VPHP),
yBenudeHUe HHTeHCHBHOCTH 1630 mpomcxomut omHOBpeMeHHO ¢ poctoM Ne okono 15 UT, korga CKOpPOCTH
BEpPTUKANbHOTO [peilida uMeeT MHUHUMAJIbHBIE 3HaueHHs. I[lo-BuguMmomy, pocT 1630 mpoucxomuT 3a CcUeT
YBETUUEHHUS YHUCIIa BO30YKAEHHBIX aTOMOB KHCJIOPOMa M3-3a MPUTOKA 3JIEKTPOHOB CBEPXY.

IIpoBegeHHOE HAMM YHCJIEHHOE MOMEMPOBAHUE MOKA3bIBAET, YTO ONPEdeIsionias peakiius BO30yKOeHUs aTOMOB
[O] HOuUbIO - 9TO AMCCOIIMAaTUBHAS PeKOMOMHAIMS, UHTEHCUBHOCTh KOTOPOM ompemnensieTcs Ne. Mi3aMeHeHue ducia
9JIEKTPOHOB Ha BHEICOTE ~250 KM, IO-BUOMMOMY, CBSI3aHO C OWHAMUKON HEUTPAJIbHOTO BETpa, B TOM YHUCIE C
WHTEHCUBHOCTBIO BEPTUKAJIBHOTO ITepeHoca. HabmomaeMoe siBjieHHUEe YKal3hlBaeT Ha BaXKHOCTH KOPPEKTHOTO ydeTa
HEeUTpaJlbHOTO BeTpa B 3aflayax MOIENIMPOBaHUS MOHOCOHEPH M, IIO-BUOUMOMY, YKa3blBaeT Ha HeOOXOOUMOCTH
BBEOEHUS MCIIOJIb30BAaHUS BEPTUKAJIBHOTO IepeHoca HeuTpasibHOM aTMocdeprl. [Toka3zaHHas cBsidb Ne u 1630 c
y4eTOM MOOMHUHUPYIOIIEH pPONMM €eOUHCTBEHHON peaknuum o00pa3oBaHUs BO30OYKOEHHBIX aTOMOB KHCIIOpPOda
(mucconMaTUBHOM pPEKOMOWHAIIMHM) MOXKET CIYyXKHTh OCHOBOM MJIsT KamuOpOBKM OITHUYECKUX NOPUOOPOB C
HUCIIOTh30BaHUEM panuoGpu3nYeCKUX U3MEPEHUN ITapaMeTPOB HOHOCHEDHI.

1. 2Kepebuos I'.A., u op. // PaguotexHuka u anekTpoHuka. 2002, 1. 47, Ne 11, c. 1339—1345.
2. Ancatkun C.C., u ap. // ConmHeuHo-3eMHas ¢pusuka. 2015, 1. 1, Ne 3, c. 28-36. DOI: 10.12737/11450

3. Bacunwes P.B., u np. // ConHeuHo-3eMHast pusuka. 2020, T. 6, Ne. 2, c. 105-122. DOI: 10.12737/szf-62202008
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HccnenoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "Muno6pHayku Poccuu", rpant Ne075-I'3/113569/278
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ApanTanusi aJITOPUTMOB [JISI CHCTEMBI PacCliO3HaBaHHUsI 00/IaYHOCTH I''Ty0OKOH
KoHBeKnnuu CMOTIK c y4€éToM JaHHBIX BBICOKOOpPOMTaNbHbIX MUC3 “ApkTHKa-M”

Aunpen E. Mumos! , Toprmau A. I/IpI/IHal

1 l'uoppoMeTeopoioruuyecKuil Hay4HO-HUCClIefoBaTenbCKul IeHTp Poccuiickoit ®egepanmu

shandruha@gmail.com

CoBpeMeHHbBIE KJIMMaTUYeCKHWEe MCCIIeIOBaHUSA CBUAETEJIbCTBYIOT O TOM, YTO IIOCJIEIHUE [OECATUJIETUS CTalu
CaMBIMK TEIUIBIMM 3a BCIO HMCTOPHUI0 MeTeoHabmiomeHnuit B CeBepHOM EBpa3uu. DTO, COOTBETCTBEHHO, BEIET K
TIOBBIIIEHUIO TIOBTOPSIEMOCTH U yBEJIMYEHMNI0 UHTEHCUBHOCTH IIPOIIECCOB aTMOC(hEPHOU KOHBEKIINY, IPUBOIAIIEN K
GopMUPOBAHUIO OHO- U MYJIbTU-TYENKOBBLIX KJIACTEPOB OMACHBIX KYy4YeBO-MOXKAEBHIX 00JIaKOB U ME30MacCIITaOHBIX
KOHBEKTUBHEIX cucTeM (MKC). MoIiiHble KOHBEKTHUBHBIE KJIACTEPH ¥ CUCTEMEI BEI3BIBAIOT 9KCTPEMAJIbHBIE SIBJIEHUS
oroAbl - UHTEHCUBHBIE T'DPO3BI, JTUBHU, KPYIIHBIM TI'pal, pa3pylIUTeJIbHbIE IITKBaAJIbI M CcMepyu. [IpOorHO3upyeMbIii
POCT IIOBTOPSIEMOCTH KOHBEKTUBHBIX HEOIAroNmpUSATHBIX SBJIEHUM [OejlaeT O0COOEHHO aKTyaldbHBIM pPa3BUTHE
9¢hHEeKTUBHEIX METOIOB MOHUTOPHMHTA 00JlauHOCTH TiIy6oKo¥ KoHBeKnuu (OI'K) C MCIIONIB30BAaHWEM CIIyTHHUKOBBIX
OaHHBIX [JIs BCel Tepputopuu PO, B TOM 4YuCIie W OJIT TEPPUTOPUHN C HEIJIOTHO 3acejieHHbIXx Cubupu u [JambHero
BocToka, THe oOrpaHWYeHHOE KOJIHWYECTBO PAAUOJIOKAIIMOHHBIX HAOIIOOeHWH ¥ CHHONTUYECKUX CTaHIUHN
IOTIOJTHUTENBHO CHUXKAET KaueCTBO U [eTalu3allui0 MOHUTOPUHTA aTMOC(hEPHBIX ITPOIIECCOB.

B paHHOM wHccregoBaHUMM II0OKa3aHO IIPUMEHEHHWEe HWHTEPaAKTUBHOM M aBTOMaTUYECKOW CHUCTEMbl MOHUTOPUHTA
o6navyHocTHu T1y0oKo# KoHBeKinu (CMOI'K) Ha oCHOBe aHanM3a OTHENbHBIX ciydaeB pa3Butus OI'K 2025 roga Ha
ore Poccum. ABTOMaTU3UPOBaHHOE pacClo3HaBaHUE KOHTYpPOB U TpaeKTopulu cMelreHusi OI'K mpoBopmunock ¢
TTOMOIIbI0 TTOPOTOBBIX METOHOB U aJITOPUTMOB MAIIMHHOTO OOyYeHHsI Ha IepBOM JTale 110 pa3paboTaHHBIM
MHOTOJIETHUM HAHHBIM CHOyTHHUKa Meteosat-10 B pexmme ckaHupoBaHus Rapid Scan, ofecneuuBaroiem
IIEePUOOUYHOCTh ChEMKU 5 u 15 MuuyT mna EBpomelickoit Tepputopuu Poccuu. MamepeHus B uHGpPaKpacHOM U
BUOMMOM [Hara3oHax JJIEKTPOMAarHUTHOTO crekTpa (OM) pOCCHUUCKUX CIIyTHUKOB <«ApKTUKaA-M» Nel-2
IpUBJIEKaNUCh pfajiee OIS OIeHKKW UX COINOCTAaBUMOCTU M COTJIaCOBAaHHOCTH C [OaHHBIMU Meteosat-10 u
BO3MOXKHOCTA TPUMEHEHUs OJIT aBToOMaTudeckKoro pacmo3HaBaHusi OI'K. Heo6xXommMo OTMETHTH, YTO HAHHEBIE
MHUC3 «ApkrTuka-M» Nel-2 oTnm4aroTcsa OT JaHHBIX eBporerckux MWC3, ncnonb30BaBIINXCS Ha Ha4YaIbHOM JTalle
mpu pa3paboTKe anropuTMa aBTOMaTH4YecKoro pacmo3HaBaHus OI'K B coctaBe CMOTK. IToaTomy OB ITPOBEOEH
aHanu3 OCOOEHHOCTEM U XapaKTepPHBIX 3HAUYEHWU pacupefereHuil pafguallMoHHONW TeMIIepaTyphbl B Pa3/IMUHBIX
onanaloHax HK pna BepxHed rpaHunsl (BI'O) OT'K mo paHHBIM paccMartpuBaeMblix MUMC3. B pesynbrate
IIpeBapUTESIbHOI0 aHaIu3a ObLIY ITOJIyYeHEBl JOCTaTOYHO OJIM3KKNe KOPPEJIAIUuy pacno3HaHHEX KOHTypoB OT'K (mmo
Ka4yeCTBEHHOUN 9KCIIEPTHOU OIleHKe). [ToaToMy Ha ClIenyromleM 3Talle HCCJIefOBaHUS IIOSIBUJIOCh OCHOBAHUE [JIs
apmanTanuu ajgroputMma pacrno3HaBanHus OI'K K KaHanaMm u ocobeHHOCTAM nHbopMannu MUC3 «ApkTura-M» Nel-2.

Pe3ynbTaThl MOKa3aJay XOPOIIYID COTJIACOBAHHOCTH B OOHapyKeHuUM u oTciexuBaHum dBomponuu OT'K (~85%)
MeKIOY Pa3HbBIMU CIIYTHUKOBBIMM CUCTEMaMU U OOIUIEPOBCKUMU pagapamu [IMPJI-C. KoMmneKkcHOe IIpefcTaBlIeHne
U CpaBHEHUE PAa3HOTUIIHLIX JAHHBIX IIOATBEPIKOAeT BO3MOXKHOCTh IIPUMEHEHUS POCCUUCKUX CIIyTHUKOB «ApPKTHKa-
M» Nel-2 mimst aBTOMaTH4eckKoro pacrmo3HaBaHusi OT'K, 94To ocoOeHHO BaxXKHO [OJIs HayKaCTUHTAa U MOHUTOPHWHTA
OTIaCHBIX IBIEHUM Ha IMHUPOTax ceBepHee 50 rpaj C.II. IT0 TEPPUTOPUU POCCUM - TO €CTh B PETMOHAX, IJIsT KOTOPHIX
OaHHBIE TEOCTAIIMOHAPHBIX CITyTHUKOB MO0 Maj0 OOCTYIHEI, TMO0 MCKAXKEHHI.

HOJ'[y‘-IeHHLIe Pe3yIbTaThl MOOYEPKUBAIOT IMEPCIEKTUBHOCTE KOMIIJIEKCHOT'O HCIIOJIB30BAHUA HOAHHBIX PA3JIMYHBIX
CIIYTHHKOBBEIX CUCTEM IIPU CO3OaHuA 0oJiee TOYHBIX METOOO0B IIPOTHO3MPOBAHUA OIIaCHEIX KOHBEKTHUBHBIX SIBIIEHUY B
YCIIOBUAX MEHSAIOIIErocsda KjiruMara.
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Pa3BuUTHE H3MEPEHHUH CONEPKAHUSI XHMHYECKH aKTUBHBIX IIPHMeECeH B HUZKHEH
Tponocdepe Ha cTanmusax Uacruryra ¢pusuku armochepst uMm. A.M. OdoyxoBa PAH

1 1

Anekcannp H. Boposckuu~ , Orner B. [TocTensgkos: , [amwn P. U_[aMCYTJII/IHOBl

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK

borovski@ifaran.ru

B r. KucnoBoncke 1 Ha 3BeHUTOpPOACKOM HayuHo# ctanumu (3HC) UPA um. A.M. O6yxoBa PAH B mHeBHOe Bpems
TIPOBOOSITCS U3MEPEHHUST CIIEKTPOB pPaCCeSHHOTO COJHEYHOTro u3nydeHuss wMetomom MAX-DOAS (Multi-
AXis Differential Optical Absorption Spectroscopy) B BUguMoOM cleKTpanabHOM nuamna3oHe (410 - 490 uM). ClIeKTpH
PETUCTPUPYIOTCS IPU HECKOJIPKUX Pa3jIMYHBIX HU3KUX yTrjlaX BO3BBIIIEHUS TejlecKolla Ipubopa Hag TOPU30HTOM:
1°, 2°, 3°, 5°, 10°, 20°, 30° 40° u 90° (HampaBleHHe B 3€HUT). TakKasd reoMeTpHus HAOIIOOEHUH ITO3BOJISAET
BOCCTaHOBUTH BepTUKaIbHOE pacupepenenue (BP) npumeceit atMmocdepsl B HUXKHEN Tponocdepe.

B U®A um. A.M. O6yxoBa PAH peanmu3oBaH aarOpuTM peELIeHUS 3afadu BOCCTaHOBJIeHuUs BP NO2 0 JaHHBIM
u3Mmepenuii MAX-DOAS ¢ ucmosib30BaHHEM 0alieCOBCKOTO OLIeHMBaHUSA. Takxke paspaboTaH APYrod IIOOXOHN K
peIeHunto 3TOoM 3amaqyu, CBOOOOHEIN OT U3BECTHBIX HEOOCTAaTKOB 0alieCOBCKOTO Ioaxoma. HOBEIM ITOAXOM COCTOUT B
CyKEeHUHU KjlacCa BO3MOXKHBIX ITpOo(duiIel Ha OCHOBE MHPEJNOJIOKEHUS O KOTUYECTBE BO3MOXKHBIX 3KCTPEMYMOB B
BOCCTaHaBiIuBaeMoM BP NOZ‘

O6a anropuTMa HCIIONL3YIOT MOJENb IMMepeHoca H3JIYYeHUus [OJid PacyeéToB Ko3(P(PUIIMEHTOB BO3OYIIHBEIX Macc,
KOTOpBIE CYLIECTBEHHO 3aBUCSAT OT OINTUYECKUX XapaKTEepPUCTHUK aspo30Jis, Hanuyuus o00JIayHOCTH, albbeno
TMOACTHUJIAlOMEN MmoBepxHOCTH. OTCyTCcTBHE wHHGpOpManuu o0 I3TUX NOapaMeTpax BHOCUT OOJBIION BKJIam B
HeoIpeaeTEHHOCTL Pe3yIbTaToB BoccTaHOBIeHus1 BP. [171s1 0oTpaGOTKY HOBHIX aJITOPUTMOB Ha JaHHBIX U3MEPEHUH B
r. KucnoBoacke u Ha 3BEHUTOPOACKOM HAyYHON CTAHIMH OTOOpPAHBI OHU C OJIarONPUSATHBEIME METEOYCJIOBUSIMU. B
IOKJIafle IPUBOOATCS Pe3yIbTaThl BOCCTAHOBJIEHUS BEPTUKAJIBLHOI'O IIPODUIA KOHIIEHTPAIlUM OBYOKHCH a30Ta OJjid
oTOOpaHHBIX OTHEH.

PaboTa BHIIOJTHEHA 3a CUET CPEHCTB rocygapCTBeHHOro 3amaHus MOA um. A.M. O6yxoBa PAH, perucrpaluuoHHBIN
"HOMep TeMel 12502050141 3-6.

HccnegoBaHue NIPOBEAEHO MIPH MOAdEPKKE:

1. "TocymapcTtBeHHOe 3amanue UOA um. A.M. O6yxoBa PAH", rpanT 125020501413-6
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CpaBHeHHE Ha3eMHbLIX H CHyTHUKOBLIX MKB n3MepeHu# BepTHKaIBHBIX NPoduien
cofepzKaHHUsA 030Ha

1 1

I01usa U. bopooBckasi~ , Opwuit M. TI/IMO(I)eeB1 , Anatonuii B. IToGepoBckuii- , Xamyn UmMxacus !

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

bordovskayay@gmail.com

HaszsemHEBIe U CIyTHUKOBBIE MUKPOBOJIHOBEIE (MKB) mpu6opH UrpaloT BakKHYIO POJIb B PETHOHAJIFHOM U I'T00aIbHOM
MOHUTOPHUHTE COOepzKaHUSA KJIMMaTUYECKU U 9KOJIOTMYECKH BaXXHBIX I'a30B, OOHUM K3 KOTOPBIX SBIISETCS O30H.
Kaxk m3BeCcTHO, 030H B cTpaTocdepe IOTIoIaeT BPeOHYIO OIS KUBBIX OPTaHU3MOB YIBTPa(pUOIETOBYIO Pagualuio,
B TO BpeMs KakK Tporocdepe O30H SBISETCS 3arpsAa3HSIONIMM Ta30M H3-a ero TOKCUYHOCTU. Hamudume
BpalllaTeIbHBIX JIUHWI IIOTJIOIeHusT o30Ha B MKB o6mactu sBisieTCs (GU3WUYECKON OCHOBOHM HCIIOIb30BAHUS
U3MEepeHUN CIEKTPOB HUCXOHSAIIEr0 U YXOOAIIero aTMOCGhEepHOro TEeIJIOBOTO M3JIydYeHUS [OJIs OIpelesieHUus ero
copmepxkaHusa. OnpenesieHue ob611ero copepKaHus U BePTUKAIbHEIX IIPoduiedl 030Ha OCYIIECTBISIETCS C IIOMOIILIO
Ha3eMHBIX OpUOOPOB B paMKax pPa3IUYHBIX MEXOYHApPOOHBEIX ceTed HabmiomeHuid, HampuMmep, cetu NDACC
(Network for the Detection of Atmospheric Composition Change). B Poccuu nazemurie MKB n3mepenusi o3oHa
OCYIIIeCTBISAIOTCsI, HanpuMep, B CaHKT-IleTepOyprckoM rocymapcTBeHHoM yHuBepcuteTe (CIIOIY) m HMHCTHTyTE
npukinagHod ¢usuku PAH (Huxnauit HoBropom).

71T CIIyTHUKOBOTO MOHHTOPHWHIA Ta30BOr0 COCTaBa aTMocdephl TakKxkKe IMPOKO ucmonblyeTrcas MKB o6macTh
cuekTpa. IIpubop MLS (Microwave Limb Sounder), dyakumonupyomuii Ha cnytaHuke AURA (2004 r.), uamepsiet
TenyioBoe MKB mu3nydeHue IOPU30HTA IIJIaHETHI U IO3BOJISIET ONPEHENATh BepTHKaJIbHbBIe IPODUNIN COOepKaHUsI
o30Ha Ha BbICOTax OT 10 mo 50-70 KM C BEICOKMM BepTHUKaJIbHBIM pa3pelleHueM (2,5-7 KM). MHOro4ucneHHEE
IpOrpaMMEl BajUgalluM W3MepeHW# o030Ha mpubopoM MLS mokazamu ero BBICOKOE KadeCTBO U BO3MOXKHOCTH
HUCIONIb30BaTh OJI BaIUAalluy OPYTUX U3MEPEeHNN B KaueCTBe BTOPUUHOIO 3TaI0Ha.

B pmamHOM moKnagme OpWBEOEeHBl Pe3yNnbTaThl cpaBHeHUN HaleMHBIX (MKB ozoHoMeTp CII6IY) uM CIyTHHUKOBBIX
(MLS) BepTuKanbHBIX mnpoduled  CcomepKaHUs  O030HA, OIeHEeHbl BeJIMYKWHBI  paccorjlacoBaHUSA U
CpeHEKBaAPATUYHOT 0 OTKJIOHEHUS M3MepeHUuu o30HoMeTpa oT MLS. Takike mpuBeOeHHl OIleHKN TpomnocdepHOoTro
copiepKaHUSA 030Ha.

HccnemoBanue IIPOBEIEeHO IIPHU IIoJOepPa2KKe:

1. "Caukrt-lIleTepbyprckuil rocyapCTBeHHEIN yHUBepcuTeT", rpadT 116234986
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KoMII/IEKCHBIH MOAX0 K H3YUYEHHI0 00/IaKOB BEPXHEro sipyca: moJIsIpU3allHOHHbIH JTHIAP,
MeTeopo/IoruHYecKasi HH¢popMaIiusi, CIyTHHKOBBIH CIIEKTPOPaJHOMETP U MAIlIHHHOE
odyuyeHHe

HAnea 1. BpIOXﬂHOBl , Omnecsa HU. Ky‘-II/IHCKaﬂl , HWrmatuit B. CaMOXBaJ'IOBl , KoncrtanTun H. HyCTOBaJ'IOBl ,

1 1 1 1

Makcum C. [Teusun~ , EBrenui B. Hu!l , UBau B. XKuBoteHiok" , AHTOH A. [lopomkesud , HWBaH M. AKumoB" ,

PomaHnoOB A. ,]IeHI/Icl

! Hanmonanpueii uccnenoBarensckuit ToMCKumi TOCyIapCTBEHHBIN YHUBEPCUTET

plyton2121@mail.ru

O67aYHOCTL OKa3blBaeT BaxKHeHIee BIUSHHE HA pPagUalMOHHBIN OanaHc 3eMJiM, PeryiIupys IOCTYyIIEeHUE
COITHEYHON OSHEpruM Ha e€ ImoBepxHOCTb. O6naka BepxHero spyca (OBfA) mnokpwiBaior mo 50% 3eMHOI
TIOBePXHOCTH [1] U y4acTBYIOT B (pOPMUPOBAHUU MOTOAEl U KiamMmarta [2]. OHUM oTpaxaloT COJIHEeYHOe HU3JIydeHUe,
oxnaxkmasi aTMocdepy, ¥ YCHUIMBAIOT IapHUKOBHEIE 3ddekT, 3amepxkuBasg wuHppakKpacHoe wuanydenue [3].
YucreHHble MOIENU He YUYMTHIBAlOT MUKPOCTPYKTypy OB, cHUMXKasg TOYHOCTH IIPOTHO30B IIOTOOEI M KiIMMarTa.
Takue objiaka COCTOST IPEUMYVIIECTBEHHO M3 KPUCTAJIJIOB JIbAA, YbM Pa3Meprl, GopMa U OpHEHTAlus 3aBUCAT OT
meTteoycnoBuii. Hepenko dYactunmbel B OBf opueHTHPYIOTCS TOPU30HTANNbHO. WX IIJIOCKME TpaHM 3epKajibHO
OTpaXalT BUAUMOE U3NydYeHHe, NIOCKOJIBbKY pa3Mephl KPHUCTAJIOB IIPEBBIMIAIOT ONHHY BOJHEL. JTO BHI3BIBAET
aHOMaJILHOE paccesiHUe, BKJI04Yas oOpaTHoe.

U3yuenue MUKPOCTPYKTyprl OBY 3aTpymHeHO: KOHTAKTHHIe IIPUOOPH HaApyUIalOT OpPMEHTAallWi0 dYacTHIl, a
CIIyTHHUKOBEIE HaOIIOOeHUsI He Bcerna GUKCUPYIOT Majible ¥ QUHAMUYHBLIE CTPYKTYPHL. [10IsIpr3aninoHHoe Ta3epHoe
3oagupoBaHue (I1JI3) - 3ddeKTUBHEIN OUCTAHIMOHHBEIN METO[, IO3BOJIAIOMINYU ONpemensaTh pa3Mepr], dopMy u
opueHTauuio yactuly, OB{A. OH ocHOBaH Ha aHajiu3e MaTpHUILI OOPATHOTO pacCesHUS CBeTa, copepKalen
uHGOPMAINI0 0 MUKPOCTPYKType 0051aKoB [5], ¥ peann3oBaH B BEICOTHOM MAaTPHUYHOM IIOISPU3ALMOHHOM JIHUAAPE
(BMIIJI) [6] Tomckoro rocymapcTBeHHOTro yHUBepcuteTa. B 2009-2024 rr. B 22% ceaHcoB usMepeHut Ha BMIIJI
3apeructpupoBaHbie OB4 ObiIy 3epKanbHBIMU. Yallle oHU HAOII0manIuch ¢ Masi 0 CeHTI0Ph Ha BeICOTax 5-11 KM.

HNuaTepuperanust maHHBX [1JI3 TpebyeT mHGOPMAaLMWKU O COCTOSHUM aTMOC(ephl: TeMIiepaTypa, BIaKHOCTb H
XapakKTEepUCTUKU BeTpa. [laHHBEIE aspOJIOTMUYECKMX CTaHnuii Poccum orpaHWYeHH: DPamMO30HOBI 3aIllyCKalTCsS
OBaXIOHEl B CYyTKHM, @ PacCTOSHHUS MeXKIy CTaHIUSAMU Hepegko mpeBwmaioT 100 kM. [[omONHUTENbHBIE OaHHBIE
IpemocTaBisAoT aTMochepHble peaHanu3bl. ERAS5 (ECWMF) cogepXuT BepTUKaJIbHEIE IPOGUIN MeTeollapaMeTpPOB
c 1940 r. ¢ paspemenueM 1 gac u 0,25%0,25° [6]. Peananu3d MERRA-2 (NASA) oxBaTkiBaeT mepuomn ¢ 1980 1. u
BKJTIOYaeT HOIOJIHUTEJIbHEIE ITapaMeTphl, HalpUMep, MAacCOBYI0 OO0 006JIauHOTO Ibaa W 0amn o6J1avyHOCTH, C
mraroMm 1-3 9 u paspemenuem 0,5x0,625° [7]. BaxHBIM nCTOYHUKOM HHpoOpMaluu 06 OBY aBiIsgeTCsS CIIyTHUKOBBIHM
cuekTpopaguomMeTrp MODIS, obecneyuBamuii ri1o0ambHBI MOHUTOPUHT 0071aKOB, OXBaThIBasi BCIO TOBEPXHOCTh
3eminu 3a 1-2 gHs.

AHanu3 paHHBIX 110 HapaMeTpaM OB BEIIOJIHEH [JI5 MOATOTOBKM K CO3TAHUIO IPOTPAMMHOI0 IIPOAYKTa Ha OCHOBE
MEeTOONOB MAIIMHHOTO0 00y4YeHHs. BXOOHBIMU HOaHHHIMM OYIOYT MeETeOpOJIOTMUeCKHe IlapaMeTphl aTMochepr, Ha
OCHOBe KOTODEBIX IIpEeAIojiaraeTcsi IIPOTHO3UPOBaTh IeoOMeTpPHUYEecKHe M ONTHYecKue xapakrepuctuku OB, a
TakXKe OIEHWBATh UX AOWHAMHKY U BEPOSATHOCTh HOSBIEHUS. YYET IPOCTPAHCTBEHHOM HeomHopomHoctu OBY,
BK/IIOYAs OpPUEHTAUMI0 YacTull Ibla, B MOIeJsax aTMochephl YIIYyUIIUT OIMCaHMe pagUalliOHHBIX IIPOLIECCOB M
TIOBBICUT TOUYHOCTH IPOTHO3UPOBAHUS ITOTOLH U KjIUMaTa.

Pabora BrITIOJIHEHA ITPK (UHAHCOBOM moamepkke Poccuiickoro HaydHoro dhouaa, ['pant Ne 24-72-10127.

1. Ali S, et al. // Atmos. Chem. Phys. 2022. V. 22, Ne 12. P. 8321-8342.

2. Heymsfield A.]. // Meteor. Monogr. 2017. V. 58. P. 2.1-2.26.

3. Tapacosa T.A. // PagualinoHHBIE CBOMCTBA MEePUCTHIX 0071akoB. M.: Hayka, 1989. C. 169-176.

4. Kayns B.B. OnTUKO-IOKaMOHHBIN METOH MOJIAPU3alMOHHBIX MCCIef0BaHUY aHU30TPOIHEIX ad3pPO30JIbHBIX CPEN;:

Ouc. OOKT. pul.-MaT. HayK. Tomck, 2004. 219 c.
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5. Bproxanos U.[. u op. // Ont. atm. okeaHa. 2024. T. 37, Ne 2. C. 105-113.
6. Copernicus Climate Data Store. URL: https://cds.climate.copernicus.eu.

7. Tao J., et al. // The Cryosphere Discuss. 2019. V. 13. Ne 8. P. 2087-2110.

HMccinegoBaHHe IIPOBEIEHO MPH MOAdepPkKKe:

1. "Poccuiickuit Hay4HBIH doHA", rpaHT 24-72-10127
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HOJIHpH3aIlHOHHLIe XAPaAaKTEPHCTHKH PACCEesITHHOI0O COJIHEYHOI 0O U3/ IYIE€HHUsI B
IIPUCYTCTBHHA 00/1aK0OB BepPXHero sipyca: AKTHUBHO-IIaCCUBHBIHN MeTOod 30HIHUPOBaAHHUSA

Unbsa . Bploxanmsl'2 , Hrnaaruu B. Camoxsanosl , HBan B. 2KUBOTEHIOK

HOpOH.IKeBI/I‘-Il , Anekcanpgp II. Crekon! , Omner IO. JlokTrommHa! , Henuc MaHOxuH

1 , EBrenuu B. Hu! , AHTOH A.

1

1 HarnmoHanbHEIN HMCCIeqoBaTeIbCKUM TOMCKUY rOCyqapCTBEHHBIM YHUBEPCUTET
2 WnctutyT onnTukm atmocheps! uM. B.E. 3yeBa CO PAH , Poccus

plyton2121@mail.ru

[oknan DOCBAIIEH aHAJINW3Y IIOJIIPU3AIMOHHLIX XapaKTePUCTHUK PACCESIHHOTO COJIHEYHOTO U3NIy4eHUS B 3€HUTE B
MTPUCYTCTBUM U OTCYTCTBUU 007TaKOB BepxHero spyca (OBf). OcHoBHas 1edb - OlleHKa BO3MOXKHOCTEM ITaCCUBHOU
MIONIIPUMETPUYU [JIS BBEISIBIEHUS 00JIaKOB, COOEPZKAIWX TIOPHU30HTAJIPHO OPHEHTWPOBAHHBIE KPUCTAJIbI JIbAA,
o6afaromux 3epKaJbHEIMU CBOMCTBAMU. [IpMMEHEH MMOOXod, OCHOBAHHHIM HA COIOCTABJIEHUM MAHHBEIX aKTUBHEBIX
(moNMsIpM3alMOHHBIX JNHUOAPHBIX) U IACCUBHHIX (IOIIPUMETPUYECKUX) U3MepeHUM, NPOBEIEHHHIX C IIOMOIILIO
BBEICOTHOT'O MATPUYHOTO MOJNSpU3aluoHHOT0 nupmapa (BMIIJI) HanuoHamIbHOTO HCCIIEIOBATENIBCKOTO0 TOMCKOIO
rocymapcTBeHHOTO0 yHUBepcuTeTa [1]. OB cocTtosiT mpeuMyIlieCTBEHHO M3 KPUCTAJIOB JIblla, YbM (hopMa, pa3MepHl
U IIPOCTPAHCTBEHHAas OpHEeHTalus BapbupyIOTCA. [Ipy ompenenéHHBIX YCJIOBHUSAX 3TH YaCTHUILI OPUEHTHUPYIOTCS
TOPU30HTAJIBHO - Takue o0jlakKa Ha3bIBAIOT 3€PKAJILHBIMU [2], MOCKOJIBKY YaCTHUIIH JIbJla UMEIOT IIJIOCKUE TPaHu U
nmapjamplllee Ha HUX U3Ny4YeHUe OoTpaxaeTcda o 3akoHaM ®peHens. CyllecTBeHHOe BNUSHUE Ha NIPOIyCKaHUEe U
paccesiHre KOPOTKOBOJIHOBOM COJTHEYHOW pafgualli¥, IITPUXOMSAINEN K TOBEPXHOCTH 3€MIIM, W OJIMHHOBOJIHOBOM,
yxopsmel B KOCMOC, OKa3bIBaeT OpUeHTanus KpuctauioB B OBY, moaToMy Takve aspo30jibHbIe 00pa30BaHUS
CUUTAIOT BaXKHBEIM (akKTOpoM KinMaTooOpa3oBaHus [3]. Ob6mias Teopus paccesHHUs 3JeKTPOMarHUTHBHIX BOJIH Ha
aHcaM0ysIX KPHCTAlJIOB [0 HACTOSIIEro BpeMeHW He COo3[aHa, Y HeT IIOJIHOM (GU3WYECKOW MOJesu
MUKPOCTPYKTYpPHl Kpuctayummueckux OBA. I[TosToMy akTyajibHa 3ajada WX BBIIBJIEHUS, a TakXke OlpeneeHUs u
IIPOTHO3UPOBAHUS YCIOBUHM GOPMUPOBAHUS TaKuX 00/1aKOB. AKTUBHBIE METOIbI, TaKNe KakK JIUJapHBEIe M3MEPEHN,
TIO3BOJISIOT BBISBJIATH O0JjlaKa C 3€pPKaJIbHEIMM KPUCTAJJIAMHM II0 COBOKYITHOCTU HPU3HAKOB: BEICOKOM CTEIIEHBIO
IOernojsipu3anuy 00paTHOTO CHUTHajla, XapaKTepPHHIMU 3HAUEHUSIMU 3JIEMEHTOB MaTpPHIB OOpaTHOrO pacCesHUs,
HU3KOU ONTHMYECKON TOJIIIUHON M cleludUYeCKUM COOTHOIIEHMEM KOMIIOHEHT CHTHajla. B ImacCUBHOM pexXuMe
BMIIJI usmepsier BeKTop CTOKCa M CTeIeHb IIOJIIPU3alliM PaCCEsIHHOTO COJIHEYHOro cBeTa B 3eHUTe. CpaBHeHUE
IIoBedeHUsI 9THUX IIapaMeTPOB B Pa3lUYHBIX YCJIOBHSX IIO3BOJNSET BHIABUTH BIUsHUe Ha Hux OBMA. B mokmame
IpOaHaMIU3UPOBaHLl [aHHLIE, IIOJIy4eHHBEle B pas3Hble OHU 2025 r. B sCHYI0 HOrofmy CTeleHb IOIIpu3aluu
paccessHHOT'O COJTHEYHOTO CBeTa B 3eHUTE NeMOHCTPUpOBasa IIJIaBHBIM X0NI, CUHXPOHHEIN C U3MEeHEeHNEeM 3eHUTHOTO
yrna Conuna. ITpu Hanuyuu OB HaGMIOOamUCch OTKJIOHEHUS OT TUIWYHOTO CyTOYHOTO XOOa, OCOOEHHO BO BTOPOH
IIOJIOBUHE IOHS. OTH aHOMAJIMKM COBIAfaIXd II0 BPEMEHM C IIOSBJIEHHMEeM OOJIaYHEBIX CJIOEB, 3aduKCHPOBaHHBIX
IUOapoM Ha pa3JIWYHBIX BBICOTAX, YTO I[OATBEPOWIIO UX BIUSHUE Ha IIOJIIpPU3allMOHHBIE XapaKTePHUCTUKU
COJIHEYHOT0 HU3JIydeHus. [IolydyeHHBIe SKCIepUMEHTasIbHble OaHHBIE II0Ka3bIBAIOT, YTO CTEIleHb IOJISpHU3aluu
pPacCessHHOTO COJIHEYHOI'O CBeTa SBJISI€TCS YyBCTBUTEJIBHBIM MHOUKATOPOM ONTUYECKHX XapakTepuctuk OBH. IOto
IIonTBEpXKIOAeT IIOTEHIMANl UCIOJIb30BaHUSA IONAPHMETPUYECKHX METOHNOB [OjIg OUArHOCTUKH aTMochepHOro
COCTOsIHUS. Pe3ybTaTel NOOYEPKUBAIOT aKTyaJIbHOCTh HAJIbHENIIEr0 U3YYEeHUs BIUSHUS aTMOCHEPHHIX (AaKTOPOB
Ha MoJgpU3allMoHHbIe ITapaMeTPHl 1 HeOOXOOMMOCTh COBEPIIEHCTBOBAHUS TEXHOJIOTUM IIaCCUBHOM IOISIPUMETPUN,
0COOEHHO B COYETAHMU C aKTUBHLIMH METOHAMU 30HAMPOBaHUSA aTMocheprl. PaboTa BHIIONMHEHA NpU GUHAHCOBOU
noppmepxkke Poccuiickoro HayuHoro ¢ouHpa, I'panT Ne 24-77-00097. 1. BproxauoB UM.[I. u mp. // Our. aTM. oKeaHa.
2024.T. 37, Ne 2. C. 105-113. 2. Platt C.M.R. // J. Appl. Meteorol. 1978. Ne 17. P. 1220-1224. 3. KougpatreB K.4. //
Meteoponorus u runposnorusa. 2004. Ne4. C. 93-119.

HccrnegoBaHue MIPOBEIEHO MPH MOAAePXKKe:

1. "Poccuiickuii Hay4uHbIM GoHn", rpanT 24-77-00097
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MHoOroJIeTHsisi THHAMHKa CPOKOB CX0Ja CHEKHOI0o IMoKpoBa B CuOupu Ha ¢poHe
APKTHYECKOTr0 YCHJICHHUSI

1

EBrenusi BapiramoBa® , Brmagumup ComnoBbes .

1 HHCTUTYT KOcMOU3nYeCKUX uccienoBanuil u asponomun uM. 10.T'. Illadepa CuGUPCKOTO OTOENIEHUS
Poccuiickolt akageMun Hayk

varlamova@ikfia.ysn.ru

CHeXHHIN TOKPOB SBIISETCS OMHUM M3 Hambojiee YyBCTBUTEIBLHBIX MHOWKATOPOB KIMMATUYECKUX H3MeHeHHu#. B
YCHIOBUAX ApPKTHYECKOTO YCHUJIEHHUS IIOTENJIEHUs HaOIIoJaeTcss COKpallleHue IIPOAOIXKUTEIBHOCTH CPOKOB
3ajieTaHusi CHEXKHOTO ITOKPOBa B OCHOBHOM 3a CYET ero 6oree paHHero cxoga. CpoKM cxofa CHEXXHOT'O MMOKpPOBa, B
CBOI0 Ouepemb, OKAa3bBAIOT 3aMETHOEe BJIMSHUE Ha PaCTUTENIbHBEIE OSKOCHCTEMHL. B paboTe U3JI0KEHH
IpeIBapUTeNbHEIE PEe3YIIbTAThl UCCIeqoBanus MHoroneTHed (1982-2022) nuHaMuKU OaT CXOZa CHEXHOTrO II0OKPOBa
B Cubupu 1mo pgaHHBIM rnobanbHOro peaHanu3a ERA5-Land u cnyTHHUKOBBEIM maHHBIM MODIS/Terra. B ycrnoBusx
apkKTuueckoro ycunenus (arcticamplification), Ha Tepputopuu Cubupu, B 11e710M, HabI0maeTcsi TeHOEHIUS 6oJee
paHHero cxoma CHEXHOTO ITOKpoBa. B cpemuem mo Cubupu STOT IMOKas3aTenb cocTaBuil 11+3 gHelt Ha ¢oHe
aHaJIOTUYHOTO POCTa BECEHHEH TeMIiepaTyphl Bo3ayxa Ha 3,3+0,8°C. O6GnacThk ¢ Haubojiee BRICOKUM COBUTOM (Ha
15+5 gHell) CPOKOB CXOOa CHEZXKHOT'O IIOKpOBa Ha 0ojiee paHHMEe maThl OOHapyKeHa Ha ceBepe Cubupwu, rae Takxke
oTMeuaeTcs Haubomee BEICOKHM pocT (Ha 5,1+1,2°C) BeceHHelM TeMIepaTyphl BO3ayxa.

KrroueBrie cnmoBa: CHEXKHEIM IIOKPOB, CXO0MO CHEera, ApKTI/I‘-IeCKOG ycunenue, CI/I6I/IpI:

PabGora BHIIIOJIHEHA B pPaMKaxXx TOCYJapCTBEHHOTO 3afaHus (HOMep rocymapcTBeHHOro ydéra HUOKTP
122011700172-2).
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ABTOMaTH3Hp0BaHHBIﬁ MeTOd OII€HKH COCTOsITHHUSA nonoccbepm II0 TaHHBIM MOHO30HIO0B

1 1

Oxkcana B. Maugpukoa~ , IOpuu A. ITomo3oB~, Bormana C. MaHJIpI/IKOBal

1 HUHCTUTYT KOCMODU3UYIECKUX UCCIIeIOBAaHUYN M PAaCIPOCTPaHEeHUs PaguoBOIIH [laTbHEBOCTOYHOI'O OTHOEJIEHUST
Poccuiickon akagemMuu Hayk

up_agent@mail.ru

B pabGoTe mpepmaraeTcss HOBBIM aBTOMATU3UPOBAHHBLIM METOH OLIEHKM COCTOSHUSI HMOHOCGEpHl IO HaHHBIM
HA3eMHOT0 BEPTUKAJIbHOTO PAaONO30HOWPOBAHUS. MOHUTOPHHI COCTOSIHHUS OKOJIO3EMHOTO0 KOCMUYECKOI'O
IpOCTpaHCTBa SABJISETCA aKTyaJibHOM 3ajadyell M HalOpaBlleH Ha IIpefoTBpallleHWe HeTraTUBHOTO BIUSHUS
aHOMAaJIbHBIX (AKTOPOB KOCMUYECKOM IIOrombl Ha TeXHUYEeCKHe CpefcTBa Ha3eMHOM UM KOCMUYECKOM
uadpacTpykTypel [1, 2]. HanHas paboTa HOpPOOOJIXKaeT HCcaemoBaHus [3, 4] ¥ HampaBjieHa Ha CO3TaHUE
aBTOMATU3UPOBAHHBIX METOHOB aHaln3a HOaHHBIX TIe0PU3NYEeCKOro MOHUTOPUHTA U MPOTHO3a KOCMUYECKOM
norofgel. MeTop IOCTPOEH Ha CHHTE3€e 3J1eMEeHTOB TEOPHU CTAaTHCTMYECKUX PeIIeHWM U IIOPOTOBHIX OIIEHOK C
MeTolaMH BeHWBeT-mpeoOpa3oBanHus. Meton ofecredyuBaeT KOHTPOIb COCTOSHUS UOHOChepH (B MecTe
perucTpauuyu IOaHHBIX) ¥ OOHaApyXeHue MOHOChEPHBIX BO3MYILIEHUN (HEOmHOPOOHOCTEM). BBEIXOOGHBIMU
pesynbTaTaMu paboOTEl METOHa SBISIOTCS [OaHHBIE O COCTOSHUM HMOHOCHEPH! (CIIOKOMHOE/BO3MYILIEHHOE) H
mapaMeTphsl 0OHAPYXKEHHBIX HOHOCHEPHBIX HEOTHOPOMAHOCTEN, B CIydYae BO3MYIIIEHHOTO COCTOsSHUS. OIleHuBaeTCs
UHTEHCUBHOCTD, IIPOINOJIKUTEJIBHOCTL U XapaKTep (MOJI0XKUTEeNIbHAsA WU OTpHUIlaTeNlbHas ¢a3a) HEOQHOPOOHOCTEM.
[IpeuMymiecTBOM MeTOMa, II0 CPABHEHMWIO C aHAJIoraMU, SIBJISIIOTCS €ro afallTUBHEIE CBONCTBA, 00eCIeYUBAIOIIUE
aBTOMATHYECKYI0 HACTPOMKY mapaMeTpoB (He TpebOyeT IIpegBapUTENIbHOTO o0ydeHUs). TakxkKe IIPeuMyIleCTBOM
MeTOofa SIBJISIETCSI BO3MOXKHOCTh €r0 IPUMEHEHHUS B CIydae HaIU4YNUsA OTPAaHUYEHHBIX BEHIOOPOK MaHHBIX. AmTpoGanus
MeTOoIa BHIIOJIHEHA C MCIIOJIb30BAaHWEM OAaHHBIX KPUTHUYECKOM 4YacTOTH HMOHOchepHOoTro cnosi F2, mojny4eHHBIX C
TIOMOIIbI0 BEPTUKATBHOTO PAAO30HANPOBaHUS MOHOCHEPHBIX CTAHIIUM, PACIIONOXKEeHHBX B KaMuyaTCKOM perruoHe
(xoopmuHats ctarmuu 53°CHI u 158°BI, Poccus, UKUP IBO PAH) u Bakkanal (kooppuHaThl cTanmmu 45°CII u
141°B, SAnorus, WDC-ISW, NICT). IIpoBefeHo ucClIefoBaHue MOBefeHus HOHOCPEPEl B IEePHUONEl MOBLIIIEHHOR
COJITHEYHON aKTHUBHOCTH M TEOMAarHUTHHIX Oypb, aHaAIU3UPOBaIucCh coObITHs 2018-2023 rT. DKCIEPUMEHTAIHBHO
noaTBepkAeHa 3G PEeKTUBHOCTL METOA.

Pa6oTa BrITONMHEHA 3a cueT ['oc. 3aganus UKHWP [IBO PAH (per. Ne Tembr 124012300245-2).

ABTOpI:I 6nar0;1aprI OpraHu3alvsgaM, YbU OaHHEBIE OBLIM MCIIOIb30BAHEI B UCCIEIOBAHUU.

JlutepaTtypa

1. Dauumos A.[., KoucrtauturoBa A.B. 3meHeHus B o6nactu F noHochepr nepen MariuTHEIMU OypsiMu (0630p) //
l'eomarsetusam u aspoHomus. - 2023. - T. 63. - Ne6. - C. 683-698. doi: 10.31857/S0016794023600801.

2. Nusinov A. A., Kazachevskaya T. V., Katyushina V. V. Solar Extreme and Far Ultraviolet Radiation Modeling for
Aeronomic Calculations // Remote Sensing. - 2021. Vol. 13. - Ne8. - P. 1454. doi: 10.3390/rs13081454.

3. Mandrikova O., Fetisova N., Polozov Y. Hybrid Model for Time Series of Complex Structure with ARIMA
Components // Mathematics. - 2021. - Vol.9. - P. 1122. doi: 10.3390/math9101122.

4. Mandrikova O., Polozov Y. Complex approach to the detection of ionospheric anomalies based on ionospheric
foF2 critical frequency data // Proc. SPIE 12780, 29th International Symposium on Atmospheric and Ocean Optics:
Atmospheric Physics. - 2023. - P. 127807]. doi: 10.1117/12.2690918.
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OCO0EHHOCTH NMPHMEHEeHHSs aJITOPUTMOB KOHTYPH3allHd H300pPakKeHHH: HaKOIUICHHbIE
JaHHabIie JaT4yuKa lllaka-I'aprMaHa

MakcumMm B. ,[[pnral , Aptem IO. U_[I/IXOBLIeBl , [ITlaBen I'. KoBapno

1
1 HUHCTUTYT COMHEYHO-3eMHOM ¢u3nuku CuGUPCKOro oTOesieHuss Poccuiickol akaeMuu HayK

driga@iszf.irk.ru

B paboTte obcykmaroTcs mpobieMbl KOHTYPHU3allnu U300paKeHul COTHEUHBIX 00BEKTOB, MOTYYEeHHBIX B (DOKAaTbHOMK
miockoctu paTtumka IlTaka-I'apTMaHa, OCHOBHOTO 3JIeMEHTAa MaKeTa CHUCTEMHBl aJalTHUBHOM ONTHUKH BOJBIIOTO
ConmueuHoro Bakyymuoro Teneckoma. IIpefiaraeTcssi ajrOpUTM [Jjis PAcCIO3HABAHUS TPAHWI[ CyDamepTyp H
KOHTYDPOB COJIHEUHBIX ISITEH. B OCHOBE ajropuTMa jexaT MeTOnObl puibTpaiuu ulobpaxkeHuit u [koHa-KoHHM.
[Tomy4yeHHBIE pPE3yIbTATEL MOTYT OBITH MCIIOJIB30BAHEI IIPU OIEHKE XapaKTePUCTUK aTMOChEepHON ONTHYEeCKOH
TypOynenTHOocTu. HccrnemoBaHue BBIIOJIHEHO 3a CYeT I'paHTa Poccuiickoro HayuHoro ¢donma Ne 24-72-10043,
https://rscf.ru/project/24-72-10043/».

KrroueBrie cnoBa: Typ6yneHTHOCTb, IIapaMeTpu3aliusa

HccnemoBaHHue MPOBENEHO IPH MOAAEPKKe:

1. "Poccuiickuyi Hayunniii ®onp”, rpant 24-72-10043
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OnepaTUBHBIN JOCTYI K reOHH(OPMaIHOHHOM NPOAYKIIHHA Ha OCHOBE JaHHBIX [133

Anpgpet B. XMeanHuKHﬁ1'2 , Anna H. Huxkonosal , Erop HU. Xono;l:[OE.3 , Muxaun O. quMa3 , Bmapgucinas

. BnomHHCKnﬁ3 , Buxkrop HO. Pomacbko? , Amekcanmp B. nyapCKHﬁl , Emnena B. Bonkosal , EBrenui B.

Bacunerko! ExkaTtepuHa B. CapoBHHEKOBal

1 HayuHo-uccnemoBaTenbCKUM IIEHTP KOCMUUECKOU rugpoMeTeoponoruu "Ilnanera”

2 MOCKOBCKHiA rocyfgapCTBeHHEBIN yHUBepcuteT uM. M.B. JIomoHOCOBa

3 O1I "HayuHo-KCCIeqoBaTeIbCKUM [IeHTP KOCMUYeCKo# rugpoMeTeoposiorun "Ilinanera"”

4 Cubupckuit neHTp "Hay4Ho-ucciieqoBaTeIbCKUM IIEHTP KOCMUYEeCKOM rugpoMeTeopoorun "Ilmanera"

an.ni.nikonova@gmail.com

B HUII «IInaHeTta» pa3paboTaHbl CUCTEMHBI BU3yaIM3allMM U OIEPATUBHOIO OOCTYIa K CIYTHUKOBBIM JaHHHEIM M
TUOPOMETEOPOJIOTUYECKUM MHGOPMAIMOHHBIM npoaykTaMm (MII), mo3BongoIIre TPOBOOUTE MOHUTOPUHT SIBIEHUMN
IMOTOmEl Ha TEepPpPUTOpMH PoccuM U CONPENENbHBEIX CTpaH. [laHHBIE IIPEOOCTABIISIOTCS IIOTPEOUTENSAM C
KCIOJIb30BAaHUEM PErMOHAILHLIX I'e0MoPTaaoB, paboTa Ham KoTopeiMu BegeTcst ¢ 2016 roma [lanmpbHeBOCTOUHEBIM [1],
CubupckuMm [2] u EBponelickuMm 1eHTpamu. Celiyac mnpoBomutcs popaborka Beb6-ITMMC «Meteo EBpoma»,
OPOTOTUIIOM KOTOPOM CTal TeomopTan «ApKTUKa-M», CO3maHHBIM crHelnuanucTtamMu [laTbHEBOCTOYHOTO IIEHTpA.
HNCcTOYHUKOM CIIyTHUKOBBIX HOaHHBIX OJig reomnopTana «MeTeo-EBpoma» SBJISIOTCSA OTE€YECTBEHHBIE KOCMHYECKUE
armapathel (KA) cepuit Onektpo-JI, Apktuka-M u MeTeop-M, a TakxkKe eBpoIlelickue reocramuoHapHeie KA cepun
Meteosat. Ux memudpupoBaHue MTPOBOOUTCS pPa3pabOTaHHBIM B OPTraHM3aIlUM aBTOMATHYECKUM IIPOTPAMMHBIM
KOMIIJIEKCOM ITOPOTOBLEIM METOMOM 110 KOCBEHHHIM Ipu3HakaM [3]. U1 Ha ocHOBe Ha OCHOBe maHHBIX KA ApkTuka-M
GopMUPYIOTCS C IIEePUOOUYHOCTRI0O 96 pa3d B CyTKM U 24 pasa B CYTKM Ha OCHOBe [OaHHBIX Meteosat-9.
Ananutudeckue HII, Takume KaK OIIEHKM XapaKTEPUCTHK O0JIaYHOCTH, MaKCHUMAaJIbHOM MHTEHCUBHOCTH OCAIKOB,
pajualnyuoHHON TeMIlepaTyphl (GOPMHPYIOTCS Ha ocHOBe maHHBIX KA Apktuka-M u Meteosat-9. Copepzkaiiue
nporsoctudeckue maHHble MIT co3pmanbl ¢ ucnonb3oBaHueM mopenu NCEP. ITonb3oBaTesnio ODOCTYIHB 3HAYEHUS
IaBJIEHUS B MPU3EMHOM CJI0e aTMocdephl, TeMIlepaTyp U reomnoTeHIMasa Ajas n3obapuieckux mosepxaocrteu 500 u
700 rlIla. Pasee pmocTym K OSTH [aHHBIM OCYIIECTBIAJNICA IIoCpencTBoM coemuHeHus FTP. Celuvac wux
pacmpocTpaHeHue MPOU3BOAUTCS TakKXkKe B popMaTe TeMaTUYECKUX CJIOEB IeOlopTaia ¥ PacTPOBHIX M300pazkeHUuMn
yepe3 BebO-cepBuCHl. CIIMCOK MNPOOYKIMK COTJIAaCyeTCs C TOJIb30BaTENIAMU U MOXKET OBITh paclIMpeH, KakK u
IIPOCTPAHCTBEHHEIM OXBAaT OTHEJbHBIX HMH(POPMALMOHHBIX IPOAYKTOB. Be6-IT'MC «MeTeo EBpoma» HCIONB3yET
OoTKphITOE cepBepHoe ITO GeoServer u 6ubnuotreky Openlayers ans myOauKalluM TeoJaHHBIX. YIIpaBiaeHue 6a30i
mauabix ocywmecTBiasaeTca CYBI PostgreSQL ¢ pacmupenuem PostGIS. Cpok xpaHeHUs npepocrtaBiasgeMbix UIIT
cocTaBnseT 3 CYTOK, o0beM (HOPMUPYEMEIX 3a CyTKM HaHHEBEIX cocTasisieT 34 I'6. ITonb3oBaTenbCKuil UHTEPGENC
BeO6-TMC BKIIIOYaeT 3JIEMEHTHI [JIsi B3aMMOIEMNCTBUSI C HabopoM ¥ BpeMeHHBIM pspmom MII, B ToM umcrie
oToOpazkeHWe KOJMYECTBEHHHIX 3HAYEHWH B KaXOOW TOYKE TEMATUYECKOTO CJIosi. BO3MOXKHOCTH IIPOCMOTpa
ONITUMU3UPOBAHHLIX MJII NOyOJMKAIlMM B WHTEPHETE U300paxKeHWi! CyIeCTBEeHHO CHUXKaeT TpeOoBaHUA K
xapakTepuctukam ITK monmb3oBaTesiedl U CKOPOCTU UHTEepPHEeT-coemuHeHus. [IybnukyeMble ¢ 3aepKKoi MeHee 10
MuHyT UII BocTpeboBankl coTpyguuKkaMu YI'MC u IpefcTaBUTEISIMH CTOPOHHUX OpPTraHU3aIri.

1. TIporpamma «PlanetaArcticaChannelsToGIStransformer» pgmsi aBTOMaTU4YeCKOTo IpeoOpa30BaHUsS AAaHHBIX KA
ApkTtuka-M Nel B davinet GeoTIFF mnsa ucnonbloBanus B 'MC, Kyuma M. O., XonomoB E. Y., Bopogunikas A. B.,
CBUOETENBCTBO O perucrpanuu nporpaMMel giss 9BM Ne 2023661174 ot 07.06.2023.

2. Pomaceko B. IO. [IporpamMma npencTaBjieHUsI TAWJIOBHIX IOKPHEITHYM. CBUAETENLCTBO O PETruUCTPallUy IPOTrPaMMbL
onsg 9BM RU 2018666177, 13.12.2018.

3. Bonkosa E.B., Kyxapckuii A.B. ABToMaTu3upOBaHHas TEXHOJIOTUS OHArHO3a ITapaMeTpPoB 00/1aYHOTO MMOKPOBA,
0CaJKOB M OIIACHBEIX SIBJIeHWU Ioropbl Ojisi EBpomeiickol Tepputopuu Poccuu mo maHHBEIM paguoMeTpa SEVIRI c
reocTallMOHaApHBEIX METEOCIYyTHUKOB cepuu Meteosat MSG // TuppoMmeTeoponormyeckKue UCCIeNOBaHUS U
nporHo3el. 2020. Ne 4 (378). C. 43-62. doi 10.37162/2618-9631-2020-4-43-62.
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AHa/Iu3 IrpaJioBbIX 00JIAKOB HA €BPONEHCKOM TeppuTopuH Poccuu B Temibid nepuoa 2024
rojla Ha OCHOBE Pa3/IMYHBIX JaHHBIX

Hapezkga A. EpomKnHa1'2 , Amnekcanap B. LIepHOKYJ'II:CKI/IfIZ , AmnekcaHmOp A. CnprrHH3 , Anekcemn B.

ByrpI/IMOBZ , HOpui B. TTaBmokoB! |, Haunun I1. KopeHeBl'4

1 ILleuTpanbHas Asponorudeckass O6cepBaTopus

2 WnctutyT Pusuku atmochepsr um. A.M. O6yxoBa Poccuiickoit akageMuu HayK
3 HITO "Taiipys"

4 MockoBckmit (pu3uKO-TeXHMYECKUH HHCTUTYT (TOCYyAapCTBEHHBIN YHUBEPCUTET)

nadezhda eroshkina@mail.ru

ITpoaHaIM3UPOBAHE XAPAKTEPUCTHKH T'PATOBLIX 00JIaKOB (TPagoBLIX 0YaroB) B TEIILEH mepuonm 2024 roma Ha
€BPOIENCKON TeppuTopuu Poccuu Ha OCHOBE PA3/IMYHBIX HE3aBHCHUMBIX MCTOYHMKOB MHPoOpMaruu. CBemeHUs o
MEeCTOIIOI0OKEHUM U BpeMeHU BhIMaOeHUs rpafa Oblla coOpaHa Ha ocHOBe EBporelckoil 6a3bl JaHHBIX ONaCHBIX
simenudt nmoroasl (ESWD) ¥ maHHBIX IITOPMOBBHIX COOOIIEHHM, IIOJIyYEHHBIX OT CETHU THAPOMETEOPOJIOTHYECKUX
crannuy Pocrumpomera. Ha ocHOBe fmaHHBIX HaOMIOOeHWM Ha PaguOJIOKAIIMOHHON ceTu PocrumpomMeTa OleHEHBI
XapaKTepHbe 3HAUEHUsS paAMOJIOKAIIMOHHBEIX IlapaMeTpPoOB B oOdarax Ipafa, TaKuX KakK paguosioKaldoHHAas
OTpaxaeMoCThb, AuddepeHIuanIbHas O0TPaxkKaeMOCTb, BBICOTA BEpPXHEW TpPAaHUIEI OOIAaYHOCTH ¥ BEPTUKAIBLHO
WHTErpupoBaHHAss BOAHOCTh, Ha PA3MYHBIX 3Talla Pa3BUTHUS oOudara, a TaKXKe HCCJIeJOBaHbLI BpeMs XKH3HU U
CKOPOCThL IlepeMellleHusl odara. Ha OCHOBe [OaHHBIX I'PO30OIEJIEHTAIIMOHHBIX CHCTEM OLIeHEHO KOJIMYEeCTBO
MOJTHMEBHIX Pa3psiaoB BOMU3M I'PAIOBEIX 0YaroB, MPOaHATU3UPOBAHO U3MEeHEeHNEe KOTMYeCTBa MOTHUEBHIX Pa3PsImoB
B 3aBUCHMOCTH OT pa3Mepa BHINIABIIET0 rpaja.

Pe3yanaTbI dHaJIi3a »OalT IIpeacCTaBJIEHHuEe O BepTHKaJ’IBHOfI CTPYKTyp€ TIpPaAOOBBIX 0O4YaroB, OTMEYEHHEBIX B
OEeHTPAaJIbHBEIX PEruoHax Poccuu, a takxke 00 M3MEHEeHWU KOIUYEeCTBA MOTHUEBHIX Pa3pdagoB HENnoCpeacTBEHHO
Inmepen Ha4daJIOM BHIIIAOEHHWs I'pPalda U3 Oo4ara MOIITHOM KOHBEKIIUHU.

HccnemoBanue IIPOBEOEHO IIPHU IMoJOdepPa2KKe:

1. "Poccuiickuyi Hayunniiit ®onp”, rpant 24-17-00357
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OCO0OEHHOCTH ompeie/IeHUsI TEMIIEePaTyYPHbIX HHBEPCHH C MOMOIIbI0 MUKPOBOTHOBOTO
pagHoMeTpa Ha HaO/I0gaTe/IbHOM cTaHuH B IleTeprode

Kpucrtuna A. Imak! ,  Hmuxkwura A. 3a171ue131 , Bmagumup C. KOCI.[OBl , EBrenuu HO. He60ocbKo ! , HOwvmutpui B.

I/IOHOB1

1 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET

k.shpak@spbu.ru

OTpuIlaTeNnbHbIN BEPTUKAIBHEIN T'DAfUEHT TEMIEPATyPH B Tpomocdepe, UK SBIIEHUE TEMIIEPaTypHOU HHBEDPCHUH,
urpaet ocobyo posib B HOPMUPOBAHUU IIOTOOHBIX YCIIOBUM, BO3OENCTBUU Ha KAaueCTBO BO3[AyXa U 9KOJIOTHUYECKYIO
00CTaHOBKY.

[TOCKOJIbKY HaIu4Yue TEMIIEPATyPHBIX MHBEPCHUH TECHO CBSI3BIBAIOT C HAOTIOJEHNEM BEHICOKOTO YPOBHS 3arpPsSI3HEHUS
BO3OyWHOTO 0acceliHa, TeMa BO3MOXKHOCTH JIOKAJIBHOTO OIPENEIeHUsS TaKUX METEOPOJIOTHYECKUX VCIIOBUH
OCTaeTCs aKTyaJIbHOM.

B manHO# pabGoTe BBHIIOJIHEH aHalu3 IIpodumel TeMiepaTyphbl C UHBEPCUEH, MOMTYUYEeHHBIX C TTOMOIIBI0 U3MEPEHUMN
MKB pamumomerpoM RPG-HATPRO Ha BHIIIKe CTaHIuUM MoHMTOpuHTa CIIOI'Y PII «I'eomomenb» B IleTeprode, c
2013 mo 2023 rT.

Ucxopss wu3 HabOmomaeMblXx 0COOEHHOCTEM BOCCTAHOBIIEHHBIX NIpoduiedl U BO3MOXHOCTEeM mpubopa, ObUIM
BEIpA0OTaHB KPUTEPUHM OTOOPA [OJII COIOCTABJIIEHUSI PE3YJIbTAaTOB C NPOGUISMU PAamUO30HOUPOBAHUS B IIOC.
BoeiikoBo.

PaccuuTanbl cpemgHUe 3Ha4YeHUSI OCHOBHEBIX IIapaMeTPOB TeMIepaTypPHBIX UHBEPCUU (MHTEHCUBHOCTH, MOIIHOCTE U
BBICOTA Hayajla UHBEPCUU) B PeTHOHE 3a YKa3aHHEHIM nepuof. IIpogeMoHCTpUPOBaHE. BO3MOXKHOCTH U OTPaHUYEHUS
HUCIOJIb30BaHUS OaHHBIX paJuoMeTpa [Jisl BLISIBIIEHUS CIIy4aeB TeMIlepaTypPHOU UHBEPCUU.

Pabora BrImONHsAeTCA npu nopaepxkke CIIGLY, mudp npoekrta 103752493 unu 124032000029-9
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CEKIUA 3. TEOPUSA NTEPEHOCA U3JIYYEHUSA

Ipencenarens: n.17.1. bynak B.IL. (HUY M3OU, Mocksa, Poccus), k.¢.-m.H. 3ere I.I1. (UD

uM. b.1. Crenanosa HADB, benapycs)
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YucaeHHoe MOOJEe/IHPOBaHHE II€PEHOCa IMOIAPU30BAHHOTIO U3/IYYEHHs B
IIPOCTPAHCTBEHHO HEOJHOPOOHBIX o01aKax u OoCaJaKax.

1,2 1

ApocnaB A. Unomuu , dpocnas B. Koo~ , BbopucT. KyTy3a2

1 Mockosckuit rocyfgapCcTBeHHEBIN yHUBepcuteT uM. M.B. JIomoHOCOBa
2 WHCTUTYT paguoTeXHUKU U 371eKTPOHUKMN uMeHH B.A. KoTenbHuKoBa Poccuiickoil akageMuu HayK

ilyushin@physics.msu.ru

B pokmame CUCTEMATU3UPYIOTCA PE3yJIbTAaThl IIPOBEOEHHBIX aBTOPAMHKU YHCIIEHHBIX nCCIIeqOBaHUM IIepeHocCa
MIOJIAPU30BAHHOI'O IJIEKTPOMArHUTHOT' O U3JIY4YEHUS B obJlakax u ocajgKax.

B paMKax eIWHOT0O BBHIUUCJIUTENILHOI'O IIOOXOIAa KMCCIEeOOBaHBEl pa3JIUYHEIE TeOpeTUdYeCKUe U IIPUKIIafHble 3adadu.
OCHOBOM TPUHSATOTO aBTOPaAMM ITOAXOHa K MCCIeHOBaHUIO SIBJISIETCS KOHEYHO-PA3HOCTHAS cXeMa [AJIs BeKTOPHOTO
ypaBHEHUS IlepeHOCa U3JIy4eHUS CO BCTPEYHHIMK DPAa3HOCTSAMM, peajlu30BaHHAs aBTOpaMU OJI1 OOHOMEPHEIX,
OBYMEPHBIX U TPEXMEpHHIX 3amad. Brruucmenus 3¢¢GeKTUBHO peanu30BaHbl Ha BLICOKOIPOM3BOOUTEILHOM
CYIIEPKOMBIOTEPHOM IIapajlIEIBHOM KJIaCTepHOM o00opymoBaHuu KoMmmiiekcoB HUBI[ MIY «YeOwimes»,
«JIomoHOCOB» U «JIloMOHOCOB-2». Brnaromapsi NpUMeHEHUI0 TEeXHUKU IapajljieIbHEIX BBIYUCIEHUU IOCTUTHYTO
3HAUYUTETbHOE TOBLIIIIEHNE TPOU3BOOUTEILHOCTA PACYETOB.

Hawubonee meTtambHO aBTOPAaMHU MCCJIEOOBAHBI 3afadyy IIePEHOCa TEIJIOBOTO PaANOH3Ty4YeHUs] MHUKPOBOJIHOBOTO
ouama3oHa B Ky4eBBEIX oO0Ojakax M [OOXKMOEBBIX oOcafkax, o01amamux IPEeUMYIIeCTBEHHON OpHeHTaluuen
HechepuueCcKux Iafalomunx OOXKIEBLIX Kallellb U KaK CJIe[CTBUE, aHU30TPOIUEN pacCesiHUusI 3JeKTPOMarHUTHOTO
usnyyeHus. IIpoBemeHBH pacyeThl [OJIsI MOIeJiell OOHOPOZHOIO IIJIOCKOIIapasljIeIbHOTO HOOXKOEBOTO CJIoA U
TPeXMEPHBIX KyOMYEeCKUX MOXKAEBBIX sSTYeeK O/ Pa3IUYHLIX 3HAUEHWNH MHTEHCUBHOCTH BBITIAMAIONIINX TOXKOIEBBIX
ocankoB (1-100 MM/4) ¥ HECKOJIBKUX AJIMH BOJTH MUKPOBOJTHOBOTO u3nydeHus (3, 8, 15 u 22 MM), COOTBETCTBYIOLINX
pabouymM Ouama3oHaAM PAgUOMETPUYECKOM M PaAMOJIOKAlIMOHHON amlmapaTyphl MUKPOBOJIHOBOTO Auana3oHa. I1o
pe3ynbTaTaM pacyeTOB ITOKa3aHa B3aWMOCBSI3b MHTEHCUBHOCTU W IIONSPHU3alUy HAOJI0OaeMOro M3JIy4eHUs C
WHTEHCUBHOCTBLIO BHITTAJAIOIIMX OCAAKOB. Kak ciemyeT W3 MOJyYEHHBIX PE3yJIbTAaTOB, HAOMIOAeHWE UM aHaKu3
UHTEHCUBHOCTH U NONSPU3alUM TENJIOBOIO PafUOU3IydYeHUS HOXKIEBHIX OCAOKOB Ha HECKOJIBKHUX IOJIMHaX BOJH
OOHOBPEMEHHO MTO3BOJISIET UAEHTUDUIIMPOBATh TUENKH MOKAEBBIX 0CAAKOB B aTMOocdepe U OLIeHUTh UHTEHCUBHOCTh
UX BBINTAAeHUs. TakxkKe uccienoBaHbl 3(deKTh, CBsI3aHHBIE C HAKJIOHOM OCEM mMafalonuxX HOXKOEBBIX Kallelb
Hechepuueckol ¢hopmbl. [ToKkaszaHo, YTO MPEANOJIOKEHNEe 0 HaK/IOHE OCEeM MOXKOEeBBIX Kallellb MO3BOJISET B I[€JIOM
00BSICHUTL HaOmOmaeMble 3aKOHOMEPHOCTH B IIOBeOeHHM TpeThero mapamerpa Ctokca U. Kpome Toro,
HCCcIenoBaHa 3aBUCUMOCTh MHTEHCUBHOCTH U IOJISIPU3aly HaOJII0qaeMoro U3/Iy4eHUs OT CBOMCTB IOACTHUIIA0IEeH
TIOBEPXHOCTH, B T.4. IIPU HATMYUU YACTUYHOTO 1aMOEPTOBCKOT'0 OTPAXKEHUS.

Kpome TOTO, HCCIEmOBaHO paclIpoCcTpaHeHHe B TOHKUX OOJAYHBIX CJIOSAX HMITYJIBCOB JIa3€PHOTO H3Ty4YeHUs
pa3nmuuYHOM monsgpu3anuu. KcciemoBaHBI pa3MUYHBEIE CXEMBI 30HOUPOBAHUS OOAYHBIX CJI0EB C Pa3IUYHBIM
HamnpaBleHWEeM 30HOUPOBAHMS, B TOM YHCIIE TOPU30HTAJILHOIO 30HOUPOBAHUS C JIeTaTEeJIbHEIX alllapaToB. AHAIN3
TMONAPU3ALUN PACCETHHOTO M3IyYEeHUS II03BOIUIJI BBIIBUTH (PU3UYECKHE 3aKOHOMEPHOCTH pPaCIpenesieHus
WHTEHCUBHOCTH U TIONSAPU3AUU U3NydeHUsT B OuGPY3HOM pacCesHHOM CBETOBOM IIOJie B IIpedejiax Clos
pacceuBaroliei cpembl. BHIIBIEHHBIE 3aKOHOMEPHOCTH B CBOIO OUYepelb [Oalli BO3MOXKHOCTH CHoOpMyIHpoBaTh
KPUTEPUHU OPOsiBIeHUs HabmonaeMbx 3G GEeKTOB pacCesiHUSI M yKa3aTh BO3MOXKHOCTH PEUIeHusT 00PaTHOM 3ajiaywu,
T.€. OIIeHKH TOJIIIMHBEI PACCEUBAIOIIET0 CJIOS CPEeOHl ¥ €€ MUKPODU3NIECKHUX ITapaMeTPOB.

HccnemoBaHue BHIIIOJTHEHO B paMKaX I'OCYZAapCTBEHHOTO 3afgaHusi MOCKOBCKOTO I'OCYZAapCTBEHHOTO YHUBEPCUTETA
uMeHu M.B. JlomoHOcoBa. Pa6GoTa BHIIIOJIHEHA C MCIIOJIb30BaHMEM O0OOpyHmoBaHUSA LIeHTpa KOJIJIEKTUBHOTO
TI0JTb30BaHUSI CBEPXBHICOKOIIPOU3BOAUTENLHEIMU BBIYUCIUTENBHBIMU pecypcaMi MOCKOBCKOTO I'OCyOapCTBEHHOTO
yHHBepcuteTa uMeHu M.B. JlomoHOCOBa.
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PenreHue TpEXMepHBIX 3ajla4 NEepeHoca U3JTyYeHHUsI MEeTOOOM KBa3uaudpdy3uu

Baapumup II. Bynaxl , IlaBem A. CMI/IpHOBl

1 HayuHo-uccnemoBaTenbCcKul yHuBepcurteT "MOU" , Poccus

budakvp@gmail.com

B HacTosimee BpeMsl OCTa€TCs aKTyaJIbHBIM MOMENMPOBaHWE IepeHoca M3JIy4eHUsI B CpefaxX C IIPOU3BOJILHOM
TpPEXMepHOM TreoMeTpuei. [l TaKUX CUCTeM, BBUAY OECKOHEUYHON BapHaTUBHOCTU BpSA /M BO3MOXKHO
YHHUBepCaJIbHOE aHAIMTUYECKOEe DeIlleHHe, a CyLIeCTBYIOIIue MeTOOBl YHCIEHHOIO MOJEINPOBAaHUS OKa3BIBAIOTCS
60 rpyOrMu, nubO0 MeOjIeHHBIMM, BBUOY HEOOXOOMMOCTU OUCKpeTm3auuu. [lonynspHBI MeTOXn He3aBUCUMOTO
nukcens (IPA) B Takux 3afjadax He BUAUTCA 3(PpGeKTUBHBIM, T. K. HECMOTPS Ha y4€T U3MeHeHHUS yIjla IafeHus
WU3Iy4eHUs, IIO-IpeXKXHeMy IIPUHUMAaeT [ONIyIlleHHe IIJIOCKOCIOUuCTOM cpenbl. Metomel MoHTe-Kapno TpelGyioT
OOJIBIIIOTO YMCJla WTepalu¥ U JIyded [JI1 Ka4eCTBEHHOTO peIleHUs aHM30TPOIHOM YacTH U IIOCTPOEHUS Tejla
SIPKOCTH Ha OonbInuX IIyOHHaxX. XOpOIIMM pellleHHeM B JaHHON CHUTyalluy OKa3aJloCh IIPUMeHeHUe H3HadaslbHO
TPUOTUKEHHBIX MHXKEHEPHBIX METOMO0B, IIOCTAaBIEHHBIX HA MOIIHYIO BHIYUCIUTENbHYI0 0a3y CyIeCTBYIOIINX
YUCJIEHHBIX METOHOB.

MbI mpeqiaraeM OOHO W3 TaKUX pelleHuil Ha 0Oa3e BHIOEJIeHHs aHWU30TPOIIHOM YacTH B BHAE MAaJIOYTJIOBOH
momudukramuu MeToma cdepudyeckux rapMoHuK (MCI) u pelleHus pPeryaspHOM dYacTH B BHUIE
KBasuguddysnonHoro npubnuxkeHus. [ TaKOro pelleHus: IPUMeHseTcs: MoauGUIIMPOBAaHHOE YpaBHEHUE
nepenoca usnydenus (YIIM) ¢ Momudukaumeil IpaHUYHBIX YCJIOBUM OJIs ydé€Ta IIJIOXOM amnpokcumaiuu MCT
ob6paTHOTO paccessHus. OmHAKO, IPsAMOE pacCesHue [jisg MaJlblIXx onTudyeckux Tomil MCI anmpoKCUMHPYeET
mocTaTouyHO TO4YHO. C YyBeNIMYEHMEM OITHYECKOM TOJIIIM TeJjio SPKOCTH HadYWHAEeT CIJlaXXKMBaThCs, B €ro
dopmupoBarHumM BCE OOBIIE IPUHUMAET y4aCTHE PEryIspHas 4acTh, a caMma (popma mpubaukaeTcss K U30TPOIIHOM.
B Tako# cuTyaluu BHITOOHO MpUMeHEeHUEe KBas3umudy3noHHOro mMpubIuKeHUsT Ha OCHOBE IIEPBHIX ABYX FapMOHUK
MCT. [anpHellllee YTOYHEHUE OEJIaeTCsS IPUMEHEHHEeM IIePBOM CHHTETHUYECKON HMTEepalluy, 4YTO o0ecleuyunBaeT
COOTBETCTBUE TOYHOMY PACUETYy OOHOKPATHOTO PACCESHUSA U NPUOIUKEHHBIN YI6T MHOTOKPATHOTO.

[Ing aHamu3a MOJYYEHHBIX peLIeHWud MBI NPUBOAMM CpPaBHEHUS peLIeHW#d [OJI9 pas3HbIX OITUYEeCKUX TOJI] B
TIJIOCKOCJIOUCTOM Cpene B CpaBHeHMM C MeTomaMu MoHTe-Kapno u MDOM, a TakXke 0Oy OUIKHAPOB Pa3HBIX
pamuycoB. [Ias pemleHus peryasapHONM dYacTH MeToOooM KBasumud@y3uu MBI UCIOJIB3YEM CIeLuaIbHYIOo
MTPOTPaMMHYIO Cpefly YMCIIEHHBIX pelleHu quddepeHuanbHbIX YPpaBHEHUH.

[Tomy4yeHHBIEe pEMIeHWs Tpu ONMM3KOM COBHANEHWU II0 TOYHOCTH MHOTOKPATHO IIPEBOCXOASAT CpPaBHUBAEMBIE
aHaJIOTH B CKOPOCTH PEeIIeHus: 3afay Jisi BEIOPaHHOM reoMeTpuu. ITO 0G0CHOBLIBAET IIPUMEHEHUE IIPedI0KeHHBIX
METOIOB B APYTUX 3afjadaxX MPOU3BOJILHON TPEXMEPHOU T€OMETPUH.

CTOUT OTMETUTH, YTO IIpefjiaraeMHll IOAXOI NPUMEHUM BO BCEX 3aJadax MOOEeIMpPOBaHUSA IIepeHOoCca U3IyYeHUs B
nydyeBoM npubnukenuu. Cpenw KOTOPHIX II0 IIPEXXHEMY OCTAlOTCSd AaKTyalbHBIMH: 3ajada CyMEpPEedYHOro
OIUCTAHIIMOHHOTO 30HOWPOBaHUS, Korga aTrMocdepy NIPOCBeUYUMBaAEeT CaMbIM MOIIHBIM HOOCTYIHBIM HCTOYHUK -
Comnulle, a TakXe OOBIYHOE 30HAVpPOBaHME aTMocdeph M OKeaHa, B TaKWX CJIydasxX HeJb3sd IIpeHeOperaThb
TPEXMePHOU (HopMON 3JIeMEHTOB Cpefbl UM IOACTHUJIAIoNIeld ITIOBEPXHOCTH; 30HOUPOBAHME IIOBEPXHOCTU 3eMJIU C
LIeJIbI0 MOHHUTOPUHIA M IIOUCKOB II0JIE3HBEIX PECYPCOB, I'le HeoOXomuMa CKOPOCTh M TOYHOCTH C YYETOM HIMPOKUX
CIIEKTPAJIbHEIX XapPaKTEPUCTUK W3IydeHuUsi, OOJbIINX TOJII M TPEXMEPHOU TI'eOMETPUU CPEObl; MEeOUITMHCKUEe
3aa4Y¥ OUATHOCTUKYU M OOJIy4EHUS KUBLIX CPEI, KOTOPHEe BApUATUBHE, IUHAMUYHEL U TPEOYIOT y4€Ta TPEXMEPHOMU
CTPYKTYPHL; 3allau¥l MOIEIUPOBaHUS TPEXMEPHEIX CTPYKTYP CIeIlMaIbHBIX COCTABHBEIX U KOMIIO3UTHEIX MaTepUasoB
o6naparmux TpeOyeMBIMH XapaKTEPUCTUKAMU OTPAXKEHWs, IOTJIOIIEHMWS W PaCCEesHUS; 3aJadyu TPEXMEPHOTO
UMUTAIMOHHOTO MOOENIMPOBAHUS OITUYECKUX HCCIeOOBaHUU [/ ONpefesieHHsI XapaKTePUCTHK OTpaxkKeHus u
IIPOIIyCKaHUSI KOMIIOHEHTOB C YYETOM PaCCesHUS.

66



ISARD-2025-transfer004

OneHka 9yBCTBHUTEIBHOCTH MeTOoOa UK CHeKTPOCKONHU [/IsI JeTEKTHPOBaHUS
coaepzKaHHusI PaJUOAKTHBHBIX H30TOIIOJJIOT0OB BOOSITHOI O IIapa

TaTbsHa Yecnokosal , Anekcen HeHI.IOB1 , bopuc BOpOHI/IHl , T'enHamum Komotkos!

1 HUuctutyT ontuku atMmocdeps uM. B.E. 3yeBa Cubupckoro otuenenusi Poccuiickoi akageMuu HayK

ches@iao.ru

CyuiecTBYIOT pa3jIMYHbIE UCTOYHUKHN PaIUu0aKTUBHBIX U30TOIIOJIOTOB H2O Ha 3emsie. OHM MOTYT 00PaA30BHIBATHCS B
aTMocdepe IIpy B3aUMOOENCTBUYU C U3NydeHUeM M3 KOCMOCa, a TakXkKe BO BpeMs I'DO30BHIX Pa3psAnoB U C ocagKaMu
IIOCTyIlaTh B BOOOEMEBI M IOYBYy. bojlee 3HAQUUMBI TEXHOTE€HHBIE MCTOYHUKN PagUOaKTUBHEIX H30TOIIOJIOTOB HZO'
Bonbiioe KonmuuecTBO TPUTHEBHIX M30TO0nos0oroB HTO u TZO BhIOpacCHIBaeTCST BO BpeMsi aBapuit Ha ADC U siTepPHBIX
B3pEIBax. Hampumep, nocne aBapuu Ha ADC «dyKycuMa» B OKPYXKalOIIyi cpeny nonano okono 0,2-0,21 TIBk
TpuTusa [1]. PaguoakTuBHaAsA BoOa, KakK U e€e UCIapeHUs IIPEOCTaBIISIOT OIaCHOCThL OJI BCET0 XKHBOTO, IIO3TOMY
HeoOXO0IVM MOHUTOPHHT COfepKaHUs PaglOaKTUBHEIX U30TOIIOJIOTOB H O B BOIe U BO3OyXe.

Hawubomee DONTOXKUBYIIUMU KUCIOPOJHLIMYU PafiiOaKTUBHBIMU M30TOIIOIOTAaMU BOASHOTO IIapa SBIISIOTCS H 14
o, H 150 g H 19O cpenu PagUOaKTHUBHEIX BOOOPOOHBIX M30TOIIOJIOTOB Hambojee OOJIT0KUBYIIIE TpI/ITI/IeBbIe
H3OTOHOHOFH HTO u TZO (mepuopn monypacmapga Tputus 12,32 r.), M0O3TOMY OHM HamnboJiee MEepPCIEeKTUBHBEI Cpenu
PamroaKTUBHBEIX H30TOIIOJIOTOB HZO Cc TOYKM 3peHust peructpanum WK coekTpa u oOHapyXeHUS B HUCIIAPEHUSIX
paguoakKTUBHOM BoAbl. B HacToslllee BpeMS CYIIECTBYeT OYeHb Majloe KOJIMYECTBO HU3MEPEHUM CIIEKTPOB
TIOTJIOIIEHUSI PafMOU30TOIIOIOT OB H20, U HalllM TEOPEeTHUUYEeCKHE pacyeThl CIEKTPOB IIOTJIOIIEHUS MOTYT IIOMOYb
00HaAPYKUTh 3TH BEIEeCTBA B MCIAPEHUSX PAfHMOaKTUBHOMN BOALI. B OoTIMYME OT MMEIOIIUXCS B HACTOSIEe BPEMs
MEeTO[IOB, OCHOBaHHHIX Ha 3abope mpo0 u peructpauuu OeTa-usamyuenus, metonm MK crmekTpockonmuu MOKeET
M3MEPSITh MaJjioe COmepKaHue N30TOII0JIOTOB HEMHBA3UBHO U B PEXKUME PEaIbHOT0 BPEMEHH.

B Hame# paboTe ucciaeqyeTcss YyBCTBUTENLHOCTh MeToaa MK CIeKTPOCKOMUY [ U3MEPEHUS COmepKaHU H 19O

15O H 4oy TpuTUeBEIX u3otornonoros HTO u T O B ucnapeHUsAX paguoaKTUBHOU Bopmbl. Ha ocHoOBe Haumx
HOBbIX TeopETI/I‘{eCKI/IX pacyeToB NUHHUU nornomeHHH H 19O H 15O H 276 [2-4] u pacueTtoB HTO, T O [5]
IIPOBeNEeHO MOIENNPOBaHKe IPONyCKaHUI U3TyYeHU s npn H_II/IpOKOM BapBI/IpOBaHI/II/I KOHILIeHTpaluu I/I30TOHOJ‘IOI"OB.
C yueToM TepeKpHIBaHUS TUHUU IOTJIOUIEHUS HaWOeHbl CleKTpasbHble MHTepBalbkl B MK mumama3oHe, Haubomee
MEPCIIEKTUBHEIE OJIsT OOHAPYKEHWS MAaHHBIX H30TOIIOJIOTOB B BOASHOM Iape. CHelaHbl OIEHKH ITIOPOTOBBIX
3HAYEHUN UX KOHUEHTPAlMW, KOTOPhle MOTYT OHITh OOHApPyKEHHI B CIEKTPax IIOTJIOUIEHUS BOMOSHOIO I1apa B
71ab0paTOPHBIX ¥ aTMOCHEPHBIX YCIIOBUAX. [loKa3aHO, YTO M30TOIIOJIOTH HT160 u T 160 MOT'YT OBITH OOHAPYZKEHBI
B IlapaxX TpuUTueBOM Bomel npu ux comepxkauHuu 0,01-0,05% oT copmepzkKaHUS H 160 B zaBucumocT: ot
CIeKTpanbHOro HHTepBana. Msoromomorum H, 190, H, 150, H, 1409 XOPOIIIO 06Hapy>KHBa10Tcsi B CHeKTpe
PanroaKTHUBHOTO BOOSHOTO IIapa IIPU UX conep}KaHHH 60nee 0, 1% OT copmepKaHUs H 160y,

PaborTa BBIIIOJIHEHA B paMKax ['ocymapcTBeHHOro 3amanus MOA CO PAH.

1. K. Kheamsiri, D. Anderson, H. Tazoe, et al. Elevated levels of tritium in surface water collected in the immediate
aftermath of the Fukushima accident // Environmental Pollution. 2025. P.126040

2. Voronin B.A., Tennyson J., Yurchenko S. N., Chesnokova T.Yu., Chentsov A.V., Bykov A.D., Makarova M.V.,
Voronina S.S., Cruz F.C. // Spectrochimica Acta Part A: Molecular and Biomolecular Spectroscopy, V.311, 2024,
N.124007, P.1-12.

3. B.A. Voronin, J. Tennyson, T.Yu. Chesnokova, A.V. Chentsov, A.D. Bykov // Mol Phys. 2024. V.122. N5.

4. B.A. Voronin, J. Tennyson, T. Yu. Chesnokova, A. V. Chentsov, A. D Bykov // J. of Radioanalytical and Nuclear
Chemistry. 2024. V. 333. P. 4945-4954

5. https://spectra.iao.ru/molecules
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KosddunueHTsI YIIHPEHUS U CIBHUIa KojiedaTeIbHO-BpallaTeabHbIX TUHUH HF
BO3MYIIIEHHOTI' 0 Tej/iieM B ()yHZaMeHTa/IbHOH 00/IaCTH U 00/IaCTH IepPBOro 06epToHa

1

Pycnan E. AC(l)mil , Ompra O. IrssukoBa~ , Hrops A. Tonctukos!

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

r.asfin@spbu.ru

CrekTphl Ta3000pa3HOro GTOPUCTOTO BOOOPOMa B CMECH C TenueM B 006/1acTu QyHOaMeHTaTbHOMN ITOMOCH U TTOJTOCH
TmepBoro 00epTOHA ORIIM 3aperdCTPUPOBAHLHI B KIOBETE M3 HepzXKaBelIlled CTalu C CandUPOBBIMH OKHAMH C
paspemenuem 0.005 em~ L Kaxpas xosjebGaTenbHO-BpalllaTeNlbHAass JWHHUS B 9THX II0oj0cax Oklla

anmpoKcuMupoBaHa mpodunem doirrta. Bhila IMOCTpoeHa 3aBUCUMOCTh MapaMeTPOB 3TOTO KOHTYpa, TaKUX Kak
YyacToTa MakcuMyMa U JIopeHIIeBCKasi HIMPHHA OT IIOJIHOTO [aBJIEHWS CMEeCH IIPU IIOCTOSHHOM IlapIlualbHOM
maBineHuu HF, u B pe3ynbTaTe MUHEHHOW PETrPeCCUU 9TUX 3aBUCUMOCTEM OBLIN ITONyYeHB KO3(pDUITMeHTH CABUTa U
VIIUPEeHUs NUHUN. ITU KO3GGUIIMEHTH TaKKe ObIJIM MOJMy4YeHB W OpyruM nyrteM. OHM paccMaTpHUBalIHUCh Kak
ImapaMeTphsl BO BpPeMsI OOHOBPEMEHHOW IIOATOHKH COBOKYIIHOCTHM CIIEKTPOB IIPH IOCTOSHHOM maBjeHuu HF. O6a
MeToda Hajyd CXO0XMWe pe3ynbTaTh. [JIg peanu3anum BTOporo crnocoba Owbuta palpaboTaHa clelnuanbHas
mporpaMMa. Tako# IyTh OTKPHIBAET BO3MOZXKHOCTH HCIIOIb30BaHUSA 00Jiee IMPOABUHYTHIX KOHTYPOB [JIS IOOTOHKH

9KCIIEPHMMEHTAJIBHBIX JIMHUH.

KoadduimeHTs momydyeHsl Oas TUHUNA ¢ HoMepamMu m = —10...+10 Kak B ¢pyHOaMeHTaJbHON 001acTH, TakK U B
o6ractu oOepToHA. BONBIIMHCTBO 3HAYEHUM IIOJIydeHO BIIepBHle. [lonydyeHHBIE HaHHBIE OBIIM CpPaBHEHHI C
CYyLIEeCTBYIOIIUMY JINTEPATyPHLEIMU OaHHBIMU KakK mjis cucteMbl HF-He, kak u mns cucteMm HCl-He, HBr-He u HI-
He [1,2].

1. G. Li, R.E. Asfin, A.V. Domanskaya, V. Ebert, Molecular Physics116 3495-3502 (2018).
2. AV. Domanskaya, M.O. Bulanin, K. Kerl, C. Maul, J. Mol. Spectrosc. 253 20-24 (2009).

HccaedosaHue 66110 n000epaicaHo pecypCcHuiMu ueHmpamu "'eomodenv" u "KpuozeHHbulll omoea" HayuyHo20 napkda
cIiery

HccnegoBaHue IPOBEAEHO MIPH MOAdEPKKE:

1. "MccnepgoBaHue BHIIIOJIHEHO 3a cYeT I'paHTa Poccuiickoro HayuHoro ¢douga (PH®)", rpanTt 25-23-00113
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CEKIIUA 4. BBAUMOJENCTBHUE PATUAIIAUN ¢ OBJTAKAMHU u ADPO30JIEM

Ipencenarens: n.¢-m.H. Fopuakos I'.U. (MDA PAH, Mocksa, Poccust)
Conpencenarensn: 1.r.H. BunorpagoBa A.A. (M®PA PAH, Mockga, Poccust), 1.¢-M.H.
Herpyumu A.I'. (MATD HUAY MU®DU, O6nuHCK, Poccust), n.¢-m.H. MuxaiiioB E.®.

(CIor'y, Cankr-Ilerepoypr, Poccus)
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OnTudyeckue U MUKpPOpH3HUECKHE XapaKTEPUCTHKH a3p030/isi B He(POTOXUMHUIECKHX
cmorax Ha Cesepunou Kuramckoun PaBHuHe

1 1 1

ITennaouu U. TopuakoB- , Anekceii B. Kapmos', Poman A. I'ymua- , Omer U. ﬂaHeHKol

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HaykK

gengor@ifaran.ru

B saBape 2013 r. Ha CeBepHolU KuTaiickoii PaBHUHe BO3HUKIIM IIJIOTHBEIE CMOTH C MaCCOBBIMM KOHUEHTPaAUUSIMU
TOHKOOWCIIEPCHOTO aspo30JI IIOpSdKa COTEH MKIr/M3, KOTOphle IIPUBIEK/IN BHHMaHWe IIHNPOKOr0 Kpyra
cnernanucToB. OOHAPYKEH HOBHEIM He)OTOXMMHUYECKHUH MeXaHW3M 00pa30BaHUS CMOTOB, B KOTOPHIX ITPOUCXOOUT
OLICTPOE HAKOIJIeHUEe CylIb(aToB, 00yCIOBIeHHOE KaTaIMTUUECKUM OKMC/IeHUEM CEePHUCTOI0 ra3a MOJIEKYISIPHBIM
kuciaopopoM [1]. BomnbInoi nHTEpeC IpencTaBisieT MUKPOCTPYKTYpa 3TUX CMOTOB U IIOTJIONIATeIbHAs CIIOCOOHOCTD
o6pa3oBaBIIerocs: B He(pOTOXMMHUYECKUX CMOTax aspo30is.

AHanmu3 T1moKasajl, 4YTO B HEeDOTOXUMHUYECKHX CMOTaX IOOMUHHUPYET TOHKOOUCHEepPCHas QGpPakius aspo30is.
Brmaromapst GRICTPOMY HaKOIIJIEHUIO CyJIb(aTOB B Psfie CIydaeB ONTHYECKM IIJIOTHBHIE CMOTH OKAa3hBaIOTCSA Ciiabo
nornomamuMu (anbbeno omgHOKpaTHOTo paccesHus 0.99). B 3HayWTeIbHOM YacCTH CJIyYaeB B YacCTHUIAX CMOra
HapsOy ¢ YEPHBIM yIIePOOOM IIPUCYTCTBYEeT KOPUYHEBHIH YriIepoy.

B cmorax Ha CeBepHo#t Kutatickoit PaBuune (ctanius AERONET Taihu) o6Hapy:KeHO aHOMaJlbHOE CEJIEKTUBHOE
nmorjomeHue aspo3oyd. [Ipu 5TOM MHHMas 4acTh KoaddunueHTa IpeoMIeHUs Ha OnuHe BojHBL 1020 HM
mocturana npumepHo 0.11. ITpoaHamu3WpPOBaHBI BapUAllUM ONTHYECKHUX ¥ MHKPODU3UYECKUX XapPaKTEPUCTUK
a’3po307iel IIPU BO3HUKHOBEHWH B CMOTax aHOMAJIBHOTO CEJIEKTUBHOTO IIOTJIOIIEeHMs. B YacTHOCTH, 00HapYKEHHI
OTKJIOHEHHSI OT XapaKTepPHOW M 3WMHHUX CMOTOB T. IlekuHa OWMOMANMbHOCTH pPacCIpefesieHus dYacTHUIl II0
pa3mMmepam.

1. EpmakoB A.H. O HOBOM pexXuMe KaTaTUTUUYEeCKOT0 OKUCIIeHUs cynbduTta B mpucytcTBur Mn(II) B u3GhITKE
noHOB MeTaia // Kuaetuka u katanus. 2023. T.64, Ne 1. C. 86-96.

HccnemoBanue IIPOBEOEHO IIPHU IoJOdepPa2KKe:

1. "Toc3amanme UOA um. A.M. O6yxoBa PAH", rpanT Ne125020501413-6
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HccieamoBaHUs MOTIOIIAIONIMX H THTPOCKOIHMYECKHX CBOMCTB a3po30Jisi B arTMocdepe 03.
Baukai jertom 2024 1.

CBeTy1aHa A. TepHYFOBal , B TTombKuH , ETI. HyI.I.IeBa1 , MB. TTagueHKo! , TB. Xo;::pKep2 , BII.
1

IMImaprysos
1 HNHCcTHUTYT oniTuKHU aTMOCchepH uM. B.E. 3yeBa Cubupckoro oraenenus PoccuiCKOM aKkafleMuu HayK
2 JIUMHOJIOTHYECKHUi uHCTUTYT CuOUPCKOTO OTAeneHus Poccuiickoi akageMuu HayK

swet@iao.ru

IIpencTaBieHbl pe3yabTaThl UCCIEHOBAHUM MUKDPOCTPYKTYPHBIX U (PU3NKO-XUMHUUYECKHX CBOMCTB HIPUBOOHOTO
aspo3oiid B aTMocdepe KOTIOBUHBI 03. Baiikanm netom 2024 r. Ha OOpTy Hay4YHO-UCCIEOOBATEJILCKOTO CyIOHA
«Akapemuk B.A. Kontior». TIlogTBepKAeHO, YTO B OTCYTCTBUE HOBIMOBBIX IIJIeN(OB JIECHBIX II10XKaApOB
IIPOCTPAHCTBEHHOE paclpefeleHue a’po30Jii Haf aKBaTOPHEN 03epa, a TakxKe copepzKaHUe YepHOTo yriepona B
COCTaBe YacCTHIl OIIPefeIgi0TCS PacloIoXeHeM aHTPOIIOTEeHHEIX HCTOYHUKOB.

BriepBhle IpuBemeHbl XapaKTePHUCTHUKHW T'UTPOCKONMMYHOCTH U JIeTydeCTH BelllecTBa a’po30Jii aTMocheprl 03.
Baiikan, 3aBucsAliye OT pa3Mepa dacTull. [loBrIIeHHBIE 3HAYEHUS ONTUYECKOrO IapaMeTpa KOHOeHCalMOHHOU
aKTUBHOCTHM HaOI0IalUCh B CEBEPO-BOCTOYHOM YacTu o3epa (YucThlie (OHOBLIE paliOHEBI), a HAUMEHBIINE - B I0TO-
3amagHOM  YacTW, TIhe BBICOKO BJIIMSIHME QHTPOIOTEHHBIX 3arpsi3HeHu#. BuigBIeHHEIE 0COOEHHOCTH
TUTPOCKOIIUYHOCTH a3p030Ji B Pa3jIMYHEIX YacTAX BallkalbCKOIO peruoHa HaXONATCS B COTJIaCUM C OAHHBIMU O
ero XUMHUYEeCKOM cocTaBe. Takue ke pa3nuyus MeXOy YUCTHIMU M 3arpsS3HEHHBIMU palloHaMU XapaKTepHBI U Oj1d
MUKPOGU3UYECKOr0 ITapaMeTpa KOHIEeHCAIMOHHON aKTUBHOCTU CaMOM MeJIKOU PerucTpupyeMon (ppakiiuy 4acTull.
3aBUCHMOCTDL ITapaMeTpa KOHIEHCAIlMOHHOW aKTUBHOCTH OT paguyca YacCTHULl XapaKTepu3yeTcs MaKCHUMallbHBIM
3HAUYEHUSIMU ¥ HaubOIbIIel N3MEeHYHUBOCTHI0O B CYOMUKDOHHOM [OMala30He M Pe3KUM CHUXKEHUEM C YBeINdeHHeM
pamuyca. Bkinang KpynHEBEIX 4acTHUI] I'>2 MKM B KOHIEHCAIIMOHHYIO aKTUBHOCTb a3p030Jis cocTasinsieT MeHee 0,05.

Bomnpimive 3HaYeHUs OOIU BBICOKOJIETY4YHX BEIIECTB OTME€YaIOTCA B paﬁOHax C HU3KOU 3aMyTHEHHOCTBIO, a
HeJIeTy4HXx, HaO60pOT, C BEBICOKOHM. XapaKTepHoﬁ 0COOEHHOCTBIO 3aBHCHUMOCTH TEPMUYECKHUX IIapaMeTpPpOB OT
pa3Mepa 4YacCTHUuL] sABJIA€TCA CHUHXKEHHE OTHOCHUTEJIbHOIO KOJIM4YeCTBa JIETy4YHUX BeIleCTB U, COOTBETCTBEHHO,
YBeJIM4YEeHUuEe OOJIM HeJIeTYy4YUX C POCTOM paguyca.

PazpaboTka MeTOmOB U MpUOOPOB BHIMOJIHEHE B paMKax roc3apauus MOA CO PAH per. Ne ETYICY 121031500342-
0; srcreguIIMOHHBEIE PAabOTH, 0O0paboTKa M aHAJIM3 PEe3yJIbTAaTOB IPOBENEHH! IIPU Iogaepxkke rpanta PH® Ne 19-77-
20058-I1.

HccnemoBanue IIPOBEOEeHO IIPHU IIoJIdepPa2KKe:

1. "roczaganue MOA CO PAH", rpanT 121031500342-0
2. "Poccutickuit HayuHbIM GoHA", rpanT 19-77-20058-T1
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MHoOro/IeTHHE H3MEepPeHHsI KOHIIEeHTPAallHH YepPHOro yrjiepoaa B BO3aYIIIHOM OacceHrHe T.
MoCKBBI

1 1 1

Anekceu B. Kapnos" , T'eunmamguii M. l'opuakos , Banepwuii C. Kosnos', Poman A. FymﬂHl

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HaykK

karpov@ifaran.ru

DyieMeHTHHN yriepon (YepHHIM yriepon, caXa) B aTMOC(hepHOM BO3OyXe HPUCYTCTBYET B BUME a3PO30JIbHBIX
YacTUll pa3MepoM, IPEeUMyIIeCTBeHHO, He 6oyee 2.5 MKM. BNssCh, B GOIBIIMHCTBE CBOEM, IPOOYKTOM HEIIOJIHOTO
CTOpPaHUS TOIJINBA, YEPHBIN YIJIepon CUUTAeTCs OOHWM M3 OCHOBHEIX IIOKa3aTejlel aHTPOIOTeHHOTO 3arpsa3HEeHUs
atMocheprl. Heob6xomguMocTh U3ydYeHUS CaxXeBOT'O0 a’spo30Jii oOyCJIOBNIEHa, IIpeXIe BCero, ero YHUKaJIbHBIMHU
ONTUYECKUMHU CBOWCTBaMu, Oiarogapsi KOTOPHIM OH 3aMETHO BNHMSET Ha XapaKTEPUCTHUKU IIPOXOISIIETr0 CKBO3b
aTMocdepy COJTHEYHOIr0 H3JIy4eHUS U Ha ajnbbeno IIOACTUJIAIOIel IIOBEPXHOCTU (IIpexXkIe BCEro, CHEKHOTO
TIOKpPOBa), IPU OCaKIeHUM Ha Heé caxXeBhIX dyacTuil [1].

B mepuopn ¢ 1989 roma mo HacTosIlee BpeMs B IYHKTe HaOIIOMEHUH, PACIIOIOXKEeHHOM B 3gaHuu MHCTUTYTa GUINKHU
atmocheprr uMm. A.M. O6yxoBa PAH mo apmpecy r. MockBa, IIeiKeBCKHU Iep., O.3, IPOBOOSTCS H3MEPEHUs
KOHILIEHTPAllMX CaXXeBOTO a’po30JIsi B MIPU3EMHOM cJjioe aTMocheprl. MecTo M3MepeHUM HaXOAUTCS B TJIOTHOM
TOPOJICKOM 3aCTPOMKe, HeHaJIeKO OT aBTOTPACC C OOJIBIIONH aBTOMOOUIIPHOM HAarPy3KOH.

o Havama 2022 roga M3MepeHUs IIPOBOOUIINCH C MOMOIIBIO OIIEPATOPA, OCYLIECTBISIOMIETO OTOOD a3pPO30JIbHBIX
npo6 Ha QUIBTPH U IOCIEOYIOIIero aHanau3a OaHHBIX 00 M3MeHeHUU K03(pduireHTa MOTJIONIEHUS ONTUYEeCKOr o
U3Ty4YeHusT GUIbTPOM C OTOOPaHHOM IPoOGOM IT0 CPaBHEHHUIO C YHCTHIM ¢uabTpoM. OT60p mpob6 Ha GUIBTPH
IIPOU3BOLUIICS OIIEPATOPOM I10 PaboYUM OJHAM B JHEBHBIE YacH [2].

C ssuBapst 2022 r. m3MepeHUs NPOBOLATCS B aBTOMATUYECKOM DPeXHUMe C IIOMOIIbI0 U3MEPUTENs KOHIEeHTpauuu
YacTHUIl caxXeBOoro aspo3oisd (AsTaroMmeTpa). Psan maHHBIX H3MepeHUM KOHIIEHTpalUMM 4YepHOro yriepoma B
aTMocdepe, MoIydaeMEBIM C IIOMOIIBI0O A3TajloMeTpa, XapaKTepU3yeTCs BEICOKUM BpPEMEHHBIM pazpemieHueM (1
MUHYTa) ¥ MaJbIMU [IepruofaMu IIPOIyCKa OaHHBIX.

I[lo maHHBIM MHOTOJIETHHX H3MepeHHu# OBIIM PacCYMTaHBl CPeJHeTromoBhle 3HAUYEeHHs MaCCOBOM KOHIIEHTpalluu
YaCTHUIl Ca’keBOTO a3pO30Ji B BO3AYIIHOM OacceiiHe T. MOCKBHI ¥ BBHISIBJIEHHI OBa OCHOBHEIX IE€PHOMA, OOWH W3
KOTOPBIX XapaKTEepPU3yeTCsI XOPOIIO BEIPAXKEHHLIM TPEHOIOM Ha CHUXKEHHEe KOHIIEHTPAIlMK CaXXeBOI'0 aspo30Jis B
aTtMocdepe r. MOCKBHI, a BTOPOI - OTCYTCTBHEM CKOJIBKO-HHOYOb 3aMEeTHOTO TPeHAa.

C nmomompo psAma maHHBIX 2022 - 2024rr. KpyTrJIOCYTOYHEIX U3MEPEHUYM KOHIIEHTPAIMHU CaXkKeBOr0 aj’po30iid C
BBLICOKMM BpPEMEHHBIM pa3pelieHueM OBIIM pPacCYUTaHBl CPEeOHETOMOBLIe 3HAYEHUS MAaCCOBOM KOHIIEHTPAITUU
CaxkeBOTO a3p030Jisi [0 BCEMY MacCHUBY JaHHBIX U 110 BEIOOPKE B THEBHBIE YaChl (B COOTBETCTBUU C PEXKUMOM 0TOOpPa
mpo6 npu uaMepenusx 1989 - 2021 rr.). IToka3aHo, YTO OTIUYUSA ABYX CIOCOOOB OIIEHKU CPENHETONOBHX 3HAYECHUHN
MaCCOBOM KOHITEHTPAIIUU YePHOT0 yriepoaa B aTMocdepe CoCTaBisaioT He 6omee 4%.

JlutepaTtypa

1. [TeBuenko B.TI., Konetikua B.M., HoBuratckuit A.H., Mamnadees I'.B. YepHbIl yTriepon B IPUBOOHOM CJIO€
atMocdepsr Hag CeBepHOUM ATIaHTUKON U MOpsAiMu Poccuiickoit APpKTUKY B HioHe-ceHTss0pe 2017 r. //
Oxkeanomnorus. 2019. Tom 59, Ne 5, c. 771-776.

2. Kometikuna B.M., [Toromapesa T.41. 3aBUCUMOCTS BapHalluil comepzKaHus caxXu B aTMochepe MOCKBEL OT
HaIpaBlIeHUs IIepeHoca BO3OYLIHEIX Macc. // OnTtuka atMocdeps! 1 okeara. 2020. T. 33. Ne 10. C. 811-817.

HccinegoBaHue MIPOBEIEHO MPH MOAAePXKKe:
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1. "T'oc3amanue UOPA um. A.M. O6yxoBa PAH", rpaut FMWR-2025-0007 Ne1022041800069-7-1.5.9.
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OcobenHocTHu nponyckanusi YOU ob6;1akamMmu pa3HbIX ¢popM

1,2 1,2 1

Cepreu B. CMupHoB , Koucrautus H. IIyctoBanos*'“, Ilerp M. Haropckuii, Mapus B. OrnesHesal

1 WHCTUTYT MOHUTOPUHTA KJIMMaTUYECKUX U 9KOJIOTUYECKUX cucTeM Cubupckoro ormesienus: Poccuiickoi
aKageMum HayK
2 HanuoHasbHBIA HCCIIefo0BaTeIbCKui TOMCKUI TOCyOapCTBEHHBIN YHUBEPCUTET

smirnov@imces.ru

M3BeCcTHO, YTO Ha U3MEHYMBOCTD MOTOKa Y®U, mocTuUraiwIinero ImoaCTUIAINEN TOBEPXHOCTH, OKA3bIBAIOT BIUSHUE
Takue (aKTOpHE, KakK oflmee comepKaHWe O30Ha, O00IaYHOCTb, aspo030Jib, HEKOTOpPhle Majkle Ta30BHE
COCTaBIIAIONINE, anbbemo MOACTUIIAIEN IOBEPXHOCTH U Apyrue ¢GakTophl. [Ipu 3TOM OCHOBHOM BKIam B
U3MeHeHHue Imafamlnero mnoroka YO®U, B 0coOEHHOCTH, €ro OJIMHHOBOJIHOBOM 4YacCTH, TIOe BJIHSHHUE O30HA
MHHHUMAaJIbHO, BHOCUT 00JTaYHOCTE.

Panee pnmst ToMcKa OBIIM ITONMyYEHBI OLIEHKM M3MEHYMBOCTH NMPO3PavHOCTH aTMocdephl B YO OIHMHHOBOJIIHOBOM
Inanal3oHe (Ha pnuHe BOJHBI 380 HM) AJi TaK Ha3bIBAEMEIX YCJIOBUM «XOPOUIElN MOTOOBI» U METeOPOJIOTMYECKUX
YCJIOBUY, CBSI3aHHBIX C HAMTU4YWEeM B aTMocdepe OOJIBIIOT0 KOMUYEeCTBa AbIMa OT JEeCHHIX M0oxKapoB. OJMHAKO OIEeHKHU
BIUSHUSA 00JIaKOB OCHOBHBIX (POPM Ha M3MEHUYHBOCTH IIPO3PAUYHOCTH aTMOCGHEPHl B BHIIIEHA3BAHHOM CIIEKTPAIbHOM
Iualal30He paHee He IPOBOOUNNCE. [I03TOMY Ilefib JaHHOI'O MCCIefOBaHUs — IIOJIyYeHUe ITUX OLIeHOK, UX aHa/lIu3 u
CpaBHEHUE C aHAJIOTUYHBIMU OLIEHKAMHU IJIST YCIIOBUM «XOPOIIEN MOTObI».

[Ins OIleHKM CIeKTpalbHOM IIpO3padHOCTH aTMocdeprl, 00yCJIOBIeHHOU o60nakaM{d OCHOBHBIX ¢GopM, ObuIn
HUCIIOJIb30BaHbI JaHHbEIE MHOTOKaHaJIbHOTO ¢uiabTpoBoro paguoMerpa NILU-UV-6T, nonydeHHbBle B reohU3nUeCKON
o6cepBaTopuu MMK3C CO PAH B Teuenue 2006-2020 rr. PanuoMeTp u3MepsieT SHEPreTUUYECKYI0 OCBEIIEHHOCTD B
yNIbTPadHONIeTOBOM M BHUAMMOM CIEKTPalbHBIX 0O0macTsax Ha miuHax BoimH 305, 312, 320, 340 u 380 HM u B
ouana3one 400-700 am. Ilpunaraemoe k mnpubopy IporpaMMHOe o0eclieyeHHe [O3BOJIIET PAaCCYUTHBATD
OTHOCUTEJIbHYIO MPO3PavHOCTb aTMochephl Ha manuHe BoHH 340 mmu 380 HM, 00YyCJIOBJIEHHYI0 00/TaYHOCTBHIO U
aspo3oneM. B HalleM ciiydyae mpo3pavyHOCTh OblJIa paccyuTaHa oiist 380 HM.

Nuadopmanms 06 061aYHOCTH U METEOPOJIOTUYECKUX SBJIEHUSX OBIJIa MCIIOJIb30BaHA C PACIOJIOXEHHON B 6 KM OT
o6cepBaTOPUU TUAPOMETEOPOJIOTUYECKOMH CTAaHIUU «TOMCK>.

711 OLEeHKMW BIUSHUS TOU UNU WHOU (GopMBI 0OJAaYHOCTH Ha MPO3PAUHOCTHL OBIT MPOBEHEH OTOOP CHydaeB C
HaIu4YueM B CPOKM HaOIIOMeHUs Ha MEeTeOCTAHIIMKM TOJIFKO OMHOM M3 OCHOBHBIX (opm obmakoB: Ci, Cc, Cs, Ac, As,
St, Sc, Ns, Cu u Cb, ipu oTcyTcTBUHM 001aKoB apyrux ¢dopm. s Cb momyckasoch Hanuuue Cu. [JoTOTHUTETEHBIM
yCIOBHEM IIPU BHIOOPKE CiIydyaeB C Ky4YeBO-HOKMEBLIMM, CJIOMCTO-HOXKAEBHIE M CIIOHUCTHIX O0JaKaMH SIBIISIIIOCH
HaJM4ue OCAgKOB (JIMBHEBHIX, OOJIOKHBIX X MOPOCSIIUX COOTBETCTBEHHO). B pacuér Opanuchk CpegHEMUHYTHEBIE
3Ha4YeHUd Mpo3padyHoCcTU 3a 30-MUH UHTEPBAJIBI OTHOCUTEIFHO METEOPOJIOTUYECKOT0 CpokKa, T. €. 00 UTC+15 MuH,
03 UTC+15MuH U T. O. Korga HaOmioganuch ob6raka KOHKPETHBHIX (opM. KputepusiMu yCIOBHHE «XOpoIlnei
IIoroael» IIPU IIPOBEOEHHMHW CPABHUTEJIBHOI'O aHa/IM3a M3MEHYMBOCTHU IIPO3PAYHOCTHU 6bIJ'II/I IIPUHATEI Clleoyloliue
XapaKTEPUCTUKU: KOIUYeCTBO 007akoB He Oomee 5 6anioB, OTCYTCTBHE 0OIaYHOCTHM HUXKHEro spyca u
BEPTHUKAJIBHOTO PA3BUTHUSA, OTCYTCTBHE I'PDO3BI, OCAAKOB, TyMaHa, MIJIBI, METEJIH, TIBIJIBHOK 6ypI/I 1 3aObIMJICHUSI,
CpefHssi CKOPOCTb IPU3EMHOI'0 BeTpa He 6osee 6 M/c.

B pesynbTaTe NMpOBEeAEHHOr0 MCCIIENOBAHUS MOYUYEeHBl OLIEHKM M3MEHUYUBOCTU M IIOBTOPSIEMOCTH OTHOCUTEIbHOM
mpo3pavyHoCcTH aTMocdepsl B YO OIMHHOBOIHOBOM Auamna3oHe (380 HM) B IPUCYTCTBHUM 00JIaKOB OCHOBHEIX (hOPM.
OmnpepnesieHo, YTO CpegHUEe U MeOuaHHbe 3HAUEHUS IPO3PAYHOCTH IIPU HAIMYMU O0OJIAYHOCTU 3HAUUTEILHO HUXKE
3HAUEHUH, XapaKTEPHBIX YCIOBUSM «XOPOIIel IMOTrodbl». AHaANMM3 IoKa3aJll, YTO IIPU YMEHbIIEHNE BLICOTH HUXKHEMU
rpaHunel 00671aKOB OTMEYAeTCsI yMeEHbIIeHWe mpo3pauHocTu (R=0,74). PacmpeneneHne TIOBTOPSIEMOCTH
mpo3pavyHocTu B Sc, Ac u Cc ABASIETCS OBYXMOMAJIbHBLIM. [IMCiepCHUM 3HAYEHUM MPO3PavHOCTHU [AJIsT OONbIITMHCTBA
061ako0B, KpoMe St 1 NS, BBIIIE, YEM [JIsI YCIOBUHM «XOPOIIEH TOTOMBI».

PaborTa BBHITIOJIHEHA B paMKax rocygapcTBeHHOTO 3aganusa UMKOC CO PAH.
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KopHuuyHeBBIH yrjiepoa B 3SUMHHX cMorax r. IlekuHa

1 1 1

Oner M. Hanenko , ['enmnapuit U. 'opuakoB®, Anekcen B. Kapnos®, Powman A. Fy'H.[I/IHl

1 WUnctutyT Pusuku atmochepst um. A.M. O6yxoBa Poccuiickoit akageMum HayK

datsenko@ifaran.ru

Ha mporieccrr nmepeHoca KOPOTKOBOJTHOBOM COJIHEYHOM pagualli¥ B aHTPOIIOTEHHO O0YCJIOBJIEHHBIX CMOTOB BIIUSIET
ToTJIoIeHe YEPHEIM yrieponoM. B [1] moka3aHo, 4TO 3aMeTHBIHM BKJIaf B IIOTJIOIIEHUN paguald CMOraMU MOXKeT
BHOCUTH TaKXkKe «KOpPWYHEBHN yriepom» (BrC), KOTOpHIM IIpefAcTaBiseT cO00M OpraHWYEeCKHE COEeOUHEHUS C
IIMPOKOM TIOJIOCOM IOTJIOWIEHUs B yiIbTpaduoneToBoi obnactu cuekrpa. B [2] onmcad HOBBIM HE(POTOXMMUYECKUN
MexaHu3M 00pa3oBaHUsS 3WMHHX CMOI'0OB, HA KOTOpOe OBUIO 00palleHo BHUMAaHWE HUcclieqoBaTened B siHBape 2013
T.

B cBg3u Cc 5TUM BO3HUKJ/Ia HOBas 3aJada WCCJIeOOBaAHUS HN3MEHUYUBOCTU OINTUYECKUX U MI/IKpO(l)I/I3I/I‘-IeCKI/IX
XapPaKTEPUCTHUK ad3PO030JIsd B He(bOTOXI/IMI/I‘-IeCKI/IX cMorax, BapI/IaHI/Iﬁ COoOep2KaHusA ‘-IépHOl"O yriepona 1 KOpU4YHEBOT' O
yrieponga B SUMHHUX CMOTax I'. [Tekuna.

B HacTosme#d paboTe MpoaHaNIM3WpPOBaHA H3MEHYMBOCTH (YHKIMKM paclpefeeHuss dYacTHIl IO pa3Mepaw,
A9pPO30/ILHON OINTUYECKOW TOJIIMHE OCIableHus, MHHMOM dYacTH Ko3GhdHIMeHTa IIPeloMJIeHHUS U albbemo
OOHOKPATHOTO PacCesTHUS B 3UMHUX CMoOTrax I. [IeKuHa. PacCYMTaHBl CTaTUCTUYECKHE XapPaKTEPUCTUKU BapHAIUM
OTNITUYECKUX XapaKTEePUCTUK a3pP030Jis B 3UMHUX CMorax T. [lekuHa. M3y4eHbl CTaTUCTUYECKHUE CBSI3U CONEPKAHUS
KOPHUYHEBOT'0 ¥ YEPHOTO yIIepoaa C adp030JIbHOM OIMTHUYECKOH TOMIIUHOM!.

1. Topuaxkos I''H., Kapnos A.B., I'yiun P.A., Iaueuko O.U., CemyTHUKOBa E.['. YepHBIN 1 KODUYHEBHIN
YIJIePOJ U CeJIEKTUBHOE IIOTJIONIeHNe pafualiy OEIMOBLIM a3p030JieM IPU MaCCOBBIX JIECHBIX IT0Kapax Ha
Anscke B 2019 1. u B Kanapne B 2023 r. // OnTuka atmocdepst 1 okeaHa. 2025. T.38, Ne 1. C. 32-38.

2. IlpouueB I'. B., EpmakoB A. H. MexaHu3M He(pOTOXUMHYECKOTO 00pa30BaHMs U OIleHKa CKOPOCTH
HaKOIUIEHUA cylbdaToB B aTMochepHOU apiMKe // OnTuka atMocdeprl 1 okeaHa. 2025. T. 38, Ne 3. C. 178-
184.

HccnenoBaHue NMPOBEIEHO IIPH MOOdEePXKKe:

1. "Toc3aganue UPA um. A.M. O6yxosa PAH", rpanT Ne1022041800069-7-1.5.9.
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Ha0nomeHust a3po30/1si CHOHPCKHX JIECHBIX II02KapoB B cTpaTtocdepe

AnekcaHap A. ‘-Iepemncnnl , UWnbsa W. Pomanuenko, [laBen B. HoBukos, Banepwuit H. Mapuues, [IMmurpuu

A. BOYKOBCKUH
1 UHCTUTYT XUMHUUYECKOU KMHETUKU U roperus uM. B. B. Boesogckoro CO PAH , Poccus

aacheremisin@gmail.com

CrtpaTtochepHBIT a3p030Ib ABIISIETCS BaXKHBIM KIUMATO0Opa3yomuM GakKTOPOM U UrpaeT BaXKHYI0 POJIb BO MHOTHUX
aTMOChEePHbIX GUIUKO-XUMUYECKUX Ipoiieccax. COOTBETCTBEHHO M3yUYeHHE UCTOUYHHUKOB 3TOTO adpP030JIsi SIBIISETCS
CYIIIECTBEHHBIM aCIIEKTOM MCCIEeIOBaHUs CTPaATOChEDHI.

B HacTosIiiee BpeMs M3BECTHO, YTO 3HAYUTEJIPHBIM BKJIal B adspO30JIbHOE HATIONHEHWEe cTpaTocdepsl BHOCST
ByJIKaHWYeCKHe TPOOYKTH H3Bep:KeHu#. B KadecTBe MCTOUYHMKa CaXXeBOTO aspo30yisi B cTpaTocdepe
pacCcMaTpuBaJIuCh BBI6POCBI ABUaAlTMOHHBIX JIBI/Il"aTeJ'IeI;I. C Pa3BUTHEM BBICOKOTEXHOJIOTUYECKUX CUCTEM
HabmogeHn Ha COyTHUKAX YOaJioCh OOHAPYXKUTh, YTO Ca’KeBble a9P030JIbHBEIE YaCTUIIBI TaKXKe MOTYT NPOHUKATH B
cTpaTocdepy 3a cueT 0Opa30BaHMUS MOIIHBIX ITUPOKYMYJISITUBHEIX 00JIaKOB, BOSHUKAIOUINX B 00JIACTSAX OOIIMPHEBIX
JIeCHBIX MOoXapoB. Clyyau OUPOKYMYISTUBHBIE BHIOPOCOB B cTpaTochepy 3adurcupoBanwbl B Kauame, CIIA u
ABcTpanuu.

B mokname OynoyT mpemcTaBlIeHBEl pe3y/IbTaThH MCCIENOBaHUS IlepeHoca B cTpaTocdepe CeBEepHOrO IIOTyIIapUS
CazkeBOT'0 adp030JIs JIECHHIX IT0XkKapoB B Boctouno#t Cubupu B 2019 [1] u 2022 r. u j0Kanu3aluy MeCcT U BpeMeHHU
o6pa30BaHUS MOIIHBIX INUPOKYMYJISITUBHBIX 00jIakoB. B paboTe ucnonb3oBaluCh HaHHLIE Ha3eMHOU NHOapHON
ctpaTtochepHoii craHuus B MOA CO PAH B Tomcke, kocmudeckoro nupmapa CALIOP na cnytHuke CALIPSO,
panuomeTpoB cucteMel VIIRS Ha cnyTHuke Suomi-NPP, a TakXke maHHBIE O SIPKOCTHOU TeMIlepaType BepXylleK
00J1aK0OB ¥ BU3yaJIbHEIX HAOIIOOEeHUH CO SIIOHCKOTro ciyTHHMKa Himawari-8 u pe3ynbTaThH TPAeKTOPHOTO aHAJU3 C
NPUBJIEYEHUEM [TaHHBIX IT0 CKOpPOCTsIM BeTpa GDAS.

B mauamne nera 2019 r. mpou30NIINIO MOIIHOIO KM3BEpXKEHUE ByNIKaHa Palikoke, YTO OCJIOXKHUJIO UHTEPIPETALUIO
pe3ynbTaToB HAOMIOOEeHWH, TakK KaK I[IPH 93TOM IIPOM3OLII0 CYLUIECTBEHHOE HAIOJIHEeHUWEe cTpaTocheps
BYJIKQ@HUYECKHM adpPO030JIeM. HO}Kapr U BYJIKQHHUYECKOE HN3BEPXKEHHE SBJISAETCA aJIbTEPHATHUBHBIMHU THUIIOTE€3aMHU
IOJIsT HMCTOYHUKOB a’3pPO30JILHOTO HAMOJHEHHUs crTpatochephl B wutone-aBrycte 2019 r. st BBISIBIEHUS
IIPOUCXOXKOEHUS a3po30is ObUia pa3dpaboTaHa KOMIIJIEKCHAs METOOWKA C IPUMEHEHNEM Ha3eMHBIX U CITyTHUKOBBIX
cucTeM HabmIogeHu 3a aTMoChepo.

1. Yepemucus A. A., Mapuues B. H., Boukosckuii [I. A., Hosukos Il. B., Pomanuenko 1. Y. CtpatochepHsit
a’3p0307Ib CUOMPCKUX JECHBIX II0XKApOoB 10 JaHHBIM JTUAAPHEIX HabmiogeHuit B ToMcke B aBrycte 2019 r. // OnTuka
aTMocdepHl u okeaHa. 2021. T. 34. Ne 11. C. 898-905.
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A3p030/1b B Ta00pPAaTOPHOM aHAJIOTE IIAPOBOM MOJTHHH

AnekcaHap A. ‘-IepeMncmil , Erop A. Ilumukusa , Muxaun A. ColoBbEB

1 WHCTUTYT XUMHUYECKOU KMHEeTUKHU U roperus uM. B. B. Boesonckoro CO PAH , Poccus

aacheremisin@gmail.com

[ITapoBasi MOJIHMS OO CHUX IIOP OCTAETCAd IIPAKTUYECKM HEe HU3YYEHHBIM aTMOCOHEPHBIM SBJIEHHMEM, KOTOPOE
TpuBeKaeT K cefe BHMMaHME MHOTUX HCCIIENOBAaTeJield, CTPEMSIINXCS MOHSAThH ero mpupogy. B 2000 romy B T.
l'aTynHe ObLT OOHAPYXKEH OCOOBIM THUII HMMITYJIbCHOTO BHICOKOBOJIBTHOT'O 3JIEKTPHUYECKOTO paspsma Haja BOTHOM
moBepxHOCThIO [1]. Tlpu paspspme GopMHUPYETCS SPKO CBETSIIIUUCS IIapooOpa3HbIi 00BEeKT (Ha3bIBaeMBIM B
JUTepaType InasmMouaoM). [Ipu 3ToM BpeMs XKU3HU CBETSIIErocs Iapa JOBOJILHO BEJIMKO M MOXKeT mocturath 0.6
C, IPU TUIIMYHOM BPEMEHU raJIbBAHUYECKOT0 KOHTAKTA IIJIa3Mouaa ¢ ajeKTpomamu okoio 0.1 c.

B HacTosllee BpeMsa 3TOT OOBEKT M3ydaeTCsl BO MHOTHUX JlaGopaTopusx Mupa, Hanpumep, B CIIA, Kutae, Anonuy,
lepmanuu, YexocmoBakum u Poccum. MHorme wncciemoBaTeNlM paccMaTpuUBaeT STOT TUII pa3psafa Kak
1abopaTOPHBEIM WM MCKYCCTBEHHBINM aHAJIOT NPUPONHOM ITAapOBOM MOJIHMH. MeXHOy TeM, 3TOT OOBEKT BCe eIle
OCTAETCs HeJOCTaTOYHO U3YUEeHHEBIM.

B paboTe 06cyxKmaioTcs pe3yabTaTh U3yYeHUsT 3TOr0 00pa30BaHuUs, OTyYeHHBe B 1a60paTOPUAX PA3HEIX CTPaH, a
TaKXKe pe3yJIbTaTH 3KCIEPUMEHTANTbHOT0 HMCCJIeN0BAaHUS, BHIIOJTHEHHOT'O0 Ha Pa3psOHOM yCTaHOBKE, COOpDAHHOM! B
HUXKI CO PAH.

OO6Hapy:KeH WHTEepPecHBIM (aKT, YTO NOpPH MTPOXOXKIOEHUM JIa3epPHOr0 MydYKa dYepe3 MJIa3MOUJ OTUYETIIMBO
HabII0maeTcsT paccesiHUe JIa3ePHOT0 M3IyYeHUs Ha adpO30/JIbHBIX YACTHIIAX PAa3HOI'0 pa3Mepa. YCTaHOBIIEHO, YTO
BHYTPEHHSS 4YacTh IJIa3MOHOa 3alloJIHeHa BOOHBIM a’spP030JIEM CPEOHEONCIEPCHOr0 M CyOMUIJIMMETPOBOIO
ouana3oHoB [2]. TIpeacTaBiIeHBl TakKXKe Pe3yIbTaThl SKCIEePUMEHTAIbHOTO HCCIIeNOBAaHUS C LEJbI0 IPOBEPKHU
TUIIOTE3Hl 0 MEXAaHU3ME ITPOIOJIKHUTEIILHOTO CBEYEHHUS I1JIa3MOU/Ia 3a CUET PeaKInui B OUCIIEPCHOU ¢a3ze.

HabmrogeHre BOOHOTO aspOo30Jisi IPU aTMOCHEPHOM OaBJIEHWH, CBUAETEILCTBYET O TOM, YTO TeMIepaTypa BHYTPHU
SIPKO CBeTsIerocss oobekTa He nmpeBocxoguT 100 °C. DTO MPOTUBOPEYUT IIPEAIION0KEHUIO O IJIa3MEeHHON MPUpPOoe
HCcrenyeMoro o0beKTa Ha CTagUK €T0 aBTOHOMHOT'O CYIIeCTBOBAHUS.

1. la6asoB I'.I1. O BO3MOXKHOCTH CO3[aHUS MPUPOTHOMN MIAPOBOM MOJHHUK HMMITYJIBCHBEIM Pa3psiAoM HOBOTO BHUOA B
nabopaTopHBIX ycioBuax // Ycmexu ¢pusudyeckux Hayk. 2019. Ne 1. C. 95-111.

2. Yepemucun A.A., Ucakos B.I1., Ilumukuu E.A. u gp. BogHbIli a3p0307b B UCKYCCTBEHHOM aHaJlore MPUPOOHOU
maposou monHuY // Bectauk PAH. 2023. T. 93. No2. C. 171-178.
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MOHHMTOPHHI aKTHHOMETPHYECKHX IIapaMeTpPoB Ha Teppurtopuu Ilonasmu B mae 2024
roga

Onbra A. FYI[OHIHKKOBal

! I'nasras reodpusnydeckas oocepatopusi umenu A.M. BoelikoBa

guggopo@gmail.com

EBpomnetickasa cinyx6a «KonepHuk» (C3S) 3asBuina, uto Matt 2024 r. okasaJjics IO BeJIMUNHe CpenHel riobanbHol
MaUCKOU TeMnepaTypHl Teljee: Ha 1,520C OTHOCUTENILHO OOUHAyCTpUanbHOro nepuoga 1850-1900 rr. u Ha 0,650C
oTHOocuTesibHO mepuopma 1991-2020 rr. Ma#t 2024 roma crtan 12-M MecsIleM TOOPSO C PEKOPAHO BHICOKMMU
TeMmepaTypaMH BO3[yxa, €CIM HadaloM oTcueTa OpaTh uioHb 2023 roma. [Io MHEHUIO 3KCIIEPTOB IIPUYUHOU
MIOTEIUIEHUS CTaIN BEIOPOCH TaPHUKOBLIX I'a30B.

Bo Bceii [lonpme B 2024 romy oTMedasnuCh TOJIBKO IIPEBHIIIEHUS MECSYHBIX TeMIepaTypHBIX HOpM. CorjiacHo
KBaHTUJIBHON KJlaccudUKAIUM, TEPMUYECKUe YCJIOBUS B Mae 3TOTO I'0fja, OIpefesieHHbIe 110 CpefHel TeMIepaType
B ITosbirie, OBIIM OIleHEHBI KaK «4YpPe3BBIYANHO Tembie». B To XKe BpeMs, [JIsd eBPOMeicKol yacTu Poccuu mepsas
mekaga masi 2024 roga okas3ajlach CaMOM XOJIOOHOM 3a BCIO MCTOPHIO HAOMIOOeHWN. POCTUAPOMETIIEHTD yKa3bIBall
Cpa3y Ha HECKONIbKO IIPUYUH 3KCTPEMaIbHO HU3KUX TEMIIEPATYP.

ILlens paGoThl - 00paTUTh BHUMaHME Ha OIMCAHHBINA (peHOMeH. B cTaThe NPUBOMSATCSI CBEOEHMUS O IIOTrofe Ha
Tepputopuu Ilonmbmm B Mae 2024 1. H3ydyeHH HAOMIOOEHUS HA 4YETHIPEX METEOPOJIOTHYECKUX CTaHIUAX,
HaXOMSAIINXCS B pa3HBIX TOKANUAX: Ha mobepexkbe BanTuiickoro Mops, B ropax, B TOpofie U CeJTbCKOM MECTHOCTH (B
BOCTOYHO-IIEHTPAJIbHONM dYacCTH CTPaHBl). B wucclemoBaHWMM OIHMCAHO BIHUsSHHE (U3UKO-Teorpaduieckoro
TIOJIOKEHUS CTAaHIIMM Ha MOoKa3aTeJIXd IMOTOOHEIX aHOMAaIui. BEISICHIUIOCH, 4YTO B Mae 2024 r. Ha BCeX 3THUX CTAHIUIX
CpefHHEe MeCsd4YHble 3HAUEeHUS CyMMapHOU coHe4yHoU papuainuu (GSR) mpeBHIMIalOT aHAJIOTUYHBIE 3HAYEHUSA B
JIETHUE MECSIIBI 9TOT0 Tofa.

711 aHaIM3a MCIO0JIb30BaH TPEeXMEePHBIN KINMAaTOJIOTUYeCKUM KOMILIEKC: aTMochepHas paguanusi, OTHOCUTEJIbHAS
BJIAXKHOCTh U TeMIepaTypa. ABTOp paccMaTpuBaeT B3auMoCBA3b Mexnay GSR, paccessuHoi pagumanuei (DSR) u
IIPOAOIKUTENBHOCTBIO COJIHEYHOTO cusHUA (SS). B mpepmaraeMoM HCClIe[OBaHUM BHIAEISIOTCS IIEPHOOLI B Mae
2024 ropga co 3HaueHuaAMHU GSR, KiaccuUIIMPOBAHHLEIMU aBTOPOM KaK «BHIIIE CPEOHUX MHOTOJIETHUX CyTOYHBIX
aKTUHOMETPUYECKUX IIoKa3aTenel». B KadecTBe 0a30BOro Iepuoga MEKTOOOBOM uH3MeHUYMBOCTH GSR B3AT
uHTepBan 10 neT mns yciaoBuii Mad. [lolbCKHe CTaHIMKM pPaHXKUPOBaHBEL 110 moka3aTenmto CKO. IIpoBezmeHa
cTaTucTH4Yeckasi o00paGoTka HaOMIOOEHWM C WCIOJIb30BAaHMEM MeTOofla HOPMHUPOBAHHBIX OTKIOHeHu# (t).
MaxkcuManbHOe 3HadeHUe t IIONIy4eHo Ajd CcT. BapiaBa, MUHMMaNbHOE OJId CT. KolllanuH, pacroiokKeHHON B 5 KM
oT Mops. [IpuMedaTeNpbHO, YTO OJIST 9TOM Ke CTAaHIMKM B Mae Ha6GI0manoch MaKCHUMaIbHOE KOJIHYECTBO OHEH
(61%) c mokasaTensiMu aTMOChepHON pafualvy BhIIIE WIOHBCKUX. [I71s1 3TOM ke Jiokanuu monss DSR B cpemHeM
Mecs4yHOM 3HadeHUU GSR oka3zanack caMoil HU3KOU: 26%.

Kak mpaBuiio, B MOCJIEOHUN BECEHHUWIH MeCsI 3aMETHO yMEeHbIIaeTcsi o0pa3oBaHMe OOJIAYHOCTH W KOJIUYECTBO
0CaIKOB, UTO OJIarOnpUSATCTBYET IOCTYIJIEHMI0 OOIBIIEr0 KOJIMUYEeCTBa COJIHEYHBIX JIydel Ha MOBEPXHOCTDH 3eMIIH.
BriCcka3aHO IPEAIOJIOKEHUE, YTO 3a CUET IIOJIOKUTEIbHBEIX OOPATHBIX CBA3€l, BO3HUKAMOIIUX IPU TEHOEHIIUHN
TIOBHIILIEHUSI TeMIlepaTyphl BO3[yXa, YMeEHBIIAeTCs BlarocoiepzkaHue aTMmocdephl, a 3TO BjedYeT 3a COOOH
yMeHbIIIeHe KOMIIOHEHTHl PacCesTHHOM pafuallii, KojIWdecTBa 00JIaYHOCTHM M OCagKoB. BO3MOXKHO, OCHOBHOM
TIPUYMHOM, BHI3BABIIEN 3aMETHO BBICOKME mokalaTeiu GSR, SS u TemmepaTyphl st Masi, CTajla HeOOBIYHAas
CUHONITUYEeCKass 0O0CTaHOBKaA, CJIoXKUBIIascsa Han llentpanbHou EBpomoii. [IpencraBneH rpaduyeckuil MaTepuar,
UJITIOCTPUPYIOIIUY BEIBOIHL.

N CTOYHMKOM aKTHHOMETPHUYECKHUX MaHHBIX cTanm MIIPI (®I'BY «I'TO», CII6), 6omee 60 neT 3aHUMAIOIIUHCS KX
cOopoM, KOHTpPOJIEM KaudecTBa U IyOinukaiued. CBeOeHUs O METEOPOJIOTMYECKUX HaOIIONeHUSX MOIy4eHH U3
6romneTenedt 3a 2024 r., 3a mait 2024 r. (HUM meTeoposoruu M yIIpaBlIeHUsT BOOHBIMU pecypcaMu PecmyGimKu
IMonpmn).
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BpeMeHHasi HF3AMEHYHBOCTH MAaCCOBOH KOHIIEHTPAIlHH YEéPHOI O yrjiepoaa B MPU3eMHOM
CYyOMHKPOHHOM a3po3o0Jie B r. MockBe B 2022- 2025 rr.

Banepuu C. Ko3znosl , Amnekceu B. KapHOB1 , T'emmaguiut Y. FopanOBl , Powmas A. FyLuHHl , Omer H.

,'[[aueHKo1 , Apensn P. BUmHsK2
1 NuacTuTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akafgeMuu HayK
2 MoCKOBCKHil rocymapCTBeHHBIN yHUBepcuTteT uM. M.B. JIomoHOCOBa

vkozlov@ifaran.ru

UccnepoBanbl O0COGEHHOCTHM BPEMEHHOW H3MEHYHUBOCTH CPEOHUX CYTOYHBIX, MECSYHBIX, CE30HHBEIX M TOIOBBIX
3HAYeHUM KOHIIeHTpAIUM IIOrJIOWIAoIero 4YépHoro yriepoga BC B CyOMHMKPOHHOM aspo30jie II0 OaHHBIM
KPYTJIOCYyTOYHBEIX U3MEDPEHUN B IIPU3EMHOM CJIO€ BO3OyXa B OeHTpe r. Mocksel B 2022 - 2025 r.r. ¢ mOMOIIbIO
astanmomeTrpa AE33-7, pa3merienHoro B M®PA PAH um. A.M. OOyxoBa. AHamu3 IOKa3ajl, YTO HAHHBIE TOMOBHIX
U3MEepPEeHUN Pa3IuyalnTCcss 0COOEHHOCTSIMU BPEMEHHOM M3MEHUYMBOCTHU MOTJIONIAIONIET0 a3po3osi. B 2022r. B neTHe
- OCeHHUU nepuon B MOCKOBCKUY PEruOH IIOCTyHasnu nuied¢hsl OEIMOB CUIBHBIX JIECHBIX I102KapoB U3 Ps3aHCKOU u
Huxeroponckoit obnactet. B uioHe - aBrycte 2022r. cpemHeCyTOYHEe 3HAUEHUS OOCTUTAJIM MaKCUMaJbHBIX
3Ha4eHuH 5.0-15.5 MKr/MS, cpegHeMeCsaYHEIU MakCcuMyM 4.0 MKr/M3 HabII0mascs B aBTyCcTe, @ MUHUMYM 1.5 MKT/M
3_ B mae. B 2024r. Ha U3MEPEeHUs BIUSANU JKUJINIIHBIE CTPOUTENIbHEIE pPabOTHl B palioHe HaOIOOeHU! -
CcpemHEeMEeCSYHBIM MakcuMym 3.3 MKr/M> HaGmopmancs B aBrycre, muHumMyMm 1.0 MKT/M> - B mexkabpe. 2023r.

XapaKTepu30BaJICSI CPABHUTEJILHO YCTOMUYMBOM a9PO30JIbHOU CUTYyalluel: cpefHeMecsiYHble MaKCUMYMEI 3 MKT/M B
ampernie u ceHTsa0pe. CpemHece30HHBIEe KOHIIEHTpaluu B 2023r. coCTaBUIHN 2.64MK1"/M3 BECHOH, 2.10MK1"/M3 JIeTOM,
2.04 Mkr/m3 oceHbio u 1.86 MKI/MS 3UMOii, T.e. BECEHHHUII U JIETHUI CE30HbI cofepIKarT IOBHIIIeHHbBIe YPOBHU BC, a
MUHHMManabHOe 3HaueHue HabmomaeTcs 3uMou. s cpemHero 3a rofd HemenbHOro xoma BC B 2022r. 3aBUCHUMOCTh
XapakTepusyeTcsa mMakcumymom 2.90 MKT/M° B yeTBepr; B 2023r. - cogepXuT gBa MakcuMmyMa 2.35 MKT/M> BO
BTOPHUK M 4eTBepr; B 2024r. IpOUCXOOUT YMEHbIIEHNE B TeueHue Hepenu oT 2.35 mo 1.85 MKF/M3. B HemenbHOM
cyTO4HOM xofie B 2022 r. B paboune gHU 06HapyKUBaeTCs HOYHON MUHUMYM 2.5 MKT/MS, YTPEeHHUU MakKCUMyM 2.9
MKr/MS 7 OHEBHOU MUHUMYM 2.2 MKr/M3, a B BHIXOIHBEIE OHU YyTPEHHUUN MakKCcuMyM 2.9 MKT/M> 4 HOYHOM MUHUMYM
1.9 MKr/M3. TakuMm ob6pas3oMm, HOUBIO (mo 7:00) cpermHue 3HAYEHWS B BHIXOOHBIE OTHU HpeBHIamT Ha 0.5 MKr/M3

3HaueHUsa I pabouux OHeM Hemenu (IposBieHUe uMHBepcuu). B 2023r. mpu mepexope K BHIXOOHLIM B HOYHOE
BpeMs BC ymenspinaetca Ha 0.6 MKI"/M3, B mHeBHoe - Ha 0.34 MKF/M3. B 2024r. pa3nuuyusa B CYTOYHBIX XOIaX He

npessimaioT 0.2 MKT/MS ¢ IIPOSIBJIEHMEM HOYHOU (mo 5 4) mHBepcuum. OTMEYEHH YCTONYUBBIE OCOOEHHOCTHU

CYTOYHOTO XOfa CpefHeCe30HHHIX KOoHIleHTpanui B 2023r.: 1) BeceHHu# MakcumyMm 3.4-3.6 MKF/M3; 2) JIeTHUM

makcumyM 3.06 MKT/MS; 3) oceHHmMI MakcumyMm 2.15 MKT/MS; 0CeHHHUI mMuHUMYM 1.75 MKT/M>; 4) 3UMHHAI MUHUMYM
1.30 Mkr/mS. Houbio CpegHeCe30HHEIE KOHIIEHTpAIlUU BapbupyioT oT 1.3 MKT/M> 3uMO# 0 3.5 MKI/MS BECHOI.

IIHeM HaOJIOOAIOTCS 3UMHUM MaKCUMyM 2.25 MKT/M° ¥ JIeTHUH mMuHUMYM 1.5 MKr/MS. B 2022r. CYTOYHBIM XOJ II0
ouHaMUKe coriacyercs ¢ 2023r. o0HapyKuBas HOYbBIO JIETHUM MakKcuMmyM 4.7 MKT/MS; BeCeHHmMi MUHUMYyM 2.2
MKr/M3; oceHHU# MuHUMyM 2.0 MKr/M3,- 3UMHUHU MuHUMYM 1.70 MKr/M3. IIHeM HabIIOmaTCS 3UMHUN MaKCUMYM
3.0 Mxr/m3 u neTHwmi MUHUMYM 1.5 MKr/MS, CyTouHEIU X0f B 2024r. 3Ha4YUTEsIbHO oTiandaeTcsa oT 2022 u 2023r.r.
B HeM [y1g KaXXIOOTO Ce30Ha IMOSBUJIMCH B YTPEHHUM Iepuofn CcyToK (9-12 yacoB) MakCuMyMbl KOHUeHTpauuu BC:
3.0 MKl“/M3 - O7ns neta; 2.6 MKr/M3 - [O7s BecHbI; 2.4 MKr/M3 - [Onst 3uMbL; 2.3 MKr/M3 - [OJig OCEeHU, BEPOSITHO

00yCITOBIIEHHEIE TILIIEBOM HATPY3KOM.

HccinegoBaHHe IIPOBEIEHO MPH MOAAePXKKe:

1. "T'oc3amanue UOPA um. A.M. O6yxoBa PAH", rpauT Ne125020501413-6
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CrparudHuKanusi BETPOIeCYaHOr 0 MOTOKAa M MEeXaHU3MbI CaJIbTalluH

Poman A. I'ymiun , T'emnapguii U. 'opuakoB, I'emnaguu U. FOp‘{aKOBl , Arnekcei B. KapHOB1 , Powman A.

FymnHl

1 HNuaCcTUTYT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKoil akageMuu HayK

gushchin@ifaran.ru

Ha 3emne u Ha Mapce BaXHYI0 pPOJIb MUI'PAlOT HEOOCTAaTOYHO M3ydeHHHIe [1] mpoliecchl mepeHOca MecYaHBIX U
AJIEBPUTOBEIX YaCTHUIl B IIPUIIOBEPXHOCTHOM CJIO€ aTMOC(I)epr, KOTOPHBIE, B YaCTHOCTH, BIIMAIOT Ha BEPTHUKAJIBHOE
pacmpeneneHue YacTHUIl B BETPOmecyaHoM IOoToKe. C MCIOJIb30BAaHMEM OIMyOIMKOBAHHBIX PE3y/IbTaTOB U3MEPEHUN
KOHIIEHTpAIlMd M IIJIOTHOCTH IIOTOKa YaCTHII B BETPOMECYAaHOM IIOTOKE IIpOoaHaIM3WpOBaHa H3IMEHUYHUBOCTH
CTpaTI/I(l)I/IKaI_II/II/I BETPOIIECHYaHHOI'o IIOTOKa. J:[J'IH KOJINYEeCTBEHHOU OIIEHKN HW3MEHYHNBOCTHU KOHIEHTPAIIuN
BETPOIIECYAHOT0 IIOTOKA MpedjiaraeTcs MCIIONb30BaTh KYCOYHO-9KCIIOHEHIIMANbHYIO alllIPOKCUMAIINIO Tpoduiei u
OGe3pa3MepHBIN MacuTad BEICOTEL. [I0Ka3aHO 4TO B PsAOe ClIydaeB Ha MPoGUIIX KOHIEHTPAIMKU HabGII0gaeTCs TOUKH
usnoMa mpodusied, pas3messionlie CJIOW C PAa3IUYHLBIMKU 3HAYEHUSIMH MacinTaba BBICOTH. AHAIU3 Pe3yIbTaTOB
9KCIIEPUMEHTAIbHEIX MCCJIeHOBAaHUM CKOPOCTU BBHIJIETA YACTHUI] C ITOMCTHUIIAIONIEH ITOBEPXHOCTH B BETPOIIECYAHOM
IIOTOKE II0Ka3aj, 4YTO CYMIECTBYIOT MOOH HU3KOCKOPOCTHOM ¥ BBICOKOCKODPOCTHOM cajbTanuu. I[lony4deHEl
3aBUCHUMOCTY MAaKCHMAabHOM BBICOTH TPAEKTOPHU CalIbTUPYIOIIENH dYacCTUILI OT €€ CKOPOCTH BHIJIETa C
TIOACTHUJIAONIEH TIOBEPXHOCTH. IlOKa3aHO, YTO MEXaHW3M KJIaCCHUUYEeCKOH (aspoguHaMHUUYEeCKOM) casbTalluu
COOTBETCTBYEeT HUXKHEMY CETMEHTY KyCOYHO-9KCIIOHEHITUAJIbHOI'0 IPOMUs KOHIIEHTPaluU CaJbTUPYIOIIUX YaCTHII.
Bepxuuii cerMeHT IIpo¢uIs KOHIIEHTPAIlMd MOXKeT OBITh OOYCIOBIIEH 3IeKTPOOMHAMHUYECKOH calbTalluei
(pa3psimaMu Ha IIOOCTHJIAIOIIEN ITOBEPXHOCTH), KOTOpAas AONYyCKAaeT BO3HUKHOBEHHWE B BETPOIIECYAHOM IIOTOKE
BBICOKOCKOPOCTHBIX CAJIbTUPYIOIIKUX YaCTHII.

1. Zhang Z. C., Dong Z. B., Qian G. Q. Field observations of the vertical distribution of sand transport
characteristics over fine, medium and coarse sand surfaces //Earth Surface Processes and Landforms. - 2017. - T.
42. - Ne. 6. - C. 889-902.
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AHanu3 paguanuoHHOIo ¢popcuHra B ATJIaHTHYECKOM OKeaHe: POJIb 00/IaYHOCTH

Anexkceu B. Cnnnumnl , Ceprei K. l"yJ'[eB1

1 WnctutyT okeanonorum uM. [L.I1. [lTupmoBa Poccuiickol akageMun HayK

sinitsyn@sail.msk.ru

HccnenoBanue pagualroHHOro 6anaHca 3eMJId OCHOBBEIBAETCS Ha TPeX KIII0UEeBBIX ITIOTOKAaX U3JIy4YeHHs Ha BepxXHel
rpaHunie aTtMocdephl: IPUXOHOsIee COJIHEYHOe U3NydeHWe, OTPaXXKEeHHHIW COJIHEYHHIM IIOTOK M HCXOHsllee
IJIMHHOBOJIHOBOE M3JIydeHUue. T KOMIIOHEHTH SBJISIOTCS OBUXKYIIEW CHUJION KIMMaTH4YeCKOW CUCTEMEI IIJIaHEeTHI.
[nss mX MOHHUTOPHMHIA WCIONIB3YIOTCS CIYTHUKOBHIE HalOmoopeHus, ocobeHHo cucrtema CERES, npusxanzas
30JIOTBIM CTAHZApPTOM HaHHHBIX O IIOTOKaxX M3JIy4eHUSs, XOTsS OHa UMeeT OorpaHWYeHUs 10 BpeMeHU (maHHEBIe ¢ 2000
roja) ¥ IpOoCTPaHCTBEHHOMY pasperieHuio (1°x1°).

Hosrie nponykTel CLARA-A3, pa3spaboranabsie B CM SAF, 03BOJISIOT IPEOOJIETh 3TU OTPaHUYEeHUs, obecieyuBas
Ooyee ONUTENBHEIM BpeMeHHOU psAfn ¢ KoHUa 1970-x romoB U yJIy4YIIeHHOE IIPOCTPAHCTBEHHOE paspelleHue 0
0.25°x0.25°. [TaHHBIE TPEOCTABJIEHHI B MPOIEHTaX OT CIJIONIHOTO oO6nadHoro mokpeiTus (0-100%) u BT/M? mns
panuanyoHHBIX ITapaMeTpPOoB.

AHanu3 paguanyoHHOro ¢GopcruHTa B ATIaHTUUYECKOM OKeaHe IIOKa3all 3HaYUTeJIbHbEe N3MeHeHUs B 00JIauHOCTY U
pamMaIMoOHHBIX IIOTOKaX. B TPOMMYECKON YacTH OKeaHa HaOJIOmaeTCss yMeHbIIeHue o0mero 6asma 0071avHOCTH Ha
16% B 3uMHHU [epuof, TOrZa KaK B YMEPEeHHBIX IIMPOTax OTMedaeTcs ero yBenudenue o +10% nma Bcex
CE30HOB. OTU U3MEHEHUS BJIUAIOT Ha NIPUXOOAIINN KOPOTKOBOJIHOBHIN IIOTOK: YMeHbIIeHNe O00JIaUHOCTH IPUBOOUT
K yBeJIM4deHUIo IToToka Ha 20 BT/M? B TpOIMYECKOM 30HE U YMEPEHHEIX IITUPOoTax.

HN3meHeHuss 0071a¥YHOCTY TaKxKe BO3OEHCTBYIOT Ha [JIMHHOBOJIHOBOE H3y4YeHHe. IIpu yMeHBIIeHHuU 007IavYHOCTH
OPOUCXOOUT YBEJIWYEHHUE YXOOdAMlero MOIMHHOBOJIHOBOTO U3JIydyeHUs Ha 8 BrT/M?2 wu3-3a OTKpPHITUA “OKHA
mpo3pavyHocTr” aTMocdeprl. Ha BepxHel rpanwuile atMocheph HaOIOOaeTCss yBeIWYEeHHEe NIMHHOBOJIHOBOTO
moToka a0 12 BT/mM? B Tpomu4YecKoi 30He 3uMoii. B 06macTsax ¢ yBenudeHueM 00JIaYHOCTH ITOTOK YMEHbBITaeTCs Ha 8
Bt/m2.

PapuamnuonHbi OanaHc GopMupyeTcs 3a CYET B3aMMOMAEHCTBUS KOPOTKOBOJIHOBOTO M AJIMHHOBOJIHOBOTO ITOTOKOB.
B 10xKHOIM YacTu ATJIAQHTHYECKOTrO0 OKeaHa H3MeHeHHus 0OajlaHca COCTaBIA0T MeHee 10 BT/M? um Bcerma HMeIOT
oTpullaTenbHoe 3HaveHuWe. OOHAKO B JIETHUM IepHOMd B YMEPEHHBIX IIUPOTaxX HaOII0gaeTcsl MOJIOXKUTETbHBIN
famaHc Onaromaps 3HAYUTEIbHOMY YBEJIMYEHHWIO IIPUXOMSIIETO0 KOPOTKOBOJIHOBOTO MOTOKa (okomo 20 Bt/m?),
TIPEBHIIIAIOIIETO U3MEHEHUS OIIMHHOBOJIHOBOTO U3JydyeHus (oo 8 Bt/m?).

Takum o6pa3oM, H3MEHEHHs pexRuMa oO0Iedl 00J1aYHOCTM U €€ COCTaBJISIOININX CYIIECTBEHHO BIIHSIIOT Ha
paguanuoHHbIEe IPOIECCH B ATIAaHTUYECKOM OKeaHe. YBeNWdYeHUe IIPUXOISNIer0 KOPOTKOBOTHOBOTO M3NIYYEHUS B
COYeTaHWU C YMEHbBINeHHeM O6GJIaYHOCTH MPUBOOUT K POCTY YXOMSIIET0 NJIMHHOBOJHOBOTO H3JIyYEHHS KaK C
TIOBEPXHOCTU OKeaHa, TaK U C BEPXHEH rpaHullsl atMocdepsl. [Ipu 3TOM paaualuoHHBIN 6ajlaHC TOBEPXHOCTHU
OKeaHa 0CTaeTcs OMM3KUM K HYJIIO, & €0 U3MEHYUBOCTh BO BpEMEHU OCTAETCS HE3HAUUTEIHHOM.

HccinegoBaHue IIPOBEIEHO MPH MOAePXKKe:

1. "TocymapcTBeHHOe 3apjaHue B pamkax HUP", rpaut FMWE-2024-0017
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OnleHKa C€e30HHOM U3MEHYHBOCTH a3pPO030/IHbHOI0 PAHAIIHOHHOI0 (DOPCHHTA MO JaHHBLIM
HM3MEPEeHHH ONTHYECKHX CBOMCTB aTMOC(EPHLIX adpo30jieH Ha cTanuuu ZOTTO

1 1 1

Ceprenu C. Biracenko' , Anacrtacust C. Muxamnosa , Epremmi ®. Muxainos  , Esrenwmii IO. He60CBKO !

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

Sergey Vlasenko@mail.ru

BrimonHeHa oleHka 3¢G¢GeKTUBHOCTH adpPO30IbHOr0 paguaunumoHHOoro ¢dopcunra (RFE) mms atmocdeps
neHTpanmbHOM CuOupu 10 [AHHBEIM W3MEPEHWN OOBEMHEIX aspO30JIbHBIX KO3()OUIIMEHTOB pAaCCEeIHUS U
TIOTJIOLIEHMS, BBITIOJIHEHHBIX Ha ¢oHoBoM craHiuu ZOTTO (60.80° c.m., 89.35° B.m.) 3a mepuon 2007-2024 rr.
KoadbduirneHTH a’p0o30JbHOI0 pacCcesHUs, B TOM uYmucjle XU B oOpaTHOM HaIpaBIeHUN, U3MEPSINUCH C IIOMOIIbIO
HedenomeTpa TSI 3563 Ha mnuHax BonH 450 HM, 550 HM u 700 #M. KosdduineHT aspo30JIbLHOTO MOTJIOUIEHUS
usmMmepsncsa doromerpom PSAP Ha ngnuHe BoiHHL 574 HM. ITo pe3ynbraTaM 00pabGOTKM NMEPBUYHBIX OAHHBIX OBLLIN
IIOJIyYEeHBEl I10YaCOBEIE BPEMEHHEBIE pSOBl HWHTETPaJbHBIX II0 BUOMMONW 00/1acTH cHekTpa Ko3hpuuueHTOB
A3pPO30JILHOTO PACCESTHUS U IOTJIOUIEHUS, a TaKXKe OOJIM W3JTydYeHMs, PAacCesIHHOW B 0OpaTHOM HAIpPaBIEHUU U
anbbeno ONHOKPATHOTO paccesHus. HeoOXxomuMrble [OJIt adpO30JIbHBIX KIMMAaTUYECKUX OIIEHOK 3HA4YeHUs [OJIU
U3JIy4YEeHUs, PacCessHHOTO B BEPXHIOK Honycdepy, PaCCUUTHIBAINCH II0 JAaHHBEIM O Ko3adduinmeHTe aCUMMETPUHR
UHOUKATPUCH PaCCEesHUSA C y4eToM 3eHUTHOro yria CoiHIla B MOMEHT u3MepeHuu. [a pacdyeTa ad>pO30JILHOTIO
dopcunra O6vITU B3STH OaHHBIE peaHanu3a MERRA-2 o ¢yHKUMU IIponycKaHUs aTMocdeprl, 6anine 0671auHOCTH U
anp0eqo0  IOOCTHUIIAIONIEM  IIOBEPXHOCTH. Ilonmy4yeHHBIM TakuM obOpa3oM BpeMeHHOW psg RFE  mns
ctaHnuu ZOTTO meMOHCTPUPYET CUIBHYIO MEXKCYTOYHYI0 H3MEHUYUBOCTb, HO UYETKO BEHIPAXEHHYI0 CEe30HHVIO
IUKIUYHOCTE. HecMOTpss Ha TO, YTO MaKCHUMalbHEIE KOHIEHTpALM{ IIOTJIOIIAloIIero (cakeBOr0) aspo30ys H,
COOTBETCTBEHHO, MaKCUMaJIbHBIE 3HA4YEHUsS K03(h(dHUIIMEeHTa as3pO30JIbHOTO MOTJIOIIEHUs HAOJIIOOaloTCs B JIETHUE
Mecsaurl, 3(pGHeKTUBHOCTh a’po30JIbHOI0 (opcUHTa B STOT IEepHOX OTpHUIlaTelbHa, XapakTepHas BenuuuHa RFE
cocrasmsier - 30 Br/M2 3umoii, KorJa KOHIIEHTpaIlus aspo30jiel M adpPO030JibHEIE ONTHYeCKHe K03GhGUIIMEeHTH
CyLIeCTBEHHO HUXKe, 3pDEeKTUBHOCTh ad3pO30JLHOTO (GOpCHUHTa IOJIOXKUTEIbHA U paBHa OpPUMEpPHO +25 Br/M2.
Cpepuee 3HaueHume RFE 3a nmepuopn u3MepeHM paBHO -5 Br/M%. CMeHa 3Haka a9po30JIbHOTO (opcuHTa C
TIOJIOKUTENILHOTO Ha OTPULIATEIFHEIM IPOUCXONUT B Hadasie Mas, a o0paTHas - B KOHIIE OKTIOPSI.

HccnemoBanue IIPOBEIEeHO IIPHU IoJIdepPa2KKe:

1. "PHO®", rpanT 24-27-00148
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Pa3MepH1>1e XAaPaKTEePHUCTHKH IIbIVITKM U UX BJIIMNSIHHE HaA PaJHallTHOHHBIE Bq)(l)eKTBI B
aTMocdepe

1,2 2 1

Cyneirman MocTaMaHIu , Teopruii JI. CtenunkoB“ , TI'eopruii Hepobemo~ , Imwuxuma Bana2

1 poccuitckuit roCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUU YHUBEPCUTET
2 VHUBEPCUTET HAYKU ¥ TEXHOJIOTUHM UMEHH KOopoJyisi AGmymnibl , CaymoBcKasi ApaBus

suleiman@mostamandi.ru

ITeinb OKa3bIBAaE€T 3HAUWTEJIPHOE BIHUSHME Ha OKPYXKaloUlylo cpefdy, KJIMMaT, KayeCTBO BO3AyXa U COJIHEYHYIO
SHEPreTUKy B 3aCYLUIMBEIX PEeTUOHaX, TaKuX KaK bBnuxkuuii BocTok. OTu 3hGEeKTH B 3HAYUTENILHOM CTelleHU
3aBUCST OT pa3MepoB dactull. Habmomenus ocaxpenus mbiau (OIT) moka3bBaloT, YTO OCHOBHYIO YaCTh 0Caf0YHOM
MacCCHl COCTaBJISIIOT KPYIHBIE 4YacTHULB (pamuyc r>10 MKM), OOHAKO OHM IIPAaKTHYECKM He YYUTHIBAIOTCS B
COBPEMEHHBIX MOMAENSIX aTMOCHEepHOTO asp0o30Jisi, KOTOPEe B OCHOBHOM COTJIACYIOTCSI C HabII0aeMo ONITUYECKOM
TOMIMUHON a3po30ssi (OTA) 1Mo JaHHBIM CIIYTHUKOBHIX U3MEPEeHMH. DTO IPUBOOUT K HEOOIEHMBAHUIO BHIOPOCOB U
OCaXKJEeHMIO IMBIJIX B TPU pa3a I10 JaHHBEIM MOfesied U peaHalu3a.

B maHHO¥M paboTe BIEpBBEIE ITPOBOMUTCS COTJIAaCOBAHME HAHHEIX 00 adPO30JISX HEIIM Ha oCHOBe Momenu WRF-Chem,
ucnonb3ysa paHHble m3MepeHus OTA u OIl, O KOIUYECTBEHHOW OIIEHKM BKJlafla MEIKONW U KPYIHOM IIBIIH.
ITonmy4yeHo, YTO KPYIHBIE IBUIEBBIE YaCTHIBI oOecreunBaioT 6ojiee 70% oOiiero BEIOpOCA MOBUIHM, HO IPH 3TOM
BHOCAT BKJag MeHee 10% B mObIJIEBOM pamuanuoHHBIM ¢GopcuHr. CpegHeromoBoe 3HadYeHHWEe pPaaualliOHHOTO
dopcuHra mHIIM Haf ApPaBHUNCKUM IIOJIYOCTPOBOM M NPUJIETAIOMIMMU MOPSIMHM MOXKET JIOKaJlbHO HOCTHraTh —25
Bt/M2, a B OTOeNIbHEIX PEeruoHax, HalpUMep, B I0KHOU udactu KpacHoro Mopsa - o —60 Bt/m2. Menkue 4acTHUIIE
nbimu (r<3 MKM) BBI3BIBAIOT 3HAYUTEJBHOE YMEHBIIEHUE IIPUXOOSIIero K 3eMHOM ITOBEPXHOCTM COJIHEYHOTO
ua3nydenuss (Ha 5-10%), YTO TPUBOOUT K OXJIAXKOEHUIO ITOBEPXHOCTH ¥ CHUXKEHUIO BHIPAOOTKH OSHEPruu
COJIHEYHBIMM TeHepaTopaMu. B ocaxkpmeHWW XKe B OCHOBHOM HpPe001afaloT KPYHHBIE YaCTULBL IBIJIM, YTO
yMmeHbIaeT 3¢hGHEeKTUBHOCTD COJTHEYHBIX T€HEPaTOPOB Ha 2-5% B IEeHb.

[Tomy4yeHHBIe Pe3yIbTaTH IOOUYEPKUBAIOT HEOOXOOUMOCTE SIBHOTO yYeTa KPYITHOH IIBIIA B aTMOCHEPHEIX MOOENIAX U
CHCTeMaX aCCUMUJISIIINU HaHHBIX. YIydIllleHHOe MpeqCTaBlIeHue paclpefeeHus LUK 10 pa3MepaM CYIeCTBeHHO
IOJIsT TOYHOTO MOJeUpOBaHusi e€ 0OajaHca ¥ OIEHKH BO3MOEWCTBUS Ha PETUOHANBHBIA KJIMMaT U COJIHEYHYIO
9HEPreTHKY.
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Ce3OHHaH H3MEHUYHBOCTSb KOHICHCAIITHOHHBIX CBOﬁCTB YaCTHIl B 30He 60peaJIBH])IX JieCcoOB
HenTpansHor CudupH

Esrenuii I0. He6ocnkol

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

zhenia84@gmail.com

OmnpepneieHre CIIOCOOHOCTH a3PO30JIbHBIX YACTUI] BHICTYIATh B POJIM sSAOep KOHIOEHCAIUM U IIOCPEeACTBOM 3TOTrO
KOHTPOJIMPOBAaTh MUKPOGDU3UUECKHE CBOMCTBA 00JIQUHBIX CHCTEM IIPU COOTBETCTBYIOIIUX aTMOCGHEPHBIX YCIOBUSIX
SIBJISIETCS OOHOM U3 KJII0YEBHIX 3aJad adpO030JIbHOU KIMMATOJIOTUM, KOTOpas ONKCHBaeT KIUMaTUdecKuu sddexT
asposoneii. llenTpanbHyio ponb B GOpMUPOBaHUU 00JIaKOB UT'PAIOT adpO30JIbHBIE YACTUILH], BRICTYIIAIOUINE B POJIM
o6maunex aaep kKoumeHcaluu (Cloud Condensation Nuclei, CCN). YBenuueHre KOHIEHTpAIMKU O0JTaYHBIX AOep 3a
CYET AHTPOIOIEHHBIX ¥ ECTECTBEHHBIX MCTOYHWKOB IIPUBOOUT K YBEJIWYEHUIO KOHIIEHTPAIIUM M YMEHbIIEeHUIO
pa3Mepa Kamnenb B o0jlaKaX, YTO, B CBOIO ouepenb, IPUBOIUT K U3MEHEHUI0 BpeMeHH KU3HU U ONTUUYECKHUX CBOMUCTB
o6nakoB. IlomMuMO TOmOOGHOTO KOCBEHHOTO BJIMSHHMS HA pafWAIMOHHBIM OajlaHC, 3TO MOXKET IIPUBECTH K
YMEHBIIEHUI0 0CagKOB B TOHKHWX U KOPOTKOXUBYIUX o6OjakaxXx, a TakKXe K YyBEeJIMYEeHUI0 KOHBEKTHUBHOTO
IIePEeMEIIVBAHUS U YBEIMYEHHUIO OCaAKOB B MOIITHEIX KOHBEKTUBHEIX oOakax [1].

BopeanbHble yeca LleHTpanpHOM CuOUPH SIBASIOTCSA YHUKAJIBHOM 30HOM, KOTOpAasi, C OOHOM CTOPOHBI, yOajeHa OT
KPYIHBEIX QHTPOIIOTEHHBIX MCTOYHUKOB 3arps3HEHUS M MOXKET CUYUTAThbCS IPUOIUKEHHOM K OUKON mpupome. C
OPYTO# CTOPOHHI, 3Ta TEPPUTOPUS SBISIETCS MCTOYHHUKOM JIETYUYUX OopraHnuyeckux coemuHeHud (JIOC) GHOTEHHOTO
IIPOMCXOXKIOEHMsI, a IPU HEeOJarONPUSATHBIX IIOTOOHBIX YCJIOBHSAX (3acyxa, Kapa) OBICTPO PaCIPOCTPaHSIONIUECS
JnecHble Toxaphl CubWpHM BHOCSAT CYIIECTBEHHBIM BKal B BHIOPOCH a3PO30IbHBIX YaCTHI, 00Pa3yOIIUXCS HPU
CKUTAHUU OMOMACCHL. I103TOMYy MOHHUTOPHUHT aTMOC(EPHHIX TapaMeTPOB, B YaCTHOCTHU AUCIIEPCHBIX, ONTHYECKUX U
KOHOEHCAIlMOHHBIX CBOICTB adpPOo30JIisd, Ha TaKuXx (I)OHOBBIX CTAaHIIUAX HNMEIOT OCO60€ 3Ha4YeHue MO HU3YyYeHUsd
BIUSHUS HAaTbHETO aTMOC(EepHOro nmepeHoca U OIIeHKHU BKJIag0B SMHCCHUH PAa3IUYHOT0 MPOUCXOKIEHUS.

B manHoi# paboTe mpencTaBlIeHb Pe3yIbTaThl K3MEPEHUH 00X KOHI[eHTPauui 00IaYHbIX IIep KOHIEeHCAIUN IIPU
BOCbMM Da3JINUHBEIX 3HAUEHUAX IIePEeCHIIeHUs, oJIydeHHble Ha (POHOBOM CTaHIUMK BEICOTHOM MauTel ZOTTO,
pacronoxkeHHOU B 30He OopeasibHBIX ecoB LlenTpanpHolt Cubupu, B nepuon c utons 2015 mo utones 2016 ropa.
HccrnemoBaHa ce3oHHas n3MeHUYMBOCTH CCN-CBOHMCTB YacTull. IIpoaHanmu3umpoBaHa BO3MOXKHOCThH NPHUOIHKEHUST
CIEKTPOB aKTUBAIIUM OOJIQaUHHIX SAOep KOHIOEeHCAIlUM aHaIuTUdecKo# (pynkumein. [IpuBemeH aHanau3 BO3MOXKHOCTH
IIpencKasaHUs KOHIEHCAIlMOHHON aKTUBHOCTHY YaCTUIl, MCXONS U3 MOTyYeHHBIX TapaMeTPOB IPUOINKEHU .

PaGora BHIIONTHeHa npu nomamepxke HUP CIIO6TY Ne 116234388, [I1sT m3MepeHu MCII0JIh30BaIoCh 000pyoOBaHUe
PIT «I'eomopmens» Hayunoro mapka CIIGLY.

1. Rosenfeld, D., Lohmann, U., Raga, G. B., O’'Dowd, C. D., Kulmala, M., Fuzzi, S., Reissell, A., and Andreae, M.
O.: Flood or drought: How do aerosols affect precipitation, Science, 2008.

HccnenoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "CankTt-IleTepOyprcKuii rocynapCTBEeHHLIN YHUBepcUTeT", rpadT 116234388

86



ISARD-2025-aeo0s0l016

OneHKa TOYHOCTH pacyeTa 0ajlaHCa KOPOTKOBOJTHOBOH paJHallMd H TeMIepPaTyphl
Bo3ayxa B moaeau ICON B 0e300/71aUHBIX yCIIOBHSX.

1,2 1 1

Anekcei A. ITonroxos , Amn=na B.T'Bo3geBa” , [apwsa A. IluckyHoBa
1 Mockosckuit rocyfgapCcTBeHHEBIN yHUBepcuteT uM. M.B. JIomoHOCOBa
2 T'mopoMeTeopoIornYeCcKUl HayYHO-UCCIeqoBaTeNIbCKUM eHTp Poccuiickoit ®egepanuu

aeromsu@gmail.com

B pabote mpepcTaBneHb pe3yNIbTAaThl BKIIIOYUEHUS a’spo30yibHOM KiuMmaTtomoruu CAMS (Bozzo et al., 2020)
Mme3oMaciTabuyo momenb ICON (Giorgetta et al., 2018). BriaBneHbl oCHOBHEIX pa3nuuusgs CAMSIHO cpaBHEHUIO C
aspos3onbHOM KnuMatosorueit Tegen pnsi crannuii AERONET (Holben et al., 1998) B EBpome. Pasmuuus B
CoOmepKaHUM adpo30Jiell B KIWMATOJIOTHSX IIPUBONSAT K 3HAUYWTEJIbHEIM W3MEHEHHsSIM B pacdeTe OajaHca
KOPOTKOBOJIHOBOM pafvanyy U MEeTEOPOJIOTMYEeCKHX 3SJIEMEeHTOB. TaK Uu3MeHeHHe TeMIepaTyphl MOXKeT
ITPOUCXOOUTHL B MMPAaKTUYECKU BO Bcel Tpomocdepe u MoxeT gocturath -1 °C mo BeicoT 350 rlla. Ilpu sToMm mpu
yBeJIMYeHUY BEICOTHL YMEHBIIAeTCS YyBCTBUTEILPHOCTL U3MEHEHUS TeMIIepaTyphl Bo3ayxa yMeHbmiaeTcsa oT 0,9+0,2
°C Ha 100 Br/M?% Ha 1000 rlla, fo 0,6+0,3 °C Ha 100 Br/m% Ha 950 rlla u 5o 0,1+0,3 °C Ha 100 Br/M2 Ha 850 rlla.
IIpu pacuete Ha 6Gojiee OIUTEIbHBEIE NIEPUONEI 3a0JIarOBPEMEHHOCTH POJIb BHIOOpPA a’3pO30JIbHON KIMMATOJIOTUH
BO3pacTaeT, 0COOEHHO AJIsl ACHBIX YCI0BuiM. Tak, OBIJIO IOJIYyYEHO, YTO PA3HOCTh IPU3EMHOM TeMIIepaTyphHl BO3qyXa
Mexny akcrnepuMeHTaMu Tegen (Tegen et al., 1997) u CAMS yBenuumuBaetcs Ha 0,6 °C 3a 100 dyacoB mporHo3sa.
KnioueBbIM pe3ynbratoM pabOTHEL SIBISETCS OLEHKAa W3MEHEHHWs TOYHOCTH pacdeTa CyMMapHOM paguanuy U
MEeTEeOPOJIOTNYEeCKUX 3JIEMEHTOB II0 CPABHEHUIO C NAHHBIMU Ha3€MHEIX M3MepeHui. BhUIo mojydeHo, 4TO BHIOOD
adpO30JIbHOM KIMMATOJIOTHM KpailiHe BaXeH MOJIs9 TOYHOCTH pacdeTa OajaHca KOPOTKOBOJIHOBOM papjHaluuél y
TIOBEPXHOCTH 3eMiiu. Mcnonb3oBaHue KnuMaTonoruu CAMS 3HauuTeIbHO YMEHbIIaeT Pa3HOCTh MeXKIY pacueTaMu
U U3MEePEeHUsSMHU KOPOTKOBOJIHOBOTO GajlaHCa II0 CpaBHEHUIO C KiauMarojiorue Tanre (B cpemHeM Ha 37,5 Br/M?).
VMeHblIeHNEe Pa3HOCTU BBHIIBJIEHO U IIPUM CpPaBHEHUH C KiuMmartonorueln Tegen (B cpemHem Ha 4,7 BT/M2).
Ucnonp3oBanue kinuMaTtoaoruu CAMS MoxkeT yIydmuTh TOYHOCTL IPOTHO3a IPU3EeMHOU TeMIIepaTyphHl BO3OyXa [0
0,3-0,4 °C pnsa pa3nMYHBIX METEOPOJIOTMYECKHX CTaHIWM II0 CpaBHEHHWIO C KiauMaTonorumenn Tanre u Tegen.
VnyumieHne NporHo3a TeMIlepaTyphl OTMedaeTcsa TakXke u Ha BeicoTe 850 rlla (mo 0,2 °C), a TakXke [Onsa
KOJIU4eCcTBa 0CanKoB 1 Tepputopuu ETP.

Brruucnenusa Ha KoHburypanmu ICON, mpemHa3Ha4deHHOTO [JiS OIEPaTUBHOTO ITPOTHO3a ITOTOMHI BHITIOJTHEHBI B
paMKax Hay4HO-HCCJIEJOBaTeIbCKOM paboTel Pocrumpomera 125032004255-7. AHanu3 paguarnuoHHBIX 3(hGdeKToB
aspo30Jiel BHIIIOTHEH pU (MHAHCOBOM MoAaepkKKe rpaHTa Poccuiickoro HayyHoro ¢gonpga Ne 23-77-01030.

1. Bozzo A. et al. An aerosol climatology for global models based on the tropospheric aerosol scheme in the
Integrated Forecasting System of ECMWF //Geoscientific Model Development. - 2020. - T. 13. - Ne. 3. - C.
1007-1034.

2. Holben B. N. et al. AERONET—A federated instrument network and data archive for aerosol
characterization //Remote sensing of environment. - 1998. - T. 66. - Ne. 1. - C. 1-16.

3. Tegen I. et al. Contribution of different aerosol species to the global aerosol extinction optical thickness:
Estimates from model results //Journal of Geophysical Research: Atmospheres. - 1997. - T. 102. - Ne. D20. -
C. 23895-23915

4. Giorgetta M. A. et al. ICON-A, the atmosphere component of the ICON earth system model: I. Model
description //Journal of Advances in Modeling Earth Systems. - 2018. - T. 10. - Ne. 7. - C. 1613-1637.

HccnemoBaHue NMPOBEIEHO IIPH MOOdePXKKe:

1. "PH®", rpanT 23-77-01030
2. "PocrupgpomeT", rpanT 125032004255-7
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ATMOCdepPHBIH a3p030JIb U €r0 PaJHallHOHHOE BO3JeHCTBHE IPH BHICOKOM a/IL0eno
IIOBEPXHOCTH IO JAHHBIM Ha3€MHbBIX H3MEPEeHHUH W MOe/THPOBaHHsI

1 1 2

Aprtem [I. T'onmukoB~ , Haranusa E. YybapoBa~ , Anekcanap A. Kupcanos“, Hwukomai A. l'IeTpOB1

1 Mockosckuit rocyfgapCcTBeHHEBIN yHUBepcuteT uM. M.B. JIomoHOCOBa
2 T'mopoMeTeopoIornYeCcKUl HayYHO-UCCIeqoBaTeNIbCKUM eHTp Poccuiickoit ®egepanuu

a050504@ya.ru

ATMochepHBIEE asp030/ib OKal3blBAaeT 3aMETHOe oOxjaxXKpalolllee BIUSHHE Ha KJIMMATUUYECKYyI0 CHUCTEMY, 4YTO
BHIpaXkaeTCs B OTPUIIATETbHOM 3HaKe ero paguanumoHHoro Bo3geidictBus (IPCC, 2021). B To ke BpeMsi U3BECTHO,
YTO B YCJIOBUSIX BBICOKOTO anb0e[o MOBEPXHOCTHU aldpO30JIbHOE pafualliOHHOE BO3[ENCTBHUE MOXKET CYIIECTBEHHO
oTinu4daThbes oT olleHoK IPCC u mazke MeHSITh 3HaAK.

s m3ydyeHUs: paguanuoHHBIX 9 (GEKTOB adpP0o30JIs C IOMOIIBI0 XUMHUKO-TpaHcrnopTHON Moaenu COSMO-ART 6wutn
IIpOBeeHbl YUCJIEHHBIE SKCIEPUMEHTH A1 MOCKOBCKOrOo permoHa ¢ 24.02.2025 no 28.02.2025, korgpa
Habmoanachk IpeuMylliecTBEHHO Oe3o0iayHasi moroma, a anb0emo MOBepPXHOCTH OvITIO BHICOKMM (A=0,68) u3-3a
CHEXKHOI'0 IOKpoBa. Pe3ynbTaThl MOZENMPOBaHUS IIO3BOJIM/IM BOCIPOM3BECTH KaK caM aTMOC(EepHBIM a’spo30jb U
ero npu3eMHble KOHIIEHTPaluy, TaK U ero BIUsSHNUE Ha pafualyOHHble XapaKTePUCTUKY AJI1 yKa3aHHBIX YCIOBUU U
OJISS YCJIOBHM CO CTaHOAPTHBIM [yt MOCKBE ansbemo moBepxHOocTH (A=0.4). Kpome 3TOrTO, B aHanmse
HUCIIONIb30BaJIUCh pe3yJbTaThl MOOEJIbHEIX pacuyeToB aBTOHOMHOU Bepcuu Mopenu ECRAD (Hogan, Bozzo, 2018).
PesynbTaThl MOmenIupoBaHUS MaCCOBBEIX KOHIIeHTpaluuu aspo3onsg (PM10 u PM2.5) cpaBHUBA/IUCh C U3MEPEHUSIMHA
Ha ctaHnuax [TIBY «MoOC3KOMOHUTOPHUHI». Pe3ynbTaThl MOOENBHBIX JIKCIIEPUMEHTOB TaKXe CPaBHUBAIUCH C
OaHHBIMM pafUallMOHHBIX u3MepeHud kommiekca MSU-RAD ¢dopmata BSRN B Meteoponoruueckoir O6cepBaTopuu
(MO) MTY.

ITpu3eMHBIE KOHIIEHTPAIIUM a’p030JIs1 B YCJIOBHUSX T'OCIOACTBA AaHTULMKIOHAJIBHOUW IIOTOOBI B 9TOT IIEPHOQ, IO
maHHEIM MOCSKOMOHUTOPHHTA, Bo3pacTtanu u 28.02 6vnmu B 2-2,5 pasa Brime, ueMm 24.02. B HekoToprie yack 25.02
u HOoublo ¢ 27.02 Ha 28.02 cpegHUe 4acoBble KOHIIEHTpauu peBuimanu cpegaecyTounyo [TIK. KoppensnuoHHBIN
aHaIu3 ITO3BOJIMJI BHIAENIUTHL Cj1abyio oOpaTHYIO 3aBUCHUMOCTh KOHIleHTpanui PM10 u PM2.5 oT ckopocTu BeTpa,
BBICOTH TeMIIepaTypHOM MHBEPCHUU U BBICOTH IOTPAaHUYHOr0 ciaos. ComocTaBjeHUe C HOAaHHBIMU U3MepeHUuM
BBISIBUJIO 3aMETHOE 3aBHIIIEHUE MOMENBPHBEIX IIPU3EMHBIX KOHIEHTpPAUUN OTHOCUTENIPHO U3MepeHUMN NpaKTUYeCKH
Ha BCeX IIYHKTaX HaOJIIOOeHWM!, 4YTO, BEPOSTHO, CBS3@HO C HETOYHOM OLEHKON IIPOMHIIIJIEHHEIX BEIGPOCOB BO
BXOOHBIX HAHHBIX Mopenu. OTMETHM, YTO B 9SKCIIEPUMEHTE C IIOBHILIEHHBIM asibOemo moBepxHocTu (A=0.7)
Ipu3eMHble KOHIIEHTPAIIUM asp030JIs OKal3anuch Beille Ha 10-15% OTHOCUTENBHO 3KCIIEPUMEHTa CO CTaHOAPTHBEIM
anbbeno moBepxHOCTU (A=0.4), IPEONOIOXUTENIbLHO, M3-3a YMEHbIIEeHUS BHICOTHI IIOTPAHUYHOTO CJIOS 3a CYeT
6osiee cnaboro HarpeBaHUs IOBEPXHOCTHU IPU G0jIee BEICOKOM anbbemno.

KopoTkoBonHOoBEIM 6ananc Ha BI'A u HI'A o maunabiM COSMO-ART HEMI0X0 COTIacyeTcs C pacyieTaM{ B MOJEIIH
ECRAD u usmepernusMmu (B npepenax 20-30 BT/MZ). ComocTaBieHne KOMIIOHEHT paAualuoHHOTO OanaHca C
OaHHBIMM U3MEPEHUH y IMOBEPXHOCTH 3eMJIM BBISIBUJIO HEKOTOPHIe ocobeHHOCTH. CymMMapHas paguanus B COSMO-
ART oxasanach 3aBhIllIeHa IPUMepHO Ha 1-5% OTHOCUTENbHO HaHHEIX M3MepeHuiu. OTpaxkeHHas pagualus B
9KCIIepUMeHTe C anbbelo IOoBepXHOCTH, paBHEIM 0,7, oka3ajach OjM3Ka K UH3MEPEeHHBIM 3HAYEeHUIM.
[ IMHHOBOJHOBAasI papfualuMs oOKas3allach HECKOJIPKO 3aHW’KeHa WK3-3a 0ojlee HU3KWX MOMEJIBHBIX TEeMIIepaTyp
BO3AyXa.

PaguanvonHoe BO3[eNCTBUE MOCKOBCKOTO T'OPOINCKOTO a3po30Jid B TUNUYHBIX [/ 3UMHET0 BPEMEHU YCIIOBUSIX

(AOT[0,08, amsbemo moBepxHOCcTH - 0,4, BeicoTa ComHila - 20°) B KOPOTKOBOJTHOBOM HOUAaNa30HE COCTABIISIET
npumepHo -0,5 BT/M2 Ha BI'A u okojo -6 BT/M2 Ha HT'A. TIpu ansbeno moBepxHOCTH, 61u3KoM K 0,7, BO3merCcTBUE

gocTuraetr +3 BT/M2 Ha BI'A u -3 BT/M2 Ha HT'A. Takum o6pa3om, ITpU BEICOKOM ajib0efo IMOBEPXHOCTU, COTJIaCHO

MOJEeIbHBIM OIIEHKaM, paJuallMOHHOE BO3[IENCTBHME a’po30jisi B KOPOTKOBOJIHOBOM [Halla30HE IIPUHUMAET

3aMeTHEIE II0JIOKUTEeIbHEIEe 3HAUeHHUS.
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CEKIIUA 5. O30HOC®EPA - MOHUTOPHUHI', MOAEJIMPOBAHUE U ITPOI'HO3bI

Ipencenarens: k.¢p.-m.H. Po3anos E.B. («O3J1aoy», CII6I'Y, CankTt-IletepOypr,

Poccus/World Radiation Center, Davos, Switzerland)

Comnpeacenarean: 1.¢.-M.H. CmbinuisieB C.IL. (PTTMY, Cankr-IlerepOypr, Poccus)
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ISARD-2025-0zon001

BiusiHue CKopocTed ¢GoToIn3a Ha cogepKaHue 030Ha B MOJISIPHBIX PerHOHaX

1

Anacracusi C. HMmMmaHoBa~ , EBrenuii B. Po3anoB!

, Bmapumup A. 3y60B1

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

a.imanova@spbu.ru

B HEKOTOPBIX XMUMUKO-KJIUMATUYECKUX MOIEJISIX CYIIeCTBYeT IIpobjeMa HeIOOLEeHKH O0IIero ComepKaHusI 030HaA B
aTMocdepe HaO TONSAPHBIM pernoHoM B HOKHOM momylriapuu. Bo3MOXHBEIM pellleHueM SBAseTcss 0ojiee TOYHOe

MOJIeJTMPOBAHUS MPOIECCOB (poTomucconmaluyu. B maHHOM KCCIIeHOBAHWM IIPENCTABIEHBI PEe3yIbTaThl YCTAHOBKHU
HOBOT'O MOAYJs pacueta ckopoctei poronuza Cloud-] v.8.0 B xumMuko-KnuMaTuueckyio momens SOCOL v.3.

Cloud-] v.8.0 - HIMPOKOITIOJIOCHOM anTOpPUTM [MOJIsT pacdyeTa CcKopocTel (oTonu3a B MOPUCYTCTBUU OOJIAYHBIX U
a3PO30JILHEIX CJIOEB, KOTODHIM IIO3BOJISIET MOMENIUPOBATh TI00aNbHYI (GOTOXUMUIO aTMocheps, HaIpsIMyIo
BKIIOYas (pusmdecKrue CBOUCTBA PaCCEUBAIOIINX U MOTIOMAOMUX YaCTHULI.

Pe3ynbpTaThl IIOKa3HBAIOT, 4YTO YycTaHOBKa Cloud-] v.8.0 mOBHIIaeT TOYHOCTH PAcCYETOB CKOpocTell doTonusa
U yIy4IlaeT MOAEJIbHOE IIPeACTaBIeHre TOOOBOro IMKJIA 030HA HA/l I0XKHBIM MOISIPHBEIM PETHOHOM.

HccnemoBaHue MPOBENEHO IPH MOAAEPKKe:

1. "Cankrt-IleTepOyprckuit rocynapCTBeHHEIN yHUBepcuTeT", rpanT 116234986.
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ISARD-2025-0zon002

Bnusinue CTpaTOC(bepHOl"O BYJIKAHHYECKOI'O H3BEP2KEeHHUS Ha KIIHMAaTHYEeCKYI0O CHCTEMY B
Pa3IHYHBIX (l)OHOBI:IX YCI1I0BHAX

1,2 1

Maprapura A. TKadeHKO , EBrenwuiu B. Po3aHoB
1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 Poccuiickuit TOCYOapCTBEHHBIN I'MIPOMETEOPOJIOTUYECKUN YHUBEPCUTET

usadeva.m@mail.ru

IIpencTaBieHHOE  HCCIEeOOBaHUE  OCBeIaeT  pPe3yabTaThl  YMCIEHHOTO  MOOEJIMPOBAHUSA  BO3TEMNCTBUS
CYHIEepBYJIKAHUYECKOTO HU3BEePXKEHUS Ha KIUMaTU4YeCKyI0 CHCTeMY B YCJIOBUSX Pa3/JIMYHBIX (POHOBEIX COCTOSHUU.
IlaHHOEe u3BepXKEeHHe IO CBOEM MOIIHOCTH COIOCTAaBUMO C MCTOPUYECKUM KaTaknmuamMoMm TamOopsl 1815 ropa,
KOTOPBIM OKa3ajl 3HAYKUTEJIbHOEe BIIMSHHWE Ha TI00aNbHBINA KIuMaT. s IpoBedeHus aHaiu3a Obljla MCIIOIb30BaHa
KOMIIJIEKCHasl XUMHUKO-KnuMaTudeckass momens SOCOL-MPIOM, mo3Bojnsiolias YYUTHIBATh B3aMMOCBS3b MEKOY
XUMUYECKUMU M (PU3NYECKUMM IIpolieccaMM B aTMocdepe. DKCIEPUMEHTH ITPOBOOUIUCH [AJISI TPEX BPEMEHHBIX
Cpe30B: COBPEMEHHEBIE YCJIOBUS M IOBa ClleHapus Oyayllero KjauMmaTa corjiacHo momensMm SSP2-4.5 m SSP3-7.0.
MeTomomOTUYEeCKUM TMOOXOHN OCHOBBIBAJICSI Ha NPUMEHEHWM KBA3UCIy4YaWHOU BHIOOPKHM C HCIIOTh30BAaHUEM
mocienoBaTenbHOCTEH Co0060JIsI, YTO 00eCIedYHnio OIITHMAalIbHOe MCCIIeloBaHue ITapaMeTPUYecKOoro IIPOCTPAHCTBaA
MOJIeNH IPU MUHUMUIAIIUN BEIYUCIIUTEILHEIX 3aTparT.

AHanu3 MoJiy4deHHBIX Pe3yJIbTaTOB [IEMOHCTPUPYET YCHUJIEHHE KJIMMaTU4YeCcKoro 3dg@¢eKTa CylnepBYJIKaHUYECKOIO
U3BepXKEeHUs B YCJIOBUAX OoJiee Temsjoro knmmarta KoHIa XXI Beka. DTo mposBaseTrcss B 0ojiee BBIpakKeHHOM
ry100aJIbHOM TOHUKEHWHM TEMIIePaTypPH M 3HAYHUTEILHOM YBEJIWYEHWH I[IEPUOAa BOCCTAHOBJIEHUS KIMMATHYECKOM
CUCTEMHI B CPAaBHEHUU C COBPEMEHHBIMH yCJIOBUSMHU. [TomoOHasi mHTEeHCuUGUKaUMs 00yCIOBIeHa KOMIIJIEKCHBIM
B3aUMOAENCTBUEM pafUalMOHHLIX ¥ OUHAMHUYECKHUX IIPOLlecCOB B arTMocdepe C HM3MEHEHHBIM XUMHUYECKUM
COCTaBOM.

Peaxkiusi 030HOBOTO CJI0S HaA BYJIKAHMYECKOE BO3[OEWCTBUE XapaKTEepU3yeTCs CJIOKHOM IPOCTPAHCTBEHHOM
CTPYKTYpO¥ C BHIPQ)KEHHOW IIWPOTHOM acHUMMeTpued. B BBICOKMX HmMMpOTax HAOIIOJAeTCsl CyLIeCTBEHHOE
yMeHbIIIeHHEe COofepKaHus 030HA, TOTAA KaK B TPONHMYECKUX PETHMOHAX PEeruCTPUPYETCS ero yBenudeHue. [JaHHOE
sIBJIeHue O00BsCHseTcs wMomudukaiuedr aTMocHepHON IUPKYIIUuu U TpaHchopmalwmerd (HOTOXUMUYIECKUX
mporeccoB (GOPMHPOBAHUS M DPa3pyIIeHHs O30HA IIOf BIUSHUEM BYJIKAaHWYECKUX adp030JIe U HW3MEHEHHOTrO
TeMIepaTypHOTO pexKuMa.

Cpeou wuccnegoBaHHBIX ClieHapueB Haubojiee MWHTEHCHBHBIM aHAIOr MCTOpuYeckoro 'roma ©6e3 meta"
MIPOTHO3UPYETCs MpU peanusanuu cieHapus SSP3-7.0. 3toT deHOMEH, BEpOSITHO, OOYCIIOBJIEH IIOBBIIMIEHHBIMHU
KOHIIEHTpPaUMsIMU MeTaHa U OKCHUOOB a30Ta, XapaKTepPHBIMU [JIS OAHHOIO ClieHapus, KOTOPHIE CYIIeCTBEHHO
BIUAIOT Ha (OTOXMMHYECKUE MPOIEecCh B aTMochepe ¥ YCHUIUBAIOT PaguallMOHHBIN 3G@eKT BYJIKaHUYECKUX
a’po30JIen.

B cuenapusax Oygyirero KiauMara OOHapyXKuBaeTcs 0ojiee CJIOKHAs BEPTHUKAJIbHAsI CTPYKTypa TeMIIepPaTypPHBIX
aHOMaJIuil C BhIPaXKEHHBLIM KOHTPACTOM MeXKIY CTPaToCcHepHHIM IOTEeIIeHHeM U TPOIOCGhEePHBIM OXJaxKaeHUeM.
IdarnHass o0coOEHHOCTH YyKa3blBAae€T HA HMHTEHCHUGHUKAIWIO B3aUMOOEUCTBUU MeXKOYy [UHAMHUYECKUMU U
doToOXUMUYECKUMHU IIPOIleCCaMU B yCJIOBUSAX MOOUGUINPOBAHHOTO XUMHUYECKOT0 cocTaBa aTMocdepsl. HapyiieHue
cTpaTtochepHOo-TporiochepHOr0o oOMeHa NPUBOOUT K KJIMMATHYECKUM IIOCIeACTBUSAM, 3aTparvBaloMIMM IINPOKUHN
CIIEKTP aTMOC(hEPHLIX SIBIEHUN.

[Tepromgbl BOCCTAHOBJIEHHSI O30HOBOTO CJIOSI 3HAUMTEIBHO IIPEBHIIIAIOT BPEeMEeHHBIe MacCHITa0bl TeMIIepPaTypHOM
perakcaiyu, 4YTO CBUAETEILCTBYET O 3HAYUTEJIBHOM BO3[OEHCTBUM BYJIKAaHUYECKOTO (OPCHHTA HA XUMHUYECKUH
coctaB aTMocheprl. OTOT HaKT NOmYEPKUBAET KPUTUUECKYI0 BAaKHOCTh yUeTa XMMHYEeCKUX 0OPaTHBIX CBSI3€H IpHU
KOMIIJIEKCHOM OIIeHKEe KIIUMaTUYEeCKUX MOCJIeNCTBUI CYIepPBYyJIKaHUYECKUX U3BepxKeHni. UTHOpHUPOBaHUEe JaHHOTO
acIeKkTa MOXKEeT IIPUBECTHU K CYIIECTBEHHOM HENOOIeHKEe MOITOCPOYHEIX 3((GEKTOB ByTKAHNYECKOM aKTUBHOCTHU Ha
r7100a/IbHYI0 KIIMMAaTUYECKYI0 CUCTEMY.
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HccnenoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "CankTt-IleTepOyprcKuii rocynapCTBeHHLIN YHUBepcuTeT", rpadT 116234986

93



ISARD-2025-0zon003

HccienoBaHue H3MEHEHHH K/IMMaTa U cocTaBa arMocdepsl B POCCHICKON APKTHKE
MeTOIOM JayHCK3J/UIMHTa

1,2

T'eopruit M. Hepo0eiioB , Bmagpumup A. 3y60131 , EBrenui B. Posanosl

1 Jla6opaTtopusi UccrnemoBauuii O30H0BOrO ciosi u Bepxuet Atmocdeps:, CTIGIY , Poccus
2 JlabopaTopus MOOeTUPOBAHUS CpefHelr U BepxHel aTtmochepsl, PTTMY , Poccus

akulishe95@mail.ru

3a mocnemHWEe HEeCKOJIBKO HECSITUNIEeTHH B ApPKTHKe HaOJIIOHAloTCs 3HAUYMTEJbHHE KIWNMaTHYeCKHe H3MEeHEeHWUS.
ITpomomzkaromeecss MOBHIIIEHWE TeMIIepaTyphl IIOBEPXHOCTH 3eMJIM YCKOPHJIO TasHHEe BEeYHOW Mep3JIOThl U
CII0cOOCTBOBAJIO POCTY YHCIIA JIECHBIX ITOXKapoB. Kpome TOro, rocymapCTBEeHHLIE IIPOTpPaMMbI, HallpaBIeHHBIE Ha
COKpallleHre aHTPOIIOTEeHHEBIX BEIOPOCOB HEKOTOPBIX 3arps3HAIONINX BemecTB (Hampumep, NOx, SO2, CO u T. 1.), B
OymylieM MOTYT ITPUBECTH K yBeNTHUEeHHI0 TpormocdepHoro o3oHa (Os), 0OMHOTO M3 CAaMBIX BPEeOHBIX 3arpsA3HUTENEH
atMocdephsl. B OymyiemM sTU M OpPyTHe TOCHIeACTBUS M3MEHEHUs KauMaTa B APKTUKE MOTYT OKa3aThCsi Goiee
3HAYUTEIbHBIMU. [103TOMYy OILIEHKM H3MEHEHHH KiumMaTa M cocTaBa aTMocdeprl 3a Onmuxkanmwme 100 meT B
peruonanpHOM MaciiTabe (~1000 kM) uMeroT ceromHsi 60JbIlIoe 3HaYeHUe. Pe3ymbTaThl MOMOOHBIX OIIEHOK MOTYT
yKas3aTh, KaKHe pPeruoHsl 3eMnu OyagyT OO0JbIlle BCEro 3aTPOHYTH OyOymIMMH W3MEHEHWSMH KiIuMaTa Hu
QHTPOIOTEHHOM aKTUBHOCTHIO.

OpHuM 13 Hanbojiee IEPCIEKTUBHEIX ITOIX0N0B IJI TaKUX OIIEHOK SIBJISETCS HAYHCKIJIJIMHT OT IJI00aIbHOM MOJen
CUCTEeMHl 3eM/IM K peruoHalbHON MOOenu dYepe3 3afaHUe TI'PaHUYHBIX YCJIOBUM. ITOT IIOOXOHN YYUTHIBAeT Kak
BIUSHUE TJIOOAJIPHBIX (HAIpUMEDP, HOaJIbHUM IIEPEHOC 3arps3HSIOMMX BEIIECTB), TAK M JIOKAJIbHBIX IIPOIECCOB
(HampuMep, CJIOXKHBIM penbed MECTHOCTU, QHTPOIOTeHHas AaKTUBHOCTL M [Op). B Tekymem wucciemoBaHUU
MofeJibHAs CHCTeMa, COCTOsINas u3 riaobanbHOW Momenu 3eMHOM cucteMbl SOCOLvV4 M pernoHaabHOM MOOesu
XUMHUUYeCKoro cocTaBa Tpornocdeprl WRF-Chem, ucmonb3yeTcs Ojas OLIEHKM U3MEHEHUU KiuMaTa U CocTaBa
aTMocdepsl B Poccuiickoit ApKTuKe B TeueHue Onuxkanimmx ~100 serT.

PaGoTa BBITIOJIHEHA IIPU HoaaepkKe rpanTa CII6IY 116234986.

HccnemoBanue IIPOBEOEeHO IIPHU IMoJOdepPa2KKe:

1. "Cankrt-IleTepOyprckuit rocynapCTBEeHHLIN yHUBepcuTeT", rpanT 116234986

94



ISARD-2025-0zon004

HccnegoBaHHe 3BOJIIOIHHA 030HOBOTO CJIOsI 3€MJIH C IIOMOINLI0 HOBOM B€PCHH XUMHKO-
KJIuMaTudeckou moameiau UBM PAH - PITMY

1

Cepreii 1. CMmuinisies~ , AHapewu P. sfixosnes!

1 poccuitckuit roCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUU YHUBEPCUTET

smyshl@rshu.ru

AnHOTauusi. [IpoBeOeHHEl YHCIEHHBIE SKCIIEPUMEHTH C IIOMOIIBI0 XMMHKO-KJIMMATHUYECKOM MOOeju Ha OCHOBE
mopenu INMCMG60. ITpoaHanu3upoBaHa 3BOJIIOINUS 030HA B aTMocdepe.

KiaouyeBble ciaoBa. YuCjIieHHbBIE 3KCIEPUMEHTH], TpomocdepHass XUMHUs, OpOMHAs XUMHUS, KOHLIEHTPALUs O30HA,
ob11ee cogepkaHue 030HA.

OCHOBHBIM METONOM OAHHOTO MCCI€NOBAHUS SBJISAETCS YHUCJIEHHOE MOOEeIHMpPOBaHHE aTMOC(HEPHBIX IIPOIECCOB.
Vi3MeHeHUSI OCHOBHBIX METEOPOJIOTUYECKUX IlapaMeTpoB (TeMIlepaTyphl K BIIaXXHOCTH BO3IyXa, aTMochepHOro
OaBJI€HUS, TJIOTHOCTH BO3OyXa M CKOPOCTH BETPa) OIMUCHBAIOTCS YPAaBHEHUSIMH TEPMOOWHAMHUKM, COXPaHEHUS
BOIOSTHOTO Ilapa, COCTOSIHUS BO3[yXa, HEPa3pLIBHOCTU M [OBUXKEHUS aTMocheprl. IDTH ypaBHEHUS pellaiTcs
4HNCIIeHHBIMU MeTomaMu. HeamuaGaTudecKue IMPOLIECCH], CBSI3aHHBIE C COJIHEYHOM papmalyei, TypOyJIeHTHOCTHIO,
KOHBEKLMEN ¥ BIUSHUEM IIOOCTHUJIAIOIMIEN IIOBEPXHOCTH Ha aTMochepy, VYUTHBAIOTCI IIOCPEICTBOM
ImapaMeTpu3aluy. DBOJIOIKS Ia30BHEIX IIPUMecel oIpenesseTcs C IIOMOIIbI0 ypaBHEHUM HX IIepeHoca, KOTOpHIEe
TakKe PeIlalTCs KOHEYHO-PAa3HOCTHHIMM METOHaMH; IIPH 3TOM OIS PEeIleHWUs OaHHON 3afadyu OIPEeHesIsaioTCS
CKOPOCTH XUMHUYECKHUX peakiui. MexXay OMHAMUYECKOM U XMMUYECKOM YaCTIMU MOIEIU MPOUCXOOUT OOMeH
pacyE€THBIMU JaHHBIMHU, UTO II03BOJISIET YUUTHIBATh BIMSHUE BCEX 3TUX IIPOLIECCOB APYT Ha OpyTa.

B mamHOM paboTe HMCIIONIL30BallaCh XMMUKO-KIMMaTH4YecKas MOJeNlb, OCHOBaHHas Ha Mmomenu MBM PAH
Bepcun 6 (INMCMG60), KoTOpasi COOEpPXKUT, MOMUMO AUHAMHUYECKOT0 M XUMHUYECKOTO OJIOKOB, ad3pO30JIbHBLIN u
oKeaHW4eckui 6moku. O6MeH MeXay OUHaAMUUYECKUM U ad3pO30JIbHEIM 0JI0OKaMU IIPOUCXOOUT II0 aHANIoTuu obMeHa C
XUMHU4YeCcKuM OmokoM. OOMEH C OKeaHWYEeCKHMM OJIOKOM IIPOMCXOOUT TOJIBKO IIOCJIE TOro, Kak Bce 3 OJioka
(DMHaAMUYeCKUM, XUMUYEeCKUN U aspPO30JIbHEIN) IIPOBENIM pPacuéThl 3a 1 mar mo BpeMeHU. Takike B 3TOM Momenu
MOZKHO MEHSTh pa3pelleHue 10 JOJIr0Te U MIupoTe. B manHO# paboTe IpOBEOeHbl SKCIEPUMEHTEHI C 59 gonrorst u 4
0 MIXPOTHL (KOJIMYECTBO y3JI0B B MOJeNHU 72 0 JDoarote u 45 1o mIUpoTe, IIar 10 BpeMeHu - 7 MUHYT 30 CEeKyHI) U C
20 IOJITOTHL U 1.50 MIUPOTH (KONMM4ecTBO y3710B B Mopenu 180 mo pmonrore u 120 mo mMpoTe, IIar o BpeMeHHu 2
MUHYTH 75 cekyHp).ITo BepTUKanu KOJIMYECTBO O-ypoBHeM Mopenu paBHO 73 (oT 0 mo 60 KM MIM OT TOBEPXHOCTU
oo yposHs 0.2 rlla), mpu 5TOM pe3ynbTaThl MOIEJIMPOBAHUS HHTEPIIOJUPYIOTCA B M300apPUYECKYI0 CUCTEMY
KOOpAMHAT Ha 26 CTaHOApTHHEIX U300apHUYeCKUX MoBepXHOCTeN. [Ig okeaHudeckoro 6710ka paspenrenue 1x0.5 (mns
Bepcum 5x4) u 0.5x0.25 (mns Bepcuu 2x1.5). Momenb OOHOBIISIET HadYaJbHBIE HaHHBIE Yepe3 Kaxkable 6 yacoB (4
pasa B CyTKH).

C noMouipio JaHHOW Mopmenu OBLIM NIPOBEOEeHHl UYMCIeHHBIE SKCIIePUMEeHTH. B Bepcuu 5x4 mpoBeneHE
9KCIIEPUMEHT 0€e3 MCIIOTb30BaHUS MHTEPAKTHBA XUMHUSI-aTMochepa (YIET 0OpaTHOrO BIUSHUS Ta30BHIX IIpUMeECEeH
Ha aTMochepHBIe IIPOIECCH) U 9SKCIEPUMEHT C MCIOJIb30BaHMEM 3TOr0 HMHTepaKTHBa. Takke IIPOBENEHE
9KCIEPUMEHTHl C IIOMOIIbI0 Mopmenu 2x1.5 C MHTEPAaKTHUBOM U 0e3 HHTEepakKTWBa C PAa3HLIMHU BapHAHTaMHU
XUMHUYECKOT0 OJIOKa: XUMHUS C TPONOCHEPHHIMU U OPOMHBIMU KOMIIOHEHTaMM, XMMUS C YIOPOM Ha TPOIOChEPHEIE
KOMIIOHEHTHL. IIpoaHanmn3upoBaHkl U3MEeHEHUT KOHIIEHTPaluy U 00IIero comepKaHus 030Ha.

Pe3ynbTaThl 9KCIEPUMEHTOB TaKKe HMCIOJIb30BaINCh B KaUeCTBe HAYaJIbHHIX M T'PAHUYHEIX YCJIIOBHI [JIS
MopenupoBaHus ¢ momoirnkio mogenu WRF-chem nnsi CaukT-ITeTepOypra u Poccutickoro Cesepa.

HMccrnegoBaHHe MIPOBEIEHO MIPH MOAAePXKKe:

1. "MUHHCTEPCTBO HAYKH U BHICIIETO 00pa30BaHusi POCCHUIICKOMY TOCyOapCTBEHHOMY
TUOPOMETEOPOJIOTHYECKOMY yHUBepcurTeTy", rpadT FSZU-2023-0002
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2. "Poccutickuit Hayuneii ®oupn”, rpanaT 24-17-00230
3. "Poccutickuiit Hayunwii ®oHp", rpadT 23-77-30008
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MoaenupoBanue OgnoBpeMenHoro Uamenenusi Crparocgepnoro u TponocdepHoro
O30Ha

Apuna A. OKYJIK‘IeBal , Maprapura A. YcadeBa, Ceprei II. CMBIIIIISIEB

1 poccuitckuit roCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUU YHUBEPCUTET

smyshl@rshu.ru

IIpenmeToM ucCCieIOBaHUS SBIISIETCS COOepKaHUe 030Ha B Tpomocdepe u crparochepe. Llenpio paboTH ABISIETCS
aHaJIN3 CTEIeHW B3aWMHOTO BIIUSHUS CTPATOCGEPHOTO U TPOImochepHOro 030Ha APYT Ha Apyra. PaccMaTpuBaioTCs
usmueckre U XUMHYECKUE IIPOIIECCH], OMPEeAesiole OOIrONEePUOOHYI0 M3MEHYHUBOCTh COOEpPXKaHUS 030HA B
Tpomocdepe u crpaTtochepe. Ocoboe BHUMaHHEe o0palllaeTCcs Ha BIUAHNE JIETYUUX OPTaHUYeCKUX KOMIIOHEHTOB Ha
TpomocGhEePHBIN U CTPAaTOCHEPHHBIN 030H.

MeTomoM OOCTUXKEHHUS LENU SBIISETCA YHUCIeHHOEe MOOeJIMPOBaHKUE C HCIIOJIb30BaHHEM XHMMHMKO-KJIIMMAaTH4YECKHUX
Mojeneu, B KOTOPBIX BAPBUPYETCA CTEIIE€Hb y4Ye€Ta TeX HJIM MHEIX IIPOLECCOB, BIIMAIOIIUX Ha COOEepP2KaHHEe O030Ha.
CpenH 9THUX IIPOIIECCOB TIJIaBHOE BHHMaHHE o6paLuaeTc;1 Ha IIOTOKH VYIJIeBOOOPOOOB M OKHCJIOB a30Ta C
IIOBEPXHOCTH. B uuncneHHBIX 9KCIIEPHMMEHTaX CHa4dalla paCCMaTPUBAETCA BIIMAHHWE TOJIBKO OKHCJIEHHsS METaHa Ha
06paSOBaHI/Ie TpOHOCd)epHOl"O O30Ha U €ero CB4A3b CO CTpaTOC(bepHBIM 030HOM. 3aTteM [o00aBJIsIeTCA MEeXaHW3M
OKHCJIEHHUS U30IIpeHa U CBSA3aHHBIX C HUM I'a30B, a Jajiee U OPYTruX JIETy4YUX OPraHuYEeCKUX KOMIIOHEHTOB.
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MoagenupoBanue 103 Y®@-paguanuu ajsa Beipadorku surtamuHa "/I" B XX| Beke.

1,2 1,3 3

Baaaumup A. 3yooB ,  EBrenwmii B. Po3zanos , Taresina A. EropoBa
1 Cankrt-ITerepOyprckuii rocy1apCTBEHHBIN YHUBEPCUTET
2 I'napnas reodusndeckas odbcepBaropust uM. A.M.BoeiikoBa

3 duszuko-MmeTeoposiorundeckas obcepsaropusi/Muposoii Panunanuounustii LlenTp

v.a.zubov@spbu.ru

Mopenp kmuMmarudeckoit cucteMbl 3emum SOCOLV4 u mMonenb I pacdeTa paguallHOHHBIX IIOTOKOB B
armochepe FASTRT (UVSPEC) Obutm HCHOJB30BaHBI JUISL pacdyeTra H3MEHEHHI  CyTOYHBIX J103
yiabTpaduoneToBoil paauanuu, HEOOXOAUMOM st BbIpadboTku BUTamMuHa «J» (Y®B/]) B yCIIOBUSAX U3MCSHESHUH
KIuMaTa 3eMJId U cOoCTOosiHusI arMocdepHoro o3oHa B XXI Beke. B pesynbrare MOJCIBHBIX DKCIIEPHUMEHTOB
coritacHO skecTtkomy (SSP5-8.5) cuienapuro pocrta KOHIICGHTpAlMil IMApHHUKOBBIX ra3oB npoekrta CMIP6 u
cueHapuro WMO, mnpenycmMarpuBaronIieMy CHHXKEHHE COACP>KaHUs O30HOpa3pylUarolUuX BEIISCTB B
armocdepe, ycraHoBieHO cylnecTtBeHHOe (Ha 20-80%)yMeHbIICHHE CYTOYHBIX 103 YDB/I €

2015-2024 1o 2090-2099 roasl B cpeaHHUX HIMPOTAX OOOUX moirymapuii U nx yBeixudeHue Ha 30-40%

JJIsI HEKOTOPBIX TEPPUTOPHUI HU3KUX IHTUPOT. Pe3ynbTaThl 9KCIIEPUMEHTOB TaKKe

IIO3BOJIMJIM HaM OIGHHUTH OTHOCHTEJIBHBIH BKJIad HW3MEHEHHN OOInero coaep>kaHWsl O30Ha, IapaMeTpoB
OOJIaYHOCTH, U U3MEHCHHUH anb0eno MOoACTHIIAIONIEH MOBEPXHOCTH B COOTBETCTBYIOIIIEEC H3MEHEHHNE CYTOYHBIX

no3 YDOp/IB TeuecHue XX| Beka.

HccienoBaHue MPOBEAEHO NPH MOIAEPIKKe:

"Cankr-IleTepOyprckuii rocymapcTBeHHBIN yHUBepcuTeT", rpanT 116234986
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COBpeMeHH]:Ie Ha3eMHbI€ H CIYTHHUKOBbBI€ THCTAHIIMOHHBIEC METOObI OIIpeae/IeHusA
coagepzKaHHusA 030Ha

1

Opuir M. TI/IMO(l)eeBl , Amnekcanpgp B. ITomsakos™, fdua A. BI/IpOJIafIHeH1

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

y.timofeev@spbu.ru

O30H 4BIAETCS OOHOM U3 BaXXHEWIIMX Ta30BBEIX COCTaBAAOMMX B arMmochepe 3emnu. Ero BaXKHOCTh Kak
TIOTJIOTUTENS onlacHOTo Y@ CONMHEYHOro M3NIydeHUsl, TapHUKOBOTO ra3a M OIacHOIO rasa B Tpomocdepe, a Takxke
majeHue ero copmepxkaHus B 80-X romax IIPOLLIOTO CTOJIETHUS CTHUMYJIMPOBAIIM CO3[gaHue TI00ajbHOM CUCTEMEI
MOHUTOPUHTa O30HAa. B [OKjame IpoaHalIM3UpPOBaHLI OCHOBHEIE COBpPEMEHHEBIE [OUCTAHUMOHHLIE Ha3eMHbBIE U
COYTHUKOBBIE METOOBI M3MEPEHUM BepTHUKaNbHHIX Ipoduneist (BP) u obmero comepzkauus o3o0Ha (OCO)
comepxKaHuUs 030HA. PacCMOTpPEHBI UX OCHOBHHIE XapaKTEPUCTUKU - CIIydaWHble U CUCTEMAaTHUYeCKUe IOTrPENIHOCTH
U3MepeHUl, BepTUKaJIbHOE M TOPU30HTaJIbHOe pa3peleHus, o61acTu U3MepeHWH, NepUOOUYHOCTh U T.Q.
[IpuBeeHHBIE XapPaKTEPUCTUKU COIOCTABJISIIOTCI C COBPEMEHHBIMH MEXOYHAPOOHBIMH TPEOOBAHUSAMH K
U3MepPEHUsIM 030Ha CHOPMYyIUPOBAHHEIE B PA3JIMYHBIX 00JIaCTSIX aTMOC(PEPHEIX HayK - aTMOChepHEIe IPUJIOXKEHNS,
(m3uka aTmMocheps], CETECKOX03IUCTBEHHAS METEOPOJIOTHS, TJI00aIbHOEe YHUCIEHHOE MPOTHO3WPOBAHUE IOTOOE U
MOHUTOPUHT KJIMMaTa, HOPOTHO3 IIOTOOEI BELICOKOI'O paspemieHus, KJIMMaToI0THs, aTMocepHass XUMHUS U T.1.
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CEKIIUA 6. PAIMALIMOHHASA KIINMMATOJIOI'USA u PAIMAIIMOHHBIE

AJITOPUTMBI 8 MOAEJIAX ITPOT'HO3A ITOI'OJbI u KIMMATA

Ipencenarens: n.¢.-m.H. AKypasaea T.b. (MOA um. B.E. 3yeBa CO PAH, Tomck, Poccus)

Comnpeacenarean: 1.7.H. Uybaposa H.E. (MI'Y, Mocksa, Poccus), k.¢-m.H. Ciopsimes I1.B.

(I'TO um. A.M. BoeiikoBa, Cankt-IleTepOypr, Poccus)
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Bocnpou3Bemenue atMocdepHOH pagHallHHd Pa3/IHYHBIMHA 00/ IaYHBIMH
BBIYHCIUTEIBHBIMHA aJITOpuTMaMu B mogeiann ECRAD

Hukosmau A. l'IeTpOB1 , Haranba E. ‘-Iy6apOBa1

1 Mockosckuit rocyfgapCcTBeHHEBIN yHUBepcuteT uM. M.B. JIomoHOCOBa

nial.03@mail.ru

KoMmnnekcHbIe MCCIemOBaHUS KavyeCcTBa BOCIIPOMU3BENeHUsT aTMOCHEepPHON pafualliy C UCIIOIb30BaHUEM PA3JTUUYHBIX
KOH(}UTYpaluii U BEIYUCIMTENbHEIX CXeM B pamguanuoHHoi Mmogenu ECRAD BaxXKHEBI Ui YIyYLIEeHUS PagualliOHHBIX
0JIOKOB MoOpejieli YWCJIEHHOI'O IIPOTHO3a IIOrOgbl M KjMMaTa. B paGoTe IpefacTaBieH aHANN3 pPe3yJIbTaToB
pafualoHHBIX pacuyéToB 1o aBTOHOMHOM Momenu ECRAD [2] ¢ ucmomb3oBaHMEM Pa3/TUYHBIX BBIYUCITUTETBHBIX
cxeM B OOJIaUHBIX YCIOBUSX B CPABHEHHUU C BEHICOKOTOYHBIMHU M3MEPEHUSIMH PagUalliOHHOr0 KoMmjekca RAD-MSU
(BSRN) MeTteoponoruyeckoi o6cepBaTopuu MOCKOBCKOTO TOCyIapCTBEHHOTO yHUBepcurteTa [1].

Bxonmnble maHHBIE OJI PACUYETOB OBUIM IOATOTOBJIEHH! IJISI €IMHOM BEPTUKAJIPHOM CETKM C UCIOJIb30BaHueM 137
ypoBHeH. OCHOBHBEIE METEOPOJIOTUYECKHE IIepeMeHHEIe (B T.4. HOJIsL 00JIaYHOCTH B CJIO€ ¥ BOJOCOHEpZKaHWe) ObIIH
B34THL II0 JaHHEIM peaHanuia ERA-5, aspo3onbHBIM cocTaB aTMocdheps! 3afaBancs 1o peaHanuly CAMS, oCHOBHEIE
TTapHUKOBEBIE TA3Hl - 110 KMuMaTonorudeckuM maHHbIM IFS Cycle 46R1. BpemeHHasi IUCKPETHOCTH [IJIsT CPAaBHEHUH B
00JIauHBIX YCJIOBHSX BHOpaHa paBHOM OJHOMYy 4dYacy s 0ojlee AKKypaTHBIX BPEMEHHBIX OCPeITHEeHUH
IIPOCTPAHCTBEHHOM CTPYKTYPHl OO0JIaUHOCTH U coOiomeHus spropgudHocTu. Pacuéter B ECRAD mpoBemeHH! C
HUCTI0JIb30BaHUEM TPEX anroputMmoB (McICA, Tripleclouds u SPARTACUS) ¢ npuMeHeHUEM Pa3IUYHBIX HaCTPOEK.

Pe3ynbTaThl CpaBHEHUI aHAIU3UPOBAIUCH /IS PA3HABIX AHANa30HOB 6asia 06/1aKoB, KOTOPRIM ObITT TPeABaPUTEIIHHO
CUHXPOHM3UPOBAH 110 Pacy€TaM M HaHHBIM BU3YyaJIbHBEIX u3dMepeHudt B MO MI'Y, a TakKe OTHEJIPHO [IJII ONTUYECKHU
TIJIOTHOTO CIJIOIIHOTO 06JIaYHOT'0 ITOKPOBA.

B HeomHOPOOHBIX OOJAYHBIX VCIOBUSAX HaOIOmaeTcsi B IeJIOM OOWHAKOBHIM XapaKTep pacIpenesieHus
TIOTPEITHOCTEH MJI BCEeX BHIYMCIUTENIBLHBIX aJITOPUTMOB. IIpH 3TOM MaKCHMAaJIbHBIE TMOTPEITHOCTH OTMEYEHBI s
o6ayHOCTH OarIoM 5-7, MpU KOTOPOM ITPOMCXOOUIIO CYIIeCTBEHHOE 3aHUKEeHHe KOPOTKOBOJIHOBOTO OajlaHca Ao
50-70 BT/MZ. IOnst Oosee BBICOKOTO Oaiia o6ynauHocTu (7-10) HaOmromaeTcss MaKCHMallbHOE 3aBHIIIIeHHE
KOPOTKOBOJTHOBOTr0o GasnaHca mo 20-40 Br/mM2. HaGniomaemsie pPas3nuyusi, CBA3aHbl IIPEXAe BCETO C HETOYHOCTLIO
BOCTIIPOM3BEIEHUS IIPSIMOM KOPOTKOBOJIHOBOM paguanuyd B O0O0JTaYHBIX alropuTMax. [[JIMHHOBOIHOBHIM OGamaHC
BOCCTAHaB/IMBAETCSI BCEMU 00JIaYHBIMU aJITOPUTMaMM yIOBJIETBOPUTEILHO, IIOTPELIHOCTE He IpeBhimaeT 10 Br/m2
o7 Bcex rpapanuii Oamma o6makoB. B yCIOBUSAX ONTUYECKU IIIOTHOM CIIJIOITHOM OOJIAYHOCTH IMOTPENTHOCTH
KOPOTKOBOJIHOBOTO 0OajaHca IIOYTH [JIs BCEX aJrOPUTMOB IIOJIOXKUTEJIbHE, B OJIWHHOBOJHOBOM CIIEKTpE -
oTpuuaTtenbHEl. ClieyeT BHOEIUTb BaXKHYI0 IPOO0JIEMy HEHYJIEeBOI'O pacuéra NPsSMOM COJHEYHOM pafualum B
00JTaYHBIX AlTOPUTMAax MPU CIJIOMIHOM 00JjlayHOM ITOKpoBe. Haunyumied KoHGUTypalved [is HCIONb30BaHUS B
pacuéTrax miaoTHOM 10-0anmmbHOM 00JIaYHOCTH IO JMaHHBIM aHamu3a ABsieTcss SPARTACUS ¢ ucmosnb30BaHUEM [BYX
00TauyHBIX COCTOSTHUU («2reg») u ¢ BKmoueHueM 3D addekToB. [JOTOTHUTENHFHO OBIIM OIEeHEHH pafualliOHHBIE
9 derTE TPEXMEPHOU CTPYKTYPH 061avHOCTH («3D»-«1D») U DONONHUTENHLHOTO 00JIaYHOI'0 COCTOSHUS («3reg»-
«2reg») oia anroputMma SPARTACUS.

HUccnemoBaHme npoBefeHO IpU nopaepxkke rpanta PH® Ne25-27-00014.

1. Chubarova N. E., Rozental V. A., Zhdanova E. Yu., Poliukhov A. A. New radiation complex at the Moscow
State University Meteorological Observatory of the BSRN standard: methodological aspects and first
measurement results. // Opt. Atmos. Oc., 2022. - 35 - P. 670-678.

2. Hogan R.J. A flexible and efficient radiation scheme for the ECMWF model / R.]J. Hogan, A.A. Bozzo //
Journal of Advances in Modeling Earth Systems, 2018. - 10(8) - P. 1907-1929;

HccnemoBanue IIPOBEIEHO IIPHU IIoJIdepPa2KKe:
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1. "Poccuiickutt Hay4uHbIM GoHa", rpaHT Ne 25-27-00014
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OCO0eHHOCTH THHAMHUKH KOMIIOHEHT PaJHallHOHHOI 0 Oa/laHca B MOCKBe 0 JaHHBIM
HOBOro komiteKkca RAD-MSU crangaprta BSRN

Hapbst A. HI/ICKYHOBEII , Haranpsa E. I1Iy6apOBa1 , Anekceiu A. TTosmoxos. , BumkTop A. PoseHTass! , MapuHna

B. I_T_IaTyHOBall'2
1 MockoBckuit ToCymapCTBeHHBIN yHUBepcuTeT uM. M.B. JlIomoHOCOBa
2 I'mopoMeTeopoIOrHYeCKU HayYHO-UCCIeNoBaTeNbCKul eHTp Poccuiickou ®epgepanuu

piskunovada@my.msu.ru

MOHI/ITOpI/IHl" pPagualuoOHHOTI'O OajtaHca U ero KOMIIOHEHT H606XOJ:[I/IM OJ1s OII€EHKH W IIPOTHO3MPOBAHUSA U3MEeHEeHUN
knuMmata. B aBrycte 2021 roma B Meteoposorudecko obcepBatopuu (MO) MIY Oblmu  yCTaHOBIEHH
BBICOKOKaYeCTBeHHBEIe Mpubopsl ¢upmMul Kipp&Zonen, peKoMeHOOBaHHEIe OIS u3MepeHus Ha cetu BSRN, u Obin
o6pa3oBan kommnekc RAD-MSU(BSRN) [YyGapoBa u mOp., 2022; Piskunova et al., 2024]. TTpuGopsl KoMIIeKca
U3MepSAI0T BCe KOMIIOHEHTHI pafgvalliOHHOro ©OajaHca: BOCXOHsNlee U HUCXOAAIlee KOPOTKOBOJIHOBOE U
OJIMHHOBOJIHOBOE  M3JIy4YeHHe, TPSIMYyI0 U  PACCEeSHHYI0 KOPOTKOBOJIHOBYIO  pPafHalliio, 3PUTEMHYIO
ynbpTpadroIeTOBYI0 pamualuio u yiabTpaduoIeTOBYI0 pagualuio objacTu A ¢ MUHYTHBIM paspelleHueM. B xopme
MOHUTOpUWHIra OplTa pa3paboTaHa cuUcCTeMa OIIEHKM KpPUTEPUEeB KadecTBA [OAHHHIX, CO3JAHO IIPOTPAaMMHOE
obecrieueHre AJIT aBTOMATU3UPOBAHHOM 00pabOTKY TaHHEIX.

AHanuaupyeTcss OUHaAMMKa KOMIIOHEHTOB pafuallOHHOTO OajlaHca B TeYeHUe BCEro Iepuoja U3MepeHud s
SICHBIX M 00JIa4HBIX yCoBUM C aBrycra 2021 mo mapTt 2025 r. PaccMOTpeHO BIMSHUE PaA3IUYHBIX reopU3nUECKUX
(axTOPOB Ha KOPOTKOBOJIHOBOE U [IJIMHHOBOJIHOBOE M3NIy4deHue. [ KOPOTKOBOJIHOBOro GajaHca pacCcMaTpUBaioch
BIUSAHUE anbbeno IIOBEPXHOCTH, BjlarocomepxkaHusg U 00a4yHOCTU. BEIMM TpPOM3BEeOeHHl OLEHKW BeJIMYUHEL
06J1a4HOTO IPOIIYCKAHUS [AJII CYMMapHOU! pafualuy B 3aBUCUMOCTHU OT Gayia 06J1a4HOCTH OTHEIbHO OIS CHEXKHOMU
u OecCHeXHOU IIOBepxHOCTed. [IJIT KOMIIOHEHT [JIMHHOBOJIHOBOTO 0ajilaHca OIleHWBAlIUCh KOJIHWYECTBEHHBIE
XapaKTEePUCTUKU CBS3U C T[IPU3EMHONM TeMIepaTypoy, OanjioM HUXHeH u o0med o0067ayHOCTH U
BJIaroCcofepzKaHueM.

BuisiBJIEHO, YTO B TepHOd C HOSOpS 1O MapT MOJIMHHOBOJHOBEIM OajlaHC mnpeo6GilagaeT IO MOAYJII0 Hafg
KOPOTKOBOJIHOBBIM, 4YTO CBSI3aHO C HM3KOM BHICOTOM COJIHI[A, BBICOKHM anb0emo IMOBEPXHOCTH M YaCTOHU
TIOBTOPSIEMOCTBIO 00JTaYHOCTH BEICOKUX OAJIIOB.

[IpomoyzKeH aHanu3 yCI0BUU HAOGMIOOEHUS IOJIOKUTEJIbHHIX 3HAUYEHWH IJIMHHOBOJIHOBOTO OanaHca. IIpoBemeHE!
YUCJIEHHBIE 9KCIepuMeHTH ¢ Mopenbio ICON, KOTophle TOATBEPOUIIM BO3MOXKHOCTb II€pexofa 3HadYeHUuH
OJIMHHOBOJIHOBOTO 0ajlaHca 4Yepe3 HOJb B HAOJIIOJaeMbIX YCIOBHSX aOBEKIHWHM TEIJIOT0 BO3OyXa Ha CHEXKHYIO
TIOBEPXHOCTb.

AHanu3upyeTcs BIUSHUE BPEMEHHOI'O IlepeHoca allapaTyphl Ha Ka4eCTBO JaHHEIX B CBA3M ¢ peMOHTOM MO MI'V.
ITpoBemeHEl CpaBHEHUSI C JaHHLIMM CTAaHOAPTHBIX aKTUHOMETpUUYeCKuX Habmonenut B MO MTI'Y.

JIuTeparypa

Yybaposa H. u np., HoBuIM pagualiMoHHBIN KOMIIJIEKC MeTeoponorudeckon obcepBatopuu MI'Y cranmapta BSRN:
MeTOOWYEeCKUe aCleKTH U IepBhle pe3ynbTraThl udamMepernuu // OAO. 2022. T. 35. Ne 8. C. 670-678.

Piskunova D. et al. Radiative Regime According to the New RAD-MSU(BSRN) Complex in Moscow: The Roles of
Aerosol, Surface Albedo, and Sunshine Duration // Atmosphere (Basel). 2024. V. 15. Ne 2. P. 1-19.

HccnemoBanue IIPOBEIEeHO IIPHU IoJIepPa2KKe:

1. "Poccuiickuii Hayuneii ®oHn", rpasT 25-27-00014
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Pe3ynbTaThl H3MEPEHHUH N INMHHOBO/IHOBOH paJgHaliud B o0cepBaTopuu «®oHOBasI»

Tarbsana K. CKJIHJIHeBal , bopuc . Benan!

! MuctutyT ontuku atMocdepst uM. B.E. 3yeBa CHOUPCKOTO OTHENIEHHsI POCCHIACKON aKageMid HayK

tatyana@iao.ru

OpHuUM ¥3 KJIMMATO00pa3yoomux (GakTOPOB SBISETCS PagUalMOHHBIN 0ajaHC MMOACTHUJIAOIIEN MOBEPXHOCTH. s
aHaju3a U3MEeHeHUM KIuMaTa BaXXeH MOHUTOPHHI KOMIIOHEHT pafualuoHHOTr0 0OajaHca 3eMHOM IIOBEPXHOCTH.

Cotpynuukamu MOA CO PAH B oGcepBaTopuu «PoHOBasI» (56025' C.II., 84004° B.0.) ¢ HOsiOps1 2020 roma BemyTCs
U3MEPEHUSI CyMMapHOM, OTPa’kKeHHOM KOPOTKOBOJIHOBOUN pamguanuu (A=0,3-2,800 MKM), a Takke COOCTBEHHOTO
U3NIyYEeHUST 3eMHOM MOBEPXHOCTH M BCTPEYHOTO MOJIMHHOBOJIHOBOTO U3My4deHUs aTMocdepnl (A=4,5-42000 MKM).
Ucnone3yetcss pammometrp CNR4 mpowmsBopacTBa Kipp&Zonen [1]. IIpubGop ycTaHOBNIEH Ha BeicoTe 1,5 M u
NIOOKIIIOYEeH B nuddepeHInaabHOM peXXUMe K yCTPOUCTBY MHOTO(MYHKIIMOHAIFHOT0 BBOAA-BEIBOAA.

B mokname aHanusupYyIOTCS pe3ynbTaThl U3MEPEHUs [JIMHHOBOJIHOBBIX COCTaBIISIONIMX pafguallMOHHOro OanaHca
(BCTPEYHOTO AIMHHOBOJIHOBOTO M3JIyYE€HUST aTMOCGhEPEI E u COOCTBEHHOT'0 U3Ty4YEeHUSI 3€MHOU ITOBEPXHOCTH E)B
douoBOM paiione 3anmamuoi Cubupu 3a nepuoxn 2021-2024 rr.

IMonyyeH romoBOM XO[, Ea u EH. AHanu3 MeCI4YHBIX CyMM Ea u EH IoKa3aJl, 4YTO B MX I'OJOBOM XOJ€ BBINEJISEeTCSH
MaKCHUMYM B JIeTHUE (WIOJIb-aBTyCT) U MUHMMYM B 3UMHUE (SHBapb—GdeBpasnb) Mecsibl. OTHOILIEHUE MeCSYHBIX
CyMM En / Ea B TeUYeHUe rofa U3MeHSJIOCh B ITpefenax oT 1,08 mo 1,22.

1 Kakgoro Mecsna OIIpeaeJyiIeHbl S9KCTPpeMaJIbHble CPDeAHNEe YaCOBhEI€ 3HAYEHUSA U YaCOBBI€ CYMMBL Ea u EH

PaccMoOTpeH CyTOYHBIN XO[I E " E IOJIs KaXKOO0ro Mecsla. AMIIUTyda CYTOYHOTO XO0O4a MEHSIeTCS B Te4eHUue rofa.
AMminuTyga CyTOYHOTO XOHa E 3Han/ITeHLHa B JIETHUE MECSIIbI (DE =50=+70 BT/MZ) 3MMOM OHa MeHbIIIe (DE
=7+12 BT/MZ) E nMeeT Bpra)KeHHbII/I CYTOUYHEBIM XOI C MaKCUMyMOM B 12-15 4. [Ina E CYTOUYHEBIM XOJ BhIpaXkKeH
cnabo.

CoernmaHBl IIEepPBBIE OIEHKM H3MEHEHUS IJIMHHOBOJHOBOTO pagMalliOHHOTO OajlaHca Ba U TIPOTUBOUIIYyUEHUS
atMochephl oOT Oanma o00JavYHOCTH. B XONOOHBIM IEPHONd IIPH CIJIONIHONW O0O0JIaYHOCTH, OTPUIATEIbHBIX
TeMmepaTypax Bo3nyxa ¥ TOYBHI, HAJIMUYHWE CHEXHOTO MOKPOBAa CYTOYHBIH XO[I B crmabo BHIpaXKeH, CyTO4YHas
aMIIIUTyHa - 5 BT/M (10/10 6amnmnos), 22 BT/M (sicHO). IIpu OTCYTCTBUM CHEXKHOTO HOKpOBa CyTOYHasl aMIUIUTyHa
Ba u3MeHsieTcss B pguamasoHe 30 BT/M2 (10/10 o6ammoB) -70 BT/M2 (scuo). Tlpu CHOIOMIHOM 00JIaYHOCTH
MTPOTHUBOU3ITyYeHUe aTMocheps! yBenuuuBaeTcs Ha 40 -70 Br/M2.

PaboTa BrIIOJIHEHA B paMKax HpoekTa «Poccuiickasi cucTeMa KJIMMATU4YeCKOTo MoHuUTOpuHra» (BUII I'3). IIns
BBIIIOJIHEHUS UCCJIeJOBaHUM UCIIONIb30Baack nHppacTpykTypa LIKII «ATmMochepa».

Benan B.[I., UBnes I'.A., Ko3nmoB A.B., IlectynoB [I.A., CknamueBa T.K., ®odonoB A.B. PaguaiinoHHHIN OJI0K
U3MEPUTENBHOTO KOMIlIeKca obcepBaTtopum «®oHoBasi». YacTh I. MertoguueckKue acIeKTH M TEXHUUYECKUe
xapakTepucTuku // Ontuka atMocdeps! 1 okeaHa. 2022. T.35. Ne9. C.759-765.
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AHaIU3 TMHAMHKH BapHallHil KOCMHYECKHX JIy4ded U oOHapyxkeHue ®opoym-adpPpexkTon
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1

Bborgpana C. MangpukoBa , Okcana B. MaHJIpI/IKOBal

1 MuctutyT KoCMOdU3MIECKIX HCCTIEOBAHMH K PACIIPOCTPAHEHNS PAZHOBOIH JlabHEBOCTOYHOTO OTHETICHHS
Poccuiickolt akageMun Hayk

oksanam1@mail.ru

[uctannronHoe 3oHAupoBaHue 3emnu (33) mpu IMOMOIIM KOCMHMYECKOM, aBHAIMOHHOMW M HA3€eMHOM TEXHUKH,
OCHALIEHHO! pa3/InYHBEIMU BUOAMU PETUCTPUPYIOIIEN amlapaTyphbl, COCTABJSeT BaXKHYI0 OCHOBY U3y4YeHUS
TTOBEPXHOCTH 3eMmu. HeUTpOHHBIE MOHUTOPHI, SIBJISIONIMECS OOHUM u3 cpencTB [133, mpencTaBisiioT cobOol
IeTeKTOPHl, PETUCTPUPYIOIINe UHTEHCUBHOCTh Bapualluii KOCMUYeCKUX Iydeil. [laHHbIe 0 BapHalKsaX KOCMUYECKUX
Jy4ed B HACTOSIEee BpeMs aKTUBHO MCIIONL3YIOTCS B (YHOAMEHTAIbHBIX HCCIEeNOBAHUSIX OO0JIACTH CONMHEYHO-
3eMHOM (U3UKK ¥ IPUKIAOHBIX 3aJadaxX IIPOTHO3UPOBAHUS PA3MUYHBIX IIPUPOOHBIX SABIEeHUM u cobwiTuit [1, 2].
AKTyanbHEIM HaIpaBJIeHUWEM MHCCJIeHOBaHUM, B YaCTHOCTH, SBISIETCS OIEPATUBHHIM MOHUTOPUHI BOJIHOBBIX
TIPOIIECCOB, CBSI3aHHBIX C MIPUXOAOM K 3eMJIe BBICOKOCKOPOCTHHIX IIOTOKOB COJIHEYHOTO BETpPa, CBSA3aHHBEIX C
KOpPOHANIbHBIMH BBEIOpOCAMM MaccC, IIPEeAIIeCcTBYIOIINX Hadaly T'eOMarHUTHHIX Oypb, CIOCOOHBIX IIPHUBECTH K
pafuaIioHHON OMAaCHOCTH OJIT KOCMOHABTOB, 9KHIIaXKed ¥ ITaCCaXKHUPOB BBICOTHHIX CAMOJIETOB, a TaKXke IIoTepe
CIIYTHUKOB UM BBIXOY M3 CTPOSI KOCMHYECKOM M Ha3eMHOM TeXHUKU [2-4]. TlosToMy MeTO[hl, HalpaBlIeHHLIE Ha
CBOEBpPEMEHHOE OOHapyXKEeHWEe aHOMAaJIbHBIX IIPOSIBJIEHHN B BapHalUIX KOCMHUYECKHX JIy4eld, HMMEIT 0co0yio
NpakKTUYEeCKyI0 3HaYUMOCTh.

B paboTte uccnengyeTcss HOBHY MeTO[ aHaIW3a BapHaluii KOCMHUYECKUX JIydel u oOHapyxkeHus ®opOyIi-3¢dGbeKTos,
OCHOBaHHHIM Ha COYETAHWHU METOHOB MAIIMHHOTO 00yYeHHs C 3JIeMEHTAaMU TEOPUU CTAaTUCTUYECKUX pelneHuu [5].
OCHOBY MeTOfa COCTAaBJISIOT IOCTPOEHHBIE aBTOPaMM KOTHUTHUBHEIE IIpaBUjia BHIOOpA PEMIEHUS O COCTOSTHUU
OaHHBIX, OCHOBaHHBIE Ha OTOOpa*KeHWM HOAaHHBIX B BEUBIJIET-IPOCTPAHCTBO ¥ ITO3BOJISIOIINE B aBTOMATUYECKOM
pexXuMe TOJYYUTh ONM3KHE K ONTHUMAJIPHBIM OLIEHKH XapaKTEePUCTUK WCCIEeAyeMOTr0 MIPUPOAHOTO IIpoIecca.
IIpennaraemble B paboTe YHCJIEHHBIE aJITOPUTMEL peanu3allid MeToda BKJIIOYAIOT CpPencTBa afalTaluu u
TMO3BOJIIOT B WHTEPAKTUBHOM pexXuMe OOHapyXKWBaTh U OLEHWBATh aHOMAaJibHbHIE H3MEHEHUS B HOAHHBIX O
BapualUMsax KOCMHUYECKHX JIy4del, CBUOETEJIbCTByIOIME O BO3HUKHOBeHUM O®opbyur-adpderTon. KcciemoBaHue
moka3ano 3¢p@eKTUBHOCTL Pa3paboTaHHOr0 METOoda U aArOpPUTMOB Jii OOHAPYKEHUsS aHOMAalbHBIX U3MEHEHUU B
CKOPOCTH NIPHUXOHa KOCMHYECKHUX JIydel Ha 3eMIIio, HabGIIogaeMbIX 3a HECKOJIBKO YacOB OO Havajla YMEPEHHBIX U
9KCTpPEeMaJbHBIX TeOMarHUTHHIX Oyph (ypoBHel G3-G5) B nepuon 2024-2025 rr.

ABTOpHI BHIpazKaloT 0aroapHOCTb MHCTUTYTaAM, BBITTOIHSIONIMM IMOOOEPXKKY CTAHIIUN HEUTPOHHBIX MOHUTOPOB
[https://www.nmdb.eu, http://spaceweather.izmiran.ru) #“ HDaHHBEIX O COCTOSHUM MEXKIIJIAHETHOM CpPEMbI
(http://ipg.geospace.ru, https://omniweb.gsfc.nasa.gov/ow.html) u marautocdeps! [https://wdc.kugi.kyoto-u.ac.jpl,
KOTOPBIE MCIOIb30BaIUCh B paborTe.

Pa6oTa BhITIONTHEHA 3a cueT ['ocymapcTBenHoro 3amanus MKWP [IBO PAH (per. Ne Tembr 124012300245-2).
Jlutepartypa:

1. 'ermanoB B.T'., I'Buminanu A.[l. u op. PaHHSA OMarHoCTUKa TreOMarHUTHBIX Oypb Ha OCHOBe HalOJIogeHui
CUCTEM KOCMHYEeCKOro MOHUTOpuHTa // ConHeuHo-3eMHas ¢pusuka. 2019. T. 5. Ne 1. C. 59-67

2. Kysnenos B.[I. KocMuyeckas noroyga ¥ pucKu KOCMAYECKOHU AesaATenbHOCTH // KocMruYecKkass TeXHUKa U
Texuonoruu, 2014, Ne. 3 (6). C. 3-13.

3. OembsauoB B.B., fciokeBuy FO.B. KocMuueckast moroga: ¢paKTOPEL pUCKa [AJIs TJ100aIbHEIX HaBUTAQLIMOHHBIX
CIIyTHUKOBEHIX cucTteM // ConHeuHo-3eMHas ¢pusuka. 2021. T. 7. Ne 2. C. 30-52.

4. Benos A.B., Bunnopesu [I. u op. BnusHre KocMU4eCcKo# cpelbl Ha GyHKIMOHMPOBaHNUE HCKYCCTBEHHBIX
CnyTHUKOB 3eMnu // T'eomarHeTusm u asporomus. 2004. T. 44. Ne 4. C. 502-510.

5. Mandrikova O., Mandrikova B. Hybrid model of natural time series with neural network component and
adaptive nonlinear scheme: application for anomaly detection. Mathematics. 2024. 12. 1079.
https://doi.org/10.3390/math12071079

106



ISARD-2025-climate010

PaguanuoHHBIN (GOPCHHT YyIJIEKHCJIOT0 ra3a U MeTaHa B Tponocdepe peruona HuxkHero
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1 Bonrorpapckuii rocyZapCTBEHHBIM YHUBEPCUTET
2 HNHCcTHUTYT oniTHKHM aTMOCchepH uM. B.E. 3yeBa Cubupckoro oraenenus PoccuiiCKOM aKkafleMuu HayK

fkm.volsu@mail.ru

CornacHO MeXOyHapOOHBEIM OT4YeTaM 10 m3MeHeHUsAM KinuMaTta [PCC koHUIeHTpanus CO2 u CH4 B aTMocdepe 3a
nocnenuue 50 n1eT BEIpOCia IPUMEPHO Ha YeTBePTh. POCT KOHIIEHTPAIIUM IapHUKOBLIX I'a30B, TaKUX KaK COZ' CH4,
U Op., BHI3LIBAET yBelIUUeHUe TeMIepaTyphl aTMocdephl U IONCTUIIalolel T0BEPXHOCTH U, KaK ClencTBue, 6ojee
CUJIPHOE WCIIapeHVe BJIary, BEI3EIBAs MOJIOKUTEIbHEIN (DOPCUHT, a IPOoIecCh (GOPMUPOBaHMUS 00JIaKOB U a3p030JIeH
MPUBOMOAT K U3MEHEHUI0 anbbeno 3emMnu (OTpuilaTenbHBIN Gopcunr). CyMMapHOe pagualliOHHOE BO3OEWCTBHE OT
BCEX BHIIIIE TIEPEYNCIIEHHBIX (haKTOPOB OlleHUBaeTcs B oTdyeTe IPCC B muamnasone 0,6-2,4 BT/MZ. CornacHo maHHBIM
paboter [1] dopcunr CH4 3a mHAycTpuanbHBEIM nepuop (c 1750 po 2011 r.) 3aHuXKeH IpuMepHO Ha 25% B
pesynbTaTax, nonydeHusx B IPCC[2]. OgHuM u3 (HakTOpPOB, IPUBOOAIIUX K 3TOM HeOIpeneleHHOCTH, SIBJISETCS
HETOYHBIM Yyd4YeT IepeKpblBaHus 1onoc CH 4 C KojiebaTennbHO-BpaIllaTeIbHEIMU II10JIOCAMU [1apOB BOXEI, C
KOHTUHYYMOM HZO U B3auUMOIeWCTBUSA C oOjakamMu. BopmsiHOM map — KOHCEPBATUBHAS IIPUMECH, €ro0
KOHIIeHTpaIUsl 3aBHCUT OT TeMIlepaTyphl Bo3OyXa M THUIa IOACTUJAOINElM IIOBEPXHOCTH, II09TOMY BO3pacTaHUe
KOHIIEHTpAIMy I1apoB BOObl B aTMocdepe OOYCIOBIEHO IOJIOXKUTEIBHBIMA OOPATHHIMU CBS3SIMH. JTO B CBOIO
ouepenb pas3roHsAeT MNapHUKOBEIU 3ddekT. IlosToMy, wuccnemoBaHue CBSI3€d MIHOBEHHOIO paZuallOHHOTO
dopcunra CO2 u CH4 Cc oOmuM BJIarocofepzkaHueM B aTMocdepe IT03BOIUT YTOYHUTH POJIb CO2 u CH4 B
HmapHUKOBOM 3ddeKTe.

Beltu paccymTaHBl OJIMHHOBOJIHOBHIE ITIOTOKM WU3JIy4eHUS: BOCXOOAIIVEe Ha BepXHEW I'paHulle U HUCXOOANIVe Ha
HUXHeW rpanulie 6e3007ayHOM aTMOChephl [OIsI TUIHYHBIX METEOPONIOTMYEeCKHX YCJIOBUM peruoHa HwuxkHero
IToBonxbsa. cnione3oBanuck fanakle ECMWEF ERA-5 - European Reanalysis gng netHux ycnosuit 2021 r. 3toT rog
ObL1 BEIOpAH BCJIEACTBUE TOI'0, UTO CpelHee COOepzKaHUe ITapoB BOIOH B BEPTUKAJIbHOM CTOJI0e aTMOCOhEpPH! JIETOM
(WHZO =2,74 1"/CM2) OBLIIO BBIIIE CPEOHEro 3a Apyrue rombl. [IJI MOMEeNIWpPOBaHUS HCIIOIb30BajlaCch BHIOOPKA,
cocrosiias u3 368 BepTUKaJIbHEIX IIpoduiel (4 peanus3anuy 3a CyTKM Ha NPOTIXKEHUM TPeX JIETHUX MeCSIIEB).
PapguanvonHbt  popcuHT CO2 un CH 4 BBIYHCTIANICA KaK PA3HOCTh IOTOKOB H3JIyYEeHMs IPH 3HAYEHHAX
KOHIIEHTpaluy 3TUX Ia30B, COOTBETCTBywIIuX 1973 r. m HacrosAlmeMy BpeMeHH. Pe3ynbTaTel MOIEIUPOBaHUS
IIoKasajy, 4YTO C POCTOM BJIaXXKHOCTHU BKJIa[ CO2 B pajualyOHHOE BO3[OEWCTBHE Ha II0OBEPXHOCTb 3eMIIu
YMEHBIIAETCS, YTO IMPUBOOUT K MEHBIIEMY HarpeBy MOBEPXHOCTH, OOHAKO HArpeB aTMOCGhepHl YBEJIUYUBAETCS.
Vcunenve napHUKOBOro 3¢hdeKTa 3a cueT yBeludeHUs KoHIeHTpanuu CO2 B YCIOBUSAX BBICOKOM BIaXKHOCTU
IIPUBOOUT K ellle OOIbIIEMY HarpeBy aTMocdepnl. BEISSCHUIIOCH, YTO OPU BLEICOKOM BJIaXKHOCTHU OKHO IIPO3PaYHOCTH
aTMocdephl 3aKpHIBAETCs, T.e. JOMHUHUPYIOUIYIO POJIb B 3THUX IIPOIleccax UrpaeT KOHTUHYYM BOISHOTO IIapa, a He
CeJIeKTUBHOE IIOTJIOIIeHNe B I10JI0CaxX HZO'

BrisiBI€eHO, 4TO B OT/IMYUE OT CO2 CBsI3b MeX[y paguanuoHHbIM ¢opcuHrom CH 4 ¥ 0o0IIIMM BIIarocofiep:kKaHueM B
Tponocdepe He3HAUYMUTENIbHA, ¥ C POCTOM KOHIIEHTpPAIlMX I1apoB BOALI HarpeB aTMOCheEpPHl 3a CUET YBeJIUUYeHUs
KoHI1eHTpanuu CH 4 3a TocTenHue 50 net He Bo3pacTaeT. [Ipu 3TOoM paguauuoHHbM Gopcurr CH4 B Tpomochepe
Haxopguics B guanas3oxHe 0,1-0,2 BT/MZ, ToTrHa Kak GOpPCUHT CO2 oni1 0,8-1,4 BT/M2[3].

PaGoTa BBITIOJIHEHA B paMKax rocymapcTBeHHoro 3aganus MOA CO PAH
1. M. Etminan, G. Myhre, E.]J. Highwood, and K.P. Shine.// Geophys. Res. Lett. 2016. V.43. N.24. P.12,614-12,623

2. The IPCC working group 1 (2013) assessment report “Climate Change 2013, The Physical Science Basis
https://ipcc.ch/report/ar5/wgl/

3. K.M. Firsov, T.Yu. Chesnokova, and A.A. Razmolov // Atmospheric and Oceanic Optics. 2024. V.37, N.6.
P.689-697
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O1neHKa BO3IEHCTBHsI BLIOPOCOB YEPHOTO yrjiepoaa Ha pagHallHOHHBIH Oa/IaHC H Apyrue
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LIepHeHK0131'3

1 WHCTUTYT BEIYUCIUTENILHON MaTeMaTuku UM. .M. Mapuyka Poccuiickoit akageMuu HayK
2 HWrcTHUTYyT rnobanbHOro KimMaTa U 9KOJIOrUu UMeHU akafgeMuka 0. A. M3pasns

3 HUuctutyT reorpadum Poccutickoil akameMuu HayK
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C momortsio mMomenu 3eMHOM cuctemMbl INMCMG6 uccrmemyeTcsi OTKIUK KJIMMaTHYeCKOM CHUCTEMBI Ha BBIODPOCH B
atMocdepy uépHoro yriepona (9Y) 3a nepuogn 2010-2021rr gns tepputopuu Poccuu. B manHyI0 MOOEsb BKIIIOYEH
a9PO30JILHLIN OJIOK, KOTOPBIM OMHUCHIBAET IBOJIIOIUIO YEPHOTO yriiepoaa B aTMochepe U KOHTUHEHTAIbHOM CHETe, B
TOM 4Yucie mnepeHoc-gudGy3ui0, MHUKPODU3MUYECKUE TIPOIECCH «CTapeHus», CeOuMEHTAlluM, BHIMBIBAHUS
adpO30JILHBIX YaCTHUI[ OcagKaMu M3 aTMochepsl M Tajiol BOmOM u3 cHera. [IpsiMoe paauallMOHHOE BO3IOENCTBUE
a9PO30JILHBIX YaCTHUIl B aTMOCc(epe OIleHUBAETCS Ha OCHOBE WX MTPENNUCaHHBIX ONTUYECKUX CBOMCTB, a B CHETe - Ha
OCHOBE BHIUHCJIEHHS anb0eio CHera, IIapaMeTPH30BAaHHOTO B 3aBHCHMOCTH OT CBOMCTB CHera M KOHIEHTpAIuu
a5pO30JILHBIX YaCTHIl] COOepzKalluxcs B HEM. B Momenu He yYUTHIBAIOTCS HENIPSIMOe BO3[OEWCTBHE a’3pPO30JIbHEIX
yactuly 4Y Ha obGnaka. B kKadecTBe BbIOpoCcOB YY B aTmocdepy HCIONb3yIOTCA TrnobanbHble maHHble CEDS
(auTpOmOTreHHBIH NCTOYHUK) ¥ GFED4 (MCTOYHUK OT CKUTAHUS OMOMACCHI).

Pe3ynbpTaTel MOOENBHBIX JKCIEPHMEHTOB BEPHU(UIIMPOBAHBEI [JIT CPEOHUX TIJI00AJbHBIX M IIPOCTPAHCTBEHHBIX
XapakTepucTuk UY Ha OCHOBe [OaHHBIX MyIbTHUMOHOenbHOro skcnepuMeHta AEROCOMS3, peananuzoB CAMS u
MERRA, a TakXe [faHHBIX HaOmomeHuit EBAS mo aspo30nbHOMY KO03G(HUIMEHTY MOTJIOIIEHUs Ha CTAHITUSIX,
PacCIOJIOXKEHHEIX B ApPKTHKE, W BEPTUKANBHBEIX Hpodunsx YUY, mOJydYeHHBIX IPU CAMOJIETHOM 30HOMPOBAHUMU
aTMocdepsl Bo BpeMs Kammnauuu HIPPO.

C moMoIbi0 AAaHHOU MOJENH IOJIyUYeHB W IIPOaHaIW3UPOBAHBEl HAHHBIE OIS TeppuTopuu PO MOy MHTErpaibHOTO
TPaHCTPAHUYHOTO MepeHoca YY, pagmalroHHOTO BO3OENCTBUS OT YEPHOr0 VIJIEPOHda, COOepIKaIlerocs B
atMochepe U CHere U [OpPyrux ImapaMeTpoB. CpemHeromoBOM paAualvoOHHBIM OanlaHC Ha BepxXHEW TpaHuIe
atmMocdhepe Hap Teppurtopuedr PO yBenuuuica Ha 0.28 Br/M2 3a CcuYéT npu y4é€Te YEPHOrO YIJIepofa,
comepzalerocss B Bo3myxe. CpegHeromoBo¥ pamualMoHHEIM GajlaHC Ha MOBEPXHOCTU CYIIKW yBeIUYWICS Ha 2.3
Bt/M2 npu yué€Te YEpHOro yriepoma, cogepzallerocsi B cHere. [laHHass BeIWYMHA PagUallMOHHOTO BO3TENCTBUS
cornacyetcsi ¢ paboros (Flanner et al., 2007) B KOTOPO¥ NPHUBOAUTCS OIlEHKA OJIST PAOUAIlMOHHOTO (QOPCHUHTA OT
TIOTEMHEHHS CHeTa U3-3a YEPHOT0 yriiepoaa U MUHepaabHOM mbinu st EBpasuu B Becenuuit nepuopn 3.9 Bt/m2.

VkazaHHbIE H3MEHEHUS B pafualliOHHOM OajlaHCce IIPUBOOSAT K [OMOJIHUTEJIPHOMY HArpeBy IIOBEPXHOCTH U
YBEJIUYEHUI0O CKOPOCTU CHerotasgHusi. Ha oOCHOBe [»aHHBEIX MOMOEJIBHBEIX 9KCIEPUMEHTOB, CcHejlaHa OIleHKa
KJIMMaTU4YEeCKOT'0 OTKJIMKA OT aHTPOIOI€HHHIX M eCTEeCTBEHHBIX BBIOPOCOB YEPHOrO yrijiepoma B aTMochepy Io
oTmenbHOCTHU, [JIg 3TOTO0 U3 pPEe3ynabTaTOB 9KCIEPHMEHTA C TOJHBIMM BHIOPOCAaMH BBHIYUTAJIMCH PEe3yJIbTAThl
COOTBETCTBYIOIIUX 9SKCIEPUMEHTOB C SMUCCHEN OT CHeIudUUYHOr0 HCTOYHUKA. B YacCTHOCTH IIOJIy4YeHO, 4TO
QHTPOIIOTEHHEIe U NIPUPONHEIE BEIOPOCH YUY BHOCAT HPUMEPHO OOUHAKOBEHIM BKJIaj B yBeJIMYEeHUE CPeOHEromoBOM
MIPHU3EeMHOM TeMIIepaTyphl Bo3ayxa, mopsiaka 0.2 °C. MaKCuMaJIbHBEIHM TEMIIEPATYPHBINA OTKJIUK Ha BEIOPOCH YEPHOTO
yriepona HabmiomaeTcs B siHBape u coctaBisier 0.7 m 1°C pOjsi aHTPONOTEHHBIX M NPHUPOOHEIX BHIOPOCOB
COOTBETCTBEHHO. B amperne amnpbemo cHera ymeHblnaeTcsi Ha BenuuuHy 0.03, a CKOPOCTb CHEroTasHUS
yBenuumBaeTcsi Ha 20% OT CBOET0 CPemHErogoOBOTO 3HAYEHWs [JIs CJIydasi aHTPOIIOTEHHBIX BHIOPOCOB. JlaHHBIE
U3MEHEeHUs BeJIMUMH COTJIacyloTCs C pe3yabTaTaMy, OJIyYeHHKIMH apyruMu aBropamu (Bellouin, Boucher,2010).

HUccnegoBaHue BHINONMHEHO B paMKax PacmopsxkeHus IIpaButensctBa Poccuiickout ®epmepamuu ot 29.10.2022 r.
Ne3240-p «OO6 yTBEPXKOEHWM HWHHOBAIMOHHOTO IIPoeKTa «EmmHasi HaIlMOHaJbHAS CHCTEMa MOHUTOPUHTA
KJIMMaTU4YeCKY aKTUBHEIX BEIeCTB»
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AxTHHOMETpHUUYECKNE HAOJIOIEHNs, BEIIOIHSIEMbIE HA METEOPOJIOTUYECKON CeTH, IPeqHa3HAYEeHbl A1 U3yIeHUs
paguallMOHHOTO peXXuMa, OIIPeNessionlie B 3HAYUTEIbHOUW CTENeHU KiIuMaT Tepputropuit PO. CeTeBrle
IIpU3eMHbBle aKTUHOMeTpUuYecKue HaOIIOIeHMUs BKIIIOYAIOT B cebs omnpepdeieHMe KOMIIJIEKCA B3aMMOCBSI3aHHBIX
MeXOy CcOo00M XapaKTEePUCTUK HOCTUTAIINNX 3€MHOUW IIOBEPXHOCTH COJIHEYHOTO U3JIy4YEeHUs U TEIJIOBOTO
U3JIYYEHUST eCTECTBEHHBIX 3€MHEIX OOBEKTOB, a TakKXke psifa ITapaMeTpoB cocTtostHus atMmocheprl. DI'BY «I'TO»
SBJISIETCA HayYHO-MeTOOUUeCKUM IIeHTpoM PocruppomMera 1o pyKOBOACTBY aKTMHOMETPUYECKUMU HaOIIOOeHUIMU.

OCHOBHBIMH TIpOrpaMMaMHu  HAOTIOMEHWH Ha AaKTUHOMETPUYECKOM CeTH  SBJISIOTCSA: — CPOYHEIE
aKTUHOMeTpUYeckue HabmiogeHus (OUCKpeTHHle HalOmoomeHUss B 6 aKTUHOMETPUYECKUX CPOKOB IO
CPEOHECOJIHEYHOMY BPEMEHM); — DPEerucTpanus pagualroHHOIO 0ajaHca U ero COCTaBISIOIINX - HeIpPEePLIBHBIE
HaOJTIOOeHUs OJIs ONpPEeNesIeHUS YaCOBBIX, CYTOYHBEIX M MECSYHBIX CYMM COCTABJISIOIINX PagualnoOHHOTO GajiaHca
WU OTAENbHEIX BULOB KOPOTKOBOJIHOBOU pamguanuu. TakzKe IIPOBOOUTCS OIpeleieHre CYTOYHBEIX CYMM CyMMapHOU
pamuanyy IyTeM MHTETPHPOBaHMUA. B HacToslee BpeMs 3Ha4YHUTEJIbHAas YaCTh CTaHUUN PocrugpoMeTa OCHallleHa
COBPEMEHHEIM aKTUHOMETPUYECKMM O000PyHmOBaHMEM: - aBTOMATU3UPOBAHHBIE AaKTMHOMETPUUECKUE KOMIIJIEKCH
OIS IIpOBeleHUsI HeNpephBHHIX HAOMIOOeHMI 3a BCEMHM COCTABISOIIMMU pagdaluoHHOro OanaHca; -
MOOEPHU3UPOBAHHEIMM KOMIUIEKTaMH OOOPYOOBAHUS MOJIsT IIPOBENEHUS CPOYHBIX HAOIIOOEHUU; - KOMIUIEKTaMH
obopymoBaHMUsa [JId PpPerucTrpalluy CyMMapHOUW papjuanum (B TOM 4YHC/Ie B COCTaBe aBTOMaTU3UPOBAHHEBIX
MeTEeOPOJIOTUYECKUX KOMIIJIEKCOB). 3aMeHa aKTMHOMETPUYECKOro o0OpymoBaHHWsS Ha HAOIIONATENBHON CeTu
Pocrumpomera npoBogmnack 0O HeCKOnbKUM nporpammam: OILIT «[eodbusmka», OpoekTh «Pocrupomer-1»,
«PocrugpomeT-2», «MomepHU3alUMsI WU PaA3BUTHUS THUOPOMETEOPOJIOTUYECKON CeTH HabIoJeHUM 3a COCTOSHUEM
OKpyzXarlolel cpedbl B ApkTudeckoi 30He Poccuiickoit ®epepanum Ha 2021-2024 rr.», mporpaMma COIHMAaIbHO-
9KOHOMMUYECKOTO pa3Butus JloHenkou Hapomuoit Pecry6nuku, JIyranckoit Hapomguoit PecryOnuku, 3armopozKCKOM
ob6racty 1 XepCOHCKOM 06J1acTH, a TaKXKe 3a CUYET CPEACTB PETUOHAIBHEIX METeopoiorndecKux neHTpoB (YI'MC).
Bcero 3a mepmom 2010-2023 rr. Ha aKTHHOMETPHUYECKON CeTH OBIIO yCTaHOBIEHO 174 KOMIIEKTa HOBOTO
aKTUHOMETPUYECKOTOo 000pyooBaHMS, UYTO IIO3BOJIMJIO II€pEeOCHAcCTUThb 155  cTaHIWM, BHIIOJIHSIOIIUX
aKTUHOMETPHUYEeCKNe HaOIomeHns, IprieM Ha 43-X U3 HuX HaOmoneHuss ObUTHM BOCCTAHOBJIEHBI ITOCIIE AJIUTEIHHBIX
IepepriBOB. BHenpeHVe Ha ceTH aBTOMATHU3UPOBAHHBIX KOMIIJIEKCOB, 00€CIIeYNBAIOIIUX HEIIPEPHIBHOE IIOJIYUYEHUE
uHGoOpManuu O pafvaluoHHOM OajlaHCe U ero COCTaBIgINuX, IoTpeboBalo IepecMOTpa CHCTeEMH cbopa,
00paboTKM, KOHTPOJIT M apXWBallMd aKTHHOMETpPuUecKod mHpopmamnuu. HoBoe mporpammuoe obecmeuernue (I10)
onst  o0pabOTKM [OaHHBIX aKTUHOMeTpuueckKux usMepenuit APM «SONE-8», 6wnuio paspaboTaHo B3aMeH
HUCIIONb3yeMOMYy paHee Ha ceTu. B HoBoe I[1O ObIM BHECEHB M3MEHEHHUS, CBSI3aHHBIE C (DAMIOBOM CTPYKTYpPOI
UCXOOHBIX [AHHEIX, KOTOpHEe (QOPMUPYIOTCA B BUAE MUHYTHEIX HK3MEPEHUU KOHTPOJUJIEPOM, COIPSKEHHBIM
HEMOCPEeOCTBEHHO C aKTUHOMeTpudeckuMu gatuyukamu unm CITO. [TomuMo cTaHOapTHHIX BUAOB m3MepeHuii, APM
«SONE-8» mo3BonsieT mpoBecTu 00pPabOTKy M KOHTPOJIb OJIMHHOBOJIHOBOM M yiabTpadumosieToBo¥ pamuanuii. Ilo
pe3ynbTaTaM ONBITHOM 3KcruryaTamuu APM «SONE-8» Ha OTHOENbHBIX CTAHIIMSX, BBITOMHSIOMMNX HaOITIOmeHUs
pa3nuYHBEIME KoMIUlekKcamu, I[10 BHegpeHO Ha HaOIOJaTeNbHYI0 ceTb Pocrugpomera, uTo ofecneduBaeT
TIOBHIINIEHNE KadeCTBa NPEACTaBIIeMOM aKTMHOMETPHUeCKOoU uHpoOpMaluu U COXpaHEeHHEe ee B PaCIIupPeHHOM
dopmate u o6BEME.
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ISARD-2025-climate003

IIpocTpaHCTBEHHO-BPEMEeHHasi H3MEHYHBOCTh MAaKCHMa/IbHbIX 3HAYEHUH COTHEeYHOH
paguanuu B BaaTHHCKOM peruoHe

1 1

Enena A. CamykoBa~ , Asxatonuu B. lIBeTkoB~, AHHa A. BapTaLHeBI/I‘Il

! I'nasras reodpusnydeckas oocepatopusi umenu A.M. BoelikoBa

e.samukova@mail.ru

HUccnemoBaHme IPOCTPaHCTBEHHO-BPEMEHHON W3MEHUYWBOCTH COJIHEUHOM pafualuy, IIOCTyHalolel Ha 3eMHYIO
TIOBEPXHOCTH, UMEET 0CO00€e 3HaYEHUE B CBS3U C U3MEHEHUEM KIIuMarTa.

B mpepnaraemo#t pabGoTe IpefncTaBlIeHb Pe3ynabTaThl aHalIW3a MaKCHUMAaJIbHBEIX CYTOYHBIX CYMM CyMMapHO# (Q) u
paccesiuHol (D) comHeuHOM paguauuu, usMepseMod Ha 30 aKTMHOMETPUYECKUX CTAHIIMSIX CTpPaH banTuiickoro
peruona: [lanuu, T'epmanun, JlatBum, Ilonmemm, Poccuu, Ouunguapum, [IIBemuu, OctoHuU. [ omnpeneneHUs
MaKCUMaJIbHBIX 3HQUEeHUN COJIHEYHOM pamualuy, IIOCTyIalllel Ha 3€eMHYIO IIOBEPXHOCTh, HCIIOIb30BaJIUCh PSSO
cyMMapHOU papmanuu 3a 1964-2023 rr. u paccesHHOU pamuaumu 3a 1988-2023 rr. u3 apxusa MupoBoro ueHTpa
pagualoHHBIX maHHBIX (MLIPII).

Pacnpenenenne MakCHMaJbHBEIX 3HAYEHWH CyMMapHOM pagualuy II0 rojaM Ay OOJBIIMHCTBA CTaHUWN pPeTruoHa
IIOKa3bIBaeT HAJIMYMEe ABYX IIEPUONOB C HamOOJbIIeld MOBTOPsIeMOCThIO: ¢ 1964 roga mo Hadanma 1980-x u ¢ 2000-x
TOOOB OO HACTOSIIIETO BPEMEHU.

IasT KOMWYEeCTBEHHONW OLIEHKHM BpPEMEHHHIX W3MEHEeHWH MaKCUMaJbHHIX 3HAYEeHWHW COJMHEYHOHW paaualuu
KCIIOIb30BA/INCh CTATUCTHUYECKHE METOOLl aHaju3a: OUpPenesiuch 95-% BepOSTHOCTHEIE YPOBHU OTHOIIEHUM
MaKCHMaJIbHEIX CYTOUHHIX 3HaUeHUH Q u D K aCTPOHOMHUUYECKH BO3MOXKHEIM 3HAYEHHSIM COJIHEYHOM pagualluy Ha
BEpXHEU rpaHulle atMocheprl. BEposITHOCTHBIE YPOBHYM MaKCHUMAJIPHBEIX 3HAUYEHUH pafualliy PACCUYUTHIBAIIUCE OIS
oByx mepuomoB: 1964-2000 um 1964-2023 rr. pgnsa cymMmapHo# papguaumu, 1988-2004 u 1988-2023 rr. gns
paccessHHOM pafualluu.

CpaBHUTENBbHBIN aHANM3 MIOJIyYEeHHBIX [AJIS OBYX II€PUOJOB OIeHOK MaKCHMalbHBIX 3HAaUEHHUM COTHEeYHOU pajualumn
IMOKa3bIBaeT WX yBenudeHme C KoHia 1990-x - Havama 2000-x romoB Ha OOJBIIMHCTBE AKTUHOMETPUYECKUX
cTaHUuY pervoHa. Hamubonee 3aMeTHOe yBenuueHNe MaKCUMalIbHBIX 3HaUueHUN Q oTMedaeTcsl B HosiOpe-MapTe - Ha
3-6%, Ha cTraHuusx B I[lombimie u Ha iore IlIBenuu mo 8%. B okTsaOpe-mMapTe MaKCHUManbHEIE 3HA4YeHUs D
yBenuuunuck Ha 5-10%, Ha HEKOTOPHIX cTaHuuax B OuunaHmuu no 15%. B Mae-ceHTss0pe Ha CTaHIUAX PerUOHA
CYIIECTBEHHBIX M3MEHEHWN MaKCHUMaJbHBEIX 3HaueHWd Q m D He HaOmomaeTcsl, He3HAUUTEILHOE yBeIUYeHUEe
cocrasnseT 1-3%.

IIpencrapieHHbIe PE3yIbTAThHl COTJIACYIOTCS C IPOBENEHHBIMU paHee MCCIeNOBAHHSIMHU TEHAEHIUH W3MeHEeHUs
CpemHUX 3a MecCsl 3HaUYeHUH COJIHeYHON pamuallii, U3MepsieMOi Ha aKTHHOMETPHYECKUX CTAaHIUSX EBPOIH, u
OOTONMHSAIT uX. OTMe4YeHHBIe W3MEHEHWsI B IIOCTYIIEHHM COJHEYHOM paAualli¥ Ha 3eMHYI0 I[I0BEPXHOCTH
TIO3BOJISIIOT CAEJIaTh BHIBOA O TOM, YTO €€ yBenudeHue B mocienuue 20-25 jIeT CBsI3aHO HE TOJIBKO C POCTOM MPSIMOM
COJIHEYHOU pafiuallii, HO TaKXe U C YBEeIMUeHUEM PACCeSHHOM COCTAaBJISIOIIEH.

ITonydeHHBIE OLleHKM MaKCUMAaJIbHBIX 3HAYEeHUN CyMMapHOM M pacCessHHOUW pafuallui UCIOJIL3YVIOTCS B KadeCTBe
KIUMaTU4eCKu OOYCIIOBIIEHHHIX IIpefesjioB MpPW IIPOBEIEHWM KOHTPOIS KadeCcTBa AaKTHHOMETPHUUYECKOU
uHpopManuu, mnpoctymnatomeit B MIIPII. Hakonnennsie B MIIPIl B mociegHee BpeMsi HaHHBIE O COJIHEYHOU
pamyanuy MO3BOJINJIM YTOYHUTH UCIIOJIb3yeMble KPUTEPUU KadecCTBa.
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OneHKa reIH09HepreTH4eCcKux pecypcoB [1aTbHEeBOCTOYHOI O pegepajbHOr0 OKpyra

1 1

BanenruHa A. 3aagBopHbIX~ , Banentuna B. Ctaguuk” , Beponwuka A. FOBOpKOBal

! I'iasras reodusnueckas obcepBaTopust umeHu A.U. BoeiikoBa

sun@main.mgo.rssi.ru

I'maBHast OCOOEHHOCTb [ATBHEBOCTOYHOM 9SHEPTreTUKH - M30JIMPOBAHHOCTH TEPPUTOPUM. ATbTEPHATUBHEIE
UCTOYHUKU 3HEPTruu (BeTep, COJHIle, OMoMacca, reoTepMalibHasi U MeCTHBle BUIBI TOIJIMBA) IIO3BOJISIOT pellaTh
mpobieMy 30H [OEleHTPaJIM30BAaHHOTO 3JIeKTPOCHAOXKEHUs, KOTOPHIE COCTaBIAIOT 06ojiee 75% TeppuUTOPUHU
HanpHero BocToka.

ConHeyHas pagualids - KIH04YeBOM BO30OHOBISIEMBINM PECYPC PEruoOHa, BAJIOBHIM MOTEHIIMA KOTOPOTO COCTaBsET
813 200 mMnH T.y.T./TOO, TEXHUYECKHUU TOTeHIMAN - 3224,4 MJIH T.y.T./TOH, 9KOHOMUYEeCKUM nmoteHnuan - 0,132 mna
T.y.T./Tofm. OOHAKO He BO BCEX PeruoHaxX OKpyra 3TOT HOTeHIMall aKTUBHO Pealu3yeTcH.

CornacHO pallOHMPOBaHUIO TeppuTopuu Poccuu 1mo mpUpPOmHOMY MHOTEHIMANy T'eJIM0O3HEPTeTUYEeCKUX PECYPCOB
I0OKHBIE paloHBl [JanbHEBOCTOYHOrO ¢elepasbHOTO0 OKpyra OTHOCSTCA K CaMOMYy IIPMOPUTETHOMY paiioHy. B
3amnafgHBIX paioHax [IpuMOpPCKOro Kpas rogoBoe KOJIMYEeCTBO IIOCTYIIAOIel Ha 3eMHYI0 IOBEPXHOCTH CyMMapHOU
paguauuu coctapnsgeT 1450 KBT"{/MZ, 4TO SBJISIETCAI MaKCHMalbHBIM IJis TeppuTtopuu Poccuu m cocraBnsiet 70-
75% OoT BO3MOKHOM paguanuu. [IpomonKUTETbHOCTh COJTHEYHOTO cusHusA - mo 2850 wacoB 3a rom. KomuyecTtBo
9HEPruu, KOTOpPOe MOXKeT BhIpabaThiBaTh (oToaekTpudeckas Oarapes mnpu KIIII doTorenepatopa 15%,
cocrtaBnsier 250-290 KBT-q/Mz, IIPU MCIIOJIb30BAHUM CUCTEM cliexkeHHuss 3a ColHIleM yhelbHas BeIpaboTKa

Bo3pacraet go 350-380 KBT"—I/MZ.

B HacTosmee BpeMsa B 3abalikanbe BBEJIM B 9KCIUTyaTaluio bop3umHckyoo CIC momHOCThI0O 60 MBT, 9TO HOBEICHIIO
IOJII0 BO30OHOBIIIEMOM SHEPTEeTUKM parioHa 1o 9%.

HVHTEeHCUBHOE pa3BUTHE I'eJIMO9HEPTeTUKU NpoucxonuT B Bypsatuu, B KoHue 2024 roma BBeIEeHHI B 9KCILTyaTalllio
HoBob6uuypckass (52 MBT) u [HOxwupguackas (50 MBt) COC. [ons o0med yCTaHOBIEHHONW MOIIHOCTH B
SHEProcucTeMe pailioHa yBenudeHa a0 13%.

JlupepoM IO MCIOJIb30BaHUIO COJTHEYHOM 5Heprum Ha [anbHeM BocToke siBnseTcs fAKyTus, roe B BeCEeHHe-JIETHUU
mmepuoxn, ocoOEHHO B ampesie M Mae, MeCSYHBle CyMMBI CYMMAapHOM pafuallid B €€ CEBEePHHIX paliOoHaX TaK XKe
BBICOKHM, KaK Ha ceBepHOM KaBkase um B AcTpaxaHCKo! o6macTtu - Gojiee 165 KBT-9/M%. 3pecs OeucTByOoT 32
conHeyHble ctaHmuu. B 2015 romy B mocenke bBararaili BBeJeHa B SKCIIyaTallMi0 COJIHEYHas 3JIEKTpPHUYecKas
CTaQHIIUS C YCTaHOBJIEHHOU MOIIHOCTHI0O 1 MBT - ogHa U3 caMbIX KPyHHBIX Ha JanbHeM BoCTOKe U eQUHCTBEHHAs
Takou MomHocTu 3a [lonmapHeiM KpyroM. Bbararatickags COC BHeceHa B KHUT'Yy peKOpHoB, KaK caMas CeBepHas
CTaHIIMSA.

OneHKa BIUSHUS W3MEHEHUS KJMMaTa Ha BHIPAOOTKY SHEPTHM COJIHEYHBIMHU 3JI€KTPOCTAHIUSMH C IIOMOIIBIO
rI00aIbHEIX KJIMMATU4YecKux Mopesieli CMIP6 mokasana, 4To B TedeHMe XXI Beka B JlaJlbHEBOCTOYHOM
dbemepanbHOM OKpyre oxwumaeTcs (GopMupoBaHME OOIIMPHBIX JIETHUX IIOJIOXKUTEJIbHLIX aHOMAJIu# COJTHEYHOH
paguaiyy, 4To 0JaronpUsSTHO AJIS PAOOTH COTHEYHHIX YCTAaHOBOK.

B HacTosimee BpeMs u B ONM3KONM NepCIeKTHBe Haubojee pealbHLIM HaIlpaBIeHUEM IIPaKTUYEeCKOTO
HUCIIOJIb30BAHUSI COTHEYHON SHEPTUM SIBIISAETCS TeIlslocHabxXkeHUe. BnusgHue M3MeHEHUM COJIHEeYHOU papualuu u
TEMIIEPATYPHl BO3AyXa IIOJIOKUTEIBHO CKaXKeTCsI Ha BHIPAOOTKE TEIJIOBOM 9SHEPTHH IIJIOCKMMH COJIHEYHBEIMHU
KojmeKkTopamMu. TeHOeHIWs K YBEIWYEHUIO0 BHIPAOOTKU TEIJIOBOM OSHEPTruM IOATBEPXKOAETCS YTOUHEHHBLIMH
pacyeTaMu IIOCTYILJIEHUS COJTHEYHOU pajualluy M TeMIlepaTypel Bo3ayxa B cooTBeTcTBUU cO CMIP6. B ceBepHEIX U
CeBEepPO-BOCTOYHLIX paloHax [lalbHEBOCTOYHOTO (emepanbHOTO OKpPyra pPOCT TeMIIepaTyphl IIepeKpoeT
MTPOTHO3UPYEMOE YMEHbLIIeHWEe COJTHEYHOM papgualluy, W MCIIONb30BaHUE COJTHEYHBLIX KOJIJIEKTOPOB B peXXUMeE
TOpSYero BOJIOCHAOXKEHUSI MOXKET CTaTh PeHTa0EIbHEIM.
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ISARD-2025-climate006

OneHKa MEeTOJOB pacyeTa COTHEYHOI'0 H3/TyY€HHUsI B HeIrHIPOCTaTHYECKOH
Me3oMacuiTadHo moae T ICON B yC/IOBHSIX HEOTHOPOIHOM 00/IaYHOCTH

1

Mapwusna B. IllarysoBa™ , Onus O. I_T_IyBaJIOBa1

, Haramnesa E. I{y6apOBaZ'1

1 l'uoppoMeTeopoioruuyecKuil Hay4HO-HUCCIIeqoBaTenbCKul 1eHTp Poccuiickoit ®egepanmu
2 MocKOBCKHi TroCymapCTBeHHBIN YHUBepcuTeT uM. M.B. JlIomoHOCOBa

shatunova@mecom.ru

MeTonbl pacueTa HU3MydYeHUs, IPUMEHsSIEMbIE B COBPEMEHHBIX MOIEJISIX YMCJIEHHOTO MporHo3a morombl (UIIII) u
U3MEHEeHUN KJIMMaTa, TIO03BOJITIOT V4YECTh HEOOHOPOOHOCTH CBOMCTB O00JIQYHOCTHM B IIpefesiax SYerKu
BBIYHCJIUTEJIbHOM ceTKH. OOHMM M3 TAKUX METOIOOB SBISETCS CTOXACTUYECKHN MeTO[ McICAl (Monte-Carlo
Independent Column Approximation), mojy4YuBIINY IINPOKOE pacupocTpaHeHue B Momensx YIITI BBupgy cBoeit
BHIYHMCIUTENBbHOM 3(dekTuBHOCTH. Hapsgy ¢ 3TUM B IIOCIeIHEE BPeEMS B IEPEHOBHIX IIPOTHOCTUYECKUX MOIENSIX
IFS ECMWF u ICON ucnons3dyetcs meton TripleClouds 2.3,

HerumpocTtaTtudeckass Me3oMaciiTabHas momenb ICON mpuMeHseTCs [ OIlePATHUBHBIX IIPOTHO30B IIOTOOLI B pAOe
HaIMOHAJIBHEIX MeTeociayk0 EBpombl, u ¢ 2024 r. - B 'ugpometienTpe Poccuu. PaccYuThHIBaeMble B MOMEITH
ICON c ucmnonb3oBanueM aByx meTomoB, McICA u TripleClouds, onTudeckue TOMIIMHLI 00JITaYHOCTH U CyMMapHas
pamuanus OleHMBAJIUCh 10 CIIyTHUKOBEIM HaHHBIM CERES u MODIS mis oToenbHEIX OHEHM B TeIUIhM mepuon 2021
T., IJI KOTOPBIX, IOMUMO CIYTHUKOBBIX HAHHBIX, UMEIOTCS HaOMIOMeHUs 10 paaualMoHHbIM (cTaHnus ceTu BSRN B
JIuapen6epre) u ob6maynsiMu (cTanuus cetu CLOUDNET B JIunaeHOGepre) xapakKTepUCTHKAM.

B cpegHem pacueTsl ¢ ucnonb3oBanueM McICA u TripleClouds manu 6nuskue pe3ynbTaTthl. OgHako, yepe3 10-12
4YaCOB MHTETPUPOBAHUS MOIEIU ITPOCTPAHCTBEHHBIE PacIIpeie/IeHUsI IIPOrHOCTUYECKUX BETUYMH BOIOCOAEePKaHUS,
OTNITUYECKOM TOJIIUHBEI, KOJMUYECTBa OOJIaKOB M CyMMapHOM pafualuy, MOJyYeHHbIe OBYMS MeTOHaM, UMeEIOT
CyllecTBeHHBIe pa3nuuus. CpedHeKBagpaTH4YeCKoe OTKJIOHEHMe Pa3HOCTH MeXOy OByMS BapHUaHTaMU pacyeTOB
COCTaBUJIM, HAaIPUMeED, IJis BomocodepzkaHusd - 100 F/MZ, OIS OIITUYECKOM TOJITUHBEI KameJbHOM 00JIaYHOCTH - 8 U
nopsazgka 100 BT/M2 IJIs CyMMapHOU pagualinu.

140i: 10.1029/2002JD003322
2doi: 10.1029/2018MS001364

3doi: 10.11 75/2007]JCLI1940.1

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "TugpoMeTeOopOIOTUUYECKUY Hay4dYHO-UCCIIeqoBaTenbCKul neHTp Poccuiickoit ®epgepannun”, rpaat HUOKTP
125032004255-7
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VYueT HeonmpeaeIeHHOCTH PaJHAIIHOHHO-00/IaYHbIX XapPpaKTEePHUCTHK U MapaMeTPOB CXeMbI
onucanus 3¢ ¢eKToB oporpaduu MOACETOYHOr0 MacuiTabda B aHCaMO1eBOM
IPOTrHO3UPOBAaHUM Ha 0CHOBe moaenau ICON

Enena ]I. AcrtaxoBal , Amnacracus 0. Byrgens

1

1 1

, HOmutpui FO. Anq)epOB1 , Mapuna B. IllatynoBa~ , HMHHa
A. Po3uHKUHa

1 T'mopoMeTeopoIOTUYeCKUl HayYHO-UCCIeN0oBaTeNNbCKUM eHTp Poccuiickoit ®egepanuu

elena ast hmc@mail.ru

AncaM0JieBble METOOBI IITHMPOKO HKCIIONIB3YVIOTCS B YMCJIEHHBIX HPOTHO3aX IIOTOMBI, MO3BOJSAS HATh APHUOPHYIO
OI[eHKY WX KaudeCTBa M IIPENOCTAaBUTH IIOJIb30BATENIIM PACIIUPEHHBIM 00BeM TPOTrHOCTUYECKON IIPOOYKIUH,
BKJIIOUas BEPOSITHOCTHYI0. AHcaMOiieBasi CUCTEMa [OJIKHa OIMMCHIBAaTbh HEONPENEIeHHOCTH NPOTHO30B, CBSI3aHHBIE
KaK C HETOYHOCTHIO Ha4YaJIbHBEIX 1 I'PAHUYHEIX DAHHEIX [OJI YUCJIEHHBIX MOJeJiel, TakK U C HeCOBEPUIEHCTBOM CaMUX
Mopesed. B HacTosmel paboTe pacCMOTPEHE METOOLI yYeTa HeCOBEPIIeHCTBa MOIeIu aTMochepkl B aHcaMbiieBoM
IIPOTHO3€ U BHIIOJIHEHHI OLIEHKM BJIUSHUS BO3MYILIEHHS pPa3/IMYHBIX IIapaMeTPOB CXeM OIIMCAaHMUS IIPOIIeCCOB
TIOICETOYHEIX MacIITab0oB, BKJIOYas pPaAualOHHO-007Ia¥yHOe B3aumMomedcTBue U 3(PGEeKTH IOmCeTOYHOM
oporpaduu, Ha cpegHUe TII0 aHcaMmOJI0 TPOTHO3L, pPa3bpoc IMPOrHO30B B aHcaMmbie, BepPOSITHOCTHHIE
XapaKTEPUCTHUKHU IIPOTHO30B. YKCJIEHHbIE 9KCIEPUMEHTHI BBHIMIOJTHSIJIMChH C IIOMOIIBI0 PETHMOHAIBHOW aHCaMOJIeBOMH
cucTeMHl BEICOKOT0 pa3pemerHus ICON-Ru2-EPS [1], ocroBarHOU Ha Mogenu ICON ¢ marom CeTKM OKOJIO 2 KM, 4TO
TIO3BOJISIZIO SBHBEIM 00pa3oM omnucaTh TIJIyOOKyi0 KOHBeKIMIo. [ BepubUKalUMU Pe3yJIbTaTOB IIPUMEHSJICS
nakeT METplus [2]. HWcmonb3oBajici MeTOR CIydYalHBIX BO3MyLIeHUN I1apaMeTpoB. [IpoBoguicsd aHaIu3
UCTOYHUKOB HEOIPEJEeHHOCTH pPe3yJIbTaTOB pPacyYeTOB paguallMOHHBIX IIOTOKOB M BIUSHUS IIOOCETOYHOH
oporpadpum B Mogmenu ICON. Onenka 3pdeKToB BO3MYILIEHUS Pa3IMYHBIX IIapaMeTPOB BHIIOJIHSJIACh KakK Ha
OTHEJIbHEIX TECTOBBIX CiIy4asxX, TaK U [y 0ojee MIMHHOM BHIOOPKH. Pe3ymbTaThl moKalanu HEOOCTATOYHYIO
9¢hGEeKTUBHOCTh METOAa CIy4YalHBIX BO3MYILEHUN MapaMeTPOB CXeM, OIMCHLIBAIOIIMX ITPOIECCH MOOCETOYHOTO
Maciutaba, ¥ HeOOXOOMMOCTb IIPUBJIEYEHUS AOIOJIHHUTEIBHBIX METOHNOB ydYeTa HECOBEPIIEeHCTBA MOMAENH OIS
ancam6ieBoi cucteMel ICON-Ru2-EPS.

HccnemoBaHue MpoBeAeHO B paMKaX Hay4YHO-MCCIIegoBaTeIbCKUX paboT Pocrumpometra AAAA-A20-120021890120-
8 u AAAA-A20-120021490079-3 (temnr 1.1.4 u 1.1.3 Ha 2020-2024 rT.) ¥ TEMBl C PETHUCTPAIIMOHHEIM HOMEPOM
125032004255-7 IlpoekTa 1.1 Ha 2025-2030 rogsl.

1. E.[l1. Acmaxosa, A.FO. ByHOenv, I[I.FO. Aagepos, H.A. PosurnkuHa, I'.C. PusuH.O npuMeHEeHUN aHCaMOIeBBIX
MEeTOHOB B KPAaTKOCPOYHEIX PETHOHANbHEIX ITPOTHO3aX // // TUApOMeTeopoIoTHUYeCKre UCCIIeOBaHUS U
mporHo3el. 2025. Ne 1 (395). C. 6-36. DOI: https://doi.org/10.37162/2618-9631-2025-1-6-36

2. Brown B. et al. The Model Evaluation Tools (MET): More than a Decade of Community-Supported Forecast
Verification // Bull. Amer. Meteor. Soc. 2021. Vol. 102. P. E782-E807. https://doi.org/10.1175/BAMS-D-19-
0093.1
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N3MeHUYHBOCTH pPaJHallMOHHLIX NIOTOKOB Hag MUPOBBIM OKeaHOM B XX BekKe II0
CTaHJAPTHU3HUPOBAHHBIM BH3YyaJILHBIM HAO/II0OAEeHUsIM 00Iero 0asia 00/Ia4YHOCTH

1

Mapwuna AnekcaHgpoBa , [yrnes Cepreﬁ1

1 UnucTtutyT okeanonoruu uM. I1.I1. [llupmoBa Poccuiickoit akagemMuu HayK

marina@sail.msk.ru

B manHO# paboTe aHANMM3UPYETCS BO3MOXKHOCTD MCIIOIb30BAaHUS HJAaHHBIX BU3yalbHBIX HabmomeHui obirero 6asnna
001aYHOCTH C CyHmOB u3 apxuBa HaHHBIX ICOADS st peKOHCTPYKLUWK HONTOMEPUOOHBIX (C Haudama XX Beka)
BPEMEHHEIX PSANOB pafualOHHBLIX ITIOTOKOB Hal MupPOBHIM OKeaHOM. [JanHbIe u3 apxuBa ICOADS npepmocTaBisioT
caMble IUHHBIE PSAObl HAOMIOOeHNE MEeTEeOPOIOTHYeCKUX BEeTUYUH HajJg MUpPOBLIM oKeaHoM. OgHaKo 06JIauyHOCTDb U3
9TOTO apxXWBa XapPAKTEPHU3YEeTCs IIPOCTPAaHCTBEHHO-BPEMEHHOW HEOOHOPOMHOCTHIO BHIOOPKM, a TaKXke
CUCTEMATUYECKUMHU OIMuOKaMu B MepBOM mojoBuHe 20-T0 BeKa, CBSI3aHHLIMH C H3MEHEHUSIMH B IIPaKTHUKE
HabmogeHU# ¥ cucTeMax KomupoBaHus B KoHIle 1940-x - Havane 1950-x romoB. s MOJy4YeHUS OTHOPOTHBIX
CTaHOAPTHU3UPOBAHHLIX BPeMEHHEIX PSIOOB o0miero 6anma 00JIaYHOCTH MBI pa3paboTany HEeCKONTbBKO aJiTOPUTMOB
KOPPEKIINY, YYUTHIBAIOIINX CUCTEMAaTUYECKUE OMMOKN ¥ HEOOHOPOTHOCTb BHIOOPKH. DTHU alTrOPUTMBI OCHOBAHBI Ha
OeTaJIbHOM aHa/lu3e JaHHBIX HaOIIOMeHWH M CYOOBHIX XKYPHA/IOB B Hauasie XX BeKa ¥ pa3paboTKe aHATUTHYECKOTO
pacmpeneneHus BePOsITHOCTeH 0011ero 6aima o6IavHOCTH IO OKTaM.

ITony4yeHHBIE OMHOPOAHBIE CTAaHOAPTU3UPOBAHHLIE BPEMEHHBIE PSObl o0Iero 6anma 0071aYHOCTH MCIOTh30BaIKUCh
IO pacyeTa IIOTOKOB KOPOTKOBOJIHOBOM M [JIMHHOBOJIHOBOM papguaumu 3a nepumonm ¢ 1900 roma. [Ons
HMCIOJIb30BAHUS ITapaMeTpu3aliiii KOPOTKOBOIHOBOM pamualuu Ovljla pa3pab®oTaHa MeTOOuKa, KOTopas MO3BOJISAET
n36exkaThb BIUSHUS HEPAaBHOMEPHOI'O pacIpefeeHus JaHHBIX Ha CYTOYHOM M CE30HHOM BpPEeMEeHHBIX MacliTabax.
Takxe MBI pa3paboTanmu CXeMy OJIsT BHIYMCIIEHUS PAAUAllMOHHBIX ITOTOKOB M3 BEPOSITHOCTHBIX pacCIpenesieHui
0671aYHOTO IIOKpOBa. B pe3ynbTraTe MBI HOMYyYUIN OTHOPOXHBIE TI00aTbHBIE BPEMEHHHIE POl PamuallMOHHBIX
TIOTOKOB, oxBaThIBalomue nepuopn ¢ 1900 roma, KOTOpble OBIJIM MCIOJIHL30BAHBI [JIS OLIEHKM JTMHEWHBIX TPEHOOB B
Hauboee XopoIo obecneYeHHBIX AJAaHHBIMU paloHax MupoBOro okeaHa. Tak, B CeBepHOU ATJIAaHTUKHU BHISIBIIEHO
yBenmudYeHue 00JIavHOI0 ITOKPOBA M CBsS3aHHBIE C HUM TEHAEHIIMH K YMEHBIIEHUWIO OJIMHHOBOJIHOBOM papualuu. B
peruoHe MHANNCKOTO MyCCOHa O0HapyKeHbl TeHOEHITUH K YBeTUUYeHUI0 001ero 6asma 06/IavYHOCTH ¥ YMEHbIIIeHUIO
TIOTOKa KOPOTKOBOJIHOBOM pajualliu.
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[IuHaMHKa MOTPEOHOCTH B OTOIUIEHHH [VIsI Pa3/IMYHBIX TOpoaoB Poccuu Ha OCHOBe
KJIMMaTHYE€CKHMX JaHHBIX

1

Bukropus A. ®ananeeBa , Ceprei A. HOKYKI/IHI

, Amnekcanpgp C. FHH36ypr1 , Hsa H. Benosal

1 HNuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HaykK

victory@ifaran.ru

PapuarnuonHb# GOPCUHT OKa3bIBaeT 3HAYMMOE BIMSHUE Ha TEMIIEPATyPHBIM PEeXKUM, YTO HANPAMYIO OIIpeneseT
9HEPreTUYecKylo HNOTPeOHOCTh B OTOIUIEHWM 3MaHWi. KIII0OUeBBIM MHOMKATOPOM [JIsT OIEHKU 3TOM IOTPEeOHOCTH
CIIy?KUT IIOKa3aTeJib I'PafdyCc-CyToK oTonuTenbHOro ce3oHa (HDD - heating degree days), paccuuTbIBaeMEBIM Kak
CyMMa OTKJIOHEHUM CpegHeCyTOYHOU TeMIepaTypsl oT 6a30Boro ypoBHs 18°C 3a oTonuTenbHbIN mepuom [1].

B wuccnemoBaHWM TPOBEeOEeH CPaABHUTENbHBIM aHamu3 TpeHmoB HDD, paccuuTaHHBIX II0 OBYM IlapaMeTpaM:
Ipu3eMHas TeMIlepaTypa Bo3ayxa (TpaguIlMOHHBIN IIOOXO0N); (pU3UO0JIOTUUYeCK SKBUBajleHTHas TeMmneparypa (PET)
— KOMIMJIEKCHBIM II0OKa3aTejlb, YYUTHIBAIOIIUW TeMIlepaTypy, BJIaXXHOCTh M CKOPOCTb BeTpa. Ha ocHOBe
KIUMaTH4YeCcKuX OaHHBIX [2] 3a 1977-2019 rr. paccuutansl HDD mns 29 ropomoB Poccum, pacIioioKeHHBIX B
Pa3TUYHBIX KIMMATHUYEeCKUX 30HaX. CKOPOCTh M3MEHEeHUsI MOTPeOHOCTH B OTOMJIEHWHM OIleHEeHa depe3 JTUHeWHEBIe
tpernsl HDD(°C/rom).

Haubonwsmue ckopoctu cuHuxenuss HDD (10-16°C/ronm) 3adukcupoBanbl B ropomax EBponerickoi wactu Poccum
(MockBa, CaHKT-ITeTepOypr), YTO CBA3aHO C YCUIEHUEM IOTEIUIEHNUS B YMEPEHHEBIX MUPOTaxX. Takke HabOII0gaeTCs
BeIpaxkeHas muHaMmuka HDD (10-12°C/ron) gnsa ropopoB [anbHero BocToka ¢ yMepPEeHHBIM MYCCOHHBIM KJIIMMaTOM
(BnaroseteHck, Xa6apoBck). Cpennue 3HaueHus (6-9°C/rom) cooTBeTCTBYIOT BocTouHOM Cubupu u 3abaiiKanmbio C
PE3KO-KOHTUHEeHTaNbHEIM KiuMaTtoM (Mpkyrtck, Huta). MunuManbsHble TeMnh (1-5°C/ron) xapaKTepHBI OJIsT 1ora
3amagHoi Cubupy ¢ KOHTUHEHTAILHBIM KinuMaToMm (Omck, HoBocuObupCK).

[l71s psima TOPOMOB BHISIBIIeHA TEHIEHINS K IepecedeHuio TpeHnoB HDD, uTo yKa3biBaeT Ha BO3MOXKHOE CHUXKEHUE
MOTPeOHOCTH B OTOIJIEHWM HA eOWHUIly myomiagu K 2060 r. B JaHHBEIX PETHMOHAX OTHOCUTEJIPHO APYTHUX T'OPOMOB.
Yuyer mukpornumMaTtudeckux ¢pakTtopoB (PET) ycunuBaeT HeratuBHBIM TpeHnm HDD Ha 10-20% 1o cpaBHEHHUIO C
TPagUIIMOHHBEIM METOAOM, YTO IOAYEePKUBAET Ba’KHOCTh KOMIUIEKCHOT'O ITIOAX0MA K OIleHKE 9HEePronoTPeOIeHus.

Pabota mommepzkaHa I'oc3amanHueM Ne 125021001827-3 «AHanmu3 ¥ MOOeIUPOBaAHHE OUHAMHKH 3KOJIOTUUYECKHUX
ITPOIIECCOB B YCJIOBUSX MEHSIIOIIETOCS KIIuMaTa».

1. Belova I.N. et al 2018 Energy Procedia 149 373-379

2. Konstantinov P. I. et al. North Eurasian Thermal Comfort Indices Dataset (NETCID): New gridded database for
the biometeorological studies. - Environ. Res. Lett., 2022, 1708500;
https://figshare.com/articles/dataset/Thermal comfort indices derived from ERA-

Interim reanalysis for Northern Eurasia/12629861.

HccinegoBaHHe IIPOBEIEHO MPH MOAepPXKKe:

1. "Toc3apmanue", rpauT 125021001827-3
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MHoOro/jIeTHHEe H3MEeHEeHH s KOPOTKOBOJIHOBBIX COCTAaBJ/IAKIIIHUX PATJHAIITHOHHOI' O Oas1aHCa
3eMHOH IIOBEPXHOCTH IIO JaHHBIM aKTHHOMETPHYECKHX HaGHIOJIeHI/Iﬁ B PeruoHax Poccuu

1

Banenruna A. 3aagBopHbIx , Enena U. Xne6uuKoBa -

! I'nasras reodpusnydeckas oocepatopusi umenu A.M. BoelikoBa

sun@main.mgo.rssi.ru

Hapsimy ¢ maHHBEIMEM O pafgWallMOHHBIX TMOTOKAX Ha BEePXHEHM TpaHuIile aTMOoC(eps, MOoydaeMBIMM B paMKax
CIIyTHHUKOBEIX IIpOTpaMM HaOMIOmEHHWM, OJIg aHalu3a HW3MEeHEeHWHM KiIuMaTa NPUHIWIHAIbPHOEe 3HAaYeHWEe HMeeT
ClIeXKeHUe 3a Pa3IUYHBIMHM KOMIIOHEHTAaMHU PaguallMOHHOro OajlaHca 3eMHOM MOBEePXHOCTU. CTPYKTypa BpEMEHHOM!
W3MEHUYHUBOCTHY IMPUXOOAIIEH pagualii BeChMa CJI0KHA U COOEPKUT GOJIbIION BKJIaf HOJITOMEPHUOOHBIX KOoIeOaHuH,
00yCIIOBIEHHEIX KaK aHTPOIIOTE€HHBIMY, TaK ¥ €CTECTBEHHBIMU IPUYNHAMU.

B paGoTe paccMaTpWBAIOTCS COBPEMEHHBIE PEeruoHalIbHBEIE OCOOEHHOCTH H3MEHEHHS OCHOBHBIX COCTAaBIISIONINX
paguaionHoro 6GajlaHca 3eMHOM IIOBEPXHOCTH (IPSIMOM, pacCesHHOM M CYMMapHOM COJIHEYHOM papgualuiu) c
y4eToM maHHBIX HabGmiomeHwui 3a 1961-2020rr. KpoMme TOro, mpeAcTaBlIeHEl PE3YJIbTATHEl CONMYTCTBYIOIIET0 aHaIu3a
KJIIUMaTUYEeCKUX U3MEHEeHUN XapaKTePHUCTHUK 00IavHOT0 ITOKPOBa Ha TeppuTopuu Poccuu.

B Hacrosimee BpeMsi akTUHOMETpHUYECKasl ceTb PocrumpomeTra HAaCYUTHBAET B CBOeM cocTaBe 0onee 160 myHKTOB
HaOMIOmeHu!, O KOTOPBIX YCTAHOBJIEHH TPU THUIA IIpOorpaMM: HeIpepHIBHEIe HaOmiogeHus (perucrpaiiys)
pafuaIuoHHBIX MOTOKOB (33 CTaHIMM), CPOUHble HaOmogeHus (76 cTaHIMI), a TaK¥XKe COKpallleHHas IIporpaMMa
HabmomeHUY 3a CyMMapHOM pafualyeil ¢ IIOMOINbI0 HMHTErpaTopoB (92 cranmnuu). [ledcTBylolllasg cucTeMa
PETyJISIPHOIO MOHHWTOPWHTA COCTABIISIONIUX DPAfMaIMOHHOTO O0ajaHca 3€MHOM IIOBEPXHOCTM ONMpaeTcs Ha
pe3yJbTaThl HAOIIOHEHU II0 IPOorpaMMe CPOYHEIX HaOIIomeHu .

3a mocienHWe OBafUaTh JIeT o0llee YHCJI0 CTAHUMH C TOJHOM MPOrpaMMOM aKTHHOMETPUUECKUX HalOIogeHuH
BapbUPOBAJIOCh, XOTS (opMasbHO U HEe O4YeHb 3Ha4uTenbHO. OOHAKO M3-3a MPOU3BOJILHOTO M3MEHEHUS MIPOTrPaMM
HaOJIIOleHW, KOTOpOe IIPOM3BOOUIIOCH 0e3 COrjlacoBaHMs C KJIIMMATOJIOTaMM, MHOTHE PSObl OKa3ajuCh
IpepBaHHEIMU. B Haudajie mepruofja HaMeTuaCh TEHMEHIMsS COKpPAIIEeHHUs IPOrpaMM CPOYHBIX HAOJIOJEHUN C
YaCTUYHON WX 3aMEeHOM Ha HaOIIOOeHUs C IOMOIIBI0 PETHCTPATOpPOB. BrocmencTBuu, M3-3a HEXBATKU IIPUOOPOB,
BHOBb CTajl NIPOUCXOOUTH MEPeXol Ha CPOYHBIe HaOIOeHus, IpUuYeM 3TO KOCHYJIOCh M CTAHIUM C [HOCTAaTOYHO
OJIMHHBIMU PSOaMy HAOTIOMEHUH C ITIOMOIIIBI0 PETUCTPATOPOB.

OTMeuYeHHbIE CTPYKTYPHEIE OCOOEHHOCTM AaKTHHOMETPUYECKOW CeTH, IMIPOUCXOISINas MOAePHU3alus u
IIOCTEIIeHHBIHA nmepexon K HCIIOJIb30BAaHNUIO aBTOMATHU3WPOBAHHEBEIX KOMIIJIEKCOB [€JIal0T aKTyaJIbHBIM PaCCMOTpPEeHHue
BOIIpOCAa O BO3MOXKHOCTH pacUIMpeHus WHGOPMAIMOHHON OCHOBHI MOHUTOPUMHTA. IIpoBemeHHBIM aHamu3
MHOTOJIETHUX U3MEHEeHUU NPSAMOM, paCcCesTHHON U CyMMapHOM paguauuu (MecCsYHbIE U Ce30HHBIE CYMMBI) IT0Ka3all,
YTO HECMOTPA Ha U3BECTHEIE CUCTEMATUYE€CKHNE OTKIIOHEHUA U CPDOYHEIE HaﬁJIIOJIeHI/IH, 1 pe3yIbTaTkl HerepLIBHOfI
perucTtpauuu B I11eJioM 00ecIedyuBalOT BOCIPOM3BENEeHME MHOTOJIETHUX M3MEHEHUHM paccMaTpuBaeMBIX
COCTAaBIISIONIAX PagUaIMOHHOro O6ajaHca 3eMHOM ITOBEPXHOCTH Ha TePpPUTOpuu Poccuu.
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CEKIIUA 7. XAPAKTEPUCTUKU BOJIH, MAKPOLUPKYJIAIIUA n
JUHAMUYECKHUE B3AUMOJENACTBHUSA 8 ATMOC®EPAX 3EMJIH u IPYTUX

IIVTAHET

Ipencenarens: n.¢.-m.H. FaBpuiaos H.M. (CIIOI'Y, Cankr-IletepOypr, Poccust)

Comnpeacenarean: 1.¢.-mM.H. KoBaas A.B. (CIIOI'Y, Caukt-IlerepOypr, Poccus), 1.1.H.

Kyuaemos 10.B. (BKA, Cankr-IlerepOypr, Poccus)
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TpeHI[]:I Me)KI'O,[IOBOfI H3MEHYHUBOCTH BOJIHOBOﬁ AKTHBHOCTH IIJIaHETAPHBIX BOJIH B
cpenueu armocoepe

1,2 2,3

Kcenus A. [IMIeHKO , Auppei B. KoBanb , TatbsiHa C. EpMaK013a3'2

1 WHCTUTYT 3eMHOTO MarHeTusMa, HoHOCGhEpPH U pacIpocTpaHeHus paauoBonH uMenu H. B. ITymkoBa
2 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET
3 Poccuiickuit TOCyOapCTBEHHBIN T'MIPOMETEOPOJIOTUYECKUY YHUBEPCUTET

didenko.xeniya@yandex.ru

C ucnonb3oBaHUEM OaHHBIX peaHanu3a JRA-55 mpoBemeHHl OIEHKM TPEHIO0B U3MEHUYHUBOCTH BOJTHOBOM aKTHUBHOCTU
nJiaHeTapHBIX BOH 3a nepuop ¢ 1980 nmo 2021 r. Ha nmepBoM 3Talie BOJTHOBasi aKTUBHOCTH HCCJIef0oBajlaCh B paMKax
KJIaCCUYECKOIr'0 Monaxofma. B aToMm crydae Oplla mpoaHANMM3WPOBaHA BEPTHKAIbHAsS COCTABIISIONIAST TPEXMEDPHOTO
IIOTOKA BOJIHOBOM aKTMBHOCTH, PacCYUTaAHHAS C UCIIOJIb30BaHMeM noaxona I[Tmamba. BepTukanbHas cocTaBisionias
Oblla ycpegHeHa II0 TpeM IIMPOTHO-HOJITOTHHIM cekKTopaM CeBepHOTO IMOyIlapus Ol MecsleB ¢ gekKabpsa mo
MapT, IIOCTPOEHHI BPEMEHHBIE PSIOBl U OIleHEeHa 3HAaYMMOCTb OOHAPYZKEHHBIX TPEeHHOB. CTaTUCTUYECKHE OILIEHKHU
pacCcuUMTaHHBIX TPEHIOB [TI0KAa3a/u yBeIndyeHre BOoCXonsiel u3 Tponocdeps: B cTpaTochepy BOJIHOBOM aKTUBHOCTH
B siHBape U Mapre Hap [lanbHuM BocTokoM Poccuu. MexXromosoe yMeHbIIeHNE BOCXOOAIIEM KOMIIOHEHTH II0TOKa
HaOIIogaeTcs TOJIBKO B meKabpe Hajf eBpPOoIeicKom 4acThio Poccuu, EBpomoi u BnuxxHuM BocToOKOM.

Kpome knaccuyeckoro noaxoma BOJTHOBAS aKTUBHOCTH UCCJIefOBajlach Kak U3MeHeHUe IOTeHINaIbHOU 3HCTPOohUU
BO BpPEMEHM HJIM KaK M3MeHeHHe BO BpeMeHU KBajipaTa IIOTeHIIMaIbHOM 3aBUXPEHHOCTH JpTesisi. B maHHOM ciydae
aHaJIM3UPOBAJIOCh MEXKIOOOBOE M3MEHEHUWE BOJHOBOM aKTHUBHOCTHU OTHENbHBIX IIJTAaHETAPHBIX BOJIH, B YACTHOCTH
CTAIlMOHAPHOM IIJIaHEeTapHOM BOJIHBI C 30HAJbHBIM BOJIHOBHEIM 4ucioM 1 u 2. MI3aMeHeHUsS BOJITHOBOM aKTUBHOCTU
pacCUuTHIBAIUCDh Ayt ypPoBHS 30 KM M TaKXe YCPEOHSIUCh OJIsT mekKabps, sHBaps, deBpans u MapTta. [lomydeHo,
YTO CTQTUCTUYECKU 3HAYUMEBIY TPEHI Ha yBeJIM4YeHUe IIOTOKAa BOJIHOBOU aKTUBHOCTH CTAllMOHAPHOU IIJlaHETapHOU
BOJTHBI C 30HAJIbHBIM BOJIHOBBIM 4YHCJIOM 1 BO BpeMeHM HabiomaeTcsi B mekabpe. TpeHO 3HAYUM C BEPOSITHOCTBHIO
90%. CraTuCTHUYeCKM 3HAYUMBIN TPEHO C BeposATHOCTb 80% monydeH OjIs1 U3MEHEHUS BOJIHOBOM aKTUBHOCTU
CTallMOHAPHOM MJTaHEeTapPHOM BOJIHBI C 30HAJLHLIM BOJTHOBLIM YHCJIOM 2 BO BpeMeHU B mekabpe um mapte. ITpu aToMm
B mekabpe BOJTHOBasi aKTUBHOCTD 0CIabIsIeTCs, a B MapTe - YBeTUIHUBAETC.

HccnemoBanue IIPOBEOEHO IIPHU IMoJOdepPaKKe:

1. "Poccuiickuii Hay4dHEIU GoHA", rpaHT 25-47-00122
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AKTHBHOCTHh T'PaBHTAIlHOHHBIX BOJIH B MapCHAHCKOH aTMoc(depe Mo JaHHBIM
3KCIEePHMEHTa M0 COTHEeYHOMY nmpocBeuunBaHuIio ACS c 6opra anmapara ExoMars/TGO

Exkarepuna [I. CTapmquKo1 , Henuc A. Benses! , AnekcaHgp MeJIBeJIeBz , AmnHa A. <l>enopOBa1 , Omner H.

KopaGHeB1 , AmekcaHap TpOXHMOBCKHfIl
1 WHCTUTYT KOCMHUYECKUX UCCIIefoBaHUM Poccuiickol akageMuu HayK
2 NucTutyT Makca IlnaHKa 110 MCCJIeqOBaHUIO COTHEYHON CUCTEMEI , [[epMaHus

starichenko.ed@phystech.edu

BHyTpeHHMe rpaBuTaliuoHHEe BOJHE (I'B) - pacmpocTpaHeHue BOJIHOBEIX KojiebaHMi B aTMocdepe, BO3SHUKAIOIUX
BCJIIEICTBME CMeEILeHUS paBHOBECHUS MEIKIOY CHUJIOM TSKeCTH U Ccujlou ApxuMmena (mnaBydectu). I'B mepeHocAT
9HEPTUI0 M MMITYJIbC, BNIMssS Ha OOIIyI0 OUHAMHUKY aTMOChepHl IJlaHeThl. B Hamed paGoTe MBI paccMaTpHUBaeM
napameTpsl I'B [1] u ux BBICOTHOe pacnpepeneHue B atMochepe Mapca. I'B BHISIBISIOTCS U3 BEICOTHEIX IIpodumiei
TEMIEepPaTypHl, IIONYyYEHHBIX K3 I3KCIIEPUMEHTA II0 COJIHEYHOMY MPOCBEYMBAHUIO, BBHITIOIHSIEMBIM POCCUMCKUM
KoMiyiekcoM criekTpoMeTpoB ALIC (ACS - Atmospheric Chemistry Suite ) [2] Ha 6opTy annapaTa Trace Gas Orbiter
(TGO). B skcnepuMeHTe UCCIEeQYIOTCSA TaKWe ImapaMeTphl, KaK aMIUIUTyOa, IIOTeHIMaabHasd SHEepPrus U YCKOpeHue
I'B. HaGmioaeTcsi CHMMETPHUYHOE paclpeeeHne aKTUBHOCTH BOJIH B Ce30HELI PaBHOOEHCTBHUM Ha Mapce, a Takxke
CMellleHNe MaKCHUMyMa aKTUBHOCTH B 3UMHee IIOJIyllapue B IIePUOALl CONHIIECTOTHUU. MakcuMyM ycKopeHus ['B
COBIIaflaeT C 30HaMM Cnaboro 30HAIBHOIO BeTpa Ha KpasX CE30HHBIX 30HATbHBIX IMOTOKOB, CMOOEJIMPOBAHHBIX C
nomoinbio Mogenu MAOAM Martian general circulation model (MGCM) [3]. KpoMe Toro, yBennudeHHasi aKTUBHOCTD
I'B mabGmiomanachk BO BpeMsi rio0anbHOM nbiieBoy Oypu (B MY34) Ha Mapce Ha OOJBIIMX BBEICOTaX B PETHOHE
CEBEPHBIX MOJISIPHBIX IINPOT U Ha HU3KUX BHICOTaX I0JKHBIX MOJITPHBIX IIUPOT [4].

ACS HaxomuTcsi Ha opOuTambHOM ammaparte TGO, KOTOPHIM SIBASETCS YacTbI0 €BPOIEMCKO-POCCUUCKOM MHCCHUU
ExoMars 2016. O cocTouT u3 Tpex crnekTpoMmeTpoB OnmuzxkHero - NIR (0.73-1.6 mkMm), cpeguero - MIR (2.3-4.2
MKM) U TemnoBoro - TIRVIM (1.7-17 MkM) uHpPaKpacHOTO Ouamna3oHa. B maHHOM paboTe HCIIOIB3YIOTCS HaHHBIE
kaHanmoB MIR u NIR. O6a mpm6Gopa MHO3BONAIOT BOCCTAHABIWBATh BEPTUKAJIbHBIE IPOGUIN TEeMIEepPaTypH Hu
TIJIOTHOCTH TI0 CHEeKTpaM MPONYyCKAHMs B ITON0CAX IOTJIOIIEHUS YIIIeKUCIIOTO ra3a CO2 B Omara3oHe BBICOT - 10-
180 xkm (MIR) [5], 10-100 &M (NIR) [6]. TIpemcTaBieHHBIE 00BLEeM HAHHBIX OXBAaThIBAeT HAOMIOOEHUS 3a TPHU
Mapcuauckux roma (MY) c cepemunbl MY34 (ampent 2018) mo konerr MY37 (Hos6ph 2024). O6beM HaHHBIX
HacuuTbIBaeT okKoyio 1100 ceaHCOB comHeYHBIX 3aTMeHuM 0ia KaHana MIR u okono 12300 ceancoB gnsa NIR.

HccnemoBaHue BHIIOIHAETCS ITPH noaaepkke rpaita PH® Ne 25-22-00494, https://rscf.ru/project/25-22-00494/
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HccnemoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "Poccuiickuii Hay4dHbM QoHA", rpaHT 25-22-00494
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9d@PeKTHI COTHeYHBIX BCUBINIEK U T€éOMarHUTHOU cynepoypu 10 masi 2024 roga B
BapHallUsX JOIUIEPOBCKOI'0 CABHUIa YaCTOThI HOHOChEPHOro CHrHajia, FreOMarHUTHOI' O
IIOJISI ¥ TeJUIyPHYEeCKOI' 0 TOKa

1

Ha3bid M. CanuxoB~ , Tanuna [I. TMax!, Cepuxk M. HypaKBIHOBl

1 T00 «MHCTUTYT UOHOChEPHE» APOKOCMUYECKHUIN KOMUTET MUHHUCTEPCTBA IM(PPOBOT0 pa3BUTHSA, UHHOBAIIUN U
A3pPOKOCMHYECKON MPOMEBIIIIEHHOCTH , Pecniy6nuka Kazaxcran

N1 Nazyf@mail.ru

10 mast 2024 roga TPOM30IIIa OAHA U3 CUILHEUIIINX T€eOMarHUTHHIX Oyph 3a mocjiequue 67 jgeT. B TedeHune OByX
CYTOK OBLI 3aperucTPUpPOBAH CaMBIM BBICOKWM ypPOBEHb IeOMarHWTHOM akTuBHOCTHM G5. Byps Hauanack mocie
nmpuxopna K 3eMisie o6aka KOCMUYECKOH IMJla3Mbl, KOTOpoe Ob110 BEIOpoIeHo U3 CoJiHIIa B PE3Yy/IbTaTe HECKOIBKUX
BCIIBIIIIEK 8 Mass MHTEHCUBHOCTBIO OT X1.0 mo M8.6 (www.xrus.ru). Bo BpeMsi TakKuX BCIIBIIIIEK WHTEHCUBHOCTD
PEHTTeHOBCKOI'0 U KECTKOT'0 ynIbTpaduoseToBoro usnydeHus CoIHIIAa pe3KOo BO3pacTaeT. DTO MPUBOAUT K POCTY
9JIEKTPOHHOM KOHIeHTpaluuu B moHOocdepe. Bememmka X1.0, KoTopasi Ipou30Iyia B uHTepBane Bpemenu 01:33 -
01:48 UTC ¢ makcumymom B 01:41 UTC, BeI3Bajla OTUETNIMBLINM OTKINK B OOIJIEPOBCKOM cHBUre 4acToThl (JCH)
noHocdepHoro curHana. AMmnnuTyga Bo3myiuenus B [ICYH cocraBuma nopsigka 4,5 I'll, a oiuTenbHOCTh 0Kojio 800
CEeKyHA. 3aTeM BO3MYIIeHUSI OBUIM IIOCJIEOOBATEILHO 3apPEerdCTPUPOBAHBI B MArHUTHOM II0JIe WHOYKIMOHHBIM
MarHuTHHIM pgaTdukoM (IMS-008) u mamee depposongoBoMm marHutomerpoMm (LEMI-008), u Habnromanuchk TOIBKO
Ha COJIHEYHOM cTopoHe 3emiu. 3MepeHUs MOKa3aiau, YTO OTKJIUK B T€OMarHUTHOM I10JIe Ha COJIHEYHYIO BCIIBIIIKY
X1.0 0BT MHUITMUPOBAH MOMYJISAIMEH 3JIEKTPUYECKUX TOKOB B MOHOCGEpPE B pe3yIbTaTe U3MEHEHUS 3JIEKTPOHHOMU
KOHUeHTpauuu. [Ipu B3auMOJAENCTBUM COJTHEYHOTO BeTpa C MarHuTochepod opOuTanbHBIE U Ha3eMHEBIE
MarHUTHBIE 00CEPBATOPHUH 3aPETHUCTPUPOBAIM MAarHUTHHIN UMITYJIBC, XapaKTEPU3YIOIIUHM BHE3alHOe Hadasio O0ypu
(Storm Sudden Commencement - SSC). SSC 6n110 3apeructpupoBatno 10 mast 2024 roma B 17:06 UT. MaruuTtHas
Oypsi cpa3y MpeBhicUia YpoBeHb G4 ¥ yCcuIMiIach 0O MakKCUManbHOTO ypoBHS G5, a MakcUManbHOe u3MeHeHue Dst-
UHOeKca OOCTUTJIO 3HaYeHuM - 412 uT. [InaHeTapHBIN HHOEKC T€eOMarHuTHOM BO3MYIIEHHOCTH Ha IpoTsaxkeHuu 10 -
11 mas goctur HauBbIcIIMX 3HaYeHUM Kp=9. Crnag reoMarHUTHOM aKTUBHOCTU, HauaBIIUKcA 12 Masi, 3aBepIIUICS
K nonygHio 13 masi. Xopolllo BhIpaXkeHHas peakuus noHocdepsl B [ICY Hayasnach NMpakKTHU4YEeCKH OOHOBPEMEHHO C
poctoM Kp u Dst unpmekcoB. BriCOKOe BpeMeHHOe pa3pelleHUe MHOYKIIMOHHOI0 MarHutoMeTrpa IMS-008 (dactoTa
ouckpetusanuu f=66,6 I'1) MO3BOMUIN OMIPEdesIuTh BpeMs BHE3aIlHOTO Haudajla reoMarHuTHOU Oypu kak 17:05:31
UT. Ha 14 cekyHp mo3xe BHe3aIlHOE Hadajo OBIJI0 3apEerHCTPHUPOBAHO (eppo30HmOBHIM MarHutoMeTpoM LEMI-
008. Bo3wmylieHus B Bapualluiax TeJIIyPUYECKOT0 TOKa BO3HUKIIM Ha 2-3 CEKyHObl IMO03Ke, YeM Ha 3allMucsix
UHOYKIIMOHHOTO MarHutoMeTrpa. Ha mnpumepe conmHeuHod Bcmblmiky X1.0 (08.05.2024) u 3KCTpeMasbHOU
MarsuTHOM Oypm ypoBHs G5 (10.05.2024) mpocnexkeHb BPeMEHHBEIE OCOOEHHOCTH W OTJIMYUS HAIPaBIEHHOCTH
TIPOIIECCOB B3aUMOIENCTBUS MarHuToCGheprl, TOHOCHEPH! U TEJITYPUUECKUX TOKOB.

HUccnemoBaHue BHIIIOMHEHO IIPKU IoAAep:kKKe MUHUCTEPCTBA HAYKM UM BHICIIero o6pas3oBaHusi PecnyOmuku
Kazaxcran, rpanT HomMep AP19678127 "Pa3BuThe METOOOB U CPEOCTB TreodU3nMUYeCKOTro MOHUTOPHHIA OIS
HUCCIemoBaHUs IIPOIIECCOB B cUCTeMe NuToCcPepa-aTMochepa-uoHochepa-MarautTocpepa B CEMCMOOIIaCHOM PETHOHE
CeBepHnoro Tanb-llausa".

HMccinegoBaHHe IIPOBEIEHO MPH MOAAepPXKKe:

1. "MuHHUCTEePCTBa HAyKU U BhICIIero oOpa3oBanusa Pecnybnuku Kasaxcran", rpaut AP19678127
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HccienoBaHue siBjieHHsI «Me30chepHbIi 00p» 0 HAO/IIOOeHUusIM KaMep Bcero Heda u
CIIyTHHKOB

1

Onecs B. Tl.lmyK1 , Hrops U. Kontosckou~, CemeH B. HuKoNamKuH !

1 HHCTUTYT KOcMOU3nYeCKUX uccienoBanuil u asponomun uM. 10.T'. Illadepa CuGUPCKOTO OTOENIEHUS
Poccuiickolt akageMun Hayk

oleSmile@mail.ru

I[TouuMaHue MeXaHM3MOB ABUXKEHUS BO3AYIIHBIX MacC OYeHb BajKHO M OCTAaeTCs aKTyaJlbHOM 3ajadedl B 3IOXY
ry100aibHOT0 WM3MEHEeHUs KiauMarta. M3pemka, cpemu OOBIYHEIX BOJIHOBHIX BO3MYIIEHHH B Me30Chepe, MOKHO
HabOmogaTh TPOSIBIIEHHWE SIBHO BHIOEIISIONIErocs (GpPOHTa BOJHBI, KOTOPHLIM OTHENsSeT 4YacTb IIPOCTPAHCTBA, yXKe
BOBJIEUEHHYIO B BOJIHOBOM IIpOIIECC, OT 0OOJIacTH, B KOTOPOM KoOJieOaHWs eIle He BO3HUKIN. ITOMY BOJIHOBOMY
SIBJIGHUIO [ajyd Ha3BaHWe - Me3ochepHbi 60p. Me3ochepHbii 060p, TPEOCTABASIOINUNE CO00H yCUIEeHUE
aTMOCHEPHBIX T'PABUTALMOHHBIX BOJIH, MOXKET BJIMUATbL Ha IIOTOKM UMIIyIbCa M OSHEPTruM, U TEM CaMbIM
BO3[EeMCTBOBATh Ha TEIUIOBOM peXUWM U COCTaB Ha BCeX YPOBHAX aTMochepbl. B OaHHOM HCCIemoBaHUU
paccMoTpeHHl ABa COOBITHS Me3ochepHOro 0opa, 3aperuCTPUPOBAHHBIX HAJ MOMUTOHOM Matimara (63.0° ci,
129.5° BO), pacIoOIOXKeHHOM B IIeHTpaJbHOM YacTu AKyTuu. Perucrtpaiius 3TOTO SIBJIEHUS OCYILECTBJISAIAcCh B
CBeYeHMU HOYHOTO Heba KaMep Bcero Heba (amuccus usnyueHus rugpokcmia OH u aTomapHoro kuciaopoga [OI]).
ITepBoe coOwiTHMe Habmromamock 19 Hosi6pst 2017 r., BTOpoe cobOwiTe - 30 sHBaps 2022 r. BeIIM paccyuTaHBI
(dazoBasi CKOPOCTh pacmpocTpaHeHus Oopa, ero HalpaBJeHWe OBUXKEHUs, OJWHA II0C/IEeOBaTEIbHLIX BHYTPEHHUX
TPaBUTAIIMOHHLIX BOJIH, IIEPHUOM BOJIHBI, BPEMS U IIPOMOIKUTENLHOCTDL ABIEHUS. 3HAsE CKOPOCTb PacCIpOCTPaHeHUs
6opa U BpeMs HeoOXoOouMoOe Ha ero oOpa3oBaHUe, OBIJI BHIYUCIIEH IPUMEPHHIM papuyc obnactu HopMUPOBaHUSI
6opa. IIpoxoxkmenue Me30chepHOTO OOpa COMPOBOXKIOAETCS BHE3AMMHEIM CKAYKOM TeMIEepPaTyphHl B CTPYKTYpe
Me3o0chepHBIX UHBEPCUOHHBIX cioeB (MIL). B cBsidu ¢ yeM, B mpepamnosiaraeMod obmactu ¢opMupoBaHus 6opa ObITH
TpoaHaIu3UPOBAHEl JaHHBIE TEMIIEPATypP BEPXHEH aTMochephl CIYTHUKOBHIX HaOmoomeHuit Aura Microwave Limb
Sounder (MLS) m MrHOBeHHOU Temmepatypwsl oOmactu MLT (me3ochepa m HuUXHAA TepMocdepa) mpubopa
Sounding of the Atmosphere using Broadband Emission Radiometry (SABER) Ha 60pty cnmytHuka TIMED. Ha
OCHOBe TeMIlepaTypHHIX OaHHBIX, IIOCTPOEHHl BepTHKalibHble HNpoGuIN KBampaTa 4acTOoThl BpeHTa-Baiicsans gns
MTPOBEPKM CTAaTUYECKOM yCTOMYMBOCTU MIL, KOTOpHIM sIBisieTCS OIarompUsSTHHIM yCIOBUEM M Me30chepHOro
6opa. Bop, B aMHCCUM CBeUYEHHs KaMephl BCero Heba, MOXKeT OBITh TEMHBIM, TUOO CBETIIBIM, B 3aBUCHUMOCTH OT
BBICOTH €ro mpoxoxpaeHusi. OO60OMMB BCe IIOJyYEHHEIE HOAHHBIE C HM300pakKeHW{ M CIYTHUKOB, BHIIOJIHEH
TpuOIU3UTENBHBIM pacyeT BBICOTHI pacIpocTpaHeHusi Me3ochepHoro Oopa. Ilocrme dero, mOnasT HaX0XOEHUS
BO3MOZXKHBIX MCTOYHUKOB reHepauuu Me30chepHoro 6opa ObIIM M3y4YEeHH CHMHONTHYECKHE KapThl APKTHUYECKOTO U
QHTAPKTUYECKOTO HAYYHO-UCCJIeNoBaTeIbcKoro uHCTUTyTa (AAHWUW) u rnobanbHEle KapThl BETPOB M IIOTOOHBIX
ycnoBui 1o manHeIM NCEP (National Centers for Environmental Prediction). PaccMoTpeHbI ABUXKEHUS BO3OYIIHBIX
TIOTOKOB Ha Pa3/IMYHBIX T'eOMOTEeHIIMAIbHEIX BBICOTax (700 rIla, 500 rlIla, 250 rlla, 70 rlla). Bo BpeMsi o6omux
COOBITUYM, YIpPaBIEHUS MO0 TUAPOMETEOPOJIOTUM M MOHUTOPUHTY OKpPYXKalolllel cpenbl OOBSABISAIN LITOPMOBOE
mpeaynpeXoeHue U3-3a CUIPHBIX IIMKJIOHOB B IpedIoaraeMo ob6actu GopMupoBaHus 6opa.

HccinegoBaHHe IIPOBEIEHO MIPH MOAAepPXKKe:

1. "®emepanbHOEe TOCyHapCTBEHHOE OIOMXKETHOE yupexaeHne Hayku PemepanbHBIN MCCIeO0BaTeILCKUM HIEHTP
"SAKyTCKUM HayuHHH 1IeHTp CubupcKoro ormeneHus: Poccuiickoi akageMuu Hayk", Pecny6nuka Caxa
(AxyTusa)", rpaut 25-27-20119
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IIpocTpaHCTBEeHHAsi © BpeMeHHasi HK3AMEHYHBOCTh HeIHHEeHHBIX BOTHOBBIX IIPOIIECCOB BO
BpeMms BCII pa3TH4YHBIX TUIIOB

1 2

Augpeu B. KoBans" , Kceuus A. Jugenko“, Tarbsina C. EpMaKOBa3

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 WHCTUTYT 3eMHOTr0 MarHeTu3Ma, HoHOChepHl U paclipocTpaHeHus paguoBoiad uMenu H. B. IlymkoBa
3 Poccuiickuit TOCyOapCTBEHHBIN T'MIPOMETEOPOJIOTUYECKUY YHUBEPCUTET

a.v.koval@spbu.ru

Pabora mocBsilieHa HCCIIEOBAHUIO BHYTPEHHEN [OWHAMWKW BHE3AIHBIX cTpaTochepHBIXx mmoTermsenui (BCII)
pa3JIUYHBEIX THUIOB C TOYKU 3PEHUSI pacueTa B SBHOM BUe HEIWHEWHEIX B3aUMOOEUCTBUM IIJIaHETApHBIX BOJIH
MeXOy co00M M CO CPEeIHUM IIOTOKOM, a TaKKe BOJTHOBOM aKTMBHOCTU. BOIHOBEIE IIPOILIECCH! aHAIM3UPOBAIIUCH C
HUCIONIb30BaHUEM IIOOXOIa, 3aK/II0YalIlerocsi B MCCIEJOBAaHUM H3MEHUYUBOCTU BO3MYLIEHHOM IIOTEHIHAJIbHOU
sHCcTpoduu. Takol IIOOXON IIO3BOJIAET HeTallbHO U3ydYaTh 9BOJIIOIUI0 B3aUMOMEMCTBUSA BOJIH CO CPEOHUM IIOTOKOM,
OLleHMBaTh BKJIaJ [OUBEPreHUMU ¥ aOBeKIUM II0TOKa IIOTEeHIWAJIbHONW 3HCTPOoGUN B U3MEHeHUEe BOJIHOBOU
akTUBHOCTH. C HCHONIb30BaHMEM [OCTYIHBIX KJIMMATOJIOTMYECKUX ONMNCAaHUM HalbaomaeMbIX B IMOCJIeIHUE
mecsatuneTtusi BCII u 06paGoTKM HAHHBEIX THAPOMETEOPOJIOTHYECKHUX ITapaMeTpoB K3 0as3bl JaHHBIX peaHann3a
MERRA-2 Ovimu oTOOpaHbl M pa3geneHb Ha rpynnel BCII, cOmpoBOXKOaBIIMECS CMEIIeHHeM U pPacllellyIeHHeM
cTpaTochepHOro MHOJNSApPHOro Buxpsd. OTmenbHO ObUla BhAeneHa rpynna BCII ¢ HeTUDUYHBIM IIOJIOXKEHUEM U
¢dopmoii cTpaTochepHOro IOJSIPHOTO BUXPS, He MoOlafalollfde B IIepBble ABe Ipynnbl. Bo Bpemsa Takux BCII
HabJII0IaIoCh HEe TOJIBKO CMeIeHre CTPATOC(HEepPHOro MOJISIPHOI0 BUXPS, HO U €Tr0 BHITSTMBAaHUE HAll TeppPUTOpUen
CeBepHOT0 IOTyIIapusi, U HEIPOLOOJIXKUTEJIbHOE paciensieHne. B pe3ynbTraTe O KaXXOoW I'PYINIEl OBLIN 0TOOPaHE
1o msATh coOnrrTHi BCII. [I7151 KazKmOT0 UCCIIeAyeMOoro cOObITHUSI ObIIM PACCYUTAHEL CjlaraeMble B ypaBHeHUHU OataHca
BO3MYIIEHHON IIOTEHIMAJIbHON 3HCTPOGUM [OJIT CTAllMOHAPHBIX IJIAHETAPHHIX BOJIH C 30HAJBHBIMHU BOJIHOBHIMU
yucaamu 1 u 2 (CIIB1 u CIIB2). Ananu3 6onbioro KonudectBa BCIT pa3nuyHLIX THIIOB IIOKa3aJsl, YTO HeJTHHeHHbIe
MEeKBOJIHOBEIE B3aWMMOJEUCTBUS, SBISIOINIMECS CJlaTa€MBIMU TPETHETO IIOpSAKAa MajloCTH U, OOBIYHO, He
YYUTHIBAIOIIUECS B UCCJIEHOBAHUSAX BHOCST 3HAUYUTENIBHBIM BKJIad B M3MEHEHHS BOJIHOBOM aKTUBHOCTU OO U BO
BpeMsi pa3Butuss BCII co cmeleHmeM CTpaToCHEepHOTO MOJISPHOTO BUXPs. AHAJOTUYHBIM BKJIa[ CJlaraeMbIX
oTBedalomux 3a B3aumopelcTBus Mexny CIIB 6bun monyuen ans BCII u3 mocnemHel TpPynnbl ¢ HETUIUYHBIM
oJioKeHreM U (HOpMoi cTpaTocHepHOTO MOJISIPHOTO BUXPS. MEKBOJHOBBEIE B3aMMOIENCTBUS HAOIIOOAIOTCS [0
Hadana BCII B ocHoBHOM BHIIle 45 KM u ceBepHee 50° c.m. BsaumoperictBue CIIBl co cpegHMM IIOTOKOM
MakcuMalbHO 3a 1-3 Hemenu mo BCII ¢ paciuenneHueM crpaTocdepHoro momsipHo Buxpsi, a CIIB2 - B TeueHue
Hemenu nepen BCII. Ilpu stoMm, Bo BpeMms u 3a 5 mHed mo BCIT BomHoBasi aktuBHOCTb CIIB2 copa3mepHa uiu
IIPEeBHIIIaeT BOJHOBYI0 akKTuBHOCTL CIIB1. O6Menurie cmaraemble CIIB1 u CIIB2 co cpegHHUM IIOTOKOM
ycunuBaloTcs 3a 1-3 Hemenu go BCII co cMmemeHueM cTpaTocepHOro IOISPHOTO BUXPS. AHAIU3 CllaraeMbIX,
OTBeUaloOmMX 3a B3aUMOOENCTBUE BOJIHEI CO CPEOHUM IIOTOKOM BO BpeMs pa3Butus BCII u3 TpeThel I'DPYIIEHL,
mokasaji, 4To pa3Butue 3tux BCII compoBoXpaeTcsa BapualusaMu OOMEHHEBIX ClaraeMbBIX XapaKTepHBIMU KakK [Ojid
BCII c pacmenneHueM, TaK U CO CMellleHHeM CTpaToCchepHOro IOIIpHOro BUXps. [anbHelmas CcTaTUCTHYeCcKas
06paboTKa MOJIyYEHHHIX PE3YJIbTAaTOB MOXKET CIOCOOCTBOBATH BBISBJIEHWIO HPEOUKTOPOB ¢opmupoBanus BCIIL.
HUccnenmoBanue nogmepkaHo CaHKT-IleTepOyprckKuM rocygapCTBEHHBIM yHUBEPCUTETOM (rpaHT 116234986).
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IBOIIONHUS CIIEKTPOB BTOPHYHBIX aKyCTHKO-I'PaBHUTAIITHOHHBIX BOJIH BOJIM3H
KPHUTHYECKHX YPOBHEH B aTMocdepe

1

Hukomnau M. I'aspunos~ , Cepreii I1. KmeBeuKHﬁ2'1'3 ,

1

Auppeti B. Kopans* , HOmus A. Kypn;{eBa4

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

2 BanTuiickuit denepanbvHbIY yHUBEpPCUTET uMeHu MMManyuia KanTa

3 WnctutyT Pusuku atmochepsr um. A.M. O6yxoBa Poccuiickoit akageMuu HayK

4 WHCTUTYT 3eMHOTO MarHeTusMa, HoHOCGhEPH U pacIpocTpaHeHus paaroBonH uMenu H. B. ITyikoBa

n.gavrilov@spbu.ru

C mnoMouibl0 HEeNMMHEMHOUW YWCJIEHHOM MOMEeIM BBICOKOTO pa3pelleHus IIPOBOOUTCS MOOEeIUpPOBaHUE @I
U3y4YeHUsI paclIpoCTPaHeHUsI aKyCTUKO-TPAaBUTAIIMOHHLIX BONTH (AI'B) u3 Tpomnocdepsl B BEpXHUE CJION aTMOCOHEDHI.
B sTOM MOOenupoOBaHMU YYUTHIBAIOTCA (POHOBEIE IPODUIN BeTpa, comepxKallye KpUTUYeCKre YPOBHHU, Ha KOTOPEIX
TOPU30HTAaJIbHAsA CKOPOCTb BeTpa CTAHOBUTCS PaBHOM TOpM30HTanbHOM ¢a3oBoiM ckopoctu AI'B. CornachHo
TPAAULMOHHLIM JIMHEWHBIM TEOPUAM aTMOCGhEPHBIX BOJIH, BOMM3M KPUTHUYECKUX YPOBHEN BepTHKAJIbHAs OJIWHA
BOJHE nOpubnukKaeTca K HYJIO, YTO IIPUBOOUT K CuibHOM puccunanuu AI'B, pacnpocTpaHsiommuxcs u3
Tpomocdepr, ¥ He II03BOJIIET UM NOOCTHYL BEPXHUX CI0EB aTMocdeprl. Hame dYncneHHOe MOIeIUpPOBaHUE
IIPOBOOUTCA C MCIOJb30BaHMEM MCTOYHMKOB BOJIH B BUOE BO3MVIIEHUN BEePTUKAJIbHOM CKOPOCTH,
pPacIpoCTPaHAIOMMUXCS BOOJb IIOBepXHOCTH 3emnu. CTpyHHBIE TedeHUs B arMocdepe alIpoKCHUMUPYIOTCS
TayCCOBHIMH NPOPUISIMU CPeIHEero 30HaJIbHOTO BeTpa C MakKcuMmMyMaMu Ha BeicoTax 110 kM u 50 kM. PacuéTh
IIOKAa3bIBAIOT, UTO aMIauTymbl AI'B 3HauUuTenbHO YMEHBIIAIOTCS BBIIIE BLICOTHBIX KPUTUYECKUX YpOBHeU. s
KPUTHUYECKUX ypOoBHeU Ha BhICOTax OT 30 mo 70 KM 4acCcTh BOJIHOBOU 3HEPTUU MOXKET INPOHUKATH Uepe3 HUX U
PacIpoCTPaHATHECS [OaJibIlle B BepxHUE Cjiou aTMocheprl. B HenmmHeWHOW Mopmenu BOIHU3M KPUTUUECKOTO YPOBHS
IIPOUCXOIUT YCUJIEHHOe 00pa30oBaHre BTOPUYHBIX BOJIHOBBIX PEKUMOB.

BrimonHeH aHaNM3 CIEKTPOB BOJIHOBBIX ITOJieM BOJMM3M KPUTUUECKUX YpPOBHEeM U Ha yHalleHWH OT HUX.
OOHapyXKeHO, YTO HEYCTOMYHUBOCTH BOJIH OKOJIO KPUTHYECKUX YPOBHEN WHTEHCUQUIUPYET MEPEXOHd IHEPTHU OT
nepBuuHBIX Al'B, pacnmpoCTpaHSAOMUXCS OT IPU3EMHBIX HCTOYHUKOB. DTO yBeJIMYUBaeT BBEICOTY CIEKTPalbHEIX
MTUKOB Ha OJIMHAaX BOJH B 1/2 u 1/3 ropu30HTaNbHOU ONUHBI MepBuYHON AT'B. ITosToMy Ha BhicOoTax O6omee 100 KM
mpeo6amaT PEeXUMEL ¢ 60jiee KOPOTKUMHU TOPU30HTAJIbHEIMY [JIMHAMU BOJIH, YeM [JIMHA BOJIHEI IepBUYHOU AI'B,
IprYeM aMIJIUTYObl 3TUX BTOPUYHBIX BOJIH MOTYT IPEBHIIIATh aMIUIUTyObl IepBUYHOM AI'B mpu oTcyTcTBUU
KPUTHUYECKUX YPOBHEMU B cpenHel aTMocdepe.

HccinegoBaHue MIPOBEIEHO MPH MOAAePXKKe:

1. "Cankrt-IleTepOyrckuii rocygapCTBEHHBIN yHUBepcuTeT", rpaHT 116234986
2. "Poccurickuii Hay4HbIM ¢poHA", rpanT 25-17-00166
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YucjaeHHOEe MOJe/IMPOBaHHe COJIMTOHHOIO Ppa3pylIieHUusI BHYTPEHHHUX I'PaBHTAIlHOHHBIX
BOJIH B BepxHeH arMmocdepe

1

Hukomnau M. I'aspunos~ , Cepreii I1. KmeBeuKHﬁ2'1'3 ,

4

Onusa A. Kypaosesa™, Cepreu H. KyJIHqK033

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

2 BanTuiickuit denepanbHbIY yHUBEpPCUTET uMeHu MMManyuia KanTa

3 WnctutyT Pusuku atmochepsr um. A.M. O6yxoBa Poccuiickoit akageMuu HayK

4 WHCTUTYT 3eMHOTO MarHeTusMa, HoHOCGhEPH U pacIpocTpaHeHus paauoBonH uMenu H. B. ITymmkoBa

n.gavrilov@spbu.ru

BHyTpeHHUe rpaBuTalmoHHbEe BOJHE (BI'B) B aTMochepe MOTryT pa3pymaThscsi, 06pa3ysi BTOPUYHEIE BOIHH Oojiee
MeJKuX MacmTabos, BIUIOTh 40 00pa30BaHUs BOJTHOBOM TYPOYJI€HTHOCTH. JKCIIEPUMEHTAJIBHO IIPOCIIEANTD IIPOIIECC
pas3pylleHus BOJH B [eTalsgX 3aTPYAHUTENIBHO, IOCKOJIPKY BOJHHEI OOBIYHO pPAaCIPOCTPAHSIOTCS Ha OObIINe
paccrostHusi. MacmTabrl 00pa3youXCcss BTOPUYHBIX BOJIH MOTYT OTJIMYAThCS OT MaciTaba MEepBUYHON BOJIHHI Ha
mopsAaKu. i TPOBEPKH YMCIIEHHBIX HCCIeIOBAaHUN PACHOPOCTPAHEHUS ¥ pas3pylleHuss BOIH II0JIe3HO WMETh
aHAIUTUYECKUE OLIEHKU [JIsT YCJIIOBHUI Pa3pyIIeHMs, BDeMeHU Pa3pyIIeHus, MacIITaboB 00Pa3yoIIuXCs BTOPUUHBIX
BonH. CoYeTaHNe aHATUTUYECKOT'0 ¥ YUCIIEHHOTO IIOAXOM0B [T03BOJISIET JIyYIlle N3YYUTh IIPOIIECC PACIPOCTPAHEHUS
¥ pas3pylleHus: BOJH, B AeTaJAX.

BrITONTHEHO MHpPsIMOe YHCIEHHOE pellleHrWe TUAPOOVHaAMUYEeCKHWX YypPaBHEHUM [OJsi aTMoC(epHOro rasa c
IIpHMeHeHUEeM MOIeNIM BBICOKOTO pas3pemieHusi. CpaBHeHHe pPe3yJabTaTOB 3THUX YUCJIEHHHEIX pPacdyeToB C
pe3ynbTaTaMM aHajn3a BeIBefeHHOro ypaBHeHUs KIIB-Bioprepca mns aTMoc(epHEIX CJI0€B II0Ka3ajio JOCTaTOYHO
Xopolllee COOTBeTCTBUEe. IIpennmodTuTesibHBIE BBICOTH, BOMM3M KOTOpPhIX BI'B Morytr paspymarthcsi, IPHUMEpHO
COOTBETCTBYIOT BBICOTAM M3MEHEHUS 3HaKa I'OPU30HTAJIbHON CKOPOCTH B BOJHEe. IlapameTphl MelKoMacITabHBIX
VEeOUHEHHBIX BTOPWYHLIX BOJIH-COJIMTOHOB, 00pPa3ymomMWXCsS B pacyeTax [0 IOJHHEIM THUAPOAMHAMUYECKUM
ypaBHEHMSIM, XOPOIIIO COTJIaCyIOTCS C OlleHKaM{, OCHOBaHHBIMU Ha aHanu3e ypaBHeHUus KnB-Broprepca. Ilocnennee
ypaBHEHMEe He OIKCHBAaeT pPaclIpoCTpaHeHMe BTOPUYHEBIX BOJIH C TeUYeHUEM BPEMEHU B IpyTrHe aTMocdepHble CJIou,
a TakXe KoJyiebaHMs, HaKJIOHH U OedOopMalliio CIOMCTOM CTPYKTYPH, CO3MaBaeMBIX NMEPBUYHOMN BOJIHOM, B CHITY
mpubINKEeHWH, UCII0JIb30BAaHHEIX IIPY BEIBOMe ypaBHeHUs K[ B-Broprepca.

OnuaHBle B['B HMEIOT CIIOUCTYIO CTPYKTYPY: BO3MYIIEHUS TEMIEPATyPH], IIJIOTHOCTH, @ TaKKe TOPU30HTAaIbHAT
CKOPOCThH dYepedyloT 3HaKW C BBICOTOM. IloKa3aHO, YTO pa3pylIeHHWe BOJIH IIPOSABIsSEeT cebs BHYTPU CIIOEB,
CO3MaBaeMbIX MMEPBUYHBIMHU BOITHAMH. B CJIOSIX MOSIBIISIIOTCS MeNIKOMaclITaOHbIe yeOUHEHHBIE BTOPUYHBLIE BOJIHEI.
IIpu aToM Kaxpas U3 00Pa3yIOIIMXCsI BTOPUYHEIX BOJIH IIPOSIBIISIET Ce0s1 B HECKOJIBKUX CJI0siX. CII0MCTasi CTPYKTypa
onuHHOM BI'B monro coxpaHseTcss, HECMOTPS Ha oOpa3oBaHUWEe BTOPUYHEIX BOJIH, HO CJIOM MOTYT BOJIHOOOpPa3HO
KoJie0aThCsl, M3MEHSITh TOJIIIMHY ¥ HAKJIOHATHCS. BHIIIOMHEHBI pacueThl pas3pyIIeHUs BOJIH, OCHOBAHHBIE Ha
YHCJIEHHOM peIlleHUU IOJIHBIX TMIPOOUHaMUYeCKUX ypaBHeHUU Oy atMochepHoro rasza. CpaBHeHHe pe3yIbTaToB
9TUX YHUCJIEHHBIX pPAcCUeTOB C pe3ynabTaTaMM aHalii3a CUCTEeMBl THUAPOAUHAMUYECKUX YpPaBHEHHN Ha OCHOBE
BEIBEIeHHOro Ons cnoeB ypaBHeHus KJIIB-Broperca mokasano, 94TO MOOeJbHOE ypaBHEHUE B IE€JIOM [IPABUIIBHO
OIIMCBhIBA€T OHMHAMHMKY BOJIH. HapaMeTpH MEJIKOMAaCIITAOHBIX YeouHEeHHBIX BTOPUYHBIX BOIJIH, o6pa3y10u_u/1xcs{ B
pacudeTax C MOJHBIMU T'HAPOOUHAMHUYECKUMH ypPaBHEHUSIMH, XOPOIIO COTJIACYIOTCSI C OLleHKaM{, OCHOBAaHHBIMU Ha
aHanu3e ypasHeHus KJIB-Broprepca.

HccinegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "CankT-IleTepOyprckuii rocymgapCTBEHHLIN YHUBEpPcUTeT", rpanT 116234986
2. "Poccurickuyi Hay4HbIM ¢oHA", rpanT 25-17-00166
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K/IMMaTOoJIOr sl BHE3AIMMHBIX CTPATOC(PEPHBIX MOTEIJIeHHH Ha BbicoTax 30 u 40 KM 110
MeTOay 3KCTPEeMYyMOB CKOPOCTH U3MEHEHUsI TeMIlepaTyphsl H BeTpa.

1

Marseu M. EpumoB" , Hukomai M. FaBpI/IHOBl

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

matvey.efimov.96@mail.ru

Llenbio panHOM paboTH ABIAETCSA CPaBHEHUE XapaKTEePUCTUK BHE3aMTHHEX cTpaTochepHbix notemnenult (BCII) Ha
BeicoTax 30 m 40 kM 3a mepmopn ¢ 1958-2017 r. r., HaAEHHBIX METOOOM SKCTPEMYMOB CKOPOCTH U3MEHEHUS
(M3CH) TemmepaTyphl M BeTpa IO HaHHBIM SIOHCKOTO 55-JIETHETO METEeOpPOJIOTMYeCKOoro peaHanmu3a JRA-55.
Bpemsi Havana u okoHuanuss BCII upeHTHGUUMPOBAHO IO MOMEHTaAM HYJIEBLIX 3HAYEHUN BTOPOM HPOU3BOAHOM
TeMIlepaTyphl U 30HAJIbHOU CKOPOCTU yCPEOHEHHEBIX IO InmporaM Beimie 602 c. m. Ha BeIcOTax 30 kM u 40 KM,
KOTOPEIE COOTBETCTBYIOT 3KCTPEMAaIbHEIM 3HAYEHUSM CKOPOCTH U3MEHEHUsS 3TUX IIapaMeTpOB. ITpennoxkeHa
mMomuduIpoBaHHasa Kinaccudukaimu tTunoB BCII mo xapakTepucTHKaM, ITONydYeHHBM MeTogoM M3OCH Ha BBICOTax
30 u 40 kM. OnMcaHBI KPUTEPUU OIS OIpefdesieHus CUIbHBIX U yMepeHHEIX BCII, KoTOophle MOT'yT pacCcMaTpUBaThCS
KaK aHaJIOT¥ MaXXOPHBIX 1 MUHOPHEIX IOTEIJIEHUN B MeXayHaponHo knaccudukanuu BCIT. Meton 9CHU obiamaeT
TIOBBIIIEHHON YYBCTBUTEIBHOCTBIO M IIO3BOJIMJI BBIOEIUTH HOMOJIHUTENBHBIN Kiacc cnaberx BCII. OTmensHO
pacCMOTpeHE PaHHE3WMHUE CTpaToC(epHble IOTEeIJIeHUs, IIPOUCXOIAINe I030HEeN OCeHbI0 WIW B Hadajie 3UMEL
(Hos16pb-mekabph). 3a 59-meTHuit mnepuopn oOHapyxkeHo Ha BweicoTe 30 kM 140 m Ha BricoTe 40 KM 146
cpegue3uMHux BCII (B cpemuem 1o 2-3 cobwiTus B rofm). KomudecTtBo cobwiTuit BCII, u TUIILI omHOTO coOBITHS BCII
Ha pa3HBIX BHICOTaX MOI'YT OTIMYaThCA. MOMEHTHl MaKCHMaJIbHOU CKOPOCTU POCTa TeMIlepaTyphl OIlepeXaloT B
cpegHeM Ha CYTKH MOMEHTHI HauOoJjiee OBICTpOro yORIBaHUS 30HAJIbHOTO BeTpa B Hadasie BCII. CobriTusi BCII Ha
BeIcOTE 40 KM B CpefHEM MHTEHCUBHee 4eM Ha BricoTe 30 KM U ckopoTeuHel. [ToaTBepKaeHo, 4yTo pa3Butuio BCII
BCerga IpeflIecTBYIOT yBeIWYEeHUS MEePUAWOHAJIbHOTO IIOTOKa Tellla, HalpaBlIeHHOrO0 B CTOPOHY CeBepHOro
TIOMII0Ca, KOTOPBIE MOTYT CIIOCOOCTBOBATh HarpeBaHUIO MONSIPHOM cTpaTocdeps! 1 pa3BuTtuio BCII.

HccinegoBaHHe IIPOBEIEHO MIPH MOAdepPkKKe:

1. "CII6I'Y", rpant 116234986
2. "PH®", rpauT 25-47-00122
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BHyTpeHHHE rpaBHTAIlHOHHBIE BOJITHBI BO/IM3H Me301ay3bl 10 HA0TI0MeHUSIM HOYHBIX
3MHCCHH I'HAPOKCH/Ia B 3BEeHHUTI OpoJe.

1 1 2 2

Augpeu A. ITonoB* , Huxkonaii M. I'aspunos- , Bmagumup Y. [lepmuuos, Hwukonai H. ITepies
1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 NuacTuUTyT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKkoi akageMuu HayK

andrew.popovix@gmail.com

MeTon uMGPOBLIX PA3HOCTHHIX (GUIBTPOB NpPUMEHEH K aHalu3y HAHHBIX CIIEKTPAJIbHBIX HaOTIOOeHuH
BpamaTeaIbHON TeMIepaTyphl KojiebaTelbHO-BO30yKmeHHOro rupgpokcuia OH(6-2) Ha BrIcOTax 85 - 90 KM Ha
3BeHuroponckou Hay4dHou crtaHuum HUPA PAH (56° c.m., 37° B.A.) B mepumopg c 2000-2023 rr. UccnemoBaHBI
Ce30HHBIE M3MEHEHUS CpegHEeMEeCSYHBIX 3Ha4e€HWM BpallaTelIbHOM TeMIepaTyphl M [OUCIEPCUM Bapualuil C
nepuomamu 0.7 - 11 4., KOTOpBIe MOTYT OLITH CBS3aHBI C BHYTPEHHUMM I'DABUTAIIMOHHEIMU BOJIHAMU B 0071acTu
Me30may3Hl.

B Hacrosee BpeMs G0JbIIoe BHUMaHUE YOENISIeTCsS UCCIeN0BaHu0 BHYTPEHHUX I'PAaBUTAIMOHHEIX BOIH (BI'B) B
cpemHeM UM BepxHe#M armocdepe. MX HMCTOYHUKM HAXONOATCS, B OCHOBHOM, B HUXKHHUX CIIOSIX aTMocC(ephl.
PacnpocTtpansisachk BBepx, BI'B criocoOHBI NMEPEHOCUTHh SHEPTUI0 U UMMYJIEC B CPEOHIO M BEPXHIOI aTMochepy,
OKa3hbIBasi TAKUM 00pPa30M BIIHSHUE Ha TEPMOOMHAMUYECKHUE IIPOIIECCH Ha BCEX BHICOTAX aTMOCHEPHI.

H3MepeHre WHTEHCUBHOCTH M BpAIIATEIPHOM TEMIIEPATypPHl CBEYEHHUM HOYHOrO Heba SIBISIETCS OOHUM U3
c1oco00B MOHUTOPUHTA TEPMOOVMHAMUYECKOT0 pPeXKrUMa U CoCTaBa BepxHel aTMocdepsl. [Jis OlleHOK B HacTosIel
paboTe WCIIONb30BaHB HOAHHBIE H3MEPEHWN BpallaTeIbHOM TeMIepaTyphl TMOPOKCHIA Ha 3BEHUIOPOOCKOU
Hay4yHOU cTaHuuu MWHCTUTYyTa OGu3mku atrmochdeprsl PAH (56° c.m., 37° B.A.), HOJIy4YeHHBIE C IIOMOIIBIO
cunektporpada CII-50 c uudpoBoit 3amuckio criektpa B obmactu 800 - 1000 M [1]. ITone 3peHUsT CIEKTpPaabHOM
ammapaTyphl COCTaBasgeT 9° ¢ 3eHUTHBEIM yIJIOM HaKJIOHA LIEHTPAJIbHOM ocu npubopa 53° B CeBEPHOM HaIlpPaBJIEHUH.
U3mepenus nmpoBopsaTcsa B 6e30061auHble HOYU. [I1s1 mMOIy4YeHUs HeOOXOOWMOI'0O OTHOIIEHUS CUTHAaJI/IIyM, BpeMs
HaKONJIEHUS [JII OJHOW perucrpanuu crekrpa cocraBnsgeT 10 MuH. CHEKTP TUAPOKCUIIBHBIX 3MHCCUH
mpencTaBisieT cobo¥ COBOKYIHOCTb MHGPaKpacHBEIX KojebaTelbHO-BpalllaTeNIbHBIX II0JI0C, KOTOPHIE IIO3BOJISIOT
OIIpeneNisiTh BpalllaTeJbHYI0 TeMrepaTypy Monekys OH.

s BEImEeNIeHUS Me3oMacIITaOHBEIX BapHUalliil XapaKTePUCTUK HOYHBLIX CBEeUYEeHUU IPUMeHeH MeTOo[ Pa3HOCTHOM
undpoBoit yacToTHOU (umbTparuu [2,3]. B KayecTBe HMCXOOHBIX HAHHBIX OEPYTCS PETUCTPALIMKA XapPaKTEPUCTHUK
HOYHOTO CBEYEHHS B MOMEHTHI BPEMEHHM i, KOTOPHIE YCPEeHHAITCH npubopoM 3a BpeMs HakomnjeHus 6t. [ns
OI[eHKM MECSYHBIX CTaHOApPTHHIX OTKIIOHEHUH 6f Me3oMacmTabHBIX BapHalMi WCIOJIb3YEeTCS YHCIIeHHAs

dbunbTpanus mOyTeM oOmnpefeieHHs Pa3HOCTeH MeX[Oy PerucTPUPyeMBIMH 3HAYEeHUSIMH , OTCTOSIIUMH Ha
BPEMEHHEIE UHTEPBAIIHL At.

OpHoOM M3 IIPUYUH Me30MacIITaOHBIX BapHallu¥ HOYHBIX CBeueHUl MOryT ObTh BI'B, pacmpocTpaHsIoOIIUecs B
CBETSIIEMCS CJioe BepxHeW aTtMocdephl. [lonspu3allMOHHBIE COOTHOINEHUS Teopuu aTmochepHbix BI'B [4]
MO3BOJIAIOT I[OJIy4YUTh CJEOyIOIINe CBSA3b aMIJIUTYHI BOJIHOBBIX Bapualuil TOPU30HTaIbHOU CKopocté U u
IIOTeHIIMaIbHOM BOJIHOBOM 3HEPTUU Ep C Me30MacIITabHOM OUCIIEPCUEN U CPeTHUM 3HaUYeHUEeM TEMIIePATYpPHL.
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Pe3yabTaThl pAaCUYeTOB ra30JHHAMHYECKOH MOIE/TH 00Iel MUPKY/ISAIHH aTMochepbl
3emiIn
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HUrops B. MunraneB- , Exartepuna A. ®emotoBa” , KoncrauTus ['. Opnos~, Buxkrtop C. Musnranes!

1 ITonsipHbI# reodu3nvecKuit UHCTUTYT KOTBCKOTO Hay4YHOTO 1IeHTPpa Poccuiickod akajjieMuu HaykK

iv-mingalev@yandex.ru

B mokname o6CyKIOAiOTCS Pe3yJIbTAThl YHCIIEHHOI'O0 MOIENMPOBAHUS, IOJIYYEeHHLIE C ITIOMOIIBI0 Ia30qUHAMUYECKOH
Mopenu obued UUPKYISIIUKA aTMochepsl 3eMiH, CO3MaHHoM B [ToNApHOM reodu3nyeckoM UHCTUTYTE. [IpoBOOUTCS
aHanu3 00pa30BaHUsl BUXPEBBIX TEUEHWN Pa3HBIX MacITaOOB, BEPTUKAIBHOTO MEepeHOoca Ha pPa3HbIX BHICOTaX, a
TaKXKe MeXaHW3MOB reHepalyi BHYTPEHHUX I'PAaBUTAIIMOHHBIX BOIH U WX paclpocTpaHeHus. Bce pacueTs OBIIH B
muana3oHe BEICOT 0—80 KM C IMOJIHOLIEHHHIM yYEeTOM PagHUallMOHHOT0 HarpeBa-BhIXOIaKUBAHUS BO3yXa, IIPOIIECCOB
obpa3oBaHusT 0O0JIAKOB W B3aMMOOEMNCTBUS C IIOBEPXHOCTHIO 3€MJIM M C IIarOM PacYETHOM CETKU 110 TOPU3OHTY
15/64 rpangyca.
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OCo0eHHOCTH TUHAMHKH CTpaTochepsl ADKTHKH B 3SUMHHH ce30H 2024-2025 r.

ITaBen H. BaerH1'2'3

1 lenTpaneHasa Asponorudeckas O6cepBaTopus

2 HNuaCcTUTYT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akageMuu HayK
3 Poccuiickuit TOCYOapCTBEHHBIN T'MIPOMETEOPOJIOTUYECKUY YHUBEPCUTET

p_vargin@mail.ru

IlepBasi mosoBMHa 3uMHero ce3oHa 2024-2025 r. B cTpatocdhepe APKTHKH XapaKTepu30BajaCh YCTOUUYUBHIM
CUJIBHEIM CTPaATOChEPHEIM IOJITPHBIM BUXPEM, CPAaBHUMEIM C HAOIIOOABIIMMUCS B Haubojiee XOJIOOHEIE CE30HEI
(1996-97, 2010-11, 2015-16 rr.) u 2019-2020 r., Ce30H C PEKOPAHLIM pa3pyLIeHHNEeM 030HOBOTO CJIOS 3a BCE T'OMEBI
HabmiogeHuii. B pe3ynbraTe HU3KUX TeMIepaTyp B ApkTuke B (eBpane 2025 r. chOpMHUPOBAIUCH IOJITPHBIE
ctpaTtochepubie obmaka ([ICO) I Tuma, HeoOxoguMble OJI Hayaja B BECEHHUMN IepPHUO[ aKTUBHOTO Pa3pyIIeHUS
030HOBOTO CJIOSI, «<0OBEM» KOTOPHIX CTAl MaKCHMaJIbHEIM (~160 MyH. Ky0. KM) 3a BCe IOObl HaOTIOOe U, IIPEBLICUB
Ha ~30% 3HauyeHus ¢enpans 2020 r. CToib HU3KHE TeMIepaTypH IOJIAPHOM cTpaTocheps ObUIM 00YyCJIOBIEHE
3aHUKEHHHEIM paclpoCTpaHeHNeM BOJIHOBOM aKTHMBHOCTU U3 Tpomnocdephl, 0CO0eHHO C KOHIa sSHBapsA OO0 Hadala
deBpans, Korga B TedeHUe IPUMEPHO Hefesu B HUXKHeM cTpaTocdepe APKTUKU TeMIlepaTypa CHU3UJIACh HUXKE -
83°C, nmo3BonuB cHopMUpPOBaTLCA Ha HecKobko pgHel IICO II Tuna (c MakCUMaNbHEIM «00BeMoM» ~75 MIH. KY0.
KM), COCTOSIIIINX U3 JIEOSHBIX YaCTUIl U 00pa3yoomuxcsi OOBIYHO TONBKO B AHTapkTuke. OOInee comepkaHue 030HA
(OCO) B ApKTHKe IIpU 3TOM OOCTUIJIO MUHUMAIbHEIX 3HadeHuU. B koHIe deBpansa 2025 r. B pe3ynbTaTe YCUIEHUS
pacupocTpaHeHUsI IIOTOKOB BOJIHOBOM aKTUBHOCTH M3 Tpomnocdephl NPEeUMYIIeCTBEHHO Hal, CeBEepO-BOCTOKOM
EBpa3um Hauanochb ocnabieHuWe CpegHe30HanIbHOTO BeTpa (C ~60 mo ~25 M/C) M TOBHIIIEHHE TeMIepPaTypPH
TIOJISIPHOM CTPaToC(heprl, YTO COOTBETCTBYEeT MUHOPHOMY BHe3alHOMY cTpaTochepHoMy noterieHuno (BCII). ITpu
9TOM Hap ceBepoM Kanapgwl chopmupoBanachk 0651acTe C OTpazkeHHEM BOJIHOBOM aKTHUBHOCTH U3 cTpaTocdephl B
Tpomocdepy, U3 KOTOPOH B TEeUEeHWE HECKOJIPKUX OHEW B BepxHeW Tpomocdepe HaOIIOOAIOCh PacHpPOCTPAHEHUE
IIOTOKOB BOJIHOM aKTUBHOCTU B BOCTOYHOM HampaBieHuu Han CeBepHoit ATimaHTukod K EBpome. B pesynbrarte
rnaBHoro BCII (craBuiee ¥ paHHUM (pUHAJILHBIM) B Hadajie MapTa 2025 r., CBI3aHHOTO C ycujeHueM AJIeyTCKOTO
aHTUIIUKJIOHA U CMellleHWeM BUXpSA K EBpa3uu (T.e. ycuneHUeM BOJIHEL C 30HAJIBHEIM YUCJIOM 1), COIPOBOXKIOAIOCH
VCHUJIEHHBEIM pacIpoCTpaHeHUeM BOJIHOBOM aKTUBHOCTM Hal [OBYMS pPeruoHaMH: CeBepo-BoCToKa EBpasuu u
3anapgHoi EBponsl. MuHOpHOe u rnaBHoe / puHansHOe BCII ipegoTBpaTuiu CUIbHOE pa3pylieHre 030HOBOT'O CJIOS
BECHOM, KOTOPOe MOTJIO IIPEBEICUTh peKopaHble 3HaueHus 2020 r. B mepuop rnaseoro BCII Hap ceBepo-3amazom
Poccuu u CkaHOmHaBue# copMupoBanachk o6acth ¢ Hu3kuM OCO ¥ MHUHHUMAJIbLHBIMKA 3HAUEHUSIMU 110 HAaHHBIM
coyTHuKOBOTO nprbopa OMI 6 mapta 2025 r. Hag Xenscuuky - 204 epguuun [o6coHa (e.ll.), Cankt-IleTepbyprom -
221 e.lI., Mocksou - 242 e.[l. (mpu stom 220 e.ll. cuuTaeTcs TrpaHUllell O30HOBOM aHOMaJMU B AHTaApKTHUKE).
CunpHO 3aHuXKeHHBIe 3HaYeHUsa OCO momTBepKOalTCa DaHHBIMU peaHanu3a ERAD, usmepeHusmMu CIyTHHKOBOTO
npubopa OMPS, HazeMHHIMM HalOmoOeHUSMH. [IpemBapHUTelbHBIE OIEHKM IIOKa3BIBAIOT, 4YTO (HOPMUPOBaHUE
o6mactu moHuxkeHHOro OCO OBIJIO CBSI3aHO CO CTPATOCHEPHBIM IONSAPHBEIM BuxpeM ¢ Hu3kuM OCO, a Takke C
QHTUIIUKJIOHOM B Tponocdepe C IOBHIIEHHON TPOIONAay30W M MNOCTYIUIEHMEM BO3OYIIHBIX MacC C IIOHUXKEHHBIM
030HOM U3 CPeIHUX MINPOT BOOJIb 3allaffHOM nepudepruy aHTUITUKIIOHA.

HccnemoBanue IIPOBEOEHO IIPHU IoJdepP2KKe:

1. "PHO®", rpanT 24-17-00230
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AnnpoxkcumManusi JaHHBIX TeMIIepaTypbl aTMocdepshl C HCII0Ib30BaHUEM ITapMOHHK
PoccOHu U IBYXCTPaTEeri4eCKoro aJanTHBHOIO a/ITOPUTMa MYeIHHON KOJIOHUH

1

Bepa . CuBueBa" , Bacunuiu B. FpI/IFOpbeBl

1 CeBepo-BocTouHblt dhepmepanbHblil yHUBepcuTeT uMeHu M.K. AMMocoBa

verasivtseva@gmail.com

KmtoueBrie crnoBa: BomHB PoccOu, MeTOom muennuHOM KOMOHUY, CIIYyTHUKOBEIE maHHbBIe, Aura (MLS)

B omamHO#l paboTe mpencTaBlIeHAa METOOOJIOTHS aINIPOKCHMAIWMK [OAaHHBIX TEMIepaTypel aTtMocdepsl C
KCIIOJIb30BaHWEeM TapMOHUK PoccOM Ha OCHOBE agallTUBHOTO ajifOPHTMa HCKYCCTBEHHOU ITYENHHONW KOJIOHWHU
(TSaABC) ¢ XKeCTKUM TIOPOTOBEIM OTCe4YeHHeM. AJITOPUTM pa3paboTaH MOnsd peIIeHusl CIOXKHBIX 3aJad
ONTUMU3AINY, CBI3aHHAEIX C HEJIMHEWHBIMY IIPOCTPAHCTBEHHO-BPEMEHHEIMYU MOIEJISIMHU, OTIMCHIBAIOIIMMY JUHAMUKY
KPYITHOMACIIITaOHbIX BOJIHOBBIX ITPOIIECCOB. IIpe/iioKeHHBIH IOAXO0 MO3BosAeT 3(PGEeKTUBHO BHIOEIATh 3HAYUMBIE
KOMIIOHEHTH U3 OOJIBIIIOTO CJI0BAaps BO3MOXKHEIX TapMOHUK, 06ecmeduBasi OOHOBPEMEHHO BHICOKYI0 TOYHOCTH
BOCCTAQHOBJIEHUS NaHHBIX ¥ WX PA3PEeKEHHOCTh.

PaccmoTperHble B paboTe BOiHBEI PoccOW MIpalOT KIIIOYEBYI0 POIb B OUHAMHKE aTMOC(hEpH], TTOCKOJIBKY OHH
SIBJISIIOTCS. OCHOBHBIM MEXaHM3MOM Ilepefayy SHEePTUU U MMIYJIbCa MEeXKOY Pa3IMYHEIMU YPOBHSIMU aTMOCOEDEHL.
Oco6eHHO BaXHBI 5TU BOJIHEI B 3UMHEM CTPaTOCHEPHOM DETHOHE, THe OHU CIIOCOOCTBYIOT Pa3BUTHUIO BHE3AITHBIX
cTpaToChepHEIX MOTENJIEHUN W y4acTBYIOT B (OPMHPOBAHUM MEPUOUOHAJIBHOU HIUPKyIauuu. g aHamusa 3TUX
ITPOILIECCOB HCMOJIb30BAIUCh CIIyTHUKOBBIE HaHHBIE C HMHCTpyMeHToB EOS MLS Ha OGopTy ammapata Aura,
obecrieuynBaloliie BEICOKOE BEPTUKAIbHOE M BpPEeMEHHOe pa3pelneHue. Beliu BLIOPAHBI JaHHBIE TeMIepaTypH B
ouana3oHe mupoT 58°-68°N Ha BricoTe 0K0j10 80 KM, YTO COOTBETCTBYET 00/1aCTM MaKCHMaJIbHOI'O IIPOSIBJIEHUS
BOJIHOBOM aKTMBHOCTH.

MeTomosiorusi MCCJIeOOBaHUS 3aKaodyaeTcss B (GOPMyIUPOBKE OOpaTHOM 3afJadu, B KOTOPOH MUHUMHU3IUPYETCS
byHKIMOHA, COCTOSAIUM M3 OBYX YacTel: HEBSI3KKW MEXKAy MOAEebI0 M HaHHBIMM HalbmomeHuid (B TepMuHax L2-
HOPMHI), ¥ mTpada 3a KOIUYECTBO UCHOJIL3YEMBIX TapMOHUK (B TepMuHax L1-HOpMEBI). OTO MO3BOJIIET HAXOAUTH
MHUHHUMAJIbHOE YHCJI0O 3HAYMMBIX TapMOHHMK, KOTOPBIE [OCTATOYHO TOYHO OIMCHBAIOT HAOII0HaeMyio
TeMOepaTypHylO CTPYKTypy. g pemieHuss 3TOM 3afayu ObIT DPUMEHEH OBYXCTPATETHYEeCKUM amalTUBHBIN
anroputM TSaABC, KOTOpHIE codeTaeT B cebe MeXaHW3MBI T'TyOOKOM 3KCIJIyaTallud M IMHPOKOH SKCIIOPAIlUH
IIPOCTPAHCTBa pelleHWl. BaXHBIM [OOIONHEHHEM K aJrOpPUTMy CTaji0 HCIOJIb30BaHME ZKECTKOIO IIOPOrOBOTO
orceuenus (Hard Thresholding), mo3BoisioIero uCKia0YaTh Majlo3HAaYUMble TAPMOHUKKU B XOOe OITUMM3AIIUU U
CHUZKATh pa3MepPHOCTDb 3aayu.

YucieHHbIE 9KCIIEPUMEHTHI IIOKA3aJli, YTO IPEAJIOKEHHBIM MEeTOH [OCTUTaeT OTHOCHUTEJIPHOM OIIMOKW IIOpSmKa
12%, d4YTO sABHSETCS INpHUEMJIEMBIM pe3yIbTaTOM IIPU HaIW4YUU KOPOTKOBOJIHOBBEIX BO3MYIIEHMY, TaKUX Kak
BHYTPEHHNE TDaBUTAIMOHHBIE BOJIHEL. TakiKe ObUIO YCTAHOBJIEHO, YTO alTOPUTM OBICTPO CXOOWUTCS, Oraromaps
KOMOMHAIMM [OBYX CTpaTeruii INOMCKa U amanTUBHOMY BeIOOPY Haubosiee 9((GEKTUBHBIX HAIpPaBIEHUN
ontuMusanuu. IlomydeHHBle aNNPOKCUMUDYOIIHe GYHKIUM [TO3BOJIUIM BHU3YyaJIM3UPOBATh IIPOCTPAHCTBEHHO-
BpPEMEHHOe pacIpefesieHre TEMIIEPATYPHBEIX aHOMAINY, BEI3BAaHHEIX PoccOu-BoTHAMMU.

[IpencraBieHHass METOOWKa MOXKET OBITh HCIONIb30BaHa [JIsT YIyYINEeHUS MPOTHO3WPOBAHUS KIUMATAYECKUX U
TOTONHEIX SIBI€HWH, a TakXKe OJIs aHalu3a BOJIHOBON OWHAMWMKU B aTMocdepax OpPyrux mjaaHeT. IlepCHeKTUBHBIM
HampaBleHUEM OaTbHEHUIITNX UCCIeNOBAaHUN SIBISETCS paclIupeHre MOJENIN Ha TPEXMEPHBIA CIydai ¥ UHTerpauus
OOIOJIHUTEJIbHEIX IIapaMeTPOB aTMoc(ephl, TAaKWX KaK BeTep M OaBjieHWe, OJjIs OoJjiee MIOJHOTO OIIMCAHUS
OUHAMHUUECKHUX ITPOI[ECCOB.
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[JIuHAaMHYECKOe H paJHallHOHHOE pa3pyIlIeHHe CTPATOC(HEPHOro moJIsIiPHOro BHXPS
BEeCHOHU

1,2 1,3 1,2

Tarpsina C. EpMmakoBa , Kcenusa A. [IugeHkKo , Amngpein B. KoBanb , Enena H. CaBeHKOBa’

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 Poccuiickuit TOCYOapCTBEHHBIN I'MIPOMETEOPOJIOTUYECKUN YHUBEPCUTET
3 WHCTUTYT 3eMHOTO MarHeTusMa, HoHOCGhEPH U pPacIpoCcTpaHeHus paauoBonH uMenu H. B. ITymkosa

taalika@mail.ru

Pazpymenue cTpaTocepHOro MOJISIPHOTO BUXPS BECHOU M Ilepexofn cTpaTochephl Ha JEeTHUN PeKUM CKa3bIBalOTCS
Ha IIpolleccax U SIBJIEHUSX B COCeOHUX CJIosiX aTMocdeprl. YiccnemoBanus MOCIEOHUX JIET TOATBEPKIAIOT, YTO 3TOT
Iepexop OCYUIECTBISIETCS HEOOMHAKOBO. B 3aBHCHMMOCTH OT CKOPOCTH CMEHBI PeKKMMa BeTpa Ha pa3HBIX BEICOTaX
€ro MOXKHO pa3feluTb Ha: pafuallMOHHBIM IIEepexof], TO €eCTb €eCTECTBEHHBIM, KOTOPHIM IIPOMCXOOUT IIOf
BO3OENCTBUEM COJIHEYHOM pafvaluy, W Ha OUHaAMUYECKHN, KOTODPHIM NOPOUCXOOUT IIPM MOIIHOM BHE3aIHOM
CTpaTOC(l)epHOM IIOTEIlJIEHUHN B KOHIIEe 3UMHEI — HAa4YaJle BECHHEI. I/ICCJ'IeJIOBaHI/Ie BIIMSAHHWSA PA3HBIX THUIIOB IIE€PEX0O0B HE
TOJILKO Ha caMy cTparocdhepy, HO M Ha Tpomocdhepy, NIOMOXKET JIydIllle IIOHSATh IPOUCXONSINUE IIPOIECCH U
B3auUMOAENCTBHE MeXAy CJI0oAMH aTMocheprl. AHanmW3 pachopefeleHHUs MeTeOpPOJIOTMYEeCKHX XapaKTepPUCTHK
(cpenHe30HaNILHOM KOMIIOHEHTHI CKOPOCTU BeTpa U TeMIlepaTyphl) 10 BpeMeHU M BePTUKAJIM, a TaKXkKe IIPU3eMHOU
CpelHeCyTOYHOU TeMIlepaTyphl B pa3HEIX ropofax BhIIIe 60°c.mI. MoKa3klBaeT, YTO IIPU OUHAMUYECKOM IIepexofe C
deBpansg mo Mall NONOXWUTENbHBIE aHOMAIMU CpPefHE30HaJIbHON KOMIIOHEHTHI CKOPOCTH BeTpa CMEHSI0TCS
OTpHUIIATENILHBIMM aHOMa/IWSIMU, CIyCKalomuMucsa ¢ Me3ochepdl. IIpu pagmanuoHHOM Iepexofe 3epKajlbHas
KapTUHa - OTpHLATEeNbHBIE aHOMalUM CMEHSIOTCS IIOJIOKWUTeNbHBIMU. IIpu paHHeM paguallMOHHOM IIepexone
(pegkuii TUI TIepexofa, CMeHa peXuMa BeTpa IIPOUCXOOWUT OO CepeqUuHBl ampeiisa) KapTUHaA II0X0XKa Ha
panuaIMoHHEIN IIepexol, HO BHIIIAOUT Oojiee pa3MbiToM. C HMIOHSA IO CEHTSAOPL aHOMaJIMM BETPOB BO BCEX TpeX
IepexofaxXx MMeIOT CMeIlaHHYI0 KapTuHY ¥ ciiabble aHomanuu. [Ipu quHAMUYECKOM mepexone c ¢eBpans mo mau
OTpULlaTEeJIbHBIE aHOMaJInu CpeJIHe3OHaJ'ILHOI;I TeMIIepaTypbl CMEHAITCA IIOJIOZKUTEJIbHBIMHU aHOMAaJIusAMU,
cnyckKawomumucsa ¢ Me3ocdepsl. I[Ipy pammallOHHOM Ilepexofe IIOJIOKUTeJIbHas aHOMaWs CIIyCKaeTCs K
Tpomocdepe OvicTpee. [Ipu paHHEM pagUAIlMOHHOM II€pEXOofe KapTHHA IO0X0XKa Ha AWHAMHUYECKHUU IIepexofl, HO
BRITIAOUT OoJiee pa3MeITOo. Tpomocdhepa B MapTe XOJiofHee IIPU pPaAWallMOHHOM Ilepexofe, B ampesie He
obHapyzKeHa 3aBUCHMOCTH OT THUIIA IIEPEX0a, B Mae M HWIOHE XOJIOOHee IPU NEePeCcTpPoiiKe QUHAMWYECKOTO THUIIA.
ITepexonm cpemHecyTO4YHOU TeMuepaTyphl depe3d 0°C K IIOJIOKUTENbHEIM 3HAYEHUSM NIPOUCXOOUT PaHblle IIpU
pamuaioHHOM Iepexome. ITpu guHaMUYeCKOM UM paHHEM pagUallMOHHOM IIepexofax IPOUCXOOUT B OOUHAKOBOE
BpeMs.
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AHOMa/INMH TeMIEepaTyphbl BO3AyXa Y MIOBEPXHOCTH 3€M/IM U UX CBsI3b C IpollecCaMy B
cTpartocoepe
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Exkarepuna I'. AnekceeBa~, Ompral. Anuckunal

1 poccuitckuit rOCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUN YHUBEPCUTET

E.Alekseeva-rshu@yandex.ru

B HacTosilliee BpeMs WM3YUEHHUIO IIPOIlecCaM B3aWMOMAEHCTBUs Tpomocdepsl u cTrpatocdephl yaesseTcs ocoboe
BHUMaHUe.

[To maHHEIM 0O MaKCHUMAaJIbHOW CYTOYHOM TeMIlepaType BO3[OyXa, IpeAcTaBlleHHBIMH apxuBaMu Ipoekta ECA & D
[3], mnst XomomHOTO ce30Ha ¢ mekKabps o MapT, 3a BpeMeHHOU mepuon 1951-2018 rr., mis KaxKmoro Mecsia OblIIx
paccuynTaHbl HOPMUPOBaHHbLIE aHOMAIUU TeMMOepaTyphsl AJs 46-THU MeTeopoJIoTMYeCKUX cTaHuuil. MccriemoBanuch
TIPOJOJIZKUTEJIbHBIE ITOJIOXKUTEJIbHbIE aHOMAJIMM TeMIlepaTyphl Bo3oyxa Ha EBpomnelickoii Teppuropuu Poccuiickoi
depepanuy. 3HAYUTEILHLIM OTEIJIEHUEM CYUTAINUCh NEePHUOME!, KorJa MUHUMYM 5 OHeH monpsn HOpMUPOBaHHAasS
TTONIOKUTENIbHAS aHOMAaJIUsI MaKCUMAaJIbHOM TeMIIepaTypsl Bo3ayxa Orlna Beimie 90-ro mporeHTuns [1].

IIpoBemeHHBIN aHaIM3 IIOKa3ajl, YTO 3a BeCh Iepuon C mekabps mo mapt 1951-2018 rr. mo mpoCTpaHCTBEHHOMY
pacmpoCTpaHeHUI0 Ha MCCJIEYEeMBIX CTAHIUAX aHOMAJIbHO TeIIbiMU Oblau: mekabpb 2006 r., mekabpp 2008 r.,
mapt 2007 r. u peBpans 1990 r.

BEISIBJIEHO, YUTO caMble NPOMOIXKUTENIbHBIE aHOMaIWK Tellla Habmomanuchk B sHBape 2007 roma (19 gHeit) Ha
cranuuu Kanmuuuarpapn (c 01 mo 19 stuBapsa 2007 roma) u crannum Tpy6uerck (¢ 05 mo 23 suBaps 2007 roma); B
mekabpe 2006 roma (17 pHel) Ha 7 cTaHUUSX omHOBpeMeHHO: CaHKT-IleTepOypr, MockBa, BriTerpa, TuxBuH,
Pri6uHCcK, CTapuiia u Makcatuxa (¢ 01 gexabps mo 17 mekabps 2006 roma); u B peBpane 2002 roma (17 mHeit) Ha
ctaunuu ITyouso (¢ 09 mo 25 despans 2002 roga).

[IpoBemeHHEBIM aHAIKU3 [MOKAa3all, YTO IO XapaKTepy PAcIpOCTPaHEeHUs aHOMa/Idi B 3UMHHE MECSIL IpeobamaeT
3aIafHO-BOCTOYHEBIN IIepeHoC. B pemkux ciydasx IOTeIJIeHWEe PACIPOCTPAHSJIOCh C Iora Ha BOCTOK U ceBep (Kak
npasuio, He mocturas 600 c.m.) u ¢ ceBepa, ceBepo-3amazia Ha IOr0-BOCTOK. Ipyrast cutyarus Habmoganach B
MapTe - B GONBIIMHCTBE CIIy4yaeB MOTEIJIEHUs] HaYMHAINCh HAa CeBepo-3amname EBpormelickoit Tepputopuu Poccuu ¢
MMOCTEeIIeHHBIM 3aXBaTOM IOXKHBIX CTaHIMU. KM TOJIBKO B [ABYX ClIydasix aHOMaJMM TeIljla PaCIpPOCTPAHSIIUCH C
BOCTOKA Ha 3amaf.

OpauM u3 (HaKTOPOB [OWHAMUYECKOTO B3aWMOMNEWCTBUS MEXKAYy IUPKYJIsIlKWeidl B HUXKHEH cTpaTtochepe u
aHOMAaJIHsIMU TEMIIePaTyPHl BO3AyXa Y IOBEPXHOCTH 3€MJIM B 3UMHUM [TepUOf, ABjseTcss CeBepHas KOJblieBasi Moza
(NAM) [2].

Il aHamu3a CBSI3W aHOMAJIMM TeIlllla C mpolleccaMy B cTpaTocdepe, mpoaHalu3upPOBaHa KOPPENSIMOHHAS CBSI3b
MeXKOY II0JI0XKUTEIbHBIMM aHOMaJIUSIMM TeMIIepaTyphl BO3IyxXa Yy IMONCTUJIAIOIIEN IIOBEPXHOCTH M UHAEKCOM
CeBepHOUl KonbleBod mombl (NAM), mpencTaBjIeHHBIM Ha caiiTe MHCTUTyTa MEePCIEKTUBHEIX OKEaHOJIOTMUYEeCKUX
uccienoBanuii OKeaHCKOro yHUBepcuTeta Kurtas m HauumoHanmbHOM mabopaTOpuUM MOPCKHUX HAYK U TEXHOJIOTUH
lunapao, npodeccopoM Jianping Li [4].

IIpoBeeHHBIN KOPPEMSAIIMOHHLIM aHaIu3 IIoKa3aJll, YTO MaKCUuMaJlbHasl CBA3b MHAeKca CeBepHOM KOJIbIIEBOM MOIBI
C TIOJIOKUTENbHEIMM aHOMaJlUusIMM TeMIepaTyphl BO3QyXa OTYETIUBO IIPOCJIEXKMBAETCSA Ha CeBepo-3alage
EBponerickori Tepputopuu Poccum - mepumopmsl aHOMAalbHOTO NOTEIUIEHWS COBHaJal0T C SPKO BBEIPaXKEHHBIMHA
TIOJIOKUTEJILHEIMU 3HaQYEeHUSAMU nHaekca NAM.

1. Anekceesa E.I'., AHuckuHa O.I'. AHanIu3 OIUTENbHBIX aHOMAaJIUM Temja B 3uMHUM niepuop // CO0pHUK
Te3uCoB MeKOyHapoOHOU Hay4YHO-IIPaKTUYeCKol KoHpepeHnu «CoBpeMeHHbIe IIPOOIeMEL
TUAPOMETEOPOTIOTHY ¥ MOHUTOPHUHTA OKPYyKalolllel cpemsl Ha mpocTpaHcTBe CHI'». - CII6.: PTTMY. - 2020.
-C. 107 -108.

2. Anekceesa O.I'., AHuckuHa O.I'. Bnusinue UUPKYyISIIUU aTMOCcGepsl Ha 9KCTPeMalbHYIO0 TEMIIEPATYPY
Bo3xyxa Ha CeBepo-3anapge Poccum // MaTtepuansl MexxayHapogHOU KoHbepeHIUN «KnuMaTudecKue puCKu
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CI/IMMeTpI/I‘-IHLIe OTHOCHUTEJIBHO 3KBAaTOPad KOpPppeIsdllHOHHBbIE€ CTPYKTYPHBI B I10JI€e
30HAJILHOI'0 BeTpa B cTpaTrocdepe

Braagumup B. l"ypbfmonl'2
1 Kasanckuit (ITpuBomKCKMit) pegepanbHLIM YHUBEPCUTET
2 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHLINM YHUBEPCUTET

vv@kpfu.ru

BrimonHeHO HCCIeIoBaHue MEXIINPOTHBIX  B3aKMMOCBS3€el CIIEKTPOB Xasimu 30HAIBHOTO BeTpa
pacnpocTpaHsaomuxcsa Ha BoCTOK (E) u Ha 3amapm (W) BOJHOBEIX BO3MYIIeHHU C mepuomjamu oT 8 dacoB go 150
CcyToK. [l 9TOro MCIOJIb30BaJIUCh exKedacHble AaHHble peaHanmu3a ERAS mis OByX NSITUMECSUYHBIX ITEPUOMOB:
HOSIOpPB-MapT W MaM-CeHTs0ph 3a 1979-2023. B pesynbTaTe OBIIM IIONyYEHH 3HAYHUMBIE TIOJIOXUTEILHBIE
KOPPENSIIMOHHBIE CBSI3M PACIOIOKEHHbBIE CHMMETPUYHO OTHOCHUTENILHO 9JKBaTopa B 00/1aCTH IMIPOSBIIEHUS
KBasunByxneTHed nuknuyHoctu (KMOLI) gns mupot 20 c.m1.-20 1o.111. 1 ocobenHo g 15 c.mr.-15 fo.m. u 10 c.m1.-10
0.1I1.

TecHOTa CBsI3eH IMO-pa3HOMY MHPOSIBIISIETCS [JI PA3HBIX IEPUOOUYHOCTEH pacCMaTpPHUBaeMOro CIIEKTPa U [Jis BOIH
E u W. AHanus u3-3a 60JbIoro o6beMa uHpopMaluu 0BT MPOBEIEeH [JIsT BOJTHOBOT'O YKCJIa 1, XOTS caMu CIIEKTPHI
ObLIM pacCYHUTaHbI B AUANal30HEe BOJHOBHIX 4ucen 1-10. CiemyeT OTMETHTB, UTO CIEKTPAIbHBINM COCTaB [JIS ABYX
MISITUMECSYHBIX IIEPHUOIOB B II€JIOM OT/IMYAEeTCs, HO B OOIIUX YepTax UMeeT MHOTO CXOICTRBA.

Tak, gns BonH E pacmpocTpaHSOMIUXCS Ha BOCTOK Haumbosbllas CUMMeTpUYHas Koppesnsanus HabmomaeTcs Oiis
nmoBepxHocTe# 20 u 30 rlla Ons ce3oHa ¢ HOSIOPSA mo MapT. I[Ipu 3TOM O MIAPOT 15 c.ir.-15 10.I1. BEIOEIISIOTCS
nepuopguunoctu 1,1-2,7 cyrtok, 4-7 cytok u 10-16 cytok. Brimme u nHuXke cinosa 20-30 rlla cumMmeTpuuHas
KOppeJsius MeHee BeipaxkeHa, a Ha 100 rlTa oHa pakKTuYeCcKu OTCYTCTBYET Ha BCEX IIMPOTaX.

Ins BomH W pacHnpocTpaHSoOWMXCsA Ha 3anan Ha ypoBHe 10 rlla u BbIIIE YETKO BBIAEISETCS IIOBBIIIEHHAS
Koppensanus (6omee 0,8) s CyTOYHOr0 MPUIMBA HA BCEX TPOMMUYECKUX mmpoTax. His obmactu 15 c.m.-15 ro.mr.
TIOMUMO CYTOYHOIO IpUIMBa 3HaueHUs Beimie 0,8 HaGMIOmaAOTCS OIS KOPpPEensuuil ¢ mepuommyHocTtsamu 1,2-1,4
CYTOK, 2-3 CyTOK u 4-6 CYTOK miast 00OuX MSTUMECSYHBIX IIePUOmoB. [ mepuoma C HOSOpS IO MapT
IOOIIOJTHUTEJIbHO MIPOSBIIIETCS BEICOKas (6osee 0,8) koppemnsiuus ajis nepuonos 8-10 cyTok.

ITony4yeHHBIE PE3yIbTAaThl CBUOETENbCTBYIOT O TOM, UTO CIIEKTPAIbHEIM COCTAB KOPPEISAINN OTINYAETCS MJIs BOITH
EuWw.

CrnepyeT oTMeTuTh, 4TO Ojis nepuogudHocTei 0,3-1 CyTKHM CyIIECTBYIOT 3HAQUYUWMBIE CBSA3U [OJI1 OTHEIBHBIX YAaCTOT
Kak [JIs BOJIH, PacCIPOCTPAHSAIOININXCSA Ha BOCTOK, TaK M [JIS BOH PACHpPOCTPaHSAMOINIMXCS Ha 3amnaj. OgHako OHU
uMeloT ¢pparMeHTapHBIM XapaKTep W WX BKjad B OOIIyI0 M3MEHYUBOCTL, CKOpPEe BCETo, JIy4Yllle OLeHWBaTh [JIs
Ouamna3oHa 4acCToT.

Kak pmns BonH E, Tak u nnst BonmH W TakXkKe MMEIOT MECTO BBEICOKME KOPPEJIALUU [JIsl IEPUOAOB, IpeBiatmux 20
CYTOK.

TakuM o6pa3oM, BHIIIOJTHEHHOE HCCIeHOBaHMWEe ITOKAa3bIBAeT CYIeCTBOBaHHE 3HAYUMBIX KOPPEJISIMOHHBIX CBS3€H,
CUMMETPUYHBIX OTHOCUTEILHO 3KBATOpPa, B IIOJIE BOJIHOBBIX BO3MYIIEHHUM 30HambHOTrO BeTpa (E m W) B obnactu
KBa3uOBYXJIETHUX KojiebaHUM. YCTaHOBIEHHAass CHUMMETPUS MOXKeT OBITh O0O0yCJIOBIeHa OOMUHHPOBAHUEM
9KBATOPHAIbHO-CUMMETPUUHEIX BONTH (KenbBMHA M CMEIIaHHBEIX PoccOU-TpaBHUTAIIMOHHBEIX BOJIH) B (POPMUPOBAHUN

KIILT.

HccnenoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "CankT-IleTepOyprcKuii rocynapCTBeHHbIN YHUBepcuTeT", rpadT PH® Ne 25-47-00122
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IIlecTHagHaTUOTHEBHAS aTMOC(l)epHaSI INIaHEeTaPHasA BOJIHA BO BPEMEHHBIX BaPHAITUAX
MaArgfuTHOI' O I10JIsA 3€MJIHN 110 TaHHBIM eBponeﬁCKHX CTaHIII/Iﬁ

Crerana A. Psiosal’2
1 HNHCcTUTYT jMHaAMUKM reocdep uMeHn akagmeMuka M.A. CamoBckoro Poccuiickol akafgeMuu HayK , Poccust
2 NuctutyT pusuku 3emnu uM. O.10. IImunra Poccutickoil akagmemMuu Hayk , Poccus

riabovasa@mail.ru

TunuuHbBle [/ TJIaHETAapPHHIX BOJH mepuombl (6mu3kue K mepuwomaM 2, 5, 10 m 16 cyTok) OBIIM CHadalna
0o0HapyKeHBl B BapHalUuMsIx HMOHOC(HEPHOTO IOTJIOmeEeHus paguoBonH (D-0651acTh), KOTOPHEIE aCCOLMHUPOBAIUCH C
OOHOBPEMEHHBLIMU 5-CYTOUHBIMU BOJIHaMU B cTpaTocdepe. Pe3ynbTaThl HMCCIEOOBAHUM B II€JIOM ITOATBEPXKOAIOT
momo0Oue CIIEKTPOB BO3MYIIEHHM (B OUama3oHEe IEPHOHOB IMJIaHETApPHBIX BOJH) B aTMocdepe ¥ Pa3IMYHBIX
noHOCQEpHHIX CcJIosiX. BMecTe ¢ TeM ObIIO oOpallleHO BHUMAaHKME M Ha BO3MOXKHOCTbH MPOHUKHOBEHUS ITHUX
BO3MYILIEHUM Ha BhICOTYy 60siee 100 KM.

B HacTosmIel paboTe ¢ UCIIONb30BAaHUEM PE3yIbTAaTOB T€OMAarHUTHOTO MOHUTOPUHTA Ha €BPONEHCKUX CTAaHIUAX, a
TaKXKe MEeTOOOB CIIEKTPAJIbHOTO aHajin3a MCCJIefOBaHbl CIIEKTpalibHbBIE TAPMOHUKHM B Aualla30He MmepuomnoB oT 12.5
mo 17 cyTok.

Pe3ynbTaThl HCCIIeOBaHUM, NPOBEOEHHBIX B HacTosIlel paboTe, ITOKA3HIBAIOT, UYTO B CIIEKTPaxX BPEMEHHHBIX
BapualUMWi TEOMArHUTHOTO IOy (HabJomaeMbIX Ha 3€MHOM IIOBEPXHOCTH ¥ OOYCJIOBJIEHHBIX BapUalUSIMHU
MOHOC(EPHBIX TOKOB) MPUCYTCTBYIOT KaK TapMOHUKM, CBSI3aHHBIE C COJTHEYHOM aKTUBHOCTBIO, TAK U TAapMOHUKH,
COOTBETCTBYIOIIME KBa3u-16-IHEBHEIM IJIaHETapHBIM BoJIHaM. KpoMe TOro, B CIIEKTPe BapHalluii IOPU30HTaIbHOM’
KOMIIOHEHTHl MHOYKIUY T€OMarHUTHOTO II0JIs B AUanal30He mepuonos oT 12.5 mo 17 cyTOK BhIAENEHH TapMOHUKHY,
CBSI3aHHBIE C MOZOVJISIIIMOHHBIM BO3HeNCTBUEM 0Oojiee OIUHHOMEPUOOHBLIX BapHalUi M IMPUIUBHBIM BO3OEHUCTBUEM.
DTO CBUIETENBCTBYET O BAaXKHOCTHU I€pPeHOCAa 3HEPTHUH aTMOC(EpHBIMH BOJTHAMK Ha MOHOC(EPHBIE BHICOTHI M UX
BIUSHUYM Ha IUHAMHYECKHEe U dIeKTPOOUHaAMHUYEeCKHe ITPOLecChH B HoHOChepe.

DOKCcIiepuMeHTalbHble MCCJIelOBaHUSA BHIIIOJIHEHHI B paMKax TrocyfgapcTBeHHoro 3apanusa WO PAH
«IIpeobpa3oBaHue TeoPHU3NUECKUX II0JIel KaK OCHOBHOM (AaKTOp MeXreochepHBIX B3amMomencTBuii» (Ne
125012700798-8), uaTepnpeTranusa pe3yIbTaTOB BHIIIOJIHEHA B paMKaX roCygapCTBeHHOTro 3ajanus O3 PAH.
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Honocodepnsbie 3¢ deKTHI B OIUIEPOBCKOM CABHUIa 4acTOThI Ha BHE3allHbIe Hadyajia
reOMarHUTHBIX Oypb

1

Tanuna . Mak! , Hazeip M. CanuxoB*, Cepuk M. HypaKI:IHOBl’l

1 T00 «MHCTUTYT HOHOChEPH» APOKOCMUYECKUN KOMUTET MUHHUCTEPCTBA IM(PPOBOT0 pa3BUTHUS, UHHOBALIUN U
a9pPOKOCMHUYECKON IIPOMBIITIIEHHOCTH

GPakl@yandex.ru

3a mepuon ¢ mekabpst 2023 mo OKTA0pb 2024 BHIMOTHEH aHANMU3 TeoDU3NYECKUX IMIPOSBIEHUN 6 CHUIIBHBIX
MarHuTHBIX Oypp ypoBHs G3-G5. Kaxpas Oyps XapakKTepu3yeTcs BHe3amHBIM HaudanoMm (Storm Sudden
Commencement - SSC), KOTOpoe BO3HHMKaeT IPU pPEe3KOM BO3paCTaHMUA CKOPOCTH COJIHEYHOTO BeTpa U
B3aUMOAENCTBUN IIJIOTHBIX YCKOPEHHBIX IIOTOKOB COJIHEYHOTO BeTpa C Maruutocdepoit 3emnu. HccrnepnoBaH
noHochepHsM oTKIUK Ha SSC cobriTre. [TapamMeTprl COTHEYHOTO BeTpa MOIy4YeHEs! co cinyTHuKa NASA - Advanced
Composition Explorer (ACE), KOTOpBI!i HAXOOUTCS Ha PACCTOSIHUYM IIPUMEPHO 1,5 MUIIIMOHA KUJIOMETPOB OT 3€MJIH,
BOnu3m TOo4ukM JlarpaHzxka L1 B cucteme ComHile-3eMiiss. B paboTe HCIOnIb30Baayd MHOYKIMOHHBIM MarHUTOMETD
UMC-008 c ugactoToil guckpermsanuu 66 I'm. BapumaumonHble m3MepeHus XYZ-KOMIOHEHT I'€OMarHUTHOI'O IIOJIS
BBIIOJTHEHHI (PepPpPO30HAOBEIM MarHuTOMeTpoM LEMI-008 reomaruuTHOM obGcepBaTopuu HMHCTUTyTa HOHOCOHEPH!
(https://ionos.kz/geomagnetic-observatory), reorpaduueckue xooppmHaTel (43,109N; 76,57°E). [omiepoBCKue
U3MepeHUsI CUTHaja, OTPaxXeHHOTO0 OT HOHOCOhepH, IPOBOOWIM Ha HAKJIOHHBIX paauoTrpaccax C YacTOTOH
ouckpetuzanum 25 [I'n, HCHONB3ys CUTHAIBL pagUOBELIaTENIbHBEIX IIepefaTdmKOoB, Haxogdmuxcsi B Kwurae,
Keipreiscraue u Kysetite [1].

IIpocnexeHO MMIYIbCHOE BO3[ENCTBME MeXKIIJIaHETHHIX YIapHBIX BOJIH Ha MarHuTocpepy U MIPOLECCH
B3auMOAeNCTBUS MarHutocheprl ¢ uoHOChepoil. [IONNIepOBCKMM HOHO30HAOM OIIpefesieHO0 Hadalo pPeakIuu
HOHOC(EpE Ha MMIIYJIbCHOE BO3MEUWCTBUE MEXKIIJIAaHETHHIX yOapHBIX BOJIH. 3aJepikKKa IIOSIBJIEHUS BO3MYLIEHUS B
IICY (mocTosiHHasi BpeMEeHU peaKIuu MOHOCGephl) Ha BHe3amHOe Havasio Oypu cocTaBuiia B cpegHeM 45-107
cexkyH7. [Toka3aHO BEICOKOE BPEMEHHOE pPa3pelleHre U YyBCTBUTEILHOCTh NHAYKIMOHHOr0 MaraurtomMmerpa IMS-008
OJI perucTpaluy BHE3alHOTO Hadvajla MarHUTHBIX Oypb, BBISBJIEHA oOIlepelkalollas peaKIus OTHOCUTEJIHFHO
OTKJIMKA, 3aPEeruCTPUPOBaHHOTO (peppo30HA0BEHIM MarHutomeTpoM LEMI-008.

1. Salikhov, N.; Shepetov, A.;Pak, G.; Saveliev, V.; Nurakynov, S.; Ryabov, V.; Zhukov, V. A PLL Based Doppler
Method Using an SDR-Receiver for Investigation of Seismogenic and Man-Made Disturbances in the
Ionosphere. Geosciences 2024, 14, 192. https:// doi.org/10.3390/geosciences14070192

UccnepoBaHue BBHIIIOJIHEHO NPH HOAAep:kKe MUHHMCTEPCTBA HAyKHM M BHICIIET0 oOpa30oBaHMS HOMep rpaHTta AP
19678127 “Pa3BuTHe METOMOB U CPEICTB reoPpr3nyeCcKOro MOHUTOPUHTA IJIT UCCIeO0BaHUs IIPOIIECCOB B CUCTEME
nuTtochepe-atmochepa-noHochepa-marautTochepa B cericMmoonacHoM pernone CepepHoro TsHb-Illans”.

HMccrnegoBaHue MIPOBEIEHO MPH MOAePXKKe:

1. "MuHUCTEPCTBO HAyKU U BhICcIIero obpa3oBanus Pecnny6nuku Kazaxcran", rpant AP19678127
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YucieHHOe MOJe/THPOBaHHE BIHSIHHSI COTHEYHOH aKTHBHOCTH Ha aMIUTHTYIbI
aTMOC(hEepPHLIX IPHIHBOB

1 2

Augpeu B. KoBans" , Taresna C. EpmakoBa®, KceHus A. ,HI/IJIeHKO3

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 Poccuiickuit TOCYOapCTBEHHBIN I'MIPOMETEOPOJIOTUYECKUN YHUBEPCUTET
3 WHCTUTYT 3eMHOTO MarHeTusMa, HoHOCGhEpPH U pacIpoCcTpaHeHus paauoBonH uMenu H. B. ITymkosa

a.v.koval@spbu.ru

ConHe4yHBlEe TepPMHUUYECKUE IIPUIIMBE], OKA3bIBAIOT CYIIeCTBEHHOE BIHSHUE Ha OUHAMHUKY aTMOCGephl, IpU 3TOM Ha
BeICOTax Me3ocheprsl u HuxkHel TepMmocheprt (MHT) mpunumBel, HapsAny C IpPaBUTAIlMOHHBIMU BOJIHAMM, UIDAIOT
OCHOBHYI0 DPOJIb B (OPMUPOBAaHUUM TEPMOAMHAMUYECKOTO pexMMa aTtMochephl. ColHe4YHBIE NIPUIUBEL - 3TO
Konebauus rinobanbHOro MaciiTaba ¢ mepruogaMu COMTHEYHHIX CyTOK (24 u) u ero rapMonuk (12, 8 u 6 4), KoTOpHIE
BO3HUKAIOT I'JIaBHBIM 00pa3oM B pe3ylbTaTe IIOTJIONIeHUS COJIHEYHOM pajualuy BOOSHEIM IIapoM B Tporocdepe,
030HOM B cTpartocdepe M HMOHU3aIMel Kuciaopoma YO usnydeHueM B TepMmochepe/uoHocdepe. B paMKax LUKIIa
paboT, TOCBAIIEHHBIX U3YYEHUI0 YYBCTBUTEILHOCTH KPYIIHOMACIITAOHBIX BOJIHOBBEIX IIPOIIECCOB K HU3MEHEHUIO
conmHeuyHOM akKTuBHOCTU (CA), OBITM NPOBEOEHH YNCIIEHHBIE pacyeThl I''1006aTbHOM aTMOCGhEPHOM IUDPKYIISLUU C
TIOMOIIbI0 HETMHEeWHOM MOIenu cpemHed u BepxHeidl aTMochepbi MCBA. PaccMaTpuBamuch nOBa aHcaMOIIs
MOIEJIbHBEIX pPacdeToB, COCTOsIIMe ux 16 peanusauuil. AMIOJIUTYObI DIPUIUBOB OBIIM  OCPEOHEHHl IO
COOTBETCTBYIOIIUM aHcaM0OisaM (BeicOKasi/Hu3Kast CA). BbUuIm pacCMOTpEHBI CIIeAyIoIue IIPUIUBE: MUTPUDPYIOIITE
CYTOUHBIM U [OJIYyCYyTOYHBIM MPUIUBEL C 30HAJNBHEIMU BOJIHOBHIMU YHKCJIaMM, COOTBETCTBEHHO, 1 u 2,
HEMUTPHUPYIOIINe CyTOYHBIN U IIOJTyCYTOUYHBINM IIPUINBLEL C 30HAJIBHBIMU YKCJIaMHM, COOTBETCTBEHHO, 2 1 1, a TakXe
HEMUTPUPYIOMIUN CYTOYHBIM IPUINB, PACIPOCTPAHSIIOMINNACS Ha BOCTOK, C BOJTHOBHIM umcioM 3. 711 aHamu3a ObLI
BeIOpaH SHBaph MECHI. DTO IIO3BOJIMJIO HaM AeTalbHO PacCMOTPETh M3MEHYHBOCTh HEMUTPUPYIOMIUX IIPUJIMBOB:
OCHOBHOM MeXaHM3M KX IeHepaluu, 3aKJIl04daeTcs B HeJIWHEWHBIX B3aMMOOENCTBUSIX MUIDUPVIOMINX IIPUIUBOB C
KBa3UCTallMOHAPHLEIMY IIJIaHETAPHLIMU BOJIHAMM, aMIIJIUTYObl KOTOPBIX MaKCHUMHU3UPYIOTCS B TedeHUE 3UMHUX
MecsdleB, 4YTO IOBHIIIaeT 3()GEeKTUBHOCThL yKa3aHHOro MexaHu3Ma. B Momenu MCBA reHepauus IpHUJIMBOB
TPOUCXOAUT CaMOCOTJIaCOBAaHHO, 3a CYET IIapaMeTpHU3alluy COJTHEYHOT'0 HarpeBa U HEJIMHEWHBIX B3aMMOOeMCTBUM
MeXOy T'PaBUTAlIMOHHBIMU BOJIHAMM M IIJIaHETapHBIMH BoJiHaMu. [loka3aHO, B YaCTHOCTH, XapaKTepHoe IS
YCHUJIEHUST COJTHEYHOTO BO3MEMCTBUSA ocnabieHre aMILIATYOB IPUIUBa B quamna3oHe BHICOT 100-150 KM u ycunenue
- Ha Oonpmwux BbICOTaX. OOBACHUTH I3TOT 3(DGEKT MOKHO YyBEeIUYEHHEM BEPTHUKAIIBHOTO TEMIIEPATyPHOTO
rpafjueHTa B HUXHeU TepMmocdepe, a Tak¥kKe yBeJIMYEeHUEM TeIJIONIPOBOOHOCTH, KOTOpas IIPOIOpLMOHANIbHA
TeMIepaType, YTO 3aTPynHsAET IPOHUKHOBEHNE IPUIINBOB B TepMocdepe Ha OoJblle BLICOTH TP yBenudeHun CA.
OpHako Ha BrIcOTax Gosbirne 160 kM 3¢deKT 0T ycuneHus OOTolleHus npsamMoro OY® usnydeHuss, BO3pacTalouero
npu BeiCOKOM CA, OOMHMHUDPYET, W aMIUIUTYObl IIPUIUBOB Ha OOJBIIMX BBICOTAX IIPU MaKcuManbHOUM CA
yBeIUu4YMBalOTCA. [lanpHeWIIUY aHajiu3 U3MEeHeHHs aMIUIMTyL HeMUTPHPYIOIMX IIPUJIMBOB IIOKa3al HX
CYILIECTBEHHYIO 3aBUCUMOCTH OT OCOOEHHOCTEM pacHpoCTpaHeHUs B TepMochepy CTalMOHApPHHIX IIJITaHETapHBIX
BOJIH C 30HAJIBHEIM yuciaoM 1 u 2. 1715 aHanm3a HaIpaBJIEHUs PACIpPOCTPaHeHUsI ObUIM PAaCCMOTPEHEH TaKXke (a3l
IIPUIUBOB.
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HccienoBaHHe BOJTHOBBIX MPOIIECCOB B 00/IaCTH Cy0aBPOPA/ILHOM BepxHeu aTMocdepsl ’
HHXKHeH TepMmocdepsbl

1

I'puropuu C. Tenenkos  , MHrops H. KONTOBCKO# !

, Omnecsa B. TI:IH.IYKl

1 HHCTUTYT KOcMODH3nYeCKUX ucciemnoBanuil u asponomun uM. 10.T'. Illadepa CuGUPCKOTO OTHOENIEHUS
Poccuiickolt akageMun Hayk

telgs@ikfia.ysn.ru

BonHoBEIE TIpollecCH B BepxHell aTMocdepe M MOHOCheEpPe OXBATHIBAIOT LIMPOKUM CIEKTD SBIEHUWM, BaXKHBIX OIS
Takux oOnacTel, Kak reodusuka, paguodpusnka u ¢usuka miaa3Mbl. OOHUM U3 OCHOBHBIX BHOOB BOJH, KOTOPEHIE
OTBeYaloT 3a Mepefgavy dHEPTUU M MUMITYyIbCa, SBASIOTCS BHYTPEHHUE TPaBUTAIIMOHHBIE BOJIHBIL. ['eHepalus TaKux
BOJIH TIPEMMYIIECTBEHHO IIPOMCXOOUT B HHUXKHHUX CJIOSIX aTMochephl MM Ha €€ TpaHulle B X0Oe aKTUBHHIX
MEeTEeOPOJIOTUYEeCKUX IMPOIECCOB U oporpaduueckux ocobeHHOCTeM penbeda. PacmpocTpaHssick BBepX, OHU
IIEPEHOCAT SHEPTUI0 M UMMIIYIBC M3 HUXKeIeXKalllMX CJI0EB aTMocdephl B BHIIIEeexkalue. TakuM o6pas3oM,
BHYTPEHHUE I'PaBUTAIMOHHEIE BOJIHLI UT'PAIOT BA’KHYIO POJIF B TEPMOAMHAMUYECKOM PABHOBECHUM BCEHM aTMOCOHEDHL,
BIUSAS Ha TENJIOBOM 0asaHC U CPeIHEe30HAJIbHYIO ITUPKYIAIINIO.

B oTnuuyne OT HU3KUX U CPEOHUX IIMPOT, B BEICOKOIIMPOTHHIX 00JIaCTSIX BOJTHOBLIE IPOLIECCH OTINYAIOTCS 0COOBIM
MHOTOoOOpa3ueM. 3ydyeHne XapakKTePUCTUK 3THUX IIPOIIECCOB MOXKET IPENOCTABUTh OOIOIHUTEIbHYIO HHGOPMAIIUIO
0 TIPOMCXOAOAIINX sSABJIeHUSX. [103TOMYy HCCliefoBaHHEe BOJIHOBEIX IIPOIIECCOB B BepxHeN aTMocdepe UM HoHOchepe
IIpeAcTaBiIsieT HHTepPeC He TOJIPKO C MPAKTUUYECKOH TOYKH 3PEeHHUs, HO U OJIs GyHIaMeHTaIbHBIX HayYHBIX 3amady.

B pmaHHOM [OKName HIpenCTaBlIeHH TapaMeTphl BHYTPEHHUX TPaBUTAIMOHHEIX BOJIH 3aperduCTPUPOBaHHBIE IIPHU
omoIu nHpPakKpacHo! nudpoBoi KaMeprl BCcero Heba, YCTAaHOBJIEHHON Ha ONITUYECKOM IOJIMroHe Maiimara.

HccnemoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "TocymapcTtBeHHOe 3apganue", rpaaT UKOHWA CO PAH
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ATrMocdepHBbIE BO3MYLIEHUSI, BbI3BaHHBbIE IIPOX0KJE€HHUEM BOJIHbI IYHaAMH

1 1

IOmus A. Kypasieea~ , Omera I1. BopueBkuna™ , Cepret I1. KmeBeuKHﬁ2'3'4

1 Kanuuunrpanckuit dpunuan Uucrturyra 3emHoro Maruetusma, oHocdeps ¥ pacripocTpaHeHUs PafguoBOJIH UM.
H.B. Ilymkosa PAH , Poccusa

2 CaukT-IleTepOyprckuil roCyIapCTBEHHLIN YHUBEPCUTET

3 BajTuiickuit demepanbHLIY YyHUBEPCUTET UMeHn MMManyuna KanTa

4 NuacTUTyT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akageMuu HayK

yakurdyaeva@gmail.com

O0OHapyXeHHe U IIPOTHO3UPOBAHWE BONH LIYHAMHM SIBIISIETCS aKTyaJIbHOW 3afadyell COBPEMEHHOW Teo(U3UKH.
BomnHbL OyHaMu, 06pa303aHHe KOTOPBIX OGBI‘-IHO CBA3aHO C TEKTOHUYECKHUMU OBUXKEHUIAMU II10L TOJ'IH.IGI:I BOJIHI,
SIBJITIOTCS MCTOYHUKOM aTMOC(EpHBIX BOJIH B IIMPOKOM [AHala30HE YacCTOT, KOTOPHIE PACIPOCTPAHSIOTCS OO
TepMoCchepHEIX BHICOT. BojyiHa IlyHaMu TeHepupyeT B aTMmocdhepe akycTtudeckue (AB) u BHyTpeHHUEe
rpaBUTAllMOHHBIE BOJIHEL (BI'B).

ATtMmochepa sBiseTcsa cpemoy, B KOTopod 3¢h@eKTUBHO PacOpOCTPAHSIOTCS BO3MYIIEHUS OT IIOBEPXHOCTHHIX
okeaHCKuX BOnH. OCHOBHasi pOJIb B TaKOM IIPOIlecCe IPUHAMIEeXKUT WHOPasByKy. I KadeCTBEHHOI'O
MOMEIMPOBAHUS TAaKUX BOJIH HE0OXOOUMO MCIIOJIb30BaHME YUCJIEHHONW MOMEIN, KOTopas IPaBUJIbHO pa3pelrnaeT AB
u BI'B B IIMpPOKOM Ouama3oHE BBEICOT. BCIencTBHE 3HAYUTEIBHBIX aMIUIUTYH aTMOC(EPHBIX BOJIH HA OOBIINX
BEICOTAX [JIsI IIPAaBUJILHOTO pacdeTa WX pacHIpocTpaHeHusi TpebyeTcs MaTeMaTUYeCKoe [OKa3aTeJIbCTBO
HEOTPUIIATEeIbHOCTY MJIOTHOCTU U TEMIIEPATypPhl B YUCIEHHBIX Mopaensax. KoadduImeHTH pelllaeMBIX ypaBHEHUN
OYeHb CUJIBHO M3MEHSIOTCS C BBICOTOM M YUWCJIEHHHI METON MOJEX HOIKEeH MUHUMH3WPOBATh HAKOIJIEHUE
BBIYMCJIUTEIBHEIX OIIMOOK. B wuCcilemoBaHMM MCIOJNB3yETCSI YHCIEHHAs pPervoHajbHas MOOeb HeWTPanIbHOM
aTtMocdeps AtmoSym, ocHOBaHHasA Ha pPelleHUM CUCTEeMEl HeJIMHEeWHEIX I'UAPOOUHaMUYEeCKUX YpaBHEHUH, KoTopas
YOOBJIETBOPSIET 3TUM TPEOOBAHUSM.

B pab6oTe paccMOTpeHBI OCOOEHHOCTHM IIOCTAHOBKHM WYHMCJIIEHHOTO OKCIEPUMEHTa MOJIsi MOJEJINPOBAHUS
aTMOChEepPHBIX BO3MYIIIEHUH, BEI3BAHHBIX IIyHaMHu. [IpoBeieHbl pacueThl O IiyHaMHu, 3apuKCUpoBaHHOTO 17 HIOHS
2017 roma Ha 3amagHOM Iobepexbe I'peHIaHOWN. IDTO IIyHAaMHU OBIJIO BEHI3BAHO Cy0aspasibHBIM OIOJI3HEM, KOTOPBIH
mpousoimien Bo ¢ropme. Tak ke OBIIM IPOBEHEHHI pPacdeThl Ajisi 00jiee 3HAYUTEIBHOTO COOBITUS - I[yHAMH,
HabmogaBIIerocss BCIEOCTBUE CHJIBHOTO 3eMmieTpsiceHue B Amommum 11 mapta 2011 roma (Toxoky). IlpoBemen
aHa/IM3 3aBHCUMOCTHU OTKJIMKa BepxHel aTMochephl OT MHTEHCUBHOCTU BOJIHBEI IIyHaMHU B Tporocdepe. B ciydae
MOLEJINPOBaHUS BOJIHBI ITyHaMU B ZANOHUM IPOU3BEOEH UYKCJIEHHBIM pacyeT C y4eTOM NIPefUIeCTBYIOIIEro eMy
3eMJIETPSICEHUS.

HUccnemoBaHMe BBIIIOJIHEHO 3a C4YeT TIpaHTa Poccuiickoro HayuHoro ¢ouga Ne 23-77-10004,
https://rscf.ru/project/23-77-10004/.

HMccrnegoBaHHe MIPOBEIEHO MPH MOAdepPXKKe:

1. "Poccuiuickuit Hayunsii ®oup", rpaunt 23-77-10004
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BepTuKajibHasA CTPYKTypPa BHETPONIHYECKHX MUK/IOHOB H aHTHIIUKJ/IOHOB B CeBepHOM
NOJIyIIapPHUHU IO JaHHBIM peaHanu3a ERAS

1,2 3 1

Ynbsina A. AHTHIIMHA , Mupceun . AKHepOBl’ , T'eopruu C. lonmuusiH~ , Brmagumup A. Cemenosl/3

1 UuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HaykK
2 WHCTUTYT r7106abHOr0 KjIMMaTa U 9KOJIOTUM UMEHHU akageMuka 0. A. M3paans
3 WnctutyT reorpaduu Poccuiickoit akajmeMun HayK

ant.uly@yandex.ru

LIMKJIOHBI ¥ aHTULMKJIOHBEI UTPAIOT BaXKHYIO POJIb B 00IEN IUPKYISUUU aTMOChEPH U B HOPMUPOBAHUY ITOTOTHOM
MU3MEHYMBOCTH BO BHETPONMMYECKWX ImupoTax [Hartmann et al., IPCC, 2013; Memepckas u gp., 2014;
HNHTeHCcuBHBIE aTMOChepHBIe BUXPUA ..., 2018]. [Ins mocnemHWX OECATHIIETHH MCCIEOOBAaHBI XapaKTEPUCTUKU
IUKJIOHMYECKON U aHTHUUMKIIOHMYECKON AaKTHMBHOCTM B arMochepe CeBepHOro IOIyIIapus C VY4eTOM HX
BEPTUKAIbHOM CTPYKTYpPE, B TOM UYHCJIe TPaeKTOpPUU IIMKJIOHOB M AQHTUIMKIIOHOB, HX TyOuHa,
TIPOJOJIZKUTENIbPHOCTh, MHTEHCUBHOCTb M 4YaCTOTa Ha Pa3/IMYHBIX YPOBHSX OaBjieHUs B aTMocdepe. [ aHanmu3a
XapaKTEPUCTUK aTMOC(EpPHBIX IIMKJIOHOB ¥ AHTUIIMKIOHOB BO BHETPOIMUYECKHUX IITUPOTaAX (>20°) CeBepHOTO
TIONyIIapusi MCII0JIb30BaJINCh BEICOTH M300apuueckoil moBepxuoctu 1000, 925, 850, 700, 600, 500, 300, 200 rlla
0 JaHHBIM peaHanu3a ERAS c marom o BpeMeHu 6 4aCOB M I'OPU30HTAJIBHLIM IIPOCTPAaHCTBEHHBIM pa3pelleHueM
0.259 nns nepuoma 1979-2024 rr. [Ina ugeHTUGUKAINY IUKIIOHOB M aHTUIIUKIIOHOB HCIIOIb30BBAJICSI 00 bEKTUBHBIN
MeTon uaeHTUGUKaAIUM BUXPeH, C IIOMOIIIbI0 KOTOPOT'O CTPOMJIMChH TPAEKTOPUHU KaK II0 IIPOCTPAHCTBY U IO BEICOTaAM
B aTMoc(depe. KonmryecTBO HIMKIIOHOB ¥ @HTUIIUKIIOHOB U UX XapaKTEPUCTUKU MEHSIOTCS B 3aBUCUMOCTU OT BBICOTHI.
ITokazaHO, YTO KOJIUYECTBO ¥ CBOMCTBA BUXPEBHIX 00Pa30BaHUM CYILIECTBEHHO 3aBUCAT OT aHATU3UPYEMOMN BHICOTHI
n300apUYeCKO TOBEPXHOCTU: MaKCHUMaJIbHas IMIOBTOPSEMOCTb IIMKJIOHOB HAOIIOMAeTCss y IMOBEPXHOCTH, 3aTeM
CHUKAaETCS C BHICOTOM, C BEIpake€HHBIM BTOPUYHBIM MakcuMyMoM Ha ypoBHe 500 rlla YMmeHbIlleHHe aHTULMKIIOHOB
TTPOUCXOIUT TOpa3mgo OBICTpPee C BRICOTOI B COMOCTABIIEHUM C IUKIOHAMH. IIpoaHaln3upOBaHa CBSA3b IUKIIOHOB U
QHTUIIMKJIOHOB C BapralusaMU IIPUIIOBEPXHOCTHOU TeMIIepaTyphl (MUHUMAaIbHAas, CpegHss, MaKCUMallbHas), BeTpa
(MakcuManbHasi, CPeOHssI) U KOJMUYEeCTBa OCAmKoB. B paboTe TakikKe aHaAIM3UPOBAJIMCh TPEHOBl XapaKTEPUCTUK
IMKJIOHOB ¥ @aHTULUMKIIOHOB, BKJII0OYas UX CE30HHYIO U MHOTOJIETHIOIO MU3MEHUYUBOCTb.

HccrnegoBaHHe MIPOBEIEHO MPH MOAePXKKe:

1. "Poccuiickuit Hay4uHbIM QoHn", rpaHT 24-17-00138
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CEKIUA 8. CTPYKTYPA u COCTAB BEPXHEI ATMOC®EPHI 3EMJIM u IPYTUX

IIVTAHET

Ipencenarens: 1.¢.-m.H. Knumenko M.B. (KO U3MUWPAH, Kanununrpan, Poccust)

Conpencenarenb: 1.¢.-m.H. Munrajges U.B. (III'1, Anarutsl, Poccust)
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AHaIM3 THHAMHKH IIapaMeTpPoOB HOHOC(hephI B IEPHOIbI CHIBHBIX T€OMAar HUTHBIX Oyph U
3emierpsicenus Ha Kamuarke B 2023-2024 rr. (mo mauasiM I'HCC)

1

Anexkceu B. IIasinos~, Oxcaza B. MaHleI/IKOBal

1 MuctutyT KoCMOdU3MIECKIX HCCTIEOBAHMH K PACIIPOCTPAHEHNS PAZHOBOIH JlabHEBOCTOYHOTO OTHETICHHS
Poccuiickolt akageMun Hayk

pavlov@ikir.ru

ITonmHOE 3meKTpoHHOe comepxkauue ([19C), momydyaeMoe IO HAaHHBIM TI00ATbHBEIX HABHUTAIIMOHHBIX CIIyTHUKOBBIX
cucteM (I'HCC), HaxoguT ITMPOKOE IMpUMEeHeHue B o0JjiacTu ¢GpyHIaMEeHTAIbHBEIX HMCCIIEOOBAaHUM COJTHEYHO-3€MHOM
bu3nKM U MPUKITAAHBIX 3aa4y KOCMUYECKOoM morombl. C I1e7bI0 MCCHEeOOBaHUsS W3MEHUYUBOCTH HOHOChEpH B
KaMyaTckoM Kpae B TepuOIBl BHICOKOM T'€OMarHWUTHOM aKTHBHOCTH, a TaKXKe B IIEPUONHI, COIIPOBOXKIOaeMble
BBICOKON CEeHUCMHUYECKON M BYTKAHWYECKON aKTHUBHOCTSIMHU, OBLII IPOBENEH aHalu3 HaHHBIX PEruOHAIbHONW CeTH
npuémuukoB 'HCC 3a maprt-anpens 2023 r. u aBryct 2024 r. [ IIeCTU TPUEMHUKOB, BXOASIINX B PETHOHAJIBHYIO
CeTh, IIPOM3BENEH PACYET 3HAYEHUM abCOMIOTHOTO BepTuKanbHOro II3C ¢ yuétoMm muddepeHIranbHbIX KOTOBBIX
3afepxKeK, U oIpeneleHb OTKIOHeHUs 3HaueHudl [IOC or QoHoBoro ypoBHs. Takike, IO OAHHBIM CETH
IPUEMHUKOB, TIPOU3BENEHO BHIYUCIIEHWE UHOEKCAa BO3MYHIEHHOCTU BEPTHUKAJILHBIX BapuallMii IIOJHOTO
9JIeKTPOHHOr0 copepxkauusa (WTEC) mns nepuomo kKosnebGauuit [I9C B pgmamasoHax 1-10 u 1-40 MuHYT,
COOTBETCTBYIOIIUX CpefHe- M KPYIHOMAacCIITaOHLIM HOHOCHEPHBIM BO3MYIIEeHHSM. [ HEeTaJbHOIO H3y4YEeHUS
OINHaMUKHN OLIEHEHHBIX XapaKTEePHCTUK COCTOSHUS MOHOC(EpPHl UCIIOJIL30BaJICS aJiTOPUTM aJalTUBHOMN BeHUBJIET-
unbTpanuy, OCHOBaHHBIM Ha KOMOMHAIIUM OUCKPETHBIX BEWBJIET-PA3JIOKEHUM C amalTUBHBIMU ITOPOTOBHIMH
OLleHKaMHU.

B pesynmbTaTe UCCIEOOBaHUS BBIAENIEHHI OCOOEHHOCTH TIIOBEOEHMWS PACCMATPHUBAEMBIX HMOHOC(HEPHBIX
XapaKTEPUCTHUK, HabJIIogaeMble B IEPUOALI CUJIBHEIX T'eOMarHuTHEIX Oyps 23.03.2023-24.03.2023 rr. (Kp=38, Dstmin
=—163 uTm), 23.04.2023-24.04.2023 rT. (Kp=8+, Dstmirl =-213 #Tm), 04.08.2024 (Kp=7, Dstmirl =—100 uTn) u
12.08.2024 rr. (Kp=S8, DStmin=_188 HTm). BrImeneHHbIE aHOMAalbHBIE H3MEHEHHUS Bapuanui 3Ha4YeHUH
abCOMIOTHLIX BepTUKANbHBEIX [[9C uMMenu BHUO OTPUIlATEIbHBIX OTKJIOHEHHWN OT 3HAa4YeHUM (OHOBOTO YPOBHS, IIPU
9TOM HabJIIogayoch Bo3pacTaHWe 3HaueHu# mHOekcoB WTEC myisi paccMaTpuBaeMBIX MepHOMOB KonebGauuit I19C.
ITpuMepHO, 3a OBOEe CYTOK IO HACTYIJIEHUS 3eMJIETPSICEHUS C MarHuTygou M=6.6, npouzomepnmniero 03.04.2023
02:06:56 (UT) y BocTouHOTO mMoGepexkbss KamMuaTku, Ha ¢GOHE YMEPEHHOW IeOMarHMTHOM aKTUBHOCTH, B HOYHEIE
Yachkl II0 MECTHOMY BpeMeHu HalJmopanochk Bo3pacTaHue wuHAeKCcoB WTEC po 3mavenwit 0.1-0.3 TECU mpns
nepuonos kojebauuit [I19C B guamazone 1-10 MUHYT OJis BceX paccMaTpuBaeMblx npueéMHukoB 'HCC. B nmepuog
u3BepxKeHusd ByNkaHa [[IuBenyd, mo maHHBIM NpuéMHHUKa klul, pacmoioXeHHOT0 B OKPECTHOCTHY By/lIKaHa, Ha hoHe
HU3KOM TeOMarHUTHON aKTHUBHOCTH B TedeHme 11.04.2023-12.04.2023 rr. B HouHOe BpeMs mo LT HabOmOmanuch
Bo3myiIeHus [19C, mpeBkIIIaioniie BEPXHIO I'PAaHUITy Auana3oHa (OHOBBIX 3HaYeHUH. Ha ocTanmbHBIX TPUEMHHUKAX
oTMeuayiochk Bo3pacTranue wuHOeKcoB WTEC mo 3mauenuii 0.08-0.15 TECU mns mepuomoB KojebGaHuit I19C B
nuana3oHe 1-10 MuHYT. B TedeHUe CyTOK, IPeAIIeCTBYIOINX HACTYIJIEHUIO 3eMJIETPSICEHUS C MarHUTymou M=7.0,
MTPOU3OIIEAIIero y BOCTOYHOTOo mobGepexkbss Kamuatku 17.08.2024 19:10:25 (UT), Ha ¢doHe yMepeHHOU
reoMarHuTHo# akTuBHOCTH (Kp=3 ), Habmoganuck Bapuauuu [19C, m010XKUTEeNbHEIE OTHOCUTENIbHEIE OTKIIOHEHUS
KOTOPHIX OT (POHOBOTO YpOBHSA mocTuranu 3HadyeHui oT 20% mo 40%. [leTanbHBIM aHaIW3 BapHUaluil OlleHEHHBIX
XapaKTEPUCTUK COCTOSIHUS HOHOC)EpHl, BBLIITOTHEHHBIM C MCIOJIb30BAaHMEM BEeHUBJIET-PA3JIOKEHUMN, ITOATBEPOUIT
IOCTOBEPHOCTH ITOJIyYeHHBIX Pe3y/IbTaTOB UCCIeNOBaHUs.

Pabora BrIONTHEHA 3a c4YeT 'ocymapcTBerHoro 3aganus UKUP [IBO PAH (per. Ne Temer 124012300245-2).
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MHOrojieTHHE H3MEeHEeHHsI TeMIIepaTypPhbl ¥ BOJTHOBOM aKTHBHOCTH B 00/IaCTH Me30May3bl
II0 HAO/IIOIeHHusIM B 3BEeHHUT Opoe

Braagumup HA. HepMKHOBl , Hukomau H. l'IepI.[eB1 , Iletp A. JIaHHH2 , Hwuxkomnau M. FaBpHn033 , Anppen A.

TTomosS , Bmagumup A. nyonoeB1 , Maxkcum [I. OpeXOB1 , Bnagmmup A. Cemenosl

1 HNucTuTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PAH, r. Mocksa , Poccus

2 IIIBegcKui MHCTUTYT KOoCcMHuUecKou ¢u3uku, r. Kupyna , [lIBerus

3 CaHKT-TleTepOyprcKuil TOCyIapCTBEHHBIN YHUBEPCUTET, T. CaHKT-ITeTepOypr , Poccust

v.perminov@rambler.ru

MHoroneTtHue HaGNIIOOEeHUS XapaKTEePUCTUK Pa3/IMUHEIX 00jacTell aTMocdephl UMeIOT BaXXHOe 3HadeHUe [Oj1d
IIOHMMAaHMUs KIMMATHYEeCKUX W3MEHEHHY, HMEMIINX XapaKTep KaK KBA3UIIEPUOOUYECKHX KOJeOaHui, Tak u
MHOTOJIETHUX TPEH[OO0B, BBLI3BAHHEIX E€CTECTBEHHEIMU IIpOllecCaMM HIIN/U aHTPOIOIe€HHBIM BO3geucTBUeM. s
OJIUTENTBHOTO MOHWTOPHMHTIA TEIJIOBOTO pexkuMa ob6nactu Me3omnay3wsl (80—100 KM) IIMPOKO HCIONb3YIOTCS
M3MEPEHUST BpAlllaTEIbHOM TEMIIEPATyphl KojebaTerbHO-BO30yKOeHHOTro rumpokcuna (OH*). Many4aroomui croi
OH* nMeeT MakKCUMyM MHTEHCUBHOCTHU Ha BHICOTEe ~87 KM U HONyWHUpuHY ~9 KM. CpegHeB3BelleHHAs 110 BHICOTE
Temneparypa OH* MozkeT OBITH OTHOCUTEJIBHO JIETKO HAOIIOOATHCS C IMOBEPXHOCTH 3€MIIM B HOYHOE BPEMS IIPU
sICHOM morojie. B HacTosel paboTe MPenCcTaBIsiOTCA ee HaOMIOgeHnsa Ha 3BeHUTOPOJICKOM Hay4dHOU cTaHIuu MOA
uM. A.M. O6yxoBa PAH B 2000—2024 rr. CiekTpasibHas amnmnapaTypa m03BoJisijia onpenensTsh TeMinepatypy OH* mo
ee BpallaTelbHONW CTPYKType B Iosoce (6-2). IIpoaHanu3upoBaH TeMIepaTypHBIM psp, cocrosmui us 100334
3HaueHuy 10-MuHYTHEIX wu3MepeHuu. Ha ero OCHOBe BBIIOJIHEHH OIIEHKM MHOTOJIETHErO0 TpeHAa MO
cpegHeropgoBoi (—0.13+x0.03 K/rom) u cpepmHece30HHBIX (Madi—wuionb (—0.18+0.06 K/rom) m OKTsI0pb—MapT
(—0.10%0.06 K/rom)) TeMuepaTyp, a TakKe OIpefesieHa UX 3aBUCUMOCTh OT COJTHEYHOU aKTUBHOCTH.

[IpenmosyaraeTcs, 4TO 3a OXJIaXK[AEHHUEe CJI0eB CPefHel U BepxHel aTMocdepsl B OCHOBHOM OTBETCTBEHEH POCT
KOHIIEHTpAIlMu YIJIeKHUCJIOrTo ra3a B arMocdhepe. OOHAKO MOOENbHBIE BBIYKUCIIEHHS IIPEICKa3bIBaiOT, YTO
pafgualoHHOe OXJaXKaeHue B 06JlacTH Me30I1ay3hl 3a CYEeT POCTa YIJIEKUCIIOrO ra3a He HOJIKHO OHITh CHUJIbHEee
—0.1 K/rom. OgHOU M3 OPUYUH PACXOXKOEHHUs Pe3yIbTaTOB 3KCIEPUMEHTAJIbHBIX W MOOEIbHBIX MCCIIeIOBaHUH
MOXKeT ObITh HEeIOOLIEHKA [JOJITOBPEeMEHHBIX U3MEHEeHU B aTMoCchepHo quHaMuKe, KOTopasi B 00/IaCTH Me30ITay3hl
ompefiensieTcss B OCHOBHOM BOJIHOBHIMHU mporieccamu. C 3To# 1esbio GBI IMpOaHaMu3upPOBaHbl CPeNHErofloBbie U
CpelHeCe30HHEIe CTaHOapPTHBLIE OTKJIOHEHWS TeMIIepaTyphl, OIpedeleHHLIE METOIOM Pa3HOCTHOH Iu(pPOBOH
YacTOTHOM ¢unbTpanuu. PaccMaTpuBaeMble CTAaHOAPTHHIE OTKJIOHEHUS IO3BOJIMIIM OI€HUTh MHOTOJIETHUH TPEH
BOJIHOBOM AaKTHBHOCTHM B PA3/JIMYHBIX OUalla30HaX dYaCTOT Me30MacInTaOHBIX Bapuallnii, KOTOPHIM OKa3ajcs
TTOMOKUTENFHBIM BO BCEX CIIy4asX C BEIMUYMHOM, 3aBUCUMOM OT YaCTOTHI BapHUaIlui.

IanHas paboTa BHIIOJHEHA B paMKax ['oc3aganus MuHoOpHayKH mo TemaMm 125021001819-8 u 17.1.
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MHO2KEeCTBEHHBIH PEerpeCcCHOHHBIH aHA/IN3 H3MEHEHHH XapPaKTepPHUCTHK BepPXHEeH
armocdepsl Mo TaHHBIM HalG/IoaeHun B Boctounoi Cuoupu B 24-M COTHEYHOM ITHKITE

1

Hpuna B. MeaBegeBa~ , KoncTtanTuu I. PaTOBCKMEi !

1 HUHCTUTYT COMHEeYHO-3eMHOM Pu3nuku CuGUPCKOro oTOeNieHuss Poccuiickol akajeMuu HayK

ivmed@iszf.irk.ru

IIpencraBieHbl pe3yjIbTaThl aHaIW3a U3MEHEeHUM mapaMeTpPOB BepxHel HeWTpanbHOU aTMocdepsl U moHOChHEPH! B
peruose BocTouHnoit Cubupu B 24-M COJTHEYHOM ITUKJIE Ha OCHOBE HJAHHBIX MHOTOJIETHHX U3MEPEeHHUH Ha KOMILJIEKCe
UHCTPYMeHTOB MHCTUTYyTa cONHeuHO-3eMHOU ¢u3uku CO PAH. [na aHanmsa UCIONIb30BaHL [OaHHEIE
CIIEeKTPOMETPUYECKUX U paguodusndeckux wusmepenurt B 2008-2020 rr. IIpoaHanm3mpoBaHBl HOaHHBIE O
TeMIepaTrype o0iacTu Me30may3kl Tm, MOIydeHHBIE IPYU IOMOIIM CIIEKTPOMETPUYECKUX M3MEPEHHU ITapaMeTpPOB
9MHMCCHUH MOJIEKYJIbl THUApoKcuna (momoca (6-2), 834.0 HM, BBICOTAa MaKCHUMyMa Wu3Jy4eHuUus ~87 KM), B
I'eodusuueckoit o6ceppaTopuu MC3® CO PAH (51.8° N, 103.1° E, Topsl), ¥ maHHbIe 0 MaKCHUMyMe 3J1eKTPOHHOM
KoHUueHTpauuu NmF2, nony4yeHHbBle 10 JaHHBIM BEPTHKAJIbHOTO 30HOVWPOBAHUSA Ha UPKYTCKOM MOHO30HAe DPS-4
(62.3° N, 104.3° E). BpamatenbHass TeMIepaTypa MOJIEKYJIbl THOPOKCHIIA, IIOoIydaeMas N3 DPEeruCTPUPYEMBIX
CIIEKTPOB, OTOOpazkaeT TeMIlepaTypy aTMochepkl Ha BHICOTAX Me30Iay3hl. AHaIM3 pealn30BaH Ha OCHOBE
MHOXKECTBEHHON JIMHENMHONW perpeccuy XapaKTepHUCTUK BepxHel aTMocdepbl Ha UWHIOEKCH COJIHEYHOU U
TEOMarHUTHOM AaKTUBHOCTH, a TaKXXe WHAEKCH Ppas3UYHBIX aTMochepHBIXx ocuunnsaiui. OOHapyKeHO,
YTO MEXKTOMIOBbIE M3MEHEHUs CPEeJHEerOofoBhIX 3HaueHMi NmF2 mpeumymiecTBEHHO OOYCIOBJIEHEI M3MEHEHUSIMH
conmHeyHou akTtuBHOcTHU (F10.7). Ha Bapualuu CpeOHErofoBBIX 3HAUYEHUM H3MEeHYMBOCTM ONMF2 BIMSAIOT Kak
conHeyHas (F10.7), Tak u reomMarsHuTHas (Ap) akTUBHOCTb. B oTimuue OT UOHOCHEPHHIX XapPaKTEPHUCTUK,
MEKTOIOBbIE U3MEHEHHUSI TEMIIEPATYPHI ME30Tay3hl U €€ U3MEHYUBOCTHU C1ab0 KOppenupyiot ¢ uagekcamMu F10.7 u
Ap. s OabHEeHNIero aHanu3a TTOBETIEHUS TeMmepaTyphl Me30may36bl ObITTH TIpUBJIEYEHHI
nHaekcel CeBepoarmanTudeckorr (NAO), Apkruueckor (AO) m HOxuoum (SOI), ocumnmsanméi atMocdepsl, YUTO
IIpUBEI0 K 3HAYWUTEJIbHOMY IOBBIIEHUI0 KO03MGUUMEHTOB OeTepMUHaUMU. Tak, O/ MEeXTOZOBHIX U3MeHEHUN
TeMIepaTypsl Me30Iay3bl, KO3hGUIINEeHT AeTeEPMUHAIUY OJis perpeccuu Ha uHAekckl AO u F10.7 coctaBun 71.8, a
Ha uHAekcel NAO u F10.7 - 71.4, uto B ~8 pa3 mpeBbmaeT Ko3ppUIMEeHT meTepMUHAIUU [JIsI PErpeccur Ha
unngekcel F10.7 u Ap. [Ona TeMnepaTypHOM U3MeHYUBOCTH OTm, Haubosiee BHICOKHE KO03(DOUIIMEHTH
IeTepMUHAIIUKU IIOJIy4EeHHBl OJId MHOXecTBeHHOU perpeccum Ha SOl u Ap. TlonmydeHHBIE pe3yabTaThHl MOTYT
CBUOETENILCTBOBATh O CYIIeCTBEHHOM BO3OENCTBUU IIPOIECCOB B HUXKHeW aTMocdepe Ha TeMIePaATYPHBEIU PeXUM
006J1acTH Me30may3bl CPEeIHUX IITUPOT B aHATU3UPYEMbBIH BpEMEHHOM UHTEePBal.

HccnepoBaHnue BBLIIIOJIHEHO 3a cyeT rpaHTa Poccutickoro HAQy4YHOT O dorma N 25-17-00187,
https://rscf.ru/project/25-17-00187.

HMccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "Poccuiickuii Hay4uHbIl poHn", rpanT 25-17-00187
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Hacrpimmenue BOOsiHOro napa B Mme3ocdepe u repmocdepe Mapca 1o faHHBIM 3aTMEHHOI' O
skcnepumeHnTa ACS muccuu ExoMars/TGO

Oenuc A. Bensesl , AmnnHaA. <I)eJ:[op013a1 , AnexkcaHgp TpOXI/IMOBCKHﬁl , Mapusa >KapI/IKOBa1 , Muxawnn C.

HyTI/IHI/IHl , ®park MonTt™meccan?, Oner U. Kopa6nesl

1 WHCTUTYT KOCMHUYECKUX UCCIlefoBaHuM Poccuiickol akageMuu HayK
2 JIATMOC/LTHPC , ®paHuus

dbelyaev@cosmos.ru

B pabote mpefcTaBneHO paclpefesieHre COOepzKaHWs W YPOBHS HACHIIIEHUS BOXOSHOTO Iapa B Me3ochepe u
TepMmocdepe Mapca, Ha BbicoTax oT 50 mo 125 kM. CtaTucTuKa HaOMIOOEHUM OXBaTHIBAET BHICOTHBHIE MTPOGUIIH,
W3MepeHHble B MapcuaHckue rogbl (MY) ¢ cepemunbl 34-ro (Mioub 2028 r.) mo kouern 37-ro (Hos6ps 2024 T1.),
BKJIIOYAs TOCHEOHIO THI00anbHYIO MHIIEByI0 Oypio, coy4duBIinyocs B 34-m MY. Hammu pe3ynbTaThl OCHOBAHHI Ha
U3MEpPEHUIX COTHEYHOr 0 3aTMEHUS B AUAlla30He OJIMH BOJIH 2.66-2.70 MKM, BHIIIOJTHEHHBIX POCCUNCKUM ITPUOOPOM
AIIC (ACS - Atmospheric Chemistry Suite) Ha 60opTy opbuTtansHoro anmapara ExoMars Trace Gas Orbiter (TGO)
[1]. Ha6mromeHust B yKa3aHHOM CIIEKTPabHOM MHTEpBaJie MMPOBOOSITCS KaHAIOM BBEICOKOTO paspernenus ACS-MIR,
PETUCTPUPYIOIIEM B CIEKTpax aTMOC(EpPHOro IIPOIYCKaHHUS JIMHUM IIOTJIOIIEHUS MOJIEKYII CO2 u H20. 910
II03BOJIIET BOCCTAHABIMBATh BePTUKAJIbHEIE IPOPUIN TeMIIepaTypHl, HaBjleHNUs ¥ KOHIEHTPAlud MOJIEKYJI B CJI0SIX
me3ocdepsl u Tepmocheps [2].

ITo pe3ynbTaTaM Halllero 3KCIepHMeHTa, MaKCUMaJlbHOe comepzKaHWe BONOSHOTO Ilapa PKIyJsSpHO HabmIromaeTcs
Ce30H mepurenus (JIeTo B I0KHOM IIOJIyIIapHM), a TaK¥Ke BO BPEMs IIHIJIEBEIX Oypb. B 3THM mepHOXEl IOBBIIIEHHOE
coIepxkKaHue 1apoB Boxksl B Me3ocdepe (50-100 kM) Bapbupyercs B npenenax 100-200 ppm (gactedl Ha MUJIJINOH) U
OHM OOCTUTAIOT BEICOT HUXKHeN TepMocdepri, 100-125 kM, ¢ cogepxkanueM 20-50 ppm. C Opyroi CTOPOHEI, B CE30H
adenusa (3uMa B I0KHOM IIOJIyIllIapuy) BOOSHOU IIap 3afepKMBaeTCs B HUXKHelU aTMochepe U ero comepxkaHue Ha
peBHIIIaeT 3HaueHu# 1-2 ppm. OOHOBPEMEHHBIE W3MEPEHUS BHICOTHBIX Mpodunelt KOHIIEHTPalUU HZO’
TeMIEepaTyphl ¥ [aBJIeHWS II03BOJIM/IM OLEHUTh YPOBEHbL HACHIIEHUS I[IapOB BOOLI B HCCIIEOYEMBIX CIIOSX
aTtMocdepsl. YCIOBUS IepeHachllleHre BOOOM HaOI0OOAloTCsI UMEHHO B Ce30H B mepurenus Beimie 80 KM, T'he
OTHOIIEHWE ITapUralbHOTO0 OaBIeHUS HZO IIpeBHIIIIaeT fAaBjeHMe HachIeHHOro Iapa B 10 pa3. AHaloru4HBIE
3Ha4YeHWs OBUIM IIOJIyYEHBI M II0 M3MEPeHusM B OnuxkHeM uHOpPakpacHoM nuanal3oHe mpubopa ACS-NIR Ha
BeIcOTax Me3ocdephl [4]. HabmiomaeMBlii Ce30HHBIM BCIIECK COIepKaHUS U HACHINEHWS BOOSHOTO Ilapa B
TPaH3UTHOU 30He Me3ocdepr/TepMochepsl yBeNMnYrBaeT KOHIIEHTPAIIUI0 aTOMapHOTO BOZOPOAa, 0CBOO0OXKAAeMOro
B pe3ynbTraTe GOTOIN3a MOJIEKYJIB HZO Ha 3TUX BBICOTaX. JTO BIOCJIENCTBUU YBEIUYMBAET €r0 OUCCHUIIAIIUIO C
IUIAaHETHL W IOOTBEpXKIOAaeT MeXaHW3M perylasapHON, Ce30HHOM IoTepu Bomkl MapcoM. UccnepoBaHue
BBIIIOJIHSIETCS IpU nofgmepzkke rpanta PH® Ne23-12-00207.

CCBUIKH:

[1] Korablev O.I. et al., 2018. The Atmospheric Chemistry Suite (ACS) of three spectrometers for the ExoMars
2016 trace gas orbiter. Space Science Reviews. https://doi.org/10.1007/s11214-017-0437-6.  [2] Belyaev D.A. et
al., 2021. Revealing a high water abundance in the upper mesosphere of Mars with ACS onboard TGO.
Geophysical Research Letters. https://doi.org/10.1029/2021GL.093411. [3] Belyaev D.A. et al., 2022. Thermal
structure of the middle and upper atmosphere of Mars from ACS/TGO CO2 spectroscopy. Journal of Geophysical
Research: Planets. https://doi.org/10.1029/2022JE007286. [4] Fedorova A.A. et al., 2022. A two-Martian years
survey of the water vapor saturation state on Mars based on ACS NIR/TGO occultations. Journal of Geophysical
Research: Planets. https://doi.org/10.1029/2022JE007348.
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B paboTe wuccrmemyioTCs BBICOTHI CpefHel U BepxHel aTMmocdephkl Mapca - Me3zocdepa (Beiie ~50 KM) u
Tepmocdepa (Bhme 100-120 KM) - BIJIOTH A0 3K300a3bl myst Monekynel CO2 (180-220 kM). PaccMaTpuBaioTcs
Ce30HHBIE BapHualluy MepPexoqHbIX o0nacTell BepxHeh aTMocdephl: Me30Iay3bl, HaXOAsIIencss Ha BRICOTaxX 0K0Jio 80-
120 kM, roe HaGmOgaeTCss TEMIIEPATYPHBEIM MUHUMYM, a TaKxXKe I'OMOIlay3hbl, paclonoxeHHo! Ha 10-20 KM BEIIIE,
roe TypOyneHTHas nuddy3us MeHSEeTCA Ha MOJIEKYJISIPHYIO, WHAWBUAYAJILHYIO [ KaXXAOH KOMIIOHEHTHI.
Bapwuanuu BEICOTH ¥ TEMIEPATYyPHl ME30/TOMOIAy3Hl, a TaKXkKe 9K300a3kl, 00YCITOBIEHB CE30HHON U3MEHYUBOCTHIO,
COJTHEYHON aKTHBHOCTHIO, B TOM 4YHCJIe ¥ BEPTHUKAJILHBIM II€PEHOCOM 9SHEPTruH, BBI3BAHHHIM TIJI00aIbHOM
LUPKyIayeln u atMocpepHEIMU BotHaMmu [1, 2].

B pabGoTte mpepncTaBiieHBl BepTUKAJIbHBEIE paclpenesieHUsT TeMIepaTyphl U KoHIeHTpanuu CO2, u3MepeHHBIE
poccuiickum crnektpoMmeTpoM ALIC (ACS - Atmospheric Chemistry Suite), pa6oTtaioiiero Ha 60pTy OpOUTAIHFHOTO
mopynsa Trace Gas Orbiter (TGO) muccuum ExoMars-2016 [3]. C ampens 2018 roma xanan ACS cpensero
uHppakpacHoro auanasoHa (ACS-MIR, 2.2-4.3 MKM) OCyIUIECTBNSIET 30HOUPOBaHME aTMochepsl Mapca B pexkume
COJIHEYHBIX 3aTMeHu#. KoHIeHTpauusi U TeMIlepaTypa BOCCTAaHABIMBAIOTCSI IIO0 CIeKTpaM aTMochepHOTo
NIPONyCKaHUsl, U3MEPEHHBIX B NMUHUAX nornoieHus CO2 0okoIo 2.7 MKM C BEICOKHMM CIIEKTPAJILHLIM pa3pelleHueM,
oxBaThIBasi BEICOTHL OT 10 mo 180 kM - Tpomocdepy, me3zochepy u TepMmochepy Mapca [4]. B paboTe moka3aHbI
pe3ynbTaTel HabmogeHui 3a 2.5 Mapcuanckux roga (MY) - oT cepemunbl MY34 no koHuma MY36 - ¢ Ce30HHBIMU U
IIUPOTHLIMU BapUalUsIMU TEMIIepaTyphl M BHICOTH Me30Iay3bl, TOMOIIay3hl U 9K300a3bl. 30HA TOMOIAy3hHl
OTIPEMIEIIETCS 10 COIIOCTABIIEHUIO KO3GhGHUITMEeHTOB MoJieKysipHo# (CO2) u TypOyneHTHON nuddy3uii Ipu yCI0BUA
HACHIMIEHUS AaTMOCGhEPHEIX TPaBUTAIIMOHHEIX BOJH oOKono 80-120 M [5], koTopele 1o paHHEIM ACS
PETUCTPUPYIOTCS B BEPTUKAIBHLIX NPoGuisax Temnepartyphl [2]. B paboTe Takxke mpuBefeHa Baaupallus HaHHBIX
ACS c conHeYHBIMU 3aTMeHusIMU criekTpoMeTpa EUVM Muccuu MAVEN [6] u ¢ MOfesnpio rino6anbHON HUPKYIISAIIUN
GCM [1].

HccnemoBaHue BBHITIONMHSAETCS IpU nonguepkke rpanTa PH® Ne 25-22-00494, https://rscf.ru/project/25-22-00494/.

Jlumepamypa:

[1] Gonzéalez-Galindo F. et al., 2015. Variability of the Martian thermosphere during eight Martian years as
simulated by a ground-to-exosphere global circulation model. J. Geophys. Res. Planets,
https://doi.org/10.1002/2015JE004925.

[2] Starichenko E. et al., 2024. Climatology of gravity wave activity based on two Martian years from ACS/TGO
observations. A&A, https://doi.org/10.1051/0004-6361/202348685.
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B maHHO# paboTe mpeacTaBIeHO ucciaeqoBaHue 3h(GeKTOB 9KCTpPeMasbHOM TeoMarHuTHOM 6ypu 9-14 mas 2024 T Ha
rmapaMeTprl TepMocdeprl ¥ noHOChEDPE!, KOTOPOe OBLIIO BEIIOJIHEHO C IIOMOIIBI0 I'JIO0abHOM CaMOCOTrIaCOBaHHOMU
momenu TepMmocdepnl, noHochepsl u nporoHochepkl (GSM TIP). 'eomarHuTHbIEe OypU - COOBITHSI, OKa3bIBAlOILIME
OpaMaTH4yecKoe BIUSHUE Ha HEeWUTPaJIbHbIE M MOHU3WPOBAHHBIE KOMIIOHEHTH BepxHel atMocdepr! B riobanbHOM
Macitabe. [ mcciaemoBaHUS TaKUX KPYIITHOMACIITAOHBIX SBJIeHUNM 3(GGEKTUBHO UCIOIb3YETCS IIPUIUBHOMN
aHanu3.

ITokazano, ytTo 'CM THII x0poIlI0 BOCOPOU3BOOUT KOMIJIEKC U3MEeHEeHUN B TepMocdepe 1 noHochepe, CBI3aHHBIX
C reoMarHuTHOU Oypei. [IpuIuBHON aHaIU3 IOJIYYEHHBIX MOJEJIFHEIX PE3YJIbTAaTOB II0KAa3ajl, YTO B CIIOKOMHBIX
YCIIOBUSIX ITPE00IalaloT COMHEYHO-MUTPUPYIOIINE ITPUTUBEL, IIPUYEM B HUXKHEHN TepMocdhepe aMIITUTYObl CyTOYHBIX
U TOJIYyCyTOYHBIX IIPUJIMBOB HEBEJIMKM M COIOCTaBUMEL II0 BeJiMurHe. B BepxHell TepMocdepe OOMUHUDPYIOT
CYTOYHBIE MUTPUPYIOIIHE ITPUIIUBEI, aMIIJINTyAa KOTOPBIX IIPEBOCXOOHUT ITOTyCyTOYHEIE B HECKOJIBKO Pas.

B MakcuMmyme reomarHuTHOM Oypu, B HUXKHeN TepMocdepe, aMIIIUTYObl CYTOYHBIX M IOJTYyCYTOYHEIX IIPUJIMBOB
YCUTIMBAIOTCSI B BEHICOKMX M CpPENHUX IMUpoTaxXx. B BepxHe#l TepMmocdepe aMINUTyda CYTOYHOTO MUTPHUPYIOIIETO
IIPUJIMBA YMEHBINIAETCS, 0COOEHHO B 9KBATOPHAJIPHONW 00jacTu. AMIInTyma ke SW2 He3HaYUTEJIbHO BO3PACTaEeT,
TJIaBHEIM 00pa30M B I03KHOM IIOJIyIIapuu. Bo BpeMsi BO3MYIIIeHUS MeHSIeTCS U MOJOBEIN COCTaB IIPUIMBOB, TJIaBHLIM
o6pa3oM, B HUXKHeH Tepmocdepe. B cyTouHoM mpunmbe Bo30yxpmaeTcs mMoma DW2, koTopas mpeobiagmaeT B
BBICOKUX IMupoTax. [Ipm aHanmu3e HOIyCYyTOYHOrO IPUJIMBa IIOKa3aHO, YTO BO BpeMs OCHOBHOM ¢a3rl Oypu 10-11
Masi pa3BUBAETCS M OOMHHUDPYeT Moma SW4. JTam BOCCTAHOBNEHWS Oypu [OJIMJICS OBa OHS, IIOCJIE KOTOPOTO
TIepBOHAYaJIbHBEIN MOIOBEIM COCTAB IIPUJINBOB BOCCTAHOBUJICS.

[ cpaBHeHUS pPe3y/IbTaTOB aHalu3a NPUIWBOB B pacuetax I'CM THUII ¢ skcnepUMeHTaJIbHBIMU OAaHHBIMU,
aHaJIoTUYHAas npolenypa Oblfia BHIIOIHEHA C IJI00albHEIMU KapTaMM IIOJIHOTO 3JIeKTPOHHOTrO comepxkaHus (GIMP),
KoToprie ToTOBUT Jet Propulsion Laboratory (JPL). ITony4yeHHas CTPyKTypa CYTOYHBIX U IIOJTyCYTOYHBIX IPUJINBOB B
11eJIOM XOPOIII0 COTJIacyeTCs C aHaJIOTUYHOU, II0JTY4YeHHOU B pacyeTax [Jisg BepXHel TepMocdepHl.
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B 2024 ropmy umcmomuusiocs 20 JIeT ¢ MOMEHTa Hauajla Hay4YHOM IporpaMMbl OpOMTAIIBHOTO ammaparta «Mapc-
Dkcmopecc» Ha opbuTe BOKpyr Mapca. Ha 60pTy KOCMHYECKOTO amliapaTa YyCTaHOBIEHO HECKOIBKO CIIEKTPOMETPOB
oT Y® po rtemmoBoro HWK-mmamas3oHa CIEKTpa, B Pa3paboTKy ¥ TOCJIEOYIOMINY aHAINW3 OAHHBIX KOTOPBIX
3HAYWUTEIbHBIN CKJIQ[ BHECIU pOCCUMCKUe yuéHble. DTo cnekTpoMmeTprl PFS (Planetary Fourier Spectrometer),
OMEGA (Observatoire pour la Mineralogie, 1’'Eau, les Glaces et 1’Activite) u SPICAM (Spectroscopy for the
Investigation of the Characteristics of the Atmosphere of Mars). 3a rogel PabOThI MUCCHUU TTOyYeH OOJIBIION 00HEM
uH(GOPMAITUU O COCTaBe, CTPYKTypPe U OTUHAMUKEe MapCHUAHCKOM aTMocdephl. MHOTO/IeTHYE HAOMIOIeHUS T03BOJIUITI
BIIEPBBEIE Ha Mapce IIPOBECTU UCCJIEIOBAaHUS YCTOMYHUBOCTU KIUMaTa Ha IjaHeTe. [107I0CH TOTJIOIIeHUS JILOOB B
WK-guana3oHe MO3BOJNSAIOT U3ydaTh COCTAaB U CE30HHBEIE U3MEHEHUs MHOJISIPHBIX manok. K HacToslleMy BpeMeHU
YacTb CIEKTPOMETPOB MpeKpaTusia paboTy, omHaKo Ha 60PTy KOCMUYECKOTO amapaTa IpoaoiaxkaioT paborats MK-
kKaHan SPICAM wu BuguMbii KaHan OMEGA. PesynbTaThl [OBaflaTUIeTHEH paboTel «Mapc-OKcmpecc»
Oomy0JIMKOBAHEL B CIlellMaIbHOM BHITyCcKe Space Science Reviews [1-7]. B moknapme OynyT mpepcTaBieHb Haubosiee
sSIpKUe Pe3ynbTaThl B 00JIaCTH U3ydeHUsT aTMocdephl, TOJIydeHHbIe TPU YYaCTUU POCCUNUCKUX YUEHBIX.

Jlutepartypa:

1) Montmessin F., Fedorova A., Alday]. et al. Mars’ Water Cycle and Escape: A View from Mars Express and
Beyond // Space Sci Rev 220, 77 (2024). https://doi. org/10.1007/s11214-024-01099-6.

2) Vandaele A.C., Aoki S., Bauduin S. et al. Composition and Chemistry of the Martian Atmosphere as Observed by
Mars Express and ExoMars Trace Gas Orbiter // Space Sci Rev 220, 75 (2024). https://doi.org/10.1007/s11214-
024-01109-7.

3) Maattanen A., Fedorova A., Giuranna M. et al. Dust and Clouds on Mars: The View from Mars Express // Space
Sci Rev 220, 63 (2024). https://doi.org/10.1007/ s11214-024-01092-z.
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Mars Express. Space Sci Rev 221, 36 (2025). https://doi.org/10.1007/s11214-025-01155-9
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B 2020 romy B atmMochepe Mapca ¢ momotrkio nmpudopa ACS (Atmospheric Chemistry Suite) mpoekTa «3K30Mapc»
ObITM OOHAPYKEHHI MOJIEKYNhl XjopoBomopoma [1]. HaGmiomeHus MOKasanyd CE30HHOE yBeIudeHue o00BbeMHOU
KOHIIEHTpAIllMu [0 5 ppbv (MUIMHApOHBIX YacTed Mo 00BEMY) B IEPUON MEepUTeNHus, 3a KOTOPHIM CJiegyeT
BHe3aIlHOe TafieHne 3HaYeHWN HuXe mpenesa metektupoBaHusa (<0.1 ppbv) [2, 3]. Takoe GHICTpOE HCUE3HOBEHUE
HCI u3 aTmMocdepsl IPOTUBOPEYUT OOIIETPUHSATON Ha TOT MOMEHT OIleHKe BpeMeHH KHU3HU XJIopoBomopoma (> 70
3eMHBIX CYTOK) [3, 4].

CormacHoO 1a6opaTOPHEIM U3MEPEHUSIM [5], 3HAUUTENBHYIO POJIb B yAAJIEHUH XJI0OPOBojopona u3 armocdepsr Mapca
MOXKeT urparth npotecc nornomenuss HCl wactunamu o6sakoB BopmsiHoro ibma [1, 3]. B mamuoit paGote OymyT
IIPOAEMOHCTPUPOBAHE IPUMEDPH aHTUKoppenanuu Mexny HCl u BomsHBEIM IbIOM Ha BEICOTax BhIe 20 KM. DTOT
pe3yJbTaT CBHUAETEIECTBYET O HAIMYMU MexXaHu3Ma ObicTporo (1-2 3emHEBIX cyTOK) ymanenus HCl u3 atmocdeps
Mapca, n103Bong0MIMi 00BACHUTE €TI0 Ce30HHbIE KoleOaHu .

[t momy4yeHus: 3TOro pe3ynbraTa 6bmu o6paboTaHbl JaHHBIE Mpubopa ACS 3a mepuon B 2.5 MapCHaHCKUX rofa. B
o0Ille CJIOKHOCTH OBITM TIpoaHalIu3upoBanu 784 ceaHca 3aTMEHHs, C KOTOPHIX OBITM BOCCTAaHOBJIEHEI
BepTUKaJbHBIE IPOGUIN TeMIepaTypH, MOJSAPHEIX KoHIeHTpanuii HCl (nmpu meTeKTUpoBaHWU), BOOSHOTO Ilapa,
a3pPO030JILHOTO OCTabIeHUsT ¥ MaCCOBOM KOHIIEHTPAIIMY YaCTUI] BOASHOTO JIbAA.

BoccTaHoBnenue npodunei KoHieHTpauu HCl mpou3BOOUIICS C IOMOIIBI0 HTEPAaTHBHOTO anropuTtMa JleBeHOepra-
MapxkBapaTa ¢ perynsgpusanuel TuxoHosa u3 gaHHbEX ACS MIR B ciekTpanbHOM aguana3oHe 2922.5-2927.4 cm—1.
ITpodpunu TemmepaTypsl ¥ BOASHOTO Ilapa BOCCTaHaBnuMBanuch u3 maHHBIXx ACS NIR. Onpegenenue
MUKPOGU3NYECKUX CBOMCTB YaCTUIl IBIJIM U BOOSHOTO JibAa IIPOU3BOOUIOCH U3 OOHOBPEMEHHOIO0 aHallM3a HaHHBIX
ACS NIR B ciekTpanbHoM auamnas3oHe 0.76-1.6 mkm u ACS MIR B guanasone 3.09-3.46 MrM. 17151 BOCCTaHOBJIEHUS
BEPTUKANbHBEIX ONpodunei KoahdUuilmeHTa adspo30JIbHOT0 OCIabeHus U3 Mpoduiell IPOonyCKaHUs HCIIOIh30BalCs
MeTOq «OYHCTKH JIyKOBUIIEI» (0OpaTHOe mpeoOpa3oBanue AbGesnst). M3 MOIyYeHHBIX CIIEKTPAJIbHBEIX 3aBUCUMOCTEH
Koa(pdummrenta ocnabieHusT BOCCTaHABIUBAIUCH 3(GGEKTUBHBIM pPaAWyC, CYETHAS M MacCCOBas KOHIIEHTPAIUU
BOOSIHOI'O JIbJla ¥ MUHEPaIbHOU IILIIHU.

PaborTa BBITIOJTHEHA ITPK (GUHAHCOBOM moamepzkke rpanTa Ne 23-12-00207 Poccuiickoro Hay4HOro GoHpma.

[1] Korablev et al.,, 2021. Transient HCIl in the atmosphere of Mars. Sci. Adv. 7 (7), 1-9.
https://doi.org/10.1126/sciadv.abe4386 [2] Olsen et al., 2021. Seasonal reappearance of HCI in the atmosphere of
Mars during the Mars year 35 dusty season. Astron. Astrophys. 1-14 https://doi.org/10.1051/0004-
6361/202140329 [3] Aoki et al., 2021. Annual appearance of hydrogen chloride on Mars and a striking similarity
with the water vapor vertical distribution observed by TGO/NOMAD. Geophys. Res. Lett. 48 (11), 1-11.
https://doi.org/10.1029/2021GL092506. [4] Krasnopolsky, 2022. Photochemistry of HCI in the martian atmosphere.
Icarus 374. https://doi.org/10.1016/j.icarus.2021.114807 [5] Kippenberger et al., 2019. Trapping of HCl and
oxidised organic trace gases in growing ice at temperatures relevant to cirrus clouds. Atmos. Chem. Phys. 19 (18),
11939-11951. https://doi.org/10.5194/acp-19-11939-2019.
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HccnenoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "Poccuiickuii Hay4uHbt GoHn", rpauT 23-12-00207
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HMccnegoBaHHe BapHallUH TEeMIEPaTypPHOro npoduiasi arMocdepsl o JaHHBIM JTHIapa

Huxkonau 3. CHI[OpOBl , Cemen B. TuToB .

1 HHCTUTYT KOcMOHU3nUeCKUX uccinemoBanuil u asponomun uM. 10.T'. Illadpepa CubUPCKOTo OTOENEHUS
Poccuiickon akagemMuu Hayk

SidorovNikolay@ikfia.ysn.ru

UccnepoBanue Bapualui TeMIepaTypHoro npoduns artmocdepsl CcrocobCTByeT IIydIlleMy IIOHMMaHUIO
pacrnpocTpaHeHUsI BHYTPEHHUX TI'paBUTAIMOHHBIX BoiH (BI'B) uepe3 cioum aTtMmocdepsl M OlleHKe Ilepefadu
KOJIM4YecTBa MMIyjbca. UTO B CBOIO oOdYepenb IIOMOXKET [Jig IIPOTHO3a KjIWMaTa, H3y4eHUss aTMmocdepr u
pa3paboTku 06o0jiee TOYHBIX IIPOTHOCTUYECKUX MOJeJIed MJisi OIeHKM WH3MEHEHWs KIuMaTa W aTMOChEepHBIX
mporiieccoB. B pmaHHOM paboTe HMCCIEOyIOTCS BapHalu{ TEMIIEPaTypHOTO NPOQusi, BEI3BaHHBIE BHYTPEHHUMH
TpaBUTAIIMOHHEIMY BOJHAMU II0 JaHHHIM nupgapa. [ns sToro ObUIO IpoBedeHHl HAONIOOeHUs Ha cTpaTochepHOM
numape, a Tak xke 00paboTaHbI IOJIyYeHHBIE JaHHBIE C ITOMOIbI0 nmporpamMm PHC-Viewer, Eclipse. Pa3pa6oTaH Kof
B nporpaMMme Pycharm Ha s3blke nporpammupoBaHus Python pns BuiuucneHus Bapualui TeMIEpaTypHOIO
npoduns. U1 Bulyanusalusi 3TUX BapHallUui TeMIliepaTypHoOro mnpoduns Ha nporpamme OriginPro. B pa6ore MbI
aHaAIM3WpyeM BapUalluy TeMIepaTyphl JIifapa BEI3BaHHbLIE I'PABUTAIlMOHHEIMY BOJIHAMM Ha BeIcoTax OT 20 mo 60
KM. MBI aHanu3upyeM HOYHBIE HaOJIIOIEHNs, IOCKOJIbKY B IHEBHOE BPEMSI OTHOIIEHUE CUTHAJI/IITyM HeIOCTaTOYHO
BEJINKO IJIsi pacuyeTa TeMmmeparypbl. OCHOBHOM akKIEHT pabOTH CcHellaH Ha CpaBHeHWM IapamMeTpoB BI'B mo,
BOBpEMSI U II0CJIe BHE3aIHBIX CTPATOC(HEPHEIX IIOTEIJIeHUH.

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "Poccuiickuii Hay4dHbl GoHA", rpaHT Ne25-27-20119
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CTpyKkTypa BepxHeH arMmocdepsl BeHephl 10 JaHHBIM 3aTMEHHOI'0 9KCIIEePHUMEHTa
SOIR/VEx

1 1

Enus3aBera C. CtenmanoBa~ , [lenuc A. bensieB~, AHHa A. CIDenopOBa1

, Ormer H. Kopa6ne131
1 WHCTUTYT KOCMUYECKUX UCCIeIOoBaHUN Poccuiickoll akageMum HayK

fedorova-elizaveta@yandex.ru

HUccnemoBanue wMe3ochepbl u TepMochephl BeHephl urpaeT KITIOYEBYI0 POJIb B H3YYEHUHM ee aTMOCGhEpPHHBIX
IIPOLIECCOB, BKIIOYasl OWUCCUMNALMIO BOMOBLI, UTO IMOATBEPXKOAETCS aHOMaJbHO BBICOKMM oTHomeHueM [HDO/H20]
(Fedorova et al., 2008; Mahieux et al.,, 2024). TakXe Ha OCHOBe HCCJIEIOBAaHUMN 3TUX aTMOCOHEPHEIX CJIOEB
PerynsipHO 0OHOBIISIIOTCST CYIIECTBYIOIINE (POTOXUMHUUECKUE MOIENN BepxHel aTMochepsl BeHephl.

Haub6onee obmupHas 6a3a HabmogeHui nonydyeHa cnekrpoMetrpoM SOIR Ha 6opTy Venus Express (Nevejans et al.,
2006). SOIR peructpupoBan JIuHHUU IorjoieHuss B HMK-guamasoHe (2.2-4.2 MKM) B peXUME COIHEYHOTO
IpoCBeYUBaHMA, OXBaThiBasi BBHICOTHI 65-170 kM. IlomMmmo COZ’ mpubop PEerucTpupoBajl Majble Ta30BbIE
cocrasrsionire u usoronsl: HO, HDO, HCI, SO u gpyrue.

B paGoTe mpencTaBiieHb BEPTUKAJIbHEIE TPOGUIN TEMIEPATYPH U IIJIOTHOCTH, BOCCTAHOBIEHHEBIE IO CIIEKTPaM CO2

(2006-2014 rr.). ATTOPUTM BOCCTAHOBJIEHUS, pa3paboranubiyi B MKW, uCcmomb3yeT 3aBUCUMOCTh MHTEHCUBHOCTH
JIUHUYU TIOTJIOILEHUS OT TEMIIePATyphl U TMOPOCTaTUYeCKoe npubnuxkeHue. [JaHHBIM METO[ YCIEUIHO IPUMEHSJICS
ot 00paboTKu maHHEBEIX 9KcnepuMmeHTa ACS/ExoMars Ha Mapce (Fedorova et al.,, 2020; Belyaev et al., 2022). B
oTNIM4YHue OT ajbTepHaTUBHOro amnroputma ASIMAT (Mahieux et al.,, 2010, 2023), KoTophIii paboTaeT TOJILKO C
HEeHaCHIIIeHHBIMY TUHUSIMHU, MeTon MKW oxBaThBaeT 60Jiee MUPOKUI AHAIIa30H BEICOT.

OOHOBIIEHHBIE [AHHBIE IIO3BOJIAT YTOYHUTH COOEpPKaHWE MaJIBIX Ta30B, BKIIOYAs ITPOBEPKY aHOMAJIBHOTO
COOTHOIIIEHU ST [HDO/HZO].

Jlutepartypa:

1. Fedorova et al. HDO and H2O vertical distributions and isotopic ratio in the Venus mesosphere by Solar
Occultation at Infrared spectrometer on board Venus Express // J. Geophys. Res., 2008, 113, EO0B22,
doi:10.1029/2008JE003146.

2. Mahieux et al, Unexpected increase of the deuterium to hydrogen ratio in the Venus mesosphere //
Proceedings of the National Academy of Sciences, 2024.

3. Nevejans et al. Compact high-resolution spaceborne echelle grating spectrometer with acousto-optical
tunable filter based order sorting for the infrared domain from 2.2 to 4.3 microm. // Appl Opt. 2006. Jul
20;45(21):5191-206. doi: 10.1364/20.45.005191.

4. Fedorova et al. Stormy water on Mars: The distribution and saturation of atmospheric water during the
dusty season // Science, 2020, 367. eaay9522. doi:10.1126/science.aay9522.

5. Belyaev et al. Thermal Structure of the Middle and Upper Atmosphere of Mars From ACS/TGO CO2
Spectroscopy // Journal of Geophysical Research: Planets, 2022, 127. doi:10.1029/2022JE007286.

6. Mahieux A. et al. Densities and temperatures in the Venus mesosphere and lower thermosphere retrieved
from SOIR on board Venus Express: Retrieval technique // Journal of Geophysical Research, 2010, 115.
do0i:10.1029/2010JE003589.

7. Mahieux et al. The SOIR/Venus Express species concentration and temperature database: CO2, CO, H20,
HDO, H35Cl, H37Cl, HF individual and mean profiles // Icarus, 2023. Volume 405.
d0i:10.1016/j.icarus.2023.115713.

HccinegoBaHHe IIPOBEIEHO MPH MOAAePXKKe:

1. "Poccuiickuii Hayunniii ®oHp", rpasTt 23-12-00207
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CpaBHeHHE pe3y/JIbTaTOB MOJe/IHPOBaHHsI BOOSIHOIO napa B atmocdepe Mapca MoaesIbIo
MAOAM c panabIiMH npudopa ACS muccuu ExoMars 3a 34, 35 u 36 MapcuaHCKHeE TOabl

Mapmus C. }KapKKOBal , Amnekcannp C. MenBemes

Henwuc A. Bensies! ;| Muxaun C. J'[yrI/IHI/IH1

2 3

, AmnHa A. <I>e1:[opOBa1 , Ovutpusi C. IlarmomrHUKOB® ,

1 WHCTUTYT KOCMHUYECKUX UCCIlefoBaHUM Poccuiickol akageMuu HayK
2 NucTutyT Makca ITnauka o UccnegoBanuio ConHeynou Cuctemsl , [epManus
3 MockoBckuit pr3UKO-TeXHUYECKUN UHCTUTYT (FOCYyNapCTBEHHBIM YHUBEPCUTET)

mariyazharikova96@yandex.ru

Mogens MAOAM (Martian Atmosphere: Observation and Modeling), Tak:ke u3BecTHasd Kak MPI-MGCM (Max
Planck Institute Martian general circulation model) - Mogenb 061mIed HMUPKyIsAMU aTMochepsl Mapca, uMeromas
CIeKTpallbHOe OWHAMH4YecKoe sapo. Mofenb OOCTAaTOYHO YCIEIHO HpeacKa3blBaeT TeMIIepaTYpPHBIM pexuM Ha
Mapce, TOKa3bIBasi coriacue ¢ HabGmogaTeIbHEIMHU TaHHBIMU. [MOPOOUHAMHUYECKUH GJIOK MOJENH BKIII0YaeT CXeMy
ImepeHoca, MUKPO(GU3UKY BOASHOTO IIapa U JIba, TeTEPOTEHHYI0 HyKJIealluio, CeTUMEeHTAaLN0, POTOAUCCOMAIINIO 1
00MeH BOIBI C TTOBEPXHOCTHIO, ¥ BOCIIPOU3BOOUT OCHOBHBEIE OCOOEHHOCTH THUAPOJIOTHYECKOTO IIuKiIa Mapca, Takue
KakK Mosic 00JIaKOB B adeIUM U IIEPEHOC BOASHOTO Iapa U3 CEBEPHOI0 MOMyIIapus B I03KHOE.

B paMkax maHHOUM pabOTH IPOU3BEIEHO MOJETHPOBaHNe BOOSHOTO ITUKIa Ha Mapce mns 34, 35 u 36 MapcuaHCKUX
romoB. BymeT mpencTaBneHa KOJIWYECTBEHHAs OlIEHKa COMepzKaHUS BOMASHOTO mapa B aTMocdepe, Ce30HHO-
BBICOTHBIE M IIIMPOTHO-BLICOTHBIE pAacCIpelefieHUus, a TaK¥XKe paclipefesieHHe TeMIlepaTyphl. ByoyT mpepcTaBlieHbI
CpaBHEHUSI DPe3yJIbTaTOB MONEJIUPOBAHUS C YCPEOHEHHBIMH NIPOGUIISIMU, IOJIYYEHHBIMHU cCIeKTpoMeTpoM ACS
(Atmospheric Chemistry Suite) ¢ kocMudeckoro annapata ExoMars Trace Gas Orbiter (TGO).

HccnemoBanue IIPOBEOEeHO IIPHU IoJIepPa2KKe:

1. "Poccuiickuii Hay4dHbU GoHn", rpaHT 23-12-00207
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CEKIUA 9. PAITUAIINAA u JUHAMHUKA ATMOC®EPHI B TOJIIPHBIX PAHOHAX

Ipencenarens: n.¢.-m.H. Makmrac A.ILl. (AAHUU, Cankr-IletepOypr, Poccust)

Conpencenarens: k.¢.M.H. Boropoackmuii I1.B. (AAHUU, Cankr-IletepOypr, Poccus)
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ATMocdepHbIe HHBEPCHH HHKHEro YPOoBHs B IleHTpaibHOM APKTHYECKOM OacceiHe

1

Anekcanap II. Makmrac™, [enwuc [. Puzel

, Anpgpein C. pr61>11711
1 ApkTHuecKuil 1 aHTaPKTHYECKUI HAYYHO-UCCIIENOBATENbCKII HHCTUTYT

maksh@aari.ru

BricOoKasi mOBTOPSIEMOCTH TEMIIEPATYPHHIX MHBEPCUM - OOHA U3 OCOOEHHOCTEM HUXKHETO CJIosE aTMocheprl B
TIONIAPHBIX palioHax. MX wmccrnemoBaHue HEOOXOOMMO OJIS JIy4lIero IIOHMMaHUS IIPOIleCCOB, 00YCIIOBIMBAIOIIUX
u3MEeHeHNne KJIMMaTa BHICOKHX IIWPOT BCIIECTBHE BJIUSHUS Ha TEMJIOBOM 0ajlaHC B CUCTEME «IIOTPAHUYHBIA CIIOH
aTMocdepsl - TOACTUIIAIOIIAS IIOBEPXHOCTL», YCHUJIEHUS POJIM (PAaKTOPOB AHTPOIOreHHOT'O IIPOUCXOXKAEHUS, a
TakXke KaK OJHOTO M3 BO3MOXKHBIX MEXaHHW3MOB IOJSIPHOTO yCuileHus. [laHHBIE O BepTHKAJIbHOM IIpoduie
TeMIlepaTypsl aTMOchephl ObIIM MOJIyYEeHH B Iepuon paboTel maperdylomiei cranumu «CeBepHEBH [lomoc - 41» ¢
TIOMOIIIbI0 TeMmepaTypHoro mnpodunemepa MTP-5PE. [Ipu pacueTax OCHOBHBIX XapaKTEPUCTUK MHBEPCHUOHHOTO
CJ1051 OBII UCIIOIb30BaH IIPOTrPaMMHEBIH MPoayKT MTP-5PE, Ha 0CHOBE KOTOPOT'0 OBIIM PAaCCUMTAHBI BEICOTH HUXKHEH
rpaHullbl HBEepCUU Zb ¢ TeMuepaTtypoul Tb u BepxHel - C COOTBETCTBYIOIIMMU BEICOTOU U TeMIepaTypou Zt u Th.

Ha ocHOBe [aHHBEIX HENPEPHLIBHBIX HaAOMIOOEHUN BBICOKOI'O IPOCTPAHCTBEHHO - BPEMEHHOTO pa3pelleHus o
TeMIlepaType HUIKHEro KHJIOMEeTPOBOTO CJIOSI aTMocdephl, BEHIIOJIHEHHBIX Ha apeldyromiel crannuu «CeBepHBIN
IMomroc - 41» B 2022 - 2023 r. r., onucaHa BHYTPUTOJOBas U3MEHYUBOCTh XapPaKTEPUCTUK IIPUIIOBEPXHOCTHEIX
uHBepcu#, popmupyromuxcs B LlenTpanbHoM ApkTudeckoMm 6accelite (LIAB). IIpuBefeHbl CTaTUCTUYECKHUE OLIEHKU
XapaKTEePUCTUK ¥ II0Ka3aHO WX CYLIeCTBEHHOE Dpa3jIudyue B 3UMHUU UM JIETHHUH CE30HBEl, OOYCJIOBIIEHHOE
0COOEHHOCTSIMM PAOUAaIlMOHHOTO peXuMa, 00JIaYHOCTU U COCTOSIHUSA JIEOSHOT'O IIOKPOBa. BHISIBJIEHO yBeNIHUUYEHUE
TIOBTOPSIEMOCTH IIPUMONHSATHIX MHBEPCUI IIPU CYIIeCTBEHHOM yMEHBIIEHUN UX TJIYOMHEI M MOIIHOCTH B 3UMHUN
nepuopn 2022 - 2023 r. T. 10 CPAaBHEHUIO C aHAJIOTUYHBIM ItepuogoM 1981 - 1987 romos.

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "Pocrugpomert", rpant HUTP 5.4.1
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Bnusinue qla30B01"0 CoCTaBa CHera Ha BOSHHKHOBEHHE B HEM KOHBEKIIHHA BO3yXa

1

IIetp B. Boropoackuii~ , Omnbra P. CHJIOpOBal

1 ApKTI/I‘-IeCKI/Iﬁ u aHTapKTI/I‘-IeCKI/Iﬁ Hay‘{HO-HCCHeJIOBaTeHBCKI/Iﬁ HUHCTUTYT

bogorodski@aari.ru

PaccMmoTpeHa 3amadya BO3HUKHOBEHUS TEPMUYECKON KOHBEKIIMH B CHEXXHOM MOKPOBE IINTaBaioIero jabaa. OOBIYHO
OHa pelllaeTCcsd B paMKaxX TaK Ha3blBAeMOM OOHOTEMIIEPATYPHOM (KIacCUYEeCKOM) MOJEeNny C OOHUM ypaBHEHUEM
TEIJIONIPOBOJHOCTH, IIOCKOJIBKY IIpefnojiaraeT PaBeHCTBO TeMIIepaTyp XKUIAKOM (IIapOBO3IOVIIHONW) M TBEPHZOU
(negsiHOM) (a3 cHera, HECMOTPS Ha PAa3HUIY HUX TEIJIOMPOBOOHOCTEM MPUMEPHO B CTO pa3. 3dech 3amada
YCTOMYMBOCTH, TO-BUOUMOMY, BIIEPBHIE OJIsT CHETra, MCCIeOyeTcs B paMKax Oojiee 00IIed, OByXTeMIlepaTypHOMH
MOEeJN, UCHOJNb3VIOIIe ypaBHEHUS TEIUIONPOBOOHOCTH [Jjig KaXpmou ¢as3el. TakoW IOOXOHN VYWUTHIBAeT
WHTEHCUBHOCTh MexK(da3HOTO TemjooOMeHa, Pa3HOCTh TemIoGU3NYEeCKHX CBOMCTB BO3[yXa M Nbfa, ITOPUCTOCTH
CHera, a TakKKe THUIOPOJIOTHUYECKYI0 crnenuduKy 3agauu. [IpedjiokKeHH [OBa BapuaHTa TI'PAHUYHBIX YCJIOBUH,
COOTBETCTBYIOIIMX HEIPOHHUIIaeMOM (M3-3a CMEpP3aHUs IIOBEPXHOCTHHIX KPUCTAJIOB JIbAa) M IIPOHUIIAEMOMN OIS
BO37yxa BepxHeHM rpaHunei. I[lonydeHB aHaAMIUTUUYECKHUE PeEIIeHUs 3afadyy, MIPOBeJeHO HX IlapaMeTpUudYecKoe
HUCCJIefOBaHYe, BBHIIIOJIHEHO CpaBHEHME OIIEHOK IIpollecca OOHO- U OBYXTEeMIIEPATyPHOU MOIEJISIMU, OIpelelieHHl
0061acTH TPUMEHUMOCTH. IToKazaHo, 4TO y4€T TemmooOMeHa (a3 BBEI3BLIBAET POCT ITOPOra HEYCTOMYMBOCTU II0
CPaBHEHHIO C KJIAaCCHYECKHM IIOOXOOOM B HECKOJIbKO pa3. C HCII0JIb30BaHMEM TEPMOIWHAMHYECKOW MOIesn
CHEXKHO-JIe[SHOI'0 IIOKPOBA, IT03BOJAIONIEN PaCCUUTATh TEMIIEPATypPy I'PaHUI] CJIOS CHera 10 JaHHBIM CTaHOapTHEIX
MeTeOoHaO I0MeH!H, BLHIITOTHEHO CPaBHEHMWE MAHHBEIX MOMAEIWPOBAHUS C OIleHKaMU XapaKTepUCTHUK IIpollecca [s
peanbHBIX YCIIOBUY 3Heproob6MeHa Mopst 1 atMocdept! B mponuse Illokansckoro (apxumnenar CeBepHas 3eMiIs).

HccnemoBanue IIPOBEOEeHO IIPHU IoJdepPa2KKe:

1. "Pocrugmpomert", rpantr HUTP 5.1.4
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ITapameTpu3anusi HarpeBa Me301may35l 3a cueT norjaomenuss UK u3nyyeHus
cepeOpHCTHIMH 00IaKaMHu

Apcennu B. Coxonosl:2 , Emnena H. CaBeHKOBa2 , Amnppeiu B. KoBab , Kapwmna B. KpaBHOBa3’2 , Hwuxkonan

M. FaBpI/IJ'IOBl

1 CaHKT-IleTepOyprcKkuil TOCyIapCTBEHHBINM YHUBEPCUTET

2 Poccuiickuit TOCyOapCTBEHHBIN T'MIPOMETEOPOJIOTUYECKUY YHUBEPCUTET
3 ApDKTUYECKUU ¥ aHTaPKTUYECKUU Hay4YHO-UCCIef0BaTEIbCKUU UHCTUTYT

anigahuchi@yandex.ru

CraThs mocBslleHa pa3paboTKe TapaMeTpU3alluy HarpeBa BepxHel aTMocdephl 3a CUeT MMOoTJIoeHus n1oTokoB UK
paguanuu KpucTaiamMu cepebpucThix 00akoB (CO). OcoOGeHHOCTHIO TAaKOM ITapaMeTpPHU3alluy SIBISIETCS YYET
Tennou3ndecKUX CBOUCTB JIbJla U B3aUMOIENUCTBUSA 0OJIAYHBIX YaCTHUIl C OKpyXKaloled cpenoii. [TapameTrpusauus
UCIIONBb3yeT OaHHBIEe O IPOCTPAHCTBEHHO-BPEMEHHOM pacIpellesIeHUHU JIeOSHBIX KPUCTAIJIOB B BepxHell aTtMocdepe
JIeTHEer0 TOJIyLIIapusi Ha OCHOBe CIYTHUKOBBIX CIeKTpoMeTpuueckux usMmepeHuii (SOFIE/AIM). [anHasa
ImapaMeTpusanus I03BojsgeT paccuuTaTh Bkian CO B TepMuueckull 06ajlaHC Me30Cheph-HUXKHeN TepMocheph!
(MHT). TecroBrle pacdeThl IIPOU3BOOUINCH C UCIONb30BaHMEM (GOHOBHIX pacIpefeNieHuil TeMIiepaTyphl
SD/WACCM-X 15 pa3NUYHBIX YCJIOBUM, BKIIOYAKOIINX MaKCUMaJIbHEIE I0JIOKUTEIbHEIE/0OTPULIaTeIbHEIE aHOMAaIUU
TeMmnepaTyphsl npunonsgpHoii MHT B KoHne mas [lony4dyeHHBIEe pe3ynabTaTH IMOKa3kBaioT, 4To0 CO MOTyT OKa3kIBaTh
CYLIECTBEHHHIA BKJa[ B TEIJIOBOM OajaHC BepxHEN aTMochepsl, COIOCTAaBUMEBIM C HArpeBOM, BHI3BAHHBIM
OUCCHUIIAITEN T'PAaBUTAIIMOHHBIX BOJTH. B 4acTHOCTH, ITOKa3aHO, YTO, €CIIU CpemHssa TeMmepaTypa B MHT o6mactu
BBIIIIE KJIUMaTUUYECKOM HOPMBEI , PacCCUUTAHHBIM B IlapaMeTpU3allMy HarpeB 3aBUCHUT OT COOEepKaHUS BOOSHOTIO
mapa : Ipu yBeJIMUeHUU COOepzKaHUs BOOSHOIO IIapa Harpes B Mae yBenuuusaercsa mo 3 (K/cyt). Ilpu noHuKeHUM
¢oHOBOM TeMIIepaTyphl 3aBUCUMOCTE OT COINepzKaHMUs BOOSHOTO ITapa ocinabeBaeT. IIpu oTpullaTeIbHEIX aHOMAaIUAX
TemmepaTypsl B MHT MHTEHCUBHOCTh HarpeBa MOxKeT goxomuTh oo 4.5 (K/cyT), a o6macTk HarpeBa pPaclIupseTCs B
fomee Hu3Kue IMMUPOTHE, mo 50° c. m. I[lapaMeTpus3alius MOXKET HCIOIb30BATECS B MOJENAX TrI00albHON
aTMochepHO#l IUPKYIAUUN C I[elbi0 H3y4YeHUs IIelOYKKW OOpaTHHIX CBs3el, obecneduBalolell oXxJlaxmaeHUe
npunonspHoit MHT Brime cnos CO.
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XapaKTepPHCTHKH 00/IaKOB B APKTHKE: CDAaBHHUTE/IbHbIH aHA/IU3 COIYyTHHKOBBIX TaHHBIX U
9KCIEeOTHUITMOHHBIX TaHHBIX NABOS

1

Anekcangpa U. HapuxHasi©, Anekcanap B. qepHOKYHbCKHﬁl’Z ,

1

Omutpuii I'. Yeuunn~ , Hpwuna A. PenuHal

1 HNuctutyTt dusuku armocheps uMm. A.M. O6yxoBa Poccuiickoii akageMuu HayK
2 WuctutyT reorpadum Poccuiickoii akameMuu HaykK

augustea@mail.ru

O6maka WrpaioT BaXKHYIO POJIb B KIMMaTUYECKOW cucTeMe APKTUKHU, oOJafasi CYIIeCTBEHHBIM OTEIJISIONIAM
apderTOoM mpaKTUYECKH BO Bce Mecsubsl. OQHAKO, CYLIECTBYWIOIIWE KOJIUYECTBEHHBIE OLEHKU O00JIavHo-
pPafuaIMOHHBIX XapaKTEPUCTHUK 110 Pa3HBIM JAaHHBIM CYIIIeCTBEHHO Pa3TUYal0TC.

B pmamnHoO# paboTe ImpoaHalM3WpPOBaHbl XapaKTEPUCTUKHU 0ONIaYHOCTH, PagUallMOHHBIX MOTOKOB, a TakKXKe 00IauyHo-
pamuanuoHHbIX 3(dekToB (hopcuHTra) Ha IMOBEPXHOCTM HAa OCHOBe TpexX MonspHBIX skcmemuiuiit NABOS (Nansen
and Amundsen basins observation system) B I1leHTpambHBEIX padioHax CeBepHOTO JIeOBUTOTO OKeaHa. Pelchl
ITPOBOOUINCH B aBrycTe-ceHTss0pe 2013, 2015 u 2018 romoB Ha HOC "Akamemuk ®emopos" u HOC "AkameMuk
TpemHuKkoB". O6/TaYHO-PAUAITMOHHLIE XAPAKTEPUCTUKH, PACCUHUTAHHBEIE II0 HOAHHBIM 9KCIEIUITMOHHBIX
HaOIIOOeHuH, CpaBHUBAIOTCS co CIIyTHUKOBBIMU nmanaeiMu CERES. Paguarmonnbie napaMeTpHI
PaCCYUTHIBAIKUCE 1T aTMOCGEPHI HaJ MOPCKUMH aKBAaTOPUSMH OTHEIILHO [JIT PETUOHOB C PA3HOM CIIJIOUEHHOCTHIO
mopckoro nbfaa (ICE): ICE <5% (oTkpreiTas Boma); ICE oT 5% mo 95% (mepexopHas criiodyeHHOCTh nbaa); ICE>95%
(crytomIHoOM y1en).

YcTaHOBNIEHO, YTO CIYTHUKOBHIE NAHHBIE OEMOHCTPUPYIOT 6oJjiee pa3opBaHHYIO OO0JIAYHOCTh II0 CPABHEHUIO C
HabmogeHusMu NABOS, a TakXke OPaKTHUYECKHU IIOJIHOE OTCYTCTBHE SMU30[0B SICHOTO Heba. IDTO PacxoXkKIeHUe
TIPUBOOUT K HECKOJIBKO MeHee BBIpaXXeHHOMY oTeluisgiomeMy 3bdekTy 0067ayHOCTH, HO 3HAUUTENBHO OoJee
cnabomy oxnaxkpatomiemy sbderty B manHeix CERES mo cpaBHenuio ¢ NABOS. B pesynbTaTe CyOOBBEIE
Habmogenus NABOS mokasriBaioT, 4To obJjlaka BHOCAT BKJIAI B OXJIaXK[eHMUE ITOBEPXHOCTU: CYMMapHBIN 001avHO-
pamuanuoHHb adderkT —10,1 Bt M2, Torma Kak cmyTHUKOBBIe gaHHble CERES pmmsi Tex Xe OaT U PEruoHOB
TIOKAa3bIBAIOT OTEIUISIONIEE BO3OEHUCTBHE: CyMMapHBIN 001auHO-paguaiuoHHei a¢gdexrT 30,2 BT M2,

[Tpoananu3upoBaHa corjiacoBaHHOCTh paHHBIX NABOS u CERES B 3aBUCHMOCTM OT Pa3IUYHBIX BHENTHUX
rmapaMeTpoB (CIJIOYEeHHOCTh MOPCKOTO Jbfa, BhIcoTa COJHIIA, XapaKTepPUCTUKU o00akoB). HawmGombimue
PpacxXoxXaoeHus1 MeXOy HaHHBIMU OTMEYEHBI OJId nepexonﬂoﬁ KOHIEHTPAalluu JibJa: Had IIOTHOCTBIO OTKprTOfI nIn
TIOJTHOCTBHIO JIEIOBOM ITOBEPXHOCTHIO COTJIacHe BHIIe. IlojlydyeHa pasHOHAIIpaBlIieHHAs CTAaTUCTUYECKU-3HAYUMas
3aBUCHUMOCTH IIOTOKOB (pa3Hasi OJisi KOPOTKO- M [JIS AJIMHHOBOJIHOBOTO IIOTOKA) OT Oayia 06avyHOCTH. BhigBneHa
3aBUCUMOCTD OT (ha3bl 0GJIAKOB: B LEIOM, OJIS JIeASHBIX 007TaKOB COOTBETCTBHE MEXKIY ITOTOKAMHU BHIIIE, YeM MJIS
BOOHBIX.

HccnemoBanue IIPOBEOEHO IIPHU IoJIdepPaKKe:

1. "PHO®", rpasaT Ne 23-47-00104
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AHTPOIIOTr€eHHBIH MOTOK TeIlIa, 00YC/IOBJIEHHBIH OTONMUTEILHBIM IIEPHOIOM B IOpPoOaax,
PacHoJIoKEeHHBbIX Ha Teppuropuu P® ceBepHee 572c.u1. u B Cuoupu

1,2

Bukrop A. ®poabKuC , Hrops A. EBcukos'!

! I'nasras reodpusnydeckas oocepatopusi umenu A.M. BoelikoBa
2 CaHKT-IleTepOyprcKuil TOCyIapCTBEHHBIN 9KOHOMUYECKUH YHUBEPCUTET
3 CaukT-IleTepOyprckuil rocyIapCTBEHHBIN apXUTEKTYPHO-CTPOUTEILHEIN YHUBEPCUTET

VFrolkis@gmail.com

IIpennaraeTcsi anbTEePHATHUBHEIM CIIOCOO OIIEHKM HOJIM aHTPOIIOTeHHOro motoka Tema (AITT), oOyCloBIEHHOTO
OTOIIJIEHUEM, II0 CXeMe «CHH3Y-BBepx», Korga AlIIT BeUMCHsfeTCS OJIs KaXOOoro 30aHUs Ha OCHOBE OEUCTBYIOLIMX
CTPOUTENbHBIX HOPM IIO TEIJIOM3OJISAIUHN 3MaHUM M uX 3Hepromorpebnenuio. AIIT 3aBUCHUT OT PAa3HOCTH MEXKIY
TeMIlepaTypaM{ BO3OyXa BHYTPU U CHapyzXu oT 3paHusda. ITomabii AIIT OT HacelneHHOrO IIYHKTa [OJIy4aeTcs
CYMMUPOBaHKEM II0 BCeM 37maHuAM. [ 3TOro Ha OCHOBe BebO-KapTorpadudeckoi nnatdopmiel OpenStreetMap,
canrta Adupekc Kaptel u TUC 2KKX nocTpoeHBI MOfelu 3aCTPOUKY A1 33 TOPOLOB U ITOCEJIEHUM, PACIIOI0KEHHEBIX B
Poccuu ceBepuee 57%c.m1., a Takxke B Cubupu. [I71s HHUX PaCCUUTHIBAIOTCS OOBEMEI M IJIOUIAOU OrPaxKaaloIux
KOHCTPYKUMU 30aHUU.

Ilns ropomoB, PACIIONIOKEHHBEIX B BEICOKWX INMPOTaX BHIAENSIEMOE AaHTPOIIOIEHHOE Telsio B HOsIOpe, mekabpe u
sSIHBape MOXKeT OBITh COM3MEPUMO C KOJIMYECTBOM IIOTJIOIIEHHOM COJIHEYHOM pammanueil. B cinyuae 6e3061auHOro
Heba Ha mupoTax 60, 64 u 68°c.m. cymMMapHas COJIHEUHas pafualus Ha TOPU30HTAJIbHYI0 ITOBEPXHOCTH
cocTaBinseT: 3a HOA0pPb 97, 56, 14; 3a mekabps 39, 0 u 0 u 3a suHBapp 70, 29 u 0 MIIx/M2. CpenHeMecsaYHbIE
ouenku AlIIT, paccuuTasHble 3a OTONUTEIBHEIN IEPUOL II0 CPEOHECYTOYHEIM TeMIlepaTypaM B TedeHue 2013-2023
IT. Ot ypOaHU3UPOBAHHON TEPPUTOPUU TOPOAOB, PACIIOJIOKEHHBIX Ha mUpoTax 61-62°c.m. (manpumep, CypryT u
AxyTck), 64,5-66,5°c.m1. (ApxaHrensck u Canexapn), 67,5-67,6 (Bopkyrta, Anatutsl 1 Hapssau-Map) u 68,5-69,5°
cain. (MypmaHck um HopumbCK), HaXoOsTCsI COOTBETCTBEHHO B HWHTepBajax: B Hosb6pe 1,58-5,28, 1,07-3,41,
1,14-2,99 u 1,25-5,79 MIx/M?%; B mekabpe 1,82-6,71, 1,35-3,95, 1,27-3,41 u 1,44-6,85 MIIx/M%; B sTHBape
2,00-6,82, 1,46-4,28, 1,35-4,88 u 1,60-7,14 MIx/M2. DTH OLEHKH IIOKa3bIBAET BaXKHOCT yueTa AIIT B ceBepHEIX
IINPOTax.

PaccmoTpensr Tpu anroputma BeiuucieHus AlIT. IlepBeid HMCHONB3yeT HOHSITHE HOPMAaTUBHOTO COIIPOTHUBIIEHUS
TeIyionepefadye oOrpaxXpaalolliux KOHCTPYKIUM. BTopoli ocHOBaH Ha HOPMHUPYeMOM 3HaAYe€HUM VIOEIbHOHU
TEeIJIO3allUTHON XapaKTEPUCTUKU 30aHus. TpeTHUH HUCIONIb3yeT HOPMUPYEMYIO YOENbHYIO XapaKTePUCTHUKY pacxoda
TEIJIOBOM SHEePruM Ha OTOIJIeHHe U BeHTWIAnuio 3paHus. OnenumBaetrcsa AIIT ¢ agMUHUCTPAaTUBHOUM U
ypOaHU3UPOBAHHON TEPPUTOPUHU, MOPUUYEM [OOCTUTAaeT MaKCHUMaJIbHOTO 3HAaYeHUsT Ha ypOaHU3WPOBAHHOU
TEPPUTOPHH, XapaKTepuayolleicss Haubojiee MJIOTHOM 3aCTPOMKON M He IpeBHIINalollel, Kak mpasuno, 10% oT
agMUHUCTPATUBHOM TEPPUTOPHU Tropoda. Brimensemas Opu CpedHeN TeMIlepaType OTOIUTENIbHOIO Iiepuoda
minoTHoCTh AIIT ¢ ypGaHU3UPOBAHHOW TEPPUTOPUM U OlLIEHWBAaeMass [0 TPEM aJiTOPUTMaM COOTBETCTBEHHO
HaxomuTcsg B pOuanalonax 13,7-19,1, 21,7-31,5, 31,8-55,9 BT/MZ. AnTponorenHasi sHeprus (B IIOxk) c
ypOaHM3UPOBAHHON TEPPUTOPUM II0 BCEM aJirOpUTMaM 3akKjlodeHa B MHTepBajie, HampuMep, g CaHKT-
ITeTepbypra 66,8-151,2; MypmaHcka, Hopunbcka, AnatutoB, Hapesia-Mapa u Oyouaku 32,9-69,9; HoBocubupcka
u Exkatepunbypra 20,3-55,0; Yensbuncka, Kpacuosspcka, OMmcka, ITepmu u Tiomenu 12,8-38,2; Cypryra u AKyTcka
5,9-16,8; Apxaurenscka 4,7-11,2; BopkyTsi, Canexapna, Tukcu u [Tlukcora 21,5-56,4.

I[Mnotrocts AIIT B HampaBJIeHWH K NOACTUJIAIOLIEN ITOBEPXHOCTH OT HUXKHEW TIpaHUIBl 30aHUU B CpPeOgHEM B
TedYeHNe OTONUTEIbHOI'O NEepuona AJid HaCeJleHHBIX IIYHKTOB, PaCIIOJIOKEHHBIX CeBepHee 66,59C.11., HaXOOUTCA B
uHTepBane 1,20-1,96 Br/M2. [TpuBepmeHE 3HAYEHUSI QHTPOIIOTEHHOU JHEPTuU, YCPeOHEHHEBIE 3a OTOIUTEJILHBIE
nepuopsl 2013-2018 u 2018-2023 rr., a TaKXe U KapThl IPOCTPAHCTBEHHOT 0 pacnpepenerus nnotaoctu AllT nopu
cpefHel TeMIlepaType OTOMUTEIbHOrO IIepruoaa.

YuuThiBasi HEONpPEeeJIeHHOCTh B TemnoGU3WYEeCKUX IapamMeTpax 3[aHui, MpefjaraeTcs UCIO0Ih30BaTh
ycpenHeHHYIO o1leHKY AIIT, mOIy4eHHYIO 10 BCEM aJlrOPUTMaM.
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HccnemoBanue MTHHAMHKH IKCTPEMA/IBHOCTHA K/IHMAaTa B ApKTI/I'-IeCKOM perunone

1,2,3 1,4
7’

JIropmuna M. KoiromMmeels Kamune ©. HasmyTouHOB

1 poccuiickuit TOCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUN YHUBEPCUTET
2 CaHKT-IleTepOyprcKuil TOCyIapCTBEHHBIN YHUBEPCUTET

3000 "UHCTUTYT pagapHou MeTeopooruu" , Poccus

4 ApPKTUYECKHUU ¥ aHTAaPKTUYECKUY HayUYHO-UCCIeO0BaTEIbCKUN UHCTUTYT

liudusik88@mail.ru

OneHKa [OWHAMHUKU 9KCTPEMaJIbBHOCTHU KJIMMaTa B IIOJISPHOM pPEeruoHe IIPOBOOMJIaCh Ha OCHOBE HWHOEKCOB,
paSpa6OTaHHLIX prHHOfI 9KCIIEPTOB B obGacTu HUCCJIeJOBaHUs 3KCTPEMAJIbHOCTHU KJIMMaATaA. [].] ,HaHHbIe HMHIOEKCEI
MOT'YT BBICTYIIQTh B POJIX IPEOUKTOPOB CYIIECTBEHHBIX KIIMMAaTU4YE€CKUX U3MEHEHUH.

Brino paccuuTaHo 27 UHAEKCOB 9KCTPEMAJIbHOCTY KIMMaTa. PacyeT OCHOBaH Ha CYTOYHBIX 3HAUYEHUSAX IIPU3EMHOM
TeMIlepaTyphl BO34yxXa ¥ KOJIWYEeCTBa 0CAafKOB II0 JaHHBEIM peaHanu3a ERAS c marom cetku 0,25°%0,25° ¢ 1979 o
2014 rr. Tlomy4yeH MeXKTrofoBOM XOf C IIPOBEPKOM Ha 5-% ypoBHe 3HAYUMOCTH. PacuuTaHa pa3HUIla OCPEIHEHHEBIX
3a ABa NSaTHaIIaTUJIETHUX IIepruofa 3HaueHUN NHIEKCOB.

HOJ'Iy‘-IeHHLIe 3Ha4YeHUud MHOEKCOB MO2XKHO YCJIOBHO PAa3OE€JIUTh Ha 4 KaTeropuu [2]:

1 - abOCoOTHBIE HHOEKCH, HU3MEPSIoOmMecs B aOCONIOTHHIX BeIWYMHAX, K HUM OTHOCSTCS: MaKCUMyM H3
MaKCHUMaJIbHBIX CYTOYHBIX TeMIIepaTyp; MHUHHMAallbHOEe 3Ha4YeHWe K3 MaKCHMAaJIbHBIX CYTOYHBIX TeMIlepaTyp;
MakKCUMaJlbHOe 3HaYeHHe H3 MUHMMAJIbHEIX CYTOYHHIX TeMIIepaTyp; MUHUMYM H3 MUHUMAJbHEIX CYTOYHBIX
TeMIIepaTyp; CPemHeromoBasi aMIUINTyda TeMIlepaTyp; MaKCuUMaJlbHOe KOJIMYEeCTBO OOHOOHEBHBIX OCANKOB;
MakKCHMaJlbHOEe KOJIHMYEeCTBO OCAAgKOB 3a bO-IHEBHLIE II€PHOIEI; TIOOOBOE KOJIMYECTBO OCAIOKOB; HHOEKC
MHTEHCUBHOCTH OCAOKOB.

2 - TIOpPOTOBBIE WMHMEKCH], KOTOPHIE MOACYUTHIBAIOT KOJMUYECTBO [OHEM, MPEBBHIIIAOINX (QUKCUPOBAHHBIM IIOPOT,
Cpefu HUX BBUIEJISIOT ClIeAylollre: KOJIUYeCTBO JHEU C 3aMOPO3KaMU (MOPO3HBIE OHU); KOJIMYECTBO XKapKUX OHEH,
KOJIMYEeCTBO MOHEH C YCTOMYUBEIM MOPO30M (JIeOsiHble [HU); KOJIUYECTBO TPOMUYECKUX HOUYEeH; OIIMHa
BeTeTaIMoOHHOT 0 MepHoa; rooBoe KOJIMUYECTBO JHEeH C ocafgKaMi; TOOOBOoe KOJIUYEeCTBO OHEH C ocaJKaMu OO0JIbIlle
uny paBHEIMU 10 MM; TOO0BO€E KOJIMYECTBO OHEHN C 0cagKaMu OOJIbIlle UIu paBHEIMU 20 MM.

3 - IOpOTOBBLIE MHMEKCH Ha OCHOBE ITPOIIEHTHU/IEN, yKa3hIBaloIle Ha I0Ka3aTelu IIPEBHIIIEHUS HUXEe UK BHIIIE
OTIPEeNeJIEHHOT0 MPOIIEHTUS, TTOMyYeHHOTro 13 6a30BOro mepuopa (IPOLIEHT JHel, Korma MUHMMAJIbHAs CyTOYHas
TeMnepaTtypa HuxKe 10-ro IpoLeHTHIsS; IPOLEHT OHeM, Korga MakcuMailbHas CyToO4Has TeMuepaTrypa Huxke 10-ro
MIPOLIEHTHU/ISI; IPOLEHT AHEM, Korma MUHUMAJIbHASA CYyTOYHAs TeMIlepaTypa IpeBbimaeT 90-# NpOIeHTUIb; TPOIEHT
OHeU, KOrma MaKCcuMallbHas CyTO4YHas TemnepaTrypa npeseimaeT 90-i1 IpPOneHTUNIb. TOOOBOE KOJIMYECTBO OCAOKOB,
KOTr[la CYTOYHBIE OCaJK{ ITPEBHIMIAIOT 95-M MPOILIEHTUIh, TOOOBOE KOJIMYECTBO OCAAKOB, KOTHa CYTOYHBIE OCaOKH
OpeBHIIAIT 99-11 IPOLIEHTUIID)

4 - UHOEKCH IIPOJAOJIXKUTEIFHOCTH, KOTOPhIE IIPEOCTABISIOT IIPOHOJIKHUTEIBHOCTh OIIPeHesIeHHBIX IIePHOMIOB,
OCHOBAQHHEIX Ha aGCO_TIIOTHOM HUIIN IIePUEeHTUJIBHOM IIOpore (MaKCI/IMaJ'IBHaH IIPOOOJIZKUTEJIBHOCTD nyOl"O Imepuona;
KOJIMYECTBO [Hel, ¢ HaOJIogaBIIMMUCS BOJIHAMU XO0JIO[a; MaKCHMaJlbHAS HMPOOOJIXKUTEIbHOCTh 3aCyIIUIUBLIX THEH;
KOJINYECTBO OHEH C HaOIImaBIIMMUCS BOJIHAMY TeIlia).

Pe3ynbeTaTel paboThl MOTYT OBITH MCIOIB30BAHE /I Pa3paboTKU afanTalMOHHLIX CTPATETUN B KJIIIOYEBEIX CEKTOPax
SKOHOMUKY, TAKUX KaK CeJIbCKOe X031UCTBO, 9HEPreTHKa U 30paBOOXpaHeHue, rae 9KCTpeMallbHble TeMIIepaTyphl U
OoCaIKU OKa3bIBaIOT 3HAUUTEJIbHOE BIUSIHUE Ha YCTOMYUBOCTD CHCTEM.

1. Peterson T.C. Climate Change Indices // WMO Bulletin. 2005. Vol. 54. N. 2. P. 83-86.
2. Kim Y.-H. et al. Evaluation of the CMIP6 multi-model ensemble for climate extreme indices // Weather and
Climate Extremes. 2020. Vol. 29. P. 100269. DOI: 10.1016/j.wace.2020.100269.
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HccnenoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "Poccuiickuii Hay4dHbl GoHn", rpanT 23-77-30008
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OCO00eHHOCTH BhINaJeHUsi aTMOC(EepHBIX 0CaJgKOB noxn BausinueM r. Camkr-IlerepOypr

1,2,3 3

JIropmuna M. KoiromMmeels WBau A. TIopuKoOB

1 poccuiickuit TOCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUN YHUBEPCUTET
2 CaHKT-IleTepOyprcKuil TOCyIapCTBEHHBINM YHUBEPCUTET
3000 "UHCTUTYT pagapHou MeTeopooruu" , Poccus

liudusik88@mail.ru

Meramnonuc BIUSET Ha OCaAKKW pa3HOHAIIpaBIeHHO. Kak mpaBuio, ociabileHne oTMedYaeTCss Hall TOPOIOM OCaOgKOB
MaJiol ¥ cpegHell WHTEHCUBHOCTH, a yCUJIeHHe — Haunbojiee MHTEHCUBHBIX. K OCHOBHBIM MeXaHW3MaM BIIMSTHUS
ropofja Ha OCAJK{W MOXKHO OTHOCSATCS: 3(PdEKT TOpoACcKOT0o OCTpoBa TeIjla (YCHUJIEHHBIE BOCXOHSINMNE ITOTOKH,
TIPUBOASAIINE K YBEIUUYEHUIO 0O0pa30BaHus 0OJIAKOB M OCAmKOB), crienuduueckuil TOPOACKoM aHAmadT, BEICOKAsS
KOHIIEHTpauus aspo3osneii. [TomumMo aToro, Ha Meramnonuc CaHkT-IleTepbypr ocoboe BIusTHUE OKA3bIBAIOT OJIM30CTH
Jlagozxckoro o3epa u PUHCKOTO 3aIMuBa.

Ecniu BnaXXHOCTb BO3[yXa HENOCTAaTOYHa [t o00pa3oBaHWs O00JIaKOB, MOIIHEIE KOHBEKTHBHEIE ITOTOKH,
oOpasyromuecss Hap IeHTPaJIbHOH YacCThI0 TIOpPOfa, SBISIOTCS IPENSTCTBHEM [JIs aOBEKTHBHEIX BO3OVIIHBIX
IIOTOKOB, IIOCTYIMAIOIIMX B HABETPEHHYIO YacCTh Topofa. [Ipuxopdsiue MacChl BO3[AyXa MCHBITHIBAIOT
OOIIOJIHUTENbHBIN BEIHYKIEHHBINM ITOAHEM, BCIIEICTBUE Yero 00pa3yeTcs 0061auHOCTh U BHIITAJAIOT OCAIKHU.

Bricokasi OTHOCHTENIPHAS BJIAXKHOCTH aTMOCGEPHOTO BO3[AyXa CIOCOOCTBYET IIOBBIIMIEHHOW KOHBEKTUBHOM
HEYCTOMYMBOCTU M 3arps3HEHHOCTH BO3OYIIHBIX MacCcC HafA TOpPOmOM, 4YTO OlaronpusaTcTByeT 00pa30BaHUIO
obrmaunoctu. B mpomecce mpeoGpa3oBaHUS O0JAKOB M3 KyYeBHIX B MOIINHBIE Ky4YeBble U Ky4eBO-HOXKIEBHIEe
IIPOUCXOUT MX CMellleHHe IIof BIUSHWEM Ipeoljafalollero IiepeHoca BO3OYWIHBIX Macc. Ocagku BHIIafaloT
IIpeuMyIeCTBEHHO B IOABETPEHHBIX palioHaX ropofa ! 3a ero npeneaaMu.

ITocnenHee BpeMs OCTPO CTOUT 3aZlada IIPOTHO3a CiIydaeB BHIIAZEeHHUS 0CAaJKOB Haj IOpPOOoM, KOTZa 30Ha O0CagKOB
«pas3phIBaeTCS» HaI TOPOAOM M KOTHa, HaoOOpOT, «PE3K0 YCUIWBAETCs». Hampumep, OOuH U3 TAKUX «OCOOBIX»
cnyuaeB HabOmomancs 31 utomnst 2024 roma. Hapg ropomoM HaGM0Oanuch JOCTAaTOYHO CUIBHBIE BOCXOISIIINE ITOTOKH,
HO Tpu 3TOM OO0JIaYHOCTH pas3pyliajiiack, a He ycuiauBajgack. Cpeou WHTEPECHBIX CJIyYaeB [JIT MOOEIUPOBAHUS
MTPOUCXOISIINUX ITPOIIECCOB TaKxKe ObINIM BeIOpaHBI Cleayomme gaTel: 5 saBaps 2023 r, 22 utong 2023 r u ap. (roe
sIBHO HabGmomaeTcs mubo adgdekrT ocnabnenusi, mubo apGheKT YCUneHuss 0CagKoB Hag IOPOIOM).

YucneHHBIE SKCIIEPUMEHTHI TPOBOOUINCE Ha 0CHOBe mogmenu WRF-ARW.

B pe3ynbrate mnpoBemeHHOM pabOTHI CO37aH apPXWB CJIy4aeB BBIIAAEHUS ATUIIMYHBIX OCAAKOB, IIPOBedeH
CUHOIITUYECKUN aHallu3 CUTyallud, YHNCIEHHBIE 3KCIIEPUMEHTHl II0 MOJEIWPOBAHUIO BHIOPAHHBIX CIIy4aeB U
TIOATOTOBJIEHEl KapThl PaAXOIOKallMOHHBIX XapaKTePUCTUK OJIS IIOHUMAaHUS TPUITEPHHIX MEXaHU3MOB IIOBEIEHUS
0CaIKOB HAJl TOPOMIOM U B OIMKAUIINX ITPUTOPOIAX.

HccnemoBanue IIPOBEOEeHO IIPHU IoJdepa2KKe:

1. "Poccuiickuit Hay4yHEIM DoHA", rpaHT 23-77-30008
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BpeMeHHas1 H3MEHYHBOCTH ajIb0eno JeJHUKOB apxunenara IIInundepreH, Ha mpuMepe
JIeTHHKa AJlbIeroHia

Vabsina B. HpOXOpOBal , AHTOH B. TepeXOB1 , bBbopuc B. lIBaHOB

1 ApKTI/I‘-IeCKI/Iﬂ u aHTapKTI/I‘-IeCKI/Iﬁ Hay‘{HO-I/ICCHeJIOBaTeHI:CKI/Iﬁ HUHCTUTYT

uvprokhorova@aari.ru

B HacTosIeM ucciemoBaHUM pacCMOTpeHa BpeMeHHas M3MEHUYHUBOCTb OTpaXaTeJIbHBIX CBOMCTB IOBEPXHOCTH —
anbbeno memHuKa AnbaeroHaa (3eminst HoppeHimenbaa, ocTpoB 3anapubii [InunbepreH) Ha OCHOBE CHYTHUKOBBIX
CHHMMKOB OIITUYECKOTO CIeKTpa 3a mepuon 2016-2024 rr. M3yyeHue anpbefo MMeeT KII0OYEeBOe 3HAUEHUE MO
TIOHMMAaHUS CUCTEMHBI 0OpaTHHIX CBsI3ei B OajlaHCce SHEPTUU ¥ MacCChl HU3KOPACIOJIOKEHHBIX JIEMHUKOB apXUIlenara
IMnuideprex.

IOnss oueHKu anpbemo IMOBEPXHOCTH MCIONIb30BAJIUCh CIYTHUKOBHIE CHUMKH Sentinel-2 ypoa L2A c
MTPOCTPAHCTBEHHEIM pa3peliieHreM 10-20 MeTpPOB 3a aBTyCT, Koraa HabsomaeTcss Haubonee UHTEHCUBHAS a0JIsAIIus
nemHWKa. IIpegBapuTenbHasi 00paboTKa CHUMKOB BKJ/IIOYaja pPacyéT HHTeTrpajlbHOrO ankbemo Ha OCHOBe
SMIIUPUYECKHUX METOOUK, YUHNTHIBAKOIIUX CIIEKTPAJIbHbIE XaPaKTEPUCTHUKH KaHAJIOB KW OITHYEeCKHue CBOMCTBA
atMocdephsl. B peaynbTaTe OBIIM IIONYYEHB MTPOCTPAHCTBEHHO-pPACIIpefesIEHHbIe 3HaAYeHUs anbbemo I0 Bcei
IJIOIAAY JIEHHUKA, IIPU 9TOM TeHEeBBIe 00J1acTH OBIJIM MCKITIOYEHEI U3 JaIbHEHIeTo aHalu3a.

BenmuuuHEL CTasBIIET0 CJIOS JIbOa 3a KaXObld ce30H 2016-2024 rr. ObITM H3MEpeHBl II0 YeTHIPHAOIaTH
abISITMOHHBEIM peliKaM. 3HAa4YeHUS MPUXOMLINed COMTHEeYHOM pafualliy W TeMIlepaTyphkl Bo3myxa OBITM B3SATH U3
apxWBa MHKPOK/IHMATHYECKHX HAOMIOmeHWH Ha JIeJHWKe AJbOeroHma II0 [AaHHBEIM aBTOMATUYECKOM
METEOPOJIOTUYECKON CTaHIIUM.

B pesynbTaTe aHanu3a BHISIBIE€HA TEHOEHIIUS K CHUXKEHUIO ajib0eo ITOBEPXHOCTH JieqHMKa Anbaeronga ¢ 2016 mo
2024 rog. MexkromgoBast U3MEHUUBOCTE a0IAIMY B HauOOJIbIIEH CTeIeHN O0BSICHAETCS U3MEHEHUSIMU TEMIIEPATYPHI
Bo3ayxa M ansbemo. Mexpay abmsumed ¥ TEMIIEPATypoOM BO3OyXa YCTAHOBJIEH IIOJIOKUTENBHBEIA KO3(DGUITUEHT
nuHenHO#M Koppensanuu 0.77. AnbOemo TakXKe 0Ka3alioCh 3HAYUMBIM (DAaKTOpoM, ¢ KO3(DGUIIMEHTOM KOpPPESuuu
—0.70, CBUOETENBCTBYIOIIMM O TOM, YTO POCT abnsAIuu CBsI3aH C YMEHBIIEHWEM ajib0efo IIOBEPXHOCTH.
ITomoxkuTenpHasi CBS3b ObIJIa BHIIBJIEHA M MeXOYy abJsAIueid ¥ KOPOTKOBOJHOBBIM pamUaIlMOHHEIM 0OajaHCOM
(koaddurmenT xKoppensuuu 0.76), 4TO MOOYEPKUBAET BAXKHOCTH OTPAXKATEIbHEIX XapAKTEPUCTUK ITOBEPXHOCTH B
Iporieccax TasHUs.

Ha ocHOBaHMM HOPOBENEHHOMW PETrPECCUOHHON OLIEHKH OBUI IIPEioXKeH OBYX(aKTOPHBIN IIOAXOA MOJIsS pacdéTa
abna1uuy IOBEPXHOCTU JIefHUKA B 3aBUCUMOCTHU OT anibbello U cpelHel TeMIlepaTyphl BO34yXa 3a aBIyCT:

Ab6msmua = 2.37 + 0.15 X Temmneparypa Bo3gyxa - 3.52 X ansbefno,

rome 2.37 — cBobGomubii 4ieH, 0.15 — Ko3dGUIMEHT Ipu TeMIepaType Bo3gyxa, a —3.52 — K03h(HUIIMEeHT IIpu
anpbeno. BakHOM OTOBOPKOM SIBISIETCS, YTO IIPU HYJIEBHIX M OTPUIIATEJIBHBIX TEMIleparypax abisdius CUuTaeTcs
paBuo#t 0. ITomoOHast Momensb 00bsICHSIET 67.4% mucnepcuu abnsauuu (R? = 0.67). OcraBmuecs 32.6% Oucrepcuu,
BEPOSITHO, CBSI3aHBI C BIUSHHEM OPYrux (HakKTOPOB, TAaKUX KaK XapaKTEPUCTUKM CHEXKHOIO IIOKPOBa, BETPOBOU
PeXUM U JIOKaJIbHbBIE METEOPOJIOTUYECKUE YCIIOBUS.

HonyquHHe Pe3yIbTaThl IIOATBEPKOAIOT KIIIOYEBYIO DOJIb anpbeno u KOPOTKOBOJIHOBOT'O PAaAXAllMOHHOT'O GamaHca
B IIponecce TasdHUusA HU3KO0PACIIOJIO2KEHHBIX JIEOHUKOB.
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Knaccudukanusi yCJIOBHH 00/IaYHOCTH BO BpeMsI IOJISIPDHOH HOYH IO JaHHBIM
HAO/IIOIeHHUH Ha ApeHdyIOINIHUX CTAaHIIUAX B ADKTHKEe

1

Hpuna A. MaxoruHa , [Omurpuu . Yeuynn?

1 ApKTHUeCKUM U aHTapPKTUYECKUU HayYHO-UCCIeI0BaTEIbCKUN UHCTUTYT
2 NuacTUTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akafgeMuu HayK

ir@aari.ru

Bo BpeMsi MOISIpHOM HOYM B APKTHKE 00J1a¥HOCTH, B3aMMOOEHCTBYS C OJIMHHOBOJIHOBOM pagualuelf, OKa3bIBaeT
BIMSHWE Ha pPaAWalUOHHBEIM 0ajlaHC MOPCKOTO JIEASHOTO IIOKPOBA, yMeHbIIaeT I3(pGheKTuBHOE WUITyUYEHUE
TIOBEPXHOCTH ¥ YBEJIUYUBAET BCTPEUHOE U3NIy4YyeHUe aTMochephl M0 CPaBHEHUIO C aHAJIOTUYHLIMH U3MEPEHUSIMU
mpu sicHoM HebOe. BuayanbHOe ompepmesieHHe 00JIaYHOCTH Ha Aped@yomux cTaHuusx «CeBepHb momoc» (CII) B
1950-1990 rr. mokasaso Haauyue MaKCUMyMOB B pacIpeeneHuy MOBTOPSAEeMOCTH 0anaoB 06/IaYHOCTH OJI SICHOTO
Heba (0-2 6anna) u crnomrHoM obnaynocTu (8-10 6annoB). Hauunas ¢ 2007 roma ucmoib3oBaHUe Ha Apeidylommx
cTaHUMSX O0OJaKOMepa, OCHAIIEHHOTO MMIIYJIbCHBEIM OHOMNHEIM JIa3€POM, II03BOJIMJIO VIIYYIIHUTL BPEMEHHOE
paspelieHre W MONYyYUTh WHGOPMAIIUIO O HalMuduM o0OIaKOB B 3eHUTE Hapg mpubopoM c maromM 15 cekyup. Ha
OCHOBe [aHHBIX u3MepurenbHol Kammanuu SHEBA aBtopwl (Stramler et al, 2011) BeISBHUIIM HaTU4YWe B 3UMHUH
IIePUOL OBYX MOI B pacIpefesieHNH IIOBTOPSIEMOCTH IIMHHOBOJIHOBOTO PafAualOHHOTO OajlaHca M, IOCTaBUB UX B
COOTBETCTBUE C COCTOSIHUEM sicHOTro Heba (<=-30 Bt/M2) u crnoimHo# obnauyHocTu (>=-10 BT/M2), moka3anu, 4YToO
B 3aBHCHMOCTH OT HAJIMYMUS UM OTCYTCTBUS OOJIAKOB IMOTPAHUYHEIN Clo¥ aTMochepsl (AIIC) MOKET HaXOOUTHCS B
OBYX XapakKTEePHBIX COCTOSHUAX: Hpu scHOM HebOe AIIC ycroduuBhIM, 0OoJjiee XOJIOOHBIM, @ IIPU CIJIOUIHOM
00JIaYHOCTHU - HEYCTOMUMBEIN, O0JIee TEIIbIN, C CUITBHBIM BETPOM.

3apauel MaHHOTO MCCJIEOOBaHUS SIBJISIETCS OIpefesieHrne Hauboee HagEKHOTO criocoba AJIsi Pa3fie/ieHusT ClydaeB
sicHoro He6a UM CIJIOMIHOM O0JIaYHOCTH B MOJIIPHYIO HOYb. IIPUBOOUTCS aHaIU3 COCTOSHUS IIPU3EMHOTO CJI0S
aTMochephl B APKTUKE B IEPUOH C HOSAOps mo ¢eBpasnb NPU HAJIMUYUM U OTCYTCTBUM OOIaKOB MO pe3yJibTaTaM
HaOmiogenu# Ha CII-37, 39, 40 (c 2009 mo 2013 rr.). Pa3meneHue MO KaTeTOPHUSM (CIIJIOITHAS 00JIAYHOCTL HIIH
sicHoe He00) MPOBOOUIOCH TpPeMsi cmocob6aMu: Ha OCHOBe BHU3yalbHHIX HaOMIOOEHWH, 0[O0 3HAYEHUIO
OJIMHHOBOJIHOBOTO GajlaHca ¥ 1o oOiakoMepy. HambGosiee ymayHBIM CIOCOOOM pa3mesieHHs YCJIOBHH 00IaYyHOCTH
CYHUTAJICS TOT, IIPU KOTOPOM PA3HOCTh MEKAY CPEIHUMHU 3HAYEHUSIMU PSIA0B METEOHAOIIIOOeHU TP sICHOM Hebe u
CHIJioIIHOM o06JlayHOCTH Obllla HauOOMbIEeN, a CTaHOapTHOE OTKJIOHEHWEe II0 COOTBETCTBYIOIIEN BHIOOPKE -
HauMEHBIINM. B COOTBETCTBUM C YCIOBHUSIMH OOJIaYHOCTH, OIPEHEJIIEMBIMH OOHMM H3 TPEX CIOCOO0B, OBLIH
BLIOPAHBI MAaCCHUBHI CPEIHEYAaCOBLIX METEOPOJIOTHYECKUX MapaMeTpoB (TeMIlepaTypa Bo3oyxa U ITOBEPXHOCTU U UX
pPa3HOCTh, CKOPOCThL BETpa, aTMochepHOe OaBJjieHHe, IOTOKK U OanaHC AJIUHHOBOJIHOBOM pagualuu, TypOyIeHTHBIN
IIOTOK SBHOTO TEIJIa, apaMeTp ycToiduBocTu MoHMHA-O0yxoBa). [Ipu pemieHnu 3amay KiaccuduKaiuu B pabore
TaKxKe UCII0Ib30BaJIUCh METOOB MUCKPUMUHAHTHOTO aHas13a.

Ha crannusax CII-37 u CII-39 B 3aBUCUMOCTH OT YCJIOBHI 00JIa4HOCTU 0O0Jiee BhHIpAaXKEHHBIE OTIUYMS ITOJTyYEHEI C
WCIIOJIb30BAaHMEM NAHHEIX OOJakoMepa Ojisg BCEeX I1apaMeTPOB IIPHU3EMHOT0 CJI0S aTMOCOepH], 3a WCKIIOYeHueM
IIOTOKa SBHOTO TellJla, a TaKXe [JIWHHOBOJIHOBOTO OajaHca, II0 KOTOPOMY HacTpauBajics UIBTD 3HaueHUH B
OOHOM U3 BapHaHTOB pacuéra. Ha CII-40 Haunyummie pe3yyibTaThl OBUIM IIOIydYeHBl IPEUMYIIECTBEHHO CIIoco6oM
paspmeNieHusl YCIOBUM OOJIaYHOCTH IIO OJIMHHOBOJIHOBOMY OanaHcy. HaHHBIE O CILUIOIIHOM o6maynoctu Ha CII-40,
TIOJIy4eHHbIe C IIOMOIIIBI0 00JIaKkoMepa, IT0OKa3bIBal0OT MEHBIINY IIOTOK BCTPEYHOT0 U3NIydeHUs aTMochepkl, 6obilee
paguanroHHOEe BBEIXOJIaXKWBAHME IIOBEPXHOCTH U 0oJjiee HU3KYIO TEMIIEPATypy BO3AyXa 10 CPAaBHEHWIO C OPYTUMU
CTAQHIIUSIMM U II0 CPaBHEHUIO C I'PYNIINPOBKOM MaHHEIX II0 GajaHCy OJIWHHOBOJIHOBOM pafualldy, YTO MOXKET OBITh
CBs3aHO c ocobeHHOCTSIMHU (a30BOro cocTraBa 007akoB. BusyanbHble HabOMOOeHUs 3a 001aYHOCTHIO He ITOKa3allu
YCTOMYWBOTO IPEMMYIleCTBa HY Ha OJHOM M3 BEIOPAHHBIX CTAHITUH.
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OneIT HCNOJIL30BaHUs BjIaroMepa Ha aperdyomen crannuu "CeBepusiu Iloxioc - 41"

I'ennagui H. Unpun! , Anexkcanap II. MaxkmTac? , Bnagumup FO. Brikos

1

1 , Anpgpei C. prﬁblﬁz )

Anekcanap M. HIummkuH

1 WHCcTUTYT DpUKIagHOU acTpoHOMUU Poccuiickol akageMuu HayK
2 ADKTHYEeCKUH U aHTapPKTUYECKUU Hay4HO-UCCIeN0BaTEIbCKUI UHCTUTYT

igen@iaaras.ru

B coctaB HayuHOro ob6opymoBanusi akcnemuuuu CII-41 BXOAWUT pamguOMETPUUYECKUN KOMIUIEKC HHUCTAHIIMOHHOTO
30HOUpOBaHUS - PMC-2 , mnpegHa3HadeHHBIM [OJI IIOJydYeHUS B peXUMe pealbHOI0 BpPEMEHH MHaHHEIX O
BJIAXKHOCTHEIX IlIapaMeTrpax aTMOoC(epsl - WHTErPaJIbHOM CONEPZKAHWM BOOSHOIO Iapa B CTON0e eOUHUYHOU
IIoIanu (F/CMZ) ¥ Bomo3ariace 00JIaKOB (KF/MZ). OTcloma ¥ CMBICIOBOE Ha3BaHMe Mpubopa- Baaromep. McxomHBIMHU
OaHHBIMM [JI9 PacyéTa BJIaXXHOCTHHIX IIapaMeTpPoB aTMocdepnl SBISIOTCA pPe3yabTaThl N3MepPeHUs MOUIHOCTH
U3Jy4eHusi aTMochephl B CBEPXBEICOKOYACTOTHOM [Aualla30He [JIWH BOJH. Pe3ynbTaThl H3MepeHUH,
obHoBnAMOMMEecs Kaxnable 10 ¢, MOTYT OBITH MCIIOJIB30BAHEl, B TOM YHCJIE, [JII MCCJIEOOBAaHUS BHYTPUCYTOYHBIX
Bapualui BOOHOI'0 cocTaBa aTMocdepsl. ITomygyaemele PMC-2 maHHBIE SBJISIOTCS OOIOJMHEHHEM K pa3peskeHHBIM
IaHHBIM, IIOJIyYaeMEIM CpefCTBaMM aspPOJIOTHYECKOI'0 30HOUPOBAHUS.

OyuknuonansHo PMC-2 npepncrasinsieT coboi agByxKaHanbHEH CBY paguomMeTp, U3MEPSIOININYM MOIITHOCTh CUTHAIA,
U3JIy4aeMoro 3eMHOoM aTMocdepoit Ha yactoTax f1=20.7 I'Tu u f2=31.4 I'T'u B HanpaBneHuu "3eHuT". B oTnuuwue ot
AHAJIOTUYHOTO II0 Ha3HA4YEHHI0 Mpubopa, YCTAHOBJIEHHOTO Ha HAYYHO-MCCJIEOOBATEIbCKOM cTammoHape AAHUU
«JlemoBas 6a3a "Mric BapaHoBa'", BlaroMep OOIOJIHEH CPEACTBOM aBTOMAaTUYECKOM KaTMOPOBKY.

ITpubop 3anymeH B pabory 25.08.2023 r. IIpencraBieHsl oO0paboTaHHEIE Pe3yJIbTAaTH W3MEpPeHUM Ha UHTepBalie
137 cyTok. ITo pe3ynbTaTaM pabOTHI BHIIOJIHEHA OIeHKA Ka4eCcTBa PabOTH CUCTeM Ipubopa.

B mporecce sKcIIyaTaiuu BhHISIBI€HaA HEOOXOOUMOCTb HOPAOOTKM KOHCTPYKLUMH MPHUBOAA AHTEHHOM CUCTEMEI
BOIOMepa C LeJibl0o PaboTH B YCIOBUSX IOBHINEHHBEX (0o 50 M/C) BETPOBBIX Harpy3oK. YKa3aHHHIM HEIOCTAaTOK
YCTPaHEH B IepUO[ IMOATOTOBKY K akcneguiuu CIT1-42.
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IMonsipuMeTpHUYEeCKOe 30HAUPOBAaHHE 00/IaKOB B MOJISIPHBIX IIHPOTAX

BukrTopus A. ®ananeesal , bBopuc A. domun , Amnexkcanpgp B. I‘IepHOKYHI:CKI/Ifll , Anekceit E. MamonToB! |

Apcenwnii 1O. ApTaMOHOB1
1 HNuaCcTUTYT Dusuku atMmochepsr uM. A.M. O6yxoBa PoccuiicKoi akageMuu HayK
2 LenTpansHas Asponoruueckass O6cepBaTopus

victory@ifaran.ru

O6/1a4HOCTh UTPAET CYIeCTBEHHYIO POJib B PagHalliOHHOM OajlaHCe IOJIIPHBIX MUPOT, Haubojiee YyBCTBUTEIHHBIX
K KIAMaTUYECKUM W3MEeHEeHUsIM. [[MCTAaHIMOHHOE 30HAWPOBaHWE OOIAKOB B MOJIIPHBIX pPaliOHAX MPEACTaBIISIET
3HAUUTENIbHYI0 CJI0KHOCTh ¥3-3a HHM3KOTO BUOAMUMOTO ¥ TEeMIIEPAaTypPHOTO KOHTpacTa C IOACTHIAIOIEH
MTOBEPXHOCTHI0. OOHAKO IOJISIPU3AIUs U3TyYeHUsT, BOSHUKAIOIIAs MPU PacCesTHUM Ha OGJIaYHBIX YaCTHUI@X, MOXKET
CJTYKUTh KJTIOUEBBIM ITapaMeTPOM [JIs1 BOCCTAHOBIEHUS UX MUKPODUINUYECKUX U ONTUYECKUX XapaKTEePUCTHUK.

711 OIEeHKM IOTEeHIMana IIOJIIPUMETPUYECKUX U3MEPEeHUN IIPOBEIEeHbl YUCJIEeHHBIE JKCIEPUMEHTH C
HUCIIOJIb30BaHUEM MOIeNu nepeHoca u3nydeHus Fast Line-by-Line Model (FLBLM), paccuyuTHIBalomel mapaMeTphl
CToKCa yXOOsIIero COMHEYHOI'0 M TEeIJIOBOTO M3My4YeHUs B BUAMMOM, ONMUKHEM uM TeminoBoM HMK-mmama3oHax.
HccnemoBaHbl pasiU4YHBEIE CIeHApUU OOJTaYHOCTH (ONTHYEeCcKas TOJIIIMHA, BHICOTA, (A30BBIM COCTAB) W THIIHI
TOACTHUJIAIONIEN IIOBEPXHOCTH (JIEO/OTKpBITasi Bofa). Pe3ynbTaThl MHOKa3ajly, dYTO JIMHEWHAs NOISpU3alus
COTHEYHOT'0 U3Ny4YeHUSI TEMOHCTPUPYET UYBCTBUTENBHOCTh ~10% K M3MeHEHUI0 00JIavyHOM CTPYKTYPHI, COXpaHSs
CTAOUIBbHEIN YPOBEHb HaXKe IMPH CHUXKEHWU anb0efo ¥ WHTEHCUBHOCTH CUTHA/a, PETHUCTPHUPYEMOTO CIYTHUKOM.
TemmoBoe HW3My4YeHUE MPOSBIsAeT cnabyio momspulanuio (~1%), 3aMeTHYIO0 Ul Ha TUMOOBEIX Tpaccax, 4YTO
OrpaHUYMBAET, HO He UCKJII0UAeT ero NpuMeHeHue. Bo Bcex YMCIEeHHBIX 3KCIIEPUMEHTAX MCII0Ib30BaIoCh BEICOKOE

criekTpanbHoe pa3pemienue (0.1 eml

¥ JIyd4IIe), YTO CIIOCOOCTBYET IIOCIOMHOMY aHAJIM3y aTMOCKEPH], ITOCKOJIBKY
IIO3BOJISET BHIOEJISAThL BKJIa[ Pa3/IMUHBIX BHICOT 3a CYET pas3HOM IJIyOMHBEI HIPOHMKHOBEHUS U3JIYUYEeHUS B
CIIEKTPAJIbHBIX JIMHUSX. B YacTHOCTH, BHICOKOE CIEKTPalIbHOE paspelleHre I[IOMOTaeT WCKIIIOYUTH BIIUSHUE

oACTUIaoIen IIOBEPXHOCTHU U HUKHUX CII0EB aTMOC(I)epBI B CHUJIBHEBEIX II0JIOCaX IIOTJIOLIEHUA aTMOC(I)epHBIX ra30B.

CoBpeMeHHBIE CIYTHUKOBBIE CHCTEMBI pPEOKO COYeTaloT BEICOKOE  CIeKTpajibHOe  pa3pelleHue C
MIOJISIPUMETPUYECKUMU BO3MOXKHOCTSIMY, YTO CHHUXKAET UX 3GPEeKTUBHOCTh IJIsI 3amad 00JIaYyHOr0 30HAUMPOBAHUS.
Pa3paboTka HOBBIX HMPHOOPOB, 0OIAHAIOINTUX OOOMMHM CBOMCTBAMHM, MOTJIa OBl 3HAYUTENILHO ITOBHEICUTH TOYHOCTh
BOCCTAHOBJIEHUS ITapaMeTPoB 06JIaYHOCTU B MOJIIPHBLIX patioHax. Momens FLBLM mozkeT OBbITH MCITOTb30BaHa IS
ONTUMU3ANNY [TapaMeTPOB OyAyMINX CIIyTHUKOBEIX 9KCIIEPUMEHTOB, BKIII0Yasi BEIOOD CIEKTPAJIbHEIX OUAMla30HOB U
reomeTpun HabOmomeHu#. TakuMmM oOpa3oM, ITaCCUBHOE IMOJIIPUMETPUUYECKOe 30HOWPOBaHMe of6jagaeT
3HAQYUTEJIbHEIM IIOTEHIVaJIoM [Ji1 MOHUTOPUHTa OOJIaYHOCTU B IOJIIPHEIX INPOTaX, HO TpebOyeT HalbHeMNIIero
Pa3BUTUSA UHCTPYMEHTAJIBHON Oa3kl.

Pabora nognepkana rpantoMm POOU 16-35-00585.

HMccrnegoBaHHe MIPOBEIEHO MPH MOAdepPXKKe:

1. "PO@®HN", rpanT 16-35-00585
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CEKIUA 10. MPOIECCHI, ONTPEAEJIAIOIUE COAEP KAHUE KIIMMATHYECKHU

1 DKOJIOTMYECKHU BAKHBIX I'A30B u ADPO30JIEA B TPOIIOC®EPE

Conpencenarenn: 1.¢.-m.H. Bakiaanos A.A. (BMO, Ulgseiinapus, PTTMYVY, Cankr-IlerepOypr,

Poccus), k.d.-m.H. Makaposa M.B. (CII6I'Y, Cankr-IlerepOypr, Poccus), x.¢p.-m.H. MoHoB

J.B. (CIIoI'Y, Cankr-IlerepOypr, Poccus)
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OnleHKa B3aMMOCBSI3H CO/THEYHO-HHAYIHPOBAHHOH (P/IYyOPECIIEHIIHH C MapaMeTpaMH
OKpYyiKaomieH cpeabl IjIsi Pa3/IMYHBIX 9KOCHCTEM ora 3amagHou CHOMPH 0 JaHHBIM
peaHa/IM3a U CIIyTHUKOBBIX HAaO/IIONeHUH

1

Tarbsina b. 2KypaBieBa~ , Arnekceii B. CKOpOXOJIOBl

1 HNHCTUTYT oniTUKHU aTMochepH uM. B.E. 3yeBa Cubupckoro oraenesuss PoccuiicKoM aKkaJeMun HaykK

ztb@iao.ru

BanoBasi mepBuuHast npopykuus (GPP, gross primary production) siBisieTcsa KITI04eBOM XapaKTepPUCTUKOM
r1o6ayibHOT0 YIJIEPOJHOTO OanaHca. B HacTosimee BpeMsi Ojs MOnMy4deHus wHpopManuu o GPP B pernoHaabHOM U
ryo6anbHOM MacInTabe MUPOKO UCIIOIb3YIOTCS TOAXOOLI, OCHOBAHHEIE HA JAHHBIX AUCTAHIMOHHOTO 30HOWPOBAHUS
3emnu u3 kKocMoca. [lepBas rpynmna MeTOZOB OCHOBaHAa Ha IIPUMEHEHUM YCTAHOBJIEHHEIX CTATUCTHUUYECKHUX
3aBucuMoctelt Mexny GPPwu  pasnuyHBIMH KOCBEHHEIMM XapaKTePUCTHMKAMU pacTeHUN, HaIpuMep,
BereTallMOHHEIMU WHIeKcamMu. BTopoit momxon 6a3upyeTcss Ha UCIONb30BAaHUM MOIEJNIM IIepepaclpenesieHus
9HEpPruu B mpornecce ¢GOTOCUHTE3A, YTO IIO3BOJIsAIET CBsi3aTh GPP ¢ ¢oTocuHTEeTHYECKN aKTUBHOU pamuanmen (PAR,
photosynthetically active radiation) 4epes asmnupumuecku mnomobpaHHBIE KO03¢duumeHTrl. B 0CHOBE TpeThETO
nmogmxoma K oieHKe GPP 1o CHOyTHUKOBHIM [OaHHBIM JIEKUT MCIOJIb30BaHMe UHOOpPMalIUKM O COJIHEYHO-
uHOyuupoBaHHOUW ¢uyopecuennuu (SIF, solar-induced fluorescence), xoTopasi SBISIETCSI COOCTBEHHBIM
U3NIy4yeHUeM pacTeHu#d B pmana3oHe 600-800 HM, BO3HUKAIOIIMM B TedYeHHE HECKOJIbKO HAHOCEKYHI IIOCJIe
TIOTJIOIEHUSI COJIHEYHOTo cBeTa xyjopodusioM. XoTs Ha (GIyopecUeHIINI0 IPUXOOUTCS Bcero 1-2% mpuxopsinen
PAR, perucrtpauus curHaja co CIyTHHKA BO3MOXKHA Ojarogaps ToMy, 4To nmuku cuektpanbHou SIF (680 u 740 M)
pacnosnoxeHsl BOnu3u nuHuit Opayurodepa (687 u 760 uM). ITpeumyliecTBaMu UCIIOIL30BaHUSA OAHHOTO IOAXOIa
SIBIISTIIOTCSI er0 pu3mdeckass 000CHOBAHHOCTb U YyBCTBUTEIIFHOCTE K CTPECCOBLIM YCIIOBUSM PaCTEHUH.

Ha ocHOBe BBIIIOJIHEHHBIX PaHEe MHOTOYWCIEHHBIX wHcciaemoBaHuM B3amMocBsi3u GPP-SIF mokasaHo, 4TO B
rnobanbHOM MacmTabe Ha [IIUTENbHBIX (HEe MeHee MecsIila) BpPEeMEHHBIX WHTepBajlax MeXOy OTUMU
XapPaKTePUCTUKAMHU HA0JII0[aeTCs MPaKTHYECKH JIHHEHHast 3aBHCHMOCTE. OMHAKO B PErMOHAJILHOM MaciiTabe
OTAEJNIbHEIX 3KocucTteM cooTHouleHue Mexkay SIF u GPP MoXeT CylieCTBEHHO MEHSThCS B 3aBUCUMOCTH OT YCJIOBUU
OKPYZKaIolled CPefrl, YTO OCOOEHHO aKTyaJbHO AJIsI PETHOHOB C BEICOKOM IPUPOOHOM HEOTHOPOOHOCTHIO - TAKUX.
Kak 1or 3amagHoyu Cubupu.

B pamnHO#t paboTe paccMaTpUBaEeTCs TeppuTopus 3amagHod Cubupwu, BKIIodaromias AJTaWcKui Kpaw,
Kemeposckyio, HoBocubupckyo, OmMckylo u ToMckyioo o6mactu. [IjsT BBISIBJIEHHS KJIIOUEBHIX IIapaMeTpPoB
OKpyZKalollel Cpenrl, OKa3bIBAIOIIVUX BIUSHVE Ha UX (HOTOCMHTETUYECKYI0 aKTUBHOCTh, HUCIIOJIb30BaHBl OaHHEIE
peananu3a ERA-5 u pa3nuyHBIX CIyTHUKOBBIX UHCTPYMEHTOB: TeMIlepaTypa Bo3[yXa Ha YPOBHe 2 M, TeMIlepaTypa
BEPXHEro CJIOS IIOYBHI, KOJIMYECTBO OCAOKOB, He(UIIUT AaBIeHUs BOMOSHOTO I1apa, BereTallMOHHBIE MHAEKCH, HOJI
norjomeHHoOU pacTteHusMu PAR, moToku mnpsmoid u paccesHHoOM PAR, BnaxKHOCTL MOYBHL. PaccMaTpuBaroTcCs
MeCsIYHble 3Ha4deHUs [IePEedUCIJIEHHBIX BHIIIE XapaKTEPUCTUK B BereTallMOHHOM IIepHOfe UCCIefyeMOI0 permoHa
(mati-ceHTs6pb) ¢ 2018 mo 2024 ron. Bes uadopManms o mapaMerpax OKpPYyzKalolled cpennbl IpUBegeHa K eTUHOMY
IpocTpaHCTBeHHOMY pa3zperieHuto 0.05°.

[Ina oLeHKU CBA3M MeXny 3HaueHuaMu SIF, BoccTaHOBIEHHBIMH II0 OaHHBEIM ceHcopa TROPOMI (cnyTHUK
Sentinel-5P), m mnepeducieHHLIMU BEHIIle XapaKTepPUCTHKaMM Ha [OAHHOM 3Talle UCCJIeJOBaHUMN pacCUUTAHEB
KoapdummenTrr Koppensiuu ITupcoHa M WX CTAaTUCTUYECKas 3HAYMMOCTh, a TaKyKe BpPeMEHHBbIE COBUTHU KPOCC-
KOPPEeJAINK KaK [JIs PeruoHa B IIeJIOM, TaK M OTHeJIbHEIX agMUHUCTPATUBHEIX 00acTel ora 3amagHoii CHUOHUPH..
AHanu3 nojaydeHHBIX B paboTe pe3yIbTaTOB CBUAETEBCTBYET O TOM, 4TO SIF Ha paccMaTpuBaeMbIX TEPPUTOPUIX
Haubojiee TECHO CBsS3aH C BeTreTallMOHHLIMM MHOEKCAaMM U HOoJiel moriolleHHoM pacTteHussMu PAR. YcraHoBieHo,
YTO TEeMIIEPaTypPHBIM PEeXMM B HCCIEAyeMOM peruoHe Oomee 3HAYUM AjIsi (HOTOCHUHTETUYECKOW aKTUBHOCTH
9KOCHCTEM II0 CPAaBHEHMIO C TapaMeTpaMu YBJIaXKHEHHOCTH.

Pa6oTa BBITIONTHEHA B paMKax rocymapcTBeHHoOTO0 3amanus MOA CO PAH.
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OduHaMuKa POTOCHHTE3a Pa3/IMYHBIX IKOCHCTEM Iora 3anagHou CHOHPH 1O
CnyTHUKOBBIM JaHHBIM TROPOMI 3a nepuog 2018-2024 rr

1

Anekceu B. CkopoxogmoB~ , Tatbsna b. }KypaBJIeBa1

1 HUuctutyT ontuku atMmocdeps uM. B.E. 3yeBa Cubupckoro orueneHnusi Poccuiickoi akageMuu HayK

vazime@yandex.ru

®OTOCHHTE3 SBISETCS KIIIOUEBHIM OHOJIOTMYECKUM IIPOIIECCOM Ha 3eMmiie, B Xofe KOToporo sHepruss ComHIa
HUCIIONB3YeTCs OJIsT CHHTe3a OpPraHWuYeCKUX COeOUHEeHWN W3 HeOPTraHWYEeCKHUX BEIIeCTB C BHIOEIeHHeM KHCJIOpoaa
KakK H060‘-IHOFO IIPOAOYKTa. B HacCTosdAllee BpeMsa OOHUM H3 HaH6onee MMEePCIIEKTUBHBIX IIOOXOOOB K MOHUTOPHUHIY
(hOTOCHHTETUYECKON aKTHUBHOCTHM 3KOCHCTEM B PETHOHAILHOM M TI00aJIbHOM MacITabe SIBISETCS PerucTpalus
dryopecueHTHOTO  H3Ny4YeHUs  xJiopoduina, UHOYIIUPOBAHHOTO  CcOJiHeuYHBIM  cBeTtoM  (SIF, solar-
induced fluorescence), a3poOKOCMUYECKUMHU CPELNCTBAMMU.

PacTtenussiMu ycBamBaeTCsI TONMbKO YaCTh IMPUXOMSIIET0 COJTHEYHOTO U3JTy4YeHUs, Ha3biBaeMasi (QPOTOCUHTETUYECKU
akTuBHOM panuanmei (400-700 uM). Ilormiomasick XJI0pPOdUIIIIOM, OHa PACXOOYeTCsI Ha HECKOJIBKO ITPOILIECCOB:
dotocunTes (80-90%), paccessnue B Bume Teruia (5-10%) u dnyopecuernnuio (1-2%). SIF reHepupyeTcs B TeUeHUE
HECKOIbKO HAHOCEKYH[H Iocjie abcopOiuu cBeTa B OuarnaloHe OauH BoiH oT 600 mo 800 HM C THUKOBHIMH
3HaueHUsAMHU Ha 680 u 740 HM. Perucrpanus cTosb c1aboro CUTHajla CO CIyTHHKA BO3MOXKHA Oaromaps TOMY, YTO
MMUKY CIeKTpanbHOoM SIFpacnosyoxkeHbl BOMu3u nuHuii ®paynrodepa (687 u 760 um). OmHAKO Ha ITPaKTHUKE MOjIoca
680 HM He HCIIONb3yeTCsd B AUCTAHIIMOHHOM 30HAWPOBAHUM H3-3a OClIabJieHUs H3TyYeHUs B Pe3yJbTaTe ero
TIOBTOPHOTO MOTJIOLMIEHUS XJIOPOGUIIIIOM IIPU BEIXOE U BHICOKOTO (hOHA OTPaxKEHHOT'0 COJTHEYHOT'O CBETa, TOrfa Kak
orepaTuBHbIe AaHHble SIF (740 HM) IPUMEHSIOTCS OJIST OLIEHKW WHTEHCUBHOCTU (OTOCUHTETUYECKOM aKTUBHOCTU
9KOCHCTEM B TUHAMHKE.

B pmanmHoii paboTe paccMaTpuBaeTcsd u3MeHUYMBOCTH SIF st Hamboiiee pacrnpoCTpPaHEHHBIX SKOCHCTEM Iora
3amagHo#t Cubupu - peruoHa, KOTOPHIM XapaKTEPU3YyeTCs BHICOKOUW MPUPOAHON HEOJHOPOOHOCTHIO U BBHIPAXKEHHOM
Ce30HHOCThIO. IIpefcTaBiieHBl pPe3yJIbTaThl OIeHKH OUHAMHUKU (GOTOCMHTETUYECKON aKTUBHOCTH KaK OISt
yKa3aHHOU TEPPUTOPHUU B LI€JIOM, TaK U afMUHUCTPATUBHO-TEPPUTOPUAIBHEIX €QUHUILl JAHHOI'O PErUoHa.

B kauectBe uctouHuka maHHBEIX SIF mMcmonp3yoTcs pe3ysnbTaTH 30HOAWUPOBaHUS Iora 3amagHoidt Cubupu ceHCopoM
TROPOMI (cnyTHuK Sentinel-5P), monydenHbie 3a nepuopn 2018-2024 rr. ¢ Masi mo ceHTs0pb. B3siTast ¢ cepBuca
BET'A-Science, paspa6oramnoro B MKW PAH, kapTa pacnpeneneHHs THIIOB PAaCTUTEILHOCTH IPHUBEOEHa K
IIpocTpaHCcTBeHHOMY pa3pelieHuto 0.05° Os MOIy4YeHUs CTAaTUCTUYECKU 00eCleYeHHBIX MECSYHBIX HaHHBIX SIF.
[Tockonsry TROPOMI ckaHUpyeET 3€eMHYI0 IOBEPXHOCTE C IPOCTPAHCTBEHHBIM pa3pelreHueM 3.5X5.5 kM (3.5X7 Kkm
mo asrycra 2019 roma) ¢ mepuoguMYHOCTHIO OpPOUTHI 16 CYTOK, TO [Jis IIONIYYEHUS MECSYHBEIX NOaHHBIX SIF
eXXe[JHeBHbIe 3HAUEHUs arperupoBajiiCh B y3jlaX CeTKH Cc paguycoM 4.5 kM. Ha OCHOBe IONMy4YeHHEBIX 3Ha4YEeHUU
IIOCTPOEH Ce30HHBIM XO[ 3TOr'0 ITapaMeTrpa [Jis Pa3fIMYHEIX 3KOCUCTEM IlefieBoro perunona. Hanbombiel u cCXomHOU
poToCMHTETUYECKON aKTUBHOCTHIO 00JIafal0T JTUCTBEHHLIE Jieca M JIyra, a HauMeHbIel - 6omoTta. THTEHCUBHOCTD
¢oTocuHTEe3a OONBIIMHCTBA 9KOCHCTEM iora 3amamHoli Cubupu OOCTHUTaeT IUKa B HIOHe (pexe - B HIONE), a
MHUHHUMyMa B ceHTs0pe. OcCOOBI WHTEpEeC IPEeNCTABISIOT 3HAYUTEJIbHBIE OTKJIOHEHUS (OTOCUHTETUYECKOMN
aKTUBHOCTH OT cpepHero. B uactHoctu, B 2020 romy 3HaueHus SIF ObIIM MUHUMAJIBHEIMU 3@ BeChb II€PUOL
HaOIIOJeHWsI, 4YTO IIPEAIIOJIOKUTEIbHO BBI3BAHO XOJIOMHOM BECHOM ¥ [eduUMTOM OCAmKoOB B Hadale
BeTreTalMOHHOI0 Iepuofa. AHANU3 OAaHHBIX OIS aIMUHUCTPATUBHO-TEPPUTOPHAJIBHBIX €OWHUI] II0 OTHEIbHOCTH
BBISIBUJI PSIT IpUMedaTeIbHBIX (aKTOB, TAaKUX, KaK, HampuMep, 6oJjiee BRICOKKE, YeM Y JIMCTBEHHEIX JIECOB 3HAYEeHUs
SIF gyist maXxoTHHIX 3eMenb B KeMepoBCKo# 06macTu, yOrIBatomas ¢GOTOCHHTETUYECKAS aKTUBHOCTh BCEX OCHOBHBIX
akocucteM ToMCKOM 06/1acTy 3a pacCMaTPUBaeMblH Tepuomd U T.[.

Pa6oTa BBITTOTHEHA B paMKax rocymapcTBeHHoOTo 3amanus MOA CO PAH.
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KoHnleHTpanusi MeTaHa B atMocdepe Hag MOPSIMH POCCHHCKOH APKTHKH OCeHbIo 2023
roga

Hartanesa B. l'IaHKpaTOBa1 , Hrops B. Benukos! , Bamnepui A. BeJloyCOB1 , Amnppen U. CKopoxor_[l'2 ,

1 1

Anacracus B. BacunveBa®™ , Mapuna [I. KpaBthmHa3 , HOpuit A. IITa6kunl , Koucrarntnr b. MouceeHko

1 NuacTuTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akafgeMuu HayK
2 YuuBepcuret Benrl , ABCTpus
3 UncTtutyT okeanonoruu uM. I1.I1. [llupmosa Poccuiickoit akagemMuu HayK

n_pankratova@list.ru

[ToBriIEHUWE TeEMIIEpATyphl B ADKTHKeE, IIPOUCXOAslllee B IIOC/IeNHUE HOEeCSATUIEeTUS M OIlepexalolllee CpemHUe
rio0asbHbIE TEMIIBI, TPENCTABIISIET YIPO3Y M3-3a BEICBOOOXKIOEHUST KPYIIHBEIX 3aliekKel yriiepona, COCPeNOTOUYEHHBIX
B BEYHOU Mep3JI0Te APKTUKNU. MOHUTOPUHT OKPYZKalollell Cpedhl CTal OOHOM U3 NIPUOPUTETHHIX 3ajad IIPU OLleHKEe
PUCKOB [jId KpalHe YSI3BUMBIX apKTUYeCKUX 5KOCHCTeM, OOHAKO IIpOBedeHMe U3MepeHUI cocTaBa aTMoChephHl B
CTOJIb yAAJIEHHBLIX PErrnoHax, B 0OCOOEHHOCTH Hal aKBaTOPHENW apKTUYECKHUX MODPEeH, KpaliHe 3aTPyHHUTEbHE. OHU
OT'PaHUUYMBAIOTCA IIPOOOIXKUTEILHOCTHI0O HAaBUTAIIMOHHOTO IIepUOoMa, JIOTUCTUUYECKUMU CJIOKHOCTIMU oTOOopa Ipob
u npubopHOoi 6a30i, He0OXOOUMOU [IJIST IPOBENEeHUS IPEIU3NOHHEIX U3MEPEHN cOCcTaBa aTMochepHOro Bo3ayxa. B
XOofe MaHHOTO MCCIeNOBaHMs OBUIM HPOBEOEHHI M3MepeHus atMochepHoi koHueHTpanuu CH 4 C 9 HOs6pPsA 1o 6
mekabps 2023 roma. OCHOBHBEIMY palioHAaMM HCCIeOOBaHus cTanu bapeHlleBo Mope U I0XKHas akBaTopus Kapckoro
Mopsi. B mepuon uccienoBaHuil KOHIIEHTPAIIUS CH4 B aTMoc(depe Haxogunuch B guanasoHe ot 2.018 go 2.127 ppm,
co cpepgHuM 3HadueHueM 2.040 + 0.014 ppm.

Bapuanuu atmocdeprHoro CH 4 B TIDUBOJIHOM CJIO€, TTIaBHBEIM o6pa3oM, ObLTH 00YCIIOBIEHEI METEOPOJIOTUYECKUMU
YCIOBUSIMM, a TakKxKe reorpadrdyecKuM IIOJIOKEHWEM CygHa U BpeMeHeM H3MepeHuil. Tak, HaIpuMep, B
peruoHanbHOM MacIinTabe, MePeHOC BO3OYIITHEIX MacC C CYIIH IIPUBOAMUII K ITOBLIIIIEHHON KOHIleHTparuu CH 4» BBIHOC
C CeBepHHIX PalOHOB ATIIAHTUKU - K ITOHUKEHHOU. JIoKalIbHBIE UCTOYHUKY OIpenensanu 0ojiee KOPOTKOIIEPUOOHEIE
¢nykTyanuu 3HaueHUU KoHUeHTpauuu CH 4 B TIDMBOIHOM BO3ZyXe. CoBMecTHBIE U3MepeHusa comepxanusa CH 4 B
MOPCKO# Bome M B aTMocdepe C BEHICOKMM pa3pelleHueM SBISIOTCA KPUTUYECKU BaXXKHBIMM [OJIs1 [MOHUMaHUS
MacmTaboB 3MUCCUU CH4 Ha rpaHune rugpochepa-atmocdepa, ocobeHHO B 3UMHHI IEPHUOH, KOTga B OKeaHe
yBEeJIUYMBAETCSI MOIIHOCTL CJIOS IlepeMeNIMBaHUS, YCUIUBAeTCS KOHBEKUMS M B aTMocdepy MOXKeT IonamaTthb
0Oorblllee KONMUYECTBO MeTaHa M3 BOOHOM Tommu. IlomyyeHHBle HaMU OaHHBIE MOTYT OBITH MCIIOJIB30BAHHL KakK
BXO[HBIE IapaMeTPH] AJI KJIIMMaTH4YeCKUX MOAeJIeN.

HccinegoBaHHe MIPOBEIEHO MPH MOAdepPkKKe:

1. "PH®", rpanT Ne 25-27-00140
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AHTpOlIOl"eHHaﬂ «IBUJIBHAs MI'JIa» B Meramojince: Hi3MeHEHHeCOCTaBa U KOHIIEHTPAITuHu
IPH3EMHOr0 a3pP030Jisi MPH JIOKAIBHOM BO3IeHCTBHH

1

Ouna II. 'yoaHoBa" , AHHa A. BHHOFpaHOBal

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK

gubanova@ifaran.ru

[TimeBOM a’spo30/1b UIpaeT aKTHUBHYIO POJIb B IIpolleccaX, OIIpedesIsioIIUX COCTaB U CBOMCTBa aTMochephl U
BIMSIOMNX Ha KIUMaT 3eMM, OHOTeOXMMHIO cymn M okKeaHa [1, 2]. B ocHoBHOM aTMocdepHasi ObUTE MMEET
IIPUPOJHOE IPOUCXOXKAEeHUE W 00pa3yeTcss BO BPeMs MBUIBHBEIX M II€CYAHBIX Oyph B apPUOHBIX U CEMUAPHUIHBIX
palioHax 3eMHOTro IIapa. BKiag MuHepasibHOM MOHIJIM B T'JI00AIbHYIO ad3p030JIbHYIO0 HArpy3Ky ~ 26 MiH ToHH [1]. B
Tporocdepe MHIIbL HETAaTUBHO BINUSIET HAa 3KOCUCTEME, 300POBhE M XKU3HENESATEeIbHOCTh HaceneHus [3].

ATMOChEpHBIH NepeHOC 4YacTHull IIBUIM K3 PANOHOB IHIJIBHHEIX Oypb B Onu3yiexallne padoHB 3a4YacTyIo
o6ycriaBnuBaeT BO3HUKHOBEHUE MBUTHLHOM MTJbl. OOHAKO B KPYIHBIX TOPOHaX, YOalIeHHEIX OT PETHOHOB-UCTOYHUKOB
SMMCCHM MUHEPaIbHOU MBI, 3G(GEKT «IBILHON MITIE» MOTYT BHI3BATh JIOKAJIbHEIE AHTPOIOTEHHEIE MCTOYHHKHU
(0OOBEKTHI CTPOUTEICTBA M PEKOHCTPYKIUM). ITOMY CIOCOOCTBYIOT crenududecKue OCOOEHHOCTH OOJIBIIIOTO
ropona (ocoObIil BETPOBOI PEeKUM, TIIyDOKHUE TOPOIACKUE KaHbOHH, ypOomaHauadTE).

B pabote wu3ydaeTcs HU3MEHYUBOCTH KOHIIEHTPALIMM, pacIpedesieHHs 10 pa3MepaM M 3JIEMEHTHOT'O COCTaBa
aspo30Jiell B MPU3EMHOM cjioe aTMochepbl MOCKOBCKOTO METaIlloica BO BpeMs paboThl OMM3KWUX MHTEHCHBHEIX
CTPOUTENbHLIX HWCTOYHUKOB, BHI3HIBAIOIINX 3(PDEKT «IBITBHON MIIIbI». AHAJM3UPYIOTCSA HAHHBIE HEIPEepPhIBHBIX
HaOTIOOeHuH 3a COCTAaBOM IIPHU3EMHEBIX a3PO030Jiel, OCYILIECTBIIeMBIX B MHCTUTyTe Pusuku atMmochepsl uM. A.M.
Ob6yxoBa PAH (U®A PAH) B nmetuust nmepuop 2021 u 2024 rr. OOGCyXKIOalOTCSA [OBa 3MU307a CUILHOTO 3albIJIEHUS
MIPU3EMHOT0 BO3yxXa BO/MM3YU NyHKTa Habmogenut UO®A PAH B ieHTpe MOCKBHI, OTIMYAIOIIUXCS ATUTEIBHOCTBIO U
MOIITHOCTBIO UCTOYHHUKOB [4].

MaccoBasi KOHLEHTDAlMs adpPO30JBHBIX dacTul, PM,, BO BpeMs MeHCTBHMS 9STHX IBUIEBEX HCTOYHHKOB
HEOJHOKPATHO IIPEBHIIAa IPeebHO HOMyCTUMYI KOHIEHTpanuio I1[JK: MakCHManbHO pa3oByio (300 Mkr/m3) -

mo 14-38 TIOKM.p u cpenHecyTo4HYyi0 (60 MKr/M3) - mo 5-9 ITJI1Kc.c.

HccnemoBaHBl OHCIIEPCHBIM M 3JIEMEHTHBIM COCTaB MNPU3EMHOIO0 a’3po30jIs B IIeHTPE Meramojuca BO BpeMs
OeNCTBUS JTOKAIbHBIX CTPOUTENILHLIX NCTOYHUKOB. OOHapyKeHO CXOACTBO PyHKIUN pacupemeneHus M0 pa3Mepam
YaCTHUI[ ApPUOHOTO aspo30Jid B KalMBIKMM M TOPOMCKOIO adpo30jisi B MOMEHT HaMOOIbINell HHTEHCHUBHOCTH
JIOKAJIbHBIX CTPOUTENLHEIX KCTOYHUKOB. BEHISIBIEHO MOm0o0ue 3JIEMEHTHOTO COCTaBa TOPOICKOTO a3p030Jisa BO BpeMs
paboTHl CTPOUTEJIPHBIX MCTOYHUKOB M apUAHOTO a’po30nss KalMBIKMUM B YaCTU BBICOKOTO COOepzKaHUSI
UTOGUILHBIX 39JIEMEHTOB: amoMuHus (Al), 6apus (Ba), mutusa (Li), marausa (Mg), Hatpus (Na), kanus (K), Kaabius
(Ca), xenesa (Fe), docdopa (P), crporuus (Sr), Topus (Th), ypana (U), nantana (La) u gp. OgHaKO B TOPOJICKOM
TIBIJIEBOM adpP030Jie 3aperuCTPUPOBAHBLl TOBHIIIEHHBIE KOHIIEHTpAIIMM, He IMpeBhatonme 3HaueHuu IIK,
QHTPONOTEHHBIX IIOTEHIIMAIPHO TOKCUYHBIX 3JIEMEHTOB -METaJJIOMAOB U TSIXKEJIBIX MeTaslyioB: Boibppama (W),
BaHagus (V), monubmena (Mo), Hukensa (Ni), memgu (Cu), nuHak (Zn), xagMmus (Cd), acsunia (Pb), omoBa (Sn),
cypbMHI (Sb), BucmyTa (Bi). OHM CBOMCTBEHHEl TOPOKHOM IIBIJIN U NEIJIEBOMY a3p030J1i0 MOCKOBCKOT0O MeraroJuca.

O6CcyKOaloTCcsa OIIEHKW MOIIHOCTY IONOOHBIX JIOKAJIBHEIX CTPOUTEIBLHBEIX MCTOYHUKOB adpO30JiIe W HeraTHBHEBIE
akTOpH UX BO3OENCTBUS IIPU MPOSBIIEHUN «IIBUILHOM MTJIBI» B OOJIBIIIOM T'OPOJIE.

1. Kok J.F. et al. Nat. Rev. Earth Environ. 2023. 4, 71-86. https://doi.org/10.1038/s43017-022-00379-5.

2. Mahowald N.M. et al. Atmos. Chem. Phys. 2010. 10, 10875-10893. https://doi.org/10.5194/acp-10-10875-
2010, 2010.

3. Zhang X. et al. Atmosphere. 2016. 7, 158. https://doi.org/10.3390/atmos7120158.

4. Gubanova D.P. et al. Dokl. Earth Sc. 2025. 522, 14. https://doi.org/10.1134/S1028334X25605681

181


https://doi.org/10.1038/s43017-022-00379-5
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1. "Toc3amanme UuCcTHTyTa Dusuku atmochepsr uMm. A.M. OO6yxoBa Poccuiickoil akageMuu HayK", TPaHT
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AtmocdepHbIi nepeHoc nbUTH U3 IIpukacnusi Hag EBponeHcKou 4acThi0 POCCHH: BOTHBI
Tellyla M KOJIMYeCTBa OCaJKOB B pa3HbIE€ CE30HbI

1

AnHa A. BunorpagoBa~ , [luna Il. 1"y6aH0Ba1

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HaykK

anvinograd@yandex.ru

Kak moxaszanm pe3ysibTaThl HENPEPLIBHBIX HAOIIOOEHUN 3a XapaKTepUCTHKaMu aTMochepHBIX aspo3oseit B UOA
uM. A.M. O6yxoBa PAH B 2020-2024 romax, B MOCKOBCKOM PETHOHE IIOUTH KaXKObIH I'of HaOII0marTCs 3MTHU30IB
IaJlbHeTro IIepeHocCa MBUIM U3 apPUOHBIX U 3aCyLUIMBHIX parioHOB [Ipukacnus [1], BEI3BIBalOlMie aHOMAJIbHEIM POCT
KOHIIEHTpaIlluy NPU3EMHOI0 a’3po30iid (C IpeBHILIEHUEM cpefHecyTodyHOTo 3HadeHus I[1IIK gns PMlO)' ITeineBas
KOMIIOHEHTa aTMOC(epHOro aspo30Jisi UTpaeT aKTUBHYIO pOJIb B arMocdepe, BO3MEUCTBYyS Ha ee COCTaB
¥ pafualliOHHLIN 0ajaHC, a TaKXe BAUSET Ha Hal3eMHBIE 9KOCHUCTEMbI, OMOTEOXUMHI0O BOOHBIX OOBLEKTOB U CYIIIH,
3[00POBLE U YCJIOBUSA XKM3HU YeJIOBeKa.

LTenb HACTOAIEH PabOTHL - BEIIBUTD 3MU30H JaJIbHET0 ITIEPEHOCA IMBUTH B aTMOcdepe U3 I0r0-BOCTOYHBIX PETHOHOB
uepe3 1eHTp EBpomneiickoi yactu Poccuu (EYP) B pa3Hbie ce30HH Ha OpoTsakeHuu 12 met (2014-2025), ux obiue
4epTHl U Pa3/IMuMs, UX BIUSHUE Ha TeMIlepaTypy Bo3dyxXa M KOJIMYeCTBO ocagkoB B 1eHTpe EYP. Kpome maHHBIX
HN®A PAH pgns 1eHTpa ropofia ¥ IPUTropoda BOMM3M I'. 3BEHUTOPOIa, MCIIOIb30BaHbl TaHHLIE O COCTABe a’spPO30IId,
IoJy4YeHHble Ha AaBTOMATUYECKUX CTAHIUSAX KOHTPOIs 3arpsd3HeHus artMmocheprl ['TIBY MOC3KOMOHUTODPHHT
[https://mosecom.mos.ru/] B pa3HBIX palioHaX MOCKBH, a TakK)Xe MeTeofjaHHEIe C caWToB [http://rp5.ru;

http://pogodaiklimat.ru]. IIpocTpaHCTBEHHBIE paCIpPeNesieHusT MacCChl IBIJIM B IPU3EMHOM BO37yXe M B CTOJIOE

atMochepr;, a Takxke AOD QHaNMU3UPOBAJINCh C IIOMOWIBI0O pecypcoB peaHanusa MERRA-2 [http://

550
gmao.gsfc.nasa.gov>reanalysis/MERRA-2/].

YacToTa 3MHM3000B IOSABIeHUs IbUIKU U3 [Ipukacnus B MOCKOBCKOM peTHOHe paclpepesieHa II0 pacCMaTpuBaeMbIM
rogaM HepaBHOMEPHO, IOJIUTENbHOCTh TaKWX S3IIHM30[I0B TakKXKe pas3nuyHa (paccMmatpuBanu oT 3 go 10 cyTok).
HawuGomnee MorHble (IINTENIbHEIE U OabHUE) 3MU30A5I HAaOII0OAI0TCS BECHOM U OCEHbBIO. [IBa pa3a (paHHE! BECHOM
¥ 3uUMO¥M) HabJIofanuch BEIHOCH IbIIM U3 [IpuKacmus yepes3 LIEHTP B apKTHYeckue paionHel EYP, roe mpu sTom
U3MeHsJICA LBeT BhlIagalollero cHera [2,3].

ITpu mepeHOCe THIIM ¥ TeIljla U3 I0r0-BOCTOYHBIX PaliOHOB B IIPHU3eMHOM Bo3myxe B IeHTpe EYP mpoucxomut He
TOJIBKO YBEJIMUEHNE KOHIEHTPAUNK IPyOOAHUCIIEPCHOTO a3P030JIs PM1 0 (>ITOK=60 MKr/M3), HO TakKxXe M3MeHeHue
ONITUYECKUX CBOMCTB aTMocdephl B 1emoM. KpoMe TOTo, B 3T MECSILBE MEHSIOTCS, IO CPABHEHHWIO C MECSIYHOM
KJIMMaTH4YeCKOM HOPMOM, TeMIiepaTypa Bo3ayxa (Ha 2.8 u 2.1 °C) u KonuyecTBO ocafkoB (Ha -13.3 u +5.7 MM) - B
TEeIJIOEe U XOJIOTHOE BPEMS I'ofia, COOTBETCTBeHHO. COOTHOIIIEHNE MAaCCHI BTN, PacIpOoCTpaHsonielcsa B aTMmocdepe
BHYTPHU IIPU3EMHOTO CJIOS IIEpPEeMEIIMBAHMUS M BHIIIE HEro, TakKXKe pas3jitdyaeTcs II0 Ce30HaM B COOTBETCTBUHU C
BapuanusmMu 3¢pGeKTUBHOCTH BEPTUKAIbHON KOHBEKIIUN B HUXKHEHN Tporocdepe.

1. BuHo2padosa A.A. u Op. Ontuka atmocdepsr u okeana. 2024. T. 37. Ne 6. C. 453-460.
https://doi.org/10/10.15372/A0020240602

2. IllesueHko B.I1. u Op. JAH. 2010. T. 431. Ne. 5. C. 675-679.

3. I'ybaroesa [I.I1. u Op. IAH. Hayku o 3emie. 2024. T. 519, Ne 2. C. 132-139.
https://doi.org/10.31857/S2686739724120171

HccnenoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "Toc3amanme UHCcTHUTyTa Pusuku atMochepsr uMm. A.M. O6yxoBa Poccuiickoil akageMuu HayK", TPaHT
125020501413-6
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KoHIleHTpauu npu3eMHOr0 030Ha (03) U TBEPOBLIX B3BEIIIEHHBIX YaCTHI] (PM1 O) SIBISIIOTCS II0 JaHHBIM BcemMupHou
Opranusanum 30paBoOXpaHeHUs IPUOPUTETHEIMY ITI0OKa3aTelsIMU IIPU OlleHKe KadecTBa Bo3nyxa [1]. CoBpeMeHHOE
IpPOTHO3MPOBaHHE KadeCTBa BO3[lyXa OCHOBAHO Ha pacyeTaxX KOHIEHTPaAlUUM XUMUYECKHMH TPaHCIOPTHBIMU
mopmensimMu  (XTM). Bepudukainus mnporHo3oB XTM @OpoBOOAMTCS C MCIONb30BaHUEM HOaHHBIX W3MEpPEeHUM
aBTOMATUYECKUX CTaHUMU KOHTPOJSA 3arpsa3HeHus atMochepbl (ACK3A). 115 HOBHIIIEHUS KadecTBa IIPOTHO30B
KOPPEKTUPYIOTCA MapaMeTpu3anuu XIM, uCXOOHbIe [aHHBIE (IIPENpPOIECCUHT), MPUMEHSIOTCI METOMNbI
CTATUCTUYECKOTO mocTmporeccunra [2]. Oco0yioo aKTyaJlbHOCTb IIPEACTAaB/ISIOT IIPOTHO3Bl KOHIIEHTPAIUH B
TIepuoOnH HEOJIAaTONPUSATHRIX IJIS PACCEMBaHUSA 3arpsisHeHus MeTeoyciosuit (HMY) [3].

PaspaboTaH HOBBEIM MHCTPYMEHT AJIS IOCTIIPOIleCCHMHTAa NMPOTHO30B XTM Ha OCHOBE MCKYCCTBEHHBIX HEWPOHHEBIX
ceteti (MHC). O6yuenme HWHC HampaBieHO Ha MHWHHMM3AIHAIO OTKJIOHEHUWM IIPOTHO30B KOHIIEHTpPAIUM OT
u3MepeHu - B oOydamwinell BbIOOPKE HCIIOIB3YIOTCS YaCOBHIE IMPOTHO3B KOHIEHTPAIMA M METEeOoIapaMeTpPOB,
IaHHBle 3€MJIENOJIb30BaHMs, B KadecCTBe IIeJIeBOM IIepeMEeHHOW 3aJaHbl 4aCOBHIE M3MEPEeHUs KOHIIeHTpaluil B
COOTBETCTBYIOIIUX ITPOTHO3aM SYelKaxX CETKU. B o0yuaroiied BEIOOPKE HCIIONB3YIOTCS u3MepeHus Ha Bcex ACK3A
B peruoHe. Pa3zpaboTaHbl MOOEIN MAaIIMHHOTO 00YYEeHUS [JIS ITOCTIIPOIIECCUHTA YMCIEHHBIX ITPOTHO30B O3 (MMO-O

3) u PM10 (MMO-PMlO).

PesynbraTel BepudvKauuu Ha HE3aBUCUMBIX BBEIOOPKAX IPONEMOHCTPUPOBAIM YCIEIIHOCTh IPUMEHEHUS
paspaboTanHbix MMO - CyLIECTBEHHO YMEHBIIEHB OTKJIOHEHUS IMPOTHO30B OT M3MEPEHUN KOHLEHTPALMn O3 (Ha
12-43%) n PM10 (Ha 25-62%). YnyulieHO IIPOTrHO3UPOBAHUE CYTOUHOTO XOHa KOHIIEHTpPalud - KO3DUIIMEHTH
KOPpEeNANA MeXOy 4YaCOBBIMHM IIPOTHO3aMU U U3MEPEHUSIMU O3 yBenudeHs ¢ 0.5 (XTM) mo 0.7-0.9, PM10 c
0.1-0.2 (XTM) mo 0.4-0.6. PazpabGoTaHHEIE MMO-O3 u MMO-PMlO IPUMEHUMEI [OJI yIy4YlleHUus IPorHo30B XTM B
TIepUOAHl IOBLIIIIEHHBIX KOHIIeHTpauuu mpu HMY. ITokasaHa apdhekTuBHOCTE MMO-NIOCTIIPOLIECCUHTA ITPOTHO30B O
3 H PM10 B g4elKaX CETKHU, Ha TePPUTOPUSX KOTOPHIX He IIPOBOINATCS U3MepeHUs KOHUeHTpauuiu. [IpuBomsarcs
pes3ynbTaTel OpuMeHeHUs paspaboraHHblx MMO K IPOTHOCTUYECKUM IIOJIIM KOHIEHTpauuiu O3 u PMlO'
paccuuTasHEX XTM [/ TepPUTOPHHU MOCKOBCKOT'O PETHOHA.

HNccnepoBanus npoBeneHs B paMKax BeinonHeHusa HUTP 4.9 [1nana HUOKP Pocruppomera.

[1] WHO global air quality guidelines. Particulate matter (PM2 5 and PMlO)’ ozone, nitrogen dioxide, sulfur
dioxide and carbon monoxide [3nekTpountniii pecypc] // World Health Organization: [ca#T]. - 2021.
- Pexxum goctyna: https://www.who.int/publications/i/item/ 9789240034228 (maTta obparenus: 22.02.2025).

[2] TecTtupoBaHuWe U TIEPCIEKTUBLI TEXHOJIOTMK IIPOTHO3UPOBAHMUS 3arps3HEHUs BO3[yXa C IIpUMeHeHUueM
xuMmudeckux TpaHcnopTHEIX Moperned CHIMERE u COSMO-Ru2ART / M.H. Kyszemoa, M.U. Haxaes, A.A.
Kupcanos [u gp.] // TugppoMeTeopooruiueckue UCCIIefoBaHUs U IPOTrHO3kL. - 2022. - Ne 4 (386). - C. 147-170.

[3] KysuenoBa, M.H. MeTomsl NpPOTHO3MPOBAHUS METEOPOJIOTUYECKUX YCJIOBUM, BIMSIOIINX Ha 3arps3HeHHe
npusemHOro Bo3nyxa / U.H. Ky3uenosa, FO.B. Tkauesa, [.B. Bopucos // Meteoponorus u rugponorus. - 2024. - Ne
8.-C.87-103.
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OOBEKTUBHEIE OLIEHKH IIOTOKOB CO, mexay aTMochepoii X HaA3eMHBIMH 9KOCHCTEMaMH TpebyloTCs Oiist
obecreyeHusT HafeXKHBIX KIMMATAUYECKUX IIPOTHO30B, a TaKxXe [JIs PelleHus LeJoro psijga MpakKTUUYeCcKuX 3amad,
CBSI3aHHBIX, B YACTHOCTH, C peanu3alyell MPUPOOHBIX KJIMMaTH4YEeCKUX perreHuid. OOUH M3 OCHOBHEIX ITOAXOMOB,
IPUMEHSIEMEIX B MHUDPe M1 BBIPAOOTKM TaKWX OIIEHOK, OCHOBAH Ha OOpaTHOM MOAENIMPOBAHWH, KOTOPOE
IpeqanosiaraeT ONTUMHU3AIMI0 YIIEPOMHBIX IOTOKOB IIYTEM COTJIAaCOBAaHUS [aHHBIX M3MEPEHWH W MOMEJTbHBIX
pac4eToB aTMoChepHoro cofepxanus CO, IPHU HCIOIb30BAHUY BEPOSITHOCTHBIX METOMIOB.

B pamkax atoro mopaxoma B MII® PAH pas3BuBaeTCs pernoHajbHas cucTeMa oOpaTHoro momenupoBaHus RIGGO
(Regional inversion of greenhouse gases observations), nmpegHa3HaueHHas OIS OLEHKM 3KOCUCTEMHEIX IIOTOKOB
yriepoja B POCCUUCKMX PErMoHaxX M BKITIoYarolasi B ce0s, B YaCTHOCTU, XMMUKO-TPAHCIOPTHYI0 Momendb (XTM)
CHIMERE, meteoponorudeckyio momenb WRF, a TakzKe MofAeb 9KocucTeMHOT0o o6MeHa VPRM. B 0CHOBY CUCTEMEI
3aJI0KeH OPUTHMHANIbHLIM MeTOoHl O00paTHOTO MOJEeIHPOBaHUS 3SKOCHUCTEMHEBIX MOTOKOB Yrjiepoa OO0 HaHHBIM
CIIYTHUKOBBIX M3MEPEHUN COHepKaHUs CO2 [1]. BaxubIMEH OCOOEHHOCTSIMH MeETOda SBISIOTCS OIIeHKa

IIPOCTPAHCTBEHHO-PACIIPEAEIEHHEIX 9KOCHCTEMHEIX IIOTOKOB yIrjlepoma IIyTeM O0aleCOBCKOM ONTUMU3AIUHU
napameTpoB VPRM (a He HemocpeACTBEHHO 3HA4YEHUU CaMHUX ITIOTOKOB), a TaKXKe CHUXKEeHHE UyBCTBUTEJILHOCTH
BeIpabaTEIBAEMBIX OILIEHOK K TPAaHUYHBIM yCHIoBUAM XTM B pe3ynabTaTe NOPEOBApPUTENIFHOTO IIpeoOpa30BaHUs
BXOOHBIX (M3MEPEHHBIX M PACCUUTAHHBIX) HAaHHBIX II0 COAEpPIKaHHUIO CO2 IpU KCIOJIb30BaHUM pPacyeTOB BPEMEHU
mpeObIBaHMS BO3AYIIHLIX MacC BHYTPU PeruoHa.

Boamoxuoctu RIGGO GBITM  HCCIIeOOBaHBI IIyTeM ee TpPUMEeHEHUs [ OLEHKM YrjiepogHoro O6ajlaHca B
€BpPOMENCKOM peruoHe, oxBaThiBaroieM cTpaHbl EC um BenumkoOpuTaHuio, a Takxke B LleHTpampHoil Cubupu B
TEIJIBIN TIePUOL Tofa NpPU HCIOJIb30BaHWU HaHHBIX co cinyTHHKa OCO-2. B pe3dynbTaTe HalleHO, YTO YCBOEHHUE
cuctemoi maHHbx OCO-2 1mo3BosieT paguKalibHO (B pa3bl) CHU3UTh alPUOPHYIO HEOIIPENEIEHHOCTh OlleHUBaeMbIX
9KOCHUCTEMHBIX IIOTOKOB. [Ipy 9TOM TeCTOBEIE IIPUMEPHI C UCIIOJIb30BaHMEM CUHTETHUYECKUX U PeaslbHBEIX JaHHEIX 110
CofeprKaHUIO CO2 IIPOIEMOHCTPUPOBAJIH, YTO allOCTEPUOPHEIE OLIEHKM YTIEPOOHBIX IOTOKOB €/1ab0 3aBUCAT KakK OT
aIlpHOPHBIX OLIEHOK IIapaMeTpoB VPRM, Tak u OT rpaHM4YHBIX yciaoBuii XTM. HalieHO TakiKe, 4YTO IIOJIy4eHHEIE
alloCTEPUOPHLIE OLIEHKM 3KOCHUCTEMHEIX IIOTOKOB COTJIACYIOTCS C He3aBUCHMBIMU (M DM 3TOM BBI3BIBAIOIIUMU
IoBepHe) OIleHKaMu O 000MX PEeruoHOB, BKIIIOYAs OIEHKH II0 maHHBIM cucteMbl CTE-HR (Onsi eBpoIeicKoro
peruoHa) u gaHHHIM mHBeHTapu3sanuu GFED (gns cubupckoro peruoHa). Kpome Toro, ontuMu3anus mapaMeTpPoB
VPRM no3Bonuna yay4lIUTh COTlaChe PacCYUTaHHOTO COmepKaHUSA CO2 HaJ TeppuTopuey 3amagHou EBpOIEHI C
OaHHLIMH CceTu HaleMHEIX uaMepeHui TCCON, a OIleHOK HEeTTO-9KOCHCTEeMHOTO oOMeHa B CHOMPU - C HaHHBIMH
COOTBETCTBYIOIIUX U3MEPEHUIN MeTOOOM TypOyIeHTHEIX Iyabcaluil Ha ctannuu ZOTTO.

1. Konovalov I.B., Golovushkin N.A., Mareev E.A. Using OCO-2 observations to constrain regional Co, fluxes
estimated with Vegetation, Photosynthesis and Respiration Model // Remote Sens. 2025. V. 17, P. 177.

HccinegoBaHHe MIPOBEIEHO MPH MOAAepPXKKe:

1. "TocynapctBeHHOe 3agaHue MI1® PAH", rpaut FFUF-2024-0034
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CyulecTBeHHast OO0JISI aHTPOIIOTEHHBIX 3MHCCHM OCHOBHOTO ITapHUKOBOTO ras3a - 002 - MOTJIoIIAaeTCss Ha3eMHBIMU
9KOCHCTEMaMH, YTO OIpeneiseT KIIUeBYI0 POJib U3yYeHUsI 9KOCUCTEMHBIX IIOTOKOB yriepona (JIIY) B KOHTEKCTe
UCCJIeIOBAaHUM KIuMaTHU4YeCcKux u3aMeHeHu#. OneHku OIIIY BocTpeGoBaHBI TakKXKe M B MPUKIIAOHBIX IEJIAX -
HaIpHUMep, IpU BHICTPAMBAHUM HALMOHAJBHBEIX CTPATETui HU3KOYTJIEPOOHOTO Pa3BUTHS, a IOTOMY IIOJIydeHHe
OOBEKTUBHLIX OIIEHOK 3THUX MOTOKOB SBISETCS aKTyalbHOM 3amauei Kak B Poccum, Tak M BO MHOTHX OPYTHUX
CTpaHax Mupa.

C uemnbi0 u3ydeHUss W OmHeHKH IIIY B MUpe IIUPOKO IIPUMEHSIOTCS MEeTOObl 00paTHOTO MOAEeTHpPOBAHMUS,
npeproyaralwIlle IIOMCK COTJIaCOBaHMUS HaHHBIX H3MEpPeHu#M aTMOChEPHOrO COmepzKaHUS CO2 c
COOTBETCTBYIOIIMMHU MOJAENbHEIMM pacyeTaMu. B pamMKax TaKoTro IIoaxoma Hauboiee dYaCTO NTPUMEHSIOTCS
rinobGaybHbEIE XUMHKO-TPAHCIOPTHRIE Momenu (XTM). OgHako BBHUAY HH3KOTO IIPOCTPAHCTBEHHOI'O Pa3pelIeHus
TaKyue MOJENH efBa ¥ MOTYT 00eCIeduTh JOCTAaTOYHYI0 TOYHOCTh OIIEHOK PEerMOHAILHOTO YrIepomHoro GaaHca,
KOTOpHBIE CTAHOBSTCS BCe OoJjiee BOCTPeOOBAaHHBIMU B mOcnegHue Tofabl. C 1enbio MonydYeHuss 00beKTUBHEIX OI[€HOK
JITY B permonax Poccuu, B UII® PAH pa3BuBaeTCsl peruoHAIbHAS CHCTeMa obpaTHOro mopenupoBaHus RIGGO
(Regional inversion of greenhouse gases observations). Cucrema RIGGO BkimtouaeT B cebs MOJeslb 3KOCUCTEMHOT'O
o6Mena VPRM (Vegetation Photosynthesis andRespiration Model), XTM CHIMERE, MeTeopoloTH4YeCKyI0 MOMAEeNb
WRF, a TakXke KOMIIJIEKC OPUTMHANBHLIX IIPOTPAMMHEBEIX OJIOKOB [y 00paboOTKM M aHalu3a MOJENbHBIX u
U3MepUTeNbHBIX AaHHBIX [1]. Ouenka OI1Y ocyiiecTBIsgeTCS IyTeM ONITUMU3aIUK TapamMeTpoB VPRM.

B pamkax manHoi pab6oThl RIGGOO6®ITa npuMeHeHa Ojst udydenusi JI1Y B LleHTpanbHo# Cubupu. HailimeHo, 4TO
onTuMmu3alus rnapaMeTpoB VPRM 1o gaHHBEIM U3MePEHUU ComepKaHus CO2 co cuytHuka OCO-2 npuseja K 6ojee
yeM [OBYKPATHOMY CYXKEHWIO WHTEpBajla HEONpPEeHOeIeHHOCTH AaIlpPUOPHOM WHTErpalbHOM OLIEHKM YUCTOM
9KocucTeMHOU mpoayktuBHocTu (NEP) mnsa Temmoro mepuwopma Toma. AmocTepuopHas oneHka NEP Grvia
COIIOCTaBJIeHa C OLEHKOW 10 maHHBIM uHBeHTapusauuu GFED, um 6pUlo HalimeHo, 4TO 00e OLIEHKU COTJIacyloTCs
Mexny cobo¥ B TIpefefiax [OBEPUTENbHBIX HWHTEpBajoB. I[lonydyeHHBIE OIEHKHM BaJIOBOM II€PBUYHOU
nponykTuBHOCTU (GPP) mIpogeMOHCTpPHpPOBaJIM XOpOoIllee COrjlacue C COOTBETCTBYIOIIUMM OIleHKaM{ II0 HaHHBEIM
U3BECTHOTO CIYTHUKOBOro nmpoaykra MOD17A2HGF c pa3nuueit meHee 15%. [ Banupaluuu pe3yabTaTOB OLIEHKHU
DITY ObIM TIPUBIEYEHH OaHHbHIE HW3MEPEHUH HEeTTO-9KoCHCTeMHOro obmeHa (NEE) Ha [OByX H3MEPUTENIbHBIX
BRIIIKAX HabmiomaTenbHON craHiuu ZOTTO. Ontumusauus napamMeTpoB VPRM mo3Bonuiia yay4dIIUThE COTJIAcCHe
mexny BenuuuHaMu NEEmo maHHBIM MOOENBHBIX pPACYeTOB M HU3MEPEeHWM - B YaCTHOCTH, YMEHBIIUTH
CpefHeKBagpaTUYHOEe OTKJIOHEHHE U YBEJINUYUTh KO3G(UIIMEHT KOPPEJAIUsS OJIS COOTBETCTBYIOIIUX II0YACOBHIX
3nauenul NEE.

HccnenoBaHue NMPOBEIEHO IIPH MOOdEePXKKe:
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OCHOBHBLIMHM HCTOYHHUKAMM YTJIEPOAOCOMEPKAIIEr0 adpo30/isd Ha TEPPUTOPHUU IeHTpanbHOW CubupU SIBISTIOTCS
mozkapsl 6opeasnbHbIX 1ecoB [1]. [TPOAyKTH TopeHus 0MOMacCH B 3HAYUTEIBHON Mepe COCTOSIT U3 3JIEMEHTapHOTO
(EC) u opranmueckoro yriepoma [2]. C 2006 roga Ha TeppuTopuu IeHTpanbHOM Cubupu paboraeT ¢GoHOBasS
crannusgs ZOTTO (Zotino Tall Tower Observatory), mpegHa3HayeHHas [T M3YUYEeHUs COCTaBa aTMOChepPHI
6opeanbHBIX 3KocucTeM [3]. [I7IT OIlEHKHW BKJIafa JIECHBIX IOXKApOB B oO0llee copepkaHue YEPHOTO yriepopa B
aTMocdepe OBIT MPOU3BENEH TPAEKTOPHBINM aHaIW3 PaCIPOCTPaHEHUs Inei(oB OT 04YaroB BO3TOPAHUS MO0 TOYKU
HabOmogeHn, a TakKXKe CpaBHEHHUE 9KCIIEPUMEHTAJIbHBIX U MOOEJIbHBEIX 3HAaYEeHUH.

Inst oneHok ObImMM BBEIOpaHBI Tpu roma (2012, 2016 u 2019), mMOCKONMBKY Torma HaOMIOOaINCh CaMble BBICOKHE
3HQUEHUsT MacCCOBBIX KOHIIEHTpaluil 1o OaHHEIM co cTraHuuu ZOTTO 3a mnocnemuHue 12 metr. B kKauecTBe
UCTOYHUKOB YEPHOTO yTJIepoia PaCCMaTPUBAIUCh TEPMOAKTHUBHBEIE TOYKHU IO AaHHBIM FIRMS NASA co cnyTHUKa
MODIS. BXOOHBEIMH METEOPOJIOTHYECKUMH HaHHBIMM OBLIIM BRIOPAHBI MaHHBIE OIIEPATUBHOTO II00aIbHOTO aHallu3a
NCEP FNL. TlocTpoeHre OpsIMEIX TPAaeKTOPHUU PaACIPOCTPaHEHUS YEPHOTO yraepoda MPOU3BOOUIIOCH C IIOMOIIBIO
JlarpaH;kKeBOM [AHCIepCUOHHOM Momenu atMmocdepHoro mnepeHoca FLEXPART (FLEXible PARTicle dispersion
model). ITonyuyeHHBIe 3HAYEHUSI MaCCOBBIX KOHIIEHTPAIIUM COIIOCTaBISIUCE C JIOKAJIbHBIMU 9KCIePUMEHTaIbHBIMU
OaHHBIMM MacCOBHIX KOHIeHTpanuit EC u koadduiimenTa aapo30JIbHOr0 NOrjIoieHus. [IoMUMO JIOKaMbHBIX JaHHBIX
CO cTaHIWM OBUIM HCIOIb30BaHHE! HOaHHBIE peaHanusza MERRA-2 (6vpIM pacCMOTPEHBI IPHU3EMHEBIE MacCOBBIE
KoHueHTpanuu EC).

B pesynbTraTe aHanm3a OBIIM MOJIYYEHBI BBICOKHME 3Ha4YeHUsS K03pduumeHTOB Koppensuuu (mopsgka 0.85) mexnay
MacCoOBbIMU KOHIeHTpauumsaMu o pelynbrataM FLEXPART u skcnepuMeHTaJlbHBIMU 3Ha4YE€HUSAMU, a TaKXKe
XOopolllee KadeCTBEHHOEe COBIaJeHUe BpPEMEHHBIX IIepHONOB IIOBHIIIEHHBIX 3HAYEeHUM [ Ko3adduumeHTa
a9pO30JILHOTO IOTJIOMIEHUS W OAaHHEIX peaHanusa. Haunmydymmue coBnapmeHus HabIlomaloTCs B Ce30HH ¢ Hauboliee
MOIIHBIMY II0JKapaMu, YTO IIO03BOJISIET TOBOPUTH O II0XKapaxX Kak o IpeobiafaronieM NCTOYHUKE YEPHOTO yIiiepona
B aTMocdepe B JaHHEIE IEPUOLHL.

OYHKI[MOHUPOBAHWE W3MEPUTEJIbHOM ammapaTyphl 00eCIedYnBajoCh PECYPCHHIM IleHTpoM «['eomopmenb» CaHKT-
[TeTepOyprcKOro rocyapCTBEHHOTO YHUBEPCUTETA.

1. KougpateeB K. 4., I'puropreB A. A. JlecHble NOXKaphkl KaK KOMIIOHEHT NPUPONHOU SKomuHaMuKH. // OnTuka
aTMocdepsl u okeaHa. 2004. T. 17. Ne 4. C. 279-292.

2. Arneth A., Unger N., Kulmala M., & Andreae M.O. Perspectives: Clean the air, heat the planet? // Science. 2009.
V. 326. Ne 5963. P. 672-673.

3. Heimann M., Schulze E.-D., Winderlich J., Andreae M. O., et al. The Zotino Tall Tower Observatory (ZOTTO):
Quantifying large scale biogeochemical changes in Central Siberia. // Nova Acta Leopoldina. 2014. V. 117. Ne 399.
P. 51-64.

HccinegoBaHHe MIPOBEIEHO MPH MOAAepPXKKe:

1. "Poccuiickuit HayuHHIH doun", rpaHT Ne 24-27-00148
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Bxaanm TOPOOACKOIO H aIBEKTHBHOI'O MEJIKOOHUCIIEPCHOI'0O ad3pP030Jisi B USMEHYHUBOCTHb PM

10 B MockBe
1

HWpuna H. Ky3nenoBa~ , [lauun bopucos, Exartepuna TatapuHoBuu, IOnusa TkadeBa, Enena Jle3una

1 l'uoppoMeTeopoioruuecKuil Hay4HO-HUCCIIefoBaTenbCKul IeHTp Poccuiickoit ®egepannu

labmuza@mail.ru

Ce30HHasi M BHYTPUCYTOYHAs KOHIIEHTPAIIUSI MEJIKUX B3BEIIEHHBIX YaCTHI] (PMlo) B IIPU3EMHOM BO3OyXeE

oIpenesisieTCsd BIUSHUEM HUX MUCTOYHUKOB, B TOM YMCJI€ COCTOSHUEM IIOACTHJIAIONIEeN TTOBEPXHOCTH, HO OCHOBHAs
OOJIsT M3MEHYUBOCTH OO0YCJIOBJIEHA BO3OEHCTBUEM METEOPOJIOTMUECKUX IIPOIleccoB. [loka3aH CpegHUN I'OOOBOU M
CPeOHUU CYTOYHBINA XOf PM10 B CpeguHHLIE CE30HHBIE MeCsllkl B MOCKBe MO OaHHBIM HaOJIOOeHWM Ha CeTH
«MOCKOMOHUTOPHUHT»; 00CyKHaeTCsI HEOTHOPOOHOCTb IIOJIS PM10 B MeramoJjiiCe W pa3ln4dus yYpPOBHEU PM10
MeX[Ay IIPUMarucTpaidbHBIMM TEPPUTOPUSAMHU M palioHaMU XKHUJIOM 3acTpolku. [loKa3aHO, YTO MOBHIIIEHUE
KOHILIEHTpaluu PM10 U OOCTUXKEHVE KPUTUYECKUX YPOBHEW 3arps3HeHUsT IIPHU3EMHOT0 Bo3ayxa (aspo30sbHEBIE
9OM30/blI) HAOIIOMAIOTCS B ABYX TUIIOBBEIX CUTyalusx. Yallle BCEro - B IePHUOALI HeOIaroOmpUsTHHX /IS PaCCEUBAHUS
npuMecHu MeTeopoyorudeckux yciosuit (HMY), korma PM10 YBEJIMYMBAETCSA 3a CYET JIOKaJIbHBEIX TOPOMCKUX
WCTOYHUKOB.

A3pO30MIbHEIE 3MU30OB (GOPMHUPYIOTCSI ¥ IIOJ BO3WEHCTBHEM BHEIIHETo (akTopa - manmpHero mnepesoca. OH
MIPOSIBIISIETCS IIPHU IIOCTYIIJIEHUM 3aMbIIEHHBIX BO3OYIIHBIX MAcC U3 PAaMOHOB IIOYBEHHON 3aCyXHU, U3 IIYCTHIHHBIX
paifioHOB BETPOBOI0 MOOAbeMa MeNIKHUX YaCTHII, B YaCTHOCTH u3 [IpMKaCIUiCKOro peruoHa u 3amnamHoro Kazaxcrasa,
a TaKXKe IIPU I[ePEeHOCe MMHPOTEeHHOr0 adpo30Jis M3 PAWOHOB MPHUPOMHEIX II0XKAPOB. IIepeHOC MeNKuX YacTHl] Ha
OOJBIIIE PACCTOSHUS 00ecCledyuBaroT clenuduueckrue aTMochepHBIe IIPOIIeCCH, KaK IMPaBHUIIO0, 9TO 3allagHbIe
nepudepuu OOMIMPHBIX AHTHULMWKIOHOB C COMNYTCTBYIOIIMMH ME30CTPYHHBIMH TEYEHUSIMH B HHUXKHEM 2-X
KHAJIOMETPOBOM cjioe. [IpUBOOSATCS TPUMEPHl aHOMAJIbHOTO TOBBIIIEHUS TEeMIEepaTyphl B BEpPXHEH dYacTu
TMIOTPAHUYHOTO CJI0S KaK pe3ylbTaT MPsSMOTO0 HarpeBa IIePeHOCHMOro aspo30iisi. OTMedYaeTCs, a’pO30JIbHBIE
3MU300bl 3a CYeT [ajibHero mnepeHoca (GUKCHUPYIOTCSI B MOCKBE BECHOM ¥ OCEHBIO, a O3MIHU30[bl JIOKAIHLHOI'O
3arpsi3HEHUs MOCJIe CXOAa CHEXKHOT0 ITOKPOBa - B CYXYI0 TIOTOMY C allpesisi 0 OKTSOPE.

Ona wupentudukaumu HMY npumensiercsa pa3paboTaHHBIE METEOPONOTMYECKUl IIOKa3aTejlb pacCeuBaHUS
s3arpsisaenust (MIIP3), ocHOBaHHBIM Ha KOJIMYECTBEHHOW OIIeHKE BIIUSHUS CKOPOCTH IIEPEeHOCa B HUXKHEW 4YacCTH
aTMOC(HEepPHOTro IIOTPAaHUYHOTO CJI0s, TEePMUYECKOrO IepeMeIluBaHWusd U O0CaZKoB. MCIonb3yss paccuuTaHHEIE IIO
maHabIM yucieHHoU Momenu COSMO-RuENAG.6 Ha3BaHHBEIE TapaMeTPHl BBHIIIOJHSIETCS NPOrHo3upoBaHue MIIP3,
BK/IIOYAQIOWIETO THII METEOYCJIOBHM, CIOCOOCTBYIOIMX HAKOIIJIEHWIO [PUMECH B HOPU3EMHOM BO3IYXE.
[Tporro3upoBaHue KOHIIEHTpPAIUU PM10 Ha TeppUTOPUU MOCKOBCKOro peruoHa B [mpmpometieHTpe Poccuu
OCYIIECTBNISAETCSI B paMKax HEeWCTBYIOIIENW TEeXHOJIOTWM YHUCJIEHHBIX PacyeTOB C MCIIOIb30BaHHEM XWMHYECKHUX
TpaHCcnopTHEIX Mogzened (XTM) CHIMERE u COSMO-RuART ¢ marom cetku 2 KM. [IpHBOOSATCS HOKasaTelu
KadecTBa YHCJIEHHBIX IIPOTHO30B PMlO Ha ocHoBe XTM. OtmeuaeTcsi, a3pO30JbHBIE SIN30OB TOPOACKOTO
3arpsisHeHus B MockBe XTM npenckasbsBarOT YOOBJIETBOPUTEIILHO B OTJIMUKE OT 3NU300B JaJIbHETO IIepeHoca KakK
ciencTBue OTCYTCTBUSA B XTM-TEXHOJIOTMU y4deTa HEPEryJIsapHBIX SMHCCHU B3BEIIEHHBEIX YacCTUIl IIPUPOOHOTO
NIPOUCXOXKIEHUS B yHaJIeHHBIX PerrnoHax, IPUBOAATCS IIPUMEPHl adpPO30JIBHOTO 3arpsi3HeHUs PM1 0B Mockse nipu
HMY u npu ganbHeM IIepeHoce, MOATBEPKAaeMbIN TPaeKTOPHEIM aHAIN30M.

HccnepgoBaHus nmpoBefeHbl B paMKax BeinonHeHuss HUTP 4.9 ITnana HUOKP Pocrugpometa

HccnemoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "®I'BY l'mgppomeTuentp Poccun", rpaut HUTP 4.9 ITnana HUOKP Pocrugpomera
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O1eHKH I0/ITOBPEMEHHBIX TPEHIOB BoJgo3amnaca He J0XKJAeBbIX 00/IaKOB Ha OCHOBe
MHOT' 0JIETHHUX MHKPOBOJ/IHOBBIX HU3MepeHu# BO1u3u Caukr-Ilerepoypra

Baagumup C. Kocl.mB1 , Mapusa B. MaKapOBa1

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

v.kostsov@spbu.ru

Ananuzupyetca 12-netHuit (2013-2024) BpeMeHHOU DAL Ha3eMHBIX ONCTAHIIMOHHBEIX MUKDPOBOJIHOBBLIX U3MEPEHUN
BoOfiO3araca He [OXK[EBBIX 00JIaKOB M OLIEHWBAIOTCS JTWHEHHBIE TPEHOLI Bomo3ariaca AJIs Pa3/IMYHBIX BEIOOPOYHBIX
TIOOMHOXKECTB OaHHBIX. JTHM IIOOMHOXKEeCTBA BKJIIOYAIOT KPYIJIOCYTOYHEBIE, OHEBHEIE U HOYHBIE HM3MepeHUd. g
OLIEHKM TPEHIOOB IIPUMEHSIOTCS MOBa momxoma. IlepBhIM ITOAXOA OCHOBAaH Ha JIMHEWHOM pPErpecCuOHHOM U
KOPPESIMOHHOM aHaJIu3e W MUCIHOJIb3yeTcs it 00pabOTKH CpedHEerOmOBEIX BEJIMYMH. BTOPOM MOOX0M OCHOBAH Ha
coueTanuu Metona Jlomba-Ckapria ¢ MeTomaMu IIEPEKPECTHON MPOBEPKU M OYTCTPENIINHTA U UCIOIb3yeTCs I
00paboTKu psfa CpemHEeCYTOYHHIX BenuuuH. Hambosiee BeIpakKeHHBIM 0OIIMN TpeHn 3a nepuopm 2013-2024 rr.
BBISIBJIEH [JIsT OHEBHBIX 3HAa4YEHHH Bopo3araca 00y1akoB U cocrtasiseT -0.0011 + 0.00015 xr M2 1"0;1'1. D aHHBINA

TpeHn oOyCJIOBJIEH B OCHOBHOM TPEHIOM Bofo3aliaca AJisi TeIyIoro ce3oHa (Mau-uiomnb, -0.0014 + 0.00015 kr M2
ron'l), KOTOPBIM 3HAYUTEIBLHO OOJbIle TPeHIa OIS XOJIOOHOTO ce30Ha (Hosa0pb-sHBaph, -0.00064 + 0.00026 Kr M2
rog’1). PesynbraTe TakKe yKa3bIBAIOT Ha YMeHbBIIeHNe KOJINYeCcTBa U3MepeHul npu sicioM Hebe 3a nepuopn 2013-
2024 rr.

HccnemoBanue IIPOBEOEHO IIPHU IIoJOepPa2KKe:

1. "Poccuiickuii Hay4dHEU GoHA", rpaHT 24-27-00016
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KinaccudpuKanusi 4 MOBTOPSIEMOCTh BCIUIECKOB 00pa30BaHUsi HAHOYACTHIL B aTMocdepe
NpHUOpPeKHOH 30HbI 03. Baikan

BagumMm I.ILI;I;LII[OBl , ArnexkcaHap 3asxanos! , TammHa }KaMcyeBa1 , AroHa ,'[[eMeHTbeBa1 , TywmasH BanbkaHOB

1 Anexceit CTapHKOB1

1 NHCTUTYT Pusmueckoro MmaTepranoBeneHuss CHOMPCKOro OTHAeeHusT POCCUIICKON aKageMuu HayK

tsydypov@inbox.ru

B pabGoTe mpuBemeHBl KiacCUGUKAIIUS W CTAaTHCTHKA ITOBTOPSIEMOCTH BCIIJIECKOB 00pa30BaHWS HAHOYACTHUI[ B
aTtMocdepe [OTro-BOCTOYHOr0o mobepexbs 03. balikan Ha HaydyHOM cranuoHape «bBospckuit» MOM CO PAH.
HN3mMmepeHUs KOHIIEHTPAIIMY U paclpelesieHre a3pOo30JIbHBIX YaCTHUIl I0 pa3MepaM B Auara3oHe OT 5 HM 710 1 MKM
TIPOBOOUIIUCE C TIOMOIIBI0 mUGPy3MOHHOTO CIeKTpoMeTpa aspo3oseit [JAC-2702M. Mbl npoaHanusupoBanmu 257
OHEeW U3MepeHUN SKCIEeIUIMOHHLIX HAOIIOOeHn Ha HaydHOM «Bospckuii» 3a Temabll nepuop (ampenb-CeHTI0Ph)
2020-2023 rr.

B HacTosimee BpeMs KaK TaAKOBYIO HYyKJleallii0 COBPEMEHHBIMH MeTomaMu 3a¢UKCHUPOBATh CJIOXKHO, IIOCKOJIBKY
npenen oOHAPYXKEHUS adPO30JIbHEIX YacCTHUIl OOJIBIIMHCTBA KOHIEHCAIIMOHHEIX CYEeTYHUKOB cocTaniseT 2-10 uMm. Ha
CEeTOOHSIIHUYN OEeHb He CYIIEeCTBYeT €OMHOT0 MaTeMaTUYeCKOTO0 KPUTEPHUS HJIM MEeTOHa [JisS BBLIIBIEHUS COOBITHM
BCIZIECKOB 00pa30oBaHUS HaHOYACTHUIl. [103TOMYy COOHITHS OOpa30BaHWs HOBHIX YaCTHUI] UACHTUDUUUPYIOTCS Ha
OCHOBe BU3yalbHOTO aHajlu3a JaHHBIX, KaK omucaHo B pabore Markku Kulmala [1]. JJanHas MeToguKa MOTydHIa
IMPOKOE ITPUMEHEHME B 3apy0eKHBIX ¥ POCCUMCKUX MCCIIeNOBaHUIX.

CormacHO MeTOOUKe, MBI BU3ya/JIbHO aHAJIM3UPOBAJIM IIOJIHOE paclpefesieHHe a’po30Jisi II0 pa3MepaM 3a KaxKable
CYTKU B OTHEJIbHOCTU. EC/iu B TeYeHUE HECKOJIBKUX 4acoB (He MeHee 1 daca) HabJogaeTcss npeobiagaHue HOBOTO
THUIIAa YaCTUI] HYKJIeallMOHHOW MopAbl (5-25 HM), IOABHUBIIMXCSA B peXUME 3apOoXKOEeHUSI, U OITOT PEeXUM
IeMOHCTPUPYET sIBHBIE ITPU3HAKU POCTa IO Pa3MepoB, XapaKTePHBIX AJi pexuma AnTkeHa (25-100 HM), To OeHb
MOKeT OBITh KJacCU(PUIMPOBAH, KaK OEHb COOBITHUS HYKIEallMOHHOTO BCHJiecKa. IHH C coObITHEeM 00pa30BaHUS
HaHOYaCTHUI] OB pa3desIeHbl Ha YeTHIpe Kilacca:

- Kmacc 1. OHM, KoTga CKOpPOCTL pocTa dacTuil (GR) M CKOpPOCTh uMX oOpa3oBaHusa (Jnuc) MOXKHO OIPEOeNuTh C
BBICOKOM CTEIEeHbBIO TOCTOBEPHOCTH, PEKUM 3aPOKOEHUS YETKO PA3/TUYUM 10 HabIoaeMoi 3BOTIOINY B TEYEHUE
HECKOJILKUX YacoB.

- Kmacc 2. [Ins coGeITHs Kilacca 2 XapaKTepHo o0pa3oBaHKWe HAaHOYACTHI[, MOJ00HOe Kimaccy 1, HO BEIpazKeHO 4yTh
crnabee, IpU 5TOM HPHU3HAKKA 00Pa30BaHUS M MaJIbHEHIEero POoCTa YacCTHUI] JOCTATOYHO XOPOIIO MTPOCIIEXKMBAIOTCS,
HO IIPOMOJIXKAITCSI HEMHOI'0 MEHBIIE, YeM IIpH Kitacce 1.

- Kmacc 3. [IHu, Korpma ompegmeneHue napamMeTrpoB (GR, Jnuc) ObIJIO HEBO3MOXKHO WM TOYHOCTb PE3YyIbTAaTOB
BBI3LIBAJIa COMHEHMSI.

- Kmacc 4. [0Hu, KOTOphle He MOTYT COOTBETCTBOBaTh KpHUTepuaM Kjacca 1-3, KlacCuPUIUPYIOTCI Kak
HeolpenejeHHbLle, U IJII HUX XapaKTepPHO IMIOSIBJIEHNEe HEKOTOPHIX YaCTHUI] B IIPoIlecCe 3apOKIEeHUsI, HO OTCYTCTBUE
SIBHBIX IIPU3HAKOB IIPONOJIZKUTEIFHOI0 POCTa, WM HaOII0geHre pOCTa He B PeXUMe 3apoXpaeHus. B aTom Kiacce
TPYOHO ONPENeNnTh, eUCTBUTEILHO JIU IIPOU30IIIIO COOBITHE 3aPOXKIEHUS UK HET.

[ns cpaBHeHUS U aHajIW3a U3YUYEeHUS MPUUYUH, IPUBOOAIIUX K COOBITMSM HYKJIEQIMOHHBEIX BCIIJIECKOB,
NIPEJCTaBIISI0OT UHTEPEC OHU, BO BPEMS KOTOPHIX He Habmiomanochk o6pa3oBaHue YacTull. TaKue OHU IIPU aHAIWU3€e
KinaccuduuupyoTCcsa KakK ciIydau OTCyTCTBUS HyKjeanuu (knacc 0).

AHanmu3 JaHHBIX IIOKa3ajl, YTO HaubOoIblllee KOMUYECTBO MHTEHCUBHHIX ITPOIIECCOB 3apPOXKAEHUS HOBBIX YaCTHII
(knmacc 1) HaGmomaeTcss B ampene W Mae, U cocTaBnusieT 41,2% u 15,6%, B To BpeMs KaK HaWUMeHbIIlee - B HIOJIe
(4,8%) u ceutsbpe (4,2%). BEBISIBIIEHO, YTO COOBITHS 3apPOKOEHUS IIPOMCXOOUIX B TeUYEeHHe BCero Iepuoja
HabmogeHuH, u obIIas YacToTa COOBITUM 3apOoXKAeHUs HaHOYACTHl (CyMMapHO Kiacchl 1-3) cocTaBisieT 0Koio 58%
OT BCEX JHEU M3MEPEHUN.
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1. Kulmala M., Petaja T., Nieminen T., Sipila M., Manninen H.E., Lehtipalo K., Dal Maso M., Aalto P.P.,
Junninen H., Paasonen P. & Riipinen I. 2012. Measurement of the nucleation of atmospheric aerosol
particles. Nat. Protoc. 7(9): 1651-1667.

HMccrnegoBaHHe IIPOBEIEHO MPH MOAIePXKKe:

1. "MuHHUCTepCTBa HAyKu U BhICIIero obpasoBanus P®", rpant 124041500027-2
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MeTaH B 3aIaJHOHM YaCTH €BPAa3UMCKON APKTHKH NMO3THEeH oceHbIo 2023 roaa:
Ha0momenusi AMK-93 u yHcC/IeHHOe MOoIe/THpOBaHHue

Opui A. MTa6kum! , KoncrantuH b. Mouceenko! , Hrops B. BenuKoB - , Bamnepuii A. Benoycma1 ,

Anacracus B. Bacuibepal | Mapusa [. KpaB‘-II/IH_II/IHaZ , IOmvutpuii A. HeCTyHOB3

1 NuacTuTyT Dusuku atmochepsr uMm. A.M. O6yxoBa PoccuiicKoi akafgeMuu HayK
2 WnctutyT okeanonorum uM. [L.I1. [ITupmoBa Poccuiickol akageMun HayK
3 HNHCTUTYT oniTUKHU aTMochepH uM. B.E. 3yeBa Cubupckoro oraenesuss PoccuiiCKoM aKkaJleMuu HayK

yuryshtabkin@gmail.com

MeTtan (CH4) SIBJISIETCSI BTOPBIM II0 3HAYMMOCTH ITaPHUKOBLIM ra30M B aTMocdepe IMociie YriieKHUCIIoro ra3a (COZ)‘
Haumnasi ¢ 2005 ropma, COTJIaCHO M3MEpPEeHHsIM, HaOJIofaeTcsl 3aMeTHOEe YBeNMYeHHe KOHIIeHTPaliu MeTaHa B
IIPUIIOBEPXHOCTHHIX CJI0s1X aTMocdeprl. OCOOEHHO SIPKO 3TO SBJIEHUE NMPOSABIsAeTcs B Apktuke. K coxanenuro, s
9TOT0 peruoHa HaHHBIE O IPU3EMHON KOHIIEHTpallUM MeTaHa KpaliHe OrpaHWYeHEHl, YTO 3aTPyOHSET IpOoBemeHUe
KOJINYECTBEHHEIX OIIEHOK BO3NEMCTBUS SMHCCHHM OT Haubojlee BaXXHBIX PETHMOHAJIBHBIX AHTPOIOIeHHBIX U
OMOTEeHHEIX UCTOYHUKOB. DTOT IIPoOeJl YaCTUYHO BOCIIOJIHSIETCS MHOTOJIETHUMM HaOIIONeHUAMU Ha apKTUYECKUX U
Cy0apKTUYECKUX CTAHUIMSIX MOHUTOPUHTA, a TaKXKe U3MEePUTEJIbHEIMY KOMIIAHUSIMY B XOIe 9KCIeOuIIni Ha Hay4yHO-
HUCCJIefOBaTeIbCKUX CyZax.

B manHO# paGoTe IpeacTaBlIeHH PE3YJIbTAaThl HEMIPEPLIBHEIX U3MEPEHUN KOHIIEHTPAlluy MeTaHa, YIJIEKUCIIOTo rasa
U U30TOIla 613CCH4 B IIPUBOOHOM cJioe aTMocdephsl Hap akBaTopusiMu Kapckoro u BapeHiieBa Mopel B xome 93-i
akcnemuiinuy HUC «Arkamemuk Mctucnas Kengwim» (AMK-93), 08 Hos6ps - 07 mexkabps 2023 roma. Kpome Toro,
BBIIIOJIHEHO COIIOCTaBJIEHMWE IIOJIyYE€HHEBIX OaHHBIX C pacyeTaMU DPEruOHalbHOU XWUMHKO-OUHaMUYECKOU MOOeNun
WRF-Chem u noka3aHbl MOAeJIbHEIE TIOJISI IPU3EMHOI'0 COolep:KaHUs MeTaHa [Jis OTHEeIbHBIX PaiOHOB POCCHUNMCKOM
Apktuku. [Ina patioHa Baligaparikoi ry0Osl coejlaHBl MOOEIbHEIE OI[EHKHM IIOTOKOB METaHa C MOPCKOM ITOBEPXHOCTHU

U IIpUBEJEHO UX CPpaBHEHUE C IIPOBOOUBIIMMUCA B XO0O€ 3KCIIeIUIINU HaOII0OOeHUSIMHU.

HccnemoBanue IIPOBEOEHO IIPHU IoJIdepPa2KKe:

1. "TocynapcTtBeHHOe 3amaHue MOA PAH", rpaaTt Ne 125020501413-6
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MOHHUTOPHHT IIPH3EMHOr0 030Ha B I'oOCyTapCTBEHHOM NPHPOIHOM 3all0OBEeTHHKE
«Kapamarckuii» B 2024 romay.

1

Baagumup A. Jlamuenko” , E B. Jamuenkol

1 Kapamarckast HayuHasi ctanius uM. T.U. BsizeMckoro - mpupogHbii 3anoBegHuk PAH - ¢punuan ®TI'BYH OUIL]
"HUHCcTHUTYyT OMooruu 10x)Hubx Mope# nmenu A.O.Kosanesckoro PAH" , Poccus

ozon.karadag@gmail.com

ITpoaHanu3upOBaH BPEMEHHOM XOI KOHIIeHTpaluu npuseMHoro o3oHa (KIIO) B rocymapCTBEHHOM IIPUPOIHOM
3anoBenuuke «Kapapmarckuii» B 2024 rony. B ce30HHOM xofe KOHIIEHTPAIMYU 030HA HAOGJIIOOAIOTCS ABa MaKCUMyMa:
OCHOBHOM B WHIOJIe - aBrycTe, U Ooyee cimabblii - B anpesie - Mae. [IogoOHBLIN CEe30HHBINM XO[ KOHIIEHTPAIlMU 030Ha
XapaKTepeH OJIg CPEON3E€eMHOMOPCKUX €BPONEUCKUX cTaHnuu. CpemHui CcyTouHBIM X0f ITKO 3uMOM IDpakTUYeCKHU
He BRIpaxeH. JIeToM MakCUManbHblE CpegHedYacoBhle KOHIIEHTPAIMKU 030Ha PETUCTPUPOBAJIMCH IIPU HalpaBlIeHUU
BO3IYIIHBEIX MacCC, OTHOCUTEIbHO pacmojiokeHuss COIOM, co cTopoHbl Mopsi. B Teuenuu 2024 roma HabGmopancs
snu3opn (19 aBrycra) IpeBHIIIEHUS NPENEeIbHO AONYCTMMOM MaKCHMAalbHO - Pa30BOM KOHIIEHTpaluu 030Ha, (160

MKT/ M3).

PaboTa BhITIONTHEHA B paMKax TeMbl I'oc. 3aganust (Ne:124030100098 - 0).
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9MHCCHH NLIJIEBOT0 a3P030JIsi B YCIOBHSIX €CTECTBEHHOH KOHBEKIITHH

1

Enena A. ManuHoBcKasi~, OtroT. UxeTuaHu -

1 WUnctutyT Pusuku atmochepst um. A.M. O6yxoBa Poccuiickoit akageMum HayK

elen am@inbox.ru

B ycnoBusax UHTEHCUBHOT'O IIPOrpeBa IIOBEPXHOCTH Hall apUOHBIMU TEPPUTOPUSIMU IOMUMO BETPOBOT'O BO3TENCTBUS
Ha Bapualu{ KOHIEHTpallud IILIJIEBOTO aspO030Jii BIUSIOT KOHBEKTUBHBIE [OBUXKeHUA (mo 20-40%). OnHu
TOPOSBIIIIOTCSI CIOHTAHHBIM (QopMupoBanueM TepMUKOB [Ju etal., 2018] m sBIeHMEM TEPMOKOHBEKTHBHOIO
BBIHOCA MUKPOYACTHUI] IBITK U3 BEPXHETO MecuaHnoro mopuctoro ciaos [Chkhetiani et al., 2012].

[laHHbIE MHOTOYPOBHEBBIX JHEBHBIX U3MEPEHUM KOHIIeHTpaluu IblieBoro aspo3ong (0.2, 0.4, 0.8, 1.6 u 3.2 M) B
ApPUOHBIX YCIOBUSX MOKA3LIBAIOT CTEIIEHHYIO 3aBUCUMOCTDb OT BHICOTEHI. IIpu crmaGoM BeTpe cTeneHu OMu3KH K -0.5,
4TO OOYCJIOBJIEHO KOJIJIEKTUBHEIM 35G@eKToOM 0T OJIM3KO pAaCIOJIOKEHHHX IY3BIPHKOB IIPOTPETOr0 BOKPYT
TTOOHUMAIOIIUXCS OT ITOBEPXHOCTH MIBIIMHOK Bo3nyxa [ManunoBckas E. A. u mop., 2023].

ITo mpaHHBEIM MHOTOYPOBHEBHIX BRICOKOYACTOTHEIX ITyIbCAallMOHHBIX U3MepeHu# no Beicotsl 1 M (0.1, 0.2, 0.4, 0.6, 0.8,
1.0 M; 1000 I'm) momyueHB TeMIlepaTypHble IPOMUIM, BHEISBIEHHI YCJIOBUS U XapaKTepHOe BpeMs OHS O
BO3HUKHOBEHUS TeMIIEpPaTyPHBIX WHBepcui. OmpeneneHbl KOHBEKTHUBHBIE CTPYKTYPHl Pas3IMYHOTrO MacliTala.
ITpoBeméH aHanM3 CBsI3eM KOHIEHTPAIUM aspo30Jisi C TeMIepaTypHBIMH HN3MEHEHHUSMM, IPU OTHOCUTEJILHO
UHTEHCUBHBIX U3MEHEHHUIX KOTOPHIX UHBEPCUH PaclpefesieHuss B HUKHEM CJIOe BO3[yXa.

s uccnemoBaHUsS HOoObeMa aHcamO7s HarpeThiX IIY3BIPDBKOB BO3AOyXa OT IIOBEPXHOCTHU pPeajli30BaHa Cepus
BBIYHUCIIUTEJIBHBEIX J3KCIIEPDHMEHTOB C HMCIIOJIb30BaHHMEM OTKPBITOI'O IIaKeTa OpenFoam. [Toka3zaHO, YTO BHICOTA,
CKOPOCTh M XapaKTep IIogdbeMa TEeIlJIbIX 00BEMOB BO34yXa 3aBHUCUT OT 4YHCJIa T'€HEePHPYEMEBIX IIOBEPXHOCTBIO
HarpeThiX Iy3bIPDEKOB BO30YyXa.

B ycnoBusix HepaBHOMEPHOTO IIPOrPeBa IIOBEPXHOCTH, OOYCJIOBIEHHOTO HAJIMYHUEM €ECTECTBEHHOTO 30JI0BOT'O
penreda, BO3HMKAET TOPU3OHTAJILHOE yCUJIEHWE BETPa, CIOCOOCTByIOINee (hOPMUPOBAHUIO U OTPHIBY TEPMUKOB,
BO3HUKHOBEHHUIO ITMPKYIUPYIOUWINX OBUKEHUU Y MOBEPXHOCTH. JTH 3(PGEKTH HCCIEeNOBAaHLI M BOCIIPOU3BEIEHH B
CepUH BHYUCIIUTEIIBHBIX 9KCIIEPUMEHTOB.

OTpHIB OBUKYIIMXCS Yy IIOBEPXHOCTH TYPOYJIEHTHBIX CTPYKTYP Pa3/IMYHOTO MaciuTaba COMPOBOKOAETCS BHIHOCOM
TIBIJIEBOTO adPO030Jisd, MPOSIBIISIONIMMCS BCIJIECKOBLIMU M3MEHEHUSIMH €ro KOHIEHTpPallMM Ha pPa3HBIX BHICOTAX.
BBICOKOYACTOTHEIE M3MEPEHUs TeMIepaTypsl # CKopocTu BeTpa (1000 I'tl)) ¥ KOHIIEHTPAIIMU IIHIJIEBOTO aspOo30Js
(10 T'n), mO3BOJNIAIOT BBIIBUTH TaKMe CTPYKTYPH M OaTh OLIEHKY ux MaciutaboB [Malinovskaya E. A. et al., 2024].
CaMu Xe CTPYKTYpHI, HaOogaeMble BO BCeX M3MePsSeMBIX MyIbCAIliOHHEIX BEIMYUHAX, MOTYT OBITH OIpemesIeHbl
KaK CHHXPOHHO BO3HMKAIOIINE TPEYTOIbHBIE PIMII CTPYKTYPHI C BEPIIMHAMM BBEPX ¥ BHU3 U AEMOHCTPHUPYIOIIHE
CBOMCTBA CaMOIIOOO0HUsI..

[I71 CIIEKTPOB TEMIEpPATYpPH, CKOPOCTU U KOHIIEHTPAIlMU IIOMUMO M3BECTHOTO HaKJIOHA -5/3 0OTMedYaloTCsa U Opyrue
HaKMOHH -1, -3, -1/3, cBs3bIBaeMble C KOHBEKTUBHBIMU IpoileccaMu. OCOOEHHOCTH M3MEHEHUS CTAaTUCTUYECKUX
XapPaKTEPUCTUK 3aBHUCAT OT BpPEeMEHH [OHA W BBICOTBEI HaHd IIOBEPXHOCTEBIO. ,[[J'Iﬂ COBMECTHBIX pacnpeneneHHﬁ
TIJIOTHOCTY BEPOSITHOCTU ITyTbCAlIMOHHBIX COCTABSIOIINX TEMIIEPATypPhl U CKOPOCTHU IIPOSBASIOTCS ABYXITUKOBHIE
pacnpemeneHus BO BpeMeHHOM nHTepBaie oT 13 go 15:00.

Ju, T. et al. Atmospheric Environment, 2018, Vol. 187. P. 62-69.
Chkhetiani, O. G. et al. Atmospheric Chemistry and Physics, 2012, Vol. 12(11), P. 5147-5162.
Malinovskaya, E. A., et al. Doklady Earth Sciences, 2023. 509 (2). 222-229.

Malinovskaya E. A., Chkhetiani O. G., Azizyan G. V. Doklady Earth Sciences, 2024. 516(1). 888-895.

HccnemoBanue IIPOBEIEeHO IIPHU IoJIdepPa2KKe:
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1. "Poccuiickuit Hay4uHbIM QoHA", rpaHT 25-17-00346
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O0OecneyeHHEe COMOCTABHMOCTH JaHHBIX HAOIIONEHUH 3a aTMOC(hEPHOH KOHIIEHTPalHuen
MAPHUKOBBIX I'a30B HAa POCCHMUCKHUX CTAaHIIUSIX MOHUTOPHHI A

Buxkrtop M. HBaxosl , Hwuna H. l'IapaMOHOBa1 , fdu K. ‘-Iy611eHK02 , Amnna B. Kono6osa?2 , Bsiuecmnas Y.

HpI/IBaJ'IOBl , Tatbsna C. AHI/IH.[GHKOl
! I'maBras reodusuyeckas obcepBaTopus nmeHu A.M. BoeiikoBa
2 Bcepoccuiickuii Hay4yHO-UCCIeoBaTeIbCKUN NHCTUTYT MeTposioruu uM. [I.1. MeHpgeneeBa

viktor.ivakhov@voeikovmgo.ru

B moksame mpepcTaBiieHBl Pe3yIbTaThl HAOIIOOEHUE 3a aTMOC(hEPHOM KOHIIEeHTpaIuen CO2 u CH 4 Ha HEKOTOPRIX
cranuuax PocrumpoMera, pacIojIOXKeHHBIX B TOM UYHMCJe B apKTU4YeCKol 30He P®. OO6cyXmaioTcs COBPeMeHHEBIE
BO3MOZKHOCTH 00€CIIeYeHUsI COIIOCTaBUMOCTH JaHHBIX HAOIIONEeHNWH U BOIIPOC CO3NAHUS JIOKAIBHON HaIllMOHAJIBHON
LIKaJIBl MOJIIPHBIX [OJIE IapHUKOBHIX I'a30B. [IpefcTaBieHBl Pe3yJbTaTH MEXKAYHAPOOHEIX MeKJ1a00paTOPHBIX
CIIMYEeHUH 10 TapHUKOBEIM I'a3aM.

IIpu pemieHWH 3amady 1Mo OlleHKe OajlaHca MapHUKOBRIX ra3oB (I1I') B aTMocdepe Ha OCHOBE [MaHHBIX HAaOGMIOOeHUH 3a
KoHIeHTpanuen I1[', BLIIOMHSEMBIX Ha PA3/IMUYHBIX CTAHIWSX, MPUHIUIIMAILHO BaXXHBIM SBIISETCS oOecIledeHue
COTIOCTAaBUMOCTHM TaKWUX HAHHBIX. Tak, B paMKax IporpaMMbl BceMUpHON MeTeOpOJOTHMYEeCcKOM OpraHu3alluu
«I'mobanbHas ciayx0 atmocheps» ('CA BMO) mepen HaOMIOOEHHUSIM 3a CO2 u CH 4 YCTAHOBTIEHEI IleIeBbIE
I0Ka3aTesH CeTEeBOH COMOCTABEMOCTH BeIuduHOi 0,1 Mia! u 2 ann'l, 410 cocrtaBnseT okono 0,025% u 0,1% ot
cpenHeTI00aIbHOT'O YPOBHS COOEPIKaHUS CO2 (~400 MJ'[H'l) u CH4 (~2000 ann'l) B aTMocdepe COOTBETCTBEHHO.
IMocTuKeHHe TaKuX BEICOKMX ITOKAa3aTeJiell COMOCTAaBUMOCTH Ha ceTu cTaHnuil ['CA cTamo BO3MOXKHBIM Oaromaps
mkame BMO, co3manHue KOTOPOM OBII0O 0OYCJIOBJIEHO OTCYTCTBMEM HAIMOHAIBLHBIX TA30BBIX 3TAJIOHOB, CIOCOOHBIX
obecrieuuTs TpeOyeMBl YPOBEeHb COMOCTaBUMOCTH. B Poccuiickoit ®emepauuu no mporpamme I'CA BMO paboTaeT
TOnbKO I'maBHast reopusmueckas oocepBaTopust uM. A.W. BoeiikoBa (Pocrugpomer), Torma Kak MOHUTOPUHTOM [T
3aHuMaeTcsd Oonblllee KOJIWYECTBO HAYYHBIX OpraHusalui. Takoe MOJIOKeHHWe [Oedl BO MHOroOM 00YyCIJIOBIIEHO
TPYOHOCTSIMH, CBSI3aHHBIMH C 3aKyIKOM ¥ OOCTABKOM Ta30BBHIX ITaNIOHOB u3 LleHTpanbpHOW KanuOpOBOYHOM
nabopatopuu BMO, pacmonoxenHoi B r. boynmep (CIIIA).

B pamkax peanu3anuy BaXHEHWIIEro WHHOBAIMOHHOTO IIpOEKTa TOCyJapCTBEHHOTO 3HadeHus «EpuHasa
HaIllMOHa/JbHAsI CHCTeMa MOHUTOPHHTa KIUMaTUYeCKM aKTHUBHBIX BeuecTB» (EHCM KAB) nmaHupyercs
yBeIMUYeHNe KOJIMYeCcTBa HaOIIOOqeHu! 3a aTMOCGhEPHOM KOHIIEHTPAIMel OCHOBHEIX TAaPHUKOBEIX I'a30B (COZ’ CH 4
u N20) U MHTETrpalus CUCTEMBI MOHUTOPHMHIA B HOBYIO mporpamMMmy BMO «I'moGambHasi ciy:k0a HabIomeHUN 3a
IMapHUKOBEIMU TazaMu». IlockonbpKy mepen ECHM KAB crouT 3apmadya o0ecliedeHHus COIOCTAaBUMOCTH HAHHBIX
HabOmIOgeHn KakK BHYTPU CTPaHBI, TaK U Ha ri100aIbHOM YPOBHE, TO MOTPeOHOCTD B cTaHmapTax BMO Bo3pacTaer.

IIpob6nema pacnpocTpaHeHus Ikansl BMO depe3 HallMoHaslbHbIe UHCTUTYTH CTAaHOAPTU3alluU B IIOCJIENHEE BpeMs
npuobperna rinobanbHEIM XapaKTep. PelneHue maHHOrO BoIpoca IpopabaTeiBaeTcs COBMECTHO MeXIyHapOmHBIM
61opo mMep m BecoB u BMO. B Poccuiickoit ®Pemeparuu 3amlaHWpoBaHa paboTa IO CO3TAaHUIO JIOKAJIBHOU
HaIlMOHAJIbHOM IIIKaJIbl MOJISIPHBIX [OJiel MapHUKOBBIX Ia30B COIIOCTAaBUMOM co IKano¥ BMO. Takas pabota
nnanupyetrca B OI'VII «BHHMUM um. .M. MeHpeneeBa» B paMKaX COBEPIIEHCTBOBAHUS I'OCyHapCTBEHHOIO
IIePBUYHOT0 3TAJI0OHA eOUWHULl MOJIIPHOU NOJIM, MacCOBOM JOIK U MaCCOBOM KOHIIEHTpAIM KOMIIOHEHTOB B I'a30BEIX
¥ Ta30KOHOeHCaTHBIX cpemax I['DOT 154-2019 B uacTu pacimupeHus (MAapHUKOBBIE Tas3bkl) uM o0ecHmedeHus
COIIOCTaBUMOCTH cO mKajnod BMO Ha ypoBHe rocyZapCTBEHHOT'O IIEPBUYHOT0 3TaJIOHA.

JlokanbHast HalnmoHambHasi IIKaja OyOoeT peann30BaHa ITIOCPEACTBOM HOBYX HAOOPOB MEPBUYHHIX ISTATOHHBIX
rasoBbIX cMeceil (manee - [I3I'C) B GasuioHaxX IIOA AaBjieHHeM o0neMoM 40 J1M3. Kaxmeiit Habop OymeT COCTOSITH U3
meBatu IIOI'C B pOmama3oHe MOJISIDHBIX Hojled puokcupa yriepoza ot 380 mo 800 mma L, IIBa Habopa

U3TOTABIUBAIOTCS [JIsT KOHTPOJIS MONTOBPEMEeHHOoM cTabunbHocTu I19I°C.

B mokiame ob6cykpaeTcsi IPUTOTOBIeHUeE, UcciaenoBaHue ctabunbHOoCcTH [I3T'C, a TakXke cpaBHEHUE C Ta30BHIMU
CMeCsIMH, IPUT0TOBJIEHHBIMM B paMKax CCQM K120.
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ComocraBjieHue JaHHbIX peaHanu3a CAMS ¢ u3MepeHusIMU IPU3E€MHOIro0 MeTaHa B
BBICOKOIIMPOTHOH APKTHKeE

1

MapmuHa A. ExxukoBa*, Cepret I1. Cmprsies

1 poccuitckuit rOCydapCTBEHHBIN THAPOMETEOPOJIOTUYECKUN YHUBEPCUTET

m.yozhikova@rshu.ru

B HacrosIeM ucCclnemoBaHUM PacCMaTPUBAETCST YCIEIIHOCTh BOCIPOU3BEIEHUSI MPU3EMHOI0 MeTaHa I100aabHBIM
peaHanu3oM napHUKOBEIX Tra3oB CAMS (Copernicus Atmosphere Monitoring Service) EGG4 B ApKTUYECKOM
pervoHe IMOCPENCTBOM CpPaBHEHUS C [OAHHEIMH HENPEPHIBHBIX H3MEPEeHUM Ha Hay4YHO-UCCIIemoBaTeIbCKOM
cranmoHape «JlemoBas Basa Mric BaparHoBa» (79°16" c.m., 101°45 B.m.) B 2015 - 2020 rr. Bepudukamnus Gassl
maHHbBIX CAMS TakuM o6pa3oM OymeT T[oje3Ha IIeped MOCIEAyIOIIUM €€ NpUMEeHEeHHEM B YHCIeHHOM
MOJIeTUPOBAHUHU.

CraumoHap pacnonoXxeH Ha ocTpoBe bonpmeBuk apxunenara CeBepHass 3eMisa B LEHTPalbHOM CeKTOpe
Poccuiickont Apktuku mexnay MmopsaMmu Kapckum u JlanTeBeix. HenpepriBHBIE U3MepeHUsI MeTaHa IPOBOOUIINCEH C
TIOMOIIIBIO raszoaHanusartopa Picarro G2401 MEeTOIOM BHYTPUPE30HATOPHOU Jla3epHOU CIIEKTPOCKOIIUU
(CRDS, cavity ring-down spectroscopy) B paMKax COBMECTHOTO COTpygHuUYecTBa ®PUHCKOTO MeTeoponorudecKkoro
Nuctutyra (OPMU) u HUU ApkTukY U AHTapKTUKU. [JlaHHBIE peaHain3a IIPefoCTaBJIeHL Ha CETKe C pa3pelleHueM
0.75° x 0.75° (~ 80 KM) C Tpex4yacCOBHIM BpPEMEHHBIM HHTepBaioM. [laHHEIE peaHanu3a O KOOpOWHAT
paccMaTpuBaeMoOM cTaHUUM OBIIM H3BJIEUYEHBl METOOOM OWJIMHENHOW uHTepnonsaiuu. [ aHanmu3a OBIIO
paccMoTpeHo 14 872 maphl 3HaUYEHWH OJaHHBIX PeaHaan3a U HHCTPYMEHTaIbHBIX HaOTIOqeHuH.

B 60.4% cny4daeB 3HaueHus peaHanu3a CAMS oka3bBaloTCS MeHbIle, YeM pe3yJIbTaThl U3MEPEeHUY Ha CTaHIUY,
IpU 3TOM CpefHee OTKJIOHEHWEe H3MEpPEeHHM OT JaHHBIX peaHanus3a u ero CKO cocraBnsior 16.7+14.5 ann'l
(0.85%). IlpeBnillleHNEe H3MEPEHHBIX 3HAYEHUU HaN pe3yJbTaTaM{ peaHaljii3a XapakKTepHO U [OJI OPYTux
BBICOKOIIIMPOTHEIX CTaHIuM, Anepta u Bappoy, 4To oTMedeHO OokiIagax o Bepudwukanum 06a3bl maHHBX CAMS.
MaxkcuManbHOEe OTKJIOHEeHUe HabIomaeMBIX 3HaUYeHUM OT JaHHBIX peaHanus3a cocTaBiseT 161.1 ann'l (7.5%), u
3adukcupoBano B ¢eBpane 2017 r. KomuuecTBO ciy4aeB, KOTrga MOOYJb Pa3HOCTH U3MEPEHHBIX U
CMOJIeTUPOBAaHHLIX 3HAYeHU! cocrtaBnsieT Oomee 100 ann'l, He mpeBbimaeT 0.2 %. Takue pacxoXKOeHUS
Ha6II0al0TCS IPEUMYIIECTBEHHO B 3UMHUE MECSIE, a TaKXKe B aBrycte u ceHTssOpe. OCHOBHAs 4acTb pa3HOCTEH
MexXk[y HabIomaeMbIMU 3HAYEHUSIMY U pe3yiibTaTaMu peananu3da CAMS (43.1%) HaxoguTcs B guamasoHe oT -10 mo
10 ann'l.

CMOIeTVpOBaHHBIN U W3MEPEHHBIM DIObl HAOIMIOMEeHWN XOPOWIO KOPPENIHPYIT OPYTr C OPyroM: Ko3bduiueHT
Koppensanuu R 3a Becy mepuop Habmoopenuid paBeH 0.82+0.01. [Ipm 9TOM B OTHEJIbHBIE MECSHIH HaOIIOmAETCs
foJiee Xyqamiasi COIOCTaBUMOCTh. HauMeHbIne 3HaYeHusT K03 duiimenTa Koppensiuuu orMedeHsl B MapTe 2016 T. (
R = 0.55), utone 2016 r. (R = 0.52), anpene 2019 r. (R = 0.41), mapte 2020 1. (R = 0.47) u utone 2020 r. (R =
0.46).

B 2019 u 2020 rr. pe3ynbTaThl peaHanu3a 3HAYUTENBHO HUXKe U3MEPEeHHBIX 3HaUeHUU 10 CPAaBHEHUIO C OPYTUMU
rogaMM - TakK, 3HaUEHUS CPENHETONOBOM Pa3HOCTH MeXKAy OaHHBIMH M3MepPeHHM W peaHalu30M 3a 3TU TOXH
coctasnsaoT 14.0 u 11.7 ann'l COOTBETCTBEHHO (mpotuB -4.6 B 2016 ., 1.8 B 2017 1r. 1 1.0 ann'l B 2018 rr.).
OneHKa MeXTrOZOBOTO IIPHPOCTa MeTaHa [0 NaHHHIM peaHalM3a 3a pacCcMaTpUBaeMBIM HepHon B IIeJIOM IIJI0XO
COIIOCTaBUMa C OILIEHKOM II0 OaHHLIM HAOJIOOEHWH, W He I03BOJIIeT ChOejlaTb ONHO3HAYHBLIX BHEIBOOOB 00
U3MEeHYUBOCTU MeTaHa OT roja K romgy.

Ce30HHas U3BMEHYUBOCTb MEeTaHa XOPOIIIO BOCIIPOU3BOAUTCS HAHHBIMU peaHalin3a, IPU 3TOM C meKabps 1o ampesb
BKJIIOUHTENbHO maHHble CAMS BhIIlle HaOJIOmaeMBIX 3HAYEHWI, a C Mas Mo HOosaO0ph HuMXe. MaKcuMalabHBIEe
OTKJIOHEeHUus A Ha6J'IIOJlaIOTCH C aBrycra IIo OKTH6pB, YTO MO2XKEeT YyKa3blBaThb Ha HEOOOLEHKY OaHHbBIMH PeaHaliIn3a
BKJIaJla MICTOYHHUKOB PErMOHAILHOT'O MJIM JIOKAJTbHOTO MaciiuTaba B TENJIBIHM Mepuop roaa.
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1. "MUHHCTEPCTBO HAYKH U BHICIIETO 0Opa3oBaHus PP", rpanT nmpoekT FSZU-2023-0002
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COBpeMeHHLIe TEHIEeHIINHU U3SMEHEHHsI COJEPXKaAHHUSA KIIHMATHYECKH H 3KOJIOTHYEeCKH
BaXXHBIX MpuMece# B atMocdepe [IpHBOIKCKOro ¢peaepajLHOro OKpyra.

Teopruu H. Mumkual

1 Kasanckuit (ITpuBomKCKMit) penepanbHLIA YHUBEPCUTET

mr.GoraShi@mail.ru

IIpo6rema KauecTBa aTMOC(EPHOro BO3AyXa BXOOHUT B YKCJIO TI'JIABHEIX 3KOJIOTHYECKUX BBI30BOB COBPEMEHHOCTH,
HaXOMsICh B IIeHTPE BHUMAHUS CIIEIMaINCTOB ¥ MeXKIYHAaPOOHBIX OPraHu3allui.

B pamHO#l paboTe IIpEACTaBIEHO HCCJIEJOBaHMWE ITPOCTPAHCTBEHHO-BPEMEHHOTO pacIipefelieHusT HpUMeced B
aTMocdhepe Ha Tepputopuu IIpuBomxkckoro denepanbuHoro okpyra (IT®O) Ha oCHOBe maHHEIX peaHanui3a EAC4
(CAMS) 3a nepuopg 2003-2022 rr.

Omwupasick Ha wuHQOPMAINWIO, ONMYOJIMKOBAHHYI0O B €XETOOHHIX 0030pax COCTOSTHHUSI OKPYyXKalwoIed Cpemsl
TePPUTOPUANbHEIMU IOApa3feneHusMu Pocrugpomera B II®O, aBTOpoM OBIIM OTOOPAHBI /IS HCCIIEeNOBAHUS
ClefyIolIie 3arps3HSIONIMe BeIlecTBa, BHOCAIIME 3HAYWTENbHBIM BKJAaO B 3arps3HeHre aTMocheph:
dopmanboerum, (CHZO); OUOKCHU[L CEePHI (802),- OUOKCHU a30Ta (NOZ)‘ BMO oOTHOCUT [aHHBIE WHT'PEOUEHTHI-
3arpda3HUTE/IM K YHUCIIY BaXHBIX KIIMMaTHU4YE€CKHX IIePEeMEHHEBIX, B TOM 4YHCIJIE, CHOCOGCTBYIOH.II/IX O6pa3OBaHI/IIO
a’po30JIeH U 030HA.

B pa60Te IIPOAHAJIN3WPOBaHA CE€30HHas BapuHallisd CPpegHHuX monen comepzxXKaHusid BbI6paHHI)IX HWHI'PEeInueHTOB-
3&Fp5{3HI/ITeJ'IeI;I BO3OyXa; HpOBeJIéH TPpeHO-aHaJIn3; BBIFABJI€HBEI 3HA4YMMEBIE KOPPEIAIUMOHHBEIE CBA3U noneu
3arpAa3HAI0IINX BellleCTB C KIIIOYEeBBIMU METEO0POJIOTHYECKUMU (I)aKTOpaMI/I Ha OCHOB€ OJAaHHBIX PeaHain3a ERAS.

B xome ucciemoBaHus OBITN CHETAHbI CIIEAYIOIIHUN BEIBOMEL.

Pacnpenmenenue cpegHMX 3HAYEHUM MOIHOTO 3allaca CHZO B cTonbe aTtMochepn I[TPO obnafaeT BHIPAKEHHOMN
CEe30HHOU H3MEHYUBOCTHIO C MaKCUMyMaM{ B JIeTHHE MeCSdIbl U MHHMMyMaMu B 3UMHUe. B pacopereneHUsx
copepKaHUsA SO2 u NO2 BBISIBJIEHa OoOpaTHas Ce30HHas 3aBUCUMOCTb. CpegHee KBagpaTH4YeCKOe OTKJIOHEHUE
CpefHeTo cofepzKaHUus MpUMecell UMeeT aHaJIOTUYHYI0 CE30HHYIO 3aBUCUMOCTb.

Ons CHZO u NO2 mpeobIamaoT TeHOeHIWN K HAKOIIJIEHWIO Ha MPOTSXKeHWu Oonbiieid dactu roma. as SO2 B
3UMHUH ITepuoM MOBCEMECTHO TeHOEeHIIUs OTPUIlaTeNbHasI, B IeTHUHN - ION0XKUTEIbHAS JTUIIh MEeCTaMH.

XapakTep KOPPENSILMOHHBIX CBA3€M C TeMIlepaTypod WIPU3EeMHOTO CJIOd BO3[AyXa Yy CpegHero copepzKaHus
HUCCIeNyeMbIX IIpUMeced B CToin0e aTMochepH pal3jiudeH. [I0MOXUTENbHBIE CBSI3W OTMEUEHBHI C CHZO (ma
TPOTSAXKEHUU BCETO rofa) u SO2 (c Mast o ceHTSIOPB); OTPHUIIATENILHBLIE CBSI3U - C 802 (B ssHBape-deBpane) u NO2
(Ha mpoTsakeHWHU OOJNBINEH YacTH rofa). B Iojie U-KOMIOHEHTH CKOPOCTH BETpa - TeCHBIE OTPHULATENIbHBIE CBS3U
C SO2 Ha MPOTAXKEHUU BCEro rofja. B moje v-KOMIOOHEHTHI - TECHBIE ITOJIOKUTENIbHBIE CBA3U OIS SO2 u NO2 B
TIepUon C arpessi mo OKTA0pPh. B mosie KpymHOMacHITaOHBIX OCAgKOB - TECHBIE IOIOXKUTEIbHBIE CBS3U C CHZO B
3UMHUE MECSIIH; C NO2 - B OTOeJIbHBIE 3UMHME U BeCeHHUEe MecCslbl. 3HauuMble OTPULATEIbHbLIE CBA3U BBHISBIIEHEI
c CHZO B HIOJIE, C NO2 B UIONIe-CEHTSOpE, C SO2 B OTHENIbHBIE MECSIbl Ha MPOTIXKEHUU BCero roma (Haubosee
TecHBIe - B ¢eBpajie U aBrycTe).
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ISARD-2025-greenhouse036

CTaTHCTHYECKHH aHAIU3 MMPOXO0KIAeHHUsI GPOHTOB Hag MOCKOBCKHM PErHOHOM

Crerana A. Psiosal’2
1 WHCcTUTYT muHaAMuKM reocdep uMeHu akagmeMuka M.A. CamoBckoro Poccuiickol akageMuu HayK , Poccust
2 NuctutyT pusuku 3emnu uM. O.10. IImunra Poccutickoil akameMuu Hayk , Poccus

riabovasa@mail.ru

lMuknoHnudyeckue o00pa3oBaHUS YMEPEHHBIX IIHPOT CBA3aHHBIE C HUMU aTMochepHble QPOHTH SBISAIOTCS
BaXXHEHUIINMMHN CHHONTUYECKUMHM OOBEKTaMHU, ONPENesISTIOMNMHE I[OTOOHBIE YCIOBUS OOIIMPHBIX TEPPUTOPUI
3eMHOT0 I11apa. JBojionus GPOHTAIbHEIX Pa3felioB BO MHOTOM OIlpefesiseT BO3HUKHOBEHNE METeOPOJIOTHUYeCKUX
SIBJIEHUY, KOTOPBEIE HEOOXOOMMO IPOTHO3UPOBATE IIPU 00CITy’KMBAaHUY aBUaIMu. B HacTosmed paboTe BEIIOTHSIETCS
CTaTUCTUUYECKHUU aHAIN3 IPOXOXKIOEHUS (PPOHTOB Pa3HBLIX TUIIOB HaJ, MOCKOBCKHUM PETHOHOM.

DKCcIepuMeHTalbHEle HCCIefOBaHUsS BEIIOJHEHBI B paMKax TrocymapcTBeHHoro 3apmaHus WO PAH
«[Ipeobpa3oBaHue TreoPU3UYECKUX TIOJIEM KaK OCHOBHOM GakKTOp MeXreochepHBIXx B3amMopeMcTBuii» (Ne
125012700798-8), naTepnpeTanyusa pe3yIbTaTOB BEIIIOJIHEHA B paMKaX roCygapCcTBeHHOTro 3ajanus M®3 PAH.
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IocTepHas ceccust
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ISARD-2025-greenhouse005

CoBpeMeHHBIE MpeICTaBIeHusI 00 H3MEHEeHHSsIX CONePKaHUHU KHCIoOpoaa B atMocdepe
3emiIn

1

Hartanbs B. [IaakpaTtoBa® , Anekcaupgp C. FHH36ypr1 , Mapus A. TTomernogal

1 HNuctutyTt dusuku armocheps uMm. A.M. O6yxoBa Poccuiickoii akageMuu HayK

n_pankratova@list.ru

KI/IC.TIOpOJZ[ ZKHU3HEHHO HGOGXOI{I/IM OJIst moneﬁ ¥ XKMBOTHBIX. TeM He MeHee TPpeHOdaM KW HU3MEHYUBOCTH €ro
comepXxKaHUS B aTMOChHEPHOM BO3OyXe OO IIOCIeNHEero BpeMeHM YHOesslIoch He3acNyXKeHHO Majio BHUMaHUS. JTO
CBSI3aHO C Te€M, UTO IIPOLIEHTHOE COfiepKaHUe KHUCJIopoma B aTMocdepe 3eMiIu MeHSIeTCS HE3HAYUTEJIBHO, U C TEM,
YTO U3MEpPEeHUe 9THX MaJlkiX U3MEeHEeHUH MTpencTaBisieT co00M JOCTaTOYHO TPYOHYIO TEXHUYECKYI0 3amauy. OgHako,
make Majble U3MEHEHHUSI COeprKaHus KUCIIOPOoaa BO BOBIXaeMOM BO3[IyXe OKa3hIBAIOTCS BeChMa YyBCTBUTEIIBHBIMU
onsi omed, ocoOeHHO BO BpPeMS BOJIH JKaphl, KOTOPBIE Y4AIAlOTCS M YCUJIMBAIOTCS B YCJIOBHSAX OBICTPOTO
U3MEeHeHus KnuMaTa. [[OKjan TIIOCBSINEeH HCTOPUH pPa3BUTHUSA IIPeNCcTaBieHui# 00 H3MEHEHUSX COmepKaHWHU
KHCJIopona B aTMocdepe 1 0630Py MCCIIEeO0BaHUM ITOCIIEQHUX AECITUIIETUH.

HccrnegoBaHHe MIPOBEIEHO MIPH MOAAePXKKe:

1. "Toc3amanue UOA um. A.M. O6yxoBa PAH", rpanT 125021001827-3
2. "Toczamanme MDA um. A.M. O6yxoBa PAH", rparTt 125020501413-6
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ISARD-2025-greenhouse016

CraTuCcTHYECKHEe XapaKTEePHCTHKH BoJo3amnaca 00/;1akoB Ha ceBepo-3anaae Poccuu nmo
OAHHBIM CIYTHHKOBOTrO npudopa SEVIRI

1

Baagumup C. Kocunos~ , [Imutpui B. Honos!

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

v.kostsov@spbu.ru

IIpoaHanmu3upOBaHEl pPE3yJIbTAaTH OUCTAHIIMOHHBIX KW3MEPEHUM Bojo3amnaca 00JIaKOB CIYTHUKOBHIM Ipubopom
SEVIRI B patioHe BanTuiickoro Mops u ceBepo-3amnama Poccuu B mepuon ¢ 2011 mo 2017 rom. Ins mompoOGHOTO
HWCCeNoBaHus BHIOPAHBl XapaKTepHHE Treorpaduyeckre TOYKKM Ha CYIIe M B aAKBATOPUAX KPYIIHBIX BOIHBIX
06BeKkTOB. OCHOBHEIE BHIBOIH PaOOTHI MOTydYeHH OJI1s 0071a¥HOCTH 6e3 0CcafKoB C BOIO3aracoM, He IIPEBHIIIAIUM
noporoBoe 3HadeHue 0.4 Kr M2, IoxmeBble o0OlakKa KiIacCHGUIIMPOBANINChL, KaK HMeEIOIHe Bomo3amac 0Ooiee

0.4 xr M2

, U pacCMaTpUBaIUCh OTAeNbHO. [IpoaHanmu3MpOBaHBEI CTAaTUCTHUYECKUE DacOpedeleHUs Bopo3amaca

0671aK0B, a TaKXe ero MexXKromoBas U Ce30HHas M3MEHUYHWBOCTh. AHAJIM3 CE30HHOTO XOIa OrpaHWYeH IIepUOoOoM C
deBpans mo okTsIO6ps BBUAY OTCyTCTBUS M3MepeHuir SEVIRI oceHbio/3uMo Ipu OOJIBINTNX 3€HUTHEIX yrilax CoJHIIa.
OCOOeHHOCTAMM CE30HHOT'0 XOfa SBJISAIOTCS MHUHUMYM Bomo3amnaca B ¢eBpajle M MaKCUMyM B OKTsA0pe IIpu
IIPaKTUYECKHU IIOCTOSTHHBIX 3HAYEHUIX C Mas II0 aBT'yCT. B neTHHe MecsIlbl Ualna30H CpegHeMeCSIYHBIX 3HaYeHUN

2

Bopmo3amaca Hap cymed coctaBnsgeT 0.075-0.080 kr M, B TO BpeMs KaK HaJ BOOHHIMM OOBEKTaMHM OUAIa30H

coctasisier 0.060-0.065 Kr M™2 Ipy 3Ha4YE€HHUAX MHOTPEUIHOCTU CpefgHeMecCAdYHBIX 3HaueHuu meHee 0.005 Kr M2,
Ilns Bogo3amaca [oXKOeBhIX 00J1aKOB CE30HHEIN X0 B IIepuof C deBpais 0 OKTSI0ph He HabOMomaeTcsl, 3HaUYeHUsT

Haf Cylley ¥ Hal aKBaTOPUSMU IIPaKTUYEeCKYU OOVWHAKOBE U HaX0OATCs B guamna3oHe 0.75-0.95 kr M2,

HUccnemoBaHue NMPOBEIEHO MIPH MOOAEePXKKe:

1. "Poccuiickuii Hay4dHbl GoHn", rpaHT 24-27-00016

203



ISARD-2025-greenhouse019

O1neHKa Ba/IOBOM NMEePBUYHOH NMPOAYKIIHH [JIsI TEPPUTOPUH JICHUHIPAJACKOH 00/IaCTH U
IJISI TEPPUTOPHH KapOOHOBOI0 MOIUroHa «JIagmora» mo H3MepeHHsIM CIIyTHUKOBOH
anmaparypsl OCO-2.

1 1 1

Credanu 4. ®Poka~, Mapusa B. Makapoa  , Esrenwmii B. AGakymoB~ , Omutpuii B. Honos!

1 CaHKT-IleTepOyprcKuil TOCyIapCTBEHHBINM YHUBEPCUTET

s.foka@spbu.ru

B Poccuu, gnsg peanu3anuyd Mep KOHTPOJIST KIMMATHYECKM AKTHUBHBIX Ta30B, a TaK e OLEHKHM MOoTeHIrala
TIOTJIOIEHUS TAaPHUKOBLIX I'a30B, ObUI0O HAYATO CO3MaHue KapOOHOBHIX MONUToHOB [1]. Kakaeil MONUTOH BKIIIOYAET
B cebs penpe3eHTATUBHBIE S5KOCHUCTEMBI, XapaKTEpHBIE [JI TEPPUTOPUM Hallel cTpaHbl. Ha TeppuTopum
3eMeJIbHOTO y4acTKa, npuHaanexaliero PegepanbHOMy TOCYyIapCTBEHHOMY OIOKETHOMY y4upexkpaeHuio «['maBHas
reojpusndeckas obcepBaTopusi uM. A.M.BoeiikoBa» (~150.6 ra, JlemuHrpamckass o00jacTh, II. Boe#koBo)[2]
IUIAHUPYEeTCS K CO3MaHUI0 KapOOHOBHIM MmonuroH «Jlamora», 3amadedl KOTOPOTro OymeT SBISATHCS MOHUTOPUHT
IIOTOKOB KJIMMATHYECKM AaKTUBHBIX Ta30B, a TaKXKe OIleHKA IIOTEHIMaja IIOTJIOUIEeHUsI IMTapHUKOBEIX I'a30B
9KOCHUCTEMOH, XapakTepHou ans CeBepo-3anaga Poccuum (30Ha 10KHOU Tauru U 30Ha CpefHEN TaWru Ha ceBepe
JIen. obGmacTu).

BanoBas mnepBumuyHas npoaykmusa (GPP) - BennumHaA, XapakKTepu3ylollasd KOJIMYECTBO IOTJIOUIEHHOTO
pPacTUTENbHOCTBIO YIJIEKUCIIOTO Tas3a (COZ) Ha eOUHHLY IUIOIIAAM B pe3yJbTaTe HOponeccoB doTocuHTe3a. B
HacTosllee BpeMs HCIIOJIb3YIOT pasiuuHble crocoOnl oueHku GPP[3], Hambonee 3hGeKTUBHBEIM HHOMKATOPOM
doTocuHTE3a paCTeHUM SABISETCS UHOYIUPOBAaHHOE COJIHEUHBIM CBeTOM (GJIyOpecCleHTHOe HU3JIydeHUe
xjiopodunna, SIF, co coekKTpalbHBIM Auama3oHOM - ~ 650-800 uM. ITomTBepxkmeHHass B paboTax JIHHEWHas
3aBucuMocTh Mexkny SIF u GPP no3BoiseT ¢ UCIIOIb30BaHUEM CIIYTHUKOBHIX U3MepeHui SIF oLleHUuTh KOJIMYECTBO
COZ’ TIOTJIOIIEHHOTO PACTEHUSIMHM B PETHUOHAIBHBEIX M TJI00aJbHBIX MaciuTabax, 6e3 MPUBSI3KM K HA3EMHBIM
usMmepenusaMm[4].

Llenb manHOM PabGOTH - KoNMMYecTBeHHas oneHka GPP u ee BpeMeHHbIe BapUallud, XapaKTepPHBIE AJIST TEPPUTOPUU
JleHmHTpPaACcKo# obyactu (59°-61.2° c.m1., 28°-35.3° B.[.) IO HONTOBPEMEHHBIM CIIyTHHUKOBBHIM u3MepeHusMm 2014-
2022 rr. c ucnons3oBanueM SIF, u3aMepeHHOr0 CIyTHUKOBOU annapaTtypou OCO-2[5].

AHanu3 maHHBIX IToKasal, 4To Ay GPP Ha teppuTopuu JIeHMHTrpamgckod o6jiacTH, BKITIodarolel B cebsl KaK 30HY
I0OKHOW TaWTI¥u, TaK U CPENHIOK TaeXKHYI0 30HY, XapaKTepeH TOJOBOHM XO0f, MakKCHUMyM KOTOPOTO IIPUXOOUTCS Ha
WIOHb, MUHHUMYM - B IIEPUOJ C OKTSAOPS MO ampesnb. MakcuMasnbHble 3HaueHusT GPP B netuuit nepuoxn (9-11 rCm2
neHL'l), paccuuTtanHble 110 gaHHEIM OCO-2, conoctaBuMbl ¢ GPP 151 30HBEI CMeIlIaHHBIX JIECOB, IIPEICTAaBIIEHHEIMU B

pabote [6] ~10-12 rCM'Z,ueHL'l.

Cucox nmuTepaTypsl
1. Kap6onosrie nmonuronsl Poccuiickoin ®enepannu https://carbon-polygons.ru/ (mata obpamenus 12.11.2024)

2. Makarova M.V. et al. From carbon polygon to carbon farm: The potential and ways of developing the
sequestration carbon industry in the Leningrad Region and St. Petersburg // Vestnik of Saint Petersburg
University. Earth Sciences. 2023. V. 68(1) P. 82-102. D0i:10.21638/spbu07.2023.105.

3. Liao Z. et al. A critical review of methods, principles and progress for estimating the gross primary
productivity of terrestrial ecosystems // Front. Environ. Sci. 2023. V. 11 N 1093095.
doi:10.3389/fenvs.2023.1093095.

4. Li X, Xiao J. TROPOMI observations allow for robust exploration of the relationship between solar- induced
chlorophyll fluorescence and terrestrial gross primary production // Remote Sens. of Environ. 2022. V. 268 Ne
112748. doi:10.1016/j.rse.2021.112748.

5. Doughty R. et al. Global GOSAT, OCO-2, and OCO-3 solar-induced chlorophyll fluorescence datasets // Earth.
Syst. Sci. Data. 2022. V.14. P. 1513-1529. doi.org/10.5194/essd-14-1513-2022.
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6. Lin S. et al. An Open Data Approach for Estimating Vegetation Gross Primary Production at Fine Spatial
Resolution // Remote Sensing.2022. V. 14(11) Ne 2651. d0i:10.3390/rs14112651.

HccrnegoBaHHe IIPOBEIEHO MPH MOAePXKKe:

1. "CII6I'Y", rpanT mudp npoekra 123042000071-8, ID Pure: 132271892
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ISARD-2025-greenhouse020

OmnpenesieHHe MOTOKOB MeTaHa U YIJIEKHC/IOTO ra3a C MOBEPXHOCTH MOYBLI B aTMocdepy
KaMepPHbIM MeTOI0M

Erop II. Pﬂﬁymxol , ApwuHa B. AHOplokoBa , Mapus B. MakapoBa , EBrenuii B. AGakymoB

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

ryabushko@icloud.com

[anHas uccnenoBaTeibCcKas paboTa MOCBSIeHa U3YUYEHUI0 IIOTOKOB yIIePOACOIepKalINX TapHUKOBLIX ra3oB (CO2
u CHi) Ha TeppuTOpUM HpenmojaraeMoro Kapb0HOBOro moymroHa B BoeilikoBo. MccrnemoBaHue HampaBiIeHO Ha
KOJIMYEeCTBEHHYIO OILI€EHKY SMHCCHH U IIOTJIOIIEHHS I3TUX T'a30B IOYBOM B OCEHHUH IIepuong C HCIIOJIb30BaHHEM
KaMepHOTO MeToHma, a TaKXKe Ha BHIgBIeHUEe (aKTOpPOB, BIUAIOMMNX Ha UX OUHAMHUKY. AKTYalbHOCTb PabOTH
006ycIIOoBI€HA BaXKHOM POJIbIO IIAPHUKOBEIX I'a30B B INIO0AJIBHOM YIJIEPOTHOM IIUKIIE U WX 3HAYWUTEJIPHOM BIIMSTHUEM
Ha KJIMMaTU4YeCKUue U3MEHEHHUd.

Metan (CH4) m yrnmerucnbiii ra3 (CO2) SBISIOTCSA KITIOUEBBIMU KOMIIOHEHTAaMM ITapHUKOBOTO 3ddekTa. MeTaH,
HECMOTPsI Ha MEHBIIYI0 KOHIIEHTpauuio B aTtMocdepe, obimamaeT B 21 pa3 0Oojee BHICOKHMM IIOTEHIIMATIOM
ry100ayibHOr0 HOTeIUleHus 1o cpaBHeHUio ¢ CO2 3a 100-nmeTHuUM nepuon. OCHOBHBIMU IMIPUPOTHEIMU UCTOYHUKAMU
CHa4 BrICTYnaloT 605oTa u 3ab00I04YeHHbIe TeppuTopuu, BHOCsIIHME 0o 30% B 0611yI0 ry1o6anbHYI0 9MUCCHUI0 3TOTO
rasa. YIJIeKUCIIbIM ra3, KOHIEHTpallus KOTOporo B aTMocdepe mocturia 428 ppm kK 2025 roxy, BeIAenseTCsS U3
TMOYBHI TPEUMYIIECTBEHHO B pe3yJibTaTe MUKPOOHOTO Pa3/l0XKEeHUsT OpPraHMuYecKOoro BeIllecTBa U KOPHEBOTO
OBIXaHUS pacTeHud. [I719 M3MepeHus: IIOTOKOB Ira30B MCIIOIh30BAJICSI KaMEePHBIM METOJ, OCHOBAHHBINM Ha HU3OJISIUU
ydacTKa [OYBEl TepMEeTUYHOU KaMepou U IOoCJiedylollel perucrpalud HU3MeHeHUs KOHIEeHTpaluu ra3oB C
TIOMOIILIO0 BEICOKOTOYHOTrO ra3doaHanu3daropa LI-COR (LI-7810).

DKCIepuMeHTalbHbBIe MCCIeIOBAaHUSA IPOBOIHUIINCL B CeHTsI0pe u OKTsa0pe 2024 roma Ha BOCHMH IIIONMIAAKaX C
Pa3IUYHEIMU THUIAMU II0YB U PACTUTEJIBHOCTU: OBIBIINE CEIbCKOXO3SMCTBEHHEIE YTOObsi, CKJIOHBE C MOJIOOBIMH
IepeBbIMU M BOOHO-00JIOTHBIE ydacTKH. [lepenm MpoBegeHMEM 3aMepoB (PUKCUPOBAJIMCH KIIIOUEBLIE ITapaMeTpPHI
IIOYBHI: TEMIIEPATYpPa, BlIaxkKHOCTh U ypoBeHb pH. ITorpentHocts uamepenutt st COz2 u CH4 Haxopuiack B IIpegeiax
5-10% u 4-7% COOTBETCTBEHHO.

AHanmu3 pe3yIbTaTOB BLIIBUII HECKOIBKO BayKHBIX 3aKOHOMEePHOCTEeM. Bo-miepBrIX, HaOMIO#anCcs 3HaYUTEJIbHEIN POCT
IIOTOKOB IIAaPHUKOBEIX I'a30B B TeueHHe oceHU. CpegHue 3HadeHus smuccuu CO: yBenmuunuck ¢ 389 r/(m?-rom) B
centsibpe mo 973 r/(m?rom) B okTaAOpe u 1826 r/(M?>Tom) B HosiOpe. IIns CHa Takke ObU1 3adUKCUPOBAH POCT
moTokoB: oT 0,25 r/(M?Tom) B ceHTssOpe mo 0,77 r/(M%2rTom) B oKTsa0Ope u 0,92 r/(M?Tom) B HOssOpe. DTOT TPeHT
00BACHSIETCS CHUKEHUEM (DOTOCHUHTETUYECKOM aKTUBHOCTH PACTEHUH OCEHbIO, UTO yMeHbInaeT nornomenue COq,
a Take ITPOIOoJIKaloNeNcsi MUKPOOHOM aKTUBHOCTHIO B MTOYBEe GJ1arogapsi HaKOIJIEHHOMY 3a JIETO TeIlny.

Bo-BTOpEIX, Haubonbimre BHIOPOCEI CO:2 OBIIM 3apETHCTPHPOBAHBI Ha OBIBIIMX CEJIbCKOXO3SHCTBEHHBIX YTOOBSIX
(mampumep, 2207 r/(M?>Tonm) B OKTsI0pe Ha miomanke CP4), 4To CBs3aHO C HaMuuueM 1abuabHEIX (GOPM yriiepona,
JIeTKO BOBJIEKAEMBIX B MUKPOOHBIM MeTabomu3Mm. BopmHo-60motHble y4dacTku (CP2, CP9) meMoHCTpupoBaiu
MeHbIne noToku CO2, HO IIPU 9TOM BEICTynanu uctouHnkaMu CHs ¢ MakcuManbHEIMU 3HaueHusmu 0,4 r/(M?-rofn).
Ha ocranbHBIX [JI0OIIamKax oTMedanoch rmoriomenue CHa, 00ycrioBJIEeHHOE aKTUBHOCTBIO METaHOTPODHBIX
OaKTepui.

B-TpeTbI/IX, BBISIBJIEHA 3aBUCHUMOCTHE MHTEHCHUBHOCTHU I'a30BHIX IIOTOKOB OT KHUCJIOTHOCTH IIOYBEI. HpI/I IIOBHIITIEHU N pH
B puama3oHe 7,0-8,7 HalGmiopasncs pocT smuccuu kKak CO:z, Tak u CHa4, uTO cornacyercsi C JNUTEPaTypPHBIMU
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OaHHLIMH. KpoMe TOro, K IMOo37iHeM OCEeHU yBeMUYUBaJICS pa3bpoc 3HaUYeHuM moTOKoB — 1o 17 pas mns COz u 34 pa3s
oinst CHa. OTo MOXKeT OBITh CBA3aHO C PE3KWMHU CYTOYHBIMH KOJIeOaHUSIMH TeMIIepaTyphl, KOTOPHEE MOOYJIUPYIOT
aKTUBHOCTH [IOUYBEHHBIX MUKPOOPTaHU3MOB.

[anHas paboTa BHOCHUT BKJIa[ B IIOHUMaHUe POy GopeasnbHEIX 9KOCUCTEM B I'7I00aIbHOM IIMKIIE Yrilepofa U MOXKeT
OBITH MCIIOJIb30BaHAa /I Pa3paboTKU CTpPaTeTruil yIpaBieHuss KapOOHOBEIMY ITOJTUTOHAMH.

HccrnegoBaHHe MIPOBEIEHO MPH MOAAePXKKe:

1. "TIpoext CII6T'Y", rpaut GZ MDF 2023 - 3, Pure ID 132271892
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Bnusinue MEeTeOpOoJIOrn4YeCKHux yC)IOBI/Iﬁ Had BapHaAIlU1 U JOJITOBPEMEHHbIE€ TEHICHIINHU
0611181"0 CoaepKaHHUsA MOHOOKCHIA yrijiepoga B MOCKOBCKOM MerarmoJjiuce.

Hartanesa C. Kmpmmoxsa1 , Bapmguwm C. PakuTHH! , Amnatonuint B. I[)Konal , Apcenunu B. ungum 2 , EBrenus

H. <I>enop013a1 , Huxkomnan ®. EnaHCKuii

1 NuacTuUTyT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKkoi akageMuu HayK
2 HIIO "Taiipys"

n.kirillova65@gmail.com

B pabote mpencTaBieHH pe3yJIbTaThl KOMIIJIEKCHOTO aHa/iM3a [aHHBIX OOJITOBPEMEHHEBIX CIEKTPOCKOIIMYECKUX
usmepenust obmiero cogepxkanus CO (OC CO) Ha cTtanuusx UuctutyTa dusuku atmocheps uMm. A.M. O6yxoBa PAH
(M®A PAH) B MockBe um MOCKOBCKOM o6Omnactu (3BeHUTOpOACKass HaydHasi cTanHums, 3HC). HccrnemoBaHbI
MeTeOpOoJIOTUUEeCKHe ITapaMeTprl U moiroBpeMeHHEBle Bapuanuu OC CO B morpanudHoM cioe atMmocdeps! (IICA).
YcraHOBNIEHO CHUXKeHUe cpemHeromoBbix 3HaueHut OC CO B 2000-2023 r. gmss Mocksel (-2.23+£0.36%/rom) u
MockoBckoii ob6mactu (-1.12+0.33%/rom). JIOMOTHUTENTBHO PACCMOTPEHBI XapaKTepPUCTUKU HaAOII0IaeMBIX
TpeHnoB CO B pa3HbIe TOOBl U CE30HHL.

ITocne 2008 r. Temmnsl crtaga OC CO cHU3UIKUCh Ha obenx cTaHuusax. Tak, B mepuopn 2000-2009 rr. OC CO y6rIBano
CO CKOpPOCThIO -2.12%/rom B MockBe u -1.59%/rog Ha 3HC, a B 2009-2023 rr. 6su10 monyueHo -1.78%/ron mms
MockBrl u -0.75%/rom pmnst 3BeHuropopa (OLeHKM Ha OCHOBE CPeOHErofoBLIX 3HadeHul). B Temnmneli mepuop
2009-2023 rr. gnmsi MocKOBCKOM obGnacTu cyuiecTBeHHBIX uaMeHeHuirt OC CO He Oblio oOHapyXKeHO - BeJIMUMHa
TpeHma 61u3Ka K Hymo (0.04+0.92%/rom).

ITo maHHBIM a9POJIOTrMYECKOT0 30HAUPOBAaHUSA ObIIO 3aUKCUPOBAHO yBeJInYeHNe CKOpocTu BeTpa B IICA MOCKBEL B
2003-2020 rr. Ha 0.88+0.39%/rom (1m0 cpemHETOOOBLIM BenuuuHaMm). B To ke BpeMmsa B Kamyxkckoit ob6macTu
CTAaTUCTUYECKHU 3HAUMMBIX U3MEHEHUN CKOPOCTH BeTpa He 0110 o6HapyxeHo (0.06+0.39%/rom).

Brinu uccienoBaHE U IIPOaHATIU3UPOBaHLl 3Nu304b HakomeHus CO B atMocdepe MOCKOBCKOTO Meramojuca B
mtunessie oHU. CpegHsIs CKOPOCTh HaKoIieHus coctaBuna 4.89 + 0.32%/4ac.

IMonyuenusle omeHku TpeHOoB OC CO ¥ CKOPOCTH BeTpa yKa3bIBAlOT HE TONLKO Ha COKpallleHHe aHTPOIOTEeHHBIX
aMuccuii MOCKBB, HO ¥ Ha O0JIarONpUSTHOE BIHSHHE METEeOPOJIOTMYEeCcKoro (akTopa Ha KadyeCTBO BO3{yXa B
ropofe.

HccnemoBanue IIPOBEOEeHO IIPHU IoJIdep2KKe:

1. "TocymapcTtBeHHOe 3agaHue", rpaHT Ne 125020501413-6
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HccnenoBaHue NOTOKOB CO2 oJisi Teppuropuu Kammnyca CIIoIr'yY

Biaaguciaas O. er)‘[bl , Credanu Y. ®oxal , Mapmus B. MaKapOBa1 , EBrenumn B. IlleByenko! , EBrenuu B.

A6aKyM0131 , Buktop M. VBaxoB>

1 CaHKT-IleTepOyprcKuil TOCyIapCTBEHHBIN YHUBEPCUTET
2 T'naBHas reodusuueckas o6cepBaTopust nmeHu A.U. BoeitkoBa

vlad.krel08@mail.ru

AHTPOIIOTEHHBIE ¥ €CTEeCTBEHHBIE WCTOYHHKKM BHIOPOCOB YTJIEKHCIIOTO Ta3a B aTMocdepy NOPUBOOIT K
3HQUUTENIbHEIM KIMMAaTH4YEeCKUM H3MeHeHUAM. [IJIT MOHUTOPHUHIAa IIapHUKOBBIX Ta30B U KOHTPOJS CHUXKEHUS
06BbEMOB UX BHIOPOCOB HEOOXOOMMEI COBPEMEHHEIE, JOCTOBEPHHIE METOOBl M3MEPEHWS COOePIKaHUsS U IIOTOKOB
TIapHUKOBEIX TA30B B HAaCEJIEHHEIX IIyHKTaX.

B mactosmies paboTe OBLIM MCCIIEOOBAHBI IIOTOKHU CO2 (FCOZ) MeToOoM TYpOVJIEHTHBIX Oynbcanuit [1] pms
Tepputopuu Kammnyca CII6T'Y (IleTrpomBopiioBwifi paiioH CaHKT-IleTepbypra). M3mepeHUsT OCYIIECTBIISIIUCH B
nepuop c aBrycrta 2023 r. mo uionb 2024 r. ¢ ucnonb3oBaHueM usMepurenbHon cucreMel Eddy Covariance System
(bupma LI-COR), oCHOBHEIE COCTaBHHIE HACTH KOTOPOH - YIbTPa3BYKOBOM aHeMoMeTp uSonic-3 Cage MP u
ra3zoa”Hanu3aTop 3akpeiToro tuma LI-7200RS, perucTpupyolimii KOHIEHTPaUuHn CO2 u HZO' YTOOH HIYYUTh
YPOBEHb ¥ MCTOYHUKY 3arpsa3HeHUl OBIIM MTPOaHaTU3UPOBAHEl CPEIHUE TTOTOKHU CO2 3a IIOJIHBIM T'Oof U OTHEJIBbHO 3a
KaXOHM Mecsl. TakXke NpoBeOeH UX aHa/IU3 C y4eTOM HM3MeHEeHUS TeMIepaTyphl, HalpaBjeHUs U CHUJIBL BeTpa.
BEIJI IOCTPOEH CYTOYHHIM X0 IIOTOKOB CO2 OIS KaXKOoTro Mecsiia.

B xope wmccrnemoBaHUM IIONY4YeHO CpefHee 3Ha4YeHUe IIOTOKOB CO2 3a BeCb paccMaTpuBaeMbii mepuomd: 1.95
pmol-m~2-s~!. TakKe HCCIegOBaHbLl CyTOYHbLIE Bapualliy IIOTOKOB COZ: MUHUMYM CpemHUX FCOZ coctaBun -2.37
pmol-m~2-s~! B uioHe 2024 r. B 9:30 UTC, a makcumyM 5.92 pmol'm~2-s~! B gekabpe 2023 r. B 12:00 UTC.

Ha ocHOBe HaIllero aHanu3a NOATBEPXKIOeHa 3aBUCUMOCTE ITIOTOKOB CO2 OT IIepuoa BereTauu.

duHaHCUPOBaHUe U OaromapHOCTU: MicciemoBaHue BHIIIOTHEHO IPHU moamepkke mpoekTta CIIOLY "OT kap60HOBOTO
MMOJIUTOHA K YIJIEPOOHOMY pPEryaupOBaHUIO: IOTEHIMAN Y IIYTH Pal3BUTHUS CEKBECTPAIMOHHOM YTIEePOOHOMU
WHOYCTPUU Ha TeppuTopum JIeHWHTrpamckod objactu u CaukT-IletepOypra" (GZ MDF 2023 - 3, Pure ID
132271892). B pa6oTe ucnonbs3oBano obopynoBanue Pl "T'eomomens" Hayunoro napka CIIOLY.

CCBLIKH:

1. Metonm TypOyneHTHBIX Tmynbcaiui, KpaTkoe mpakTuueckoe pykoBoacTBo; Byp6a I'.I'., Kyp6artoBa IO.A.,
Kypuuesa O.A., ABunos B.K., Mamkus B.B., 2016

HccinegoBaHHe IIPOBEIEHO MPH MOAAepPXKKe:

1. "I'pant CII6I'Y", rpanT GZ MDF 2023 - 3, Pure ID 132271892
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HccienoBaHue BIIHUSIHHUS JIECHBIX IMTOKapPOB Ha Ta30BBIH COCTaB aTMocdepsl

1 1

Anacracusa A. Ky3menoBa , Mapus B. Makaposa® , Esrenuiu O. Muxaitiosl

! CankT-TleTep6yprekuii rocynapCTBEHHbI YHUBEPCUTET

a.n.anastasia0606@gmail.com

UccnepoBaHus JEeCHBIX ITO0XKapOB U TOPeHUS OMOMAaCCH MMeIOT OOJIbINOe 3HadeHWe IJI IOHUMaHUS T100albHBIX
9KOJIOTUYECKUX M KJIMMATUUYECKUX IIPOIleCcCOoB. JIeCHBIe IOXKaphl SBISIOTCS OOHUM M3 KIIIOUEBBIX MCTOYHUKOB
BBIOPOCOB ITAPHUKOBBIX I'a30B U adpPO30JieH, KOTOPHIE OKAa3HBAIOT 3HAYUTEILHOE BJIMSHNE HAa XMMUYECKUN COCTaB
atMocdepnl. lLlenmbio MccIemoBaHUS SBJISIach KOJMMYECTBEHHAs XapaKTePHUCTUKA BIUSHUS JECHBIX I0XKApOB Ha
coctaB aTMochephl Ha OCHOBe monroBpeMeHHBIX FTIR-uaMepeHuit comepzKaHUS Ta30B-TPAaCCEpPOB TOPEHUs
6uomaccelt (HCN, CO u C2Hs) 3a mepuonm 2009-2022 rr. OcHOBHEE 3amaydyy BKIOYAIU pa3paboTKy ajropuTMa
BBISIBIIEHU S I7IeN (OB MPUPOOHBIX IT0KAPOB, OLIEHKY MX BKJIafla B yBeJIMUeHNe KOHIEHTPalUui UCCIIeyEMbIX I'a30B U
oIIpefiesieHNe SMUCCHUOHHBIX COOTHOILIEHUH, XapaKTePU3YIOIINX 0COOEHHOCTH MPOIIECCOB ropeHusi. B xome pabGoTH
OBINTM TIPOAHATHU3UPOBAHEl MHOTOJIETHUE BPEeMEeHHHbIe POkl U3MEPeHUH, TPOBEeIeHHBIX Ha CTAHIIMKU aTMOC(epHOro
mouutopuHra CII6GIY ¢ wuCHonb30BaHHEM CHeKTpalbHOTo KoMminekca Bruker IFS 125HR. PaspaboTaHHBIHM
aJITOPUTM BBIAEJIEHUS SIMH30[I0B BIIUSHHS II0XKAPOB OCHOBHLIBAJICS HAa BPEeMEHHOM KpPUTEepPUU (ampenb-OKTIO0ph) U
MIPEBLIIIIEHUN COOepzKaHuM ra3oB 0Oojlee YeM Ha [Ba CTAHOAPTHBIX OTKIJIOHEHUS. Pe3ynbTaThl HCCIeHOBaHUS
BHISIBUJIM YeThIpe KIII04YeBbIX amu3oma (2012, 2013, 2017 u 2018 rr.), korma mmieddnl T0XKapoB ITPUBOOUINA K
3HQUUTEJIBHOMY POCTY COOEepKaHUM HCCIEeLyeMBbIX ra30B. BHIJIO yCTAHOBIEHO, YTO (POHOBEHIE COOep>KaHUS Ha OBa
TopsifKa HUXKe, YeM IIPU MMOXKapHBIX BBIOpOcax. ITO MOATBEPIKAAET, BaXKHOCTL ydeTa BKJIafia JIECHBIX ITOXKApOB B
u3MeHeHne cocTaBa aTtMmocheprl. Ha ocHOBaHMM IIPOBEAEHHOTO aHanW3a OBUIM OIPENesieHb 3MUCCHOHHEBIE
cootHoIreHus: HCN/CO = 0,0047 u C2He/CO = 0,0071. [TonyueHHBIe pe3yJIbTaThl JEMOHCTPUPYIOT 3(hGEKTUBHOCTD
MIPEI0XKEeHHOTO TIOAX0Ha AJIS U3YUEHUS BIUSHUS JIECHBIX ITO0KAPOB Ha aTMOChEPY ¥ MOTYT OBITh MCIOIb30BAaHBI
O DaTbHeHIINX UCCIIeIOBaHUM B 001aCTH aTMOC(HEPHOM XUMUHN U KITUMaTOJIOTHH.

HccnemoBaHue NMPOBEIEHO MIPH MOOdEePXKKe:

1. "rpasT MUHHCTEPCTBA HAYKHU U BHICIIET0 oOpa3oBaHus P®", rpaHT cornammenue Ne 075-15-2024-661
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MoOuIbHBIE H3MEPEeHHUsI MPU3EeMHOM KOHIIEHTPAIlH MeTaHa BOIU3H IOIUT OHOB
3aXOPOHEHHUS TBEePAbIX OBITOBBIX OTX0I0B

1 1

Ovmurpuu B. MowoB" , Mapus B. MaKapOBa1 , Credanu Y. ®oka~ , Hpau M. Hcaes?

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET
2 CaHKT-IleTepOyprcKuil TOCyapCTBEHHBIN 9JI€KTPOTEXHUUYECKUIM YHUBEPCUTET , Poccus

d.ionov@spbu.ru

B Poccuu 3axopoHeHHE Ha IIOJIUTOHAX SIBASETCS OCHOBHBIM CIIOCOOOM YTHIM3AIUM TBEPHBIX OBITOBBIX OTXOLOB
(TBO), 4TO B OTCYTCTBHE CUCTEMEI Pa3fesIbHOro c60pa Mycopa U ero IpeaBapuTEIbHON MeXaHUYeCKOH 00paboTKu
HeceT yrpo3y OKPYXKAIIIel cpeme ¥ 3[0POBbI0 HaceleHus. [I0OCKOJIBKY OISl IIOJIHOTO Pa3jI0KEHHs] OPraHuYeCKOro
BeI[eCcTBa, COMepzKalllerocsi B OBITOBHIX OTXOmax, TPeOYIOTCS MOecSTHIeTHs], TaKue IIOJIMIOHbI B TedeHue
OJIUTEIFHOTO BPEMEHM OCTAl0TCs WCTOYHWUKAMKW OSMHCCHH T.H. CBAJIOYHOTO Tra3a, 0ojlee YeM Ha IIOJIOBUHY
cocrosimero u3 MeTaHa. OOBEKTUBHHEIN MOHHTOPHMHI SMHCCHM MeTaHa OCJIOXKHSIETCS €e  BBICOKOM
HpOCTpaHCTBeHHOI;I HEOOHOPOOHOCTBIO IIO IIOBEPXHOCTHU IIOJIMTOHOB, YTO MOXKET IIPUBOOUTHE K CYIIECTBEHHBIM
omubKaM B OIleHKAaX CYMMapHOI'O IOTOKa MeTaHa, II0JIyYaeMbBIX Ha OCHOBE IPSMBIX H3MEPEeHWH KaMepPHBIM
METOIOM.

B ampene 2001 um 2024 rr. aBTOpaMHU OCYIIECTBIISININCH CIENVAIW3WPOBAHHBIE HU3MEPUTEJIPHBIE KaMIIaHUU 110
HUCCIIeIOBAHUIO IIOTOKOB IIapHUKOBLIX I'a30B (CO2 u CH 4) ¢ teppuropuu Cankt-IleTepbypra, OCHOBaHHBIE Ha
OAaHHBIX OPSMBIX U3MEPEHUN NPU3EMHBIX KOHIIEHTPallUlM, BHIIOJIHSIEMBIX C 0OOpTa [OBUXKYILIETOoCS aBTOMOOUIISA.
H3MepeHUsT MPOBOOUIIKCE 10 3aMKHYTOMY MapIIpyTy KOnblieBoi aBTomoporu (KAL), orubatoiemMy OOJIBIIYIO YacCThb
TOPOACKHUX HCTOYHUKOB AHTPOIOTEHHOW SMUCCHUU. OTU 00Be3Obl ObIIM HalleIeHB Ha OIEHKY HWHTEerpalbHBIX
BBIOPOCOB MCCIIE€AyEMBIX Ta30B C TEPPUTOPHM TOpoda MeTofmoM OajaHca Macc. IlpemBapHUTeNbHBIM Pe3yIbTaT
aHalM3a HaHHBIX KW3MEPEHUM BBIABUJI YCTOWYWUBEIM MaKCHUMyM IIPU3eMHOM KOHIIEHTpAalUX MeTaHa, 3aMeTHO
MTPEBLIIIAIOIIUN €€ CPeOHUM YypoBeHb Ha BceM mpoTsaxkeHuun KAJl ¥ JIOKamu30BaHHBIM BOMU3M OOHOTO U3
KpymHeHmux ropofackux mnonuroHoB TBO ("HoBocénku"). [JaHHBEE H3MEPEHWH OOHAPYXKHUBAIOT JIOKAIbHBIE
MaKCUMyMBl KOHIIEHTpallU¥ MeTaHa Ha ydaCTKax MaplipyTa C I[IOOBETPEHHOW CTOPOHBI OT IOJIUTOHA.
MaxkcuMasnbHbBle 3HAYEHUs, PEerucTpupyeMble C 0GOpTa aBTOMOOHUIISL B 3TOM paioHe HAOMIOJEHWH, OOCTUTAIIH
~9 ppmyv, 4YTO CyILIECTBEHHO IIPEBHIIaeT (HOHOBYIO IPU3EMHYIO KOHIIEHTPAIIUI0O MeTaHa, COCTABJIAIONIYyI0 ~2 ppmv.
CpenHue HOYHBIE M YTPEHHUE IIMKOBHIE KOHIEeHTpanuu (~5.0 ppmv) 3aMeTHO BEHIIIE OHEBHBIX U BEYEPHUX
(~2.3 ppmv). YucneHHOe MOLeJMPOBaHKE BO3OYIIHOTO PaCIpPOCTPaHEHUs CBAJIOYHOTO TIas3a, BHIIOJTHEHHOE C
IIOMOIIIBI0 AUCIEPCUOHHOM MOIEJIM C yYEeTOM XapaKTEePUCTUK CTAOUIBLHOCTM aTMOC(ephl B IIepuop HabioneHu,
OIpOOEMOHCTPHUPOBAJIO KayeCTBEHHOE  COrJjlaCle  paCYeTHBIX IIPU3EeMHBIX KOHIEHTpaluil  MeTaHa C
9KCIIepUMEHTAIbHEIMU JaHHBIMU. Ha OCHOBe COIIOCTaBlIeHUS Pe3yJIbTaTOB U3MEPEHUN C JaHHEIMU MOLEINPOBaHUS
unieiida BO3OYIIHOTO 3arpsi3HEHUS C TEPPUTOPUM CBAJIKM, IIOTYyYEeHBI OIleHKM SMUCCHUU MeTaHa, COCTAaBISIOIINE
~640+420 kr/gyac B ampesne 2021 roma u ~200%+90 kr/gac B ampene 2024 roma. Ha6GmiomaeMoe CyIIeCTBEHHOE
cHuxeHue smuccuu ¢ 2021 mo 2024 rop coriacyercsa ¢ opUIMaIbHOU HHpOpMaUueill O 3aKPHITUM MYCOPHOTO
nmonuroHa B 2018 romy u Hadase paboT IO YKPBITHUIO M PEKYIbTUBALIMU IIOJIMTOHA, ITPOMOJIKAIOIIUXCS OO
HACTOALIETO BpPeMeHU. DMUCCHUS C TEPPUTOPUU OTHOTO MYCOPHOro mnojuroHa "HOBOCENKH" MOXKET COCTaBIATHb
~10% cyMMapHO# aHTPOIIOTEHHOM SMUCCUU MeTaHa c Tepputopuu CaHkT-IleTepOypra.

Hapsimy ¢ usmepenusmu Ha mapiupyte KAJI, B utoHe 2024 ropa Oblla BHIITOJTHEHA CEPHUS KOIbIIEBBIX U3MEPEHUMR
BOKPyT gpyroro ropozxckoro nonurosa TEO, "Hoseiit Cet". [lonny4yeHE IpefBapuUTENIbHEIE OLIEHKM 3MHCCUM MeTaHa
C TEPPUTOPHUU OEUCTBYIOLIET0 B HACTOSAIIee BpeMs IIOJIUTOHa.

HUccnemoBaHusT TpPOBEOEHBI C MCIIONb30BaHUEM O000pPymOBaHUS pecypcHoOro IeHTpa Hayuynoro mapka CIIGIY
"TeoMopenb" 3a CYET rpaHTa Poccuiickoro HaydHoro ¢ouga Ne 24-27-00033, https://rscf.ru/project/24-27-00033/.
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CocTaB IPpHU3EeMHOI'0 BO37AyXa B MOCKBe IO JaHHBIM IPSIMBIX HAOIIODeHUH U peaHaIu3a
CAMS

Enena B. ]5epe3I/IHa1 , Haranssa B. l'IaHKpaTOBa1 , Hwuna Il. T'y6aHoBa

2

1 , MupceunI'. AKrIepOB1 , Magkcum

0. OHKeIbMaH

1 NuacTuUTyT Dusuku atMmochepsr uMm. A.M. O6yxoBa PoccuiicKkoi akageMuu HayK
2 HarmnoHansHEIY UCCIeO0BaTEeIbCKUU YHUBEPCUTET "Briciias MKojIa 9KOHOMUKH"

berezina@ifaran.ru

CoctaB aTMochepsl B KPYIIHBIX TOPOax HEIOCPEeACTBEHHO BIUSAET Ha KaueCTBO XKU3HU U 3[OPOBLe HacejleHue. B
HacTosel paboTe MCCIemoBaHbI CE30HHBIE M CYTOYHBIE BapHalliM MacCOBOM KOHIIEHTPAIIUM MaJIbIX TI'a30BBIX
5 5 PMlo) B I. MockBe B nepuop ¢ 2005 mo 2024 rr. 1mo
OaHHBIM TIPSIMBIX M3MEPEHUM Ha CEeTHM aBTOMaATU4YEeCKMUX CTaHIIUM KOHTPOIS 3arpsi3HeHus atmocdepn (ACK3A)

cocTaBistomux arMochepsr (NOx, CO) u aspozonei (PM

I'TIBY «MoC3KOMOHUTOPUHT>» (M3OM) u MomenbHBIX pacuéToB CAMS. BrisiBIeHBl pPa3IU4YUs B CPpeOHEM CE30HHOM
Xofe KOHLEHTPALMU HCCJIEOQyEeMEBIX IPUMECEH IO pe3yibTaTaM HaOIIOOeHWN M YHCIIEHHOTO MOOEIHUPOBAHUS IS
6onbmmaCcTBA ACK3A MOM. Menuansl 3HaueHud KoHieHTpanuu NOx u CO 1o ma#HHBIM U3MepeHUM NPEBHIIa0T
momenbHbIle 3HaueHuss Ha 0.01 - 0.02 mr, a BepxHui nepreHTuns (P90) B 2-3 pa3a BHIIIE pPaCCYUTAHHBIX.

MopernpHBIE 3HA4YEHUSI BEPXHEro IepreHTuns PM HAIIPOTUB, IIPEBHIIAIOT U3MepeHHEe B 2 pa3a. [aHHBIe

2.5’
U3MepPEeHUN PMl o Ha 6onpinnHCTBE ACK3A MOM, B 11€710M, COITIOCTAaBUMEI C pacuéTtamMu momenu. OOgHaAKO peaHanmu3

CAMS He BOCHPOM3BOOUT JIETHHE NUKM KOHIEHTPAINHU PM10 u PM YTO CBS3aHO C HENOYYEeTOM MOIEIBIO

BKJIazla Orosiorndeckoro aspo3onsi. Ha ¢one MHOroneTHero ce30HHor265xona, Me[uaHbl 3HaUYEHUU KOHIIEHTpalluu
HUCCIeOyeMBIX IpUMeced BO BpeMs jokgayHa 2020 r. B mepuopn nangeMuun KopoHaBupyca COVID-19 B cpenHeM Ha
0.01 Mr HuXKe, Kak 110 gaHHEIM ACK3A M3V, Tak u 1o pe3yibTaTaM MOLEJIbHEIX pacue€ToB. Peananus CAMS mioxo
BOCIIDOM3BOOUT CHUXKEHHMEe BHIOPOCOB Ta30B U a’po30Jieil B Iepuop JIOKAayHa, HO IIPU 3TOM IIOBTOPSET

3apeructpupoBauHbiii ACK3A MOM B okTsa6pe 2020 r., MaKCUMyM KOHIleHTpauuu PM 00yCJTOBIEHHBIN HaTbHUM

10’
IIePEHOCOM IILIJIEBOT0 a3p030is B MOCKBY U3 palioHOB CeBepHoOro IIpukacnus.
TakuM ob6pa3oM, maHHbIe peaHanu3a CAMS ymoBIeTBOPUTETBFHO BOCITPOU3BOASIT CPEeIHUM ce30HHbIN xon NO, PM1 0

u PM2_5,
TIePUEHTUIN 3HAaYeHNWH MacCOBOM KOHIIEHTPAIIMU Ta30BLIX MPUMECed W 3aBhHINIas 3HAYEHUS KOHIIEHTPAIlUuu PM2 5

I'IOJIy‘-IeHHLIfI II0 pe3yJibTaTaM Ha3€MHBIX I/ISMepeHHﬁ, IIPU 3TOM 3HAQYUTEJIbBHO 3aHU2XKad BepXHUe

IIpu YKMCIIeHHOM MOJEIMPOBAaHUY TaKXKe He YUYHTHIBAeTCS BKIIa[ OMOJIOTMYECKOT0 aspo30Jisi B TEIMI0e BpeMs rojia B
POCT MacCOBOM KOHLIIEHTPALIMK adP030JIbHBIX YaCTHI] B IPU3EeMHOM T'OPOACKOM BO3MyXe.

HccinegoBaHHe IIPOBEIEHO MPH MOAAepPXKKe:

1. "T'oc3amanue UPA um. A.M. O6yxoBa PAH", rpauT 125020501413-6
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CpaBHeHHe pe3y/IbTaTOB MHOTOJIETHHUX H3MEPEHHH yIIepoaCcOoAepKallluX adpo30/ieH Ha
cranuuu ZOTTO ¢ nanabiMHu peaHain3da MERRA-2

1 1 1

Ceprenu C. Biracenko' , Anacrtacust C. Muxamnosa , Epremmi ®. Muxainos  , Esrenwmii IO. He60CBKO !

1 CankT-ITeTepOyprckuii rocymapCTBEHHBIN YHUBEPCUTET

Sergey Vlasenko@mail.ru

C 2010 roma Ha ¢onHoBoM HabGmomatenbHOM craHiuum ZOTTO, pacnonoxkeHHOW BOMIU3U IOC. 30TUHO B
KpacHosipckom kKpae Pa6oTa, MpoOBOOSTCS (QUIBTPOBBIE H3MEPEHUS KOHIEHTPALWMKM OPTaHUYEeCKOTO U YEepPHOTO
(a;meMeHTapHOr0) yriiepoma, comepzkamerocsi B atMochepHoM aspo3osie. ITonyuenHble MHOroeTHUE (2020-2024)
BpeMeHHbIE PAOLI COTIOCTaBIEHH C JaHHLIMU peaHanu3a MERRA-2 o npu3eMHOM MacCOBOM KOHIIEHTPaAlluu YePHOTO
W OpraHUYEeCKOrO yrjiepoja B palOHe NpoBedeHUs usMepeHuu. [lokazaHo, Y4TO OaHHBIE M3MEPEHUU XOPOIIO
KOPPENUPYIOT C JaHHBIMU peaHanusa. KoabduinmeHT Koppensauuu Ois 4epHoro yriepoga cocrasnseT 0.79+0.04, a
onsg opranudeckoro 0.70%+0.04. OpmHako HaOmMIOgaeTCcsl CUCTeMAaTUYeCKOe ITPEBHIIIEHME, NPUMEpPHO B 4 pa3sa,
kouueHtpauuit OC u BC no manabeiM MERRA Hapm KOHIIEHTPAIUSIMU 3TUX KOMIIOHEHT, II0JIyYeHHEIMU B Pe3y/bTaTe
aHanu3a aspo30JbHBIX MP006. OpmHOM u3 Haubojee BEePOATHHIX NPUYUH TaKOTO PACXOXKOEHUS SBISAETCH TO
06CTOSITETbCTBO, YTO OTOOP mMpo6 Ha cTaHIuu ZOTTO OCyIIecTBISETCS C ITOMOIIBI0 BEHICOTHOM MAYTHI Ha BBICOTE
300 M Hap MOBEPXHOCTHIO, B TO BpeMsi Kak MERRA maeT npu3eMHYI0 KOHIIeHTpauuo. Oco00 CHUIPHOE PacX0oXKIOeHue
MeXIOy OaHHBIMM H3MEepeHUM U peaHanu3a HAOMIOHAeTCs B IEPUOOLI CUIBHBIX a3PO30JIbHBIX 3arpsi3HEeHUH,
BBI3BAHHEIX JIECHBIMHU II03KapaMU B PeTUOHE.

HccinegoBaHHe MIPOBEIEHO MPH MOAAepPXKKe:

1. "BPUKC", rpanT 075-15-2024-661

213



ISARD-2025-greenhouse031

Koppekiusi CYTOYHOT 0 U Hele/IbHOT 0 X0la aHTPONOT€HHbIX 9MHUCCHH B XUMHYE€CKOH
TPAHCIOPTHOM MOJE/IH C HCIO0/Ib30BaHHEM JAaHHBIX HHCTPYMEHTA/IbHBIX HAaO/IIOeHUuH Ha
BHC UPA PAH B r. KuciaoBoack

Mypar H. Haxaes! , Bmagumup A. Cemenosl /2, Anexkcaupgp B. qepHOKyHBCKHﬁl’Z , Hrops B. Benukos! ,

Banepuii A. BenoyCOB1
1 NuacTuTyT Pusuku atmochepsr uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK
2 HUuctutyT reorpadum Poccuiickod akajeMuu HayK

nakhaev@ifaran.ru

OreHKa KadecTBa aTMOC(HEPHOIO BO3yXa SIBISIETCS BaXXHOM 3aladedl B BOIIPOCaX YCTOMYUBOTI'O 3KOJIOTUYECKOTO
pa3BUTHUS U IIPU OLEHKaX PHCKa 3[OPOBbI0 HacejeHWs. TOYHOe MOJeMpOBaHUE KOHIIEHTPALMH 3arpsi3HSIIONINX
BeEIlleCTB Tpe6yeT HaJIn4yudad HAJEXKHBIX Ha4aJIbHBIX OTAHHBIX W y4Y€Ta MHOXKeCTBa (I)aKTOpOB, BKJIIOYasd HUCTOYHUKU
AHTPOTIOTEHHBIX 3arPSA3HEHNM, METEOPOJIOTUYECKUE YCIIOBUS U aCHIEeKThl 3eMJIE0JIhb30BaHM .

B pabGoTe ocHOBHOe BHUMaHHE yOEJIEHO KOPPEKIIMU aHTPOIIOTEHHBIX SMHUCCHUM KaK METOAY MOBLIIIEHUS TOYHOCTU
MOMeNIupoBanHusa. KOppeKIuss 3MHCCHIH BKIIIOYAaeT B Ce0sl afanTalui0 XMMHYECKOH TPAHCIOPTHON MOOENH K
peanusM HW3MEHUYMBOCTH BEIOPOCOB, KOTOpas MOXKET 3aBUCETb OT BPEMEHU CYTOK, Ce30Ha U CHerupuru
aHTPOIIOTEHHOM AesaTeNbHOCTU. B KauecTBe MHOMKATOPOB pealbHOI'0 YPOBHS 3arps3HEeHUsI B paboTe UCII0JIb30BaHbI
OaHHbIE HAaTYPHBEIX HAOMIOJEeHNH Ha TEPPUTOPHUHU BHICOKOTOPHOM Hay4HOU CcTaHIMU WHCTUTYTa GU3UKH aTMOCGHEDH
uM. A.M. O6yxoBa PAH (BHC HM®A PAH), r. KucnoBomck. Mapopmaluss 06 o6beMaxXx aHTPOMOTreHHBIX 3MUCCUMN
nonydyeHa KU3 MexXpayHapopmHoro kKamactpa EMEP u umMmeer pgeranu3anuio mo mpoctpaHcTBY c¢ marom 0,1x0,1¢
(www.emep.int). Tloms amwuccuii ¢ 0oJjiee BBICOKMM pa3pelleHHeM pPACCUUTHIBAIOTCS NOYTEM paclIpeneieHus
9MUCCUY BHYTPU KaXXOOW MOMENbHON STYEWKU C Y4eTOM THIIa 3eMJIEIIOIb30BaHUS M IIJIOTHOCTH HaCeleHUus. Y4eTr
MECTHBIX OCOOEHHOCTEH pPa3IWYHOTO BPEMEHHOro MacmTaba OT CYyTOK A0 Mecsla W Ce30Ha OCYIIECTBIISIETCS C
HUCIONIb30BaHUEM apXUBHEIX HAHHEBEIX PETrUOHAJIbHOTO MOHUTOPHHra. [ pacdeTa KOHIEHTpAlUW 3arpsa3HSAIOMINX
BEI[eCTB TIPUMEHSIETCSI XUMHUYecKasi TpaHcnopTHasi Mojenb Chimere Bepcum 2023r3. PacueTHBI [OoMeH
coctaBnseT 50x50 y3moB ¢ maroM 1 kM. B KadecTBe KpuUTepUs TOYHOCTH MOLENMPOBAHUS MCIIOIb3YIOTCS
pe3ynbTaThl BepUGUKAIIUM pPacCUYEeTHHIX KOHIEHTpalMi 3arps3HSIONIMX BellecTB (030Ha ¥ yrapHoOro rasa) mo
CPaBHEHHIO C pPeaJbHBIMH HOAHHBIMM HWHCTPYMEHTA/IbHBIX HaOMOmeHu#d. BepubwuKaimus I[T03BOJIUT OLIEHUTH,
HACKOJIBKO XOPOIIIO MOZEJNIb OTpaXaeT peajibHble YCIIOBUS U BEIIBUTH BO3MOXKHEIE PACXOXKIEHUS.

ITony4yeHHBIE PE3yNbTaTH MOKa3alud 3HAYUTENbHOE CHUXKEeHHe OIMuOOK BOCIPOM3BEOEeHUS KaK CYTOYHOTO Xomda
KOHILIEHTpaLui, TaK ¥ B LIEJIOM CpeJHUX 3a Iepuop IloKalaTelel, YTO IOOYEepPKHUBAIOT Ba’KHOCTb IIPUMEHEHUS
KOPPEKIIUY HaYvaJIbHBIX ITOIEH SMUCCUH.
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IIn1IeBbIe COOBITHS B YCJI0BHSAX BETPOBOI'O H KOHBEKTHBHOI'O BBIHOCA IIBIJTIEBOI'O
adpo30JIsa

1 1,2

Enena A. ManuHoBckasi- , Hmuxura 0. Ko3ioB , CaBemnui II. Kanuuus -2

1 HUuctutyTt dusuku atmocheps uMm. A.M. O6yxoBa Poccuiickoit akageMuu HayK
2 Poccuiickuit TOCYOapCTBEHHBIN I'MIPOMETEOPOJIOTUYECKUN YHUBEPCUTET

nikitagarbuzko@gmail.com

[TbIeBbIE SIBIIEHUS, TaKWEe KaK BETPOIIECHAHBIM IIePEeHOC, MBIJIEBLIE ObSBOJIEL U HBUIBHEIE OyPH, UTPAIOT KITIOYEBYIO
pOJIb B 3€eMHOM KJIMMaTe M Ieojiorudeckux Ipoiieccax. OCHOBHEIM (PaKTOpPOM, ONPENEeSSIONUM BEIHOC IEIJIEBOTO
asposonsa (pasmepom 0.1-5 MKM) C apuUOHBIX TEPPUTOPU, siBiIsieTcsa BeTep [1], Bo3HUMKamoIllee B pe3yJbTaTe
IepeMelleHre KPYIHBIX YacTull (pa3mepsl 70-150 MKM) y TOBEPXHOCTH - cajibTalliu. B jeTHee BpeMs B yCJIOBUSX
3HQUUTEJIBHOTO IIPOTPEeBa IIOBEPXHOCTU CYIIECTBEHHOE BJIMSHUE OKa3hBAlOT KOHBEKTHWBHEIE OBUXKeHUd [2]. B
pe3ynbTaTe yOapoB IOBUXKYIIUXCA B IIOTOKe YaCTHUIl MEHSeTCS HX 3apsn, 4YTO OTpaKkaeTCs Ha HU3MepseMBIX
3HAQUEHUSX HaAOPSAKEHHOCTHU 3JIeKTpHYecKoro moys [3]. IIpu BBICOKMX CKOPOCTSIX BeTpa, KaK BO BPEMS IIBIIBHEIX
Oypb UM BHYTPU IBUIBHEIX BUXPEH, 9TU 3JIEKTPHUYECKUe II0JI MOT'YT OBITh 3HAYUTEIbHEIMHU [4].

B ycmoBusix yMepeHHOTO BeTpa M IIPOrpeBa ITOBEPXHOCTH II0 [AHHBIM KOMIIJIEKCHBIX ITOJIEBBIX M3MEPEHUM B
conHeyHble OHU (c 8 yTpa mo 8 Bedepa) B YCJIOBUAX HMHTEHCUBHBIX KOHBEKTUBHHIX NOBUXKEHUU OTMEUaIOTCS
KOpPPEeJSALMOHHBIE CBSI3U PA3/IUYHBIX ITapaMeTPOB HUKHEN aTMOC(hePH], OTIUYAIOIINeCsS B 3aBUCUMOCTU OT BpEMEHU
IOHSI, TpOrpeBa U TUIla MoBepxXHOCTU. HM3mepenus BononHsanuck UPA uMm.A.M.O6yxoBa PAH B 2023 rony B neTHee
BpeMsi (MIONTb-aBTYCT) HA [OBYX PA3IMYHBIX TEPPUTOPHUIX: OIOHHBIM y4YacToK (moc. HapwiH-Xyayk, pecmyOiuka
Kanmuikust) u cremHodt ydacTtok (r. LlumnsHck, PoctoBcKast o6sacTh). IIpoBommiics KOPPENSIIUOHHBIN OIS
pa3nuuYHBEIX Nap BenuuyuH: Temnepatyphl (T), ckopoctu BeTpa (U), KOHLEHTpalUu IbIEBOro aspozonsa (C),
OTHOCUTEbHOM BraxkHOCTU (H), HaOpsAKEHHOCTH 3neKTpudeckoro momnsa (E). KoppensiumoHHbe CBSI3U B OONbIIEH
CTelleHU TPOSIBIIIETCS B yTPEHHee WU BeuepHee BpeMs. XapaKTep 3aKOHOMEPHOCTEM OJid apuOHOMW U CTEIHOM
30HEI OTJIMYAETCSI, YTO B YaCTHOCTHU, CBSI3LIBAETCS C PEKMMOM H3MEHEHMS OTHOCUTEIbHOU BJIaKHOCTU BO3OyXa U
THUIIOM ITOBEPXHOCTH.

Hapo mosyraraTh, 4TO IEPEHOC YaCTHIl ITPU YMEPEHHOM BeTpe C UX dJeKTpulalmel uMeeT OMU3KYI0 TPUPOOY C
9KCTpPeMaJIbHBIMU IIPOIlecCaMU. YBeJIndeHMe IUIOaiu TEPPUTOPUM ITOOBUKHEIX IIECKOB (110 JaHHBIM CIIYyTHUKOBHIX
CHUMKOB, HaOIOOeHN), yBeJIMYeHNe YHCjla YYaCTBYIOMINX B 9JIEKTPU3AIIMU YaCTHUI], MOXKET BJIUATH HAa CBOUCTBA
IIPOLIECCOB TIHIJIETIEPEHOCA PA3IMYHOI0 THUIMA, B YaCTHOCTH, Ha IapaMeTPhl ITbIJIEBBIX COOBITUM: CITaObIX ¥ CUIbHBIX
Oypb, a Takke Buxpei. I[IpoBeneH aHamu3 ans 9 cranuuii ¢ 2011 r. mo 2025 r.: dmkyns, KoMCOMONIBCKUM, DIUCTA,
VTra, Jluman, PemonTHOoe, FOcra, Jlarawb, HMku-Bypyn. AHanmu3upoBajlachb dYacToTa (GUKCAIMKU YMEPEHHBIX U
CUJIbHBIX TIBIJIEBBIX Oypb, @ TaKXKe [OJIUTENIbHOCTb. BhLIABIEeHa TEHOEHLUS YBETUYEHUS IIUTEIBHOCTH IIBIJIEBBIX
COOBITUY IJIT HECKOJIbKUX CTaHIMU. I[IpoBeeHa CTaTUCTUYECKAasT OIleHKA YaCTOTHI IMTOSBIEHUH IBIIEBEIX BUXPEH IO
YyuCcJly COOBITHMM B MecsI], B T'OI, a TaKXKe II0 BpeMeHU CYTOK, Korga HabGmiopanoch coObiTHe. KccriemoBaHa
B3aMMOCBSI3b KOJIMYECTBA IIHIJIEBEIX MOhSIBOJIOB B paiioHe T. KOMCOMOIBCK OT METeOollapaMeTPOB, TaKWX Kak,
TeMmepaTypa, CKOPOCTh BeTPa, HANPSIXKEHHOCTb 3MEKTPUYECKOTO IO, HMOYYEeHHBIX Ha OJIM3mexkalluX apumHBIX
TEPPUTOPHUIX OIBITHBIM ITYTEM.

HccnemoBaHue BBHITIOJHEHO NPU NOoANepkKe Poccuiickoro HayyHoro GoHpma - mpoekT Ne25-17-00346.
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