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OBIIAA XAPAKTEPUCTUKA PABOTBI

[Iporno3 ocoOeHHOCTel pachpeeseHrs OINAacHbIX SBICHUM moroanl (B
YaCTHOCTU TpO3, IIKBAJIOB, BBINAJEHUA Tpaja) SIBISETCS BaXKHBIM HAyYHBIM
HampaBJiCHWEM  TpU  pa3paboTKe  ONTUMAJIbHOW  CTpaTeruu  aJanTaiuu
UHPPACTPYKTYPHI, CEIBCKOTO XO3SUCTBA, MPOMBIIUICHHOCTH K HW3MEHSIOIMIMMCS
YCJIOBHSIM OKpY>Karotiei cpeapl. OHaKko, Mpu MPOTHO3aX KOHBEKTUBHBIX SIBJICHUH, B
OCOOCHHOCTH TpPO30BBIX OYAroB, HE BCErJa B TMOJHOM Mepe YUYUTHIBAIOTCS
BO3HHMKAIOIINE TMPU ITOM JOTMOJHUTENbHBIC 3(G(PEKThl, CBA3aHHBIE C HAJIUYHEM B
atMocepe OOpaTHBIX CBSI3€H MEXIy KOHBEKIIMEH, MOJIHMEBOM aKTUBHOCTBHIO H
XUMHUYECKUM COCTaBOM aTMocdepbl. Mexy TeM, BIUSHUE DJICKTPUUECKUX CBONCTB
aTMoc(epbl Ha e Ta30BbIi COCTaB SIBISETCS U3BECTHBIM (hakToM. [Ipu 3TOM 0co0yI0
pOJIb UTPAIOT OKHUCIBI a30Ta, TaK KaK WX TJIoOajdbHas MPOAYKIUS B pPe3yJibTaTe
MOJIHHEBOW aKTUBHOCTH BeCbMa pazHOOOpa3Ha, a HEONPEIEIEHHOCTh €€ TII00aIbHbBIX
orieHoK Bappupyercs oT 1 g0 100 TrN/roa. MonHueBast mpoAyKIMsS OKHUCIOB a30Ta
MOXET CIOCOOCTBOBaTh (DOPMUPOBAHUIO OOpATHBIX CBS3EM C M3MEHEHHWEM COCTaBa
aTMoc(epbl, €€ TeMIepaTypbl, 4acTOThl UM MOUIHOCTH KOHBEKTHBHBIX SBIICHUH,
BEJyIIMX, B CBOIO ouepeAb K 0Opa3oBaHUIO TPO30BBIX 0YaroB. Bo3MOXHOCTH
BO3HUKHOBEHUSI TMOJOOHBIX OOpPAaTHBIX CBSI3€M CBUACTENILCTBYET 00 aKTyalbHOCTH
UCCJIEIOBAaHUS B3aUMOCBSI3el MEXy aTMOC(HEPHBIMU JIEKTPUUECKUMU SIBJICHUSIMU U
IpoleccaMi, BIUSIONIMMU Ha U3MEHEHUE COCTaBa U TeMIlepaTypbl aTMoc(hepsl.

Oxucnel azota (NOx = NO + NO7) oka3bpIBalOT 3HAYMTEIIBPHOE BIHSHHE Ha
conepxkanne o30Ha (O3), ruapokcuiabHbIX paaukaioB (HOy) u apyrux razos
atmocepsr (Lawrence et al., 1995). B crparocdhepe oOkucabl a3oTa SBISIOTCS
OCHOBHBIMU Pa3PYLIUTEISIMU 030HA, BIIUSSI, TEM CaMbIM, Ha OCJIa0JIeHUE BPEIHOM IS
Omocdepsl YacTH COJIHEUHOW yIbTpaduoNIeTOBOM paauanuu, a B Tporochepe
CIIOCOOCTBYIOT €ro OOpa30oBaHUIO B TMPOIECCE OKHUCICHHS METaHa W JPYrux
YIJIEBOJOPOJIOB, YXyJIllasgs TOKCUYHBIE CBOICTBAa MPU3EMHOIO BoO3Ayxa. Takum
o0pa3oM, TOCKOJBbKY, C DOKOJOTMYECKOW TOYKM 3pEHHS, HEXKeIaTelbHO Kak
YMEHBIIICHUE COJEpKaHUsA CTPAToCc(EepHOTO O30HA, TaK M YBEJIMYCHHE €ro
KOHIIEHTpAIlM B Tpomocdepe, TO MOITHHEBOE YBEIHMYCHHE COJCPKAHUS OKHCIIOB
azota W B Tpomocdepe M B cTpaTtochepe MOXKET MPUBECTH K YXYIIICHUIO
skonorudeckort curyaruu (Komomeen u ap., 2014; CmeinuisieB u np., 2010).

MonHueBast NpoAYKIUs SIBISETCS OJHUM M3 OCHOBHBIX MCTOYHUKOB OKHCIIOB
azoTta B atMocdepe, a ee CpeIHssl CKOPOCTh B TIO0ATHHOM MAacIITa0e COCTABISIET S
TrN/ron. MonHueBass TPOAYKIUS BXOAHWT B TMATEPKY OCHOBHBIX TJI00aTbHBIX
HMCTOYHUKOB OKHCIIOB a30Ta, CPEId KOTOPHIX UMEHHO OHA SIBJISIETCS €JUHCTBEHHBIM
HEMOBEPXHOCTHBIM HCTOYHUKOM, T[O3TOMY €ro BIHSHUE B OOJbIIEH CTENEHU
MposSIBIISIETCST B BEpXHEM Tpomocdepe W HUKHEH crpatochepe. BaxkHo Takxke
OTMETHUTh, YTO OKHUCJIBI a30Ta SIBJISIIOTCS JOJTOKUBYIIMMHU Ta3aMH, a 3TO O3HAYAET,
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YTO OHHU MPOJOJDKAIOT y4aCTBOBATh B A30THCTHIX XMMHUYECKHX IMKJIaX HE TOJBKO
HEIMOCPEICTBEHHO BO BPEMsI MOJIHMEBBIX BCHBIINIEK, HO M €IIe JOJT0€ BPEMs IOCIIe
IPO3OBBIX SABJICHUU. Ba)XHOCTBH I'pO3 C TOUKU 3PEHUSA IOINOJHUTEIBHON MOJHHUEBOU
MPOAYKIIMA  OKHUCJIOB a30Ta 3acTaBIsI€T YYMTHIBATH OTOT HWCTOYHUK TpHU
MOJICIIMPOBAHUH PACTIPECICHHSI 030HA M IPYTUX XMUMHYECKH aKTUBHBIX Ta30B. Jlis
KOPPEKTHOT'O OIMUCAHMS M ydeTa MOJHUEBOro MCTOouHMKa okucioB azoTa (LNOy) B
MOJIEISIX  cocTaBa aTMoc(epbl  HEOOXOAMMO  3a/JaBaTh  MPOCTPAHCTBEHHOE
pacnpenefneHue MOJHHEBBIX BCHbIEK, cpenHioro mnpoaykuuio NOyx Ha onny
MOJIHUEBYIO BCIIBIIIKY, a Takke BepTukaibHoe pacnpeaeneHue LNOy B 3aBucumocTtu
OT CTETNICHU Pa3BUTHUS KOHBEKTHUBHBIX MpoIieccoB. [ Toro, 4ToObl MPOTHO3UPOBATH
U3MEHEHHE KOHIIEHTpAllMM O030Ha B BEpXHEW Tpomocdepe/HmkHel crparocdepe
(manee 3ona UTLS), rne BiusitHue OKUCIOB a30Ta HAa €r0 COACPKAHUE MEHSETCS C
MOJIO)KUTEIILHOTO Ha OTPUIATEIILHOE, HEOOXOJAMMO KOPPEKTHO YYHTHIBATH BKJIAJ
MOJIHMEBOW akTHBHOCTH B Tpoaykiuio NOyx, ¢ ydeToM o0OpaTHBIX CBSI3CH,
BO3HHMKAIOIINX W3-3a BIUSHUS 030HA HAa COJIEPKAHUE OKHCIIOB a30Ta, TEPMHUYCCKUN
PEXKHUM, IUPKYJISAINIO K KOHBEKTHBHBIE TTPOIIECCHI B aTMOCdepe.

B nacrosimem ucciaeqoBaHUM OCHOBHOE BHUMAHHE YACISETCS OKHCIaM a30Ta
mostHMeBOTO TiporcxoxaeHus (LNOy), ux BIusHMIO Ha KOHIIGHTpAIlMI0 O30HA B
BepxHel Tporochepe W HWKHEH cTparocdepe, rae HabOIOmaeMble B IOCIETHEE
BpeMst 3P heKThl M3MEHEHUS COJICPKaHMs 030HaA BBIPAXKCHBI HAaMOOJIEE IPKO, a TAaKIKe
sddextam 0OpaTHOrO BIUSHUA W3MEHEHHH COAEp)KaHWs O30HA HAa KOHBEKTHBHBIC
OpoILEecChl W MOJIHMEBYIO aKTUBHOCTh. M3MEHUMBOCTH MOrOAbI M  POCT
HKCTPEMATBHOCTU KJIMMAaTa CIIOCOOCTBYIOT IMepepacipeieIeHUI0 TPO30BbIX 00JIaKOB,
a 3HAYUT U TepepacnpeieICHUI0 MOJHUEBBIX BCIIBIIICK, YTO BEJET K UBMEHEHHSIM B
00pa30BaHUU OKUCIIOB a30Ta. YUET PErMOHANBHBIX U IIO0ANbHBIX 3P(HEKTOB 3TUX
B3aMMOCBSI3€ld BaKeH IMPU aHAM3€ W3MEHYMBOCTH COCTaBa aTtMocdepsl U ee
CTPYKTYDPBI.

AKTYaJILHOCTh TPOOJIEMBI ydeTa OOpaTHBIX CBSI3EH MEXIy MOJHHUEBOM
AKTUBHOCTHIO, XHMHMYECKUMH U KINMATHUYECKUMHU TMPOIECCAaMU  OMpeaemsieTcs
BaXHOCTHIO KOPPEKTHOT'O y4eTa BIUSHUS MOJIHAEBOIO MCTOYHHUKA OKHUCIIOB a30Ta Ha
rJI00QJIbHBIE U PETHUOHATBHBIC U3MEHEHHUSI COCTaBa U CTPYKTYphI atMochepnl. Takas
3a/iaya BHITIOJHUMA TOJIBKO MIPH KOMIUIEKCHOM IOXO0/I€, PYU KOTOPOM YUUTBHIBAIOTCS
npsiMbie U oOpaTHbie A(DPEKTH BIUSHHUS TPO3OBOM AKTHBHOCTH Ha COCTOSHHE
aTMocdepbl, C UCTIOJIB30BAHUEM COBPEMEHHBIX METOJUK U TTapamMeTpu3aIii.

Heabo auccepTalliOHHONW pPaOOTBI  SBIAETCA BBIABICHHUE 3HAYMMOCTH
B3aMMOCBSI3€M MEXKy TPO30BOM aKTUBHOCTBIO, COCTABOM M CTPYKTYpOH aTMOChepsh
B IVI00QJIPHOM Y PETHOHAIHHOM MaciTadax.

Jns  JOCTHXKEHMsS TIOCTaBJICHHBIX II€JIell B JMCCEPTAllMOHHON pabote
c(hOpMYIHPOBAHBI U PEIICHBI CIICTYIOIINE 3aa4H:

1. Pa3zpaboTka MpUHIIUIIOB MCCIICIOBAHUS BIUSHHSI MOJITHUEBOW aKTUBHOCTH Ha
COCTaB M CTPYKTypy Tpomocdepsl/HmkHEH cTpatochepbl B TJIOOAJIbHOM U
PETHOHATIFHOM MacIITadax ¢ y4eTOM BOSHUKAIOIINX OOPATHBIX CBS3EH.



2. Boi6op Mojeneit u ux onTUMajibHas HACTPOWKA M aJanTaius AJisi MPOrHo3a
METEOPOJOTHYECKIMX M XHMHUYECKUX ToJie B aTMmocdepe ¢ Y4eTOM BIUSHUS
M3MEHYMBOCTH €€ Ta30BOTO COCTaBa Ha TEMIEpPATypy Tpomocdepsl u crpaTochepsl U
TeHEPUPOBAHUE MOJTHUEBBIX BCIIBIIICK.

3. IlpoBeneHne YHCIEHHBIX SKCIEPUMEHTOB IO BBIABICHUIO 3HAYHMMOCTH
OPSIMBIX U OOPAaTHBIX CBA3EH MEXKIY aTMOC(EpPHBIM IIEKTPUIECTBOM, CTPYKTYPOH U
COCTaBOM aTMoc(epHOro Bo3ayxa B Tpomocdepe/HuxHEH crpatocepe B
r100aJbHOM U pEerHOHATBHOM MacIiTadax.

4. HccnenoBanue pa3inyuil NpsMbIX U 0OpaTHBIX CBSI3€H MEX]y MOJHHEBBIMU
BCIIBIIIIKAMH W M3MEHEHHMSIMH COCTaBa M CTPYKTYphI aTMoc(epsl B TIIOOATbHOM H
pEruoHaIbHOM MaciiTadax.

Metoapl  ucciaeaoBaHusl. [ MApOAMHAMHUYECKOE  MOJCIMPOBAHHUE  C
UCTIOJB30BAaHUEM  TJIO0QJIBHOM  XUMHUKO-KIMMATHYeCKOW  Moaenu  oOrmiei
UpKyJsinuu/razoporo coctaBa arMmochepbl (XKM) u  pervoHanbHOM Mopaenu
THJIPOTMHAMHYECKOTO TIPOTHO3a MOT0/IbI/KauyecTBa BO3IyXa.

1. IIpsimbie 3¢ PeKThI: OLIEHKA BIUSHUS MOJHUEBBIX 3 (HEKTOB HA XUMUYECKUN
cocraB aTMOc(hepsl U TeMIepaTypy.

2. Oo6patnbie 3G (eKThI: OllCHKAa BIUSHUS WU3MEHEHUS XUMHUU aTMoc(hepbl u
TEeMIEPaTypHBIX MOJICH, CBS3aHHBIX C JONOJHUTEIHLHBIMH HCTOYHUKAMH OKHCIIOB
a30Ta MOJHHEBOTO TPOWCXOXKJICHUS Ha KOHBEKTHBHBIC TIPOIECCHI W HOBOE
pacnpeeneHue/nepepacnpeesieHiue rpo30Boil aKTHBHOCTH.

Hayunasi HoBu3Ha. BriepBbie ananu3upyrorcs 3QpGeKTbl HETMHEWHBIX MPSIMbBIX
U OoOpaTHBIX CBsI3€il MEXJIy HMCTOYHHKAMH OKHCJIOB a30Ta MOJHHEBOTO
IIPOUCXOXKIEHUS, Ta30BBIM COCTAaBOM, TEMIIEPATYypOl U KOHBEKTUBHBIM COCTOSTHUEM
aTMocepbl B pPETMOHAIBHOM U Trio0anbHOM MacmTabax. B xoxe mpoBeaeHHOM
paboThl ObUTH MOTYYEHBI CAEAYIONINE HOBbIEC HAYYHBIE PE3YIbTaThI:

1. Pa3paGotan HOBBI aNrOpuTM HCCiIeNOBaHUS A(HPEKTOB MOJIHHUECBOM
AKTUBHOCTH Ha COCTaB MW CTPYKTYpy Tpomnocdepsl/HuxKHEH cTpaTochepsl B
1I00aJIbHOM U PETHOHAIBHOM MacIiTabaxX ¢ y4eTOM OOpaTHBIX CBS3EH.

2. Ilomy4deHbl HOBbIE OIIEHKU 3HAYUMOCTH MPSMBIX U OOPATHBIX CBSI3EH MEXKIY
aTMOC(EpHBIM  DIIEKTPUYECTBOM, CTPYKTYpPOH, COCTaBOM U KOHBEKTHBHBIMU
mporieccaMu B Tporochepe/HmkHelH cTpaTocdepe.

3. [lomy4yeHsl HOBBIC OIICHKH BIUSHUS MOJHHEBBHIX 3(P(PEKTOB HA M3MEHEHHE
moJie TeMrepaTypel B Tpomocdepe/HuxHell cTparochepe B TIIOOATBHOM H
PErHOHAIBHOM MacIiTadax.

4. IlonydyeHbl HOBBIE OILICHKM HW3MEHEHHS HWHJIEKCOB KOHBEKTHMBHOM
HEYCTOMYMBOCTH aTMoc(epsl NpU y4eTe AOMOJHUTENbHBIX HCTOYHHUKOB OKHCIIOB
a30Ta MOJIHUEBOTO MPOUCXOXKICHUSI.

5. IlpogeMOHCTpUPOBAaHO M3MEHEHUE KOJUYECTBA MOJIHMEBBIX BCIIBIIIEK C
YU€TOM BIIUSHUS HETMHEWHBIX OOPATHBIX CBA3EH B r100aibHOM MaciTade.

OcHOBHbBIE OJIOKEHUS U pe3yjabTaTbl, BLIHOCUMBIC HA 3AIIIUTY .



1. Anroput™m HcciieqoBaHUSl UyBCTBUTEIBHOCTH COCTaBa TPOMOC(epbl/HUKHEN
cTparocepbl K HCTOYHHMKAM OKHCJIOB a30Ta MOJIHMEBOTO MPOUCXOXKIACHHUS B
rJ100aJIbHOM U PErHMOHAIBHOM MacIliTadax.

2. OlLeHKM BIUSHHUSA MOJHHUEBBIX 53(Q(EKTOB Ha U3MEHEHHE ToJiel
TEMIEpaTypbl M XHUMHYECKOro cocTaBa arMmochepbl B Tponochepe/HuxHen
cTpatocdepe B I100aTbHOM U PETHOHAIBHOM MacliTadax.

3. O1eHKH YyBCTBUTEIBHOCTH KOHBEKTUBHOW HEYCTOMYMBOCTU aTMOc(hephl K
JOTIOJHUTENIbHBIM HCTOYHHMKAM OKHCJIOB a30Ta MOJIHMEBOTO TPOUCXOXKACHHUS B
rJ100aJIbHOM U PErHMOHANIbHOM MaciliTadax.

4. Hanuuume UM 3HA4YMMOCTh OOpaTHBIX 3(PPEeKToB Mexay arMochepHbIM
ANEKTPUUECTBOM, MPOAYKLHMENH 030Ha U TEPMUUYECKUM PEKUMOM aTMochepsl.

O00CHOBAHHOCTL M J0CTOBEPHOCTH Ppe3yjbTaToB. (OOOCHOBAaHHOCTH U
JIOCTOBEPHOCTh PE3YJIbTAaTOB palOThl MOATBEPKIAETCS CTPOTOM MOCTAaHOBKOU
3a/1a4M, a TaKXKE COBPEMEHHOCTHIO M OOJIBIIMM OOBEMOM HCHOJb3yeMbIX JaHHBIX
METEOPOJIOTHUECKUX TOJIEH JaBJeHUs, TeMIepaTypbl, coctaBa atMocdepsl. Kpome
TOTO,  TOJy4EHHBIE  pE3yJbTaThl  HE  NPOTUBOPEUUBBI  CYIIECTBYIOIIUM
NPEACTaBICHUSAM O TJ00aTbHOW JJICKTPUYECKOW 1€MW M KJIMMATOJIOTHYECKOM
W3MEHYMBOCTH MIPOIIECCOB, MMPOUCXOAIINUX B aTMocdepe.

JIuuHbIA BKJIag aBTOpa. Bce BRIHOCHMMBIC Ha 3alUTY TOJOKEHHUS OCHOBAHBI
Ha CaMOCTOSITEJIHO MOJIYYCHHBIX pe3yibTaTax. JIMUHbIA BKIIa] aBTOpa 3aKIF0YAETCS
B MOCTAHOBKE IIeJiei M (GOpMYyITUPOBKE 3a7ad MCCIICIOBaHUH, 0OOCHOBAaHUH BBHIOOpA
TEOPETHUECKUX W PACUYCTHBIX METOJIOB PEIICHHs IMOCTABICHHBIX 3a1ad, aHaJIH3e
NOJYyYEHHBIX JaHHBIX W WX HWHTeprpeTanun. Kpome TOro, aBTOp TOATOTOBHII
MaTepHaNbl BBICTYIUICHUH W MyOIuKanui, copMymupoBasl BBIBOJBI M 3aKIIFOUCHUS
1o pabore.

TeopeTnueckass U NPAKTHYECKAS 3HAYMMOCTb.
1. PaboTa MOXET CIIY>KUTh METOI0JIOTUUECKOM 6301 JIsl TPOBEACHUS MCCIICI0BaAHUS
BIUSHUS 2G(HEKTOB MOJTHHUEBOTO MPOUCXOKACHUS Ha cOCTaB aTMOC(hephl B TI000M
paliOHe 3€MHOTO LIapa.
2. llomyueHHble pe3ynbTaThl MOTYT OBITh HWCIHOJIB30BaHBI I yTOYHEHHS
CBEPXKPAaTKOCPOYHBIX MPOTHO30B KOHBEKTHBHOTO COCTOSTHUSI aTMOCHEPHI.
3. Pe3ynbTaThl MOTYT MCIIOIB30BATHCS JJISl JUATHOCTUKU TEHICHIIUN PETHOHATBHBIX
U TI00ANThHBIX W3MEHEHH KOHBEKTHBHOTO COCTOSHUSI aTMOC(hEpHI, JJIS TMPUHSTHS
VOPABICHUECKUX  PEIMICHWH B  PA3IUYHBIX  O0JIACTAX  aJIMHUHHCTPATUBHOU
JNEATENTBHOCTH.

JHuccepranmonHas paboTa COOTBETCTBYET MyHKTY | macrmopTa cHeluanbHOCTU
25.00.30 — wMereoposorusi, KIMMaTOJIOTHs, arpoMereoposiorusi "ATmocdepHbie
MIPOLIECCHI B MOJSIPHBIX, YMEPEHHBIX M TPOMMYECKUX IIUPOTAX U UX MOJIETUpOBaHUE" .



AnpobOauusa padorbl. PaboTa BBINOMHAJIACE HA METEOPOJOTMYECKOM
¢akynbrere PITMY ¢ 2012 rr. mo 2016 rr. Tema nuccepTanuu BKJIIOYEHA B IUIAH
paboThl Kadeapsl METEOPOIOrHIecKuX Nporao3os PITMY.

OcCHOBHBIE pe3yJbTaThl HCCIEIOBAHUM, HW3JI0KEHHBIE B JIHCCEPTALMH,
JOKJIaJIBIBATIMCh U OOCYKJAIUCh: Ha ceccusax YueHoro CoBeTa U MeKadeapanbHbIX
CEMHHApax Poccuiickoro roCyJ1apCTBEHHOT O TUAPOMETEOPOTIOTUUECKOT O
yHHUBepcuTeTa; Ha 3-eii Beepoccuiickoit koHpepenuu «I'nobanbHas 3eKTpuyecKas
nenb» (bopok, 2017) Ha MexayHapoIHOM CHUMIIO3UyMe «ATMOC(epHas paguaius 1
nuHamukay  (Caskt-IletepOypr, 2017); wa XXII Bcepoccuiickoit —mikose-
koH(pepenuu monoasix yueHsiX. (bopok, 2017); Ha 2-0if Bcepoccuiickoii
koH(pepeHimu «['modanpHas snekTpuueckas uenb» (bopok, 2015); wa 2-oi
MEXJIYHApPOJHONW HAydyHOHM KOH(EepeHUHH C DSJIEeMEHTaMU Hay4YHOW MIKOJIbI
«/IHHOBAIIMOHHBIE METOJbl M CpEACTBAa MCCIENOBaHUW B 00jacTu (UBHKHU
aTMoc(epbl, TUAPOMETCOPOJIOTHH, SKOJIIOTUN U U3MeHeHHs kimuMaTay (CTaBpomob,
2015); Ha MexIyHapoIHOM CUMIIO3UyMe «ATMOC(epHas paauanus ¥ JTAHAMHUKA)
(Cankr-IletepOypr, 2015); Ha XVIII Beepoccuiickast mikosia-KoOHGEPEHIIHUS MOJIOIBIX
yueHbiX. — bopok, 2014; ma XV International conference on Atmospheric
Electricity.— Norman, USA, 2014.

CtpykTypa u o0bem padorbl. luccepranus COCTOUT U3 BBEAECHUS, YEThIPEX
IJIaB, 3aKJTFOYEHUS U cTIHCKa TuTepatypbl. O0bem paboThl cocTaBisier 138 cTpanuil, B
TOM uHcie 45 pucyHKoB U 4 Tabnuibl. CIUCOK UTUPYEMOM JIMTEPATYpPhl COAEPIKUT
138 HaumeHOBaHUI.

COJEPXAHUME PABOTBI

Bo BBenenun 060cHOBaHa aKTyaJIbHOCTh UCCIIEOBAHUS B3aMMOCBS3EH MEXTY
I'PO30BOM aKTHBHOCTBIO, TEMIIEPATYpOi, chopMyTUpOBaHBI 1SN U 3aJ1auyd padoThI,
U3JIaraeTCs TEOpEeTHYEeCKas HOBHU3HA W MPAKTUYECKas 3HAYMMOCTh. OnpeseneHbl
BBIHOCHMBIE HA 3alUTY IOJIOKEHUS U PE3yJbTaThl, a TAKXKE OINMCAaHa CTPYKTypa
JTACCEPTALMH.

B pazgenax T'maBel 1 «CoBpeMEHHOE COCTOSSHHUE HCCJICAOBAHUS
B3aMMOCBSI3¢H MEXIY COCTaBOM M CTPYKTypoil artMocepsl W MOJTHUEBBIMH
BCTIBIIIKAMHU » PACKPHITA aKTyaJIbHOCTh MCCJIEOBAaHUS, JaH 0030p CYIIECTBYIOIIMX
Hay4YHBIX MCCJIEOBAaHUN, PACKPHITO OOIEE COCTOSHHUE TEMbl HCCIEIOBaHUA U
MMEIOIIMECS Ha JAaHHBIM MOMEHT Hay4YHbIe PE3yJbTaThl. 37I€Ch K€ OIMHCHIBAIOTCS
OCHOBHBIE MMapaMEeTPU3allMi MOJHUEBBIX BCIIBIIICK, UCIIOJIb3YEMbIE B PETHOHAIBHBIX
M TJI100aIBHBIX MacIITadax.

B nepBoM paszgesie mepBOMl TVIaBbl OMHUCHIBACTCS BIIMSHUE MOJHHUEBBIX
BCTIBIIIEK Ha COoAepKaHue B aTMoc(epe OKUCTIOB a30Ta.

Bo BTOpoil M TpeThell 4YacTsIX MNEPBOM TJIABBI OIMMCHIBAIOTCA B3aUMOCBS3H
MEXIy TPO30BOM AKTUBHOCTHIO M COCTaBOM aTMoOc(epbl, a TaKXKe IPUBOIITCS
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pe3yJIbTaThl UCCIAEAOBAHUM Hanuuusg OOpaTHBIX AP(EKTOB MEXKAY M3MEHEHUSIMU B
cocTaBe aTMoc(epsl U pacrpeeieHUEM MOJTHUEBON aKTUBHOCTH .

B MonHueBOM KkaHalie MOJEKYJIBbl KHUCIOPOJAa M a30Ta MOTYT pachajaThCs C
oOpa3oBaHMEM aTOMapHBIX KHUCIOpoAa W a3oTa. VX aTOMBbI SBISIIOTCS XUMHUYECKU
PEaKTUBHBIMU U MOTYT 00pa30BbIBaTh B aTMOC(epe CMEIIaHHbIE MOJICKYJIbI OKHCIIOB
azora NO u NOg, 030Ha, 3aKkucHu a30Ta, B3aUMOJIEHCTBOBATh C BOJOPOIHBIMU Ta3aMHU
¢ dopmupoBanueM rugapokcuibHbIX panukaioB OH u HO,, nmepexkucu Bogopona u
MapoB a30THOM KHUCIOTHI. s oOkucliOoB a3oTa W, mpexae Bcero, okucu NO
MOJIHUEBBIH HCTOYHUK UTPAET CYIIECTBEHHYIO pojib. CBA3aHO ATO C TEM, YTO, BO-
MEPBBIX, OKKUCIIBI a30Ta UMEIOT OOJIbIlIee BpeMsl pellakcallid IMocje o0pa3oBaHUs B
MOJIHUEBOM KaHaje MO CPaBHEHHUIO C OOJBIIMHCTBOM JIPYTHX Ta3oB, B pe3yjbTare
Yero HMX OCHOBHAs TpoO30Basi MPOAYKIUS B arMocdepe MPOUCXOAUT Ooiee
WHTEHCUBHO B PE3yJIbTaTe PEAKIIUNA B «TOPSYEM MOJIHMEBOM KaHaJe», TOTJa KaK JJis
OOJIBIIMHCTBA JAPYTHMX Ta30B CYIIECTBEHHBIM SIBISCTCS TOJBKO UX (OPMUPOBAHUE
IIPU «XOJIOJHBIX pa3psiax» U B XOJOJHON KOPOHE «TOpsiYMX pa3psgoB». Bo-BTOPHIX,
B KOJIMYECTBEHHOM COOTHOIICHWM MOJIHUEBAs MPOJIYKIMS OKHUCIOB a30Ta MOXKET
coctaBiaTh Oosiee 10 % a B OTHENBHBIX CUTyallUsIX MOXKET CTaTh OCHOBHBIM
MCTOYHUKOM B IJ100aJIbHOM MacIiTabe.

Memnsttoneecst B pe3yJIbTaTe MOJHUEBBIX BCIBIIIEK COACPIKAHUE PaIUalliOHHO-
aKTUBHBIX Ta30B B aTMochepe MOXKET TPUBECTH K HW3MEHCHHMIO HarpeBa M
OXJaXJeHHus B arMocdepe 3a CYeT TMOIJIONIEHNUS COJHEYHOW paauaivv |
Nepeu3NydeHHUs YXOAIIEeH JIMHHOBOJIHOBOM paauanun. TakuM oOpa3oM, H3MEHEHHE
COJIep’KaHMsl 030HA, METaHa W BOJSIHOTO Mapa, TJIABHBIM 00pa3oM B pe3yJbTare
XUMHUYECKUX PEAKIUA C YIaCTHEM OKHCIIOB a30Ta IPO30BOr0 MPOMCXOKIACHUS MOXKET
NPUBECTH K H3MEHEHHMIO paJHallMOHHOro OayaHca B artMmocdepe, 4TOo, B CBOIO
ouepeqb, BeACT K BO3MYIICHHIO OOIIeH IUPKyJIIuu arMmocdepsl. M3MeHeHus
peXUMa MUPKYJIAIUU aTMOC(hEepbl CO3al0T MOTCHIMAN IS HapylleHus OanaHca B
pacrpesielieHud aTMOC(EPHBIX Ta30BBIX MPUMECEH, MOIBEPKEHHBIX aTMOC(HEpPHOMY
IEepPEeHOCYy, a Takke K M3MEHEHHUsSM IIOTOKOB Teiuia B atmocdepe. B pesynbrare
U3MEHEHUN KOHIIEHTPAIlUM OKHCJIOB a30Ta, 030HAa M JIPYTUX Ta30BBIX NpUMeced B
tporochepe U cTparocepe, B CBOIWO oOuUepeab, MOTYT H3MEHUTHCS HarpeB u
UPKYISIHOHHBIA PEKUM.

N3meHeHnsT KOHIICHTpAIlMii paJWallMOHHO-aKTUBHBIX Ta30B, HarpeBa u
[MUPKYISIUOHHBIX  YCJIOBUM MOTYT TIPUBECTH K HM3MCHCHHUSM TEMIIEPATYPBI
aTMoc(epbl, KOTOpas, B CBOIO OYe€pelb, CYIIECTBEHHO BIUSET U HAa CKOPOCTHU
XUMUYECKUX PEaKIui, ¥ Ha pauallMOHHBIN OalaHc aTMocdephl, U Ha OOIIYIO H
JOKAJBHYI0 IUPKYJIAIU0 atMocdepsl. Takum o0pa3oMm, H3MEHEHHUS CKOPOCTH
MOJTHHUEBOM MPOIYKIIMK OKHUCIIOB a30Ta B aTMOC(epe HE TOJIbKO OKa3bIBAIOT BIUSHHE
Ha W3MEHEHHE XHWMHUYECKOTO COCTaBa arMoc(epbl, HO U OKa3bIBAIOT KOCBEHHOE
BIMSHNEC HA W3MEHCHMS KIMMaTa W CO3/JAal0T IOTEHIHAT I BO3HUKHOBEHUS
oOpaTHBIX cBsizel Mexay (PU3NUECKUMU U XUMUYECKUMU TpolieccaMu B atMocdepe,
BIIMSAIONIMMU Ha €€ COCTaB U CTPYKTYPY.



[IpoBeneHHbIE paHEe MOJEIbHBIE HMCCIEIOBAaHUS IMOKA3alH, 4YTO W3MEHEHUS
TEMIIEPATyphl 3a CUET U3MEHEHUs KOHIEHTpAlMi paJualliOHHO-aKTUBHBIX T'a30B B
pe3yJIbTaTe €CTECTBEHHOM HEOINPEEICHHOCTH TIJI00ATbHON CKOPOCTH MOJHUEBOU
MPOIYKLIMU OKHCIIOB a30Ta COCTaBIIIOT HECKOJBKO JECATBHIX Ipaayca B CpPEIHEM 3a
MEPUOJ B HECKOJBKO JECATWIETUH. MOXKHO BBIICINUTh, BO-TIEPBBIX, YCTOWYHUBOE
YMEHBIICHHE TEeMIepaTypbl B BepxHel crpaTocepe co ckopoctbio okoso 0.015
rpajayca Ha IpU U3MEHEHUH I100albHOM MOJTHUEBOM MPOAYKIUKA OKUCIOB a30Ta Ha 1
TrN/ron, xoTtopoe ompeaenseT © TI00aJbHYIO TEHICHUIMIO YMEHbBIICHUS
TEMIIEpaTyphl, BO-BTOPBIX, BO3pacTaHUE TEMIEPATYphl HIDKHEH cTpaTocdepsl B
npenenax HauOosiee BEpOSTHOM T100aJbHOM MPOAYKIIMM OKHUCIOB a30Ta IMpHU
rpo3oBbix sBieHUsAX (0-20 TrN/rom) mo makcumyma mopsiaka 0.3 rTpamyca, ¢
NOCJEAYIONIMM €€ YMEHBUIEHHUEM IpPU SKCTPEMAJIbHO OOJIBIIMX, HO B TMPUHIHUIIE
BO3MOXXHBIX 3HaueHHsX MosiHueBo mnpoaykuuu (30-60 TrN/rox), u, B-TpeThuX,
HE3HAYUTENbHOE W CJ1ad0 MEHSIoLEeecs NpHU BO3PACTAaHUU TPO30BOM MPOAYKIIMHU
OKHUCJIOB a30Ta YBEIMYEHUE TeMIlepaTypbl Tpomochepbl - Kak HUXHEH, Tak u
BepxHei. [Ipu 3TOM ciegyer OTMETHTh, YTO CTATUCTUYECKHE OIICHKU PE3yJbTaTOB
pacyeToB MOKa3aId HU3KYIO0 3HAUUMOCTh TPONOC(HEPHBIX U3BMEHEHHI TeMIIepaTyphl.

HaGmiomaemoe wu3MeHeHWEe KiuMara Bie4yeT 3a Cco0Ol  M3MEHEHHeE
TEMIIEPATYPHOTO peXUMa, LUPKYISIIIMM M Ta30BOr0 cocTaBa arMocdepbl, 4YTO
MPUBOJAUT K U3MEHEHUIO YCTOMUMBOCTH aTMocdepsl. [IpruueM MoryT u3MEHUTHCS Kak
KpynmHOMaciTabHble (DaKTOpbl, Tak MeiaKoMmaciiTaOHble. MoJHUEBBIE pa3psiibl B
IpO30BbIX OOJaKax SBISIIOTCS HMHAMKATOPOM HMHTEHCHUBHOCTH  aTMOC(EpHOU
KOHBEKIIMH, KOTOpas TMPOUCXOAUT TMPHU YCIOBUSAX HEYCTOMUYMBOCTU aTMOCHEPHI,
BO3HUKAIOUIMX TIPU HarpeBe IMOTPAHUYHOTO CJIOS WM TpPU B3aUMOJEHCTBUU
BO3/YIIHBIX Macc C pa3IMYHbIMU cBoWcTBaMu. CreaoBaTenbHO, MPU HU3MEHEHUHU
TEMIIEPaTypbl MOTYT M3MEHUTHCS YCIOBUS (OPMHUPOBAHUSI TPO30BBIX OOJAKOB, MX
WHTEHCUBHOCTh M, COOTBETCTBEHHO, PACIIPEACIICHUE MOJHUEBBIX BCIBIIIEK BOKPYT
3€MHOT0 IIapa U BJIMSHUE, OKAa3bIBAEMOE MMHU Ha Ta30BbIil COCTAB U TEMIIEPATypy
atMocdepbl. V3MeHeHne Temmeparypbl 3a CUYeT U3MEHEHHs] TPO30BOM aKTUBHOCTH
OyIeT MPUBOAWTH K JOMOJHHUTEIbHOMY W3MEHEHHUIO YCIOBUN HMX 00pa3oBaHUs, H,
TakuM 00pa3oM, MOXKET 00pa3oBBIBATHCS OOpaTHAas CBSI3b MEXKIY MOJIHUEBOU
AKTUBHOCTBIO, TA30BBIM COCTABOM U TEMIIEPATYPHBIM PEKUMOM aTMOCHEPHI.

Baxxnas ponb MOJTHHEBOTO HCTOYHHMKA OKHCIOB a30Ta B armochepe u ux
BIUSTHUE HU XMMHYECKHUE MPOIIECCHI, ONPEACIISIONNE aTMOCPEPHBINA COCTAaB MPUBEIN
K TOMYy, 4YTO TMPAKTUYECKH BCE MOJIETM XHMHUYECKOTO COCTaBa aTMochepsl
YUYUTBIBAIOT 3TOT BUJ MPOAYKIMH OKHUCIOB a30Ta, a XMMUKO-KIMMATUYECKUE MOJIENN
MO3BOJISIIOT U3Y4YaTh W BIHMSIHUE MOJHUEBHIX d(PPEKTOB HA M3MEHEHHS TEeMIIEPATYPhI
Y KITUMaTa.

B 4yerBepTOl wWacTM MEPBOM TIJIaBbl OIKCBHIBAKOTCA OCHOBHBIE T'€HEPATOPHI
r100aJIbHOM IJIEKTPUUECKON IICTIH.



B mAToi yacTu IepBOM IVIaBbl ONMCBHIBAIOTCS HEKOTOPBIE IapamMeTpU3aluu
KOHBEKLIMM, HCIIOJIb3yEeMbIEC IS ONUCAHUSA KOJIMYECTBA MOJIHMEBBIX BCIBILICK B
rJ100aJIbHOM U PErHMOHAIBHOM MacIliTadax.

Cxema mnapaMerpu3anuMyd KOHBEKIIMM II0 MeToAy THATKE OCHOBaHa Ha
pa3eabHOM ONKMCAHMM KOHBEKTHUBHBIX M KPYNMHOMAcCHITAOHBIX MPOLIECCOB B
atMocepHoM crosidbe. OCHOBHOM XapaKTEpUCTUKOW KOHBEKTHBHOIO Mpolecca
ABJIIETCS TIOTOK Macchl B 00s1auyHOM cpene. KoHBeKTHBHBIE 00JIaka B JaHHOM cxeme
COCTaBIIAIOT €AMHBIA aHCaMOJb, KOTOPBIM MOXET HMETh BEPXHIOI TpaHUIly Ha
moboM  MoaenbHOM ypoBHe. Ilpu 3ToM  mpeamonaraercs, 4TO IUIOIIAJ]b
TOPU30HTAJIBHON  SIYEWKH CETKM, B KOTOPOM, KpOME JpPYrux IpOLECCOB,
paccMaTpHUBaeTCsl M TMPOIECC KOHBEKLMWH, SIBISETCA JOCTAaTOYHO OOJBIIONH, YTOOBI
colepkarb Takoll aHcamOnb. HukHsst rpaHumma o6naka Bcerja COOTBETCTBYET
HWKHEMY MoJenbHOMY ypoBHIO. Cxema Tuxarke mnpeaycMarpuBaeT pacyer
MHTEHCUBHOCTH BOBJICUEHHUSI BO3[yXa U3 OKpYXKawIled cpeabl B 001aKko u
MHTEHCUBHOCTH BBIOpOCA 00JIa4HOM BO3AYIIHON MAacChl B OKPYKAIOIIYIO CpEy.

[NapameTpuzanus 1Mo BepxXHel rpaHuile KOHBEKTUBHBIX 00JIAKOB OCHOBBIBAECTCS
Ha pabore Ilpaiica m Pungma (Price et al, 1992), kortopsle mpeaIOXKHINA
[IapaMeTPU30BaTh NMPOCTPAHCTBEHHOE PACIPEACIICHUE CPEIHEN YaCTOThl MOJIHUEBBIX
BCIIBIIIEK KaK (YHKIIMIO MAaKCUMaJIbHOM BBICOTHI KOHBEKTHBHOro obOmaka H. [lpu
9TOM JUIsl TPO3 HAJ OKEaHaMU M HaJ KOHTHHEHTAaMH MCIIOJIb30BAJIMCh Pa3jIUYyHbIC
napaMeTpu3aluu:

Fc = 3.44 x 10-5H*°; Fm = 6.40 x 10-4H" (1)

rae Fc u Fm — gactora MOTHHEBBIX BCHIBIIIEK (YUCIIO BCTBIIIEK B MUHYTY) JUIS
I'pO3 HaJl KOHTUHEHTAMU U HaJl OKeaHaMHU COOTBETCTBEHHO, H — BbIcOTa Haj 3emiiel B
KM.

OnHako BbICOTa BEpXHEH KPOMKH 0OJlaka MOXKET OBITh JOCTaTOYHO OOJIBIION
OpU OTCYTCTBHUM AaKTHUBHBIX BOCXOJSIIMX TIOTOKOB, T.€. BBICOKOM MOJHUEBOMN
akTUBHOCTU. Takke TmATas CTENeHb 3aBUCUMOCTH JIENIA€T METOJ| CIUIIKOM
YyBCTBUTEJIBHBIM K PACCUUTAHHBIM MOJIEIBIO BEICOTAM OOJIAKOB.

beita mpennmokeHa B3aMMOCBSI3b  MEXKIY MOJHHUEBOW AaKTUBHOCTBIO W
KOHBEKTHUBHBIMU OCaJKaMu. bbutn pa3paboTaHbl OTHOIIEHWS [JIsI  pacuera
uaTeHcuBHOCTH O3 Bembimiek (007ako-3emiisi) (BCI/MHUH) C  HCTHOJIB30BaHUEM
KOHBEKTHBHBIX OCaJKOB (MM/IEeHb). BbII0 OTMEuUeHO, YTO MJIS JAHHOTO IMOAX0Ja
TaKKe HEOOXOIUMO pas3JeiieHre Ha KOHTHHEHTAJIbHBIE W MOpCKHe rpo3bl. OOmee
KOJIMYECTBO BCIIBIIIEK PACCUMUTHIBACTCS TaKXKe KaK U B TPEABIAYIIEM METOJE,
OCHOBBIBAsICh Ha TOJIIIIMHE XOJIOHOTO 00JaKa.

Fceocean = 0.0523 — 0.048CP + 0.00545CP? + 0.0000368CP? — 0.000000371CP* (2)

Fecland = 0.0375 — 0.0476CP + 0.00541CP? + 0.000321CP? — 0.00000293CP* (3)
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Cxema Ha 0a3e KOHBEKTMBHBIX OCAJKOB Yalle IOKa3bIBaeT Oojee Xxopouiee
COBITIQJICHHUE CO CITYTHUKOBBIMH JAHHBIMHU, OJHAKO y HEE TOXKE €CTh PsA HEAOCTATKOB,
B YAaCTHOCTM OHAa MEPEOLICHUBAET AKTUBHOCTb BHYTPUTPOIHMYECKON  30HBI
KOHBEPIECHIIUY.

OTHomEeHNne MEXAY MOJIHMEBOM AKTUBHOCTBIO M BEPTHKAJIBHBIMU IOTOKaAMU
(opManu30BaHO NOJUHOMAMU 4 MOPSAIKA, KOTOPbIE MPUMEHSIOTCS II100aNbHO.

Fce = —0.234 + 0.308M — 0.719M? + 0.523M3 — 0.0371M* (4)

JlaHHBII MOX0A B OCHOBHOM JIy4Ill€ OMUCHIBAET BCIBIIIKY HAJ] OKEAaHAMU, YEM
IOJXO/, OCHOBAaHHBIM Ha BBICOTE 00JIaKa, OJHAKO MMEET MECTO IEPEOlCHKa HaJ
3amajiHofM 4acThl0 THXOro OKeaHa W HENIOOLIeHKAa HaJl LEHTPAJIbHOM U HOKHOU
Adpukoii.

Ha  ocHOoBaHMM  3KCHEpUMEHTANbHBIX  JAaHHBIX  ObUIa  MpeasiokKeHa
napaMeTpu3anys Ha OCHOBE CJI0sl 00JaKka MEX Ay BEpXYIIKOM U HYyJIEBO M30TEpMOii,
He TpeOyrolias pa3/ieJeHus Ipo3 Ha MOPCKUE U KOHTUHEHTAJIbHBIE.

F= O.209D1'8cold (5)

Beinmu pa3BuTH U apyrue napaMmeTpusaliii, OCHOBaHHBIC Ha COUYCTAaHUHU ydeTa
CKPBITOM TEIJIOTHl KOHJIEHCAIlUH M BBICOTHI O0JaKa, TOCTYMHON KOHBEKTHBHOMN
noteHimaibHoi sHeprun (CAPE), otnmmunsax B criektpax CCN suep B obiakax Hana
OKEaHOM W HaJl Cyllel, KOMOMHAIIMY BEPTUKAIbHON CKOPOCTH M TOJIIMHBI 00JIaka U
IpyTHE.

Taxxe B mocienHee Bpemsi Obula pa3paboTaHa METOAMKA, IO3BOJISIONIAS
OIMKCHIBATH MPOCTPAHCTBEHHOE U BPEMEHHOE paclpe/ieJICHUE BCIBIIIEK JIydIlle, YeM B
J000M W3 BBINICONUCAHHBIX Tonxo0n0B. OHa TmoApasyMeBaeT KOPPEKTHUPOBKY
BBIUMCIICHHON MHTEHCUBHOCTH BCIBIIIECK C TTOMOIIIBIO CITyTHUKOBBIX TAHHBIX.

FR =G x L x (zmmu - zzmug )y (6)

7€ zmmu — KOHBEKTHBHBIM MOTOK Maccel, a G um L — riobanbHble U
JIOKaJIbHBIE OILICHKM MOJIHMEBOM AaKTUBHOCTH Ha OCHOBaHMM IaHHBIX NLDN n
OTD/LIS. Takum o00pa3oM [OCTHTAaeTCS COOTBETCTBHE MEXKIY MOJICIBbHON
KOHBEKIINEH U MOJIHHUEBON aKTUBHOCTBIO.

B pasmemax I'aaBbl 2 «OCHOBHBIE METOJIBI YHCICHHOTO HCClea0BaHUS d()PEKTOB
BIIMSIHHS TPO30BOM aKTHBHOCTH HAa COCTAaB M CTPYKTYPY aTMOC(hEpPh» PacCKPBIBAIOTCS
OCHOBHBIC MHCTPYMEHTBHI HCCJICAOBAHUS IS TJIOOAIBHOTO (TIepBas 4acTh BTOPOM

TJIaBbl) M PETHOHAIBHOTO MacImTaboB (BTOpasi 4aCTh BTOPOM TJIABHI).

Jlns  uccnenoBaHus TJ00ANbHBIX MPOILECCOB HCMOIB3YETCS COBMECTHAas
TpexXMepHasi XUMUKO-KiInMaTudeckass monenb (XKM), pazpaborannas B MHcTutyTe
BBIUMCIIUTEILHON MaTeMmaThuku Poccuiickol akagemun Hayk u  Poccuiickom

11



l'ocymapctBennom  ['mappomereoposornueckom — YHuBepcutere. B moxaenu
MPOUCXOJUT HWHTEPAKTUBHBIM OOMEH pacyeTHBIX JaHHBIX MOJeNu  oOIei
LHUPKYJIALUU aTMOC(epbl U MOJEIN Ta30BOr0 COCTaBa aTrMoc(epbl, 4TO MO3BOJIAET
YUYUTHIBATh B3aUMOACHUCTBHUS (HPOTOXMMHYECKUX M JIUHAMUYECKUX TIPOILIECCOB B
atMocepe Ha KaXKIOM MOJEIBHOM IIare mno BpeMeHU (0OpaTHBIE CBSI3HM MEXIY
coJlepKaHUEM PaJHAllMOHHO-aKTUBHBIX MAJbIX Ia30B U aTMOC(EPHBIM MEPEHOCOM).
Mopens nmeer 39 BEpTUKAIBHBIX YPOBHEHM, OXBaTblBaromux auanazoH ot 0 mo 90
KM, U3 KOTOphIX 14 mpuxoautcs Ha Tponiochepy. B ropuzoHTaqsbHOM HanpaBlIeHUU
XKM oxBaTbiBaeT BeCh 3€MHOH IIap C pPaBHOMEPHBIMU IIaraMu Mo muporte (4
rpaayca) u mo nponrore (5 rpaaycoB). B nuHamudeckoM OJIOKE MOJIENM ypaBHEHUS
TUAPOTEPMOANHAMUKU aTMOC(EphI, 3aliCaHHbIE B aJBEKTUBHOU (OpMe, periaroTcs
KOHEYHO-Pa3HOCTHBIM METOJIOM C MPUMEHEHUEM IIOJYHESIBHOM CXEMbl pacuera.
[IporHocTUYECKUMU TMEPEMEHHBIMU B JIMHAMUYECKOM OJIOKE MOJENIU SIBISIOTCS
CKOpOCTb BETpa, TeMIlepaTypa, yAelibHas BJIXKHOCTh M MNpU3EMHOE AaBieHue. B
XUMUYECKOM OJIOKE MOJICNI YYUTHIBAETCS M3MEHUYMBOCTh 74 OCHOBHBIX T'a30BBIX
COCTaBIIAIOIINX, MPSMO MM KOCBEHHO BIIMSIONIMX Ha CKOPOCTH HarpeBa aTMoc(epsbl.
B Mogenu yuuTHIBAIOTCS peaKIMH KHUCJIOPOIHOTO, BOJOPOJHOTO, Aa30THOIO,
XJIOPHOTO, OPOMHOI'O0 M CEPHOTO IMKJIOB, YTO MO3BOJSET pacCMaTpPUBATh BIUSHUE
XUMHYECKUX MPOILIECCOB Ha 0Opa30BaHME U SBOJIOIHMIO KaK 030HA U BIMSIONIMX Ha
HEro raszoB, Tak U arMmocepHoro cynbdaTHOro as’posois. KomuyecTBo M Tun
YUUTHIBAEMBIX (POTOXMMHUYECKUX PEAKIMil TO3BOJISIET MCCIEI0BaTh M3MEHUYHMBOCTH
OCHOBHBIX BIIMSAIONIMX Ha 030H Ta30B, Kak B cTpatocdepe, Tak U B Tpomocdepe u
mesocdepe.

Jlns ananmusa oOpatHbIX 3 ¢dekToB B armocdepe, CBSI3aHHBIX C TPO30BOM
aKTUBHOCTBIO, B HACTOsIIEH paboTe pa3zpabaTbiBaeTCs MapaMeTPUUYECKUN MOIXO, B
KOTOPOM TpO30Basi MPOAYKIHUS PACCUUTHIBAETCS HA OCHOBE IapaMETpOB,
XapaKTepU3YIOIHNX MOIIHOCTh KOHBEKTUBHBIX O0JIAKOB.

3a cueT MPUMEHEHUS STOTO MOIX0/a C MOMOIIBIO TTI00aTbHBIX KIMMATUYECKUX
MoJieNiel OIEHMBAJIOCh TMOBEACHUE T'po3 B OyaymieM Oonee TeruioM kinumate. Bee
MOJENH E€IUHOIIACHO OTMEYAlOT YMEHBIICHUE YHCJIa KOHBEKTHBHBIX SIBIICHUWU B
CBS3U C IMOBBIIIEHUEM YCTOMYHMBOCTH BHYTPUTPONUYECKOW 30HBI KOHBEPIreHIUHU
(B3K) 3a cuer W3MEHEHUs WIMPOTHOrO TpaJMEHTa TEMIEpaTypbl U YBEIUYEHUS
colepKaHHWsl BOJSHOTO Tapa B BepxHEW Tpomudeckoil artmocdepe. OreHkn
M3MEHEHHSI 4YHCla TPO30BBIX YACTO pacxoAsTca. Hekoropsle wuccieaoBaTean
OTMEYAIOT TEHIEHIUIO K YBEIMYEHUIO KOJUUYECTBA MOJHUEBBIX BCIBIIIEK B CPEHEM
Ha 10% Ha KaxIbIil Tpaayc moTeTuieHus. JJonomTHUTeNbHO OBLTO TIOKA3aHO, YTO TIPH
ynBoernu KoHIeHTpamuu COz CKOPOCTh BOCXOMSIIUX TMOTOKOB B KOHBEKTHBHBIX
oOnakax MOXkeT BboIpacTH Ha 1 m/c. Taxke cuuTaercs, 9TO B HEKOTOPHIX PETHOHAX, B
yactHOcTH B CIIIA, Haubonee MonHbie Tpo3bl OyAyT 00pa3oBbIBaThCS Ha 26% yalie.
W B cBA3M C HENMHEWHON 3aBUCHUMOCTBIO YMCIIA Pa3psiioB OT MOIIHOCTH KOHBEKIMU
3TO OOBACHSIET TEHACHIIMIO K YBEJIIMUEHUIO 00IIIET0 YUCiia MOJTHUEBBIX Pa3psiaoB.

I[Ipu wucnonszoBanuu XKM ¢ yderom 00pa3oBaHHs OKHCJIOB a30Ta
MOJIHUEBBIMU BCIBIIIKAMU M BJIUSIHUSI ATUX OKHCIIOB a30Ta Ha Ta30BbI COCTaB, a
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3aTeM W Ha JAWHAMUKY aTMoc(epsl, yBEIWYEHHs 4YHCIa pas3psAaoB ITUOO HE
OoTMeYaeTcs, MO0 Jaxe MOSBIsIeTCS TEHACHIMS K MX YMEHBIICHUIO, HECMOTpPS Ha
POCT MOBTOPSIEMOCTH HanboJiee MOIIHBIX TPO3. B CBA3M ¢ 3TUM, MOXHO MPEITIOKHUTD,
YTO 3TO Pa3NUYHE B PE3yJIbTaTaX MOKET OBITH CBSI3aHO C OOPATHOMU CBA3BIO.

CTOUT OTMETHUTh, YTO KOHBEKTHUBHBIE TIPOIIECCHI SIBJISIOTCS IPOIECCAMM
nojaceroyHoro mMacmraba ais XKM, mosToMy B HUX BO3MOKEH JIMILb YIPOUICHHBIN
[IapaMETPUYECKUN y4E€T KOHBEKIIMM, YYMUTBHIBAIOIIUN, OJHAKO, OCHOBHBIE CBOMCTBA
KoHBeKkTHBHOTO nepeHoca. B UBM PAH/PITMY XKM koHBeKLHs pacCUUTHIBAETCS
B MPUOIMKEHUN KOHBEKTHBHOTO TpucrocoOnenus. Eciu temmeparypa Bo3ayxa Ha
HUKHEM YypoBHe MeHblie 287.15K, To, ecim CylecTBYHOT YCIOBUS BCIUIBITHS,
NIPOBOJMTCS COTJIACOBAHUE TEMIIEpaTyphl W BIIard Ha JTUX JBYX YPOBHSX. Takum
o0pa3oM, Ha OCHOBE paCUETHBIX BEPTUKAIBHBIX NPOPUICH TeMrepaTypsl |
BJIQKHOCTH PACCUMUTHIBAIOTCS HM3MEHEHHBIE NPOMHUIN TeMIIepaTypbl W BIIAYKHOCTH,
KOHBCKTHUBHBIC OCaJIKH M BHICOTA KOHBEKTHBHBIX 001aK0B (AJstekceeB u ap., 1998).

[Tpu pacdere KOJIMYECTBA MOJHHUEBBIX BCIIBIIICK HA OCHOBE BBICOTHI BEPXHCH
IpaHUIlBl 00JIaKa, OHO CYMTAJIOCh TPO30BBIM, €CIIM BBHICOTA BEPXHEW TpaHMIIb 00JIaKa
ObUTa BBINIE HU)KHETO G-ypPOBHS CIIOS, B KOTOpPOM Temriepatypa gocturaet -22° C.
[Tpu 3TOM IS ydeTa BO3MOKHOTO 3aHIDKEHUSI KOJMYECTBA BCIIBIIICK 3a CYET TOTO,
YTO pacCUMThIBacMasi B MOJICTM BBICOTa KOHBEKTUBHOTO O0JIaKa SIBISICTCS CpeIHEen
o sYeKe MOJAENH, pa3Mep KOTOpOW HaMHOTO OOobllie pa3sMepoB OTAEIHLHOTO
o0Jaka, UCTOIb30BaJICS KAIUOPOBOYHBIN KOA(D(PUIIMEHT, TO3BOJISIONINMI COrjacoBaTh
pacueTHbIC JaHHbIe ¢ JaHHBIMU u3MepeHuit ISCCP .

B cBsi3u ¢ TeM, 4TO MOJIHMEBBIE BCIBIIIKH — SBJICHUS JIOKAJIBbHBIE, TTI00AIBHBIX
OILICHOK HEJ0CTATOYHO JJIsi MOJIETUPOBAHUS JTOKAIBHBIX U PErMOHAIBHBIX MPOLIECCOB
(rmobasibHBIC M perHoHANIbHBIC 3P(DEKTHI MPOSBIAIOTCA MO-pa3HOMY B aTMocdepe H
0 pa3HOMYy BIHMAIOT Ha YYBCTBUTEIBHOCTh arMmocdepbl). OTO CBA3aHO C
M0JICETOYHBIM MacCIITabOM aHAJIU3UPYEMBIX MPOIECCOB B aTMOChEpE.

Jlns  w3ydeHuss oOcoOeHHOCTeW OOpaTHBIX CBSI3eHM  MEXAy T'PO30BOM
aKTUBHOCTBIO, COJIEpKaHHMEM aTMOC(HEpHBIX Ta30B W TMOJSIMU TEMIIEpPaTyphl,
UCIOJB3yeTCsS YHCIECHHAs peruoHanbHas Moxaenb 1he Weather Research and
Forecasting model (WRF-Chem), Bepcus 3.6 (Moaens obecriedrBacT BO3MOYKHOCTD
PaCCUYHMTHIBATh METEOPOJIOTUYECKHUE, XUMUUECKHIE M a3PO30JIbHBIC MOJISI OT 00JIAYHOTO
710 peTHOHAIBHOTO MacmiTaboB). Teopust Hamuuus B atMocepe oOpaTtHbIX 3P eKToB
mpoBepsyiack Il pernoHa OacceitHa YepHoro wmops, TAe B CHIy (PU3UKO-
reorpauuecKux YCJIOBUH HEYCTOWYMBOE COCTOSHHE aTrMoc(hepbl NPHUBOIUT K
MOIIIHBIM KOHBEKTUBHBIM JIBM)KCHHSIM, a CIIEJJOBAaTEIbHO W AaKTUBHOW T'PO30BOMU
AKTUBHOCTH.

B kadecTtBe mapameTpu3anii KOHBEKIIUH HCIIOJIB3YeTCs] CXeMa IMOTOKAa MacChl
Kain-Fritsch. Merox maccoBoro ImoTroka SBJISE€TCS OOLIMM W JOBOJBHO MOIIHBIM
pEIICHHEM BUXPEBBIX 3a7ad B MEXAHHWKE JXUIAKOCTH W Ta3a, B YaCTHOCTH, IS
KOHBEKTHUBHBIX TIPOIECCOB, Tje Oonblias dYacTh OOMEHa TEIJIOM W BIAarou
OCYIIECTBIISIETCS. 32 CYET BOCXOJSIIUX M HUCXOJANUX MOTOKOB HAa OTHOCHTEIBHO
OOJIBLIINX PACCTOSIHUSX.
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Jlis pacdera MOJIHMEBOW TPOAYKIMU OKHCIOB a30Ta B KaKIOM Y37e
MOJIEIBHON ceTKu ucrnonbzyercs mapamerpusauus Price u Rind (PR92, PR94) nns
HelTpanbHor crpatudukanuu (Price et al.,, 1994), ocHoBaHHas Ha CICAYIOUIUX
MIPEAMOIOKEHUSAX U YPABHCHHSIX

f. (ztc:p) =3.44 X 1{]—52&%

(10)
rae: fc— YaCTOTa KOHTUHEHTAJIBHBIX MOJTHUEBBIX BCIIBIIIIEK
Ztop— BBICOTAa BEpXHEH TpaHUIBI TPO30BOro oOJaka (BepTUKaJIbHAS
CKOPOCTh MOTOKOB > 15 M/c, paaroIoKallMOHHAs OTpaXkaeMocTh > 20
dBz)
Z =0.021d* - 0.648d°® + 7.49d + 63.09 (12)
rae: Z — OTHOIIEHHWE 4ucia Bcrblmek BHyTpu oOnaka (IC) x umciy BCHbIek
obmako-3emis (CG);
d— pa3sHOCTh MEXIY BBICOTOM OO0Jaka M BBICOTOM HHIKHETO YPOBHS

Havasia GOpPMUPOBAHUS JICASHBIX KPUCTAIIIOB B O0JIaKe.

I[J'IH yucTta 3(1)(1)6KT3 «IIoACCTOYHOCTU» MOJHHUCBLIX IMPOHCCCOB OTHOCHUTCIILHO
HpOCTpaHCTBCHHOﬁ CCTKM MOACIMN BBOAMNTCA «KOC)(i)(i)I/IIII/IeHT C», KOTOpBIfI
PaCCUHUTBIBACTCA KaK:

C =0.97241 exp(0.048203R)  (12)

rae: R — miomanbs MoaenbHON CeTKM (HE 3aBUCUT OT IIMPOTHI, JOJITOTHI WU
BPEMEHU Iojia).

OcHOBHOM 3aJ1aueil JaHHOW MapaMeTpU3aLNH ABISETCS MMPOTrHO3 BPEMEHHOTO U
IPOCTPAHCTBEHHOTO  pAacHpeleNieHus]  OTACNbHBIX TPO30BBIX  BCIBIINIEK  0€3
MCIIOJIb30BaHMs JTOMOIHUTEIBLHOM CI0XKHON anmekrpuueckoi cxembl (Pickering et al.,
1998). BepTukaJibHOE pacHpeleiICHHe KOJMYECTBA  MOJHHUEBBIX  BCIIBIIMIEK
COOTBETCTBYET ['ayCCOBOMY pacIpelelIeHUI0 B JHala3oHe TeMmeparyp oT -15 mo -
45°C.

[Ipenmonaraercs, 4To KOJIWYECTBO OKHCIOB a30Ta, TEHEPUPYEMBIX MOJTHUSMU
(LNOy) 3aBucur ot ;ymHBI MOJTHHH 1 0T AaBienus (Price et al., 1997).

nNo(p) = a+bP (13)
rae: NNO — konmuuecTBo MoJiekys NO;
a = 0.34x10%, b = 1.30x10%;,— 3aBucsmme oT cpeqHel JTMHBI MOIHUH

KO3 PUIIUCHTHI;
P — naBnenue.
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Xouercd OTMETUThb, YTO KO3(P(UIMEHTHI a W b MOryT BapbupoBaTh B
sHaunTenbHbIXx npexenax (1 — 13x 10?1 monekyn NO m™? 3a ogny Bembimiky), 4to
TOJTBEPIKIACTCS IKCIIEPUMEHTAIBHBIMU U JIAOOpaTopHBbIMU UccienoBanusmu (\Wang
et al.,1988).

Omnucannast Beimre mnapamerpusanusi LNOy Brmouena B WRF-Chem c
HEKOTOPBIMHU YIIPOILICHUSMHI W/UIU NOTOTHeHUsIMH. JJi1 pacueToB B JaHHOW pabote
HCIIOIB30BAIOCH NpeAnosiokeHne o ToM, 4ro orHomeHue IC:CG npuHMMaeTcs
paBHbiM 1.74, d4ro mo3BONsET, 3Has oOmee KonuuectBO MoJeKyad NOy,
TEeHEPUPYEMBIX CyMMOH BCEX MOJIHHUN, PaccuyuTaTh KOJIMYECTBO MOJEKYJ OKHCIIOB
azota otaeiabHo 1 IC u CG-Benbimiek (NNO(CG) = 10 nNO(IC)).

JIJiss IPOBEPKH THUTIOTE3BI O 3HAYMMOCTH OOPATHBIX CBSI3€H MEXKIYy MOJHHUEBON
aKTUBHOCTHIO, Ta30BBEIM COCTaBOM M TEMIIEpaTypoi atMocdepsl ObLT BRIOpAaH PErHOH
nooepexns UepHoro mopsi. Beibop o6nactu MoaenupoBaHue 0O0bsICHAECTCS (PU3UKO-
reorpaduyeckuMu ocobeHHOCTAMH TToOepexbs YepHoro Mops. Jletom ocoGeHHOCTH
MUPKYISIIAN U PaJAallii IPUBOIST K SIPKO BBIPAKCHHON TPO30BOM aKTUBHOCTH.

Puc. 1 — Ob6nacte MoaeTMpOBaHUS PETHOHATLHBIX A3P(HEKTOB

B pasmenax TaaBbl 3 «['mobGambhbie 3¢h(EKTh B3aUMOCBA3EH MEXAY TPO30BOU
AKTUBHOCTBIO, COCTaBOM aTMoc(hepbl U TEeMIEPATypOoi» MPENCTaBICHBI PE3YIbTaThI
WCCJICIOBaHMS BJIMSHUS TPO30BBIX BCHBIIIEK Ha atMocdepy B TIIOOAIBHOM
Maciiraoe.

Okwucnbl a30Ta SBIASIOTCS JOJITOKUBYIIIMMHU ra3aMu, a 3TO O3HAYaeT, YTO OHHU
MNPOJOKAKT Yy4acTBOBATh B  A30THUCTBIX XUMHYECKHX IMKJIAX HE TOJBKO
HEMOCPEJICTBEHHO BO BPEMsSI MOJIHHEBBIX BCIIBIIIEK, HO W €IIE J0JITO€ BpeMs IOCIIE
TPO30BBIX SIBJICHU.

Memstoiieecs: B pe3yabTaTe MOJTHUEBBIX BCHBIIIEK COJICPKAaHUE PAJUAIIMOHHO-
aKTUBHBIX Ta30B B aTMocdepe MOXKET MPUBECTH K HU3MEHCHHWIO HarpeBa u
OXJIAXKJICHUA B aTrMocdepe 3a CUeT TMOTJOIIEHUs COJHEYHOW paauanuud |
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MePEn3IIyYeHUs] YXOISIIeH JIIMHHOBOJIHOBOM paguanuu. TakuMm oOpa3oM, U3MEHEHHE
collepKaHUsl 030Ha, METaHa M BOJASHOIO Mapa, IJIaBHBIM 00pa3oM B pe3ysbTare
XUMHYECKUX PEAKIUI C y4aCTUEM OKHCIIOB a30Ta I'PO30BOT0 MPOUCXOXKIECHUS MOKET
NPUBECTH K M3MEHEHHUIO paJHallMOHHOro OanmaHca B artMocdepe, 4To, B CBOIO
ouepesb, BEAET K BO3MYIICHHIO OOIIEed LUPKYISIHIUU aTtMocdepsl. W3meHeHus
pexXuMa LUPKYISUUA aTMOCchepsl CO3Jal0T MOTEHUHMAN AJis HapylleHus OanaHca B
pacnpeneeHuu aTMOC(EpHBIX Ta30BbIX MPHUMECEH, MOABEPKEHHBIX aTMOCHEPHOMY
MEepeHocy, a TakKe K M3MEHEHHsM IOTOKOB Teria B arMmocdepe. B pesynbrare
M3MEHEHUI KOHUEHTpAalMu OKMCJIOB a30Ta, 030HAa W JIPYIMX ra3oBbIX NpHUMeEcEeil B
Tporocepe U crparochepe, B CBOIO OYepelb, MOTYT U3MEHHMTBCS HArpeB U
HUPKYJISALMOHHBIN PEXKUM.

N3meHeHus KOHLEHTpauud paJuallMOHHO-aKTUBHBIX TIa30B, HarpeBa U
HUPKYJISAIMOHHBIX YCJIOBUW MOTYT TIPUBECTH K HW3MEHEHUSIM TEeMIEpaTyphl
aTMoc(epbl, KOTOpasi, B CBOIO OYepelb, CYLUIECTBEHHO BIHUSET U HA CKOPOCTH
XUMHYECKUX peaKkluii, 1 Ha paJuallMOHHBIN OanaHc atMocdepsl, U1 Ha OOUIYI0 U
JOKANbHYIO HMPKYJsinKi0 atMochepsl. Takum o0pa3oMmM, H3MEHEHHS CKOPOCTH
MOJIHUEBOM MPOAYKIIMH OKUCIOB a30Ta B aTMOC(epe HE TOJIBKO OKAa3bIBAIOT BIUSHUE
HAa M3MEHEHHE XHMHYECKOr0 COCTaBa aTMoc(epbl, HO M OKa3bIBalOT KOCBEHHOE
BIMSHUE HA M3MEHEHMsS KiuMaTa W CO3JAl0T MNOTEHIMal JUIsi BO3HUKHOBEHHS
0oOpaTHBIX CBSI3eM MEXIy (PU3NUECKUMU U XMMUUYECKUMH TpolleccaMu B atMocdepe,
BJIMSIOIMMU Ha €€ COCTaB U CTPYKTYPY.

B nepBoil uwacTM TpeTbed TJIaBbl IPOAEMOHCTPUPOBAHBI  PE3YJIBTATHI
MOJIEJIMPOBAHMSI OKHMCIIOB a30Ta MOJIHUEBOT'O IIPOUCXOKICHUS.
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Puc.3 — Cpeanss 4acToTa MOJTHHEOOPa30BaHUs (KOIMUECTBO BCIIBIMIEK/KM2/C): CITyTHUKOBBIE
JaHHbBIE (@), pe3y/IbTaThl MOJEIMPOBAHUS C TTapaMeTpHU3aIieil Ha OCHOBE BBICOTHI BEpXHEH
rpaHulibl o61aka (6), Ha OCHOBE TOJIIIUHBI CJIOS XOJIOAHOTO o0aka (B), HA OCHOBE KOHBEKTHBHBIX
ocazikoB (T)

Xopomaﬂ CXOAUMOCTD PC3YyJIbTAaTOB YHUCIICHHBIX 3KCIICPUMCHTOB, OCHOBAHHBIX
Ha IapaMCcTpu3alliii BBICOTBI BerHeﬁ I'PpaHUIbI obmaka ¢ JaHHbBIMH CIIYTHHKOB
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cO37aeT NMOTEHIMAN JJI1 UCIOIb30BaHUs 3TON IapaMeTpU3alluy IIpU pacueTe BKIaja
MOJIHUEBOM MPOTYKIIUU OKHCIIOB a30Ta B aTMoc(hepy.
Bo BTOpO#l 4yacTu TpeThel IVIaBbl PacCMATPUBAIOTCSA ACIEKTHl YYyBCTBUTECIBHOCTH

aTMoc(epbl K M3MEHEHUSIM MPOAYKLIHMH OKHCIOB a30Ta, B TPETbE€W 4YaCTU TpeThel
IJIaBbl IEMOHCTPUPYETCS HaJuuhe OOpaTHBIX CBS3EM MEXAy M3MEHEHUSMH COCTaBa
aTMoc(epbl U MOJIHUEBON aKTUBHOCTHIO.

Jlns oueHku BiusHMUS Bapuanuu pacnpeaeneHuss LNOy na atmocdepy ¢
MO/IEJIbIO OBLIIM MPOBEIECHBI PACUEThl JUIsl KaKI0ro ciayyas Ha 25 aet ¢ 1979 no 2003
rr. JlanHbIi nepuoa Opancs, BO-NEPBbIX, TOTOMY YTO OH COBMNAJA€T C BHIOPAHHBIM
st sxcnepumenTa AMUII-2, yTo MO3BOJUIIO OMpeAeNuTh IPAHUYHBIE YCIOBUS IS
TUHAMUYECKUX XapaKTEPUCTUK MOJIEIH, BO-BTOPBIX, B CBSI3U C TE€M, YTO IPAHUYHBIC
yCIIOBUSL TIOBEPXHOCTHBIX BBIOPOCOB AaTMOC(EpPHBIX Ta30B [JIsg 3TOro MNepuoja
onpezaeneHsl B cueHapusix BMO-2006 , a B-TpeTbuX, U3-3a TOrO, UYTO BajuJalus
ucnonpdyemMor XKM mnpoBoauiiace i 3TOro Hepuoia BPEMEHU , UYTO I1O3BOJIMIIO
OPOBECTH HCCIENOBaHWE Ha (OHE MPOBEPEHHOIO XOPOIIEr0 COOTBETCTBUS
pE3yJIbTaTOB MOJCIUPOBaHUS M u3MepeHuid. Pacyersl mpoBogwiuch 0e3 ydera
oOpaTHOM CBA3M, ¢ PUKCUPOBAHHBIMU 3HAYEHUSIMH BHIOpPOCOB Ha ypoBHE 1979 rona.
BrimosiHeHHbIE pacyeThl TOKa3ajdd BBICOKYIO YYBCTBUTEIBHOCTH aTMOCHEpPHl K
MOJIHUEBOMY UCTOYHHUKY OKHCIIOB a30Ta. [loka3zaHo, 4TO U3MEHEHHS B KOHIIEHTpaluu
NOy BcleacTBME Bapualldd TOPU3OHTAJIBHOTO W BEPTUKAJIBHOIO pacipeneseHus
LNOx moryt nocturats 50% B Tpomnocdepe u g0 15% B HIKHEN cTpaTocdepe, uTo
OPUBOAUT K U3MEHEHHUIO COJIEP’KAHUS 030HAa HAa HECKOJIBKO MPOLEHTOB HA BHICOTAX
MaKkCUMyMa €ro cojepxkanus u A0 5% B Tpomocdepe W BepxHel cTparocdepe.
MN3MeHeHns KOHIIEHTpaluu ruapokcuiabHoro paaukaia OH mocturanu 20%, yto
MOJKET CKa3aThCsl HA OKUCIUTENBHONU CIIOCOOHOCTH aTMOC(EPHI.

M3MeHeHue mojs 030Ha BJICUET 3a COOOM M3MEHEHHE HarpeBa M OXJIaXKIICHUS,
BCJICJICTBUE YETO MEHSIOTCS MOTOKH TEIUIa U MAacChl, KOTOPbIE, B KOHEYHOM CUETE,
MPUBOIAT K HM3MEHEHHUIO TeMmreparypbl. Bapuanuu TtemmepaTypsl B CpeIHEM 3a
nepuoa ormedarorcss 1o 0,5 °C B crparocdhepe u go 0,2 °C B Tpomocdepe.
Atmocdepa Hanbonee yyBcTBUTeNbHA K LNOy B OMAPHBIX 007aCTIX CTpaTochepsl,
a WMEHHO B TOJSPHBIX 00JIaCTAX HAONIOMAIOTCS TPEBOXKHBIE M3MEHEHUS B
KOHIIEHTpAI[M O30HAa, Ha3bIBa€Mble O30HOBBHIMU AblpaMu. CTOUT OTMETUTBH, HYTO
MIPUBEACHHBIC BBIIIE OICHKH SIBISIOTCS CPETHUMH 3a TIEPUOJT 25 JIET, a B OTACIbHBIE
roJbl, HA0TI0JaeMbIe I3MEHEHUS MOTYT JIOCTUTATh TOPa3 a0 OOJIBITUX 3HAYCHUI.

beumn uccnenoBansl He TORKO TpsiMbie 3¢ dexTel LNOy Ha atmMocdepy, HO U
oOpaTHbIe ) PEKTHI.
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Puc. 4 — Bepxuue kpuBbl€ - U3MEHEHHE OOIIEr0 CPEAHEMECIYHOTO KOJIMYECTBA MOJIHUEBBIX
BCIIBIIIEK, HKHUE — U3MEHEHHUE 00I1Iero KOJIMUeCcTBa I'P030BbIX 001akoB. CIIJIONIHONM TMHUEH —
pe3ynbTaThl MOJICTUPOBaHMS 0€3 00paTHOM CBSI3U, MyHKTUPHOUM — ¢ 00paTHOM CBsA3bI0. CripaBa — ¢
Y4eTOM MPEIOI0KEHHUS, YTO CPETHEITUPOTHBIE BCIBIIIKYA TPOAYKTUBHEE SKBATOPUAIILHBIX,
cieBa — 0e3 ydera.

B I'naBe 4 «Peruonanbabie 3P (HeKTbl B3aUMOCBS3€ MEXIy IrpPO30BOM aKTUBHOCTHIO,
COCTaBOM aTMoOC(epbl U TEMIEPATYpPOl» MPEACTABICHBI PE3YIbTaThl UCCIEIOBAHUS
BJIMSIHUSI TPO30BBIX BCIIBIIIEK HA aTMOC(hepy B perMoHaIbHOM MaciiTabe Ha mpuMepe
noOepexbsi UepHoro mops. Jns u3ydeHuss BIUSHUS MOJHHEBOM AKTUBHOCTH BCE
YHCJICHHBIE SKCIIEPUMEHTHI MPOBOAMINCH JIJIS IBYX PEKHUMOB: 1) sKCIIepUMEHTHI 6e3
yueta nonoiHuTeabHOro ucrounuka LNOy, 2) skcnepuMeHTBl ¢ KCIOJIb30BaHUEM
nonoiaHuTenbHoro ucrounuka LNOy, ¢ yaeToM mpsiMbix 1 oOpaTHBIX cBsizeil. Takoi
MOJIXOJI MO3BOJISIET MOHSATH BIWSHHE TIyOOKOW KOHBEKIMHM HAa M3MEHEHHE COCTaBa
atMocdepsl B BepxHel Tporochepe/HmkHen ctparochepe. bonee rapdexTuBHO OBLIO
OBl aHATM3UPOBATh KaXk/10€ KOHBEKTHBHOE SIBJICHHE OTACIBHO, HO TO 3aTPYAHICTCS
cnenupUKod MOJETUPOBAHUS, KOTOPOE HE MOXET BOCCO3/IaTh B HJICHTUYHOU Mepe
MHTEHCUBHOCTh, TOYHOE BpEMS M MECTOIOJIOKEHUE KaXIAOro KOHBEKTUBHOIO
apieHus. K Tomy ke, B TEpMHUHAX HACTOAIIETO HUCCIEAOBAHUSA, AHAIM3 KaXXIO0Tro
OTJIEJIPHOTO KOHBEKTHBHOTO SIBJICHUS HE TpeOyeTcs, MOTOMY YTO XHUMHYECKHUE
0COOEHHOCTH BepXHEH Tponocdepbl XapaKTepU3yrTCsl OCPEAHECHHBIMU BPEMEHHBIMU
MacmTabaMyM MHOTMX HWHAMBUAYAJbHBIX SIBJIECHUN (B HACTOSILEM HCCIEAOBAHUM
UCIIOJIb3YETCSl BpDEMEHHOW UHTEPBAI B 3 JTHS).
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a Ozone difference/surface (ppmv)

Ozone difference/water (ppmv)
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Puc.5 — Pasnocts Beptukansroro pacnpeneneauss WRF-Chem O3 (ppmv) ¢ yuetom u 6e3
yaera LNOx 09-12.06.2013 (koHTHHEeHTanbHas 30Ha (a) (:42%.11, 24%8.71.), Mopckas 30Ha (6):
42% .11, 40° B.IL.).

Temperature difference/surface (C)

Temperature difference/water (C)
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Puc. 6 — PasHocTs BepTHKanbHOTO pacnpenenenus WRF-Chem temmeparypst Bozayxa (°C) ¢
yueTom 1 6e3 yaera LNOX 09-12.06.2013 (konTHHeHTanbHas 30Ha (a) (:42°c.m, 24%.1.), Mopckast
30mHa (6): 42%.11., 40° B.11.).

Jlist  pelieHusi TOCTAaBICHHOW 3aJadyd ObUIM PACCUMTAHBl BEPTUKAIBHBIE
npouiii OKHUCIIOB a30Ta, XapaKTepHbIE MJiA pernoHa YepHOro Mops. YUMTHIBas
reorpaguyeckue OCOOEHHOCTH O00JIaCTH MOJEIUPOBAHMS, AaHAIW3 TMPOBOIUICS
OTAEJBHO JJISl CYIIU U JJI1 BOIHOW OBEPXHOCTH.

[IpuBeneHHbIE PE3YyABTATHL PACYETOB AEMOHCTPUPYIOT U JIOKA3BIBAIOT MPAMOE
BIUSTHUE MOJTHUEBOW aKTUBHOCTU Ha COCTaB arMoc(hepbl. ITO BIMSHUE HEIHHEWHO,
HEMOBEPXHOCTHO M HE MPUBA3aHO K KAKOM-TO ONPENCICHHOM TOYKE IPOCTPAHCTBA.
Ucxons u3 3Tux coobpaxxeHuil, BO3HUKAET MOTPEOHOCTH OLICHUTHh U OOpaTHBIC CBSI3H,
KOTOpbIe TpencTaBiieHbl Ha puc. 7. Bce armocdepHbie koneOaHus, BbI3BaHHBIC
MOJIHUEBOM AKTUBHOCTBIO, BBI3BIBAKOT, B CBOK O4Y€penb, W3MEHCHUS B
pacnpeneneHud W Pa3BUTHH Tpo3. UTOOBI OIEHUTH, KaK MOXET HW3MEHUTHCS
MMPOCTPAHCTBEHHOE  PACIPENEIICHUE  TPO30BOM  AKTHUBHOCTH,  HCIOJB3YHOTCA
pa3u4HbIE  KPUTEPUH  KOHBEKUHH,  JAKOUME  BEPOSATHOCTHBIM  IPOTHO3
BO3HUKHOBEHHUSI KOHBEKIIMU (M CBSI3aHHBIX C 3TUM IIPOILIECCOM MOSIBJIEHUE TIPO3,
IIKBAJIOB U rpaja).

Kax moka3pIBatoT pacueTsl, MpOsiBICHUE 0OPAaTHBIX CBsI3el B OOJBINCH CTCTICHH
BIUSIOT HAa HEYCTOWUMBYIO aTtMmocepy, B TexX palioHax, TJe OHa YCTOWYHWBA,
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O6paTHI>Ie CBs3U XOTb U HIPOABIAIOTCA (TaK KaK OKHCJIBI a30Ta — 3TO AOJITOKUBYIIIUC
ra351), HO UX pOJIb HC 3HAYUTCJIbHA.

CAPE difference (+LNOx—(~LNOx))18.00 ““J;«\?
~§§ =

Latitude

Puc.7 — Paznocts mexay 3nadeausiMu CAPE (Jx/kr) ¢ yaetom (+LNOx ) 1 6e3 yuera (-
LNOy)10moTHUTEIEHOTO HCTOYHHKA OKHCIIOB a30Ta MOJTHUEBOTO IMPOMCXOKICHHUS,
9.06.13, 18.00 BCB.

Yyer B ruapoMHAMUYECKOM MOJICIHPOBAHUU OOpATHBIX CBSI3€H BIUSICT Ha
YHCICHHBIA MPOrHO3 paauooKalMoHHoM orpakaemoctn (Max_dBz _10cm). Kak
OBUTO MPOAEMOHCTPUPOBAHO, OCHOBHBIE OYard HAJIUYWSA KPYITHBIX THIAPOMETEOPOB
BOCITPOM3BOJIATCS OJMHAKOBO, HO TIPH YyuyeTe OOpaTHBIX CBS3€H CTAaHOBUTCS
BO3MOKHBIM HE TOJILKO OOHApyKMBaTh OCHOBHBIC OYarw, HO W BOCIPOU3BOIAUTH UX
OoJjiee JAETaNbHO, YTO CIOCOOCTBYET IOBBIIIEHHUIO KadyecTBa IPOrHO3a OMACHBIX
KOHBEKTUBHBIX SIBJICHUH.

) Max_Dbz (+LNOx)18.00 ) Max_Dbz (-LNOx)18.00
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Puc. 8 — MozenbHbIi POrHo3 MakcuMainbHOU oTpaxaemoctu 9.06.2013
(WRF Max_dBz _10cm) ¢ yuetom (a) u 6e3 ydeta oOpaTHBIX CBsi3eii (0).

B 3ak/il04eHMM NOPUBOJATCS OCHOBHBIE PE3YyJIbTaThl MPOBEIECHHOTO B XOJ€
JUCCEPTALMOHHOTO NCCIIETOBAHMUS.

- YucrneHHble SKCHEPUMEHTHI Ha TIJI00abHOM YpPOHE IMOKa3ajlu BBICOKYIO
9yBCTBUTEJIIBHOCTh aTMOC(epbl K MOJHHEBOMY WCTOYHUKY OKHCIOB a30Ta.
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N3meHeHusT B KOHIIGHTpAaIlMM OKHUCJIOB a30Ta BCJIEJACTBUE TOPU3OHTAIBHOTO H
BEPTUKAIBHOTO TEpEepacHpe/ieNIeHHs] UX MOJHUEBOM MPOAYKIIMU MOXET JOCTUTaTh
50% B Tponocdepe u A0 15% B HUKHEN cTpaTOoCcepe, YTO NPUBOJIUT K U3MEHEHHIO
conepkanusi o30Ha 10 5% B Tpomocdepe u BepxHed crparocdepe. M3meHeHus
KOHIIEHTpALIMU TUIpoKcuiIbHOro paaukaia OH moryrt nocturate npu 3toM 20%, 4To
MOXXET CKa3aTbCd HAa OYUCTUTENIbHOM CcrMocoOHOCTH aTtMmocdepsl. Bapuanuu
TeMIEpaTypbl B CpeAHEM 3a Hccieayemblil nepuon pocturatror go 0,5 °C B
ctpatocdepe u 10 0,2 °C B Tpomnocdepe. Atmochepa Hanbojee YyBCTBUTEIbHA K
OKHCJIaM a30Ta MOJHUEBOTO MPOUCXOKIEHHUS B MOISPHBIX 001aCTIX CTpaTochepsl.

- Bo3nukaroiue oOpatHbie CBA3U MEXIAY MOJTHUEBBIMHU BCIBIIIKAMHU, TA30BBIM
COCTaBOM, TemIepaTypol armochepbl M KOHBEKTHUBHBIMU SIBICHUSIMU BHOCSAT
CYLIECTBEHHbIE M3MEHEHMSI B KOJMYECTBO OOPa3yIOIIMXCS TPO30BBIX OOJAKOB U
MEXT0JIOBYI0 M3MEHYMBOCTH MOJHUEBOW AaKTUBHOCTH, C YE€M, B CBOKO OYEpE.lb,
CBSI3aHBI M3MEHEHHUS Ta30BOTO COCTaBa M TEMIIEpATypHOTO pexkuma atMmochepsl. B
OTJICJIbHBIE TOJbl W B OTIEIBHBIX O00JACTAX MOJICIbHBIE pPacueThl MOKAa3bIBAIOT
M3MEHEHHUS KOJIMUYEeCTBA MOJIHHUEBBIX BCIIBIIIIEK O0Jiee 4YeM B JIBa pa3a. B HEKOTOPBIX
Cly4yasX TIPU  yMEHBIIEHWH  TJI00QJIBHOTO  KOJIMYECTBA  I'PO3,  4YacTOTa
MOJIHHE0Opa30BaHUsl Ha0OOPOT BO3PACTAET, YTO TOBOPUT O POCTE MHTEHCHBHOCTU
I'PO30BBIX SIBJICHUH.

- B rmobGampHoM macmtaOe HaOMIOHAaeTCsl HE3HAUYUTEILHBIA ITOJIOKUTEILHBIN
TPEHJ YBEIWYEHUS KOJIMYECTBA MOJIHMEBBIX BCIBIIIEK U KOJMYECTBA TI'PO30OBBIX
o0nakoB mTpu ydere oOpaTHBIX 3(PPEKTOB MexAy KOIHMUYECTBOM MOIHHEBBIX
BCIIBIIIEK, COJEPKAaHUEM aTMOC(EpPHBIX Ta30B, €€ TEMIEPATypOoil U KOHBEKTUBHBIMU
apieHusMu. [lpu 3ToM naHHbIE 00paTHBIE 3P(HEKTH CHOCOOCTBYIOT MOSIBICHUIO
OTpUIIATEIBHOM OOpaTHOW CBSI3M B M3MEHEHUU TEMIIEpaTyphbl, 4YTO CBSI3aHO C
U3MEHEHHUSIMU B KOHBEKTHBHOM M XUMUYECKOM COCTOSIHUHM aTMOC(hephI.

- BroisBrneHbl oOpaTHBIE B3aHMMOCBSI3M PErHOHAIBLHOTO MaciTaba MexIy
aTMOC(EPHBIM DIIEKTPUYECTBOM, MPOAYKIIMEH 030HA U TEPMHUYECKUM PEKUMOM
aTMoc(epbl, BIHUAIOINIME HA KPATKOCPOUYHBIM MPOTHO3  PaTUOJIOKAIIMOHHON
OTPaKaeMOCTH W HWHJEKCOB KOHBEKTHBHOM HEYCTOMYMBOCTH aTtMmocdephl. bbuiio
BBISIBJICHO, YTO MPU YydeTe MPSMBIX U OOpaTHbIX 3(PQPEKTOB OCHOBHBIE OYaru
TUAPOMETEOPOB MOJIETUPYIOTCS 00Jiee KOPPEKTHO, YTO, B CBOIO OYEPElb, BIUSIET Ha
MIPOTHO3 BEPOSITHOCTH MOJIHHEOOPA30BaHUS.

-B permonanbHoM MacmTabe oOHapyXeHa TOJOXKHUTENbHAs OOpaTHas CBS3b
MEXJIY IOTCHIMAJbHON DSHEPIUENd HEYCTOWYMBOCTA U T'PO30BBIMHU SIBICHUSIMU,
MpOSBIIAIONIAsiCST B yBennmueHWH 3HadeHus wuHAaekca CAPE  mpu  yuere
JOTIOJIHUTENIBHOTO MCTOYHMKA OKHCIIOB a30Ta MOJHHUEBOro mIpoucxoxaeHusd. [Ipu
ATOM CYTOYHOE MakcuManbHOe yBennueHue mHaekca CAPE mpuxoautcs B cpenHem
Ha 18-19 4., 4TO COOTBETCTBYET MAKCUMAJIbHBIM 3HAUYCHUSM HANPSKEHHOCTHU
AIEKTPUYECKOTO OIS aTMOC(EPHI.

[IpumeHnsieMble anropuT™M UCCIEAOBAHUS U MOJTYyUYECHHbIEC BBIBO/bI (C HEKOTOPHIMU
KOPPEKTUPOBKAMU U MOJU(DPUKALMSIMU) MPUMEHHUMBI JJIi PallOHOB, KaK C SIPKO-
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BBIPA)KEHHOM MOJIHUEBOM aKTHMBHOCTBIO, TaK U B palioHaX c 0ojiee yCTOWYMBBIMU
YCIIOBUSIMH COCTOSIHUSL aTMOC(EPBHI.

OcHoBHbIC Ny0JuKanuM Mo Teme auccepraumu. I[lo TemMe nucceprauuu
OonmyOJUKOBaHO 5 HAy4YHBIX pabOT, B TOM uwucie 3 MyOJuKaluu B PELEH3UPYEMBIX
KypHanax, pekoMmeHaoBaHHbIXx BAK MunucrepctBa oOpa3oBaHus UM HayKd
Poccuiickoit @enepaunu.
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