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MoHUTOPUHT aTMOCQEPDI € TTOMOIIBI0 TTOOATBHBIX CIIYTHUKOBBIX HABHUTAIMOHHBIX CHCTEM OOBIYHO HCIIOJb-
3YIOT B TOM YHCJe JJISI OIIEHKH HHTErpaJbHOTO Biarocofep:kanusi arMocdepbl. C BBICOKIM BpeMeHHBIM paspelie-
HUEM U3MepsieTcsl 3eHUTHas TporocdepHas 3ajiep’KKa CIIyTHHKOBBIX PAJMOCHTHAJIOB U ee IpajJleHTHbIe ITapaMert-
PBI, XapakTepusyiomne arMocdepHble Me3oMacIITaGHble HEOHOPOIHOCTH. B HacTosIell paboTe BbIIBIeHA 3HAYH-
Mas M3MEHYHMBOCTb 3THX XapaKTePUCTUK aTMocdepbl, CBSI3aHHASI C OIACHBIMUH KOHBEKTHBHBIMHU SIBJIEHUSIMH.
Vcmosb3yercss BBIGOPKA HECKOJBKUX COTEH LITOPMOB, YParaHoB, JIMBHel, I'p03, KPYIHOIO Ipaja, COOTBETCTBYIO-
IUX UMEOMUMCI HaGMIOeHIAM OJMMKAfIMX CTAaHIMHA IIpueMa CIyTHUKOBBIX CUTHATOB B Pecmy6iuke Tarapcran
1 MocKoBcKol 06JacTi, HAaXOAMUXCS Ha Mmuporax 55—56° c.m. O6Hapy’keHO, YTO B YCJOBUSX OIACHBIX SIBJIe-
HUil pacTeT HEOJHOPOJHOCTD IIOJISI 3€HUTHOU TpornochepHON 3aJep:KKU CIIyTHHKOBBIX CHTHAJIOB, UTO HPOSBIISIETCS
B YBeJIMYEHUU ee TPAJUEHTHBIX MapaMeTpoB M HX (JIYKTyalii, a TakyKe BO3PaCTAaHUM HHTETrPAJbHOTO BJIATOCO-
JlepskaHus aTMocepbl U ero BHYTPHUCYTOUHOI maMeHumBocTu. Hambosee CHIbHO MeHSETCS MHTEHCUBHOCTH (PJIYK-
Tyanuil MHTErpaJbHOTO BJIArOCOEP)KAHMS, eCJIU CTaHIUS paclosiokeHa He gajnee 20 KM OT ONACHOTO SBJEHUS, YTO
OGbSICHSETCSI padMepaMi KOHBEKTHBHBIX gueek. OJHAKO Jaske IPU PACIONOKEHHM CTAHIIUMH Ha PACCTOSHUAX 0
200 KM OT OTACHBIX sIBJEeHUI HAGTIOAIOTCS POCT MHTETPATBHOTO BJIArocoaepKaHus aTMOCGhepbl U YCIIEHNE aTMO-
chepHBIX HEOJTHOPOJHOCTEIl MO CPaBHEHMIO CO CPEJHEMHOTOJETHUMHU JaHHBIMH. Pe3yabTaTbl paGoThl MOTYT GBITH
MIOJTE3HBI JJISL PA3BUTHS TEXHOJOTHHU MOJICIyTHIKOBOTO MOHHTOPHHTA OITACHBIX KOHBEKTHBHBIX SBJEHUI.

Kntouesvie caosa: THCC-monuTopunr, arMocdepHas KOHBEKIMS, OIACHBbIE SIBJIEHUS IIOTO/bI, Me3oMacuItad-
ubre Heoxuopoxuoctr; GNSS monitoring, atmospheric convection, severe weather phenomena, mesoscale inho-

mogeneity.

BBeaeunne

Omacuble MeTeopoJsiorndeckue spienns (ganee —
O4) MoryT HaHOCUTH GOJIBIIONH yIIep6 SKOHOMHKE
U TIPUBOJAUTD K I'mOesN Jofell, B CBI3U C 4eM aKTya-
JIM3NUpyeTCs 3ajada UX IporHozupoBanug [1—9]. 13-3a
U3MeHEeHNsI KJINMaTa B Pa3JMYHBIX PerHOHAX HabJo/a-
eTcd pOCT YHCJIa OMACHBIX SBJIEHWI, CBI3aHHBIX C aT-
MocdhepHOi KOHBEKIIel, — 3TO CHJIBHBII BeTep, KPYyII-
HBIIl TPajl, JIMBHU M I'PO3bl. MHOTHMHI aBTOpAMU OTMe-
Yyaercs, YTO TEH/EHINS YBeJINYeHHs KOJINYecTBA
9KCTPEMATBHBIX COOBITUI OYIYT COXpaHAThCS [2—5].

B Hacrosimee BpeMs B MeTO/IaX IIPOTHO3MPOBAHUS
NCTIOTB3YIOTCS YNCTIEHHBIE MOJAETN W aJTOPUTMBI Heli-
poHHbIX ceTeil. IIpornos O BecbMa ciokeH, [ IIO-
BBIMIEHWS TOYHOCTH JKeJATeJbHO TCIOJIb30BaTh BCe
nMelomuecs JaHHble HAGJIOEHNI, a TakXe TeXHOJIO-
THW JUCTAaHIIMOHHOTO 30HanpoBanusa [6—10]. Haubosee
TPYAHO NIPOTHO3UPOBATh TOYHBbIE KOOPAMHATHI BO3HUK-
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HoBenust Of1, Hanpumep yparannoro Berpa [6, 8]. He-
00X0ANMO KOPPEKTHO AMAarHOCTHPOBATH HATHYIE KOH-
BEeKIINN W ee WHTEHCHUBHOCTH s Goslee OOBEKTHBHOMN
oneHKN ycaoBuii BosauKHOBeHNs O [10]. Ovennp Bask-
HOIl XapaKTePUCTUKOW B 3TUX 3aJadax SABJSIETCS aTMO-
cepHoe Biarocofep:kaHne KaK IOKa3aTelb KOHBEK-
uun [9, 10]. OgHuM U3 WHCTPYMEHTOB MOHHUTOPHMHTA
3TOTO HapaMeTpa CJyKaT rio6ajibHble HABUTAI[HOHHBIE
crytHukoBbie cuctemMbl (THCC), 1m0 curHajiaM KoTo-
PBIX BOCCTAHABJHUBAIOT He TOJBKO MHTErPaJbHOE BJIA-
rocofiep:kaHme atMocgepbl, HO U TapaMeTpbl ee Heol-
HOPOJHOI CTPYKTYPBI C BPEMEHHBIM pa3pelleHNeM 0
S5 muH [11—16].

[esmb paboTBI — O6HAPYKUTH TTPOSIBJIEHIE OTTACHBIX
KOHBEKTUBHBIX ABJEHWI B aTMOC(epHBIX TapaMeTpax,
u3MepseMbix ¢ nomoiipio THCC.

MaTepI/IaJlbI U METO/bI

['mo6anbHble HABUTAITMOHHBIE CITYyTHUKOBBIE CUCTE-
MBI [TO3BOJISTIOT TIOJIyYaTh OIEHKH MHTETPAJIbHOTO BJIATO-
comepxkannsa atMocepbl (IWV — integral water va-
por), KOoTopoe OGBIMHO M3MepseTcs B KI'/M’ WM MU
JuMmeTpax ocaxkaeHnoil Boabl [11—13]. UcxomubiM
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n3MepsieMBIM TTapaMeTPOM SBJISIeTCS TporocdepHas 3a-
nepsxxkka paguocurianioB THCC B 3eHuTHOM HarmpasJe-
Hun ZTD, usmepsieMas B eAMHUIAX JJIMHBI, TaK Kak
9TO [IOTIOJIHUTEIbHDBIN (ha30BbIil MyTb 3JI€KTPOMATHUT-
HBIX BOJIH B Tpomnocdepe MO OTHOIIEHUIO K IyTH B Ba-
KyyMme. [IJ1s ydyeta BJIMSHUS HEOJHOPOIHON CTPYKTYDbI
atMocdepsl BBOAAT 3oHambHbI ‘ZTD 1 MepuanoHanb-
uerii "ZTD ropusoHTaJbHBIE TPAJNEHTHbIE MapaMeTpPbI
TponocdepHOil 3a/]ep>KKH, KOTOPble OTPa’KaloT HEOIHO-
POJHOCTD TLIOTHOCTH aTMoc(epbl B 30HAJIBHOM U Me-
PUIMOHAJIBHOM HAINpaBJEHUSX COOTBeTCTBeHHO [14].

B HacTosiiee BpeMs MHOTHE HCCJIeZOBATENN aK-
THBHO CTapaloTCsl BBISBUTH CUTHATYPBHI OMACHBIX SIBJIe-
uuit B gaHHbix [HCC-monuTOpuHTra, HecMOTps Ha
CJOKHOCTD aHA/IN3a 3THX JAaHHBIX. Pe3yJbTaThl Mo/e-
JIUPOBaHUS [IBYX CJIy4aeB KOHBEKTUBHOTO IIITOPMa
c TpajJioM moKa3biBaioT, uto O MOJIKHBI OTpaXKaTbCst
B HAKJIOHHBIX TPOMOC(EPHBIX 3a/IeP3KKAX CITyTHUKOBBIX
curHasioB [15]. Yuer IWV yayumaer paGoty Heiipoce-
TEBOTO aJTOPUTMA IPOTHO3a JIETHUX mTOpMOB [16].
Brarogapss BBICOKOMY NTpPOCTPAHCTBEHHOMY paspelle-
HUIO CeTH TPHEMHHUKOB B HcciefoBaHmu [17] ymamoch
npocieauth Tpaekropuio gepedo (6ypa u rposa, pac-
MPOCTPAHSIONIAsACS TMPAMOJINHERHO) Ha TEPPUTOPUH
[Tonbmu. Pe3ynbTaThl MccjeOBaHNUS IBYX KOHBEKTUB-
HBIX INTOPMOB B besbrum mokaszanam, YTO CHUTHAJIBI
THCC wMoryT ciy:XutTh [eTeKTOpaMHU IITOPMOBBIX
co6brtuii [18]. B pa6orte [19] ob6Hapy:keHO, YTO JIUB-
HEBBbIE OCA/JKH COMPOBOXKIAIOTCS 3aMETHBIMU CUHXDPOH-
vpiMu BapuanusamMu IWV. K cokaneHuioo, B OCHOB-
HOM HCCJIe[JOBAHUS OMMPAIOTCS HA 3MU30IMYeCKUe CJIY-
yan O4.

Pamee 6bL710 TIOKAa3aHO 3HAYNMOE PA3JNUNE CTATH-
CTUYEeCKUX CBOWCTB HMHTETPATBHOTO BJIATOCO/EPIKAHIUS
armMocepst [20] U TpagueHTHBIX HapaMeTPOB TPOTIO-
chepHoit 3amepxkku [21] mpu ray6oKoil KOHBEKITHH,
KOTOpasl OLEHWBAJIACH C MTOMOIIbI0 KOHBEKTHBHBIX WH-
JIEKCOB, PACCYNTAHHBIX TO MOJEJIbHBIM JaHHbIM. Of-
HaKO He Bcerja KOHBEKTUBHBIE MPOIECCHl MPUBOJIAT
K OMaCHBIM TOTOJHBIM ABJeHUsM. [loaToMy B HacTod-
meit paboTe TpeaNoJaTaeTcs PacCcMOTPeTh HECKOJDbKO
COTEeH cJyyaeB 3apeructpupoBaHHbix O u BbBIABUTDH
U3MEHYNBOCTh HEOJHOPOHOI CTPYKTYPBI TOJSI 3€HUT-
HOil TpomocdepHoii 3asepxkkn paaunocurHasoB THCC
U WHTErPAJBHOTO BJIATOCOJEPKaHUS aTMocdepbl, Xa-
PAKTEPHYIO [IJIS 3THX SIBJICHMUIA.

B pa6orte mcCmoOJSB30BaHBl [TMHHBIE PSIBI HHTeE-
TPAJbHOTO BJIATOCOJEPKAHUS U TPaJNeHTHBIX Tapa-
metpoB ZTD, paccuuranabie mo panHbiM [HCC-
Habo/IeHnil ceTell TTPUEeMHIKOB BBICOKOTOYHOTO TO3W-
nnoHupoBaHus Kazanckoro ynuBepcutera u I1GS-
GNSS [22]. Paccmorpens! maHHble HaOJOAEHUH
13 crannmii B Pecny6auke Tarapcran u MocKOBCKOit
o6mactu 3a 2013—2023 rr.

B6maun atux cpeanemupotHbix ['HCC-cranimit
(no 200 kM) mpoBejeHa BBIGOPKA COGBITHI OMACHBIX
KOHBEKTHBHBIX gBIeHUil. Heo6xoamMo 6bLIO YTOYHUTH
KOOPAMHATHI W BpeMsd Havaja HamboJiee CHIBHOTO TIPO-
apiaerng O. Boibupannch Te coObITHA, TSI KOTOPBIX
UMeJNCh JTaHHble 0 KOOpAMHAaTaX W BpeMeHH B EBpo-
neiickoii Gase manubIX 0 cypoBoil noroge (European
Severe Weather Database) [21]. ®ukcuposamich

CUJIbHBIN BeTep, CMepd, TOPHAJO, INTOPM, KPYIIHBIi
rpaz, MoiHuA. B gokymentarmu [21] «rpag» — 3TO BHI-
maJlafolue TPAJuHbl [uaMeTpoM He Menee 2,0 cM win
rpaauHbl, o6pasyiolie cjoii ToumuHoi 2,0 cM wWiIn
6ojiee Ha IJIOCKUX YyYaCTKaX 3€MHOW MOBEPXHOCTH.
«Monnusi» — mo60e sIBJeHne MOJHUYM, KOTOPOe IIPUYU-
HIJIO 3HAYUTEIbHBIN yIep6 caMoJieTaM, TPAHCIIOPTHBIM
cpelcTBaM, KOpPaOIIM, COOPY:KEHUSIM WIH IIPUBEJIO
K paHEHHSIM WM Tubenn Jofell, KUBOTHBIX. «TopHa-
0y, WJIH <«CMepY» — 3TO BUXPH, TPOCTUPAIOIIUICS
MeXIy KOHBEKTHBHBIM OOJAKOM U 3eMHOIl TOBEPXHO-
CTHIO, B KOTOPOM BeTep JOCTaTOYHO CUJIeH, YTOOBI Ha-
HecTn yiiep6 oObekTaM (CKOPOCTH BeTpa He MeHee
25 M/c). «CuibHBIH TIOpPBIB BeTpa» — IMOPBIB, CKO-
pOCTb KOTOPOTO, IO OIleHKaM, COCTaBJisIeT He MeHee
25 M/c [21]. DTu KpuUTEpUU COOTBETCTBYIOT KPHUTEPU-
am O, u3nokeHHLIM B peKOMeHJanusax BceMupHoii
MeTeopoJiorndeckoil opranusammu [1].

Kak mpaBmio, Bbrmenepeuncienabie O dukcn-
pPOBAJICHh B WCCJIEAYEMBIX PETHOHAX B TEILIBIH TePHO.
roga ¢ 15 ampens mo 15 okTsa6ps. B aTo ke BpeMmsa
HaOII0al0TCd MaKcUMaJjbHble 3HadeHug IWV. [lnuH-
Hble psizbl JaHHbIX IWV u °ZTD u "ZTD ¢ BpeMeHHBIM
paspelreHneM OT 5 MHUH COIOCTABJISJIUCH ¢ HabTIo/e-
Huamu O4].

Cuenyst pa6ore [21], npeo6pasyem ‘ZTD u "ZTD
B BEKTOp T'PaJMEHTHOTO IapaMeTpa, 3aJaBaeMblii BeJu-
ynnoit dZTD u nanpaBieHueM Agz71p:

d7ZTD =~+"ZTD? + °ZTD?;
Ayzrp = arctan("ZTD/°ZTD).

MpbI [peoIoKIIN, YTO UHAUKATOPOM TJIy6OKOI
KOHBEKIINH CJIYKHUT Kak yBeiamdeHne IWV, Tak u ¢op-
MUPOBaHHMe KOHBEKTUBHBIX s4eeK, T.e. AKTUBU3AIUS
Me30MacImTabHbIX  aTMOC(EepPHBIX  HEOJHOPOTHOCTE.
Me3zomactiTabHble KOHBEKTUBHBIE CTPYKTYPbI TlepeMe-
maioTcs B TPOCTpaHCTBe, KoopAamHaTthl O He coBma-
JIalOT ¢ KOOPJAWHATAMH CTaHIW{, TPH 3TOM HAJO Olle-
HUTb MaKCHUMQJIbHYI0 WHTEHCHUBHOCTb KOHBEKTHBHBIX
s'yeek Ha TEepPUTOPUH PACIOJOXKEHHsI BCeX IYHKTOB
Ha6monennii. Ilostomy, B oTamume ot paboter [21],
37lecb Mbl paccMaTpHUBAIN He CpeJHeYacoBYIO, a Mak-
cuMasibHyilo 3a cyTku dZTD u cpeaHeKkBaJpaTHYHbIE
OTKJIOHEHUSI HANpPaBJeHHs BeKTOpa TPAJMEHTHBIX Ia-
paMeTpoB G,,,,. CpeaHecyTounble 3HaveHus IWV, ero
BHYTpHCYTOYHasA u3MeH4nBocTb dIWV — oTHoleHne
BHYTPHUCYTOYHOTO POCTa BJIATOCOAEpPKAHUI K MUHU-
MaapbHOMy IWV 3a cyTKH B TIpOIleHTaxX — 3TO MOKa3a-
TeJTM MOTTHOCTH KOHBEKTUBHBIX TIpoileccoB. Cdopmu-
POBaHbI BBIOOPKU 3TUX XaPaKTEPUCTUK /IS CYTOK,
KOT/la TIPOSBJAJCS Kakablih m3 tumoB O, u obmas
BBIOOPKaA 71 Tiepuoja ¢ 15 ampens mo 15 okTa6psa 3a
BCe TOJIbl HAOMIOIeHNIl.

B kauectBe curHarypsl OSl uiieM nusMeHeHue pac-
npejenennii BoIOpaHHbIX mapamerpoB (IWV, dIWV,
dZTD, ©4,.,,) OTHOCHTEJIBHO MHOTOJETHUX JAHHBIX.
Panee 6bLI0 TOKA3aHO, YTO pacIpefieleHHs XapakTe-
PUCTHK TOpuU3OHTambHOro rpaauedta ZTD u IWV
mpH TJIYy6OKOH KOHBEKIIUU HE COOTBETCTBYIOT HOP-
MampHOMY [20, 21], mO3TOMy OHH TIPOBEPSIUCH
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¢ moMonibio kputeprueB Kpackena—Yosmuca, CTbiojieH-
ta 1 ANOVA [23]. Beruucasaucey Memuanbsl [WV,
dIWV, Benmnuuubl U (QIYKTyalluil HaPaBJEHUS BeK-
TOpa TpaJlleHTa 3eHUTHOH TpolocgepHoll 3aJep:KKU
KaK [Jid BceX J[aHHBIX JIeTHEro Ilepuoja, Tak M s
curyarmii Habmogaerns O.

Pesyabratel 1 06CyKaeHHe

[l Havasa OIeHMBAJICh CTATHCTHYECKHE Xapak-
TEPUCTUKH BCeX HCCIeAyeMBIX HapaMeTpoB MJS pa3s-
HbIX crTaHimit Pecny6uuku Tarapcran m MocCKOBCKOii
o6macti. OKasajaoch, YTO OHM IPUHAIERKAT K OJHOIL
reHepaJIbHON COBOKYIIHOCTH, 4YTO BIIOJIHE OGBSICHIMO,
TaK KaK HMX IIMPOTHI HAXOJATCS B IIpelesiaX OJHOTO
rpagyca (55—56°c.m1.). ITO I03BOJIMJIO PACcCMaTpH-
BaThb CTaTHCTUYeCKHe CBOWcTBa pacmpenesenuit [WV
6e3 NMPHUBA3KM K KOOPAMHATAM CTAHIMH, OODbeJANHIS UX
B 06110 BBIGODPKY.

Pacnipenenenus mapamerpoB IWV u dIWV, dZTD
U G,y HONYydeHHBIE 10 MHOTOJETHHM [JAaHHBIM,
U pacnpe/ieJieHus JIIs1 BCeX CYTOK, KOT/la HAaGJII0AINCh
kakue-mm6o u3 O, mpencrasiaenst Ha puc. 1 u 2 co-
OTBETCTBEHHO.
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Puc. 1. TucrorpamMmMbl pacnpeneseHnii XapaKTePUCTHK aTMOC-

¢epbl, TONyUeHHBIE IO MHOTOJIETHUM [aHHBIM W 7S BCeX

CyTOK, Korga Habmogamuch Kakue-mu6o usz OH: cpexane-
cyrounoe IWV (a); poct dIWV (6)

[l1oTHOCTE BepOATHOCTH

CpaBHeHIe paclpejiesieHnii Ha puc. 1 Toka3biBaer
TIOBBIIIEHIE CPeHECYTOYHOTO MHTETPAIbHOTO BJIAT0CO-
Jep:KaHus atMocdepbl W ero BHYTPHCYTOYHBIX BapHa-
U TPU OMACHBIX KOHBEKTUBHBIX SIBJIEHUAX TI0 CPaB-
HEHUIO ¢ MHOTOJIETHUMH JaHHBIMU. Buano, uro O
nposipistiorcss B ganHbix ['HCC-MoHHTOpHHTA pPOCTOM
UHTEHCHBHOCTH Me30MAacCIITaGHBIX HEOJHOPOJHOCTEIT,
0 4YeM CBUETEeJbCTBYEeT CABHUT BIIPaBO paclpeieeHUit
dZTD 1 64, (puc. 2).

0,06 1 MHoroJieTHIe JaHHbIe

mm Os
0,05 F

0,04
0,03 F

0,02 -

[I1oTHOCTD BEPOATHOCTH

0,01

2 3 4 5
dZTD, ymm

a
0,05 F

0,04 -

0,03

0,02

[I1oTHOCTD BEPOATHOCTH

0,01

0 10 20 30 40 50 60
CAyzrny TPAA

6

Puc. 2. TucrorpaMMbl pachpejeieHiii XapaKTepUCTUK aT-
Mocdepbl, TTOJYIeHHbIe 0 MHOTOJETHUM JAHHBIM U IS BCEX
CyTOK, Korjga Habmogamuch kakue-au6o uz OS: dZTD (a);

CAazrp (6)

Kpurepuu Crbiogenta, ANOVA un Kpackema—
Yosneca mokasasm, 4TO paclpeleseHIs BceX HCCe-
nyeMbIx mapameTrpoB npu O u cpegHeMHOTOJIETHHE
3HAUNMO pa3IndaiorTcs.

/lanee ™Mbl paccMorpesu pacnpeneneHus [WV
u dZTD pua pasnnunbix tunoB Ofl. Bce crartucrude-
CKWe KPUTepHH II0Ka3ajH, 4To TIpPH cMepde, IITOpMe
7 CIJTHHBIX MOPBIBAX BeTpPa OHU CTATHCTUYECKHN He pa3-
JIMYAloTcd, MO3TOMY Jajiee 3TU SABJEHHS paccMaTpHBa-
€M B COBOKYITHOCTH.

ITo BceM craTHCTHYeCKUM KpPUTEpUsIM paclipelie-
geHus IWV u ZTD npu KpynHOM rpajie, MOJHUSX
W JIMBHSX TPUHALIEXKAT K OJHON TeHepaJbHOW COBO-
KYHMHOCTH. DTO BO3MOKHO H3-32 HeOOJBIIOTO o6beMa
BBIGOPOK, COOPAHHBIX JIJIsI COOBITHIT ¢ MOJTHUSIMU U JIHB-
HIMM, WM 1U3-32 TOTO, YTO TPO3bI U I'PaJl MOYTH BCera
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COIIPOBOJK/JAIOTCS JIMBHSIMHU, HO B 06a3e /aHHBIX OHH
KJIaccuUIUPYIOTCS  OTIEeNbHBIMU ciaydasmu. U Ha-
060poT, OOGHApPY:KEHO, UYTO BBIGOPKH UHTErPAIBHOTO
BJIATOCO/IEP’KAHUS, €ro BHYTPUCYTOYHOIl M3MEHYHBO-
ctu, GUyKTyaiuii HanpaBJeHUs TIpaJueHTa 3eHUTHOI
TponocepHOil 3a1epKKK IpH cUIbHOM Berpe (BMecte
CO ITOpMaMM M cMepuaMiu) U KpyIHoM rpae (BMecre
C MOJIHUSIMH U JIMBHSAMHU) MPUHAJJIEKAT K PasHBIM CO-
BokymHOCTSM. Besmunua dZTD He mokasaia pasfiu-
ynit pacnpenenenuii. Ckopee Bcero, OHa OTpa’kaer
xXapakTepHble (GJIYKTYal IUIOTHOCTH BO3/yXa IIpH
¢opMHUpPOBaHNN KOHBEKTUBHBIX SY€EK C OJUHAKOBBIM
XapaKTePHBIM MacitaboM mpu TIyGOKOH KOHBEKI[HH,
comnpoBoskgaeMoit pasubiMu Tunamu O [24].

OlleHeHbI CTATUCTHYECKUE XapaKTEePHCTHK WHTe-
TPAJbHOTO BJIArOCO/epKaHusT arMocdepsl, TpaanueHT-
HBIX NAapaMeTPOB 3€HUTHOW TponocepHONl 3aJepiKKu
B 3aBHCHMOCTH OT PACCTOSHUSI MEXIY KOOPAMHATAMH
ormedentoro Ol u mynkrom Habmozenus (THCC-
craHnus). Boi6op paccTOSIHUS [0 CTaHIMH OCHOBBIBAJI-
Cs1 Ha BBIJIeIEHUH BJIMSHUSI KOHBEKTHBHBIX IPOIECCOB,
COOTBETCTBYIONMUX y-Me3oMaciitaby (IpocTpaHCTBeH-
Hbiil MacmTab g0 20 KM) u B-MesoMaciiTaGHBIM (JIyK-
tyammam (20—200 k) [25], na curnansr THCC.

B ta6smite mpesacTaBienbl A pa3HbIX BuaoB O
COOTBETCTBYIOIINE MM MeMaHbl MHTErPAJIbHOTO BJIATO-
coJiepKaHust aTMocepbl, ero CyTOYHOI N3MEHUYNBOCTH,
rpaJueHTa u (QIyKTyanuii HampaBIeHNIs I'PaJeHTa 3e-
HUTHO} TpomocdepHoil 3a7ep:KKH. /[T comocTaBieHNS
MIPe/JICTaBJEHBl MEIMAHbl TE€X K€ BEJUYNH II0 MHOTO-
JIETHUM JJAaHHDBIM.

06 yCHJIEHUN MOIIHOCTH BBIHOCA BOJASHOTO Tapa B aT-
Mocdepy Tpu TIyGOKOWH KOHBEKINH, TIPUBOJSIIEN
k O4.

Ecmu O4 mabmrogatorcest e nanee 20 KM OT CTaH-
UM, BHYTPUCYTOUHBIH poct IWV cocraBiaser 50%
u Bbime. Bekrop rpaamenta ZTD u ¢uykryarmuu ero
HaNpaBJeHNsI MeHee UYYBCTBUTEJIBHBI K PACCTOSHIIO
1o Of, HO Takske MOKA3BIBAIOT yCHUJeHUE HEOTHOPO/I-
Hoctefi atMocdeps! npu O 1Mo cpaBHEHUIO ¢ MHOTO-
JIETHUMU JaHHBIMHU. BeKTop rpajiieHTHBIX IIapaMeTpoB
7 GIYKTyaIlluu ero HallpaBJeHUs — KPUTePUH HeOIHO-
POHOI CTPYKTYpPBI Tporocdepbl, UX POCT CBUETEb-
CTByeT 0 (DOPMUPOBAHNN KOHBEKTHBHBIX gdeek. Cia-
6as 3aBucuMoctb dZTD ot paccrosuus mexay OS5
U CTaHI[ell MOHUTOPHUHTA OGBSICHSIETCS TeM, 4TO, Kak
MpaBUJIO, TPH TJIY6OKOIl KOHBEKIUN 06pa3yercs He
O/lHa fAYeiika, a MPOTKeHHbIe Me3oMacllTabHble KOH-
BEKTHBHBIE CTPYKTYPBI, CBSI3aHHBIE C MPOXOKIEHUEM
armocdeproro ¢ponta [26]. CrenoBarenbHo, Ha pac-
croguugax 20—200 KM 70 cTaHIINU KOHBEKTUBHBIX d4e-
€K MOXKeT OBbITb HECKOJbKO, UTO OTPAsKaeTcs Kak Ha
daykryarusx yriaa dZTD, Tak 1 Ha ero BeJHYHHE.

3akaoueHue

[Tosryuennble pe3yJIbTAThI CBUIETEIBCTBYIOT O TOM,
YTO B YCJOBHUAX ONACHBIX KOHBEKTHBHBIX SBJICHHI
¢ moMoIbio 3oHaupoBaHusA Tporochepbl THCC-curna-
JaMn (UKCHPYETCsS POCT BJIATOCOJEP)KaHUST atMocde-
pPbl M MHTEHCHBHOCTU Me30MaCHITAOHBIX HEO[IHOPO/HO-
cTeil, 4yTO TpOsBISeTCS B yBeJnmueHUU GJIyKTyaruii

THCC-napametpsi atmocdepst 1715t OSI B cpaBHEHHH ¢ MHOTOJIETHHMH JaHHBIMU

Paccrosinue ot npuemanka g0 O
Cpenne-
I MHOTO- D <20 xm 20 < D <200 kM
apaMerp
JIeTHIE " "
JaHHDle | CHIPHBI | TPAJL, JIMBEHD, | CIIBHBI | Tpaj, JIMBEHD,
BeTEp rpo3a BeTEP rpo3a
Mennana cpegaecyrounoro IWV, M 19 25 29 25 25
Mennana usmenunsoctu IWV
3a CyTKH, % 28 54 51 46 48
MeanaHa MakCUMAaJbHOTO 3a CYTKH
rpaguenta dZTD, MM 1,6 2.1 1,8 2 1,8
Mennana BHYTPUCYTOUHBIX (DJIYKTya-
W Ga4prp, TPAT 19 29 26 27 23
Yucio cobbIThit 30 10 161 106

Panee mamMm O6bLIO TOKa3aHO, YTO [Jaxke TIpU
orcyTtctBun O B ycaoBUAX TyOOKOIT KOHBEKIINH pac-
npefieJieHle UHTETPATbHOTO BJIATOCOJEPKAHUSA  3HA-
yuMo MensgeTcd. B IloBo/kckoM pernmone MeamaHa
cpeJHedacoBblX Tokasareneil IWV  yBenuunBaercs
B cpeiHeM Ha 12 MM IIpu yBeJUYeHMM BOCXOJsleil
BepPTUKAIbHOI cKopoctu Berpa a0 40 M/c [20]. B ta6-
Jlulle TIpUBeJieHbl cpeJHecyTouHble oleHkH IWV, a He
cpenHevyacoBble, Kak B [20], mosTOMy WX pOCT MeHee
BoIpakeH. TeM He MeHee oH cocTaBJigeT oT 6 10 10 MM
ocakJileHHO#l BoJbl. BMecTe ¢ pocTOM BHYTPHCYTOYHOI
n3MeHUnBocTH B 1,5—2 pasa 3TO CBHIETETbCTBYET

BeKTOpa Tpa/INeHTHOTO IapaMeTpa 3eHHUTHOIl Tporo-
cdepHoil 3afepxkn curHanos. Hambosee cmibHO BO3-
pacraeT BJarocojepskaHue aTMocdepbl, eclU CTaHIUs
pacrojioxxeHa He gajee 20 KM OT ONACHOTO SIBJIEHUS,
4TO OODBSICHSETCS pa3MepaMi KOHBEKTHBHBIX sTUeeK.
Ho naxe mpn pacrosio)keHUN CTaHIMH Ha PACCTOSTHUSX
mo 200 KM OT OHNACHBIX SBJIEHWI OOGHApPY:KIBAETCS
yBeln4deHne aTMoc(hepHBIX (QIYKTyaIuii U HHTETpajb-
HOT'O BJIATOCOZIE€P>KAHUS 110 CPABHEHUIO CO CPeIHEMHOTO-
JIeTHUMH JaHHbIMU. TakuM o6pa3oM, oIllacHble IOTOjI-
Hble SBJIEHMsI B JIETHHI IIephoji 06BEKTUBHO OTpaska-
I0TCSI B U3MEPSIeMBbIX XapaKTePHCTHKAaX HEOJHOPO/HOII
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ctpykTypbl arMocdepst npu 'HCC-monuTopunre. Hc-
CJIe[IOBAHUST TLIAHUPYETCS MPOJOJIKUTH, TaK KakK yBe-
JndeHne o6beMa BBIGOPOK MOJKET YTOYHUTDL ITOJTyYeH-
Hble pe3yJbTaThl. HampmMep, omMacHBIX KOHBEKTHBHBIX
SABJIEHN, TPOXOAANNX Ha paccTogHuu a0 20 KM oT
THCC-npueMHnKa, BBISIBJIEHO TIOKA HEJIOCTATOYHO.
BosMo:kHO, aHaiu3 GOJIBIIEro KOJUYecTBa JINBHel
U TPO3 TO3BOJHUT OGHAPYKUTD [IOTIOJHUTEIbHBIE 3aKO-
HOMEPHOCTH.

(MunaHcupoBaHHe. llccieJoBaHHe  BBIIOJHEHO
npu noggepxkke PHD (rpant Ne 23-27-00222), (https:
/ /rscf.ru/project,/23-27-00222), (nmpoext Ne 23-27-
00222).
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Atmospheric monitoring from global satellite navigation systems is usually used to estimate the integral
water vapor of the atmosphere. In addition, such parameters as the zenith tropospheric delay of satellite radio
signals and its gradient parameters characterizing atmospheric mesoscale irregularities measured with high tem-
poral resolution. The work shows a significant variability of these atmospheric characteristics associated with
sever convective weather phenomena. A sample of several hundred events of severe weather phenomena corre-
sponding to available observations of the nearest satellite stations in the Republic of Tatarstan and Moscow re-
gion located at latitudes 55—56° N is used. It was found that under the conditions of severe weather pheno-
mena, the inhomogeneity of the zenith tropospheric delay field of satellite signals strongly increases, which
manifested in the increase in its gradient parameters and their fluctuations, as well as in the growth of the in-
tegral water vapor. The intensity of fluctuations of integral water vapor most strongly changes if the station is
located not further than 20 km from a hazardous phenomenon, which is explained by the size of convective
cells. However, even at the station location at distances of up to 200 km from hazardous phenomena, an in-
crease in the atmospheric integral water vapor and the effect of amplification of inhomogeneity as compared to
mean multiyear data are observed.
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