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AHAAN3 1 TITPOTHO3 ITPOCTPAHCTBEHHO-BPEMEHHOTI O
PACITPEAEAEHUA I'PO3 1 TPAAA HA TEPPUTOPUN BEAAPYCU

II. C. J1011YX ", E. C. BEPEJKKOBA"

YBenopycckuii 2ocydapcmeennuiii ynusepcumem, np. Hezasucumocmu, 4, 220030, 2. Munck, Berapyce

HUccnenyercs npobnema obecriedeHns: 0€30IIaCHOCTH BO3AYIIHBIX CYAOB MPHU BBHIIIOJHEHUH B3JieTa-Mocaaku. [posa
U Tpajg — HauboJee OIacHbIe METEOPOIIOTHYECKHUe ABIeHUS. /I peaynpekieHNs] aBHAIIMOHHBIX IPOUCILECTBHUM, CBS-
3aHHBIX C JAHHBIMH SIBIICHUSIMH, CJIEYeT YETKO IPECTABIIATH 3aKOHOMEPHOCTH X BO3HUKHOBEHUS M IPOCTPAHCTBEHHOT'O
pacnpenienieHus. B cBsi3M ¢ OBICTPBIMHU TEMIIAMU POCTa 0OOBEMOB MACCAKUPO- U TPY30000pOTa B aBUAIIMU HEOOXOANMO
MMETh BO3MOKHOCTB B PEaJIbHOM PEXHMME IOTy4aTh U MPEAOCTABIATH (PAKTHYECKYI0 METEOPOJIOTHYECKYI0 HH(POPMALHIO,
a TaKXke 00J1a1aTh Ka4eCTBEHHBIM 1 3a0J1aroBpeMEHHBIM IIPOTHO30M ITOTo/Ibl. J1JIst M3y4eHHs IPOCTPaHCTBEHHO-BPEMEH-
HBIX 3aKOHOMEPHOCTEH pacnpeeIeHus IPO3bI K Ipajia BBITOIHCHBI 00paboTKa METEOPOIOTHUSCKHX HHCTPYMEHTAIBHBIX
nmaHHbIX benruapomera 3a 1989-2016 rr., aHanmm3 CHHONTUYECKUX KapT B CPABHEHHUH C PACUCTHBIMH MTPOTHO3aMH (BKITIO-
yast WRF') u mocTpoeHue KapT ¢ momonipio ArcGIS.

Knrwuesvie crosa: aBUallMOHHAasA METCOPOJIOrUd; rpo3a; rpali; 0e30MacHOCTh NOJICTOB; paaAnoOJIOKalus; METCOPOJIOTU-
qeCKHUi IMMPOTHO3; paCUCTHBIC METOABI.
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The article is devoted to the study of the problem of ensuring the safety of aircraft during take-off and landing. Thun-
derstorm and hail is one of the most dangerous meteorological phenomena in aviation. To prevent accidents associated
with these phenomena, it is necessary to clearly understand the patterns of their occurrence and spatial distribution.
In connection with the rapid growth of passenger and cargo traffic, it is necessary to be able to receive and provide
actual meteorological information in real mode, as well as to be able to receive high-quality and timely weather fore-
cast. To study the spatial-temporal patterns of the distribution of thunderstorms and hail, Belgidromet’s meteorological
instrumental data for 1989-2016 was processed, synoptic maps were analyzed in comparison with calculated forecasts,
including WRF, and maps were made using ArcGIS.
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BBenenue

Lenp nccnenoBanusi — U3ydeHHe 3aKOHOMEPHOCTEW MPOCTPAHCTBEHHO-BPEMEHHOTO PACIIPE/IeIeHUs TPO-
30BBIX SIBJICHWI Ha TeppuTopnn bemapycw Ha 0CHOBE MEXIYHApOIHOTO W HAIMOHAJIHHOTO OIBITA MPOTHO-
3WPOBAHNS TOTOIHBIX YCJIOBHN M oOecriedeHusi 0€30MacHOCTH TMPH B3JIETE W MOCAJKE BO3MYIIHBIX CYIOB.
OnHol u3 3amad SBIsICTCS BepupUKaus MPOTHO3HOW MH(OPMAITMH U OIeHKa ee KadecTBa. B PecmyOmmke
Benapychk Bonpocamu MpouCXOKICHHUS U TPOCTPAHCTBEHHOTO pacmpeiesieHus Tpo3 3anuManuchk B. @. Jloru-
HOB, B. 1. Menpauk, A. A. Bomuek, 1. H. lllmoka u np. [1-3]. OqHako BRITOTHEHHBIC paHEe UCCICTOBAHUS
HE Kacajauch 0€30MTaCHOCTH ITOJIETOB TpakIaHCKol aBuaruu. [loaTomy Hama paboTa B TaHHOH MPEAMETHON
00JTacTH aKIIEHTUPOBaHA Ha U3yUEHUH JOCTOBEPHOCTH IMMPOTHO3a TPO3BI M TPajia B LENIX 00eCIIeueHNs HaIeK-
HOCTH paOOThI TPayKTAHCKOW aBUAITHH.

MeToauka uccje10BaHus

B crarbe ucnonb3oBanivchk Metonibl Balitunra, PemieroBa, @aycra Jyuist MCCle0BaHUsI METEOPOJIOTHYECKON
0OCTaHOBKH Ha dTare B3JIeTa U MOCaKH BO3AYIIHBIX CY/I0B [4]. DTO MO3BONMIIO, HA HAIll B3IV, BCECTOPOHHE
W3YYHUTh 3aKOHOMEPHOCTH PACTIPEACIICHHS TPO3 U IPajia U BOSMOKHOCTH MPOTHO3UPOBAHUS MX BO3HUKHOBEHHSI.

dakTuyeckre MaTepHaibl o TPO3aM U Ipajy Kak OIMacHBIM SIBICHUSM OBUIM MOTYYCHBI IO pe3ylibTaTam
HaOmoneHui 3a mepuo ¢ 1989 mo 2016 1., It aHaau3a ONMPaBABIBAEMOCTH METEOPOIOTUIECKOTO TTPOTHO3a
WCTIOJIH30BANIUCH JaHHbIe 3a anpens u Mail 2018 1. Ha 49 MeTeopoIOrHYecKnX CTAaHIMX, 3a(pUKCHPOBAaHHBIC
B 2JIEKTpOHHOM 0aze (puc. 1). B akciepruMeHTaNIbHOM YaCTH UCCIICTIOBAHUS COMOCTABISUTMCH IPOTHO3HBIC TaH-
HBIE TI0 3a()UKCUPOBAHHBIM OITACHBIM SIBJICHUSM. Ha 3TOM 3Tare Onu1a mpoTtectupoBana 3 (HEeKTHBHOCTH YHC-
JICHHBIX METOJIOB TIPOTHO3UPOBAHMST METEOPOIOTMUYECKO 00CTaAHOBKH C pealbHBIMU JaHHBIMU. [Tocie aHamnm-
3a MOJMYYCHHBIX MaTepPHAIIOB BBISBICHBI XapaKTepHbIC IPU3HAKH, OCOOCHHOCTH, CBOMCTBA OMACHBIX SBJICHUHN
W BOBMOXXHOCTH YHCJIEHHOTO METOJ1a IIPOTHO3UPOBAHUSL.

Marepuanbsl 00paboTaHBI ¢ TOMOIIBIO CTATUCTUIECKUX U MaTeMaTHdecKux MeTonioB WRF (Weather Research
and Forecasting), MO3BONHMBIIMX HAWTH JIOCTOBEPHBIC XapaKTEPUCTHKU TPOCTPAHCTBEHHO-BPEMEHHOTO pacIipe-
NeTICHNS N3y9aeMbIX OTTACHBIX SBICHHUH U MPEICTaBUTh MX B BHJIE TPaUKOB, JHarpamMmm, Taomur [5; 6].

Ob6paboTka manHbIX benruapomera 3a mpeAnIecTBYIONEe ONACHBIM ITOTOHBIM SIBICHUSM BpeMs (B arperne
u Mae 2018 1.) mpoBoaMIaCh B COOTBETCTBHHU C METEOPOJIOTHICCKUMH CPOKAMH B DJICKTPOHHOM BHjC. B 3aBu-
CHUMOCTH OT YKa3aHHOTO sIBJICHHS (pakTHueckas MeTeoposiornieckas nadopmarnus (HanpasieHHe U CKOPOCTb
BETpa, TeMIIepaTypa, TOYKa POCHI, BUIBI O0JAYHOCTH, METEOPOJOTHUECKHE SIBICHUS, aTMOC(epHOe JlaBie-
HHUE U T. JI.) cobupaercs 3a 6—24 9 70 ero Haydaja.

Coop CcOmpoOBOKIAIOMIEH METEOPOTOTHICCKON HH(POPMAITUN OCYIISCTBIIICSA 1O TOH K€ MporpaMMe BO
BpeMs MPOXOXKICHHST OTIACHOTO JUIsl aBUAIMU siBJeHUs. OIHOBPEMEHHO METEOIaHHbIe (PUKCHPOBAIUCH C TI0-
MOIIIBIO PAINOIIOKATOPOB.
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Puc. 1. Cerb MeTCOPOIOrMYECKUX CTaHLUI Ha Teppuropuu benapycu
Fig. 1. The system of meteorological stations in Belarus
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Bepudukanus paguoinoKalioOHHBIX METEOPOJIOTHYECKUX JaHHBIX TPOU3BOIMIIACEH ITyTEM CPaBHEHHS HX
¢ (haKTUYECKUMH JTAHHBIMH MeTeOCTaHIMi. [Ipr 3TOM HeTOCTOBEpHBIE MaTepHalTbl H3BIMAIIUCH U3 0a3bl U B pac-
yeTax He y4acTBOBAJIH, a JIOCTOBEPHbIE MPUHIUMAIUCH 32 OCHOBHBIE U TIPUMEHSUIUCH TIPU MTPOCTPAHCTBEHHOM
aHaJIN3€ UCCIIEAYEMBIX OMACHBIX SBJICHHM.

B pabote ncmonb30Bannch JaHHbIE CUCTEMBI I100adbHBIX porHo3oB (GFS) u Mmoxens nmporuosa moro-
JIbI, CO3aHHasl HAIIMOHAJIBHBIMY IICHTpaMU dKoJiorudeckoro mporuoszuposanus (NCEP) [7]. Uepes npen-
naraeMblii Ha0Op JaHHBIX MOXKHO TOJYYHUTH JIECSITKH MEPEMEHHBIX apaMeTpoB atMocdeps! (0T Temmepa-
Typ, BETpa U OCAJIKOB JIO KOHIIEHTpanuu armocdepHoro o3ona). GFS mokpeiBaeT Bech 3¢MHOH Iap mpu
0a30BOM TOPU30HTAIHHOM paspemeHun 18 mMuip (28 KM) MEXIy TOUKAMH CETKH, KOTOPOE MCIOIB3YeTCs
OTIEpPaTUBHBIMHU CHHONTHKAMU JIJISl IPOTHO3a OTo/16I 10 16 nHel. ['opru3oHTampHOe pa3perieHne CHUKaeTCs
1m0 44 muns (70 kM) MEXIy y3JaMU CETKH IJis mporHo30B oT 1 go 2 memens. GFS mpencrtasnser coboit
CBSA3aHHYIO MOJIETb, COCTOSIYIO U3 4 OTAENBHBIX Mojenel (Moaens arMocepsl, MOJeNIb OKeaHa, MOJIEhb
MOYBBI U MOJIENTb MOPCKOTO JIbJIa), COBMECTHAsI paboTa KOTOPhIX 00€CIeUnBACT TOUHYIO KAPTHHY TOTOTHOM
ob6cranoBku. /s ynyumenus nporHosa B mogenb GFS BHocsTcs m3Menenus. JlaHuble B BUJIE CETKU J0-
CTYTIHBI JUUIS 3aTPy3KH Yepe3 HAIMOHAJIbHYIO OTIepaTUBHYIO MOJIENb apXuBaluy U pacnpoctpaHeHuss NOAA
(NOMADS) [8].

Marepuanst GFS no3BossioT 00padoTaTh METEOPOIOTHIECKYI0 HHPOPMAIIUIO ¢ TIOMOIIBIO TIPOTPaMMBbI
WRF v ucnonib30BaTh €€ /I yCOBEPIISHCTBOBAHMS MTPOIIecca ONEPAaTHBHOTO MPOTHO3UPOBAHUS, HEOOXOIH-
MOTO JUISI TPAXIAHCKOM aBUAIMK. YBEIMUCHHE BPEMEHHOTO U MPOCTPAHCTBEHHOTO Pa3peIICHU MO
MIOMOTAET MPOCIIEJAUTh IBOJIOIMIO CHHOITUYECKUX CUCTEM U WIACHTU(DUIIMPOBATH PA3BUTHE JOKAJIbHBIX aT-
MocdepHbIx nporeccoB. C momomibio WRF MOXHO MPOBECTH MPOBEPKY MPOTHO30B KOHBEKTHBHBIX SIBIIC-
HUU B TETUIBIA CE€30H, YTO OCOOCHHO BaXKHO VISl TPAKIAHCKOW aBHaIuu. KakIpIit pacdeTt, cOCTaBICHHBIN
Ha 48 4, OCYyIIECTBIICH B JIByX IIPOCTPAHCTBEHHBIX pa3penicHusax: 15 u 3 kM. Buzyanuzanus daxruyecknx
METEOPOJIOTHUECKUX JaHHBIX BBIMOJIHEHA C MMOMOIIBI0 MPOTPAMMHOTO MPOoAYyKTa ArcGIS METOIOM paBHBIX
WHTEPBAJIOB.

Pe3y.]'[bTaTbI U UX 06cyme1me

I'po3a — 30 atmMocdepHoe siBIeHUE, TPYU KOTOPOM HAOIIONAI0TCSl MHOTOKPATHBIE IEKTPHUYECKUE Pa3psiIbl
(MoHUM) MeXly oOllakaMH WIIM MEXIy OoOJlakaMH M 3eMJICH, COMPOBOXKIIAEMbIC 3BYKOBBIM sIBJIEHUEM (TPO-
MoM). OOGBIYHO TIPU I'PO3€ BBINAAAIOT OOMIILHBIE OCAJIKW B BUJIE JIOXKIS, TPaJia U B OYEHBb PEIKUX CIydasx —
B BHJIe CHera. MIHOTIa 0TMeYaroTCst TPO3bl M 0€3 0Ca/IKOB, UX HAa3bIBAOT CyXUMH rpo3amu. [ po3bl ObIBAIOT IBYX
OCHOBHBIX THITOB: BHyTPHUMAaCCOBbIC ¥ (DpOHTAIIBHBIE.

BHyTpumaccoBbie Tpo3bl 00pa3yloTcs BO BIaXXHOM M HEYCTOHYMBOM BO3IyX€ BHYTPH BO3AYIIHBIX Macc.
Hawubomnee pacnpocTpaHeHHON BHYTPHUMACCOBOM TPO30i SBIISIETCS TEIJIOBAsI, UM MECTHAS, TPO3a, BOSHUKAIO-
miasi B pe3yJbTare Harpesa BO3AyXa OT MOJICTHIIAIONIEH MOBEPXHOCTH. TeruioBblie TPO3bl HAOIIOAAIOTCS JIETOM
TocJie TIOTYTHS ¥ paccenBaloTcs BeuepoM. BHyTprMaccoBbie Tpo3bl 0OBIMHO 00Pa3yIOTCsl H30JIMPOBAHHO HITH
pacrosararTcs Ipyr oT apyra Ha pacctossHud 20—30 KM, TO3TOMY CaMOJIET MOXKET CBOOOHO O0XOIUTh HX.

OpoHTaNBHBIE TPO3bI PA3BUBAIOTCS HA XOJIIOJHBIX M TETUIBIX (PPOHTAX, a TAK)KE HA PPOHTAX OKKITFO3HH.

['po3bl Ha XonmoaHBIX (hpoHTAX HanboJee CHIIbHBIC, OHU BO3HHUKAIOT BCIIEICTBUE MOIIHOTO MObEMa TETUIOrO
BO3JlyXa 0 KJIIMHY XOJIOJHOTO BO31yxa. B pe3ynbprare B nepeaHeit 4acTu X0J0AHOTO (PPOHTA B TEILUIOE BPEMsI
roJia 00pa3yroTcsi MOILITHBIE KY4eBO-0XK/IEBbIE (TPO30BEIe) 00IaKa ¢ TMBHSIMH, HEPEJKO C TPAJIOM U CO IIKBaJIa-
MU, JJOCTUTAIOIIMMH YparaHHOW CHJIbL. [ PO3bI Ha XOJIOIHOM (POHTE YCHIUBAIOTCS BO BTOPYIO ITOJIOBHHY JTHSI
U 0CJ1abeBaroT K BTOPOI MOJIOBUHE HOYH U yTpoM [9—11].

I'po3bl Ha TerioM (PpOHTE — CPABHUTENLHO PENIKOE SBJICHUE, OHU PAa3BHBAIOTCS B TEINIOM HEYCTOHUUBOM
BO3JlyX€, BOCXOJSIIEM IO KJIMHY XOJOIHOTO Bo3myxa. KydeBo-/oxeBbie o0naka ObIBAIOT CKPBITHI CIIOUCTO-
00pa3HbIMU oOakamMu. XapaKTepHBIM JIJIsl TPO3 Ha TEIUIOM (POHTE SIBISIETCS] TO, YTO HAaHOOJIee aKTUBHBIMH
OHH OBIBAIOT B BEUEPHUE U HOUHBIC YaCHI.

OnacHOCTb JJIs1 caMOJIeTa M SKHIaXka MPEACTABIISAIOT MOIIIHBIE BOCXO/AIINE U HUCXO/SIINE TTOTOKH BO3TyXa
BHYTPH Ky4Ye€BO-/I0’K/IEBbIX O0JIAKOB M B HEMOCPEJICTBEHHOW OJMM30CTH K HUM, a TaKKe BO3MOXHBIN pa3psia
MOJIHUHU B camouer [2; 12].

Kak BugnO 13 puc. 2, Ha Tepputopun benapycu Habmrogaercst TCHIACHIUS YBEJIMYCHUS YUCIia THEH ¢ Tpo-
3aMH C CE€BepO-3ara/ia Ha or0-BOCTOK M Ha [0ro-3amnaj. MakcuMallbHbIX 3HAYeHUH TaHHBIN TOKa3aTelNb TOCTH-
raet B [omenbckoii obmactu 1 Ha cthike [ pogHeHckol 1 bpecrckoit obnacreit u cocrapisier 6osee 29,0 mHs.
AOCONIOTHBIH MakcUMyM — 33,3 1Hs — 3a)UKCHPOBaH HA METEOPOJIOTHUECKON cTaHImy JKuTkoBuueld. MuHu-
MaJlbHbIE 3HaYEHHsI KOJIMYECTBA JTHEH C IPpO3aMU PErHCTPUPYIOTCS B F0XKHO YacTu bpectckoii 1 B ButeOckoit
oOacTu, rjie 3TOT Mokaszareib cHuxkaetcs 10 17,0 qHs. AOCOMIOTHBIM MUHUMYM, paBHbIi 18,3 nHs, 3aduKcH-
pOBaH Ha MeTeoponoruueckon craniuu [uncka.
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Puc. 2. IIpocTpaHCTBEHHOE pacIpeAeiIeHUe CPEAHETOA0BOIO
KoJIM4ecTBa AHeH ¢ rpo3oit 3a 1989-2016 rr.

Fig. 2. Spatial distribution of the average annual number
of days with a thunderstorm for the period from 1989 to 2016

AHan3upyst XpoHOJIOTHYECKUH X0 MHOTOJIETHETO CPETHEMECSYHOTO KOJIMYECTBA JIHEH C TPO30i B peciy0-
suke 3a 1989-2016 rr. (puc. 3), MOXKHO OTMETHTb, YTO MAKCUMAJIbHOE KOJIMYECTBO I'PO30BBIX JAHEH (hUKCH-
pyercs B urone (7,3 aHs1), a MuHuManbHoe — B siHBape (0). CpenHemMecsyHblil oKa3aTenb cocTapiser 2,1 aHs.
['po30Boii mepro/ B TeUEHHE T0la HAUMHACTCS B alpelie W 3aBepIlacTcs B OKTAOpE, T. €. XapaKTepPeH TOJIBKO
JUISL BECCHHE-JIETHET0 HaBUTIalMOHHOTO nepuoja. OqHaKko B MmoclieHee BpeMsi u3-3a 0ojiee «pa3mMa3aHHOro»
W3MEHEHUS TeMIIepaTyp B TeueHHe rojia GUKCHPYIOTCS OTIACNIbHBbIC Cllydyar BO3HUKHOBEHHsI TPO30BOH jiesi-
TENBHOCTH B (eBpaie, Mapre, HOsIOpe u Jaxke Jexadpe. M3 BBIIEH3IOKEHHOTO CIEAYET, YTO B pe3yibTare
100aJIbHOTO MOTEIUICHHS KIIMMaT benapycu 3uMoi cMsryaercsi, a B TEIJIOE BPEeMsi roJla yYallaroTcs CIydan
rPO30BBIX ABJICHUM.

W3 XpoHOIOrn4eckoro Xoja CpeJIHEroJ0BOr0 KOJMYECTBA IPO3OBBIX JIHEH Ha TEPPUTOPUH PECITyOIUKU
3a 19892016 rr. BugHO (puc. 4), 4TO MAKCUMAJIbHOE YUCIIO JHEH ¢ Ipo30od (UKCUpyeTcs Ha oTMeTke 37,5
B 2010 ., a MmuaumanbsHOe — Ha oTMeTke 18,1 B 2015 . CpeaHeromoBoil mokasarenb COCTaBisIeT 25,3 THS.
Jlunus Tpenaa (MyHKTUP Ha puc. 4) TOKa3bIBAET TEHAEHIIUIO POCTA CPEAHETOI0BOTO YMCIIa TPO30BBIX THEH,
CBSI3aHHBIX C MMOTEMJICHUEM KIIUMara.
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Puc. 3. XpoHOTOTHYECKUH X0 MHOTOJIETHETO
CpeIHEMECSIYHOTo Koln4ecTBa JHel ¢ rpo3oif 3a 1989-2016 rr.

Fig. 3. Chronological course of the perennial average monthly number
of days with a thunderstorm for the period from 1989 to 2016
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Puc. 4. Xpononoruueckuil XoJ cpeJHEr0J0BOr0
KOJIMYECTBA rPO30BBIX qHEH 3a 1989-2016 .

Fig. 4. Chronological course of the average annual number
of thunderstorm days for the period from 1989 to 2016

OnacHpIM SIBJICHHEM, HaOMIOaeMbIM TIPU TPO3e, SBISETCS I'pajl — aTMOC(epHbIe OCAJKH, BBIAIAFONINE
13 Ky9€BO-JIOKICBBIX 00JIAKOB B BUI€ YAaCTUYEK JIbJIa, TPEUMYIIIECTBEHHO B JIETHUH MIEPUO BO BPEMS TPO3BI,
B OOJIBIIMHCTBE CIIy4aeB COIyTCTBYs JUBHsIM. [lomaganue B 30HY Ipajia BbI3BIBAET CEPHhE3HOE TEXHHYECKOE
MTOBPEkKICHUE BO3AYIIHOTO cynaHa. JlinHa mpobera camosnieTa U3MEHSIETCS IPH MMOCaIKe Ha MOKPYIO B3JIETHO-
M0CaJ0YHYI0 TIOJIOCY, UYTO MOXKET NMPUBECTH K BBIKATHIBAHUIO 3a €€ mpeneisl [4; 13].

Ha Tepputopun pecrmyOiauku rpajl daiie BhINIaJaeT HA HABETPEHHBIX CKJIOHAX Bo3BbIMIeHHOCTeH (HoBo-
rpynckoii, Munckoii 1 ButeOckoit). Takoe pacnpeneneHe Takxke XapaKTepHO IS 00Iero KoJIM4ecTBa rpos,
IIKBAJIOB, 0CAJIKOB. M3 3TOr0 MOKHO ClIeaTh BBIBOJ O B3aMMOCBSI3H BBINICyKa3aHHBIX sBIeHUH. J[J1s1 omyde-
HUS Teorpaduu pacrpene’eHns CPeTHET0A0BOTO KOTMIeCTBa JHEH C TPaJIoM IO peciyOnuKke Oblsia cocTaBie-
Ha KapTa, NpeJICTaBIeHHas Ha pHC. 5.

OTHOCUTEJIBHO OTPUIIATEIbHBIX TCHICHIIUN MPEABIIYIINX JSCATUICTHHI BBISBICH CKAYOK CPEIHETO0BO-
r'O KOJIMYECTBA JIHEW C TPajioM, KOTOPOe B HacTosiee BpeMs coctaisieT 0,8 qHS, 94TO BBIIIE MPEIBLIYIITNX
nokazareneii. K mpumepy, ¢ 1988 mo 2008 1. atoT mokazarens O0b11 0,6 must (mo mamaeiM M. H. Illmoka).
OO0mras TeHACHINS pacpe/IesIeHUs] COXPaHMIach. YBEIHUECHUE CPETHETOJOBOTO KOJTMUECTBa IHEH ¢ TpajioM
MIPOMCXOANT OT HU3UH K BO3BHINICHHOCTSM. B TeueHHe rojga MakcHMallbHOE KOJUYECTBO I'pajia BhINAJaeT
B TCIUIBIA CE30H (ammpeib — OKTSIOPh), I KOTOPOTO XapaKTepHbl KOHBEKTUBHEIE BICHUA. OqHAKO HEOOXO0-
JIMMO yKa3aTh, 4TO B mocieaHee BpeMs (HaurHast ¢ 2005 1.) oTMeuaroTces JIHU ¢ TpajoM B (eBpaje, mapre,
HOsIOpe | Jaxke AekaOpe. DToT (akT CBUIACTEIBCTBYET O CMITUCHUHU KIMMAaTa B XOJIOJIHBIC MECSIIbl U, KaK
CJIEJICTBHE, O €TO MOTETUICHUN.

[Ipoananm3upoBaB puc. 6, MO)KHO OTMETHTH MECSIIBI ¢ MAaKCUMAJIbHBIM U MHHUMAJIBHBIM KOJTHYECTBOM
nHel ¢ rpagom — utosb (0,25 maHs) 1 ssHBaph (0) COOTBETCTBEHHO.

AHanmu3 JaHHBIX PUC. 7 MOKa3al, YTO MaKCHMMallbHOE YMCJIO JHEW ¢ rpajoMm HaOmronanoch B 2014 1.
(1,6 mus), a MuaIMansHOE — B 1994 1. (0,2 mmst). CpenneronoBoit mokaszarens coctaBisieT 0,8 mus. Jlnaus
TpeHaa (MyHKTHP Ha PHC. 7) MOKa3bIBACT TCHACHIIMIO POCTA KOJUYECTBA JIHEH ¢ IpajoM B roay. JlaHHbIi (akt
TOBOPHT 00 YBEIWYCHUH KOHBEKTUBHBIX SIBJICHUH, CIIOCOOCTBYIOIIUX 00Pa30BaHUIO TPajia, U, KaK CIeICTBHE,
0 MOTETJICHU! KIMMAaTa.

Jus Gomee JeTampHOTO PACCMOTPEHMS TPO3OBBIX SBICHWN ObLIa COCTaBlieHA BHIOOPKA TPO3OBBIX ITHEMH,
noso0paHbl PaKTHYECKHEe METCOPOJIOTHYECKUE M PAJANOIOKAIOHHBIE, a TaKKe MPOTHOCTHYECKUE JaHHbBIC
Benrunpomera, moy4eHHbIEC C TOMOIIBIO IIPOTPAMMHOTO TIpotykTa WRFE. Beero 0bu10 3aIKCHPOBAHO 8 TPO-
30BBIX qHel B ampene u mae 2018 . (tabn. 1 m 2). Taxxe momoOpaHa W MpoaHATM3UPOBaHA (PaKTHUECKas
MeTeopoIornyeckas 00CTaHOBKA 32 CYTKH JI0 TOSBJICHHS TPO30OBBIX SIBIEHUH (10 AaHHBIM benrumpomera).
Bce paccMmoTpeHHBIe TPO30BBIE THU XapaKTepU3YIOTCS BO3AECHCTBHEM IMKIOHUUYECKOW JesTeIbHOCTH (TIpo-
XOXKJICHHE XOJIOJTHOTO, TEIUIOro (PPOHTOB M (DPOHTA OKKITFO3UH).

st oOpazoBaHuUs TPO30BOTO (POHTA HEOOXOAMMBI TPH OCHOBHBIC COCTaBIIstomue: 1) Biara (BeCCHHHA
NEpUOJI Ha TEPPUTOPUH PECIYOIMKH XapaKTepU3yeTcs HaJudueM OOJBIIOro KOJIMYECTBA BJIAard B BO3IyXE
B CBSI3M C TasHUEM CHEXXHOT'O IMOKPOBa, OCAJIKAMH, KOTOPhIC, B CBOKO OYEpE]lb, UCIAPSIOTCS, HACKIIIAS BO3-
IyX); 2) epenaj 1aBieHus (B TeUeHHE UCCIIeTyeMbIX TPO30BhIX JIHEH HAOM0NaIach IUKIOHNYECKAas e Telb-
HOCTB, KOTOpast XapaKTepu3yeTcs mepenagaMu aTMoCchEpHOTO JaBICHIS ); 3) MOIIHAS SHEPTUSA (B OTINIHE OT
3MMHETO TIePHOJia BECEHHHI XapaKTepu3yeTcs HamunuueMm MouHou snepruu Connuna) [14]. Takum oOpazom,
HCCIIeyeMbIe TPO3bI OTHOCATCS K (DPOHTAIBHBIM I'P0O3aM, THITHYHBIM M HanOoJiee pacpoCTpaHEHHBIM Ha Tep-
PUTOPUH PECITyOIHKH.
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Puc. 5. IIpocTpaHCTBEHHOE pacpeieieHe
CpPETHEr00BOTO KOJIWIECTBa JHEH ¢ rpagom 3a 19892016 rr.

Fig. 5. Spatial distribution of the average annual number
of days with hail for the period from 1989 to 2016
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Fig. 6. Chronological course of the perennial average monthly number
of days with hail for the period from 1989 to 2016
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Fig. 7. Chronological course of the average annual number
of days with hail for the period from 1989 to 2016
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Tabnuna 1
CuHonTH4eckasi 00CTAHOBKA IPO30BBIX M NMpelIecTBYIONINX qHeil B 2018 .
Table 1

Synoptic situation of thunderstorm and the days before them in 2018

Temneparypa
Jlara CHHONITHYECKOE COCTOSTHUE ua ypossie 850 rlla, °C OmnacHoe sBJIEHUE
16.04 Termblii CeKTOp IUKIIOHA 8 -
17.04 | ®poHT OKKIIO3UU 10 I'po3a, rpan
20.04 | Hacrymnenne Terioro ¢ppoHTa 3 -
21.04 | IlpoxoxaeHue Temioro ppoHTa, 8 I'posa
NepeMEIIEeHIE B TEIUIBIH CEKTOP
LUKJIOHA
23.04 | XomnoxmHBIA GpOHT 0 -
24.04 | IlpoxokaeHue Terioro GpoHTa, 4 I'poza
TepeMeIIeHNe BO (PPOHT OKKITIO3HH
26.04 | HacrymieHue X0IoqHOTO ppoHTa 4 -
27.04 | Xonomuslii GpoHT 2 I'po3a, rpag
28.04 | IlpoxoxaeHue xoia01HOro GppoHTa 2 -
29.04 | IlpuGnmxenue temoro GppoHra 6 I'po3a, rpan
30.04 | IIpoxoxmeHue TEIIOro (ppoHTa, 11 I'po3a, rpag
nepeMeleHe B TeTIbIi CEeKTop
LUKJIOHA
01.05 | dpoHT OKKIIO3UH 12 I'po3za, rpag
17.05 | Bsixox u3 X0JIOIHOTO (PPOHTA, 10 -
(pOHT OKKITFO3UU
18.05 | HacrymieHue X0noaqHoro ppoHTa 8 I'po3a, rpaz

[Ipumeuanue. Bo Bce nHr Habmonanacy TEHICHINS MAaASHUS aTMOC(HEPHOTO AaBICHUSL.

[Ipu ananu3e paauoIOKALMOHHBIX METEOPOJIOTUYECKUX HAHHBIX (Ta0il. 2) BBISBIECHBl €AMHUYHBIE CIIY-
Yau TIOTPEIIHOCTH B ONPEACICHIUH TPO30BOH JIOKAIIMK TI0 OTHONICHHUIO K (DaKTHYEeCKUM JaHHBIM. [lorpem-
HOCTh cocTaBuia oT 1 10 10 KM OTHOCUTENIBHO MeTeoCTaHIuu. JlaHHas MOTrpeIHOCTh OTMEeYaeTcs Ha pac-
cTostHuM OoT 150 KM U ajiee OT MecTa pacnooKeHus Jiokaropa. Takasi cuTyanus MOXeT ObITh 00yclIOBlIeHa
reorpaMuYeCKUMH yCIOBUSMH MECTHOCTH, UTO, B CBOIO OUEpe/ib, HCKaKaeT CKOPOCTh BO3BPAaTa PalOBOIHBI
B NPUEMHOE yCTPOHUCTBO JIoKaropa. OHAKO CTOUT OTMETHTb, YTO yKa3aHHAasl MOTPEIIHOCTh MOXKET OBITh
JOIIyCTUMOM M yUNTBIBAaTHCS IIyTEM PaCIIUPEHUs IPAHUL METEOPOJIOTHYECKOTO IIPOrHO3a, T. €. IpH (haxTu-
YEeCKOH rpo3e Ha METEOPOIOTHUECKOW CTAHIINH JIOKAIHIO TPO3bI, 3a()UKCUPOBAHHOHN € TIOMOIIBIO JIOTIIEPOB-
CKOTO MeTeopojoruueckoro paguonokaropa (JJMPJI), nonycTumo cuutarh onpaBaaHHON TP YIAJICHHOCTH
OT METeopoJIoTHIecKoi cTanuuu 10 10 kM. MOXHO BBIACTUTH MOJIOKHUTEIBHBIE MOMEHTBI HCIIOIb30BaHHUS
nmaHHbeIX [IMPJI. Bo-miepBBIX, 3TH JaHHBIC aKTyalbHBI U 3a0maroBpeMeHHbI (0T 1,5 10 3,0 9 B 3aBHCHMOCTH
OT CKOpPOCTHU BeTpa). Bo-BTOPEIX, OHM MOTYT OBITh IOIY4YEHbI BHE 3aBUCUMOCTH OT HAJIMYHS METEOPOJIOTH-
YECKOM CTaHIIWH.

Ha npumepe paccMaTpuBaeMbIX IPO30BBIX JHEH MOKHO TIPUUTH K BBIBOIY, YTO 35 % I'pO30BBIX 04aroB
He ObUTH 3a(UKCUPOBaHBI BBHJLY OTCYTCTBHS METEOCTAHIIMI Ha OMPEACIIEHHBIX TePPUTOpHsIX U 95 % ciy-
yaeB rpaja — BBUJY UX TOUCUHBIX JoKauui (tadm. 3). Takke He0OXOOUMO OTMETUTH, YTO U3 53 ciaydaeB
I'pO3bl U (MIIN) Ipaja, 3aQUKCUPOBAHHBIX HA METEOPOJIOTMYECKUX CTAHLIMAX 3@ pacCCMaTPUBAEMBIN TIEPUO],
50 cmydaeB 3apeructpupoBano ¢ nomouipro JJMPJI, uto coorBercTByeT 94 %. DTO NOBONBHO BBICOKUI
ypOBEeHb omnpasibpiBaeMocTu. Eciy ke TOBOPUTH O BbINAJEHUU I'pajad, TO BaXHBIM MOMEHTOM SBIISICTCS
TO, YTO JIaXKe pacIIMpEeHNe METEOPOIIOTHYECKOM CETH He MO3BOJIIeT 0OHapyKuBaTh ero jokaruu B 100 %
Cllydaes.
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Tabnuna 3
Ymucio 3apkcupoOBaAHHBIX CJIy4aeB rpo3bl U rpajaa (2018)
Table 3
Number of recorded cases of thunderstorms and hail (2018)
MereocraHmnus JAMPJI
Jlara
I'poza I'pan I'poza I'pan
17 2 0 15 2
21 2 0 7 0
24 0 0 4 0
Arnpens
27 5 2 17 1
29 8 0 20 4
30 8 0 12 5
. 1 18 0 26 19
Maii
18 22 0 30 12
Uroro 65(54) 2(5) 121(100) 43(100)

IIpumeuanmne. B ckoOkax yka3aHa 10J1s B IPOLICHTAX.

3aKjaoueHune

B nocnennue ronel n3-3a 0osiee HU3KUX aMIUTUTY]L TEMIIEpaTyp B TeUCHUE ToAa (PUKCUPYIOTCS OTJCIbHBIC
CJly4ard BO3HUKHOBCHHMSI TPO30BOM JICATCIILHOCTH B (heBpalie, MapTe, HOSIOpe u Jlaxe Jiekadpe, XOTs IPO30BOi
MepHUOoJl HAYMHACTCS B arpelie M 3aBepIIaeTcs B OKTIAOpE, T. €. XapaKTepeH TOJIBbKO ISl BECEHHE-JIETHETO Ha-
BUTAIIMOHHOTO TIEpHO/Ia.

Uro KacaeTcsi MPOrHo3a KOHBEKTUBHBIX SBJICHHI, TO BHICOKOW TOUHOCTHIO MIPOTHO3a 00JIa/1al0T PajHoIIo-
KalMOHHbIE MeTo/bl. OHAKO 3a0JIarOBPEMEHHOCTh UX HeBbIcOKas (0T 1 70 3 u). Bonbiieii 3a0naroBpemMeH-
HOCTBIO (48 4) XapaKkTepu3yIOTCsl YHCIEHHBIE METO/Ibl, pEaTU30BaHHbBIE C TOMOIIBIO TPOTPAMMHOIO MTPOJIyKTa
WRF. ToO4YHOCTh MX CHWJKAeTCs NMPH YBEIMYCHUHU TEPUOAa MPOrHO3a. 3a0JaroBpeMEHHOCTh aBHALIMOHHBIX
MIPOTHO30B 10 a3pOAPOMY M MapHIPYTy mojera — 24 4 Ha a’poapomax MuHck-2 u ['omens. Ha asponpomax
Bpect, Butebdck, ['poano, Moruiée u Opiiia porHo3 COCTaBIISETCS ¢ 3a0JIarOBPeMEHHOCThIO 9 4. U3 BhlIliie-
CKa3aHHOTO MOKHO CJIEJIaTh BBIBOJI, YTO MIPY COBMECTHOM HCIIOJIb30BAHNH PaANOJIOKAIIMOHHBIX JAHHBIX U JaH-
HBIX WRF yBenMuuBaeTCsl TOUHOCTh MporHo3a. Taxke OyneT 3 ek THBHBIM HCITOIb30BaHME STHX JAHHBIX TIPU
IO THOM HPOTHO3E.

Kaprorpaguueckue marepuaisl 1eecoo0pa3Ho MPUMEHSITh IPU COCTABICHUH MPOTHO30B Ha OoJiee paH-
HEH CTaJiuyu MPOrHO3MPOBaHUSI OTIACHBIX SIBJICHUH B LEISIX 00ecreueH s 0e30MaCHOCTH TOJIETOB.
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