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[IpescTaBieHbl PE3yJIBTATHI CCIEIOBAHIS OJMHOYHOTO I'DO30BOTO 0O6JIaKa, KOTOPOE Pa3BUBATOCH B HOUHOE
BpeMs BOJII3N 1T06epeskbst DuHckoro 3anmBa. C HCHOTb30BaHUEM TPeX MeTeOpPOJOTHUECKUX PaJUuoIOKaTOPOB, JABYX
IPO30TIEEHTAIINOHHBIX CUCTEM U TPEXMepHOI UICIeHHOW MOJeNn u3ydeHbl (hU3MUECKIle MPOIECCHI, KOTOPbie 00y-
CJIOBUJIM €To 3dJeKTpusanuio. [lokasaHo, 4To IepBas MOJHUS BO3HUKJIA B IEPUOJ, KOIJa B BepxXHell yacTu o6raka
uMeJsiach HeGoJIbIasg 06acTh, COJepKallasg YacTHIlbI KPYIbl. BakHeilmyio poib B (opMUpPOBaHUU 3TOH 06JacTh
U MHKPOCTPYKTYPBI O06JlaKa OKasalu BOCXOJAIIIE TOTOKM, UTO TOKA3aHO KaK 10 JaHHBIM PaJHOJOKAIIMOHHBIX
HaOJIIO/IeH NI, TaK U YNCJIEHHOTO MojeaupoBaHusd. /lanbHeiililee ycuieHe TPO30BOil JeATeTbHOCTH OBIIO CBS3aHO
¢ yBeJqmyeHneM obGbeMa o6JaKa ¢ KPYHOil UM rpaoM. AHATN3 BeJIUYUHDBI 3apsa OTJEJbHBIX 06JauHbIX (pakmumii
[0 pe3yJbTaTaM YHCJIEHHOTO MOJEJIMPOBAHMS MOKa3as, 4TO I'PAJNHBI SABJIAINCH OCHOBHBIMI HOCHTEJSIMH OTpHIIA-
TEJHHOTO 3aps/a.

Katouesvie co6a: rpo3osoe 061aK0, MOJIHISL, PaHOJIOKAIIMOHHbIE XapaKTePUCTHKHU, YKHCJIEHHOE MOJIeNPOBa-
uue, Mukpodusndeckas crpykrypa; thunderstorm, lightning, radar characteristics, numerical simulation, micro-

physical structure.

BBeaeunne

Hasmmume rpo30BBIX pa3psiioB — MHAMKATOP TOTO,
4yTO B 00JIaKe UMEIOT MECTO MHTEHCHBHBIE TIPOIIECCHI Pa3-
JleJIeHUs 3JIeKTPUYecKuX 3apsioB. OOUEenpPUHSTBIM Me-
XaHU3MOM 3apsSIKeHNsT 00JTaYHBIX YaCTHUI] SBJISIETCS Pa3-
JleJieHne 3apsi/IoB TIPU B3aUMO/IeICTBUU JIeITHBIX YaCTHUII
NpU HAJTWYUN TIePEOXJIAKACHHBIX O00JauHbIX Kallesb;
0co6yI0 PoJIb B 9TOM Tpoliecce urpaet kpyma (JiejsiHbie
YacTHII AuaMeTpoM 2—5 MMm) [1].

IKCIepUMeHTATbHbBIE CCIeT0BAaHNS TOKA3aId, YTO
YJacToTa MOJIHMII CBsI3aHA ¢ HAJIMYUEM Jie/IsTHOi (pak-
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nun ocaakoB [1, 2]. B GoJbIInHCTBE CaydaeB OCAIKH
TIpe/IeCTBYIOT pas3psajgaM Moguuii [3, 4]. Yacto Mak-
CUMYM YacTOTbl MOJIHUI OTMedaeTcsl B 3peJioil CTain
PasBUTHA Ky4deBo-A0kAeBbIX o6makoB (Cb) mam B Mo-
MeHT Tlepexoja K craguu auccumnarmu [3]. Kyueso-
JTO’K/IeBbIe 00JIaKa OOBITHO MPOXOMAT TPU CTAAUU JKU3-
HU: CTaJHI0 PasBUTHsA, CTaiuio 3pesoctu (korga obia-
KO JOCTHTaeT MAKCHUMaJbHOTO BEPTUKAJIBHOTO pPa3BU-
THA) U cTagmio auccutanun (paspyuens ).

OTMeTHM, YTO TIPU pas3pgiaxX Ha 3eMJII0 MOJHUT
TIEPEHOCAT TPEUMYIIeCTBEHHO OTpPHIIaTeTbHbIe 3apsIbl
(oTpunartepHbIE MOJHHN); B CJIydae TEpeHoca MOJo-
SKUTEJIBHOTO 3apsijia MX Ha3bIBAIOT TOJIOKUTETHbHBIMHU.
Ilpu BbIMAJIeHNN TpajJia YBEJMUNBAETCS YACTOTA IMOJIO-
SKUTETbHBIX MoJiHUH. [Ipu cMeHe moOJsSpHOCTH MOJHU
C OTpHUIATeJbHOH Ha MOJOKHUTETbHYIO YCUJINBAIOTCS
OoIlacHble BJIEHUs, TaKie KaK MHTeHCUBHBbIE JIMBHI,
MIKBaJIbl U paj [S].

3amMeTHOe BINSHUE Ha pa3BUTHE KOHBEKTUBHBIX
00JTaKOB OKa3bIBaeT Tojie BeTpa B arMocdepe. Casur
BeTpa UIrpaeT BAXKHYIO POJb B (HOPMHUPOBAHUU MOII-
HBIX BOCXOJISIIIUX TIOTOKOB 3a CYeT WX MPOCTPAHCTBEH-
HOTO pasfieJIeHusT ¢ HUCXOAAINIMMHU, YTO CIIOCOOCTBY-
€T YBEeJMYEeHUI0 BOJHOCTH B TIEPEOXJAK/EHHOI yYacTu
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obJaka, a TaKkKe KOHIIEHTpAIMU U Pa3MepoOB JIeJSHBIX
YacTuIl. ITo obecreynBaeT MHTEHCUBHYIO 3JIEKTPU3AITHIO
o6saka [6].

WcceseioBaHrs TIOKA3bIBAIOT, YTO MAKCHUMYM TPO30-
BOIl aKTMBHOCTH TPUXOANUTCS, KaK MPaBUJIO, Ha IMOCJe-
oy JeHHble dach! [7, 8]. Houbio MoskeT HabmomaTbes
UHTeHCH(UKAIINSA KOHBEKIIIH, COMPOBOKIAIONIASICS Pas-
BUTHEM TPO3 U JINBHeil, B paiioHe Temibix aTMocdep-
HbIX GpoHTOB. OIHAKO MMeEeTCs] BeChbMa OTPAHUIEHHOE
KOJIMYECTBO IyOJIUKAIIil, MOCBSIIEHHBIX PaH0IOKa-
IIHOHHBIM XapaKTePUCTHKaM HOYHBIX Tpo3 [7].

BaXHBIM WHCTPYMEHTOM WCCJIEIOBAHUS PA3BUTHS
IPO30BBIX O6JAKOB U IPOIECCOB AJIEKTPHU3AINN SABJIS-
I0TCSI  YHCJEHHDbIE MO/, TO3BOJISIONIIE TI0y4aTh
TaKie XapaKTepUCTHKU 00JaKOB, KOTOPbIEe He H3Meps-
I0TCSI Ha TOCYJapCTBEHHBIX HAOMIOAATETbHBIX CETIX
C JIOCTaTOYHO MAaJbIM TIPOCTPAHCTBEHHBIM U BpeMeH-
HbIM mraroM (HalpuMep, CKOPOCTb BOCXOSIIUX JIBH-
JKeHUH, KOHIEHTpaIns OOJauHbIX YacTHUI], HaIpPSIKeH-
HOCTb 3JIEKTPUYECKOTO TIOJIST U IJIOTHOCTH OOBEMHOTO
3apsaga B obaake) [9].

Ienb HacTosmieil paGoOTbI — Ha OCHOBE PE3YJIbTa-
TOB paanodu3ndecknx HaGJIOAeHIT I YHCIEHHOTO MO-
JIeTMPOBAHUS U3YYNTh OCOOEHHOCTH MHUKPO(PU3NIECKO-
TO CTPOEHNsA KOHBEKTUBHOTO O6JlaKa B TEPUOJI, KOTJa
Haboauch MOJHUUA. OCOOEHHOCTHIO MCCIIEyeMOTO
CIy4ast SIBJISETCS TO, YTO M3Y4aJoCh I'PO30BOE 00JIaKo,
KOTOpoe pasBuBajoch B HouHoe BpeMs (18—19 wmons
2020 r.) B paifone moc. Pomuno B6U3u 1m0GepesKbst
DumHCKOTO 3aJ1Ba.

1. MaTepI/IaJII)I " METOo/ibl UCCJIEJOBaHUA

[lanable 19 aHaMM3a TOJNY4YeHBI C  TTOMOIIBIO
TpeX MeTeopOJIOTUUeCKUX PainoJoKaTopoB. [lepBbiii u3
HUX, JOTJIEPOBCKUI METEOPOJOTHYECKIIT PAIIOTIOKATOD
IMPJI-C (manee PJIC1), 103B0JIS€T IPOBOAUTD H3Me-
peHUs IByX OPTOTOHAJIBHBIX TIOJISIPU30BAHHBIX KOMIIO-
HEHT CHTHaJa M OCYIIECTBJATDL JIOTJIEPOBCKIE M3Mepe-
nus. Pagmosokatop pa6oTaer Ha JJIMHE BOJHBI 5,3 CM.
On ycraHosied B 1oc. Boeiikoo (Jlenunrpajckas
0641.) B 10 kM Boctounee Caukr-IlerepGypra. 3a 10 Mun
OCYTIECTBJIAIOTCA [BAa  PAJUOJOKAIMOHHBIX  00630pa:
BO BpeMs OJIHOTO M3 HHUX H3MepSI0TCd MOJIAPU3AINOH-
Hble XapaKTepUCTUKH 06JakoB (paauosoKalimoHHast
OTPa)kaeMOCTb Ha TOPHU3O0HTAJbHONH M BepPTUKAJbHOM
nosigpusanugax, gauddepenimanbias ¢asa, koaddu-
[UEHT KPOCCKOPPEJIAIMN), BO BPeMsl APYroro, MOMHMO
MOJIIPU3AINOHHBIX U3MepeHHil, IOIy4aloT JaHHbIe
B JIOTJIEPOBCKOM peskuMe  (pamajibHble CKOPOCTH
7 MHPHUHBI JOTJIEPOBCKOTO CIIEKTpa PaJNaTbHBIX CKO-
pocteit). [l o6paGoTKM ¥ BU3YaJIU3allid JaHHBIX
JIMPJI-C mpuMeHATOCh TIPOTPAMMHOe obecTieueHte
BTOPUYHOI 006paGOTKN PaIMOJOKAIMOHHON HH(pOpMa-
mn «'TMIMET-2010» [10].

Bropoil paguosokarop — arto [IMPJI METEOR
50DX (gamee PJIC2), ycTaHOBIEHHBIH Ha 3JaHHH
Poccuiickoro TocynapcTBEHHOTO THIPOMETEOPOJIOTIYIe-
ckoro yHuBepcutera B IeHTpe Cankt-Iletepbypra. OH
paboTaeT Ha JUIMHe BOJHBI 3,2 CM U TI03BOJISIET ITPOBO-
JUTb TOIAPH3AIIOHHBIE U JOIIePOBCKUE MU3MepeHusd.
TTepuo o630pa coctaBister 10 MuH.

Tperunii paamosokarop — METEOR 500 (nasee
PJIC3), ycraHossiennbiit B aspornopry Ilyakoso, CaHKT-

[TerepGypr. Ilepuon o63opa cocrtaiser 10 mun. Pa-
NOJIOKATOp He TOAJep:KUBaeT [BOWHYIO TOJSIPU3a-
1[I0, TTO3BOJISET OCYIIECTBJATH JOTLJIEPOBCKIIE M3Mepe-
Hus (pagnaabHble CKOPOCTH U IIHPHHbBI JOILIEPOBCKOTO
CTIeKTpa paJuaJbHBIX CKOpOCTeil) 1 paboTaeT Ha JJIHHE
BOJIHBI 5,3 CM.

Jlnsg o6paGoTku u Busyasusanun JaHHbIXx PJIC2
u PJIC3 mpuMeHsIoch IporpaMMHOe oGeciiedeHne BTO-
puyYHON 06paGOTKN PaAJANOJOKAIMOHHON uH(opManun
«Mereogueiika» [11].

Wcxoauble JaHHDBIE WMeNTU PAa3HOE IIPOCTPAHCT-
Bennoe paspemenne: 1x1x1 kM (PJIC1), 2x2x 1 kM
(PJIC2) n 4x4x1xm (PJIC3). M3aMepeHus pasjind-
upiMu PJIC He cHHXPOHU3UPOBAHBI MeKIy COOOI, T.e.
BpeMs Havyasta U 3aBeplieHns 0630pa ObLI0 Pa3THIHBIM.

[TonoxeHne MOJHUIT OMpPeENANTOCh C TIOMOIIBIO
TPO30METEHTAIIOHHOI CUCTEMBI, B KOTOPOI HMCIIOJIH3Y-
eTcsd  Pa3HOCTHO-/TaJbHOMEPHBII MeTO/ BBIYHMCJIEHIT
KoopAuHAT MosHMIL. [Ipm aTOM (DUKCHUPYIOTCS TPENMY-
MeCTBEHHO MOJIHHUHU <«00Jako — 3eMusd» [12]. lna rex
MOJIHMIT, KOTOpbIe He ObLIN 3a(pUKCUPOBAHBI B paccMaT-
puBaeMoM obJiake cucreMoil Blitzortung, ganusie mouy-
YeHBbI C MOMOIIBIO OJHOMYHKTOBOTO T'PO30IeJeHTraTopa-
nampHOMepa MAT-2H [13], uTo obecmeunsio yMeHbIe-
HUe TIPOMYCKOB UX PETHCTPAIINT.

B pamkax mccieoBaHus 6bLIO BBITIOJHEHO YNCTEH-
HOe MOjIeJIPOBaHNe KOHBEKTHBHOTO 06JaKa, ITepexo-
JIAIIETO B TPO30BYIO CTA/INIO, TIPH ITOMOIIN TPEXMePHOi
HecTanmoHapHoit Moziesin [9]. /laHHble MoieTMpOBaHUS
MPUMEHSINCD JIJII aHAJIN3a [UHAMUKH Pa3BUTUS OC-
HOBHBIX XapaKTePUCTHK o6JaKa ¢ MaJbIM IIaroM II0
BpeMeHn. Taxke HpoaHATN3MPOBAHBI MUKpOpU3IYe-
CKasg CTPYKTypa ob6Jsaka, TIPOCTPAHCTBEHHOE pacIpe/ie-
JeHWe ToJiell 3apsga B oOJake W 3JeKTpHYecKas
CTPYKTypa o6Jaka Ha Pa3HBIX CTAUSAX PA3BUTHI.

B kauecTBe HaYaJSBHBIX JAHHBIX UYNCTEHHAS MO-
JleJib UCTIOJIb3yeT BePTUKAJbHBbIE paclpe/leleHusT IaB-
JIEHUsI, TeMIIepaTypbl U BJIaKHOCTH B aTMocdepe; s
[Ipe/IBAPUTEIHHOTO HMCCIEOBAHUST HEYCTONYMBOCTH aT-
Mocdepbl aHATU3UPOBAIUCH JaHHbBIE A3POJOTHYECKOTO
3oHANpPOBaHUA Ha cT. BoeiikoBo (JlenuHrpaiackas o6.1.,
03:00 Mck, 19.06.2020 r.), MoanduIIpPOBaHHbIE C yde-
TOM Ha3eMHBIX HaOMIOJeHUIl B CPOK pa3BUTUS TPO30-
Boro o6saka mo gauuHbiM cT. Ozeprn (uHgexc 22897).
AT™Mocdepa XapaKTepH30BaJach CJa0BIM TMOBOPOTOM
BeTpa C BBICOTON M HAJMYUEM CJIOSI MIPU3eMHOI NHBEp-
cun MotrHocThio 530 M. Bepxugas rpanuiia Tponocdeps
Haxoaumiaach Ha Bbicote 11,2 km. I[lapamerp CAPE
(Convective Available Potential Energy) npu mojbe-
Me YacTUI[bI OT BepXHell I'DAHUIBI WHBEpPCHU OBLT pa-
Bern 2139 /[x/kr. Ilpu 3sTOM ypOBeHb KOH/EHCAIINH
pacnoJlaranica Ha Bbicote 1300 M, a ypoBeHb Heil-
TpanbHoil TaBydectn — 11,4 kM. TaxmM o6pasom,
arMocdepa OblIa HEYCTOIUNWBA, YTO COOTBETCTBOBAJIO
BBICOKOil BEPOSITHOCTH PAa3BUTHS TPO3.

2. Pe3syabraThl 1 00Cy:K/IeHHE

2.1. Junamurxa passumus ooaaxa

ITepBoe pamnosxo oT uccieayeMoro objaka ObLIO
3adukcupoBaHo paaunosokatopoMm PJIC-1 B 22:37 BCB
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18.06.2020 r., uto coorBercTByeT 01:37 1O MecTHOMY
Bpemenn 19.06.2020 r. [l yao6eTBa faabHelinero ana-
JIN3a JaHHBI MOMEHT BpeMeHH IIPIMHUMAeTCs 3a Hadaso
orcuera (0 Mun). B 310 BpeMsa 06JaKO pacIiojarajioch
Ha yaanennn 84 kM oT paamosiokaropa u 10 kM oOT
nobepeskbsi DuHcKoro 3anmBa BOM3U Toc. O3epKi.
C yueToM I0T0-3alajIHOTO BeTpa BAKHEUIIUM HCTOY-
HOKOM BOJISTHOTO Tapa, KOTOpBIi obecredns (opMu-
poBanue ob6gaka, Mor ObiTh DuHckwmii 3amuB. PJIC3
n PJIC2 o6uapyxunmm ob6mako Ha 10-it m 13-it Mun
COOTBETCTBEHHO.

O6JaK0 aKTUBHO Pa3BUBATIOCH, U Ha 20-if MUH ero
BEepXHsSI TpaHUIA [JOCTHUTJIA MAKCUMAIbHOW BBICOTHI
12,5 kM (PJIC1) (puc. 1). Tlo pesyabrataM aHaJau3a
JAHHBIX pajno3oHaupoBannsa (pasia. 1) BepxHssA Tpa-
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Puc. 1. V3MeHeHne BO BpeMeHH MaKCHMaJbHOH BBICOTBI 006-
naka Hip, mo pannpiM PJIC1, MakcuMasbHOI oTpaskaeMoc-
T Z oy (@) 1 06beMoB ob6maka V (6), pacioosKeHHbIX BbILIe
HYJIeBOIl n30TepMbl, co ciaexyomumu dpaknuamu: VI — Bep-
THUKAJbHO OPHEHTHPOBaHHbIe Kpuctaaibl, DS — cyxue cHe-
skuHki, LDG — kxpyna Huskoil mnotHoctn, HDG — kpymna
Bbicokoit maotHoctn, HA — rpax, RN — ob6bem mpoxas
B Teltoil yactu obsaka. [IpsMoyrosbHIKOM BbIIEJIEHO BpeMs,
KOT/Ia PETUCTPUPOBAIUCH MOJTHUN

Huma Tporocdeps! 6bl1a paBHa 11,2 KM, cieqoBaTesnb-
HO, BepXHSSA TpaHWIla o6Jaka pacioJiarazach B TPOTO-
nay3e. CpeHASI CKOPOCTb POCTa BEPIIUHBI 06JaKa CO-
craBuia 5,4 M/c. B reuenne npumepro 20—30 MuH 06-
JIAKO HAXOJMJOCh B 3pesioil CTaAul Ppa3BUTHUSA, €To
BEPXHSIA TpaHuIa Majio MeHstach. Haunnasg ¢ 40—50-it
MUH OHO TIEPEXOJNUT B CTAJUIO UCCHUIIAIINH.

MakcnMaibHOe 3HaYeHWe OTPAKAEMOCTH  Z .x
B o6Jlake TIO M3MePEeHUAM BCeX TpeX PaJnoJOKaTOPOB
(puc. 1) Bospacraer B Teuyenuwe 20-33 MUH, B Jajib-
HelfllleM TPONCXOJNT ee yMeHbIeHue. [lo pe3ynbratam
usMmepennii paganosiokatopos PJIC1, PJIC3 u PJIC2
Zmax = 61, 59 m 55 n1BZ coorBercTBeHHO. OTpaskae-
MOCTb 10 u3MepeHHUsIM paaunosokaropa PJIC2 oxasza-
Jlach 3aMeTHO MeHbIIle IBYX APYTHUX, YTO MOKeT 0ObsC-
HATHCS M3MEPEHNSIMHI HAa PA3HBIX [TMHAX BOJH, CEKTO-
paMHi  3aKpbITHS OT TOPOACKoil 3acTpoiiku u  (uim)
MOTPEITHOCTAMI  TPAJAYUPOBKH. BbicoTa pacrosioxke-
HUS Z . ObLIa Hambosibiieir Ha 10—13-it MUH passBu-
THS, AOCTHTAsA 8 KM, Jlajiee OTMeUYaeTcs ee MOCTeTIeHHOe
yMmenbieHne o 1—2 kM x 30-if MUH, 4TO yKa3biBaeT
Ha HavyaJo BbIMaJleHnsd ocakoB. [locie 60-it MUH BHOBD
MIPOUCXO/UT yBeJTMYeHUe BBICOTBI PACIIONIOKEHUST MaK-
cuMyMa oTpaxkaemoctT Hjy ., 4TO CBSI3aHO C pas3py-
meHneM o6Jlaka W OTPBIBOM BepXHEN KpPUCTAJJINIec-
Koif wactm or ocHoBanusa. Ha 60—76-if Mun ob6mako
TpaHC(HOPMIPOBAIOCH B KPUCTAINYeCKHE 001aKa BepX-
Hero spyca.

2.2. Paduoaokauuonnvle xapaxmepucmurxu
obaaka 6 nepuod MOAHUEBOI AKMUBHOCU

B o6meit ciokHOCTH GBLTO  3aperucTPUPOBAHO
11 mMomnmit: ogHa Ha 12-if MUH, ceMb MOJIHUI B TIEPUO/T
16—18-it MuH u Tpu MosHUM Ha 24—27-it Mun. OtMe-
TUM, YTO TPO30Bas aKTUBHOCTH oO6Jaka HabJI0JaTach
Ha CTQUN PAa3BUTUS U 3PEJOCTH. ITO SABJIETCSI OCO-
6eHHOCTHIO JAHHOTO CJydas, TaK KaK JOBOJBHO YacTo
3HAUNTEbHAS YaCTb MOJIHUII OTMedYaeTcss B IMEePUO/Ibl
3pesoit cragumu pasButusgs Cb m Ha CcTaguu [HCCHUIIA-
i [3]. Yacrora MosiHmil f, ocpeaHentas 3a 10-MunyT-
Hblii uHTepBan, coctaBuia 0,8 Mun~' (13—23-a MuH).

PaccMOTpUM CTPYKTYPY U XapaKTepUCTUKH 00Ja-
ka: 1) Bo BpeMsl perucrpauuu ImepBoil MojHuu; 2) Bo
BpeMs MaKCHMaJIbHOI 4acTOThI MOJIHUI; 3) 1oc/e OKOH-
YaHUs TPO30BOIl aKTHBHOCTH. BbicoTa BepimnHbl 06Jia-
ka 1o uaMepenusiM PJIC1 B mepuoj rposoBoil akTUB-
HOCTH HaXojujach B npefenax 10,5—12,5 kM, a temie-
paTypa Ha BepxXHell rpaHuile o6Jaka H3MEHSIACh OT
-52,8 no -58,7 °C. CrenoBatesbHO, BeplIMHA 0OJaKa
uMesia YICTO KPUCTALIUeCKoe CTPOeHNeE.

MakcuManbHasg OTpaskaeMocTh oOJaka TIpH Tep-
BOM paspsie coctaBiana 35—37 n1bZ mo ganueiM PJICT
u PJIC2 (ta6muma). Ilo uamepenusam PJIC3 (0630p 6bL1
3aBepirer Ha 10-if MunyTe) Z,.x = 20 1BZ. /lanee ot-
MeyaJoch 3HAUNTEJbHOE YBelIN4eHHe MaKCHMaJIbHOI
oTpaskaeMoctu. [lo JaHHBIM W3MepeHHH PaJloJIOKaTO-
paMu B TIepHOJl, COOTBETCTBYIONINII MaKCHMAaJbHOI
YacTOTe MOJHUHM, OTpakaeMOCTh ObLTa B Tpejenax 44—
53 nBZ. Ctosb cyllecTBeHHOE pa3inyne B 3HAUYEHUSIX
OTpaykaeMoCTH 0OYCJIOBJIEHO HeCOBMAJeHUeM ITI€PHOI0B
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PaauosiokanonHbie XapaKTEepUCTUKH I'PO30BOTro o61aKka BO BpeMs TpEX paccCMaTpUBa€MbIX NE€PUHO/JL0B

IlepBbiil pa3psan MaxkcumasibHas yacToTa Ilocse oxoHuanms

Xapaktepy- (12-a Mun) paspsaaos (16—18-a mumn) paspsanos (30—33-a Mun)

U Tpict [ pac2 | PAC3 | PACT | PIAC2 | PJIC3 | PJACI | PJIC2 | PJIC3
ts, MUH 10 13 10 16 23 20 30 33 30
Zmax, ABZ 37 35 20 49,5 53 44 61 55 59
Hy x| 7,6 8 7 7.2 8 7 1,3 4 2
Hvss 3,8 7 — 5,5 9 10 4,3 9 9
dV35 4,9 8 0 51,8 256 180 68,4 236 232

11 puMedvaHHe. tsc — BpeéM:A OKOHYAaHHNA CKaHa paJu0JOKaTOPOM.

0630pOB  paJIN0JIOKaTOPOB, a TaKyKe HeJI0CTaTOuHO
YacTOTON CKaHWPOBAaHMS [T (bUKcAUU OBICTPONIPOTE-
KaIoIuX TpoiieccoB B obmake. Yepes 5—10 MuH moce
OKOHYAHUA Pa3psaioB Zy.x = 95—61 n1bZ. Cremnoa-
TeJbHO, MaKCHUMasbHasd dYacToTa MOJIHEIT HabJIiomgaercs
paHee MOMeHTa, KOTJa OTPaskaeMOCTh JJOCTHUTAaeT MakK-
cuMasbHoro 3HadeHus. OO6paiaeT Ha ce6s BHUMaHUE
TO, YTO K 3TOMY BpeMeHH 006JacTh ¢ GOJBITNMHU 3Haye-
HUSAMH OTPa’KaeMOCTH CMEeCTHJIach B HIDKHIOIO YacTb
obnmaka, H, = 1,3—4 kM. OTH JaHHbIe MOATBEPK/a-
10T cIeJaHHBIH paHee BBIBOJ, YTO MPH IIPOTHO3E I'PO3BI
HeOOXOINMO YUUTHIBATh HE TOJIBKO 3HaueHue Z .., HO
U BBICOTY PACHOJIOKEHUs 3Toil o6sacTu. MakcuMasib-
Hag dYacToTa MOJIHUI CcOBIajasa C TMEepPHOIOM, KOTrJa
H, _ Oblia B npefenax ot 7 go 8 kM (tabimiua).

O6beM TepeoxJyaskjieHHoii dactn obmaka dV35
(Tabamia) gBiasgerTcsa BaKHOI XapaKTepHCTHKOIL, KOTO-
pag oOBIYHO KOPPEJUpYeT ¢ 4acToToil MoaHuit [1, 14].
Korga yactota MOMHUII JOCTUTAaeT MaKCUMyMa, HaOJIio-
JlaeTcsl CYIIeCTBEHHOe yBeJMYeHNe YKa3aHHOTO obbeMa
(Ha mopsgok u Goubiie). IIpu sToM AaHHasg 06/aCTh
TIPOCTUPAETCS JI0 JOCTATOUHO GOJIBINON BBICOTHI H jy35 =
=5,5-10 xm. 3mauenua dV35, O6au3Kme K MaKCU-
MaJIbHBIM, COXPaHSIOTCS elle B TedyeHne S5—10 muH
mocJie OKOHYAHUS pa3psaaoB. IlpmuamHa MOKeT OBbITH
CBs3aHA C MpeKpaleHneM IMOCTYIIEHUS TOCTaTOYHOTO
KOJIMYeCTBA BOJSTHOTO Tapa M ero MocJeaylolneil KoH-
JleHcaineil B o6/iauHble Kallll M3-3a yAaJeHuss o0JIaKka
or mobepexkbsa DUHCKOTO 3aamBa. TakuM o6pasoM,
3amac oOJJauHbIX KalleJb HMCYepPIbIBaeTCI U Jajiee He
BO306HOBJIsIeTCsI. HamoMHUM, YTO TepeoXJaskKIeHHbIe
Kamm — Heo6XoamMas (pakuus s 3JIeKTPU3alnu
o6maka [15].

ITo ganubM C.}O. Marpocosa [16], ¢ yuetom [17],
JUI U3MepeHns MHTeHCHBHOCTH ocaikoB R (Mm/4)
B C-amamnasoHe paJnoBOJIH 11e7ec000pa3Ho NCIOIb30BaTh
yaenbryio auddepenumansayio dasy Kpp (rpag/km).
Dopmyna 419 pacueTa WHTEHCUBHOCTH OCAJKOB MMeeT
BIJ

R = 245K (1

W3 mpejcTaBlIeHHBIX JaHHBIX C Y4YeTOM IIpUBe-
JleHHOIT (DOpPMYJIBI cJIe/lyeT, YTO MaKCHUMaJIbHAsl MHTEH-
CUBHOCTb 0OCaJKOB ObL1a 3apeructpupoBana PJICI
Ha 23-ii MuH u coctaBuiaa 79 mm/u. OrMerum, d4TO
mepBasg MOJHEUA u3 oOJaka Oblla 3apeTHcTpUpoBaHa
Ha 12-it Mmun, 32 8 MUH 10 MOMeHTa (PUKCAITMH OCa-
KOB paamoJokaTopaMu. TaxuM o6pas3oM, MOSBJIeHIe
MOJIHUT TTPEIIIIECTBOBAJIO OCATKAM.

XapaKTepUCTUKHU, MOJyYeHHbIe MO JaHHBIM U3Me-
peHMii paccMaTpUBaeMbIX PaJNOJOKATOPOB, JOCTATOYHO
CUJIBHO OTJIMYAIOTCSA JIPYT OT Jpyra. DTO, BO3MOKHO,
00YCJIOBJIEHO TeM, YTO YacTOTa CKAHUPOBAHUS HEI0C-
TATOYHO OOJIbINAS, YTOOBI MOKHO OBLIO PErucTpUpO-
BaTh GBICTpPOIMpPOTEKATOIINE TIPoIlecchl B o6ake. Kpome
TOrO, Kak OBbLIO OTMEYEHO paHee, NCXOJHbIE JaHHBIE
UMeTH pa3Hoe TMPOCTPAHCTBeHHOe pasperrenne. Pazim-
YU B IIPOCTPAHCTBEHHOM pa3pelieHnun CKa3bIBAIOTCS
Ha OIleHKaX 00beMOB IepeoxJakaeHHoil yactu d V35,
3aBBIITAsl COOTBETCTBYIOIINE 3HAYEHUS TPH XYAIIEM
TIPOCTPAHCTBEHHOM pa3peIleH .

2.3. Cmpyxmypa o6.aaxa é nepuoo
MOJHUECBOIl AKMUBHOCIU

Mukpodusndeckas CTPYKTypa olJaka I0oJydeHa
1o Meroauke [18]. B kauecrBe BXOHBIX JaHHBIX ObLIN
UCIIOJIb30BAHBI  TIOJISIPU3AIIIOHHBIE  XapAKTEePUCTHKU
o uaMeperusiM PJIC1. AHasu3 BBITOJIHEH TI0 JJAHHBIM
Tpex 0630poB: 3aBeplieHHbIX Ha 10-if Mun (perucrpa-
1 TepBoii MosHuM, ckad 1), 16-it Mun (MakcuMa/ibHas
yacToTa pa3panoB, ckau 2) u 30-if Mun (MosHUEBaS
aKTHBHOCTh NPEKpaTHIach, CcKaH 3). BepTukasbhbie
cedeHnsT ¢ MUKPOCTPYKTYpoii o06JiaKa, BBITOJHEHHbIE
TepHeH/INKYJIIPHO HANPABJIEHWIO [BUKEHUS i BbI-
6paHHBIX MOMEHTOB BPEMEHH, IMPeJCTABJIEHBI Ha PHUC. 2
(1B, Braagka). [l HUX MPUBOAATCS TaKKe CedeHMs
muddepeHINATHHOI  OTPAKAEMOCTH W Pe3yJIbTATh
YHCJEHHOTO MOJIeJIMPOBAHNUS: TIOJSI BePTHKAJIBHBIX
ckopocTeil 1 o6beMHasd IJIOTHOCTD 3apsija.

Ha 10-it mun (cxkam 1 PJIC1) o6mako akTHBHO
pa3BUBATOCh, BEPXHAA TpaHUIIA pacrojarajach Ha
Boicote 12,5 kM (=52,8 °C). BbLia 3aperucrpupoBaHa
onHa MosiHMg Ha 12-it MuH. B 1ieHTpe ob6saka HabJIIO-
nancs croab auddepeHianibHoil orpaskaeMoctu Z gy,
KOTOPBI ABIAETCS UHANKATOPOM BOCXOJAIETO MOTOKA
(puc. 2, 6) [19]. Ero HmKHAS TpaHHIa COBIAJAJIA
c HIDKHeHl rpaHureil o6saka, a BepXHSAS HAXO/MJIACh
Ha BbicoTe 6 kM. Hammume sToro crtonba CBSA3BIBAIOT
C WHTEHCHBHBIM BOCXOJAIMNM MOTOKOM, B KOTOPOM
KPYTHbIE KAl CIUTIONUBAIOTCS B TOPU3OHTAIBHOM
IJIOCKOCTH, YBEJIUYUBAST TEM CaMbIM OTPa’KaeMOCTh
TIpU TOPU3OHTATbHON Tossipu3aiun curiana [19]. Bor-
1ile HyJIEBOII M30TEPMbI 110 CeueHnio 06JaKa PerucTpi-
pyloTCs KpHcTajImdeckue dactuisl (puc. 2, ). B Bepx-
Heil yactn Mexay msorepmamu —17,9 n -27,3 °C pac-
MoJIaraeTcss JI0OCTaTOuHO y3Kasg 06JIacTb, COZepsKalas
wactuipl Kpynsl. Ee o6beM coctaBiser 1,7 kM°. Dra
30Ha HAXOJMJIACh HEMOCPEICTBEHHO HaJ cToJ6OM Jud-
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depeHTANTBbHOI OTPAKAEMOCTH, W ee BO3HUKHOBEHIE
MOJKeT OBITh CBSI3AHO C HAJMYNEM BOCXOJAIIETO TTOTO-
Ka, KOTOPbIil MepPeHOCUT KPYIHbIe KUAKHE KAl U3
HIDKHeH B BEPXHIO YacTb oOsaka. IIpu cToaKHOBeHUN
CO CHEXXHOI Kpynoii U KpucrajjaMu oHH (GopMUpoBa-
JU JIeATHYI0 KPYyMy. ITO TOATBEpKIaeTcs puc. 2, d,
rae BOMm3u usorepMmbl —15°C  pacnosaraercsi odar
¢opMupoBaHUsT KPYIIbI BBICOKOI TJIOTHOCTH. JJIEKTPH-
3aIisl paccMaTpuBaeMoil 00JaCcTH MOTJIa TIPOUCXOIUTD
32 CYeT KOHTAKTHOIl 2JIEKTPU3AI[MH MPH B3aUMOIENCT-
BUU KPUCTALJIOB C KPYMHOil MpH HAJIMYUU TepPeoXTasK-
JIEHHBIX Kalesb BoJbl [19]. B HmkHell vactu o6jaxa
uKkcupyeTcd 30HA OCAJAKOB, KOTOpble He JTOCTHTJIH
To/IcTIIatoNell moBepXHocTH. VMeeTcs Tak:ke HeOOJIb-
masg 06J1acTh € MOPOCHIO. DTOT BUJ OCAJTKOB OOBITHO
XapakTepeH /IS CJOUCTOO6PAa3HbIX 00/1aKOB. B0o3MOK-
HO, B JJAHHOM cJiyyae HaOIIOJalnuch HeGOJIbIINE 0K~
JleBble KallIi, KOTOPble OMUGOYHO OTHECEHBI K MOPOCU
B Metojuke [18].

[To pesyibraTaM YHCIEHHOTO MOJETHPOBAHUS TIPU
TOSBJIEHNN TIEPBON MOJHHM BePTHKATIbHAS CKOPOCTH
6buta pasHa 18 m/c (puc. 2, 6), a MakcuMaIbHas pa-
JINOJIOKAIIMOHHAs oTpaskaeMocTb — 62,1 n1BZ. 3apso-
Bas CTPyKTypa o6Jaka WMeJa TPeXIIOJIOCHBIN BH/J
(MoJTOKMTEIbHBINA 3aps/l B BeplikHe o6Jaka W B 30He
OCAJIKOB, OTPUIATETHHBII B TPOMEKYTKE MeKIy HHU-
mu). OfHAKO TPOCTPAHCTBEHHOE paclpejleieHne 3THX
3apsIOB OTJIMYAJIOCh OT KJaccmieckoro. Tak, Makcu-
MyM TIOJIOJKUTETBHOTO 3apsja B BeplimHe o6JaKa OKa-
3aJcs TI0 MOJYJII0 B HECKOJBKO Pa3 MeHbIlle, YeM aHa-
JIOTHYHBII MAaKCUMYM OTpHIIaTesIbHOTO 3apana. O6aacTb
OTPHIIATEIBHOTO 3apsijia 0Ka3alach JOCTATOYHO MAJoit
MOIIHOCTH, a CJIOil HIDKHETO MOJIOXKUTEIBHOTO 3apsijia,
HaIpPOTHWB, 3aHUMaJ TI0 Bbicote a0 3 kM (puc. 2, 2).
AHa3 BeJIMIMHBI 3apsI/Ia OTIEeTbHBIX 06JaTHBIX (hpaK-
uit ToKa3ad, YTo TPAAUHBI B pacCMATPUBAEMBIN MO-
MEHT SIBJIIIOTCS OCHOBHBIM HOCHUTEJIEM OTPHUIATENTbHOTO
3apsaa (HanGoJbIe 110 MOJYJII0 3HAYEeHHsI PacIoJio-
SKEeHDI Ha BbICOTE 5,7 KM).

ITepuoa o63opa paamosokaTopa, Hambosee OJIH3-
KWl KO BPEMEHH JOCTIKeHUS MaKCHMaJbHOW YacTOTHI
paspsoB, 6bLI 3aBepiieH Ha 16-if Mun (ckan 2). B Te-
YeHne 2 MUH IO €r0 3aBepIleHuio ObLI0 3aperucTpu-
poBaHO ceMb MOJHWIT. Bepxmusasa rpanmiia obsaka pac-
nosarajach B Tpomomayse (12,1 kM), TeMmeparypa
BepinHbl 6bl1a —53,7 °C. CyIIecTBEHHO YBeIHYHIACH
06J1aCTh, TJie IIPUCYTCTBOBAJIM YaCTHIIbI KPyTibl (puc. 2).
B BepxHeil yacTn Takxke UKCHPYOTCS 60Jee KPYIHbIE
Jle[IAHble YACTHIIBI, KOTOpble ObLIN OTHECEHBI K YacTH-
nam rpaga (Mexay wusorepmamu —-13,6 u -37,1°C).
MO3KHO CYHTaTh, YTO 3HAYUTETBHBII 00bEM KPYITHDBIX
JIE[ITHBIX ~YaCTHUI[ CTaJT WCTOYHUKOM CYIIECTBEHHOI
37eKTpu3anun o6JaKka B COOTBETCTBUH C MEXaHWU3MOM,
OTMeYeHHBIM BbIllle. B HIDKHell yacTn o6Jaka pacroJia-
raercs o6mmpHad 00JacThb OCAIKOB, KOTOpPble B 3TO
BpeM yiKe BBITTAJAIOT HA TIOACTUJIAIONTYIO TIOBEPXHOCTD.

B mepmwon BpeMeHHU, COBHAJAIONIETO C MaKCH-
MaJIbHOI YacTOTOil pa3psiioB, OTpaskaeMoCTb B 00JIaKe
o pe3yJbTaTaM MojleTupoBanug jgocturia 62,2 nbZ.
IIpu sTOM 3HAUEHNE CKOPOCTH BOCXOJSINETO MOTOKA
cocrasuyio 16 M/ ¢, Habuoan0ch GopMUpPOBaHUE HIC-

XOAAIMNX JBIKeHUI, HanmboJiee BBIPAKEHHBIX B TO/I-
BeTpeHHON wactu obiaka (puc. 2, ). KadecTBeHHBIIT
BHJ  3aps0BOil  CTPYKTYpPBl 06JaKa COXPaHUJICS
(puc. 2, 3). OtMeueHo cMemeHne o6gacTH HanGoJIb-
MTIX KOHIEHTPAIWii TPAJuH U JO0XK/EBbIX Kamesab OJI-
JKe K OCHOBaHUIO OOJlaKa, YTO yKa3biBaeT Ha (popMi-
pOBaHUE OCA/IKOB.

M3BecTHO sBJIeHNE, KOTOPOE B 3amajHON JNTepa-
Type HOCHUT Ha3BaHmWe <«cKadok Momumii» (lightning
jump, LJ) [20, 21]. B HeKOTOpBIX MOIIHBIX KydYeBO-
JTOKJIEBBIX O0JIaKaX BHE3ANHO TeHepUpyercs: GOJIbIIoe
KOJIMIECTBO MOJTHWI, WX YacTOTa 3aMEeTHO YBeJINJIBa-
eTcs B OIpe/ieleHHBIIT MOMEHT BpeMeHHU. B paccMarpu-
BaeMOM cJIyyae CyIeCTBEHHOe BO3DaCTaHUe YaCTOTHI
MoJsiHuit mpousomnuio Ha 16—18-it Mun. YciaoBHO 3TO
yCUJIeHre TPO30BOI aKTUBHOCTU MOKHO OTHECTH K SB-
gennio LJ, XOoTd 0OBIYHO YacTOTa MOJHHUN TP 3TOM
SIBJIEHUU 3aMeTHO GOJIBIIIE.

Bo BpeMsi ckana 3 00/1akO HaXOMIJIOCh B 3PeJIOit
cragnu passutua (PUCYHOK He IPUBOANTCA). Bepxmnss
rpaHulia pacioJjaranach Ha Bbicote 12,3 kM (-53,3 °C).
[Tpomsonmn cyiecTBeHHbIE W3MEHEHHS B CTPOEHHH
o6Jaka 10 CPaBHEHUIO C TIPeJIbIAYIINM epuojoM. 3a-
METHO YMEHbBIIIACh 06JIACTD, 3aHATAs KPYIHBIME Jie-
agauapiMn dactumamu. OO6JacTh ¢ TPaJoM CMeCTUIach
B HIDKHIOIO 4YacTh o6iaka, chopMUpPOBaB OGIMINPHYIO
30Hy ocagkoB. IIpu sToM paspymraercs croab audde-
PEHINAIbHON OTPaKAeMOCTH, YTO yKa3bIBaeT Ha 0OcJjal-
JleHne BOCXOJATINX JABMKEHI U TpeKpatieHe ToCTyII-
JIEHWsT HOBBIX TIOPIUIT OGJaYyHBIX KamlesJb B BePXHIOI
gyacTh o6saka. CieloBaTeIbHO, UCYE3AI0T YCIOBUS IS
aJIeKTpu3anun obJaKa.

ITo maHHBIM MoJeNMpoBaHUs U3 06JiaKa MPOIOJ-
SKQJIl BBIIAZIATH OCAJKU, WX WHTEHCUBHOCTH PaBHAIACDH
24 MM/ 4. CKOPOCTb BOCXOJAIINX TOTOKOB yMEHbBIIH-
jgach 10 13 m/c. O6Gmactp objaka ¢ mpeolaJaHIeM
CUJIBHBIX BOCXOJSIINX TTOTOKOB TaKyKe 3aMETHO YMeHb-
mmach. CKOPOCTh HUCXOASIINX ITOTOKOB JOCTUTAJIA
12 M/ ¢ B mo/106/1a9HOIT 30He BbIMAIEHUsT 0CaIKOB. Mak-
CUMAaJThbHASA PAINOJOKAIINOHHAS OTPAsKAEMOCTD B 06J1aKe
cocraBysina 51,2 n1BZ, ee akcTpeMyM pacmoJiarajics Ha
BpIcOoTe 3,4 KM U ObLI CBgI3aH C YacTHI[AMH OCaKOB.
TTostoskuTeNbHBIN 3apsiZi B BepXHeil yactun o6JiaKa BbI-
pakeH cuJibHee, YeM Ha TIPeABIAYIINX CTAIIAX.

OnHoll U3 MPUYMH CTOJIb OBICTPOTO TIPEKPAIIEHIIS
I'PO30BOIl JIeITeTBHOCTH MOKeT ObITb yjaseHue o0JIaKa
oT mo6epeskbsd (DWHCKOTO 3aIMBA U OTCYTCTBHE TEILIBIX
BJIJKHBIX MacC BO3/yXa, KOTOPBIE SIBJSINCH UCTOYHH-
KOM OOJIaYyHBIX KaTesb. BTopas mpuumHa MOXKeT OBITh
CBg3aHa C TeM, UYTO OTCYTCTBOBAJ 3aMeTHBII CIBUT
BeTpa B aTMocdepe, 1 06yCJIOBJIEHHDBII THTEHCUBHBIMU
ocaJIKaMi TOSIBUBIIUICS HUCXOJSIMINN MOTOK MOT TO-
JIAaBUTH BOCXOJSINNE [BUKEHNS, COBIAJABIINE C HUM
B IIPOCTPAHCTBE.

N3meneHne o0DbEMOB, 3aHUMaeMbBIX pacCMaTpH-
BaeMbIMH (DPaKIUIME, IeMOHCTpUpYyeTcsa Ha puc. 1.
MoutHueBble pas3psabl OTMEYATHCHh B TEPHUOJ], KOTIa
06BbeMbl 06JlaKa € KPYIOil W TPaJoM JOCTUTJN OCTa-
TOYHO GOJIBIIMX BeJUYnH. B oriamume ot 3Tux hpak-
Uil cyliecTBeHHOe yBelnveHne 06beMOB C BEPTHKATDb-
HO OpHUEHTHPOBAHHBIME  JIEJSTHBIMU  KPHCTAJLIaMH,

CrpoeHne U XapaKTePUCTUKH Ky4YeBO-A03KAeBOro o6jaka Bo BpeMsi (hOPMUPOBAHHSI MOJHHUIL 925



CHE’KMHKAMU U [JIOXKJEeM IPONCXOJUT 3aMeTHO TI033Ke
(ma 30—50-if MuH). ITO KOCBEHHO yKa3bIBaeT Ha GoJee
BUKHYIO POJIb KPYNbI W Tpajia B (OPMUPOBAHUU MOJI-
HUII 110 CPaBHEHUIO C APYTUMU 0OJTaYHBIMU (DPAKIHSIMIE.

2.4. IIpozno3 ¢2po3080il akmusHocmu
¢ nomowpio npoepamm <FTHMET-2010»
u «Memeosueiika»

O6e paccMOTpeHHbIE TPOTPAMMbl BTOPHYHON 06-
pabotku paauosokarmontoil nudopmannu («TMMET-
2010» u «Meteosueiika») HCHOAb3YIOTCA TP OIlepa-
THBHOII pa6oTe I/ paclo3HABaHUSA 0YaroB I'PO3 B IO-
Je pagnosxa. [lo paamosoKannoHHBIM JaHHBIM [T
KaKJOU SJYeliKi ompe/ie/isieTcsl HaJNYle T'PO3BI MO Ue-
TBIpeM UHTepBasaM ee BepogTHocTu: < 30, 30—70, 70—
90, >90%.

B wmamem ciydae MOYKHO CPaBHUTH BEPOSITHOCTH
HAJMYH TPO3, PACCIYUTAHHBIX TIO PAAMOJOKAITHOHHBIM
JIAaHHBIM, ¢ (aKTHIeCKN HAGJIOTaeMbIMI MOJTHIAMH 0
T'PO30MeeHTAIIIOHHBIM U3MepeHusM. Bpems mepexona
o6Jaka B TPO30Bylo cTaauio (IIpy pacuerax 1o n3Me-
penusm PJIC1 u PJIC3) coBmajaer ¢ peajbHbIM Bpe-
MeHeM TOSIBIEHUS MOJHUM. B Tepnojs MakcuMajabHOIT
TPO30BOI AKTUBHOCTH W BILIOTH J0O ee OKOHYAHUS Ha
27-it MUH BePOATHOCTb TPO3bI 1O JAHHBIM BCEX PaJNo-
JIOKaTOPOB 6bL1a Gosiee 70%, B GOIBIITMHCTBE CJIyIAeB —
6osee 90%. Ilocite OKOHYAHWS MOJHHUEBOW aKTHBHOCTH
Tpo3a TO PAJANOJOKAIMOHHBIM JaHHBIM OIpeesisaiach
10 46—53-it MuH, T.e. 26 MUH, XOTS B 9TO BpPeMs MOJI-
HUEBbIE Pa3Psi/Ibl yiKe He HaOIoQaliuch. ITO TOBOPUT
0 HeoO6XOIUMOCTH YCOBEPIIEHCTBOBAHUSI AJTOPUTMOB
B YACTH TPEYIPEKIEHHOCTH OTCYTCTBUS SIBJIEHUSI.

3akaouenne

BoimoHeHO  WccaeoBaHNME  Ky4YeBO-I0KIEBOTO
TPO30BOTO 06JTaKa, KOTOpoe pa3BUBasoch BOaM3H DuH-
CKOTO 3a7MBa B HOYHOe BpeMd. [lo pesyibTataM 30H-
IUPOBAHUA TPeX MeTeoPOJOTHYeCKNX PaJNoJoKaTo-
pos (JIMPJI-C, IMPJI METEOR 50DX, [IMPJI
METEOR 500) u ABYX rpO30IeIeHTallHOHHBIX CUCTEM
(MDAT-2H u Blitzortung) mosydyeHbl 3HaYeHHsT OCHOB-
HBIX TTapaMeTpoB 06JiaKa B XOJie €er0 Pa3BUTHS.

[lepBas MoNHUSA oTMeyasTach MPH MaKCHMAaJIbHOI
PaIMOJIOKAIIMOHHOI  OTpaskaeMocTH, paBHoil 35 nbZ.
MaxkcuMaabHass — pajinioJIOKAIIOHHAS — OTPaskaeMOCTh
6bl1a 3a(pUKCHpPOBAHA TIOCJE JOCTHKEHIS MaKCHMyMa
YacTOTBI Pa3ps/ioB, UTO OTINYAETCs OT JAHHBIX U3 ApPY-
THX JINTepaTypPHBIX HCTOYHUKOB.

Jlannble pajnOJIOKAITIOHHBIX M3MepeHuit u duc-
JIEHHOTO MOJIEJIMPOBAHMS TTOKA3aJd, 4TO Mepexoi 006-
Jlaka B TPO30BYIO CTaJMI0 ObLT O6YCJOBJIEH HAINYNEM
CIJIBHOTO BOCXOJSIETO TIOTOKA, BBIAEISAEMOTO IO Ha-
Jmanio cronba yaenbHoil auddepeHnuaabHOIl oTpa-
skaeMocTu (pauoJIOKallMOHHbIE JaHHble) U JOCTUTaB-
mero B BepxHeil yactm o6iaka ckopoctu 18 M/c (pe-
3yJbTaThl YHCJIEHHOro MojeupoBanus). [lo naHHbIM
MOJIEJINPOBAHIS MOKAa3aHO, YTO OOJIAKO TPH TepeXojie
B I'PO30BYIO CTA[IUI0O U BO BpeMs Haubojiee MHTEHCHUB-
Horo (OPMUPOBAHUS DPa3psIOB UMEJIO CTPYKTYpy 3a-

psAla, OTINYAIONIyIocsd OT KJIACCHYecKoil: cJoil HIKHe-
TO TIOJIOJKUTEJBHOTO 3apsa 3aHIMAJI /10 3 KM.

IIpu mepBoii MoJHUU B BepxHeil yacTu obJaka
Meskay m3otepMamu —13,6 + —32,4 °C o6HapyskeHa He-
6ospIIasi 061aCTh € JEJASHONW KPYHoit 06beMOM OKOJIO
1,7 kM°. MoKHO MIPE/ITOJIOKUTD, YTO B3aUMOjIeliCTBIE
YaCcTUI[ KPYIBI ¢ KPHUCTA/UIAMH TIPU HAJMYUHN Tepeox-
JIKZEHHBIX OGJIAYHBIX Karedb B 3Toi obiacTu obec-
MeYnsIo aJeKTpHu3alio obgaka. B ganpHefimeM cytie-
CTBEHHO YBEJUYUINCh O0beMbl 00Jiaka, TJe MPHCYT-
CTBOBJIM YaCTUIBI KPYIbl U TPajla, YTO IPHUBEJO
K mHTeHcH(UKAIUU TPO30BON akTHUBHOCTH. Takme pe-
3YJIBTAThl TOJTBEPKIAAIOT TIPEICTABIEHUSI O Ba)KHOM
POJIN JIeITHOI KPYIBI B Tpolleccax 3JeKTPU3aIlHi.

XapaKkTepucTuKM, TOJTy4YeHHBIE TI0 JAaHHBIM H3Me-
peHnil MCHOJIb3yeMBIX Pa/InOJIOKATOPOB, JOCTATOYHO
CUJIBHO OTJINYAIOTCS JPYT OT Apyra. B mepByio oue-
peib 3TO OTHOCHUTCS K MaKCHMAJTbHOI OTPaskaeMOCTH
or o6Jaka, 4To OCOGEHHO BaJKHO IIPH YCTAHOBJEHUU
MOPOTOBBIX 3HAYEHUI, COOTBETCTBYIOIIUX IIOSIBJIEHUIO
MOJTHUII.

IIpoaHaTM3UPOBAHO paclo3HABaHIE TPO3 CIIEII-
aJIbHBIM TIporpaMMHBIM obGectieuerneM «[MTMET-2010»
u «Merteosueiika». YCTaHOBJIEHO, YTO TIepBasi MOJTHUS
6blTa 3apUKCHPOBaHA B TOT JKe CPOK, KOTJa B TEPBBIi
pa3 6blia ompejeseHa Tpo3a IO PATMOTOKAIMOHHBIM
JAHHBIM. B IepHoj perucTpaiuy MOJHHEBBIX paspsi-
JIOB TPO3a MO PANOIOKAIINOHHBIM JAHHBIM OIIpe/ess-
JIaCh ¢ BEPOSITHOCTBIO Gostee 70% W MPOJoOJIKAIa OTpe-
JIeIIThesl ellle B TedeHne 26 MUH TIOCJie TIPEKPAIIeHIsT
paspsizioB. Takie pe3yJbTaThl TOBOPSAT O XOpOIeit
MpeIynpeskIeHHOCTH HAJUYUS TPO3BI TO PaN0JIOKa-
IIUOHHBIM JaHHBIM. OJHAKO HeOOXOAUMO YCOBEpIIeH-
CTBOBATH AJTOPUTM TIPOTHO3WPOBAHUS B YACTH OTCYT-
CTBHS OTIACHOTO SIBJICHS.

dunancuposanue. VlccieoBanne BBITIOIHEHO TIPH
dunancosoii mogaepsxke PH®D (rpant Ne 22-27-20031)
u Canxr-Tlerep6yprckoro Hayynoro ¢onzga (Cormatie-
ume Ne 58,2022 or 15 ampena 2022 r.).
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The article studies a single thundercloud that developed at night near the coast of the Gulf of Finland.
Using three meteorological radars, two lightning detection systems, and a 3D numerical model, the physical
processes that caused its electrification are analyzed. It is shown that the first lightning occurred during the pe-
riod when there was a small area containing graupel particles in the upper part of the cloud. Updrafts played
an important role in the formation of this area and the microstructure of the cloud, as shown both by radar ob-
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based on the results of numerical simulation showed that hailstones are the main carriers of the negative charge.

CrpoeHne U XapaKTePUCTUKH Ky4YeBO-A03KAeBOro o6jaka Bo BpeMsi (hOPMUPOBAHHSI MOJHHUIL

927



Tedl yulmoreL /MRy SUMIAI09 — (g ‘dIXor — Ny ‘9o0dow — 7 ‘Tedl — Y[ ‘OI4LIOHLOLII J0M00198 O RUAAY — O ([ ‘OI4LOOHLOLI HOMEUH O

enddy — O] ‘I9HO UMIORL — SA\ ‘I9HO HOXAD — S ‘MIIerondyd SMHEYSL — ) ‘MILerondyd SMHEIIL S1dHIreMUIdod — [A BUHORRHEOQ() *(£—0) UMHION 3I01JBh HOHALBW
-UOMEW U (2—D) UMHIOW Hoddoll oUIOIA4LIIo8aL00d ‘[ALHOWOKW & (€ ‘2) [ eUkdee OJOHWO4QO MLOOHLOLT U (¥ ‘9) A| SOMOLON (XUIIBYOXOUH) XUIMEY0X00d HLd0dodd :BuHedodUIaoN
OJOHHRIOMh WIHHRY oIl exergo xuioudsmiedex sunsraradimoed somnsaronedroodn ‘(2 ‘9) ardoweescedio sendremaadaddur ‘(o ‘v) exergo sumnaodid soxdsnuendodiuy g onug

£ M
Wi ‘Y WY
0‘os cLy 0'sy czy 5 0‘oc S'Ly 0'cy c'Ty .
£ %
T Z
=1
D0 ¥ 950 ¥
DaST= 9 |D-SI- 9
‘\z “ b
e 8 8
01 01
2 o
W'Y WY
Sty 0'‘sy ey 0'0¥ 0 c'Ly 0‘cy c'Ty 00y .
T T
D00 ¥ |D00 ¥
DeSl= 9 Do Cl— 9
+I ﬁ cp< Za
8 N SM
e ———— co-< Sa
L —_— 0'1=< - (9]
01 01 0'g-< 1A

Wiy

w1y




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


