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OcHoBHbIE€ THIIBI BapUallUil 3JEKTPUYECKOTO MO
NpH NPOXOKAEHHH KY4eBO-A0KAEBbIX 00JaKOB
Pa3JUYHOTO TeHe3uca

K.H. IlycroBasos, II.M. Haropckuii*

Hucmumym monumopunza xaumamuueckux u skoaozuveckux cucmem CO PAH
634055, 2. Tomck, np. Axademuuecxuii, 10/3

[Toctymmra B pemaknmio 1.06.2016 1.

HceseioBatbl Bapualiy TpaJueHTa MOTeHInala TPU3EMHOTO JIeKTPIUIECKOTO MO0JIsI B IPU3EMHOM CJI0e aTMO-
cdepbl Bo BpeMsi MPOXOKAEHHS KydeBo-HokaeBbix o6aakoB (Cumulonimbus, Cb). Bcero paccMorpero Goee
450 cayuaes. IIpemmoskeHa MeTOANKA BBIJEIEHIS CTPYKTYPHBIX 3J1€MEHTOB BapHaIliii TpajiieHTa MOTeHIaza, 06y-
CJIOBJIEHHBIX TpoxoskieHueM Ch, u nposefeHa (opMaiusalusi Bapualluii, B Xo1e KOTOPOH BbISIBJIEHBI OCHOBHbIE
THUIBI U3MEHEHUs] TPajIUeHTa MOTEHIHAMa 3JIEKTPUYECKOro 1o, [[Jisi KaXK[0oro M3 BbIJIEJTCHHBIX THUIIOB BapUalliil
ompe/ieJieHbl TapaMeTpbl, XapaKTepu3yIol[ie Bapualii rpajieHra MOTeHIUala B [[eJJOM U ero CTPYKTYPHbBIX 3Jie-
MeHTOB. Hali/leHbl CBSI3U MeK1y XapaKTepPHBIMU OCOGEHHOCTSIMU BBISBJEHHBIX TUIIOB BapUalliil rpajieHTa OTeH-
masa u Cb pa3indHOro MPOUCXOKAEHNS, HAXOMAMNXCS HA PA3HBIX ITAaX CBOETO PA3BUTIHS.

Knaiouesvie caosa: armocdepHoe 3JIEKTPUYECTBO, Ky4eBO-0K/eBble 06JTaKa, JUBHEBbIE OCA/KI, TPO3bI;
atmospheric electricity, cumulonimbus, showers, thunderstorms.

BBeaenune

Cormacao [1] rao6GambHOEe IOTEILIEHUE BeJeT
K POCTY BJIQJKHOCTH U YMEHBIIEHHWIO CTATHYeCKOH yc-
ToitumBocTH B atMocdepe B pernonax CeBepnoii EBpa-
31, YTO MOKeT IPUBECTU K MHTeHCU(DUKAIMH KOHBEK-
TUBHBIX TipolleccoB. B [2] mokasano, 4To BO BTOpOIt
nosioBuHe XX B. — Hauaje XXI B. oTMeuasoch yBeJn-
YeHWe 0N KOHBEKTHBHBIX W CHIDKEHHE [OJH CJIOM-
cTo06pa3HbIX (GopM 00JAUHOCTH, a JajbHelilllee MOTe-
IUIeH1e KJInMaTta NpUBeJieT K ele 6oJbIneMy yBesde-
HUIO  [OBTOPSIEMOCTH  KY4YeBO-JOK/EBBIX  06JaKOB
U CBSI3aHHBIX C HUMH OTACHBIX sBjIeHuil (rpos, rpaza,
MHTEHCUBHBIX JIBHEH, cMepueii). OQHaKo 10 cuX MOp
OCHOBHBIM CIIOCO60M peructpaiyu ¢GopM 06Ja4HOCTH
C TIOBEPXHOCTH 3eMJIH OCTAaloTCS BU3yaJbHble U pPa-
JINOJIOKATINOHHDBIe HaGJIo/IeHNs, obJajaIue psaoM
HeqocTaTKoB. /[l BU3YaIbHBIX HAOMIONEHHUN HAMO0Th-
TIyI0 CJOKHOCTD COCTABJIAET BEHIABJICHINE «3aTOIICHHOI
KOHBEKIINN» B OOGJAYHBIX CHCTeMaxX aTMOc(hepHBIX
GpOHTOB, MOBTOPSIEMOCTb KOTOPOil HpH JajibHelieM
moTelieHun KJauMaTta OyAeT TOJbKO Bo3pacraTh. Ta-
KM 06pa3oM, BO3HUKaeT HeOOXOAUMOCTb B JIOMOJIHI-
TEJbHBIX WCTOYHUKAX WHQOPMAIUU O TEKYIIEM CO-
CTOSTHUY OOJTAYHOCTH.

JlokanmpHOE 3JIEKTpHYecKoe TIOJe TIPU3eMHOI art-
Mocdepbl BecbMa YYBCTBUTEIBHO K MeETEOPOJIOTHYe-
CKUM YCJIOBHSM ¥ CYIIECTBEHHO U3MEHSETCS O]
BJMSgHEEM — 06JIAYHOCTH, OCOGEHHO  KOHBEKTHBHBIX
dopM, u paszandHBIX aTMocdepHbIX ABaeHmil [3—6].
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Jlanmasg 0co6€HHOCTb MOJKET OBITh HCIIOJIb30BaHa I
perrenns  o6paTHON 3ajauyl  — JUATHOCTHPOBAHUA
U YTOYHEHUS MEeTeOPOJIOTHYECKUX YCJIOBUI HA OCHOBe
JaHHBIX 00 2JEeKTPUIECKIX XapaKTePUCTHKaX ITPH3eM-
HOTO cJiog arMocdepbl. OMHAKO JJS pelieHus] Takoii
3aj1aynl Tpe6yeTcs HaKOTLIeHIe Ha/le)KHBIX CBeleHuil 06
0COGEHHOCTSAX BJUSHUSA PAa3JINIHBIX METEOpOJIoTHYe-
cKkuX (aKTOPOB Ha TIPU3EMHOE 3JIEKTPHYecKoe IIoJIe.

[Tomyuennsie B [4, 5] craTucTHyecKkme XapaKTepHc-
THKN 3HAYeHWH TpajieHTa TOTEeHINada, XapaKTepHbIe
U1t hopM 06JAaYHOCTH HIDKHETO SIpyca, TOKa3aH, 4To
MosIBJIeHNE HIDKHel 06JauHOCTH B CpeJHEM TIPUBOINT
K YMEHDIIEHUIO HANPSIKEHHOCTH IOJIsI, XapaKTepPHOM
IUISL YCJIOBUiT «Xoporeil morofbl». HanbGosbiime Bo3-
MYIIeHUsT HaOTIOAI0TCs TPH Ky4eBO-J0XKIEBBIX 006Ja-
kax (Cb). Tlo gaHHBIM psijia CTAHIMIT, PETUCTPUPYIONIHUX
BapHaluy TpajieHTa MoTeHIHada V@ ¢ BpeMeHHBIM
TakToM B 1 9, MeTeopoJorumdeckue SIBJIeHUs ObLIH
pPaHKMPOBAHBI MO CTeNeHW WCKasKeHUsI HOPMaJbHBIX
3HaueHnit V@: MakcHUMasbHble PAaHTH UMEIOT JMBHEBOI
JIOK/b, TPo3a, rpaj [5]. Boimagenue ocajikoB B BHje
0K W MOKPOTO CHeTa MPHUBOAUT K yMEHBIIEHUIO
3HAYeHUil Tpa/ieHTa MOTEeHINATAa 1 TePeXOJy UX B 00-
JIacTh OTpHILATENbHBIX 3HadeHuii, a cuer m (mam) Me-
Tesb — K yBeJMueHmo 3HaveHuit Vo [5, 6].

B pa6orax [4, 7] omucana cdopmamm3anusa Bapua-
uuit V¢ Bo BpeMsl OJM3KOTO OTHOCUTENBHO ITYHKTA
perucTpaIy MpoXosKAeHUs TPo3 Ha Tepputopuu Boc-
touHoil Cubupu, oIHAKO BbIjeJeHIe OT/IeTbHBIX THUIIOB
OCYTIECTB/ISAJIOCh BU3YaJIbHO Ha OCHOBe HeGOJIBIIOTO
KoJmdecTBa ciaydaeB. B [3] mpeanpuHATHI TOMBITKH
Kav4eCTBEHHOTO OObSICHEHUsI u3MeHeHHss V@ BO BpeMs
MPOXOKAEHNST KOHBEKTHBHBIX OGJAKOB KaK JIBUKEHUS
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TIOJI0KUTETbHO-TIOISIPU30BAHHOTO  BePTHKAJIBHOTO [THITIO-
Jid, UMeIONero pa3amdHbrii HakjgoH. B paborax [6, 8]
OTpa’KeHbl MOJIeJIbHbIE pacueThl n3MeHeHust V@ TpHu 1Ipo-
XOK/IEHUH KY4YeBO-ZI0KJ€BOTO O0JIaKa, 3JeKTpuieckas
CTPYKTYpa KOTOPOTO alPOKCHMHUPOBAHA TTOJIOKITETHHO-
TIOJITPU30BAHHBIM BePTHKAIBHBIM aumnoseM [8] u ropu-
30HTAJILHBIM JHMIIOJIEeM B HIDKHell dYacTnm o6iaka 6e3
ydeta 3apgaa BepxHeil ero yactu [6]. B [9] mpoBenen
MO/IeJIbHBII pacdeT Bapuanuii V¢ 1oJ BAusHIeM Iiepe-
HOCHUMBIX BETPOM OODBEMHBIX 3apsIIOB C MPOCTOIl KOH-
durypanueit (aunoueir).

[lenb gaHHOTO WMCCJIETOBAHUS 3aKTIOYAETCS B BBI-
IBJeHNN HamboJiee PACHPOCTPAHEHHBIX THUIOB <«MeJl-
JIEHHBIX» Bapuanuii [4], cBI3aHHBIX C MPOXOKIEHUHEM
Ky4eBO-ZIOK/IEBBIX OOGJIAKOB B TEILIBI TIepHoJl TOJa,
U OIpeJIeJIEHNN WX OCHOBHBIX XapaKTEPUCTHK. AHAJM-
3UPOBATUCh Bapuanun V@ y 3eMHOH IOBEPXHOCTH,
00yCJIOBJIeHHbIE COBMECTHBIM BO3/IEHCTBHEM O0OBEMHBIX
3aps0B B 06JaKaX W B BBIMAJAIONINX OCATKAX, a BO3-
JleficTBIie Ha BapHWallUW TPaJWeHTa TOTeHIHana OJm3-
KIX MOJTHUEBBIX Pa3ps/ioB He YUUTBIBATIOCD.

1. Onucanne 3KCNEePUMEHTAIbHOTO
MaTepHuaJia

V3mepenust mapaMeTpoB aTMOCHEpPHOTO 3JIEKTPH-
YyecTBa IMPOBOJAUINCD B Teodusndeckoii o6cepBaTOpuu
NMKIC CO PAH (r. Tomck) ¢ 2006 r. ¢ HCHOMB30-
BaHIEM aBTOMATH3NWPOBAHHON MeTeopOJIOTHYecKoil IH-
(opmanmonHo-usMeputenboii  cucrembr (AMUNC).
[lanrag cucTeMa TO3BOJAET OCYMIECTBIATD MOHHTO-
PUHT OCHOBHBIX METEOPOJIOTHUECKUX U JEKTPUIECKIX
ImapaMeTpoB, a TakKKe yJIbTPadUOJIEeTOBOTO U3IydeHUT
7 eCcTEeCTBEHHOI paJMOAKTUBHOCTH C BPEMEHHBIM pa3-
pemenuem 0,5—1 MuH.

I'pagyieHT MOTEHIINATA 2JIEKTPUYECKOTO TIOJS MIPH-
3eMHOI  aTMocdepbl  U3MepsJICS  JEeKTPUYECKIMU
¢moxemerpamu  «Ilome-2» m  «CS110», moasgpHBIE
3JIEKTPOTIPOBOTHOCTH BO3/IyXa — MPHOOPOM «IDIEKTPO-
TPOBOJHOCTD-2».  MeTeoposloTHUecKne  M3MepeHMs
npoBoauinch ¢ nomotbio AMUNC n yapTpa3ByKoBoit
Mereoctanmuu AMK-03 [10]. [ag amanamsa CHHOITH-
YECKUX YCJOBUI HWCIOJb30BATICH KOJbIIEBbIE KapThI
norozibl ¢ ¢pportanbibiM ananusom (http://gpu.math.
tsu.ru/maps). XapakTepuUCTHKH O06JauHOTO MOKPOBa
ompesleITNCh [0 JaHHBIM  CIEKTPOpagnoMeTpa
MODIS  (http://ladsweb.nascom.nasa.gov/data/)
B MOMEHTBI TIpoJieTa BOJIM3W MECTHOTO TOJIYIHS CITyT-
HukoB Aqua u Terra.

AHanmu3 MaHHBIX MOHUTOPWHTA TpaJMeHTa TOTeH-
1uaga 3IeKTPUIECKOTO IO MOKa3aJ, 4YTo MpH ITIPO-
XOKJEHUU MOIIHON KOHBEKTHBHOI 06Ja4HOCTH OTMe-
4aloTcsl WHTEHCHBHbIE W3MEHeHHs Kak aGCOJIOTHOU
BeJIMYIHBI, TaK U 3HaKa rpajueHTta noreHimama [11].
IIpn atoM Qopma BpeMeHHOH AMHAMHUKH V@ CyTIecT-
BeHHO oTsimvanach npu Cb, Pa3BUBAIOIINXCSA B PA3HBIX
CHUHONITUYECKUX CUTYAIMSIX U WMEIONNX Pa3IHIHyIo
KOHUTYpAIIIIO.

Hanpumep, mpn MpoxXoskJAeHUN ONHOYHOTO KY4eBO-
JTO’KJIeBOTO 06J1aKa BHYTPUMACCOBOTO MPOMCXOKICHNS,
KOTOPOMY COIIYyTCTBOBAJIN KydeBble OOJaKa Pa3smIHOI

MOIITHOCTH, B AuHaMuKe V@ OTMeyasrch JBa TOCJEI0-
BaTeJIbHBIX BO3MYIIEHUST PA3JINYHON TOISIPHOCTH, OOIIast
JUINTEJBHOCTD KOTOPBIX ~ 30 MUH. DTOT cJydail miio-
crpupyetca puc. 1, @, Ha BepXHeli MaHeaN KOTOPOTO
npeacrasieio RGB-uzo6pakenue creKTpopagnoMerpa
MODIS, a Ha HWKHeNl — X0/ TpaJiueHTa TOTeHInaJIa.
[Ipu mepeMelieHUn B OKPECTHOCTSX IYHKTa MOHUTO-
punra 1uesoro moasa Cb (puc. 1, 6), pasBuBaIOIErocs
B 30He TMOBBINIEHHON HEYCTOIYNBOCTH B TBLTY IIHKJIO-
Ha, HAOTIOAAUCh CJIOKHbIE Bapuaiuu V@, TPOI0J-
JKatoliiecs Ha MPOTSKeHUH HEeCKOJIbKUX YacoB.

[IpoxoxmenHne 061auHOI CUCTEMBI XOTOAHOTO (PPOH-
Ta wuamocTpupyerca puc. 1, 6. IlpencraBiennas Ha
3TOM PUCYHKe Me3oMaciiTabGHasi CTPYKTYpa COCTOUT U3
HECKOJIBKUX TIPSl KY4YeBO-[IOKIEBBIX OOGJAKOB, BKJIIO-
yasi «3aTOIIEHHBbIE» B CJOUCTOOOPA3HOIl 06JIavyHOCTH
KOHBEKTHUBHbBIE s4eiiku, U XapaKTepuayeTcs 1esoil ce-
pueil HempoOJAO/LKUTEIBHBIX Bo3MymieHuit. OO6mas -
TeJIbHOCTb BO3MYIIEHUSI COCTAaBJIsIeT HECKOJIbKO YacoB.
[Ipn mepemeleHNN B OKPECTHOCTSX IMyHKTa HabJIioze-
uug Cb B cocraBe Me30MacHITaGHOTO KOHBEKTHBHOTO
komiiekca (MKK) oTMeueHO JINTE/IbHOE COXpaHEHHE
BBICOKHX alGCOJIIOTHBIX 3HauyeHHit V@, BpeMeHHas IH-
HaMIKa KOTOPOTO Tpe/CTaBJeHa BCETO IBYMS BO3MY-
MEHNSAMI  TTPOTHBOIOIOKHOM mosstpHocT (puc. 1, 2).
JlmiTeIbHOCTD TIepBOTO U3 HUX IIpeBbIlaeT 1 4.

Takum o6pasoM, TpU MPOXOKIEHUN Ky4eBO-
TOKJEBBIX OOJAaKOB OTMEYAIOTCSI WHTEHCHBHBIE H3Me-
HeHUs KaK BeJUYWHBI, TaK W 3HaKa V@ B MPU3eMHOM
cnoe atMocepbl, a ocobeHHOCTH Bapuanuii Vo un ux
BpeMeHHasl CTPYKTypa BO BpeMs IIPOXO’K/IEHUSI pas-
JIMYHBIX TposiBieHnit Cb CyIIeCTBEHHO Pa3IMvaioTcs.
TTostoMy HeoOXonuM aHaMM3 Hanbojee 4YacTo BCTpe-
yatonuxcst ¢GopM Bapuaryii V@, 3aperucTpupoBaHHBIX
BO BpeMsd TIPOXOKIEHWSA HaJ MYHKTOM MOHUTOPHWHTA
Ky4eBO-ZI0K/IeBOIl OGJIAYHOCTH, ¥ BBIIBJIEHIE CB3eil
Mekay TpoxoxjeHueM Cb  pasaumdHOro TeHe3uca
u opMaMul «Me/IJIeHHbIX» Bapuaiuii Veo.

2. Meroauka or6opa,
dopmasnzanuu 1 06pabOTKH JaHHBIX

[l pellenus ToCTaBJeHHON 3a1ayd OBLTH HC-
M0JIb30BAHBI CJIeIyIOIINe TaHHbIe:

— JlaHHbIe TI0 TPAJNeHTy MOTeHINATA 3dTeKTpHIye-
cKoro 1oJs, noaydentbie B 2006—2013 rr.;

— o6JayHoCTh U aTMocgepHble SBJIEHUS B CTaH-
JlapTHbIE MeTeopoJIornYeckre cpoku (BpeMeHHoe pas-
pemenrie 3 4) Ha I'MC <«Tomck» 3a mepuog 2006—
2013 rr.;

— KOJIbIIEBBIE KAPTBI TOTOABI C (DPOHTATHHBIM
aHAJN30M;

— nmannble cnektpopaanomerpa MODIS croytHu-
koB Aqua u Terra /711 ciydyaeB TMPOXOKIEHMS PA3JIII-
Hbix Ch B6JM3U MECTHOTO TIOJIYIHS.

leousiueckas o6cepsaropus IMKOC CO PAH
u 'MC «Tomck» pacronaraioTcsi COOTBETCTBEHHO Ha
BOCTOYHOI 1 T0’KHOI oKpamHax T. ToMcka, paccTogHme
MeXJy HUMH cocTaBjsieT ~ 6 kM. 3 MeTeopoJiornye-
ckux gaHHbix [MC «Tomck» 3a uccieayemblii mepuos
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MecTtHoe BpeMs
Puc. 1. lunamuka u RGB-uso6pakenns MODIS Bo Bpems mpoxoxaerus Cb pasIuTHOTO TeHe3nca U KOH(DUTYpPAIHIL:
15.06.2007 (@), 10.05.2007 (6), 8.05.2007 (8) u 20.07.2009 r. (2). 1/ — momOKeHUE MYHKTa MOHUTOPUHTA HA CILyTHUKOBOM U30-

6paxennu (1. Tomck, 56,48° c.ur.; 85,05° B.A.); 2 — MOMEHT BpeMeHH, s Koroporo moiydeHo RGB-usoGpaxenue

OcCHOBHbIE THITBI Bapnam«lﬁ JJICKTPUYECKOIO IIOJIS MPHU MPOXOKACHUN KYyU€BO-AOKAEBBIX 006/1aK0B Pa3/IMYHOIoO reLe3uca 649



6B 0OTOOPAHBI METEOPOJIOTHYECKIE CPOKU 3a TETLIoe
nomxyroane (Maii—ceHTsIOpB), BO BPeMsl KOTOPBIX IIO-
TO/IHbIE YCJIOBHUS XapaKTePH30BAIUCH CJIEIYIOIIMI
0COOEHHOCTSIMMU:

— HaJIM4ie Ky4eBO-I0K/IEBBIX 06JIAaKOB;

— HaIu4ue JUBHEBOTO A0/, Tpaja WJIN TPO3bI;

— orcyTcTBHE concTo-nokaAeBbix (Ns), BBICOKO-
caouctoix (As) u ciaouctoix (St) 06/1aKO0B;

— orcyTcTBUe OGJOKHBIX U MOPOCSIINX OCA/IKOB;

— OTCYTCTBHE TyMaHa, JBIMKH U JbIMa JIECHBIX
TOKapOoB.

Jomnyckanoch Haimmune kyueBbix (Cu), cioucto-
KydeBbix (Sc¢), Bbicoko-KyueBbix (Ac) u mepucro-
kyueBbix (Cc) 006/1aKOB, COIYTCTBYIOMIUX Ky4yeBo-
JTO’KIEBBIM OOJTaKaM U SBJSIONUXCSA WX TPeIBECTHHU-
kamu, a Takke mnepucTbix (Ci) M HEPHCTO-CIOUCTHIX
(Cs), popmupyiomnx «HakoBaibHi0» Cb. ITn HopMbI
006JIAYHOCTH, KaK MPaBIJIO, He JAl0T OCAIKOB, a 00b-
eMHble 3apsi/ibl B o6lakax 3TuX (opM Ha HECKOJBKO
TOPSZIKOB MeHbBITle, YeM B Ky4eBO-TOKIeBBIX [12].
[TosToMy mcKaskaioliee BAUsSHNE OGJaKOB 3THX (DOPM
(10 cpaBHEHMIO C KyYeBO-IOKIEBHIMI) Ha BapHalluu
V@ y moBepXHOCTH 3eMJIN MPeIoJaragoch HecyIlecT-
BEHHBIM.

B pesyibrare TmpeaBapuTesbHOrO OT60pa  GbLIN
BBISIBJIEHBI CJIy4al MPOXOKIAEHUS HAJl ITYHKTOM MOHMU-
TOpHUHTa 06JIAKOB KOHKDPETHOIl (hopMBI:

— B BUJAE  HU30JHPOBAHHBIX
1 MyJbTHIYEHKOBBIX 06JIAKOB;

— B BH/Ie OPTaHU30BAHHBIX CKOILUIEHUI Ky4eBO-
JIOK/IeBBIX 001aKoB (JMHHUN IIKBATIOB, TPAA KydYeBo-
JTOJKIEBBIX 00JIaKOB, Me30MaCIITaOHBIX KOHBEKTHBHBIX
KOMILTEKCOB 1 Ap. [13—15]).

ITpu or6ope YUUTHIBAIOCH, YTO UHTEPBAJ BpPEMEHU
MEeKIy OTJEJbHBIMU COOBITHSIME JOJKEH COCTABJISATDH
He MeHee 30 MuH. OJHAKO He YUYUTBIBAJINCH CJydau
npoxoxkaennsa Chb B cucreme o6makoB Ns—As («3arom-
JIeHHasT KOHBEKINA»), MOCKOJbKY B TaKUX CHTYallUAX
UMeJI0 MeCTO HaJIOKeHNe <«OTKJIMKOB» HaNPsKEHHOCTH
AJEKTPIUYECKOTO TOJSI OT Pa3JHYHBIX THIIOB OOJIaKOB.
Takue ycioBUST HAOTIOAANINUCH TPH MPOXOMKIEHUN XO-
JoaublX  (pouToB I poma u  (DPOHTOB OKKJIIO3WH,
a WHOTJAa W TpPH MPOXOXKIAEHUU TeIbIX (POHTOB
B Terblii iepuo/ rosa [16—17]. Bcero 6b110 BBISBIEHO
463 caydasi TIPOXOKIAEHUsT OTIEJTBHBIX THIIOB Ky4eBO-
JIOZK/JIEBBIX 00JIaKOB.

Ha crnenyromeM stane o6pabOTKM B BBIOPAHHBIX
HHTEpBaJaX JaHHBIX MOHUTOPUHTA OMPEIE/SLINCh yIacT-
KII ¢ UHTEHCUBHBIME H3MeHeHUsMUu V@, KOTOpble GbLIN
CBA3aHbBI ¢ MTPOXOKIEHNEM KydeBO-T0KIeBOH 06JaUHO-
ctu. B 3THX jKe WHTepBaJaxX BbBIAESAINCH OTAETbHBIE
«CTPYKTYPHbBIE 3JIEMEHTBI Bapualluii», 06yCIOBI€HHBIE
BO3/IefiCTBIEM OOBEMHBIX 3aPS/I0B B KYYeBO-OKIEBBIX
ob6akaX W BBIMAJAONINX OCAAKaX: OTPUIATETbHBIE
1 TOJIOKUTEIbHBIE BO3MYIIEHHs] TPAJMeHTa MOTeHIIHa-
ga d, 3a orpullaTeJbHbIe U TOJOKUTEJbHBIE BO3-
MymieHust V@ TpUHUMAINCh Bo3MyleHus ¢ Vo < By
n Vo > By, tnie By 1 By — cOOTBeTCTBYIOIINE TPAHTI-
Hble 3Ha4YeHUs V.

Jl1a Terioro BpeMeHHU To/la TpaHUYHbIE 3HAYEHU
NpuHUMaINCh paBHbiMU By = By — s, By= By + s, T1e
By — HeBo3MymleHHOe 3HadeHHe V@  JieTOM

OHOSTYEITKOBBIX

(By~150 B/M), s = 750 B/M — sMmupuyecku mojo6-
paHHOe TpAaHWYHOEe 3HAYeHNe HANPSIKEHHOCTH II0JId,
MO3BOJISTIONIEe OT/AEJUTH Bapualmu V@, o6ycIOBIeHHbIE
Cb, or BaUgHHS JAPYTUX COMYTCTBYIOMUX (opM 06-
mayHocT. Mcxonnbple 3HaveHus V@ 3aMeHSINCh MO-
AuduIMpPOBaHHBIMI 3HaueHUsIMU V@', paBHbIMU By, B
uwm B, (By npu Vo < By, Byupu B; < V¢ < B, u B,
mpu Vo > B, coorBercTBeHHO). OANHOYHBIE BBHIGPOCHI
Vo, o6ycoBIeHHbIE OTKINKOM Ha GJIM3KHE MOJIHUEBbIE
Pa3psIbl, BOCCTAHABJIMBAJINCDH /10 COCEHUX 3HAYEHMI
Vo n u3 ganabHeiimeii 06pa6oTkn nuckaovanuch. Ipes-
JIO)KeHHAsT MeTOJNKAa TO3BOJMJIA CTAaHAAPTU3NPOBATH
[polle/lypy BbISABJIEHUSI U Pa3TPaAHUYEHUS CTPYKTYP-
HBIX 2JIeMeHTOB Bapuanuii Ve.

@dopmanuzaiusd Bapuanuii V¢ mo3BoJinia mpoBec-
TH aBTOMATU3MPOBAHHYIO OO6PaGOTKY [JaHHBIX W THUIIH-
3aIII0 CTPYKTYPHBIX 3JIEMEHTOB Bapualnii TpaJreHTa
noteHnuasa. B pesysbrare OTPabOTKU OMpe/eseHO
KOJIMYECTBO M TOCJEI0BATETbHOCTD BO3MYIIEHWH pas-
muHoii nospHocTn (d,) A1 Kak[I0TO aHAJIU3UpYe-
Moro caydad. [locsieoBarebHOCTH BO3MYIIEHUI pas-
JIMYHON TOJIIPHOCTH TTO3BOJIIJIA BBIJIEIUTh XapaKTep-
Hble THUITbI «Me/IJIEHHBIX» BapUaIlnii.

Jlg Kask0TO W3 BBIIEJEHHBIX TUIIOB BapHaInii
OIEHNBAJINCH 3HAYEHUs TapaMeTpPOB, OIUCHIBAIOIINX
ocobeHHocTH ToBeAeHust (puc. 2): obuas AJuTeNb-
HocTh D, pa3amax Bapuanuii A,, mapaMeTpbl BpeMeH-
HOIl CTPYKTYpbI Bapuaiuii Ve.
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Puc. 2. OcHoBHBIE mMapaMeTpbl MeJJTeHHbIX BapHuamii Ve:

D., Au, Dan, Va, onpenensiembie pu mnpoxosgaennun Cb. Ha

pucyake Vo u V@' — ncxofHble JaHHbIE U UX MOAHUMHUIIPO-
BaHHbIe 3HAUYEHUS

O61ag AmuTeTbHOCTD BapHaliii D, mpeacTaB/iser
co60il TTPOMEKYTOK BpeMeHHN OT Hayaja IePBOrO BO3-
MYIIEHUST 0 OKOHYAHUS TocjeaHero, a A, — pasMax
Bapuanmii Vo 3a unrtepBan D,. Pacuer A, ocyriecTs-
JIANCS TO WMCXOAHBIM 3HaueHusM V@ B BbIIeJTeHHBIX
BpeMEeHHBIX TpaHuIax. /[T mcciejoBaHusT BpeMeHHOU
CTPYKTYPbI Bapuaiii V@ omnpeiessiuch cJeryiomime
nmapaMetpbl (cM. puc. 2): YHCIO <«Me/JIEHHBIX» BO3MY-
HIEHUIT OJIHOTO 3HAKa, [JIUTEJIBHOCTD 1-TO BO3MYIIEHIS
(Dyg,) nin uHTEpBAJ BpeMeHH MeKIy HauyajloM U OKOH-
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YaHWeM 7-TO BO3MYIIEHU:, [JUTeTbHOCTD IIpoliecca
nepexofia (HPOHT BOZMYIIEHHS) OT OAHOIO BO3MYIIeE-
nus (d,) x apyromy (d,.;), cpeatee 3HadeHHe Ipajiu-
eHTa TOTeHIMaJa 3a WHTEPBAJ CYIIECTBOBAHUS 7-TO
sosmymterns (Vy,). 3uavenus Dy, pacCUUTBIBAIUCH Ha
OCHOBe MOAM(UIINPOBAHHBIX 3HaYeHNUiT V@', B To BpeMs
Kak Vg, onpenessIich 1I0 NCXOAHBIM JaHHBIM V.

Ha ocHoBe cuHONTHYECKNX KapT M JaHHBIX CIEK-
tpopaznomerpa MODIS (Buanmoe n MK-nzo6paskenns
06JIAYHOCTH, OTTHYECKasd TOJIIMHA 06JIAKOB, TeMIepa-
Typa B BepiimHe o6JaKa, TepMoJuHaMudeckas ¢asa
06J1aK0B) BO BpeMs ciy4aeB npoxoskaeHus Cb, coBra-
JTAIONIIX TI0 BPEMEeHH ¢ MOMEHTAaMHU TIPoJieTa CITyTHUKOB
Aqua n Terra, 6B yCTAaHOBJEHBI OCOOEHHOCTH pPa3-
BUTHSA U KOH(MUTYpPAIMH Ky4eBO-TO0KAEBBIX OOGJAKOB.
Bcero 6b110 mpoananm3upoBano 86 ciydaeB, M3 KOTO-
PBIX TPOXOsKjeHne (POHTAIBHBIX KYyueBO-J0K/IEBBIX
006JIaKOB OTMEYaJoCh B 42 CAyvasx, BHYTPUMACCOBBIX
Cb — B 40, a Cb B coctaBe MKK u ux ckomieHuii —
B 4 cayyasx.

3. Pe3yabraThl aHaau3a
U HX 00CYy:K/IeHHe

B pesyabrate 06paboTku (hOpPMaTI30BAHHBIX HC-
XOJIHBIX JIAaHHBIX OBLIM BBIJIEJCHbI OCHOBHBIE THIIBI
Bapuaiii V@, CBSI3aHHBIE C TIPOXOXK/EHUEM B OKPECT-
HOCTSIX MYHKTA M3MEPEeHUsT Ky4eBO-/I0K/IeBbIX 06JaKOB
PA3JIMYHOTO TIPOUCXOMKIAEHUS U OTJIMYAIONINECS KOJI-
YeCTBOM WU MOCJIe/IOBATESBHOCTBIO CMEHBI 3HAKa <«MeJl-
JIEHHDBIX» BO3MYIIEHUIA.

AHanm3 JaHHBIX 06paGOTKM IOKA3aJ, 4TO BapHa-
i Vo Bo BpeMs 2/3 ciaydaeB mpoxoskienus Cb or-
HocaTess K 10 OCHOBHBIM THIIAM U BKJIOYAIOT B ceOs OT
O/THOTO /IO IISATH BO3MYIIEHUI PasjMdHON MOJISIPHOCTH.
KauectBenuo ¢opma Bapuanuii V¢ BbIJETEHHBIX THIIOB

WLTIOCTPUPYETCsl pHC. 3, a UX IHOBTOPSIEMOCTb Ipefl-
craBjeHa Ha puc. 4. Dopmbl Bapuamuili Vo 115 octaib-
HBIX caydaeB mpoxoskaernss Cb (182 cayuas, 39,3%)
XapaKTepU3yloTcs 3HAYUTENbHO O0Jiee CJIOKHBIM BH-
oM, OONBITUM KOJMYECTBOM BO3MYIIEHUN W WMEIOT
CylllecTBeHHO Gojiee HU3KYIO TOBTOpsieMocTh. CpejHue
3Havenud D, u A, 118 KaXJIOTO U3 BbIIeJIEHHBIX TH-
noB Bapuanmii V@ mnpeacraBgeHbl B Tabm. 1. Oobmias
JUTNTEJIbHOCTD BBIJIEJIEHHBIX TUTIOB Bapuaiuii V¢ nsme-
Haerca B mpenenax D, ~ 10—70 MuH, a pasmMax Bapua-
uuit Vo sexur B aumamasone A, ~ 2300—10400 B/ m.

[lepeiineM Kk nM3y4eHHIO BPEMEHHON CTPYKTYDBI BbI-
SBJIEHHBIX THUTOB Bapuaimii Vo. Cpennne a6coJIOTHBIE
3HavYeHusd V@ OT/IeTbHBIX BO3MYIeHuit Vg, COCTaBIAIOT
B cpemHeM ~2400 B/M u usMeHsoTCS B IHana3’oHe
1200—3700 B/m. Cureayer mOAYEPKHYTh, YTO [T
kpaitnnx (1I€pBOr0 M MOC/IEIHET0) BO3MYNIEHHI THIIOB
3—10 D, B niesiom BbImie, a V; HUKe, 4eM /IS IpOMe-
JKYTOYHBIX BO3MYIIeHUil. ITY 0COOEHHOCTH MOKHO
OOBSICHUTh TOCTEIIEHHBIM BO3pacTaHieM,/ yObIBaHHEM
(06paTHO MPONOPIMOHATIBGHO KBaJpaTy PacCTOSTHUS) 3Ha-
qeHnst V@ Mpu T0X0/ie,/ 0TX0/ie KOHBEKTHBHON suefikm
WM KOHTJIOMepaTa sideek K IyHKTY,/OT MyHKTa HaGJio-
nerns. HemocpecTBeHHO 0T 06JaKOM TP cMeHe 3HaKa
JIOMIHUPYTONIETO O06BEMHOTO 3apsijia M3MeHeHIe Besn-
YUHBI W 3HaKa V@ TPU3EMHOTO 3JIEKTPUYECKOTO TIOJIST
MPOMCXOANT CPaBHUTENbHO ObIcTpo (~1—3 mun). Jlmm-
TEJIbHOCTD OT/IEJIbHBIX CTPYKTYPHBIX ajieMeHTOB (D)
cocraBisger B cpeaHeM ~10 MUH U u3MeHsercd B aua-
ma3one or 6 g0 15 muH. Ha ocuose Dy, u Vg, nasa
Ka’KJIOTO M3 OCHOBHBIX THUIOB Bapuaiuii V¢ ToaydeHb!
ocpeJHeHHbIe TTPOodUIN BpeMeHHOH AUHAMUKN V@, omm-
CBIBAIONINE XapaKTepHble 0COOEHHOCTH OTKJIMKA B IPH-
3eMHOM 3JIEKTPUYECKOM TmoJie Tpu TpoxoxaeHnu Cb
paszmmanoro reHesunca. Cpennne 3Hauenus Dy, n Vg, BbI-
JIeJIeHHBIX THTOB Bapuarmii V@ cyMMHUpoBaHBI B TabJI. 2.

Ve vol d- Vol Vo d dy vl dy dj
o il 21 oA Pr| B
By '—’/-\ /\‘— Bk Bo—=™\ N /== |Byhs. = | By
b | BN e A pe e
d| d, d, dy dy
Tun 1 Tun 3 Tumn 5 Tun 7
Vol dy Vol Ve dy Vip
B Bor +ememm b e By
By By - By
- bt B
d\ d,

Tumn 2 Tun 4

Tnn 6

Tun 10
Puc. 3. VaeanmusupoBarHas (hopMa OCHOBHBIX THIIOB Bapualluii, 3aperncTPUPOBAHHBIX BO BpeMs mpoxoskaenus Cb

Ta6auma 1

Cpennne 3HaueHus AjureabHoctH D, U pa3dmaxa Bapuaimii A, rpaJlieHTa MoTeHnuaza
npH NpoxoxaeHnn Cb pa3MYHOro reHe3uca

T 1 2 3 4 5 6 7 8 9 10
BapI/IaHI/H/I
D., sum 13,5 95 32,0 30,0 38,0 37,0 29,0 50,0 67,0 60,0
Ao, B/w 2550 2250 6300 6200 2700 8350 8150 10000 8860 10350

OcCHOBHbBIE THIIBI Bapl/[al.[l/[ﬁ JJIEKTPUYECKOIO II0JIsI NIPH INPOXOKACHUN KYUY€BO-OKAEBbIX 006/1aK0B Pa3/IMYHOIO reLe3uca 651



Jpyrne cayuan

182 (?9.3%)
Tun 10
6 (1,3%)
/ _Tun 9
( 11 (2,4%)
Tun 8
| 18 (3,9%)
Tun 1— | ' _ Tun 7_
95 (20,5%) _m1n1 éz..ﬁ%
3 : \ \ 3 Q9
Tun 2 \ '.I'nui;éj (3,9%)
32 (G»gno) Tun 3 Tun 4 40 (8.6%)

23 (5,0%) 27 (5,8%)

Puc. 4. IloBropsieMocTb pa3JIMUHBIX THUIIOB Bapualuii, 3ape-
TUCTPUPOBAHHBIX BO BpeMs npoxoskaenus Ch

CytecTBOBaHNE HEKOTOPBIX BbIABIEHHBIX TUIIOB
Bapuanuit Vo moAaTBepskaaeTcs MaHHBIMU paboT [3, 6,
8, 9], MOCBAIIEHHBIX WCCJIEIOBAHUIO Bapualuili Tpaju-
eHTa TOTEeHI[ala TIPU MPOXOKIeHun ognHouHoro Cb.
B atux paborax Ha KaueCTBEHHOM YDPOBHE aHAJIM3UPO-
Basuch Qopmbl Bapuaiuii Vo y mnoBepXHOCTH 3eMJu
TIPH JBIKEHUH OWIIONSIPHOTO TOJIIPU30BAHHOTO 006JIa-
Ka ¢ pa3JINYHBIM HakJoHoM. [loatomy Te 4 Tmma Ba-
puaruit V@, KoTOpble BbIJIeJIeHbl JKCIIEPIMEHTATbHO
B [4] (Bocrounas Cubups, Cb B Tpo30BoOil craaun,
23 cayyasi) u B [6] (Akyrusa, Cb B rpososoii cramum,
23 caydasi), UMeIOT cXoAcTBO ¢ 1, 3, 4 u 5—6-M Tuma-
MU Bapuaiuii V@, MoJydeHHbIMH B JaHHOU pabore.
Mogenbuple pacdets! [8, 9] orkimka Vo Ha pasmamd-
HBIX PACCTOSHUSAX OT TlepeMellalonierocsl Ky4eBo-
JOKJEBOTO  06JiaKa, C 3JIEKTPUYECKON CTPYKTYpoi
B BHJIe BEPTUKAJIbHO MOJSPH30BaHHOTO Aumojs (aHa-
sor oguHOouHOTO Cb), TOKazamm, 4to (POPMBI MOJIE]Ib-
HBIX Bapuanuii V@ G6JU3KH K 9KCIIEPHMEHTAJIbHO BBI-
JeneHHbiM popmaM Vo tunos 1 u 7.

CoBMecCTHBIIT aHaJIN3 JJaHHBIX V@, CHHONTHYECKUX
KapT u ganabix MODIS (st ciiy4aeB JHEBHBIX HAGJIIO-
JIeHnit) T03BOJINII CBsI3aTh BBISBJIEHHDbIE THIIbI Bapua-
Uil ¢ KOHKPETHBIME METEOPOJOTHYECKUME YCIOBUSIMHU.

CpaBHUTEJNBHO TJIABHOE M3MeHeHUe BeJTWYHHLI V@
C OIHUM—TPEMS TOCJIeI0BATETbHBIMI BO3MYIIEHUSIMU
Vo, ob1ast JIuTebHOCTh KOTOPBIX He IpeBbiimaeT 1 4,
00yCJIOBJIEHO, KaK TIPABIJIO, MPOXOXKIEHHEM OIMHOYHBIX
M30JIIPOBAHHBIX KY4eBO-J0K/EBBIX 006/akoB. Bo BpeMs
TMPOXOKAEHNST Yepe3 TyHKT MOHHTOPHHTA HECKOJIBKUX

6/TM3KO  PACIIOJIOJKEHHBIX KYy4YeBO-IOK/IEBBIX 006JaKOB
BHYTPHMACCOBOTO CKOIJIEHWS HaOI0JAI0TCA CIOXKHbIE
Bapuammu V@, CBS3aHHbIE C CYIEPIO3UITNel 2JeKTpu-
YeCKHX MoJiell, a cJIe/JoBaTeIbHO, U BO3MYIIEHUil, 00y-
CJTOBJIEHHBIX KaskAbIM 13 Cb. AMIUIUTY/a Bapuanuii ot
orzteibHbIX Cb 3aBUCHT OT PACCTOSIHUS /IO TYHKTa Ha-
6monenus. Ilpm  mocjaenoBaTeIbHOM — TIPOXOIKICHIH
HECKOJIBKUX OJNHOYHBIX Cb ¢ HeGOJIBIINM BpeMEeHHBIM
untepsagoM (Menee 1 4) Bapmamumm V@ OT KasKJOro
nocJaeayiomero o6Jaka, BCJEICTBHE TOTO, YTO 3JeK-
TPUYECKOe T0Jie He YCIeBaeT BOCCTAHOBUTBHCS JI0 HOP-
MaJbHBIX 3HaueHWil, Habmogaforcsad Ha ¢doHe O6osee
BBICOKUX 3HaueHuil V.

ITockosibKy BpeMs >KU3HM OT/IeIbHOI KOHBEKTHUBHOI
ayeiikn cocrasiiger ~30—45 mun [13, 14], To Timbs 1 u 2,
BepOsITHEE BCETO, CBSA3AHBI ¢ KOHBEKTHBHBIMU sTUEHKAMI,
HaXOJAIMIUMUCS B CTAJWM JUCCHIIAIIMA U POCTa COOT-
BETCTBEHHO, KOT/la OOBbeMHbBbIE 3TEKTPHUYECKUe 3apsbl
Cb oTHOCUTEJIbHO HeBEeJUKH KaK II0 IJIOTHOCTH 3apsi-
Jla, Tak ¥ M0 pa3MepaM, a 3JIeKTPHYEecKass CTPYKTypa
Cb, 1o pmaHHBIM caMOJIETHBIX wu3Mepenuit [18, 19],
XapaKTepu3yeTcss MPOTUBOTIONIOXKHON TOJIIpU3alueii.

ITo MaHHBIM CHHONTHYECKHX KapT W CIEKTpopa-
auomMerpa MODIS ¢ OZMHOYHBIMHU OJTHOSTYEKOBBIMMU
KY4€eBO-/I0KIE€BbIMI O0JIaKaMI, HAXOSIIIMUCS Ha pa3-
JIMYHBIX CTAJUSAX PAa3BUTHS, CBSA3aHbI, ITaBHBIM o6pa-
3oM, tunbl 1—7. Opnako mogo6Has dopMa OTKJIHMKA
B Vo Takske BO3MOKHA W IO/l BJUSHIEM CYIEPIIO3UITNN
AJIEKTPUYECKUX TIoJiel [BYX cMexHbix Cb, Hampumep
tuma 1 u 2. B ciay4ae OAMHOYHOTO WCTOYHHUKA TH-
bl 3—7 CBSI3aHbl ¢ KOHBEKTUBHBIMU S4YefiKaMH Ha pas-
JIMYHBIX JTANaX CTAJUU 3PEJIOCTH, MPUYeM THIBI 6 u 7
MIPEATIONIOKUTENBHO CBA3aHbI € dYeiiKaMi Ha MaKCH-
MaJIbHOW CTaINU Pa3BUTHI.

KyueBo-nox/1eBble 00/1aKa, PaCTIPOCTPAHSIONTNECS
B o6sauHoii cucteMe atmMocdepHoro ¢GhpoHTa U Ipe-
cTaBJIgoNe co6oli KoHroMeparsbl (IpsS/bl, CKOILICHIS)
MYJIbTUSTYEITKOBBIX 06JIAKOB, XapaKTePH3YIOTCS PE3KUMU
U3MEHEeHUIMHU BeJUYNMHbI V@ U 1eJoil cepueil Herpo-
JIOJKUTETbHBIX Bo3MyTeHuit Vo, o01mas 1JnTeJlbHOCTD
KOTOPBIX COCTaBJIsIET, KaK MPaBHUJIO, HECKOJBKO YacoOB.
[Tpoxosxaenre (ppPOHTATBHBIX MYJIbTHSIYENKOBBIX Ky4eBO-
JTOKIEBBIX OGJaKOB WM OJI3KOPACTIONOKEHHBIX OJTHO-
s4eiikoBbix Cb BHYTPUMACCOBOTO CKOILIEHISI, MPHBO-
Jidiiee K CYMepIO3UINN HJIeKTPUIeCKUX TOoJell cMex-
HBIX KOHBEKTHBHBIX sueek, (opMupyeT B OTKJIuUKe V@
tunbl 8—10 1, ¢ HEKOTOPOII BEPOATHOCTBIO, TUIIBI 3—7.

Ta6bauima 2

Cpennne 3uavenust Dy, u V4, OTAEJbHBIX CTPYKTYPHBIX 3JI€MEHTOB d,
JUUIS BbI/I€JIEHHBIX THIIOB BapHalMil rpaJieHTa MOTeHIHAIa

Tun Dg,, Mun Vian, B/M
BapI/IaIlI/Iﬁ d1 | dz | d3 | d4 | ds d1 | dz | d3 | d4 | d:)
1 135 —  —  —  — 1400 - - - -
2 9,5 — — — — 1550 — — — —
3 14,0 11,5 — — — —2450 2250 — — —
4 11,5 15 — — — 2850  —1850 — — —
5 14,5 12,6 — — — —1350 —1150 — — —
6 12,5 6 11,0 — — —2550 3350 —1750 — —
7 4,5 9,5 9,5 - — 2250  —2900 1950 - —
8 9 9 12 10,5 — 2700  —2950 3400 —1800 —
9 16,5 11,5 5,5 9 9,5 —2300 2750  —2800 2250 —1550
10 12 4,0 9 10,5 14,0 2750 —3150 3700 —3200 2150
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[TpoxosxaeHne Me30MacIITaOHBIX KOHBEKTUBHBIX
KOMTLIEKCOB XapaKTepU3yeTcs IJIUTeTHbHBIM COXpaHeH!-
eM Bbicokux sHavenuit Vo (Vo > 1000 B/M) u npuso-
JIUT, KaK TIPaBUJIO, K PETUCTPALNU OJHOTO—/BYX BO3-
MyllleHUil [pPOTUBONOJIOKHOI mossgpHocTH. /[lnuTesb-
HOCTb Ka)K/IOTO U3 HHUX MOeT TMpeBbimarh 1 4.
[MTockosbKy uncsio ciaydaes mpoxosxaenns Ch B cocra-
Be MKK U uX CKOTJeHHUil CyIeCTBEHHO MeHbIle, deM
BHYTPHMACCOBBIX M (DPOHTAJIbHBIX MYJIbTHSYEITKOBBIX
KY4eBO-ZI0KJEBBIX 06JIaKOB, TO Bapuaiyuu V¢, CBI3aH-
mbie ¢ MKK, B oT/1e/TbHBII THII He BBIJE/ISINCD.

Jlns  ocranpubpix  ciaydaeB Cb, He BOIIEIIINX
B 10 ocHOBHBIX THIIOB, (phopMBI Bapuarmii V¢ o6ycioB-
JIeHbI BJIUIHUEM Ha TPHU3eMHOEe 3JIeKTPUIecKoe TI0Je
MHO’KECTBA TIOCJTEIOBATEJNBHO TPOXOJAIIMNX Ky4eBO-
JIOKJIEBBIX OGJIAKOB MJIHM CJI0KHOTO KoHrJoMeparta Cbh.

3akouenue

Ha ocHoBanuu mpejiokeHHON MeToquKu (opma-
Ju3anun M 06paGoOTKH «Me/IEHHBIX» BapUAIlil TpH-
3eMHOTO 3JIEKTPHYECKOTO TOJIST BO BpeMs IPOXOXKIe-
HUST Ky4eBO-JI0K/EBBIX 00JIaKOB NTpOBe/IeHa KJIaccubu-
KaIusl THUIIOB Bapuwalmii V@ U BbIABIeHbl HanboJiee
yacTo BcTpevarolryecs: THIBI Bapuanuii Vo. Onpezee-
HBI TapaMeTpbl, XapaKTepHuaylolue Bapuarmum V@
B I[eJIOM W WX CTPYKTYypHbBIE 3JIEMEHTBI, [T KasK/I0TO
13 OCHOBHBIX THIIOB «MeJ/IJIEHHBIX> BapUaIlHil.

ITo pesyabraTaM COBMECTHOTO aHA/IM3a BapHanuil
V@, cHHONTUYECKUX KapT M JaHHBIX CIEKTPOPaIUO-
Merpa MODIS BbigB/IeHBl CBSI3M MeXK/y XapaKTepHbI-
MHI 0COGEHHOCTSMHU aHAIU3UPYEMBbIX THIIOB BapHalnit
Vo u Cb pasnuunoro unpoucxoxjaetus (0JUHOYHOE
Cb, konrmomepatr Cb, MKK). B ciydae mpoxoxk/IeHus
O/IUHOYHO} KOHBEKTHUBHOI SYelKH oIpe/iesieHbl TUIIbI
Bapuaiuii V@, XapaKTepHble [JIsI PA3JNYHBIX CTaauit
pasButusi BHyTpuMaccoBoro Cb.

MdopMa OCHOBHBIX THIIOB BapHalllil TTPHU3EMHOTO
3JIEKTPIYECKOTO O BO BpeMs MPOXOSK/IEHII KydeBo-
JIOK/1eBOIl  OGJIAYHOCTH COBMECTHO € XapaKTepPHBIMU
3HAUEHUIMH MAapaMeTPOB, OMUCHIBAIOIINX OCOOEHHOCTH
Bapuaiii V@ ¥ UX BpPEMEHHYIO CTPYKTYPY, MOTYT
OBITH WCIIOJIb30BAHBI IS MICCIEJOBAHUS Me30MaciTal-
HOW CTPYKTYpPBI OOJAYHBIX CHCTEM aTMOC(EepHBIX
(pPOHTOB ¥ BBISABJIEHNS 0YArOB <«3aTOIJIEHHOH KOHBEK-
IIUI» B YCJIOBUSIX N3MEHSIOMETOCS KINMAaTa.
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K.N. Pustovalov, P.M. Nagorskiy. The main types of electric field variations during the passage

of cumulonimbus clouds of different genesis.

Variations in the potential gradient of the electric field in the surface air layer during the passage of cu-
mulonimbus clouds (Cumulonimbus, Cb) are investigated. More than 450 cases with Cb were reviewed. The
method of selection of the structural elements, according to the potential gradient variations caused by the pas-
sage of Cb, was suggested. The formalization of the selected variations was carried out and the main types of
the electric field potential gradient changes were identified. The parameters characterizing the potential gradi-
ent variation and its structural elements were defined for each type of the potential gradient variations. Interre-
lations between the features of the potential gradient variation types and characteristics of different origin Cb

at different development stages were described.
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