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o COLIEPAHHE [IOKNIALA

1. MoTuBanus uccjieI0BaHuM.

* CniupaJbLHOCTD MOJIA CKOPOCTH
* CnnupaJbHOCTH B aTMOC(EPHBIX UCCIACTOBAHUAX

2. IlpuMeHeHHe aHAJIN3A CIMPAJTBbHOCTH JJI H3yYeHH s
TponuyecKkux HUMKJI0OHOB (TII)

° CHEHAPHii TPONMUYECKOT0 MUKJIOreHe3a: caMoOpraHu3anus
KOHBEKTHBHBIX nmpoineccoB — Montgomery et al., 2006

3. RAMS (Regional Atmospheric Modeling System)
MOYTH-00/1a4YHO-pa3pemiawumee Moaeauposanue TII:

* reHepauys CIUPAJIbHOCTH KOHBEKIHMEN U CABUIOBLIMU TCYCHUAMM,
* TUATHOCTHUKA cTaauil 3apoxaeHus u ycujaenus TII.

NEPCNEKTUBLI



@ MATEPHAJIBI MO TEME LOKJIALA

Crarbu, Te3UChI, IPE3CHTALUH :

https://www.researchgate.net/profile/Galina_Levina

https://iki-rssi.academia.edu/Galinalevina




CIIAPAJIBHOCTD 110Jis CKOPOCTHA

From Moffatt and Tsinober, 1992

H=[V-curlvVdr 5
Moffatt, 1969, JFM G
H # 0 — napymenne 3epransnoii cnmmerpun TypOyaenTuoctn
K2
&

BozmoxkHoCTh KpynHoMacluTabHol HeyCTOHYHBOCTH

e XapaKTepu3yeT CTPYKTYPY BEKTOPHOI0 MOJISi CKOPOCTH,
TONOJIOTUYECKUN MHBAPUAHT, U3MEPHIOLINI CTeNeHb 3aleIJIEHHOCTH
BHUXPEBbIX JMHIH U OTKJIOHECHUS OT 3ePKaJIbHOIl CHMMETPHUH;

e HEBSI3KMI MHTErpaJ IBHKEHUS B 0APOTPONMHBIX KHIKOCTSX,
CYIIECTBOBAHNE BTOPOTO KBAJAPATUIHOTO WHTETpajia ABMKCHHSI (TTOMUMO
HEPTUH) MPUIAET CIUPATHLHBIM CTPYKTYypaM OOJBIIYI0 YCTOMUYUBOCTh
OTHOCHUTEJIBHO JUCCUMAIMN, OHU CTAHOBATCS 00J€€ JOJTOXKUBYIUMH;

Lilly, 1986, JAS

e 3HAK CHHMPAJbLHOCTH OIpeAeaseT npeodiaganue JeBOBUHTOBbIX
WIM PABOBUHTOBBIX IBUKEHHI B pacCMaTpuBaeMoM o0beme,

e H #0 cmoco0cTBYeT nepeHOCY SJHEPIrUH U3 MEJKUX MACIITA00B

B KpYIIHbIE,
Pouquet et al., 2010, PoF ; Biferale et al., 2012, PhysRevLett



@ CIINPASIBHOCTS B ATMOCDEPHLIX WCCIENOBAHNAX

INPUMEPDI [1,2]: <T7-7‘0! f) - M/¢2 — WIOTHOCTH CHHPATLHOCTH

BAJIHKH B MOTPaHC.I0€ 103 -102
BpamAaMmAicad TepMAK 102
TPONHYECKHH MTOPM 10!
yparas 100
TOPHAT0 10!
ObLIBHBIH TbABOJI 10! - 3eman; 102 - Mapc

1. M.B. Kyprauckuit. Beedenue 6 kpynnomacuumabnyio ounamury ammocgepe. C-I16.: I'mapomereonsaar, 1993.168 c.
2. P. Umreacxkn. 1999, 40, 1. 35, Ne 2, c. 174-188.

B mesiix JUATHOCTHMKH OMACHBIX METEOSIBJICHHI Pa3HOOOpa3HbIe CHUPAJIbHbIE
XaPaKTEePUCTUKHU Yke MHorue roabl nmpumensorcsa B CLIA, Espone, Kurae.

BCE coBpeMeHHbIC YHCJICHHBbIC MO aTMOC(Pephbl coaepkar HaAdOPbI
CTAHAAPTHBIX MPOLEAYP AJA HMX pacyera.

Storm Relative Helicity / Storm Relative Environmental Helicity

SRH / SREH - _ :
/ BBeneHa Lilly (1986), Davies-Jones et al. (1990) u apyrumu

SRH = (V —Vmean)% —(U —Umean)ﬂ
oz oz

U, V - 30HaJbHBII U MEPUIMOHAJILHBII KOMIIOHEHTHI CKOPOCTH BeTpa,
Umean, Vmean - KOMIIOHEHTHI CKOPOCTH IMepeMelleHUus IeHTPA BUXPH.



@ CTINPAJIBHOCTD B ATMOCDEPHBIX NCCIIELOBAHNAX
http://en.wikipedia.org/wiki/Hydrodynamical_helicity

Meteorology [ edit] This page was last edited on 5 September 2017

In meteorology,["] helicity corresponds to the transfer of vorticity from the environment to an air parcel in convective motion. Here the definition of helicity is simplified
to only use the horizontal component of windand vorticity:

Z = Altitude
H= ]Vh -, dZ = fV;1 -V XxV,dZ Vi = Horizontal velocity

¢ = Horizontal vorticity

According to this formula, if the horizontal wind does not change direction with altitude, H will be zero as V}, and V X V}, are perpendicular one to the other making
their scalar product nil. H is then positive if the wind veers (turns clockwise) with altitude and negative if it backs (turns counterclockwise). This helicity used in
meteorology has energy units per units of mass (m2 / .92) and thus is interpreted as a measure of energy transfer by the wind shear with altitude, including directional.

This notion is used to predict the possibility of tornadicdevelopment in a thundercloud. In this case, the vertical integration will be limited below cloud tops (generally
3 km or 10,000 feet) and the horizontal wind will be calculated to wind relative to the storm in subtracting its motion:

SRH = ‘/(f;h - 5') -V x V3 dZ { C = Cloud motion to the ground

Critical values of SRH (Storm Relative Helicity) for tomadic development, as researched in North America,/?lare:

= SRH = 150-299 ... supercells possible with weak tornadoes according to Fujita scale

» SRH = 300-499 ... very favourable to supercells development and strong tomadoes

= SRH > 450 ... violent tornadoes

s When calculated only below 1 km (4,000 feet), the cut-off value is 100.
Helicity in itself is not the only component of severe thunderstorms, and these values are to be taken with caution.Pl That is why the Energy Helicity Index (EHI) has
been created. It is the result of SRH multiplied by the CAPE (Convective Available Potential Energy) and then divided by a threshold CAPE: EHI = (CAPE x SRH) /
160,000. This incorporates not only the helicity but the energy of the air parcel and thus tries to eliminate weak potential for thunderstorms even in strong SRH
regions. The critical values of EHI:

s EHI =1 ... possible tornadoes

o EHI = 1-2 ... moderate to strong tornadoes

» EHI > 2 ... strong tornadoes
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@ PACYET CIIAPAJIBHBIX XAPAKTEPACTHK TEYEHNA

H ﬂ\7-cur|\7d? — CNUPanbHOCTb TEYEHUS

V-curlV = u(a—w—@}rv(a—u—%}W[%—%—uJ = MJIOTHOCTb CMUPaJ/IbHOCTHU

CnupanbHOCTb TEYEHUS, OCpeaHEeHHas Mo YMC/Y Y3J/10B PpacCYeTHOMU CEeTKMU

(H) = (Hior)=(Hx)+{Hy) i (Huer)=(H:)

AHAJIH3 MPOCTPAHCTBEHHBIX BKJIAJ0B cMpajbHocTH [1-3]:

® TOPU3OHTAJbHASA CIHPAJBbHOCTD XAPAKTCPU3YET BKJIA[l BCPTUKAJIBHOIO CABHUIA
TOPHU30HTAJbHOT0 BE€TPa M IOPHU30HTAJbHBIX CIABHIOB BepTHKaﬂbHOﬁ CKOpPOCTH,

® BEePTUKAJIbHAS CIIUPAJbHOCTD ABJIACTCH HHIUKATOPOM BPAIIAIIIMXCH BEPTUKAJIbHBIX
ABUKEHUH (CMep4YHd, TOPHAI0, cynepsaveiiku, BuxpeBasi konBeknusi B TIL - VHTS)
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TIPAMEHEHNE AHAJINSA CITAPAJIBHOCTA LAJIA
NSYYHEHNSA TPOITAYECKAX LNKIIOHOB

HoBbll CieHAPUH TPONMUYECKOT0 IUKJI0IeHe3a, OCHOBAHHbIA HA CAMOOPTraHU3 AU
KOHBEKTUBHBIX MPOLIECCOB

MOG : Montgomery et al., 2006, J. Atmos. Sci., v. 63, pp. 355-386

Ioka3zaHo, Kak HaYaIbHBINA Me3oMacIITA0HbIN KOHBeKTUBHBIN BUXpb (MCV) B cpenneii Tponocdepe Mmoxer
TpaHchOpMUPOBATHCS B CKOHIIEHTPHUPOBAHHBIH Y MOBEPXHOCTH BUXPh Tponu4eckoii genpeccun (TD).

B sxcnepumenTtax Al u A2 npocJieskena noJsanas 3sosonus TLI,
BKJIIOYAIOIIasi 00pa3oBaHue Tponuyeckoro mropma (TS) m yparana (H) 2 kareropuu HHTEeHCHBHOCTH.

Camoopranuzanust
BHXPeBOIl KOHBEKIIUU HAOII01AJIaCh KaK:

» YKpyNHeHHe BHXPEBBIX CTPYKTYP OT pa3MepoB
OT/AEeJbHBIX BPAIIAKIIUXCH KyYeBbIX 00/1aKOB;

» cJusiHHe CTPYKTYP ¥ oOpa3oBaHue 00Jiee KPYIMHBIX
BHUXpeill, YCHJIMBaKIlee NUPKYJISIUI0 HA MaciITadax
CHCTEMBlI;

» KOHUEHTpauusi a0COJIOTHOr0 YIJI0BOr0 MOMEHTA Ha
MacmTadax HMUPKYJISIMHA BCed BUXPEBOM CHCTEMBbI.

HNanubie M06 ncnonsb3yiores AJis pacueTa CIHPANIbLHBLIX XapPaAKTEePHCTHK C
HeJbI0 AHANN3A CTAANI 3aPOKACHUA W YCHIICHUS TPONHYECKOI0 UHKI0OHA




TIPUAMEHEHNE AHAJINSA CIIAPAJIBHOCTA LJIA
NSYYHEHNSA TPOITAYECKAX LNKIIOHOB

B pa6ore M(06 TepMoMexaHMKA TPONUYECKOr0 IMUKJIOIEHE3a MCCJIe0BAJIACh HA OCHOBE
3D HermapocraTHueckoi oodaaunHoii Momean ¢ momombio RAMS (Regional Atmospheric
Modeling System) ¢ pa3pemennem 2-3 KM 110 TOPH30HTAJIH.

IHAPAMETPbBI MOJAEJIN:
Nested Grids 3
Number of horiz. grid pts. a) 40/62/92
for grids 1/2/3 b) 60/90/137
Vertical levels 26
Horiz. Coordinate Cartesian
Horiz. grid incr. for grids a) 36 km/9 km/3 km
1/2/3 b) 24 km/6 km/2 km
Vertical grid increment 400 m at the surface
Vertical grid stretch ratio 1.065
Grid top 22.6 km
Grid time step for 1/2/3 30s/10s/5s
\(,::r'zz Center latitude 15 degrees

Islands

Center longitude -40 degrees



XAPAKTEPACTUKA TOJIA CKOPOCTH ,
PACCYATAHHBIE 110 JAHHBIM RAMS MOZETINPOBAHNAA

Post processing: lexaproBbl n HMIHHIPHYECKHE KOOPIANHATHI ;
I, ] - 92X92 — mo ropu3oHTa M, HIAT = 3 KM;
k - 40 ypoBHeii mo Beprukaau, mar = 0.5 km;
IlostHOE BpeMsi KasKA0ro dJKcnepuMenTa — /2 yaca, mar = 10 muH.

E :1(ﬁ)2%k ; .%,j_,k:%(curlf)zw.,k , Hijj_,k:(f-curlf)

LLE 72 I

3D Kinetic energy, enstrophy and helicity densities

<E> : <g> : <H> - integral kinetic energy, enstrophy and helicity

normalized by number of grid points

Integral kinetic energy <EP> and <ES> separately to identify the helical feedback

Vertical velocity, vorticity and helicity — convection/VHTSs

Horizontal helicity <H, > = <H,> + <H> - vertical wind shear

Hydro- and thermodynamic fields in Cartesian and cylindrical coordinates,
azimuthal averages, and a number of other characteristics



@.W(CI'IEP”MEHW [M06], AHAJINSHPYEMBIE B HALUNAX PABOTAX

Havaabhbie ycaosus no Tadu. 1 [MO06]
No. Name Notes

Al Control Ax=Ay=2 km, SST=29°C, max v = 6.6 ms*at4 km
ak A2 3 km Ax= Ay=3 km, SST=29°C, max v = 6.6 msat4 km

B3  Cape-less | Ax=Ay=3 km, SST=29°C, max v =6.6 ms?at4 km,
(3 km) low-level moisture decreased by 2 g kg™

C1 No vortex = Ax=Ay=3 km, SST=29°C
C3  Weak vortex = Ax=Ay=3 km, SST=29°C, max v =3.0ms*at4 km

E1l Zero Coriolis  Ax=Ay=3 km, SST=29°C, max v =6.6 ms!at4km

Hem cywiecmeennvix paznuuuit mexicoy Al u A2. Tponuyeckas [lenpeccus (TD)
B skcnep-x A1, A2, B3 u E1 obpa3zosanuce TD uepe3 ~ 24-48 uac . Vmax £17 m/e
Al u A2: ycunenue 0o ypazanoe é meuenue 12 uac. Tponuvecknii Htopm (TS)
B3 u C3: pazeumue 3amemno meonennee, uem 6 Al, 17 m/e <Vmax < 33 m/c
El: nem ycunenus (6uxpsa TD) nocne 24 uac. Vparan/Taiipyn (H)

Cl: nem unmencuenvix VHTS u epawienun y nosepxnocmu. Vmax > 33 m/c



@ ZANATHOCTHKA SAPOXCLEHNA TPOTTAYECKAX LUAKITIOHOB

Korna ¢popmupyronmmiicsi BUXpb CTAHOBUTCH JHEPreTHYECKH CAMOIOAAEPKUBAKOIIUMCS ?

Bo Bpamaromeiicss HeoTHOPOAHOM aTMoc(epe BJIAKHOKOHBEKTHBHASI TYPOYJEHTHOCTb CTAHOBHUTCH CIHMPAJIbHOM,
NoaaBJisieTcsl MOTOK HEPruy K Macmradam JAUCCHMIANMU U

BO3HMKAET BO3MOKHOCTb KPYNHOMACIITA0OHOW HEYCTOMYMBOCTH

Kunetnueckas aHeprus (m5c?)

CnupansHocrs (m‘c’)
130"
[ a0"
[ 0"
410"
[ 210"
[ 210"
0

HEpBENaHAN LUVPRYIISOVS

0 G 20 40 60 80

Bpema (4)

JMuarnoctuka 3apoxaenns TI[ — «Genesis (G)». dDxcnepument A2 [M06]

» AHaJNu3 IBOJIIOIUH KHHETHYECKOI JHEPTHU MEePBUYHOI TAHTeHIHAJLHON mupKyJasinuu E1 u BropuuHoii
TpaHCcBepCcaJbHOI HUPKYJIsiuun E2 no3BosisieT onpeneinTh MOMEHT BpeMeHHu G, Korjia HAYMHAETCH UX
B3aHMHO€ YCHJIeHHe U (POPMUPYIOIINIACA BUXPb CTAHOBHUTCS JHEPreTHYeCKH CaMOINOAAePKMBAIOIIUMCS.

> B momenT Bpemenn G Me3omMacmTabHasi BUXpeBasi CHCTeMAa CTAHOBUTCS CIHPAJIbHOI:
IPOMCXOAMT 3alelVIeHHe TAHTeHIIHAJIbHON U TPAHCBEPCAIBLHON HUPKYJISALHU, KOTOPOE OCYIEeCTB/IsACTCSH
KOHBEKTHUBHBIMH CTPYKTYPaMH 00JIa4HbIX MACIUTA00B — BUXPeBbIMU ropsiuumMu 0amnamu (BI'b);

> CIIMPAJIBHOCTD IOJIA CKOPOCTH, KOTOPAasi ABJACTCH KOJIUYeCTBEHHOM Mepoﬁ JancinJjaeHus (BerHﬂﬂ lIaHeJIb),
CTAHOBHUTCHA CYIIECTBECHHO OTJINYHOM OT HYJISI U HapaCTalolueii.



@AHM”.? POJIN CITAPAJIBHOCTA B 3BOJTroUNA TU

B uncieHHBbIX 3KCIepUMeHTax 3a 72 yaca chopmupoBasucs TL pa3HOM HHTEHCUBHOCTH:
A2 — yparaH 2-il KATeropuy UHTEHCUBHOCTH, MAKC. TAHTCHIIUAJIbHANA CKOPOCTh — 43 M/C ;
B3, C3 u E1 — Tponuyeckue aenpeccuu, CKOPOCTH TAHTCHIIUAJILHOTO BeTpa < 17 m/c.

NurerpaabHbie xapakrepucTuku cpopmupoBapmuxcss TLI

No BeptukanbHaa [opu3oHTanbHasa KuHeTudveckaa KuHeTunuyeckas

] CMUPANbHOCTb CNUPaNbHOCTb 3Heprusa 3Heprusa

< Hy,, > < H;or > <EP> <ES>

M4/c? M4/c? M3/ c? M3/c?
A2 9.0-101° 9.5-1012 0.45-1016 0.15-1016
B3 4.0-1010 1.2-1012 0.4-1016 0.05-1016
c3 1.4-1010 3.0-1012 0.3-1016 0.08-1016
El 3.5-:1010 3.5-1012 0.6-:1016 0.05-101%6

1. Kuneruueckas 3ueprusi < E > paccunTeiBaercs mo cKOpocTd TAHTeHIIHATHHOTO

BeTpa. i1 yparana B A2 ¥ Tponu4eckou aenpeccuu B B3 ee 3HaueHMs1 0Ka3bIBAKOTCH
AOCTATOYHO OJIU3KHUMH.

2. 3HayeHMs TOPU30HTAJIBHON CIUPATBLHOCTH PA3JIMYAIOTCS B HECKOJIbKO pa3.

Heo0xonqum aHaIM3 TOPU3OHTAIBHON CIMPAIBHOCTH!



TEHEPALNSA CIIAPAJIBHOCTH HA CTALNAX SAPOICHEHNA A
YCHIIEHNSA TPOITAYECKOIO UAKITIOHA

Pacuernl CIIMPAJIBbHOCTH HA PA3HBbIX BbICOTaX

OkcnepumeHT A2

Mgan (x jO" m §'7) Total Kinetic Energy (m° s?)

001 0 t ' 6'1 016

0.0081 1 A 5.10%
i it b ST

0.006 <H ver > 'MW ﬂii‘. 1 410" ¢
L i B

0.004F WH/ v f 310"
[ ; |}

0.002F LT 2+10"°¢
[ YA nr i W |

[y y
0.000 W’WMM W e 110"
S0.002F L 0

0 20 40 60 80
time (h)

1. BeprukajibHasi CIMPAJIbLHOCTh PABHOMEPHO reHepupyercs B cjioe 1-7 km

2. lnsa t> 25 4 — 0oslee MHTEHCUBHAS TeHepPalsi TOPU30HTAJILHON CIUPAJBLHOCTH BOJIM3HU
MOBEPXHOCTH

3. s t>30 u— HaunHaeTcs pe3KUil POCT KHMHETHYECKOH IHeprum

I'OPU3OHTAJIBHASA CIIMPAJIBHOCTD — UHAUKATOP CTAJIUAN
YCUJIEHUA TII?




JANATHOCTHIKA CTALNN SAPONCIEHMNA W YCHIIEHNA
TPOITAYECKOIo UNKJIOHA

1. 3apoxgenue TII — «Genesis (G)».

AHAJIN3 3BOJIOIMHA KHHETHYECKOH IHEPTUM [T03BOJISIET ONPEIETUTh MOMEHT BpeMeHu G,
Koraa GOpMUPYIOIIUNCS BUXPh CTAHOBUTCS SHEPTrETUUECKN CAMOTOIEPKUBAOIITUMCS.

Ha sToi cTanuu 06a BKiIaga ciupaibHOCTH TeHepupyrorces o Beicore PABHOMEPHO.
BeprukanpHas CiupaJibHOCTh BUXPEBOM CUCTEMBI HA 2 MOPSAKA MEHBIIIE TOPU30HTAIBHOM.

Pa3BuBaroiascs KpynHoMaciiradHas CliupaibHO-BUXPEBas HEYCTOMYUBOCTh TPUBOAUT K
00pa3oBaHUIO TOBEPXHOCTHO-KOHIIEHTPUPOBAHHOTO BUXPS TPONUYECKO Jenpeccun — 1D.

OoOpa3zoBanueM T D 3akaHYMBaeTCs CTAAMA 3aPOKICHMS.

2. Ctagus yenjienuss TIl (maTteHcumdukanust oopazoBaBmieiicst TD).

AHAJIU3 BKJIAJI0B cniupajbHocTH. HaunHaeTcss HepaBHOMEpPHAasi MO BbICOTE, DoJiee
MHTEHCUBHAS BOJIM3HU MOBEPXHOCTH reHepalus TOPU30HTAJIbHON CIIUPAJIBbHOCTH.
DTO BBI3BAHO YCUJIMBAIOIIMMCS BEPTUKAJIbHBIM CABUTOM BeTpa B TD.

Bckope HaunHaeTCH YCTONYUBBLIM POCT HHTEIPAJIbHON KHHETHYECKOM
JHEPrUM CUCTEMBI.



o MIEPCIIEKTHBbI

B coBMecTHBIX HCCJICA0OBAHUAX C aMCPUKAHCKUMHU YYCHBIMH
IIPUMCHCHHUC IIPCAJIOKCHHOIO aHAaJIM3a HAYaTO AJIdA JHATI'HOCTHUKHU
emre AByX cueHapueB (gopvupoanusa TII, paccMoTpeHHBIX B cTarbe
M. E. Nicholls and M. T. Montgomery, 2013. An examination of two
pathways to tropical cyclogenesis occurring in idealized simulations
with a cloud-resolving numerical model. Atmos. Chem. Phys., 13,
5999-6022.

B 3Toii pabore mpuMeHeHa coBpeMeHHas MoauduKamus Moaean
atMocepbl RAMS u 0oJsiee BbICOKOE TOpH30HTaJbHOE (1-2 KM) M
BepTHKAJIbHOe paspemnenue (200 m).

PaboTa BbinonHeHa npu nopaaepxke POOU no rpanty N2 16-05-00551a

CrnnACnNbO 3A BHUMAHME !



Computer facilities used for RAMS simulation and post-processing
in Montgomery Research Group, NPS, Monterey, CA, USA

Dual processor Linux workstation has

- two AMD Opteron CPUs At 2.00GHz each
- 4 GB of RAM

- 1 TB of hard drive space

It runs CentOS 4.7 Linux

Saffir—Simpson hurricane wind scale

Category Wind speeds

270 m/s, 2137 knots
2157 mph, 2252 km/h

58-70 m/s, 113—136 knots
130-156 mph, 209-251 km/h

50-58 m/s, 96—112 knots

Five

Four

Three 4112129 mph, 178-208 km/h
Two 43-49 m/s, 83—-95 knots

96-110 mph, 154-177 km/h
One 33-42 m/s, 64-82 knots

74-95 mph, 119-153 km/h

Related classifications
Tropical 18-32 m/s, 34-63 knots
storm  39-73 mph, 63-118 km/h

Tropical <17 m/s, £33 knots
depression €38 mph, €62 km/h



