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@ MATEPHAJIBI MO TEME LOKTALA

CTaTI)I/I, TE3UChI, IPE3CHTAILINNA .

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

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

Y4yactue B npogeCcCHOHATBHBIX MEXKIYHAPOIHBIX
(popymax:

(eskeTHeBHBIN 00MeH/00HOBJIeHHEe WHGOPMAIUN)
http://tstorms.org/tropical-storms/

http://www.atmos.albany.edu/mapdisco/




o COLIEPYAHME [JIOKNIALA

1. Konunenuusi CiupajibHOCTH:

e CniupaJIbHOCTh MOJIAA CKOPOCTH,
e CniupaJbHOCTh B aTMOC(EPHBIX UCCIACTOBAHUSX.

2. IlpuMeHeHne aHAJIM3Aa CIMPAJILHOCTH JI51 U3YyYeHMUSsI
Tponuuyeckux mukjaonos (TII) :

* RAMS (Regional Atmospheric Modeling System) mouru-o6a4uno-
paspemamiiee moaeauposanue TII,

* cnMpaJbHasi TYPOYJEHTHOCTh — BUXPEBOE TUHAMO — ITHATHOCTHKA
Ha4vaJia 3apoxaenus TII,

* reHepauus CUPAIbHOCTH KOHBEKLMel U CABUTOBBIMU T€YCHUSMM,
* THATHOCTUKA CTAAMU 3apoxaeHus u ycuaenus TLI.

NEPCNEKTUBDLI



@ CITAPAJIBHOCTD 110Jis1 CKOPOCTH

Inaugural Article, PNAS. H. Keith Moffatt (2014), v. 111, no. 10, 3663-3670

H=[V-curlVdr

This integral is, like energy, an invariant of the Euler equations of ideal fluid flow,
although, unlike energy, it is not sign definite, and its physical interpretation is that it provides
a measure of the degree of knottedness and/or linkage of the vortex lines of the flow.
It is also a measure of the lack of mirror symmetry of the flow.

Betchov (1961) - the term ‘helicity’ ;

significance of the mean helicity <V-curl V> in turbulent flow;
Moreau (1961) - the invariance of H in ideal fluid;
Moffatt (1969) — the most comprehensive notion of helicity in fluid dynamics and MHD

I,
From Moffatt and Tsinober, 1992 J2
C, C,
K1 K2
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@ BAXPEBOE fINHAMO --- NCCTIELQOBAHNA T

MECTO I'MIIOTE3bl O BUXPEBOM JWHAMO

B COBPEMEHHBIX UCCIEIOBAHUAX TII ?

B03MOKHOCTBL OIpeeJIiTh, KOIJA 3apO:KIAr0IINiiCs
BUXPb CTAHOBHUTCH CAMONOMNAEPsKHUBAIOIIIUMCH:

3TO MPOUCXOUT PAHBIIE OBPA30OBAHUSI TPONNYECKOW
JEMPECCHU !

> POCCUUCKO-aMepuKaHckue nybnukaumm n aoknaabl 2013-2016 rr.

> BbicTynneHue B National Center for Atmospheric Research

https://www.mmm.ucar.edu/seminar/2016-10-20-213000-helical-tropical-cyclogenesis-
modern-look-based-cloud-resolving-numerical




ANATHOCTHKA SAPOXCLEHNSA TPOTIANYECKAX LUNKIIOHOB

Korna ¢popmupyromuiicsi BUXpb CTAHOBUTCH JHEPreTHYECKH CAMONOIIePKUBAIOIIMMCS ?

Bo Bpamawieiicsi HCOTHOPOAHOM aTMOc(epe BJIAKHOKOHBEKTHBHAS TYPOYJEHTHOCTh CTAHOBUTCS CIIMPAJILHOM,
NMOAABJSIETCH NMOTOK JHEPrMH K MacluTadam JMCCHIIAIAN U

BO3HUKAET BO3MOKHOCTh KPYNHOMACIITA0OHON HEYCTOMYHMBOCTH

Kunetnueckas aHeprua (m5c?)

r . Campanswocre (m'c’)
[ 1e50"

HEepBENaHAR UVPRYITSOVS

JNuarnocruka 3apo:xaenuns TI[ — «Genesis (G)». dxcnepument A2 [MO6]

» AHAJIH3 YBOJTIOIHN KHHETHYECKOH YHePIrud MePBUYHOI TaHTeHIUAJIBHOI nMpKyJsinun E1 u BropuaHoii
TPaHCBepcaJIbHON HUPKYJIAUuN E2 no3BossieT onpenesuTb MOMEHT BpeMeHu G, KOI1a HAYMHAeTCs UX
B3aMMHOE YCIJIeHHEe U (POPMHUPYIOINMIACH BUXPb CTAHOBUTCS JHEPreTHYECKH CAMONOAACPKUBAIOIIAMCSH.

» B momenT Bpemenu G Me3omacmTabHasi BUXPeBasi CHCTEMa CTAHOBUTCS CIUPAJIBLHOM:
MPOMCXOAUT 3aleIVIeHHe TAHTeHIIUAJIbHON U TPAHCBEPCAJbHOM HUPKYJISIIUU, KOTOPOE OCYIIeCTBJIACTCS
KOHBEKTHBHBIMH CTPYKTYpPaMu 00JIa4HbIX MACIITA00B — BUXpeBbIMH ropssunmu damnasavu (BI'b);

» CHHPAJBHOCTD MOJIsI CKOPOCTH, KOTOPasi ABJISIETCS KOJIHYECTBEHHOI Mepoii 3anensienns (BepXHsisi NaHedb),
CTAHOBHUTCH CYHIECTBEHHO OTJIMYHOM OT HYJISl M HApacTaloLe.



@ CIINPASILHOCTS B ATMOC®EPHLIX HWCC/IEAOBAHMAX

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

BAJHKH B HOTPaHCI0€ 103 -102
BpAMAKIIHANCA TEPMHK 102
TPONHYECKHH MTOpPM 101
yparas 100
TOPHAZ0 10!
OBLIbHBIH IbIBO.I 10! - 3eman; 102 - Mapc

1. M.B. Kyprauckuit. Beedenue 6 kpynnomacumabnyio ounamury ammocgeps. C-I16.: I'mapomereonsaar, 1993.168 c.
2. P. Wicreacku. 1999, 940, 1. 35, Ne 2, c. 174-188.

B mesisix JMArHOCTHKHM ONMACHBIX METEOABJICHHH Pa3HOOOpa3HbIe CIUPAJbHbIE
XapaKTepPUCTUKHU y:xke MHOrue roabl npumensawrcss B CILHA, Espomne, Kurae.

BCE coBpeMeHHbI¢ YHCJIEHHbIC MOAeJU aTMocdepbl coaepkar HAOOPbI
CTAHJAPTHBLIX NPOUEAYP HJS UX pacyera.

Storm Relative Helicity / Storm Relative Environmental Helicity

SRH / SREH - . :
/ BBeaena Lilly (1986), Davies-Jones et al. (1990) u npyrumu

SRH = (V —Vmean)% —-U —Umean)ﬁ
0z 0z

U, V - 30HaJILHBIA U MEPUAMOHAJBLHBI KOMIIOHEHTHI CKOPOCTH BETPA,
Umean, Vmean - KoOMIOHEHTbI CKOPOCTH MepeMelleHnsl HEHTPa BUXPHI.



@ CIINPAJTIBHOCTD 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= th (R dZ = th -V x 17;, dZ T7h = Horizontal velocity

{;, = Horizontal vorticity

According to this formula, if the horizontal wind does not change direction with altitude, H will be zero as ¥, 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 / 32) 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 = /(Vh - é) -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,/Plare:

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

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

s SRH > 450 ... violent tornadoes

¢ When calculated only below 1 km (4,000 feet), the cut-cff value is 100.
Helicity in itself is not the only component of severe thunderstorms, and these values are to be taken with caution.[Bl That Is why the Energy Hellcity 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

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

» EHI > 2 __. strong tornadoes

References [edi;

» Batchelor, G.K., (1967, reprinted 2000) An introduction to Fiuvid Dynamics, Cambridge Univ. Press

= Ohkitani, K., "Elementary Account Of Vorticity And Related Equations”. Cambridge University Press. January 30, 2005. ISBN 0-521-81984-9

= Chorin, A_J., "Vorticity and Turbulence". Applied Mathematical Sciences, Vol 103, Springer-Verlag. March 1, 1994. ISBN 0-387-94197-5

o Majda, A.J. & Bertozzi, A.L., "Vorticity and Incompressible Fiow". Cambridge University Press; 1st edition. December 15, 2001. ISBN 0-521-63948-4
o Tritton, D.J., "Physical Fluid Dynamics". Van Nostrand Reinhold, New York. 1977. ISBN 0-19-854493-6

= Arfken, G., "Mathematical Methods for Physicists", 3rd ed. Academic Press, Orlando, FL. 1985. ISBN 0-12-059820-5

e Moffatt, H.K. (1969) The degree of knottedness of tangled vortex lines. J. Fluid Mech. 35, pp. 117-129.

o Moffatt, H.K. & Ricca, R.L. (1992) Helicity and the Calugéreanu Invariant. Proc. R. Soc. Lond. A 439, pp. 411-429.

e Thomson, W. (Lord Kelvin) (1868) On vortex motion. Trans. Roy. Soc. Edin. 25, pp. 217-260.



@ PACYET CITAPAJIBHBIX XAPAKTEPACTUK TEYEHNA

H :j\7-CUF|\7dT’ — CMMPanbHOCTb TEUEHUS

h=V-curlV = u(@—@jw(a—u—@}w[g—i—g—;j — NNOTHOCTb CNMUPaNbHOCTH

CnupasibHOCTb TEeYEHUS, OCpeaHEeHHas Mo YMC/ly Y3/10B PpacCYeTHOMU CETKMU

(H) = (Hror)=(Hx)+{Hy) i (Huer)=(H2)

AHaJIU3 MPOCTPAHCTBEHHBIX BKJIAI0B cniupajbHocTH [1-3]:

® TOPU3OHTAJBbHAA CIHHPAJBbHOCTD XAPAKTCPHU3YET BKJIA/Jl BCPTUKAJIBHOIO CABHUIA
TOPHU3OHTAJIBHOI'0 BE€TPa M IOPHU30HTAJIBHBLIX CJABHIOB BepTI/IKaJIbHOﬁ CKOpPOCTH,

® BEePTUKAJIbHAS CIIMPAJbHOCTD ABJACTCH HHIUKATOPOM BPAIIAIIIMXCH BEPTUKAJIbHBIX
ABUKEHNH (CMepyYH, TOPHAL0, cynepsueiiku, BuxpeBasi konBekuus B TII - VHTS)

Jluteparypa

1. Hide R., 1976. Anote on helicity. Geophys. (& Astrophysical- after 1977). Fluid Dyn. Vol. 7, pp. 157-161.
2. Kain J. S., and Coauthors, 2008. Some practical considerations regarding horizontal resolution in the first generation of
operational convection-allowing NWP. Wea. Forecasting. Vol. 23, pp. 931-952

3. Levina G.V., 2013. Helical organization of tropical cyclones. Preprint NI13001-TOD. Cambridge, UK: Isaac Newton Institute
for Mathematical Sciences. 47p.



@BKCHEP”MEHW [MO6], AHAJTNSHPYEMBIE B HALUNX PABOTAX

MO6G : Montgomery et al., 2006, J. Atmos. Sci., v. 63, pp. 355-386
Hauanbhblie ycsous no Tada. 1 [MO06]

No. Name Notes
Al Control Ax=Ay=2 km, SST=29°C, max v =6.6 ms!at4km
A2 3 km Ax= Ay=3 km, SST=29°C, max v = 6.6 ms!at4 km

B3 Cape-less | Ax=Ay=3 km, SST=29°C, max v = 6.6 m s at 4 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 =5.0 ms!at4km

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

Hem cywiecmeennuix paznuuuii mexncoy Al u A2. Tponunyeckasn Jlenpeccus (TD)
B sxkcnep-x Al, A2, B3 u E1 oopaszosanuce TD uepe3 ~ 24-48 yac . Vmax £17 m/c
Al u A2: ycunenue 0o ypazanoe ¢ meuenue 12 uac. Tponuyecknii ltopm (TS)
B3 u C3: pazeumue 3amemno meonennee, uem ¢ Al. 17 m/e <Vmax < 33 m/e
El: nem ycunenus (éuxpa TD) nocne 24 uac. VYparan/Taiipyn (H)

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



@AHAIIH.? POJIN CITAPAJIBHOCTHA B SBOJTrOUNNA T

B uncieHHBbIX 3KCIepUMeHTax 3a 72 yaca chopmupoBasnch TL pa3HOM HHTEHCUBHOCTH:
A2 — yparaH 2-il KATeropuy MHTEHCUBHOCTH, MAKC. TAHTCeHIIUAJIbHAA CKOPOCTh — 43 M/C ;
B3, C3 u E1 — Tponnyeckue aenpeccuu, CKOPOCTH TAHTCHIIUAJIBLHOTO BeTpa < 17 m/c.

HNurerpanbubie XapakTepucTuku cpopmupoBammxcs TLI

No BeptukanbHaa Topu3oHTanbHaa KuHeTnueckas KuHeTunuyeckas

] CNUPasbHOCTb CNUPasIbHOCTb 3Heprus 3Heprus

< H,,> < H\or > < EP > <ES>

M4/ c2 M4/c? M3/c2 M3/c?
A2 9.0-1010 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
E1l 3.5-1010 3.5-1012 0.6-1016 0.05-1016

1. Kunernyeckas sneprus < E > paccuurpiBaercsi mo cKoOpocTH TAHTEHIHAIbHOIO

Berpa. [lis yparana B A2 u Tponnyeckon aenpeccuu B B3 ee 3HaueHUsI 0KA3bIBAKOTCS
A0CTATOYHO OJU3KMMM.

2. 3HaYyeHUs TOPU3OHTAJBLHOM CNIMPAJTBHOCTH PA3JIHYAKTCA B HECKOJIBKO pa3.

Heo0xoqum aHaJ U3 rOPU30HTAJIBHON CIUPAIBHOCTH!
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1. BepTukajbHasi CIMPaJbHOCTL PABHOMEPHO IreHepupyeTcsi B cjioe 1-7 km

2. Insi t > 25 4 — GoJiee HHTEHCUBHAS TeHepPallsi TOPU3OHTAIbHON CIMPAJTBLHOCTH BOJIU3H
MOBEPXHOCTH

3. s t> 30 4 — HauMHaeTCA pe3Kuil POCT KHUHETHYECKOW IHepruu

TOPU3OHTAJILHASI COUPAJIBHOCTD - UHJIMKATOP CTAJIUU
YCWJIEHHUS TI?




JANATHOCTHKA CTALMA SAPOXKLOEHMA M YCHITEHHNA
TPOITANYECKOIo UNrKJioHA

1. 3apoxkaenne TII — «Genesis (G)».

AHAJIN3 IBOJIOIMHA KHHETHYECKOH IHEPTUM MT03BOJISIET ONMPEICTUTh MOMEHT BpeMeHu G,
Koraa GOpPMUPYIOIIUNACS BUXPh CTAHOBUTCS SHEPTrEeTUUECKU CaMOTIOIIEPKUBAIOIIIAMCS.

Ha stoii ctaguu 00a BkI1aga cnupaibHOCTH renepupyrorces no Beicore PABHOMEPHO.
BeprukanbHas CrinpaibHOCTh BUXPEBOW CUCTEMBI HA 2 MOPSIKAa MEHBIIIE TOPU3OHTAIBHOM.

Pa3zBuBatomiasics KpynmHoMaciiTadHas CiupaibHO-BUXPEBast HEYCTOMYMBOCTh TPUBOAUT K
00pa30BaHUIO MOBEPXHOCTHO-KOHIIEHTPUPOBAHHOTO BUXPsI TPOIIMYECKOM Aenpeccun — [ D.

OopaszoBanuem TD 3akaHunBaeTcs CTAAUS 3aPOKIACHMUSI.

2. Ctagua yemiaenus TIl (maTeHcudukanus oopazoBaBuieiicst TD).

AHaJn3 BKJIAJ0B cniupajbHocTH. HaunHaeTcss HepaBHOMepPHasi M0 BbICOTE, DoJiee
MHTEHCUBHAaSA BOJIM3U NMOBEPXHOCTH reHepalus TOPU30HTAJIbLHON CITUPAJIbHOCTH.
DTO BBI3BAHO YCUJIMBAIOIIMMCS BEPTUKAJIbHBIM CABUIOM BeTpa B TD.

Bcekope HauMHAaeTCH YCTOMYUBBLIA POCT MHTEIPAJIbHON KHHETHYECKOHU
JHEPIrUuU CUCTEMBI.



o MIEPCITIEKTHBA

B coBMecTHBIX HCCJICA0OBAHUAX C aMCPUKAHCKHUMHU YVUYCHBIMH
IIPUMCHCHHUEC IIPCAJOKCHHOI'O aHa/JIu3a HaAdYaTo IJisd ITHAIHOCTHKH
eire AByx cueHapues ¢gopmuposanuss TIl, paccMoTpeHHBIX B cTaThe
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 3T0il padoTre mMpuMMeHeHa COBpPeMEHHas MOXUPUKANMA MOAETN
atMocepbl RAMS u 0oJiee BbicOKOe ropuzoHTadbHOE (1-2 kM) 1
BepTHKAJbHOE pasperuneHue (200 m).

PaboTa BbinosHeHa nNpu noaaepxke POOU no rpaHTy N2 16-05-00551a

CrnACNb6O 3A BHNWMAHME !




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
Three 4112129 mph, 178-208 km/h

43-49 m/s, 83-95 knots
96—110 mph, 154-177 km/h

33—-42 m/s, 64—-82 knots
74-95 mph, 119-153 km/h

Five

Four

Two

One

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



