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Abstract

In the past decade, one of the most resonant failure of prediction service has been associated
with unpredicted rapid intensification of tropical hurricane (TH) Charley attacked on high power
the southern-western Florida on August, 13, 2004. In the paper the results of analysis Charley’s
development in the framework of so-called equilibrium translation model (ETM) are presented.
ETM considers TH as an open dissipative system internally geared to maximum intensification.
When this tendency is found to be aligned with large-scale environmental wind, TH gains highest
efficiency in terms of conversion of the oceanic heat into the cyclonic motion of atmosphere
(alignment effect), building a basis for the rapid intensification. ETM discloses crucial role of non-
dimensional alignment number incorporating integral thermal and dynamical parameters of the
system ocean-cyclone-atmosphere (OCA). The value of this parameter during rapid intensification
(critical alignment number) turns out to be roughly constant for any TH. The analysis is made in
the two approximations. The first approximation assumes circular geometry of TH without taking in
account variability of its outer radius. The second approximation assumes non-circular geometry of
TH with variable in time outer boundary.

1. Introduction

Characteristic scales of TH vary from the sizes of sprayed by wind water droplets to the sizes
of stretched for hundreds and even thousands of miles spiral rainbands. Description of such
complex and multi-scale phenomenon requires accounting great variety interrelated irreversible
thermo-hydrodynamic processes. That is why numerical modeling methods became main
instrument of research of TH phenomenon. By now this "great numerical attack™ is in progress with
certain achievements, for instance, in TH track forecasting [1-3].

At the same time, progress in TH intensity forecasting is much slower [3-4]. Besides,
prediction of rapid intensification remains as particularly challenging problem. Despite permanent
improvement of resolution of numerical models, regular predictions overlook or considerably
underestimate practically all cases of rapid intensification [5].

In the past decade, one of the most resonant failure of prediction service has been associated
with TH Charley attacked on high power the southern-western cost of Florida on August, 13, 2004.

After crossing the western part of Cuba from south to north the practical constancy of the
intensity of the TH Charley (a slight strengthening from 95 to 100 kt) over the next 9 hours with a
further significant decrease in intensity to 60 kt over the next 12 hours was predicted by the forecast
advisory number 17 (15:00 UTC FRI AUG 13 2004) [5].

In reality, against this prediction, already after 3 hours, it became necessary to issue a special
forecast advisory number 18 (18:00 UTC FRI AUG 13 2004) fixed extremely rapid build-up of
Charley to 125 kt (from a medium Category 2 to a strong Category 4 on the Saffir-Simpson
Hurricane Scale) for these 3 hours [5].
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According the Report [6] “Charley made landfall on the southwest coast of Florida near Cayo
Costa, just north of Captiva, around 19:45 UTC 13 August with maximum sustained winds near
130 kt. Charley's eye passed over Punta Gorda at about 20:45 UTC, and the eyewall struck that city
and neighboring Port Charlotte with devastating results. Continuing north-northeastward at a
slightly faster forward speed, the hurricane traversed the central Florida peninsula, resulting in a
swath of destruction across the state. The center passed near Kissimmee and Orlando around 01:30
UTC 14 August, by which time the interaction with land caused the maximum sustained winds to
decrease to around 75 kt. Charley was still of hurricane intensity, with maximum sustained winds of
65-70 kt, when the center moved off the northeast coast of Florida near Daytona Beach at around
03:30 UTC 14 August”.

Additionally, noteworthy is the fact that the extremely rapid amplification of Charley took
place with its replacement, consequent to crossing Cuba, to much less overheated waters. The last
circumstance hardly agrees with existing ideas about the nature of TH always considering sea
surface temperature (SST) and so-called hurricane heat potential (HHP) as intensifying factor. In
this context, not difficult to assume, that the numerical models have predicted weakening of
Charley just because of upcoming transition to the sea area with much less SST and HHP.

Here also should be noted that the situation with the prediction of TH intensity was not
changed essentially over the past several years after TH Charley [5].

In our opinion, to some extent, all these challenges exhibit typical contemporary problem with
proper matching of numerical methods with adequate qualitative physical models.

ETM [7-8] attempts to bridge this gap linking TH development to conformity of dynamical
and thermal fields of system OCA at integral scales. At that non-dimensional alignment number,
incorporating integral thermal and dynamical parameters of this system, gains the role of the main
characteristic of TH development, including its rapid intensification (alignment effect).

In the paper analysis of development and rapid intensification of TH Charley is carried out in
the framework of ETM in the two approximations. The first approximation assumes circular
geometry of TH without taking in account variation of its outer radius in time. The second
approximation assumes non-circular geometry of TH with variable outer boundary.

2. Conceptual basics of the study

ETM considers sea upper layer as a single energy source for TH development (applicability of
such an approach is restricted in the range small HHPs and THs with small diameters when air
inflow energy content also becomes valuable).

ETM also assumes that, at least partially, TH development always is influenced by certain
internal driving mechanism thermally powered by SST asymmetry at outer boundary.

Certain initial adaptation of dynamical and thermal fields always holds in the zones of TH
development. In the main tropical zones background SST elevation, as a rule, coincides with
environmental wind. In trade winds zone SST elevation rate is of order 10°C/m[9].

However, in powering internal driving mechanism leading role is played by longitudinal SST
jump induced by TH itself through cooling upper sea layer gradually lowering SST to the rear.
According our evaluation the resultant SST gradient is of order 10 °C/m.

Further, leaving aside the fact that TH translation mainly is determined by large-scale
environmental (steering) winds, let’s consider idealized case when TH undergoes influence only
thermally powered internal driving mechanism.

The scheme of thermally powered internal driving mechanism is presented in Fig. 1.

SST jump (ATs) leads to more intense ascending flow in the eye wall cloud frontal part with
minimum air pressure. As eye wall cloud serves as a core structural component of the whole
system, generated by ATs pressure drop between its frontal and back parts (APs) just represents
internal driving force.

Intensity of heat and mass transfer from sea surface to TH is little affected by translation
speed. Here main role is played by much higher air tangent velocity. In this connection reduction of
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translation speed (leading to prolonging TH passage above given sea area) steps up the share of heat
removed from upper sea layer, and vice versa, gathering of translation reduces cooling the layer
mentioned, all other things being the same.

Such an inverse dependence introduces rather strong negative feedback into thermally
powered driving mechanism. Reduction of translation speed, alongside with increasing ATs, leads to
elevated pressure drop APs causing, for its part, TH acceleration. And vice-versa, elevated
translation speed leads to reduced APs that tends to TH slowing-down.

In such a manner, TH not only prefers to shift toward SST elevation, but it also tends to
certain equilibrium between translation speed and integral heat inflow. Similar translation is named
as an “equilibrium translation” [6-7]. As shown below, just equilibrium translation gains
exceptional significance in the framework of ETM.

Tropopause

Ocean

Fig. 1. The scheme of thermally powered driving mechanism.

ATs and, accordingly, APs depend on TH intensity and HHP. Besides, generation the same
driving force needs more slow TH translation at high HHP and vice-versa. In the case of
equilibrium translation this inverse dependence allows to assume rough constancy of so-called heat
involvement factor equal to the share of HHP removed by TH from sea surface through full passage
given area.

Further, returning to dominant role of steering wind, conclusion should be made that
equilibrium translation is possible only through favoring by large-scale environmental wind field.
In this connection ETM assumes that just alignment of steering wind speed with above internal
tendency leads to real equilibrium translation triggering, by its part, TH rapid intensification
(alignment effect).

3. The general formulation of the problem

The scheme of translation of non-circular TH is presented in Fig. 2.
In general case, within accepted assumptions, integral heat flow (sensitive and latent)
removed from sea strip left behind TH can be written in the following form:

Aug =CQS,, (1)

where Ass is area inside tangent wind velocity 34 kt; q is integral heat flux (sensitive and latent)
averaged inside Ass; Ci is heat involvement factor; Q is HHP averaged inside Ass; JSc is increment
of cooled sea surface (cooled surface remaining behind TH during unit time).
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Fig. 2. The scheme of non-circular TH: As4 - area inside tangent
velocity 34 kt (17.5 m/s); Rne, Rse, Rsw and Rnw - TH radii at
tangent velocity 34 kt in Northeast, Southeast, Southwest and
Northwest quadrants, respectively; «a - TH translation azimuth;
W34 - TH transverse size at tangent velocity 34 kt.

Here should be noted that TH outer boundary is assumed at tangent wind velocity 34 kt (17.5
m/s), i.e., at the minimum value of tangent wind specified in regular forecast advisories.

Further, neglecting sea surface drift velocity relative TH translation speed, in certain
approximation, equation (1) can be transformed to the following form:

A34q = CiQW34U bb 1 (2)

where W34 is TH transverse size; Upb is translation speed of TH back boundary center; the product
W34Ubb, to a certain approximation, determines the increment of cooled by TH sea surface.

As equilibrium translation is linked to constant involvement factor, the condition of its
establishment is determined by the following equation for critical non-dimensional alignment
number:

Ncr — 7ZVV34Ube — Ube — COI‘lSt, (3)
2A,0 aRy

where Rer is effective radius of TH:

Ref = 2A34 /7Z\N34 (4)

In such a manner, within ETM, characteristic length of non-circular TH is proportional to the
ratio of covered by TH sea area to TH transverse size. In circular TH it is equal to TH radius.
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At the same time, analysis of relevant field data in the framework of ETM requires
supplementing equations (3) and (4) by relationships determining incoming parameters.

4. The first approximation

Realization of ETM in the first approximation (FAP) [6] is built upon consideration uniform
straightforward translation of circular TH of invariable outer radius.

Within accepted assumptions TH back boundary translation speed turns out to be equal to the
translation speed of TH centre that is specified in corresponding forecast advisory. In addition, TH
effective radius turns out to be equal to TH outer radius.

Accordingly, equation (3) takes the following form:

N, = U.Q _ Const, (5)
gR

where Uy is the translation speed of TH centre; R is TH outer radius.

In [6], based at some simplifying assumptions and using TH Kenna (2000) as reference case
production gR is determined by following empirical equation:

0.5
qR :2.125-108(Uﬂj wm™, (6)
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Where Umax is TH intensity (maximum tangent wind velocity in kt at given position);

Finally, using parameters of the rapid intensification of TH Opal (1995) the following value of
the critical alignment number is established [6]:

Ner=25+30% ©)

Correlation of the field data on TH Charley is presented in Fig. 3.

Data on TH intensity (maximum tangent wind - Umax) and timing are taken from the forecast
advisories [5]. Data on Q are taken according timing and TH location from HHP maps [10].
Production gR is determined by equation (6).

As follows from Fig. 3, the alignment number approached the critical value with nearing
Florida peninsula. The stage of rapid intensification (started from 54" hour) coincided with
equilibrium translation at critical alignment number around 25. Alignment effect really turns out to
be much stronger than weakening influence of transition to the sea area with much less HHP (HHP
has reduced from around 1.0 GJ/m? to around 0.3 GJ/m? through crossing Cuba).

As follows from Fig. 3, the curve of alignment number is interrupted at the 60" hour after
which increasing proportion of land surface against reducing share of sea surface in total area
covered by Charley significantly affects accuracy of ETM.
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Fig. 3. Correlation of the field data on TH Charley with equation (7):
the position 0 corresponds to 09:00 hour (UTC) AUG 11 2004

In addition, noteworthy is the fact that publication date of the article [4] is for a few months
ahead of the emergence TH Charley, and, theoretically, presented in Fig. 3 curve (up to 54™ hour)
might be drawn alongside with preparation the forecast advisory number 17 with establishment, in
contrast to the advisory itself, a high chance of rapid intensification. In addition, also theoretically,
if the rate of implementation new scientific results would have been fantastically high, forecasters
would have the efficient tool for additional independent monitoring the validity of the results of
numerical simulation.

At the same time, introduced in [4] extremely simplified scheme of determination gR through
equation (6) evidently calls for further refinement.

5. The Second Approximation

Analysis of ETM in the second approximation covers non-circular TH with variable outer
boundary (Fig. 2). In contrast to the first approximation, the second approximation requires
supplementing equations (3) and (4) by much more detailed relationships determining incoming
parameters. Below full description of calculating procedures these parameters is presented.

5.1 TC geometrics

Presented in Fig. 2 idealized non-circular contour is based on 4 values of TH radius at tangent
velocity 34 knots specified in regular advisories for Northeast, Southeast, Southwest and Northwest
quadrants (RNE, RSE, RSW and RNW, to say, for 45° 135° 225° and 315° from North,
respectively).

Firstly four radii Rs, Ra-90, Ra180 and Re-270 can be determined through simple smooth
trigonometric interpolation aforementioned initial data (« is TH translation azimuth):

B RNw
T(a —315) (8)

R — R
Re-e0 = Rse — % (@ —90-135) (9)
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RNE

R
R, 150 = Ry — TSE (e —180— 45) (10)

R., — R
R, 0 =Ruw — % (a — 270+ 45) (11)

Further TH transverse size (Wa4), average radii at tangent winds 34 knots, 50 knots and 64
knots (R1, Rz and Rs, respectively), an area inside tangent velocity 34 knots (Ass) and TH back
boundary center coordinates (latitude — Lton, longitude — Lnob) can be determined:

W34 = Rgo + R270 (12)
2 2 2 2 0.5

R, =O.25(R NE3s + Rse3a + Rswaa + R NW,34) (13)
2 2 2 2 0.5

R, =0.25(R Neso + Rseso + Rsws0 + R Nw,so) (14)
2 2 2 2 05

R, =0.25(R NEss + Rseea + Rswes + R NW,64) (15)

A, = (7Z/4)(R2NE,34 +R%se.34 + R%swas + RZNW,34) (16)

Lt,, = Lt, = (R, 45 /1.11-10° ICosex (17)

Ln,, =Ln, = [R, ;4 /(1.11-10° - CosLt,, )|Sinc (18)

Here Ltc and Lnc are TH center coordinates specified in regular advisories for given position; the
length of a degree of latitude is accepted as 1.11-10° m; the length of a degree of longitude is
accepted as 1.11-10°CosLtos m.

5.2 Translation of TH back boundary center

Upb can be determined through TH back boundary center geographical coordinates of as
average value for uniform straight translation at a length prior to given position that allows to
performing calculations in forecasting mode:

U, =[L/(z - r_l)]{[(Ltbb ~Lt,,,)-111.10°F + [(Ln,, - Ln,, ,)-1.11-10° - CosLt,, }0'5 (19)

Here 7 is time of passing by TH through given position; subscript -1 corresponds to the same
parameter at TH position prior to given position at one length of standard track data.

5.3 Three-zone model of integral heat transfer

Evaluation of average integral heat flux from sea surface to TH is the most complicated
problem when analyzing individual cases in the framework of ETM.
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Available results of analysis and field data on integral heat fluxes [11-13] have rather wide
dispersion (0.25 — 4 kW-m). Among them the records of sensitive and latent heat fluxes made
during rapid intensification of TH Opal (1995) in all its zones, including the zone close to
maximum tangent winds [11] represent of special importance.

As an area covered by tangent winds in the range 17-25 m-s* makes around 80% in Ass,
integral heat flux to greater extent depends on heat flux at outer boundary. Besides, the latter is
independent from the most intense tangent winds. At the same time the zone with intense tangent
winds also contributes in formation of average heat flux compensating in certain degree the zone's
smallness by high local heat fluxes. In this connection adequate evaluation of average heat flux
needs accounting of real tangent wind velocity distribution.

In general, integral heat flux from sea surface to TH is function of temperature, humidity and
velocity fields. As it follows from corresponding analysis, the problem needs further analytical and
experimental studies. Approximate two-zone empirical model of heat transfer was presented in
[14].

Approximate three-zone model of heat transfer specifically fitted to main features of
equilibrium translation is presented below.

As known [11], dynamical impact of TH on an ocean includes intensive vertical mixing of
seawater. Besides, resultant downward heat flow exceeds sought upward integral heat flow almost
at an order of magnitude. In this connection vertical mixing becomes decisive factor through
transformation of SST field by TH.

On the other hand, constancy of involvement factor causes another important peculiarity of
heat transfer just during equilibrium translation.

In general, removal by TH of constant share of HHP needs more time and heat removal at
high HHP and vice-versa. In this connection equilibrium translation is characterized by different
combinations of translation speed, TH sizes and integral heat flux resulting less intensive cooling at
low HHPs and, vice-versa, more intensive cooling at high HHPs (these differences equally concern
downward and upward heat flows).

This circumstance allows to assuming that SST field under TH is roughly uniform during
equilibrium translation, irrespective of initial value of HHP.

Correspondingly, during equilibrium translation, to a certain approximation, average integral
heat flux also turns out to be independent on initial HHP and becomes single-valued function of
tangent wind distribution that essentially simplifies further analysis.

In such a manner, the subject matter reduces to near-equilibrium mode of translation
restricting applicability of the approach outside of this mode. However, such a specializing is quite
allowable at this stage in respect to our focusing to equilibrium translation.

Further, taking in account field data structure in forecast advisories, three-zone model of heat
transfer is offered. The first (outer) zone covers the area between tangent winds 34 knots (17.5 m/s)
and 50 knots (25.75 m/s). The second (intermediate) zone covers the area between tangent winds 50
knot and 64 knots (33 m/s). The third (central) zone covers the area inside tangent wind 64 knots.
Within used approach maximum tangent wind influences integral heat transfer only in central zone.
Besides, influence of central zone on average integral heat flux is smoothed in certain degree by
comparatively small share of this zone in Ass (5 - 15 %).

Further, reasoning from all above and using available field data, following empirical equation
is developed for average integral heat flux from sea surface to TH:

q=|400(R? — R?)+600(R? — R?)+ 1,200U,,,, /130)R? |R;? W-m2 (20)

Here R1, R2and R3 are average outer radii of first, second and third zones in meters determined as a
quarter of square root from sum of squares of corresponding radii in aforementioned four quadrants;
Umax is maximum tangent wind velocity in knots; 130 is maximum tangent wind velocity of
reference TH Opal (1995) in knots.
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Characteristic for the zones average values 400 W-m and 600 W-m are determined through
analysis and rounding the data recorded by NDBC buoy 42001 during development of TH Opal in
1995 [11]. Characteristic for the central zone average reference value (1,200 W-m) is determined
based on the same field data taking in account that the buoy 42001 was located at around 25 km
from Opal’s center during its maximum intensity and recorded by the buoy maximum heat flux can
be accepted as average for all central zone. At the same time, possibility of linear extrapolation of
this parameter to other cases is assumed.

5.4 Refinement of critical alignment number

Critical alignment number is refined through confrontation of equations (3) and (8)-(20) with
8 strongest THs selected among around 200 THs observed worldwide during 2003-2010, such as
Chaba (2004), Dianmu (2004), Ma-On (2004), Monica (2006), Nida (2009), Rick (2009), Celia
(2010), Megi (2010).
The results of confrontation show validity of ETM at sufficiently high HHPs (50 kJ-cm™ and
more). Maximum intensification of TH (alignment effect) is linked to critical value of alignment
number:

Ner=35+20 % (21)
In connection with differences in calculation schemes of average heat flux and absence of field
data on TH Opal (1995) sufficient for refined calculation scheme, it is difficult to establish a degree
of equivalency of (21) with the previous evaluation Ncr~ 25 according the first approximation [6].

5.5 Correlation of the field data on TH Charley

Correlation of the field data on TH Charley is presented in Fig. 4.
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Fig. 4. Correlation of the field data on TH Charley with equation (21):
the position 0 corresponds to 09:00 hour (UTC) AUG 11 2004

Similar to correlation (4), data on maximum tangent wind (Umax) and timing are taken from
the forecast advisories [5]. Data on Q are taken according timing and TH location from HHP maps
[10]. The alignment number is determined through equations (3) and (8)-(20). Besides, by the goal
of clarification of the role of variability TH outer boundary, two versions of the alignment number
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are plotted: the first based at TH back boundary center translation (Na-bb) and the second based at
TH center translation (Nai-c).

Here some comments are necessary concerning the fact that it is not taken into account in
above analysis the influence of land surface found inside TH outer boundary. The latter does not
diminish the validity of the results, because Charley was located entirely on the water at a crucial
stage of rapid intensification.

As a whole, as follows from Fig. 4, difference between the two versions gains principal
importance only at the start of rapid intensification (54" hour) when just only Na-bb corresponds to
critical number according equation (7).

In such a manner, the second approximation quite reliably predicts the upcoming rapid
intensification of the hurricane Charley.

6. Conclusions

The model of equilibrium translation gets weighty confirmation by a clear interpretation of
field data on rapid intensification of Hurricane Charley on August, 13, 2004.

The model links development of tropical hurricane to conformity of thermal and dynamical
fields in the system ocean-cyclone-atmosphere. The model discloses non-dimensional alignment
number claiming to be the basic criterion of TH development. The number incorporates main
integral parameters of the system and comprehends combined influence of full spectra of thermo-
hydrodynamic factors controlling TH development.

When favored by large-scale environmental field, tropical hurricane tends to self-organized
establishment of critical alignment number leading to rapid intensification and maximum intensity
(alignment effect).

Presented results and conclusions deserve detailed refinement, discussion and further
development. In particular, it seems important further development of the model in terms of
accounting of influence of land surface and energy contribution of air inflow. It also seems
important further development of the model in terms of creation of new potential for proper
forecasting of intensity of tropical hurricanes.

At the same time it already can be recommended monitoring of alignment number of acting
hurricanes as potential reliable indicator of character of upcoming events.
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Tponuveckuii yparan Yapau (2004): HemporHo3upoBaHHOE
OBICTpPOE YCHJIEHHE

Hpaxau I'. lllexkpuiaanse
Pe3rome

B nocnennee necatuiiete ouH U3 HanOoJiee PE30HAHCHBIX MPOBAJIOB CIIyKObI IPOTHO30B
OBLI CBSA3aH C OBICTPHIM HEMPOTHO3UPOBAHHUM yCHJICHHEM Tpornudeckoro yparana (TY) Yapmu, Ha
BBICOKOM MOIIHOCTH yJapuBLIel mo roro-3amaaHoil ®uopune 13 asrycra 2004 roma. B pabore
MIpE/ICTaBICHbl PE3yJIbTaThl aHajiu3a pa3BuUTUd Yapau B paMkax Tak Ha3bIBAEMOM MOJAEIU
paBHoBecHoW Tpancisiuu (MPT). MPT paccmarpuBaer TY Kak OTKPBITYIO JUCCHUIIATUBHYIO
CUCTEMY, BHYTPEHHE HallEJICHHYIO Ha MaKCUMaJlbHOE ycuiieHue. Eciau aTa TeHIeHIus 0Ka3bIBaeTCs
BBIDOBHEHHBIM C KPYIHOMACHITAa0HBIM pPErHOHaJbHBIM BeTpoM, 1Y cTaHOBHUTCA Hauboiee
3¢ (}eKTUBHBIM B CMBICIE NPeoOpa30BaHUS OKEAHHMYECKOrO TEIUIa B SHEPTUI0 LUKIOHUYECKOTO
naBmwkeHus: atMocepsl (3pdekT BrIpaBHUBAHWS), YTO SIBISETCS NPEANOCBUIKON st OBICTPOTO
ycuienus. MPT packpbiBaeT BaKHYIO pojiib 0€3pa3MEpHOro YMCiia BbIPABHUBAHUS, BKIHOYAIOIIYIO
MHTETpajbHblEe TEIUIOBbIE M JMHAMUYECKHE IapaMeTpbl CHUCTEMBbl OKeaH-IMKIOH-aTMocdepa
(OLIA). 3HaueHwe STOro mapaMeTpa B TMEpUOJ OBICTPOro YyCWieHHs (KPUTHUECKOE HHCIIO
BbIPaBHUBAHMA) OKa3bIBAETCS MPUOJIMKEHHO MOCTOSHHBIM Ui Jt00oro TY. AHanu3 BBIIOJHEH B
nByx npuommkeHusx. [lepBoe mpubamkeHne mnpeamnoiaraeT Kpyropyrmo reomerputo 1Y 6e3 ydera
NEPEMEHHOCTH €ro BHEIIHEro paauyca. BTopoe mnpuOnmkeHue NpeanosaraeT HEKPYroBYIO
reoMeTpuio 1Y ¢ mepeMeHHOI BO BpEMEHH BHEIIHEH IpaHULIEH.

AOM30379w0 36050 Bstemo (2004): sG536MMabmboMmgdmeo
LOox0 25de0ogMgds

00530 399Moensdy
9oy

b sofjrgmemdo  30MmabmBoMmgdol  Lodbobwmmol  ghm-9hHmo  439woby
69BMbsbLYICro Bog56qbs 2004 Qoo 13 530LEHML LodbE - OLOZEXGD
RWMO0EIHY  8dsgzo  sMGHYdol  fob  GHOm3o3mer  aMogo Bstgmols
3530MAbMBoMgdM LMoy  49dw0gcmgdsls 393060 900. LGoG0sdo
Do63mygboros Borerols 39630m56900l 5b65¢0bBo 99. Hmbolifmemwo
GOBLErsEool  dmEgeol  (FGHT) Bs@Bmgddo. (BT obobowsgl  GHOMHM303Mw M0l
(&)  OmamO3 0O ©ob03s30m  Lobi@gdsl, Mmdgwoa dobogsboco
3odLodoErME  20dW0gMYdIBY  SMOL  BodoGIemo.  GMmEILlsg gb  BHYbgbEos
©O0IAsLIFH0006  Ogaombme  JoOmb  Mobsmdsdo  s0dmPbgds, By  bgds

132



35Jb0oE MO  9BIJBHMO0 399560l LOMOML  SEHIMLRIOML  303cMbMGO  FMIOSMdOL
96962050  29MJIBOL  MZ9ELYBOOLOm  (MIbsEMIOL  9xgdBH0), Moz LHGSx0
399¢09M9gd0L  Loxmdzgel Jabol. §Ga FoMdmobgbl 999396 Gl  MysbBmIomgdm
0565@MdoL  ®oEbgzols, MMmIgwos  LoLEGIIL  M39969-303MbO-5@TMLBIOM  (M3d)
doM0mO©  0639MoMm MmgMIM ©s ©0bsF03ME  356539BHMgOL  Tgo393L.  93oLmIb,
6900LdogMo Gy-ol LHEsxo godog®mqds msbsmdol Gobgol dosbermgdoom 8vdogzo
d603369mdol  (0056sMdoL  3O0EGH03Mo  MHogbzol) O™l bads.  sbowrobo
BoBoMgdMmos ™G  dosbermgdsdo. 3oMm3gwo  d3zgol  Gy—ol  Femomw  49m3g@®osl
393030 25609 ©50MLOL 30MOMdYdTo. Tgmeg 9dzgdl BHA—oL O[O0 A9mTgEHMHOSL
©OMdo 4909 LEBO3IMOL 33Ol 30MHMd9dT0.

133



