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THERMAL MANAGEMENT FOR LLNL/UC/SSRL BENDING MAGNET FOR BEAMLINE VIII
AT STANFORD SYNCHROTRON RADIATION LABORATORY
BY: Eric Berglin, Lawrence Livermore National! Laboratory

and
Francis C. Younger, Brobeck Corporation

INTRODUCTION

This raport, covering the thermal management for Beamline VITII at SSRL
attempts to catalog all the important heat loads on the elements of this
beamline. The principal elements are identified and their heat loads tabulat-
ed for various loading scenarios. The expected heat loads are those from
normal operations including the anticipated performance improvements planned
for the SPEAR ring and i rom abnormal operations due to positignal perturba-
tions of the electron beam. The perturbations seen at Beamline VIII will be
extremely small when the storage ring is operated in the dedicated mode but
may be fairly large for operation in the parasitic mode or for accidental
steering errors. When these perturbations are significant, the synchrotron
light will be offset slightly from its normal position causing some off-axis
rays to strike regions nomally shadowed by the beam masks. Thus, some
regions which receive little or no heat lpading under normal operation, can
receive significant heating during abnormal operation,

The layout beam for Beamline VII! is shown in Figure 31, 1t is divided
into two main paths for different experimental purposes in addition to a
third path used primarily for beam monitoring. The two main paths are dis-
tinguished by the proportional amount of beam assigned to each and by the
portion of the energy spectrum they utilize. One path is designated as the
VUV line because it utilizes a portion of the spectrum of the vacuum ultra-
violet region from 8 eV to 185 eV, The other is ihe SAR lYine, which utilizes

a portion of the spectrum in the soft x-ray region from 60 to 1100 eV,
-1-
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SYNCHROTRON RADIATIDN POKER

The SPEAR storage ring synchrotron radiation that is of concern for Beamline
VIII is produced in & bending magnet and comes out along a line tangent to
the path which the electrons traverses in the bending magnet. Since the
bending magnets in the SPEAR ring bend the electron beam through an angle of
about 10°, the radiation comes out in a fan with a horizontal spread of about
10° {175 mr). Beamline VIII will be allocated about 23 mr of this fan, for
which 12 mr will be directed to the YUY Yine and & mr will be directed to the
SXR time, 0.7 will be used for beam monitoring. The remaining 5.3 mr of the
available fan width will be 1ost as heat on tne masks and shields under normal
operating conditions, The radiation fan has a fairly large horizontal spread,
but a very narrow vertical spread. Most of the beam power will reside within
a vertical opening half angle, 8, equal to 1/, where yis equal to the
electron total energy divided by its rest epergy { y= E/mc?).

The radiation power in the fan from a bending magnet is found from the
follawing equation:{1)

Q=8.47x E* x 1 umr
p 211

Where {E) is the electron energy in GeV, b is the bending radius of curvature

in meters and I is the beam current in amps.

(1) ATT computations of radiation power and distributions, spectral and spac-
jal, are based on equations from "Properties of Synchrotron Radiation” by
Herman Winick. Programs for calculations and plotting results are by the
authors, Appendix I gives all calculational methods with appropriate
equations.
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The radiation covers a wide spectrum of wavelengths. The spectral
distribution are showh in Figures 2 and 3 for 3.0 GeV and 3.7 GeV respectively.
The critical wavelength and critical energy is found from

Ac = 5:59 P/E3 and £, = .002218 E 3/p

Where Ae is the critical wave length in Angstroms, P is the bend radius
in meters, E is the electian energy in GeV, and E. is the critical enmergy.
Half of the integrated power occurs at wavelengths longer than the critical
value and half at shorter wavelengths. Figures 4 and 5 show the integrated
power. The photon energy at the 50% point is the value corresponding to the
critical wavelength,

For the VUV Tine, the wavelengths for photon energies of interest (8 to
185 eV} are loager than 65 k. From Figures 4 and 5, it can be seen that
less than 2% of the radiated power is in this portion of the spectrum although
a large number of low energy photon will be available. For the soft x-ray
line with a maximum photon energy of 1100 eV (wavelength = 11.3 Xy, the
available power at 3.0 BeV is less than 13% of the toté] power. At 3.7 Gav,
the critical wavelength is much shorter and the percent of total power that
is available at waveliengths longer than 11.3 1 drop to less thar. 6% of the
total pawer. Clearly, a large percent of the radiation power is not in the
long wavelength portion of the spectrum used experimentally in Beamline VIII
and must he dissipated as heat. A large percent of this heat will be dissi-
pated on the masks and €irst mirrors(2) (MO and MO'}).

For the SPEAR storage ring, the magnetic radius is 12.7 meters. The heam
energy and current are variables that depend upon the operating conditions.

The availabie RF power to the ring limits the beam eneray for a given beam

(2) Detailed calculations of mirror cooling and thermal distortion is cover-
ed in "Thermal Loading Considerations for Synchrotron Radiation Mirrors,"
F.R. Holdener, et al, UCRL-94155, March 1986.
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current. For our purposes, two maximum heat 1oad conditions arz analyzed.
One is for a 3.0 GeV electron beam at a current of 200 mA. The other is for
3.7 GeV at 100 mA. Both of these conditions are for expected future improve-
ment and lead to heat luads more than doub_]e that for the present dedicated
wmode of operations at 3.0 GeV. The total radiation power, half angles, and
critical energy are tabulated in Table 1 for both these conditions. The
vertical dispersions are illustrated in Figures 6 and 7, which show that the
power intensity integrated over all wavelengths is approximately a Gaussian
distribytion and that about B5% of the total energy lies within the vertical
opening angle (2/). It is also clear that about 15% lies outside this angle.

The vertical dispersion shown is dependent upon electron energy and also
upan the photon energy. The vertical dispersion is much less ‘for short wave-
lengths than for long wavelengths. The greater vertical dispersion which
occurs at the long wavelengths requires that the VUV beamiine nave much great-
er vertical aperture than is needed for the SXR beamline, The vertical dis-
persions for the VUV and SXR beamlines are shown in Figures 8 and 9 respect-
ively. Far the VUV line at the 9.4 eV photon energy shown, 90% of this energy
lies within an opening angle of * 1.5 mr, At higher photon energy, the
angle rapidiy decreases, At 94 ay, 90% of the energy is within ¥ 0.7 mr.
To capture a very large fraction of the phatons in the VUV energy range from
8 to 185 eV, a vertical aperture of 3 mr is provided.

For the SXR line, the energy range of interest is from 60 to 110D eV,
For this energy range, a vertical aperture of 1.5 w@r permits a very large
fraction of the photons to be captured. At 60 eV, for example, about 85% of
the photon lie within a vertical argle of ¥ 0.75 mr. At 1100 eV, 90% lies

-9-



TABLE 1

OPERATING CONDITIONS

Prasent With
Dedicated Expected
Operation Improvements
CASE A
Beam Energy, GeV 3.n0 3.0 3.7
Beam Current, mA 100 200 100
Photon Power, Watt/mr 8.98 17.96 20.78
Vertical Opening Half Angle .170 .170 .138
1), mr
Y
Critical Energy, eV : 4719 4719 852
Critical wavelength, K 2.627 2.627 1.403
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within an angle of ¥ 0.3 mr. A vertical aperture of 1.5 mr is provided for

the SXR.

-15-



ENERGY DISTRIBUTION

The portion of the synchrotron radiation fan from the bending magnet
assigned tn Beamiine VIII will be allocated to three branches, one for soft
%x-rays {SXR), another for vacuum ultra-violet (VUV), and the last for the
beam position monitor (PM}. The nominal allocatign of the beam for these
paths in terms of horizontal fan angle and vertical divergence is shown in
Figure 10, The actual fraction of the photon beam going to each path is
controlled by a series of masks and restrictions in the beamline. The
effectiveness of these masks and restrictions is to some extent dependent
upon the electron energy and the location of the electron orbit in the storage
ring.

A particular location of the orbit within the bending magnet is used to
define the source point. For various operating scenarios, the electron arbit
may deviate s)ightly from the referenced orbit. Normally, this deviation is
very smal1(3) not exceeding a few millimeters horizontally or vertically. How-
ever, for the worst case scenarios, the source may be displaced horizontally
by as much as ¥ 10 mm and verticaﬁy by as much as ¥ 6 mm. Moreover, a
vertical angular error as great as ¥ 0,8 mr may occur. It may be assumed
that the combined vertical offset and‘angle may be represented by an ellipse
in vertical phase space. (At the source, the ellipse will have semi-axes
a=6mmand b= 0,8 mr.)

The horizontal beamline fan is illustrated in Figure 11, where the source
is represented as a point on the left and the various restrictions and masks

are shown along the beamiine, The transverse scale is exaggerated to show

{3) MNormal operational variation in position is = 3.0 mm horizontally and
t 3.9 om vertically. Tne vertical betatran angle is less than 0.05 mr.
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the restrictions more clearly. Also shown in the figure is the worst case
horizontal offset of the source.

In the normal operating mude, the girder crotch restriction cast a
shadow on the edges of the fixzed mesk at 3.7 meters and ithis mask in turn
shadaws edges of the 6.5 meter mask and the edges of the MO mirror tank mask
at 8.765 meters. When the source is offset from its reference point, the
shadows are also displaced, In the worst case horizoncal offset, the photon
beam hits the mask in areas that are normally protected by shadows. This
changes the heat loading on the masks. The fixed mask at 4.78 meters and the
6.5 meters mask have an increase in heat load as a result of a horizontal
offset of the electron orbit. The heat load on the MD mirror tank mask
decreases sligntly when the source point is displaced horizantally,

Vertical steering errors which change the veriical position of the
electron orbit in the storage ring may produce a combination of a vertical
uffset and a vertical angular error in the phovon beam. T[his error at the
source may be represented by an ellipse in vertical phase space. At the
source, the light rays have (y, y') coordinates. As the rays iravel down the
beamline toward the various mirrors, their y coordinates change hut their y’
values do not, The new y (yn) value is found from

yn =y + Ly
where L 15 the drift distance.

Applying this equation to various points in the phase ellipse shows that
the greatest vertical offset at the MO mirror tank mask (L = 8765mm) occurs
for the ray with source ccordinates y = 3.9 mm and y' = .608 mr. For this
displacement, almost all of the photon energy allocated to the SXR and PHM
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lines is deposited on the MO mirror tank mask as heat. There is only a
negligibie change in the heat deposited on the girder crotch, fixed mask, and
6.5 meter mask as a result of any expected vertical steering errors.

The results of various calculations of heat loading and energy trans-
mission through the various masks and restrictions are summarized in Table 2.
Two electron energy conditions are shown, and for each of these, the normal
orbit position and the worst case source offset positions are given.

The worst case heat load nn the MO mirror tank mask occurs when the M0

mirror is retracted.
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TAERLE = THERMAL LDADS ON MALKS

Condition

Electron Energy, GeV
Current, mA

Radiatiaon Pow=zr, W/mr

Gird=r Crotch
Opering Angle, mr
Transmitted Fowar, W

Fixed Mask (4.78 m)
Dpening Angl=a, mr
Transmitt=d Fower, W
Fieat Absorbedi(on—axis bkesam), W
Heat Absorbad(off-axis beam), W

Movable Mash
Heat Absorbeg, W

&,.5 Metzr Mazk
Op=2ning Angle, mr
Transmitied Fowsr, W
H=at Absorbed(or—ax:is bzam), W
Heat Absorbed(off-axis beam) W

MO Mirror Mask
Opzning Angle, o
Transm:bisd Fowsr, W
Intsrceat Angla; mr
H2at Absorbsd, W

3 PMlir-oc Tank Mask
Opaning Angls for SYR, mr
Tramsmitiad Fowar, W
Opeming Angle for M, mr
Tranzsmittad Power, W
Hazt Absorbed(on—-axis b=aml), W
Hazt Absorbed (hoiriz. displ.), W

Hazt Absoirhad(vert. displ.), W
Reatr Absorbad (MO retractecs, W
VUY line

M3 Mirroe Incident Power, W

SXR line
MQ° Mirror Ingcident Fower, W

FM line .
Incident Fower, W

-21-
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HEAT LDADS ON MIRRORS

The masks act to shadow the edges of mirrors and all uncaoled components
to reduce the stray reflected light, As such, the masks also act to limit
the portion of the energy striking the surface of the mirrors, Only a small
percent of the energy falling upon the first mirrors is reflected; while a
large percent is absorbed as heat. The amount reflected is, of course,
dependent upon the reflectivity of the mirror surface. Thi. reflectivity is
shown for the platinum surface coating in Figure 12, Clearly, the reflectiv-
ity is a function of photon energy (wavelength) and of the angle of incidence,
An angle can be selected ta give a "fall off" in reflectivity above a parti-
cular value of photon energy.

Far the VUV line, an angle of incidence of 6 degrees {100 mr) was select-
ed to give a significant cutoff above 200 eV. For the SXR Jine, an angle of
incidence of 2.5 degrees (44 mr) was selected to give a large drop in refecti-
vity above 1.5 keY,

Combining the reflectivity characteristic and the spectral power distri-
bution, a curve of reflected power vs photon energy can be obtained. Inte-
grating this curve gives the total power reflected from the mirror, The
difference between the incident and reflected power gives the heat input to
the mirror, Figures 13, 14, 15, and 16 show the integrated percent of power
reflected a5 a function of energy for the first mirrors of the VUV and SXR
lines at two different electron energy levels. The shallow angle (2.5°) SXR
refiects a much higher percent of the incident energy as would be expected.
Increasing the electron beam energy from 3.0 GeV to 3.7 GeY decreases the
percent of power reflected because of the changes in the radiation spectrum
gives much moare high energy (short wavelength) radiation. This high energy

radiation is not reflected.
-22.
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The second mirror (M1) in the YUV lipe has the same reflectivity and
angle of incidence as the first mirror. However, most of the photon striking
this mirror are at low energy due to the filtering action of the first mirror,
As a result, a larger percent of the light striking this mirror is reflected.
The M1 mirror acts as a second filter and has the effect of sharpening the
energy cutoff,

Figure 17 shows the accumulated reflected power vs energy for the M1
mirror. It can be noted that about 75% of the reflected power is in the
spectral range of interest (8 to 185 eV),

The total power incident, reflected, and absorbed on the M0, M1, and MR-
prime mirrer is summarized in Table 3. The longitudinal distribution of this
energy on the first mirrors (MO and MD-prime) can be easily deduced from
values previously shown in Figures é and 7. A good approximation for the
longitudinal distribution on M1 can be obtained by using the curve for 188 eV

(Figure 8).
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TAELE 3  HEAT LUALS O MIk0ORS

Condition

El2ctiron Enzrgy, &=V
Current, mh

Radiation Fower, W/ mr

Mirror B0

Incidesnt Er=rgy, W : ] woe, 3
Raflacted Energy, percaat 2.1 70
Ra2flacted Ensrgy, W ’ 4. AHA 2.7

Heat Abscrbzd, W 217, D1

Mirvor MO-orise

Incident Enzrgy, W 10%. 4 112.7
Reflected Energy, percenk .0 4.5
Raflectad Ensrgy, W .4 D
Haat Absorbsd, W Fa,1 112,32

Mirror Ml
Incident Eneragy. W
Reflected Energy, oarcant
Reflectad Enercy, W
Hzat !

Toroidal Gratioo (VW
Incidant Epnz~g,, W

Retlactag Ensrgy. percant Lila

Heat £ =)
Mirror M2

Incident Enorgy, o DA S DL b

Reflzaci=d Energy. percent DI YO

Haat dbsorbed, W el LR |
S56M (SXR)

Incidant Energy, W Fa .4

Refle-tad Ernargy, Darcent a0, =YW

H2at Absorbed, W R S
Mirror MZ2-prime

Incid=snt Enasrgy, W LA, o,

hRaflacted Epsray, percent oo, ; i

Heat Abscrboed, W 1S
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HEAT TRANSFER REQUIREMENTS

The total amount of heat to be removed from any element is not very
great, but the local heat density ca& be fairly high where the heam strikes
normal to the surface. For example, at the edges of the fixed mask, the
warst case heat load is oniy 19.7W, but 50% of this heat is deposited in a
ragion 3.4 mm wide by 0.55 mm high. This gives a local heat flux of 522
W/cm? at the edge of the fixed mask.* A material with a go~d thermal conduct-
ivity is needed to aid in the removal of this heat by water flowing in cooling
channels.

Because the heat transfer areas in the water cooling passages in the
various elements are quite small, high heat transfer coefficients or large
temperature differentials are required to obtain the desired heat transfer
rates. To achieve the high heat transfer coefficients, large Reynolds number
(Re) in the range from 2300 to 18000 are needed. The temperature rise in the
water at the required flow rates is less than 10°F, The pressure drops assoc-
iated with these high Reynolds numbers are very small (Tess than one psi)
because the flow passages are very short,

Table 4 summarizes the required flow rates, Reynalds numbers, and heat
transfer coefficients for an assumed temperature differential between the
water and the wall of 10°F. The values are based on thermal and kinematic
properties of water at 70°F, Most of the flow and thermal factors are comput-
ed on the assumption of turbulent fiow, i.e, Re greater than 2100. As can be
seen in the Table, several elements with low heat input have low Re which
would indicate laminar flow. For these elements, laminar flow equations were

used to calculate heat transfer coefficients and flow friction factors.

* To put a heat flux of 522 Wicme in perspective, 2 black-body radiator with
this heat flux would be at 3100°K. This is approximately the temperature
of a tungsten filament.
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SYRCHROTRON RADIATION CALCULATIONS

A1 radiation power distributions were calculated using equations from
“properties of Synchrotron Radiation” by Herman Winick.
The total radiation power is obtained from the referenced equation £4
FRW) = S8.47E*)p = 2.654BE] (1)
Vhere Energy Ein Gev '
Current  Iinamperes

Radiys P inmeien
To obtain power per radian, we divide by 2

The critical wavelength and critical energy is found from the reference

equation #9
A(A) = 5.50p/E?

gkeV) = 2218E3p (2)

The spectral distribution of power which were shown in Figures 2 and 3 were

calculated using the reference equation #12

"
Py = 1421 x 10-"7 g ) B
* P sb}mﬁ. for all ¢ (3}

Where y = Efinc® = 1957 x 10°E(GeV)
Y= =1z
N Gu(}')=y‘60(y]
-
Goli) = | Ksntn)dn
2
The Sply) values are tabulated in the reference.
The accumulative power for Figures 4 and 5 are calculated by numerical

intergration of the power spectrum obtained from equation ¥(3).

- 41 -



Tne power dististsstion. with tespect Lo the wertical angles shown in
Figures 6 and 7 were caloulatvd uuing the reference ernation =10,
7% 5 x? o1
O T T REc) [ Iy 2 4
16 p! l ] PITFR i ad (¢}

Wnere X = Y¥, and

pis the angle between the direction of photon emission and the instan-
taneous orbital plane, .

The distribution curve was numerically integrated to obtain the atcumu-
lative power.

The vertical distribution at specific photon wavelengths shown in

Figures 8 and 9 were calcualted using the reference equation #6.

e (1) -
P v 1) = ot 25 () e 0

1

I—_’:—F Kiu(c)} 28 _ {5)

% [Kgu(ﬂ + Secrad on

&= A[1 + X*P7/(24), and
Ky and Ky, are modified Bessel funclions of the second kind,

The value of thase Bessel functions are tabulated in the reference, but
for the calculations for Figures B and 9, it was more convenjent to represent
these functions by power series using r2lationships from “Electromagnetic
Theory" by Ernst Webber. The values from the series calculation agree with

the tabulated values over the range of interest.
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HEAT TRANSFER CALCULAI Jons

Tﬁe catculation of Weat transfer coefficients and flow characteristics
" were calculated using equations from “Heat Transmission® by W. H. FcAdams,
Second £dition, and “Heat and Wass Transfer,® E.R.G. fckert and R. M. Drake,
1959.

The convection heat transfer coefficients for turbulent flow (Reynolds

pumber greater than 2100) are found from Eckert & Drake, Pg. 211.

Nu,; = 0.0213(Reg)™¥Pr)>¢ : (6)
lhere Rog = Eff = Reynolds number - Dimensionless
Pr= Eﬁ! = Prandtl number - Dimensionless
Nu, = %? = Nusselt number - Oimensionless

The heat transfer coefficient for laminar flow (Reynolds number less than

2100) is found from McAdams equation 19, Pg. 180.

Nu= L8286 (%; )Jﬁ‘[ (ReJ) (Pr) (f)]” (1)

Where p i5 the viscosity at the average bulk temperature and , is the
viscosity at the average temperature of the inside surface of the tube, and
DL is the tube diameter to length ratio.

The prandt] number, viscosity, w and the thermal conductivity, k, for

water are found from tabulated values.
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a.b.
APPENDIX: TABLE OF VARIQUS BESSEL FUNCTIONS AND INTEGRALS

- ¥ L [ SRS} ¥} Eh.0) G.y)
[\ Jeul] LY ] L Lef21 6 €At 4S5 9N
oo 10715 W7 15334+ 38 1910+4 2136
0P [AR12 Grete 45134 4 115+ 4 1336
0.0 10376 o 14224 4 455143 13149
©.00% |y 5) 1 723343, 27143 . €129
0038 . £lle 2eE20 £475 43 1517 4 3 5192
0010 7.456 B¢ 383743 1353 43 4350
o0 3,751 Bedgx 9.723 4 2 533542 736
0030 e ne;y - 4936 42 642 2045
0040 4356 9057 3060 +2 210242 1657
0050 3991 1162 21104 2 155542 1203
0080 3488 6537 155642 121442 2 >
0.0™m 3437 6.136 1203 + 2 9837 1085
0,030 p i) 558 9625 3154 2.1
0090 3054 5130 - 79.05 69.69 2535
0.100 2500 4383 6527 T e02s L.182
0.150 1343 as1y 387 3418 $532
D200 1979 25 20.66 2= 4557
8250 1714 235 1414 1626 1653
0300 1509 1957 1034 1234 305%
0350 L34 178 1915 913 1607
0.400 1206 1517 6263 1.250 2225
0.450 1.509 1347 5.082 6.474 1973
0500 9.£90 ~ 1 1206 4208 5.524 1342
0550 9013 -1 1.035 3.5 4.602 1549
0.600 3251~ 9EE~1 1009 1947 1386
D.650 511 -1 89331 2559 a4 1346
8700 4955 -1t g1e8—1 134% 21518 1126
0.750 6422 — 1 1455—1 1567 2610 1020
0.600 5912 ~1 6833 —1 1733 2302 9250t
0850 3489 -1 e2e8 -1 1535 1040 8465 -1
DS00 5056 ~1 53981 1367 1L.B16 72401
100 4383 -1 945 ~-1 1.093 1454 6514 -1
125 2079 -1 34051 67112 -1 77t~} 2159 -1
1.50 202 ~ 3 2402 -1 £337 -1 53571 3004 -1
178 1594 ~1 LR -1 2506 -1 36921 21131
200 1468 — % 1348 -1 1992 ~ | 245 -1 1508 — 1L
225 ess] -2 en-2 1399 -1 1672 -1 1025 -
250 6354 2 6716 ~ 2 9941 -2 1160 ~ 1 1526 -2
115 ATiT~2 _ 4351 -2 1342 -2 8335 -2 5811 -2
300 3811 -2 AMms—-2 5118 -2 532-2 4286 -2
115 2645 ~2 2761 ~2 3731 -2 4123 -2 3175 -2
3150 1988 -2 2073 -2 2778 -2 2964 -2 2352 -2
3175 1497 ~ 27 1558 ~2 2051 =2 2154 -2 1764 -2
400 11302 1173 ~2 1521 -2 1558 ~2 1321 -2
475 345~ 3 8233~ 3 1132 -2 1138 -2 9915 -3 -
450 6472 -3 6693 -3 8455 -3 £318 -3 7461 -3
4.5 4909~ 4 50459 -3 6332 -3 61323 $626 -1
500 3G ~3 353 ~3 €754 -3 4523 ) 4250 -3
550 1593 2220~ 3 2697 -3 2481 -1 2436 -3
(2. 1255~3 1287~-3 15413 13711 -3 14 -3
€50 INT -4 1495 -4 855 -4 P.659 ~4 £l -4
7.00 4750 -4 4375~ 4 5114 §255 4 3542 -4
750 159 -4 2562~ 4 2955 - 4 2425 -4 2755 — 4
£00 1474 -4 1508~ 4 1.725 -4 1376 - 4 1611~ 4
£50 B£79 -3 2542~ 8 1007 -4 1837 -5 9435~ 5
500 5118~ 3 5209 ~ 4§ 5890 -5 4380~5 18541 -5
950 M -3 on-3 LX S 2569 -5 1262 -5
00 LIE? - 8 1216 ~3 2010 -5 147 - S 1522 -5

: G. v Cgi:.:ﬂ. BNL Pozpom $0522, 90 pp. 2977); BNL Repan 50585, Vol {1 (1§77}
The positive 01 mezative number fallpwing the numsriz=l valuss tcptmomis pomens of tao
(e GES2 4 € Icpreseets 6.652 x 30%),
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