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Abstract

The high-profile fatal or tragic facts of recent years have clearly shown us that the
gas supply system of Georgia needs an in-depth urgent study, according to safety norms, its
reconstruction or engineering regulation. It is also known that gasification was restricted in
high-rise residential buildings (10 floors and more) in all countries of the world, although
in Georgian reality such a restriction was removed in the 90s and the vast majority of them
are gasified. It is also known that if gas accounting is carried out through volumetric meters,
natural gas must be recalculated and calculated according to the standard condition, which
has never been implemented in Georgia since the gas sector was metered.

During the studies of high-rise buildings, a number of facts were observed in the
network in the territory of Thbilisi city, very high hydrostatic pressures, moreover, the
amount of pressure, in some cases, is out of safety norms and creates a serious threat to
human life and city infrastructure. It is also confirmed that depending on the height of the
floors, the irreversible increase in hydrostatic pressure in the internal distribution network
of the building, especially the increase in pressure increases several times after ten floors
and exceeds the pressure established for the safety norms of the low pressure network by 2
times or more, which is not allowed except for safety reasons and for the proper operation
of the gas installation, the gas itself for cost, environmental impact and so on.

As for the issue of natural gas accounting, which is carried out with volumetric
meters, and we know that 2/3 of the population of Georgia lives permanently in
mountainous terrain, and the city of Tbilisi is no exception (from 330 m to 1200 m), the
data obtained during the research absolutely met the standard conditions. They asked for a
formula to reduce. The obtained data were entered into the formula and all the data of the
research object were recalculated, however, according to the formula, the network pressure
is directly proportional to the low pressure measurement. The higher the pressure from the
nominal, the less the metering disparity, but as we know, the main determinant in the
gasification sector is safety, which must be taken into account. In addition to Tbilisi, a
densely populated area of the highland region was selected for the research, namely the
Javakheti region, where the population is located at 1700-2100 m above sea level. The
researches and calculations clearly showed how many percentages the real natural
accounting differs, what data the counter provides us, and the standard condition. As a
result of reduction, how much should be charged for the subscriber.

In this work, on the basis of the information obtained as a result of research and
modern literature and innovative approaches, models and forms of necessary measures for
the reconstruction of low gas pressure are proposed, taking into account the real conditions
of Georgia. A specific model for stabilizing the increase in hydrostatic pressure with height
in high-rise buildings in the low-pressure network is given, as well as the drop in pressure
according to the Dars-Weisbach formula, as a result of the corresponding recalculation, on
the gas consumption device, by extending the tube in front of the burner, ensuring that the
increased pressure approaches the nominal value, if the hydrostatic pressure increases with
height in a high-rise building The increase does not exceed a few units.

As for the unevenness of gas accounting, caused by the topography of Georgia, since
it directly depends on the sea level, as well as the ambient temperature, two solutions are
proposed here as a necessary measure: Urgently take a resolution by the Energy Regulatory
Commission of Georgia, which will decide to replace volumetric meters with truly "smart
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meters" or, taking into account the conditions of the location, through calculation formulas,
introduce a coefficient of standard conditions, which will correct the data recorded in the
volumetric meter by multiplying the same coefficient. This method is used by many
countries, including even Austria, although the technological advances of recent years have
significantly reduced the production price of correction meters and made it possible for
them to be widely used. Since, as a result of researches, the recording error is quite high (in
the case of Thilisi, taking into account the existing low pressures, it is 4-8%, and in the
conditions of Javakheti, with an average seasonal reduction, it ranges from 10-14%), there
is only ,,good will“ to make a decision.
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39;
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Vas Py Tam
M30609dGHMOM 300obggeol B3gbgds 0469ds:

Vs Pus Tas

Vo
35250mOl 30O-MIO0:
Viys =100 8
Py, = 101325 3o;
Tae, = 267,3K;
Ty = 273,15 K;

B (Py.a6+ Pysaos)  Tus

(18)
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Py a6 = 335,8 80.§y.bg. 306500056 1 88.§g.bg = 9,807 3. Pyae = 335.8 - 9,807 = 3293
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P, 5046 = Poexp (— %h), (20)
Py =101325 3o;
M = 0,029 3p/dm¢00;
g = 9,807 9/0%
R = 8,314 x/(8cgo-K);
T = 267,3K (. sbsgndocwsgdo Bsd8omcol 390-0m©ol gotg 359600L Lodwmsm
399396053 MM 3BO0wosd N5);
h = 1726,4 9. (3obBmIz900L 999y ©YIB0WO J. sHordoesdol Lodwgsm

bodsey)
35806 ®oibgzomo dmbs3gdgdol godmygbgdom s domMIYBHMHIO RMEOIMEO

39bL5BOZOME0 5EHIMLRIOo (6935 0469d0:
0,029 - 9,807

Pysaos = 101325 - exp (_ 8,314 267,3

+1726,4) = 81239 3». 1)

M30609dGHMOM 3M0obggeol B3gbgds 0469ds:

_ Vys'PusTas 100101325 -267,3
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d60ob39wol B396930L 20obMms  49BsHowgdol oEgbbosbEol dogh dsgowro
L3ObIO GO 45BOL FMEMEMdLMSE 3oLsMYGOW Mo 98 R0 BMEOIMEO0):

Vos— Vb@ . 100% — 109,29 —-100

-100% = 9,295 %. (23)

990pamdo 96390080  35GoMdmmm  5bsErMa0MEs©, 3bMowol  Lobom (ob.
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dJmbg 9Mobzgegdom. 3H9gd3gesd Mol  3mMm9dBHMmEmosbo IMoEbzgargdols Bz9bgds
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3965(0e930L ogbBosbEHol dogem 10032 1iEsbsME Mo gsBol dofjmmpgdolsl
500mBgbEHOL M3MMgdEH MMM dHogbagwrol Bzgbgds

gbMogo N16
3549
@abiaber)- doljmceg 3‘535;0]5 Lodsmeng 5@GAmby 3a€?§f ;;ggb %3:::))(?15
eao 5o 29bol BeZz0L 9-6memo 96m03- dMosbgzg %
3mBdEol U&obeo.
3 Lsdmoem | ©mbosb, d | bg3s, 35 | bggmmsb, ol
@3bsbgEwgds 3 5o &3, 35 Bagbods
K
DbsdmsMo
J. sbserdoado 100 267,3 1726,4 81239 3293 109,29 9,295
J. bobmfjdobeo 100 264,8 1955,5 78708 3429 111,44 | 11,431
29bogbummo
J. sbserdooado 100 278,6 1726,4 81968 3293 112,92 12,942
J. 6obmfdobos 100 274,6 1955,5 79418 3429 11456 | 14,565
bogbwmo
J. sboerdooado 100 287,8 1726,4 82529 3293 115,92 15,909
J. 6obmfidobos 100 285,6 1955,5 80167 3429 118,08 | 18,087
390 mds
J. sboerdoado 100 279,9 1726,4 82053 3293 113,36 | 13,356
J. 6obmfdobos 100 277,6 1955,5 79630 3429 115,53 | 15,521

000l 25dMboOmM3WgWs©, ™) MsdEgbo 3MMm3IbGHL 8950ygbl  S0MbYbEH 6
96033b3900L  B396900L 2o@obMS 49Bsfogdol oEgbbosbEol FoghH dsgomwo
LGHObIOGHMO  A3BOL  FMEMEMBILMID  (5GHIMbRIGMEo  (iB9g30L (330 gdols
239990350006 9ds®) 30LsMYIO M F90090 BMOIMEO0:

91,18 =100

Yoo~ Vuo — 2L18 7100, —_-8829
v 100% === 100% = —8,82 %. (25)

5@0mbggOHMo j6930L (330w gdol bobx by BsdmMol 3gHom@obmzol d.
sbordosddo Bgdmo Bo@sMgdmeo godmm3zmgdol 99wgae 803009m, GMI 45Bol
9EM™dd 0HBMHYdS 9,29 %, s30@M™I 3H9939M5@IOOL 3]G MM0sbo IGoEbggwols
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B39b90s  (53HIMLggHmo (6930l (33900l gom35¢olfobgdom) LEHIbsdE M
9 3MMOLmb J0ToM009d530 0gbgds:

9,29%+(—8,82)%

- = 0,238%, (26)

boem 3$933905GHMm0L 300609dGHMO0560 IMoEbggaeol B39bgds 0gbgds:

Vi50,238% _ 100 4 100:0.238%

Vie =V,
a6 bo T 100% 100%

= 100,238 8. (27)

50mbgbGHoL 3H993965@MOOL 3MEM9d@MmMosbo IMoEbggwol B396900L sbyscodo,
5GIMLggOH o (i6930L 33eowgdom 2sdmfzgmeo 4oBol ImEEmdol 33¢rowgdols
2395035¢0L{0bgd0m, 35§5MTMMm™ 9B MmP0M©, FBOOOL Labom (ob. sbMogro N16).

3065096 09200630 »3m6MH9dEHmOH™m 3MHo3blzgegdol MomEqbmds dgoaqbl 60
%-U, berewm 398396M5GHwM0L 306099dEMM0560 IM0Eb39EdOL MomEbmds 8go0ygbl 40
%-b  358m3006g5Mm0dmm  gwofodo Losdmsmmm@ ®sdgbo  36MmEgbGom  0dbgds
39bLbg303900 9dMbgbE s IMO(3b3gEgdol oM SMOEbo FoBOL IMEFM MBS
(Vam) 39900210 BAB®E @0 30l dmanemdobysb (V).

J. oboewrdoeodbs s J. bobmfdobsdo (gmofool wommgdol dobgzom
50mbgbEol dMoEbggeol Lsdswm {erom®mo 3OHMEI6GMMO FoIBES 3056356M0TMm
3b®ool d9d39mdoom (ob. gbMHowo N17).

J. 9boedosdbs s . Bobm{jdobsdo dMoiEbzgwols xs3mMo Herom®o B3gbgdols
3310930l 3OME9bE Yo 3563969090 J. sboerdsgmsdobmgol sGol:

12,876+ 0,6 + 3,922 0,4 = 9,29 %,

J. Bobm{dobsliomgols:

14,901 - 0,6 + 4,466 - 0,4 = 10,72 %,

bereom 153w Herom®o m6039 EsLabwgdreo 3mbj@olbomgol:
9,29%+10,72%

> = 10,01%,

50935650, BoGH9MGOIMds  33e0g350  9B3gbs, MHMI  Mgaombdo  s3MbgbEoms
960336390900 SMOEHWO F5BOL IMEFWWMdS LTS MmE Fgwoffsdo = 10 %-om
wMRO@ 393095, 3000609 25650 gdol oEgbbosbEoL 8096 39900 BEIbIOEME
30000905909 99435600 goBol FMEWWMds. MBOM BMBEO o9bRM0TgdoLm30L
LoFoMOms  30MH9dBH0MGO0L  3m953030963HJOOL  goblobEzms s  dsmo  MYgo©
3615g3H03500 259mygbgds, 56 oligmo dM0Eb3gMgdol IMYROLEHMOMYdS LoJoMN39E MU
UGobIMHJOT0, CMIgLsz 9969 LBEBHBPIOEGHMEO b SOLMEIMEMOO J0MMIJGOOL
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306094AHMOGO0 5 93GMIGHNMO 0970030, IMobgbl  JgLodsdol  30MMdYOSAY

0593965L. sbgm 3MOEb3gEXdL dMHmIOM ,,F33056 IMOEFZgEL™.
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3965foemgdols aroggb®osb@ol 3ogem 100 8 LiGsbs®@GHuyeo 35Bol dofjmmgdolisl s8mbgb@ols ¢gadgmadmmols 3mmgdGm®osbo

dmoEbggerol Bggbgds
gbGoo N17
5@0mbgzgOHmmo 3993905 Mol
$6930L ©33gOsOTHO 3MM9dGMMos60 $9939M5EvMob 39939053100l
3MM9dEBHmMos6o
8560 359600 33L0YB00MS 860ogbgy@ols ddogbgzgaols 3069 GHMM0s60 3MM93AmMos60
3lsbEgdweo Jdofimndmemo @5 3ol 2 B39bgds, F3gBodob 8Goabagerol 8G0abggeol
3760l U@BBH U3Beseoes $9939MsGmeom sBmbagHmmo (33509, Bggbgds, Bg9bgdol (33¢m0emgds,
slisbgEnds 0 & 3350 5003965876 290m{ggmeo BB030b 5GHMbROHIEOo 5G0mliggHmwo 3GMbggOHMEo
s K BWOOJENON | omgols {ibgaob {iBg30b g3woegdol | (B30l gaerorgdols
’ dmobzgeols asmogsamOls- 33ogdols 250350l jobgdom, | psmzseolifjobgdom,
B306900L BobgdEsc, 8° 257)mzgoeolsfjo- a %
33E0E)05,% ’ Bgdeaq, %
B5dnsc0
. sbsemdoamsdo 100 267,3 9,29 91,18 -8,82 100,24 0,238
QI
. 6obmfdobo 100 264,8 11,43 90,33 -9,67 100,88 0,880
Q
2obogbuymo
J. sboendogsdo 100 278,6 12,94 95,04 -4,96 103,99 3,990
dJ- 606mfjdobo 100 274,6 14,57 93,67 -6,33 104,12 4,119
bogbwymo
. Sboendssdo 100 287,8 15,91 98,17 -1,83 107,04 7,042
J- sbocrgoersd
. 6obmffdobs 100 285,6 18,09 97,42 -2,58 107,76 7,756
J {idobeo
399meamds
J. sbagdsasdo 100 279,9 13,36 95,48 -4,52 104,42 4,418
. 6obmfjdobos 100 277,6 15,52 94,70 -5,30 105,11 5,108
J {idobeo
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J. sbogrdogsgdus s J. 6obm§dobesdo Fgwoffool Mmgdols dobgzom sdmbgbEol
36GoEbggol bsdnmsgm fiewommo 3GmEg6E Yo 3osbms

gbMoeo N18
e 3Ggd06n H9939M3GHwMoL
3994 EHMM0sb0
Pooffool e 86ogbgaeol dmoEbzgerol
B396900L
33Wogds,% Pagbodos
33wogds, %
J. sbseodogmsdo
D900 9,295 0,238
30boggbmwo 12,942 3,990
Bogbmmo 15,909 7,042
3900 ™o 13,356 4,418
Lodmom feromeo 12,876 3,922
d603b39wgdoL MomEgbmds 60% 40%
3. 9boerdooddo sdmbgb@ol
d6obz9gwol B3969d0L 9.29
(330930l Xm0
3600 396@WMwo 3583969090
9. 6obm§jdobgos
500560 11,431 0,880
239Bogbmwo 14,565 4,119
Dogbmwo 18,087 7,756
3900 15,521 5,108
LoPM feromeo 14,901 4,466
9603b39wgdoL Momgbmds 60% 40%
J. 60bm{jdobsdo s3mbgbE oL
d60o3b39w0b B3969d0L 1072
(330930l X sdMm0
36Mm39b@mMwo 9583969090
dJ. oboerdogodls s o.
60b6m{jdobsdo dGoEbzgarols
X599960 farom®o B396900L 10,01
33LOgdob 3OmEbHYo
dsB396909e0
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byMsoo Ne8

05g9womobmzol LmMomo Ne 7 — Jo dm3gdmeos  F330560 dMoibzgero,
MHmdgog §om3mgdmeos 0@owosdo. dsb Rsdgbgdo odal dozmmgargdGH®mbmwo
36OMmEgLMOO0,  OGMmIgoi  93GHMAsGHMG  Mg70ddo  sbabl  3$9d3gMoGH ML o
5GHIMLEgOHIro HB930L Bgdmddggdol 35w 3No3E0sl s AdBOL botxl Bmdsgls
LGHObIOGHMWO  30OMdJdom. sbgzg Fgmdwos  OoLGHBEoMGms© GPS Lolidgdol
399094969000, Wwo3gbBosE) 30835605L, OLEBEOMEMS® FoILEIL BMbo3zgdgdo Fobols
boGxol dgbobgd. dobo oMgdIMgds 56 509953JdS OB IMIROLEHMOMGOEO
9 3MMd0m0o IMH0EH39W OO0l BodsBOHM VOMYOMEGISL.
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©3l336s

1. bogdo®mm39mls s OLOZWMMO 2oBol FgMMbgmdol MgmMomEo 33wgdols 9IS,
39903395 9OH0  AM35M0  BodBHMOO,  LoFoOMs  9MLGIMo  43Bol  LolEgdgdol
9G93MdM030, 06Mm35:306—-39dbMEMma0MmHO @S JugEMMo M93MmbLEMWYJ30s.

2. 365943H03Mwds 3300939035 ©9LGHVIM, Josd mdooldo sMLYdM sdsemo [bgzol
Jugerdo  BmdobormMmo (169300056  3600369emzsb0  QoobMs, o3 8839990
MBoBOMbMGOIOL  bMMTGJO0ID  498mB0bsMy.  Lodo®mzgrmdo  sOBYOM  BmEMIGOMb
390560930m, LSFMOWME 2-X M, beerm LW bMOTGOL, Bmy Jgdmbgzggzsdo 2.7 x 96

509095¢3)90s.

3. 36543030 s MJMOO0MEO 330093900l 99 3513360m, MM sdsro {iB9g30L Jugerols
Bo3bm3zmgdgwo BEAHMWIBHMIOOL 9b6/@s Loxs®™ Tgbmdgdol M93mbLEHMWMJE00L 8356

3606303L  FoMdmoqbl  2oboll  (bg3oL  3mbBHOMWO, Mg BHMEOIdOL,  Bs3ool
90900l /96 ool (6930l LEHIBdOWOBsGHMEMGOOL IMBESg0 @S SVFMMZ0L
d9L5IGOMDS.

4. 369543H03Mds 3300939005 ©9R30@ILGNMMS ooz LobmzMgdgw  3mEM3MLgddo,
L0FSVGLMB GO BSEO (iB930L Jugedo 30EOHMBESEGH03MEMmO (bg30l To@Hgds, B39bL
dog6 Ho6dmygbo b5dOMIT0, sMLYIMO 3OMIYAOL 49IFMHOL MO0 0bmzsgoMco bo
9dm0dgobs: 1) o030 3mMH3MLOL  4oBLOIboL YIGHDBY dsozo Jgbmdgdol, dowsow
LoGEgdl dmGol 5930l bEHIBOWODsGHMOMOL ©sYqbgds; 2) s wdmswmE  gobol
©5650gMBY, LBo0bg0bOM 50FMH30L M35 BOOLOm, LsbmMoL ob 359gbgdom oligo
Bogdl  (303eom®l), MHMIgEbsg 39330 bs3dol Jos 25Bol Loobsol Logy®mdgl,
050030  996md30L  LEMMMGdOL  FoBHJISLMSD  ghHmMo, Bogdol  Lodo®bbm  BMIsls
535303990  49dMmmM3gdol Tgbodsdolo@. o3 3odmofzgal  Lodsmerol  dobgz00m
30OMLAHGH03MNM0  BsdsGo 630l 39MEbsl  goBol  v®FMOZ30eMdOl  bmdobserGo
$b930L  35B3969d 53y, b53d0L s dolo LyEObs®ol LoaMdg sER0bEgds Tglodsdolo
$b9g30L  39MbOL  FmOHIMwom  OHMIgEog  3BMdOEs, OHMYMEOEF  ,,IOL—-390LdbOL”

RMEOIMES.

5. 3309300 99009290 9065, 050 (6930l JugeEdo, bmdobsermsb F9ocgdom Fomoends
(69350 d90dgds 3°0mof30mb 3o%ob 565990l 9963 5EHSEO00L
LoEMEbWOLBsOOMBbMOdOL T9d306M90s s BsAIMGOOL TJ3-b 3900905, FgYAS©
3090)Mdm 25Dl botxols godsernEgdge HBOELL. Bs@GoMmgdmeo 3M5JG03Mwo vy
0IMOOYO 333900  Joegdo  gEgagdom  8ga30deos  3odlxgwmo  993wgy
30096030990 —93mb6m30396, 0bMLEHMOME, LME0SO  MLIROMLMIOOL  Fog@MMgdbY:
230Bol 6930l LGHOdOWOBIGHMOOL A5dMmYgbgdol Fgdombgzgzsdo Asbol  smFMMH30Mmdol
9m850md0Lsl  doowfgzs 89090 989JAH0: 1. dbgdcm030 06Ol EsDBMY3s - dMBgdmOZ0
50600 989JGH¥OO0 ImbIsMGO00 FobEIBIAIMOL 9JudIsEHSE00L ML Jsrgds Jobo
98503030l 2ob3Mmzboo  2sbol  bsbxol  93mbmdos,  MHMIgoz  Bmaogeo
d90mbgg3sdo  30%- dga 30 dgLodegdgeos  sBoJLOMEIL. 2. 25Pol  LobomwmEmgdol
15039MMds S 9B YSESEO0L 35O FoBMS, MBOYB3gWYMBOWOs FTbTsMgdEOl
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MBoBOHMbMYDS oDl 535M5GHMMOL  LEbmEMgdol 393barol dmfyzgBol 96 Fg@oigdol
3EdsMMdS, gobob Fbgz0l dmMerm©bgwo s dsmmzsolfiobgdgero  Fo@gdol dml; 3.
BOHMb390ygmB0wos LogmEbaobsmzgol bsdodo CO s NOx 30l 3Gm©d@gdol gdobool
2309m6H03b35 5 LBogMmRBO3LMZMGdM 2Bl IM[YMdOWMd9dT0 930 MY0IMO® LBBMS A5DOL
P30L 3OmEgLboL MBEOMB3gEYMRs s FgbsMbMbgds. 4. dswo {6930l gobLogbdo AoBol
$6930L (33020900l 56 5MOL BsFOMHM TEJO0O FMHYMBOEIMBGOOL FMBES:1dS S
Dobolifotmo Mgamwomgds. 6. 3300905 $9d60309M0 FMALEbMHGMdOL Bodwdomlb dmEIEMdS
(965"l 31639930996 bsfoewdo s 1153350MT0 56 SGOL O FZoMIEHW0567Ds).

. 3054BH03MWO S MIMOOMWO 3309308 390939©, d9330de0s 300K JMm, OHMI  FoBOL

060030056  58mbgb3Hgddo doMoMsI®© 33b3wYds TmEEmdomo dMOEH39W Y00,
GHIgdbsg FbmEmE 3$9d3gMed O 30M9gJG™MO0 4o9Rbos (BmyogMo dgdmbggzsdo

obog 56 55J3L), LogoMM39wMl M0 gIRWOMBOIL 25dMmIE0bIMY 30, FoBOL SEMOEbgoLLL
3960 MBOH639wYmRL LEHIBIOGHWMW 3009359 Y3565, 580GHMA 25BoL sGmOEbas 53
95639690900l Fgufimegdols  ao69dy, dmdbdoMmgdobmzol s BIMSYGOEIS©
500M03bgds.  d0OoLOL,  sbordosdols s bobm{dobol  33¢93900L  3OMm3gLdo
S0M0Eb30L MBBbLMdSD 4; 9 s 11 % Tgopobs. LmMg SFoEHMT, MIMS SOMOEb3OL
05¢5blO  IEMEPO 0gmb 599309090 sboero 3330560 IMOEb3ggdol Bobsogwgds
L5IMIBTIMGOW M BsBIOBY, BITJLsE 996905 LEBIMEHWMWO 30MMdOL 3mM9]E0MgdOL
Lodmoegds  9Bldg30s  Fooml  Jglsdsdolbo  AosfY39@GOWgds,  oBol  sLMoibzol
396bm®E309mgdolsls wo3gbbosbGHds 3mI3960gdds 0LGIYGIME gsbols LEIBIOEGHWwOo
306md0L 39530309630 sOLYdMBO.

. 300960300, 9300bMm303MOH0 s 0bEMLEHMOMWO M35 BYBOOLOm, dbgdM0Z0 FoBOL
S0M0Eb3z0L  AoLHMMgds, 360d369wmgbs  WIEIdoMs© 9330l gobol  FgmMbgmdsdo
00493539 Loxsdm v  3m396H3E0Mwo  mMRB0DsE0gd0L  Bobsblymo  sbasm0dygdols
000900 J9Bsd5TMDIIL, 2oBoL Jugergddo AoBol bs3MROOL, sg3g Fomo 5BMbgbols
39050039008 aBgdL.  LEgOH™Io 5005609 Mo  LoghHmsdm®mobem  bESbsmEgdol o
56589000Mm39 FO®A0L  dsBOOL  FPBM3zbgdol  Fglodsdobo, sbosero  sbsero@ozmeo
900M3900L  godmygbgdom, glodwrgdgeo dobgds 89999353l LmEoswIH LgdEmMdo
9mbdogdmEo 4oBoL 49slEbOEOL LHTIMIMWOIBMBOL 0bM3zs30MO dgoMEO, Moz 1939
0539330693905 25Dol mbds®gdol MLsROMbMgdoL b®MmIGdmMIb.
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