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Abstract

In modern design practice interest to mobile or dynamic architecture is being
increased more, which in frequent cases is caused by theoretical concepts of mobile
construction supporters, metabolism of kinetic architecture, requirement of
multilateral use of space and such traditional and conservative fields as architecture
and construction are standing at the edge of basic changes. Among these changes one
of the principals are transition to the construction of dynamic or as often called
transformable forms. Aim of this transition is settlement of many actual problems,
human approachment to nature, growth of comfortable, and principally, opportunity
to change morally old functional dependences among separate elements of building
(or inside the building).

It is clear that constructions are important means in mobile architecture in
order to achieve a goal. Today's constructional idea refers to searching of over-light,
multifunctional elements, role of which are existence of not only bearing structures,
but internal equipments and communications — awning, pneumatic structural and air-
bearing, thecal volume, transformable systems (stalked, bracing wire-stalked, panel),
self-driving structures — this is an incomplete list of those structures which are used in
dynamic architecture.

Though modern level of transformable systems construction, which is a
synthesis of engineering constructions and mechanisms, does not meet with the
requirements arisen towards it, because united common theory is not formed, by
which systemic analysis of transformable constructions will be conducted from
determination to classification. Constructional solutions have been processed not
quite enough with regard to high technical-economical and exploitation indexes; field
of their use and fields to be used in perspective have not been defined completely.

According to modern tendencies the most principal factors for effective
performance of construction process are economy of building materials, growth of
haulage ability of construction by using cheap materials, improvement of exploitation
provisions and growth of reliability.

This paper titled “Seismic Stability of New-Type Transformable Structure in
Consideration with Theory of Reliability” refers to attempt of complex settlement of
above-mentioned problems and accordingly, it is considered that issues arisen in it are
actual.

Aim of the paper is to present processing of calculation of new-type
transformable structure and construction issues. 1 patent GE P 2010 5097 B, [official
bulletin of industrial property, #20, 25.10.2010] is issued by National Intellectual
Property Center of Georgia “Sakpatenti” to technical solutions done in the paper.

New-type transformable structure presented in doctoral thesis is belonged to
perform solutions of large-span civil and industrial buildings.
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Structure consists of two identical parts, frame of which is equipped with
arches comprising hard elements. Arches are placed in horizontal and vertical rolling
guides, but internal knots are connected to each other with the ropes being in upper
and lower plain. Ropes are connected on winches having multi-chute drums. Separate
pneumatic pillow is placed among every two adjoining arches, length of lower surface
of which is less than the upper one, by which arched outline of pillows will be
provided after opening. Each pillow through flexible pipe is connected with
compressor. Regulatory fixators are provided in knots of hard elements of structure
required for transformation of structure. Each part of construction, at the side of abut,
has bearer brackets, extensible-folding equipments are placed on them.

Technical result of structure is achieved as follows: hard elements of
construction and pneumatic pillows fastened on them are gathered with bearer
brackets, ropes are wound on multi-chute drums of winches on minimal length. From
compressor of both part of construction, surplus pressure of air with equal size is
supplied through flexible pipe, as a result of which vertical and horizontal couple of
forces having opposite marks are arisen in the pillows in all four directions. By
vertical couple of forces, due to differences in areas of pillow surfaces (upper area with
previously calculated size is more than the lower), pillows are formed — their form
coincides with outline of hard elements of structure, but energy released as a result of
resting against brackets and adjoining hard elements of horizontal couple of forces
through rolling systems causes relocation of construction to guide (on horizontal or
inclined surface) — structure is spreaded.

Structure is shut with the following sequences: valves are opened in the
nearest pillows of the brackets; surplus pressure of surplus air is driven out from them,
as a result of which pillows return their primary condition. In parallel of their
reduction in volume, through winding the ropes on drums of winches, arches are
returned to bearer brackets. After shutting the first nearest pillows and returning of
the hard elements to the primary position, process is successively repeated for every
pillows of structure.

Doctoral thesis includes calculation of new-type transformable structure on
computing machine by use of software. Calculation is done through software “IIK
JINPA version 9.6 (R9)” of Ltd “JIMPA codt” in Kiev, Ukraine.

Scientific novelty of the paper is a new-type transformable structure. New
constructional solutions, methodology of calculation are developed, practical cost of
construction is determined, which is confirmed by analysis of results gained from
technical-economical calculation.

“New-type transformable structure” processed based on theoretical studies,
practical experience and current constructional norms-rules and recommendation, is
effective with regard to methodology of calculation and received economical result.
But its complexity and proximity with mechanisms of kinetic structures give a chance
to use control program devices and electronic systems as movable elements. Herewith,
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its use in building of transformable constructions (patent GE P 2010 5097 B) is
advisable.

In realization of proposed new type structure, transformation of roofing will
be provided in buildings, weight of roofing, cost of material, duration and cost of
building will be reduced, seismic stability and reliability of structure will be raised.

Main results of dissertation are reported at the “81st Student Open
International Scientific Conference” of Georgian Technical University held in Tbilisi
in 2013 and won first place.

3 scientific articles are published on the mentioned paper, 1 patent (GE P
2010 5097 B) is issued by National Intellectual Property Center of Georgia
“Sakpatenti”.

This paper includes introduction, 2 chapters, main conclusions, applied
literature and annexes.
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AR R AR R R

3. 956x 3965 Jsbmdo

w; = —53.4 3/0?

R AR R R R R

3bO0oo #4. Jo@0l sGH30MM30L Losbys®odm 360336 mdgdo

©0b65303MM0  ©IBH300m35  (Lgolidogs) — 9bys®odo  Bo@oMgdmewos 8
05e0sbo (ESM-98 L3ows) Lgolidwy®o bmbolomgol, 13gddHmwo dgmm@om. 5d
39000l 259mygbgd0m dglsdegdgaros bgobdmo sGH3MMZ0L sbsM0Tobsl
2395035w0olHobgdmw 0dbsl Lbgoslibgs Rod@m®o, MH™Iguoi gog3wgbsl sbgbls
996md0L LglldMIgEYMdSBY [42].

LosbRoMOdM 3MmaMmsds “IIK JIMPA 396MLos 9.6 (R9)”-do 3mbLE®mwdsool
bgoldozobyg  Ao9bgIMOTYds  MYooDEIds  J3g3MMaGmsdol  doge, Tgbodsdolo
3565393HM9g00L J0mM0MGOOL A5035¢olHobgd0m. Losbysm0dm dmoguo bshgzgbgdos
L. 3-Bg.
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L. 3 sbsEo GH030L GHMBLFEMOHI0MYdSO0 JMBLEHMMJ300L Losbgs®rodm Impgeo

29 sbogro  BHodol  GMBLEMmOmIoMgdso  3mbLGMmMJsool  Lgoldym®

©99mgdggd5Bg g05b65Mm0d9d0l d99a9d0

3MbLEMW 3006 20699000905 Fgueramgdyemos “IIK JIMPA g9GLos 9.6

(R9)” 36659090 3m33egdubol 39939Md0m Lol gagdgb@ms dgomols

Bsgmdzgby.

399625600390580 456boEos 990090 IGHI0M™M3900:

1.

2.

5.

6.

LEoG03memo 3990d030;

UGOGH03IO0 POHMYO0O bobdm3ey);

Jo60L bGSGH03IM0 IGHI0MMZS 3LOE300L Fom35olfobgdoo;
L9oLIMEGO OGHZOMOMZS X 0O IOOM;

1goLIMMO HBHZ0OMZS Y F0TSMMNIIIOM;

3o60ob 06530300 GHZ0OM3ZY;

15989693 dMgEboL LosbysMmOdMm 1goldMMMds©E FJogdIWos 8 dowo

(ESM-98 15350m), g5035¢00l{obgdmeos Bs3mmato Gbgzol 20 gmEds.
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BoGo®Mmgdmo sbgotmodol 9999 GHMoblgm®mIoMgdso 3mbLEwmdzool

6b930L MOoMMYMo BMOToLIMZ30L oGO0 B3MMmOo Mbgzol LobdoMgqdo

Domdmoagbowos sbMHog #5-Jo:

Fr equenci es

I ozd rm;ie Elgueensv Cerrecc;.e Fernecqyu Pe(rsi)od Dicsot erfi b. Nrfssﬂ '\r/T:{sE

: (rad/s) (Hz) : (9 (%

1 2 3 4 5 6 7 8 9

4 1 0.118 8. 449 1.345 0.744 0. 277 0.983 19.995
4 2 0.109 9. 200 1.464 0.683 0. 000 0.000 63.490
4 3 0. 103 9. 709 1.545 0. 647 -0.004 0.000 ©64.364
4 4 0.103 9.712 1.546 0.647 0. 000 0.000 64.370
4 5 0.103 9.717 1.547 0.647 0. 002 0.000 65.723
4 6 0.103 9.723 1.547 0.646 0. 000 0.000 65.802
4 7 0. 103 9.733 1.549 0. 646 0. 000 0.000 68.033
4 8 0. 103 9.738 1.550 0.645 0.013 0.001 76.320
4 9 0.103 9.753 1.552 0.644 0. 019 0.002 77.326
4 10 0.102 9. 756 1.553 0.644 0. 002 0.000 78.033
4 11 0.102 9.776 1.556 0.643 -0. 050 0.013 78.058
4 12 0.102 9.783 1.557 0.642 -0. 002 0.000 78.062
4 13 0. 102 9. 807 1.561 0.641 0. 001 0.000 78.074
4 14 0. 102 9. 817 1.562 0. 640 0. 001 0.000 78.479
4 15 0.102 9. 833 1.565 0.639 -0.085 0.018 78.504
4 16 0.102 9. 851 1.568 0.638 0. 006 0.000 79.616
4 17 0.101 9. 853 1.568 0.638 0. 065 0.035 79.658
4 18 0.101 9. 884 1.573 0.636 0. 002 0.000 80.204
4 19 0.101 9. 886 1.573 0.636 0.034 0.007 82.022
4 20 0.101 9.911 1.577 0.634 0. 001 0.000 82.036
5 1 0.113 8. 836 1.406 0.711 0. 000 0.000 43.966
5 2 0.103 9. 747 1.551 0.645 0. 000 0.000 64.161
5 3 0. 093 10.714 1.705 0.586 0. 000 0.000 64.662
5 4 0. 093 10. 805 1.720 0.582 0. 000 0.000 ©64.666
5 5 0. 092 10. 915 1.737 0.576 0. 000 0.000 64.842
5 6 0. 091 10. 939 1.741 0.574 0. 000 0.000 64.854
5 7 0.091 10. 961 1.744 0.573 0. 000 0.000 72.201

3bO0o #5. 30BLEHOW300L bo3MMsMo Mbgzol LobdoMggdo
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1 2 3 4 5 6 7 8 9

5 8 0. 091 10. 984 1.748 0.572 0. 000 0.000 76. 346
5 9 0. 091 10. 984 1.748 0.572 0. 000 0.000 77.933
5 10 0. 091 10. 994 1.750 0.572 0. 000 0.000 77.933
5 11 0. 091 10. 996 1.750 0.571 0. 000 0.000 77.935
5 12 0. 091 11. 015 1.753 0.570 0. 000 0.000 77.935
5 13 0. 091 11. 016 1.753 0.570 0. 000 0.000 77.966
5 14 0. 091 11. 033 1.756 0.569 0. 000 0.000 78.405
5 15 0. 091 11. 040 1.757 0.569 0. 000 0.000 78.950
5 16 0. 090 11. 062 1.761 0.568 0. 000 0.000 81.186
5 17 0. 090 11. 066 1.761 0.568 0. 000 0.000 81.690
5 18 0. 090 11. 086 1.764 0.567 0. 000 0.000 81.725
5 19 0. 090 11. 095 1.766 0.566 0. 000 0.000 82.541
5 20 0. 090 11. 110 1.768 0.566 0. 000 0.000 82.698

300 #5 (Roa®3d9gds). 3mbLEMmXYI300L bsgMmstmo Mbgzol Lobdomggdo

gb®o  #5-ob  BsBL, M3  LgoLdmMo  doergdol  Fo@dmddbsdo
3MbLEHO300lL dobol Lodowm 65-80 % IMbsfowgmdl, Mog msbsdgmmgy
36099060l 365J3H03580 356y FIOIROP 00ZYOS.

Lo5BM0dM 3OMYMsds “TIK JIMPA 3960Los 9.6 (R9)"-0o 3mbLE®mvydizool
bgoLINMO  OAZ0MMZ3YODY  o9bRM0TgdOL  FgIAgd0  MOBO3MEo  Loboom
fom3m©9bowos b®. 4 + 15-By:

T I I I I I
593 497 -39.8 298 -199 554 -0.592 0.592 954 199 Pk} 398 497 587

Mosaie plot of displacement along the Z-axis (m global system)
Usts of measurement - mm

L. 4 3MBLEHOI300L 3356dgdOL 2090 GdJd0 Z gMdol 0Tt gdom
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NE— )
-11.4 952 -1.62 571 381 .19 0113 0.113 19 EXT] 571 7.62 952 1.4

4
Mosaic plot of displacement along the X-axis (in global system)
Units of measurement - mm

L. 5 3MBLEHOI300L 3396dgdOL 3090 gdgd0 X gMHdols JodsMmmEgdom

L I
-3 25 -2 =15 -1 0.5 003 0.03 03 1 13 2 25

4
Mosaie plot of displacement along the Y-axis (i global system)
Units of measurement . mm

6. 6 3MBLEHGWJ300L 33563900l 45095 R0MGdJd0 Y ©0gMdol 0dsMrmIgdoc
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L e E ER—
328004 296e+004  -23Tet004  -178e+004  -LI19et004 5936003 318 73 593e+003 119004 T8e+004  23Te+004 296e+004 356004

Smss contour plot for Nx
Units of measurement - tm**2

L. 7 dod3505 dmBs035 Ny

L D S ——
<129e+003  6.5e+003 -5 2e+003 -3.9e+003 <2.6e+003 -1.32+003 -128 T8 1.3e+003

s:ms contour plot for Ny
Units of measurement - tm*"2

7.0 oy 2y

ﬂ' .__.‘r.-. oy l.
= '-‘
T

ZY
ﬁ_\mx

L6, 8 dod3500 IbBo0gs N,,
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STABe003 62404003 A99e+003 37404003 24004003

4
Stress contour plot for Txy
Units of measurement - tm*®*2

Ve at P s
17 =
-

U296, 9 dod3500 INDO0ZS Ty

000435 -0.00362 0.0029 -0.00217 -0.00145

4
Stress contour plot for Mx
Units of measurement - (t*m)'m

L. 10 dsd3505 AMBs035 M,

-1.25e+003

1256003

249+003

3.74e+003

— A A A L 0,

. B L 5 5 AT 9 5 o gy

L L 1 i e S 8 ey A 9 Y A

e S S IS S
i H

-0.000724

1
4. 24e-005

1
0.000724

[
0.00145

000217

23

e
L

4992003

i

L7
=

0.0029

6.24e+003

0.00362

72504003

0.00425
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0.0074 0.00882

I I
0.00296 0.00434 0.00592

I
0.00889 00074 -0.00592 000444 000296 000148 -8.83e-005 883005 0.00148

4
Stress contour plot for .\{t'
Units of measurament - (t

mim

Zy

e

U6, 11 dsdg5m0 IBo03s M,,

0.00166 0.00221 000276 0.00331

I
0.000552 0.0011

I T
00011 0000552 -3.31e-005 3.31e-005

-0.00331 -0.00276 -0.00221 -0.00166

4
Stress contour plot for Mxy
Unsts of measurement - (t*m)'m

R B i 4 0 ] A A e 35 17 2 Gy
A s ",ﬂggi_l' oy [ S L A Y A A i e o
R e |l B s e
Iﬂ%iaszﬁ'gﬂ—- - (RE=E Sy
o

B

Uy, 12 35035000 ImHo03d> My,
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0.00741 0.00927 00111

I
0.00185 0.00371 0.00556

I I
00109 -0.00927 000741 -0.00356 0.00371 0.00185 -0.000108 0.000109

4
Stress contour plot for Ox
Units of measurement - tm

B L
o L
",..’.' s e

==

i . e ‘?."‘f#..:. 75
=SS i =S g e e
B ==V i e Ay g
==L
sy

Zy

IE)J(

LY. 13 dod3500 FMDBS03S Qy

0.0307 0.0384 0.0461

003

I I I
0.00046 0.00767 0.0153

-0.00767 -0.00046

-0.0451 -0.0384 -0.0307 0023 -0.0153

4
Stress contour plot for Qv
Usits of measurement - tm

i e s S S e S S s et s G i .
N L s o s s
N g

s e e S S
- - W ———

-
"'-“-.‘-‘._ ——

Uy, 14 35035000 ImHo0gs @y
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| ——— ) E—" E— L I L I
-131 -L13 -0.903 0677 0451 02126 -0.0131 0.0131 0226 0.451 0677 0903 113 136

Mosaic plot N
Units of measurement - t

L@, 15 N, dsd35m0 3Ho03s 3mbLE®MI300L bobd) gargdgb@gddo

F4

T

bme. 16 3mbLEOmdzool  bobGo  9wgdgbhGgdol  ©odsdYE-IBMOIOMIGOMEO
0™ do6Mds
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2.10 sbsemo &odol GH®mBLEMm@mIoMgds@ 3mBLEMMJ309080 gamgdgbdgdols
39603339009%0b dgMBg3s

BoGoMgdwo 2996256003900l dobgz0m 09000535H9090
3MbLEHOM30900L8  ommbol  bobGo  gargdgb@gdobsmgol  dgmBgmo
396333900900 99MBgmos Lssbyo®modm @sdmdmawgwo 3MMmy®msds “TIK JIMPA
396005 9.6 (R9)"-0l J3936maGs0s> “JIMP-CTK*-l  Lsdmsagdoo  9mdddgo
b6 3dgd0l GgLodsdoloco [43, 44, 45].

domodmo  d9gaqdo L =60.0 (3) doewol  3mblE®myd300Lsmzol
9 3999os 3bGogn #6-do:

Section: Pipe 60 x 3
Shape : 60 x 3; TOCT 8732 - 78*
Steel : BCt3km; I'OCT 1075-80

File: Tpy6a GeciroBHas ropsyeKaraHas

1. Bgs Lo Bygao

Section: Pipe 60 x 3
Shape : 60 x 3; TOCT 8732 - 78"
Steel : BCt3xm; 'OCT 1075-80

File: Tpy6a 6ecmoBHas ropgyeKaTaHasd

2. 439> Lot yggeo

Section: Pipe 60 x 3
Shape : 60 x 3; TOCT 8732 - 78*
Steel : BCt3xm; 'OCT 1075-80

File: Tpy6a GeciroBHas ropsiaeKaTaHas

3. 30LbMLOL gargdgbgdo

300 #6 bobiGo gangdgb@gdol 356333900900 L = 60.0 (3) dserol 3mblEmvydzoobsmgol
3b5EmaomMo  qBom  BoBHIMOMos  9bas@Modo L = 42.0 (3) dogool

3MbLEHOI300LsmM30L, JoEYdIo F9YRJ00 dM3gderos (3bMow #7-do:

Section: Pipe 38 x 3
Shape : 60 x 3; TOCT 8732 - 78*
Steel : BCt3km; 'OCT 1075-80

File: Tpy6a 6ecmoBHas ropsueKaTaHas

1. B9 Lod@ygwo

3bOowo #7. bobiGo 9wgdgb@gdol gobgz3zgmagdo L = 42.0(3) dserol 3mblEmvydzoobsmgol
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Section: Pipe 38 x 3
Shape : 60 x 3; 'OCT 8732 - 78"
Steel : BCt3km; I'OCT 1075-80

File: Tpy6a GeciroBHas ropsyeKaraHas

2. 939> Lot yggeo

Section: Pipe 38 x 3
Shape : 60 x 3; TOCT 8732 - 78*
Steel : BCt3km; 'OCT 1075-80

File: Tpy6a 6ecmioBHas ropsueKaTaHas

3. 30bmLOL gargdgb@gdo

gbGowo #7 (253Mdgegds). bobEo gwqdgb@gool gobg3zgomgdo L = 42.0(3) dsgools

3MbLEGOWJ300Lsm30L
BYEd LYoo
s _,-i_::ﬁf’i*—Z;E‘éﬂ‘:—-_:}"r*—‘:“—-:_}.‘_ =
L »f"|?::":/;j:§%\’ el 3 f——f‘_ztf_,l.é:%?{r;%g__:{r _—
o \/pobobol L 339 LsGAggmo S

99396934900

Bob. 21 3mblGMMIzool boliGo gergdgb@gdol bidgds

3MBLEGHOY 30580 d50M0L 339000l FgMbBg3s Homdmgdl FoMdmgdl dogo®do

3996256039000 30900 259308530 doerols Jobgwgom H.

0520600l LsFoMm 456030 339000l BSMMNMBO JoBMOMZLGds BMEOHIWOm:

H

my Mz Rpss

Apsy = (47)

ooz My dog06Mol  8v)dsmdol  30MMdJO0L  godsmzswoljobgdgwo
309803096H0;
my - 0506000 3530079 gd0Lddomdol  306MHMdYdOL
3985035 olLobgdgwro 309530309630, 5009ds bn®mdgd0sb;
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Rss5 - 3530000 3oLool bosbgo®odm fobsomds, dmigdyeos
bLeOE996Edo:

ms3Mmy

Ry, = ‘R < 0.7R 48
85 = yomyire, Rooed S s, (48)

5 mz  9993smdol  3060MddOL 309803096 GH0s,  0yo
0m35obfiobgdl  3mbLEHMNI300L  BO3OMEo  BEyMIsMgmdOL
OO doz500  3o3bsfioemgdol  Fglodergdemdsls o
QIVOM0LYSD godmfzgmen dogoMol ME3939L, MMIGEoE 5O
3996560890 35ddgmdsbY;

my - 9M0smdoL 306MHMdJOOL 3mgxz0E0gbGHO, 0mM35woLfobydL
05060l LodBHI0E3gYg  dsd39d0L  Bo3MmbE9bEMOWgdgdOL
39302965L - Losb3gM M BsdoMm9d900, A9sb39d0 s bbg.;

Yoo - L2089©00mmd0b  3098030gbdo  3mbbEG®ygzool  0d
999963 9d0bsm30lL,  MHMAWgdog  ©OHMgdomo  ffobswmdol
dobg3000 459635008 9d05b;

Yo - 1o0d90mmdol  3mgx8030g6G0  dsLogrol  dobgwzom,
0m35¢oLobgdls 05306Mdo 95300900l 239605905,
95300l 25603339080 BMId0L (3300 gdgdbY 39390l
Q5 35300790l LogMdgu;

Yy - L9089MMd0L 3mgBoEogbEo, HMIgwos omgzseolfobgdl
65390md0L 353035 OHMdLS s oo  3sbboLIdYGIWMBOL
©mbgU;

N
Rpmma = A—z (49)

N, - 9By 35306080  SQIONO  gadyegxo  dogrol
bLoOYS;
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A 5 390Bgm0 150600 356030 3390008 BOMMI0, MMIgEo;
Ap = Ayyy (50)

LodME MM, 35306M0L 256030 339000L BoMICIMBO FobolsBL3zMYds 900
BMOHIMOm:

H
Apg=5=4s (51)

B90mmInY3560wo  FmOIMEdoL  Bsdowgdoo  dgmBgmwos  sbowo
A030L GHEMbLRMOI0MYD©O 3MBLEHM™MJ30gd0LIMZ0L dog0cMmOL 2o63339009d0:

1. L = 60.0 (3) ool 3dmbg 30mbL&HMwd300Lsm30l s©0gdveos: “dsqoMo-
12; 33900 12; DIN 3053; g3meoo: 1570; b @edgb@o: Open spiral strand 1x19%;

2. L =42.0 (3) ds¢ol gmbg 3mblE®mwyd300Lsm3z0L 50gdreos “dsq0Mo-
10; 339000 10; DIN 3053; g3ceo0: 1570; bem®Eodgb@o: Open spiral strand 1x19%

36930530360  d5¢w0dgool - 2omLYIOL  Ao96FM0Tgds  Bo@oMgd 0
3500pMox 2.4 -0o Im3gdmwo (14:21) gm®IMwgdol bsdwsEgdom. ™MEOO3Y

3MbLEGHMMI300L G90mbggzsdo (3mbLEHMYI309d0L doewo L = 60.0 3 s L = 42.0 9)
BoLsBE3OHM 30MHMBJOO ©3T5YMBOWYGOMV0S.

2.11 sbogwro  Bodol GHMsblgm®Iomgdoo  3mbLEHGWIE0900L
3MbLEGHOMOMgdOlL dgdgdo

Bo@oMgdmo 39965608900 dobgz0m 39000535H909)0
3MbLAHOJ30900bom30L TGO GdIMwos 3mBLGOOMYdOL  bdgds@eo
Bobsbgoo.

Bob. 13-Bg 6583969005 3mbLEGHM™MJ300L LogOomm bgwo
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bii 1

Jiis

Bob. 13 sboewo GHodol GH®mobLEmGmI0MmYdso 3MmbLEHMWE00L 3MBLEMOMYdOL LogMomm
Ugads@mo bgo. 1- 3693853032960 doerodo; 2 - bolGo gwgdgb@gdom dgygbowo
®500L 3905 LEMGHYJE0; 3 - 0L BYs Lo EYgwo; 4- Mool 0MH0dbydo; 5 - Mool
560; 6 - Lo ZMBMEOO ToLHEOD PIBRSOVIEO BZOMO

6ob. 14 3356d0 I. 1- 3693053039960 05¢080; 2 - 0500 §390 LEOEHYIWO; 3 - MoMoL HBgws
LoMEGHY9E0; 4- M5O 0M0BBY; 5 - MOPVOL YIMO; 7 - LogMMogo boliEgds
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=== R e | I
,»:g;:// _=F | |
S = | |
/@ /////// } } 4
A== | |
== I |
- 4 |
@ i
|
bl
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‘WM
Jd

Bob. 15 3396d0 II. 3 - o0l Bgs LoMEYgEo; 4- MOVOL 0MOBBS; 5 - MOl ERIMO; 6 -
LoEP03MbMMmO  FLBOO®  OIPIOMO  d33000; 8 - LobmgB03MMmo  35Bm30Lob
©53D50090wo  BoJuo@™ME0; 9 - [goasmdBHomo  LobmgBHogmeo  obowrs; 10 -
5304LSEGMMOL sdFgM0

Bob. 16 339000 5-5. 1- 3693053032960 35¢00d0; 3 - Mool HBgs LBoMBHYJWo; 5 - Mool
©39M0; 6 - Loo3zmbm®mo  JsLOom OGO  BR0M0; 8 - Lobmg@ozmMo
39996305996 ©TB5©YdIMYo BoJuo@MMo; 9 - {gowasmdBomo LobmgEolzmMo Fslses;
10 - godLsGm®mol ©sdFgeo
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Bob. 17 335600 IIL. 2 - 3500l J3gs LoM@GHYgEo; 4- 0500l 0MH0BBs; 5 - MOl YMO; 6 -
LoEP03MbMMmO  FLBOO®  OIPIOMO  d3Q0M0; 8 - LobmgB03MMmo  35Bm30Lob
©53P5®gdMwo  goJuoGmMo; 9 - goasmdBHecmo  LobmgdHozmGo  dsbogms; 10 -
5304LsEGMMOL sdFgM0

Bob. 18 3356d0 IV. 4- m500l 060065
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777777,
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Bob. 19 3mbBLEHOI300L MO0 Boffogrols Gg30Ma306Mqd0lL 3356d0. 1- 3693853039960 doenodo;
3 - 3500l By LoMEHYIE0; 5 - MOl EYIM0; 6 - LOE0ZMEMHO ToBOP00 PORIOVIEXO
050060; 8 - Lobmg@ozmemo  3599hM30LsRb  ITBOEIIMWO  GodusBHmMo; 9 -
0950359983560 LobmgEH03MMmo Toboes; 10 - godLsG™mEOL ©sdFgho; 11- 5GIMbggOyEo
Boergdlgdoliogsb (3930 WMY390 ToloEoligsh sTBIWIOMWO BoMOTBOEGS

2.12 3903590 Mo ©s GHodmeo  3mbLGHMMJ30900L  Bgdbogm®-
9306038037960 8956905

0900m0535H90o  3mbLEHOJ300L  93mbmdozmMo  9x39gdEIOMdOL
d9LoxzolgdEs©  Hobsdadotg  gosbasM0dgdsdo  89oMgdME0s  sMLYdO
(565QMa0M0) @5 sbogo  GHodol  3MbLEBHMW00L  GH9gdbozM®-93:mbmdozmmo
9539690¢900. G036 3MBLEHMJ30900L FoboliosmgdWgdo s©GIMWOs YmzoEn
LLEZ  ,,gboby®msol  Bmbowrme  1533eg3-Lodgaboghm  gJudgMdgbE Mo
0bLEHOGHMGHOL® 5edMFgdol IMbs379900sb.
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3960Bgm@0s mmbo Lsbol GHo3wmemo 3mbLEOmwdsos:

1. @mmool  §sdfg, goobmemmo  ©306509BH™bol  gowgdom,
©53300m35 q = 0.35 ¢/3?, dogwoo L = 42.0 9;

2. mBs06M0l9dM0 d50MM3560 oMo, OEHZ0MMZS g = 0.35 ¢/3?, Jogrom
L =45.00;

3. MOH0IOHMPIWITIZIN0  MmMTod0  5STMONOEMEOMIOL  4oobMMZs
053003560 139MH39d0m, oGZ0MM3s g = 0.35 3/d?, dsgrom L = 60.0 8;

4. M56MHYMR000 LOIOEOL 30O FIOBO, 303 q = 0.35 B/,
dsewoom L = 60.0 0;

090560905  BoBHIMOdM0s  sbowo  Godol  3mblEMMJgool  mGo
350056&0lsm3z0L:

1. sboewo GHodol GH®moblgm®IoMmgdso 3MbLEGHMMIE0d, IGZ0OMZs q =
0.35 /3% doewo L = 42.0 0;

2. oo GHodol GHMmBLEBMOI0MYISO 30BLEHMW305, IGZOMIS q =
0.35 /8% dsewo L = 60.0 0;

99056905 Bo@9Mgdeos doLoL, FOMIOL sbsbsMIXJOOL s dMbEsz0l
5bsbstxgdol  dobggzom, Tgg3eligdol doMoms  3M0GHIM0Ts©  SMIOME0S
©0M50Mq0d.

30bLEH®3008 TBOEIOOL FOMAOL EbIbIMXR GO0 goblsbL3zMIEos
©OIoLOM30L  LodoOmzgrmdo  sMLYIMWo s3I BOEIdIIo  JoMbbydol
5ML9dwo 3H9dbmemaogdols gom3zsolffobgdoo.

3990053599010 3MbLEGHMMJE00L MZ0MVOMJIMWGdS IMZLO0S 0
boORMo0MHo3bzol bm®mdgdom,  OHMIomsg  3oblobgmwos  GHodnco
3MbLAHONJ30900L8 PZOMOOMPOMEGdS @O 29oY39boos scmgddo
Lodorm39wmbo 585595 dmgdgo Lsddgbgdem Mglm@Lgdol Golios 30M9ddo
300mMJOM0 50Mg0d0 gosdY3560 395303096EHOL Qo035¢0olfobgdoom [46].
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Lo@®obL3MMEGHM  BsbsOIX OO  bsbgo®m0dgdos 500 30-bg ooEbOL

30613900L5M30U.

3sLoEols EOBIbIGIXGOOL 3B0T369MDYOO 0GOS 356QMSR 2.9 -To

9039990 3bGow #6, #7-0 S GH03IMH0 30bLEOI30900L sedmdo 9/1.370.008-

ols dobgzom.

39056905 Bo@o6gdreos 3bGowmo  gbom ©s dmEgdmwos gbGow

#8+12-0o.
wy 3MbLEMJ300L BHo3ol @:ﬁ’);q(:ob 09G™bols ©M3mdgbEol
©3lsbgagds 10/ | botxo, 83/ ©3Lsbggds
39000535H90wo 3mbLEGMWJ30900
3boEo 3Hodol
GOBLBMOI0M GOS0 356336580 2.9
1 | 3mbBLEH®MI30s, OGHZ0M™M3s q = 44 0.3 SbGowo #7
0.35 ¢/@?% dogwo L = 42.0 0;
3o®9b@o # GE P 2010 5097 B
sbaero Godol
GMBLHMOHI0MIOSO 356536580 2.9
2 | 30bLGHOMI309, IGZOOMZs q = 9.4 0.3 R ——
0.35 ¢/82, dsewo L = 60.0 95
3o®9b&o # GE P 2010 5097 B
039960 3mbLEGMWMJ30900
g‘v’(g;fo‘;%fyg’f@gggﬁ’m@o AnGowm 9/1.370.008
1| 2)@) e 63.4 0.06 Tocerpoit CCCP
Q0800 4=0.35 9/02, Jlen3HWHAII, 1970
doerom 1=42.0 9;
MBog0MmOLYIMO doFoMMZsb0 An6om 9/1.370.008
2 | 3960, sB30Mm3s q=0.35 3/02, 10.0 0.11 T'occrpoit CCCP
dsewom 1=45.0 9; Jeu3HMUDII, 1970
MONO0YO0P9339000 MEOTSQ0
50MdOEMMBOL 45obIMZs An6om 9/1.370.008
3 | doa060m3560 13qMIgdom, 28.8 0.02 T'occrpoit CCCP
©5}300m3s q = 0.35 ¢/, Jlen3BHMUWDIII, 1970
doewom L = 60.0 9;
0°0y0g000 LodOyeob An6om 9/1.370.008
4 30_@63%0 52;’5{;’ ’ @"@32’ f";%" . 22.8 0.14 Toccrpoit CCCP
g_ = 035 ¢/0% Bopoor L = 60. Jen3HUMOIL, 1970

3b®oo #8. Asboerol borxo GH03M s 990mmo35Hgd 3:mbLEHMWJ3090Dg
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3MBbEHOMJ305%Y 9H0gYoL Gobo 3sLboErol Bobio, Esto/d? ©3BsbaGRIBO

## 306LEBHOMI300L G030l alobgamgds 3sbogrgd by,
ROSPO, 09@mbo, ROSPO, dgGmbo, 60/
3/ 3/ wobolzy | wso@ | BTN | Badobo @emo
1 2 3 4 5 6 7 8 9

399mm035Bg0mo 3mblEMMJ30900

sboeno EHo3olb GMblgm®Iomgdoo
1 | 3:BLEHOMI309, @sBH3060m3s ¢ = 0.35 ¢/3?, 4.4 0.3 1.85 111.0 8.1 33.30 41.4
Qoo L = 42.0 3; 3s¢9bGo # GE P 2010 5097 B

3b5Eo BHo3ol GMBLBMOHIoMIdS©O
2 | 3mbLEH®NMI309, oG30MHmM3s g = 0.35 3/32, 9.4 0.3 1.85 111.0 17.4 33.30 50.7
doewo L = 60.0 3; 35¢y9b@o # GE P 2010 5097 B

039960 3:06LGHGWI30900

B 5@Oob (5959, 39obGeo
1 3065093 ™bob gowrgdom, s@3z0mmzs q=0.35 63.4 0.06 1.85 111.0 117.3 6.22 1235
®/02, dsewoo» L=42.0 3;

65306H0LYIIMO doZOMMZ60 Fo®lo,

2 10.0 0.11 1.85 111.0 185 12.21 30.7
©53306m35 q=0.35 3/02, dogroom L=45.0 3;
MOHOOJOY53339N0 MMT5Y0
50O, BOL 35HUYM3S BSR0MHMIS0
3 TOINEILDMOOD B2RIDIT> O330HAFIO 28.8 0.02 1.85 111.0 55.3 253 57.9
39HIFO0m, BHZ0OMZs q = 0.35 ¢/d?, Bocom
L = 60.0 8;
® b0dGHEOL @bo,
g | 9PPYOBOO0 BOIHIRQOD JOQUQO OO 238 0.14 1.85 111.0 42 15.32 57.5

©5G300m3s g = 0.35 ¢/3% dsewoom L = 60.0 9;

gb®owo  #9. 9996359930 ©s G030 3MbLEBHMWJ30900L  Bolserol  bstxol  BoGEemMo s 9HmMYMOl
QOMYONWYOS
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JOH@Aob

30BLEHOJ300L | 3MBLEGHGMIG00L Bor@osbio 365boMx 900 bagHo
©53bogdol dmb@og0l 36030l Lobm®sgol 3603l bodwgoErm 36O mdol
## 3bobgagds 96H@Iol 36H@Iob 9mfigmdabo ©OMHYOMgds, | BIbaMX VO,
Bobserxo 9BsbaGx0 ©Babomrxo, S ©2Babatx B0, 560/33.Lon SO0/
Q3DoDIOXO, Q X0 36.b0/d? N 36.b0/a2 Q20036 ®
36-Lo/@? 36-Lo/3? 0mb®ogby,
36-Lo/@?
1 2 3 4 5 6 7 8 9
89000535900 3mbBLEOMJ30900
sbswo Bo3olb
GOBLEMOHI0MGOs©O
1 | 306bEHGMIG0s, sB30mM3s g = 0.92 0.20 1.12 0 1.12 7.63 8.55
0.35 /82, Boqwo L = 42.0 8;
35¢96¢0 # GE P 2010 5097 B
sbswo Go3olb
GM6LBMOI0M GBSO
2 | 3mbbEHO»NMI309, IGZ0OMZS q = 0.92 0.20 1.12 0 1.12 7.63 8.55
0.35 /82, 8sgwo L = 60.0 3;
35¢9b6@o # GE P 2010 5097 B
039960 306LGHGWI30900
B0l [0, 3oobmEOIEo
1 | ©3005890mbob Fogrgboo, 3.65 118 483 257 7.40 8.15 60.27
©5¢300m35 q=0.35 /32, dsewom
1=42.0 0;
B530M0L9dMO d330MM3s60
2 | 396bo, sGHI0M™M3s q=0.35 ¢/32, 1.16 0.32 1.48 2.16 3.64 7.63 27.78

0owoo L=45.0 9;

gb®owo #10. J98mms35HgdMwo s GHo3MNOMHo  3MBLEGMI30900L  sTBOEIBOL, FMbGSHOL s LobwMmsgzol Imfiymdol

L53momgdol sbsbsMxgodo
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2

MOH0IONYR59339N0 MMT5Q0
50MBOMOEMMIOL 2oL NG3Zo
053003560 BgHIJd0m,
©53300m3s q = 0.35 ¢/3?,
dsemoom L = 60.0 3;

2.36

2.78

5.14

2.29

7.43

7.45

55.36

560Yymz3000 LoIMEOL 30O
390L0, sBH300M3s g = 0.35 B/d?%,

dowoom L = 60.0 9;

2.36

2.78

5.14

2.29

7.43

7.45

55.36

gb®owo #10 (oa6Mdgegds). 999mme35H9dMo ©s GH03MMH0 3MbLEMWJ30900L ©odBsYdOL, TmbBEIOL s LobwEagol

9fiymdol Lodmdsmgdol EsbsbsMxR gdo

GMBL3IMOGHOL | FHOBLIAMO G0 SOBLINOGHIBOL doeosbo B HBLIMGAM
3MBLEHOMJ300bg | 3MBLEHOMI300L ©565bsMx g0 3MbLEBHMW 300l
## ©obObYEgds ©OMHYOIdo, ©565baMx 900,
©IHZOOMNZ, 3900 F300m3, 560 BOBL3IMOEHOMGOBY, fabs, &/a? G0/
60/ 60/ W00 60/ =
1 2 3 4 5 6 7 8
89000535900 3mbLEOHMJ30900
oboo Godol
GMbLEBMOT0M YOO
1 | 3mbLEHM»MI309, ©IGHI0OMIs q = 30.60 25.46 80.40 136.46 0.0044 0.6
0.35 ¢/d2, doqro L = 42.0 0;
35¢96¢0 # GE P 2010 5097 B
oboo Bodol
GM36LBMOI0M YOO
2 | 30BbEBHOMI309, @oBI0OMZs g = 30.60 25.46 80.40 136.46 0.0094 1.28
0.35 ¢/@2, dsewo L = 60.0 0;
354960 # GE P 2010 5097 B
gbGowo  #11. 990mm35Hgdwo @S GH0dmo  3MbLEHMYJ30900L  LOGHOBL3MOEGM  Ibsbsdxgdo  (Fobobogds

3MBLEGHMMJ300L BHOBL3MOEHMYds 500 30 dsbdogby)

129




1 2 3 4 5 6 7 8

Rs©ob {009, yoobrGrwo
306509@™boL gowgdom,

1 26. 25.4 4 132.4 . .34
©53300m3s q=0.35 (3/02, dogrom 660 >46 8040 3246 0.06 83
1L=42.00;

Bo30M0LdMO dsZ0MM3560
2 | 39600, @s¢gommzs q=0.35 ¢/92, 26.60 25.46 80.40 132.46 0.01 1.32

Jo¢roo L=45.0 9;

MODOYOHYRWI3ZJN0 MHTQ0
00t0v)M 3 MOOL JOEbLYIOZS
3 | dog0mMHm3560 Bg@dgdom, 26.60 25.46 80.40 132.46 0.03 3.71
©o3300m3s q = 0.35 &/,
dscroo L = 60.0 0;

56MYm 530000 LoIMMEOL
4 | 30O 5MLO, IGZOOMZS q = 26.60 25.46 80.40 132.46 0.02 291
0.35 /3% dsewoo L = 60.0 0;

3bOowo #11 (459639 9ds). 9900Mmm935Hgdo s GH03YOH0 3MBLEMWJ30900L LEGHMBL3MOEGM IBsbsX OO (Fobobowgds
3MBLEGHMMJ300L BHOBL3MOEH0MYds 500 30 dsbdowby)
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3OBLOOTIGOOL |, ¢ 51 3emdE0mg00b | 30BlGmdgo0l
58500l 6
@ QJoO00L,
3oboergdol ©565bsMxgd0 500 LogOH DM
s 306bGHOMIz00L GHodol SBsbaGeBo 9mb@og0l o % (50960
bbgargd ® X0 Lsbe@gol 3720 X0
©55559¢Y 053
3b6. #9 ©3B3bo6xgB0 GMBL3MOGMY ©0MYdMgds,
b6, # 10 B0l 3bM.#11 WoM0/d?
399m 3035900 3mbLEOHMJ30900
sbogno BHodob
GOBLEMOHTIoMYOs©O
3mBLAOYIG0s 41.4 50.55
! ©3H300m3s q = 0.35 ¢/d?, 855 06
dsewo L = 42.0 3; 3539630
# GE P 20105097 B
sbswo GHo3olb
GOBLEMOHIoMYOs©O
2 | 30BLOOTIG0s, 50.7 60.53
©oB300m3s q = 0.35 ¢/, 8:55 1.28
0oo L = 60.0 9; 353gb®o
# GE P 2010 5097 B
3039960 3:06LGGWI30900
B3>0l §o0f,
239O0
1 3065093 Mbob gowgdom, 123.5 60.27 8.34 192.11
©oH300m3s q=0.35 /02,
doemoo 1=42.0 3;
2165306MH0LgdMO
052003560 45MOLO, 30
.7
2 ©>306035 =035 ¢/32, 27.78 1.32 59.80
dseroo 1=45.0 8;
MOH00YIORFIZJNO
O30 5IMIMOEMdOL
3 | 3°Qb003> Bogotimgabo 57.9 55.36 3.71 116.97
BgMIGO0m, EIBHZOMMIS
q = 0.35 /8% dogoom L =
60.0 0;
5094530000 LOIOMEOL
300 360, 575
4 5300035 q = 0.35 /a2, . 55.36 291 115.77
dogwoom L = 60.0 9;

gb®owo  #12. Hodwed s 390mms35H9d  3mbLEGMYJ30900L  LogBomm

(%5999M0) WoMYOMdSs (oM0/d?)

A99603600 45005(9393900bd s F9IJOOL B0 DBOIL FodmdEobsdy,
390005359909 3mbLEHMWYJ300096 Y39 sBg sberml dgmdo  sBormygdo

39900900:
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2. mBog06m0lgdM0 d50MmM3560 oMo, dserom L = 45.0 8 - I 356056¢0b
3bsermy0;
4. 90Ymxz0mo LoIOVEOL JoEWwo sMLo, dswoom L =60.0 3 - II

35600550l sbsermyo;

930bmdonmo  9u9dAHo I 3560056@0L  3mbLEHMYI300L  A5TMYgbgdoLsl
09500996L 15.5 %-U, II 3560560l 3mbLEGHM™J300L 450mygbgdolisl 47.7 %—L.

3009dMo  (3H9d60360—93mbmdogmemo  3sB39b9dmgdo  3bsymalL, GH™I
3boo Hodol GMBLEMOI0MHds0 3MbLEMWJ300l 389690 mdsT0 (35¢)gbEo GE
P 2010 5097 B) g59my9b90s 30Bobdgfimbocmos.
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513369

. 53985390900 390000535H900 3MbLEGMMJgool
G®obLRM®I0MGdOL, 4gmIgEHOMOMEo  356539EHMIO0LS O IEZ0MMZ900L,
bgbdMIYEIAMOOL,  Lo0TgEMMBOL  MgMEool  dobgz00  gJu3sEsEO0L
OMOL A56LEBOZMOL TgNMPO3HO0;

. 090005359900 sboero  BHodol  GHOBLEMOI0Mmgds©Oo
3MbLEMMJgool Bo9myse0d9dmwo 355625003900 3900MEOMEMY0S
305bEMmgd0s 30bLEHOYJ300L B30 FYdomdILMID;

J ©5899953909 005 SboEo G030l G®5BLBMOHI0MGOSEO
3MbLEGMMJ300L 9gdgb@gdols @s doMomMso 3356d900L 3MmbLEMWMJ30MWwo
3909399005

J SboEo Go30b GOBLBMOHI0MGOSO 3MbLEGMMJzo0l
3M3d0boMHgIMmds @5  Lbosbewmgzgg 3069303160 LGOI GHWOIOOL
999o60B09dmsb  LodMogdsls 0dwglzs dob  BmdGs3 9w 9dgb@gds
3900mggbgdmo  0dbsl oGN30l s 3MBGHOMOol  3GMyMHdMEo
3mfymd0™dgd0 s 9egd@embmeo bobEgdgdo;

J Bo3o69dme0s 399460316-93mbmBo3mM0 sbserobo:
090005359900 30bLEHOYJ300L 259MYgbgds 93mbMB03MMO 989JBHVIOMOOL
Lodmome 15.0+45.0 %-b 0deng3s;

J 59898539090 Sboeno &o3ob GOLRMOI0OGOSO
3MBLAONI300L  HYFbog®o  33sFY39He  HBONBIIYNBL  ©oIsEs6o
3905bOH30L GHOIBLRMOI0MYOL, ID0O 3MbLEMWJ30900L Fmbob, dsboerols
bsxol, dd9bgdcrmdol boby®mdeogmdols @y ©oMgdEgdol d9330MmgdsL,
L9gLdMTgOIAMBOLS S LTI MMBOL QoDBMHPIL;

J 090m00359909wo  sbogwo  BHodol BHMBLEm®Iomgdoo
3MbLAHOMI30s Tggbodsdgds 36MMgdBHoMmgdol MsbsdgMmgg dmmbmgbgdl s
dolbo  259mygbgds 0T 0sbo  BHOIBLBMOT0MGOIO  3MBLEHOWYJ 30900l

899690003580 30Bsbdghimbowro s 95394 M09;
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