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ABSTRACT

Shamakhanov V. K. Models and Mets for Dynamics Analysis and Deployment
Control of a Space Radar Based on an Offset Antén@Qaialification scientific work as
a manuscript.

Dissertation submitted for the degree of Doctor of Philosophy in specialty 151
"Automation and Computdntegraed TechnologiesT. Institute of Technical Mechanics
of the National Academy of Sciences of Ukraine and the State Space Agency of Ukraine
Dnipro, 2025.

The dissertation is devoted to solving an urgent scientific and applied problem of
improving the qualit of dynamics analysis and control of deployment processes in-space
deployable structures, in particular a space radar with an offset antenna, by using mode
methods of analysis of the dynamics of systems of connected bodies, computer modellir
and inteligent control

The aimof the research is to enhance the quality of dynamics analysis and
deployment control of a space radar with an offset antenna.

Objectof research: a space radar based on an offset antenna.

Subjectof research: models and methods fiynamics analysis and deployment
control of a space radar with an offset antenna.

Research methods: The study employs methods of theoretical mechanics, elastici
theory, multibody system dynamics, automatic control theory, reinforcement learning,
and compter modeling.

The introduction substantiates the relevance of deployable offset antennas for sma
Earth observation satellites. It presents examples of existing structures and analyze
deployment failure causes linked to dynamic factors.

Chapter 1 provids a comprehensive analytical review of deployable space
structures, their types, configurations, and specific features in microgravity conditions.
Structures are classified into flexible, rbkie, scissoitype, telescopic, and sectional

systems. Advantas and disadvantages of each type in terms of deployment efficiency
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and structural integrity are detailed. Special attention is paid to compaesieziatbased
constructions due to their low weight and high stiffness. The principles of deployable
antennaconstruction, including mesh reflectors with supporting trusses and elastic
membranes, are considered. The chapter also discusses dynamic modeling methods ¢
challenges in accurately predicting large mesh antenna behavior during deployment. .
rationale iggiven for selecting specific models and methods for further investigation. The
research objectives are clearly formulated.

Chapter 2 develops a mathematical model of the offset antenna dynamics
incorporating scissor elements, reflective mesh surfacdsa @ablepulley deployment
system. The influence of friction in pulleys, constructional asymmetry, and deformation
of flexible elements is formalized. Algorithms for building a computer model in a dynamic
simulation environment are described, and indialulation conditions are provided. The
effect of parameters such as mesh mass, joint stiffness, and antenna moment of inertia
deployment dynamics is studied. Two deployment systems are analyzed in detail: trus
with cables and scissor mechanisms. Qtethte results include deployment time,
displacement asymmetry, and internal stress distribution in structural components
Comparative analysis of various system configurations is conducted. Special focus i
given to force distribution and displacementt@ans under asynchronous deployment,
with evaluation of how geometric and mechanical parameters influence kinematic
accuracy and system reliability.

Chapter 3 introduces, for the first time, the application of reinforcement learning
methods for the contt@f rod deployment structures. The control problem is framed as
an optimal decisioimaking task in a stochastic environment, where the system dynamics
are governed by both deterministic (kinematics) and random (vibrations, delays,
uncertainties) componentAn agent based on an aetoitic architecture is implemented
to generate opti mal control actions derg
Is capable of adapting to modeling inaccuracies and minimizing deployment errors. Th

training is coducted in a simulation environment. The impact of neural network
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architecture, optimizer type, and training parameters on control performance is analyze
The agent demonstrates adaptability to system configuration changes anereabgel
discrepanciesachieving smoother and more reliable deployment. Experiments with
varying agent structures, reward functions, and optimization parameters are performe
Control error graphs, deployment trajectories, and stabilization times are presented.

Chapter 4 inveggiates the dynamics and control of centrifugal deployment of amulti
section boom in a mirsatellite. The structure consists of three connected tubular sections
that unfold under centrifugal forces during satellite rotation. A dynamic model is
developed,acounting for Earthoés gravity, ma ¢
model allows assessment of deployment behavior during spatial rotation, identification o
critical regimes, and conditions for patgployment stabilization. A control approash i
proposed to adjust the satellitebds ori
modification. Numerical experiments are performed for different angular velocities,
section masses, and in&xis angles. Critical conditions are determined to ensure
complete deployment without structural collision. The accuracy of-geEbyment
positioning is assessed, and recommendations for future missions with similal
configurations are provided.

The conclusions summarize the main scientific findings in relatdhe research
objectives. The key scientific contributions include:

1. Development of deployment control laws for offset antennas under asynchronou:
cable winding, eliminating the need for synchronizing joints and increasing system
reliability.

2. Firsttime application of reinforcement learning for deployment control ofiked
space structures.

3. Enhancement of antenna dynamics models with friction, flexibility, and
asymmetry factors, leading to more accurate behavioral predictions.

4. Modification ofthe centrifugal deployment approach for booms, enabling mass

reduction and improved efficiency.
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The practical significance lies in improving the accuracy of deployment simulations,
increasing reliability and efficiency of deployable space antenna systems;ing
experimental costs, and simplifying control systems.

Keywords: deployable antennas; offset antenna; space radar; dynamics modeling

reinforcement learning; rod structure; capldley system; centrifugal deployment.
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(2.15)

10 HBYftsdksess yYydR1PRIBEtcls® WO HE dz2Ols
Mistcd Mo st 85 Is! MW o bkzL dzd & tef QZOR Bt tfy dzzy

fsHOdz htses Mlsotstej dzdzy Misj tey dgv dzO9 j H § dats

[ dzv Mlseo stej dadz" Y stefmisCtsets Is' d&zO  silstc’ B dzt
stc' * dgls®y " 9COL"  9Cd btsyStsets’ HEOMd §tslstc’ B
f OOl ste d@BOMJ .

ztsB Mlsotstedlsd " Otcdz' tc B JjtolsOdzdg? OB § Of
sBjtolsOdadz . |1 jekzrtsddd?2 h Otd o SOCHEGES L] Ot
LOoyHd dzj seydf'lsifdes "&dJL B#BO® O Jjdzj d3j dzlsd L' * H dz
L' " HdzOflzdaVC tsop dese s L' Hdzzo Odz' @iy § GedzVj dzf tiggztiz
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L' " HdzOdzadl s - wldz] I3z, hts jdzj d@3gj delsd B EZHE
L &Z2OrtsHdIs: Mw h Otcdz' to.

ltokyddze sy 20O dtstcflsgsoy OHzlz, y BteMmilsC
sOCttYy 9C0OLOohd HOO jdzj d3j dzlsd , w g BEZHEIs
ftoceydded dzOe jHjdes 2 [ sHOIC z.

stk ' Jdzj &3 dzlsd o dCBtedMmlsso ze Is! Mmw H
Misd M Odzdz” ds Odzls j dzd . g HOpo Goddels"O » Lj @z * 4y {frie"O yh d
O oW BSC 2 dzOo Odzls Oy § dedzv ° dzs5C Odz! desc 5 ff 5 ozks
209 Odzls Oy j dzdz? . (SN 8 dzOo OdzZls Oy § dzdz? § tslste’ B C
Bdzs¢ toLtcORkzdzClk dzOo Odzls Oy J dedzy ff SHzts’ H datis
LOMlssMtsolz’ Is! Mw HE odBtOddr Jjdzj d3j dzls® & L C

 dzv  tslstcd d3Odzdzy tojL zdz IsOIs' & totsL tcOR Iz dzC °
odd3 tor b Is dzj sB -~ ' HdZ 9 J dzd yd dzd . [ dzv y! tsc
BzHEIS! LydlskzeOlsdigOdy Bdzd ,Is® Co d f isBlisd Bflad o
Hdzw Mmlsetstej dadzgy HOLYde O, hts oadd3 tos ' HSHBH

1 0 todBdsC OL Odets  jteh g2 f J t§jutdC B detg di %
J dzd d3j dz2ls© Hot I nt . 1 0 y! sz dapfiisdzy Wiz dzth W 1
G dalz Y € 5 ¢ 5, 241 IsOdafdy’ d' s B -jCtetidad@idrdzd 23 h Otcdz' to.
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t mz2BsEot | nt d&sHjd@ fjtehs’ Mjsy'

stsyJdz Mlsottej dzd 2 J dzj dBj dels BsH j dz' ftoj HI
we g2 odLdOUO' s v kdfsd CtdltjlsdsasH jd
Hot I nt Wtttz MhHey dglz2? HJdzOd3" € d Odzlsj ded
odcdH' d&Omsk] ddd yd dzsd:
MXt X ' t,) B, We, (2.16)
D(i)=0, (2.17)
HMXt)-BOIsted yp(X ek  HJ BY W e YbeXWdaisis s ¢ fc
Udzivd)) - 9 j Slstste o d ¢ MO R defndf@ds d ude' D, 58 d3j
BOtdydzd?2 “S B oOfsts iz dzgd§. o [ OctcOdzy O
Hotint vydfj dz daets 246,24 '7W L, & ‘0 i€ ‘sdcdpindzdzd Iz ¢
" deflstelz s dzls ydfmj dz2 desé s C delsj ctelzeo Odzdzy (s ol
od¢tstedMmls Odzdz” d3 dzdsVizelsdsdCh.  fif = jLdg iz bTREP) o3t Jin® dz'dacd),
Hs Sd3ts @ 58 Is ©B dzd y* CJ W' y' ‘" dzls’ o, o dL daf
Gjdgj oz Is' Mw eoBRZHBSOo Odgd iz W EkdzeC y' v o3d .
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[ dzv s YyOlsSkz d&BsHj dzt 9 Odzgdz? tefsL G tstols O dzdz”
BSHjdz' dzgjsBOo'  Hdzs BlstedBOId § sYyOkS e ' [ st
I stcdzzlstsdzsz MisOdz' ° tslstedhize s mMw h dzZv o sd3 |
ssusSs &' ¥ G tufstasfdisPeldisl 3dny Sy 0 Hdv  Mmis
C'dzyvy HB dzjtsBrn HsEB LeBtodzzlstsets Mis Odzlz.
Odzls jdzd ' H YOf detisH jed=steolsGodApAA29 sC OL Odats dzO

c) d)

{ dMz2AsElsOdzd L G stels Odzdz” Odals j dzd

a-f e B tcOdzO - DAzlsjj 120D thisL ¢ steB-D dzfids O P dzs § dzd s
Odzls j dadtsL @istedzz s © Odzls j dzO.

[ dzv oL Estels Odedz? Odzls j deds L IstOlsird dg@dztdsediss

Blzdzd ftedS dzOH jde Is° MO ' adetsd todz dzOo C
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2.1.4. 1 YOl Owd ' MAMIs] B SO tjLbkd kOld it

VL Y!' BBz L H' d&

ftojHmsOo dzj dats toj L dz ks

B Iz

we' o 9’ Hte' L dg¥ s dgd M iz fif dedfckdaBdh § dag0 M®YR 1 0 d& @
-0, 02 1 ' -09,df30HME 3

[ dzv BtsHj dz¥ 9 Odzdz? tosL G Stcls Odzdz? Odzls j dzd
9 IsORMzd y'

v OB d2Iyv 1 OtcOd3j Isted Odzlsj dzd .
1 OOz Iste { H d dz
l jdzdC O 90" My jdz f MO Odzls|3.5184 m
[OdZzO o' M+ jdz' MO Odzlsj dzqd 3.2856 m
l dimslsO fMmjcy' O dzls j dzd 0.63 m
[ Sy ddzO H'® OetdzOdz dzse s Mls tg| 04275 m
1sodz hdz' 2 H' Od3j ste H' O¢ 5dz0O|0.01 m
l dzzlste® hdz' 2 H' Odsj Iste H' O¢ tsdz 000915 m
oy ddz0 cttdL sdzs Oz dets’ h Is|0.2889 m
1 Bolbzdz 2 H® Odzj ste G sted L tsdzls © 0.012 m
l dgelste” "dz' 2 H' OBj ste EBtedL 5/001115 |m
 soyddzO hIsOdze 0.2889 m
1tsode hdzg' 2 H' Od3jIstc hIsOdee d |[0.06 m
l dzzlste" hdz' 2 H® Odgj ste h Is©dze | 0.058 m
[ SHEd LSdcO mMistcdy dz' o 120 110
z' dzt dz' mis! Mmisted x daw 1800 Ccy ki
stsjW' y' ‘dals 1 2OMMsdz® Hdzw ) 0.3 -
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stsiw' Yy ' dzls HjBYWEO Odedzv N Is|0.001

|l eMisddzO ytstemMisCdr Is' dz 13975.497 |€ ¢¥ o3
utsyS soa ®© BOMO 0.0198 (e
rstemisS ' Mis' (kY d ded 0.001 1/ &
sy W’ y' ' odes sy Y dzd O dzdz” 0.01 1 &i3F
1 4 25t60dz! dz® toHz t5 af ylaf] dz0O 0.7116 m

1G'des L tojLbkzdz SOlOdRd d3tsH j dz¥ 9 Odzdzv , O©Odzls j
MOz L O® 17.58 fm, 15.06 M ' 12.16216 Hc
f s5COL Odats L o3 -tfidzgH C iz tled @3d Az d ¥y dgw d3d  j teh t5°
Odzls § dzd . 1 d3° dezO  [z0zOHf tcGpdSciO ez vaed ~y O tisL G sStels
f 5COL Odz@11d2D3 teqtBytcded d3d ' yd tco sded i3 dz' dz' W o3
9 HYftseo ' Hdzts.

o

R ) Case 1| . ‘ ' —Section

b
/
!
W©
w
(]
(o]

Angle , rad
[e—
: o

o
|
_,—'—/./

0 5 10 15 20
Time , s
{ {f2aass O’ Oy' ° Sl { dhb2s & 20 &Of &

fsH'  Bdzad d3d ¢ dzOd H @& dzOdz! e d y dzv = (
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Section
—Section & s —Section

5 10 15 . 2 4 6 8 10 12
Time, s Time , s

{ MEARY & d20 dz0f 6 {  Mz2A8Y &i3' dz0 &zOf to
H' OCBdzOdz dzd °f GrHsECd H B dzOdz! dzd & Mlsted ¥ ¢

2.2. [fSHjd¥ o Odzdzy btesftseads MdMmisj B L

I wemfils' BO' SO HEfd HYY dedes § B tzdis’
g Wz Clstste O, N s Iste @ dshitizots difzjsClsy " fyw % stedglz’ Is
CcstedLsdsOd ddr Msttdyd o ktkzsyOkscts i,
st h Otds toded d@dd).o L ZORY ( tod ).

t dimkzaas < o' M ¢ y'h's Cstcdglsn tsQdypgiar Qs jfiviad 2( G
besL cstedzzls 2 fls Odg)
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[ Ocdiplsasdizl dz 5 Hagze 5! v SOC & yd dat

LOBjJLYJykze Oo tsB j tols O dzdaW SHdz '’ H' OC 5dz0O
H' OGtsdzOdz! dz' Mmistedy dz@ ( 5° Hdzlz® BtsdgV i "1 3 \B Upts ¢
¢ dzOH O dadav |, h 5 LOBjJ LY Jjykzs s Is tc © dzf W ts tc o3

[ OctsdzOdz! dz2' IsO etedL sdzlsOdzr dz27 Mistedy dz2@  ff &
okL dz" 9.

sdhistczCy' v tosLeBtelsO Is: Mw L O HGBH B
ftoesrtsyyjL Mdmlsjdkz P<C' 9" 9 IsO dzgOwgelk' Is!
1emddzdzy, s oL EBtelsOs Is! CtdemlstezC y' 5, toj
stcsMO L O twOrkzdtsS MlsOdydese s Isjtelsw IsO Isd
BsH | dzt 9 Odzdz" o s LTSS IS’ O datlg) ts BCAS dafilstc o dL dz0 Yy«

weddd Istesfyp H' S 2O o' HYtse' HZ he " o9d o N
CotodL sdzls Odz' dedf AsHf)Is tdafypdz’ 4N C \AzOH O dzdzv .
[ dzv BtsH j dz¥ 9 Odzdz?y Mmlstedy dz' @ MjCy" " L OMmls

CsstcH]dPE, Bt o H5S ZOH des B dMOdes b k2 dzS Is
BsHjd Cid ydts' Odlsjdd, hts BkHj odCted

221 [SHjd bshsests’ fMdmlsjdd oL ¢ sils O dad

[ BHj d& 0 Oedz? bteshse 5’ NdMmisj g 6L
odL dzOyj dedzv L 2fnd dzelz©@ o ' W § o alsd v dz'te ts Jndg HiE¥Ey flazdfw
s L0 8! Codhlstkzey' ¥, t©jO0d Lk s f
©ORkdse MsOdyudses kjtelsw SO IsdmMCk o5y s
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t  MEz2aAASE Of ew BS d Mddz MdMlsj &3 tsL Gt

t  Mkz2AzsL 6. wdMlsj @ Hffisteafopds & S\EzOH O dzd:

| Hs®s, Nt kjtlY bk f' HhdfddSoOn hg'og
stesMO. | k©ORkzoOdadz" 8 y' ScEts dzOls wissd frifialy’ O
ZOMmisizy dzd d3 Yy d dzts d3:
7'/+1=hj- O'/’ for j =12; 7'/_+21:hj- CT/' for j =3,/ =1...2, (2.18)
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Hihf T CBjW y' ' dls § sMdzOB dzj datzts HROK® @z CHYS S iy b
fd O dzOlsw ¢z )  ¢fdisidids b CIs tootHOC o 'j 'te.j Hf s d3j dzls |
f°"H Yyofm tBjtlsOdzdzy hC' 90 dZOoaCBdzs 2AtSEB
d BY " tedydzs) OdztRE B &3P, o dzd yd 20 BB R dzlslz s g
M =fFRd,, (2.19)
Hif T MisOdzd 2 € o4 W gl dalsdglds,  ydzy B3 delsj dzOo
h Oted S  Hh Y dzd SO BEHj HHER' ofdefCo Qs dE e ®Hfj' O
9 Odglsj dz' dfsle@O€o " , € sdzMmis O dzIRRF A yudEH L Gdf" dof
odadzwH"
M =fF, (2.20)
Wi =1d ,
]l " Hfts9o HdztE HB Hiclzclds@® sls jLtO€ jsdzlz  f ¢ & IS S diAf
HJd&zO®" ¢d hC' 90 By O L OfdmoOlsd wC:
Tp+Tpa+Fr- Mya,=0 (2.2

1 2 aw
R,3T,+Rpu3 T+ My - Emp\R,-\ =0 (2.22

otcOntsolze yd, s BOMO SO H' ORjIste h " 9 O dgBC
1 st adgvdats L tolkh " 2 d2RF) foEsdszO, Lte']dndswdzdzits : (

Tp+Tp+Fy=0 (2.23)
[ S AR dwar sOC Y BOd , ¢ o Oy tdmBCdsydzed &S
sf zfmisdilsd, * 2B0sH BstetlzO dzy getzy §f ( MOIsd w ¢ :
Rp®Tpn+Rpu®Tpat+tMp=0 (2.24)
1 to' 2E@24Bd By j Bt slsted BOIsJ :
F§ =T7 +T 2 +2T,T .1 COSY (2.25)

(7, - TR - fFq=0 (2.26)



85

1 sl @& HsS sditse 525 to“28)dgdadZ’ o dgv2dzdzw tolzh ' 2 dat
odOLdlsd & oadcecdzwH'

(T, - Tpua)R - F[T2+T 2, +2T,T,,1c08 =0 (227)

ststed Mis zsHysfdif d3deo ‘o d ¢ dzOH BB € 5L W "fis Olsdzls [
ZOlsweglk btesMO dsyj BlZlsd odL dOyj ds dOmMiskz{

i = kC’b‘,os(aj-/Z)

/- R+k®os(aj-/2)’ (228

HIR T OH' kM ANE'sg®, y' ‘ dls Isjt.lswy &) if s dif' dz
MEzd' 3 ded 5 M ¢ Bi delsOBd bshk.
ledf EMC O yd, "t o Ctyjd dBskjdls dyoffits

ZOkOs s W, owORBoks yd BHG | R BlsERPEFH | dalk
LdZO2Hjd2 OCSdd3 yd dztsdz:

aj=p/2- g

aj-:p-29",j:2,/':],2;

aj=p-g¢.,/j=13,/=12;

i - a/ sinflp- ') 2)4’\/7‘_7_’
g =arctg ge 7 oo 4(p 7 ) /2) § (2.29

Hj THtSo Y dide@ 9j0dzj dzls dets 6 s fyls te dff 5 dg H s © dztzO O
5B jtolsOdadz? h ¢ 90 Mmlstedydz 8, hHis dZOBOs Is! fye
Misted ¥ dz' o .
1] Z©ORkZzo Odedew 5 BsH j dz' , 2.76 5 of toyfipsOedd o Bz I
L d&Z2O2Hj d2O OS¢ dd3 yd dzts dz:
h=H g"m-l((z J")/@), (2.30)

Hjd T Skls & % Mmistedydzsj s, hts EOBO* s+ fyw,
ZO RO I ifpmso y  &zO j dzj Bj dzls©@ h Otedz 60 fMistedy d
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T/ =EA D) L) T/ = hEA DL 2.3)
E-BsHEzd 5 dA0®Rs®is®Ge, ' d2j el -dzj § fte Pz e, H
fj ¢ d3j dzls BL A4 tstsifts® .3 j dzdz? fj ¢ Bj dzs O ktetsMO

1
1 _p1L341
DL3 —th—iDLl, (2.32

DL} (2.33)

A2 A3 [,

1 02,07, ()

1 1L2L2 2-02O°_ [ )=
DL} =hin} i DL1....DL5=0;,0; 4 ) !

iz BOtcdzy YBHBO Y J dgdgW ItetsMO BsyJ BERIsd sls
fd edgd dzs’ » MmdMmlsj d3q :

or, {1 frun s . OLE (1) G.hOL)))L )L @39

1 d20 yd HBoy ddzz dz0 i3ts I8 delis H dz® 3 dz iz H §S s ts 1Bt
H' dzwdzy' sy 4 BlISd L dzO2Hj dets dzOfmlskztf ded d3 yd

ot {1 b e . OLE () GhOL)L Y
$a%, gL L £
Hdo-dzad 2steOdz! dzO Htso ) ddzO IstesMO o §syOlsEtse (

14 2tcOdz dzO H ts9 ) d dzZldzjfn jLedgs jddzls * lso! friisvts td4n) A to ts
1 42tcOdz? dzO Htsoy qdzO ' dzgh dr Mjcocd3zj dzls' & ditsy §

(2.35

:\/(/ GgJd)° + (H C‘sin'l((za - d’ ) 2))2 . (2.36)
HJ-HBo Y ddzO Mmlstedy dzv, s dzZOBO' Is+ mw.
Idiéswedmistse z8 yd, L dzO2 H [5tzlEiz@2B) 9 d SYs=adEplsic
fjteh scts Mj cltgj dzizOsM GO y' 2 H' v dy' &y j
ode@2 . ( "R dzdi L o sdzv s Is! o dL dzOyYydisd dzOIs
1 " imdzw Yy sets jCo' 9a0dzj dzlsdzo * v izt dzdez, L zOB &
odL dZOYOs Is! v kOSdd yd dzs o
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y
/-‘11:[0;Tzlcosg1;7'11- Tzlsingl] , (2.37)

.

F* =0 T5 cosy’ + T17;- Tzzsingzl , (2.39

Fy = _o;(- T, +T3 )Gzosg’;(Tz’ - Tg’)csing’] , (2.39
I PR Y S T R

F3 :_0;- T3 cosy +7; *-T3 smg] : (2.40

2.2.2. t JLzdz sOIsd d&sHJ dzt 9 O dzdz™

] odCtstcdMisOdedzy dz L Of te s s dasjoHQIdEds: dgH Jjdz
teBL EBtelsOdzdzy tosL e v dgzIsts®™ CtsdzfmistelzC y' °  H dzw
2.1 . [ BH j dZ tcj Odz' Lsoa Odets L Q j s O t5d3toc ¢ totf t
Hotintt so )y ddzO ItesMO, hts dZOBSISORZO dzO dzj B " H G

DL, 0.0, (2.4)
HY T yom.
10 RdM.s5COL Odzg' L B dzd dej 2IstcOdz! dgd = H B9 Y G
SO Httkzedd "¢ o9 O] . lted LOMstsmMkze Odzdz' tots

YyOMmtse d2 ' dzlsj tcofQals o diijO deg®’ 268 g 6 s 6@ls O 2
(e B t dB.19 2.20H | B dzilstelz sClis'j W1 &3 dzdels ' o  f ts ) ozt
stetsfbkz o ftotsyj M’ tc 2127 1R B3stPdzplay i ls O Ozj detd ) .L
J o 90dzjdzZlsdzdr Mddz f jtoch sc' IsOo HiczgqBfgls, h €
Hts L d3" dead CkIs' o9 8 3 Mmistedy daw d&3d , 2.28 s ¢i§S da@fHHG
sflsOddzs sc¢ts ttdfMbkzdS O oLk dzlsd?2 L OSsd
L CtedlslsY CodfmstkSy' W o' ‘ dssodis LO 35
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i éo.as-
Ef-o.os =
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Time , s TiI'TIe,S
t dmz2sZ3 . ) Odzj ¥ t dmz2aARE Odzj 3 dets Ml
JCo' 90dzjdalsdedrn Mdd jCo' a0dzj dzsdedn fd &z
yomiz. yomtiz.

23, dOd L tjLbd SOk's SCEBfo¢lsjtcdsds
Odzls j dzq

t ©Odz" h J B iz dzts dzO0o j H j dats tcjLEzdz sOIsd o (
BsH | dzt 9 Odzdz? IstetsMtseadra MdMilsj A3 tots 1o Otistdls Qg
stcts' © ' okLdzse ' tkh'2d Mddzd L kEttOrlkze C
tdLkzd sOIsd fsCOLEs !, s WChi [stotsfy) dzOBss
L &zZOydes o lstcOIsdilsd dzOIswe OBts dzOo ' Is! f totso (
tcj L zdZs®O fsojH dgS¢d Istes By oltcOlsdlk
ftcdLo jMisd HB LB &8 bk ttsL Cctstcls Odzadz’ .

vO0CByYy 'L fijthet ttsLH' dzz 9 ' H A, h s
MzyOmdzedr HBMd HYy Jdzdzw 7 yjtejL ME dzOH dzd-2 L
i tsdztsgidasC ©e, fteslsjy yvw MdMmlsj O RO to' L dz°
hts tcOL B3 off dzdo O dzO .tetsL e Btels Odzdzy € tsdzMmistelz

UV HBMdz' HY J dedz’ 9§ 6Bts oL tectisA df jisdptis Oedzfifiy dzts o s €
BsH | dzs 9 Odzdz" /| OdzgOdz' L. MjtejHtsoadM O *d LHodjdaEslg -
o' HiBse oL EBtlsOdzdzY S deMmlstezSC Yy 2. uvtsdidz HE
sodW " H YoOm twLeBlsOddzY L O Hfts@Esetss I[Isyc
we gdzzyt¢ mMis!, Isjtlsw, dOlwe bttshseots’™ M' Is
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2.3.1. 1 dL G%dz

l S tsted Mistse 2 ‘sldhvmw hdsts Bjzd2O toiL ¢ dzv dzzls © o

1 sLdlsdo dzss theB dzdho ‘LiglXlsdz' Mis! HEs MO
MM ' Hdg = ftsdz sSIs' 9, hts tcOdz g ®BEHC GSEElFHG
ZOf tcd C dzOH, Wl tctsE Sk@d ] YA ~dz'o dif odak Os=1 dc zth t
fitef jdHdSCEdzvtcdzs HB f dztsh Jq2ap) ,C "hds yf sl o &
o dzd C daj dedz® L dzOyded 7 L G ddzOdz dzgd m B3 dzls' 9,
dzZij Hsdz' S Hdzw L etstelsOdzedzy [ 1§ ez € btz MBS
Widtdd3 (tedSpn. 262Hdts L y''¢v fEplis s @O 2
odftevdzdzv s s 1 YT A soB skl kEOC A& yd dzts a3,
Wi tedilz.

sPuvtecBLEBKISO" Is! Mw vz@ HE dRdBts d@is4 ¢ dzv dziz Is ts
FtcOrlzo Odzdzv &3 kM' r dgefik s dz'tsq ‘Gas.tcls O Bztiz® dzlm dzf = 1
L sSBteOY j degs dzO tdfm. 2. 27.

it MEz2Az2sZ5. { sSLEtSlsOdzdzy [ 11 M dzOBBd o
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)
IR R 1

t dMz2zsZ 6 . it sLeBBelsOdzdzy 1 [ ¢ HtsL OC" dz

{ IMEABES slu HAY GSLcEsElOddgYy st) fddko

2.3.2. 1 d dz@dg® d3tsH j dz!

2.3.2.1A j 30O

AN @IS zZOHO' s Mw L IstekzB L okedzj yJ 9atsact
l m Odzs di3° dz' ' o okLdzd d&BBHJ dz¥ ¥ Iss MW w G t
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