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SUMMARY

Kazarian A.G.Methods and tools for managing a "smart" home system using clot
computing

The dissertation for obtaining a scientific degree of the Doctor of Philosophy on t
specialty 122 i Cdnnfoumateom technologes)icleiv PolitdcBnic
National University, Lviv,2021.

The dissertation is devoted to increase of efficyenf work of control systems of devices
of the house by means of use of clmeenputing algorithms of artificial neural networks and
modern approachédsr designing of highly loaded information systems.

The introduction substantiates the relevance of the topic of the dissertation, formule
the purpose and main objectives of research, identifies the scientific novelty of the work :
the practical significance of the results, shows the relationship if with scientific topics.
Information on approbation of results of work and personal contribution of the author and
publication is given.

The first section of the dissertation research analyzes the main directions of developn
of the commercial sgre of smart home systems development and the main achievements
research on improving the efficiency of "smart" home systems published by scienti
community in recent years.

The analysis of the existing systems of the "smart" house and their nmsioco
functions, namely: functions of the security system, optimization of energy consumptic
lighting control, thermoregulation. Based on the above analysis, the requirements for
development of basic functions of smart home systems are formed, naigbklgccuracy of
automated prediction results, the ability to process large amounts of data and the abilit
automatically scale the system during a sharp increase in system load.

The basic elements for the synthesis of software and hardware forotlatdian and
processing in "smart" home systems and communication interfaces between them are anal

Their advantageglisadvantages and features of practical use are determined. Based on
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analysis and research, the requirements for the systenmaft"shouse are formed and its
implementation is justified on the basis of a modular approach using-meadly software
elements that combine the requirements and basic design solutions and the follow
principles: uageof clientserver architecture, ajpgation of templates for processing large data
streams, modular construction of the system, openness and compatibility of software
hardware.

On the basis of the conducted analysis the tasks of dissertation research are formed
second section impves the method of synthesis of licensing, deployment, scaling and lo:
optimization in smart home systems through the introduction of cloud computing.

An information model of the structures of the synthesized components of the "sme
house system has bedeveloped, which is based on the use of ckenter and modular
architecture and allows to formalize the basic structure of the system and modify it in
process of improving and adding new functions.

Developed tools for efficient and fast procegsof large amounts of data in "smart"
home systems using the architectural template Redux, which provides speed and reliabilit
the "smart" home system during peak loads with a sharp increase in input data flow
processing.

The method of control adevices of systems of "smart" house on the basis of work c
algorithms of artificial intelligence, namely algorithm of an artificial neural network is
developed.

Algorithms for selecting the optimal type of artificial neural network and selecting th
optimal structure of the inner layers in accordance with the problem to be solved have b
developed.

Models of control of devices of systems of "smart" house by means of synthesis
algorithm of an artificial neural network and Petri nets are developed.

The third section develops a method of emulating the system of a "smart" house in

room with the layout of the premises, placement of lighting fixtures and their grouping in t
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room, placement of electrical outlets and their grouping, placement of ne#imwors and
zoning.

Models ofhouse devicesperation based on Petri nets have been developed, name
models of states of operation of subsystem of control of lighting devices of apartment, mo
of states of work of subsystem of monitoring of movement in room, models of states of w
of subsystenof climate control in room.

In the fourth section of the dissertation the distributed information technology of tt
automatedievicescontrol of the "smart" house on the basis of Petri nets with application ¢
work of algorithms of artificial intelligereis developed.

The structure of modules and architecture of information technokufjware
implementationnetwork structure of components are developed.

Software for the synthesis of elements of the home appliance control system, whicl
based on th&longoDB database and written in JavaScript using NodeJS technology, has b
developed.

Keywords: information technology,cloud computing, artificial neural network
algorithm, clietserver architecture, Redux architectural design template, hierarétatal

nets.
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o0y dzdoaddsd ~OtOCIsjtedMmisds Od3d C'dz2 €' Mmis+
o' HimMkzlsde" Mls'C" & 3 ¥ dzgj 2 tetsdzOdB] . ¢ dz@e ts to dwistdts & d
f syoOlStso tss MstczS skztets® BOGOILtsh Ocso tsets
B Misdlsddzj dOMiskzyf dzz MstckzClskztekz: d&jtej O &' fr
dzj 2tetsdz. 1 EZH! WG Of diflsho tsGctg HAOO ndzOB jdEQiflslz B Z H j
dzj 2ttt P Otelz s’ WL Oded?2 L-GisM-13@ 5 dzf Dtcts dz0 d3
L OC " dgyd dedz? dzOo yOdadzw sy Jd BEISd WwW¢ OB Mtsdz
HjWCtsdts ftstesetsatsets L dzO uhyj ddazyj)dzdz Is @ X dztf dzSod
ZOtctsh o Odzdz’ MistczClslzted dBjtej " (todtf dded dztsfiyw
LOBEZoOIsd ftes B3 3 4 deda?" dzO tetsL d3' t6 dzj 2 tots dad
-y sBd3j J dedz? o dL dzOYyO¥ Is! MW  dzOW ds ddzdizdfd * ts HoUs
dzOo yOdz dets™ odB ' 6l d.

1 OMmMszfded?2 CtotsC o dL dzOYyO oM B3 dzd o ° ¢
h sz ydats’ dzj 2 tots dzdats ™ ‘dzidyfeitcyj Iy, s B dgj yLj Qedaeds C
ftedrso0dzdr M OGO . Il " Hfts9 ' Hdes flso tsjtodfdmyddic
hisEgydedr dzj 2tctsdgdzad » d3J toj X .

[ Odz' 9" HBEZ9O' s Mw HJtetsyjMm Istej dzkz o Odzdaw
dzd tod " .

1 OfMszf dzd s CtosCtsd3 Odzetstedlsdisz Hd&zW odB s
MstckzClszted dzgj 2tctsdadets’ oBjtej N “ f ste’ o dzv tizelaw

f sd3d dz€ 58 LBJt' O Is! fw . v O¢dd3 yd dztsdz, ai3ts
fesdz §h jdadzw WhkdzC y' sdzzo Odzgdzgy dzj 2 tesdzdzts’™ d3d t6 g

1 OMmlszf dzd?2 SCtetsC odL d&zOYyo' oM’ Bsydzde * €
h sz ydats’ dely jRdgitdzdztsl HBBH O9 OdzdzgY A3 HBH OISC B9 SG t
dzj 2tetsdz’ o Joz'dwy ‘L QoBislp)  J dedzv d3 € ' dzr S sMis’ dzj 2 o
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[ Odz' , "' HBEZ9oO' Is! Mw f(JtetsyjfMm Istcj dalzo Odadaw !
L HBSHOLSCtsoddz ftcdrmtso Odzd dz " Otets ds.

1 Ofmisdzdf dzC totsC sd3 Odz@ sted Isdsz  H dzw odBBtelz
dzj 2tetsdzdets’ Bjtej " * Htsto' adgwdzadgr R f sdizd dzts €
hiszydad s dzj 2tetsdzadad 7 dBjtejy ' Mdez® @S Odzad tfspiss
otsdzO ftod?2 dBO’ s MteWTls kageBOOL ‘s PEtsyj iy f tsh 2C &
ftosHtsoy ' Is' v foyddzOr yd L fjtehsets St
MstckzC lskztetss .

ltesyjm fshkClk sflsdB3Ood ds’ MnisiEECdElz @ids HLO
HSHOSCtsotets ftodrtso Odes®yh Otclz d3fagzh jidsdats totf ts
HOdzd m d3j toj ' . ClOLBoOe MtekzSlskztt® hiIslkzydsts
Bsdgj dzls fted2 BO' Is! Mw wC dgO2jWjSlsdadzg " O flste

it Lz dzzls X g€y jsif Isd B3Odz) dats MstclzC Iskz to
Bsy dzO ftojHMsOoadIlsd HjsOhsisoL O HS sBsEtsH

stesQ qiL.dzOYO' ks L &3' dedz’ €' &z CsMls’ ftedntse
(L), €' dz Stsfls’ dzj 2ta)5dels ® WOzt stf e @GR &dzOlc’ §
L=1 (2.4)
NL=1 (2.5)

SstetsCl Rsyjm Istej dzgzo Odedz? N Iskzydets™  dzj 2 tets dadats
dzj 2 etsdz' o, hts o' Hftseo' HO' f slssydzdd3 L dzOy4 d
dzj 2tetsdadats” A3jte iy L, € dzr Sl dzj 2tetsds’ o d
t 4 Odz' L s9a OdzO hIskydzO dzgj 2tetsdzdzO® 3 ted ¥ O B
TensorFlow j s, ©hits' twofjtOss tOdidzz § dzOlsW stcdsz  H dzv Myl
dzOo YyOdadzy Tdeh sdyxs &1 oWtctsG tc OBz 9 O dagelt©® Jd2z®@ a H dz®
NodeJS.

1" B dz' GdmgoFlOw j s HiSL 8 Sdzw ZzOdzOh sse zo Olsd
fMlse tstoj dats’ z1 f, sO¢" w Q Histf Zfls d d&3d 2 f tsto
BOSC Nd 3ZOdz! dzg©@ ¢ dz ¢ Mls! "IsjteOy" 2 dz0 9 Y O dzdz
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Histf Zids dfsHtetse s §tsaid dzC o fMlsOdetso dzj dzgs 0. 01
" lsjtOyt 2 dzO9 yOdzdzw 20 000O0.
stes® jIsjo 8GO tjLEd O 9 tsBtslsd z1 §:
311 0f S Odkestedl®lz z1f dO kjmstse 2 ods
tcj Odz' dzd o fls st d UDR| Nislisteijigitc (L X O 8 5o Odz® O dze
fOORidaded (Y
321 LGOS EdzsC  UpY Y SHEttzS § s desets o dR ' HdzsE
JdzjcesmMf sy do Odzdzy IsO yomkz twtsestlsd) :
PY=|Yead- Y| /Yd (2.6)

HiTfBteWHSC S0 d?2 desdijtcdzP Qi Bedgi IstE@tc OMsj Is to lzead L
iLdzOyj dedz? odr  Hdzsets ff OtcOd3j Istckz totsL tOR 59 Odz
331 2Oy j dzdzv 3 s RS d tsBtlsd Odketstdlsdz
MstezClsktetss ftod¥so PdzdhD O O o) (B3 fj toj H dgw
f s3] dzsC tlsted BOdzdn HdzWw Sty dtsets tsCtoj Bsets

Y9 (2.7)
Hy,TCn dz C" Mlst odn' Hizd Bicy PLEOazd Btc'dasdyPts i 1
o' HifslsC s j L dOyjdedzw sBddzSd L tcOR 5o Odzs 6
St Oy zo Odzdzy Mlsotstej dzdn MistekzSlskzte L O j W
vlsostej dzgz fMlstezSlsktek fttditso Odedn " Ot & h sl
fsf jtejHde 5 Mmbotstejdzdr Mb&kEHklte f tod Atttpltizyl
o' HiMtstelstso Odzd2 L O L dzOyj dede? 8 s dz$ d tetsB &
stesQ jAsj o 8GO EZd@sod HBHO9 Odedgy detso tsets daj
CShts LdzOyj dede s cdzC d Mlso stej de®y j etz z Gl
MfdmMStsd HsfjtejHde 5 Msottejddn Mtk Isckbits
fiteijrtsHdBs HEts dOMkzf dsects StesClk OdettedIlsds
ftcditso Odzesg s MBEOISClse d2 dzj 2 tots dz:

NL=N.+1, (2.9

B V¥
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Hd LTSN dz@ € fMls! dzgj 2tesdz’ 9 dz0 ftedn tso Odats Bz
1 " fpdzw  HSHO9o Odzdz" HBHOLSCtSeatset dzj 2tesdge E
OQdze stcdIsd3z, IstsBlsts HEts Istcj dzzo Odzdgy z1 [ L dztse
stets® jBoj o' ¢ O k Bststoms Wishf e |5 dgdz”
dlstezClsztelz L dzO2 d3j dzh dd5 L dzOyd dedzw d3 § ts d3d dz§
C ' dzr €' Mlss ftedntseo Odzd n h Otc' o (L) HSH O
ZO2tsf sdBBOdz! dz2' hdr MlstczClskztc, o' HMtstclsso Odzed 2
f syddzOs yd o' H dz02 d3j dg" 5¢ 5.

CCh O j deda" s dzC d HEBSHOdts bk MfdMmss fMmist
LO MfdmStsd L Yo jtejHdd 5 HBSHOddRE MthCls
LOo jtoh k' d3dts Odzesstedlsds s ¢k s lsd BOdz dats’
ZO2 jWjSIsdeods "z Mbfziftsz®Ez 2 o NG @Sl Miflstclz €
Mdtej Hdz! SOtedW d3d Isd yudzd d3 L dzOyj dzdzv d3 §f s~ dB S d ¢
f OtcOd3j Iste” & hilskzydzets’™ dgj 2tetsdzdets’™ o3 t6j ' .  wda
LB dz' h jdadg?" €' dzt S sfyls’ Htodrn sot®jdsgd’'n. " Ote” © h s
stetsCl dqA.dzOyj dedz? ¢ dzr S sfls’ Htodrtso Odedr h.Ote
[ BHO' d3s HB dO2j W iCIlsdodz h s’ Mlse stej dats’ C
dzj 2tetsdedats” RBjtejy' HBHOLSCtsoad?2 Htdrtso Odzgd?2

L=L+1, (2.9
NL=1. (2.10

1 fydzw HSHO9 Odzdzg?" HBHOILSCtSoatsets Htodn o Odzs
dzj 2 tots dzts o3, 9 jtlsO' dits M Hts stesClkz 2 O dzg ts o
dzso sfmiseo stej des® MsticzClskztess fftednmtso Odzdr N Ote’

[fdMOded?2 Odzetstedlsdz s 2CE tsf§flsd 3EOd dets’
dzj 2 otsdedets® 3§ toj > 'd MzREAUEOY j dzd 2  dzO
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3anyck eTany cTEOpeHHS
CTPYETYPH BHYTPILIHIX Wapis

ParkyBAHHA YCIX CTROPEHHX
FailedNodes = CTPYKTYP 3a eeKTHRHICTIO
FailedLayers = (;

podoTn (4 YTOPj

Mpouec Tpenypanna HIHM 3 L
wapamu Ta N, HelipoHaMu Ha
KOWHOMY 1api

FailedLayers =
FailedLayers + 1;

Pospaxynox % nomu
JUTA KO

FailedLayers =

Po3paxyHOK cepeansoro
APHPMETHIHOTD JHAYEHHA 11
crpyrrypr (Y, )

FailedLayers = 35

Pﬂll'ﬁ(}'lh‘\”li“ cT Ii(‘PCIIM.‘(
cr P}l Ifl)'p 3 | \]IilpﬂM n3a
epexTuriicTio podorn (1 ..“w)

FailedNodes = Haiiediekrupnima cTpykTypa =
FailedNodes + 1; A¥

TOP-1

FailedNodes = (;

CTPYKTYPH BHYTPILIHIX 1wapis ‘

{ B1lo e stedlsds fsh Sk dz@2 j% jSkdods hts' flst
dzj 2 otsdadzts’ B tej
241 5L tzfpEzdgs H j d2' E§ Oo dz' dzdz f ted dzOH OBd ) d
LO Hefsdses® MdddsjLbk Odkestdldkz "skyd
{tecOdz L Oy' v bdideddp dis jdadelz' pdizeH M d Mis § B3O 3
o dCtedMisOdzdzy * 8 sOY' 2ded R BsHjdzj2, WE' HE
odwoedwisd 2 shdsed o d&OMisdesmks' . IJdCst
bitwOo dz' dedz? tsBdsj > k' Is! fyvdsjdmijrs flg Asldadz 8540 ¢ Bl
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otcOntsolzoOIsd Ediitcod Ltsods hdzg sets MjtejHBSO N (

sflsddz L Oy' odistedmMlsOdzdz? ffto' stedIlsjls® 9 ¢
‘R Oy sl d&RBYWI. L Y SEG, SBED o sl dizs €
ftcj HMlsOo dzj dzgd R BjtejyOkd 1 jlste', dzO M’ ScEHd
ftcOCIsdydzd &3 L O9 H O dzdzV d3.

[itiy" V1jlt' * Lkyddd ' HBMdl: kdz o]t
dmisj . Aj flesWwedv'  Is' iwH sk tdprdsOs ' o W ldstiodditz,
dzi sBr' Hdzdd3 Mlskzf jdzj @3 HJlsOdz' L Oy' . vtsBIsts,

BzHddS E oy dtshz dBsyd0 odStstdmlsOksd kL Oe
"B Oy 2ddE fsyjf'e ©StjdkdE ftdd " jOd

Bjejn' ik, s LOfMkshMsaksil! v Is' d §d
ftodds" M jde .

sy dz® BStejBO ' Hidmisj BO "L kzddkses" B
csBld Bjwjy' Ijlkt', LO HefshBsScs® H' 2

f taOH " 9 ) Z dOmdz" Hs¢ MfteOys 0o Odadzy  jtej ntSH'

sflsdd3Odz dets™ Isj B jteOlskzted, dzOdzOMNIskzo Odz' ¢

B3j toj X ° 1 jIste' tcj Odz' Lsolz' Is' MW sSiE 5o d dcdg 2 H g

sBydmdzj a0 sz cd "BjLMjtee jtedzdmn" WEkdeS y'

Il d202fttsmMls' hsdse o df OHSCE &sHjd Mmdmilsj d3d
0 YO RO

H T dats) d dzO f isdzdfp] RdzO Py jitadjddssiHd dsQ  oF- ° H dzd
HEZG oi'f sMOIsCtsoj dBOS 2o Odzdaw .

[fdd3 LOYy' v ftesyimM' © o tosLtctsBdzst 9 Odz" 2
L3 dzgz MlsOdz" © ftcddzOH" © f  HO' HAdzZOdedr HEs Mdf
H'2 dBi"COdzy' @ BRHJdCE sO dzj L Odzj 3 dzds B s ts|
tesL totsB dzj dzts’ mMdMmilsj i3dd fJesftsdkz’ Is! v HBY o d
te' hjdz@ O hmdtses' Okettedlsdiiz "N lskzydes®™ dzj 2ttt
ftes odB'tc fjtejmaBH 8 dBjtej "  , h s d&3OE Is! B Iz
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fsH'ds Lz dg §f Otc Oz Iste” @ MdMmlsj i3d. 1 teOo d dzO
L OC &zOMmiIsd dzO JIsOf' dzOo yOdzdzw (jtejH ' d3 IsOy
1 jIste" .

[ B " tedydets HtsSO j H | dats, hts L OMlstsmizo Odadav  (
L OHOYOr ¢ &EOMNJdsS LSYOY ' dz0o Odzdz? H O HEzY j =~ Bt
odtc' hjdedz" L OoaHOdzdz" (s Mkl ‘ OdzO0 dzts ¢ * Y dz
ftsoddzdzO C &zOMdW '™ CEZoOlsd MisOdz ( B3OS zo Odada” ¢
9n ' H. K HiSL © sdzv ‘L tste 1Otez] dzlzlo @ Is & y ' {f Stelisec Qizls' tc
OdzestedIlsdzsz " Iskzydets®™ dzj 2tetsdzdets’™ d3j tod ' HdAzw H

JUildd LOy' v WhkdeCy' tsdzlzeo Odzdz?r MmdMmilsj &3 ¢ tots|
o' Ldddizdd SCtdlsjtc’ v d3d. 1 028" dz h yOmgsdzodf Lt
M sy do Odzdzy jdzj Clstesj dzgj e~ fteddzOHOMBd BEH(J
o jdzlsd dzw y© Hdzw " Hedh jdaedz" BCOL S 8 j (
stsydetsmils® MyfwOys o Odzgdzgw MdMmilsd d&sd BJ L JSd IO

utsyde Mis: MY tcOys o @aRdze tofff ‘HHnfigddM I jsdf dstizxpzy " °
xiojClsste OdzdlEpPp@®¢e Odzzr MmMdMmisj 3d, s ° j d
X. 1 OoHOdzdz" szt O &z da’ Isd®dsSizn iy ta GBug "\p dExiimiEts IS
f° HimdMmisi o

0 (b‘o O( oooo (2.12
WN®

ldB ' te Stdlsjtc' s jWjSldoedesfmils' L H" 2Mmdgs ‘' Is
mMd mMilsj dizd CtosL Zdgdzs e s € BEHdde Iz L O toj L zdz
JdzjteetsjWiClsdodedr ° Ibjrndd ydedr shtse dzd e sfls
Yyomlss od¢ sted fijlaedUZ stls + M fds yde ed dzdzw  j dzj Clsteisj |
1402 jCIsstc BOLBsoadnrn dz2OdzON Iskzo Odzr  tcd @OjHalz'e
CodiW stelsk CttedMiskzo Ow'sdl,z fiyhsifiasty  oXgadi j tidl ddglsus dy |
Bsy 20 ttsL tcORzo Olsd ' 9,jhdzdzO8 s tgW H20 IdfidddgErceHD G
dzOH O tc' o j dz C®RW stelslz . dzj) Oazd @aizdzy dd] 5§ dzvBE @
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ZO&Oh kkzo Odzr tjiydds o wsetlksd §odkOH' o, {tod
dz' ¥ ftcd BOLBotsdlz :dzOB st dzOdzOh Iskz 9 O dz

QO & Q¢
6Q 66 . (213

[BBI Y JdeBLBD W BB@BUz] d2s™ L OHOY' tflsdd
BEHddSCE SO €' dz €' Mis! CwstedMmlszo Oy o Mdmisj d

l Oy dzde " flsy Ctydesets L Ctedljte’ " o f SH Odzts
OotlORAtsoOdZO 9o L dOyYjdzdz" » o  Hdzdr HOdzdrm. 1 ] &
f smis©o dzj dzts’ L OHOY' o {ON odBdtcOIsd mw sO¢d
fijtcjHBOYO' dzOo yOdadew L o ydlsj dzj 3.

10 M! sésHde hdg' 2 Hjde Isjtste’ W h IsdzdgpatptBs dz
odte" h jdzdgw t' L dzgder L O9 H Odz tctsL tctsB dzj dz' ' L
odB  tc Isdfkz dzj 2nadsg dyjote i xSigdsld g diz)v dats L OHOY'
fshdtejdd?2 Isdf "liskydsss Ocigis?dd sOimiEs’ d 2d3jttgdteififd
Mistelz§ sizlslz ydaets™ dzj 2tctsdzdets™ Bjteg "™ ° ME dzOH dzd

14t tej 0O i Misdls! orn' Hd2d?2 " O, odn"
h Otcd ' Mistslsdes fsCtcOh 8 Is! o dzOMisdo tsMmis® dzj 21
h Qtclz o' Hf ts9 ' HO'NM oy ddntdalzd ovy@fsdisdzd Cdz® , L d3' dzz  fyls
Isj B j cOlskztc®, O IOCtY L dgOyjdedz" HOId IO ¢
Htste" adgt* €' dzr Ssfls’™ fjtejrtsH' 8 djty ' 1 JlIst

it sBBIsO MdMmisj ddd ¢ oL z d3dzts ¢ sCets dpslZ HigsdaCOAztsIG
o dSstedMisOdagdzy BwBjtejy } jlte' 1O Odzestedlsdzsz hIs
yddessd3. 1 td L3 d MsOdlz MdMmisi Bd (MfteoOy: oC
hlszydzO® dzj QtetsdzdzO® 3j tej ¥ O wsilstcd gz  d@DL ¥y dHiny !
odzzlste' hdz' 2 dztseg ' y' tesBtslsd MdMmlsj dizd, w e o
"Msstedydz' 2 oadB' tey' HOddA, Odzetstedlsds ftod?2
fjtejrtsH @ d3j toj ' 1 jIste" . [ Odz fjtejrtSH' @
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fRlskzf Ot ls! dzO odmn' ' Hdzd2 N Ot "Nlskydes® dzj 2tets
GjLEzd kOL' tsetlsd Odkcttdlsdz z1f §jtjr sH
BzHddz¢ & o' Hftso' Hdes HEts Mlseattej dets’™ s jtc] H
1 jte' , shtsH®DBif L O BCtojd3 WhkdCy' sdzOdz dz' o
l sCtesCBoats ftesyjm bicOdhHW stcdkzkOyYy' °~ HOdd- o H
L sSBtcOY jdzd?2 2d t dMkzdzS k2

t dR128 - OB Y M L &3 dzd MisOdz 9 JteddzOH" & I












































































































































































































































































































