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SUMMARY

Shokarev A.V. Information and Hardware Provision for Rectifying Tilts of
Mul ti-Story Buildings i Qualifying scientific work on manuscript rights.

Dissertation for the Degree of Candidate of Technical Sciences spdualty
05.13.06 "Information Technologies".Institute of Telecommunications and Global
Information Space dhe National Academy of Sciences of Ukraine, Kyiv, 2024.

The dissertation addresses a new relevant scieapfiied task of developing a
methodological, hardware, mathematical, and software implementation of an
information technologi/ for diagnosing thecurrent state of a muistory building
(ITDMB) to support decisiemaking in the process of eliminating its excessive tilting.
ITDMB includes the adjustment and verification of the computer model of a multi
story building MB) along with refining initialand boundary conditions (considering
the current technical condition MB structural elements, changes in their strength,
and changes in the physigakechanical characteristics of foundation soils over time
and degradation). It involves preparing, obiagy and analyzing primary and online
information throughout the alignment process using precsgositive measurement
elements distributed acrostB and developed with the involvement of the researcher,
ensuring feedback in the alignment process managesygstem based on experimental
online information from inclinometric sensors and the results of current mathematical
modeling of the stresstrain state (SSS) MB structural elements. Systematic analysis
of online experimental data and current SSS rinogleesults aims to assess the current
technical condition oMB, enabling adjustments to management decisions throughout
the alignment process with the ultimate goal of reliably fixing the building in a new

positionwithout interrupting the operation B engineering networks, technological

equipment (elevators, etc.), and residéngsocation

The first chapter of the dissertation provides scientific foundations and general

3 Information technology is a purposefully organized set of information processes using computer technology tools,
providing highspeed data processing, rapid information retrieval, data decentralization, and access to information sources
regardless of their location. chess mode:
https://uk.wikipedia.org/wiki/%D0%86%D0%BD%D1%84%D0%BE%D1%80%D0%BC%D0%B0%D1%86%D1%96%D0%B9%D0%BD%D1%9
6_%D1%82%D0%B5%D1%85%D0%BD%D0%BE%D0%BB%D0%BE%D0%B3%D1%96%D1%97
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concepts of specializeihformation technologies (IT) and their subsystems

(monitoring systems, etc.) for diagnosing the technical condition (TC) of various
technical objects and decision support systems (DSS). DSS includes analyzing the
previous and current TC dMB, which has experienced excessive tilting; analy#ieg
effects influencing changesmB SSS from various natural and anthropogenic factors,
including the reaction of its individual structural elements; identifying critical
influencing factors; assessing permissible loads; mathematical modeling of cimanges
MB SSS under different scenarios of natural and anthropogenic influences, etc.
Monitoring systems aim to detect and evaluate deviations of the recorded field from a
stationary state. However, it is crucial to obtain characteristics of this statioatay st

at the preliminary stage.

The development of theoretiemlethodological foundations and instrumental
means of creating and using IT in various fields of human activity has been actively
pursued by researchers such as V.F. Hubarev, V.B. Mokin, A.O. dvieki,

I.V. Sergienko, O.M. Trofymchuk, O.M. Khimich, and others. Works by
O.M. Khimich, M.G. Marienkov, V.A. Dunin, and others present developments and
software implementations of instrumental informataralytical systems in the field

of construction usg the LIRACAD and SCAD software complexes. Significant
contributions to the development of ndastructive methods of monitoring and
controlling reinforced concrete structures have been made by researchers such as
V.V. Boyko, V.P. Glukhovsky, V.A. DuniR. Jones, M.G. Marienkov, O.A. Savitsky,
O.M. Trofymchuk, I. Fekeoaru, and others. Experimetitabretical studies have been
conducted by V.A. Dunin, Y.l. Kalyukh, O.M. Trofymchuk, M.G. Marienkov,
O.M. Khimich, D. Ambrosini, J.M. Roesset, D.S. Kim, C.€@hen, N.J. Carino, and
others.

Defining the composition and structure of IVIB, obtaining primary information
using sensitive elements, adjusting and verifying computer models of buildings and
structures through experimental ndestructive control methgdrequire conducting
field studies, processing a large amount of statistical material, and applying modern

Industry 4.0 technologies such as digital twins (DT) and the Internet of Things (IoT).
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All of these factors determirtbe relevance of the dissertatin research tasks

In the second chapterof the dissertation, the methodological, instrumental, and
mathematical foundations for creating IMIB are outlined. The tilt of the foundation
is one of the criteria defining the operational suitability of a bagaibject. Normative
documents limit the permissible values of tilts for buildings and structures. However,
In many cases, the tilts of the foundation at different stages of the life cycle of a building
object exceed the permissible values and sometimas e limits. For the further
safe operation of such a building, it is necessary to select and implement an optimal
technology for eliminating excessive tilting. The developed precision arsgihaitive
elements, the methodology for assessing the matgand direction of displacement
from the pendulum tilt, and the development of a stand for sensor calibration are
described.

Parameters of the "undermined soil foundatistrip foundation with tilt" system
and the SSS of theMB baseil strip foundation"system have been studied and
calculated as elements supporting decisi@aking in ITOMB. The development of a
method for identifying the SSS of the soil foundation and the experimental justification
for choosing the main calculated parameter in the feddb& ITDMB during soil
excavation under the sole of th& strip foundation are described.

For the proposed computational model of thB" soil foundationi strip
foundation with tilt" system, the main controlled parameters are: the thickness of the
soil wall between theMB foundation and the pit, the pit depth; depth of laying,
diameter, pitch of cylindrical wells; the nature of the change in technological
settlements and the tilt of the foundation; identification coefficient of the undermined
soil foundaion; the magnitude of the soil resistance in the strip foundation zone.

During the elimination of excessive tilts of buildings and structures, discrepancies
often arise in the values of actual and predicted parameters, such as technological
settlementdyIB tilt, etc. Therefore, additional engineering measures must be provided
in the projects to ensure feedback using MIB realtime monitoring, mathematical
modeling of the SSS d¥1B structural elements based on the LHRAD software

complex,integrated synthesis of current experimental and computational information
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for DSS, technological methods for adjusting settlements based on the calculated

contour, etc. This will ensure equality of predicted and actual deformations under
conditions of unertainty and the risk of soil accidents at all stages of tilt elimination
works.

The universal structural scheme of IVIB should additionally include a block
for continuous calculation of the SSS of the foundation and the superstructure in the
technologich process of tilt elimination, as well as a block for forming current
management commands. This will help determine local soil zones that require
additional management influence during the alignmemd Bf for example, based on
the correction of technologal settlements under the sole of B strip foundation.

In the third chapter, an experimental prototype of I'NDIB has been developed,
incorporating precision measurement elements for angular deformations and their
metrological certification using a spally designed stand involving the candidate. The
dissertation discusses the "Pendulum” program for the calculation and visualization of
deformations in controlled building structures, an online monitoring system for
collecting measurement information on ntwlled physical quantities, cloud
technology, and instrumental means (mobile phone) for transmitting measurement
results to the Internet, a database for data accumulation, aritnmegrocessing, etc.

In the practical implementation of IT®B to assesthe main parameters of the
SSSof the foundation andVB, the following measurement transducers and sensors
(MB DT elements) are included in its information channels: an inductive sensor for
remote monitoring of changes in the magnitude and direction dfltloé the strip
foundation within the permissible range, and an inductive sensor for remote monitoring
of cracks in theMB. A monitoring systemNIB DT element) has been implemented
with continuous collection of measurement information on controlled iqadys
guantities, followed by transmission using cloud technologies (IoT element)imeal
processing, and storage in relevant databases.

For continuous monitoring of the parameters of th"soil foundationi strip
foundation with tilt" system, a strugtal scheme of the monitoring system has been

developed. It also includes a block for periodic automatic calculation of the
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foundatioris SSS and the superstructure in the technological process of tilt elimination,

based on the LIRACAD software complex wit automatic correction of the initial and
boundary conditions of the calculation (an addition to the LIEBXD software
complex). The correction of initial and boundary conditions is based on current
experimental information from inclinometric sensors dstted across thMB (MB
DT elements) and considering the actuél af MB during the calculation period.
These measures enhance the reliability of current management commands from the
decisionmaker and identify local soil zones requiring management iméelesuch as
the correction of technological settlements under the sole &fiBstrip foundation.
Instrumental means included in I'MB: universal inductive sensors for tilt and crack
sensors (measurement accura®/001 mm, temperature range 0 U . C, dust/adU
moisture protection IP56); data acquisition deviagductance metdr Iy information
collection and transmission deviéea block with a mobile phone (IoT element);
computer program "Pendulum.”

In the fourth chapter, theimplementation of ITIMB results is described within
the framework of scientific and technical support (STS) during and after the alignment
of residential buildings at 23 and 25 Engineer Preobrazhensky Avenue in Zaporizhzhia.
These residential buildings weerconstructed on a site consisting of highly
compressible clayey soils, which exhibit settlement properties when saturated. Over
the course of approximately 45 years of operation, all block sections (entrances) of the
mentioned residential buildings exp@rced uneven settlements, and these settlements
and deviations reached beyond permissible limits.

In 2014, a survey of building structures, along with an assessment of @eir T
was conducted. The survey results revealed that the technical conditioridafigoui

structures and block sections, in general, was deemmsditable for normal

operation. The main reason for this conclusion was significant uneven settlements of

the foundation and foundations of block sections and excessive tilting of its corners.
As part of the STS for the alignment of block section No.1, the following works

were carried out: engineeriggological investigations of the moisture regime of

foundation soils, the quality of foundation preparation, quality control of backfill



19
compactionn the pit; geodetic monitoring of building deformations during alignment;

clarification of actual tilts of the block section at different stages of alignment; STS of
preparatory work and the alignment process; control of the condition of block section
structures during alignment using I'MIB and their inspection after performing works

to eliminate excessive tilt by the method of soil removal under the foundation using
horizontal wells according to the calculated parameters under the foundations of the
MB, which settled leds

The application of this method using IMB allowed performing the entire

complex of works to eliminate excessive tilt of block section Mathiout stopping the

operation ofMB engineering networks, technological equipment (elevagtecs), and

the relocation of residentsThe restoration of the deformation joint between block

sections No0.3 of residential building No.23 and No.1 of residential building No.25
eliminated the oveprojected stresses acting on the building structures adkbl
sections that relied on each other. As a result of alignment, it was possible to prevent
forcerelated destruction (damage) of the structures of adjacent block sections. The
plannedheight position of block section No.1 after its alignment meets the
requirements of the project and current building norms of Ukraine. The corner
deviations of block sections range from 9 to 96 mm, and their tilt is between 0.0004
and 0.004. The twisting of block sections No.1 and No.3, which occurred due to the
leaning of he corners of adjacent block sections against each other, remained after their
alignment.

Due to the alignment of block section No.1, its excessive tilt was eliminated.
However, the settlement properties of the foundation soils beneath the foundations of
the block section below the ground cushion were not eliminated, and further realization
of settlement properties due to saturation could lead to excessive deformations and
closure of the deformation joint between block sections. Taking this into account,
waterproofing measures are the main guarantee for ensuring the further normal

operation of block sections of residential buildings at 21, 23, and 25 Engineer

4 Method of aligning buildings and structures [Text]: patent 40931 Ukraine EURDSBSRIBG Stepura I.V.,
Shokarew.S., Pavlov A.V., Trehub A.S., Samchenko R.V., Stepura S.l. (Ukraine); Application 17.12.2008; Published
27.04.2009; Bul. No8. 2009.7 4 p. Access modeittps://uapatents.com@93tsposibvirivnyuvannyabudivetspoud.html
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Preobrazhensky Avenue in Zaporizhzhia.

Keywords:excessive tilt, information technology fdiagnosing the current state
of a multistory building, ITODMB, precision inclinometric elements, monitoring,

computational model, mathematical modeling, feedback, management.
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sina = =
\/hz + ) JI2+H?
. (2.10)

\/hz NETE

cosa =

2321 SLtORzdzsC L d3 N j dz

13 hjdedzw IssySd fjtojlsddzz sl cbidds Odz dzj
EO = AOT AE =AFcosa AE =
(x+ l) h

2
x(h— Jne £ >E))) *hD
Iz

1 B M jdeder stsySd fJtej lsdER Istedn L0 § 8 DM dzj L
EG = OF =AFsina
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MOod B 5§ e Hdz! s.Bz o df OH S &z

=(x+ Dx)cosa - x — -X

(2.11)




74
1 &3 N jdedzy stsySd ' Helj gk d &kt dzj O Isd
DQ=DE QH=DE QO= DE (DF iOF)= i

4D,E, .8, & h 3
=h =22 AFsina gh=gg—— (x - X¥sinB § =
Zcosa 9 (x- ¥ Q

= Cosa
_hcosa- h {x +xBinacos a_
B cosa -
h? Dx
-h {x +X)b
h?+( B)° b h2 (- x)D \/hz )" D_
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93
“thdstse ' 2 ShdEO®ksdebkHj HSE' o dz

Vi=(d € Il (2.23)
Hy TH' Od3sj Iste yddz' dzH to d Yiddddhte dfivieQ) teCH' deks' o jdB, 5~ p
sB dZOMIs® dzO9 ¢ 5 dzisH ey dede@zsle @ df * dz, € 'nfyls! Mo j to
1 OG Odz! @dzdfi3? tc ATBIS Iz odrtHYYd L LOftotsl tsdatso
sBd&jYJdd?2 W' Ldydsss G dzd B d dzts © T telzdzls s t5°
Hiso Y ddatss W kzdzH Od3j dzlsad . d3igtedzvdzlszO d: @df'd dztg alyss s

V, = Hll, (2.24)

Hj ofHV ' L dydz® 6 dzdB d dzO ¢ itcHzispsshdsO  WisAnddets® 0, «
Htso Yy ddzO fe j toH dzse d dz.

1 kZtcORkzo Odzdaw d3 W ts,tisdglcdf d3O2 3B 3 )H,dz W (=2fc disdp )zt
s8 dcBztclz:dzls Iz

V=V, VOHLL (¢ 2 Hnll (225

25.3.5 15 dzls tets@izc O B3 jmldste 6 O R 2 dz8 5§ SH tc R &Y wAdugEs
shdesod SO Wistedskzo Odzdzy EftcOo dz' dzp’ Cdr ot dzd o

Iddzd S O Is! LB  ydsfls' bk o j dzd yud dz02 % OCIs
I 2Of ted € dzOH, I ishiz®OdaEsdy " Qorjzdz' 9 | dz/0dtSls@.  Bts d
fjte]Helyor dasdzs ¢ ' ydz' f od 2 & B dz@sjtsa Healer stz dse
ifstBcd ssteddze b o]y 6@ (1 Ea OL E45C 5° o f ] t
zSHELoBddls dsd O] &figstylezsL 5o Odzd T kO ¥ OCIsd
d flsg fHiEfE B & » OBAO i OyS so d2 ¥ & dzrofddjodgs S
jls0f 08 odStdOdzdzy B s L EMkdz dzdz® € toj dalz

[ dzw LOf ot sdzts 9 Odzts CEL O EdS 5o t5° J
C 5 dzls 15 dz 5@ O @atf [ o O A5
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I stsoh ddz@ ~tokzdzlstso ts° fMls' dz2C d 3" Wz dzH Od3
Ctsls dzts 9 O dzlz ;
T cedzdBddzO L OC dzOH jdzdzv, H' O3 ste, CtesC ydaz
1T "O0tcOCIsjtc L d3" dzd ‘' Is PBztizs dzizs 6 WV Ip dzd B 345 figls [z ;
T SCB4JW" y' ' dzls " talbsddsdW sHhaegbd d ;
TojddyddzO odf stk ~“ttkzdlskz o. Ltsdz fMmlstc’ Yyt
[ dzv RBtsdz' ssteddzcz o dh joCOLOdzedr § OtcOd3j Iste
OQolssBOIsdL so Odese s Csdzlstetsdzs, HBEC dZOHdzd 2

1 tod fsBkzHBo "' MstckzC Iskztcdats’ ME Q@ d3j & ts L7
totsL tOm ZdzC 5O 5° dstsH j dz' odCtstedMlsOdets | dzj € Is te
fjtcjlsoaoste 90OYy' . Aj HBLOGAYS odL dzOyOIlsd w¢g

ZOf oW 3. lted odu'on GatllS LIOHOFELIstcf dzpd Oldz] - C
Ttolzdgls 5 stsMMHG Q@ dzr S tsA HiMWISS' 9 MOdzlsd dzj Is
zO - d dziz WikdzH Od3j dzls Iz o tedmMssyf BB fidzd 2
d dzi CstesdzOGcdz’' Isdzd?2 HOIYyds, 6" HAdOd2 L Wj:
" dZHd C Ol s O ¢ ts dzls te t5 dz¥ B3s d3d dzls Iz o d dzd ¢ dzj dzdz
BJLSECtSdzs OFC Is dz’ " dzH 2 C Isd o dzf HOIyd¢d Ldg" hj
W tesd3Ocdzs Isded s yQiils g es,adOd @zts'ofj dejdia] = ~ oz dzls Iz
SO 20 B' ydz' 2 ftsoj ten dz Mste' ySsowsets WizdzH (
Htso ) d dzts ® WidzH Odzd dzlsz Qulssh o 16 tizy O Is CCitsodes2te 5 dzts €3
Ttekzdzskz, wC¢d?2 o' HYitse  HO' (itimrtsHEZ 9 f dzOMm
vdz' 9 jteMOdzr dz0O MR BB iktE® BI § BPtcl tco dzse ts
11 & tekdzlskz o Isjn dzsdztse ' y dete iz Fatcdsyt MW s izdiidzods
fslstsydedr Ef§ tcOo dzh gaiy € dftfls ¢ © teizs® @) ) Idcjiz20zls &z | A
fslstej Bzt 5! |, o 4@ @ &dzOH L d&3' dzad ¢ sty Offip! H Is
f" " HBh ot Mt YStsotsets WkedzHORj dzlskz IsO ' dz.
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26.f sLtesBC O MfsmMseBlkz " HjdsdW COyYy" " 114

v ftesyj m' M kz dzlz dizle®© d3j Sddsjzdzlz B j L f | toJ toc o dzt
fjtejteBLyfBH &z MBkzcsotes 2 &Pa @ gExh dz®v , L &3O
C oskls® shdsed, 't ' HiesB &Y' 5! Mv. UKk
"tz sots’ thdtsed odCtstedMmlsOdets feddzydy, o
Csdgsktel ~“twkzdstseots’ shoasesd & odedvh'  ft
f OOdzj dzj ' § j OO O PuOflsimmwes L fossdj d5 4
fOLO®R] bz dlstso 5~  Dfsddfdso Wtc WE @jsfcsyj i)' k&Mt
dzOr d izz o d L dzO Jrdadztc 2 d&I€HKCOS IsgstgzdzC © L Odzj
L 2Mmd dzdzv 3O R dzBPtc zHej W st 3Oy " W d3( . cS¢hts yw
f OOdy sUEdhL 6O sa Bsjleswlpy dz' 2 dzd 2 ftolzy ded o Hj W
i dzj d2' dz' 1ROp O Bied Moy s Mw  to' L dz2d L @EB dzc
Zz02 yofmls' OfitetsS Md BOY"' ‘¢ dzj d' wDWAdzizH O dij Qzlsj »p d:
94 dzd yddzd dzOo OdzlsOy § dzdzv (ted fy. 2. 24) [ 148
ftotsB dzj Bs® L cOD pazEs CHdIO &g Stf'easy j ' kB
BEH o jdz, OC wC 90yCHt o @ lp O de agsstp jst
sfdsed ftd L& d Stjdz LO ©OSkdsS fjt)]
W dzi O3] dzls , dzj MsESTHEEHEELS 6 d ) 19 Q dalES s Cth'da! czdsdn Is
CELORkdS 5o R BBHjdj2 HAEY Coydscs L d&o
NS dzOH jdzgd 7 wC dzO tsfdtse ' Isjtste’ ~ dz do 2dedn

stz dzj sBR ' Hdzd?2 MM’ B [ ujtadsdlil SO Y Y to
Mk dzj dedzv G toj dziz  figdg telZlstg§ ts oftass tsH WL zodisHdEY Is S H
o dtc’ N j dzdzw L OHOY' Z{ tcOo dz' dzdaw Isj m dzs dzts G *
WEdzH Odsj dzlsz  dz0 tsfdatsdg] » OWS tayjdfdh' ~ o dAO MusdfS s )
ZsCOd dedn B d&OMswhE Codstesds kOCdd yddts
fjtcjodh oiPs Odzls o dzj des ¢ 5  dzS o 3OS f 9 ezl & s dzlsLtsa@s1
shdseod o Hitse HOe dz' d2' 2dz" 2 ey da:2 H' dzw
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10 dzOo jHjdzg 2 124 NSdetsisl ( (()edigtsy dz2O o dH '
5B dz@Qfple’ dz' dz' 2 dzO . isB dzp fipls tdz' R 2O e z@Z0Is ‘O das ® ¥ tj
B'dz hdea 1®dt y' sz o ~“tokzdzlstse ' 2 hmdzso )
dtsC Odzr dzgdr f dzOfisd ydds Z3'Hg W & tc itz B dzf B tSisdgis H ' «
Ttwkdstsots® tMmdtsed (tedf. 2. 25).

0 Pe; Pea P

dB. 24. 1 Odzj y dz' Mmlis! s’ HOdzdgw W zdzH O
JL

tetsL 9 OGas @ jodzdf®. Citcd Is dud ted2H * Iifvfipigs;
thze " o
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) tod bk ME te)tidalzn Odsj dzlsz o HBEZO O Is! MW wiCjjtej ts
H' ' 20 WkdHOdj ds, "t ftdLishEkdses ' 2 &g
sstcdBzoOkd BjLfjtjcodts OC' L Odjy dsfls"
RZOYted C ZOH ' v M’ Y o dees W ikigSE Odsj Sz s s Is 2
dzZso s’ L Odzjydesfils®™ S = (€ to) Wdizden @ diigeu@ZRZY g dig
dzj 5B » ' H dzts, 90 duiSde@@dipleed] dzO- sH dIs' Mw ~ oz dzls tsMdzt
B tod tSL tOn 2 dzQ by uef PltOtdsy) fisksts oz o Olsd o' HY o
B H j &Y o zdzls

V 700 “i—&

600 +}- HHEHH
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200 +
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tdfm 2. 25. | tc@YBEN) LLdsdzd( tsBkzOMisj 2) f &Ofilsdy
sdmSk (1) ZO thdtse kz H dzw ytstemisCsets W ikzdzH
¢l Htotsdl - Godf MzAEHHz ¢ P dzst s Q.

Av ftosBdzj B3O d3sy j BLEK G 04 d d2Oh jsdg@ztsio ¢ * H dzgB Z H &
58 BsEdzOMIsd ydes HJj W stcdi3s 9 O dzmfiP &8 B &zO Mds jj &d '\ «
dzOo Odzls Oy j dadzv | . 1 Q9 jH]dBO L Odzj ydz MisOdz'H s
Tt sdzlds sfmdsed w¢ fHddtizOhpdBzdr sOF W tstc d3(
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o d dzd ¢ dzj dzdz' 5 fr) dzticote’ Aptizth o 28 G {5, BBddg Sz (ff dzOMils d y
HiWBtedBOY' 2 HEsMWeEO' ,6t0dd ydets™ o j dzd ydded V
s O0Cddis ,Ndidesag d W SO glzezlsso 5° sdetseo d sy dzO
fsfjtciHdz B BGlsted3Odedr L OdgfFy dis@id Bt ists o It
Csi W' y' ' dzls & dplidzstS \Ojodzdizd ~nts B d&zOMmis d Yydzets HiHWEs to d3t
58 RrdztsSC Odz! dzgdr ok dzd s BB &zOMIs pztslE 7 tolz dzls t5 ¢

_VUJ
50—\70 (2.26)
r dzv o dL dzOyj dzdzy' {idioyedhdafeEy Wis: Blzlsd od¢
J MY j tod d3j dzls ©dz' dz' HOdz |, dzOf tcd ¢ dzOH L d&3' dzd

o' HBEo O Ils! MW o SCldgihkify. RiR2d) dzds"® dZOH B0 H
( o RB7).

[ 6] S5 BHUE H Odzdzy ' H | HzleditZsTO ¢ b dstl)'dis p dits .dzj | |
By 20 f ° H'tXkE toHMS) dzdzv dzO fdatse T St dasSttsdz
yddz dzntedydeds Mo jtHdse dds, Glted®Odds Jj <0y
L eORZdzC 5o 55 L O dzjtoilsie sz sEQdztsea]'S dzQdi f) j dz! d

L On QB8 ) (dqip 9] . 10 Wddj.L Lz BOIs qizO® f H
HjWBsEd®OYy' 2 Codsktlk Mo jtHdssdd udmjd ddd
[149]. 1 oddfzdo @' 528Mls0O' sy dzdo dds, 2O
HjWBtehsOy' ', "t odddSO’ & dOfftved H{dpt s d;

o jdzduddez 3§ RmOdz ydzdn dZzOftkze dO sMhdese
Bj »n Odz" ydedr d&Oftcze o' H o jdzdydded HJWBted3OY'

1 ste' odzs ¥ yd y¥ oj dzdyddzz dzOff ez LA3tse teDdzd
ftetso j Misd * Hjrdes o tstzBsO Y ‘s dzs o d . L cAON G datis § a2
sCtej 3 r B ZOHO®Ed wdedB',h s otdzd hdzvWmtd
Ctstcdcelzy Is! MW d3Hdgh- L cdEBPdgdoz{ dz
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261 { BLEOREdSS § OtcOd] &6 ktlasd  fisofjntiEiousy y Cs o d

WizdeH Od3j dzlse ff Setd j WzlindzrdL) ddgdzlzls z

1 M M dels W e @ab'se 5. o 5 fialie gsdg Ols S te dzd o
o dL dOyo0s Is! v  d3-R3J & Ofglelz’ Y ddS O W'welOdij s tcd ~ tolz dals
BjlsSHdC [148, 151]. [Hddd L Ghdassdd: % OC
. T OEOCI) By b

' HictsB dz5 b © bstpksisL
BOMde ' flskf ' d@ oL
f 5YOCtso dn f zO:
5B d&zOMIs 2 dzv & tc O dzj 2
%k dzn O3 dals b2 [152
f zOfmisd yded &3 tsB ZO
o d dzd § dzq f ts ¢ o
flojtoHdsoaddz [ 148]

{281 jLbd O odL dzOyj dedgw © d & 0z U g dadz" tolz 2 d
ggZQMBdudzd:LBLdzdthLdZde@ dzo""'“telzdz,lslz o fiesyj
L
L O

a R 2R JR 4R

CHdzd 2 € sdals 2 tei dsjloyp’ s tollzdzO ik

LB dz/ N j dzdzV osi SaazlOists O dz@i ¢ dzd B  dz0 L O¢ dzC

OdzOdz' Isdyodzd d3 to' " j dzdzv o3

cstedL tsdzls Ozt ded A )

fsoddetlz®d dzjseiB' Mzt ded M’ ySsotsegts WikzdzH Odz
ik dzaj dedz® Ctojdzk Whkdzn Ocsj dzskz R Ot @ tsg ¢ dstsL
WedzH Od3j dzlsz Mils O B' dz' h to' o dats d3' te dzd d3, h ts
By dzde " Mis! oL O @sH' = & 3 YEad ] §Hoizo ki dgedzd
st ' H' Okjlte Mo jtHdseodd odL zOYO' ls! Mw
Isj ndesdztse ' ydzd = H Gudgbdzd vy alz) detts s W 2 dzhn Od3d dzls Iz
bcOR ko Odzdz? &5 " dqiedded S dz' yjodn o d&zOfmlsdydas
0o C sdesztdpadjdes [ 148] . 1 ted vy' 6 dGisizsL ke w66 dd

Ho BBO Mo J toHWEDBEY HAaWddD Istgjfif" da'L W) agfsH " dzOMmls d yd
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1 dZ20ydetss o3 tesr A OBPE SOt j ikfsOdzk ™ tolzc
oL O iBBH "’ L dz09 OdzlsHOy 3§ tHzwiAs di3W 'L 1IOdinjdeH Is* Istso N
teSLicOR o 0dz0 L O M " 99" Hdetsh j dzdgv 3, dzOo j H j dzad

10 shdse® G jd3j n0ds’ Ydzais? Oo jors] dePm Zz dzO &
edf).  =2Mmd2Be dz7 HQ@OBrastfo s” thdase d,  dgjin Odz
' dzd} z dzH O d3g, Bgls L B M j dzdzv ~ ok @sfpeazsg sSsEs@D b Iz
HiWBted3Oy' 2 dsykzls! BEklsd tetsLtcOrBso Odz dzO fr

sinPa
_a 49 ;; | A B W X
s,(xy)= 7@1 - ;h2mh+ mzh cégl | (2.27)
I I

H J
AP NLY, BPNLCD L W 2L I L

o sin%l ‘
S.(x,y)= 989 4qé | , ©-D mO:

I

vlzls

C:[(mlfﬂhsch”:ﬂ} Shrln’T C]nm(lﬁy)h; 5 n_(I}y)h sh3m| ) h |m

v oL o OF k dzCdrts i O @dbugiOdtis Gz S fsim' de @elzdzw
sdCstedmissolsls! : M o90' Hdsh j dadg™

2,
mpaa m C

g 2 danien)d 27 81 “nal ; ﬁ e s ¢
El(L- n7) CEA m gp2wh, 2mph (2.29)
|
i ‘ orma 2.0,: ém 2
g —gahdem( 27 8@ ik & i ékl 0 gé“?@

ElQ- n) C Efa o y2meh, 2mph (2:30)
|
[sted B3Odz Wwstedgszdzd (2.27, 2.28, 21.1280, 2
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TtokzdzlsB OlsCsats S stedelkzs s MW L RFteOnlkzo Odzdzv d3 t

Ctelr dgnH O'dz’ dzOf B &d S dzOH L dzO y j) dgdat dzf O tis @ di} IS ti
Codzlstetsdz! s Odzdn tsB dzZOfMiIs j 2 sy kzls! BEISd t5Yy' d
Uz =080, Ure=U0sS0, = USo So=SeS0; Sme=SmSo; V( R =¥3J0, U( 7 =H30
Hpol SEfBEZE yd2 € shWd (W * dals

S Btcd ¢ 59 Odz Wstcdidzdzd HdM 1 eSoic@REtzas =zt f
odStedMmistsolzs Is! Mw fted Htoso jH,  dzdz s dz' Ists
Mste' YySsotsets WkdzHOMR] dzlsz W ¢ toSLtcOnabkzdzS s
f OO stceORBI, BGHjtyEoOdddBd J¢MYiJtddd dzls O©dz
Ctoj telp, HE@@ czc. AvWw " dWiste' Oy W wu puisSaed fiplsk
f "  Histed B3¢ d fted2dw Isls' dIs'oOfRdz?2 d3tse ' tedesfyls® 7 tok
9 dzOMmdz" HESC ¢ dzj sBdOGdRABY iR iflILR@ERBi(ste* 9, o' H W
ftesyjMmlz dz' Co' HOY' "j dadlzOHIdaS e &3P Is d sodatHehs] dz§ twzdz
Wz dzC ' tsdzlz o O dpdps Isfyd I8 ji s j W J dzdz”

lted ftsBkzHBe' MtekClkiztodats™ Ma j03ddny tdzly w3 o
¢ tolsdzpld thipssOySsod?2 WkdHOd®kj dse E ftosyj M
9d¢ BtedMBOUMSES BOGdz Isdz BJjLSCtsdEsOSCIsdzs o dd3 te
HsLotsdzwe Ils! odL dzOyOlsd BjLidshic] R el HEdpdr
5O &jhOd ydk &Oftekzek. [Mssdde' M odCt
HiSL & SdzW 8 Is ! Bj LY jtoj tcoodds CftOdpl<aiyy destcodCis dfiisdis 1) dz
OBfMtsdzs Isdzgz o j dzd yddzz 1O dzOf tew BsS Ctoj dzz W E
Csdzlstetsdzse dstsclzj dzlslz o ddzd € dzgj dzdzv o d§f stelz ~ telz dzls
HOIsyd<S¢d L d3 M j dzdav, hts MC dzOH OB Is! MW  jLdadmo ts+
9 ' Hftseo ' Hdzs dzO (89 j ton dz “tokzdzlslz Wz dzH Od3j dal
WkdzH Od3j dzls Iz . t sL a3 N j dzdaw IsO¢ d A HOlYydS " o
Codzlstetsdzs 9 Olsd fsyOlSsoad?2 dsdzj dals o df stelz 7 t
f dzOMmisd ydzd 2 MmMlsOdz
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27. 1 SMY j od &3] tzlB O tzt defs b af @ datiefydzis o dzts€ B OR 2 dz 50
f O Oif EOH tesB to ls @k b H & hfigliste 'y SWkodEHEOt j I dzls Iz

[ dzv C telpadoss " IsC k2 st ytfztzOfgls f pdadBy 1 sz Y diA
2o czed 5 € sdzlskztdl ds»pC] teindesConcddf ezl B htsd3, o
' H Ctokzetso G 5, Is ts y dz' ydmj dzo dz' te' h j dzdgv o
of dzdoz MisOdzlz € tsdzls z toclz-ff tlp® fyts f uptzd d dztf ts dzP ts i {c Bz
odtese ' IS¢ Iz,c g@GUisddgO ' Cdss dzOB dzdsp Jsdzd 5 O ® € taf
HiSL 8 5dzW LiesLEzds" Isd W' LdSk of dzdelkz fylsOdal
(CoOHtOIlsdzO, s Odz' dzO, Istcd € & 18V de@e,d3ts i) @ datptdf s dzn
dz0o C s dzts M § Ewtelsdals da | Odz' ded d3 L yJ tedZjdelzdzy dis J tdsld
‘L yd f dzj dzdzv 3.

[ dzv O dzOdz' if lHzO fif IS df Witz C tczc so tsets Ctsdzlskztck
psdCedmssolk’ B :sO0C' fdyfzh j dedgv

To wCtfls' L FHEGHLSHEE § ZsMSd2 HjYVYsEd

T wetsMmls® twhREFEHEfAGBR KT MW dzj o O sBO 1 d
fcff j tof Wdisfdzlsztctsds Mo jtcHdzseaddzed [ 156] ;

1 dzj 9o O sBBO ff dztsh ddzO L O9 Odzls Oy j dzO odaQ dzj M ¢S

HPIisB d3dz0 o Ol cdadflr dpldd®  * HitctsB ".IsCkz Mo jtoH C

vsdfseod?2 SCttkkectsad? Ctdskztc cttodL tsdzls Odz! dat
Lo HIsso sHdIs! Mw B Et' dadav , dzOo jHjdes dzO0 tc(
dzj 6" o detsMmisj 2 Cwdelsztclz Mo j toH dztse d dz \dg & OW&IOE Is
o dSsted Mis OdzO fosimMB@Rdizts o IC OH ®Bt'L oW ¢ ff dzEACsd , ff
Ttokdzsz f ted 2 B3O Isdf chjes B s H 5 s=fls @ lodhilsd, OE v ¢
BjLYtsMjtejHde 5 ' fdzw BLERt' dadg? Mo j toH dztso d dzd
Bsyj tSLEdYHOIdMW wWC dzf dg' 2des H | W stcdEgseo Odzd
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[ (B29.MOEOCls ) edzd? Codidskic Mo jtoH dz
B lztc' dadzwv .
1 © tod . 2. 30 dzOe j H j dg' tej Odzt dz' ' Is € B dzls
o jtoH dse ddgOB] (O ' B) ' OdOd bduyd ¢'

109 jHjdzg Ctdelskzted dzO tedfm. 2. 30 dzgj Bn i dzs !
J dz' Cie@f,o sdz' dz' 2 detsets Isted S kzilsdzd € O, Cted o sdz' dz
OOz sdydedr OROIsG' &8 E ttsB IS’ [ 155] od¢
L sodz M dzg Mis! S H d dztf a| dets Gidlg' A diAdds ds®G tcd B3O dzis G 5
Ctodalsztelz Mo j toH dztso d dzd .

] HEBCOYBO Y@ jhflsOo dzj 20 & odcdwhH"
&8 C ¢ ¢
__'__.

W N = Rg'e o Ty« (2.30)
HN' Cilo jdzdyddd, hHts - OtcOfldgézfiklz «Clds' dzlstizfipdzte o deds
] od=0"eh=0Mmdzso dzd s S sdzEskztesdz * ¢ tsdzs

f tonf=1"0<Ci<1i j dz; § )
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/7=4, 0275— /7:9: c;--l-
58 ’ 28

{dB30. [ j O &z Sdidskzied SO OdOd sdude .Stedo"

fte=2'4,=1/91Ctcdotsdz’ dz' 2dzd?2 BLdSEklsdzdé L O Wit
o d tcts BO dsslzts ; W s te d3d

ften=3"e:,=191Ctcdotsdz’ dz' 2;dzgd?2 C o OHCOIs

f tof=4;56¢é6 D<Ci<lhiCtcdotsdz' dzg' 2dzd?2 BOGCOICEzIsd
tc’ o e If3

g mio jdzdydded, s fOLOSCIjtcdLizesls: o' Hf o
dzj 6° 9 dztsfmisJ 2 {(dpds dehigizts £ dasizkidz tc

ydmdzs roddz Midzptese dadsmisp2+ 1. (LA t6 m L
Mddzj ste’ ' GMdsodatsets Ctsdzlskztelz

m=k(n 4 % (2.31)

HKk=1;2;3...Ty" dz §ftsrLdlsdedzsj ydmadzs

Il jdzd yd dz0 Ol dz' sz q3' dizk to ‘Odsdithhils 'z digg >y O~
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0¢C, % (2.32)
1- nC : :
] tc &> —— dz0 ¢ ts@erps s M ssuCd f 5o tedzj dadz”
10 tedfy. 2.31 odHdzs ROLOSIjtedy ¢dzjte' o dz
Hdzw  WaCOferO € Is j tedz' [z dzjotaf cadithi®le d dz o doeo Odz' o,

tesLftsH' dzj dedmn 5 CBdzskztclz
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1705.471

2.529

-1.622

1696.000

1696.064

1695.566

-0.883

1707.000

*1705.457

1704.604

2.396

-1.431

1697.000

1697.011

1696.540

-0.620

1706.000

*1703.963

1703.543

2.457

-1.193

1698.000

1698.011

1697.607

-0.453

1705.000

*1703.012

1702.742

2.258

-0.907

1699.000

1698.926

1698.652

-0.286

1704.000

*1702.062

1701.849

2.151

0.000

1700.000

1700.061

1700.116

-0.167

1703.000

*1701.383

1701.156

1.844

0.907

1699.000

1698.926

1698.652

-0.072

1702.000

*1700.840

1700.572

1.428

1.193

1698.000

1698.011

1697.607

-0.024

1701.000

1700.568

1700.270

M M MW

1.431

1697.000

1697.011

1696.540

0.000

1700.000

1700.061

1700.116

M M MW

1.622

1696.000

1696.064

1695.566

0.048

1699.000

*1700.160

1699.804

M M MW

1.813

1695.000

1695.010

1694.492

0.143

1698.000

*1699.617

1699.161

1.161

2.004

1694.000

1693.893

1693.326

0.262

1697.000

*1698.938

1698.324

1.324

2.147

1693.000

1693.054

1692.394

0.429

1696.000

*1697.988

1697.093

1.093

0.596

1695.000

M M M

M M M

M M M

M M M

*1697.037

1695.797

M M MW

0.859

1694.000

M M M

M M M

M M M

M M M

*1695.543

1693.646

M M MW

1.145

1693.000

M M M

M M M

M M M

M M M

1693.913

1691.160

1.840

1.527

1692.000

M M M

M M M

M M M

M M M

1691.740

1687.668

4.332
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