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StaryyA. R. Substantiation of parameters of the vibrating machine for cleaning

and washing of details at repdirQualifying scientific work on the rights of the
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The dissertation on competition of a scientific degree of the doctor of
philosophy on a specialty 131 Applied mechanicsi Khmelnytskyi National
University, Khmelnytskyi, 2022.

The dissertation is devoted to the solution of scientific and technichlepno
of creation of new designs of vibrating machines for cleaning and washing of details
at repair with substantiation of their constructive parameters and rational modes o
operation of the drive and creation of a technique of their calculations.

The obect of research is the process of cleaning and washing contaminants o
machine parts by an immersed pulsating jet of liquid in a vibrating machine.

The subject of research is the design and technological parameters of th
vibrating machine with a pulsaty immersed jet of detergent, the dynamic
characteristics of the working body of the machine, the rational modes of operation o
the vibrating drive.

The introduction presents the general characteristics of the work, substantiate
the relevance of the rearch topic, reveals the relationship with scientific programs,
plans and topics, formulates the purpose, objectives, object and subject of researc
indicates the scientific novelty and practical significance of the results, determined
the personatontribution of the applicandata on approbation, publications, structure
and scope of work are given.

The main interest in the practice of creating vibrating machines for cleaning
and washing contaminants in small series and single type of production during
machine repair is to establish the relationship between the main technologica
parameters, such as dynamic pressure of the working medium, size of working bodie
(balls, abrasive grains, gas bubbles) their speed, concentration, angle of attacl
physical ad mechanical propertigsarticles and design pararaet and modes of
operation of the vibrating machine drive. This necessitates the optimal choice of
values of technological parameters, modes of operation of the vibrating machine
drive in terms of a particular type of contamination of the surface qfétis.

Solving the scientific and technical problem, namely the creation of a vibrating

machine for cleaning and washing parts during equipment repair and substantiation ¢
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its design parameters and determining the modes of operation of the drive is a
urgent scientific and technical task.

The first section provides a systematic analysis of the nature of contamination
on the surface of machine parts, analysis and classification of methods of washin
and cleaning contaminants of machine parts strongly agaklyw associated with the
surface, modern designs of machines and equipment for washing and cleaning.

The analysis of the state of scientific research on the use of vibration
technologies in cleaning and washing processes has shown that recently timg washi
of surface contaminants by immersed liquid streams with cavitation bubbles anc
cleaning of surface contaminants by liquid flow with solid particles is widely used.
possibilities of washing and cleaning by the immersedpha@ase streams of liquid,
and aso in the direction of creation of new designs of vibrating cars. Analysis of
modern designs of equipment and machines for washing and cleaning, showed tf
advantages and disadvantages of different designs. The analysis of vibration drives
given and thechoice of eccentric drive for the offered vibrating machine is
substantiated.

From the analysis of the results of theoretical and experimental studies of
various authors of the washing and cleaning process it was found that the mai
parameters influencin the intensity of the washing and cleaning process are
increasing the maximum pressuPg.y of the immersed pulsating fluid jet and its
velocity in pollution and in turn increases the productivity of the process.

The results of the analysis of literatuseurces and patent review made it
possible to formulate goals and objectives to achieve this §bal.second section
identifies the main physical factors that affect the contamination in the process of
washing with a pulsating immersed jet of liquid wigas bubbles and in the process
of cleaning with a pulsating immersed jet of liquid with solid particles.

An analytical model of the movement of liquid in the nozzle of the vibrating
machine for washing contaminants taking into account the water hammeit isnd
an analytical model of the movement of liquid in the nozzle of the vibrating machine

for cleaning contaminants with determining its amplitfiléguency characteristics.
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An analytical model of ejector nozzle operation is constructed and analjted
substantiation of its design parameters with determination of the maximum number o
solid particles that fall into the pulsating jet in the working body of the vibrating
machine per cycle.

The change of kinematic parameters of solid particles in phisating
immersed jet coming out of the ejector nozzle depending on the distance to the
surface of the part is analyzed.

From the analysis of previous studies to determine the productivity of the
surface cleaning process with a jet of solid particles, itifluence of different
parameters of the vibrating machine on the productivity of pulsating jet cleaning of
solids and the analytical dependence of productivity on the parameters of the cleanin
process in a vibrating machine.

The following scientific esults were obtained:

1. Further development of a mathematical model of the working fluid in the
nozzle of the pulsation chamber vibrating machine, which describes its dynamics an
obtained amplitudérequency characteristics from which to determine tinerkatic
and dynamic parameters of the immersed pulsating jet;

2. Received further development of analytical determination of the productivity
of the vibrating machine for cleaning and washing with a pulsating immersed jet of
liquid with solid particlesThe peculiarities of the design parameters of the machine
and modes of operation of the vibrating drive are taken into account;

The third section describes the general methodology of research conducted i
the work, based on a systematic approach to spltle scientific and technical
problem.

In the process of dissertation research developed: experimental setup fo
modeling physical processes in a vibrating machine for cleaning and washing
contaminants, the original design of the sensor for measuringutbating pressure
of the submerged jet and used a modern measuring base.

Designs of installations and methods for carrying out: multifactor experiment

on definition of dynamic characteristics of a working body for a sink from its
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constructive parametel@nd operating modes of the drive are resulted; conducting
comparative studies of different methods of cleaning and washing and determining
the productivity of cleaning and washing of dirt in the vibrating machine;
determination of parameters of structuelments of the vibrating machine drive and
featuresof their calculation in Cosmo#/orks; processing of experimental data and
evaluation of the accuracy of the obtained results.

The fourth section presents the results of experimental studies to swaltstant
the design parameters of components and modes of operation of the vibrating
machine drive for cleaning and washing parts.

Experimental studies of visualization of the process of pulsating immersed jet
of liquid in the working body of the vibrating mmlaine showed that even at low
oscillation frequencies of 8 Hz the effect of cavitation growth and bubbling in the
pulsation chamber of the vibrating machine and ejection in the pulsating immersed je
gas.Researches on definition of change of size ofqusof a pulsating stream on a
surface from constructive parameters of knots are carried out vibrating machine an
the amplitude and oscillation frequency of the vibrating machine drive.

The results of a multifactor experimental study to determine thmardi
parameters of the pulsating submerged jet depending on the design parameters a
modes of operatioaf the vibrating machine drive  The following scientific
results were obtained: experimentally determined the optimal, to obtain maximum
performance the ratio of design parameters of the vibrating machine and rational
modes of operation of its drive module for cleaning contaminants: oscillation
frequencyf from 16 to 18 Hz; amplitude of oscillatiods= 2 mm at the ratio of the
diameter of the pusdion chamber to the diameter of the noZ2ld = 10, and for the
module for washing contaminant:= 2 mm; oscillation frequenclyfrom 13 to 14
Hz; oscillation amplitudeA = 2 mm at the ratio of the diameter of the pulsation
chamber to the diameter ¢fet nozzleD/d = 10. Experimental studies of the
process of cleaning the surfaces of parts by submerged pulsating jet of liquid witl
solid particles showed coincidence with theoretical predictions about the mechanisn

of removal of contamination, and expeental studies of the process of cleaning
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surfaces of parts by submerged pulsating jet of fluid with bubbles confirmed effects
of gasliquid mixture on pollution.

As a result of the study of model contamination cleaning productivity, it was
found that inceasing the angle of attack of a pulsating submerged jet with metal balls
from 90 to 125 leads to an increase in cleaning productivity (tangential stresses
between the ball and dirt Further increase in the angle leads to a slight increase |
processing mductivity (begins to reduce the impact of normal stresses between the
ball and the contamination). Experimental studies have shown that the use of :
diaphragm check valve, which connects the pulsation chamber with the cleaning batt
allows to increase thenaximum pressure of the immersed pulsating fluid jet by
reducing the volume of cavitation bubbles in the pulsation chamber when retracted in
her fluid. This, in turn, allows to increase the maximum pressure of the liquid jet
from the nozzle twice at fregacies from 16 to 18 Hz and increase the cleaning
performance of the vibrating machine.

The fifth section presents the general method of designing the modules of the
vibrating machine for cleaning and washing and substantiation of the design
parameters ats main components to determine the power of the drive.

The practical significance of the obtained results for mechanical engineering lies ir
the created methods of designing inexpensive vibrating machines for cleaning an
washing parts during repairs smallscale and single production.

The developed concept of construction of a vibrating machine for cleaning and
washing of parts from contaminants and the method of its engineering calculation:
will be useful to engineers and scientists working in firegd, will be able to
implement coseffective and reliable models of vibrating machines.

Key words.vibrating machine, design parameters, rational frequency modes of
drive operation, cleaning by flooded pulsating jet with solid particles, washing by
pulsating jet of liquid with cavitation bubbles, mathematical modeling, design.

Scientific works in which the main scientific results of the dissertation are
published:

Articles in foreign scientific periodicals:
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M dZzOHdzedr ftOCIsdydedr ftetsBdzjdg 8 cOdzlzL © &k
SO odL dzOydlsd dzwrd ' 7 oHBMSE tsdzOdzj dzdz™ .

l dmMts¢ s sy dz ¥ yd slstcd &30 dz’ o] L Zdz Is(
odh j dzOL 0o Odzdr ©Oolststc’ o, tsdzjosBdd fH dztlzj 5 fHls €
tesLEdzv"H OB Is! v ftesyjMmd " Headh j dedgw j dzj |
BOGCOIYOLddr Mistckzd3i dz ©# BJjL §°  Hodh j dzdzv

ltotseo " Hdzd d3d v S 6O’ dafy! @ digd] dz® f O Hzd d3d 1S te dp
.. ltsotsdtsystddy,. 171 . A d dg@sdeyo. MflSsd 1 s " €5
Z zdzw dzfm! § d o3, . ]. 1 ted § Iz dzts 3, t . w. ' C
Htsfdz' HY j eBddV » L[OX8EZOH j dzgs 5§ - desdztsc ' ydz t
ftesyjm' o suydh § dzdav ftse jton 5dz HjlsOdzj 2
Slstcd 3O dzts 2Af s He@sdz'9"dds ts5 € tesL tctsB dzj dzdz™ azd Lk
Isj rndesdzse ' ydetsets tsydmdesets IsO @Bl dese s tSBC

1 OoHWwEC(d dzj o j dzd € d o3 tctsL d@3' e O3 Bd 2 dzts
ftesHEZSCIsd o desyls HeMWGeO' Is! Mw sy dzde " Mis!
Jdzgj e 7. [ Oh d dzds o HUsdsts iz Ol QY OMmdz o d
M dzOHd L odMmMsSdd ok Mistsd 1 df L H 2f
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sj Bf jtcOlkte, hts &OBEIYOsIs! M¥ HE 80Aw.

By dzdodds sydh Olsd HjlkOd MS &OHddr ¥ sikd.
) ZOyded2 o dzj MBS E disL sdldasd ¢ IS j & g

HotsaWOL dd 3 diMmisiglzilzffmadza{ M j d3 Ise j teH dn Yo
f OtcOBj s’ 9 t5B &ZOH dzOdzdz? L tetsB o dzd * dztsL j d3ch

Desai D. , Hel Il and E. |, Occel 53. E., Ci ar

VL Ty @kolged °~ d2ZO0 HjIOdW s Bklsotste® 8 s
tclz 2 dzlz 9 O dzdz’ L On d Mmdzd n fsCtedsls’ o f smd dzs
tcOy j dadzv , w g Yomlsts ttsL oado O Is! fw i

1 OBtokzH dzj dadz? dBsy dzO o dHOdzW Isd d3j = Odf Sysdzd ¢
3 ydzd d3ds,j tedl3’ dgakiezd SO dgh d i3 B IstsH OB
fjtcijHERsacE WwWC' Mdese s tydh jdedz?" HJjlsOdzj 2
Wstcd3dd SO dBOIsjte' Odze H jIsOdz' , JSCtdztse ' ydzad c

l1tcOSIsdC O oadStstedmlsOdzedzy dBOL d dz CO'L zdzts d3C
LOBtolzHdzj dzdzv, N"ts oaddedC O8Iy E ftetsyjfm' o
fjtoJ HYoOmdzy L detshlzo Odzdz?" HjIsOdzj 2, odnma ' H
ftcOYjLHOIdsMIs' * e’ teh jdadz?"  OtcOd3j Istc”
LB dz hjdadew ' toj Rz B Oy 2 dzdr o lstcOls.

1 OBtolzH Uy glzdzV Iso j toH ‘ " HG® fdz' 9 Cd,
CstetsL " 7, OBt L OndMmds fsCtcdlslsw, hts f t
blso tstgs ¢ st fyw 2@ ded® E ftetsyjm’ o dctsist
LBjtejyJjdeder 2° jJCMmOz@OPly L OBtkzHdz] dz@ od
sjrdesdzse' ' odtesBdzdylsa® odttsB' 8, ' 9 dzj
LBJtedddedzr ° Is. (.

bolststcd [54] odHd LOBtlzHdzj dz@ twtsLBdoO O

1. 1 d Btec Odz' ydz L OB tolzH dzj dadzV ,{ s adfzjj t& Ao
L OB tolzH dzj dzdzv , MmMdzOB € 5 LOOWL Odzg L ftsoJ
B lsOdzj o s 5 dzj B3 sOdzj e sets R~ OLOCIsj tclz,
3 » Odz" ydzs h Otey s Odz 9 o jtemndzt (L J todaC
winksed) ; L OB tcisiizizdegd® , § WeCjjten dzs (Msdz t5¢
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sftcOy® o Odegdz? o Mtsdz! sodr 9o Odzdzed B dzOQI£] gt
fso jtendsjs OBt WCj o jtH' s L tesL § &zOo
ftedcOte, CjtwOds yde eB&OLSH ' Mdv M COc

2 . 1 OBtolzH dfjsi@dvd Islsw  tstce Odg' Yydesets n Ots
LoaowL COR, B - Odz" Yydets ftsodwL Odz L o,
fsojtendaj (fdazs§0O, GhkwSd *° fMbikyCO
olzg' dzdzv, Cw&GCf)); L OBtelH dzjrdsdzf Astetd de ( ozif & 5
RO M dzw dz’ fdz' 9Cd 26 Oy ls,d dzpts dz' "talZ atO dz'fd@ M ls
L OB tolzH dzj dzdzv , B ydets L yJ f dzj dzg' L o jtond
LOKBOLSd ' Ccjttikilsdsd) .

3. 10BtkzHAz] dgdlzv ' Hd&z' 9Cd, "' d&3 ydafF ¢t
sCdmd o, bk bkl ydmd ftdesHd <dHdd
Csd stesodn (ftedesHd fd 9¢d, ©¢dMmdd
bsostedddmy ftd ISjtedk ydz' 2 GeBtesBY' OBSG
(fdz 9Cd o 5@ uitizte BfRZY Bjdls OdzOR, fdz' 8¢ d Odets

Csdz? stesodnrn dBBj sOdzZOR) ; Msdz = Msdzj fsH" B
Ctsdz’ stesodnrn diBj sOdzOR mMzdz W Hd dzO ytstedzo
Yytstedzdr ¢ Rtetsd@3Olsd dz20 Ctsdz stesoadnrn di3j s OdzOr
] ftcOCIsdy"' Lo dyo? dzts B3O Is M cOo Lz
o' Ldetsd3Odz sdeds odH" " ©, Mt oadL dzOyo' Is! Mmw
HjlsOdzj 2 OBts odtetsB ' 9, L BJted ) J dedgw a3 l

fsfjtejrnds » tfjttOy' 2, L OOtkOC dzdzs Iz i35t > dzC

1) " mMdzw d3j - Odz' Yydes’ BBtesBSCd to' L Odada®
Mstelzy Cd, ojtmsOlsd j&zd ' IO dBOMIsd dz
ftodlsdtcOdzdz? SO HotsHSCd ( OBsEOL ddg@dg &0, § d
d BBzdz' ", @epd Y

2) ' Mdzv B 2 Odg Yydes' AtsdZsHdsS kO 60
CzoOdedlz?, HtesC Olskzo Odedz ( BOMA&ZO, BwOMIsd dzC
¢ Odzd dzO) ;
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3) f' mMdzw dzdlslw IO IkjtoddssBtesBSCd (5
dzOc Ote) ;

4) f° mdzw L 9O daGq dzdas ¢ d( frid&d , L ® Otcs 9 Oz
sBBRBOLE IsO Wdzs iy o) ;

5) "  fqdzv §02¢d (s¢dMmdzd, L Odzdh €d W dzs

6)  Mdzw wsBtcsBSCd SO W OttBlzo Odzdz? ( dzOC

7) " mMdzvw MC EZOH Oz dzgdr S jteOy" 2 ( B3OM
tczC O Is. f.) ;

8) f "  Mdzv ofthteserdzOdzds MS dZzOH Odz Is O
d BBzdzr " ", By ROdz ydzg' yYyoOmkssd IsO t' L dzsdOcC

9) " MmMdzv LBjt cOdede” SO bLtcOdemf stclslzo C
o bdkz Adfpdd @zOSCJ 3G qiddce Ysdzij FOBGED
sl yddedz M kO fesHESKkd Sttt ', s

10) §° fdzv o Yi§jedstsdeledaty $ MY zk Ol Oy" ~  ( d
B - Ode' ydz' yombse¢d, ftosHkzSIsd Sl " ") .

lds' .6 M tsmtse "' o suydh j dzdaw L dzOy dzts © d
L OBtolkzH dzgjlale” cz€OY" ° HjlOdzj 2 3 My o'
[Mdzso dzgd dz W OCIststetsds 2 o dBtstc MY sz s
HY Jtojdz ftsntsHY Jdzdz" L OBtelzHdzj d22 HJIlsOdzj 2 |
ydmlsed ° &d29<d, 5B dzOH &z@ czdz'ine " W YH Stcj @d
o' L dzgsdzOdz' Islsw [ 12, 14]. v o tsdzd d3O¢b Is!
CtsdeCtoj sdetse s M smMsBlz  d&3d2 ¢ d sBlzdi3se dz8s ‘ I
o zOMlsdotsMmMilsj?2 LOBtwlkzHdzjdz, ©' H oaddtse, ht
sO Isdfk 9 @ fcts BQzd slO ¢ 5 L FtcOR o Odzda™ o3
oS tstedmMisOdzedz? 5B dzOH dz0O dzdz™ .

ledzs ftesojHjdzs OdzOdz' L d3j IstsH " o syd
O dzj y dztsfls ' BOMddz IsO 5B dzOH dz0O dzdz” His
s dzdo sMmisj?2 Isjndsdzse’ 2 fLo@B wiLhdd2] da' d, dzd" ¢
R O MdzOBts L9OVWLOd L fYwsejterndzjt® ISO M
C zOMdW¥ ' COYy' v ftojHmksOo dzj &z0 dz®@ tedfy. 1. 1.
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[fudMmMsCO O ®BJ2¢C¢0O (o jten dz HJlsOdzj 2
OGtej GOIs' 9 v ' MmdMmisg Ezr wikzC kz{ d' M d3' MCEEGH
By ~Odz' ydzd s G etsyi m' o, dJWJdSCIsdodz Mmls: w ¢ d
mMjtejHsoadh O, ttsLd etk 2 o dzOMdoetsmisj 2 YOf
B2 ¢d, CodzmistczCIsdo dzgd » tsMtsB dzd oG M®G R j GHG
mMdmilsj 3. ldn mMskzy * dz L OB tclzH dzj dzdzV , h
LOdzj ydls: o hdtsodssdzdz o' H M sz did2 Cc

1 dZ2Oydzsegts fsh e dedgv dzOBlzdzd IsOC* -Mi s
3t yded 2, jdzj Clstetsm 2B sdeded3’ ylaly? s 1 O Mg t2CRA
"¢ Odd, f dzj o BsOBtcOL d o dzd d&3d Is © G|
o' BtotsOBtcORMpd]dzd?2 [ 16

AL ERCER yded?2 MY s B tydh GadzitdzdH)1 ] 4§ gd
Is 5 3lz hts LOBtkzHdzj dzdzv L (59 ] tcn SdztsH ded A
tesLyddz' © to' Ldzedr fHtoj f OtcOIs" &9 OB M jy' C
Fdsseo O (6 ¥ Jdd&3Or) . [ Mdetso dz' -~ dgts aydzs 6 § My 15§
otsHdzd B3 teL yddzOdid: odmMsCO Isj B jtcOIskztcO
95Au, o' Btelzy YdRd3j s s §Stc dO BLZOMYsHs sz s d M S L
o zOMmilsd o sMmis" . AJ?2 My sm' B d&zOB Iz 9 dzO2h (1
f' " Hftcd ® dBMise OR .

(dzj SIstetsn ' o' ydaj wtydh jdzdz" o' HBEZz9O O' Is! fi
ftcd ftoMmis' 2desdzsz OBt L A3 dedzs Bz Miske &z 2zdzd 2
Mtekzdz. 1 tsyjm fosesHwWIs: §tod ?§idisdddzs f
sydh z® s'wgw L B' dz/ M jdadgw d3 G kzMmisdded Mmistelzd3kz
LicsMisO" . [ JIstsH Jdzi Slstetsn ' 3 yYydetse ts syd”
f " HeslsBBoa YY" HJ IsOdzj 23JHEszdc-0 dz! ed@k' sy dedtieB, 5 offdt

Ldz' IstcOL o kzC s d?2 My s B sydh § dzdav fts
odfftetsd3” dzt 9 Oyo Zdz? stcOL o zC Iz YJ ted L, td "t ¢
sydh ' bstpd o Odzdzw Yyomlkssilstss o' H 20 H S
ftedmMC ste dedzy ° MmptedeYdidetsidilz! M sy siliso dh * W
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tcsLtcdoOdzdz wWCdrn E &3 CttssBO' B3OR o ddzd € O
tolz2 dzzs st e kcedzjyjoeo' 9 HE dzyH.j @zdztiz0 fif) tzts dzW G |
30 HB 40 f. uvd sOLobkCtsod?2 fMifsm sBydh Qf
Hitc' Bdedmr HjIlsOdzj 2 MC ZOHdds® CwdaW '  ckztcOyY"' ~’
Jdzj SIstestsB dzOH dzOdzdz? * Is. . ) .

vJ tedy ydzd 2 mMf sm' B LOMstsMtso 28 Is! H dzw
Mls' 2¢dr eokcedzjyjoeodr o HSC &zOH j dz@ ( dz0%c Olslz.
Isjteds" ydzz " y, dzOctc' 908 Ils! HEt Isj B j Ozt
) geEarx s’ &3 o dzt dgs BrRtsdzsHY k28 Is! tcOL &
odwedzj dets € tstetsB dzj dzdav , sts dzOc Otc Bsy dzO
f tsdzlz d356 W ds.

[ d~0dg ydzd?2 My sHygh § tdedeWw cPtse jtendz® HJ IS
h  IsCOd3d bshs OB MiBEIHOHd dtgo Qudas B dzv € 53,
"deh 3 BOIsj o OdzO 3], w g f sHOs Is! Mw  tcO
tesL yddzsds [ 5617 .

I o' Hsd3 Mfsmssd sudh j dzdzv tef 9Q ddgd?
Ctokifddi -~ Odz' ydzam , W YdzdS¢ts M sdzkyj dz' ( syd md
mMse " & 3y QY zkz OCIsdodz Mmls- sydmdzed s L Of
L OB tolzH dzj dzdzv , h 5 odqHOdY ‘ st mw L f tso j tc
[ 2,12,13,19] Mo asPhOdds ydasetsyp f dzdolz t©° HJc
L BBhdtseoddr Lkd&te, hs odL d2Oyosils: jJWJjcSlsd
yd dzdzd 4 ¢ deste 3O dz! dz2' @ dzOf tebkzy j dzdzy f sSlssC Iz
mMddzd Isjtelsw tsydmdesets OBt d@Bd2desets Mjtej HE

12 MOGOEERsdS O o dkOMisdotfmisj?2 L OBGEH

sjndsdtse ydzdn ' Hddz Hdzw sydh j dzdgw ' B( 3
1 tod totSLtetsB Y lsjRndetsdztse ' ydedm ftetsyj
o ZOMIsdo sMls' L OBWEHAjde : 8 W' Ldyudd?2

o' Hddzdzd = SO Isgzgktizgatt Ol Z pteH f &zOp OB tolz H dzj dz' )
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ftso jterndzj®¥ odtetsBlkz (ftsdwtcdd?2 OBt dzj f sdz
LOBtelzHdzj dz2# , "5 BOBI! i Myj Htd tesBSlS'
HodGlkdzOr o dzzlste’ N dz' BE BB L G t5tc O deckO,dzdd tc ds Oc
ftedmizlsdzg Mis! Iseo jtcHdr SO BOWESdR yYyofmlstse,
slsotsted; OgfetBslRiE 9« CtotsL ' ' ° ¢ dMmdzj dzc

1 028" dz@ h yomksts LEkmkste™ yos Is* mMw HAzW B
L OBtolzH dzj dzdzv Otk mBdzp 2tzZO WO HBOMdzY dz' 2 M
dzj stec Odz' ydz LOBtolzHdzj dzdzv Isdtf 2z d3j -~ Odz" yd
sCdmdzd, BEdMmds Hdz e¢d [15, 20].

[ O dzwv dz' L OB tolz H dzj dzdzV , 9 btz ydmnd
St OdzmW Ste BOIsstedzj figadf dztztizh Is © 3By @® ) Wztzip 5 @
d Bzdzr ' w yoOfmlsts L o Cdzs yidzdew dizd o o &z H'
~n OtcOC Is j tcdz H dzw HJjlsOdzj 2 sO odtise ' 9,
sf jteOYy Wd&3 MSE izOH Odzdz™ , tetsL € dzOH O dzdzVdzV IslABs
ydosa®dPB tezHdzj dr ftod odCtstedfmls Odzdz dzlz 3 dzg
jJBzdz! clzo Odzdzy SO B3 dz® 9 Odzdz? L OB telz H dzj dz’
Iso Otcd dzdets e ts  ff sSh tSH Y j dadav ) O ftod LIOMB tsfr
CORkdss ttsL ydds dzdz" .

1 OBtoclzH dzj ddelgvH ' &0 hazf & o Odz' dzd = , f sdz' tclzo
f OMmls wWodzwe Is! L dzOydes btekzHdetsh ' f tePL g 9da.
B Ctosf stesttfYtwo ¥l Lodvwhkzte®L d 9 dz f stotsh
o' Hdegsfmwils: mw ¢df Odzt o3 dz' © , tsC d f§ ts i iz dzHzt
C OteB ' H BstcO das bk dgf to)sdz' ~.tc gsitgo vy Hassmisl o 6 W I
odStstcdmissolzes Is! Mw dzj  detso © S dMmdzsls O, Iso (
3O M dzO .

[dzj desoe O CdMmdzslsO tetsL yddgv ' Is! fipyw ) ‘
BJdeL ddetse ' IsO HjWkf+- el wdBdedstc@O.dz' [ dzi = &
oL yddzgv s s mw, © o dEydtsdkik mMjttjHBoedh
hts tesL yddav s s mw o otsH', I[SOC Lo OdzsG 5t
sBd3ddzt s Is! Mw o dkzydsdkz mMjtcjHBegh Yddzw &zls«
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9 oBH' (cGd yjtedds, Bdds), O & dzj eOdz
oLO ®BsH'¥ls! ' k eotH' daj (5L yEd &G fr
sl ygdzv s ST dgietc jols Oz, c¢Of' , BjdeL qozse ' |

tetsL yd dzdzed ¢ On .

1 iBledOdz ydz' OB topdifghgsigdzvls & § iz &ij 2 O
f s jton dzj ¢ . lsdzd LOHtS9 " dz' des o dHOdzw 8 Is! f
sydh jdedg" o LoadyO2dz 2, HdMbgtHseo Odz' 2 ot

) tesHECIsd Sttt *, BSdMdd kO ¢ dMHd
B3 ydasé v L Odzd - L OBtkzHdzj d22 . wr fwoO odCd
ftesyd MOB] .

1 ZO Y j dzdzv  E D0 sijstzly dzj dz¥ L s oty edh g b s
odt' h Odz' dgd 3 W OCIststetsds ftod odBEStE OB s
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14 1 0 HBEGBLBACQ dzO B OtcBH,ls O Hz0M dgle dnlls'] d3©dzw
OBtcOLdJodzcets fotesh Clk o ofsH LO HBY shiE
ftso jton da tc s BIB 13 © dzG £ @3 @Gdp 8 dzlp I§ tis '~ dalz
ZORddzsdz odzdL s ©" Hdzsh jdzgdzg®r HBs EBtedL 5dz
iNd Sy’ 2dz fmils tc A& dgj'odz! SO findste O HildctOsdz b dzdrdforO
A B te n 2tz sdodfdadfeIBl * 6 H dzOdz" L i3OG ' Mmls tc @ btlzdze
osH B oo WHIYds diZs e s oA f BH ‘daf'ydia] RO yidfmlis d d
tcSL o OdzsOy o Odzr dzgd?2 Blse ' to6, s (2 6Pl to©d dcd
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YOfmilsddz 109 @i fasds o © dzO 5, ¢ totc dMsCo ' 2dz0’ L O9 Qzls O
slso Btz L dzdo 2 dzOH dzd h € &0 ofr) BEPYE j} dzO f)'ls JLdzOC Az
Yyoh ' ttsetsl’ (¢ oid3jucafn tseBtsBSCd, §Jjtcjbtcodo
L d3j Ists LOf 8B ¢ Odzdzy f SIstcOf dzw dzdzv b IS O
[fEMC Odzdz8 ' o ff BIOEG d3 to s AGSHg@s * § $\QQlg Stdd )
sBtEtgs L H' 2 MieeRtzls o s yd & dzHltcjstddl stcts o O dzf 2
o dcetslstso dzj dats L Bsy dzd o * Miss 2sets " He jH
C Oy WY * fydzw L O¢ " dzyd dadzv sBtotsB ¢ (. J it
fls tc 2 d3odfdadcIBl so O Is+ v  Mmisd Mdzj dafley ff deelz Ists Y Ic
-9 BH 0. 1 O HWY C ds todz@R< dimiAD @[ LD nj HBL o dzv
LH" 2fdz 9 Olsd o9 do Odals Oy j dadz? H j715 O dfjtcds dzaf @ P s
[ sy dzde ' Mmlis! i mb kR iz BOEs *° o 9 SH HtSL
"  Histcd d3szo Olsd f tsfjidZ iPfdgdoaL 8 & ° e dmBO@EWVHs d o
® HantsHd ®BttsB ¢ d.

bolststctsds 6 B8, BiAtstej Isd ydats o MlsOdzts o dzj dz
LOo Odzls Oy j dedz? BOIsjtc' Oz SO 9 j dzd yd dzz {f tot

i BLedzw dzzls ' s @ipsBC Yy tod L dzOyg @z' H H dz® dz
w et L O Odzls Oy z8 Is+ Mmw dz0o Odzsd3 o ZMils Odzts o
ZOydzdm tesL d3' t6° @ dzgj sy dzde O.

-

15 0 dzOcz' L Ghdse ikt ' kO §wOSIdCd
HjlsOdzj2 O sbkLd o COLGE Hdded 3 L Ozt j C

[ d2¢0 (o jtendy i, Odzjdpzdsis ' MdglsDdz § 5t
OctejcOls' & * Mmdmisjd weodv'  mMs&Htus WddEl
BjROds yded: fwsyjfm' o, JjWjClkdeads Mls! wed
MitjHsodh O, L& Bk 2 odOmlsdeoshisj?2 yYoOf
B2 Cds,&zhmistclzSIsdo dzd 7 R ddosmisj2 HJjlsOdj
L OBtokzHdzj dzdzv, hts L Oddh qdsmy §' fdv d&d2c
mMfsmMselkz Bd2¢d ° Idfk & ysets MjtejHBsodh
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IS dzr € L OBtolzHdzj dzdlz? s j ton dz'  3j s Oz
fMkds' W lsejteHd: Hie' Bddh yYOfMmlsss, f totsH L
fsd BjtedL 56 QRdEE] SO @] L GO, | ddstse s 8 o
o BOGO' dzjte' HCtS L dgOydegdm Lbefmdd * eofd
fsdzj eh jdzdz?" o dHOdzj dzdz? Is & JstoH fZD - @M lsts Gyw i
LOcslssa 8¢ HjlkOdzj2 Ek f6d &BjtdL se Od
9 ' HBsYlkzo Odadz™  to' HddzOr "L odMmsCtss 17" ¢
BI2Sk dzjsBR' Hdzs tsedlsd dzgj L OB Otetsds ' fiycz

tdxddz o&d2 Codts’ d3jtfistedgite n dz’ H{ IsOdz sl
(sflsdBOd &z kjrdsdse' v¥) odL dzOyoOs s ,
OLO ;3BH" ' BE ys' W' Hddd L YyoOmlsCcOdd L Ot
Sy jted di3j dels Oz dzgd 7 Hisfdz Hyj dz . v Oy S
9 dHOdzj dgdz?¥ L OB tclzH dzj dz fslstsCtsd3 dids yts’ tc
L dzOyj dzdz” 7 ' WE' WdEE W OC kst o, sBE®Bso dzj d
MjtejHsoadh ©. 1 O0cOBE4I Hshdowdd A o sfpDy Ols
Bj nOdz ydesets ofdzdolz to' HJded ® dets OaztET H dz,
oL ZOYOs k! jWjSlsdods Mis: &I2¢(.

) tetsyjfm &RJ2Sd Yo jtendd BjlsOdkkz §slsts
ZzOMmskzf dz Lo' wLOd d&' ¥ MmMtseBsE J dzj d3d dzls Ots
ftso jton dz' , hts tsydh O’ Is! Mw, L o' o dzshdd ,z o
sStcOdzmf stclslzo Odzdz? L OB ez H dzj dz His W' dz' Isteklz
hts o' H' o Odzdmw o' H o jton da f so d dzdz [
tc' Hd dzd fsoddzj dz BOIsd dzj 5B R ' Hdakz L HOIs

stcOdzmf tstcls z o O dzdz™ . 1" H toj m®Odsdd G)lst h &' HCH
oL zZd3' 6 Is S L HOIsdz" Mis Elsted sz o Olsd &
tctsL &3 o' 9. ) Isj ste’ ° G' Heslstc Oz stelslz o

-

Odzj 3 dIs o' H Mzl lkkted MjtcjHBsodh O, h
Lic' o desgf Oz OROYO' Is! Mmw ftiocdtotsH 58 2 CBd
o0k Is! Mw., 1 HOIsdz' Mls HdMY J ehdetse ts .
nOteOCIsjtedL " Is! Mw dzO2B " dz* "dd3 ( StedIsd ydzd c

-
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hts sy kzls+ Mls" 2¢ts klstcd diiglzo Olsd mw iy lO@EE d3
HOdzd2 YO L OcOdz dztso d L dzOdats, hts Mmls' 2¢d:
LOOY jdesdBz MisOdz dwsydzdeod?2 Is" d €$d o bkiztcE

it BLedzwde] 3t ftetsyd mMd o Hicdoelkz, L t' odztso
L OB tolzH dzj dz fslssCtsdy to' HIffAJOdE iy LsQolstH dztst
1l jdvdg dgdds V. [ ., 1 Odddasedd 1. [. [20].

10 yomkssekz, Mt dzjydl! dzO w0 jternds ,
(tedfm. 1,6) [20]: MG aEz@c@H QPimisS d @M lss ¢
f* Hdz' BOdzZ2 Wg® Y lRg zBIlsOo dzv* MtsBts® o jtolsd S Od
9jClsstcO G' HicsH JdzO 3" ydets™ H '~ Wy Hdzd ‘dz
e zOH o 58 Codzso detsets 9 j Clsste©® ydfust€ tizy d
LB ' GO' Is! fiqw L dzOftev BEBdE o) CItstcO® hoadHC

YyomlstsS L OBtkzHdzj dz2, N s f' Hdzv G Os Is!
Hts 100 ¢S ds, sts HtsMdls! o jdd¢j '~ ~d yd
 Istsoh ddz'tcH sdzdzsftsd @ ©tc lz " Hddzd, N
tc' Hddzd, L Oc Odz! ks Odzd 2 z ftso j ton o
1 tod € tstoH ts dadad 2 h Ote fjtojh CBHY O

M Hd B " OtcORd das' H d dads z RO s Tdzls jsdf dz
fedddf s yOmbsss L fsojtr d .

% Fadz

idm.ief.j@BO H' Mddz 2O yomlsSkz L OBEKE
fsojtrndsd , "' H HWITHdEBIssCk tiohmiflEZ]: yOMmlis
WyTtf * Hdz' 3O dGidse didf &R d dz0 OHejL "~ YOMmis




55
[JHdtydzd0 yOMmlsddt o, Mt djyxdls: dO ftso
L OGOz des’™ BOMJ yd L0 atosded zdz' fAs Is's'C 2y @3g
mMddzsed?2 of dzd o, ftoeduyuddest wWECew,.l " HNJdUZO
mMdzdw, yomisC O LtekzhEkz' Iss Mw hMsuts f so ] WwnH (
LOdz ydetsils® o " H Wteddd yomksecd L BkhE’
B' dz hj WBted3dO yomls¢d OBy k'’ Is: Mw HEB ¢
Ctoyd dedzw 5. 1 dzsm € " ff Ro jHidssods © OBQAE ISCCfdzt f tso |
CBoL OdaedzV 3.
J ud 9 dH dats, 9 Htcd o yomisddz¢d o' H f so
G' HeHddzOd3' ydese s off dzdoz to' Hdded dzO yOMml
Isj telsw yOMmlsCd BB o jterndzt, [ 20] . dzAMIsz.dBEe

w,>f(G-W,+F,), (1.1)

Hjfi SsjW' y' ' dals sjtelsw yOfmisSd B o]t

Il jddyddzd mddd Isjtkw yOmisSd B {59 jtc
fseojtrndsj ¥, BBEZM@se dzj defls’ Mmif dztlztsey, Ca®gd ' YOML
sz OGS d dzjecSCts odL dzOydlisd, wehts
Uo jtoH" Yyomlse¢d L @3 s d&3j dz" 100 3¢ d3,
fse jton dz' |, L HOIs dzg' mMddz: des L y' ff dz¢ 8 Olsd mw
yomis<d. v OC " yomks<d, LHOIsdz MoltsOC sy s@E
3O i dzv dz' ted ytsoe d dzd , hts LB  d hEz° mMdadziz L

sydhkz' Is+ mpw .,

g d dizO OHGj L "~ odL dzOy0oO* Is+ mw ftcd tc
B Y dBsdz] Cdwtcdzeddzd 2 Jjdzj Slstedyded dzdd oL O° dt
A" ddi3d ftedud dzOdEiis mY 2O ORIEQL T LT uL d3j dgh j§
O kOCBY bkdOMmdz HiS Lotsdztsy j dede? CtsdelsOCIskz
hts EZlsted 3z’ z oetsH' MEdzwdyd GCkdzz € € tsdzts
Wistedzgz dzts [ 701 :
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Fo,~kth | (1.2)
Hik T Jaf edydzed?2 CStjW' y' ‘dals, hts L Odzj:
1/ &BE d3;
& TH Oi3jste Skd Cd, &S x&.

[ dzv Hte' Bdedr yYOfmlstsS L OBtelzH dzj dz fnd dz@
fdtejodhlzoOlsd MmfdzzycbddEdf, ' tsf)dats elsdass M dzts ®
2O ftsojtonds , s sydh o' s mw,

Il " Hiedoakz yOmisSd MmYftcdw, "t " 1 dsdedf© @ dz c
dzj Md d3j stced ydese s tsBls* € Odzdz™ yomlsed L tc
sBls' COdmtz HdstdmSf * H YOMIsC s df e@fo ddj . 1&¢
Hs W stdk.dzdr € so[fR Rscfsd 20 yYtdso et f
W s te d3d :

w,= 0,200k rU?, (1.3)

HidyiH' Odjlste yoOmissd, ds;
rih dz dzg' s’ " Hdded, ScG/ &3
UihoedHSC Mis! ftslstsCk WfHddd "sHs yYOfls

1 Odzj 3 dz Ml (1.3) MitOo jHddoO HAEY do
10510 , Ctsdzd S W' y' ‘ dzls fp¢ stz QW jdtc d Yoz
(1. 3) odHds IsOC sy, hts Hdzw o  Htedelz YO
" Hddzd. (CcS¢h B8 YOdg®§ dts dFOdADIs YO ‘dzj* L L OG6 OcC
2O o jtend® YOMssS, MJkO yYsdsstscts i
o' Hdded o fjtehtsdsk Mk jdz ; we¢hts y Yo
ftedC stcHisdzdztse s " Otelz  to' H d dzed, ss fMdd® y
fteslf stey "’ 2 dzts’ CoOHtOIsk hoadHCBMIS fslsts
fted?2 3O’ s+ fyw 9 J dzd yd dzO s Sy j elz®° teh o deh € 5
B HgEgt §jtejlsddz yOmlsSd.
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sjtejHdy hoduC' Mis! fslstsC Iz, weO dzj s5B-
L d3j dzh j dzdivedgs 'tetslp' 3’ telz. A J fswidzs “ Ist MW  Isc
yomsed, s L d&2ORBHWIS: Mw 9o Istsoah ' HtoedC Stot
BOdZ", IsOCtsYy HEXYJ] dzgjL dzOydzed?.

) 1 2B G " odgC 5 r[.760l.] v jdE@izjf " HMIsOo° sSB
HOdzd » BHJ t6)O dzf d3tdzOuindsgdilrlz L Odzj 4 dz' Mmls h ot
® Hfso " HO' o' Htcdoak YyOMS, o " H '~ ~dz tSGt

Ug=0¢f. (1.4)

] 20y dedz” C@® petd ydzOWgBY v v j C MY j tod BJ dz
lted hodHCtsMmIs® fjuehd Bhie® g6 Is' M, 330
YyomlstsS * MmMloatstes 8Is! MW ¢ HistsHd dz20Od3' ydz' [zc
LO ©ORkdtsS dzgjMddsjlstedyudesets Bl § Odzdz”
9" Htecdolz ftslstsClkz, kE wCdrn oddadSOsls! IskteBL
t sLedzv dzi 3s B BB dzis ndelzd, wCd2 dzO

f o jton dz¥ . [ LOBtokzHAzj dzdzv d3 1sO ftso | tor
LYd fdzj dedgwv, wC' FElsteddilzs Is! L[2DB t& fk dzdzj dzde®
LYj fdzj dedg? L Odzjydls: ©'H MECAZOHE SO dedBtcO!
L OB tolz H dzj dzdzv NS dzOH O' s MW 7 Ld3" dfizls Odz' nY'déts
MjtcjHBsodN O dzO@ L OBtlzH dzj dedz? (tetsL yd dzj dzdzv )
1 sls' € syd fmdats”’ te* HJdzd ftcd oL O digGsH
tesLfdzsEhkz s v SO tesL s €O s Mw o Mlstetsc
Yy sdgh fsojternds® L BtsCkZ fltsClkz H' ¥ls!  fiy
sdmMSE t" Hdded), hts Mo stes 8 Is! datstcd3ZOdz! ded =

H' ' fslsSk o Hdded, wCd2 tsLls' CO' k! Mw
RO telzy § dzdgw s telsw .
o d ZO dztstc AR EdsEE Blsd H' © O o j ton dg

W stk dzsy dizl T B ik

P:%SUZSinb , (1.5)
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Hi giclimlsddzQ 6 eH dizd
giftedmMC tstej dedg? o, dAsbAge s f OH ' dadg”
STzt f jtoj to',La { slstsC Iz
UihodHS thdsB S B, dz¥B/dEP M OH S O
biSkl dzORddzz § dzsh dded o j o, h SsHd HI

[ ' 2Mmdzj PO wWfdedEY Hdzts HjMPts d3gjdah j L O tok

p= (o,92..o,9e)%su2 sinb (1.6)

Vo bbktceldzj dals dats Bzt b B bkd Ot oy tod baixd
nOolkdyds fjtej B hkoOdadzw t' Hdded. uvlktsskd
te'" Hddzd HB o j ten dz Iso j H B desYs]' dfOts d Lhetds
fswod MjttjHd SEts sksClk ' ®Bfikzd Mk HE
fslssClzdz gl HE Iso jtoHts' o jtndd L dzOYO
ftso jterndzgj otsets Isjtolsw. 1 Jtjdzgj MJ dedavw ° B 2z d
skteBlzdzj delsdetss o06wWLC' My [74].

] LOCOd desdBBz odyOHSE MmjtejHd dzgd?2 s
Bsdj Sbdvtcdzz D' WiktEs thdj des dats Bz f 5o dzgj Mk o3
Isjtelsw dz0 o jternde odL dZ2OYyO' Is! Mw L O Wistec

t=(m+A)— (1.7)

Hj minddzOds yded?2 SjW' y' “dzs o' wi sl
AT SEjW Yy dals  f tesy mtafp O des fiffer , H dho
CjW' y' ' destsds skteBbdzj desdesc s 5B 05 daiz ;
C;—;'I'GtGOH"dZIS hodHC il .
[ dzw Ho SW OL dzd = fmMjtejHsodh (o' HJ dz
fzndtey’ o) hdiesS] tsLisems Hyj dd' GO
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Csd W' y' ' dzZls0 dzj mMzyts’™ d&Ooudid?2 1 WO oyl dalfl®
odtcOy O Ist Mw yjtejL o Hftse Hdg CtjW' y' ' c
miHdv ydmilsts™ dzgi Mezys™ ¥ OL d;
miHdY cOLtftsH Bddms HEBHR htsC "L MW j

J]OLBse" Hfkadtey' , s odddSOsils: ftod
¢ tsMmistcd d&zd CacORHL' O BJRO s> L &3 e o H O,
990008 Iss fqw [76, 77] clsojtcHdddde HBR "GO
fzrdtecy' @9 fjtjodhiz® sdm¢ o ' Hddz . Ut
dzj Myt WOLd fted2d3j o dcdzvH

« & 5 §
m =n8+2a
Beoac, (1.8)

HJ altB' ' i3dzO® HB&W HBAR h ¢.

USH' Hislsdyds dzOf tolzy j dedz? s jtelsw tsfpj
Bzulkls: tc' o dz :

é o ~
! —e”%J“EaO*Au—y . (1.9)

] OL ste' Hd dzgdz®@ MEd3" h, wWCO Ekls8tOts ' s Gpw
dzOW o dztsmIs cOLtsoadr fEAadtty &8 d&BOddJr tiL C
f" " Hh Otg) , wed?2 " fmdzkz dZzO L OBtwlzHdzj dz@ 2
MO®Bdds LB" dz Mlz¥ yd ° dzlsj dzipd o dz' Mls f4tw]oc
L OB tolzH dzj dadzv , hts HEtsL o sdev’ oLdBH Gizjhdddis'd L' @
Iso j toH 5 ftso jtcnm dz dZzO Isdr Y4 toj ) dBOA
Jdzj ceso dlstcOls.

1 dlsOdedzs o9 doyj dedegvw Mddz Isjtelsw GOL Ste’ H
tctsB ' Is. 5 YydmdzO dz0@2 B " dz2 W HESC &ZOHdzd R H S
tcsBdisis] 81, 82 H,JdeH | toff tfazi IsOIs i3’ dgis®zO d2' ditsas fsH
tc' Hdded 2 cOL Iz, O IOSByY ' dzlsy dzmd o dztsmls”
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tesC" 9 ' H Cjt' odzedylsotsds sklsOlsj &zOHL § .
"de. fetseoHWISY MW twisdzls ) j dzdeY Isi® s Bis dzfs dzls
CGOL Bt Hgdzdedr fslIssC" 9 [ 83] .

Il dh j dzOoe j Hj dz tej L zdz sOIsd Hisfdz' H Y J d&
HiSL @ sSdzW 8 Is ! csoatstecdlsd ftots odC stcdMmls Odadaw
fesBdoSd L cOLBod&Rd tetfilzds'dtsysy d3lf dagpotitchy ok .
l S stedMisOdzgdz" G OLtstc' HJdedetsets Y slstsClz HBL
LB " dz' h jdadg" N odHCBMIs' 2 dOftstekz ' HJdd,
ftesyjmMkz Bd2¢d Htced oadStstcdmlsOdzde ydmlsts’

gff smMtsBd tsHj toy Odmz"H d tlpd-id IsHjtidgz@ Oz Is j - dzt
ftesyj MOR 9o HEA' L BOGOI! 31 - tztgls J 620 B Iz tisg
hdtesCts oditstcdMmlssolz’ Is Mmw ftesyjfm BOtBI

tjOCYy 2. lted twjOdk LOYy' ° bOCet Mftsht
Mmfjy Odz d wWOmPdld' fjtjd k' ~ . uO!
L dzOy dzts ® 9 JlstcOIstss GOL tso ts5° WoLd. l totsy g

LOMlsske Odzdz? 2 bk sy MOS §sddo Odedzw ¢
Il dSstedmlsOdzdzy §kdz ks ydr Mistekdj dz' o
sydh j deddydz vp dzjOlzo Oy dlsd, hMts L dzOydzO yOfmilsd
tesL " 8 Is: Mw BjL odCtdzOdzdzy Cttod Mdes’ toiSE
[Hdzd 3 'L OSHdE Mismse' o * Mmfsh'is,
fsmiskzf Odz' dzd 2 tn to' Hdded UjtjL dzOMOH
zOmo4drs 86] . Aj2 Mmishm’ B chidd izt fipc tic
M smMtsBlz ydh j dadav wed?2 LH"2fde " st fpw
' Hdded. ltd y' sk odSsdfmlssok’ Isi fiqgw |
LB dzt " jdgdg? hodHSC M  totsisls fWOdigsizy  jodz jH tef @iz
' Hdded fted (k' COBRBONQPHBEL & fyjod?2 t
1 O¢ dzOH O dzdzv ¢ tsdzd 9 Odg O ' Hddz o
Bj BB O, LO Hofsdksces® o' BLOyY' 2dsds
fsstsCk to' Hddd &O o dnBHOHCLE, S Gulgjesdz df &z &
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hts ftedmEtster * Htetsyjm tsydh jdedzw, o dzOfmdz’ H-
By "OtOdRd tktsClk t'Hdded, wWEeEO H' ' dO

10 fjodedr Edise ftod ftesls' C Odedz ff zdz fr
'L ethstcd B3O CBEOBERORP "  HBEZOO' Is* MW o dH"
tc' H(ddz 2 oedecdzwH' fkoadtey © ' d&O o©daBH
] OL B9 fkzadtey' dBOsIls! HsMdkT KOz tcHc'sL H
fsmddze 8 yd wuydmdzz H' ¢ fERdedqkz2 gt tcsist
fseo jtorndg , N8 sYydhiz' s mw [87].

16 widzgs ' CodhmlstkSy' ® bkMsOdss s Is
GOLBW' Hddzdzed A3 § SIstsE 53

[ dzv ftetse j HJ dedz? idedcOyd R s WRH 2 1S @M ls HAPR o
IsO tsB dzOH dzO dzdaw Fdz' stcOL 9 € sodix, sfdridsd,dc
o' dz dzd g Is © L Odzlz tc § dzd d3dzeifiddxdin Ayl s dzy ddsi3 Lfrs
Mistclz d3j dzj d3, GOL stc' HJdzdz |, Mistclz d3d daff dzO dz'* LL
MfsmMtse' 8 BJ2Cd IO B dZOH dzOdzdzv, wWCj toj O
o' L dets 3O dz Isls wagOsulsiy®  fifptfss i tfBjdtc j © ©c d IsO dzj H
mMf smMselkz tydh jddzw tBkdse dz¢ ' s+ Mw o L O dz
L OB tolzH dzj dz' , ' H oddisc, hts MisOo dzv Is! Mmw
odtsBdzdylso ©, O OCtsYy L kZtcORkzo Odadz? dz j C t

v tTEOY' Fdz' stcOL oS tsoatsets tsydh j dasdaw
o jdde s’ fisls BY dz lpls OEFH & h s Mo stcs ¥ Is!
tcsLicdotsds Mkzy' dz' desfls* sydmdesec s M jAcg tso
tc' Hddzz dzO f s9 j ton dz' -totb tu L HZOdzls  af EZADE Ods' Odgs' 82 C
hts MkftotsotsHy ke Ils! Mw L dOydddzs o3 My add3 L
to' Hddzd . J tcjLEzdz sOIs® dzj L o steslsdzdr 9 lste
tc' Hddzd, hts o' H' cttOE Is! 9 Oy dzd o | L dzOyJ daz
LOBtokzHdz® 8 ydes yYyoOmlsts< .
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t dfm.7 sis.daimls tealz@agH dzv EZ dz! IstcOL 9GS B 5T o BEY Y ¢
o df tetsd3’ dzd 1oHO Y Wais D dsds@®; dzf W 5 to 30O BittiaizCGe * tod® WY,
41" d3dz’" felgsf'¥ yisds U d sl 5C o Ottyj o d2 odftet
BI L d30G dz' Is s fiffisjtaafjClsye’ R tatatode) ¥ k@ L U d dz;
21 jtoj o Bl OUgMW StcdBOIststc kzdz! IstcOL 9 Iz
4isB i3GsIs € O

A wogdhOo o dCdzd ¢ O8 Is! ts i dzts o dzd 2 W
dz IstceOL 9 2 € =ipdiyg s otdswgd" jy f smd dz® & Is n 3
to' H d dzd L L OB tolz H dzj dzdzv d3] . ( St j tod d3j dzls C
COo " IsOY" 2dzd n f sdz' o [ 90] , L tetsB dzj dz' L
fsCOLOkzd, Mt €09 ' IsOYy'  2d2 HEkadtoy' dj 9aéts
fdz' ©o¢d LOBtkzHAzj dz@ . | OfMlssmMkzoe Odzadgr Ekdz' Ists
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LOBEZHAz dzz Y tso jtemder SO dgf L Nilssonlzs Is! f
i BLedzwdz] 3 f sBRZHBOEZ OdZOdz Isd ydzats’ d3ts |
tctsB Sl s e Odz Hdzv ydmlsS¢d o' BteOY' 2 dgls’
Mistclzd3d dzv " HJ Odz! dzts’ te' Hddzd BjL EZtcOnlkzo
lojHjdis ftedf zh j dadav , hts hoadHC"' Mis! Is &

Histc' adzf 9 Olsd heodHCtMIs'® slstsCkz tof HJdz].
tdMmilsj &30 Haef J teigedday’ 2tcznz ' Hj O CdEs ' (s 1t
Csdzd o OdRMNOHC 2 CO3j tod ) IR M AW e dzw(Hted ). 2

EAASE = Pufl S

I —
M o+ ox = F, 2.7)

HIFITfMd dzO, wWECO H'' dZ(DFdjg—C%ésc%j%@ézlz L HdMmES

mi BOMO to' He@daEEz v CB®dl Odz dzd 2 tekz 7 ;

Sgl f dztsh © zOMOHC O;

Sel § dzsh O d3j d3B t6 O da( ;

Praxl B3OS M &3O dz! dzgd2 IsdmE¢ E COd3) t6° fzdz' fr
C sdzd 8 Odz ;

i steMisC ' Mis! ftokzy des’™ d3d d3B tc O dz( ;

KTHJ®BIW' tokzt yO L HOId Mmils: .
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Fg W teks Yk to H@lsd fiylsz02 1 B 111Q | ¥ st d3k

k = %?333 md =0,0113, (2.8)
de
Hinind dzOd3' ydzd 2 € 5 W imx8 94 dhy dz detsils '
ITHB9 Y ddzO Is00d43Btc Iz ,

[dZ¥ OdeOdz' Lk L Odzjydetsipls® hodHCsfls
ftcdotsHE § t5BEHER®HESOKEHE EBmOSlsjtedmisdS
ZOMOHSE CO®Rjted Hkzd MOy" o' BteOY' 2 dzts’
fjtojlotstej dzada" Hwkzetsets to' odgW dadz?y MdMmilsj &z
YOfmisd delr OdzPtetseo " ah d L Od3' dzd .

My ox K g x=F (2.9)
C C C
K F
—=T2 f=71. =k
c 2 c ¥ ¢

rteize j§ tc' o dgv dzdzW mdmilsj d&3d (2.7), f'
BZOMszf dzd?2 odedzvH o i jtcObtsteds 2 Wisttd :

T2p%Mg 60) +20cCTLp B J@) + My (B) =kaMy £P).  (2.10)
1 JioJ HOItsydzO WkdzCy' w Hdzw to' o dgW dgdav ( 2

— Xa Q(E)) - kl )

(2.10)

1 HfllsOo do e jw Okt das0’ i35 dzOfskf dzz L Odzj
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a2 - ]
() = 4 12022+ 2O T2

(2.12)

¢ i3 dz' uHipiEts s 2@ R O OCkjtdMisdc O Lt
ZOMis 2y dzd &5 ud dats d3:
kl

A = .
“ J@- TAA)? + (26 )

(2.13)

I gL dzOyd Bts  dzj 5B 2 ' H 0D Ed@Ukz H ' HOMY St
H' Odsj Iste dzOMOHC O 10 dsds;  FOAPOIS (o' tstecfrdseS, ' i
Czdiiso 5’ @BF @B 1o Quddy;

k=0,0113 dg;

F= 0,0785CP,THX(W);

x=05 7 SjW" y' " dls, wed2 otONtalk® L ol
fiteils’ COdzddf £ dz' RBY WLOBPB G O;
0,01

Mm_12-2"2_0016

c 206 4

K 0,0113

S =T, =2""""=0,018

o 5 9

% =k, = 0’078552”“(”/) = 0.13P, o ().

10MmlssmMize Qo d HEMd HAkzkE ENsOdkssCk (tsc
USB hydoascwOW 1[8020, wCd2 Lo HAOMS
fstels USB d Gemdkesok' k5! v §tosetcOddsd ds
odd3 te¥ o Odgdz” o J dzd yddzd L d3' dkdO d3gz@S fm off dgQizlz fry
yomistsisd.

Vb tjLbkd Ol fesojHjddn JjCShmijtddid
sdMSk E COdfded fizdgOMBEISY. (jLEd 5Ok
edf. 2.10 ' owORto Od {flderfff) Steis L LtelD DWiztsias dglz ok
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P.ml, Mia
a3

0z /
ar //
=

5 0 n 20 fly
{ 201 ) Odzj ¥ dz' Mls! BOSMdBOdL dsct Isdi
H' Odgj stesds 100 s o' H yYOfmlsslsd Stsddo O
ORf dz' skH' 2 &k

v tcjLizdz sOIs* ftetso j Hj dzd R to ts L-tg O iz =46 &
RnOKOCIsjtedMmMisdS O ttkhk to' HAE@E]] dia , zOI§EH CHfzts
tedf. 2. 11.

A MM

2000

500 TS

1000 /

500 /

//

5om 520 25 300

{ df). i20. dgfldz’ lopHipsEs s dz0 S OwOS Ik jedMisdSs O t
COkjted fkd MOY' ~ o' BLOY' 2 dats’

1 208 yd o jdzduyddzze O®@f dz' skEHd € tsdzd 9 O dzdz
B34 BBBtcOded ko jtern (Misdmdzj dzdz" ) hZsy dz@ & tsLC
BOSC Md dB3Odz! dzgd?2 HJdOd3" yded2 Isdm¢ o' Hddzed
Wistedgz dztss [ 11117 :

V.. = M/29H, (2.14)

HY TS84 W y' * dely =097 HC sMmis’

giftedmCtstej dadzv Mmddzd Iswy ' dadzv ;

Higjtsd3d stedyded?2 HOEdME ©° HJdzd,
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Ok slsicd BOdzts’ - Q@ les s dzm ‘dzts & O OC s j ted Mls
oL ZOYUO* ¢ dzj BOKdydz f OO Bjclstep®OEE L L b
BOC M BOd dzscéts HdzOd ydesets sdMSk ' Hdo
Wsttdk sy [ 111] :

pp =/ Yiex _ ey o5, (2.15)
HY TSBJW y' * dely 2097 H C BHls”

ViexI " 9 dHC " MisVuts'ALd dadf, ] 2. 11

{jLEd O] tsL©EOREZES & Ld& dd kdmSk f

AFPMia

055

0125 //
a1
aazs /

005

[ | s
a025 7 v ”
H=00M

5 w6520 2fn

t df). 20@W ¢ L B ded BOCMJdBOd desets Isd
LOdztej detsets Mistezdgj dzv  dzO o R Ha¥ ' f ts d de® M @

leso jH] B CteOW ' ydzd 2 st o dgw dz' dad 2
fzdz Mks ys§ B disifs s ¢ s s @ dzE fadzts @8 H YO fl
Bj BBteOdzd L O te' Ldzd B BsHj v B O ftcj HmLk

VL tjLEZd O st o dw dz' dalk'Gipls 'O dz® ' r dz
o' Ldzdr dBSHjdv R, Istsdz dzOHOdz dzj sB R "' Hdats
fts adL dzOyj dzdzt W OCSIdydesets BRBOS Md 3O dz! dats G t
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AFPMTa
75

i)
015 [ S
01 //“
0075 // /
aas

A=0002r;
5,’025 / =001

k=0 T,
=00

5 w520 5fn
{df. 2. cltS odgv dzr d2 CEwOW' €d HJdOR ydset Is
ZOMOHC © daf Bt dits w PG’ ‘5 ¢ HEsSEZH
21L O dBtsH jdzdze tokzrlkz t' Hdded k2 dZOMOHCE

‘ =

26. 1 sBkZzHBo O OdzOdz' Isq ydzts’ d3H]jJ A st Qo T
sB tozdzlszo Odzgdz" &5 2 s 5 CdeMistczCIsdodzedr f Of
so jtcHdr yYyOmlea dzsccB® ypdidz tStcc Odz o' BOY'

[ dzv tsfdmikz ftesntsHy jdedzy 6" Hddzd-i B P S s
LOMissmiz’® &3 fteddeydy dzjtetsL todo desfls’ fsls
GOMsodnas o9dlktsC’ 9 t' Hddzd IO Ise jtHdr YOMI
LOf dfMks s Mw Ek dzOfMskf dtsdkBz osdedwh' [ 112]

ri- 0¥ =

r EW, 5=Q, (2.16)
HETh ' d dz2' Mis' t' Hdded;
CitBO' B3dzO0 S dzlpezE BEOYyOMisdesC E to' H  dac
VifjjtejHdzy hodHG Mi! (lsCl;
ST dzsh © s j yj detsets ' yJ dedew Mmtsyf dzO;
Qi d3OMBsa © o9dlstcOISO to' HJdz] ;
ryTh'dz dg s ke jteHda Yyomistse;
v,imjtejrndw hoadHC"  Mis! e jteHdr YOMEC,;
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Qi BOMBo O odltOO ko jtHdn YOMSES;

U wWCsfls' o' odeW dedey tkok MEd "'t HJO
tc' o dzV dzdzV 1 J tc dzlz dzdz’

1- C)O &2/2+u,r, &% /2+1 +r QGG+ r QM h=cons; (2.17)

HIC, T MY 99  Hdesh j dzdz?" RBOMBots™ odlstcOIlsd
o dlstcOls fMmEkdg h

QitsBO’ Bde' odlstcOlsd o jtoHdr YOMisddets € ;

Q. itsB O ‘odgdstc ©OIsd MmEzd3' h

Ceel 8B O BBdzO o dlsteOlsdzO S tsdzy] delsteOy' v Iso

re1TodlstcOlsdzO h " dzt dg' mlsy MmEdg' h

PilsdmS & Mmkd b

hioltcOIsO dz2Of stclz dz2O i " tc;

zitesL sy ddzd My dzO;

giftedmMC stcj dadzgv o ' dz! detsets f OH " dada™ .

lsteOlsd IdMSk &k msfd HdY odMma" Hds
L Odzj ) detsfylsw d3d :

DP=rQ+rQa, (2.18)
H 4tm2"q" sd3j Isted ydzd 2 dzOIsd m¢
= L ;
Gy, J Y
/ rh V t H t
402—, Hislsd ydz® dzOf tclkzy j dedzw dzO0 fls’ day
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L-¥e) Yo {JWjCsdodzO ' dz dg fyls! Mz
(L-w,)"  twl

Dyl H® Od3d ste Mtsf dzO;

12THB9 Y ddzO Mtsf dzO;

LicdzdB ddzO L Odzztej dzdz? dzOMOH S O.

Finn=T

] SL dzOyJ dedew o j dzduydad#. ftede jHJdz2 dzO tod M

Kbkt

[
\

t dm. i2s.tlddistczCIsdo d&z0 Mnaj BO Msf zO L
Ho BW OL dsegts fslstsClz tof Hdded L Olstsff dzj dztsc s

179" HiNlsOdz' o' H MG zBo y § ZPY:NEF F® OO
iNJd SO, HMisOdzr o' H LiEDdiRE " @R2GHGBHS @Yy € I
Dii H' O3] Is tDgifmts fOddg);Istc Ldz@fig@B @O L Odzlz tc j dzdz

[ dzv  OdzOdz' L 2 o dL dzOyd dzdzv BOSC Md d3Odz! dzts
Mstczdzj d2@ ftoed2 BO' dds H' ORBj Istc dZOMOHCO 10
Mtsf dz2e 15 d3ds. l]teso JH ] B tSLcOR Zdzts ¢ ¢
flstezdgj dz2 L O tHdd ydSd Ctdds Odedzy, wC°
JNd SIsste’ LO Mad BB L yYJ dzZstcOdz! detse C zdz! ¢
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t df). 26.71j580 S &ZOHSH Skd 8¢ L yjapsGdzdir dz
Ckdz 8¢ E hjmsdClklddCd

rdew Mojdd ESCdkOHSd Sbkd ¢ (tedf. 2. 1°
LOf sodzj dzgdzv h Otz sy j BRI L yYj dzstcOdz' dz
E hjmsdSklsddSd, C'd ¢ fl! Ckd 5§ kig@ssk
h ijMmMsdCEzlsdzed ¢ O.
n =3k*+3k+1=3@+6+1=19, (2.19)
[ OBjlte jyjChtstO oadL OYO' Is! v L Odzj

D, =d2VKk? - k+1+1)=2(2/4- 2+1+1) =89dsd  (2.20)
1o' HiNpd StsjiWw' y' ‘“dzls L Oftsodzj dgdlzv h Otelz:

=0,954 (2.21)

(o F+;+1 19
Vkz-k+1+1f 199
leso jHj B Sl lsdo dj e kO dels joxojd

5O ©BLEONE' s skwdksd kdMSk k fsfd Hd

BON ddz L O VWistdzds: 2.16.

r 2 fedS OHE fd2 Bj Bt QzOjskY s @ Ot
H' Odjlste ko jtoH  YOMSHaS @02 kdd: HH OBEE
De= 10 dsds; W 5 poildbdzA@Bdf 5 frez@DEgiol a1 fds@igd H GO
HES Y NG BE@E o MO jy5 C,c80BE L dj st
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yasiff dzsC B EZHJ 197 oS HHdfipls Od®tc; 0 " H L o 4=z 2dzC0©
BB s htsB t' HddzO olsweclkzo OdzOMw L o Odzdzd
H' O3 steDE OBY B8d di3dz; Y OfiFs &UDQ L. ts dzd © O dz’

[BO' &3 CEdzr €

314°
Vg = ﬂ:6) = 5 =41 dsd\%

[BO' ditgtcOd Mkd' M LO yqdCd S tsdzdo O dade”

Q. =p R (H, =314Q0° A5=4710 3ds
[BO' B3dz0 o lstcOlsdzO Ctsdzyj dzlstcOYy' W Iso j toH

sl 990 ' Hdsh j dzde ROMEsots’ odlieOlsd Ilsoj H

r @, _ 7909411 _
ro@, 13710

[ % J SIsdoe didls:h * fgez oz’ M

C, =

_ 3
rJ.h f =r (1 HISQ.I{Z + /-LL let (1 0 02) 7’9 023 — 0,0067
1- 4,) o (1- 013° 013

[ slsd yde zOftelky j dzdgv dz@ fls' dzy’ Mtsf dzO:

A
tz/ZG J..an c 041 30006270.00 036,

[OCMdBOd &z0 hoaduG' fls! Mkd "' L dOf
BON d ded :

v _x®; G, & _ 05000 2A0

=10
max DZ 10° M
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1" L sd3d Isted ydzd 2 dzOIsd MG :

4004, _4B36®015

. 202022 C
ray®,  108d01

l ste@lgfdnCz & Mmtsf dzf o' BtoOY"' 2 dzts’ BONM d dz
odL d&ZOYO' dds L O W tstod3lz dzts® :

DP=r@o&+r @A =108M22+1®8M4=611 C

L tjLEzd IsOIs' fteso j HJ dzd »  tddste Qdf [z Istaf iy
M dz o' BtcOy' 2 dzts’ BZOh ddzd d305 Is! dzj o j dzi
Mtz di® o dnmBBH' L dzOMmOHEC O, sz k2 f ts
otcOntBolzo OIs(.

27. 1 dL dzOyd dedzy €' dzgd &30OIsduyded~ § OtcOd3j Ists
Mmistelz dzd dzv L Iso jteHdd&3d yYOMmlIsd dz€ Qidzdd, & Ishistic O dz
LOBtkzHdz dzz { s9 j to~ dz

ltoso jHj 3t o dL daB@Y fdaflaO da! digtsdzed " o H C
fzdz ks ysRez Mbtekdkjd L EZOMOHSE L O o
Mstczdzj dzv t' Hdded L otttz & t' Hddzsz [ 111

r dzv L Of tetstf sdzgtso Odets™ Mr jd&B3d tedfm. 2. 16 1
te' Hdded L YO Mmlisjdrdgs Osksiicttc sAh) tstf dg® ¢ tsdzd o O dzdzw
ftocdotsHlz W Hdded E CORjte’ fhkdr MOy M 1
LOtsf dzj dese s f dzt Mks ysets MmMtokzdzj dzv dzO
odL dzZOyoO*‘ s Mw L O Wstedlzdzss ;

Vv, = A, (2.22)

Hijbgi OB dz' sEHO Stdzdo Odz' to' Hdded k& dzOMO
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fiyomlstsls® Ctddeo Ode ' Hddd E COdjt'

FtcORkzo Odzdzw d3 dzj tetsL tod o dets i BB AL sC I

]
' HAEQHYOVEEDO th ("7 jsdits dzOf sk dzz L O

hogdHC' fls!

e
v, = €D B (2.23)
dz

HieT St W' y' "daels Lok jdedzgw fslstsCE E dzOMmC
D.iH O®jlste CORjted fkd MOy

diH' OBjlste &ZOMOHS O.

oo T P
Vim ”’VJ; Ocrobia dissika
Q dicvl —_——
@ urbudICmg ]
o Hepoxidnudg nepepi3
LB (RN
3

floqamxoba dingrxa

Lopno-exexmap

Tr 3 Haradax
" g
— w?
t dMm. 2e. /1630 k-l tc' Hddzd
dNd SO L Ise j tegrud dgd dzy @A ls1¢f dz B dpdt s SigOY «
DeyTH® Od3d Isig > ftS floig®HO ; O a3 Is to | 2@ f) @ HISs®; dz!
Mtczdzj dzv © H L' Lz MsfdzO H o j

'{\
g,ﬂaffgl
o ¥

o |

P° o
=

&
i

L Odzz te § dzts-G 5
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tesBdoftedtfz2h jdedzv, hts headuC' fls:! f s
SHAdZOCSo O SO dzj L &3 dgdzs@ jdapjc ¢ istPic® ®m ¥z p dade™ d
hodHCBMis' Mistekzdgj dz28 L dOMOHS O § ®yF 09 totsn

slted BO° B3s ©OMIskY dzz L Odzj 3 dz' Mls: [108]:
v, =& DB (2.24)
W djz
l dLdzOyddss L d3 dzgz headHCtsMIS’ te' H d dzd
Msfip] Cotste @ 5o jtondz , hts fosBdo O Is! fiy O

odJ dzdyddz© "ModHCtsMmIs'-j xfjl€tsbsdgiOdsvL iy dzih ®f dz@ d
dBtcOBs d yO:

y = 06450,

Y

(2.25)

1+2Fktga’
D

[

HYyp f syOlkisea 0 hoadHG ' Mis! (olssClkz t' HJd
D;iH' Od3j ste M dzO;

1fn-|-9‘ Hﬁ]ISOdZJ fr]lStGIstcl- dZW 9 "' H B-lmhLljz‘ IScr]tS‘r]dezO
aiCkls SHdshssttddz st L dglB40dedzy Mist

1 btcORkoOddz &5 L Odzj y desfls’ (2.25) it

0,645¢ EP: R

_ deg 2.26
V, = 5 . (2.26)
1+ —°tga
D

C

sO0Cdd yddesd, L OdzOed L B o q 0 B ldats ) lsy
fzd ks ys®kkz Mbtzdkjd L &OMOHSE L Odjyd
fedosHk ' SodhstkSkdoddr §OLOdkjlst' o
H' Ogj stz dZzOMOHS O, H' Okjlste® My O, o'
ftesdzd o @09 mMw |
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28 Ifddes §(OwLOdBjle' @ o' BLOY' 2dets’  &BEC

sydmis¢d f§lkzd Mkt yddz MmMistekzdid daj &3 t6° H d dzd
fsBkHESO O OdzOdz sdydets’ L Odzj y detsfylstsy ¢ figk € ¢ c

t sLedwWds Bs fesyjm LdWilslswy | @bst®Hdaddz dzdz
o ff dzd o tc' L dzd n W' Lduydedn f OtcOd3j Istc’ o dzO
tejLzdz! sSOIs' @ HBMdZ HYJjd OoltsteO® [64, 114
LOdzj ¥ dlIs! ® ' H BOGCOI! sn WOCItstt' 98 0Odzj HTS
so jteHd i3 YOMsd da® Odidflz Isls v Azdfz@PIls Y @MBOdREZ 5B t6
LOdzj ydetsmis® ' Ldzedr WOSCItste' odL dzOyoO' Is! Mmv
:pO(@(VCE@C'}lC}ZCD('D’&CD_ZCbgzb(l— ke) @
2 s o5 ’
HKTIStsJW"  y' " dals, wed2 ~OwOSIsjtedL iz’ od
ky=012liB jLtetSL o3 teded?2 G4 W' y' ° dzls;
Sl S W y' ' dzls ¢ Ofigls wAdakzj dzo P E EMsStcts s SH Y
aiSsjW¥W' y "dals, wCed22 otOntok’ ftsMmils' tc
QIS Bdzyj dzlstc Oy W yOflsddesS o tSHJdzdy' ts
rr,T6mlsddz0@ dBBOIj te' Oz yOMmlsddesE ° HJ Is
DIinOOCIsjtedzd? ttL @3 te6 yoOMmisd dzS d;
VyihoadHG' Mis! EHOLRZEARMIsddcd 5 50
Lio' HMIsOdz o' H Mt &zO0O Mistckzdzj dz¥ HB {5
Hso | H dz2O 3" YdzO Iso jtoH '™ Mis! BOJ e’ Odzz L (
biClkls, dOrRddiz Lteds hdz' » ctOdzdy' Mmists
tTyofm Btotss dzj dzadz" .

Gs

(2.27)

bolstste [ 115], odratHvYyd L 0dzOde'Ow-lz dal &Gd
L Odzj ydz' Mls! HBOMsets’™ ftesHEZC Isd oClastisls d diSte@sd
FtcOrlzo Odzdzv a3 " Hodh j dzdgw JWJdCIlsdo dztsmls”
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jdzj e’ yOmisddzSd O L dgj dzgh j dzde” O3 E dBts o dats
o' HAFls® ' H M ZO Mistkzdj dzv Hts fo jton dz'

Hio & dz2 €' fyls! OBteOLdodzdr L j toj dz

mi BOMO yOmisddz d ;

VyiihedHC'  Mis! EZHOE yOmdddd s o jter

s T zdise dzy dzOf tolzy jOdsdeec * © dziz O dedpdz] 3G 5° d3dz
[115];

HT ' HfMMlsOdzr o' H M dzO Mlstclzdzj dz8 Hts { ts¢

rdzv o' BtcOyY' 2dets’™ BOhddzed Bydmlsscd IsO d
hodHGC Mis! yYyOMlsddzeSCd HBte' o dg® hodHC sMIs®
oL elzz 3OMtso s’ JlotsHEZCIsde dzsfmls’ tsHdz
f OtcOd3j Istc’' o sO L ZtcOR zo Odzdz? &3 Y OMistsisd
ZOMmiskzy detsdzgze o dedzvH'® [ 116]

G - k, On, G2A,f)°
° AGHH

(2.29)

1 OOz’ Lk LOdjydsmisj?2 (2.28) kO (2
LB dz h jdedg" HtosHEZGCIsdo desfls” ftoesyj Mz tyd
My ' 00" Hdatsh jdadz? €' o Ssfyls’ yOfisd desS & fyl
Hs fsofjtendydhiz st Mw ftod HEMW G dgj dzdz' dzc
GOl j o' Odzkz .

[Mdzso dzd 5 W OC Is 5te 5 d3, wed?2 off dzd o O C
hodHC' fls! YOMlsddSd, w60 &GO bk ¥ stdkzd
BjojddCO ' L& &0 ftodL o sHHES? Is didsdzts GhO' . dat

lojHjdBEs B W.2.29 LO® M’ bkdisto dascuss jd
Oolstste [ 116] dzaJ fwider' yYysdz oBdets HBtE' ¢
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ltcOrnBBoakzr yd L 3 dzz syOlkitse s’ 9 J dzd yd
odrtBH' fYlssClz t' Hdded L ~lpsf zOs0 Sdbd ZH Iy
LOf dMOIsd dzOMmils z § dzkz L Odzj 3 dz' Mmls! H dzW o d
9 ' BteOY' 2 dzts”’ BOM ddzd L FtcOnzo Odzdz" d3 € tSdz
tesBtslsd ftcdotsHE o[1WEI8y" 2 dets’™ di3Oh d dzd

3

o oy R
K, Oncig 6a5'c PP R )y 2Q 4 8
g -

dz D
G, = S c t, 2.30
S 4A0° O1H (2.30)
Hj ki §' dz €' fMls OBtcOLdodzdn L jtej dz, w ¢

sBtetsB ¢ d;
kil S5d W y' ‘" dzls cOMm" dedz? hoaduCEBMIS® Mistelz
mi BOMO yOMmlisd dz€ d ;
HT ' HfMlsOdzr o' H M dzO Mlstclzdzj dz8 Hts { ¢
ETCsjW Yy ‘dzls Lobkmpazky; { slIssCk k& dzO
pTORfdz sEHO Ctsdzdeo Odzr ' Hdded 2 ¢ O3] to
fiyomstslsO S sdzdes Odz t' Hddzed E € Od3j to°
De TH' O3 ste CORBjted flkdzr MOyY" °
D.TH O3 st M d&zO;
dg TH® Od3d st dzOMOHC O;
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hodHCoMeFts B UEIHSctcOW o Odzdzy ¢ Otelsd dzd ¢

ftesyjMm" o, hts kleoatstes 8 Is! Mw E ¢ Odjztelzd LY L
[ 118]. 1sffjtejHds d3d HBsMdz vy j dedaw s o Mils O
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Cesdzdo Oz E SOt kdz MOYy' ° Eklsetstes * Is4 |
fzdz Mz yd?2 Mbstekzds” dz@ ' Hdded "L G OL ts9 d d3c

126BC O ftoso tsH d dzOMy! fted IO Miz@H Gz & O
9" Hdztsh j dzdzv H ' Ddgjsls 610 OLRY d§jd@0/ddz0 MIOH,C OO i3t d
Codzd ah@dz'2 B3dz, yYOMmlstslsk' &sizie Odz § tsMiskzy tso
1 Y.

J stcd d3CedzdH?j 5 oW @&@Hdf o MW z  f4temsdzOdz: dzd 3
HEf sdQite st f eisw bOldzsgBa s Pot Plfday & roa st
OQdzOdz" L. L O Yyomtsdz 9 L Odzj Y desfmls’ 9  H Ld d
BONM d dzd .

tdm. TBMKEOdZEs CO HEZY o' LEZOE LOYy"
ZOMOHEE SO ftetsyj M’ o, iz EHID HAF L 4s k1S
femis’ 2 dets 5] i dRicd C 593 2 O3] BOOK =t
4iftetsL sted 2 ROEOHMEIE!; HZzY L e dzOHY ko C
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36 [ jssHdSCO fteso jHjdzdz" BOCOLBYOCIKE
o dL dzOyJ dzdz¥ H JQEOSF tafifglsd - OesB S YSe s Btec Od
CsdzllstezSIsdodzdr § OcOdBjlste’' @ O tjyddi o &

l ftsfjtcjHds » tsLH' dzOf Blkzdzs LOWMBseo Odz
BOC Md BOdzr dz2O hodHC' Mls! O &GOS Md 3Odz dzd 2
e Hd@zdR2 WwWLO d3sH"' L L OBtolzH dzj dzdzv 3 f 59§
CsdzmistczCIsdodzedr f OtcOdRBj Iste” @ o' BOY' 2 dgis’
PtcORzoOdzdzv &3 Wodh © oddzd S dzj dedzy k2 C O3y t6°

ldasHwyd L y! @, htef o @O BPHOISEIsLD
LOf o sdetso Odzts L OfMissmizeo Olsd B OGOl OC Iststc
o J dzd yd dzd BOC Nd 3O dz! dets G s Isdm¢ kz L Odzkz to J
CsdemlstczCIsdodzdr R OtOCIsjtedMmMisdS O tojydd3
3O d dzd H B2tz d3dg 2 & " dH dats BOIs j BOIsd ydes ¢ ts (
JEMy jtedd3j deslz, fjtjH YOS tsds HsmMdz H' o |
Hsfpdz' HYy jdzdzv s odBtstclz H' Of OL sdalz 16 @AY
odiBtedMisOdzdzsr BOIs | BORYg WY ikeREZOE' Of D@GsL | £ HP
H' , HBMdz HY jod@y' sfotO=ipdgvhdy detsd LLdzOyj ded 1 S
WOCIktste' 8 ftod?2 dzv IstictsL ©0 Rfig{dgSyo d§@dz! dad disfif dzts  H
B d2 Bz Bz .

1 dzZOdzlz & O dzdzy ftesojHjdzdz" BOGOISBSWIOS IS
ZOMmisz dzad = J Is OB Holz o [OHRIAY , fiE2eP0) s ©tdZday oz Of lstjdzl?
JSMf jicd Pz L Oy ®] Gdsmdd w' W ; f &zOdgz j C
L &z2Oykh smls® CtsjiW' y' "dals' & tojcotej m' fJtc

[ dzv o Mils Odzts o dzj dizflay dz@§dg) ddgO dz detsc s ff z dz! f
Mistelzd3zd dz2v a d LdEANPHEE Mdztso dzf L d3' dzdz’ VOXN
94 dzd yd dzlz :

X T My " 99" Hdatsh | dedzgv & xd3fiHEg OH * COOgE | I9aa]O
(D¢ /dg) ;

X, i UOMistsls® Ctddeo Odz¢ o' BLOY' 2dsct f
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X3 TORBY dz' sEHO Ctsdzdo Odzr o BtOY' 2dtscts

ltetso jHjdets € BBH o Odadgw WOCIstste" o H dzw
94 dzd ydded HdzV R3OEskcH{tyd d J tk dp@dEts @ dizij didsitr. SISt
to)j zdz' IsOIs* o d $MY J tod dfijtesle sdz'dadlaff = L © O dad@c C
Bi ssHd S Od3d Is © BBj IstsH Odzdtc j cCtdsjtdy ' d2vdgts @ teizts
JSMY jtodd3sj dzls Odz! ded s H Odzd r #egzy Iz trls ke @ 30 dzgiztt
o' odaW dzr B ji ' S [ 117
l tetso j Hj dz' tfHf tof Oflsfisfeyidc d f3j delsd  § ¢ OL
L Odzj 3 dBOR ey BOdz! desec s § 2zdz' Mk yses Isdmsk
fticdotsHlkz, LOoHwCd odded S dzj dzdzt C Q9 ' IsOY" 2c
sz Hdv  slsted B3OdadzY L ©jdxy ty jodE fAsdats T 3 OR
f zdz! Mizslsyadkadty ddy to' HJ dzdf O OAREPIBIWHE OC tvdzdio Ok
kB lsts: L OE O zsd®Bdz st frzdt Mzdois@iss Ol
M 99" Hdztsh j dadzaV f Hz'dD dgjBigyti® &gy dissj e 4oz OAfrPstE I
f zdz2 fipOp' RO ytf @ dlasese@®@ i3 dz' IskzH d o §f B d&zO0POR dfizsts sk
A Blzdzs odBtcOdzts 9" HY tso ' Hdzd 2 r d3fsjoddit® O dzyf
CsRf sLdy' 2dzj tslstslsOB j dz' dzj.  dzOdzlzo Odadaw +
{Mme¢ a €, §°H yOMm YGtse jHjddzw JSMy]
dzj sHdztstc' Hdz' L dsd® deQfsded o tatig®C fipd) ddfofdn'daitize s ff &
sdmMSE Mmtddmwzj d¥ ftedosHddzd H ‘ Hddes®™ fiypd M
9" H H' 2 Mmdadsh SLorAGsp jOddzd - .
o' wiL B¢ & 3y m SOH haCOdatd@dz/dIzdialzlf i3 W O¢
o MlsOdzetso dzt * Is! mw 11PP:L Odzj y dz°* Milse [ 12
Xi - X;
= IDxilo’
H ol dzOIsztc Odz! dz)-cusddA Usjtsdedzy dzO dzlz dz! tso s A3z
Dm T " dzlsj tco Odz bH-@ i 'OX ds dedz?

(3.4)
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1 OGOlssW OC ststogzdzl Jofgth jtogdgs dzO Istc! tsn
WOCstcOdzd. 1 k2dz sead?2 t' o j dz OBt MMjtej Hdz
odL dOyjdets L O Wstocdszdzts®

Xg = Xi max ; Xi min | (3.5)

HiMsi udmdzse j L dzOgGjsdzdgt odi¥ dzo 89 B dztse 5 W O
Ximx TUdMmdztse j L dzgOyj dzdzv o jtern dz' BEB8 ' 9 dg
Ximn TudmMdzse j L dzgOyJ dedzv dedy dz' segts to' o daw

wdzls j tto Odzd o Ote' & 9 Odzdzg" W OClsteOBd o dL da

[ dzw f 5B kzH-3O I tc gfLp@dg tc d &Bj dzls das & d3ts o dz’ 1
o jtondz Bets, dady dz tscoOtds & adflrddrizMs o Ws@ Qsls tistk, s alz
0.

l dL dzOyJ dets tsdztste 'daf P dz/( dakzdir sOEHP s s W OC
- H dzw M 99 Hdesh j dzgdz? HE A dfj@sEEO H ' OGO

dz0 f) @H/ 8,0

16+6 _
?

- Hdzw yYyOfMmlstslsd SCtsdzdeo Odzr ftedoe SHIz;
20:6:13({)4
-HdzY O dz' sEHd Ctdzdeo Odz ftedotsHLIEz:

X03=3%1=2(d3(33.

Xo1=

11,

Xo2 =

wdzls j to Odzd o9 Ot' ¥ 9 Odzgdlz? IsO CtSHtSo Odz' L dz
HisSte' o dgs ¥ Ist
16- 6

DX, = =5,

DX, = 20- 13

=351 M
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DX3 == =1(ds o

1 s JtojOERdZ2 L tojLizdz IsOIs" 9@ HtMdz' HY J d&
L Odzj 3 dz'" Mlis ZO0 BOSCMdBOdz dzed?2 Isdms¢ § Ezdz2 f
Bsy 20 s dmOlsd dz' dz' 2 des¥  d3tsH § dzdz® , s " o
JWiSlkd oaL0O di3stH" " WOCIstts' 9 IsO " » GCoOHEO

ztB BfdmMOIsd IsOCEZ B dZOMIs! dzj sB R~ ' Hdzls
9 wCidnmn CBYABO L A& ddz0 &GO’ o Ot s oAsQHEVE d
stc! sm WOGCIStSte® 8 dgsSH J dz Hcetsets fBBWHCE
LOdzy ydz' Milse [ 121, 124] :

y =bg +byxg +boXp +b3xg + by oX1 X5 + 0y 3% X3 +DogXo X3 +

3.7
+y i + x5 +bax. 37
HZiWeEdSy v, hs 9adeoyod' Is' fmw;
bo,br,bp, bz, bio b zbpa oz T 9 dB " SS9 Cd W'y’

toj ctej '
X1, X2, X3 T dZJ L OdZJ b dz' L d3! dzdz' .

lde ' eé¢tse" CBJW" y' " dalsd te' o dzg¥ dzdesO Istdgidcyte
f dzOdzz ® Odzdz? IsO toj L [z qz'Ols CHsts fots djsSGiptf | togf'd35 alAls
slsted 3OIsd dBsH j dz sdfz (3. 74  tcjvHBA YO' tSH
f OO stc® BYlsddz L Oy"' ° o kMt & Usdz@f ©Omw ISt
SHAOCe ' 2 o' HMs@HW o ¢l egOWjjddedstczOH j € 0 Ols dz
BOC Md 3ZOdz! desets IsdmSE fE2dz Mky yse s MmMistelz d3,
tedydd3 o tetsB SIsd ftcdotsHE B lzo C tstelZlf &dz'dLytS €2
teslsOsOB j dz dzd?2 § dzOdz Hickzetsets f sgkeB)CE ftod

t " o ds SO " dzlsjtco Odzd o Otc' ¥ 9 O dzdal¥ ts B dzjyLO
BOIstedyw  dzOdzz ff tetso j H j dadza J S j tod d3j dals* «
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v OB dzd yvw
ANOCIststed SO t' adz "= 90t ¥ 9 Odzdz™
[ sMdz" HY o Odz' WOGCIE
L ,E’de’ My 99" ' H Yyomlilstsis Ol dz' Is
o0®B ol " okjlstcO ¢ tsdzd o Odg Csdzd o O
HEMAZ HY | ps v Ok f.. 14U | fedodgsH
woOsBtEs' o dz0O ) Ot &0
X1 X1 Xo :2 X3 :3
1 BteWw dzO Ol +1,682 +1,682 +1,682
| jtendz 2| 16 +1 20 +1 3 +1
Ximax
Lkd s9]| 10 0 13 0 2 0
tc' o Jde
1 d dz* 2 6 -1 6 -1 1 -1
Ximin
1 Btew dzO-O -1,682 -1,682 -1,682
wodzls j too 5 1 3,5 1 1 1
o Otc" ¢ D ABug

[ SH j dz¥ o Odzdavd o] LLOGzjdgdde A3 dz20@ Istc! sn to
s H j dz Hiczetsets ftsteWHGCEZ fHtedLoBHdIS! H
JEMf jteddzj dzls' ©, IstsBlsts L B" dzt hz' odlstcOlsd

s sdfizse MEtsttslsdlsd vy o lstcOIsd, L,Of eWd 2
slsted i3z O MNP dzs © HtSH O Odzdz?" HB Htsfdz' Hke
L'teCBoadrn ' dezdzr sodrn JsSiyfsiCts d dgjOZIO dp da®© 1C¢
smM¢" dz €d:

N =ndnw +ng +ng, (3.8)

HNILOCOd dZ0 S' dz €' fils! odds ¥ o Odz' :
fiC' & C' Ml foolktis o0dy o wHdZ 2
(IS dz €' M) HBfd H' e o WHE' f &zOdk
fol ' dz' €' fils! LBEYddh bsyss:
f(oiC' d €' fMls: dkd sodn bkyst.
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rdzv fMddEeed uslsOlsoB j & dsets Sk sL dr
WOClktste' & o Ote' th=o Ofizstzv6; 5D’ &tsz' ¢ Mis! fsols
sHdz2 2 Mjte'’ jSMfjteddsj dels' aNH tcq2 B WEistetiz
a="°1682[121,124].

1 " mdzvy BBl dcjntkfgaz’ H™ 9 BlRdzs L dzO2 H,
bydz' dz' 2 dgts’ BSHj A& O fjtejHdd L dzOy  dadzw
yj delste’  f dzOdzlz :

8 o
a W a Yo1
—u=l_ . g —i=1
by P Yo o’ (3.9)

Hii M B Hd §CMYjcddiaadd; d +HOod o
bifMjtejHd L dzOuj dedey J Sy jteddsy dzls Ocz da
BiL dOyy ddv J S jttddy dzlsOdz! dzd~ H Odzd -

rdmy J ef’® ve fisfcdeffigliss to J X J dadzW o dL d
fOwLOdj &z dzd5 HEMd H' & o vyjdidste' o &zOdzkz:

by 2
a (Yo1- Yo)

Sfo == T (3.10)

ydmdzs Mlsizf jd2 © MetsBtsHd HMY Jjthm' °
fho=ng- 1. (3.11)
lted to' 9dz O=dzOURH sHlsl dzOR sH d dB3ts st B dzd Y
CtcdIsj to' & #, 52,57 1{1 12O
Il dL dz0Oyo' di3ts L dzOykzh ' Mmis 9 ' H &' (bdedzts s °
My shisd o X ke OdaddO y f dzdz” &3 W ZdzSjydalste” o * tdze
odStstedmlstsolzs yd L Odzj y dz' Mmis! :

B . . |(ng +nOw)
Vo - bo| 2 trc Gno OW/OnO—'C'mW' (3.12)

cSChts kEddscea ©® (3. 9) odStsdzlz’ Is+ mw , ® " Hd
Mo Hydls: ftots ' Misslsdzd?2 ofdzde dzO© WEkdzCy



Ydzj dzOnts

" dzj fstB

n Hdz Mmis!
CoOHW©OIsd ydzlf fyCdstsa’ j Sodrf .
odSCtsdzzo P@@dz. h B i3z

] d&zOdz f tetso j H j dadaW

Bzdzd ttsL cdzVv dzz s
1 d&zOdz j S jteddzj dzlskz IsO toj L zdzt 3R01Isd

f sMlsOdztse ¢ d
tctsL g dzW H °

fd
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HiSH Ol
Jd &My
H M
HtsM

v OB dzd yvw <
4 Sy jteddsj delslz

- [ Ostedyw f dzOdzlz o O dad;
o 2 Yur | Yu2 | Wu
X | % X | X | X4 5 | % S xR

1 +1 -1 -1 -1 1 1 1 A R e Y1 Yo | V1
) +1 1 1 -1 |+ +1 +1 -1 1 +1 Yo | Y2 | Y2
3 +1 1 +1 1|+ +1 +1 -1 +1 -1 Vau | Ya2 | V3
4 +1 1 +1 -1 | +1 +1 +1 +1 |-1 |-1 \/ Vaz | Ya
c +1 1 -1 +1 | +1 +1 +1 +1 -1 | -1 Vs1 | Ys2 | Vs
5 +1 " -1 +1 | +1 +1 +1 -1 +1 -1 Vo1 Vo2 | Yo
; +1 1 1 +1 | +1 +1 +1 -1 1| 1 Y | Y2 | V7
8 +1 " +1 +1 | +1 +1 +1 +1 |41 | +1 Ye1 Yoo | Vs
o | | ee| ° O logg| O | O |00 0| Y N
10| |aes2 | ° O log2s| o | O | 0|0 0| Yeu| YW
1 +1 0 +1.682 0 0 2828 O 0 0 0 Vir | Yz | Yu
15 +1 0 1682 0 0 |2828 0 0| O 0 Yizr | Yiez2 | Yi2
13 +1 0 0 +1682 0 0 |2828 0 0 0 Yizr | Yis2 | Vi3
1 +1 0 0 1,682 0 0 2828| 0 0 0 Viai | Yia2 | Yaa
15 +1 0 0 0 0 0 0 0 0 0 Visi | Yis2 | Vis
16 +1 0 0 0 0 0 0 0| O 0 Yier | Yie2 | Yie
17 +1 0 0 0 0 0 0 0| O 0 Yire | Yirz | Yz
18 +1 0 0 0 0 0 0 0 0 0 Vis: | Yis2 | Yis
19 +1 0 0 0 0 0 0 0 0 0 Vior | Yie2 | Yio
20 +1 0 0 0 0 0 0 O | O | O | Yyaor | Y202 | Y20
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sV Yy ‘dzsd dBsHjdZ HEEzesets fswWHCE (

[121,124]:
n n k i
by =016633& y, - 0,056794 & x5 OV
u=1 u=li=1
n
b =0,073224 %y ;s
u=1
noo (3.13)
bj =0125@ Xy Kju Oy;
u=1
n .s k n .e n
b; =0,0625 %2 (¥, +0,006888 A X2 ¢V, - 0056794 v,
u=1 i=lu=1 u=1
Him gl L dzOyJ dazoz¥ CtsHtso Odzts’ L d3' dzdzts”’

d &MY Jted d3j dals iz ;
i fd toj Hdz' 2 dtejiL gy sHGds
dif scWHSC B2 dsdzd 6 HEsMdz' HEZ;
‘Tdesdzj o W OCIsstelz;
jJkidzsdzj 6 WOCIsstelz,i-6gs' HAZ' dedetscts o' H
Ni¢'dz ' Mls! Mjte' 2 HEsMdz H' 9.
z2tsB fjtejo tdlsd L dzOykzhm'dipszOy© sdgts ' 'R
W ts te dzlz dzO d3(] :

S§O=a8C'S§; Sgi =a9C'$§; (3.14)
S§y=aloc'5§: S§u=a11¢$%

HiSTHdMY jtef' v fdB3ddz¢d Hhd HiE,;
@ 0 GOLiHBY SR 3 d Csdhsodsd, d&os jHj

rdqmyjtem' & fsB3ddzéd HSMdz HE odL dZOYyO' dits

N- ng+1 )
a S

2 _ =
S io+1’ (3.15)
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Hy?THdMY jtem' v fsdi3ddzCd E tWHGCOR § dzOdzk
rgmyjem' s fsdizdddzéd £ teWwWHCOa f dzOdzz L dz

u

é.()’ui'yu)z
2 _i=1
T T (3.16)
Hi 1 OtcOdzj dz! dzd J-cisj H isdzdds @l .
vOBY odL dZOYyO’ d@its dzOH ' 2 dz’ ' dzlsj oo Odzd &

Dby =tr GBo; Dby =ty Byi; Doy =ty Bys Dy, =ty Gy,
HirTLdOyjtdlzedlsjtc' 8 wls! 8 Hj dasO WOH Odets
' odz L RO’ Miskfjd o MosBESHI
CChts odCisdzlz b§sphy IsaSSo@ M’ ybb Qe Py Il

L 2Oyl d &g, scB st g o f dzd o Zo W
odd3' to¥ 9 Odzdzy [ 121, 124] .
| felfittte OHjCoOld fls! slsted BOdzts &z

fjcjo ' 6jdes LO HEfodBsess Ctdlsjec' ¥ A'hjt
=%, (3.17)

HiZiHME jef' v OHjCo Oldsmls' .
rdimf j et & O@des s’ odL dzOYOdkzd L O ¥ stedlz

N- n0+l"
a na@yy, - yu)

2 __u=l
Stz N-K- (0D (3.18)

Hilzg T L dzOyd dedevw  WHstAeWn C 2,9 5B yd Mmdzj dzd
BOIs j RO lsdgtsundgtsdzdzs |
KiC' dz' €' fls' L dzgOykd dpfh dzets j 8 ) i) fogls™ o
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CCh s tslsted d3dOdzd?2 Stodlsjte’ 2 FA< R, Jj tcoOd Bdig Qid
fted L dzO2Hj dzsd3lz L dzOyJ d@dzl d figzale® * 1 lstiasy Jjf, cidh,dgts o
Ists wlsted B3OdZO disH j dz 9900 s Mw OHJ Co0OIsd
ftoesyj A ®ykz s mw.

1 O tcjLEzdz IsOIs Odzd tesL teOn 2dzC 4§ t6d SO dz
MisOlsdMmisdydzed = ftesctcOd3 B teotsBjdjfififdgvic dlsf) dz6 @
HOdzdr LO HBYBRBBEB 1 s, Btsy dzd o s off HBEHZE
fOcORBIIste' 9 flsddiz LQw" L I ®o ji &5 dgiz@isngdscct
L sSBtcOy jdadzg" tojLEkzdz sOIs'" 8 ftetso j H jddd] »jd fifif
f OtcOd3j Istc @, Is tsoBjlsdix] ud@iedj Misdf fif§ldzr § Zdzr Mz YBCG t
LB ded GHdEEE o8 HodSEs W OO IsSiHc®S lseds s |
fsBzHEZoOd LO HfBsess O0CjEO fftodS dzOH

¢ftetss md BOY " ® Slsted 30ded »  § S MY J ted d3j dals
tojLizdz sOIsOdRRd ftoso jH  dzd Hisfdz HY J d& , (i
B ssHdCOR], f(tod y! sd@Bz o) d@ydpds nes ks3] ddj
CoOHKOIS" 9.

37 [ jssHdSC O odL dzOyJ dzdzv § OtcOd3j Iste’ © ¢
ftcdosHEZ o' BteOY' 2des’ BOh ddzd ESOLIBNMOIRESZ] o t
Simulation

lted fHtotsj Clskzo Odzdz f OtcOd3j Istc’ o ¢ toj d3cC
o dded ¢ O LOs g OtedzyydIsd "7 o3 ydz' mis- sO ts
CsdemstezCy" . [ME"  dz € ydds B dz hj d&BOMJ
o ddzd € O Is! f'"H yYyofm twsetlsd o' BtcOY' 2 dzts’
ydSdz ydedr dz0e Odzls Oy j dzdz" = , Isds Csjic j dgtizy J
tolz 2 dzlz 9 O dzdzw .

[ dzw ftetso j HJ dedg” HIfiAT] dei3ts4 > 46 ts 6 ta Guofgplsots?
SOLIDWORKS Simulatiors sd3f ©dz' ° Structur al Resear



129

SOLIDWORKS-yj fmdMmisj 8O * doyj dzj tedzd 7 tetsL to
Me " deug dzd & dzj gy dzls ' de.ts o ls'Hdf sH{ts L&O® O dzls Oy j dz
ZOf ey jd H' dvdCd, O kOCKYy hdwitd o
ftcdC dzOH Odgdz? dzOo Odzls Oy j dzdz? o dL dzOydlilsd dzj t
dzOo Odzls Oy j dzdz .

V &BjltH' MS dguj ded 7 j dsjlsijdgizls* o {f s fipezs
Me* dgyj ded?2 Jjdzj Bj dels. sttedfmiskze Oy f o ddzj dz
m¢ ' dzyg dz’ J dzj d3J dzls d , htsB L dadr L BtOIsd
fted S zOH jdzdm Mddz ' des Hj U StedEz‘ 5 Mw,
HisY 5B G S j tjdgd 3 dge).. | dz02Isd to' o dzso Oy dzj
u=ur) - s LOoHOdEY Ikjtte'  fkydshls' .
jzjBidls' o fsdkvcE0O' o bkkz, 't k' &t L
f 5B dZOMls j 2 f o @sCIS 1 MelzOLMC * dgyj ded B j dzj d3j dzls
Me " deyj desets jdzj d3j delsk ftsdzj fjtej B hjdz G
"stedBd 5 o' HBJEB L dzOyj dedzv B ulfr) nesjids:..nj dz
n-C ' dzr €' Mt oL d & MC' deyj desets j dzj dgj dals ©

] tots ¢ tcEDHMNORKS H 2y § LiczydzO ftcd B OGOt
sfMC' dz €d ‘L LB OB cjitdkjktt’’ odisBl
5B ®Rj N J dzdzv, 200 Odzls Oy j dzdz" SO cjtsdjlste’ W
fijtejBkHEZoOld M 'Sk O Ldssk LOfEMisdlsd

sstedmiskze O e tcd  H dfijStdgj jHisdd L20 Y ‘o
Me ' deyj detscéts jdzj Bj dglskz SO, fted dzj sBS " Hdats
kscts, Gy ddots HsLotddld Mdhlsj d MHOKsT
Lsdz08 L ' LOts L& dgss G jsdjlste’

r dzv o d ¢ sdzOdzdz" ff tots B @B WBHzC L ©BQLIDWQRKS dzdz’
dzj sBOo' Hdgs o dCtsdzOld dzOMskzy dz' StetsS d:

~odCtjfMmddlsd &sHjd HjkOdj2, "t
fOtc O d3j Is te d Y dzts ¢ SSOBWQRES o O dzdz™
- zOC &ZOMIsd @O d\BsHjd ofy' B dj Y J dzdz” ;
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- OC &zOMisd O &sHjd o' dz0o Gdek Ej jia
Lefmddzdz . . .) odLdzOYj dzdr L & t&' o;
~odL dzOydlsd &OkjE' Od, L wWCt'  odg
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i Sy jted i3 dzls Oz’ dzts, ks "t HEXYJ] MS dO
L OtctsH Y jJ dadz? C O9 " IsOyY" 2 dzts’ f stetsy dedded [z ¢
300 d dzd . 1 Ofmis s dzPrzdziits ©fgzaB d2 Is Hdzv o d L dzO~
fjtifOHE bdMSE dBoyddets ftod §oifjtjHI -
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fOLO®jste’ © dzjtsBR ' Hdzts odL dzOYOld §ted dz
" isd CtStjcko Odzdzr YOMlstslsd Ot Odf dz Ist

43 1 jLkd sOkd BOCOLsY OCksEdsets j S MY,
Hd OB ydedn § OwO®Rjlste' 8 §kd My yscts L Odgl
CsdzmlstekSlsdoddn §OLORjke' o8 kO tjydd o
BON d ded

1 O shdetso B ssHd S ( tc B LOH 'Odztistd &AL dsts
dSMyjtedd3j dlsz Bldzd GtetsojHjdz § g Cdffls @dizg
L Odzj ydgBMigd ©z3Odz! dese s RBdlsls® etsets IsdmMEkz § kd
ZOMmMOa Sk SCodmstetzCIsdodzdr f OttOd3j ste’ 9 tesB
ftedotsHlz, @Y oy jHddds"" HH ° O d3jtisitedd HAEY OKlZ] @ dfj
zO M OB g, yOMmisslsd ¢ tsdzdfpldd@aizf df tolsfeHsh € ts dzAf 9 Oc
ftcd o HfMlsOdEZ HOLYFSCO, OS5’ Lz dZOMOHEC O

[ OSC M dBBOdzr dzgd?2 IsdMm¢ fkzdz Mks yssets flstelz
od L dzOy O dzts W LO HBfRccH HOIsyds¢ O Isdm¢
s dMOdets’ ® "  HtetsLH' ' dz 3. 3. J ftesyj M
sl 3 tod odzzlste' hdz sEts H' O USE Iz H 6 PEIBECE S
o' Ldzeddz j Sy dested Mdls j s sWs dzdizd @atz'o O dzd 10Odgt d
fsSHOo OdzOM! dzO Hoedcelkdz ftsMmis' 2 dese s Misteclz L

[ dzw Coydetsegts L dzj tiL tel3S atdsladf o dediy KoeC Asdaded o L ©
stcd CtcOIlsdz’ 2 fsolststes 9 OdgsMils’, O o dkzdz 5o
odOUg dzgdz" HIMY jtem® ~, ' Mdv yscets o MiyvAdeso
oditcdMmistsolzo Odzd Hdzv f sSH Odz' [126828]. MiIsOIlsd Mls

ltcd ftetseo jHdzgdz' HEsMdz' HY j de dzCoudsigdetbsy Gd:
sdmMSkz L MCte' dzh tsls’ o . s totff RO bz B o ¢ gD Hzfs GO B
Em: €Nt jtod d&3j dzlsOdzr desets dBOMdok HOddr M
Hitsfmdz' HY j dz .
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ldLdzOyjdets Stsj%' y' ‘dalsd tjewjfm C  Co
WSt dslz gL 3) , J[lted BOdz L dzOyj dedzv St W
' Gplco OHAfC sdz@oh  SCHEO Odedgr W OCkmts' o,

tcsBtsy' 2 dBOLttdy' (lsOGBdz. 3. 2) . 1 2Oy J dzdzv
z s OB . 4 . 1.

v OB dzd yw
L st e d sO tojL kzd sOIsd Htsfpdz' k=3 6

) X1 X2 X3 y
1 60 13,5 1 0,065
2 140 13,5 1 0,410
]l s9 dzd 3 60 21,5 1 0,08
WOC Istst 4 140 21,5 1 0,38
d ¢t j te 5 60 13,5 3 0,056
6 140 13,5 3 0,125
7 60 21,5 3 0,096
8 140 21,5 3 0,075
9 30 17,5 2 0,156
[ shdz' 10 180 17,5 2 0,294
) L ' 1 11 100 11 2 0,210
Istsy ¢ @ 12 100 24 2 0,195
13 100 17,5 0.32 0,304
14 100 17,5 3.68 0,223
15 100 17,5 2 0,270
[ sfdz' H 16 100 17,5 2 0,265
dzlz dz' ts 17 100 17,5 2 0,270
Istsyy' 18 100 17,5 2 0,275
19 100 17,5 2 0,275
20 100 17,5 2 0,265
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] " v dp Bz B Slstod BOdzd B toj L b dBOE Gnsl dpO dzs ‘d
B lsls’ o 56 IO dgjopyipfigt]y 09 oH' H dzsh j dzdzv ik @UHESE O
H' O O dOMOHS O, yOmkstslsd fbkd MOy'LR
CsHBo Odzgdrn 9o dzd yd dzOr BO* o dc dzw H:

y=02728+ 0,067 + 000K, - 0,052 - 0015Bx, - 007566, - |
- 0,0007%, X, - 0,033%” - 0,00225¢ - 0,0203¢ . '

Hix i MY oo  Hdsh j dzdzv fHE D AU @ ' © BBl o @
(D¢ /dg) ;

X, i YOMmissls0 flkd MOy 2 ftdotHE:

x; OB &' sSEHO fld MOY' 2 fdotHLE.

[y’ dz€ & fldnds\pdsts’ L dz2O0ykh sfis’ Csi W'y ' oc
fjtjo' lkiz OHJ CoOlsdztsfls” (9" Hf s9 ' HdzsMIs’
odJyUOHSBodr o dZduyddz to' odeW dzdg? t6j Gted M°
ftesyj Mk fosotsHddzd LG Hdets df5j SBsHdECd, WwWEC

v OCdd3 yd dzts ds, f' Mdzv fHteseojHjdedr totsL t6C
Hdzw Ct5] W dg] " aladfOsdzz’ Is! M RSB BE 5 d&
BEdzO d&3j dzh © L O dzOH"' 2dz’ ' delsj tco Odzd .

vusH' €' dzyd o4 to' o dzW dzdzW Iz tz§ q toth @O dz) dzlz tsL
CsHtso Odzgd - 9 j dzd yd dzOr &BO' odcecdzvu [ 97]:

y =0,2728+ 0,067, +0,009X, - 0,052, - 0,0156x,X, - 0,0756X,X, -

) ) 5 (4.4)
- 0,033%,” - 0,0022%; - 0,020 .

1 sk’ 5 fososHdEOM' fjtcjo' ©CO OHJjCo Ol
A'hjteO. [BHjd OHjSoOldO, wChf:

<F(Q; f,;f.) , (4.5)
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HS5,THdMT jteM' W OHjSCoOlsdatsls ' ;

Sylivdmy jtef'w o Hisotstes 9 Odatsls " ;
FQf;f)iCoOddsdtesL f sH' dzz A' h j©O, L &OR SH

F(Q; fy; fs) = 4,735. (4.6)
rdmf jtwem ¥ OHJjCoObdshis’ oL dzOYyo* Is! fr
HdMY j e °  OH pEol@s gets §) 1S%0.=904E0°. v Br452,

IstsB Istx4,2B5I Bk H j dz2 OH J € 9 Ols dzO.

Il dL d&z0yd d3ts s lsd &30 dz' dz 4, L) dzdf etsh O
HdWJtejdzgy' ¥ 9 Odadgy to' o dgWw dzdev toj G tcj i)' ° RS
tc' o dzV dzgdzv Hts dgkz dzw .

65- 154z, - 752z, - 67,4z, =0
91-154z,- 058z, - 44z, =0 (4.8)
- 51- 752z - 0,6z, - 401z=0

t " hddede MmMdMmisd B 679 @Bzz,= OB, z;= C1186c § dz’
I dL dzoyd s O kztcOdz dz' z,2,d50 U jSaisiatz o QD P 3 |
o' Hito Hdzs: M ' oo Hdzsh jdzdz" H' Okj stk
D/=10, YOMmlstls@=TpEtrdo Odsf &z’ Is 0,002t dpcflolCdk! .

] " Hite Hdzs k& dzOktOd dzq fie' ® flatzdzuz] dzQs,
@2)f v fjtejlbotste dedzy 5O My tetsh j dedzy o dteOL

Prax = 0,91+ 0,007D +0,006f +0,18A- 0,000069f - 0,00126DA-

4.9
- 0,000009D2 - 0,00146f 2 - 0,02A% (4.9)
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[sted B30dzj to' odgv dzgder tejctejfm' ~ (4.7) B
BOC M BOd desc s o3 Isls ' LoCirgts| disfcfifplol’ Hzdz B0 ipediave
COBjted fbkd MOY' @' HE H' OBjlEO dOMOHS O,

fd MOy % tsOfaE€HEE] 3y O° L B o5 Hddo WG
60 Ddgf O 120f0 20( 4 yg 003 ( dBXR) .

[ dz2v o dL dzOyJ dedzv o ff dzdo &z s dztslyp ddefled - ) SWdEE
2O OOl ste Yflsdds’ L OU Odzj X bety kst  ded) ls G df
ZOMOHC Iz o' H ojddyddd H' Od3j stc® COd3j tod
ORY dz' skzvd € tsdzdo Odzd3j BB @MEASS ] J ifldsttedn 0@
LOBJ LY ] yptztitedOd Hdzr Ol etsf sdise s dz' sets ff S
9" Hisotstoj dzde" ( totstiz] g tizgf )" L dAED dzeltded] 5 dzj 2
fseojtcntsdz 9o HGEGCE.

tiLkd O OdOd Lk HOddR oj Sgfuidiards] s
RO QHE jor fils Oo dzj dzgs © COW -4ldd 2. ¥ Skl ' oap
LO HBY SEEcE Of st OO ]

tdf. 4.12. ) 50 j toRR@T Mal ROcK Wts & is®dzjsy dgty |
ZOMOHSE o' H YOMist sy Is1@zv0O Yot jRckft GOk S i
dp=10 BdB
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f.Ing

a5
—F e —
-1
] |
a0 =
— 11— -

—
/’ PEnt-
15 - -
i 7
\\\‘1
\E_"‘-\«n 0
1}

—

10

5

1
11 - _
MH“‘--_,____H 1.1
S 1.1

1 2 3

1]

A v

tdf. 4.13. rotsd tedzd?2 1 j to k@S i) d kO o
Bdlslks’ ssets sdMSk k dzOMOHSCE o' H YOMmistls
fzdz HEY 10 We=qd), o33

10 tdfm. 4. 14 L'wsBdcOndHOEZ fis® j t68 thed3’ tc dzc
9 ' HekCE (tdfm. 4.12), w¢' fC0LEZsIs! o dz
fzdz2 MOy" ° o' H YOoOfmbtlsd IO O d' skzHd ¢t
fsmis' 2desdge H'® Od3j Istc® ZOMOHSC O L BagzHlyj dad
L d3d dgh j dedegv fddzd Isdm¢k [ 117, 118].

i

P10 Il ‘
14
e e ‘
125 =
P(1.f) /E\N
PED 14 N
B3.5) ‘ \
0.95 ‘ .
| f.I'n

0.3

3 10 15 20 23

t df). 14Qdjdy. dgb §fg ¢ d3Olslaf fgfisle s Z dz' Mk Y s
flstekzdsj dz» o' H  yOfmbtslsd §kd MOGYA2L §ted
Bz, RAE2P dBRTA= P FBHB= § 160 Wp=3dR, &R
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| fridsdzts & dzj dzts, h 5 i tod L B dz' hj dzdzg O d3
BOS Mg BOdz dzd?2 IkdmMS k& dOMOHSE dzj L sl
hgdHC M ftosls' COdzdz" to' Hddzd Sto' L' dzOf
z dz! s ik, hts L dgj dzh i2° f totsn " H dediddzy § JOtej tel
¢ tsdzd 9 Odzg Hts 3 dBBd3 9 jH] HBS LtesMmisOdadzy H
C sdzd NOdgts™ BOL d dzd

44, 1 S MY j tod d3j dzls ©dz' dz' Hisfdz' HY j dadaw i tc
HjlsOdzj?2 LOdgztej dzgdal fzdzr Mks ydds Mistelz dsj dzj ¢

rdzv " Hlse jtoH ) §dzdzf ydptiec{ie s tbtsyj Mz  d3d 2
B34 =~ Odz' ydats’ oL O digsH "’ Mmistcz d3j dav te' H d dz
L OBtolzH dzj dzdzV d3 B kzdzd f totse j H j dz f stc’ o dzv dz!
 sfhdz' HY k9o Odzd My fMis tc z d3d dzdzd 2 (o' dz ded 3 M
fzdz mMzwwd =stc' H d dzdzd 2 (LOdzkztej dzd d3 Mistclz d3d
f ctsd3d o O dzdzv .

[ dzw EmEzdzj dzdz?v off dzdoz R a3 ydedr W OC st
BB YSGEts Is' &Zz0 odSCtsttdMmlstsolzo OzOMPL u .0 s tzy
Hsfpdz' HYy jda@ Htesyjmkz &d2¢d wdzvw ded 25¢ dlstc@
fdz Mk yddz Mlstckzdij dzj @3 t6° H d dzgd H dzw S H
oditcdmlssoalzo Qo mMv dOMOHESE H' OdRBj Istetsdz 10
BsHjdz2 dzgdmr L OB tclzH dzj dz L tfrfits. 53 ts10) O dats § M ils @ d
Cte" fdomw ©teddEOy( taddy. 3L.tOQL.C | o stetslsdzd?2 ¢
B s Blsted dizOdzdzy €09 " IsOy' 2dedr fE2Rdtey' o
L Odzlz to j dzts A3z Mistclz d3j dz' tc'" Hddzd . [ sfpdz" HY J
f OtcOdRj steOr: YOMistslsO Csdzdo Odz' o  Badc@dg' 22
d3 a3, H' Od3gj Istc dzOMOHSC O 10 BB fted H' OdJls
ZOMOHSEC O 30 d3d3.

1 Gedm. 4. 15 f s5¢0uady e 5 d @i ‘CO ‘L
L OB tolzH dzj dz ( OwzBOL &0 foMmksO), wed2 ftfs
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Mistczdz dzj d31 &' Hdeddd .C & HEBBGJ tesL e’ L dgv ' Is!
RO ekzy jdz@ t" Hddzed (Isj B3dzO E yjdzlste’ ) 1O L
(9" HYyJ dzlstetse ' COdzOoCd dO o jtemndz HO t
sO tdm.f4.C106 Odts WslstetcOW "™ o9, & ] ton s
fzdz My ydoz L Odzztej ded &3 Mistelz dzd dzy d3 te* H d dzd
E MmMjtejuHdde ftesyj Mz tsBtotsB dzj dadz” .

}d JrL§§
{df. iMsMBELOy '~ ©OLSO 'L &SHj d dd &
fso Iste’ o' & ded5 dzj b MESQ]A&ELIHIS!

tdim. TASKRBctcOW "~ t©OL ¢ adzj dadz"d3is H(j QlzizddfLc
Olftcd f tetsd3d o Odzdz’ 4 Pdlakg tofy Istad 33 4 dz jddlz Mtz
fzadteyw ddd dz0 § syOIlsS kz tsB tBiSH day dAfias ts a3c
LOdzztej dzgd d3 ff zdz' mMikz¥ ydd3 Mlstczdzy dzgj &3 tc' H

f tots ytkentets B dzj dzdz? L dZzOMOHC O |
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l tesd3d 0 Odzdzy f dztsh d dzd L tdOQCIod3 od3jHrBQRds A

f syolksSkz fJtesdsdo Odzdz? L wOLECO dzO28B " dz! N
fdiztsh ddz@ o Lisdz H' ' dested3Odzr dzd o zOfGlzy j
ddzj dz2Ofted$ ' dzy’ ftiosdzsd o Odzdz? L tcOL SO o' HB
L OBtolzH dfjjded Wijae® ~ HlbtsCkz, s ttsLls' CO' Is!
GOL tstc' HJ dzdats’ Bz 3" "O o todf) dzbb s D6Ez! dz' 2 Y C
9 dH Odzj dzdzv L OB tclzH dzj dz dzj dzh O LOoHWC(
AJ dalsteOdz' dzg0@ yOMmlsddz® §slssClz Pty dgl dis @ 2 ¢
EHOtedzz H' 8 MmMslzR] d®ls | cffMtcd ¥ LB, 2 2O yOMml
o3 Mls cOLtsodms HEZRdtoy' o, i {ON L dzOydets B
Ho BWOL dzgsets f sIss€ Iz, hts ftoedLotHdIs! H S
[ dzv tsH datstc 'd3d dptOfifdsizy  ffftiste j ton d2' dzj SB -~ ' H dat
hts fesdkdo O Is! MW, B jtolsOdzadz" s Yyd ftsoL HIS:

o SCodmlstckzCy' ' EkEfmMlsOdset¢d [104, 135].
l s jtendgv BsH | dz' dese s L @B ifSUssidzis ddaf e d3 @l
L3 hjdedgv ds o' H | J deEsHolzs oildts@L CfOlcts A9 H O 9 dz¥ ¢
BtsH j dz' desets L OB telzH dzj dada” COo " sOY" 2 dad B

lezrndtey’ |, tesLd3" eOd3d o' H 0,1 HEtS 0, 2 ARy,
Mmd e Hdz L dzOydzd2 Isdm¢ ftcOye 6 Is! ‘L

Y O figs off O fted totsL s’ € Odeds Mistclzd3d dav ff ts
LB dz2 hizs Is! HEIsdydze MmMddzd Isjlsw dzO °~°  ft

lteso jHjdzs HtsMdz HY jdzdzw HtesHEZC IS o datsls
LOdztej ded s H zdz! ks yddz fMstelzdzj daj ds L G
wdzls j dzfn dfotats HidsS Is d o dzs fyls © dsd ASeds Y § dzls 2@ &tz
fdzsh ' LOBhkH dzdz? HES L OCOd deisH i Gzis bt b dz
sydh jodedewdzOrud®jonigh j dzdzv d3 f dztsh * L OB telz v dzj dzdz”

DS=S /S, 5, (4.10)

HJS T dzsh © L OB telzH dzj dadz™ LtcOL € O;
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S .19 0c 0O L OcOdz! dzO § dzsh © L tOL € O.

t jLEkd sOIsd ftetseo jHj dad m Hisfpdz' H Y j d& i
CweOW' Ck tdf. 4 17.

AS.%
7 00 A:[Zdﬁfﬁ,
75 w0, —
\ aw=001 m
50 \
25 \\
0 B

0 g5 1 7,';_27,',\/5
tdfm. TA@W' ¢ §totsa3dQ Etha dgadefydz L OB tolz H dzj
Yomsd

ltotso j Hj dg Hisfdz' HY j dadgw BI2¢CJ BsH j
sfdzts o dz Isj tstej Isd yda ftedf zh jdedew [ 4, 12, 1
Bds ys® ' Hddzed L cOLBodddd fkzrdteywdd ‘L
My stz &b sPy® 2 ddidef §Ezndteywd, W
o' BteOY'  2dzs’ BO"Mdded Hdzw ftetsyj Mz &Bd2¢d.

ldasHwyd L tjLizd IsOIs’' 9 HtSMdz' HY j d&' ,
L Odzlz to jfdestz iz ¥ Yyts @ 5 Gfifla tdsaadpjHogWdEdsshp Ids' " dzls J d
ftosyd Mz o2 ¢ ddedzdh & Wi @ g[tE z Hodgj da'd .

45 1 €Y j tod d3j dzls ©dz' dz' Hitsfdz' HY j dzdaw i tot
HjlsOdzj?2 LOdzztej dzgddz ff zdz' mMizs yddi3 Milstclz d3j dzj

lJteso JHjdes JSEMY j ted d3J dzls Odzt dz' Hismdz" HY |
LOBzHAz] dz@ 2O Misj dzHM s ¢ tedfimdzi3d3 1) |4 dz jods Hndz ck
L YEtsMmiIs® seJteHdr YOMddzst L OMissmMtse iz
B3 IsOdzjad® ‘S d¢ H' @Gdgj sBEHBCBMIS' GBsHJ dz! dzse s L
poovLSE MER M fdizE O Ghdtse f &zOMmls dsdz’ dz
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LEOLCO ttsL &5 tetsds 40540 &, Jdedvh ot
so jteHdr YOMisddzsS 1w fsCOLOdes dzO todfm. 4.

{ df). bAEIBSCEOY ' v ftesyjmk SYdMisSd L OBtk
lulilsted 30y 27U @itdp® i O4itdsCo;j teH O 1 Gted n IsO

[ dzw ftcdotsHEz o BtcOY' 2 dzts’ BOM ddz B Iz dz
sBtosB dzj dzdz : YOMstslsO Ctsdzdo Odz' 9 ' BteOY' 2«
2  d3d3, H' Odsj ste dzOMOHC O 10 i3 ftoed H'W O3
BZOMOHCO 30 Bz O LCGEtCipis o Odftsd 2L oLishte tsHlsobas:
SO 90dzdzz Hdzw tydmlsC d.

skls 0OlOSd MmMtekzdkjdy 90A. 10 tdfy 4.
dBsH j dzt dzgd 3 L OBtlzH dzj dzdz? o3 " fmdzv tsB tetsB dzj dz
' Hddzd L o] toHl Bz MUOIsEdSodEE] s § jolf m ti2Y
h OQtey s9 Odzgd?2 odcecdzvH IsO Mftsmisjte’" ¢ O Is!: Mw ¢
LOBtolzHdzj dadzy . 1 tetsyjfm tsydh jdedz L O yoOfmtsds
so jteHts™ YOMmMlsddzCd L OMistsmMikzo ®ah d d3jlsOdzj o

10 todfm. 46.d0 2 1lsOf 5C OL Odats W@ IshdseHtg @b * digd
LOBtolzH dzj dzgdgv a3 " ffdzv BtotsB dzj dedzy f zdz? Mz
B4 IsOdzj o d Bl dsdlyz dz ¢ O Az d

10 o jton dz LicOL SO Mfsfmisjte’ ¢ O st Mmw
Cedzr €d E 906wLSC) LOBtkzHAzj dzdgv IsO dzOfMlskzt
HslsGwlz ttknik Skd € k §slstsy’ ' Hddd § s
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tdm. TS8O ' v fsojtends LEBGOLSCO L dsts
oL O d@tsH' " f zdz fiyz dydsck SL Misdejztezy dlaBdodby O fls

-~

tdf. THSRBCLOY ' v ftso jton dz' toizte @ Szl B (Rfs
SBB dzj dgdzv f 2 dz? ks ydd3 Mistelzdgj dzj &3 °tc’ H d

tdm. iMsRE8cteOW " v o jtendy LOLSO L osts
SBtotsB dzj dadg? § lzdz My ydds Mistelzdsj daj &5 T H d
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l totso j Hj dzts HisMdz' whe dalzdgts * f syl § lskzdzw
LOBtolzH dzj dzdzv L Odzztej dgdd3  zdz' Mz ydd3 Mmistet
Yyomsds 'L L3 desr C kIO WkOFE dEin dndsdes zfigig ‘dzv  t§
sydh j dzdaw o dL dzO0y O dzts iy LO MmMjtjHde &3 9" |
1 &3 dz" j dzdzv OLeCOGd oLdia dzOyOdzd L O to' L dedyg ®
foslswet® Ctdsted o Odese s YOk (2 Ro.)

Dm=my - m, (4.10)

H Js;:T9 O O LtcOL SO HB ydh j dzdzv ;

Is,T 9 O¢ O L e Od g @gdzlf * Madzvw 5y

1 etsH 2€ Is dud? jidsdzy dsO yOdzd L Odzj 3 dz2' Mmlise :

G =Dm(F,t), (4.11)
HDmiLd3 dzO 90cd L©OL € O;
(Fiwedty' v L3 dzd 90cd LO yomsd.

10 tdM. 4. 2Ddf &0 OEsf ccHECIsdo dsfls"
LtcOLSC O diHjdz! dets@ts L OBtkHAz] dzdz?" L O yOMfmts
fzdz! Mkes ysets MmMlstelzdzj dzv ' Hdded L Is9 jteH d d3
His fseojtends , hts sydh o' ls: mw [119,120] .

Al M2

ESN
W

| A=q002y |
k=01,
H-Q0M

0 2 4 6 I xb
tdim. T Ao @ G Cistd tesdrs(ff Igidedfvts o j ton dz' L te
BSHj dz! dzgsets L OBtekzHAz dzgdz?y L O yoOmsdy §ted t
Bj lsOdzj o d B3fo ‘SHz dp' jSHOSRHS Odz! dHzts' § SHj CHEAcE B
2i S kzls % Bi2¢5zIs °1 35

- N W
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f OMmMBBe j L dzsh zo Odzdzy d3JdO0O dzjisdednds € Gstindz!* 5 s f
ftcOCIsdydes dzj MisMmisjtc' cOdzOMW L OoaHWEd
2O tekzy j dzr ok detsets R OwOCIjtol.

v tcjLEzdz IsOIs’ ftcso jH] dzSGE B Htsfdz' HY J§
BSHj dz! degsSets L OBtelzH dzj dzdzv o Mis Odzs o dzj dgtis.c tsh
LOdzte j desets Mistelzd3j dzv L dSjHisO A2 dsp 5@ o dz
L to s ls O dzdzw ftesHEZSIsd o detsyls sydmisSd (1§
2O elzy § dedz? 3" 3y Chkzdz Cts58 sO L OB tclkzH dzj dzdz
OCIsdo dzse 5. LicHi® Odzdza" ) UsED' dz'jHjjdzdavs Cdizgj L dzOy
ftesHEZGCIsd o dzgsyls sBtetsB S d (fsyddz©’ Is+ mw
O telzy jdz@ i Y Ckdz Cts8 SO L OB telkzH dzj dzdz” k)

46.] dmdzeso € d HB ttSLH' dzz 4

1. tdLikzdz sOIsd d S MY J Jedg'dzj dals Qdz Gl ~L O
o dded G dzj dedz? f Zdz ks ysets L Odgztej detsets Mls
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HaYeTP BXOTO HALJOHANSHOTO i

YHIBEPCKTETY TEXHONOTIN TA AMIARHY ﬂupex'r?p BCI'I‘f-(JIbchstm e

N2 35263749 Kosnemk IHaycTpil Mmoau Kuiscekoro
Z";’/ “"f’“}-?;’;’jg,';ggpm"‘ 6 HMOH@:}{}; YHIBEDCHTETY TEXHOJIOTH Ta AH3aMHY»
Bin A N 0¥ Q7 Hens KPEJJEHELB
fate sia « SS» OF— 2022 p.
AKT

PO BNPOBAKEHHS B HaBYaNbHHH npouec y BCII «JIbBiBchbkHil paxoBnii Konemx
ingycTpii moan KuiBCchKOro HaliOHANEHOrO YHIBEPCHTETY TEXHOONH Ta HH3AHHY»
pe3yasTaris anceprauil Ha 3106y Trs crynens aokropa pinocodii Craporo A.P. 3a Temolo
«ObrpynTYyBaHHa napamMeTpis BibpaniliHol MAIIMHEK 118 OYHMEHHS Ta MEIKH AeTanel npu
PEMOHTI»

Hauuit axt cknanenuif npo Te, MO B HABYAIBHOMY NPOLECi HA WMKIIOBIH KOMiCT rany3esoro
MamuHOOynyBaHHA NpH BHKIafaHHi AucUMIUTHE: «TexHonoris pemonTy no6yToBOi TeXHiKm»,
«[llpuxnamna MexaHika» BIPOBAUKEHi i BUKOPHCTOBYIOTECA HACTYIHI Pe3y/IbTaTH AHCEpTalii Ha
3100yTTa cTYnens aokropa inocodii Craporo A.P., a came:

- po3pobneni konuemuii MOGYAOBH i METOAMKA IHXEHEPHHX pO3paxyHKIB Bibpauiinmx
MAIllHH JUIA OYHIICHHA Ta MHHKH JeTaielf 3aTOIUVICHHMH IYNbCYIOYHMH CTPYMEHAMH MHIOHOT
PIIMHH NPH PEMOHTI, 3aBOAKH SKHM MOJOAWI CMENiamicTH, AKi NpPAIIOBATHMYTH Y LBOMY
HanpsAMY, MaTHMYTh MOXJIHBICTb BIPOBAJUKYBATH ¥ BHPOOHHUTBO BHCOKO(EKTHBHI Ta Hamiliui
3pa3kH BiOpauifHuX MamuH;

- TEOPETHYHI 1 EKCIEpPUMEHTaNbHI Ppe3yNbTaTH AalH MOXK/IHBICTb BCTAHOBHTH HOBI
CHiBBIZIHOIICHHA KOHCTPYKTHBHHX MapaMeTpiB BibpaniiiHoi MAIIMHK /1 OYHINEHHS [TOBEPXOHB
metane# Bin 3abpyaHEHb Ta MHHKH, PEKOMEHAYBaTH palioHATbHI 9acTOTHI rpaHHui poGoTH
BiOpauiiiHoro npHBOAY MalIKHK.

BnpoBamkeHHA 1MX pe3ynsTaTiBE B HABYQIBHMH NpOLEC CNPHSE IIMPLIOMY
O3HAHOMIIEHHIO YYHIB 3 npo6aeMaMH TEXHONOTIYHHX NPOLECiB 3abe3neyeHHs TOYHOCTI Ta AKOCTi
06pobku neTanelt MalIMH, NpPOEKTYBAHHA KOHCTPYKUiM MamMH B MammMHOGYAyBaHHI Ta
JOCATHEHHA AKOCTi iX 30MpaHHA Ta JO3BONAE MIABHIUMTH TEOPETHYHHM i MPaKTHYHMI piBeHb
TIZrOTOBKH MOJIOJIIMX CriemianicTiB 3a HanpaMoM «IHXeHepHa MexaHikay.

Onsra CKOPOITAZ

Tamapa KOLLIEJIEHKO
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JHcepraniiiHol podoTH HA 3A00VTTA CTYIEHS JoKTOpa (pinocodii
Craporo Auapis Pomanosuya

Komicia v crani ronosn — ronosnoro imsenepa T/IB «Baactan Aunu Bosnoseus, wieHis
komicii: rotoshoro mexaunika TJIB «Bnactan Crenana Okonith, acnipanrta xadeapn texuoorii
siawraobyaveanns XHY Awuapia Craporo, ciaana weil akT nopo Te. o peiyvikTaTH HayKoBHX
J0CTiKeHb Ta NPAKTHYHHX PeKOMEHJaliil aucepraniiinol poSoTi Ha 3100yTTA CTYNEHs J0KTOpa
(pinocodii Craporo AP, 3a temo: «OGTpYHTYBaHHA napamerpis BidpauiiiHoOl MauMHu JUIA
OMHILEHHS Ta MHIKH Jeranel MpH PeMOHTI» Ta pPesyibTATH. WO OTPHMaHI ¥ pojli BHKOHABILA
AepaOiomaeTHOl  Temu:  «OGrpYHTYBANNA KOHCTPYKTHBHHX —NapaMerpiB.  PewHMiB  poboTH
BIBPANiitHOT Malmmnum 118 ouMCTEH Ta Muiiku getaneii Ta gocaimkenna T npanesnarnoctin (N
nepaasnol pecerpanii 0121U110967). nepeaani TJIB «Baacray | npuinaty 1% BUKOPHCTAHHA Ta
BIPORATHCHHA,

Jokpema i3 TEOPETHUHMX Ta NPAKTHYHHX pe3viLTaTie podoTH 5¥10 BHKOPUCTAHO:

- pekoMeHamit Mo 3ACTOCVRAHHIO METOAY OMHCTKM Ta MHHKH ¥ BAaHHAX 3aHYPEHHM
MYABCYIOMHM CTPYMEHEM MAKOUOT PLIHHE 3 TBEPAHMHE HacTHHEAMH.

- TEXHOJIOTIO OMHCTKH Ta MMIAKH JeTancii ofaainania 3JaHYPEHHM NYIBCYIOHHM CTPYMEHEM,
KONCTPYKTHRHA cxeMa BIOpaulfinol MaiivHM, ONTHMATBEHI CHIBBIIHOUICHHA KOHCTPYKTHBHHX
napaMeTpiB Ta PeKOMEHIaUii No BHOOpY panioHaILHHX pewknMis poSoTH npusody sibpauiiinol
MAalTHHH

- KOMILTEKT posouux Kpecienn BiGpailifiHOT MAIIHHN 1A OHHCTKH Ta MHITKM | peKoMen Tauii
Mo ii HANArOHEHHIO Ta eKCTUTYaTauii.

BHKOpHCTAHHA LMX PE3yILTarie JacTh 3MOIY MEXaHI3yBaTH MPOUCCH OYACTEH Ta MHIKH
AeTanell npH BHKOHAHHI PEMOHTY TEXHONOTIYHOIO OONATHAHHA. MiBHILATH SKICTE HHCTOTH
NOBEPXOHE fiOro JeTaneii nepes 30HPaHHAM, IMEHITHTH Yac PEMOHTHOTO NEpioy.

?:._.-.\.!- e

lonoeumil inxenep 1 JJQ%GT_&?} Anna BOJIOBELD
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oL
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nepenadi pesvibTaTin
ancepTamiiinoel poboT na 3100yTTA cTYNeHs JoKkTopa dinocodii
Craporo Anapis Posmanosnya

Komicis y ckraai ronosu — sacTynuuka aupektopa TOB «Ponaaa» Mukomn [[zodartoro,
yleHis komicii: Hauaasuuka supodunurea TOB «Ponanas Ipunu [acsewkoi, acnipanta kadeapu
TexHoaorl MalnHodyayveannd XHY Anapia Craporo, ckiaza ueil akt npo Te, W0 pe3yasTarH
HAYKOBHX 10CTIAKCHE T2 NPAKTHYHHX peroMenaniil ancepraiiiinoi podoTH HA 3000V TTA CTYNEHH
aoxropa inocodii Craporo AP, 3a temoto: «O8IpyHTYRaHHA napaMerpis BIOPaiiHOT MalIHHN
ANA OUMIIEHHA Ta MHIKH JAeTalel pH PEMOHTI» Ta PeIvABTATH, WO OTPHMAHI ¥ poii BHEOHABLA
AepOwomkeTHoi  Temn:  «OOIPYHTYBAHHA KOHCTPYKTHBHHX TapaMeTpis, pexuMiB  poloTn
BIOpaUiiinol MANIMHY U8 OUMCTKH Ta MMIKM Zeraneil Ta MoCHLDKEHHs i1 Npaue3aTHocTi (Na
AepsasHol peectpauil 0121U110967), nepenani TOB «Ponaga» i npHilHATH 1718 BHKOPHCTANNA T4
BIPORATKEHHA.

FokpeMa i3 TEOPETHUHMK Ta NPAKTHYHHK pe3yisTaris poSoTH 0yI0 BHROPHCTAHO!

- pekoMenIanil N0 3acTOCYBAHHIO METOAY OYHCTEM Ta MMIiKH ¥ BaHHAX 3aHYPEHHM
OYIBCYIOHHM CTPYMEHEM MHIOHOT PIIHHK 3 TBEPIHMH 4aCTHHEAMH.

- TEXHOOTIH OMHCTKH Ta MUK AeTalell o0NanHAHHT TaHYPEHHM NYILCYIOUHM CTPYMEHEM,
KOHCTPYKTHBHA cXema Bibpauifinol MaluMHH, ONTHMATBHI CTIBBIIHOWEHHA KOHCTPYKTHBHHX
napaMeTpis Ta pexoMeHauii mo BHOOPY paliOHATBHHX PEKUMIE podoTH mpueosy Bidpauiiinol
MALLMHH;

- KOMIIEKT poOoqHx KpecieHb BIOpaiiinol MAWHN I8 0MHCTKM Ta MUKH | perkoMeraauii
no 1 HANAroKeHHIO Ta eKCnayaTanit,

BHKOpHCTAHHA LHX PEV]LTATIE JACTh IMOTY MEXAHIZYBATH NPOLECH OMHCTKH Ta MHHKH
Aetaneil NpM BUKOHAHHI PEMOHTY TEXHOAOTIMHOMO 00JATHAHHS—MIIBHIIMTE AKICTH MHCTOTH
MOBepXoHb Horo AeTateii nepea 30Mpanam, IMEHUINTH Hac peXONTHOrO JHEPioay.

Muxona JI3IOBATHH
Hauanuuug supodannTea TOB «Ponanas y/ y, Ipuna FACBCBKA

Acnipant kaeapH TexHOmOr

sannodyaveanas XHY Anapiit CTAPHIA
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w9 UA (51) MNK

B08B 3/10 (2006.01)
(21) Homep 3anBku: u 2018 10344 (72) BunraxigHuku:

Ckuba Mukona €roposuy, UA,
(22) [ata nogaHHA 3anBKu: 19.10.2018 Crapun Angpii PomanoBuy,

(24) Rata, 3 AKOI € YUHHUMU 11.03.2019 Fopaces AHatonii IBaHoBuY,

npasa Ha KOPWUCHY MOAEens:

UA,
(46) [ara nyGnikauii sinomocren 11.03.2019, FOPAGG_B_OHEKCiFl
Npo BMgady NaTeHTy Ta Bion. N2 5 AHartoniinoBuy, UA

Homep BloneTeHs;
(73) BnacHuku:

Cxuba Mukona EropoBuv,
BYn. IHCTUTYTCBKa, 3, KB. 52, M.
XmenbHuubkui, 29013, UA,
Crapuin Angpin PomaHoBwy,
Byn. [lemMHAHCbKa, 16, KB. 45, M.
NbsiB, 79031, UA,

lNopaecee AHatonin IBaHOBUY,
syn. BoponposigHa, 44/1, ks. 4,
M. XMenbHUUbLKWK, 29000, UA,
FNopaeee Onexciin
AHaroniitoBuu,

Byn. BoponposigHa, 44/1, ke. 4,
M. XMenbHuubkuiA, 29000, UA

(54) Haaea kopucHoi mogeni:

BIBPAUIIEIHA MALLWMHA ONA OMUCTKW 3ABPYAHEHL NMOTOKOM TBEPOUX YACTOK TA MUTTH
AOETANEW NPU PEMOHTI OBNAQHAHHA

(57) <opmyna kopucHol Mogeni:

BibpaujtHa mawwvHa ANA ouMuCTKM 3abpyaHeHb MOTOKOM TBEPAWX YacToK Ta MWTTA AETaned npu PEMOHTI
obnagHaHHA, Wo MICTUTL ABi BAHHK 3 KPULLKOK, ABa KOPNYCH Kamep Nynecauii, ABi MemBpaHu 3 AUcKamu, Wo 3a
AOMNOMOrol0 WTOKA 3'eAHaHi 3 BiGpauiiHum NpUBOAOM, AKa BIAPIZHAETECA TUM, WO Y BaHHY OYULLEHHA, AKa 3'eAHaHa
3 Kamepolo Nynscauii MemMbpaHHUM KNanaHom, BCTAHOBMNEHO CITYacTUi KOHTERHEP, ¥ AKOMY PO3MILLEHO COmnno Hag,
CITKOI0 3 TBEPAMMMW YacTkamw | BiCb conna, cniseiCHa 3 BiCCKD Hacaaka, Yy BaHHi ANA MUTTA Ha AHi BCTaHOBMEHO
Hacanok, 3'eAHaHWil 3 Kamepoio Nynbcallii, a KpUWKa BCTAHOBNIEHA HA PONWKAaxX Y HanpAMHWX, @ KOHCTPYKTUBHI
napamMeTpu i pexumu poboTti BibpauiiHoro npusogy enbupaoTs 3a yMOBM:

__ol |p

202-AVY'

ae f - yacTtoTta konueaHb MemBpanw, My;
D, - niameTp Hacagka, D, - aiameTp Membpann kamepu nynbcaL,

(D% DE=12-14);
P -Tuck y pigniu, P =012 -0,15MMNa ;

A - aMnniTypa konvBaHe MemBpanm kamepu nynecauii, A = (2 + 3)-10 - ¥ om

¥ - NUTOMA Bara piguHn, y = 1000H /M2

CropiHka 3 i3 4
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[epxasHe NignpuemMcTeo
«YKpaiHCbKWIA IHCTUTYT iHTENEeKTyanbHOi BITAaCHOCTI»
(YkpnateHT)

OpuriHanom LUbOro [AOKYyMeHTa € eNEeKTPOHHWIA [JOKYMeHT 3  BignosigHWmK
peKBi3uTamu, y TOMY YUCNi 3 HAKNAAEHWM ENEeKTPOHHWM LudpoBuM nianvcom
ynoeHoBameHo! ocobu MiHicTepcTBa eKOHOMIYHOro po3BWUTKY | TopriBni YkpaiHu Ta
cchOPMOBaAHOK NO3HAYKOIO Yacy.

laeHTUbikaTop eneKTpoHHOro AokyMeHTa 3368070319,
[nA oTpuMaHHA opuriHany AoKymeHTa HeobxigHo:

1. 3antm go IAC «CraH ginoeoactea 3a 3asBKaMW Ha BWMHAXO08W Ta KOPWUCHI
Moaeni», AKa posTalloBaHa Ha cTopiHui http://base.uipv.org/searchinvStat/.

2. BukoHaTK nowyk 3a HOMEpPOM 3asBKH.

3.Y poagini «dokymeHTn YKpnaTteHTy» nopy4 3 pPeecTpauiniHiM HOMEPOM
AOKYMEHTa HaTUCHYTK KHOMKY «3aBaHTAXUTW OpuriHan» Ta BBECTU igeHTudikaTop
ENeKTPOHHOIo A0KYMeHTa.

IAEHTUYHWIA 33 JOKYMEHTapHO iHhopMaLED Ta PEKBI3UTaMKU NanepoBunia
MPUMIPHUK LIbOro OKYMEHTA MICTUTL 2 apK., fiki NPOHYMEpPOBaHi Ta NpoLLUTI
MeTaneBuMKu NIBepcami.

YnoeHoBaxeHa ocoba YkpnateHTy I.E. MaTtycesny

11.03.2019,

CropiHka 4 i3 4
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YKPAHA o UA (1132837 a3U

D (51) MIMNK
S B08B 3/10 (2006.01)
3
MIHICTEPCTBO

EKOHOMIYHOIO
PO3BUTKY | TOPriBnl
YKPAIHW

(12) ONMC OO NATEHTY HA KOPUCHY MOAENb

(21) Homep 3asaxu: u 2018 10344 (72) BuHaxigHuk(v):
(22) Nata nopawks 3asekw: 19.10.2018 CkuGa Mukona Eroposuv (UA),

_ Crapwui AHgpin PomanoBuy (UA),
(24) ﬂ:;aa: H:"fc:; ":::”"M" 11.03.2010 Fopaces Anatonin Ieanosuy (UA),

MOAENL: Fopaees Onexcii AHaToniitoBuy (UA)
(46) NyGnikauis sigomocten 11.03,2019, Bron.Ne 5 (73) BnacHuk(u):
Npo BUAAYY NaTEeHTY: Ckuba Mukona €ropoBuy,

Byn. IHCcTUTYTCEKA, 3, KB. 52, M.
XmenbHuubkui, 29013 (UA),
Crapuit AHapin PomaHoBKy,

syn. [leMHAHcbKa, 16, k8. 45, M. lbBiB, 79031
(UA),

FlNopaees Anatoniin IBaHoBMY,
syn. Bogonposigwxa, 44/1, k8. 4, m.
XmensHuubkuid, 29000 (UA),
lopneeB Onekciin AHaToninoBuY,
syn. BogonposigHa, 44/1, k8. 4, m.
XMenbHuubkuin, 29000 (UA)

(54) B!EF_’AL}II;‘IHA MAWKWHA ONA OYUCTKWN 3ABEPYOHEHbL NOTOKOM TBEPOWUX YACTOK TA MATTA
AETANEWU NPW PEMOHTI OBNAQHAHHA

(57) Pecbepar:

BibpauiitHa mawwuHa Ans oYuCcTKM 3abpyaHEeHb NOTOKOM TBEpAUX YacToK Ta MWTTS JeTanei npu
pemMoHTi oBnagHaHHs MICTUTE [Bi BaHHW 3 KPULLKOK, ABa KOPNYCKH Kamep nynscauii, Asi membpaHu 3
AWCKaMuK, Lo 33 JOMOMOroK LWTOKA 3'€AHaHi 3 BibpauilHuM NpUBOAOM, NPUYOMY Y BaHHY OYMLLEHHS,
fKa 3'elHaHa 3 xaMmepolo nynbcayii MemBpaHHUM KNaNaHOM, BCTAHOBMEHO CITYACTWIA KOHTEWHep, Y
AKOMY PO3MILLIEHO CONNO Hag CiTKOK 3 TBEPAWUMM YACTKaMK i BiCb CONNa, cnieeicHa 3 BiCCHO Hacagka,
Yy BaHHi ANA MWIAKW Ha OHi BCTAHOBNEHO HacafoKk, 3'efHaHWA 3 Kamepol nynbcauii, a Kpuwka
BCTAHOBNEHA HA PONUKax Y HANPAMHUX. ’
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