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I jdzdydder disdzj Ckdzvtodets? MisMmls@odzwe h j2  Is
dz' ¢ stsdzso MC 52 ftej H' EHtso dzj Iso tsakzw & Ig + ¢ ds jstet
EmMisOdz0e dzd @ O 1 j d3kz Mo w L 3 Y HEZ Isj dzL stet5
M stetsMisj2 HjWBttdOyd?2. stdftdydidsr ojClststs
fl &S Od dF 8 CGOHd | dEdstsdy s dftftgAe@isdefel 2 L O
[ OdzH Oz &[ d W haddyy, Is 1 j98,6 ;19 9

" 3 1 0 1/ . _at -
g:z‘&%?.)élﬁ)gsi( i ¥)og T

sL WV dydjdzs HAZOBHUd MS 2V DI ygisidlsj § d
oaT © LOodMddismisd I Isj & jtOskzter §lssCO
[ [ s2ywdzmSd2, 1973; zddalsdde, 1974]:

C AT BT+T, TAUT A,
T T R

GHJ, d 6, Mistslse jIsMise j dedzts HJddzOBRB] yj S OW
Isj f dztsf totso tsH dets iy ls Ty, 1 6@ ts dzf) 1850 zlc @ Ise @1j j todzj dzH O.

sdflsj BO bktOodzj dzgd?2 (1. 2. W)O wdajdgvLjolsjfrfiyls dat
sHddr dL Gfidtse d 7§ j 1 6GHdedzmh izstzn bz 2 { B3]
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Isj yJ ded w . Cls®@ fowy ! Btsy jIs B' Is ¥ rls @radzks ¢
mMetsisdzatsh j dzd 2, Cslstster j o ®Bh jd3 MdzEeyOj dzO
Jddzj2dzr J HWW jte]j dzydOdz: dzf | dBsH] dzd Ikztes kzd
Motslsdatsh jdzdw Hdzw S WWdydj dels O ] Is fOK g dzjj dzlstd
J L1 {[8dzj Clstetsdzdz 2 toj iz tc fipttp://I9ggswrfieRru/prasificts/bdp© :
tcj Odzd L 59 Odz dzO d B RANS joi3ts W J deqg fryldsdiz tgjiB Iz dzj dzls dats fr
odrtcj cOL " O h dj LESH HJdzdE lshislg th dg'dPERIZ" [~ 19 Y&«
d Hte. Spalar@tal?2 1997; Traviretal., 2002;Kozelkov2016].

ud M 1Qzds O o @z @zo ¥ 4 Is ts CHisA ® gziaig® y O dz' dF teifdzddy dz' d
Emdzsedw d&3dd tOL dzdydzr = Isdf tse, s f Hefzi@akfeyic € sl
2002ld dzj HiZj Is Gis@GBEBdzds diguiuis@dy2 H j dzr dzdh @ H dzw
Yyomilsde = , Mdflz W o j 15 jsdzidaw ledded? Lk tc O o dzjudsdsXomOO ¢
sBh j d3 weoddmVjj Ismw dzj toj "y dzdzb B L OB ydk@s d iy €4 € «
toj " jHz® dzdgs[Xisf 30 0 dAff A @ s H d Is MW s tfydy i@} ifzdztsadzOts ) d
stedgj StsH O, :0 dfjdg=edztsC sdzj ydgi B tsHe OC datzinig gzYn ¢
B stsH  Ctsdzj ydd F s dfes ov&agtsly) dz! v dzts o 2010; Zi
Ferziger&Peric, 2002; L\éeque, 2006, Strikwerda, 2007]. dzw W fmdesfmisd dL
HOAR Mz ] ttOMmMmMEyHjddw € OO dslints C thiicQ o1 digy diafi2 -
t 42 desd Hifipidz YO ttOmMmdssistej dzdw o zte P8 s dzd B O8 5
HOdzr ff sW fydgj dad W

Il B IssH] Ctodzj ydzg' = tOL desMisj 2 MdzOEO4 A3 §
ftoesfmists d dz@aydzisHdets JImOdgjd MCtoj Isdz" disd O dzO dzts @
1 dzd o3 dzlsts 9 ted M J dzd 4 ftcj HMMIsOo dzvw j Isw ) o d
WEdSyd?2 d ddsjteftejlsdqtelzjlsmw COC ddzlsj teff ts
tcjhjdeds o kL ditseots?2 ItsyCj. [ descetsydzfpedztetsy j If
o Otcd Oydtsdedets? MdMmilsj @z thdseoder = kZtcOo dzj dzd 2
Ctsdzgj ydz » tBiI Yy idse dMfsdz' LEjls ddzlsj ¢ tcOdz! dzl
MertcOdzj dzd v , O HdMCtjlIsdz J Odz0Odzsc d MdzOG O
sBi ¥ d&30O. [ jIstsH CHdzj mplaz@H OB vy Agste s d d3d ¢
Mots2Mlso Oz d HBfEMCOjIs HdMStjIlsdL Oyds ig]
Btsdzj ] ftoomMbas? shtefudgg j] , S sflgedgiz - ) Istsls  d3j Is
fsfdzvitcjd o or yd,fnddistg =z @ d3dEidjH.tc ts

R 3] dedets Cdigdpjswidz” Asoddpfi wddy L 2 j Isfqw  Hdzv  f sfls
BjssHtse d Mrajdz 8 J0O0Cjlsj 1 tctsa tcDaiyuginftaly [ ¢
2015; Galanow Sarazoy 2021] , sted jJ dzlsJtetso Odzdzts dz - dz0O
stcd j dzlsdtetso Odzdz” n L OH Oy dzO ftotsdL o sdz/ dzg
[ Odz! i d fiyCddimin j dig 2s,ts utsfem,dzj dzdz" = fm j d3  dds O dz
tcOMMdzOIsted 8 Ols* MW ) tc Odi3C On sO¢ 52 C tHdezyj ff -
BsH j dzd toc SHoCEgde s dtc ORI [ [ 4 [ &) .

[ iIstsH Ctsdzj ydz' n sBl Y Btso sfdztso Odz  dzO
dqWWjtejdydo@dgdjdzd?2 s Ctdstotd dsdiz tBi )
wyj?2¢d MdlsSd) weo dzw s Isfpw ftoesdL o sdzr dz d3qd
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tcOMmyy Isdzlz & sB dzOMmls BJL L OL stese  dn sdaQ des)ydl
ftesdL BadiMdzs ctcOdzj 2. 1 jth ddzOd de tc dejh2d 2w o
wyd?2¢d fsC0L0d dzO tdMmizdzS 4 1. 2. 1.

Ny

tdmMzdes € M @2 ladH wyj2¢d Mmilcd
HHj d&ZOj &3 ff W Mmdzj d2flv € HPjichff f) tzbiz® 2z WFij j=2HCddQ  d L
CGteOdzj 2 wyj?2¢d, of HpsHg LR FSQ o g tis@dl]

lej HMMisBd gy sz EtcOoldzyg FO M@ Op lzf ISty - d3J te
St dzsf cso SHdzSEts oW L ECtSEGE GOLO 9 9] Cilststedzss

s %Yav +o(f -G)ds = Rey (12.2)
Dvdt 3 V)
GH] oWRdsjsGelstste € tsdzMmj tco Ols Fof @ & Wy tbotg @B j Slasizlzer j,
d HdJWWELdddBiI dhEshd€dspr 2 ydzj dz
&r 6 & ru, 0 ),
Tul FTwewm S %
W=a&rv OF #®rw $np 0G =
® 0 @ o}
dW o  AWELTDPL 4 i
e ¢
LHJWYy, wi € i sdzj dzls T 9 J CIsitsticddt IS prds<tiplxiz]j Fdid j
f tsdzdzOV uUndzflAs RO o' dzOW Misils Ogids § §f @Ko B)X) Gictsih)
Cdi3f sdzj dzlsT Isj dzgL stc© ow L Cdrn dzOf tew ¥y j ded 2 .
ltcd ddzlsjctcdtetso Odzdd BEZHjdBB dMmftsdz L s9 Ols-
MtcjHdzj et L dzgOyjdedw s tsBI Y 3z fted ded B3O  Isw
Mtej Hdzj 65 L dzOYjradsDwy jaiEe j cBOdgdf) dzb ¢ © jel®@ded 2 ¢
FtcOo Wf]l.22)d3ts ) J Is Bj'HIdyls CpdeijjHdiz ¥ " d d3 SBtcOL 53

AUW 9 N
i S0 AEFEM) oW W g D(fw Yp vo 123

Rd&zd o© Gff jtcOlststedzts? W tsted3d :
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o W ~

o PV, (W) 8, (1.2.4)
¢ M s

GHJ

Lw)=agr(w) -qw B g B (RW W - (1.25)

{ OL dzsfylsdz’ 2L(E)foStaBlsg s dzj wodzr | Of ftetsC Mo
d HdWW kL dsdzzr D tfDBESUsEd S O. 1 dzv  Of f tets$ fd «
{ s, COC fwOoddts, dMmMfsd! Lk IsMw H dzt
Of ftesCMdBBOYdd HAWWjtejdzydOdz dese sz sy § k®Of s
fjteardz ft f(tosmisteOdzmlse j dadats? i 4t dsd dadzts 2 .
dz dzd dzj 2 dz" d3q , Is ts H dzw sftcj Hj dzj ded W toj Mg
dmyf sdz L 2¥ sfpw  dlsj tOydd ¢t dzj dzdsizff DdzORS ¢ tc!
dZO2H jdzdz" | dzO@ ftojH'  HEZP j2 dbjttOydd. uvseHO,

L= ufw ) ) v ) o). @20
GHYJ

L(w)=agF(w) -w: ov)°g & (fw W (1.27)
DL, (W2~ W )° -1§uW W E(W TW), $D—W (w W o (1.2.8)

] mJLthBOBJ W ts tdads 7y 30 uiz et IagrdZY 2
DV, Y epF R
—e alguw NV HV\D SD v W D/ DRds3. (1.2.9)

] 600 OW YOfls! ktOodsj dzd?2 Wodzw jlsmw dzjowL
Req W) = w v é[ F & SDR+ (1.2.10)

[dzv or ydimdzj dedv Ctsdgo jSlsdode 7 fslssStse d
Mo & ;) RpeO86 Wisids Sinith, 1995 figR § &ISMPW [Kim et al.,
2000 . [ Odedzr j Mojdsr sldshwvls ¢ Moj Bk Is
WdLdyujMS ke ddzsjteftejlsoyds. 1 +kdi MR j RO
(otsmmlsOdtse dzj dzd j ) tej h j dad v, o jLbkd IOl

fOtcOR sesC O Mdzj o O d MO O Bl SctOded WYy
fslsCtso 5 Wodts?2 MRjdsi dMytsd LEskshmy § Ots!
odzzlste j dedzd m cteOdzv n ddEsjf sy ydi2 5 dn L
ddeW stc 3Oy d® fts dr dMnifdaORIsidts o ® dzd s ts 1I3jsdzUAso
rdmmj clsOdzalstsds o " §f sdzdzgj d&zO tej Odzd L Oy d 86 O Uy lde
Csdzo jSlsdodyr 7 ftsktsCtse d3j stsHsd (Betdin ebal, ff O
2014].

1 .64 H Mis O dyjddepdrj2dzdz" 2 dB3J IstsH toj Odzd L s Odz
ddzy j dj OOt L O [ [ [ & [ s 5L jDREGuUgia et dl., 2015
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Galano Sarazoy 202@bHEfZ] | [v. dd Hotstsd3j A @degd S@OC Isd o
yoOmisdd wHdmmj elsOdzls©® [ Betelin et al ., 20
BkHjls M sdz L s Odz H dzvis ofj nf tasdBdg! HAzjd2dB™ d-r  otc (

rdazv twjhjddv fL0lisduimédn L OHNG&Y i3 iddss
MM O dzj dzed 2 ( 1leldAwsB) j figffoetzisL g ¢ tc Odzad ydz
sfdmodedd, E&RmdMEJ2leg [1979; [ BemhedO8]). W "
[JH&ZOSC s yofmls! CtocOdzd ydzr = EMmdzse d2 HEsdz) dzO B
Zyy sO Hody jdedw Mtstslse jlsMlseaks hdr ctOdzdy H
ftedlsjtefdls cteOded ydetsy Efmdzseo dj ¢ dzj ftesded yo, c

1 60CIsdud MS OV  QazdOutedts cOd ¥ ) dafpef to ts fiplf Jj&x§ GO W
Mz yoO] dzgj fsHody dzr » CcteOdzgdyder = cteOdzj 2 Mo 51
MestesMisd (9o WdSldodes?2 wyj2¢€ji), SCSBbtsttOw
wWyj26¢i Mboslsdsh j dzd J d3:

Vi=V 2n(n V). (1.2.11)

|l J 5B Isted ugjOmySidded $r (1. 2. 11) MsLHOY s L j
Mt dzsidlsj &z dzs f desM S tsflsd cSteOdzd, yls
Ctsdzo j SIsdodz” mmdflisBdso .ZMmdztsy dgv jj fisdgf b ts o dgl2
Msilse jIsMiso zt h OW ¢ tc O fzth ty datf WD | dz®@)'eizs o G Is(J tatrfln)
1.2.2)

p—
V PeanbHasa ayenka
dOUKTUBHAA AYEeKa
Vwau
= CTeHKa

t IMzdes [ Hte@BBISC O cteOded ydzsets kmdztse
Il Llstsdg Mz yoO,j dzgj sBrHdBs EZydlsr o Ols' dzj
o d&fld i wyj26¢d sl jy Hodxyjddw. [ Odde :
stejls! jd3 LOCtdzf 1! 6btsdd. |1 1kt mMdazzyoj
Wy Meffleddsils o dH:
Vi=V -2?1(?1\7) 3V (1.2.12)

CHY, - MSBEsMis! Hedy fdaRd S sdts@dsd @ tzd P dzjizg d6
¢ dzd f tots dzdipQ fetalg @

IrgOyjddw (1.2.11), (1.2.12) chHsktn E
fls j ezs s D&M | des S Mt §S cezOdz dzgf 2 ) &5 H 2w W fd
BHjd& dMfsd L shpojens Obfckddzdgj o O h d2 c©O
b sdgw dzgzlsT | ©Odzj j .
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1 OHOYd -, cPHttettsH JdzOARRd S d IstejBlzEIls GMtsB G
SftejHjdddY ctOddagdyOF EfpdEgdid Ve dzd dL d3j
tcOMmMyY Isdzets?2 MilsCd. [Hddd dL SCdz#ryjeo'~ hOGt
tcOmyy Is 0O, wg dzw j Isfpw Yy Is¢ tsj tcOL Hj dzj dzd J G
SlsdesmdIsy dz! dzgts HodX J dzad W . lrBtstc ff sH o djylsteyva
WdLrdyj mMSts?2 ttsmMsOdetse € 52 L OH Oyd . v d3  dzd
sBtcOh Ols o dzd 3O0dzdy dO GctOded Yy’ , Cslstster j
fteslswy jdedd ©WOMyy IsO. 1d I BHOadY dzr d3d G tcOdzd
tcOMmyy sdets?2 MjlsSd, HHY ¢ s tc B dedz® g I© tzls  tc Iz f
ZOlsztedetsds + C Mt j ted d3j dzls j .

I sBBdBss tsHoadydz" » d dgjfsHOadY 2" » GteOdzqd
ftedmMizls mis Oz Qls -, GOtOCIs] tc dL dgisdzisdpdtusdsis st d
LOtOdzy J dej BHtjH]Jdy dz. 1 Oy dzts? dayfy tiseEn dzedztsfIs !
drn Hodyjddd dzj dLBjdzvjlsfpw MistekSkzte® Isj 1
toj L dz sOIsrT dBtsHj dzdtetso Odzdw . | teOdzd yr ftSHEBB
ts dzd f sHMistcOd o O Ismw f SH dL d3d dad dzd J tc Oy
dmf sdz L ZezE MY oyl j dzgdv fsMsOdeso $d L OHOY(
9 tOMmyy sdets?2 MjlCj tHdBO dJddzd dzOB tsts, BGteOdz
dL d3d daj ded W tcOMMmistsw dzgd W BBj N HE Ho lzdgw dz¥ B
fsojterndesfilsj 2. [ OdedzgO" CtsdeW dekOydis L @OBWY
MilsCk o Ml jlsmMisadd M fsHoadyder &3 dzOB stets
HiWsttddteso OdzgdY HMCtej sdes? (BsHjdzd. Skt
o tcj d3w ydmdzj dedetsegts di3tsH j dzd tetso Odad W d eor ydfm
fteduddsi SlsCtpr St@MEOdyg? MjlsSd MajHEjls to
o yYyJdzvrs Eftsh jddy toHeltsatd LOHOYd. 1B
TOEOCIjte, d tjhjddj otftsmMd  WdJdSMoydd
dMmidzj Hiso Ols j dzv .

YIstsB T f sHyYj teC dzlz Is o @YUM MK s H & d »p dztciPls dif to
tc O i) RO j tyfgu j@ @QO uff toj H MPWED drjddEiz dz¢ j 1. 2. 3.
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Q wcmposawan MBOGOAHaH
McxogHas ceTka
rpaHuua rpaHuua

®

-

N

AN

L‘ KOHTpoanblﬁ\ MNopBuHanA
y3en rpaHuua
0) B ) o)
i Mz dzs€) o RisBls CwOddyr &O 90e
O) dmMotHdOwY MjkSO, B) o0ttdOdids dL d3j dzj dzd W
MdlSd BjL dMCOYJdadW
1 Efyls: , odzgjhdevw cteOddyO tOMYY bdzts2 fyjls¢
bdsed) c¢hsObdu M) HOBE e i yipouiterzgia o
fsH jtey O OW Codastetsdz dz' 2 kL jdz, bk Hidedf&sigh
Md sBHas.tddsH | dzd totsth ©aAf Pts s §tz§ d Is or f Sdzdgv Is! f
M smtse Od3d :
fzlsy &3 WdSMOydd odaj hdzj 2 ctwOdedy’ (tedMmk
flsy &5 {costesls® o ML jv@Hapcisdzmy ditpiylisC d t
lrBstc fSHARBSHO € &BsHjddteseo Odzeds o dzdw j Is
Z0 tdhmizdSj 1.2. 4

Velocity [m/s]
0.30

0.25
0.20

0.15

Q)
t dMzdzsSutEORdefidzd ] tojL zdz IsOIstse s H j
O dSMmMdtetses OdzdzOV SlsfipBitss ON ZOBOMRE B IsOW

wdzjHEjlk ®BBKOldls! oddkOddj, ukst ofj
Mtsslse jsMisozé hdj cwOddydesdsz Ekmdsods odH
dsi s "dd ehdj kLo M fsHodyd &3 ctOded Yy
MosBBH j CwOddy’ . 1 1§ tothdidecssal ofdris®@j e
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JL dgj dzgj dedd Mo v L Odedets?2 1) dEiR tf GHiddey dz8 B dzlyf @
dzj LB jydets ftedo jHYIs €& HJjGEtOHOYdd wOMmyy Isd
wyjjiS fdsitets COYjMmseaO. | s sdddlsj d ds
fd Bsdsj sdBAEBOHT 9 Oj s Istcj B0 OdzgdW 2O ¢ j sdsjIsts
{50 jtod des@)isd 3j dzdets cteO@dedy® o Htesyyj Mg HJ Y
f ZzOdERtedz & zZls! HOdzdzsets tSetcOdzed yj dedv MmesMmistsdls
ftedteOh jddy HdA&v CsH {dz0 IsdHdizle aabdsd Y figadrigiac@ d
ftod dzOH dzg%eO@affyd , toj OdzdL ¥ 1 j P dzts ipOipiffisgsizesitc b
Bscbkls fjtejdjhOlk: fw ddh' o HOdEs?2 § ks sf
1 OtewHE M Ctete Slsdz’r &3 BYtejHjdzj dzdj &3 G te
HodX jddwWw cteOdedy Mmdzj Higlas sfigdzsydzish thes § dzeh ¢z
HjWtsteiddtetso Odadzts? HIMStej lsdes?  BSHj dzd s fi)
1 s8MStd Sk fesyjmMmr, ftsdmMisHwhdj o ¢t
TOEOSCIjte Isjyjddw. ) sf lsost9L dfiyiREEsigy 5oz W ik
Oyjflsets wyjjC, MmMttle jlsMmisakshdi §5¢t0ded
HodydJdzdjd3 ctOdzd y. ltcddzj e Y sHBBdE dL
ftotsH j Bsdzhisted tetso Odz5 de@6. tod 1Pk dze OFEF 4. j 2 fls. OX.d
WicOedj dals HIMS to] Is dzf @ ts Wisfsdaj NADAOGRRZ] L O  dzO Y C
B dsj dals o tej dsj dzd . it HtEdsiDe diEj jdz01 H2j Waste B es o
fosWdd fohd §shkdsct cettslsO W ddv.

i Mz dzSEA BO@ 3] dzgls MARtsHAE2 ©OMYY kds?2 M s¢
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t Mz dz26TA BORQdd S .'v""""// %
f tsdzdzts G ts BBB&BEJOISQOI f oW d dz

td miXdz B ’ _

o Do oo oo d G | ST o |

atBJ d3W coc "'q ddeZd stols 5 ¢ ts5 dzO dz! dZBfnlSJJUtSfI’]tGJH

ftcj HilsOo dzj i @i ojaifiydzts I g s ¢ d q dajd
o dzj dzts 72O todfbdzS j 1. 2 ftedh dzd iy

Ry e
TR
NN

t dMkdz@C[ ah @2 odH H Y >
t Ik y _ i Wstdd ke Odadats 2
(HdmczgfzigsanJ%B@mbmdmzsb 5OC Y | e Ohw
fsLotdYjls U’dej;fHszq dzj QJdZWJBmMZBJa’d\g uls ts
[ O®d BBMiSEBIY fis: ¢ MEs©oddls: Gld g gats € &
e ppbsyshlss® dhlo s QsidJ@%J
ud Mmls:
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yd mdzs wygj 4 ¢, CGteOdzj 2, L d&zts e, Yylsts HOYIs ot
BsHid fOdBYIsd o ydfmdzdlsj dz' detsects Odze sted Is BO.

l1tcj HiNls Qo dzj dzdzats j or hj HiWtstcdddteseo Odzd j
[Selim&Koomullil, 201§ dd3j jIs Metsd Mse j ddshisd, ¢l
ftetsyj MmJ tej N j ded v tcj Odz' dzr = L OH O\Y. ) i tc
dzj dL B j ed@d® G iPoy j Mlso © wyj j <. Il st lstsdgz o Isj
tcOMmMyy Isdzets?2 M IsC f tcaf@tg @dzlsd 6 ts o O de@dtydr]jHdfos O I8V judg!
S MdzdxJ dzd® Istsydztsipfg g ts Aoy g olztstiy ldsdO s g ) dzj dzdzts G
ftod d3d tzgl B dzts difsiclafp S J o I3 s Pdzder 2 d3d stsH W o dzw
CedRf csdzd Mmtsds dzgj Yy HE IstsydetsMmils! ¥ dBsH j dzdtetse O
tej Mzl di3j " jdzdJ BlHjd &'~ Mijbtst Jd tBjMnf]
YJ delstcOdz! dets?2 L OHOYj?2 EZCOL Odgdese s d3jnls BJD. Y di
scteOdzd yj dzd2 O Hody jdzdj SISHJjdz! dzes oL WIsT 7
B ded Bz gz o jesWisdesMmis! C OlsOMlstesW dyd MS e |

[ stlOMuez8 OMmjIsC Or IsdthpO fedsdifusfj $fsnesls
LOHBWEd BEZjls ity B¢ tk] ddO©ddaydzsc s kdpdksjotafivj, 2
oLOddiIsHG cRZBEg B j 2 M o LeO ([ dztzd j 2tistefigilets ) d dz
sBjMfj yude O ls Mmeow L ! j tfls HYj kzda) ¢ s dagfjtddstoH O dzgf O €
l cOoddz! detsy fftejHJdzdd dJdsjteWj?2mse dzOY tc
BsH j dzd tctse Odzd W .

stesdzj Ists@ts, dzj sBrtsHd s tsB j Mtf j ydls! ¢ ts
ofj B BBIsj COJ BB BB Isj dzORI o dzj ISHOE d figdsdts fiflsiz
mibk<y. 1 silssdge dzgOtewHEZ f ddalsjteW j 2O
G tc ©dzd y O ds, fn sy I atgjOlstaq/lyeddtssdizd 2 dztse d ¢ ¢ misj d
gL dzsy j dzedwv Y BHEBSBA | cGteOdedyr BEHjAB d&OLT 8 0O
¢ OL Odedz" | Gt OdMLyH j dav tlsdzy dalzdetsty j Mlse s wyj J ¢
OCIsdede" § d dMmMmGdze yy deder § dL uydmdzj dedzsegts O
HOdzdztsG s Istej BSO Odzdw L OSC dz¥ yoOjlsmw o Issd, |
e tOded U dedz’ § dzd § tets dadhys@igydgle’ d3dB ' clste O dzffdn@ingdulg @
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dmMf sdz' L s Ols' MW  Blsdzdyos hdjmMy fsHictsB datsyls
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CtlcOdzedy ftsHBsBA jJ fBBHAtSHT o jMm! BO otMmistcj B B¢

[ i osmj W stEodagiyy sdes?2 MilsSd M MtshteOdzj d
Bts ) tzfh) dzste @atsH j dzd Is! 2O Hoe O € dzOMMO:

B IssHr, dmfsd tezshdy Ydrdudmédd 0OdzO
BjlssH' fHdsEedtsddtcse Odzdwy 4§ jtoj d&3j " j dzed 2
[ jlssHsIsds] MY Yedp'j joo 52 Gtz j, ftoj HY t5dzOG

| dzj ) delsse wOMYY sdas?2 MjlsCd &0 shdsej i tsd
fEHOBHBD Wodw My Batiey 1930 ¢ HOZOLE Y & ® jzd t
cditljlsdyjmsd ©OMM&Oteds ®jsfw, §OC fisk
NY Mis ¢ sWddfj dzj dzd § H Odfdzisie st tf tdstg FdssHpAPRUAS f dets 3 ©
fsLotdv jls ftjHGlotOdl! Modsf o0ddj Wy
L Oyomiskzs fted d3j dav ¥ Isj dggtsisitefHi" flapoff ots{elff) fipkizts  ff to Iz
f1y Ol d" tOMM&Otds O Murdyasiasial], @903. o 6 O" | dzd W [

fekeoOw  HdLdujmSOY OdOdsedw,  dgoh jub
COMMBOiedo Ojls el vy &, L OCd W ddzr 2 o cgklsted
5j dets. | fftsHHE@REZ T W ¥ S tetekdMe@sjo O 5 L OH Oy O
bittbetcets Isj dzO ofdj HMmise d,j JobhsodkTedzindzd1096; Y f te
Nielser& Anderson 2001 .  tsfyls tsd &i@k'e ksj teid@isdids tshgftisdzdon dzts ¢
BOIs § BOIdyj MS d3d e iedzs 5 O digy B sinds®UdAY tew % ¥ dad;
HiWistedsd tetso Odzdztoc tsy CiyBshiyfigsjisids(te dsO wdj2ds  dzd  d3d dad
Slsdzd yd? -k ggots d ud M¢da  d@BsHjdzj 2 Hdv teih ]
ZO Y to W s jdidiatds d3df 16 5 0 O dzdzts,@ 1 ) 7 fipte MAGHGRIZER tatsoyCjas
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s¢C OL Ol MW dzj 2ZH 59 dzj Is adsdcoddsgj tiz! ffoasdts yH jdzig] tets @ yd
stsegtsB § Mt J yd dzd J COyYyj mMisea © HJ W tstc didtcatses dlixzdzts !
o ddujdd: of udmddb gty 428 ¢ tesdsidfids.d s,
H O dzdzts G 5 ¢ dzOMmMMmo i tcj H ff s s L O jshdzdepdigdzt
[ s2SC R RILHL 59, yb®BO indzsy davrjisd fif dejsdgd H ztc Iz

]l SHAtAT HJ Wt i3d tistOdm@dzdstdats 2 My ls¢d dzO 1
ddels j ef sczv ydd dmysd Lkrls Midh jddy ctdddy
HdZktsects ddzd ddesects QPpf stk BPR Hto@HSHS
fpdzj Hizjls orf Hjdzdls! IsOddijd dddecizoO d Isfdjiaetelp@%iz" Is)
1981] ddzlsj el sdzv ydqw MY zO2 dzO dz3d , ddzls j toff ts5¢C
ddels j of sczv ydw B34 IstsH ts dielenbmpig 2008 f § of s ©figf ffp ford G d3
[Farhat et al., 199§. [ H dzd @&dzcdsLic JHs@FtrdEtS 2 Ctolz ' w9 dz
tcOHdOdz dzr = B OL d Mmaj s REFzREECial Bagic Fof nzeft | on) . [
B IstsH kMY jh dts ¢ tcd d3jBiMainfa003 dzO s § 3O s d i ddj
toj N jdedw dgdidglsP dg' = Odze jBtcOdyj MECdr EZtcOo dzj dzd

rtezedds § SHEBSHEd] ddé HJ oty dsdn B diQ isdatag
oL9ojhjdadzr n IR fhrigdsseDistagqceWe i ght i ng), daj Istcj B
g dv. sOCY] HBMlstsddzmilseo O3 HOdzdzsets B IsBH
f ted d34 dzd ZsMls ¢ H dzw dzj Mistclz C Is Iz to d tefts jo DmladAD IS dz"
oL O jhjdadzr n keiPfiniiflsdety digiRtc ©o dzvv josLiily df) dbefj@aizdyy C
MerteOdzj dzd § & US PR )is BOISRMgEN ¢ &5 dzj H B[ fif)ls Bl CaBsdz
BJEH IODW dstsy dets Bilsdzd Misd dzj HsMIsOIstsydzlze I @EUAsdeO E
dL d3j dzj ded 2, ¢ O€ @dzdiyddzdd L ¢ duBOfctgd ko § dzd yj dzdd
MilkStd fttsdLotHdls] d dasfmls: 0Odze Wk BOAHTjOH O
Csdzdud Msets kL dtse MilkCd ¢ O ddCmCss merbioddR] dof
LOWdSEMdteso Odzdz" &3 € @dddtd j] fOCIsdC J i to
BsHdW dydtese Odzdz” jH | WOsiasdfdatigaritsdatfj' s sH sd3 B 6
oL O jN jdgdzr » [laukemtplls2013dzd 2

lJlodHk ftesMmissls’ ©PWddudPydsded gzsBHEC o]
9" BiBte MHj &zOdg Mg Ededzff isalD d3dz . o " BtcOdzdzsc ts ff tSH
tcOMmMyY Isdz" = MjlstsC wodzw jlsfpw jcets fftod d3j dad dits:
hdqesCd) obdBmBEENOY]JzOQRESBOEHBI] o 5L B
d otONglhafjvdz d&' = cgOddetsSusQs g dsdsipuj aded |
ddzy § dzad tedzts?2 ff tc O isLdH Q dzdlyvtc | §B tdztg dste O d3 dycsdir dpdzis @ dz
or ydmdzdls j dz' dztf B Is ofidifs tedz 1SusERCO dagtfvj] yd Odzd L qtetse ©
sBtcOBtSIsCd HPEAZEL SHsdEO08dY SilsddizdL Oydd Odzet
otsftotsMr BMEYHOs sMW o HOddksHE ff OOctOW j .
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[ isSH | DW Hd" fesdLotd d 7 daj HstekSlsktd

bulzls! BjlssHO | DW Mmfmissdls o f gk hylsds
o dzzlstej dzdzd & kL dztse  twwOfMmUY sdes?2 MilkSd dmy s
Md3d " J dzed v ¢ tc O dzdokeCallinsp2p12]" d dz |

o aw(ns,
§(1) = Sw() (1.4.1)
w, () =[F -rijp,p g. (1.4.2)

1 H ME(XY,2) i ©OH R oty s tc | Hadafn@ ts T,d 7 6 OH g 21

o) CEstOEO S o dy deMl) coCipsoud ™ ¥ g B g ¢s) " j dz
bL 2O f ddd j € o)@Bdsdzy § slsstcOv CsdhlsOdls0. 1 Ods,

s BsGts kL &zO M (XYZstetf tf j20js@eBils v &z0 thdso j
L dztse, ftoddzOHdzj 3y O dr € WdCMmdtotse Odade” d3 d

dbzestedlsds RBstelh ddicD, o 'St @y Hoedy dgmiz (1. 4.
Fydlsr e 0jls oL i3ty deséts otcOh j dad W ddzd dL G
tjLbd dteks h jj fjtej dgjn j ded j s BsEts kL d
fjtoj &3 M jded?2 kL dzseo ftsHodydzr » d dzjf sHo dy dg
9 j oW SEZslins j dzdvw C Oy Mo O twwOmMyY Isdes?2 MjlIs¢
o' MBSO o99dHEZ ortwsyHjddw WwWyjd & HOYJ (ted
(o YOy i doins - tcOdzj ded W ¢ Qusfiplsfan@ dz@ |®J LS H
stcj Blzj Isfmw BsHdWdSOydY tcdalyday dstg alas dztslzj StsH P
dzi MlstczSC sktcdtotso Odzdz" A3 MjlsC O3 M dLedsOs h dd
rdqmmj clsOdzlstsd3 tof k6 j HAERSHjWdE € Oy d 2 a3 IssH O tsB
tc O M ls fluldzdtal., 2012]dz0 hdse j §tsMmistetsj dzdw M J ye
f OW Isd s d tAHeGdzdzts 2 H dzW ftod d3j dzj dzdv 1 depd ¢
ftci HMIsB®Y dzpetled ] HOdzdzce s Odze sted Is BO.

0f § o5 MYE3OQafdzj dzd 2 « B®O MNP dz2O ©shdetse j d3d
sBl ¥V BBse Htedd3sd dedlsj dz' des & ftetsdL o tsdzt dzr o5 dzd
or ydmdzj dedw dzeBBBzQtzd j r tesMmisdzats? MjlsCd, f s
kOS2 OfftesSMd®BOYdd “wodvjkmw fslkss yYjtej
O tcOo dzj dzd W detstcd3Odzd ff 5o j ton dats s dzty cdists tdalg Qe
or ydmdzj dedw. 1 fsfisj2h jds Mdzzyoj destedzOdz' |,
B' Is! or ydmdzj dz0 €C 0O¢ destedZdtetseo Odedets] Mtej H dz
Csltste’ j ontsHdl ©OMMdOIstcdoa O &3F 2 kL jdz. 1 4
Ylsts o Mzzyo,] Y ucOd paizdizy totizlse storn detsfilsdzts?2
ftosdLoBdz dg' n dzgjtcjelzdzvtcder 7 Mmjltst) o ¢ dzOH
BlzH j Is tc Qo dztsyj dzj dez. [ Odzdz" 2 VONSNS Bsy jIs
HjWstedse Odzdzts? MilkSd o HtedL k30Is d i fipds digd
sttkOdkd o bkLrdj dIMfsd Lkjlkiy Hsf sdkddls] d
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f d&zsh OH! CctOdzd. | HOddksR Mbezy0j § dsh O !
fted o' ydmozj dzgdd detstedzOdzd o kL dzj :

H face face
L o_as"™n
node ~ ~ it & face
as

CH"™dS™ i deste BOdz d f dzsh OH it tsl@atz Is figls of fardzs |
1 tod d3j dzj dzd J f sHsBdesEts bkMtej Hdzj dedv f tsL

@O 0o dzj dzgd | CdestedBOdzd. | fy ol dyistsing jists j enr!  dcgtst
tOL dzd ydz" d3d eMtsp Odld [Hte. | j M2 HPB § s &z dzv o d
wWodw jlsqw IstcdOdzezdzv ydw ctcOded M f tsfpdzj Hize N
COYHBGEB Istej zetsdz dzd € O.

l Btdz hddzeflsea j MdzEyoOjo dzOf tcO@o dzj dedj datst
smdetse j or tcOy jdedw (1.4.3), tHAEZOSCK IIstejBlZj
HdzZw EZL dzse, ftddzOHdz] Y O dr tSHddzso toj d3j dzdats H ¢
Clstste’ R toj Odzd L k¢ I ezd yed Lidzd g gtz o dov . J 1
CBtetecj CSlsdzse s twOMYY SO dzftc dpBdzd tc ko B! dzg SezD ¢
MsMlsQoadzv s h j2 9 jCltstc® s ctcOdedy’ , dzgj W o dzv

sttetej SIsdietsoa CO orf f sdzdgw j Ispw Mse dzOMmdets o f

—

ﬁnode:ﬁnode '(ﬁnode_h Othgr_h oth* (1.4.4)
VHY M T dMn5H ZOY  dsttdod Mdjydsets kL d
9" Oy J dad i, T10.J4.IsSA)te,  dzise dsCratd(dzddizts
JteoOWdyj ME oOw d dzdzs Mistc Oy d w ftesyj Hizter {

fiod ZOHdzj ¥ Oh j a5 Kobdg dydsj wdeOdgd L 4 h 5 ©OL
Ehdso dwds, ftosddd Mscdiess Odz0 &0 todmizds j 1

(1.4.3)

tdmMedets$stttcdj AIsdtetso C O destedzOdzd k1L

IrtweOy jdzdj (1. 4. &) oty £ Bstyizsh gz Is 8 s dzfs f B30 dz!
fsdztsy s dz' dats de@ ¢ @uWzOalz@ 4 I3 M) ¥ to Yy o3 fall dzef § W B 16 o
tcOMYY dets > toy@sls S E®dzdz' 2 @ Odzestedlsds 5L o tsdzv §

40



&ZOdzdydj ctwOdedyr tcOL Hj 20L dgloBF o 50 dedoq dsSARE
dZOf tcodfjldej dz€ ©é d c¢cf dzsC sMls M dzdzj Istcd d &

O zOdzdL dL Bjdzj dzdw 9 jClststcO® destedzOdzd H
sfisBj dedets 02Oy jdz fted owOh jdedd dodzd dL edB
o jtl desfis 2O cteOdzr jtejBihOjhmw o el
JYzc df@Bo stetsls O dif s & Joislefiafipts Hzc  d L d3j dzj ded v dzfs
sBtOL ¥ hdR ctOds . Clts fsLotdvjls or {f tsdzd
Bj S BOVMOY Zlsy &5 L OBj &g @) GOBmEa@dd (1.4.1) Wik
Codzstcsdzy degsec s kL dzO.

ANzdzCydvw  fJ e d3d M j bipdsy M jdapvd M § s dzldstists dz! dzts ¢
fcotteslsO j et datstc dzOdzd :

$=5(1 (T M), (1.4.5)
GHM, T sBtsB MY dzdzOW (BBOIStedyO o BtetslsO, ~n Ot O
fseo jtordzsmisdz = GteOdzj 2, CoslsstcOY fHAZ] Y dIs ¢

dsftcQo jHdzdots o] HY tsdztsy diflsS 9, s tsEs<ez jH iz O
Codzstetsdz detscsz kL ek L @oadfmdls s dL &j dzj dad W
sBh jd&3 Mz yoOj tftejH]dzidzdi dBwBOLedy™ ottt
oM BO btedeo dOdz dzOW L OHOYO. v jd3 dzj dF dzj
fsslsdsh jdadj ®KROstdy' §sotteslsO d §jtej dih j

t OmMmMisisted d3 § sdzdels 5 UG .J tofff thif dzQ tateji y ON § 2 H &
koY tHsdBE Isj dzz, CO¢ fsSCOLOds dO ttdmkzdj !

S

JudoadHdets, ylbst

=, 1) v g )
CHY i BOEdy0 ot B> PE dzts i 50 izt tsq dzts
or ydmdzw j Ismw dz0 sMdetseo j o' tcOy J ded W :
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i _fN -9 dzzls tej dzdzd 2 IZLszu’1$94)
R M 0d o @& 2 L 2 50 J R
UBEHO HdAdzv f j tojrdyyfhcjoded i dis{t® s d
S(F)=ri - & iMe (7 r)-r M =0T M gL M D
GHE:ﬁb My 5 S('fb) M %
¢ dzO dzts ¢ o pdety Is Wplzedz® \  (T), -~ OtOC 1O}t ditslg gy " j dz

ftosdLoBd &zt kL d&zO tOMyYY sds2 Mmjlktd o to]
CteOdd Bslsdzd | bz dzB:
5(T)=M,T T b (1.4.6)

lted { stsdp d2p % SisdEls v Sl M,z ) czfs o Igf

v OCdds tsB O p dpydgtiz z dz@tj g toj dsj Dlg ff"sH o d 3 dzts
CoOREPBdrH | 2 Mise d Ifjjdo jdBjds j dzd v d3, ybts Mstsiso

fsMsOdsoCj L OHOY] qa;@g)m‘sjjsdzw«mp@tdz@.sl)J,fnlst
BkzHjIs dd3j Is! o dH:

o @ W (Ns(7)

s(r)=—p51—"—~—~. 1.4.7

() 8w (1) (1.4.7)

ltotsdL @ sSHW mMzdizdzd tets o Odzd § n o J ) tizaL rdzifiz
f so j ton dats fydsfy j2 fsotstetsis? GteOded y BzHIEzIs z -

StolssesdzOdz dzsfls! MjlsSd o tsL pzgey '¢ tePigafiydzd B  ag
ftso Stddtdsj@B z j sqw  JdeW stedsOydw B dL d3j dzj dzd d
GteOdzdyr fp. syt

10 Bfmdtseoj dzO2H|j dzder 7 deSted3EOdzj 2 HEts d fts
Msslse jlshisezy M OW  dgQls.te d ly'Ote A>fsjodadajs s@dz" o 7 Y
fcoteslsO dstedOdd kL O &O fsHody ds?2 o jt

¢ cofa)+(1-cogd)mi (1-cds Pmm m sh)a( 1 cps)lamm m+in) (1 4.8)

Mo =gl -cofa))mm msi{d cof p (4 cds)pr ( 1 chs)laym m -¢in)

- cofa)mm -msi{d (1 <cop Ymm mshla cfs)a 4 dos))
GH i ez ottslsO dstdOdd o ftwsyj mmj H
oj Clstm, m, m) SftjHjdjls M o0 jddw. 1!
or Oy jdedj (1.4.8) dzgjvodss, Isjds dzgj gj dzjd
MilkSd LOadMmdls s HS tsitg telddV s daigts s B3OS P1.4.4F L dzts
lejujdedd o WekdCyds 1§ jftsjodsjclisjsdad v dzvdijass tc f y!
tcOL dzd ydetsets tesHO dLEdB" ftsHoadydets?2 CteOdad yr

] ssteOw &sHdW JIDWY Jf s g tede'H:O" OW  fts A te O dzd Is

wyujijiS fedLB0sdujMSises Mdsw, slsdshglsmw
or Oy jdedj (1.4.20) 6BkBEL2]O0CO&K] KwOs d dzts,

42



ez dzv, fsMStd Sk ftod Mt dzt HJ ded d 1 RIsdEGhds diz fif
ELjdz cOtOddsdielzjls HBOSHdBOd drf 2 9§ d&zOH o
o dazlstej dedzd °n kL dzseo My jmsEj iz l$ Blisl ¢ dpbzeth Is jozp' ddiplkz
COGCdfiBts tseteOdzdyj dzed?2 2O o dH o Mo ts2 W kdak
COyYyd Mo © ftedmlsj desydz" » wyd d <.

]l OB tdlBkpetdl. , 2012] o C€Oydmbkej ojMmMtse?
Ho lzn MdzOG OJ d3" Fuke etdas G ZOMEAS2 |[ IsOC OW W Iz dz$ 1
mMdzj HEze h d2 o dH:

é,é a6 é b
Wj(x):AéaE L 8+ AL (1.4.9)
v I e

GHA T ojf Hick@ steydsdOdz dzr 2 ff dztsh Ond LsCtelzy

RO OCIjtedy 2 @l EBHOMBE@®Mdsd ¢ tc Odzg B2 51
dzj Sslsste’ | f8C0LOIjdzd Mmisj i j ded.

Il sHtsBdzr 2 odH o jfMseats?2 WkdSydd Lo tsd
oBdzdLd ftsHeadydzr = cGtOdzdy, O OCYJ Mc dzOHJ I
CtoOdzed yYls dds@ s B dzOMmis ( . ydmdzj dedz" § + S MY J ted d3d
a=3, b=5 10t anatwtshjj COyjMmsets Mmj §s&lzj daj dzag
f SHo dy dz 51dzOmQ diaffyj flOtBAAgjjlstedsy jIs o Ots! dotso
LOHOyY, ds o Bh jd3 Mz yoO] oy jls Brls! 0Oolst
tcOMmMmistsw dzd | B yHE kL d2OHdo jiydsiCls . L Oiz&its & dt 12 .
fd3d M jeddzse o § tod ¢ tc O dpd) @ty Jodaf@adgd ftslsl 2 v ,
tcOB BBIsT B3y ssHO © LOHOYOr M Btsdz hddzd Mmd3j
L dzOyd ded v 1 Istsesdzy f OGOy EB®EIO] yJ M s6 s sS4 toj H
dmf sdz' L 2 Isfqpw Mmdipkeetalh 2 2 6] BsH §# Z20yo0dzO o
M3y M jded] cGtcOded ydzr » kL dztso:

Ny,
Snean=a A5(T,)., (1.4.10)

Nj

GHA=A/g AT deto3Edtetso Odadz’ 2 o M kaLedzOy d fnddisjjlsd)
i=1

stk dzj

). (1.4.11)

a=Tmas6) 5

] Ot Odfjtflstdg) H dzOL dzOyj dz Hdzv tsyj dzC d dBBOMh sOB
sls fsHody dzs?2 GOded Yy’ o dzlz Is t¢ tcOfMmyY Isdats2 ¢
L dzOyj dzd j A ©BdBdijfidigiOydeo Ojls Rtstetsh d2 tojL kzdz Is

[dzv  toj Odz! lslds & dc@dats, ylsetejr  fftefai@dgy Osds )
BOdzts j L dz@nqigsd@f .1 w o dzv jilsMb Ols Bz s ts, Ylstss
ftodL &30Isd yd mRilogzj dp@ERsy J tod Md ud dzd2 o W yd J
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slstcd yOlsj dz’ dzr dygylssts | & @psdlgs Hdzv o' ydmdzj dedvw oV
odzdwdzadj tSCOL" 90jls a ftsCOLOIsjdz Mmilsjfjded
ltedd3j dzgj dzd | BB OWE OB jdzso Odegdz” = dzO 9 ' toC
(1.4.11), fsLotsdzv j Is MsrtcOded Is COyjMmlsat
sfsB j dzdes o ftodL BOIsdyj MEtsdz MAzsj . 1 sM¢ sdz
fsdzsy jdedj Ctltstes?2 o ftesMstcOdemlso | Msslso j
or 0Oy j degdwidy 4.14 .4116) BEHEIS BdJLSd § ojSkt
ftso jton detsfylslsias nf@&a zsthbtsHisBder 7 wyjJ$ BERHjIs f
v d3 dzj d3j dzd Wsted3O o Oy jded?2 (1. 4. 7
ftedd3j dedls! BsHIW d UOVersdz© dadO R O W) Isds@tcOCIsj tod L
Mdlssyder @3 tOL tcj h j ded § 3. v O0¢, HdzZW Ho lzd3j todz
acOdzdyj MtcOo dzdlsj dz' detsIDVWzj st G ts y daty &l fislstats
HiWBstcd3ddtctseo Odegdd MJIsSd. vd a3 dzj d3d dzd d H d

{50 j 60 dztsfls d c%@r”ﬁjjsymm;@@h“ wqgmds o jthd

or ydmdzdls j dz' dzOw i) czts dztsfnls@(nCh%}Gdsﬁs@fs@@dzha 5k

9" ydmdzd s dz¢ dzOw fMmdztsy dets s Odze stedIsdz© Mmlists,
stcj B kY Isfw Hist sdzdzd Is j dz' dz" J IDWgts H dz® i © O apdtl] dzdz
fsdedy jJdzdd o" ydfmdzdIsj dz! dets?2 Mmdztsy dztsmilsd Odze tst

RimMftsdzr LEv dHjd OCu@lis®dIFBEI ne D&ldanto, 109
B Mister ~ Bzdz' sdf sdzj 2 [ Gr eengatr d.& ROXUIN T i 1
or udmdzdlsj dz dzz®  Mi@W ikt ffds MdQrifpemi@ Els' &) st
B Mister n» RBlzdz! sqd§ sdzj 2 ( fIEM) d3] fyls(fiply tsizf Isiztso Cff talzj
Yylsts Hdzw yjdSd ojCktstcO f jtoj digih jdedw dzj tsB
fsojtorndesMmisdzr =« ELdzse o9o9dHEkZ ROOCIjtO Mis,
Lstsets QPlbR®Otidzv o ydmdzj dedv §jtej d3j " j ded ™
tcOMmMmMistswdzdd dzi MEtsdz? Cdma R~ OOCISjtedz" = Hdzd dz
dZzOBtste Istsyj SBdiffL § AR s - OtcOCIsjtedmisdS OR
ftcj Hdzsy Jdzgd ] GBBMdzso " 9 OjIsMWoalsy Bie] uye®MmMys B
wWodwe Isipw BtsdzjJ Ctelkzfdzr d3d d Y sctej " detsmisd
dzJ s5C 0Okl o dzd W dzd W 2O COyd mMlse ts tcOMmMyy Is
ftiodL BOIsdyud MEsets My twOmyyls oj Skt fjt
odzdwdadj] depdedjj oL 9 O ls BddYyO2hdj Ibiytc
CGteOdzd yd , CSEHO o dzd W dzd J ftetsydn fso jton
OfftesCMdBOYdj2, C0O0C fsCOLOds dO tedMmikzdsS j
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{ dMzdsCA BOdBBdls ttOMYY sdets?2 MjsS g

tH] &ZOJ & fswhds dedvw. 10 tedimlkzdzSj fYtoj HMisC
ZO0 C(shtttts?2 Iksytd, dzd ftoddzOHdzj ¥ O ) o
1 EHjd&3 Mudlsel>L, Oyds sdzj 8 OW o j teh ddzO0 dzj ¥ dls H
ftso jton detsfyls d .¢ teOdiaf y @2 "9OW j dzj dedets?2 IstsySj Mmdzj
M sBteOLEZEMNddB Jvy oJjtehddzOd3d. swtsec dzOMmdzts o' 1
BzHjls BfftcjHjdzwis! mMw tjhOoshdds oC kZzOHBAE o j
9 tcj dgw co¢ o dzd v dzd J 9" HJ dzj dzdz’ "] ldnayb dedzts d3 dzdp
s tcOo j Hdydjo S tlKALE Ols ! ylsts Mmd3d " jdedw o teh
G tc O dz O ftseojton desfisd H dzw 9" HJ dzj dzdzts 2 \
MstcOL di3j tecdetsy o©C dZzOHEZ oMjrn BGMIsOdz dz" = 9" Hj d&
ftedo jH]dats fsmistetsj dzd Odze sted Is BO, ftsL ots
ftesdL otsd ds?2 ksySd, JMisd Lkvw §SHABH' H
L dztsoe .

loadHEk Itsets, Ylsth d@®hd siidst d dzaf $ dzo dggis? dzj
MilkSj o BMjdk MkEyo0] fesdLosd dis, s s
fso jtendesmsdes? MilsCd, Sttt j HAY W¥dShmHdie
9 o' tOyjddd (1.4.9), ftcj HMIsOoa dzv j Is MHtsB 52
tsts2 fteduddzj HHddin j ReifCRsimnEAR(CY O | [Istn® tc @ tsals&is 5L
2024] Mmlsswh d2 o oMmdzjHBSe Ol dz dzetsdz teOL B
dz0 { t5H dzdzEendrifik&o @lafd 1995].

HBSLHOdd] +WWJjCIlsdoader » 0OdzG tste ¢ IsaizEzs 2 ) ddOE ¢
H dzw ts B tc @ iAtsly § dflzdzr - f sa Btz of gzfylsletc j Bz j Is d fr
My jydOddL qtetse Odzdz' 7 fMlstezClskzte HOdzdzr 2. 1 ts
WOCkttoddzsy j Mo O § 5o j tof ddidsaly’ 9k tc ks Dvdnten® gizbiz
BddzOtedetsy Hjtjots. {oipbkmpbyd” L QpBABEBAJ U] M
wodw jlsfipw tOLH]jdzjddl (e jtemndzsfMmisdz » o teh d
dzj ©Oo detsc3j todetsj] ©wWOMYtejHjdjdedj ojtehdds, f1s5
9Jthddz o dzj LOoadMmddissmisd tsls d=a C ststBOd da
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ftej Hf SA&ZOGOjIs t6OLHjdzjdzed] dzOBBIO 59 t6n dzs
tesH dIsj dzv , dzO Ho O tcOo dets dzgts N dz' n f 5 H d3dzts
stci Btso Oded j 5, MtsBdzt Hjded] CBlstesets odzj yv Is
wWodzw jIsipv Wistediddictso Ogizd § BO§gBctsBBOmBOAIH j gls
94 teh d dz ftcj HMIsOo dz¥v dzd mMtse 52 Cli3f OCIsdz |
fesmistetsj dzgdvw d&OdBtsdzj j StBf OCIkdetse s B d dzOtc dzts
L dztso k2 ¢ Stsf sdztse d fso jtorndetsisdets? My Is&d,
e OW O fhignkrick$o&]Leland 1995.

l sistetsj dzdj BJddzOtodzgsets Hjtejo O M EZyy lssd
MdlsCd, OMMyddtetseo Odzdz" = M kL ZzORd djtcOtend
tcOHdEM SfdMr o0 h j2 MWjter, C0OC YfBCOL Odzts ¢

t dMedzsCu @t Oddzddzdj tOLBdjdzdvY GCtLOW O
0) M fedisPgtfiagdrddgdd MmewrL d, B) BJL ftedd
wowL Odzdzsfls! o jteh ddz, ftoddOHdjy O S H

sBhjd MzEyoj fYwdesHdls ¢ Ekdjd " jRiERY , tcAE
fsLotsdzdls Btsdzj j ssydets f sstetsdls! Of f totsC
ftosdLoBdz dets?2 IbtsyS¢d ftoshMistcOdmise O.
toLBdjddj dRBdetsy jMlso O (o jterndesisde = o
{860 Ctddyjmset I©tyjlsS dO dzdi dzjsdg to jz o jsdmda
LdzOyj dzdv (S QB O0Y) tcOad diAs, B3I @O-ddsodjtds fiHisjotdzjsoh @f j
0 jtoh dfa@drdzy Ists dzOL " 9 Ols! dzd Mis O dz] .
sdzt Yyjoss?2 110t szt dafetsadPdzdwy tOmyy Isd
) ftoj HY Sdztsy j dgd mMih imMlsotso Odzgd v | Ighs B trdz
ftej HMIsOQodzwe h jets OfMMmsyddtetse Odzedzr | M kL dzts
ojthddsr . 1 tsiltsdkiz fts L Oo jteh jdedd fMtsL HOdad W
or f sdzdgw 8 sfqw Mmdzj Hks M dj hOcGd:
MsLHOY v MW jtcO, MtsHjtey O OV o fpy  d3dat
of ydfgvj jvy w®©WOHdEM d vyj dasts;
Wstcdddtolz j Isfqpw Isj Mistseo OW MW jtcO® M yj dzelstets
dets ) ko jdzd uj dedz" d3 tOH J z s d3;
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- &0 IsjMmMltse 52 MW J tey W tstodizd B Hz) Is ifwvO ) de® B t
or ydmdzw jIsimw L dzOyjdedj, BtcjHjdzvjdis] or tcO>
f(F)=é; 3 3 (1.4.12)

A

GHY T detstcdsd totso Odzdz’ 2 foi Lftp sacjitddaPdz™ , OMMsyd Jiotse
fsHe dy dzs? f B89f wEasddz@ls’ o jth ddyr IsjMmistse 2

[BT ydzr &8 IstejBtso Odzd j dp sHeRY dsjsdgjj t€ O Y@ o
wodw jlkfpw R ©Oodasckj tedets twOMYtej H  dzj dzd ] .
HSHj SOl Hte®O ddzd dSsmMO1L HicO, off dMOdzdzts G t5
or ydmdzj dgdz" = L dzOyjded?2 WkdzeSydd edHO (1. 4.
GJ ¢t fdidsdts OdzOdzd L s shySeOY BEigs ¢ Md sdelzsf)dy
[Lukeetal., 2012]
,14 1 1 1 1
4gr-af Iraf Il Iroaf’

l sMistesj dzdz' Ps sdgP B st Oy j Milso j dzdets o j HMIs O
OB tstc 9 j toh d dz, d MthatcOdz jIsfiMw Hdzw COYHBGH
ks yYSHzOB sty o' ydmdzw s sy &Otedy’ (o tsteslscC
fpdsd M J dzd v .

s O0Cdds sBtcOL ts5d3, EmMeC st dzdzr 2 | t© s ishte d dgd
ftesdL odz dzts?2 o J tetf tgjdal M lsigoydedsdzsffdgp H 26 h dd3 5B

- teOMmyyls fjtojdzjn jdedw H dzw 9" B tc Odzdzts 2
Bd&Otdzse s HJt] o O;

- ©OMmMuyudls 90jkMmw oL o jh | dadfid H dzvj’ CelsdCiaizdfs,
o jtoh da®y tigdtsalgjCS h jets kL &0 BddOttdsets HJ to

- OMMudls ez@RROMmdE 02j h j dzdz” 2 o j S Is Steonoad| j 16 J
Hdzv o' B tcOdzdzatsi20 esjipistepdf Elss i 59 IsjSCkh jes k
Hjte] 8 O;
- 9 Istd3 MdzE Y@ jsdzdzy fyzly EMmdztse d 4
Ssuonoces S nodp/||’S suonoffs @ (1.4.14)
Mfzme 5 BddzOttdes Bz Hjtjolkz ftojSttOh Ojlsmw
Ssubnode: ® T Y d MdzW J Isfyw :f J e B M J dad J

f(F)

(1.4.13)

$(F) = Ssubnoded Woprogeo (1.4.15)
6 Hmose ME B0 2 8 j M § 5t EEOa s Pk pd b dE §
H dzw COoyHBEs folbtdkto, ZOud 20 ted Mt Ist

gnode = :Ssubnode,s Wode :V\éubnode)'
l scseots] L dzOyQazdg ' #@ePdgd tc@L. 4. 14) o
0,01. 1 Btd hddAF)D]O dipdeaaCsjdy LiODE]j it HOB) dstinw dz
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slo " B tc Odedeptsd d dz HizL dg@aidOs@zisc f tcy po ) ©Pls o
COHdEMm Isd Mkt oldtRd3 ffifdgiteud2 j H J tg jedzef "z dgw j smw dz
fdted i3 " J dad J fesdLoHdIsMmV ofj 3 dzOB L ®
LOo jteh jdadd MfEMCO s BddzOtoedesdiz H jtojolz ¢
shdseo Odzd p & VRO HSE s dL ZL dztso . v OC Ow RS
f sL o sdzsinls Ols 5y dats B Mistcts ftotsdL o j Misd 9" Y
odgzlstcj dgdzj 2 o jteh ddzr B dzOG sH Ogdss UyijWestcdzsd tots 9 O«

g4 bySd Lijddw ftosctcORzR@Rds?2 tj OdzdL Oyc
dzj BOdztso Oy dets B J MY j yudls! ¢ sfdzj Hise Olsj dgOdg. 2
r dimMmj tols Odzls s d3f tHfHjtHHigSHEdRztcso S d o jtoh ddz ff so |
[ 4Ot OL 59 &5 51, j dfStewfo ,C sASOS2eAs]2  ddgH j S MOydw OmMm
dzs B'" 7n kL dZse BJdOtdses Hjtcj o ®p dzy B fhsd dzts
(f smdzi H 5o Olsfj =i AesRdets D Cted Mz dzC § dzd X J -

BrvHapHoe aepeso

4

MHAaeKkebl maccusa BepwmnH (0<n<m<p<q)

Ol 1) ..|n1|n |n+tlf .. |m-2) m m+1| .. |p-1| p |p+l| .. | g

N\ AN N N J
Y Y ' Y
0 ysen 2 ysen 4 y3en 6 y3en
Y Y
1vy3en 5 y3en
L J

3 y3en (KopeHb)

tdmMzdesSuttf MBSO dzj dzdj ddeH j SMtse 5o j ton datsf
J HA&OC 5, mMdzj HizjIs f sdzd BZOIs* Yylsts dz¢ B sy
By jfsed o § Misd & J.Y  IHGIGHSDBEO Py U dzEBs o d Is d
HiWtBstcd3dtotso Odzd Vv fifiisinlscCOfiz Qi g gsin® o MSE Oy v dzdzts
sMmtsB J dzdzsMisd o fJodL 3OIsdy MEsd3 MmMdztsy , BJ L
IDW. 168 ftejHdtsy jdedz" | 2 By IstsHT sflsdiddL Oydd
fdztsy detsls ' IDWRBJ lstEHsS® dzts t©OQdzj j 5§ O daddn teif IscdDsizy
~n OtcOCIsj tedz | g sBintey @dzy2yi mEIsc d. v 0O¢, H dz\

cOMmMf sdzOc O IsmMwy BddL s € cteOdzdyy , M 2mM¢C
COtcOWs B sk s dzOdz desMmists ¢ s tocfff dzg O Is  wlg My o, 56 H
or udmdzj dzdw fJtej By jddw ojthddz oaHOdd s
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mMfEmMC, O ftscuz dagwmidzso s Fy§fiss®isd iz@ g dz® j 6 tizg
ftcd dzOHdz] YO dr vwHttk LS O.

rdmmd tlsOdzlstsds  § tej Hdzsy j flztso Y oy BathHhn dzdHs j dz!
LW W j Ctsfigflapfiize stcd IsdzO Hj W istedzd totso Odzed Wo  HEdsisCistdgjtds
COYHES2 f sSHo d) dets 2 d dzd L OW dclishy dste tff ds @l dz 2
dJtcOten i st sztc [ M Otz@L Bo &s tsL |J] dzCligotgo " 2 0 2 4
fsLosdzvjIs Bsdzj J biydzs St @dagests kbt H b
s9o9dHE fWvdhsets odzdwdedw dzO twWOHJEZM COC Isj
ZL dzse 9 j ton Oz cotds HAdE (5.9, dgM . IS ot o scdzW j IS fMH § dzO
Hjtjolz, Yysts odzdwjls &0 MEssmis! or yd mdzj
I stfdedids j dz' dets, dBjIstsH, fojHf OO h d2 f tsmlist
Hdzw COYHB2 ddalsjtej Mz h j2 ctOddyr , f sL 9 5
Hdzw e jtondetsflsy 2, dzf dLdgjdgveshdn Mmeaty (¢
fted Hdzd j L dzOUj ded ™ §yteff dispsjedzdbd ( o 3OBEL ] H.
W fndztsdusaftsy j dzedv BOjtedOdzO HOdzi j Bkt O Is
Mz yo] dj sBratHd®BsMIsd ECOL Oddw dzO L OW d ¢
tslsd3d Wd dzts.

t 4 OdzdL Oydw s H d W d y JdIBVE o ddRlzdztyf Ottc O diziy jlsds' Hd2
fsLY szt cOlsd s oted d3v o' f sSdzdzj ded W S UgitlE J
fsHiesBd = Mjlst¢, top Odtedets D [ GODW ¢ D jin.d df= Mo
~nOtcOCIsjtedz" » BigEHE PEGERPE Ol s Ols Hdzv df
f Otc Odzdzj der dgdAdndzj decgw = . L s8G s dzi B SH d A3t S
or ydmdzdilsj dz' detsy WwWHtets f sdzdes?2 dJdaW sted3Oydj 2
BsyJls Brilsy MiSsted3ddtesoa OdzO  jtoj H dOYoOdktsd t
CosLwwdydgdelsr, fitej &gi" jdedw.C Oy Htisjts ygj "findnd i dfd
WHtes Wotediddtlkzjls §jtjddihjdedy oMmdnm MmMotsdn
HodYJded¥w MjIsSd o' fsdzdg j IsyW B dtso dzj dzd 4 G
kYol dO {§ tso ] tcn-fidB®dfdzj da’jdi iyl @Rlrdd @ e O
B4 s BDMO(M  § ted &34 dzj ded § A3 d H J 2 Bt lnjs dan zdslg dgisls ¢
MsS teOls d lsdzj toBte-jlivd Btsj  daOd3ff dags@d Wyizldedzts 2 M s ¢ d

ddzj HEjIs ldiajlsdls!, vyt dis Oy § Hadgizmdzz ig O glz
LOteOdzj J dai dL 9 Misg dg, tfqetst tslaytg dg ) ts s s d@z($ 45 dig bs dzdp §
BOMMd o s H Odpde frts diffziy jleHibH] ISC O HEB2 eyl HEZGE:
cOMmyY bdes3 OMEBTHH HdzW 5B dats & dgj dedsvlzv 1 B dzdgiz®
fsor mdls! COyjmMsoats HjWttodzdiotso Odzdets?2 tcOMmyY
fcOCIsdRyd dydelsfj toj M, ~nOtcOCIsjtedL k28 Is Ry M G s fnisdls
BsH ] dzv Bt sz Mtsslse jlsMiseakze h jj BJddzOtodsts
Cesdzdyd Mlsets kL ditse. vOC, dOftddt, HAZY ¢
BddOtedetsj] Hjtojots BEHjds MmhgjdsQIs' 1 3 hsdxs Yy Sots didE
dzd mls©Ga 32) , d fwsejHjdd] Wjcete] Mdsdese s
i sdzdzr 2 dzO B 5t fso jtondetsisdz stsyd €. U s
ftcjHo Otcd b @y s dstB dzgtso dzj dzdW H Odedz" = B d dz0O tc dzts
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OonM 1), qHEL Bddyj Misets Istsyd $ nde@ tslsizy fylg Hdsts I
MistclzC Isz toru drjidEda CRls. | dz! dgtf 5 dadzs dztiso dizDdeds g-O s M P fizd
MlsOdzeso dlsmw o1 yd fmdzddis giztz’ dets H @6 wWzlz § | dedgMC toj Is
wodw jlsfpw kL Cdd3 d3j Mistsds.

LMisteOdzj ded §  tdA) A fipdpts (Ots fleMoals@ sd s o ©OMY t6,
ZOcthkzL €d 5 or yd mdigjlsy dixs g ddglz” W2 H toHOEiEN 1§ #izis O o
tcOL HJ dzj dzd W or ydmdzdisj dz' dzr n Bsh dzsmis j 2 ts
MistczClskzter [ tHDefdlz t5ho & s 5L J (dA fisfy d3ts IsAsQ Az jB d dzO to
Hitcjots s foMmistesjded® Mdadzdsd sted ydesy B dz
Pioctsodzj 2. Clsts f tsL o tisdev jjls Osigc@defLisly O Isi's frds' zff O
ftoddzj dzgv 6 sfpw Hdz¥ tOo dzts B todatsizgty H e Ofglf tayjdndaif ]
sl tsHDOsHAzY tOMmY toj HJ dAf dzfd o o @ts qus]ifnddzj dis[Rts ¢ |
Wisted3d tedsqdfidaifso sSes5 CBHO HA&zW € O HESGE R USHADOW
djtwOterndyd M Ow MlstclzCIlskzte® HOdzdz" » fto] HMIsSO:
(ygmdazser j CBHT r.4 izt ez ©AGR]" IshgifsitcltsdzCs] ff sd M O
Hdzw Westtd3dtetseo OdzdwY M dME O € dzv y jO@m fids yftdote ) o
ded dgdj te" d dz (e lz dats €

t dzbAsst OMYtej i dzjdd) o ydfddlsj dz' dats

10 tedMBezCftcdo jHY dz Jtodd3jte tOLBdJ dedV Iz

o ydmdzdlsj dz dz" = WwWHI©CO. t OLHjdzjdedj MM jMmis

e v s@ dsfip OfmMmtsyd dtetso Odadzr dzd 9 J teh d dzO 3 H C

o ydmdzdlsj dz' detsj WwWHtes f ddgHj CMMtsds 0O ©BtcOB

ddzn j CMsd3 1 BtcOf BOls seEOgjdz] ottsveds kL dzO, O w |

ftosdLotHdls or ydmdzdlsjdz' dzr | tsdg tcOyégo @.dzv |

Mz yoO) f(wRisBd 9Losdv jls MEh jMmMise j dedets MtsC to
tej Gtoj MM sdedz” 2 OdzOdzd L
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15 [ tsH j dzd tojaoCHd@BHytc s H  dA® @[ R tfsdz! L s Oded j d53 Bt e

1 toj Hdztsy j dedz" § o dzOMmlsswh j2 BHI{ MM tclsZDY (i
9" O JMdBdY) i sftej Hjdzj dzdj o4 CIstsde@.4.1)iC @.4ApMmlisd
or ydmdzj dzd j 58 thzst Hizgpde@eld g yY IsSdets 2 ff SRS § dizyf ©
Ctcj € Isdzts B H j dzd e@&ddszo d O MejtscH |figly sBi jCIsC
sftcjHj@2jtdAHY 2O yj MSdr ~rOLOCIsjtedMmisdS dzj |
Iy fted Jets ded f sMtej HMisf J dfdidsfdglzs o sodeofjl dedsdly) c
dzj Mistclz € Is Iz toc d &kts of digisizlig Aiglgp b s sdztsc d d

]l f OtcOc tdfCdljjH MiIs O9 dzj dz' tc jjuzdd a7’ ffist)jlsH dzts i jteddd
yd mdzj dzdz tho Qlglgolstdaid Is s H dzv to j O Q0@ y .H O dialgsHs fits
s d O dgdejdz' deOtstfste j H j dzj dzd W dzj Mls O o ts ¥z tzizr ~C to
NACAO0012[Shrewsbur§ Sancar199Q,0! tcszf tczetse s tOo dztso j idV
[Reimeret al., 2009 d c O M yd s@dztf gzOIsls j c© C 6" dZO[CHAILBA RD
1988]

t Ofyy s dzj Mls Oy difsteaOitcdiaiz’t  Hte md&zO NACAO0O0 12

i OBBIstsMif smtse dztsmis d f§ted d3d dzd dztsmls ¢ f tcj +
d dtsHdR BT BEHHVH | d3ts dzfiflistind' te lzO L O H Gl d3 diy Blsiste) dS @tz
ftotsW d dzv NABBBO kG dasdz’ &8 §slssStsd My BO,
Ctdzj B dzs h j & tsfyw [Stiresvshzng 8ancay@I9@ ¢ d

[ dzw tcOMyy Istso iy thdsde L. ez @ @fffg & © jzbz@z® W d
MsH j oy AWOIOWIHW] wWyjdb)(tedmkzdese 1

CsobogHbIn
NOTOK

CteHKa

HasneHue

CvummeTpusa

{ dMdstul] GO lcOMYY sdets?2 B H | dzgd
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 dzv  tej h j dedw LOHOYyd ©oOmMmdkOIlsted o Odzinpw
f OtcOd3j Istc O dzd :

- M,=0283 ydmdzts [ OR O;
- T,=298,15Kils j Bt j tcOlsktc® dzOB j O N jets slsts¢

- Re=345e+6 ydimdzts t j 2 desdz' HMO.
stsdzj BOdzgdW ftotsWddzvw L OHOo Odzd ! or teOy j dzd

a(t)= g - @oy th (1.5.1)
GHR=15,a40d fwdojHY dzdzlo:«vzvﬁxgmwsmﬁc: SteH O

ftotsW dzv tcOo dzOW 0, 542 3.

Il sLHER ttOMMd3OIsted o O Is[fipeH jCdaSte tscp HOjdLD ! dif teRts
dmyf sdz' L 5o Oded J B3 BSH ST & OB B IHFjipglsagtditisadoy d
MsilsOo ddz 1, 0 COYjMmlsaj d3jlssHO dL & dzj dzd W
BsHdW dydtose ORWP R wRfisd § sMistesj dzdw tslsH J dz
H dzw COYHEB2, CcLOBPYYJ tcOMY toj HJ dzj dzad W H daW Y
ftcjHo Otedlsj dz' dgsc s { KOO 5jlstsHO.

1 O tod MIB&ELE5] ted o j H d'  wOUTfiegH df dgfddaigj dzj d
tcOMmyYy Is dzlZD fp Pls Uaff Yz § Bsdz dzels™ o toj d3j ded

Mach Number
0.40

0.36
0.32
0.28

— - o2t

0.16
0.12
0.08
0.04
0.00

O) B )

t dfkdstt L B2l 0l & kijsds] daso ® dzg 3 dzd O
O) WtwOcdjdls MjlkSd ssddLd §wosWdd, s)

~ .

) B )
t M des€f JL B3SO’ dsHj dzdtoso Oded ™ dzO  dst
O) YtwOcdkjdls MjkSd osddLd §s?Wddv, 8)

Mach Number
0.40

0.36
0.32
0.28
0.24

= —
&
0.20
.- 0.16
g ‘ 0.12
0.08

0.04
0.00

SfsEWdde o LOHOVY] dMysd LEjlshMy Hdv Hj dEdifse®ydqofedd
d3j SHOWO (L dztsy jdzgdz’ & .0 f OwOCwOWj 1.4
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Mach Number
0.40

0.36
0.32
0.28
0.24
0.20
0.16
0.12
0.08
0.04
0.00
O)

t dMdzsCt L BadksOl tdtetss Odd ¥ 20 B dj dals ¢
O) WtOcdjdls MjlkSd ssddLd fosiddy, s)

Mach Number
0.40
0.36
0.32
5 0.28
. < 0.24
" s ; 0.20
: ~ama 0.16
- 0.12

0.08
0.04
0.00

O] B
[q’fr]lzdzts%[ju Bdz5IsOlsr d31SH,jdzo[tG)tsaOdz.dW dzO d3t
Q) WkOecdzjdzls MjlsSd eoBdzdL d ftesWddzv, B )
ltoj HINIsOo dzj detlzls PIsT o] dzleH J dzd tets @ O dzdiv 1.56)tc d
HJ @Isdzmistedtclz® Is Mmtsa tc O dzip @z ff) Is MetSipdidts &3 G JsietH J dzd
CeHB®O Y] Is Jdg'€ @™ ji dediwic dirf tdsHCWeIsCipl! deig@@ Y @Cdzjf € OL
tcdmizdzCj 1. 5. 6.

O) B )
{dMzdstt @MYy 6de' jeOnjdESHE] dad ) o5 ded
O3z0 B d] dals o egQd3JdIBAB] Glzlsh) o t6j d3j dzd 0, O

53



ltej HMIsOo dzj dzgdz" §| tjL zdz' IsOIsT BtsH j dzd tcts9 O
ftoj HdztsY j dadzr »  d3ts H dDWAHSA®y dtQO fifgyldsttH GdzO H j W tste d
MsrtcOdzj dzd j &3 s sdzse d (.

I udfdzj didgstes] Burddsd MY sdz! L s Odzd j d3 o' 6OY
o ydfmdzj dzgdv o j ClssePtoNl st ij' ccO@azdmd di3sfls
Cet WWdydj dzlsse dzsBtsoatsets Mtsftetslsdo dzj dzgdw
ftetsyj MMmj Stdzjs QdR 2 todifidadECdideyj. b ME Oo dzj dzts  fn
oL zdz! SOIsse dytsy Y geth th vab)@etiatBfdsdz L * €  dz& s OL OC B¢
H Odzdzrfdscfiziz u 4 dzdzr &3 o = BShrewsbut@Bangatd §9dJ dzls ©

1.2 25

10

2.0 4
0.8

06 1.5 A

Cxa
Cya

1.0 A

0.5

T T T T T 0.0 + T T T T

5 10 15 20 25 5 10 15 20 25
Yron, rpagycel ¥ron, rpagycbl

®-Experiment ==LOGOS =—By3bikuH &Ka3zakos, 2008 4 Formula 1.3.9 =-Experiment ——LOGOS -—bysbikuH&Kazakos, 2008 A Formula 1.3.9

(O] B
[qfr]lzdztﬁata);oesdz;dzq,j tGJLIzdzJISGIstS)a BsH j dzd tots o (
H Odzdz" d3q

O) CwmiWWdydjdls dsetsotset Mtftetslsdo dzj dzd W ,

ltojHMisOodzj dedz’ | cteOWdCd Hj Bsdmstedtolzs Is
tOmMyy O M tjWjtk]jdhd @B J &9 0HTulses] d3j Jaz©di
Cteiej SlsdetsMmis! ftojHdzsy jdzdzr 7 ud fmdzj dzdz$S & d eh@w
cLOGOS )

[ B tsdzded Is j dz!' dats feseo jHY dz2 tOMmyy Is, 9 ¢
tcOMmMMmydlsr o Odznw Mtse dzOMdzts gForm@a)lj3daddzO (tdd figlz d2
157. [lsdsj Isd o5, OC I EEO A dzOv fsctej h desfyls:  tj h,
ftsmis Oo d &z@%. W dzj g dzs?2 IstsBz Wwodw jlsmw W tstcdC
ftesWddy, fsmitd ¢k HAEvY fsHOsdveh jets ydf
pjChtstese f jtej dBi N jddw § s ezusst@piijd2 Miss dsf Qv
s ts dagls s dzO Wiodpck sl t0® yd Mdzj dzdz’ j dzO@ tsfydzetse Odzd d
(1.3.15), §©0OCIdyimMSd dHjdalsdydz .

vg 3 daj ®ideid, o' udfmdzj dedj og OGGEO( NCE
M jd3 Mmdeisuddgj Fde@BOL s, 1 BOBBdej dedj o7 OY J «
o yd fMmdzj dad WX ooy MisiAg tablzts 5 d3ts H Gizoizd 4o ¢ & O daf| @k Gzt @
ftow B2 (EfiE@asa gl § dzj o j todets didds daef juhd jj dzdfts Is
BsHj &zdtetse Odzd v ) Isdsfiyifias @ Lisotix(d §O0E 1 . {3t C1ChL)
tedfMEzdSj 1.5. 8.

6CCodoOdzj dzls dzOv f sMlsOdzso €O L OH OYd, dijteodts LSdsAshiptiaizef 2f tets W d d
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5 10 15 20 25 5 10 15 20 25
¥Yron, rpagycbl ¥Yron, rpagycobl
w-Experiment —LOGOS —Formula 1.3.9 #-Experiment =—LOGOS -—Formula 1.3.9

Q) B )

t Mz dz8tuttOSdzj dzd j toj L dz' |s @ bigfstew diglsH | i fiplés® df
O) CwmiWWdydjdls dsetsotset Mt tetslsdo dzj dad W ,

] HOddtsd Mozyoj ftfmiskzfOlsj d dsj Hody
otON Olsjdz' dg d3 Hoadyjdedj s, uylsts ftedotsHdls ¢ f
9j Stz fthdsej o' tcOy jta@iwdzd(uld.w3 . d30  teoGeo chiry brizc
9 jCltstotse j dzd Mo j H3ge" fkh jMise j dzdzse s € 5z s ls
sefistsWisjd? Msats Hj Bsdhmstedolzjls o0y dtsils:
HodX J dedV GtOdz] .

1 OHOYO Ol eskzftckzetsets twOodetse J Mdw Cter dzO HI

g yjdz ¥ s MmisdtetsorChdzed W3ts Hf deij cHSdasyid) Mdzdz dg Is ts
HiWsted3ddtoetse Odad v  tot©tinoyts Hscfilssiw  fitg G§wy Isf O totslztf
BsHjdzd Ctr Z0 Cddikjteyj MEtsets MOBsdy IsO o
udfmdzj tj2dzedd HIGO 02 BB d ZOBI Uj NS dn  d&zOC to b
toj Odz! dgr a3 bk fdztsded v WgctatOszipvf ks@ Isxlas Bldsandgdalz @) Is O
[ OdzdzOY L OHOYO wodzvj sl @diasjces H d Moy dets tzg 20
f tod d3j dzj ded v Ho lzn tOfmyy Isdz' A B ssHd S, 0]
Ol esH] ZOBISd d d3jIstsH dSHdj ¥ t5® G i is © O deafsfotds >
4o j BO LOMYL ©dE®YdnPkiEn dkzOBdSd B9 HMis0o dz
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CBobogHbIM CreHka CreHka
NoTOK (drozensax) (Kpbino)

[asneHune

CvmmeTpusa

t dMzdz®Tu ] O tOMYY Isdzts?2 B Hj dzd

 dMStej sdzOVv BsH | dzr L OH Gfyd 0 ,04 tc tigezdzdz0 dsqu§
Isr ). Itsyj$ dO ftse jton detsfylsd Chidis @&® dzv1j2B h5) jd3d
10 s jtondesmisd SCtor dzO d We L jdzwyO Ctsdzd yy f
vt j Hdzs] | VidOWjsedjjten dztsisd St dzO MsimisOo dzvw j Is

t OfMup Gtc Oz stsllstr S © ftotsoatsHdlsmw o MOyt
HiWBstedzOydd te O fr) fnus(Asls dp O filping d3 telgON @Bl pt dz joaly
HjWstoRdtese Odzdets e 8 1§ Offydipkniisudztf ¥ 2 Mdzs 2 the v te R dz
B N HEBESH Zdgafyy SO d@f &g wdetizls | dsts 6 e d3fg s fg bizfp of3
Ol tsHd dZzOBd S d d MY sdz! L Iz jriafipyj difj stadjj to ~tfdistfjlis © difx
Ctor f@sd Mo sHdl MeOL Ek §sMmdj 8 djdsd i dsd dd

rdzv sf ddoddy M dL emaz@ BBy SO~ MY sdz’ L
bfekectsets ROLjtdOk0 M MGREES e @GR Y d b
E=181 1 ¢ Cts1 WWdydjad3d z0ommts dzO

vifdzsco dw dzOB j GO h jets ftslstsC O ftod dBtsHJ dzc
Motslse jlsMiso so Odzd EkfMmdztse W d3 O FiomAcdetald 29G9u j M) € t

M,=08i ydmdzts [ OR O;

a=2ikdtsdz OlIsOS d;

T,=204Kils j &3 j cOlskztc® dzOB jcEOs M jets fsilssC O;

P, =2010000 @ flsOIsdyj MStsj HOodzj dzdj dzOB j G OB |

V,=229,0603/ (i S stesMmis! dzOB j GO N jets fslstsC O;

Re=235e+6 yd fmdzts t j 2 detsdz' H M O.
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Il sLHER ttOMMdOtedo OjIsmMwy COC dHj Odz dz 2
nOtcOCIsjtedmisdS dMf sdz' L istedDdn@dne O figgds.H j dz@ o f O«

10 tdmbdEfitcdo j Hy dets tOMY toj HJ dzj dad J HO¢
HiWsted3dtetseo Odedetse s Ctor dzO d W L jdzw ) O.

Pressure (Pa)
l 3.05e+005
2.70e+005
2.35e+005

/ 2.00e+005

1.65e+005

[ dMEzdAQi{ OMY 6] HJ dzj dAdQ! B ©w dixiz@hfsflg dn'¢ d 2

10 tod fBaSfitde j Hj dets §tsdzj dzOf Wy jded2
MsflssY dzdd O! tokftebesets 0o dztso j dw.

Stress Solid VM (Pa)
1.20e+008

' 1.03e+008
8.57e+007
6.86e+007

5.15e+007

3.43e+007

.1.72e+007
6.60e+004

[ dMEZHASIET) sdzj dzOf oW ) j didg® H el Mfud LsjOm izH )

ltcdoJHY dedz’ jp J Bz oz s Cstetej Clsdesy toC
fsdzj 2, sQHe®C sfjtefdds s dzgdw Ol teskzftokzetsets 0o
fssllsmise s h da s fiflo@uzstalS 2009 OH Oyd [

] udmdzj dedetsds  + S MY § ted d3d dzls § tsyd ded o Odzd fn
fsHi Y Bdzets@) Mmddese ko scts B §sis@imdzisdzdi 'y dzf ded J
HOo dzj@RdWe (Mjujdedd Str dzO, O bOSCYj] WYV B
MesmMisswdedd O! eskzftckdsdts tcOodatso j W .

] bOBdkdJyj 1 fHtejHMmlsOo dzj dzs MtcOo dzj dad J
d#ej ctcOdz! dz" - PROSC B BPips dz&Sc s Mmd3j " j ded W ¢t
yd mdzj dzdats s + fFfgrincestdl.dfDeR)s Jj
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v OB dzdiw@ Olo dzj dzd jJ 'drdzlsnj @tde@NdK jdicd s d € € tor dzC

CE¢MmYJeddd JL1dw err, %
g 0,358 0,361 0,84
o 0,0115 0,0113 1,74
dS( &3) 0,0306 0,0319 4,25

10 tedBi2Y joj HMis@®OM@Y dzp 0] dzj dzdj St WV dyd,
NY MSsets Ctor @8O B A FWojjyd J dzlsO H Oo dzj dzd W ,
tojLizdz O] MowL Odzdzts ¢’thitc e Olpagy ks Ols s g [Renhgtf e
etal., 2009]

M=0.8, q/E=0.48e-6, Re=23.5e6, a=2°, Station 7, n=0.95

Airfoil

Q 0 o
© B Experiment

0.25 —LOGOS

05 —LOGOS _Rigid
0.75
1 L | 1 1 | L |
0 0.2 0.4 0.6 0.8 1

X/c

t dMEzdBHZT JZcOW dE S1 WWdydjdzlsO HOo dzj dzd

1 toj HiNls O di) datlzt Mz G jo O d IsIslse jIsmise ze h d 2

Movw L Odzdzts 6 B | BB MM BN tscead®dzd ] tJjL zZdzfiflsOls!

1 Sy J ted d3d dals Odz! dff Iszdfj IsHf@Ffzdz” Qs toj L zZdz! ISOIsT

Y MsECsets SCtgr dzO tslsdzd yos smw  tsls L €My j tod d3d «

fsHyY tCdo Oj s oQ@>isiktsis] lsizd v 2 W visldc@" Cter dzO H dzw
dbrm Ctor dzO.

10 tdmMBdE JtejlHmMisOo dzj des jtoj dfi Bddd &z

ftsojterndesflsd L OCtsdzytso € d € tor dz@@ Odnjaudztishiolzf Is:] dd3tsc

Tt ydzs § to i fzQEpQFGHW NdzO0 tOMBHBEE dakdL j dzv 3 O.
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0.04

ds (m)
o
S
-_.—'-'—-l—

0.01 /

1 6 11 16 21
LLar obmeHa

t dMEzdetsTiI 1 .eh.dfy h Jdedy CtcO2dzj 2 Isu® BER &k dzzO

b1 eskftozets] tcOa ki g dils Btc@ar®s tsB d3j dzO.
Yylsts sHddz " O B3 2O L OHOyYyd O+ tesHdddOB]SCd
LOHOYd f HtijHoOtedlsj dz' dz"@ d3 H J W tstc 3] tets 9 @dad J
ZOf oW 3w jdidetc 3 totso Odedz” d3 MsMmistsw dzd § 3. 1 tcd H
O to tHdgdde j M ¢ 52 yofmlsd LOHOYd d&O COYHBd N
disj tOyd?2. ltd dMmMfsd LseaOddd 96 orf ydmdzdls,
disj tOydd Ml Q@aazrajds His,010Isfy dz! dets, sy dets
ssdz? €5 L OHOGdE" wzPpls | WOMdd tcO niEjssitse dfo O dze
HiWstcdzddtotso Odz@ W Is @ ¥ § det@nny tsH ipeH fia® tsit¢ dggdissts 8 O o
MsmMistswdadw ftslstcjBso Odzs! 5000 dlsjtwOyd?2 dc

[ S sdzdzd Isj dz des © ydMmdzj dedesdz 1 € MY j toed dzgj dzk
dzj MC sdz' € d Ay diBs HAR[|BIfHED tcOL dzd ydetse s € tsdzd yJ Mk
WHjte. dwtejHd tOmMmdislstej dzdz" = BEHIJW JECOYd2 HC

- BsHdWdSCOydy - 1 ftojHY sdzOE0OjIs f tod dzj dzj
ofMin fHodydzr » Yo jterndesMisj2 BJjOcEeBDnY tj#
tcjctcj MMd sdedptsec s OdzOzd L O

- BsHdWdSEOydwy - 2 HftwojHYsdZOcOjIs ted d3j dzd
ofmMinmn TBHOodYyd n o jtrndetMisj2 M dMmfsdz L tso
ZOctezL € HdzvW tjcotej MMddzdzse s OdzOdzd L O;

- BsHdWdSOydw -~ 3 ftejHgdOoe@® B gl
COYHB2 ftHodyds?2 e jtrndessMmisd M dmftsd L 5
ZOctckzL §d HA&Y tjcetej MMdsdzdesets OdzOdzd L O.

[ sBHdW S Oydw " IDW tc G g s B tc|jukeOet al., 2017,
BsHdW IS ORI G 6] Hdztsy j dzr H dui@ntg Qa lstOpdBlsststsiz . fz€ s
1 sdzyj dgdz" j tojL kzdzt sOIsr ftoj HMIsOodzj dz@r o IsO¢

84 5 ¢ dzO ) dztsLuke € al.t2B1P] [
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sOBdzdyYy®tc PHdzj J otcj 3w of f sdzdgj dedw H j W stc
Hdzv L OHOYW@ S@tewmPpzse j Hdw Cter &z0 HI RENASD

ydfds | sHd% dS oW sHdWdc¢ omJ; sHdWdS oml
24 53,4 50,1 436
48 28,5 24,8 22,9
96 17,2 14,3 11,6
192 10,1 7,5 6,4
384 7,6 4,8 4,3

v OB dzd \yiOu 3] H dzj § o tcj dgw 9 ' ffoisdrdalj ded W H o2 O Mo
Ol st 5 tcOQo detseo j fdw Ctor &zO HI RENASD

ydmdzts |1 Ote Odzdzj dz! ddhyu & OdzW tec dz" 2
24 0,083 1,97
48 0,041 1,97
96 0,021 1,97
192 0,0012 1,97
384 0,0057 1,97

I fets  toudjteds'H ' o' f sdzdzj dzd v dzj s IstPW] L d t
[Witteveer& Bijl, 2009 ftcd dmMisd LsoOdedd 96 or ydmdz
Bsdzjj 25 d&dJdzkzls. ltoj HMNIsOo dzj dadz" § tj L zdz! IsC
Oz stcdIsd3O H W istcdzd tetso Odzed W tcOMmMyy 16 drtsd j tsgids
tejhjdedj dMmatsHdes?2 L OHOYCd, O WOC dzOHdz | tcOf

{ Off W sO dztf wOIsls j 6O St &zO AGARD 445. 6

t OMMBBOIstedo Oj Isqfw L OHOYO i tcj] AGARD d4§.6 ¢
9 f s j o WAarsag cl®¥8g. § BC OdzdL Oyd v GteOdzd y"
ftocseo sHddzOMm! HdzVv  gdifpjldt 1 [ GRe@ 0Ozkz4d8i% O Oz @
sftcj HJ dzj ded W CteOdgdy WWHdIgldsjnw O e sHdMmyd]
fsi st ftoddzj dzgv j smw Isj - detg ddsiczdjwe fiyfa WHE tgD dg@ets:
HdMC tc RBisde 2zd ftoj HMIsOo BZUZO dzO tdMmikzdeC j 1
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CBobogHbIN
NoTOK

CTeHKa

[asneHue

CummeTpua

{ Mk dBe4i Ul | B0 ©OMYY bdes2 BsH j dzd

I Mmiujddd, §OLOdd d dsd d&OftOs dj dd* i

f ol MACABSA0 0 4. [ fdzetse dzf jH jo@q d3jQete’ 2@ 4§ 6
te d f) 21301y

NACAB5A004

0.559

0.10

0.05 4

0.00

—0.05 1

0.368

-0.10 T T T T 0.762
0.0 0.2 0.4 0.6 0.8 1.0 < >

t dMzdeSi 1 stsW Jdzr d ftesj Sydw St dzO AG

[ dMmCtej lsdzOw B Hj dz L OHOYdd s ®4 TotsH dided
dzj MlstczS sztedtetse Odzdz" 7 wWyjJ <, ~230 Isr . Is
Cdzdud Mise s oY jel6d desdinis ) lsGoddd U J Miso s §ted L BOIs
dtoj Hdzgj § VYO Wjsedjjtcr detsfylsd Cter dzO tcOQo dats 1.

] Ot O3y ste’ dz@asjsds@On jiwGdnmydlsr 9 Odzd ! dzO
tj2desdzr HMO M 90! qiesos Odzgdj B3 G sStedsets HO
dHjOdz dg" 2 cEOL, Hd&w sfidnmoddw Isktes kzdzj dzlsdz
v OzZO p lz@BZOLOMO.

[ dzw s diPded@azsd ¢ d o C ot @A UYMHATdz' L 59 O dzO M
stlstsistc s dzts ¢ sm CusEDE jistg @@AZ@ .0 difpodiviE®B j td O dzO L
oHtsdZ ©OLBORO Ctor dzO d o Htsdz=38T3ULH’! . o3is Hzls b2
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Fftckze sisd ) f totsH s dzF, d2rt®E3+9) O B dzjzelzd dz f oz
fsfjtej ydetsds dEDH4Re08 dz dff1 WW dydjdels 1 zOMmisd
ZOf tOo dzj dedd d o f s{ jotolfj dasapidis i) dz@Y=E0O8, dar @lzd «
fsf jtoj ydesds dzOf tcQo dzj dadd f j totf j @dzmD3E &z dolyitaidizd
MHoadGeO 9 (OBl s smisd

l LOsadmdd@isMmisd O® &3y OBdzdzt & lIs ts ¢ OF 5 dz jdFOBEdE!
Codzlstesdz! dets2) ciss§ - AAOMIsd dsclkzls dzdets L Olst
I sfdzj Hdzw v MdlskzOydwy tOMmMyjdedo Ojlsimw COC dzC
WdzOlslsj tc©O thHdzseo Odzs dzO d3d ssHj 9 Ote! d tetso O dac
mMestsMisd Lo k¢ O. [ BCOdzdL Oyds wg@dedPy'f OF @O
ftotso j HQAAR[dzEE ] Oz dz! i POtsdcdd tOMmyY Istso . 1 51 stsd3lz
MowL Odadzr = tOMyY Istse M yjdz ¥  tsdztwmdZs'OCC C
Ctdzj B Odzd 2 n o j dzd yqdoe O h j 2 Mmw OB dzd sz H 57
oL dBBzh jdzd ] cdzp® d C @dztkt)' H CtcOIsC o toj d3j dader d3 o t51

[ dzv S sdzd yd Mise j dzdzts 2 Jrtde Offrist] ttay fry Istft Clsffy WW  disC
COC MmMittetsMmisdets?2  Hlukter SfeépindexizEay Is jde OB IS dzts h | dzd §
(Frequency Ration FR) . 1 O tc d.5)18, d&LS5AQTL ff tlj H Mis O 9o dzj dz
tcOmMmyd s©Osdd -d yd J dzlss o ) LOeadMmMddsmisd s
L CMY §J ted d3j dzlst®jdz Iz dIK[O IsfO dzd dZtsH j dzd tetso Odzed W o
[Carson 1988;Stanfordetal., 2012;Guptg 1996 Pahlavanlop2007.

0.8

o
N

o
o

—-Exp
——L0OGOS

:\ FUN3D NS SA
——Gupta-E
—=Edge-E

FUN3D-E

o
\

>

o
w

Flutter Speed Index
o o

o
o

o
[

0.45 0.65 0.85 1.05 1.25
Yucno Maxa

t dMzde=EET ulicOo dzj dzadj L OadMmddssMmisy 2 S84 WW d Yy
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o
)

o©
N

H\

o
o

——-Exp
—4—LOGOS

i E-:_ FUN3D NS SA
e
. —=—Gupta-E
\\ —t—Edge-E

FUN3D-E

o
»

Frequency Ration
o
[9,]

o
w

o
[N

0.45 0.65 0.85 1.05 1.25
Yucno Maxa

t dzdedEi ulc Qo dzj dzdd L OQadMmdBssMmisj 2 St ¥ ¥ dy

lteJ HINIS O dztp @bl H | d3ts dzMm Is tc detg iz slzlslz’ IS Qs s S H §
nstetsh s MtsedzOMmizs sw M+ $ gt dj degdoidfichiod dgf | dgzft
9 Hiclf Ok BB ¢ tc[Calty, 1988; Stanford et al., 2012 Gupta 1996
Pahlavanlop2007]

[ dzw o, fOIse jIlsMlsoze h j 6t GteOdzd y4 , Wadz
HisY tsdzded  Jetizb geBY dz tcOMuYy s fm Yteddsd dzj dedj a3 1
or tcOY jdzd9) &3 ({ ©. BBz g j HY. &. ctcOW dSC L Oadmd «
OHBZOZBBRIstetsdz! dese s kL dzO tsIs 9 tcj d3j dzad .

0.006

0.004

0.002

0

0

-0.002

-0.004

-0.006

Bpems, ¢

t dMEzdzts8i | 1e.OH.dE d L OodMmd Bsflsd ¢ jtej d3j " j ded ™
L dzO0O wsls otej d3j dzd

1HjImodd ZnomodeteOW dSd dL d&3j dzj dZdowis ddstististel dfi;
ssysd M dfmftsd L se Odzd J(HB.15B3¢6 H dizj diztsd te ¥ af @ dfdetis
(139 Bj sse®iyy O MS ctslhds s iptoQjddddzsits s OC 9 «
1.518, sBO tOMyYYy IsO Mtstslse jlsmisoalkzsls toj yddgkz !
Ctsdzj B OdefRQls mHid RBsHIW dSOYyd2 ddyj o0 4% oo
Ol esHd dz2OdBd yj MSdr dOctekzL ¢ dzO EkZyoflsC ORF o
1 smStsdz! C &z LOHOYO tsffitejH]dzj dedw GteOdzd Y-
Ctotcj § layditinfigdy dizdzts 1 dztg § ¢ figdedLvdsdzc p tzlizdz’ IS Cdf 5 IS s
orh jEzC of OdelzPv detsinisls ftcdo j Misd € dzj f eOo d dz' ¢
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90)ydzr n fBCOLOI] dzj 2, COC MC tstocPlsdztelds b §f dizdi
Yyomlfglesdiso &s zL dgj yso, 2018

ltedyddzO L Oded ) j dedets?2 OB dzdlskzH " g & O dz
ZyOmls¢ OR ( Sjtdd jda@izw W d L &z0fsoo disdisfii@dAd Odzj 2
mMih j Mise | dedsmvis Istxli] U®FE O dz! dztse s dzOf tcOo dzj dzed W+
fsi il BjL BsSHdWJdSOYydd tOmyy O M tstsmls
) ud mdzj dzdzlz ¢ ma j Bz [ Odzedzf Bd os@Uls &1 ts figg
Ot etsHd dZOBd U MC dd3 dap€ ©R L MAxH pBH @Ye™ diAs OBy
Ctsdzjy B OWdR® . sB Mistsvld®cdizvfRlslass f sCOL " 9 OjIs 9 Oy
o' ydmdzj dzgdv o9 jSItstc® MC mdesH)jsdid jo tclOszif!, ¢ s Odkd
Gitsdgj stedyj M¢ ts2 Ctsdzj tco Olsd o datsmlis d dzd G Ot
tcjLEzdz IsOIstse .

[ dzw BBdzj J GCOyJmlsejdedzsets s dmMOdedw ftets
Hj2Moadjd3 O1 tetsHddzOdd yj M dn &ZOctekL ¢ tc j
COYHIB@MFYY sdese s fMdzz yOW 0,80F H B of st plab)of ts Ho O tHalz fiss
1 Sy j tod d3d dals J . SOYHM2 hOoe Yt otcjdigided or "
dzj dzd dzj 2 dztsflis d , GHY MejHdaid otc @S =Hfidze?2
dmfsdzr L soaOdedd 96 or ydimdzdlsj dz dgr = wHJ tc. z
Csdzd yj Miso j dedzr = WAdGDdsAsS)j ItcjCOtcad ) mp@zj dzdztsdz 1 €
N d zOIs j dz des f sdzkydlss 5, 6 fHtsdzde = Ctsdzj B Od
Mtsslse jIsMise 8 h jigGo dysdyeig@in /68O ¢ tsdzj B Odzdw €
W dzOIsls jtc® MsmMsOQoadw jls 17,9 1 y. wdzjHBoOlj dz
WdzOlsls jtcO dzj sBrtsHd i3ss thisHI 4zdigtso O @ gl &sH 5B B O
o tcj d3w BtsH j dzd tots o Oded W 01 to s HEBERO B QY OYE2 B L
ZzO ¢ dzOH dzr » yefOnfigls) wlads & d3d IstsH s WS to @dzts s & @ tzd3ws
MsmMisQodzv jIs ~8 yOfmtse fted dMitsd L s Odedd 9
dzj dzd dzj 2 dztsfis d .

1l sRBdBs t6OMUY SO S OLOS s pteduigflindti ditiaz@sls Is S té
sylgd & O dzO ! ftesdLoBHdIsj dz' desfyls dzjOW\E B dzv €
tcOL dzd ydese s S sdzdyd Mo © o ydmdzdIsj dz dgr = WwWH
l sdzeyjdeder | tojL Ezdz sOIr fftcjHMIsOodzj dz"@ o IsOE

v OB dZzdy®tc @grHdzj J otej BY or ff sdzdzi ded W frHjjlsiCiic
HdzZ" L OHOQq ddis & @adsils j O Ctor zO AGARD 445. 6

ydmdazs | sHdWdSOWd|f sudWdSOoud |f sHdW d$ Odd |

24 20,1 18,9 16,2
48 10,8 9,5 9,3
9% |7,2 5,9 5,1
192 | 4,6 3,3 2,9

384 | 3,5 2,4 2,2
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v OB dzd \jiOu te§) H dzj J o tcj dgw o ' fousdsdalj ded W H d2® O o
dzts ¢ GodgcffLd W dzOIsls j c® Ctor &zO AGARD 445. 6

Yy Mmdzts |1 Ote Odzdzj dz! ddh)u & Odzv tcdz' 2
24 0,035 1,05
48 0,017 1,05
96 0,0092 1,05
192 0,0046 1,05
384 0,0026 1,05

[ dzv BsftejHjdjddvy GctOdzed Yy’ YW zOIslsj @ Cto
dzd sTIsddi3d L d etso OlAdz=iEjts fdRjEoEsHHA] dzts iy oodHlEz B
dMmatSH dzsSG 5 MNdtevieaRdBig ,d32009] H dzw f SHtSB dztsG 5 ¢ dz
l1tej HMMIsOo dzj dzdz" | el L zdz sOIsT fcsCOLT 908 Is,
HiWtstcd3ddtctseo Odad W e Ofmyy Is dats 2 1§ islecCed S tEf osts jjocdisdg
dmrtsHdzs?2 L OHOY(d.

0 ZOdzdL fdzyj dede' 7 toj L zdz SOIstse

{jLbkd sOLT ydmdj dzdzsets d3sH j dzd tetso Odzd W
fsLosdvsls Mkzudlk! 6 foddjdddBshlsd tj 0ddL
LYWW SIS d odggddEsidO e OfMyY KO 20 HjWstdhdkj d
s sdalewdzuj ddz | t©jLkzd sOkj ¢ Owife s d @ Oyc
Ol tskfteketsets tOodso jMdY Ctr O d tftjH
se &zOmks sw  f; + CMY j tod &3 dels Ocdz! dz' dq dz" Hgfdzdzd «
Hiekedr §OCjkOR ftotsc tsOdzcs.

JHddd dL Cdz¢ udo' ~ L dzj d3j dzls wig)j Isesthhydyindzdzez?
MestesMisd cOdd Ctdsttsd dZsets Bl Y BO. U0
Ctdzj B zd M jodsBANMOAO 012 S OL OO Ctetej Clsdatsfls
te O MYy tsjOH dzts Y jHafdg T2 to lsh) dpldstsidg d fdzj dzd v TS stetsisd
Msslsdetsh j dY W § (1 ol dfl s SOdyjlsts o O laydf i fgdstats 2 )
odHO (1.3.14).

[ 51 tsdzdzd lsge@aizaias ©) v sOGEOY] Q&Y ] i
Ol tskfekzetsets t©0Oo dats otgChifuy SOt tedeEREfjs€ @ 1 O azd
fsmstetsjddj GlsHjd d'n djeOriduyimMSdn Mmistt
SlsHj d desfilsd §LoBdY @O do O] ity oAdids s e
o jMdr 2 o C daOmH j 8 ferdijls O dc s te d st § & gzt f) gzl
or ydfmazdlsj dz' dzsiRts  ddQ@ ez dzts djlaz e f & tzy M) d s dzdzts ¢ 5
ftod di3j dzd s glets SO ©OBGIS] fj HMisOo dzj dzr 16 L
COMmypdssyj ¢ (lOBddyr 3, 5). 16 §SHESBEd j
i h jded?2, BOdy footstskO, ojmiss OFF6E
fSHABHEdR §shstsjddY ktjblkj dsct H &S dE Q)b
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GteOdzd yr GJdzgj edtolzj Ismw tSls H jids LdatssidzY jBls[ dzQitdsolE
Hsf sdzdzd Isj dzt detse s M tstcj degdvw Odze stedIsdBO tsls -

ddzj Hizj Is tsls gl B deis CgaOsiplfteds Hojrdaypftpgs ji dz' daets 2  dzO
foHeORfOC i) f(oodeGadsHbnfe ndYy wyjjs,
HdMCte] Isdzets?2 d3tsH § dzd . v OS¢y J sB | ftcj HMlsOo dz
dzj MlstczS skztcd totso Odadz j tcOMmyy Isdg" j M lsCd f
L dzj di3j dzlstso f sl lstsdzz teOL Hj dzj dad j ojtwhddz
tc O o OEsHs 3, Yylsts ftwwdotsuHdls € dzi dzd dzj 2 dzts 2 L G
BsteW d dze O tc O My IsSdasdd dpjj fiisl€ of© dfdeys y j 2 A0 W Jls
otcj d3v , LOltcOyYydo 0] i3tz § Hdzv f sH G Bis tsazd Iis jsdz'Oc
IDW, rfrtsfigstizOmizj sy Hdztizdgdz 2 dz@ &3 L OC

I O dzsfmils!  § tojHHddismy ) teisd@siBEisdsidy] ¢ MRt f3dzif s H O
SB tcOlsdzr n oL 9 jh j dafiatc B H Jtaigpiafjsde@dafsle @de -~ OO
L OHOYO=r . 1" BtcOdzdz J L OHOYd dH jptsdstadddr @ ig®
wodw jlsfpw CoOL dMisOyd sfp@tedty? ,dif s talg fidds@ afgireds s 2
f sdzdetsd J deflzh s Oy dis e®tsdpy MMl 5 L Is52 fted ud dzj
BsH | zd swma®dzdt O3 HE2 dL LOHOY BN dzd t©OL dz" §
tcOo dzse j Md W Cter dzO o' fsdzdej dz tsHdz tOmMyYy Is
HjWstedidtese Odzadw tOMmMyY sdets?2 MilkSd M sdz Lt
sBdzso dzj dzdj CtBteH ddzOIls 9 j toh dida] HfiAs d d3 jOtdalits 2 2
Yylsts MmMemsOoadzv jIs 2% ls tBh jets otej d&3j dzd Bfs
Mo w L Odzdzets 2 VO HIXY lfdsshg W Ay &3 dzd y dldzts o s, H 2y j to
s OdzdL Oydd GteOded yr WdzOIslsj c© f tod d3d dagv dzfr
HOo dzj dzd v W dedits 2 sffpiststesmisd L o k¢ O. Clts ff SH
tcOMmyy sktse Hd&zW COYHBGEB yYydmdzdG [ OGO M yj dz
LOIzrOshdrn CtdzjBOdzd?2 Ctor dzO. ¢ dzOdzdL f sdzlz
tcOMmMyYy Is Hdzv fte HJ dzj ded Vv WlzdQ Igfldsjjtel® dAiste " 1de@ Ols
tc Oy Is dats 2 md ¢ d, Yylsts mMtsmlsOo dzv j Is ~1, 5
BsH | dzdtetseo Odedw o YyOMmisd OL tesHddZOB]SE g3 Isbicd
HJ W tsted3d tg s oid@R @MW d CORagdMs d Isd3O@ Hody J dzdw 9§
Mds¢d CttO@2 dp OE§0O detedd3 dzj dzdjy BISHj dzt dz" = B¢
f sH o d)y dats 2 GteOdzd yr d tceOMYf toj Hj dzj dad J 9 L
tcjoetcj MmMdsdese s OdzZOdzdL O L oBdzddts MmMddL dls!
fshigCdoOjls dzj sB R tSH d d3fdifilsdz] difgiis| Brepdz tOydge dada' das d3ts
toj M jdedw toj Odz' dzr = f.totsd3r N dzj dzdeg" = L OH Oy

ltojHEzsy jJdadz" 2 © HdMMJjtelsOydtsdedzts? OB SIS
CteOded dBsH AW d yd it s EMdms djjeztco § OC j OBEBEEE 6
[ Jtes efddate., 2014; wuwlstockzyStses OB®@L tso D19
2024;Betelinet al., 2014;Sarazovetal.,, 2023 d § tcd dgjnekzv vo C OyJ Mlso J§
f SHAHEO &sH | ddAHED W deyY Wi sH oy@dder dizd ¢ tc O dzd
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16 1 OC dzt yj dzd j

l fjtcots? cdzOej HtjHMIsOoadzjdz SO g2
OL esHddzOd3d S d M ftsHodydzm d3d cteOdzd yodsd m Mt
sB MYy HO8 Isw d&OIsj &3OIsdyj M OW dBsH j dz'y Ob P Bj Is
dlssCH®Y MEyow f(oupffgesf ddeddcO®@dzd J ZHJj dz
M~ tcOdfjsmwn ¢ O Of f m i ds@sd d Mrd B d2O sy
Zdzeeojdwdg stcd yj M 52 Ctsdzmj tco Olsd o detsMisd .

) COyd mise j Odzé tstod Is 3O ) WY J INdAIRd3d g H & © dzd Wt
9" Blo@ids istB tc Ols dz" = oL 9 jh j dedz'ted] d3jted2dniénisds'w disf 2 €
ud mdzj dzdzts-? Odesd ZO0BdSCd BOL o Mjrn fiyx(ijsirziic
Bj stsH 59 50 fzai s ¥ 6 dzdz dizr sBJd MY J ud ded v Is t5 Y dzts
BsH] zdteso Oded™w o yYyOMmlsd Cstetcj Clsdese s tOMmyYY
SIS H | dze dzOdgd e jO@Fzd Ldiae @ Ldda djHG te Odzd ydzr = bEfmdztse d 2
¢hls j eEficPOdzs ¢ sMmis! emd Bk sted d

1 sdz M s§ o ded 3Oded § [z Hsjsdg'ggele fiptd ) ez s dadh s fi) G
Hody jddv | ¢tec@dp.j ftecdotsHYIisMw Mitslsdash j dad W
9" yd mdgpfflsste s mis+ M figtcDed dz W dadtejdsi® dz! fdEstaWisHsISOY dats iy Is
ud mdzj dzdzts?2 Mmna J d3” cOmyy Is0O. [ dzv HJ d3tsdzfls tc O
ydmdzj dedz" = oi3j ssH B9 G dzO O gz¢ # e Is dBlisw VB & O Kl§ J t¢ d
LOHOY Ol tesHddzOd ¢S (. 1 © s dztstp jj d3ts zig izt of| {5 &
Ctstoted € 1f tizfs iy el ) Zddas @@ yY SO ME stetsMmisd ¢ teOdz] .

t OL tcOB sls Odadz" | d ufft)jzj fgdst® g dzj dgpdds sH " @ (
ZOMis By izPo f s5L oltshdiv s Csls Bojdets fdsls | to df szt wedpts fij szl W
HdzZ" LOHOY M fHodydz 3 CiBEGgGEOMYY SO ON§ <
CtcOdzd f L o s5dz0 {5 del jnis S & 1O dizaf dzstrist tc =fC g Hdfe Y
e j &3 ybs®Y Is o 5L dftioidddisi vl B 23 M | dzd tets 0 O ded W t
fsHody dzr » fisBd fftitlsdzioL s Oded j 3 f tesdL o sdz! dz' n
HdMC ] Isde" » dBtSHj dzj 2. 1 t6] H difsSH i GO eefpsal d3d
fsLosdzve s R tbtsdlsid tctso Oded W twOMYY sdes?2 Mmils
fto] HZOHAOs@REStcd Is BO dstelW d dixdad WH @O0 dzfipff tzdzt
Cl[ . tjLEkde sObzdzr ftej] L @ @ssdzlps s f e d o35 dzd d3ts M ls !
tcOB Sls st QdyjtBddga fiidew' Odzdz" = MaJ &3 d OdzetstedIlsd@iso

t OL tcOB BlMPfiatlz] dedz” | 3 Istsrordzj i tcPdes sted I dDC 4 |
J{1{d OftcsBdtcse Odz zO tWHJ d3diz ™ st @ 820 to s 1O d
ftod HMSOo[driQEOL 854, 0tc®D0Q 53 & s 51, Baelined al., 2210;2 4
Sarazowtal., 2023.
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| ZO0o9 Of jAstsH tojh j ded W L OH O tc ) dadf usROgdd iy Jids Chse -
fdte Cter sdw B3d

21 lojujddj

1 Jndi3sistcw SO0 Is tf g dzicO B 515 Gsgetizis iy Is ' ta CAHYO Us O d H
O1 tetsH d ddgzdHe Jdw fs izt jieldzC O M Msa tcOdzj dzd j o3 Iss{
HBo BdZ Lddsse 58 C dzOMMO WESHEGUE.H' 1 siHEY B datgs ¢ Hzid to
dmMfsdz! L s Ols'! MW 9o Isjr MzEyow -, CsSGeHO tsBIs
fsezpded § tlsdtsMmdlsj dz’ dzs Hcpdzf n L O ryezg d gizpded
slksdesmMdIsj dz dzts Htclza Hice O ftesdmMmaBHdIs dzO
SlsH J dzj dzd | f SHotgldndzdzd Is @ldgjlzdz! tsdats ¢ 1 to QYY) findnic Ots O
Miskzq J dzd dzt=dr@iCldf jisfvdz) dzg tzth gs Odg Y Is@)dzs o Odzdzr = dzO
dzj ftdHMmIsOo dzv § Ismws r eusLfdstRide Ldg J o edzfsH & GHujd clpdstr
e OMmuYy Is dets 2 ¢ dz’ily JsCEDIsedf gy v to  dig Jd&) dis[dAp LI tHE  f
fjtoj Ctor[BH)@ggd d Htc. BeneRedl &.51985;Ri&rsha® Berger 1987;
Meakin& Suhs 1989; Rock&Habchi 1998; Hall&Parthasarath$998; Jungk Kwon,

2009; Kalinin et al., 2009;Lee et al., 2011,Kenwayet al., 2017. [ BH] &zdtctse O
My IsC OR n fjted Ctor Isdw dzd fsHtcOL zd3j 9 Oj Is it
COYHBGEB B jCISO dzj L OadMmddis Htokze sls Hiclzc
sBh iz mMjlsC iz, fsdzeydoeoh s o diOfipjulse & 1€ detiz@ O
I 7 ydimdzdls §f tetsdg ) toHjdaty olstdjvilg) dzazts) j m fj sC OR
oLOddizdzse 5 ttOMf sdztsy Jdzd™w d oL OddzsH§ 2 Mmlsea W .

t OLodIsd 4 Isj -ndzsdzsc d @) @ figy < =i R0rsdR Is InC

CHtse ftesh dz§rfizO jfrpls tsdfizj s I WBeneReDad, 51985, 2987, 6989;
Marsha Berget 1987; Meakin& Suhs 1989; Rock&Habchi 1998;
Hall& Parthasarath$998; Jungk Kwon, 2009; Kalinin et al., 2009; Lee et al., 2011,
Kenway et al., 2017 Rantrez et al.,, 2017;Poh et al.,, 2021; Rahman etal., 2024.
gdzj HIz] Is sBteOIsdIs! , ydsdstf a3 dzdzy ¢ hdgQ Isstss dz! 1 d dzf
dmfmdzi Hse Odzd 2§ Mo WYY fdzf dede'sAIs W35 b edPd S dzts e
BdzcyticzC sztcd g ds®dedz -} tcj d BEzh jMisets tcj ¢ kzdzw
ftoesmMistslsy tj OdzdL Oydd or ydgmdzdisj dz' dz@ = 0Odze ts1
or Ml et f stcWwHGCO ssydesmisd . 1 JHEMISOISE 51
fsmistetsj dzgdw HIdMCtej sdets?2 d3tsH j dzd H 8t 1 tdeasdioyjdCdiy
ddzy j dzj tfdetsOX Is fz©Op dz H O Is W dzj z € dzts dzdzr 2 e tsm
dmif sdz' L s9 Odzed j dzdzj ftiscdz 63 stz de'drilgttéo O dedg'j] 2 ¢ O di3q ¢
wogdzwe Isfqv ftosdL o sdz [dE Q dz s cdtRc&d Gaogdddh Cido d .,
2002; Mauvriplis, 1997]  Odgdetstftis L otscdzw jIs G jdzj cedtctso Ols!
9 OQolts®BOdyimMEésd tejyddzy HAzY Isjdz dzt Bts2 Wi
fsHelsoCd 1 5OH QUpds.? fted yd dzj fted d3d dzj c
dzj MstczCIsktcdtctso Odzedz" ~ Istcy n d3j todz’ n My ts¢C w
f OWIs tesctcOdRBd3 dqdzy | Bpttdezt¢tn @dzO0OdzdL @ 201 4,
Kozelkov et al., 2022; Sarazov et al., 2023]
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1 & Otedzd J dMmfMmdzj Hise Oded W iz st dz'  LicOef
fMstekC bkddiadPdy §jtcjSter sdwdd o BNM jd M
f sMmis tets judddnflzy dzdz" - o, d3JAsdicHtdste d Isaigtsie | dzgd@ ts fr) dzts ¢
dzj MistczC sztctotso Odzdz" 7 Istey ¢ &) tads' tsn Isfigjj lsttCj Isfh dt
oH Odzdzts d3 dzOff tc © 9 dzj dzd d

J H O dzdzts 2 G dzOo j ftodotsHdIlsfw s d ] O dzd
tOMMBZOIstedo Of 32 Isj n dats dsBE[H{d WagisuHd] tetbgptd@tmfizriad
Odze sted s Hiigaiis O MY sdz LigEO dztf o 3O O ddgffsd
fdted Cton)lsdWidiej H dzs > paRd@'f3sH d W d € Oy d dls dab iz j ddd § t
f sHDEH Moz tow ) j dzedv dzj Mo w L Odzdz’ 7 fj Iss@ 170 Sz
C BjlssHO®R oMl Odatso dzgf Edze s to @ifgdprB de’ls® €ds
dzj f tesded yoOj d3f »n f @wE@cA{ QYW j 2. =2 dftste j° HshplpGlip ) Isi0
dMmf sdz' L HgeBozthj Rj toj Ste' sdWw 3. 1 tedoSHWISTW B (
cOmMMBEOicds O B2  BfF O dzB @B § dis. ) z §f & BFHsAvIs Oy d
B e OMYY 5O &0 Mjika @B bOfioyumd BhHey dzv dzdz
fdtdMmiudddj 3 daj f tes\1dftfy®ftedf hfglsotg Gaimgg ds 1§ Ote
dL dzsZjde@BHJC O tBtOBSISCd dzj f totsdzd 6@ & dfdz0 dze
Odze stefthzj Hj dzj ded W tcOfMmyy sdz" n d dzj t Oy Isc
HdMMj telsfOuglsHshighs O G4 @F RN § Ot OcPE Pdz! dots Y M
Odkze stedlsdg, HLodvshd2 1 WW,JCIlsde datsfiy o lz 1 slezs:
B dzd 3L A@dftsy j dzd W  OCIsdodz' =~ W yj d & tshus@rLsdrdiag
ddzls j toff sdz¥ yd tsdzdzts ¢ tsdls ) © B dcd@F tc @M d p B BOIs tc d ¢
dL o j Misde §J d3islszynyd d d delsOidpefdsis.ls to j dzdz’fjsHE SO B B
o s Odztste @y g lwdzr 7 o j dzdyddz OdzOd&zdL Jlkz® Isfiy!
BsHj ZJcEORRI ) @aH d Oyd sdzdzes 2  § e § tizy dzdzs
tojh jded JeOOQNBOKO ¢ M HobkzALo jdedetsets + dzj dgj dals
1 f tHdesh jdzjor d3 o' Ho > odicdf dzO @€ tfetizlizd telyfig tis dz'H
cOmMyY Isdzr A fsdzj 2, ftojHdzsY ] daiLcedig@Y 6 leo -
fteddsj tof PGt Y dzj dzd v G tolz L dats find I jtadg) Izels ldste @c
f sl j § 500 LO0 dz ftoj i3z jMsea ® t©OLKGOB SISO
CtoOdzd ydetsj [k fdztsal dif O tedddelc FRYMgjj Hif)ls O dzj dzr  f 5+
OCIdodLOydd wyujd s ovdisty el sz yiff jstdafds® tsis O &
toj C s3] dzgHoyad dh jfded & s ts y dats fiy Isid O teyBsa 1§ O] jtoHshg 1O@E] ¢
mMsBB2 o' 9tSHT fs olststets? 6 dzOo | , GHJ CtOls
cOmMyy O d fodzkzyjdds j t6jL zdz sOIsr

I fny tijLbkd OIr HOddks2 cd&Os' HIMMjlcls O
d2Oh dzd fted d3j dej dedj (sbtwOyjddi) o §OIIH
[ & talf 9, gt 12, gt 13].

[Mdzsedz’ j tojL zdz IsOIT HOdzdARIu L4z06 4 Bt Iz
g1 10, wd,1Rs @&s &g Ms

1iedydder ftwdeojHjder o §OLOcOW) 2. 2.
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22 1 0L gdteddeytegfh jdzdy LOHOY M fsHOdYd i3 ¢
f4tejSter Isdw d3q

[ dzV L OHOyY Mt Mz dets?2 G jsd3d stedj 2 dzy of
tcOMmyy Isdalz & mMils¢ iz, Zydlsr o Os h Iz tedydd3 Isd .
ofMd ~ 1 dzj d3j dzls ticeQ. ) wte@szy dass® gy MY Jstej C & Isd W d3q
GJdzgj cOydr dadi®o o gigcdgjimlzy 2 HA&ZzY ©OL dzd ydz' n
HOO! dgj 2h j s BB JHJdY 5 Ispw o [RENOgEE fifj IStz , ) 2
Benek et al.,, 1985, 1987, 1989;Marsha&Berger 1987; Meakin& Suhs 1989;
Rock&Habchj 1998;Hall& Parthasarath$998;Jungk Kwon, 2009;Kalinin etal., 2009;
Leeetal, 2011,Kenwayetal.,, 2017 Rantrezet al.,, 2017;Pohet al., 2021;Rahman
etal, 2024. 1 "oyd ) dzdsdlf dztsdgjddPm MJj IsC O~ § SHtsSB dzyE 5
dzOdzd ydd fJitej Cter sdvod Odupsinii2ifpsdeed@d Is tOL H.
( Hisd3) e 8 d s dzts oy O dzdzO W Isj n des dzts 6 d W G Otc Odzls d tc
st sdzse d d tc Ofmyy Is dats 2 B3 H j dzd d d ~aixg s jspe@ ¢
shdces@®aRdzH j W stcdzdtczs h dramw MjlsC OR.

Al dzlstlz@@z' L OHOYJ 2 1t dzifdedz'HAD dzdz §f IsVsad dgv® j Istdif
mMsf oWy j dad jJ HUsjdej'dgts ol isidrsts f to | Hjudzjlsddef jr  tds@®@ dzO
fsmistctsj dzd J dgdzls j toff sdzv yd tsdzdats ¢ s h OB dzts dzO
Md ssydz = [Beheket @.dA985, 1987Marsh& Berger 1987; Meakin& Suhs
1989; Rock& Habchj 1998;Kalinin et al., 2009;Lee et al., 2011,Kenwayet al., 2017
(ted mMiz2asc 2.

I————-——-————.———----—v——_i———————r—-—q

JloHop perynsapHoil ceTKu

I
|
|
|
|
_ J JloHOp HeperyisapHOH CeTKH
)
|
1
|

— A A I G B Henponunaemas obnacts
| I
| [
i . ‘ ‘ ]I e AKIIETITOP PETYIAPHOH CETKH
—— ‘ . _ -
| .
| ll ==== AKIENTOp HEepEryIspHOH CETKH
' |
:_ ___________________ 1 HuTepdeiic perynsipHoii ceTku
I» ——== HHTepdeiic HeperysapHoH ceTkH

tdmzdzd€l @dd3j 6 MybSd M it Cwrisdn
1 dxd ftedejHjdy sftjHjdjddY, ftodd'is’]
cOmMyy PO~ M { jBergeKetsdl, 4988, d2B7, 198Marshak Berger

70



1987; Meakin& Suhs 1989; Rock& Habchi 1998; Hall& Parthasarath$998; Lee et al.,
2011 ,Kenwayetal., 2017:

- ¢d dzls J @i @ )0 dzd y dzts | z th)siste ffl§ ¢ ta @afif) € tc j Is dat
s H j dzd , L dzOyj ded j o3 § ts tizgzd tc g@s M @ s IsdisGic s ts iy dzts 9 C
sCteyMisdz" = wydd§&;

- OCyjfets@dz , toj OdzdL s h Owed dzldcjOtal jyXddts ] k2

- HBdtsterwyj?2¢d, tcOmyy Isdz" J i tsdzw Clsts
o smmils Odzts o dzj dzd v ¢cddialslj tet&Eef @ yod dz0

- BfjtwOoydw ¢ fggilsisdzd Jef tej Hj dzj dzdV e M
SsHdts?2 dL Mkt M wyj2e0d3d Hkzes?2 MjlsCd ¢

sdzt yjor 3d MmtsmgOleteartsd dasd Odze sted s Bigp Is HS
m d Bivtetizy 4 ks

- Sty HjAg@EEd ydzr = EMmMdzse d 2 ;

- Sty HyteBwizdlsdzr = B ZOMIsJ 2 ;

- Iesmistgyg flztzd tof sdzv yd sdzdzs e ts " OB dzts dzO .

[Bi judds dzdj ¢ tcOY OO Gisidafsh §dzd @ 2 Soldg je? 1o ¢
Bjlssdidgle j of ddajRpd 20 ctOded yder = bfpzsoadw s o
fsdvlsq) ddalsjtef sdzw yqdsdzdz 2 h OB dzts dz.

{fted HJdzp@eded ydz" = EMmdzse d2

[ftejHjdjdd] cttOddyd » Lkidktssd2 wodwjls
H dzw sBJ MY j j ded w Ctetej S Is dzts 2 f sisOdetso ¢
BlstOy O M j2 tjOd dj WdLduimédd f§esydmm’
tOMYy 50 dz0 Mj W@ Py i CE? sdvdelsd 6d
Gt Odzd ydz' § ¢ Oxlizgzi & 1§ elzd y O j edf ©fy dzldnjistgicg < 20

SOC ftcOo dlizbichEBOBtzd y tsdzj M) o Wia jCRizie L R tofp jods] &
Iz fy dztscaf dfiz)s § teeW | 2 fpOiQ Magy s tEaiaR® ¢ b sigh g0 dAD ) zd 620
sfdzse j HOdzdzr 7 & wyj200R8 dL HiEzetsets HESM C
e s tsud eydaj cladisid@kfoddien € DS @ o dzv § tsthetzd iad J 3"
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dlzh j Milse j dadets 2 sMtse § dedetsfyls ' & G j tsd3g d'tedpyg |
ftso jton desfiyls j Is BYidsdgW jslg fify IfiflistetdsH dgts d  Ists 3y j toj B
dz f esdzd yo 4 dzlz fsojten dztsfls! Hickets?2 MmjilkSd
Csdzduyd Mbe O fitjMmjujdd?2 sftjrjdjdd] MOl
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SHORN d Mdzd € 5 gzd yJd@stots) H fj) dzlf Y G° U Lisdr®@ O dgfia@limjz Iy
Cosdzdyj Msotsds Mz yOj o d2®- sl | dePuzdz’zd dz@ L p di
tefyy sdz" d3. 1 f tcEdzi B @A dy l§dze ipB)zs ¢ 2 .

{dmMEzdassy Pyy sdatsy 1 J 16 j(fizjLmigdded] sEENEHZOc1E Q d )

[fMdmljstes §jtjMjiSOjls Y bdsj Stddyjmbss s
SftejHjdzjddj MsOEMO kL dses bkfjdSy.dw jlshy, -

D

B )
{ Mz dBgey Risdes ) §jtejMmjujdd] ©jBbtC
O L @ENdOEEY L ®@Ep dzk Is ts d

[ Mdzd dzgj EHOY MY EMsOdssdl! MkOlkh b
dMARsHwh R dL dedn, bkt o kOS82 MdskzOoydd L
dzjte OMYYi3de d wdzd dai EZuy®btiz® Is fHedzVd tsds] finfg Jo
MsOlkMO o] th ddz oy dsvddagdddL @tsHdre UatzE o jndkds
sBfdse Odzde' 8 stej Bso Odzd j o5 W o dzv j sfw  dzO dzd y ¢

1 OL dz0y ededPylzd ydz" - Ehdztse d2 woorddy § sBY tsd3t
GOl j BOIsd yj MS Be s, dfstsff Udg@ees®uekozd %) & dsaf™W &fte @ dzds
BOIs JdBQJMNE d BB  RBEBSHJ dzv 3 s sSftejHjdvjls s
ud mdzj dzdzs? @ dwtsisd ZOEEEGO,] ©OMYY SO dz2® M ks
otftesi) COyYjfMise jdedese s s ¢ zOSEdsts s iy tvH ks datin

E

12 ,ﬁ)>0,fr)d30dfr]I2212t§.C
13(ED,F1
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dzZOH dzj 3 O | Bz tselfteacy dadj o & ok s s B J dzdzig B e dH oz
d dzls § taved 2 fipls dzd ud 4 ) stsH dpg dg s € dsdbimdztsdg s o Y uJ d
CtOdd y, tj OdzdL k¢ " d & ls iodg%izd ¢ dztizgiey cRGifciodsdite z |
fed f§hswynded sds? MHsmgEdmS §Jtti S Isdv dd
fidtedMifs®Isy I yddai dH o ¢ ¥ ulphdy dapQls =iy BHzts Yy | dzd
Is J ~ dzts dzts 6 O tefip iy GEED ten i 3@ 4ISHtw  figfdz,jt Hsfiids eff digjd © ts H
Qo Otcd2 dzesdzz L O j teh jdzdt® BsH | dzdtetse Oded v .

15 1 Ists?2 Hdcfigfydedlg O dzls s d3 tcOL OB sIsOdz 0O dze st
ZuyOomisgidfetcsdzd yOJ B = ¢ to O dedftafQ dzgf i @iz ¥ dz%f @
ftod dzd f@eedzy d3 toj N j ded W L CiH Otfd &gy feff) JsldsPs@3ifte O fy h
sB dzOMIs i tcd o3 dzj dzd W Isj ndzsizs f @ d m HGHIQDYsIO
oL @ISy dets @ s C sdzls ©C I8 G M df oty otath sk sl laqzidIisID ] ts
s jteOydd o' d Ptz dfHctzte fCIsdesMmils: tOMYY IsO, ¢
sB tcOL t5d3:

fsdmM¢ fjtjMmjcoshdamw ctOdsj 2 dzj f tots dzao
tcOL dzd ydzr &3 toj ¢ d ts dzO d3;
ftotsyjleitedc@dze zdzWv ydd §tso jton dzsMisdats?2 G tc O«
SftejHjdddd fjteimuiddy wyeBjte d GO
s tod Hjte)uwlzdlgdzr = UYOMiIsj 2 daj ftetsdzd yoOj B n
HOdzj dafj udindzéls sdzfdetsyj MMO oMmjnr cttOdz
d dzd § ts dastast)@czcfial Jf de'ts dzcfigftg @3zdsf
]l Oy dats 2 d s i) Ig Qo orh jrzt Oc¢ ®vzazizt j Is fw s

sedOdze b dzv ydd o] thdesiisder & 2 ctwOdz 2. r
fesdcdstediess Odz0 o MbzzyOj j tzj @z iz tsdgC & dzn § fg
dMfsd L s Ols LS jydOddL d e Odzdz | C

¢J sfjudtin g s B3d Is d ousjods  dzj  d3j dzj § , Hdzv  dgj Mist
HOdzdz' 2 1 IsOf dzjtsBasHdMB 9o9dHk ktsets, yYbkts ¢
ydmdzy dzj f dzsmMCdd ddesetsetcOdzdzd € d, Yylsts o j M
tefyy sdz" = kZyomkStses cteB@dedel®@. = EMdzsod?2 Isdf{

1 O0detsdzi § kL€ tdisH dig mfsteedS s 3O mjdz?rj dzd v  ©OT
YOMmiezj ¥ tetsded yOJ dy ordzVefftds@yigdj i 2te O f sdMS O fjte]f
ftso jton dets iy 9] 2 o fifditgioCjlsd o dz" 7 Odz@ Stod jssBiB = dtuygj td
stz $ Is Iz tc [Ben€BRdeaird 1991] o F yd Mdzd Is j dz' dzOvff tofy dzty splxjzts;
cOmuy B @M ctsded yOj dsin & j HejtcdBRipg i), Yylsts GCtodlsc
9 Oy dats HdzVv tojoChdef HilE R "LAEEICCRR ff S H E®dEdps figldaf 2 d fi
[ted H] dzfpdedf sdz'dz] c @ GLig@misS s ftso jton desfylsj 2
shdse | -BY &tz st sdsedd d Bj ssHBD 9
[1tcjf OcOIsO&Z j.2 B5fisOdzd 9 8Pl j dets €,  dffj ed@jfrpaly, deodz
d Mm¢ dz¢ yOuelOffpy B s ff Ists to tis jdfMigdffts’ @ Ols!  toj Odz! dz' 2
i to .
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24 [ftojHj dznddjsd@ GB@@RHEiEks 0O

[dzv ftesdLotd df & dzj Miste kS SCHdedfalgjo Oatzis & v
dzO dzq dlgdf f dzsMC d n ¢ BlOEIzR O Widp' i dERSE F e M Wi ded
[1cjf OOl0&z j2dBsh), 1989] dajyj kOlj d dz .
BjlssHONMElstsECBr Bdw@®J s Mbkh jMiss j datizOf tc '€ @B jo L
B ISBHT GjBd3ilsted uj MS 566§ efdwifsims Oz ts j iz o
zoj dzd ud ded ¥ ‘edzsRd i dizPls jedzf S GOy d* GJ sd3j Isted y
fjtoj mMj ] g9 HOdzdzs s Mdzzy O dzj sB A tsHJd d@3s Ml
I lsster d5 dzj HisMls Ols ¢ =g @S et diegsH fuly AsasHici2Rts ¢
WodzW j sw slmizlsMisedj ¢6jsdjlstedyd i dycesf siiast
ddzd dzOyj ,d tizts b e WL jd2C(d SzjHd® ddgtidadr ¢ sls Hiekzc O o
WWjClk IstejBteOdedw BddedBdL Oydd € tsdzdy
FodHJjls! dz0 { ted o34 tetg d M WdzSisjB teddd >y Jdzdzts d3  dzO

: o) i B)
t dmMzdAdTtuRBOodzjdzd ] tojL zdz' sOlstse dBOtS Jtcso
Q) twjLikzd O BOLBoate OdzetttdIlsBO, E

1 0 tod M&ISGId o2s.H dIsfyw  Mtc ©o dzPdzdiz yidz & zdls @
d34 Is B3O@ ¢ d wf€eodSdy] dzd Isi Oz) Gapls [ ¢ dImiad v dz'f detisal t6f dzv € o
fp LOCtLmidEsds = 1 d ~ 25 GppHs'lsd | §ilse pakdgs dal
LOCter dzts§) ftecj HMIsOo dzj dz Mo tsj 2 tcOMmyy Is dats 2
wodzWw jIsiqw jets dJdzlsj teW J 2 s, 9 Ists guzsdgyeW § O
By dls dd3d Is dzj MSCsdz €5 Odz! Isj tedzOIsd 9 dzr4dd. W s
RMf sdz L 59 Oded J B OL[Wantg&RParth@sdzdtyy A dfg o f SL o 5k
mMedzd L d Is dqdzlsj oW j 2 " ,dzi g BB IS dis Is tc PripiaR 1B
H | d3ts dzfn IsHets figlig rlaek g dzd 3l @ ted Dz fy s Sfrltellz ¢ o o3 , f dzts
Jqdzlsj oW J 2 Mis ] e Pcdpfind s dzB s NEOIssydzs B dzdL € B8 H (&
fsLetdYjl ko jddudls' dfhYtstetsfsi s fnAzHsds@aifigls d
M~ J ddhandaetal., 2013.

4 j uj deqdpi fpleez S sz tedteso Odzder B wOMUY Isdzr R fj ks

{TiOoydy mj yj dzdvds0dc© xf tz® o ¢ pckM 8 OLOdzd ¥ @
Slsdesh j dzd “OS 4 Sids®ic, © ORCIANs 2! ¥ teg Ot S sk ted o s
sty © dsj todzgH T drbpfiiEefsj dzv Is' shse' § & OwkE Skdisigt O
dzj o f EC d&zr )8 d dzi § dztsif I 3dY J doff @jderodpdizth 220 L
or ydmdzdlsj dz dets?2 Hal's st ks o §f dotf O L (COBledse=iadsj Is s H
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sfdzso Odzdz" = € OC dzO Mistctse tsd3 OdzO defdn fits de’ jListlgid
tcOL dzd ydz' = MistckzClskzta Oy Pdzde &N ( scBL disxydas Misd )

HO®R R o dH RSB §s5dME O  §v) dedpinj laufg vdzd § t
fjteiBtste s Otcdzts GteOdzj 2 d wyjdq & tOLdzr n
o " yd mdzj dzd 2 {f is@pdpaEz?j sy  CtcO2dzj dzj 3 J dzOlsj dz!
Mz yOj HWIZ@dzdalzF Mo dME tej Isdzr n BsHj dzj 2 ¢ s
5§jLOyd? MteOs dad B, T, sy eis? Mistlso jlsMmise
Csdzdyj mMsots ftseo jtordesMmisdgr = GtcOdzj 2 d wWyJjgé

J Mz yoj BOdzsects SCdzdyiMmlsea® cjdilstedn
dL HJ i eaisy sdncj o M yYy dede” = W uj g & dzgf BEH
L Olste Qls Grpgd” L Odzdz" di3q o " iz tzdlz i dfdnicigpedisiiy " ¥ dzdfn d fls § d
ZtcOo dgj @aRy ls s WAPO sSH dzs2 . JIf DG o ydmdzdlsj dz
f SHosEEO®OYJ lsojEz e@shisOjls M fsoer hj dzif j L § Ols 5 dylis
dmMf sdz' LsoOdedj Htewdd = BijlstsHse ftedoajHYIs €
stse J dzdets CtoedIsd ydets Hdzv dzj MisOydsdzOtedz" = L Ot

YIstsB dLBj Y OISK a|te L d Tiggztb Hzj dz' dz' = L Olsts
dmf sdz’ L s9 Ols LWWiClsdoadzr §J OdzetstedlIsdsr 5B to C
9" HJj dzw s Is By stsHT tsfdats © O dadz" j dz0 dmy s
[Bonet® Peraire 1991] , Hdzw Ctslstster o o ydmdzdlsj dz2 dzgOw

GteOdzd d d3detsy j Miseo O (lgin).¢ viSds(dsafQdzindis/dzOe O
tej"Njdzdv B s@HO?2 tcOL 3l tc@afdgdzd j tc O fy ff s jckdsty i dzc
ftoesMmMisteOdzmise §| desdls Mz yo2dzr 2 R OttOCIsj o,
f smMtc] H@ER tstdx] Is B 9 B daRO sdg'déisoy J tcj o+ j o Wodzw j L
M Hd CBisster n SOFskidist ds'CdPL jOdE @V agjif sMtcd H Mis
B dzd L s fids@n isii@ s & te Qdzddzts o H j 2 Miseo dlIsj dz' dztdifls d
dzj Qedmizd2s < 2. 4
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OrpaHuyMBatoLLmit
6OKC ANA rpaHn

t Mz ddRet PL zdz' Ol tOBBIsr Odetstedlsditse

10 tdmkdzSj orhj fosddds Mstedtetse Odz ) dzt
OdzetstedlsdEiss fs5dMCO (jtoj Mjujdd?2 §tsdzkzyjd t
CloOdd 8MCtsdzr S wOMMd3OIsted o O Isfqw  f tctisdsL off ttsoly dz
o' f tsdzdzj dzd W Br flster A Oz6 § & d Is dgtfodzO tc dzf fi) § s ¢
[Bone®& Peraire 1991, dz0 wHhtesapedj stedyj MSsets Mmj U
9" HJ gzd dgf { t5dzlzQ | folzelgsiesH 2t t§ HBRdzsYOjffiils g ©, W U5k &
9 Hj2Mlsodlsj dz¥ dzts.fihls cfi j #izjj wzif i) j HQRdnfise  Is j dz dzts
dL BSHBEdsY j Mfiss O COdHdHOIs 59 o' ff sdzdzv j Isimyw
WS MmMdetse Odzdzs 2 wyj2¢d d HOdz dzj gl Yl gz
Istej z G tsdij daiCe@Odsd d fijn €10&%s Y sE OO0 @A dz0 tod i)k
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MNepeceyeHue
oTcyTCcTByeT

MepecevyeHune
pebpa 1 rpaHu

t dmMezdas8t) @dME §Jted M yd ded i3d dsjsE®Fstc d U J
tdLEd O it stedud MEsets §Jjted Md Wl dad
f4dtedmdCOjlsmw ddh!' M wAZ.2OEY i3~ & ted)dygdsfdy
B Mste" §| OdzettdIlsdr fsdmC O dge®@ O tsArdidplp g & (dsfiry
HOdzdztlzD fJjtcotsds 1 IsOf J d d@ilstsHT 9" ud mdzd Is
ftesydiHkzteO fsoMmistetsjddy §jftmg gdgudB BOMELIS -
or f sdzdzdls' KBOwCdesolSlk, O kOCY] -OD&HEEsEH ]
qdzls j toff 5z yd ts dalatzjc L O 0B M=fEEpRnEsS d .

t OmMmislstedds ¢ tsHtctsB daj J ftod d3d dgv 4 3" J ddt
[Bone®& Peraire 1991]. R i tsH dzr d3d H O dzdz" d3d H dzZw o ez ¢ize fig
il stedud MEdd COOEL GrOP=R fiflsidiesdd , sO0¢ d dz
sdzé Yl dzj dsidkidste iz Cusdzde FE QO dzd yd o O M 2  dW sk
Bjtedz 2 CNeksj totesey CkBsds BRHj & { tNafsOd 2
f OtcOdzdzj dzj § dtf j H, sctcOded ydoe O h d2 Nfdpjadztods
ftetsiste Qiztiig gals ¢ 2. 4
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(Xmaxf YmaxJ Zmax)

(Xmin: Yminx Zmin)

t Md2=C [ @tcOdzdydo Os " d2 Ske d wyj?

RL ft.OCIsdyuj i< d\ite Oliptsiitss t8Q Y jodis| 2H dzv  ff ts dzdzts Is *
BkHj & fMyud DOB. 1, eyl §shlstetsj dzdw B d dzO te dzts
ftod dzydiftgfydzj H 5o Olstg @z HigsdZ jtsdzd W 420 Mg jjtc dztsg@s
f OtcOdzdzj dzj § d § jjHe@B Mg e ORdeEzRf lssays €. 1 SH OB i
Rdztsy j lso s Istsyj$S fsdddBOjlshv OS] &datsy |-
B MBjcdy 2 ojCltts, fi) of woB @ dagiRdEde -3 ts jdABsd
fosmMscOdhlss j. std@3fsdjds' o jClktttd Momkow
N-Bj edzse 5§ Otc ORezezs. fuf $od B0 X}, U B MY,
oL Od d3dzts S HdztsL dzO Yy dzS fiislastish jds fidstodd@ B dudiO te dats «

tiSktemdo &zOw  fistelz ¢ stz tsiRls tc O[ExindReP raize w1991
fsHEBOLE®Rj o Ojls, Yls N-d3 @z &d WdpeO s M 63 v RO dzdz'
we dzw j Isfw  ts Bl tsjHHY dtedsjfrptectig Qodzi 1 s Is kRS 5B d dz20 e@ts i3 H
udzj Hso Ols j dz! dets, D] @B NsBPS e, 2 MsksEo j s
ofmi B Jet § slstdi¢ ONIR tdaifsia®i sdc Qe axgzisc s ZL dz

[ O dzdzts § mMots2Mlse s fsLotdzY jIs tcOL tcOB SIs C
fited M uddedv ceitBibedyd Mcdr Bl jClsto .

) Efyls:  HOdz OB MisteO s df B ts oo jlfOisRAIY, o v j
Dot ={X™ 8" ) { Xed XXX} e B R ISP 202 s
ojClttsaf Clststr 3 dffnjtasiitg Q0 jelsjfifvls &t dz6 &t d
OOddL O Cttedzj o sE s | dzjOdsi dzlff @ ) dz ] WidOHe dafds ts ) tf

fsks®RS Ok o MmMslse jlsfisodd ] 0o d zO®] :
or ydmdzw jlsmw IsjCkhOv CotstHddzOkO:

Xoge: Node=mod( L, 2N, &HiGtetse j do' . MBYEa Oh;j c @ADL j o
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feso j ©C O OB MlstcR O dot Hakjj Sls 8t & j g yj d
sjSkhjets kL dzO:

\I-e-yimax,node>)$
I ,min,node max, G HIj=1 N ; 24.2
ifdzd & Isj S jjdiss otz jdsO dzj o' 2 f sl BES,

dzj cQo:j dzMmls o
Avleft- B in
\Iexnode >Xr:ode
L oleft- A ax
[ Xnode ¢ er?ode’ (2.4.3

ks fsoltstedls! BiDfMHESEOY Gzt § slssEC O;

J Mmdzd iz sjSkh jats ZL d&zO mMkh jMmisolzjls i

mMdMmlsj @O dzj tOo j dzinls o

‘-e-xr:ight- By > Xmin

| ode node

Ve [ ht- A(

| szlgde ¢ Xr:c?ge’ (2.4.4)
kts fsolststedls: BjiDfHELOY Pz@d fets § SlssBRS O.

tiCktemdodyr 2 Odkectstdld §sdmMSO §jtej Miuj
fh jfise j dedets 1 Stsdesdidls otej g, IsO®dE O Isat

O(log, k) 5§ j eOyd & i CeHEzff yj Mlsets kL dse o BddzOts

SHdSL dZOoydzts] Mitilse jisMmiseo{did !tk des tso  cogdissdy,
sBl JCIkse fHwoLotsdwjls fteseo jMmMisd OdzOdzd Lisg o
dmrtsHd®2 Hg dzdz".m W dckts

s O0Cddz tBtOL 543, dmMfsdz? L soOdzed] Hobknrt ISOf
BOLdokzs h jesmw dz@. d) tcOf 2 dzd (229 ( d .4 (tc2 .df .d&f)s
dzj Mistclz € Is Iz tc ditg tsl fipdzdfr jds | ¢ toH Avdley dzd 5L A3y dets M s !
B3 stsHT BOtS qteso Cd HAzW Isj n dets dzts 6 d f ) deOefidgl sl
Mdztsy deigs ' cOL tcOBBISC ] d3plsEH B jifiEEtaXvd tcos® € ffO |
sftcjHjdzjdedw WS Isdldig jmH fifisogiagd dingd? Mds@teC Jtotso €
wezw jIswis2 QffpslFsistcw dz0 f totsMisslslz + B Q&6 d e deg
B ss5H ORI, Mezyj dedysodfdzvdjlds  d dzls § wedzjj R 1)9 Q ldgjjj d' t=c
BlzHJj s o' izt dadegzde@EBOeftsYy J dzd W OCIsdo dzr n woydd s
ted Mz dz&1lP) 2. Yylss o C Wdpjlafdegds dOscfijn sH Jd di3smls!

min

fesyd MMO.
[ dimmj toldeChdzetOds 5 1§ @ dzdz0kze tztc J s i3 BOt S dusd X d
" dls: LOHOYUE BdddBdLOoydd fitjctersdv

Oo @O U ME BissEkE] dExs)d dad ¥ J .

4 Of od EBPE® d Mz &2.82.4.1.
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[ EO0BBISCO GO dutosd

[ Odgglgdzj ujdetsts fted Msftewyjddd dzj mMe WL Odad
Yydd s BHAs?2 dL dd s SipsiQfiss df, s g dedoaipaisisy -
CtoOgzyc zemgAsC dl My HoHBBA J wyd2¢d dMme dzs Yyl
fesyd MMO. [ujodHdzs, L Qis@yH izt s s 9y d BB G daic
J Hdats) H T )OO Odz] sscHO COC o cGOazg Qo d;
dzj sBrtsHd @ fteso tsHdIs! tiiag O JsH b tadr J 6 ) €zt LjC
B d3j dzls o t6j d3f dzq .

1 ts tsCtdzyOdzdd ftetsyjHbkzter dBOwC diotses ¢ d daj t
tcOL H J dzMefgrud As dzdzj tc @y Isvdard 2 € d . 1 sdzlz yJ dedzts §
sBtOL zjIs dztse (FBS, d dklasjistesitcj R2fp & Hsf sdzdzj dzdj €
ftoj HdZOL dzOyj dz H dzv e QL Qlzddyd friHetvdg jddzOdgd 4 H Iz C
BOwC dteso Cd wyjj s Msmissdls dL Hekr h Ocetse:

fsdms¢ efmin Yudds, fittimjcorhdnmw M
ZHOdzj dedfju@alsinj = Y ud J Cdzaj WP H QN EhE dz®Mmisw - .

1 sfdzy fodzzyd ddv dadsyjnise O { j tc]dgQu Gac
MM ks P UjteiL 6 OMay sazow | dyg &OMls' 60O d
WdSIlsdoeds j ddzlsjteW j2MmrC  dgCoteiSsdpiss 8@ IsjdfMsjHIS: tSH S fr
B Mot j dzd Is! tcOmMyy atz" Jdasyfed §dMmMr oL Od di3tsH J
o fjtoj Cter 9 O h d2figets figidaCd@rj dehdde ez tsls  H
(edmizdAgs 2lsts Wo dzv j Is.fivs tsdzjtsts thfiplss@kisY Hal Mis © &34 H
ftesyd M MatHdKBsMisd tjhjddv, vyt thtssj d
[Chandaret al.,, 2012; Kenway et al.,, 2017. 1 s {1 Ists?2 ftduyuddzai BOL
BOtcS dteso € d H 5 dzy dzO B' Is! HStcOB BIsOdzO M
BIddBZBdL Oydd fjtejnrdy Misso twOmMyUY Isde’ = B &ZOMI

Il MmMdzEyo] dmitsd Lo Oddw Mtk lsktedtctso Odz
Odzc stcdIlsdz BOtS dtetso € d IstigOy d b § eziz dztsdzO bzt tg tf v C
ZOf cOd dzff ded 2 , MjudsSt] i sLotsdzV jIs dMftsdz L s9 Ols
w 1 J [Kénhway et al., 2017;Corti, 2017; Dimas 202(Q. 1 s ftweduyuddsi dadt
teOMmY tej HJ dzj ded W G 4 5d3j Is to ddzyjffistaflnS Is zfotd dedsd [Odia
Ef sd3w dgzls™ j tOdzjj §tSHABHT @B ddgOqtgjodls 5 & j 2 fif
H 5 ls d afOnjf lashely OLdzef § R34 Is &G Q@ ¢ JCta@(Ch IshhCEidgyCnte | Is dzf
BsH j,dzd SO Isls dzd yd b jifj =i’ | fidsenlis ] € OJ d3' 1= dsQeds s
[ rjdzjLdgv C 50 O, 2018]" Hfdgvtej & dgj dg'dwj disfjvis telO dz
fjtoj Cter sdvddd oo BHWISMWYW § OOdgjIster o dzj " dzj 2
o dzlz Is to § dzdzd 4 gdzls j oW j 2 My LOHOYd oBdzdL d tsB
dzj ¥ j &zOIgjfdf:2)zets [ ez G 52  ffdsisygjHH3OEEV] tc faldsg Odz
Gjdzj B dddOdzdL Jtetso Odegdz" = HdMCtjIsder »  dBsSHJ
dzj L O9 d i d d3Tidn& GhgnIL&1; Kdlinin et al., 2016; Abbruzzese 2013. 1 O
fteOC I SHIsE dathj IsEOHe'C d tfsdatiyddets  ff teidddyj dagljsh j dagf v
fsHedydz B3 G teOdzed YOGz ffdBsfisd ydsdsl dzOyOdz' d
tcOmyy Isdzg" = Mmj ssffizh ONEOL s D ogHlgd Mdzd Is j dz' dzts
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1Ldyd  ftoj Ha®®dRQ tsthd'tc s &f sd. adRdgy d2ff i3 L Jtetso Ols
fjtejCter Isdvwy tetydjLj Szt C srtedtetse Odgdzr = fj Ist

I COoyjfmse cOfNEEEEE®e Oj sfMw Hokzdj tsdzOW L
o d f) 2215, j

t Mz ddSe) RPted M ud dedd GtetsdL o tsdz! dzgr 7

1 O tod fikz dz€ j or hj ftoj HiNlsOo dzj dz’ B d
dzj o7 f 2C dzr jr oéwd ctiztfsts j H j dzy dedetsisd BEZHj BB Muydls
stcjIs! j 2 Wdcekzter W dzw b Is fqw ddzls j oW j 2 MOdRd |
vstejBlzjlsmw or ff tsdzdzd Is M ujdedw Wdceckte IsOC dc
fjtejCterlsdw. 1twdstedlsjlstsds B EZHj df Ox@GiLts2e Olsd & |
SftejHjdvshd2 df Ldoyddishis: . | OHOH]A ftedt

fjtcoOw Wdekzte®O ddiijls ddLhd?2 ftedstedls
oltstcOwW Wdekzte®O ddijjls MtejHded?2 Htodtstedls
stcjls' v WdektcO® dqd3jdls dzOder Mh d2 fHtodtste
oW stelBzdzdtclz j &3 Odzd sted s d3 s t5j @iy Hdig Adzddf'.  ditspd
1Mt Oded yr Wdokzte dsydes ftoj HMIsOo s )
slstcj L Cso . [ Odz! dzj 2" dJ tcOMmMEzy Hj dedW ftcj H
WistedzOdzd L Oyd d dzse d € d Hj2Mlse d?2 H dzw fMtsL H(
Mz (BXY - i3 tcdzts ] . tcsMistcOdzMiso 5)

SOYHEB2 Wdekttj] o LOsadMmdddisMmisd ls jvy
ydmdzse Bix=2¢€ s HOdz dzj 2h jds dL dztsy jdedd ofpj 1
Hotsduydesd3 ftej HMIsOo dzj dzd d :

fJjtco OwW dWisl € sk © 001;
o lststcOW (W] € s © 010;
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- stcj Is' w didsj § s ©100.

1 EmHKi'= His1 || His2 | | Brfftclj HMMIsOQo dzv jIs MtsB B2 B ddz
fiodstcdlsjlssdg arhj IsjSkhj2 WdcHasF||Fzo®l®H O
Hdzw oisHetefis2 100, O Hezw OBBjBGgBBOoPY s jtOyYC

dJyd ddvy ftesdLotsHWIlsmMwY o foteWHE] ofsL tcOf
wdekter . [ fideoydwsangrud sy § 5 § 6 dets Ede® gl de@Rs
sls dzOder mh j@ts, LOCOdzydo OV Codzlskztesds W dclzt
sj CEMS

I dzjj fssHtotsBdes ftetsyjHbkztock Mmjyj ddw tfdbh
dzdLhdds ftedstedIlsj Istsds. l jtcor d3 h Oetsd3 ftotso tsH
LOMBS dzzIsts? SekKzOGlsaf yJjloisBIs'CsH MmJ yd dedw f J teo
stcjIs' j 2, Colststes? dsykKaEsH\F:seOUldO" 10 B tcdglz dxtd
Bdlstso OW ff jtcOydw dmCdzs yoe h jets R[R) .D3l 9]
ftcj HMisOoadzw s h d2 dgdetsy j Miseats W Sos,! My Q tsidg tsigg
Eyomlstss Istoj Is! j O3ty dsls Atddd. dzad)dsQjlsiy + L dzORy 3 dad W
001,F> = 010,F1||F2=011}.1 o j HvddgzO tc dz’Rx=K18&B3( G H j B &Istso OW
sf jteOyYydw R) Ssftej HJ VW jIs dzgl sBrtSHJ@sSMIS! 9
fi ujdzdw. [ dh! Hdzw Isjn {dzj B ROl fferof
M yjrzdzPuj Cpfsded Ctdlskztc Itejls! j2 Wdekzter
sB &zOMiIs! , ©fjtwOydw Mmjyjddw dzj o' f sdzdaw j IsmV

l Isster d@3 h Oetsdyz or" f sdzdgw jIsqpw fj yd dedj f J toe
Wdekzter , Kplst@HM® = 100D f ted dzOH dzj ¥ dIs d3detsy j Mise iz
1HIRZ= 0 btd ¢ts 9 bt Mdzzyoj, J ez dzO i) o
fjtoj mMj&Phnlsfifvj co 2. Wdekztots?

[ dMOdzdzOw or hj HtyjHEZLGO WwWodw jlsmw i
o f tsdzdaV Is tej Odz! dese s G jtsd3j stedyj MEsesl Mjy
tcjLEzdz sOIsj Helkr hOetse cGjdzjtcdtolze smw datse
fjtoj Cter sd2 M Mis0@L df sEJO W dtk dekdte d )z dz¢ j
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{t Mk dasE) Peo O WdektwO §wumdj 6§jtOyc

10 fMdzjHksh jd 1 sOfj fosHsBd 2 d&j-OddL o

[ v okt =V dOMse gOMds o' j £C OL O dydetidszd {

or fodzdew jlsMmw bksd €t ft ¢ tdieds K00 j=Is0. j 2

Hdzj HisSo Ols | dz dztRes Is 8y wizif iyl alzPdzdzts € 0o dzO  dglz dzs |
sfdtoydd MmJ ud ded W ( t¢dsh oy dskz2 .C sdzls 2 te Iz

{ M dAge) BsteOw W debkteO §shmd] fjtoyc

) sMCd Sk btejls! W WdekewO sB&OHOjk or fh

dzj L d3j dzdzs s o dH . 1| Ctsdgj ydesd® dlstscj o tsdziz yc
COC §SCOLOdst8d0 tdfizdSj 2.
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i dMzdd8Ct RL 2dz? IsOIls Mmj yg ded w
1 toj HdzsY § dzdz" 2 0O dze s tofff s dig IseqiAiyif j to@si2e [ BHedZW
MertcOdzj dzgdv ddeW stcdzOydd Hdzw € Oy HSG O dze tizjc B ls «
Wodzw jIspW HEMISOBydzets dzj stej Btso Olsj dzt dz" a3 €
dzd h 4 SHdzd 3 bkfmdzse dzr d3  Jj tej -~ SH 543, Yylsts k¢
Wi Slsdy &phlls OoddgjlamlpB®E Sd tese ¢ d  fftetafjoFy jazv) jdis
MistclzC Is iz tc © d3q n tcOdzj dzd W H Odzdz" n d Odze stcdIs
gL dztsy j dgdz" | Beneki®args199] ,[ oSk j M fGtedojHY dz
GOt dqteso € d sy Htsdew ¢ B8 yd Mdzd Is sez' dzl eize ts g dzts ¥
O(Ne@gny). i N T Ud M2 O] 2 O cOdRIYOR,

biyzse dj ddelsjtewj2fm, d udfmds wyjjs¢ Mmilkecd f
[fiHjdvsh g WOSCkskrds 5k § &Y d M6 daks s fiyw
fedstdlsjlses d Wdekt. RL ddpjdsjtode & Msss
fedstedljls o LOsadhmddshlsd sl f(GsHEEE dsf
) sfdzj Hiso Ols j dz' dzsfiyls ! ¢ D @ thytisd ey Ists § e fij dzdafsts j H |

odH] bECtbkf dyndecds? (Bodefr dzsS 2
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