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COmMOs h d A mw BB -~ @dzd € § O2€ @A &) ly otf OH ]
Wistcdzd tetso Odzd W , HddzZOBBdSd ©OLeodlsdw ¢ tstcdz
Ofmf j SIstsea. vy OMmls! dL dzdr ©® HOdz dzgj2h 4 d3
McrtcOdzgv 6 Is OCIskzZOdz desflsy o ¢Ejtdasedyd MSEc
W sted3d tcsiotOlzdtc OH d yd sdzdets HJ dzw s dzO Isted
fOmMmMdo dzse s tdWissejdzj LO d Sl dzj CMmdz J
ByHE ddzd L OCdzs yoOjlsmw o Byjdsi &
Csdzoa j Cydd d20 Eyomlsss ddktsmW jter, B. Ckis
fdtots?) cdptizdf jfdzj 2 dzQipfse?ts d2jo jdzvdj Lisefjvf I€ s dzy § §

d 5. ¢. [Logasotfedzd Zorin, 1987 f 6 j HY SdzOE Os h Ow , 1
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edWisO tsBEMmdztse dzj dzs 2Oz yd 4 d3 OfMmlils§ desmW J to
CeOlstsdz0 Jd-¢ d sediasisCddsc=izs § SH ofdsw M O . gowWL C
BOdzls d 2 dz" 2 Of o j dzdzddze B M J ydeoOjls tcOf
zsC Odz! dzf 2 MotsHEGBBWKGOLd 2 §tsHI jdg L j dgdat
W stedzd tctso Odzd 4 tcdWilstseo ™ - of OHddz o sB t6
v tsBMiso j dadzlzg® € b f e fiphf 2Otcd W ftoj Hdzsy ddzd o .
J d 9z ed3Odz d [].J o6 dk®fTRBEs { Iss2 Maj &3, |
Csd3f dzj € Mdets @ s otsLHj2Mlsadw My tcj HJdzc O
stcOdgmW stedzdz" = tOL zZsZse ; o COyjfMmlsej dMlis
d tOfiffsjj SfCxile § sHsh ats?2 Ctstefz j Bdz®OdpO dz' e @ d
¢ dzOdzsG d ydz' 2 dfMmlssydzd ¢ e O IPgzEaDs teff o] O wizig M J
tcOLodIsdy 1ty BBl Whdew dztsfy! MmdMmilsj d3s2 MmH o
stsdzyd f ydw fOofmMmMdo desets tedWistsejdzjL O
MujisOdz] dedzse s o tsLHJ2flse v, Mo WL Odzdzts G 5
ZzdlssmW jtedz" = Hdzdls. dufddeor j dz@ tsK {5 ezd 220 d
i tcd Hdzis Y jod@pVislisaj and Tapponier 1975] GHJ, © GC0OyJ Ml
dMmMlssydzd O HJjWstedBOYyd2 o KA j dzlts ®dgdztz® 2 o ¢
ftodL dzO ] Ishw d RisEGsOW € tsdzdzd L d v . b dz' Isj te dzO I
fOmMmMdo dzse s tdWistse j dzj L O ) BS'd&r daf © P dzozt§{y JHdk
456 zOMdzs HOdzdzs?2 GcdfBlsjL g, teOMCtcr Isd |
Hody Jdzdj &3 ¢ szt 2z’ fizted B)s OB fdes fipthB [ o to!
CtcOIstsdz0) . 10 tmdso § 1 Issets MmkyHjddw
teOL dzd ydzr = BBHJ dzj 2, tcOMMd3OIstcd o O h d=7 o
stsdzy €5 Missdz$ dzts 0 | dAdPgtitetrldzlOg6dChedhengaet a&,200d] d
qd dzd EHEYOE M dn oo dzj yddedy o fGetsyjmm Hist
f 5 ¢ dzO M dzts[Petf) agdd3journier, 2005]H & d 3 j dzd J O BztemC
sftcj Hjdweh jj Wistcdzd totso Odzd | 11 4, tsB zfMc
ftesyj Mihse MowL Odzdzr = f Hokzdgw ¢ tasty, dzr
Ctsdzo J G § dzls dz' djd R deHifisdz® @ M S 52 Ctodzdzd - d d
sdrtsss j OdzMC 2 o HipABlsezjCdzpdtdj. toj " jMagdjjdzO®
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ftoj Hdztsy J dzdese s [ . 1. 1 Sdzj dzh ®@ D lpg B3O Isftc f o. G,
tcOB SIS j [ 4 Odz' C B9 d Hts. , 20117 . 1 ts
dzjlstsj Clstsdzd yj MSdr d Mbotej dzj dede" 7 H j W ste 3O
| sdzcwdrB JtcMS se 5 toj 6 d seaB] dzly j Uds s © s elzs 2 )
[d dzZOBd ¢ O o tMsCUAdRED WO i3 { KsBizin dze o dz
dzO dzd yd j o3 Hdze sy dolzh j ¢ ts O Mmisfhflzs M g ® At
Hdo jteG jdzlsdesy HodYJdedd ¢BEEMES2 fddlisr
fsLHdzgj e §dzfgydp 8O tctsdz deteOsls d3j = O
Ctodzdzd L d tsdedz’ .3 stfg Grls § fndg" J RBsH j dzd Mdzj HIZJ
ffddB dtsL Heolkzma orfhjdL, dztsBH dzdz fr] t€as day j i tsyndt
BN dzO dL dztsy j[0@@andFilsenOBs®F5] ). 1 HtsmdzjHEZSs
fsHAatH ¢ odddkOdds cjHddZOBISd 1o
fMls s te s deded Cdse . yd mdzj 9 jtosW Isdatsfls oL Od d3
ZH Odzj dzdds thitc o0 CHf td ddiisdp@e OfdRBalidaaim et[al. |, 199 3]
sHdts?2 dqL Mmetsdrms YtsMmdzjHdedr OB, 1. ¢.
MftcOo jHdzdo "™ &3 BEkHJjIs € dtf dzj € fi)dztslzits € @ gzh gz
B - Odzd L B@Izsg Odz! dzlzs [ FsCOmdzg € 1 Hte.. , [ @9
tcOB sls [ [ Oy, 2015] ftiojHEEYdd tjh j da
Csigf dzj € Mdzr o3, O CtdidBddzdtetseo Odzdzr d3: Mtsc dz
Ity kEZyOmbseotseo Odzd d SCtsdzdzdL dtsdedze” j fHtotsy, f
dissydedCd, dets Hj2Mlso tesOdzd tsdzd dzj H dat

I sstes? fteddydidOod d' 2 otftwsh, O
MisOHd2desisd tcOLodlsdw. 1 td " ddefplseats dMm
sdets B' dzs Ho kR MisOHJ?2 dz" o3, dqdizi W o odHE
tcdWisddze© (s Isjtedsddesdzseadd 1. 4. Gt Bdzedr
1l IsOftso ddzelsjteftcj sdtelzs sfw  dzj SHdatsL dzO Y dzts .
1L otsdzt yde 1 02C0dz' MEBets tedWIsO BJjL Bilster o
cjedsdkzO [[ Oy d Ht. , 20017 . l jtcolzs fi
Hstedlitksar 2  dsj ¢ OL kO ,d M Tdew tizo Gz s  dz® Oy jdz

" s te d3q to ts o 1Oz af dzj 2 5§ Slstsdzd yj MS ts2 stk S
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sBimMdzsadon j2 Ysswedzjdzdy 1 02C0dz MEBSEB e
1 IsOf O d d&OyodzdO BO2COd MEBEet tdWistsce | d
ftod Hdd Istsd3 HifmfoEmyfges? 0" 1 dzdls! , ¢t dj dz
Ltcj dzgdw . wtsedzOMmdes BHdes?2 dL dedr msatgilstc®
OB d dedx dzj 6 BOf fkdspogitee iy PoEREsET OL
O dZOyodzts Wsttdhidtetso Odzd] 11 8 o¢ LtejOBEE T
CedzdzdL dd f tod e3dzdaiz.d,Is j @z) edfdsdz5] Hicj o dzd § tsf)
SHdats L dzOydets Kuirrtif éd elO,dzs 2 0 0 ] slsdzsmdls ¢
fticseds lz, dzf wWodzweh jsEmw twdWilsseats?2 Mmiste
o dzw § Ismw  d3dzj-tedzd ¢ sy josGRgdEg 16 o L OMis
mMdMmlsj &3 [ 1 tdej &z ©2dz d Ht., 1995; 1t OfmMm¢
HOIsqtetso $ O ISORB2MEBS2 [1 06K W, . ., 1
stej Ist w ssy¢ o L toj dzd W ftoj H BAZOG O] Is,
Slsmydlsfasdlsde] ig s -7055did2 dgz.~)6:0 SOC SE 5 d3ded dzd
1. 6. ] seOyjo [[teOyd 9o, 2003] , l.r. [
BN dzd ¢ sdzlzyd dzr dobwdgcet alo 2088k, pdzjHEJIS
Hso BHT Mis edgdstelagz @& thelftts2L H dzj dgjodpticoms(R? , o 5B
ftoeslsdoatstc] yOls Httkze HEEZCGEZ, W dzww ! otstf
fOdzj sgjdesor 2 1 IsOf ftsHetlstsoadlsj dz® dzr d@g ¢
MisOHdJ 2. ( Mdzd HddawIs: |, o COydmbej tc
dMmiststcd & cOLo s @ EOdz BE Y dzts sn Otc C
ISt nMIsOHd2dzr 2 sy Mm.

1 Oud dzOw M YBLHdjcects & zO d HEt My
ltedBO2C0dz W d 1OfOHMMSEES 1 OBO2COdz! W dzC(
s CIssdzd ui MEse s fCBW, LfdL sHdud MERJ dz

OCIsdoe dztsfils d . [ dzd Is j dz' dzOW 1 {52 0O L Olsdh
9" cOQodzdo Odede Bh dtedszr = Isjtotcdlssted?2: BT d
G stedz j mMotstelzy j ded W 1 OB O2C Odz' W, 0O mte

Mootcj &3 dedets?2 1 {84 Hto] sSBtoOL 59 OdzPfilpH M O W If o

yj kesds, v ¢ Isflsyds?2 sdedtd § dOyOd
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Hj dzzH Oy d s dzdzlz 8 f zZOlststsBteOL dzlz ftso j ton dz
SISHJ dzt dzr 3 tMisOdzyodzd dz0 d3j Misy ¢ tsL Hdzj
1974] . 1 Ht@dsjHs ez falzk o tsE 5 9 (B l®te Wad alx®dzdi, ts
CiBHdZOBI YY) MS ks ©eMkOdss Sk, &ty ds ©O
cdWksotsets BjeOL OO (J.1r. [OY &OL'T 90
LIssige f jtedHE lsdshdglORC OZOGE P dd J s&EP
oL 3y dzts, U bkzdz$ dedz) € RV O[1LJCOF CPpgap Hes2 [ 1
1974] off OH( da.

sdzjHEE N 2 1sOf, dzOLoOdedz' 2 1. 0.
fesHBd Odkhv, §t ©OLd & tyj dfiedal 2008] to
fejHdajets [[OYy d Hic., 2001] {Ssjstaydgdio] |

sisdesdlsj dz! dz" 8 ko jdzdyd dedj d3 Isj Cilstsded yJ f
Mo toj d3J dzdzts 2 114, Yylsts weEzMdzteddzts tOL
Wstcdidtetso Oded j detser n. 1 Cwdzyjy Bdzdctsy,j dac
1 02C0dz MEts2, U002 U @O GGz @Oact®© tc s OW
ded » ddj fiste J H dzj &3 d@dBYJ dzj dZOYOdzd WsttdB3dse
[ 2MCOv, mkBmMkzd BOddisGOMCPWA $ic® dzso d dz' |
ld BHddZOB] yj M¢ Ow sBMisOdztso € O tc O dzdzj tstc
BOdzs O3t dzd Is iz H dzr desddets i) datothry sz o3 Mo BH B
Cstodzsets tBtORdzi dzdv o OHddz o Mty IsOdzd
B' Mstcse s f sHdWIsdW [t OMMC OL ts9 d Hte. ,
Hjwlsj dz desfls! 5 [ { OfigOF O alzts d51 X WA dze G20 1 ¥
ojtornto ! f&BO, I dis. j . o dzd Codzsztc® Mtsotej ¢
tcj CsdeMlstczCydd 1. ¢. [ tS6cOYyjoa0O [ OBt W,
ofOHddz O L Oo jtehOsh dgn MsOHdYE tOdzdzj ts
dzdL Csetstodzs” | MdzOB tstc O fr) ydf) fog) Hdedis diso df ol jfisets At
WdzOdzc OfF ddzd fteditsHdzwlIsr § HJj dzzH Oy d s dzdz
Yyd dzstcOdzt dets?2 yOfmlsd MmMdMmisd d3r . 1 tsdzt M ddzfls
fsLHdz] CO2 desL B2 MEBGEts todWistsejdzgj L O BT dz

Mtso toj d3j dede” d3d € tsdzls ztc O d3( .
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1 Oyodzs f sL HER] SO PdzE®ds Jtclzj s  ©Odz
Jolivetetal, 2009]-mMtej Hdzed &3 [ f Oy d Hte. [ Milsg G d ] da
dqdzH S Olststetsdy Md3j dzr 1 sOf tso W dzw j Isfqw 1
slsdzsy j dzed?2 BBdzj ] ctokzBtsets B@BOIjttdOdzO d
[ 1 Oesis. . |, 1974, sOL! iBddz d Hte. , 1995;
ts B OCIsdedL Oydd o jtlsd¢ Odz dgr n Isj € Is ts dzg
fsHdzW Isdw, tsyj o dHdzs, dzj oBffj jd20 o jfHO]HAHtB ta1] {¢
ZC OL Mso@jdestetsH degsfls ' telFtsLtcl dsecbss | 'dh man ef al.,
2000] . HOdBO MSOHdY ddzlsj dzimdoe dztsets ff tSH
dzOff tod d3j tc, H dzw Ctodzse s 5B tc Odzdzj dzd W 10
~nOtcOCIsjtedL s hdjmw tOL dzdydzer &isd 1 MS sk Higls
sdz R sdz € OFT, 08%3EdO dz 3 @~ OOCIsjtedL 2] Ismw
o jtolsdCOd dz" 7 IsjCltsdzadyjmMSda Hodyj ded 2
CoddyztedtsH ©. | dzv f toc didpdedpkds 2dz. W)OLE ' d¢tO . iBo
slsdesmd s j dz' dzts L Olsdh+ j: dm¢ dz¥ yd dzd 4 d3
1 02¢C 0O0d» MOis@ dzr zO ¢ it d, oHBdZ [ Btcl
f sHdd BOdziw 1 tedBstemMSCd2 rtejBjls f OteOdzdzj
Ctslsdztso d dz" . 1 OC s8dzd v, Mo jof 1833 aizilaRi L ,Is" &
~150 d&.'dg. RrOtOCIjtedL zjlsmw BOE HE gEGdzy jzh
HodXJdd?2 d dodesrmhj?2 Misjfjd ¥ tOmMydj d

oS BtesMisd ojtlsdCOdz dgf = Isj Slstsdzedyd M& d
1 IsOf j B sdzj j YUd B3 &0 fstewWHSE g ol dzC
tcOdzdzj Stets G J dzddts 20305 IEAHEFOB 300 ¢ 5 H ,dz" tfigsliveied dz
al, 2009), ybt ftssLeotsdw jls MydlsOls: Mo tc]j d3j dad
dMm¢ dzs ydlsj dz' dgg Is of fAd sy dtiz ozt s dfjjdzdtg J3 Iz dz!
sdzts 0 Odzd JAFTHEO dzldz| -~ S ezdzY | dz’Of O H dzts ¢ [van HedzO dac
Beek et al, 1996].1 tcd { IOzl y6tc Btsdz' " Jdzmlso © o ff OH
sftejHjdzd dz8 dz2O tcOdzdzj StetsGe j dgdzsdz + SO § [ ]
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1.2 v jSItsdedyj M<dg4 Ofmyf j CIs Wistcdzd tots o C
SBtcORdzy dzgdWw o OHddz 411 ¢

[ dzscssBteOL 4 dgdgj dzd?2 B fted yddzO- d
ftow d3ts § s ls te @O diff jy dz'on ddzlsj tcf toj sOydw A
Lotsds ydd §dzjy tedW¥iso. [Mdese dzOY HdME k1
fsHdV Isd J ) sB &zQMisyYrn MEBQPIREY ygAlzdwej Odzd L
CotetssBteOf By Odzg[(f!W Ists@ j dzj L | Bsy dats e OL H j
COlsj¢ctagfdodzd yd M< d 4 d Isj e 3O dz' dz | , SH
Czommdw S Ooydd dsg BE Mish tzd y O EalRdgher 2013. 1 ¢
1ted 1 Istsdz, 9 LOsadMmMddtsMmisd ©ls o' B tcOdadsts
tcOBtSIsOIs! Hhdotj d3dj dedets d/ ddzd BT Is! oL O(

[ J 7 Odzd yjemCudfjdzr § Mo w L Odzr M wHjWstedoyd
fsmdj nipse d¥ di3d . cie Qi sefoERpnlsdy OMMmsydd:
oMW e} dednislsf*dzd 6 5o s tote JsO dz! digOWH {f €20 B U
sBMisOdzsoa €O Htoj HiNIsOo dzw j Isfiyw dmmdzj Hise O
te OfMyj Is'-lsj fids ts[Régifept al., 1996]f sC OL Odzd, ybts ydml
nOtcOCIsjtodes Istsdz! S5 HdzW Y dzls tc O-dzts fipts & y dits
W dzO dzG | d -1902 O Qadzsms 52 off OH d dzj ¢ tc Of
9" Oy Jj dzdzOW MHo dctseo OW ¢ & B ©dzjj dzls @ .d ¢ MO
stcBtfize j MMd sdedz’ [2H dz@§ B d5.0 yj zsdg, 4 02C Odz
MstelzC Is iR dm@in d ©OMMEOEEtto @lstc dzs 8 5 dzis |
o jlotswisdzts, fdzjHEZjls ddigddzcmedstrs © js d S te jf st da
B' dzd tOMftesMisteOdz) dz' dHJ d todWtsdsicty jddgfiydot
ftoj Hdztsy j dedz’ §  © [Bullard, z 1B88PHedes d3 s d i O dzd-v |
dPWtedCOkMS ses-NedWdO £@BYMO® MCSE tjcdt
fsHsBdetsets fyj dzOtcdw o HeOpdiasdz MEC]dR.| 1D ot
cdyslsjLj, Hd2 (otdsjsHsEEsRiAE Clsjély Bpdzls ste Mo
Wstcdzddtetso Odzdj tdWilsO f wetekh jddid Ofd¢
MtsL HOdzdzs G 5 9 to ftadiiplt). SO Pzt OB G j ded W

Etigts?2, MotsH € Issdskz ot d3j ded kX J it Qldndsjo
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sBjMfjuyudoOdzs HESH sdzded s dzv dgm 2 ftsHi j o3
ftcdof OHddzdzr = YOMmlswas MoBHO 1 Ists o7 tOL
tsB tc O d3dzj dzd v , fted L Issds MistelzC skztcdzlzs C
dg tc O o dzts d3j to dats 2 Ctozfgg s Hz@ 2 in ¢ tzts dafipts» M § ts ¢
fsdzeyd dzO "M dtesClzs f tsHHJ toy Ndz0O fotc d gl c,
1967), tHd&OCt o HOd dgj2h jd3 B"™ d&zO tslso j tc@ d
o Mojlsj fowoeodzjdgdWw EBjHdIsjdz' dgr = HEBCOL C
fsH HoBdddtekzs " dd otsOflgPimlsdedyy 3 dMHEz L
| OBBOSddz, Ooaltste d jet §tfdzj Hise Olsj dzd s
ltdchdzj h do OW MmlstezCIskzter tcOMmiswy j dzdevd d
fwOSlbdudmMScd deodstedelzw daff O3CCisfsiEzd Wj91Hi8d

J ZOMmlsswh j j hdpjjdyOdz: Ws Rls tdWIstsc §
ttOMMd3OIstcdo Oj Isqw COC tjL kzdz sOIs tOfMilsw y j
WodzWw jlsmpw dMmGdzs yjdedj fs. wHOJdGBO"™ jJ HJWESTHK
dzdets HBfdzdveEls MmMBttsmse lze ¢ ddzi 3OIsd € Iz,
W dzw s Isfw dzditOEFsH tcOMisw e do O h da otSLHJj?2
HWBstedzOyd2 My Oldw Ists dma d2Odzdydd, o vy
Hsdgd dzd tclzs h jets twOMmlswy j ded W, O Bl wWMmdz d
LOadMmdls BIs 9" BteOdzdes?2 G J sHddzOd3d yd m& ts2
©ZO LOfOHdsE ¥ dzOdie Pdzu § two od] Gtis.fs,tze 2 Gyl v L
Csdzdzd L dsdede’ 3 §tetsyj MMOBd o A j dalsteOdz dats

OBt s MiB] tOMlswy jddd tsBi W Mmidavdgils
sBl Widzi dgdv ©WOLoadIlsdw ctste, Sty O hdn |
My dzOtcd 2 Hist sdzdzd Isj dz! dz" - WOClkteso . [
kjstejbduiMSd HBfEMSOjls Wsteddtese Odzedj &
Gtsted L Sdzls Odz! dz" n Hod>yJ dzd 2, By J s d dzj Is
SBteOdBdz dzd¥ ©OLodo Ojlsfw dMmS dsOwaflsj df talzt=d
MotsHO, MBLHOMEEE &O HBttdWistsotsdy L IsOf j§
Il " MslsO MotsHO ®ldshmdlsj d dats  tso j tor datsl

Bjdzvls' v ksd St §5 ddMoisHwh | B Istj dzt
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fesdmMosndl: W stektctso Otk dsteft@j Btiss | W f)dzv
BOLdMO {sLdd fdu PSd Bz % gGid o kdi Gr §da s
ftedrsHdls o Mtstslse jlsmisadj M € Odesdzd yui MS d
Colststetsds dzj Y OyYjj St dzts daj d3jdew jls Mo ts,
lfjtgorfsHtspdatsy tjn" jdedj B " dztjZudlsscoaliizsy J «
ofsfmdzj Hinisedd §BSHH] Y Qdesicizig ¢]. d [WBBAJ d
dMmfimdzj Hise Ols j dzv d3( . J Mtsotej d3j dzgdz™ = G J BHC
Ctocdztets BBtOdRdz) dzdWw o OHddz tsB' Yyds©O, tsHS. "
9JlsdCOdz dgr = HodYJ dzgd? Blsdesmdlisyj dz! dets { ¢
d i3 ~nOdedL 5r 1 Istséts ftosyj MMO lsdzdyos Ismw
] sHdW Isd § MstczC szt CtstodetsG ts tsB tc O d3d
Bj ~O0dzd yd MSsets tOMmlswy j dadWw Jdzt®e s IsentizisHnjisx
sBl WwWidzw j Ismw W odzj ded § o3 (P dztsréplsudsaiQ J IO 1S Q t L
dzdlstsmy pdzdds dL fjtear 7, dO dqLsMlsOIsdyj M¢
ltge@dd.l. [ OBOCdd, fHtiHftssyds, Yls!
ccsfmo sB Y HJ dzd v &t fg®©ls j dzw tsls HQOo¢ dz
MBtcOM"r 0 O dBs? f Edz'cBtds tsalf OH d dgz Mmdesmd s mw
ftesHEZSCIstse ©OL & 9 0dzgdw d i’ § Oded ™ ; H dzts
d d f sdzs O, ZOtsB tstetsls, sBdzj ¢ YO, Isfiyw d
f sdztsy jefizfl Pdgd dz, 119685 .ddzlsj eftejlsOydd iy
s € Odzd dats 2 gL smMisOL dd, Mo W L Odadats 2 m or
(efdteo’" j | tSHBE ditssj Ytdsjj Hjdolsdiji et 2 Alzj [MdjRP dzd
Meinesz 1950]H dzv tedW Istse | shicH HEEYBA Gigdg it HL H d
BsHjdve §Hl jB fdjy ttd¥isO tBi widw j Isf)
ftejHiSEZOEOE N j2  CtdieddOyds® cdHEsMIsOls
dlssmy jter, M fedetedlsjlstsd §tsidj Hdd?a.
tcOL OB SIsOdzdzr = f tod d3d dad fstg 5N Islas O dEj dadizd dise 0 d
Ctosdzlsd dzj dzls Odz! desects tocdWistse jdzj L O.
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tdfm. 3. [BMhMdj Mrajd&" §oHdVIsdw fdjy tedWlso

| 7 Bullard, 1936; 1lIi 1 ©9 dzts 9 1941dIRT Vening Meinesz, 1950; IV Broun and
Beaumont, 1989; i Weissel and Karner, 1989; Mill 7 Kusznir et al, 198). & dzj ® ©O
Cddej B3OISd U MC OV i fdststEl§ alz) Is iy nef UssQo @Y BtsH § dz2  ff SH de
Yo jlssds § s5C OL Oflz@0fylisfz@dz’zdy ol gWststc &3O yd 2 ( dzd y daw W
BZ3Odzlsd v ) , Bte@Gdpp] ortazf Cdr HJWBLBZBOYd2 (9 ton dgw
ZOf ttOo dzj dzd W H j Wzfe)tc R I @ ¢f iy zaf flzdz Bt OL s Odgd W  F
tcdMlimMstslse jlsMlsodj MlsteckClsktcOd 1t 8. 1 tswimdzj dedw

[BHjd ydhsses nMokE@i® et [IO QS78 dzL &ff dzO
Hsf Sdzdaj 20 &) S Odzed L B &3 d [BrisunandBsafimonthoB® ¢ &
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MowL Odzgdzse s M Mse j dzdetsmisw d3d ne&kidzdeye). dzd W
ictseo jdz2 h jJ2CtsBtcOL 8o Odzdy Mtstslse jIsMmilse iz
siizh j Mise dzv j sw teOMmisw ) j dzd(ie d fig-IV)zIs ki diatkG
HOdzdzs e 5 kRZtoswjddy dzd@ thotg @9 di dzd 4 o JtlsdSs Odz
Cste’ : Edzseo dzts G tsotstoW Slsdzsdlsj dz' dats
f sHdwVIsd®E , tsls des dds j dzy dzty) C @edfizC s 1 5 s to ]
fsHdW Isd J des i d Is o ¢ d 5dzOdz! dz" 2 ~nOtcOCIsj
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lIststets 2 sdf dBsHjdzj?2 (HdVIsSdW BN oz
Cedzyd fyd?2 tOu aglsigvdzi Bd W lc® rjWasnicke 1988] o ¢ C
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ftotsH | 3sdzmistcd tctso Odz o L d3sy dz' 2 (e & 3daD o
Colststotsds Wstedsdtotso Odedj o OHddz tSitej HJ dzv
Cter dzO ftse jtormndzsMisd Mmtcr oiQ] L tCN IfOdsHddzy ] i 24
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f zOMmisdydzr « Mdzsw n d&zdlstsmW j [Braunanfl Beau®ord dzts «
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¢ dz' Isj tedzOlIs d 8 dz€ B dze dBf[tOEASO dzdzts 2 flagsah | dzc
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zdIstsmW j tor fsHO jto)J dzO tOMmlsw y j dzd ¥ i s
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shddtsodz” i3d ¥ @ObBE@gdsd ddlstsmi j tcdzsets o
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te d Wdsjtsdzd L O, Mow L OdesOdéls d @ defsie ts | dadffjOdf d tc O,
mMyd dzOtcd2 L Od3d M j dzd v . lted 1 Istsdz Wstodid tot
Mdzj HMlseadj d3 dBBOdzlsd 2 desc s Of o j dzdzd dzg O, dzts
tcOL G to ] Is 56 Gallaghef2Q1ils o O |

¢ dz' spgaz@ 2 o Oted Odzlscls jtdg diXime 108G Fddizd L o3
cOMMdBBOIstcdo O Ismw o tGWHJ d3tsH § dzj 2, BOL C
ted W Istsc[) ez @MCd2, 2005 ; ].¢ Qdz £fstej ndj dajtadzdz
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AjdzsteOdz dats?2 oL (.
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198711 . 90dz Hjte 1 EBEzPEMdaEROQZzodzf@E dzj Mts
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Il ftjHMISOo dzj dzdzts?2 HIdMMJ lsOydd dzaj Ml
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skzh dzfK@niretal, 198f/d §f sSHtOL zd3j 9 OjIs fSHI j &3
RO Wtsdz ssctekyjddw HABZO o OHddz L O Mmud

0SkkzOd dsfls! HOdEses tjhjddy Stihejd
Mstetsj dedJ a3 1t v 9§ OO ‘WPdasE sfy dtsH j dz' ¢, fto]
3VII. s ftddjek, jhed ftsejmisd (sfjt

f zOIsW 5tc d3' (0), Yd ted L 1 O2uCCERAE Gk diR¢ Rsts jo
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tdfm. 4. wnjdr Usochdose Odd™ fwojHiedWilsser o

J o jorndgR tyPmMzdz © FsCO0L 02O ftosmlis
L OHj 2 Miseo s9 Odz HO O BztsC O. dnJ BO 10 H,
ZOYyodzO 0OCIsdo dats? WoLT f SHdzW IsqW: sB I
fJtOQHIEdE o' Misls d slsdzts i) d dsjind@Hdstzy dzrd3l® dztsdgts
ftodoOL dzsdi3pz®F tcOsdg) dzdwv Hody J dedW B ZSE 59
MisOH d d, dzts nOtOCIsjtedL z¥ Isfw L dz2Oydls,
5jSlsddyj MSOw OSCkdodL Ooydy dddyddtelzjls
MsmMisOo s h jets dzjyOyjj St ds dW kO, H
HAZzO Hatl® , Mo w L Odzder d3 ) d&zOIsj ttOdz! dz" d3 Mmd3d '
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d¥VIsgddgOr@P, oL Odids] §jtej djhjddj Bt
stsdz' 5 s ftedotf OHddzdes B ©OL s Bz ( 2)

NS stetsfis: ¥, ©OLAESE (1) B' ¢k’ dgjsGSEdsodjcd.y
f sfmdzj H dzd 2 OClkdedL dtctso Odzpw d ff ftpdsd L
Isj Cltsdedyj MSdr Hodxjdd?2 (fMajdkdO 2B). 1
"stedsdtozw ~tcjB i LzBAsChw], s H dzs 5 fg |5 tgJy dath
fpagd " jdzdj 3. wjedgjdzs 4, BCOLOsNdM!  d&j
f4dtimsOdz dMf-dds &6k ' L pOEEEY Gezdatzy | o ot |
ftcj otcOIlsdoh d o IjSClktsddy Mtk Mizfj &
sy h Ols! Mw fts cotedL sdzlsOdzd o ftesyj Mg
sBizmdzso ddzts L Odztsy j dzd§ BOdzsR B j ORIz l®,
MY stezsdtcmd@dzr M Misj B MSGE sepszyf tso, sls ¢
CjdjLdmkz: orMsSd?2 bkMkkzi SttjBlSO BBWL O
MdzOBtso " tcOy j dzdz” 2 1 MC Otef miskzq j dzd tcOL o
toj dzdCstsor n MlstckzClskzte. 1 HdWIsd] rtcjBIlSO,
tod Mz dzC jj, Cls@x delmdtelzj Ismw MHOHSC s5dOC s dzj
(Ldzs dzC ts2) of OH d dz" , sMOHC fndzts M d dzqd
dzj { sftcj HMilse j dzdets o GMmdese dzgz¥ (1 Otecd kzL d dzl
MsOdzd yYOfMmilsdydets tshinoHsqlskzdzd Is Js, o 1 O I dzy dzts
seztlgz s o f OHddzz 5 toj ydets?2 HEsdzddzj, O
LiesL dd, dsCOddLtsoOdzdz’ 2 o fYHSY! | ¢,
o jteh ddedets? (o jtondatsmisd Isj Slssdedyd M 2

®BsHjdzd, td fO0Sldud mMcd dajtsydgdrs edjffels ddu@
1IsOf O LO Mudls MBOROdMdJteses Odzdzse 5 9L O( ¢
HodY jded2. uvOCdd tsBteOL A, BOLIMd 2 Ektets
Ehizse dzs? cteO@dedy’ fHdwlsdy d kM Odd
Mudls: B ldazjrdzimdelss@lz Yt 2, t0OMY sdztsy j dac
COC B dJdzHdSC OlttstcOR L HAz] BStotse j dgdese s
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1. 3. [stWtdedw dnedststiiismH d-dz0 dpdk O §f d&3J

| &zOo dz' 3 dstsjoi S | dzj d3 dzls O &gdzts Gf tisg) "H.
Mistcz C ste@RBEIzvtsed dr o ff OH d dz' Is ks dzd y JvfigSdzf j& Is fe
tcOLodlsdj CBlstster a MoawL Odes f tdWIsse j dac
1 CLBBGJdede” 3 fJtesyd MO . stlkzls™ | mB tcts
Mo wL Odzdzr d3d | dzj d3( oz ©tizd dzd#) Soizdts dzB & O ls O d3d
slsCsMOdzd, 5 Isj ted3d detPlddsigidndn ™ 4 ], A W Bicigidedz
smMser j Wstcdy tej dz j WO, ~nOtcOCIsjtedzr § HA
ted W Is[tBoh. j f ted dgv Issets d3j M H Iz dz0 & {F H geidtfj et 5] de'dF
sBl J S Isththn d Bz MEzh jMlseazjIs. 1 Odze dzsw L T 1
oMmMistej YO Is ik O dpmeuatisrdntg, J tegngripalfault escarpmerst
] tslsd yd mMlse j dzdzts?2  Isj tc di3d gzt glztizg ¢  dz§ IEOIs § 5 @&
sftcjH]dZVdZ {cHEBOAAL gzhlsjczeBlzidzcd3dz" | BBt
odzij Cdzskztese twWOMY tctsMmlis tc O dzjefirdivd dguy? fizs 8l B 2
HOdzdzs?2 tOBSIs] ffto HdzOG O I VO tod, i3 wehehs L tSdz€E
oL GV H, tdgi Wddss dsfeOH Jydwv &3 L Od di3fflse s Odzd
tcj Yy’ LHJM! dHJl bd ¢t s MBtesMsea ™ = Mmls
1 MCOtelf d3j dzlsts e BARRsEZGIsWinpw d o Httkzedn Isy
dqdzd dad3d 5! 1 S L Hopdelizizs ' § toff tztha Aftcie p , + IHR 2t
GjddLdMO dzj oMjceHO Y tc] HBUWEZ2QY ©OL dzd yd

ufts otjd3zjdz L Otetsy HJ dzdV dzOkZzydets? 6 j sd3ts
fted o dzj ¢ Odzd o dzd BO dzd[yon Ridhtipdep ASEE Desig 0
Louderback 1904 1 @ deliss | tcts dz lIsdr Moz skt
toj dzt By dets Bl Y Mgded BiIsts H dzv  fipl]j~lf jodzd B t5 dD'teC
Ctod3f dzj C MdesMmis! fod <iz' {ff & tsGipfigdsdas ] dls o' Mis izt
Mo tsj B tAQLIEEBRE Sslstc O s dgjj flisdzes] oL HJ 2 MiIse
1 CLBBGjdgder » WOGCIststetseo, fftod 1 Istsdg € dz¥ yj ot
ortcOyjdedj, BBdZ hOW ddzd d3j dz' h O OCIsdoe d
B oW s dzts @lafsic 56 B sz . sBtcOL sd3, MBtetsMsor |
mMydIlsOls! s H dzd d&3d dtL MOod3r n wigC dn i tod «
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oLOdBBL OadmddiBtsMmisd toj dz/ j W ts 5 ButdfCa Arzos jh HJd2d off
tcOH(J, Mz Hizj Is LOBj sdIs Yls ts f smdzj +
d mfmdsjo Odzd v &3 H Odede’'cAs fif otglfyls(ftc B ¥ dz sMdats o
OQdzOdzdL O Hkzeodr} JREMH]. LT ERBIEZEKSE 90X dzj 2 M
CJj Bli3stoW & dessahgl f yd v MSOH 2 dztsmisd T tBJ diz j
tcOL tcOBSIsOdz dzj f sMtej HMiIso j dzdets of CRCRaHY jd3] didls
#jojtodzs? [Pagis dg0Sjd © fJeslsWy jdedd -1 S0 dzgizy
mMptesMmtsar | 1 MC Ot d3j dalsT dmMmdzj Hiso Odzd !
BXZOGsHOKGY MoatsjdBz c¢JjtctOVWdyj Mz { td
st jdedets o OtcdH Az » ®HGY H @A. I z dgd dzB s fipls
l etso d day@figmj 2 dzts o dvon Richtheflsnts 877; Davis, 1903;
Louderback 1904 Blackwelder 1934 Gilbert, 1928;King, 1968;Wallace 1977;
Kooi and Beaumont 1994; Ellis et al, 1999; Zuchiewicz and McCalpin, 2000;
DePdo etal, 200Q Petitetal, 200%; Straketal, 2011 Tuckeretal., 2020 hds .
1 02C0dz MEs?2 tdWflsB&HEB®LJ dpdNd9 hctsyJ MM . .
vWdd3yd o; Petitétal,2Q0%].

lteddzydtf JOdz! dzr 2 Odzetstedlsdz W stedzd tetso Od
ygzsdz, HiEMsyo My -~ St dzlsd dzj dzlsOdzt dzf = tedWilstse
ey BIMjddy odfmwujets d dzjxOyjets St d
BsHJjdzd tdWisscejdzjL O, fn 3. cdzboa 2 1. 2) ,
Hy dzgkH Oyd4 2. [ stoW sdztce dw mMCw@EdWEg 2 Is@C Xt
dHJ dzlsd ydats 2, o dzJ L Qo dMmd &3ssMmis d tsls GJjts
ModHjIsj dz Mlsea z¥ Is, zOof ted d3J ts, SlsH j dz' dz" §
JHAdOSCt rfOttOCIsjtc fHftswedzdedw 1 Isdr ftofs
Bl jJCISO ¢ B jJCIlskz, dagjyldgtsletgvdzdzz® kN | §
tcOQo dztsL dzOydz" d5. | dzOMmlsswh j2 OBty o]
Losdzt ydd + MOt d@3j dzls© o bkmdzsedwa 11 ¢
st j dedetsMis j 2 dBsteW sdzsedd d dBsteW sH d dz0 d&3d
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JLEBGOY jddj 601 Otelydztie® j tog Hlzdz® § 55 My j C
{.[. u[Weldeg 1907]OH Of sdietse OdzdzO" & bkdzso dw

tdm. 5. [BhFOW Mo BO 1 otdz ydqd MmMBtesmtso e ts
0. 1 4 OCIsdo ddOY s dirdscOfilf 2 EMisOdetse do M d dsd v ¢
OSHBWOLHjd d' 3d o jtorn dsmiswidaR;sde.dL PQdatzed H o
COL Bk, Wstkdeseo Oddj kMszfO d jet ©OMUd daj
keOf jydjodHudy csd BOL Odz dz Rfo % Oz BB, W 2OE O
1 o dzf 27 fidsjOfB e OL so Odzed 4 IbOf jydijodudz =« W¥WOMJls
hdtesC 52 WOMjlr, MmMadwdd] SCtdkfise o' dsho
(shdse dz | Mstek sk o jlztzf df & thisiiztizs © i5S O Odz 8 )
10C dzs ydlsj dz dz 2 iifsOfS ctO® slaffl§q L Odsj Hdzj ded j Isj
HjGtOHOYydY MC dtsdzO, ttlshiskzfOdedy §tsHdtsy ' w d df

10 dBsdzj dzls OCIsdo,dL Oy dfXsHdAM S d3j d
Mtse 52 f sdztse d 2 MdzOB s, tc@®Big@) dgeglzdectz? 2 ¢ MG
S5G teOdzd yJ dzdz” 2 eSO |zl eiEts dz (R NdzO ¢ drtc@dzd{ j fr
Bsy dets  tsBI W fpded Is! Hdzd Isj dz! dzr &5  j ted tSH 503
f s EMdzso doh dds ftoj sB dzOH Odzd j HJ dzgzH O
mMdzj Hiisa dj , 9" ff 5dz®y diptrdmQidz] daf gzid3j Wdg) ¢ tsis t
GteOHJ}) th Pton dzts ) ldy dzts PGzdiasiptas dzt® dzd Istdas teidsf diyf
ssdzS dd3 sSMOH ByYde'r dp s\ jRvdzifdp sy dztsils! Mke Mist
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Isji Clstsdedyd MEtsets fsHdWIsdw dzai LotV |l
dzi o MOEgIs Wstedidtetso OdzdJ dzOf cOo dzj dzd? ¢ tod
® HOdz! dzgj 2h Jd&3 MisOdzzls tshdats o 59 dzg BYP KHzO cp@zts 2
tcOdzdzj 65 d fLHdEets fdzdsyj dzZO0 R OLOCIs ] to
ftesmiste OdzMmlis o j dadz" d3q 9 Oted Oy d? d3d fts o tzP w3 4lzth
Emdzsodv ds dtcj H{I Fgthes BmOY 1995] . [ W
fsdzsy dIsj dz' dgr § Mtej Hdzj G BHSO T Is j d3tf J te
skdddtieseo Odedd SddiduyjmMStsets of oajlstedo Od
orojltcdoOdedj, ojtsWisdsts, otisB? j distsidis,
~nOtcOCIsjte). ltedddBOWw ot odddBOdedj dzj BfS
Yylsts fjtojdetsipy tcOLtokzh j dedese s dBBOIsj tod OdzO |
sftsdt OdkdY (SttdfO) d §hshSshsdses M
dzj Bsdz! W, BS O/ztslzy j  detspoish) stOdsdsjudg o5 H dzv W
dzj e dzzB sC drn HBdzddz otcj d3j dzder = o SH istizizise .
OCC Edilzdzvtstdygjdgfittse OC Isd o d L Oyg 'ddiQfctOrw dizd lis ¢ iz
dzd L € 52 .

¢CIsdodL Oydw HoedyJddw (B tOL sz J
Cter z0 d OREGRIECBREIsse s Moo e EMb&d
f OHjdedw . &OL tZstgOs Bsdsd dzZls© dzOyd dzOj§ Ismw
I MC O gHAMSO.tcj d3 dzdets M ftswoedzjdedj d3 EkMls
B ~nOdzdL d&3 + S L t5GJ dzdzis d)ts z §f t5 1020 2 d®© g d5W d fdAs J «
ftsH oBLHJ2Msaqm] ddase o @dzisdziy Mmtse (o Istsdi
e Odz dzr & BYiftdldj?2, tehdasets?2 d §deshst
WistedBd ok W qaBd MY O YsBjtejy! j 102600
OBtOL dW. t EMdztse OW Ltz jd W d L dED y @3iz/daizte (s d
fsofmj igj Misdes d Yt Mizlsd BdodJLSO ¢ § e
Y j dzts dz, ddzls j dzind o dzts iy Is ¢ Hj dedzeH Oydd MmM¢ dzts dz
oLcOMISO] Is, o Istsd3 ydmdzi d dO o jteh ddz
o jdzd uj dzddetsys o " dnis®H d j dzls O, sO¢ d m Isj

Gistedz" = § SGEISH. I MOHBYdz 2 ®BOIsj ted Odz, fndz
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fsHdesy ' W o odH] ftotsdzt e dJOdz' dz" = d € tsdzdzs
ftcd Mdzdwdedd Wstcdsdqtelzes Is 0OFC C & d3lz dzaw jsHdasidz &
slsC s dzv Isd § EmMszf © MsftctsoatsyHOjIsmw

Mo w L Odzdzsts d3 n tcj etej MMd o dats 2 LtetsL dj 2

f sHdd 3O M j etsmw Cter dzO, dmMdzd Ecectsdz §OH]
1 sfisj i j dzdats o S HBHB this 820 gzd i Hrts WA GrdzsH § dizdz’ -
dzj OCIsdodesdz {1 Is@P ) B dscdf®@ Mt dg zsMCtso j toh (
OBSHBOLHjdz dzf | ctjBded, MtejL Odedz | £ s
Mo tss tyjtej H' , ftedtsBtej IsOjIsT WEMRJ ds tc@Of d fy
v todzfhcge o f j B "™ gz fidtoijjrdez 4 P o dHiRds Mistcz C szt
LsMOIlsy o Mmj[dgviedBO3]d S8 Odzc dzsw L " ydaets?2  dzc
ftod d3j dav § Isfpw H dzw nOtcOCIsjtedmisds d B ts dzj
] SHStGOL Hj dzt dzr | @Gtej B dzd, W s tc 39 to OWAE diz @ i
G J tdi3ts oW s dats dscie@infifSus] d déifatptetspuddO L B Oged | 56 to
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10 MOHdd fsYodzjdad"™ IBiddAS]lsyaig (p dpaeCa
ftesyd gy sy j Ismw ) fmls st s dzlz fmd dzj dzd W t
ddzlsj deifd o dzsmisd MG dzsdzsor = § tetsyJ MmpEg dassdd
1 © f dzsmMC tso j toh d dzdz" n O SHBtOL HJ dz' dz' n
Hsdsd dzd tetso Ols! d3j Hdzj dzdetsy B tsdzLt OdedJ 6" ~ 0
BOIsjtedOdzO MfEMCOjlsmw ¢  SHdAsY!! 8 ZzMmls
fsfOHOJI © HBdZdd . 10 MercH®E s tcvomly P,
HtSBOo dzVv ¥ sMuwsmSH azO0gz! defs s tsdzL dzj 9 " § w g dz,
M dzscdser 7 syl MMtse L HJ M! zOr- sH dIsmw
L tetsL dd, CslststcOY BB M jydeaOjls fHtcjL G
[ OV dets® G L 658 9 Gl iimffftc dzsC OdzdL tso Odgdz" J
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i tc 5y J[HEughiewiczandMcCalpin 200Q. ¢ dzOdzse d ydz' 2 f tetsy
d dzO0 detpdz§ g djteOterndyd MSdr ktotse dgv r, t
[ Mdzets o dzr | MstckzC skztcdz | 1 dzj d3j dzls fndzts Y oz
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37



tdfm. 8. wdzsydy 2 ICHS)O widdg' dgls, (uhbdsSes] dify ¢ . u
AqUeOdd GeBtL ZOY] d -2¢ p G By dzd j BOBBELI 4] 3% O
Ljdzjdzes? hlsedosoCs?2 §sCOLOdy 1 dzj d5j dEsts to Lz @
iBOL Odz dz' j W Ofnj IsirO, dzlsStd iPaidisd®), M s s 'S PdzdzO» W Oy,

tdim. 9. uwnjdk0 WYsttddise OddY Mhsy dscts + S C

UJjtodidgedisdz: h Ov & B O sfotcj Hdzsy Jdz2 | . a.
OdzG dztswW L " ydes?2 dzdlsj tcObkztcj 1 tsoa @8 ddisgectets B |
facete d dzd 5 f StcW HC 5o s d3zBullzts BOWOLE ] ¢ j dzjste @sy
L. A. oWddyjeO® [lesyjmmr..., 19877,
dzj 5B R tSH d A3t CO¢ d3d dzd d3lz d3, HojJ BOL Odz d
CtsdsB  dzOydw r Odgls doW j&dij distiagiAn j Is ts 28 1 (IsdtfO 1 teirf] figlz §
fsCOL Odg L J dzj dzts A | 8 hisdedfRtsjo € & DO)n.J IsT fJ t
Wstedelzs sSfw  dzOH @ Msfwy j ddy & B OL Odz d
CtcOdzed Btsdzj j o MsCdrn ditwOtendyud MEdr Etots

38



1 sH 5] te@®dlzg i ts dzd B3O J v CwklsOw tsftesC
G tcOdz |, Wisted3ddtclze h Ow fiyw ZzO0 bEzfdStoatdy
tcOL Hjdzwes h j2 BOL Odz' dz" | WOoOmjlsr . 1 s ts
OdzlsdW OMmMi s dBsekls OLodo Ol M dzO f tesH S
zdets o Ofhj Oz OH C SO, WOLHJjdYvshdn dzgj Mt
d detcOsls o0y dzkzs tc ts dz- 9 Wotediddtotse Odzed d
Isr dzseo ' j] BEewOdzdyd dzdv ELSdr f dzOMIsd dzyOls’
dzO y O dz' dats 2 MlsOH d d dn BsteW sdztse d yj s s¢
OdzlsdW OfmJ IsT W dzw 8 Is fyw Gl a3 jsozldsts ds sy Is
CototstsBtoOL 5o Odzd™w [ A dzstej dzftso 1965], @t
shsdzsy jdzdj MBttsMtseor 7 EMskzftse d & OGIEZY
Breoahdn yOfmlsj?2 Ctolzy O&[huWad deujkes raf0 foHske] . dz I
stsySd Ltojdzedw, COYHOW ¢GjdgjtcOydw OdzlsdW C
f dzsm ¢ sMmisd L Otctsy HOs h j gtsw tcOL dzts RO, Yy
MftcOo j Hdzd o 5. [ steW sdzts e d unjldpCle jh 4 dzj Qiglglsodsh
Bsclzls wOL o do Ols! figw oad2® NfigS-dzte A W ,J ted) oy d te ts €
i SHdsRz tOL ztdRkkz, WJd¢MdtkzEw @z sfjitn &
zdets ftejHftsM dzs¢ € tw©wOLodlsde deseor n ol
1 MC Oty d3d dzls, CO¢ ftwOo ddzts, dd&sd jIs Mlskzyd j
Miskz{ jsdglg@ls MSC dzsdzO By JIs BT Is! Mo w L OdzO
tcOL dzts dgdzts 2 L tsdz' Ylsts sy dzts dzOB dz¥ H Ols ¢
sBicOL 53, setsmtsBdzj dzdJ Isj Slstsdzduyd MSdr M
Mestesmisy 2 d/ dozd OmMddzs tetsdzdets s dO . H g Izjdz! LG
fse zOMmdismw, Ub tf tetsagisiiisis ®rj digdal § Miskzy§ j dad
fsHdwvisdd tls o h jdzjyO0hdr BAESECt, fsMmis
SMOHByYd &3 yd mndzsdz d, Ijd3 MO d3, EZyofmlse
( mds. tcOL Hf HzZACHE ) { stsisyf sy jeffded W ) Oo Is st
shdzseo dz" d3 o BO2COdz MEtsdz tedWistsejdajL J,
eOMmiswy j ded § d3 L j3eigsiRls dfieuciinydsalj to ¢ j dzls dats 2

gt ted & § d&dls (M)s. ©OLHjd 1.1, 1.2
39



t OLeodlsdj MAzsydzr » + MEOtl] d3j dzlsts o, 9 C
WOofmjls, OS] dByjls ftjtcoOls! mMw ) L Ok:
Mz yoOj, d&ZzOdzH" OWIs Mt otcj d3j dzgj &3 f tcdtsB to j |
CeWHOBRB] d GMsOdyodkd d ibekRRE2 I+t Bty
Wistedgr tojdz jWO ROtOCIsj tcdd tctmalaf deyle] & sils @fipf
Mtcj Blstso , GHJ tcOL telzh j dzd 4§ 1 MC Otetf d3J dzls ©
fsHdWIsdw, EMmddazde Ojlsmw L O fMuyjl Mkzhte

14s &zOMMdW¥ dS Oydw MmMptetsmseor a 1 M Ot d3j d

t OMmMmBssiIstej dzdzr 2 or hj MmMyd dzOted 2 W p dzv
dHj OdzdL d tetso Odzdz' o3, dzs tSlstcO} Ojls thdtse d
M¢ dzstlztgg Misd M s d3, da MBslsw dz2O0 Blsdetsm |
fs9jtcndzsisds 2 O dzOdzd L tcjdzr JWO fCOLT
BsteW sdzsedd d dBsteW sd3j Isted ds da®ls H | dz'tede'tsds dfif J
qdzse s Mjed3d dzgs© fteOCIsdyd MSd dad L OedMmd
MC dzsder twOMYf tsdztsy jdzder | dzO wWOL dgr =« CtoOW A
Htezelz, fted {Issd3 ¢ OtcHddzZOdz! dzs slsdzd yOIs! |
Mz yoOw R tcOk HAsdg lzOB g HOJ Isw  dzj Istsdz! €t
MtekzC SkztcOd3d, des d o dezlsted dzedm. | dz¥W G St
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Msslse j sMsokzjls ctjBd® RrteiBlSO, Is. j10, 1 f
Ldzjogjdzls 1). GClsts ROwOCIsjtedets Hdzw dzd dzj =
Cstetsls C d dzd Odzls j yj HJ dels dz" d3q H ts dzd dzO d3d ,
Mtsslse j kMisodpjdidzls t6 gzdedzd ™ dzj C O2 desL 52 MC dr  to
ssdzt $t5 cdzzeddes?2 otejL O. J COoyyg mse j t
oW kBRE@zS sets fsHdIsdY (3Bl jiolflszisd) § dzdddy UAs,
[ 2 MGEIBils ¢ oMU sk Yyl ( ABSEZL
B HEZdEZO R vkzttetdBsdzO).d uvdE CSydscodzO (14

41



3-b 3-c

tdf. 10. sd&OMMd¥dcOyd” ' MSOwy dj dsss o
chzzBddz otjLO OdidsjyjHjdalsdg 5 Htsdzd dz

Il sstets? i3tsteWi6 Badf2-b)(ftdedjfp.f s dzOG Oj s, ylsts
Hsdzddz ftcj or h Of Is zfntg Hds W sjL daddg i§ 192 das L 52 M €
ftod {1 Istsd3 MsrtcOdzy jIsfqwy BHM 2 dzddad 2 dgr 2
ZOdetsdzy § tOMftesMistcOdzj dzdz" &3 9 1t w) . 1 Is
qdsd ¥ Is B! "I2¥ (Jteslswy j dzgdesiyls! , o j teh d dzdz"
LdZ2Oydlsj dz2 desd3 EZHOdzj dzgdd ls ot OHJ dg, Is ©
f zsmCtso jtoh Jdedetse s dzOE ste! W,  tc O MG o ds@zdety
tcOL B .o 1 MC Ot i3 delsseo, o yYJj dzsd3, oL Od d3ts
MowL Odedzr &3d M ~R OtOCIsj tesd3 HBids|Cosdads~?  HI EEEf
MicOo dzd Isj dz' dzts tc ©9 dats 2 G dzlz B d dzj otcj L Oda
1 MC Ot d3gj dalsr nOtcOCIsjtedL s Ismw oW BBckzG ¢
(e d 0, 3b), BBdzj jlstgjlLefydz! dsRa), ( wshfgzO & 5,  YJ o
cdzzeyy d Hwjodaj Otekziup)nj desjds Bsdz b
BOS Md 3O dz! dzO W h d ted dzO 9 SHBStOL H j dzO, dz,
Istcj e tsdzt dese s Gtcj B dav . cteCdd3 ftod d3j totsd3
ftoslswy jdedzr » MC dzsdzOr wWodzw s sfpw 9 SHEBSGOL |
1 OteG L d dzff € s c@Bdzhdeg B IsHOts  [tsdsH '8336)C O B It &
hdqtetsC dn O BHBGOL Hj dzO~A Hisf Efmis d dits \
fBLHAz] CO2dzsL 852 MEdn 1 MC Otef d3d dzelsts o, tc
LOdztsy J dzdz" d3d Hts dzOQigGdad). OO Iscef GG B Y d ) d Islz C
dzOB dz¥ H Ols! gi2®OH Chtde j Bd&RQ Y tod d3j o, O BHBWGCOL H J
s OCEC O0dz0,4989)B.) j L sz yO] Byd dz@ BdzdL C BE
Hicj odzdr tokfmj dz, Wt dtekze smMw kL SCdj ©BHE
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MsfsmMisOo ddi30 M ©OL d3j tc OEdd ~v Oiyfi SIsOtcidd [Brdkig €
. ltwdwOL dokds,] SSCtsdyOdd] SOCtSEB Gt E
CcOdz, CjdibduimSd (ouHtBdk® BEd hdd
9" Oy j dzdlzse s { MS Otelf dBj dzls O, SlsteOy O h j @&
MowL Odets ) ROds?2 § dzsh OH!I$OC 56 B 1s s dstedD .
McOo dzd Is§ dz' dzts dzj d3dzts G 5, Btsdz' h Jdzllseats dL
csd yor (dOfteddjt, OoBHSED®HHj & J dkkz J
] OtcOdzdzj dz dzOW HIWW jtojdeydOydw mM¢ dztsdats
ftej HMlsOQoa dzv j sfqw B Bdzj §J Mlddisd digis®d lofj das Gatsdzts
fsLHd] CO2desL 52MCdAr 1 MG Otcf d3j dalsts o L HJ M
COjetstedd ¢ tcOdzd dalzlsic jtdaddztsdfts® dzj " dzd j . S
slsdsmMwilsmwy § OteOdzdzj dz' dz" 4  MEke f§ OtcOdzdzj dz:
Wtetsdglsj d o tsd alxrj dgtOchidn dzOfisC Otef d3j dzls ©, o ¢
ZsC OdzdL tso Odzdz" 2 © fHdesy ! jJ MC dztsdzO. J
ftej HZOGOj sy LOMMd&OIstcd o Ols 1 MC Otclf dzgd dz
ftcdotf OH d dzdz" | d HOdz§ dzdz | . 1 sfmdzj H dzd
Ckzdzd tstHB tc @ usde'dz™ Is d 2 d ) Bisdzt h d dzflse
tedWiIstse jdgdz" d3d MBtesMOdzd (o COyjMmlsej  dzt
or Miskzyf O¢ Is H s dzd dz toj ¢, ftedztetsyd dzdz" n
COL ZERBO®B) . Clkisk Isdf 1 MS Oy &) delstso  dzaj W
Bzt D HjkY OdOdzdL O Bt sdscdd fttjBlO o
| dgzlstej dzdzd | t©OL desds' fesosHYIS dzj f sfts
sBh j2 djtOtndd LOdd®BOsl Bdjj ddL s
OCIsdodL dtetso Odg fs ftesh jMmisadd otej d3j dad
L sOfOX.ddys sBteOL 5d3, odzgj "dzdy tOL dzsdzr i te
sBh d2 tjd j¥% MSdsdd, ¢ C(thttebdkz
HdWW Jted dzydtetseo Odedzts iy ls Moktsets 1 MC Otelf s,
or Oy Ojlsmw o Mmlskzyf j dyOlstsmisd. Atstcd3d tots
ftoJ H j dzO~n fsLHdz] C§O2 desL 82 MCdnA 1 MCOtef B

mMéissMmMisj 2 d/ ddzd L OO 9ojtlsds Odz dz" = H
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t OLodlsdy IyShtsddud Mcdns Mk j dzd 2 sy dzts
COYHT 22 1 sO0f Colststetsets dzOn SHed Isiz § I8 i O Jl dac
ftoj HdzsY j dgdets?2 C dazOMMdW S Oydd,  MECOtelf d3j ¢
d dOtelkzh jdede" § Mlskzfjdv di3d; fshmdzjHdd] H
sBtMmBdzj dedvw (tedfmp. 11).

1 jtcoa OW MsOHdWY BtsMisBdzj dgdWV Mlskzy j dzj
f j toj ¢ dB Gzt cads Hifttais W kdnklpw 16 fPteas pfadzdzts L O d3j Is dzts G
mMeO@E M1 1 1 dzs¢, tc O fodf ' shéztsy Q) dedris G2ts i J te
focsHSdZY O Is ddzlsj demMdo detsy GYtsHdzWIsdy, o Is
otsfMatsHWh jJ Hodxjddi, Y§tihis]]]j ddasO figg)lszy,
Colstster j  d3" ZOE d2sHDL B3 L B R dzso SBBKLOL 5
Bfsdz: h j2 yomisd, Wy dzw b [sfypw SlstcOy J dzd J O3
fticsdmMrtsHdoh jots H S OCIsdeadL Oydd 9 Istst
ModHjlIsjd Misekzsls s Bsdzjj L HdA] dddAsE 1t
m¢ Ol O, slsdzgsipw h Ow fyw ¢ mMiskzyq 4 dzd , B t
LOBBJ Hdzj dzed j / sMisOdetse € Iz f sHdW IsdWw d mls
CstcdL sdzlsOdz! dets?2 §f dzsmEtsMmisd. 1 COyg Mlse j
ftede jfMisd o¢HwWdmCzk bt e & teetg pjidEB 7 3

l sstcOw MIsOHdw BB dzj dzgd™w L OC dz¥ yOJ
dZsosets EmMszf O d, Mtsslse j sMmise j dedts., ldzt
HOdz! dzgj 2" j o5, BINHE dedds d Mmlszf j dzt ¥, GCBIs
ofOHddz LO Myl tOMmlsw yQHzdeQr I4ffitpy L tdsjdaj dz"
fsHYyj S do O h dj sB tsmtse dzj dzd j Ho kzn ¢ L
ModHjIsjd Msealzjls 8 HBMIsdy jddd dzOdzHh OW
Miskzt j dzj12-3).( tcd M.
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t dm. 11. slsOHdd Wottdidteso Odzdw Isj Cilstsdzd yd fi
1 Y @3g dzls O

steOMmdz" i3 dzddedvw i3d  s5C OL Odz' i H dzjdE dzOM B tdftsipisjots
N4 dzlsr |  itB g®@inIsdf.

l jtojrtsH Bl oabttes?2 MsOHdd ¢ Istejls! j
Md e d3d dzlstso Mdojtodzsets W dzOdzc © 1 OteGlzL d dz
o BHBEOL HJ dzj  ZzR dze @tGdser 'j SB89). [ 38" 2 fj ¢
Hj Bsdzistedelzjls fMiskf j dyOlsr 2 MSdsd f Holk
L S Ol Bj destse, MtshjHdd2 Mjedsj dzls o€ dzs yc
d Is. da [ rtejdhCkzse mMsikzyfjd , SIsH j dzj dzdzlz ©
Yjlo jttlsOW MISOHdWY wtBtsMtsBdzj dzgdw¥ o' tcOy O k
GiBtsd hdi tdllsis®l | dddk ®aldiy tdhsfdi HE
fcsetckzyjddy Mz jdj?2 HftcdeossHdls € §tsvwedz
ts ) ls © dzy O diep), A O3 Y1ts dzdzts i3z stz Jf § tdad Is @=ff @y €
11-6) . ltedd3d OB § smdzj Hdzd = Istcj K thlisdDHIs M
Mjcod3j dzlizO 4 B sSHStGOL H j dzj [ Jotsegts o Odzdzd €
sty ted ¢ s MEPW Mndsif Pde'd Uz01 1M)C Ode f tsEYidiEs ¢ féte Robts
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Bjtjclk 1 jtfdsj cty nezly sk BCORKEAs. st , ylsts § to
slstcOy0Ojls fodd 2 ydSd VYseddtss Oddw fls
I MC Oy di3j dels® o Ekfdzsadwsn Iss2 ddd d dat
sldgsmdlsj & descs foHudIlsdw/ s EMS Oded ™ .
fedof OHd s eits Y p s wdo j flsd € t©OL ek j dz
o O jdzdzr 2 { MC Oy Rjdzes o {lsd Mzzyoj d
otstsBhj doj ©OLodoOjlkMmw. JiddjwOdkd lOC
1 02C0d MS ¢ 502 Mg B IstOs das dztgts ¢ Ref O ks ek azfm C(
MetesMsReE KO0 c(kd sls omdj HddE. 1 Oydkzs o
sy j dzyuOl™ & MC dksdses dewOs s shte j dedzsfls
O OGCy,] WstdkO d ©OL&EjE' oSHBLOLH] &Ss
ZO MC dsdzj o SH GO 48 das@s] cdds jeidg SHAs df
I SOy di3j dels dz0 Chstesd W Oglsdnuj B & iyt
fNd ¢ B dals @GLWwdyosr hd2mw Bd Mj2 "dedds?
fdzsh OH'! ¥ oBHBMBBEO, Hj Bsdhsedelzjls - s
ZO dd B@EBG O o jtendsj s WikmOR.

) sfdzj Hdzd 2 § 2deSls § deifpiefod € iPayvdidO dz ff§ C
WOmjls, ColktwOw ISOCYjL o6 kd)iis dagzdao O k@
13,1 Hjf! orHjdvsilshw 1 MCOtfdjdls’, &OR
©OLodlsdY, dzOdefS skEEOoshdy cBhss dj dd j
I S Oy disj delsT M) k©wOfjydjodudy &sd WOMjlso

te Ofmydzj dej ded v , L 6 dz § I MC Oy d3d dals’ M
f sdzbtcOL tolzh jJdzdz" §| &zOdzHh OWIsT, fOCIsdyd M
stoj e tsdz! dzroj firfle@fj Sy jtej H! , SOCH ] Y BHCOI

flsjfjdd odezlstej dzdzj ¢ 5 t0OMydzj dzj dzd ™, Ctslst
"OCkstOdBd (oGLOMmls 1 MSOwL] dj dsO, ©lsds
Isd Clstsded ud MSCdd dzO i fjisipfp@E D O B@HH Jz ]
fedL dzOSkE BT dzs of Hj dzj dets Isted COljEtsc
dzj L 42Oy d gl jdatmizr dgO d fd dz dzs e Ofyudzi dzj dzdz
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[ fdzs o dzr j CjLbd lsOlsT C ZOMMdW dC Oyd
(1 o dztsy | dzdffn. 1)1.2 WW@BCOL O dat jteodififce jm jfiytd,j etz
L O9 d mdtelss Mds@dzd ud W dBsdzsH = Miskzy j dzad 2.
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tdfm. 12. (OmMfwdH]jdidd] Qifdd Nt dicd dykddls:
o Oy j dedz’ 7 Bts dzts H I iR sz jf dp ) 197, § IstdffS Otef oBj dals ) .

1 toj Hdztsy J dgdzOW CdzommdW d¢ Ooydw dzj ¢ dzO
ftslsjdydOdzt dzf 7 | zBitcfs® Oz v i3S wzOf tc O 9 dzj dzdats
Of ftesCMddi3dtetse Odzdzr = L dzOYyj dzd?2 MECBtetsisd
Ctedztets tSBOMRdZy dzgdV o OHddz 1 {8, ~OtOCIS
tcOL o IBdfs8." j dzdzOWY Mrj BO o' BBtO sBI jCIstse
13.

stedlsjtcd di3tey detstefPo j Misd € Hoeokzr ®Mdatse dz

1. R f) Cip€d® tgitf d3d dzls T H ts dzy dz' slstcOy Ols 9
L IsOf ;

2. ] wjd j%j 1MCOLy k) dsss HEsdyd
Bscbkls Mozydls' Gy sdjlstedyi MSddd ddzidc¢
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1 Jteo " Az dzC 1o fcHiCOLEZd3] 8 O] Is dzj H st Ml
f OtcOdzdzj dz' dzr = HdMdzsEC OyYyd?2 o CcteOded dpO&HI o
Mdztse O3, dL dmmdzy Hse Odedw dM& dzs YO s
sBtsMmtsBdzj dgdzr s Eyj GtsMmdzj L Hdz] Stetsce j da
Ctoddej?2 tslsBtstcO® L dZOyYyOjls sBWL Olsj dz! detsj daC
nBtetsh 5 o6 tcOy j dzdets? Istej Zetsdz! dets?2 W OMmjlIsr |
COMMj yj dedes?2 ¢ dzsMS syls? v .

sodagq
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i a roydeoy
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q3Fvr) Yq pdaadYyn 09£0qF
Yoqoaqbg © 3qbsqdFacbgno
> 2Fdoyp ydeFqdeoqbsod

OoaROE F£gs
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tdfm. 13. [BhOW MRjdkO or Bste® ftslsjdydOdz dz

1 ddzj dzr 5 yo j szt asvO,L OrazOc sf ted W Isdzr j Hdzv
stejBlze hdj HBY Sdzded s dz! dar d2j sSdEclss)ttaaldjwels dz" §j to Qirpida™
ftced LOHOdzdzr » EZMmdzseo W n.

ABSteBO W OMjlkr 903 d&O, foMitd Sk Wdgf
Bj Sshttet bkt shaystads g iflsssbimisgar ¢ @ d v
fitejnitsHdr & WEmsenisdgial jHOKRCOR dhnfsd L]
ftoj HMisOQodzw jIsmw L OlstezHdzdIsj dz' des?2. 1 jtsB A
W Omjlsr KOS Y j sB EkMdss dj dzO sftse j dzdz
ftej H sylsdlsj dzegzn jidkd teHsdzOdzd W W o dzw 8 Isfyw 4
COljetedl, (EHOZJL So Odzdz" | dO kL §dr oadz
tcOBBIs] dMf sdfdg dzls sy sw e OtcH j dzseo, Ists L H
Bj Clstster & Hijdaws f2,. bl tffdzj Hise Olsj dZ™  H ts

o j toj dzdzts s/ o Is 5 3, Ylss or" BtcOdzdz 2 1
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Odzlsy yj HJ dalsde” d3d H tsdzd dzO dz3q , O daj tOMmY tsc
fSLHd CO2 esL 82 MSBEt MjedgjdsO (4 lsts OFC
plsstes? COk-ptsdd) . ol € Oy isiplgoyjj NBsEEE
Hisdzy dz@B zg§ Ofg: W OMmj IsO, ytg @ds tc®dzs xizls G2dz@'0 fyds d
fsMStsd Sk % d&zOdzed dz0 Y sSHBBA o fj ¢ B dals
ey dz, yYbts tsmMtse j dzdets L Odzj Isdzts dzO B tsdz' " (

lTotsH" i85 6 dzOo J

] G dzOo j B' dzd ts®fdisdEHdsig] dea OcOCIsj tod Ml
sjSlsdedCd 1 02C0dz' MEts?2 twdWlssoats?2 MmdMmlsy
CGJBHJEOBRBdSEZ tjedtsdO. [ Mdetso dets?2 OC yJ dals
BsteWtsdzsedd d BsteWsHddZOBJSd Stkzlsr A i
Motstolzy j dzdg@dzy & fiscBAc © 9 f OH d dz' 1 td (9 H Odadzt
chetesmMse " &3d 1 O dgj das PBYdz' sOlOd3 d MM
1 dzj d3j dzlsts o toj dz j WO B dzO 9"  tsdzdzj dzO
BsteW sMistczC Iskztcdz" n d BsteW sd3j sted yd MS d -
My d yd¥w duds" 2 Isleftdfo ,{ ISP jRigdts Misd Mistets] dad
tcOMMdBZOIsted o Os! dr ©® COyjMmlsej dqdzHdC Olststc
yd mdzj dedztsd3 d3sH j dzdtetso Odzed d Y tSL Hdzj § O2 dztsL
shdzceo Odedd o' atsHB9, fsozzyd dzde" = o© dMmMm
fitca®f) dh OJ i3ts§ Y tsdztsy § dad § :

I twjLizdz OISO d@steW sIsj Clstsdzed yd ME sc
sBtcOdgdz dzdv o OHddz 1 O2C0dzr ME B2 tdWisto s
fticdmMBtesMser o m¢ dzs dzts o sMmtse § dzdztsMmis d C
tcOMMdzOIstcd o Ols HOdzdz" | € Olygitddlsre | to jd3is tgiWWis@i3,
dqdzH S Olststetse L HA] CO2detsL B2 MEBE s ff sSH dgv
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LJo1 ¢ 2. [frufrRrRis@pv vprogs JUUdr t J Rt L1 d1RC
ClJJ SARR U [0 A0

21.[BL st B stsHise yYydmdzj dedetse ts iztsH j dzd to't

liwer § i Cd ftoddjdd ded?” dBOXYIMBOIS I
XIX 9 9. Jdzd COMOdzd Mm* , 9 BMmdzts 9 dzts d3, mis ©
Myudlsodzdm!: 1 CL BIXIXEXXD.0 .1 O Istdlz efjfipinjdzj H 59 O dz
mMdMmilsj 3OIsdyd MEd2 ~0OtOCIs] t, SHd&ZOCEE B dz
o tcj d3w sfilsOs Ismw CeO2 daj ts ¢ fipOdizd U J dzfizs t
dmtf sdz' L s9 Odzd My ftcd ittt Odzdd d3gJ Mist
G Stedz n f StetsSH, H dzw ~nOtcOCIsjtedmMisdCd gL
St Odzd L Bs9 . -1 FusHABAOY HPISHIOBOISdyd MSdy dzd |
ftodds daj ded § HdzV Y] dzlsd dB3j dyjsdaedse) tafy Isiaff 2 ) :
fasksdshnlsd ©OL o jHEGUHESIR] Jf) J ds@ls jJdd3@lied yJ ME &
GJtdztsedd, 9 BBdzjJ hdqesl g fEiXgdpdO ddlsts
ftesyd M dd3gd dz tcj otsdzt ydgoosdzdzr 2 -~ OOCIsj to ¢
1 swodzy ded jn thJSERY + 6 Isj tectseo, Mtsmse d -~ tslsdzt
ot d3j ded) fesdLoetsHdls! Mmdzsyde § o udmdz
dzO Iz Ysdptss dzd Y4 ME s2 tj oatsdzé yqdd. dIstcj d3d Is j dz
IsSj ndesazse dd dz2OyOdzdq odzgj HEGW IS MW o MO .
1dsazsedud MEdd wHdmydy ddde daj MlsOdzd dMm¢
d Moty d3 dzdzOW G j sHd dzO3d € O.

JIsHjdzt dz" 3 O tcOo dzj dzgd 4 &3 d3ZOIs§ BOISd ud M
MsOdzs O] BOIsdyd ME sJ BsH ] &zdtetso Oded J 1
O tcOo dzj dzd & HOOWEY iz O] ted C OdzMC d2 d Mo
] ddzB j Gls. 1 tRemwddh a ¢edddgyoDHENry Mountaing [Gilbert,

1 8 7 cTheapnvexityof hillslope [Gilbert, 1909] tdz s8¢ 0L Odz
BB H J dzd , H] Bdemistcdtelze h dJ f towdlgizf dzffch o dzts fr
L LB BHdAdOBd Ui MEdr sy Mhtse (o' 9 j Ist
Hlstcsets Gtso steWw BsHjd&zd | ddzBJ telsO WwWo dzv dz
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cOLtcOBSISSd fjtora toj SsdmstclzC yd2, d d3d
fslstcj Btso Odzts! Bisdgd o Beiazle jAUIgdWBzEGILc O
1965] Ed3sL tedIsj dz' dzr §j L OCdz¥ yj dedw | ddzej
9" Oy § dzd 2 . [ sH J dzd , ftoj Hdztsy j dzdz" jJ s Odzdh
LOoadMmMddsMils: MEstesMisd fslstsC O MOHsyYdes
1971 ¢ . orh dz@0 MmOl w [ . ry. sdt¢Bd,

PtcOodzj dzdd dzj ftej tor o dzesfisd, tcOL tcOB SISOz
s sdzL Odzgd"V cCctoclzBtsB ZcRBsydese s B3O j te d O dzO.
Wodzwdzdm! Holbkad3j tedz" di3d G tc OW df TO d3dn,¢ das thaPfr
Istej mnd3j todzr | BBHjdzd { o tdzt ydid cz@hkiart@b:ls O
Hirang 1976;Armstrong 1 976] . 1 MtOoedzj dzdj M Mmtse
tsls dzd y O dzd ¢ ftosMistslsts?2 d tHdsMs Gtk dzdzts f
fMdte! jLdzr 2 (jtotficr oo0." AItHi@lzy HBdZets] otej @Y
dzfj fsweodwdzdfm! . wdzjHEZENMN2 1 IsOf-9050 LGCd Is
ftesHsdZY Oj v d2O0 MjetsHdwWhdd?2 Hjde . [ tSH
odH CBBf:' slsjtedzr » HosectoORB ddzd G dzdds
WLrCOn fhsekOBidietseo Odzdwy d OHOfIsdtetse C

mMdMmlsj d&3" . 1l sdzt hddzmlsets dL dedm WwWodzwe Isfpw
ttOLoadlIsdj zOdzH " OW Is O cOo¢ tojLEzdz IsOIs
tjdz jWESEBEOL 28 h d 7 ftesyj Mo . l o5 @

Wikdp sdzOdz! detsfls fdztsy detsmis d Isj &3OIs d yJ
slsdzd ydlilsj dz' dz" &3 ftedL dzOS tsd3 Mtseo to d3d dedzs G 5
OCIsdoe dzOv Cttff jttOydw EfMmddzd?. t JGBDMSH H j
(CommunitySurfaceDynamicsModelingSystemy , tsB i j Higtfz 4 §f @ dizd M
9 B dzOMIsd dBsHj dzdteseo Odzdw ftodotsHdz = 1 tot
lesjCls B dz MLHOde. Mftc] gdeday d OBJdoJ Gt
dimMmdzj Hise OIsj dzj 2 . Il mMWJtey ddzlsjtej Mse Mmts
fwesygd M, BdtscjisBdReldfy, Ml &g dis tcOW W
Czw yqdesaztsedw, sCjOdksctcOW VW, sBh OwW , d

dmmdzy Hseo Odzdw ¢ dzd OIS O, OCIsdodzOW Isj S Istsi
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H tc . RL&EZOYOdz: dets ftetsj Cls dd3j dz kL CABM  dal
(Community Sedimenary Model) |, ® HOdz dzj 2 M j o3, fted C
Sl dr » 6Jdzsedyd MOFA USGHMNSH IOy die. )(
CMizH OteMmise jdzdzr = MlstczCIskzte vz ¢, tdz L dzOyY
d cJtectOWds: yOmilsdzd € tso . g 2004 ©¢. 1
ZzOL 9 QdiHiz yd dL dz0yoOdz! dzgts Mkzeckzet CEBYJ S
MieHdzY BB jJHddzw jIs BBBAdZjjJ 1600 EZyOMmlsdzd
JHddd3 dL ftodstedilsjilsde = dMmidzjGEBMDIs j
W dzw j Isfpw Cod3f dzj € Mdats § Codizf ! s lsj todats § a3
fso jtcn dztsis¢h.ts R wirfpCadtjfiga fipgl®OL Zd3j o Oj Is, yYlbsts
dzj MC sdzt €5 tlettsdytg thHnds'eon fNtse d3d Misdzr § HJ 2 Mls
zOdzH M OV Is. 10 HOO HiMwisddzjsdw ftswe dd
ddzmistezdzj dzglsso Hdzv tjh jdedw f sHBBAE = L OH
o W] fsLEEBMSsddHiMm! v fwdojHlz foddj L’
dL o j Mmisdzr - BsHJ dzd 2 ) ntosdatsdzse d yJj M€
f4tejudmdzj dzdz’ | feSetOBIR dMmfsd! L% shw
JHds?2 dL fjtceorn ftesetcOd3dy JBBRERIA
( O9 & tStrry Willgoose . [ 2O B &zO tcOL tc OB 5 ICIAAD” ¢
Hokardgd todz" » BSHjdzj 2 1 otsdzt ydd tjdzr jW¥WO o
ckmzseos?2 d M dkzsdksets? L L d(d. Il HOdz dz
3D, ffsmdzjHdd?2 tjddL erhjdz o 2011 c¢. [
toj CtsdzmistezC ydd tOL o9 qsJOW Isitslz o g O jitddgadsds O diaf
1994, Evanset al, 1999;Hancocket al, 2 0 0129Rc s o d dedefiy'c tc O d303
DRAINAL (Christopher Beaumont)f GILBERT (Clement Chase). j tco OwW B T
tcOL OB BISOdRZO H&W ctstedzr = &OdzHh OW Istse  (
BsH ) dAdedsp § SLHAd] CO2dzsL 82MEB2 L atsdzé ydd
[Beaumontetal, 1992] .GIUBEREBH pazdp f j tcor j toj Odzd L
chozz yOe dzBmitcj HJ dzj dedWw OlsdismW j tedzr = ©BMOH
tc] Cdzmistczdtetso Ols! tWOLodIsdj W dko9s & O deOR ts:

dbtod L sdzr , 42z ¢ . ) 1994 MARSSIN r(AladzBowdfds s G tc
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slsdzd yOeh Owfpw B jMftej yj Hj dalsdzr o3, zO Istsls
cf sHdzWIsd j / tkemMdzse OW 1| tctsa d Wi ldnXedtsjdaso ™ fi) Is O
L HJ M HitsB Q98 d dzd fy! sOCdj oz Qdziso C @C dzPo
Wdzt 9 d Odz dzOW L tetsL W z fpdzts ) dzd dzO fy+ O dzG t
f sweddzom! otsL Q3 dzts s BsH j zdtetseo Odzd W
i tctsG tc Odzdz B ' dzd f sdzlz yJ dz' Mt 4 h dzr § Is
tcOL dzssB tc OL dzf » dzO dzH " WO ¢s Hjavardii@94; dQweer ttetfaks ts tc d
1994; Howard 1999] . gdzj HEZE M j2 6 ~tebdasdzisa
dzOL 9 CAESAR (Tom Coulthard 1996) , ML H Odedzlz © H
Wdzt 98 dOdz dzg" = dzOdzH "N OW Istse . [ Isdzdydlsj dz' dzts 2
tcOL toj h jdedj digjsldsCdef M ff&6d otcj d3gj dzdz" = tSlstej L !
Btsdz! "N 52 Istsydets s+ & BsH | zdtetseo Ols! RS
[Coulthard 1996; Coulthardetgl 2 00 2] . ] 1997 ¢. fswe
ColiRf dzd SMdetse 5 iIsH J dzd tetso Odzd v  MTISCEDanfeb dz" ¢
Garcia-Castellanoy CASCADE (JeanBraunand Malcolm Sambridge GifILD

(Greg Tucke) . 1 Jteo " J Ho J f totse tc OdZA3" ts Is dzd
Wdzi SmMEtedzs? dJL sMis GASCADE O gt BzO Bz ts if to d
deso " &3 twih jdzdid3 IsjSIlstsdzdyd MSE 2 L OO yC
o Jtelsd s Odz' dats fsHdwIsdj/ s EME Odzed J , Is ©¢
tcOL dzts Bz . [ OHbEB G tc@ddgjsdz L s Qo h j 2 Mmw )
dimimdzj Hsoe Odzedw, BERHJjIs fBHtetsB s ttOMME OL O
tcj dzd L dGCABE@ExanderDensmorg , BtoE&lsotf jtco™ J BT
Odze stedIsdyz tsBtcOL 8o OdzdWv s tsdzL dzj Densmorkef dzts ¢
al, 199814 kec20Q@zs, dzfnd o dztsfls tcOL tcOB 51s
o j dzd yd dzO s d3j dstffiisis & jo RIS (Alain Crave and Philippe

Davy, 2000),WILSIM (Wei Luo, 2002),APERO (SebastierCarretierand Francis
Lucazeay2005),LEMming (DylanWard 2008),SIGNUM (Dominico Capolongo
2010). f sH J HROSB' dzO tOL tcOBtSISOdZO Hdzv BSH |
M dzsdzso ' n ftesyj Mmtse , BJL EydlsO d&zBj &

dMmimdzj Hise OdedJ ddzlsj deldo desmisd tesL dd §ted
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s OH Casave and Davy, 2000; Davy and Lague 2009] . I m
f4dwJudmdzj dzdz" § BsSHJdzd, o yYjdsd, Matyd
Cd3f dzy ¢ mde" ozd BsHj dzv d3d o ¢ diff WPARERON ( te
slsdzd yoj smw otsL sy desmis! ¥ OB EBIST M B
otcj d3j dzdzr dsd @dmddigrand udadeau] 20057 . [ o zZn d3j
LEMmingtsted J dzlsdtetso OdzO dzO© dMmMmdzj Hise Oded J 1 tot
Citecdzr » ©O2Bdzets o, fdsts b jsddzw | dsdzjoLo@stHA Is)! figts B
L J d3dzd stew iy dzgdw d ftsdztdd. sttty Istsc s,
) dstsdzsedyud MSdr MmMots2Mmlseo OF Wakltc288]. MM
S s3] dzj ¢ M dzOWWISEMs ¢ a3 dg§s d3j dzls Mo tsj e85 f SW ¢
Hiczedzlb J tdW jI2B)dg@3 OB SISO®ZO (d fHttsHisdy OJ
dZofmistswh jj otejdw, f§t5 Istsdkz 3j GSBMSHe { Iz
Modeling Tools, GHyY LOjcedMmMlstcdteso Odzedz” §  tsdz' L
Mistetsd Is ¢ BB H § dzd Lotdze ydqd zO dzH h O ts fs.0
l csctcCIBHM™, o lsdzdyd) s MisOdz dortran  da
dzd BGs B' dzO MmtsL H OMa@ab dzOylssdndassy o sdzv jIs (
dej { sfptcj HMlse j dedats o tsHdetsd 3] dedets?2 f tetsc tc O
ftosMislsO { tots ccB@d3dez0 L (oBOREJe@siplels  sME tsdz
s M jyudoOjls or mMsC z¢ mMestetsmls s H § d
Coli3f dzd S Mdese 85 BOIj BOIdyj MEsSets dBsH § dzd tot
3 dzt M jJ t@dgl dgdsjnils Mdzj HEzjIls or H]jdzdIls: Mmtse
tcOB SIsT . . bl dicdg® usdiidse ¢ d dz, 1980;
[ smMSCsoadia . 198Bsdzezdzj J 9O [ 1 tesdzclzdzd § 9,
[ 1 iBteeddoMEF22R).93] Itsets, &y dts Glsd
tcOB tsIsT HYM§ B Ay duimeO,dz! € ts9 , 201 2; 1 rLtse
Byzov, Sankoy 2014;1 ' L 59 , 4 0Odzt C B9, 2015; 17 L B¢
2021.
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2. 2. 1ietcORZBO ydmdzj daBRKE s d3tsH J dzd e 59

] cBCtcOMYBRO® o dzW j Isfyw tsHdets?2 dL dzOdB tsdzj §
mMotsj d3 CdzOMMJ . 1 OBSISO d&zOH dzj 2 dzgOTOfy-
L Csdzse dyd MS se ts ftesj CIsdtetso Odzd W [ O
d dzmisd Iskzls © f SH tclzC tso sHRglad Bidy .1 Of @ dztizy C
tcOL tcOBSIsYdssd3 f totsc tc O dzd3” o' Mlskzf Jdz OdJ
| o] csted Gregoiuckeas . ( | HOdz! dgj 2N j dits &5 gatc dzdbis @
B ssH]dCd, tcOB SlsOW ) [CMWstcHMC B kdz
vdzdoe jtemdIlsiIls] stdzttcOHE (I SkdHjte, HZ0¢) .
HA@HILD L Odzd 308 Isfqw  d Htkzed] dMimdzj HisO Ols j «
ftotsG tcOd3dz" .

1 to ts G tc Gld®@ChannelHillslope Integrated_andscapdevelopmenjt
ZOtf d MO dzOCHzO wdtindkf[jto SL dEsy des dMYf sdz! L s9 O
MacdWindowsfy ff sd3tsh 4+ & Qygginpz Istste®mis o j dader dzd d «
odLEOdZJLOYydd ftoesetcOBBRBO dj tWOMY tdaOdO j I
LiIsdn WMattiab A dzdSurfer. Il sz sz Bclzv jIs (o] tsB
Istcj ~ d3d todz" QHILBE s Pz d yud MSCd o dr B2 W tstcd3O
LitcOoadzj dzdjy HtesetcOBBRS2 tsmizh j Milse dzw2jdg mw
9 Cdzs yos h d?2 Bisdzj § , MtseildgL iz SO HR o | Tzdz
fOLOd] Iste” d g4ty Cdzs yolsjdzd sfyd?2. [
L dz2Oyd ded?2, o BBSdz! " Jdemlseaj MAzzyoj e, Istej s
LIssMz i OadgpBEsOgdygoOL tOBSIsOdz MY J yd O«
dzO© BEVi@nospft Excel

{ BdzOMmIs' § tsflsdafs § fztb § H fiplsHojdzv j s MsB 52
MowL Odzgdzr = BJYHE M2 dzd ded W di3ZdTIN) W tstd dgxfd
lIssd3 dMmftsdz LEjlsmw IstedOdzc zdzw ydw 1 j dztsd
sCtokzy dztsfls! yJjtejr Ited Issycd dz¢#Btet Iste]
dzd pBleH s Oy HNifRowzL@dkz i BdzdL dzj 3 ©Oh j 2 wyj?2
sBtsL ZOYyoOjls B dzOMIs: , o dkzlstcd NMBlEEtg s Bz

¢ bkNtzk daj ¥ j dzd € d“BSEE Hkectsdkkz kL db
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L dzOyj dzdw o' Mslr , § dzsh OHdj dpjskls fje sipon |
or ydfdwslsmw o ksySoOR, O dj o btjkcsd
Ctsdgj ydzr & ©OL dzgsMisj2. [BhOW M5 j dBILD, st
f5COL OdzO ; dz® ftgdniP.dzqdli4 + dzj d5j dzlstso ftedo j Hj «

: P

tdip &nj gOdudes) dLAHEBOY j dzadj BSHJ dzd

CHILD o € dz6 yOjls wehdtedzr 2 Mfdmsec ¢ sdif
ftesyd M d@BsHj dzdtetse Oded W di3s-H kO G tf GRS O&
#tSLHOddj dOyOdz des?2 MjilkSd ftoj HY sSdzOG O I
L OHOdzdzr di3d § Ot Od3j Istc O dzd , IO ¢ jdis dd M ftftdez iz
tcjLlzdz sOIsj ftejuh jMmsoakze hdrn 1 MY j toed d3j dazls
toj dzv j W O. chllsapatiSiIlD sB 5L dzOyOjls ttOLtser 2 M
sMOHC B9, CONYHOVW T dlptc@d iz dtsH hdedste 3O ¢
9" fOHjdedw MO Mtlz] d zez iy ¢ OO Istc!
Y, ftetsH dy dMIfj df ddstgfide' Odz B¥HE N Istste 3O B
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Cozmanne o Bermmcnenue OmnpeneneHHe Onpenenenne
HAa9aTbHOH T'enep YIIIOHOE PEOep HAIpaRIcHHH ILIOMIATH
"mropma" TPEYTOIEHHKOE P —
CEeTKH Tesoxe CTOKA BomocGopa

o @ IrOBHATEHAA BrruciIeHHE ;":Eiﬁf; o
OpMHpPOBAHHE r I TIEN OpMHpPOBAHHE
PAMHP BPOSHHI oCcagrKo PYCI0BOH P PMHP
MeaHap . . ] ] ’ SaMKHYTBIX CTOKa
HAKOILIEeHHe TeOMeTpHH MOHIKEHHH
ITofmeHHDE CEI0OHOBBIH JomoE0e TekToHHYCCKHE ez
0CaIKOHAKOILTCHAE TEpPeHoc OCAKOHAKOILIEHHE MIPOLECCE Y-

tdfm. IBhOW MR j kO CHEDH j dzd tts o Odzed v

] csEtcOBBBO Jtoj HY sSdZOGEGO s HOO 90icdOd
tcj G zdzw tedz" 2 d Mdzz yO2 dzr 2, dztisdnfgdiste O dzdafz3t2
tcOMY tcJ H Gadtgsord9o78].¢) sfeUpO® f 5o j ton dzsMis! , Ols
ZOud dzO® Is o L Olsf dytlg)jd3]miEsoOipd try Isebddd W dzd § o5 J
GtcOoadlsOydd oBHO MmMlstej d3dIlsmw odedL, d toj
LHJM! o COYlhls sk dtEffiirdzsc s MissC O, f(tod -
mMilsCd thmkh jMmlsedzvw jlIlsmw 9 &zOff tt 0o dzj dzd
O HESMBBILGO HAEZW COYHEBE kL kO GftejHJ dzw g

| sesdses, M Sskstr s o8HO §shskzfojls
fsoERlsdsecs MssCO &oyjl SlwjHjdvis! i
Efdse v 3, CEEHO MSSEsmls! or f OH j dgd W

dgdW ddz' steOydd, BsHjdz ftjHEZOCOjIs dhi s
Odzc stedlsdz OCIskzOdzj dz H dzw mC oOdz dz" n dzO dz+
slsmMizlMmMlsozjls Msemjdz (Is. j. ddaWddz steOydn
Y dzslsdzj dzdz" d3 f syo J dzde’ d3 Mdztsj 3 ddzd G tstets
Wstcdzdteclzj sfqpw o EmMzsedw s dLB'M stsydatsc ts

9 dzOG 52, © HBYH! ftosHsdzy @ BMmw o Of th)E dstg @
1 Jteo " 2 oMitogpklidzls 1[986] ftojH BdZOGOj s tOL
sMOHSCtss dzO (o jadesMmisdzr 2 d f Begethimd § tor
Kirkby, 1979] fsHL J di3dzk Mmoo dzwe h ¥ d@
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Is . de. BEsEgepdY dMr e Oj s MdlszoOoyds , ftcd Gt
~nOtcOCIsjtedL 24 Ismw s tej HJ dzj dzdzts 2 G dzzB d dz
sMOHSCBe, d dzO0 Mists¢ ftodrsHdlsmMy Mlstsdz Cts
fsmdzy dzOMr h jdedw ¢tsysr . g dzj @HID W dizv 4 Is @)
tg h jdadd HBMISOLYdes Mdztsy dets?2 HtetsB dzj 3 L
dqizj s hdr MistsC O. Rn BWodzdzady o d3tsHJ dz(g
dmMrtsHds?2 ftso jterndesisd ( sMmtse j dadets, j Mdzd
tcOLtejhjddj 3 MilkSd. ¢oBEESOLB) P dztfls Oz
fJjtcotsdd Mdzkyo,j, ot OBRBBO dBsHj dzdtelzj Is
&ZOrtsHdl ftesntsH YjtejL LIsd BELdzm, MtsLHO?
Odze steidUakdg@ll) ; oltstets? o9 0ttdOdzls fSHtCOL Zd3] ¢
LOdSlsdz = C dzOMisj tcOr L O Myjls dmf Otej dzd v .

AStedBO d tcOL @HItD s fiddzj findg@izwes Is v  Mtse dzOmd
L OC sdetsd3] tedets M ls W ds H H § dfpisidz'ardO Maddock  1953].
sdzs yjor &3d §OLOB) OB LHJjMm! Wodvelsmn
otsHsMBSGO d dzOsBtotg Sy hWydoypdhjdde d L d&3j dzj dz
) LOoadMmMdiBsMisd Gls ©OMABHO BB’ A3t jdalR
tcOMMmydlsr 9 0j smw 5 Wsted3kzdzj :

Y Y O, ()
GHRI d dzls j dzlmd o detsMmlis* o Ml dey diatfv Is s ®)Qdfi € dzde® W
] sfdzj Hdgv v g7 qdfduyIsifr Mo ts2Mmlse f StesH,
LOSCsdzO [ Oted.Q HfAdnrHHAZY g lsH™  f totsdL © J H | C
MssC O d JdzschOHd otHGBMBGKO. zdwddO ©k
LOoadmddssMmisd tsIs L OHOdzdz" » SBL WWJdydJ dzlstso

® Q0 , (2

w Q0 , (3
CGHW d Ws T L dzOyj dedw h dted dzr tczimdzO o kMmls!
mMstslso J Isfids  PAedEO M~ SH kyOTBSHES L, W W d yd 4§ dzls, tsls
Msslsdetsh jdzadJ N dteddz oz tjdeOmlsj flelOdgde'tsH " §f B &

stfted Hydzwe hdj M stesmlis! zo j dzd yj ded w h o
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b dZOdzse dyder s tsBOL B HflsctcOBRBO o' ydfmc
hjtesatso OlstsMmisd H dzO. yslsdetsh jdzdw By Y HE
sy fidd, ©BftjH]jveydgaesss] By dd'sy ki
o' MsCdj kdgdqpHdedsy dzv Mlsoakztls B hdqestsd g,
1 OHOdzdz" | Htsftsteydd MsrteOdw s Ismw  dzO  dzs
ftotslswy j dedetsisd d tOmMfsdsy jddy: 1Ists d)y
EmMsbk®¢ d ®ltejL ¢ d&jyHE Hokdkw Istsys Od3d
hjtesntso OlssMmis! HdzO d EHIWD) c o dzv f g dzmo I
LOdBj dets?2 € dzOMMmd yd M d = {zHcOCdE) dagf@w [ fij Osty téste
SHdZOC B dzj vwedwelsfmpw dnr ftewd3r dsd OdzOdztsc C
l ots@dz® OW fzls: Yd ted L sted Odze 2 dzv yd s
Mo jtch Ojls tOBtslskz s 1tsLdd, IsteOdemtf stol
BOIjtedOdzO. [ tHjdJtkzY 1 Istsls ftetsyj M, 1§t
Mots2Mlsa O oSO, 1OC d Mot Migand® sz fml
O sd3dzd Is+ , CillEB v azdgw j dfhw  Istcj - dz tedats 2 , d
COYHOW wyj?2¢e0 Itsdktsets ftoj HMIsOo dzv j Is
sO¢ Ow ftodL 3O, fs MmMklilsd, W dzw j Isfpw ¢ts
f totsh j dzdztsdz o Oted Odzls jdazd gty j dizp CGoty dztisdEd @ 19
mMdztsd, tslsdzd yos h  j Mw CtoOdzz dzs dzj Isted yJ M¢< «
Emlss2 ydoe smis & ¢ L tetsL dd (07" O Oj Ismw
O tew ) 4 dad 4 ) . 1 Bsdzj | mdzsy dzr 2 mMf smtss
ftoJ HY sdzOG OJj Is d Mt ias LSS sdfisdzadzjdzvm § JSusds@sds'" 2
i sdzdzets y J dzdzlz MistcOIlsd ¢ tc OW GtratGrigS. 2 ¢ ¢ Rosins
BsHj et Odzedw tokfmdzsor 7 ftesyj MMSGHILD L tots
LOadMmdl Bls Isgts, Yd i3 ts¢ td OsdiafOupefipt Osjtddsipivis L
Y s B disdndports capacity d dzd 1 tc =letafisrdauam@acity(
l1 jtcoa" 2 9o90tedOdzls fBHEOL 2d3j 9 O Is, Ylsts HE
M stetsmlis fJtej desmMO fted dzgd &3O Ismw tc ©o dats:
f sl 0. Ilts ol mMdzkzyo,, f sHMlsdgzOs f

M stesfmis! {tsLdd LOsdfMdls s 1t d s dzdss 2
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sftcj H] dzv jIsiqy Emdzscedwdkd L OHOyY(d. ] sB h
LtesL d(d d or desmM©O® {1 tcsHdtso Odgdzsets dBOIs |
dzj f toj to7 o dets s ( :

~

— — 0 B 0 , @

CHziio" MBSO o jtehafisd & f W) DR i,0Qa(j 2 €
M stetsMls! or desmO@ 1 tocsHdtoso OdedRp B 5 ¢ HROUSA] I
fiteddsmo dL. MepliHdiRhdesyjfEigfj Hdds ¥y
smkh jMsodvel imMkss o wyj2etk

CHILD, 9 LOeadMmMddisMmisd s Mdkkzoydd, d
W tstc d3lz dz' sftoj HJ dzj dgd W 1 tetsL d ts dzdats 2 d s
[MsOdetso d 3w dzO@ Isjrn, ybts fftoddj dgv dzd ! o
MY s Mtse demdfisentagacity)y ttftcj H jdzv jlsmw EktcOo dzj dac

o o t 1T, (5
CHKeT S s1 WWdydjdals {tesedd, o ydmdzw j fsn)2 s
d ©icogdBEONEl| & dsi MHo d &8 Lugid IsdpQf Y
MHodeBsoats] dOf oW ydeidd§ tsdzu®ztt | BB i P diis s 99
HOdzdzetsdz d MMmdzj Hise Odzedd MY sdz' L s9 Odz@fp, M~
2008]:

v ——=, (6
GHYi §f dzsls dztsis ! H s dadzistfs dets szt fj g idcCmi@s d Is Oy d s
f sfis s veizdz®K |, d sdeddddj Isfte® 1 sMmdzj Hdzd 2 s tej HJ
_ — Y

CGHY izsC Odz! dz 2 kS dzsdz telz mdzO.
r dzw or ydmdzj ded w COMOIsj dz¢ dztse s MH o dc
dimfsdzr LkjIs EtcOo dzj dzd J :

T o — Y, (8)
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CGHEK: T Ss¥ Y ydjMizld,No T Misd § § dzdz" | f s¢C OL Olsj dzd
or BleOdzdz ° jHJdedy L digLeqedzfivd s stsls Wi jtan)
d sty HJ dzVv | IsHowardV189|dslz dzts 2 |
v "8, (9
GHNi S s4 WWdydJ dzls [ Odzdzd dzGg ©O.
sedlsdui MS sy Mwpidedde 5§ toj deQ@flacyy s dsd dz
L d&zOyy dzdfizif sB~rSHd B HEZW Mier 90 f StetsH '
t 52, " O, (10)
GHUYT § OtcOd3j Istc Brfingmnfg® Mdntgomery 1997],D i fyte j H dzd 2
tcOL di3j te BIsHjdzt detsfls j 2 Hdzw Ctstoj dade » ff Stots
vtcOdzemf stelsdtelze &2OMIs! M EHBSSC O 9 BsH J
BsHdW dydtetse Odzdz” a3 [k tc BeddrjandBomific, 19843: dzts dz! H C
o Lo t T T 1, @11
CGHKiT stcOdzmtf stelsder 2 C s WW dydJ dzls; Slingerlandf f) dzv
1994]:

b = (12)

4 C dztsdzseo " 2 CHILBOHff tog H J dzv j Isfqw  yJj ted L [z t
[Culling, 1960] d HBaprdmg dzj129d292] [HdW W EL dd. ]
feJ HY BdZOGOJIs ftsmMisswdadzk MEtstetsmis! HJ dzt
[Tucker, 20017:

n ong, (13.1)

— np=on @ (13.2)

— —B ng - , (13.3)

GHOT sBI jJdzdezr 2 Iso jtoHT™ 2 MlstsC dzOKTjCHs didiullny iy
HdW W EZoadide,tc OH d j dzls NS ztside@ dash O iwmgji2 € d
CtcOHdj dzls MC dztsdz@dj i ) e deizj 2EOded v yj2¢d
HdWW kL dd, ® Bh jd& Mdzkyo, , LOQadMmdIls tsis
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OCIkdo dzsets) Mmdzsw d M tetsMisd H o dKHaopidadlv Is
Beaumont1994;Bogaart 2003].

1 4 dzd dzj 2 dzOv MC dzsdeso O HdWWEL Y f BH
Mésesmisd HodxJddv §td HEMisdyjddd ©f
¢ dzts dzO . s0Cddy BBtOL 503, fosctcORBO f 5L
tsB 9 Odz'ndztyf dz" J i tofipdztg dndats J Htc Oo daj dzd J dzJ dzd
d &34 4 Is Roerthgi20Q1]:

N (19)

GHS-Ctedilsdyd Med2 k¢ dzts dz.

vojtH 2ip isBz Mts M tstesMmis! & HRjoeakgH O y

1999]:

0 ——, (15)

GHabi Blsdetsh jdedj § dzsh Oud wyJ2¢d (1 dzj B3y dz
BiyHE wyj2e0di3d (ftesMmistcOdzMmise j dedets] teOL te
1 O LOC dz¢ ydilsj dz' dzts o3 1 sOf j disj tOyd
sjCltsdedyj MSdj o sBteOL ts9 Odzd CHILD3tE3Cdzds.
o Cd®Bly BtsdzjJ 20 My dzOtedjo Isj Slssded ud ME
d {1 ¢Mfjteddzi delsOdz dzr . 1 O0dBtsdzj § ftesfmisr c
SfEkmMScOddy) §6jH) BOYUDULP sMIMBeshis! & (&
) sBd Bs  f tots fiyls s CHILDYtiste jda fisls{@ o, diQada] d S dzC
d dzOHo dJecsBtcOL s OdzdWw, MHoadeBe d His. s
skmizlsMlsoso Odzd o OtedOdzls’ ftej HEMKBOISted
[ Hd dzfls o j dadzr 2, BdzdL € d2 fs Mmkzlsd, fMyj o
ZOC s dzdzgs ¢ 5 MB oo wgts O B s WD, § @tE j ded ¥
Hody J dzd § BdzsC 59 ftiosdmMrntsHdIs 9 H s dz fn
1 smMStsdz Sz MBtotsMr, ftojHMIsOoadzjdedz" §j © 1t
6070 A, fjtejH Oobttsd osMsOEZO L OHOYO BisH
M Lt ctsdl (D @eg Tmeke) d [ 4 d dztsdz (Dic GeanBiBdh
fsHiso | toHdftszffdztofipls ! f SHtSB desEts toj M j dad W
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4

tdfMm. L®NOW &sHjd 1 o@HEDYPI L zZOdHL OYKE® o
f o5 ¢ tcIOARLAR )

189" 2 WdBsHEZdz Bl Pkt O sfis®lddc iz H dzd € O
tq [ .5, sJdLdde &3 d €. Is. dz. -B9 ¢ Mnr judD Iy
fsCOL Odg toj L Zdz' IsOlsg tc jdgdshr | cfifsts tstésjohj jisdgdse .z &
BtsH J dzd : o J dzd ydJ dzd § tcOL d3] tets O slstcOy O
fsCOLOdzr 'dzgsonpB Qadyg dedzr | N ts§ &R i iy dgnT IS de
Myj dz0ted v t@dalzlz H B ¢RBBikeslipe ( ted MB). 1 1 7stcd ¢ d dzO dz,
ftej Hf 5dZOG O] Is twWOLHJjdzj dzed] fYtsojtemndztsfisd o
CstedL BdzlsOdz! dztsy Mad3d M jJ dedd tGHAzSEts B dzZSE O
l jtolsd ¢ Odz' dztsj f SiH devflsafd] / ©fldadg O digits - tc O dzv
sMtse § dzdztslss ¥ Mmnaj d3 weodw jlsqpw fdzj HEZE P §
OHByE 0, ofmMj BkLdr &sHjdkzd BEZHEIS Mdj " Ols!
Il smMfsdz! Lsea@ohdMm! 1 Isdd3 sBMlstswisj dz @& o 5
W, fil§.k6iIC.O dZO0yoOdzO Hoe e Ols' Mw dzj o Miststetsd
Ymax } Ote Odzdzj dz! daets ) 1 Is dyslp, M j € ©dz! f sdf tis Elizf j 'ls
L dz0Od3d, SCwistster j tsBj MY j (tbe @f lls 1O df telg @t
fsdzyoj &3 Mmdakzdy yds o6d@d O H failzts lizk & lf ¢ o
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(tedf)l s1B@otsHdsr ¥YO2d MEisktsMls! cttedL tsd
f Otc OBSHRRATE L dzOyJ dzdj MCstEMBEH B By HY @
e dzO § OHJ dzdW tcOL dzts BO.
X X X X X X X X X X PP PP PP PP PP
X %X % X X X X X X X PP PP PP P PP
ot oo 2 2 x| = R HHHHHHEHK
X X R X X X XX R X HKAXKKXKXKXKX
X X X X X X X X X X HKHEHKHXKXKKKKXK
A.lNpoctoe nogHsiTMe (OpUMMHaNbLHLIA MOOYTb)
X X X X X X X X R X HKHHEHKKHKHKKKHKX
X % X X X X X K KX X HKHAKKHKKKKKKX
222 % %% PR HKKKX
EEEETEREE ISP T8 P
% X X %X % K X X % X XREHTRIEHEHEKRK
b. NogHamwe co cABWMOM (OpUrMHaNbHbIA MOAYNb)
HEHXKHKXAKKKKXXK
X X % KKK HKHKKHKKHK
X % R XA HK KKK
X % % HEHXHKKKXKKXKK
R XXX KKXKXK
e w3 , XX XXX XXXXX
B. lNogHame ¢ ppoHTanbHbLIM cMellleHueM (HOBbIA Moaynb)
tdfm. &BOo dzdlsj dz't dzdju dd =] djy J tedDete@cpch” BSH § dzd to !

/

tdfm. &§izdyydv

] oG tc CHIEDR OtcOS IsjtedL 2 j Isfw
ud idzts

1 d20ydlsj dz! dzts g

9’ TBHO §dsMCsmlsd tOL dtsdko

dfmfimdzj Hiso Odad 2

h fetsC dd

LU
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OOzdL & tj OS¢ ydd toj ydes?2 fdids.d JdzOw kgl ldsits c
2004] ftcj HMIsOo dzj d&zO BB H J dz tcOLodIsdw

Stesej dzi L O, s OC Y J B' dzs s kzB dzd ¢ ts9 Odzts
o] CsdeMlstczS ydd HddZOBJECd ttkmdazO o EMmdzsse
O j ded dzOR [ At Whitthkeretal, a2 Q 0 72,0 0BQ 0G&dparini |
2006] fsCOLOds tOLoadlsdj OBMIsOS Isdats?

sjSlktsdedSd d tetsL dd, CSEHO otojL Odad j

fsHdW IsqWw, d Wotedddqtokze Isqw toj L Cdgs dfa 6 j
stesdzj] Ists@ts, Bts ) dets o ' Solyaindalsd Tuckerfy fn &0 g
Colststesdz d2® Is tf tis'd d3J to J s OdzO0 i g § d3tsdipfisidctdsdo:
gL d3j dzgj dzgdv dzOdzHh OWIsO o MdlskzOydd dzj tcOo
sMOHCtse. wCHIfDseRtsdrd s f totso j H j dz" §f 5 C I fi) tzgf dggd
sftcj Hjdzjdeds tkfmdztseo 52 Muddtstialf 26 1 H]f . O dizC
[DeLongetal 2011] fsCOLOdz s s € tdif di ¢ Mnda
tejdzt JWO 1tfjtejyds' = rtejBlstse (sO0dzdW std
MestesMisd otcjL OdedWw, tfot®dzle w5 dzdz'lsds § digg dstis H (
Be!) . I1tdz hts?2 ddalsjtejm dimmdzj Hise Olsjdzj 2 o
dzOH dzOH o d G tso ' ° faDldbendifbldzd dz@3dep Vzts( © ' H j dzd Is
ftsmowh jdader | RtcjBlsOd3 1 CldaBeteldzls2 ® 03 Pdzd W &
o Micazs?2 AMiier gfiSlihgerland 2006] . ¢olstster 1 Isc
OCyjdzls dzO IsjSbtsdedSCi, od@R3ifMmMisy M Isjd3, ot
dzfj EZydlsr 9 ©j Ismw, dzdsts o Cdz¢t yj 20 o dMnat
sOC 2 toj € sdzls tc PO d fif M § ic Jy Otgt iPg Wsh j dzdzOw d
tOLodIlsdw tBpdaaft [2000MB][. 1 B3ddBts B dj ¢
L oasdze ydd tOL dzd ydz' = dzO @HILDO ¥ I a3, dzWifdiads
fteddsj dgv jsfpw) Hdzw tejhjddy ELSsMYjydod
tcOLodIsdw 1 sdfso b k| Wdgjiedz dOMidRer ¢t al.g £969], [

COtMmlsso sets toj dFleyran®talcdzO2 @ 82 ¢ §f dzZd Foges O d
Servantes 2006] . Clevideeb al.isIs @D 0 6 ] fs5COL Odzts

B4 OdzHtcd ez M jets fBISECO M M sdzviztedzy Odzd
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L Od3" fdzklz Oolststets o, sO¢ 52 fMd &3 d 5L i t
CjBdistW sdzsedyd MSd4 , dzts d GJs0tn j Bdzts
9" H j dzd Is tcWH tOBBIs 5 dMmMmdzj Hise Odzd &
Emilss2 yd o tsmldstanbuifdglemnd@Brag 2006; Collins et al., 2004;
Lancaster2003].

Il 5 dgdetsc drn 1 CORID,tc Jf3s ifasvOR j dadz” 7 @ tstodz'
YWdektedtokze Is B tcsAlE ef a, 2008) Wihttaker et[al, 2007;
Whittaker et al.,, 2007; Tucker, 2009, Mudd et al., 2014] . sOC x4
fn B tdsmfipw Cddzd BOISdEC O 9 H Odzdz" n dmmdzj H s
ftetsh jddzsds oadHj. J1d@BIMmlsy M Ibjd, fMihjf
Coltster » ftedmbkzlsmMlsakzjls Odzetstcdlsdz, §tsL 9 d
[HdddB dqL fjter n {§tsHtsBd n {1 § M Hjctfdks[dzls t
et al., 1984] , 9 (Blsttts?2 Oolstter f sCOL O dz
EmMmskzftse (sOzdWtstedzdwW) JtSH oOBLHJ2MIsa dJ
BsteMEts?2 OBtOL dd) . daBBYJdBd Mot Mmise Odzd
cBedrock Faut Scarg, f sLho@Wzv e3tsH | dzd tots o Ols tcOL o
odzdwded § d3 Is4 § Istsdzdp20 ¢ 5 teiH) ila@keOgidatf 2011].
ljtwweor jJ btejmadgjtedz § dBsHjdzd tOLoadIlsdw Bt
flotsCEEBARE | tcDemdmbrgetal, 1998] §tsC OL Odzts
CotoedsfAsdzL dzj 2 o bkfmdzseodwrs OCIsdodztsects MmB te!
lzd@dBtsdzr HISO (1 J 9 OH CElis etd, o1 AHIAOB]dzd ik ONH] IS
Coli3f dzd SMdetse B8 BsSH | dzdteso Odedw™w cEBBtedzr = dzO
Mmtcj Blstso . DugstHiy jizd 3 cOL o dIsdw { hps tcigise ©O8 O
i tc 5 G tc AtBG[BarciaCastellanoset al., 2001;JimenesMunt et al., 2005

CASCADE[Cowieetal, 2006, 2008]. 1 f§fjteotsdz Mmdzk
Co¢ Hsf sdzdzed Is§ dz! dz" | shdztsy dzv & " d 4§ L odzj d3.
olststs tf djtc Odasio dgbhpdz tetsdz! . A OCIsd yd M CHSCADELS s to

f Ot OdzdgHIED ezti?y ©sHdzdm d sj5 yJj ©Bi jSle
Attal etal, 2008 Htc. ), BHABZOSCB MtcOo dzdlsj dz' dats @ 1S

shdeseo j CBSHj dzj TASZADE ARB dzglzL 1S d B @) td
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tcOL OB SISsOdZzO MtsBMise j dzdzOY B ssHdEC O d &
LEMOIsYy d 1 02¢ O0dz ¢ wPtitetat] 2089, d]ts.2 1M UndsdE @
tcOB lIskz 9 sB dzOMls d BOIsj BOIdyj MSBEets &
sted j dzgsJtotso Odzipw  dz@ HLO@MsGlzds  fd3 tds)sCHOMHL Tied, dzfic
1 d Mdsslstew dzO HEMissddzissa © ftescteOBd s C
wg dzv j Isfypw Hisfistse j te dzOW sy SIstsded yjy M OW

L dz2Oydilsj dz! dets bk totf tcfzeizls My dzd o dzg eztoj |4 tst<irfs jHis
CGH' @HlI slOC BptcOlsddazhw ¢ toj Cdefmistclz S yd o
biszfse M §sLdyd?2 Od&OddLO W ofmjlk. |

Holkzrndsj tcdzets] 3sH j dzdtetseo Odzdj 1 oatsdz® ydd Iste
OCyj dzlstsdz dzO o' Wodzj dzdd L OCBdetsd3d tedzsmisy 2

lTotsH" 5 6 dzOo j :
[ Olsj d©30Isd yd M¢ d 4 BBsH J dzd tetso Odzd | 1 9 fs
fjtemyf j CIlsdo dzr o3 d dzm s tc Iz d3§ dzls ts d3 H dzw tc §

BsteW sHd OB yd MS d A L OH O\Y. J Hdzd d3 gL
Wizdz¢ yd tsdzOdz! dz' n d dzmistclz 3 dzlsts o BsH J dzd tot
i tc s ¢ tc OB Tucker, 20107 , fsLodzveE h OW g ¢t

zOdzH h OW Isse M Eyjltsds ©WOL destsBtcOL dz" = @
Wdzt o dOdzy dzr | d M¢ daCdfndslzj dzw Idafso. dff sjdzdftste sy 4§
[HEZOCt BtededdzOdz dzr 2 WEkEdS ydtsdzOdz f tetsG o C
By ~nOdzdL d3 W Bstedddteseo OdzdwY MBEtsMse M k6 dzt
Mistcsets o9 jtelsdCOdz degsets. [ dzv MmMBtesMmMiso- 11 ¢
70U, vyt ftlstejBsoOdts BsHdW JSOyYydd ftofs
tcOB tslsT Mo i3 Misdes M MislstclzH dzd IEc@d3dc O R 5 |
EmMfJhdes fHeslsjMisdteseo Odz dztCHILR  dstistolg dgiO &
LOHOYOd dMmMmdzj Hise Odaed W
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1I7ol¢ 3. s{fVffvssgyforsrRY [ &8 [
FLlrel R LT OVHD SKRR P [1yr1r 1 s s s(RN
CeasdPtfrruvll J1tw

3.1. JHtjHjdzidd] ootHdz n § OttOdY Ister
L sOksddzsets tsBi j SO

[sftcOo dgs?2 IstsyS ts)ls®OZzOSC g § s deliglp tlele § yd v
dL fj cidgFpdzls Halzin ¢ 5,6 S BtEQ gdROs - @FEOMOMY dzy o
ofOHddzz. 1 tej HY sdzZOG O BBOW dBsHJ dz¢  clofgj Saistex
sfdMOdzO 912 OL HB Mz GBI jCIsO MawiL Odz
cOMf sdzOc Oj d@3 dJdeW sted3Oydj 2 s Mestetsfisd
fSLHd] CSO2 desL 82 ME 52 OCIsdeadL Oydd. [ Odz
Of OlsdlsOdz B" dzd Y tsdZEYjdzr o tjL Ezdz' sOIsy
C tsdzdzj dolvegetal,] 2009] . ¢dzOdzdL f tetso tsH d dzipw
Vdzedo jtemdIlsjIsO [ tsdaff j dz' § , Qo lstste ff tod dzd d3C
fsHelssaC ] ftetss.

[ jIstsH Istcj ¢ 59 56 s AFRdatmg tcts aof D)dedslz’ L [z j Is
o] SdEMistezC ydd Isj tcd3Odz! dzts?2 dsfp OEHAc JigO cYftds
fMdzi Hise ERECHF&EBY MY tsdzls O dAdEE ¢ 0L O jdzgcp O B W
dzj S slstster 7 BB dzj tOZOR (9 HOdgdesdz Mdzzy O
ftod dzydf'f dF'Or tlsdzdyd?2 slomdiadd Sisgf dkisg $C +
COL dzd YO L OF dzs yasjtEs fifts Hofy Usfdss @ O Isfyw  yd i dz
Hsyjtedzj ets dzzC dzdH O. sO0Cdd3 tBtOL 543, H
Bzj sBoBHdBE BitejHjddls! slsdsh jddj € tsdzd
Csdzdyj Mok btejSCtse ddHEZzydttse Odzdzsetd . H |
[MB j dzdes s 8 Istcj S8 Wodw jlsmw Its, ylbt
SftejHjdjdedzr 7 s B jteOELOR: jMdd tsdzO
LOS " Isdw MmdMmlsjd (HdY t©OLd & dddzj tcOdzts
9 WjLkzd OIs] Bls)yeddQj Is fifws sdstc @Hedfsjydelddy dg d
ddzls j tco Odzj Isj B j cOlskts, dzOL'™ 9 Oj B L & dzk
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stej € d MY sdzls Odzdzts ¢ 5 HJ dzj dad v, Cslstster j
MY sted3d tets o O dz' f tsf)dzj ftetso sy Hj ded W L ls d
sy i3 j 6OIskztedz" ¥ v wddyddely dz@J slsj edsd yd M ts
sftejHjddls! f COC?2 cdkkBdd td dZOYOd
ktej Ctso o &ddzj eOdzj By jl MoadHjlsj dz Mise
ZOSC B dzjdedy d M COCB2 MetsttsMmis! & sktsilsy ¢
Bjdzjj 00ydzr &3 s5COLOIjdzj B Wodv,jlsmw Hdd
sMmisr 9 Odedw ff StesH, WistedsO twOMmftej Hj dzj dad W
e OL dzd Y dzts 2 : ZOf tod 3 to, fted B' fistesdy t
COMY sdkzOE 08 sfw  ftoj d gzh j figls aisjOdzdztszdedaOs dy'ts tsch
sBr Yydzs?2 Hdzddzj Istej S O, Is jdziy j thetOHsez jtetataisditzo hoj
[ usdzseo* Jo, 2005] .

Time in Ma Time in Ma
B 4 2 1 8( 6 4

mperature in °C
Temperature in °C

U e e el e o — — — )

Temperature in °C

— — — — —— — — — — Q) e e e — — e

T

tdfm.. 1cOWdSd tsfilsr o9 OdedWw H dzw ts B tc OUlaikss o |,
HOLOdzr teMC OV CEZdzd MO 1 Otecd zL d dzM € st "RAIivetstO, ¢
al., 2009

b 56 dzO figddtlz U Jf dedz” a3 H O dadz’ 3, OCIsdo dzts §
1 Oted 2L d dzf € ts cdsts if- taldedisBds o@D GD)H,  ( fiptef jiH dzvivg |
s Ostd @/ EsH. 1ted {ltd HES @OYOEO f
Nsmlssw ddd Hodls] d' disds @ & jciiss dadius fijtoed
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dckd3/ csH), yYlss By jls MoaodHjIsj dzr Miso s Ols
ZO dBsdzj dzs O0CIsdeadL Oydd.

1l Oy dets tslsdzj IsdIls Ylsts o d3tsH Lo HeeD fiy f
M stetsmis fsHdw sV, oCdz6 yos h jes €C0OC
LfdJLBsH", MoawL Odedzr § M Mddz dg" d3d L J d3dzj Iste
9 JIidu [Hdg Odzddz d HE., 2010] WBsckls of
Btsdzj j dBJIsteso) , sSO¢ d dgj Hdzj dedz" §J HoOdXJ
Metsdz Y jdedj BHdese s Cdg' dig® etk ciase®. tsOslsis iy
EmMsts2ydetsda 6 HddZOBI Yy MStsdy3 Wtsdzj , Is j

BijMftejfwisise jdadets: L OHjtY SO o HodyJ dad d
d ftsfmdzj Hksh j &z Mter ek, Is. j. L jddzj lstew fij
Ofmd ? i i3d Wdasdnfis@fe d HidEBt Az, dz dz' L W, fsm¢
ftcl HMIsOoadls! oLOdddesy Hodyjddj 6 tcsd3de
d hjtesntso OlstsMmisj 2. [sdesmdIsj dz2 dzs Mmis OB ¢
Btsdzr hdr cdzzeddzOr, o LtdOr MkBHEZS 4 d,

Md 2Md3d ydesmis: , o dOMIsswh j i o tcDragertetdtj H tsf
2001; styOtwdz d Hte., 2014]. Isftetsfmr |
Hod)yjded?2 5 tOL &0 tMmlsOs smw HdME &M
cOREE Or HOdMAEs?2 ©OBSlsttj H OGOl dry H o dsdiz
sBh jj stftod HJ dzj dzd J IsJ ¢ Istsdzd yJ N B aidy dzdzted
HodYdddvddd 5 tOL dzts 3O 3, f sded d30¥ Is W

9T Lo Odgdzr | dz5COdz dz" 3 L sHOBd bEkMmdzse
mMtse " Isdw d3d s MEZD B 20 ¢ digfslszy Hidis 2z dets o
i tctsw o dRadbfuchand Bonilla, 1966] . vO0Cdd3 BBOL t
B Miste" &3 d d3j Hdzj dzdz” B Isj S Istsded ud ME d B3
Slsdesmdlilsj dz dzr &3 d ftedH] d&zv jIsfqyw dzj S BIstster
Md 2 Md3d yisfijSlafens fMis Ctsdzlsj S Misy HOdzdese s M
d dj Hdzj dzdzr = HodYJjdzd?2 L j Bdes?2 Ctster dzj
COYHBGEtS BI JEIO (o] HMcOdzkisk dztdntse tf B H

L OH O dzdzts 2 Mtej H dzj 2 M tesMmiss & | J Mo w L
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Isj®€dzd ud M&d2 Ctod o , d 9" MsC OB dzd Islz H |
o' L o Ofdetflate’j d3d L j d3dzj Iste¥ i ded W B, ©6OMMBOE
ftcd Cohttsd MEtsMls! BHdEEE § 6ol 8Qd &
v OS dd3 Mfsmse 5d3 e ] tddddssing Gd s
Csdzdud Mlso jJdedz" § Byd debd GToHddWISdW ¢ tscds
fsLHd] CO2debL B2 MEsets tStese jdzgj L O.

Cropocts

k.
>

Bpems

fl. 2BOWJC CtdjBOdd?2 MCtttsmisd §tHdvIsdw
| dzj dzOW | dEqeidgjwe Odzd V¥ @ MCstesMisd fsHdvisdw f
s dz' dBdjud Mg m MmMse’ Isdw,; -dzdide@m dzOw j d3s"dinids
CMdidtetse Odzdatsy L dzOYjdzdj L O tOMMBOtedo O}

1 420w sjSlstsddyj MS ks MmsOodvs hikzs, ¢
d ®steitsdjstedud MSdd ~O0OSIkjtedmisdsd M
o ydmdiduiss fylsd@ s " d 2- 1 € dzjsasjj didelz ¥ fsfls Oo dzw & h
90Oy dets tsBteOIsdIsH o dzd d3O dzd J zO0 tsmdzts o dzts §
LSy J ted dgff d@lsHd dzO3d ud M¢ d ¢ dzdndg GBitefrflgdo O Iz fny dzts
ftoddzed 308 Isfpw  jHdder &3 Hdzw eofMmj~ or BtcOdzad
[Bl jSI' dmMdzj Hse Odzdw fdztsy j dz' czdB S €t
fstosH OBd, § dskdshlk! d f§esydkshsd j f
tOMMBOstcdo Ols! COC fYoHsed j. offtessidcd
fejHmMsOody jlsMv oL By dats?2 , fij tifrstits Wi da iz Sls
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St HJ dzv § IsfW f OOl st Od3d , fNted H dzd M
ftsLHdz Slese | dzdzsc thzs s PEOso 5B H OFANHS  Gd
6] Cudelste S yqdw)kd 4 tefftdzdzj etz dsd  H dzv § ¢
102600 MS kst e fB@dd His., 1995

\ Knnmarnyeckne xkonebarns (+/-)

\/\/

0.012 0.78 1.8 2.6 3.6 5,3

H HeonnevicroyeH ‘ SonnevicroyeH ‘ lenaznyi b03ﬂHMﬁ n/moue»J( PaHHME navoLeH ‘ llozarui MMOLJE'H§

L.

t (MAH. 51€eT)

tdfm.. ZlzdiBOsduimidj o0tdOydd Y¢sLHdiets ¢
[ Il stetsBY jo O d Hte. , 1995])

s tc O dzO Wi Isdpdisitdi e Ols Ztc © o fsa dz@ >y d@ts M s 'ts,dzlz iFofekdgcdsO W
ftej Hdzj J L dzOyd dzedd (Isj B jtwOlskzter ) L O dejjfgy] dafial t3
f OtcOd3j stc O3

sO0Cdd3 BBOL 53, Ctsdzd yd mMlse j dedz" § f Ote
fesyj Mse o dBsHjdd &sckls ojdvis: v Is
Gty stedd ME dzts dzO, O tJyxdds or f OH j ded W

L 2Oy 4 dzd W d3d . ]l sHisB des s Op tizf [f s fntzd | o s W
ftosHtsdzy dIsj dz' dg" R o toj d3j dzdz' ~ slstej L C 50,
tOMMd&Oktedo O sw B jSIsT | mosydj 6

BsteW sdkscdd M dksdsse d, o yj ksd, §tsyd
RfyA tsHW dL f sfils 0o dzj dizdgtdsc ts to CHAfripET0lsctevd, 0 O Idr
BsteW sdkscdd  MCOLf k) dzstses COC tojL zd Is
ftosyj Mmhse o Motk dtsMisd M GMse j dzdzesl
(cOL igj o7, EC dzsdz, Htej dzOY dzgOw fjls! ). v OC
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L OH Otgifftc j ded Wz MC stetsmisd  sHdWIsdw d otej d3j
sBi j C-sdgpsBOtSHIBE dJL ZOyOd dzs, | BjIlstsH Od
fsdkzydl: CodfdjSlk 1CLtcjdd & §O0tOdk]
Isj Cltsded yj M¢ 2 BargugitslQo, dzv® h j @ls (3, f toed d3j ¢
sBi jSCkO®, §odzydls: dmMSd j L dOyj ddvW .
fsfdzj Hso Olsjdz dgf 2 fsHBtStE Isj CIstsdedyj MSdn
o odH] o jthidesmisd, st sdjlstedyj MSd
bolsste dzgj MlsOeaddz MmjBj Ol dzitgj Oedz' lsias W dztshPls
ftcOCIsduyj MSd dzj o sL d3ts ) dats f tod dzd RO W
dzj SH destetsH detsfils: B Bdz " ddzglse © MmJj ¢ GifiLdzls 5o
shdaso dats?2 L OHOYJ?2 of Mz dqdzs ftejHjdzj d
f sLHdz] Stetse J dzdzts?2 OCIsdedL Oydd.

[ sHdse Odzgdj ftesdLotsHd&sn §tddj ddls
HdzZw tejh jdedw 1 Ists?2 LOHOYd B" dz tcOL tlcOB SIS
dimMrHdy = e jtorndetsMmisj 2; Milsi( 1 jeaftsztsy] Q Uatft
lteddzd 30 Ismpw, yYlsts &BsHJ dzdclz | df 2o it Lda
sSHJdZOC s 52 hdted dz , Motslse jIsMmilselzs h j 2 b
MC dzsdz®@ o' yqdmdzw j Ismw dgimasHY dL ftojHY T
ftoesmisr @3 o YydlsOdedd &3 o j dzd yd der O dzd Is z H
e toj d3j dedzts? H dzd dz' | MIE Odetf dgj BAsO) H J 2 OlsiAN
ftesdLojHjddj ©LOMMBOLteds O &3s?2 M sl
9 jtoh dqdzdzesets MCOLO. [ OLHjddIlsjd d'j HBA
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