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Floreolure

bCIszOdz! detsfyls! | stic@zg € Kzts o j dzd | d dfmuj L detse j dzd |
yd mdzy dedesflsd s zdzvw yd2, O 1OCYJ dRi,~ Ovze dzdlzs Is ifw
MO = GBMEYHOj B 7 i@ o Tofkdvydsoddszss?2 1 € ts5dzE
[ HE, 1975; L ddz v d3mts dg, 1975; godtej qd o, [ BG
Ginzburg, 1998; 10L"¢ddz, 2003¢d ®®BicNnzb20O0dg0; Cp
2012, Barraquand et al ., 2017) . s dzOMmilstswh j
L B dtedyd MSdn HOdzdzr =, MoadHjlIsjdz Mselkze h dn dzi st
fsflzdvyyd?2, ds d HjBsdhsedidE " d§ 20adui NdE] &

#Od3r B dLojMmisde &3 fteddsj eOd3d Mk dz H d dzOdB3d
ydedzse o f st kzddvemmus Bmnmidg@zdddedgc Q stco jedd ( Kausr u.
fj tes?2 fQetariondinygs rufocanys tsB d Is Osdhdgd2y daH dAf ( Hentt onen
Il sL By 20 d BteOlsdzOY MdlskzOydw, CSGHO dzj Btsdzt b
s dgv s sfiqw  Ctsdzj B Oded W s . 1 Of tc dGhgnteaerulescenfs tistollsd: y of
BsteC (vzd) Htsdze 5§ o toj d3w d£0IR dfiay JH IPSP ) ' d3ts dty lslsi
ud mdzj dzdetsmls d , CslststeOwv Mmd3j dzd dzO ! dzj tc j Gelzdimy doddss o
f4ted dzOfmr h j ded § o3 1L Csdzce dyj ME 52 J BS sMlsc
(http:// www. dec.ny.gov/outdoor/50514. ht ml ) .
fp Lagj dzj ded j 58 Hdzddz yd < dztso . )| Yyomlsdesmis d, o f st
Coccothraustes vespertinudz® Isj tctedlststedd s OdzOHT d dwjojtey
Ho lznm dzj Isdzed R Ctsdzj B Odzd 2 ¢ IsStej mdzj sdzdd3 (http: /[
1L WWY'S fftoswodzwe Isfpw sOC Yy § 9 Hofkdvyydwas dzj izd3d
Hi Bsdmistcdtekzs s ydSedzr f fjtedsHsd 2, 3 d 4 ¢t

2011). J1tdjj bktets, LOYdSMdess Odr Mmdskzoydd,
SHdtsEEtsd JYlgs 9 dHO dzOBdzE HOJj Isfypw  tcOL dzd ydzOWY H d dz
L CMmYf jtedd3d dels©G~ ( Henson et. al ., 1998) 0L Od

Mosydn kfmdksesdws o ¢t bk dEboljuivcastandgimdasdz@s Cuoy h 08
foo OL dr & §jedsndyui MSdE tj 3 d k0.
I jHENj2 SCodyjfydj?2 © feduddzOr StsdjsOdd?2 W

] ddisdzj dzt W Ote d Hts. |, 1974, I Oy ts, 1975; [HEG®b, 1
Boer, Reddingius, 1996; Gurney, Nisbet, 1998; InshiatGinzburg, 1998; Ginzburg, Colyvan, 2004;
ANModmMdsOdz d Hte., 2010; 1 c8eadStse d HEL., 2012,; B a

Mddk §jtejkzf dslsdy dzd™ §sdmMisHndls Mmdedyj dedj dzd s
[jnOoddL & § dsisgasd stz twcl§ g dds j 8 W 2 dzH O 3§ dzls s o,
fjtedsHdujmMSdj StdzjeOddy ydhmdj ddshisd. uvOS fts
BzHjls OBz HO! MW tesils ydmdzj dedesiisd § s5§ zZdzv yd
MCstesfisd tooffsd, tojfifcisse MlsOdaso dlsmw  dgj dz' " j .
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ud mdzj dedzetsfylsd §fsflzdvydd o Mmddzkz §jt]kzy dslsdy ddv

e Mztemr , LOfEMC O N2 ftsyj M MOdste] clzdYyd
sy HOJ dBBtsMmisd (51 OB, 0§@by dfivizd, 19893, v jtedwoMms
d Hts. , 2010; 1 w9adS¢tse d Ht. , 201 2; Krebs, 20

vddz v dzMts dz, 1975) . 1l yomlsdzsmis d, 9 tw©OBBIOR (z
f dzts Is dzts le dith) d B |5 s o jHEI ¢ o tsL dzd € detso j dzd © g J
e yddiseo HddAdOBdSd ydmdzj dedesmilsd, Cslstster j dzOB dz8 H
nOtcOCIsjtotsds teOL dzdetsy j dzd v . J Bisdzt N d dzfls o § d fnfd
BsHj Zzdtetse Oded® HJzOdgdeS § s 6kl te 62 , dzts s dzts iy ls da
sfdmr o0jkmw L Osadmddsmis: 8 Istsets dqdzd dJdetsets H j dBE
fsfzdzvyydd, ddet tls ydmdzj dedetsfilsd SHds?2 oL tcOMIs
f OOy stetsds ( ZAPPte s A telfMAPO,dz d Hte. , 1988; aAtedMm
fSHRtSH] BB Ydets dzj Zydlsr 9 ©j Isfqw Ylsts oL tcOMmls
ddzls j delmdo detsfls: 8 L O Hddz d Il xJi tjfmktem. [ Hc
dzOB dz¥ HOj swy @fslts O(sfsydals, 1975; 1 dOdz¢ O, 1981)

vOCy ] dtBrtHd®Bs EZydls' a0l MteckzSlskztelz § syt
i sdzO, Gjdtslsdf O, sftcjHjdvesh jets W,jdeslsdf, n Otc O
fisd fjdz ¥ Eon@dgsyy ddd 6O dBdj d! WOote d Ht., 1974
1978; Caswell, 2001; [sesW%jls, 2002). sOS¢
HJOY OLsdz HddzOBd U ME e fsojHjddy MdMmisy dz, kyc
o 5L dzd € OjHlsf dgj "Mjy j €20t d 2 § sisij iz j dedndsdsR vl P EiB@R{ ¢ Oz O
1983; zOoOfdqtes, [ k2o, 1983; Atdmd30Odz, 1994; |
1 dW e Oydw v P2 BOCsd® HdMSte]j Isdzr R ots otej d3j dad
BdWEKS Oydd -mpdfpitdds dasoddj f toj ter o dz" n, d HtdessHdIls ¢
sO¢ twjLkd OIs, HdMCteilsder | of otej d3j dzd dBSHJ dz
st dMmr o Ols dzf Istsdzr s Hdzddzdesf j ed sHdUd MSdJ ¢ sd
dzj f toj o7 o dz" d3 oftc jedgjOzjzogzdzjddtslzr | 2 C tsdzj B Odzdw e. | Odzdz
tciyddiice oL BBy dts LO Mujls tOLd » CoOLdfJjtedtsH
fsteWHCtSd3 SBRtSHO fHtojH]d dets?2 dadzo Otcd Odzlsdets?2 € tod ¢
ssys¢d WOLs&Egd BBt Olsjd ds L Oftsddvels WOl
M ts?2 ddzo Oted Odzls dzlz ® Ctedo lzs Ists dzOB dz¥ H O Isfqpw
ftsojHJjded® stcOj CIststed 2 9 dzj f tod tor o dz" n BsH j dzw A
ddzo Otcd Odzls dzOW € tcdfptOWIs a jOIIf fisleladzf(f sfipwHad Y jded j B § &
OB s HOjIsMw dgj bsyds] (sfOHOd]] o L dj &j dasr
COYHBEB 1 dzj di3j dzls©O, yYybts d ftcdoassHdls ¢ cteOL B 9 Od

(i BHdddE WOCIltttsd, sCOL" 908 h ddz pAs,L HY @ 3k
dzj MisOydtsdzOte dzts fy s Eidzseo d2 tsBdlsOdad v . JHdzd &3 dL
WOChstetses { CLtsG] dzgdes?2 HtedtetsHT wWogdzw jlsfqw cdff |
osMftesdLoatsumisots fsfkzdzvydd L OsadMmdl tslaiZtsdg] Ists Ists
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SR OOCIsjtedL 89 0dz CStsdzd yd Mlseo j dzdzs d dL d3zj dgv j Isfpw &
al ., 1993; Senina, Tyutyunov, Arditi, 1999;
2020), dzdsts daj f sMite] HMisoe J dzBls dzinisfdsy joffkidsii™ d o H j
BtsH J dzd ) . ltedd3dj etsd3 EyjlsO odzj " dzd - W OCIststets o g
BSHJjdzw R WwWodwe Isiw tcOBBIST (¢hdrd3ddzO d Hte. |, 19
Kausrud et al ., 2008; 2t Jolawl QW 202%G10;20R07) 59 &
syjdSd fOtcOdi3jIstctses HJ &zO¥ Isfqw o atsHT 5 o dzdWw dzd d
2O HqdZOBdSE toflkzdvyd?2. (hj tHddd ftedl s § tec
zO twOLodlsd] s kzdw yevdj Isdndzd dfifjjlf tsed jL ffpl® oO@zdWj o tSIsH |
s dMOIs Jets HddzORRdS k ( dzOf ted d3d to, Edwar ds, Po
RLiOddz mC d2, 2013, M 4 G4 ted3d dzH 3 d, dBOSCEZditse ,
odzd W ded § dzO HJdzOBBq BS& d i3 bf dzda) dadiz” i YgLezsd, Mydl
al., 2008; Myers et al., 2009; Magnusson et al., 2010; Terry et al., 2011; Korpela et al., 2013; Schr
et al ., 2018) . ] LIsdn dMmMmdzy Hiso Odzd v = O dz0 dzqd
yd mdzj dedetsoylsfo dz'dgts ff jtej R sH'T lIs tsHdedr HJdOB] yj M
gL d3d dzgj dzd v C d&zd B3OS yud MG dr EMdzse d?2 .

1 JtejHES f s 2dzv yd tsdzdz’ J Ctsdzj B Odzed W tc O M 30O I
oLOdBsHj2MsadwY (1 0L " € dz, 1985; HansKki 2005; al
¢ f tsdzd dz, ¢ § tsdzd dzO, 20009; EIl mhagen et al ., 20
10hCdteyjo0O d Hte., 2016; ¢BtcOBBSaO, (WL Odso O,
tcOLodoOshdafmwy fBHRBHEBY, 9 wOdiC O0r SColsds tofipts tsB Mo
sted j dzlsd tetso Odzdz" | &Zz0 i dmodzedJ d Ekuydl Isjnr ddzc
WEdC ydesdzedqteso Odedd Bdtsdzsedyd ME¢ts?2 MmdMmlsj &3 ( Kost
RMr OCtse, whkottotd MEd2, 200 4; F2888&Man20&3; af j

Hi. |, 20009; dBOSC Edits e, RLIOddz MmCd2, 2013; vdls
t joakzycow, skzdzO¢ so , A tod ) d30 dz, 2019; Yamami chi
stetsWduyjmMedrm WkdSyd2 (Hol |l ilnlg,, 21090615;; w s0g ¥ dtsfodz,

Il yjdatsds 3j dmimdzj Hise Odad v , dZzOf tcOo dzj dzdz’ §  daC
dzOB dzt HOJ A" ~ Hqdz2Ood3d yd MSdr iyddise o MsikzCIlskzt
OClkzOdz! desfylsd d HtetsHisdzy Osls o' L 'Lo Glds'j Hfsls jj teldddn ,~
d edislsjL, Bl widwes hdrn eoetLddSCdetse jdedjy d dMmydtL
wodw jlsfpw wBh jftodL dzOdadats? . ]l ©OdRC OR HOdzdats2 HO
MB3j d2" HJdOBdUI MEBSet 6] 3 dB0 g sy ed wifiass jigzdfj
JjeB otLddSdtse jdzgdw © LOadMmddisMmisd ls MlstckzSdkzt
1 CLB8Gjdgdets? ftodtetsHT, o Istsd3 ydmdzy o Htesyyj Mmj
ftejHmMsOo v j s MeB?2 - dsB & il j NS S&ESC Y SHEA SH
GO j BOIsdyjMS B2  Cdsedd, §omowh jdder & ogj " OdedL
dZd Bdlsdtctso Odgdzr 7 § S zdzv yqdw = .
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Ajidf L OHOYd dffjdg wtsorOfigfyj tclsOydtsdadats? tcOB sk
dmfmdzj Hise Odzd § W § dzs Bjjda@ s dnE3j dg'j 3 di Af@O Bd UH d dzO d3q ¢
fsfzdzvydd f MjLBddz" &3 R OOCIsj tesdz tOL d3dztsy § ded W,
sO¢ d o Ekffdzscedwr Odzstetsf s¢ j dzdetsets oL Hj2Mlsadw,
Yyddzd BT dzd tej M jdzr MmziHkeEhdj L OHOYC]:

1. RLBEYJdd] Wjdtdk dO M3 d HddOBdud MSdrs
fted tOL dzduydz ~ Isiddeochf of dgaisds dasjfdsiaas” yd d  ud fdzj dzdzts fy

2. RLEUYjddj WJjdtdj dO mMdid HdzOBdud MSdnr t
) ftesyj Mgy Bd € tots i o jsddrf Wy d tedediticdstsl Z (i flpjdds e s ff sk
tcOL dzd ydz' = Isd §-10Q 9  fgadgtezs mts patslz dzv yd d ud Mdzj dzdztsmls

3. RMMdzi HBo Oded y W4 desdzsy dzO Mmd3j dz@ tej y dd3tse H
Zd Bdlsdtctso Odzgdes?2  sfzdzv ydd o tojL kzdz IsOIlsj fr)%® tiste ify |
otsfMmlsOdetso dzj dgdv Ctteddtseo ™ 7 toj Mztemseo d § jted sHJYY

4 RMMdzj Hiso Odzd § BjnOddL Bso fd3j dz' tjyd
dZzd Bdlsdtetso Odzdzs?2 s zdzv ydd o tojLkzdz IsOIsj oL HJ?2

5. RLEZYJdzdj md3j dz’ tcd ¥ d d3tddzdzis § 820 diffstfs " i ts E
NitlsoOe © ntsH] BiodHtsoets oL OdhisHj2Mlsadw d

6. RMzdzt MIstcOyYdw oL BBy desMmisd Mmd3d dzr H d dzOd3d W d
sdzse | dOlkzteds » d dzdlsj tcOlsktedzr = H Odzdz' = .

1L Ok ydzOwW dztse dL dzO.

1. 17 f sdzdzj dzts fulzi s @dz'Odlae jf diff dzOBdSd MistelzClIs
tcOL o do O h j2Mmw ) EmMdzse v A s6tOdzd yJ dzdets s d ) C
B3~ Odzd L 3" oL dzd S detse j dzdvw Blzdz' sdMmlsOB d dz' dztsmis d,
HddzOBd ud MEdn tej dd3tse ofsldtstyrzalzy dgtsy jals  H'(IS20 dIs{ - ddfn
BsHj dzv &izd . sz HEZjl Glsd®jlsdls! , Yylsts f sHsB OV d
yomlsdzsmisd, HdizY Holkzd3j cdzsets SlstsB Oy j dzd W -SEloutiset d
al., 2002; Shrimali et al., 2008; Pisarchik Feude |l , 2014, d Hts. ) . ]
HddzOdBdSd MistokzClskztcdtotso Odzder n fsf zdzw yd?2 Mtsizh
f sL o ts dz™qptiso ts dzlis oL Gdzv dzlz Is ! dz0 sBh jBdtsdzse dyj ME
LOSdtsdj tedesisd, Clstt’ jOdEj dzs &5 . s ) ® o Bdrdsip™y
toj OdzdL Oydd tOL dz" = Hd z20d3d w4 MS dn e d i3gs o yd f
ZzOyoOdz! dz" - Emdztse d 2 O3 BT dzts 99 jH | des dzso 5
kZsC Odz! des?2 fsfkdvydd d&Bzd Isdtcj y d dpdesiiided $ dafste | alad ¢
dfimyjLdeseo jdadj CtsdzjBOded?2 ydmdzj dedetsflsd, O IsO¢Y
Ctsdzj B Odzd 2 .

2. Jrtitddzj dets dfmdzj Hse Odzedj HddZOBISd d 1 o fsc
fsfzdzv ydd, tcOLo do O h j2Mw o Efzodiwhtsds.ctc® @qd
BsH j dzd d Misj Mlse j dzdztsc ts slsBstcO 9 fsfzdzv ydd
sfizh j Mise dzw j Ismyw dc3d Ctotsi o tsdzt Yy tsdadats | dL d3 dzd dzd 4
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tOL dzd ydz' = Idf-0Po  fdabdsEAsMisges z dzv ydd udmdzj diAasinls
ydmdzj dedetsj dMmMmdzj Hseo Odedj §tej HdztsSy j dede’ 1 d3SH j dzj 2 .
Bzdz Isdtej y d dizdesmis d . [ BdzOtclzy j dedzr | 9 fto Hdztsy j &
Gjdzgj sdui MSsets MsMlsOo O fsfkdvyydd, MmMeowL Odadzw [$* fr
d fdmr e Ols! 9" Oy J dadzlz ¥ GJjdzgiIsdyj MC zs HdWW j t
fsfzdvydwa f) fMjLtsdd & KO0EOSjtesd ttOL By § dzd v
1994; [Wtejdksse, 2002; Jlekmkset2l, 2011, 2017
t OMMmdzOIsted o O 3" J§ BsHjdzd HsfEMCOsls MmEh jMise j da
MstczCIskzter d udfmdzj dedetslsd HokrmotL tcOMmisdats?2 ff s Lk
st HJ dzW Is! COC cjdzglsduimed?2 MmMsmlsOs s zdvyd
dzQdfOo dzj ded § + o tsdz ydd.

3. t OmMMmdiisistcj dats o dzd W dzd J§ tsB d dzd W Cstedstsa r A
HddZzOBd Ui Mitsets iy ddBO o HJBOBJE] (flzdavyd?
RINMdzj HEo Oz BsHjdzr ) LOYOLHT 00dedj o5, Sttt
tcjimgise, fYoobtojBdwjd'r n ffkzdvydj?2; f§oHtetsBdes (1
HddzOBdSd J4 uyudfmdzi dedesfylsd. 1 tetso jHjdz2O o jtedWdC O
oL BBtsy desmisd Md3j dzr Hd dzOd3d yJ MEsets oy ddBO o
s5COL Odapfnyde jststsyj dzC d, Mtslse jlsMmlsaks h dj toj Odz' dat
CoOLdfjtedBHdUjMS B2 HJBOBISH. RrRMMdjHBse Odz YO
CSEHO dzj Stslsster 2 WOCIKtste 1 CLtsEjdedets? ftodtotsHT 5
Mt Htsfzdzvydd. 1" weodzjdzgr Efdzseodw oL dzd § ¢
Cid®O o fosfbdvydwrn, HJBZOBICO Sttt i &syjls

4 . tdhjdzO LOHOYO o dzd W daed W ftesd3 MdzO M s
dzd B Isdtetso Odzdets 2 4y telj dzvHpdzdk 0 dB@ toPtds dzts 2  f st Zdzw yd
d udfmdzj dedetsj dMmMmdzj Hise Odedj KBsHjdzd f§ted twOL dzd ydz
fmd3j da' toj y d B o HdgdzOdidSd MistckzCIlskztodtetso O dzdats 2 d
oLHj2MsadY ftsdk M&O. s bgHBfdzOydd OH OB dtcOlsj d
MtczClskztedtotso Odzdets? dzd 3z Isdtetso Odadets?2 § s z2dzw ydd
ftoj HMIsOoadzj 20O Ho kW Gtk f Odzd .

5. (OmMhdisistej dg@ totsdzr d3j 9 d H BpjsEldso ver Cod dFHEE {§ |
Emlsts2 yder A o §d izt fpEEEOHGAMIso § d Jets odzdWw dz
Hd dz2O0dsd yj MSsets toj ¥ d dz0. RL EZzyj de Eidzse dw o tsL dz
MtczCskztcdtoso Odzdzesec s -MsteB O Piyls 990 txjrLdhddzdiKO s j Od
sftse j 2.

vittejlsdyj ms ow L dz0 s igsjndzw j Is ig®B tslisj d3, Yls ts |
Mo S b detsfls! BjlssHsdsecdyjMSéd MowL Odedzr = OIs
Zd Bdlsdtetse Odede' » MistezC sktedtetso Odzdz" 7 s zdzv yd2
W detsd3j dzO M3 dz"  H J dzOd3d WJ ) Shg d s dzeigh »] dBAD teo0 S ity ftelasady
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1tOCIsdyimMCoOw L doytdshb | dtO@p sdgMmhdzi Hso Odzd §
MtczC sktcdtotso Odadets?2 dzdBBdlsdtetse Odedets? § s 2dzv ydd
odzzlstedf s dzw ydsdzdzr = ftetsyd Mmtse , wi tetffthfzt? dfvk y dfiyfo; ts
9C dzZOH o t©OLodo O h ks Mw Isjteds dBEOIlsj BFZOIsdyj M¢ 2

tdhddedy LOHOY, MmowLOdzdzr » M ftesdr Mdzser &3 (
EftcOodzjdzedw d ortOBBIsC] toj Cd3jdHOyd?2 t dkfotc
ftcdtesHdzr = d dmMSbEeMmmlse jdzdz" = + S sMdMmMisj BOA .

[ibtsH" dhh@EPistasodkdu) MCd] oBsHj dd HJdaOBdSd
MstezCsktcdtetso Odzdz" = s kzdzw yd2 §tshistetsy dz dzO0 s
(voadted 4o, [ sesW jlIs, 197820@Ca)swday | mMifasd 1L ;s9
ol Cktotej dzlsdz” n ZtcOo dzj dzd ? (z0f dtets, 2 50, 1
MtczCskztcdtetso Odzde™ = fsfkzdvyd?2 M Ctdej ydzr @ ydmd
o Cztotej dzlsdz" » EZtOodzj dzd?2 d ¢ tej H Mis@aazizslS ZipEasE
MMz y©2 1L Ctsdzse dyd MG d dzd B3 s tes9 Odzdz" ~ f st zdzw
ftcdmMif smMise dzj dedzsisd tsils yd mdzj dzdztsmlis d . l dzdwdzed 4 !
fsfzdvyd?2 dmmdjuizjlshY d&Of JEHEOs i BSGH CLlsisks
ftcjHMIsOoadzw jIs MtsBts?2 BsHdWJdEOyder ¢ dzommdyj M 2
dmmdzj Hise Odzd W sMmtse j dedets s j 2 H J tgQdgfsCodO & i tof ke hi
KOs j BOBdyj ME OV  d@sH | d M nHdMStejlsde &3 ot d3j da
fstivinggf 2 yJjtelsor d "dhddSO: B@BiyodHtseats] oL O BSH
sdf©®© (Holling, 1965; Caswell, 2001).

r dzv dmmdzj Hse OdzgdwY BHjdzj2 Br dzd L OHj2Mlso e
dmfmdzj Hise Odzd W EfMists?2 ydoe sfisd dzj deedzj &S & BB dyis i kS
Of f OtcOIO tOL dzsfilsdzr = EtcOo dzj ded 2, L dzj d3d dzlsr W Ed
MdMmisjdd d bjistedd C(sdjsOdd?2. dv¥ ftsejHjddY ud
ftosctcOddsr , toj Odzd L ts9 Odzdz" j IS@% OagEzd fipts® Oyitadf jo dzdz'CH
) Mty HJ dL e j Misdz" ~ BOIsj BBOIsdyd MS dn fOCjIstso
QdzOdzd sd ud MEdkd d  udmdzj dzdz" B  Bj stsH OB, 9§
Emlsts?2 ydoe sfisd, fsmistesj dzgdj WOLtso iz dtsy OtzPizj B G
fsmMistesjdedjy BIWEteS Oyddzdzr = HJ OC tc Od3a3, COtls H(
(ftedlswy j ddv) , v edtsomMCdr Y8COLOIjd]2 d Ht.
smdztse | BBJ stsH s 2O d d3j dzt " d = CoOHtcOBjdatsH ) B Bic
WkdS yd?2. O dz2OdzdL Mitslse jlsMlseadwyw d&jyHE  Bfdted yd
ftocso jHjdz dzO e CdzOMMduiMEdr &BjlstsHtse dBOIs
2004).
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l sdztsy jdedw, o' desfpddz" j dzO L Oh dlskz.

g 3y dzO tej ¥ d B3O dgdfIslaPtdyg & @dzde’ AzdMmistelz S Iskzted tets 9 O dadz
nOlOCIsjtesdy ttOL d3dztsy § dzgdw wo dzv jIsfqpw o dzlzlstej dzdzd o3
dL Bj dej dedd 15§ SkMj2 ydmdzd dedesiisd §sfbkzdvydd ddzd
C Midded i dBOVYMIRORB]S I § s zd

1 OC sdascBj tedzgs? tesfmls fodmy shse dzj dedzslsd shss
s dzgj HJdBOBI Y MEtsets toj ¥ ddBO o dzd i3 Isd tetso O dzdzts 2
nOtcOCIsjtotsds tcOL dRdetsy j dzdwV . 1 ted 1 Istsdz 9 OtcdOydwe Isj
tojLEzdz OIsj] MzEyO2desets dL d3j dgj dedw Isj Skh j2 ydm
ftedojMmisd ¢ Mmdjded wWINJRBO HJAZOB]Sd o ¢t zdzV ydoe
Ltoatsdzs ydd tsfkzdzvydd. 1 MmMddkzkz btets, ybt mkzd jthis
BsdsBstel L B0 ¢ fsdddsttd LBz  SBEOkds, ®&sd
otsL de Cdetse j dedw Ctsdzj BOdzd?2 ydfmdzj dedetsfls d, dzdB s ¢
Csdzj BOdzgd?2 cEjdzjsduyujmMitsets MsMmisOa O ) MsfkzlsMmise
mMomstej e zdzv ydd .

ldzdwvdedj odgih dzedm WOCIksteseo, COC d dBiNodHBO
fesyd M MOBStLj clzdYydd, &Bsyil fwdedMmisd ¢ M
MiLtdd 3 FnO0OCIlsjtesd tOL dddetsy j ded v . & dzlz y OR ddstg o3k
Yybsts fOcOdzj Ister BsHj dzd §tsMmMisswdzdzs B dzEY HOE IS 9
ftedlswy jddv Mtshizh jhselzs "da tjyddtse dL dj dgv s sy
dL BHdtséts BOMMj2dz0 o Htkzes?2, d, MdzjHEBMHBGOpddZ]
Yjtej HBs?2 fMdsj devs hdr Htekze HEkzeO fjtojrtHd » iy

t sfmils ddalsj demMdo desflsd o3 Mzsotsets dLi wWisdw
Hd dzOod3d € d ; SHAZOSCBE MtsrattOdzy jIsw oL di3sy dets s f) oz
mMosBtSH s tOLodo O h gz e Afisyjfdzddssyd ddL iawisd B
yd mdzj dgdets s dL tHdetsects BOMMi2dz0 ftedlswy jdedw o
nOtcOCIsjtcO® HJOBIdSd ydmdzj dedetsfylsd. 1 jted ¢ zdzv tedzr 2
Bscdkzls ttOME OYOIls! Cd.dzj 8B @flzq o Qlff ndizj digelzts s M dzz YO, ,
tejydBO wWodw jlsfw tojLbkd O3 ftesyj Mhss MOBts,
ZOdetsdzj j EMfjihdzr d@3 dBi - OdedL Bsdz EZf tcOo dzj degdw 1 € Mt
sjSkh j2 vydfmdzj dzdzatisfigds d yds@®Bd o3 s s OHOZO o B OMf
H dzORd S d .

[ sfistse j todatsfiyls - 2Oz yder - sty ugd®d §tsetp Shd
O j &3OIsdyj MS d = 9" C ZOHC d ftjsBteOL 50 Odzd?;
BsHj dzdtetso Odzed j 3. v stojtsefdz@fMpS af@dzr o " fg tsH B s dznh
ftosOdzOdzd L qtetso Odgdz" » dzdlsj tcOlskztedzr » dMmlstsyded € 59 .

OftetsBOYdY. tOpddody | ftdsyjddY d jiLbkzd kO
sB Mz HOdzd fy! O MmdzjHEE N dA 2Ok ydzr - CsdaW j toj day
CdeW jtej dzyd» .¢cf OsEtiOES®. [BtOL o Odedj &, Xl
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B ¥ HEdZOtetsHdzr 3 EZyoOmlsdj d3 c1 dsWdL SO Mty dz =~ Mmd
dynamical systems applied to biology and natural sciences, DSABNS (Trento, Italy, 2020; Nap:
ltaly, 2019);Ci jLH BdsWdLdStse ¢ shdgap s@etsyd2,015019 ;1
dzO iz y dzO W Ctsdel § tod dzydw 1y BN HEZRZOGSHA dF EZYyOmls
L Ctsdzseddés, (ROMOd 2007, [ PPABROROHRBOW CsdaW J tod
Bddztcedw dROHE®ORdW @tz d dzts, ), MatHeMatical2Methddls and2Models in
Bi osciences (Biomath) (Bndl ewo, Pol and, 2-01¢
dzjlsdt OCOHJRBIJSCO “w.u8. Z29OttyO ¢cCCtsdzsedw d {1 o td
6th Intenational Wildlife and Game Management Symposium (Sofia, Bulgaria, 2018); Conferenc
new trends i n mat hemat i cal bi ol ogy (Barc
B A HEZdOtesSH A &3 ZyOfmisdy i3 cudztsydg' § MmdMmlsj " o L
2016, 2014); The International Society for Ecological Modelling Global (Jeju, Korea, 2017)
Conferenceschool Dynamics, Bifurcations and Chaos (Nizhny Novgorod, Russia, 2014) 13
International Conference of Numerical Analysis and Applied Mathematics (RhGdesce, 2015);
[ I HERZOGESHd 2 Mj di3ddzOte ¢ f Olsj &3OIsdud MEdJ4 dBHJ dz
fsmowh jdadzese s f OBWISd oW Mhcstc® | Ols d3ditgds j docdzz!
2014); International Conference Models in Population Dynamics anddyc@&PDE) (Torino, Italy,
2014; Germany, 2013); Ecological Modelling for Ecosystem Sustainability in the context of Glob
Change (France, 2013) ; [ I HEdZOtSH dZOVw C sdaW § te
(1 BoGtsStetsSH, 2013) ; {-) 3 egdf dzOlsdzm @}’ dzls © &zts dzO § d
dmmdzj Hso Odzdw o &BOIj BBOISdyd MEts?2 1 Csdzsedd d OGTte
on Environmental Modelling and Software. Managing Resources of a Limited Planet, Sixth Bienn
Meeting (Leipzig, Gedmddg, dzaw0 1&pLk ydgQwy s sdaW
f tctsB dzj d3" tcj 6 dtsdz® dz! (detfetdss B tf @ o] Odids d ¥2;0 1 8 J ¢ ROAEGBdz' d
My B3 dz20tc B dzsH T 7 kEZyJ dzr -, Omf JtcOdzlstse d MiskH ] dz
l smles$(Q qtessBdHY Odg, ).2017, 2015, 2013

1 edzd C OB dBO ] tcd OO HIMMJ tlsOydd s B dzd ¢
slsj yj Mlse j dadz d LOtkBjyde" 7 Yy EtedOkzOR (29 dL ¢
gqdzH § S Mdtelzj d3" 9 Wi HEROGESHA = MdMks) ©zGBB t5ld Js d !
22.

11 11

[ du2kz 9 C ZOH (O bIstEizO.f tcd ZOH dzj Yy dls o' BBtc d3J IstsH
O0dzOdzd Isd yd MS d - d udfmdzj dzdzr ~ tcOmMyd stse, 0 dzO dzd L
fsMsOdetso €O tSIsSHjdz! dg" = L OHOVY; yomls: dmMmdzj Hts9 O
sts@ ts, O 9 ldete tic O B s Is O dats dzj 5B - BHJ BB f tots G tc O dzds
Hisf sdzded s j dz! dr o5 d dzflstelzd3j dalstsds Hdzv ftetso tsH d GBS ts

l t©OB®BISOn, o' fBdzdzj dedz' = ©® MBsOoslststeMmise § , Qo
fezpddCOoydwa (AtdmMdiGalise Of | o2Z@E7TOW 2R QL0  jokzyf
A tod 30 dz, 2008; ANted Md3Odz d Meteroya Frishah @012 1202 0t 5 9
mdzj B s totsf, ANed dsBdzticts B0 IcOL tc OB tsls Odzts  ff tots 6 te O dzdzd
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o' ydmdzdilsj dz dz" = N Hisef Ry tasBo B fisdgtse d uj M¢ 52 dd
Il (Atedmd3©Odz d Hte. |, 2010,; A tcddm d30-de, Nevgmpaanfzeyudskaya,
2011) OQolststclz JtoeddzOHdzi Y dIls dMmdzj Hise Odzd § BB H J
fsflzdayydd ¢ M dwiag dizy o Code! i dogsts ls - H j BBtSE e OW
yd mdzj dedetsls d . J dmmdzj Hse OdzedW » (s ZdzOC 59, 149y
20170B; tJdokytow, 1 jodJtttsa®, AtedmdzOdz, 2018) 0Ools
d ftddvlsts Eyomise? ddsjdusfdusjclfapjdnt § sdziz uj dzdz’ =
f sfmowh j dzdz" = BtsH j dzd tets o Odzad ¥ HJd dzOodd ¢ d f st 2dzv y
dMmfdzy Hise Oded s W J detsd3y dzO M dz' 6 3y BO HJdOB] S d
ANedfmdzOdz d Hte. |, 2014, 20 B RO dg, z dZOE Isk;, R rjiog reasre
2016, Neverova, Kul akov, Fri sman, 2019) Qo ls
yqdmdzj dedetsj d OdzOdzdIsduyd MS sy dMMdzj Hse Odzdj, O IsC
tcOBtslsORr ( Neverovman,Ya20V@&nkoHOdsd O, 14904ttt
rHOdzs 9 O, A tod idfpdz, NeDWEAL, ¢ v2ZEDR D9 ; A tod M d30 dz, r HOC
Neverova, Zhdanova, Frisman, 2020) Qolsstclz
tcOL tcOB tsls ¢ A Cf-atcdigEdips yd mozj dedzts § dimmdzj Hs9 O
BdBsdzsedud Méts?2 ddzlsjeftejlsOydd tjL bkzdz IsOIstse . 1
ftesdyr Mzseo sets dLi wWisdw dzO tjydd3r HJddzOd3d ¢ d dzd o3q
A tod ) d30 dz, 206 0v20ET; aNey 2018) Oolbtstkz f{tcd dzOl
dr OdzOdzdlsduyd MSEsy d udmdzj dzdzsj dfMmMmdzj Hse Odzd §
tcjLEzdz sOIsses. | ydedzj tcOBBIS, dimmdzj Hize b J &3 o dz("
HJdZOBdSCE o Bdz?®ded? 1 (adgetcetse O, A o d fn d30 dz, 2016,
Z dzs W 30 dz, 2019) OQolststclz ftoeddzOHdzj ¥ dIs 0OdzOdzd Isd 4
9" f sdzdzj dz W H 9" ydmdzdlsj dz' dzr = LSt Jtod d&3j dzlsts e
dodzls j @ ded Isf sz yj dedzdo » t6j L Zdz' IsOIsts

[BIl jd3 d MistezCliztg@ Mind g Pyld®ydnds.Mistsdls dL 9 ¢
L OC dzs ygj ded v . t OB 5293 ) Idia QUi Q2O ®IED  dzts f d i) deER& |
d dzdzs MisteOYyd?2 r.d Y didrm@stdzddgd Is J tc 868 bzl Jadssoo ety @ Jlf) J to Is
H 5§ tsdzdaf dztisy Jf ded 4 .
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17¢1¢ 1 wfr1¢ rrRUOGfRY[LEHSRM ([ rRI{SJ] T [R
1 {YUufcARCM & J [Vt deUu 1 B Uit ULsuLT [

[ R
B
o[ 20 RHUGIR[ P21 JuU? R JU[PUuRtrrRrRI1JuU:

{SterIsdj ydqeédduimédnas d ~OBSBJUiMSdn t6ixd
Bddtsedud MEdrs flzdvydll97¢;Rayc k d9,741989867zO0t¢
1983) HOMs dtse" 2 d@fkzd i dhmMdzj Hse Oddw d fttdt
tcOLoadIsdJ BOIsted ydzr - Igsie jL9G, 21948f Lisffolatdhy y dl™ 6 § , 9
| seW jlIs, 1978; | se W jos@, 12000017) [{fosisoitgdsy, j Isi jidi
dmmdzj Hs9 Ols! sdzr d L dzOyJdzedy otsL teOMlsdzs?2 Mmistelz €
Lotsdzt ydd 6t zdzv ydtsdzdzts?2 vy dLebaethn &6 fiksod Kobijkhans1999)n g <
1 OdB tsdzj § ot J yOlsdzv ¥ hgf@dls M H JHOL dzds§drL J LWWj e
ftosweodwe h djmw 24 ) ftoesfilsj 2h dn BSHj dzv - i
ftoj HMIsOo dzj dedets?2 ofMjets HokddW oL tcOMlsdy i3 ctelzf
1988; AtdmdzOdz, S 0O0dzj ysow, 1,994 Htptg HUSHoY L Swiss {f

) H O dzdzts 2 G dzOo j ftcso SH dIsmw dimmdzj H 59 Odzd J
yd mdzj dedetsmisd MmlstckzCsktcdteso Odadets? 5 oL tcOMlskz 1t
ftoj HdzEY Jdzdz" = © ©OBBISOR (ZOfdtets, 19Q@ &j y @, d3
slsdzduydy b ftwjHh iMook hdan tOBTSIS, 9 C(tbtster n
9" YdoOj dissMmlis! sftcj H] dzJ dzgdzse s oL tOMisdesets ¢ dzO
ud fmdzj dzdetsls: eofj?2 §sflzdyydd), LHJM O dOHdH Ofjtal
dizdo " ¥ do OJ ditsfylsd Weodzwe lsiw WlkdSydw di3d udmdzj dedzt
fcsMisOdzsoa C O L OHOYd o fodzdtsd adHj HB Mdr Gt
ftotsfdzj Hdls! SOy Mise j dzdzze € Otels d dzlz ff cferj d3 jatRj@EEfHj 2z d
(Myj &zOtcdd fjtojrtsHse s EmMbs2ydeots?2 HJBOR]SJ
~nOBlsdUud Mcdd3 iy dkOod) o LOsdMmdBsmisd sls odH
ddzls j dzZlmdo detsisd CtsdgS ktcj dzZlsdesets HOo dzj dedvw Ho kA
o ded d3Odzdf § kZHJdzvwjlkMmw dLizyjded® oL d@sydshisd M.
HJdZOBdC O Clsster o sy jls Br sy tsfdMOdzO  tsH tsB dz'



14

1.1 dfr19d rrRUOfRY[HSRM [ RIJ]T 1T 1T [YU]CA
g sdtduvsrRf rrRYVI113f ARSI

ANdZECIsEOydd ydmdzj dzdesfigls Mz € fstsfsis & dz3d 31 d a dzi dzdz'
By ZCdr Bz SsfdlsOe hdrn, ftooHsd O ls MisOo Ols! Mw
L Ctsdzsedyud MSdr W j desd3j detso . RMMdzj Hise Odzd v , f sMme
Ct5dzj BOIj dz' dz" 5 tef y dBOB HJHRBIGY, udfdgi] Islzdzts fiplinds
dimststedes . [Hd&ZO dL fjtern tOBtls, o C(Bltes?2 B' d
fsfzdzvyd?2 d o' wedzj dets dOdzd ydd yd¢<¢ dzd yd mS defton,d L
1924) . S ZOMmistswh j d@gz o toj o3 tfidd dzvey d & dzdz B) Baf2§ [t dz
LdzOydlsj dz' dzr 2 Bl jd3 dqdeW sted3Oydd 65 §sflzdvydised
Bl wipdgws h dn dBj mr OdedL d3F WdzECIskdtelkzes h jets 50 jHJC
godtej qJo, | s@umsyjNsbet 1DIB;An8hausti Ginzburg 1998; Ginzburg Colyvan
2004;Krebs 2013). [JHdOSCt dzd BHdO dL f§toj Hdztsy j deds -
Il mMdzj umlseady {1 Itsets, dhMmdzijHtseo Oddw, f§sMmewh jdzdz J
fesfdzvyd?2, ftosHtsd) OtlsjeveElso @] JzBS 6B dze datlzf Is

JHdddZ dL dz2OdBtsdz j tcOMftesMmistcOdzj dzdz" = f SH R tSH
Ctsdzj BOdzd2 wWodzwjlsfmw Isj sted WL OpQdistaiCevlz day jycf l dzw (ytfdc
godteddo, | sKreby 2043; Lack, 91958; Boer, Reddingus, 1996) . [ 4 2f
sctesf@dets] SCdzdyj Mlsoats dmMmdzi H59-OP Y dZfT RO W d tc =@ iz Hzw
shdztse sf sdzOc O h 2 d3d = Odzd L o3, Colstster 2 9dJHII €
Hastings 1992; Dennis Taper 1994; Boer, Reddingius, 1996)chausti, Ginzburg, 19984ansen
StensethHenttonen 1999; AttdmMd3©dz, [ OMmls, [ OL kIs¢ ddz ¢ IR0 1
fowL Odzs ) Ibjd, ubt fwtsyjmhnr MHodkstjckzdyydd (|
fdtedsHdud MCda dL d3j dzj digd ddzts iQls df dzj datigist Qetisdy'ls¢ | difls O
ejLCsy f OH j dzd J o MmMddzz fjtej 2§ dzslsdzj dzad v . ¢ dzj H
f s zdzvoyldivsse ) CsteslsCdd3 Y dL dgj deder &5 yd € dzts &3, dz0
w9 dzw B Isfypw 3T " j o d Hedz" j dz@afels Yz dz'fnls § f § dzd Mo w L Odg
fslsjdydodzsdy smMsej2. s0O0¢ fftcOo ddzts, B3rhjoeodHdz §
mMetstsMis! ¥ ttsfisO, ColsstcOY dBsy s bkd3j dz2 M Ols+ Mmw
ftesyj MMOdd Oelstste] ¢ lzdz¥ ylddyj datsds o @pzEBE] Lnds'tc | fndgisle
yqdmdzj dedetsfmlsd d3r h joadHdzr » Gt L zdetse slsdzd yoOe Isfypw  f
YdtedL dddddlsdetso Odzedy Y HO] B3sfisd (v Jjtedzw oG d?2
2013).
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H Hickzets?2 Mt dz | o dzf wzg | MY tzf) & szdzB He
fsfzdzw ydtsdeder | WS EZOYydd, fHtodyj B dOMmlstsd ¢t
yd mdzj dedetsisd, o Istsds ydimdzy otL dedCdetso jdadw ddzd
Ylsts d3j n Oded L a3 f dzslsdesisdzs 2 y@Mms ety d d ¢ dzg d3 @O
Bsckls SCOLT 90! oddwdd) dO wGedddj S$ttedksse' A
sfdzOB dzj dzd ¥ , dzdets ko jdzd yj ded ©®o cpfiidgrin Mt O 15 s tdf iz
fsfzdzvydd. v0O¢ o cetH' B dddqydW duih@ tejdbkdstdd o zds
tejLEzdz sOIs ftesdmMratsHdls ttsMmls ydmdzj dzdetsmilsd ¢ st
fsfezdzvydd. R, &ZOBBGEKls, o dj ks O02dzr §j ctsHr ¢
Ybsts o jHil ¢ LOfEMCE {§totsy] frifffddpte thir@sdgis toyj defrizidg W dzpdtiin
MewrLd M 1Ikddz Mmikh jMmMseakzjls yj dztsj O tcOo dzj dzd j ,
WOCIststetso dz0@ yd ¢ dzdHanskinet da. * 1998; i almtudief &l. [z2008; EImhagenet al.,
2011; Korpela et al. , 2013) . ] wis d A0 daPigfg dz i Hottzer g  dzj st
Cdzy BOded W yd mdzj dzdztsls d , dets d WwWods § HjtejnmtSHT
10detsdzy § “wtecddd ftedd3 eOd3d fMmdsj dz HJdzOBd U MS dn
fsfzdv ydw e dzj isBd dze © KquLudlatdl. s, o r2,0 ON8a | oWh i 2020, 8 ;2 0 1 !
fsdzjos¢ (Henttonen, é&vall,] g2@h3) .2010@d yJCdz,r nfutb d ¢
Hs Mdr ot Issydets dzj dL o Misde .

sz dzlz toj y d s o HdgdOBdSd foLeotdvels sfdmre
BsH | zdickyspad@» h dj dBzdz' sdMmilsOB ddz' desfls CsltstcO
Bz MCsdz $da kMks2yder i OkktOCltstese, SOYHT 2 (I
sO¢ d dgj Stslstster &3 ftojHjdz dgr &3 ftedlswedoOsh ddg d3da
dslse j Isfijdsjotgdgedets ¢ dGzz dz! Isd Mis OB d dz' detsmils! € o H O dzdzts
L OB dzzy H j ded § , d, dzO0 dzOh oL GdzvwH, Hdzwv slsteOy j d
sBi jCIOR (tOLde j HddOBdYiMSdj tojyddr ydfmdzj dac
Emdzse d2 ) , dassdijny sdz siso Ols! dztso 5  sualilsHl | Isc didzisi
Yls ts dzOB dz¥ HOj BOW ) ftcdtetsH j fmd3d dzO HddzO dzd y
Bzdz Isdte ) d izgdesmis & | fsmMSsd Ck BsHdW Jydtelzs n j |
cOMmMd3OIsted o Ols' , o YOdis dzz®ig@dz’ &OLF Hfipz s T Oyt tod
detso " 2 HJdOBd Ul MUGHwENEd, o ©OB G| k({ sA3apPdair
oL i3 desMisd fJted € dzs yd dedw Bi N HE te OL dzd ydz' d3d
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IStej mdzj sdzd d3 Ctsdzj BOdzdw s o tsL tg®Oy gztieo FBWAY ,ddL LMt
mMtstsls o j Is f)lsHooldz oh dg j€dwtetf jd Od@fdgdds. 2 Isj stejIsdyudi MSd2 toj L
SlsteOx jdedd o GtdtetsHj, O d 3gzamatizs HP jdisifiice iz folsddadts
Ctsdzy BOdzd 2 ydmdzj dzdetsmilsd € (Indbasgtis @ryzitricgd X898; Kiebs,dAD18B
ANed mMdsOdz, [ OMmls, [ OLELSdd,, 2010; rdeOd M&d2, 2

g4 tissd L dzOyj dspzOm@H P izl P izO0 {fdts jdrgi s z & h
BdWEtcSC®ya@dc Ot Isqw o ¢ dzzs ! tsB dzOMlis d 5) dzj( 7 friffldn&Rdzi=ts ©
odHdes, ftd BtSdzr hdrm |} dOBd&sE HOJjIsMw Mmsmizh §j Misio 5o
tcjLEd Ol ftslsjtced EkMmlsts?2 ydjpfisds dif telz] fis e de@ Odiz dats 5 X
M fitedsH @B ad&]d 4z (Ol BYd Q) qMeAjets) H Oj Bsmls!
ftej dgzh j Mise j dzdets tscttOdzd ydo 04 Isfmw yd fdzd eefiztsidnts
ffglzh j Mis o3spddedq M EkMists2 ydf o fr)lskd detOe didssy W Med Mt Btz ) d

p=65 Vv=0.1 x~=»=5

a4y

I dmMzd8s§ dilzO0d3d ud M dr toj d dif te dndii®Ljdisf yde'ls L}deO U J
ydMdzOdBd SeBL 2Oy d H dzd 82 © QuOs gt HiQS @ SH dydi@
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rddzodsd wi S dJ te %4 By to s & F\PHF+2g+)( 3 +

]l HOdgdesdz3 Mz yO,j dzjlstedo JOdz' detsy tOo dgtso j Md J
lted fjtejrttH] yYdtejL BdWEZttCOydodadzzs ctcOdza Q¥ tc@
o tB&OMIkd CoOLdfjtedHdUd MEB2 HdOBISd oL ded €
d -BdSdz wodwjlsfpw tojLEzdz sOsds ¢ OMOIsj dz' dats 2 B (
f OtcORjdsyaffodz Bsy jls L OR 9 Ols' 9 Ols! WtcOc d&3j dals* 5B O
tcQo dztso j ipd W . AOSIsdyj mMSd fO0LOdjIstedyj MEs f tots
Mzsd. " 2 jigdes? ftoj HMisOodzw jIs MtsBs2 tsB d&ZOMIs! ZMmls
BdWEteC Oydd o tlsmikzlsmMiseadi vykeflsadlsj dz@ desisd H(
(LOYtsdzdzw j Is oM f totMmMisitclOszmisd &Sdz. H dzdbdrtcts? ddzls@ 5 B
ykzodlspdz' desmisd € dzOyOdz desdzz  ff tod B dzd 3 J dzd 8-y i§ dz@
(LOY tsdzdgV j Is yOfmls! fOteOd3j stedyj MEBsets ff totslstec Odafmls
jets fsmdjHizshdid BdW¥ztStoydwdd (OSYj L Of tsdd
4 dzjeH@sls j dz' dzts, COtlslz ofpjotL d3dtsy dz' n Hd dzOdBd ud M¢S
ZOdzsy do o fyj Mmdztsd. [JHAZOCts HkY Ctdftejlsdsets
tcjyddiise ftejHMlsOQodzw jIs MseBs?2 Mool lkzf dsmis! MmMtshlis
mMizsw My B@® GJtodlswy jdedW) ® Htokze?2. lted 1Issd
ZOYyOdz! dgf 7 Effdzse dwr HtesHtsdy O ls Mikzh jMlseose Ols! ¢
ftodedzdy jdedj dzj 5§ Odzts. [ dzv OdzOdzdL O HJdzOdid Y
COtels™  HfU@B] i eddatal ¢ fdtctse O dathtpds(eda@ffiindzamsk)s df .

p=18 v=0.1 %=X%=5 a,=0.5 v=0.1 X%=%=5 pP=18 v=0 X%=)=5
i Tl T yip 50 (W 7

a, (=

0 P 5 0 a, 50

{ dikzdeE s Okls"™ Hd dzOB3d W JdisHd Azdte J(wffiggd®@dsd 5B 5L dz0 Y
OB dz¥ H O] d3" Ci B pdsSiscitzugj, M S O QT & af GaOdRE £ O 5H g yj M§ O

{ M dmbslskOy Qilks Mty Mdlkzoyds : B d&OMs! wds
CjLECOMO) | &z des?2 Bd¥ kS Oydd, d&jyxdls fsojn
COo dztso jfd™ d jcets BdWbkweSOyd?2 6 Hobkd Myj Ok
Emdzseo d2 sy jIs dzQd Szezn Bldzd v Isiixfdg syd mdzy Jjets BdWk
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toJ Y d dsts o i 5@ dzdelzdRd3. tc jtoBlZ d2'frjst@®ilgj Is § jtoj = tSH sls ¢ tsd
fesflzdyydd ¢ WdhkkzSlkzOydvwias, df tkdidofizd S azdie @ dzdg'y s
190) . [Hdzso o] 3] dzflzels 2 f s B dz@figids do ff Oe O B4 Is te dar| jpdn € ¢
tojLbkd O] COMOIj dz' des?2 BdWEteSOYdd Wtstedzsdtolzj Is
fsojten tBd&OMIsd yYyd¢ &0 Hddd 3, kdndsdeR W@y tilsds g0
stsy¢ d, Is. j . L H glzfg o tc jodgiL ddsliss)jdzs A j Miseo so Oded j T Iste
shEspsiad @ iz § o I P A (PO Mz EgsS 1 Ok s d s,
ftosMmistcOdzmlis o j HOdzdets?2 BsHjdzd oL d2dCO8ls HO O f
tojLkd sOIsj BdWWtch PomdteH G0 o @& juaflds dsXIsj ¢ OMOIsj dz
10 ftejHj OB B dZOMIsd EMlss2 ydetsmisd MlsOydisc
fMsmizh j Misoso Odzdd Istejn HJOBRYHLRHU] ( o) FdED]s
dzj dzz dzj o sSGts tcOo dztso j B Y dzef Edéff) dzdz@te i j L AsjzO dzfy dzr 2
(tdfzdsY. 1MmOLOCIjtd 2 odH fOfinY P disa H dfQakisy xf
iy dddse ftoj HMNsOd@zj dz d&zO t dfmMkdCj 1.

a=218 a,=05 p=18 v=0lI a=225 a,=05 p=18 v=0.1 a,=26.5 a,=05 p=18 v=01

10 ¢ Xg 10 0 Xo 10
t diizdi8iks A 2 d" G tod s )i dffwd .dis+ij8dzd (1.
Yy d MdzOd3d dzB S daPdg’j dzOB dzé HOJ 3" = yYd & dzts

1HifEMtsB s fted d&3d yOlsj dz! dzts HJ dzd dzd § OB LsEdsy ity c
yqC dsed 4, (omiod Ck ndv sfbdYyyd2 &jeSdn ¢t
Hdzdder 4. ri2fMmbsadljd ds, o f§todtc®HHEE dus’ oz Bd
ftsdzj o 5C Cletoriomo@ys ( 5B d s O% h d5 o dzj skkdHtej d MJ
I 5ZOLSsdSd) ROOSkjtd f§jtdsHduymSdj iqL dgjdziz
Ctsdzj BOUH@Rdz" o MC g2, [ OLElsCddz 2004) ogj ezizted & Mg
fsfkdyydd oHWdds?2 Ctr M lB8dd0 iz nusClsseinsbgs | 1
o] Hdsy j dzdzO" BsHj d ftod daj Sslstster o L dzOyJ dzd ™ A
HjBsdhstediekzjls Mshkh jMisoso Odedj yYqC dzse Hdddr 4
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1.2 trrrfgfrer P L1 U CARR & 1t JuufBs 1110
gvtuvosvsuf s 1TtR 161/ RYLZIM URI §MIRMREIY BHU
ttd1vf cARR tJHouvd YRE[[11JHUR

{Hdd Bf SHrtSHEBSe HdV g dDdd &0 Qufdirdzj dedztslsd o
dzd zdIsdtckzs h dn WOCItstots o d odzzlsted o qHdsjode@e CWs@ET
sctcOdzd ydo 0 h dn tetsfmls, fCdsysdzte f lis'Hs  BYf t8A] Iztdz)v QadfdfL ts
MBdzH jRattkee ( 1953) d [ OO ( Moran, 1950, 1962)
Hy BscteOW dyd MS d dizd f OtcOd3j Istc O3] B dzts figlitstdstsiztstn Is
tej clzdzv ydw) . 18 Mmdtsdy §SQus®dzta g fdzj dzdastipist 5 of Asdf gy y
YydtejL LOeadMmddsmis! tsyHOJ &3sMis dBirchdzd 1 9632 Jols dais B ¢
oj ddud ddd §dasiksdshmisd §sfbkzdYydd jifuedetHzls 0¢ die
Zdgi dz' " jdede L OfOfmMtse Ydhd ddzd Htekzedra t MEztemtse
MdMmisj B3] MOBBSEK] ¢ Zd@ytddids) ' ls pOEafids Btcd Odz! dz' d3 5o
d dztf)ls to-f O filpHcdE 3 O 5, v DT 786 ) OB IS ) ( BiestvOarQdztsl 9 6U7ls |
f dzslsdesmisd o f i Btk JHdyrsk O azlz ¢ tcjeckdzdtelzs h 28
~dhdzd € d, O LdOyjdedj 4 OtcOLdltses MlsOdeso dlsmw B s
f s 2dzv yd dOncadynedsdnerkac s fls § dztsls detsmisd N jodfe s H dfldzj € Is
Bts dzsaififdzj H R Y Pl didddzd C s (J o hdidzdidsed 1J9 & DY s st ts d3,
sls f dzslsdesmisd, wodzwjlsmw dzgjro0OISCO gdhd (Lack,
WOCIs GitcitsWizl j CIlsdefdfrQc Ols Hdzw  dL zyd dzeded yif 5 s dgy sk e |
SeteOdzd g ded ¥ B3d , dEDE Z@BL o QL s BdeOdzd yd 4 d3 ¢ B GBO,

RMMdzj HEj] BOVY o tOBRWBH | KD dzdgisdsts otg Bimlspdz@ Is Mmd Is
Bsyjls Brils! ftej HMIsOo dzj dz2O & dzOyYOziz bstfudetism Isidzts 6
oL tOMIsde 7 € dZOMMtse: dBEZOHL jets, oCdzg yoOsh jets dal
dL Mt j 2, ZyOfmlseoze h da o tOL @Bdesy jdedd. Y tejHY
Holzdzw Y tsMmozj Hs9 Olsj dz' dzf s f j ted SH Od3dd Wic O fipigriptg) 2] deg
oBLiIOMISO Hts ftdseotLtcj dzsdts MisMilsHst dzif)s fls OV dadtyve |
oL tcOMIsO. Il T yde O dissmls d wdftesHbkzCIsdo dzOvY MY ts
otLtcOMIsO, Ists jMmls! lskzlsMmisokzsls o fnr gz dtce
[ dMOdzdzO" MdlszOydw R OtOSCIsjtedzO HdzW tstcc Oded L Bis:
HolOted  jtedtsHO tOL d3detsy jJdzdv. 1 teddZj eOdsd dBsckzls MM
z0o OO, Ctstwsh CO d Htc. )d |Ogscdd)ils ldead@hqjvC & B OM,5, H €
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d H. , 1988; Atod Mdz@dz, Is OE N Qdzj @) S HOW 3Azj1OWOUJ Is O h
ZOftcdd3j 6 L OWY, Ctdsdst, dstO, JjdtslstsesdHddOw
lted EmMdzsedd, Yylsts dz20 tw©OLodlsdi 1§ s mddoydidd d3
WOCktktcOo dzgj dzedWv HJdZOBdSd ydfmdzj dzdzsfylsd Holkzm o tsL
odH (AtedmMd3OdzJd JHsts.o,Bristhdl Wé&letoyaRevutskaya2011)
i'éXn+1 = (X1 Yn) Yn |
i Yo = S0 Yo ) X, + V(X0 Yo) Vi
GHYT udmdzj dzdztsfyls!  RdzOH " j & tsy T ayts[Lintel) fgsiztstindsts  nde@ftpfh) Q
CizOMmMmO, MsMisQo dzw s h jets toj ff to =+ LEIR] otedzlztf | to@sfml©
ax,y) T W kzdS ydw, ~nOOCIsjtedL s h OW L O dMmd dizssmls! tc ts
C zOMmislovxy) T W z2dzS ydd, wsftejHjdvehrdj L Osdihddtihds!
fsdzsosLtcj dzr n GMtsBj2 Bl Mtsslse jlsMlsekze h da ydmdzj
ltej HY BdzOG OJ Ismwa(x,y), w8, d Wxg)dzt dpf detsIstsdzdzts k2B 9 OF |
dzlz dz¢ ftcd BJMEBdz] ydesdz oL tcOMisOdzedd SCOYHBEB
f dztsls dzts WQIp dfth) d d3ts§  dzd B¢k b & © s o\Ofidylcp) dedzts fiplsdd] v B S8 2 devisy
fsMitsd S ttOMmMdzOtcdo Oj sy L sdzdtetseo OdzdzOW ff s L
Otej Odz, f dzslsdetsfylss dzOMm4 dzj dedv ( ud mMdzj dedzts s+  dzO
(d o {tlktsda M Mdzj dzf) dzdets pt$ i3 Y d4OEfls W dnfdzj dzdzt
ftoesf steyd sdzOdz! dz@ 3 ko j dzd yd ded j d3  dztslsdetsmisd dzOm4 d
fiste-pifilpn tetsds ( 1)ONsted OB dr o dltsej ¢ § OHJ ded®
t OmMMisslstedds d MteOo dzg dfj elzd g2O iy ¢ B = f W MIs d
(1.10) C€OYHT'2 dL Sttt n Mistsls ondsdEds) jHddzvyfdtefj H j dzg
Zzd Bdlsdekze h dj WOCIkBtr esmMisO ydmdzj dzdztsyilsd
smtse §f 8¢ & dzs(x,JnFs= const v(X,, y,)=Vv= const
H j 2offly zd Z3d stz h d =~ WOCIktstetso Mtsmtej HSIsBY
o 5L tc OMls datsagxts yn) € adz Gofmshv,, yn)=Vv= const
zd B Isdtclzes h d J WOCIster tetsfls © yd mdzj dedets mls
tej ftesHEzCIsdo dzts?  alQsa cdns Y0 g« s dorfst
ANzdzC ydd, ~rOtOCIsjtedL ¥ hdj L Ooafdffvdsts sy d fdzp@a
oL tcOMIsdzr = C dzOMMtse fsflkzdvydd, orBtOde 6 0dz0
a(xy)=ak ™, s(xy)=s® HH, - v(xy)=val KO,
GHP@@0)i toj ftotsHZC Isd aydpO2z 1 tslif Jz@tey ) dv.d Ov€1) 1 f Ot O3 Is't
~nOtOCIsjtedL zshdj orfr ydoe OJj dstsfls B9 jdeddzt dzr m d L
Mssls e j Is,fitls odj ddizts 7 Ots@ Udls jj afjid m dztsylsd oL Hj2Misadw
fsdzso BSL t6j dzsG 5 o O td@shiEdsdaty clsdn ISCodzG M i @ s § dZS G 6 OW d .

(1.10)
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) s s dzsi@atabmddstsd s  tso Odzd j sy H Oj dBsMlsc

t sYHOJ] iidtsMmisod d Hitpesc (I dtsh ster | ~nOtcOCIsjtcdL kz¥ Isfy
MEssMmis! ¥ Odpisldnds®, Mded ¥ O4 sy 5 B ted ko dzdyd ded ™
wg dzw j Isfyw sdetso dz" oz - ey wozgz@d | df ety Hhj cts ¢
OCIldodetsmisd d bkd3gd dz h j dzd & f dzcHtsodlstsmisd Mhtse j 2
L EBtod sdetseo (1 Oy 5, 1975) . [ Odzdzts 2 MdlskzOydd MmMtstsls

eXM‘aQ/ @xp(-a &, - bQ/)
|, yrH_l_SCXn"'V@
1t fiteinsHi € B JL tcOsh)xafdpAy ditsintg jdi) dédge. 3H d Is
9odHE

(1.12)

€%, =1 &, @OC 7 &, - y,)

i Yo = %y VO,
GHrfasd Wb . 1 OwD&GKpOElsjtedLizjls tjfitesHizSIsdade 2
} 1T tlsdesfmdlsj dz! dzr 2 9 ¢ dzOH dB3dzOH N | 2 o tsL tcOMmls dygd?
otsmMftesdL o sH MSIDG 3] § B BEO] Gzdzs | dzj Istced o d Odz! dzats §
=s(r?v\r/+1)n1-rv’ :r-3r+1on1-rv
) Emdse dw & MkOrQifls sedv-O(dad+y ) / | .
Lilsts2yde siis: 13 J " Jsdede® H j (dzt' J s W L dzOyJ ded ¥ d3d

PHso dzj seostews h R kZtcOo dzj dad ®

(1.12)

<l

(1.13)

IR XA SR/ LR 1- (1+ (lh— 0.
%+r(1-v) 1-v V§ +r(1 v)%wV ro1-@em) o=

[ dzw dzOR 53 H j dgd W sB dzOfisd EkfMmlss2ydetsmlsd tjh"
dMytsd Lijlsmvw kise jteyHipadF 0 §BhddH kPO Gt c &
Jmzdplil<g<1l (zOfdws, [ kffse, 1983) .

] HOddesds Mz yoj

ra-v) .or
= dn -V, = v 1- (1+ (Ini
Py 1oy 1+r(1 v)%rv r-1-{dxm) o

fsi ssds cOdflgs? 54 az®ipbs d dz) § BIB)o iy s 2 H JlsdyES IS W(
Mtstslsdetsh § dzd v d3d

/=1:r=1-v, (1149

4= 0
/=-1:r=(1- v)expar F V- DA V) Q (1.15
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B e a-v)(r-rv+1)g
q=1(/=e? ). r=@1-v)e  STRRVICRY Q (1.16)

L 60Odd y0 B &OMd rslzfmBsd P ®hilsd M Edss dj
dptedo dOdz! dzgsets tOo dztso JMdw. 1ted JIuddfplydjdalg dizdaf
sjtewjls kEMss2ydetsmis:, d fwedwjlsmvw EkmMissWyds s

t OfmmBEsisted s dL 3j dzgj dedW tsB dZOMiIsd [ Mis WPiWde tsfipls
fosmistcOdals o ju j(wi,ddw It n dgj Bdzsy § dztf fipds i f©dgzf s dz?
f sdkzzydls! fodds] ftjHmlsOodjddj B L @A) dzddv
oL By d 7 MM On §olsjtd kMt yym® i ¢ dzs u G
Col WWdydjubds fsLotsdY jls tc0OMM s d Odsdzts 3j Eldsj & O.C

MOtOCIsjtedsr 2 odH 5B d&Q Mg dizd ¥ AOE WA 2Of Isd ¢ C &
btej e sdz dzd ¢ B2 i) O iy dzelizg { isdifiskz dfSQjtc Oldz| Is tc O,
orydo O0j dissMmis! MIlsOteh jes oL tcOMisdetse 5 @R Y, o st
dej B4 de¥ jls 4 W B3 d3Hl6)( fotc Ofdedtsyi ¢ fills dr) § Plc@HBHISEBo s
fl ¢ sttH (YO " "VAfvL), O0BfMydmMmMO (K2 ©OLH
Eflsts2 ydo sls /v d § s ¥ siyfslfsyddzdL 2j shw  § s
H0OC O, WNRHH) > I+ Myj dzOtedt A j 2 a2 @)kz BGO B dfstadC
fesmisj2h Ow BdW kS Oydwy ¢ tstcdLsdgiLtadsyidod dH oHE).A, e 2
56 teOded Y ded 2 fdBds Q@ Eifiize flzs f 5C OL Ol: , ylts OBy
CtoOdedld) (6).( 1f.tod ded BOjIs L dzOyj ded™ s 3/ 4 His 1.

120
(Pfv) ()

2+y
2y +p2
4

Py (v) =

() = (1-y)re ™

g=1
A=-1 20
A=1
0 P

XapaKkTepHBIH BU 0011aCTH yCTOHUNBOCTH 0 P 2.5

t d Mz ddsic{ BldzOMis: EMmMlss2 ydosmisd dzj Istcd ) Odz! dats c

1HiM! dzsedydzets o' Hjdzwe Isfqw  fydzj Hizs h o j O RO C
2) 3/ 4<y<1, 3) 3 O1 HRrisman Nptefua Revutskaig. , 2 021011;0 ; 1 4
dBOCEdiise, A Neipd3@elal., 2218)1 6 ;

1) @OY. 1 jtear 2 HJdOfOLBd LdzOyjdzd?2 4 OtOd3 Is
Emists?2 ydo smisd ts¢ a0 dicftauddedin) Is@n®.S fip s fids s o3 fHAftedgy LI
L dzOy g dzd 2 ff, OtecOlgj Istfet®f Zzdzv ydv EfMlss2 yde O ko j dzd yd ¢



31

ftesdLs2sd Istsd § Hysfted 3§ tzdgf &) Clipdetszy 2 7 OOC s j o
fdtedntH] | ®Blf teptBHH O] IsMY MHsWodjddJ BB ftejHJdz dz
ftod HOdz dzj 2" Jj &3 BEH Odzjsds] do @& fifigdsfestR oy f @ sMisd teO
SBLOLBO Oded j 3 o jM' GO Mzsyder & ftejrjd dr & flsekg

D
y

r p=0.1 , r p=0.5 707 p=0.95 ~ r10* p=0.99
A== / » 4 A=-1 A=-1
10 soph=e® 3 L5
i l=e*""’
5 10 z ’ i
1
A=l =1 A=1 A=1
0 v 0 v 1 0 v 1 0 v 1
r B=0
100
A=-1

50

0 v

t d bk AR BldzOfsd EkMlsts?2 ydo st j dzg 1 tc 6 H2H 1S gzokfatz€ S
f OLOBjvissshied WdSMdise Odede” & L dzOyj ded ¥ 7

I yjazsds, Edjdz hjddj w®BBYHOJBsMisd M twsMmistd
LWWjClsdoder d3 3j mn OdedL sz tej czdzdtetso Odzad W yd fidzj dae
HisfisOlstsydets fdzsy dgs ttec OdedL 5o Odzdz’ 7 € tsdzj B Odzd 2
BdztsH! 8, O dd3j dedets Mzdy j ded j sy HOj detsfylsd ) totsf
ftcdossHdls € Mmkh jMmise jdzdesdiz ko j dzd yJ dzd ® sB dzOMmls
ffzbydd (tWMzdsSislteY Efsts2ydotshisd ftesdmb sy gl
MEsted d, UJB Bjd "j OwLOR)Iste o' 3y do Of cBsmisd

1 0 t df)k3Sigid bAB.O4 (toj HMNlsOo dzj dzO B dW zte$ Oy 425 dadz
Hj Bsdziistedtelze h OW L Oo d nd Msfndzd dzd 6 j v J foelz fatzdzts fiy s frydf
Cdzoe® o j dzdyddze'r. { OEOKREBOHBBO HY sdzdzj dz20 ¢ f Sclste,
Mstslseo jIsMiso bzt s CtodeCtejIsder d3 L dzOyd dedwv a3 §f Ot Od3j Istc ©

[ dzZv o dLEZOdJL Oydd B kOMIsd toj ¢ckzdvtcdatse tsH j depvC
2O t MR 5j HIMIsOo dzj dz SOV S L dzOyj dzd?2 Mm@ Eh jc
GOL Bj tedzs s D)OIs IS " CCHshatenGN Y j § 5C OL Olsj dzd B dzd o
tcOL di3j tcdats fls ! OlstcOCIsstc® dZORBIBEEZOM! (1 §f & A eSTE i
skL dzj ysoe, 2001) . IdWEcC OydsdzgdzO" HJOGtOBBO d
1 sljtew bkmbs2ydosfmisd ftdosHdl § ftojHjd dskz
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HOdzj J dzOB dzt H O¥ Is fyw mMjtedd HjtojrtsHESS d dzo Oted Oc
OlstcOS ststese tcOL dzd Yydets?2 tOL Bj cdesmisd, o ¢ dzse yoOw O

MD Y]
24

N}i
D \ i r=333
1] s
5 {‘;' S

e g

=]

10 Y30

t d Mz dABIR L1d3] dzj dzd j teOL o) bt figls di lsORddd tg) GCtds @l A dats o
9 LOsdMmddsmisd s rL daOdulj xizefW O f dOmsdadig) vis teHOd O ¢ P dedgB 2
xBls § Oterdpjfis@.02=0d 1; AOL tso BsH J(AEFPIs tdfjtdsff tLOL dz'rm L

2) 3/ 490! o/ JPIOL s5dz2,C b isEfOs d Md ddsMisd |
f OtcORBj Istc® o' ydo Oj dizssMisd MIlsOwh jets oL tcOfiyls,dest ts
Coltster n felsjtew EMss2ydetsmisd fwOffiiitrdegls fo®mm
dzdBts My jjsdpwe sdzr " j L dOyyddlgd df skNl d 54 a6
f OcOd3] Istets 9, GHJy §Blsjw EEmMlsts?2 yde smisd Mmtsducds.o S
t dmMzdE2p d & dzts, Yysts fted fjtcjnrntH] §OttORIIO |
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Zflsts2 yd ol@ fyls dfy ts(tsls.o j Isdils o @@z otsB tc O f & d3,te ts iy ® dz'tsd o
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33
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Y Hjddj B §eydi(do . dcetssRo j Ismiso j dedzts, j fdzd o & dz
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oL dd ¢ Ojls dzdz sYEdgy@RaesnBOo dMd BsMisd s dgcy opg
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{ d Mk A8 BldzOMls ' Mk " Jyigl€ek®e Gdedv ©PL dzd ydz' 2v L 2Oy

SOC odHdas, tetsils vifi2Odg Hae @dz {hOYtcddidyj scsCzOMls d
Eflss? ydat&®d 3, MdjHse Olsj d dets, Lkd3jdg h j ded
fOLOi) sess, ftod SColsser i Mehikh jhMsekyls EMiss2y
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f OOk stetses, Meslse jlsiise 16 d Af tajoHjfiplsHOmE] jdz6dzQ@iz0 df fi
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ftcdoasHdls € jets Mmkyjdeds SlsdesmdIsj dz' dets tsB dZOMIs
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L dzOyd ded? St vwdydjdzstse o f Qe@d3p zgfof Y 1< wink daffte
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BdWECOyYydd, fted fiteinatH] UJinydswBistclsy B Bisd
ZOYOd dF & bkfdsd by fGda] jfedojrnkzls ¢ fMkoydts
slsdsjlsqls! , vyt yjd Bd "j LdOyjddi SsLW¥W¥dydjc
ftod BHddr d Iin XNJ rq dzOpitddf BONMNHOERBY tsElse X j ded v
tedhjddv, LCOsBRadfldEcy Mstej Bdlsmw L O-oOldls! o

1 dztsIs desin@alzbmdedzsisd s tetso Odzedj o' 3 o O dstsmisd

Ftezedds ©WOMfesmisteOdzj dede’ d3 BHE BegHREd cefs D
WodzW jIsfw  EZd&gjdz " jdedj o' xdo Of dis k) dztsim) dfiftsiististds e
[lsd3j Isd dgazbyl®O® HobkrotL tOMIsdzs? dsHjdzd ftd § dsls
BEZOHh dr otLtOMIstse dqLbkyjdz Htso sdz' dzes Bhdztse Ols j dz
1988; AtedmdzOdz, « SdQ@dzmiduwpSiae'j, dzizldAdUe4B)Is7 ] s+ =@ Plsiatity ¢ oy )
BsHjdzio) ,( LS SEHO of ydoOj di3sMmlis: BsdzsH d  dzd dzj 2 dzts
yd mdzj dedets s g ts d3az®w &6 O ) Is dzts[GHEZOE 2O iy dsdese d = X d ®
BsdzsHd tftejHjdzVvjlsmw dzj stsdz? €t (d daj fMmls s Hz! ¢
ud mdzj dedztsfmisd oL tetsmdzr = e § 2. SteO2dzd 3 Mmdzlz yO 4
dzj S tslstster » o dHBO to' B) , CsSEHO oLtetsfdzr j GMtse
mded y OW jids MO &3 ydmdzj dedetsils! Mmotsdr § 6§ kzdvyc-
feddsi 6 L OoadMddsmisd o yde Oj BsMmisd fodf dzsHO ©ls
fsfzdzvyd?2 ftdjost, tBdlOshdas dO Mjeojtj o< Oda
sftcjHjdvehjj Jet o' xdeOj didsmlis! | mMizh j Mise § dzdzsts
s 2?2 d fOHOJI ML PjHES Jupd ROdzth] Ggzggmse > dL dzj HJ
Bjted @3 dzdetsmisd d dzOSC Is Oy dnzhaystigsbjrgPedinse d2 + WW¥W jCls)

LtcOo dzj ded W HdgdzOdsd S d §tsfbkzdvydd, tcd czdzw ydqw
fded % § dzd v wffadfo@pdssHd, dJdie*ls oadH (1Jojtesa O,
Frisman NeverovaRevutskaya2011)

e X =ady,
[ Vou =S@0( 2 &, - £G,) G, +v0,

[ BH§ dA7) (flted L Od3j dejAYtkg teshBiVyjmdedsH Isthw ¢ o dHE

e X =1 Gy

[ Yo = X, @€ X, - 903,) +v 0y,
GHJjr=as n OtcOCIsjtedL zj Is toj ftetsHEZS Isd o dzo b Uif tf l<Djteddyiz]j Gk
s dmr o Of dzls[j2 dzfy ] deqlakdilisd tetso Odzd™ o' Y do O dB3tsMisd d3dzO
Muib fdzceatLtcjdz » Mt j2 d MOBtsdd iidlsdtetse Odzd W
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t Hd dzMlse j dedetsy dzj dzzdzj o 5 MIs OB s dzOtedetsy tej M j dac
X:r:-glnl-r\/’y:r-ll-gqhil.-r\/ (1.19)
fzh § Misoe 2Jitsd (aely
visgd BMmis 1 Istse s tej h j ded W stftcd HJ dzw j Ismw
EHsodzj sostews h dn R OOCIsjtedmisdud ME sz kteOo dzj dzd
(118).1 dW 2t C Oy d sdede’ § dzd dfsddzOErfiipts ts Bd G & M f9), 16 PH Ozt
mMzj HEs h dd3 BBtLOL 5A3:

/=1:r=1-v, (2.20
/[ =-1: g:r%l- v)Inr+2vg/gé1- v)In LA 2vg, (1.22)
C 1-v ¢ 1-v +
q=1(/=€’)g=—" %1-vin " +v- 28 (1.22)
2-vg 1-v =

L0k y0 B &OMsd r=lviesd e Bfisd M bhdse dj
Bjlstedo JOd desets Oodetso jMdw. Ytod jJj §4tej Mmiujded
Isjtewjls Emlsts2yde smlis! d f(sYody fdsfv M Qs e 3 dePlacHz
fosdMosHdls keOdnNCtdsduyj MSOY Bdi¥keCOydw, o
Zflsts2 yddtsfplsgSs) M S s sw#EEh s odp{t-@e/(2-v)} § j tej i ¢ O
dzq dzd d21) ( 1d 22 (,1 .odsL dzd BEWES Oyd» CEOL &j wdztsmlsd

1 0Oj stedud MEd2 fYtistej s 200 lBA B3] Hizj esMB O dzdzdatde dgq
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sOC odHdts, tetsmks L dOyjdd?2 §OO®jlstcd, = O
p 5Oz s € d&ZzOMMO, fcdotsHdl € fkh jflse j dzdes dsl
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400G jt0O, OS¢ d wyYjtjL SOMSOH BWELSOYd?2 bkHots
dzd Bd Is d s otdXxsizdH O § dssMisd W o dzw j Isfw e tef LtaBs dets ) st fip f fiy
esMistsds St Wi dydj dzels O otz y PgasNs i) ® Jf dsts I B § & dzv y
cdBdzj s (kM2 ydets Isted a>diofpd figse) difaHoddiss odedn ddg o, ts jYf
toj h j ded jH dfzO dfyfl€@B d dzd L Jtelz j Isfpw . [ Odz! dzgj 2h 2 tisfmlis
otsL dzd ¢ dztse § dzd & HokrcetsHdyds n Ctsdzj B Odzd 2, Ctslstst
OB dzs HOjIsfqw ff jtoj nsB2 CHE&ROBdY j tcdtsHd yj MEC

{bBjIsdd3, Ut tshis o de O Bl ©w@HHHY LY ju
Zfists2 ydndstOnyls(ds dzOte dzts ¢ 5 Lte@ b fifjulgi® j diaf{czd ® ) s dW 2t S Oy
fjtcdsHO oHBd tffd §OLORIIstcd® 9, nOtcOCIsjtedL Iz
ftesyd M ddB3dlsdtetseo Odzdw o' 3 do Of Bsfyllgd HBEZAREHSH
Cdzj BOdzd?2 M) tetsistsds sy HOj idsMmisd dzOB dz¥ HOJ Isfyw
Mtssle jlsMisolzjls twjckzdYyddftty dmiRHbd O s rdiadetsdsd3 tsodids Ht
Cwommtd. [ ldilsda)eE®(figd Gty EhiEe] dePsy
ANJ2Gj dzBOEZBZO dzj 9 SL d3sy dzO. ( ndzd ¥ 4 dzd B lsdtetso O
L dzOyj dedyfiplz b j MigwmE'tgdsdzd ¢ zOMMOdzd , sseHO fBslsjt
sy HOj ddsMisd By il fosdLs2lsd Iss@@ LusO, §f sls. iy
CoOL dyfjugdnEnfj ¢ dzjBOdzd™ .

SOtls® Hdd&ZOBI U MEdn iy ddse or) f datgfhgiststafidsd
Blzdz! sty ddzdesmilgs ) ({ e G d&5j dedes M EMmists2 ydor
osLddSChdddd o tjLizdz sOIsj jets ttpdkgded zOE st
sCOYjlsmw ftecdswedoOshddz tsfftejHJdzwjlsfmw dz0 y O dz!
fedlswyjddy, ftedo]jHjldez 2 H Bt defiplshidafaallizij s1. ylsts
Efmdzsoedwr toj OdzdL zjIlsmw tOodetse j iydJ , O ftod Htok
dL o3j dzj dzd § Isd SEhdr uydmdzj dzgdesfilsj 2 o tsL tcOfmlsdz &
Hddodd S[dls d3j Is d d3, Yysts f ttsMmissdy L dzOyj dzd2  Otc O«
MlsOth jets oL tcOMisdese s € dzO ffddS dzCGs B i G # Is fifrylz b jdinls
o HtsEAMd tteH d dzZOKL7d)t.d izdigsiE s 0l O1ls j dz! dets, W d € a7 fptsT de
fteptsdpi MsCdr LdOyjddwrn Cti¥Wdydjdbso tsyHOj
9" Yo OjdBsMils! 8, Is. j. BBd "ts?2 HtesHBd] dlsj d dats il

tcts Py iIsmls ' . R, Mdzj Hs9 Ols j dz' dats, M3 2O t6j 3 d BO +
ydotslsdzr = ) CtsteslsCddz L daf dalz figs Ygf< dzs 3 o BOd
J LOoadMmd diissmis d s ls sts@ ts, COCdds M smtsB sC

dzj stcdo Odz! dzgsG 5 16 j18)] deckts y dp'dilsdzaigls ! (fhydzj HEZs M j H
f OO®R] ste O a2 erp@eliv) )1=0* B &OMI: kM2 yde sl
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Ctcdots2) (L. cOMh dqtew jIsimw ) twshisscd §OORBilstcO® 9.
stsdz S5 ff tod -mQsty det djj ezt - Ote®@dzls j ed fisd uj MS se /| 2ts
YydtejL 1. vOCdd tsBtcOLtsd3, HBBOodzjdzdj o MOd3tsdzd «
ctelzygfr jNMhj d Wdad dedsldfils spdOdagfitse W i3 (2 d3j dz' " j ded
ctekzffr M tshissd udmdiedtshls d dzttaveitddn dzn - )z 3§ dztd »
yd mdzj dedeslsd s z2dzv yd d, ¢ Mmkh jMmlse j dzdes iz ko j
Emss2 ydetsmisd ftosdmMrnsHdl §tod rtdtdshled fCOdadij,Is te
f OtcOiRj Iste 9a"Wdo O diigsfisd

1 tod 9 * WAV @H2-v) =otsB zOMIs! EMlss2ydetsmisd dzjlst
(1.19) WsttRkde@llsmy EGHBRBEY bLilss2ydetshisd dzjl
Y tej L cDddiapzd hfrsHdls ftod §jtcjrtsH] Hdsd dL
Misftetse 53 HOJ Is M2y Jt€ @i dgjdds( ) dis tc OB , ( hstslse j IsMlse b
fdtejmisOjismi2l)n Jlted dots=2q J ztsfgy wgmissd3 § OOl Istc ©
sctcOdzd qJ dgdff b O i3sMiIsd dZd&zOH L j 2 Ctolz,ftffted o 511 if s ) dz' i
3 dz M jdzdj i3 wOodesipthaztb BY mdktyzddz ¢ Mmk" j Mlse J da
Jd Emlss?2 ydoesfmisd. 1 ted LIstsdz fswWodwjlsfw Br 5 dz
o jdzdyde O h Ow fw l tsMisscd §OttO®RBilstcd® o, fJtc
Emss2 ydesmisd 6 fMyd dzOtsd® A j2¢6J dzB Ok d30.

lted »>86B dzOMms! EmMists2 ydoe smisd ts¢ X dzdy dfig ] jlsfif).
Edzj dz* hOjIsmw M tesmMissd § OOBjIste® o2o. 1 Ijtw Ekfgls
SHdtse s dL mMtse Mise jidkdze § fgf e tze ey e FLsAtsw | dzd | o3
Ctsdzj BOdaE@atf 3 Isdteso Odedy o'y do O @dsMmisd dGgdzOHh j 2
deweOjls tsdd, d §seojHjddj Mndndstggiddp @ dadc §v ks

1 Wkt Oyd tsdadzOW Hd Oc tc O BRO, H J d3ts dziis dofdf dz jz dzdizts
s zdfydidshistsd § @@z Gted topHMisOo dzj dAB  daOOSt d dnd
CoOLdf jtedsHdyuj MCOY -ydz@gEs OC HiBHEt" 2 shis 08 d dzd L «
o 5L dzd C dzts sydRAEMEs 2B ¥ Ftojylsigis j L COMS OH EkHotsj dadW
R OtsMO. | s sdzdzd Isj dzh d® BZW zlz 2B T 2 MIEBEOL Ols j dz' .
Bsy des L OC dzt yd s | ylsts ftoed dBOdzr = o9 dzOBdzt HO |
fitejrntsHdl o CoOLdfjtedsHdyjmMSky (fadsydlsjd d
sB dZOMIsd $Ctdzj ydgr » yYydijzapd MO @R j dzv §f Rlddsd yOls j
PHotsjdzdw fjtedtsHO Bdz ftsHatsHdIs € dzlzdz® . 1 0 Ity
v fdso MCsEts §COLOIdY ks fO0LOBjksed ddijjls
~nOsMO M oty dls)dw dgf i3 § 6z Y dgORj dgd € dzts 9, H dzW
t OL di3j todzts M ils ' D iptstislcedC sfiplacedlz 8 W OW  tsB dzOMiIsd R OtsMO,
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gz ¥ h d2 dOdetsdz "z tcOL d3j tc dztsdiyflyj 't 0 ' Yois dzodip b ) bzdzdzl® C
CHyJWBtedzOyddeé dqdeoa®LJOtzlstgeE2 CHOL B 2 ftslstej s |
ofmMstecj yos h d2mw Isdf ObltcOCIstste® ftoed of MsCdra 9.
cOL BOR OB L 2Oy dzd?2 ydmdzj degdetsmisd BBy HE € tc0O2 da
(mj dzesdz©@) (Henon, 1976).
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{ IMBRdABI.I W EteS OydsdzdzO" HJOCLORBBO d cCLOWJS
fs8COLOI] & (o) d D)od) Odt fpsdsso)lss e @kls 6 d®y j
His sczdzj dzdz’ | W OLBo' di3d  stelstej lsOdq

ddzj Hizjls ik B thhnd oyt d dediEERO s C 2 j 2 ud
s zdzotd dzd§ Opls d3tsH j dzv¥ ndzd e3d tz@ dzdb© Gxizdzy B2 $Htsf e OMis
f sdzso 52 ) lsvtadaCijsiyOiatis 2 t(J @ £y $ O®p ;Ravyiskayadlever@a Frigmarl 0
2012, tdokzys @y .d luded , 1 I20df o ks deollf HSBISStE" = (6!
ftoedztesyd dets € ftcjHjdzj dedesdzse § jtedsHE ot d3j ded
mMf smMtse BOL o Odzdw Ot L OadMmdls ls IsjSkhjcet
hdztsy de¥ jIs HddzORB] S 2 d dgpy 301 8 paPpestf 64 O O i dz)

)] dztsls dasi@aia] 6 O dzv ydv o' ydo Oj dssMisd ©j f GBHE

I dMmimdzj Hiseo Odedd (A ted Md3Odz, § MAA9 456 teBO deftay J 2 § O
fesfzdesigdtj Misy§ dzis | Bhhded y dded"fdigdidsods usthisdz’'i 2 ) ko |
do  ud ey dafiaslyj v bhss2ydotsflsd tOsdiso j fdesc - ft
Yyqds &zO. [Hd&OSE B &OM! L doOyjdd?2 {060k lstss,
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SCOLT 90 jlkmw ojf! O djesd "s2. IsLddSOjl ot

ydmdzj dgdztsmisd J fjard 22y yoflg: , ylsts o HiwwdesH] otsSL tcOf
ddzls j§ dzid o dztsmls+ & LO tHddz d btk yJj tjfmikztef. [ d
oLttsMdzr 7 COf$ER §g®yd dmdzj dzdets fiyls j 2 CdzOmMmtse , MM
d4dzj Hiso Ols j dz' dzts, IHtc @ dedijdatidi¥O ¥ Hsd de@ dzd ¢

é a =agy,

|yn+1 XC$+vexp(aO<n b&y )G, (1.23

) O3 20 § j DAYRY ey o sHdls MEPNisg et 2§ OO Iste
& X =T O,
[ Yoo =%, +veXp( d&, - ¥,) &,
CHp=as UsUM®LOBjlstt, ROLOSIjtedL ks hd2 ldtsh jdzg
or 3y do0Oj isiisd MisOth j2 oL teOfls O] "6 o EBHADH " jL s
MOt dd Bdlsdtetse Ok v d dig d §ls j 680 dzfnk o j dzdats |  dzj dziz dzj o
In—, y=

n-——. (1.25)
rd+1 1-r rda+1 1-r

vipdzse dv fizh j Mlse s9B)dad iz 1 ticy) drjj Isadtytc W ¢ k<1, dgvaiP o j
vwlird jets EMbs2ydesmls! ffte]ddzd® | s ddddm@ oz ds

1 . v 6 raddl- r)
/2+/dl-Nge — 0n — - 19+
@ )gra’+1 1-r 2 1+rd 1 r

O ZOdL bkfdss d2 fMkh jMlse o Odeqlios) i is s dref Pz’ oz€
ylsts HOdsdzr 2 Isdf MOdBstjekdvydd, f§ed kfmdessdd,
(123), otLBsYjd o fsfldvydwas M odzjfigts MEsX S digtaysspigs
2O 5 9 jdzgddz' dets? MlsOHdd teOLoadIlsdw.

L eOdzdyr B d&zOMisd EMis2SR yd @ wsdislsM e j fydzpadtrs ( d d3d

(1.24)

\Y} 1 . v
%=

-r=0.

/=1:r=1-v, (1.26)
[ =-1: v=(1- r)eg oo, (1.27)
q=1(/ =€" )v=(- )xoé”’;(?‘llj”j (129

I LOadMmddsMmisd sls L dzOyd dzi9y tcff @ BB B p Isitg Azstiz@ dpEd
Efsts2 ydo sflsd 25 " jidejo®s) ¢ 1dzf 1 . sceOddyde Oj s tsBd
fdzj Hso Olis flal iz ez j s v 28)ted of 28Kl . R #zls j toj j dz ) dzk
(fejHjd df 2 Md2AU02C s zf=0)l, femisd Sk td
f dzsh OH! B &OMd kfMls @ ydddsdadsdfO dts jdz0j. dzqrfy R(sH.Y
Emiss?2 yd @B mim=(fltcd U<1l, ©OMmY sdzOeclojE@smYr=di § i 4 nE
119, bkt fsljtew bkffks2ydotsfhlsd dzj debdzj o sets ©O
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Mo tcsotsyHOJIsMY BRZHeotjdzdj d3 § J ted BH O. 27y j tiztc § Bzdze § O
ftow dgs2, d fted GO1 tB&OMI' kMmsts2ydetsMmisd cteOd
toJ " J dz@9 e @zl Htseo Qls jHdsBdE® dzj dzd § € MOt dzd BZY Is defe 5 5 @ dzt
Zd Bdlsdtctso Oded¥ BEZOHNJAB ¢ ZOMMsds ftodetsHdls €
LdzOyd dedi tOodetse j Mmder = ydmdzj dedetsimlsj 2 ftod  Istsdz f

&=0 0=0.2 o=1
1 1 K—T: 1
A=-1 | -
r v v
A=1 A= 1 A=1
0 v r O v 1 0 v

1
{ Mk da8[ BldzOMIs ' kMist?2 Y sifldsd BOHsdddy qdl .L dzOyj

5OCdd3 fsBtoOmldtsRl LizOmE dzd 2 S s54 W W dydy dzls @24k s>
6] OdkzdL kjlshw §ihdjHsse Olsj d! &ZOW  fdsj dz® fydzj HEz¥ b

fsfbdvydd, offitH fsfbkdvydd &O MisOydsdOisds
ud madzj dzdets iyls 20@ ¢ )J .y zdzB & digid 4" Sz J 2 a jdz0 y j rdgds?y ifs® tsQ d3
boisHsd keOjCltted?2 &0 BjMSsdaj ydesfls! , fiod 1 Istsc

1.20H ). [Isd3j Isd ds, Yybsts t©oOL BO~A Ctsdzj B Odzd 2 L O df
otsL ded S dztso § ded W &<BueB Qldzol et tzd B3 Isdtetseo Odzdw o' 3 d
oL iOMsdetsets ¢ dZzOMMO MlsOB d &pegdtclzjls HddZOBdS E (¢

3 a) r=0.2, v=0.6, 5=0, 3 6) r=0.6, v=0.6, 8=0, 4. 6) r=0.98, v=0.6, 5=0,
Xo=yp=2 Xo=Vp=2 3 X(J:)’u: JR——
: 2 ) IOy
X y 2 x
Ik x _y ! 1 o
0 n 50 0 n 50 0 p -
3 2 r=0.98, v=0.6,8=2, 3007 0)r=11,v=06,8=2 5007 ¢ r=1.1,v=0.6 =2,
Xo=yo=2 ymye=2
: 100
o 100
0 n 100 0 n 100 0 " 100

{ Mk d2Biks WO Clssted d 24 d fif i ds's OC tzd ydz' & L dzOuJ dzd
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1.3 trrRrRI3 TRLOI[RSR 1 J1vu[CcARE
gl ©wffr1 s J{1tduvuv1 B dutvsvul [HB

] dzd v ddogts Is dzts fPle dgtyd 3" ~ WOCIststetso dZzO HJ O] ¢ Iz
ftosMiss?2 oL tcOMlsdzs? MistekCIskztets? H Ridids QISENMpsztE074f s d
ZOf Jtets, Hadti®g8 31992 ; Atcd md30dz, 1994 ; fFrigrmats Meyerotso ,
Revutkaya 2011; Codling, Dumbrell, 2013Gibsona Wilson, 2013) JHdzs9 t6 ] d
mMkh imMsekzjls toctetdiidetsy SCBdzdyj MmMlsets ttOBBI 5 dgOIs,
odzdwdzgdw oftsLtOMisdzs?2 MlstekzCIskzter f sf Jeavemd d 9 &20; H
| Effse, AtcdmM@&GBWR)] 2001L; [ eWjls, shktyiteaO, 20C
Leenheer, 2008logofet, 2008; r HOdztso O, A tod M d30 dz, 2011) .
Moo tsC kY dzsd3 o dzd widdd o d frfdadts IssdztsWin@lddsts tetso d o tsL td@fizls
yd mdzj dedetsisd fsfzdzw ydd Hts fdr st dzjls. Clsts o
HJdOBd¢d ydmdzj dedesylsd MstezSClskztcdtetso Odedz’ ~ st
Btsdz' h 52 tcOL d3j todzts s d . #dzj Hso Ols j dz¢ dzts, HJ IsOdzd
z9 dzd 4 dzd ¥ ydmazd Ctsdiiftsdzgidzls d ¢ OteOd3j Istetso d3ts K
dmmdzj Hise Odzd W sO¢ dn s H J dzj 2 Qo lstster COC - o
LOadMmMdd3" » WOSCIktteso, Eydils SCslstster a MmMoatsHdIlsMmw
CazOmMmMtsd3, j &zd g Mtzg tzdzsMis: ¥, dzdB B e detstedtelzj Ismw.

] cORBE On HOMdEEts ©OLHJ®EZO ftoj HdZOGCO] Ismw  H
(MdMmlsj BO tj S ktotej dzlsdzr = EZtcOodzjdzd?2), L otsdws hC
LOadMmMdd3" » WOCkttese d oL tcQfiflsdasd L dijlsdelizsaelstdz oy d €
MetstetsMils! MtsLtcj o Odedy M j2) d20 HJEZOBISCE ydme
tc © B t¥ilris,(Ryan Dodd 1983; Gag Chen 2005) L HJ My dL z2yos Ismw
mMazsy dets MistekzC skztedtotso Odzdz » dazsefard yebo B2 o BtkiA g
oL tOMIsdey &3d ctwkzff Oz L O SHddz d bls yj tj Mzt
toj ) ddzr fsfzdzv yd?2 Mt fdzts  dzts 2 oL tcOMmls dats 2 il
L Csdzsedyud MEsets dzddzdIsdtetseo Oded W .

I sMmdtsekz dMfdzj HEJBsPdzj el ) g dgdddisjLr]l d
N qL dgj dedesd3z yd € dzg dzt BSEts B OddL BO @By ds ofF
sftejHjdzvjd3 = © dgj Slsster n jHddzdyOr otej d3j dzd,
[Hd&ZOC B o Mz 4O, , CSCHOj dgtsL €A@@ mdinfsBQ Pd v dzjt
MtezCskztcdtetso Odzdzts? s zdzv ydd fesdmatsHdls dzj -
tc OL 9 dUefdovitch( 196 5; Caswel |, 2001; Logofet, 2
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fsfzdavydy jMmisjMmise j dzdzts § tc Qi fn@ais O jclesfiyy § 20 MdzfsMtsls ts
CO¢ fwOoaddts, ftjHjdvjlshmy BJtds¢dyj by dd" sdd
¢ sd3tf tsdzj dzls, ontsHWhdRn o BsHj d |, 9 thdseolkz tOL
GjftesHECIsdo dg@rdsdy eeW\Dde®B7 @f; Husa ey jo, [ BEsYjls,
ysts ¢ ZOYyodkzk tyjtejHdtsets MjLtsdkzO0 ttOL dddetsy j dad
Mtso sC kY dztsfyls ¢ Hokzm oBLEBOMISd » ¢ d&OMMSe : d3dzOH h
MlsOkh jes, Memsswh jets gL c@ndzE j dedkd.OMmk ot it 7
dqBj jIs Mdztsy dzks oL teOMsdzks MbtekSlsktek L O tHdd
oL EOMsdsets ¢ &OMMNO, f(ooLtsmdis, §jtjoitHwYIs
ustslse jlsMise j dzdzs HdzOBdS O wdfffdzj dzz®@ s o O ® G 18 Iv
LCdsedujMSsets ddiddsdese Odedw, &y il B ! ¢
€%y = a(Xy, Yn) Yo +d(Xy, Yn) %, |
i Yna1 = S(%01 Yn) %0 V(%00 Yn) i

GHYT yd mdzj dzdzts mIs ! BEZOHh jets oL tcOfMis dzs § sy ¢ fal fndgdts
fMlsOteh jets otLEOMsdsets ¢ &OmMN@s NOMEOs divsyoixeyj
fJtecdsHO tcOLaBepayy EHag®™ydw, nOtcOCIsjtedL 28 h Ow L O9
f dztsls dztiOly dsek y) T W 2dzS ydd, sfdmreoshdj Hdt ydmdj
jfsdso L 6] s S &OMM] d §J6ikjwh rsOoa Mt tytel s
fsflzdyydd MNsoigg)jistibdzg dedzts, sftejHjdvehoOow L Osc
fskzsosLtej dz 7 Ghssj2 sl §dksksdshlsd §sfkzdyydd
LdzOyj dzd2 § OtcOdijsteses ks ydfdzj defetefls  © B ts© dzO f) 1§ te
BisHjd s RigkErj1m®®m) (. j. tdd ®Esdsksdds k' o 05l
BjMStsdz ydesdzs o 5L to O IO daf dpO dftatiapis dgdsi® o . 8 7 dzd  tc O f)
Yyomisde j Mmazzye9 ¢ e pdzdsH dz. dL f§ Otc Odg) fiptfictisdzj dasyif d
WEdS ydi?, O tMkOd dj WdShMdtks kv Mt isad |sfil
stf toj Hj dzj dadets B3z s oMo lf fiytfdf cigesl datiefij Issdatsizw y d d -

1. [didlsdtetse Odzdj ttsy HOJ dstsflsd:

a(x, y)=a0k ™, d(x, y)=d, s(x, y)=s, V(x, Y)=V;

2. [ didisdtetse Odsdfj ds'dzscHedO | d3ts

a(x, y)=a, d(x, y)=do ™™, s(x, y)= (i do)e * ™, v(x, y)=v;

3. [didlsdetsoOdzdy " 3 doOj &i3sMmisd MlsOteh jets ots

a(x, y)=a, d(x, y)=d, (X, y)=s, V(X, y)= VoA BA*A%1d0 1 .

1HiM JOLORjIster &sHJ dzd dodgjteflds st dzf dstfto foaf 2
fsfzdzvydd, Gosif WWnd 9 dPjidels sz yOmls CdzOmMMO, Csilstst
Sn OOCIsjtedL ZjIls sk yOmlis! BdzOHNM jes §C z@MHHOKLO&i

(1.29)
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ar Y doOj ;ssMmisd to] ftetsH 26 IsA ) tizs s Is fidshptazejjls? |, ) defzcpHQé ¢ fdz
e Mztemtse. d OBQEjHIEs Istsls N J afdp pdp st sd |
osLHj2Mlsady dddBdlsduohiC¢sdaV Y Qisastso; cOPC B jtodL
otsLHj2Mlsadw MsBj2 dzj fiscaso suicis @igls dz" o ¢ kafshtisa
Hi BseteOW dui MSed2 fO0ttOiRjlste. 1 0 WdeMmdtetseo Odadz" |

s G tc O dzd apjOodzg<"@: Os< @ OJOABIO1 ([ sesW jls, sdkzsyStsa O, 20

tdndd Hddoidd §sfkzdwydfd fBedEd sasts tas @) ddat © s>

s O¢C k3% Y sHigEda® &z i’ M smMtsetse § totsW o dzj dad W
fsfzdvydwa wodwjlMmw Mmdedy jdzdd sy HOJ BsMisd o
Bzsedr o9 dHBO Yydoetlsder » o Ekfmdztse dwishe dM g € i gedztxfin
ojJHENd] € ftorh jded® Ektotseodgw Octej mMimdoe desfilsd, o3,
f sdzO, dBsdsHdB] L s o MotsC ki dsMisd Mddy O0j b (&
tej OCydw). 1 yoOfmbdesflsd, 2 MOBB D tin? tsldad®tszh | dzd
ftiosdmMatsHdl tjLtsteBydwY 1 d3Btcd sdztso tcOdzs fftoj CtcO!
f slstsdiismidfo.i Id Clssdzi ydesdz fmMudlsd, oMmj 1 Ists fcdossHdls
tej OC ydw ¢co¢ Bj n Odzd L &, tcj G B gzdiaddiss &9y J tstdogf 0 B df
ydotslsdzr = ) Attt o' 6Oy J dzdzts? MmMdMmlsj dis?2 dJ tcOts

oS d). t40O0Cydw dzOftwyjddw Mot mise j dzdzO dhdEEH
sstedisL gy osmMiesdLosHdl | d dzOW daj Iz daf tayts]wiplstme s fis
6] OEYqd O35, 1975; [Hbkd, 1975). I1fj G§jitjyudhd
fsBshd &sHjdkd, o C(cbots?2 dikdsdolzshdj %0

OoBLHj2gsa LI dzO sy HO] BsMis: s kzdvydd,
\I.elxn+1 =a5Y, exp(_a&n_ b@n)+dxn
|,yn+1:S)$1+Vyn

lted dMMmdzj v SOOI Z wstsm jjdz f jtoj ntsH € B joAMe@L d3j

bAYy. uwttlse jlilsfilse j3@dz, to dipddipsq jdsO o dLH.
\'éXn+1:an/n C@Xp('gO(n' yn)+dxn
:, yn+1 = SC.’(n +Vq/n

d ddidd JIs JHddMmlse j dzdetsy dzj dzzdzj o s MiIsOyd sdzOte dzts §

1-v In r -_ 1 n r
sb-vb+D) (@-vd-d)’ ’ b-vb+l  (@- v)d- d) (132

(1.30)

(1.31)

Xl
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M kmdazsesdw izd MmizGrQ @iM(E &, siC0zdeQ@ © & H p=09ErEhisb , 1 Ote O d3j
rOOCljtedLbkjls tjftsHECIsdody 2 i) dydOd3dfs
SftejHjdvjlsmy L dOyjddy dd mMesmise j ddr & ydighd 2 C

1247 C%le v)(1- d)(-]-h r o d6+ - bvw)(1- d)@- v)c-ih r rd4v- 10,
& 1rbl-v) (@ d)I- V) 8 1+b(- v) (1- d)- V)

I W EeS Oyddads j ddddd, BetOdedudo @ h djiedts 8 dse
B4 Is s5H 5t d i) QardgshPfh J teids@dgididd &34 ¥ Is o d H

fElr=-vd-d), (133

/=-1:r =(1- v)- & 2(v+d)Gb- bv+1) §
r=(1- vl d)exp§b+bv_ D V- a0 (1.34)
&(2- d- v)(b- bv+1) 9 (135

q=1(/=e")r=(- V(- d)e - va- da- by 9
OdB(133) Mstke ZEl BdWELC Oydsdds d5 L dzO ded ™
fecdMoitHdl LEOdNCtdbd ) He@ s oY tEEREEB? ¢ d
dZjfHodyds j lsuSd dsHjdd (1.31) sbdjdds0s lshv
RL 3J dzgj dzd § tsB dzOMlezf dalz it aafse 3 fipls/ of  31) d fpkzfs @3S ts 16
f Otc O Bvis)s Sipteds  © YaPdLF dad ¥ W  y H@ddzlets a1 fyls O dzj dzts2Ldz0  {

r ,"‘I‘ v=|] r [ v=1
y: 400+ 1 |
-7-/.///q=1 UA =-1
10+ I
200 f‘."q= 1
A=-1 _ _
‘<—_§L———j}/ ! A=
0 v I 0 v I
d=0.1,b-02 d=0.1,b=1.05 d=0.1,b=15
r v=1 1y I et r v=]
//2}:1 S A=-1
' 10T 2+
tor / 1q=1
f A=l
_ = A=-1] N
/1 -1 ‘& ! _/i/AFl
0 Vv 1 0 Vv 1 0 % 1
d=03,h=02 d=03,b=1.05 d=03,b=15

{ Mk d2siC[ BldzOfMls!: EfMlss2 yde siisd dzjlstcdald Odz dats
fted WdSMdtsoe Odzedz’ & LAY dedw & Otc O3

sOC odH®, WtOfstsls L dzOyj dzcfl? T &tc® e jytd g Ao
ML tej ©o OdedWw BBzOHNMNdr s jR@ZOMds|dH jishists?2 @M Hisd
tcOo dzetso J M w . 1 2y dzes  f sdzd B3OS Ylsds s judg dzB mdz'hhjj L.
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stcjBlzjlsMmw MW d dBZzZOHh jes otLiOMISO HAEYW HMI
fsisjted kMt ydg(i3e)ftsy tzfp " jodzdHj 2 s j fuidf @Y OL tsdz’
f Otc Odfy lsHO® 8)/4, (3+d)/4<b<1/(1id) baL/(1id).

1. b@@+ 4. 1HjMBY Cudpp('lflej (Hdsisls bosujs (]t
EmMss2 ydesmisd teteOded ydoe 03Fp)s Mg giso fidlS dspdxizdetz di€ oy di
b. 1 tslsj tew Emlss2ydeotsmisd dBsyil ftochetc@isy | dshs @ ¢
nOteOCIsjtecdMmisdyj MStsets kteOo dzj dad W, fted §JjtodnBHJ
WOoLBesd3 f totsls tefOelgfiHsjodp’ delsteH jfizfo Oted Odzlsdz" = Ctedor -
dL &3 dei dfdOtc O dgidsrnctsls ¢ tcOdzd yr EmMss2 ydesmisd o ¢ dzk
tcOL telzh O Isipw M tBOL o Odzdj &3 o4 M BBO Mmdztsy dz" = t
f OOdiddstc®VYH] MzEyOjo dzOBdzE HOJ MY L OadMmd dssmlis
Eimdzso R M dRf tctf=.0. 6 Htcj HMIsOodzj dz@ BIdW EZteS Oyd tsdz
o d H dzg CtcOL ter a1 €, Is. § . tejLSCd?2 HjtjrBH tls tH
cCtcOLtcr 9" &6 BlstcOy Osls Mikzh jMmlseseo Odzedj B OMM 2 dzs,0
ss § MisOj tstsidstlzdq Isqd e » d dzdzts s

x X x

1 v=025 %=2 1 v=025 X%=03 o ] v=02s

Bl d-o1  y=3 31 g=or =0 131 420
bh=0.6 b=0.6 s -
101 101 T
) _ S
5 D B |
. — — r —_— 3 r i — 77:*4.'-"?

0 50 100 0 50 100 0 50 100

t dMizd2BiC) V. 2teC Oydtsdzdz' § HJOGteOdd3" xH d dzO d3d .
5 1§ Ot O3 4d)/4e0=0.7750 6 tOL d&zd ydz' & dzOYOd dz

[ 5§ Sdzdzd Is § dz! dzfs, BN dzd f sfistetsj dg BOMMj 2 dz [
o)y d oMz @e2® . 1.5 OC 9 d H dzts, M mMissdy L dzOyj dzd:
cjftesHEZSCIdode 2 s dzydOdz shmtsej2, ftsdmMrtsHdls
ftedetsHwils ¢ MlsOsddzdL Oyd d23  dofydiginddagt2fn Ist™ H()t. d iz Aty
fjtcosdy Jemdemiseedtclzils tOL Bd | dzd § WOoLtsoBE s wipitd v
EMstsB@g9d3s &zO (tejL zdzt 50Ol ¢ OO IsCjodd Ldeff?j ter] dsth zfta)§ @y
oL dzdCh jR)LEskPEy Efmsts2ydetMmisd dzjlstedoe d Odz' d;
1 42 BECQ) BE@zjjHIEz tSlsdjIsdls! |, ysts M tshistsds (e
WdSdtese Odzdzr m L dzOYj dzdwn tMlsOd dr 7 H] BSCLOW
Emlsts2 ydoetsets dzj stcdo dOdz! dese s tcOo desdnfsfigd dsd g™ j g I8
WOoL e sy f te(tstindshpice@stlsdadts dzad 2 oW H) .
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r=31.7, b=0.6, v=0.25, d=0.1 r=39.6, b=0.6, v=0.25, d=0.1 =45, b=0.6,v=0.25, d=0.1
‘ 10]

Yo

=41, b=0.6, v=0.25, d=0.13 ;—41h06v—025d014

[o[fnlzd?JSKJ Glfr;fn;?dzf I]’tso[lsW>|szq’W dZOBdZ"HQJiCﬁj‘ﬂCEOdde
mMsslse jsMise z¥ Is Qi Uaf@a d fyHt€dasiod yd MS OW H d dz

)'—41 b=0.6, v=0.25, d=0.12

2. (34d)/4<b<l/(lid) . | 1lstsd HJOY OL sdzj b fyEehyg Qg Isoy
(135 , MEtbiijd Oy J §owe dvjlsmss) dsbd Okt @O dffy® s f
fedosHdl § fMkyjdds cBd&OMlsd bkfss2ydetshlsd. I
fesdmMrisndls fd fjttjrsH] GHodsds @&OC§EGE f5lsdPDdad
C Opjofy dzdzO" S Olsddz®@ Gl jted kmss2ydesmisdy dfsw
bojddude O h Owimw fy teslssdf jLagdusivdzede? Sftiadaty) sls s
Eiiss2ydoetsmisd tOo desa g dz® ( t WY elzte§ dzd § 3 2

=38, b=1.09, v=0.2, d=0.1

{ Mk d28Cm A Ofzls o dH B Offj 2 dzO dfisbeI4N &) j dzdi'ts § tfsteafiz] ¢
COlsOdBd HddOBI ) MSdE ©ijyddkss fd ©OL d

sOtlsT H&ZOBIUIMSdR tiyddss Hj Bsdhstedtlks s
desissd L dzOyj dzd?2 R PO@ O] st Orzks g deatdz’ ©@ ) fitatss | dzy d-
OB dz¢ H O Is fyw BW Lt Oyd tdede j fjtejntsHT s
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CoOLdY jtodsH dzd $ BB dzg§lsoide{jdgs Odzd W 5. | H O dzdats &3O (fidietz y O
WOoLsots) fshseOdhssts Mmdhsj dr Hj ddhschy @iy s?
CtsdzjBOdd?2 f] fjtedsHtsd 3. sSOC tjiLbkd Ok, do
HsMIsd ¢ G dBEIE G BN Gt dMzds S, iffiz Hise Olsj dz! dets, Yo
LdzOyjded"n H] BEcLOWduiMSdr (0O’ |stksm, Mkl Bf 3
122 dzj sdzd j dozd dzjtejcbdvteds j StdzjBOddy. 1 s&dis
ZOBd&z* HOj kMW tojL sdz@defdz 2 yqdSdz Hdzdd 4, Cist
BqW S Oydd. 1ted o' B tscO dzdbsCis dzj dz@wgdded dfy @ usDogisin
5B &ZOMisd Mkh jMsotse Odzdw PP 2O {HHzP®'ts , 2 I (O3 didntsit
OB iz HO! COWmlsddz, SBEHO MEkh-jths dky b Rips Ged)
SOC tjLbkd SOk, d&syds L OSd ydls' , 2ylsiy §aH 6 g ozads
5§ j cOBEO o ( L.OodMddsiisd s L dOyjdd2 Hj Bs5EEO

m

COMOljdzt dg" §j BdWEkZGECOYdd, o tWjLEzd O] (BlBK’ ~

=150, b=1.09, v=0.2, d=0.1 =155, b=1.05,v=0.25, d=0.1
2

10

0 X
ddzdvw dzOBdzt HOj 5" = H

1

0 10 0

[CffﬂlZd%E]Ql Ammj 2 dz’ U"}.)Gcflsw)i

3.bA/(2id) . [ B d&ZzOMIs EmMss2 ydoe smisd ts8&4s 0 did idze Q@ ifjs
g3 dzt " Ojlsiw ) thishistsik OB Qdo shisd &syils
SHdtsets dL M Misa] dae’ fsfigg g AP JalpdifdzQ@s ts yuHd jdedlz.jdt
Ylsts SHdsote] o) dedets] Msmizh jMisetseo Odzgdj] yYyd& dztse H dz
LdzOyj dzd 2 Ctsbh W id e ndzis@ L dzConisis ddadn Istf O i@ dgjj l9nis@ tso O
3 d jes fsmMdzjHkzehdj BdWEttCOydd MmMHoedc O kBH.1 o
ditslse jIsMmilse jdzdets fftod or MtsC ¢ Bz dzddOd s flzgf f dgdztS fipls W W d kb
Mg dz2@ i ddBO HJdAdOB]S Jd, zOB dz¢t HOJj IsMw o B dZOMIs
Yysts odH BOMMj2dese (todlswy j dadb@l/(lidy dz® dsdfilasipdy,Caf & ls tk
(3+d)/4<b<1/(1i d).
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tdxdd” Hdaoded fsfkdavy@edd ifdeds d dsls dats
Zd B lsdtetso Odzdd o' ¥y do Oj Bsilsd d3ts dztsH

VicOo dgj dedW HJdzOB]SECd ydmdzj dedesisd s zdzv ydd,
fllsj & Mdedyd dedvw ydmdzj dedzsfylsd dtsdzsHd, dddjsls o dH
ex,, =ay, +d, @pta, - bQ,) &,
[ Vo = (L- do) @3¢ 25, - DO, )X, +vy,
GHYT udMmdzj dedetsfyls  BzOH " j ¢ 5y T ays/Lintel) figdsiatztindsts  Sndz@ftefh) Q
C ZOMMO, MmlsOoadws h jets toj ff i dzis s o ezl o d 8§ O H&EiIL O
Ct WWdydj dzls talst f O g dj dzls, sfdMmr 90 d2 HEsd
BZOHN jdi3 oL OIS dtd W& &Qigizls o Yy do O dssMmisd oL
o' ydo 0Oj BsMisd ®EBEZOHN jets oL EBWisdasiejs i O =PHHOy df 1
sfdmr o0 h dj ddzsjdedoe desflsd oL Hj2Msadw s j
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te Odzd Llasj lsifguiz 3 My dzOted W .

I Mz yow s ddidisdtetse Odzd™ tetsy H O a3fsatbdj dfd jo
o tcj d34 dzd , Colstster 2 IstejBlzjlsmw Hdv tftetdidsd xitazfovts HI
tcOMmh dtcj dzgds B d&ZOMIsd L dzOyJ dzed?2 ¢ OtcOdRR] Istctso o dedsQ H I8
fls OB d df' B filpldpls s2 ydo tsfilsd dBsy jls MmEh jMise j dedes [z
sy HOj d3sMisd BEZHjIS Ed3gj dz h Olsy mMw dzf Itsdzl $8 M tot
d f twmstsda ydMmdzi dedesfisd ftedf§ dzsH O. [HEZOC B |
fsdzsy disj dzt desy odzdwdedj Itsdzr €5 fted MdzOBBA o fSL H
oLttsmdzr » MsBj 2. ¢(dOEZsedydets, ko jdzdydeOjls tsBC
Hi5B O9 dzj dzd J 9 MOsdzdBdlsdtcso Odad j 9" Y do Oj dsdzfls c
Bdz "dgdfdgd Isd tctva ®dgdylzr dizd tMmtse W di3d . 1 5C OL Odats, Y Is
9"y do O ddtsMisd d3ts dzts HHfo (it [EdsciafiojHs@ ddzf{'S Ol ¢f f dzj dzdzts My ls
Ctsdz 2toj dzls dz' n oLOdh@sH | 2Mlse d?2 3 Y HEz o tsL tcOMmlisd
6 § tetsH &3l difetls | dzy d Odzj ; o B Misy M Isj B, simls ¢
MsOBddzdL Jteso Ols HddOBdSE ydmdzj dedesmisd f s k2 dzv
fsdzsosLtejdzr A M2 HftosdmMatsHdls fMmddy jdedj or yd

I fdzlf aB s dzis iPle dethpfiafsist s tetso Oded W o' 3 do O d3sfis
CzOMMO o j MsROY tofsdz MOBsdzd B Isdtctso Oded™w o toj
otsL dzd C dzso f Azdf isdimf B Odzd 2. [ HA2OCts ko jdzdyj dedj tej @
fls OB d dzdH df{de@ BdpSulxlzj H F B Istslsdzylsts H dzv G tisldf tiziets Tyl @ ¢ ©
Licj dzsfhisd L O GBH, MsOBddzdL Oydwy ftsdmMrntsHdls Isy
tcj ftesHECIsdode 2 §lsj dzydodz. [Mtse dzdetsfyls! ¥ o tSL HJ
bujltsd Codlbic delseztfe s By y O GBisisB i s tOL dz' & € &
tojftesHEZSCISdJo dzsets fslsj dzydOdzO M smse j dz Mis OB d dzd L

sdzs yj o' & tslsdzd ud @ diffipigfsiaidts s jdatslz dzv yd d  tetsy HOJ
Bs dztsvHaddzw j Isfqw s, s rIE&@MIs ds fnisigls =i2j Usdicod © d O dz! ediss cdisd < teX
Hoj COMOIjd dz j] BdWEELSCOYdd, © tjLiEzd O] ¢t
o tcj dzgw ¢ Oo¢ ftcd ¢ dzslsdztsmls dats? tcjeokdzvydd o' ydecC
oJ HEMOW C @z daddzj 8 BséH{EC OG®RE) FzdY ydd sl
BOMMJ 2 dzse fedlswyjddy HIJZOBIUIMEdns ] ddse.
esMissds tjftesHizSIsdJodesets slsj deyd OdzO dzOB dzé HO Isf
yqdSdsd Hdhddr 3, fklkjd oL sa&As ]y § §hsihof
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feshisc@iissd ydo sc s ©odesh gZigdsisds? tj ¢k dv yd:c
cefMissd L dOyjdd?2 BdYrceOyHeidie &, 3 § Okl BBt
L OCroOBY BL 5§ BFEMIs 5O dztfls asfyls O% s v dzj ededdy Odef jdz' § s dzthy
Clste’' 7 Hd&ZOBISO sfkdyydd MsOsdddL dekzjlsiw.

I yjdsd, f S ousOmsOl sysas sBh edy ° B &ZOMsW A
s qdujMSqd MoHjwyOlsjd drR) &sHjdd HJ d0dd
Mls kS If oA ds saEsdpisdtsRl d sy HOj Bsfisd sMsej2, ISC
Hj Bsdestedstes bdtodtoj y d Gdzsfmls! . ke ddid fdzsoe Oc
fkzh jilsotse Odedj daj MStsd SR 6,00 B2OY H Y dz® i3q § jshiplsde
BOMMj 2 dz ¢ tgdijdsjyjlsdad] “daiaBc @lde j,H fglsts o fJtodtetsH j M
fesdmosHdls o Mmddkz oL Hj 2 Ml Gvdds dgdh QS s as s
fesfedvydd, Ijd Mdd! djd, UddB BrMistedd f§tsdmnaH
Hdzdls j dz' dzsfyls d  ffjj to f ters® o e ©ls fdaj fdzdzso SL 6 ) dzf | s
fdzj Hise Ols j dz! dats, fsHBd dlsj d dshlsd dL dd, L dzOy
B MSCtsd $dn HddZOBdUjMS IR tiyddsse o B &OMsd
ddi3i*"dr BdBEZSEcdUI MEd2 M Md.

vOCdd SBLOLBR, o ¢diOojjldid sl OzOdES d Y ts
fMlstekzCskttdetse Odzgdz’ 7 (&Y dv ydwr fw, fijdeCsdddy Hd® | HEDw
g j BOR, wodw jlkMmw odkistejddddt mos2msstsd Md
Isd S BN ud mdzj dedetsisd fsflzdyydd ddzd 34 oddwddj o
i ddBBO HdOB].Cd §sflzdvydd
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17616 2 wfr1¢ UTRARIRIIR [RIRURT LI O 1 IM
Y JlvuvJcARCM o] HUOGIRBLIB R J[1[URY[HES[B di

l bistijbkduyjmMédrs dMmMMmdzj H s dgf{"Rr H gska Acdsts LdusO fiids
fjtcots? & d&zOo j, BN dzts f 5C OL Odats, Yylsts ko j dzd yj dad
~nOcOCIsjtedL s hdrn or ydoe OJ d3sMmls! sMmtse j§ 2, ftctseo tSH
MlsOBddz' dz@ = iy ddsse HB dzj o) 6 Odrdte d’ = tclsthHdz OB Aeded -
fslsjy dzyd Oz, €C0OC ftcOQoaddzts, dzj ©WOMMBOIsted o Odzd i+ .
sMtsBj?2 o ftodosHdz » fbkzdvydwrl Histkoky ded f ot
dMisd Miso j dzdzscts fstsi tsis P ) @ity Gasdhmd BSsec s j Misj M
fsor hoOsh jcets Mmtej Hdgs 8 ftoedmMf smtse dzj dzdats s - f st kzd
sjtstcj BBs?2 jMisjMmlse j dedetsdtist Bsstc® (f.osyfhffieO.j Mis
ftoedtesHdats? §fsflkzdvwydd M or tcOyycidsizs? d ShgQ s ezdzdz) ks d
LOCBdetsd3j tede" 2 HJtojnmBBH Gl tOodese jMdzr n tj >y dd3tse
(fMmMjoHuMmMssnOMIsduyui MS sz o jHjdds ) . [ OdzdzOW @
sOC G s L oatsdzt yd sdzdzts G s fitcj mnsHO. &siHQ i B3O IS tods
HobkrotLtOMIsdzes?2 Yssflkzdzvydd, o Ctkttets? tj ftotsHIEZzS
fsHo Jy jJdz HJ2Mlsads dMisj Mise j dzdzs ¢ 5L OB I EH IO ,j  dlz
zd s Isdtelze Is ddzlsj defind o dets s ¢ dzd B 5 totsy HADG HARfSs M(s2. 2)
9" ydo O] d@3smisd oLtz » ohsoLttj & 7 s 2,
o dzd B3O dzd J EHjdzw jlsmw otLddCOshdd HJdddOB] yj MS do
L WWJClsO. R fn ) Grglzeiziz ) B3@WRE@Hsjsds] sd i MG OV disls | dgs B H
Mo sC kY desfls LCsdcedyd ME 2 dBsH J dzd HJdzOd3d € g
MlstczS sktes?2 d dBsHjdd HdZ2ZOBdSd J4 GddadiIsdyd MS 55
dL zyj de0 d dMmdaj mistpodd sfeOldAp j 3w tslse jisdls!  daC
ftesdmn sez@lzdiddzd j Htddzydtf © ftesMmissets B j HJdz C
BtsH J dzj 2 : iz IOREfedis e s J Misd Mise j dzdzse 5 BIsB Bt O
LOadMmMddis?2 twjekdvydd tsmisO ydmdzj ddshlsd; fswoe
dsH jdz' dets & C Oy HBRAzR OdEfsH j WPfRlssls ¢ j deseo, Ctsdzj B
yomlsdzsmlis d, M CdzijBOdzd W 3 T OO dzjzcd tf O dzlilpO B § thed W O
f slsg dzyd ©dzO.
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JOLBer ] Cwmdyjfydd Bhj2 Bdsdscsdd®, dJfond.dEs
LCsfmdMmisjd Br dzd MY sk Oder o ftojHY sdsyjdedd,
ZO 1 otdzs ydr (HOYJ dO djsBtsdz hdrn otj d3j dzOr) , I

oLOdBsMe wL Odz" . ) Yyomilsdzsmis d, Q9 Iststc (Daraits d859)d ts
MBLHOI] dzd MddalsjIsduj MEts?2 ¢ 6 j dzgj Isd EpHglisR3e0 )Is J s
(Wright, 1 9 3 0) , I 3 .Haldatedzrt® 32dz (d o . o . YyilseajtedStsa (Y

shdso s sdzsy ddSd Isjttejlsdui MSts2 tffdidsicd)d I 'HJtdaC
(Verhulst 1 8 4 7 ) d 1 dIs®oltdrrés dz' 1190j2tB9Q (O IsOSC Y4 | . A. ] C
Lotsdzs ydsdeder | d  CtsdzseduimMedy ftesyj mmr COC dzj
1 sdzj j HilsOdz dzr | ftoj HMIsOo dzj ded W o tsStiz¥ yadf jsizbziz
1 Csdzsedyui MSdr ftetsyj fmxfo 1§9t6W0ond dedfiH O no.  1[HEABS 2
Yy d Is I€Litty,(1952;Chitty, 1960) t Istd3, ybt ydedduyjms<dj dL
BM Is Moz HMlsedjd3 JMmisjMmise j dzdzscts L zdfrdac @, 6§ dzB
ftoslsdotsf sdzsydgr §j WOL' yYyqdqSdzO odgjh dedr Efqdztse d2.
dd3j dzdets 1 o tsdzs ydqw MtsLHOjls Ekfjdzse dw Hdzv  Ctsdzlstet
~ndhddSse o ftwdtesHj (Pi mentel, 1 9 asfn)ls. dpts { Y@ frplsdftol.
LOadMmMddsr = MtsMmisQadwe hdr o Hj2fsodd JjMmisj Mise j dac
sOCyj 6 fdzsls@asd)fisdlas’ = W stcedzOR jMisjMise j dedesets sk
1 ez dyj MEsets dzd B Is o ts 0 O dzd Wic G Idsjitds@® datsd dz@ dgdp SO
f 51§ z dz'Gugttfed, 1974;Gainesetal. , 1978: AtedmdzOdz, 1986; Atedf
IsLy) ddesjtejfm ¢ 1?2 Ijdkj fwOoClsdyjmscd
LEMY jted ) dels Oz dets f sHiso jwd ddyisd oy B 35 ) deipg) fnH!
y d Is IBgonstra Boag 1987) |, 9 tjLbkzd Oy ZC tstej dzd dzts fny! d3
1 Cdzsedy MSdr sy Mifse L dzOydlsj dCadp et &.|s2807) O
1 4 Mdisilstow dzO ftoj sBdzOH O h 2 f4JMimd i3 L dg dz' IsfOds
dMmfdzj Hise Odad 2 , ftsHlse jteyx HOs h dj otsL BBy detsfyls -
Cjdzj sduimedj dLd3jdej dzdv, GJsdmrtsHYh dj o dOfls
ftedL zOS B8O Y dL dgj dedesets yde dzO ckzfd?2 f§tod Mmd3j dzaj
Reznick, Bryga, Endler, 1990); dL d3jdzjdedw 1 toc
] ©o02d (Stearns, 1983); WjdessdfduimS&dy ftodlL

(Williams, Moore, 198) . 1 sLYj bkHOMsM! 1 CMY J tod d3d fodss € iz
slseBste d c6jdzilsdud MEOW dL 3 deydoe sfis! dzSidevbet ab, dzd "
2000; Yoshida et al. , 2003) . J tojLEzdz IsOIsj 9 i tsfdzj

dimimdzj Hise Olsj dz' MC e 5 o daldsjdiy jyigQ@izdAls 2 © dza@ diaPbEz Sddl Sl =]
odHdets, ybt € tsddyj mismahensabamittodet fBtHyH j @) @ ¢ A OQ dzj
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t dMz2AAB O d OB C O UddzO teOB tsls oSty Misdzsd@fo "Ydf Isf
(ecoevolutionaryAND dynamic3 Mt Hd Ctlstster a7 o7 H J dzmdfrematto@ls s Is
modek; B) t( OMYftejH ooz dzdj dzO2WqSdzdz" = tcOB S|

Isdkzdzse s Mddzlsj L O + Csdzsedud MSdmr d c6Jdzjlsdud M
i tst€arrpll et al.,, 2007; Pelletieret al. , 2009) , L e sdzsedyuyd mMSdy d
ftesyjMde , f cOo d dzts, tc O dz0ElE,d o DO EHY Bé&H{ dza dgs X
IsStc OH d yd tsdzdets o dzd d30 dzd-4d W HizisdzudzSifigizs wiE iz ts lisdsts Ste iz
sdftsds L OodMmd®shmisd ud MlakdadGdyritets 208% FugsdzmbtditsHSd |
Govaertetal.2019) , o (i lzzsyptipizr BSHJ VA dL EZYyOy
Yyofmlstsls o LOoadMmMddssmisd s tOL dzd ydzr = Mse j dzdzts
Slsdesmdlsj dz dzr § L dzOyd dedv fted it sitse dzj dzdztshfflejd dzdztse
fsfzdzvydd §tshistsw ddgs® 2 ISE@Fms (992! Elinar,dL99%; BaBon et al., 2007;
Yamamichj Eliner, 2016;Yamamichj Hosq 2017).

lted 1 Istsd3 ftesMmisj2h dy dBsHjdd dzdBdlsdtese Odzdzr -
HdzW  BOl] BObdzesidYts? Zted Hzj dzd W =-A | P ¢ G fdB © z-of Qi ik
Hi dsdzmistedtelze s EHdodlsj dz dets Mmdztsy dzlz e H &z0d3d € &z
Bdsdzteduyd mMSdn st zdzv yd?2 ddid i Is wigC ts or Oy J
otsLtcOMisdets?2 ddzd MISOH GBY tekk? yisdziz€E B ztc€ B dzsddd Hd
MistczSC sktedtetso Odzdz" = s dzw yd?2 hdesSts dhHf S dse iH:
(Leslie, 1945, 1948;Lefkovitch, 1965; Caswell 2001) . Imi 1+ WWJgClIlsr - M
LOodMdBs? tjekdYydj? dOsihd O jzigr ydbd s dats
dzd MsteczSC sztcdteso Odedz" » S Zdzv yd 2, slsdzi yos smw d
fsfzdvyd?2. 1 OdBtsdzj | dmmdzj His9 Odzdz" d&3d IS H j dzvv d3d
HddOBd uj MStsets YtsojHjddw, Wo dzyddsidy nH &zlc®p tdajzedz 2
ANedMmMdsOdz d Hte., 2019) .
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2.1 trrRrR[I3Z3 TRLOIRSR 1luml1todvuvr [ 1T [Yuv]CcAK
I tryvf v CILLJTOARR trltfruvsuvrIVEgLSIrEBIUL
1t R 1 JuvvJawyRerRI[E (LU CARR [ [rrorfdn

I'jtedzj 3w ¢ t§dnoOded® zdgfipdz'OydgEy J I€ seEHIO! 1518
sYyjtejHdsets MjLBdO tOL didetsy j ded W Mo sC kY detsfyls
oCdzr Yyos h jets dpj i szsotsL toj dzr » BMtse j 2, d MmlsOth j
tcOL dBdetsy jdzedd. 1 tejHY 5dzOE OJ Isfwdzj ywlets Hetz d3fsj difds fry dAfj
fjtcdHOBR] tOL d@Bdzatsy j dzgd W, HBMISOIByYdes HdzW tOL o dIs
mMsMmissw dzd v , O dztso Wt Hfi) lddds B W dfis B s&OHN jets oL
toj ftesHECIsdo dzOY MY s desMis MY s dzisls tsp B TORMIs @ fifts b
otsLteOMIsdzr | tOLdzdydwY E oLtesMmdzr n tMBj?2 (dveadt]
ltej HY sdzOE 0Oj sfw Yylsts tojelzdzw ydw ydfmdzi dedesfylsd o
LOoadMmMddiisets dzd 3 Is d tots o O gadflad v te tsi > HIAD jodsf € fig Is du, o fultg Cladaiz
Zd 3dIsdtetseo Odzdzs?2 s kzdzvydd M Eyjktsdkz s dmOdzdz -~

&X,, = B(X, Y) &,

[ Ya=s O, WY
GHX T ydfmdzj dzdzts fyls BAzOH M j ¢ Y T oys(Lintett) fighsizistindsts  Cndz @il Q
¢ zOMmMmOoO, MeMlsOo dzv 6 h 1 OfRlsitc| f sz I zif 5 cd sSH O 6
BX,Y) T d dels § dzfyd o dzsfls! tetsy HOj @ssMisd (MtejHday § udmadz
SHdlz fsdztse 5L to jsdzd®s<1), tsvin) €0BV<D) ;i Cts4 W W yd g dalsr 9 )
i f sdzso sL tej dzf 7 d § sSdzsosmijteldes.n s j2, Moslse |

ltoj HY sdzOGE Oj Isw Ylsts d dzB(X d¥nd & dzteAf Is)'d s 628 ozH G
ydmdzj dedetsfls j 2 o tsL teOMmisder 1 ¢ dzOMmMMmtse, dBsdslstsdzdzts Lk
ftcd BdMEBBdz] ydesdz oL tcOMIsOdzdd CO3HBSEets dJL MOte
f dzts Is dzts fQls dfth) d d3ts | Zzd Bdlsdtetseo Odzed | tetsis©® ydmdzj dad
MftcsotsyHOjIsMw (o steydtsdzOdz! dzr 5 ko j dzd yj ded j o3
mMsBrIsd?2 (9 yYyOfmbdasmisd, gL o j Misdgd 2zH td s df tstests asd €d
[ s5h C QeE2Krebs2013) , ftedosHwh dn o dlsscy S § OHj dzd

AedzSydwy o' BtOdRzO 5 OdOd&sedd f) BsHjd & { ¢

B(X,Y)= B&® *, (22)
CHBitojftesHEZCkdodr @ dfeMs) LYdQdgj dzs', S OLOCIjtedL
oLHj2Mlsadw thMtse 2 daj § tsdsso & sty @fsls dzs cis S xzDEphy
sy HOJ d3sMmisd .

(2.1)
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It olktsttsdy f OtcOctcOW i f J hactsd j € fz2s™ H H I Ol dzis
Hd dzOd3d € d ydmdzj dzdzsisd HobkzmotsL teOMisdats?l) ( figtf & dzzy
ey HOj BBMIs demljDL Odps ,ic g BsH EZC Isd o des B s &G d3
~nOtOCIsjtedLizse hdr o' ydeo Oj diissMmls! sfmse j 2, ftosd mn
MlsOBddzdL Oydd HB dzj tod ¢z dzv toc dzr dits ¢ Y tifdiziise @ dzdfizls >y d b+
fslsj dzyd Odzr dzts?2 ff dztsH 59 dHisis fifls df Sy W2 w8 ot
L otsdzs ydd f§tsH Hj2Mseadjdz JjMisjMmlse jddzsets Bl tstcO
Losdze ydd ftodtesH dzts? fsfedvyydd M or tcOy j dzedets?
ftesdmatsHdIs! L OC sdets A3y todzr 2 fTdidsg e sm d delsdzd B f Is s
CtsdzjBOdzdWv d3 d Rr Ok (fMjoHtsMistss OMisdyj ME Bz &
HddzOBBd S d ¢ dzj cOo dztso j Mdz ds.

ltesd dzdzs Mistedtelzy d3 d3d m OdzdL d3 L OC tsdetsdlzj tedzsG 5 4
yd mdzj dedetsmisd MistezC sbeds,J ot OQipdgsBtcfiacstf B g2 Mo dj J
ftoeddsjtcj BHdes?2 dL MO 7 Hesflsr o dtsH j dz' dz" /7 Md
BOSC Md 3O dz! dzets o tsL dZtsy dzOVi (B dztt e &€z d s fpfi)Is 'OH ©ffj s B p 22" &3
Bfted HJdvjlsMY SHded d3 dld llfs tsists dgdy sy Hid | dzts RS s 16 © §
fl or BtoOdzedes?2 (BSH | dz' ¥ , ftoj Hf BdZOG O] IsMmw , Ylss o
cteczd §9 ¢ O OOM tOL dzd yOs h  &3d MW tcl ftesHECIsd o dzr d3c
e ftesHEZSISdode" § f BIsj deyppRfibodntsis 8 § 5 ) tdzis |5 datfzts o

[BHjdl) (. ¥E2dCyd]j?2 Bo)ieddtd@eds (BdjHikzshd
rHOdzs 9 O, A ted i d30 dz, 2020; A to d Mdp@aipya, Zhdadbuats Bri€man, |
2020

Xon = BY,eXD(@ X, DY)
Yo = SX, VY

— pn (bAA pn + bAa(l - pn))
n+1 B !

_sq, X, +vpY
sX, + VY,
CHE T YUOMssls0O¢ ®dzfizls @%h j 3 o i igQinis Cplsks $ABHOD dzdzizdrw h
o 5L tcOfls dats @=bGpMifon(lip)+baa(lip)? T Mtej Hdzd 2 toj ftosHEZCIsd e
MlsOKh jets oL ttOfls datg® &M § Ap@dg'ndds ( sl dgEzy dz0W  f dzsH &
9"y do O] ;dsflsd fslstBS 5o HABHREZOH j 5 oL tOMisO
ljtwoarj HoO EZtOy2) wAffdf Mrfpdaiylds) dsi d dzOd3d € 2 yd fmd
CwzOmmtse §sfbdvydd. [dd Glsdiup: fsindzC dsdsi 2d MG @pH HIL
ktsdz: S5 Isjds, vyt o §jteotsds ktcOo dzj ded d o d3jBEfidsss difls

(2.3)

pn +1



65

L 02O U J Blethadpn +20aapn(Li pr)+haa(Lipn)?, d gy ¢ 0 j jMw o  fsyj Mmj o
fsfdj Hdd o k0o dRdety d ffjdofPe jlss’ H g ZOBIC 2 yOMlssls
tjfesHkzSCIsdodr 2 §ljdydod, Is.j. {lduH e dg o
btcOo dzj dzq 2 3Bty jdzqf € Qa dzj dA. o ) tod dzsy j ded

ulsOydsdzOEdy | IS d GEH P& sE Ado sls!

Vod fiwjnrsHi € BjL ttOusdsiasdydds j fizf tz) dsj sHyshdizj d
bYYydstsH j ) fg@sHdlsmwy ¢ odHk
€ Xn+1:Rnynexp(_ X, - yn)
Yo = % TVY,
— pn(rAApn+rAa(l- pn))

qn+1 - Rn ’ (2 4)

o, = dn% tVRY,
X, T VY,
GHJ  30)=RIFStaaP,’+S2baspn(1i Pr)+Shua(1i Pn)?=raapn®+2r acPn(li Po)+raa(li pn)2. 1 Otc Orggy Is t
hod roe® 1 lstsd3 MdzzyOj "OwLOCIjtedL s ls to] fdsdsiHd VO] o
MlsOkh j a5 o 5L tc @ilskasjclest df deOipfide 0 dsfisd § SlssdiC s
C OO mMiej itz FtesHizSIsdodzr 2 ftslsj deyd Odg f ® tc g3 ilstdz]
Slsdesmdlsjdz' dz 2 9C d&ZOH BEZOHN j2 oL tOMmsds? ctlzf{
vdMmlsj 40 B(J2L. ZyjkO ¢jdkibduijmitets MsMisO0s O dc
Ctoltstetsj MEN pfpsasRjusfots, CtSEHO tojftosHESIsdo dar 2
sdMmisj ddP 0H2.2yjbtsd cjdzjsdud MTslusls AEOL]dzts s p B3O dzfr
9" sy H J dzd § , d MmMOoydsdzOteds § udmdzj dedetsfilsd ff to
GJded sdud MEd2 MmififlsOoH ZCAaddpfine Is-  flss Istg dzy d O dzts 9§ gz

SOC jLbkd kO skzyojd ki

——) =) =) == =) (]

Arama+ru@- )

(a0 + 1 0(- Q)+, (1- Q)7
Colbtstetsy dd3j J s IstadfratipBriddad” 0, 1 d (

udzj HisS9 Ols | dziagiamaxry ojrf) dizd f pdiv, ks ftdlsvede O h
delz dzj o sq Mdejsdedas s d ¢ B ds Bl dztsj e rdegndxyy dacha), 1<l
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1 sw o dzj dgdiS d&z@ o HJdd&zodd ¢ J GJjdzgj Isdyd ME 2 i ls
MsH | eegOles ftesddzlsjtcf toj Isdtetseo Ols+ o MAzEyoj, C¢BGEH
ftesyd MMO ©OL d3dzetsy § dedWvw HEB MdzjHEE M jets MmjLvsEzp. t
LiIssds Mdzkyoj o Yssfkdvydd ¥oOoSkdudimMéd ftodmizlsmise
oLz | ftsdzteotsL tej dzf | tsMtsBd wWodwelsmw cor ydeh
d3ts dzts H ¢ Mdzj HEEh jes (¢ t5dzj ddv, dets dzd € OC dzJ 1
f ¢ tsdzj dzd v . ClsO WdisdztsH ! B' ZO ftesdL o jHJ dzO ¢ 5dzts
f4Jwgj2s fsmizy ML tejoOddY d o' YdoOddw o (et
sBtcOL 503, d3ts dzts H ¢ d oLtmdzr j Mted ftcd dzOH dzj 3y C
GJdzgj sdud M d dzj L OadMmd d3ts. l MmMddkzkz 1 Iktcet, 4 mdzd
oLfigdR »~ o] 5B ZOHQF B OTzdzjcrgitsy toj Hj dzv s Isw (24),55 fvsc
ro=rfa d p=gq=05) , s 1 Istsls O dzdzj dz BkHJIs WdEmditetse
Bsdes s teW dztsy fPsifigstwyw dgdfpdzdn o dzOyOdzt dz" 2 B dzd dzls
oLtesmdzr = f to]j SBORAK PG IS]T)O delapdizipde' zH jIs §slsjtewdz
EMlsOdetso dIsfyw  d3ts dzts d3ts § W Qigs=j0 [ filpsthglls tsov dzde® y Gndz! dzr 2 d3ts
BsdzsHd ftoj sBdOH Y Isk Ogiadd(Hfy qx'g,<q) ddzd dzOtsBtStEts
ftcj SBXZOH ORIs COdxzj aladté s Rpzg, ~7q) sts o MmMEkef s i&id ylf
WdSMmMdteso Odz sHddz Odzdzj dzt , TatcPecHEks s rdy fdd ¢ st
BzHjls to]j Okd € tko Gd8 2yOMmlstslsOds G J dzts o (M WOLts?
Zmdzse dW d3d ) .

10dzdydy sy dlsj d dts?2 or 3y de O] d3ts mdstgH dnlds O%c N 3
Gj &zOBd @i HEZ Y dhodedgddd tc Off iz thtsf i tr? 1§ dzj dzd 2 .
o'y do O &ssisd (d, Mtstslse jilsMmise j dzdatgd ¢ dztslstsh d dzP dgty
GJjdse MrntOdw jIsmw: 9 OMdBYlsslsdsy o tHAER 2dL
HicdBRBtstots?2 . & toMmissd St WWdydj dzls © sy Cddn@O jfrpltsyfis
fcsCO0 dzj ftwsdmatsHdls BdWEttEOYydvw, ftofd CdelsEfiydg 2 L
sMisOs Ismw Istsdzr €5 EMlss2ydoer § teiydd3r , §it@d offuiysh

[ OmMmdsslstedds Isjfjte! dLd3jdzjdedy Mmyj dzOtedj4, H
Mo W L Odzdzts § ) gL 3 dzj dzd j &3 tj ftesHEZCIsdodzr = 1 sl
ftcj HMIsOodzj dzr Mtsslse jlsMmMiseaks h dj COtelsr HJdzOdzd yj M
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@) pedcumbl OUHAMUKU 6) pedicimbl OUHAMUKLU 6) thasoaniilt nopmpem 2)ounamuxa vacmom
wucaennocmu  Xo=v=10, ¢,=0.503, py=0.2 Hacmon 6 MOYKe napamempos 6 MOYKe Napamempos
: 20 :
20 npu 144 =12.8, r,=11.4 npu ry~12.8,r,~11.4
(*na kapme) b q (*na kapme)
3.2 /!_.\
Tiaa e A 1
Q, \
y \
it
-

2iR : b) ‘-\5_17__4/

02 20 1 x 32 480 n 500
0) pexctmbt OUHAMUKU e) pexcumbl OUHAMUKL 2ic) hazoewlit nopmpem u)ounamura vacmom
HUCTEHHOCHIU xp=yo=0.1, g,=0.1, p;=0.9 wacmom 8 MOUKE NAPAMEMpPoOs & MouKe Napamempos

o
20 20 npu ry =128, r,=11.4 npu ry =128, r,=11.4
(*na kapme) »q (*na kapme)
3.2 . gYoyo
Yaa . Iy
Faa L/
.

y \ Q;

it qfpzl®407 s Otels™ HJdBORBdYUd MSdr iy ddtse, HEH sdzdzj
stcOj CSlststcdw dsd HJdzOBd ¢ d dgBdgisisdtc gydd ddRuslsds tods 2 s &L
Meslse j sRigw gl T B0y 0jls, ybt §sflzdyy@v &
21 f s £ dzvsylivdztsdig W dzO s is dats i) Bl ©Af Halk™ Qdizeizj s dzd d3ts t

1 &Z20yj dzdw f OtcORBjvisB1sO 0 gl OO dz2 & Is

s OC 9 dH dats, zo J dzd ud ded 4 toj f totsH z2€C I doaf de'tsA d Is
L OC tsdets d3J te dzts A3z zmdztsy dzj dzd © HJd dz0d3d ¢ d ydfmdzj d
sz def tdsj  d dzdets M ls d , ftod Ctltttts? MrtOdwsIlshw COC
ey xdd3r . ltwd §YsfOHOddd dOyoOd: dtscts bkfmdazssdw o
sHdde L Odzdzj dzj 2 WdWHOHHezPlsny i zf dipeipss 2]t - sH
tcf csHECIsdo dz" a3 f tslsj dzyd ©Odzts d CoBsSL e SIsT i s |
ftcj HiNIsOo dzj dzdzts WY o, RO C s ety Y dzs.dz W o dzv s Isfqpw  C o OL d {
Mz y 0O f s OH Odzed W ZzOyOdz! detse s kmdzse dw ) sB dz
(MY stcdi3d ctisd®o h gL s d NOdgfEard oyOMmilstsi’ Odzdzj dzj 2
tcjftcsHizCIsde dz" n f slsj dzyd Odzts o Csdi3tsL uaf€lsl)r , iZE[6 L
CoOLdfjtedsHduimMSdj CtdjeOddw 10j)Xa sHuhi@zkEgdl, f
dzO { d MIOdes j s ASodoBdf §f J ed s5H U ME B € tsdzj B Oded W &3
Yq S dzH fdzO B $ © G jdzgj sdud MEtsets MsMisOoa O s 2dzv y
fsfzdzvydd cetH ls etsHO ftsdMmMotsHdl ftOCIsdyj M c
HddzOBd ¢ d udmdzp ezt fHepsH o L lstsdg Mdkzyoj
~nOtcOCIsjtcdzr » H&v o GkhtHET @ distsetfftstblzdzv yd2 Mmd3j

Il sHtsBdz" | CBdzjBOdzdw G jdzgjIsduj mMEétsets MsmlsOo O
dzj dzzdzj ots?) ofly@te ORHIEJEydE] f§esyj MMO OL Bdatsy
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odzdwdzdj o7 >ydoOj dssMisd MisOEh jets oL EOMsdses !
fsfkdyydd, B'dd §shstesjd SOtk tjydBss
CLWWdud,) dAsE@ 2 H8®  dzOyOdz dzf RO dzdzflzi0] dlzde2l, WUsas |
fMsslse j Is Ol M8 ¥ &5 S S5t H d-dzPS 2@ s )i d dets & 52 2

Fia=2, ¥,~=12.85,v=0.001, Fra=2, 1~12.85,v=0.01, r=2, ry,~12.85, v=0.05, V=2, r=12.85,v=0.1,
Xg=15=0.1, ¢4=0, py=1 Xo=5=0.1, g4=0, py=1 X=ve=0.1, ¢0=0, py=1 x=1=0.1, =0, py=1
20 i 20 20

0 p 1.5 0 p 15 0 p 1.5 0 p 1.5
t d Mz2ABTs Ocls™ Ctsdzj BOIj dzt dgr 7 tojyddsse HJddzOR] S d
o' N do Oj &dssMisd MisOwh j cvtsf pdtd tdnAsiitsldsdaty dstd IsCo@ZO i) sz dydy
QiCoaOLdf jtedsHdYj MEOW HJdOB] S O

SsOC odHst dBzBMPGIFPRctsMIstsds 9" ydo O dgsMmisd Mmls
h §dslsdtshlsdzt? ttjelkzdzvydj2 w©YHOJ BsMIsd o] tetsW s
MsMis©e © Mkh j Mise j dedetsdz! € dgj das & RQ fisléyw , MY FhEBse thdzQ d
sdzj Hizj s Gldyége o sydaslQj ds.fjcd o MAzzyoy , CBGH
Y HO] @3sMisd Mts Misstetsds BsdzsH d dzj i dokj pts ¢ Ay ds
tejLlzdz IsOIsj € ts5ls tsyafsLdz, dofitfBEO s g R B W 2tcC Oy d s dzdets
Cst W Wdud) &isBtstetsy, Ilyjdds > dd o' % do Oj dits s dzadis j ed
Ylstsyde¢ dz o s dzd € QuFng, o¢ deldssd@Qw wo dzvw j sy Istsyf 52
COMOIsj dz' dzes?2 B AW EZtc§ OusPBde O 2ty i WCHi§WOxm S dzje?2 ¢+ j Hs9 O,
d Ht.,. 20128B)

rddzg dzdjy WOLBoaBeB ftsMisteOdzmMlso © &BsHj dzd Mish
Slsdesmd s dz' dzs 6 J dzj Isd uJ fif ety citin s 1§15 firly @zt QL2 § ] clrydy wiafls
ftotsMmis tc ©OdzMmlis odi ras OB fisfs j 2 dig ftodlswy jdzdvw Bsdzsd3tstcW
fd Bi3j sted ydes OMYf sdzsy jdz" , d drm RBIHE KiSEAB Oze
G4 dzj sdud ME.seus thyshijdstog O dzOyd dzd? o' 3 deo O &issMmisd M
Hts ff sdzdess ] dedhud L dz © tojL kzdz IsOIsjy WOLtseots] ftesfl
tej N j ded W B3 2.(240q fy kz dzts ¢



84

Fa=2, ra12.85,v=0.001, 1, =2,7,=12.85 v=0.1, 74=2,7,=12.85,v=0.15, r,=2,r,,=12.85, v=0.16,
p 0.2, r,,=12.85, x=y=0.1 p 0.2, r,;=12.85, x;=v,=0.1 9—02 a=12.85, x9=1y=0.1 p=0.2, r,,=12.85, x;=y=0.1

0 4o 1 0 9o 1 1
F=2, r,=12.85,v=0.001, 7, =2, r,~12.85 v=0.1, F=2, =15, v=0.1, =2, r=15, v=0.16,
p=0.2, =10, x=v=0.1  p=0.2, r,,=15, x7~,=0.1 p=0.2, r,,~12.85, x;=1,=0.1 p—O 2, r.=12.85, xy=y,=0.1

l |
Po

0 4o 1 0 qo 1 0 o 1 0 4o 1
r,=8, r,=12.85, v=0.001, r,=2.85r,,=12.85v=0.1, r,=2.85,r =15 v=0.1, Fi=8, r,~=15, v=0.16,

p=0.2, r,; =10, x;=,=0.1 P 0.2,r p=0.2, r,,=12.85, x4=,=0.1 p 0.2, r,,=12.85, x;=y,=0.1

Po

w15, x5=1,=0.1

0 o 1 0 qo 1 0 qo |
Fa=2.r=12.85,v=0.15,  r,=2,r,=12.85,v=025, =2 r, =1285 v=0.1, r;~=2,r,;~12.85 v=0.1,

p=0.2, r,, =15, xy=y;=0.1 | p=0.2, r,=15, x7=y,=0.1  p=0.5, r,=15, x.=v,=0.1  p=0.8, r,,=15, x,;=y=0.1
1

pu. po

0 qo 1 0 qo 1
Faa=2, 1 =12.85,v=0.1, 742, F ot =12.85,v=0.1, r, =2, 1.~ 12.85. v=0-l, =2, r=15, v=0.16, p=0.2,
p=0.2, r,,=12.85, x)=vy=4.5  p=0.2, 4,=0.2, p,=0.8 p=0.2,r,=15, 4,=0.2, p,=0.8  r,~12,85, 4=0.4, p;=0.6
10 10 10
L4

Yo Yo

0 Xp 10 0 Xy 10 0 Xo 10

t dmz2a®%) OMmMmj 2 dz" Jedlswy jddW HJdzQaf uimstsdso Jusifipisd
Gidai sdud ME s MsMisOes bz §sf zdvdfd@®ish j shtz®gls &
dzOB dz¥ HOJj BEE € o O P e d 5H d YJIRIGEHQEC H dl dzBEIOQ O] Is,
Bis dzs Bt &zO 15 ls dzts @) 2fily jsdf ity y@[dzdz jdsizrdzts d3ts te W dz00 .t Is dzts
rdtede” &3 NtediWistsds " HY dePdg] dzf OO " = L diJ
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lted L 620~R o] ftesHEZCIsd o dz' n i ts ldsjiBddaPf@sdzO = f tod]t
Bk BsteW dscts oo dtse jMdY HEW EdBsSLdeslsT M) BfS
Yj B HZYW ctditL desisT M @Bdde "ddz toj f BB C I ofizizla
ZOzdyudy SCStdzjeOtdd OEiGEOdQ Mfeshls ©jftesHEZSIsdo
o jddyde Oj s BOMMJ2dz Gtedlswy j dedw Bts dzts Bs oW dzts ¢
fslsjdydodwsd L O Mudls Mikzxjddy tsdOmEd dhEiapss Odd

Lo jddyd ddi o ) dje0 ]t ddsMectelzf fr o dzj f
¢ tcOMmh dtcj dzd sB d&zOMls j 2 ftoedlswy j dd W sBJ dn Gt
CsdzjBOIsjdzt dgr » toiddse HJOBISd 6 jdzi Isdyj ME Gt
ftedotsHdls ¢ twOMh dte] ded s ¢ BRI Qs g o BY oy tizgf 2 Y
(t dmMEz2ABE.) Lo J dzd ud ded 4 slsdesdlsj dz' dets @ s 9 C dzOH O
dzd 3 s tetso Odzd j ftosyd MMO otmMftcsdL oHMIsoa ©® o i
fsHsBdy & dL d3j da dzd ™V o5 B Ofinj(tlpE das1@de)f s™ 3 § dzd ¥ 6 5 d:

1 OyOdz! dz §j vydMmdzj dedesmisd o tsL tcOMmisder = ¢ ZOMMtse
HEeMIsdeOj e ts dBsdets BsteW dats A ) mts s sy @ff 8 dat fif Iy Iz dzts
udmdzj dzdetslsd ¢ sflzdzvydd Mk jMmise j dzdets o dzd W g t dztslz
fsdzdzsets My L detse jdedw B d&zOMIsj?2 Ctsdzi BOIsj dz' dgr n
fesfedvydd. 1 yjdzsd3 sdHds, Ykt L djdjddj udh
s s 3z, Ydsjtds dfAGcj sB dZzOH Ols ! Hiczets?2 ¢ J deslgd tfc,j da Is @ q
MtczCIskzter ffkzdvyydd oL OddBtsmew L Odz .

I dlsOBdd desfls! d dzd sdiejydddshls: : o ddw ddj

YIstsB ' dL zydls: Mso sC 2 dats § o dzd Wielady d d3ezi§ IS
yd mdzj dedetslsd, bOS d 6jdajsdud M€ sEisy dgsipsdop Os rdzd
BOMMmj 2 dz ftodlswy jddv HJdOB|24). ¢ dOC 6T PHEBBAs]
Moslsdesh jdzdj ¢ jdeslsditse o ssfkzdvydd tfftjHjdvj
COCt?2 cjdssdy o fijtemMfiCldoj BRuWLlY sy anradl
2130)u Htekzets?2 Mttwsd MBj 0 dOftOs dzj dzdw 1 9 tsc
HddzOdBd uj MSsets t©jydiO. [lsdkjksdd, vyt OS] o
Cjdzij sdud Méitsets MtsMisOe O, ddzd xJ o Ogiddafdid? &d fz
Mtotslsdetsh j dedW ¢ j deslsdf seo . 2188 yoOffisdats fils dils 820 d t &) tzgk
Msmls e ©, o jHkMdj Cb, fots dsojdipoejlazd® Osadapdv dzts o j dzd
Clsts MowLOdets M) Isjds, ulstf cds terdnszj & 6 e deds dv
CjftesHEZCIsdo datsEds € GG ls §) dzyH O ges 2 S tsdzj B Odzd 2 -W o
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LOodMmd 3OY tjckzdzw ydw. Il yjdtsds mMziHkjil tls@3s s d
tcOLdzr § HIJddZOBdUd MSdd iy dd , nOtcOC lsigvtg Is f s Is tiztds
tcjftcsHizCIsd o datsc s f slsj dzyd OdzO cfisBjHdoah jetse [
MoOdkstej e zdzv ydd .

(@) ry=2, ry,~18,v=0.001, p =0.2, r,,,=7 (6) r1=2, r=5,v=0.001, p =0.45, r, =19

PEXKHUMEI JUHAMHKH PEHKHUMBI JHHAMUKH PEKUMBI THHAMHKH PEHHMMBI THHAMHKH

YHCICHHOCTH MOMYIALHH 4acTOT FeHOTHIIOB YHCIICHHOCTH TOTYJISLIHA HacToT FreHOTHIIOB
1 1
Po Po

3
0 0
0 qo 1
(6) ry=2, ry;~12.85,v=0.001, p =0.05, r,=12.36 (2) ru=2,r.,~12.85,v=0.001, p =0.103, r,=25
PEKHUMBI THHAMHKH PEKUMBI THHAMHKH PEXKHMBI THHAMHKH PEIKUMBI THHAMHKH

YHCJICHHOCTH MOIYJIALHH HACTOT TCHOTHITIOB YHCJICHHOCTH ITOITYIALMH JaCcTOT TCHOTHITIOB
1

0 o 1
t dmEez2aB) O 2dz" Gtedlswy jdd™ HJdzd2z0ey it sfigls wsQ d
4t &B3agge &d ( dzOyOdz' desyds0.xWdidsdr@ gffisthtslo sz ® Is H dzd dz d
Yyqse @l oOLdyf jtedtsHd YUJRGHQE H 4 dzBRBIOQ.OjIs, yYbts § ¢

slsdets i d ls | dzQdzsy ©fidzprdayd v s dzs B oW dz0p s ls dzts i df |

1 0 t d@kdatdjH dzts, ybts o MmMdzkEyoj o tsL dzd ¢ ddtpts i lslzg o
yd mdzj dedzts fyls ! fsfzdzv ydd fMmtse jteh Ojls Ctsdzj B Odaedw
ftoswodzw j sfqpw  213Q9 , t ddnle dzC jf toj H Mils Oo dzj dz' BOMM, 2 dz
Bz dztelp of d 3dAshdzfB Ols j dz' dz" = iy ddisse HJZOBISd ¢ J dz
mMstesh jddwr c¢jdtslsdftse d@ckls tHdditsapdFl dg dzdetg ddb) tsfc
MsMisOe O. ltoed Istsds ydmdzj dedats ls ¢ fsfzdzv ydd fydz
(tdmRtidsy . vt Y] MO R OttOSIsjtodats Hdzv tsiPLBdz' «
Yybsts fsLrotsdzwjls LOSds ydls!', ybts HdqdOBISO ydMmdzj
Gjdzgj sduyui MEtsets MsilsOo O.

vsOCddz BsBOLBR, o Yofkdvydd fted tsHddn d Isj
Bselzls tj OdzdL tsor 9 Ols! MW  wOL dzd ydz' jd 23] ~1O dzy O filgk dzto 1
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fsfzdzyydy dBodsd@steW 0, Ists jJj MeijHdd?2 tjfttsHEC
otsLdzdCdetse jdzdj CBdzj BOded?2 GBEMdzse dzj des tetsMmistsdy L
o naBHJ Ltotdtydd d oL OyTMERHE D izsls dziigidzdato .
CidzibduimMSd?2 MmMsmMisOs StdjBdjkMY csH Bl CHO,
fslsj dzydOdkd fsfbkdvydd, §smStsd Sk wjftsHEzSIdo
Htezedds, d etls LHj M L GolfdjiddPiswdfic fflc@sdsadijdsiizs
fsmMétsd ¢ CtdzjBOddY ydhndj ddsfnisd MdzjHEZsls L O
sO0Cdd3 BGBKLOL 543, BBy dats LOC dzg ydis: , Yls ts 9 JHIEH
udfmdzj dzdetslsd o s lzdvydd dtOpiddn ded @l wdd's, 5 dfddats
GJdzjsdyud MEsets MsMmisOe O, sBtcOL 89 Oah dj Mmw ) A S
Ctsdzj BOdzd?2 ydmdzj dedetsmisd o toj L zdz' IsOlsdpO B Wizizie ®ldcty @)
dzj o MsC 82 or ydoOj ddsfisd MIlsOth j et Caf®figi O  Cydst
ANdLdej dede’ &3 yqd&dzsds, dzdets f dzgjfjtej Cter o O8N ddgdmw

t OmMmiislstcdds Bsdzj J YsHtosBdets, COCddz tsBteOL 503
fted My smtse dzj dzdats fiyls ! ( 2O ted d3g to, ® tojLEkzd sOIsj
Gjdagj sdui MS o zips Po d ydMmdzj dedzsisd o 5L teOMls dzf
¢cdMisiMmlse jdgdzzr € MdlskzOyde , CSEHO o tc0o dzts o jfiin dzt
Bz M g yYOfmktslsO oMmlstcj yoj ddsmisd Ctslststetsets o ofs
dzO{f tc d dgg=e=50.05 Y d fdzj dzdz" 2 1 €Y j tod d&34 dals dzj 5B R SH J ¢
Gjdzgj sduyuj MEtsets MsMmMisOo @, tcjatf EBzOkzd Pk, st ?
LOY dC Mo Odz (d o L Ilstsd O dkwyds ftsysidddnd dzdpc ©
dhg  dzyhj, HfwWlscH®OSC @g'r o O &sw o MdbkOydd M
ud mdzj dedztsmisw d3dd o 5L teOMmilsdz = ¢ dzOMMmMtse. 1 ted st
fjtejrHYN 2 fdzddsteW dL &3, c¢Mmstej Bdvh d2Mmwve € disd

10 t dMmA4E jf @ HiNlsOo dzj dz Mz OAsB § HE ¢ W @ o @edAda]
e fosHECIsdode 2 f slsj deyd Oderran” o dz® j BA#EA ety gy dpndils ¢
raefeod d20 t GMbE d2Uz) § sSdzdetsj H ts dggl<dzsfrigts © @ d2E § oty lsigsy, j «
LOCtejfdzves Isfpw ¢ jdeslsdtfr M o fjdeysdtOddzts'dzf d3 Ot jHYfdtalEOHdAC
MdzOyodz0 Mmistej 3dlsmw ¢ Btsdzjj o MsCtsdikz 5 L dzOyYy ¢
Clbtste’ §j fra BsBR2EsHY sy oM BSdZjj d BBdjj Md
Hsdi3d dzOdzlsdz" 3d d ted yd Mind e dz' 3d yOdzizh) ez dicf 14 yelz)eizfs f) I
Mz yOj, € ¢ H OssQdipjjdyde Osh 2 Bsd hd2 toj ftesHL
ted yd Mmdedeeds dzOB dz HOJ IsfY 6L COW M3 dz® Ha &etsdsts
L O OL H" & Odzd g.1dkB )| {difflz dgg ¢ t6j Odzd L xgets ;n™ H  dgdhdzd g & B
oMin rBSRER bt fsdmisHdls §afisjfjddesi ko jdzdr
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¢ ZOMmMmtse M §oMmdjHkzeh j2 MsOsdddL Oydji?2, ftd Lk
fkh j Mise j dzdets o' M ji s By fzBdzb At daBEO® M dzd H yJj dzsd3s Mdzj
nOOCjte dL®Bjdajded™ GjdzjlsdujMStets MshisOs O¢ o
MCOLT 90 k™ dz® HJdzO®RGS j yd i ds ezdds dgts of dzjp dsts tc Pé)s
Mtej Hozd FtesH S Isdo dzr 2 § Slsyj tzQ B dets difls O lgP g o 57 3
fslss®kS so .

P.q X,y
4 r =10
:“”:g ry=6 | ry=10
| e |
_ a)
e
0 150 250
Xy
4 ro=3 | 746 ra=10
Faa=2 Fag=3 r1=6
Faa=2 | Fe=3 | a6 ‘
) e i o
f_ ? u
r‘ii = !
n
0 150 250 350 600
6)

poosc q—
t dmz2A8Cr d 2O dzd ¢ ©  y¢@in Isuxfish dej jdde@s s j 2 o tsL tc Ofls
f torfy OraaOra,v=0. 1, |1 =0.2 d degrn®@d5 4zl kmdztse v

J Mz y Oy fsweoe dzj dzd W dzsor A Odzdzj dffjRlIs | dztr @
GJjlsjtotsirgeas lgi>re), f s zdzv ydw oMmjcecHO MrttOdW jIs s
Btsdz' " j &gz Mtej H dzj(dpldf MUZEEBG ] dedisdzOyOdz! dats § s zdzW yd W
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