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dbSCIszOdz detsmls! I s O0dd IsMdetse dz" dzd
Hr, Cdzd Ok, BdBILO, twjd jW, otjdv) dzO
L dgHtsG j dgdz" | (©@ zodz§ Odzd L o, dzj slsj S Issdzd € O,
YyJ delstcOydw o jhjMmlse, HYHLj jBd j cOL" (
dzr j] oHT), Ctlstster j Hts d&OMlstswh jets ot
oHO, 1973). 10detdjj wkltj] oftLHj2Me
dzdj yejdedesets fsCteso O fftosweodw jlsmw da
desflss 86 d M yYyjbSts or tcOy jdadzr di3d G dHtSIS
2006, | jdOH! jo d Hte., 2007; Hewitt, 1

stezf dzj 2h Ov o dzzlstcd C sdzlsd dzj dzls Odz! dzOwW .
20 fOMmmMdoeode &3 ted W Istsd3, GHJ] okdzsOdedyj M¢S
Isjtetcdlststcdd WdSMmdekzs smw OCIlkdodz j Isj ClIst
dzedw d GedHteBlsj td3Odz? d&zOW HjWIsj dz' desfylss
dzd yj Mlsosds B dzj tOdz' dzr = dMlstsydzd C 59 t6OL
otse. wORs?2 Ctokzfdts? MEatsHBd ds?2 o OH ]
Lddzm¢ Ow ¢ slsdzse d dzO, GHY MEtdzy) dzlsted totse
LOf OHdzts?2 yOfmlsd tdWissats?2 L sdz (1 O30 dz0
2015; 1 dz Mdzeddz d Hte. |, 2015 d Ht. ) . ]
B Isdetsy S tsdzdyd Mlsets dzOlstedw, Mmijtwr (9 od
tedw, MmMbtesdzydw, ~"ttskdO d tjHSSBL | &3] dzd dg
Metsj] MotsjtsBLOLd) Ijttedlststedd, COLT 80
Bsyjls ftede jfmisd € dr LOMtsdzj deds M tsB O
tcOL dztsdztse . 1 1 OteekzL ddmEts?2 wHiftej Mmhdd
183 Isrfp. 60O (tkatBody d HE., 2015) M c
Odzdzt ©  Odz! dgts? twWOoadeddzd . [ftojHjdzweh Jd&gd
sdzf wWodzwjlsw CtdtsOtedHdtsMIs: € dzd G3ZOIs O,
WO, 0O dimtsydedStsds Mtsdzj 2 orf Miskqf Ot s, { &
fBHLJBd J oBHT. l Oy dzgz s tots dz o fttsy fr
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B3Oz dzr § o9tH' , ftcj HMsOQoadzwes h dj MBS
1999). 5 d&OMswh jets otej djdd fOCIsdy,
5 ®steitscjddlsduimcédn d citrndBdUud Msdn
LsdzOn odzdwWwdzedW GdHtSlsjteds { ssets tj ¢ dsdz
oddej ftswodw jlsfmw MmfjydW Jqydetsy ¢ sdzlstcOf
Gjdedz" » W OCItstetseo ftsyotssBteOL s OdedW . 1 t5
Gitrnddidyj ME¢tsets oatsLHj2MsadwY d3d dzj teOdz' dz
OCIszOdz: dzgts Hdzw oT" wodzjdzdw Isdftse ftsye M
Add dihd) dseQizddj i cjdiLdmMO d o woe
Msdzy dzdzr = syes L Bsdz IsjCIsdzduy MSdr tOL &
BdzOIsdets- Mizdz! W Olsdets dzOlstcd j o' = IsJ ted3Odz! dz'
1 OHOYyd dMmfpdzj Hise Odad W
1 RLEYdIs! BsteW sdzseduyy ME sy Mbstesj dzed J ,
LgS - ndi3dud MSEdy Meas2Mmlse O, ~dd3dL d3,
shdofqw o Lisdsy odzdwdedw skydejtemsdan
2.Jrweodls: ftcd ud dz "stedzdteso OdzdwW 6 Odzts
1 Qe zL ddzME 52 Ctsisdztse d dz .
3 RLEYdIs: cijtsnddBdyjmMcdj tMmMej ddetsmisd,
Wddz! detsy twOMmMftej HYy dzj ded] + dzj A3 delstse L O
4 [y dzd Is otsLHJ2Mlsady d3ddzj eOdz' dz" =
Isjdz' dese s ftcdo desMO "ddBI U MSdr { dzj d3y
1 Ok ydzOvw  dittfojdtaodz@. ff tetse j Hj dets dMMdzj H iS¢
LBdz tcOL dzsdzgse 9o IsOJ Yy dets?2 yoOmlsd 1 OtelkzL
yqvw d BrOttOClsjttdL s Odzr dEsteW sdzsed yd M «
BdL &z d Mmisj {j dz LOMtsdzj dedY G OdzsBsStelW dz' n
CGJHteIsjtedz. 1 rwodzjdzr WOCIttr, MfsmseMm
stster » ©Tr Hjdzjdze {1 dgHisG jdader 2 T d3ddzj teOdzd L
stsyded ¢ dzjeCtstcOMmMlsoatstcdddr » Mtsdzj 2. 1 0
ftojHjdzj dzedw 1 dzj BB delstse o dLEyjdedzr =7 f sy
Hdzw Gtk 1 dzj d3gj delstso .
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vd sty sdud MSOw d (Ol IsdjsigEz@ dzdztzd y
fteOCIsduyu MEd2 dBOIjtedOdz dBsydls dhf sdz' L s
fted fsHGEIssaC ] LOdWISd?2 §t HdMydd dzd dzoc
ctcOWdw fwsyese d Hte. Jrwodzjdedz j L OC tsdzts
tcdff oW ddzt dese s teOMftcj Hj dzj dedw 1 dzj d3j dzls 5
dsots?2 fHtod OMMdIsIstej dzdd + o tsdz yd tsdzdz” =
Bdtetso Oz Hfsys d dZOdZH"N OWIsse G dHEBIS ] to
dzr = twdWilssea 7 L 5dz. RAW stcdzOydw & ¢ jdzjL
mMedr GMB] dzdzsmiswas d cJiteteO¥Ndyud Mcdy
fsdz Lso Ol Mw fted 1 Cdztedyd MEBdE d@Bsdzd Ist
CijetOWdyjmMéts?2 BOLT HOdzdz" = L Oftsdzj dadz
Mlse | dedzsects ftesdLotsHMIsoa ©. [k ftOCIs
5 dzgj B&ZOGEBY sdzz ydes?2 M BiHJyddemMSda ¢ L d°
9 ftys On MmMbtsdydw d JjeB Motslsdash j dzdw
GdBrndBIUIMEdd3 ftetse ddaydW a3.

1 0P dh O di3" §j f§tsdztsy § dad W

1. 1 dzj mdets? L tsdey MJjojtts-L O OHdats?2 Yl
~BHl Wottd3dqteso Odzdy L OMBsdzj dzdzr = H sYyeos B
GJdedzr » d 1L BGEjdzder = WOSCIkBStese, IsOCdn
mMdzj 2, L OstezH dz] dzdzse 5 Mists€ O, BBJ oL dzts s d
CzdBZOO d ftyststBtcOLEZENdr ftstesH " j dztsn

2. 1dbBadidud mMcov MmMfjydwde o L OMsdzj dac
fsMmiskzf dzj dzedj  dzj d3d dzlsse ) o9 sH OB dMmilssyc

¢ftesBOydw [mE@assldr | §sdtsyjddy HdMM]tls
MsOoadzjdz@ © o©dH] HBCAEZOHBO d tBMEYHOM]
d dedtsdzOdz dz@ » &Okydzs- ftcOCIsdyd MEdna ¢
HEzCIlsdo detsfls! OctesWdlstsyj desL s, 1 Ctdztsed
Mse cdzOL OB dBsdsH™ né (vdzOdze vH1, 2015
agricultural probl ems, potenti al sol

¢clSi¢swsedyud M&dd d mMoydodz de' J §se dz) &
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hdr bkljttdlkssted?2e (vdzOdz-vHt, 2016 ¢.),
d AjdalstcOdz des?2 ¢Ldde (TundeGede- nvaHtii, 0 n2a0l1 6¢ o
| ake research (I CSLR 2017)e (Ul ani Ud
BkzHEM jese (vdzOdz- vHY 2017), cutydodz dz
Mitset tojedsdzd d MftejHjdz dz" » IsjtotedIstst

l pdzdCOYgdlsy iy HdmMMmj LlsOydd ks dd¢
stsds udmdzj 4 o dqLHOdzdW"rn, W Ct5d3d dgH Iz d3" -

dlstczClsztcO® d B jddymtg GedsOlay'dw Mtsmistsd s
or osHtses, MEdMEO ddlsjtcOlskztecr d ftoddtsy |
yonr, o Cdz yojls 33 IOBdzdyr , 57 twdmkzds s
dMmistsydzd ¢ O.

] dyder 2 9 ¢ &zOp d g Jstsle@®@ydw wodzw j Isfaw s
ks, MBKOddzr » Oolststesdz © tojL lzdz sOIsj
1 QteezL ddzmMEs?2 CSlsdzsoadde o fjtedtsH 2011 -
EyomsotsoOzO 9 fYtsdzj o' s tOBSISOr 8 L OC
slsBtstclz BBtOL ytse, O OS] © ~ddidSEB- Od
Mlstswisjdz dets Br dzd fftcso jHjdgr¥r tBteOBBISS O,
GO BGWHO fkBdZdJSOYd?2.

] ZOGBHOtepdpEdissta] . o " O O Is ez tsC kz¥ B d
czSCtsotsHdIsjdze C.B. Oz J.[. uvBkGekzdasolz L (
fsHetslksaC ] HdMMjtelsOydsdzdzts? OBIBIST . ¢
Ctedlsdud MSdy LOd3 yodedw o jHEN | Bz dzO Ik ydzt
~ddi3dd d S jteddij dzelsOadz' dets? OcGtetsn dd3d d
o2, LOo JHEEN JjBBE tSISHj&ZO ¢jdjLdmMO d d
fsys 1 tye j dedesets ddemisdlskzlsOG dd3. 1. 1. 71
Hizs h J2 dzOBtstcOIsstcdd dStoeseBdtsdzsedd R C.
ssots? d MtsktekzHnddSlkz 4 rRT ] (061 €. 6. dz
HOtodztMmiIs: L O YwsHHJjty Sk d&O tOLd = L IsOf
edd Bdtsejtsadidd d MY jteddj delsOdz dets2
toj B Jdzsoz, A.1. 1 O0MOIEzjoets2, ¢. 1. 1 0Ot
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1. Cdzitscjdzder | WOCktSe' §syoSEB s

l. ¢. sBBoHB2 (1973), ¢ WOSCktttOd {t
B (fstesHr, Cdzdd®kOl, BdlO, tjd jW, o
dddz Bdz tlsdshdda ok dt odzdL d&, dzj slsd € Is ts da
Cdzgyj delstcOyds o jh jMmlse, tSHL jdd j SOLT
o Odgdz" j] oBHT. [ B8 dOmMsWwh jets otcj d3j dzgd tot
fsyotssBtcOL B OdzgdWw MIsOj Ismw MdzOB B dL 2y

lzdzCOdedL &3 fteswodzw jIsfpw dzO Isjtotedlsts
cytsded d, dzO ] O 02 MCdn smistcso On , o)
bWtedC OdzME se s GcteOB j dzO, © RIsOdzd (d, Yy d dzc
okdz¢ Oddyi MSdy ftyer wOMftesMmistcOdzj dz@r dz
wdz, 1991; 10-a0daddz®, 2001; [ Otej yd ¢,
tdekdvicdzstsy Gtosmlskzfdzjdzdy HtesHkzGIsB JL &
sl j BOB] d fJjtedsHdydesfls: & o f OHj ded?
Wstedzddteso Odedj ftye. Jded ddizist s MmMazsdmist
Msduyud MSdy Wttt CttOh jdzdzr | tsrtedMmlilsr jJ ¢
OlssteW dz' n Msd Hddzj dzd 2 fcdzzIlststcdz n sCMmd
Makeev et al ., 200 3; Shoba et al ., 2
Lso OdzgdWw tBRMdzco dzdo Oj s tMtse j dedesMmisd { dzj
OCIsdodzts?2 obkdz¢ Odzd yd ME 82 HJWIsj dzt detsyls! &
~d®Bdud MS&d ©BJHAZ) dzdz" § o lzdzS Oded ud MSdJ
ddL Cddz Wtdtser d3 MmMtsH |ty Odedj &3 B tsdzt h d dzf
ZOHC ZOE s " n C Uy dzsteOydw s oMmlstej Yoo Ist
hke ejtndidud MCize MfjydoddL Oyd:s o lkzdt
&zvels P, Cu d SJ (1090tdmrddz®, 2009) .

Il Mid2md3dyud MSd OCIsdeodz » ©WOASOA uvd
Mets- steOdZMOL OMEBEets oW imtses dzO fteslsw y
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fsye MmMkh jMmlsejdedetsy odzdwdedy ECOLT 90jls
Cstedzr = MdMisjdg wedzwe Ilsmw MmdMmilsj &3 tOL dzts
dzr = kZLdzse. Jdzdwdedy L J dgdzj stew g ded?2 dzO
B cdzzBsSdr d hdqtsSCdrn Istejhddz, o i kM
3 &3, o tBOLtoOOddd odztso! HwHAWIST 7 dzO
setesdgdzr = cdzr B, fsyes d f§ttetsH () tddz, 1
ftesWodzjdzgdwVw Mmj2Mslsj SlstsdedCd o BHdzdr
ftsye jdedzg’ » Issdzh s M3 h jdedi 3 ftedL dzOC s
Hickednr, BBdzjd OSIkdedzr » T tojLCdd dL d3dj c
9 dLBjdei dzdd edHtesGe j sdzsedyd MStsets toj ) d¢
o' hjdedd bkteseodzw ctokdzlstsor 7 oBH dBsekls -
BtsdzOydoe Odzdvw 3 MisdesMmisd, BOdzts Mo w L Odeds .
MistcOdzOr dOB Az HOj Isqw MsyjlsOdedj §ftsye ¢l
Bsdz hsds wOMmMMmisswdzdd fted wlsmkzisMmisodd L O
dzgj ded 2. 1 twwHj fMzEyoOje Mtyjlsodedj ¢ OhIs
dzr =, Ccttodgr » dzj Mts- zkeso ' 7 d Ctstcdats- dzz @
sdzdzr 3 d C dzd BOIts- dzdlstsdztse d yj MS d &3d [ fdz
Bisdz hddzemlsej MzeyOje OCSIsdedL Oydw Mmj2Mm
oddkzO fJtesweodzjdzdj dzO 8o jterndetsMmisd € sdzlsts
LdzOydlsj dzt desy dL d3gjdgjdedj cGdHEtsGE ] sdzse d .
ots?2 1 CMILdydd Wtsttdddtokzs sfqfw C Oh sOdatso d ¢
BsdzOyj dedzr » f StetsHOR M cdzkBSCdd3 ktetso dzj
dzj Mts- zkegso " J ftsyor tcOL 9 do O Ispw  dz® B J
dzed j 53 dz2O0 5o jtom desfyls! ctokzdastsor 7 otsH.
dzdd ftsye d ftyeoj dzdzsets fsCtesoa O cGistedz n
Cs?2 ((sBOMSjoady d Ht., 1997).

vOC B2 L dzHBBGEjdedz 2 WOCIktste € OC OdatsBOA
ojhjMmses o toysOr MowL OO M Ctdzyj dzlstc©
dzr = &0 Isjrn ddzd ddzr = S dzzB ddzOr & Miststets
Yyj desteOydw tojHSdR {dzj &3j delsse, Cu, Zn, (
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Hyjdedw dgjWilsd ddzd cOLO (4 &ZzOLtseafmECOwW, 19
ledscOmMfdd Wsttdidqteso Odzedy SCtobkzf dzr » Ctsdzlsizt
ddzd Mtsdsdytser = ftsye MewL Odes M dzOdzd yd
dzdvw vydmlsr a MmMtsdzy 2 dNaHGd.,) KAl H dgsCIn ) &
Istsded ud MEdRd sy MOB] .

ldzdvdzedj YBBHLjRRRZ » cOLtso dzO f syotstss
(stsoHO, 1973). JwwLjorj okdz¢OoOds , Mty
sl GtwL jobks BtjSyds, Bd hdj Stdadyjf
I sidzj Hdzdd, YBHAdwWIST §J ) cdzkeddz 300-500
|z ddzdz” §j otSHT 9Cdz¥ yoOslsmw o sy
¢Cd (Htojddtctso Odedw) o fEzMCOosh djmw dadL «
otej dgj dedzr j toj ydgr j] HBdzddzr, © &BJycetted |
o jtorndzsmilsder d3d d Y tsyo j dedets- ctozdzlstsor d3d ot
Bjdzdzts © OtdHdzsdz S dzd B3O, MytsmtseMmlsozj |
dzj tOdzseo dL tcOMmlsetstetseo, Htoddsj Mj dader = ¢ dz
SsOL OnMisOdz] , | BdzBHdzes?2 Misjtid vy SdMlsO
90n ¢tOLOISdts? HBddJd ¢td3zd dzdd, o §tsyso
(s OMd i35 9 1980). 1tyer L sdz tcOL dztsd3ts o
dzj dzdv, R OtOCIsjtedL Ezelsmw OCCERBEEY yd 2
dzdL Sddi3 MSHjYOdzdjd3 6df MO (sB9o9HO, 197
Czd BOIO ftsHL jizder | otHT' MfsMmMseMmisalzs s
Msdzy dzdz" = ¢ syo .

lr € dzd dzd @ Odzd § (cOLctkzL € O) ZOf tstcdz’ n
otsH, ®BGOh jdzadzr = tOL dzd ydzgr d&3d + dzj d3j dzls O
stsots? Ltsdzy (rreBO d Hte. , 1999) . 1 sl
CisanddBdud MEdy tMmtsej dedetsfisd Isjtetcdiststedd
. 1. Cdzvtesoa® d Hte. (2014) dzj Stslstster §
M2 YydqHGEEY tkzHlE.

1. 22.8yo'" Lisdz tcOL dzsdiZgtso: t©OL dessBtcOL d 4§ ,
CazOmMmMdWds Oydsdedzetsj  soztsy 4 dzd 4§
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[ 5 dzOfMmistswh jets otcj d3dj dzd fHtod Wstcd3sdtotse
cteOWdud MSdmn SCtdzyd fyd2 o tOREOR Mot
CdHiIsjtodBdyuj MEd2 ftesyjmMm ttOMMdizOIsted o O«
COdzt dgr 2, daj tSCOL" 908h 2 odzdwdedj dzO
BOIsjtcdOdzseo, ModHjlIsjdz Msekze h da & MmMkh jf
GJdzdzg" » oOoBH d2O fJtesyd MM’ ftcj cBtcOL 59 Odac
1992). . ¢. J&OLBIMEB2 (1968, 197
cisrdBdui Mt dOftOodzy ddi, BI jHJd"s
Isjtc®, djxo0hdj dO mikr¢j foystsejHjddvw
9 0dzd? YSCOLOd By dd o0 dzkzs tetsdz? G dH
MW jt].

J]JHteslsjted3r ftodkztetsyjd ¢ sMdzOs dzj dzdz
WUiMmSd OCkdodsy d5 abdzS Odzd yj MS dds B dZOflsw
"stecd3ddtctso Odzdd dzOdznh OWlIsseo ddi3i J s dzts§ Odz

tcOCIsjtc (sOMmMddise, 1980) . | JHteBBIs | toe &3O dz
hj ezsydzlz® t6j OSyde Mmejnr, o MsCdy Isj BY,
sBtOLBsoOdzdt G ijtsanddBdu MEd Moetsj sBtOL dz" |
1 jtoj dz d30 dz, 1961, 1968). 1 smisizy dzj dzd §

MW jtr BBBEONOjIs ftysk WWHEGBSHE 1 dj @3] dalsts
B Msstes)yHjded?2 HjIsOdz des dL zyOdzd fiy! G J E
cOL &zsdgso o s OL Os MisOdzj , dzO0 uviOdj , 9 ot
HzzsOdzrn BHY Oj 9 d HEG., 1977; sOMmMddtse, 1¢

Il dzdwdedjy dzO ftsyer CcEdHteBIs] ted3Odz dets@ ts
Lso Odedw dMMmdzj Hso OdzsM! O sOBYOIS ) (¢
HW OteB , 1996, 2006, stfmise @, ] 4 dzdzOH d § ¢
(1 JdedzOHdjo® d HE., 2007), 1ot 3 j dzOdz
Bsfteswodz dzd?2 o© BJ zzbkzMmistsdnt sd dOydssdz
17 dzd erHjdzjdzr 1 CLBIsj B jcOlskztedz j d L dzt
Misjfjdz ckddzmMdtseo OdzdzsMmisd, SCIdMmMzslsdzts- 51
dBudesimis! , dLlzydd Bddzj tOdzsedyud Mm&d2,
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Mlse HYtsyes (JdJojtwsomid?2, 1959, 1971;
Wel | s, Whi tton, 1966 ; Rodman et al .,
200 3; Shoba et al ., 2007) . g4 o dzd VW dzd 4§
dzdJ cGcdzdded Mmisr = BJdej cOdzseo, dZOJjtedlstso,

d Mmtsdzjer rn O0CCERBEZzEZYYd?2 (1t OLEBBSOO, 197
[ 410490, 19814, 1990; HsCsdzsce d Hts.

1988 d Ht. ) .

1. . sOmMddise (1980) o©"Hjdzdd Isted W
ZsBZse dz20 Wsttdddteso Odzedd M JydWwdud me&dn
hoOWwlkse: 1) LOMBdzjdzdj dzj 6S BtcOMlse sted o3’ ¢
d Modzsdytss osHBd ©OLdAsBses M dhmf Otedls g
o' 9 jlstedoOdzdwV; 2) BtOLBoOdd] dzgjL OfMmtsdz,
dzslsdzr n, dzj mMdzr =, &kesor o), ftshmistcOdzmls:
d3d Isj Shtsdeduyud MSdnrm d2Otelzh jdzd2,; 3) )4 dzj
tcsSH 9 LBdzg ©WOL dzsA3so .

HdzsdzyOSd d MmMdztsdzyr Lsdz tcOL dzsdits et
HOo dzgj &3 o dzdwdzdd c dzkzB ddzdz" = B dzel tOdzd L 59 (
fsyes LbBdz tcOL dzsBEse fftejHJdzVv jIlsmw d3d dzj to
dimssyded ¢ s9. 1 td tOLEkzL S &Bddzj cOdzdL
mMddis ls HJBdIO dMissydzd O Wsted3sdtclz® Is!
ftcjMder » otH GBKOLBOOd] ModasdyOfts i
Medzj dzgdwv tcOLO9do O Isw fted dBOd = HJBJISO-

tOMmMftcjHjdzjded] BICtotst dzj A3 dzlstse o Mmtsd
mMeddsd kmazsedwddd L OMBdzj dzdvw: CdMmdzdlsj dz
CdMmMzslsder | OO stcOdBBd (1 4 tod dz' d30 dz, 19
orHjdzjdzm © LBdOr tOL &zsdisse S dMmdzr §J ( tey
MosHtse " j (to] >8, 5) Mesdztsdyos Jd, n OtcOC Is ] tc
yqwdad oBdS st dzj d3j dalstse .

sdmdzr | Medsdyo¢d Wottddtelkz® smw Ists dz
B MststesyH]jdzd?2 HoyosstsBteOLEZENAr ddzd &O
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B MsstesyHjddwWar ) aHOB] dBtsckls o' datsm(
stsdedz" o HiMwIsCd Issdzdz Zn, Ni d Co 9 o«
ftejHjdzjdedy BICtest dzj d3zd dzlstseo L Qo dmdls tslis
tcOL Gtz € otH o tojdz jWwyjg, GJjBrdddyd MS
hoWlstse d .. 1ted tOLctokzL S SdMmdzr = Ml
fpw CdMmdzr | Msztdyot¢d yoOfmlsts B J HAj dzr d
mMwismw eodzdL (85 MCdzsdzz ddzd 5 HEsdzddad
dmyf OtedIlsj dz' dets?2 Ctsdeyd delstceOydd L HJ M ¢ tSH
dzd j 5, i lstsddz o CdMmdzr » MbdzsdyOs Or B
dzds ) Weodtsd3 OdesdzOdzd d dzj Ctslstster = 1 dzj d3d
Bsydls ftesdmMaHdIs! dO M j dtoydtsds B Otc! | to
zr » ModcdyoStses M Stk 0 hdddd Misj f dz' d
hdas M jdsydkzs MtejHEZ. wtHjtt)yOdd) d&BJCtot
Co, Cu &0 h jdtsydssds BOt! jtej ® 5i 15 tcOI
COn (ljtejdzt d30Odz d Hte., 1980) .

10detsdzj j] ttOMftesMmMistcOdzj dzdzr d3d W o dzw & Is i
Modksdyosd. voOotd] ModsdyoSd dL kzyodzd iy
l1tedBOdZR Oh 1 j (1 jtej dz2 d30dz, 196 8; s Ofmd di3ts
sBr ydets r dztsted H dats § nzted H dzgts- Mz dz' W Ols dzts
Modzsdyo0Sd dofmdjHEZEIls ~RO0OSIjtc L OMdzj dz
Ltsdzgy t©OL dzZsd3O. 1 OCtsfdzjdedj Msdzj2 d BJdEC
wodw jlsimw fted dMf Otedlsj dz’ dets?2 Ctsdzyj dzlstc©O
COdzr dzgOWw @G itsadddyj MSC OV L tsdzOdzt detsfyls! , M
dsects, Mkzdz YWOdsets (cdffmMseatets) d =~ dztsts
tc! jtose M Metsj?2 OMMsydoOydj?2 dzOSCOf dzd e
sz BOte! jtoj dzOC Of dzde O¢ Isfypw 1 dzj d3j dzls T
BtsdzOIs™ 1 Pb, Mn, Cu, Ag. 10 cdfimse tsds
tcdHdesdz d fMHBoatd LOMsdzj dz2dd Sr  dzgj dzOC (

]l t.OL dzsdgde » MsdztdyOs On [ EZatsHY Ot d
ZOHOjIs MmMkzdz W Olsdats§ , ndzsted H dzts- Mz dz W Ols d



"
tOLdzr 2 "ddidLd3 LOMtsdzy dedw o dzdvw jIs dzO teC
MdzOBs2 twOMse sted disMmisd MEzdz W Olstse ddetsc d |
Slsdzd ydd s mdistedHd » ModsdyOStss. uvdfi«
YyosStse wWodw jlsfqw Sr, jgets LdzOyjdedw o1 h j
dz' 7 Mtdyotos. uvOCy] rbtesh s dzOC Off dzd
Mdzj " Odzdets a3 MsHtso ts5- Mzdz' W Olsdetsds L Off s dzjoded
dz 30dz d Ht., 1973; sOmMdditse, zdij dz CBo
WOldgr 7 MbdzsdzyOS Orn A j dzstcOdz dgséts s OL OnR
Zn, Pb, Ba. | ~fdsttdHds- fzd W Olsde » Mt
totsd dzj d3j dz2ls O3 HtsBOoa dzv jIsmw Fe d Mn.
sBHts9 " | Istejhddzdzr | otH'™ Isdfdydz Hdz
sfmdesodzr = h jdzsyder = f stectsH, COttBBdOISdIsts
okdzC Odzd yj MSdr B AEZOMWA. 1 O0dBtsdzj j M dtc
d rdzsHdz | otH'™ MtsHtsoet IO o HtojH
sO0CY ] MtsHtser | tOL dEzsddz" j o BHT o Miste j Y
HJd dzj , AJj dglstcOdz! dgsds s OL Or MlsOdzj () sMsats
Mls! 8 MBHBO "' " 9tSH Wodw jlsimw orf MSC OW o
(Mo, Ilr, Sc, tjHSdAs Ljdijdz2, W d Hte.)
Ag, Zn) (1jtjd B80dz, 1973; sOmMddse, 1¢
s dzOBts dJL Eyj dzdz" &3d tsfMmilsOs sfmpw MsHtse "
cOL &zZsdZ3se (s OfMddsse, 1980). 10 Mmydl dMm
dHijls BBcEON jdd] MsdtdyOCtss Odzd ¢ j dzdze
detsh j dzsydets?2 MtcjH) . wtHtSe ' | MbdsdyoOsd
My ZOSCOf dzdo Oj d&3" = 1 dzj di3j dzelstse . | Hj Mm! €
Cr, Ag d Htked]j { dzj d&3j dzlsr (s OMmMddtse d +
l tjLiEd IsOlsj dtse j2hda IsjClstsded uyd MS d
" 9 twOL dIzsBde’ 7 MsizsdyOS s ls kZtctse dgv 1 t
(1 Jtej dz@ d&30 dz, 1975) , Cshtstets] ftedotsHdIs
Mskzsdzyr ot dhzsetd3 dzOMdzj HE¥ s G4 5~ d d3d Y.
ModzsdyoS ses?2 MSOHdd t©OLoadIlsdw. ABtedd



io

Yyor ldzdyoslsmw 6l ModksdyoOttse. |1 Mds
WOlstse , ndzstcdH B |, COteBtsdzOIsse d dBJStetst
Bjdej J] UsHodydelze Wistedisz, MmMowL Odedzzs f d
tcdL s5dzls O. 1 HJ M ftcj SsBdZOHO]jIs MisteB s O
tcJLizdz SOIsj ko jdzdyd dzgdv o Odzseo "™ n MBHJ t6)Y
Lsdzlsy, dzOtsBBtesls, f§tsdzdy OJ Ismw MmMisH | tey O dac
10 OHMmMsteByYydBdzdz" » B Ot jteOn o MsdzsdzyOn
By sOdzdzr 1T Cu, Ag, Cu, Zn, Mo .

[JHdddB dL vwtttdr fHttswodzj dzgd?2 o dzdWw dzd W
nddBBduj MSCdj wMmtsej dedesfilsd dzOdzHh OWIstse W o .
dzd J4 fsye d f§sttsH o L tsdzOr tOL dzs 0.
dzd 2 IstcOdz? dz 2 d Mmddz detsh j dztsydets?2 Isdffr 5y,
Isj dz' dets- o tsMmisOdetso dIsj dz' dzgr disd EMmdzseo dw d3d
dzj dzdj d BBEOtecOdzyj 90dedj Htsye d ¢ stotsH
(20 CdmMdzstcsHdesdz BOtc! jtoj) Gtotsdmn S HJ da
L smw dz20 f stetsHOR )] BBSEON jdader = Y J ¢
sy jdzjLdagj dzgdj d BGBZOtedc Odzyj 9o Odedj otsL dedC O
ktstcsHsd L OSCdMmde = MisjHddzj ded?2 Y jdzjL O d
9" n OBHOR, f§mMzfoOoshdn f§t IsjClstsdzed yj M
Misd (1 jtojdzt gOdz, 1968). wjtedsCdhmds]
Cdfdztsj L OMBsdzj dzdj, KOC C€OC di ©BLOL SO
ydd ?.

sdzyj delstcOydw dBCtetst dzj d3j dazlstseo o 3 j dzj
fsyes Orn LOoadMmMdls tls CdStcjlsdes?2 dzOdzHh OW
sBMlsOdzseo . 1ted SCdmMAzs?2 t©j OCydd Mmtej HT
stseo, o h jdtsyds?2 MtejHj] T COdaej dedz = .
o O sw ¢ d&zOo dz" i3 BBKOL sd3 S Olsdtsce j dedgr j d3cC

] JHtetslsj edzOdz! dzr 2 sy M weodvw jlsmw
sftcjHjdvshdds Wstedddtoeseo Odzadjy §tsyoe j dedetsc s
B dedz" 7 CdHEIlsjtoed3Odzt dz" = MmdMmlsj ds. l L Osg



~

if

sjd desfilsd kst fosyj MO fesdmosHdls
Mos2flse fsye (BjL MEh jfise jdedes?2 ¢ jtoj Ml

Mlstesjdzedw), dzdet Cttoj dedetsy ftoj SBtocOL 59 O
ftcdotsuwh jj € tBttOLtSoOdzd® detseor n ftsyog
BsteW sdzsecd yj MSdn, B dzj cOdzse dyj MmSdn, Y

sMmtse j dedetsmls j 2, dzf Moet2Milse j dzdz" = L t50dz0 dz
HWOtB, 1995; 2005). 1" MmMsCoOwv ¢jtanddidy
so stcso BftcjHJjdZVjls fsVvedzjdedj dz©@ BdzdL €
YJ Mlseo j dede" s MisMisOQotsds f syo j dedese s ff 56 dzts
9 B Yydz' n Efmdzsedwri o tw©0OLd » §todtctsH dzr
dZvIs' Mw o hdtesCdn ftjHj d&On, vyt St H.
fsecdzsh O h jets Ctsdif dzj MO fsye d MsmisOo
tetso. stdstcOMmisdatsmis! d HJdzOBRdydetsfls: z fr
HgMMsdkzOdzhkz § sye jdzdzr = Moets2Mmilse. 1 ¢ tsys,
Bselzls tsHdasotej d3j dedes f tod mMizlsMmisa tso Ol 3 b r
d NO dzOfyr h jdadetsfls: d ="dd3dyj M Ow fMmitsdztsda
kZts? . OSydj? ¢ftysjdzdzr » MMy jde 2, 0O |
sls Mtshis©oa ©® o tsH, ofMmMCtcr oOsh damw o ot
O dzdz | Myj so0dzdw wOCIsdyd MS&d dai o Mist

Il OS¢IdeodL dtetse Odzdz" » Isj SIstsdzed udy M dnrm
Lisdz (J11)1) LO fMujl sk dj ddy d&O {t
e 7 1 dzj 3j destse, MmMtsHjtey Ohdamw © otsHOR
cisndBdujmMSts) MotsjBteOLd] &OdHN OW Istse
SBteOLd j] dzsSCOdz dz' j SCtsdzsadujmSdj dedh
dzd?2 d Mdoetlde » (v02MOje, 1994).

Il LtsdzOr o dzdwddw twWOLGtelzL Cd oftsH, dz
Yyos lsmw d dgg ~OttOCIsjtedzs j] Hd&v to] ¢dtsdz0.
Isjf dzstsB j MY J yd dedetsmis: Isjtetcdlsstcdd toj W kzc
MstsBh jmMlse (uvORljjo d Ht., 2010). 1 &
oBdzdLd tOLGetokzL Sd cdHttlsj tcdzOdz! dzr = o tSH
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dzd S s9 1 OteelzL ddMEs2 CBlsdzss d dz st dfOdz
Miste C 5L, shdztso dgs?2 Ote] Oz Cslstster 7 dzOR ¢
tcO2tdzd zEBROSCMEdr Isjted3dOdzt dzr = dMlstsydzed €
HstesffEZPPDWRLGHDVOGR AH [t OM Y tetsfyls tc O dzj dzd W
stesh Oj 3" d©3d fsys ORBd sOCoCOLO d o9BHESj BO
Lsdzgy odzdwdzdw cGdHEtslsjtcds dzsC OdzdL z8 Isfmw
dzscdr dBsdzda MCse d Bt dOetse. | Mmthls
Btz smw Isj tedzsw d dz' dzOvW d CtsdeS teg IsdzOw W
(stcOMdzOY Cdzdc©O® é, 2002; ¢dgj dertsdetso 19
BOdz! dzf = o SH WBtedsdteseo Odz" MY J ydwWwdud m¢
JHd2dd3 dL BMdcedze » SR sdy dzlstse BJC oS
CteEf § O ydoOdesBOSCIsjted?2. | tsHdOWY o j tcn dat
BOGCISjtedOdz: dz@ 3 dBOI O], 9 CBlbtster n ML
Isj dz desflsd Mkzdzt WOIlstej Heydtekzs h dr, yJdzj L
shda o 0OdzOt tetsBdetsd3 S dMdzj dzgdd Btec Odzed y g
dz" » BOIOR N jdatsydy = 6dHtelsjtcdy ftesdmn ts5
d Hte., 2010).

It ftsyas O3 Ltsdz eOLcGtolzL € d d3d dzj tcOdz' dz"
tedd 102C0dz MEts?2 tdWilstsots?2 Lder dd3j jlsf
Mo ltsteOdBd (2009). RABI dqL EZyoOodzsm! o dzd
COBBdROIsdztsets MsMisOo O E gts- L Of OHdzes?2 YO
[ sdzsydzOwW 9 Odedz®@, r jdzEHtsyde 2, 1 4dlMCR-
ZsHtsMmis! d k- 0O0W 9 0ddzO) 2O WistedBdteso O
0,5, 2 d 50 d& o¢olster wlsdzj yoels, yYbst
~nOtOCIsjte. 1 dzj fsMmtcj HMilse j degdes?2 B dzd L tsMlsc
ASHWIS ftesyd MMr &BJdzj cOzssBtcOL 59 Odzd W (
stc@o jtolsd dzOn fyYys'™ HBOESHEshd j, 6dH st
COtwBBBY JIstetsL j i3t . J dzdwdzdj cGdHtetslsj tod3 dal
fsye" Ikd§fO BLRttsL jd@se dzj of Wodzj dats. o
B dzj tOdz! dzf = dMlssydzed S so MmOdEEste- VL Z2dzO
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mcow, [MOHtemMEd2, 2008). 1tyoejdader 2
tor sdfdyd dz Hd&zv Y QoL j @39, sSHd&ZOC
dzj 2 stceOdzr d&zOv ddzd MdzOB tsh jJ dzsydzOW t6j OC ydv

1. ®. sOmMddse (1980) fwd dJLizyjdddd
3 dz¢ &zOskztclz, HJOGcdsMisdSE dd ¢ dzOmMMdW d¢ O
LsofmMEs?2 (1972). Jdo 9" HJj dzWdz MBsdzsdzyOS d
Is. H. ) detso L j dzOdzH MSE 52 f syoe j dedets?2 € dzO
t her mal Recent Soils (dBsdzsH'™ J] G dHtIs
ter' J R OttOCIsjtedL ¥ Isfw MtcjHdzj ctsSHBBO T i3] Is,
Mdz) HtwwjorhoOshdj dzO@ 2, 5Au MicjHAzj GBHISO
HSE edzzsBddzr 60 Mmad3. l wz¢ fHtsyesr eoBdzdL (d
ZOydtsdzOdz! dzr 2 f Ote¢) CkOMMdW Jydtelze Ismw
Mdflsdmsdzd ( Rodman et al ., 1996 ; Keys
HWOteB (2005) GJjdel sduyj MS ke BN dsfls: G
9" Hjdzwis! dzO ktetsodzgy dsotseGts GdHEESIS] tedBO
tsimdd M bdfOBd bjtedktsLj Bse HJjtedtso ' n
fsHIsdf Osd BMisOItsydets- Mdzsdmlsr 7, Odz W j 6L
fsyes. [MdesoOdedjd3 Hdzw o7 Hjdzj dgdWw 1 Iss@ts
udimeédie (Buf, uvf) cttedL sdalsr . Rn Witd
Isi BB J cOIsktcOn, OSIdodzsds ftedodetsmy o h j
odzgzlstcdf syo j dzgdzsets or" 9 jIstcdo Odedw dd3j ¥ Is

I Sazommdwv g oydd fsye (shmdd (2004
(2008) € LOMBAzj dzdz" d@3 f syo OB tslsdesmwW Is dzt
HtS 200 Md3 dd3j j sMw ctedL sdzls, MtsHj ey O
mMise j , Motslse jIsmisaks h j &3 MdzOB 82 ddzd B sd
L Issds 9" HJjdweIls He] MBr ] cikzffr LOMts
zs s teW dzr - f syo) d Mekzsdzytso ( ts
HAWW jtoj dzydtetse Odedz" = f syo) .

O dzZOdzdL dzdlsjtcOlskztcdzr = dBOIsjtedOdzso  ts5¢
otej 3y dzdetscts dazd e ydzgjets odzdwdzedw G dzlzs
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fsye. ) dOyddsmis: dLizyjdd” nfjuydwvdsd

ftcdodetsmy ddesedr 1 dzj d3j dzlstseo HBMIsOls 5y dzts
omdets, HdzVv §tddBZzOddw 1+ otsds ygqtsdzdz” » d
o0dzdwY fsys d dOdZH"N OWIstse G dHESIsS | tc 3O dz! «
[ R 0O2 dizts 9, 1992; 4 ¢ sdzts e, 1992, 1993;

2011 d Ht. ). 1B8Yy90O wodw jlsmmw MmMsmlsOo dzv
Mo ] d Met2MmMlsea O ftsye o My lsOdedd M
cijMmMdmlsj &3r foLotsdwsls EMlsOdtsedls: oL O(d:¢
sduyd MEddsd WOSCIkstecORBd Mtej HT , dzi sBrtSHJ ¢
hOWlktse. 1 it tsyjodHdzO O0SIkzOd dtsfls!
o0 Lsdz OL dzsd3 cdHeBIS ] ted3Odz dzr = MdMmisj c
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1 OtcezL ddzmMC OV Cslsdzso ddzO ( Hdzd dzO 6 5 d
Mod3r = Ctokzfdzr » o9 OHddz 1 O2COdz MES2 o dzlz |
(111), SBlststctOv foslswedoOjlsimfwy dzO 2500
Cistedz” | Msstelkzy j dzdw I tsflstsydzets?2 wdeBdtcd Ht
tedlststedw WwWodzw jlsfpw MOBs2 Stk dzts?2 Isj CIst
Ctsdzlsddzj dzls©. wdMmlsj B3O o Cdzt yoOjls o MmMiBw |
Hddzr (tsCtdzs 70 o9f OHddz), t0OMY sdztsy J dedz"
Crdzd MssBGOL dats (A dztstej dztso , 1960) . 1 ©
MtezC IsEtceORBd 1 Ists?2 L tsde" Wodzwe Ismw 5y dzts-
mezemkekd MCOWw Hjfted MmMdd, L Of tsdzdzj dzdz" |
mc ow , vlzdeC  dzelp & Ow 1 QteczL ddzm & OV, 1 Jnd
1 Ozdzsso MG OW d 1 OkdzstsomE OW o OHddz" (ULE

[BlcOLtso Odzgdj 1 02C0dz MEB2 tdWissoats?2 |
MEddy ttOL dzsditsdy L J dgdets?2 S tster (tsls 107 15
tcsets sy jls fedojMmMisd € twOMEtsdkz [ ottOL
ud e, 1tteddzg, 1984). |1 kddydj tls tdWls
fOHO wz¢ 111 ~n OQtcOCIsjtedL 2§ Ismqw  MdzOB '™ &3
Mlsody BOGHBOKdL B3O o dzOMIstswh d2 dBtsdzd dzls
COzO (skL!' dB3dde d Ht., 2000) .

[BtcOh Ojls dzO MmjBwYw odzd 3O0Odedj BESdZ! M OW
Isdo detsfmls: 1 O2C0dz MES? GEttedes?2 MdMmisj d3r
sdo detsfmilsd, CobttcOw fHftoswodvw jlsmw o odH]|
tcjetso 1 02C0dz0O, O IsO¢CYJ ddalsj dzlmhdo dzr =~ L
111 Mid2MBssmMisOdzydd tjedmlstedqeze s His 20
Lfduyd dzlstetseo dgsh dz" = L J dzgdzd stew fj dzd 2 Mmd dzts:
o0JIs JJj ormMmestke IsjCltsdzdy Mk OCIsdoc
(] 2dzd dz0O, 2009) . 111 Bbdzdyojkhw s ¢



T
ftosMistcOdaj dedf j 5 © G Btede 7 fStesHOR G dzzB s
dzd 2 , MY stcdzdtcso Oah damw o tjLEzdz sOIsj
2007, 2010). [Jdzd LOftsdzdzgj dz"@ otsHB2, CBI
Cd3 (1 ddedzj Site d HEc.,1998). I lkSCtrisrn
dz2" § G6dHtElsjted3Odz dz" § wyd?29d, uybts ftedo.
dr otfmatHwhdn ojlewgn (1ldsfMmddd d Ht. ,
tcOL dzs dzOf tcOo dzj dzdz" = t©WOL Az s t6OL Gz OF |
o0Odzdz’ j] oBH' (rL¥BO, 1999 1 dzg deddz, 2

tdm. a2 BO 1 O2C0dz M 52 (tadiislicty alaIsoL sdz9 6

1 7 tdWlstsor j ofOHddr ; 2 1 6dzOsdz |

AqWteORBd dzO@ Mnrj B ECOLOdr Ctolkzfdzr j tod)!

1 T1rOternOdmCOw, 2 1T stMmtsetsdz; 3 T uvlkds€ ddzMm¢ «

1 02¢0dz MCOwW; 6 1T uvuMmlk! -1 0O0ekzLddmMcOw; 7 T 1 Ot
mcow,; 10 7 [ E2MEOW; 11 7 yYOtmCOoOw;

1 OezL &zl OV Ctslsdztco ddzO WwWo dzw j Isfyw st
fOHddz 1 02C0dz MEBS2 twdWistseots?2 L sdzf ( tod
sMmissydzsdy dzOf tcOo dzj dedd sIs MJjdz vy dIs§ Odz
"dd3d BOMM 2 OB d BBLOREY: " dBd ~tej B!
Sstese s ~OtOCIsjtedzO Wil ts of OY J dzdzOW ¢ B
Hts. |, 2009). 10 Mjojtets-L O OH] Cslsdztse d
tcjBISO, HtMIsdecOs M jets o Mslsr 2841 3, (
MCdzsdzr RECOISMEtsets mtejBISO d | SdztsdzH d dz

©
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ksoddzO L O COjlsmw MAasHWh dizdmMw slstetsc O
ets- [ E2MESses ~tcjBIstse . 10 8ets-LOfOH] 1
VviMiss - 1 OekzL JdzME 82 ZOBOdZMS dd3 Mtcj H dzj G 5t
ftesedB O 1 OtekzL ddMCts?2 Ctlsdzsoddz fmd3j M j
(dj2fdBBslsj Sssdzd S ©, 1968) .

2 . litdksecdujmMSs] Mesjddj d fsysts

RMststedw MlsOdztse dzj dgdw WizdzH Od3d dzls O 1 O
Mzsy dz" &3 f zlIsj &3 tcOL o dIlsdw Htcjodzj 2" jcets B
i wdBdtmMitsets CtcObsdO. 1 0 ftoslswy jddd
SOy HEjJ2WO SCBdlsddzj dzstse ddzd Hody J ded W
swyjdzadwdsd d tBtOIlsdz d3d MHode Od3d L J d3dzts
fOdzj ssC jOdetse d MmMsfklsmlsoks M dddd ftetsy fr
fsCter sdj Jjet dstevdd d MsflzisMmiselzs M d&d
Med?2 CtOlstdz dzgj sSHdesC tcOIlsdes L d3gj dgv dz 6 OL
BICtesC sddsddzj dzZsOid, GMktesod &3d HEZE O®RI
dzj dzlstseo, t©OLJ jHJdzj dzdw ) deddsd (f Oy, 19E¢€

]l tOdedzj SOdzj HisdzlmC 2 { sOf tBteOL ts9 Odzf
Moty dtsMmisd twOLddyde = 8 cjdzgjLdmkz Is
dzr = HEcE, ¢jO0ddyjmist?2 Ctter d Ht.) ¢
Cslsdzsoddzr ([ Oy, 1987, 1990: 1 tsdzj dz"lsO
HdjdeCts, 2006; 4 &OHStsyks d HEK., 2010;
s BIStsitdsdd] dzisO MoMmisOo dv dzd ttOdzdzj §
MSed?2 bkteBdltse' j Isjtetej2dz (1 j dzdyg de€ ts
dzdr 500 ddzdz dzjIs tcOMMdzOIstcde O BOWY Isj tets
EyoOfmisdd ftHddlssm jtedsr n o dzzlsted tf dzd Is dzr =
djojtos- LdOIMEsets My jtof dzs8 &3O ( ¢ te B dzs
mMseriIsdjy o {1 Itsls fjtdtsH T GBttOL o Odzd J
tcdWilssots?2 MmMdMmisj d3r A j dzlsteOdzr dzts?2 oL dd ( C!
i 4 (320-290 (gdzdz dzj Is) 2O Isjttedlsstedd
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l dsddBdMcd?2 BOlddls §fdFzbktddyj Mitsets Otej
ftoj HMIsOo dzv j Is mMsB 52 56 tots d3dzlz Mkze e BtocC
800-400 ¢ a3, Mdztsy j dedzz ¥ Gt OdzdIstsdH Odzd fr
Zsydzr » fstesH ([ dlsoaddesomECd?2 d Hte., 19¢
d Ht., 2007,2010). [fMtsBj dedeslsd d + IsO1
sO, orojlktedoOdedy M jdtsydzr » d MmMkeh j dzsy
Cedgzdzv ydvw B dtd@tsydtsects BOLjtedOdzO o o dt
d BILBLBE2MEdA C(tSlsdzteo ddzOr | Of OH dese 5 | (
hjdzsydesets d MmMkeh j dzsydtsets W sdzO Hdzv  ff 51
1L CsmMdmisj &3 (vBkekdzses, uvBkEGEkzdzsea ©, 2017)

ANBstocdidtetso Odzedj 1 OtekzL ddzmME 2 Ctlsdzse d d
Bz tcdWistsotsdisz 1 IsOfkz (27-10(177?) ddzde dzj
o0dzdj SCtokzfdz' » CcCdzzBtsSCtsotsHdz n L jtt o b
Z0r (JOYy d Hte., 2001). uts obttets? { tsdz
ZOMmlsswh jj otcjd3" o 1tdBO2COd | EMlsOdese

1 sdz2 h Oowv yOfmls: 1 OtcezLddzMC Be s Rtcj BIs!
l dsdBdMEtsects BOLddsO (| tttHdj df s, 2008
i tc Odzd dzd iy dzd h ¢ 9 odHJ] dL sdzdtetsse Odzdz
ftej HMIsOo dzj dz@ tOL dzd ydzr &3d o dH OB dBJ SO
fJdMyodes- MdzOdzyj o &3d d Isj teted 6§ dedets- o Iz dz€
Meddid MzOdZyodsd  cdzj2MmMOBd ¢ JjdBted2mC

2006) . RCOIsmE d?2 ~tcjBJlIls MmMdztsy j dz t6OL dzd
B sOBsteY dyj MSddzd f stesHOA3d HEBSCj d3Bted W
cdw e, 1981; 1 jdzdyjdits d Ht., 2006) .

kL ddzmStsets d RCOMEBE RtcjBlstsea, d&O Is
hjMmlse j dedets dzj Hdzd S s | Mmtcj Hdzd f dzj 2 MiIssYyJ ¢
cdzr' B8 d 90dzzdzdets- ¢ Odzj ydese s B3O j e OdzO My
2010). 1 tyotstsBtOLEzshddizd  tstesH O dzO

WOm WodweIlsmw o thdzseodzsdy + dz¥ 9 d2, | dz¥ 9
dz' » fstetsH, Ctddzdkzod?2, fttsdrod?2 d { totsdzs



.
1 i Myodzr § Slsdztsy jdedw oL 9" M| dzdetsmlsy 2
gdzj s ls tsLjtedesy ftesdmMatyHjdd] d HBMISOIs:
tedlststedd HJftej mMidd. ltejHY sdZOG O Isfw i
B 2O LOdwWIsO BBdz hdd3 d cedzkesCdd3 § Odzj ts
Mistsmis smMOHCtse dd ftedmikzlsmise dj Hg Olstsd3
Emzsodwrn L jtodese s BMOHSsdOSC s dzj dedw ([
[ded N j 1 OtekzLddMCts?2 of OHdde Mtshmistsd!
CdBBBted?2mMEs?2, f0Odzi 86 dzg- dgj 5G§ deso 82, dzj |
ctozff (zOLStoMCOW, sthtsdddjy, 2007; K
al ., 2000; Hase et al ., 200 3; Kat aok
ydded?2 (60t ddzm& Ow, ~s2eBlsMEOY d BOtE
CtedMmMlsOdzdzd yd MSddzd MEzOdyoOodzd M ctedL tsdzls
" = d StdmsOdzdzdyi mMS¢dr, YyOMmlsts ctOWdIsd
fesmMdazswdiad WddazdazdlssedHd ~ d kEZedzdmlsts- C ts,
WdBtsdzdlstse . sJBBKd2MEOW ckzff O BBKOL S
Isr) ftoj HMIsOo dzj dzO H tsdztsd3d Is O dzq , dL o j Mis d
JqdzscHO 1T fshaswdkdd dd ddd. Odd ¢ Otes tsdzO
BEdzOlsdz’ = Ctsdee dzsd3zj cOIstso, CoOtyjor &3d
dz" s dBOtc Odzyj 9" d@3d tkzH O] .
dlstcOIsdectcOW dyud MEd2 tOLtejL BGMOHTtSYddzs
ZOyYyd 204 smw M dBdtsyd O ( sOdem 82 ME OW Mo d
slsdztsy § dzd 2 , o Cdzs yors hdrn fdzcrnts BlsMistels d te
B dzZlsdtetso Odzdz" §j ¢ jMyodeds¢d ([ tsecOyjo d Ht
CtcOMmdzsyo jIsdzr d©3d (300 d3) COtdzddztsor d3d G
dCOdzd d HJOItsBIISORd ([ tcOydio® d Ht.
Bsh dzOw  Istsdzh O  dzd y dzj - d Mt Hdz] f dzd 2 MiIsts
fidMmise M fesmdsydd d ddd. Odkd 6 O0dj ydsd
1 d B8GJdz-+ sfdzj 2Mlstsyd dzso OV ctekzff O Slsdztsy
Mits?2, CEttzdzdC OdzmMCts2 MmModls ftoj HMIsOo dzj dzO
4 Myoded S OBBd d Odzj otedlsOdzd, BJdz" i3d ©BLJ
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dets- ¢ Odzj ydzr d@3dq tslsdzsy jdzdw dizdd. 1 J B6J dzso ™ §
ssdz Cts © BGEtc-otsMistsydes?2 (H. ¢dzeO, M.
(1 OBBOtcOj O d HIEG. , 1979). [ shdtsmis: f dzd
v ils o MejHdg i3 s¢B8dkZs 250 & (Lunina,
dzdv lsdzdyos lsimw WOydodz des?2 dL d3j dzyd o tsfl
detso " J Blsdztsy jdzedw d&O Btsdz M j2 yOMmisd Is] tot
o3 UYd o jtelsduyds =~ Blsdzisy § dzd 2, Ctslsster j
dzj ydzd ¢ O z3q , fjmeoOodd, G dzd dzO o3 , Odzj o totsd
o fMlstej yoes lsmw BdzdyJ ¢ r~rtjBlOB () OBOLO, ¢
Yilseojtelsdydsy j§ Blsdtsy jdedw f jtej Ctor 9 OF
dzj dgdz" | o GMmdeso detsd3z MdzOB stsC Ols Odzde dizd ¢ dz
Ndddwddd, Mtsmisswhdddd dL o O0dzkzdzdzts- ¢ Odzj Y«
Isj dzj 3. 1 sdz' h OW yOfls! 1 OekL ddMts?2 ¢ |
soddzmMCd2 CkALEMd , v&kOd- 1 teeddzlmC Ow
dg B3d d Mk jmMyods B3d ilsdztsy j dedW Bd. [BtOL
SBtOLtSo Odzdj 3 § Odzj ssL jte © § jtedsHT tsdzj
Isr . dzjls) ([MOHyYyd?2, 1988, 1995; [ dzgd < |
l dzdw dzedj e ttcdzr » dZjHdzdC s BECOLT 9 Odzts
Ctso ftojHGEESdes- dzgOC dztsdzgdzr = Qo dzddz 1 Otce Iz
o BdzsE 59, 2010). 10 ftjHeBtedz n Ndzj 2WC
~dré Hjd sOf tldztsy jdzdw ftej HiMIsOo dzj dzr
odOdz dzf i3d 9Oz dzO BB, cdzr BdMmis™ &3 BWOIsj o
dzsy jddw B3, 1SOCY] HjdEodOd dg8 &i3d d HJj dz
oO0ddwvdsd. 1 thdtseodtsdy { Ists o Odzizdzdzts- ¢ dz' B
Hitcj o j Mdets- 6 Odzj ydz@ | BBtOL o Odzdw M 4§ tedd
(ted m. 2. 2) (vBkekdzseo d Hte. |, 2016) . 1
ofMmMistej yojlsmw eh dtodetsy §fdzd tOMMmiwdadvw
Meets?2 dzjHdkdSter j MtojHdzj fdzj 2 Mlstsyj desor
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tdMm. 1 BsfBlstcOdzmlis o j dzdzOW dzj SH dzstetsH dztsfyls'  dzd Is ts dzts
Slsdzsy j dzd2 1 OtcclzL dddnE sRc B trtsaztsg delas. , 20
vz, tBetsLdz. ¢ tedmMkdtk MfttOos O: 1 T 9 0Odkc

[bdztsy jddv HtojHESds?2 ©Osdddzyr (S dz
dzj dz¥ o thdsodsd { dsots-Hjdskodj & Cte] d
s odjd3, ftosdrodjdd d fosd® oats- Odzdzt o d j 3.

] sded ) j dedzOv Y Ofpls! SCwldtsoadds o] HMls
dz" d3d Odzdzt 9 JOdz! dz" d3d d 5L J tedets- B sdzSIsdz’ o
cso Odzr §jMStd, MezfjiMm! s, MecdddStsd, ¢
dzj SHdstetsH dzsfils! MjHddj deZlsOydd B EZMmdss dz
ftedlssC o .

JLjteds jJ lsdztsy jded¥ 1 OteckzL ddzmMCs2 € sl
dzr dzj dzj Mmikh jMmlsekzs hdan fdzj 2mstsyj desar 7,
Bdzs e sydmdzj dzdz” = 52 Bj dede” 7 MlsOted ydzr 7 s
MisOodzj dz' jMCOBBd, BAdYj § Yj dbsttOd dts
Mwa®d d Mkzedzddes Od3d, oMmistej yor smw IsOCy
ds- tOMlso sted 3’ 7 Msdzj 2 (tedfm. 2. 3).

sy dzsj G itbdasedyjmSts] Mbttsjddj 1 O
90jls dRzsetstsBtcOLd] ©OL dsotsL tcOMisdzr 7 f 51
sz sted yJ MEses MtsisOo tse . ]l syotstsBtcOL Iz
dzr ftotsHEZCISO®R] tOLtkzh jddw hjdazsydy 7 ctC
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t dfm. 1t2tSfﬂ|StGOdeO|SSJdZdZtSJ tGOfr]l]’teisfnlstQOdzJ dzdJ L J ted
LOMdjuAPe zdzse o HE., 2016)

2. 20.jCksdedyjMStsj Mmtesjddj 1 0OLELEL

]l Wotedgkdtctso Odzdd 1 Ot lzL ddzeMEts2 tedW Ists
detOs s t©OLW" oadg § dzgOtelzh j dedWw, ML HOB M
L j Bdes?2 Ctster (tedfy. 2. 4) .

Il 1 0tedkzLddzmMC 52 Cwlsdztso ddzj Slsd3j ygj dz
Mo jtes- atsMmissydetsa ts, mMkeh Jeslsdzsets, MmJ o
fosmisdteOddY (uj2idisljSlssddC0é, 1968;
Hte., 2000; [bkddd®O d Ht., 2009, 2010
tcOL dzsdz3r Mjojtes- asMissydesets ftesMmisd tc ©ded
2009) . sOd3r &3 Stwhkfdr 3 wodzw jIsfpw 1 Otec Lz
Ldzt dzMCts?2 (¥ EB-LOTOH), wOLOdem ZteMC B2 (
¢ kzdzd fny. s btejlst j2 Ckddffj ftedlkztetsyj dz |
BOdzSC Oe, ¢ ¢ dzdzOe, cubkzrotlsCje, c¢r ' tej dze (
g4J2Mmdiisce j sdztsedw. .., 1981) .

tcedj tOLdztsdyy Mjojtes- osMissydese s
dzj dedvw. 1 8 ety dzsots?2 OCIkdodetsmisd dn
sdf ROtOCIsjtedLizjlsmMw Istejh ddzOdzsd tOME tor &
fJMyuyodes- ctceOQo d2dzr d3 BOjtcdOdzsdy, MthmisOs
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sjd dgs tejyj. Jdd dzOdBdZjj ©OLadl' o

o Ot Ismw 9o 1 OtelkzLddmMSEzE of OHd dzlz.
v OB dzd yOmdesoldzr | Isdfr twOL dzcdkse 1 OtekzL ddzmEs2 ¢

1 OL 9 Odzd § [ iMmMssf sdztsy § dzgd § M ¢

tcOL dzts @30 fd3d h J ded 2
it OLdzsd3' Mjo jtos- osMissydese s ftoshisdt

L dzs dzm ¢ d 2 [Is 8cets-LOf OHdzets?2 yOfmlisd Ju@tdatAn!d dzfy
PHOBSCO (80 Cd3) fJtotsntsHdIl v dzs dzmC C

4 OO Eems d 2 HOBOME EtleME OV  C & dzd MO westsshsd Is
RZOjIsimw dzO ¥ cj o o jtntse! Wwn| to. 4 tsdz b

dudo Ojls vt dgmC ks of Onddzk fOIsj dzdzed Is .
SlsHjd"sls sfOHddE Is SjBlHO, O fwisr
f OtcOdzdzj dz' dzgs z OBOBMC 2 | S Edzd M | (

2

15

Z O30 dzm ¢ d 2 ZOROdME OV Ckdzd MO dzOyd dedejtdstdiyf tsls
ZO s et-LOYOH HB tCtsdayOdadw stsoar dzj 2 fr

MOIsj] dzdzd s © dgO fjo jtets- aisMmlstsCj |( 11

skBh diotslsdz j tOL dztsd3’

1dYdzej Ottd@tsntsHdls o dzdydzj o5 Isj yd dzd d [ g o tsdigH p ' o

Hddeim& 2 tc. e OHO, §jteiMmj CcoOw | Csbdbe (dkz

dbkrtslsmE d2 1 OyddzOj Isfmw o o jtcrtsof WewBtstshiu zn
MdteiHddzf of OHd dg

#J2MCd?2 ltcsatHdls osaHtsdzr 6. wjW wtfgfndz

G
NOjlMY ) dsCOd d &3 Mk BjltedH d sdz@dz d

t OLdzsdg Mjo jtoets- L Of OHdetsets f toetsfls d tc Odad (

ZO®ROdMS|d2 - 1 t O sdztsy j dz © 2z O RO dzf) Sl dg taddriHtDcE)
) Ot L ddzMS dds R tej B I9 thds BY s dzj dzls
i M

Z OOdzm C|d 2 - 2 Il zOBOdMS sz Slstctse j | 9 udgisfipla] |
Nt Blstsd
d dzls O de- tOMfsdzsy jdz Mjojtedzij Hlitcotsets |tOL
L 2fmdaddgmsd?2 sdfz dzj o s

fMHo dc|O

dbtcOdzc Ols 2 MCHdDatsHIsMw © vuvuMmils! -1 OteelzL ddzMC 2 o f
tc OL dzts s

ltesHisd Jdedd ¢ dzsOde- | EMd - JdzME BESMtcOL
crLddmisets d vydor el E2IMEtse s L Odzd

k2B B cdHdOdzgOdz! dz" | tcOL dztsd3"

l jtordzj Clz2 Is lz dz- l jterded?2 sk2lkzdz t
mcd?2 MHeodGe " 2
s kzdzdzlz ¢ € d 2 djojtc 1 OwelzL ddnfsed @ HE-C

mMBtetsmisjo ™ 2

Il yj dzZlstcOdz! dets?2 yOfplsd tdWilsO t©OL dzts d3"
mMdtlkzs smMw M HdSEts BtiKlsO 1 OttelzL ddmM¢ 52
h jdedets? Istej h ddetso OlstsMmisd dish detsfls! & o ff j1
e ndzl = BSMOHSCOR tded fJtesWodzj dz dzOdB tsdzj
slso jlsmMiselze h jets dzOf tcOo dzj dzd v .
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10

dstcjHd MEeh Jielsdzr » COL dzsdidtseo ot 9 dzlz Ik
Hdgdzr MdziHEjls BlsdjIsdls: | dx dad Otec OH d dzf) &
dzj Occ OHddzMC d2 tOL d&zsd3 ftesntsHdIls o H sdz
ded 3 dgj 3 Ijuddedd d yjadisd fijiml ol
ZOyddzOjlsimw o o jtrtso! Wa . wbkzattlktO, O
dd MO d HOdjj fwshdydes Oy HEs M

ltcddzjtedets © 5 Cds Mjojtdsj j BIs dzd dzd d
COn d Mikzedzddzé Or lsd3d ud &z Metesm 5 Istey
2O MmMjojtey 1O0OwekzLddMEB2 Hifte MMdd o HIBC
desMmisj?2 Midz c6H" ¢ d uvdz dzmrOdz ots 9o OH( ¢
Mk d3j tdHdsdzZOdz! dz@ 3 LOL Az BSd3. s L sdzj ¢
Med?2 dimbsydedS ) Isj B jtcOkztcs?2 otsH' 52/

it OL dzts d3' MmMjojtes- L Of OHMBe s fosMmisd tc O
mMétsds rtcjBlsy, BYdats?2 YyoOMmlsd 1 OteebkzL ddzMC 5
Nd oBdzdLd ftBjtey ! Ww L. 1 02¢ 0. lrweg
fsd3 Mmd3d " 4 dzd 2 . ZOBOEME 2 t©LOL dsd L OoWdS
1 Qe zL ddzMCdd3 =~ tej B Istsd3, b dzls Odz- | fyd - d dzfr
1 OtcezL ddzMCs2 ot OH d dzj , dtcOdze Olskz2 MC d?2
B YHE 1O0ekzLddzMSdds d Yydor eCkaMEdd3 L O
90jIsmw oHBd t. ¢dzdzO ((cOWtsdtse, 1970;
2013) .

1 O34 sdetsy o dzdwdedy dO MbkzSIskztodzatsy S
dzZ@ COLMr9o0jls ttOLdsd Mz dj tedH d sdzOdz! dzts
ziJ 400 Cd3), dOYUdqdzOehd2mw E GcwOdedy
s ydzj J to. uvkttCO. tOLdzsdR3 ftosHisdy O sfhw
fosweodzwwim! COC o MOHBYdd dzOf sdzdzj dzd
L sdz" deOtclkzh jdzd2, 1OC d o CtodMmlsOdzdzd yd M
1 ©Odesdz h OV RBsh dasmyls sMOHCtse (2,5 €d&)
LOf OHdztsets Bistels©O o tff OH J dzr . I MOHtsydz 2
sOSC Y] ddiBjdls LdzOydlsj dz@ dzgzs 3gsh daetsfmls! ( H



0
COLHjd&V]ls yj dzsteOdzr dzze yOMmils! of OHJ dz

Mgy " jdzdz" 2 € 1 OebkLddMSts®BE StjBlsk d |
stcOdz! dets?2 yOfmilsd dzOBd&z®E HOJjIsfqw L O3] Isdz" 2
2O Qo dzj dedwv dzO d3j edH d 5dzOdz! dzts § . Clsdd3
tcOL t6r 9de" § dzOtelzh j dzd W, sSetOdzd ydo 08 h dgj

dz2" 2 twOLdsd o' asHdl L O ftjHjdz MmMBMmilse
NdoOjsmw 5 BIdHdOdadz fsylsd HB Mmjoad
MistczClsktedztsy GtotsWwodzg dzgdJ MmMks did tedH d tsdz0 dz
mMw © Heokma or ASHOA. ] f jtcosds ©r atSH]
LOfOHdzj j M. w0Onkdzd, f§tttsH' ftojHMISOO
dzO ozd . vjShsddy Métsy Mbtetsjdedd sttt k
Ho O MBftowy jdedzg" » tCOL dzsdBO, ftetsweodzwe h dn
ddw d btejh ddeseo Olstsfilsd. [ tesBdzj dadj o dzd
tcr 90d3, fOHOENdd dzO L Of OH, lsdj yos Ismw
dzOtclzh j dzd v Miojtots- L Of OHdztsT 8 6 5- 9 BMis Y
3 M j dedv d3d Hts 35 Mmdz, d Yodtsedj ©OLTEL

otsmMissydetsets T L O OHdzts- ¥ gts- L Of OH dzse 5 da!
or di3d M3y h jddwdkd tsls 5 HEts 20 M. } smdzy
fsds HjWstedOyd?2 (fkdddd d Ht., 2009,

Y Os Ismw  yjlsejtelsdqyde 4§ 6 Odzj ydzd ¢ d, zO ¢t
G dzd dz€ d . J sB Azt Or ftosmdzj ¥ do O Ismw ¢
zOdz! dzsets dzOf tcOQo dzj dedw . | C sStoyf Gedzizodlz o &)
6 &3, 1 C¢MmitsLrdydji?2 165A, o' AtHdl L ts5dzO
ftedikztetsyj dzO Htsdzd dzO- gD fi3czd dgA s G @S2 O
I sB3ddBZ3s dzijd o Mmisj dz2¢ Or Cttej dzgdetsets o' - SH
dzedw f§BtetsH. {OLt" oade" § dgOtelzh jdedw My tew
dzj dz ftcOoar" 2 MHoadc B Mk dij cdH d tsdeOdz! dzr
Mistsydzets- Mj o jtes- 9 sMmistsydz . 10 MmMjojted 1
ZzCMCd?2 oL dsd. 16 6 jtidjShtedyj MSdd
(Cftse d HE. , 2007) . | Jdztets- Mistclz$ sz t



h
Mk d3j cdH d 5dzO0Odz' dzr O3 tcOL dzts 3O 3 ftetsd fiym S H
MHodetse" j d MHeadcets- MBtesMise " j Mmd3j " j dad v

it OLdzsd3r Mjojtets- atsMistsydesesi 8 gts- L Off
ddzh j Mlseo j dedes MBtetsMtser 2 S OwOCIsjte Mmd3d h
or 2, MmMeksd3j edHdsdzOdz! dzsets 1T MBsMEs- MH o
stster = kEyoOMmks¢Or, yYohj d&O BCsdyoddvw - ft
Bse, lsdzd yoOjilsmw dzj L &zOydlsj dzv dzOwv f tcOo 5

l cdzzetsits ftesdzdC O hdrn tOLtr ade 7
CslsstcOW disy s ftetsded C Oy HEts cdzzsddzr 1
otsHO 9o lsCterlsrn tOL ZcRBOR MW stedid tetso O dz(
wyyj?2¢d, ybt ftedeotsHdls ¢ ddasj daid o dats i3kz
own. 1t 1lsddz BlsCterls'r a3 teOL dzsdBZOdz  tetsd fr
GdHEBISj td3BOdz' dgf = dMmlssydedStso ([ 2ded dzO (
Hts. ). I My dmlsydedS¢d Isjtcd3Odz dz" » 9 BH
ZzOtkh jdzd?2 MBtessotsets IsdfO. 10 CGjsdse
hjj otjdw tOL OB odHdts, ylkts oMmj o
ftedlztetsyj dz ¢ fiteimMjuddede tOL desdzOff 6O9
ftesdmMrsHdls o CtojMml ftosMisdoOddy tOL dt
SlsHjdz' dg" » BdzscSCBse. [BhjJj Hoedyjdedj o BHT
Byctstede” &3 9 f OHddzOdB. 1 0O cteOded yoOr B AzZsECt
otsHT M Yo jten desMmisd.

[ iMsO fdlsOddY cdHtelsjtedd MowL Odzr fy
ftodwWwisde s Hdzv ftetsded Cdztso jJ dedW cGtolzdalstse ' -
tcOL dzsdzts o . l sHtsMB BtcdzOW ff dztsh OH ! ftcj HMIsS
ez tjL S8 tOMmydzj dzj dedzz® 5B dZOMils! M daj M
1 jtoOwW (dzdL CtsetstedzOW) Mmiskf j dz2 tOMY Bdzts
i 1000 . IbsteOw (MtejHdzj ctstedzOY) Mmiskzy j
1000 Hts 16007 1800 . Clbts ftej dqadszh j flse |
ftewd &3d d or S dz" &3d MSC zZsdzOdBRd B tSdz! h 152
sMlsOdzyodzd d tlse jMmder i3 ME OdzO ] . vtcj Is!
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i
ftcjHMmlsOodzj &z0 o' MSsEtsdy &8 | CL OOy s da
fqzssBtcOL dz" &3 GjBdWdB3d d IstesScOd3d. 1 B¢
wisfiso s s MsRteOdzsj deds 1 Isdn Wisteds, fjteots
udljd desj Ctdzduyjfmlsots otH' flesddC O]l
dzj 2 yOmlsd Sftejsktses, d comMitsHmsoks h dj
Vsl tej Mzl , dJLsktsfd 2 d o SftjHj dj:
sjted (1 dmMOLmMSd2, 1987: 1 ddedsj Cjte, 1909°¢€

l fYtsLHde &3 fdzj 2fMlstsyjdaj d ctsdzsy,j dzj
soddy d d2O0 fddjcOshdrn kEyOfMmilston { i
otssBOLEEN ] L Jjdigdzj stew mj dedw (b tsdztsdzj dzb t
ody, 1998). rjftijfmmdw SOLOCIlk,jtedL kzjlsf
&jlstewfyj dd2, ®HOcddkzHO Ctltster n Msihlsos
1981) (tedfy. 2.5).

i Pnc. 3.106, Beswierpiconns w  Bapry-
5 RIS "Illl LY GEE T ronpe
Acwioi Teppuropint 8 19502005 m:
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tdfMm. 1 Rk stewmjdd” o 1 OLckLddMCt?2 tdWhkto 2
sjtoted s tfdzdfizd 2@ d HE., 20009)
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It st ov Sdyg desteOydw Mg 2mdsdud M dn
fcdizetsmMistctsoa © woWilsts?2 datsfy, Clsdzso ddzy L
Mets?2 Cwlsdztsoddy (tedfm. 2.5). Jkfss? ks
Yd dO RCOLMEtsd RtejBlsj, Htodkztesy dadats?
ftccHSd) O sMw 9 H tsdz Lzt ZME BGEts Bslstetsc O.
EGslsjsls € tOL dzts B3O 3, L dzOd3 § j tod M ud ded
ZOftewy jdzd?2 L jJ BBdes?2 Ctster 1 OQtedlzL d dzgmC 52
swy jded®¥ (52%), tOfMmlswy jded® Mt MHO JdCE A3
sdw Mt MHeadetsdy (7%) ([ Edddd d Ht., 2C
| zO0 9o dzlz © tc ts dz- 9 tOL &ztsdzdets?2 MmjIsd 1 C
HdL] s dzSIsdor Miojtec- asMssydesetsi 8 gts- L O
dzedw, Cobtste’ j Mikh jMmise jdedes HBRBJded oz Is
¥dlsjdzr dz" 7 WHstediOr tjdzt jWO. 1 0ORjIsdetsj o
sHdts?2 dL CStkfdj2"drs HijftjMmmMd2 1 teds O2
BdzOdz' desets ftesMmisdteOdzedw, dzOyd dzOs h d2 fyw
tsd JdceteOtl ©OL dsd Mkzeh dJessdkses d MM
MsOrn ©LOL dasdzOf tcOo dzj dedz’ = t6OL Az d3tse tsisd3d
B dzj cOdzd L so Odgdz" = otsH (rL¥BO d Ht., 1
ZOtelzh jddwvdidd ftodkztetsy d' dOdetsdzjj Mmddz c

2. 3. jchcl sdscduj MS ] Mstsjddj 10t

| Jd@steW sdzsedyj MS sy Mstetsjdzedj 1 Otec Iz
ks o yYjbrtejy 10O (L Oetste! weé, 1974) .
fsLHd] BJLBLBE2MEdB tese J dzj L t503. l 5 9lsts
dimerHddkts ftodmisOdtsodzj dzdj Isj Slstsded yd Mt
HdwW IsjClsdedyj MEts?2 HjWIsjdz desfplsd d Wist
fdzdtsyj degsotsj otcj 3w, O L Oo jtehddzOMm!: o
Y4 dzj . (s oatcjdd" ROwOCIjtedLzjlsmMw tjL ¢
Gz ddzdes? 1 tesL dd, EdzOMdzj Htso Odzdz" d3 f tots
Méts?2 ofOHdd , O IsO¢Y] of OHddze MY klsdzd ¢t



.
zO ExJ vyYyJbejtlsOw MSOHdWwW, L Oo jtch Osh OQwW;
tojdz jJWO. 1 dzdsjdzt dz@ 2 1 s0Of ¢ jtsdistoW tsdztsc «
dzts o d dz' ftojHBBftcjJH]JdZJdZz Wtttdikdteseo Odzdy OF
dzd ydzr = edyimsdzjlstcdyj MSdr Ektotsodzj 2 Istej m
ftej HeGtStodz" » d2OC dztsdzdz" = tWOodzddz 1 OteczL d d
fdzj MO hdqsSCdrn Odzdzt e JOdz' dz" = IsjtetcOm (
(o jtehddede = otsLor M jdadesMmisj 2 (SE2kdztso )
dztse, 2013) .

tdfm.t Pdz6j ¥ d Ghdtsody | Bt tsdseduj MSdy ¢ dzjc
(vBkebkdtse d HtE., 2017)

vz, tBtsLdz. 9 OHJd - MO dzdzdIs™ : 1 T 1 Odzd Iz dzc

VdzOdz- 1 EtlceddzmMC Ow; Cwktfde' | Biyof OHddede § 1 J to

vzt 2l COw; I T wOREdddhCOw; | 1 [ tdiBj dmtOoOw

orh jdgdesmisd (Sk2Iskdzr ): | 1 wkoddsmCd2AEE 1 i

SL jtodets- BsdzBIlsdz" § dedL ddz Ltsdz detso j 2N jc
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[ J dz¥ 9 d Odz! dets- f tetsdz® 0 d Odz! dzOW e j H G Stcd
s (s HjMWisCes Bjltess HE 5-7 &)
LddemMStsets d o s ydets?2 yOfmlsd RCOMEBE =
CsdzemMOd3d or" desMO eEBtedzr = t6J & d otej o3 dzd
desfils! ftojHetSdzt?2 O dzddzr - tzd3dMIlsOw,
tcQodzdo O Isfqw . 1 Efmlss jor o yYyOmlswrn Ietsets
toj dgdzr = d&OdzH M OWIstse . 1 ted or atsH] dzO H 5dz
Mded y O sw, tkMdzO ©OLBJdO Ot IsMw dzO dizdetsc
ter j Wddz' stekzs Isfqw o MmtsBMmilse jdeder | dzOdetsfyr .
#Odr § ddL Sy cdymesdieduiméd) ks
oddz LOdgvIsr dBdesetsydmdzj dedz” d3d toj ¢S Odzd ( 2
Lizsls sBh dqtedzzt tsL Jj todets- Odzdz 9 d Odz! dzz¥ 6 O
2O s8¢ Bbyjldzdets 9" HjdvEIsmw 3 Ctokzf dzr J
tejdzdy ddiBj il wOLBjte 815 Cd&3 d dORtHJIs
ofOHjdedd © dzgjet toj & | OO d zOkOAS O.
S OdkZO dzO@ 30532 C & 3 OMOis'dzsy G dzisj ds3 § 6
tc . PG OHO. O] BBAd his] 5  dztsh OH
By des?2 yoOmlsd ¢Ctslsdzse ddz , ftesMmMisdtcOj Ismw
LOf OHdesG s L O COdzgdw o OHJdz" . ( Efmdzs e,
ZzOr Ltsde BBetlkzy jddWw HtetBdIsMw o Mdztsy dat
MsjHddveshdn Hteke f Hieketsd ScEtsddzs o
sLjte. 1o jtondetsMilsy sy dzr Mddz dets L OB tsdzt
[Csdzs IStejiIsd Hdzdh O CBlsdzsoddz L Odzav s
®de, o Mslkts?2 sl 30-50 HEK 180-200 o,
mMétsets ~tejBISO. Is ftesMmistcOdzmlis o § dzdzts A3z
ljterndzd?2, 1dyded?2 d wkzeoddamMCd2 CE2Iskzdz .
dz" 2 BOMMmde Etesydh © c¢f JMmdets?2 CkALEzdzé d
Hdzddzz d HBMIsdeOjIs 20 Cd3 o hdtddzsz. s
tj SO 4 Otc® d MOROELRO2. | ®jyHEE] Y
cljtomndzd?2 CEZ2Iskzdzée. c¢c1dyded?2 CE2Ikzdze M |
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Lddz, ¢cOHO dd uvd&zOdz 1 EtecO. 1 b8 ydets?2 yo
hts2 5 ©OLBIOR cukzoddmMd?2 CEk2Ikde.
fjMmMyodssets B@BOISjtcdOzO (ROOdSe, 1966; I
90, 1997; rO&kBdje, 2000; J1dddSkkjseo,
dzj dz ctcWHBSOotS- BRZetodmMis™ d@gd W tstc 3O d3( , HY dzO
tesor d@gd tsMmis Odzy O dzd .

1 Ot zL ddzMC OW Ctslsdzso ddzO -~ OteOCIsj tod L |
cdud MSdds Mistesj dzd 4 d3, Mo w L Odzdz" d3 M tOL dze
M wBILBLB2MIBEe jtedsHO 5 dOMistswh jj
ftoej HEBBWH » dzOG dztsdzdz' = t6Oo dzd dz 1 Otec zL d def
Odzdzt © J Odz! dgr = IsjtetcOf, 2@ d Mmisj § dz =
(Ck2bkzdtseo) Btsdz "5 odzdwdedj tSCOL'™ 9 O ls

2. 4.dHtese j szt dyj M sy Mbtesjdedy d ¢ j s
1 Qe zL ddzM S 52 Ctslsdzso d dz'
J]JHtetse j sdzsedyj MStsj Mbstetsjdzedj 1 OtcclzL
Clsts MowL Odzgs Mt fMdztsy des? R sdsecdj 2 Ml
tcOL dzd ydets?2 GG dzzBddets?2 L Odzj cOdegdw f SHL j d3dz
Bdzsy J Mlso O tOL " oadzgr » dz2Otelzh j dzd?2 L j d3dzets 2
CeLrLddmits? Coldtoddj, ¢0¢ d o HEkzedn
Hjdvwesls He] wOLAEZJyYd J odlsad ¢BSHL J B =~
Y Odgdz" = f dzOMmistse d otsH' o jtelsdC Odz' des ©O
o Odzdz" = twOL EZEBORBd (rL¢¥BO d Ht. , 1999) .
o jtorndesMmilsdzr » G dHiEcS OteB 5dzOIsdz" = € Odz' ydj ¢
d Mzsw GEdHESS OteB sdzOIsdz" » dzOIstsd j o™ » ( M
¢/ dz. 10 EZyomkSeoOorn f wlshkzlsmisad,j @3 dGdese s
fco jtorndetsisder | ctokzdelstsor j oBHT tej 4 f
Ehdzse W R dsdesEtsdzj Isdzj 2 3j teL dztslsT € OteB 5k
so jtcHts?2 WOLJ] ddzd dzOMmr h O ls IsOdzdSd. | d&
f zOMlstse R OOCIjtcdz® cdHtesadBdyj M Ow Lt
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l " atsHT oBH olttetsets SO ftedlztetsyy dz
toj ydz' » tOLEsise ([ kdddd d Ht., 2009;
oddzj, fHtojddkh jMmise jdzdzts © BBISOR of OHJ
BOdz dzr | dMmstsyded ¢ d Mjojtets-L Of OHdets?2 YO
2. 7). Il 1lssdl3 t0O2Bdz Blsd3d yos lsmw Odatsd
1993;  BdkkBjos, 2007). 10 tOmMmMdkOlstedo O
dmrarHdls dz20 fteslswy jdedd ¢ tsmdzj Hdzdr 2500C¢C

CXEMA PACMPOCTPAHEHWMA TEPMANBHBLIX MCTOYHWKOB fulsss #
BAPTY3MHCKOWM BNAAWHBLI M NPUNETAIOLWER TEPPUTOPKK ) Py
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tdMm. [ @deyteOdz! dz' § dMlstsydzd¢d 4 OelzL ddMmt

1 s dBddzj cOdz desdzgz d cOL otz MtsMisOo O
C 102C0dz2 MES?2 cGdHted3ddzj tcOdz! dzts? 5B dZOMy
1 dMOtMSd2, 1987; J1ttedimjdSts, | 0k0dO,
stsydzed ¢ d ®©GOLHJdzjdzrér dz2O yJlsrteyg ckzfgr:
20Awu) , fMezelsj tedsOdz' dz@ § (20-36Au), Is j to d
(oarhj 41Aw) .

l 1 0ekzLddMis?2 C(tlkdzteoddzj or Hjdwvel
Istej h Jdzedets- Yy ddzt dg" = otsH M ftcjHj dzj dedzr d3d
d 102C0d MEBB- 1 OteelzL JdzMEts- Sy dets- [ 22 ME d
stsdzd s O, MdzOcOs hdj 1 O0ekzLddmMSd2 ~tcj Bl
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o SH ¢ dzdzd dznC 56 5, skydecjtemltsets, 1 d3d d dad:
]l stesHT RCOMEtets RntejBISO or Miskf O s o
ojhjmlse o ¢ dzé d dzm ¢ s d3, R dzfn € 5 3, ] OteG d dafr
dzddz, 2013, zeOtyjeo d HL., 2015).

[ ddzj eOdz! dz@ § dMmlssydzd$d, w©WOLGwEY O h
ded o' MBS dd3d IJdi3fJjwOskzeOdd. 10 dj Misy
sLjtO ()] dzomtse d Hte. , 1961; 1 Bt d dz, 1
1988) . J 1 OteczL ddzM S 52 Ctslsdzsoaddzj o' H
ptecc OHddzMC ¥ ), uvMmils! - tcc OH JdzMC 8 , ¢ dz6 d ¢
zdL so Odgdz" = tSLjt. 1 L jtOR, d&OtwvHEZ M |
Zyomlselzels IsOCY )] oBH' HttsMisteOdzmilse j dzdets
2002) .

JdtrndBdydi MEd?2 BddE BtBH Isjttcdlst
9 tSH' , sCOLTr90]jls ftowdkis] odzdwWwdedj dz@ =«
tcdWIlsseo OW MdMmMisy B3O o Gmdzse detsdz Mdztsy § dzO
BsteW dyi MSdr T otetsH (1 OtcOBOdzse, 7 dMmdzj to
Hts. |, 1978, 1 OmME s, s dzd dzts 9 , 196 3; l Od3
9); [JEkdddO d Ht., 2010). 1t dzgj Istsdz ¢
zd¢ Isjted3Odz' dzf = otH. 1t HOdeder &3 R. 1. .
ststedd MtateOdad dzd ! Gd sadBdud MSdJ f) dz
Il dsdBdmMétsets B8CjOddyj MEsets BOMMj 2d20 (
sihdrddmMS 2 thstesoaHEz)ydr = MdMmisj d&3. 1 dz
~nd By MEsy tOLdstsBLOLd), MowL Odedzetsy M
MY stcdiddtecso OGah ddzdmw o f jtcdtsH SBtOL tsS9 Oda
fsvmo.

1t Bdej eOdz degsdzz MsMlsOoa kz estew ydj dfr
weodzw e lsfyw  ftef Mder dsd M tsyd dz@  ded L O)52 eizdtey
Cdrn Mizzyow s o] £rishtsO jsldntsB j addatsdgls' o w L O
Il s-fjtcor a, LsdzO IstcOdzL dIs©O otH ftotsn tsH !
dzds, O ot-olstera 1 §dlsOdzedj ¢ dzze d dzdz" =
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LO Mujls kd sttOftejmd 2 oH o' MECBEISHd
dzddz d Hte., 2013; Zze8Oteyjs, 2015). 1t
OLlsdy &5 lsj OB, MHjtey Odzdj OLEBIKO H
MsMlsOo bk otH Isjted 1Okl ddMNSs2 ¢l dt
( sOB dz. 2.2) (10mMCtse, sdkzdsseo , 196 3; 10
vdz! L jlskj o O, mORddase, 2011; 1 dz¢ mdeddz d

5 OB dzd YOI 124 ©265- T BdUjMSd) §OGOMd) s’ OLsld 5 Is
Lsdzr o ftojHj d&ZzZOR 1 Otce(BLdfsdbipRds? f tHstaztse d2d@p 13, z

1 OLoOdzdj dMms[syded s O | v, Awud] te)  dzj s O«
] JHeSC OB 5dzOIsdztsi dg@lsthlgaj 9" 2 Idf |HCC
¢ dzdzd dzihf € d 2 1 76, 7 402
dicjHdzi J LdzOyJdedld U5 11 46,2
HIZdZJWOISdZtSTGdHthSQOtGBtSdZOlstrﬁ?@NZ‘@BtGC[JEF?
¢ dzdzd dzm S g2 2 42,0 397
Hj®2mMcd2 50, 6 340
stbkzddz | BGASO 60, 0 489
dicjHdzi J LdzOyJdedld U5 11 48,|8
J]dHictsC OteB sdzOIsdztsi Mz dz' W @Bldzflﬂ?GQizNIateq’JarQ
Vdin j 2MCd2 1 48, 4 379
Vdgn j 2 M d2 2 43,7 395
sydcjtmsd2 1 46, 2 394
dicjHdzi J LdzOyJdedld U85 11 49,|0
g zdz WOIs dzr ZOIsicgaor 2 Isdf SO
sydcejtmed?2 1 38, 8 423
é dze d dzim € d 2 20, 8 425
| Otcc d dzMm € d 2 76,0 1065
L Emdaddzms d2 73,0 679
dgtojHAz] J L dzOyjded|d 5 11N 48,|5
[JftejHjdvshddkd WOCktsttOdRd Wsttddtotse Oc

dzv s Isfqpw  Isj B j cOlskte® d otcj BY oL OddsSHj 2
Bsdtstse, 1974; 1ttedijdSts, |O0BOEO, 19
2008). lttd dOctcjoOdzdd EMSEBtewE Ishw tj O
f stcsH Od3d , 9 twOMlseste dzOyd dzOs Is d dzls § dzind
Odzs BBsMddzd C Olstse d HhBo ] &3 dedzts ko j dzd
tcOMmlseo stcso . Il Bdzr hts] odzdwvdzdy SECOLT 90] Is
lted toJLSCts?2 Mmd3jdzy Isj 3 j teOlsbkzter thdatse dzkz
Ot ls tjOSydd, ftslsjcoOshdj o twOMmMlsotstc
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tcOllzter T tjOSydd oLOddBsHj2Mlsadw otSHT
2008, 2013).

1l sdzt h Ov yOfls! OoBH dd&3j JIs M j dzsydzkzs
BjyHE 5C0L0OIjdvdid ty d Mmdzj desmilss ¥ Is
tcOdzdL Oydd ty oBH dOYyddzOjls kd3j dzt h Ols+ M
HOo dzwe h j2 yOfmlsd ftjMmder » d Misdzj dzr = o ts
sO0CB] Yo jHjdadj Mtsdzj desmisd d t1 BI Wiy
dzdv COtBtdzOIsdzr » d Mkzdz WOIsder » dodese ( z

Il Bddzj tOdz' dz" = dMistsyded ¢ ©OF 1 Otec zL d dzf
BsdzOIs- COteBtsdzOIs dodzseo dzOmRtsHIsMWw o sB G
f Mkd WOls- d ~rdsttdH- dsdzOdkd. tOLdtsj
dsdzseo tSftcjHjdw il HoO dOftcOodzj dzdw W tste

2000 (9) ; 1 OdBBMOLOj 9 d Htc. |, 2011; 1 dzt fi
v OB dzd ywod B Bj. MSC d2 MsMmisOs OLslsde 7 Isjtcdgdy Qtdx z L
(1 OdsMOLOjo d Ht., 2007; 1dMmdeddze d Htc., 2013
1 OL 9 0Odzd 4| dMmlsgs@ls d ts dz' ¢ dzd ts dz'
dzd ¢ O Nd | K" |[c3d |[M@Z |[HCQ|CQ@*[S@ | Ci1|Si.0 F
] JHtctsC OteB tsdzOIsdzts- dzOIstcd j o7 2 S|

¢ dzdzd dzm € |2 \ D 8 17 3,8 0|, 0 101 20
MOt O®BEH Z|dhmC 5§ * 1097 90 70 38[10 5 1
1 Rt -1 2] 50090 5/0 20 4760 39000
4 06 Odz-  k|e* 210|0 430 - - 1780 12
ssCE2ME || * 6500 60 50 50 53180 48

dlzdz WOlbdets- 6dHtesC OteB sdzgOIsdzr 2 dzOlsjted 4§
¢ dzdzd dzi € d[2 2 92 1], 6 8, 6 0, 1 96 15
g8 2MCd?2 99 0, |6 D, 9 0,1 6 3 18
stazddz j Bl O 135 1,8 2,0 0, 1 1]1 4

] JHtetsC OtcB sdzOIs dgts- Mizdz! W Olsdz” 2 dzOIsted j
VA3m j 21 1016 0, 8 g, 9 0,10 74 26,
VAdZm J 22 11)1 0, 8 1, 3 0,|1 73 2 6,
skydejtel 10 4 0] 9 2,3 o, 1 8|0 2 4

glzdzt WOIlsdgr 2 dzOlstedjor" 2 Isdf

skydejte2 17 0] 9 1,1 o, 0 711 28
b dze d dzip € d |2 95 3]0 18,16 L, 0 52 0
L Emda d dzmS d 2 169 7,0 13,5 0,1 80
1 Otcc d dz S| 2 285 18, 3 27, 1 1,1 112
I sdz "5 (¢ deHUED ( 17100 2 0 30500 30pPO 25 ¢
sy *
1 ted a3y yOdzd j ci e 1T dzils HOdzdz n *T BLjtel
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1 Jtco OW cGCtelzff O ddi3jils MHBoets] dzOf tcO¢
WOldets- cHtcsE OteBtsdzOIsdz” j Isj tod3" ) , Hdzw €
HjteyOdedy COteBtsdzOlsdz" » dtsdzse . v jtedyr L ISt
JdBB s B jtcOlsztcdzgsets W OSItstc©O. 1 tcd G dHTIctS
ter | HBBRBJddtokztls o cttOddlsOr d ctOddlsts-
t6j cdtsdzj ) ©BKLOL ZYlshejOdmEss Hddz: {1

2 Na A0S+ 101 =pB5MK OH) + +2 2N aOMHiEHO( 1) .

¢ fsmMskzfOs hd2 dL cetteder » ftesH ¢ Od
ZOsO. | wOmMketstcj dzOC Off dzd o O Isfypw 1 dzj d3J |
dIsmMw fm fserhjdedjd3s Isj B j eOlskzter . R 5 dz
ftso jtorndetsMmisdzgr d3d o sHOMBd, M ttshmissdy Isj A3t .
zOIsdzr » Bddzj cOdzseo (S Odzr ydls©, HBdsB]IlSO
tedyder = Mddzd S Olsse Isdif O dsBtsdsdlsO) . RrRA
yjoe, 1998; 10BOkO, 2000 (0O); 1 d fded dz
Hsd3ddzd tetseo Ols! dzOIsted?2, 5 d&Bjtey o j dzd yJ «
tcOMmMlsostc®. wBLHOjIsMw M j dzsydOw Mmtej H O,
dzZ" = otHOR EkEcecdzj CSdMmMdzr 2 cOL IstcOdzMW sted3d to
ydd (2):

gLt {1l = wul

Yd & deely d s d3 9" Mj tel wOMbetsttd. 0 M
MsHjtey Odzd] COBBdZOISSd ko j dzd yde O Ismw
HOM®Rd. wowL! dBIxHE 3 +dsufjtemy P Odzd fag P
dztsy dIsj dz@ dzOwW (ze9 Oteyjo, 1998, 20128B, 2C

Il s obtes?2 cwkftfj (oM MmMkd WOIlsde |
~rdBdyj M sets MMls0a O ftesdmMrHdl o tojL
otoH' f) cttdts? fosHts?2. 1t Bjtj d&OS s
MlsOdztso wilsmw d3gjdzj j NJdzsyde d&3d, o ©OMIse ts
dzdvw, d2O0 Wtsdzgj dedL Cts2 Ctsdzgyj dzZlstceOydd kgt
dzdj dB@BJYHE COteBtsdzOIls- d GdHteS OtcB 5dzOIs - «
detsj] dOSCtsfdzj dzdj Mkdzr W OIls- dtsdzO () dz¥ mdzd dz
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glzh jmMlsoksls dzgj MEtsdzr C 85 dgdgj ded?2 5 f tets0
Isj tedzOdz! dz" = otsH. uwtsMisOs MmMEkzdz W OIs- dsdzO |
tcOL 59 Odzd v d3, Wstcdsdtcso Ooah ddispw o ftotslsj
dzdv dOWdgts- 1 O2C0dz MEtsegts ME zZOH yYOlstsets
B OBt dUd MSdn, BOCBOBSJUIMEdn d cdHI
tcj cOBOITr 90dzdMm!:, O MjttO® © odHj Mkzd WO
f dzsh OHd. uvjted3Odz' dz@ d@3d oBHOMBR BdO or h j
sdud M¢dms d cdHteBISj tcd3Odz! dzr » tSBtOL 59 O dac
COdz ydvw, dBOcdedw, Mmlstetsdzydw (3} dz¢ ded dz, =
l1ts Htezedds HOdzdz" &3 L © 1 BBdzdz. dzjIs Is,
sBh jets MtsHjty Odedw M ter ot od3j N Of hod A
OLBlsdgr = Isjted3sOr CtodMmMlsOdzdzd yj MSdr  StosH
Hsod3gj N O h ] f SteBHT dzyj dBsekzls B j MY j yc
qtsdzO. | dzv tsBJ Whdej dedv o MsCdn $ tsdzy dzls
Gjdagdzgr | Wdz¢ dHdzr | dimssydzd¢d Mjter . 1 tsor !
GJHBS OteB sdzOIsdztsd3 dzOIstcd j o sd3 Isdf 4 o tSH |
B dej tOdzse (fdedls, MW Odjteds d k. §.) (
Hts. , 2015). 10 cdzzBddzOr BECdMmdzj dedj Mmdt
MOBBS?2 GdHESIS] tedzOdz! dzs?2 MdMmisy dss?2. 1 ted |
2571 300Au twOLds)yjddj oH' dHjl ft MK jc
2HOY 2712 K 3)

lted or MsC 2 Isj B jteOkztc] otsL teOMlsOj
sdodatsflsd S f)ozté e@lsid®. Bifsteijtgs d@H Os h j 2 W 5t
tcOr MlsOdsoadlsmw MmMEzdz ¥ OlsdzOw (1 s9 €, 19°
Wisted3r ftesdMmatsHdls OS] LO Myl t©OHJ

sSdmdvjbshv 65 6 0sydd:

Fef 3;HOD= 2Fe& SO2'H

ftcd Ctltes? t] tOMlsoatstcO® kdgj dzt " O syw .
Mzd WOkk- dsdz® o IkjtedkOr L dOyjddy t] k& d&j
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vUJted3Odz dzr | otsH'™ 1 OteelkzL ddzmMEts?2 € s5lsdzt
MeHjteyOdedj &3 Ctoj dsdzedw d Wistste®O ( IsOB dz. 2

s, Ykt dhssyddStsd Yiststtd o IjtedOn
dzj Ld MO (vojdeddzi dzf j otsHT ), dzO MmjctsHdgW!
dzddz d Hte., 2013). [ jrOddL & §ihskzydj d

tcOMMdBBOIstcdo O sw fts- tOL desBR. [ desedd M1
B dzj cOdzr fp dgj f sMMtcj HMilse jdedzr 5 o' MsC d d3
hdr fBtesHOA (W stedls, Btslsdls, Whsetsy
d Ht. ) (VYdz¢#EMMdeddz d Ht., 2008; Jacks et
2013). grtkedy dmrtHwl dL Ctdzyj fydd toc
MdMmlsj 3 otHO T osHO, Mt ot d3dj dgj d3 o
HOM®BBd d MowLOdzde" 3 M +t sdd3 ~OLOCIsj s G
2015) . HBH Y Odzd] WItstc® o IsjtedzOr RSl
fdzsats M MEkzdz WOOM]. 1 OB dz¢E HOJ Isfyw  ff 5 dzt
Wistste® M MtsH § tefy Asdeddifd teDilsz tots2 (1 dz¥ Mdzd dz
tcOL 53, SFJO" Nfatsmiskzf O Is o otHdzr 2 tOMIso 5t
Odzt BsMddzd € Olsdzr = d3ddzj eOdzse (1 dzs mded dz d
tcOo dzso | Misdets- dz tcOo detseo | Misdzgse s MsMmissW dzd
oJMde » EMdzseadw s GCtMo j dzdzs BlstcO) O Is 9 tg
Yd @3 sdets Btsdzr M j, sjd3 orhj MmMtsHjtey Oded J
dzd C dzzls e i tsaddizdud MSdJ BOt! jtor , ftoj fwlisf
Hte. , 2015). |1 My M Wikststttsd, IsOCdd
BOR Wodwjlsmw t©WOodso i Mdj M Wzt stedlssd3

[ dzv Isjted3Odz' dzf » o8BH R~ OKOCIsjtedzs 1 5o
B3 dzlstse. Rnm SCBdzyJ dzlstceOydw o© G dHteBIls] teBO-
CzOteC 2 otH L tsdzf OCIsdo des@ts o tsSH stsB d3j dzO
3 dzlst ftejorhOels 1Isd LdzOyjdedw © 8071 15
ttWHO {dzj BB dzlstse sy dets ttOMMd3OIsted 9 Ols )
Isj dzt dzts? Y dHCECBS2 telkzHT (eCdzwvwtetse d Hte. ,
Fan et . al . 2017; Lei et . al . 2017; Li
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2017; Wang et . al . 2017; Wu et . al . 20
dzZ" » otHOR MMtejHBlstsyjdts ls 35 HEt 75%
Ldqw, Btsdz hOw yOfmls: BtetsBBO d 2BHO (1 dtsk

HBHJ Y Oddy yddzs O, Moddzy® d COH®BIW
mMdzr WdHdzr 7 d3dd dzgj tcOdzts o . Il ser h jdedz §j ¢ B
¢ tsd3, ] sBtew yd dziy ¢ s d3, ] OteG d dzfn ¢ ts d3, skyde
1d¢Jidzr d CtsBOdzi Is 9 ldetsmdlsj dz dets o' M
cddzmMS sd3, ¢dzdzddmMSsd3 d ¢dzeddmCsd3 dMmlistsyc

I T Msits?2 BdewOydtsdedzs?2 MY smMise detsyls
1968), tdz dzjctts o' h jdzOyde Ojlsmw dL Gttt
stceOydd MmMltesdzydw d BOtedw ddzjsls cdHI!
RCOLMEtsets ntejBISO. [ deteOydw Mmlstetsdzaydw
tcOMmlso stcOr o Wistedzd ftotsMmisr 7 ckHtcsdzdtetso ¢
zojdzdud dedd dB3ddzj 6OdzdL Oydd otsH (BBdZ]J
Codsf dzd SMder § MsjHddej dzgdv M MEzdzr ¥ Ols O] .
Nd, UddBB B Misesdydw.

dLilsd j IsjtediOdz dF j ofH' HOLOSIsted
BjHSdR hjdsyj?2. [Mdsed & dhistsydsdS sd
fjdzs W . RMssyddStsds kedrdw i &zMSsadls
fsdjor j hfoOlsr . GClsd | dzj dj daglst d dzlsj dzfipd o

MsteBydd 66 dqtodtste i ddsdiiz &) - Odd L i3z
By dedets?2 MsteBYydd dzO ¢ dzd dzOr (steO2 detseo, 1
sdw wodw jlsfqw MyBHEZM®R] dz, Slstster 2 dzj ¢C s
Hjtey Odedj dzdlsdw dh3je¥l | Oweddmsdy dJdmist?
Mdzso dzj dets ftsor N jdadz" ds MESH J ey Oded J d3 ¢ Isd n
UBH e Odedj MSOdHdw slsdetsfdlsj dz dats o
Hj2Mmoadwy etH' ) ctds? (sStsHs?2, M ke
ddd Ctdzyj delsteOydd Misdzj 2 { dzj ogj dels b H Odzv j
) silskzf dzj dzgd j Odzs BGded™w o kOO o teC
Odzs Btsfd dzd S Olstse (v jtedzmoMSd2, 2006) .



of

sdlsOdzsdz MawL '™ 90O Is, sO¢Cyyj] M BBtOL o O
MejHddzj dzd?2 o L OBGdztsyj dedets?2 d3j Misdesmisd .
ftcd dz2Odzdydd o eotsH] BtwcOddyjmSdas ojhj
dz" 2, 1968).

[sdzdBHjdz  otd WeO®R ddkjsls Bsd ")
Mlso O, des tOL dzd yoOe Ilsmw 5 dBBdetcOyYdsdadz
Bdud Mc&dma fosyj MMOa. Id VO fedmizlsh
ZzOr, O BsdzdBHjdz ftosWedwjls MisHMmlseots M
L dzj d@3gj dzls™ dBdetedtkzels © odHj fHtsmisra €
WicOBOIstse  BwBsdzdBHOIstse (sdmdzv dztsoe z2JIs
BdcteOYydd L Isdm L dzj f3j dzlstse wWodzw e Isfpw h j dz
sded Bsclkzls o atsHdls' Mw Htcd oL OdisH 2 MIs
ydd d&z20 cdHEttsSCdmMdzORr Y jdzjL O d &BOtc Odzy!
9 LdOyjddwrn dijtls Ctdzyj dzlstceOydd = tetsd3zO
cddmi s d ¢dzeddmMSsdz dMmissyded ¢ On .

" MsSdj Ctdayj desteOydd tjHS L j B dz dzr
CjtmMitsd d ¢dzcddmMitsd dhmMissyded ¢ ©OR, ©OL G
Y dedets?2 3 Mlsdesmisd. 1 tsorh jdadetsj MisH j oy Oc
Mlseos9o Ols! s RBsdzsHsMisd tOL e’ 9 O, 9 (BIst
J]ieSd] dOdsOdsdHr Ctdeyj delstcdtclzs Isfqpw f to
sdlsOdets- M dzd € Olsdz" = ( dztsf Oted s, tod dz tsdzd Is,
i o YydquiosdsmMddzds OOr (Mt jdedzs © 1 8 HC

] OL sdzOM" h j dgdetsls! OL Blsder = Isjteds Mtsls
L3 Woadkzw jIsinw OLtsls 837198 tsB. %, HtS 18
MoMlsQodzvw jIs Eecdzj SdMmdzr 2 ¢cOL, 2 tsB. % i
stsdz! ¢ 0,5 BB %, © B®lsHjd d" » tsHdzd ¢ O
HiStotSH . ] OLtser 2 MmMeMmMisOs OLtslsdzr = Isj ted3
CRBf cdzj dzZlstse osSLHERO. | OLT" Ol jter ,
sjSClssdzdyi MSddz ©OL &zZsBOd3 o ¢ dzkz B L 4 d3dats 3
sCdMmdzi dzgdd BtecOddyj Mitses ojh jMmksea O sy
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ZjSCdmdses ¢cOLO, Coltter?2 OSYj] bkyOflks
COktso. | Bhddyd] Gl CdhnhstsHO, OL sl
sdujMSd dagj kyOMmlekeéls, §siltsdk MsDttOd
dzdvw. RLSGItsfdr 2 MMisOs otHSSHO d SdMm
sBdzj dyjds, Yt Moadujljd Mekjls & d& o
Hte., 2010). 1tk djddj L d&Oydlsd ds?
fjtedsH kOwWdadw §dzj2Mlstsyj desor & dzj Hded € s
otsmssyds?2 yYOmlsd 5 cdHise]sdsecdyj MSd
Ltsdzr tOL dzsdise (1} dz¢ Mdeddz d H. , 2013) .
lted BMOYHjdzdd 1 dzj d3d dzlstse d tBKOL 59 O
so d Hts.) o IjtekOd d & dhlssyddS On &
GO (1 & Mdeddz d Hts., 2000; uvOlOwddss
His. ). vjtdsWdd df j] YydOdseOSIljtedd Myt
Gsdiddzj tOd d j COyYdlssar j f§tesHT (40
WS ydy d5 LOCd yOjlkmY o kOdhY stdoOy:
Bddzdzse s g ool deshlsdesets fosdmn sy H da
JHddzj dzgd?2 EZcecdzj esHO, Mmjter, OLBISO, BtBd
2006: [OLOjoaO d His., 2010, 2012; | jt
IdHEte jsdsedyuj MSs] Mtetsjddj 4 OtekL
10 kjttedlsstedd Ctlkdseddr ©OMYfsdhksyj d
sdfse ofH M ©OLMGS?2 &ddjtcoddLoydj2, I
jds L dzj i3 dzsse. [ jMsO ©OLcEwEL S dsqddzj tsO
Ztotsyj de C fitdMmMdyd dzdv dz3 tcOL dztsdzOf tc O 9 dzj
BOd dz | otH' 10BEkLdJdNSs?2 SCsldse dd t

2.4 [Hse j degdzgsMmisd otH sbkd HetemMSsets Isd{

I fMjoejtedsts?2 yOfisd 1 OtcbkLddnSs?2 ¢l
& j ofH' MotjsBLOLdsEes SdBdyjMSset Mt
Yyos hdomw o ftojHj 0D Ishmssydts- ¢Wicds Od
SOoCOLj. stbfds] & MsstesyHjddj otH 1
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s 3gdzs 2 tsB dZzOMiIsd o i3 MisdesMmisd ¢skdz HEztce
dzj sdzseduj MStsets Cktotstels®, tOMY sdztsy j dzdzs
dzd Mists WilststcdH dets- EJHtctsC OteB sdzOIsdzr 2 dzOlIs o
LddzmCs?2 Coldzteoaddsy ¢ 12 ctkzftfi BGlsd
1" mMsteddzmM S d2, 1 EMdaddnS¢d2, wjsw d 1 tsdzt
Slsdzd yor smw  dedL €52 3 dzgj B O dzcpLr Gusckidads (s H
Wistste® (14% 26¢Cukpgdidedi) o ts2 ¢ d fifilzisis™ j (28 Q tz8®
(tsr 9, 9), Isj ted3Odz! detsfmyls: ¥ (40-50Auw).
Oded s dedzts a3 5, IsSF@Aj - S|ifp@(H j toX OlsMmw f tod d3j to dzt
Yyj Mo ©Or. |1 cOLBatd MtsMisOej ftej 5B dzZOH O,
yoOjoeo o BifMlsy o' ansHBe Isjted3Odz dz"@ = o tSH |
HO, &OSMdd&Od detsj MtsH jtey Odedj, S Blstesat
Bc /3H d3

Jemdrddmcd?2 dmlstsydzd ¢ ttOmMf sdztsy § dz dzC
RffssydzdS dd3jils HOoO o' OBHO IsjtekOdz dzr ~°
Slsdzsy jddw M tBdsdkB¢OdRkd CtedmlsOdzdzd yj M<d
ntsHy MtMlsOodwjls 52,3 Auw, ot olststetsdg i
sL Jtcts, dzfj LOBItLOsh jj Ldhis2. Il 30 &
MCoOYddO cdkzzBddzs?2 84, 2 d3, oMmMCter 9 O h OV
te1 8,4, HjBdl C(tbtts?2 MtMisOesdv jls 4 o
GOjIs 13 eizn BOIssd 1-3dts tOd Hdgee/ *Hi d§HZ 68 @1 &
BE/3Hdf ddzgj cOdzdL O dwWimtb Do Odlgfj HIGOH sdzO 1

suydcejtemMSdy dhmstsyddSd dOAtHWIShY L
MCtsets TtejBlsO. [YOCE ©OLGEtekL Cd oddsj teOc
tcOL dzs dzOf e Oo dzj dzdz" = GOL dzsdZgse,  jted Cter IsT
ssydzed ¢ d ftoj HMIsOodzj dz ctolzf f 5?2 totsHdzd € t5:
Isj tcd3Odz! dz"@ = oBH ftesdMmMratsHdls o Mo tcj d3j da
200 & RMstsydedS¢d ddzjsls tcOL dglz® Isj B j to
tcr » t©Oo jdz 107 11 dz/ fyp; M Isj B jtcOkztes?
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COteBtsdzOIstso o tOLdzr j] CEtH' 9 O’ ffjistes O Qs
67,8 HBS 136,9, AdstedHtss ls 16 HB 17, 7

RMlssydzd ¢ wjsvw twOMftsdsyjd & Mjojtt-
MCts2 ofOHddz . 1" ABH Isjted3Od dz' 7 o BH
FedzzBdzj dedj 1 fsL jtes tOLBjtesd 477 o
Blzse syddzj dzdzr | ctdWsdzr ) tsBhdds HjBdlsH
HjteyOdedj MjtesoHBSeSHO o Cle! gz B Odedsw 9
nddBdyjmMédn tB8COLOIjdzj2 dzj L dzOydlsj dz' dg
RBq .

Ld3n § 2MEdJ Isjted3Odz' dz" §| dmlstsyded € d dzO-+
LddzmC 52 Crlsdztse d dzf d dd3j s ls Mg d3 Gtz {
ewydes d Isjfdzr s dimssydd s mMtsmtc] HiSIsStsY
Lso Odzdz d3 6. 1 QteckzL ddz. [ sdzddO tj cd dd3,

Mz Jdz dqLe jMsdaw OB, GftwOor 2 T cteOdzdls
&Z0 ftcOoatsd3 Bjtojceclz to. 1 OtcG zL d dz, syoOe to
tcOL dzsdzOf tcOo dzj dzdz" » t©OL dZSd3tsO fjtoj Ctor I

riedls dhmssydzdStse fMsMmisOodv jls 57 7 dz f,
ZzdL Oydji2 400M420 MEHBBMESH] ) Odzd § %) M te
stsH jtoy Odzadj Mkdz WOlstse o twOLde j CEtsHS o
CdHtetsC OteB tsdzOIstso T 3 5k dbtsitg OH tHots 17 652 1d4¢, /

MOtOSCIsjtodzs? e j dzdetsfls! 8 tcOMMdslsts ]
weo W jlsfyw dzOdzdydj o da fMtfksOej of MtsSd
d MjtesosHBEESHO, (Bt j, HBMISJeOY BO
ZzOHOE s 9" tcOy Jdzdzr &3 dzj yisdzr &3 Hj2Mmlsadj &

Il sH' skd HEteMS et IsdfO dMftsd Lk Isf
sBteOh jdzdw (tojoROIdyiMSd] fttesSd fjteH:
mMdmilsj o3 (WEkdeS ydsdzOdz! dzr § Btsdzj L dzd 0dz] 69
fisd 3" (Y dtejddj), BsYyJjfsdsets? Mmdhisj &'
ey d Ht.) (vyJwdweméd?2, 2012; mOndc
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J]JHtetse j sdzsedyj MStsj Mbtetsjdedj 1 OteclzlL
sBEkMmdzse dzj dzgs d2Odzdydj &3 CtedsdzdlstsL sdz tc
LJdgdzr = oBBH, O IOCY] dOddydj Bz dgdesy J Mis
tor . Il Bd MsOr §itej M uddedw cGdzlze d dzdz’ =
B dzj cOdzd L s Odzdz" §j O fSHT . vjtedsr 1 OtelkzL d
dzedL S 52 dBBddgj eOdzdL Oyd j 2, 9" MsCts2 N j dzts
Medds MsMlsoatsdz 9 L OadMmddsmisd tsls ¢ j sad
CtezL €O. |1 Mmjojtdats?2 yOfmlsd HjGTtj Midd
nOtcOCIsjtodzts? Hdzv dedr GMtse j dedesMmis & 7
Cted Bdzej S dMdzslsr , Wlstste®O d Mjtcsoa SHESKGBSHO.

2. S5s.dzd BOIsdyjMSd2 flsjdydoOod L

[ OMfsdsy jdzdj 1 OekL ddzMS 2 Cslsdss dd
s LdOydlsj d des?2 bkHOdj ddzgsfls! ¥ s Cj O
sjtetedlststedd tojLSts Ctddsddaj delsOcdz dgse s € dz
CkLddmMSd2 d RSCOMSH2 Stjslr) ftojfwish
medn, kKOS d kdAitsSjOodkduimSdr o &octdz
COMYtejHjdjddd ©OLMd 2 §t ISjdfjtcOskzis]
fosctejobk o jthdtsmisd (rkSse, 1965; |
Bs?2 Yjtlts?2 CodEOO wodwjlkhmy slstedyols
3,8 HB 4, 1Auy, f nodsHds?2, ojltjds?2 L
v s Bf jeOkte® o wdgo Otej MMmisOo dv jls
kO foHddBOjlsMw Hts +19,2 Aw, f OBMG
deso d Hte., 2017). [MBlks L dOydiktsmls! |
tctso ts2 tcj 3 d d3. 1 OdBsdz M OW o jstcso OW o)
COdzdzj dzj sdzd &5 L Ofkh dzdor &5 § jtedsHisd () dL
[MB j dedzgsfyls ¥ C dzd BOO 5 Y ctedets? € 5l
] coHBot] Ctdduyjmlset OldEsMY jtody &
Qo s dsj tedzts, d o 0Ot! qteksls ©ls 196 HEB 32
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Al

MSd2 d RCOLMCd2 StejBlsr, wodwwfy! &shd
pOsls d&2O@ Mjej Ghmdssdks jj &OfMMEz. 1 §0
Lk jlsmY or MsSs?2 ftshisttOdilss j dedzts- o toj
Yyofls! ¢sHO ldj yojkmw ddLCtsj € tsddyg Ml
sH " fOHO I tsIs 11 Hts 38 dgdz. 1 MmewrL d f
ZO lsOwddw &O Bd hj2 yoOmksd of OHdd (!
dzdj o zOEsL OfOMBse L O Myujl Ldddedrs tsMOH
slsdzj yojlsmw twjLSd2 dagj HsMisOIsS ko dzOy dzj
BO2MC - ds dz MSdj LOMERd. st WWdydJ das

¢d?2 (0,10-0,16) d ~rOLOCIsjtedLizjls Isj totoc
o dzOy dzj dzdv . 1 OdBtsdzj j o dzOy dgr d3 wWo dzw j Isfy
sktstetsd toj edmlstedtclzjlsmw 61% ls cSHEBO O

v dz 1 WWjiSlsdodesplsd tMOHStse WwWodzw jlsfqw
2016) .

ol SRR ~ Sl :‘ """s.‘. P -_ ,:b-'*r""r. Ao '-?‘- 1

tdim.uR) Bdz] GZdesetsdzj sdedj] BMOHEC o 1 OteclzlL
d fteddzjcOs hdr R"tejBlsOR (B)

d4lsOlsdmMlsde O s Clsdzsoddzj: dwBJded Bzds - 322
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Ai

I sjfdzjddj o (tmndd fesdmoisHdls Bsd
¢ tjedsdzOr &JEO, O o 10B02¢O0d j jh
Zso O, 2015). 10 fwsmdjHddj 100 d&jil o
sj B j OO o' NddkOm:' sBEdjj yYjd dO
LOWdSMdlcso Oder HoO fjtdsHO f Istj o dzjlsd;
or2 m 1977 gt 1979, olsstes? 1T M 2013 {

¥=0,0108x- 3,2311
2

%
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| .
| |
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loael

tdMm. 1 2OBdC O dL 3j dzj dedV Mtej Hdej GsSHEBO 52 Isj
Hjdzad2 fp 1900( fiftes] RIS Isjcd3f j tOlkztc® -2, 6 Au)

EI A X /h [N\ A o]
1966 1970 1974 1978 1982 9 2002 2006 2010
EESCyMM3 33 aNPenb-ORTRGPL e CpegHeroqosan Cymma
= = (pEAHAR 13 ANPent-ORTROPE ==== (DENHENH $d BECH THEPND,
20 - 80

10

60 +
50 +
40
30 +
20 +

10 +

asryct  ceHtRBpe onTAbpL

(. 1577 =198
IEEERER) 1979 = = cpegwee 33 1977-1979 1.
— cpefipee 33 1966-2015 1.

{df. [ 2eEosdjsd"Y HdZOB(S 0 cBHEo' I Ol dshY
ftej Hdzj dgj Mw ydzr @ L dgOyj dzgd?2 (Oftejdzr wChkwpt! )
dr 5 &) lsj silsOdzyd o vcBsHxtAEESoOdfe His. , 201

Il skdkdydy bk fijttdsHO f 197771 1979
&z yodzmvw OdtsdBZOdz dets L Ofmkzh dzde " d&3 yd ¢ dzts oz,
fd¢d wlsmkzlsmMseatso Odzd (tedfm. 2.10), Is0O¢C
LHJM! dzgj cteOLectkzyOdzhwe (uvBkzebkzdtse, 201
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10detsdzy J YOt ddz GsHEtSd3 B" dz 2015 ¢G.
otSLHEZARO 9 dsdz HBMJEO®O +21, 7Au (te(
+18,5Ad, O ®BOCMd&EOd d& j L dOyjdd™ f§tcj
Odzs RO dz! dets?2 Y Oter d wlsmizlsMmMisedw HBYH 2
20 Mmdd desds d Mz jddd fsyse, Ukt ftedej
dmSkmmilse jdedzr = dOMOYHjded?2 dqL Mmsmdr d |
dso, 2017). wvtojrdzilsdd? §jtdtsH dmmkh j
mMedzj 2 ¢ Yoo jtomndzsMisdz d3 estedL Bdzs O3 d 5
dzj 4 t©Odzded m S thBBsMded &3¢ O L OMtsdzj dzdz” §
B dzOtckzy do O Isfpw, Ctdlsktcr M o jtern desMmlisc
v dz20 CtshmMdiismMdd B3 OF 2015-2016 cG.

[ dzdIsj dz2 dzgOw d R~ Bd8H EZOY LJddBO, 0 kO
tcdsH MBLHO8Is B&Oesftodwisdegr 2 Wtsdz Hdzw W
LddzmMC 82 Ctslsdzsoddz L OMtsdzj dgdzr = ftsye, L
swyCd dzj eCtstcOMmMlsotsteddzr = Misdzj 2 © 9 J ton dac

2. 4. jtcL &zsksO $OC WOCktt L OMtd,

[ JtoL dzBIsO wodzw jIsfqpw 90Oy der d@3 W OC Iststetsd
yomlsd t smimdd (1 tsdz tse ddzy te, 1978). [H
Yjtels Ctodtsej dedetsets f syotstsBtcOL 59 OdzdWw L OF
Moz dzdwv ftsye (1 Odzddz, sOLOdzyjo®, 1986)
BIL B LOMsdzj dgdw fHtesweadw jlsiqw © odHj Mmdz
ftesatsHYh dr ftod fHtesdgjteL Oddd (ftslsOde
ZOtekh j dzd j &8 Jsdedets- Msdzj o' & 0o dztso j g 2
sted e j dzdzOw (3j IsOBsteW JL Oydw o Cdzs yoOjls o
Ctsdzyj dzlstcedtetso Odzd 4 , Cted B8G J dedetsy o3d dzd t6 O &
mMsdzj 2 © d&jH d Hte. (sityddzyio, 2014; v

1 Ot zL ddzMC OW Ctslsdzso d dz0 tc OMYf sdztsy j dzC
M stcOHdyYUJ MEs?2 d silstctsodats?2 B toL dzisls§
1988). 1t dzgOdzdyde d rOttOClsjtlkz jJj L Odz



Bdzscsdzj sdaj dBj teL dzr & fstesH, cdkkBsCt-
(tedf). 2.11).

O

OlehsZ”b k hlkmlkIN\b_f fghlhe_lg_f_j
O ;ebadhih\_joghklgZy f_jaehlZz
m=em[hdhaZe_]ZxsZy f_jaehlZz

tdMm. rsddjbsj] Eyomkdy BddLSts- dd cdzkzetC L
s tsBh j2 f dzsh OHd 1 Otcc i pdaiigzteids oC t8fls dztica d dz

Il wOmMftesMistcOdzj dedd dIdetsetsdzj Isdzj 2 3] to
ClststcOW orf tcOY j d&2O o tOMh dicj dzdd § dztsh OH «
des?2 Istsdzh d ¢ Mjojtets- asMissydesdzge €O €
Hr fw0OCIsdyjmMed wlsmikzlsmisakzsls dzO Isjtotcdls
L&z sets nteiBISO d o 6 ydzesd3 L Od3r COdzedd -
Cdds LOdzj cOdedj d3 Bdztsctsdzj Isdzj d3j teL dzr = ff St
stceOdz! dets? YOfmlsd SCSolsdzsoaddy d ftedkztetsyj o
Isj tetcOMO d slsyOmisd Odzdz® o d Odz! dats- {f to s dz®
dzj sdzj 3j teL dzr » fStesH HtojorhOjls 270 .
MfsmMsefMmlsokjls BddLSts] ¢ f§sojtendsmisd Lt
sjtetcdlststedd o o jMmjdeddzj j GoodzsoatsH! j, o f
ssteWwdzd Ctso d Meedzddzdmlsr m ctolzdzstseo f 53
1976) .

| Z2BtsC 5 L Odzj O h OW dBjteL dzslsO ( 35 %)
Mlswa 1T CEZIBEROR (dO cdkzsBddzO~ HB 150
CsdzzmMOBd o' desMO (tedfy. 2.12). 4 &zl
Bl whdgwesls jJ c¢cLORtStsdzj dedj dze o f(tetsyj f



Ao
(fsetejBjdzdzr 2 ROtOCIsjte CtodtsdzdlstsL tsdz" ) |
1968; [EkHtse, 2007) .

tdMm. 12 8BdsdsedyjMSd] bkmdss d¥( y @e@d@,d ddns

] 1 0BekLddNS 2 Ctldssddy ¢dkestslL
daigzh j Mise j dedels MY steOHJUd MEsy (41%) d Mt
2.13). ufsOHdYjMSOY ojtL &slsO o Mistej y
[fstetso &zOY cdkBCL Odzj € O% h OW  Bj oL dzlsls O
(278) Cdf dz® orwodw jlmw o fjojtds?2 YOl
oddz , &0 wkoddmStsd sk2kbdyg. 1 0dsdj
fesdmMisHdls ¢ Mmjojttk &l t©. | OLBEO, CEHJ
fdlsOdedd ftojdBzh jMise jdedes L O Mmudls {§so,
RCOSMCBES fejBlO. 10 12 §dshOnd de



i fi
MlstceOdzj dz7 MisteOHdYUdMSd © odHj dzj Btsdz' b
fdzOB sHEj dzd tots® Odzdz’ B tsls dztsy § dzd W .

mkihjZz"bg_kdZ@ hkljh\gZy mkehrgzy

{ df). uxstlaksh jddj ©OLd&dyd 7 kdfss cdkzeslts

o 1 O0tekLddNit?2 Ctkdssdd) (9 % tls tBhj2 §dbt
(vBkekdztse d Hte., 2016)

Il dzdL Csf s Jton dzEMIsdzOW i3] oL dzsls O MY stc O
(tedfm. 2.14) bjtttedlstedd  ofmilstej yo,jlsmw
B ydzgr » BlsteseOn 1 O0tcelzL ddzmMitses RtcjBISO
lto] sBdzOH O N3 dfsdz BdzdL S s so j ton detsfls
(72%), CtbtsttOWw dsCOoOddqL EZzj sy d&O L j tod
des?2 yYyoOmlsd SCtlsdzsoddz MsmtcOded dzOM! MY dztsh

d\ d\ df

d\ ¢

@B KkihjZ*"bg_kdZg hkljh\gZy ml1Zebdh\Zyo kiehrgZy

t dfi. ebtslsdztsh jddj ©OLddJydey = kdftse BdzdL ¢t
1

L
9 1 0tcckzLddmMS s veRtzzsd dzff Htc. , 2016
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fio

HOBEEec OdzdL OydY Bj oL dzslsdesc s dzOdzH h C
BB MewrLwdhd Ltsde CtedtsecjdzjL O ) BdBdzsed
fNdLtsdzde” B ey daBsdB Isj § dzO  tftejHjdv]lsm
jlsdzj 65 (BdtsEj dedasets) ydCdzse RIcteoOydd
dmrHdl Ldd@Rdzi i o' BstcOydoOdedj ( BstetsL dz
COd dF & ojh jMmle dL d3jteL dzslsr o 50 jBRC
ZO Meotsj sBtOL dzr » MBteBYydtsdedz" = B Otc! j tcOR

l Ldzy CtodtsejdzgjL O ftesdmrtsHdls dzj Ist
BtssB dzb s ydese s BOIsj tcd OdzO, dets IsOC Y| B
Bddzj COdr ) or MsC 2 o jten desMlsdes? 1 dzj t
LO Lddik Midd k) otodjSOskmw o BdEds:
dets ddelsj demMdodetsy 4t wOMfteHydzjdedy ~dd
dn &0 c¢isididuyimMSds BOK! jtOR ( &jn Ode
cdzj jor2, BdscjtsnididuimMsd2) (AOtejo, 1¢
BjinOddyjMSdd BOt! jtesdy, Stk 2 fMmdkzyd
stedtelzs sfw dzj S swOMso steddsr j Misdd d Istsc

] ftyoejdedesds ftesWddzj §td dOdduydd ¢
ftesyj MM COC MeY¥WsLdw d MmddWds Cydw.
pQoh 2w ftod HEhScESStOldsd §tsdj L Oded
deso dzsdz f sHY tso jtorn desMisdzr disd o tsHdzr &3  sls
Clsd oLo9iMmMd dL LBd 9" dzsmO MC dzsdztso ' d3qd
By W MC dsdO, ddst o GLjtj, Ysthdek
Hsdzdzg' | BMOHSd. 1HjM' IlsdStHdny | eidr 2
Ltso" 90Is! mMw Ctedtsc g dedz" of3d G tetsyd MMOd3d (o
0 O0dzdj CtodtljddksO, o' BstwOydo Odedj Mtsdzj
dqHjls tsBtcOLtSo Odzedj LOBtSdzSYyj dzdz’ = dzzE 9,
tkjlsmY cdzjjor 2 BOt' jio.

Cld fwsyd M MmMewiL Ody M My de o
1 OteezL ddzM S s2 Cwlsdzsoaddzj 65 Mmlsjtfjded Hto,
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no

Htoj dzd tetseo Odzdz" j , HicJ dzd tcts o Odzdz" | , fndzOB B H
Lsdy (OoHENdJdzse, 1 0dB0dzO, 1976: 1 O0kOdO,

e

“=1 | APEHUPOBAHHOCTbL NoOPOA
BAPITY3UMHCKOU KOTNOBWHLI

pssc

YecnoeHeie o60o2Ha4eHnA:

E Tpanuya BapryaMHCKOR KOTNOAMHS!
Pekn

fpenupos pon

I - Gonpetnp!

cnabo- n CPREHEAREHIPORSHHLIE

1108

{ df. }26fistcOdmhlss j dzdzs ] ©OMT ) Hjdjdd] §stsH
(1 OB0dzO0, 1988)

S MdzOBtsHtj dzgdtetseo Odzdets? L sdzi ©lsdzj MJ dz
tcQodagddz £ ftsHdetsy!' W RCOLMEBEB AtejBISO,
fs2ds dzjo'n ftdksCtses 1 OttckL ddzO. [ fdats
HOdzdzs 2 L tsdzy Wodw jlsfpw BdzdL St L Odzj ¢ Odz
BjteL dztslst  d kswyjdzr 2 ctOdzdasdjsted yj MSd:
90T j §iMSd). 1 MkOBtsHt] dddiess Odzdats B s
o OdzdvV, Ctlstster j ftojHMsOo dzj dz f 5z & 15 dzC
BeteO®d d §dsh Onwdd fezyjddy, Isjteist Ot
HW . | t02tdsj L. MOMEOdZz SStdks 20%
SLjteORd d o ttetsdS ORJ .
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l ijMmt &30 MdzOBBHtc] dzgdtetseo Odzdz" 2 d dzj Higj C
fs2 B3O d diBjMlsOd Isr dztseor 7 yOMmilsj 2 dzOHTY s
Bs2 YOfjlsd L jtods- Odzdzs 0 Oz dzts? te Oo dzd dz
uddz" d ddzdé¥ls twOLde § Isdfr esHdetsegts fdIs
L so Odgdz" » §fHLjdBAE » oetH (0, 2-0,5 ¢/ dz)

1 Ot zL ddzMC OW Ctslsdzso d dz0 tc OMYf sdztsy j dzC
M stcOHdYj MEts?2 d istetse dats?2 3] oL dztsls j .
dzsfils! ¢ §stcsH ez ddzO L Odzj e Odegdw 3 teL dz
detsj] odzdwdzd] tOLdtssBGOLd] oL Odd@Bstslsdsh
ftoj Hj ZOR dgjBtsdzr hdr Isjtetedlststed?2. 1 dzd W dac
90dzd ] LOMtsdzj dzdzr = fsye Htoswodw jlsimw o
Msoalkzils dOSCfdj dzds dzj cCtstcOMlsatsteddd - M
dds ftetsdzr 9 Ol Mw L O ftojHjdz ftsyoej ddetscts

2. 61.dslsO 9 LB®RO- OLGtEZLS GdHEBIS] 6

J L sdz0Or t©OLGtekzL Cd Isjted3Odzt dz" = dMlsts
Wdzstedmisdud MEdy, WVOokddmisduimcdy, o&BdStet
Bd ¢ tesC dzd dzZOIs 5 d3. 1 BlsO 1 Isdrn o Misstse dIsO
h Odgse, ©vOnlsjjo, 2008; uwORBSBOO, 2009,
dets MmEh jMmlse j dzdes o dzdwdedd cGdHEtslsj tod3 { tot
Ltsdzi, twOmMf sdzsy J dzgdzs?2 o fJtejHJ &Z2On OMY to
Bj oL dztsIsT . [jfdwveshd?2 1WWjCl IsjtediOdz o
MsOBddz: dz" | Efmdazsedw MmMbkh jMmlsoses Odzdwy B It
mMfsmMeMmMlsealzjls d@dSCtest o sdzt yd sdadz d3 Is tc O dzf
tciWkedkzdzi MowL Odes i qLtsdW ydj 2 dBOdsydf
OdzO. CIsd tjWkzedkzdd + CMistcOL 5dzOdz? dzr 1
dgdzd ddets?2 Ltsdzgr (hdoslsdes?2, or Mslsdas?2, G ¢

l LtdzOr ©OLGtlkzLCd Isjttd3Odzr dz"n = o tsH d
Méts?2 Clsdzadder MtsLHO® IsMw B ZzZOGtsY tod W Is dz
Mistej SBWKHWUXP, DGHLfWW\@EP Otcj Odz S Slstster’



Ao

(1 dslsO otsHBj BB €, 2009; J1ttedmse, 20
cstewydr dhsydd$Or 102¢0d MESEts toj 6 d!1
(Bte® Dtsdats e d j/\REEDED WK UPREDLFED,OLE B ¢ BW @® |
OLQRLGHY .IDYFLDEMYV] otsL dzj zEBOCMEda Isj
MistcOdzl d&z0 Mmddzj L j dzjt @R P D W RLHGEHOR/M@kd P Sidx H [C
ZORtsHdIsMw dzO s0COL] (BshOjdk j fyse:
2010) .

10 bjteedlsstedd Bddej eOdz' dzf = dMilstsydzed <
B4 IsOdetso " n, mrdzstedHdzr =« d Mizdz W Olde » M
Wdlsdsg j 1 dzj d3j dalsr WOk dr . 4 Sdzsdztso Ols™ d3
Mo 52 Mise j dade HO O thdtedy = IdfO Mtseh |
fslsdgr 2 d HfIsjtesdHdz 2. J OlW d {f tsls dats d3
Gammarus | acustri s, Colsstcr 2 OHOf Isdtets:
Btsdzd dzJ e Odzd L so Odzdz' = 9 tsSHOR dMistsydzd C so
Bsdzj J Mtsdzj dzf = tsHdzd $ O oMistej yoe Ismw o
Bjtejesoabkh jC (uvOrRbjjo, | O0OdzddBLwdatso O, 2

10dzdydy edHitslsjtedz ftsor hOjls BMjj W
cddzO L O Mujls ftesdL tcOMIsOdedw o Htoj HJ dzl
Wddz! dets?2 d L sdzOdz! dets?2 W dzster fp Eyofplsdj
2002; odzj dzitsdetse 1997,1998, 1999: ¢dzg
tcOMlsOs hdj o Ltsdzgy odzdwdzdw cGdHtEetsIs | tods,
1,5 & MmMwvyo, doOyodksd ojcjlsoOoydd (1 djho
Isj ted3Odz! dz" » otsH ddZdiJls dzaj btsd ¢t dst Od
o' hyj Ijfdstsed M Jj yd dzdzsmls! Isj tetedlilststed d |
sO0¢dr Mt jMise (uvORIjjo d Ht., 2010)

tdWkedlkzdr Mlsjfdzr » tojdzdCIlstseo- cOdzsW d d
HES] B3O d LtsdzOd3 teOLGctekzL $d GdHtetsls | ted3.
B dzj tOdz! dzf = dMmstsyded S s tOMISdIs] dz' dztsls -
fted Mddzr dzsdz L OMmsdzj dedd §dsye '™ ( ¢ dzé d dzm < «
dzv j smw MmMtsdzj eGP QILFRE N LD HEXLPRISIRAH Dte j dzd € Is



Ol
dzj SBIstster | MsmikzH  BBGL G L XE®OMRIOLd@YWX PTi 3DOO
3bOO 1LwuDULD VLELULED 3DOO SHWURVLPRQI
/|  /LPRQLXP JPHOL@LLIZOMQOLTEHBLQGEHOD OLWWRUD
O0DQGO $PDUD DEGRPEQDOLMEZ] h Odztse, v ORIsj ¢

Il Ltsdzj t©OLGctelkzL Cd Isjted3Odz dz" = dMmlssy
COdz dgr §| bjtdiswdadz dgr §| d cOdzsWwdadz! dg@ § o
ud mMeédy dBJSCtwtspdzr §j Mstseh jMlseo O, tsBd&ZOHOH
o' MsCts?2 dJdalsj defifdo detsfyls’ 8¢ &BJStese dsdzise dy
&, 2011; 1EZHOEOj90O d Ht., 2014, 2015
My Weosttddqtetso Odzdjy BISCtetsBdzr » dBOIstse ( tod M
fsmntsyd dO f§dzj deSd f dzj g ded .

[ Ol ftojHMisOodwels Mtsets?2 § dzslkd 2
HS 2 Mmd3.  sd3ddzd ez h dd3 MlstezCIsztedz dz ¢t
wodwe lsipw dzdlsyOlsr j Wited3¥ yYydoOdetsB OCIsj tod =
MstczCIskztclz () O OtoL ( dz, 2003; 1 0d@3MOttO] 9
1979, 1998). IMmMjets 9 bjtdRzkOd dz » dhists:
Otk jdes 74 odHO d tOLddtssdHdtsMIsd ydo
sj dzd tesHO Phormi dium d HtkzedJj2VEIk@Ga DWW
ODVWLIJRFOD®XNYOttOjo d Ht., 2003). AdO
Ctezf § O JtosCOdBlsdzr = S Odzd L dztseo, Wz dz$ -
odwrn. [dO EMs2ydea0O ¢ ©OHdBOSCIsdo dats 3z
Msdzj dzsmisd, tOL dzdyds &3 L d&zOyj dzdw Eh, p H
otSLHENdts?2 MicjHOR Mjteder » d MJjtedzdmilsr -
fted §tddsd dofm" ) j&O§ Hoiuwd wsmiskzyj ¢
Istc j &3O dz! dz" | EmMzseodw tslsdzj yosilsmw o &dH
2003; 10B8MOttOjo9 d Ht., 2006), CGHJ 9o I
Wistcdzdtolze Isfqpw  tcOL detslsdtif dz § M Jjydw dyds |
(1 JjteOmMddsj deS s, uvh OIsddzlCOW, 2002; | JBac



of

[ ddgj tOdz! dg' | G dHtEtsIS| tod3"
HJBW

L &Bn d

tdf. 1DCkGLdOd dr j RO’ o Ikjted®Od dr & dflstyd
(Wshkts 1 OEhiksoas2 . [.)

st duyj MSOY MmisiekClkkte® &Olstss ddijjls
Y MehlsOs dj dr fesHEzyj ZsOkd d € sdzikz
Bde d clstcOoatsWHA disdé), Mmtsj Hddzj dadz" d3d o



of
1dyded?2 Mdzs?2 MW stcdzdtctso Odz toj HIzyj dzls Odzd
Mzsj o Yt Hijbtdlsdes?2 ydtfd (1 jtdzsddese O, =
fdCtesBdzr | MtstsBN jMlsoa O IsjtedzOdz? dzr = d M
Likslsiw or MsCts?2 fJtesHkzCIsde dzsfls! & | g ¢ S
BdCtotsBdzr 1 BOlOR HAEE)E, 0 j GBS Hd & dadz di
¢ wAfEls), BOChHd B3O dOv ME stetsfils ! ?A figlg ls¥dz
BOSC M B3Odz2 dzOW Mz BBOtcdzOW 2Afilsls H Iz Oy dste dz @z
[ M dzco MEC O, 1989; 10BMOOj9 d Hts. , =
vJted3d dzOdz? dzOw H J MistezC ydw tsteec Oded yj M€
CdHicsIsjtcds SBAZOHOjIs of MsC 52 ddalsj damd o dat
oJhiMmMsa® o O®O!I tsBdz' » EfmMdzceodwr MM ftsB o
HO ftsdMmMatsHdl M EyoOfmisdj &3 Mkzdz WOlstej HEz
dzzt Wtstediz Cdzjls¢d (S¢¢C€d, odestdtds ,
(o ;L CtoORBA- f sdztsy dlsj dzt dg" § , CteORA3- slsted y
Wddzt dz" d3d, ddLesWwWddz dzf &3d d Isd edzsW d dz' dz"
B ¢ RJdBsStecOdIstes dd, nd Bedzd IstslstetsW
2012; Wi ddel , 1993; Ruff-Roberts et
dmMfsdz? L s9 Ols! hdesCd2 MmMfj <ty Mk dGddis,
MsdHddzj dedw () JteOMddB3] dzS 5, | O9 OteL ddz, 1
GOdzad L O3" wogdwelsihw s Oted sls O3], sded
Mddzlsj L O d MO fEklksjd Msodzin jddw t¢d
Bsdzj Sdzvtcdzsets oatsSHBeBHO f oatMMmisOdztso dzj
ltetsyd M BOCIjtedOdz dets? Mmbkdz WOktej HEZC
ftcj HMsSOodzw jIs MBB2 tSGHddz dqL 90y dzr = B
B r BICtotststes Odzed L BZO 3] . [ OC M BOdz' dzOW
WOltcj Hzydtezse hdrn BOCIjted?2 o c3HBEESHE
dzr 7 T 194 1gde/Aigded yj S Ow  é, 2011). [ O
WOktejHkSCydd HsifBtfizB®Y s 6§CBtosmISY ( dgj Is O dat
1,5 dAfmgk] & vy jtejL 1btsls ftesyj mMm tOMmAts



5
cOdzdyj MEsets o9 jh jMmMsa®, BEZOGESHOLY or Mts!
dzZ" » otsHOR (1 0B3MOtOjo d Hte., 2003, 20C

[ BtcOL ks h d2 Mmw hjtctso SHEStGSH w9 dzw j Ismw
O jdzlssds d EkEyOfmlsekzjls o ftesyj MMO~A nJ
~dBduyui MSdr EfmMdzsed?2 MmMtejHT, O OS] o d
o 0dzdwVv BJdzel tOdzse (J OLOtj 90 d HIs. 2010
CtleOdzd yd Ol tetsBdz' = d OdzO! isBdzr = L sdz { to
Mse® o fHftsyjmMmj ~jd@sMddsjL O d dOC Y dz
COdzdL s o . sddzsj L dqetseo Odedz" 2 Mlzdz' W Olste H
HOdz! dzj 2h 2 Ctkzetsoattesls Mjtr, o (Gt
wWr d Rid@itdzdlstsltesWd § MjtesBOCIstedd. J
ftesdmMrartHdl o hdtesCsd HJOYf OL sdzj Isj o3 j
ydvw ,u[O0 Myjls fslstejBdzj dedVv BteecOdzd yj MS 6
COteBtsdzOIlsdz" » dBBJdzj cOdztseo ([ OL Otej o O d Ht
ftesdmMrartHdls © OdzOt esBdz" » EMdzso dw n, n C
Mg Mkzdz WOtej HESydd, SCtbiter 2 Mtftotse s
oBH" L O Mydl dqLl wisdw dtsdzO 9 BHBSHO
mMedzr WOtejHkSYydd ftedossHdls & dmyjL detse j «
Msea" n oatH d GMOYHJjdd®s HJjdjLO d Htk
1974). 4 G6jijtaddiBdyj mMéts? HjWIsj dz desls
LOdzs tsBteOLtSoOdedy dBBddz cOztsoe , sO¢dres €O
Ctej dgdzj L j &3, C Odzr ydils, BOtedls, ftced BBLLOL t
HWIsfqfw dL otHMdtes tOMlsoatstt® (1 dz¢ Mdzddz 2
yJj mcow ¢é¢, 2011).

[dCttssted OdzdL a3 dGetOsls 9Oy dzzy totsdz
L dzj 3j delstse d HftcdotsHWIls © Hodyjdadj BJIBG,
csd3 ftojotsMoHWIl 5 MEStesMisd dzj stce Odzed -
o] BlsdzOc O Ismpwv 9 dBJSCttsBdesdz BOIsy o d3d dzj
dz2n » Ctsdeyj delstceOyd?2 (v OlOtcddzsseo  Hts. , 2
MlsOes ®BOItses r"tttshts MsedzOMEkzjlsmw M MmMtsmls
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Ctso . " M MBHJjtYy Oddy Ctoj dgdzdw tsBJ f
Isj dz! dzOw Ctsdgyd delsteOydw WilssteO® T Wdz¥ stedls
MeLHOs s ftejHYsMr dz€d Hdzvw Wstedddtetso Odzd !
Mstesdzydw B Mfj ydoOjls oL i3ty detsmis! € toc

Issets L dzj d3jdzlsO®. ([ OLOLjoO® d HE., 201
nddzMS sk dMssyddS Of Wsktddieks s ISttOs j i
©joO® d HEL., 2010). 1 12 COtsdOlsds

Fe, Na, JqdzscHO M GCtojdigdzi L J d3sd3 d G dzd dz
2015). 10 twWHBHR ttOmMfcdsy jddzr = skydej
94 tolsd der dzgj tBtOLEZzs Ismw . RMMdzj Hiso Odad W
EmMlsOdetso dzj daets, ylbts Wtstedzddteso Odzedj ¢ Odz' yd|
HjteyOdedd ¢Odzz ygqw orhj 10 &6/ &z © o fSH
20114, Lazareva et al ., 2009) , © 9 1l
3 &6/ dz.

) s Bts dzOSC 5§ dzj dzd v ~mdBJUI MEJrm L dzf d3
BSCtesdsdzcedyj MSdddd Mstseh j Miseo Ok, o f
B SCtest dzj d&3j delstseo . [ OlsT tOL dg' = d3d dzj tc O dz
ssots? Lde ROOCIjtodL zt smw OB Msdze Isdats
(1l jtedgddzso ©, 2013). |1 d&BISCtesBdz » BOIlOR
mMetsets, | OteddmMitsets dMlssydzd s Blsd3j Y ¢
Zn, Cd, Pb. uwtHjtY0Oddy s, Ca, Sr, Rb
Mo , Br orhj, yYyddd 9 COtcBtdzOlsdzts?2 f sMmists
Mis a7 LRWKUIZ Bz dzdtezjIs d CtedMmlsOdzdzdL 28 Is T
Mlso © EMzsedw dzgj B ZOeftdwisMmisoakzs s dzOC
Is O.

[ iMlsO or Cazdded o Oded W d3d dzj eOdz! dz » Isj te
zOvw Isjttedlststedw, WwWodzwe hOwimw tjWkzedj di
Wddz: dz" » ftejHMIsOadlsjdzj 2 Wdster, WOkdze ¢
MstsBh jMlse. AdOdzsBOCIsjtedOdz’ dgr j] BOI"
~ddBdud MSd?2 BOWK! jto, d2O S(lsstesd ftesdmn



~

of
flsd BIceOyYUdd ©YHO {dzj Bj dzstse o Bldgj yC
B uj MSOY tsd BJStsedscts Msseh jMlse O
h jilse cdkeddedetsets d ool desMlsdasets o tot
bedzj Sdmdssr, &jlkOodko), mMsjHdd 2 k¢d
BBddzj cOdzseo ({ J B~dBJyd MOV é, 2011) .
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1 ZOsfOr Br.suv3g R Jrufr3g Ruesfrr Ll o1R

lhe \u_ bkke "MhizmdbwsHddzdm! o 1 OtclzL ddzms
sH 2011-2017 G6G., B' dzs L Odzsy jdes 23 ft
4O ] BB dtde | Otej Odzr cOdzsB@BsteW dz' 7 f 5
da’ d ftdlztetsy] dz ¢ Otej Odzkz L Ofmsdzj dzdz'
btcc OHddzMC 52 d sBCE2MC?2 ctozdffr (todfm.

iz muui}// e
JUALT T N

tdm. sB8Mdd u MCd2 Mmded B3¢ L Odztsy § dzde’ =
[Mdsodz | dMidzjHseo Oded™ fedbtetsyj dz@ ©
ftoed tjSCtsddtshydtesstsydssds B Mdzj Hiso Odzd d
dz" § ftsyer. IBLHAEJ Htd HjIsOdz dzf = OBt
odzdw dzdw skydejtemMSdn ®Rdds eOdz’ dz' 7 dflstsa
] ©02tdsi dMMmdzj Hseo Odedw oW o dw jIsfyw
Gz ddzdzr 7 IsjtedROdz dzf 7 BB dzj tOdzd L 59 Odadz
54,88236; E 111,0013889; h= 570 ).
dzs ¢ fjtojMmjyjdeds ftosHBAdz detsets (1 Ot lzL o
kjShtsdzdui MSdn ©OL dsKkses d&zO Ikjttedlststedd
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Zzail 42 [ 13 e+ [A]s

(M. eB] BO dzj slsjSCltsdzdujMSdn ©OL &zsdstse Mo,
MCts?2 tedi¥ltsot? Hidddr d Bddy ORYjtedw ipdsdias ¢ d

1 7 c6jdzgjtcOdzt dg" 2 tcOL dzsd3 (hIstedrd dzOff tcOo dzj
BO); 2 1T wOLAEsR' HhMistse jtdzr §j (0), ftjHfsd
4 1 c¢cfdzjyuyde tdWlksoO; 5 i Ijted3dOdz dzr § dMmlstsy

3 7T wjs2MCd2). t(tOLdsd" (ydWtr o Ctkzy ¢ On

3 7T MOROrO2-10ekzLdqdMEd2, 4 1T 71 ydte

10 Isjtotcdlststedd of OHddzr o dzOMlsswh j |
OCIsdo dztsls d ®BOCMmddz0dz dz@ 2 sy fdzseots?2
BOtcOjo, 1979; [rMmMOEC, 1982; [kdddd d

skydejteméd?2 dmMstsydzed¢ ©OLGctEkzY O] Ismw
ofOHddz . THJ M, 9 ftdJH]J&OR 7" t] dhsae
~nSHJd&ts tBtOLtSo Odzdj dzsh ddz tOL a3 tetsdy 2 (
yomls!: MmMlss¢ O . RAdHJRli dz (SO tj SO dzj
ded i30dzd . 1wy M Jshdiydes Ojshw yj syt
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00
tcOv ftoskkwedoOjlsmfvy o Mmjojtts- o sMmMistsydatsds
COo 0O t6. RAIdZHJA!l &z, ©® 25-30 dd@ s EZLJLO
dzd yd M s2 OCIsdodzsmisd f dzOMmilsd dzO  tstetsH,
sls e6dHtee Bzt dyd MEitsets BOMMdea O € of O
dzts g3z GHYy ftwsdmMratsHdl MM Odz L™ 9 Odzd j
dz" » otH fttsdmratHdIls o twrodzr j dJdzdMmlsr j
20071500 & (v jted"omSCd2 d Ht., 2018).

+12 = 8 [ W "o
Loz oucm. «Cepoewnmry " " " G
8 4-> "

Ca]r [%A2 733 I ¢
00w N B2 =R B3 [LTs 39

tdm. 43 B0 OMY sdzsy j dd¥ skuydajeidgede J@nlEsy

vfMdz. tBtLd @ 1 1T MCoaOyddzO; 2 1T dhstsydd<¢ Isj
4 7T BOLO BIHra0O; 5 1 Mmd3j"h Odgdzr 2 dzjm; 6 1 d
9 1T LOBBMsYJ ddOWw d&j Misdztsmls

I sHO bjttdd" 5 "ddidyj MSsdkikz MtmlsOs k2
HstcsHdesdsz G dHicBC OteB BdzOIsdzets - Mz dz! W Ols dzts
skd HetemMSC sz Isdf kz) (ted . 3.4) . { dzd
(3651 50%, &8y MBCdd MisHj ey Odedj d3 € tej d3dzd .
(te1 9,3719,9), IsjtedsOdz detsfjls* & (40-50Awu)
fMv Bdz "ts2 d&OBBt 1 dzj 3 dzlstse: fm or MsC d
steOydd. (F, Al', Ti, S, Cu, W Cr, Fe,
1 dzj a3 delstseo ) (1 dz¢# mdeddze d Hte. 2013; Y jtcds



HCO,; 41 F 25 S04 19 Ci 11

M0, 39
Na 95

pH 9,6 T 34.

——Ti b1 Ky P -] ———HKnapK Bo A 30HBI

WWeapies, 1998

o4

Al Ba Be Cd Co C Cu F Fe K Li Mn Ma Ni Pb 5 S S Ti V In

tdfm.l B3 ®r dd MtMisOo d&dde tOdz’ dz' = o tH slkyd
(1 dz¢ e dz d Hie. 2013, v PftedvoamSd2 d ¢

[MsBr 2 ddsjtejf HftciHMmMlsOQodzw jls Mtse 52
toj ydes?2 YyoOfmlsd ftcQotsetts twkzC OO twlkzy' w R dzt
O9tSH' t©OLGkzy Ot IsmMw o 1 Isd BEBSO, 9o (6
dzj yipdets?2 ctewird ([lyjlsé, 1990). | towr!
v dzd sz BOMME yYJtedesets Yo jlsO, ckMmists?
fOntsdz Mjtcso BHSEBH O. Yjtedzr 2 yojls wo dzw
MitedsCdmhdzsets 3 jdzijL O, C(thktttts] dOmBHJIS:
ZOHOjIs Bdz hts2 {ftecdzslsdlsj d! dts?2 M sMmse
MiBj ceOL" d Mtsd dL dhmbsyddStse ( [Isydlk

l CBdzlskztc] L OMtsdzj dzdzr = ftsyes sbkydeg e
tedw ftsysjdedzr =~ t©6OLWGJ L B9 o dzj f sMmtej HMIs
L Odztsy j dz tcOL tej LT v[fs-2-16, s[s-2-17,
tcOMmdzs?2 oBLOTr N jdadesisd 7 twOLtejL uvfs-1-
LOB By dedesd3 yoOfmlsejy M fitejMmr a0 h ddid



Ol

Lzt dzgr Odg) 1T O tOLWjL" wuvfs-12-11 d vl s-
LOIf dzv J di3sdz yomisey (ftedkmls! joats2 yoml
v OB dzd YO BedOW dyd My odtsyjdd ftsys L dr od
skuydejtehnsd?
T OLEBjL Qs Wste JEzdlOMsdls | duddsj f totsW|d dzv sdf fsyer
CteOW duj MS|@w ik - | f)E®m" | fisle
awLCO Etotso dad A3 |dBBtste W
U s-2-16,|N54AB2'dyhpt,OHlsdls df whetsg. * T [Alsks @ JiOdz' dzOv | Mo j
to. ROzH! A1 (@l 14 ABDO MO h j Mislots[ AC, ACQdps,e OV L Oftsdzj dedzOW
sls dMmissydad£85 11 ' &3 As] @ T|BkteB dtetso O dzdzOw ¢
tcj def & d 2 a3. [ AJ]Cq, |9 OWw
2 AJT<Ciq
3[ AJTTCq, s
U[s8-2-17,|No54 5@HIR2sdzL Iz deS tso 5§ Ads j Bz & &z gz e QW
te. RdzH! Rl |2, 1413600 &4 TUR( BM+ S|UoH2 cdzO W Codslskte d
sl dMmlssydd£87 71 1 - a) @i TUR/fSSojxtgr dzts fiyls dzts -
tej dzm ¢ d 2 ~, 0 1T Gsyud dz LGOMsdzj dedzOW
¢ dfMdzj dedets G dzj j & O
s Misdzts - € OteB 5 dzO Is dzC
dz" 3 Mmlzdz' W dHd" B
LsdzZsORd Mkt j fijyodz
dzs 9 dOdz! dg 7 Bisidzisy
vfs-2B-17|N 54 ,8sR8W2tcj HMIsOo |dzjWg WCT |GilMOdBsL j o3 g mtse
R t. ROZE! Addz, O®PRIPAB] HEzs h B H] @ [ SYBS@kcj B j dedzts2 - Clo OL ©
450 o3 sl |HRBEBYd S dH OXKJ : v pgj@lz SUStdtlskzis dtctss Odadsts 2
[rtej dntd? Ctels¢ silr 2, Y odzts 2 f syo j g} I
BJd MSddz ddd y O, fMzdz ¥ dHdzr d3d 5 tsted
SHEZo Odzydi¢ , zof - O Odzdzs @ d Odz' @'~
Yokt o GlzMmd dzOv ded W A
U[s-20-17|N D4, 48sr7-Besmistej y, [AHS de"r dz' 2 G j BLC B2 dgls- Is | didats @ b
d3d tc. RdAAEL Aldz, 0 ®2fotH Stc Sy daddsC 1 5 C | 50 BCA3tsin dzO W 40 myo
550 o3 Bl |fgbBYRddS MO0 MmMsBCsadh- 8 Gpdkts d fiplsar i Odzizt o d
[rtej dzi€ d 2 ZOW, MBEEC dze®-C|fj Myodts- Mg j fyod
952 Njdedwn ) o totsf)dzts 2
G dzd dz§ O
v[s-1-16,|N5%B295, 8'),5czL ZdzS slodsjs . * 1 smas[dz,sldzmog ls j ogczr 2
5Ctj MsdsME] 21 Wid, fhsseh j st S@ 1 SAdddz 2 tdtslsites dt
skydejte d =bd@&B8dg dZOH Bktc. d3.| CS7 C"o?x,dg;tsLdzIslsdzf?
nOodz 2SAU] |
[ AUl Cs | q
U s-3-16N54B 1L QP[P yStsots-u. s. * 1 |wtsdzsdyoOd Isj ddr 2
B dztsyj dedets|@B1 L OMis4 [ MO, yOlsCsp@®Jaaaa T|Bdtetse Odeds 2 s5CdHf
CJ M §4tdMmé GO | dzOH L T 2Cs,oxXxcdzjjor 2 s toL datsls dzr
hddsd L jted@dkd o 2 2[ AUl s, @ ox i
Cdz Mjojtots|- L O OHdzj |j 3Cs, 0x]|Q
H. Udz dzn Oldz
U s-4-16, |NGOA49" 42(,H5d dzdyde [ju. 8 $* 1 |[S[cAdldyiOS Isj dsde 2
MsC sd3 RuDMBA "' 57, j2d5t dzv o | 2fifo jiH '3, S @ Bid te4sD @ dzdz’ 2 s dzts o
BiNHEZ to. |pczb 6 Bz0 Bd (0B Qs Solgf| T 6 lfgd T T RPBSteL dztsls dzf 2
4 J da. dzts 2 [ AU] s, R
U s5-12-11|NGZDA 40" -46f, L dzi5 IS tc OpSPA U] @ 1 | uSs@ztssday OC s j gz 2
s s HEDMOQ 1" UdBj, 2dftsefs)j Tis 2Cs|Bdtetso Odzdz’ 2  ffs dzts
BiyHE to. |pz6 6 B0 B3 oECinls jiftalzjdglzdzs [ AUT Ch | o3 toL dztsls dzf 2
uJ dz Zzretso 5§ |MsBECHKY -

Mise ts
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Il sy Mmj OBl ftoddgj dgv dzd iy’ MtcO¢
Wsdksedui MSd?2 ®BjlssH' dMfdj Hse Odzd™ .} to
Lso Odzdfm! dBOIsjtedOdzr HJIsOdz! dets?2 M kzlsded €
Mv o MotBBHMdSA HEMIskzfj] dO ddidsj tcdzj Is- fi
CiscEOWdyujmMSts?2 ftedowLSd fsyejddy o 0O
Garmin GPSMAP 60CSx. SOtlssctcOW dyd ME 5,
dzdL or ftsdzdgv dzd fp fsdiBsh i ¥ ftosetcORBAesG ¢
ArcGlI' S 10. 1.

Obfbdh ZgZeblbqg_kdbl jZF@BUstcOIststcdd B JdG J
tcd d3j dzls Odz! dzs? Octwtsadddd R{CI ] 1661 B
Odz' dets?2 CdMmdzslsdesmisd (61 ); MSH ] oy Oded W
v teddzO; BBh jes OLBO s s+ jdzt HOdzE ;
OMCddzOL ; CcOdbdsdij sedyj MSsets MshlsOo
~rdBdUdME&dnas d ~sdiBdudmMédns Mos2Mmise f§syse
Is™ &3 B IssHOB] (dteddzzM § d dzO, 1970; ¢
HT é,1977: 1©0CIdSbkdé, 1987). utsMmsOs t
fsyes Orn BtjHjdVdd 5 BijlssHEz I W jWWjtcO
ksots?2 (mdlktesea, 1990). uwtH,jtyOddj d&jc
SsHtsd3 oBBHMs?2 o7 lswyC¢d 1:5. wlsjfjdz L O
Mtsdj ddw (1 O0kStse0O® d Ht., 2006) .

[dzv fsHictsBdtsGts OdzOdzdL O G jtsandadsdyj e
B dzZsse, dOdBtsdzjj Ibdfidyder = Hdzv §ftsye L
Isj ed3sOdz! dz" = dMlssydzed s 1 O2C0O0dz MEB2 t6d
2013). Clsts hjdtsydze j (K, Na, Li), njdzt
Isr, 1 dzj d@3j delst cGctlkzffr NjdzjLO (Cr, Fe,
ZOyd?2 (S) d tjHSdj {dzj o3 delsr (W) .

stsdzd yj Mlso jdegdetsy B tcjHjdzjded] o©Odztser n
0" f sdzdzgW dztsf! o OCCtjHIstso Odgdzs?2 dMfr sO
MEBets O0dOdzdIsdyj ME¢tses yYJj dzstcOe Ols ts dzdats -
Movw L Odgdets? f &zOL d3s2 (I CP), My jSClstctsdii Iste
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dzdvw fyejdedzr » BGBLOL Ytse dhMfsdz L s OdzOT
nZtcdzs 2y) (HCOOBIREERdHEBIO (4 Jeuv 111 A 1

H[jZ[hldZ "Zglgyg dzC O L OMmMtsdzj dzdesmisd  tsye
HOdzdzr = otH?2 orlswyCd 1:5. 16 f dztslsdets
sB tBh jd3 MsHjtey Odedd dzj 6 S stcOMmiso sted d3r -
dHddzj dzd?2. (1 OMydlsder &3 fzlsj &3 d2O~tsH d dzd €
ydmdzj dedd dBwBOMMtsets?2 Htsdzd ( %) IstsC fdyds =
NOded § MOdzlsd dgtscdzj 2 4 G o do Oglzs zlsamde nls BOf)
W tstcd3lz dzj :

26 tfden wendl o O, ssd MEZO 2
SPheeny FO (FHOwsyd , J Ipezd &H

CHjwssie S0 Q@ Bhjj Ctddyj Mlsets MOdl
Jedse, Clsttes] B' s Gt Hj dj des d&j st
f 5YO "snbAboen 6@n Sdzdyd Msots dodetso, € sl
o' 9o oBHMkzY orkwyClkz eoMmMdzjHMlsad, twOMIsot
fsys. 10bjd of ydimdw dd d MizBEdtetse Odd
dsdzs8scl{ 2 sthdon 4s%0,Cl Mg 'NdIK, § tcd ded BO™ o s
ylsts ddz MoCiING jtojasHWIS dL Ise jteH™ 7 WOL
ofmMdzi HMlsoad] tOMkete] dzdw IstsCMdyde = Misdzj

wilsj tf j dz LOMtsdzj dedvw fBye Byj dzd o ©Odzd
é, 1968; [ddOhddzO, 1970; 10Lddzjody,
His. ). mddidL d3 L OfMtsdzj dedw tOMMmuydlisr o9 Odzq
dzj dzZlstse COC Odgdtsdegse, ISOC d COdtdese . |
oCdzt yodzd Isj Odzdtsdzr d COIlsdtsdzr, MtsH | oy
slso jIsMisolzs h j2 MR Oddtdstse d € Olsedssdz
dzjj 2 MmMbssdz (1 C9)/ Cc ftsyor sls d3j YO dzts
2006). | dOL9Oddd dO Mmdzj Hdzj 4 dBd MiIsts
Odzdsdz 9 dzOL 9 Odedd My tsdz' L s Odzw IssSGH O,
ftcjorhOjls MsHjteyOdzdy HEkzedms ddztso . ]
ftsye ", LOMtsdzj dzdz" § dzj 2IstcOdz’ dz dzgd fts dzv d3c
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mMdz WOIsdzr j) d hjdetsyde § ftsyer (tey or h
dtcj H h j dztsydzg" = f syoe 9" HJ dzv dzd MsH B9
mMkzdzt ¥ Olsdz" § Yo r , 9 CBltster m 9 J dzd yd dzC
Mz Odzdsdztseo. | Mstslkseo jlsmMisoedd M o3 Ists
o d ., 1 OdzS s9 O, 1972) . 15 MtsmMlsOeakz € Ols

dzOlsted j o &3, ®OGdedjo" &3d d ¢ Odz' ydj e’ did

[ dzv G itrndB YU MEets O0dzZOdzdL © BTN dzs (L
HiccB dzsets OdzOdzdL O or BtocOdzr dzOdetdzj j Isd
Bse (s OfmMddsse, 1980) d cdHEtlsj tedzOdz dz
Lsdyr () dzsfmdeddze d Hts., 2008, 2013) .

lted tsBteOBtSISC ] ftodzzyjddzr = HOdd = of
LOIsjdzd (eorBBtesyds § MtejHdedd (f); Bhds
slsC dztsdzgj dedw (G); St WWdydjdas o9 0tedOydd
BOMz! dzr § (min) LdOydddw, Cotwsidiydd das,
dlsOlsdmisdyj M OW tsBtcOBSISC O HOdzdzr = 9 € dz¥
fsCOLOjdzj?2 6 kimMk zO0fdtts-uvddkziO o
2010.

[ dzv  oT" Wwodzj dagdWw tsftse j dadetslsj 2 tcOMY toj ¢
fsyeo Or Br dzd orfr ydmdzj dzr St WWdydj delsr ¢
dzed¥ ¢ dzdstsmW jtej: ss=Cb /4C, GEHJ ss 1
s©O©; Cbi MmMBHJKYOddy 1 dzj &i3J dzsO o dL EZyd o
1 2Oy dedw wu dMftsd LseOdzd dL OBl 1 .
sOSCY] ¢. Kabata-Pendias (2011) . S tsi W
tcj cdtsdzOdz! dese s WsdzO (sW) wWOmMMydlsr o 0dzd,
o dMmimdzj Hikj B2 ftsyej ¢ MtojHdzj i3z MtsH j to
COyj Mo twjecdtdOdz degse s WsdzO M sdz' L 5
1. I . RoOOdetsoz (2007) . 17 dzd tOfmmydls Odz
fsyo stsBteOLE¥hdn fstesH 1 OelzL ddzMis?2 Ct
COdz dzf B L Oftsdzj dedzr 3 § sys Ok, dMYf sdz L
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10 thdtse Odedd fsdzkzyd dd = Cts1 WWdydJjd
teWwH' d tWH' t©OMMideOodw. 1" wedzj dzO G j t5
f syoe .

>bZ]ghklbdZ b deZkkbnbdZpby afZklse tyg oazthig
dets f tsdztsy jJdedW g ¢ s dzOMMdW¥ d¢ Oydw d HJOGd
dzj otsets sftejH]jdzdlsjdv ftsys (smMmhdde (20C
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on

{d29910¢b|411[113r Vivl3z v fv torJ L f1 sv

Rrtdovrtf
I Mmjojtdts?2 yOfmlsd J10ckLddhNis2 ¢k
W st ek s Hjtodsos- fsHBEET , O 8 §2

Isj ddese zdzzmtseor j d3j teL dzslsdz" | ftsyesr (uvBlzc

OO L OS¢ &OHCd: 17.07.2011 ¢@G.
E 111001'33,4"''. 1O0OLtejL LOds
3. dOH kttsodzi i3 dBstew o Cte] Mis
rafs M fwesj Slsdoder s fsCter Isdj ds ts¢€
H, MmMswhd2 dL ~"etsd, hdhje¢,

+21 0 Md3 [ J mMdes?2 s OH, Msmissw
fMtsmdzr , € &zOH sdzd 2

0-4(9) M. uvjd@gdets- Mjter 2, Lkoc
des- CsdBE ts9 OlsT 2, Mz 4§ MyoOdz 2

omMCdyf OjIs sIs 1 4l ; fjtejrntBH Wi

CteOdE &z 3 sted yd ME sdBE MtsmMisOo Iz,

BF(Cf) 4(9)-18(22) M. 1kter2, E

skztedz 2, f4Jmyods 2, ofmlstcj Yo Is

¢ bl omMCdyOjls s 1 dl ; fjtej atsH fC

Bk s yejlsk d Mmisjfjded €Odj dedmlssiisd

18(22) - fn d3. 1 dzj Hdets- S stedydzaj o™ 2, o dzC

fJjMmyo : oMmistcj yos smw ¢ tstcded HJ&JSJJS,

COBj dedmilssmisd HBsS 50-70%. 10 dedydgj?2 yYyofy
tetsy< d.

D 55 d edzkeyj. 1 Odzddzts- ¢ Odzj ydz' §j tslsdztsy 4§
ISJdZJdS

I syea O i Hjtocdzsots- ftsHB Rt ddzdzt 9 JOdz! dats- 3 J dzd L d Ml

Il ItV sdztsedyj MSsd3 Mistetsj dzgdd  sye OO0
HJOG dsmMisdckzj sy MjtesekzzmMseor 2 d d dzdzs
9 Ots- shtedmMss? StOMSd. 1 tys’ ©OLoado O
d ttsHBH jjdHtcsdzso 5- Btelzfded ydz" = Mtsdaw € ORF
o-Hjdzt o JOdz dzr = M jBddMlsr 7 HJtsHEZCISOR
By sOBsteW dy MSdr f StesH.

]l sHB Rt nOOCIsjtedL s Ismw  dzj S dd3 Gt
ftcj sBdZOHOdzed jd&3 MicjHdz] -  d3j dzC s j My Odzr
"dLduyd M2 cdzdder daj ftejoarhOjls 10 %.
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v OB dzd WO Atdzldzs 5 sted yj MS g2 MemlsOs Hjtdso - § BH

| sted L §dzls |l &z d dzO, M 4 SH j toy Odad .
1- 0, 256, 0|56, 0(10-, 0 D0, 08Q, 01
0, 2/50, 0/50, 0|10, 00®, 001
[ jtodzso 5- f SHB It ddzdzt © JOdz! dats- 3 j dzj L dflsr 2 ¢
AY 0-2(4) 20 4 8 21 3 4
BF(BFQf ) 2(4)-120( 26) 30 47 13
CD 20(26) - 5|0 4 5 4|1 7 2
b dzdzs 9 JOdz! dzOVY f jtojcdets2 dats- Isj dBdesc zdizfmMso s € o C
Al q 0-15(20 3 5 5 9 16
Augq, | 15(20)F20(|27) 2 6 2 16
Q 20(27)-28|(34) 1 50 22 11
[ AH] 28(34)-40(45b) 3 4 2 35 8
Cq o 40(45)-70 2 43 35 6

[ jMdzOw fesufisddSO doijjlk tyjd €dmdk
teckzBmMsosd cotedL sdals toj OCydw ftej Hr
CEBEMO MhmsOodvjls o djdk 3 %, o ddzdzs o
0,3 %.

v OB d&zd YyQ UslPster j WdLdSts-rddBdud MSdy Met2Mmilse O
dzs?2 ff syoer

| sted L [5dzls 1l dZzB d dzOy 2 Mid3 | 2 1M dL sls [ s 1 K
9 S H (dz. dfk O d ts dz’
® | Mg
% fr]d313dzi(i99)/Q
[ Jtocdztso ts- f sHB Rt ddzdzt 9 JOdz! dats- 3 j dzj L dflsT 2
[ OH +2+ 0 4, 4 dzj BftjHJ
AY 0-2(|4) 6,0 dzj 8 dz. 21, 95 0
BF(BFCT) 2(4)-20(26) 6, 9 - 0,28
CD 20(26) -50 7, 1 - 0, 26 0,
b dzdzt 0  Odz! dzOVY ff jtoj cdets2 dats- Isj d3desc gz ftso ts{ € o C
Al q 0-15/(20) B, 0 2] 53 1%, 21
Aug, | h 15(20){20( 2[7) 7, 8 1,2Pp 7,0
Q 20(27)-28(34) 8, B 3,47 4,30
[ AH] 28(34)-40(45 g, 3 1], 69 6|, 82
Cqgo 40(4/5) - 70 8, 1 2, 82 1, 03 (
ltod d3j yodedvw: dzj BBd2. 1 dzj BBdZ@tGIZXJdZIS * 1 ¢
JZaj_a LED  OlsO L O¢C &zOH ¢ (: 14.07.11 G . .
N54A49'54,1" " ; E111U0U03'02, 0" "' ; 9" MslsO i 54

Cslsdzsoddy o (w2 djoseEs BjBJjCO to. wjd |
sMsCco’ &5 Msseh jMisosdg. | o jehdesfls! MdzOBE L OF



d1 g 071 15(20) fMds. UJd3dzts-Qtsthf1{dZ
fjtcjeodets2der 2 o o jtendzgjd3 5-7
dzj dzdzr 2, Mtcj Hdzj Mz dzd dzd MisT 2
dzs o MCdfOjIs tsIs 1wl . 1 jtejntsH
sz d MmMlsjtfjded tOL dzcy J dzgd W f(Stsc
dzd yoO o tsdzded plsOw .

Auq,18(20)7120(27) MmMd. v @gdets- fj to
ter A dzr 2, BjMMistezC skztcdzr 2, dzj «
Yyos lsmw Ctsteded d Y 00" §  ted d3C
18l . 1jtejratsH tjLSd?2 or tcOyj d
dzd ils Ow .

Q 20(27)i28(34 3. wojlsdseC
fwilsdOd3d, tr adzr 2, Mmrws2, ¢td
fmisr 2, ofmMistej yOb IsMmw Qtstsdzq’ ]
Ndde 5 yasjbsk, cttOdzdyoO atsdzdch

[ 1 ] 28(34)7140(45) Md&. v j dBdets- Mjter 2, M tots?
ftosded L Odz Ctstodey d3d; BLRtodzs o MC I OjIs tsls 1 o
ye jblz, ctOdzedyO o tsdzdzd MilsOwW.

49, Q 40(45)71 70 c . r;dzlstsaOlsIs-Qisteo[udzJaf? fi
6 2, tr Adr 2, RdksHd 2 BjMMstekS skztwdy 2,
Bztocdzas o mMCdf Ojls tsls 1u|. g 50 fds or Mskzf O}
CGOjIs di3j oL dztsls O.

1 sya © i Odzdzt 9 JOdz' dzOVY ff jtoj cdaets? dzets- Isj d3des 6 2 dzlz i &

[ steWtsdzsed Yy MSddsd tMmMtse j dedesmisw dsd O dzck
Wodzwjlsmw fJjtojcedes?2 dets- Isj dQzdesc zdzszmtsear 2 A
ojhjmlse O. RL-LO 3] teL dzslsdzsGts o tsHBEY St
dzv s sfpw CoOLdGedzj jorj Hwtsyjmmr . | tOdzzdz
fMlsr 2 (OBd. 4. 1). Jjtadwvw yOMmls! ftosW
Yyojlsmw fJtoj sBdzOHOdzd) Swkzfdzs d Mtej Hdzd
Yy MEs?2 cdzdde dLd3jdgw jlsfmpw wIs 20 HB 33 %,
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ofMmjct, LOCOYS Otej d&z0O. vsdf fsyer 1T mMdzts
Btotso Odzdz" 2 d3j toL dzslsdz” 2
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v ddese s Ctstedzj 2 IstcQowdzdfmisr o, cDfptsj Betf 2 ; f
ortcO)yJjdz 185 yajlskz d GtsOdzIzdzisd:lestsq’qur]Ctsdyz
4 s v 101 30(36) MmMdz. o jlsdzts- mjter 2 M Isj d3dz
Misd cetdL sdzlsO, o yJj dzlsteOdz! dzs?2 yoOmlsd ¢ ted
Bt LkodzOy tzj o dzr 2 BjmMistekSskteds 2, -
MdzOBts oMCdf Ojls Is HCI . 1 jtejatH tjLSd2,
Mk MMisOolk, ctOddYyO® MdzOB 5o tsdzdzd fyls OW .
[ AU] 80(36)137(54) M. | jBHESEesHdGS C©0f | dd
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sztc©® dzp P Os Isfmw jHdddyde | Ctstcdzfj1 Bzt
tejLSCd?2, ortwOyjdz fts Yyoajlk d cttOdkzdzsd3j Istec
2Cs, 3DE54)i54(68) MK 1 jtHMGSeEHdGs 6§ O j dzdz
@ ' Miter 3 fwisdzOdsd JjMyoOdz 2 cttedL ds, o (6
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omMCdf OjIs tsls HCI. H Gdz Bcfdzr 106 Mmd3 L Odzj c
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[ steWtsdzsedyj ME sy Mbtetsjdedjy ftsys L jt
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tedL tsdzls d 4 MyoOds 2 dOdetsm, ModHjIsd dz' Mmls:
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dzsy jdzdw oewodzj COsIsmw o fJtetsyjmMmr foysts
ftesdmMrsHdls Bdatse dzj dzd J Mk MistcOls O, GH.
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s j ted Odzts 5.
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d ctcOdzzdzsdzj sted yj MS sz MsmisOo Iz, GteOdzd yo
g s 24(46)7149(55) fn d3. 10M" €O s Istej h ddzj
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WtieOCyd?2 WdLrduyud mMéts?2 cdzddyr o 1Isdr Mmdzsw;
Mzedzd ddmMistsdz Mzt ftoj sB ZOHOs Is d3j dz€ ts¢ §
WteOCydd (21%), O o MmMizyJjmMyodeyr ~ T Micy



~

00
42%). stefdestfr dzj o Olsts?2 WtwOSydd MHj Y

Csdzdujmlsots WdLdujmMSs?2 cddd (10%).
v OB & UPL @B & A steduj MSd2 MsflsOs L Offdj dedz -

| sted L ts|dzls | tzkB d dzO, Mmd3 4 SH j toy Odzd J
1- 0, 256, 056, 0/10-, 000, 0 8Q, 01
0, 2|50, 0/50, 0j10, 00®, 001
4 sz dzy O¢ Iscidsdzfl) fsMisOctetsc j dgde" 2 S tedtslsizies d
Spa[ AU] 0F 22 (]30) 76 37 17 4
S@ 22(30) -31(62) 25 41 1[5 3
[ SAL1 mds?2 311 1a2) - 45 21 4 6 1
CsT |2 Mazs®5(115) 57 27 6 0, 2 2
Cox, 53 @fyazts? 4 4 4 2 4 0, 2 2
[ AUl Cs | Q95(1156) - 115 12 36 26 5
4 s dzts dzy O¢ Lst3dzr2 CtcdtslsztcB dtetso Odadz” 2 ¢ d Mmdzi
S[ AU] 10 D 7 48 13 3
gs' ' | ]O 30( 36 55 36 3 1
[ AU] s,.|@ 30({36)-37(54) 1 3 56
2Cs, &4, @ ' ' 37(54)-54(68) 37 51
2[ AU] s,| &2, @| 54(68)]-70(90) 0, 4 28
3Cs, 4, q ' ' 70(/90)y {106 36 52
Hsdzsdzy OS¢ Isjdsder 2 CtodtslslzteB Jqtotse Odzdzr 2 s dats dzy
S[ AU] 0-/3(5 4 27 48 7
2'S 3(5)-7(10) 2 23 39 1 2
3S@, 9n 7(10){13(p4) 1 11 38
4S@1 Mmdzts?2 0, 1 8 47 12 15
2 MmMdts3(24)126(46) 2|3 39 9 12
3 Mmazs?2 0, 8 13 4 4 12 1
us 26(46)-49(55 4 55 2[1 5
2Cs| 1 fmds?2 49(55)-82/(85) 0], 2 32 4 4
2 fdets 2 2 4]8 32 4 4
[ AU] s,|Q 82(85) - 100 0,1 16 49
HtsdzsdzyOS Isj dgder 2 CtodtslslzteB Jqtotse Odedzr 2 s dzts dzy
S[ AU] @ 0-20( 3[2) 9 D 7 38 7
S @, sn 20 (32-54 9 23 3 3 7
Cs ~ ~ 54-163(77) 2 42 36 6
2Cs ~ ~ 63(77)-191(98) 33 4l 4 14
[ AU] Cs |~ ~ oL (98))-130 0 38 40 7
3CsQ~ ~ 130-145 3 6|6 17 3
ltod 3 yOdzdj : * chmazsde 1 mMd. fwodkj yOddy S kOBdz 4. 4.

| i SHdBEEEHA 2 CcOdzdsd) stedyj MSd2 @
CtodtslsktcBdeso Odgdzr 2 CoOLJGdzj j o Olsr 2 ) t
hd2fmw o BLjteds?2 HjftejmMmdd: slsddyod s
fMzsjo M IWwyddts- d MtedHded Mize dzd ded Mls™ d3d
edyuj MSsk MeMisOolk wodws sy { sdser’ j da



~

00
B d dz0 n~ 10-30(36) , 37(54)-54(68) d 70(
ftedrtsHdlmw d2O0 MmMteiHded?2 d djdzCd2 jMmt
By ZE sHdmMY jtefmdzr 7 WwcOCyd2 WdLrdyud MEs2 &
slso jlsMmise jdedzts 3 -5 d 5- 6 %.
|0z dzs 3 sted yj MSd2 MsmisOe ff so j ton dat
10 MmMds) d YsctejBjdede = 2O G dzzs d dzO~ 30 |
fMlso j dzdets twOL dzd yOjlsmw s Mistsisdatsh j dad ¥
ojtorndzgj &3 0-10 Md3 Mdzsj Gtej 5B ZOH O Is d3j dz

Bjdedzr = cettedLtsdelsOr 1T Cthkfdtstfr dzj o Olsr j (
ckkmMse 2 esdLtsds (0-10 Md) L Odd RO,
ftosd@ziylsydesd  sdztsy J ded J . ltesyd MM  IsteC

fteswodzw jIsfpw HEMISOIBsYydets tslsyj lsdzd o ts, dzts
dzi Mtstslse jlsmlsoakzjls fscetcjBjdede &3 czdgemtser
CteOdzz dzts d3j Isted yj MEsdidz MtsMlsOeakz (lswy j dztsf
cstedL sdzs &2O@ cdizzeddzj 30(36)-37(54) fMd
ZOdetdzj j fHo joyjdedes? ftetsyj MMOd § j HiSC
| teOdz dzsd3j stcd yj MSd2 MMmMisOes Msdzsdyo!
Bj oL dztslsdz" = (uv[s-4-16 d uv[fs-12-11) nr Ol
Bz ftosWddt Sttkzfdstir djoOlkrna WO yd2 (I
mMv ls 32 HB 49 %. [dhs o cettedLtsdas] ¢
vfs-4-16 d o MOB?2 ddydzj?2 Istsdzhj (130
HOs h j2 WteOCydj2 weoedw jlbmw WtwOSydw d3j dz€
Il Medsdyos) MmModsdyj aOlstsdy (uvf s-4- 16
tedui MEsdie MtsmMisOoelz (Ilswy j dzse dzd ded Mlsr d3)
Nd LOCBdtsd] tcdesMmis! ftosmdzy ydo OjIsmw
dzr 4 fB8COLOIsjdzd L dOydlsj dz@ dets dedy 4. 1t
ydd Bl uvfs-4-16, ctOdizdasd]Istedyj M d?2
Els WweoOCydd WdLrdujmises fjMCO d Ctokztd
Cdzddzr fHtesmdzij ydoOjlsmw o o jtendsj i3 fMisdztsd
Bddzm 54 fMmdz, O OS] © HwcEtejBjdadesdyz G lzc



606

stcOQodzdIsj dz' dz" 2 OdzOdzdL CtOdzz dzsdzj Isted y
6 ERtesydh © orvweddz tOLddydw ft MBHJ 6>
b dzdzt 9 JOdz' dz" §| fYtsyer BBBEONM jdzr Ctolzf dats-
tcOLtjL] uUu[fs-3-16 o cttedLBdISOr & 89-9
CGedzzmtseor 7 d oGt Bjdedlzr » GtstedL BdzlsOA 7
Isj dz' detsy ko jdzduydjdedy GCtelztf detstr dzj @ Olsr 7 W~
mM¢ 2 ¢ dzd dzr (21-50%) slsd3j yojlsmw o B
CicdlskztcBdtotseo Odzdzr = d3j teL dzslsdz" = (v [ s - 4 - 1

) yj dztsdz o My fsyer H] i3sdzMmistced tclz® Is
fjMm¢o, Ctezf dets?2 fr dzd d dedL S dd SCtsdzdyd f
v O0C 52 ~nOtOCIs] tc tcOMY toj HJ dzj dzd W yomilsd
OCIsdoe dzsmis d Odzdzé 9 d Odz! dz" A d/ ddzd 1 s dzts
OCIsdodesmlsd o™ MsC O HBBAY §jMyodder 7 WO
Mg hjdedj SO o Msstetsdzz Stz dets?2 1 dzd
Btsdzj j ItsdzgCdr yombsdy M fHtcj 5B dZOH Odzd j d3 ¢
54 d3de” = fBSYJ MiNse .

sO0Cdds BtOL 53, d3ts y dzts f sd&zOe OIls! | 1
(Odzdzt 9 JOdz dzr = d s jdde » Hotsyj MMse )
CtoOdgz dzts 3 Isted yj MSE d n WieOC yd?2 ) L OfMmtsd
skydcecjtemMSdr cedHtetslsj tods.

[ dzv  f sye, Wistcdddtetseo Odzdz" = o L tsdeJ o &
dzj cOdzr detsets diistsydzd O, LOMtsdzj dzdj =~ OO
fs2d3j fto. ROBH!I -1 dz (Ufs-2-16, s[ s-2-11
fsyesr rOtOSIjtodL izt Ilsmw MmMddz' dz8@ o3 s j ton
s ydzOvw tj 0S¢ ydw MmMtejH™ 5 ofMmj 3 f tetsW d dzt
ClodW sdzse Odzdz¥ 9 Ozt des?2 Y tsyed (vfs-2-1
gz ¢ Is dzj 2IstcOdzr dzzes tej OC yde Mmtej HT . g St
fsyes Orn SCtdzjBdzj Isfqfw o ftejHjdZzOR 0, 8471 4, !
o o jtorndesMmisder » ekdsEmMmser 7 d Y tscetej B dac



vOB &Y jA st J] WdLdSts-addBdud MEdy Moets2Mmlse O
Is j tcd3
dkr82utsC M
L BEdL s dis {%ﬁéﬁé&,mmgosm%wﬁ*t*zm@sml
' % (1Cal)/ &
b dzdzt 9 d Odz' dzOVY Mo jlsdzsezdBzMtseo OW L OMtsdzj dzdzOW Is
(vfs 2-16)
4 S 1-10 8, 0 D, 8 12j6 ,582c j H J 2BV
Als, @ 0-2 (20) 8,0 >, 2 0, 33
[ ACL, 1 cdzts? 8, 4 1,0 0, 18 0, 05
ACoX .2 MmdasR(20)-61( 668, 2 0, 2 0, 109 0, C
Al @3 Mmdas? 7, 3 [ 0, 20 0, 11
[ AT s 1(66)-70( 5) 7,8 1,6 0, 1¢
2 [ AJq ,us 0(75)-[77(B6) 7,09 i 0| 20
3[ AJq .us 77( B6) 1100 8| 1 i 0, 21
Ho jSdkECbBmMEo OV Odd® 0 Ok @O Cdslskics ieso (
Gdzj j o OV CdMdzj dgdets- cdzj j 9 OOV 59 j ton desMisdats- €
Lsdzs O3 Mk j MyuOdzOv dz® Odzdzt 8 Odz dz' | sk
AlJs, @ oXx 0-5 7,7 5, 35 1,096
TUR(BM+SU+Cc &)-@0 8, 1 1,/78 0, 1|9 0,1
TUR/ SUo X, ~, 0 30-70 6, 1 - 0, 11
Gsu 70-90 6, 6 - 0,17 0,
G 90-98 6| 7 - 0, 14 0,1
1 MOBBBL § B3 cddzmse " 2 dzO §ftsGtej B dedets? ff J toJ|G dzts
fJMmMyuodes?2 ftsyed M Isj digde" i3 Mbkdzr WdHdzr d@3d G tedL
NddedWvm (Ufs-28B-17)
W 0-3 7, 0 I 0, 24 0, 06
WC 3-5(]27) 6, 7 T 0,/10 0,
C 5(14) - 26 7,0 T 0, 12 0,
2[ H] @ 5(27) -/31 7,19 0, 19 5,71
2[ SU] @ 26(|131)137(46) 6, 9 i 0, 35
2QC@ 37(46) - 49(6]7) 7, 2 i 0,24
3[ SU]J 49(67)-91 6], 9 i 0, 2
) o] C B2 des- 5] Bz G sz Mo O BO&S B dz0Y  § j|My O
Mz j MuOds o tldsyjddvs M fteshds2 OBd f
01 0-6(8) 6, 4 i 0,18
2 4 ~ 6(8)-19(20 6|, 4 i 0, 09
3 u 19(20))-2PR(24) 7.5 i 0, 13
4w 22(24)-2k5(26) 7, 4 i 0, 11
5 u 25(26]) -30(3P) 7.5 1, 3L 0, 13
6 u 30(32)-34(36) 7, 7 0, 37 0,009
74MO 34(36)-143(147) 8, 6 3,57 0, 1
8Qox, Ca 43/(47)-60(62) 8, P [, 03 0
9y 60(6/2) - 80 8, 4 0,109 0, 1|2
104 80-98 7,1 0, 10
lteddsj yodedj: wsi MmMtsdzjoOvw CtsteCO; ¢i e daj tsB dzOteky j dets; ¢
sOBdz. 4. 4
[ BEsMis! CObdtsdzdzsets tsBdi3d dzO s f tetsi C

Mdssdz (1 ¢

)/ C¢

f syoe"

[ ddzd 30 dz' defs g

L



i
Mssdz (1 o)/ C€c¢ Hyer) Bl yjdts ots olsts
M sk MtMlsOsk Masj §ctjpj ddscs Stdt
sdtsdzse ftoj sBEZOHOjIs COdzr yd2 (tedfm. 4. 12
1 MOBBBL j i3F Mted Hdz] 2 f 52 A3 nOtcOCIsj to
MtejHT M BlsmMkzlMisodj 3 ¢ OB tsdzOIsts0 W (( & @ H izl
JIsmw Istsdz? ¢ts © fitejcecdes2desd3 estedL tsdzls g ,
B Msdd, ckdkkzfy, 0 LOCY] MzBRO tMhdass
dqd3sj dedets © HOdzdesd3 cetstodL tsdalsj . [ dded 30 dz! oz
ZOB &zt HOjIsMW o HYtsctejBjdeder = fj MyOdszr = ¢t
ltesWddzr §jted cgozs2 dets- s dzdetse z sz mtso 52
Cts?2 s2d3j, dzaj LOMtsdzj dz. s OteBtsdzOIlsr f tsW
Mz, dnr SCtdzdyjMmkset o0t dtokzjls o HYtojHJd
J &3 COwBtsdzOlsseo o fHwsWdd Ekeojddyde Ojlsm
dzts y dats 2 .
vO0Cdds SBtOL A3, OdzOdzdL HOdgdz = s L C
Yylsts o Lisdgj dgj fsmtej HiNlse j dedetsets o dzd W dzd W
dzs L OfMsdzj dz@ Ywye', MW tediddtctseo Odedz" j o
B3 yHEZWG] Yy' v tkzy'w ovdzsedzO d RdzH!1 ml dz.
Medzyj delstcdtetso Odzr o f jtojcodets2detsdy etstod L
ssydzed O dzj WdSMmMdukzjlsmw dad dBstoW sdazse d Y
sOCddB SBLOLtA, Hj2Msokshdj ctodh tsd
Wstcdsdtokzs hdjmw o ftoejHj &zOr dedL C82 d o
PyomlsCon o MsCts?2 f2d’ oddwddj ctdW tsc
1 sysr’r, Mitctddtess Odedzr | d2O ftodlsj totc OF
SL jtodets- { sdzso 52 t©6Oodzddzey (uvf s-3-16), s
12-11), ddigjisls hjdsydkz t©j0o0syds MmMtcjHT
el ®ld3j yoslsmw o dzj Cslsste’ = tOLtjL OR o
sOC Y] & ddyddd mMasvwd hodsdyos se Isj d¢dz
Isr 7 d&Bj teL dztslsdzg" = (uv[s-3-16) d Mdsdyo¢



n
m

dzts Is dg

v OB dzd YO Usls'rtster §

(vfs-4-16,

5[ s-12-11).
dzO d3d oL dzslsdetsd3 B Otc! J to] .

wdLdes- ndBdud medy

] jesWis

o 52 flse O

tesydh O
© seantg2utsCimMyL -] s,
L BtedL s dzs {&Z&%@&,HW@GB@@&d@ZﬁﬁnmmZ
5 € G1&2 .
b (1 Col)/ €
HEEEUOC s Bl 2 §EmMsOcksce ) dde 2 Ctedsbts d
b S +1-D 8] 6 E 32, 38 31
Spa[ AU]J 0l22(30) 8, 0 2, 7 1] 39
S@ 22(30)-31(62) 71, 9 2, 3 1] 40
[ SAl 1 mds? 7, 8 3, 6 1, 42 1, 4p
Cs; | 2 mMdBA(62)-95(11&,)2 5 0, L3 0, 1
Cox , 8] fdts? 8, 2 2, 6 0, B0 0, 2
[ AU] Cs, o 8l, 1 5, 2 1] 03 0,35
HEEERYOS s Bdy 2 SttdslbiB e Oddy 2 6 d fi)dzd o
H s +1-0 8, 1 D, 6 27, 46 24
S[ AU]J 0410 7,6 0, 1 b, 17 C
s 10- 3/0(36) 7,8 0,1 0, 2
[ AU] s, @ 30(36)-37(54) 7, 6 1, 7 1,
2Cs, 6Ga, @ ' ' ' 37(54)-5/4(68) 7.0 1, 7
2[ AU] s, |5, @ 54/(68)-70(90) 7. B 2|, 4
3Cs, ®AR|, o ' ' 70(90) 106 85 1,6
HE&ERYOS s Bdy 2 Ctdblbedite Odd' 2 M6 ds day
b s +0, 5-0 8, 0 0, 9 22,82 2
S[ AU]J 0-13(5 7,7 0,8 5,609
2'S 3(5)F7(10) 7,17 1, 2 2, 84
3S@ 7(10) - 13( 24 71,8 6, 4 2] a1
1S @ L Mds? 7, 8 10, 8 2, 50 1,92
2 MaxdB(24) {26 (|467), 9 7, 3 1,75 1, ¢
3 Mmdrs? 7.7 6, 5 2,05 1, €
b s 26(46|) -49(55) 8, 8 4, 4 0], 50
1 mds2 8., 1...13,09 0, 92 0, 88
2Cs S had? ( 95) 178285 3,6 0, 45 0, 1
[ AU] s, b 82(85]) - 1000 8, 4 3,8 0, 472
B RYOC s By 2 Stkdblbwediote Odds 2 M6 des dzy
S[ AU] @ 0-P0(32) 7,17 1, 3 1, b4
S@ sn 20 (3p-54) 7,8 6, 4 1, 86
Cs ~ ~ 54-63(77) 8,1 3, 7 1,08
2Cs ~ ~ 63(77)-91(98) 7,7 3] 1 0,5
[ AU] Cs 4~ 91(98) - 130 8,5 3,06 0, 4:
3Csg~~ 13/0- 145 8, 1 3], 8 0, 3|4
lteddzd yodedjy mdas. Is OB dz. 4. 4.
S OB tsdzOIs o Mmlstej Yyor smw ots oaMmjnrn dL 21
6! qelzjls ® NhdtetsSdn ftejHjkOT: Il 0,2



feshdydoOslksmw o Bdjj bLWyjd o 5 ¢t

(v s-4-16) .

Il MedktsdyoOstOn IsjBd ~ CtdtslkskztesBdtesa O4
(vfs-1-16, uv[s-3-16) MtsHjtey Odzedj ¢ kdikzf
CstedL sdz2sOr (lsOBdZ. 4.5). 1 Odzdzt 9 Oz iz
(0,217 0, 40%) . t OMmMftej Hy dzj dedd GEdzzmO
Isjdzt dets o' MBEtSy © ckdizmtser a f sG] BJ
Yyodzr = Blsdzsy 4 dzd v = . ¢ ZOdzse d ydz 2 dzj tOo 0
slsdzd yojlsmvw d 6 JdZEtsMmisd COdtddtscts 1
26 Bsdzr (+ C9)/ €6 Yo" .

Il Mmls®ej BBHBj dedz" = S OIdtsdetses BMdzso
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t df. tOMm8ejHjdjdd] tBdijdd » CObdtdtss L Oftsdz,
(BjlstsH I WjWWitwdo o &dsHdWdSOydd 1. dé. [
Vipdztse dzf j 5B BSL ¢EENY | ddfEm d 5242 ** N_J'Ca




i
[lsdesmdlsjdz dets o' MsC sy Ctddyjmlsots Lk
dzjj LOMtd dzdz' 2 cEttedL sdzlsOR. [ fMtse | dzdzts
Islsdsd ¢ dhndj dds- cdj josd (v s-3-16) .
ssdzdyjmlseots ckdkmMO o MsdsdyosoOr Isjd
pOls' 0 &3jteL dzslsder & (uvfs-4-16, uvfs-12-1.
qLbyjdedzr & §sysOF (lOBd. 4.7). 1 ojten
jls 5% MOwLOCkjtt ©WOMYtjHjdddY t (i
LOIjdzd jBStsmisd CObdbtddscs sB&j O dL

dsd (1 So)/SCc¢ foye' . [ OSMdEOL dzOW ¢t
fsctejBjddr ° ckdkzmsesr & cttedL sdsOr. |

HOtls ROGdzd?2 o dzOlted? . [MtsB j dadzts L OB
EstedLisdzkOr ( BOcddY i 46-71%, O dzOkted

fcyo stsptcOL N jets MkeMlstcOIsO tsB d3j dadz = ¢
sls Mz CObddse, ftoed {Issd3 HisdzW dzOIst

[ dzv Btsdzj )] fsHtetsBdens ttOMMBisistcj dad W
da’ LOMBsdzj dedz" | ftyer CdzEyjorna EyoOmlke t
Mlseo j dedetsdzslz o dzd W dzd ¢ d3ddej eOdzdL tso Odzdz™ » o
16, fyer, tOMmMftsdsyjddzr J dz2O0 ftedlsj ttcO
SL jtodets- { sSdzso 82 tOodeddzgj T ®©OLWGjL U[ s- !
zv j sdz EyomlsSy ftedkzmls: joas2 yoOmisd 52
vfs-12-11.

Il dLEyjdedzr = ftsye Orn &BOC MdBOdz! dzOwvw €
o Mtdzj ots?2 CtstcC¢j (lsOBdZ. 4.6, 4.7), GH
32%. 1 MmMtsmlse ] Mdzj 2 ot oMmMjn Htsojtcn dz
dz" d dtsdzr dzOlstedw (tedfm. 4.16). mdddL d3

RL ofMmjr tOMMdsclstcj dzdz" = § tsye s sStodzr
wWodwe Isimw Odzdzt 9o JOdz! dz § Mo jlsdzselzzmiserr
BOdz' desects dMssydds O (ttdm. 4. 17). wtSHJ
sy MmMtmlsOedw jIs 0, 33%, dL dedm 0, 15% i
~ddBIL B hjdsyds?2, {t mMtslsdsh jdds Odds



i1
sdzOds i d&Oktedjor?2 (kOBd 4.6). 1 ojtEh
mMdzOB OW  Mmisj {f j dz& L OMtsdzj dzd v . HtSH jtoy Odad
0,18, ftod 1l ktsd St 0,06% ftodisHd
Md WOlsdts- isHser 2 5 OddtsdzOds d dzOkted .
fMsH jtey Odedj zj ¢S tcOMmlsatstedd & Midj?2 dz
dzj 2IstcOdz detsets L OMtsdzy dedvw, 1SOCdd3 BBELOL tSC

O ¥ o O BOY Mo jlsksScdBzmMEs OF L OMGd) kOw Is
(vfs8-2-16)

B

e

H s dZYU0S Isj Bdz 2 (sMSOCKLECE ) dede’ 2 CtdGlslzes d

B dzYOS ISj Bdz 2 SkdshsbcBdso Odedey 2 &6 dmdzj d

(B

HBIZEdzy0SC Isj ddz 2 Sl Jose Odzde’ 4 d3j t

(b

t df. udsHlBey Odedj dzj S StOMlso stedd3r » Msdzj 2 o 1§t

dzj dgdzr = f syeo Orn biOdmMj SO skydcj ts

ltod d3j yodaed j : 0O- McwmwdztsH ===t j @He=s delsd==0 - CCO
B- Mtstslsdatsh j dadii CGEmm s dpEsa 2553 2t uwa

I MeksdyoS] Ijdkdsd §shlsOctsd  dds ds
(v[s-1-16) ft ofmjdkk fosWdds of O] d
(kOBdz. 4.8). 1 ojteRdzj B cstedL sdalsj Mlsjt
woof fMjhdv, o MmMkfjMmyuod 5 i fMdOsOw
Oz sdzse 5 ofMmjdsk fsWdds mMkzd ¥ Oldr 2.




iinA
tjHSo Odzdj ®Otdjotsets, COd ydjots- dzOlste
L Oftsdzj dzgdw. [ OCHdds0dz desj fsH,jtey Odzedj o
YyOjlfw o fOnNskdsd cstdLsdsj 1,39%, (
fnd ydz" J§ .

tdfm. (OMYTjHjdjdd] &jiclswOhssttdd & Medj?2 dJ
fsyos On IstcOdzj SISO skydaej te
vifdzse dz' j] tsB SL defmd Uz . A -2%'s; Ca

[ <Y @ oatx

1tcOCIsdyd MSd ofmj Oded tsdzr ftcj HMIsOo dzj
Odzdsdzso ) . 1 MmMtsMlsOeaj COddzse 58 % f tod-
COdtsdzr COdz ydw d dOecdedw (tedfmy. 4. 17)
COddzseo o {1 Issdz ctstedL sdzlsj Mmdzj " Odzdz 2
22(30)-31(62) Mz sOCYj or Mt MiHj oy !
mMduyudz" = Mdzy 2 . mdddL dz © {1 Istsdz ctsted L sdzk
COdz ydjoer2 (IlsoOB . 4.8) . [ d dzd 30 dz' dzOWw
fJMyuodz » Blsazsyjddws (0, 13%). 1 COIsd
tczjls dzOlsted?2 (77% Bls My COlsdtdtso ) .



1o

{ ud dz teJLSCd] tWOLdJdydw 6 ftesWdd d
teddzr » Mtsdzj 2 Bl yors lsmw o Msdyot On
des- e dzj jor n d3d toL dztsisdzr =, Wisted3dtelze h - mw
16) . J OCmMd &3O dz dzgOW S tsdzyd delsteOydw fmtsdzj
(27, 46 %) , cedgEmsotsds (2, 17%) d et B
0,84%). wbjfjdd LOMBd] ddw MmMddz dOvw Ists
4. 8) . Il 1t Mts] MeiHd Odedtdetse ftoj
(36%) (tedm. 4. 17). dwdzjHEZjls tsBtOIdIs! ¢
o Yo jtorndetsMisdets? Mtsdzj ots?2 CBtesycj, I©OC

]l sye” sSLjtedzs?2 HjftiMmmdd M BdzdL $BL
Cczso zh Cts2 L~ dzstc©e o of Mtsah j2 L j todats?
McOodzj dzdt M Httkzeddkd fys ORd et Odz
fJiMmMyodesdy Mdzts] ftoyosstsBtcOLEZEN j2 fSteSHT
ysd e 10 tOL. gilsj fJ dz LOMtsdzy dzgdwVv Mls O«
ZOstedjor 2. | et jBjddetsd3 cstedL sdelsj Mt
dzs ftoed 4 Issd3 StsCmdyds ~ Msdzi 2 MBH Y dIs
MdzOBOW. uvdf "dBILBO 5 COIdsdOd ¢ Odz

SOIsdtsdzdz” 2 MBMIsOe cecbk@BemMseasets d (s
mMih jMmMlse j dzgdzets t6OL dzd yOjIsfmqpw. I 0-10 Mmd3
(90 %), 9 ojtrndsg @3 ftsctcjBj dedetsds ctstedL sd
37(54) MmMd3 65% ftedmatsHdlsMw dzO COdzt yqd2,
COddzseo oL tOMISOjls HBdY dOlstedw (63 %),
CGstedL tsdzlsy 5 OdedtsdzOd3s Mlzdzt W Olsdzts- -~ dziste

tedL 5dzlsOn T ~rdizstdHAdS- Mzdz: W OIlsde 2. 1 5 €«
cOY jdz dzOIstcdjor 2 ~"dd3dLdz LOMBsdzy dedvw, o
i SOz ydqjoer2, ots olsstsd 1T dzOlstcdj ots- € (

ded j Mmtsdzj 2 L deOydlsj dzr dets dedx 4 (0, 25-0, 4°
WOlr (73-82% tsls Mkzddsr Odedtsdztse ) . wdzj H
Hjtey Odzdj ndzstedHBse. [ tdBddzdtelzs hdds ¢ Olsdt



v OB dzmd4a3d8 .3 d Lfipdifdgiddedw §ftsye skydejtemMisets ktetsydh O

mddidL d3 L OMmtsdzj dedv s glsjfj dz
1 ted|-u y® dzj dzedv o
fn hd issmis d
LBdL s HE5T 5 R Geas s g st ls dptdh S5 Bhdol%qlssmﬁ?q’%i%'@q’L BO
Gdf Mo | fsdyj ddg
2006)
1 2 3 4 5 6 7
O 0 O OVW Mo ) bksc B MEo OV [ Ofcd) koW bj thsl skl
s +1-D i 2 BGOd d 2 e d WOk df 2 %O 6 j
Als, @ 0-2(20) A sy dgs 2 eHGo 5- Md § Ok d 2
[Ad, 1 ¢ ds? h § s U 0gs D Mbd WOEdGs- HeHEs |2 Gokwed] o
ACO 2 Mdis@(20) . p1(66) 0225600 dz 2 b d W0l dz| 2 %O & J
o 113 mds2 dzj 2 S| Ods dzr 2 e d % 0ls dz] 2 %Ok ted j
[AJ]uql s61(66)-70(75) ] 2 56O& a2 b & W O s j &
2T AJTud,20(75)-77(86) Gzj 2 5O & 0z |2 Mk & % Ol dzts § &
3[AJTud,.s77(86)-100 % 2b6Od dF 2 ML WO & %O s
HEEERUOL 5] Bdy 2 [ GMSOcEEe] dds ? Ctdsbbtes o Odda 2 )
0 s F1-D ] 2BGOd G 2 b d WOl dg 2 %Ot j
Spa[ AU 0122(30) Gj 2 5GO& df 2 bt dd W oK d 3 Cow
S@ 22(30)-31(62) Gzj 25 Od df 2 b d WOl d 2 %O s
[SAUL Mds2 31 (6 2ds) PSK Adr'5de 2 bl WOobkd 2 %Okt o 6- ¢ Ok
Cs- | 2 M&m2(62) - 95LAA6B00 |d 2 bl %ok d 2 COd yJjoG- Ok
Coxl|s3 m&m2(62) - 950116800 |d 2 bld WOl d 2 ZOktd, o 2
[AU] Cs.o 95(116)-115 i 2b60d d 2 b & WOk d| 2 %ZOB 6 q ]
B &EdRUOC B Bl ? (tisbbcsotse Odds 2 ¢ d M) dedzs- & dzj J ¢
s +1-0D ]2 BGOd d 2 b d %Ok df 2 %O @ j
SLAUT 0110 Zi2btOd d 2 Mbd WObdge- & dbtdhd 2
“s ' 10-30(36) Q] 2 b Od |d 2 hEd W06 d 2
[AU] s, |@ 30(36)-37(54) ] 25GO& d 2 N s Bqhd 2
>Cs. ©4.,@ ' 37(54) -54(68) %] 2 5EOd dF 2 k& WOk d
2[AU]s.| 55, @ | 54(68)-70(90) ] A5 6Od a2 T &bt d i - ME d
3Cs., &7, 0 70(90)-106 Zi2 56O 4 2 bt ¥ Olsdy 2




1 \ 2 | 3 | 4 | 5 \ | 6 7 8
HEEEBUOC k) Bdr 2 C(GdSkbte e Odedy 2 B) 6L &esbsdz 2| (uf s

4 s ¥1-D %) 2 860d d& 2 Med WOk dg 2 ZOlstedjlo " 2
S AU] 0-13(5) G 2 560& d7 2 Mz % Ol d |2 BOG dzd|j o t5- dz
2S 3(5)F7(10) G 2 560d d P Mzd § Ol dy 2 2Ol ted | o
35 @ 7(10)-13(24) ) 2 560d d 2 Mk di W OHNdg 2 &0l 6 d J
1 mds2 13(24)-26(46) G 25600 d 2 e d % Ode 2 ZO s
4S@ 2Mmdzs2  13(P4)-26(46) ) 2560 d7 2 M & W ok d 2 dzO'Is to
32  13(D4)-26(46) G 2 560 d& 2 Mz & % ok dz 2 dzO'Is to
4 s 26(46)-49(55) %) 25604 dy 2 Mzd WOl dg P W@ZOls to d |
,ee|l Mas2  49(55)-82(85) ) 25600 d 2 Nk d W 0ls|d 2 ZO'ls
22  49(55)-82(85) @) 2560 d 2 M & W ok d 2 dzO'Is to
[AU] s g 85(85)-100 ] 2 sOd dp 2 Mzd %Ol dg P WZOls to d |
CBEEdRUOL 5] Bl 2 C(GdGkbteqlbe Odedy’ 2 MEddzyj o 0" 2 (B oL dzt
S[AU] @ 0-120(32) Gz) 2 56 0d dat)j M d W 0l fg 2 BOC dzd J o -
s@ sn 20(32)-54 %%E TeoR AT 8B R e q o 1|2 + ¥ sy dz

w
RN 74 ) H dzts.- .

Cs ~~ 54-63(77) f@$$%§@%é%@@ogg@§&d49r? i fi) dz€
2Cs ~ - 63 (7 7 )daj R Us(tc00Bdy | dzts Mid % Obdy 2 COd yqjobG- dzOlsteqj or
[AU] Cs + - 9L (98) - 130 G) 2 56 0d | dabs J Mk % Ok d 2 COod ydj
3CsQ~~ 130-145 dzj 2 stc Odz! dzts j mMzdz ¥ Olsdgr 2 COdz yd,jots-
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1 ©deBsdz! h OW L OMtsdzj dedetsmis! sy d2O
Mdsdyo0s 0r Isj d@3der = Mtdtsdzyj 9 Olsr 7 Ctodtslis
16) (tdm. 4.17). Jljtwswilsdts, {Ists fMawL G
mMemMisQeatsdy qLbEzyj dzdzg" » Y tsye (RO ddz, s’ Mts
otz ectcdL sdzlsy MBH jtey Odegd] dzj cCstcOMlso ts
gL dedr 4, 64% ftedratsHdlmw dzO IstsC mdyds j
B d dz' 46 M3 ftsys’ syJ dz Mddz: dets L OfMmtsc
( s OB dz. 4. 8) . mddizdL ds LOMsdz dzdwv 5 O
ZzOlstedjor 2. 14Stlster j slsdazdydwy o C0OIsd!
Lisdzls, o Ctlttesd Slsdj yoOjlsmw dBOcdedJ o ts-

1 J SHdzStctsHdzr 2 " OOCIsjtce LOMBdzj dgdv s
CtcdslskztcB Jtctso Odzdz" » MBdzsdzyj 9 Ols™ 7 d3d oL
Lisdzls (0-20 MdR) ddiBidls Mkd W Olsdesy dBBOG«
Msedd B3 edf MO, Mmbsjfjdd LOMBd)ddY T Nt
fn o) dd3d i s BYJ d& Mddz' desj] CGdHtosC OteB tsd
sOCy 4 Glsdjujds fedhmizlsmise d3j ( T4 0D. md3)
dzv j s GcdHisC OB BdzOIsdetsy dzOIstedj oatsy L C
odd T MmMkzdz YObdtsy dzOIstedjotsy L OMtsdzy dzd §
jsimw s Mddz dets?2 Mlsjtf jded HEts MdzOB 52 .

2] Zsydes- e dzd ded MlsOw HdWW jtoj dzydOydw
zdls' fModsdyj o0lsr 2 foHIsdf Msdsdyol so.
fsys' LBdz tcOL d&zsdZsse, or hjuhdji dL- ¢ tsH
LEzdz sOIsj IjSCltsdduyimMédrs fHdvIsd2 ilsdzj

lteso jHjdgdes] dLEyjdedy MtsMisOeo © o SH K
misy § J dz LOmMtsdzy dedw dLEkyjdedzg" = fsys. [ C
sotstedd3" =« MtsjHddz dzd?2 lsd3j yoO4jlsmw o f ts¢
dzs 9 J Odz! dets? Mo jlsdzsckzdRBemMtsots? ftsyej (u]f
MeowL! MMlsOea O Mtsdzj 2 M MtsMlsOeatsdg 9 H s
fsCOLOdz Btsdzr hzs L Ofmtsdzj dzdets M ls ¢ Isw y j dz' -



i
cotcdL Bdzlstso. | fysOn L jtodats?2 HJ T toj MM
nkzste® (uvfs-3-16). It efpjm Httkzedm tOL

RMssydzd S sd3 Mtsdzj 2 © dLEzyjdedzr = f sye
B ded 6Odz! dg" § skudedwmSdd dmbssydedsd. |
ZsdzyOS so or wWopdzjdats MrtsHMlsoats, (it
mMdz W Oltse, dets jMmls! d tOL&Zdqydw: o G6dH
flso jdedats Btsdzr hj COteBtsdzOlsses  CEJHEES Ot
Gjdedz » ftotsyj MiMtse dMrtsHdzr 2 MtsMlsOo Mis
o BHOMB], kttOdhitstddtzjshw. I sysr fMisjt
hOWlkstse OSCEdRzdzdtokzsls COdz yd2. 1 i lstsdkz
tcOMlsOjls, O djcttsttOMmMssatstcdd » ¢ OtcB s5dzOL
odHj COd ydkoO d cdimo.

J]JHicsRBsW dz2r | MtsdzsdyOSd o Mmjo j todas?
tcOL o do O sfpw dzO Mmilsj f dzj dedz" = f 52 d&3j dedz" -
Htsdzy dIsj dz’ dzr d&zsd f OatsHC ORI d dz©@ dedL € d
Cdds LOdzj c0Oded jd3 ctokzdelstsor 7 oatsH d dBdescts
dets - Odzdzt © d Odz! dgf » Qo dzgddz M o' C dzd dzd © O dzac
osH (tdfm. 4.18).

— _ 2oy % R

tdfm. [B.dOs ©OMfLsisteOds dd¥ L Offtdzj dzdz’ -
vz o dFf | SBGL AGOUjddW: 1-6¢[ISi Oddz o dOdz dz
EsdyoSd Isjddr | Cwdslsbeedose Oddz j ) oL dztsls dzr
Bdtetse Odzdz’ j| Mdzsdzyj o Ols™ § &) oL dztsls



i

stsMisOe dzj e C BtcOMlso steddzr = Msdzj 2 o ¢t
~ddBdL d3 dBBddzj cOdz! dzf = dMmssyddSse M § JjHE
Cedzdzv ydd dodese COdzr ydqw d dBOcdedw d ¢t
tcdLsdzsse MsdkzsdzyOStse d dr dBsteW sdztsed yd
dz" ftsH etLHj2Mlseadjd3 StedtslszteB Oyd 2

It fsyej dzdets- 6 scteOW dyd MEsd3sz t©O2 s da
tets- L Of OHdzOW IsjtotedIststedw v dzt dzmn OdzC 52
stej » HYByojdzdzr » Otcj Odzseo: tc0O2Bdzr HJ todzt
Hjtodesoats-cdzj jorn Mk jmMyod » M WiOc dB]
ftsye Q1 ItcOR tsdz dzzecsor 7 C OB dzOIsdz =
ots- BdzBIsdz = C OB BAOISdE » d3j L dztsilsde” ~
dzs- d bW wddmilsts- cgdzj j o7 = € OteBis;dzOls @2 ¢
HJ todztso ' dzj Mdz" » BOESHBE" dr =« MY j Myods
mMdzsd Mmisr MdzOB stcOL o dIlsr 7 Mk j MyOder = €O
cts WOCItste® ftodo jdzts € fYwowoedzj dede , daj |
Mdzj dgdzr =, Mddz! dgs L OfMmtsdzj dgde’ = d Mtsdzts dzy
JdB Lsdz cOL dzsdBBO, HtojHMIsOQoadzwe h dn MmMtse 52
otH dqL Gcd&keSdrmr Mhtsjeo ddlstsmW jter dzO L
[ S sdzdzd Isj dz! dzf 2 fJtedo dzsf d3OISj tedOdzO o fr
fijtedsHOB] d BdzdLS(t ttOMf cdtsy j dedets?2 d3j t
90dz BBWOL s Odzedt MddedzdIstsa j dzdzr = Odzdz® 9 d
dz2" » cOoOsdissteW dzr » ftsye (OB 4. 9).
v OB dz.g dAN.IsY . BOISdyud MEd?2 MdmMmtss ftsyes skydej tems

11

11

ulso sdz [sHj &z | udf{ l sHiIsd

b d dzdzd s s G j dzdz’ 2 pdzdzs 8 Odry @QBdzj dzdzr 2, Isj todBBS 6
dzr 2 |MmojlbdizsezdB3zmsad®Q, CoOLdcEdzjj o

d
l smisdzdlsEcyQs B ssdzyPSs td s zes o Odds |2
dzr 2 sjdsdzr 2| cdzj jor 2, d3jteL dzsls dz

SRS RUOS Bk te d Lo Odzdz |2
fsMlsOcter e dadzr 2

=

2

HoBjSBWOLds] MtyjlsOdedj fHtyoststseicOL
Mjojtdzss?2 yOMmilsd 1 OteclkzL qdzMS 2 Ctslsdztso dc



fdydzr = HdzvW HOdzdes?2 ftodtosHdas?2 L tsdgr ff 51

i fcHOd Sk sl Bsdskdsds &OMMdesO i ¢
Bt sy MSsdk Mstesj ddd YdSMdtkzjls {
(CdsbkBOydd), O KOGy Ghjfdvshjct

L dzj a3y dzlstse d MmMsjHddzj dzgd?2 dzO~tsHdIls slstcO:
ftesWddy o odHj Mbdjor s Yo jten dsflsds A
tejLOR d HtesyjmMimtses Mmtsdtsdzyj 9 Odedw (N j
SBtOL 5o OdzdW dzOlsj ydzr 7 S klsOdze d d3lzydad Myl
dzr 2 CSO0KOCljtt d BtOLESIsMY dz0 EZyOMmls¢
MCter ss?2 d §Odzj steOL GtelzL € d RBJdej e Oz dzr 7
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l fyosOn, Mitstcdddicso Odzdz" = o L sdzO~ |
or Oy jdz ety MM LOMBdzj dzdw dzj ¢ CStcOfr
Msdzstdyotse d mMbasdytse, O OCY] Y J dzj

CtedL Bdzlstso (s OMd B3s 9, 1980) . [ dzv  tcOfmf
qLEyjdz hjdsyde 4§ (s, Na, Li) d hMjdts:
Ba) I d |l ctkzftf dL IIsOBdzdy" [ jdsHj dzj J

tcOMMdItsIstej dzets MtsH j ey Odzedj S, gL t©jHGCdnA
MdzOo dzd o O h dr Htesyj M oy jdzj L dzaj dedw d
Ndd&zjLO® (Fe, Mn, Cr, Ni).

S. Ldsndiadud Médy ©Moej ddshisd ©Onf ] H

s hjdsydy &3 B sOdk&zOd tlsdshwvismw, 1 d
ctekzffz | ctwkffr IsOBddyr [ jdHjdjjoO.
ZOlsted?2 (Na), €C0Odzd?2 (s), tksdHd?2 ( Rb)
IsOdzdzr dz©@ o dzgj hdzj &3 { dzd Cstesdzdesd3 Mdzsi d ¢
tj OCYdqwn Obtd dzjESts SIsHOs s 9 dgj M dad 2

Isd dz' dzs tGHddesL OteWHde J dtsde" . G dzj ozd dalsr 1
yqddazodsd + dzj e dd dosdzdL Oydd d L dzj Slstestsls
SHdtsL OtcWHAzr | Yosdzsydlsj dz dzr §j dsdz . J

ted OCydqwna hjdtsydsr j d&BjlsOdzdzr o jHEkls fmjsWw
Lksls jHCd] hjdsyd, dicStttOmlss sted d3r §
dzsydzr = B lsOdzdzse ftcdotsHdIls €& bdidz, yYlst
fedtesHy © odHJ MjHddzi dzd?2 Moetsdm ©H Uz
ftosMistcOdsy dedz" d3gd + dzj dzd dzlsOdzd + Ists2 cGctelzi
Jdisd2oeodzv jIsiqw f jtojatSHA a3 1 dzj d&3j dzls s
dZsydetsL j d3gd dzt dz" 5. Clsts fteswodzw jlspw o MMmd
WOlsO d WikkstedHO ddlsdw, dictt?2 tOMlss st
1 hjdsydsmisd td MdzOBjj HEkzedr M j dzts



iia
fseojHjddy dzdlsdw MmMrtBHds M) @EOcdadd &3 (¢
o L Jjdigdes?2 Ctstey 20-25 diBe/ €6 (OB 5.
dzf = BLJtOR) o Szt dzsd3 MtsmMicj HSIssYJ dz
sMOHtYydzr = Odzt BEMJdzdE OSOA, iy o Wi
BBYHO]jIsmMw 9o Cdmdzs?2 MtejHy (skdd¥djeo (d
55 d&ddzj cOdztso dzdIsdw, ey tgHSECdd, dL d
sOdzdls, O3B dzdetsdzdls (vt CddzO d Hte. |,

v OB dzd Wt j5H. dkj. 4 MBHJjtey Odedy Li, Na, K o L j d3gdztss
C dzj d3d| dzls S zOtC | Ly tefdasRls 'C g6 Otets} § MyOdz § H s
(ltedetste! jlof,dzOAPOIoy JIMLIdidisMC g @L 28 M | |f Ste
Kabata-PenfKabattpaOltsdzdls (dgdtip ( Kalba't
2011) Pendias/, 88 11201Plendi as,| 20
L i 20-25 32,5 23,5
N a 20700 14252 29457
K 22300 333390 35524
[ Mdzd MwOodedls! wWOMYtjHjdzdedj dzdlsdv
sts feshdiydeo0jlshy L OCsdsd) tdshs: . 10
YyoOdzr | ftstetsHT, ko jdzdyjddj Ctdzyj dzelstcOyd

o' MsSCdy L dzOydj dedw o cdzddzdmlsr °n  d3d dzj tc Oz
o HimMCOn CdzjBdzjlsmw 9o ftojH]JEZOR 107 4C
Pendi as, 2011) . l syoscBteOL ZE N ]  Sto
MisOodzj dz@ , o tMdesodesdz, J Myods d3 d3OIsj to
tesdz MtsHjtey Odedj dzdlsdw MmMsmlsOoadzw jIs 10, 1
CdzOtcC sz L j dzdets 2 Ctster ¢ Cdzommdyj M<d
Il dsddBdME et BOIsdzdsO, o §JMEOR 1 OKElzL |

l ftsye On ddbsd?2 dLEkzyj dz MmMdzos ts, s ls d3,
Ctsdzyd dzlstcOyd d, RZOC s dzj dzedd © cGctkdzlstsor «
dzj dzedz" = ftsyes ©On o M JjydwWw dqydets?2 dddlsdj ots?
dzj desor = d dzglsdSCtseor ) (] zO0Mmse , 1967;
2007; s 0Ohddg, 2011,; [ssmMiseoyj dSts d Hts.
fesdmMrHdls cdzddzed MiIs’ d3d d3d dzj tc © dzO d3q , 0]



(stso0Odzj eamMC d2, 196 4; | dzt O g HisD, [ IZC
RoOdtse, 2007; k&, 2010).
v OB dzd WO Hj. @24 Odzedj Li, Na, K o §jimMEOn 1 OLEEkLC
C dzj d3] dals dtSH jtgy Oded | JIsdztsh j dzd |
C CHO O R] -0 dzc DB Y j HyOdz o3
Lj Bdzts2 sOR| 1 dIsd dsfSottstsB te OL 75 M o
Cstej Bz BOLGEEEEH Od| Bd!
1 imyOdz §j lsdzsy jdzedWw t6. v Odzd dzec O
L i 1 183, 5 0, 5[9 0, 41 0, 6
N a 1 32800 1, 6 2], 3 1,/11
K 1 23100 1,0 0,/69 0,/65
1 imMyoOdzOvY ftsyotstsBicOL 28 h OW ff sStetgH O
L i 5 9 10, 1NO, P2 D, 45 0,31 0
N a 59 29141N10|5 1, 4 2,0 1,
K 59 250[(47N228 0, 69 0,75 0,
dtsHjtey Odedj dzdlsdw o wOLd = §fYye On
B/ €. 1 tsdzdyJdedesy MsHJtey Odedy ddilsdw E
e/ € c) , Mt stcdigdticso Odzdz" ~ © EmMizseadwa @
Bj oL dztslsts2 . Il sor h jdader | Ctsdayj delstcOydd
LHjM dzdlsd?2 eteodzjuyjd 9 otsMatHWH jji HPE
mMw o ojtwrndzdr cttedL BdzlsOr o MMisOe j dz
]l sdz€ 59, 1966 ; r Otedzd € tso , 1 OdzH O 9, 109
Pendi as, 2011) . HtSH ey Odzdy dzdlIlsdw o
fsyotstsptcOLso OdzgdwY. [ dlsd?2 EyOfmkelzjls o
Lo Odzdj] d MddzsjL SCtdzzcdHtsea, O IsOC Yy
Cte (Jtodztse , 1998). 10¢Bfdzjdedj dzdIsdw
fted dMfOtedlsj dz' dets?2 Ctdeyj dzsteOydd, o Gt
[ MsB j dzdes Bdesets dzdIsdw o Mdzsdyos or d

BOGC BOIsdL B3O d
BOdz' dzf d3d o sH Od3q
mMedzdddmisr = § sye On
175 (53) &e/ €c.

] fsyeo On 1 Of OH dzts
syd dz "Pdestdn

o zdzGC Odzd L BO,

fte]J H] &zZO~n :

(1 dted dz' d3Odz,
sk 0o dzv j Is

G s
tsls

1 OB 02C Odz W

dzj H o

fdlsOs " d dsd iy
s Ofd di3ts o ,
21130

¢

9



iio
Ld BOR d Mjtets- dzj Mdzr = ftsys On (ROOASY,
S22 HiftmMmdd ddlsd?2 Moujtydlshy o 1§t
Yy @3 fsyeotssstcOL zeh j2 fjMEOs Clsdztse d dzr
mMedzy dgdzr =  sYyo On, oL Bsy dets, MowL Odets
GWHEd M Skt & (Isd fsys’ MYsttddiess

v OB dzd WO Hj. 8% Odzdj Li, Na, K o §fsysO0n &0, |
1 OdlL ddzMS 52 Cslsdztso d dz

Cdzj B dglazOtc S § tsd@teS §sUb, f 8o OF 11 @e0dXs-dzj dzdz’ n
BdteO® ( Kahdgtta- utej| BUSDID-W ROOCORdztm 0Q tc G I L
Pendi as|, dpwlél.), 2002)007) Ctslsdztso d ¢z

Li 21 2 5 23 20,
N a i 500|0 203BM04N581
K i 14000 25 9P21M90N77 9

lted orh jdzOydoeoOdzedd dzdlsdw dL  sStetsH

ftesyy MmO, td tsyj dz fsHodyjd d § st OH
Jets yYyomls: L ORoOIr 90jIsmMw cdzdded misr d3d d
dzd Mls™ 3 tBtOL s OdzdWw a3 (1 JdesG e OH S, 1
L Jdgdz’ § o BH'T L tsdz cdf jtecjdzgjL O dgj dzOM
ftcjorhOjls 57115 ®&BECe/ &z (z90tLYyJ 9, 1998)
dzj dz 9 IsjtcdzOdzt dz" n, dBJdzj tcOdz! dzr = dzj Yygj B C
Oo8HOR, O OS] o ttOMMdkzOr, o Ctlstster -
LOf OmMtse d&zdlsdw (stsL d&zso , 2004, it OBBOL Od
wodzwe Isfpw Yy dHEtS?2 Htesdy hdzj dedets? telzHtsS2 H
BO~ 9 sdkOj (Cao et . al ., 2017; Chen
2017; Wang et.al ., 2017; Zhao et . al

Htc. (Evans, 2008). JjHEIsmw dmmdzj His9 O
dzj dz" = L jtOn [tdetsdzdd (rRMkzfse d Hte.
mMsdzj dz@ = L jte, HESBF yoO dddlsdw o jHjlsMmw I

(t ORBOL Odzse d HtG. |, 2010). uvOSYJd ojHEI
stsHtse 5 dLodzj yj daed s zdlsdw duL GJtslsj
2015) . J B dzj tOdzd L 59 Odadats d3  Is § to 3O dz! dats

8,447129,5 ©OL ftjorhOjl SkOBSBSO" j L d
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Na, K

BC ¢/ &

9

U OB dzd WO H5j. t&ly. Odad j L i
CdzOte¢d toj ydzr » 9o tH,

jted3Odz dz 2 o st

B Q1 ot
s50¢CIsd o dats
fnsHiAs s B d3j
3) { & ®)O 16y |
1998)

Cdzj {skydcjemt g izO&q H
Bj debtetls | todr Y QpteRiz" @
MC g2, 2006 S8 s
dddz d Htel. MS RD,1 ]

¢

9 tSH
9 dzts
134 dac

sSH | tsdsh j dzd §
CREPET Ot €

&9 ydzrdz 0OF¢Isd
] 99 tSH| 9 SH iStSB (

N

Li 2

'Y

7,7 29

00

q

13800 26

v

1550 2

65 ,
11700 45
900 500

0,

GOMMO ddlsdv,

[ Mdzts 9 dzO W
H 5 dzdz’

]
]

HOJIs o

© 20153910 - 23,508519
4 O 23508520 - 26,863128
O 26863129 - 30217737
(O 30217738 - 33,572346

| (O 33,572347 - 36926955
| (D) 36.926056 - 40,281564
() 40281565 - 43,636173
(O e - as3007

d O 46,950783 - 50,345391

O 9706 - 11911
O 12-14118
O un7-1832

(O 1632218526
() res27- 20732

() 2033 22097

) 20-25102

slsdztsy j dzd v -

fsmiszfdoah jc
(tedf. 5.1).

¥

tdf.) BefllstcOdzls o j dzdzts j

tOMY o v j dzj dzd |

h j d
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l ftyes0Ons skydejtemMitsets Ztesydh O MtsH
13,6139, 2 W&e/ Ca. d4Od3r j or MsCdj L dzOYy
o' MCdds MHjYOddJ &3 JdzdMmlsr = WteOG yd?2
B3e/ €e). 1 MOBB?2 dzjeCB2 Yt ctcOdkzdtsdj s
FREmMtsots? Isjted3dsCtcdOlskztcB Jqtetso Odedes?2 ff 5y
zdlsdw MmMtsmMlsoddzs 27,6 d&Bc/ ¢ (twdfm. 5.1
1 0SB dzjdedw Jjets o ftosWddzi Odzdzs 9 dOd
des? IjtodisCtedtslskztcB Jtetso Odzdes?2 €9 OL d6 dzd |
fMw o Mtdzjots?2 St d o ddydej 3 estedL
(ted . 5.3) . ]l Modtsdyo0¢,] IIsj kdtsds §tsfls
Zzslsdetsds (v[ s-1-16), d3ddded B3Odz! detsy MBHJ fe
ots?2 CteCj, ddyd CBdzyd destcOYydvw otsL tcOMmls
B3 oL dzslsdzsd3 estedL tsdzlsy . 1 Mdksdyoscy Isj
Gdzj jotsdz 3 oL dzslsdetsds (vf s-3-16) d o Mt
Modzsdzyj o Olstsdz o3 toL dztslsdesd3 (v [ s-4-16) d
Mdeseo Odzr o Mtsdzj os?2 Ytso jtorn desMisdets?2 € Stc
ftedkztetsyd dz7 ¢ cEBtedL sdzlsOd3 i BBIdZj jJ [ISW Y,
(tedfm. 5. 3).

-
| |

051 | " ]
K
tdm.sBLR2WJdydj dzals S tsdgyd delstce©Oydd Li, Na, K f§t
ter ; 2- ftyostBtOLEZEhdBizd ftstesHOBd 1 Otte lzL d def

COdzr vw; 4-LOMsdzj dedz" iz § syo Od3d 1 Otec kzL d



Limrire Li,mrire Li,mrire Li,marlre
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TIAK-2-16 TIK-1-16 TJIK-3-16 TJIK-4-16
Na,mrikr Na,mrixr Na,marikr Na,mrfxr
10000 40000 70000 100000 10000 40000 70000 100000 10000 40000 70000 100000 10000 40000 70000 100000
a . . o . . . 0 g . 0 4 s A
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540 1 $i0 540 s
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w
¢ : ¢ :
=80 B0 - [8-11] = &0 -
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TIK-2-16 TIIK-1-16 TIK-3-16 TIK-1-16
K mriwr K.mrinr K pariwr
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EO = B0
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{dfM. ) e gdd des] ©OMTtejHjodjodedj Li, Na, K o L
skuydejemsdn cdHisls] td

stojHdz] J Ldz2Oyjdedy dzdilsdw 27,5 &/ C¢
dzsfdls dsteddOdzr dzr 2 " OwOCIsjte (tedf. 5. 4)
stcOydw dzdlsdw dzjydls o ftejHjdzOR 24, 37 3
ydd MmMtsmlsOedzw jls 26%, vyt Mtslse jIsMmise zj

gowL MsH J oy Odedw dzdIlsdw M sMhdese dz
Mo Oz fsyesr, MdzOBOW d dd3j jIs dzj HEMIs
HjteyOdzedj dzdlsdw ddzijls or Mk CBotetej dz
fsyeo On Ctokztf dzts?2 " dzd, LORjIsdgze 1 WdL d
fpewir! M MBHjyOddjd §4MEO0 (ftoddsy | dz
cdzd dzd MiIsr d©3gd yYOMIsdyoOodzd dz0 MmMtsteB Y d s dzdzets o3



i
Is tjLizd OO Ctotcj dzv yd sdedesé s C
Htezedd&3dd { dzj a3 dzlsOd3d EMmls Odztse dzj dzts, j gts
Cototej dzv yde M Na (fteddztsyjddy 2) .

6 G S! /ILOOLHIRUV S! 6 G S! /ILOOLHIRUV S!
6KDSLUR :LON : S 6KDSLUR :LON S

2 2 Y
/// R R — | ]
] RN
=
{fdmOlsj dz d&" § MbsOldMisdSd ©wWOMYt]H
1 sCOL Olsj dz Li N a
l T BBtcC O 22 2 2 2
Hicj Hdz J 27,5 28286
[ J Hd OdzO 25, 80 28150
[ 8BHO [ dzsy|i Mise 5 24900
Y OMistslsO d3siH ! i 2
[ ddzd sz d3, d3¢/ €@ 16, 10 23200
[ OCMddizzedz, @6/ € ¢ 40, 80 33600
[ s jtedIsj dzr dzr P 2d4dzI2j7ta 93@dz 7 5 P703271 29541
(t=0,05), |/ C¢@
dlsOdzH Otols dzts ] [siIs € dztsdzj dad j 7|, 31 283
s WWdydjdzals 9 OedOydd |V, % 26, 58 1
JhdBCO MtejHAzj G5 1,56 603
dmd dizdzd Istcd W 0, 25 -0, 03
CCMmyj MM -0, 92 -0, 53
viMmls zOfdtetst v d dz€ O S WWWWE 09 3%SW- W=0, 98
(p=0,48)(p=0,095) (p=0,6353)

{ .| BedOdz desfls! wWOMYTtej Hj dzj ded¥ MHj oy Oded W
Lsdy oddwddW skuydcjtmMSdn cdHtsls



i
1 Ot dzsfdlsmw ¢ BdsWdd d' &g + dj B dals
kjteddmMSdE fStesSHOR. s &Ote§ dOltedw o L j
dzj 6t Odz! dz" j] odH'™ dzOlstedw 6 cGjdaj L dMmiz dzC
d dzO0 30% cdf jtecjdeds’ Jj tsBtOL 89 Oded™W (Y4
tcSHOR 1 Istsets 1 dzj B dzZls©O GsteOLHEB ogj dg M j:
YodzdsO©F i 0,33% (| BtedzOVE, 1987) .

v OB dzd Y jsdzdpyd ded i S tdzyj delstcOydd Na ftod tOMmilsot
o jdzdets 3 ff totsW d dzj

| &z B d 20 { lersLdadSdigsdzd j | MEPE daff B, | BG/ C 6 % sk
9 JdedW, [fndg dzOyd ded v Bc/ C¢ Ud deqd W
07 20 32800 4514
07 50 30092 1805
0-100 29189 90 3

[ Mdzs o dets?2 dMistsydzed ¢ dzOlstcdw o BdtsMmW j
fstesH. |1 ftyed dOlstcd? cdzOodzr @3 BB OL t
Hijtey Ohda fJitodydse » Bddzli cOdztse (ftsdzj orF
s hdrn Ctokzf dts?2 WttOCydd MmMtsH jtey Odedj o Odzts
sseHO COC o dazdmks?2 WttOSydd dzoj ftoj o
#SHJjtey Odedjy dzOlstedw o §jMyodse » fByotst
Cslsdzso ddzr L dzOydlsj dz' dets o7 hj, 5 tslsdzsh
¢ty d SazOmMMdudmMEdds ceOdzdlsOd3 d { ted d3d
ddzc Otets- | dlsddBMEtsd3 BOIstsdzdlsy (lsOBdz. 5.1

1 Olted?2 tyj dz fsHody jdz 8 dzgBES2 G J 1S
f sdzdzsfmls! 86 o &3 9 OjIsmw dL o jterndedr Y
BJHdse s § dzd BOBSO, dOSsfdjdd] ftsdma tsH
tedls] dzd dets? Ctdzyj destcOydd. 1 Olstcd?2 MOY ¢+
sdedztsd3 B Ot jtoj LOMtsdzj dedz" = ftsye d orf At
(rdzstedHdets- d MEzdz? W Olsdets- dzOlstcd j o j o tSH
L dzj dgj dgls MmErdr Mjfj?2 d thmtsej dedes 1 zf
yjtelsCts, vy jtkSts, 2008) .

J fsyoa Or 1 EZtWilsdd MmMBHjtoy Odzedj o Odzise
(uvBkGekzdtso, 1987; [jSEkhjoaO d Ht. , 2
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2011). vOCB] or Mitsy MBHJtey Odzdj MowlL
o ftdzjera hfOOR (uBkckzdtse, 2012) .
Clsdzsoddzgr MmMBHJ ey Odzdj dzOIstedw o Ftsyojc
desilsdzz® Msdzj oz CstsySlkz) CtdzjBdzj smw
1,3 ©OLO orhj MHjty Oddw Jets o L j dgdats

1 0 BJcteOyde dzOlstcdwy o BIBMW jtcy BB
M ttOMmMbseotstej dzdwv. [ dzv dzgjets A~ OwOC IS todzO
LsoOded j &3 dzj 6 C stcOMmMlso sted dzgr = Mtsdzj 2, € dzC
BCc/ &z, © otH] MtejHd COdbdese tsdz L Odzd

BOdz, sOmMddkse, 1999; [sBBotd MSJ2,
Bsdz hdi CsdzdyjMmseOf o Mmdjd & &LjO
(zOB" dzeddz d Hts., 2002; [teeddz Wdetses
1 dz¢ mMdzeddz d Hte. |, 2013; utsCltsjo d Ht. ,

GjtemMCdrn dBddzj eOdzdL s Odgdz" = dMmistsydad ¢ OR
tcOo jdz 117000 &BSc/ dz (sOBdz. 5. 4) .

lted tOLGELSd dddz] tOdzt dz" m» 9 tSH ] to
dz" | Blsdztsy jdedwW. wtHjtoy Odedj dzOlstedw H s
Njddv e BOdzzscets CttefkmMO, o HEdd - tskd
B/ €¢ (tedfm. 5. 1) .

Il dLrikyjdedzr @ ftsyea Of MmMtcjHdzj oL © j h j dadat
sls 24382 ®&Be/ €6 Hts 29553 Bie/ Ce. 1 mts
Yddedzr | oBdzdLd dBddzj tOdz dese s dMmistsydzad ¢ C
tcseo OdzdzO™Y (uvf s-2-16) , O IsOCY] d&O L OB
sLjteOdR I MtsksdyoOs Isjdikd 2 Coa0Ldcddj jocC
detsy MBHjtey Odedd dOtedw wOodzs 29553 d
(tedfm. 5.1). [Ildsmdlsjdz® des dedL €Sdj L dzOn
(vfs-1-16) d Modtsdyos Mdktsdzyj 9 O™ 2 |
Ctslsste" = 24382 ®Be/ €6 d 25777 &e/ Sc¢ (o

HtcjJHdz) J MBHJKYOdzd] dOStedw o ¢ tsys O
teslsjtedz dz20O 10% o h j, yjdd o MmMtcjHdz] &3 o



i
d ftsylsd eobtetsj 1T tojcecdtsdOdz detsets W tsdzO,
GdHEBISj 3 O jets dOSsidzjdzdi o ftsyo J dz

t OMmMftej Hy dzj dedj dzOIstedw o dzzlsted f tetsW d
Isjite, M &BOCMHdBEOd des?2 Ctsdeyj delsteOydJd 2 dzC
Zsmisdy 7 Msdjo’' R CEsySon (tdf. 5. 3).
Yddze o Odzdz® 9 JOdz! des? Isjtcd3sCtcd OlskztcB dtets:
Hijtey Odzedj dzOltedw o Mtdzjots?2 Ctlj HBMIS
ftsyojdedasds ftesWddzj Hts 28000 &E/ Sc. |
CsecOn 9Mjn dqLEZyYyJjdedzr = fsys wWOoadets 902

lted wWOMyjlsy MisOIsdmlsdyd MSda =~ OtOCIs
orBBteCj daj Eydlsr eOdzdm: Ctsdeyj dzelstcOydd
tcOMftej Hjdzj dzdj detsdls destedzOdz! dz" 2 R~ OtcO
B/ €¢ (tedm. 5. 4).

Il sdzjor j dimmdzi Hso OdedW™w B" dzd ftetso j H
2016 c¢. ftmdzi Odtsd@BOdz! dets?2 3 - dzjlsdzj 2 L C
sy dHOIs! Bisdz! h 52 Ctsdgyd delsteOydd 4 dzj d3d dzl
Bjdadets © Iswyjdzr a2 d odzOydz" m ftsyes On. 1 to
oL By dzsdB O dets 3 tedzetsdz twOMlse stej dzdd Mt
Y Odedj dzOItedw ko jdduydlsmw dzO 16 %, o !
Mdzsj (lkOBd 5. 5).

 sdzv o tsHBOMso stcd s W istedsr dzOIlstcd W
9 LdOydlsjdz desds HdOf OL sdzj (tedfm. 5. 5).
HOj i3t dzOr sHddzdM! o Mdzjer a Sty oOn,
so stcd d&3smils: dzOIstcd™w o CBEBYSOR w©WOLWKJL B
LOdZO M ojlttsor 3 ftcdodesmsds d fBHABBI" o
tcOMmise sted @3sMmisd dzOlstedw o CtteyYys On dBsY J
BISCHd { sdzse j dzdese s fsMmiskzf dzj degdw diEOIsj ted O

l esWddz desj wWOMYtejHjdzjdzdj otHBELOMIS.
LT 90jIs Btsdzjj CtdzstcOMmisdesy dmf Oted s dz
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tdm.r Sdzpetsy EyOmilsdy otHBttOMIse sted 3?2 W Stec

MsHjtey Odzdd o L OMBdzj dzdz" = ftsyes Or L tsdzr o dzd

ststetej dzv yd tsdadz" | MewLd dzObtcdw ) M
Mo 82 Mise Od3d dzJ o wWodzj dg |, Ctotsd3d sUd
MsHjtey Odzdj 3 C OteBtsdzOIstse ( ftod dztsy J ded §
WteOCydwv dsdq ctcOdzazsd] stedyd MEsets MsMmisOs
SBteOldts Cttc] d&zdelzjls M MBHJ Y Odzed j d3 W
m §4Myuod &3d WO ydw i3d, dOfwslsds, MoV



d tyjd IsjmdoOw T M Ctokzfde"r &3 d Mmtej H dad
fJdtemder » yomlsdy o hj, dats fted 1 Issdz tsdzd
HBH]JtYOddy 4 Myodzr = WKLOCYyd?2, 9 Mo tss
stcOydwdzs 1 dzj d3j dzls O. vOSBB8) da Mse dzOM( J
By dets tsBl Widedls! Jjets MsatcOdedesmis! 8 o ¢
LEzs hdr dBJdzj cOdzse, o COyjmlsej Ctslstster a
Zsor 2 HfifmMtsS. tOLwkhjddi, Elstsdyjddi
ZzOydo Odzdj + dzj dzj dzls©O, bEfMmMEttewjils Jjcets ]t
¢ fslsjtej Na C0O0¢ dL f§wBysjdedzr 7 cEtstedL 5
LIssd@3dz o Ikwy jdzr i 5 ctcOdzdztsdzj stedyd M¢ ts
o' Msttsy, O o fildsHduiméd tMmejx0o0¢hdn
mMd 30dz' dats § .

{Mmdzso dz" B Y tsyoe jdedets- ¢ sndd3d yj M¢ d dizd
Bsects dzOtedw, mskzfoOsh jets dqL otHM -
dz2" 2 d o3j teL dztslsdgr 2, JMdzd d3j oL dzsls©O o1 fiyl
O BHMGS- GO dIsOyddzdzs?2 BJeteOydd dzOIlstedw
dedj o Btsd " j2 Mmisjfjdd tSftejHjdvjlsmv f
stster » dzOltcd?2 MtsHjtey dlsmw o CtoedMmlsOdzdzd y

H4SH Jtoy Oded j ZOIstcd W ) f sye On tsls te
Ca<Li <Ni <Co<Cr, thmsOd» dz'@ § Mmewrd dd3j*¥
Nddedd 2) .

SOk OMY tetsMistcOday dzdz” 2 N j dzsydaets?2 1 dzj of3
MsMisQoadzw jIs 22300dRk3¢/ $¢ (lsOBd 5.1). s
tcr 2 oedzdw il dzO WislktsmMddadsjL, O IOCyj ot
dz" 2 B d3j dzr .

1 Offydils' 90jIsfiqw Ctsdts 109 &ddsj teOdztso
dz'@ § MtsjHdde dd” Jjet M MdddsOolodkd ( 4(
(12%), dL dedm 75% cdff jtcj dzdats? L tsdz .
jes o CaOMMduimMSdr cttOddlsOf 33390 e
ssdzdls® 35524 &c/ Sc, O Cd&zOts ftys Mt
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sOdzd?2, MmMBHJtyOhd2Mw o ftyosstsBieOL Izt
zsoddz" , o MwOodzgj dzadd M ¢ ZOWS A3 L § d3dats 2
M ¢deeOtets- I dlsddBMEddz St dzj SMsdz d € dzOT
(sOBdZ. 5. 2).

sOdzd?2 HBMOLBydeats mtstes s L Ezyj dz, o
Mls: ¥ (ROOdz] dzS 5, 1996; stsBLOtejdeSts, 19
ztse O, 2005; [ Wied d3dso © d Hte. |, 2007; 1 ¢c
AatsotjBtse, 2013 d Ht.). I Hsye,j ¢ Odzd
gqdzdmilsr j d&ddzj cOdzr (1 JS¢s5dz0Oj 90O, 1988) .
mMed?2 d MmMwBydsdzdzr 2 BOWG! jter o d3jdz hj2
dzr 2 (1 Jjtej dzt &3Oz, sOMddise, 1999) .

Itsys' 1 OfOHdsets 1 OBO2COdzr v S OOCIs,
o 0dktso sets COdzd W, Yybsts MmeowL Odes fyp tsMmtsB J
fsyostsBtcOL s h drn f SteiSH, Mcj Hd CBIstster -
fdzt H T (1 06kL ddz0O, t zL O8 d dz, 1989; C ted «
o0Izsoasets COdzdw o ffryeaOn 1 BkteWilsdd ke J c
dzZr » fsye Orn jett MtsHjtey Odedj o0Ote! qtelzj Is
o' n Mbjfd s ftsysOa 1,0715,17% (1dcO
1999; ¢BdHE] OO, s Bdzs o O, 2005) . ]
ftod MmMdd Ctdzdyj Mot 9 0dktseotet COdzdw Mt
tcQodets jeots MBHJt Odzde o© ftsyotstsBteOL Iz h

ltcd o' 9 jlstcdo Odedd cEtsteds » fstetsH € Odz
LOR9 OIS 90 s BeOddL 3O d ¢ dzd dzO dzq .
CGteOYydw s BeEkMmMzssdzy kO dzj ( zs~ts52 t60OMIs
Wddz2 detsfls: & L dzj o3 dzls©O (1 Jtoj dzt d30Odz, s OMmd
zdj &3 jets CzOteE wOo jdz 1500 dBBEe/ &z, O ¢t
&3 dz@ hj Na (rtsBtseatsd Mcd2, 2009). 1 ¢
MsHjteydlsmMw o 130 tOL djd "j, yYjdd dzOLk
MsteBdtelzj sMwY o HEBdede' = Blsdzsy jdzdv s dMist
N¥ddzdwWw e dBBddzj tOdz! detsets dMmissyded & O, tcOL G
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7400 &6/ 6, © BBdAdjJ cttewydas dMmlssydzed ¢
MsH]j ey Odedy COdzdw HBMIsdeOJIs 17900 e/

HOB] o' MsCts] MHjty Odzd] COdzdw 22
Yddedz" ] oBdzdLd dBddzj eOdz dzsects dMmistsydzd € (
ftsye O, ) sMmlsOdzr dzr - fsyo On MtsH j to) O da
(162417117451 e/ S¢) (tedfm. 5.1).

HBH Y Odd] SCOdzdw o dJLbEkyjdeder » L OfMts
Wsdzser n f syoe, LOMtsdz] dgdz" = f sye 1 OGelzL
ChOwC O L j digdets? S tster 1T twOMmMMm do O Isfipw  (

HBBHjteyOdedj COdzdw o fJtesWddzd L OfMdzj
GjtMidr CcdHttBIsjtcd3 9 0Ot! dqokzjlsmw o {ftoj
[ ddzd d30dz! dzr j L dzOyd dzdw L dzj d3d dzls©O f ted Ztets
esySg, dedy4 SCtdzyd dzstcOydd ko j dzdydo O I
Ftesodzj M dziBtsdz hddisd HJdOY OL sdzOdBd € tsdzd

t OMfted HYy dzj dzdj S tsdzyj dzlstceOyd2 o | tsdzkz
Codzgk dested3Odz! desects teOMftej Hj dzj dzdw . wtej H
dL d&B3j dzydoe sfls: S OLOIsj dzv dzgjL dzOydlsj dz o
Ctsdzyd dzlstceOydd COdzdvw dORAtsHWISMY o HJOY O

HBH Y Odd] SCOdzdw dd3j jlIs HBMIse j todzlz
OteBtsdzOIstse d kd3j toj dedzlzs MmowrL+ M f dztsls dz
dLdS¢ts-ndBdUd MEdBBd Mots2Mlse OB dL EZyj «
OtcOCIsjtc (ftoddzsy jdedy 1) .

1 OB SdzOW HEsMIsse j tedzOW (S tstetej dzvw yqdw  f
McjHdzd d3 f j ME A3, MIsOdz dz@ | MewrLd ftetsw
~nOOCIsjte (fteddztsyjdddy 1). JrmstoOw MfMmls,
WteOCydji?2 Stkzfdtsets d MejHdjcets §jME O,
ZOrRBBYHjdd]d&3 8 CtodMmlsOdzdzdyj MEts2 tjh jiIs¢C

1 tejLizdz OO Ctttej dzv ydsdzdetsec s Odz
M Htokzeddkd { dzj d3j dzls O dzd b mils Odzts 9 dzj dzts,

11 = 0
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fodzsy dlsj dz des?2 fMewiL d Ibtsdz S5 ) MisH j oy C
Mg<Cr <Mn<Fe<Co<Ni<Ca d&jjls tslstedyOlsj dz

1 i MBslseY dO Ists, vyt ddlsd?2, doOlstd
qd3d*ls BddLCdj ~ddB3duimMédd Mos2fmlse O,
cdf jteejdzgjLO o9 jHEl MiBY 5 ©OLdEsEBz. |
Mt ydsdedzs s BOts! jtoj. )W dd dsj wOMY
p0n tldzdyoOjlsmw tjLSdd kojdadyjddjd jac
d Mtsdzjots?2 Cwl) dzO0 dMmif Otedlsj dz' detsds B Ot
dzr = odzgiNdedr fteswWodz dzd?2 dzOdzdydw cJdta(d
utSH jtY Odedj S Odzdw o ftsye jdedesdd f oW  dzj
tcOMlsotstedd3r » Misdzj 2, o MsMisOs Ctslstster A
jd&3 COtBBdOIstse. RL WHOCYd?2 ¢tcOdzlkz dztsdzj |
Mistse jodzzy §sdzsy dlsj dz' dglzs Mmowr s Istsdz ¢t
fjMCO, otLdBsydts, (st MowL Odets ] dzO~7 5y
Cj. Clbd +dzj 3j delsr daj Cttotej dzdtelkzs s o3j ¥+
Mistse j tedzOW lstcd yOlsj dz' dzOY MmoawL ! d3jyHLE

1t MiOodzdlsj dz' dzgs o' MBS tsd3 Wisdz MBH
fsyo On 1 O0EkLddMis?2 C(slkkdassddy , LOMtd
sBses ftodlztesyjdede’ = € o' AsHOM d3d dzj teOcC
GjteMitsets dMssydd SO " OOSGIs) s qals Hfen jd
YOdzdojs-9 0o ft6jH] ZOR Wicdetsear 7 L dzOyj ded 2 .

5. 2.t ddiBdyi mMSdy M j dzdztsMmisd tcOMY tcj ¢
1 dzj o34 dzls s o

s hy dzsydetsL j a3 dz dzr 3 B 5O dzdzO 3 s ls dzts iy
yd2 (Sr), BO®d?2 (Ba) d ©OHd2 (Ra),
fsHekffr fjtedsudujMSs2 kOB ddyr ! djc
Cekffr, Bjttdddd2, (s std hddhssk met
C orfMhdd OROESEOE cwkzffr, o Ctkttks
Cokzffr, ®OCd]?2, o d&jCtbtste’' n sldsh jd



CsydtsL j di3j dz dzr B Bj sOdzdzse 5 wWHE °dd
sydesL j &5j dz' dzf j BjsOdkdr, KOS i d CC
Cobffj bdfdydey & SOldsejdder & 1 dzj dBj dels s

[ Oc dzdi? ROStetst dzj Bj dals, Wodzwjlsimw MO
JHddz] ded W dzj cyd tOMbettedd" , yYd B MsjH(
BduiMSdn Mmos2Mmlses &Ocdd?2 L dzOydlsj dz' dats
L dzj ) delstse d kweslsjjl € 1 dzj &) delsOd ¢t

Fé! Mn?2NiBdzdL Cdj dBiyHE M2, yYyjd d
BsteW dzOvw Md3j Hd distsfyls (vyjtlst s, Y jBIgE 5,
fsLotsdvsls jBE onotHdl! o wjihjlClk ¢ dd d
jets Eitsnoddids s Htzedn M jdsydtsL j i d
NOjls jets i Al (1 jtjd BOdz, sOmMdksse, 1

Il L jdides? Ctstej MtsH ey Odedj BOGdadw
] ZOftse, 2015), o SCdOMMduiMSda ¢ tcOdz

0 dz¢ Otets- | dlsd BME B¢ s

Istster 2
@3 dz' N J

]

2,6

v OB dzd ywe j5H dgj. j

Lk hdna

f stotsH OR

COL o)

Uik jets € dzots

fMtsH j o Oded j§

Be/ €@

dthJ
3]

Mg ,

Ca,

Sr , B a

¢ Stej

¢ dzj o34 (dzls

Ctster
Pendi as

S

dzd
(K

Dtc C ) te Q difidds

abd&®dfamdy

( Kabhrt)a -
2011)

R ¢ dzd Otets
d MSHIgd i3 ¢
PenOls&dzg
(1 sMS 0,

-1 4 mMyode §
dsB tcOL k28 h
s tetsHT™ d3(
(X@bh)t a-
2011)
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*

482 4

1839, 15
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1
2

0
0* ]

19662, 5

115873

Sr

1

80

744, 5

B a

4
5
3

4
|

9
6
7

0

6

5
6
9
0

]

2 5

1771, 5

1 od d3d 4Oded J :

I §jfmyodr R
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G 15 tc dats 2
8100

*

5 6] C s3] dzH

v Odzd dzG O)

9

Ooydd

fsyotssBtcOL 28 h dn
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JjIsfimMw Hts 8981 &Gc/ €6 (lOBd. 5.7). dBH]
COR ftjorhOsls jet MsHjteyOddj o ¢ dzOMmM
sOr ¢dzc Otes- I dlsddBMEsScts BOLsSdZdISO HB 4,
CzOteC OB L j dydzets? Ctster BOGdegd?2 tOMMidoe Oj

HSH 6y Odzdj dBOGdzdW o t6OL dzd ydz" = f 5Y:
Mdls tls MMisOos O &GOI] tcddMSs?2 §sStesHT ,
BJtc® 6300 @B/ e (kOB 5.8). 1sysr,
dd ¢ ls o MsC 5] MHjtey Oddy HBOcded™, uUd «
desd3 BBOIj tedOdzy . [ HBOSCES §iMEd o (odzizflk
Hsdzcdizdls, Cwlstster 2 BtSEOYJ HBOGdzdj d3, yJ d
dzdv (fOcddyscd2, 1967).

U OB dzd WAS H5. t&7. ©Odzdj Mg, Ca, Sr, Ba o §JjMmyods =

C dzj d3d dzls n HiSH j toy Odzd j [ Isdztsh| j dac
C CHOtEC WtoOR] -0 dz¢ PR | HyOdd o3
LjBdzs2 IsOB|) dlsd d3MS BB B tcOL 28 M (
Ctstej BOIstsdflsfstctsH Od3 | di3q t
1 JMyOdz § tslsdztsy j dedwW tg. v Odzd dzc O
Mg 1 8100 0, 46 1) 7 4 14
Ca 1 33100 1, 3 1|, 6 2,2
Sr 1 8130 3,1 4,16 1,1
B a 1 1300 3, 3 2,1 0, [
1 imMyoOdzOvY ftsyotstsBtcOL 28 h OW ff sStetsH O
Mg 59 8981 0, 6 1} 9 4,19
Ca 59 38142 1,5 1,9 3, 3
Sr 59 8§80 3, 3 41 9 1,2
B a 59 1247 3,1 1|, 4 0,7

v OB dzd WO HSj. t8%. Odzdj Mg, Ca, Sr, Ba o ftyesOn

C dzj d3d dzls s &zOtg g Ao fdsduie Q@ IR [fistu®|©0d L OMtsdzd dzdz
(Kabata-|Pédrndijddspo Odzd) & 02 C OfiAs Yo On 1 OtcG
2011) 2002) (ROOdztsp NS B O Y Jsis|dzts ¢
Mg 6300 5000 7800
Ca 31940 31940 15000
Sr 175 250 3B60N31
Ba 460 500 970 :
-

o d3) yOdad j : Lk jo0O d HE., 2017,

] ftsysj &Ocdd?2 fdhmklsmlsoakjls o tojh
@Odzdzd (8, 7%), BdhsWdl (11,9%), CdLj



imi

(9,8%), ®OcdjLdl (28, 7%), HsdsKk]ks (1
Msdd ofMktj yoslsmw o Bd "di Ctddyj fls:
sLjtc. [OcdzjLdls sBEOLEjlsMY ftoj ddkzh jfmis
Slsdsmwh ofmw ¢ MejHdzjlsj BY jtcOkzteds o3 &
[ jMlststesyHjddY HEEE®RISO MowL Ody @ € O
CjkBted2MSsets d fjedMSsets oatLteOMsO, |
Msodd dz© dLo jfMmbd"Sd cdHtls| tdOd d& A
desfisdgr = otsH. |1 fiMyoOds = fsyes On MtsHJ to

[Ocdd?2 syl oddwik: &0 WdLduydmSdi
MtsH jtey Odedd Mot2Mlso O fsys’ ERkHNOs s
Isjtedzr | Hdzw ftsys M o MsCdd MtsH j oy Odad,

Istsmils . J] O " OttOCIsjtedz®O H&ZY ftys M MtsH
25% d Btsdzjj Bl JRBECtsMIsd COBdtdzdzsec s 5B
Gol dwel | , 1955; Curtin et al ., 19914

odzdwdedj dLBrMIstsydetsets MftsH jtoy Odedw dBOG dz
Mlse jdzgdzr » Ckdzt sztc EMltcOdzy jIsmw ftod BT
fsys On. uBtsldzsh jdzdy S Odz? ydqw d 06 dedWw
8, 9 LOoadMmMddismisd tsls fsysr d Jjdi tlsdats
sse dzO COlsdodtstse d3j dede" = EZYyomlsc G (1 5§
ltsyes"™ 10BO2COdz v ROOSIjtedL 28 Ismw
dzdv 5 MOodsj dzd® f Wisdsds ftsys dBdo,
tor ( lsOB dz. 5.8) . Il LOMtsdzj dzde" = f syse O~
BOcdzd™Y © 2 t©OLO ftojo"hOjls MtsHjtey Oded j
cOL O Cd&zOt¢ L j Bgdes?2 Cster (lsOBdz. 5. 8) .
l " MesCtsy MBHJjYy Oddy BOGddw o G Odzs
Ctdeyj delstcOydj2 o Mdzjor n Glsdsy jddwas f
o 0dzr fByor , sO¢ C0O¢ o BMW jtejy dBOC da
dz" » BLjttOR. 1HJM! d 9jHjls MjBWw, CO
Cl, Br, J. 1 dv ®&BOcddy ~ROLOSIjttdzd ¢ o0



i

Isj B j cOskztedz » MdMlsj BOR d MO = 0] b
BOdz, sOmMddse, 1999).

l IjtedgsOdz' dg'r » ©98HOR skydejtmMitses d
swyS¢d (1l dsmdeddz d Htec., 2013), MmMBHJjtey O

l HBddz" » Gzt jddWes skydcecjtemisets |
dzdj ®BOcddvw SCtdzjBdjlshwy Is 5200 d&c/ e
BOdzdzs 3 S stef 2y (tdfm. 5. 6) .

v OB dzd WOs H5j. Y. Odzd j Mg, Ca, Sr, Ba 9o IsjtdzsOdz dz
CO, CdkzOtt¢d tj ydzr = oBH dC e/ d&z

C dzj d3 dzls s zuddzQ e Ctef jpuld@ t=C o t§H L slsdrlzts h j dzd j| €
CdHteslsjBBH ([ O0kdo desc|cC wBBBE ZOWwLGSE B o t

(vjtedzw g mMEE &, M2 ,58 &Bj dz0 toj ydz] DCIsd o dats G t

2006) 20009) (zoOtoydlo, o9 98bH BB A d

Mg 100t 3300 145000 0,0

Ca 2300* 13000 37800 0,
Sr 256 80 102 3,2

B a 820 P 5 14,1 32, 8

e dsj yOdedj: * 1 65 HOMMD 8 eosHdGs?2 o' swyCd (

btcdHdzr § dzOdzH" OW IsT BBSEOYj] dBOGdzd | o3,
ZOdzH N OW IS Or ®BOGded?2 OSSO dzdes OjIsmw o
yiddvne d tw©OMmkjdd¥n. 10 fklkd otHdMs2 d
edlsjd desds, IsjtedisHddzORdYUj MSsd, ¢ Ot 5
(sBtcOLtso Odedj] HOdzr esteMC dIsO d Htekzecdm @
cisndidyuimMSdns BOEL! jteOn (1 jtej d ®Odz &

J L OMtsdz] dede" = ftsys Orn Ltsdz tOL dzZsd3ts o
BOcdzdw o0t qelzjls © ftojHJ dzOr sls 8810
dzdL Cdj L dzOyd dzedvw dBOcdedw da3j dls, dzj Mdsts
dzd Sk, djctoOw 5 cCcttOdkzdsd®iiIstedyd ME iz
BkztcBdJtotso OdzdzO" fftsyes O (uvf s-2-16). [ OC T
Yyj dzr ¢ MmMesdsdyotkz mMttsdyj o Otz (uf s-
ddi3 YWdLrduimMEés?2 edzddzr dL oeMmjinrm dL kzyd dzde

| Ozsotsj MtsHjtey Odedj KROGdzdw o L Ofytsd
Yydqho BdzdL¢d ¢ CdzOteC Odz L j dgdes?2 Ctster . 1



pOBR] 10BO2COd v ®OCd]?2 dO dhhdjHEZj &
Cdeyj delstcOydd, MsfsfmsOoadd j M jés MsH

Mg

© 5200- 6500 ik
© 6501-7799 - 26904
O 7200- 5099 -32305
O o100- 10398 - 37707
| O 103-1168 - 43109
() 1ese- 12908 - 4511
() 12999 - 14297 -53913
§ (O 1215597 -50314
B () 15598- 16096 g
Olsw-isise 70018
Ba
o 400-508
O 509-616
C 617-74
O 725-832
O 833-940
O sa1-100
5 () 1049- 1156
© 730,000000 - 818,726500 :
© #18,726501 - 907,453000 (O ns7- 1264
(O 907453001 - 996,179500 8§ O ress-1m

O 996,179501 - 1084,906000 1373 - 1420

[ qf).) BsBlseOdhisse j ddsj ©OMEwEHj dj dd) Mg, Ca
SEUqGjehC et kOdnj ko

1 OtedzL ddzMS 52 Ctslsdzsodds" . dwtejHd oMfMmjn
Csj hddyd) do&jjl Odds o Od &zOW Mo jlsc
2-16). THJMmM St WWdydj dags tcOMmMmj do Odaed W
MsmlsOodv jls 0,5, O ft Glsdtsh jdzds & W sd
o 2 ©OLO (tdfm. 5.7).

Ol j 9" MBCdj SsLWWdydjdas' € tsdzyj dz
ord3 fsyosOd3 d CdzOteCkz fys dBJO o' W o dzj
tctso Odzdes 5 M dzsdzyj 9 Olstsdz 3 oL dztsilsdetsd3 (U |
yjdzsteOydd ®BOcdzdw MmoewL Odz fy Bdyj Iswy
RL9 JMisdes, yYybt BOcdzd?2 dO~tsHJIMY o Mmiste
dzd st 7 B daj Odzso d sy jls o h j dzOyde OI



iro
sOC Y] fteoydsts WdSmMdetseo Ols: Mw o L Isdr Y4
dLEzyjdedzr = sye MtsH jtoy Oded]j BOcdzdw™w € 5
5.8.). It oefmjr ftyesOn wlsdj yo,jlmw f sf
dzdvw o ddydedr cettedL sdzlsOr f totsW ddzv .

tdm.sBLWWdydj dzs ¢sdeyj delstceOydd Mg, Ca, Sr, B
dzts?2 Ctster; 2- ftyosstBtOLEzshddzd ftstetsHOBd 1 Ot
10BO2COd W; 4-LOMtsdzj dzdzr 3  syes OdZd 1 Ots

lted o"BBWKS] n=22 tOMftcjHjdzjded] 30O
te<0, 05, MmMjHdld d BJHJORO Slsdzdyos Ismn!
B3/ €6 o9rBdoaOjlsmMmw dL Bh j2 COtlsddsr dzts
Isj o Odzy t©WOMYBdztsy j dz L dz2OyJ dedv MmMtsH J ey C
ckrdzszmsots? L OMtsdzj dedets? Isj ted3sCtcdtslskzteB ( ts
2-16). YTHjMm, o bddydjy 6l Httzedr dL
CtoOdgz dztsd3j Istedyj MSd2 MsMmMlsOo .

lted dmMSdzs yjdedd Odzdze 9 JOdz! dzs?2 Mo § Isd
CcdlskztcBdctso Odzdzts?2 CoOLdaedzj J o Olss?2 § sy
CtcOdz dzs 3] sted yj ME s MsMisOealz § sYyo On
BOdz! dzr 2 ~OttOSCIjte (tedm. 5. 9).

lted bOCtd ttOMitcj HJ dzj ded d, Cst WWdyd
2,99%, fted MtejHdzj d3 L dz2Oyjdzedd 17388 G
dzj dz €dJ L dzOyjdedw, Isifls zOfdtets- v ddz¢ O



sjdz dzts orhj LdOyjdedw O0,05. Ifgj bt
dzd v .

Mg, mrikr Mg, mrike Mg, mrixr Mg, mrir
5000 10000 15000 20000 5000 10000 15000 20000 5000 10000 15000 20000 5000 10000 15000 20000
0 L " o= (4] a
20 A 20 4 204 20 4
40 A 40 - 40 - 40 4
3 3 H ]
- ] o = |
EGO' ‘gﬁo- éﬁo— éw«
o
& 0 < g0 - Cgo - C g0
100 - 100 100 + 100 4
120 120 - 120 4 120 4
TIK-2-16 TAK-1-16 TIK-3-16 TIIK-4-16
Ca,mriur Ca,mrikr Ca,mrikr Ca mrfkr
10000 40000 70000 100000 10000 40000 70000 100000 10000 40000 70000 100000 10000 40000 70000 100000
0 4 0 0+ 0 : i h
20 A 20 4 20 4 20
540 540 5404 5 401
o Qo LE] Q
o 3 o g
;50 1 60 ;eo 1 I 60+
£ & £ 5
=80 =80 = 80 = 80 -
100 100 A 100 100
120 - 120 - 120 - 120
TAK-2-16 TIE-1-16 TIK-3-16 TIIK-4-16
Srmrfur Srmriur Sr,mrikr Sr,mrfkr
50 400 750 1100 1450 o 50 400 750 1100 1450 50 400 750 1100 1450 50 400 750 1100 1450
0+ 1 0 4 AN & 0+
20 20 4 20 4 20
540 = 40 1 5 404 5 40
B o o B
£60- £e0 £ 60 £ 60 |
£ 5 & 5
= 80 4 = B0 4 = 80 L 80
100 4 100 100 4 100
120 120 - 120 - 120
TIK-2-16 TIK-1-16 TIK-3-16 TIIK-4-16
Ba,mrlkr Ba,mrikr Ba,mrikr Ba,mrikr
50 400 750 1100 1450 50 400 750 1100 1450 50 400 750 1100 1450 50 400 750 1100 1450
0 4 0 1 0 04
20 4 20 20 20
5 401 5 40 5 401 s 40
Q o Qo T3
£ 60 - % 60 1 2 60 - £ 60
g g g g
%BD L 80 L B0 L 80
100 100 100 4 100
120 - 120 120 4 120 -
TIK-2-16 TIK-1-16 TIIK-3-16 TIK-4-16

, Ca, Sr , ]

{dfm.) BB d dsj ©OMYtj Hjdjddj Mg
T edHislj B

M
ded" skudejtwmidn ¢
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////ﬁ

1R RI REV
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n L] [
; &DWHJIRU\ %RXQGDU\ 7 &DWHJIRU\ %RXQGDU\
— ([SHFWHG 1RUPDO 6KDSLUR :LON : s
N /
;&DWHJRU\%RXQGD(U\ ( 7 &DWHJIRU\ %RXQGDU\
{fdmOlsjdz dz" § MlsOldmisds
. OWHIRUY #RXQGDUY Mg, 40, Sr, 10O
1 O Od3y st Mg Mg 0] S|r
l " BBt O 22 17 22 22
dicj Hdz] 15400 17388 57245
[ i Hd OdzO 16850 17200 57300
[ sH O d3dztgy J Mis o d3dzts )| Mis o dzdzts ¥ J| Mls:
YOMsBIsO d&BH' i T T
[ d dzd d3iz o3 7800 13700 25100
[ OCimd &3z &3 21500 215p0 102800
s jtedisy dz' dzf 3 ddelsj co D6Ez28 3 ,458/893, 281-1133 117
(t=0,05), B/ Ca 18492 ¥06597|, 7 1330,(42
#lsOdzH Otclsdzgsj IsC dztsdz] dzd J 4211, 3 2148, 51
st WWdydddzs 9 OwedOydg, V % 5, 8 2,99
JhdBC O Mtej Hldzj G 15 897, 9 521,00 4016
¢ d disd3d Isted W -0,72 -0/,0004 0, 58
CCMmyd MM -0, 64 -0,009 0,52
vjMmls zOf Jots{ D\Y-I=@|, BV8- W=0|, SW- W=0| SW- W=0|, S\W- W=0| 94
(p=0,020p=0, 60p=0, 750p=0, BOOtc=0, 19)
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OMmy e H ] dzj dad ™
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skudejttmdn

fMtsH j oy Oded W
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HBBHJjtey Odzd] dBOcdzdw o fHByoe j dzdesdz f tots
9Jtodzzs (tsdzsy dlsj dz' dgz¥ [k d3j o dedgz® Mo w L/
l sdzsy dlsj dzt dzgOw Cstetej dzv ydw BOcdedw fy dzj
LO Mudl Mtdj?2 ®BOcddw, o~tHwWhds o M
Mots2MmMlso Odsd Y Bsyes " dzi o' Wodzj des ( ff ted dztsy

[ Oedzd?2 dL oeMmjmr WKLOSCYd?2 CcttOdzdtsdjls
HojJ HBMIstse jtodzr | MoaweL d: LOd3d sdzzt Bsilste
MecjHdzjets §iMEO d LOBIIsdzzy § sdztsy dlsj dz!
dztsy 4 ded 4 2) .

HBH]J Y Oddy dBwBOGcdzdw o ddJL EZyd dzdz" = ¢ sy
dztsy d Is§ dz' dzts 2 Ctstetej dzv ydd M 1 dzj d3gd dzls O g
Cr>Fe>Co>Ni >Mn>Ca. uv0OCy]j] orwopdzj dzO s
K>Ba. J[IbttdyOlsjd dzO o' mMsCOwW Mmlsjfjdzr ¢
Odzs OGtsdzd L Bsdz dtsdetseo (cSdadgj dzts, 2012;
Nddedd 2) .

sOdz yfddzw jlIsimw I tsdktsteW dr &3 1 dzj d&3j dzls
sOdzt ydjoer2 Isdf "ddizddL B30 Bdtsdtsecdyd MS 6
nOtcOCIsjtejdz HAzw M dJesStsdzdMmise j deder = dzj Mt
OtcdHdztse 5 Cdzd BOISO M dOMisswh ddisd Mmisd § v c
ydjer?2 GCdzomfm dOdHh OWIse, O Hdzvw MmEk=~rd
ZzOlstedjor 2 (1 Jtd dzd d&30dg, 1972) . Clisls
tcOMf ctsMistcOdzj dz 9 L j BBdets? Ctstej, dad3d s B
MsH ]ty Oded] MtsMlsOoeadzv jIs 25660 de/ Sc¢ (s
dzj 2 ¢BOLOdz stsots?2 yYyOMmlsde L Jj dgdets? Cster .

HBH Y Odzdj 1 Issets 1 dzj 3 dzgls© o tsMmdeso
mMtejHdzedr T 4,65%, o CdMmdzr=s T 1,55%. |
e LSCOW HJWWjtej dzydOydqw <COdz ydqvw, o tejL
d MmMdzOdzeyor §tsddyo0jlkmw (2,53%), 0O o ¢
hOQjlkmw. 1 ftyottsBteOL ks hdr §StetsHOR 1 C
o' hj Cd&zOwLCO L JjdBds?2 SCster d o 1,671 1, 9
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iio
dzdj o SCdaommduimMédms d cttOdzdlsOr ¢ dzc Otets
dzs (lsOBdz. 5. 6) .

Il ekd@ddHdzr = dOdzHh OWIsOr COdz yd2 ddzls,
LEdz Ol fwyer d otHr, CdMmitscts ¢ dzOMm
sB J Hdzd dz' 4 0. 1 OdB tsdzj | BSGOIsT COdz' yc
Hygdzw IsT ¢ d o ©O2Atsdzr obkdzCOdzgdL BBO L O
f zsHBBtesHdzr d@3 dqdzsdz d o kdz¢ Oddyuyi mMSddy ¢ J 4
stczH dzstc Oflso stedd3, dd3 BBGEOIsT fYtsysr Mmls
d2" » L JtOr YOMmlsts dzOC Oy dzdo OJ sfqw e d i M

dtejHz) J MsHjty Odzedy 0O 9o Yo Om
5.8). l1syesr 10B0O02C0O0dz2wW S OtOCIsjtedL 2z |
ydqw. [Mtsej dedetsis: & 1 OteclzL ddzMEts?2 € 5ls dzt
¥Odzedj COdzr ydqvw o Wtdser m L OMBdzj deder =
Mo dzw jIs 58724 d&e/ ¢c¢ (lsOGOBdk 5. 8).

1 0dBtsdzj J tOMmMftetsMmistcOdzj dzdz" | G J tsad d3d
dzw s Isfqw  MEzdzr W Olsdz 2, MsteB ydtsdzde" 2 ¢ OteBt
tedlsj dz@ dz" 2, mMddzd ¢ Olsdzr 2, h j dzts ydzts 2 , Is j
2008) .

10 oatsHdkzE &ddettOyder CO0dz ydw tyJ dz
CdmMzse s ¢ OLO. 1Tted o' MBEBAR jet MBH| )
dzdL Stsd3 T or fOHOjIs o tMOHBE © odH] &
tej. 1 HtwifmMde » otSHOR 40 &OmBHdJIsMw o
fdzj SMtso Odzdzts 3 MtsMmilstswdzdd ddzd, o Htedmizl
yd Mésets ojhjMmlse O, sBtocOL 8 Ils GEZzABOId |
CoOodz? ydqvw o tjydzr » oBHORs MtsMisOoadzvw jIs 13
&zZO 37800 d&e/ &c (lsOBd. 5.9). 1O0Oy)dlze t
Lo jMmsEtser 7 dBOMMde ©Oa d&BJ MisOdzd or " j d&zO
COtefMmils d §jihjte. wtsHjtey Oddj COdz ydw o
oBHAts?2 orlswyCd 1dz¢gfmdeddze d Hte., 2013)
16.4 ©OLO orhj CkOteCtse (OB 5.9).
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d4BBHjteyOdedjy COdzr ydqvw o dLlkzyjdedzr =
sMdzOB dzj dzd Vv o dzdW ded W M dzdzdilstsc j dzgj L O dzO
ydw ddzgsls fssyer M ddzisj dzmdoe dz' d3 tsSMOHC 1S
CcdslskztcB Jtetso OdzdzOY (v [ s-2-16), Msdzsdzu
5.6). uv0O¢y) ddLSt] MHjtyO0ddj ¢0O0dzr yd
Ctso (tedfmp. 5. 6) .

HtSH Jtoy Odzdj S Odzr ydw o L OMmtsdzj dzgdzr = -
CGdHtetsIsjteds 9" hj 5 McOoadaj dzd® M ¢ dzOtcC t
B BdeoO T 1,17 2,1; f fsysOdkd 1 OB 0O2CC
C LOMBd dedz’ &5 ftsyo Ok 1 OtedbzL dd&zMS 82 Ctsls

Il ftosWdd desdz cOMftcjHjdzj dedd MmtsH j toy (
Lsdzj ©ls 251007102800 &e/ Sc¢ (tedfm. 5.
COodz ydqv ftedrasHwWIlsmw d&O ftseor h jddzr § € 5dz

vtejHdzj J MtsHjtey Odzdy ¢ Odz'fipisdiis O dzy § E
Be/ e, ftod destedBBOd desd3 teOMY toj HJ dzj ded d ,
gsjsls syjd BdZdqLSd] COLOddw, te=0, 7
ssdz? $ts 0,58 d 0,52 fMmtslse jlsMmise j dadats. s
7,01% (tedfm. 5.9).

l1ted wOMMddsistej dzdd S Btote] dzv ydsdede = M
ydw q dgj Csbster 3d wdLdSs- addi3dud M& ddad
o' MsCOW HEsMistse J tdzOW MmMawiL ! M MBHJ o) Odz
dzts M d2OCtsfdzjdzedj 3 COdzr yqvw dz0 € OteB s5dzOIs
Zsdizj sted yj M ddz MtsmMlsOotsdy o Wodzj dzO L O3y
WteOCydj2, O kOCYj f WLOSydj2 WdLdyjfm
sMisOdz dz"@ iz  Ote OBy IstcOBBd W dL S -~ ddBd Uy

Il " mMsCoOw Misjfjd sy dlsj d dts?2 €t
slsted yolsj dz dzgOw f; Na> K> Ba (ffteddztsy j dzd

[ BBGEON j dzdats s ¢ dqLEyjdzdzr = ftsye ¢ Odz
CdHiS OtcB sdzOIs- C OteB tsdzOIls disdetsea (] OBOdzO
deddz, 2013). sOdz yd2 d&kjjls fdd dze  dsq



ol
dLojMmisdets, ddzlsj dzmdoedzj j oMmMjets orf dzgsmwIstr
g, LO ddd3 Mdzj Hize Is Mkzdzr WOIsr d ¢ OB C
Misd §Jded Cted dgdzed?. 1 &2Oydlsj dz dets MmMdzOB § J
COdz ydvw d i3OG dzd v . Il BBd&OMIsWwa IstcOdzL
dHjls © ©BtcOlsdetsdz f stcWHGC j: Ctojdgdedjor j,
dets- Mzdz WOIsdzr | OSCEdszdzv ydd (1 sdzr detsoe
dlstetsdzyid2¢C Olsd sdetse j dzdzr 2 1 dzj d3j dzls, dzO
gqdzd dIs 2 1 dzj ClstesdzO, Cwlsster 2 tdz dzj ¢ ¢
zvw o tMmMMmMisOdeso dIsj dz dz@ §| Moas2Mlsa ©. 1 5 f
BOJIs 15-] dBjMmMsts. sdzOte¢ o L j Bdets? C sty
dlstesdzyd?2 ~ddizdyj mMéd BddLts¢ ¢ COdz y
NYdls LOB MO COdz yd2 o Bdaddidyd MS dna
Mstesdzyd® dkddls o0ydasy BIBadBJUI MEB,
Cal/ Sr<100 ffteswodw jlsmw ¢ Mmdydasimis: Mmlis
B IssC o BtcOddL B] ftsossydtolzjls L Odgj " j
otsHdl ¢ c¢Mbsiesdzydj otsdidz twOndlskzé (ktotse
40O/ Sr 9 ftysOn M dstedzOdz! dz d3 MtsH | oy O
Isjdedwri 150 (sBoOdz MECd2, 1 O0MtsteddO, 19
Il fiMmMyoder » YotesHOR 1 OtebkzL JdMEs2 ¢
8301880 o/ ¢, Yylss o 3,171 3,3 tOLO o
ftcjotsMatsHdls Jjcets MtsHjtey Odedy o ¢ dzOMMmdy
MsCOw Ctdyd dzlstcOydvw tBEMdzOs dzd o Oj Isfpw o
IsjteddzmMC 52 Y sHMisddzOs h j2 HotetsH] T ¢ dze C
bCCERBEdRYydy o foyotstsBtOLEZENJR § StotSH(
stczH dzstc Oflso sted 3" » C OB sdZOIstso d MEkzdz W
HrSHMIso B Mlstesdzydwy d CO0dz' ydqvw ekmd
yds o d&OdzHh OWIsOR. [ dJetOydw Sr L O fte]
dzj cC stcOMlsosted 3" » G dHESS OtcB sdzOIsts 9 n
zj et dBsBddzdLEZjIsMY ftod o" ojlstedo Odzd d,
dzj mdzr § ¢Cdmdz | fsyoer zj cECtsets GteOdzz iz
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Mtcsdzyd j d@3. v OC COC td tsyjde HssHoady | d
JIsmMw o dzjmdzr » HjojMmMde = tOMIj ddwr (
Pendi as, 2011) . [Mdzso dzr &3d G J tsa d d&3d ud
Mzdz WOlsde 2, COtBBdOIsdz 2, M jdzsydets?2, d
BsHJ OB Yy MEd2. [Mdsesdis? ftedyddes2 90
fsyoa O wodzw jlfw jets OCCEk@gzdzw ydw o CO
or'n ftysOn, GHJ COttBBA&ROIST L OdzZj cO¥Is
fistetsdzydw dz2Oddzj dz' "jd, o wslddudj sl 1y,
dZOIlsT MmMemtej HSlstsyj dz@ BolzdL Sts € (59 ] ten dats

I Medsdyo¢or fMtsdyd?2 MdajHEzjls L O
fmls d dzO. 1 ©Odetsdzj j tsBtsSEOM j dg Mlstetsdzyd § o3
COMlsOdzso "™ j d flkzfglsr dedgr j| Htsyor . I A dzts
sO¢Yd BIJMEOBtSdOISd » d dzjL Ofmtsdzj dzdz" =
yd? ©0oOmmjdeOjilsmw (1 jtjd d&3Odz, 5OMddsoe
CzLddzmMS 2 Ctslsdztsa d dz’ MsHj ey Odzdy Mistets
B/ ¢ (OB 5.8). uvOSCOw Cwmdzyj delstcOY(
2,3 ©OLO d ftwdBdzdy jdedes € JjGets MBSHJ ey O
CzLddmMSs2 HjftijMmMmdd (lsOBdz. 5. 8) .

Mstesh OV twwOMlse sted G3dsMis! Mlstesdzyd™y B
YOdedj © YBBHLJjBd » otHOA, o BHj2 Mo
LJ digdzr = otSH MHJ Y Odzd) Mlstesdzydw ko J dzd
L Oydd, sts j dedets fted ko jdzdvyjdedd MmMsH |
1 0dBtsdzj j or MsCOW jets Ctsdpy delstceOydw,
JIsfmw o MEzd WOIlsder 7 cdHUWEdkY PR , MEOE " o
(1 Jjtoj d d&3Odz, sOMddse, 1999; 1 Otesdz, 20
otsHOR dBddzj cOdzdL s Odzdese s dMistsydzd § © s &z
zv jIs 256 &BCe/ dz, vybts o 3,2 tOLO orhj
OClkdodzsects otsHBSBAR] 2O (lsOBdZ. 5. 9) .

] fkd YOdy 7 MEdsdkyOSOr Lid tOL dfs
sdf dyde” &3, LHjM! Jjets Ctdayj delstcOydd o' h
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ndztedHdzr n MsdztdyoO¢ Or (sOmMddksse d Hts. ,
90n CBdyj dzstcOydw Mmbstesdzydw Ctdzj B dzj Isfyv
ddL C$dj LdzOyjdedw Mmlstesdzydw dzOB dzt H O Ismw
dmbtsyded ¢ s fsyed (vfs-4-16), LHJM M
zv jIs 923 &6/ ¢e (tedm. 5.4). 1 0detsdzj Jd
Yddedzr | O fHtdlsj etcOMmMdets?2 o tsL or h j dzdztsls d
16) d dzO L OBBzsSYJ dedetsdz ZyOfmilsCyj M ¢ jtej
Mtcj Hdzj oL 9 N jdadetsy L dzOyJjdedj { dzj dzd dzls©O o
odOdz dets?2 ftsyed, oBdzdL d Isj tcdzOdz' detse s
Mlstesdzydw tOoadets 995 e/ ¢c¢ (tedfm. 5. 6) .

dtcjHdzj oL O N jdedes] MtsH ey Odedy Mistetsdz
dzj sfqw o ftejHjdZOR 95071 1084 e/ Sc, ylst
dzs?2 Ctstej; 1,17 1,3 5 MteOodsj dzds f § s
LO orhj, yYyjd3 9 fsys0Oa 10B0O02C0O0dz w:
1,3 ©OLO (tedfy. 5. 7).

]l oW dd desd3 tOmftej Hj dzj dadd Tls te s dzay
ftocdztesyj dz@ ¢ Msdzjoer dz Sttt Odz. | dzzlsted t
SlsdesMdlsj dz' dets tcOQo desdzj tedetsy (tedfm. 5. 8) .

Il ftyes jdzdesd3 ftesW ddzy Mbstesdzyd?2 dd3d 4
MtcjHdze] &3 L dzgOyjdedj &3 1057 &Be/ ¢€c¢ (tedfm. 5
o dLbkyjdedzr = f{ftsye On, MmMeowL Odzets ) JeB H
tcOdzt dz" » dMbsydzdStses skydejte. vOSCdj orf
oJIsmsolzr¥ s Cdzyy dzlstcOyYydwv dz o tsye On ¢zt

(Jedzv jo O d Hte., 2017). utstlsdash jdadj ¢
Ni tildkod dsets kttsodw d dBsyjls fftedej
hjdeds &3 COdz ydw 1 Mmbtesdzydjor 2 IstcOn d

) ted tOMmdslsejddd MowlLd ©OMYtjHj dj
(-ndBduUud MSdBd Mots2Mmiso OB YY" o W
Cttetej dzv ydw Mmistetsdzydwy f) §sCOL O] dzj B j d
tdyOlsjd dF 2 ROEOCkjt. & GhNlsOd d &Jd



-
Mlstesdzyd?2 dgj S Btotcj dzdtclzjls ( fted dzsy j ded j
HisfMistse Jtodats?2 Cttoto] dzw ydtsdadets?2 Mew L d Mmists
Metsets MsMisOe O® (fteddztsy jodedj 1) .

H4tSHjtey Odzdy Mbtesdaydwy day Ctstetej dzdtelz § I
2Oz {1 dzj iBj delstsdz. I My MmMewrd desfmwis dzaj H
Isj Mdeslskz (ftoddztsy jdedy 2) .

1 sorh jdedes] MBHjtey Oded]y Mistesdzydw o
ddv sbkydcejttmMSdrn cdHietslsjted, &syjl B'
dzd C detso j dzdv M dzsdzyOS s9. v OCdd3 tSBOL 5
M dBddzj cOdzd L s9 Odadz” d3d o sH O], o dzj yjls
1 dzj dsj dzls© o f tsye On , dZOsr sHWh damw o L BB
MSH] ey Odedy Mlsesdzydwy o fHwsysy dzOtelz" O] |
dzdj. 1 dLEzyjdzdzr = ftsyoOn 1 Ists Mtstslsdash j
otsLdzdC detso jdzed] dzj B zOetsftedwWilsdzr » | CBdzSE

1 Oted? M jdzsydesL j B dzr dzr 2 4 dzj d3j dals,
stetsdadets dz fMdztsj 2 1 dzj € Istcts dzO, Colster | dz
ftesweodwvw Mmddz dz" | otmMMmlsOdeso dlsj dz' dzgr § fr
MsmMisQoadzv jIs 400 &6/ Ca, fs ttOMftesmistcO
B Mss (lsOBdz. 5.6). |1 "ddiduy MStsd tslsdz
yqw, dts jet ¢ijndhidy McOw OCIsdo desfls:
yd MmO~ BOLd2 OMMyddizjlsmy M ¢ Oddj &
fsi sz sdz ftedmkzlsMlsokzjls o tMmdatso desdz ¢
Pendias, 2011).

l syotstsptcOL M ] fotetsHT 1 0OBO2COdz W
MH j ey Odzd jd&3 BOtedw. Clsts MowiL Odes fy or |
Colstster 2 wodzw jIsfqpw desmdlilsj dzj ds d € tsdeyd dzls
o ctsBteOLEZENdR fstesHOR 1 OtcelzL JdzME 2 ¢t
fsor h jdedesds S tsdzd yd Mlsoe J . vtejHdzd 4 JGB
Cslsdizsoaddzr MtsMisQoadzw jls 124771 1300 d&c/ €«
L j RBdets?2 Ctster (lsOBdZz. 5. 7).
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l ftyesOs BOttd?2 djct¢t doeddzdL zjlsmw
Ctsdzyj dzelstceOydw jets o ftsyoej dzdetsdz tcOfMmiso 51
HOdzdzr &3 @ ftsyesOr BdwO jets CdzOwt MtsmisO
(lsOGBdz. 5.8). | {§fyeosstBtcOLEZshdas f sStctsH
dzj sfqfw tsIs 930-989 &6/ ¢c¢c M BOSMd d@zOdz! dzr
1 s ttOLdzr &3 HOdzdzr &3 © fYtsyesq 1 0O0OBO2COdz W
1520 ®Bc/ Sc¢. (RoOdatses, 2006; sOhddz 2
tcOCIsjtedL ¥ Isfpw  ftsor M jdadzr @3 MtsH J tey Odzd § d
o B3d o JdzduyddzOodsd d MejHdzjJ ) 6dBdOdz
B/ S¢ Hts 990N56 d&BE/ SE o Odzdzt 9 dOdz! dz
CzOteC O L j dBdets?2 €S ster d tmMOHtydz n § Stefs
fsyes Orn 1 OtcelzL JdzMits? Ctlsdzsceoddzr MtsHJ toy
1063N24 &ie/ ¢ d ftejorhojls ¢ dzOtes L j d3dz

Il CdMmdzr 7 EmMdzcedwrs fYtHL M 7 d
ZzOydoeo Odzedj ftoj sBdzOHOjIs dzOH B JdBG J dzdats?
hOWIsOn 1 O BBjdzaid GtsHody | dz yJ 3 Mg, C
BOzsfsHodyjdz COC o BdBdEsEedqyujMEtd ¢t
EyOmlseokjils o dmMf Otedlsj dz@ dzs?2 Ctsdeyd dzlstc Oy
slsdzdydd tls Mg, Ca, Sr (rRo9Odztse, 2006)

&z BBKGOLE]I ftesydz §j MtsjHddzj dzd v, ¢
mtslsw dBdeteOydw BOtdWw off sdzdzj] o tsL d3sy dzO
SQ d bsd ¢t fted o MsC 2 Ctdzyj delstceOydd
HjteyOdzdw s BOtdw fHtosdmMotHdls | ats it ip@pts
Iso sted ZOW Mmsdz! . ANBtedidtctseo Odzdjy B Otedd o' -
odljtdlsO) Hwdiztesyd dets ¢ YL Hdzdd3 G dHTtet
NddzOdz dedL € drn Isj B JtcOlskzte (Y jlsEs, Yt

Il edHslsj tdzOr skydejtemMEset dMmlsyds
820 RBCe/dz d © 32,8i58,1 tOL ftejorhoj
9 BHOR LBd OfCIlsdodisets oatsHBBB AR d&2O ( IsOB
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1'0)3dey 2" dBd 6 saddi3dud MSddsd B Ot jto
~ddBduyj Med2, Mt ydsdedz 2, Mkzdz W Olsdz 2,
l1ts {tdgdtecdd fsedsh jddw MmteJHd N J dztsydats
fijtcots] &JjMmMlsts Ba>Sr >Ca>Mg. [z dzj cC s
Mlsotsds, cdzddzOdkd. [ MtsBj dedes dzj e C 5 ff totsd
Mn, MHjtyO0hddid 10 fw®CEq% MOJ BdeS OO
(1 Jtej &z &30Odz, s OMmMddzse, 1999) .

l LOMtsdzj dzdzr = fsYyo O Lbsdz tOL dzisd3ts o
MsCtsy MsHjty Odzdjy BOtGdwW (1480 d&Be/ €a6)
tctso OdzgdzOW ftsyes © (vfs-2-16), tOmf sdsy
dimsyded ¢ 0. 1 tyer, lsHOdzj dedz" j sls G dHto
MeHjtyOdedj 10O, Ctbtstes] 90! qkzjlsmw

HtSH ey Odzdj BOtdw © dJLbEkyjdde = ff sYyo (
9 foyotssBtcOLEZE N drn §tetsHOR 1 OtcclzL d dzMm¢&
h jdedzr 2 Wtsdz MtsH jtey Odzdw BOtedwY o tojcdtd
GzL ddzmME 52 CBlsdzsoddzr, o L OMBdzj dzdzg’ = 1
dzj Ozt detsets dMlssydzd C O skydejte MtsH § toy C
tcJ G sdzOdz! dgf 2 kteso jdzr (tdm. 5.7). 10
sCOLT 908 Is oaBBH' IsjtodzOdz desets dMmistsyded € C
B3 dzlsts o .

t OMmMftcd Hydzj dzgdi BOtdw o HtosWddi desf
~nOtcOCIsjte. [ dJdzed 3Odz! dgr | CBdzyj dzstcOydd 1
desMmilsdz &3 Mtsdzj o7 d3 C StesYs O, Ctolstster j
o jtorndzdr ftsyeojdedzr = cEtstedL sdasOR HEts 8501
ydjq?2, MmMtattOdzw jIsmhw 5 ofmj ik ftesW ddz® (

it OMftcjHjdzjdzedj BOWdWw BdzdLSCB ¢ datsto
LdzOyjddd 1252 o&ie/ ¢c¢ (twdfm. 5. 9).

oMy tejHjdidd BOGIY dBBIdlb BlstedyOl
CoteOMlsotsteddzgr = Msdzj 2 d M MtsHj ey Oded j O3
(fteddzsy Jdedd 1) . sttetej d¥ydw BOLY M
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MsOoa O ftsHlso JteHdd&ZO Jet L O Isdzlzs Mo w !
CO (ftoddzsyjddj 1). uvOCOVW {Hwdtsydlsj dz' c
ZOdzd ydj 3 BOtedw o CtodfMmlsOdzdzd yd MEts?2 tejh

d4BSHjteyOdedj BOtWdW, o McOodzjdedd M H
Cke Mjfjdd Yoty dlsj d dts?2 Ctttej dzv ydd
ftesWddzj, yYlbt fsHIseo jteyxHOjIs drn Isj Mdzkz®
Ml BOcdzdjd3 d COdz ydj a3 lstsBtcOy O sfiypw o
ydi2 f tIlsdid  dzj BjdelsOBd. uvOCY) HBMIst
d3d 4 M clzffs?2 3yjdjLO (Stsdj ddSj dv

2 dzsydetsL j o3 dzt dzr j IsOC yji, C0OC d hj
dzd IstsW d dz' dz" =, s. j. {otesHBSBEOLEZEMNJdR |
cOMf esMistcOdz] dz@ © L j RBdes?2 Cstcj . 1 dL kzy
HOdzdzts?2 cGtolzftfr  dzj a3 delstse o' Godw' WGdalSB ¢ dzj
St., (desBOdz des o' MsCdj Ctdzyj delsteOYydd E
Bddzedzr 8 S OLOCISjtetsds sk djddy lkdao ¢
Gts BB del cOdz' desects dMmistsydzd € O.

5.3.dBrddBdud MEdy ©BMBBEJ ddsMmisd ©OMY ] HJ

Mk cwkzffbk ftojHMsOoadzwels 1 dzj d3j dal
90J B it atsHd §J d&J IsOdzdz" . s 1Ists2 ¢
(Cr), BOtcc Odzj y (Mn), yjdzjLts (Fe), Gt
HWismw o 4-d3 fjtedsH), ddiieb §] 6] dj dedz
Wddz: dz" d3d. 1 0S¢ dzjdedy dr HfsdmMeaHJl d
sdL B3O dzdets o ftetsyj My ccdHEIlSj ted3Odz! dz
BOC BOIsSdL d3ts d3. 1 OdBtsdzj j tOMmf totsfmistc Odzy dac
wWodwjlsimfw MOdts x4 dzjlL ts, O sOCYJ HBMIsC
BOtc Odzy y, tMlsOdz! dg § + dzj d3j delsT BBdzj § to

MicSEBSH j oY Odzdj] Atesd30 o HtedtesHd 7 oz
HjteyOdzdJ &3 © dzdlstsmw j toj . S ZOte¢ A tetsdBO
JtcOdzd st ¢dzc Otets- I dlsddBmMEsets BOIstsdzdIls©O s
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vOBdzd y@teyj Hitz) j MsHjtey Odzedy Cr, Mn, Fe, Co, N
9 On, &c/ C¢

C dzj o34 dzls s d&zOte & | L)JtaigdiesRls ¢ G Otetsd j MyOoOdz j| ¢ s
(1tdetste! jl&, czOMMma ol e d @Bgns d8s B@: 2% " J
Kabata-Pendi(&abaOhizdls ()| sigsb, &3 tc O

Pendias, 2PQ1)) (Kabat -
Pendias| 20
Cr 100 14,5 11
Mn 900 475 271 1
Fe 450007150000 2050 13456
Co 10 4 3 0, 3
N i 20 10 30 51

1 0dBtsdzj J BBSGOIT ~tebd@sd Zdz' IstcOtsMmdzats
sMlsOdzy dz" = 1 dzj d3d dzls ftedmbkzlsmisoakzjls o ¢t
fsyotstsBtcOL 28 M dn f StetSH On ~lcsd3 MtsH | te>
( Kabata-Pendi as, 2011) . l 1 ME0Oa 1 Ofc
fs5 Glsdetsh jdeds ) MBHjtY Odzedjd3 jJEBB 9 L Jc
MdudMSdd3 d ctOdzdlsOd3 ¢ dzc Otets- | dIlsd &ZME s¢

fsyotssBEOLEs hd& §jMyuod &5 §StetsH Od &J te
d 1,6 ©OLO Ml jlmise jdedes (sOBdz. 5. 1

s OBz yetss jkyO0ddy Cr, Mn, Fe, Co, Ni o {fjMm¢

¢ dzy o3 dals n HitsH jtoy Odzed [ Isdztsh j dzd
C CaOSCBtcOd®Rd - dzc OE Y § MyoOdgd o3 -
L j Bdes2IsOB|) dIsd i3MC s&EEBEB tcOL Iz M d
Ctstej BOItsdlsfztstctsH Od3 | dzd te
1 imyOdz §j lsdzisy jdzedWw t6. v Odzd dzé O
Cr 1 47, 2 0, 47 3, 3 4, 3
Mn 1 3490 0, 4 0, 8 1, 3
Fe 1 23800 0, b 1, 2 1,8
Co 1 8| 1 0, 8 2,0 2, 1
N i 1 28, 3 1, 2 2|, 3 0,8
1 imMyoOdzOvY ftsyotstsBtcOL 28 h OW ff sStetsH O
Cr 59 30 0, 3 2,0 2, T
Mn 59 375 0, 4 0,8 1,14
Fe 29 20166 0, 4 1, O 1|, 5
Co 59 6|, 4 0, § 1] 6 2,1
N i 59 15, 2 O, 76 1,5 0|, 5
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h jazsydzes? toj LSS dMdzdlsj dzi dds? ( &g gl Crezzs
fnd dstse ) .
z2jdzsydzy j kjtedd SCbkd HEtemMStsets Isdf O

dets- G HtcSC OteB sdzO s dzts - zOsted j o sats MisflsOo
g.1l. [r@OCO (1982) f kyjktsdk HiBdKLO |,
fsmMs@odw jls 1,87 Cc¢/ MklsCd, jcEt MGHJte>
osH d 1,9 fBHLJBR = otH LBd cdifjtec ]

s OBz yesss jky3O0ddj Cr, Mn, Fe, Co, Ni o Isjtcd
bsyded € ©, CdkZzOtSd tojydsr = otH &Ec/ &z

Cdjsbudc] emC s OGE dmimpcs o brn  Litsazsh § dzqj| ¢
KB4 dzls § ed3" (v j edarodCafdDs Isd o desd § DOEECEOKGS &£ |0 H
2006 ; 1 dzs|fodechaztedhp tomiak} 2O (g P QErdr OCIsdo dats
Hte. , 201f89d2, [(20Wj99, 199B8gQn| ostsHEEB i) da
Cr 7,0 1,0 3,71 1,0
Mn 28 1|0 22,7 2, 8
Fe 380 670 429 0,|6
Co 0,55 0, 25 0,28 2, 2
N i 7, 86 2,5 2,22 3,1

l dLEyjdedzr = fsyes O MOBts] dedL S
Odz! dzgOW Isjted3sCtcdslszticB Jictso OdzdzOY ff syoe O
MsHjtey Odzdj RrtetsBO MtsMisOoadzw jIs 32 d&e/ ¢¢
HjteyOdzadj Rrtesd3O 35, 2 d&Be/ Cc¢ dzO B Bdztsls dzts
dsets CttefzMO. 10 tedhmkzdSj odHds, ybkt
Bjtej EZHOMZ] ddw s dhstsyddS O f BOSC Md iC
Mcdkzsdzyj o Ostsdz. | sL By dets, OS] 59 jH]
B stedud ME¢sets MsMisOo O d Eggjd " jdzdj BB o

ltod dedL Stsds MsHjtey Odedd ~rtesdBO o f 51
LJdzmMEs2 CBlsdzsoddzr o fyseJj dzdzsdy f sCtetse
Mtsdzj dzdzr | ftsyer skydejtemitsets EZtesydh O
¥Oded j &3, € 0OC d Wdkser j fysr 10B0O2CO
Ctsd3 L jdBgdets?2 Ctster, © dLEzyjdedzr » L OfMsdzj oz



Mn
©  250,000000 - 317,270000
O 317,270001 - 324,540000
) 324,540001 - 451,810000
() 451,810001 - 519,080000

() 519,080001 - 586,350000

Cr
©  31,780000 - 34,996000
O 34996001 - 38,212000
C 38,212001 - 41,422000
(O 41,428001 - 44,644000

(O 44644001 - 47,860000

O 47,860001 - 51,076000 3 586,350001 - 653,620000

() 5107600 - 54.200000 ) 653,620001 - 720,890000

Oxmm-szsmmo ) 7a0.890001 - 788160000

:) 57,508001 - 60,724000 :)mmm-sss.auow

:) £855,430001 - 922,700000

o 2414-25128
C 2529-27843
() 27e44-30557
Co
o 30558 - 33271 O 7900000 - 10,702500
Osam-asgea @ 1o
O 13,505001 - 16,307500

Ossss?-zmn Omgorsm-m,nmoo

i
© 20,030000 - 26,231250
() 26,231251 - 32,432500

() 32.432501 - 38533750
O 38,633751 - 44835000

{ dfy. 1Sl 0Odnlss | dedzgts ) tOMY tej Hj dzj dzdj Cr, Mn,
Lsder eodzdwdedw skydcecjtemMédmas cdHtosIs ]



Ni_..,,u
tdfm. sSAWWdydjdals Ctsdeyj dzglstcOydd Cr, Mn, Fe,
L j oBdets? Ctster ; 2- ftsyostsBtOL ks i § StetsH Od3d

dkd 1 0BO2COdzr wW; 4-LOMmtsdzj dedz" &3d § sye Odzd 1

Il ftesWddzy dLEzyd dede" = L OMBsdzj dede” =  ts5°
o ftjHjdOA 21,3176, 0 &G/ e (tedfm. 5.
L dzj 3 dels© fesdmMratBHdIS & YBYyoOr M Btsdzj j
otsd3. 1 dWWjitejdydoydwy ~tesd30 s f§ syse j dad
sjtc 8 LOadMmMddsMmisd tls MtH jtey Oddw ddzd M

[Bhj2 IjdgHjdzaydj?2 Hdzw ofmjnrm dL EZyj dad
Cdzyj dzlstcOydw "tesd3O o Mtsdzjor s Ctcl On,
dzd j MBSHjy Odzdw jets o deydedrm cEtstedL tsdzk
sMOYHjdedj It 1 dzj d3j dals©O dzO d3j teL dztsls
RZOdzs MO~ d Odzdz¥ 9 dOdz! dzf = 4 Myodz ~ BGlsd
Ctsdzgyj dzlstcOydw L ssets 1 dzj d&3j dzls O, O 9 clk
BOC M BZOdz dzgOw (tedfm. 5. 12). (OMftej H  dzj
=0, 19, MejHdzgjJ L dOyYyJjdedy tw©0Oodats 52 dic
dzstesH dzze Misjffjdz 28. 3% (tedim. 5. 13).
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(t=0,05), |/ C¢
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) tod wOMMdskiejddd Sttt d'ydd it
~dBdYUI MEddsd Mots2Mmlse Osd ftsysr, daj orf W
15 fsyjlfy sldjlsdls! bkdjtjddalzy oW
ftsHjtey Odzdj &3 S OB dzOse, (IO Cistete] dzw
NsdksdyoS,j MtdksdyjoOktsd (ufs-4-16),
COBdOlstse fteditsHdMY dO o' MCd] § ts5d

RL oMmjR YkOCyd?2 cOdzdsdstedyj st
edyOljd dzs Cttetej dedtelzjls M WwOCydw &g ¢
sjd dzOv HEBfstse jttdOW MowL! REs®kO it
fNted Hdzd 2 " dzd (ftedzsyjdedd 1). [MlsOdz

cOCIsj to.
HBH Y Odd] RrEtsBO tyjdz IsjMmdets € tstete
Ni, Co). I'fmtsCks Mmljfjd Sttwjdvydd

f COkdjdB d BOtdj B dshdls slstedyOlsj d' d

dzZr = MmMowL j2 E "tesdZO o' Hjdwelsmw Mmdzj HEzE
yqdqw Fe<Co<Mg<Ni <Mn<Cacx<lLli; slsted yolsj dz
dedd 2) .

lteso jJHjdzdzr | dMMdzj Hise Odzdw f s5C OL Odzd
Yd dzdz’ = t sye Om dzdyJd, UJ B J B MBHJ ey O
HOdzdy r~rteBd3O o fByojdzdesdz ftesW dqdzy ff tetsc
dzr B3 cteOdzzdzsdzd stedud MEdd3 MsMisOoasdz, O Is

[ Otcc Od¥joaydzw j Isfqw  tcOmMf tctsMistcOdgy dagdz” d3 = ¢
BJ dedetsMmisd c¢jradddd RBOeOdzyO® o L j dgdets?
dzdd o twOLdzr »n Isdf Or BOEBOBSdY MEdr St
Hj&ZOS 716711400 &G/ CcE, CdkOL¢ ©0Os jdz 9C
CGOdzyO o Mo dz' » cBtoder » StetsHOR L dzO Yy
o C¢dMmdzr 7 (3501600 Bic/ $6) (sOhddze d Hte

l syotstspteOLEzE M ] §SteSHT 1 OB O2C Odz! W
BOeOdzyO dedy 4 ¢ ZOtC O dzdlstsmW jter (uwtshmt
YddzdwWv e 1 O0OERZLJAdMES? Clsdtse ddz MsHJ to



i fifi
CkzOwC O ddlstsmW jter d o 1,3 ttOL O d3j dz# h ]
dZdsO. 1t BGlsdtsh jdzad¥ ¢ ctcOdzdIlsOd3 ¢ dzGc Ot ts
dsmw dz2OSCtsf dzj dzdy dBOLGEOdZYO © 1, 3 ©OL O

1l O)ydej 2h jj A"dd3duimMEés] Mot2Mmlsots d3Otc
wWodwjlsffw Jjets ftsdzde Odzj dzls dztsfyls ! sdz B
sCdMmMdzj dzdw 1 Bls 0 HEtS +7, des Hdzvw B JdBMW
Mret Mn Mn(?) jtoj dz2 d&3Odz, sOfmddsse, 1999).

J]dJHtesCMdHrT ®&BOwe OdzyO® ( ¢4 dzd, HJ dzlsted
lzrls dBdesedy ~dBdudmMEdy 1 dzj d3j dalsr . 1O
M ydsdzde” &5 6 s ddBBd yd MSdd3 B Ote! j tetsd3 H
BOtdWw, d Httkedr bWy jd n &jsOdzazse , d:
sOC Y] HAdv daj Slsstcr n Odzgd 56 j dagder = 1 dzj d3j
Nddz2hn By sOdzdztseo weodzwe Isfpw 3 Jdzj L 5- B3Ot G C
mMddse, 1999; Ross et. al . ; Liu et. al

1 syo jdedzr 2 ftsCtese 1 OBO2COdzr w S OtOC
BOtcc Odzy©, Ctsbstster j dqd3j e ls Mted Hdzg 8 d dzd
dzZse, 2007; utmMsteso® d HEKG., 2008). |
dz'w MBHjtY O0dzd] BOLEOdRYO ISOCY | tMisO] s
Moteso © d Hte., 2016). | Wodtsra LOMtsd
ftsH jtoy Oded ] dBOtE OdzyO® MsMisOoadzv jIs 616 N3
zdlssmW jter , dets fted {1 Istsdz 9 1,7 t©OLO of
fstesH] (lOBdZ. 5.12).

l ftedtetsHdzr = o9BHOR &OttcOdzj y Bctedts
sdedzts? W EHB A3 dtcNNm d Iswy jdzr 7 Bj lsOdzdzse s
Mtse dzs s ¢ C CtiBfdzj SMstsBtcOL s Odzeds , Jj GE
yder . g sftse dzts fls ¢ se¢dMmdzj dzede d OHT
(SdmdzstetsHdzr 2 d MtsteBydtsdedszr 2 B Ote! jtor )
Hsdzdz" = SBlsdzsy J dzdWv s (1 J 6 dz2 dB3O0dz, s OMd d3ts

HtSH jJteyOdzdJ Mn 9o fHtodiosHd = 9BHOR )
49 &S Ge/ dz, ftd MtejHde &3 L Oy dedd 3, 7



ifio
ots?2 ojdzdyddr (sOPddz d Ht6. , 2008) . [
dimstsydzd S s R OtOCIsjtedL s smw ftseor h j dader
HiBdIsO dMlssydzd ¢ O o' datsfyp HBBOtee OdzyO© Misml
stsdzyj dzlstcOydw dGFOtec Odzy® © GSdHEetslsj tedzOR
orhj CkzOttC O tojyde' » otH Yt [ tsBese tsdz' M
1 d Mdeslstew dzO@ B dzd L sfyls'  dzj Sz fF d
sdods 2 oBHAz 2 W credPsQL g dsdFeetc Oyd d o3
tesCd2, Yyidk £ jdziL O Bls dzj 2IstcOdz' dz" n
BOzsf sHody des. 1 BdBMW jtoj o tsHAOW d&da t
dZstetsHdz" B3 d N jdzsyds &&d ¢ ts~dBdud M¢dBd
1999) . l ftye On Byj dz BOdzs MBH j toy Odac
MdHr Mn dzgg OfMMsyddtelzelsmw M Odzt d3tsmd dz
Cdzyj dzelstcdtclzes sfqw o o dH] Ctwlkfdzr = o § jfr
BJ dzdztsfls! ¢ twOMftejHjdzj dzedw dBOeOdzyO o t
Hjtey Odzdw o ddzdfmlsts?2 WtwOSCydd (167 20 %),
69% 90dkzsoas?2 WBtedd¥ dOaAtSHIMY o dJhzdmlst
Il dLrikyjdedzr » ftsyeosOrn o d3j Istetso sd3 fndzts
Mn 9oO0Ot! dtekzjIlsmw o ftojHj dzOr Bls 603 i
Hitey Odedy dBOWLEOMZYO daj HtejorhOjIls 500 3
dtoJHdz) ] MBHJ Y Odzed] dBOLeOdZyO® ots oM
tej edtsdz®O 790 &®e/ ¢c¢, yYbts 1,3 twOL O dady
Ctstej . 165 tbdtsh jdedy ¢ fsyotstsBteOL 28 h dd
dLiEzyjdedzr | ftsyer ddjels IsjdeHjdeydy dzOS &
5.11) .
ltosWddz desj twWOmMftejHjdzj dedj d3ZOtec OdzyO
1100 ®&e/ ¢ (tdm. 5.12). 1 Odzdzt 9 dOdz' ¢
dzOd d3j dz' h Ov Cdzyd desteOydw L Issets {1 dzj d3j o
Gaizzeddey 70 Mmd3 ([ AJ] C~~q,s ) d dadxd.
MsH]jteydlsmMw 650-780 d@e/ ¢€e. 1 0detdz hd?2
ftosWddze Blsdzj yojlsmw o MbodsdyoOs, Mtdsd



iAo
Ctsdeyj delstcOydw  ssets + dzj d3j delsO f tetsd mnm SH
Mcotsd3 ctstedL sdzls O . ClkO Y4 LOSCBdtsd) tcdz
fsMlsOctetse j dgdesds (vf s-1-16). 1 MmMdzj o3
MsH jtey Odzd] dBOtc OdzyO© d3d dzd dz3Odz' dzts ( ted .

1 OCBBdetsdzj todetsy ko jdzdyj dzedj dB3Otec OdzyO
Z2d O OLWKjLOR, fCOLroa0Ojl, ybt {ftetsdfm
d3d . 10dBtsdzj j ddL St MHjty Odd) dBOkE
Mo jlsizsckdizmMtsots?2 Ytsys i, O d&BOSC M BOd dzt
Is ts5 d3.

HSHjteyOdzdy Mn o Mool lkzf ds?2 or B,
dzd J , Csil WWdydd dzls 9 0tcdOydd MmMtsMmlsOo dzv j
ZOrtsHdIsmMw o ftejHjdZOR 71671863 e/ Cc,
5.13) .

Il tkddydj b ftye jotsf j2MEs2 yYyOMm
Zzsy dilsj dz2 dzgOw L O dMmd dizgsmls! fMisH j to Oded W
dLEzyjdedzr = fsya On IsOC xJj, C0O0¢C d L tsdzOd
fpewird o MmdMmisj &g clzdzm T &OLeOd ) y (Ut
dzOB dz¢ HOJj Ismw Ctdzyj dzelsteOydw L Issets 1 dzj d3d
CcstcdL tsdzlsj, IsOSC d o sGtcjBj dedeatsdz G zdBlzfr
Mlsts?2 dijteL dzslsj. 14 ©" wWeodzjdets MmMewrLd MmtsH
C-ndBdUd MEdBd Mots2Mmise ORd fsys" (fted

[desedj Iwyjdzrj dgjIlsOdzdzr d dzj Is Odzdz
9" MsCts?2 Ctstwetej dzZvydj2 M dqdzdmists?2 WitOCy
2009). GCIts ftsHle jteyxHOjIMw d o L OMsd
ststetej dzv ydwv dB@BOtc OdzyO fy ctcOdzz dztsdzj Isted yJ
Isj dz dzz¥ HEtsMlsse jtoedzgzy Mmew L ! M Ctolkfdr i
ted d&zv ydd BOteOdzyO f dqdzdmists?2 WttOCydd 2

ltod ttOmMmdisistej dzedd Ctstetej dzv ydd dzOtce O«
YJ dedzr = fsyea O or wodzj dzO or MsC OW Mmd dzO
(Cr, Fe, Co, Ni) d Mg, Yylsts oL d3tsy dzts



ifio

Mlsotsds L OCtej f oz dzgdW ddescedrmn S OIsdtscj dzdz' n
HOdBZ3 dB3Oted Odzj Yy tBOLEZjIs fdtsydlsj d d&r j
f K<Ba (fteddtsyjddj 2).

| ZOo dz" d3d toj e dtsdzOdz' dgf di3d tsMmtsB j dedetsfls
N dedets] MtsHjtyOdzedj Jjoets o ftsyotstsBioOL k28
Btsdzr hddzmlse j ftseo jtrdesmisdzr = d ¢ tsHL J d3de
g jddySddz©, ¢BOh jjoO, 1986; sOhdde d H
MtsH jtoy Odzdwv BOeOdzy® 9o L sdzOdz’ dz" = f s5Yo
Bse, Jtodlztesyjdzdzr § € or Cdzddzdo Odzed® sk
Cso, ROEBOCkjtedLEssMw Bdjj of MECdd M
Cdzyj dzlstcOydw Mn o 1,28 ftjorhOjls jGt
Yy dzsds s 1 Oteelzr ddzMEts?2 Colsdzsoddzi, d o
fstesHj. |1 dzdwded] HSB sdzdedlsj dz' detsets ftod o
&3d sy 9 dH dzts.

rddzj Lgsadzw jIsfmw SHddd3 dL 6 dzOe dzr = dzd |

Cster . s dzOtw¢ jets o ddktsmWjtj ¢ djsdzj
(sOBdkz. 5.10). 0Ok j ormMtsCdj ¢ tdayj dalst
(25 %) , Edz stcOtsmdzsodz = (9, 85%) f StesH
2. 05% yjdzjLO, MmMOdsy di3dded 3Odz' detsj MtsH,
sMOHtByde « fBtesHOR T &Bjdadd 1% (1 Jtej dz
2011) .

l ftyotstsBteOL ks hdrn StesHOR | OBO2CO
dJIsmqw sIs 30015 HB8 60025 &c/ €6, Mtej H dz
azts 9 2008) . l syossBtcOLEZE N ] §tStosHT 1
deds M CdzOteCtsdy L J dgdets? Ctster 1T 5B J Hdzj dz
O dzc Otets- | dlsdBMEBes8 BOISSdZJISO, 9o fByo st
1,571,8 ©OLO o97hj (lsOGBd. 5.11).

[decteOydwy HJdzjLO © ckdsdudzr = d OtedH
LO tOLdzg » ©jJddydd pH d Eh. ) Glzdsd H d
Bdetdtelzjls, Mtsej dzdets o BB dSlSdEy -~ 9BHOA



iAo
oddzs, tBBGEONM j dzr Fe. l cdzj jora otsHOR
BOt! jty M BKOLBSOIOd] BGLJjd -~ d Bt
Misr dzdz" » dZOdzgH "N OW IsOR o h j dzsydets? Mmtej HJ
YOdzdj © oBHOR d tttdcOdzdL BBOr dedL C 5 .

l ftyes On MBHjGYOdd] Y4 d&iL O Ctsdzj B dz
NddzjLtsd3 StcOmdesL jd3&" (HB 10%), d BJ H
l ftsyeas O 10BO2COdz v MmtejHdzj j L dzOyj ded.
(sOhddz, 2014). 1 LtsdzOdz' dg' = yJ tedetsL j d3C
Hjd&OF 299007160108 &/ Ce, o Odds o dOd
o' % 299887160988 ®wE/Cc¢ (RoaOdsa, 2007)
Colsdizsoddzr MtcjHdzj J L dzOyjded] ¢ tedsdzdy j dz

] eitnddiddd Fe o00yde tCdmdzdls] dz?idets-
Fé* roknoOdjdsds] YjdjLts s Mots2flss O
COIdtsdzOd3, Jjets BdcecteOyYdtsdzdzOwv MY sMtsB dats i
h j dztsydz = . st mno Odzj dzls dats § Fe ftsHod)y dets
[MtsB j dedets o MsC Oo  igg dzd S Higezr Fed ¢ dMmdc
l MmMjtcsoHBteBHd =« o9 BHOR Gdts d3j MlsOdRd d
o Wsttd CcdHEMER W Hustee CRAef(UHSHC d i3 o §
zj gCts tsBteOLEZjIs EMmMlss2yder j Wkdz o Olsdz

Csd3f dzj € fyr, ftojHBROdVENd] JeB BIs ¢ dH
ssdzscsdHdz" | edHEsECMdHT Fe o Cdmdzs?2 Mmtey
tczsls Odedtsder (P, As, Mo , Cr, V), O f
mMestee ezt s ¢COIsdsdzr ( Mn, Cu, Co, Ni, P

]l hjdsydsr = otsHOR skydcecjtmMStscets M

ZjL O, ybts o 1,7 ©OLO &jd hj C kOGSO

LOCtojfdzjdedj] ©® odHj MtsjHddzj dz2d?2 MmJ tcdzets§
({lsyd sé, 1990) , GHJ JGEB MtsH jtey Odzd j

tcOLGtokzy O h ddslmMw © Btsdzslss HEs 38700 3G/

dtojHdzl oL o Jh jdedesy MBHjtey Odedj X J dzj L (

sls MOBs?2 dzjci?2 Yt cOdikzdtsdjlstedyd M &
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dzj j bwyjdts?2 (uvfs-4-16). [ ddzd 30dz dzOw
des?2 Isjted3sCtcedOlsztcB qtctso Odzdes?2 (v s-2-16
BOdz' dzOVW 9o MtsiztdyO< ] Modsdzyj o Olstsdz 385

HBH ey Odzdj Fe © dLEkzyjdedzr » f syoe On
W jter, d tjcdsdOd d' " fsys. vO®sj of
CJ ModsdyjoOlssds (vfs-4-16) fHtdsdzdyj d
otstsBteOLEZE N dd3d ftesHOMR] d L OMtsdzj dzdz" d3d
dz" , dLEyjdeder j] ftsysr MtsHjtey Ol yjdzjL ts
YHOJ I oddwdzdy dBddzj cOdzt dz = cGdHteBIS] todi
o dzsM® (tedfm. 5.11).

Il dqrikyjdedzr = ftsyesOr Y JdziLts MBHJ Y
B/ Cc (tedMm. 5.12) . l dzgzIstcd f tesW d dz' dzts o
Fojdduyjddy SCtdyj dkistcOyd?2 M cdzkzs ddts?2.
BgtSGJ dedletsls+ ¥ 1 dzj d3gj dgls© d MmMdzOB S22 J G5 (&

l L diBtsy dats, Yls ts ts ) dets o dzts | Csdzdyj Mlso ts
B dzj cOdzd L s Odzdz” B3 ctokzdzlstso ™ &3 o sH O3
(v s-1-16, v[f] s-3-16, v s-4-16) o s

otsmMMmMisOdzso dlIsj dz detsd3 B Ote’ § to g (vfs-2-16
CteOdzz dzts 3] Isted yJ M& s Bz MsMmlsOo 2 f syo J
ftosWddz desj o Ote! qteso Odzdj, Movw L Odzdets] M
stsdeyj delstcOydd Y jdzjLO o L OMtsdzj dedz =~
BOdz detsects teOMftej HJdzjdzgdw: W=0,)98, BBprGC
(34450 &CE/S¢) BdJLSH, ®hdBCO Mt Hdzj 2
L dzOyd dzdv, Soi WWduydjdads 9a0ttdOydd mMtsmlsO
Ststetej dzv ydsdzde" 2 OdzOdzdL s OL Odz tsIs Mk
zOSC s dzj dzd J O3 Fe d shdets o dzr o3 WdLd¢
ststete] dzv yd sdzdzOw Mmow oL+ ) to1 daj o7 Wo dzj d
HJOf OL sdz0O Ctsdzj B Odzd 2 1L Issets fCOL Olsj
Isj dzH J dzyd2 sy des or Hj dzd Is! fne w L ¢ N Jd dzj
(r=0,32), dzts HEtsMistse j tedats s L Isdn fme
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MsObdmisdud MSEddBd OMUJ sORd (§teddzsy j dzg
MlsOokz dzOdB Az J Is j f)dzlz ® Hsfisse j todzlz ®
mMejHdzy 2 rdzd (r=0, 58), © fMmeowr! M Bt
Il " MGz Misj § J dz tsB tc Ols dats 2 Cstetoj dzw yd
Cteczf detsects d MijHdziets §iMEO (fftoddztsy j ded

vsO0Cdd3 BBtLOL 53, CteOdgz dzts d3j Isted yj S d 2
o' MsCts] odzdwdedd dzO MtsH jtey Odzedy M JddziL O
1 dzj d3j dzls © n OtcOC Isj tcdz Ctolz f dats - d fntc
ZOdd3d dz' hdj T Stk dts- Mtej Hdz § 4 MyOdz 3.
Metsdik MsmMlsOek ftsyer ddd lHjd d j J-o
Csdzdyd Mlseo ©OR, dzj ¥4 dzd, dzjeSdy.

Ststetej dzv ydesdedz" 2 OdOdzdL o" wWeaddz HBMIS
fpewird YJddiLO Mt gdscddhd dLEzuyj dede” di3d
MewiL! dBsedzO BrIs! C0¢ fHftowds?2 (Mn, Cr
Ba). 1t IsjMmdesls] GCtstete] dzw ydsdadzets?2 Mo w L
Hks hdj BkBreoOehdj twHr: 1) ftew dBBOW fow
sBtOIsdzOY MmewrL+ T K > Ba.

1t MtsHjtey Oded® Y jdzjL O LOMtsdzj dedz” § -
GdHtetsIlsjteds B dzd L Od3j Isdets tsB j H dzj dz i ts
ddd mMsfshmisOsddr Mt M) Hddd MHJ 6y Odzd
dztsh jdzds € tjedodzOdz desdzsk W sdzk. [ H dzOC 5
dzd Blsd3i yddz@ gwserhjdeder § (o 1,25 tOL O)
hdy 8 d&OSsfdjddd dodiksOkzdzO dL otH dd
Mlse jdzdesj d o dgzlstedf tesW Jdz' detsjy twOMYytej HJ
LOodMmdls tls ctOdzdtsdgj stedyj MSsets Mmtsfls
SftejHjdvjlsmMvy OCIsdo dsimiss ¥ Odzdzé 9 d Odz! dats

stsBOdzE ssndd3dyjMSd BdzdL ¢ M Fe, Ni
L j Bdes?2 Ctstoj MsMmMlsOoadzv jIs 10 die/ Sce. 1
BOd O t©Oods 4 &e/ S, O o Ctdifdjsmj
B/ €¢ (lkOGBd 5.10).
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Il ddkesm¥jttj, ¢O0¢ d ddCjdzz, dOCOf d&
Cdfdzr j] Y StSH' B©BjHAjd S(tSBOd IStsd. |
NJdedwa 10BO2COdz W MtsHjy Odedj ¢ tsB Odz' |
[Mdzsodzr | d tMOHtydz j §BtesHT B J Hdzj dz
f1JMyodzr » ldsyiddves 10ttekzL ddhNts?2 ¢
MlsOodzw jIs 6, 41 8,1 B/ Sc (lsOBd 5.11).

Il BdtsmMWjtj +Itsls {1 dzj d3j dAls € Osfilstfistdes fipls tds
ils COldbdetse jdedzr d©zgd Mo s2Mlso ORBI. uvOCYJ,
Holzrn o Odzj dzlsdzsets S tsBOdz IsO HB Istejno Odzj dz
sB dzZOH Ot Is Mmddz! dz@ &3 tCdMmdzdlsj dz@ dz@ &3 Mo
1999) .

]l Oy dz" &3 WOSCItstesds ftso jHjdedw CtsBOdz! Is
COdzdyj Méses o jh jMmMlsa® d MtsHjtey Odzdj Gc
tcsdz?7 lsotsHIMY dBedlsBsted dzsdzdlstso™ &3 d d
mMsteBdtclze s d dzjcEts or MosBBYHOE IS CiB OC
Pendias, 2011).

Il eitadBBdui Médr dOdH" OWIsOR € 5B Odz
dz' =. |1 tjLiEzd O] C¢dmdzsess or h jdzOydeC
dz' CGstedL sdzsOr dzj Mdzr = fsys. wtsteByYdw
Fe d tftse jdedes Mn d <& dzdded iilsr dzd o3d dzj te C
Wddz Btsdzr hddzmflse © Mlsjfder = d ¢ EkMmisr dedz ~
tcJ dzydtectseo Odzdzts s f tetsW d dzs . RMC dzs yd dad §
(OyJ sOldets- cOMlsotsteddz” j) Witedzgr CtsBOdz! Is
o dJOdz dzr » COtBBdOId » eBtedL BdzlsOr Isdf
10detsdzj j BjHAd CtBOd tsd3 §f j MyoOde § s

HtcJHdz) J MBHj W Odedy GCBOdZ SO 9 5y
Hj &zOr 9,5 & ¢/ ¢e¢ (OB 5.12). 1 ¢CON
lIssets {dzj 3 dzls©O 9 Ote! qieckjls ls 8 HEts 14
[dz OCCE@BEdzdtczjIsmMw o ckzdgzmMtsear 7 d € OtcE
s Oh ( dg, 2014) . ¢ dzdzte 9 J Odz! dz" § ftsyoer Hj |

11
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Mcj Hded B3 Lktctsodzgj i3 9 Odzsotsets MtsH J toy Oded W
2,01 21,0 e/ Ca. [ ddzd ©3Odz! detsjy MsHJ ey O
BOS M &3Oz dzr § L deOyd dedw o Odzdzt 9 d Odz! dzts -
2009). 1 LOfMtdjdd » ftsysOn | 0B02COd
11,17123,8 &e/ ¢e¢ (1 O0MOEjesaO® d Ht. , 2
Ctslsdzso ddzr MtsHjtey Ols CtsBOdZ Is 9 o) Hj dzO
Jd&B 9,5 &/ e (lsOBd 5.12), ybkbt mMtsft
BO2COdz! v .

[dcecteOyd sdzdzOW MY sMtsBdzgsMmis! dfs © o SH
Eh, dt td &kjdj]j ttHo jtoyjdz cdHictsdzdL 2
' » Jdodse off dztsls+ HtS t1 =9, 0. J fnd dz
dzj 2IstcOdzr dz" §J] d Odzdtsdedz" § GdHEC sdi3f dzj € M
Csdkf dzj €M ). sdzOteS otH Lisdy OCIdodatsct
dzZ" » otH 0,25 &Cc/ dz. 1 M jdsyd = d&qdzj tc
ssydzd ¢ O MHjtey Oded]d SCBBOdZ SO MtsMmisOo dz
fsHodydzr 2 d MdzOBts ftsHodydem 2 o otsfml
10deBsdzj j ttOMftetsMmistcOdzy dzdz" | 6 J tsadd3d ud fr
tcsHdzr 2, otmMMmisOdtsodlsj dz dzr 2 Mmjtcso BH B
sdzdz” 2, N j dzydaets?2 .

1 OCtsfdzjdzdjy StBOdZ SO fftesdmMmatsHdIls o |
MsMlsOoakz ModzcdyOs O0F Mtdtsdyj 8 Olsr 7 ( ted f
Yd dzdzr = fsye On desfmdls dzOStsfdlsj dzt dgr 2 =G
MsHjtey Odzed] © HtyotstsBteOLkzEMNdr ftStesH OR
LOMBdz] dgdz" = Y tsye (tedfm. 5. 11) .

Il dJLriEyjdedzr = ftsyea ©n MBHjWYOddj € B
B/ €e. [ ddddkOd d&f@ § SBdeyd desteOydd Jaots
o' B3 CBtl O 1 0Ctsfdzjdzdy o Odzdz¥ 9 d Odz' dat
16) d MsdyoO¢] ftmMsOcttse jddetsds (v s -
ZsdzyO0Cj Isj dddesdz CtodtslskztcB dtoetso Odzdzsdz €
3-16) tWOmMftjHjdidd] ¢SBOd SO ttjL St H
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B ckddemMteo &3d cEtdL sdzlsORd, { sdser &iqd
ZOS s dzjdzdj CtsBOdz SO dgO MisteB ydtsdedetsdz |
9T 6O jdzO0 OCCbkdkzdw ydd 1 lstsets | dzj d3j dzls ©

1 Bted3Odz' detsfls! twOMftcjHjdzj dzgdw € tsB Odz' |
JIsmw IsjifmMsdz zOfds-vddkzi©® t©=0, 66, Y ls
(15,2 &/ S¢) d BIHJORO (14,9 d&Be/ )
dIs dz0 ftededzdy § dedetsisd twOMPtej Hj dzj dedw €

sttetej dzvw yqdtsdader §| MewrLd CBOdZ SO M ¢t
fsCOLOI] dzv 3 desmwils dzgj HsMiIsse jtodz 2 1 Ot
ydd SCtsBOdz s M sf (r=0, 37) d MmMtsHj t&
o' MsSd?2 (fteddzsyjddyg 1).

HBH Y Oded] SBBOd SO ddij jls Isj Mdekzs ¢
Cteczfdetsecs d McjHdies fijMEO, O OS] o
B Ctokzfdts?2, MtejHdzgj 2 d B d&z¢ts2 7 dzd (4

sttotc ] dzv ydosdeder 2 0OdzOdzdL MBsH j oy Oded v ¢
woddz of" MsCkzs Mmilsj tfj da fsdzsy dlsj dz¢ dats 2
[lstcdyOlsj dz' dets Ctstetej dzdtelzjIs ] K<Na<Ba (

HBH e Odzdj SCStBOdZ sO o dLEZyjdeder =
B Msdzsets L sdzOdzt dgsegts WisdzO. v O3 §J of
9 BBdzjj bwyjdzr n s cteOdgzdzsdzj Istced yj S
dets] dOCtsidzjdedjy vt o Odzdzt 8 dOdz! dgts?2 L Of
Yoty ftsmsOctcOej dzdesd3 (vf s-1-16) ftetsdfm
tc! jtoj . | dzv MdsdyOSte Isj @kd = ¢ dMmdj &
dzdj ftesdmMatsHdl dz0 Mt ydtsdedesds d € Otcs

1dejfizts Moatsdd3 WdLdSEs- ndi3dud MEdd3z Mo
[dz2 Bldshdlshw ftodstcdlsjlsder &5 Iss¢ mdydz o3
or s BtecOdzdL BOAZ 9 BIJSC e sdzd yJ Mlse OF s
ftsorhjdedzr » 1T 6GfOMdz &3 SsSCMdSOdzlssdz ( ¢ &
tcOMfted HYy dzj dedd ded & jdzwv, CtsBOdZ SO d Y4 ¢
htsj MratHMmMlsets. 1 0dBtsdzjj or MsCtsj jets
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deso dz' = ftstesH (1400-2000 d&e/ €c¢): M ko
Jes CBdzyj delsteOydw d3j dz h OJ Isfqw His 51
Kabata-Pendi as, 2011) . ) hj dzsydz" » Gt
M jtyOdzdj Ni o 1,5 tOLO orhj CdzOtl C
(sOGBd. 5.10).

Il BMOHtydy » fttetsHOR MtsH jtey Oded ] dzd
zodetsdzj 4§ o' MsCdy L dzOyJ dzedw rOtcOCIsj teds
dzj j dedL Sdj 1T Hdw §jMmMyoddise (s 0OBOIO-

HtojHdzy J MBHJjtyOdedj dzedSCjdzv o fByots
tcOodets 26N3 dBwe/ CE. wOd j dedL Sdj L dzOyy
fsyotstsBtcOL ks h drn §StetsHORr Mmjojtodzs?2 YO
9 ftyostBteOLEZENdRr fBtSHOR 8 ydes?2 YOMml
Misj fdes? LtsdzOR, 90t! dqkjls o ftejHj dZzOR
dzj YOl ¢ jtszsedyj mMSdj, dzOdzHh OWisdets- ¢ j s5n
(sOhddz, ROOdtse, 1995; RoOdtse, 2007) .
Colsdzsoddzr MmMtsH jtey Odzdj dedCj dzv S sdzj B dzj IS
MsHjteyx Odzd jd5 16, 1 dc/ e, ybts dedyj € dzO

Il BdsMmW jte] dOdBtsdzj j tcOMmi2tetsfigls t@ddg' o
dzZsydets?2 MtejH] dBsy fs BCddy R ipsmisde Wi o
hOow yOfmls: dedCjdzv f jtoj detsdlsmw ots oL 9
Btse. 1999).

l ftodtesHdz » otHOR 1 0BO2COd v ¢ tsda
ftejHJd&ZOR 0, 004-0,03 dc/ dz, o 1026C0dzj
dzs o dzOW BOMMO ded € j dzv BJetodelzjls d3j = Odzc
Yyomsdyodd. 1 oBHOR cdHElsjteds Skzdz' HEte
® 3,5 ©OLO CkOwStso"' R L dOyjdd?2 HAdY o
tej ydzr = otsH (lsOGBdz. 5. 13).

LMisOdgso dzj dets, vylbsts o Ltsdzgy cdf jtcej dzj
BOt! jtej, dzjecCt OHMmMtsteBdtolzs Ismw ¢ dzd dzO dzd
BsteW dzts?2 fteddsi mMd N jdzjL O d BOcdzdw o
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tcOdzOr (1 jtojdz d30Odz 1968) . stjdgdziL jd3 (
Mlsolzes Is tSMOYHJjdeds ded S Jdzv. | CdMmdzr = &
o J dgdes iz totsW d dzo sOC d Bls OolstsdtsteW
ZzOdzH h OW ISO. 1 OtdHdz = dZOdzH" OV IsO~ M daj
BOZsf sHoady jdz d dzgj EZyoOmbselkzjls o dmif Otcd
1 Jtoj &z &30dz, s OMmMddsse, 1999) .

HBBHjteyOdedj ded S jdzv o tcOL dgstsBtcOL dg' -
~nOOSCIsjtedL iz Ismw L dzOydlsy dz¢ des?2 S BsdzlstcOf
BB/ €6 (sOhddz, ROOdse, 1995; ROOdsoH,
JoO d HE., 2012; vyvydddlHtstey djoa0O d Hte.
YoOr 10kl ddmMSs?2 Ctldtsoddzsr MtsH j toy Odzd
21,5 &6/ e, M MejHddd L dOyjddj &3 ttOo d

l GWLjor'nmn Bldasyjddwas IsjtedOd dtscts
ftcjorhoOjls 30 d&e/ e, SCSBGEGHO o fwys Or
B stesosdz Mzs] CdziBdzjIsmw o Yo HJj dzO~
Ctsy LdOyjdedj Ni ftediztetsyj des € Odzdzs 9 dC
od (20 &c/ €6¢) d ftsMmisjtfjdedets ko jdzdydoe O
Zlswy jdzj dzgdV GOz dzsdzj Istced yJ MEse s MisMmisC
Modsdyos ] mMtdatsdyj 9 Ols s d.

Il drikydddzr = fsyeo On tlsdzj yojlsmw dOC
CdzOtcC sy L j dgdes?2 Ctster, syotstsBtcOL z8 h -
fsyse (tedfm. 5.11). wdzjHEjl Blsd@kjisdls ,
orhj o Motsdyot] mMtatsdyj oeOlktsdy (v s- 4
dzd ¢ O, s MteOoade dzdé ) Odzdzt 9 d Odz! dzts?2 {5
Hsd3. Clts MoadHjlsjdz Mseakjls 5 dBdeteOydd
swyjdzra ftsyo Oan.

Il ftesWddz dLEzyjdzde' = fBys MBHJY Od
59,8 &/ ¢e¢ (tedm. 5.12). [Isd3i yojlsmw
dz¢ o Odzdzt 9 Oz dets?2 Mo jsdzsezdizzmso 82 ¢t
CtesG jdzdesdz (uvf s-1-16). 1 MmMdzjots? Cstt
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Cjgdzv, yjds o HtesWddzj foysr. 1 MO -
tcjLSCts RZojddydeOjsmw (tdfm. 5.12). 1]t
sCdmdzdlsj dz! dats- e sMMisOdetseo dIsj dz' desd3 B Otc’ j
detsdz T 9 Mkztdyo¢,] Octtsc | dzdztsds. tdLGE
tcOMYf tcd HY dzj dzds dzdC j dzv R OtOCIsj toj dz H dzw
kst BCdMdzj dedets- G dzj j oS5 d3j oL dztsls dets G ts
BOSC Nd i3Odz! dzf d3 fytsH j oy Oded j d3 ded € j dzv tcOL &
MsCOw Ctdgyj delstcOydw L Istsegts 1 dzj dizgj dzlsO f t
swy jdzs- d MtejHdz] Mz dzd dzd Mistsdyz ¢ sted L tsdzls
o' n d Odzdzt e JOdz! dgr = MmMdzsw = . dsteBydvw dz
Mdzseo dzd 9 O Is dzj sSH detstetsSH dzts M Is Jjet toOMmf tc
Bj oL dztslsdetsds B Ot jtoj o 1 Ists?2 ftsye,j dzj ¢t
dsets Ctodtslskztce Jtetso Odzdzs e s Misdzsdzyj o Olsts@
Ho O BOt! jteO: COtBtsdzOIsdz 2 d d3j teL dztsls dz"

[ dzv sfted HY dzj dzdv dzsted3Odz! desmisd tOMY
fts MowLwdyg ddzjeshdes or MsCd?2 CoL WWdyd] d
frdzd d Wdrduyud M¢ts?2 cedzddzr ©OC C0O¢, Hteod
dzs?2 22 IsjfmMlsO zOfdtes-uvddzEO o wao dzj dats
Mcj Hdzad 68 L dzOYJ dedw, dBIHJOdMZ d dBBSHT 9
ofMd L Ists ECOLT 90jIs dO dzdL Sy Istsydatsmls:
(tedfm. 5. 1).

1 Bted3Odz' detsfls! tOMftcjHjdzj degdWw ded € j dzw
NOdedJ B3 WteOCydd Stwokfdts?2 " dzd WdLduyg fiy
f OtcOdgy stetseo . ( dzgOyd dzdjy w®©W=0, 45, ylsts L dzO
LdZ2Oyjddy d dBIHJOZO (45 &6/ €6) BdzdL ¢d
gqzd 6 Is BlsdesMdlsj dz' dets dzj o MsCdd fsCOLOIs

1d¢jadz, ftd wOMmEse)ddd MmMawLj2 M
Mots2Mlso Ok, dd&3j Jls HtsMmistse jtoedzzs Ed3j toj
dzd J &3 S OteB s dzOIstsea, M MlsOdz dzr &3 WdL ¢t
ydd daj or Wedzdsts (ftedadztsyjdedd 1) .
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HBBHJ Y Odzdj Ni Cotetej dzdtelzjIs € 0OC MM f
sO¢ d Mts ofMmjddd tSISHj dz' des oL WIsT d3d WtOC
syd dz IjfMmdts Ctstetej dzdtclzjls M WiwOCydd 2 f
tej dzv ydd d&OBdzFEHOjIsMw fm WO ydqw i Ctolzt
L Ists MeowL Odets M fserh jdzdets?2 otsHBH teso BHJ

lted wOmMMdisIstej dzedd MowirL d dzed &4 dzv M H
o' Wodzj 2O o' MBCOVYW Misjffjd sy dlsj dz@
Li < Mn. [ltedyOlsj dz dzs ded ¢ 4 dz2 Ctstetej dzd

dbSCCEd@zdy ydqw dedCjdzv o dJLbEyjdedzr =» f 5
d MtsteBydtsdedetsds B Otc! jtcOR. 1 todtetsHdz d3 d M
weogdwelsimwv M jydodzdL Oydw ftyeststsstcOL z8 h
Isj &z dese s ftetsyj MMO ftesdmMrasHdls jtcj tcOf
Bduyud Mésets MMIs©o O fftstesH d BBBOL ¥ M .

BJlsHBstydjo90O d Hte., 2012).

l Ozso tsj MtsH ey Odzed§ L dzj o3y dzlstse Gtz
fMtcj Hdzj 5 MsMisOeadzw jIs: Cr i 52N3,1 o/ ¢
B¢/ ¢e¢, Co i 15N1,03 &/ e, Ni 1 33N2
NddzijLO 5 Blsdetsh jdede ¢ CdzOtllkz L j d3dzets?
dzd ¢ jdz¢ T dOSCoOfdzdeOslsmw. 1 o MtcOo dzj «
B dzZsse o foyotssBtOLEZsEhNdRr §BtesHOR d
LddemMCs2 Crilsdzise d dz fsye " , ftodztots Yy da

Llsd L dzjdsjdest o Mmotjds sl ddy .

5.4.ijrdB3dyud mMSd) thmtse j dedesMmisd tOMY |
BOG BOIIUd MEdna 1 3OAOYJ?

#jtO (S) Gbdtshdlshy ¢ cdkzOodzs?2 {§tSHGC

3 dzlsr m himlsi &8 9 0dzj dzlsdz osd 1 dzj € Iste 5 dzO ¢

WdydlsdzO o dzdlstsmW jtoj, Gimdaso dzOw j i Yofr

WHtej. 1t ¢.1. 108a0tedyStdik Mj tcO lsdastr

&ZOyd?2 ({sBHreddzO, 2006). [ dset Mmjter
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L Od3d , 9 wOMlsoattej dgdlzsdsz oadH] Hwdmizlsmisot
Istsydzd ¢ On , ® odHj ftoddij hy 2, ontsHdI o
tcsHdzGts G OL O. ] ftcdqtcsH ] oMmMlstej yo, jlsmw
mMdz WOlktse d Mkd Wdute (1 jtj dd 30dz, S
10dBtsdzy J twWOMytetsmistcOdzy dgdz" d3d W o dzw & Isfyw
d3d dz! dzr = 1 dzj dB3J dzlstse, O OGS J MmMEzdz WdHT
40O Sldtshdlshw ¢ 1 dj &Bj dzlsOd3 Mts L dzO
dzj 2 yOfmilsd L j Bdes?2 Ctster o tOLder » dMistsy
1400 d&@c/ Sc¢ (qtedetste! jo, 2009). J1Jitrdd
Lidz 23. 1 COydfmbej CdOttCtse HAW Mmjter
Btslsr (Wedepohl ,1995) 1953 &c/ Ca. SMOX
ydd ddzd w©OMMjde Odzdd ~dddud MS&da 4 dzj d3d
dzsmdlsj dzt dets HOdgdzr = Htkedr dhMmdzj HisS9 Ols§
GJBrddBdUd MSdy OdesdzZOdzdd, dzdBB dZOBSB Bt
mMddizse, | d&zOMmtse, 2015) (OB 5.14).

vOBdzd youtdjHdzej i MBBH ity Odzd] S o L J dB3dets?2 Ctstey ,

C dzj osj [dzls s ZOC | to @ dggfidsfR dzc Otcts- | |SIjdFiMEQ@IR" | 1§ t

Cter ¢ dzO ) ) d Y jefgXlsdsjdzd Is PEIBEEOL 25 N
(Wedepoh|l , 1995) 2011) f StetSH T

S 953 4100 ) T

td 6dtsdzOdz) dzgs?2 BB dzdetsmls &8 W o dzw j Is
fsyotssptcOL ks hdr fBESHOR. 1 O0dBtdzj 4 BJ
d #ijfMmMyuyodeyr j d {1 tsdztser j (55) ftstotsHT ( R
1 OtcezL ddzME 82 Ctlsdzscoddzr R OwOCIsjtedL 28 Is
5.15) .

vO0BddyOBE jE50ddj] S o §jMCOR 1O0LekL JdhHss2 ¢

C dzj d3j dzls n ultsH j o) Odzd j [ sdztsh | da

C CPBCREOR] -9 dec PEEY j Hyodyg d3
Lj Bdas2sO®B|) dlsd &3NS BB B tcOL v M
C tstc g BOIstsdzf sflastctsH O d3 | d3( t
1 imyOdz §j lsdzsy jdzedWw t6. v Odzd dzé O
s | 1 1 3|0 | 0, 13 0,]3 i
1 jMyoOdzOw ftsyotstsBtcOL 28 h OV ff stctsH O
s | 99 105 | 0,11 0,3 i




fdv fMmjtr o BdsMW¥jtj, S0OC Hdv Cdf

©OLdF ° &EOMhlsOBme 1 6l djesd hdi o {t
LT 90N dn EOjtedSd d ©SjOdr . | cjsad
CwOlsdss d3j dgv jIs Moty o0dzj desdesfmls: . 1 o
tsjHgdaj dedv h jMisdo Odzj delsdes? Mmjter i Mk

SBtcOL Iz IS HokmoOdzj dzlsdz" §j MtsMmlsswdzedw d
St Odzd ud MSdd Msjnddejddy. IMmj tId ]
fted kEyoOMmlsdd BOSIjted?2 (1 Jjtjdz d30dz, s Ofy

J Eidzse dwa o dzOy detsects C dzd BOIsSO f totsd
ZzOdzH M OW Istse Mjtes?2 L O Mmyjl ddzlsj dzfifpd o datsc
sBtsegOh O sfpw. | Meeasd Cdd B0l Mjttd o
mMdzOB j 4, O o fhkMmisrdwr ftsuylsd dai or datsfe
sso o Mkf jtOCo0Odz dz" = YtsyoOn Mlsjitfi2 ¢
BSEOIr Mjts?2 (1 jtejd 8O0dz, 1979). 1 j My
MteOodzj dzgd®¥ M Htokzecddd, Btsdzjj BtSE OIS d3d
BZORtsHdIsMw o odHj tttcOddy mMits?2 d dz
2007) .

l ftye jdzdes 3 fsCtetsoj 1 0O0OBO2COd v M
tesCdrm HtojHJjZOR (lsOBd. 5.16). 1 fMmjter a
BOC M d30dz dz" di3d L dzOyj dedw disd o o jtemdzdr @
sls 5071 394 d&c/ S$c¢ M MejHddd L dzOyJ ddj o3
90n 10BO2COdzr W wodzw jlsfqw ddzlsj defid o dz' o3
dZdf cbkikzmser s cotedLsdksOr dj fjorh O]
stster = tOodgW jlsipw 731 d&Bc/ &6 (RO Odtse, 2

vOBdzdy@th Hitlzg g MHjYOdd] S o L Jj Bdkts?2 Ctste],

C dzj d3d dzls s GO tal] H-sdz®@tc ¢ &8 yd ,syolOrL OMtsdzj dad;
ds?2 CterdddteO | R[ 1t C (|gt®©B0O02¢ Qdzyy O |1 Ots
(Wedepoh(KdW®at aatso Odzd¥V é ( RO Oldzisg czif ¢ 52 €
95) Pendilas,2002) 2007 dzts o d dz'
2011)
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] otHOR dzZOMAzHI @AedsBO jSIO o Isstotsy, d§Y frplsdiss
d fiteotsy (Mkd WOIsder j otHT ) , o toj ydz
ZzOdzH h OW IO (1 jtoj dz2 d3Odz, 1979, 1982). I
skydejtmitsets dmstsydzd O MBH jtey Odedd Mk
® 6,4 fftcjorhoOjls CdzOte¢ tcj ydzr = otsH d o
fijteejdzgjL O (sOBdZ. 5.17).

s OB dZd you tSH L83 0dzedj S o IsjtcdzOdz! dzr = o9tHOR sky
tej ydz' = o BH d&ECc/ dz

Cdzj-skudej temq ¢ jdzOdedkH |-p fz@4cC o t5H Lftsdiztsh j dzd j
34 dfstetsls j tod3” (v getcBzY o [5@C Isd 9 dzZSCELAEC & zO 16 ¢ I
MCd2, 20067 sbizspsatss B3j 2 | ydridsdyr 06l
deddz d Htl MCAD132QODILYI9, gkA9%BY otHE

S 77500 12000 208300 6,

Il fsHyddej dedzr = dZOdzH M OWISOr ftod da Ht
Hij Mizd WdedL Oydv.S (fBigPDdztsh Qeagg , HL O My
90n, dqd&Or d HLjdBd = otHOR d&OCOf dde
Ld dd&3jels Byjde BBdz htsj BOdz dzj sdztse d Y
dzj yj dedv ddescdr Btsdzj L dzj 2 (1 dz¥ pdeddze d H
02 dzse O, 2016, 2017; Yy Jjtedzwoa MC d2, v ¢
2017 d Hts. ) .

I vwifweimmdv e tjd JWO Misjfi2 d kMl
BdzdL S8 BIs e jtemandzsMmisd, ftesdmatsHdls df
otsH' MsOdetsowIlsw [ dzstedH dets- Mizdz' W Ols dzr dzd
BJ MMissydzr » L jteOR (1 jte] d i3ZOdz, s OdBMd kB

Il LBdgj t€OLctelkzL Cd skydejtemMSdr cGdHTt!
Lijorn Bty jddwas 20700 i 20800 &6/ Cc
sy MBHjtey Odedj Mjter CtsdzijBdzjlsimw o 6]

HSH jtoyOdzedj Mjter o dqLEzyjdedzr = f sye O
2,51714,8 t©OLO, O MHjtyOdd] o ftyotsts
1,7717,6 ©OLO tjeddOd df 2 d Wdtser 2
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OB j orMmMtsCdy LdzOyd ddvy fHtdlkztesy dz
Isj dz' dz@ 2 BOt! j to, GH] MmMBHjtyOdzdj Mmjter
B/ Ce. |1 fyejdeder » ctstodL sdzlsOR MBHJ o)
dzsflsdeg” &3 SO, tjLSts EkZdjde hOjlsmw d
(tedfm. 5.16).

HBHJKYOdd] MmJter 9 dLEyjdedzr = f sYyosc
ftedHjdzjdedd (tedMm. 5.17) . s O0¢ C0O¢ MmtsH
tOMy tej Hjdzjdedd, MmtejHdzjj L dzOyjdzdj d Hte
sls o"Bttetd ftod destoedzOdz desdz tcOMYytej H | dz
fsyes On, fdkztesyjdedz" = & L tsdzOB3 Isj ¢ Istsdzd
zso ddzr MMmMlsOoaddkzts 3905 &e/ €6, ylsts o
LEzsh j2 ftstetHj, 2,9 tOL tjcdtsdOdz dztsg ts

vOC CO¢ lsBBte’ ftesB ftsdL oatsH dMm! )
dzts o dzOwW Yy Ofmls! Mmjter Cdpy) dzlstcdtctso OdzO M
o MejHdzj 3 5 ofMmjd dLEzyj dede" &3 § sye O
MicjHdzd 2 9o tBYyYya On dzfj BkZydls™ e Odzsm: MmMBHJ
CteCOn. 18 fted EZyjls] oBL MBSy dSets tLOMLE
B cdesdz ftotsded C dztso j dzgdd Mmjter o ftsye j dzdz
oLOJNMjdedztsy L dz2OyYyd dedd ko Jj dzdydlsmw dzO 87
O 35% d kZeojdzdyjddj dO 17% ftod { tctsda
5.18) .

vOBd&zd y@o j dztf & j ded j CBdeyj delstcOydd Mmjtr ftod tOMm
ftsye j dedetsdz ff tetsW d dzj

| &z B d 20 { lersLdadSdigsdzd | | MEPE daff B, | BG/ C 6 % sk
9 JdedW, [fndg dzOyd ded ™ Bc/ C¢ Ud dzd W
07 20 7290 3395 8
07 50 5258 1358 3
0-100 45709 6709 1

HBH Y Odedj Mjter o dqLbkyjdeder = fsYye O
v ydd M MtsHjtey Odzedj d3 dzj 6 S stcOMise sted d3r -
Cslsste’ » ftojssBEOHOj BOSYP] MjteO Isj Mdes €
J BB clBEMO o fJwswddy d M s, ubss, ol
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¢ Md 3B sted ¥ 0, 4
CSfyd MM 3, 2
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fsys On LtsdF odzdwdd®¥ skydejtwemMSdn ¢«
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RL twOfmMhdksiste degdz" = @ dzOd3d  dzj d3J dzlsts o
ssdz! S5 M MBHjtey Odedj d@3 BOtedWw (§ftod dztsy J dz
l dLEzyjdedzr = fsyes O MmMBHJ ey Odzadjy Mgt
des?2 Cwter d © 30 tOL MtsHjtey Odedj 1 dzj d3j
dztseo d dz" . v OC OV OdsdBOdz dzOv Ctsdgy dzlstc Oy
tcOLGtokzL C )] Mkzd WOIMtsH jtey O dr d3d dzj tc O dz
108 fdzjdedj S, © dLkzyjdedzr » ftsye ©On, o
3d dz' " j 2 Mmlsjfided 20O MisteBydodzdzesds d B dts

5. pirdiduiméd) tMmtej ddshisd oMY k)
l sdz' W(te)ds MO dzr 2 Ikkzetsf dzOea Cd2 dL d3j IsC
fJjtcOlskztcl § dzOo dzj dedw dd3dd JIs Itsdzr C 5 dzj d3d
fMlsOdzH Otels dz' 7 bk fdzts o gV dz' RUdter{dy j i€ dits fpfsidshi w6
Bj dBlsOdg, MtsHjtey Odedj JCEB o L j B2 Sty
Il {smimdd dzgj MStsdz' €5 B Misstesy Hj dad 2 9 t5¢
sOj, 1 0O0dz dgj &3 I sflssCj, dwjojtdasdz s ©OoC 0O
ldBrddidy W O0dOdizsedydz® ¢ jtsndddd M
zOB dz¢ HOJj IsMw LOAJNJjdzdy otdz WitORO. 1 to
Odzd sdzdzlz ¥ W tste d3kz)? .3 flsEO'daga?” dgdWOdZd dzj tc © dzO dzq
WteO®dls (Fe); MPQdKkOMIsd d) ; (&nh j Fed |y .0 dDe
Cts drLo jMmlsdets dgj MEtsdz! Cts otsdz! WtcOdedIstso
teOL dzd ydz" iz dBj sOdzdzOdzd. 1 Btsdz' h d dgflse j
fMtsjHddej dzdw W BOdsteOMmlse sted &3’ , dats dzj S
Bj dgdets fMowL Odzgdz j M Mo, dselkzls BTN Is! ditss
l BCtkyOsh j2 MtejH] W o fdtsodatsds ff tod f
WtcORzOlstsyg , (WO IsOCy | o ftetslstsdzgdtotso Odeds’ n
Il otmMmMisOdtsadlsj dzt dzf 7 EfMmMdzsedwa (© Htsdzac
sBOLBO " 90! MW dL-1L O kEdgjde " jdedWw W HE
( Kabata-Pendias, 2011).
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RZOBR" s 3 ctedL sdzlssdg Isjrdesejdzdzr = f j MG
16,01 17,0 t©OL orhj Wtdeatsor 7 L dzOyJ dzd 2
HjteyOdzdj otsdz WkcOBBO o Isjrdetscj dgde” = 1
(RBjIsnjdetse d Hte., 2016) .

[ BCOLOdes EyOmlsd) otd WicORBRO o L Ofts
Cslsste’ 7 tOMMtsdzOR . 4 Odgr 2 L dzOd3j ded IsT 2
(dz2¢), c6Hj dMyOtejdedj " jdzsydy = IsjteizO0d
Br d Na, ftwdejdzts ¢ d&OCtsf dzj dzadé dzOtew H L
ZzOr MosdyOc O djtodh dOSCtsf ddsm: HJ MWk
®Bseo, 1999).

l dLEyjdedzr » ftsye Or 1 OtelkzL ddzMWss?2 ¢
ftosdmMrtHdls Istsdz? Cts5 © HBsdede 7 Blsdztsy j dzd
o jtorndzgdr cCcBtedL sdalsOR Odzdz¥ 9 dOdz! dets?2 Isj fe
fsyeoj (uvf[s-2-16), SCthtsteOvw ttOMf cdzsy j d
tej dzlmMCd2, o BMlsOdz dz"@ 7 ftsyos Oc W MisH j toy
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t df. 1G98t Odmise j dzdzsj d ¥ dd dsj ©ON{
o jlsdzsczBzMtso ts2 L OMtsdzj dzdzts? Isj eBsC g Ols B ¢

Il oW ddzd Odzdzt 9 JOdz! dzts?2 L Oftsdzj dadzts 2
otsdz WteORBO SCtsdzjBdzj sfpw BIs 47,2 &c/ €6 ¢
Hts 90, 9 d&c6/ $Cé o HcdtejBjdedlesds G zdzzMmiso
mMds, ybsts o 27,8 d © 53,5 w©OL orhj C€dzO
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MHjtyOdzdj W o fHtesWddz Odzdzt o  Odzt dats 2
odlsfmMw <5 d&e/ ¢e¢ (tedm. 5.18), C0O¢C o s
tesydh ©. v 0Cdd3 tsBteOL t5d3, tsyj 9 dHdets o dzd
cts dimMsydd¢ O skydejt, C0O0¢ HBY sddzdlsj dz

5. 6[.Mtse j dzdzsMmisd tetsMmistcOdzmise j dedzts?2 o o dzk
ydd BCtetsi dzj B3 dels detse s MtsMis©oa O ftsyo L S

Il drikyjdzdzg' = L OMBdzj dzdz" = H s5yYyes On MmMicg
stses MtsMmisOo d dzts L 27,5N1, 6; Nai 28286
Cai 57245N4016; Sri 1057N36,5; Bail25
33145N1773; Coil1l5,2N1,03; Nii46KN2, 9;
wes CtsiWWdydjdadstse Ctsdzyj delsteOydd dn A3t
fjteoky ftslsdzj Mjdzgr { dzjdgjodzlsr Csi WWdydj d
CHOwLS O L jdidets? SCtster  dOSidlsj dzd dz 2
Ba> 5% 28 Nk £2 €8 Na i3 Mg It osltstlzs
ontSHYI, e L6 LHIM ClWVJyd]dels € tsdayd
0, 8.

lted orwWodzjdedd cGjsandd3dud MEdms GMsBJ
SdzOdz! desds d3OMh IsOB j, BT dzd oL WlIsT ftej H dad
cOCljtedLizs hdjmw ftsorh jdedzr 5 MisH § oy Odaq
Cdds kZtetsodzj ds MisH jtoy Odedw fjter d + dzj d3j c
it JeddzOdz’ dets tSlsdetsmlsj dz' dg" 2 ¢ jtsaddzdyyg
Hizs h 2 ff Ste®BmMy>NSECiasCio>sN@>Li>»>Mn., o f-
HyteyOdzdJ Ba, Cr, Fe d s BddLSts ¢ Mt
5.191).

[ dzv  EfMlsOdztse dzj dzgdv dMlssydedC O §tshmiskzy
ftsyslkz dOdBBd B' dz SOCH ] twWOMMdislstej dz - dd
fstesH' , CtltsteOV 9 1 0ekZL JdMss? ¢ lsdzs
dz2" &3 BOIjtcdOdzsds (vBkekditse d Hte., 201C¢€
dzdw Ctlstster n, ftojHMIsSOodzj dz@ fj MyoOds ozqd
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LOMBsdzj dedz" | ftsyer Lbdz tcOL dzsdZse tslsdzd ycC
Ca, Sr, Mn, Fe, Co, Ni. [MmMtBj dedetsfmls’ &
Bdesc sC tcOIsdesj (o 37 t©OL) Hteojorhjdady
BOMMdose 1 OttelzL JdMis? Ctlsdtsoddz (todf
stsdz! €58 HBfBdddlsj &z dz 2 fHtedo dztsfy o s5H Od3d
Zzdo Ojls dOCtsf dzjdedi ~ddBdud MSdr + dzj d3d dals
Ydils Brils! ftoddgjdedlsjdzt des d €& Htekzedd3 Is,
OCIsdodzr » IsjClssdedyi MEdr ©OL zs@Bse Mts
Emdzse dw d3( .

a Sr Ba r Mn Fe o Ni s Li Na K Mi Ca 5r Ba cr Mn Fe o Mi 5
KK ——wnaps auTocheps: JaceNEHHRIE ROUNL] RYMHIERCAATS YPouM s —— Mouant Jatafisania [Meawon, 2007]
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