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tzCtsosHdlsj dzv H-BE et @ dwg dsusigtsd 7 dz0k ¢
4 ZOG SH j§ LO ftoj HisMIsOo dzj dzd j BZOIs j ted O dzts
sBfMEyHjddi d §s®Esh! d&O ofMjin ¢olb®EOD dzd
H. G. dz. l . L.-gidsetsd O . d skteyOlseslkz L O -
or Oy Ojls ftdL dzOIsj dz' detsmis’. dzL O ¢ M Is to HE&ET
C.-g.dz. [.J. [§6Cdds?; MekekzHddSOod [ C
Obgsmi j ter [ d ggdets dpEaidsqIsizs® o[ 61 ¢. .
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rzygd dz€ ts LO 0O0dzOdzd Is d yiLfEodjjH 2 MmNz HOSRORIE
zOB stcOlststedd U R UL Q CoLELLdsDRE fifls'a . f totso j H J

] 20 © 1. RMbtstedw d djlstsHT dL Ezyg dedvw

1.1. upmhssyd$ENO s VWottdddteseo Odzdd =~ d &3d .
dz' His®

[ J,LHE OC Mo mMissw Is j dz dzOW G StcdzOW RS
f sdzd d3d dzd tc O dz! dzts 2, " dftdcidsdkids? tofOdd toHsim Is tc O dzj dz
[otOLdd. [Jdztey @, dij @4 G, 1616 dzis PaH j didodstsic B OW d

Isftsoa® [1967]. stliftsdz dzsOBd dzt HO dIsG Lz
d dzj eOMmMsestedd § ftodddmd, tecOdduj e
[ sdes ~nddz d Ht6. , 1988] . 1 Odzd yd j 1 Isdr
sBlMmdzso dzj des yYJ dzr &3 W HEBABR § eBEE] S O sMinfds
vdLdud mMSda nd i3 Yy HC 6, Cted 56 j dede’ = ,

Bdsdzsedud Méda fsyl Mintse . md B3dud m<dq?
dmf sdz? L soe Oz COC YtsCOL Olsj dz Emdzse d2
[1941], 1.}. o¢o¢ddmddsets? ][ 1971], 1. R.

10 "ddidud M&d?2 MsMisOo dz' HO dzj Hdzd €
zO ¢ s dzi dzd W Mdzj cO M OldtsmW jtodzr d3d O1 &
Bdtsdascdui mMedy, ¢omMBdudmMédy d Ijnrditseyjc
1982]. J.[. stbdwitse d 1. Mty tssHd ) dY
OB fMteB dtelzj Ismw dzO fso jton dztsfls d fndzj » dz
Cdzyd dzlstcOydw tSlsdztsy j dzdz" = Mt Mdzgj esdz
Y tej Hso Odzdw IsOwWdzdw d L OB teL Odzedw . [ Y H
CdBrnddBdui MEsets MsOHBEOBPISstcPgd d ™ §Mmis o sl
Cedemjtco Oydd o jh jMmMlsa® o CtodtsmMW jtej d
WsdzO Stz O h j2 MtejHT dzO twOLdzer = 1 IsOf ¢
1985] . d4JjLtsdzdzr | dBstemCdd, teJ ydz" § d
Mtsmis Oo -zl dg'tcc o sH [ w8 Oo jdzr jo, 196 3;
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gtoj Hd f SHL J dBdz" ~ dz' HBB® BsClzls 9 Ml
ftsojtndetsmisdz § , sO¢ d odkzlstcdctokzdzstsor j
llst oddzO, 1969,; lIOnmyezshybd) cRROJIddise d yd fr
o Cdzt yor s drbkyjdedy cGdHtesanddidyd MEtsets M
fSHL jJBdzZr = d&z' Hise [ [ JItSH' G iBCtdBdzse dyy

l1tcj HMIsOo dzj dzd W ts ftcj sBtcOL ts9 Odzd d d
Wsttd3dtetso Odzd d dz' Hise ©OL OBBIOdZ 12¢

1. 1. (1 s@30dktsomMCdds [ 1974], 1.¢. w08 jdz .
1 -1 - it sA3Odzso mMSCdads [ 1983] , d. 1. RO Odzts o
Bdzsc tsdzj Isdz] d3j oL dzF =  StesHOR d dzr HOR ftod
a1, SO%, 1wNa, s MR [ Atdje, 1999]. ¢dOd

CdzOo dz'r = dodzse o wWOMsoatste] YoLodwjls
FyOmlsetseo Oah j 2 ) dz' HstsBIGOL 59 Odzd d, 0]
Csdeyj delstcOydd ftod Wtstoddtetso Odedd dzdartse
o lststed ydglstc f tedsr  tslsdztsy j dzd 2 IsOdzd € s9 Clod v o
o j dzd ugQizdg MsMisOg itss inipdy & dzjf dedetiidzj dzd § o
fteslsOdo Odedd d ddatv dadz' IsteOydd o¢Ycuslofmjdtaifmistatom |
stedykzS, B0LO]Aaldjoe [1999, 209, ja0io:
[ 1937], bkfmsOdkssdd, vybkt Stdyj dstdtts O
fodosHdls § Ctde| ddes? ¢ dH o, AfdagdHudisme o
By ssH tsftejHjdzjddy doddtsets MeMmMisOs O L
Ctedtsce § dzgdztsG s B sOBRSstW dL HBEO BF 0zOY o | di
Bd dzj tOdzdL Oydd, ~ddBduj MEsets Mhps®y O
Csdzyj dzlstcdteso Odegdj tOMMsdzO L O Mmyj-Is, & tou

74 % HjMEzdz WOldL Oydw, sB zMmdzts o dzj dzdz
(NaSQ- 1 0,0H o  dzls-7,tpt@5ty. tslis
1 © fnd ¢ sHda¥ 1 dzd 2 HJ dg' dL kzyd def s

~dBdyi MEtses MsMisOa © twWOLdr » Isdfftse s
L OC sdes 3 todets s d CtedMlsOdzdzdL Oyd d ftcd
Isj B J tOIlskzter dZOyodzO L Od3j toL Odzd YO oD Lo @seHC
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Cted G j dedetsy S Bdzyj dzlstcdtetso Odedj, dL 3 dzj da

Jtekh Cso, 2003;: (BEO, 2009]. uflsOds:e
~dBdyYd Métsets MMlsO0s 0 d cjdisduimMédna Kk
ftetsdzj toL Odad v tsls dztsy | dagPozs dz' ) t5 dzdolt tsHizO dz?

MW sted3d tets 9 Odzdz" j LO MmMuydlb Lddiddr Olsdismh
bdz stcOf toj fde o5 coduatddrHONE Bds da@ I Hiatetists dHedzts dz
ZOIs o Paias yQ ®ded j o ' d3, -C QO lsyafdj joo =53 € fiptisfipls® &
fted dBzn j Mise j dadets, ded OsLhQford M ls dztusils) dzg 23

] Offddz yks, 1983: [kedStse, 2002]. vl
"stesdteseo Odedd 1} rJ Shdssds &8 dmistsyddS s
sMOHSd [sttdykS, 2010]. [sthmis?2 OIsd&sm

dzOIlstcd j o " 2 fntsf)is Gels d delp! delstOedz! dz" | Ol tefsL tsdz
COdz ydjoeor 2 MmMtsmlsOo .

ldtrddidud MG d?2 MeMisOo Gzt yJ dztso ' n
st HJ dzjt=dp § dzQ o5 dz: 9 NddzOR IststeW W dad C ts¢
f82d3j dzdz" » Glsdztsy jddwvas ttj&¢ [(t6EEZSOYWARO d
cO®@p fsm. [rMm sOdRRjdedzr 2 [ 1 EZHOdZYyy 980, 1 C

md dzd yJ ms d2 MtsMmilsOo f zOMmilstso ' A dz' H B
slsdztsy j dzd W = (¢ B3O dzO, of jtcor J dMmMdz] HisBo O
[1964] . [dd lbdjyodd, ybts ~dddyud mnsc
L Qo dMmd diigtsfiplsiafs 0 X 20O dzj-&5 JO dzf 3O dizO © 'fH j dzw & Is
dmMesf O Bisets dqdz j Cyddzdese s dz2 HO B L
o3y M O h AT dfdedaddHL do dz" § f dzOMmlIsr d dzd daL '
dqdz j Sydddztsects dz HO, dzOtc z i @20 § js dzdhldzts |
slstej adj ye d . [. [ Jd2Bd@30dz [ 2002] fted HY ts5dzC
Ctedsfit cOBd d § &zOMmlstse™ disd d& HOBd d HIS
MM © § &zOMstseaetsegs dz2 HO M MsMisOo tsd3
fjted Cter 9O hdn d&stemMCdr ¢ dzd dz. 10 BPYO
sMisteso Or 1 Jdzr 2 d wdBdtewiso0O o sOtME
~dBdyij Med2 MemMisOs fsHL jdgder = dzr HES9,
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slsdztsy J dzd 2 , d M etLHj2Modjd3 d&estems d.
MW stcdzd tetso Odzdz" = o  tod dzd o dzts2 0 1L2t5@izj J[ Qufrisch
stetsw d d3s o 1984, 4 dzZOGBHO d Hte. |, 201 2;

slsCter Isr n dMssyded ¢t 0r WOSCIduji MSdr H Odzder
dz' His9 d dRBdetsetsdzj Isdzj d3j teL dz' =~ o dzj h O h da
f sz sfistesouOOL o MCHsaztic j W3 ke dzd S s9 O
B dz "y, YdB Hdzvw fsdzEtshlstese O (¢ B3O dz.

) fsmdzj Hdzdj] GBHT | o MmMewrLd fm ddzlsj t
dpteSCIsdSd dzOyOoOdztsy! dL z2yd dzqd 4 Bd ¢ tets € tsd3tf
sMOHC 59 d fteojtrndtsmisdzr » tatis.dz0 Wifflkc@d
~nOOSCIsjtedLizjlsmw or dzssmtsdg Ca, Mg, Fe,
1 dzj a3 delstso-s@dzfggsL gdatefp s tcj HJj dzw jJIsw L J OF
otsmMmlsOdetso dlIsj dz' dzr o3 f slsj dzyd O dzts 3, d3d dzd
9" 9 jlstedo OdzdwY d ftse j dedets MmidlWw dygdj detsdts & jHAEAER
Ca, Mg , S, ufs, Ni, [n, w&r, BlsyoOmilsd C
Al,Ti, dzOdzls At PHR 9 Odzso ©, 2019] .

[ Odzdz" J 5 twOmMftejHjdzjddd d3d ¢ tetst dzj ds,
fzedzd C Oydwrn dzgj d@gdetsc syd mdzj @zdzfmo v 1o Is 6 i 'd3q
MeMisOa O Isj CMskztcssBteOL 8 h da dz/, H S Isip dzlg ¢
fjtojhdgHAB] dzlstse dL § stcBKtsdza)j dzlsicf tcts g O ded,
fsHL jd@gde" » o tsHOR ftod ftotsdzj oL Odedd [ ¢ dzj ¢
My j Silster M H jcy JOddaddr! date g H Gd3d Is O dzdzts o H dzw
1 satsmMde qtemMS dn sfistctso 5o [ R Odzts e O, :
tcJ HEtSL jJdgd dz? dzf = L dzj 3 dzlstse o 1 r [ dsclzls
LJd3dzed n tMOHEC OR, o Istsd3 ydmdzj Odzlstets f t
O! tetsL sdzd .

J McMEBdd ¢ sdg@dz! ditizc 80 tsB dzOtclz y J dzr
ftsyeo jdedzr = tcOMlso stise, fsf OHOs h da o s
Hts., 2016]. stesdj Istsets, or wodyj dats, ylst
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yOfmlse tso Ols Md cted e Oyditgdedetctizr @ Idzjpw dsth B
2019].

stsMisOe Isj CMsztessBtcOL 28 h dr iy jodsj dEIKC
Isj Mdes Mow L Odz M otHBtOMsesstcd dzr dzd € i3
sls MEtstesMmisd dzr HStSBEOL S OdzgdW™w o d3j Y Stedf
CsiBf sdaj dzls ' Ctslstster jB Hffrfeodvin kOsdyiso2lz & ¢t dzji
ZyoOmlsekze h j2 o dz HstsBOLtSo Odzdd [ | 4 BEC
dhssydzd S sd3 Hdzv Bt OL o OdzedwY Mjcetej cOydt
MdzOB sMo W L OdzdzOW o tsH-Q s dzte fidy dztddqjtfdsdydy e@ @lAtsldnth
OBHO [ BFBsoy BRQOPIlstsdy 1 ssegts, o Wtstcdzdtcts
odJhjiMmsea O, fYoMmMskzfOeahdj odiMmisy M ctokzdzlst
LYyoOmilsdy oo jtrdesMmMisde = d BsteMCda otSH o0
[ | BdzsBtsC 89 O d Hte. |, 2013], J® guwdmledgizo
odzOed s twWOMYtej HJ dzj ded © teJ HC L j dgj dz' dz' =
[RoOdzsoa ©, 2012] .

1 BHL j dgdz" § dz' HT sB d&ZOH OB Is fftcjHj dzj o
ftesHBdydlsj dz dzr 2 fjtedtsH ¢ jBdzcedyd M BGt
d Misj Miso jrdfddyd2y jehgldzf 2 j et L otsdzs yds o. § dzj
1.2. JJitCtdsdztecdqyujmMédy dmMmdzj Hse Odzad v
dmmdzj Hise Odzd W

s sd3f dzj Yfpdadzyi Hso Oded W d3dztsG tsdzj Isdzj d3j oL ©
1 Of OH dztsG 5 v 02 3" O, OtcCIsd yd MO PL ts ol
Bimeztej Yy' v-2012008. oCdzs yodzd dL kzyj dzed j
tslsdztsy § dzd 2 , ~rddBdyj M sets MMmMisOo O, Cted f
dz' Hise, dzOL j Bde' 7 dwsteMitsets d L jtodses
FyomilsC On . RIMMmdz) Hseo Odzd W Is §3 56 d dggi§ Jteist od&]
MeMisOe j dzt Hse oo jHj dzB de@d3Y stisdz. - utsE
SedB j2, . 1 jdzr2, 5. uwdBdtw tseo @& 0Odftsm.f
J"HO (tdm. 1).
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sdzd BOBdud Mc¢dj Emzsedw OllsdulmEs?
of Stedzr j] EyOfMmlsSd dhmimdzjHse Odzd2, 5 OO
Ld B2, CoteskCdd fsn dzOHd & dzj st
ZOftcOQodzj dzgd j &3 o jIstetse [ | jsCtedsdzcedWw ou
O esMistcOdzj dzad j] BozscEtsdzj lsdzj d3j teL dzr & ff st
dled H ag" ¥ 54 &Y J e ) n-o8 Taiimuip
f stesH dL dB3j7dzVHLtS A B e
fjojtjs usts b e dzO
Is Iz dzH to mMiojtO 1 C
N OEOC s todg
MdzOB tste OMudz) d2 dedz0" [ e et )
o' MEECOW L OBLY te] ¢ NEREEEECEE
cOMf tsMisteOdzj dad j d
o' f £C dzsB 2 ¢ teWvindzd &t

m. KapenoBexknii

¢. I'vina

nm-oB Simaun

¢. lN3-Cane

n Gfr]r tQJ W H tsdzq' [s7AOF e ‘ 0 100 ko
tdfmt Oy sdztsy § ded § ¢ dz®
Hi. , 1987, g dzO G 1 Cffr]fl’]dZ'HBSGdchQ &z Hise

108Sddz d Hi. 50 ftcd tesH dz otsH (www

I T ABHT Ckzf dzr = BOMMJdo soc BB AEO do 4B
OQeCIsdyimMédr GMlstetsoa ©Or d o ddLBa! W [
zd s . tcged m ~ OLOCIS] todz' " jtkisBegUz! j M § dz@ D1
mMdzsd Mists j Mistets j dzd § dzj HW dzr n Isjdz [r1 EZBC
Il Omddz ye¢, 1983;0delstl @ ¢ Oyted iR BdR 01
4 ZOGsHO d Hte. |, 2012; 4 ZOGsHO d HEG. |,
szt ydorJg , 2QOofflsisdstecr = BT dzd MmtsB tcOde a3 C
GiBrnddBdud ME et Migsigl @ of @t affigtss | IsMise d
GJ dta@Wns 52 L sdzOdzt desfyls' & [ | j sCtedBdzsed

l OtllkduydmMSs?2 IslkzdzH tejd L iz ygstezic i Id dizc 9 dz
brf dzg© Cdz¢#Pyjorn-s Eyomseon (tdm. 2):

tOLtejL BHtcf flplsDo dzj dzL @iz es@3 MRz 0
BsemMScdn, Mk Ot OdA @A ~d L PIfs g vdztz" -1 {9 finte
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2451182 IsT . dz-d®f GH digjRo judhisd . 1 j dzr 2.
LOdzi GOE s dzgO dzj etso dats? Mmded ¥y J dedets? G tetso
ftosd3d eL " dr COtceddzmCdm tSlsdztsy j dzd 2 . ) |
MottlsOdgz8 Py tOdz! dz" | lsdzsy j dzdV 9 tej d3j dzdz
md o Jdad®j Mmded ¥ j deditsRis o€ g dzif ted Btej 3 dz' J tSls dzts
d3d dz€ d - Modkzsdztso Olsr n sL j tc, Colsster j
sSBteOL s Odzd j d3 [ dzjlzOddz'AB18Y. d dz.

t OLtej L s ¢ B o@ditgjtevMmIs Oo dzj dz dz' HisSdZ M
o Cdzt yjdedvw dB3d-2-0 §letsg ™ B J v d3d dzj tc O dzr dzt509) ff to 0
o Y d&zon, LOdzj O hdrn MmMtslse jIlsMilse j dedets o
Slsdzsy J dzgdw s M Ctolzff d" d3d dzddzt Od3d IststeW O
H t62014].

t OLtej L i 4 tgjduSijrisstila dzj dz H o EZidgv] d telz i Gk
fkzL" ! Ctse otSLHE-O d HtSdZ 9 L OltsteW 59 O
sMisOIsC Odzd o HBzgbzj | H bz oztz] B3 Y | @dAF s®s " ¢
® HJjdzt 0 JOdz dz" n Mkce dzd digisBA IsdzQ i Czikty Jz fzdzis
CtcOdzd IsOdsd, cdzgj2MOdzd [ YISO d Hi. , ~Z

l fmjojtodatsPL Hsyzjddwr tc jtc OL dz" 4§ Isdyr f SHL J
dz' Hse ©OLtjLOr dO Cd&z¥ yjoras EyYyoOmkss Or:

tOLtejL MfyyHMIOOo dzj dz 1 r [ BJIL dBddzj toc
Bd dzj 6 Odz! dz" RAB3de ¢ didwigLdecpvd H dz" d3 § dzOfistse ' o3
slsmd HOdzd W , s SMsztestsBtcOL 2 h Jd3d dz2 H O
Odzj cOs hddizd o Mkt j MY - dP ks PA dzsdgts D dis
~nOMr e yt®wmizy OteMmise j dzdzOW G sdzse d yd MzOI 56 ©
2000; l Oomddzr ykz¢, ., 2018]1lytcjHizdg @Tstmdaso QW H s
otSLHEZARO f jUO72H OF Gl.9 6hfts AstD,0 A teljOH dzw v Is j dist
fjtedtsHO 4, 630A4d7, Awdzo Ofigswdlzw 7, 9 Aw. [BF
Btsdzj § 350 33, dategist difstiniste s em@zjdgj dzd 4 50 Mmd3
zj sdzj e6ts MjLtsdkO tsftejHjdzv jls dzj BtsiD8LAE

-
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3. 1 fHtwjH] ZOr oltter o IsjtotcOMm HBddd to
HtsMIsdecOjIs 200 3.

[OLB)L . sl Offctg Jf Hsfg Q@ e czj dz  dedf Y 4 MK d dsde
B3q dzj Odz' dg" i3 fed i3 MW i3, L OdzjcOs M jd3 o
mMef imMwa M Ooltrlstsdzdz” d3 Iststel tsd3, fJjte ¢t
Cstets?2, hjfs?2 [[fs¢CddOd d Hte., 2014].

l Isdff dydzetsiPL Asuzjdde'te jJf sSHL J d3dz" 4 d MO dz
Cdziga’" -~ EZYyoms ¢ asd df

t OLtej LT 3 Odzfi Otftcjj H Mis Oo dzj dz f dzOMmls 1
mMkeetstedL Sdzls Odzy dzr d3 Mffj dztssy dzt®© d Rdedisgrity-d  dz
i ¢t ¢ OyaffsdigdarsEfip©, 1 r [ M &ddzj eOdz' dz" di3d
LOdzj cOs hdn o Mk jmwa; s otcd) ,d3 vz@tz? G @ &c
mkzq j mw o, fjtod €t Is'fic HjCN-tkis tc ) ¢ 52 te (
fjtcj tcOB t5lsOdzdzats 2 Isj td3ts C;0tcfislg S dyls I tg oty BYtz @ 1,
Cdzd detso dH dz" d3d dz H-B3d to g dzO ) § 1§ detiztiedzts G j dzj L
2010; wd&OetsHO d Hic. 202002, 1EkIOSCBSY (

t OLtejL LI wjchfiftstisosdzy dz 1 r [ M o3 dad teC
LOdzj cOs hdd3 8 Mmdzsdmisr = §JMCOR, Mg j mwr
ststew ©. | jrndvw yOMmlis! B3y oL dzs?2 Istsdzh d |
C BOdzy o Me@AGdGO Mmd dzc jsdig lded Wjo ) Ydi3d f ) O te
Mk O1 cOdz! dzr d3d wslsdztsy jdedWwW dzd M 1 r [ [ & dzOa

l sz sMmistese (¢ d3Odz  d@thn tSis fdgHnt s oots 2 ta jtHdg!
1987] wtjHdd] IsjBfjtOlskzter W dzo Q8w -RdsL B
de desls +3 HB +9 eu.f jpitcQlsitig @ tseHtislo HOMIR1G eddg
2O Mmjoptcjey HIO B Fj. [BHBoat] Ctdzdyj Mise
Isjtctedlststcdd Btsdzj | 400 3dz o GSH. [ d K
HdzdIsj dz' dzr | Wdstetsmwh djiT sy Mdz] ¢ 9d3.C tswlzigij 6
Csdzyd My zZfF OB g B3O dzr dzOW s h dzsmils+ Mdzj ¥ dzl
a3d dzd 3O dz! dzp® dzjefer @A d3) . 1 O T fEwEcME SR’ JOBS IS¢
C dzd BOIs, ) Mtcd Hdzd 2 Y @ifpldedn ¢ 2t dz bz fi OGS
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[ OCMdBOd dz" j] MStteshisd o jlte® L OWJECMdts
gtoj Hdzv Vv ) Mw ydzOv MC stesMmis9 az Mg® . dzO 1 t

f OLtej L wif tojedplg@o dzjd 1 r] M §toddij M’ !
o Ydd&On, LOdjcOshdn o OolsthIlstsdizeds
-2 0o ded dzr o fMtej H dzj[ds donj cudpdDafs BO DAk B

. o. Beanlii, |o. Cudupsi- | m. Mappe-Caue, 0.Coxonro, |p. FOpubeii, |c. I'buta Myp- 1. lukcon, |m. Kapenos-
Paiion, | jyaiina, KOBa, 111 paBuuna III papuauna 111 reppaca (I reppaca, | Tazosckoe |l Teppaca, |ckmii,
00cTaHo- I reppaca |Iteppaca | [Kpumyk, 2010; xaceipeii  |[TuxonpaBoBa |XachIpeii MERRYpeIse: | CKIon xachbIpeii

Bka |[Cuaroja [Crpenenkas| Craroa u ap., 2010; [Cuiarosta uap.,2017]  |[Bacwisuyk, |III reppaca |[Onokuna  |[Onokuna
u ap., 2018]| u ap., 2012; | Crarosa u sip., 2012 u Jap., 2016| 2011; [Tuxonpagosa | u ap., 2014] [u ap., 2014]
OrnoxuHa Tuxonpasosa| 1 jip. 2020]
Bo3spact uap., 2014] u jp. 2019]
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tdmMuvmMazsedw L Odzj 6 OdzdwY ftSHL jdBdzr = dz HtS® © Gt
Slsdzsy § ded W = § O te il Gfigtsdz jiodedz d i Ay Ml d ; M2 j md M tC
sMisOlsCiGkdf;j M M tOMmisdlsj dzhdeskflstshls Qi € Eidzt -
L OMtsdzj dedz" j o iy lAas dirpdegCdedz" 7 ; dzj50 Ols rijls tsHojW dzé o8 @ j d
slsdztsy j E[@B j t§0dz) dz' 2 € i3t dzj € i 5L ff icdaizg dzSsdpidafs v ff
dzj HWdzr | yddzr f dzi L dzgOydlsj dz dz" dzd tstec Odets i3d dzj to C
(b)) pHRSY LT fts5 orlsOWohdds 1 r [ (c)i,f d2Odgjsdsjo dzk
ZjH (a), SdddsodHdr 2 djH (b)), dddi sodgHdy 2
Odzdzt &  Odi'BUE t5%6; ] diilal 2dz¢ add O dZ telzr j2didzra o d O dz'i dzr 2 ;
f tod B to-gi3ip tizpfy TitdsA § tcdz” 2

Il fto] ¥ dgBR Istz@zH th)7j o jutdL Slot€ se s d3j Y |
tcOL tefj L j-4 @dzfjL &z yj dz Yoo, sj CMsztctssB L OL |
fsdzsfisdz j d d difjdcite jlsdc@uydftisddatiets] dz' HT , L O
Cstod L tsdzls j [ vndOais distgj@'e s @. dm OHN .to j d 0 2f Gdlld [z to t
BZOHY 52 d&3j dedets2-1 8ls j tdic OfMy tc j @1 dzj G tsSH SO T Is j
Hisfisd ¢OE3Is Awu, OB dzdlszH O Ctsdzj B Odad 2 f
HsMisdeOjls 20 Aw. [BNhjj SCStdzdyjmlssts i
dL Skt n (PDHPjisd Ha®. Is¥ defiz) dzr 2 St
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sB dzOMIsd o fjttots?2 HJCOH] CIsw B toivdzO WhdyjH
dqe dzv . 17" MO Mmdej Y detse 5 f € totsd D416t fpgs, Is .
ZyofmlsS O {52 d3 , iLfipedzvhisyy =1 ,d0 dak ¥ P gt t@d
1989].

l sfdzj His9 Ols j dz' dztsfls CdBf dzj €S Mdes e 5
Yd o jtelsdyder = dz2 HdMmilsr 7 Istsdzh o C dzs yOJ Is:

-Hj sOdzt desy S dMOdedd dzdlstsdzsedyd Ms dna
cOLijLO M Eyijbksd Stodtsecj dedzese s Mistetsj dad v

-SftjHjdiddd WwdLdud MEekodd s & b jowdinl

rddBdUj MSd2 OdzOdzdL lsdztsy jdzd?2 © 9 BHEKE

~ndBI YU ME2 O0dzOdzdL oL 9 jMj2 dL dzr HO

-slsBtstc Bsdzsdzdlstses d HO, dLEyjddj 4§ GEC
OOz L-dBZ3EHE s 51 dzj o] delsts o ;

- Odgaf L tcOMmy tcj HJ dzj ded W fs ©OLWjLLE
GJdzjIsduyj mMeédms Idise dz HisO .

[ sdetsdzd IsT slstsB tc OdzHz" gzd o tc O WEO o dZj dz'
ftosW ddz' Istetso Odg 9 f dzOMmlsdSEtsar j§ y &3¢ sfls
OdzOdzd L 59 . g4 2010 Hdzv GGjtrdddyg M@ -Br
MrtcOdzj dzr o 3y oL dzsdy MsMmlsswdzdd HB ff tofs
OdzOzdL © 9 dOBBKLOIEStedz » EMdzso dw n d3ts dzts «
dZz0 yomisd ) LOoadMmMddismisd Is Ctdzdyj Mis
tcOMYf dzOo dzj dz" . g9 jdJ J do O dz@®ds™W d de! =S tasin
fsdzd ¢ OtcB sdzOIsdzr j] Wddz ster ] HJOMR] stetsdz

RL Izyyg dzr mMdzj Hize h d§ tcOL dzgso d H dztsfls d
Or Hilzdz] | 5 sl sdzse d{ t§tc de' CRdz] te @udag & L, O ~d
sj SMsztestsBtcOL 28 h d § , r [, C dzd dzls 9 O dz' fi
o J tols d CoOmzddzsMIsts?2 Mzsdmlssmis! 8¢ d HO2¢d f
MictjeOydsdzdese s ¢ jdzgjL dmoO, ftoj HY Sdztsy ©
Bketetseo fkzydddwv) [edOesHO d Ht., 2012]
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ded Y Bzt L Odzj ¥ @ z:000;( 0B OL WgOL Hl dzj ded § BEdesddlsO o
OdzOdzdL s9 9 LOadMmMddssMmisd tsls MtsH j toy Oded W-1 &3d @z Jo (
AdW teOd3d tBtsL dZOYJwfMmbdy " ki & dithpdidsf i dzv w; 2
o C dzs yJ ded W d3q ifiplzjctatisfdosdetdas A+ 2 o o € dz¢ yJ dad W di3d
gilstetsj dzd | L Odzj % j 2 fdzj 2 mMlssyj dzso '
dz Hse d djteLdz n Istsdzh yOfmlsts sMdztsy dgw
deso stsBtcOL 59 Odad W dz' H Qzd W 1 df"s ¢ B J O diakgmds ¢
fsBdted!' d de sBaBHJABES dL zyd dad J-B3teiggd di |
sL jtodzr » dz HBBO, CGlstster j dd3jels Btsdzr h 28
[ dzv tsftejHjdzjddy cddBdyud MEsets MsMisOo
fstctsH t©Q2 EMO df) ez slsW ddz' steseo Odzr o {f dzC
McOLE LOmRstetsy j dar . lted OdzOdzdL j dMmy tsdz
sdlstctso Odzgg v,  (sH{G@ d 3L Mpt) , ( AdztcB d H dsgj Is to
W isls tsd3 Isae®d MHs d NHg, NOs, NO;, dBzlsdesfmis: s 1€ disjd
B ssHT*+8( Nagd dzgj e Odzd L Oy d v fts MsMmlsOoe k
CsdzHeifjldstcd d. wtsH | toy Odeq J J s ® Odzd y Jf fipdctsc t&
fsjtewd ftcod ftosCOdzdo Oddd o &GW j dz dats:
Isd ud dedd 3 . HBBH o) OdzdjjmM¢ 5@gls ooty td jj dpdetm
sftcjHjdzj dgs Bj ssHESAE ff jJ tedzOdzc OdzOIsdzets?2 ¢
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OCCtej HIstso Odadzts 2 | OBtstcOlstsfdaftcz dzlgfts a&f €
cub 3 dz' 1 esdZRL T MEOdzedW e. | tcOdzzazsdzd Isted u.
dZzOL jtodesd3 GctcOdzz dzszg sejuMdgl ¥ e h BHPPVO o

lted sftejHjdjddY ~didui ot HehHls@Gs:
dzjH B" dz slstsBtcOdz d HtsMIsOo dzj dz Bsdets dzd Is 5 d
d fsO0dkodkdL Jtetse O dz. JdHtesrd B yd MS d4J
orlswyj¢ d e ter2dfisinisdzE? fewd j o] dzf )
ZzOB stcOlssted d WdLde<d, ~ddsd d d B34 ~ O dz
CldWlsijcOLftetsjClse uve i3 demMEtsets ddzH EMisted
cdHiesrdBIyj MEsets MMlsOo © BM dzd dMi s5dz
dqedesdzj Isted yj M s EHEDS)ls d ldADts o OB S 1t j [ zdz Is
oL RJ1 4150, ¢t shipdy; Odkstafas?s wEdyBte@dy d
Olsdizdzts?2 1 dizd M )¢ ddz@zOM Y NGalstesd3j stey Nov AA
Jena, |JtdOddY; Bk e dHsdd)isofdNo/( He)
420 WY slstsijlstej UNICO 2800, wz¢.

md B Ui MS fd BOCEESL dzj Bj delsdz’ 2 MsmsOs
[ Ot P dzj , sL . 4 tsn sdzls 5, tc . StedB j 2, 0]
d4dBdtewWCso0O, -OLBSMOHG S) WBjey HIEZtc] Y v, M.
o' f sdzdePaetsdc Olststcdd G dHtesaddidd d ~dd3dd
ddhsdsizsO ] {61, €. RtCEkzlMmC.

l totsB ' B' dzd ®GlstsBtcOdzr o odHJ Bdatsdzdk
~ntcOdzdoh drmw o dijtoL dzcdz MsMmisswdzedd HB
OdzOdzd L O, Bsdes dzd Ish j ddz' ,H O tc @Bffy fdzfO o 1dx) da]| d
slsW ddz' Istetseo Odzty julgdes jdzts LGlz| jils Qs dz! Ister fy H d
[Mdzsodzr | COddzr o tOMmMf dzOo ©Of &z HE®, d o
ca', Mg*) gL Bj ew dzd BjlstsHBE Oktdkds?2 O
My j ¢ IstctsWjBkI3dgj IsWedKarttZeisslena | j e 3O dad W . 42, ¢ dzd
NOs, CHi d3j sSstsHisd3 Y dHSSMIsdzs?2 R eGEOBsS6 © Ot dat
tsmmdY), cdHess)AehsEzosyd sdd E&d ud s dd
Ctod i3dzd 2, WoshwOl" , OREElR 5 o3 dddfaf @iy fistsdh
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(dz0 M JClstesW sBREGPISEINUNIOCOuZzd). 1 CO
tcOMmMlseo steseo dMf sdz’ L 59 OdR[e dngseOdiH Otedstf ts disd"s)c
t Omf zOo s dz' H O,-O ddstHHdzd 2ddzs@ Y jols Aslyvdgts d
B' dz o' ff sdzdzj dz dzO C-pPH Gk i BaigndaBQke Wspundg
Agilent Technologiesinc. 4z¢ M dMftsdz L tso Oded j O3
3§ B3d dz) OMmyr dzdlsj dzv d MmdMmlsj ' esoHO &
RO | CSIstesd3zj Isted d fm dgdzH 2C Isd o dats Mo w L C
COdzdB tetso Bydzis 6 5 L 5O Plamfdzjt6dd] dfldif ts2dz! fls O dzH Ot
68 Element Standard Sot& ( Hi gh Purity Standards,

[ dzw ¢ ts dzls to ts dzw COYyd Mo © tjLlzdz IsOIstse
sBteOL Yyseo dmMitsdzr L soOdzd 3 MIsOdzH Otelsdzr = K
(1 RrRY), H-ff sdgsdzdshiss?2 Mkzf j MyO&82 dJdif swiots dat
sdf d ydetsets (wyYU) . O tiidigs jo € 1445 s d3 ts jtc2OW (OB © df
o dzlz Istc j dzdzj dzlz In fiyfls O fizis O tdddfizc j H dzj dzdzts 2 ftotsB j§
M3 h doOdzdd 6 OdOdzdL ok jc@dzdzr BB gz Yy® 8 dz’

[ dzw CczOmpdbo & fftcj H| dzj ded W MsH j to
dmMfsdz L s9a Odzd Yteddzydy + dzj Slstetsdzj 2 Iste Odz
Odzdtsdzgtso) . stetsdzgj L lstsets B' dzs ftotso j Hj dzs
OdzOzdL O, Yodzkyj dzdzr = tOL dzr i3 d3J ssH OB .
nzstcdHse, Mkd WOlstse &jIssHBA ¥ dHE BMis dzt
Wislstsd3j stedd d ClI, -fiff,j Chtel@iistegd KGOHMN.
SIsSC dztsdzj dzdJ dL d3j tej dzd? tOL dz" d3d d3j IStsH Od3
Btsdz' h OW tOL dzdy0O s tcOfiglal jdis dar Qfglzdef 3 Cofr v jo
SOYS d POPPIs. €. L dz0yd IsY fi? alz® v dzy @& dzOn B H
BOC M BOdz! dets?2 f sdzsy dlilsj dzt dets?2 Mmisj §f 4 dzgd 56
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1.3. [JdbtHr, Of esBOyYydwY d ddzlsj eftc] IsOy
sBtcOBtSIsCd BOL" G itanddiddud MSda HOdzdz -

stsdzd yd Mise j dzdz" | nOteOCIsjtedmMisdSd =~ dd3
SlstsBtcOdzdz = ftetsB oMjEHO dgj Mkls dzj Cslststo
SftesBtsoOdzdj &3 d OdzOdzdL sd3  tetsB, Ylsts L (
Cstetcj SIsdz" = f OOz steso 5 tsc6teOded Y dadz c

1 tOo ddz' dztsfls Cltatsecdyd MEdn 9" 9 BHTS
toj L OROE O0dzOdzdL O jHJddydts?2 ftetsB', O Is
nOtcOCIsjtedL 28 h dn dimimdzy HIZj Bz E Yyofis
1l Oy dzgj2hj2 Msej dzdesMils: 8 6 jsadd3dud MSdn
dL B dzeydoetsfls! , € sls&ste@3d Uty dnd jdixd Jf s sy LindnOt

[ Olj B30Isd yj MS OY BKOBBISCO Ctdzd yd Mise
MsMlsOa © 9 Cdzt YyOodzO MtsMmMlsOodzj dzdj B OL T HOC
MeMisOea © {fttse, d ©OLtOBIsSE ftosetcOdd3
sBteOL Yytseo tcOL dz' - Isd{f tso dz' WO,o9LaBMMJOsdL
cGeochemAnomalye (tedm. 6) .

1 dzs¢ I BtcOBSISC O
Mo dz = dodztse

/ x T02 0 dzOdzd L 6 OMY tg

toj HCSL j dgj dz' der R
5 OB dg Y ’///;? J J &34 dz

ud fdzj dede’ 1 dzs¢ B dZOdzdd yEMS
tGJLlZdZJ_ISOIStSH Ld&ZOyd i3 7 Ml ds
~rddBdud M gets
MEmls 0o | dZsS 400 dzd s j dz!
\ 58 1 dzj i3j delstse f |C dJOtC 5o
Ldz2Oyj dedw s, HdzW[ ZlujlsO to
COMY tesflstc Odzj dadzts
tdLizdz IsOlIs sBtcOB BIs¢ .
fis O dMmisduj ¢ dn f Ot ) dse Sk @ ydrs
indddudy & L dzOyj ded2 ~ndBdui MEsets Msh
t df. 16HEES BO fscOBR OdOdkdL O tejLkzd SOkt

BICtetst dzj Bj dzlsdetsets MsMisOoa © dz Hisea, ofts

1 © BMBLEX(celdtsOMmfMmde CtsdzdyjMmlse jdedz" = =R OtcC
MsMisOea © B' @ te@izH jfdzj df tsdz e ©2 sdzOd3  fdzj
B daj tOdz! dets?2 oLojMmd ot dzr HEZ, (85 G jdzj L«
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) sz dgdzr § 0 jLbkde S@sfy i tegE kY to ] IShyldeae®f
BjlssHss (GBYjdSs2 MsOdHOtsdses ¢ ds
d3j lstdg € stotej deY Gdoty dgdgte s dzdzts G 5 O dzOcdzd L © [ g 4

[ ®yjdCd oddzj cOdzdL Oydd & Hse df

] Ofpddz yzS O [2016]. 1td dzOddsj detso Odzed d
COddy , MtHjEyOdd) Stktsteri Mshksos
Bq dzdzd d3ts Rty jFdzls e Oy d 2, § jtej udidzj didasls o
Bjde hjets LdOyjded® € Bd Mjdikz. [ dv

dMf cdz' L s Odz® HJOCELORBO 1 O02¢ jtcO [ 1 odHh

ltesdLo jH ] dzO sy dzf O - d)shd el § thdzf s dgO
or wodzjdegdWw G jdaj Isdyfiphs tsdsthtcHsd@ad joltmtc M C s
dmMrtHde °» otH Hdzw odzzlstcdetolkzdzlstsor 7 dz' |
s fydzts 0 dzr T >f EResKHCO; Na'>>Mg?*>Ca*; Mstsls diwh § @z *
CliBr, O Is0¢yj MBHJjtey O0dzds BBO, Mlistd/Sldzyd"
BriCIf sLotsdzv jIs tsiftcj HJ dzd Is 'm dogigjtaibs S,  ci jladizjh LS
4 stsls dagtsh Belid FeCo d desc H O MydlsoOsls ¢ 0L Ols
Csmddd yj MStsets o jh jMmMlsoa® o wlddsyjddw [ s
oltsted ydes fetsdjteL h dn ilsdshyg fapd ujls@gd S 3
MsMisQo j Midj 2, Gekhmdse dj dds] ftesdjteL C
2010].

v orwodzjdzgdv cGjtsodddyuimMSdr tOL d&z
dste 3O dzd L Oydw Ctsdayd dzlstceOyd?2 BdCtesC sdi3f ts
1 dzj d3j delstse o toptpde? (d tedftiac G s B dz. ldew [
sy 2S¢ d Odzstesff scj dzgdese s o dzdw dzdvw MsMmisO
ftojHjdzw dets Hsfkfisdds" d3d Ctsdzyj delsteOydw dzd
é , 2003] . [ ddzj tOdz! dz" | oCdz¢ yjdedw ofts
mMemidRdzld fstesor 7 tcOMmlso tstetse lsdztsy j dad 2
ftsor h jdgdesets MMtsH ey Odedw 1 dzj oj dzls©O  ted d
Btsdzj j yYyjdk o 1,5 t©OL O, Hdzv  d3d ded d3d L O
sftcjHjdzjddd "ddBdyuj Mitsets MisMisOs O.
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JHdesL dzOydz' =  dRdzls jiidstistds josO § dzd 2 ¢ dzO o d
mMh iMmlsekzjls, dkzydr HGYsdddlIlsj dz@ dz@ § f 5C(
fshiskzy dzj ddvw  WORYEREZ] flzs SO p Qrs judieyily tcj H | dz
MH jtey Odzd?2 BdCtotst dzj &3 delstso  (IsOB dz. 1) .

lted drEudddd 6Jdtadhdud s d e HsOHyd dd
Eydlsr o Ols! odzdwded] BICtotststce OdzdL iz 9, W
ftod lstedyOlsj dz' dats? Isj &3 j cOIsztc] . ] a3d
BICtotststce Odzd L d3f MddzlsjLdtockzs Is B dBGj dadz 2
[ s dztlstctsW dz" | BOCIsjtcdd McO§ ey ©®dztsagj dg
ZOdzls©dz d vyJjtwd?2 [ [MC(ddg, 2017] . g dzj HSO
Bsecdzd OCIsdodets o dzd W Is! dz@eGrls @ dpsicd) Heteeliytf ic j 6z
SBBGOMNjdde » BteeOded yi MSdasd tMisOIsE O] .

t OMftej HYydzj degd] ZOdZsOdzsdH B9 oW oted® 1 dzd
d dgHS Olststetsd3  ts Cocamipirplds) delis odgtds j dz! dz' - GJtsad
[Elderfield 1988; Johannessgn 199 7] . ] sBh jd3 MdzzyC
f sHL J dgdz" | O tSHT Bsekls dzOMdzj HS9 Ols! mts
ZOdzZs Odesd Hise ls §tstetsH ddzd osGEzREH JARChH
[Fee 1992; Gosselin 1992]. YIssB ' orwogdls! L OGC
MsMlsOoa © dzOdzZsOdzsdHtse o HtedotsHdze = sy
dzj tOo detsdzj todzs?2 wOMY tesMistcOdzj] dzdetsmisd Y j Isc
fteddsd dzv j siw  Biusdsd  frytissiidsiIopdisfo © dzO dzls © dats d
AntsdzHtcd IsOR, ddzd o MdzOdzyj . [BT ydas MY s«
&ZzO0 NASC (North Ameri can Shal e Comp
fsHj ey Oded?2 tyjdde Osls Y08 o J dechtedstuidd altp
Odzs BOdzd 2 dztx j g sls dzg)c S - IS¢ f ) dzr BzO dElsuO dzts «
o' Oy j dedflen= C2/O&asc/ ( 2/ 3 Tnhs@t Lla/ 3 TaNgt/ Nd

Eun= 21 Edsd/ Bm/Smiasc + Gd/Gdiaso);

([ La/Bia)nasc = (Lallawasc + 2 T fadc A ANO/Ndasc) / (Er/Elasc +
Tm/Tmyasct Yb/Ybyasc+ Lu/lunase) [ Kat o et al . 1998;
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Ajtedj o Ow O diE@R@AJOVs st 8§ t§ i) figld G gzdzo daks |
Emdzseo d2 MOHC StsB tcOL G dzdie'Q o dFO®r ojmiedt dzd 1
SlsmizlsMmise dj dBistem ¢ ECdEOdafflg ts § dedidz @z¢ , O Ishjj pf3d3 f
BstemMS da d O @B s dden d C Olsste §f sMiskzy dzj c
o jhjmMsoaO® o tMOHSCd (cdHEBIlsj tcd3 | o sn B
1985], O BOCYJ HdOGCjdzgjL O M EYyOMmisdyj &3 ¢
dz2OL " o Of W f @&dpty d3f) dzgzacdalzy jddzdzd dz' " J 4 Hdd
f sdztsy d Is{ foiae ffigts 2u d gdzglzGeugdip dzgiz! " j JHdddyr . s
Jid amWwWodw jlsfqavw f 8C0OLOIjdzjd3 Mssilsdesh j ded W
dmissydzd ¢ On MdesMO [ Kul era et al |, 20
Slsdetsh jdedj La/ SOm @) s pfQHdgj@iZz] dafstcs © tcOMY to,
9 BteMS d . Le/Enfiph jiRMsiCBRtc j Y dz" = L 5dz0Or 9o SL t6C
cdzze 5 g8dy OjIsqpw [ zOltetse d Ht., 2004].
B Ctest dzj d3j dzlsts o W dzw s Isfyw fsCOL Olsj dzv
shodsA §stetsH d HLjd@gd -~ dz Hse ( IsOB dz

[ dzw MicOo dz dzd v ~ddi3d yj MEsets MsmMlsOso
ftod B to-fspte s j todz" 2 dz' H' o -ud@RjtsdzjW die dz [d
i Bd@3Odzlsd S s (G sRdzy WOROMMESE j{ BE sz 800
d ftddzj €0dajddsz Isj B E OteMis 5@ jstefdic d B tcj ¢ @z
BsteMEsets dz HO, Bshdtsmiss ¥ 1,8 d3, BF dz |
L tsdz 9 02 tdzpdzids. Y OHotcfdzj Y dzr d3 f sCtotso ¢
tdd jw HdzO ftedste]ydits?2 L sdz M dggiesd dgd
f SHOtSHdzZ = 9HBMdZ Bjtej GO A o Odzts 9 GHJ
OCCE@BzdzZdtcze sy kstetsM" d MlsOBEz~- d.

ltedBtejyder 2 ftedfO©2 o 0,2 Cdi3 BlslBj tc

¢/ Higs f toj 5B O HjONRJ(jidsd dz. , sOBd. 2) [JE
HBBH | oy CodgsjOdz@ dzO0 HOe O W HECO fHtojor h(
ZOdzls Odzsd H 59 . [ dzw dz2 HO o W oGk dzOC fipdsde

oj dzdude Ojsmw M ¢ dzkz EEddzte ) did Y@ .0 ®F GBI wW H th)
0,95 HB 3, 04. L nitfirpasjtsusedazs® Hj Qledls] Ezd € C-47) 1 6iz
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(tedfm. 7). J[ldasfydlsj dz dets € zOtcC s dBisteMmC c
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&z HO ko jdzdydeOjlsmw M cdzze d dzts? . CCodce
BstemMEtsdy dz2 HE 5 cdzzsddzj dzi dL d&3d dzv j Is !
d sdzdzth)dgiinls Oo 2 dBwBsteMC 52 o BHT (stedylz¢, 2 |
ZOdzls Odesd Hise ot dz HE Mddz' dzts® fotcxfc! ez y ¢
LdzOyj dzdd @, 1 &BCc/ H
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[gfr].ltzaafh,jdzq’w MsH j oy Odzd?2 BISCtetst dzj A3y dzlstse o
C ZOELS OB BsteMSdn o H

sz dBBO dOdsOdetsdHtse ddsj jIs CREtete j0dzw7d
MisH | toy Adz@y &R H4tSH Jjtoy Odedj dzOdzlsOdzO®@ dzO H
MsH j ey Odzdj tMisOdz! dz" = OdlsOdzsdH s . [ dzW
Can(0,002) d o Micj Hdg(d} , (65dEE gl P dats dgO tzd
dzj tOo detsdzj todes tOMY tcj H j dzj dz©@ 5 E.doA48)d dzj
mMetslse jIsMmisoakzjls 9 C dzs yJ ded ¥ d3d dzd s Odz! dz' =
BOC fd 3O dz! dz' § -2L, d&&Q y Jodzdfrwo déjlder 6 H dzv Cted Mis ©
J Metsls dets i/ Jedfdtafp 8O H O Is  dzj ¢ € d J -9 & dzls( gy
[sdesdIsj dz' dets C dzOtcCtso dBsteMEdrn o8BH d H
Th, Cr,-168 &0OL1L13Se 9 &&NiEHCH SnAEIUP, 3, 6 6
SmEyThe 2@ ttOLO; Ti, V, ,CoHo,ZrEr ,PrT,m,Nc
48 ttOL (ftwddz , IsOBdz. 1, tdm. 8).

[ dCtesl dzj d3j dzlf de'd B tofiispiids@asc s dz2 HO o t6C
H40dzj MmMdadz' dets Blsdzd yojlsmw sl ¢ ZOwEtsor A
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Hsmis Oo MY stcdzdticso Odz L O mud Is O BHT 1
Cts dzls d dzj dzlsfleias TGaBGC StcOL BB 90 B jt.j cs9, sls s (
L Or@dflsiz] cOdz! dz" = 9 C dzt yjded2 o MmMtsMmlsOe dz!

[LJtedz 2 dzj H -[Adziskkde® Icts@ptcj fde 2, d3d
dzj dz2 h ©j smw ) ¢ dzbe@f dfsDe, | tasklsdzt=2igBtz 63 cel daizdg
4 GdzzB ddats?2 3] MO dedst)dzdz" 20 Isf tsfidsiaBe dztistésd Hfrpliz
ZOlstcd j otséts dzO ff s9 | ton detsdndstsfte d H €20 dglajuHdfig)tof
zO s e qiPO®E Hzd jflgtisigizrOCo 2 O G dzzsddzy 0, 55
OMy 6 H dzj dad J tSls tgjQirjCigdls) el diHeiEdatd) d3doud o) ¢
dzj HisMlsOo j d ftsor hjdedJ Ctsdzyd dzlstcOyd d
fited Cter o0 jd3 L jlodedBezd &zj  j ®8d 5 dabizj ¢ .
Bstew § ¢ tc"Mafdreldtaly 20t [ ¢ des d30dzd d dzO dzls O dzt
RZOC s dzpdad § dz

J o jtrndzgj 2 yYyoOfmlsd L jtodessets dz' HO, )

Obd@smMw j de" = ©BMOHSC 5o, Ceg(HO3Q a3} Fols (OB-TNiz] §
OtBsOkzdd d Mkzdidkkz &Oddoded d HifsdatsW(Rl , 2MW st
Mudls L j tedas@y jodmHw O dzts B&.df08-0 ,00 N, (L),
Mz B3O dzOdzls Odets d H g6 ¢ gy Azt iz Iz 3@ 0 ,dAD dzls O dzts d
Cstetej dzw yde M dJLdsjdzgjdedj o3 cdzzsddzr d ®1Is
Mg*?(R?=-0. 99), des R’Bte®, & elzflsmEH j to Oded j ¢
Zr,Ag,Sb, |, TI, Phd ufutdsjstsedats@ Hic@dR)] [dzO dzls O d
6) (tdfm. 7).

l jteadvw yOfMmls! L jtedzsets dz2 HO tSBEBEON
cOL ; Fe, P, Br , Nb, Sn, Eu, Thb, Ho o
(4 tcOo sy dzd1Cde), Uz ICOMRAI0 J tocdztscts dzZOH ® 8B K8 O (¢
Sn 9 2 t©OLO tldthdlsj d dzs ¢ &zOtE s t6J Yc

I dedy dzj 2 yOfmls Can®uzjstd@Emfts dzdm @, Ud &
' HO d o Ot0d®OiB)ls E0,Melsisfzsl 5 lzdz@H P4 Is
dzO dzls O dzt=2d2H)r (B Q.detsR)O.dzd v ko j dzd yd o Bld)s W
HzZBBO ORSOdSdHBY kd&j td H©3F BMe? dindsd izl
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slstcd yOls j dz' dzlz ® Ctstotej dzv HI§®: (R = fPts HBj3td ) O
f sdztsy d Is jREZ ddiz,s ClAS0O,2 a'.
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—#— O3epHblii 1en. 0.32-0.55 M. M. Mappe-Cane

= TT0BEPXHOCTHBIE BOILL

—®— QHPHOBEIH 171 TeTHHKa POMaHTHEKOB

A sm=p==O3epHbIH 1e1. 0-0.32 M. M. Mappe-Cate

P SCIL B Al Sc Ti V CtMnFe CoNi CuZn GaGeAs Se BrRb St Y Zr NbMoAgCdSn Sb I Cs BaLa Ce Pr NdSm Eu Gd Tb Dy Ho Er Tn YbLu W Tl Pb Th U

tdml wedorhjddw MBHJjy Odd?2 BJCtest dzj d3j dzlstso ¢
fso jtorndesmisdegr = o9 tsHOR dz2OH C§ zOte$ Odzd

ANdJtedz dzj Hdzd € O d O3 g3® dzlafiS =iz dzd L C Iz ® &3
Be/H,dB yYylsts HjdZOjls L OlstelzH dzdlsj dz¢ i tsidzdAsts dk
Ms®dsO, d o Glsdzdydy Gls OlBsmMW j tedz" = S
[ | BdzsBtsEC 89O d Hte., 2012, |zttt O
BetcME Bets Ol tetsL BdzW . /Sctc d2tBo 620 LdzjsHs digsiifziclst
tcj ydzr = o tH (tdfm. 10¢) .

l so jtorn dzsfigBelz p t©0OAtsdzj BL jtcO dBsn tsdzls
(2754  d¥ / Hfds Bddzj wOdzdL Oydd d -AfdiytedsH das
BOG dzefigOdstic d j o 7 2 MM @e " ( fhdpdz” dMsSHE Jo) Ode
| Blsdetsmdlilsj dz dets € &zOteC s toj ydz" = o tH [ 1k

t OmMy dzji ez 4 dzstcdzdtetso Odzdzr = MEBSH | t6y Odzd 2
dz' Hts® fted HMIsOo dzj dets dzO ted M. 104¢ d 1
ZOdZls Odetsd Hise d d3d dzj tc Oed Lz@3y i " (Ofg s Hnts
ojJtrdzvw yOMmls: dzr HO MW sted3d tc s OWOLG fig ¢ tsdnts
HOdzdzOW Isj dzH j deydWw d3jdejJ o' 6Oy jdzO. 1 O i
ZzOdzls Odz0, dhstsydzd sz Cslststetse s Wodzw j Isfw
ey OB [rksddzeddz, 2004] .
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4JLtsdedzr § dz' HT Cdzs yjornms EyomlsCtse
Csdzdyj Mok Mdj?2 GLjtd 2 d Wdedser:
Edz Iste Off ftp @ Bac-ji5ts €t5 2 idgjey H dzj Msdzj dz 2 .

lftedB ikl s d HE bMsOdtse dzj des Msts
Meslsdsh jdds dodses o BsteMSs2 otHj. |
Mtslsdetsh jded® dodatse, EMlsOdatse dzj dets o dzd W dzc
gytstSisdetsh j dzd v te[Asddsshgls da' i tediigRtOpndzy dzs H 9 Iz d3W
" steBdtetsd @ddRs MY j tedzr B GMOHSO®B] d B d
fstetsH OB o tslsSer bls@C sipd Mds j es56. 2020 B ]
slsfmizlsfmlsobksls fteddj N BsteMcsets O! oL s d

H BBO EOdsOdsdH s  dOs(dyttaldisy to f&4Tass ¢ O
BECeHHAgL J o@Sds, 2 B/ HOAE L O Myjl Btsdz t
ZOdzs OdzO o MtsMmisOea j dz'@ HO. datssisdetsh j dzgd §
BsteMCdn d BLjd & d& HOZ o0t! qiekjl sl
ZOdzls Odz®. R f)ls 5 Y dRBLYE dis sz OligisRtEz0 128 dais B-jizis dz
Bste M 5 i3V addzvHElAs W B3 dzj t6 © dzOBzb $ y judadglsjd y
& HEBBEOL o Oded™ o 5 %S tedmlsOdzdzd uj S 54
MmO j Mkdd &OdsOdsdHtss Bd hOw
ftej HY sdztsts) dYsGfdds A Oo M jets o B Misj M dsteh
mMdzj ke O¥W Jtedesotsds dz' Hiz dzZjHdzd C O t sd3Odelsd C 5o
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BOdzts (2O f§t6d HJ dzj t5BOdRCOESEZ Yo Cded/ Vdz, didrdziLdzddhy.
BECe/ dz [ 1 2sOCStse d Hte. |, 2 AN .d d 1 JAOEZS I
sB kzMmdzts o dzj dz slsmizlsmMsadj &3 dB@EsteMEses O1 t
L 6 O dzO.

Can Oz BOdzd v o (BsteMC sdy dz HHirs BAEJLLOSCOs t
nOtcOCIsjtodzts Hd&zVW dBstehl £, dstioH]y;0 Islj das zOW dzt
0, 06), o Wewladdslzs Idn § sMmiskzf dzj dzd J d3 EkO dzls
9 dBstemMitsdy dz Hikz © MtejHdzl d@3 f Bdzsy dlIsj dz'
oMz HMlsady ©WOL dzt?2 MEBKMIsd H.a chHEE O dz
0,95 ybts Bdzdyj ¢ L dOyj ddoBs ¢ dz@G@w s dzd
9 0tc! dqilzjls Bloylss, MMt OdztzE?2 , HEsigsdz dzj dz
BeteM sets O totsiLfiys dfwj tafj P pftddzjcHsj2dz) dzd j d3 dzO
&z HeBBOL S Odzd™”Y dL MotBBHME2 oftsH' .

1 2Oy Jldg' Br/ICl © L jdesds d Bstehmé =Sd3 fipz
Msilsdztsh j dzdw d3d Mistslso j IsMiseo Eyylsdrn § SdeBis g t
ftecde sHdmMIs! &ijlssHdSd. 1 Wddtsetsdy dz! HE
C O tsor o [usde@§yseRd BB 56 Oh | d2 Slsdesmd s dz
otsH P, Al , Ti, V, ,CrSe,MnZr ,FeGd,CoSn,Ni§
Th (tdm. 7). 1 GLjtedtsdy dz HE S'CHlmdzj Oz
fsojtorndesisdzr » oBHOR d Wdtodzsotsdyz dziSekz o
(edfm. 9).
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[ uf cOo sydzd € é

v OB dzd y@8tskdztsh jdzdvw dtodetse d i3 C el md3f sdzj dzlstse HdzWw o tsSH dz' ~
RMssydzd ¢ Ctsd3t O sdz ltesyj M fsmiskzfdj ()l toj sBZOHOE N dj dtsder d Msslsdsy
diimdzi Hs9|fto] SBILOL 59 Odzgd W € |
dlsdsm j todzr 2 1 Of OHdz A Atstcdzsdtotsd @ted Sdz® dz/] toj tsB dzZOH O i Nf'j Cl' Sz’
OteCIsdud MEse|zfdysjteclf sojtendesMis! ¥ dBseyststetej dzv ydwv §.Qtc FNatacoCl NH
[ | BdzsBsC 890 |(wjojte (¢ Mg>*d @da@&*'d NO
[ itz 9 MMmlsOe j ltcj sBZOHOY B F2 Jddz
ftesyjfmfm "o jlstede
dlsdgsmW j tedzr § 1 02C0d Maslssaddidu MSdj to]s stete dzw y dNH." iSOHEND;, */sSSQ2 o &/
[ msHty, 2005] |tejcdBdz O ®smMW jtoj o Isjf dzj SO, NOs
Il sfiskzf dzj dzdj dL Oflststetej dzv ydw?/d ydafo dMgr® 1 &/[ "4l
dMmilstsydzd & 59
utsotcj d3j dzder 2 |1 seotsmded ] fsyj mmj wor dyjsl] r MsC s €GO CRazd.§
[R 8 OdzBHZD, EMistcso O |Mdzj cO YsfOHO¥Is Bl tjorhjddj TgasGejNt $OEEDY, YbdzOH
CodzizsdH dzs? oL 9 jM(C ZOGC ORd ) QdzB2 tc O D
skdzHteso " | L |Aj dzstcOdz' |t Oflseatstej dzedj d o' [ (Ca&" +Mg?)/HCOy >1
[Mazurek 2012] zfdys jteetsMOHtSYydzr = f BcSH
1 silskzf dzj dedj =~ dztste(Cl'/Na>1,1
s zOte§C toj ydets? |- - Cen=0,76; Eun= 0,55

sdzOtc €

BEtehs &3

[ uf cOo sydzd € é

[ ddzj tOdzd L Oy w 9

Cen= 0,19, Eun= 0,91

34, G/ HA

[ stemC OW o tsHO|- A 5 to d3q to tsog jOsk[drdzts dzts fif Can< 1; ([ /b)) 5C< 1

2004,Piper, 2013 sSMOHC B9

[ stemMCts2 dzjH 900 o BlSLyYOMmMisdy MO ©OI] toj B dZOH O " @ jMgH, Nalz’Cen= 0,002; Eur=

Htc. , 202009] 1 O2HOLOYL Or 9 0Ols diddzj cOdz! dz1043, 0; 1 tejor h j dzf, Al, Ontelm Fetdy, Oulzd
Gk O MsmMisOe d&z' HO Zn, Se Cd, Sn Sh, La, Ce Sm Eu, Th, ThdzOH d&zO tc & © 03¢

BstemMSdn st O 10 tOL

JLJjtedz 2 dzj H sL. wstlgl sorh jdadj Ctsdayj dzll toj sB dzOH O M- j 370SBfzCl, NaD

Htc. , 20209] [ Odzlsts, diO! totsL tsdzj 2 o Mdej 6|1 toj 5B dzOH O M @, T Gs|daz}, CIONa3Mg*?
f Ot Pdzj ,|1 jtejeOmMf tej Hjdzj ded | Can=0,04;En= 0, 7€ 1, 4; 1 tcj o’ Sgaizo
1 Of OHdz 29 ftesyj MMj d Hstsllaslsdshdlsj d@ dzs € &zOtcS B8O t6j Ydz

Adtedzso ™ 2 dzj H|[ j Hdzd € 1dL SOV €&qay distsdzj) toj 5B d&zOH O8 h\dy §, d Radgy';

Htec. , 20208B] t ROdzls ¢ W stcdzgdtelze h j d3 dzj H 4BBHjtey Odzedj BISCtotst dzj dzj dzlsSs(eo

] sdzW tedz” 2

©OL ftjo’'NOjls § dOwSd toj ydz A
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l sojtorndesMisde [Aj delstcOdz! b tsslsdatsh j dedw disdas{) toj 5B dZzOH O " dujd, O Hvig?, Na*
[ 1 ElsOCtse d H|C BOA Hozdgw dMmissyded C Od3() so jtern desMisdz" | otsHT dd&3jels § 4
OlsdtsmW jtocdz” i3 BMHOIMn, Fe, | dOH ¢ &zOteSO®Rd toj yd
tsB d3j dedz” B ftetsyd M
td ydzOwv o tsHO || SodsEifteM|uBH j oy Odedy dzOdzlsO(} toj 5B dZOH O IhQf , Na";,dCedz1,21;
[ R OdEts9 O, 20 |sMstcso © [MsMlsOo § stesH B OM|{Euwn= 0, 98; ltejorh jdadj MmisHEujGaly
OsBsMW jtodzr 7 MOHIDY,Er, Yb dzOH ¢ &zOwl Odsd toj ydzts?
Yrf [l OmPgodzr]) yledodte cS1 088 dzj dedy BIECtes{CuzZzndCoftcjor hOrls CkzOtEBsor j L (
ftesdmMosHdds o ¢ d
1rf [ROOMcO Oy sotsMdBdAStcd3ddtetseo Odzdj dz' H(} toj 5B dzZOH O hQf,Na";,dCwd20,97; Ew, = 2,37;
sfMistctso O Ol dtsMW jtoder = tsMOH{(Na/CI'=1351, 61; ltjorh jdedj MmBSH]
Eu, Gd, Dy, Er, Yb dzOH ¢ dzOt
1r] [HXZOGCBHO|) OfOHOr 2|} EMiskzy dzj ded 4 ¢S s { (Na +K)/CI'=0,9
O ditsmMW j tedz” 7 ©MOH {Mg>'Cl'=0,2
BsteMsdj Mdd
zdzdtesor 2 dzjH| sotsMmMded|} sMiskf dzj dedj Sty |} toj 5B dZzOH O Q[ Na ( s dz’
[RoOdzgso O, 20|sMteso O |sMOHBYd 7 §sttsH |Na/Cl= 6, @50,78%gn= 0, 62; 1} tejor
MtsH jtey Odzdw La, Ce, Nd, Sm,
tgg ydes?2 otsHr O 8 wOL
1 zOMmlstser j dz' [\ soatsmded) sMmisky dzj dedj € s {Mg?/Cl= 0, 1 1MKaYCl'& 01,9
LOdzj ' [ROOdgtsMIstetso O [sMOHEBYder » f§ StetsH. |4 in=083Eun= 0, 44; Jltcjorhjddj *
Sm, Eu, Gd, SDiQESEQdd Y] \grEs?
1 zOfmlsso " j dz' |1 soetsMmMdBd) sMiskf dzj dzedj SCSdBf () toj 5B dZzOH O8 WG, jNa";,d t#zj0,86;Euan= 0,51;
LOdzj ! [ROOddtsMtcso O dsteMCdr otH d tMm(ltjor hfjEagdjjtcy Odedw La, Ce, Nd
mzsted Hdzr 2, dzOlsted |dzOH C OGS O3 toj ydets?2 oatsH' O
UjCMsstBEO|f OkZH' des-|) sMmMisky d&zj dzdJ C BB () o) 5B &ZOH O8 h d j JitSG, HAED; My'dzz ® d
dz' HT Ism¢ d 2 SMOHBYder » f StetsH 4 4n>099 Eun> 3 ,60~7
[Alexeey, 2014 Odzdz0OL ts dzts 1 sor h jdgdgr | MBHj oy Odedw dzOB dz¥
tt02 tsdz Sb, W, Re d U.
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lmTeatsHr € ed&zOoj 1

RL dJL dzsy J dgdzses8 Mmdzj Hizj Is, Yylsts mMtsmlsO:
fsHL jdi3dz" = dzr HOR Mddz' dets o Ot distzls dzts h i da
B sRY sdz] dzstse BsGkzls BT Is! HiSH tsdzdzd Is
o tSH. 49 JHJddWw ts MtsH j oy Odzd d d tcOMmtY
L OoadMmd diidsmisd tsls B34 n Odzd L B9 dzt EHE OB
BgSCtetst dzj dzd dzlstseo o § B9 j ton dzts MisLde & dz¥o jSls O ls
fsetcjBjdedz §j dz H' BIs Htekzedrms Idfse §SHL

it OBtslIsO Mtsmistsdls © Mt HOdzdzr = d o
BdCtotst dzj i3] delsdese s MsMisOo O o Y HL j d3dz =
fcsCOLOBBdzis? J dzd?2 MBHJ toy Odzdl@ts & 3@y J dndkH] -
Emdzseo d2 WBtediddqtetseo Odedw d OdetsdzOdzd 2 dzO dzls (

bolststemC d 2 Cedi3f dzj € floscetcOdgdz H dzw
BdCtetst dzj i3] dzlsdetsec s5 MsMls©a © d&z HO d o BBH
o Odzso ' n Wistedy 1 dzj d3zd dzlsts o fsLotsdzwjIs of
tcOMftej H] dzj dzadvw BJCtetst dzj 3] delstseo o MtsMmisC
f OtcOd3j stese  d f OtcdasF &te jShidafte]darcys] s @zdzB dzc
ftoedd3j dgj dzd j 5 ftescteOBBdsets Ctsdif dzj CMO
B Stetst dzj 3] delsdetse s MsMis O O  Hdsmidz@ ;d3dz B ts o
Mtc 0o dzj dzd d dsted3OdzdL Oydw HOdzdzr 7 s
dzO dzls O dats dfiples@dzH Otgls dzs d3 M dzO dzy J -
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| ZOo O 2. Jibrdddyd MS d digas fgds @e dAf tvdzch ¢ tis
tcOLtcj LB sOmMEtet toj ¢ dtsdzO

2. 1. 1 thppddzode jds d' ' Ot s d yij i Sdiss fn &
odzdqwded jdz (. 1 jdzr 2, wdBdWwWitseaO, . 71c
V[ 5. (M2 11¢) ddizjs I344Bdz HEOE ¢
¢ d Htots$ O tpoasiEisors 2 , -BOdz@Estg b Rt J-BO% @af'j g d
ZOltedjor 2 MsMmsOs (fdd , kOBd  3).
ZOdzswa@xBq 491 HcOL, Fe o 11 tOL, Nb 9o -8,
4 1©OLO hdsfdlsjd ds ¢ &OtStse tjyds o ofs
[ 4 H d di3d Lés
slsted yOlsj dz dzlz
slsted YyOls j dudzkz(®,88)
Odzts 5O dzd . © G5 s R
Oodgs 0, 56. (toc .
L[ . sudednt e e
111, 13) ddaislk 1
(384 0 &/ H B it
BOC dzefigOdste  j o © 2 |
ZOtedjor 2
[ dCtetsi dzj oBj dzlédzrn3
sBtSGON jdz Mo 58
Mn o 7 t©OL,; Na § : s
O dals O dats f WO g O LaC [ AN} ATHSEE v @O sa 1T
ddi3jQelsslsted yOls@,68) 14 &i2dy v M d3d dzj tOd dzr die
ftod &3 MEBR] v d@@@HI@UY H

d 6bttdyOBEWd0 Mz &ddkjeod & & §eddjhd

: (ded 3 dzd 2 Wtz T Hi) Sndzty daju
BBl ds" [edi 00 ¢ "o w0 o fE 6B d Gk i

0,59 (tdfm. 12).
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== MonnroHanbHO-KMNbHBIN Nea o. Benbiit
30 80 @ NonvroHanbHo-uUnbHbINA Neg o. Cubupakosa
[ NonuronanbHo-KUNbHBIN Nea, BepxHUit Apyc, N. JUKCOH
5 i}/ 60 E’( @ NonvroHanbHO-}UNbHBIM Nea, HUKHWIT ApYC, N. JWKCOH
(’)Ov \XIO% Knapkosble 3Ha4eHMa gna peyHbix 8o [CnpaBoYvHUK..., 1990]
e

€ Knapkosble 3HaYeHUs ANs MOPCKMX Bod [CnpaBoyHmK..., 1990]
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CymMa NaHTaHOMA0B, MKr/am3 Ce,,
tdfm. mdddud MCd2 MshmisOs d Odats dgOuidejd Ol dslofCUARETE HSS
BsteMs d &3 o dadusi fipts srzts) j dzd j dzj ¢ S dn  JEWSIV Y j dzf =
Joteslf dJ o OVCe@daty ds@drcdO,Y O dzts &3O dzd v

0C-1-09 0C-2-09

400 m

[=7]' E71° 4L B [0 GBS)° P (A B BRI ER)" [@4]°
tdMm.stdBBGJ dedetsy Mistetsj dzdy Y lso jtelsdyds - -ots dzts y
sdBdiYCtso0 [uwlstej dzjifg ®C dd MH ts.15,tc W 2l O (GG i 2SS 2
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