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Ap-Off OIsd Is
Bdy-B OHH j dzj dIs

Brt-B Ote d Is

CatC ©Odz: ydis

Ccn€C OdzC toj dzd Is
Clt-yj dzj mis d dz

Clb-i S sdzzdzB d Is

Chl-- dztsted Is

CpoxS dzd desf JtetsC M dz
CtpC OlsOf dzj d Is
Dol-H s dzts d3( Is
Grt-¢ tc O dz0O Is
Im-d dz! d3j dzd Is
Kfs-C Odzd j o™ 2
Mag &30 G dzd Is d Is
Marf-d30 G dzj L 8Ot W
Mrbk-d30 G dzj L tstej B
Mnz- 35 dzOy d Is
Ms-fgzmC se dls
Nph-dzj W j dzd dz
Ol-sdzd o d dz

PhtW dzse s d Is

Pof dictetsls d dz.

Pyf dtedls

Pcl-f Jtetsn dztsto
Rt-telz s d dz
Srpfnd tof § dzls d dz
Ttn-Isd Is O dzd Is
Strinlstetsdzyd Odzd Is

Thr-ssted Is

Zm-yd € tsdz

Zrc-Nb-fntsH j oy O 2 dBddzj Oz ctekffr yYyditcs s
KasC OmmdlIs
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zOo @ ¢ 1 1 vrRUZ3 R wlCcro1130 & 1R/
1

}[Huo[[o[r?(l[ RC (tBLBt ftetsB dzj A3 )
1 RIinststedw tslsCter sdw d ¢ &zomMmMdWds oyd
SOt 1 J1LOPUVRUZ ( c karbbnatitea tarbonatises; carbonatitad)

BOEBOISdUi MEdy OB S@BIEddZOISdz Nd ztf C BB tzis
Btsdzj 4 Yy dg dz20 50% duL COteB 5dzOIsdz" n d3d o
OdzC j tef s H j oy Ols  dzj B IQ@EZJLe Makre, 200D fg s ¢ &0 fn
CdzommdW dS Ooydd [ Y HEZAdZOWKGEBH dztsG s mMse L O (
fSHICOLHjdveslsmw 5 fftoj sBdzOHOdzd® ¢ OteB:tsdh

COdz ydlssor j, Hods®kdltse ' j, LefMdairg tcdasis®d2 )j
ndBd Ui MS sk MilsOo i s Co tab szl Is /30 ¢ @ jOLdz!
WjttesC OteBsdzOldls’ , @Ot Ot sdzOdlsr . 1t

dL zyj ded w COtcB sdzOIsdIsts o JdzHisddzt dts [ j dzc
~nOtcOCIsjtodets or MINB ([ H th) S8 Sojedgk@dizd 0 d3Q B6) (Du
Bois et al.,, 1963; Guest, 1963; Dawsd®62 Keller, Krafft, 1990; Dawson et al.,
1995; Gittins, Harmer, 1997; Simonetti et al., 1997; Woolley, Kempe, 1989; Le Maitr
2002;7 02 Yl jols 1c2068).s OtcB 5 dzOIsd IsT sBtsG Oh j dzdz" §
tej HEG 5L J d3j dzdafprdzfcfizls © &3 L. m. [ dlsyg dzaz
¢ COtB 5ls j tc d3Midzhetiz" 200%)e J(C SIsster J dimimdzj His9 OI
sftcjHjdzjdedj dzj Ststetej Clsder a3, SOC COC IO (
d HJdzlz¥ 1 9tdzs yds COtcBtsdzOIsdIstseor n ™d Mls je
BOG B3O dud MS 28 S-BEHOBEEP kR ) YZD S figls O 1 d d
1 zdzO7R R 9 OdzdZditcem ot,al. ,1 9889 6, 1998; tdgq
Doroshkevichketal., 2008, 2010).

) COteB sdzOIsd Is On ) yd mdzj sfdzetse dzr -
ofilstc j yO¥ Ismw : C dzd dzts {QOfdgtUsfsideddz d dj fed@tel) dzr Gjts Iz
W istefls @ Qlsg0E dzjlslsfdsi) dzd' Iy dzf defp® 52 ) B OtsMis
d OS¢ yj s te dz foglftc tnadeen |§ g f Stz tc O Olsdls, vy
OdzS ez Is B OIS Is, COOf dzj d Is, BJd B OdS d Is,
Nb-tclzIsd dz, -C adzdpaigddslz d3dUsQtc tde@ldg H € tsL j d3 dz' dz' -


http://www.mining-enc.ru/a/amfiboly/
http://www.mining-enc.ru/f/forsterit/
http://www.mining-enc.ru/a/quotapatitquot/
http://www.mining-enc.ru/m/magnetit/
http://www.mining-enc.ru/t/titanit/
http://www.mining-enc.ru/p/polevye-shpaty/
http://www.mining-enc.ru/p/piroxlor/
http://www.mining-enc.ru/b/baddeleit/
http://www.mining-enc.ru/c/cirkon-/
http://www.mining-enc.ru/b/bastnezit/
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(®@Mmisdagp § dlsmdezk L JBEBHROYtfEd YdHr (fdtedls,
d Bdescdj Hkzedj. RMoSHY dL dOdduyd™ {j
COwBtdOldls’ BYFOdbd wPMOEE GNEs GGl ] ¢
©j HC qidsdj d3j dzls Oals@y dzj 2 ddsd dL Cltser 7 o
Wo dzv vdisdifye I @dzls Otz H C SL J d3gd dz' def 16 € 3 gtk ity cdinlsf 2,

Maitre, 2002) , MtsH j toy Odzd | Clsster = YOMmists
stelzff dzj 2N d B B Misstetsy HjddY i3, MmewL Odedz" d
(1 tOL ddzdw) , | zdzd dz € 54§ (o deEdez B MiIstcts B8P .
(Addzdzv dzH W) ¢ dz' day (zo9jydw) , 1 OdzOB 516
(t smmdw) d Hkzcedj . dlstsdls BGlsdjilsdls’ ,

COteBtsdzOIsd IsT ofMmistcj YyoOr si® g jsdntsHodzshydiafs?  tot
dLeo jMmisdes o Mmj e ddhQ O s 3\Wadllidkiams gimr¢2008).

vsjtedzddz " COteBtsdzOIsdIsr " o9 jdz o 4 tslste,
ltjeejt ftod dqLEzyd dzdd ¢ Otes 5dz0 IsSBf3ggempi8B)is
sdz orHoddzzdz editslsjLlkz B tBKOL 59 Odadid !
1 skt dz tOMC tod ls do slafitiiz RO GRAgE G O ES Oda{s dz0 Is
[dz ftedhy &z ¢ 9" 9 8H Iz, Yylsts ¢COteB tsdzOls dz |
B sOMsBOIsd uj ME 5§ Bofvags d MR B h § dzdly YsMmdzd H
Wistcdsd tcts o Odzd W C OB s5dzO s d Is tsls ts dzéf Ief ta tis fsUs g de'd3€
HJWliIsj dz' detsfls d B dzO f SHHJ o OdzO d3dzts ¢ d d
dmMmdzy H s @B tzy kgL ,1cl949; Saether 1960, Davies 1952; Z J
1955 1 Ol  l&GE, skt Ot distsdts 4196089650
Mse jlsmMSdd dmMmdz Hise Olsj dzd MudlsOdzd, ubt
BOMMdo so sBtcOL s OdzO M -0 jodg @AgAtsd3 O IS off w jtofis s
(1 ddzLdp . 5 8 ; o O @B DOIROIS)s o

d. 1 . 1 zdzOA d 1. 1. RO Odzd € tso j izt dlst
Fdz' stceOtsmdeso dzr = BOMMdose wodzwe Isfqpw BOG d
BiSGOIlsts? Wdzse dH O] Mtcj HJ s dzqd f SHO jto
B sOMsBOIsduyuj MEts?2 fjtcj cOBESISEC | (1 zdzO~R,


http://www.mining-enc.ru/r/rasseyannye-elementy/
http://www.mining-enc.ru/t/tantal-/
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f StotsSH ' wodzwe lsfqw G jlsj totsc j (flzis tegs(®© of ty@dse o b
dL dzOyoOdzt dzs d o Is s tc iy dst® MasizOusts(layj tidg @ di3d dzts
RHJVY CtdMmlsOdzdzdL Oydd €COteBtsdzOIstsa (L
B dzj OO B" 2O fftoj HdzBY J d&2O L d&zOydlsj dz dz
t . ¢. DPalydzdl 9425) 0t tfdg®@lealzCj] HO2Cd dBOc BOIsd
J 1934 cHukzyj@mndgde vy ddze O, Cslsster 2 Mls
Cdif dzy S Msd3 € OteB 5dzOIs d Is 5 Bixsylg®al. Is j tAtO®BIT S te-§
GsHtse m. CCCjtedzOdz tsff 2B dzd € 59 Odz dgp@eBdEdsldzd
sBteOL 5o Oded W di3q Colstster j BOL EZs Ismw  §tcd
BOG dgckerfnan  1948) . 1 twjLiEkzd IsOlIsj ftese jHjd
COdz ydqls© ¢ tsH HOo dzj dzd § dCad®- €O Hz8B S dztf OB S
Ylsts ¢ OByjdds CtodmisOdzdzdL s9 Ols! w € OC dzd €
S5C tsdzsC b 50 @o dzj dzd dvylle, Tittle,y 1 ®O9GO) . 1 ftsdz' L
ftoesdmn )y Hj ddW ModHjlsjdzt Mlse zt Is H O dzdz'
sjtedsdd stedud MSdn dMMdzj Hiso Odzd 23d dejOudnd dx
COtBBdZzOIsdIstse M Isj B j cOls z tc sReller s dgt® B P dzd Lu
2006 ; bdzHtej j 9O d Htg.HAdO0 4d, L 20fPdzs o d2 @
BOG BOIsdyj MS scts G j dzjweddiryQj Is f§ YO tec BB Q)jlshigldsststo
6 dzj § di@aiz'm g dzjsC d mMdzr = dzGafdzs 2 zG0@xiz@s Qdde O
s OC Y J fsHIse j oy Hj dad § O3 sBtOL tso Odad W S
Wdztk Qeizr QI MsktcO dzl Cslststcr 7 C OB sdZOISIstso .
l SBH] dqLEyjddw COttBtdOIdlstses dzOdB s5d
o B0 cHwsh &zsects Mlssdzj Isdw, CSEGHO 9o dzd
Ctsdgyj dzlstceOydd tjHSdR 1 dzj di3j delstse, d, Ml
1L Ctsdesdzduj MEsd3 fslsj deydOdzj. 1 Ists otcj d3W
yjdzr'j ftesoaddeydd € Otcs tsdzCpjdiislastots txfy Hijodedi 2Q dac
Ld2Odzdy 5 C OB dZOIdIsOr thdatse Odzg" dzO dzOk
dLEyjdzedjy COteBtsdzOIsdilsse o dzj Mdzd dzOEk ydz |
RIm &l 161, RICS d HEB.), d ddasfiste
1 Ox dzj 2 W &Bdzd" Cdfyeddzw ¥ IsigWCar bonati t esgeal kKaPl
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rocke ¢ ( Kingg¢LildwiOd ,i mmi scibility ¢ée (K
¢S Odzj H ts defisWizf HBzg {sfiz ~ O tc JJ dalids 1 9s6Chtg B, ts d&D Is Plis s o
1 dislsd dzin9 § 9 )dzj tc @ RtOdehMs daD Is Elfilzdidz 1 9 7 ] s to s @zts
B dzj cOdftseE fft8n JRBPWwB tsdadds b s Otcd y& OW 4 O
Ct JHEBAR] sOdz! dzr j COBRBOWstcdIsT € é (1 BtetsH (¢
OdzC jtedlstso™ | COtBBdzOIsdIs™ éé (& tsdi3d dzO, 19
¢l ddzj @B sdzOIsdlstso éeé (v jtode M jo O, 1981
filstcsdzcedd S OwBtsdzOIsdlstsoé (4 2dzOR, R 9 Oda
tclzH tsdetsmdz ~ COteB tsdzOIs d Is5¢ tzh B X dS dstfj d2 jdE, ) ts ¢
CsOBBdOIsdIssar | d&j Miststedzty &1 ,j dzf® D @ Js Tdja]iafed

1.[2) n0OdzedL d3f tsBtcOL tso Odzdw € OteB ts5 daC

S OteB s5dzOIsd Is fteOCIsdyd mMSd ofMmMj cHO Ofr
zdz! StcOtsmdztso dz' n d tmdzse dz' n fMd dzd ¢ Ols dzr =
ded W Jj dzd detso ' o3( fpd d dzd Is OBz dzd ded{lsizplg @il Is O dz
G OB B tc t§ (GHtI@Z1966; Heinrich, 1966; Woolley, 1987, 2001;Kogarko et al.,
1995 | &zOH " Q. RIBXB@Y § tOmMf tesMmMistcOdzj dzdzr d&3d |
weEzf debiddedsso se s teWHO d dgj W Jjdzddeser j Md
30 % COteB tsdzOIsd Is sets &O lsigPldyn,d ols®6 9 )s.0tc

Il Mistej yor simw C OB tsdZOIsSdIsT |, dzOn sHWh dj fr
Mddzd ¢ Olsdz" d3d f stetsH Od3d, dr Ctdzdyj mbet
COteB sdzOIsd Ists o r Baildy,tc1890;a\amlatzd2D03; (Woolley, Kjarsgaard
2008).

skh iMmsobkjls Isted bktsySd Ltejddvw dzO d3j ~ C
mMewrLd M §hjdzsydat agfH A jdde steIOdRHIsd s Yylsts t
COYHBSEBE WwWodzw jlsmw COteBtsdzOIsdL dqtetso Odzdz” 2
l jtco®BYS O Ltcjdedw (o] siflz®GEBHE ] WOE BT (
tcjLizdz sOIsj] yYyOMmlsdydesets f dzOo dzj dedw € OteB S
Il MmMtssilse | IsfiglsdaddsPd @] Isdpvtc O Lude=Odzd j] € OteB 5 dz0
ftcd tWwWOLHjdzjdedd COteBtsdzOlsdL Jtotso Odzdetsects
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fmMd dzd € Ols dzlz © dqd ¢ OteB BdzOIs dzizts te jysd WEq B fif IsdizO ¢ @
f StotsSHT RBsekzls tsBKOL " 8 Ols! Mw 9 Mmdzj HMIse d
COteBtsdzOIsdL dqetseo Odzdzr = h j dzsydzr = Mmd dzd € Ols dz’

[ JrOded L sSBtcOL 59 Odad W COBB®OIsdIstso
COtc®OBdzeL Jotso Odzdzets G s BOdzlsd 2 dets G 5 Iy iodiH Iis G
Bdzts ¢ sy d mdzj dedz” = Welhig,f Husnd, dd P ls Wallace( Green, 1988;
Eggler, 1989; t wB Yyd ¢ s dhibdult et ag 1992t Brl8A Wood, 99933 ,
Sweeney 1994; Yaxley, Green 1996; Dalton, Presnall 1998; Lee, Wyllve, 1998,
2000).¢ o Istster g OL O@EB sdZOIsdIstsa ™ 2 tOMY dzOo ,
MisjifJdded yYyomlsdydetsets f &z0Oo dzj degdw zj sOMtsdBO
dgdd&zdd J s or MsC sBOG dzj L d Odz' (@aveRneyy 199 sHpgr|sGitns, 2
1998; Lee, Wyllie, 1998; Wallace, Green, 1988)icd L dzOS Od3d IsO¢ B¢
sBtcOL tso Odzed W OB sdZOIsIstse W dzw s Isfpw dzC
fsor hjdedzr § MBSHJtey Odzdw r~tesdzO d dzd & J dzv
mMemisOo | Colif djzmBo M gzdz Ols dz' = f stots
o MBCWBOGCdzi L JOdz dz" 2 MMs8E, ( ERtc tsdz) B d I
H tc z dWfajjace Green 1988;Dalton Wood, 1993;Sweeney 1994;Harmer Gittins,
1998; Lee Wyllie, 1998;Harmer Gittins, 1998;Bell, Rukhlov, 2004;Mitchell, 2005;
 Btesh € jodg, HaWicIsHAzr di3 Htod d3d tOd3 { ISSE 1S
slsdzj WPEW Otclstsc o (Sevhgr dzaeniza98q] , 1 4 8 Oded W
(Doroshkevichet al. 2010) , U O dz®lougtaddset al., 1990 tc sk £ figd
]l segtc@kd yo (B §jody, 2013

[ JrOdzdL O Wi stedzd tetso Odzd W COteB sdZOIsd Is s
tcOL HJjdzj dgdvw COteBtsdzOlsdL qtctso Odzdets? dBOG d3"
C OteB 5dzOIs dzlz & d MmMddzd ¢ Olsdzlzs |, fsHIso j oy HO
(Koster van Groos 1975; Wedlandi Harrison 1979; Freestong Hamilton, 1980;
Kjarsgaard Hamilton, 198; Kjarsgaard 1998; Brooker, 1998; Wyllie, Lee 1998;
Veksler et al. 2012; . e MY 2 @Hf &) dzlsT fsCOLT 9C
B dzOMisd dzj M3 Md dB3tsfisd  d&jOlsidz” 38 j dafs Y & Odse
tcOMY dzOlo Ok j + S MY j tod d3J dzlsts o, zOf tcOo dzj dz
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COteBtsdOIsdzse 8 twOMMdzZOdo Odzedw tOMY d&zOo s
o' Wodzj 20O M s Ow tsB dzOMmls tc O M8 O 6 dzfs dz@ K
tcOMYf dzOo so BHZOd 8 @Y " dzj g My dzd € OIgKE2Af ¢ J vzAtsE
2001,2003) [ jYHE dddid Blsdj yjd WOLter j cto
COfdzj odHder = tBtsMise dzj dzd 2 SHds2 Y dHGC M
sj SMkztedzr | GiMse j dddasdls tf iz £§ v Qo 2@q I sIcCs
[10), BOds2 9w I3QIs@ylshy) , ( ~f5dzs b dztePls dd  (dzdlL
sj B j eOlskter MsdzduHkzMO® (~650 -BE)j Lxrdzewy
o JM BO foHOoadY O d LOo jtcHhj dBHIso Jf 5y H fiz]
B -~ Odzd L Bz Mgz Pts o OMadg] daed * 6 OMY dz@Fpodar] s ¢
fstesH N-pdzshaBtshdtss dzr » S dzj S Mse | zdzd
(1 4 tc d3CRdmkin e Bas 1974;t1 s dzO dzy j o , 1980tNietsalzet al., 1997,
Veksleretal, 1998;; omm, 1 dzj ytse, 2 01®98,2007%; BigAnidRankia ©
1999; Bell, Rukhlov, 2004;Pani n a, 2005 ; u gdadeeNelQ odd yH
2004;Doroshkevicretal. 2010, r stetsh €4 ody, 2013

SOt dZOISdIsT |, SBWOL 59 Odzdz" § IsOC i3y dfg ek
cOMmMf zOGo dz" » 9 C dzt Yyjdzd2 o BJdzej cOzOR, g
Bdzd L ¢ i s BB3q dzj tc O dz' dzts A3z mMtsMmisOo kz h j-dzts
COteBtsdzOIsdzts? Y dHSCsMisdats?2 dzj Md3d M d dikarikilg Les
Bas 1974, t 530 dzyJ Kjarsgaard Hamdam,01989; W9llie,01,989;
Brooker, 1998; Harmer Gittins, 1998;Lee Wyllie, 1998; t d ¢ Gittirgg, H
Harmer 200 3; waniha 2008; Odrdshkevichet al.,, 2010; Veksler et al.,
2012).

[ BtcOL ts9 Odzd j§ ¢ OB 5dzO0Is )l tsalzdztdf2tc d H dEwtaVd]fry
fsHIso jtoyHjdes + €M jted 3] delsOdz! dets ( Fer gus
Korap&ts d Hts, 190281 ;L eu BQsdzis 0A,s pIdEN3 ; 1

Bdzscdj Hkedj). i Cde fls@GEROL O] Y YISt B
hj daz” = Md dzd € Olsdz" = tOMY dizf offiygd figsfsayty dsts § dedsl
Llssds Mdky0oj, SO0d ydks StdhlsOdddL kjlshw

f stesHsHEB A | t©OMYfkOe' LOwLOSISjtedL 25 Isf
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Bd&ZzOGBHOtew yJ i3z, dzj € tsls tsta@' Q¥ Isd frifrizid3 Hdvels@lso i d
COdz ydlstsor JHautmer s @abris,d 1999 p Kjarsgaard, 1998). M dzd
mMd dzd ¢ Ols dz" = BOGc B3O A ftedmizls mis,o & jsldc d3d efipls

cC OB Blsj tcdzOdz! dz' § € f StoSHT d md dzd € ¢ (
fMd dzd ¢ Ols dz" TMitchelts RE@OR). 1 tcd d3j e Od3zd W o dzw 8 Isfyw I
COB®ROIsdPtiza OEB®EO (Pilipiuk et al ., 2

skted?2 [r M (1 EZdzOA, RO Odzdzd ¢ 59, 1984) ,
YOrT tolss2mMC d2 d yYydq&med? BOMMd o " Isd dgfMpids
fiosoddeydd (stsdzgjo, 1982; JtkdzjoamCOw, 1

]l COtBtsdzOlsdIlsOR, tBtcOLtso Odzdz" = o toj Lk
¢coO¢ f tcOo d dzts, dzOB dz¢ HOj Isfw slsted yoOlIlsj dz' ¢
1 Cif jtedd3d dzls Ozt dz" d3 HOdA dip OME @@s s dEBISICIL
ydteSsdedj &3, d 16 tldzsMmdlsj dz' dakslerejatizB044iz" -
Martinetal. , 2014), ¢COtBtsdzOIsdIlsr d Mmddzd ¢ Ols dz
Slsdesh j dzd W Mistetsdzr d 34 dij defjis HiEFPIs O © M OF
tc O dzdzd ~ BB sdzOIs § tsL Hdzd o3 Msslse j Isfise Iz,
WicOC ydosdzdtetso Odzed v, ftesdmMrsHWh jets ftod ¢
tc O M { @@lePHaas 1965;Heinrich, 1966; s duasBisE8d, F B
1982; 1 ks dzOwofiyylliew 19931 &= INFllie, 1994, 1998Veksleretal.,
1998;Pilipiuk etal., 2001;Tappeetal. 2006 ; Doroshkevich
2011).

[ .1 . Stse Ol s B’ dzO ftod HdzsY J dzO Ho lz
COBBdZOIsdIstse ( KORR0K gtsedtcCalh,. , 2 A0 H j tco
nOtcOCIsjtodets BOL 5o Odzd | o Jtodzd S@tc s dZO B
BOdzls d 2 dets 6 5 ) g5 5 @aBIGCQ) e O gzO o O +CMPBHHIS i
+ 2,@Jzs dH d (g a3daVy(CQ)tc OMY d&zOo ;& O d&zO HSIO; 2
+2COW &z dH, d BBBGEONMNjdzd] dBOdId2dzr 7  Stok
MsOHdtgsd M tsHdIls YyOMmisd ydatsj f dzOo dzj dz(d 4 d3
ojhjmsoa O, Ctlttes] o thL ¥tkicBPsFo Odat jzezy €
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hj dzsydz' & fd dzd € ®Jsaiz s Rastotsf2 sz sso, ktelsd
dzj 2 ydbsserna mMdjddlstse .

1.80wB sdzOEglstsydzd ¢ dedsBdw d tjHSBL J d3d

sbkh jmlsoakjls 6 ¢ fOotds o dzjcdjdE s s d §f & o
BjfMsttesy Hj dd?2: if)jclPbitty sDd (Mg Mistets
Il sipfsdissds s OL Or MisOdzy , Jteddzelzh j d ouvBHYJC
GloOded Is dz" 2 ( d3d Miss@asBl @ dzdfW izl 2 B d ) [
BOCBOIdYUjMSd2 (sObkeddmSts] d&jMistietyHj
(S dvcse o Q. , ZsAOIH)ssDE 2 06§ GPnazsy da
Mdjddlsor (&jmMssesyH,jddY [sotLjtnCs?
(Bj Miststesy H jJdzf ¥ S uaf dzdzs O dzOH j I dh dzj o 5G
COtBtsdzOIsdIstsor 2 (3] Msstetsy Hj ded W P-fe@EB]
SOkOH |, J jdLdBYydhSs] o t s

{ Mdzs o dz' o5 -fdejstsRizty ity dzdz” d3 Isdftsd3s dzdsB d 4§ €
Clstster &3 MowL Odets 94% ddtesoar & fsHIso j
wodwe lsfv COwBtdzOldlsr d Stter d5 or ojlst
f zOMlsd BE@E WO Cd2 kEyjd' 2 HEEROd&dE, ¢ St
Blzseddisd HEkzeddd Mots2fiso Okd. [ jlsOdd o
MstOlsjedyj MS e ts Bd dzj 6 Odz dats ¢ 1 fr ! we
1 0o dlsj dz fldeo Gslst AL 6 5v0dzo Ote™w 1996 G .

1 O N e sH dg¥v h dzd 2 H j dz dL ojjtddsdditse  BdixC
l tetsd3r hdzj dzdetsy L dzOyjdzdd doa3j ¢ s § dtetssiBdis,
t siimMdw tB&OHOjIs L dOydlsj d dzf d3d L Of O Od3
fsmdzy 1 tOL ddzd (. 1 ByjdeCj ¢RrRdAW 302 dze,
MsmMisOo dzw ¢ Is5 s Wikedets Is3 (2, 45 dzdzdz Is (Iaterndft:j tc
www.infomine.ry . 1 OC s dzj dzd J dzd sB d W ftesd mn s
HdWW jtej dzyd OlsOn dRdetsecsW OL dz" 7 ddzlstclzL d o dzr
Movw L Odes M W SO sEHAOBGAEESSd. ¢ [ Mdetse dz" d3  d3d
Wy dzw s Is fipw fJesndste d Y, jttesSsdkzdsdls,


http://www.infomine.ru/
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BOe BZOISdyy MEs2 d TomlsddOe BOIsSd yd M52 Mis(
Chakhmouradain, 2015).

vOB & yPMizsd dzl | fesds h dzj dzdzOf d3q dizif ts@® g2 i) ¢t

[ ddzj 5O md B3d yd ms& OW W1 dtsH] o) OAI%
] dtets D dzts (Ca Na) Nb,Og (OH. F) 405i 825
! ??%%ZUH %‘ﬁ (Ba. Sr), (Nb. Ta), Og (O. OH) 64i 67
s tsdzlz d&3B (Fe Mn) NbyOg 57173
R dz/ d3j dzfs
(dzd 5B dM (Ti.Nb. Ta. Fe) GQ 4.51 335
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cOL OB OIS 89 O smw) .
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2003, 2005).
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(Atotsdzse, 1 j t2O®8 j dzl § B9 H s Geowdrnlzjldsz  fi-tol ifdjH odg
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Zso sects € OtcB 5 dZzOIOF IO o g Blz] Isd[u@ .MS OW d dzls j to
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WsmMW¥Wste® d 5 Isrfmwy bktsddz sSMdHO IsOdzls Odz
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Ylsdgsh detsfls! Ctster or 9 jlstcdo Odzdww C OtcB s5dz0OIs «
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ftoj HiNlsOo dzw 8 Is mMtsB 52 s dztsf3C dtc j ddPlcls tsazOd
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(vjtejaotel, s 1UDA2D)d |sOls &df & dgl®Q dgs & o iy
tcOL tcOBBISORZO Maj 3O tOMmydzj dzj dzd v C OteB 5
o' Hoddaks®] 6@ s G jdgjLdMmM] tWWJHECESA] sOd dg -
B SOMBSROISd yj ME OV " df@iiffifaiHisdgj dzO0 6 Jj 5n d i3d°
ftsojH]ddw 9 JHEMJR ( dzOIstcd 2 , COdz' yd2,
teOL dzd ydz" = MisOHdWY R (s Odaslka U5 azd V1 B i) df OO
19621 jtejLddz®, 1972: 1t)y0ttdySov, uOds? dfs
COtBdZOIsIsts o Br dzs or Hjdzjdes yjlsr toyj Is
BJLtWkHdr j, fjcRBOIsSdHI j C-© Crelzled tzs of 1| 9
StelzH j dzgj dzd § d3, " §i3d &OE2 jyiddzdsls §| ¢ OB 5dzO0Is I
Of Olsfffdtetsn dzstetso 5 tStokzH jdzgj dedjy d OdaS jtodIst
Bddzj cOdzdL Oydj2 (I syO0dycow, aAttsdztse, 1¢
10 shdssOddd dqLEkzyjddw tOmMf dzOsadzr = o ¢
COtcBtsdzOIsdfiso dB J&zf dztf sdzz yj dz2" H Odzdz' j 5
d Isjd&fjtcOlskzteOr dr StdMmMlsOdzdzdL Oydd (1} Odz
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sBtcOL 9 Odzd My fted IsJdi3f {@EBEEPs O ts¢ tsdatds.
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9 Cdzs yjded?2 o Mmddzd S @Us206:0 Adt ) O tff Gelg{cpldsjH d (5 9)9 0
COteBtsdzOIsIlstse 1 jdzts?2 1 dd3r, O -p@&B0AdS jtbd
] SHESedzZ1 975, 1979). 1t dLktsfd & Isjtd
ddzlsjtco Oz 800 Au H dzw-4 X0 yuf dzs 0 ©BzC Jf to opls7tDe
Motslse J Is fipreshkdsddstal(, 2016). vuvyj BtdjJ Mt
fsLotdzddd o' HJddls!  d&QddEbslf Wy RPC RSOl " c
COtB sdzOIs P ElHOC | dzO0 hdse Odzdd dL k2] dzd
COteBtsdzOIsdIsts o, sn OtcOCIsjtcdL s Ols fJjtcad
FyOmlsetso QoM jes o tBKOLBosOdzdd tj HEBAR] IsC
COwBtsdztbgzeimef W Sz, o dzgi &3 tSlsd3zj yoJdlsmw o M
BOM. %), SrO (HB 1.3 d&OMHB %D , BOW.[] Y)H,&
d uwl (Hts 1. 2 d30OM Dorddhkevithét dzH2@1p)jrRa @&,y j 24D1 &
dL sl s Mistct®OdzflaPH r ¢ ddig, sRPBS5, [ r cddz, 1

2.8%,0OCOY g jtsdztsedy MEOY " OtOCIsjtedmisdSC O

1 smdzj slsCter Isdw d dL zyd ded v 1 j dztsi
O1 ese j sWdLdyd MSdn tcOBtsls deSkzlsmMSddd ¢
tczHsf tetsW o dzj dzd J . ] 1956 GSH Lz ) U N 1 B
COtBBdZOIsdIstso r 2 BOMMdoe, Colstster 2 -1 Odf Cimptdd
1§ dztst d B3 dzf & s dntis H BB BEPE S d v of  Bfidlodss !
tzHON tsls-100, 3 | Bistsd L Hdzj § ofnityjdgadds IO
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65%( Atetsdztse, 2003) .

RMMdzj Hiso Ols j dzv d3d EMmils Odzets 9 dzj dz' dzj MiC ts¢
R dz' s jV2 ddsdlsizj W j dzd dzso " Y € 9dkz) dzaf¥s™® ©dzf 3y d |
HsdztR3ds ®dz jtcdlstsor | COtBtsdzOIsdIlsr . 1 0 Mmte
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[.C. s @3 2O, [ . s. 1 sy 0Otedys Ow d didetse d.
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BOE BOIIUd M dBd §stetsH ORI BO MM le Otc" Wjo diyd
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dzj W j dzd deser &sd Mmd j dzd Is ©d3q , sdad tsBtcOLhZE]ls
OB tsdzOlsdlstsor 2 hlssS 5 §jtedhjtedd.

[jd kj2cdlr  Htsk@Ebss Qs dgbsy O Mdsy
Ctsdzd uj Mlseo OB dzj W j dzd dz®@ d € dzd detstf o tots STy j ok
CtcOdzO s ts o3, W se sy dlstsd, sdlsOdzdlstsdg
ftcj sz h j fifdsamjsdedetls L dzj W, SRFHEQ o ss ( § © o)
(telbtsC dzOL ) , it fiyflse) 66 dpzodzQlits | 1 ) I8 @ dsd kds’
hj dzsydz o et pisizy jAfifstedeMmistej YO Isfwis d g Q1
COd ydls, Of Olsq Is, fJletsr dZsts. s & dzs@&d
fsfmisd ¢4 dadz § .
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tdf). 2L 4BA ¢jodscdyjMSses Mistt] ted W O dzgztztgL o
d Hte. (2003) .

s OteB sdzOIsd Is ftcj HMIsOo dzj dzr -H STEBABJUASI t5 €
Odz¢ jtodIstsar dz3d to.QLddds ovWan dizseildsyvzd dets i d Is j dzv d3c
tczHdzts?2 d3ddzj tOdzdL Oydd. S OteB sdzOIs d Is 6 O DH
SlsdzsmdIsj dz dets yJj dzgstce© dBOMMdo ©. wtejHd CO
f stotsH, tcOmMytsdsy jdd | o Shdsodsdt s §jt
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sOdz’ ydlstsor j COteB sdz0Is f B Y dats LSj P dzddifispdd
tcOL detso dH detsis d . ] BtetsHT mazsy j dz' COod
Czd detsf Jtets € M j dzts A3, Wazse st dlstsd3, -uai®dztedaizdf I ts
COteB SdAOWSIEts " Mtcj Hdzj L J tededMis™ j, Y teW dqtese d+
ftsmistswh dj ftej dddglz M jufslsiasjdsfdst© d ¢ Odz' ydls
Ctdzdud Misetsdz  fMdz¥ vr | t& jazdjdzts §QidgwtsfCafisizRe to dd
tcOL dgtso dH detsisd - H©®jcw dzifa0)std dzdsfgls ™ | i wlsdzd iy
] &zO9 dzr d3qd d3q dzd tc O dzO d&3qd w g dzw ¥ Isfpyw OdzC j ted Is
OCyj MhscedEdds, MEkzdzr WdHr (9o tshugse dislsls t o @
t1 6. I8 ofMmMin ©OL dzs® dH dzsSMise ¢k H & =S thHEsEA 1€©d
d3d dzj tc O dz' Gtolztf f r fJtosn dzste O. dbCyj Mihstcdz
Ctolkzq ff r Yydtel sdztsdzd Is O, BOtIsdts sz dztsjdf,tc ¢ 5 Qeis
OdzC d dz(Cl) 53 o3d dzd t6 © dzO d3d Ctolzf ffr BlzteB OdzS§ d I
WiststeC OteB 5dz0 s O d3d-(Cé) 1 ¢ M KBRS, dfJsd3 s EEB) . d Is IS 3t
d HikeddBd § HOBIHXKG IS0 O) StetsSH d dz, 1965; 1 55
1975, 1 zdzO~A , 1984, At dzts o 200 3; 1 06
Doroshkevichet al. 2016; zZ OWkbrordoyadd, al. 2 0 126);1 8 ; Mtc 5
2020).

JHdz52 dL 90y dzr = =~ OtcOCHsH de@ldndsle[t€ o fryls jtcdzté
BOMMdo © weodw jlsfqw  sdzchmyOlstsmis! . J &2zO0 9
ftosmMdztsj o d i sdzts My, sBtSGON j dzdz" ~ Is § d3dats
fdiosCmj detsds, W zsetsfdlstsdz, tdzdeddessdz) O Is
d HtlkcdddzO dffftcz]dgo. 1 jteo d ydzOw f sdzsmyOls
oL CdzO © dBtsdzj dzls BKLOL S OdgdW f StESHT
f zOMmisd yj M2 HiWBtdRZOYdj2 (Atetsdztse, 200 :
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t df). 2126 ddts i) § @Sl jy JIs@e s § dAOtsaftlsr 20%B) . (AGkt

1 sMisC OBtsdzOIsdlstsor j tOLter oadzr j zOtekzh j
MstezSbkzter Bj MisstesyHjdzdv, ftoj HlsOo dzj dz'
L sdg tOMMdzOdeyj @ Oded™ d ddalsj deindo dets? Iste
ZOtclzh j ded W Off) Pa flads & s-0 15 IShigjupdgtiadits  c Oded Y @ 1ot
2003).

[BhOW LS OOCljtedMmisdsO® &OMMdse so, zLfijde
ftcdo jH ] 2O 4l IsOBdzdyy 2.



vsOBd&ZdYyoO 2. 4. 1. I BhOW D OtOSCIjtedMisdC O d@ZOMMdoe se , MdzOe O h dr | dd&3d dzm < d 2
[ Omf] [ IsC td"Clss 6 ] BtetsSH T [ ddzj cOdz dz" § Isgl sdzjL ] sL tcOMmls
d €4 &) MdzOc O M dJ C 53l t
dzj dzls

2 1957 6. |[R2tsdzdIlsr, [sOdz ydlstser j € Otes { NbOs, 9 j dzH -6(0002 5RRdzdz dzj Is)
= 0. J dzj W j dzd dzts o O Ols d Is ts A3 O 6z& 1 & I tizg P,Os,

- stsdzj Mz {Mdjdedlsr, [C OtBtsdzOlsdlsr ) k&te(TaOs,

x5 d 1. 1[. COteBtsdzOlsdr sdzsdBdIstso " j d Odz{ TRO3

- o dzd M d dts € COtBtsdzOdIsr ) tej §

> C OtcB 5dzOIs OB .

>

- 1957 G. |[R2tdzdls’, [sOd? ydstses' j & OteB { NbOs, f 5L Hdzd 2-0 jodpi j 2

° 1.1 1l sdfd3jdz bj2cdf dietsn destesds O Ol P,Os, [. 8. [cBs ¢. ¢.
— dzj W j dzd des g H sdzsdBd Isse ' j € OteB { CaF, (Atosdzsea, 2003)

< fpdj dedlsr , |[Wazs stedlstsds d ¢ dtets] FeOs, 640N 1 d3dzdzj (Bavelyevaetal., 2022)
i C OB tsdzO s

14|

= 1958 ¢. |sOtBtsdzOlsdd dz€ jtcdlstsor j € OteB { NbOs, tclzB j Y -Sojjddmit@] v (A tot
B8 5. R. 1T ¢g fJiotsn dzstetsd3, toj H S 1 PO

53 COteBtdzO OB d flk(TROs

s @ Th{ >

O a

¥ 1952 G. |[R2tdzdls’ , [stekf datsL j todzd Mis™ j ¢ NbOs, dzj W j dzd dzts o ' j i P43 dzd
B 1. A. zOtHdjdz sjRedSodz-ngdsdRdIstse ™ j ¢ P0s, Bdzdz dzj s ( QOB)BES dzt €,
- dzj WJj dzd dets ey Of Olsdlstsd, 1 dtets] TaOs, C OteB 5dzOIsAd) IS8 4 § AAG  d3¢
- mMdjdedlsr, |[ddeC jtodlstseor j € OteB { TRO;3 (Doroshkevichet al, 2016) ,-

i COB&ZOdY qtetsn dztstetsd3, € t5dzlz ¢ 645N6 RBddz dzjls ( Sa
o toj HEtSL j d3j dz' dats2  ds¢ PbPb dLtsBB86&O1 d3dzd
~ (Mesd@3dso O d Hte. , 2




2.5 ILtOmMls §tetsH 1 jdztsL d iz dzm € s

L ezf&®nNMmdoe se (4 j dztsdzy Bg &DG el gz Czg 2 ,Bd
ctoedsd dzim ¢ OW tolzH dzOW L sdzO) , 9ntsHWh OW 9
Matsydy yYdtelsr cjtasedyjmMisets MmMlstesj ded W
dzi Is o { 46Ot H3dBdBtBdRidMss® d. Htc. , 200 3)

RL &ZOyodz: dets otsL tcOMmls f tstetsH 1 j dzsL d dzd d
HOdzdz' 3 Mudlg @ defizy igdgdpHods dzse  d (HjeL [z dz! 2ASWE0ST
HOIsqtotso OdzgdwY s Wdzsesfdlskz dL COdz! ydistso!
(1 OcHOMOtse , | tro@Glszste il oWk dzdldgsB8o0 )n. M d j dzd
UPb &BilssHtsd 8 ydqeitsdzkz d mMtsmisOCeo dzw jls
Il BLtcOMls d2ddlstsaPb siicls BY e@ggdatfizs 2 c 8O dzO0Is Iz,
(Salnikovaetal., 2019).

ltotso j Hj dets s to] HArexj digdlg ts rotdsdg tetfot IsWodzts 6 5 1f
Hsdzsdgd Istse " - COteBtsdzOIsdIsts o ( Dor os hldeawi
dimimdzj Hse OdzgdY B' iz BHELEQPdzd L BHE OISO o
Mstslse jIsfisea ¥ Is 6 0 9Ar§ fipedtie s 3 s [Fdedis ¢ &) s dzkz .
o tsOfigls W kzsesfdlsO Mtstslse jlsMmisakzjls 645N6 3

Wistcdzd tctso Odzd W COteB sdzOIsdIstso . [Jdz Cmtstetsh s
mMddzd S Olsdzr = § stetsH ( faloikpwadral.$2019). H tc. |, 2005;
800
7001
5 6001
< Bo3pact=645+6 mnH net
8 500
m
4001

300 . : : ;
0 20 40 60 80 100

BolgeneHHbin *°Ar, %
tdi 215LKE0Mls YdascsidsO C Gir c@BEfsEbse ( B8

1 jAazsL ddizd dzm S d2 oBoMmmde .
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10 HdOcwOB®B) ( tod PP b .2 By Pbls 5 BdE@HZ Y
B &zt Isj2cdIlstse ( sB tc. 0 1 f2092/16}763), dizp ‘s fzdfdf dzis
mMdddedlsse -1(13®a®H4) , 4 COdzr ydhstsers80) ( sB &8O
Hedztd3dIstse " 7 -1196R ) gd05@MdzC JtedIstsor n ( B
(Mtcsdiso © d tHieL Zdz' Z®B0) . d -z H isle ©ffzdzw = P
slssBtcOy j dzf 902 Is@p dzt @J dziffo tdte tizts, i lsgf € dzt Y OW
sBteOL ¥ Ils jHJdEZSE dzddzd¥ d dBsecbkls BT Is! d
JLBRtesdy . [ dzO Blse j yOj s 99 sy jtaddmsids fipv3 19N 1c
L dzOyJ dzd 2 oLicOMlstse ,f stehej HAFQM figlzfly & Htelw
(c e d3ts dzt G 2065; Doteshkevich et al., 201Balnikovaetal., 2019)
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dfm. 2.0%.cDEES oo EDEOEPPYPbH dzv StetsH 4 j dztsL
doe
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v OCdd3 Gefft@sasjds § dedz' | dMMmdzj His9 Odad W 1S
sBtcOL tso Odad W COtB sdzOIsdIstso 1 Bgztlzig ) dedgd gz Cu
otsL cOMASIO djjrssHisdz 5 W dztsie tisdzt| dgdzls oLt - ¢ Gd®
(Doroshkevich et al ., 2016) ftPbirogfw tst-idcdst
fJtoj GstsmerO M tOdzj § f sdzlz yf drdzrHdsdz 6 1 @ls df tésticass
(Ctedstsdzs € d Salikovaeta?, QUlHF Mo d H j isly ds fidsd M d dzn
dHsoBdz! des EZLCtdR JqdzbegHo.dz2 . 8B BPL 59 Oded W

l O desfyls ¢ tcjLbkzd OO (dkkzyj dd =~ dMHh
sBiOL 59 Odzd § 1l jdzsL d d&3d dzif € G ts Z3OMMmde O,
COtBBdZOIsdIstso ™ di3d BOMMdoe Oz, SCBlster j tcOf
d ~rOLOSIjtedL iz lsmw BdzdL € d d3dnlststfth P ey dzdc?) |
dlsOdgso 52 Nhdls, [dedmj2Med2 Ctowy, | sHBBY
dsdzdz  dzd Is (ted . 2.5.3). ) I C e d3ts dzs €
Wistedzd totso Odzd j M ©OmMfOHBd dOotOL d2 ME =
(Cted3tsdze €, 2014) .

#dzj Hiasjdlgj st Is' , Yl offtets Wsted3d tctso Odzd
IsOC¢ % J Hdzd Is j dz' detsfls Il Issets MmMtsBr Isdw, to |
dzj SH dzts L dzO y dzts . 1 Oyodzs tOMEtsdzO  sHddzed d
tcOdzdzj ¢ ftoslsjtosL sV, f tod d3j deaaBls j1dk'5d3r 2d3dieis
600 dgdzdz dzjIs (skL ' d3d dz, 2014; [ SBtcj ytse ,
2007; Meert, Poweel, 2001, | SteH dJ dzf ts,
Mz J e sdzlsddzj dzls©O tsyJ dzef DO Ishirdz Pizlplds) td oMBedR ¢
Cls d Isj SIstsded ud MS d 4 M Isdw Mof tcso Y H O
BOCBOISdL BTG d2s@ts d ¢y dets?2 BCteOd dzOa 0
780725 d3dzdz dzjls M wBtOLto Odzdj d3 HO2C e’ o
shdetso dzr = S i3 dzj § Mz o § GHGaRMEARY Ifqisjots ts tc d3d to 5 ©
h j dzsgdes Istc Otsdzts o dzr n COteBtsdzOIsdIlstsar n ¢t
OB s d@f s PBYE, d Hp., 2002; cBEWRbEatod
2005; Gl adkochub et al., 2007, 201M®et I
al., 2023 s kL' d&3d dz,201¢ DRodgshiteviéh,et al2016 2022; Salnikova et al.,
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2019 Micts d3ts 92020 d IHadz.B,dzj © 260§ 2 0 H 1 H tcw QL tsdzts o
] joded S5 ME®O 7 ;d HEY Z QOB ;d HIOFY du Ddsj dz' j o
2022; 1ty jo d Hte, 2022

l o a3 dzdzts?2 tOL " 98 By HE O BOISFUY INC dgE
dzjIs d hj dzsydzets?2 - @BERORdzels dzftso 168 dzw J Isfyw - L «
odHJ BB, Cstetej dzdtelzjIs M tOL dzd yflzr g H d d
( 2Of tcd d3J to, Met el kin et al ., d2r0.0 77 J SLd s
dimmdzj Hs9 Olsj d&zd klso jtey H OB Is, Ylsts Wisted3d tot
Zdz2 stcOtsftpdpslasdzdst = Ctsd3f dzj SMmse o 8 3 dats?2
fJjtedsH 258 @dzdzy gzj B OCISOF dzsydz" = ¢ sd3 &P ¢ fO3s
dzjls Br dzs or Lo Odes OCIdoedesMmis: & f dzg BO ( ¢
183¢ddz d Hte. | 200 8; Mar fin et al .,
Wistcd3ddtotso Oa h d - MW7 24l tkjdaeta| sty Is7 2 Jodzldifjcp j dptsias2
FCOLT 9 Qls! &zZzO OCIsdo dztsfls f dzs B3O ( 2O ted
2009) . 4t &zOMmMdgs Hof f man (1991), Condi
Rainbird et al ., (1998), gdBdts! d [ ©Os
Bird / ddzd dl sfteslsj tosL 5] . Rd3j 6 Ismw f tets
s t5 03, yls ts, fl BSHds figigesiyticds’ls,j L ©F] L 56 J
mMkh j Miseo s Ode OofHOBIEE 28 cdts 8 3 des?2 5€ tc O §kdigarav B
et al., 2003;] jtedzd S soa MEC d2 8)d; Hic. H tc 20D s tstc
BiLsfeslsjtesL s d dj sfteskjtesLttsj o L O
ddBdtemMCsets CtcOIstsdzO B" dz zMlsOdetso dzj dz tcOL t
O 9o dzj sftetslsjtosLts] BMOHSC OS] dzj dzdj 1 to
(skusdaj W Hte., 2019; [ JjlbdditsoO® d HE., 2

1 ©OdB tsdzj § 9 J oW s dats, Ylsts 16 J azts gyt  daig(
Cdzstetsdzd tets© O dzfpw Istsdz' € 5 Isd SIstsded ud MS d
Mow L Odedz" dsd M tod W Is tstfe drédaly @ tistsln Sty dz!  ClAzy O'fnjlsotv
s otjleijdafj &8 tsls O B3O IsTH2uh MEdrdz tsdzj s,0 {f ©OF
OC Is d o datfffrlss! 5@ .t s 3§ Ists@ ts, Wistcdzd tcts o Odzd j
COteBtsdzOIsdIlstso ™ 7 twOMYf zOatseo Mow L Odets ) dzd |
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dzd stejBlzjls dLBM stsydetsets 30 daley] @tdats,c 2009).Is |
14 Slsster | Oolttr ( dzO§ ted d&3J te, Moore et
etal., 2013pappe etal., 20068 appe et al ., 2017) §thededhly
o ot BYW wWOMEBSZO Ctdzlsddzj dzZstsa  dits yQ Ssls tBid ¢
Hdzw fHI Jd3O CddB ] tedzdIlstser n, OB tesW d tot
Cedzo j CIsdodzs? 9o ] tgjdadigdidkigzs k. d GHEEHBE B
fsHiQfis] desmW j e dzO dzj c dzzetsC dj Etetse dzd

COlstsdzdzts?2 G J tsisgrtcholys € sds@ o3t $ dzPISztedz” 2 H dzfis t5 ¢
ded L ¢ BB J § juddinls d yfztz®@ s dzj dzd V- tsed § e [ON d - Iz f
Mol ctso Syl @IS & @Odzcg 5 dzO s & O EHdE® .z yd tclz &
COtcpBdzBls sf Jlstso ™ § 3 ddzr . ] otsHisdzy O8 h j i
GJtslsjotcodIeBLotsdzw jIs f jtejtf d&zOo dlIs! LIsd Y da
md dzd COBGdasts dzO Is dz" | tcOMmYf dzOo ' ftesMOydoe O |
9" L' 9 Q@wets Yyomistifdg@asgzj dzd § B tc QL tso ®dzd J 1]
COteBtsdzOIsdL Jietso Odzdzts G 5 h o @y 1| ,dzB® efBtc 5 iy gadff ©
hj dzsdeslstcOsmdzco dz" | C OB dzOIsdIstsear j € tsd3t
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COteBtsdzOIsdlstsor 7 BOMMdotse, tOMY dzsy j dzdat 15O ditdse £2tc (
(dedmj 2MEd2 Stwy, Itmistsyds 2 wOwWd) . RMIBd L 59 (
1986 Ctodstsdz; € (dd fHfte.d, H2D.0,5 2007, 2009; Il teksdzj
2016 2022; Salnikova et al, 2019;, Mori ki yo
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v OB dzd Yy @ j4 .5z /@y

HOldEso Odafw

O @z o tJslOs o T R

¢ PO d Is 5 0

l Lt
t x3Ar (dz‘?B‘l’SZ(
T°C | ( d3q| “°Ar(STP) | “Ar/®Ar | N1 ¢ Bar®Ar| N1 o] Ar®Ar| R1d ®ar*ar| Rua | cak | @) | f1al N1
dzOs jMEO® 32,75 G, J = 0.003%280 .8 ON 050 040 4d9d*dz -1 @519 [ eptgs.L 5 @Ok jstzdz8yB® N 5. 6
500 ( 10 1.6%e” 84.5163 | 5.8339| 0.01324| 0.03995| 0.1953 | 2.1003| 0.00828| 0.06900| 0.70 0.1 | 503.2| 113.3
650 | 10 10.5%¢” | 103.5615| 0.8482| 0.04347 | 0.01056| 3.3806 | 0.3405| 0.09720| 0.00822| 12.17 | 0.5 | 464.1| 14.3
725 10 70.3*¢” | 103.8478] 0.0804| 0.02610 | 0.00304| 0.7888 | 0.0782| 0.02234 | 0.00068| 2.84 35 | 582.6| 5.2
875 | 10 259.0*¢” | 111.9183] 0.0649| 0.01641 | 0.00053| 0.0576 | 0.0187| 0.00523| 0.00049| 0.21 | 13.6 | 648.6| 5.6
950 ( 10 464.1*¢” | 109.9595| 0.0777| 0.01792 | 0.00028| 0.0196 | 0.0082| 0.00110 | 0.00059| 0.07 | 32.0 | 645.0| 5.6
1010| 10 342.9*¢” | 109.6029| 0.0659| 0.01839 | 0.00070| 0.1169 | 0.0353| 0.00181 | 0.00052| 0.42 | 45.6 | 642.2| 5.6
1070| 10 474.7*¢” | 109.3882] 0.0541| 0.01694 | 0.00035| 0.0462 | 0.0123| 0.00044 | 0.00041| 0.17 | 64.5 | 643.1| 5.6
1130| 10 852.5*¢” | 104.6496| 0.0640| 0.01778| 0.00026| 0.0228 | 0.0076| 0.00315|0.00042| 0.08 | 100.0| 615.5| 5.4

vOBd&d PO BjbBkd SOl

b-@ gy cbsjlsHSE odd dzd ") dHyls)J ddis LHdded dgfistiedsaits 3O M d o O

1 BBt ] StesH O m, | 1°%PbmV|* %PbF”Pb| 2 sigma| “*’PbF*Pb| 2 sigma| “*Pb/*Pb| 2 sigma
01-151 i3y dz' Isj2cedls 0,18 10711 41,4716 0,0009 16,9759| 0,0004 54,4899 0,0014
2092761763 |2 sdzd Is 0,18 2984 30,0934 0,0013 16,2799| 0,0008 45,5747, 0,0024
20997580 |COdz'-nyEHES B Istso r 2 0,26 3363| 151,2387| 0,0028 23,6372, 0,0004 81,0165| 0,0016
u-1/135144 |dzj % j ded deso * 2 Tdj | 021 6738 32,0893 0,0007| 16,3845 0,0005| 41,0004 0,0013
2050119121 (S Odz -y B3d Istse 2 0,19 4280 18,7349| 0,0004 15,5977, 0,0004 47,3074 0,0013
2098 Odz€ jtedIlstser 2 € Ote| 0,26 5424 25,3672, 0,0006 15,9718| 0,0005 42,3962 0,0015

1 tod dzgd yPEAffig©o €O dzO MisH j oy Odzd |

TEkEMsGE s

Mo d dzyO daj

99 t8HJdzOMm!
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|l 20O 3. lruvtfl1téArRC R [RLLTELO]LLRC
[ duauRrR] O

Htse dzOMmMdzets ¢. ¢. Atcsdztse Iz (ANtotsdzts o d H
MdzOc O h d A 1 J dzsL d di3d defp & d 2 BzBOMMd e, i
fsmdzj Hs9 Olsj dz' dzsmis (d : izj tztcls g ¢ das W | d2d des?
mdJ ded Is Y COdz ydlstsoH tgdzstipd'lsjy Od¥ y PleizS j to
COBBdZOISd IS .

3 ld sj2cdlsr

[ da sj2edlsT f ted H figdy QEOARSK I @)lgrpisdp’ g2, dz" |
Ctob§ dztf Mo Hdzj L jUcwze(tiisy §skSskwO o s
cdfdHdEBsEY dsL jeddMsOw, ©jixi §52¢dd
Bdzts ¢ sy d Mdzj dzdze’ RO O&des @) dzdBOC dzj Is d s, S )16 §
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Cted MisOdzdzts o ( @z J B BRO® .f2Jee)d W j tedd L jtoj dz
tcOL o do Oj Ismw €O 3O~ deftsigy eld dz@z] S H dzts to 5 H dzfs
Mistetsj dzd J , Yyomlsts dLtsd3j Isted ydz , Jjes Mt
t OL d3j o7 € ted Mls O dzdzts o(te cfifits.fr) Is Y .GMistAsipts) b, @B 1) d3 0 ,tc
[ ddzj eOdz MmtsHjtydls o ¢ dzt yd dzd W COodz ydis
BsdzOydlsO (uwj )(uf)teckzmtsdedls ©
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Litejdz yquS sdsddlso.

[ Ocdzgi Isdls d odipstafiuwdafldsimpw o OMMtsydOoy
[OcdzjIsdls ddzscHO ftsHj ek disS b dasipdy jdag® ] Ist
odH] oSdsyjdd?2 o fdstidsttj d OfOldls]
SHdatsyde 7 EZHdzddzj dedzr 7 Sted fyls Oczdztso o dzg
odH] oCdzsyjded?2 o COdz ydlsy.

stejHd OCyjMmtstedzr &= RBddej e Ozsm OH O lo dflsi jj
fdiesn dzstej] dOdBtdjj yYOFdes Wldtstss QO tsdp®
BsdzOGedls COdz ydtse ke OdeS dls, S Odz ydtelsdls.
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[fdzso dz" B dBddzj tOEZOBd OdeS jtedlsseor 7 ¢
Hisdzts B Is . Il ststetsmis § § j dzdz’j fo 3§ @pas @ar'ls ts df,te
BsdzOydlstsd, YWiststeS OteB tsdzOIs O i3 - GtafjHHLSf R teLtsjnt
WiststeOf Olsd Is, ¢j BOIsdls, Wittted C sdzz B d Is
WisstcOf Olsdls, ®RJdzj cOdzr BEteBOdS Jlstso 52
dzj 6 Oo dzts B te dats L jjtelzRdsitpls O¢ d ¢ Otstis ts o3 to dzd fils 52
v jCMskzte® KROMMdo dzOW, fwisdzdflsOw (todf). 3

ddzeC jtodls dopts@sHygls dLisdjstedyds j L j t
BBz His dgj MSCtsdzr Sdmn M5 (tedm. 3.6. 1B, 9,

. 3l. L60d1d3tS'IS|SdZBthZCfJ dedZJ tBOdztsa 0O lsd Is G
d o3d dzfn ¢ WS SO MfiledOc@sj dzls© ¢ j edzO B) MBS dat
fdi3)  COd ydbetdgj j H Ui 0o f SteisHOn
Olstse t1¢ d BsdOydkso o O0dSjttdlkstsar a C Ok
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l Jesndgste OdzS jtedIstsar A COB OIS Istso
dzj SHdestetsH dz" d3 Mistetsj dad J o3, yYyd 3 ¢4 desf Jtets
3.4.4 9), tyjdz yYyombts sCtkyjd ¢0O022 d¢s?

ssdzd yj mlse s tcj HESL j d3j dz' dz" n d3d dzj tc O
OdzS jtedlstsoar 7 C OteB t5dz0 M pbI84s o teLd AndzdtiéidR)@sy B HOB
sBtOL zj s f @@Othjsaf@yOls' -, h jfmlsseo Olsr 7 L jt
3.6.RB%BtIS OtcB 5dzOIsT #d S (f eD@ghqf s dff s figf s dfer)
dzOr SHWIsMW o OMMEywdiOyd ds @c diEsszER y Jdgdsdg) o
Isj mdzr § MeOMisOdzedwy HWGEZGE M HEEZzGE B, o fls
sBtcOL ks MEfdzj dzdv SC-BdHlsBgzcswd BOL 83j G&
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d § teoydeRk@yiCsOs j dztsj ) ; BCe o MEtDOisPHed d iCly 60 to
o dzn toeaf st OMs Odzd d i@ B Ofisdzj L  Ist5
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steO2dzj ©jHSE o OdSjtdktsar R § Oe tsda

Co¢ B OHslffttsg O dz¢ d Is , COtBBBYJj todzOd Is. S 5 C
cdHiesf Jtesn dzstelz, tWjJHSCtS oaMmlstej yojlsmw o ¢
] StetsHT MdzOc O h d § 1 JjdzsL d d3d dzm € d 2

COL dgstsBteOL dz" d3 3 dz e Odz! dz" ds MtsMmis O 5073,
36.1,3625H dz0C 5 Btsd " ddimlsats L ddf GlsteOy (
C sy dzj € MO
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v OB dzd yQg fM3zs®d.d2 | Bddsj 8Ok dL §osH J jdsL ddBddnsses
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Bd dzj 6O Mdd ddistis 0dz YIS | o g g 1) @ %5 4 B
s dzd dzts ff d t + + + + N -
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1 4 W J dzd dz + + + N - -

]l sdzj o t52 - N + - - -
ANdzsGe s d I + + + + + -

[ Ocdzj Isd Lk + + + + + +
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s Odz ydls N N N + + N
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3.[MtsB j dzdfsfqlutf i MERYDP @ dzse L ff StetsH

1 OdBtsdzj J ddetv sted3OIsd o dzr o3 ¢ dzq dzfs 6 @ tizts 83 f
Colsster 2 ontsHdl o MtsmMls©e eMmMjrn (SSH,
OdzC jtedlstser 7 COtBtsdzOIsdIstso .

] B3d dz' Isj26dIlsOn, Cdzd dets ff  toc &&Gj i ji ddzB s ts d
(ted m. 3.7.1, Is ©B dz. 3.7.1), Hd st iy
GJHjdzBjtoedIstsar d§6-6G(8 | dtefde-df s a3tstgd %; H S
Msslse jIsMise j dedets. [ ddzj eOdz, 5 MteOo dzj dzd
BOMMdoe O, sBtsG Oh j-d0 OydisEems)zd § 36 J @ dz] dz o
tctom) ( lsOB dz. 3.7.2). 4z 330 te dzts § MisH jt
3 dz' ldsjsc gH sMIsdec OjIs 42 ppm, Ylsts weo dzw j k
oMmMjnrn wOLMsodHdtsMIs] 2 ftstesH d3OMMde O. S
f cdzse z® CsdeW e zteOy(d & mMfJClsteso t1 ¢,
La/Ybey Slsdztsh j dzd j o5, dzj ftejor h Osh dege @B B d
ftoJ HY ZOr Wy Jdzr » EZOBISOdsdqHEse (tdm. 3.

; ~
Di Hed
@ xapOOHATUTHI € MEIbTEUTUTHI
[l 4MOIUTHI A HePEeITMHOBBIC CHEHUTHI

dm. 3.7.1 utsMmlsOs Cdzddsf Jtss M 6801 \dc d W dsde,t
st Heflhg j Hj dzB j G dIs.
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[ ddzgj eOdz diztclgfRlsswla s - OtcOCIsjtedL 2z Ismw
o Ote! dqtolzt h d di3d M sH{jictedBsdadsieds] d ¢ j HJ dzB j t6G
Cdzddtsf dtesCmjd dL Bjdzt Isj2cdIlstse (ted .
Yyt sddw o dzjd3 dzai ftejorhOjls 500 ppm,
ppm (IlsOB dz. 3.7.2). 1 Cdddsfdtst i dzj
ppm La/Yben Bls dets h j ded 41 4tc Qotadtn .6 3. 7. 2, IsOB dz.

g sMilsOo ¢ dzd dzts ff dfjteWs S drd) digp " dBd Is ts o tsls dzd 1
MeMlsOa O dddzj tOZO &j &zt Isj2cdlstse d 2dts
Ledtcddesso s s B3 2OZO ( ted M. 3.7. 1, j tds@xk d
sBtSGCOh jdz aOdOHdjd3 (HS 1700 ppm) d ydt
Czd desf qetsSMmjdesdd L ®wjd kj2cedlstse d d2
{16 o &ddzj @& pte@n &z 6lOH ¢ d ©wWOMYTw| Hj
AntsdzHtcd sz, Mratyd M Jlf@&BEd) ] dap wWdzv JR dzdfixipt
sOGBdz. 3. 7. 2).
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ftsH ]ty Od§ Bduzs g dstsCMjdzj dL §stetsH 1 j dztst d di3q dzm s
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md dsd ud ME ddzi Wnjsdydsetd@ ils Oo dzj dz © IsOB dzd yd
L &jd sj2cdlsse dzOBdz* HOjsMw &OS nd RO
B ZOkO, 5 MtOsodj deds fy dzj ¥ j dzd dzO dgdazd L
3d dzj Qe Odlaj ¥ j dzd dpts[ g rdzthIOEOds fsteizj | J pH G B Odz
COMFYI5. 9 &OM %) . 1 OBd HOjIMW Isj dzHj dzy
B ZO&O &l &jd kj2cedlstss ¢ d2sddksod (!
fted H] ZzO 5B dppdeisig@g §ddy d v d dzajyrdde@ uscis]jv ¢
o d dzd yd e O jdixlfgly tc @zzy § dfd diifod’ dadtists oftc O o dzj dzd
B3q dzj 6O dzs a5 B jsdDBlatz 2 Bd 9t o4 ) (
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/\ cueHuThl M uitoauTHl € MEIBTEHIUTHI
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t dfm. 3.7.3. stsMisOo dz W j dzd dzO NeBIO-ksd O G t
(Hamilton, 1 9 619 tet®H On 1 jJ dzBL d B dzME S5 dzOMMd o O.

MmOy dB §dzO § StetsH 1 J dzsL i3 dzgME sSE B ©
sOBdzdyy 3. 7. 5. 10 HJOcttORBBO- (Leake
Meslse | s3Qls adg J lf 5§ ©dehiy.O M3[.Iskz. { O)
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tdm. 3.7.5. 1dOctOBBRO MtsMmis Oo O dsdpiindfeatedz o
etal., 1997.

]l OW dB sdzOR dL de®jpddzs Is1jO2) dsdny' ts odzd dzd dzO dz-
Ctoy Bded ¥ o HsMPpEphGy Oddw ¢ Odz ydqvw, 5 M
d2tdzdistse d ¢ (Ousefits.dzO 8fiF@ds@H) . i3d dzj t O dzO (
Motsilso j IWijldeatdassflOtc e OMd sz, dplscdsjoLsRs as@ fiphofizke
3.7.50). HBH jteyOded] CtojdgdzjL jd&BO o &Bd
Bjdz sjcdlsse ko jdzdydeOjlsmw (tedm. 3.7
BO G daddzj dz! " O Is.fiBw7.5).(¢ s3I ef dzcfsidzj W | dzd dgsfa) del Is ts
ftoej HMIsOo dzj dz BOGCdzj L Oz dets? tesEBBO B2 BB
[ddzj E@EOCIsjtedL zjIlsMw Btsdzr hdd3 fMBH | tey Odz
B4 dz' " dd&3 Odzs i3 ded ¥, ft5 MteOo dzj bizg tizts figlz' -
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MdddS Olsdy 7 ftesH 36 7d356dzj S ls@ B df. o daf 1o @ dz'
COwBdOdlstse 5 Msilsed @AM § dgt e |
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tdMm. . LY 6C S@ipdeaf? Hdv O&BYdssdss dL
BZOMMdoe O.

szt HO® A3 dz' Is jf2se d B BHIs Oo 27.6) ( IsBBHEHAS 9 | B fr
Wazsetsf dlskz, vylsts BlstcOy J dzs dz20 tedmlzdzC 4 3.

[ ddzj cOdz MsH jteydls dzdL S8 Ctsdayd delste Oy
Mtej Hdzj.d3 DAze36T tsBasc Afsjudp'tey Odzdj] Ctbtstesd
ppme  Mited Hdzj d3, @ dfiNs Hf deha@ dizDjud Is § dz' dzs  dzd
COB BdZOIsd Is On ( sOB dz. 3.7.6). HtSH J o) OcC
[ ddzj 6Odz dL dzp ¥ fzdpds dpmfe 'dX sse 5 MsMisOo |
Odzdzd sz d IsJ IstcOWls Btcd @ ezdatf Is HzOs cleid@n ZCoEA S AP
COdzr ydqhstsor n COBB®OIsdIstso fsolststew j Is
Mddzd S Oldzgr » fYtesH d MlsOdeso dlsmw B tsdzj §
HsMIsdc OWw O Misfjlls@OW j tctcd W dzts ¢ tHftfdsE@izd Is too ¥ R
OdzS jtedIlstsor A C OteB 5dzO IS[ddsdf-tc O @z te d dnL BO &
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COtBBdZOIsdIstse R OtOCIsjtedL zj sy 01 M j dac
mMts Mmdzt HE52 dL Mdazd C Olsdz" »  SteSH. 1 OB d
dzd sBdwvOdah dMSE o Blsdzdyd BB sEP djis®dzO (GO
COdzr ylsdzsdzd Istso r - COteBtsdzOIsdIsOn fMdze H O
IsjlstcOW J tctedW dzsetsf dlskz ( IsOB dz. 3.7.7) M
[ ddzj tOdz tSlsdzd yo4 Isfmw twslsmizlsmise dj di3d lo 0 ddpts
ZzOdd3j dz' h j2 oG dzddesL j &3 MIssMmis! ¥ d BBdZj J
dzdsBdWY otLteOMIsOjls 6 MicOo dzj dzd © M
stsdzyj dzlstcOydqw Whststc® o HtojHjdZzZOR 0,5 ¢
IsjlstcOW J tctedW dztse s d Is O ) O dz€ j 8o dvisfisdew jrls
B sOMBBOBdUI METB L Od3J "N jddj i3 Wdztsetsy dlIsc

M N e
gTeTpacpeppmcbnoronMTTeTpaneppmaHHMT

¢ wvensreiirutol [l uitonnutel /\ CUEHUTHI

(O aHKepuToBble @ O0NOMUTOBLIE
Kap6OHaTMTbI: @ KanbuuToBbIE

tdm. 3.7.7. wuwutMksOs MmMdz¢# H dL §StesH 1 jdzsL dd

1 jtotso iffdgjlsj Is dzj sH destetsH datsj o dzlz Is to j dzdzj
o 0t OyYdw &3d MmBHjtey Oded™ 8] ) ¢ ¢ f ZdAfsaee ) 1
i1 ¢ ) Mtej Hdzy &3 MpEPMs Oafderdj Ist IS0 0 Gz 6 € d
ficj 5B zOH O¥ Is dzQaYblsyisvda ' dsdlzd jJO HEsMIsdE O Is



71
[ddzj cOdz dL gd2tdzdilstse slsdzd yo,4 Ismw sls
or MsSCddz MtsH J toy ©dzd j d31 s BR1)., % ( sOB d&z. 3.
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t dfg.. 7. 8. L oW ded datste d3d MeDmr@ughzand Suf 1995)s dzH t
MsHjtey Odzd?2 t1¢ o f(jteseomCdlsy, sdlsOdzed sy d 1y
TS sdtedzs? dddedj 2?2 GBBL dZOU) 2O € tc PBelddeovaet dzv
2002).

stsdzyd dzlstc @Qaydf@c dgjifd Is flzd dz' Isj 2 ¢ Bd&EOM.H 5%
H4BHJtey Oded jd r~ac@dE®H JWH tc ] aB3d dgjj ta Q dr@ dn dzlz
o jdzd ydm @y dgintgsls | tcx &dsO . sMn O ,1,5 dg @ .Nb,Qg
(lsOB d®). FeJli. 8C Mddirdzj dz Isj2cdlstse 1 j dzsL d d&3d d
cteOWdSEd (tdfm. 3.7.9) dts)yOlsmw o §tsdzv
Bddzj eOdzO dL COteBtsdzOIsdIstso tcOMYf sdzOE O
HBMisOs ISOSBEB BOGdz sdlsO ~OLOSCIsjtdL B
B o' MsCdd MsHjt) Oddj d3 ydwstsddy
Zdz! IstcOsmMdeso dz' =  StEtSH, Yylsts ~OtcOCIsj todz
(Reguir et al . 2008) . mddidyd M€ d2 mtst
379 [ Ocdzgj IsdIls ddescHO MmtsH | toy flOdaf§ diz usiCd
ZdsBdw HEts 11 &OM. %.

MOt OC Isj tcdats 2 tsfts B j SLddisfidsls ®OL g lOO® & @
ddz' 3j ded sz, W o dzVjIs )N OedOmA] Y g j B3O MBht s O
Mcd Hdzgj i3 1.5 &BOM. %) .
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t df). G30 Fz*FedisS MdH o Idj izt IsdedsdidziG 565 BOMMd :

s OtcB sdzWigktcj YyOs Ismw ots oMfmjn tcOL dzts 9 C
dtsMisOe € Odz' yd i@ dzff S QeSS 1B ts €z0 Bt tzjs © fr
ftcdoJHjd 87.19¢PB7dA yO-~

g4 sMilsOo COdz" ydlso du B3 dz' sj2cdlstse
MgHey Odzd § &3 Mistesdzayd v, Colststots Hisfils d ¢
COdzr ydbstsor n COBBUMIsdpIm)d RZOBEEOHO] IsMw
dzd L € 5§ MtsH j to) Odzd J Mistetsdzyd v, fts MteOo
Hsdzsd3dIlstso ' » COBtsdzOIsdlsses (HEBB 740G pj
Hsdzsdidd sy L dzOydis-3080pdats. dzd x4 (1500

iz B@EOtedzs ] MBHJjtey Odzdd (1 ¢ o4 % Omp m,dlIs
LIssd3 dzj 6 d] dOdsOdsdHT ftoj 5B dZOH O Is dz
f stesH, fysbdasYphdfgiZ( M. 3. 7. 10)sts9f dd
COtBBdZOIsdIstse R OtOSCIsjtedL zjlsmwy BBdZj j o
900 ppm), ¢t MwOodz dzds M ¢ Od ydilsdgyds d
Slsdetsh j dgd W-3 Qo s dzBdzdIls d OdeC jtodls =~ OtcOC



73

bietsodzgj &5 t 16 G5 fisQoLdzjCdifies SitzClsafds swd, Is iz
fsidzj Hdzd 3 € szl d ¢ Iz t6 Oy s |s dzts O dzq 5 85, -84 ks
(tedf. 3.7.10).

tdm. 3.7.10. Jto¥de¢d MmtsH | to) Odzd@Doroyghand dzts &
Sun 1995), 9 COtBtdzOls OO p®OtcsH 1 j dztsL d d3d dzfm

md B3dud MCd2Isthts@OF@ladis@syde = Mddzd YOlIs dz
COB®ROIsdIstse ftcdo jHjd 9 IsOB&ZdYyy 3. 7. .
9 i3 dgjstisOdg O dzdzd = ff StotsHB BWUz) ¥ Is tff @AzfH o[ Is 15 ©
COBBdOIsdIstso HiME @ROQW & § s fripin)j HHddH] ~d3
[  dzj e Hoydzj L dz2Oydlsj dz' dzgze C tsdeyj dzelstdOyd
WiststcOfPUs dIs@QtecB s dzOIsdIstso  dzOB dz¥ HOJj IsMw  dZOEC
fMtcj Hdz] @OEPNY 0 iy ftoj sB ZOHOdzd j I3 dzj 6 S dr
MLa/Ybey B Isdetsh j ded § d3 ttOo dz" &3 40 (tedfm. 3. 7.1


















































































































































































































































































































