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wWodw jlsfmpw tBiMfjuidedy §dls! joas?2 otsHB?2 BSdZjJ 70
SISHT RO d LOdWIsd?2 MY tstelssds.

| ZOEBHOEBY B' Mtk ISjodsdscdyjMSs®z ftosdik]
ftoedesHdzze Mej HEz [ tze teizis dadatsd dg@dpdsyj IszH j dzv j Ismw  ff tetsSE
9 tSH' , sO¢ C0O0¢ oo jterndesisde §j  HtodHtsdedzr §j o fsH
1L Csmdmisj d&3" . RLBJYOdedy dzj GOIsdoader » { Stsdzsedyd MSd
OB dZE HjdzdW L O dr [Bfgh dHH IMisMmistsw dad § 5.

456 ZOMdzes dested3OIsdo dzr d3 H ¢ k2 d3d dzls O3, Hisdzdz" §j t5
Hisdzdz' | deOftsmr d Ise jteH' j yOMmlsdyr ojh jMmlse O, tsBto
o tejLlzd SCRsBIUINTEE d BdS~dBIUIMEda ey
ftedtetsHdzrlsdft o M Isjrmdetsej dade” dsd oJh jMmlseOdlsd [ 1, M.

1 JWisjftewutiziidsde dL CGdzOo dzr = dMissydzd ¢ s tstcc O dac
VG dzj otsHBStESHT dgj Wil dgsets ftesdmr sy HjddY tBWzOH OB Is
gdr o' M2 tOMmMlsested diidsMmisd, H @ PG y d ts drdstsl tisgj @lzd VB dtft
Emss2ydotsmisd d §sfdjHEzsh jcts t©OL dsyjddY L O fMyj

vWyJddzr § a3 Is Odzdz (vf), BHEyd tHdddid dL i
rLreo0sls BiMisSs2Misets o wlsdesh j dzd drn 4= < tofrpgcfinvisdgddy
Histctso 1 j yJ dztse j € 0. Ul 9 9 tSH J Bsckzls Bdectdtotse
drduimséda, ndBduimédas d BdbdZseduimMidna ©J OCY(d
dz0 -Bipls: fstcwHCBO o7 N j Y B o otsH ], tsijdets aydercds
ntcOdzd dzdh jd&3 uf © otHdts? MijH] d detOsls o Oy dzlzs
132] . Ra Ctdeayj degstceOydd B" dzd HtetsOdzgOdzdL Jtetso Odz"
ommsydoydd [7, fp. 31].

Ajdz' s HOdzdzse s dMMdzj Hseo OdedwY W o ds@BIY' 1 6y J(dzk)
dzj WisjftesHkCIr), O 1OCyj] orwodjdedj o OdzOdzdL
HOMz! dzj 2h jets ftsdzd BOdzd™ Odzstets 56 j dzdes? dz@cGtelzL §
Yjdzse jujmMSs?2 Hjwlsj d deslsd.

[sBBstc ftosB MEzh jMise dzv dzmsy g dzedler As su® OF j € dginls §
pBHBNtOdddzdh O d o Isikzfiyls ! (j¥% wagtLods ju oLtBO Y j dadifjOH O h j

= - o
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1 d)dzj o Otclstsa ME sEts iz OteMmise j dedese s Iz

9 MmMttslse jlsmMisaedd M ItejBBo Odzdw d3d detstedzOlsd o dzts?2 H
ftosotsHddzmw o Misj Cdzvdede §j J RCsgls o @dedf te-d d3fy thlz) daf] @
oMol s stce O Hdzv Htoj HBISotOM jdzadw o7 d3" 9 Oded W
stezB € .

Manyeso WeaHueso * 5
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Monoseckoe

(BanaxoHkoBckoe
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tdim. MAGIEO® votH! MEtsets otHBAROddddhN © M k¢ OL Odz
1) H. (tydsots; 2) H. [6tted?2; 3) daf.datss t¢ st Sordsalsts]; dzOs) );
6) H. stdtnattefts; 7) & oOoHBI! ddzts

l totsB ' rd d ofsHT (ftedH sdzdztsc ts Mdztsw ) tslsB d tc O
tcOL dzd ydzr @ YW OL O3 cdHEsdEscd Yy MEBsets B3 dBO oBHBI
otsHdz = dBOMM o otHBj d3j .

stsdzyj dzgsteOydvw v, ( Mn, Zo, Ee) o oftHj -d 71 {
OHfmMsteB ydsdzdz' & i3j stsHsF 1§ MY J Gls to tshyyy Al thfdydpjrisite of w g fr
BBj IstsH sd3 (On2dys Jt3Qls . 247] .

vjteddz ¢cejtsaddidui McoOv OMMtsydoydwe dhftsd! L iz
Mo w L Odadz" Fdzfndztiztf tj g c tcOydtsdeder a3 ff slstsC sz, YOMmists tsSE
gqdzd ctwhkffts?2 dhstsyded¢ tso. RMMdzj Hiseo Odzedy Odzlstetsy ts
9" HJ dzJ dgd J LiIsdr -LOMMBEREPUwRES s  i3dzs 6 51 dzj dq3j dzls dzts G &
ftotsdzr hdzj dzdzr » o H Bhvdsd b,mw e Hifstsyded S O IsOC dn
OofmMmMsydoOydwy dsyjls Hfdmr o9 Ols! CO¢ tBh iy ¢ Otelsd dzk
CtsdgCtojIsder j| bsySd skeBsttO ftoese [ 5, . 48].

[JHdd B3 dL GhMdsedsr » §OLORB stese G jtsaddidyd MS ts:
Misjfidds or tcOy j dzdetsmis d . JyjdeS s2 Mmlsg f j dzd OdatsdzOdz! «
Ciwwdydjdls SCtdyj desteOydd (sl bt s & dygp gati? €
mMitsd ¢t OL MHjtey Odzdd ~dBIYUd MSdnm L dzj d3j dzlstseo o
fMtsH j a0 dz@ O dzs e d ydets?2 HtodtesHdes?2 MtcjH] dzO@ EkyOfls
Wtsdetse r A EyomksCse ftosdLotsHdIlsmMw dz0 IsjtotedIlststed W -
B3d dzgd 3O dz! des. [ 5, M. 517 .
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sl U dydjdds wOmMMudlsr 90jsw 5 % stdzdj:
K. = Ci/Cy

GHOjTMtej Hdzj § T toHsy By Qdeth§ sicts 1 dzj d3j dzls©, s tej & j dzj dzd
iWsdtsots] MtHjteyOddj {btet | dzj i3 dzlsO.

Il fewrLd f Isj o3, Yylsts Odzlstetsy 5G4 dzdz’ § Odzts dz0Odzd d
OB tstotsdy 1 dzj d3j dalstso , Hdzw  dzedrm tsftejHjdzvjlsmy OCcts
Clstster 2 fOtedtelzjls ModjMmisder 2 1 %W jCl odzdwdzdW ¢ ts

Z,=(@ K- (n-1
GHJIC szd yd Mlse s OdztsdzOdz! dz" = 1 dzj d3d delstse [ 6, fp. 258

RdzH j € MBw{HBILdEsSed Yy M2 f OMdshisd ZMmls i
s OmMdesmisd HdzW L Htsistdps oWz & jj ditise jEzCc@s o fighy ts lds9j jn dzts 6 | dzdz
fsCOL Olsj dz or ydmdzw j Ismw OdzOdzse dydes Zc, SH dzOC ts
s Omdatsmls d .

gtoc] Hdgw W B h dtsfls f sdzd { dzj d3J dzls dzts 2 Gjtsndddy.
dmMf sdz’ L s Oded j &8 S 54 W W daf faifls © 7 if tlzff defn€ o = dz® U3 o3 dz
o ydMmdzw jlsmvw 5 kEMlsOdase dzj dzdets 2 Y ste Bz dzj

R =(a K.)/n
CHj T qNdMmds, Stktstesj ESOLTo0jl SCsddyjfmlses adc
GdrndhBdud MEkzr OfNSNHOYIH. (334]j.. N

] &zOo dzOW L OH GWO od MEMEGltfos@dz 4 dzj d3j dals™ , dzOC Of dzd -
Slsdztsy j ded W~ , oL N jdedesdz o4 M jMmlse g, o SH O~R d ft
COujMmlse jdzdzr 2 d Stdzduj Mise j dedzr 7 e j dzdetsmisj 2 (4

)| ftosyj Mg OdzOdzdL O Py @sBmwver B o yjn Ot
tcOMftcj HJdzj dedw ~"ddBdUujmMSEdr { dzj di3j dzlstsoe , 9 C dzs yow
slsC dztsdzj dzd 4 , O OS] SiWWdydjdas o0ttdOydd, ¢t
oretsteC j. [(Mdzd o orBteCj o] cadzPH OBy d@isp ™ ¢ZOD tsF
ftcj Hj dzO ykzemlse dilsj dz' detsfmls d OdzOdzd L O, Is ts Hd Mt Jj
teOfMMmydlsr 9 O Isfw . ]l fsHtsBd 7 MdbikzOydwrs OdzOdzdL d
Mitstedd oy desdesy Mslsdetsh jdedy L dzOyalzr & o rdag w16 Uz
. 53] .

1 sfpdzy fHtetso jHjdedw or ydmdzj dedvw Csi WWdydj dzlstse
oretsteCd ftosdmMaHdls o Wstdiy d&ZzOB tstc©® BlsdzsmdIsj dz
Ol BOdz' desflsd SddsdyjMSdn + dzj d3j delstse . G lstsydilssL o
Byjdllz 6jsadd3duyd Mis?2 OMMsydoydd dLEzyoj Bsets t
OmMMtsydoOydd & dhftsd LsoeOdzd zfftsteWHtYj dedz" 2 tGWH
WstedBzdj, O uydnmdse' j ddHjSh' SCtds MdHke sdkse 1 &

lted yjd€j orBstsS  GhHjd d o bksyjsS st
Csdzyj delsteOydd COY3HBGEE 1 dzj d3j dzalsj stftcj Hj dzj dzdz’ 2
fsdMS o2 §LOCISdC) HoYW dsSCOd dFf & L dzOyj dzd2 W s
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1d)dzj o Otclstsa M sets ¢ sy OtefMlso j dzdzts 6 s

ftodB Oo dzj wlzlpy' 2 CW iz o 52 Byj deSj ojdzdydde , CtcOlsdets?
+28; t +38) . [ HdA&ZOC 5 Hdw ted 6 sdzOdz! dz' n W s dats o
sBl jHddzj dzgdVv tOL dzdydzer » o' BB, O H&V dzj Sl
d ¢ kot tse, s@Aias 2 Wiws@wmdsyd dzj sfizh j Mise d d3. )| 1 ls
syjdzdo Ols! OdesBBOdz! desfls! 5 fsoscOd, SCttOlsdy @3 Mts,
Odzs BOdz! desmisd toj SR deHizj Isfqw dMmratsHdls! dL MsH | oy
L 2Oy dedj dzOH @ jslolzts s If jtedpwwd Odz! detsj L dzOyj ded j-  5C e
Ctsdzdyj Mlse j dedese s M j SIsteOdz! desets tsftej Hj dzj dad v . r
Zfndzts o dzts, fts dzseOtedWdddyd MS¢s2 MPCOdzj [5, M. 55]
Isd ndzgtse j dedzs? G t5n d B YJEIEUSAY OQfigh stys/ddgfidilse 5 - d d3
onBBHWhdn o dzidJ, tOodesy dadzd ftjoerhoshjj 1,5.
RdzH j €y EyOmlsdw ~"dddyj MStsets 1 dzj iz dzls©O® o @ s
ftesyj dzgs©Or [ 5, f. 56] , fsLodw jls tsfftcjH,jddl!
Msjdajddzd j . 1 sCOLOjdz2 twOMmMmydlsr e 0jlsmw 5 Wtstedslzdzj
M, =[(K,-1)/2,]Q00%.
tdSdBideHizjlsmw o ydmdzvls! EC OL Odzdz" 2 f s5C OL Olsj d
o tBh iz OMMydoOoyde fHtejorhOjls 50 %.
ltedBdzdL dlsj dzt d&zOW h COdzO Byj deC d L O¢ o isdzjndzed Y j ol
Sj mndetsG j dzdzse s L OGteW L dzd dedW d -pESMHihtsdry d qjsh sy o
ftej HMMlsOo dzj dzr¥ 2O BMdese j ftedBdzdL dilsj dz' dets?2 h € Odzr
l1toj HiMMis Qo dzj dzdzOW h ¢ OdzO, ts fy dats © O dzdzO W zO MBsBteC
f OtcOdzdzj dz' detsd3 L ufpCzd e dj SlzpdptbqiMms dr Odatsd30dzd 2
tcOMmMse tste] ftj ydes?2 o tHT 9 LdOydlsjd dzets?2 Mmilsj § j dzd
Emf jhdets fteddsj dgv jIsfpw, Misej dedes ftod MtcOo daj dad d
IsjtotedIststed 2 .

v OB d&ZdYyoO 1
ltodB dzdde' diisQ)v h COzO tsyjde€ d L OcGtewW L dzaj dedV otsHBY dstse o

Z: Zem HISJUJdZJ ISJ:dZtSGJdZdZtSG
<10 <10 4 zOB " 2
10-30 10-30 dicj Hdzd 2
30-100 30-100 Il T msCd?2
100-300 100-300 Jydjdz or msSd?
>300 >300 ytejLo" yod dzs o' mts

10 ot dgW ftcx®g 3 j ded.w) Bsdzd s stcd dz¢ © H 5 dadz" -~
otsHESRtcOded dzd P © BT dzd o' Wo dzj dg¥ MMdzjHEs N dj tMtse j dadz

1.1 sdzlz yJ dedz | 9 tejLEzdz IsOIsj tcOMmMyJj s O Ctst WWc
ModHjlsjdz Mlsaksls 5 o' McCtsd3 Ztcsodzj L Octew L dgj dad W

2N BteBzdzO 53 ~dzEtg dedgbud MC 52 OMMsydoydd 5 M
McdHdzj &3 L O 2023 G 3MNBCAtZCULEERYR 7. C OOL widH s dL
o4 HEMNJ®B] { dzj BB dz2sOBd OMMsyd OYWMNGCY 5 H Odedes Bz  d3 Is

(Y
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1 d)dzj o Otclstsa ME sEts iz OteMmise j dedese s Iz

oulsjfjd¢ OIS dodisstE Q) dgEdipldts (o M 3z o s H dzts BBz
ZOrsHdIsMW o HET MG JdgO & MzsEz@Yj dstcOyd?2 -@deOdzd L d
2Gts S dZzOMMO f OfdesMmisd, oR"tHWhdR o Isjrdetse j dadalz®

4.1 0¢CMd di3Odz! dzr §J L dzOyd dedv S tsi W W d WdujdgsQ@ ~fmte jdry ddzd
(Rx) dzOBdzs HOB Isfqw 9o d&Bj MisOR dhifdzj Hse OdzdwY [ Etsted
(26,10), O dBdded BOdz! dz' § dzOB Az HOB Isfpw o d. MEHT d

5] M d?2 SCi WWdydjdls L OctewL dgj dedwWw dzOB dz8 HO |
BOtcgBdzed BBiH (Cf>6). [OCMdBOd d 2 S WWdydJ dals
fts ROWAd®IEY B 17RO Ise jIsMmiseo j dzdzts.

6.0 3 toj dzdetsy L dzgOyjdedy Ss1 WWdydyj dzsO L Octew L dzj da
ZjWisjftosHEZSC SO (o L dWddQ; g jeifdztiR? BRls 1l PezE s
1,93 ots ofjn Is sy ¢ O©F B Ofdm tisB isdg 318 jsed@ts j L d&zOyd dzd § ¢
LOGEWYL dgj dzgdv ofs ofMjn Istq0mAd ,cdsde)s tedd o jicipddiyd, d (s
sMddet ¥ Istsdz ¢85 o BBYSC OrcUPBpdHs s 6 dzH28 ( ) (tsedzOts fifls © dz!
OB dzE HOj Isfpw dadL S d2 St WWdydjdals L Octew L dzj ded v ) .

7.1dLSd?2 St WWdydddzsls L Octew L dzj dgdv dzOB dz8 HOJ IsV
st Csats (Is. 7) f &25dz9C jOcky;, (oL dnoasX 7uslkds & (Gt Sids, 3 3
0,76.

8.elsjtf jdz L Octew L dzj dzd v r { ) Is . [ Gted 2 d |
nOOCIsjtedL zjlsmw 644@%08,3 " Mt Owfis(Cxlls dz" = Itsyj ¢ f to
L OG oW Li dzflz@@q Is § dz' dzOW .

Q.utcse jdg Isjrdetsc j dzdetsets L O EBO@S e 6do Efts hH dz§ ¢
o kO¢dn byt oOr lkBtsttO ftotss, COC odoHBIS! didets, [
Ftotseo jdz@ Isjrdesej dedetsets L OGteW L dgj degdWw ftej H ded 2 .

)| Yyj sz ktotse j dz LOGtWLdgj dgdw d 1 Ctsdztsedyd S
ssCimdyds 1 dzpalz i dgle ®alzdz -  Mgdzdz" = Blsdztsy § ded W =, BT
or MsCdj, O dOdetd hd2 tdmMé¢ ftojHMsOodkv jls OS]

g kZyjbtsd efmjcects orhjdLdsyjddsects MdzjHkzjls Glsd
LOGteW L dgj dzd™w d { Cdzsc§ud Al tehd Hzlstsd M O 1 1§ s Mfisdlsde dz
LCtsdzsedy MStsets MsMsswdzdy otHdsets ©BI jCIO, Is.
Yol & 1 C¢sdsedujmSdn Mmilkj2 o cotesHmMSdr d §t
LOsdesBd U MS s, L SCtdsedyuj Mas] dc Oy dd 0y dl tzj 6
tc s dzt .

l sdzkyj dzdzr | toj L kzdzt SOIst fsCOLr 908 Is, Ylsts dzj sk
2O tcOo dzj dede’ = dzO Mmdedy Jded ) EkZtodz? L Octew L dzj dad W
Ftcseo j dz2 fpg wois®dedzly ko j dzd yd o O M jRRLiEWE 20 dzlsQe tsdf dsjc d ddtsiz s
Bjtojaetso YyOMmlsde didd HtsdBseo dzOH jdedWwW dsd d dMmf sdz L ts9 Od
Mo ts Byjtej H! 94HYIs ¢ BErkzuhjddr MmMemistswdedw ofsH
dZdLCBsdBE COyjfmsok §dls' jots2 ofHT .
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[ disj tcOlskztcO

1.¢BOC k39 RIB.dAs.0,0 1 .1 ., mMsdzd S tso© 1. R. d Hte
GdHEsBdBdEZBEedyu Mitsets OdOdzdL O ftso jtorn detsisdz" = o tSH
1983. 240 M.

21 0ydssdzOdz! dzr 2 MsOdzH-B®BIs [FBORZQ7HBdBSAT. 1] dH
stcj Btso Oded W BS HdBdS iz tffldalitsy j dz2d 2 o tSHdzr » tsBI jJ S Istse
[ BME9o0O: RIS RLHOIsjd Msoets MIsOdzH Otelsseo, 2002. 7

3117 A 14.-98 2: 4.61d208y j Mise j dzdzr 2 ~ddi3d yd M< d2
dL o3 e ded 2 dBOMMse 52 € t5dzy Jf deliste @ df tedfjteisls: jdif &5 H A (ldsts
otsH Whkzktsttddigi stedyd MSdd3 @B IssH sd3 diR eQ dzQ dixfin EHSOsddy Is ¢
Cesd3dlsils t sMmd2Mes2 WiHjttOydd f§t thtOdz] ¢ tok
https://clck.ru/39yViZ

41r 52.-28068pjIssHdqugimMSCd Bl Oy & dd] GBOmMMtse ts:
ftesBOn HByes d HEsdzdz' 7 Blsdztsy j dzd 2 . [ isBHEO or

OefMstee ydsddzs?2 M jChtosl slssdjlstedd. AjH]jOd d&zOv
Bsddlssteddel SStoky O h j2 ftej H' clikjuSydod Htesd3j Is) . |
5 80j1Is 5. ., ddzj S Md dzm ¢ Ow [ .1 .., cdeddz .1 .

GdBrddBduyud MEBs2 tyj dfJ LOGKWLA ddw o jten dtsils dz
RfJT1 G, 1982. 74 M.

6.6OjIs 5. ., tdoedy 1.¢., cdddz .1 ., 129K 333 3

7.cdeddz .1. vindesgidedzr § ddzr o [BMEBoaMEBL 5B
1 Csdzscedyj MeoOvY syjdso). [.: RrRfJt{S, 2004. 95 M

B.cdeddz .1. vjndsejdedy j cjsndBduimSdy Ofnmtsy
(MsMisOs, Mt j dedetsMmisd | t &j sBRWOWO2s5yb&Sd) . [ .: R

9. Cai L., Xu Z., Qi J., Feng Z., Xiang T. Assessment of exposure to heavy metals and health
risks among residents near Tonglushan mine in Hubei, China. Chemosphere 2015, 1135. 127
https://doi.org/10.1016/j.chemosphere.2015.01.027

10. Liao J, Chen J., Ru, X.; Chen J., Wu H., Wei C. Heavy metals in river surface sediments
affected with multiple pollution sources, South China: Distribution, enrichment and source
apportionment. J. Geochem. Explor. 2017, 17899 https://doi.org/10.1016/j.gekp2016.08.013

11. Moxham R.L. Minor element distribution in some metamorhic pyroxenes //Niaaral.

1960. V. 6. P. 52545.
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sktcdzOh s ¢ . g
1dy dzej o OtclssoaMS 2 cetsMkzHOwmlse
G. 1dxdzj 9 Otclstsea M¢C

terctdvar Iy f{r1fevRr dReU [ 3 [ 3IMPLRC HUU]
"1 ¢l rRerRf JourR Ju vt l1CoOsRREY{uUBRE

d4ts6e dzOMdzes M OB ¢ filpls § © glzd W Stcc Odzts o HT o Odzd W i to
tcOMf esMistcOdgj@Edz'ddide S = wWodzw jIsmw ftodyddes?2 90% fd
ftedyddets?2 HOdzdzse s L OBBdzj 9 OdedW W o dzW j Isdipwj Bdieng @d y J |
Btsdzj L dg Md cH Yo, sBEkzMmMdzse dzj dzdzOw CEktcjdzedj s [ 5, i
fsHo JtcGOjIsmw dzgj cOlsdoder &3 dL d3j dzj dedWw epsmz@ O ¢ o
toj M JicOltstedzgz MdMmlsj 3" . vOCd] dzgOtckzh jdzdw o sH
tcOLoadlsdd, O OS] o' LMo08l tOMmstes2 Misea © Mdzkzr O

[Hds?2 dL dzOdetsdzjj Mmjte! jLdzr = ftetsB dzj o, fno wL
ntetsdzd i MSEts?2 tBMlstckzCIsdodas? BsdzjLdzd dziceSdm (mf 1
Ylsts L OlstisbsthdejHlg daff ] otSLHEZRO d o' LD, sy Gk iz o
M smMseMlseaze s twOLddydz" §j otejHder § o9JhjMmlse O, fMtsH
dzd S slsddz d SDOdeyfj tetszGaz ®H, . 26; 20, Mm. 51

1t fMmistw ddsd otsLHj2Misod@dedsis&ind Qbzls § o & ig & & 1§
OHOf IsOydtsdzdz | 3J =~ Odad L 3" , zOf ted di3J to, ftsor hjdedJ
Codif j deldtetse Ols! EZrEkuh jddj cOLBBBA] dZO §fEklsjd3 kzmd
ZOB dzE HOj Isfpw fsorhjdzdd yoOmlstsilsr H'HAsOIs pdzicdizlzd s af &
Chts fsLotdYjl ko jddydls: Bl jB oSLHEZRO, {§shmiskzy
COL SBB 30z UjREs SCOLOjdd  djStslkster 2 Cktedd hd
26]. udwbtsdl §tdd i3OIs! , ylsts o) ~HAOHAGLISHf] to tSUiTARRB jtfoj Qo fridf,
dzj M tcOo dzwIs! Mmw .

[tekets? dzj BOdkztso Oy degs? ftedyuddes? L OBtsdzj o Oded ™ dzy
dqLBr ssydsr @3 o jMtsdz dBsckls ddijls! tctcOdad@j deaztsy dgj d
N0 otCtelze cCtozHdes?2 Bdzj sClets JBB KL B das@ s tf bsezdzdls ©
d fmdedL dls: tBhks WEkdSy2r G2 1c,L R, [VZCH . &£, 5
fesdMotsHdls or MotsByHjddj MosBBHMG 7 ydtd = §df
tcOLodlsds ot Odzdlsj dz' g B! d'tedsyf g 8§, 9 O HISDOY J
tcOLoadIlsdw Ofmlsdzr d mJi17] . HoWLOdts {Ists M Isj 3, Yy
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