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LictsO j ( 1 20y j dzdv  s€C OL Ols
L O teW L WA Wi W Is WA

[ s zMmisg 1 1 1 1

Ld3j 64 dzed 1-15 1-3 1-3 1-10

I " mMsCda 152 3-6 3-10 10-100

YL O

o1 NS d 2 >2 >6 >10 >100

1124 CsbssSMdS sdseduj MSd2 Swdlsjied2 [t

(eSS sdzE ddisj YR SE toj Hj dzv j s w
f5COLOkj dzj 2:

X = Xls +X¥ + Xt (1.5)
visgfnq’udzmsﬁ:}ﬁ%[ar—s (1.6)
AL dCdsBd yj MStsets L OctewL dzj degdw ( fplz dzt W
ojnhjmseaO, BMNOWY d&ddzg tOdzdL Oydw d Htc. )
w_s, C
X _a(H w ISdJi) (17)
ColtosW dztsilsd (s Stsdeyj dzsteOydd Wy

L dzO0 g judéds dz. W )

Xt = K*(

CW
ol sidz ) (1.8)
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CH siC st WW dlpdyjddzls © O h d2 MmMtsfls sW dgfgio s s dpdzls
sB) jJCIs o )L Slsi8mY dztoAs teftslsl AzsRd ,MisOH J d .

[ Odzdzr 2 S OLOIjdz MmMkh jMmlse j dzdetsHdgPC ts
f sSL odzv j ISV wdisg JSpdsdzy J dils e ® §) O jwiislsote d §f 1 Ists d3
Eydlsr e 0jIsmw L dOyddisimls: CdStcjlsdes?2 € Ol

1.1.2.5 stsd3tf dzj SMdzOY ByYyJ dz¢ O L OcteW L dzj

i Atekdzddzz | . v. d 10 Odz [ . 1.

SBdiY dzj ¢$ MdzOVY syJ dz§ O OH [ tz0O gzl dHpeizs MTS o dzg ts
LOG toW L jdzHf,Is j dz dzw ColststesG SW z @Oy d IsY Jod2Q s f
ANz dzS ydw N4 dzOIs j dz' dats ) ldf e d day Qi tgafschae ks s gadxd v
BzsetsCtedils tod Odz! das 6= dzOH @H Gy, . 1 odiscifdids) ota® dgddzts
B dsIs s dzdzs Mis ' Af 2 BCAAEFHWS SindsdzOIs § dzt desmisd y
1 CMYf sdzj dalsts 2 M 6ttdyOlkjd d'dt s¢0L0OIs
fpded L dIs'  J 4 ukzo fals otxplagQify sty IsB dzd L &b " B d
ylkze mise dlsj ez' fipts fuOdggs

Di=exp(-exp(Pi)) Pi=bo+bACi/} 1 & (1.9

GHRo bliI¢ 54 WWdydjidasardmwh dj Bl ©OMMdOIsted o
COyYyJmMlsoa ©® o9tsH' .

[BsBh jdzdz" 2 $ B OYPIY] 6zOf tsgesz dzj

1

D=(D13 D23 D&,,3Di? ..Dn)" (1.10)

glsjfjdz L OcodyHs il jedzb tpls §f S Y5 & kOB &z

vOBdz. 1. 5
s d&zOMmmd W d SwWOLydvdzd WO Gdets H T .

s ZOMmm ¢ Oy D
jd ydmisd 0.99

fls OwW 0.990.8
jto] dzdets L @ 0.80.63
GteW L dzj dzdzC 0.630.37
WL dzOW 0.370.2
jd@ ctewiLd 0201

|
Y
v
1
1
d

< |5 oGl
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[Odzdzr 2 §BSOLOjd bkydlkre0jls L dOydds
S te] HIjEY £1©CH todztf B 5 jsH dzj dzdzts j sd dz@al g deddg O oz
f5COMWERS | fH zOS s Mdzdy Oj sw  ykefmlse dlsj dz
Ctsdzyj desteOyd?2 d Stsdayj desteOyd?2, BddL S dn

1.1.2.6 RAdHJSCM LOGWLd dzd¥ oBH' ( R)
RdzH j € L OctoW L didg HAt o fisthts dz! "y s ls i) wizdzts 2
LOtckzB jy detsR o  COUftiEo,] ddzlsjctcOdz' descts

[ f ilssndud MEdJ,1888.€ si3j ddrfOepd. d Hts. |,
{Ofyjls R1) fesosHdkmY & ¥ stdkzdj:

R E 1§ o i
. 1.11
CGHPIC sdzd ud Mise 5 jEDfighn Q19 tg dps® .
v O Bldd
s d&zOmmr COyJmMlseo® oatsH 5 R
H4IsOHd
s zOfmfm ¢ MOtcOSCIsjtedfil I jdzdy|t Stsdzse
9 SH COyy Mo O R | s MmMtsmis:
1 Csidm
I syJd dz@ ydf HE O, dIsOH(
sBtcOIsd
I ydmls ow 0,2-1 dL d3j dzj
. . IBtetsG 54
1l Fdsj toj dzdzs L C 1-2 s OH d
IV L OG W L dzj d 2-4
% Ctow L dzOw 4-6 4lsOH(
) dzj 5B tcOIs
VI syd dz@ Gctw 6-10 dL &3 dzj
Vi Yytej Lo yo22azl B tsdzj §

[ dzw syJ dzb d COyj Mo O o SH ter@3gj IsT
ddzHn o dHEZOdz! dzr nio Cifizs QOW Ols j=igjw2L Ots P fipls dzts tc j
CdMmzstetsH, J11s, 1. 1 LOadMmdddismisd sls |
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COyj Mo O otsSHT ( sOB dz. 1.6), CtiicsithgasH
Lesmdmlsj d3.

RMf sdz L 28 Isyw d BsHdWdSOygdg@s H Oz
dde? stcd3OIs d o dzr o3 Codi3tf dzj € Mder o3 s F @'L @ls3
CtsdBB ddzOIststedzr 2 ddzH j € L Octel L Bzj gdalizts @ tztf o
1997, 200D/ wcOffgisdhic™ 0 O Ismw fts HO®OHYC
odesmMwh ddz dzOdetsdz hd2 9CdZOH o L OLdz®fyfgz
COud Mo O YedEHyj dzdjy v sR) I s'Bsy ], lssOn @ ydids
Mmisj ¢ J dzd L OG tisWsL dz] dzdastils dl 6 . J L Oodmd d3
Ce1 WWdydj dzsO vsrR)11 COyYjilsddzOfiiz@dzd ;5 Y J
L dzOYd ded § uLslR{IOU] B3 o BHT .

r smstsd dzhmlso tsdz d3j sSssEHO® RrRY1 1 Wodzw jIsmw :

1 ftesmMistslsO tsftcj getzy dedw § 5C OL Ols

f oL sy detsmils! EZYyjlsO tcOL destetsHdg = f OtcO

I Msf sMisOo dBsMiIs! tojLlzdz sOlstse HdzW ©LOL

COud Msoe O dHJjls tfts daeftfutdf joHsoddzj dedatssdglz o €

MfdmMtsS SBWLOjd d « HdZW EZYyjlsO -~ OO

T dimfsdz L kd Qdgdep 2fh j2 B OLT H Odzdz" =, ¢

| sMEzH OtcMmise j dzgdetsdz o tsH dzsdz € OH OMistej .

1 My 1Iss MismMseMmlsekzjls "desSCsdiz dMf
9 BH dzsSG 5 ~nBLWYW2MIse O. J HdzOC 5 d3J ssH d
dzj sB R tsHd diigtsfyls '

d MY sdz' LW SChmtECtatsctsDdrards tow L dad Is j dzj 2 ;
dzj 5B - SHEJaisENStE O L Od3d dzgd Isj dzv L dzOy fl)dzd ¥ H dz
tcOMmlso st dedes e s CdMdzstetsH O, Isj B jtcOlslzter

1 O¢ dz8 yg dzd J

AdL dSdslzd ug MSdJ dBBj IStSH T HisMIs Ols 5y dzats
dmtf sdz! L s Odzdw o ddzy J dzj tadds 2B S @ Geafsg iy ls
LOGtW L dzd Isj dzj 2 dzj sBrsHddB o BBt dzj ME
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syJ desydz' n nOtcOCIsj tcdmisd ¢, yltsd o Jshyd lsk
¢ t5 dz$ tejtelsipstigss | PG Is

ANdL dSdsizd uyj MSdJ BBj StsHT fsLodzv e Is s
sBdlsOdzdw o tsH dg' ni = tdsos@iglzd L Islgsdr!, € = € tsfmoe j o
MsmMistswdadj MOBBdr e OdzdL dzso. mtslsw  ftej
odHT BeOddL B3B8, oMj M4 © kMmMssedws O
slsC dztsdzj dzd ™. stesd) ke, SOYH' 2 d&jlstH
CdOMY d S@datp?2 H SO sdr kfmdseadwes o' BdtO
dz3J IssH, Csltster 2 d wWeodzw jlsiqpvw B OL S8 8, )
dmf sdz' G my GMdseo Odzdz" 2 dzO i toj H J dzj dzd
{yd dz¢ 0 COoyjmpdO oBLotY jls EZyngbdj
CsdeS tojlIsdz" » sCOL Olsjdzj2 dzO COyj Mo s
ftesmls o dmMtd Ls90dzdd d HSMISOLBYdts |
MsMisQoadzwes h ¥ otsHdSEts B JCIO.

l tod d34 dzj dzd § fc5C0OL Olsj dzv R J 56 tcO
dzj HsMIsOIs ¢ O3] :

- sCOLOjd veddsdts odH| dzd Eydilsr 8 ©

MomMlsQoadzw e h s |, dOftedd3j tc, tBI j BB Mists
- Mdzsy dztsmyIs dmf sdz' L s0 Odad W H dzw Y4 dzj

9 SHBRtBLWYW2MIse J dzdzs?2 OGS ISC g .

1.2 1dsdsedyuimSdj odsjlsshrs

Jdsdsedud MSdy dBBJIssHT (BdsddHdSOyd:!
Miglsswddd Csmdhis &' o YJ dzts ds, d, dzC
L OGtewW L dgj dedetsfls! otsH'™ . 1 dtsddzsid S Oyd tsdadz

~nOtcOCIsjtedmisds MsMmisswdzdw otsHd n e O
tcjLizdz sOIstse ofMmjrn HtodtosHA » todslsP&zO®B S|
oBHMsd tsBI jJCIs] . ldesddzHdS Oydw o tWHJ
LEMmY-ug) BHH 3, fs MOo dzj ded ® = ddd
OdzOdzd L Oz . ZdesSCts dMfisde LEzslsmw &) Istst
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OdzOdzd L § MsMmisswdedw d 1§ 5o jizHgitdaddyy tHstdastEhdy

mewrL j2 | [ JIsBHT BdsddzHn ¢ Oydd, 1989;
mMsmistswdzd j €, 1985; 1 &Bdtedjo 1. 1. [yJj da
bBOCEBRBSa O 1. ¢. , 1992; ] &zZOHddi3dtetse ¢

tdzOSC ddz 1. 1. 192;. 110d@BL" ¢ qd®Ezd 1. [ . .,
1985/.

1 O0desdzr hj | tcOMYf otsMmistc Odzj dzd 4 dzOh dzd
St H]dz dad d : d deH § 0O  tndddf detds-B jdsdgdsafts  (d
BdBIsduyj MStsets ddzhi €MO (1 &), ddaj& Mm@
tcOL dzestsgB3OL dw (

1.2.1 RdHjSCM MOftesBdsMmisd ( S)

# Off csB-ddstls! C sdi3f dzj € M-8 d & d dfdswlzjsig &sd =
MO tcsB d ts didsaslam dzts o dfd @ sthfipis?e dats ) Is tsB dhls Ols
S§tej HJ dzj dadats ? fls g § § dz'tsite ¢ OLdLDfigefg wnik O J Clipgfis ) s
sOf tctsB (itstsitdsd Odzd L 3" My tsipss dz'Ojs ! f JstsjctO@A] € |
sOCddz tBtOL 503, o ftesyj MmO~ MOktssydh
9" H j dzvifstdsdzd M O totsBEHSHIS O M ( A ) syg dz L O
BjLsMOeise®ddL &3, ~OtOCIsjteder j HAzW ot
sdzd e sMOYf tcsBisB ] YO8 N dn Mw ) o sH On B3O dzts
¢ sdzd widiplotesz C szte© MY j ydW¥dud Médn Mstseh
Ctedlsjtedwdd wHdv yjdid MisifjddmndjoEds
or Oy J dzd § M smtse dzsmis d mMssBh j Mise O
Sftcj HY dzj dedz" 2 kZtetse j dz ts tots \Pjdatdys) GnjS Gsligtts d
Moftcse @ mMisdk slss@mMByYdIsr 0 ©Oj Isw dmr sHW
~nOtOCIsjtedMmisd¢ MOftesBdtsdzls s o, ftoj HMISC
MetsBh jMlso On (Wdktsf dzOdzC Istsdzj, HJitedW dlstsc
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http://slovari.yandex.ru/dict/bse/article/00060/95700.htm
http://slovari.yandex.ru/dict/bse/article/00046/88300.htm
http://slovari.yandex.ru/dict/bse/article/00055/00700.htm

g(Si*hi)
S=— (1.12)
a hi
CHS-L dZOYl thtsy ocdfHCe B S@MsISStcOY L OH O] Isfiyy
s OB dzd yOd ;
h-tsls dzsfd Is j dz' dzO W i-GotsfrosHed] SuBDjststftsrbfise O tizpl L o3
N-C sdzd usj figls B tc O dzdz" = ) adfH sk O B thetf dztzB o .

SOYHBRBE oadHE dMMdzjHEj B = it Odzed L dits:
Y @) dzj dzdzts § L 2Oy J dzd J dqdzHd o dHEZOd desets
Moo S Y desyls B d 55 dWagdLufjfip€fers Mo ts2 milse ,
M smtse dzts M ls sBdIlsOls! ® otHj M Isjdz dd
ojhjMmlsea. 1 dv MOldmilsduyj ME 25 wHsd)dEs,o j tel
9 fHtosB] MBHJ ) Odtsfy! dzi 3 dzjdiH fgie esiBdE@fH:
ydmzsd simtsse j 2 o ff sdzj dzOB dz¥ H j ded W  dzj
otsHdzr = B JCIsse 5 L dzOSilf deqd 1 dsdare jofj i i
1.7

[dlBHT Byjdtd ¢ agiflye Af deHgH ) O MOY te t
mMotss dhssted s . s dzOMmistswh j gz o tcj d3j dzd
tedim. 1. 1), BGeBEkMmMddztsodzj dedzr 2 GCBdzStej Isdz’ d3d E

v O BldZ

s zOmmdw d s oydw SdiznFflay @ s Has st

/Ecijlife,http://ecolife.org.ua/data/tdata/td42.php/

Lictse j dz RdzH j €y s dzOMm

LocteviLdjd 5% | mofwsedy ¢ Oy mls

fyd d2@ ydficmj desOl ¢ 0,50 1
ydMmisr j |[sd&dcsmO{ 0,501,50 2
L a3 to dedztSa-Bj L sMOY  1,512,50 3

L OctowW L dzj C
BW jdzis L OG(b-Bj L sMOY 251350 4
fujy jdzts f sczd MOy 3,51-4,00 5

L OGteW L dzj C
[Uj d&@ ctew >4,00 6
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RdzH j €9 MOftesBdesilsd hdesSts dhfsd Lt
dzOff ted d3j 6 H dzW mMsmils ©o dzj dzd W | sMEzH Otmlise
[ Hd&OEC 5, slsmizlsmise dj w9 dats 2 Mokt afd y g e |
fsCOLOIjdzv) M EmMdasedwdd MmtcjHT ( dOff tod c
C tsloytd sHo jtoy j dzO dzi f st H Mdste H EHAASIER M s ¢
HiWisj dzsdsea Jd & 04 Bjdsid Lot ad@izy § dzj edzs?

HHnekc carnpoGHOCTH
Koneksuria-MapccoHa
Hunexc

I:Boﬂeemm ] [BDHOTDHH p. Tpent
|

Meton |

THHeMAHHA Meton
ITanTne-bykka

e,
Meton

Hannnepa
—

| —_—

Meton Meton HHOekc CHcTeMa
bpyHIuHa ®punpuxa GHOTHYECKHIT BMWP
Y -

MeTton WHunexc I'moGansHbIH benbruiickmi
Cepepa = GHONOTHYECKOTO OHONIOTHYEeCKHIT OHOTHYeCKHI

Ka49eCTBa HHIOCKC HHIOEKC

tdfm. 1.1 RrRibtsted™ G cplefisic MitsciaPls jdd3'j 4s siEis
(Jonson,1995)

1.2.2 [ddetsajlsde 2 dadzvdi S ({R)

[dzdesn jIsdz 2 qdzH j € twOmMMmydlsr 8 O smw
skzdetsnjls & tBhj2 yYdmdzj dedzif id ¢ s 3B jsles@dzd
BOdzsh jIsddzgStseor j ydteoad, Gldtshushd Ry dzd
Is4 izO d L diglslzvry tedgj'? AP mded 27, HOJdE M HE, & @z
Cslstste gls@ovls f syo | (HBBYHJOT" J yYdtod) dd
Bstew . )1 HaksH@tfldsyd , MftshMsemMlselzs s MO
| Rdzls j odzlyld ¢ dzstf j Hafel.accodna.ru/pid=4433éHh IsOB dzd yd
ftej HMIsOo dzj dz2O ¢ dZOMMdW dS Oydw COyj MmMlseo © ¢

19



vOBdz. 1. 8

s zOMmmdw ds Oydw S Oyd Mise ©
fts sdzdetsnjlsdsdz ddHj S Mk

s &zOMmMm ¢ Oyd {R, %
{udde ydmbo 1-16

SH'
IR

)
(

y d fjls Ow 17-33
Ld3j toj dedets L @ 3450
1 OG oW @Wizj dzdz 51-67
] oW L dzOW 68-84

duddz@ ctewL d 2 85

1.2.3 1dsslsduimMe&d?2 ddeznjSfm (1R)

1 dssdud M d20od ko &g Odzdz” 2 lEndedmmts
it sy RrRrt{f U H dzw syjdSd C0Oyd mlsea O o sH
ftetsh jdedjy MbstckzSCIskzter BBy detsL O Wi Hzj dgg ¢
o SH, LO fMmyjl o' OHj dedW d dzH df ¢ CKlsAsugjdh Is
dgdzH d C Olststecdz’ m Ctolzf 9" B tcOdz SlstcW H T ¢
tcOCsBteOLdzr » d Hte. 1 kOBd&ZJY) 1.9 {fte]
f s ddzH j € Mz htiomnepesdrdndtiE@utebnikecomonitoringSoursé
bioindicaciahtn# Toc352 24928/.

v OB dz. 1.
s &zOmMmd ¥ d ¢ OydWw § BafugdidssodOy jofsiHis B3z o dzf f) © |
gsgdfﬁf”f& MOLOSC g @d St | dzOy ) dzd |
1 fyd &z ydmlisr 10i 8
2 ydmisr | 75
3 L3 o] dzdzts L O 41 3
4 1 OG oW L dzj dzdz 2i 1
5 J tew L dzr § 1i0
6 Juyjdz2 ctewL dg 0

[ dsadsddHdt oydldsd udmdzy d d dgjsls seiv H
dzj Hisld Gl s alzlz y H O Isyw o Istfdee dflp WzLiCdgts o¢d W Cdds dz
Bisdz' h Ow yd mdzj dzdzts iy ls {f e dL GRS jiEad3 O dedopg iy
L OGteW L dzj ded W, s dr ik gigigy d jc Otz dzlod
o BH B B3O. uRp@sessiffsle! sB JtsddzHd S Oydd weo dzw j e
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http://mnepu.sura.ru/El%20utebnik/ecomonitoring/Sourse/bioindicacia.htm#_Toc
http://mnepu.sura.ru/El%20utebnik/ecomonitoring/Sourse/bioindicacia.htm#_Toc

Hdzw Ctwlzfder = 1 CphRiMis] dd.cOL sBFUUDE d, tsls
o0 dzgj 2N dBd § OttOd3] Istc ©dzd o SH dats 2 fMtej H T
f sHo Jtcc dzlzls fnts d3dzd dzd ¢ HsMisse j tcdzts s
oHdz » 5B jJCIstso

v O B1dt0
sL WWdydjdalsr Ctttej dzv ydd Bdtsdzise c

WOC Ildgte @s € tolzy O hjjSad OfitptelgOHz dzS te
/http://www.sibpatent.ru/default.asp?khid=8825&code=702711&sort=2/

4 Of etsB|[] d&zd G 57 |
] 5C 0L Ol ‘{S) ! (O[O[R) lkndoe
2] Zsydsmld -0,28 -0,55 -0,08
s  Mdzsls dzs | -0,03 0,18 0,31
s ts dzy P gl 0,49 0,17 20,47
15 0,80 0,65 -0,40
j B j LOlsE -0,64 0,83 0,44
s dz w
g i g &P?i)dzc 0,27 0,69 -0,20
ltod 3 WOdegzjdddz j| Sts1 WWdydjdalsr, tslsa j Yy

stcj Btso OdzdWw d3 HBMIstse j tedesMmisd Mmew L d.

1.2.4 RdAdzHj S MisOB ddz detsfls

RdzH J € MlsOB ddz! detsmisd L 53 dz@dEt d=gieidiiye t
syd dz¢d Mmlsswdzdwyw (o] MdzsosHdz" = L Cs5Md Mk
lTHjdveEls HoO ftsCOLOIjdv fMisOBddz desfis(d .

l1jtor 2 HtojH c5dzOc 0O, Ish OtcWI§ ts | ted)jlsiPuspijdsis
f sz yoO,j dzts 2 dL sMmted H dz] dzd W JqdzH o dH EZOd
Mdsiy &3'1. € Oy jffisoQiy Ciisgj@B d dz! dzsMmisd  offj teizrfdrdddgs
SIsC dzsdgj ded W  jtoj o3j dedets? tsilsdesmdlsj dz! dets § J

l s idtRC OL Ols j dz@ MlsOB d dz' daetsfls d Eydlilsr o
sftcj HY dzw j Isfw d - sHWs OBddidz’ dgtsfgdes’y j dadyvinls o
BZOC gdz® ftod BlmizisMisodd dL d3j dzgj dzgd?2 Mo 52 1

I mMsCdJ L BeCnupjddedjvls j dzts fifnidsej f &) Efte 2 ¢ J ozdats fn
1 CsMmMdMmisj &3 atsHdzr = tsBi jSIstse .
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RdzH j € MkOBddz detsflsd dBjils ftew gz iy
sBtcOkdlzs ) JjcEts odH.Go [t s spmwsey @ tsd
dzZOH j Y dgdzts tsyj dzCd MMmisswdzedwy otHdr = Mmd
steHts ] BS sMis! , SOBH E O dzrisjte j & flzfy dzjnm s 090 dzd
o BHsS] tpj dzif Rz {diEDm Aglflatd O Q& fhdzj dedzets s d- tsto«
N, o dsBOMN’ §tesH kS ydEdstsdid s fduRg § iso ¢
tcOL dzstsBtcOL M) o z Pzt dz®@) dzai d3J dzj J HOlznm

1.2.5 RdHjJSCM [ OtteOdzj WO (d)

RdzH J €M [ OvcictOdZjM.j9 96/ o7 9 jHjdzg, dMats
ysts M kZeojdzduidddjdz Eteseodzw L Octew L dgj dzd
ftcOoddBjIs.f OfHyj dz¢ © Mmlsjtf jdzd L Octew L dzj dzd
fteddgj dzed BO € dz¢Br d@3 adHOM L OctewW L dzj dzad v .

d=(V-1)/In(n), (1.13)
GHVj-ydmdzts o dHAB®Is Z t6 Addz'nde” 2 dztsec OtedW dz yd M

RdzH j € M d f ted dzd 3O 4 Is BO S md ddpjdz’ dsdjts B
ftod dzOH dzj ¥ Ols € Vi) dzff Bc@® g j @B0 ( S BSECHO of
SHAdBEzZVaH.E KdzH j € fip Is/ddd ta|dDQ & W@ 1 tftctdsdfinostsds jtsck
slstePpctso j dz odHtSoBets BSGEOIsMiso® 1 Ctsh
f tsdesUs )W Iz iy dzfg ff v Bzs@ded \Sitdps s ts L Octew L dzj dz
gz j s dBOAE:*® ykze mlse dlsj dz¢ dzsfls ¢ dzOdzqd
odHB slstste’ | dBseEkls Brils! dJdzHd S Olststc ©Od3d

1.2.6 RAHjJSM zjddsdd (1)

RdzH j SO z jdedesdzO L OddiiMmlsotso Odz dL s ts
M A Bz ttyj dzCd MmMzsy desmisd d MsH j oy C
mMdMmlsj &3, Bdz dzy"h j eoeMjets fSHABHdIS HA&V A
dqdzls jtoj Mizs Is Ctsdsf tsdzj dzls™ tcOL dgstsBtcOL W ¢
tsB " ydzts 34 dz¥ J IsiMIHEB0HicpH yd@fas Eisiddzlz dzj :

H=- & (n/N)2 In(n/N) (1.14)
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GHJ T $ildHBBoats] GOLdzyBhiay digmtsen 2 S O} HESG
ftcse @B OV ydmdzj dedzsls! sMtse j2 ofMmjnr o1
Il dzOfmlstswh jj otej dgW gdzH j €z J dzdzts dzO
9 dHGO MXOL degstsBtcOL dW MstsBh j Mlse Btee Odzd L d
LOSdz®r yjdedjy d 5 SOyjfmsej MtejH™ dm BBJL
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vOCOwWw dJdzlsjtefte sOydw fsdzzyOj &3 = ted L kL
mis s tets dz sf jtcdtcso Ols H ts ) ls A ~dgr dgzd o [ Rteld
dmratsHdz d@3gd HOQdeED AR il © otsHT d Ctsdzyd o
oHEZ 9 jh jMisie)OOhls HisgcHEsRO s ¢ 1 Csdzse d uJd
LEsmdmisj i3 .

] 5 dzdzts My sy Y dedifss iy ls s W dzd | otsHdsEts B j§
MO ttsB dzsmlis d By Jls B Is! dzd HismIs Ol
~n Ot dL z8 Ismw drjf ts fip tselaztS fipls + & GdHtesB  tsdz
sf o HJ dzj dzdz' 2 Ftetse j dz st Odzed yd ME s |
fnoOttazts idstaf , StotsW dylg B BREZtcts 2 , odHBar @3 tC
Clsd Mot2MmMlse O o tzHYdFds?Y chd2 sk ) M & jh digdzts dzO

ROzH JCM ZzJdzedesdzO WwWodzw jIsipw § s5C OL Olsj dzj
cdHtcsBdtsdzsse d Isjd3 MOd3r &3 ~ Otc@&pig
Stec Oded L B
N
5 . an o (1.17)

N Igéﬁ\l—g
GHJiygimdzs M j2 CO)YHBGEt isdh @ idz] dedyy f
smMtsBj2 oMmMjr oadHtse ots oMj~ fsB OR.

H=-3

[fed fejrnfsdsydls!, vyt ydhds osdHso
fosmMscOdhnlss O, ftdesHdses H&Y ©BdlOds
fdlsOdzdv) , st ddzHj ST zj dedesdzO sy § s

tcOMY toj HJ dyjedis] "in(Mdgi @il ©OC C OS¢ BBI jd&3 MssE O
YL dzd dzdztse s f tetsMmistcOdzmiso O tel§ g dg' ~ dzis @
dmMf sdz’ L s9 Ols f dzts Is dzts iy Is tceOMmY toj HJ dzj dzd
sfdmr o O h zs o9dJHBO 5] tcOL dzstsB tcOL d | teg ©
fots dedz’ » dMMmdzj His9 Odzd 2, & HiYdsck dDfaB AR . Isnd .y, § 1f
dzd dzj 2 d&zOw fo w L 4 sBh jets Ctdzdy Mlsea® odH
sBdlsOdzd W .

HH] d&ZOdzdets ] ftojHYftSdzty jdd] YoLotsdzvw jlis:
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TdmMfsd Ls9 0Oy, dzjeSt HMisk]f dkzt o
o j dzd yd dzRitCBO jtel Cd Hdzv R OLOCI tdf
MsMlsswdzdw otHdets?2 {1 CsMdMmilsj A3 ;
T syd dzd Is ¢ 5B dzOfls ! dL dsd daj dedw  tsBI
nOwOCIsjtodets dzOdBtdz M jj tcOL dessB t6OL
] ©wQBtkeddkse . A., 2003/ B &ZO § sdlzyj
ddzH j Stz dp® tsls o jsdzd yddz 11 s
1 = 3 71487 (1.18
GHj sBlstdizseduj MSts) Yol jBd dsss dnirses
Ldagj e jlsdujmMSdnm 2jndddyon, SCOd o
LIcOo dzjldkd j] f(BLotdzw jIs Mew L Ols! tsB i ff d3r
z j dzgilzs 2@ . Be P .dzv { sttt GHUzgPHBOEOQG W Y s,
MssC O otsHr, COC 1 KMLI6)B" dzts S  MOdets tc O daj
5]\
3 N\
2.5 \‘

S N
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05 S~

0 E—

25 2 1.5 1
tdfm. 1. 3. 0 "wowL! lsdetsdlilsj dz dz" = L dzO
Mtcj Hdz] Bdzse sdzj sdzed = B j i3se MissC O ( tsB
BsHEdZ =7 S WWdydj dzstse stg) .

[ OdzdzOVY L OadMmd dstsfls MftcOoa jHdzd o © Hdz
Cslstster 7 Wstkthdelk) sy + € s&dms &GO Mt H dzj
MssCO. IMmj B jdi3" MsCO tjsd ddijsls
MdMmisj BO ©OL odoDOIsHYE tc® daciay 7 dzdlls 2z § j te d 5 H
Hdzw fsdzzyj dedy cwOW dC O L Oodimddissfisd d da

Bzj sBRHd B kyjMmis: ojteswWisdsils: §&wo djc
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S te

{ JERBu o WEIS dzsfyd Is j oz’ dzf &zH j CZ@eEHaD2 ) g H 2 o
Csi WY g . dzlsk ydlsr 908 h g2 o j W s dats fyls dzts

[ dzv | ss¢ ts, L dzOyd ded v d diBj @ n DERdAsftE® OL
ojJsWisdzsmisd W o dzj dzdw s tsilg a jzlstfy ldseOldssr 1 jtg
L dOYd ded? ddzH j $ MO Zt dizsdsaoOmn lf ds W &igaL w1 d
Emdzseo d2 tojf Godf o g fyj texfzpizCkBB. RL dmMEzdzC O ¢
sB dzOMis ! &ZOdetsdz' " jets odHBote tOL dzstsB
0.5 Hts 1.5. vydlr o 0ow, ylstv=C i W% d wdQjde
dzOR fls mw ) 2oy, H j I8zZOF . Msslse jIsMmisoelzjIls
tcOMmf tcj H j dzj ded W ts yhj 6d2d.0 O j Cdidst Lots dz0O dz0 d
fsolsstews h damw Efmdaztsed?2, ¢ SCobter &3 d
mMtej HT .

4 COLOfztizEfo jtcyHO s ftojH Bdzisy j dzd Pls its
f dztsIs dzts iy Is - tcOMftcj H] dzj dzdw B j s Mists
cOL dzstsBteOL WY, O L dOydls d Byj dsd 1 ¢ tsdzt

sO0Cdd3 tsBteOL Bd3 @z0D(] tslidids P SSdipwcy KdsIisster |
~n Ot OSCIsjtedL izt s d B@dgzd W 9 SHdzr n dzO e @i
GdHts~dBdud MSdJ d) Gy H toisdzs s of w ¥ i Sd dGdt:
tcOL dets s teOLYdy BMsMissw dzgds ftcj HT dstsy dzts M
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O BHT d 44 dfitdafc thHsdzwRldnlse j dzdzts?2 H j W isj dz' «
Memissw dzgdWw otsHds?2 1 CsMdMmlsj B o vy dztsdz.

1 H O dfastdsQif) fn 3O Is o dsa. AFsIsifiglas Mls ! tsyd dz& d
mdMmisj d3r M foodkshi s Bl jd&se toj ydesets
dimf sdz L 2j Isfyw ) CoOyj miso j f5C 0L Ols
cdHisBdtdsedyj MEBets ]y ddise. [ dzw 9 s
Jd Misj Mis dnjsdgdetisds dzd d ,  dzj f tsEOE jistedy 1 didiyid® B 1 di
odzdwded J B3 Odestetsyf tsG j dzdets? H J W Isj dz' desfylsd,
Hj2Mlsadw L OC BB : ¢l mj -~iffodydLuQ dfs tsigtis g fF
cJtIsdBOdz desiylsde /{42 d3d e, 1 90064/ W. L dyfj Hialf
dmissh j dzd 4 ) tcjLzdz SOIs§ AL w2fMmlse j dzd
dzj LOoadMddBsdBEZz Htekze ls HtekzecO® dL d3j dgj ded
otsHr, Ctbtster j fijtjWsteddqtelze s MicjHEZ B
z iy dzts sH s As dzdzd Is j§ dz! dftizislg t6 je@Olif A OL Ols j dz!' z
LOGteW L dzj dzdetsils! o tSHT' .

2 JAr1s8¢ sovrwuvled Jfr13m trevt
I ampfom srRfIt

RN sdz' L so Odedjy oBHAdzr 7 toj Mktomtse Mo w.L
o tsHtsMdzOB Y jded™w d MBsMtsds © dzgjcets L Octew
LCsdzse d Y MSds dp HHsd ks vitafl j Slstso, KOS € OF
dL s dzj ded® 6 dH totsdzts ad Y ME vshe jsdedte | ) Y @ Is
bokzyhls@ Efdsedw dMfsd LtseOddw o H
o SHisMdzOE 3 g e 8 f sz I tdslolOlElslz f tod toj h j dzad
L OH Oy dflddive sHs B tsfdats o O dzd | oL Btsy detsMlis d
dzj sBatsHd di3sMisd fteso jHjdedW o tsHBSA tcOdzds -
M fRshs ¥ bFtcOodzj dzd?2 oBHMsSEGts d GdHESA
BOXZzOdM®OH OyO Hisis Ols siydszts dz jnsassy sz0d' dstsdifls d
sBtOBESISS Btsdz! h s@ 5 sl J 3O d daW stc &3Oy 0

COMmEslstc dzdd otftshss Codfdjs hdsd s
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sBl | BIOHMdN | 22O tcj $d ddzd HOYJ JjVY tslsHj dz
tcjh Ojlsmw otcftetsm M Gy dzgf 52 JCdfizts & figlzg @ dz
LOH,Goy@ jdzd ] RBobs@®kzE M dj sgciH jfiREREEOs
Missydzr ~tsBY tgHBISO LOGtew L dgvs h dn o jhjmlse,
otej gj dzdzr = ftesyj Mimtse, odzdvws MdDc tzOL ded W3,
Il Oy detsiylss  jvy tedhjdzdv tstidso B Ide OB tSdzf 5B B
MfsmMesetses EyjlsO COyjmseoO® otsH.

J HOdzdzets?2 tcOBBIs] twOMmMmdiislstej dz M stse
ftodtctsH dz' n o SH ftcj Hdztsy j dadzr 2 ) I zZ OB
fdzj HEZs M jdBz. | EZtcOodzjdedj oOBHBALW?2MIS
fFL Olsjdzz COyYyjfmlsoaO® otH, orf tcOy jdadse 2 o
9 ktcOodzgjdzdd ModHjlsjdzt Msoalzjls t smiskzy
MissCtsea, O lstcdyOlsj dzt dz@ 2 BOZOdz cC o StsC

]l otsHBAaBLWY2Mise j dzdeBd B ifiag Q€ Is f €nfiglg ifj ddzds
weodwelsfipw Cwdzyj delstcOydd L OGHEBL BBt d d
fsCOLOIjdz2 COyYyjMmlsoO® otsH wslsdasMmdlsj dz' dats

100 dh jdi3 ofetd@ieisdediizd uj MUGes BOHEADNIONI
tcOMmyj sdets?2 Mn j Bs?2 (licde@ nls®ojedy jedzfse s i) tc
tc©o dz" 2 ftesdL o jH]jddWl) BiWjmkidse sBHTC tsdzy
LOGtw L dweh jets o] Mg @Gzdchd A LHMis Oo dzv j
dzj S slstster 2 o dJelszOdz: dz 2 sBi j 3, Ctslstst
tcOL BOo dls! L OGteW L dzj dzdzr J d®J Uzdjdgts o elztdH "y
FtcOQodzj dzdd B OZzZOdMA € &L lDjEdy Is dz jtedsddts fls d
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W1
Cp

tdil  OMmMyd sdzOv MmnmaJ BO: Hdzv MMl
Wniv OCIsdyupsigt gz MssC O otsHT o G tsdils tc tswlds
Wisdztseo OV  Ctsdzyj daB tc @y daffStg deq Jiviglise Oydw L Oc6
oJhjiMmMksa® o ©JC] oz MBtsMO Mistsydz =

WnxCn+W1xgp=(Wn+W21)x} 1 s (2.1)
ddzd
WI1=Wpx(Cnil 1 s ) / {dtg)s (2.2

SSCEZHO fosdzEyddy o 6Oy Jddj HEzW WH tcj HJ dz]
WI1=Wnx(Cnil 1 s ) / {dtg)s (2.3)
e ssilsdztsh j dzd J Mstswh j i o HHPwmpER My@dnd

MsBts?2 St YEBEyYGHdamdjdls ftojHjd dESSED!
fSCOLT 90jls StObdshls! Mo jthdstedOlsds dats

sfL=br sOQ¥r-gte) (24)

I fiky0j jhmdad ©jSO LOctwL dvjlkhy o
Eidzsoe dw s o 9ftSH| dzj 28)r edzfsH dztsdf @ r i tg dgia
Ctsi WY dWdsijosls@z des? L B tewsh G bzipts ils d

sfe(mlrs)/Irs (2.5)

I dzgj Stlstter R LdgEkdz®" B B 5 ) geslszj | § tf ot
W st sl dzj

sfew 171 s (2.6)
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{ftejHpzdd Bt HjdjddY CsLiVdydjdso
I'r 60Oy § dad § H dzV S§td]Hijc@ndgd B0 sy & MiscC
Slsdesmd s dz dzgz¥ t€OL dzgd yke L dzOyJ ded? 28¥L d
(2.6):

{ (el 1 5)/ cdgye/ 11 shh(we)/ cdiEs

ltcj HMIsOs d & Ctsday § Dy g ¥ #ik jic O Is dzts ) |
ftojorhjdedw 171 sd LSOcdmyjLdedstesGyids so o § & gzlf)tis s
Mlse stc§ d vxlates , € QECHIGO Is dzts ) Is ¢ 171 s Wisdes o 5
ojnhjMmseO. 1 tdzlz yd ds:

v¥m- 1
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0 dz0 dzts ¢ f 1 ges jrtleddoB (B s Y toj H j dzj ded W S s WU (-
st i3l dzj) s(dez. us)ds:

{(nddyp s)/ ((dk@lnil y )N rshhie)/ cdigkh
v=d (2.9)

RL lcd®® o dHdMsOmwyslss o j dzd yddz S5t W W
LOGtoW L dzgj dedetsisd ts i B tsOytodigL dgt2y. dg") of) fmdzkz
CtoOldsdetsfif toj o1 P § dad W € ts dzls to ts dr tslabRZCIMBR lde!
ve0.2t OfMyd s o jdzdydde So1 WW¥WdydstzZdf®Fdsy L
20% o 5L sy dz' et0.2n@® Y 8jdzj Hdzi | EMmMdzsedj =~
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dmf sdz’ L 59 Ols 25 )W. stz O dzfzes 3 Mz yO4 wdzg
dMneHdS?2 Jdely isggA@nipcpd) dasizis d3 G dH e~ d B30 U M
HOdzdptsddgi | Wisted3gEdzO dd3j JIs HBY tsdzdzd Isj dz' dz"
oL BB detsMiss ¥ sy dz€ d YW @oy jLmlgos@ Oa JOusdptsi2r ¢

1" cOY J BV, siesh s Mistslse jlsmisolzjls W isteds
ddzH PEAG tew L dzgj dzgdw o tsH'™ (R I1) :

Y Ci

R]J:N3am (29)
CGHNIC sdzd yd mMlsets o j h j Blyg dz¢ W tc § @ylg s o Oz S+
Lbydlsr 9 OW MC OL Odzdzts § H dzw ~n Ot OCIsj to

dzj MCsdzr CdBd N YJtEeMlso PRYO Ols j dz CtcOls dzts fi
LOGtW L dzj ded™w (sfL), tsyfHpdAHS 0]y dz'j delyd3 ¢
tOMBOlstedo O &3' d3), o Jf sjddiylsyaf @33 (s L

Na Ci
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sO0Cdd3 tsBtOL tsd3, ff )3 Wil dilasd?j dzis CipetewLL Gidg d
dqdzn § CMsd3 L OGcW L dzgj dedv t® s € Odz=R CBiugghiicdsS of
o SHdz' -~ tafj fiffaddifisdow dzgd W o tsSHdz' = tBI J S IsBBo  (

v ORd4z.

szZOmMMmMdWdOoQyiike © oatsHr d Mshmilstswdadw ¢
GdHEeSrdBJUIMEJB d cdHEB dBdZEE d Y
s dzOmm €Oy Mlsoa ©® o tsH
1 sC0OL C
1 2 3 4 5 6
11lgsg d6051.0| 1.1-1.9 2.0-2.9 3.03.9 | 4.010.0| >10
R J ¢0.2 0.21 1-2 2-4 4-6 >6
st ¢-0.8 | -0.80.0 0-1 1-3 3-5 >5
RdzH J €M
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RdzH j & M . Y 1.25
Z | dzdzs dz 3.062.3 2.31.89| 1.891.52 1.521.25 111
v te W dats | 15 dzcf ¢ B LSIsStcW L 9plstesW i 6 d |
) a-Bj t 5 |b-cBj t f5 f &ezd
OB \LMIIBREE| o oY e o] ess MOY ESe

*s zOmmr ¢ Oyjdnsiod® ousjuth R BT RI2E8] dzdzs L OG tg
4iL Oc oW L dif tetzOWOY hdz'6 ctoW L dzOW .

sdzj HEzjls tlsdjilsdls’ |, Ylsts tslstedy Oelsg fda! dz'
CcsotteWIls foptelH;, deglstROIsSdo detse s L OG toW L dzj dac
LOctow L dgwes hdrn ojhjfMmMlse dzj ftojor hOel 17 ¢

1§ dzd yvazO o W tstc dglz dzj (2. 3) ftoj HiNlsOe
LOGteW L dzgj dgdzsfylsd o BsHT' . [ Odzgdzr 2 f sC0OL Olsj
o] ydesA rdadijls tsydz' 1 a3 Mzzyoj 1kt
L OGtewW L dzj dzdzts fyIs - 9 tSHT 9 ktwOodzgj dzdd o tsH
tejLEzdz IsOIsj fswodw jlsfqw oL Bsy datsfyls fn
syjdz¢4 COyjmlseaO otsHT d {SCtsdztsc gy fif Qo
tOLOBBISC] Mojdk srR{JJ.

 OMdBsstedds Eujls § chflOs ol 2y o ¢ Oagg Gpls
OoBHBRABLW2MIse j degdztsets B OdzOdzelm©. [ dzvw 1 Ists¢
f etsfls joddhHijd3
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I mi1 =Wt + WigWso. jit WY s¢ . (2.11)
GHJ SBWNtg) d3 MissWY .jidc S gL, OB tStc dL f SHI
GdHKBO dzd yd ME d dzd , fifg W Iz Q@AGAS ced Siifs dic JoS (s
Csisf dzj € MAWH .Jjimg IcdsO© B j B39 BjLOBL OtOIs
WY s#Bi jd3 S dzj € mdz n f sk B89 Odgwd Is
tcr Bdzgse s LW 2Miso O, otHMdMSEt ItcOdhi Stols C

12

Wy s ga BXW, ¢ W oW, ¢ ol o] (2.12)
i=1

2. o kOpEwad3de] dzdztsansH] Milstsydz =
I mi1 € = Wte H-\Wi§VB ojitf W L (2.13)
WY L&s fjxWe p

GHJ fL-fMsC OL Ols j dz! L OdstesvyLdelz j~dzdzs 1518 ¢ s toj r
ftosdLojHjded] S WWIdydy desO 1 toj H J jdic thets?
Fyomlsdd O Ims (2. 10) dzONethBi j &3 j G BB 8 SL

RMftsdz L soaOdedj] LktcOodzj dzdRl 1) mA 58 0 ez Jy
s dzPydignws0) d dzd i@ oHljd¥ dydls©O o t5H dz" n
LicOo dz2dB | f GLotsdzw jIs tslsea jIsdls! ddD ma<B®)Y tcts
d dzd (dzp 180).

[ftoj H ] dzj dzd | f5C0L Olsj dzw ftoj H] dz¥ dats 2
fted dBzn j Milse .

2.1 [yYyjdzC O CoOyMipsa ®dzg tsdzj &3 tcOL toj L §

J tc©Oo dzj dzd d osHBRAtSL W2 Mlse j dadats @ s B
fsC OL Olsj dz ftoj Hj dz dats? L OGteW L dzj dzdats s c
MWPg) . | ikt Mazyo0j, dhftd Lkzvw ftshlsos
By des tsftcj HJ dzdls! @EsdX dyPs ds L dzicgedes Mis
Yylsts fsLosdwjls 5 CzOMMdW de Ooyd sdedets?2 N
ejCj.

s ff LV—V“W—\NS% W =\Ws+Wrp+ 3 We & § W -We (2.14)
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¢ HWWIW OCIsdyj mMSd?2 Bi Wi figls J bilps 6 5 dzblpls\BHC of Is ts
I sBl Jd3 otHGSLOBGStO dL §tsHL j dyderob s@itsjHAS C
oL otcOIsdViSB iojsdy; o SH s Wisitdzj "sjdig sdzd 8 j, y dzts d3lz
dmMfsdz! L s OdzgdW YtsHL jdBBdzr = o9 B8H G dHtOo dzd

sey L (BT Wp (2.15)
pr %

GHJ® S st WWdydjdals HtejmHjdo dzs?2 L OGtew L dzj
tOMud sdzs?2 5B j MifCjcy jWdidduyfly dizls  sftfte H j dz!' dats:
Hdzw GEtsHO f dLojMmlsdes?2 L Octew L dzj dzdydnls
Bl jJd&3 MssCO oatH' o W SChhbtotEygj B@mMhyd
s LW tsBi jd&3g MistsC O otsH' o tjCj ©® EBH I
ABtedBzdzO (2.15) HOjlk oL dsydshls! §
Cs1 WWdydj dzlstse ftoj HJ dz' dats?2 L Oc oW L dzj dzdzl
Hi dzZOIs' tsyd dzS@y jdi sp) Qlzj adas{ivr Co o tsH detsd3 5B
sBjMYjyjdedesMlsd ¢sHO s MssClk t©j¢d.

2.2 [t Hjdjded j stejBlj B2 Lwwje

B esftedvisd?

) ZOdzd tetso Odzd | O CHESRLOddE & d3j ey tod W k
fsHEGOLEZK] o0l 6§t H  disdGEDdzt Rk j % s dzts |
fsLocdvshdr HsBdl' MY kjBkj Bses § Oy, f
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Cu 0.0090| 9.00
Zn 0.0390| 3.90
P,Os 0.3500| 11.67
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NH, 1.53 3.06 0.9 1.80 0.463 0.93
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