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The dissertation on competitioof a scientific degree of candidate of
technical sciences, specigl05.16.02- "Metallurgy of ferrous and neferrous
metals and special alloys". National metallurgical Academy of Ukraibeipro -
2018

Requirements dr the granulometricand the rab composition of charge
componentsiave been formulate@he basic parameateof the technological mode
of complex fluxproductionhave beerstablished

The research dthe replacement of limestone in the compositiorsioter
charge bythe complex fluxwas conducted. The results were in th87%
increasing of the sinter quality yielthe 2,96% increasing of the sinter strength
and thel602%increasing of thepecfic productivity. Thereplacingof limestone
and bentonite inthe pellet charge by thecomplex flux increased the pellets
redudion index by 25% anddecreasedhe temperature range of theomplete
melting of the pellets.

Keywords: conplex flux, ferrite-calcium mix, concentratdimestone, iron
ore, lime agglomerate, particle size diststibn, the regression equatia@ombined

granules.

sfdmMs¢ fkzBdz COY' 2 LHBBEROOYO

1.1 6Yyco 1. 1. [ MmMtsB § dzdetsmis d ftso jH]d
NJddzjLtsMsH jtey O jets BOLjtedOdzO fted Mtso di.
o] edkzOLBO O, ¢. ¢.VY 49 @D2PHEN - [ [ ds.Oiclr
2 . 1 sys 0 1. 1. 1 dzd W dzd J Ctolzf desyls d
f8COLOI]jdzd syl MmO M jcoddwy ¢t di ¢
[ OS] 6 zZOL 59 O, o . 1. g4tseo O.1 2016.1 " [1jHIRO dedz
121 15.

3. @&y .Jl. 10LtOBBISCO Isjrndisdztedyj ME c
Cli3f dzj S Mdzse 58 Wz MO du Ctsd3B d dzd tcts 9 O dzd



4

[ o] 6 dzOL 859 O, . 1. uwtse O d71 2077/ /810[ij IsO
. 1429

4 . 1 syco 1. 1. RMMdzj H t59]ClEgdLs ) B dzg & Xt
BOLJtedOdZO dO Misjf jd d MEStesmMis! HJMM
roesjedzOoLseo0O, ¢. 1. uwto O/ / TRIB&dIM.i1d
. -12 0

5. 1yco 1.1 RrRMMdzjHtseOdd) ftetsyj Mo |
o ff tefigfdnezdsd Y J dzj L stezH dzse 8 Ctsdzyd dzlstc Ols O,
o . 1. s O [/ Sstdzdzj CIsd o9 dzOW BB dzs 6 tc O W
achievements in metallurgy, material engineering and production enginéering.
Poland. Cznst oc h-ovwai,P.333560 1 6 .

6. uf s’ B tsls te d d30 dzdzW Cli3f dzj § Mdese 5 W dz!

Cstedmdzz BsH jdz2 117158 vCtwO® dzO/ / 1.1
IsO ° da. | | 59 k8B dz. 26. 06 2017 1% d T 11.
7. sfsmM' B Glsted d3Odzdzy Ctsdi3f dzj S Mdzsegts ¥ d
- 18725 LEEO W dzb. 1 sy¢ o, o. 1. [ @ B' ¢ d&zO

/| | sfkzBdz. 25.784. 2017 18 dz
s dms¢ ez SOy 2, wg L OMmMe " Hykt Is! (

1. 1 syc o 1. 1. [ sfdz" HY J dedlz? o dzdo lz &
OCdzs 3 Oy ' 2 detsc s sfye®yJ Mz /A .1 f oks! ¢ dzOL t51
[ Ojt' Odzd SCtsdW jtejdzy' ™ ¢¢o¢SlzOdz dz@ ftets
50 fij@0lisidi.. 2488

2 . 1 sysc 0 1. 1. [BBMdzZsco Odzdy d o' BfStS
Csdi3f dzj S Mdetsects Wdzs MA@ ./ rltsj EdzOu 594y©@ 0O, ¢ 9.
[Ojt' Oesds’ 18 MiECtcO’ defiff tc©OEIsd Yyde®Ez ¢ s & s ¢
culfjy Od dz0 j lsOdzztec ' V20178 YBisd., iZPICE S+

3. 16ysco J1.J. [ 6Mmd Hyjddaw tsMse dzdoe s
hdrls' ' fsag®@dsets Wdzsmkez. / 1. 1. 16YysoO0,
tdeg. /][ Olsy o [ O daddzO teds Hiddgtss dezQuSs o £ s daW | to j



5
1 O ste’ YW, dzdBABsYf ATl 48 : 1 v ¢ Of
g. 15.

4 . [otsjedzOLtsa O ¢. 1. Qdigreys j dgdztie)ts @ dztsie
MeMisOa O Ocdzsd OISO tOL dzd Yydaets?2 fdztsoe dats
4 . [ . ykzdzddzj dz¢ s [/ / [ Olsj ted Odgtc OX I d U Jjfy
CedgW jtojdzydd c¢fJ dls! j. [ JbOdzzR®c dgzOw2i2D3
1 Of stetsy ! 4. 1333283 ..

5. ot edzOLtsa O ¢. . [ sydz" H Y J dzdgw )
LOdZ' L sWdzt Mk odMmMC s’ shmdztse dzs s / o .

[ Olsj te" Ot [ '4Rdz0 G ts H-ldzgjsr dezQAigS 9 56 tsdgW j toj d
1 Of Btc’ /W .dzd2rds 5 §f IOHEY] Rt Iy O §isdics 3 dn.ls D4z

6.1 osjedzOLsa O ¢. ] . O dz2Odzd L Isj ted3tsH d dzO
tcOL dzsy jdzdwY dLojMmlsdvCcO. [/ . 1. [ O] G
[ OljtedOdzr X1 | [ j +Hfza@SdssgHggsipe 20 oyiasl |t

[ j sOdzizztce d.v 12AQF1t6te® $ * gIizO W 2142 00l 6 teds.y 4 j-: ]
4. 337.

7. roesjedzOLso © ¢ . I . Ul nzbdzse ' W o dtets
o edzOL s O, 1. 1. 186Yyso, 4.’ If." ) u®dcE
dzO z Clsp dsdz' Yy dzts CtsdaW J tod d2yy > v . el HiZd, M Is Ry
2016 1WOf s ) duvs ¢ Of-mtc'IyiimlsOdz' e .



I sk g

1 [ wa v

1 wkzyOfmdzd?2 MhkOdz kit v kO (&0

tc' L
1.1
1.2
1.3
1.4

1.5

1.6

Bts BOdz' Isdzdm W dze ) o
Adzs ) SO 'R fedL dzOyj dzdzv

I f dzd o W dzs fipzts WoP@ dds o jitg toj Iso S te
O¢ ditg dgOls Iz

[fse dzd o s5Mls" ' HCBW OL dzs ¢ s

ts ) dzts o dzts fyls

lfdzdo sMdgso desfls’ h dalsd dzo
Oc¢ &zs k) e Ols iz

l sdz' B Ld HosSCOd ' ‘ 9 BC B
dzd o

widzz s y' '8 j AsdstiekftslkO dzdzy € ts By dzj ¢

2 vjBtejlsdydzy B tokzdzlskzo Odzdz? iBsy dz

W dzs
2.1
2.2
2.3

2.4

Mz, wCd2 o ' Hftse ' HO' oddseOd
[ B tokdzszo Odzdz?" o dB Btz Isj - dztsd
v ptej Isd ydzj Hisfypdz' H Y j dadzv f tots
ftcdmizlsdasMils® L Odz' L sod3' Mdese s
[smdz" Hy J dzdg? dBsy dzdeo tsmils’® Eklse ts
ftcd 9L 0O iBsSH" 900fdwWCE "L
[ Jr0Odg L &3 ftosls' € Odzdgw tcj OCy
ftcdmMizlsdesMistlzs € ©® zZO IS oz’ O dzlz

3 1 smdz Hyjdedew of dzdokz ' L desdzOdz Is
e &ZOH O o &ZOMisdo sMls' ¢ s dzj € fmd

3.1

3.1.1.

3.1.2

3.2

3.3

[ sfpdz' H Y j dadaW C'dagjIsdSd HIMBY
sBf Odz' 26t ‘wdzy jOME ta @ddddg dzd o
[ sdz" HY J dedgv Mmisizy § dz&’ sO "o
o0fdzvCE IsO LOdZ' L stczHdzsegts € ts
[ Bidz" HYy jdedzgw €' dgilsdS¢d HIMBY
o0fdvCE IsO LOd LstczHdtsets €t
1 ¢ tstcd MiORzdzvdzs” W EBME° L Odz' L
fted lsted 3Odzdz ¢ tsd3B ' datso Odzd -

 sfpdz HY jdedzy W OLBeawGEts ME dzOH
Coli3f dzj S Mdese s W dzt Mz dzO© tsfdzt
fd e d dad

fry Is
8
14
14
21
25

27

35
39

45
45
53

56

58
58

59

62

65

70



34 [ Olj ®OIsdydsj BsHj d o Odzdzy 1§ te
CtcOdzz dz dzO € tsdzo jl4tedz 2 dBBONM ddz° 80
4 {sLiBSCO IsjAdtsdkse" tsls to d d30 dzdaw
Me ZOHE 18O o dzOtse e dsShfistgipizdzyls O o
5CEMSC ko Odzdz? Mdetse d ded 87
41 [ jRrOdz L3 Zlsoatstcj dadzg? C tsdzB ' datse 87
42 1de''tt flsdBOd dEn s sE] das®lk
L tesBSd ISjodsdkse’ ’ SHjtkyOd 91
43 1 0OdGjlsted MYy ' COdedz? S sy dzj S fr
sltod BOdzdzy S tsdf dzj CMdgse s W dzs fr 96

431 1 dB' t6 Oy tdzOd ddn §OtOd]|

W dzs bz 96
432 v jfdzsed2 B OdzOdzM { totsjyd fifpdzts astds ¢ 101
44 i dd e C Bl dzj C fMdesa ) €t das

f5C 0L dedSd Tf' ¢ Odzdzr Oc cetsdgj te ~0°
45 i dde odSttedmlsOdadzy S ts B dzj S
5COdh ' o 112

Il dmdztse € d 118

ljjd ¢ & kjwObbkted 121

[ SHOIsC 131

[ SHOEBS)C ] Y ®isd Mjsoxzdzvs @s ' o Hdfj tel 132
[SHOSSMCl dftsted s Odzdzy toj L Zdz sOIs' 133



l vl

dCIszOdz dz2' Mmis' | deSsBttsdsigls O dzdzw sCkMmMCtse O
mMdtctse d dzd M cdw Mkzlsls' o sd3kz f° H'o 2 fzd ez
f " Hfted' dBMise. 1 wOCISdCO HEtsd dzdetsects o qotst
mMikzlsls® o j LB dz h j dzdaw 9dC sted Mmls O dadaw s¢
Mdtseo ddets® HdzW HBdj dzdedr 4 ud 2 ° W dz M
fstc’ adgv dets ftotsmistss Isj n desjdasde S ¢ d dpdd toosos dd
CteOdgz dzts 3j Istcd ydetse s MEC dzOHEZ o dr ' Hdets®™ Mt
Mz H L OL dzOYydisd, hts Ocdzsdj teOls &GO° dz
Hitc' BOWLSCEZ. uv0OI5 &d3' MlsO® tz®BHYtcOIsD to' L dac
-26, 0folcd OZOHABHY | dzdz’ o 10O dgf €zdzd W sTpsD
26,5%.1 dzOydzd?2 o d3' Mls Ht' BOW L §lsc ‘atch @ dzislsij
J S Bdesd3’ ydz' H W dsjSdpdzsatE df stsyJ Miz.

1 " Hodh jdadgw wCtsfmls' Oc dzsd3j Oz SO L
odtetsB dzd ylsodthds ' L Geamisdeddy s MEzyOMmdzed s OG dzts
Vet dad. JHdz ‘8 L hdtseodzdr ftoedydde tolz:
LB dzr h j dada” sBO' Bz HoBCOd y' ' atsegts Mg
fjtojlotstejdzdz" n o fttsyjfm' ShdsHYj dy.
. ¢. sBoOdz 890 IsO -Is@ HYC OO, oM sW 5
My Judddy' o' H tclz2 dzzo Odzdz" , LO tORkds¢
[Hddd ‘L Btsy dzd o d A M sMtse ' o 99 j HJj dack
OcC dzsd3j cOY"' 2 dats”’ h dnlsddzj ¢ Mmalf & ts tdVddirylsid dadzw
dWiClsdedz Mls! tj Odz' L Oy* "’ HOesGts L ORfs
Slstcd BOdedz" Ctsdi3f dzj C Mdesects W dze Mz

UV LaOWLSE L yYyddd EHtsMS sdzOdzj dedz? Isj =
Wdzs Mk OCIkzOdz! dgdd3  JlsOdzdz” d3 H dzivfy' to'
sCEMCkzo OdedzY L Odz' L stezHdes’ Mdtetse ddzed H dzv

19" WL € tctsB sisd L Ok ¢ s9 d d&3d f tetsG t
t sLGdzv dzzIs* 9 HdMjtlsOy 2dz 2 Bl f



9
Htsfpdz' HY § d&t , hts o d¢ tsdzOdz 09 Is 5 ters H3dz' IsHOdZ
tcsBtslsd ¢1 OkzCtsej B tolzdzlslzo O dzdalyO filsts Btals Ld

fesyjfm' @ o ' dksoOy' 2ddn BjlkOdkztcd' 2 d
Gj‘ MsteOY'® 0115U003176). rdmjtkoy" 2c¢
dzO Iz -1t fipdz' H dats’ H' Wdz! detdfidss’ 't * € OfQeHizaHlz  dpJ!
BjlsOdkktce 2dzs’ OCOHj & ° LSO daf .

[jO 15O L O9HOdzdzt tsHUEEEL @ ¥ Jsgallzmzt dzis 6 °
Codsf dzj S Mdzesets W Mk h v atsd §° HdzOdzdz”
Wittdlddn MYfsdkzg.

[ dzv Hisfmwedzj dadzv ff sfls Oo dzj dztstf | t&lgj HsSBJO 19O «
odtc’ h jdgdzw dzOMmlskzf dzedr L OH OY:

OOz’ L MkyOmdeds Isj-descdese' 2 tslstedds
jWjClkdodssmls', fjtjo0Oc¢ ' dzgjHisd €' o;

o dL dzOyJ dzdzv zO02 B " dz' h Oy’ sdzOdz' dzd
sktod BOdzdzy SR dzj CMdesets Wdzs Mk dzO totg PEaty:
9LO dBsH' ', hts fesls® COsIs! i3 3 dad &Bd;

o dL dzOyj dedz" GfflsddBzOdz’ detsects M 99  HdA!
Ctokf detsfyls’ g0 Ghmdese ' jCMmY jtedds dzls Odz ded ~

o L dzOYj dzdz® Bj 7 Odzlsy gl B B jst ®lsE € dis
G tc O dzlz dz;

fteso j HJ dzdzv d &zOBTpfc’'OIs®dg'dz H dzv odL dzOy
fs5COLddC ' @ kjrodsdse' & slttd BOdadz” § s dst
o dktcOlsd §Odde O, YOMkz L OfOd® o Odzdz® h 7 I

OdzOdz' L ofdzdoelz odHEkz Wdztg My yts’ HtSB
GOl j ' Od o

OdzOdz' L -jI€ jstiets df |y dzdin’ o § to¢dQa tirddzd ylso © C
sCOkdh ' o ftod odCtstedmisOdedz € s dzj € f)dats

odL dzOyj dzdzy jWjSIsdo dasfls” oS stedfls
Codsf dzj SMdetsets Wazs Mk o HEG®R) dd 2 4 W'



10

[B' 'Sl Hhug Hidgdzen v sdtssddylss ® ¢
tcOndzsC  StolsdpPdgdzy odf Oz o9 0O0fdzv Sk IsC
COdz y' ¥.

lteJ HA3y s HEMdrdagp) dzdgf 2 L Odz' L s9 d3' Mdets G
SO CctOdzdtsdii stedydzsects ME daR@ &z o @B lsdsd g
B dzgj cOdzse ' yded?2 MCdzOH Cod@3fdzj CMmdesets W
o0 dew C 2 dzO ks h dqdzk dzOS OlOdtse s " Otclz L (
JWiSlkdo dzsmis® L Od3' dzd stcOH d Yy 2 dzd n W dz
sCEMS ko Odgdz? Bj sOkzted' 2 dets’ Mdtetso d dzd .

[ issHd HtMddOy] tady dz sO Isjtstejlsdydz
HdgMyYy' Oy' & HoOdfipkls tzshis’ LOdZ' L sad3 Mdes¢
WlzdzH Od3d dzls Odz! dzd - f sdztsy j dzdav n WL duydsts®
ftesyj Mm' o. 2Oz L. BMmdzsoadzed~ Isj ted3tsH d dzOd
o Ofdzv"Ck o fHtdmkzlsdatsmlis® L Odz' L 59 &3 Sigdsd
ftetsctc OBz ¢ ts CuiRY dzj C Miz.o d srstipdz’ His ] lsizizm
CtcOdgz dzts B Istcd ydese s MC ZzOHE o0 dgv Sz {
LOR dzad IstcOHdy' 2dzdr Wdz6 " @ € sd3ff dzj ¢ Mmdzad

yonh Hdzw M ' COdedeg? ©Oc dztsd3j tc Olsliztc G = dz@EOt
1 ilsdvu. lteso JH jdedgw "' a3 yYydetse s OdzOdz' L Iz
f toctseo sH d dzd ) ZzOB stcOlststc ' COWjHted W

B CtosmistczCIskzted Ctdifdzj CMmdesets Wdzts Mk s
o dCtstcd MisOdadzY d3 ¢ s i3 dzj & Hztz® 5 tedzr Miktso O d
h Qtez LOdZ Lsod3 Mdesects dBBOIs j-iefs PdzizH dztcds o (zO |
COWjHted Ibjtd ydets'™ tBtsBSd 1f jlsdvu. [ d
odt' hj dzdaw Wistcdslzdz! so Oded= L OHOY o totsB
f dzOdzlz o P Gzhlplf j tc d d3j dzls Iz Is O BJ IssHJ BRBOIs j d3
BOIs j i3OIsd ydzts”’ MisOlsdmisd ¢ d. v d St Jtec
oS stedMisOdzdz" &3 ftso toj desets ' MjtelsdW ' Cise



11

1 OS50 0 dsodL dzO GlstedBOdzdr tjL zdz IsOIs" ¢
1. 1 MlsOdztso oizj waisy jsds (15 pistej Isd ydzd d3d tetsL te
Flso stej dzgdgv Mddz' COIs" &8 COdzr y'¢¥ fted '~ - My
hts 3" Misdls! LOdZ' L s a3 Mmdz BOIsj tc' dzd, ¢
mMddz' COtskzlse tstcj dg odL dzOyOs Is! Mw o fds dzlpjO
Isj BB j cOlskztctss ) tej OCy' 2 dzts Bz ftosMiststc’
lseo st dzdzv ° o' HiMEIsdz' Mmlis L dzOyded » € s dzls
Yyomsecodd k& tj Ockze y' 2 Mdmksjdz", Mt € dl
odnmn Hdzts™ hdnrlsd.
2 . [sted 3Odzd § Fle®OU Nsg Btc jolisd g dz' sMmdztso
ftedmMizlsdesMmis sO¢dr ®KBOLjte" Odz' @ wWC L Od
l Mis Odzts o dzj dzts, hts ftod Ijtedz' ydz' 2 tsBtesB
oLO' dBsH' 90 dzO IO ECMdH' & tkzHdd~! BOL
sO Mmlskz{ ' dz HdMsy" Oy o90fdwsClk LO ©OA
oLO" iBBH "’ Mo ' YBodl Odzj dztsG ts 9 Off dzO L 1
LOdZ Lsoad® Mdese s BOI to' Odzlz .
3. t sLoddzalzls” Zw e dzj dzdzw htsHis off dzdo Iz
B dzj tOdztsc ' ysaftR dzj if s 56 W dzv Mz . 1l mls Odzts
Cslif dzj S Mdese s W dze Mk ' L oS doils Cyd ds oL d§) dij Isy
o3 Miskeo SkPtczrHdz 2 yYOMmisd dz' L Odz' L so d3' iy
Bsy dzd o 5 € ts dzls to tdsdr® ot@jls@c s i ~¢ * s kOO H IO [0
akfissds L Oz’ bOOF@BRsH' W wWiisegts L dd@fs’ ke
C' ' ded sduydz ¢ jtejoa0OaG(d.

1 OSIsduydzO y' dzgdz' Mils' wslsted BB3Odzed = t64 L 2 dz!

1. 10ftesicdss 00 ljidsdkse' v osdss
Ctsdzo j * tedz' 2 BOh ddz O Isj 7 datsteizsts ' W dzsofigflt
" dHESCY 2d& 2 fjy ., WwS' HBLoBdw: k! ®©

o Mils ©Odzts 9 dzj dzdzW HSHOISSCtSoBBEts Isjmdasdzse ' yd
tcsBtslsd &3 sOdzktec ' 2 dese s o dtetsB dzd ylso O.



12

2 . t SL tetsB dzj dz' ftcOCIsdydz tej ¢ tsd3j dzH C
oy ddBze dadydse © SCtd@Rf dzj S Mdese s W dzs M. 1 s
Cfi3f dzj SMdese s Wdze Mk "L odMsSCddy o d3' Mists
SO ko jtcHtsets f Odzdo O ftsoddedzO 16 kzIisdd, 303 ' +
Ctezf dz' Mmis! L Odz' L BoHdp MaksE s diB.ishj deilsidhfizi 5 M
9 lstcOISO Iso jtcHBE-HPpOdzdo © dzO ftesyjm 8

3. tdLkd O Isj sted Isd ydzd ‘ d Sy
HdMJ telsOy' 2dets” ttsetslsd BRdzd oS¢ ted Mmils Odz
Ozt dizj Oy 2dzdr WOBtdS uvVSCttO ded o Hj to)
(HBHOIMW @Oty odSstedmlstsoalze s Mw [z dal
B sOkzEtee' °© YOobkdzk 1 Oy' sdzOdz! dets’™ d3d Is O dzk
HdMydyfdz dzgd ¢1 "  HetslksaC O dj lsOdzkztee ' 2 dzts’
cl[ jbOdzEBtEcHOBSC 1)

]l zOMmMdzd H aHBB ZGOPUBISOY' v * MOdBsmls' 2 d
weo BOLE' Is+ myw dzO Isj stej Isd ydzd Is © Jd
o dCdzOdzdrn tMtsBdMmists HJMJ tols Odzls s d3.

bolsstc ftoed2d30e BjLYBMJ o] Hdz® zZyomls
tesBtSIsd, z o d¢ tsdzO dzdz’ d3J dzis@ dzd dzdizd = H SO

SBSB Y tcjLEd IsOIs' 9. vjstej lsdydz
HdMjtelsOdzssdy L O Ctdzmizdz sOyY' 2 des’” ' HIst
ZOkZC tso i sdztsy J dgda" , hts tslsted d30dz' Qo Is s

Hsf s " HW R, 9 JI€tsddzOn Btsifiglldn jAedstO dOB 5 0 MY "

bftesBOY" W tojLizdz sOfsOlsj tc ' HAdg] tcISOmE 5
ftcjHMIsSOoadzjdz2@ o© HEBSftse' HWR dzO: f O thEHO torsy
2014, 2015, 2016 to.)tcOCds Prudd tOts S Y j digC

[jsOkzec] P g5, 2015, 2016 t.),
feOClduds 2 CodWjteidy' @~ cufjy Od dz®
(ds.d 2017t%c. ) , I Mj SO’ diffts @C 8d Y dzlz@k & 5 ts

COClkOd &7 fsedj 5 tsLodlsCk djlsO&Ets
100" YU {.4.|% djdSts (& rd s, 2017t



13
) kB dz §)@0y' ) Bstes O B jlzs’ teseslsEsE kB d
dzd 5 -4inlsOkls’ bk Mijy Od Lo Oded: dzOLC 5o
VS tO dedMmls@lslsw bk dOECtsodn o i @ @tey &ls g o
Ctsted Mdzz KA jas’, Ok &OkzStsodn S tsdaW jtej day
HlstokClktt® ' wBEMYEek®EE B HS ZOH O Is! MW
CELH d& o, odMmdsaC' o, MIdMSk odS ttedfmls
[Ojtc' Odz' b dif Oy it ddek O3 & Aidaf fiy Oz
17 OBdzdy' .lsOI '38 del E@OWd ydzd2 MY dMeS
tcsB ' Is o' bydLrdwdzedr ° L OCtStcHtsdzdzd s 0Oo Istst



14

tdrrwf 1
HUYOHEHLT REBE HUO, s Jtwec v 1t odsurRs O
frvofuvtqwwy twyr S oy wosyr RM Af Owul

1indzs fnd 8O ' 5 fdL dzOyj dzdzv

o lzyomggzls Odzztcc* 2 dzj o desBdzdylseats o WwW¢C
H s d3d dadzts’ fdzOoCd odCtsttdmMlstsalz’ Btod G j Isc
dz02 B " dz' h fsh dtej dg' 2 eodtesB dzd ylso ' . d G
LoduyuO2deddsd OBt tsWdzt Mtseo Odadad d3. v HAGEdzd 2
sWdzt Mseo OdzO[1l]Md tets o d dzO
l JicsBdzgd ylsots W dzt Mtso Odzesects OC dzsd3j tc OLs
odqesBdzd ylsotsdzs IsO L OMmlstsmizo @izdz? &5 L 9 d yO2 c
-99 jJHjdzdzw o0 dgwdzdms Wdz¢Ef' @8 © OG dzsd3d
we ftecQoddzts, LB' dz hQcaizsdg tf @GH X &E S o dg
-9 ' Hdgsoa dz' fls! W dzs Mtso Odetsd s Oc¢ dzsd3j tc O
-HsBO9GC O 90fdg"Ck © Ozt ttOy' 2 dsct
sMmdes o dzsMmls f sodz Miss od¢ dzs 4o HiB C
Ld&3j dzh 2 o dltcOlskz H st tchifde Tz joldfQf ddi®es
fsCteOhk’ kjfdseod?2 BO®RORN HEGAGj ddts’
1ded ) j dzdzy o dltcOld SCStCfMkz fHtod L Od dz
Ocdzsdzj tOlslz SO Mdtesets 90 dwW Sk dO Wd
Mestesyj dedg" d&3 o d lsdid@ 1?2 Isfj jfulzO "o LHAgidgE" j dzdzv d
ftowdzy o Hdzsodzjdgdzg" L Odz" LO IsO " dghdm d3gj k
1" HB dedetss wsmsBdde  Mist W ds Mse Odzed o
L LodyuoO2dzddz OcGdzsdzj teOlstsds o d3' Mis W OwW,
tclz? dzz o Odzdzy L dzd dzts oz dpp@ fif &'," 2C dadsdz {f s v th)jdds o
st Is s €O dz! y:SiOf) C adz@W o dz' fMls © o' dz desets 9
ZOMmiszf ©° Isddz PedHhj, ydd B ' dzz hj o Nn(d;



15
L HiSB Oo C tsEd3j oY dayls'I22 € ° dz' ¥ Ocdzsd3] tcO!
o Of dgV dese s s dzsC O.

[ 2 W ds iize Odzdgw odCtstcdmisso zs Is! MW
dzOL do O Is! Mmw HisB O9 C (, w g HiSH O Is! H S
tej G Izdzt o Odzdaw B dzj cOdzse ' Ydats @ s ¢ dzOH Iz
zj cEC B ZOoaCdr LO6" Hd&2Od Htod MY " COdadz’ [

J L Odzj ¥ dztsfls 9" H Y tht€skzOdH z o df Az Hsdsts f
Bko Ot lsy : imdsed , ¢CdMmdz' ' ccdzddtsL j &3dz’
BOGdzj L B, Htclzg ' , 9 BMmdzatso dats f3lz, ¢ toj d3dzj
Mz W' cdddst jBz O BSMdHk Ctj dgd .
fctetsf htsHO o dn ' HdzsEets Ctoj dgde 2o 3 Mz O,
Blzlsd -10,, 49, sts dz@2B' dz'' h " dJtesC s YOomlst
ssBlsts f stetsHd BOIsj to' Odzd , hs g flsw
dzd sBr' Hdzdd3d W ' L dyded d3d o dzOflsd e sfmilsw d3d .

U n desdzts ¢ * Ui detslold@dCay " Wdzte " @ L totsL 9 d s
tesLh JqoweEr® ' ImgfMm. 1.1 fHtodo jHjdzO Jjotsdzs y' v
tcsLodlsCk Ocdztsdzj ttOyY' 2detsets o detse dzd ylso O.
90 dewC. Jddsed HB 90 dwWClk oMmlsOdeso
ojtrndd dBI' od3 Mk dzj tesL yddzdzse s L Odzd
h gGOlS 9. 1 OfdwCd, hts fMmlsOoadzvels: Mw dz
Ctolzf dz' MPls ‘dzd 5 IsOC wW ¢ otsded ofMj SHdAs dfds H
HdzZw o dtetsB dzd yls o O-00 Bditegigvic Odstc S B dd, Yylls 9 © t
sCOlsdh " o.

1l Ofdgv ¢ MftsyOlsSCkz HtosB dzV Is 9 hsCBsac
dzj sBrn' Hdzse s tesL o3 tolz, ftsls' @3 ftetsdsd o O
Gletsn sy dzdzv . 1 " fpdzw  y! st Hi' Bd2O WicOC Yy
Hts Ctbkif-®EFgis ( W tc @3y Wi COdzOH O B"dzhj 90
S ZOHE Ocdksdij Oy 2ds’ hdakd [4]. J
B dzj tOztslzls o tstcj dzdaw dzd h § IstsH ", Ctsdzd @
fsyOlSkz HdMmMtsy' Oy 90fdw<Clk (5000u).



16
c¢' Mis: o Of dgw QLIO I deitc digj'dfpwe d3' Mis ts d3
BOcdz 6, O IOCtsy Yt ¢ &z CsMmis’ dzi esL yd
C'dz €' Mmiss h e HdfsfR stAas dz* h §)¢ € d, o a3

B dz' &3Odz' ded 5 [ 5] .
lddssed HB "' &3 ydesets G tc O dzlz dztipz jols te
&ZOo jHjdz o IsOBdzdy' 1.
v OB dzd yvw
lddiisced HEts n' d3 ydesets M zOHEZ W d

I &g Mls o 920§ dv Sk

‘ [ SdzsdE s L &
¢ d&zOHtse " |1 8dUO2 dzd 2 o Of dzv ¢
1-2 Mt 22 Mg 12 M| 22 Mt
[SCMdH SO
. . 50 52 . -
B34 dz" §
[SMdH &OG dz - - 7 5
1 J oL yd dzdzd 2
5 o h 2 4 2 4
AW ste, da 0,01 0,01 0,01 0,01
[SMifHteS dlzj ¢ 0,25 0,35 0,25 0,35
4230 ¢ dzd dzts
L Odz' Ldgh jB 2 3 2 3

1 0290 dzde ' M s Isj ~ dz' ydztse ~n Ot OCIsj tod
Wdzse Msotse s o0 dzOEZ 25665 SO M@ [6l H Ols
s'dzt €' Mdats o sdzO sy 4§ Bllsd 9adtcOy jdzO L O

ROy ,= (CaO+MgO)i RA B,
HfCaO,MgO,R o 3" MlIs & 90 dwW Gk, o Hftse' HA
BOcdz' ¢ ' dzj etsL yddzdesets L Odzdh S k2, %;
-Bismdetse dz' Mls! (AB@)+,M g0 @ ( fipls dzts o  Is !



17

BAITHSAK PEPHUTHA 3ATI30PTIOC KOMILTEKCHHH

C¥MIHOI PTHOC

ol T
| Banusak | | 3s0poT |
Araomepar Banusak
| Jpobaenns | | 25-80MMm | T~ / BHCOKOT
Cynicre OCHOBHOCTI =

l l ApodaeHHs (dintbwe 3 o3.)

3-10amMm

| 0-3 Mm | Obnaas
creniaJbHHX l

f

Apodaenns
arperarax | <0,1 am |

v
| | RS |
Haxat
JozasaHHs J0 0-3 v . 2
araomepauiiHol 3aT130BMICHOTI O

JoaasaHHA 0 MaTepiaay
LUHXTH PR JdoaaBaHHA 10 piam
arJoMepauifiHol

= aroMmepauiiisol ¥
Apodienns LIHXTH O6naa rpanya

HIHXTH
Ha KOHBEEPHIH

MalIHHI
0-3 mM

JdoaaBaHHS A0
arsioMepauiiinol
IIHXTH

JoaasaHHS a0
arsoMepauiiHol
IIHXTH

tdMiBs)] B30 " HetslkseaCd IsO oadCBtcdMisOd
odtsBded ylso* OGc dztsd3j tcOls Iz

zC " Hdzdodddd HBA hCOdRRd oO0Ofdzw Sk ‘&2 M
o0 dgv € On L OL o dyoO?2 dzdL !+ €O otsdzO o dH
H s d3d dadzts’ f zOe € . U d o dg ydzd o3qd dktseo Od
odL dZ2OYyo‘ Is: mMw 0, 01 % HdzY LeodyoO2dtsets

[Mdzso dzgd B dzj Hisdz' S OB o d ¢ tefp tf M b Getledg? to
tesLfBH dz2 2ttt 9 sB ' d3 hdrisd, (OJN
oL C dZOH Odzdz? o9 O dgwW Sk o ftetsyj M M ¢ Odac

1 jtoga' H dzO od¢ tsted Mmls ©dzdzw ) hdrals'
stsdzeC s sSH tc' B dzj dzd n BOIsj o' Odz' o mMlsls’ o s
BOJ o' Odesazd f 59 d dzdz’ o i tsdzzo OlIsd tsCtc' d3
WiEdeS y' o, woC oow Yyt e yso d dif. IsWOOCG
WizdeS y' od¢ tsdzlz* o Of dzts, wej tlsted &3zs Is
sBtetsBSCd © Octej cOOd O&Ll dzidisls Iof s dde)® tc Iz ¢



18
l S BstedmMistso z8 Is! sOC sy EMlsOdsso € d Hddzwv ¢
MlsOdz' , E Sdfdvysdz h O, dO M jy' Odz' c

10 Mz jdzaj &3 adf Oz tesL tc' L degws Isy 9o Of
odf Odzz. 1 jteh '™ LS OwOSIyfpfltzOEEMY bHodhk
VL Mddz dets odf Odzj detsets 9 Of d&zO RO B My
Z s9 ' dz' dad 0], GIOMOdzdets d3j e Oy' 2 dzesdzz J tetsy g
mMjtcjHdz sets odf Odzlz.

1028  dzr hj fhdtejdedgy Hdzw odf Odzz 9 Ot
i tc jlsHChp dzw & Is ! M 58 f stetsydzedmisd?2 yddz' dzu

Cybkrn beohddtst BddL:' ¢ 1 Mmdz ' odkzlste’ !
oMlsOdeso dzj dzd2 dzgO@ WkdzH Od3j dzls” . A 4y

Ldzd Y J dzdd&3d o dIlstcOIstss f Odzd o &y ' {1 tg tslhj € tdsldoct
JSMf &z OOy . 1l zH' adzdylsoe ts ' n f sk

COf ' sOztso C dzOH j dz' [ 9] .
[Bjclstse fJyu' Hdzw o df Odzt 9 Odzdzy 9 Of

odf Odzj dzj oOfdes odMsSts’ wCsfhis' 'L ocC
(Stej2Hd, YjttjiOheagSizddt DEEELHo . [B ]t
By &zdo ' fls! f§oods’ (RjmOdE LOY' ~ ' Oslst

Fdisco dzsets f Odzdo © o tBjtolstso-@D o] WL &
OBfts 68740000 Sy dO 1 €Cc¢ o0f dzO. - 9 j e dz
9dlstcOIsO fOdzdoa © dO 1 I k) dtshls’ , f
M 5y do Odzdzy Jj dzj SIstetsj dzj oG ' °

ldfOodz 90fd"Ck o fjyons S § tedzgtikt 5 dz
fsCOLddCOBd R OtOCIsjtedL iz s Mw o dMsC d d3
SO Jjdzj Slstcts4BOtecS't'Yy 4BO 0L ¢ ¢ 9 Of dzO[ 107 .

1 Ofmistsmiz o Odadaw ) o Of dzv dz' 2 f tots d3d fydzts
COtcBtsdzOlsdzdr titstc' H o Cdfdzwytsdzz h O’ H
9 jdzd € ¢ dz S tsfls Hic' Bdad s WteOCyY' 2 Mmdt
COte' ' 60OnR, O Is0¢ tsp dzQECEZOWAY & ts HNOGhn Is dzd d3d



19
fjyodkd. 1jHsd Ssd& ydr bkfksOdis ¢
jdzj Stetsj dzj o

whdze s KOSy bkjodsdkse' it d O ddz”
13. 1 Ofdts GleddBkzsl! LO ©OR HBEEEKRS ek b
o0z kO lso joHBEE §Od&JoO (12%), Gl

2% 9©'H LOGOdz dets’ BOMd hdrlsd) sO k¢
O "  HBERZoO' Is! MW L Of Odzt 9 Odzgdz? f Odzdo O SO o c
lde'  te sdfkz fjy" Hdw odfOdkz o0f dO o
¥'de-dgj ~ Odz' ydzd @3 o dzOfplsdoe smisw d&3d nloB
fOkzdoa © * dzitsBr' Hdzts® W C' Mmiss o Of dzO.

[ dzw 9 Of dg¥ dzd n L O tsH "' 9 tc' ydzts® f sist
o] Ctsd3d dgH 28 Is? v " ORlsdz ©OcGtj cOIsd ftotsH Iz
sBjtlstseo’ fjyu® HscsRB@OIHowaSes. 1 Of dzv ¢ 1
okddzj CdMmMdzse s dBROCG dz' OBt Gcdzdddmlsdn H
Lddy jdz2 2 Isj 3 jtcOlkzte" |, Mz H ®BY Odzt 9 Ols
fjJuyon, o wedn fHtesMmls'hj tjceckdz o0Olsd Isj
Wwhists o dSstedMmlssokze s fw Hdzw odf Odzz o C
sCEMC ko Odedz?y RBj lsOdzztce * 2 dets’ fdtetse ddad [ 1

q. T/M*-TOI

1.6
F 4
1.2 | >
3
0,.8 I /_—
0.4 1 !
O = 8 12

KinbkicTts 1od6aBku, %o

t dm. -1l 2dzd o o3 Mlsk odHEk thdseo dsets
06 dzts z M ls Q det@df Uafe:; © (HlAsh s dz8 DO B&w ¢



20

l Of dets OF€ Isd o dztsf t¢ tzjsj ifipzifigffV' * SCAedzdz O G dzts o3
o Of dz@ o C-7d SCeas'fis’ 3@Md hdolkd LB dzt hk
Ozt dzj tOyY' 2 dzd n- 6BON. ddp sde@o 2B o Off dzv € Iz,
LOBJjLJyk' ftedt' Mls ftesHEZSIsde dsMmis® o
HsB@o K dzt Mz BOSC Mz o35 (dfEF]fl. 01 . 2 )

s OCtsy ftod HBHO9 Odzdz o Of dz0 L dzd z¥ Is
HdMtsy' Oy* °’ o Of dzv ¢ Iz. bdzj Jlzj Skg o dztizfyls!
odSsted Mis Odzdzy o 1] dz@2PE® IsezmMss®w C° Milse o

MfsiEsf sHOY' 90 dzO o hdrlsk IsO 26 ¢
hdgrlsk MEzkls' ets BRIy EZEIS! MY IsO MS dzOH O
otsdes, wC HtwwOQoddzts, M dzt des L 9o Of dg¥ € 5k
ftcdLotsHdIs! HB 6" toh jdada" 3 ydesmls® Occ

lcOrRtsoakzs yd OCkEzOdz dz' fls! LOHOYy ft L
sCEMC o Odes” Mdseadded SO " Headh j dedgv
o ddzd ¢ dzO dzj sB R " Hdz Mls! o dazts ol Ldsiaikt alzd € ‘M dz
W odzs " . stodstf dzj C fdad 2 Wdze fy ¥ dzu 5" b dals 3!
o dzetsfd Is- 9 Ocdizsd3zj Oy 2dzz h drlslz dzOB ' 6
fsCtcOh s ls! Ekdisod MY " ¢ Odzdz? te®dgzih)dz o te Glésts
Csdi3f dzj S Mdetsets Wdzs Mk R OtOCIjtedL iz Is! mw
sjndsdzse ' ydz' folss?, Qo sEzCHsy s G fso ' HO'
odSBtcdMisOdzdzgy 26t 8 wWEMls' tjceckdzwIstsic(
o0 dw Sk o hdals' H s d3d dzdzd - 14 ud?. S t
SEtkHC 5o Odzd 2 dzj ezHdzd?2 SCHBBYtsLdl, Hts ¢
SHdRWw® djceckzt yddsd o zOMmilsde smisw dzd . { M dat
LOdzj ydetsls® o' H 2Bt oadCtstodmisOdadzy, Bsy

[ OSdrn Wdzgm" o o HdzsMmwis! W jtedlsdg
M " dz desets Y BSHt' Bdgj dede" (Gte. dzw C @&, SO0dBBp
[16]. 1 kOC'2 fMmkdk "' ojddSO EeOg S Gy
tcOr zdets ¢ yYtsegts Mmlsotstes 8 Is! Mw ¢ Otcdz  distso d
COdz y' & o o jtH" 2 WOL" , fsCtcOh 2 Is! f



21
LB ' d& hk‘ k' v GCP dzsO' fifs ' Ho gz &ZOMHw W C
MS zZOHE OcdtsdjtcOy' 2des” hdalsd Wjtdlsds f
tej Odz' L Oy"' v H Odzts’ Isj n dsdztsc ' mMzlsls* o
BzH' adzgd ylso © o' HH' dzj dgdz? f sHtc' B dzj dzdzv |
o o sfgplzdz* ' o Ocdztsh drlskz.

l OyYdzdodds JlOfsd3 dzO hdzwrlkz odtetss dzd
odSttcdMisOdzdzg? o Ocdzsh drls' -§ s B djdzs ds
(ted M[7.. 1Yy j ndesdztse ' W slsted &3O dedz?y o d MtsC s
Slstcd 3Odzdz® L o d yOR2,dzts@dgj O daste3] cdMs’ Is! fmw
o Of dgv C Iz Is © f Odzd o O. 1l ¢ sted s ©dzda” L
ftesHEGCIsd o dz' fMmis+ Oc dzsdBj e Oy 2 dats’ ZMmls O©dzts
99 jHjdedg" ©® hdrRlkz cewlstsoadms d3 dzgj tOdzse ' Y
v O¢ Ch dds fztsc ' v, dzj L © Oy O yd dz©@ ° Hisfls
slstcd B3O d&zO totsL f so Me HY j dadgw Y ted L Mizls
Oc &zsd3j OIS Iz .

12 I fdzde Wt Mz dz@ so jtHsY OL d2 |
Oc¢ &zs s e Ols Iz

10ctt' 9 hdhilbtsoadn ®ROljt' Odjas { s s
HtsBte' kZdisod Hdzv ftotsls' COdedagw = ' 3 yded n |
S zOHtso dn Ocdts® Oy 2dts’ hdalsd LO Lk
etsL ' M jdalz@ d B EMOMIssS hdolsd L Oddh O Is! f
fsodesets OBts YOMsCho s 'tcs? Qozdo dzj @&V «
YomlsSc O hdilsd o&syj oLO &BsH' wisd s dz Cc
CdzsOC ks ydgaizd ~° yOflsS Ok .

106t 9 hdhAalsd ' H 500 HEts 700Ud LH'
ftotsmBsSIskzo Odzdz? 5o * IsteWi dgjANIwOtBSIS S 2 9 °

| MlsOdatso dzj dzts, h'ts o IsojtoH ' 2 WOULE. * H
wdzh © M j ydW® ydz0 tstsBdzdse ' s tj OCyY"' 2 ¢



22
e wWCtshis' fjtcoddzdetsets ftotsHkzCIskE L OoayH(
¢ dzOH wets’ dzJ L Oo )y Hdgdzt o " Gt dzg | del®OG Oyo 2
tcj ytsoe d dz.

lted "NodHSCBRBE d&Oct' 9 Ocdsd] tOyY"' 2 dzts
CGtste' dzgdz? Iseo jtcHBSEts § Odzdo O, GO Is! L dzOy
seo jtoH' 2 WOL" . [ jrOd L3 R' &3 ydats’ oL O
Hd W E sdrs yd ‘dhds " tdd 8 yjtjL Ctodf
B Myj HB Isdms " te, HBCd 'tdd, hts ¢ tsdzd
dzj wlstcd izZOE Is! o' HBAB’ o' dz degs’ Jjdgj oG’
By dzdodd3 dzdh j §Jtod o dic @y dazdklz to 'Halzzw  H S
sO0C0O kYUSO Ltk d&O & ~0d' L3 ~' &3 ydats’
B' dz "sets ofdzdolz dzO@ odh'H HtsHEZCIE tj
so jtcHdr toj ytse d dz.

10 tedfm. 1. 3 ftedojHjdO Maj BO edzc0"
hdrlsd o Iso j toH ' 2 wWoL . sddz COIsd €COdz
CEdElsOCIsOR 9 Of dzO * 16008 p OB UzAH i3 Yo Mezts * Is O G ¢
W s Mo Odes s OcC dzs dBj e OIs® dzj BOCOLT.
Wdzte Mso Odets i3z O dzsd3j e Ols® dzj 9o j d&zdC O €' dz

{dMm.3 LU LO BsH' v SCtdftsdyj dals' 8 OC dzts dzj t



23

1 0 C'dz €' ls! Mddz C Ol fig¢ HEODH ylst L
kted S Odz' y*' ‘ atsets Mmdadz SOk, MEdd dz fls:
shsedzdets E fdmizlsdtsmls' ¢ fdhde L ed
o' HiMklsdz' Misd BEEREBEZOOS W d&s Mse Odzd s O
sfdese dz@ fd dz' € Olsd, . ( @B fizizd k@ Hz), C &@EA OGz2
5OCHY t' HE Mdz o OcdsdijOlsOs. Aj fw
fls* 2¢* Miss o L Gz tf tefthlsaf v disd fus | BBOdz' L 56 C
(0Ol )x L(FeO)y [19].

ANOWdZ' s Elotster " Is' Mw dz2O CsdzsOCIsOr YC
dzj t©jOck L CtojRdejL j Bisdz. Uvlsetstej dadzgw W «
Bsyj o' HBEoOdmw Is' dz/jSEPls § ks by dyO ¢ ez Is dzfs
po0sMisdOBt ftod HMWeEdy dedz' Isj B j eOlkts
(1350#) . A Bz ftesyjifmMkz Mfedwesls! o' Hdse
f Hodh jdzd2 odlteOld CtcCfiseots’ HE' Bddy"
B dz" 55 hodHC' Mis! o] wxfiay fitdtoyldsf) elzlsq®
Wowd sk KO ojddCd?2 eofdde odkttOksO § O
My COdgdz' OCzsdcRj Ok Mtedw’ bklso tstej dadzs
fJwiBHY O Bklsotstej dzdzt WJjtedls' @ COdz y' ¢

Ajtedlsd COdz y's L' woddgiisils® difv I jtedgt -jcdEO|
500A4) Nhj o Lwdd ' 'H' Gt ok hdokd. 1Ml
Wittdls'ea COdz y's o o jtH' 2 WOL' dzOHL ¢
fstesh ¢ a9 00O * cjBOdkk 74% ofy! tSEts
1 B0 [isy ftcd BEH! WwWC'2 tshdse dtsils’ .
CaO8 FeO; dzdL' Sk Isj &k jteOlktel §syOkSClk t
ftotsls COdzgdz" o ko jteH' 2 WOL' bklottes s ls!
oqdL Oy j dedz ff jtoj 9 Ocd ko tstej dadgy fletaxfc 5 U
Oc s d3j tOY' 2 des” hdnilkkd OdzOdz' L ks ls! fpw o ¢t
s5Cfdon "t© L dzd B Laliplesxsizs 5 dzfy 2 d3° I s fete@[ -5°5 OF
600Au HO' L' 4y de@@dede3lzeo @fddddie toj " ' IsCd w¢
850Au [217 .tejudzdizr sOId ts.sgd.dvapAdals® s P S 5



24

l jedzOdzBId8 ][.22y, Lo WL CE L Is d d3, h s d3OG
Flsotstej dzdzt W jtedls' &8 COdzr y'¢& fted Mmf' ¢ Od
mMftedws Is! dzdL ' SO odlktcOlIsO fOdzda ©® 'L
H tBLE dzw & s YyomksCtsots sCdMmMdzdlsd dBOGdzj Isd s
tej Oz "L "8 yd " dhtsrE heoadHC' Mlss oL
Yyomlseodd. 1 bkdzs Hjhts dzj o' tedzts tetsL a3’ Isd
COdzt y' & ) sWdzt Mtseo Odzg' 2 hodjmdrd y d dz§ Hts€
My stc' HAE)HLEERO:.

10 tdfMm. 1.4 8C0LO0RO &L O ydd mists
sMseBdzde ' Mls! wes'™ ftsdvegO’ 9 Ibtdikz, h ts
Hte' Bdzd Yy dz¥ fdgdy jo%%) (H50dzj €5 dzj o fy’ J d
B Milswis! GOtw y' f Odzd o dz' yofmlisd dz$ d . { i
fjtcjodhis &k, Mlseo stes 8 Is! MW EkZdise d, f tod
ftesmddsC sz’ Is: mMw yjtejL dzgj oL OGOdz dzJ
CsCMtsets’ Hte" Bdzd y' .

t dfm. -aeln. j430 Ottt Lt LEz Ltsdd @6t
(BJdL bEttOrRbkzoOdzdzgw Eklso tstcj dzdz® f t©sladth dO o [y Ot
B' ddj tolzH dzg yomilsddzs d Wdze id. g lstc’ dz€ (
Mistczdz dz' 9-9f s ' Istew 1



25

lted " Hodh jdz' 2 IsO destedz©dz!, dz' h2s eod IHtas@
9 beoajtH 2 WOL" dz' o wg¢'2 O dzed o
MstckzClskztelz ctlstous'cdz’ " @c dap@y lcPdr@ . S dZOH (
Zlse tstcd dzd ! o fHtwd IIsojtoHBYWOLds@kz M " €C
f dzOo dzj dzdz" N d = Isidf @ HdzOHf HOAS CAAR! Yets 9 SG 5 W §

tdOCy" " 9o IbeajtoH' 2 WOL' HiSL o sdzw & Is
Ctste" dzgdz? Iso jtcHsets § Odzdeo O dzso dzj ¢ € s
dzj 5B~ ' Hdzts® EkZdiiseots®¥ HAzW Glstcd 3Odzdz? H sl
G stc’ dzdz" .

1. 3sgdydotsmls’ t' HSBWOL desets MY ' € Odada?

[ BLBOWEh jdadg" Oc dessj tOy' 2dets’ hdolsd

f'H'  Gte" a9z SO o Ltsdg cste’ dadzv, f dzO o d
so jicHtsSGts § Odzd 9 O.
JudodHdzddz ° sts? WOSCBubkBis $Hdazdqg dsls dgnv

&) cCsf 2O €' MEsdEzCd, KkOC' WC CatdsioiO dzd
FeQ fls' &8 WOwd' s O ' dgh°

Liso st® 9 Olsd dzj ¢SSO C' joljClkdsd
ssYSd 4§ &zOo (2 Calm L BF@R0D2 CHO-LFaeSID, fls O ddsio dzv

9 Hfitseo  Hdets, 1140Uuw ° 1185U0w4.
(9lsjSIlsd¢oO U j BY j cPe@dcdR) dada”

CaQ: PeO- 2CaQ:Fe0; . : . : . . 1110
FeO 2 Ca O10; Fe. : : : : : : 1120
CaOL 9/Fe2 Ca 040s. Fe . : . . 1120
C a O 1,03 FFe04- FeOs. . : . : . . 1120
FeO-4 CaObs: 3 Fe. : : : : : 1200
4 Ca040,-Re&Ca040: Fe . . : . . 1200
FesO,-2 Ca 0403 F e : : : : : : 1240

FeOs-Ca OlbOsF2Ca 0403. Fe . ) . ) 1180



26

wL yYydmlsts {tcOCIsdydsas’ stsySd Ltstekz L d
HdgMsy' Oy’ MmMd#dbe @slsk, O W | tddes’ & si§dDdn
[ . u. 5 ztd24D Shrdsolz@ °  dz’ HdMYy® Oy' Ctsy dzts”
SrOtcOCIsjtcdL o OO s oadHEZz o  HYf o' Hdzs'
&z' Co' HEME Htod &OSCMHdBzd , wed?2 o' HIYt
Mo 'disYy Gt L dOydz HdmMsy Oy ¢ MmMfsdkzsd
fjtojbddzz Stdoadr dz Co' HizigH ds o d3jted@ jts dzh
MicsdzEC O fted  dzOo dzj dzdz' . g ddzt dzets HdMtsH
" dgl tsdze tolz j dzls dzts (H' OctcOdBRO Mls Odzza d dzi datst
HdMtsy' s 8lsy Wittdlsd ¢Odz y'¥, hts f dzOo dzv k

tal CoD

- ¥ ) -3 0
70 80 ab 100
Fel-Fay0s Fealy

t dMifl: DetcOBO -fpl®Pdzz Ca O

WL H' OCEORBIOMedz 1CE§P odHds, his
ot ydsd i3 MY S dzkz ¢ O 3 € 2 GLORMAD' 2dS | OH sl



27
2CaQ Si. O [MlsOdzdz? M sdzCO &O2xyj daj HJMBY
flls' 2¢ 8¢ cbkitss 'sd o o oL &zOs'

il

2570
2500 - S
D 2130°
2070° -\ ~
Ca0+C5S ik o 1693° 1728
iaea 1584° SiO, +H.@.
1500 |- 1440° ] 1435°
. CsS
1250 R3] a—CsS+SiOs
] LGS ~1125°
0oL — e
o0g L. F99 C3S =,
850° =3
&3
EN . B—CS+Si0,
=
500 |- ! +
Ca0+Y—CsS | T | &
w | &
&
CaO (i , \ . SiO,
0 20 » 5 = &5 60 80 100
E.—a % < ey mac.%
T8%2 &
o0 5

tdmif: ©ctOBO Mls;O0dzz CaOL Si O

sO0Cdd3 yddesdsz toj ytse ddzd, w gt Zlseo stec
L C &ZOH O Is' MW ftod § &zOo dzj dzdzll O ey 5 Bl dz® to §
C' dzyjo 0O MbttkClbtc® OcCdsdjttOlslk L dzOydzts
fjtejn o dzOd dzj de@y@s ydods YW OCktstesd §tod
Icets shdss d Mis! OcdksdjtcOy' 2dts’ " dolksd
o' H wWCdrn LOdBYdktcOtsdzyjdd?2 MSE zOH 0OG dzt

1.4 Jfddes shdsedshls' hdilkd dO W
Oc s &) s Ols Iz

CS'  fMls! Ocksdj €Ok odL dzOyO' Is! fMw dzOf
B ydz' Mls’ medztc b ¥ tzf o OO E o' o Odzde HIs@s) dpdz'H Azt



28
o' Hdztso lz] @gth j tcOlsztc® tsyoOlktlkz L &3 weh jo
tetsL o3’ wWEh jdadzw [ 26] .

[ " ydg' Mils? Ocdzsdzj teOlskz o €lzdg@Y G Is!/(MW &
Is@" dzj tOdzsG ' yYyded d3 ME dZOH ts 3.

1 O [ Ocdz' stsetstem! € B3z B sOdzztee * 2 dzts
o MisOdatso dzj dzd 2 ' ddiEs § tedg’ Oulzlzts;figlde dels O dzs-dBp e O Is
[ 27] . 1 8C 0L Odzts, hts § OH'" dedz? 3 ydetsfls'
Ld3 d&zd o A MC dzOH' BB dzj cOdzii detsthts ™ § ¢ BOR
Celssotts’ fJtosHEZEY'

1 02 dzdy ye & ydzg' fMmls BOEzisMis 'O ¢ dizis B & Gl
Ozt dzj tOIs' © odrn ' H-6REH datgedry fpShifizCGH OO ¢ dtl
shdseo dzsthhls4 LI PBOCISjtedzd?2 o dzZd S d2 tosE Cd+
® " H 61 HB 68 %. 1 sls" d3 o ' dzlsjy tco Odz s
sB dzOMIs? € tshjls d3' ydesmls L ¢ 0L-64 Od3du dsd
fsls' &3 L tsMmistsdy shmdse dsmis® odhj 2,1
B ydz' Mls' LiwesMisO ©'H 63 HB 74 %.

Vb Ckf' OcdsdjtOlsly 4 ®ifd o dpdsls’ o
B ydz Mdzdn o O de €fPls jBlsk] ' d@ tsLodlsS
tELf &zOo k. wjttjH MCdsWOL OcCdsdj cols'

fjtoj BWdzt Mtseo Odats’ hdalsd L ' Hodh j dzdzv d3
Cted s ©dzd LOdZ L 5COdz' y' ‘4 56 OB s dz Cots dyliflz
LOdZ' L 5C0O0d2 oy dglp 516 SH @A Odz! y' ' addg Mddz' € C

L obkL! CBRBE ' dlsjtco Oeld, 6ts frpdztsHoBdiAfifds' “Is + d
Ldzd ) J dedzy to' o dzgv B ydesfmls' Ocdzsd3j cOIs' o ¢
fted My ¢ Odzdz' L' wWodzw e st mw me dzsW OL d
o dMsC s O0Odztup ‘' djsdz’ dt'Oatso sets MC dZzOHE. A
C ' dzt Ctsfls LOdz' L soad3 Mdedms Bdz' 9" dz o Is ©
B3y dzddz' Is* 9, hts ' HtedLoeotsHdIs! HB L dzdy J dac



29

Il " dzlsj o Odz' -Bhdzsa desfgleddy * k! v B dZOM L
B ydesfylsy .2 wtekzfd " OC dzsd3j e OIs*' o f sd3' Isdz
tesL CtedMlsOdz' L 859 OdzO HBB d3j dzd dz' Islz .

1 teMmistsd thdetse2dzs3nilss Gafdztg d3j2t6 Als O L o3
B dzj cOdtskzlso stej dzdgy L o' WL ks yss’'™ toj ytse d da
MisOs Is! Wjttdlsdsd k@ ciclzy dMOCH tdaso dz
fsCOLdzdSd SbdzsHds & ydshks', Me"° d §c
fjtojojthks ! mMddz ¢ Olsdz . 1 &3 d&z0 Mmddz' €0
o' LEtsEets "  H2BMRE B yYydtshls77% slstso s’ § o+

1 @dMm. 1.7 o' HtsBOY Jdzs o f dzd o tsfdztso dzt
WteOC y"' >10 ddiz ' fmdzv B O tas@BEOO daliste dzts fpdd
Odzsd3j cOIs" @ "L twkH Ckttf! C° d&OCd: Isdzts
Qo Istste Od3d fs¢ 0L OdzO H dzw O tBizts df jjtBQjlsH' dodzfr
Ctsdzyj dzlstc Olsiz dzv[ 2@ ¢ dzsd3j e Ols* o L ¢ sdeyd dzls
Cjtoyjdems €dr tkH. 1" HA dadz’ Miss tsMmis Odzdz' -
sfdeso desfls® BdzZdL' ¢ 1,5. uvO¢" '¢d st
fted2dzvIsdr PaBGtc®F s d @@z’ dzd o3, hts ' HIso |
MtedB ' 8 HtodC StoHsdzdets’™ dz' dz' @ d3OGdzj Isd s
9900 yYy' &Z¢tsds amMmsOdeso dzj deddz, "5 "L L
1,21, 5 o 286G MCEOH' LshlsO‘L of Wi CCd fif 3
LB dz2 M j dzadz' sfdzts o detsfiyls sdz' 9" d2' @ 9 "' H
tcsL HOo dzt 9 Odzdz? L B " E' s Mw o 2,5 tOL(J
fted BRdsHY jdd 9 ' H 1100Aw.

we ststeddzdzad n W OL dzO2B ' dzr M dzj B j Lt @ loyxizd
ZOHO' Bdz' 9 deseo ] MCdzs. 1 j] odfOHSCBots fto
Isets IsjtodstsBtesBCd, - 9O AGCZOO] , L 8
C'dz €' M5 HiBEB elzd T ' P S0 SdZE O G (Zisdgfsts Ols 'dz
hs o3 MisdlIs! Hs 7 3c%®Isk O %t el ¢ @alnztszlz 2
ftesHECIsdo desfyls’ HBMRJ ddzs™ §Jy' dO 1, 5%



30

220

MinHicTh,%(YMOB.)

o
(=]
[

140

9 - _
100 = = cant !
0 9 10
OCHOBHICTE CaO:SiOz

tdf.-11 fdzde Ghdtse detsfls’ OcCdksdij teOlsk dz
wesls' MmPdslhydiisfisHte’ B dzj dzad 2 € sdzyj dzls to!
MjtjHddd?2 LEOdEhEgR)  iigdk' 8 Istdf e ¢t
f  dzz o Ols don Y ekt H &S wri®sdBso @ fidddy @; B+

["ydg Mls' MfjCO §syddd t' 466, 5 ,dzd t
we'2 o MmbttkzClkkzte' - OCdSOR] PR d'Ldz® o dgb
OC djEa®lsz o' Hitso ' H-A', 5tsf)detsoHddt 9 ] 1,83 dz*
ftedLotHdl! 8@ fdgj offs L' degscts HE § sd' o5
1dBjd" 2 s v €' d §' M SCwdnCtet M kO,
Witedlsd SO E® : OddtsCisOlsk (ofjtejHdd
sHdatste® Hdetss . I My vyd Mftedw ' Ho dh j dades
o dM¢ ssMmdats o dzd 2 Oc izs 3] Lt Ols odweodzw ' Is! f
dzj SVW dzt fyts o Odzd[28]. OC dzs B e Ols

[. A. JljchOdgsd o 1965 ts. tsd3jinis@lsiso d
SHdBE Hdddg ' Wwodw' Tfets Mdmlsj Bz B d
ojzd SddBd Y tsteOBd dzj 6O d dz dats’ W stedBd (
sHBd®B 5 o jRd , &skk,] O PBR ' " B@E &6
CtotsdzO. 1 JjLOdzgtizigls p2 HY syt &z totsL &' ©° o



31
¢ tsdzyJ dzls tdsciapdirs dziz BzHtse Iz. 1 jtodW jto' 2 dzO
Cdzsodzdd3 yddzsdz L SCtedmlsOdz' 9 dZOGdzj IsdIstz,
10%) ¢' dz €' MisH mMddz' COlsdztss Lo' wLC(d
ftesdd Y dzO L tsdzO 13 A %H oYM dz'dA'dnigel OL o' w L € d

5,

{ (fp-LB' * BZO ¢ Otcis O 6 B das ) O Iz

1 Otejhls®, 9o yYJdste' BdzSCE LOOYHd *
ZzO -80% MG dzOH O8 Is! MW "L sdz' o' dzlz. vlzls
tctdstOh 59 Odz HjdzHtcdIlsd d&rOcGdzj sdlskz, 26t
BOGcdzd Isqd Is, mMddz' ¢ Ols( COdzt y' ¢v. 1 Odzd h € «

fjtedWjt' 2ds 2 L tsdz' Bd&zts € Iz, O LOdzdh<d
YJ dzlstcOdz dz' 2 yOfmilsddz . 1 tsted fidsd3@nlistf j toj tod3L
BdzdL! €O HB SCtolkzcedzs’ . ¢ B Msdzs Is dz tesL d3'
ECtekzf dzj dedz? S tsCMtsets’ Hte' Bddy' , Nt odCt

vjte' W Wtktdzo Odzdzv B dzsC ' 9, L Of tetstf t5d
fsaBBHY jdzdzd" L BEZlsotste] dzde® e3¢ szt M O'dz® ¥ tpds-
CsC Mo 57 Hic' Bdzd Yy 1 " fpdzv L 02 3O dadzy Yy O
Flso stet 8 Is' mMw LekmMlsCd toL §f dzOo Iz. i BL A3 fe
fsyddzOs Is! IsteC OldmMY BHdd SHdasets. 1 °



32
SrdzcHY kz's! tedMlsOdz' L &' s+ Mmw ) fJthk
flJtedWjtc 2dz 2 Ltsde BAzsC Lz.

ljtehddg oadH dzw ' Is! fiqw L " HEB WOL(
zO02B " dz2 h eO0Otwyk vyJj dzlstcOdz' dzz yOMmisd dzz B
sCMdHOB] L Odz' L O, d&dc dishils @dg'o usls's I8 yfdw ytg fds
sL jtefs. [ ' B dz fsted ofmjtcjHJd BdzsC ' o
® Hmn ' Hddr 6OL" "9 YyJjtejL L ff dzOo .

J nfSH' M COdzdzr L h dnrlsd o2P&%)IS[RIP (
[Isydi, tBO' @3 tAsSQ W daBp dz" jdzOS f'5° thisd" B o tstc
BdzsC ' o 3" dzd d3d  dzj d3d dzlz u 4 o dded ¢ O Is!
O dzsd3j cOIs' & L tokzH Ctsdzyj dzlstcOIs' 9 -sf ¢
38 %, hts ' HIse jtcHy I2° odMmdzso dzj dgz o dh j
Cslstso sz OceZsdy| Ol SUAO2 f totsw o dzw * s+ Mw
MdtedHdg 2 288668 YyomsddzO~. 1 tBdZdJL EZ ¢ Sdsf
LiesMIsO' , Itz Ikl Elotstes ‘' Is! Mw d@sdetsdz’ |

lted fJjtej 9aOdzlsOy j dzdz™ n ' IstcOdzf tstels fz ¢
Hisfippzl dedew 3B BR2, 8 fjtehk yjtelk twkz2dkzels: M
Yy!' sz h Ol Ozt tcOlslkz ttsL mMdf O s+ Mw
¢c' ' dzhdo "  HEOdM LOyYy' " é&) . 28 Mssmiz’ Is! mw
lse tstcj dzdzv o3d "L dzdis s dz0 dz€ tzt8¥s) diigtisstd.[a) dztp dz
tclz? dzz o Odzdz? f tslstc’ B dz’ 9 dlstcOIlsd L dzOydzats’
Wistedilzs Is+ fmw ZzOo C sdzs f OdzO¥ ydn YyoOfmls d dzt
odL dzZOyo"' Is+ mw Ctolzf dz' Mmiss f Odzd o dzd ~ Yofr
Htc' BdzadDy'5 (d3z) L ¢tstcOsClas 'L QdgO Hdstdsy o' d Hils -
mMded BAES  9. [fldd3Odzt dzddsd L Issy&go L ts
Bdz, hPts oaddzd C O Is! dzOo Csdzs YOMmils dItsdgdz ¢ 56§

[ sBOaCd © OcdktsdikjtOy 2dzkz hdrlkz tkt
f StetsHtss HOL W edds'd tshdzse dz' Mis! , fted W
L' wodzwse st mpw MmMddz' €OIsd COdz y' ¢, IstsB Ists
OGC dizsdBj L OIs’ Hdzv " He dh J dgdfviz B d§'d qalztctm Iso



33
o MlsOdzso d 9, h s dz0 3" ydz' mls mfjco fi
HsdsR sdLso OdetsE s o Off dVEE 2 h d ml®,  [Myd] . (
CtedMmMlsOdz' L Oy* ° 9 n 15 BSHIs a Oftagie" "ds@'z G
fjtojlso tsteCpBidgsY BEaSIO.. l1ted M " € Odgdz Cted
o dlstcOlsss CtsCMsé8) 1B B dgedzizy % MO O dzts dig 5
odma' H Ht" Bdzd Yy (< 5 dig) §° Mmd2v5 %8 QgD BIC
20%. 1 HOdd2?2 yYyOfm HBEsHE IsdLsoOdd?2 o 0Of
ZO B' dz hsfls' OcdzsW OBtedS Mo skz.

l " Hdztso dz' fMyls Oc¢ dzsd3j .t Ols Iz, we¢ yj Bl
Z CsH " dgO[ 35] , fso' WLOdO o tshdetse desdilz 1
9 Hdzsodzgd Cz. | J L d2Oydess 3" s dzO o ' H dzts¢
06 zs 3] 6 Ols Iz . 1 5Ctej RO, ' Hdzso dz' Mmls- L dzd
9O Cts9 " Hdztso dz' SIGYL, FiseeldWNdR) W dB' dsO A dzdg'-¢de@s) tc* Is
m¢ dzts. l " Hdztse dz' fMls W dzt Mso Odese s OCG dzts
sfmdeso desmils® L O jSCMmistej d3Odz! dets’™ L Odzj y dats
Hts tsdese desmis® Og=dig-dij, t6OIslx CCafQICWLAoO H
sWdpseo Odzgse s Oc dzsdzj eOlskz o H Odzd 2 Y 0O
Hisdsj dadets™ Isj m desdztsc ' .

vy B jtcOskztcO f syokSk tetsL 3" W Eh j dzdzw
dzj sW dz¥ mMtse Odzd n OcC dzsd3j tOIs' 9, -00C7ztsH4j tc @
MisOdzsoa dls: , o '-Af 658 Aw ¢zs 110058001021 @R G O [A6k
[ " d2 B3Odz? dzO@ Isj B j cOlskztc® YOSk tL dg
¢ dzr Cldids ' PG dzs A3 to O4D', 75 iy dstCdz Wiikls 6f) COdzth ¢
sty d f§ &zOo dzj dedzv, tesL & wWEChE'Iss mMw 9o h dt

lted HEGMd fpigPdatizt ' wielze 5 ME ZOHEZ OG dzs d
o Hitwhlkz yYyjtweck f§tejHMIsOo dzv & Is! ' dels j toj M
tesL f zZOo 2z, w¢° BOGOIts & ysdhlkz L Odzj y Ols!
hts Esotsteddzdfmw o hdhl® o {tetsy,jdydktdi tc @
oMmMsOdetso dzj dets, hts dzO Isj 3 j cOlskzted totsL d3' v



34
Wjttdlsd €0O0dzr y'¢¥. vyvyddz oadhj Mmdatse dz' Mis’ |,
MistczClskzte® OCdkzsdj tcOIls’ o .

10 " HMlsOso " ydr HtsMmdz' HY j dz BBts Y dzO
Ltsded €tste'tdedg dzj &3 dels Otedese s B' ' BBz h d = ls
dz stz yoOfmsC ot Eklsottes s ils: Mw wC fMddz €06
sfls Odzdz' ~ i tso d dzdzts L zdstse dzt 9 Ols ftstc’ o
tetsL f d&zOo & .3 ptOQIs zl®]  dzOo dzjFe@ey’ MmF2EEEE ¢
fMlsOdetso dls!, o Hfte Hdts, 12164 ' 1325
i dzQso! dipw fted 119504 . FeQy, fnd fiflsjdd® dzadz® a G
f dzOo dls' MW Atf te® U2VOHO to' L dzts-E50dz' lgUat{ 8 d & j fpe
fted Mg B ' dh dedL?! Cdrn Isj B jtcOlskzteOr [ 37

l @Mmdz' H5C o jdzdC s’ dzj SHdeStc’ H dzsMls L
sBMwWe' 9 hdrald IsjdkfjtcOlikztecd ftswed totsL f
Blzlsd {§ttc’ odzvdets dzj o dzd & da3qd, Ise¢C ' ¥ ¢
LOLdOyYyjdedr JjolsjSIlsds. [ tsdsiHd WS hojdiedezO
oM sy Mdceds Mist ' HIse jteHnddzd yJj 1 tec

] syoObts¢ st d3' wWeh jdadgw, wW¢ fteOo d dzts,
odhj 1170Ud. uvjdsfjtcOkztcO §modasets tetsL
12204, IsH' wW¢ ftwodetlstsad) dgd O Ibd ks dz
1,0 Hods Mss totsL d3'1265Guh. 1z ‘qlss ' frp! fff fhiteoiEiz@1d24G0
hdgrls® ° fted foodesd3de °~  tosL f dzOo dz¢ 9 O dadh
dzj ¢ C B dzOo € - j ezt Qs dzto d = jolsj S Isd €.
‘s jiBBOdE W GCh jdzdzw o d MBS tmMdzseodzdas hdnls
(50-100& ) . v j &3 jtwOlzted fsyoOkslz ° ¢ dzyw
fted LB' dz2 b j dadz shdzts o dztsls hdrlsd B' d
tesLodlsCtsdz B dz " kel dzOe Sdf'ry 'j odsdi B IsWjCts

1 jteh j ftesddd mMdztso j tsis tc d d30 dzdz” ‘ o d
Ocdzsd3j 6OIslz o HBM dedz’ 2  d@S5B" teBtdz dzd[ 39t
Oz 3] tOIskz wMdetseo dz' Milse BdZJL! §B8 3,5 9o
odMmMsCtss, 0Odzj L YORPEHABMW o ¢finsC s OC dgd ¥ d3' tocC



35

Yy ses mMygeco o Hisd3) dedz” 2 f dzOo y* L d3lz h
Ozt iz Oy " °’

14d9HOY' fitehdr MmMftese lsted izOdadzy 2
Ozt 3] OIS 9 dBsy dzO@ §fswhmdedIlsd dzj Mmls' dz@ €
yome, dzmc d dzjL dzOdzdzv d3 o ddsse HB W CtsMmis’
odmMsC smdzso dzgse s Oc dzsdzj Ok o' H 26t
CStcHtsdzd tSMdztse dzsmlis” Ozt 3] 6 OIslz, 9" H
3" ydesmils® [ 35] .

rdwe’ o Y4d dz [ 40] , Vet nadsg gd ©Ok
99 Oy O0dzd , hs tk2dkzo Odzdzgr 2ttt L zdsse dzj
mMddz SOk * €' HEBOIOY' ‘5 90f dzO, his dzgj L

) edMilsdz fls' dagj ©CdMk SOd y' s, hts
sdfsodd Hd&Y OCdsd] €lols .o |Gz’ dz JEfiss s §
Oc ks3] tOlkd §OCIlsdydes dzgj o5 fMlswls: ,
HitotsB dzj dzdzv o GBf dadsz wtsMIDOIsdz s W' Mmdaj
Yy ¢ Odedzy L sflsdBOod ds*H o dlstcOls
ftcj HNlsOo dzw s Is' Mw  { JdstOd@at, y' § e dy L i’ CL
HoBSCOd ' ‘osets Mddz SOk o LOdSL BEHH &
25- 30%.

g jyd¥ ' €O MCkOHE hdolsd Y d mss O
Elseo stcj dzdz? 8" ydedm Lo' WL C' 9, M¢" d ¢d =
f zOdzdzj &5 S sdalsOC sk ydr yOfisddesS thkHd

1.5 1t5d Bl ' LAk HoBSOd ' ' asets Mdd

l sdz' dItsteW dzj fJjtojlso stcj dadaw HosCOdz y°
COdz' y' ¢¥), hts MftesotHyE Is: fMw LB dzr hj
f stetsh 56d,¢C daR@G tc yj ofj dalsded2 S dz' deS jte 3
HoatsCOdz y' " 9ad2 Mmddz' € Ols, ftecdo jtolsO" zo C
fjtojlso stej dedaw  ° fted yd dzts tclz 2 dzz & O dzdz™



36

HoSC Od y' ‘ asets Mdd SOk &0 WG j dgls!  ©
' Ldgssz. 1ted odmsStsdkz 28et od fls'
h BOIssYSs "' 9, 9dH" " dzj dede"w f  dzlz zOo ' Is

BOLsBE od Mis' HosCOd y' ‘ot Mmdd €O
ftedmikzlsd Mis: L jtejdz Y' 56 ded € iz dareizdzve dzlz
O telzy jdz, LOwtsSHSBoad®Bd yYj dlstcOdzd 3 € to
LOY 5B ¢Odzdzy (Y tsdz d3steW ' L Bz HoatsC Oz y' ‘9o
Oc dkzsBj 6Ol dzj BIdgzyj GtedreojHj HE f°
HoBSOdz ' ‘ osebdzitg ot &OBRS BsMHED Y] &2 Mlist
[41]. rosCOd y' ‘9d2 Mdd SOk &O' Stdh
" sdedesets kdflkz. [Mdsetss MmkzSlskteddn Isd1
kjktOjH, o yYjdste' wCcEt (o6l ®Otso I£ Olst
o' Hdzsfdls! MW Hts ©Gd o' desoBEB BYHE st
jlstcOjHted o' WL Od & 3 MBsE § Ol f5d

tdMm. 1A8IsBH" v deC O o3 StosmMistczCIskzted s
Iste' P ddztses , hts oadratHdIs! ' L¢ @FzCtp's'ssd d3 di)

1 tod yd dats fsdz stV ' LB HotsC Odz' y' ' o
fitejteBLyfBH &z "' d detskf OCts0 Odedn ' dz o
‘"Bdz' 9 ' H ofdzdotsd Isj B jteOlskzted. 1 jte] n
L 3" detst B ' Bz (d2O 12 %) .



37
10 todiff0 1dz00 j Hj dz0 Mo j &BO L & dd o' dz'
dd' SOk o' H Isj&sfjtcOlskted [42] .

=, 0
tdfm. 1) @Qdrj 3 dz' Mils! o' dz' des’™ jdzjtee' =~ WC
sj Rf jcOlsktcd ftod dzOCGtc' 9 Odzdz’ SO R SAZSH >

1 Of sB ' ¢ O dadaw tetsL d i Odadaw MAGE O h davers
MmMlsOGe ' dz' L Oy °’ SHdz ° b L et o dmsE sls,
ZOL do O Is! MEtssyjdets MlsOB ' dz' L OY' *' 8 Hot

fsLte" Ldwes sy MmMlsOB' dz' L OY' 8 Isjtedy ydzlz,

sjtedz’ ydz©@ MmMlsOe " dz' L Oy' v HESMHW@LOL Isg ,mMw ¢
"sded StdMmlsOdz ydets®™ tjh " sS€d dzgf oMmlsde O
IS4 @3 § wOkzte’ dedx Ud IbsYSd-¥ QY 6J r ezlz® Hzj
tesL 3" ed L OwSHE & dsets™ WOLd. 10 My sf
dej d3d dzz ud  § ' HH Owdslzs Wb Yihj 6] IS oMsBRPOf OF o dz
LBjt' O s! Mw ftod trbdsH)Y jddz L jtjdz to
Hzd®C 2, Mt shdseodlz tesdz E Isjteds” ydz 2 Mk

VL b2 Xj YOtedRgvw ©® Jtch 8@ dz dzlz ¢ tEdflez] y de'

sj dQilsztc' e dzOE ®f ®HS &ZOH, o tsewls' [ 44
sj s j tOirE0) AM20 dzOGte' o Odzdz? odh j wWCE’
MfjSk fttd GRsdsHYjdd . [shd HddSd L

o' Hd' pdasfmls® oL@ ds’ o st dods@atzd § §f O € s H
Ctolztf detsL j toedcOmisftss QU o 'l sz L WP dB C



38
100 tedS dzOH, o tetls' [45] HOds odL doO

My ¢ O dadzw dzj fjtcjodhiza Os 1410Awu, Is ts
odL dzOY] dedz? dzj § BWMdz dz dzdavO L @O digiste
sfdzso dz Mls¥ 3,5 ©H., d& §OH" dzdg® g Yo
Shdse detsfyls0, % "Hik,08 ,78H. : k fjthtsdz odf O

sj B j cOIskztcOr -1RBEOWH, 1280 dzls j tco-Dez5 ts figdz
n OtcOC Is | toddg' zds@sdz fried dggf Isj B J tOIsktcOdi3d MY *
l deoyj dedav sy dzdotsfmilsj 2 Isjtedy ydes™ MlsO
-4 7] fcC 0L Odzts, hitsOL fifls OB g L @f'lsyy M tsmw
(sl tsyOmdzse s 'L slsjtedz ydesets o df Odzlz,
Ctedlsdyudzd?2 tetsL 3" to.
l1tcj HMMIsOo dzv o jdzd € § ftcOCIsd ydzaj L dz0O
MsOB " dz' L Oy"' v odwedls! imw dzOH * 2 dats ® ftcd
Slsted d3O0dzd 2 MIsOB " dz' ded?2 Oczsd3] tcOls tolz 22 dzk
fduu ? M Hd fsCOLOdd, hHtslsHhY k26
ZOctc' 9 Odzgdgv 58 Hts 500, 600, 1000 * 12004
Il dsted B3SO 5P S B BAez dz' 2 Isj B We@isdz tc
ZzOo " s HEewsBYCEHEHszgz Ytcedo jdzO HB ' tetsL f OH
[ 45], wC' L OLdOyosls! ,-700% f jodj~ss dls b §
(8-18H" B) dzj dzss dzd o d 2 . K j weodhj ) H OC
dzj HeMIsOldz 5 Mftcdwilsdzdoa d 3 EZdsse ORI H dzw
B'dh odmsSdn Ll ®skte] LDOP" Mdw o c
ftoslsvetsed. 2 M sigP D2 gk MOdzdzv M j SO o
satsdzsHY jJdedaw (0 MY j CEV @Ld®)o.dzj dzO  j toj 9 O
stedmMsOdztsr ' d@3' ydzO MlsOB ' dz' L Oy' v L Ofmdzts
Hoe BCOdz y' ' atses Mddz' SOz L HywWedddd H
MisOB ' dz' L Olststc O:did) BZsW ztsd Is B BEEdf'Hg' - tcts 3z
Wi stelz, BBk, ®&BOKLcOdzy: , BOtg ,tfs SHOHO N
NacCl ) ; 3) stelstsmd dz' € Olsd dzOdzls ©Odzlz, dzd s



39

BOtec Odzy & ; 4) M dz' B Stcdzts”’ ‘ YW ishd s G dets
(Medz' " -MsOdmdz' e Olsstec” &8 IsO dzgj MlsOB ' dz' L (

1 d o’ tej ytse d dzd , hts Eklseotstes 6 Is Is ©
mMddz € Ols tsd3, L H Ols dz' MlsOB ' dz' L o Olsd 2@
o' HiMklsdz Mils+ MIsOB " dz' L ¥ Yyts’' ,fs Fels'dzts §ls
dzj L 9 O3 08 yd dz0 '-R u@filyPidz®@ Mls: & U

lted sy dzy’ MmMlsOB' dz' L Olststc® o9 drBBHWIS!
] &' BBRO) , dzj sB R~ " Hdzd A H dzw lse tstcj dzdaW Is
MlistckzCIskztedztsn * d3' ydad n Isdf ' o ‘ CtedmMsOdz'
BdzdL ' €' fls! OB ts f stc’ o dzv dzdz’ Mlis! ydfmj dz
resCoOdz y* "' 9ad2 MmMddz €Ol MlsOB' dz' L z° Is+ Mw
<0, 39S5,A0) (r* COIb' sdzOB, ' tsdztlzf 2 ©GOR" Iz
1 & £.{VO02, SO [ sy d@ oflsOB ' dz' L Oy' W " dzw 7 ts¢
COl' sBdz®Rd 2,0 ,pla. 1 obtslsdlz H' 8 >dzOF@s Is!

I " HEd®sMIs® L o9doyj dedz? MmMddz' COsdesets
HisMeGBR) % 4 d .

stedMmMlsOdzsn * 3" ydz©O MlsOB " dz' L Oy v By
Ozt dzj Oy " °’ ) i thpishmls dais M IV IstsisC dd H " vaO €
MO " dz' LOY' v dBOwLeOdzyJ 9 dr OGCIZsd] t6OIs’' 9
HE BHS5 A ftedLojdzt HEts L Od dzgd Mmddz' € O
Elso tstoj dzdzv o5 Iso j toH d B ctd=z 2 G 6% BiC@JH " 9 ¢

r sBOQoC 0O tECMdHE &OGddz b o MCdzOH h d=a
sfdsodz Mise ©'H 1,5 Hts 3,5 tH. IsOCty

v O¢C 5y H dzw MsOe ' dz' L Oy"' °’ Ho 5C Odz
odStstcdmistsozo Olsd W jtedilsd ¢ @iz ggze h dRRdiz
mfJdy" Odz' dz HSBOo Cd, d&Oftedt &zOH ¢ i dzj
¢ dzOH 2 OCdkzsdizj tOY"' 2 dats”’ hdrlilsd BO° fmils
fjtojlsottcj dzgdz?" HotsSCEDIz y' ‘ asets Mddz CObkz

liddzded?2 " dsjtimM HZY Ocdzsdi c@®@ygOd ¢ (
tcj ytse d dz, hts o3 Milswis! Ctsd3tf dzj € mdz fis OB



40
dzOff ted € dzOH YJ tco tsdzd 2 h dzO d3, h s 9" Hn
ltedBdzdL dzd?2 "' &3 ydzd?2 MSE d&zOH yJ tco Feglsc ts
2,95Fe0;10,39Ca0,7,14Si0;; 13,37 AbJ 3, 1,32 Na0O; 0,6 S; 0,71 £s.

10 tedfm. 1.11 d&OojHjdts fsdz' Isjtedzd 1
MfJSr HotCOdz y' ‘"oatets Mddz SOk L yj te:
ftedmMizlsdzs s YyJ tcotsdesets M dzOdsk s 9o j dzd -
ydmlsse s Ho thHJOz'CWlis'za se 5

t5C;C),
omwed,
1000

600

200

tdfy. .Ml b sjtedd jdzjSlstedudeds o &zOfml
fdd' SOk L yjtotddds h zOdEds

A Ldudetst 9903 0tls! SOCE fMlsOB' &' L OY"
Mdd' CObk ltsyjd' "' d dts tSetelsOs ydd f,
O d ' =wgtsydadsets oafdzdolz. A" LdyudzO MlsOB " df
fted odzzlstc' Nda sz klso stej ddd® L dd3' dz' dyO dA lsi
9 BOCO' 5! MW §stc' odeV dets daj o j dzd € d 2 (2005 ¢ O
Olds. ) [51].

1.6 whdgzs W' Isj "ot ¢ ) distsctes] dyQudzdayl

J Mz yOmdzts i3z Bj lsOdzz tcc ' 2 dats 3z fJtoj!
sCkMCkzo Odedgy L Odz' L stezHdes’ Mdtetseodded, L C



41

v B' dz' h sfmis"’ Isj n desdztsce " 2 H dzw 256
o Of detso d3' h 2z ' ‘ LOdZ L s BOMEEZH &OIs j ©dzO
Ctsdeyj dzlstcOls, o  HAatsHd diBjsOkzzted' 2 dzadrn o ('t
HdzW lsted d30dgde” d@3 S tsd3f dzj € mMdesets W dzs Mz,
My 929" Hdes" jdzdgW 5 IsO ° dz.

Il Hsd3d 2 My sm' B tsls tc d d30 dzdzW LOdz' L =W
o dt Odzj dzdav' , fgdesls d Is ¢ ¢coOdz y* 2 [50-0&6.L 59
Uo JjtH' ¢ OteB 5dzO s dz' fstcsHd (9 0Ofdw€Cd)
dzOf tc Qo dzw ¥ Is o BBjtltsolkz "y HdzY odf Od
fted BBJjtelsOdedz 4 u 2O tsykz’' BORY tc dzOdzlf .t
mMfsmtsed tlsted BOdzdzy C B dz CMdesets W dz¥ Mz
JWiCldodes tslstcddiidzo Olsd wW¢*' mded?2 Wdzgfy L
sBjtltseo 2 iy HBO' & Myj LdOyded?2 §sls
o ddzj Mj dgdz" &3 H®R'. B dgdjrtc” MEBC W Oded 2 € s dzj
f " Hodh jdzgze € dzv €' Mlsy Hte'"B'WLCE, Mt fBc

Il " Hsd3" LOd LsWdzr nd, Mt MEC &zOH OB Is! Mw
we' L Bjltst f  Hedh jdadzw WwWCtsfylst W dzs Mk
LOdZ L sod3 Az s HO s AsteHs' d3°' Misw Is! MisOdzj § dz
MlsOdzj f dzOo ddz! dzgd 27] h dzO6  j 8 Pdf Gzs f Odats’™ h
zdhj odSttedMmisOdzdzy o' HRtSH' &8 d&3j sOdkzztec
9dIsttOIsd dzO odtesBdzdylsots Wdzt Mz 89 ¢ Hf ts5de
odtetsB dzd ylsoe * . [5 dagj HsdZ' €' 9 9 Otglsts © " H
My 990" Hdesh jdadgv Ctdi3ftsdzj dals' @ W dzt Miz, S
SHjtolzo Odzsets Ctsd3tf dzj S mMdese s W dzt Mz.

widzlz ¥ Is sOC sy Ijrdsdzse' = Glsted d30 dzdz
BOls j dB8t®» M CAdsOC z. dzOPRd ¢ dzOH , L O -68j - dz
ftosf sdzz’ Is' Mv ' LCs tSatsdzsH)ykZzeo Olsd h d&zOC
1 sls*" d3 Hs kot dzsc s fstesh CEZ HBHO? O
dzj sBr ' HdzZO Hdzv IstcOo dzj dzdz?" HotsC Odetstis T d ¢
9 GltedBOdzd?2 otGdz dzdzste” HEC d2 d3Owlis dz'° 9 My



42
4-128BB. vjfdssO OYyYseEts " &Sk 2HJ
dzj Hisdz' €' o ydn Isj - dzsdzts G * fmMdz' H 9" Hdzj
Slsted BOdzdzy € s BY dzj € Mz &' i5l© 2 WsdetsyHzd U | e
Nk ydsets MS &zOHE

sOCtBY WCM' Co®fdShdsets Wds hkz L
OC s di ®OJ)s | . 6. VISCIBEG3- Gl btz tkz § Olsd o d f
OCcdzsdkj tOls L O IkttOHdY' 2desé Isj - dgsdzse
f  Hodh jdss o dlstcOls b0 Off Qb ezO . 5@ j & OF dz® 1
sdeslsodisd odmsCssmdss dd?2 OCdksd®j o
¢ dzd dzs o pagdt’ OB 5 dzj o j dzdt€ded RS ' hdzb @ A ips® § B
" dzizls jsA dzsuiastEf Otets o 56 B8 d HEfdE® dizls'c 5 O G6 gzte &g,
Yy sk dedy dzv yOmiksddz® M CO° Bsets h Dk
o MBSk GidtsaEldy Mteso dzd df 7dkj Hsdz' Stsd5 yd=a
o (S BtedMisOdzdzy HBOFGOE o ztziiglso’ OC dzts d3j t
L dzOydzts G 5 f Ho Qcfptelipls” MEyB et Oc dzts dzj to
iWiClkdods M 2Bet L OMsshize Odzdz” .

widzzs s+ sOC Yy Mfshmsed tlsted O dzdz”
ftesf tsdzlz’ Is! MW MmMizd3' Mdzaj HtsB dzj dzdz?y o O dzgv §

&' 516, 74784 . 4. | Wddj St f cgPzdzso Wej tog
fMed hj2 fMkd Mds (sHE Bd 90ld ¢j &Od
o df OHS OF7%9 O tets)s j ndzes s ' ° Hisfdl! f totsh

EMlsOdzso Sz HSHOICtSotsets ts5B dzOH dzOdzdzy  H dzw
M sk OY' tRROF-REEE dg@HE H ok,

v OC BBy ¢ fodziz My s’ B tsls tc d di30 dzdzw Cts
ftesfsdzz’ Is! Mw dz0 CcteOdzz &0 o Bz dzdAOKE ts (s de
LOdZ Lsod® Mdese s dBwOIsj o' Odzlz, f ' fydzw Yt e
M Odz® 9 Odzdz? Iso jticHise s H @G&Jod j p&0D] . J K,
Mgz s yd i3 MY sfse ORd, GHBROS o d sBk
sB ~ toclz dzls z 9 O dzdzW o BBtk Mm¢ dzOH Iz Is © n Ot



43
f OteOdjlsted Ijoidsdse'® osdessddyssd Cf

BON d dz' .
10 thdss ' ‘o) dtrdjl@biodscts O0dOd L
Hisfd' Hey jHdMj clsOy' 2dz 2 el , WwWC' &

1.1 dL dzOygd dzda z02 8B "' dz h tcOy' 5dzOdz! dac
Slsted BOdzdzY S i dzj Sdaetsets W dzs Mk dz® s dats
oLO" ¢BsH" ", N e COE s &

2.1 dL dzOyj dzgdz? BilsdBOd descts M 99" H&
Ctolzf desfls' dzO tsfdese dz2  j S MY j tod B3 dzls Odz' dzc

3.)1tctso jHjdadz" OBBOseddr MYf' ¢ Od
Isj rdesdzts @ ' ydzd n fsCOLddC" o Isj ndesdztse "
(ascsmls’ hdolsd, odltcOlsd §Odkds O, yOfmk

4. 0dzOdz' L ofdzdol odHE Wdzo ks ys® HE
GOk jtc' Odz' o ;

5. ¢ dzOdz' 1] Cldsjdatsd®y” Quslzd = f sCOL dzd S @ o dte
sCOldh' o fted odSttedmisOdds o MEsdts' W

I d mMdeiesC detst H ' dzz 1

1.10 fmdtsoe &' sjtcOlsktcdzsets OdzOdz' L |
odetstclz Wdz¢g ' 9 dzj otcOntso z° 9 f§rodz 2
ftoesyj MORIsBo ptcHBBW OL desets M * C Odada? L C
sCtej &3dm fMEa@dcd vailstcPteotzdfj j MO~ " HEBIstso !
Mdtecseadded o dSCtedMmisse 28 Is! - Cdsdgfdadz WinzdRs
O dzj dWJdSCIsdodz Mmls: et o dC sted fls ©dzdzw
o' HMMizlsdz Mmls! Isd Btej Isd ydztsc s Is © J €My
sflsdBZ3Odzj dpdEsdtE o dtetsBdzd ylso © ° o dCtstedf

2. ) agdavy o hdrlsk W j tofigtfiste cpw © € Ofgis Qs
Ho BCOdz Hd'dD EOBEBE HBL OBV slsted d3z o Ols
3" ydesfls’



44
3. 1 tjLbd O OROd L b " fdaz e y
Codf dzj S Mdegse & W dz% fkh ® L de®2 o 'fde'Odzs p kizj Cidss
Bklsd KkOCO Isjrdsdzse' W, WwWCO odH' dv°

Hsfiskq d2 Misé fMdese ddzded s Ok jte' Odz o,
KO LOHOdS WG ' flss CodfdjShdses W d -



45
tdrrwf 2
srdtrorylrr Jaonwr yuldr J RIJevw Jut RO
sdfV¥Jrswrf4d ocbauvuv]w l [lwrol IRS[Y
Vit {ArehHguvesvl drr1c 8rRtLIRLR

21/ B ok dzlskzo Odzdz? o dBGtk IsjRdsdse’ ~ G

[ dzw SHJ to) OdadaW Csli3f dzj € Mdztsc ts W odze
LOf tetsf sdatseo Odes M s’ B B swdelz’'so JictsB dafffigls o
SO tslsted d3Odzdzy W jtedlsdzdrs Mz h dzvw R tsd
Csdzo j " todz AP dfs® Odz' cwOdzz dzd tlsted dzlz e Is
f st jtoj Hd2 5 L o Bdztsy j dz' CemMsyS d -1addf)dz" ¢
LOdZ L soad3 Mdidse sl mHOIsd ch Bdz slstcd d3Odzd = G to
fOdzdo © ¢ okl dgdsi s €O dzl Q0 MiIs [ Is&d BZOdZO Is C
hdrlsO M €O s v JdaA) OB tsdze | * telzlz' 282 d3 Qhd@] dR"
sjrdatsdzse ' ° dzj (wlstcjBlztls! HGSHOWA o § & i
HdzW toetsLtesBSCd Isjrndesdztse’ ' tslsted d3Odedzy € ts
HJlsOdz dzg Isj stej Isd ydz Is O dzgz? Mt jcttsdydgiindzl® O c
o Of dav CtleC M HEOBIHH W Is+ HEts M ZOHE L Odz' L stk

[ s HOdsEB toftsL H ' 'daz j' dzdlyj tddg AL o'
o0 dW Ctsds SO L Odz Ltsod3 Mmdetss Mdtese d dzts ©
smdsoddr HLEHEDPSE YH Q2 O j L Zdz IsOIsd Isj tediBSH C
HgMsyw Gyl S o ' Lddr EZise OR.

22 jtstej sdydej] HBMdz' HY j dadM difvi€tizy jofn Al tod
LOdZ Lo Mdzsets BOIsj o' Odzk

ltesyjm HdMtsy' Oy’ ° ydmlstsets o0 dgv C Iz
odoyd dzd 3[8odihdfdsy’ Oy v COtBBdzOIs' 9 L Oc¢



46
sjf dzslsd L L tso dz . t JOCy" v totsL C dzOH O'dada
s B j eOlskzted SO Oy Gt On " B d o O d §&
od &zdudde oxJ §tod  Isyjjdygidsidds dBOORRA! C
s j dBisiktea® H My Oy U4gs4.0f dzv Sk ftcd 898

rqmsy oykvf s®Fd?d ©° 1O tjOCyYy" "8 2.1

CaCQyY CaO+COy (2.1)

1 ted HdMBY' Oy'  o90fd"Ck odHOd' k! f
BdzdL' S5 44% o' H d3OMd o Of dgv € Iz, sB O 3
odn Hdzs® (RBOMd o90fd"Ck, btk CkMmtsySd ¢

[ dzv o dL dzOyj dadz™ o dns®ztif fij lsiZ2s HsPsy'® Oy*' °

to' L dats 3O dz' Is dz' BSHJ dz' . v O¢, zOf tod € dzO
1 Or 3Bl sf tcdo J HY dzO dBOIsj B3OIsd ydzO BtsH
ftesyjm HIMBY Oy" o0 dwWClz dz2O BMmdetso

fJjtcjlso stgjiteldavdiBiz’ o g tcOdzz dzd o Of dav € 2.

14LOOYO8 ydq dz0 Isj , hs ftesyj Mz HdMts:
Htsmdz' HYy jdzg2, YBHdzg 'L dzedrm dzj otcOntBoOlZz’
oO0OfdwClz o ftedmizlsdetsmls LOdZ Ltsod3 Mmdatsc
ftedH dzv' s MYz 6P EdGBsOfaR@az ¢Cd tcoj O§ Qtzdz
LOdZ L soad3 Mdese s § iR tsdzj dzls O

v ittejlsdyded? 0OdzOdz' L (s m@Pdidese ® it
[86].] BLOREZdS 590 ftscttOBO ftwOy:r ' dzOMmiskzt

- HlzWv  HBsMdz" HY jdedgw Isj ted3tsH d dzOd3' ydzed = o
fted L Of 2MS kY tetdsEMedOMs(d MY tetsL H' dzctgd.).Re a
ltcd Yy sz o  HECtedo O Is! Mw o' € dzts Eqfiatome tc O ¢
Chemical F o r mu | a2) {f (tstisdeft) B dztsdzj otseB jnff) lsicklzlz ¥ t5t6 dBlz ¢
tej OCy"

-2fsdz7 ¢ TempeERatdseeoogfzhisd H'™ Of OL sdz
zZOds B OY Odes lsted BOEHE S tc joiskk d'dlsBlY 30 G
slsted 3O dadz? fftotsdz' 3 dedrn L dzOyj dz' . [Hddzd Yy’
odBtOIsd i WO Y ¢ TEmMp.evs atf sidz’e YENhE S @



47
B @ ISLOHY C d n J dz) 66 J Isdjusiad~" HEe] dEllsye’d-d30
L t6On 2 dz€ Iz

ftod dzOIsd mM¢ Odzdz Cdesf €$d <c¢cCal cul at e
GjLEd Bk ®&E LKL .

pyright [C)] Outokumpu Research Oy, Pori. Finland. A_ Roine _-_:"
nsee. XTreme ws. XTreme_ ws. SH: o

Heaction Eqguations

Heat and Material Balances

Heat Loss

- Eq uilibri um Com posnlons

e

) EI&ctrDchemlcal Cell Equmt_:rrlums

Form ula WEIQ hts

Eh - pH - Dlagrams
=
H, S, C and G Diagrams
-
Tpp - Diagrams Lpp - Diagrams
= ===

Mineralogy Iterations Conversions
S

DATABASE (H = Enthalpy, S = Entropy and C = Heat Capacity)

Databasze 1: C:hhzchwdatabazeshowndbS hac
Databasze 2: C:hhzchwdatabases maindbS hec

Settings (Printer) License

t dINi) soadg hdz' 2 o9dcecdzvH ftotsetcOd3q

{5 Reaction Equations

Reaction Equation or Chemical Formula:
Icaco3 = Ca0+CO2(g)
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File Edit Format Help

T Cp H 5 G Reference |

1 |caco3=cachco2(g) M
2 T deltaH delta deltaG K Log(K)
3 C keal cal'K keal
4 400.000 41.680 36.432 17.156 2 688E-006 -55M
5 300.000 41334 35.952 13.337 1 4%0E-004 -3.827
(] 600000 40949 35.483 0965 3202E-003 -2.495
7 T00.000 40.525 35.026 §.440 3.5T8E-002 -1.446
8 800.000 40.062 34.573 2.960 2493E001 -0.603
9 000000 39.556 34.123 -0.475 1. 226E-+HM00 0.088
10 1000000 39.007 33.674 -3.864 4 60TEHDDD 0.663
11
12 |Formula M Conc. Amount Amount Volume
13 g/mol wi-%0 mol g lorml
14 | CaCO3 10:0.082 100.000 1.000 100.089 36.933 ml
15 g/mol wi-00 mol g 1 orml
16 | Cad 56.079 56.029 1.000 56.079 16.790 ml
17 |CO2%g) 44 010 43971 1.000 44010 224141
18
19
20
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