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 artsbA tc   ylf morf dezisehtnys tI  .eF slatem yvaeh fo noitprosba laitnetop eht sah A4 etiloeZ
 muidos eht si A4 etiloez fo sisehtnys eht ni desu slairetam tnatcaer ,mlap fo hsa

 etacilis muidoS .etanimula muidos dna etacilis  52 tlem hsa ylf morf edam noitulos
 ehT .sruoh 5 rof C° 005 fo erutarepmet a ta deird HOaN g 5,26 dna lio fo smarg
 sihT .dohtem hctab a si ssecorp noitprosda latem eF eht ni desu gnieb taht dohtem

 eht enimreted ot evruc muirbiliuqe eht htiw snigeb hcraeser  .emit tcatnoc mumitpo
 siht ni desu sretemarap ehT .SAA yb demrofrep stluser noitprosda fo sisylanA
 esod a ,mpr 051 fo deeps gnirrits eht ,mpp 001 fo noitartnecnoc tsrif eht si hcraeser

 ,6 ,5 ,4( noitulos eht fo Hp ni noitairav eht ,A4 etiloez fo marg 1 fo  eht dna )8 dna 7
 eveihca ot emit eht taht dewohs stluser ehT .)C° 07 dna 06 ,05 ,04 ,03( erutarepmet
 %0,89 debrosba eF fo egatnecrep tsehgih eht htiw ,sruoh 4 ni etats muirbiliuqe eht

( erutarepmet moor dna 6 Hp ta .)C° 03 ≈  

 :sdrow yeK  ylf ,noitprosba ,SAA A4 etiloeZ ,eF cillatem ,hsa . 

   

.1  nauluhadneP  
 )riac uata sag( lukelom naparejnep sesorp halada isprosdA
 nakanugid tubesret isinifeD .)natadap( naakumrep helo

lukelom isalumuka aynidajret naksalejnem kutnu -  lukelom
 anerak idajret tapad isprosdA .natadap naakumrep adap sag

ta kitatsortkele ayag iskaretni  ua  slaaW red nav  ratna
( lukelom noitprosisyhp  aynada helo nupuam )isprosisif /

( lukelom ratna iwaimik iskaretni noitprosimehc / 
 .)9002 ,ijA( )isprosimik  

 ,ini asawed nairtsudnirep sativitka ayntasep nikameS
areb magol habmil nad kinagro habmil sinej iagabreb  t

 igab suires nahalasamrep idajnem tapad naklisahid gnay
 gnay , eF tareb magol habmiL .nagnukgnil nad natahesek
 tapadret kaynab gnay ,ayahabreb habmil nakapurem
 nial irtsudni nad arabutab naicucnep irtsudni irad lasareb

arabutab ukab nahab nakanuggnem gnay  id tapadret iseB .
nad )II(eF utiay ,kutneb aud malad mala   )III(eF  

 nad emulov ,arabutab irtsudni naicucnep sesorp malaD
 isnetopreb aggnihes raseb tagnas gnay satisapak
 .alup kaynab gnay emulov malad habmil naklisahgnem

es gnudnagnem kaynab ini riac habmiL  kutnU . eF awayn
 mulebes habmil nahalognep nakadnit nakukalid uti
 iretneM nasutupeK nagned iauses nagnukgnil ek gnaubid
 neMpeK( 3002 nuhat 311 romoN pudiH nagnukgniL

gniL  .)3002 ,311 .oN pudiH nagnuk  

 naknurunem kutnu nakukalid halet ahasu iagabreB
rtnesnok magol amaturet ,turalret magol isa -  tareb magol

 taas adap ada gnay igolonkeT .nariarep nagnukgnil malad
 adap adiulf iskartske aynaratnaid tubesret ahasu malad ini
 nagned isadisko nad isaidemeroib ,lakitirkrepus isidnok

gnizidixo  tnega em kutnu ,ipatet nakA . igolonket naknalajn -
 .iggnit pukuc gnay ayaib nakhutubmem tubesret igolonket
 halada ini taas adap tasep gnabmekreb gnay nial edoteM
 aynsativitkefe ,nakukalid hadum niales anerak ,isprosda
 nebrosdA .hadner aguj nakulrepid gnay ayaib nad iggnit

mu gnilap gnay  ,animula ,fitka nobrak halada iakapid mu
.)3002 ,hamilsaT nad itnayirS( tiloez nad leg akilis  

 nakukalem halet aguj uluhadret itilenep aparebeB
 nakhab uata ignarugnem ayapu ianegnem naitilenep
 adap habmil irad ayahabreb tareb magol nakgnalihgnem

A .nariarep  naitilenep nakukalem )4002( ilA nad saerdn
 ogoronop mala tiloez helo iseb radak nanurunep ianegnem
 naruku nagned mumitpo isidnok helorepid ,uynitnok araces
 adaP .maj 13 amales katnok utkaw nad hsem 04 lekitrap

sda iduts nakukalem kkd nayekihtraK 5002 nuhat  ispro
 helo )III(iseb nitihc  adap mumitpo isidnok helorepid ,

 sisod nad tinem 8 utkaw ,mm 12,0 lekitrap naruku
 nakukalem )0102( luruN nad icuS .l/gm 01 nebrosda
 tiloez adap )II(nZ magol noi isprosda ianegnem naitilenep

 mumitpo isidnok ,hctab edotem nagned A  adap helorepid
23 rutarepmet nad 6 Hp  o  nakanugid gnay tiloez halmuj ,C
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 isartnesnok nagned tabrosda lm 001 malad rg 1 kaynabes
 gnatnet )7002( itaydraH nad uyahaR naidumeK .l/gm 005
 eF magoL nakhisiyneM malad tiloeZ naupmameK ijU

macreT gnay riaC habmiL adap  ,sakeB gneroG kayniM rup
02 lekitrap naruku adap helorepid mumitpo isidnok -  04

 naknurunem upmam gnay l/g 8 tiloez sisod nagned hsem
 edotem adap %95,37 aggnih eF radak hctab   %76,68 nad

 .uynitnok edotem adap  
 gnires gnay nebrosda utas halas nakapurem tiloeZ

d  anerak tareb magol nakhisiynem malad nakanugi
 laH .pareynep iagabes iggnit gnay satisapak iaynupmem

lukelom nakhasimem tapad tiloez anerak nakbabesid ini -
 .lukelom irad isarugifnok nad naruku nakrasadreb lukelom

 adap idajret nikgnum gnay isprosda emsinakeM  tiloez
 red naV ayag naktabilem gnay akisif isprosda halada
 ,kitatsortkele ayag naktabilem gnay aimik isprosda ,sllaW
 isanidrook skelpmok nakutnebmep nad negordih nataki

.)4002 ,ilA nad saerdnA(  
 raseb hibel gnay noi rakut satisapak ikilimem A4 tiloeZ

dnabid  aggniheS .nial gnay tiloez epit nagned nakgni
 nakgnalihgnem tapad nakparahid ini A4 tiloez nebrosda
 habmil malad gnudnakret gnay iseb itrepes tareb magol
 eF magol parejnem malad tiloez naupmameK .nariarep

aw utiay aynaratnaid rotkaf kaynab helo ihuragnepid  utk
 natural isartnesnok ,tiloez halmuj ,lekitrap naruku ,katnok

 adap kiab Hp nad rutarepmet ,eF sesorp   nupuam isprosda
 ,itaydraH nad uyahaR( iridnes uti tiloez isavitka sesorp

.)7002  
 magol isprosda sesorp irajalepid ini naitilenep malaD

loez nakanuggnem eF ( gnayal uba irad A4 ti hsa ylf  .tiwas )
 isartnesnok ignarugnem malad ayapu nakapurem ini laH

.nariarep adap eF magol  
adaP  ini naitilenep  cid nigni gnay naujut  halada iapa

ez naupmamek tahilem eF magol pareynem kutnu a4 tilo   
 nad nagnabmitesek atad naktapadnem   huragnep atres

rutarepmet   )II(eF magol isprosda sesorp padahret Hp nad
( tiwas gnayal uba irad sisetnisid gnay A4 tiloez helo  ylf

hsa .)  

.2  edoteM nad nahaB  

.1.2  nahaB  

 utiay ini naitilenep adap nakanugid gnay nahaB hsa ylf  
)HO(lA natadap ,HOaN natadap ,tiwas 3  natural ,sedauqa ,

ONH 3  natural ,%2 aN  )II(eF radnats natural nad ,M1 HO
.mpp 0001  

.2.2   talA – tala  

talA -  halada ini naitilenep malad nakanugid gnay tala
ecanruf  ,nevo ,  neercs  ,)hsem 002( etalp toh  ,irtep nawac ,

 ,citengam kudagnep tala tes utas hctaw pots tem Hp ,  ,re
 ,mukav apmop ,kitilana nagnabmit ssalg rekaeb  ,

 ,retemomreht k  nad ruku ubal ,kodnog tepip ,gniras satre
s tes uta  .)ASS( motA napareS irtemotofortkepS tala  

.3.2  aitileneP lebairaV n 

 irad iridret ini naitilenep adap nakanugid gnay lebairaV
av nad patet lebairav  gnay patet lebairaV .habureb lebair

 emulov ,mpr 051 nakudagnep natapecek utiay nakanugid

 nad mpp 001 )II(eF isartnesnok nagned lm 001 tabrosda
aynhabureb lebairav nakgnadeS .marg 1 A4 tiloez halmuj  

,)8 nad 7 ,6 ,5 ,4( Hp utiay  ad 06 ,05 ,04 ,03( rutarepmet  n
07  o )C )maj 5 nad ,4 ,3 ,2 ,1 ,0( katnok utkaw nad , . 

.4.2  natileneP rudesorP  

A4 tiloeZ nataubmep sesorP  

natkaeR nataubmeP  
 tiloez sisetnis malad nakanugid gnay natkaer nahaB 4  A

.tanimula muirtan nad takilis muirtan halada   napahaT
 margaid kolb kutneb malad naksakgnirid nataubmep

 rabmaG adap naklipmatid gnay itrepes 1. 
 

 
 

.1 rabmaG    muirtaN naturaL nataubmeP margaiD kolB
)1102 ,ihcuS( tanimulA muirtaN nad takiliS  

 

 
.2 rabmaG    tiloeZ sisetniS napahaT margaiD kolB 4  A

 ,ihcuS( )1102  
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 tiloeZ sisetniS sesorP 4A 
 tiloez sisetnis napahaT 4  kolb kutneb malad naksakgnirid A

 rabmaG adap naklipmatid gnay itrepes margaid .2  

eF magoL isprosdA sesorP  

 naiakgnaR .hctab araces nakukalid isprosda sesorP
 iagabes halada ini naitilenep tukireb : 

.1  sorP  nagned utiay ,hctab araces nakukalid isprosda se
 natural lm 001 adap nebrosda marg 1 nakrupmacnem
 rutaid halet gnay mpp 001 isartnesnok nagned )II(eF
 gnay lebairav nagned iauses aynrutarepmet nad Hp

 .nakpatetid halet  
.2  tapecek nagned kudaid tubesret naturaL  .mpr 051 na

 sesorp mulebes taases nakukalid lepmas nalibmagneP
.nagnabmitesek utkaw adap nad nakkatnognep  

.3  : sumur nagned isneiseffE % gnutiH  

= isneiseffE %   𝑜𝐶 − 𝑒𝐶
𝑜𝐶

 𝑥 001         

: nagnareteK  
Ce naparejnep haletes eF isartnesnoK =  
Co naparejnep mulebes eF isartnesnoK =  

lisaH asilanA  

U  halet gnay natural adap eF radak asilanagnem kutn
 ,A4 tiloez nagned isprosdaid  kutnu gnirasid lepmaS

 satrek nakanuggnem natural irad A4 tiloez nakhasimem
 nakanuggnem nagned asilanaid tartlif ulal ,gniras  ASS

60 INS( eF kutnu mn 3,842 gnabmoleg gnajnap adap -
4.9896 - .)4002   

.3  nasahabmeP nad lisaH  

.1.3   tiloeZ sisetniS adap X raniS iskarfiD sisilanA lisaH
A4  

 ,ini naitilenep irad sisetnis lisah naranebek ijugnem kutnU
z iskarfid alop nakgnidnabmem arac nagned nakukalid  tiloe

 aloP .)2991( kkd ,taruM naitilenep lisah nagned A4
 alop nagned sisetnis lisah kudorp  A4 tiloez iskarfid

( kkd ,taruM A4 tiloez radnats iskarfid  naklipmat id )2991
.3 rabmaG adap  

( d ialin nad θ2 ialin nakgnidnabmem nagneD  tiloez )Å
gned sisetnis lisah  tapad akam ,)2991( taruM A4 tiloez na

 ini naitilenep adap sisetnis lisah tiloez awhab naklupmisid
A4 tiloez nakapurem . 

 nakutnenem kutnu nakulrepid nagnabmitesek avruK
 sesorp adap nakanugid naka gnay mumitpo katnok utkaw

po isidnok nakutnenem kutnu isprosda  gnay aynnial isare
 .rutarepmet nad Hp utiay ini naitilenep adap nakisairavid
 avruk helorepid SAA nakanuggnem narukugnep lisah iraD

trepes nagnabmitesek 4 rabmaG adap naklipmatid gnay i . 
4 rabmaG iraD   nanurunep idajret awhab tahilret

 adap )II(eF isartnesnok  adap tapec tagnas gnay natural
 ayntukireb maj adap nakgnadeS .amatrep maj 1 utkaw
 tagnas gnusgnalreb tiloez helo )II(eF isprosda sesorp

t )II(eF isartnesnok aggnih tabmal haletes igal habureb kadi  
4 isprosda sesorp maj  lah ,)0102( luruN nad icuS turuneM .
ni  awhab aynatkaf nagned natiakreb anerak idajret i adap  

 aggnihes gnosok gnay nebrosda isis kaynab aynlawa
 tagnas nebrosda ek paresret kutnu natural nagnurednecek

ggnih katnok utkaw aynhabmatreb nagned iggnit  iapacret a
.nagnabmitesek utkaw  

 

 
.3 rabmaG   tiloeZ nad sisetniS lisaH kudorP nagnidnabreP

)2991 ,kkd ,taruM( radnatS A4  

 
.4 rabmaG   adap )II(eF isprosdA nagnabmiteseK avruK

A4 tiloeZ  

.2.3  rutarepmeT nad Hp huragneP  

 takgninem magol naparejnep aynmumu adaP  nagned
5 rabmaG iraD .Hp aynkian  eF awhab tahilret  parejret )II(

4 Hp irad takgninem gnurednec -  nurunem gnurednec nad 6
6 Hp haletes -  adebreb gnay isarepo rutarepmet pait adap 8

 adap nakgnadeS .hadner rutarepmet adap amaturet
07( iggnit rutarepmet  o  salej tahilret kadit Hp huragnep ,)C

t gnay nahaburep anerak .licek tagnas idajre  
 anemonef ,)2991( iabatabaT nad atsaB turuneM
 nakanuggnem naksalejid tapad ini Hp huragnep
 iskaer naamasrep itukignem sisilordih isprosda emsinakem

:tukireb iagabes  
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Fe2+ � H2O ↔ F HOe + � H+ 

F HOe + � X− ↔ XF HOe  

X nagneD -  ,nebrosda naakumrep ilikawem gnay halada
.A4 tiloez utiay ini lah malad  

4 Hp adaP -  )II(eF magol padahret A4 tiloez isprosda 6
 noi tubesret isidnok adap nakbabesid ini lah ,raseb nikames

H+  hara ek resegreb nagnabmitesek nad gnarukreb nikames
d iauses nanak  adap alibapa utiay reiletahC eL saza nagne

 akam ignarukid utas halas ,nagnabmitesek metsis utaus
 ignarukid gnay taz hara ek resegreb nagnabmitesek
 nagnabmitesek naresegrep aynada nagneD .tubesret

HOeF akam ,tubesret  +  nakbabeynem gnay habmatreb naka
es ayad  .raseb nikames )II(eF magol padahret A4 tiloez par

6 Hp adap nakgnadeS -  satisapak nanurunep idajret 8
HO noi nakbabesid ini lah ,isprosda -  kaynab ulalret gnay

eF magol helo takiid upmam kadit natural malad +2  ,
HO noi kaynab hisam aggnihes - ral malad id sabeb  natu

HO aratna isitepmok aynidajret nakbabeynem gnay -  sabeb
X nebrosda naaakumrep nagned -  nagned natakireb kutnu

HOeF +  aratna nataki aynidajret niales ,uti anerak helO .
HOeF + X nebrosda naakumrep nagned -  nakkujnutid gnay

 aguj sata id iskaer naamasrep adap  gnipmas iskaer idajret
HOeF aratna  + HO noi nagned -  napadne kutnebmem sabeb

)HO(eF 2. 
 

 
.5 rabmaG  huragneP  parejreT )II(eF padahret Hp  

.3.3  parejreT )II(eF padahret rutarepmeT huragneP  

 padahret rutarepmet nahaburep huragnep tahilem kutnU
 irad akam ,A4 tiloez helo )II(eF magol isprosda sesorp  atad

5 rabmaG adap   nagnubuh kutneb malad nakijasid
 adebreb gnay Hp adap parejret )II(eF padahret rutarepmet

trepes 6 rabmaG adap naklipmatid gnay i . 
 

 
.6 rabmaG   parejreT )II(eF padahret rutarepmeT huragneP  

6 rabmaG iraD   isprosda naupmamek awhab tahilret
 irad sisetnis id gnay A4 tiloez helo )II(eF magol hsa ylf  

 rutarepmet ayntakgninem gniries nurunem gnurednec tiwas
 awhab nakkujnunem ini laH .isarepo  isprosda sesorp

 adap nakukalid kiab gnilap A4 tiloez helo )II(eF magol
( gnaur rutarepmet 03 ≈ o  .)C  rutarepmet adap nakgnadeS

 lah ,kiab nagned gnusgnalreb kadit isprosda sesorp iggnit
 ilabmek nasapelep utiay ,isprosed idajret anerak idajret ini

adus gnay noi  .nebrosda naakumrep adap lepmenem h
 adap lepmenem halet gney noi nasapelep sesorP
 lah nanikgnumek ,isprosda sesorp adap tiloez naakumrep
 sesorp idajret ini sesorp adap anerak idajret tapad ini
 ,rutarepmet ayntakgninem nagned utiay ,akisif isprosda

noi akam   ilabmek sapel tapad lepmenem hadus gnay
 padahret A4 tiloez parej ayad naknurunem naka aggnihes
 sleinaD nad ytreblA nagned iauses ini isidnoK .eF magol

( )3891   tapec hibel naka isprosda awhab nakataynem gnay
.hadner uhus adap gnusgnalreb  

.4  K nalupmise  
sah iraD  isprosda ianegnem naitilenep nasahabmep nad li

 irad sisetnisid gnay A4 tiloez helo )II(eF magol hsa ylf  
:tukireb iagabes naklupmisid tapad tiwas  

.1   tiloez helo nagnabmitesek isidnok ayniapacret utkaW
 irad sisetnisid gnay A4 hsa ylf   marg 1 kaynabes tiwas

malad   001 isartnesnok nagned )II(eF magol parejnem
.maj 4 amales utiay mpp  

.2   adap utiay kaynab gnilap parejret gnay )II(eF magoL
( gnaur rutarepmet nad 6 Hp isarepo isidnok 03≈ o  )C

.%0.89 rasebes utiay  

.3   )II(eF magol padahret A4 tiloez isprosda ayaD
Hp adap takgninem  4- 6 Hp adap nurunem nad 6 - .8  

.4   nanurunep nakbabeynem rutarepmet ayntakgnineM
 ayad .)II(eF magol padahret A4 tiloez isprosda  

akatsuP ratfaD  
 ,.F ,sleinaD dna ,.A.R ,ytreblA 3891  , ”  ,”yrtismehC lacisyhP

yelliW nhoJ  
.kroY weN ,snoS pmA dna  

saerdnA , D.P.  ,  nad ilA ,  ,4002 ,.M “  iseB radaK nanuruneP
helo  oK araces ogoronoP malA tiloeZ aideM -n
uynit ”  , ispirkS  , .STI  

 padahreT tiloeZ isprosdA .9002 .inabaS otiraB ,ijA
.ITMS :atrakaygoY.)II(lekiN  

   fo   tceffE“ ,2991 ,.A.M  ,iabatabaT dna ,.T.N ,atsaB
    smetsyS    gnipporC  yb lateM fo noitprosdA no

 ,2 ek iside ,”lioS icS lioS .J ASU ,  

eT.3002 ,311 .oN pudiH nagnukgniL nempeK  ukaB gnatn
 igaB habmiL riA utuM ahasU   nataigeK uatA naD
.arabutaB nagnabmatreP  

 ,5002 ,.K ,nagalabnA dna ,.M.N ,ladnA ,.G ,nayekihtraK
 ,”nitihC no )III(norI fo seidutS noitprosdA“  .J

 ,icS .mehC hdnaG ,yrtsimehC fo tnemtrapeD -i
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hdnaG ,ytisrevinU demeeD etutitsnI laruR marg -i
.aidnI ,marg  

taruM  , enarkomA ,.M , editsaB ,.A , P.J ,.  dna  ranatnoM o, 
.L  , 2991 , “  yllamreht morf setiloez fo sisehtnyS

 no snoitavresbo emos etiniloak detavitca
htworg dna noitaelcun ”. 

“ ,9002 ,.W ,luruN nad ,.W ,icuS  magoL noI isprosdA
D ubA irad sisetnisiD gnay A tiloeZ adap )II(nZ -a
M nagneD NOTIAP IMOMPI TP arabutaB ras -e

ot  ed ,”hctaB  STI/cilbup/di.ca.sti.biligid//:ptth -
etaudargrednU - 6789 - fdp.repaP .1102 iraunaJ 3 ,  

 irad A4 tiloeZ sisetniS“ ,1102 ,.A ,ihcuS hsA ylF   tiwaS
kudagneP amaL isairaV nagned repmeT nad na -a

 ,”leG nasanameP rut ispirkS .uaiR satisrevinU ,  

 )III(iseB isprosdA akiteniK“ ,3002 ,.hamilsaT nad itnayirS
fidomreT malA tiloeZ adap riA muideM malad -i

2 isak - ,”losaitoznebotpakrem   ,ispirkS  satisrevinU
.orogenopiD  

 

 


