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 artsbA tc  P  seitrepor lA fo 2O3 troppus   .stsylatac gnitaertordyh fo ecnamrofrep eht tceffa
ocisyhP -  fo seitreporp lacimehc - lA 2O3  si  ecruos yb decneulfni  hcihw  etimheob

 fo nigiro fo ecruos eht - lA 2O3  eht gnirud snoitidnoc gnirutcafunam eht dna
 otni etimheob fo noitamrofsnart - lA 2O3  sihT . ot smia hcraeser   eht gniyduts

 fo erutcafunam fo snoitidnoc - lA 2O3  troppus rof "B lapatac" etimheob morf fo  
ula fo aera ecafrus a htiw tsylatac gnitaertordyh anim  m 002 tuoba 2  marg/  dna

 .mm/gk 5.0 tuoba htgnerts lacinahcem  hcraeseR  saw irav eht yb enod  noita  fo
  :selbairav selom   oitar ONH 3 elom ,HOOlA/ s oitar  HN 3 HOOlA/  ,gniyrd fo etar ,

gniyrd  emit  .erutarepmet noitaniclac dna , - lA 2O3 saw decudorp troppus  
 gnitseT .stset htgnerts lacinahcem dna 3HN DPT ,DRX yb deziretcarahc - lA 2O3  sa

 a  fo troppus  gnitaertordyh lekcin desab stsylatac -  munedbylom  no enod saw
 .noitcaer )TBD SDH( enehpoihtoznebid fo noitaziruflusedordyh  stluser ehT

 "B lapatac" etimheob fo snoitidnoc gnirutcafunam eht taht dewohs  ot - lA 2O3 
m 002 tuoba animula fo aera ecafrus a sevig hcihw 2 m dna marg/ hce  htgnerts lacina

/gk 5.0 tuoba fo  si mm  gnivah ONH oitar lom 3  oitar elom ;220.0 = HOOlA/
HN 3  HOOlA/ H ;12.0 = 2  HOOlA/O 4.3 =   ;)lom/lom( gniyrd   erutarepmet ° 021 =  ;C

d fo etar eht ° 5 = erutarepmet gniyr /C  noitaniclac ;sruoh 3 = emit gniyrd ;nim
= erutarepmet  ° 055 .sruoh 2 = emit noitaniclac dna C  

 :sdrow yeK ocisyhp ,noitaziruflusedordyh -  fo seitreporp lacimehc - lA 2O3 troppus , . 

   

.1  nauluhadneP  
gnitaertordyH   gnay kitilatak sesorp utas halas nakapurem

 kutnu isgnufreb ,imub kaynim gnalik id gnitnep
awaynes nakrikgniynem -  ,ruflus motaoreteh awaynes

 gnudnakret gnay )V nad iN( magol ,negisko ,negortin
iskarf malad -  ,atfan( imub kaynim iskarf lio thgil  , ,lio yvaeh  

ad ,uti nialeS .)udiser n  gnitaertordyh   kutnu nakanugid aguj
 nad nifelo itrepes hunej kat nobrakordih nahunejnep sesorp
 akiJ .nobrak udiser nagnarugnep atres ,kitamora

nanimatnok -  naka nakrikgnisid kadit ini nanimatnok
atak ,natalarep adap fitagen kefe irebmem  satilauk ,sil

 sesorp adaP .nagnukgnil nad ,kudorp gnitaertordyh  ,
 nakapurem )SDH ,isasiruflusedordih( ruflus narikgniynep
 nakbabesid ini laH .irajalepid mumu gnilap gnay sesorp
 imub kaynim malad tapadret kaynab gnilap gnay rotognep

kkd eospoT( ruflus halada .)6991 ,  
 taas ainud id ada gnay kaynim gnalik hurules ripmaH
 .kurub gnay satilauk nagned imub kaynim halognem ,ini

  nad haloid gnay imub kaynim satisned ,aynnuhat paiteS
k gnudnakret gnay ruflus isartnesno  aynmalad id   takgninem

rutkurts ,atres reinil ripmah   gnay ruflus lukelom
 asisret gnay imub kaynim  nagnadac malad gnudnakret
 ,enehpoihtozneb kopmolek utiay kelpmok nikames

 nehpoihtoznebid aynaratnaid  yraG( )4891 ,kkd  
 padahret fitkaer gnaruk )TBD( enehpoihtoznebiD

es rutkurts anerak isasiruflusedordih sesorp  gnay aynawayn
  ,nakgnalihid tapad ini awaynes akiJ .skelpmok pukuc

awaynes akam -  ,adiflusid ,natpakrem itrepes nial awaynes
 anerak helO .nakgnalihid tapad aguj enehpoiht nad adiflus
 nakanugid gnires ini awaynes isnerefer iagabreb id ,uti

lus awaynes iagabes ruf  .ledom  
 halada SDH sesorp kutnu kococ gnay silataK labok -

( munedbilom oMoC )  ruflus epit SDH kutnu ipatet naka ,
 silatak nakanugid kelpmok gnay lekin -  munedbilom

( oMiN )  gnay aggnayneP .  mumu  silatak adap nakanugid
gnitaertordyh  γ( animula ammag halada - lA 2O3  turuneM .)
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eospoT   ,)5002( kkd a animul  ammag epit   kiranem tagnas
 nakanugid kutnu   anerak  gnay naakumrep saul ikilimem

arik amaturet raseb - 052 arik – m 053 2 g/  ,   lamret nalibatsek
kiab gnay , masa tafisreb asib aynnaakumrep -  nad asab

 sativitka isarenegerem upmam  naiakamep haletes kitilatak
. mirtske gnay isarepo  isidnok adap fisnetni gnay  

 tafiS - lA 2O  3  silatak ajrek kujnu ihuragnepmem tapad
gnitaertordyh  ihuragnepmem gnay animula kitsiretkaraK .

 silatak ajrek kujnu gnitaertordyh  naakumrep saul :halada  
otomakO(  kkd  lekitrap naruku ,)8991 , ,opserC(   ,)7002

 emulov ,irop naruku isubirtsid  kinakem nataukek ,irop
reissuL(  ,ecallaW nad   namasaek tafis atres )2002

rep ,kabraS nad ikswodnaweL( animula naakum  .)0002  
 )HOOlA ,edixordyhyxo munimula( etimheoB

amatu rebmus nakapurem   kutnu isatiolpskeid gnay
 naklisahgnem - lA 2O3  etimheob nataubmep  adoteM .

macamreb -  gnay etimheob tafis aggnihes ,macam
.isairavreb naklisahid  ,gnaW   awhab nakakumegnem )5002(

 ihuragnepmem etimheob lekitrap naruku nad igolofrom
 retkarak - lA 2O  3  .naklisahid gnay  

ini taaS  , macam iagabreb   nataubmep edotem
γ-  animula itrepes  los -  ,isatipiserp ,leg sisilordih  

adiskokla  animula  , isisopmoked  lamret  
muinimula  taflus  , isisoped  pau  kinagro magol  

nagned  lA ( HC 3)3  halet nakukalid   a ammaG  animul
naknurutid gnay  los adotem irad -  halmujes nakirebmem leg

 nad raseb naakumrep saul ,rutkurtsonan utiay naluggnuek
 gnay kinakem nataukek roirepus  anleuB(   nad ,niL  )9991 .  

 ,etimheob nataubmep adotem nad rebmus gnipmasiD
 idajnem etimheob irad nataubmep isidnok - lA 2O3 

  .naklisahid gnay animula ammag tafis ihuragnepmem
 animula naakumrep sauL  isairav nagned rutaid tapad

muinimula/masa nagnidnabrep ,  isidnok ,nanoda Hp
.isanislak rutarepmet nad nagniregnep   nad irop narukU

isairav iulalem rutaid tapad irop naruku isubirtsid  
 nad narupmacnep aynamal ,muinimula/masa nagnidnabrep

 isanislak rutarepmet ( moc.mehclatsaoc.www )  ogeiddA .
d ,nnelG na  )5002(   nanoda Hp awhab  nakkujnunem

 emulov padahret nakifingis tagnas gnay kefe nakirebmem
id aoclA lakinket nitelub malad nad animula irop  nakropal

 isairav nagned nakukalid irop emulov narutagnep awhab
 nad narupmacnep aynamal ,muinimula/masa nagnidnabrep

.isanislak rutarepmet   nad animula/masa nagnidnabreP
 nataukek ihuragnepmem aguj isanislak rutarepmet

animula ammag kinakem  .  
d ini naitileneP  isidnok kefe irajalepmem kutnu nakujuti

 nataubmep - lA 2O  3  nagned etimheob irad naknurutid gnay
 tafis padahret B lapatac gnagad krem - lA 2O  3  .kudorp

 kutnu ,napmu epit nagned nakiausesiD gnitaertordyh   iskarf
 atfan ul nagned animula ammag aggnaynep nakulrepid  sa

m 002 ratikes naakumrep 2  5,0 kinakem nataukek nad g/
mm/gk  

.2  edoteM nad nahaB  

.1.2    retemaraP nataubmeP   irajalepiD gnay  

kefE -  nataubmep isidnok kefe - lA 2O  3  etimheob irad
HN lom oisar halada irajalepid gnay ”B lapatac“ 3  HOOlA/

 T ek )T( rutarepmet nakianek ujal ,)36,0 nad 24,0 ;12,0(
 01 nad 5 ;2( nagniregnep o  ,2( nagniregnep utkaw ,)tinem/C

 056 nad 006 ,055( isanislak rutarepmet nad )maj 6 nad 4
o  3  sisetnis adap nakparetid  tubesret  kefe tapmeeK .)C

lA( animula epit 2O3 gnisam ,) - lA gnisam 2O  3  oisar ikilimem
ONH lom 3  amatrep animula epiT .adebreb gnay HOOlA/

lA nagned nakgnabmalid( 2O3-  lom oisar ikilimem )1
ONH 3 lA( audek animula ,810,0 = HOOlA/ 2O3-  nagned )2
ONH 3 lA( agitek animula nad 220,0 = HOOlA/ 2O3-  )3

ONH nagned 3  .620,0 = HOOlA/  

.2.2  K  isasiretkara - lA 2O  3   

 0006 DRX nakanuggnem animula epit isakifitnedI
 nad natapeceK .retlif apnat uC isaidar nagned )uzdamihS(

turutreb nahadnimep gnatner -  tinem/tajared 2 halada turut
01 nad - .08  

 ,irop naruku isubirtsid ,kifiseps naakumrep sauL
rop retemaid  irop emulov nad  i - lA 2O3   iju nagned rukuid

 riac negortin rutarepmet adap negortin isprosda  
 mulebeS .)emorhcatnauQ( 0001 ires AVON nakanuggnem
 adap isaukaveid lepmas ,nakgnusgnalid negortin isprosda

 052 o  maj 3 amales C 5<(  01 x -3 )rroT . 
 arac nagned nakukalid laiska kinakem nataukeK
 narukureb animula padahret kilordih araces nabeb irebmem

atar -  gnay assam ,hacep animula taas nad mm 5 atar
 .tatacid nakanekid  

 animula masa nataukek narukugneP  )g 5,0(
 nakanuggnem tproseD demmargorP erutarepmeT noi  

HN )DPT( 3  mulebeS .)emorhcatnauQ( teBmehC adap
 )tinem/lm 05( eH  nagned nakrilaid lepmas ,rukuid lepmas

 052 adap o .maj 3 amales C  HN isrposdA 3  amales nakukalid
 ayntukireb nad tinem /lm 03 rila ujal nagned tinem 03

 08 aggnih naknurutid rutarepmet o   .C T  isprosed rutarepme
 nakianid  08 irad o  C  01 ujal nagned o   rutarepmet ek tinem/C

 009 oC. 

.3.2   ijU sativitkA   iskaeR padahret silataK
( enehpoihtoznebiD isasiruflusedordiH TBD SDH )  

/oMiN silatak ,ini naitilenep adaP - lA 2O3  nagned taubid
arac   aggnaynep madnerem - lA 2O  3  nagnabmegnep lisah

asab tafisreb oMiN natural malad   .tinem 51 amales
fitka asaf rosukerp helo isiret halet gnay aggnayneP  .

 021 rutarepmet adap nakgnirekid o  nad maj 3 amales C
 054 adap isanislak nagned naktujnalid o  .maj 2 amales C  

sgnalid TBD SDH iskaeR  rotkaer metsis adap nakgnu
hctab   rabmaG adap nakijasid itrepes tala naiakgnar nagned

 malad ek nakkusamid isadiflusid halet gnay silataK .1
 malad narocobek ada kadit nakitsapid haleteS .rotkaer

 nakukalid ,metsis gnigrup  H sag nakanuggnem 2  nad
epmet naidumek  iapmas pahatreb araces nakkianid rutar
 003 rutarepmet o  nanaket iapmas nakkianid nanakeT .C

 .rab 03 utiay ,isarepo rerritS   0 = t lepmas nad nakalaynid
 .libmaid  
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.1 rabmaG   TBD SDH iskaer iju tala naiakgnaR  

.3  nasahabmeP nad lisaH  

.1.3   isidnoK  isarepO  mumitpO γ nataubmeP - lA 2O3  irad
B lapataC  

HN lom oisar isairav kefE 3  saul padahret etimheob/
lA naakumrep 2O3  .2 rabmaG adap nakijasid kudorp

 aggnaynep naakumrep saul ,)8991( kkd otomakO turuneM
 padahret huragnepreb tagnas gnay rotkaf nakapurem

rdyh silatak sativitka  saul raseb nikames ;gnitaerto
 oM isubirtsid nad oM isrepsid ,animula naakumrep
 agitek awhab tahilid tapad 2 rabmaG  iraD .takgninem

lA sinej 2O  3  padahret amas gnay nagnurdnecek ikilimem
HN lom oisar isairav 3  ainomma kaynab nikames ,HOOlA/
l ,nakhabmatid gnay S( naakumrep sau A  ini laH .nurunem )

 nahaburep nakbabeynem ainomma nahabmanep nikgnum
 ,nakhabmatid gnay ainomma kaynab nikames ,irop naruku
 raseb gnay irop narukU .raseb hibel idajnem irop naruku

.licek gnay naakumrep saul ikilimem  
 

 

 .2 rabmaG  HN kefE 3  naakumrep saulpadahret HOOlA/
lA 2O3 

 
 oisar nahabmanep nagned naklisahid gnay nanodA

HN 3  naakumrep saul naklisahgnem 12,0 = HOOlA/
 taas adap ,uti anerak helO .mumiskam gnay animula

lebairav irajalepmem -  ujal :ayntukireb lebairav
nagniregnep utkaw ,nagniregnep   ,isanislak rutarepmet nad

HN lom oisar 3 .12,0 halada nakanugid gnay HOOlA/  
 gnay pahat utas halas nakapurem nagniregnep pahaT
 akiteK .animula aggnaynep nataubmep malad gnitnep
 imalagnem irop gnidnid ,iropreb leg irad paugnem nariac

( nagnaget )sserts  eb gnay  nanaket nagned amas aynras
relipak  .  ssertS  irop gnidnid aynhutnur nakbabeynem tapad

)0102 ,kkd lewaG(  .  ek rutarepmet nakianek ujal akiJ
 aratna naakumrep nagnaget ,tapec gniregnep rutarepmet
 gnidnid halmuj aynutnet nad takgninem pau nad nariac

nur gnay irop  hibel idajnem irop naruku( kaynab hibel hut
 .)raseb  aynmumu ,raseb gnay irop naruku nagned lekitraP

 licek gnay naakumrep saul ikilimem ,aopserC(   .)7002  adaP
 nakianek ujal raseb nikames awhab tahilid tapad 3 rabmaG

 kudorp animula naakumrep saul ,rutarepmet  gnurdnec
 ,utkaw isneisife nagnabmitrep nagneD .nurunem  malad

 rutarepmet nad nagniregnep amal kefe irajalepmem
 rutarepmet ek rutarepmet nakianek ujal ,isanislak

 5 hilipid isanislak nad nagniregnep o   .tinem/C  

 

3 rabmaG gnep T  ek )T( rutarepmet  ujal kefE .  nagnire
padahret  animula naakumep saul . 

 

 

4 rabmaG padahret nagniregnep amaL .   naakumep saul
animula  

 
los adoteM -  nakanugid gnires napadnegnep nad leg

los sesorp malaD .animula ammag nataubmep malad -  ,leg
 nad gnitnep tagnas turalep narikgniynep adotem
 .)0102 ,kkd lewaG( rihka kudorp rutsket nakutnenem

lG nad ogeiddA ,nne   ammag awhab nalupmisekreb )5002(
 assam nakgniregnem arac nagned taubid gnay animula

( sitsalp gnay ssam dezicitsalp  babmel patet isidnok adap )
( gniniater - noitidnoc erutiom arepmet nagned )  nad rut

 isaliskordih pahat helorepmem aggnih pukuc gnay utkaw
 aggnaynep naklisahgnem naka ,animula ammag irad
  .iggnit gnay naakumrep saul nad kinakem nataukek nagned

 tahilid tapad 4 rabmaG adap ,sata id nasalejnep nagneD
nagniregnep rutarepmet kutnu awhab   021 o  utkaw nad  C

2 gnatner malad nagniregnep -  naakumrep saul  ,maj 4
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 4 gnatner malad gnarukreb aynkilabes nad habmatreb
 .maj 6 aggnih  

 
lA agitek nagnurdneceK 2O  3  malad aggnihes ,amas

 aynah ,isanislak rutarepmet kefe irajalepmem
lA padahret.nakukalid 2O  3 it  tapad isanislaK .3 nad 2 ep

 aguj tapad ,ipatet animula kinakem nataukek naklibatsnem
irop gnidnid aynhutnur nad gniretnis naktabikagnem -  irop

irop idajnem licek narukureb -  raseb narukureb irop
 halmuj nad habmatreb gniretniS .)9891 ,nosdrahciR(

nid nahutnurep irop gnid -  idajnem licek narukureb gnay irop
 .isanislak rutarepmet ayntakgninem nagned kaynab hibel
 naakumrep saul awhab tahilid tapad 5 rabmaG adaP
 rutarepmet ayntakgninem nagned gnarukreb animula

 .isanislak  
 

 

  .5  rabmaG  isanislak rutarepmet kefE  saul padahret
lA naakumrep 2O3 

 
 mumitpo isidnok ,sata id narapap nakrasadreB

 nataubmep - lA 2O  3  oisar :tukireb iagabes B lapatac irad
HN lom 3  ,rutarepmet :nagniregnep isidnok ,12,0 :etimheob/

  gniregnep T ek rutarepmet nakianek ujal nad ,utkaw
 021 halada o  ,C  5 o  isidnok kutnU .maj 3 nad ,tnm/C

 T ek rutarepmet nakianek ujal ,rutarepmet :isanislak
turutreb  isanislak utkaw nad isanislak -  055 halada turut o  ,C

 5 o .maj 2 nad tnm/C  

.2.3  akisiF tafiS -  aimiK - lA 2O  3 sisetniS lisaH      

lA sinej agitek naakumrep sauL 2O  3 adebreb   isairav kutnu
ONH lom oisar 3  lom oisar iggnit nikameS .HOOlA/

ONH 3  nad naakumrep saul raseb nikames HOOlA/
lA sinej agitek naturu ,naakumrep saul nakrasadreb 2O  3

 kutnu ,ayntukireB .1 epit > 2 epit > 3 epit :halada
akisif tafis icnir hibel imahamem -   aimik -Al2O  3   kudorp

lA  taubid akam ,B lapatac irad 2O  3   adeb adebreb nagned

ONH lom oisar 3  amas taubid aynnial lebairav nad HOOlA/
 .mumitpo isidnok adap utiay  

X- )DRX( margotarffid yar  

ranis iskarfiD -  mumu adotem nakapurem kubres )DRX( X
 kutnu nakanugid  nahab sinej paiteS .nahab isakifitnedi

adebreb gnay iskarfid alop ikilimem naka -   6 rabmaG .adeb
lA agitek irad DRX alop naktahilrepmem 2O3 setnis lisah si  

 nad - lA 2O3 lA agiteK .laisremok 2O3  sisetnis lisah
 nagned nakujnutid ,ammag epit animula nakapurem

nada kacnup ay -  epit kutnu ridah kifiseps gnay kacnup   
2 adap utiay 73 :  o 64 ,  o 76 nad  o  iD .)8991 ,kkd otomakO(

 nalucnumek nagned nahab epit ilanegnem gnipmas
kacnup -  aynnial arac ,margotkarfid adap sahk gnay kacnup

gned  margotkarfid alop nakgnidnabmem halada  na - lA 2O3 
 alop awhab tahilid tapad 6 rabmaG iraD .laisremok

lA agitek  margotkarfid 2O3  nagned amas sisetnis lisah -
lA 2O3 .laisremok  

 

 

 rabmaG .6  lA DRX aloP 2O3 sisetnis lisah  laisremok nad  
 

N isprosdA 2  

 nakanugid gnay adotem nakapurem negortin isprosdA
 ,irop retemaid ,naakumrep saul nakutnenem kutnu
 akisif tafiS .nahab irop emulov nad irop naruku isubirtsid

 epit  agitek irad - lA 2O3  nad - lA 2O3  iagabes laisremok
abmaG nad 1 lebaT adap nakirebid gnidnabmep .7 r  

 nakrasadreB saul   aggnaynep agitek naturu ,naakumrep
 :tukireb iagabes sisetnis lisah - lA 2O  3 - 3   > - lA 2O  3  -  > 2

- lA 2O3 -  kadit  sisetnis lisah animula naakumrep sauL .1
adebreb nakhabmatid gnay tartin masa halmuj ,amas -  adeb

gnisam  adap -  tartin masa nahabmaneP .animula gnisam
ONH lom oisar gnatner malad( kaynab hibel gnay 3  HOOlA/

 lebaT 1. lA aggnaynep akisif tafiS 2O3 laisremok nad sisetnis lisah  

aggnayneP  naakumrep sauL  
m( 2 )g/  

atar iroP .aiD - atar  
)Å(  

atar irop .loV - atar  
mc( 3 )g/  

- lA 2O  3  - 1 
- lA 2O  3  - 2 
- lA 2O   3 - 3  

 - lA 2O3 mok  

7,481  
0,091  
1,591  
8,022  

72,67  
06,67  
37,67  
13,67  

554,0  
264,0  
654,0  
877,0  
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 810,0 = - rep saul naktakgninem tapad )620,0  naakum -
lA 2O   3 .B lapatac irad taubid gnay  

 

 

.7 rabmaG    ONH lom oisar kefE 3  saul padahret HOOlA/
lA naakumrep 2O3. 

 
 nad sisetnis lisah aggnaynep irop isubirtsid liforP

 agiteK .8 rabmaG adap nakijasid laisremok - lA 2O   3  lisah
 amas gnay irop naruku isubirtsid naktahilrepmem sisetnis

 03 gnatner malad irop naruku nagned –   .Å 051
 agitek ,tubesret irop naruku nakrasadreB - lA 2O   3  lisah

02( eroposem irop naruku ikilimem aynah sisetnis -  .)Å 005
mem aynah aguj laisremok aggnayneP  irop naruku ikili

 03 rabel hibel gnay isubirtsid nagned ipatet eroposem – 
 nad sisetnis lisah aggnaynep atarer irop retemaiD .Å 052

.Å 67 ratikes utiay amas ripmah laisremok  
 

 
8 rabmaG .  irop naruku isubirtsid liforP - lA 2O3 lisah  

laisremok nad sisetnis . 

noitproseD demmargorP erutarepmeT - HN )DPT( 3  

 aggnaynep aimik tafiS - lA 2O3  takgnit apureb gnay
DPT nakanuggnem nagned nakutnetid namasaek - HN 3   .

DPT eliforP - HN 3  irad - lA 2O  3  adap nakijasid sisetnis lisah
nimula agitek aratnaid amatu gnay naadebreP .9 rabmaG  a

 006 rutarepmet sata id halada tubesret o  irad avruk ,C -
lA 2O3-  irad avruk nakgnades nurut gnurednec 2 nad 1 -
lA 2O3-   awhab nakkujnunem inI .natsnok fitaler 3 - lA 2O3-  3

 gnidnabid iggnit hibel gnay masa nataukek ikilimem -
lA 2O3- .2 nad 1  

 
9 rabmaG   DPT liforP - HN 3 - lA 2O3 sisetnis lisah  

kinakem nataukek narukugneP  

 irad laiska kinakem nataukek nakijaynem 2 lebaT
gnisam -  masa nahabmaneP .animula aggnaynep gnisam

 lom oisar gnatner malad( kaynab hibel gnay tartin
ONH 3  810,0 = HOOlA/ -  naktakgninem )620,0   nataukek

 masa halmuj natakgninep nikgnum inI .animula kinakem
 iagabes( tartin rezitpep  aratna nataki nakbabeynem )

lekitrap - .kapmok hibel idajnem etimheob lekitrap  
 

.2 lebaT     kinakem nataukeK - lA 2O  3   sisetnis lisah  nad
laisremok . 

aggnayneP   gnihsurC htgnerts , 
mm/gk  

- lA 2O  3  - 1 
- lA 2O  3  - 2 
- lA 2O   3 - 3  

 - lA 2O   3 - mok  

33,0  
38,0  

9,0  
25,1  

γ ijU -  aggnayneP iagabes nagnabmegneP lisaH animula
 gnitaertordyH silataK  

 nahilimeP - lA 2O  3   silatak aggnaynep tadidnak iagabes
gnitaertordyh  akisif tafis nakrasadreb aynah kadit -  ,aimik

 nagned oMiN silataK .sativitka naijugnep ulrep numan
 aggnaynep - lA 2O3-  gnay kinakem nataukek ikilimem 1

 kadit aggnihes ,aynnial silatak aud gnidnabid hadner
 aggnayneP .sativitka iju nakukalid - lA 2O3-  ikilimem 2  saul

 hibel gnay masa nataukek nad licek hibel gnay naakumrep
 irad hadner - lA 2O3-  oMiN silatak  sativitka ipatet naka ,3

 aggnaynep nagned - lA 2O3-  aggnaynepreb oMiN nad 2 -
lA 2O3-  iskaer padahret amas fitaler 3  isasiruflusedordih

enehpoihtoznebid  ( TBD SDH )  ini tukireb rabmaG .
 TBD SDH iskaer kitilatak sativika nakijaynem

 nakanuggnem  /oMiN - lA 2O  3 - /oMiN ,2 - lA 2O3-  nad 3
/oMiN - lA 2O3-  lisah nad kisif tafis nakrasadreB  .mok

 ,kitilatak sativitka isaulave - lA 2O3-  tadidnak nakapurem 3
rp kutnu kococ gnay aggnaynep  seso gnitaertordyh  

.atfan iskarf kutnu aynsusuhk  



haflU airaM    animulA aggnayneP asetniS  
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.01 rabmaG    laisremok nad sisetnis lisah silatak sativitkA

TBD SDH iskaer padahret  

.4  K nalupmise  
 nataubmep  rudesorp nad ,sesorp isidnok ,nahab isidnoK

akisif tafis ihuragnepmem tagnas -  aimik γ- lA 2O3  nagneD .
r  helorepid halet nakgnabmekid gnay rudesorp nad pese γ-

lA 2O  3  002 ratikes kifiseps naakumrep saul ikilimem gnay
m2  5,0 > nasarekek nad ,g/lm 5,0 ratikes irop mulov ,g/

 isakifiseps  naktapadnem kutnU .mm/gk γ- lA 2O3  naikimed
 lom oisar :tukireb iagabes nataubmep isidnok ,akam

ONH 3 220,0 halada HOOlA/  , HN lom oisar 3 etimheob/  
 halada  nad ,utkaw ,rutarepmet :nagniregnep isidnok ,12,0

 ek rutarepmet nakianek ujal rutarepmet    gniregnep treb -u
tur -  turut  021 halada o  5 ,C o  ,tnm/C  kutnU .maj 3 nad

 ek rutarepmet nakianek ujal ,rutarepmet :isanislak isidnok
rutarepmet  turutreb  isanislak utkaw nad isanislak -  turut

 055 halada o  5 ,C o .maj 2 nad tnm/C   animula ammaG
 aggnaynep kutnu kococ tagnas uti itrepes tafis nagned

 silatak nitaertordyh  g .atfan  

hisaK amireT napacU  
 animatreP .TP adapek hisak amiret nakpacugnem siluneP

 .ini naitilenep ianadnem nanekreb halet gnay )oresrep(  

akatsuP ratfaD  
.5002 ,.E ,nnelG nad ,.P .W ,ogeiddA  lA htgnertS hgiH -u

stnemeC anim .7531404002 netaP SU ,  

 nad ,.G ,anleuB  ,.S.Y ,niL .9991  loS - seM devireD leG -o
 suorop - lA 2O3  ,selunarG M dna suoroporciM -e

slairetaM suoropos 953 ,03 , - .963  

.D.A.M ,opserC ,7002 ,   gnitaertordyH no stceffE troppuS
 ,stsylataC oMiN fo ytivitcA tcarahC slairetaM -e

noitazir 468 ,85 , – .378  

 .reppinK .J kraM dna ,krewdnaH .E nnelG ,.H semaJ ,yraG
cE dna ygolonhceT gninifeR muelorteP .4891 -o

5 .scimon ht  .sserP CRC .de  

 ,.B ,łewaG ,.G ,eyØ nad ,.K ,łewaG  0102 . loS -  leG
noN fo sisehtnyS - aciliS    ,slairetaM cihtilonoM

 ,3 ,slairetaM 5182 -  .3382  

.0002 ,.Z ,kabraS nad ,.M ,ikswodnaweL   fo tceffe ehT
H dna noitaziruflusedordyH no noitiddA noroB -y

lA/oMiN fo ytivitcA noitanegortinedord 2O3 taC -a
 ,tsyl leuF 784  ,97  , - 594  

 .2002 ,.D.M ,ecallaW nad ,.J.R ,reissuL dyhirT animulA -a
 ,emuloV eroP hgiH devireD etar  ecafruS hgiH

 fo sdohteM dna etisopmoC edixO munimulA aerA
esU dna noitaraperP riehT .1B653046 netap SU ,  

,.Y ,otomakO   ,.N ,adataK ,.S ,onemU ,.K,iakaN ,.Y ,amirA
 ,.Y ,iakA ,.M ,adamaY ,.T ,akanaT ,.H ,adihsoY
 ikiM  ,.H ,otomustaM ,.A ,amijihsiN ,.K ,awageS

amijihcU ,dna awiN .8991 ,.T ,    ehT no ydutS A
 stsylataC edixO lateM detroppuS fo noitaraperP

CRJ gnisU -  fo noitaraperP .I .stsylataC ecnerefeR
anedbyloM a -  ecafruS .1 traP .tsylataC animulA

animulA fo aerA , areneG :A sisylataC deilppA l, 
 513 ,071 - .823  

ahciR nosdr , 91 89  . tnempoleveD tsylataC fo elpicnirP  ,
.kroY weN ,sserP munelP  

 :)6991( ,.E.F ,htosssaM nad ,.S.B ,nesualC ,.H ,eospoT
  ,ygolonceT  dna ecneicS :sisylataC gnitaertordyH

.namreJ ,regnirpS  

 ,.H ,eospoT aL .V eppeJ ,.K.J ,voksrøN ,.B ,nnamenniH -u
 ,nestir ,.V.J   ,nesnaH .L luoP ,.F ,rehcabneseB

 ,nesdunK nad,.G.R ,grebegE ,.G ,tfotyH ,.L.P
 ,.G.K I troppuS dna syawtaP fo eloR ehT .5002 -n

 ytivitcA hgiH fo tnempoleveD eht ni snoitcaret
 ,tsylataC gnitaertordyH yadoT tsylataC  701 , – 

 21 ,801 -  22  

erP  .5002 ,.X ,gnaW lamrehT hgiH fo noitarap -  elibatS
 ,dohteM noislumeorciM esreveR yb animulA M -a

,scisyhP dna yrtsimehC lairet  522 ,09 - .922  

 02%noisurtxE/aoclA/sFDP/moc.mehclatsaoc.www  
fdp.animulA02%QiH02%fo 0102 iluJ 71 , . 

 


