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tcartsbA  

 mlap liO knurt   etsaw fo eno f  mor  .aisenodnI ni noitalupop eguh htiw noitatnalp p liO  mla
nurt  etisopmoc citsalp doow rof rellif sa elpmaxe rof ,tcudorp yteirav edam ot desu k )CPW(  .

 fo evitcejbO t  noitidnoc ssecorp enimreted ot yduts sih (  dna ,deeps rotor ,erutarepmet
dnelb emit gni ) fo ytilauq esaercni ot  CPW  . I  llimotsalP obaL epyt rexim lanretn esu  dnelb ot d

 klats mlap lio oitar yb 05/05 )PP( enelyporpylop dna )PSPO( redwop   elihw  rezicitsalp %2
niffarap  dyhna cielam rezilibitapmoc %5 dna )PPAM( enelyporpylop edir  sevitidda sa  .

dnelB  ssecorp gni  deirav  dna mpr 06 deeps rotor htiw Cº081 dna ,C°571 ,Cº071 erutarepmet
 dna etunim 01 rof mpr 08 seitreporp lacinahceM .etunim 51   rof desu htgnerts elisnet   K SIJ

 sihT .dradnats 1876  deeps rotor ,C°071 erutarepmet ni noitidnoc gnixim lamitpo wohs yduts
m dna mpr 08  niatbo htgnerts elisneT .etunim 51 emit gnixi  ot .aPM 18,42  

 :drowyeK  citsalp doow ,htgnerts elisnet ,knurt mlap lio ,rexim lanretni ,ssecorp gnidnelB
 etisopmoc  

 

.1  nauluhadneP  
 dooW c citsalp etisopmo   )CPW(
 nakapurem  iagabes uyak nagnubaggnep

rellif   iagabes kitsalpomret nad xirtam   gnay
 itnaggnep nahab iagabes nakanugid tapad

]2002 ,snomelC[ mala uyak .  kitsalpomreT
 iagabes nakanugid asaib gnay xirtam  

 halai CPW nataubmep malad aneliteilop , 
aneliporpilop  nad  adirolk linivilop  )CVP(  ,

 nakgnades llif re   irad helorepid tapad
idap makes ,imar ,uyak nagnotop  

[ ]7002 ,evosoylK  . relliF   nakanugid gnay
h CPW nataubmep malad  ikilimem sura

ongil inanraK[ asolules   .]7991 ,kkd
songiL  akgnar iagabes isgnufreb asolule

 tafis ikilimem aggnihes CPW irad
nahugetek  halas nakapurem tiwas gnataB .

 .asolules ikilimem gnay nohop utas  radaK
 nagned amas ripmah tiwas gnatab asolules

%83,45 ratikes mala uyak  ]3002 ,saflaB[  .
,numaN   iagabes tiwas gnatab nataafnamep

 gnaruk tiwas nanubekrep habmil utas halas

 .fitkefe  aynranebeS  tiwas gnatab
 iagabes nakidajid isnetopreb rellif   malad

 aynkutnebmem nagned CPW nataubmep
 idajnem s gnatab kubres  .)SBS( tiwa

b ,ini amaleS  halet gnay tiwas gnata
id gnitnalper   aynah  id kupalem nakraibid

nanubekrep nahal  tiwas nanubekrep sauL .
iapacnem uaiR id   aggnih eratkeh atuj 1,2

 nahaL .]8002 ,otnairpuZ[ 0102 nuhat rihka
 tapad eratkeh 0005 ratikes tiwas

m atuj 2 naklisahgnem 3  akiJ .tiwas gnatab
ahal saul nagned ,nakisaluklakid  tiwas n

ratkeh atuj 1,2 ratikes  gnatab habmil akam ,
 asam ikusamem gnay tiwas alper gnitn  

m atuj 048 iapacnem 3  .tiwas gnatab
 kaynab hadus gnay CPW isakilpA
 ,lapak kadaleg iagabes utiay nakparetid
 .hamur gnidnid nad iatnal ,lapak agamred
 natalarep adap nakanugid tapad aguj CPW

erutinruf   nad tala - tala   hamur napakgnelrep
W naanuggneP .aggnat  aparebeb malad CP

.tasep pukuc rihkaret nuhat  



 gnay rotkaf utas halaS
 halada CPW satilauk ihuragnepmem

rezilibitapmoc .  radak huragneP
 rezilibitapmoc m  ciela a  edirdyhn

p enelyporpylo   nad tafis padahret )PPAM(
 .itiletid kaynab halet CPW igolofrom

rezilibitapmoC   takerep iagabes isgnufreb
 nad tiwas gnatab kubres aratna

enelyporpylop  nad )1102( nawainruK .
 helorepmem )7991( inanraK  kiabret lisah

5 PPAM radak adap  narupmac numaN .%
 nad kitsalpomret rellif  y na d g i  nakanug

be  .adebr K  nakanuggnem )1102( nawainru
S narupmac SB - aneliporpilop  nakgnades ,

 inanraK  kkd )7991( ,  nakanuggnem
imar narupmac - lop i neliporp a  aratnemeS .

noB s )0102( kkd e  itilenem   tares tisopmok
ubmab - lop i neliporp a nagned   kinakem tafis

( nerts elisnet g ht   nad htgnerts laruxelf  )
y na l g ebi nakhabmatd akij iggnit h   PPAM
d ne g na  .%4 radak   

 nakanuggnem itilenep aparebeB
 sesorp malad adebreb gnay isarepo isidnok

 .CPW nataubmep  peetarparaN ( 7002 )  ,
 tisopmok taubmem yporpylop nel e  nad

 nagned tares libitapmoc i rez   nagned PPAM
 adap rotor natapecek rexim lanretni   05

071 uhus nad mpr °  .C  nakgnadeS gnaY  kkd  
( 4002 )  nataubmep naitilenep nakukalem

CPW   iagabes idap makes nakanuggnem
rellif   tisopmok nataubmep adap

aneliporpilop   02 rotor natapecek nagned
002 uhus adap mpr º .tinem 51 amales C  

 naitilenep aparebeb nakrasadreB
 gnay CPW satilauk ,aynmulebes
 .)SIJ( radnats ihunemem muleb naklisahid
 anerak agudid ini halasam irad babeyneP
 malad iauses muleb gnay isarepo isidnok
 aud sata nususid CPW .CPW nataubmep

 ;tafis adebreb gnay lairetam ilop porp aneli  
 .)kilifordih( SBS nad )kibofordih(

iporpiloP anel   ratikes helel kitit ikilimem
61 5 C°   helo isadargedret ialum SBS nad

002> uhus adap sanap Cº   uhus aggnihes
nep narupmac  361 - 002 ° .]2002 ,snomelC[ C  

lauK  naklisahid gnay CPW sati
sorp isidnok adap huragnepreb  se

 narupmacnep aneliporpilop   SBS nad
 malad rexim lanretni  SBS satilauk ;

 nakgnades ,nababmelek adap gnutnagret

iporpilop nel a agret   helel kitit adap gnutn
llewoR[ ]8002 ,  CPW nataubmep malaD .

helorepmem kutnu nakujutid   isidnok
 uhus ,narupmacnep utkaw( isarepo
 gnay )rotor natapecek nad ,narupmacnep
 tapad iggnit ulalret gnay uhuS .iauses
 nakgnades ,sugnah SBS nakbabeynem
 nakbabeynem hadner ulalret gnay uhus

aneliporpilop   .anrupmes helelem kadit
ragnepmem narupmacnep utkaW  ihu

halmuj  SBS adap rapapret gnay sanap   nad
lelep e  nah aneliporpilop  nakgnadeS .

 ihuragnepmem rotor natapecek
 tisopmok irad satinegomoh aneliporpilop -

SBS  huragnepreb tagnas tubesret lah agiT .
 iraD .naklisahid gnay CPW satilauk malad

akparahid ,ini naitilenep  helorepid n
 uhus ,narupmacnep utkaw( isarepo isidnok
 gnay )rotor natapecek nad ,narupmacnep
 gnay CPW satilauk aggnihes ,lamitpo
 igrene nad kiab hibel idajnem naklisahid
 CPW nataubmep malad nakanugid gnay
,uti anerak helO .neisife hibel idajnem  

tilenep adap  ianegnem ijakid naka ini nai
uhus huragnep rotor natapecek  ,   nad  utkaw
 narupmacnep igolofrom nad tafis padahret  

.tiwas gnatab habmil sisabreb CPW  
 

.2  igolodoteM  
1.2  nahaB  ukaB  

 helorepid tiwas gnatab ukab nahaB
 nanubekrep irad uaiR ,gnanikgnaB  ,

aneliporpilop   helorepid 0001FP sinej )PP(
 irad  TP  animatreP )oreseP( ,  sinej PPAM

G enelopE -  nad 3003 rezicitsalp   sinej
lakol rasap id ilebid nifarap . 

 
2.2  talA  

 tiwas gnatab nasureggnep sesorP
 )SBS( tiwaS gnataB kubreS idajnem

 nakanuggnem llimwas  sesorp naidumeK .
SBS narupmacnep -  nakanuggnem PP

 rexim lanretni llimotsalP obaL epit  .
P  bals nakutnebme gnem  nakanug  toH

sserP   nad sserP dloC   sinej  onnoG
sserP ciluardyH mc/gk 012 satisapak , 2  .

 nagned iauses iju nemiseps nakutnebmeP
 SIJ radnats  1876 K nuggnem  naka llebmud  .
p nakgnadeS  natalare  naijugnep kutnu  tauk

( kirat elisnet  htgnerts )  nakanuggnem



u m gnitset lasrevin enihca  TCU ledom -  T5
 iskudorp cetneirO  dtL .oC . 

 
3.2  CPW lepmaS nataubmeP  

id tiwas gnataB matek   aggnih
tares kutnebret reS . ta   tiwas gnatab

 maj 42x3 amales ria malad madnerid
 .maj 42 paites ria naitnagrep nagned

 rumejid SBS naidumeK  aggnih nevoid nad
5 ria radak -  kayaid SBS ayntujnaleS .%01

.hsem 001 naruku nagned  
 05/05 habsin nagned PP nad SBS

 maladek nakkusamid rexim lanretni   epit
 llimotsalP obaL  atreseb  rezicitsalp  niffarap

 nad ,%2  rezilibitapmoc  .%5 PPAM
 utiay nakisairavid gnay isarepo isidnoK

071 narupmacnep uhus °C 571 , ºC  nad ,
081 º  01 narupmacnep utkaw amal ;C  tinem

 rotor natapecek atres ;tinem 51 nad
 06 narupmacnep  mpr  nad .mpr 08   haleteS

 sesorp nakukalid ,narupmacnep sesorp
 nalabetek nagned CPW bals nakutnebmep
 nemiseps kutnebid naidumeK .mc 1,0

llebmud  .naijugnep radnats nagned iauses  
 

lepmaS naijugneP 4.2  
 nakukalid gnay sinakem naijugneP

  nakanuggnem m gnitset lasrevinu ca enih  .
 ijU elisnet  htgnerts   radnats nakanuggnem
K SIJ  .1876  

 
3 nasahabmeP nad lisaH  

 tagnas CPW nataubmep sesorP
 nad ,nanaket ,uhus adap gnutnagret

pecek  ,ffonisimerehC[ nakudagnep nata
 .]7891  nakapurem CPW nataubmep sesorP

 tafis nagned lairetam aud nagnubaggnep
 nad )SBS( kipoksorgih ;adebreb gnay
 sesorp malad aggnihes )PP( kibofordih

 aynnataubmep  naitilitetek nakulrepid
 raga sesorp isidnok nahilimep malad
 nad narupmacnep sesorp naklamiskamem

em  naklaminim nakasurek   ,llewoR[ SBS
.]8002   CPW narupmacnep isarepo uhuS

/PP ukab nahab nakanuggnem  SBS  adareb
 aratnaid ( 561 - 002 °)  anamid uhus ,C
iporpilop nel a  nad helelem ialum )PP(

 muleb )SBS( tiwaS gnataB kubreS
.]2002 ,snomelC[ uhus helo isadargedret  

 tauK ( kirat htgnerts elisnet )  naklipmatid
.ini tukireb itrepes rabmag kutneb malad  

 

 
 

.1 rabmaG  huragneP   padahret uhus  elisnet
htgnerts  tinem 01 narupmacnep utkaw adap . 

 
1 rabmaG   nakkujnunem sataid

 awhab  narupmacnep uhus iggnit nikames
 nikames naka nakudagnep sesorp akam
 nahelelep sesorp nakbabesid ini laH .kiab
 .iggnit uhus adap tapec hibel idajnem PP

irop akam PP nahelelep tapec nikameS -
 rutkurts adap irop  xirtam  CPW malad

irop akiJ .akubret tapec nikames -  irop
 xirtam  SBS akam ,anrupmes akubret ini
 iagabes  rellif  isignem hadum hibel naka

 malad gnaur  xirtam  aggnihes CPW
 .kiab hibel idajnem CPW kudorp nataukek

S  01 narupmacnep utkaw kutnu kiabret uhu
071 aratnaid katelret tinem °C- 571 º  .C

081 uhus nupiskeM ° mem C  ikili  elisnet
htgnerts   gnay uhus numan ,iggnit gnay

 iggnit ulalret 012 itakednem( °  )C  tapad
sugnah SBS nakbabeynem . 

  

 
 

.2 rabmaG  huragneP   padahret uhus  elisnet
htgnerts  tinem 51 narupmacnep utkaw adap . 

  
 utkaw nagned aynlah amaS

 ,tinem 01 narupmacnep  2 rabmaG
 nakkujnunem  CPW lepmas nataubmep
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pmacnep utkaw nakanuggnem  51 naru
naklisahgnem tinem  htgnerts elisnet  

 uhus gnatner adap adareb gnay iggnitret
071 °C- 571 °  .C  nakgnidnabid akij ,numaN

 nad tinem 01 narupmacnep utkaw aratna
 51 narupmacnep utkaw akam ,tinem 51

 ikilimem tinem  htgnerts elisnet   hibel
 nikames anerak nakbabesid ini laH .iggnit
 SBS ukab nahab nakatnognep utkaw amal

 ,PP nad  rezilibitapmoc  nad ,PPAM
tsalp  rezici  naka narupmac akam niffarap

 negomoh gnay narupmaC .negomoh hibel
 tauk hibel gnay nataki iaynupmem naka

rak  ane  niffaraP .kiab nagned isgnufreb
irop akubmem naka -  irop xirtam   naka gnay

 iagabes SBS helo isiid rellif  naidumek ,
 helo takiid rezilibitapmoc   .PPAM  

2 nad 1 rabmaG   nakkujnunem
 nataubmep malad lamitpo uhus awhab

dap adareb SBS nad PP irad CPW a 
071 uhus gnatner °C- 571 °C. 

 
 

 
 

3 rabmaG  . huragneP   padahret uhus  elisnet
htgnerts  mpr 06 rotor natapecek adap  

 
 awhab nakkujnunem 3 rabmaG
 gnay uhus ,mpr 06 rotor natapecek nagned

 naklisahgnem  htgnerts elisnet  iggnitret
 adap helorepid  uhus 571 0  .C  adaP

 ,mpr 06 rotor natapecek htgnerts elisnet  
 nagned gnidnabes takgninem gnurednec
 imalagnem numaN .uhus nakianek

nurunep 1 uhus adap na  idajret ini laH .C08
 ialum iggnit gnay sanap anerak
 iatnar sutumem nad SBS isadargednem

enelyporpylop  .  iatnar aynsutup irad tabikA
 enelyporpylop  nahugetek nad nataukek ,ini

 turuneM .nurunem idajnem CPW  snomelC
( 4002  ,) naadebrep  us  naka narupmacnep uh

 ihuragnepmem htgnerts elisnet  anerak  

 utkaw ,uhus( isarepo isidnok nahilimep
 gnay )rotor natapecek nad ,narupmacnep
 kinakem tafis naktakginem naka tapet

.CPW  
 

 
 

4 rabmaG . huragneP   padahret uhus  elisnet
htgnerts  mpr 08 rotor natapecek adap  
 

 huragnep nakkujnunem 4 rabmaG
 padahret uhus htgnerts elisnet   adap

mpr 08 rotor natapecek  nakgnidnabid akiJ .
 ,mpr 08 nad mpr 06 rotor natapecek aratna
 nagned CPW nataubmep sesorp akam

 ikilimem mpr 08 rotor natapecek  elisnet
 htgnerts  ini laH .raseb hibel fitaler gnay

 nakbabesid  hibel gnay rotor natapecek
 aratna idajret gnay nakeseg akam ,iggnit

gnisam -  nikames CPW ukab nahab gnisam
 nakbabeynem ini nakeseG .idajret kaynab

.negomoh hibel CPW narupmac  
iju lisah nakrasadreB   htgnerts elisnet

k helorepid nahurulesek araces  isidno
 CPW nataubmep malad lamitpo sesorp

071 uhus adap tapadret 0  nagned C
 utkaw amal nad mpr 08 rotor natapecek

acnep lisah nagned tinem 51 narupm  elisnet  
htgnerts  .aPM 18,42   nagned lepmaS

 htgnerts elisnet  nakukalid ,ini iggnitret
 naijugnep  gniraet htgnerts   aggnihes
 helorepid aPM 13,16 . 

 
4 nalupmiseK  

 ,uhus iggnit nikameS  tafis  utkaw
 ,rotor natapecek nad ,narupmacnep  akam

s kinakem tafi   naklisahid gnay CPW
 .kiab hibel idajnem  lamitpo sesorp isidnoK

 malad  uhus adap tapadret CPW nataubmep
071 0  nad mpr 08 rotor natapecek nagned C

tinem 51 narupmacnep utkaw amal   nagned
 iju lisah elisnet   nad aPM 18,42 gniraet  

aPM 13,16 iapacnem . 
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hisaK amireT napacU  

hisak amiret nakpacugnem siluneP  
 adapek araduaS  namoyN   nad nawainruK

iliL   nakirebmem halet gnay inaitkaS
CPW naitilenep ianegnem narabmag , atres  

halet gnay itawakiR nad inaivatkO ineR  
 nad utnabmem naras nakirebmem  amales  

.naitilenep naajregnep   
 

akatsuP ratfaD  
,.J ,saflaB   .3002  tiwas uyak isnetoP

etla iagabes  ukab nahab fitanr
nauyakrep irtsudni  .  ranimeS

 nad BPI inmulA nanupmiH lanoisaN
AKPAH ,  BPI nanatuheK satlukaF

.nadeM ,aretamuS lanoigeR hayaliW  
 ,esnoB  .A .R ,edemaM .S .C .M ,.C.B

,initteB .P .H .S nad atsoC   ,0102
a rezilibitapmoC fo tceffE  oobmaB dn

 rebiF netnoC  lacinahceM eht no t
o seitreporP pP f -G-  aM

 dezilibitapmoC
 rebiF oobmaB/enelyporpyloP

setisopmoC  ,  ad oiratisrevinU ortneC
IEF  .  
 ,snomelC .M.C ,  ,2002 dooW -  citsalp

 .setatS detinU eht ni setisopmoc
lanruoJ stcudorP tseroF , 6( 25 ), 01 -

.81  
 ,7891 ,.P.N ,ffonisimerehC  remyloP

,ygolonhceT noisurtxE dna gnixiM  
.kroY weN ,cnI ,rekceD llecraM  

,8002 ,.nanatuheK saniD   iskudorP aniB
nanatuheK  . di.og.tuhped.www//:ptth , 

12  inuJ  2102 . 

 ,.R ,inanraK  ,nayaraN .R nad ,nanhsirK .M
 ,7991 rebifoiB -  decrofnieR

etisopmoC enelyporpyloP  ,  remyloP
ecneicS dna gnireenignE , 2  ,)73(

674 - .384  
 ,7002 ,A ,evosoylK  citsalP dooW

etisopmoC  ,  & yeliW nhoJ  ,cnI ,snoS
.yesreJ weN  

,.N ,nawainruK  102 ,1   huragneP K  isisopmo
K  resilibitapmo M  detaela
P enelyporpylo  ( PPAM  ) T  padahre
S  nad tafi M  igolofro M ireta a  l  dooW

setisopmoc citsalp  ( CPW  ) B  sisabre
L  habmi B  gnata S tiwa  .ispirkS ,

.uaiR satisrevinU  
 ,7002 ,.T ,peetarparaN  fo tceffE

libitapmoC i  gnilpuoC enaliS dna rez
 lacisyhP no tnegA  fo seitreporP
rebiF larutaN -  enelyporpyloP

etisopmoC  , sisehT  eeranaruS .
.ygolonhceT fo ytisrevinU  

 ni segnellahC ,8002 ,M.R ,llewoR
ssamoiB -  ,setisopmoC citsalpomrehT

tnemnorivnE remyloP lanruoJ , 
.nisnocsiW fo satisrevinU  

 ,eeL .B ,kraP .H ,noS .J ,miK .H ,.H ,gnaY
 ,4002 ,gnawH .T nad eciR -h  ksu

 enelyporpyloP delliF ruolF
etisopmoC  ;  lacinahceM  dna

acigolofroM  etisopmoC ,ydutS l
,erutcurtS  36  ,)4002( 503 - 213 . 

 gnednaG IHPA ,1102 ,8002 ,otnairpuZ
 uyaK kirbaP nugnaB V NPTP

tanretlA  ,fi moc.sinsibuair//:ptth ,  42
102 iraurbeF .1  

 
 


