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 artsbA tc  )II(dC dezisehtnys yllufsseccus neeb sah hcraeser siht nI - dC( remyloP detnirpmI -
 ecneserp eht ni edyhedlamrof dna dica cilycilas fo noitaziremylop eht hguorht )PI

)II(dC fo sexelpmoc latem fo -4- 2( - )ozalydiryp  .lonicroser   yranib fo nosirapmoC
 rof yrtemoihciots xelpmoc dC  4 dna - 2( -  eht gnisu denimreted lonicroser )ozalydiryp

 rof oitar mumixam eht dna dohtem boj dC )II(  .1:1  deniatbo RAP :   fo sisehtnyS
)II(dC -  lamreht eht htiw tuo deirrac saw remyloP detnirpmI  .noitasiremilop T  eh

 RITF yb deziretcarahc erew sisehtnys fo stluser  fo erutcurts eht sisylana htiw
sremylop )II(dC no )II(dC . -  fo noitulos a htiw devomer eb nac remyloP detnirpmI

 neeb evah taht sremyloP .M 50.0 ATDE rof gnitnirp   ot desu )II(dC snoi
oitneter eht eziretcarahc .dohtem hctab yb seitreporp n   erew sisehtnys fo stluser ehT

 yb deziretcarahc etacidni SAA  t  saw )II(dC rof yticapac noitprosda mumixam eh
98,002  .setunim 08 fo emit tcatnoc a htiw 6 Hp ta g/gµ  remyloP detnirpmI noI s  saw

 eht rof yldetaeper desu tartnecnocerp  noitacilppa dna noi  tnecrep eht htiw semit 3 ot
%59 naht ssel ton yrevocer fo  .  dna  rotcaf noitartnecnocerp  fo eulav deniatbo ehT

 eht ni esu ot hguone llew era slairetam lanoitcnuf taht dewohs yrevocer tnecrep eht
.)II( dC fo sisylana ecart  

yeK :sdrow  dC I( )I  , remyloP detnirpmI noI )sPII( s , RAP , S ,noitartnecnocerP  dilo
noitcartxe esahp  

   

.1  nauluhadneP  
 ini taas adap igolonket nad nauhategnep umli naujameK
 gnay kapmad nakirebmem tubesret laH .tasep haltagnas

 rotkes nagnabmekrep adap fitisop .irtsudni   ,numaN
 tubesret KETPI naujamek nad irtsudni nagnabmekrep
 habmil apureb nagnukgnil naramecnep aynidajret ucamem

tareb magoL .tareb magol   nad labmit ,muimdak itrepes
 ,hamit  naka aisunam hubut malad kaynab tapadret alibapa

tikaynep naktabikagnem - nep  nanaket nad turep adap tikay
laum itrepes susu adap -  mark nad ,eraid ,hatnum ,laum

turep d aguj ,  muimdak itrepes tareb magol awhab iuhateki
tual emsinagro igab nucareb tagnas  hgniS .K vurhD(  & 

.)9002 ,arhsiM ahddarhS  
 naitilenep lisah nakrasadreB  .P.G nad ihtapalahC .K

 haiaddaM  idajret halet nakisakidniid 0102 nuhat
 nariarep id irtsudni habmil helo muimdak naramecnep
 tapad nad satab gnabma ihibelem halet gnay rawat

 nakrasadreB .nanucarek nakbabeynem P  narutare
oN hatniremeP rom  mumiskam radak 0991/02   ria malad dC

/gm 500,0 rasebes munim  nad L ,2  069 m  rawat ria id L/g
(  ,damhA 002 9  .)  nakgnabmekid ulrep ,uti anerak helO

 nautnenep edotem nakgnabmegnem kutnu edotem utaus
 halmuj malad nariarep nagnukgnil id muimdak radak

 .kiner  
s )II(dC sisilana kutnu edoteM  kaynab hadu

 nad kapmat ranis irtemotofortkeps itrepes nakgnabmekid
 tareb magol ,numaN .mota napares irtemotofortkeps
 irtsudni habmil malad nakumetid asaib ini )II(dC itrepes

natural nad -  .timur skirtam ikilimem gnay nial natural
 ,uti nialeS k nagned muimdak  malad kiner isartnesno

 edotem nagned nakutnetid kaynab halet ria lepmas
 noissimE cimotA amsalP delpuoC ylevitcudnI

 yrtemortcepS PCI( -  edotem ,riac ifargotamork ,)SEA
 nagned nad ,aimikortkele  cimotA ecanruF tifarG

noitprosbA   yrtemortcepS ( )SAAFG( lahiM y ravO i  , 2002  .)
 tubesret edotem nagned sisilana malad aladnek utas halaS
 ,hadner tagnas nagnukgnil id muimdak isartnesnok halada

isartnesnokarp nad nahasimep nakukalid ulrep aggnihes  ,
.laham gnay natalarep ayaib atres  
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am ,sata id edotem nahamelek isatagnem kutnU ak  
 ini naitilenep adap nakgnabmekid naka gnay edotem
 masa remilopok nagned noi katecnep remilop halada
 ikilimem noi katecnep remiloP .adihedlamrof nad talisilas

 aynada utiay nahibelek  gnay sativitkeles nad iggnit  
ggnit gnay sativitkeleS .hadum aynisaraperp remilop irad i -

 )sPII( noi katecnep remilop  aynada nakbabesid  yromem
 tceffe hret remilop utaus irad  magol noi iskaretni pada
nagned   nagnalib ,isanidrook irtemoeg ,kifiseps nagil

 magol noi naruku aguj nad nataum ,magol noi isanidrook
tubesret  .  edoteM  ini gnem  gnay magol noi nakatec naklisah

remilop malad id takiret  ,  sapelid magol noi ayntujnales
 fitkeles gnay nakatec naklisahgnem remilop skirtam irad

katecid gnay noi padahret .  rudesorp iulalem ini sisilanA
 halas nahibelek ikilimem gnay ,tadap asaf iskartske

tas .tapec hibel aynnaanaskalep aynu   nakanugid uti nialeS
 talehkgnep nagil 4- 2( - ozalydiryP ) lonisroser  ( )RAP   gnay

m sativitkeles ikilime  iskartske kutnu iggnit  (dC )II   irad
riac natural  hgniS .K vurhD(  &  .)9002 ,arhsiM ahddarhS

remonoM  talisilas masa halada nakanugid gnay   nanurut(
 upmam gnay adihedlamrof nad ,)lonef iskordih irad
 nad tauk aynisanidrook ,sanap nahat remilop naklisahgnem

 noi kutnu kiab aynsatilibats eF +3 uC , +2 iN , +2 oC , +2 nZ , +2  ,
dC +2  bP nad  +2 )0102 ,demahA( . alisilas masA t  apureb

 ,rakabret hadum ,libats tafisreb ,anrawreb kadit latsirk
 ,ria malad tural tikides ,tauk isadiskognep nad iskuderep
 itrepes ralop kinagro turalep malad tural hadum aynkilabes

 .)7002 .ayteS ,ijnaP & naitsirK ,okeiR( lonate  nakgnadeS
dihedlamrof  imem gnalis nataki ikil  gnay  nakanugid   malad

sisetnis  lonef itrepes remilopok -  adihedlamrof  masa nad
talisilas - adihedlamrof  hgniS .K vurhD(  &  ahddarhS

.)9002 ,arhsiM   ini naitilenep malad uti anerak helO
talisilas masa nakanugid   nad  iagabes adihedlamrof

remilopok   isartnesnokarp kutnu tadap asaf iskartske adap
 noi )II(dC  4 nagil nakanuggnem - 2( - ozalidiriP  ) r lonisrose  

.)RAP(  

.2  edoteM nad nahaB  
 radnats saleg natalarep halada nakanugid gnay natalareP
 natalarep aparebeb alup nakanugid ,aimik muirotarobal

eP :utiay aynnial  ,kitengam kudagn etalp toh retemomret ,  ,
 nad .retem Hp   nakanuggnem sisetnis napahat adap sisilanA

ortkeps otof tem re  arfnI mrofsnarT reiruoF  deR   .)RITF(
dC magol noi radak sisilana nautneneP )II(   nakukalid

 nakanuggnem nagned A noitprosbA cimot  
 retemotohportcepS ( .)SAA  nahaB -  nakanugid gnay nahab

 orp nainrumek tajared ikilimem ini naitilenep malad
nahab nupadA .)a.p( sisilana -  nakanugid gnay  nahab

4 ,lCH halada - 2( -  masa ,)RAP( lonicroser )ozalidiryP
 kudni natural ,ATDE ,%73 adihedlamrof ,talisilas  ,)II(dC

.tatesa masa nad ,tatesa muirtan ,md auqa  

.1.2  PII sisetniS  

: utiay pahat agit irad iridret ini PII sisetniS  

.a   irtemoikiots nagnidnabrep nautnenep kutnu boj edoteM
RAP : dC  

 edotem ,aynaudek lom nagnidnabrep nakutnenem kutnU
 halada nakanugid gnay ohtem boj d  aparebeb taubiD .

 1:1 ; 5,0:1 ; 1,0:1 utiay RAP : dC lom nagnidnabrep isairav
 ;  nad naturaL .2:1 -  aynisnabrosba rukuid ulal ini natural

VU retemotofortkeps nagned -  gnabmoleg gnajnap adap siV
.mn 883  

.b  nagil nad magol renib skelpmok nakutnebmeP  

)II(dC skelpmoK   nagnidnabrep nagned RAP nagned
,0 nakrupmacnem nagned taubid 1:1 irtemoikiots 53822  

HC(dC marg 3 )OOC  2  nad 12512,0  RAP marg   ulal
 : lomm 1 nagnidnabrep( md auqa Lm 01 malad nakturalid
 kudagnep nagned maj 2 amales kudaid naidumek ,)lomm 1

arepmet adap kitengam 2 ± 52 rut o  .C  

.c   talisilas masa nagned renib skelpmok isasiremilopoK
adihedlamrof nad  

  nagned nakrupmacid taubid halet gnay renib skelpmoK
 masa assam nagned ,adihedlamrof nad talisilas masa

 adihedlamrof nad marg 218,31 talisilas 6934,14   uata marg
agnidnabrep  lCH nakhabmatid aguj lom 3,0 : lom 1,0 lom n

 naidumek ini narupmaC .silatak iagabes Lm 02 M2
01±041 rutarepmet adap maj 01 amales skulferid o  nagned C

 .uynitnok gnay nakudagnep atres gnerog kaynim sagnanep
naklisahid gnay remiloP   nad md auqa nagned icucid

1±05 rutarepmet adap nevo nagned nakgnirekid o  remiloP .C
06 naruku iapmas suregid ini gnirek hadus gnay -  .hsem 001

 ini remilop lekitrap )II(dC noi naksapelem kutnU
.M 50,0 ATDE Lm 001 natural nagned nakiskaerid   kutnU

 amas gnay hakgnal nakukalid PIN sisetniS  PII nagned
.)II(dC naktabilem kadit ajas aynah  

.2.2  sisetnis lisah isasiretkaraK  

PII napareS – dC  id haletes nad mulebes nakkatnok   nagned
 tahilem nagned PIN napares nagned nakgnidnabid ATDE

ortkeps nagned isgnuf sugug naadebrep otof  retem  reiruoF
deR arfnI mrofsnarT  RITF( .)  

.3.2   edotem mumitpo isidnok nautneneP hctab  

.a  mumitpo Hp nautneneP  

gnisaM - s gnisam ,0 kaynabe 1  marg dC - PIN nad PI  
 nagned mpp 1 )II(dC natural Lm 02 nagned nakkatnokid

 irad Hp isairav 4- C .maj 2 amales 7  gnirasid ini narupma
kuid helorepid gnay tartlif ulal  ru  nagned aynisnabrosba

A noitprosbA cimot   retemotohportcepS ( .)SAA  

.b  mumitpo katnok utkaw nautneneP  

gnisaM - s gnisam ,0 kaynabe 1  marg dC - PIN nad PI  
id nakkatnok   malad  02  natural Lm dC  )II(  1  mpp  Lm 5 nad

 Hp reffub 6,  utkaw isairav nagned katnok  utiay  02 -  021
tinem . C  helorepid gnay tartlif ulal gnirasid ini narupma

 rukuid  nagned aynisnabrosba A noitprosbA cimot  
 retemotohportcepS ( .)SAA  
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.c  isprosda satisapak nautneneP  

gnisaM - s gnisam ,0 kaynabe 0050   marg dC - PIN nad PI  
 amales madnerid tinem 08   malad 20  natural Lm dC II(  )  1

 Hp reffub Lm 5 nad mpp 6,  isartnesnok isairav nagned 5,2 -
5,21  .mpp   naidumeK c  tartlif ulal gnirasid ini narupma

 rukuid helorepid gnay  nagned aynisnabrosba A  cimot
noitprosbA   retemotohportcepS ( .)SAA  

.d  nagnukgnil lepmas adap isakilpA  

S ,0 kaynabe 0050   marg dC -  noi PI  amales madnerid  08
tinem   malad 20  natural Lm lepmas .  naidumeK c  narupma

rukuid helorepid gnay tartlif ulal gnirasid ini   aynisnabrosba
 nagned A noitprosbA cimot   retemotohportcepS (  .)SAA

 ,)II(dC gnudnagnem gniras satrek id nahatret gnay udiseR
)II(dC   nagned igal sapelid ini PII helo paresret hadus gnay

 rukuid ini naturaL .M 50,0 ATDE natural nakanuggnem
 nagned aynisnabrosba ilabmek A noitprosbA cimot  

 retemotohportcepS (  nakukalid ini naabocreP .)SAA
.ilak 3 kaynabes  

.3  nasahabmeP nad lisaH  

.1.3   sisetniS pmI noI ( sremyloP detnir PII )s  

.a   nagil nad magol renib skelpmok nakkutnebmeP
)RAP nad )II(dC(  

 nakkutnebmep utiay renib skelpmok nakkutnebmeP
 ,rusnu sinej aud helo nususid gnay awaynes skelpmok
 kutnebid nagil nad magol renib skelpmok ini lah malad

4 nad )II(dC nakrupmacnem nagned - 2( -  )ozalidiryP
 nakukalid aynmulebes numaN .)RAP( lonicroser

 naabocrep  nad )II(dC lom nagnidnabrep nakutnenem kutnu
 nagned nakutnetid ini renib skelpmok irtemoikiotS .RAP
 noi iskaretni adap nakrasadid ini edoteM .boj edotem
 taubid ini lah malaD .RAP nagil nagned )II(dC magol

RAP nagned )II(dC lom nagnidnabrep isairav aparebeb  
VU retemotofortkeps nagned aynisnabrosba rukuid ulal -

 lom nagnidnabreP .mn 883 gnabmoleg gnajnap adap siV
 lom nakgnades RAP lom nakisairavmem utiay taubid gnay
 nakrulaid helorepid gnay ataD .patet taubid )II(dC kutnu

 malad  gnay 1 rabmag nidnabrep helorepid  mumiskam nag
 .RAP nad )II(dC renib skelpmok aratna  

 
 rabmaG 1. k boj edotem avruK )II(dC skelpmo - RAP                  

 aud helorepid tubesret kifarg nagnotoprep iraD
 x403,1 = y nad 381,0  + x064,1 = y utiay ,sirag naamasrep

 + 862,0 .  tapad x ialin ini sirag naamasrep aud iraD
 akgnA .5,0 halada nagnutihrep lisah x ialin nad ,gnutihid
 helo nakkujnutid gnay lom iskarf nakkujnunem 5,0
 nagnidnabrep nakapurem anamid ,1:1 lom nagnidnabrep

sam gnay RAP nad )II(dC skelpmok kutnu mumiskam  hi
.satiraenil sirag malad   nagned nakgnidnabid aguj ini lisaH

 .RAP nagned magol skelpmok ianegnem naitilenep
.kkd ,vurhD turuneM ,  nuhat adap aynnaitilenep malad

9002  .1:1 halada RAP nagned magol lom nagnidnabrep ,
agned utiay amas aguj nakanugid gnay edoteM  edotem n

 ianegnem silunep naitilenep lisah idaJ .boj  nagnidnabrep
 sisetnis kutnu nakanugid tapad ini renib skelpmok  noI

sremyloP detnirpmI  .ayntujnales )sPII(  

.b   nad talisilas masa nagned renib skelpmok isasiremiloP
adihedlamrof  

 gnay harem nalapmug kutnebreb helorepid gnay lisaH
 takignep aynada anerak nakbabesid ini laH .sarek nad ukak
 gnalis nataki kutnebmem gnay adihedlamrof utiay gnalis
 gnay remilop awaynes kutnebret aggnihes remilop malad

 .digir  

 
 rabmaG 2. p iskaer emsinakeM dC nakutnebme - PI  

 
p iskaer emsinakem malaD dC nakutnebme -  tahilret PI

 adap G drook nelavok nataki kutnebret awhab 2 rabma -i
 anerak kutnebret ini natakI .magol nad remilop aratna.tan

utiay ,)BEP( sabeb nortkele nagnasap tapadret   nad O irad
 .)II(dC magol nagned tauk natakireb gnay N 4nagiL - 2( -

rt nagil iagabes kadnitreb )RAP( lonicroser )ozalidiryP -i
 tatnedonom nad )II(dC magol takignem gnay tatned  irad

 takiret gnay )II(dC noi naksapelem kutnU .talisilas masa
 adap  detnirpmI noI emyloP tubesret r

862,0 + x403,1 = y
789,0 = ²R

381,0 + x064,1 = y
489,0 = ²R
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 nega iagabes narepreb ATDE .M50,0 ATDE nakanugid
 aggnihes tatnedaskeh nagil ikilimem gnay ,talehkgnep

rem ATDE .)II(dC isneterem nad takignem tauk upmam -u
 gnay nagil apureb  taliskobrakilop onima masa nakap

g audek nagned )II(dC noi takignem eek nad anima sugu -m
 ikilimem ATDE uti anerak helO .ayntaliskobrak sugug tap

nidnabid )II(dC noi takignem kutnu iggnit gnay satinifa -g
 kutnebmem tapad nad nial gnay talehkgnep nagned nak

 .tauk tagnas gnay skelpmok awaynes  

.2.3  sisetnis lisah isasiretkaraK  

ps lisaH  murtke  adap G )a(3 rabma   aparebeb nakkujnunem
 awhab nakitkubmem upmam gnay gnitnep isgnuf sugug

dC - remyloP detnirpmI   .kutnebret hadus naknigniid gnay
6952 gnabmoleg gnajnap adaP - mc 8503 -1  nakapurem

 isarbiv kutnu kitsiretkarak gnihcterts   sugug kutnu –  .HO
tnU  gnabmoleg nagnalib adap tapadret O=C isarbiv ku

mc 8561 -1  .  isarbiv kutnu gnabmoleg nagnalib aynadA –  HO
 masa remid kutnebret PII adap anerak ini O=C nad
 kutnu utiay aynnial kitsiretkarak napares kacnuP .talisilas

 nad N=C> - N=N – mc 5,6441 nad 9,0941 adap -1  .  kacnuP
mc 4,5021 adap -1  isarbiv  nakkujnunem  gnihcterts  kutnu

C– .N  

 murtkeps lisaH  adap G )b(3 rabma   nakkujnunem
 remilop kutnu sahk gnay gnitnep isgnuf sugug aparebeb
 gnabmoleg gnajnap adaP .adihedlamrof nad talisilas masa

 6,0852 - mc 8,3303 -1  isarbiv kutnu kitsiretkarak nakapurem
gnihcterts   sugug kutnu –  ek naresegrep idajreT .HO

 isarbiv kutnu licek hibel gnay gnabmoleg nagnalib –  ini HO
RI murtkeps nagned nakgnidnabid akij -  irad utiay ,PII

mc 9,8503 gnabmoleg nagnalib -1  nagnalib idajnem
mc 8,3303 gnabmoleg -1  kutnu idajret aguj amas gnay laH .

 nagnalib nanurunep imalagnem gnay O=C isarbiv
mc 0071 ratikes irad gnabmoleg -1 mc 7,8561 idajnem -1  .

 isarbiv kutnu gnabmoleg nagnalib naresegreP –  nad HO
nebret PIN adap anerak ini O=C  .talisilas masa remid kut  

 aynsusuhk nad aynmumu adap kitamora nicnic kutnU
 sahk gnay kacnup ada talisilas masa iraj kidis haread adap

mc 5,897 gnabmoleg gnajnap adap utiay majat gnay -1  gnay
 tubesid noisrot gnir  nicnic nakisakifitnedignem ini kacnuP .

ezneb  anezneb nicnic kaynab nikameS .isutisbusret gnay an
 gnabmoleg gnajnap adap kacnup akam isutitsbusret gnay

mc 5,897 -1  hibel gnay gnabmoleg gnajnap ek resegreb naka
mc 6,497 idajnem licek -1  gnabmoleg nagnalib naresegreP .

asiremilop nakkujnunem kiab pukuc ini  talisilas masa is
 .nakukalid lisahreb hadus adihedlamrof nagned  

 

 
)a(                                                                    )b(  

3 rabmaG . PIN RI murtkepS )b( ;sPII RI murtkepS )a(  
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 awhab nakitkubmem upmam gnay gnitnep isgnuf sugug
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6952 gnabmoleg gnajnap adaP - mc 8503 -1  nakapurem

 isarbiv kutnu kitsiretkarak gnihcterts   sugug kutnu –  .HO
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 kutnu utiay aynnial kitsiretkarak napares kacnuP .talisilas

 nad N=C> - N=N – mc 5,6441 nad 9,0941 adap -1  .  kacnuP
mc 4,5021 adap -1  isarbiv  nakkujnunem  gnihcterts  kutnu

C– .N  

 murtkeps lisaH  adap G )b(3 rabma   nakkujnunem
 remilop kutnu sahk gnay gnitnep isgnuf sugug aparebeb
 gnabmoleg gnajnap adaP .adihedlamrof nad talisilas masa

 6,0852 - mc 8,3303 -1  isarbiv kutnu kitsiretkarak nakapurem
gnihcterts   sugug kutnu –  ek naresegrep idajreT .HO

 isarbiv kutnu licek hibel gnay gnabmoleg nagnalib –  ini HO
RI murtkeps nagned nakgnidnabid akij -  irad utiay ,PII

mc 9,8503 gnabmoleg nagnalib -1  nagnalib idajnem
mc 8,3303 gnabmoleg -1  kutnu idajret aguj amas gnay laH .

 nagnalib nanurunep imalagnem gnay O=C isarbiv
mc 0071 ratikes irad gnabmoleg -1 mc 7,8561 idajnem -1  .

 isarbiv kutnu gnabmoleg nagnalib naresegreP –  nad HO
nebret PIN adap anerak ini O=C  .talisilas masa remid kut  

 aynsusuhk nad aynmumu adap kitamora nicnic kutnU
 sahk gnay kacnup ada talisilas masa iraj kidis haread adap

mc 5,897 gnabmoleg gnajnap adap utiay majat gnay -1  gnay
 tubesid noisrot gnir  nicnic nakisakifitnedignem ini kacnuP .

ezneb  anezneb nicnic kaynab nikameS .isutisbusret gnay an
 gnabmoleg gnajnap adap kacnup akam isutitsbusret gnay

mc 5,897 -1  hibel gnay gnabmoleg gnajnap ek resegreb naka
mc 6,497 idajnem licek -1  gnabmoleg nagnalib naresegreP .

asiremilop nakkujnunem kiab pukuc ini  talisilas masa is
 .nakukalid lisahreb hadus adihedlamrof nagned  

 

 
)a(                                                                    )b(  

3 rabmaG . PIN RI murtkepS )b( ;sPII RI murtkepS )a(  
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 nega iagabes narepreb ATDE .M50,0 ATDE nakanugid
 aggnihes tatnedaskeh nagil ikilimem gnay ,talehkgnep

rem ATDE .)II(dC isneterem nad takignem tauk upmam -u
 gnay nagil apureb  taliskobrakilop onima masa nakap

g audek nagned )II(dC noi takignem eek nad anima sugu -m
 ikilimem ATDE uti anerak helO .ayntaliskobrak sugug tap

nidnabid )II(dC noi takignem kutnu iggnit gnay satinifa -g
 kutnebmem tapad nad nial gnay talehkgnep nagned nak

 .tauk tagnas gnay skelpmok awaynes  

.2.3  sisetnis lisah isasiretkaraK  

ps lisaH  murtke  adap G )a(3 rabma   aparebeb nakkujnunem
 awhab nakitkubmem upmam gnay gnitnep isgnuf sugug

dC - remyloP detnirpmI   .kutnebret hadus naknigniid gnay
6952 gnabmoleg gnajnap adaP - mc 8503 -1  nakapurem

 isarbiv kutnu kitsiretkarak gnihcterts   sugug kutnu –  .HO
tnU  gnabmoleg nagnalib adap tapadret O=C isarbiv ku

mc 8561 -1  .  isarbiv kutnu gnabmoleg nagnalib aynadA –  HO
 masa remid kutnebret PII adap anerak ini O=C nad
 kutnu utiay aynnial kitsiretkarak napares kacnuP .talisilas

 nad N=C> - N=N – mc 5,6441 nad 9,0941 adap -1  .  kacnuP
mc 4,5021 adap -1  isarbiv  nakkujnunem  gnihcterts  kutnu

C– .N  

 murtkeps lisaH  adap G )b(3 rabma   nakkujnunem
 remilop kutnu sahk gnay gnitnep isgnuf sugug aparebeb
 gnabmoleg gnajnap adaP .adihedlamrof nad talisilas masa

 6,0852 - mc 8,3303 -1  isarbiv kutnu kitsiretkarak nakapurem
gnihcterts   sugug kutnu –  ek naresegrep idajreT .HO

 isarbiv kutnu licek hibel gnay gnabmoleg nagnalib –  ini HO
RI murtkeps nagned nakgnidnabid akij -  irad utiay ,PII

mc 9,8503 gnabmoleg nagnalib -1  nagnalib idajnem
mc 8,3303 gnabmoleg -1  kutnu idajret aguj amas gnay laH .

 nagnalib nanurunep imalagnem gnay O=C isarbiv
mc 0071 ratikes irad gnabmoleg -1 mc 7,8561 idajnem -1  .

 isarbiv kutnu gnabmoleg nagnalib naresegreP –  nad HO
nebret PIN adap anerak ini O=C  .talisilas masa remid kut  

 aynsusuhk nad aynmumu adap kitamora nicnic kutnU
 sahk gnay kacnup ada talisilas masa iraj kidis haread adap

mc 5,897 gnabmoleg gnajnap adap utiay majat gnay -1  gnay
 tubesid noisrot gnir  nicnic nakisakifitnedignem ini kacnuP .

ezneb  anezneb nicnic kaynab nikameS .isutisbusret gnay an
 gnabmoleg gnajnap adap kacnup akam isutitsbusret gnay

mc 5,897 -1  hibel gnay gnabmoleg gnajnap ek resegreb naka
mc 6,497 idajnem licek -1  gnabmoleg nagnalib naresegreP .

asiremilop nakkujnunem kiab pukuc ini  talisilas masa is
 .nakukalid lisahreb hadus adihedlamrof nagned  

 

 
)a(                                                                    )b(  

3 rabmaG . PIN RI murtkepS )b( ;sPII RI murtkepS )a(  
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.3.3  hctaB edoteM mumitpO isidnoK nautneneP  

.a  mumitpo Hp nautneneP  

 )II(dC magol noi isneter padahret mumitpo Hp nautneneP
 edotem nagned nakukalid hctab  PIN nad sPII halmujes ,

 radnats )II(dC natural nagned gnusgnal nakkatnokid
 2 amales   .7 nad ,6 ,5 ,4 Hp utiay Hp isairav nagned maj

Hp aratna avruK   )II(dC isneter satisapak padahret  tapad
 adap tahilid G  tahilret naitilenep lisah iraD )a(4 rabma

awhab   ,mumitpo araces )II(dC isneterem tapad 6 Hp adap
.PIN nupuam sPII kutnu kiab  

ter satisapaK isne   nagned gniries takgninem )II(dC
Hp ayntakgninem  isneter satisapak 6 Hp haletes numan ,
 .nurunem )II(dC  id amaturet masa Hp nagned natural adaP

 Hp hawab 4  , isneter satisapak   idajret ini laH .hadner tagnas
H noi isartnesnok natural malad anerak 3O+  raseb  aggnihes

 )II(dC noi nagned isitepmok aynidajret naknikgnumem
.remilop isneteret taas   raseb hibel )II(dC isprosda ,numaN

 noi isprosda nagned nakgnidnabid H3O+  nagned anerak
 noi akam Hp ayntakgninem H3O+ gnarukreb   aggnihes

.takgninem )II(dC isneter satisapak   naupmameK  remilop
 natural isneterem malad dC  akitek gnarukreb nikames )II(

 helo hunej halet tubesret niser anerak 6 sataid Hp dC noi  .
 ialum 7 sata id Hp adap anerak nurunem aguj isneter ialiN

)HO(dC utiay dC irad adiskordih kutnebret 2  .  ini laH
 nakbabeynem  natural malad id ada gnay )II(dC halmuj

.napadnegnep idajret naka nad gnarukreb  

 

 
)a(  

 rabmaG 4.  )a( o Hp nautneneP mumitp  

.b  mumitpo utkaw nautneneP  

 sPII halmujes ,mumitpo katnok utkaw nakutnenem kutnU
 radnats natural nagned gnusgnal nakkatnokid PIN nad
 taubid katnok utkaW .6 Hp utiay mumitpo Hp adap )II(dC

02 aratna isairavreb -  katnok utkaw nautneneP .tinem 021
 kutnu ini remilop utkaw iuhatekid raga nakukalid ini
 aratna avruK .mumitpo araces )II(dC magol isneterem

utkaw   )II(dC isneter satisapak padahret d  adap tahilid tapa
G awhab tahilret naitilenep lisah iraD .)b(4 rabma   adap

 ,mumitpo araces )II(dC isneterem tapad tinem 08 ek utkaw
.PIN nupuam sPII kutnu kiab  

 nagned gniries takgninem )II(dC isneter satisapaK
em 08 ek utkaw haletes numan ,utkaw ayntakgninem  tin

 aynhabmatreb nagneD .nurunem )II(dC isneter satisapak

 isprosdaret gnay )II(dC kaynab hibel akam katnok utkaw
 .nagnabmitesek uata hunej naadaek iapacnem aggnih
 tapec hibel isprosed ujal ,nagnabmitesek iapacnem haleteS

t gnay isprosda nagned nakgnidnabid  anerak idajre
 ,uti anerak helO .)kinakem nad uhus( rotkaf aparebeb
 kutnu remilop naupmamek tinem 08 irad hibel haletes
 ialin aggnihes igal neisife kadit hadus )II(dC isneterem

 .nurunem fitaler isneter satisapak  
 

 
)b(  

 rabmaG 4. (b  )  nautneneP katnok utkaw  o mumitp  

.c  isprosda satisapaK  

 PIN nad sPII malad kiab )II(dC isprosda satisapaK
d  edotem nagned nakutneti hctab   isartnesnok gnatner adap

5,2 -  rep isrposdaid gnay )II(dC noi halmuJ .mpp 5,21
 nagned gniries takgninem PIN nad sPII assam nautas
 isrposda avruK .)II(dC lawa isartnesnok ayntakgninem

I helo )II(dC G adap tahilid tapad PIN nad sPI  rabma 5  .  
 

 
 rabmaG 5.  avruK a satisapak isprosd  

 
 nagned gniries takgninem )II(dC isneter satisapaK

 .isartnesnok ayntakgninem  ,mpp 01 isartnesnok sata iD
 isprosda satisapaK .natsnok gnurednec isprosda satisapak

marg/gµ 37,011 PIN kutnu nad marg/gµ 98,002 sPII kutnu  .
tnebret gnay aggnoR  nad isprosedid )II(dC noi haletes ku

 aynirtemoeg isanidrook nad naruku gnay noi nakatec
 .raseb hibel sPII isprosda satisapak taubmem iauses  ini laH

 isprosed nad isprosda ayad iaynupmem sPII nakanerakid
 .iggnit gnay  naklisahgnem kadit PIN malad nakgnadeS

sugug anerak kifiseps gnay natakignep satinifa -  sugug
 kaca gnay isubirtsid ikilimem aynremilop malad isgnuf
 gnay natakignep satinifa naklisahgnem kadit aggnihes

.kifiseps  
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 ayntakgninem nagned takgninem noi halmuJ
 nakanerakid ini laH .)II(dC lawa isartnesnok  nagned

 gnay )II(dC akam )II(dC isartnesnok aynhabmatreb
 isprosda satisapak aggnihes kaynab hibel paresret
 aratna mpp 01 )II(dC isartnesnok adap ,numaN .takgninem
 nad nagnabmitesek iapacnem isprosed nagned isprosda

aggnihes ,anrupmes halet naputunep tajared   nad isprosda
.natsnok iapacnem nad amas gnay ujal ikilimem isprosed  

.d  nagnukgnil lepmas adap isakilpA  

 )isprosed( naksapelid sPII helo iprosdaid gnay )II(dC noI
 isproseD .M 50,0 ATDE nakanuggnem nagned igal

inem 08 utkaw gnatner amales nakutnetid mumiskam  ijU .t
dC awhab nakutnenem kutnu -  nakanugid tapad ini PI

 )II(dC isprosed nad isprosda ,nakukalid ilak aparebeb
 helorepid ilabmek nahelorep % lisaH .ilak agit gnaluid

 nakanuggnem nagned %59 irad gnaruk kadit  detnirpmI
remiloP  mek nahelorep % ialiN .amas gnay  kadit gnay ilab

 asib ini remilop awhab nakkujnunem ini %59 irad gnaruk
 ataD .isarenegerid tapad nad ilak aparebeb nakanugid

 isprosed nad isprosda  adap tahilid tapad T .1 leba  
 

1 lebaT .  nesreP p  nahelore k ilabme  

 
 
.4  K nalupmise  

 utaus sisetnisid lisahreb halet ini naitilenep adaP  remilop
noi katecnep  )II(dC .)II(dC kutnu fitkeles gnay -  detnirpmI

remyloP  dC( -  isasiremilop iulalem sisetnisid lisahreb )PI
 skelpmok aynada nagned adihedlamrof nad talisilas masa

)II(dC magol  nagil nad  4- 2( -  noI .lonicroser )ozalydiryp
II(dC adap )II(dC )- remyloP detnirpmI   naksapelid tapad

sda satisapaK .M 50,0 ATDE natural nagned or  isp
 halada )II(dC kutnu mumiskam  98,002  g/gµ  6 Hp adap

 .tinem 08 katnok utkaw nagned remyloP detnirpmI noI   ini
 kutnu gnalureb araces nakanugid  lepmas isakilpa

nagnukgnil   ilabmek nahelorep nesrep nagned ilak 3 aggnih
 .%59 irad gnaruk kadit  

 
amireT napacU  hisaK  

 adapek hisakamiret nakpacugnem siluneP  anailyeM ubI
robal atres nesod hurules nad iradnaluW  halet gnay na

.ini naitilenep naracnalek utnabmem  

 

akatsuP ratfaD  
0102  .la.te .nawsiR A .M ,demahA .  ,sisehtnyS

seiticapaC gnidniB noI lateM ,noitaziretcarahC  
 fo niseR remylopreT a fo snoitacilppA dna

edyhedlamroF/dica cilycilaS/dica cilinarhtnA , 
lanruoJ remyloP nainarI . 536 ,0102 ,)8( 91 - .646  

 tareB magoL naramecneP takgniT .9002 .imsaF ,damhA
 ualuP nariareP id nemideS nad tuaL riA malad

ttuB nad ,aneabaK ,anuM  ,araggneT isewaluS no
711 ,)2( 31 .sniaS ,arakaM - .421  

 ,idansuR ,.A ,namealuS ,.S .A ,naebaggnaP ,.B .M ,narmA
1102 .M  .  sti dna niseR gnitalehC a fo noitaraperP

 rof metsyS noitartnecnocerP a sa noitacilppA
 yb retaW reviR ni muimdaC fo noitanimreteD

jnI wolF sisylanA noitce ,  lanruoJ lanoitanretnI
hcraeseR tnemnorivnE . 135 ,)2( 5 -  .635  

gaB  , 6002 .la.te ,.niyesuH  .  ,norI ,daeL fo noitanimreteD
 yb selpmaS retaW aeS ni cniZ dna esenagnaM
 retfa yrtemortcepS noitprosbA cimotA

501 brosomorhC htiw noitartnecnocerP ,  naisaruE
yrtsimehC lacitylanA fo lanruoJ . 1,1 - .31  

6002 .unsiW ,idayhaC .  nataheseK kepsA nad sisilanA
nagnaP nahabmaT nahaB , atrakaJ ,  imuB.TP

.araskA  

0102 .haiaddaM .P .G dna ,.K ,ihtapalahC  .  esahP diloS
 ni daeL dna muimdaC ,reppoC fo noitcartxE

tnemnorivnE  detavitcA gnisU SAAF selpmaS la
5 htiw deifidoM nobraC - 4( -  lyhtemiD

)onimaenedelyznebonimA -2-  ciozneB yxordyH
dicA ,  lacituecamrahP dna lacimehC fo lanruoJ

72 ,)2( 2 .hcraeseR - .53  

2891 .aicsurF .D .R dna ,gnaihC .A ,.A ,inisroC  .  tceriD
arT fo noitartnecnocerP  suoeuqA ni stnemelE ec

 ,niseR retsE cilyrcA raluciterorcaM no noituloS
yrtsimehC  lacitylanA . 45 3341 , - .5341  

6002 .la.te ,.S ,leinaD  .  remyloP detnirpmI fo sisehtnyS
 s’tI dna suoroponaN noI muidallaP htiw

acimihC lacitylanA ,noitacilppA lacitylanA . 
271,884 - .281  

hgniS .K vurhD  & 9002 .arhsiM ,ahddarhS  .  a fo sisehtnyS
)II(uC weN -  diloS rof remyloP detnirpmI noI

)II(uC fo noitartnecnocerP dna noitcartxE esahP , 
 fo tnemtrapeD ,yrotarobaL hcraeseR lacitylanA
 lacigolonhceT ,reltuB truocraH ,yrtsimehC

etutitsnI . pnaK aidnI ,200802 ru ,  :iod
73301s/5631.01 - 900 - 9731 - 90002 - .21/90/3985  

1102 .naydreF  . muimdaK helo nakbabesid gnay tikayneP , 
/1102/moc.topsgolb.66naydref//:ptth@elbaliavA  

tikaynep/70 - gnay - nakbabesid - helo -  lmth.muimdak
.)1102 rebotkO 02 laggnat seskaid(  

7002 .ayteS ijnaP ,artimA & okeiR ,naitsirK  .  masA
lonehP irad talisilaS , nogeliC  ,  natluS satisrevinU

.asayatriT gnegA  

 

 naabocreP

ek - 

 )II(dC isartnesnoK

L/gm  % yrevocer  

isprosda  isprosed  

1 44,6  12,6  24,69  

2 01,6  98,5  75,69  

3 37,6  34,6  45,59  
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,yaraZ aluyG ,.ylahiM ,iravO  2002 .relssaH negruJ  .  diloS
 noitaziropaV lamrehtortcelE gnilpmaS
 noissimE cimotA amsalP delpuoC ylevitcudnI
 sdopihpmA fo sisylanA rof dohteM cirtemortcepS

( susolliV surammagorekiD selpmaS )  ,
lanruoJ lacimehcorciM . 521 ,37 – .031  

K .R ,.dasarP .K ,.adliteM .P  adasarP .T ,.sidalG .M.J ,.ala
.oaR , 7002 .udiaN .K.R.G  .  detnirpmI noI

 cixoT gnirotinoM rof rosneS desaB sremyloP
 ,selpmaS latnemnorivnE ni muinarU  lacitylanA

atcA acimihC . 741 ,285 - .351  

1691 .cimoT .A  ,.amuranoD .G .l ,osiegeD .C .R  .
I .sdnagiL ciremyloP  dicA cilycilaS emoS .

,sevitavireD  yrtsimehC cinagrO  fo lanruoJ  ,72 .
4241 - .6241  

9002 .arhsiM ahddarhS & .K.D ,hgniS  .  weN a fo sisehtnyS
)II(uC -  esahP diloS rof sremyloP detnirpmI noI

 ,)II(uC fo noitartnecnocerP dna noitcartxE
aihpargotamorhC  .  ,07 9351 - .5451  

BW 2002 .JL lawilaP ,.DH ajenuJ ,.elunruG ,  . noI -
dicA cilycilaS fo seitreporP egnahcxE -
niseR remylopreT edyhedlamrofenimaleM , 

59 ,05 .remyloP lanoitcnuF noitcaeR - 001 . 

 


