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 artsbA tc  fo noitacifidoM  rebbur larutan  otni  detaelaM  larutaN  ( rebbuR  )RNM fo aera eno si  
taht hcraeser  gnieb si  .depoleved  hcraeser sihT  smia  eht yduts ot  fo tceffe  fo slevel  

edirdyhna cielam  (  )HAM eht dna  gnixim  erutarepmet  eht fo  gnitfarg  fo eerged  
HAM  gnikam no  RNM  . HAM  deirav  slevel  fo  8 ,6  , 01 dna  rhp  (  rep derdnuh  

rebbur  ) eht elihw  gnixim  erutarepmet  deirav saw  531 ta  541 , 551 dna oC  .
M ssecorp noitacifido  lanretni gnisu  htiw rexim  mpr 06  01 rof  setunim  .  eerged ehT
fo  gnitfarg  yb denimreted saw  cirtemirtit  dohtem  yb erehw  RNM  ni  enelyx  noitulos  

detartit saw  fo noitulos a gnisu  HOeM  litnu  noitulos eht  roloc segnahc  morf  nworb  
der ot   ot .egnaro  eht no desaB  fo stluser tset  TF -  RI rof  rebbur larutan  , C-H 

gnihcterts  scitsiretcarahc  ni tnerehni  dnob elbuod eht  C=C  kaep noitprosba  ta si  538  
mc -1 dna  gnihcterts  scitsiretcarahc  enekla  (C C=  ) ta si  kaep noitprosba eht  9561  mc -

1  . eht rof dnA  RNM  , kaep noitprosba eht  edirdyhna  (C O=  ) erew  no detfarg   larutan
rebbur  ta si  kaep noitprosba eht  2171  mc -1  . fo sisylana dnA  fo eerged eht  gnitfarg  ,
dewohs  fo slevel eht taht  HAM -  tfarg tfel eb nac  fo erutcurts eht no  rebbur larutan  

pu  ot  mumitpo  noitidnoc  .  dnA rehgih eht  erutarepmet eht  rehgih eht , fo eerged eht  
fo gnixim  gnitfarg  eht gnikam no  RNM  . tsehgiH  gnitfarg  eerged  ta deniatbo  8 rhp  

HAM  slevel  dna  gnixim  erutarepmet  htiw C°551  fo eerged eht  gnitfarg  fo  395.3 .%  

yeK :sdrow  D fo eerge  gnitfarg  , TF -  ,RI L  sleve fo  cielam  edirdyhna  , M detaela  
R larutaN rebbu  , T erutarepmet eh  

   

.1  nauluhadneP  
 gnay nobrakordih awaynes nakapurem RN uata mala teraK
 .)H( negordih mota nad )C( nobrak mota gnudnagnem
 iulalem mala isasiremilop araces kutnebret mala teraK

 kutnebmem anerposi remonom isida iskaer sic -
enerposiylop rak lisahgnep aragen nakapurem aisenodnI .  te

 nagned ,dnaliahT haletes ainud id audek rasebret mala
 halada aynamatu kudorp sinej rebbuR naisenodnI dradnatS  

)RIS( -  radnatS adap nakrasadid aynsatilauk radnatS .02
60 :INS( aisenodnI lanoisaN - 3091 - ok anamid ,)0991 -m

da terak nakub nenopmok mumiskam isisop  narotok :hala
 negortin nad ,%08,0 paugnem taz ,%00,1 uba ,%02,0

 %06,0 [ 2002 ,namiduB ]. 
 hunej kadit iatnar ikilimem gnay mala terak aynmumU

 isakifidomid uluhad hibelret aggnihes   nad satilibitapmok
nafitkaerek  .narupmacnep adap takgninem mala terak   

m edoteM  halada nakukalid hanrep gnay terak isakifido
 isasinegolah [ 4991 ,notlezaH nad lullE ]  isaelamid uata

[  ;6002 ,kkd ,nosakaN kkd ,gnehZ 002 , 9  ;  hctedemmorhP
 ;0102 ,morpamattaP nad 0102 ,kkd ,ozahcI ]. 

 idajnem isakifidomid mala terak ,ini naitilenep malaD
 rebbuR larutaN detaelaM  sesorp iulalem )RNM( gnitfarg  

 aparebeB .mala terak rutkurts ek )HAM( adirdihna taelam
 awaynes iagabes HAM naanuggnep ,rihkaret nuhat

( gnubuhgnep tnegA gnilpuoC  anerak nakgnabmekid suret )
kgninem naka RN rutkurts ek HAM nakkokgnacnep  nakta

 gnay ayntafis nakanerakid mala terak adap ria isprosda
 odahcaM naitilenep nakrasadreB .kilifordih idajnem

id gnay HAM ,)0002( - tfarg   tapad RN lukelom ek
 isignep nahab isehda nad akum ratna tafis naktakgninem

isakifidom lisah RN .remilop skirtam nagned   nakanugid
 nataubmep kutnu  remotsalE citsalpomrehT  uata )EPT(

 etazinacluV citsalpomrehT .)VPT(  
 rutarepmet nad HAM radak  ,RN isakifidom malaD
 tajared ayn raseb ihuragnepmem tagnas narupmacnep

 gnitfarg  kutnu ,uti anerak helO .RN rutkurts adap HAM
aktapadnem  tajared n gnitfarg   ulrep akam iggnit gnay
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 naitileneP .RN isakifidom malad nagnabmegnep nakukalid
 tajared nakutnenem kutnu naujutreb ini  gnitfarg  mumitpo

 nad HAM radak isairav iulalem RN rutkurts adap HAM
.narupmacnep rutarepmet  

.2  igolodoteM  

.1.2  nahaB  

 mala teraK   mala  terak  halada nakanugid gnay )RN( uata
RIS sinej -  ,iabmuR ,yrciR .TP helo iskudorpid gnay 02

 ek nakkokgnacid gnay )HAM( adirdihna taelaM .uaiR
 iskudorp halada RN rutkurts tdrahcuhcS   26658 GHO

ynamreG ,nnurbnehoH   neuloT .%99 nainrumek nagned
ugid gnay  kadit gnay HAM kartskegnem kutnu nakan

ret kokgnac   rutkurts adap RN   nakanugid gnay notesa nad
 iskudorp halada sisetnis sesorp malad isatipisrep kutnu

 7246 AagK ynamreG ,tdatsmraD   nainrumek nagned  ≥
 naD .%99 nelyx   RNM nakhelelem kutnu nakanugid gnay

 mulebes naB ,ocatarB .TP irad lasareb isartit nakukalid -d
.gnu  

.2.2  talA  

 sesorp kutnu nakanugid gnay natalareP gnitfarg   halada
rexim lanretni   sinej yrubnaB   rotinom nagned B 06B epit
llimotsalp obal  B IOR nad 051R03 ledom -  nagned cc 06

.%08± halada naisignep isatnesrep  . eP isrep kutnu natalar -a
TF iju lepmas nap -  5,0 sipit narabmel malad RI –  norcim 1

 nakanugid  toh TF tala naD .sserp -  kutnu nakanugid gnay RI
 halada remilop awaynes nagnudnak asilana TF murtkepS -

angaM CINMO PSE adap RI -  isuloser retemortcepS 065 RI
 nagned ,mc/2 0004 irad lartkeps narasik - .mc/004   natalareP

 tajared gnutihgnem kutnu nakanugid gnay gnitfarg   halada
 etalp toh  iagabes laggnut rehel hidid ubal ,sanamep iagabes

rosnednok ,kartskeid gnay lepmas kutnu hadaw   gibeil
 ,kilab nignidnep iagabes  elpuocomreht kutnu   narukugnep

rutarepmet    reyemnelre atres skulfer sesorp adap isarepo
.isartit kutnu terub nad  

.3.2  )RN( malA teraK isaraperP  

( mala teraK rebbur larutan licek gnotopid 02 RIS sinej ) -
04 uhus adap nevo malad nakgnirekid naidumek licek o  C

arugnem kutnu maj 42 amales  gnay ria radak ign
 RN ,ayntujnaleS .mala terak maladid gnudnakret

.marg 04 kaynabes gnabmitid   

.4.2  gnitfarG  RN rutkurtS ek HAM  

 maladid isakitsamid )RN( mala teraK  sinej rexim lanretni
epyT yrubnaB   rutarepmet nagned tinem 2 amales B 06B

531 o otor natapecek nad C isakitsam haleteS .mpr 06 r , 
id nad rhp 6 isartnesnok nagned HAM nakhabmatid  rupmac

 kutnu nakukalid amas gnay rudesorP .tinem 01 amales
 isairav nad )rhp 01 nad ,8 ,6( HAM radak isairav

narupmacnep rutarepmet  551 nad ,541 ,531( o .)C  
 

.5.2  TF ijU -  reiruoF( RI  derarfnI mrofsnarT
)ypocsortcepS  

( mala teraK rebbur larutan ret ) - gnitfarg  M  nevo id  HA
021 rutarepmet adap o  katecid naidumek maj 21 amales C

541 uhus adap sanap naket o  aggnihes ,tinem 51 amales C
RN narabmel helorepid naka -g-  naidumek narabmeL .HAM

ap tipejid  tala adap nakkatelid naidumek lepmas tapmet ad
fni ranis haraek r .harema  

.6.2   tajareD nautneneP gnitfarG   edoteM nagned
irtemirtiT  

ret kadit gnay )HAM( adirdihnA detaelaM - gnitfarg   adap
RN .iskartske sesorp iulalem nakgnalihid mala terak -g-

arepmet adap nevo id HAM 04 rut o  maj 42 amales C
 lm 05 nakhabmatid nad marg 5,1 gnabmit id naidumek

neulot ayntujnaleS .   skulferid adap  011 rutarepmet o  C
 nakpadneid naidumek naklisahid gnay leG .maj 3 amales
 id gnay napadnE .hibelreb notesa nahabmanep nagned

 nagned gnirasid naklisah  gnubuhret gnay gniraynep
cucid nad mucav apmop nagned b i ilakre -  nagned ilak

id nakgnirekid naidumek notesa   uhus adap nevo malad
04 o  tajared nakutnenem kutnU .maj 42 amales C gnitfarg  ,

 03 malad nakturalid kutnebret gnay napadne irad marg 3,0
 lm nelyx  erid nad 021 uhus adap skulf oC. S  ,hididnem halete

 sisilordihgnem kutnu gnilus ria setet 2 nakhabmatid
id adirdihna  taliskobrak masa malad  k  skulferid naidume

maj 2 amales  masa isartnesnok nakutnenem kutnU .
 isartitid natural ,taliskobrak  gnay M 10,0 HOaN nagned
 )HOeM( lonatem malad tural  adap   .sanap naadaek  tajareD

 gnitfarg :naamasrep nagned gnutihid  
 

% tfarG  HAM �
Vt x Ct x Ew

W
 x 001 % 

 
V ,anamiD t C ,)L( HOaN emulov halada t esnok halada -n

E ,)L/lom( HOeM malad HOaN isart w lom tareb halada -e
luk  as tareb halada W nad )lom/rg 89( adirdihna taelam -m

.)rg( lep  

.3  nasahabmeP nad lisaH  

.1.3  gnitfarG  RN rutkurtS ek HAM  

 malaD lanretni  rexim   sesorp idajret gnitfarg   ek HAM
 helo ikilimid gnay taliskobrak suguG .mala terak rutkurts
 mala terak aggnihes negordih mota nakitnaggnem HAM

kgnacnep mulebeS .ralop hibel idajnem naklisahid gnay -o
 hibel HAM sugug raga isakitsamid mala terak ,HAM nak

ret hadum - gnitfarg  rutkurts adap   gnay emsinakeM .RN
 sesorp adap idajret nikgnum gnitfarg   rutkurts ek HAM

.1 rabmaG adap tahilid tapad terak  

.2.3   nad HAM radaK huragneP T  rutarepme
P  tajareD padahret narupmacne  gnitfarG  adap

RNM nataubmeP  

006 narasik malad adareb RNM nad RN RI murtkepS -
mc 0081 -1 [ 0102 ,norpamattaP nad hctedemmorhP ]  kutnU .

C nagnagerep kitsiretkarak ,mala terak -  takelem gnay H
 538 napares kacnup adap adareb C=C pakgnar nataki adap  
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1 rabmaG .  iskaer adap idajret nikgnum gnay emsinakeM  gnitfarg  RN adap HAM )6002 ,kkd nosakaN(  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 .2 rabmaG ned rhp 6 RNM )b( RN )a( RITF ijU lisaH 531 narupmacnep rutarepemet nag oC 
 

 
 

.3 rabmaG   tajared padahret narupmacnep rutarepmet nad HAM radak huragneP gnitfarg  RNM nataubmep adap  
 
mc -  1  adareb )C=C( anakla nagnagerep kitsiretkarak nad

mc 9561 napares kacnup adap -1  kacnup ,RNM kutnU .
 gnay )O=C( adirdihna napares  terak adap nakkokgnacid

mc 2171 napares kacnup adap adareb mala -1.  
 tajareD gnitfarg   HAM radak aynkaynab nakkujnunem

ret gnay - tfarg   radak huragneP .mala terak rutkurts malad
 tajared padahret narupmacnep rutarepmet nad HAM

gnitfarg  rabmaG adap tahilid tapad  3.  nikames anamiD
 akam narupmacnep rutarepmet nad HAM radak iggnit

ret tapad gnay HAM iggnit nikames - tfarg   rutkurts adap
.mumitpo isidnok adap aggnih )RN( mala terak   ini laH

 isamrof helo nakanerakid ssorc -  gniknil remilop   nad  ilop
matreb )adirdihna taelam(  tajared aggnihes ,hab gnitfarg  

 nasanamep aynadA .raseb nikames naka helorepid gnay
 sesorp adap  gnitfarg nakbabeynem   mala terak lakidar

 aratna isanibmoker iskaer aggnihes tapec hibel karegreb
 lakidar aratna ,uti nialeS .alup tapec hibel naka lakidar

nad HAM   fitida iskaer idajret mala terak remonom lakidar
.alup tapec gnay kokgnac remilopok kutnebmem gnay  

 tajareD  gnitfarg   helorepid mumitpo  rutarepmet adap
551 narupmacnep o hp 8 HAM radak nagned C  nagned r

p  tajared isatnesre gnitfarg   adaP .%359,3 rasebes
arepmet  ,amas gnay narupmacnep rut  itawelem haletes

 ,rhp 8 HAM radak  tajared  gnitfarg  nakkujnunem
 .nanurunep  kkd ozahcI helo gnukudid ini naitilenep lisaH
gnay )0102(   nakisairavmem  %11 nad 9 ,7 ,5 ,3 HAM radak

tareb  nad   tajared  gnitfarg haletes nanurunep imalagnem  
7 HAM radak itawelem tareb % . D naklupmisi   awhab

 tajared ,rhp 8 HAM radak itawelem mulebes  gnitfarg  suret
 nad takgninem  itawelem haletes nanurunep imalagnem

 .rhp 8 HAM radak  tajared nanuruneP  gnitfarg  nakbabesid
anerak  m aggnihes isasiremilopomoh aynidajret remono -

 kutnebmem kutnu gnurednec adirdihna taelam remonom
 terak iatnar adap lepmenem nakgnidnabid iridnes remilop

.mala  
 gnay )6002( kkd nosakaN helorepid adebreb gnay lisaH

 nagned RN isakifidomem halet  nad 01 ,8 ,6 ,4 HAM radak
1  adap rhp 2 narupmacnep rutarepmet  531 o nad C  

+
 C  = C

CH3

CH2

H

HC

O OO C  = C
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RN isakifidomem gnay )9002( kkd gnehZ   radak nagned
rhp 02 nad 51 ,01 ,5 HAM  adap  rutarepmet  macnep  narup

051 o  radak iggnit nikames awhab nakkujnunem lisaH .C
id gnay HAM -  tfarg  raseb nikames akam RN rutkurts adap

 tajared  gnitfarg RN -g-  .HAM  aynada nakarikrepid ini laH
 isakifidomid gnay mala terak lukelom tareb naadebrep

.kutnebret gnay gnabac iatnar ihuragnepmem aggnihes  

.4  nalupmiseK  
pid narupmacnep rutarepmet nad HAM radak huragneP le -a

 tajared isatnesrep naktapadnem kutnu iraj  gnitfarg  gnay
 nikames awhab nakkujnunem naitilenep lisaH .mumitpo
 akam narupmacnep rutarepmet nad HAM radak iggnit

ret tapad gnay HAM iggnit nikames - tfarg   rutkurts adap
umitpo isidnok adap aggnih )RN( mala terak  .m  tajareD

 gnitfarg   helorepid mumitpo  narupmacnep rutarepmet adap
551 o rhp 8 HAM radak nagned C  p nagned  tajared isatnesre

 gnitfarg  narupmacnep rutarepmet adaP .% 359,3 rasebes
 tajared ,amas gnay  gnitfarg nanurunep nakkujnunem  

p 8 HAM radak itawelem haletes .rh  
 

hisaK amireT napacU  
 yrciR .TP adapek hisak amiret nakpacugnem siluneP
 mala terak nakaideynem aidesreb halet gnay uaiR ,iabmuR

RIS -  aguj siluneP .ini naitilenep ukab nahab iagabes 02
uR nad inaitkaS iliL adapek hisak amiret nakiapmaynem -s

nay inatraM atis  naanaskalep malad utnabmem halet g
 .ini naitilenep  

akatsuP ratfaD  
SFA ,namiduB .,  2002 .  larutaN ni tnempoleveD tneceR“

,”secirP rebbuR  ucirgA no noitatlusnoC ,OAF -l
52 ,emoR ,smelborP ecirP ytidommoC larut -  62

2002 hcraM . 
 

 nad .D .M ,lullE  .R .D notlezaH  ., 4991 ,.  uS lacimehC“ -r
 MDPE dna rebbuR larutaN fo stnemtaerT ecaf
 dna noitcirF no tceffE :sremotsalE citsalpomrehT

 ,”noissehdA .lonhceT .mehC rebbuR 285 .lah ,76 , -
.106  

 

,.N.M ,ozahcI   .C  ,onablA  .J  nad ,selaznoG  .J aneP .,   ,0102
“  larutaN fo nitazretarahC  avassaC/rebbuR

snoitalumroF rebbuR larutaN taelaM/hcratS ” R -e
iretaM y aigrulateM ed anaciremaonitaL atsiv -a

sel 17 ,)1(13 , - 48 . 
 

 ,.H ,liamsI  .A ilsuR   nad  ,.R .A ,aruzA . 6002 . “  fo ydutS
 repaP fo noitcaretnI relliF dna efiL eugitaF

rutaN dezidixopE delliF egdulS  )RNE( rebbuR la
 )RNM( rebbuR larutaN detaelaM dna

setisopmoC ”  , norivnE myloP J  76:51 )7002( –  ,47
42901s/7001.01 IOD - 600 - 3400 -2. 

 
 nad V.A ,odahcaM  .A.J savoC .,   .0002 “ loP gnirotinoM -y

niwT a fo sixA eht gnola noitacifidoM nifelo -
 cielaM II redurtsxE wercS gnitfarG edirdyhnA ”  .
ecneicS remyloP fo lanruoJ 9193 ,)83( A traP : -

2391 . 
 

 ,.C ,nosakaN  .S irawiaS   .A nad ,namaseaK . 6002 . ehT“ -r
taN detaelaM no desaB setazinacluV citsalpom -u

 dnelB fo tceffE :sdnelB enelyporpyloP/rebbuR lar
 ,lacinahceM ,lacigoloehR no soitaR hproM dna -o

 ,”seitreporP lacigol cS dna gnireenignE remyloP -i
ecne 495.lah ,64 , - .006  

 
 ,.C ,nosakaN  .S irawiaS  .A nad  namaseaK .,  6002 . 

“ orP lacigolohproM dna lamrehT ,lacigoloehR -p
aeR stI dna rebbuR larutaN detaelaM fo seitre -c

ahteM lyhteM(yloP htiw gnidnelB evit  ,”)etalyrc
gnitseT remiloP 656 .lah ,52 , - 766 . 

 
 nad ,.S ,hctedemmorhP  .C orpamattaP  .,m 0102 ” . tapmoC -i

 essagaB dna ksuH eciR fo tnemevorpmI ytilib
netloM yb rebbuR larutaN htiw sehsA -  etatS

noitaelaM ”  , R cifitneicS fo lanruoJ naeporuE -e
hcraes 114 ,)3(34 , - 614 . 

 
 ,.Z ,gnehZ  .W  ,neR  .C  ,uX  .W  ,uL  .Y  nad gnahZ  .Y gnahZ  .

9002 . “  deraperP rebbuR larutaN detaelaM
E gnilpuoC sti dna yrtsimehconahceM hguorhT -f

 rebiF nottoC/rebbuR larutaN no stcef
setisopmoC ” seR myloP J 56901s/7001.01 IOD , -

900 - 7039 -6. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 


