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artsbA tc  netfo era sretaW   dna yrucrem ,muimdac sa hcus slatem yvaeh yb detanimatnoc

 ni etalumucca ot nwonk si dael eht tub retaw ni tnetnoc dael wol a hguohtlA .dael
.nosiop a si ti os emit gnol a ni sniamer dna ydob eht   fo sisylana eht rof sdohteM

bP a hcus depoleved neeb sah )II(  )SAA( yrtemotohportceps noitprosbA cimotA s
 ta evitisnes dna elpmis etiuq era sdohtem htob hguohtlA .noitcartxe esahp dilos dna

,slevel noitartnecnoc mpp  bP rof ytivitceles noi eht tub  oT .gnikcal llits si )II(
ac saw yduts siht ni sessenkaew eseht emocrevo dilos fo tnempoleved tuo deirr -

 fo noitazilanoitcnuf yb sremylop gnitalehc gnisu dohtem noitcartxe esahp  eht
bP ezisehtnys ot si remylop )II( - bP( remylop detnirpmi - bP .)PI -  dezisehtnys si PI

f dna dica cilycilas ,dica cilinartna noitaziremylop lamreht hguorht  ni edyhedlamro
rp eht bP fo sexelpmoc latem fo ecnese )II( -4- 2( -  .lonicroser )ozalydiryp

4 dna bP xelpmoc yranib eht rof oitar cirtemoihciotS - 2( -  si lonicroser )ozalydiryp
bP .boj fo dohtem eht yb denimreted -  yb deziretcarahc erew stluser sisehtnys PI

 dna RITF oc mumitpo eht bP rof snoitidn - bP isneterem PI  eht yb denimreted si )II(
bP .htcab dohtem - a dezisehtnys isartnesnokarp PI  fo noitanimreted rof desu dn

bP )II(bP dezisehtnys yllufsseccus yduts siht nI .selpmas retaw revir ni )II( -
bP( remylop detnirpmi -  htiw )PI  a ta ,sruoh 6 rof gnitaeh yb noitaziremylop lamreht

 .1 :1 si RAP : bP fo oitar cirtemoihciots xelpmoc htiw C° 01 ± 041 fo erutarepmet
bP dewohs stluser RITF htiw noitaziretcarahC -  spuorg evah stluser sisehtnys PI

umixam isrposdA .noitcnuf gnidnopserroc pac m bP rof ytica  5153 si mpp 5,21 si )II(
oitprosda fo stluser ehT .setunim 08 fo emit tcatnoc a htiw 6 Hp ta g/gµ  dna n

bP fo noitprosed - bP no PI  elihW .%79 > yrevocer tnecrep egareva na dewohs )II(
bP eht - karp deniatbo selpmas retaw revir eht no snoitacilppa PI 14 rotcaf isartnesno  

bP fo noitartnecnoc eht ,semit  yrevocer tnecrep eht dna ,dnuof erew mpp 69.0 si )II(
r eht htiW .%77.69 fo bP ,stnemirepxe eseht fo stluse )II( - bP( remylop detnirpmi -  )PI

ytivitceles ,ecnamrofrep a gnivah lairetam lanoitcnuf a sa nevorp si   dna ,level
.hgih etareneger  

 
yeK :sdrow  S ,noitartnecnocerP ,daeL )II(bP ,noitcartxe esahp dilo -  detnirpmi noi

RAP ,remylop  

   

.1  nauluhadneP  
 kiab pudih kulhkam igab kokop nahutubek nakapurem riA
 nakgnusgnalem kutnu nahubmut nupuata naweh ,aisunam

irahes nakanugid gnay riA .aynnapudihek sesorp -  irah
 aratna tareb magol ramecnep nahab nakumetid ilakgnires

C( muimdak ,)sA( kinesra ,)gH( irukrem nial  muimork ,)d

 .)bP( labmit nad ,)iN( lekin ,)rC( magol utas halaS  tareb  
 rebmus idajnem gnay  naramecnep  labmit halada amatu

)bP( . 
 araces tapadret gnay tareb magol halada )bP( labmiT
 malad mala id rabesret nad imub karek malad id imala

naanuggneP .licek halmuj  nakanugid saul araces labmit  
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 nahab ,tac irtsudni adap amaturet takaraysam helo
 kirtsil tikgnabmep ,adisitkesni nahab ,kimarek palikgnep
 nakhabmatid kutnu rakab nahab irtsudni nad ,sanap aganet
 kaynab nikames gnay labmit naanuggneP .nisneb malad ek

nem nad  id amatuet naramecnep naktakgninem naka takgni
.nariarep   hadner nariarep id labmit nagnudnak nupualaW

 malad id isalumukaret tapad iuhatekid labmit ipatet naka
 amal gnay utkaw akgnaj malad laggnit patet nad hubut

nucar iagabes tafisreb aggnihes  ( gnaipallaM ,  .)9002  radaK
 OHW helo nakutnetid gnay labmit magol satab gnabma
 helo nakutnetid gnay nakgnades L/gm 2 halada  OAF nad

 L/gm 4 halada IR SEKPED (  ,uti anerak helO .)0891 ,OHW
 labmit radak nautnenep edotem utaus nakgnabmekid ulrep

malad nariarep nagnukgnil id  .kiner halmuj  
 malad nemurtsni naakepek nasatabretek aladneK
 tagnas gnay isartnesnok adap tareb magol nautnenep
 kitilana aimik malad amatu halasam nakapurem hadner

suret araces gnay -  edoteM .aynisulos iracid surenem
magol noi kutnu laedi gnay isartnesnokarp   surah kiner

 tilana isalosignem narepreb )a( :tukireb airetirk ihunemem
 rotkaf naklisahgnem kutnu natlumis araces skirtam irad
 anahredes sesorp nakapurem )b( ,iauses gnay natakemep
 naklisahgnem ,isanimatnok hagecnem upmam gnay

nakirebmem nad lepmas okgnalb   gnay isketed timil
 skirtam nagned natural utaus naklisahgnem )c( ,hadner
 ,.la.te inisroC( tilana okgnalb natural nagned pirim gnay

.)5002 ,kiluoM nad retseoK ;2891  
 malad )II(bP magol noi kutnu isartnesnokarp edoteM

da nakanugid mumu gnay kiner isartnesnok  edotem hala
 ikilimem ini edoteM .)riac asaf( turalep iskartske
 gnay kinagro turalep nakulremem anerak ,nahamelek
 tagnas nad kiskot tafis iaynupmem ilakgnires nad laham
 ;5891 ,.la.te naW ;8691 ,rolyaT nad yeliR( ayahabreb

 .)3002 ,lenaC p edotem nagnabmegneP  nad nahasime
 utas halaS .nakgnabmekid suret ini taas iapmas sisilana
 tadap asaf iskartske halada nakgnabmekid gnay edotem

 uata  noitcartxe esahp dilos  nahibelek aparebeB .)EPS(
halada tadap asaf iskartse   ,anrupmes hibel iskartske sesorp

rad tilana nahasimep  ada nikgnum gnay uggnagnep i
 gnay kinagro turalep ignarugnem ,neisife hibel idajnem
 gnay tilana iskarf nad ,)nagnukgnil hamar( nakanugid
 hadum hibel nad naklupmukid hadum hibel helorepid

 .isasitamotoid  nagned lanoisidart EPS numaN
imem nebrosda nakanuggnem  utiay nagnarukek ikil

 magol noi kutnu sativitkeles ayngnaruk ( adasarP  ;6002 ,
la.te cnereF ,.  )6002 . 

 kutnu tadap asaf iskartske edotem nagnabmegneP
 kaynab hisam ini taas aggnih sativitkeles naktakgninem
 remilop isasilanoisgnuf nagned aynutas halas ,itiletid

 utiay talehkgnep  sremylop detnirpmi noi  sPII .)sPII(
 gnay isartnesnokarp arac gnidnabid naluggnuek ikilimem
 ,naklaminimid tapad tilana nagnalihek rotkaf anerak ,nial

1,0( tikides nakanugid gnay remilop taz halmuj -  ,)g 5,0
m aggnihes isarenegerid tapad atres  nakanugid upma

 gnay aynnapaiynep amas gnay sisilana kutnu ilakgnalureb
 ,1102 ,atisraM( iggnit gnay sativitkeles takgnit nad hadum
 irad iggnit gnay sativitkeleS .)8002 la.te .P.A ,didaJ

remilop -  )sPII( noi katecnep remilop  aynada nakbabesid
iromem kefe   irad  noi iskaretni padahret remilop utaus

 nagnalib ,isanidrook irtemoeg ,kifiseps nagil nagned magol

 magol noi naruku aguj nad nataum ,magol noi isanidrook
tubesret  hgniS .K vurhD(  &  .)9002 ,arhsiM ahddarhS

akiret gnay magol noi nakatec naklisahgnem sPII edoteM  t
 irad sapelid magol noi ayntujnales ,remilop malad id
 fitkeles gnay nakatec naklisahgnem remilop skirtam
 nakatecnep edotem ,uti nialeS .katecid gnay noi padahret
 ramak uhus adap libats aynawaynes nad harum fitaler ini

 ,mohsI(  amal pukuc gnay utkaw kutnu  irad sPII .)1102
 masa ,)lonef iskordih irad nanurut( talisilas masa remonom
 upmam adihedlamrof nad ,)aeru irad nanurut( talinartna
 aynisanidrook ,sanap nahat gnay remilop naklisahgnem
 rakunep niser kutnu nakanugid kiab aynsatilibats nad tauk

eF noi +3 uC , +2 iN , +2 oC , +2 nZ , +2 dC , +2  bP nad  +2  ,demahA(
)0102  nakanugid ini naitilenep malad uti anerak helO .

 talinartna masa nad talisilas masa remonom irad remilop
 gnay )FSA( gnalis takignep iagabes adihedlamrof atres
 kutnu tadap asaf iskartske adap nakisakilpaid

bP noi isartnesnokarp +2  4 nagil nakanuggnem - 2( -
( lonisroseR )ozalidiriP .)RAP  

.2  edoteM nad nahaB  

1.2  nahaB  

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

nahab - halada nakanugid gnay nahab  4- 2( - )ozalidiryP  
( )RAP( lonicroser hcirdlA amgiS ( talinartna masa ,)  amgiS

hcirdlA  %73 adihedlamrof ,)kcreM( talisilas masa ,)
)II(bP ,)kcreM( ATDE ,)kcreM( -  ,md auqa ,)kcreM( tatesa

HC ,tartin masa ,laisalg tatesa masa 3  nad )kcreM( HOOC
HC 3 .)kcreM( aNOOC  

nugid gnay natalareP  saleg natalarep halada naka
 aparebeb alup nakanugid ,aimik muirotarobal radnats

 ,rerits kana : utiay aynnial natalarep etalp toh  ,retemomret ,
retem Hp nad . 

.2.2  edoteM  

 utiay amatrep gnay ,pahat aud irad iridret sPII sisetniS
 renib skelpmok nakutnebmep ( nagil nad magol 4 : )II(bP -

2( - irad lom nagnidnabreP .))RAP( lonicroser )ozalidiryP  
bP renib skelpmok irtemoikiots 4 nagned )II( - 2( -  )ozalidiryP

 edoteM .boj edotem nagned nakutnetid )RAP( lonicroser
nagil nagned )II(bP magol noi iskaretni adap nakrasadid ini  
 aynaudek lom nagnidnabrep isairav aparebeb taubiD .RAP

VU retemotofortkeps nagned aynisnabrosba rukuid ulal -
 ,audek napahat adaP .mn 815 gnabmoleg gnajnap adap siV
 nagned helorepid gnay renib skelpmok irtemoikiots

sa  nagned nakrupmacid naidumek boj edotem  ma
 nagned nagned adihedlamrof nad talisilas masa ,talinartna
 lom 1,0 : lom 1,0 utiay naturureb araces lom nagnidnabrep
 ini narupmaC .laisalg tatesa masa muidem malad lom 2,0 :

01 ± 041 uhus adap skulferid naidumek °  sagnanep malad C
.maj 6 amales kaynim   loP  naklisahid gnay remi

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

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

o isidnok nautnenep kutnU  padahret PII isneter mumitp
 edotem nagned nakutnetid )II(bP magol .htcab   nautneneP
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 ,katnok utkaw ,Hp utiay tubesret mumitpo isidnok
 rotkaf ,isprosda nad isprosed ,isprosda satisapak
 .nagnukgnil lepmas padahret isakilpa nad ,isartnesnokarp

hat adap sisilanA  irtemortkeps nakanuggnem sisetnis napa
 nautneneP .)RITF( reiruoF isamrofsnart haremarfni

bP magol noi radak sisilana  +2  nagned nakukalid
 .)ASS( motA napareS retemotofortkepS nakanuggnem  

.3  nasahabmeP nad lisaH  
1.3   nagiL nad magoL reniB skelpmoK nakkutnebmeP

( )RAP nad )II(bP . 

4 nagned )II(bP renib skelpmoK - 2( -  lonicroser )ozalidiryP
 ini edoteM .boj edotem nagned nakutnetid )RAP(
 nagil nagned )II(bP magol noi iskaretni adap nakrasadid
 magol lom kutnu anamid lom nagnidnabrep taubiD .RAP

kgnades patet taubid )II(bP  nakisairavid RAP nagil lom na
 : 1 ; 5,0 : 1 ; 1,0 : 1 ; RAP : bP nagnidnabrep nagned utiay
 nagned aynisnabrosba rukuid ulal 4 : 1 ; 2 : 1 ; 1

VU retemotofortkeps -  815 gnabmoleg gnajnap adap siV
 .mn haubes malad nakrulaid helorepid gnay ataD   kifarg

G adap tahilid asib gnay .1 rabma  

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

 
 kitit iracnem kutnu igal haloid naidumek ini kifarG
 nagnidnabrep helorepid asib aggnihes ayngnotop

)II(bP renib skelpmok kutnu mumiskam   kiratid ,RAP nad
 kifarg nagnotoprep iraD .kifarg nagnotoprep aggnihes sirag

 utiay ,sirag naamasrep aud helorepid ini  + x803,0 = )1(y
 x923,0 = )2(y nad 200,0 - .10,0   sirag naamasrep aud iraD

ialin nad ,gnutihid tapad x ialin ini   nagnutihrep lisah x
 halada 65,0 jnunem ini laH .  lom iskarf adap awhab nakku

65,0  1 lom nagnidnabrep adap uata  :  nakapurem 1
.RAP nad )II(bP skelpmok kutnu mumiskam nagnidnabrep  
 naitilenep nagned nakgnidnabid aguj ini lisaH
 turuneM .RAP nagned )II(bP skelpmok ianegnem

lad kkd ,imesahG 9991 nuhat adap aynnaitilenep ma  ,
 edoteM .1:1 halada RAP nagned )II(bP lom nagnidnabrep

edotem nagned utiay amas aguj nakanugid gnay  boj  idaJ .
 ianegnem silunep naitilenep lisah  skelpmok nagnidnabrep

 sisetnis kutnu nakanugid tapad ini renib  detnirpmi noi
op remyl  .ayntujnales )PII(  P  reniB skelpmoK isasiremilo

 nad talisilaS masA ,talinartnA masA nagned
adihedlamroF .  taubid halet gnay renib skelpmoK

 nad talisilas masa ,talinartna masa  nagned nakrupmacid
 naturureb araces lom nagnidnabrep nagned ,adihedlamrof

 : lom 1,0 utiay  : lom 1,0 ,0 2  lom  masa muidem malad

laisalg tatesa .  haleteS id alada helorepid gnay lisah skulfer  h
 .aut harem anraw natadap  

 gnay natadap apureb helorepid gnay harem natadaP
 gnalis takignep negA .nalapmug kutnebreb ukak nad sarek

natabmej kutnebmem adihedlamrof utiay -  malad natabmej
 .digir gnay remilop awaynes kutnebret agnihes remilop

nay iskaer kutnU etnis malad idajret g bP sis -  ini PI
G adap nakrabmagid  .2 rabma  
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2 rabmaG . p iskaer emsinakeM bP nakkutnebme - PI  

 
PII sisetnis iskaer emsinakeM - : mumu araces bP  

 C7H7 ON 2 C + 7H6O3 H6 + 2 H.OC 2 HC( + O 3 )OOC 2 bP    +
C 11 H 91 N3O2  C 53 H 92 N4O8 bP  H31 + 2O 

   
 akitek nad ria malad tural kadit PII aut harem natadaP
 .md auqa anraw haburem kadit md auqa nagned icucid
 noi naksapelem kutnu nakanugid M 50,0 ATDE naidumeK
 nelite muirtan( ATDE .remilop adap takiret gnay )II(bP

urem )tatesaartetnimaid  isprosednep nahab haubes nakap
 noi nagned skelpmok awaynes kutnebmem tapad gnay
 nad liskobrak masa sugug tapme ikilimem ATDE .magol
 masa( aynsabeb nortkele gnasapes nagned nima sugug aud
 nagil iagabes isnetopreb ATDE aggnihes ,)kitorpilop

 gnay tatnedaskeh  noi haubes nagned isanidrookreb tapad
 )II(bP aratna isanidrooK .1 : 1 nagnidnabrep nagned magol
 gnay skelpmok haubes kutnebmem ATDE nagned
 amtiragoL .3 rabmag adap nakrabmagid aynrutkurts

bP )fK( nakutnebmep atnatsnok -  ialin ,40,81 halada ATDE
ibel tubesret  nakutnebmep nagned nakgnidnabid raseb h

 lCbP fK aynlasim aynnial nagil nagned bP skelpmok
laH .88,0 halada -  tauk nasala idajnem gnay tubesret lah

 .isprosednep iagabes ATDE talekgnep nega naanuggnep  
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3 rabmaG .   p emsinakeM e PII irad bP nasapel  

 
isprosedid halet gnay PII lisaH   ATDE helo

 tubesret laH .)II(bP noi kutnu nakatec naklisahgnem
 nakatec anamid ,3 rabmag id kiab nagned nakrabmagid
 narakgnil naigab aynada nagned nakrabmagid tubesret

 nagned remilop aratna natakI .gnosok  nataki halada magol
 .isanidrook nelavok 4 irad nagiL - 2( -  lonicroser )ozalidiryP

 takignem gnay tatnedirt nagil iagabes kadnitreb )RAP(
 irad tatnedonom nad )II(bP magol talinartna masa irad -

 natabmej naklisahid aguj uti nialeS .talinartna – HC 2  gnay
 aynah kadit )II(bP nad raseb irop naruku ikilimem

raneb ipat naakumrep adap lepmenem -  adap kabejret raneb
 .nakatec kutnebret nad ini remilopok          

 iaynupmem hadus gnay nebrosdA  gnay nakatec
 ikilimem iromem kefe   ,magol noi iskaretni padahret

emoeg  aguj nad nataum ,isanidrook nagnalib ,isanidrook irt
magol noi naruku   akam )II(bP tilana   gnudnagnem gnay

 hadum nagned )II(bP isartnesnokret  id  nebrosda  . nupikseM  
nenopmok  skirtam  nikgnum  aguj  helo nahatret  nebrosda  

tadap  numan , irad aparebeb   kadit skirtam nahatret  ,
aggnihes  naknikgnumem  idajret  nainrumep  (  nahasimep

skirtam  ) irad  nebrosda  tapad tubesret nainrumep irad lisaH .
 aggnihes naknigniid gnay tilana isartnesnok naktakgninem

.isartnesnokarp uata isartnesnok natakgninep tubesid asib  
sisetnis lisah kutnU   natadap apureb utiay PIN irad

 remilopoK .eynaro anrawreb  ,talinartna masa  talisilas masa
 isasiremilop iskaer nakapurem ini adihedlamrof nad

.aynsisetnis malad ria lukelom sapelem anerak isasnednok  
isprosed haletes PI nad PIN ,PII irad sisetnis lisaH  
 kutnebret gnay isgnuf sugug isasiretkarakid naidumek

 .)6 nad ,5 ,4 rabmaG( RITF nagned  
 
 

 
 

 

4 rabmaG . PII RI murtkepS  

5 rabmaG .  PII RI murtkepS s  halete d isprose  

 

6 rabmaG . PIN RI murtkepS  
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isprosedid halet gnay PII lisaH   ATDE helo

 tubesret laH .)II(bP noi kutnu nakatec naklisahgnem
 nakatec anamid ,3 rabmag id kiab nagned nakrabmagid
 narakgnil naigab aynada nagned nakrabmagid tubesret

 nagned remilop aratna natakI .gnosok  nataki halada magol
 .isanidrook nelavok 4 irad nagiL - 2( -  lonicroser )ozalidiryP

 takignem gnay tatnedirt nagil iagabes kadnitreb )RAP(
 irad tatnedonom nad )II(bP magol talinartna masa irad -

 natabmej naklisahid aguj uti nialeS .talinartna – HC 2  gnay
 aynah kadit )II(bP nad raseb irop naruku ikilimem

raneb ipat naakumrep adap lepmenem -  adap kabejret raneb
 .nakatec kutnebret nad ini remilopok          

 iaynupmem hadus gnay nebrosdA  gnay nakatec
 ikilimem iromem kefe   ,magol noi iskaretni padahret

emoeg  aguj nad nataum ,isanidrook nagnalib ,isanidrook irt
magol noi naruku   akam )II(bP tilana   gnudnagnem gnay

 hadum nagned )II(bP isartnesnokret  id  nebrosda  . nupikseM  
nenopmok  skirtam  nikgnum  aguj  helo nahatret  nebrosda  

tadap  numan , irad aparebeb   kadit skirtam nahatret  ,
aggnihes  naknikgnumem  idajret  nainrumep  (  nahasimep

skirtam  ) irad  nebrosda  tapad tubesret nainrumep irad lisaH .
 aggnihes naknigniid gnay tilana isartnesnok naktakgninem

.isartnesnokarp uata isartnesnok natakgninep tubesid asib  
sisetnis lisah kutnU   natadap apureb utiay PIN irad

 remilopoK .eynaro anrawreb  ,talinartna masa  talisilas masa
 isasiremilop iskaer nakapurem ini adihedlamrof nad

.aynsisetnis malad ria lukelom sapelem anerak isasnednok  
isprosed haletes PI nad PIN ,PII irad sisetnis lisaH  
 kutnebret gnay isgnuf sugug isasiretkarakid naidumek

 .)6 nad ,5 ,4 rabmaG( RITF nagned  
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3 rabmaG .   p emsinakeM e PII irad bP nasapel  

 
isprosedid halet gnay PII lisaH   ATDE helo

 tubesret laH .)II(bP noi kutnu nakatec naklisahgnem
 nakatec anamid ,3 rabmag id kiab nagned nakrabmagid
 narakgnil naigab aynada nagned nakrabmagid tubesret

 nagned remilop aratna natakI .gnosok  nataki halada magol
 .isanidrook nelavok 4 irad nagiL - 2( -  lonicroser )ozalidiryP

 takignem gnay tatnedirt nagil iagabes kadnitreb )RAP(
 irad tatnedonom nad )II(bP magol talinartna masa irad -

 natabmej naklisahid aguj uti nialeS .talinartna – HC 2  gnay
 aynah kadit )II(bP nad raseb irop naruku ikilimem

raneb ipat naakumrep adap lepmenem -  adap kabejret raneb
 .nakatec kutnebret nad ini remilopok          

 iaynupmem hadus gnay nebrosdA  gnay nakatec
 ikilimem iromem kefe   ,magol noi iskaretni padahret

emoeg  aguj nad nataum ,isanidrook nagnalib ,isanidrook irt
magol noi naruku   akam )II(bP tilana   gnudnagnem gnay

 hadum nagned )II(bP isartnesnokret  id  nebrosda  . nupikseM  
nenopmok  skirtam  nikgnum  aguj  helo nahatret  nebrosda  

tadap  numan , irad aparebeb   kadit skirtam nahatret  ,
aggnihes  naknikgnumem  idajret  nainrumep  (  nahasimep

skirtam  ) irad  nebrosda  tapad tubesret nainrumep irad lisaH .
 aggnihes naknigniid gnay tilana isartnesnok naktakgninem

.isartnesnokarp uata isartnesnok natakgninep tubesid asib  
sisetnis lisah kutnU   natadap apureb utiay PIN irad

 remilopoK .eynaro anrawreb  ,talinartna masa  talisilas masa
 isasiremilop iskaer nakapurem ini adihedlamrof nad

.aynsisetnis malad ria lukelom sapelem anerak isasnednok  
isprosed haletes PI nad PIN ,PII irad sisetnis lisaH  
 kutnebret gnay isgnuf sugug isasiretkarakid naidumek

 .)6 nad ,5 ,4 rabmaG( RITF nagned  
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 )II(bP noi takignem hisam gnay PII kutnu RI murtkepS
 upmam gnay gnitnep isgnuf sugug aparebeb nakkujnunem

bP awhab nakitkubmem - remylop detnirpmi  bP( -  gnay )PI
 nad mulebes remilop kutnU .kutnebret hadus naknigniid
 kacnup naresegrep idajret ATDE helo isprosed haduses

 nataki kutnu – mc 0761 ratikes irad O=C -1 nem  4761 idaj
mc -1  asilanagnem nad tahilem nagned tahilid asib ini laH .

tkurts bP ru - G adap PI  mota nagned natakireb bP ,2 rabma
 nagned isprosed aggniheS .linobrak sugug irad negisko
 linobrak sugug kutnu kacnup nakbabeynem ATDE natural

nay nahabureP .habureb ini  kacnup haread adap audek g
 kutnu – HO - gnihcterts  mc 1303 -1 mc 3303 idajnem -1  .

 sugug nakisakidnignem ini nahabureP –  kutnU .kilonef HO
 ini kacnup ,bP gnudnagnem kadit gnay remilop murtkeps
 hadus O mota anerak majat hibel aynatip ipatet naka patet

kignem kadit  hadus gnay PII kutnu uti nialeS .igal bP ta
isprosedid   gnay kacnup nagned murtkeps naklisahgnem

 tikides ,majat hibel esion  gnay atip ada kadit nad ,
 kutnu RI murtkeps lisah nakgnadeS .hidnit gnapmutreb

bP nagned adebreb kadit PIN -  nagnalib aparebeb kutnu PI
bP anerak gnabmoleg -  gnay PIN nakapurem PI

)II(bP skelpmok nakhabmatid -  .RAP  
 adap aynsusuhk nad mumu adap kitamora nicnic kutnU
 gnay sahk gnay kacnup ada talisilas masa iraj kidis haread

mc 787 gnabmoleg gnajnap adap utiay majat -1 mc 896 nad -

1  tubesid ini sahk gnay majat kacnup audeK . noisrot gnir  .
 gnay anezneb nicnic nakisakifitnedignem ini kacnuP
 gnay anezneb nicnic kaynab nikameS .isutisbusret
 896 gnabmoleg gnajnap adap kacnup akam isutitsbusret

mc -1 mc 787 gnabmoleg gnajnap adap kacnup nad -1  naka
 uata raeb hibel gnay gnabmoleg gnajnap ek resegreb
 adap kacnup PIN kutnu RI murtkeps adaP .gnalih nakhab

mc896 gnabmoleg gnajnap -1  adap kacnup nad gnalih
mc 787 gnabmoleg gnajnap -  1  nagnalib ek resegreb

mc 408 idajnem raseb hibel gnabmoleg -  1 etni nad  aynsatisn
 kaynab hibel anezneb nicnic ,PIN adaP .nurunem
 naresegreP .talisilas masa adap nakgnidnabid isutitsbusret
 nakkujnunem kiab pukuc ini gnabmoleg nagnalib
 nagned talisilas masa ,talinartna masa isasiremilop

 .nakukalid lisahreb hadus adihedlamrof  

.3 .2  )II(bP isneteR padahret Hp huragneP  

iraD   naitilenep lisah gnay Hp awhab tahilret   isneterem
 Hp adap halada PII nad PIN adap mumiskam araces )II(bP

Hp aratna avruK .6   )II(bP napareynep satisapak padahret
 )g/gµ(  adap tahilid tapad G  rabma rosda satisapaK .7  isp

 adaP .Hp ayntakgninem nagned gniries takgninem )II(bP
 isrposda ,4 Hp hawab id amaturet masa Hp nagned natural
 isneterem remilop taas anerak idajret ini laH .hadner tagnas

H noi nagned isitepmok idajret )II(bP noi 3O+  malad
p adaP .raseb gnay isartnesnok  nurunem isneter ialin 7 H

)HO(bP utiay bP irad adiskordih kutnebret ialum anerak 2  .
)HO(bP 2  psK nagned hadner gnay naturalek ialin ikilimem
01x3 = -6  malad ada )II(bP halmuj ignarugnem ini lah ,
.natural  

 
 

 

 
7 rabmaG . o Hp nautneneP mumitp  

 
.3.3   huragneP )II(bP isneteR padahret katnoK utkaW  

 
 iuhategnem kutnu nakukalid katnok utkaw nautneneP
 araces )g/gµ( )II(bP magol isneterem malad remilop utkaw

 .lamiskam  rabmaG  8  aratna nagnubuh nakkujnunem
 isneter padahret katnok utkaw huragnep  PII kutnU .)II(bP

 PIN nakgnades tinem 08 utiay aynmumitpo katnok utkaw
 )II(bP padahret PII helo nakukalid gnay isneteR .tinem 001
 isneterem gnurednec gnay PIN nakgnidnabid tapec hibel

 .nahalrep araces )II(bP  PII nanerakid ,tubesret laH
 ikilimem  fitka isis  gnay PII nebrosda naakumrep adap

 sesorp utnabmem magol noi kutnu nakatec iaynupmem
 gnusgnalreb assam refsnart akitenik aggnihes isprosda
 ialin mumitpo utkaw haletes ,aynrihka adaP .tapec
 hadus remilop anerak patet gnurednec isprosda satisapak

 nagned hunej .)II(bP  
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.4.3   edoteM isneteR satisapaK narukugneP hctaB  

 naruku halada )PIN nad PII( remilop isneter satisapaK
 rabmaG .)II(bP isneterem kutnu tubesret niser naupmamek

 nakkujnunem 9 posdaid gnay )II(bP noi halmuj  rep isr
 nagned gniries takgninem PIN nad PII assam nautas

 .)II(bP lawa isartnesnok ayntakgninem  edotem adaP hctab  
 5,2 )II(bP radnats natural isartnesnok isairav nakukalid
 mpp 5,21 adap isprosda satisapaK .mpp 5,21 iapmas mpp
 .g/gµ 0922 PIN kutnu nad g/gµ 5153 PII kutnu )II(bP
 isartnesnok iapmas )II(bP isneterem tapad hisam remiloP

 naka aynisneter satisapak ,mpp 5,21  imalagnem suret
 gnay mumitpo satisapak helorepid aggnihes natakgninep
 magol isneterem malad remilop hunej isidnok nakapurem
 haletes anerak raseb hibel PII isprosda satisapaK .)II(bP
 aguj nad aggnor kutnebret ,PII irad naksapelid )II(bP noi

gnay noi nakatec   aynirtemoeg isanidrook nad naruku
sugug ,PIN malad nakgnadeS .)II(bP noi kutnu iauses -

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

 .kifiseps  

 
9 rabmaG . a satisapak avruK isrposd  

.5.3  sdA isproseD nad ispro  

 nagned igal isprosedid PII helo isprosdaid gnay )II(bP noI
 mumiskam isproseD .M 50,0 ATDE nakanuggnem
 naukalreP .tinem 08 utkaw gnatner amales nakutnetid

bP awhab nakutnenem kutnu ,tubesret -  tapad ini PII
isprosda ,ilak aparebeb nakanugid   )II(bP isprosed nad

ataR .ilak agit gnaluid -  ilabmek nahelorep % lisah atar
 nakanuggnem nagned % 428,79 helorepid  detnirpmi

remilop   tubesret ilabmek nahelorep % ialiN .amas gnay
 asib ini remilop awhab nakkujnunem gnay iggnit tagnas

nakanugid  ilakreb - d ilak .iggnit isarenegereb na   

.6.3   lepmaS adap isakilpA nad isartnesnokarP
nagnukgniL  

D d i  mala nataigek lisah irad kiab habmil ria  irtsudni  
 aggnat hamur nupuam nakumetid asaib  k nagned  isartnesno

 labmit  gnay hadner tagnas   nakulrepid aggnihes  edotem
 .isartnesnokarp  aynah kadit nakduskamid isartnesnokarP

 aguj ipatet tilana isartnesnok nakkianem kutnu
lepmas malad skirtam nakanahredeynem .  uti anerak helO

.itamaid ulrep aguj isartnesnokarp rotkaf irad naayagnep  

 apnat SAA nagned rukuid gnay lepmaS  isartnesnokarp
 taubid gnay isarbilak avruk gnatner malad kusam kadit
 nakkatnokid haleteS .mpp 01 iapmas mpp 1 irad utiay
 nagned M 50,0 ATDE nagned isuleid ulal PII nagned
 lisah helorepid ,lawa emulov irad licek hibel gnay emulov

nad isketedret lepmas awhab   avruk gnatner adap kusam
 helorepid gnay naayagnep rotkaF .taubid gnay isarbilak
 01 rabmag adap isarbilak avruk iraD .ilak 44 halada

 sirag naamasrep helorepid 100,0 + x5500,0 = y  r nagned 2   =
 ek isalopartniid naidumek lepmas isnaborsbA .939,0

g naamasrep ra bP radnats isarbilak avruk si  lisah iraD .)II(
K naripmal adap tahilid tapad gnay nagnutihrep   helorepid

bP isartnesnok awhab  iagnus ria lepmas malad )II(
 70,0 halada iynueliC imawajlA nertnaseP pp  .m  radaK

 OHW helo nakutnetid gnay labmit magol satab gnabma
ad  2 halada  OAF n mpp   helo nakutnetid gnay nakgnades

 4 halada IR SEKPED mpp  .  tubesret atad iraD
 iagnus ria )II(bP radak awhab nakkujnunem  nertnaseP

iynueliC imawajlA   hawabid adareb anerak nama hisam
.nakutnetid gnay satab gnabma  

 
01 rabmaG .  isartnesnoK a padahret )II(bP isnabrosb  

 
 naayagnep isartnesnokarp rotkaf nakutnenem nialeS
 % nakutnenem nagned utiay aynnial isartnesnokarp irad
 kinket kiab aparebes iuhategnem kutnu ini yrevocer
 nahelorep nesreP .nakanugid tapad tubesret isartnesnokarp

hid ini ilabmek  edotem nagned gnuti ekips  ialin ,
bid rukuret )II(bP noi isartnesnok  nagned nakgnidna

bP isartnesnok  % ialiN .gnutihret )II( yrevocer   kiab gnay
 lisah helorepid nagnutihrep iraD .% 5 ± 001 adap rasikreb
 awhab nakkujnunem gnay % 77,69 rasebes yrevocer %

isaruka   ini nakgnabmekid gnay edotem kiab pukuc   nad
 ria lepmas skirtam iagnus   lisah ihuragnepmem kadit ini

.narukugnep  

.4  K nalupmise  
 nagned tadap asaf iskartske nad isatnesnokarp edoteM

 nakanuggnem  sremilop detnirpmi noi nugid tapad  naka
 halmuj malad )II(bP noi isartnesnok nakutnenem kutnu

  .iagnus ria lepmas adap kiner  iagnus ria lepmaS  iynueliC
 isartnesnokarp apnat )II(bP isartnesnok   nakumetid gnay

 isartnesnokarp nagned nakgnades ,mpp 70,0 halada
s ilak 44 naayagnep rotkaf helorepid  isartnesnok aggnihe
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 nagned 69,0 idajnem takgninem nakumetid gnay )II(bP
 lisah irad ,uti nialeS .% 77,69 ilabmek nahelorep nesrep

bP isprosed nad isprosda -  nakkujnunem )II(bP adap PI
atar nahelorep nesrep -  naabocrep lisah nagneD .% 79 > atar

)II(bP ,tubesret - remylop detnirpmi  bP( -  iagabes itkubret )PI
 takgnit ,ajrenik ikilimem nagned lanoisgnuf gnay lairetam
 ria lepmas skirtam nad ,iggnit isarenegereb ,sativiskeles

 .narukugnep lisah ihuragnepmem kadit ini iagnus  

 hisaK amireT napacU  
 iradnaluW anailyeM adapek nakpacu silunep hisak amireT

nesod nad -  gnunuG nanuS NIU sniaS satlukaF aimiK nesod
 nad utnabmem halet gnay aynnial gnudnaB itajD

.silunep gnibmibmem  

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

 ,noitaziretcarahC  seiticapaC gnidniB noI lateM
 fo niseR remylopreT a fo snoitacilppA dna
 .edyhedlamroF/dica cilycilaS/dica cilinarhtnA

 ,lanruoJ remyloP nainarI  91 536 ,0102 ,)8( - .646  

 ,stnemelE ecarT fo noitcartxE esahP diloS ,3002 ,.V ,lenaC
B atcA .mihcortcepS  , 35 7711 , - 21 .33  

 tceriD ,2891 ,aicsurF .D .R dna ,gnaihC .A ,.A ,inisroC
 suoeuqA ni stnemelE ecarT fo noitartnecnocerP
 ,niseR retsE cilyrcA raluciterorcaM no noituloS

mehC .lanA  ,. 45 3341 , - .5341  

kuiziB .M nad riwŻ .A ,cnereF   : )6002(  esahP diloS
 euqinhceT noitcartxE –T  seitinutroppO ,sdner

snoitacilppA dna   ,weiveR   .norivnE fo .J hsiloP
tS  ,ydu 51 776, - 096  

 id aidesreT .bP magol isprosdA  ,)1102( .mohsI
sda/30/1102/moc.topsgolb.70aimikmohsi//:ptth

ispro - magol - lmth.bp  81 laggnat seskaiD .
O .1102 rebotk  

  ,)8002(  .la.te .P.A ,didaJ  htiw reppoC fo noitartnecnocerP
esahP diloS   yb noitanimreteD sti dna noitcartxE

E ,yrtemortcepS noitprosbA cimotA emalF -
o lanruoJ ,yrtsimehC f  ,5  878 - .388  

 malad atde2aN naanuggneP idutS ,)6002( .R .D ,hanasahK
 nitiK adap )II( tlaboK magoL noI isproseD
 gnitipeK gnakgnaC habmiL irad isalitesaedreT
 ,riA muideM malad )atarreS allycS( uajiH
 satisrevinU ,I atartS margorP rihkA saguT

iregeN  81 ,gnarameS - .91  

 ni sdnerT ,5002 ,kiluoM .A dna .J .C ,retseoK
 ,sisylanA latnemnorivnE tsylanA  , 621 339 , -

.739  

id aidesreT .slaitinI daeL   moc.stnemelebew.www//:ptth
/dael/ t seskaiD . na .1102 rebmevoN 51 lagg  

mecneP ,)9002( .ytawamtaF ,gnaipallaM  nad bP nara
 id aidesreT .ajreK nataheseK adap aynkapmaD

nep/21/9002/moc.topsgolb.sisetopihlanruj//:ptth
naramec - bp - nad - aynkapmad -  .lmth.adap

.1102 rebmevoN 82 laggnat seskaiD  

 kooB dnaH noitaziretcarahC lairetaM  ,)6891( .C ,ttocraM
 lov 01 ksortkepS derarfnI :  MSA ,ypo

.akiremA ,lanoitanretnI  

)II(bP sisetniS ,)1102( .aiL ,atisraM -  remyloP detnirpmI
bP( -  naD tadaP asaF iskartkE kutnU )pI

)II(bP isartnesnokarP  ,retsaM margorP siseT ,
71 ,gnudnaB igolonkeT tutitsnI -  .91  

sreT .MOP  id aide /csed/rekis/cilbup/di.og.mop.www//:ptth  
.labmiT/kudorp .)fdp  

sremyloP detnirpmI -  evitceleS rof slairetaM levoN
 lacitylanA ,weiveR scinagronI  fo noitingoceR

, atcA acimihC 875 501 , -  .R611  

.D dna .P .J ,yeliR   eht rof niseR gnitalehC ,8691 ,rolyaT
 aeS morF tnemelE ecarT fo noitartnecnoC
 noitcnujnoC ni esU lacitylanA riehT dna retaW
 ,yrtemotohportcepS noitprosbA cimotA htiw

atcA .mihC .lanA  ,. 04 974 , - .584  .S ,atabihS
 ,)2791( yrtsimehc lacitylana ni setalehC  weN .

 ,rekkeD lecraM ,kroY 4 .702:  

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

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

yneS rutkurtS isadisulE ,)0102( .gnanU ,namtarpuS  awa
 kinagrO -  kutnU ipoksortkepS edoteM

 .kinagrO awayneS rutkurtS nautneneP
.narajdajdaP aydiW :gnudnaB  

owT ,5891 ,inisroC .A dna ,gnaihC .S ,.C ,naW -  nmuloc
 ni slateM ecarT fo noitartnecnocerP rof dohteM

 ,niseR etalyrcA no retaW larutaN mehC.lanA  ,.
75  , 917 - 317  

,)0891( .OHW   nI timiL desaB htlaeH dednemmoceR
erusopxE lanoitapuccO  yvaeH ot  lateM  ,

 .aveneG .746.oN seireS tropeR lacinhceT  

 dna sisehtnyS ,)0102( .la.te .hazA roN ,fosuY
 detnirpmI ylraluceloM a fo noitaziretcarahC

bP rof remyloP  +2 2 gnisU ekatpU -  enidiryplyniv
 anaisyalaM sniaS .remonoM gnixelpmoC eht sa

93 928 ,)5( –  .538  

dilos evitceleS ,)9002(   .la .te .gnibgnaiX ,uhZ -  esahp
 dna lacigoloib morf )II(dael fo noitcartxe

ecafrus gnisu selpmas retaw larutan -  detfarg
 mihcorciM .sremylop detnirpmi)II(dael  atcA

 ,461 521 – .231  

 


