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.3  DOTEM E NAITILENEP IGOL  

 

1.3  naitileneP iretaM  

1.1.3  naitileneP nahaB  

 nahaB –  naki halada ini naitilenep adap nakanugid gnay nahab irap  

( ps arutnamiH . ,)   ,tartis masa  ,akoipat gnupet ugiret gnupet  ,  nahab nad gnajnunep  

sata iridret gnay sulah ubmub apureb neziam gnupet , a acirem ,alap ,marag  kubub  ,

 nakhabmatid atres alug nad rulet gninuk ,ehaj ,rabmutek  ria .se  

 

1.1.1.3  amatU nahaB  

:tukireb iagabes halada ini naitilenep adap nakanugid gnay amatu nahaB  

)a  ( iraP nakI ps arutnamiH ) 

un nataubep kutnu nakanugid naka gnay amatu ukab nahaB  halada ini tegg

( irap naki .ps arutnamiH P atoK id naki inatep irad naktapadid gnay ) oggnilobor  nakI .

 ± tareb ikilimem nakanugid gnay 21  gk 1 pR agrah nagned laujid nad naki/ 3 ,000. - .gk/  

)b  tartiS masA  

A nakanugid gnay tartis mas   sinej tartis masa natural halada  tardihonom

gnay  P aimik nahab okot id naktapadid  aidana M .gnala   

)c  akoipaT gnupeT  

 kareM krem nagned akoipat gnupet halada nakanugid gnay akoipat gnupeT

 ini akoipat gnupet irad isgnuF .gnalaM oyoniD rasaP id naktapadid gnay rabmeK

p nad latnegnep nahab iagabes nahab takigne - .nanoda malad nial nahab   gnupeT

ugiret   gnupet halada nakanugid gnay ugiret   krem nagned uriB agitigeS   gnay

 gnupet irad isgnuF .gnalaM oyoniD rasaP id naktapadid  ugiret  rasad nahab iagabes

taubmep rts nakirebmem tapad anerak itor nad ,im ,euk na  adap silak gnay rutku

kutnebid hadum nad nanoda . 
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2.1.1.3   nahaB gnajnuneP  

 nahaB gnajnunep   irad iridret gnay sulah ubmub apureb nakanugid gnay

  ,tewagnep nahab iagabes nad nisa asar habmanep iagabes isgnufreb gnay marag

r irebmep iagabes isgnufreb gnay adal  sadep gnay ayntafis anerak sadep asa

 nad amora habamanep iagabes isgnufreb gnay alap ,iabac nagned amas ripmah

 gnay ehaj ,sahk gnay amora habmanep iagabes isgnufreb gnay rabmutek ,asar

takgninep iagabes rulet gninuk ,amora nad asar irebmep iagabes isgnufeb   ayad

 nad gnabmek irebmep iagabes isgnufreb gnay alug   naktewagnem nad amora

d naktapadid aynhurules gnay teggun kudorp erauqS nwoT gnalaM tramrepyH i . 

 

 3.1.1.3 aimiK nahaB  

H halada tamiskorp asilana malad nakanugid gnay aimik nahaB 2 OS  4  ,takep

dlejk telbat ha OaN ,pp rotakidni ,sedauka ,l H H ,takep 3 OB 3 H ,OM rotakidni , 2 OS 4  .  

 

2.1.3  naitileneP talA  

talA - tala irad iridret nakanugid gnay tala - .aimik asilana nad nahalognep tala  

1.2.1.3  nahalogneP talA  

  naki gnigad naksulahgnem kutnu isgnufreb rednelB  

 m nad ignaiynem kutnu uasiP naki tellifme  

 sukukid naka gnay nanoda sala kutnu nanelaT  

 nahab gnabminem kutnu kitilana nagnabmiT - aynisroporp iauses nahab  

 nanoda nakudagnep tapmet iagabes kitsalp moksaB  

  taas adap nakasamep kutnu sanamep rebmus iagabes sag ropmoK

neroggnep nad nasukugnep nag  

 nanoda nasukugnep sesorp taas adap hadaw iagabes gnadnaD  

 nagneroggnep sesorp taas adap tapmet iagabes najaW  

  uhus nagned ukeb nanapmiynep tapmet iagabes rezeerF - Cº04 . 



92  

 

2.2.1.3  aimiK asilanA talA  

 aloB  na taas adap lepmas nalibmagnep taas adap tala iagabes pasih asila  

  ,OM rotakidni setet 5 nad lm 05 3OB3H tapmet iagabes lm 052 reyemnelrE

.talitsed tapmet  

 isartit tapmet iagabes teruborkaM  

 pp rotakidni nad OM rotakidni libmagnem kutnu setet tepiP  

 lepmas gnabminem kutnu kitilana nagnabmiT  

 sgnufreb lm 052 emulov tepiP  4OS2H libmagnem kutnu i  

 lepmas naksulahgnem kutnu ratroM  

 iskurtsked tapmet kutnu masa irameL  

 sanamep iagabes etalptoH  

 lepmas hadaw iagabes lm 001 ssalg rekaeB  

  naiakgnaR  tala isalitsed nakukalem kutnu isalitsed  

  isalitsed tapmet kutnu isalitsed ubaL  

  saleG natural rukugnem kutnu lm 001 ruku  

 gnaR  naiak tala  kamel asilana kutnu hcsifdloG  

 

2.3  naitileneP edoteM  

  ,)9891( rizaN turuneM .nemirepske edotem halada nakanugid gnay edoteM

 nagnubuh aynkadit ada ikidileynem kutnu halada nemirepske naitilenep naujut

bika babes  arac nagned tubesret tabika babes nagnubuh raseb apareb atres ta

naukalrep nakirebmem - .naabocrep kopmolek adap utnetret naukalrep  
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tileneP rudesorP      3.3 ian 

   1.3.3 nauluhadneP naitileneP  

lorepmem kutnu naujut nagned nakukalid nauluhadnep naitileneP  he

 naukalrep  itupilem natujnal naitilenep adap tapet gnay  natural isartnesnok

 nakrasadreb madnerep gnigad nad madnerep natural nagnidnabrep  nupadA .

esnok n  isart  tartis masa  kutnu namadnerep  gnigad   naki  naitilenep malad

 irad iridret nauluhadnep 5 isartnesnok   utiay 2%  , 4%  , 6%  ,%8 , %01  naki tareb irad  

 adap nakrasadid  naitilenep C ordno  )8002( . P  nakanugid tubesret naitilenep ada

 ,%8 ,%7 ,%6 ,%5 ,%4 ,%3 ,%2 ,%1 halada iakapid gnay tartis masa isartnesnok

.%01 ,%9  ok naktapadid tubesret naitilenep lisah nakrasadreB  tartis masa isartnesn

.%2 halada kiabret gnay  aggniheS   5 iakapid ini nauluhadnep naitilenep adap

snok natakgnit nagned tartis masa isartne   naitilenep nagned adebreb gnay

 .aynmulebes  irad tapadid gnay teggun kudorP ek amil   naukalrep  tubesret

ijuid ayntujnales   .kitpelonagro  7 lebaT adap nakijasid nauluhadneP naitileneP lisaH

.8 nad  

iraP nakI gnigaD tamiskorP asilanA lisaH .7 lebaT  
 

retemaraP  halmuJ  
)%( nietorP  46.51  
)%( kameL  15.0  

)%( riA  92.08  
)%( ubA  30.0  

 
( nagnaP nanamaeK nad utuM muirotarobaL : rebmuS )0102  

 
iraP nakI tegguN tamiskorP asilanA lisaH .8 lebaT  

 

 naukalreP  
 ria radaK

)%(  
 ubA radaK

)%(  
 nietorP radaK

)%(  
 kamaL radaK

)%(  
K 55.55  43.5  51.41  04.6  
%2  49.45  76.5  86.41  39.7  
%4  71.75  49.4  82.31  83.7  
%6  05.95  96.4  01.31  55.7  
%8  59.85  92.4  36.31  8 57.  
%01  70.06  99.5  76.21  15.8  
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iraP nakI tegguN kitpelonagrO asilanA lisaH .9 lebaT  

naukalreP  
retemaraP  

amorA  anraW  rutskeT   asaR  

K 4.3  65.3  63.3  23.3  

%2  27.3  4 86.3  44.3  

%4  25.3  86.3  42.3  21.2  

%6  42.3  25.3  3 88.1  

%8  48.2  3 4.2  21.1  

%01  65.2  65.2  48.1  40.1  

  

  nakijasid tartis masa natural Hp nad rages irap naki adap Hp asilana lisaH

.01 lebaT adap  

tartiS masA naturaL nad iraP nakI gnigaD Hp asilanA lisaH .01 lebaT  

naukalreP  Hp ialiN  
rageS gnigaD  34.5  

%2  78.1  

%4  97.1  

%6  27.1  

%8  86.1  

%01  36.1  

 

 2.3.3  amatU naitileneP  

3.3 naukalreP 1.2.  

 isartnesnok helorepmem kutnu naujutreb amatu naitileneP  masa natural

 tartis  .kiab satilauk nagned teggun helorepmem kutnu  nauluhadnep naitilenep lisaH

ep nagned amatu naitilenep kutnu rasad nakidajid ayntujnales  naukalr  namadnerep

tartis masa   kaynabes 1  ,% 3 ,%2 %  irad turalep   amal naadebrep nad  namadnerep

.tinem 51 nad tinem 01 ,tinem 5 amales utiay  

C turuneM 8 tartis masa natural nagned namadnerep ,)8002( ordno  tapad %

ma nagnudnak naknurunem man ,%08,18 iapmas kaino  naklisahid gnay gnigad nu
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hadum  masa tagnas aynasar nad rucnah .  lisah naktapadid amatu naitilenep adaP

 %2 tartis masa isartnesnok adap kiabret  iakapid ini amatu naitilenep adap aggnihes

 isartnesnok ( utiay tartis masa  1  ,% 2  nad ,% 3%) M .  turune 8002( itnayaJ  ,)  naukalrep

 gnigad namadnerep  sataid  hadum gnigad rutsket nakbabeynem tapad tinem 51

ep adap aggnihes ,kebmel  iakapid ini amatu naitilen  3 natakgnit   utkaw  utiay  ,tinem 5(

.)tinem 51 ,tinem 01  

 utiay naukalrep aud irad iridret ini amatu naitileneP namadnerep   nagned

tartis masa  nagned  isartnesnok   amal naadebrep nad adebreb namadnerep . 

 naukalreP  atrep  : am isartnesnok  tartis masa  

C1  = tartis masa  1 % 

C2  =  tartis masa 2 % 

C3  =  tartis masa 3 % 

  amal naadebrep : audek naukalreP namadnerep  tartis masa natural malad  

T  = 1 namadnerep utkaw  amales   5 m tine  

 = 2T namadnerep utkaw  amales  tinem 01  

 = 3T namadnerep utkaw  amales  tinem 51  

 

3.3 naabocreP nagnacnaR 2.2.  

 nagnacnaR  halada amatu naitilenep malad nakanugid gnay nagnacnaR

 )KAR( kopmoleK kacA  nagned naukalrep  esnok halada isartn  tartis masa   gnay

 utiay ,level 3 ikilimem 1 ( % C1  ,) 2 ( % C2),  nad 3 ( % C3  nad )  nakkopmolekid

nakrasadreb   amal namadnerep   utiay level 3 iklimem gnay tinem 5  T( 1  ,) 01  m tine  T( 2  )

 nad tinem 51  T( 3 gnisam atres ) -  .ilak 3 kaynabes nagnalugnep nakukalid gnisam

 gnay naabocrep nagnacnar ledoM  lebaT adap nakijasid nakanugid 11 .  
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 lebaT 11 edoM . P nagnacnaR l naabocre  
 

 
naukalreP  

 namadnerep amaL
)1T( tinem 5  

 namadnerep amaL
)2T( tinem 01  

 namadnerep amaL
)3T( tinem 51  

1 2 3 1 2 3 1 2 3 

 masa isartnesnoK
 tartis 1  % )1C(  

         

 masa isartnesnoK
 tartis 2 )2C( %  

         

 masa isartnesnoK
 tartis 3 )3C( %  

         

 
 

.3 4    naitileneP naanaskaleP   

ap naki teggun nataubmep rudesorP ir  :tukireb iagabes  

- ap nakI ir  icucid nad turep isi irad nakhisrebid  

-  irad nakhasipid gnigaD tiluk nad gnalut ,alapek  

- irap naki gnigaD  ( tartis masa natural madnerid 1 ,% 2 ,% 3  amal nagned )%

 naki gnigad nagnidnabrep nagned ,)tinem 51 ,tinem 01 ,tinem 5( namadnerep

 tahilid tapad madnerep natural isalumrof ,2:1 madnerep natural nagned ap  ad

aT 1 leb 2. 

- gaD rednelbid arac nagned nakrucnahid gni  

- oipat gnupet nakhabmatid tamul gnigaD  ugiret gnupet ,ak   ,alap ,adal ,  ,miks usus

 ,rulet gninuk alug ,marag ,rabmutek se ria ,  aggnih kudaid ayntujnales  negomoh . 

- )mc 3 x 8 x 02( naruku nakatec malad nakkusamid nanodA  

- odA hididnem ria uhus ,tinem 03 amales sukukid nan  

- gnaur uhus adap naknignidid nanodA  

- uasip nakanuggnem nasirigneP  

- rinap gnupet adap nakrilugid nad rulet nagned irumulid teggun nasirI  

- tinem 2 ± amales gnerogiD  

- fitkeybuS nad fitkeybO iju nakukaliD  
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- oda isalumroF  lebaT adap tahilid tapad teggun nan 13. 

 lebaT 12  aratnA nagnidnabreP .  naturaL iraP gnigaD nad tartiS masA  
 

nahaB  halmuJ  
iraP naki gnigaD  marg 005  

sedauqA  lm 0001  

 tartiS masA naturaL 1% 
   lm 0001 / marg 01 tartis masA(

)sedauqa   

A naturaL  tartiS mas 2% 
(  lm 0001 / marg 02 tartis masA

)sedauqa   

 tartiS masA naturaL 3% 
 lm 0001 / marg 03 tartis masA(

)sedauqa   
 
 

1 lebaT 3 iraP nakI tegguN nanodA isalumroF .  
 

nahaB  halmuJ  
irap naki gnigaD   005  marg  

akoipaT gnupeT  marg     01  
ugireT gnupeT  marg     04  

S usuS mik  marg    52  
maraG  marg       9  
alaP  marg    7,1  
acireM  marg    5,2  

rabmuteK  marg    3,2  
ehaJ  marg       2  
aluG  marg     11  

ruleT gninuK  marg     02  
se riA  marg       4  
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A rp rul  seso  nataubmep naitilenep iraP nakI teggun  ( arutnamiH  ps )  ,  tapad

 adap tahilid G  rabma 2. 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

2 rabmaG  iraP nakI tegguN nataubmeP naitileneP sesorP rulA . ).ps arutnamiH(  

nahabmat nahaB   

 

gnigaD  irap naki  

D naksulahi  

rupmaciD  

ilak  iapmas kudaiD s 

tinem 04 ± amales C°09 uhus nagned sukukiD  

malad gnautiD  gnayol  
gnayol  

D naksiriti  

 iauses kateciD  naruku
areles  

rinap gnupet isipaliD  

 tegguN  

1 naukalreP         

 natural namadnereP
tartis masa  : 

1 = 1C % 
2 = 2C % 

= 3C  3% 

2 naukalreP  

: namadnerep amaL  

tinem 5 = 1T  
tinem 01 = 2T  
tinem 51 = 3T  

 

)fitkeybO(  

: asilanA  

 nietorP , 
 riA , 
 eL kam , 
 ubA , 
 Hp , 
 aw, 
 A kainom , 

 

( )fitkeybuS  

: kitpelonagrO  

 ,anraW  
 ,rutskeT  
 ,amorA  
 .asaR  

tinem 3 ± gnerogiD  
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5.3  ijU retemaraP  

enep malad nakukalid gnay iju retemaraP uba radak iju halada ini naitil  ,

k ,kamel radak ,nietorp radak ,ria rada  kainoma a ,Hp , w   kutnU .kitpelonagro iju nad

aG eD turunem kiabret naukalrep nahilimep  adap tahilid tapad ,)7991( omr L  naripma

1. 

 
 

5.3     1. riA radaK asilanA  

ad nagniregnep edotem nakanuggnem nagned ria radak nautneneP  mal

 naidumek nasanamep nalaj nagned nahab malad ria nakpaugnem aynpisnirP .nevo

 hadus sabeb ria aumes itrareb gnay natsnok tareb iapmas nahab gnabminem

 naripmaL adap tahilid tapad asilana rudesorP .)0991 ,CAOA( nakpauid 2. 

 

5.3 2.  ubA radaK asilanA  

 pisnirP  narakabmep lisah larenim asis gnabminem halada uba radak asilana

 ,onotnayirpA( Cº055 ratikes uhus adap kinagro nahab la te  rudesorP .)9891 ,.

ilana  naripmaL adap tahilid tapad as 3. 

 

5.3 3.  nietorP radaK asilanA  

em nagned halada nietorp radak sisilana pisnirP  negortin halmuj nakutnen

 utiay napahat 3 iulalem gnay nahab utaus malad gnudnakret gnay latot )N(

( isartit nad isalitsed ,iskurtsed 9891 ijdamraduS .)   tahilid tapad asilana rudesorP

 naripmaL adap 4. 

 

5.3 4.  kameL radaK asilanA  

em arac nagned nakutnetid kameL  turalep utaus nagned kamel iskartskegn

 tural gnay kamel ,hotnoc maladek naxeh nakisalukrisnem nagneD .naxeh kamel
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 naxeh nahasimeP .utnetret hadaw malad lupmukret tubesret naxeh malad

maL adap tahilid tapad asilana rudesorP .isalitsed tala malad gnusgnalreb  narip 5. 

 

5.3  5.   mA radaK kaino   

  awaynes halada kainoma asilana irad pisnirP -  malad ainomma awaynes

 nad )3HN( ainomma pau/sag naksabebmem hadum nagned tapad silakla naadaek

 nad tarob masa malad gnupmatid tubesret naksabebid gnay ainomma pau/sag

yntujnales )5791 ,suomynonA( masa nagned naklartenid a  .  tapad asilana rudesorP .

naripmaL adap tahilid  .6  

   

5.3 6.   Hp ialiN  

   isartnesnok nagned natural utaus naasabek uata namasaek halada Hp ialiN

H+ HO noi nad - u retemarap utas halas nakapurem Hp ialiN .licek gnay  kutn

 halada Hp asilana irad pisnirP .nagnap nahab utum narudnumek nakutnenem

H noi isartnesnok +  nakanuggnem nagned rukuid reffub tafisreb gnay lepmas malad

Hp( retemoisnetop - .7 naripmaL adap tahilid tapad asilana rudesorp nupadA .)retem  

   

5.3 7.    a ialiN w  

  a narukugnep pisnirP w  ratikesid aradu fitaler nababmelek rukugnem halada

 awhab nakataynem ,)5991( omonruP .nagnabmitesek naadaek adap nagnap nahab

aw  ria pau nanaket nagned natural irad pau nanaket aratna nagnidnabrep halada

 .amas gnay uhus adap inrum  ,ijdamraduS uti nialeS .te la ,  nakataynem ,)9891(

 ihuragnepmem gnay nagnap nahab malad sabeb ria halmuj halada wa ialin awhab

a nautnenep pisnirP .emsinagroorkim nahubmutrep w  nakraibid nahab halada

r asis malad aradu nababmelek nagned nagnabmitesek iapacnem  malad gnau

 HRE naidumek ,tapar pututret gnay hadaw )ytidimuH evitaleR murbiliuqE(   asis irad

lid tapad asilana rudesorp nupadA .rukuid gnaur .8 naripmaL adap tahi  
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5.3 8.  kitpelonagrO ijU  

 aredni nakanuggnem nagned nakukalid kitpelonagro naitilenep edoteM

egnep  nakapmanep( natahilgnep nad ,)rutsket( abarep ,)uab( uabmep ,)asar iju( pac

 nagnap nahab nanusus naknimrecnem tapad kitpelonagro naialineP .)anraw nad

 nagned iwaredni natamagnep lisah irad helorepid gnay kisif araces amaturet

us iagabes silenap nakanuggnem  itupilem nakukalid gnay kitpelonagro ijU .aynkeyb

 roks nakirebmem kutnu atnimid silenaP .asar nad anraw ,rutsket ,nakapmanek iju

 kadit tagnas tama( 1 utiay naakusek tajared nagned iauses lepmas padahret

m kadit kaga( 3 ,)iakuynem kadit tagnas( 2 ,)iakuynem  ,)iakuynem kadit( 4 ,)iakuyne

 tagnas tama( 9 ,)iakuynem tagnas( 8 ,)iakuynem( 7 ,)iakuynem kaga( 6 ,)larten( 5

 .)iakuynem adap tahilid tapad kitpelonagro iju rudesorP   naripmaL 9. 

 

6.3  ataD asilanA  

acA nagnacnaR edotem nagned asilanaid naitilenep lisah ataD  kopmoleK k

 utiay naukalrep rotkaf aud irad iridret )KAR(  tartis masa isartnesnok  nagned  amal

adebreb gnay namadnerep   naidumek helorepid gnay ataD .nagnalu ilak agit nagned

satilamron ijuid . A  kadit helorepid gnay lisah alibap lamron isubirtsidret  p( - < eulav  

 atad helorepmem kutnu isamrofsnartid uluhad hibelret akam )50,0  isubirtsidret gnay

lamron  helorepid gnay atad alibapA . lamron isubirtsidret  p( -  akam )50,0 > eulav

 naktujnalid  AVONA nakanuggnem nagned asilanaid )ecnairaV fo sisylanA( .  alibapA

 lisah pid gnay  huragnep aynada nakkujnunem magar sisilana iulalem helore

)50,0 > F( naukalrep ratna naadebrep  ijU nakanuggnem nagned naktujnalid akam ,

 .%5 atayn farat adap )TNB( licekreT atayN adeB  ijU  asilana lisah  fitkeybus

 .namdeirF ijU nakanuggnem rep nahilimep kutnU  sisilana kiabret naukal

.omraG ed edotem nakanuggnem  
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 ledom itukignem gnay magar kidis halada nakanugid gnay asilana edoteM

: tukireb iagabes  

 + ji)BA( + kρ + jB + iA + µ = kjiY kjiЄ  

kjiY :anamid  ek naukalrep adap natamagnep ialin = - ek nagnalu i -j 

 mumu hagnet ialin =  

iA  ek farat  huragnep = - A rotkaf irad i  

jB  ek farat huragnep = - B rotkaf irad j  

k ek kopmolek huragnep = -k 

jiBA  aretni huragnep = ek farat isk - ek farat nad A rotkaf irad i -  rotkaf   irad j

B 

kjiЄ  ek farat naabocrep talag = - ek farat nad A rotkaf irad i -  B rotkaf irad j

ek gnay nagnalu adap - .k  

 F nagned gnutih F aratna nakgnidnabmem halada ayntujnales hakgnaL

:lebat  

 ebat F < gnutih F akiJ .atayn adebreb kadit naukalrep akam ,% 5 l  

  tagnas lisah nakbabeynem naukalrep akam ,% 1 lebat F > gnutih F akiJ

.atayn adebreb  

  lisah nakbabeynem naukalrep akam ,% 1 lebat F < gnutih F < % 5 lebat F akiJ

.atayn adebreb  

gnay anam sateirav nakutnenem naidumeK   iracnem nagned laisnetop hibel

 airetirk utaus halada TNB .)licekreT atayN adeB( TNB itrepes ayngnidnabmep ialin

atar agrah gnasapes aratna kitsitats iju nakukalem kutnu iakapid tapad gnay -  atar

4002 ,namuriaH( nakanacnerid halet gnay .)  

 

 

 


