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 artsbA tc   .ygrene elbawenernu si muelorteP  deen ew ,muelortep no ecnedneped gnicudeR
oib si hcihw fo eno ,sevitanretla ygrene elbawener - oiB .lio -  deniatbo eb nac lio

 a gnisu )sehcnub tiurf ytpme mlap yllaicepse( ssamoib cylatac gnikcarc yb
odnI ni )lio mlap edurc( OPC yrotcaf fo rebmun ehT .tsylatac  etareneg aisen

 .)hsa ylf( hsa mlap dna sehcnub tiurf ytpme mlap lio fo mrof eht ni etsaw dilos
 akilis.isatipiserp noitatipicerp acilis fo erutcafunam eht ni desu eb nac hsa ylF

MSZ fo erutcafunam eht ni desu eb nac -  fo sisehtnys a si hcraeser sihT .5
ylatac MSZ/oMiN gnikcarc citylatac rof sts -  otni sehcnub tiurf ytpme mlap 5

MSZ eht ot detsurtne munedbylom lekcin ,hcraeser siht nI .sleuf diuqil -  eht( 5
N 4.7 = oitar ,03 = lA / oitar 2 lA/O 2O3  ecudorp neht dna dohtem noitangerpmi yb

 021 ta deird era sdiloS .tcudorp dilos a ⁰  serutarepmet ta deniclac ,sruoh 2 rof C
 005 ⁰ emit htiw C -  a ta dezidixo ,sruoh 6 dna sruoh 4.2 si noitaniclac gniyrav

 004 fo erutarepmet ⁰ tarepmet a ta decuder dna ,h 2 rof C  004 fo eru ⁰  2 rof C
MSZ/oMiN fo oitar eht dna tsylatac a niatbo ot sruoh -  fo thgiew latot a htiw 5

 saw tsylatac .2/1 = omiN fo oitar eht dna tsylatac eht fo thgiew yb %5 yb latem
 eht enimreted ot )relleT ttemmE reuanurB( dohtem TEB eht yb dezylana

 ecafruos  gnikcarc citylatac eht yb detcudnoc tset ecnamrofrep citylatac dna aera
 deziretcarahc sleuf diuqil devired .sleuf diuqil otni sehcnub tiurf ytpme mlap fo
 ecafrus tsegral eht ,yduts eht fo stluser ehT .tniop hsalf dna ytisocsiv ,ytisned

 fo aera ylatac eht m 62.24 si sruoh 4 fo emit gniniclac yb deniatbo ts 2  eht dna g /
 ,%8.63 si sruoh 2 fo emit noitaniclac htiw tsylatac a gnisu deniatbo dleiy tsegral
 dna  tSc 84.01 = ytisocsiv , lm / g 530.1 = ytisned noitaziretcarahc nwonk dleiy

 15 tniop hsalf ⁰ eiy sihT .C oib fo noitaziretcarahc dradnats eht ot gnignoleb dl -  lio  

 :sdrow yeK TEB MSZ/oMiN ,gnikcarc citylatac ,noitaniclac , -5 

   

.1  nauluhadneP  
,0102 nuhat adaP   aisenodnI id rakab nahab ismusnok

atuj 2 iapacnem ripmah nakarikrepid   huaj irah/lerab
 iuapmalem irah/lerab atuj 1 lanoisan iskudorp satisapak  

 apalek nanubekrep ikilimem uaiR .)1102 ,otnayadraH(
tiwas apalek nanubekrep aera sauL .saul pukuc gnay tiwas  
 saul irad %53 ratikes ,hibel ratkeh atuj 3,7 aisenodnI

uaiR haread id ada tubesret  arik - h atuj 2 arik  hibel ratke
tiwas apalek nubek nahal aynsauL .)0102 ,rathkuM(   naka

.tiwas tadap habmil assamoib naklisahgnem   tadap habmiL
 hapelep ,gnatab ,gnakgnac apureb naklisahid gnay tiwas

nad  nial -  gnay tiwas irtsudni irad asis nakapurem nial
araces naktaafnamid muleb   nadnaT .)5002 ,lidaP( lamitpo

rasebret habmil nakapurem )SKT( tiwas gnosok   gnay
 nadnat halmuJ .tiwas apalek nanubekrep helo naklisahid

iapacnem gnosok  03 –  rages haub nadnat tareb irad %53
,kkd ilabmaH( nanenamep paites )SBT(  .)7002  oiB -  lio

 sesorp iulalem helorepid sisyloryp  sesorP .  sisyloryp
fitkeles kitilatak   gnusgnal araces habugnem upmam

iakapid tapad gnay awaynes malad ek asolules   kutnu
 riac rakab nahab nataubmep sesorp adaP .nisneb taubmem

naanuggnep ,ini  MSZ silatak - ah naktahilrepmem 5  gnay lis
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silatak sinej gnidnabid kiab hibel   ,kkd noslraC( aynnial
.)8002   

naanuggneP  MSZ silatak - ( 5 elibom ynocos etiloez - )5  
 sinej nakgnidnabid kiab hibel gnay lisah naktahilrepmem

,numaN .aynnial silatak   dleiy  adap helorepid gnay
dner hisam ini naitilenep .nesrep 05 hawabid utiay ,ha  

 silatak isanibmok nakukalid raga naknaraynem noslraC
lisah helorepmem kutnu  .kiab hibel gnay   naitilenep adaP

MSZ/oMiN silatak sisetnis nakukalid ini - ini silataK .5  
 hakgnaL .kiab gnay sativitka ikilimem tapad nakparahid

 amatrep naka gnay  MSZ sisetnis utiay nakukalid -  nagned 5
naidsiM nakukalid amas gnay rudesorp   naidumeK .)9002(

iN magol isangerpmi nagned naktujnalid -  nagned oM
lebairav   .iskuder nad isadisko ,maj 6 ,4 ,2 isanislak utkaw

MSZ/oMiN silataK - naka 5  kumrep saul asilanaid  aynnaa
 nagned  relleT temmE reuanurB ijuid nad )TEB(   aynajrenik

 adap  sisyloryp  .tiwas gnosok nadnat oiB -  lio  gnay
ijuid naka helorepid  aynsisif tafis . 

.2  edoteM nad nahaB  
nahaB -  ini naitilenep malad nakanugid naka gnay nahab
 utiay  hsa ylf ural ,hulaG ieS V NPTP lCH nat   ,HOaN ,N 01

)HO(lA 3 sedauqa , t HN( , 4)6 oM 7O 42 H4. 2 ON(iN ,O 3)2 H6. 2  ,O
 sag ,negisko sag ,negortin sag ,tiwas gnosok nadnat

.)ANIMATREP( M082 panilis ,negordih  

.1.2  p akilis nataubmeP isatipiser  

( tiwas gnabret uba utiay akilis natubmep ukab nahaB  ylf
hsa )  uluhad hibelret ecanruf id gnay  004 uhus adap °C. 

A ub  tiwas gnabret  )hsem 06 nad 04( kayaid   kutnu
 uba naktapadnem  hibel gnay lekitrap retemaid nagned

.licek   )HOaN natural( riac nad )uba( tadap narupmacneP
nagned nakukalid  am nagnidnabrep( 6:1 nagnidnabrep  .)ass

nakrupmacid uba marg 33,871 kaynabeS   natural nagned
id maj 4 amales kasamid tubesret narupmaC .N2 HOaN  
 nad kudagnep nagned iakgnarid gnay retil 2 rotkaer malad

uhuS .resnednok  501 rotkaer  °  natapecek nad C
upmac ,naksanapid haleteS .mpr 005 nakudagnep nar  

 nad tartlif nakhasimem kutnu gnirasid nad nignid nakraibid
ekac gnay tartliF .   nad takilis muirtan utiay naklisahid

pahat kutnu lepmas iagabes nakanugid  .isatipiserp   naturaL
aN( takilis muirtan 2 OiS 3)  malad naksanapid w  .htabreta

gnay uhuS   59 nakanugid °C  001 nakudagnep natapecek ,
lCH nahabmanep nagned nad ,mpr  ih N 01  iapacnem aggn

,8 Hp adaP .5,8 Hp .napadne kutnebmem natural 5   napadnE
sedauqa nagned icucid tubesret kutnebret gnay t  nad

malad id nakgnirekid   002 uhus adap nevo °  helorepid ,C
satipiserp akilis .i  

.2.2  MSZ nataubmeP -5 

MSZ sisetniS -  ,C° 571 uhus isidnok nagned nakukalid 5
 nakanugid gnay ukab nahaB .maj 81 amales 03 = lA/iS
 rebmuS .tanimula muirtan nad isatipiserp akilis halada
 nakapurem gnay tanimulA muirtaN apureb animulA

)HO(lA narupmac 3  iagabes halada aynpahaT .HOaN nad
edauka lm 0001 malad nakturalid HOaN ,tukireb  ,s

.HOaN natural helorepid  )HO(lA 3  malad ek nakkusamid
)HO(lA aumes haleteS .kudaid nad tubesret natural 3  tural

natural naidumek   .napadne kutnebret aggnih nakmaidid

sid napadnE malad nakgnirekid nad gnira   iapmas nevo
 ,naidsiM malad 6002 ,kkd anirhaZ( natsnok aynria radak

.)9002  S MSZ sisetni -  5  iagabes arac nagned nakukalid
,tukireb   halmuj nagned nakturalid tanimula muirtan

sedauqa nagned rupmacid utnetret   akiliS .)1 isnepsus(
pret ralom habsin iauses( utnetret halmuj nagned isatipiser  
OiS 2 lA/ 2O3 sedauqa nagned rupmacid )03 = t  .)2 isnepsus(

helorepid 3 isnepsuS  s nakrupmacnem nagned  1 isnepsu
HOaN ,ayntujnaleS .2 isnepsus nad   malad ek nakhabmatid

ihes utnetret halmuj nagned 3 isnepsus helorepid aggn  
aN habsin 2 lA/O 2O3 kudaid 3 isnepsuS .4,7   nakkusamid nad

 571 uhus adap maj 81 amales evalcotua maladek °  .C
 gnay natadaP kutnebret  icucid  sedauqa nagned t  ,gnirasid ,

011 rutarepmet adap nevo malad nakgnirekid nad  °C 
.maj 6 amales  

.3.2  l isangerpmI go iN nad oM ma  

 nakukalid amas gnay arac nagned nakukalid nanabmegneP
onosnaidoR   % 5 rasebes magol nanabmegneP .)7002( kkd

oisar nagned silatak tareb irad  2/1 halada oM/iN  .
amatrep gnay ,pahatreb araces nakukalid magol isangerpmI  

 .munedbylom magol isangerpmi  muinommA
 etadbylomatpeh  malad nakturalid sedauqa t  sala ubal adap

natural helorepid ,talub  HN( 4)6 oM 7O 42 H4. 2 MSZ .O -  5
natural maladek nakhabmatid   malad skulferid nad tubesret

 htabretaw adap maj 21 amales kudaid libmas   rutarepmet
09  °  natural naidumeK .C  naktapadnem kutnu gnirasid

nad aynnatadap   helorepid gnay natadaP .icucid
rutarepmet adap nevo nakanuggnem nakgnirekid  011  °  C

.A natadap helorepid nad maj 3 amales   audek gnay pahaT
 nakturalid tartin lekiN .lekin magol isangerpmi halada

repid ,tsedauqa malad ON(iN natural helo 3)2 H6. 2  natadaP .O
 nakturalid amatrep pahat adap helorepid gnay A

ON(iN natural maladek aynhurules 3 H6.2) 2  naturaL .O
 malad kulferid  htabretaw  maj 21 amales kudaid libmas

 kutnu gnirasid naidumek naturaL .C° 09 rutarepmet adap
dap naktapadnem  gnay natadaP .icucid nad aynnata

 maj 3 amales nevo nakanuggnem nakgnirekid helorepid
 011 uhus nagned ° .B natadap helorepid nad C  

 

 
.1 rabmaG  iN magol isangerpmi tala amekS - oM  

.4.2  o ,isanislaK  ,isadisk r nad iskude  

epmet adap isanislakid helorepid gnay B natadaP 005 rutar  
° nagned C  N sag nakrilagnem 2  isanislak utkaW .

6 nad 4 ,2 utiay ,nakisairavid   isadiskoid naidumeK .maj
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O sag nagned 2   004 rutarepmet adap  °C  nad ,maj 2 amales
H sag nagned iskuderid 2 004 rutarepmet adap  °C  2 amales

 .maj  
 

 
.2 rabmaG  iskuder nad isadisko ,isanislak tala amekS  

.5.2  k ajrenik ijU MSZ/oMiN silata -5 

MSZ/oMiN ,silatak ajrenik iuhategnem kutnU -  ijuid 5
nakukalem nagned   sisyloryp  )SKT( tiwas gnosok nadnat

halet gnay naitilenep adap ucagnem gnay   helo nakukalid
 hakgnaL .)0102( nafrI  iagabes halada aynnaijugnep

tiwas gnosok nadnat amatrep ,tukireb   gnotopid halet gnay
licek -  gnabmitid mm 5 ± licek nad  nakkusamid   malad ek

 .rotkaer  lio lamrehT  nad )M 082 panilis( lm 005 kaynabes
silatak  MSZ/oMiN - %1 5 -  tiwas gnosok nadnat tareb irad tw

matid .aynmaladek nakhab   adap nakpudihid tala uhuS
023 rutarepmet  ° .mpr 004 nakudagnep natapecek nad C  

alad ek nakrilaid negortiN saG  .rotkaer m irad lisaH   sesorp
 kinagro paU .gnara nad sag ,kinagro pau helorepid tubesret

sag nad   idajnem isasnednokid oib - lio  . oiB -  lio  gnay
esatnesreP .aynassam tatacid helorepid   gnay assam halmuj

gnay tiwas gnosok nadnat halmuj gnidnabid tatacret  
 tubesid rotkaer maladek nakkusamid oib dleiy - lio  .

naijugnep hakgnal naidumeK   isairav nagned ignaluid ini
MSZ/oMiN - .aynnial 5  

 

 
.3 rabmaG    tiwas gnosok nadnat gnikcarc tala naiakgnaR

sisyloryp sesorp nagned  
 

.3  nasahabmeP nad lisaH  

.1.3  p saul padahret isanislak utkaw huragneP naakumre  

 .iggnit uhus nagned nasanamep sesorp halada isanislaK
 isisopmokednem kutnu silatak adap isanislak naujuT

ajnem marag  satilibats nakkianem ,aynadisko kutneb id
 asisret hisam gnay ria radak nakgnalihgnem nad kinakem
 gnay isanislak uhus ,ini naitilenep adaP .)6002 ,iratseL(

005 nakanugid   nakukalid gnay nagned iauses ini lah , C°
set malad iratseL .)7002( kkd onosnaidoR helo  aynsi

 gnatner adap lamitpo isanislak uhus awhab nakropalem
376 -  lisah nakirebmem kadit K 376 hawabid uhus ,K 378

 sataid uhus nakgnades ,silatak sativitka padahret kiab gnay
naktabikagnem tapad ,K 378   kasurem naka gnay gniretnis

.silatak fitka asaf  ak sesorP  nakisisopmokednem isanisl
.adisko magol idajnem magol marag   iskaer ini hawabiD

: isanislak sesorp amales idajret gnay  
 

 
 

 nagnubuh tahilem tapad atik ini hawabid kifarg adaP
.silatak irad naakumrep saul padahret isanislak utkaw  

 

 
.4 rabmaG   utkaw nagnubuH   saul padahret isanislak

naakumrep  
 

 silatak naakumrep saul ,maj 2 isanislak utkaw adaP
m 79,33 2  naakumrep saul ,maj 4 isanislak utkaw adaP .g/

m 62,24 iapacnem takgninem silatak 2  ini laH .g/
 .silatak irad raulek ria nad rotognep awhab naksalejnem

 nakgnadeS  naakumrep saul ,maj 6 isanislak utkaw adap
m 78,23 idajnem nurut silatak 2  nasala aparebeb adA .rg/

 ,itilenep turuneM .ini lah naksalejnem tapad gnay
lekin magol narabeynep idajret nanikgnumek -  munedbilom

MSZ naakumrep adap atarem kadit gnay -  iputunem nad 5
um  saul nakbabeynem gnay irop narulas uata irop tul

 uata isalumukA .nurunem silatak fitka naakumrep
 tubesid irop narulas adap magol nakupmunep  gniretnis

 ini awitsirep nakisartsulignem okodnaH .)2002 ,okodnaH(
.5 rabmaG adap  
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.5 rabmaG  gniretnis awitsireP  

 
gA  licek lekitrap nalapmuggnep awitsirep uata isaremol

kutnebmem   ,ini naitilenep adaP .raseb lekitrap
taas adap isaremolga idajret nanikgnumek   naisubirtsidnep

naka anerak idajret naknigniid kadit isaremolgA .magol  
arugnem n .silatak fitka asaf saul ig   gnay laH  nikgnum

naakumrep saul nanurunep nakbabeynem gnay idajret   ini
 nakbabeynem tapad isanislak utkaw amal nikames halada

fitka asaf isavitkaed  MSZ( aggnaynep nakhab uata -  .)5
 rutarepmeT  noitavele N gnorodnem 2 iskaereb   nagned

uinimula ,muinatit ,nocilis ,muimorhc  ,muiclac ,norob ,m
,muitnorts   kutnebmem muihtil nad muisengam ,muilyreb

 sedirtin 8991 ,remhtO( ).  gnay rutarepmet adap ,uti nialeS
N ,iggnit 2 O nad 2 .ON kutnebmem iskaereb  MSZ -  gnay 5

lA isisopmok ikilimem 2O3 OiS , 2 aN nad 2  gniries ,O
 ayntakgninem nislak utkaw  irad naigabes nanikgnumek ,isa

N nagned iskaereb O nad ,lA ,iS 2  idajret haletes
.etadbylomatpeh muinomma nad tartin lekin isisopmoked  

 amal ulalret gnay isanislak utkaw ,itilenep turuneM
 adap tabikareb aggnihes naakumrep saul ignarugnem tapad

 nad sativitka  gnay isanislak utkaW .silatak irad sativitkeles
 4 isanislak utkaw halada silatak naakumrep saul kutnu kiab
 utiay raseb gnay naakumrep saul helorepid aggnihes maj

m 62,24 2 .g/  

.2.3  d naakumrep saul huragneP  nagne y dlei  

 .silatak sativitka iuhategnem kutnu naijugnep ulreP
 nagned nakukalid naijugneP  gnikcarc  tiwas gnosok nadnat

 irad lisaH .sisilorip sesorp nagned riac rakab rahab idajnem
 paU .gnara nad sag ,kinagro pau helorepid tubesret sesorp

 isasnednokid sag nad kinagro  idajnem oib - lio  . oiB -  lio  gnay
 gnay assam halmuj esatnesreP .aynassam tatacid helorepid
 gnay tiwas gnosok nadnat halmuj gnidnabid tatacret

 tubesid rotkaer maladek nakkusamid oib dleiy - lio  1 lebaT .
 padahret silatak isanislak utkaw nagnubuh nakkujnunem

 dleiy oib - lio . 
 

.1 lebaT   oib dleiy padahret naakumrep saul nagnubuH - lio  

 isanislaK utkaW
)maj(  

 naakumreP sauL
m( 2 )g/  

)%( dleiY  

2 79,33  8,63  
4 62,24  2,43  
6 78,23  8,23  

 
 nakkujnunem 1 lebaT iraD  dleiy  assamoib sisilorip

 idajnem tiwas gnosok nadnat oib -  lio  silatak nakanuggnem
MSZ/oMiN -  .5  dleiY  2,43 ,% 8,63 rasebes helorepid gnay

 gnay dleiy irad raseb hibel ini akgnA .% 8,23 nad ,%
 .% 13 rasebes utiay )8002( kkd noslraC helo helorepid

 1 lebaT iraD  dleiy  silatak nakanuggnem helorepid gnay
sanislak utkaw nagned  utkaw irad raseb hibel maj 2 i

 .idajret nikgnum tagnas ini laH .maj 6 nad 4 isanislak

 nanikgnumek natakgninep sisilorip sesorp amaleS
 kaynab nikames uata rotkaer gnidnid adap nakubmut
 ,nial gnay nagned utas nakubmutreb gnilas gnay kudorp

akbabeynem ini lah  gnay nobrakordih iatnar aynkutnebret n
 ilabmek nakhacepid kutnu tilus aggnihes iggnit hibel urtsuj
 kudorp nakgnades nurunem riac kudorp nakbabeynem nad

.)5002 ,kkd ijaiteS( kaynab hibel kutnebret sag apureb  
taki nasutumep malad ,)6002( ojrahidowsiS turuneM  na

gnay nobrakordih   raseb hibel gnay lukelom tareb nagned
nobrakordih riac kudorp naklisahagnem   tareb nagned

 idajret halet ,sakok nad ,sag ,licek hibel gnay lukelom
isitepmok   gnay sag kudorp nagned riac kudorp aratna

gnay sag kudorp aynraseB .naklisahid   kutnebret
.licek idajnem riac kudorp naktabikagnem  1 lebaT iraD  ,

silatak sativitka nanurunep idajret halet itilenep turunem  
 4 isanislak utkaw adaP .maj 6 nad 4 isanislak utkaw adap

rotognep nad ria ,maj   irad raulek gnay kaynab nikames
pmem aggnihes silatak naakumrep saul rasebre   silatak irad

 nikgnum gnay naknigniid kadit gnay nial lah ada ipat
gniries idajret   aynlasim ,isanislak utkaw ayntakgninem

rutkurts adap naigabes nakasurek  MSZ -  aynkasuR .5
 nad lA ,iS irad naigabes anerak nanikgnumek ini rutkurts

O adap  MSZ - N nagned iskaereb 5 2 ini lah ,   adap tabikareb
 nadnat isrevnokgnem malad silatak sativitka nanurunep

gnosok   idajnem tiwas oib - lio  silatak sativitka nanuruneP .
gniries raseb nikames ini   isanislak utkaw aynhabmatreb

 lah ,silatak irad dap tahilid tapad ini 1 lebaT a ,  nagned
 naklisahgnem maj 6 isanislak utkaw  dleiy  iraD .%8,23

,ini naitilenep lisah   utkaw awhab naklupmiynem itilenep
gnay silatak naklisahgnem maj 2 isanislak   upmam

 nagned isrevnokgnem oib dleiy -  lio .%8,63  

.3.3  k lisaH  isasiretkara b oi - lio  

oiB -  lio gnay  tafis isasiretkarakid naidumek helorepid -
 nautnenep itupilem nakukalid gnay isasiretkaraK .ayntafis

D MTSA( satisoksiv ,sinej assam -  alayn kitit nad )544
D MTSA( - .2 lebaT adap tahilid tapad aynlisaH .)29  
 
.2 lebaT  oib tafis isasiretkarak nagnidnabrep lisaH -  lio

rutaretil nagned  

.oN  retemaraP  oiB radnatS -
lio  

 ,doowllamS(
)8002  

oiB -  nagned lio
 silatak

MSZ/oMiN -5 

1  ,sineJ assaM
lm/rg  

49,0 - 2,1  530,1  

2  ,satisoksiV
tSc  

01 - 051  84,01  

3  ,alayN kitiT
C°  

84 - 55  15  

 
 awhab naktahilrepmem 2 lebaT adap atad iraD

 silatak naanuggnep oMiN MSZ/ -  sisilorip sesorp adap 5
 satilauk naklisahgnem tapad tiwas gnosok nadnat oib -  lio

 kitit nad ,satisoksiv ,sinej assam itrepes kiab pukuc gnay
p ,licek hibel gnay sinej assam nagneD .alayn  naanuggne
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