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 artsbA tc  rof deen ehT  fo secruos  ygrene  esir ot seunitnoc  dna  sevreser lio  eht sa  niam   ecruos
fo  ygrene   taht ot seunitnoc  tuo niht  rof nosaer niam eht  gnikees fo ecnatropmi eht  

ygrene evitanretla  secruos  muelortep fo daetsni  . ssamoiB  yllaicepse  itnarem  
tsudwas  deniatnoc  uaiR ni   nac  eb  oib - lio  hguorht  sisyloryp  citylatac  . yduts sihT  
ot demia   tceffe eht enimreted fo  erutarepmet  fo egatnecrep dna  MSZ -  5 ot  dleiy  oib -

 lio decudorp  eht wonk ot dna  fo scitsiretcarahc  oib -  lio seitreporp  gnidulcni  ,ytisned  
dna ytisocsiv  tniop hsalf  dewollof sa si erudesorp hcraeser ehT . itnareM  tsudwas  

05 gnihgiew  smarg  taht  detresni si  ni eht ot  rotcaer  dellif saw  htiw  lm 005  panilis  
dedda neht  tsylatac  MSZ -  5 fo thgiew a htiw  %tw 1  oib -  dna ssam rotcaer  delpuoc  

a htiw  resnednoc  dna  negortin  sag  dewolf  ta  fo etar wolf a  53:1  lm  / ces  .  ni nehT
eht  sisyloryp  fo serutarepmet ta  092 - 023  ºC  ot mrof  stcudorp  rehtruf lliw hcihw  

desnednoc  . diuqil ehT  desnednoc  dna  detcelloc  01 yreve  ni setunim  drocer   emulov
thgiew dna  etaluclac ot  dleiy  dna  deppots  ta  .setunim 021  tnemirepxe ehT   saw

detaeper  fo serutarepmet ta   023 ºC fo egatnecrep a htiw  tsylatac  %2  , %3  4 dna  yb %
 fo thgiew ssamoib eht  . morF  ,hcraeser siht    taht detacidni saw ti erutarepmet  dna  

MSZ -  5 fo etar eht sesaercni  sisyloryp  noitcaer  . snoitidnoc mumitpO  rof  eht  
sisyloryp  fo serutarepmet ta   023 ºC dna  fo egatnecrep eht  MSZ -  5 stsylatac   yb %4

ew thgi  ssamoib fo  fo dleiy a htiw  %85  . fo stluser eht morF  lacisyhp  
noitaziretcarahc  oib fo -  lio nwonk si  ytisned  = 8790  g / lm  , ytisocsiv  69.91  pc  = 25  

°C dna  .tniop hsalf a  

 :sdrow yeK oib - MSZ ,sisyloryp ,tsudwas itnareM ,lio -5. 

   

.1  nauluhadneP  
 nakurabret kadit igrene rebmus nakapurem imub kayniM

sutareb kajes naladna idajnem hadus gnay -  .ulal nuhat sutar
 rakab nahab kutnu aynsusuhk imub kaynim ismusnoK

 idajret aynlah itrepes ,takgninem suret aynnuhat paites  id
 ayaD rebmuS nad igrenE nemetrapeD atad iraD .aisenodnI
 nakianek ismusa nagned ,7002 nuhat )MDSED(lareniM
 adap ,nuhat rep %6 rasebes imub kaynim kudorp ismusnok
 irad takgninem naka imub kaynim ismusnok 5102 nuhat

idajnem ,0102 nuhat adap lerab railim 006   lerab railim 008
.5102 nuhat adap  

oiB -  ikilimem gnay isanegiskoret nariac nakapurem lio
 iagabes nakanugid tapad nad iggnit gnay nataparek

oiB .aynnaparenep aparebeb adap rakab nahab itnaggnep -
 ,reliob uata nibrut ,leseid nisem malad rakabret tapad lio

ualaw  nakhutubmem hisam huaj hibelaynnaanuggnep nup

 nakanugid aguj tapad nad ,gnajnap akgnaj nahatek iju
taz iskudorp kutnu -  nad halludbA[ utnetret aimik taz

MSZ .]8002 ,resuahreG -  tiloez utas halas nakapurem 5
MSZ .kibmohtro latsirk rutkurts iaynupmem gnay -  5

mret  nagned tiloez nakkopmolegnep malad kusa
 irad raseb hibel utiay iggnit gnay lA nad iS nagnidnabrep

.01  
 naklisahid gnay kinagro nahab halada assamoiB

 kiab ,kitetnisotof sesorp iulalem apureb   nupuam kudorp
 nobrak irad iridret gnay assamoib nagnudnaK .nagnaub
 nagnudnak iagabes rasad nakidajid tapad negordih nad
 sisiloriP .]4002 ,cebeuQ[ rakab nahab malad tapadret gnay
 nakiarugnem gnay isarenisni kutneb utaus nakapurem
 nagned nasanamep iulalem aimik araces kinagro nahab

iM[ treni sag iagabes negortin nakrilagnem  .]3002 ,kkd aru
oib iskudorpmem kutnu nakanugid gnay assamoiB -  lio
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 adaP .nahalo uyak lisah ijagreg kubres irad helorepid tapad
 uyak kubres habmil naigabes ,uyak nahalognep irtsudni
 rakabid ,ukgnut rakab nahab iagabes nakanugid aynasaib

nep apnat ajas utigeb  tapad aggnihes ,itrareb gnay naanugg
ramecnep naklubminem ]9991 ,otnairbeF[ nagnukgnil na  .  

.2  edoteM nad nahaB  
 saleg halada ini naitilenep malad nakanugid gnay natalareP
 ,kitilana nagnabmit ,yrruls rotkaer ,ruku saleg ,alaip

 ,nolfet ,kudagnep evalcotua atrek ,  ,resnednok ,gniras s
N sag gnubat 2  irad ria radak nakgnalihgnem kutnu nevo ,

 ,ijagreg kubres htab retaw  ,  elpuocomreht  ,)tnanraB(
 nad dlawsO retemoksiv ,retemonkip hsalf dnalevelc  .

 uba halada ini naitilenep malad nakanugid gnay nahaB
as w /ti hsa ylf   ,HOaN ,hulaG ieS SKP V NPTP irad

)HO(lA 3 N saG ,sedauqa , 2  ,itnarem uyak ijagreg kubres ,
MSZ silatak - ( panilis ,5 omreht - lio  .)  

.1.2  b napaisrep pahaT assamoi  

 rutrepmet adap nevo malad id nakgnirekid ijagreg kubreS
501  s igal ignaluid naidumek tinem 03 amales C°  iapma

 nautnenep nakukaL .natsnok helorepid gnay tareb
 arac nagned uyak kubres adap ria nagnudnak
 malad nakgnirekid nad nelesrop nawac nakhisrebmem

501 nevo   malad naknignid nad tinem 03 laminim C°
 naidumeK .)marg a( natsnok iapmas gnabmit ulal rotakised

mit  naktapmet ,rg 5 kaynabes lepmas itilet nagned gnab
 adap nevo malad naksanapid nad nelesrop nawac adap

011 uhus   malad naknignid naidumeK .tinem 03 amales C°
 nakukal ,gnabmitid nad ramak uhus adap rotakised

 natsnok gnay tareb helorepid aggnih idat naukalrep  b(
 nakanuggnem nagned gnutihid ria nagnudnaK .)marg

 :naamasrep  

nagnudnaK  riA  (%) �  
a � b
tareb  lepmas

 x 001 % 

:nagnareteK  
 mulebes lepmas nad nelesrop nawac tareB = a

)rg( nasanamep  
 haduses lepmas nad nelesrop nawac tareB = b

)rg( nasanamep  

.2.2  p pahaT  nataubme k ilata s 

/tiwas ubA hsa ylf  d us adap ecanruf i h 004 u   naidumek C°
 lekitrap retemaid naktapadnem kutnu )hsem 06( kayaid
 nagned nakasamep nakukal naidumeK .licek hibel gnay
 1 nagned nakrupmacid rg 33,871 kaynabes tiwas uba arac

r malad kasamiD .N 2 HOaN natural retil  emulovreb rotkae
501 uhus adap resnednok nad kudagnepreb nagned retil 2  
 .maj 4 amales mpr 005 nakudagnep natapecek atres C°
 kutnu gnirasid nad naknignidid natural ,naksanapid haleteS
 utiay naklisahid gnay tartliF .ekac nad tartlif nakhasimem

akiliS muirtaN  pahat kutnu lepmas iagabes nakanugid nad t
aN ,ini isatipiserp pahat adaP .isatipiserp 2 OiS 3  kaynabes

 nad kudaid ,lm 0001 aimik saleg ek nakkusamid lm 009
 id naksanapid htabretaw  59 uhus adap   nagned C°

001 nakudagnep natapecek   01 lCH nahabmanep nad mpr
ih N  natural 5,8 Hp adaP .5,8 Hp iapacnem aggn

 nagned icucid uti napadne anamid napadne kutnebmem

002 uhus adap nevo malad nakgnirekid naidumek sedauqa  
4 amales C° -  .]1 isnepsus[ maj 5  

 nakturalem arac nagned tanimula muirtan nataubmeP
m 0001 malad HOaN rg 5,901  naidumek sedauqa l

)HO(lA rg 67 kaynabes nakkusam 3  haleteS .kudaid libmas
)HO(lA 3  napadne kutnebret aggnih nakmaidid ,tural

 iapmas nevo malad naksanapid nad gnirasid naidumek
 muirtaN .]6002 ,kkd anirhaZ[ natsnok aynria radak

nagned idaj halet gnay tanimula   rupmacid utnetret halmuj
MSZ sisetnis kutnU .]2 isnepsus[ sedauqa nagned -  5

 ,]3 isnepsus[ 2 nad 1 isnepsus aratna narupmacnep nakukal
 halmuj nagned HOaN nakhabmatid ini 3 isnepsus maladid

aN habsin helorepid aggnihes utnetret 2 lA/O 2O3  .4,7
akudagnep nakukaL  nakkusamid nad tinem 03 amales n

 maladek evalcotua   571 uhus adap  C°  .maj 81 utkaw nad
 ,sedauqa nagned kudorp naicucnep nakukal naidumek

011 uhus adap nevo malad nakgnirek   .maj 6 amales C°  

.3.2  p pahaT naitilene  

 uhus naktapadnem kutnu nauluhadnep naabocrep nakukaL
 sesorp ialum panilis adap tapet gnay gnikcarc   tapadid gnay

043 uhus adap   kaynabes itnarem uyak ijagreg kubreS .C°
MSZ silatak ,rg 05 -  nad ,%3,%2 ,%1 isartnesnok nagned 5

nakkusamid ijagreg kubres tareb %4   emulovreb panilis ek
023 nad ,013 ,003 ,092 uhus adap isiloripid lm005   C°

 sag nakrilagnem nagned tinem 021 amales sisiloripid
 ria narila atres ted/lm 53,1 narila ujal nagned negortin

 tinem 01 lavretni paiT .rosednok nagned oib - lio  
 malad gnupmated g rekaeb ssal  nakukal naidumeK .

 tafis isasiretkarak oib - lio   satisoksiv ,sinej assam itupilem
alayn kitit nad . 

.3  nasahabmeP nad lisaH  

.1.3  met huragneP rutarep   padahret y dlei  oib - lio  

 nahelorep lisaH oib dleiy - lio   rutarepmet isairav adap
MSZ silatak isartnesnok nagned -  assamoib tareb %1 5

.1 rabmaG adap tahilret itrepes  
 

 
 .1 rabmaG meT huragneP  padahret rutarep dleiY  oib - lio  

 
 natakgnineP dleiy   rutarepmet nakianek anerak idajret

atnar nahacemep ujal naktakgninem naka i-  awaynes iatnar
 nagned aggniheS .itnarem uyak ijagreg kubres malad

awaynes nad ria nagnudnak ,rutarepmet natakgninep -

0
5
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082 003 023 043

)
%( dleiY

( rutarepmeT ° )C

)%( dleiY
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 awaynes elitalov   nagned tapec araces nakpauret naka
 kudorp nakbabeynem ini nad alup raseb gnay halmuj
 hibel gnay rutarepmet adap alup takgninem riac sisilorip

.iggnit  

.2.3  MSZ esatnesrep huragneP -  padahret 5 y oib dlei - lio  

 aratna nagnubuH oib dleiy - lio   nagned naklisahid gnay
erp MSZ esatnes -  sisilorip sesorp adap nakhabmatid gnay 5

 .2 rabmaG adap nakkujnutid  

 
 .2 rabmaG  MSZ esatnesrep nagnubuH -  padahret 5  dleiY

oiB - lio  023 uhus adap naklisahid gnay  C°  
 

 dleiY oib - lio   adap %4,22 utiay hadner gnilap gnay
 nakanuggnem apnat sisilorip  nahabmanep nagneD .silatak

MSZ -  ini lah ,%8,83 idajnem dleiy naktakgninem %1 5
MSZ nakkujnunem -  naktakgninem malad huragnepreb 5

oib dleiy - lio MSZ nahabmaneP . -  %4 nad %3 ,%2 5
 naktakgninem nikames oib dleiy -  lio  ini lah helorepid gnay

uj nahabmanep nakanerakid  nikames silatak halm
 %85 halada mumitpo dleiY .silatak fitka isis naktakgninem

ay  nahabmanep nagned helorepid gn 5 MSZ % - .5  
 

.1 lebaT    nahelorep lisah nagnidnabreP oib dleiY - lio   adap
uluhadret naitilenep . 

 
oN   naitileneP

oib - lio  
 igolodoteM

naitileneP  
 dleiY oib -
lio  

1  kkd ,noslraC
)8002(  

 nakanuggneM
 ,uyak kubres
 rotkaer nagned

deb dezidiulf  ,
MSZ silatak -  = T ,5

006  C°  

%21  

2  damhcA
 inoysaB

)1102(  

 nakanuggneM
 ijagreg kubres
 ,itnarem uyak
 rotkaer nagned

yrruls  silatak ,
MSZ - C°023 = T ,5  

%85  

  
 lisaH oib dleiy - lio   uyak ijagreg kubres sisilorip adap

MSZ silatak nakanuggnem nagned itnarem -  raseb hibel 5
 nagned nakgnidnabid alib oib dleiy - lio   gnay naitilenep

 nakbabesid ini laH .]8002[ kkd ,noslraC nakukalid
 nagned iatresid itnarem uyak ijagreg kubres naanuggnep

nuggnep  nagned iatresid itnarem uyak ijagreg kubres naa
MSZ silatak naanuggnep - it isartnesnok nagned 5  tapad iggn

vitka naktakgninem sati   padahret huragnepreb gnay silatak
( kudorp nakutnebmep oib)dleiy - lio . 

.3.3   tafis isasiretkarak lisaH oib - lio  

ukalid gnay isasiretkaraK  assam nautnenep itupilem nak
MTSA[ satisoksiv ,sinej  D- D MTSA[ alayn kitit nad ]554 -

.]29  
 
 .2 lebaT   tafis isasiretkarak nagnidnabrep lisaH oiB - lio  

rutaretil nagned . 

ON  retemaraP  

 radnatS
oiB -  lio

 ,doowllamS(
)8002  

oiB - lio  

 apnaT
silataK  

MSZ -
5 

1 
 assaM
 ,sinej

lm/rg  
 49,0 - 2,1  589,0  879,0  

2  ,satisoksiV
pc   01 – 051  44,12  69,01  

3  kitiT
C° ,alayn   84 - 55  55  25  

 
 naanuggneP silatak  MSZ -  kubres sisilorip sesorp adap 5

 satilauk naktakgninem tapad itnarem uyak ijagreg oib - lio  
 hibel gnay alayn kitit nad satisoksiv ,sinej assam itrepes
 ijagreg kubres sisilorip nagned nakgnidnabid akij hadner
 ihunemem atres silatak nakanuggnem apnat itnarem uyak

 radnats oib - lio . 

.4  K nalupmise  
 ijagreg kubres naklupmisid tapad naitilenep lisah iraD

ak idajnem isrevnokid tapad itnarem uy  oib - lio   iulalem
 nakanuggnem nagned sisilorip sesorp omreht - lio   paniliS(

MSZ silatak nad )M 022 -  tagnas rutarepmeT .5
 padahret huragnepreb oib dleiy - lio   .naklisahid gnay dleiY  

oib - lio  P .rutarepmet aynkian nagned takgninem  naanuggne
MSZ silatak -  lisah naktakgninem kutnu fitkefe tagnas 5

oib dleiy - lio MSZ silatak isartnesnok nahabmaneP . -  gnay 5
 lisah naktakgninem naka iggnit hibel oib dleiy - lio  .  dleiY

oib - lio  023 rutarepmet adap tapadid mumitpo gnilap  C°  
silatak isartnesnok nad  MSZ - 5 5  utiay ,assamoib tareb %

 .%85 oiB - lio   ihunemem ini sesorp irad naklisahid gnay
 radnats oib - lio  kitsiretkaraK . oib -  lio  aratna sisilorip lisah

 kitit nad pc 69,91 satisoksiv ;lm/rg 879,0 sinej assam :nial
25 alayn  .C°  

hisaK amireT napacU  
 amiret napacU  inoysaB damhcA adapek nakiapmasid hisak

.ini naitilenep naanaskalep malad utnabmem halet gnay  

akatsuP ratfaD  
 .8002 .H ,resuahreG dna ,.N ,halludbA oiB -  devired lio

.sehcnub tiurf ytpme morf  6062 .78 leuF - .3162  

0
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 .9991 ,otnairbeF uyak habmil nahalognep kepsorP rT . -u
.atrakaJ ,sub  

 ,K .,arawuguS ,T .,irukuzanuF ,T .,adusaM ,K., aruiM
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