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“ ht ydutS detceles emos fo noitidda fo tceffe e   etulos
tnevlos fo noisnet ecafrus eht no   tnemerusaem dna

 eht fo ”segareveb detanobrac fo noisnet ecafrus  
 

1 ,enaM .Y hsitaS .rM 2 eguH.G.K rD  
1 tsiD ,laptnanA rurihS ayalaydivaham irenvihS yrtsimehc fo tnemtrapeD,rosseforP tnatsissA -  ,arthsarahaM .445314 ,rutaL

.aidnI  

2 ayalaydivahaM.M.K.K yrtsimehC fo tnemtrapeD eht fo daeH dna rosseforP tnatsissA , tsiD,tavnaM -
.aidnI,arthsarahaM.inahbraP  

:tcartsbA  

T krow sih dedulcni  rof tnemirepxe na  evitarapmoc  ts  noitidda fo tceffe fo ydu etulos fo  noisnet ecafrus no  tnevlos fo   elpmis gnisu yb
 latnemirepxe  .euqinhcet nI   eht desu ew tnemirepxe siht  s’ebuarT  retemomgalats tnemurtsni  ot  erusaem  eht noisnet ecafrus fo   elpmas

ehT .sdiuqil  noitulos s snoitartnecnoc tnereffid fo   fo aN 2 OC 3 lCaN , C , 21  H 22  O 11 tnegreted gnihsaw dna deraperp saw  stnemerusaem rof  .
noitaraperp eht roF  fo  noitulos retaw   saw desu  sa tnevlos  detanobrac emoS. lio ,segareveb   htiw detnemirepxe osla saw lonahte dna

retemomgalats  s dna noisnet ecafru  saw noitulos hcae fo  yb derusaem  pord  rebmun  .dohtem  

:sdrowyeK  ecafruS noitartnecnoC ,noisnet retemomgalatS ,tnevloS ,etuloS , . 

:noitcudortnI  

]1[ si noisnet ecafruS   na lacisyhp tnatropmi  ytreporp   fo ti ;sdiuqil   dna ssecorp suoirav ni sdiuqil fo roivaheb eht senimreted
nonemonehp   fo noitaropave fo etar ekil noitcaretni ,diuqil  secafretni lacigoloib htiw diuqil fo   dna  ecneh   syalp  noisnet ecafrus

 wen poleved ot noitacilppa lacidemoib dna lacituecamrahp ni elor tnatropmi sgurd lanicidem tneiciffe ynaM .   dna snoitcaer lacimehc
suoirav fo ecneserp ni ecalp sekat si ssecorp lacisyhp   sdiuqil  elor lativ syalp hcihw snoitcaer ni   eht wonk ot yrassecen si ti ecneh dna

 fo seitreporp lacisyhp sdiuqil ralucitrap esoht   fo snoitidnoc rehto emos dna ytilibisaef kcehc ot tI .snoitcaer   rep enyd ni ecrof a si
ir ta ecafrus eht no gnitca retemitnec  thg ehT .elgna   secrof ralucelomretni fo ecneserp eht ot eud sesira si sdiuqil eht ni noisnet ecafrus

 negordyh ekil noitcartta fo nodnoL ,gnidnob -  nodnoL decudni ,ecrof  .cte noitcartta fo secrof elopid ]2[  emos fo secafrus eht ecneH
retaw fo epahs dna epahs evacnoc sraeppa sdiuqil  spord  semoceb   ni lacirehps ehT .erutan   fo noisnet ecafrus eziminim erutarepmet

 erutarepmet esuaceb sdiuqil  gnidnob ralucelomretni no tceffa .selucelom fo ygrene citenik gnignahc yb sdiuqil ni tneserp ]3[  ehT
tneics   noitauqe eht evag sdleihS.J dna yasmaR.W tsi ϒ )ρ/M( 3/2  t( h = c-t-  )6  dna sdiuqil fo noisnet ecafrus neewteb pihsnoitaler gniwohs

erutarepmet . 

]4[  erutaretil fo weiver eht gnidroccA ecafrus eht   fo tnuoma llams fo noitidda eht yb retla si diuqil fo noisnet ehT .etulos   hcihw etulos
neped si noisnet ecafrus fo esaercni ro esaerced tnecrep eht dna tnatcafrus sa nwonk si diuqil fo noisnet ecafrus eht segnahc  eht nopu sd

.stnatcafrus fo noitartnecnoc oS  fo rebmun eht ni snoitacilppa tnatropmi gnivah ti esuaceb yduts tneserp ni detceles si etanobrac muid
 gnivil fo ydob ni snoitcaer lacimehcocisyhp dna lacigoloib eht ni syalp osla edirolhc muidos ylrailimiS.sessecorp lairtsudni

.smsinagro ]5[ esorcuS  syalp osla   erofereht gnieb namuh fo htlaeh lacisyhp rof tnatropmi dna snoitcaer lacimehcoib ni elor tnatropmi na
egatnecrep fo tceffe dna esorcus fo seitreporp lacisyhp eht wonk ot tnatropmi si ti  .retaw ni ragus fo ]6[  erutaretil fo weiver gnidroccA

esorcus fo noitidda yb sesaercni si retaw fo noisnet ecafrus eht . 

:slairetaM  llA   fo yrotarobal yna ni elbaliava ylisae si slacimehc eht lacimehc ,yrtsimehc   ni elbaliava ydaerla saw tnemirepxe rof desu
yrotarobal egelloc ruo  
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 latnemirepxE dohteM : 

ruof ni enod saw tnemirepxE  esahp s. 

:I esahP  esahp tsrif nI  fo seitisned eht emos   segareveb detceles  saw  ytivarg cificeps sdiuqil hcae fo seitisned eht erusaem oT .derusaem
.desu saw lm 52 fo elttob  

:II esahP  fo seitisned eht esahp dnoces nI  snoitartnecnoc tnereffid fo snoitulos deraperp dna retaw erup   moor ta derusaem saw
erutarepmet . 

:III esahP   esahp driht nI  demrof spord fo rebmun eht  egareveb hcae yb detnuoc saw ,  diuqil eht sa  sucsinem reppu morf levart
.erutarepmet moor ta retemomgalats no gnikram sucsinem rewol ot gnikram  

:VI esahP  esahp htruof nI   levart diuqil eht sa ,detnuoc saw snoitartnecnoc tnereffid fo noitulos hcae yb demrof spord fo rebmun eht
.erutarepmet moor ta retemomgalats no gnikram sucsinem rewol ot gnikram sucsinem reppu morf  

:snoitaluclaC  

)i   gnisu yb sdiuqil fo ytisned fo noitaluclaC .alumrof lareneg eht  
ssaM = )ρ( ytisneD  )m(  emuloV /  )v(  

)ii  ]7[ b enod saw noitaluclaC auqe eht gnisu y  noit ϒ1  / ϒ2 n( = 2d1 n/ 1d2) derusaem saw noisnet ecafrus eht  erehW( . ϒ  1  fo noisnet ecafrus si
dradnats  ecnerefer   ,diuqil ϒ  2 si  n ,sdiuqil latnemirepxe fo noisnet ecafrus eht  1 n ,diuqil ecnerefer dradnats fo spord fo rebmun a si  2  a si

 fo spord fo rebmun d ,sdiuqil latnemirepxe 1 d dna diuqil ecnerefer dradnats fo ytisned ehtsi 2 )sdiuqil latnemirepxe fo ytisned eht si . 
 

:noissucsiD dna tluseR  

1 elbaT : us dna seitisned derusaeM snoitulos detceles fo noisnet ecafr  snoitartnecnoc suoirav fo . 

oN.rS   latnemirepxE
snoituloS tnevloS( etuloS + ) 

 ni noitartnecnoC
 yb egatnecrep

thgiew  

 derusaeM
(ytisneD )ρ  ni  

mc g -3 

 ecafruS
( noisnet ϒ) 

mc enyd ni -1 

.1  H2 aN + O 2 OC 3 %5  20.1  94.56  

.2  H2 aN + O 2 OC 3 %01  70.1  21.76  

.3  H2 aN + O 2 OC 3+ %51  11.1  73.86  

.4  H2 aN + O 2 OC 3 %02  41.1  35.07  

.5  H2 aN + O 2 OC 3 %52  81.1  65.57  

.6  H2 lCaN+ O  %5  20.1  35.07  

.7  H2 lCaN+ O  %01  60.1  98.07  

.8  H2 lCaN+ O  %51  80.1  54.96  

.9  H2 lCaN+ O  %02  21.1  88.66  

.01  H2 lCaN+ O  %52  51.1  90.46  

.11  H2 C + O 21  H 22  O 11  %5  00.1  65.57  

.21  H2 C + O 21  H 22  O 11  %01  20.1  65.08  

.31  H2 C + O 21  H 22  O 11  %51  40.1  06.57  

.41  H2 C + O 21  H 22  O 11  %02  70.1  87.77  

.51  H2 C + O 21  H 22  O 11  %52  80.1  15.87  

61 . H2  tnegreteD + O   %5  0.1  38.51  
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 latnemirepxE dohteM : 

ruof ni enod saw tnemirepxE  esahp s. 

:I esahP  esahp tsrif nI  fo seitisned eht emos   segareveb detceles  saw  ytivarg cificeps sdiuqil hcae fo seitisned eht erusaem oT .derusaem
.desu saw lm 52 fo elttob  

:II esahP  fo seitisned eht esahp dnoces nI  snoitartnecnoc tnereffid fo snoitulos deraperp dna retaw erup   moor ta derusaem saw
erutarepmet . 

:III esahP   esahp driht nI  demrof spord fo rebmun eht  egareveb hcae yb detnuoc saw ,  diuqil eht sa  sucsinem reppu morf levart
.erutarepmet moor ta retemomgalats no gnikram sucsinem rewol ot gnikram  

:VI esahP  esahp htruof nI   levart diuqil eht sa ,detnuoc saw snoitartnecnoc tnereffid fo noitulos hcae yb demrof spord fo rebmun eht
.erutarepmet moor ta retemomgalats no gnikram sucsinem rewol ot gnikram sucsinem reppu morf  

:snoitaluclaC  

)i   gnisu yb sdiuqil fo ytisned fo noitaluclaC .alumrof lareneg eht  
ssaM = )ρ( ytisneD  )m(  emuloV /  )v(  

)ii  ]7[ b enod saw noitaluclaC auqe eht gnisu y  noit ϒ1  / ϒ2 n( = 2d1 n/ 1d2) derusaem saw noisnet ecafrus eht  erehW( . ϒ  1  fo noisnet ecafrus si
dradnats  ecnerefer   ,diuqil ϒ  2 si  n ,sdiuqil latnemirepxe fo noisnet ecafrus eht  1 n ,diuqil ecnerefer dradnats fo spord fo rebmun a si  2  a si

 fo spord fo rebmun d ,sdiuqil latnemirepxe 1 d dna diuqil ecnerefer dradnats fo ytisned ehtsi 2 )sdiuqil latnemirepxe fo ytisned eht si . 
 

:noissucsiD dna tluseR  

1 elbaT : us dna seitisned derusaeM snoitulos detceles fo noisnet ecafr  snoitartnecnoc suoirav fo . 

oN.rS   latnemirepxE
snoituloS tnevloS( etuloS + ) 

 ni noitartnecnoC
 yb egatnecrep

thgiew  

 derusaeM
(ytisneD )ρ  ni  

mc g -3 

 ecafruS
( noisnet ϒ) 

mc enyd ni -1 

.1  H2 aN + O 2 OC 3 %5  20.1  94.56  

.2  H2 aN + O 2 OC 3 %01  70.1  21.76  

.3  H2 aN + O 2 OC 3+ %51  11.1  73.86  

.4  H2 aN + O 2 OC 3 %02  41.1  35.07  

.5  H2 aN + O 2 OC 3 %52  81.1  65.57  

.6  H2 lCaN+ O  %5  20.1  35.07  

.7  H2 lCaN+ O  %01  60.1  98.07  

.8  H2 lCaN+ O  %51  80.1  54.96  

.9  H2 lCaN+ O  %02  21.1  88.66  

.01  H2 lCaN+ O  %52  51.1  90.46  

.11  H2 C + O 21  H 22  O 11  %5  00.1  65.57  

.21  H2 C + O 21  H 22  O 11  %01  20.1  65.08  

.31  H2 C + O 21  H 22  O 11  %51  40.1  06.57  

.41  H2 C + O 21  H 22  O 11  %02  70.1  87.77  

.51  H2 C + O 21  H 22  O 11  %52  80.1  15.87  

61 . H2  tnegreteD + O   %5  0.1  38.51  
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2 elbaT  : sdiuqil detceles fo noisnet ecafrus dna seitisned derusaeM . 

oN .rS  sdiuqil latnemirepxE   derusaeM ni )ρ( ytisneD   g
mc -3 

( noisnet ecafruS ϒ  ni )
mc enyd -1 

.1  .1  etipS  10.1  05.87  

.2  .2  atanomiL  30.1  52.17  

.3  .3  vasaA alasam areeJ  50.1  37.56  

.4  .4  smuhT - pu  10.1  77.46  

.5  .5  lio osraS  29.0  09.52  

.6  .6  lonahtE  97.0  57.22  

 

:noisulcnoC  

snoitavresbo latnemirepxe morF si ti  edulcnoc  dna etulos fo noitartnecnoc eht gnisaercni yb sesaercni era sdiuqil fo seitisned eht ,taht
necnoc gnignahc degnahc osla si noisnet ecafrus  gnisaercni yb desaercni si noisnet ecafrus etanobrac muidos fo esac nI .noitart

 fo esac ni dna noitartnecnoc  .thgiew tnecrep yb noitartnecnoc gnisaercni yb desaerced saw noisnet ecafrus eht edirolhc muidos
.retaw fo noisnet ecafrus eht sesaercni esorcuS   etulos rehto ot erapmoc sa yldipar os retaw fo noisnet ecafrus eht seziminim tnegreteD

 tceffa ti erofereht dna .retaw fo noitaropave fo etar eht T eh era segareveb detanobrac lla tsomla fo seitisned   ecnereffid si ereht tub lauqe
 ecafrus rieht ni devresbo tub sdiuqil rehto nahtsselera lonahte dna lio fo seitisnedehT .noisnet   noisnet ecafrus rieht yrev osla   naht ssel

to reh . 

:secnerefeR  

]1[   egasod cimlahthpo dna ,lasan ,laro diuqil suoirav fo noitanimaxe noisnet ecafruS“ ,refeirP .R dna ,nerihgoW .E .O ,naH .K
 ”,smrof lanruoJ lartneC yrtsimehC ov , 56031s/6811.01 :iod ,6102 .ceD ,13 .p ,1 .on ,01 .l - 610 - 6710 - .x  

]2[  yhw/eslup/moc.nideknil.www//:sptth ”?tnatropmi noisnet ecafrus si yhW“ - ecafrus - noisnet - tnatropmi - annasus -  dessecca( nerual
.)3202 ,72 .beF  

]3[  tanimreted ni etterub fo ycarucca fo sisylanA“  dna emit tnemhcated htiw noitairav sti fo yduts dna sdiuqil fo noisnet ecafrus fo noi
 ”,elgna noitanilcni ACJI .74263.11i95v.acji/24065.01 :iod ,0202 .voN ,11 .on ,95 .lov ,  

]4[  .Y ,nisH .L .W - .S ,gnehS .J - .H dna ,niL .Y -  tnemercni noisnet ecafruS“ ,oasT .K  ”,noitidda etulos ot eud  nilnoN tatS E veR syhP
syhP rettaM tfoS .506130.96.EveRsyhP/3011.01 :iod ,4002 .raM ,506130 .p ,1 tP 3 .on ,96 .lov ,  

]5[  .”ruoivaheb dna egdelwonk ;snoitcnuf evitingoc rof esorcus fo ecnatropmi ehT“ ,samalL .P .F dna orravaN .Z .S  
]6[  retaw eht fo ecneulfnI“ ,ssO nav .J .C dna ,eseiG .F .R ,silsocoD .A –  suoeuqa fo noisnet ecafrus tnerappa eht no ecafretni ria

 ”,setulos cilihpordyh fo snoitulos secafretnioiB :B secafruS dna sdiolloC 741 .pp ,2 .on ,91 .lov , – 101.01 :iod ,0002 .ceD ,261 7290S/6 -
73100)00(5677 - .5  

]7[  .”sdiuqil gniknird yad ot yad no retemocsiv dna retemomgalats htiw gnitnemirepxE“ ,awhdaW .H dna rukahT .M  
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