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TCARTSBA  

W  reta s  yticrac eves tsom eht si  htworg larutlucirga rof tniartsnoc er imes dna dira ni -  dira
saera  emocrevo oT . iht  ,s t eh  si er a deen  to esu  eht  elbaliava  retaw  yltneiciffe  dna  

acimonoce ll  y w  hcih na si  ygetarts tnatropmi   retaw erutuf dna tneserp sserdda ot deen . ehT  
S seidut   ni noitagirri ticifed   ot noitacilppa evorpmi  vitcudorp retaw a yti  yduts eht ni detimil er

aera .  ni detcudnoc saw yduts sihT  tenrezA karsiM aderoW erebreB   ni  morf enoZ etliS
rebmeceD   ot hcraM  / 7102  / 81   ot  eht etagitsevni fed fo tceffe i tc   slevel noitagirri  no dleiy   dna

 retaw p ytivitcudor   no O noin  metsys noitagirri worruf rednu .  tnemirepxe ehT n deniatnoc  eni
tnemtaert  hcihw s edulcni : lortnoc  0(  )ID %  ; 02   % ID  dna  04  % D level I  guorht  htworg tuoh

;segats  ID % 0  , 02  % ID  , 04  % 02 dna ID  % ID  :e.i(   ,laitini dna dim ,latnempoleved   etal
04 ;ylevitcepser )segats  % 02 ,ID  % ID , ID % 0  02 dna  % ID  (  ni :e.i latnempoleved ,laitini  ,

dim  dna  )segats etal  , ylevitcepser   dna  02  % ta ID   hcae  segats htworg (  ni :e.i laitini  ,
latnempoleved  , dim   dna  segats etal )  , ylevitcepser   ni tuo dial erew DBCR   eerht detacilper

emit s ehT .   stluser  deniatbo detacidni   taht fed i noitagirri tc  slevel  segats htworg tnereffid ni   dah
yltnacifingis  detceffa  eht   dna dleiy tnenopmoc dleiy  O fo  ta noin p(  ≤ )50.0  tsehgih ehT .

dleiy blub elbatekram  ( ah/not 23.92  ) saw   morf deniatbo T  1  yb detagirri saw hcihw )lortnoc( 0 
 ID %  level  eht tuohguorht gats htworg e  eht saerehw  tnemtaert deveicer  02  ID %  ta level  etal  

egats htworg  T( 9)  evag 92 . 41  ah/not  dleiy blub .  ehT dleiy   tluser  deniatbo T morf  1 )lortnoc(   dah
 ton tnereffid yltnacifingis  T htiw 9 ta ID % 02(   etal )egats htworg  .  tsewol ehT ( dleiy blub .51 23 
/not ha  dedrocer saw )  morf T3  deviecer hcihw 04  % egats htworg eht tuo hguorht level ID s  .

PW( ytivitcudorp retaW  ) gnidneped tnereffid dnuof saw  noitacilppa retaw fo level no  ehT .
 tsehgih PW  9.9  gk /m3  saw morf deniatbo  T  2 02(   eht tuohguorht ID % segats htworg )  ti dna h  sa

59.1  m/gk  3  retaerg  PW T naht 1  8( gk /m3  taht ) noitagirri lluf tog . ( tnemtaerT T9  )  eht sah  tsehgih
RRM  37631( % 2. srehto lla naht )  stnemtaert . hT si   stluser yduts  htiw taht demrifnoc  ticifed

tcarp noitagirri sei  , ti  gnivas yb PW esaercni ot elbissop si   retaw  emocni esaercni dna f mor  
retaw noitagirri ecracs T .  ,erofereh  nac ti t dednemmocer eb  ta retaw noitagirri gniylppa tah

02  % D  RWC fo I ta   etal egats htworg  T( 9) i  4 n syad   noitagirri lavretni  si  cifineb i  rof la
gniniatbo  mumitpo  O  dna dleiy noin  retaw esasercni  ytivitcudorp  sgnirb taht  cimonoce rehgih

ter retaw ecracs rednu nru  noitidnoc . retaw ecracs ni sremraf ehT  ecruoser   eb osla dluoc aera
T desu 2  ID % 02( segats htworg tuohguorht RWC fo ) noitpo sa  retaw erom evas ot . 

 
droW yeK s  :  retaW dna egats htworG ,noitaripsnartopavE ,noitagirri ticifeD ,dleiy bluB   
ytivitcudorp . 
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.1  ITCUDORTNI ON 

.1.1  dnuorgkcaB   

 eud melborp labolg a si yticracs retaW yrtsudni ,sdlohesuoh ni esaercni retaw rof sdeen ot  ,

erutlucirga   dna tamilc c ci egnah  )9002 ,OHW(  .  elbaewener eht fo ylppus detimil eht ,revewoH

retaw    retaw secrof secruoser   yltneiciffe retaw noitagirri ylppa ot sreganam  ot redro ni  ecudorp

doof erom   naizradnA( .la te .)1102 ,  W reta  dna  doof  iruces ty era  esolc ly er l deta   hcihw ni

i rr i noitag  secnahne  porc  noitcudorp  dna  dlohesuoh   emocni ot  evorpmi  doohilevil eht  fo  eht  

arur l p elpoe   ,OAF( )3002  .  

 
oihtE aip  si  dnoces eht    .airegiN ot txen acirfA ni yrtnuoc suolupop tsom tsoM   fo sti   noitalupop

erew   gnivil  ni hgih  aera dnal s w 58 hti  %  level wol a htiw erutlucirga no tnedneped dna larur gnieb

ytivitcudorp fo   wehcaluwA( la te )7002 ,. . A larutlucirg  ecitcarp  yrtnuoc eht fo  si   yltsom

tnedneped  niar no - ti dna metsys gnimraf def  nuocca ts tuoba  %04  of eht  g  ssor d  citsemo

p stcudor  ( PDG ) ( WI MI, 0102 ; 7002  .)  naipoihtE   tniop yrtne na sa retaw sredisnoc tnemnrevog

eht rof  .tnempoleved yrtnuoc  deifitnedi tI   retaw  ycilop tnatropmi na sa ot tnemurtsni   etalumits

 mustiF( ytiruces doof gnirusne dna htworg cimonoce ,.la te  )9002 . I  eht si erutlucirga detagirr

 niam  sucof  rof  eht fo ygetarts ytiruces doof eht yrtnuoc   yb  gnitnemelpmi  llams  noitagirri elacs

ehcs sem   hcihw ecuder  niar no ycnedneped -  erutlucirga def dna  fles doof esaercni -  fo ycneiciffus

 .)0102 ,PTG( noitalupop gnisaercni yldipar eht  

 
retaW  si  gnimoceb  na  lacimonoce ly eracs  oser u ecr  ton  no ly ni  dira  na d imes - dira  saera  tub  

osla  ni  snoiger  erehw  r nia  si  llaf  tnadnuba . stI  icracs ty yam  be eud  ot  di tnereff  larutan   dna

namuh -  decudni  srotcaf riereP( a 91 , 90). A rg i erutluc  rednu  elbarovafnu  ilc m cita  snoitidnoc  dna  

detimil  retaw  oser u secr  ca tonn  eb  batiforp le tnemtsevni  sselnu  no - mraf  retaw  tnemeganam  

seuqinhcet  era  sed i eng d ot  teem  eht  tneserp   erutuf dna gniworg  d sdname  fo  aw t re  rof  doof  

rp o noitcud  daO(  te  ,.la  .)1002  

  
ticifeD  noitagirri  ( ID ) si  a ygolonhcet  ot  vorpmi e retaw  ivitcudorp ty dna  secuder  eht  noitagirri  

 esu retaw tnuoma    yb ex sop gni   ot sporc niatrec  level  fo  retaw  sserts  rehtie  gnirud  a p ralucitra  

doirep  ro  tuohguorht  eht  elohw  gniworg  nosaes  hsilgnE(  dna  ,ajaR  .)6991  ID  ygolonhcet   sah

 dna dira ni ygetarts noitcudorp elbaniatsus dna elbaulav a sa detagitsevni ylediw neeb imes -  dira
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r ot snoige  ezimixam   rehgih rof )EUW( ycneiciffe esu retaw  sdleiy  retaw noitagirri fo tinu rep

( deilppa 7002 ,onairoS dna serereF .)  suoremuN  ot detcudnoc neeb evah snoitagitsevni   ecudorp

egdelwonk   no noitagirri ticifed fo stceffe eht gnidrager  porc ( dleiy riB h ,una  6002 ;  ,weseneY

7002 ; ,ulilkA  02 09  ; 5102 ,irefeT  ; 6102 ,welahcnE ).  ticifed ,ecracs era secruoser retaw nehW

eno si noitagirri  w eht fo ya s ot  ezimixam   noitagirri dna elekeB( ycneiciffe esu retaw   ,nuhaliT

.)7002   

 
noinO   apec muillA( L  ). si   fo eno  elbategev ralupop a  sporc aipoihtE ni   si egarevoc aera sti dna

gnisaercni   emit ot emit morf  m  hgih sti ot eud ylnia aera tinu rep ytilibatiforp  , e noitcudorp fo esa   

 dna sti  teid yliad eht ni tnatropmi  (  ,htareH dna ammeL 2991 .)  O  eulav tnacifingis setubirtnoc noin

 sah aipoihtE .ymonoce lanoitan eht ot  morf tifeneb ot laitnetop hgih o  rehgih stI  ;noitcudorp noin

 hgih ,noitcudorp dees fo esae ,sesu suoirav rof sravitluc elbarised fo ytilibaliava ,laitnetop dleiy

itsemod  dna c   tropxe  gnikam si stekram o  dna ammeL( aipoihtE ni tnatropmi ylgnisaercni noin

.)3002 ,slemihS  gA hsawA reppU ro- yrtsudni  esirpretnE  ( EIAAU )  enola 006,1 decudorp  

 

− 006,3  

not ah/  6991 ni  

 

− 002  1 llarevo na htiw  not 008,2 fo egareva raey/  llarevo ehT .)1002 ,EIAAU(  

 lanoitan o egareva t 01 tuoba si dleiy noin not 51 eht ot derapmoc ah/no dna ah/  not 31 ah/   dlrow fo

 acirfA dna  ,OAF( ylevitcepser ,noitcudorp .)5991  

 
.2.1   fo melborP tnemetatS    

 secruoser retaw ni sesaerced suounitnoc dna yticracs retaW  ytilibaliava  na htiw delpuoc

 rof dnamed gnisaercni retaw larutlucirga   ot sremraf decrof sah  kees gnivas retaw  seigolonhcet . 

 elbaniatsus eveihca oT  yb erutlucirga detagirri su gni  secruoser retaw detimil ,  retaw tnereffid

f yrassecen era senilediug dna seigolonhcet gnivas  sresu retaw noitagirri ro  streeG(  dna seaR , 

02 09 .)  ecruoser retaw nehW ID ,ecracs era s  eno si  eht fo  yaw s ezimixam ot   esu retaw noitagirri

.)7002 ,nuhaliT dna elekeB( ycneiciffe   

 
O setubirtnoc noin  morf trapa ,ymonoce lanoitan eht ot yltnacifingis   .sdnamed lacol gnimocrevo

 eht fo htruof eno derahs porc eht 1002 raey eht ni ,)4002( troper knaB dlroW eht ot gnidroccA

 tuoba gnitubirtnoc saep dna snaeb neerg gniwollof driht doots dna seititnauq tropxe elbategev

hw eulav tropxe elbategev latot eht fo %02 0,442 tuoba si hci sgninrae tropxe fo rallod SU 00  .

 sah aipoihtE taht setacidni sihT  hgih O morf tifeneb ot laitnetop .noitcudorp noin   dleiy rehgih stI

dees yb noitagaporp fo esae ,sesu suoirav rof sravitluc elbarised fo ytilibaliava ,laitnetop  hgih ,
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 citsemod dna   tropxe erew gnitekram  o gnikam  ammeL( aipoihtE ni tnatropmi ylgnisaercni noin

 .)3002 ,slemihS dna  

 
p thguord eht fo eno si ,)RPNNS( noigeR s’elpoeP dna seitilanoitaN ,snoitaN nrehtuoS ehT  enor

 detalupop ylesned dna trap   noiger ehT .aipoihtE fo  secruoser retaw dna dnal fo laitnetop doog sah

 rof T .tnempoleved noitagirri m noillib 02 tuoba fo ecruoser retaw ecafrus sah noiger eh 3  raey rep

ni doog si taht retaw dnuorg dna   000,846 elbaliava eht gnirb ot ytitnauq ni tneiciffus dna ytilauq

 fo ah .noitagirri rednu dnal elbagirri laitnetop   noiger eht detceffa sah taht ecnedicni thguord ehT

tsap eht ecnis   sa noitagirri elacs llams redisnoc ot srekam ycilop decrof sah sedaced eerht owt

ycneiciffus fles doof gniruces fo snaem ( ukitiM )7002 , . tiw enil nI  rof deen etaidemmi eht h

cudorp desaercni  doof fo noit rp larutlucirga rehto dna llams fo tnempoleved eht stcudo   elacs

neeb sah semehcs noitagirri  egral dna muidem ot derapmoc sa noitpo evitcartta na sa dedrager -

ri elacs  sserdda ot redro nI .semehcs noitagir deen eht llams fo noitcurtsnoc , -  noitagirri elacs

eht fo strap tnereffid ni tuo deirrac gnieb si stcejorp  noiger  ( ukitiM )7002 , . 

 
adoG   llams  elacs emehcs noitagirri   ta raB tenrezA karsiM  aderow ereb  fo eno si  fo secruos rojam

 seitinummoc larur eht ot emocni enoZ etliS ni RPNNS , .  fo ah 051 tuoba etagirri nac emehcs ehT

t ,revewoH  .dnal  eh gnicaf si emehcs  nosaes yrd eht gnirud yticracs retaw hgih  ( lirpA ot rebotcO ) 

deen retaw noitagirri fo gnisaercni ot eud  tagirri fo noitazilitu tneiciffeni dna deganamnu htiw  noi

dleif eht ot retaw .  cifitneics no desab ton era snoitacilppa noitagirrI elpicnirp   tluser hcihw

sremraf eht gnoma noititepmoc  . D  gniru siht  nosaes ,  retaw noitagirri wol saw ylppus   emos ni

trap s revo dna - w strap rehto ni noitazilitu aw dnamed sti elih  s hgih   dna  eht noitagirri   ylppus retaw

decnalab ton saw .  enod tnemssessa ehT  yb PGA -  ,)8002( 2 d  etipse melborp eht fo ecnacifingis eht  

 fo etaw  r cracs yti   tneiciffeni dna  noitagirri  ,esu retaw seiduts  nac hcihw  evorpmi   retaw

vitcudorp  yti  eht ni detimil era aera yduts  . Even hguoht  c spor  re nops es  to lios  rutsiom e level 

depe sdn  no  worg th ts age a dn  c por  var ei yt , there has be ne   on i vn est gi ati no  w sa  deifitnedi  no  

 tceffe noitagirri ticifed dleiy no   ytivitcudorp retaw dna tnereffid no desab  worg th ts ages sporc fo  

 eht ni aera yduts .  

 
 ,revewoH nosaes eno  tnemerpxe  neeb sah  detcudnoc  alaridaK yb   ,aderow okeraM ni )9002(

,enoz egarug  aipoihtE htuos   no dorp retaw O fo esnopser dleiy dna ytivitcu  dna lluf rednu noin

ticifed  noitidnoc ecracs retaw ni noitagirri ; c saw yduts eht pmup retaw dnuorg no detcudno  
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noitidnoc gniylppus tekcub dna detagirri . Be is de ,s  o noin  si  ve yr  se tisn ive to lios  moi ruts e 

rts e ss  a dn  sti  i rr iga noit  wa et r re riuq eme tn  kil e a yn  other c por  si  ol c oita n, worg th ts age, 

var tei ,y  lios  porp erty a dn  c mil a et  tnedneped   porc eht fo srotcaf gninimreted niam era hcihw

tnemeriuqer retaw .  

 
.3.1  evitcejbO lareneG  

T eneg eh  siht fo evitcejbo lar  yduts  ot  etagitsevni tceffe  fo  tcifed  ir oitagir n level s no  dleiy   dna

retaw  rp o ivitcud ty noino fo  worruf rednu  noitagirri  metsys .  
  

1.3.1   cificepS O evitcejb s 

 noitagirri ticifed fo stceffe eht yfitnedi oT   no slevel o  noin dleiy   htworg tnereffid ta

egats s metsys noitagirri worruf rednu .    

  evitisnes tsom eht yfitnedi oT  htworg egats s ot noino fo   ticifed noitagirri  level .s  

 enimreted oT  cudorp retaw eht  cimonoce dna ytivit o fo tifeneb  ticifed rednu noin

.slevel noitagirri  

  enimrrted oT  noino fo stnenopmoc dleiy no slevel noitagirri ticifed fo stceffe eht  

 oT  dnemmocer dna etagitsevni   noitagirri ticifed gnimrofrep tseb eht slevel   sah hcihw

 tnacifingisni noitcuder  dleiy no . 

 
.4.1    hcraeseR Q snoitseu  

 sihT yduts  ta gniwollof eht sserdda ot stpmet  noitseuq hcraeser cifitneics s:  

  eht si tahW tceffe   fo ticifed  noitagirri  level s no  O noin   dleiy a dn   retaw dorp u itc v yti  ta  

 tnereffid htworg  segats  rednu   noitagirri worruf metsys ? 

 W egats htworg hcih s  noino eht fo  si  retaw tsom ?evitisnes  

  eht si tahW cimonoce  tifeneb  fo  ticifed  oitagirri n level  ot s ezilaer   mumitpo O noin  

ytivitcudorp retaw dna noitcudorp ? 

 slevel noitagirri ticifed hcihW  nac  gis n acifi n ylt  in esaerc  o noin  rp o oitcud n a dn  retaw  

orp ud itc v yti ? 
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.5.1   sisehtopyH  

level noitagirri ticifeD  s segats htworg tnereffid ta  worruf rednu   noitagirri metsys  ah ev   tnacifingis

 no tceffe  ytivitcudorp retaw dna dleiy O fo .noin  

 
.6.1  ydutS eht fo ecnacifingiS  

w yduts ehT sa   desab egats no ecruoser retaw ecracs eht fo noitazilitu tneiciffe eht no detegrat

euqinhcet noitacolla retaw   dna  etagitsevni d esnopser dleiy eht  o fo  tnereffid ot noin  ticifed

 noitagirri  slevel ni  .secruoser retaw eracs evas ot redro   tI saw  osla  edivorp  p  lacitcar

noitagirri ot snoitadnemmocer  esu retaw  eht tuoba sr  euqinhcet  retaw tneiciffe na ot .esu  sihT   saw

ecnahne d gniyfitnedi ot  a dn  a gnitpod  yllacol  isaef b el  na d aicos l yl  elbatpecca   ticifed tagirri i no  

seuqinhcet  ot  elbaniatsus  esaercni  fo  tlucirga u lar  retaw  tnemeganam  dna  noinO  ytivitcudorp  

rednu  retaw  ecracs  snoitidnoc . 

 
.7.1  ydutS eht fo epocS  

i gninimreted ot detimil si yduts siht fo epocs ehT d fo tcapm  no slevel noitagirri ticife y  dlei  dna

w  reta  ytivitcudorP fo  o noin   noitagirri worruf rednu  ni metsys .noitidnoc eracs retaw   yduts ehT

enimreted hcihw selbairav esoht ylno deredisnoc saw  dna dleiy  w  reta p  ekil tcepsa ytivitcudor

 .stifeneb cimonocE dna noitcudorP ,ytiraV ,slevel ticifed retaw T  ot detcudnoc saw hcraeser eh

 enimreted tceffe  fo  ticifed  ir oitagir n level s tnereffid ta  htworg  ts a seg  no  y dlei   dna w reta  

pro ivitcud ty fo  o noin  rednu  fur wor  irri tag i no  sy mets  ni  karsim  tenreza  reb b ere  aderow ,  etlis

z  ,eno S  ,RPNN aipoihtE dna  . aw yduts siht ,revewoH tcejbus s de  .snoitatimil gniwollof eht ot  

 A fo ecnesb  oroetem noitats lacigol s  raen to aera yduts eht . 

 ecruoser ot euD dnaL ,   eht ,noitatimil emit dna dah yduts  tcudnoc de   noitats eno ylno no

nosaes eno rof . 

 o tsoc detamitse fo ecnesba ot euD eht ta retaw noitagirri f  aera yduts  ,  fo flah  retaw pat

 desu saw tsoc tagirri enimreted ot esab sa tsoc retaw noi  for sisylana cimonoce . 
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.2  ERUTARETIL  WEIVER  

.1.2   ecnatropmI  noitagirrI fo i aipoihtE n  

naipoihtE  a ecitcarp larutlucirg   yltsom si gnidneped  niar no -  ti dna metsys gnimraf def nuocca ts 

tuoba  04  % of eht  g  ssor d  citsemo p stcudor  ( WI MI, 0102 ;  ebmokaM la te ., 7002 ). I  detagirr

s doof eht fo sucof niam eht si erutlucirga  eht fo ygetarts ytiruce tnemnrevog yrtnuoc   yb

niar no ycnedneped ecuder hcihw semehcs noitagirri elacs llams gnitnemelpmi -  erutlucirga def

doof esaercni dna  fles - .)0102 ,PTG( noitalupop gnisaercni yldipar eht fo ycneiciffus   devorpmI

rutlucirga  la   retaw  tnemeganam   laitnetop ynam sah    ytirucesni doof ecuder ot stroffe ni stifeneb

rcni rof ytivitcudorp evorpmi dna ehT .dnamed gnisae   rof selanoitar yramirp  eht gnipoleved

hw robal dna dnal fo ytivitcudorp desaercni :edulcni aipoihtE ni rotces noitagirri  laicepse si hci

 noitnetta nevig   rof uder ;htworg noitalupop morf stniartsnoc erutuf niar no ecnailer dec -  def

erutlucirga cruoser larutan fo noitadarged decuder ;  dna seitinutroppo boj desaercni dna se

( pihsruenerpertne larur htiw ymonoce cimanyd a fo noitomorp ,IMWI  .)0102   mumitpO

 retaw elbaliava fo tnemeganam  mraf ta secruoser    level  fo esuaceb dedeen si   gnisaercni

sdnamed   rof retaw ,secruoser retaw detimil  lios dna ,emit dna ecaps ni noitairav elbat  

.)3002 ,hgniS dna ramuK( noitanimatnoc  

 
.2.2  retaW   ecruoseR   yticracS  dna  tnemeganaM   

 ot gnidroccA OAF   )2102( w  ecruoser eracs yllacimonoce na gnimoceb si reta even ni  areas of 

the dlrow  that evah  relative yl  lufitnelp  wa ret  . hT e co mm no  gnidnatsrednu  si  ht ta  wa et r 

s troh a eg  .i( e. an abs etulo  trohs age fo  water ppus ly ni  a ps e fic ei d amod i )n  si  eht  main rea os n. 
The hturt  si  that water sca yticr  (i.e: an exce ss  of water dema dn  vo er ava li a elb  water )ylppus  si  

yb  af r ht e m tso  im trop ant gl bo al chal el gn e.W  ecruoser fo ytitnauq snrecnoc yticracs reta

 rof elbaliava emoceb secruoser retaw dedarged esuaceb retaw eht fo ytilauq eht dna elbaliava

 .stnemeriuqer tnegnirts erom  

 
a rojam ehT  retaw fo esu larutlucirg ,noitagirri rof   ylppus desaerced yb detceffa si ,suht ,hcihw

( I .)9991 ,selytS dna truB  tnenopmoc tnatropmi na eb dluohs tnempoleved noitagirr  a fo

dna noitacifisrevid   snoitavonni dna erutuf eht rof ytiruces doof nehtgnerts ot ygetarts noisnapxe

eht esaercni ot dedeen era   fo tnemeganam retteB .elbaliava si taht retaw eht fo esu fo ycneiciffe

larutlucirga  retaw  rof  esaercni orp d ycneiciffe dna ytivitcud  decuder si  c eroM“  ”pord rep por  era
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.ecnatropmi lativ fo  fo EUW eht esaercni ot si noitagirri ticifed fo evitcejbo niam ehT   yb porc a

 gnitanimile   eb yam noitcuder dleiy gnitluser ehT .dleiy no tcapmi elttil evah taht snoitagirri

 sporc rehto etagirri ot retaw devas eht gnitrevid hguorht deniag stifeneb eht htiw derapmoc llams

ednu tneiciffusni eb yllamron dluow retaw hcihw rof .secitcarp noitagirri lanoitidart r   erofeB

 wonk ot yrassecen si ti ,margorp noitagirri ticifed a gnitnemelpmi sserts retaw  no tceffe   porc

dleiy   yb ex sop gni   ot sporc niatrec  level  fo  retaw  sserts   ro segats htworg denifed gnirud rehtie

 nosaes elohw eht tuohguorht hsilgnE(  dna  ,ajaR  .)6991  

 
dezingocer ylgnisaercni si erutlucirga rof retaW   fo sevil eht gnivorpmi ot tniartsnoc rojam a sa

fo tnenopmoc tnatropmi na si dna roop larur eht   doohilevil larur  tey eb ot deen taht smargorp

dehsilbatse ylgnorts   fo esu tseb ehT .aipoihtE ni   porc tneiciffe rof edam eb tsum retaw

erutlucirga ,eroferehT .sdleiy rehgih dna noitcudorp   dna snoitidnoc citamilc elbarovafnu rednu

lbatiforp eb tonnac secruoser retaw detimil y no sselnu decitcarp -  tnemeganam retaw mraf

tneserp eht teem ot dengised era seuqinhcet   doof desaercni rof retaw fo sdnamed gniworg

 daO( noitcudorp  ,.la te osla dluohs erehT .)1002   noitagirri dna sporc yfitnedi ot deen a eb

hgih evig dluoc hcihw seuqinhcet ecracs ot snruter re  .tnemtsevni llarevo dna retaw  

 
.3.2  Irri tag de  gA ric utlu re 

 noitagirrI 7 tuoba rof stnuocca 2  retaw seirtnuoc gnipoleved fo %09 dna yllabolg fo %

 roF .slawardhtiw  siht    gnisaercni eht teem ot dnamed retaw noitagirri gniworg ot eud ,nosaer

 doof   dna ytiruces  gnisaercni   gnisu retaw ssorca noititepmoc    a secaf dlrow eht ,srotces

( retaw ssel htiw doof erom ecudorp ot egnellahc  mortskcoR kcirtaP dna .)3002 ,   tnacifingis A

hc  dna elbaniatsus a htiw noitalupop gniworg s’dlrow eht edivorp ot si erutlucirga rof egnella

 doof dna sdeen yrateid steem taht doof suoitirtun ,efas ,tneiciffus fo ylppus eruces   secnereferp

rof   na    dna evitca  htlaeh  sihT .efil y  yam  ylbaborp  dna dnalmraf ssel gnisu enod eb  tneiciffe

retaw  esu  . nosaer siht roF , a taw larutlucirg ytivitcudorp re   devorpmi eb tsum  .)2002 ,OAF(   

 
.4.2  noitagirrI worruF  

eht si metsys noitacilppa retaw noitagirri worruF   tsom ralupop   a seriuqer ti sa ,noitagirri ecafrus

rehto ot derapmoc tnemtsevni laitini rellams   fo sepyt noitagirri ecafrus  retaw  .smetsys noitacilppa

noitagirri fo epyt sihT   llams dna egral lla tsomla ni aipoihtE ni desu ylediw tsom eht si dohtem

taht )1002( OAF yb detroper neeb sah tI .semehcs noitagirri   si aipoihtE ni noitagirri fo %8.79
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 eht fo ytirojam dna sdleif s’remraf ni metsys worruf gnisu noitagirri fo sdohtem ecafrus hguorht

 .smraf laicremmoc A cc dro i gn  ot  Ra ni e a dn  kkaB er 6991( ), f worru  i rr iga it no  a ilpp cati  no

efficiencie ( s Ea) mron a yll  va yr  f mor  45 – .%06  ten fo oitar eht si ycneiciffe noitacilppA  

 retaw fo tnuoma dedeen  retaw fo tnuoma ot porc detegrat ot  .dleif ehy ot deilppa  

 
.5.2   larutlucirgA  eganiarD  

retaW  p eht detceffa evah ytinilas dna gniggol  erutlucirga detagirri fo yticapac evitcudor dna   suht

egrat llarevo eht  larutlucirga detagirri fo t  sdleiy  .)0991 ,OAF( semocni dna i nI tagirr de  

 ,serutlucirga aniard eg   si tnatropmi tsom  elbarapesni dna   niatniam ot srotcaf tupni ro   evorpmi ot

dnal demraf fo tinu rep sdleiy  ( )4991 ,ameztiR .  lluf ekat oT  ni stnemtsevni fo egatnavda

 rehtruf ot dna smetsys eganiard dna noitagirri ezinredom ot deriuqer si troffe rojam a ,erutlucirga

oicos dna laicnanif eht htiw elbitapmoc seigetarts tnemeganam etairporppa poleved -  cimonoce

sdnert  orivne eht dna llac sihT .tnemn  a rof s lareneg   eganiard dna noitagirri ot hcaorppa

 lios tneverp ,retaw evresnoc ,noitcudorp doof esaercni ot sa os gnirotinom dna tnemeganam

dna noitazinilas   retaw  dna ,gniggol   orp ot tnemnorivne eht tcet  la   tcapmi  nhoJ(  )2002 ,snoS dna . 

 
.6.2   fo noitanimreteD tnemeriuqeR retaW porC    

 nellA ot gnidroccA la te )8991( . , si tnemeriuqer retaw porc  n retaw fo htped eht sa denifed  dedee

dleif egral ni gniworg porc eerf esaesid a fo noitaripsnartopove hguorht ssol retaw eht teem ot s 

tcirtser non a rednu  laitnetop noitcudorp lluf gniveihca ytilitref dna retaw lios ,noitidnoc lios gni

.tnemnorivne gniworg nevig a rednu  ssol retaw sihT  depporc nevig a morf   fo tolp  eb nac dnal

wonk eht morf denimreted noitaripsnartopave ecnerefer fo egdel   noitamitsE .tneiciffeocporc dna

noitaripsnartopave ecnerefer fo   si  retaw porc enimreted ot gnireenigne noitagirri ni desu ylediw

u erew hcihw stnemeriuqer  fo gninnalp eht ni des  retaw eganam dna semehcs noitagirri

 .semehcs gnitsixe ni noitubirtsid  suoiraV erutarepmet sa hcus snoitauqe fo noitacifissalc -  ,desab

noitaidar - noitaropave nap ,desab -  rof depoleved neeb evah sepyt noitanibmoc dna desab

nitamitse  .noitatipsnartopave ecnerefer g erutarepmeT -  tsom ,tseisae eht ylbaborp saw desab

ailer dna elbaliava ylediw erutarepmet taht noitpmussa ehT .retemarap citamilc elb   dohtem desab

si  si ti esuaceb noitaripsnartopave enimreted ot dohtem tseb eht   evitaropave eht fo rotacidni

erehpsomta eht fo rewop . lrow eht ni dohtem desu ylediw tsom eht si dohtem sihT  eb nac ,d



9 
 

snoc  dohtem dradnats a sa deredi TE etamitse yletarucca ot nevorp neeb sah dna o  tnereffid ni

 etamilc ( snoitidnoc  retlaW la te 0002 ,. ). 

 
ot gnidroccA   nellA )8991(  , K( tneiciffeoc porc eht c  nevird eb nac nosaes eht fo doirep yna rof )

 morf Kc eulav   fo noitaredisnoc rednu  eht g  )0102( OAF .egats htwor r  mumitpo rof taht detrope

dleiy   fo noitcudorp o er noin  053 seriuq – 055  irpxE .retaw mm  enod tnem aneboG yb  .la te  7102(  )

964 saw noinO fo RWC lanosaes ,dleiy mumitpo rof taht dewohs  .mm  

 
.7.2   fo tpecnoC retaW  ytivitcudorP  

 tub stinu tnereffid htiw smrof tnereffid sekat ytivitcudorp taht denoitnem )7991( nedloM

nemid( mrof eno ylno sah ycneiciffe  .)sselnois rehtonA   yduts yb tuodeirrac  iradyeH  (  )4102

 detacidni EUW morf tcnitsid si PW taht  .  retaw latot ot noitaler ni noitcudorp porc ot srefer PW

 eht elihw demusnoc fo tnuoma latot fo oitar sselnoisnemid a si EUW   latot eht ot desu retaw

deilppa retaw fo tnuoma  . nnac .e.i ,sselnoisnemid ton era smret PW to  ycneiciffe ni dezirogetac eb  

yeht ,smret  era   i stinu tnereffid htiw soitar emos tsuj  rotaremun eht n  rotanimoned dna .  ralimiS

 saw noitpircsed  yb nevig  )8002 ,leahciM(  w taht m gk fo snoisnemid htiw ytivitcudorp reta -3  si

 eht fo oitar eht sa denifed   ssam  fo   Y( dleiy elbatekram a emulov eht ot )  deilppa retaw fo .  

 
.8.2  noitagirrI ticifeD fo tpecnoC  

ticifeD  noitagirri  si  eno  ot seuqinhcet eht fo  evorpmi  retaw  ivitcudorp ty dna  secuder  eht  

noitagirri  a ilpp ac noit  ex desop  ot  a niatrec  level  fo  retaw  sserts  rehtie  gnirud  a p ralucitra  doirep  

ro  tuohguorht  eht  elohw  gniworg  nosaes  hsilgnE(  dna  ,ajaR  .)6991  ehT  reporp  noitacilppa  fo  

d ticife  noitagirri  p itcar c se  nac   dleiy hgih tuohtiw retaw noitagirri fo tnuoma tnacifingis evas

.sessol   noitagirri lluF w reta  eriuqer m tne  noitacilppa   segats htworg etal dna laitini eht ta fo  

m ia ze si  ton  elbasivda  tnacifingis on esuaceb   ytfif gniylppa naht ecnereffid ssamoib dna dleiy

necrep ht ta tnemeriuqer noitagirri t si  egats s ( ,weseneY  )7002 . 

 
ynaM  tsevni i snoitag  ah ve neeb  deirrac  tuo  ediwdlrow  gnidrager  eht  ceffe ts fo  ticifed  noitagirri  

no  dleiy  fo  niam ly troh i larutluc  sporc  ( ramuK  te  la ,.  7002 ; nosmaS  dna  nuhaliT  , 7002 ; nezeS  

te  ,.la  002 8). D retaw no tceffe noitagirri ticife  w noino fo dleiy dna ytivitcudorp  noitagirri pird hti

 metsys on  enod saw ssalc larutxet yalc htiw lios  eht fo strap nrehtron ni aipoihtE  )5102 ,irefeT(  .

fo tluser ehT  noitagitsevni siht   taht swohs   retaw lluf gniylppus  4 eht ta tnemeriuqer ht   porc
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 egats htworg  noino elbasivda ton si  aes siht gnirud sserts retaw esuaceb  no tceffe tnacifingisni nos

dleiy . 04  %  ID  fo tinu rep noitcuder dleiy tsehgih eht ni stluser nosaes gniworg eht tuohguorht

 rof ,dnah rehto eht nO .ticifed retaw s eht a vas retaw fo tnuoma em  de   ti ,noitagirri ticifed hguorht

erts eht noititrap ot retteb si ss  gniworg eht tuohguorht se segats   a gnirud sserts gnitaerc naht rehtar

egats lacitirc s org porc eht fo  eht gnirud yllaicepse htw  etal .)5102 ,irefeT( segats htworg   

 
ehT  s ydut  deniatbo tluser   yb nosmaS  dna  nuhaliT  )7002(  no  o noin  dewohs  taht  ticifed  

noitagirri  tuohguorht  eht  gniworg  nosaes   htiw 05 % dna  57 % fo  TE c decuder  sdleiy  morf  lluf  

noitagirri  dna  detluser  ni  eht  ehgih st retaw  gnivas  a dn  porc  retaw  esu  ycneiciffe . ralimiS l ,y  

ramuK  te  ,.la  )7002(  detagitsevni  the tcapmi  fo  ticifed  noitagirri  seigetarts  no  o noin  dleiy  dna  

taw er as v gni  detroper  taht  appl iy ng 08  dna  %06  of TE c detluser  ni   eht dleiy  sesaerced  fo  41  

dna  %83  dna  devas  81  dna  %33  fo  noitagirri  retaw  c pmo ared rri lluf ot i .noitag  A %52  

d aerce se no  rri i noitag  retaw  noitacilppa  wohs ed on  fingis i nac  t d esaerce  ni  dleiy  na d ti   devas

%52   fo taw er  hcihw agirri ot desu eb dluoc te lanoitidda  ni aera  icracs retaw erehw secalp t  si y

ereves  ,ulilkA(  02 09).  

 
 rehtonA s ydut  sah  nwohs  taht  ticifed  noitagirri  tnacifingis ly desaercni  niarg  TE ,dleiy   dna

WU sa E  derapmoc  ot  niar fe  d retniw  taehw  O( w sie  te  .la , )0002  . woH eve ,r  siht  hcaorppa  seriuqer  

rp esice  egdelwonk  fo  porc  esnopser  ot  aw t sa re  d or u thg  ecnarelot  v seira  baredisnoc ly by 

htworg  ,egats  seiceps  dna  .sravitluc   

 
.9.2  gniludehcS noitagirrI  

In nas dy ,slios  tnalp s yam  ogrednu  w reta  ts r sse  kciuq l ,y  ehw r sae  pl stna  ni  eed p slios  fo  if ne 

erutxet  yam  h eva  elpma  emit  ot  tsujda  ot  wol  lios  retaw  cirtam  ,erusserp  dna  yam  r niame  

detceffanu  by low lios  retaw  .tnetnoc  O fo enoz toor ehT 06 ot pu sdnetxe noin   ;mc 09  % of eht  

toor  s metsy  si  detartnecnoc  ta  eht  pot  mc04  fo  lios  doowneerG(  te  la ., 891 2 .)  I noitagirr  

iludehcs ng nehw(  dna  how cum h ot  )etagirri  is eno  of eht  tsom  tnatropmi  loot  rof  

ipoleved ng b tse  am n ega m tne  ecitcarp s detagirri fo  erutlucirga  fo tnuoma tneiciffus ylppus ot  

 toor porc  deen (J lama  ,.la te  )9991 .  

 
.1.9.2  gniludehcS noitagirrI ticifeD  

ticifeD  noitagirri  si  a wen  tpecnoc  fo  rri i noitag  cs h gnilude  hcihw  si  eno  way  ot  am x zimi e 
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retaw  esu  ffe i neic cy by ex gnisop  eht  porc  ot  a niatrec  level  fo  retaw  sserts  rehtie  irud ng a 

ralucitrap  p doire  ro  tuohguorht  eht  elohw  gniworg  nosaes  E( n hsilg  te  ,.la  )0991 . It is 

secen sary ot  wonk  porc  yi dle  sesnopser  ot  retaw  ,sserts  htie er gnirud  denifed  htworg  segats  

ro  tuohguorht  eht  elohw  nosaes  eb f ero  gnitnemelpmi  icifed t noitagirri  seuqinhcet  K( i adr  na d 

,rebnaK  .)9991  ehT  rc op dleiy  esnopser  rotcaf   tuoba noitamrofni sevig ehtehw r eht  porc  si  

lot er tna  ot  retaw  sserts . si ti fI  aerg t re  than inu ty setacidni  th ta  eht  detcepxe  evitaler  dleiy  

esaerced  rof  a nevig  noitaripsnartopave  cifed it si  etanoitroporp ly retaerg  naht  eht  evitaler  

esaerced  ni  nartopave s noitarip  adriK(  te  ,.la  1 .)999  ifeD c ti  noitagirri  ac n dael , ni  rp i ,elpicn  ot  

cni r ae s de  rp o stif  erehw  aw t re  stsoc  are hgih  or erehw  taw er seilppus  era  detimil  . rednU  eht se 

ci ,secnatsmucr  ticifed  irri noitag   rof eciohc lacitcarp a eb nac g wor e .sr  

 
.01.2   esnopseR dleiY porC noitagirrI ticifeD ot  

nehW  retaw  sserts  srucco  irud ng a sp fice ic porc  htworg  ,doirep  eht  yi dle  esnopser  nac  av ry 

ed p idne ng no  orc p ivitisnes ty ta  taht  htworg  .egats   ehT detalumrof pihsnoitaler   yb  sobnerooD

91( massaK dna 68 dleiy evitaler eht neewteb )   noitaripsnartopave evitaler yb decudorp sesaerced

gniludehcs noitagirri nevig a ni ticifed  rp erudeco s  sretemarap ruof setaler noitalumrof ehT . cus  h

 sa Ya Y , m TE , a TE dna m  ot rotcaf esnopser dleiy eht  (Ky ). 

 
 ehT Ky seulav  a  ot gnidrocc OAF  atad  stes  dna  morf  na  lanoitanretnI  cimotA  

)AEAI( ycnegA ygrenE  ooc tcejorp hcraeser detanidr  noitairav fo egnar ediw a dewohs  
k < 02.0 retemarap siht rof y 51.1 <  k < 80.0 dna y fo sporc eht rof )AEAI( 57.1 <  

taehw dna ,naebyos ,enac ragus ,nottoc  OAF( 2002 , ).  gnidneped seirav rotcaf esnopser dleiy porC

dna dohtem noitagirri ,yteirav ,seiceps no  tnemeganam  egats htworg dna s  ticifed nehw

si noitaripsnartopave   deirrac tuo dleiy porc ehT .   rehtehw fo noitacidni na sevig rotcaf esnopser

sserts retaw fo tnarelot si porc eht  on ro t A .   dleiy  taht setacidni ytinu naht retaerg rotcaf esnopser

a rof esaerced dleiy evitaler detcepxe eht   si ticifed noitaripsnartopave nevig  yletanoitroporp

ni esaerced evitaler eht naht retaerg   adriK( noitaripsnartopave la te .)9991 ,.  

 
.1.01.2  esnopseR   fo O noin   ot ticifeD  I noitagirr  

riB h una  ( )6002   detats taht  ticifed  rri i ag t noi  level  ecneulfni s tom ota  dna  o noin  dleiy  ylevitisop  

hw i hc  snaem   sporc htob dleiy  d esaerce  sa  w reta  ticifed  level  esaercni  woleb  %52  ticifed  level . 
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S ralimi yl   detats )5102( irefeT  fo stluser taht o t noin 6 eht ta ID taht detacidni slair %0   a dah

no tceffe tnacifingis  leiy 08 ta ID morf dleiy eht elihw ,d TE % c  tnereffid hcum ton saw  morf

TE %001 c a decudorp dn   lauqe yletamixorppa .ezis blub  tI   yduts eht morf dedulcnoc rehtruf saw

i taht  ecudorp ot elbissop eb dluow t O retaw yb noin - gnivas  08 ta secitcarp TE % c etar   ni etal  

 htworg egats , sa  a hgih tegrat ot snaem   tuohtiw sezis blub ecirp  .ytilauq gnicuder  rehtonA

 saw noitadnemmocer osla   yb edam welahcnE  )6102(  th  ta  eht dewohs cilppa ID  %02 ot pu noita

801 ot 54 devas  mm   ssorg eht morf retaw fo htped O tnemeriuqer retaw noitagirri noin . 

 
.11.2   fo ymonorgA O noin  

noinO   taht porc nosaes looc si  etarelot tsorf . F  ro sti  mumitpo  naem ,tnempoleved   yliad

51 neewteb seirav erutarepmet °C 02 dna °C 02 dna gniblub erofeb °C 52 dna °C blub rof  

 .derreferp si tnempoleved c ehT por  si  oleved dep  wols yle  erutarepmet eht nehw nwod   esir  si

72 dnoyeb °C .)6891 ,OAF(   ehT stoor   noinO fo dnetxe  yeb o dn  mc05  iroh z latno ly and hcaer  06  

mc  lacitrev ly ni  emos  sesac  (J lama  ,.la te   .)0002  tI si  evitisnes  ot  wol  lios  erutsiom  dna  hgih  

taw er elbat  dna  retaw  iggol n .g   sworg noinO  yalc ot dnas morf gnignar slios fo yteirav a no

oH .smaol deen yeht ,revew  o ni hgih dna deniard llew ,elitref si taht lios ymaol  ,rettam cinagr

mumitpo htiw   Hp  segnar  0.6 neewteb

 

 − O .)0102 ,erkiF dna inalO( 0.8  slios ni evirht ton od snoin

 ecart fo esuaceb 0.6 Hp woleb  sa hcus ycneicifed tnemele nimula  .yticixot esenagnam ro mu

noinO   .ytinilas lios ot evitisnes era tub ,slios enilakla ylthgils no decudorp eb dluoc  ot gnidroccA

ht erom ro ot lauqe level ytinilas lios a ,)2002( OAF eht 3.4 na  eht esaerced dluoc m/sd o  dleiy noin

.%05 ot pu  

 
.21.2   htworG  segatS o  f O noin  

o fo noitcudorp ehT  ;htgnelyad no sdneped blub noin rednu   blub a smrof noino snoitidnoc lamron

.nosaes dnoces eht ni srewolf dna htworg fo nosaes tsrif eht ni   looc doirep htworg laini eht roF

 gnirud sa erehw ,tnemehsilbatse porc reporp rof suoegetnavda si retaw etauqeda dna rehtaew

 rof laicifeneb si rehtaew yrd dna mraw ,gninepir  ytilauq doog fo dleiy hgih  ni OAF .  33 yb  

(  sobnerooD la te  ,. .)6891    gats htworg ehT u stneiciffeoc porc dna se  fo tnemeganam retaw rof des

 na o dleif eht ni syad 051 ot 001 fo doirep gniworg a htiw porc noin  T ni detneserper  elba  1.2

( 2102 ,tinU tnemeganaM dna tnempoleveD retaW OAF  .)  

.2 elbaT 1  dna )cK( stneiciffeoC porC :  fo htgnel segats htworg  eulav  s ( OAF , 2102 .)  
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 porC  scitsiretcarahc                       D tnempoleve   segatS  
 egats htworG  i  laitin

egats  
d tnempoleve  

egats  
m egats di  l egats eta  t syad lato  

l  )syad( htgne  51  

 

−  02  52  

 

−  53  52  

 

−  54  53  

 

−  54  001  

 

−  051  
c tneiciffeoc por  k( c) 4.0  

 

−  6.0  7.0  

 

−  8.0  59.0  

 

−  1.1  58.0  

 

− 1.1   

.31.2  ngiseD latnemirpxE   dna ataD  sisylanA   

 ot gnidroccA )3891( zemoG   eht no desab eerht ot ni deifissalc si ngised hcraeser  yaw a ralucitrap  

nekatrednu si hcraeser   :sa hcus  

.1   etagitsevni ot elba eb ot srehcraeser ot elbaliava dohtem tseb eht reffo :stnemirepxE

lortnoc fo eerged hgih eht ot eud ytilasuac .  

.2  isauQ - stnemirepxE ekilnU ,sdohtem dleif dellac netfo era :)sdohtem dleif( stnemirepxE  ni  

isauQ - stnemirepxe , er eht  ot‘ dna ’nehw‘ eht revo lortnoc elttil sah yllausu rehcraes

detcerid si tnemtaert eht ’mohw  .  

.3  noN - stnemirepxE  si ,lanoitalerroc dna evitpircsed si :  etagitsevni ot elbissop ylno

oitcerid rof noitaterpretni s’rehcraeser no desab sknil lasuac dna snoitaicossa  yna fo n

 .tsixe seod eno fi s'noitalerroc  

 
 fo dohtem eht si dohtem latnemirepxe ehT gninrecnoc sesehtopyh tset ylurt gnihcraes  esuac - dna -

 spihsnoitaler tceffe  htob fo noitulos eht ot hcaorppa dilav tsom eht stneserper tI .tnemirepxe fo

eht dna lacitcarp ero  ecneics fo tnemecnavda lacit .)2991 ,yaG(   )3891( zemoG ot gnidroccA

 sa hcus eerht ot ni deifissalc era sngised latnemirpxe ngised dezimodnar yletelpmoc  eno eht si ti :

sah tinu latnemirepxe hcae taht os modbar ta yletelpmoc dengissa era stnemtaert eht erehw   eht

 rof stnemirepxe rof etairporppa si ti dna stnemtaert eno yna gniviecer fo ecnahc emas

 stceffe latnemnorivne erehw ,stnemirepxe yrotarobal sa hcus stinu latnemirepxe suoenegomoh

 ;lortnoc ot ysae ylevitaler era ngised kcolb yletelpmoc dezimodnaR o si ti:  ylediw tsom eht fo en

 dleif  rof detius yllaicepse si ngised eht dna hcraeser larutlucirga ni ngised latnemirepxe desu

 a sah aera latnemirepxe eht dna egral ton era stnemtaert  fo rebmun eht erehw stnemirepxe

uqs nital dna tneidarg ytivitcudorp elbatciderp d era sti si erutaef rojam sti :ngise   ot yticapac

 eht staert tI .stinu latnemirepxe gnoma noitairav fo secruos nwonk owt eldnah ylsuoenatlumis

oc dna wor( gnikcolb tnednepedni owt sa secruos daetsni airetirc )gnikcolb nmul   ni sa eno ylno fo

.ngised DCR eht   
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larutlucirga nI  hcraeser ,  dleif etcelloc  atad d a  ot detcejbus er sisylana lacitsitats   gnisu  SAS

erawtfos s  .  nI latnemirepxe  hcraeser ,  eht ngis tnacifi  gnoma stceffe   erew snaem tnemtaert

 leetS( dohtem )DSL( ecnereffid tnacifingis tsael eht gnisu derapmoc a te l  .)7991 ,. DSL -  eht si tset

 fo snosirapmoc riap gnikam rof erudecorp desu ylnommoc tsom eht dna tselpmis   tnemtaert

.snaem  ecorp SDL  eulav elgnis rof sedivorp erud vel debircserp ta  devres hcihw ecnacifingis fo le

non dna tnacifingis neewteb yradnuob eht sa   tnemtaert fo riap yna neewteb ecnereffid tnacifingis

tnemtaert owt ,si tahT .snaem s ralced  debircserp a ta tnereffid yltnacifingis de  fo level

 ecnereffid rieht fi ecnacifingis O .eulav DSL detupmoc eht sdeecxe  ton era yeht esiwreht

tnacifingis  DSL . u eb tsum F eht nehw ylno des -  detupmoc ro tnacifingis si tceffe tnemtaert rof tset

F- eificeps ta eulav ralubat naht ssel eb tsum eulav  d level ytilibaborp  ( zemoG , )3891(  .  tneiciffeoC

ecnairav fo  ( VC  %)  a si tnemirepxe dleif fo ytidilav fo erusaem  . zemoG ot gnidroccA  ,)5891(  

ecnairav fo tneiciffeoc  ( VC  %) si  wol sa deifissalc  VC(  % < 01   muidem ,)% VC(  % 01neewteb  

02 dna %  VC( hgih ,)%   neewteb % 02  % 03 dna  VC( hgih yrev ,)%  % > 03  .)%   timil reppu ehT

 fo VC  %  eulav  hcraeser latnemirepxe rof 59 ta   ecnedifnoc %  level  saw 22 .54 %   002 ,letaP( 0)  .   

 
.41.2  sisylanA cimonocE  

( OAF eht ot gnidroccA  )3002  htiw dleiy decuder fo stifeneb eht  sdeen ytivitcudorp retaw rehgih

 eb ot derusaem  sisylana cimonoce yb   weN .noitagirri ticifed gnidnemmocer erofeb  noitagirri

ygolonhcet  ac ecitcarp ro  eb n stceffe sti fo smret ni detaulave  ,ytilibatiforp ,ytivitcudorp eht no  

fo dohtem a si sisylana tegdub laitraP .smetsys gnimraf fo ytilibaniatsus dna ytilibatpecca  

fo stifeneb dna stsoc eht tuoba noitamrofni dna atad latnemirepxe gnizinagro   evitanretla

ten eht dna yrav taht stsoc latot eht gnitaluclac fo yaw a si tI .stnemtaert   hcae fo stifeneb

rof euqinhcet evitceffe tub elpmis a si sisylana tegdub laitraP .tnemtaert   ytilibatiforp eht gnissessa

 eht sedivorp osla tI .ygolonhcet wen fo sisab  rof  gnirapmoc   evitanretla fo ytilibatiforp evitaler eht

,sseniksir rieht gnitaulave ,stnemtaert   gnignahc fo tneve eht ni era stiforp tsubor woh gnitset dna

secirp tupni ro tcudorp  M dna taehW lanoitanretnI ehT .)8891 ,TYMMIC(  tnemevorpmI ezia

retneC  noce eht ot hcaorppa gnitegdub laitrap sezilitu hcihw ,atad cimonorga fo sisylana cimo  

gnipoleved rof dohtem elpmis ylevitaler dna dnuos a si ,sisylana lanigram htiw denibmoc   a

 nacnuD( atad cimonorga morf noitadnemmocer la te .)0991 ,  

 
TYMMIC eht ni detneserp spets ehT  )8891(  m poleved ot stsitneics larutlucirga yb desu dna launa  

woleb detacidni era sremraf rof snoitadnemmocer :  
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.1    a fo noitaraperP  .stnemtaert evitanretla morf gnisira stifeneb ten eht etamitse ot tegdub laitrap

lortnoc eht gnidulcni ,lairt eht ni tnemtaert hcae roF seulav gniwollof eht ,   detaluclac eb tsum

:sisab eratceh rep a no  

.a  )tifeneb dleif ssorg dellac( remraf eht ot noitcudorp fo eulaV  

.b   dellac( stnemtaert ssorca desu tnuoma ro dnik ni reffid hcihw stupni lla fo eulaV   latot

)yrav taht stsoc  

.c   eht fo noitaluclaC eb ten a neewteb ecnereffid eht ,tifen  .b dna  

.2  ton od tub tsoc rehgih evlovni taht esoht ,.e.i ,stnemtaert roirefni fo noitacifitnedI   etareneg

.)stnemtaert detanimod dellac( stifeneb rehgih  

.3  tla gnoma ytilibatiforp evitaler ssessa ot desu si sisylana lanigraM .stnemtaert evitanre  

noN - latot fo smret ni tsehgih ot tsewol morf deknar tsrif era stnemtaert detanimod   taht stsoc

riap hcae neewteb stsoc lanoitidda ot stifeneb lanoitidda fo oitar ehT .yrav   si stnemtaert fo

egatnecrep ni desserpxe ,oitar sihT .detaluclac  eht dellac si ,mrof  nruter fo etar lanigram  

)RRM( . 

.4   fo noitacifitnedI  noitadnemmocer etadidnac a  non eht gnoma - detanimod  rt  si sihT .stnemtae

tnemtaert eht  lanigram a dna nruter ten tsehgih eht sevig hcihw   eht naht retaerg nruter fo etar

 deredisnoc muminim  sa sihT .sremraf ot elbatpecca   eht stcelfer nruter fo etar muminim

,.e.i ,remraf eht ot secruoser fo tsoc ytinutroppo   evitanretla ni denrae eb nac taht nruter eht

.seitivitca  

.5   noitanimreted snruter muminiM a 001 woleb fo RRM na ,enilediug a s  si %   wol deredisnoc

ton dluow nruter a hcus esuaceb si sihT .sremraf ot elbatpeccanu dna   latipac fo tsoc eht tesffo

gnivig llits elihw stsoc noitcasnart detaler rehto dna )tseretni(   ot nigram tiforp evitcartta na

a evres .evitnecni na s  
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.3  SDOHTEM DNA SLAIRETAM  

.1.3   aerA ydutS eht fo noitpircseD  

.1.1.3  noitacoL  

 detcudnoc saw yduts ehT  ta ni elebek adoG  M tenrezA karsi  aderoW erebreB   ni enoZ etliS  ,

 ,RPNNS aipoihtE  , L taco de  assawaH morf mk 122 etats lanoiger htuos fo latipac ,   25 tuoba dna

morf mk  ebaroW  aderow fo ytic latipac/otliK ot  .  ehT lacihpargoeg  fo noitacol  saw aera yduts  

458.7  ° edutital N  , .83  640 edutignol E°  dna   na edutitla   fo 2 03 0  m  level aes naem evoba  nwO(

derusaem SPG  atad )  erugiF  .3 1. 

 
erugiF  .3 1 era yduts eht fo pam noitacoL : a 

 
.2.1.3  etamilC  

T eh  av egare  nna u la  r nia f lla  fo  eht   aera v seira  rf om 006  ot  1200 mm  dna  es a lanos  niar f lla  nrettap  

ta  eht  ex latnemirep  aera  swohs  inu - om d la  ,noitubirtsid  hcihw  ex sdnet  morf   fo flah lirpA  ot  
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rae ly rebmetpeS  htiw  skaep   llaf niar ni  yluJ . ehT  naem  launna   mumixam dna muminim

erutarepmet s fo  era aera yduts eht  11  °C  dna 72  °C,  ylevitcepser (  aderoW A  larutlucirg O eciff  ,

02 01 .)   erugiF eht ni nwohs sA .3 2,  ereht  si noitaripsnartopave hgih  etar   eht tuohguorht aera eht ni

 raey  tpecxe M morf ya  S ot rebmetpe . 

 

erugiF  .3 2 :  citamilC llafniaR dna oTE rof ecnalab retaw   
 

.3.1.3   secitcarP cimonorgA dna nworG sporC niaM  ydutS eht ni aerA  

 sporC niaM worg n  yb rri i oitag n ni  eht  aera yduts  era  on ,noi  p otato , t otamo , g  cilra a dn  c egabba  

(  aderoW A  larutlucirg O eciff 0102 , )  . yb eerf deew tpek saw aera latnemirepxe ehT   gniggid dnah

 gnillup dna yraurbeF ot rebmeceD morf gnitrats nosaes gnipporc eht tuohguorht semit eerht  

.aera yduts eht ni secitcarp rednu gnieb si hcihw   dednemmocer laera ehT )ah/gk 002( SPN  

gnitnalp gnirud deilppa tilps saw )ah/ gk 002( aeru dna gnitnalpsnart ta deilppa saw rezilitref   dna

 6  .gnitnalpsnart retfa skeew )ah/retil 3( dloG limodeR   dna ortonehp  ot ,desu erew lacimehc enit

ylevitcepser ,stcesni lufmrah dna sugnuf tsniaga porc eht draugefas  (  tenrezA karsiM  aderoW

)0102 ,eciffo larutlucirgA . 

 
.2.3 tnemtaerT s noitanibmoC   

ehT  tnemirepxe  w sa  detcudnoc  morf  eD ec hcraM ot rebm  7102  81/ sah dna   9  gnidulcni stnemtaert

02   % ID  dna  04  % %02 ;segats htworg tuohguorht ID  ID  , %04  %02 dna ID  ID   ni :e.i(

%04 ;ylevitcepser )segats etal dna dim ,latnempoleved  %02 ,ID  %02 dna ID  ID  (  ni :e.i  ,laitini

naJ beF aM
r rpA aM

y nuJ luJ ugA peS
t tcO voN ceD

)htnom/mm(oTE .111 .901 .021 .411 .801 0.59 9.98 8.68 0.09 .111 .801 .311
)htnom/mm(FR 0.58 0.47 0.78 3.89 6.89 .111 .811 .411 .201 0.28 0.56 0.55

0.0

0.02

0.04

0.06

0.08

0.001

0.021

0.041

0.0

0.02

0.04

0.06

0.08

0.001

0.021

0.041

)
m

m( oT
E

)mm(FR
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%02 ;ylevitcepser )segats etal dna latnempoleved  ta ID   ni :e.i( segats htworg hcae laitini  ,

latnempoleved  , dim    dna segats etal ylevitcepser )  dna  lortnoc  0(  )ID %  . ehT  rt  erew stnemtae

 degnarra  ni nwohs  desab 1.3 elbaT (  divaD la te  ,. 6102  ;  dna 6102 ,welahcnE 5102 ,irefeT ) 

noitadnemmocer  divaD .s  .la te )6102(   detats  taht  retaw noitagirri %7.01 devas sserts retaw %02

.noitcuder dleiy gnitceffa yltnacifingis tuohtiw   

.3 elbaT 1 T latnemirepxE : tnemtaer s C noitanibmo  

rT ae t tnem s segats htworG  

G1 G2 G3 G4 

T1 %001   ETc %001   ETc %001   ETc %001   TE c 

T2 8  %0  ETc %08   ETc  %08  ETc %08   TE c 

T3  %06  ETc %06   ETc %06   ETc  %06  TE c 

T4 %001   ETc %08   ETc %06   ETc 8 %0   TE c 

T5 06 %  ETc 8 %0   ETc 01 %0   ETc 8 %0   TE c 

T6 8 %0   ETc 01 %0   ETc %001   ETc 01 %0   TE c 

T7 %001   ETc 8 %0   ETc 01 %0   ETc 01 %0   TE c 

T8 %001   ETc 01 %0   ETc %08   ETc 01 %0   ETc 

T9 %001   ETc 01 %0   ETc 01 %0   ETc 8 %0   ETc 

T :B.N 1 T ot 9, fer e der  tnemtaert ot s. 

.3.3  latnemirepxE  uoyaL dleiF dna ngiseD t 

saw tnemirepxe ehT  al i tuod  ni  dezimodnar  etelpmoc  kcolb  sed i ng  ( )DBCR  htiw  eerht  

snoitacilper   ni ugiF r 3.3 e .T ato l ex latnemirep  stnemtaert   dah hcae 72 erew 3 fo 2.  m  yb 4 m  tolp

ezis .  ehT sp ica ng neewteb  stolp  dna  colb ks erew  1 5.  m dna  2 m, evitcepser ly  dna  erew  ot desu

 dna gniniard ecafrus stolp gnireffub  snoitacilper dna   ot retaw fo wolf ssecxe detcetorp hcihw

o eht r tolp s  .dleif ehT  saw etis latnemirepxe fo ezis ssorg  02  m  yb 8.34  m = 678  m2 0.0 ro  678 ah . 

notruB  ( )0102   etats d t  taht  eht naht ssel yltnacifingis si lios eht ni retaw fo tnemevom laretal eh

tnemevom lacitrev . no desaB  tolp neewteb enoz reffub evoba eht noitadnemmocer siht s  dna

noitacilper  yrotcafsitas deredisnoc erew s  ot retaw laretal fo ecneulfni etanimile   .tnemevom     
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 :B.N B1 B , 2 B dna 3 srebmun kcolb era  ezis tolp hcae dna  saw  lauqe  

erugiF  .3 3  latnemirpxE : F tuoyaL dlei  
 

.4.3  O  noin  dna yteiraV  tnemeganaM dleiF  

 yteirav noinO der yabmoB  saw yteirav ehT .yduts siht rof desu saw  assakleM yb desaeler

0891 ni retneC hcraeseR larutlucirgA   .)4002 ,ORAE(  tI niks blub der thgil sah   neerg krad ,roloc

elf blub etihw hsidder dna epahs blub ebolg talf ,roloc fael 011 sekat yteirav ehT .roloc hs  

 

−  021

 blub rof syad ytirutam .  dees ehT w sa   desiar o deb yresrun n   detnalpsnart litnu if niam no le  d  05 rof

syad   dna 21 dehcaer yeht nehw  

 

−  mc 51 3 ro thgieh  

 

− ael eurt 4 sev   gnitoorpu ylluferac yb egats

deb yresrun morf  o ceD n rebme  10 7102 ,  . O sgnildees fo gnitnalpsnart erofeb yad en  ,  yresrun eht

girri erew sdeb  fo gnitoorpu efas eht rof deta O noin gniruD .   dna suorogiv ,yhtlaeh ylno gnitnalp

 mrofinu .detnalpsnart erew sgnildees  tnemhsilbatse tnalp eht erusne oT  lluf  agirri noit   saw  deilppa

,lavretni syad owt ta stolp lla ot   mm 67.7  fo retaw  rof   fo latot 8 syad   eht fo gninnigeb erofeb

noitagirri laitnereffid  ( ORAE , )4002 .  rep sA   dna )4002( ORAE aP OAF rep  No.3  sobnerooD yb 3

.la te  )6891(  o dir talf ni detnalp si noin 01 x 02 x 04 fo gnicaps seg  mc  ( 04  b mc  neewte  ,worruf

02 wor neewteb mc   deb eht no  worruf fo 01 dna stnalp neewteb mc  levitcepser y). erew stnalP  

worruf fo segdir htob ni nworg  e hca  dah tolp  8 swor   dna 80 stnalp  wor rep .T lato  tnalp s  fo 46  0
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 erew c  detavitlu rep  tolp .  tA  ,egats htworg hcae fo dne eht  erew stnalp elpmas 61  sisylana ot desu

:stnenopmoc dleiy  

)mc(thgieh tnalP : 61  elpmas  stnalp   .tceffe redrob diova ot swor roiretni eht morf detceles erew

 eseht fo thgieh ehT 61   stnalp w sa  relur gnisu tnalp eht fo pit eht ot ecafrus lios eht morf derusaem  

 egareva na sa nekat dna  .  

faeL  tnalp rep srebmun : 61  elpmas  stnalp  ht morf detceles erew  e swor roiretni t ,  eh  rebmun fael

tnalp rep   eseht fo 61   stnalp w ere   derusaem  hcae fo fael tnalp htlaeh elohw eht gnitnuoc yb  morf

 eht  mottob  fo pit eht ot tnalp eht  .  

)mm( retemaid bluB  :  detceles ylmodnar 61  tnalp s  elpmas ta derusaem sblub   noitrop elddim eht

.repilac edils a gnisu blub erutam eht fo  

 
.5.3   sisylanA dna gnilpmaS lioS  

.1.5.3   lioS S  gnilpma  

ios ehT o gnisu detcelloc erew selpmas l  stniop evif morf yllanogaid dleif latnemirepxe morf regu

.noitaraperp dleif fo gnitrats erofeb  O  dna metsys toor wollahs sah noin er toor sti  mc 05 sehca

 06 dna yllatnoziroh lios eht drawot yllacitrev mc   lamaJ( la te )0002 ,.  .   ehT s lios  erew selpma

 detcelloc eht no desab   noitamrofni 03 ta dleif eht morf   0( mc 06 ot pu lavretni htped lios mc – 03  

dna mc  3  0 – 06  mc  ) s eno ot etisopmoc erew selpmas detcelloc eht dna rof elpma   hcae 03   mc

 .lavretni nisu noitanimreted ytisned klub rof detcelloc erew selpmas lios debrutsidnU  eroc g

521.89 emulov fo relpmas  mc 3. 

 
.2.5.3   fo noitanimreteD S  lacisyhp lio  lacimehC dna C scitsiretcarah  

T lioS erutxe  

ehT  s erutxet lio   yb denimreted saw etis latnemirepxe fo egnar htped hcae ot sutappa cirtemordyh  .

 ehT  lios eht fo ssalc larutxet erew  gnisu denimreted  detinU  S setat  D tnemtrape  fo  A rutlucirg e 
 elgnairt larutxet dohtem  ( ADSU )9991 , . 

 
dleiF  C yticapa  and P tnenamre  W gnitli  P :tnio   

c dleiF ehT itliw tnenamrep dna )CF( yticapa gnisu denimreted erew )PWP( tniop gn   erusserp

erew selpmas lioS .ylevitcepser ,sutarappa enarbmem erusserp dna etalp  detarutas  ( yad eno rof 42  

 fo erusserp a dna )srh 3/1  51 dna rab  deilppa erew rab rof ylevitcepser ,   ,PWP dna CF litnu  on  
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rehtruf  ahc n eg  ni  lios  erutsiom  tnetnoc  si  o devresb . retaw elbaliava latoT  )WAT(  mm ni   saw

yticapac dleif fo tnetnoc erutsiom eht morf detupmoc  amrep dna  gnisu tniop gnitliw tnen

ni dohtem cirtemulov   woleb 1.3 noitauqe (  nellA la te ,.  8991 ). 

WAT � �Ө CF − Ө pwp �
 001

∗ Dr � mm �
                                                                                                    1.3   

:erehw  Ө CF  dna   Ө pwp   a er  retaw cirtemulov  c tno ent at fie dl  ca ap c yti  a dn  pe mr ane tn  liw it gn  

tniop  ( %)  dna  Dr = the max mi um ef ef itc ve toor  noz e de htp  of oni no  (mm .)  

D kluB ytisne  :  eroc lios lacirdnilyc gnisu nekat stip lios debrutsidnu eht morf denimreted saw tI

 deird nevo dna gnikat retfa yltcerid dehgiew dna ,relpmas 501 ta  oc 42 rof  h uo tI .sr   detupmoc si

 noitauqe gnisu 2.3   ,leahciM( .)7991  

 

DB �
thgiew  fo  yrd  lios

emlov  fo  elpmas  lios
�

mg
mc 3�                                                                                                            3.2 

:erehw   DB  = eht  ub lk de ytisn  of the s io l mc/mg( 3) 

lioS  Hp  : nirusaem yb denimreted saw Hp lios ehT  soitar retaw ot lios ,5.2:1 fo noitulos lios g

retem Hp a htiw . Hp  of ht e lios  egnar  s 0.6(  

 

 − )0.8  f ro  O noin  udorp c noit  lO( a in  a dn  Fi rk e, 

.)0102    

 
cinagrO  rettam : fo egatnecrep ehT  lios  ( nobrac cinagro S  eht gniwollof denimreted saw )CO

 dohtem noitsegid tew  dna cinagrO  rettam  ( MO )  gniylpitlum yb denimreted neht saw tnetnoc

 egatnecrep S 7.1 yb CO 24 yb debircsed sa  .)6991 ,sremmoS dna nosleN(  drawoH ot gnidroccA  s

 eht ,)0991(  tsom rof eulav dlohserht 2 ta saw slios  4.3 ot tnelaviuqe( COS % 4  %  ,)MOS   woleb

al era slios tsom hcihw di   ot  larutcurts noitazilibatsed  decuder era sdleiy porc dna . 

 
lacirtcelE  tivitcudnoc y (E )C : ehT   lacirtcele ( ytivitcudnoc EC  )  eht fo  lios  morf denimreted saw

selpmas lios eht  detcelloc  0 fo htped eht ta  

 

− 03 03 dna mc  

 

− 06  nevig erudecorp eht gniwollof mc

dna yenatS ni  .)2991( amireY  

 
etaR noitartlifnI  

krow latnemirepxe eht erofeB  noitartlifni lios ,detrats saw   etar  saw detcudnoc   gnir elbuod gnisu

ni  fo latot eht rof retemortlif 02 7 setunim  h 3( uo rs 72 dna  )etunim   ni pord eht litnu ylsuounitnoc
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 detartlifni slevel retaw fo htped eht dna emas eht sniamer lavretni emit lauqe revo level retaw

avretni emit gnisaercni ta derusaem erew  sl 52 ot dnoces 1 morf gnitrats   saw tset dleif ehT .etunim

detcudnoc   dedrocer saw gnir renni eht ni level retaw ni porD .snoitacol eerht ta  gnisu  eht no

a ot kcab thguorb saw retaw fo level eht dna dor gnirusaem level lanigiro eht yletamixorpp   ot

 gniniatniam  retaw fo level eht revenehw edisni eht ot ralimis gnir eht edistuo level retaw eht

ton yam taht level a ot spord  eb  .gnidaer txen rof hguone  

 
.6.3  R  ecnerefe E noitaripsnartopav   dna W porC R reta tnemeriuqe  

TE( noitaripsnartopave ecnerefer cidoireP o  yad hcae rof )  detaluclac saw drocer citamilc fo yb   eht

namneP OAF deifidom -  htietnoM dohtem   TAWPORC OAF gnisu 0.8  serawtfos .  tI  tseb eht

 enimreted ot dohtem  )tnemneriuqer retaw porc( RWC  esuaceb deredecnoc ti   tnataropmi evif

t :sa hcus atad citamilc  ,enihs nus ,erutarpe uh  deepsdniw dna noitaidar ,ytidim nellA(  ,.la te  8991 )  .

 atad citamilc mret gnol ehT tuoba  ruof  snoitats lacigoloroetem  raen   ot aera yduts eht  garabluW(  ,

liS ,aniasoH  )arijatuB dna it erew  detcelloc   morf  naipoihtE lacigoloroetem   assawaH ycnegA

tcirtsid   dna  sa nekat  ylhtnom egareva   .sesoprup gniludehcs rof  
 

R retaW porC ( tnemeriuqe )RWC  si  tnuoma  of w reta  edeen d ot  porc  ot  oc m etasnep   eht

TE( noitaripsnartopave hguorht tsol retaw fo tnuoma c) sdeen  r erefe n ec  noitaripsnartopave  

TE( o) dna  O noin  porc  ffeoc i tneic  K( c) detseggus   yb lA l ne  et .la  )8991( , Kc  noino rof w sa  

7.0   ta laitini  ts a eg , 7.0  < Kc < 0.1 5  ta ed v tnempole  ts a eg , 50.1   ta dim - osaes n egats  dna  9.0 5 < 

Kc < .1 05  ta l eta  nosaes  ats ge  . Crop retaw  eriuqer m tne  E( Tc)  deniatbo saw gnisu  TAWPORC  

0.8  erawtfos  revo  eht  iworg ng  nosaes  dnif ot TE o  yb deilpitlum dna Kc sa :  

 
TE c K = c E x To )yad/mm(                                                                                                                                                                       3.3 

ehT  e p( llafniar evitceff e  )  aera eht fo  denimreted si  gnisu  ( yb devig dohtem lA l ne  et la .  , )8991 .  

 
Pe  P * 6.0 = – 01 3/  P rof  htnom yl  �  07 3/  mm              ro                                                               4.3  

Pe  P * 8.0 = – 42 3/  f  P ro htnom  �  07 3/  mm                                                                             

IRn = RWC  – Pe           

w  = RWC :ereh C tnemeriuqer retaw por  ,)mm(  P )mm(  = latot  niar  laf l  dna RI g  =  noitagirri ssorg

 .tnemeriuqer oH w reve  , ecnis  ereht  w sa   llafniar  irud ng eht  ex latnemirep  ,doirep  pe  dna IRn 

 seulav 4.3 noitauqe gnisu denimreted erew .  
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.7.3  ssorG  I noitagirr  R tnemeriuqe  emiT noitacilppA dna   

G ( tnemeriuqer noitagirri ssor RI g  )  worruf fo ycneiciffe noitacilppa ot noitagirri ten fo oitar eht si

 noitagirri  ,OAF( 2002 ). A cc dro i gn  ot  Ra ni e a dn  kkaB er 6991( ), f worru  i rr iga it no  a ilpp cati no  

efficiencies mron a yll  va yr  f or  m 45 – 06  %. ehT  eulav  fo  dg w  sa c tupmo ed yb  a gnitpod  a fie dl  

a lpp ica it no  ef if ciency of 06  % ssol mumixam etasnepmoc ot  ,OAF(  )9891 .  

 

gRI  �
nRI

 Ea
 � mm �                                                                                                                                          3.5 

w :ereh  Ea 06( ycneiciffe noitacilppa =  )%   

emiT noitacilppA  (ta�  :  retaw noitagirri fo tnuoma deludehcs ehT  saw stolp eht ot deilppa

 eht raen edis maerts reppu eht ta dellatsni emulf llahsraP htdiw taorht hcni 3 a gnisu derusaem

 hcae otni retaw fo htped derised eht reviled ot deriuqer emit eht ,ylgnidroccA .dleif latnemirepxe

itauqe eht gnisu detaluclac saw tolp .)1891 ,haidnaK( woleb no  

 

ta �
 RI g ∗ 𝐴

6 ∗ Q
� nim �                                                                                                                                       3.6 

Where: dg = ssorg  de htp  of retaw noitagirri  (cm ,)  A = aera tolp  m( 2)  , Q = fl wo  ar te l( / )s  ta   3

 hcni Parsha ll  f ul em  h ae d a dn  6 si  tnatsnoc  oisrevnoc rotcaf n . 

 
.8.3  gniludehcS noitagirrI  

 enif fo slios peed ni stnalp saerehw ,ylkciuq sserts retaw ogrednu yam stnalp ,slios ydnas nI

t tsujda ot emit elpma evah yam erutxet  lios wol o laitnetop cirtam retaw  niamer yam dna ,

 ot hcum woh dna nehw( gniludehcs noitagirri ,eroferehT .tnetnoc retaw lios wol yb detceffanu

citcarp tnemeganam tseb gnipoleved rof sloot tnatropmi tsom eht fo eno si )etagirri  detagirri fo se

( erutlucirga  lamaJ  te ,.la  9991 ;  allalO ,.la te   hgih ni stluser gniludehcs noitagirri reporP .)4991

.secruoser retaw detimil evresnoc ot yrassecen seicneiciffe esu retaw noitagirri  
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.9.3  ot porC fo esnopseR  ticifeD  noitagirrI  sleveL  

.1.9.3  ytivitcudorP retaW porC  

 gninimreted rof secidni tnatropmi tsom eht fo eno si EUW ehT  tnemeganam retaw lamitpo

si dleiy cimonoce hcihw htiw ycneiciffe eht seifitnauq tI .secitcarp   fo noitcnuf a sa decudorp

 .dleif eht ni porc eht yb desu retaw  yduts siht ni )PW( ytivitcudorp retaW  denimreted saw  yb

 eht gnidivid O  noin  detacidni sa porc eht yb desu retaw noitagirri fo tnuoma ten eht ot dleiy blub

 eht yb  noitauqe gniwollof 4102 ,iradyeH(  ;  ilA ,.la te  .)7002  

 

PWC �
dleiY

TE c
 �

gk
m3�                                                                                                                                       3.7 

erehW : C PW   si  ytivitcudorp retaw porc m gk(

 

˗3 ,)  ah gk( dleiy

 

˗1  ) TE dna c retaw evitpmusnoc si  

esu  d m( 3 )ah/ .    

.2.9.3   esnopseR dleiY rotcaF  

ehT  yi dle   ot ytivitisnes retaw  sserts  saw  deifitnauq  by er l gnita  eht  evitaler  yi dle  esaerced  ot  

er l evita  pave o noitaripsnart  ,ticifed   devired yllaciripme na y  esnopser dlei f  ,rotca detaluclac  yb  

 noitauqe 3.9 )2002 ,OAF( .  

 

1 �
Ya

Ym
� Ky �1 �

TE a

TE m
�                                                                                                                              3.8 

 

 :erehw Ky Y ,rotcaf esnopser dleiy = a O lautca = Y ,)ah/gk( dleiy blub noin m O mumixam =  noin

c eht morf deniatbo dleiy blub TE ,)ah/gk( lortno a  htped noitagirri ten/noitaripsnartopave lautca =

TE dna )mm( tnemtaert hcae ot deilppa m =  htped noitagirri ten /noitaripsnartopave mumixam

)mm( lortnoc eht ot deilppa . 

 
.01.3  O  noin  dleiY stnenopmoC dleiY dna   fo noitcelloC ataD  

D ata   dedrocer p rep sevael fo rebmun dna thgieh tnalp erew egats htworg hcae fo dne eht ta  .tnal

 erew esehT detcelloc   morf 21   stnalp deggat modnar  swor laretnec 6 fo gnidulcxe   2 drob  re  swor  ta

ts niam eht gnirusaem yb nekat saw thgieh tnalP .segats htworg hcae fo dne eht  me  morf thgieh

 level dnuorg eht t htiw fael eht fo pit eht ot pu  ni desserpxe relur eh tnec i retem  )4002 ,ORAE(  llA .
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.tnalp rep dedrocer dna detnuoc erew stelfael depoleved yletelpmoc  dleiy bluB  saw   dna detcelloc

 eht morf dehgiew  6  tolp hcae fo swor lartnec swor redrob owt gnirongi yb   ot draob diova  re

atad dleiy detsevrah ehT .stceffe  t( eratceh rep enot sa desserpxe neht saw tolp hcae morf no  .)ah/  
 

.11.3  sisylanA lacitsitatS  

 ot detcejbus erew atad detcelloc ehT ecnairav fo sisylana lacitsitats  )AVONA(   ot etairporppa

 DBCR  gnisu 1.9 noisrev erawtfos SAS  ,tnacifingis dnuof erew stceffe tnemtaert revenehW .

 leetS( dohtem )DSL( ecnereffid tnacifingis tsael eht gnisu derapmoc erew snaem tnemtaert la te  ,.

.)7991   DSL si   ni xatnis SAS  erawtfos  ot desu si hcihw  i nereffid tnacifingis yfitned  gnoma ec

snaem tnemtaert  .  noitalerroc elpmiS ed ot desu osla saw sisylana  eht enimret pihsnoitaler  gnoma  

dleiy   dna  yb stnenopmoc dleiy gniwollof   noitalerroc eht gniterpretni rof senilediug detpecca

tneiciffeoc  ( 1002 ,rentaR :)  

.1   0 .pihsnoitaler raenil on setacidni  

.2  pihsnoitaler raenil evitisop tcefrep a setacidni 1+ .  

.3  

 

n tcefrep a setacidni 1−  .pihsnoitaler raenil evitage  

.4   0 neewteb seulaV  dna 0( 3.0 dna – il )evitagen( evitisop kaew a etacidni )3.0  raen

.pihsnoitaler  

.5   3.0 neewteb seulaV  dna 3.0( 7.0 dna

 

 raenil )evitagen( evitisop etaredom a etacidni )7.0−

 pihsnoitaler  

.6  ( 0.1 dna 7.0 neewteb seulaV

 

 raenil )evitagen( evitisop gnorts a etacidni )0.1− dna 7.0−

pihsnoitaler . 
 

.21.3   sisylanA cimonocE  

fo noitaulave cimonoce roF   laitrap eht stnemtaert tnereffid htiw detaicossa stifeneb dna stsoc eht

tegdub   euqinhcet  gniwollof yb deilppa saw  )8891( TYMMIC erudecorp   .stluser dleiy eht no

cimonocE  sylana  eht gnisu enod saw si gnitsixe  d secirp tekram  gniru  llA .detsevrah saw porc

tsoc ni sisab eratceh no detaluclac erew stifeneb dna s  .)ah/rriB( rriB naipoihtE  

 
 stsoc tnereffid ehT stnemtaert tnereffid eht gnoma   robal dna retaw noitagirri rof tsoc sedulcni

tsoc  )CV( stsoc elbairav eht erew etagirri ot . leiy detsujda ehT  eht gnicuder yb deniatbo saw d

 deniatbo  sa %01 yb dleiy detats  ni  TYMMIC   egareva ehT .)8891(  lacol robal  tsoc   ot lauqe 60 

rriB / yad  desu saw mraf ehT . re  get fo ecirp  o  noin  gnitsevrah eht gnirud nosaes   saw  11 b  dna gk/rri
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t  fo ecirp eh  pat  retaw  saw 5 b rri /1m3 aderoW(   retaw pat secirp rof tuB .)0102 ,   yduts siht

sisylana cimonoce  , flah   fo  retaw pat  tsoc  rof desu saw retaw noitagirri   on si ereht esuaceb

aera eht ni tsoc retaw noitagirri dednemmocer .  gnitcartbus yb detaluclac saw )IN( emocni ten ehT

elbairav latot  latot morf )CVT( tsoc  :swollof sa )RT( nruter  

 
 RT = IN –                          CVT                                                                                                      .3 9                       

 ehT d  sisylana tnanimo  deliated sa erudecorp TYMMIC ni 91( 8 tceles ot desu saw )8   yllaitnetop

 egnar eht morf stnemtaert elbatiforp eht fo  dedracsid dna detceles ehT .detset   gnisu stnemtaert

,stnemtaert detanimod dna detanimodnu sa ot derrefer era euqinhcet siht   ehT .ylevitcepser

 stnemtaert detanimodnu tsehgih eht ot tsewol eht morf deknar erew  v  fo riap hcae roF .tsoc elbaira

,stnemtaert deknar   %  fo saw )RRM( nruter fo etar lanigram  :alumrof gniwollof eht yb detaluclac  

 

RRM �
Δ IN
Δ CV

∗ 001                                                                                                                                       3. 01  

Whe er  : fo tinu lanoitidda si CVΔ dna rriB ni emocni ten eht fo ecnereffid eht si INΔ   ni esnepxe

.stnemtaert detanimodnu evitucesnoc owt neewteb ,rriB  
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.4  NOISSUCSID DNA TLUSER  

.1.4   stluseR noitagitsevnI dleiF lioS  

.1.1.4   lioS P cisyh  dna la C  lacimeh P  seitrepor o  latnemirpxE f S  eti   

p lios ehT yh cis  dna la ch me ci al p seitrepor  of ht e e px er emi tn al si et  era  in Ta lb e .4 1.  

.4 elbaT 1  lacimehC dna lacisyhP lioS : A ydutS fo stluseR sretemaraP deziretcarahC aer  

seitreporp lioS        htped lioS  )mc(   
 0(  

 

− )03   (40 

 

 − )06  egarevA  M dohte    O  mumitp   segnar
 rof noinO  

 ezis elcitraP
  noitubirtsid  

)%( dnaS  32.53  5.43  68.43  H retemordy  
 eveiS dna

sisylana  rof(
)lios esruoc  

 

maol yalC  
 ,erkiF dna inalO(

.)0102  
 

)%( tliS  45.82  5.62  25.72  
C )%( yal  32.63  0.93  6.73  

ssalc larutxeT    yalC
maol  

 yalC
maoL  

yalC  
maoL  

kluB  
mc/g(ytisned 3) 

 .1 50   2.1  31.1  cirtemulov  1� 4.1 m/mg 3 

( tnuH  a dn  kliG e ,s  
2991 ) 

lov(CF )%   39.82  5.62  7.72   erusserP
 enarbmeM  

 
 no pu sdnepeD
 & sepyt lios

tnetnoc erutsiom  

PWP )%lov(   20.41  8.31  19.31  
)m/mm( WAT   .651 6 4.251  74.451  alumrof  

�Ө CF − Ө pwp �
 001

∗
Dr   

Hp    7 2.  5.7  53.7  Hp - reteM  0.6(  

 

−  )0.8  inalO(
.)0102 ,erkiF dna  

EC 
(dS )5.2:1()m/  

 25.0  92.0  04.0   ytivitcudnoc
retem  

 
 ≤ 3.4  )2002 ,OAF(   

 
)%( MO   80.5  57.3  4.4   noitartiT   ≤  84.3 ( drawoH s  ,

)0991  

ehT  tluser  fo  the lios  ana l sisy  morf  eht  ex emirep n lat  etis  dewohs  taht  eht  egareva  noitisopmoc  fo  

,dnas  tlis  dna  lc ay ep r segatnec  ew re 68.43  ,%  25.72  % dna  6.73  ,%  evitcepser l .y  ,suhT  

cca o idr ng ot  ADSU  )9991(  os il et tx ural cla iss fica noit , ht e od m ni a tn  te rutx la  cla ss  of eht  

e px e mir e tn la  tis e saw  c issal fied as clay loam. The t po  lios  ecafrus  thgils dah ly rewol  klub  

ned sity .1( 50  mc/g 3) naht  eht  ecafrusbus  .1( 2 mc/g 3) siht  thgim  eb  eud   ot  hgih  cinagro  rettam  

stnetnoc  ni  eht  pot  lios  .ecafrus   nI ,lareneg  the eva r ega  lios  isned klub ty .1( 13 mc/g 3)  hcihw

si  woleb  eht  lacitirc  ohserht ld level  4.1(  mc/g 3) f ro   ysae m vo ement of air a dn  wa et r in os il f ro  

c por  toor  htworg   ti dna saw  elbatius  rof  orc p ro  to g htwor  ( tnuH  a dn  kliG e ,s  )2991  .  
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Moi ruts e c tno ent at field ca ap c ti y f ro  eht  e px e ir me tn al is te lios  var ei d bet ew en 39.82 % a dn  

2 5.6  % f ro  the lios  de htp s c disno ered 0 – 03  04 dna mc  – 06  mc ylevitcepser , . Mo tsi eru  

c tno ent at per am ne tn  liw it gn  tniop  a osl  wohs ed var ai noit  wi ht  htped  a dn  the va ul es ra gn e 

eb t ew en 1 20.4 % a dn  1 8.3  % f ro  t eh  os il de shtp  c sno idere .d  ehT  hi hg er v la eu  of tot al 

avai al lb e water AT( W) bo t nia ed was a coss ai ted htiw  the rehgih  clay c tno e tn  of the lios  

( SU D ,A  .)8991  s egareva ehT io l Hp   eulav .7( 53 ) was dnuof  nihtiw  t eh  dednemmocer  limit of 

0.6(  

 

 − )0.8  f ro  o noin  udorp c ( noit lO a in  a dn  Fi rk e, .)0102  ehT   egareva eulav   fo  CE  ta  °52  c

deniatbo   saw 4.0(   setar CE dradnats eht naht rewol saw hcihw )m/sd detats  ni  erutaretil  (  ,OAF

2002 )  ,eroferehT . s eht lio  dna lamron saw  inilas t aw y s a ton   melborp aera yduts fo . ehT  ew i dethg  

egareva  cinagro  rettam  tnetnoc  fo  eht  lios  saw  4.4  % evoba saw hcihw  eht   lacitirc  eulav fo   eht

 lios  noitcudorp porc rof  ot lauqe 4.3  % ( drawoH , )0991 .  

 

.2.1.4   noitartlifnI etaR  o  etiS latnemirpxE f   

 ehT dleif  derusaem  noitartlifni   retemortlifni gnir elbuod yb etar stluser  erew   ni detneserp

 .1 elbaT xidneppA  ehT noitartlifni evitalumuc dna noitartlifni egareva  etar  uc  dleif eht fo sevr

 detareneg erew  morf  dleif atad detcelloc  ni  erugiF  4. .1  i cisab ehT  yduts siht ni etar noitartlifn  saw

tuoba  27.6  rh/mm  hcihw  m  fo reyal retaw snae  27.6 ot ruoh eno ekat lliw ecafrus lios eht no mm  

etartlifni  . lios yrd nI s  retaw ,  eht ,serop eht ni ria eht secalper retaw erom sa dna yldipar setartlifni

.etar noitartlifni cisab a sehcaer yllautneve dna ylwols erom setartlifni ecafrus lios eht morf retaw  

 ot gnidroccA OAF  ( 91 68 )  etar noitartlifni eht gnar es 51 ot 5.2(  )rh/mm   rof l yalc lios mao .  ehT

tluser deniatbo s  era  eht nihtiw noitadnemoccer )6891( OAF eht fo egnar .  

 

.4 erugiF 1  :  lioS in  noitartlif r  dna eta c  evitalumu i lifn  noitart c  fo sevru e  latnemirepx f lei d 

0.0

0.05

0.001

0.051

0.002

0.052

0.003

0.053

0.004

0 05 001 051 002

)rh/
m

m( I

)nim( emiT

)mm( noitartlifni.muC ,)nim(emiT
)rh/mm( etar noitartlifnI ,)nim( emiT
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.2.4    fo noitanimreteD R  ecnerefe E noitaripsnartopav  

m mret gnol ehT aera latnemirepxe eht fo atad citamilc egareva ylhtno   saw  ni detneserp 4 elbaT 2.  .

ehT  taht dewohs tluser  TE( noitaripsartopave ecnerefer o eulav )  fo  eht  etis  saw  ( muminim  8.2

)yad/mm   yluj ni dna  mumixam  .4(  2 )yad/mm  M ni hcra ,  .ylevitcepser lareneG yl fi ,   eht

fo rewop evitaropave  rehpsomta eht  rednu saw e 3(  

 

− )yad/mm 5   taht setacidni ti ,egnar  si ti  a ni

 egnar etaredom  nellA( la te )8991 ,. .  detaluclac ehT RI n eulav  63 saw mm 6   ni dehctam si hcihw

egnar  fo  ts o mumitpo rof )0102( OAF yb deta n  noi seriuqer ti noitcudorp dleiy   053

 

 mm 055 − fo  

 .retaw  

.4 elbaT 2:  gnoL t  mre m  ylhtno a  egarev c  citamil d ht fo ata s e ydut  a aer  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

.3.4  I tnemeriuqer retaw noitagirr   dna s gniludehc  

seulav ehT   fo tnemeriuqer retaw porc   fo o  saw noin  yb detaluclac  ecnarefer eht gniylpitlum

tneiciffeoc porc htiw noitaripsnartopave . as eht roF ke robal dna emit fo  egatrohs , TE yliad c  eulav

 deludehcs saw lavretni noitagirri syad ruof ni ylppa ot ; TE yliad gniylpitlum c ruof yb eulav  .  ehT

 denimreted TE c eulav s  taht detacidni 3.4 elbaT ni gniworg eht fo gninnigeb eht ta wol   ,nosaes

 yllaudarg gnisaercni dna  niatta de   gnirud mumixam a yraurbeF  desaerced yltneuqesbus dna  .  ehT

seulav  fo  RI n  , RI g  ta gniludehcs noitagirri dna ruof  syad   noitagirri  lavretni gnirud   eht  gniworg

 nosaes erew   osla  detneserp  ni T 3.4 elba  .  ni nosaes latnemirepxe gnirud llafniar eht si erehT

TE deludehcs morf detcartsbus saw hcihw hcraM dna yraurbeF c gniylppa erofeb eulav   noitagirri

dleif eht otni  tnemeriuqer noitagirri ten ylno dna  RI( n eht ot deilppa saw )   dednetni stnemtaert  .

  
htnoM  

T nim  T xam  muH  dniW  nuS  daR  TE o 
C°  C°  % rh/mK  rh  m/JM 2 yad/  yad/mm  

naJ  8.7  5.52  3.18  3.121  2.8  9.91  6.3  
beF  9.8  4.62  3.77  0.421  8.7  5.02  9.3  
raM  2.01  4.62  0.08  0.031  0.8  7.12  2.4  
rpA  0.11  5.42  7.09  3.811  4.7  9.02  8.3  
yaM  3.01  3.42  7.29  3.811  6.7  6.02  7.3  

nuJ  0.01  9.22  7.59  7.621  1.6  0.81  1.3  
luJ  1.01  6.12  3.59  0.89  2.4  3.51  7.2  
ugA  0.01  5.12  7.19  3.08  6.4  3.61  9.2  
tpeS  6.9  8.22  0.79  0.29  2.5  3.71  0.3  

tcO  5.8  8.32  0.78  0.211  5.7  2.02  6.3  
voN  5.8  4.42  0.88  3.531  9.8  1.12  6.3  
ceD  4.7  4.52  7.57  0.831  3.8  6.91  7.3  
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hT  e etacidni tluser d taht  am eht tnuoma mumix  fo   porc  retaw  tnemeriuqer  saw deriuqer   eht ta dim  

egats   eht fo o .noin  

.4 elbaT 3 noitagirrI :  r  dna tnemeriuqe s  fo gniludehc o  ta noin f  ruo d  sya i .lavretn  

 
t  a  =   fo emit noitacilppa  )nim(   eludehcs no desab  

.4.4  I rr i ag it no  W reta  A lpp ied roF  Each Tre mta e tn   tnereffiD ni   htorG egatS s 

ehT  net depth fo  girri at noi  water a ilpp ed ot  eht  fid fere tn  ert at stnem  rud i gn  eht  e px e mir e tn la  

peri do  is nwohs  in T 4.4 elba  . ehT  ot at l ten  tnemeriuqer retaw porc  a ilpp ed va ir ed f mor  t eh  

segatS  etaD  oTE  cK  cTE  FR.ffE  nRI  gRI  gRI  t  a  

  
)mm(  

 
)d/mm(  )mm(  )mm(  )mm(  )mc(  )nim(  

 laitinI  

81 - ceD  8.41  6.0  9.8  0 9.8  8.41  5.1  6 
22 - ceD  8.41  6.0  9.8  0 9.8  8.41  5.1  6 
62 - ceD  8.41  6.0  9.8  0 9.8  8.41  5.1  6 
03 - ceD  8.41  6.0  9.8  0 9.8  8.41  5.1  6 

3- naJ  4.41  6.0  6.8  0 6.8  4.41  4.1  6 

tnempoleveD  

7- naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
11 - naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
51 - naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
91 - naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
32 - naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
72 - naJ  4.41  8.0  5.11  0 5.11  2.91  9.1  8 
13 - naJ  4.41  1.1  8.51  0 8.51  4.62  6.2  11  

 diM  

4- beF  6.51  1.1  2.71  0 2.71  6.82  9.2  21  
8- beF  6.51  1.1  2.71  0 2.71  6.82  9.2  21  
21 - beF  6.51  1.1  2.71  0 2.71  6.82  9.2  21  
61 - beF  6.51  1.1  2.71  7 2.01  0.71  7.1  7 
02 - beF  6.51  1.1  2.71  0 2.71  6.82  9.2  21  
42 - beF  6.51  1.1  2.71  8 1.9  2.51  5.1  6 
82 - beF  6.51  1.1  2.71  0 2.71  6.82  9.2  21  

4- raM  8.61  1.1  5.81  5.11  0.7  7.11  2.1  5 
8- raM  8.61  1.1  5.81  8 4.01  4.71  7.1  7 

etaL  

21 - raM  8.61  9.0  1.51  6 1.9  51.51  5.1  6 
61 - raM  8.61  9.0  1.51  0 1.51  2.52  5.2  01  
02 - raM  8.61  9.0  1.51  0 1.51  2.52  5.2  01  
42 - raM  8.61  9.0  1.51  0 1.51  2.52  5.2  01  
82 - raM  8.61  9.0  1.51  0 1.51  2.52  5.2  01  

1- rpA  2.4  9.0  8.3  0 8.3  3.6  6.0  3 

 
latoT  

  
663  56.04  9.423  55.145  2.45  022  
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l wo e ts  9.912  mm  T( 3) ot  t eh  hgih e ts  663  mm T( 1) iw t tuoh  ni lc gnidu  co mm no  rri iga noit  given 

gnirud  e ats mhsilb e tn  pe .doir  ehT  ma ix mum tot al net depth fo  water was a lpp ei d to eht  

c no t lor  ert a mt ent, ihw ch rec ie ved 001  % TE c ta  a ll  htworg  ats g se , hw eli  the wol est was 

a ilpp ed ot  t eh  tre ta em tn  ihw ch er ceived 60 % TE c lla  ts ages.  

 
gniruD  eht  itini al s at ge, ol ew r de htp  of rri iga noit  w eta r of 6.73  mm  was a pp lied f ro  t eh  

c ortno l rt eat em .tn  sA  ht e c por  ca ypon  rg e ,w  the depth fo  water a lpp ei d ni c er ased f mor  8 5.7  

dna egats tnempoleved ta mm  061 fo eulav tsehgih sti dehcaer  .mm  I 4.97 fo htped retaw noitagirr  

ytirutam gnirud deilppa saw mm  tnemtaert lortnoc eht rof egats  . hT e girri at noi  water depth 

a ilpp ed ot  hcae  ed f ci it rt eatme stn  we er  in a cc dro a cn e wi ht  ht ie r perce tn age roporp t noi   ni tes

yduts siht . hT e re tlus  saw  a rg eed tiw h  ni detats egnar  )0102( OAF o mumitpo rof  dleiy noin

 053 deriuqer ti noitcudorp

 

 − 055   .retaw mm  

.4 elbaT 4  :  teN i  noitagirr d htpe  RI( n  ) a  ta deilpp e  hca g  htwor s  egat  

stnemtaerT  

                      s htworG segat  

 laitini  tnempoleved  dim  etal  RI n )mm(  

T1 6.73  5.78  0.261  4.97  4.663  

T2 0.03  0.07  6.921  5.36  1.392  

T3 5.22  5.25  22.79  6.74  9.912  

T4 6.73  0.07  22.79  5.36  2.862  

T5 5.22  0.07  0.261  5.36  0.813  

T6 0.03  5.78  0.261  4.97  9.853  

T7 6.73  0.07  0.261  4.97  9.843  

T8 6.73  5.78  6.921  4.97  0.433  

T9 6.73  5.78  0.261  5.36  5.053  

 
.5.4  H tnalP no stceffE noitagirrI ticifeD  thgie S tnereffiD ta rebmuN sevaeL dna  segat  

 ehT tnalp egareva s  thgieh  ni  suoirav  noitagirri evel sl   htworg ruof eht lla gnirud tnereffid erew

segats  sisylana ehT . ni  elbaT  5.4   hcae fo dne eht ta derusaem thgieh tnalp taht detacidni yllareneg

38 ,64 ,71 ta .e.i ,segats htworg  1 dna 40   retfa syad gniludehcs  yltnacifingis erew   detceffa  ta  P(  ≤

w )50.0  evael fo rebmun saereh  yb detceffa ylthgils erew segats eseht ta level noitagirri gniyrav s. 
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 egats htworg laitini nI p  derusaem thgieh tnal  saw  decneulfni yltnacifingis ton  ni  stnemtaert lla  ta

P(  50.0 ≤ )  tpecxe T3 T dna 5  ni 5.4 elbaT  ylno ,egats siht gniruD . T5 T dna 3  erew  detluser  a

 yltnacifingis thgieh tnalp retrohs  htiw  66.12 dna mc33.02(  )mc , srehto eht naht ylevitcepser  hcuS .

acidni stluser et d fo dnert eht taht  o htworg noin  emtaert hcae nihtiw  dewohs saw tn ycnetsisnoc  

T tpecxe 3 T dna 5 p no erutsiom lios fo tceffe eht ,suhT .  thgieh tnal rof  T2  , T4 T , 6 T , 6 T , 7 T , 8 T dna 9 

 stnemtaert dluohs  non yllacitsitats erew yeht hguoht derongi eb  tnacifingis  T ot derapmoc sa 1  .

ehT   rep sevael fo rebmun  tnalp htiw  fid tneref  noitagirri  slevel  ta   laitini egats   erew  yltnacifingis

detceffa  T3 T dna 5 T htiw derapmoc nehw 9  ni 5.4 elbaT . tsehgih ehT   fael rebmun  tnalp rep  saw  

stnemtaert ni devresbo  T9 )44.3( .  erutsiom laitini rewol eht ot eud detluser eb yam ytilibairav sihT

dleif eht ni tnetnoc  T ni 3 T dna 5. 

 
 eht nI egats htworg tnempoleveD  ,s  tnereffid eht taht delaever atad eht fo sisylana lacitsitats eht

 ton did snoitacilppa noitagirri fo stnuoma o htworg eht tceffa yltnacifingis  thgieh tnalp eht f

T stnemtaert tpecxe 3 T dna 5 92 fo thgieh tnalp dah hcihw  mc  a 88.53 dn  mc , ylevitcepser  .  elihW

ht  e   tnalp rep sevael fo rebmun detceffa yltnacifingis erew  T ( stnemtaert owt siht rof 3 T dna 5) 

4 dah hcihw  74.4 dna mc  ylevitcepser mc  oc nehw .stnemtaert rehto htiw derapm  ehT   tnacifingis

 ecnereffid t neewteb ruocco osla T stnemtaer 3 T dna 5  ylhgih eht ot eud saw ecnereffid sihT .

T ni retaw noitagirri fo ycneiciffid 3  .   

 
,segats htworg dim eht nI  citsitats  la wohs atad eht fo sisylana   stnemtaert noitagirri eht taht

 yltnacifingis o fo htworg eht detceffa  ta noin P(  ≤ t tA .)50.0  38 ,egats htworg siht fo dne eh  syad

gniludehcs retfa  erew ecnereffid tnacifingis eht , devresbo  ( stnemtaert ni T3  , T4 T dna 5)  lla htiw

.rehto hcae htiw ton tub stnemtaert rehto   thgieh tnalp mumixam dna uminim ehT  erew  dedrocer

T ni 1 T dna 3  , 76  76.94 dna mc  mc , .ylevitcepser  ni ecnereffid tnacifingis yllacitatS   fo rebmun

 devresbo osla saw tnalp rep sevael rof  t tnemtaer s  ta eulav mumixam dna muminim sah hcihw T3 

T dna 1 8 dna 5 erew ,  .ylevitcepser   

   
 fo dne eht tA nosaes etal eht  stnemtaert noitagirri eht taht delaever atad eht fo sisylana ,  ta P(  ≤ 

 detceffa )50.0 o fo htworg eht  noin hgieh  t  ni 5.4 elbaT  fo dnert ehT .  lla ni stnalp fo htworg

egats siht ta stnemtaert  sah   gnidecerp eht ot ralimis segats htworg . sitatS lacit yl   tnacifingis

erew secnereffid  devresbo  ni  tnemtaert s T3 T , 5 T dna 4 moc nehw  stnemtaert rehto lla htiw derap
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.rehto hcae htiw ton tub  tA   ,egats siht 33.17( thgieh tnalp naem tsehgih   no devresbo saw )mc

ecer taht stolp  devi oitagirri lluf n T ni 1 deniatbo saw )mc76.35( tsewol eht elihw ,   ta T3  .  

 
umixaM m saw tnalp rep sevael fo rebmun  T( stnemtaert ni devresbo 1 T dna 9)  mc 76.9 dah hcihw

 dna  mc 338.8 rebmun muminim elihw ylevitcepser  ( 6.6 T ni dedrocer saw tnalp rep sevael fo )7 3  .

 eht ta taht detacidni tluser ehT etal   htworg  ton did slevel retaw noitagirri fo noitcuder ,egats

 saw porc eht ecnis ,rebmun fael detceffa yltnacifingis  ni ytirutam   dna egats d  hcum esu ton di

l noitagirri fo tnuoma ni ecnereffid eht ot eud tuB .retaw  ot deilppa leve T3  fo tceffe evitalumuc ,

ereffid tnacifingis ,snosaes gniworg eht tuohguorht erutsiom eht  htworg tnalp ni secn  erew

 .dedrocer  

 
lareneg nI ppnl dna hp ,  tluser ehT .sesaercni retaw noitagirri fo tnuoma eht nehw esaercni s 

 deniatbo erew   tnemeerga ni rehto fo noitavresbo htiw  o no seiduts noitagirri  tnereffid yb noin

lE .srehcraeser -  hskO  .la te ( hp taht detroper )3991 fael ,  rebmun  htiw desaercni thgiew blub ,

 tebahT .level erutsiom lios fo gnisaercni .la te   dna sevael fo rebmun eht taht detacidni )4991(

 yb nevig saw noitadnemmocer ralimiS .noitagirri gnisaercni yb desaercni erew rettam yrd blub

lE - eiy ,scitsiretcarahc htworg taht delaever )7991( kezaR dna siraH  stnenopmoc dleiy dna dl

desaercni eht htiw devorpmi yllareneg  gniworg gnirud deilppa retaw latot ni   ,yllawteM .doirep

evitategev rehgih ni detluser ylppus retaw rehgih eht taht detacidni )1102(   tnalP :sretemarap

bmun ,thgieh re   rehtonA .tnalp rep sevael fo tluser  detroper   yb  htiw taht )7002( helihsoM

 erew retemaid blub dna sevael neerg fo rebmun ,thgieh tnalp ylppus retaw lios gnisaercni

saercni yltnacifingis segats gniworg detset eht ni de . 
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.4 elbaT 5: stceffE  fo   ID l  no sleve p  h dna  L  ppn  ta d tnereffi  g  htwor s  fo segat o noin . 

stnemtaerT                                           segatS  htworG  
laitini  tnempoleved  diM  L eta  

)mc(hp  ppnL  )mc(hp  ppnL  )mc(hp  ppnL  )mc(hp  ppnL  
T1 3.72 a .3 0ab .93 7a .5 2a 0.76 a 0.8 a 3.17 a .9 7a 

T2 3.72 a 3 1. ab .63 7 ba  7.4 ab 0.46 ba  0.7 ba c .86 7a 3.8 cb  
T3 .12 7b 2 8. b 2 0.9 c .4 1c .94 7c 3.5 e .35 7b .6 7e 
T4 .72 7a .3 3ab 3 3.7 ba  .4 7 ba  3.25 c 0.6 edc  3.65 b .7 7 dcb e 
T5 3.02 c .2 8b 3 .5 9b .4 5 cb  3.15 c 8.5 ed  .55 7b 0.7 ed  
T6 3.72 a 3.3ab .73 3 ba  .5 2a 3.36 b .7 2ab 0.86 a .7 4 dc e 
T7 3.82 a .3 3ab 3 4.7 ba  .5 1a .36 7ab 8.6 a cb  .86 7a 8 3. cb  

T8 2 0.7 a
 .3 3ab 3 4.9 a .5 1a 3.56 ab 5.7 ab 3.96 a 0.8 cb d 

T9 8.72 a .3 4a .93 3a .5 1a 0.56 ba  5.7 ab 96 3. a 8.8 ba  

naeM  .52 1 .3 1 .63 9 .4 8 .76 5 .7 5 .46 6 8.0 
DSL  (5%) 3 7.0  .3 3 5.0  .3 4 .1 1 0.4  3.1  

VC  9.6  8.21  41.5              4.6             2.3    9.8        6.3  .9 5 

5.4 elbaT nI  ,  = ppnl ,thgieh stnalp = hp rebmun sevael  tnalp rep  , dna d ,c ,b ,a srettel   setacidni e

 P( ta level ecnacifingis ≤ 50.0  .)  era nmuloc a ni rettel emas eht yb dewollof snaeM non -

htiw tnereffid yltnacifingis  hcae  o  %5 a ta reht ytilibaborp  level  )1.9 SAS( ni . 

   
.6.4  tceffE no noitagirrI ticifeD fo s   dna dleiY noinO fo retemaiD bluB  

.1.6.4  De cif it Irri noitag  stceffE   no dleiY  noinO fo  

hT e ts a it cits al ana sisyl  tluser s  ni 6.4 elbaT  i cidn ated that ub lb iy e dl  was is ng i cif a yltn  a ff e detc  

yb  the ed fic ti  girri ati no  el ve sl  at id ffere tn  rg owth ts ages  ta p(  ≤ 0.0 5). hT e hi hg e ts  blub  

y ei dl  fo  23.92  t no / ah  deniatbo saw  saw  f mor  ht e c lortno  ert a mt ent T1 0(  % )ID  w  dah hcih

ingis f ci a tn  differe cn e w ti h  rehto lla tpecxe stnemtaert  w ti h tnemtaert ( T9  )  sah taht 29. 41  

t no ah/   .6.4 elbaT ni 22.51 dleiy blub tsewol eht elihW  t no  ah/ morf dedrocer saw  ert a mt ent T3 

 deviecer hcihw 04  % worg lla ta ID segats h . hT si  rev ae l de  ht at d fo gnisaerce  rri iga noit  slevel  

ta  cificeps  egats  uorht ro  tuohg org w segats ht  si ing fican ylt  fe fect  de o fo dleiy  noin  nehw

tnemtaert lortnoc htiw derapmoc  T( 1  ) eviecer hcihw d  segats htworg tuohguorht noitagirri lluf tub  

T tnemtaert 9  deveicer hcihw 02   ta ID %  etal egats htworg   ralimis sah  dleiy c ot tluser o lortn  

tnemtaert  T( 1)  . w taht detacidni sihT o neh  noin  ti ytirutam ot hcaorppa deen ton did  retaw hcum  
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ta ID %02 fo esuaceb   etal T rof egats 9  rof noitagirri lluf dna T1  tnacifingisni dah  dleiy ecnereffid  .

S ma nos  a dn  Kete am  )7002(  f dnuo  that a gniylpp  def ci it rri iga noit  in os me worg th ts ages fo  

Oni no  did ton  ngis fi ica yltn  re ud ec  ub lb y ei .dl  S  ralimi tluser   yb detroper saw  lamaJ la te .  )0002 (

 taht O  lios tnereffid rednu ytirutam ot worg nac noin tub noitidnoc ticifed erutsiom   sdleiy rehgih

noitagirri hgih htiw detaicossa yllareneg era  rts retaw yna diova taht htped  ta ylralucitrap sse  blub

noitamrof  egats noitcuder dleiy ehT .  erew   ni derrucco T4 )ah/not 53.71(   deviecer hcihw

 ta ticifed mumixam  dim egats  T dna 5  )ah/not 25.71( hw  ta ticifed mumixam deviecer hci  laitini

 egats ( noitagirri lluf ot derapmoc nehw T1  sah hcihw ) ah/not 23.92  . Kada iy fci te  al. )5002(  

demrifnoc  ht at ni  dro er ot  tbo ain a hi hg  y ei dl  , water de if cits dluohs  be a diov ed es ep cia yll  

rud i gn   laitini  dna  dim  htworg segats .   
 

.2.6.4   noitagirrI ticifeD  nO stceffE retemaiD bluB  noinO fo   

ah slevel noitagirri ticifed tnereffid ehT  d tnacifingis yl  o detceffa noin   ta retemaid blub P(  ≤ 50.0 )  .

6.4 elbaT ni nwohs sA retemaid blub eht ,  T fo 3 dah  is  lla htiw tnereffid yltnacifing  stnemtaert

 tpecxe T4  dna T5 T saerehw 4 T dna  5  dah is T tpecxe stnemtaert lla htiw tnereffid yltnacifing 3 T , 6  ,

T7 T dna 9. T stnemtaerT 1 T , 2 T , 6, T7 T , 8 T dna 9  .rehto hcae htiw tnereffid yltnacifingis ton erew

Th h e dna tsehgei  1.6 retemaid blub tsewol   dna mc 1.5   mc dedrocer erew  T morf 1 dna  T3, 

ylevitcepser  .  seilpmi sihT 04 fo noitacilppa taht ID %   htworg lla tuohguorht gats dah se  

is decuder yltetnacifing  retemaid blub . htiw tnemeerga erew tluser sihT  edam noisulcnoc   yb

D  diva la te  deirav ezis blub taht )6102( . fo ytitnauq eht htiw yllanoitroporp  girri  retaw noita

 mumixam( deilppa  ezis blub 001 eht morf   %  fo TE c muminim dna  ezis blub  05 morf   % o  f TE c .)   

.4 elbaT 6  :  fo stceffE  ID Y no dlei   dna  retemaiD bluB  

rT ae t tnem s Y dlei  t( no )ah/   bluB retemaiD  )mc(  
1T  23.92 a .6 01 a 
2T  .82 65 b 89.5 ba  
3T  2.51 2d .5 01 d 
4T  17 53. c 43.5 dc  
5T  17. 35 c 4.5 7 dcb  
6T  .82 36 b 6.5 7 cba  
7T  2 85.8 b 7.5 7 cba  
8T  28. 26 b 0.6 5a 
9T  29. 41 ba  8.5 5 cba  
VC  073.1  94.5 0 

)50.0(DCL  .0 06  45.0  
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 setacidni d dna c ,b ,a srettel ehT m snae   P( ta level tnacifingis ≤ 50.0  .)  ralimis gnivah stnemtaerT

non sa derefer nmuloc a ni rettel - htiw tnereffid tnacifingis  hcae  o 5 a ta reht   % ytilibaborp  level  

htiw tnereffid tnacifingis sa derefer nmuloc a ni rettel tnereffid gnivah tnemtaert elihw  hcae  o  reht

5 a ta   % ytilibaborp  level  .)1.9 SAS( ni  

.7.4   ytivitcudorP retaW  

 sisylana ehT wohs  n  ni 7.4 elbaT   detacidni taht   si ereht tnacifingis  ecnereffid   ta P(   ≤ 50.0 ) no  PW  

 suoirav eht fo icifed slevel noitagirri t  gniylppA . 80 TE fo % c T( 2) eht tuohguorht   htworg elohw

s  nosae  detluser ih  9.9( ytivitcudorp retaw tsehg /gk m3 ( PW tsewol eht elihW .)  41.6 m/gk 3) saw  

T morf deniatbo 5 hcihw   slevel ticifed retaw deviecer  fo 08 ,%06 %  %001 , 08 dna fo %  TE c ta  

laitini  , tnempoleved dim ,  egats etal dna s,  .ylevitcepser sediseB   siht PW rehgih   morf deniatbo saw

stnemtaert   deilppus 02  %  fo TE c  naht noitagirri lluf  ( `T 1)  swohs sihT . o eht taht  erom saw noin

 gnisu ni tneiciffe 02  % TE fo c naht  noitagirri lluf  dleiy mumitpo niatbo dna retaw evas ot . 

 
 desylana ehT detneserp tluser   ni 7.4 elbaT  wohs   taht  PW eht tnemercni  rof  tnemtaert s T2 T , 8  dna

T9  detacidni 50.5 ,35.42   dna 3 30. % rehgih  eulav PW  naht  T1  .ylevitcepser T tnemtaert nI 2  , 02 % 

 htiw devas saw retaw 9.3 %  dleiy  noitcuder  nosirapmoc ni htiw  lluf  oitagirri n.  sihT swohs   taht

devas eht htiw detagirri saera eht gnisaercni   retaw f etasnepmoc dluoc  ot eud ssol dleiy yna ro

ticifed  T ni ,ecnatsni roF .noitagirri 2 as retaw eht  eht etasnepmoc dluoc dev  dleiy noitcuder   ot eud

 tuohguorht ID %02  segats htworg 01.7 decudorp dna  erom not   gnitavitluc yb dleiy  lanoitidda

2.0 5 ah   fo dnal  ,noitidda nI .  stnemtaert T6 T , 7, T8 T dna 9  dluoc ecudorp  6( dleiy lanoitidda  ,75.0 ,

39.0 dna 16.1  )not  lluf naht  devas eht htiw  .ylevitcepser ,retaw   tcaf eht fo etipsnI  taht ereht   erew

 htiw stnemtaert rehto  tub retaw devas fo tnecrep retaerg stnemtaert ylno   rehgih htiw    naht PW

c eht lortno  eht rof etasnepmoc dluoc   .noitcuder dleiy  devresbo saw ti ,eroferehT  si ereht taht  ton

 ticifed ni ecnereffid eht ylno  noitagirri level s sla tub PW rehgih ni detluser hcihw eht o   noitagirri

noitacilppa   no  htworg  egats .rotcaf tnanimreted niam eht eb ot devresbo saw  

 
htiw tnemeerga ni si tluser ehT  duts eht y yb   divaD  ,.la te ( w )6102  oh  ta ID taht dedulcnoc

op a ni sdleiy ecneulfni segats htworg etal dna evitategev  %02 suhT .ylevitis TE fo c sserts retaw  

segats htworg tuohguorht  7.01 devas o dna retaw noitagirri % orp blub noin  fo level siht ta noitcud

 no tceffe tnacifingisni retaw sdleiy . tluser ralimiS s  ladnaM yb devresbo saw la te  ohw )5002( .

 retaw rehgih dnuof ytivitcudorp  lav  seu  rednu deniatbo lluf naht noitidnoc noitagirri ticifed  
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noitagirri si noitagirri nehw yllaicepse ,  deilppa  .segats htworg lacitirc eht ni   e d ,c ,b ,a srettel ehT

desylana 7.4 elbaT ni f dna   P ta level ecnacifingis detacidni ≤ 50.0  .  snaeM  emas eht yb dewollof

.level ytilibaborp %5 a ta rehto hcae morf tnereffid yltnacifingis ton era nmuloc a ni rettel  

.4 elbaT 7  : ecneulfnI   fo DI l leve s  no w  reta p or  ytivitcud   

 
 

rT tnemtae s 
PW     

m/gk( 3) 

 evitaleR
 retaw

devas  
)%(  

 evitaleR
 dleiy

 noitcuder
(%) 

 lanoitiddA
aera  

  detavitluc
yb   devas

retaw  )ah(  

 lanoitiddA
 dleiy

 yb deniatbo
retaw devas  

)not(  

 PW
ercni  tnem

)%(  

T1 00.8 c 0 0 0 0 0 
T2 9.9 0a 0.02  9.3 0 52.0  .7 01  35.42  
T3 00.7 e 00.04  42.84  76.0  .01 02  - 44.21  
T4 .6 02 f 0.72  40.41 73.0  18.5  - 25.22  
T5 41.6 f 00.31  23 . 32  51.0  34.2  - 40.23  
T6 .7 06 d 0.2 0 16.2  20.0  .0 06  - 5.0  
T7 .7 09 dc  00.5  51.3  50.0  05.1  - 09.0  
T8 .8 40b 0.9 0 .2 40 01.0  08.2  30.5  
T9 .8 20 cb  0.4 0 89.0  40.0  22.1  30.3  

 detacidni f dna e ,d ,c ,b ,a srettel ehT m snae   P( ta level tnacifingis ≤ 50.0  .)  gnivah stnemtaerT

non sa derefer nmuloc a ni rettel ralimis - htiw tnereffid tnacifingis  hcae  o  %5 a ta reht ytilibaborp  

level  htiw tnereffid tnacifingis sa derefer nmuloc a ni rettel tnereffid gnivah tnemtaert elihw  hcae  

o ht  %5 a ta re ytilibaborp  level  .)1.9 SAS( ni   

 
.8.4  pihsnoitaleR ytivitcudorP retaW dna dleiY ,tnemeriuqeR retaW porC teN  

 fo tluser ehT ytivitcudorP retaW dna dleiY ,)nRI( tnemeriuqeR retaW porC teN  (  pihsnoitaler )PW

 ni detneserp  fo tnuoma eht taht swohs 2.4 erugiF  sah retaw noitagirri  dna deliy no tceffe evitisop

.PW  T ni ,yllaicepS 2  deniatbo saw PW fo tnuoma woL .stnemtaert rehto lla naht PW rehgih sah

T tnemtaert morf 5  detacidni tluser ,eroferehT . o taht m ot etarelot ton si noin  ticifed mumixa

 .dleiy mumitpo ecudorp ot segats tnempoleved dna laitini ta noitagirri  



83  
 

 
.4 erugiF 2  teN : c  por w  reta r  ,stnemeriuqe y  dna dlei w  reta p  ytivitcudor r pihsnoitale  

.9.4   dleiY R esnopse  rotcaF   

 sisylana ehT  esnopser dleiy fo K( rotcaf y elbaT ni detneserp )  8.4  tsehgih sah  Ky  ot lauqe  44.2

tnemraert morf deniatbo  T5  tsewol eht dna Ky 1.0 saw 3 dedrocer  T ta 2, 1.0 yb dewollof 03.0 ,4   dna

.0 35  T morf deniatbo 9 T , 8 T dna 7, r  tluser ehT .ylevitcepse detacidni   taht  sserts retaw  ta  dna laitini

tnempoleved   ni detluser egats yrev    elbaeciton ni esaerced  t derapmoc dleiy  segats rehto eht o

s eht htiw ralimi  ticifed  level  .  tA 20  % ID   tuohguorht htworg  egats s tluser ton did de  ni  tnacifingis  

 ticifed taht swohs sihT .noitcuder dleiy  noitagirri htworg tnereffid ta detubirtsid slevel   segats

K ehT .noitcuder dleiy etarelot dluoc y  naht retaerg eulav eno  etacidni d eht taht  dleiy evitaler  

 esaerced saw  ht rehgih eht na  ticifed retaw  slevel  S(  htim te  la  ,. .)2002  siht ot gnidroccA  

noitatimil  yduts siht ni deniatbo tluser eht ,  ticifed retaw eht nehw ksir eht si ereht taht detacidni

hguorht ID %02 evoba level tuo  eno ro segats htworg  eht fo  htworg  egats s B . ht tu  on si ere

tnacifingis  tceffe  dleiy no  gniylppa nehw  02  %  ID  level  reihte segats lla ni   ro  fo eno  htworg

egats s  .   
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.4 elbaT 8  : taleR esu retaW evitaleR pihsnoi  ,  evitaleR ni esaerceD K dna dleiy y seulav  

rT stnemtae ts 
evitaleR                         

noitcuder dleiY  
retaw evitaleR  

    ticifed                                 Ky 

 
(%) )%(  

 T1 0 0 0* 
T2 06.2  00.02  2.0 3* 
T3 80.84  00.04  02.1  
T4 38.04  08.62  25.1  
T5 32.23  02.31  44.2  
T6 63.2  00.2  51.1  
T7 51.3  58.4  35.0 * 
T8 93.2  08.8  .0 03 * 
T9 89.0  01.4  41.0 * 

 setacidni = * Ky eulav  ssel  naht  eno   

.01.4   noitalerroC B  dna dleiY neewte noinO fo retemaiD bluB  

tluser ehT   9.4 elbaT ni s  dewoh  taht  a si ereht  elbisiv pihsnoitaler   eht fo leiy  dna d  retemaid blub

rehto hcae htiw  . ,ylgnidroccA   retemaid blub r(  = .0 86 *)  , h tnalp ta thgie   laitini  egats r(  = .0 76 *) 

dna  h tnalp  thgie ta   tnempoleved r( egats  = .0 85 *)  dah evitisop etaredom yl   p( ta pihsnoitaler raenil

≤ 50.0  )  htiw  blub dleiy  . P h tnal ta thgie  dim  egats  r(  = .0 *28 *) dna   etal r( egats  = .0 *28 *)  dah

 p( ta pihsnoitaler raenil ylevitisop gnorts ≤ 50.0  )  htiw dleiy   saerehw TE a  dah  gnorts  ylevitisop

 pihsnoitaler raenil  ta p(  ≤ 50.0  ) htiw  dleiy   dna retemaid blub .  ID suoirav taht detacidni sihT

tceffe na dah segats htworg tnereffid ta slevel   dna dleiy no  fo retemid blub o noin .  saw tluser sihT

tnemeerga ni  )5102( irefeT fo tluser yduts htiw   taht dedulcnoc eh  sa hcus sretemarap dleiy lla

ew segats lla ni level retaw noitagirri dna tnalp rep rebmun fael ,thgieh tnalp  ylevitisop er

 detalerroc  ta p(  ≤ .0 o htiw )50  noin dleiy  )1102( yllawteM yb yduts ralimis A . ts deta  taht   tnalp

isop dah retemaid blub dna thgieh detalerroc tnacifingis dna evit  iw  ht dleiy   fo o noin dbA . le  lE -

 ydaH la te  retemaid blub neewteb noitalerroc evitisop dna tnacifingis a si ereht taht dnuof )5102( .

dleiy blub dna  o fo noin . 
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.4 elbaT 9  :  ehT c noitalerro  m  fo xirta o  noin y  dna dlei y  dlei c  stnenopmo  

 

HP 1 HP 2 HP 3 HP 4 YB  DB  TE a 

HP 1 00.1  

      HP 2 *85.0  00.1  

     HP 3 *76.0  *55.0  00.1  

    HP 4 *76.0  *35.0  **99.0  00.1  

   YB  *76.0  *85.0  **28.0  **28.0  00.1  

  DB  w92.0  w82.0  *43.0  *23.0  *86.0  00.1  

 TE a *54.0  **17.0  **77.0  **77.0  **57.0  **27.0   00.1  

* etaredom =  evitisop  yl pihsnoitaler raenil  ta  (P ≤ 50.0 )  = ** ,  gnorts evitisop  yl pihsnoitaler raenil  

 ta (P ≤ 50.0 )  , w = kaew  ( pihsnoitaler raenil ylevitisop P ≤ 50.0 )  , HP 1  , HP 2, HP 3 dna  HP 4  tnalP era

 ta thgieh laitini , tnempoleved ,  dim dna   etal egats s, ser p ylevitce blub = YB ,  DB ,dleiy   bluB =

 retemaid  dna TE a = i lautca level retaw noitagirr . 

.11.4   desaB egatS fo sisylanA cimonocE  noitagirrI ticifeD  

 rof dedeen erudecorp eht rep sA  tluser eht dna sisylana cimonoce 01.4 elbaT ni detneserp  , t  eh

 tsewol dna tsehgih  tsoc elbairav 123,81   dna 5.299,01  BTE  erew  detsevni  T stnemtaert rof 1  dna

T3, .ylevitcepser  A  erew stnemtaert gniniamer eht ll dedulcni  owt eseht neewteb  tnemtaert  segnar  .

 ehT sehgih  t RRM  47631 fo  %  saw  morf deniatbo  tnemtaert T9  ehT . tsehgih   morf deniatbo saw IN

T1 RRM mumixam dah hcihw  4553( )%  T ot txen 9 47631( )%   dna T2 ( 3875 )%  .  sihT taht setacidni  

reve rof  gnisu ni detsevni rriB eno y tnemtaert s T ,9  T2 dna  T1 eht revocer ot tcepxe nac sremraf  ri

dna rrib eno   lanoitidda na niatbo 38.75 ,47.631   35.53 dna  BTE .ylevitcepser  T taht swohs sihT 9 

 .tifeneb rehgih dna noitcudorp fo tsoc rewol htiw tnemtaert evitcartta yllacimonoce tsom eht saw

ihT T taht fo esuaceb eb dluoc s 9 02 htiw decneirepxe dah  %  ID sserts retaw de   ta  etal egats htworg  

o fo noin htiw detluser suht ,   retteb tifeneb dna dleiy blub - oitar tsoc  T tnemtaert ot derapmoc 1  .  

 
eneb tsewol eht ,dnah rehto eht nO tif -  oitar tsoc  dna  fo RRM  403 dna 3.32  %   erew  morf deniatbo

T5.  stnemtaert elihW T6 T , 7 T dna 8 erew   ton erew yeht yllanif dna ”D“ sa dengis dna detanimod

sisylana rehtruf rof deredisnoc  .RRM fo  

 
 ,01.4 elbaT ni stluser no desaB T1 demusnoc  retaw tsehgih  mumixam decudorp dna )mm 24.663(  

 dleiy ( 88362  deilppa retaw tsewol eht elihw )ah/gk  58.912(   )mm tnemtaert rof  T3  dleiy sah
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 .)ah/gk 10731( ehT  T( stnemtaert neewteb ecnereffid retaw deilppa 1 T( dna ) 3 m 7.5641( saw ) 3  fI .)

 ecudorp ot deredisnoc si ti a oitidd  dleiy lan  yb  siht retaw devas eb dluoc dleiy decudorp eht ,  

81.01(  )not  . ,hguoht nevE   rehgih a deniatbo evah ew dleiy   morf T1  dna mumixam   devas retaw

 morf T3 a htob yeht ,  ot tnatropmi si ti ,emocni 'sremraf evorpmi oT .elbisaef yllacimonoce ton er

 yap stifeneb ten no noitnetta  PW dna   ylirassecen ton seod dleiy rehgih esuaceb sdleiy naht rehtar

tifeneb ten hgih sah ti taht naem  PW dna . 

.4 elbaT 01   fo sisylanA cimonocE : B lu T noitagirrI tnereffiD rof dleiY b stnemtaer  

rT nemtae t h/WA a dleiY  A detsujd  RT  CV  IN  B/C RRM  

 

m3 Kg  ( dleiY gk ) ah/rrib  ah/rrib  ah/rrib  tnatsnoc  % 

T3 9912  32251  10731  807051  6945  212541  04.62  2462  

T4 2862  05371  51651  567171  6076  950561  06.42  461 1 

T5 6582  72571  47751  715371  0417  773661  03.32  03 4 

T2 1392  75582  10752  417282  9237  683572  06.73  3875  

T8 0433  02682  85752  833382  0538  889472  09.23  D 

T7 9843  38582  52752  279282  3278  842472  44.13  D 

T9 5053  34192  2 9226  615882  4678  257972  09.13  7631 4* 

T6 9853  72682  46752  704382  3798  534472  06.03  D 

T1 4663  02392  88362  862092  1619  801182  07.03  4553  

 * RRM hgih gnivah tnemtaert =  , WA  = ah ,retaw deilppA  =  ,eratceH D dna  =  detanimoD

gniruD .tneiciffeoc tnemtsujda %01 yb detsujda saw dleiy blub noino eht ;tnemtaert   dleif eht

na noino fo ecirp tekram eht ,nosaes gnitsevrah 11 erew aera eht fo retaw pat d  5.2 dna gk/rrib  

m/rrib 3 ( ylevitcepser .)tsoc retaw noitagirri  sa tsoc retaw pat fo flah gnimussa  

 
 ,eroferehT  morf deniatbo tluser eht T9  desab eratceh ni  demusnoc 53 50  m3  ah/ dah   decudorp

 257972 ah/rrib  tifeneb ten   dna  RRM ( 47.631 ) uof  eb ot dn .elbisaef yllacimonoce  tnemtaerT  T2 

dah  tsehgih   oitar tifeneb tsoc ( 6.73  dna ) RRM sah  ( 38.75 T ot txen ) 9.  htiw deerga si tluser sihT

luser hcraeser eht t ( irefeT yb deniatbo  ohw )5102  ta ID %02 taht detroper  etal  tsehgih sah egats

RRM dna tifeneb ten . 
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.5  SNOITADNAMMOCER DNA SNOISULCNOC ,YRAMMUS  

.1.5  snoisulcnoC dna yrammuS  

retaW  si  gnimoceb  na  lacimonoce ly ecracs  oser u ecr  ton  no ly ni  dira  na d imes - dira  saera  tub  

osla  ni  snoiger  erehw  r llafnia  si  tnadnuba . stI  icracs ty yam  be eud  ot  di tnereff  larutan   dna

namuh -  decudni srotcaf  . A rg i erutluc  rednu  elbarovafnu  ilc m cita  noitidnoc aw detimil dna s ret  

 secruoser ca tonn   eb batiforp le tnemtsevni  sselnu  no - mraf  retaw  tnemeganam  seuqinhcet   dluoc

eb  sed i eng d ot  teem  tneserp  erutuf dna  gniworg  d sdname  fo  aw t re  rof  doof  rp o itcud .no  ID  si  a 

ygolonhcet   ylniam decudortni ot  vorpmi e retaw  ivitcudorp ty  yb ex sop gni   ot sporc niatrec  level s 

fo  retaw  sserts  rehtie  gnirud   cificeps egats htworg  ro  tuohguorht  eht  elohw  gniworg  nosaes s. 

 tI elbane d  secruoser retaw ecracs rieht esu ot sremraf ylevitceffe  . ID  sdeen ygolonhcet   eb ot

.tnemnorivne lacol dna yteirav porc ,epyt porc tnereffid rednu detset  yduts siht nI , o saw noin  tset  

 porc rri ticifed rof  noitagi rof ecitcarp   nosaes gniworg eno  porc nworg yllaoitnetop saw ti esuaceb

 ni M  karsi A tenrez  Be erebr  W adero aipoihtE ,RPNNS ,enoZ etliS , .  

 
 deniatnoc tnemirepxe ehT  fo noitanibmoc  stnemtaert enin gnidulcni : lortnoc  0( )ID % 02 ;  % ID  

dna  04 % D level I s  tuohguorht  eht ;segats htworg  0  ,ID % %02  ID  , %04  %02 dna ID  ID   ni :e.i(

 ,laitini %04 ;ylevitcepser )segats etal dna dim ,latnempoleved  %02 ,ID  ID 0 , ID %  %02 dna  ID  

(  ni :e.i latnempoleved ,laitini dim ,  )segats etal dna , ylevitcepser   dna  %02  ta ID   htworg hcae

 ni :e.i( segats laitini  , latnempoleved  , dim    dna segats etal ), ylevitcepser   DBCR ni tuo dial erew

emit eerht detacilper s. 

 
 ehT dleif  tluser yduts   taht delaever t el noitagirri fo noitairav eh tceffa yltnacifingis slev o de noin  

 dleiy dna dleiy stnenopmoc  . W  retaw neh aw sserts desopmi s   ta T2  dna T9 dah  hgih re  dleiy blub  

erew   .deniatbo H  hgi  eht gnirud sserts retaw  laitini  dna tnempoleved   dluoc segats htworg  eb

diova saw ti ecnis de  p lacitirc o rof noitagirri fo doire noitamrof blub noin  . t gniruD eh se doirep  s

eht  o noin  deen retaw   hgih saw  dna  ti ac tsiser tonn  erts retaw  ss o noitcuder tnacifingis tuohtiw  n

f gniylppuS .dleiy  retaw llu tnemeriuqer  T1  dluoc da ton h ti esuaceb elbasiv  retaw wol sa

evitcudorp RRM ,  eneb dna naht oitar tsoc tif  T2  dna T9, ylevitcepser 04 .  % ID   tuohguorht  eht

ni stluser nosaes  hgih  rep noitcuder dleiy tse  .ticifed retaw  
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T yduts sih  taht dewohs osla  02 %  ID  gniworg eht tuohguorht snoitacilppa T( nosaes 2) evag  

9.9( PW mumixam  k m/g 3 to lla naht ) lortnoc gnidulcni stnemtaert reh   dna T9  mumixam dah osla

PW   04.8( m/gk 3 T ot txen ) 2 .  devas eht htiw detagirri saera eht gnisaercni taht detacidni sihT

ssol dleiy yna rof etasnepmoc dluow retaw  02 ot eud % ID   nosaes tuohguoht (T2) 02 dna  ta ID %

etal T( egats htworg 9).  elihW eht  muminim  ( PW  1.6 m/gk 3)  ta deniatbo saw T( 5  hcihw ) w sa  

ticifed de  ( 04 % ID  ta  laitini  , 02  ID %  ta tnempoleved %0 ,  ta ID   dim %02 dna   ta ID etal segats ) . In 

eht  sserts laitrap fo esac   segats htworg tnereffid ni yllaicepse  T stnemtaert rof  4  02.6( m/gk 3)  dna

T5  41.6( m/gk 3 dah )   retaw wol PW   ton did retaw devas eht fo tnuoma eht taht dewohs hcihw

snepmoc dleiy eht fo tnuoma eht eta  decuder  noitagirri ticifed ot eud  . A 04 gniylpp %  level ID

rht nosaes gniworg eht tuohguo  84 ni detluser y %  noitcuder dle  dna 9.2  m/gk 3  PW rewol ht naht  e

detseggus sihT .noitagirri lluf  devas eht htiw detagirri saera eht gnisaercni taht  retaw   dluow  ton

ssol dleiy yna rof etasnepmoc  04 ot eud nosaes tuohguorht ID %  noitafirri lluf ot derapmoc   dna

 ta ID %02  etal egats htworg .  noitagirri ticifed esu ot elbacilppa ton saw ti ,eroferehT  level  %04 ta

 ID woleb dna   .ti  

 
23.92 fo dleiy blub mumixam A  t no aw ah/  rednu deniatbo s  noitagirri lluf nehw  o  noin  ton saw

tcejbus de  ot  yna  retaw  sserts   tuohguorht  gniworg snosaes .  noitcudorp dleiy ralimiS  erew

T ni devresbo 9 T dna 2  .  gnissertS o eht noin   yb  %04 ID  muminim ni stluser tuohguorht  iy  dle

)ah/not 22.51(  .  gnisserts elihW o  ta ID %04 yb noin dim  T( egats htworg 4  ta ID %04 dna )  laitini

T( egtas htworg 5),  .nosaes tuohguorht ID %04 gniwollof noitcuder dleiy rehgih dah ylevitceper

taht setacidni sihT  o noin  segats dim dna laitini eht gnirud sserts retaw ot evitisnes yrev saw   naht

segats rehto  . ffid ytivitcudorp retaw dna dleiy eht ,hguoht nevE ngis era secnere  neewteb tnacifi T1 

 dna T2  detubirtsid gniworg eht tuohguorht  snosaes 02 eht gnitpoda , % ID   gniworg eht tuohguorht

 devas nosaes 7 23 .8 m3 retaw fo tnuoma  eratceh rep   ot tneiciffus si hcihw 41.7 ecudorp   not dleiy  

52.0 lanoitidda morf  ah  dnal  erom gnicudorp yB .  ,retaw ssel htiw sdleiy uoc retaw devas ld  eb

lanoitidda etagirri ot elbaliava   ni dnal aera ecracs retaw . 

 
 dleiy blub tsehgih ehT eniatbo saw morf d  T( noitagirri lluf 1 .)   ehT  morf deniatbo saw PW tsehgih

02  htworg tuohguorht RWC fo ID % T( segats 2 B .)  tsehgih eht ,sisylana tegdub laitrap eht no desa

RRM   saw  morf deniatbo T9 47631( )%  %02 deviecer hcihw   ta ID  etal  htworg egats   ten htiw

emocni   fo 257972  ah/rrib . t dednemmocer eb nac ti ,eroferehT 2 tah 0  % D  ta RWC fo I  etal  htworg

egats   4 ni lavretni noitagirri syad  O mumitpo gniniatbo rof lacifineb si dleiy noin  ,  retaw esasercni
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ytivitcudorp   dna  sgnirb retaw ecracs rednu nruter cimonoce rehgih  noitidnoc .  ni sremraf ehT

retaw ecracs  ecruoser  desu eb osla dluoc aera  02  ID %  tuohguorht RWC fo segats htworg   sa

noitpo   dna ytivitcudorp retaw esaercni ot  htiw dnal lanoitidda etavitluc evas  retaw . 

 
.2.5  R snoitadnammoce  

 desaB  eht no stluser   snoitadnemmocer gniwollof eht ,nosaes gnipporc eno morf deniatbo  dluoc

eb  edam : 

 %02 gniylppA  DI etal ta RWC fo  tworg  h segats  T( 9  ) tnacifingisni sah   dleiy  ecnereffid  dna

 PW moc  derap ot  noitagirri lluf  T( 1) dna   ti  evag ih  hg RRM  2.37631( )% .  gnitpoda ,eroferehT

%02  ID   etal ni level  si egats htworg dnemmocer  aera yduts eht ni sremraf eht rof de  evas ot

ecracs  PW esaercni dna retaw  .  

  9.9( PW ehT m/gk 3) 3875( RRM dna  deniatbo )% morf  T2 ( %02  hguorht RWC fo ID tuo  

 htworg egats s sah )  ehgih r naht  ( noitagirri lluf T1)  gnivah 0.8( PW  m/gk 3)  RRM dna

( 4553 )%  . f ehT  sremra  aera ecracs retaw ni dluoc  osla  eb  ot desivda  desu  T2 (  %02  fo ID

 htworg tuohguorht RWC egats  )s noitpo sa .  

 noc porc tset ehT o saw ereh deredis  rof noin noitats eno ni raey eno  ,  revo yduts detaeper

mrifnoc ot yrassecen si sraey dna snoitacol  .tluser yduts siht  

 duts rehtruf ,sselhtenoN orc ot edam eb dluohs y t ,otatop ekil sp  dna otamo m  ezia  esuaceb

yeht  w osla era .aera yduts eht ta gniworg yledi   
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.6  SECNEREFER  

ulilkA , .M  .9002  stceffE  fo  gnihclum  dna  d pe th fo  rri i ag t noi  ilppa c noita  no  aw ter neiciffe esu cy 

dna  ivitcudorp ty fo  p reppe  nu d re  varg ti y pird  rri i ,noitag  .cSM  ,sisehT   fo tnemtrapeD

aipoihtE ,ytisrevinU ayamaraH ,gnireenignE noitagirrI . 

 ,euqoH ,.H.M ,ilA R.M  ,. nassaH  , .A  dna .A riahK ,  retaw ,dleiy no noitagirri ticifed fo stceffE .7002.A

 retaW larutlucirgA .taehw fo snruter cimonoce dna ytivitcudorp  :29 tnemeganaM .pp 151 - .161  

aR ,.A.L ,ariereP ,.R ,nellA  porC .8991 .M ,htimS dna .D ,se dna noitagirrI .noitatipsnartopave  

,OAF .65 .oN repaP eganiarD  .emoR  

naizradnA , nayannaB ,.B ,detS ,.M ,  hearzaM ,.P , itaraB ,.H ,  ,.E .M itaraB , .A .M  dna  haR aman , .A  

102 1 fed dna lluf rednu ledom porCauqA eht fo gnitset dna noitadilaV .  taehw detagirri tici

P noitcudor    .narI ni nemeganaM retaW larutlucirgA ,001 ,t  pp .1-8 

        320.80.1102.tawga.j/6101.01/gro.iod.xd//:ptth  .  

wehcaluwA , amliY ,.B .S , degesluoL ,.D .A , ,.M  aksioL ldn , anayA ,.W  dna .M , werimalA ,  .7002 .T

aipoihtE ni tnempoleveD noitagirrI dna secruoseR retaW  lanoitanretnI :aknaL irS ,obmoloC .

 tnemeganaM retaW )321 repaP gnikroW( .p87 .etutitsnI . 

7002 .nuhaliT .K dna .S ,elekeB imes a ni noino fo gniludehcs noitagirri ticifed detalugeR . -  noiger dira

 .aipoihtE fo  tnemeganaM retaW larutlucirgA  :98 .pp 841 - .251  

unahriB , .K  6002 . noitaulavE  fo  d pir  rri i noitag  s metsy  na d ticifed  noitagirri  s udehc lin fo g  otamot  ta  

assaklem , MS .c  ,sisehT  eD p ra t tnem  fo  noitagirrI  En ireenig n maraH,g a  ay tisrevinU y  ,  .aipoihtE  

truB , .C M. na d St sely , S .W.  .9991  lanoitanretnI  rp o marg  of r onhcet logy dna  craeser h  noitagirri ni

 eht eganiard dna taW ,OAF knaB dlroW e 91 stropeR r  . R ,OAF o  em  

 ,nodnoL ,dtL ewoR ynotnA IPC .secitcarp dna selpicnirP :tnemeganam noitagirrI .0102 .A.M ,notruB

.p921 .KU  

 ot atad cimonorga morF .8891 .)retneC tnemevorpmI taehW dna eziaM lanoitanretnI( TYMMIC

dnemmocer remraf scimonoce nA :snoita -  .noitidE desiveR yletelpmoC .launam gniniart

.ocixeM ,F.D ,TYMMIC  

divaD , K. leunammE , , .C , dna 1rirokpiK  nhoJ , .K  .T   dna dleiY no noitagirrI ticifeD fo stceffE .6102

 .porC noinO fo ytilauQ ecneicS larutlucirgA fo lanruoJ  .oN ,8 .loV ; 6102 ;3 . 

obnerooD s, .J  dna  massaK , .H.A  91 86. dleiY  esnopser  ot  retaw . rrI i noitag  dna  eganiarD  ,33 repap  

emoR ,OAF , ylatI . 
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.B ,nacnuD kraM , ,  .K onurB dna , F no fo sisylana cimonocE .0991 . -  fo weiver a :slairt mraf

 hcraeser rof snoitacilpmi dna sehcaorppa 09 .oN repaP ffatS .ngised margorp -  nagihciM .87

.ASU ,nagihciM ,ytisrevinU etatS  

 dna seiteirav porc desaeler fo yrotceriD .4002 .)noitazinagrO hcraeseR larutlucirgA aipoihtE( ORAE

inagrO hcraeseR larutlucirgA naipoihtE .secitcarp larutluc dednemmocer rieht  siddA noitaz

.aipoihtE ,abebA  

lE - lE ,.I.I ,hskO -  alladbA dna G.A.R.A demahoM ,F.M.M ,halladbA ,M.A ,ywaziG G.A.A  .3991 .

 erutsiom lios fo tceffE dna  O no slevel rezilitref negortin aflat fo erutxim ni nworg noin  

:)1(44 ,oriaC .vinU .cirgA .caF .lluB .dnas dna  .pp 541 - .651  

lE - R dna .K.M ,siraH a  ,kez .A  991 O no ytitnauq retaw fo tceffE .7 relknirps rednu dleiy noin  

 .xelA .noitagirri  lanruoJ fo  erutlucirgA . 

obaR ,LS erbeG ,B welahcnE  .6102 .M ,rideK ,B eyadniH ,M   retaW no noitagirrI ticifeD fo tceffE

( noinO fo ytivitcudorP apec muillA  .L syS eganiarD tagirrI .noitagirrI pirD rednu ) met  gnE .  :5

8612/2714.01 :iod .271 - .2710001.8679  

 dna .J.M ,hsilgnE ajaR , N.S  larutlucirgA .noitagirri ticifed no sevitcepsreP .6991 . aW ret   tnemeganaM

 :23 .pp 1- .41  

hsilgnE , .M J., kcisuM , J .T.   dna ytruM , .N.V.V  991 0  . ticifeD  noitagirri  in nemeganaM t fo   mraf

noitagirri  smetsys . EASA  .on 9. naciremA  eicoS ty fo  larutlucirgA  sreenignE  hsilbup re  , p .p  

0201 .  

hsilgnE  .J.M , 0991 . ri ticifeD r gi a  noit I. lanA y marf lacit e krow  . lanruoJ  Irri noitag   dna rD ia  egan

En gnireenig . ,hsilgnE ,)3( 611  .M J ,.  91 09 . ticifeD  :noitagirri  avresbO t snoi  ni  t eh  aibmuloC  

saB i .n  J lanruo  fo  gnireenignE eganiarD dna noitagirrI   :)3( 611 )ECSA(  .pp 314 -  .624  

 dna dooF( OAF .0991 ,)noitazinagrO larutlucirgA   ot noitcudortnI :tnemeganaM retaw noitagirrI

launam gniniarT .noitagirri - .E/2804R .1  

OAF  dooF(  na d cirgA u larutl  )noitazinagrO  , 991 5. rrI i noitag  :gniludehcS  morF  oeht ry arp ot c it ce. 

sgnideecorP  of eht  IC OAF/DI  ohskrow ps no  noitagirri  iludehcs ng rebmetpeS  21 -  ,5991 ,31

V lo  . moR ,8 e.  

OAF   retaW dna dnaL ,otatoP :noitamrofni retaw porC .1002 ,)noitazinagrO larutlucirgA dna dooF(

.ylatI ,emoR .noissiviD  tnempoleveD  

OAF  ooF( d na d lucirgA t laru  Or inag z ,)noita  2002 . dezilacoL  rri i noitag  s metsy  gninnalp , sed i  ng

cnanetniam dna noitarepo e.  ,eraraH ,VI emulov ,launam noitagirrI Z ewbabmi  .  
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OAF  dooF(  dna  rgA i larutluc  ,)noitazinagrO  ytiruceS dooF dna retaW .3002 . ehT  etatS  of  dooF

ytirucesnI  ni  eht  roW l :d  gnirotinoM  ssergorp  sdrawot  eht  dlroW  dooF  immuS t  dna

latI ,slaoG tnempoleveD muinnelliM y  .  

AF O ooF( d a dn  A rg ci rutlu la  grO anizat .)noi  102 2. C gnipo  w ti h w eta r scarc .yti  nA  ac  noit

frame krow  f ro  a rg ci rutlu e a dn  f doo  sec ru ti .y  AF O, R mo e, tI a .yl  

serereF , onairoS ,.E ,  no eussi laicepS .esu retaw larutlucirga gnicuder rof noitagirri ticifeD .7002 .A.M

 lanruoJ .sesserts thguord rednu noitcudorp tnalp evorpmi dna niatsus ot sehcaorppa detargetnI

 :85 ,ynatoB latnemirepxE fo  .pp 741 - .951  

,.ER ,ramaN ,.G ,ebmokaM ,.H ,mustiF   ot erutlucurgA detagirrI fo ecnatropmI .9002 .AB ihseleS

 hcraeseR IMWI .noitagirrI fo stifneB teN tcerid eht gnirutpaC :ymonocE naipoihtE eht

.aknaliriS ,oboloC :821 tropeR  

2991 .L ,yaG  .  hcraeser lanoitacudE 4( ht  dE noiti ), pp 892 . llirreM :kroY weN .  

no na sa noitagirri ticifeD .9002 ,seaR .D dna .S ,streeG - retaw porc ezimixam ot ygetarts mraf  

 .saera yrd ni ytivitcudorp  tnemeganaM retaW larutlucirgA :69  .pp 5721 – .4821  

( noinO no segatS htworG tnereffiD ta noitagirrI ticifeD fo tceffE .7102 .D ,aneboG llA .L apeC mui  )

aipoihtE fo yellaV tfiR lartneC ,assakleM ta ytivitcudorP retaW dna noitcudorP . .cSM   .sisehT

 fo tnemtrapeD assawaH ,ytisrevinU assawaH ,gnireenignE eganiarD dna noitagirrI , .aipoihtE  

 larutlucirgA rof serudecorP lacitsitatS .3891 ,.K ,zemoG hcraeseR  hcraeseR eciR lanoitanretnI .

etutitsinI senippilihP , P , p 7. - 03  

 ,doowneerG .D  tnempoleved tooR .2891.A ,senraB dna .A.D ,enotS ,.A ,ztiwreG ,.J fo   .sporc elbategev

 dna tnalP lioS  :86 ,  .pp 178 - .188  

PTG  htworG(  dna  T nar s noitamrof  )nalp , .0102  T eh  eF der la  comeD rat ci  cilbupeR  fo  poihtE i  a

lP noitamrofsnarT dna htworG an  , bA siddA a  ab  

 .J .P ,drawoH 0991 .M .D ,drawoH dna ssol dna nobrac cinagro fo esU . - no - lios etamitse ot noitingi  

 .snoziroh dna sepyt lios tnereffid ni rettam cinagro  slios fo ytilitreF dna ygoloiB 9 603 , - .013  

iradyeH ,  .seulav dna smret ,stpecnoc ni segnellahc :erutlucirga ni ytivitcudorp retaW .4102 .N

 .eganiarD dna noitagirrI 36 : .pp  22 – .82  

tnuH  .N  a dn  R. ekliG s. 2991 . Farm M ino t gniro  Ha .koobdn  vinU ersity of Wes et uA nr ts ra il a, 

La dn  Management oS eic yt  a dn  Na noit la  yrD al dn  Sal ytini  rP o rg a N ,m e ld a ,sdn  uA ts ralia. 

IW MI  ( lanoitanretnI  W reta  tnemeganaM  itsnI t ,)etu  .7002  neveS  taP hwa sy  rof  ni cre  gnisa

tivitcudorp retaw larutlucirga y  
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IMWI  ( aW lanoitanretnI t  tnemeganaM re .0102 ,)etutitsnI  rrI i  stniartsnoC ;aipoihtE ni laitnetop noitag

s eht gnicnahne rof seitinutroppo dna y mets .  

.SM ,lamaJ , .W.T ,simmaS , .S ,llaB , dleiY .9991 .D ,laemS - .tneiciffeoc porc detagirri ,desab  

 :)6(51 .cirgA .gnE .lppA .pp 956 - .866  

mmaS ,.S.M ,lamaJ orc eht gnitupmoC .0002 .D ,laemS dna .S ,llaB ,.W.T ,si  noitcudorp retaw p

 rof noitcnuf  .noinO tnemeganaM retaW larutlucirgA   :64 .pp 92 - 14  

 .2002 .snoS  dna  .W nhoJ  ts12 eht ni tnempoleved dna hcraeser smetsys eganiard dna noitagirrI

 emuloV .yrutnec  4 eussi ,15 2002 rebmeceD , pp. 113 - .723  

,icfiyadaK  .A , Tu ,uly  .I.G , racU  .Y  dna  ,kamkaC  .B  5002 . porC  retaw  use fo  noino  A( ll  apec mui

L ekruT ni ). y  . gA larutlucir  taW re  M tnemegana . :27  .p 95 –  .86  

 .9002 .W ,alaridaK W  lluf rednu noino fo esnopser dleiy dna ytivitcudorp reta  ni noitagirri ticifed dna

retaw  ecracs  aera . .cSM   fo tnemtrapeD .sisehT noitagirrI  eganiarD dna   assawaH ,gnireenignE

assawaH ,ytisrevinU , .aipoihtE  

Ka dn ai ,h  .A  1891 . uG ide f ro  em a merus e tn  fo  i girr at noi  water su i gn  Pa hsr all f mul es a :snohpis dn  

eT c inh cal lub l nite  No .1  siddA  bA aba, htE i po ai . pp . .2  

adriK , ,.C  rebnaK , .R  and uculuT , .K  91 99 . dleiY  esnopser  fo  ,nottoc  ,eziam  ,naebyos  su  ,teeb rag

girri ticifed ot taehw dna rewolfnus a noit  .  ,sdnalrehteN ehT hsilbuP cimedacA rewulK e sr  .  

muK ra , .S , I itm y za , .M , ramuK , A. na d hgniS , .R  2 .700  esnopseR“  of O noin  ( muillA  pec a ).L   ot

irri fo slevel tnereffid g w noita a ,ret ”  larutlucirgA W tnemeganaM reta , lov  . ,98  on  . 1- .2   

.J ,hgniS dna .R ,ramuK  troppus noisiced rof gnilledom tnemeganam retaw lanoigeR .3002  ni  detagirri  

.erutlucirga  

ammeL  dna .D ,  htareH .E ,  2991  no seidutS cimonorgA . muillA  . pp 931. -  .541 ni  larutlucitroH :

1 .aipoihtE ni tnempoleveD dna hcraeseR - irgA fo etutitsnI .2991 ,rebmeceD 3  hcraeser larutluc

doof dna   ,noitazinagrO larutlucirgA dna siddA  .ababA  

ammeL , D  . dna  slemihS , A. .3002  craeseR h ex secneirep  in noino  r hcraeser ,noitcudorp e op rt No  .

ddA ,noitazinagrO hcraeseR larutlucirgA naipoihtE 55 i .ababA s  

ebmokaM , krowemeleK ,.G , oderA dna .D .D ,   fo sisylana evitarapmoc A .7002  detagirri dna defniar

noitagirrI .aipoihtE ni noitcudorp larutlucirga   :)1(12 .syS eganiarD dna p .p 53 - .44  

 ,.G.K ,ladnaM itaH ,  ,.M.K arsiM , K.A  ,. yayhdapoydnaB , .K.K  dna  ytnahoM , M .5002.   dna noitagirrI

retawdnahtworgnostceffe tneirtun - taehwfopihsnoitalerdleiy  (  ).L muvitsea mucitirT  lartneC ni

 .aidnI J  fo lanruo ecneicS porC ni ynonorgA  :191 . .pp 614 - .524  
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llawteM y, K.A . 1102 . fE fect of taW re  Su lpp y no  geV e vitat e htworG  na d Yie  ni scitsiretcarahC dl

 noinO apeC muillA(  L ).  . isaB fo lanruoJ nailartsuA c ilppA dna e S d c secnei . 

 .sdnammoC noitagirrI rof sdnaL gnitaulavE .secitcarP dna yroehT noitagirrI .7991 .M,A ,leahciM

 .noitide detnirpeR nihsilbuP sakiV g esuoH   .tvP L dt  . Ne D w e ihl . pp . 075  – 275 . 

.M .A ,laehciM  raeseR erutlucirgA naidnI .ecitcarP dna yroehT noitagirrI .8002  weN .etutitsnI hc

pp .aidnI.ihleD  724.

 

 − .924  

 dna tneiciffe rof serusaem M & O dessucoF ytinummoC dna snoitaredisnoC ngiseD .7002 .B ,ukitiM

esac eht :tnempoleved semehcs noitagirri elbaniatsus  SRNNS fo  ytisrevinU assawaH :nI .

 ecruoseR retaW detargetnI dna ylppuS retaW no pohskroW lanoitanretnI no gnideecorP

52 lirpA ,assawaH ,tnemeganaM - .7002 ,72  

nedloM , .obmoloC :IMII .1 repaP MIWS .ytivitcudorp dna esu retaw rof gnitnuoccA .7991 .D  

 ,helihsoM A.M.  , 7002  . eِtaD gnitnalP fo stceffE  noinO no leveL retaW noitagirrI dna  

(  apec muillA lasiaF gniK .J .eicS snoitidnoc naibarA iduaS lartneC rednU noitcudorP ).L  

 :)1(8 ,)secneicSdeilppA dna cisaB( ytisrevinU .pp .8241  

sremmoS dna .W.D ,nosleN , .E.L  .6991  eM  :3 traP .sisylanA lioS fo adoht  .sdohteM lacimehC

aciremA fo yteicoS ecneicS loiS dna ymonorgA fo ecneicS naciremA  :9 ,msinocsiW .nosidaM .

.pp 169 - .0101   

daO  , ,.C.F  ormooS , ,.A  daO , N. ,.L  orbA , ,.A.Z  inassI , .A.M  dna  adnaG hi, .W.A  02 10 . Yie dna dl  

retaW  esU  E eiciff n yc  fo  rewolfnuS  porC  un red  erutsioM  peD l snoite  dna  deB  sepahS  i  n

.lioS enilaS   enilnO oloiB fo lanruoJ g icS laci e secn .  

 porC noinO fo noitcudorP dna htworG .4991 .F.C ,setroC dna .A.J ,orelaV ,.J.F ,allalO (  apeC nuillA

L  .gniludehcS noitagirrI tnereffiD rednU ). ymonorgA fo lanruoJ naeporuE  58 :3 . – 29  

O al ,in  N. a dn  rkiF ,e  .M  102 0. nO i no  seed noitcudorp  tec nh i uq e .s  A Ma un al f xE ro et noisn  gA e stn  

a dn  Seed cudorP e .sr  AF O-Cr po  vid e isr ficati no  a dn  am kr e d gnit ev le mpo ent orp ject. AF O, 

Rome, atI ly 

siewO , .T H., gnahZ , H. dna  alaP  .M  0002 . retaW  sesu  neiciffe cy fo  r defnia  dna  rri i ag t  daerb de

enarretideM a ni taehw a  n e tnemnorivn  . monorgA y lanruoJ   :29 .pp 32 1

 

− 832 .  

 .ydutS lacirepmE ereht kcitsdraY dna tnemirpxE dleiF ni noitairaV fo tneiciffeoC .0002 .K.J ,letaP

,ytisrevinU larutlucirgA tarajuG  aidnI ,605 583 ragaN .K.S  , 9 .oN ,18 .loV ,ecneicS tnerruC  ,

.1002 ,rebmevoN 01  



05  
 

Raine, .S R. a dn  Ba kk er  , M.D . 6991 . nI creased worruf  rri iga noit  efficiency t hguorh  be ett d r e ngis  

a dn  management of cane if e .sdl  ecorP edi sgn  of suA tralian oS ci yte  S fo uger ac ne 

eT c .stsigolonh  pp . 11 9 

 

 − .421  

J .B ,rentaR  .9002 .   gnitekraM rof sisylanA dna tnemerusaeM ,gnitegraT fo lanruoJ  041  ,71 .loV  

5.9002.tj/7501.01/gro.iod//:sptth  

ameztiR , .P.H   .4991  ,tnemevorpmI dna noitamalceR dnaL rof etutitsnI lanoitanretnI   ehT ,negninegaW

sdnalrehteN . 

 ni ytivitcudorP retaW .3002 .F ,kcirtaP dna .BJ ,mortskcoR niaR -  dna segnellahC :erutlucirgA def

thguorD ni sremraF redlohllamS rof seitinutroppO - orgA laciporT enorP -  BAC .smetsysoce

.lanoitanretnI  

,nosmaS  .B   dna ,ameteK  T  gniludehcs noitagirri ticifed detalugeR .7002 . fo  ni noino  imes a -  dira

 .aipoihtE fo noiger gA tnemeganaM retaW larutlucir   .lov :98  .pp 841 - .251  

nezeS , .S  M., razaY , A., zidliykA , .A , aD s nag , H. Y dna  lecneG , B. 002 8. leiY“ d dna  qu ila t  y

esnopser  of pird  i rr i etag  d eerg n snaeb  rednu  lluf  a dn  ticifed  irri ag it ”,no  cS i aitne  earutlucitroH , 

ov l  . n ,711 o  . ,2  pp .95–  ,201  

blaK dna .S ,maradnusagumnahS T ,  .ediug gniniarT :noitcudorp dees dna noitavitluc noinO .1002 .

retneC tnempoleveD dna hcraeseR elbategeV naisA  1 .pp .nawiaT ,auhnahS ,

 

− .02  

htimS , ,.M  D. ibmuviK  dna  .K.L  gneH . .2002  U es  fo  eht  OAF  TAWPORC  edom l ni   ticifed

iduts noitagirri e  .s I irri ticifeD :n g arp noita c it ec  . oN troper retaW  . 2 .2  atI ,emoR l  y  

enatS y, .W C  . a Y dn re mi a, B. 991 2.I tnemevorpm  of lios  s re iv ec s f ro  ag :tnempoleved larutlucir  

enilediug s rof  lios  gnilpmas  dna  ilitref ty yrtsiniM.noitaulave  of  secruoseR larutaN

htE ,ababA siddA ,noitcetorP latnemnorivnE dna tnempoleveD i aipo .  

leetS , D.G.R .ykciD .A.D dna eirroT .H.J ,.  91 79 scitsitats fo serudecorp dna selpicnirP . -  lacirtemoib A

agniS ,noitaroproC lanoitanretnI kooB lliH warGcM .dE dr3 hcaorppa .erop  

pirD fo dleiY dna ytivitcudorP retaW no noitagirrI ticifeD fo tceffE .5102 .M/G ,irefeT -  detagirri

noinO  ( L apeC nuillA retneC ni ).  .sisehT .cSM .aipoihtE htroN ,yargiT la  fo tnemrapeD

.aipoihtE ,ayamaraH ,ytisrevinU ayamarH ,gnireenignE noitagirrI  

ahT teb , .A.M.E  lladbA ah, .G.A.A  oM h demma , .G.A.R.A  991 4. tcudorP i iv ty fo  noino   ni nworg

b detceffa sa alfat gnisu lios ydnas demialcer y slevel negortin dna semiger retaw .  

EIAAU  orgA hsawA reppU( -  tropeR ssergorP .1002 .)esirpretnE yrtsudnI 6991 - ,2002   siddA  ,ababA

.aipoihtE ,ababA siddA ,2002/1002 tcudorp larutlucirgA .aipoihtE  
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ADSU  ( tinU ed S at tes Departme tn  of A irg cul rut e ,)  8991 . DSU A Nat ru al Re cruos e  s C sno e vr ati no  

Se ivr ce. ioS l uQ a il ty Res ruo ce C no ce :snr  vA a li ab el  Water Capacit .y Wa ,notgnihs  .D C, 

.ASU  

ADSU  detinU(  setats  D tnemtrape  fo  A rutlucirg e ,)  .9991  lioS  ymonoxaT : A saB ic S metsy  o lioS f  

noitacifissalC  rof  gnikaM  dna  nI t gniterpre  lioS  .syevruS  rgA i erutluc  ,koobdnaH  2nd   

 ,634 rebmuN ,noitidE USA  

A ,.A.I retlaW nell   ,.R redynS ,.A.T. llewoH ,.D usifnetI ,.E .M nesneJ ,.B mahceM ,.R ttoillE ,.G.R

.D nitraM dna .L.J thgirW ,.H.R acneuC ,.M fodnettoH ,.T droffopS ,.S sgnihcE ,..P nworB  

ECSA .0002  avE ecnerefeR desidradnatS 092 noitauqE noitaripsnartop . 

knaB dlroW  .4002 ,  larutlucirgA eulaV hgiH fo tnempoleveD rof segnellahC dna seitinutroppO

.41 oN tropeR knaB dlroW ehT .aipoihtE ni stropxE  

 htlaeH dlroW( OHW noitazinagrO  ,)  elbaliavA .yticracs retaw tuoba stcaf neT .9002 :ta  
ni/ne/retaw/seliftcaf/serutaef/tni.ohw.www//:ptth 3102 .naJ 82 no desseccA .lmth.xed  

seneY ew, M.  002 7. noitaulavE  of eht  ceffe t fo  d ticife  ir noitagir  no  etaw r esu  ffe i neic c dna y  dleiy  of 

fu orr w rri i ag t de  eziam  ta  erid  da ,aw  cSM . ,sisehT  tnemtrapeD  fo  rrI i  ,gnireenignE noitag

tisrevinU ayamaraH y oihtE , .aip  
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.7  ECIDNEPPA S 

 fo tsiL selbaT xidneppA   

 elbaT 1  . )rh/mm( eulav derusaem etar noitartlifni lioS  

 

 
 
  
 
 

.oN   emiT   emiT  moC   gnidaeR  gnidaeR  ecnereffiD  muC   noitartlifnI  

 

)nim(  

ecnereffiD  

)nim(  

emiT  

)nim(  

gnillif retfA  

)mc(  )mc(  )mc(  

noitartlifnI  

)mm(  

etaR  

)rh/mm(  

1 64:4  

 

1 41  

  

0 

 2 84:4  1 2 

 

4.31  06.0  0.6  063  

3 05:4  2 4 

 

57.21  56.0  5.21  591  

4 45:4  3 7 

 

2.21  55.0  0.81  011  

5 85:4  4 11  

 

07.11  05.0  0.32  57  

6 60:5  4 51  0.41  55.31  54.0  5.72  5.76  

7 41:5  6 12  

 

51.31  04.0  5.13  04  

8 22:5  6 72  

 

8.21  53.0  0.53  0.53  

9 23:5  8 53  

 

04.21  04.0  0.93  0.03  

01  24:5  8 34  

 

50.21  53.0  5.24  52.62  

11  25:5  01  35  

 

36.11  24.0  7.64  2.52  

21  70:6  01  36  41  26.31  83.0  5.05  8.22  

31  22:6  51  87  

 

52.31  73.0  2.45  8.41  

41  24:6  51  39  

 

29.21  33.0  5.75  2.31  

51  20:7  02  311  

 

75.21  53.0  0.16  5.01  

61  22:7  02  331  

 

42.21  33.0  3.46  9.9  

71  74:7  52  851  

 

39.11  13.0  4.76  44.7  

71  70:8  52  381  

 

56.11  82.0  2.07  27.6  

81  23:8  52  802  

 

73.11  82.0  0.37  27.6  



35  
 

 elbaT 2  . D  rof seulav egrahcsi seulav daeh tnereffid   fo  hcni 3 semulf llahsraP  

 
)mc( daeH  

                          )sehcni( htdiw thguohT  
1 2 3 6 9 

                          )s/l( egrahcsiD  
2  041.0  182.0     
3 362.0  277.0  625.0  694.1  405.2  
4 114.0  228.0  602.1  753.2  988.3  
5 185.0  261.1  507.1  453.3  174.5  
6 177.0  145.1  162.2  374.4  232.7  
7 979.0  759.1  278.2  707.5  551.9  
8 502.1  704.2  235.3  740.7  132.11  
9 644.1  988.2  932.4  984.8  844.31  
01  207.1  204.3  199.4  720.01  108.51  
11  379.1  349.3  687.5  656.11  182.81  
21  852.2  315.4  126.6  473.31  588.02  
31  755.2  901.5  694.7  771.51  506.32  
41  868.2  137.5  804.8  260.71  044.62  
51  191.3  773.6  853.9  720.91  383.92  
61  725.3  840.7  243.01  070.12  334.23  
71  578.3  347.7  163.11  881.32  585.53  
81  432.4  064.8  314.21  83.52  738.83  
91  406.4  002.9  994.31  346.72  681.24  
02  589.4  169.9  616.41  679.92  036.54  

 elbaT 3  . ta )mc( thgieh tnalp rof ecnairav fo sisylanA  laitini  egats  

      ecruoS                FD        T     SS                    SM            F lac              F tirc                 F lac  > F tirc         
          PER                 2             910.5              3905.2  

       TRT                   8               581.602             77.52          48.72 *         46.2          DS  
      rorrE                   61           518.41             629.0  
    latoT                    62           910.622  

* tnacifingiS  p(  ≤ )50.0  , DS   ecnereffid tnacifingis = gnoma  rT nemtae naem t F , lac   dna eulavF detaluclac =
F tirc  elbat morf daer eulav lacitirc = . 

 elbaT 4  .  fo sisylanA egats laitini ta tnalp rep sevael fo rebmun rof ecnairav  

   ecruoS                FD                SS                    SM          F lac          F tirc            F lac  > F tirc  
       PER                 2             661.0              380.0   
       TRT                 8               72132.1               9351.0     28.1        46.2            N DS  

  rorrE                   61              73653.1          7480.0  
   latoT                  62             74357.2   

= DSN   tnacifingis noN d  ecnereffi gnoma  rT nemtae naem t  p(  ≤ )50.0   
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 elbaT 5  . egats latnempoleved ta )mc( thgieh tnalp rof ecnairav fo sisylanA  

  ecruoS                     FD                 SS                SM               F lac           F tirc           F lac  > F tirc  
     PER                     2            997.3               998.1  
      TRT                  8              85.152                       454.13     67.8 *               46.2  DS  

    rorrE                   61               664.75          7195.3  
    latoT                   62            213 158.  

p( tnacifingiS *  ≤ )50.0   dna  = DS   tnacifingis  ecnereffid  gnoma rT nemtae  naem t  
 elbaT 6  . egats latnempoleved ta tnalp rep sevael fo rebmun rof ecnairav fo sisylanA  

   ecruoS                 FD                 SS               SM                    F lac            F tirc            F lac  > F tirc  
       PER               2                61970.0          85930.0  
      TRT                8                29680.3             68583.0           80.4 *         46.2            DS  

    rorrE                61              75315.1           06490.0  
    latoT                 62            56976.4  

p( tnacifingiS *  ≤ )50.0   dna  = DS   tnacifingis  ecnereffid gnoma  rT nemtae  naem t  

 elbaT 7  . egats dim ta )mc( thgieh tnalp rof ecnairav fo sisylanA  

       ecruoS              FD                 SS                        SM          F lac             F tirc           F  lac F > tirc        
            PER             2           4704.35                      307.62                                
           TRT              8           470.0511                  957.341       69.73 *         46.2          DS  
          rorrE           61            5295.06                787.3  
          latoT            62          470.4621  

p( tnacifingiS *  ≤ )50.0   dna  = DS  tnacifingis   ecnereffid  a gnom  rT ae t tnem   naem  

 elbaT 8  . egats dim ta tnalp rep sevael fo rebmun rof ecnairav fo sisylanA  

         FD             ecruoS                     SS               SM        F lac           F tirc           F lac  > F tirc  
               PER               2             2692.0                41841.0     
              TRT                8             9269.81              73073.2 64.6 *         46.2          DS  
             rorrE             61             73078.5     98663.0  
            latoT               62  6921.52  

p( tnacifingiS *  ≤ )50.0   dna  = DS   tnacifingis  ecnereffid gnoma  rT nemtae  naem t  

 elbaT 9  .  rof ecnairav fo sisylanA etal ta )mc( thgieh tnalp  egats  

   ecruoS                    FD               SS                  SM              F lac             F tirc              F lac  > F tirc  
       PER                   2              98.43             444.71  

     TRT                  8               33.7021              719.051        39.72 *             46.2    DS  
   rorrE                 61                  44.68            304.5  
  latoT                  62             76.8231  

p( tnacifingiS *  ≤ )50.0   dna  = DS   tnacifingis  ecnereffid gnoma  rT nemtae  naem t  
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 elbaT 01  . rof ecnairav fo sisylanA  egats etal ta tnalp rep sevael fo rebmun  

   ecruoS                      FD      T         SS             SM           F lac           F tirc           F lac  > F tirc  
       PER                   2            692.2              841.1  
       TRT                  8            921.12             146.2             34.4 *       46.2          DS  

    rorrE                    61           735.9              0695.0  
    latoT                    62           69.23  

 * tnacifingiS  p(  ≤ )50.0   dna  = DS   tnacifingis ecnereffid   gnoma rT ae t tnem   naem  

 elbaT 11  . fo sisylanA  retemaid blub rof ecnairav )mc(  

    ecruoS                  FD               SS                    SM           F lac            F tirc           F lac  > F tirc  
       PER              2               90270.0          40630.0  
       TRT             8                74279.2             65173.0          08.3 *                 46.2 DS  

    rorrE               61             40665.1           88790.0  
    latoT               62           06016.4  

* p( tnacifingiS  ≤ )50.0   dna DS  =  tnacifingis   ecnereffid  gnoma rT nemtae  naem t  
 elbaT 21  . lanA  rof ecnairav fo sisy  dleiy blub t( no ah/ ) 

   ecruoS                 FD              SS                 SM           F lac                 F tirc            F lac  > F tirc  
       PER                 2               799.0          994.0  
       TRT              8            91.198               04.111         53.569 **       46.2             DS  

    rorrE                   61            648.1           511.0  
    latoT                 62         40.498  

**  ylhgiH p( tnacifingiS  ≤ )50.0   dna DS  = tnacifingiS   ecnereffid  gnoma rT nemtae naem t  

 elbaT 31  . ytivitcudorp retaw rof ecnairav fo sisylanA  

       FD              ecruoS                         SS                    SM              F      F tirc           F lac  > F tirc  
                PER                 2             1470.0   40730.0  
                TRT          8                    1488.23            15011.4 89.011 **       6.2 4           DS    
               rorrE                6295.0              61 40730.0  
               latoT                62 7055.33  

** p( tnacifingiS ylhgiH  ≤ ,)50.0  DS  = tnacifingiS  ecnereffid  gnoma  naem trT  
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 xidneppA fo tsiL erugiF s 

 

 erugiF 1  . D  emulf llahsrap hcni 3 fo snoisnemi )4102 ,mustiF(  
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 xidneppA fo tsiL erugiF s 

 

 erugiF 1  . D  emulf llahsrap hcni 3 fo snoisnemi )4102 ,mustiF(  
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 xidneppA fo tsiL erugiF s 

 

 erugiF 1  . D  emulf llahsrap hcni 3 fo snoisnemi )4102 ,mustiF(  
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 erugiF 2  . F tnemerusaem etar noitartlifni dlei   dna t gnitnalpsnar                  

 
 1 ts  – egats                                                                             2 dn  - egats   

 
 3 dr -                                                                              egats   4 ht - egats  

 erugiF 3  . segats htworG                 



85  
 

 

 erugiF 4. F atad dlei  noitartsulli dna noitcelloc  

 
 




