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tcartsbA —  dna skrow suoiverp s’retirw sezirammus repap sihT

eiciffe dna elpmis wen a sesoporp P tn - IP , - DP , -    dna
DIP -  fo egnar ediw a htiw epoc ot ,dohtem ngised srellortnoc

 ,smetsys redro dnoces ,smetsys redro tsrif ;smetsys
 TDPOS/TDPOF  ,hcus sa detamixorppa eb nac taht smetsys dna

 gnitaluclac dna gnitaler no desab si dohtem desoporp eht
llortnoc sretemarap 'sre -  no desab sniag  s’tnalp  .sretemarap

 tfos dna gnitaluclac rof desoporp era salumrof fo tes elpmiS
 ngised tnatropmi na eveihca ot ,sniag 'srellortnoc fo gninut
 fo ssentsaf muidem dna ,ytilibats elbatpecca ;esimorpmoc

em  desoporp eht ,esnopser  htiw derapmoc dna detset saw doht
  dna sdohtem ngised srellortnoc deilppa dna nwonk ediw dlrow

 deniatbo eht ,smetsys tnereffid rof knilumiS/BALTAM gnisu
 ngised desoporp fo ytilibacilppa dna yticilpmis wohs stluser

hcaorppa . 
 

smreT xednI — ortnoC ,rellortnoC ngised rell  .  
 

.I  NOITCUDORTNI  
 fo ssecorp eht ot srefer ngised metsys lortnoc mret ehT
 ngised teem taht )sorez dna selop( sniag kcabdeef gnitceles

desolc a ni snoitacificeps -  ngised tsoM .metsys lortnoc pool
noitceles retemarap gninibmoc ,evitareti era sdohtem   htiw

 eht fo scimanyd eht otni thgisni dna ,noitalumis ,sisylana
()7991,atagO okihustaK( tnalp  te,zuofhaM .A damhA

3102,la .)   metsys lortnoc rof esimorpmoc tnatropmi nA
 muidem dna ,ytilibats elbatpecca ni tluser ot si ngised

tinifed eno ,esnopser fo ssentsaf  si ytilibats elbatpecca fo noi
 eht fo toohsrevo tsrif eht swollof taht toohsrednu eht nehw
 ediw dlrow ediseB .elbavresbo ylerab ro ,llams si esnopser
  gnidulcni sdohtem ngised srellortnoc deilppa dna nwonk

noitcaer ssecorp“ eht sa nwonk slohciN dna relgeiZ   ”evruc
 .G( nooC dna nehoC fo taht dna )3491,relgeiZ .G .J( dohtem

nieihC )3591,nehoC .H - senorH - gnaW  ,)RHC( kciwseR –
gnauJ –  neeb evah sdohtem ngised srellortnoc ynam ,nahC

stxet tnereffid ni dnuof eb nac dna desoporp   ;gnidulcni
mortsA()7991,atagO okihustaK(   hsihsA()4991la te J.K

 ,nilknarF .F eneG()1102,esiN .S namroN()2002,lla te ,raweT
 ,lla te,euX uygniD()4002 ,lla te ,grobeS .E elaD()2002 ,lla te
 .J .K()2102,kesuotaM .R( )8991 ,L.C nehC()4002
 ,sidiztamargotN .L()2102,lla te ,saD atimsuS()1002,mortsA

lla te  .G odnanreF()2102 ,lla te ,aynaraS.M()0102,
()5002,snotraM 3002 ,lla te ,ilokavaT deeaS  te , ihS nauJ()

 sti sah dohtem hcae ,)4102,melaS .A nahraF()4002,lla  
 

snoitatimil dna ,segatnavda ( . 2102 ,kesuotaM .R )  detneserp
itlum - tnoc DIP fo noitazimitpo noiretirc  fo snaem yb rellor

 
melaS .A nahraF   scinortahceM  gnireenignE  lacinahceM fo .tpeD .gorp

 iduaS ,fiaT ,888 ,ytisrevinU fiaT ,gnireenignE fo egelloc ,gnireenignE
  .aibarA 2  sehcraeseR ygolonhceT dna seidutS gnireenignE rof retneC ahplA

nadroJ ,nammA ,)RTASECA(  
 

 te ,mortsA .J .K( .21CH dohtem noitazimitpo gnitupmoc tfos
 hcaorppa gninut DIP devorpmi na decudortnI )1002 ,lla

relgeiZ lanoitidart gnisu -  eht htiw dohtem gninut slohciN
.noitcnuf ni tliub wen dna stcepsa noitalumis fo pleh   .L(

tamargotN  neeb sah hcaorppa deifinu a  )0102 ,lla te ,sidiz
 DP dna IP ,DIP fo sretemarap eht elbane taht detneserp
 eht fo snoitamixorppa gnidnopserroc htiw( srellortnoc
 etinif ni detupmoc eb ot )dedeen nehw noitca evitavired

xe snoitacificeps etairporppa nevig smret  fo smret ni desserp
ydaets -  niag dna snigram niag/esahp ,ecnamrofrep etats

 na desoporp )2102 ,lla te ,aynaraS.M( .ycneuqerf revossorc
 rof rotom CD eht rof dohtem rellortnoc DIP denut CMI

.noitarepo tsubor  ( 5002,snotraM .G odnanreF )  a desoporp
 rof erudecorp  dna knilumiS htiw srellortnoc DIP gninut

.BALTAM  ( 3002 ,lla te ,ilokavaT deeaS  gnisu detneserp )
 ,seuqinhcet noitazimitpo laciremun dna sisylana lanoisnemid

 rof srellortnoc DIP gninut rof dohtem lamitpo na TDPOF  
s detneserp )4002 ,lla te ,ihS nauJ( .smetsys  noitavired emo

 era yeht nehw serudecorp gninut dna srellortnoc CMI fo
tes gniveihca rof sessecorp TDPOS ot deilppa -  tniop

 .A nahraF( .ffoedart noitcejer ecnabrutsid dna esnopser
 )3102,melaS  desoporp  tneiciffe srellortnoc elpmis dna wen a

ledom -  ngised desab  s'rellortnoc noitaler no desab ,dohtem
 salumrof gninut ynaM .sretemarap s'metsys dna sretemarap
 TDPOF rof deniatbo neeb evah srellortnoc DIP rof
 ,la te ,ihS.J()4991 ,la te ,ekiannugO .A.B( sessecorp

emit emos gnizimitpo yb ,)8991 ,yeksnihS .G.F()2002 -
iamod  )    4002 ,lla te ,ihS nauJ( .airetirc ecnamrofrep n

 noitcejeR ecnabrutsid dna esnopser tniop tes desoporp
dnoces rof ffoedart -  naJ(.sessecorp emit daed sulp redro

 selur gninut rellortnoc DIP/IP elpmis detneserp )1102,njevC
 deetnaraug htiw stnalp TDPOF rof desolc -  ytilibats pool

.nigram  
 .A nahraF( skrow suoiverp s’retirw sesirammus repap sihT
 .A nahraF()4102,melaS .A nahraF()3102,melaS

)4102,melaS .A nahraF()4102,melaS  dna ,,  elpmis sesoporp
 eht ,dohtem ngised rellortnoc DIP dna DP ,IP ,P ysae dna

tem desoporp  ')s(rellortnoc gnitaler no desab si doh
 na gniteem ni tluser ot sretemarap s'tnalp dna sretemarap
 dna ,ytilibats elbatpecca ;esimorpmoc ngised tnatropmi
 esnopser rehtooms eveihca oT .esnopser fo ssentsaf muidem

 muminim fo smret ni T ,T5 ,%OP S  dna , E SS fos ,  gninut t
 .decudortni eb ot era segnar dednemmocer htiw sretemarap
 doog a ro esnopser tuptuo derised etamixorppa eveihca oT
 gnidnopserroc gnitaluclac rof noisserpxe ,tniop ngised trats

 .desoporp eb ot era niag s'rellortnoc  
edoM lacitamehtaM srellortnoC 1.1 gnil  

P era deredisnoc eb lliw taht srellortnoc ehT - DP , - IP , -  dna
P erehw ;srellortnoc DIP -  na metsys lortnoc sevig mret

I eht ,rorre na ot esnopser tnatsni -  rorre eht setanimile mret
D dna ,mret regnol eht ni -  gnicuder fo tceffe eht evah mret

o mumixam eht  elbats erom metsys eht gnikam dna toohsrev

 redro tsrif rof dohtem ngised 'srellortnoc tneiciffe weN
 ,smetsys redro dnoces ,smetsys  TDPOS/TDPOF  dna

hcus sa detamixorppa eb nac taht smetsys  

melaS .A nahraF  



 
 ,smetsys redro dnoces ,smetsys redro tsrif rof dohtem ngised 'srellortnoc tneiciffe weN  TDPOS/TDPOF  smetsys dna

hcus sa detamixorppa eb nac taht  
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 eht nehw noitca lortnoc lanoitidda metsys lortnoc gnivig yb
 erom pool eht sekam osla ti  ,yltnetsisnoc segnahc rorre
 rellortnoc rehgih a gnisu swolla hcihw )tniop a ot pu( elbats

largetni retsaf a dna niag - ( smret  ro emit largetni retrohs
. )1102 ,stumS .F seuqcaJ()niag largetni rehgih  

P fo noitcnuf refsnart ehT -  yb nevig si rellortnoC )1(.qE  .  ehT
DP fo noitcnuf refsnart -  yb nevig si rellortnoc )2(.qE  .

 emit evitavired fo smret ni desserpxe eb nac )2( noitauqE
tnatsnoc  TD  detalupinam eht evah ot  nwohs mrof .  ehT

IP fo noitcnuf refsnart -  yb nevig si rellortnoC )3(.qE  ,
 emit largetni fo smret ni desserpxe eb nac )3( noitauqE

T tnatsnoc I  .)4( yb nevig morf eht evah ot ,  refsnart ehT
 fo noitcnuf DIP - rellortnoc   yb nevig si 5(.qE ,)   noitauqe siht

 ta elop eno dna sorez owt htiw ,metsys redro dnoces si
 eb nac dna ,nigiro  desserpxe mrof eht evah ot   yb nevig

)6(.qE ,  taht setacidni hcihw  era srellortnoc DP dna IP
rellortnoc DIP eht fo sesac laiceps  DIP dna IP fo ytiliba ehT .

srellortnoc   del sah sessecorp lacitcarp ynam etasnepmoc ot
 .snoitacilppa lairtsudni ynam ni ecnatpecca ediw rieht ot  ehT

osla ,rellortnoc DIP fo noitcnuf refsnart  eb osla nac ,
 desserpxe mrof detalupinam eht evah ot   ,)7(.qE yb nevig

es a si noitcnuf refsnart DIP ecnis  nac ti ,metsys redro dnoc
 eb  desserpxe  oitar gnipmad fo smret ni ζ  depmadnu dna

 ycneuqerf larutan ωn mrof eht evah ot  .)8(.qE yb nevig   ehT
  ,osla ,nac )8(.qE yb nevig lortnoc DIP fo noitcnuf refsnart

 eb  desserpxe T emit evitavired fo smret ni D largetni dna   emit
TI mrof eht evah ot   ,)9(.qE yb nevig   eht )9( .qE ni ecnis

 eht ,rotanimoned eht naht eerged rehgih a sah rotaremun
 ,dezilaer eb ton nac dna lasuac ton si noitcnuf refsnart
 eht hguorht deifidom si rellortnoc DIP siht erofereht

eht ot gal a fo noitidda   mrof eht evah ot ,mret evitavired
)01(.qE yb nevig ,  niag eht senimreted :N :erehw K FH   eht fo

 niag eht ,egnar ycneuqerf hgih eht ni rellortnoc DIP K FH  
 netfo langis esion tnemerusaem esuaceb detimil eb tsum

ifilpma sti dna stnenopmoc ycneuqerf hgih sniatnoc  noitac
 rosivid eht ,yllausU .detimil eb dluohs  N  eht ni nesohc si

 era mrof rieht dna srellortnoc eseht llA .02 ot 2 egnar
 daeL .2 erugiF ni nwohs knilumiS/BALTAM ni detalumis

IP ,DP fo snoitamixorppa tfos era srotasnepmoC gal dna -
 ,ylevitcepser srellortnoc  smetsys evorpmi ot desu dna

 lanoitidda gnitneserp yb esnopser etats ydaets dna tneisnart
 fo noitcnuf refsnart eht ,metsys eht ot sorez dna selop
 si rotasnepmoc gal erehw ,)11(.qE yb nevig era rotasnepmoc

IP fo snoitamixorppa tfos  , htiw   Zo P > o,  dna Zo ams  ll
 srebmun raen  orez   , Zo K= I K/ P ekam ew rellams ehT .  Po  eht ,

 daeL .rellortnoc IP eht setamixorppa rellortnoc siht retteb
htiw ,DP fo snoitamixorppa tfos si rotasnepmoc  P < Z   ,

 fo eulav eht regral eht erehw P  rellortnoc dael eht retteb eht ,
 setamixorppa DP  DP .lortnoc - ot detamixorppa si rellortnoc  

)21(.sqE yb nevig sa rellortnoc dael  
) (   pp
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 'stnalP  .2 . smrof dradnats  

 yllacipyt taht serutaef tnanimod evah smetsys xelpmoc tsoM
 selop tnanimod s'tnalp no desab detamixorppa eb nac

noitamixorppa   .metsys redro dnoces ro tsrif a rehtie yb
 selop esoht yb detatcid ylegral si esnopser s'metsys lortnoC

ht era taht  taht selop eht .e.i ,sixa yranigami eht ot tsesolc e
.sedutingam trap laer tsellams eht evah  

 redro tsrif fo mrof noitcnuf refsnart dradnats lareneg ehT
 redro tsrif sa detamixorppa eb nac taht smetsys dna ,s'metsys

r eb nac dna ,)31(.qE yb nevig si ,smetsys  eht yb detneserpe
 era smetsys eseht ,)a(1 erugiF ni nwohs margaid kcolb

.T tnatsnoc emit yb ,ylniam ,deziretcarahc   lareneg ehT
 dna ,s'metsys redro dnoces fo mrof noitcnuf refsnart dradnats
 si smetsys redro dnoces sa detamixorppa eb nac taht smetsys

b nevig  kcolb eht yb detneserper eb nac dna ,)41(.qE y
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 era smetsys eseht ,)b(1 erugiF ni nwohs margaid
oitar gnipmad yb  ,ylniam ,deziretcarahc  ζ  depmadnu dna

ycneuqerf larutan  ωn   .  
 eb yletamixorppa nac stnalp lairtsudni fo rebmun egral A
 okihustaK( ssecorp  DTPOS/DTPOF yb deledom

(,)7991,atagO ilokavaT deeaS )3002 ,lla te, .  sledom TDPOF
tsrif a fo noitanibmoc a era - daed htiw ledom ssecorp redro -

t ,emi   ni nwohs margaid kcolb eht yb detneserper eb nac ti
,)c(1 erugiF   htiw  dna )51(.qE yb nevig noitcnuf refsnart

s siht  ,)e(1 erugiF ni nwohs evruc esnopser -  evruc epahs
toohsrevo on htiw   dellac si evruc noitcaer ,  deziretcarahc si ti

 sretemarap eerht  yb  emit yaled eht ; L  tnatsnoc emit , T  dna
  level etats ydaets  .K daed sulp redro dnoces A -  refsnart emit

 eseht ,)61(.qE yb nevig si noitcnuf  a fo noitanibmoc a era
dnoces - daed htiw ledom ssecorp redro - ,emit   eb nac dna

ni nwohs margaid kcolb eht yb detneserper   .)d(1 erugiF  
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metsys redro tsrif fo noitatneserper margaid kcolB )a(1 erugiF  

 
 redro dnoces fo noitatneserper margaid kcolB)b(1 erugiF
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S DTPOS/DTPOF )e(1 erugiF - evruc depahs  

 
.dohtem ngised srellortnoC desoporP .3  

 ngised srellortnoc )DIP dna ,DP ,IP ,P( desoporp ehT
 'srellortnoc gnitceles dna gnitaler no desab si dohtem

temarap  no desab sre ssecorp  .g.e( sretemarap s' ω ,ζ n ,T   K
dna  L  ni decuder eb ot noitcnuf eseht ,)71(.qE yb nevig sa ,)

 dna epyt rellortnoc deriuqer no desab dna selbairav fo smret
 gnitaluclac rof snoisserpxe ni tluser ot ,redro ssecorp
 dna ,ytilibats elbatpecca teem ot sretemarap 'srellortnoc

af muidem  rof deilppa sdohtem ehT .esnopser fo ssents
 lanoisnemid edulcni snoisserpxe desoporp noitavired
 fo rebmun eht gnicuder yb melborp a yfilpmis ot sisylana
 .M( seno laitnesse fo rebmun tsellams eht ot selbairav

ivlos dna gniledom lacitamehtam ,)1991 ,inrakolZ  pets gn
 dna ytilibats elbatpecca elbatpecca gnikcart rof esnopser

 muminim fo smret ni esnopser fo ssentsaf muidem  ,T5 ,%OP
TS  dna , E SS  sessecorp gnitaler no desab stluser fo sisylana ,

 fo stceffe gniredisnoc ,sretemarap srellortnoc ot sretemarap
emarap hcae  gnitaler .g.e ,esnopser metsys llarevo no ret

T tnatsnoc emit evitavired s'rellortnoc D  daed s'ssecorp ot
T tnatsnoc emit largetni dna, L emit I    emit s'ssecorp ot

 eht sesac emos  rof  .rorre dna lairt yllanif dna ,T tnatsnoc
s doog a tneserp dohtem desoporp  a teg ot tniop gnitrat

ednu ssecorp  rehtooms ro/dna derised eveihca ot ,lortnoc r
 htiw )ε dna β ,α( sretemarap gninut tfos ,esnopser

.decudortni eb ot era segnar dednemmocer  
,, ),,( nyxK LTf K                                                                                

)71(  
oporP .4 snoisserpxe ngised rellortnoc des  

smetsys redro tsriF rof ngised rellortnoC 1.4  
 srellortnoc rof snoisserpxe dna dohtem ngised desoporp ehT

smret   era smetsys redro tsrif rof ngised dna noitceles
 erehw , 1 elbaT ni dezirammus T  :R ,tnatsnoc emit s'tnalp :

ed  ,)tupni ecnerefeR ( eulav tuptuo deris  ,α  dna β ε  gninut tfos :
smret s’rellortnoc rof sretemarap - .tneiciffeoc retlif :N ,sniag  

 elbaT
 rof smret srellortnoc DIP ,DP, IP ,P :1 tsrif  smetsys redro  

epyt rellortnoC  KP KI KD TD TI N 
P- rellortnoc      TR  0 

 
0 

0 
 

0 

0 
 

0 
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0 F  CD llams htiW .sys ro
T llams ro/dna niag  

0 1  TR  

 derised gniteem roF
snoitacificeps  

dised erT
T      TR  



 
 ,smetsys redro dnoces ,smetsys redro tsrif rof dohtem ngised 'srellortnoc tneiciffe weN  TDPOS/TDPOF  smetsys dna

hcus sa detamixorppa eb nac taht  
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1.1.4   htruof gniredisnoc dohtem ngised desoporp gnitseT

tnalp redro  
 yb nevig noitcnuf refsnart htiw tnalp redro htruof ehT

mixorppa eb nac ,)81(.qE  selop tnanimod no desab deta
 ta elop eno htiw metsys redro tsrif sa noitamixorppa -  dna ,1

 erofereht ,)91(qE yb nevig mrof eht evah ot ,1 fo niag CD
 ot  deilppa eb nac dohtem ngised rellortnoc  desoporp eht

luclac eht neht ,metsys redro tsrif sa metsys siht  deta
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