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tcartsbA —  lacitpo na si metsys )OSF( scitpo ecaps eerF

 desu si muucav ro ria hcihw ni ygolonhcet noitacinummoc
morf langis fo noissimsnart eht rof muidem sa   ot ecalp eno

 .ecaps eerf ni gnitagaporp thgil fo mrof eht ni rehtona
 noitacinummoc sseleriw nredom fo deen eht steem OSF
 gnol ;noitarepo eerf esnecil ,ytivitcennoc deeps hgih yb
 serutaef suoirav sti fo emos era ytiruces hgih dna ecnatsid

ffe sti dda hcihw  si knil OSF repap siht nI .ssenevitce
 noitalumiS .noitarepo htgnelevaw mn056 rof dezylana
 sretem 0452 dnuora fo egnar knil lamixam edivorp stluser
 rof deniatbo etar tib ehT .murtceps der thgil elbisiv gnisu

porp fo ecnamrofrep ehT .spbG01 si knil dezimitpo  deso
 fo ytilibaniatsus rof devorpmi eb osla nac knil
 snoitidnoc rehtaew suoirav ni lennahc noitacinummoc
 Q ,REB ekil retemarap fo cisab eht no detaulave si dna

.margaid eye dna rotcaf   vidθ dna darm2.0 vidθ roF
 era )Q( rotcaf ytilauq fo seulav deveihca eht darm5.0

.ylevitcepser dna si )REB( etar rorre tib ,83.21 dna 50.31  
 

smreT xednI —  tib ,elgna ecnegrevid ,rotcaf ytilauq
noitaunetta ,scitpo ecaps eerf ,etar rorre  

.I  NOITCUDORTNI  
  s eerF  na si metsys noitacinummoc )OSF( scitpo ecap

 hguorht thgil fo maeb elbisivni sesu hcihw ygolonhcet lacitpo
 ot )elbac scitpo rebif fo daetsni( muidem ro ria na
 OSF .rehtona ot ecalp eno morf langis lacitpo fo noissimsnart

cotorp tnednepedni na si ygolonhcet  yna ot dexif eb nac taht lo
 metsys OSF egnar trohs lairtserreT .ygolopot krowten fo epyt

tniop yllareneg hcihw - ot -  tnereffid neewteb knil tniop
 eb nac supmac eht no gnidliub dna ynapmoc a fo gnidliub
 ro skrowten rebif lacitpo dna oidar tnemelppus ot desu

 .skrowten noitacinummoc sseleriw  

 noitaunetta cirehpsomta no pu sdneped ylniam si knil OSF
 sdneped noitaunetta cirehpsomtA .noitaunetta cirtemoeg dna
 dna noitallitnics ,ezah ,gof ekil noitidnoc rehtaew no ylegral

tnoc eb nac noitaunetta cirtemoeG .]1[ niar  gnignahc yb dellor
 rettimsnart ,ezis erutrepa ,htgnelevaw ekil retemarap eht
 reporp yb decuder eb nac ti .cte egnar knil dna retemaid
 ,tneiciffeoc noitaunetta ekil retemarap eht fo eciohc
 noitidnoc eseht fo llA .htgnelevaw dna euqinhcet noitaludom

a ot tca  eerf eht ni htap thgil eht kcolb dluoc dna thgil etanretl
 ni rucco dluoc noitpurretni dna ecnabrutsid ,tluser a sA .ecaps

 .ssecorp noitacinummoc eht  

 deliated ,gnidliub llat eht no OSF eht gnillatsni erofeB
rac eb ot evah noitidnoc rehtaew fo noitagitsevni  sihT .tuo deir

 
beF deviecer tpircsunaM  12 102 , 7 

nibiB .R .M  , E.O.E.L hceT.M  
ayajrotciV .N  , rosseforP  gnireenignE fo egelloC scisyhP fo tnemtrapeD ,

aidnI ,iannehC ,ydniuG  

 dna sessol laminim htiw etarepo lliw OSF erusne ot si
 rehtaew dab gnirud neve ,rewop noissimsnart tneiciffus
 rof ylno derreferp era resal mn0551 yllareneG .snoitidnoc
 dna egnar atad hgih a dah tI .noitacinummoc ecnatsid gnol

op hgih stroppus  fo egatnavda rojaM .slevel maeb rew
 dna efil gnol ,ytefas eye fo serutaef eht sah resal mn0551
 ton era mn0131 dna mn058 .]2[ ssel era esion ralos fo tceffe
 etar atad fo deeps dna rewop wol ,egnar wol ot eud derreferp

levaw rehto dna ,]3[ ylno spbG5.2 tuoba  mn056 era desu htgne
 .mμ01 dna  

 sedivorp tub tekram ni evisnepxe erom era resal mμ01
 wol ezis llams era resal mn056 dna sdeeps gnihctiws hgih
 siht nI .cte etar atad wol troppus dna ytilibats rewop hgih ,tsoc

056 gnisu metsys OSF egnar trohs a esoporp repap  der mn
 thgil elbisiV .m0542 fo egnar mumixam gnivah maeb resal
 fo noissimsnart a esirpmoc seigolonhcet snoitacinummoc
 namuh ot elbisiv si taht maeb thgil gnisu atad ro noitamrofni

 .eye  

 dna elbats rewop ,hgih rof desu eb nac ecruos resal elbisiV
suounitnoc   gnol a rof depoleved neeb sah mn056 ta noitarepo

 fo ecnavda lacinhcet suodnemert no desab s’ti dna emit
 tneiciffe dna ecirp wol ta stnenopmoc elbaliava yltnerruc
 dna )2002 ;b9991 ;a9991( la te gnap seuqinhcet noitaludom

 pu edam metsys a tliub )4002( gnap  s’DEL ssenthgirb hgih fo
 eht edivorp eb nac dna roodtuo m02 revo sehcaer hcihw
 oidua ro atad fo gnitsacdaorb sseleriw ,ecaps eerf fo noitcnuf

 .]4[ langis  

 dellatsni ytivac eb nac ti ,resal der fo egatnavda rojam ehT
s rof tnemeriuqer secived gnikcat on dna  seod ti dna egnar troh

 deeps hgih edivorp nac dna esnecil murtceps yna eriuqer ton
 eht fo sretemarap ecnamrofreP .ecirp rewol ta ytivitcennoc
 dna liated ni sisylana dna detaulave erew smetsys desoporp

.yllanif debircsed saw metsys latnemirepxe  

.II  ERUTCETIHCRA  
 gnivah metsys OSF fo margaid kcolb eht swohs 1.2 giF nI
 rettimsnarT .]5[ lennahc erehpsomta dna reviecer ,rettimsnart
 nac noitaludoM .eslup lacitpo ot eslup yranib eht setaludom

nO ekil euqinhcet fo epyt tnereffid fo eb -  ,)KOO( gniyeK ffO
aludom ytisnetni  .cte noitaludom eslup dna noit  

 eht def ecruos a yb detareneg egassem noitamrofni ehT
 eveihca ot desu si rotaludom ehT .rotaludom ot langis tupni
 edutilpma dna esahp ,ycneuqerf gniyrav a yb etar atad hgih

.noitaludom tuo yrrac ot desu  

desu si tiucric evirD   ecnadrocca ni tnerruc revird yrav ot
 ro detcennoc eb nac eslup yranib taht os ,atad tupni htiw
 ylhgih era secruos ehT .eslup lacitpo otni detaludom
 gnihctiws deeps hgih gnitibihxe s’RESAL /s’DEL lanoitcerid

L ro secruos resal eb nac maeb thgiL .noitcennoc  ,DE

 thgiL elbisiV ta kniL scitpO ecapS eerF fo noitatnemelpmI
murtcepS deR  

nibiB .R .M  , ayajrotciV .N  
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 ecnegrevid maeb dna htgnelevaw ,rewop sti yb deziretcarahc
 eht enimreted ot rettimsnart eht ni epocselet a si erehT .selgna

 .maeb fo noitcerid eht dna maeb thgil eht fo ezis  

 reviecer dna rettimsnart neewteb ecnatsid ecaps eerf A
hc cirehpsomta sa wonk  taht os ,lennahc ecaps eerF  .lenna

 gnol ekil slangis eht stceffa taht srotcaf fo rebmun era ereht
 rotcaf niam eht .cte etar atad ,etar rorre tib ,ytivitcennoc egnar
 maeb dna noitprosba ,ecnelubrut era langis eht stceffa taht

.cte ecnegrevid  

 
colb 1.2 giF metsys OSF fo margaid k  

 erehpsomta eht hguorht metsys noitacinummoc lacitpo nI
 langis lacitpo deviecer eht fo )t ,u( p ytisnetni ehT .lennahc

,]2[ sa nettirw eb nac  

 
 langis eht rof ssecorp modnar yranoitats a si )t ,u( A ,erehW

eht yb desuac noitallitnics   tneve na si U ,lennahc cirehpsomta
 eht ni ytisnetni lacitpo deviecer a si )t( sP ;ecaps elpmas eht ni

 .ecnelubrut fo ecnesba  

 otohp ,epocselet reviecer a fo stsisnoc reviecer ehT
 deviecer eht trevnoc srotceted otohP .rotaludomed rotceted

 ot dleif lacitpo  dna detaludomed si hcihw langis cinortcele na
.ssecorp fo dne eht ta egassem dedoced sa ti teg  

.III  EERF  ECAPS  LANNAHC  LADOM  
 

)a  :nigram kniL  

 eht ta rewop gnivresbo dna nigram knil eht gnitaluclac roF
 eht fo ytilauq tceffa taht srotcaf enimreted nac eno ,reviecer

P rewop deviecer eht fo oitar a si nigram kniL .knil  r  dna
.slebiced ni desserpxe yllausu s’ti )S( dlohserht reviecer  

                                           )1.3(  

 ti dna rerutcafunam yb nevig yllausu si dlohserht revieceR
 morf egnar -  mBd02  ot -  eb nac ,reviecer eht ta rewoP .mBd04

:]7[ sa desserpxe  

                                 )2.3(  

 rewop era tP dna rP ,erehW  rettimsnart dna reviecer eht ta
 cirehpsomta α ,aera erutrepa reviecer si xrA .ylevitcepser
 neewteb ecnatsid L dna elgna ecnegrevid θ ,noitaunetta
 si )2.3( noitauqe eht ni wohs sA .reviecer dna rettimsnart

roporp yltcerid si reviecer eht ta rewop sa denifed  ot lanoit
 ylesrevni tub ,rewop timsnart eht dna aera erutrepa reviecer

.egnar knil dna elgna ecnegrevid eht ot lanoitroporp  

 cirehpsomta ot detaler si noitauqe eht fo trap laitnenopxE
 eht no ecneulfni tsegnorts eht sah ti dna noitaunetta lennahc

 egnar knil  fo noitaunetta ot sdda taht rotcaf rehtonA .ytilauq
 na fo nigram knil ehT .ecnegrevid maeb resal si slangis eht
 si hcihw ,etar niar gnisaercni htiw esaerced lliw knil OSF

  .ezah ,gof ot eud noitaunetta ,niar fo rh /mm ni derusaem  

)b  rewop kniL  
tpo ecaps eerF  eb nac ecnamrofrep metsys )OSF( sci

sretemarap niam ruof yb deziretcarahc  
  rewop rettimsnart latoT  
 aera gnitcelloc scitpo gnivieceR  
 ytivitisnes revieceR  
 htdiw maeb gnittimsnarT  

 nevig si rewop reviecer dna dettimsnart neewteb noitaler ehT
noitauqe eht yb  

 

P ,erehW  reveicer  ,reviecer eht ta )mBd( deviecer rewop eht si
P rettimsnart   eht si  fo retemaid eht si D ,)mBd( dettimsnart rewop

 cirehpsomta si γ ,elgna ecnegrevid si vidθ ,reviecer eht
τ ,)mBd( rotcaf noitaunetta rettimsnart  τ dna reviecer  evitcepser era

 ta Bd8.1 fo ssol a sah lanimret OSF hcaE .seicneiciffe lacitpo
eviecer dna rettimsnart .r  

reeB ot gnidroccA - ,waL trebmaL  

                                                  )4.3(  

 eht si σ dna rettimsnart resal eht fo egnar eht si )mk( l ,erehW
 rewoP .)ria raelc rof 1.0( tneiciffeoc noitaunetta lacipyt

si knil OSF rof ladom tegdub   ,yb nevig  

)5.3(  

α ,erehW mta α ,noitaunetta cirehpsomta latot si sys   metsys si
 eht sA .ssol cirtemoeg sa dellac osla si hcihw noitaunetta
 eht dna esaercni ssol cirehpsomta eht ,sesaercni ecnatsid

nelevaw mn056 noitalumis siht nI .esaerced rewop  desu si htg
 ssel semusnoc osla si mn056 htgnelevaw elbisiv ehT .]6[
 ,rewop ssel semusnoc osla tI .elbaeciton ylisae si ti sa ,rewop

.Wm5 dnuora detarepo si ti sa  

.VI  ECNAMROFREP  NOITAULAVE  
 lacitpo fo noitautis eht redisnoc llahs ew noitces siht nI

 noitagaporp  lairtserret s’tniop owt neewteb liated ni
 si desu rotalumits ehT .knil OSF desoporp rof snoitacilppa
 lacitpo ,edoid resal thgil der rewop wol A .metsysitpo
 retemarap htiw deyolpme erew edoidotohp iS a dna reifilpma

ap rehto htiw rehtegot 1.4 elbaT ni nevig  ni desoppus sretemar
.noitalumits siht  

sretemarap noitalumits 1.4 elbaT  

retemaraP  eulaV  

resaL   dellortnoC
resal pmup  

htgnelevaW  mn056  

etar ataD  spbG01  

tnerruc dlohserhT  am02  

egnar kniL  m5022 ,m0452  

noitaludoM  ZRN  
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maeb ecnegreviD  darm5.0 ,2.0  

e epolS ycneiciff  A/W 5.0  

retemaid erutrepa rettimsnarT  mc7  

retemaid erutrepa revieceR  mc31  

ssol rettimsnarT  - Bd1  

ssol revieceR  - Bd2  

noitaunetta lanoitiddA  - mK/Bd5.71  

  ssol cirtemoeG  - Bd62.7  

tnerruc mumixaM  am003  

rewoP  Wm5  

 niatnoc noitces rettimsnart nI  ecneuqes tib modnar oduesp
 pmup dellortnoc dna kcolb rotareneg eslup ZRN ,rotareneg
 si rotareneg eslup modnar oduesp noitcnuf ehT .resal
 ZRN ehT .etar tib deriuqer rep sa stib modnar eht setareneg

non ni seslup lacirtcele setareneg rotaludom - rez ot nruter  o
 ,1 cigol ot 0 cigol morf snoitisnart ,dohtem ZRN nI .stamrof
 ehT .level egatlov orez eht ssorca yltcerid ,asrev eciv dna
 dna langis lacitpo eht etaludom ot esu si resal pmup dellortnoc
 ot htgnelevaw eht tes evah eW .lennahc OSF hguorht timsnart

aht mn056  lennahc OSF ehT .maeb resal der elbisiv secudorp t
 egnahc ot rotalumis yb dedivorp si noisivorp hcihw ni
 .cte noitaunetta dna egnar knil ,ekil ecaps eerf fo sretemarap
 dna rettimsnart neewteb ,rewop lacitpo eht ezylana roF

ewop sedivorp noitalumis reviecer  murtceps dna retem r
 reviecer dna dettimsnart ta detcennoc era taht sloot ezylana
 rof rehtruF .knil eht fo ecnamrofrep etaulave ot edis
 dda ew REB dna Q eganam dna htgnerts langis eht gnivorpmi

 .rotceted otohp dna lennahc OSF neewteb reifilpma lacitpo  

ehT   hcum dna lufrewop eb ot sevorp rotalumis
 rof noisivorp edivorp ti sa snoitidnoc lacitcarp ot elbarapmoc
 esion ,etar tib ,dettimsnart rewop ekil sretemarap gnitsujda
 ,sessol lanoitidda dna cirtemoeg ,egnar ,htdiwdnab

a sedoid fo sepyt dna yaled noitagaporp  rieht htiw gnol
 resal der ni elbaliava era erutaef tneiciffe emoS .ylevisnopser
 dna deeps gnihctiws hgih ,rewop ssel emusnoc ,repaehc ekil
 ereh desu si maeb resal der taht ot eud setar wol stroppus osla

.]4[  

eeb sah knil lacitpo ecaps eerf fo noitalumis yB  ot enod n
 fo sretemarap tnereffid metsys eht fo ecnamrofrep eht yduts
 .snoitidnoc gnitsixe ot gnidrocca detsujda dna deirav era knil
 ni nwohs era knil OSF desoporp fo sretemarap noitalumis ehT
 ,vidθ elgna tnereffid rof deniatbo era stluser ehT .1.4 elbat

r  deveihca ew .cte noitaunetta ,retemaid erutrepa reviece
 dna resal der mn056 htiw sretem 0452 ot pu egnar mumixam
 .darm2.0 si detceles vidθ fo seulav ehT .spbG01 fo etar atad

 fo seulav noitaunetta rednu dezimitpo neeb sah knil ehT -  5.71
sla llahs ew .mk /Bd  ssol reviecer dna rettimsnart edulcni o

 cirtemoeg etarelot nac knil ehT .ylevitcepser Bd 2 dna Bd1
 fo noitaunetta -  htiw 64.9 si Q fo eulav ecnerefer ehT .Bd62.7

 desoporp eht taht noitaunetta latot eht fo REB elbatpecca na
 si etarelot nac knil - .Bd 67.42  

.V  TS NOITALUMI  TLUSER  DNA  SNOITPIRCSED  
 fo noitalumis gnisu sisylana ecnamrofrep latnemirepxe nA
 noitaludom ZRN ,reifilpma lacitpo gnisu knil OSF desoporp

 ehT .dessucsid era stluser dezimitpo dna tuo deirrac si emehcs
elevaw ta Wm5 a saw ecruos resal rettimsnart  mn056 htgn

52 fo erutarepmet ta gnitarepo ᵒ  edulcni lennahc OSF ehT .C
 Bd5 erugif esion dna niag Bd02 htiw reifilpma lacitpo
 eht yfilpma ot reifilpma fo esoprup niam ehT .ylevitcepser
 ehT .dne reviecer ta langis fo htgnerts esaercni dna langis

tcele reviecer otohp sedulcni erutcurts scinor - NIP -  ,edoid
.reifilpma dna ecafretni atad  

 
kniL OSF desoporP 1.5 giF  

 eb sroodtuo demrofrep saw tnemirepxe noissimsnart ehT
 darm 5.0 dna darm 2.0 si vidθ elgna ecnegrevid htiw

ecer dna mk/Bd5.71 fo noitaunetta ,ylevitcepser  erutrepa revi
 saw rotcaf Q dna REB ]6[ repap ecnerefer nI .mc31

*14.1   ot pu egnar knil htiw ylevitcepser 64.9 dna
 etar atad dna darm3.0 si vidθ elgna ecnegrevid htiw m0001

.spbG52.1  

 
 2.0 = vidθ htiw knil desoporp fo rotcaf Q dna REB 2.5 giF

m LPC gnisu m0542 ot pu dar  

 
 2.0 = vidθ htiw knil OSF desoporp fo margaid eye 3.5 giF

LPC gnisu m0452 ot pu darm  
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 fo rotcaf Q dna REB eht swohs 3.5 giF dna 2.5 giF nI
 .ylevitcepser darm 5.0 dna darm 2.0 vidθ htiw knil desoporp

 dezimitpo no darm 2.0 vidθ roF  si deniatta REB eht knil OSF
*30.3  ta m0452 egnar knil htiw 50.31 si Q fo seulav dna

 si deniatta REB darm 5.0 roF .spbG01 fo etar atad
*25.1   etar atad ta m5022 egnar knil htiw 83.21 si Q dna

.spbG01 fo  

 
fo rotcaf Q dna REB 4.5 giF   5.0 = vidθ htiw knil desoporp

LPC gnisu m5022 ot pu darm  

 
 5.0 = vidθ htiw knil OSF desoporp fo margaid eye 5.5 giF

LPC gnisu m5022 ot pu darm  

 2.0 vidθ rof margaid eye eht swohs 4.5 giF dna 3.5 giF nI
 swohs senil kcalb ehT .ylevitcepser darm 5.0 dna darm  eht

 swohs dna sevruc REB setacidni enil der dna margaid eye
 mK /Bd5.71 noitaunetta fo knil deificeps eht fo sevruc REB

 .ylevitcepser m5022 dna m0452 egnar gnivah  

wol fo esu eroferehT -  trohs rof edoid resal thgil der tsoc
itseretni knil siht sekam ecnatsid  gnius yB .sresu etavirp rof gn

 eb nac ytilibaliava dna ytilibailer doog resal mn056 thgil der
 neve dna setar atad nevig rof metsys siht gnisu yb deveihca
 eht taht swohs 5.5 giF dna 3.5 giF ni margaid eye ehT .rehgih

on ro ssel htiw deviecer neeb sah langis   eye na sah tI .rorre
 *69.2 fo gninepo   *27.2 dna   darm 2.0 vidθ rof

.ylevitcepser darm 5.0 dna  

 
 dna m0452 egnar knil rof rewop lacitpo dettimsnart 6.5 giF

LPC gnisu darm 5.0 = vidθ dna darm2.0 = vidθ ta m5022  

rt swohs 6.5 gif nI  eht fo murtceps rewop lacitpo dettimsna
 eht fo murtceps ehT .m0542 htgnel rof knil dezimitpo
 .mn056 ta htgnelevaw kaep eht swohs osla rewop dettimsnart

 *691.96 si dettimsnart rewop lacitpO   detaluclac sttaW
.retem rewop eht yb  

 
viecer 7.5 giF  = vidθ ta m0452 egnar knil rof rewop lacitpo de

LPC gnisu darm 2.0  

ylana roF  nac dne reviecer ta rewop lacitpo fo ssol eht dez
 .dne reviecer ta rezylana murtceps eht gnisu yb detaluclac eb
 eht fo murtceps rewop lacitpo deviecer swohs 7.5 giF
 rewop lacitpO .darm2.0 = vidθ ta m0452 rof knil dezimitpo

*511.135 si deviecer   rewop eht yb detaluclac sttaW
.retem  
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 = vidθ ta m5022 egnar knil rof rewop lacitpo deviecer 8.5 giF

LPC gnisu darm 5.0  

 eht fo murtceps rewop lacitpo deviecer swohs 8.5 gif nI
 rewop lacitpO .darm5.0 = vidθ ta m5022 rof knil dezimitpo

*027.035 si deviecer  rewop eht yb detaluclac sttaW
.retem  

 7.5 giF ni swohs osla rewop deviecer eht fo murtceps ehT
 ylevitcepser darm 5.0 si vidθ ta 8.5 giF dna darm 2.0 si vidθ ta
 kaep eht osla rezilausiv niamod emit lacitpo gnisu yb

tluser ehT .mn056 ta htgnelevaw   fo gnicuder eht swohs
 fo ecnatsid a gnillevart retfa tnetxe taerg a ot rewop lacitpo
 darm 5.0 dna darm 2.0 si vidθ rof m5022 dna m0452

 .ylevitcepser  

SNOISULCNOC  

 mn056 gnizilitu metsys OSF a fo sretemarap ecnamrofreP
 .detaluclac erew resal der htgnelevaw  ruo ebircsed osla eW

 resal htgnelevaw mn056 a no desab tnemirepxe latnemadnuf
 .edoid  

 stroppus ,noitarepo deeps hgih ,repaehc era sresal mn056
 deriuqer ton sesnecil dna rewop ssel emusnoc ,setar atad wol

 ylno elbatius si ti ekil ,skcabward emos sah ti tub  trohs rof
 der fo rewop tuptuo detcirtser dna snoitacinummoc egnar

 .melborp ytefas eye ot eud resal  

 saw maeb resal mn056 fo noissimsnart erehpsomtA
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