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tcartsbA —  eht yduts ot si repap tneserp eht fo esoprup ehT

oc fo dlofinambus lacilibmu isauq - noisnemid - HK fo 2 -  erutcurts
emmi secafrusrepyH .dlofinam  cilobrepyh tsomla na ni desr

usH nO .]4[ ebuD yb deiduts sdlofinam  etimreH -  erutcurts
 eht deniatbo evah eW .noitinifeD eht yb neeb evah dlofinam

W eb ot dlofinam bus siht rof snoitidnoc -  ehT .lacilibmu isauQ
nI .lacilibmu isauq swollof sa dezinagro si repap   ,eno noitces

usH fo trap yrotcudortni - HK dna erutcurts -  denifed si erutcurts
 emos eht taht evorp ew ,owt noitces nI .snoitauqe lufesu emos
 lacilibmu isauq ni seiralloroc dna snoitinifed ,smeroeht

evah ew ,dne eht nI .rosnet siuhnejiN sa llew sa dlofinambus  
.dlofinambus lacilibmu isauq dna dlofinam tuoba dessucsid  

 
 

smreT xednI —  usH – HK ,erutcurts -  nainnameiR ,erutcurts
W ,rosnet siuhnejiN ,cirtem nainnameiR ,noixennoc -  isauq

.dlofinambus lacilibmu  
 

.I  I NOITCUDORTN  
noitinifeD  

 no denifed eb ereht teL nV  F noitcnuf raenil deulav  rotcev a ,
 taht hcus C ssalc fo  

 nrIaF n
r 02

 
 F nehT .rebmun yranigami ro laer si a dna regetni na si r erehw

 usH dellac si –  dna erutcurts nV   eht dellac si  usH –  erutcurts
dlofinam . 

 su teL  n na redisnoc –  dlofinam elbaitnereffid lanoisnemid
nM   ssalc fo C  deulav rotcev a stsixe ereht hcihw ni

 ssalc ytilibaitnereffid fo F noitcnuf raenil C  gniyfsitas  

)1.1(  XaXF r2
 

 
ra na roF  xelpmoc yna si a erehw ,X dleif rotcev yrartib

 ot sevig F nehT .orez ot lauqe ton ,rebmun
nM   a

usH -  a dellac si dlofinam eht dna erutcurts
usH - .dlofinam erutcurts  

 hcus G cirtem nainnameiR htiw dewodne eb erutcurts siht teL
 taht  

)2.1(  ),(,( YXGaYFXFG r
 

 
 deviecer tpircsunaM   yraurbeF 01 5102 , . 

  ,kahtaP htaN ardneriV  irhS ,scitamehtaM fo tnemtrapeD
 ,jnagiraweT ,segelloC lanoisseforP fo puorG lairomeM poorawsmaR

wonkcuL ,daoR dabaziaF - 501722  
 ,amreV ateeG  poorawsmaR irhS ,scitamehtaM fo tnemtrapeD

 ,segelloC lanoisseforP fo puorG lairomeM  ,daoR dabaziaF ,jnagiraweT
wonkcuL - 501722  

 

 nehT
nM  H a dellac si -  ni fI .dlofinam erutcurts

nM  
 

)3.1(  0)( YFDX  
 

usH eht ni noixennoc nainnameiR eht eb D erehW -  erutcurts

 neht , dlofinam
nM  HK a dellac si -  erutcurts  .]2[

 teL
2nM   fo dlofinambus elbaitnereffid a eb

oc - HK a fo 2 noisnemid -  taht hcus dlofinam erutcurts  
 

)4.1(  QvPuXfBXBF , 

)5.1(  ,QUBPF  
 

)6.1(  PVBQF , 
 

if rotcev lamron tinu owt era Q ,P erehW  ot sdle
nM  a si f ,

 v ,u ,sdleif rotcev era V ,U )1,1( epyt fo dleif rosnet

1-  dna smrof   a si C .noitcnuf  
 gnisu dna F yb )6.1( dna )5.1( ,)4.1( snoitauqe gnitarepO

,)4.1( ,)2.1( ,)1.1( snoitauqe   gnikat dna )6.1(  ,5.1(
teg ew ,yletarapes strap lamron dna laitnegnat eht  

usH -  no erutcurts isauq   lacilibmu dlofinam bus   fo
HK - dlofinam erutcurts  

kahtaP htaN ardneriV  , amreV ateeG  
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)7.1(  )a(  VXvUXuXfXar )()(2
 

)b(  )()()(,)()()( 22 XUaXfvXVaXfu rr
 

)c(  UaVfVaUf rr )(,)( 22
 

)d(  0)(,)()( 2 VuauU r
 

)e(  0)(,)()( 2 UvaVv r
 

 ni cirtem nainnameiR decudni eht eb g teL
nM yb denifed  

)8.1(  )a(  ),(),( YXGaYXg r
 

 evah ew ,oslA  

)b(  ),(),(
),(),(),(),(),(

QQXVGVBFXVG
QFXuGUBfXuGQXfBGVBXfBPXBG

 

)c(  ),()(),( QQGaPPG r
 

 teg ew ,)2.1( noitauqe ni )8.1( dna )4.1( snoitauqe gnisu nehT  

)9.1(  ,)()()()(),(),( YvXvYuXuYXgaYfXfg r
 

)01.1(  )(),(,)(),( XvaXVgXuaXUg rr
. 

ofinambus eht suhT  dl
rnM   dezilareneg a si },,,,{ vugf HK a fo dlofinam erutcurts -  a eb D teL .dlofinam erutcurts

 ni noitcennoc eniffa
nM  HK fo noitcennoc nainnameiR eht yb decudni -  dlofinam erutcurts

nM  eht  dna ssuaG n
yb nevig era snoitauqe netragnieW  

)11.1(  ,),(),( QYXKPYXHYDBYBD XXB  

)21.1(  ,)( QXlXHBPD XB  

)31.1(  ,)( PXlXKBQD XB  

 dna smrof latnemadnuf dnoces era k dna h erehW l  yb denifed mrof latnemadnuf driht eht si  

)41.1(  ,),(),( YXhYXHg
fed

 

)51.1(  ),(),( YXkYXKg
fed

, 
.)1.1( epyt fo srosnet eht gnieb K dna H  

  teg ew ,)31.1( dna )21.1( ,)11.1( ,)6.1( ,)1.1( snoitauqe gnisu dna tnairavoc )6.1( ,)5.1( ,)4.1( snoitauqe gnitaitnereffiD  

)61.1(  ,)()()()(),(),()( 22 XKYvaXHYuaVYXkaUYXhaYfD rrrr
X  

)71.1(  ,)()(),(),()( 22 XlYVaYXKaUYfXhaYuD rrr
X  

)81.1(  )()(),(),()( 22 XlYvaYfXKaUYXhaYvD rrr
X , 

)91.1(  ,)()( 22 VXlaXKaXHfaYUD rrr
X  

)02.1(  ,)()( 22 VXlaXHaXKfaVD rrr
X  

)12.1(  ,),(),( XHuaUXh r
 

)22.1(  ),(),( XKvaVXK r
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.II  ISAUQ  LACILIBMU  DLOFINAMBUS  FO  OC - NOISNEMID  
1.2 noitinifeD  

  dlofinambus eht ni teL  

)1.2(  )a(  ,)()()(,)()(),(),( WXWXXhYWXWYXgYXh  
dnA  

)1.2(  )b(  WXWXXkYWXWYXgYXk )()()(,)()(),(),( , 

 erehw ,deifsitas eB ,   dna , 1 si W dna noitcnuf ralacs era -  nehT .mrof
rmM  lacilibmU isauQ dellac si

oc fo dlofinambus - noisnemid - .2  
2.2 noitinifeD  
 noitidda ni fI  

)2.2(  ,),()( XWgXW  

  neht cirtem nainnameiR si g dna dleif rotcev eht si W erehW
rnM W a dellac si -  ssalc fo dlofinambus isauQ

C .]1[  
3.2 noitinifeD  

  fi rehtruF 0,0,0,0   dna 0l W eht neht , - isauQ - libmU  a dellac si dlofinambus laci
.]1[ dlofinambus lacirdnilyc  

.1.2 meroehT  

 snoisnemid oc fo dlofinambus eht fI - HK a fo 2 -  dlofinam erutcurts
nM  ,neht lacilibmu isauq si  

)3.2(  )a(  })()({)(

})()({)()()(

),()()(),()(
2

222

WXWXYva

WXWXYuaVYWXWa

VYXgaUYWXWaUYXgaYfD

r

rr

rrr
X

 

)3.2(  )b(  ,)()()()(

),()()(),()(
2

222

xlYVaYWXWa

YXgaYfWXWaUYfXgaYuD
rr

rrr
X

 

)3.2(  )c(  

)()()()(

),()()(),()(
2

22

XlYVaYWXWa

YfXgaYWXWaYXgaYvD
rr

rrr
X

 

)3.2(  )d(  ,)(

)()()()()( 2222

VXla

WXWaXaWXfWaXfaUD
r

rrrr
X

 

)3.2(  )e(  VXla

WXWaXaWXfWaXfaVD
r

rrrr
X

)(

)()()()()( 2222

 

)3.2(  )f(  )()()(),( WuXWaXuaUXh rr
 

)3.2(  )g(  .)()()(),( WuXWaXvaVXk rr
 

: foorP      ,)91.1( ,)81.1( ,)71.1( ,)61.1( ,)51.1( snoitauqe dna b ,a )1.2( noitauqe fo weiv nI  eht teg ew ,)22.1( dna )1.2( ,)02.1(
.stluser deriuqer  

1.2 yralloroC  

 fI 0,0,0  dna ,0l 1 neht -  ni gnillik ylevitcejorp era v ,u smrof
nM  , .e.i  
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)4.2(  )a(  ),(2)()()()( 2 YXgaXuDYuD r
YX  

dnA  

)4.2(  )b(  ),(2)()()()( 2 YXgaXvDYvD r
YX  

:foorP  .b )4.2( dna a )4.2( snoitauqe teg ew , c )3.2( dna b )3.2(snoitauqe ni noitidnoc eht gnisu yB  
2.2 yralloroC  

 fI 0,0,0   dna ,0l   dlofinambus eht ni deifsitas eb
rnM oc fo -  noisnemid - eht ,2  n  

)a()5.2(  ,)()(

)()()()()()()( 22

WXWYva

WXWYuaVYWXWaUYWXWaYfD
r

rrr
X

 

)b()5.2(  ,)()()()()( 22 YWXWaYfWXWaYuD rr
X  

)c()5.2(  )()()()()( 22 YfWXWaYWXWaYVD rr
X  

 :foorP .c ,b ,a )5.2( snoitauqe teg ew ,c ,b ,a )3.2( snoitauqe ni snoitidnoc eht gnisU  
3.2 yralloroC  

 dlofinambus eht fI
rnM W gnieb , - auQ oc fo dlofinambus is - noisnemid -  seifsitas 2 0,0  dna

0l 1 eht nehT . -  ni v ,u mrof
nM   ni sdleif lellarap era V ,U dleif rotcev eht dna gnillik era

rnM . 

)5.2(  )d(  0)( YfDX , 

)5.2(  )e(  0)( YuDX , 

)5.2(  )f(  0)( YvDX , 

)5.2(  )g(  0)( UDX , 

)5.2(  )h(  0)( VDX , 

)5.2(  )i(  0),( UXh , 

)5.2(  )j(  0),( VXk . 

: foorP   gnisu yB 0,0  dna 0l  . j ,I ,h ,g , f ,e ,d )5.2( teg ew ,g ,f ,e ,d ,c ,b ,a )3.2( snoitauqe ni  
 2.2 meroehT  

 dlofinambus lacirdnilyc dezilareneg a nI
rnM  oc fo -  lanoisnemid - evah ew ,2  

)6.2(  )a(  )()()()()()( 2 YfWXWYWXfWaXuDYuD r
YX  

dnA  

)6.2(  )b(  )()()()()()( 2 YfWXWYWXfWaXvDYvD r
YX . 

:foorP   evah ew , )b( )5.2( noitauqe morF  

.)()()()()(

,)()()()()(
22

22

XWYWaXfWYWaXuD

YWXWaYfWXWaYuD
rr

X

rr
X

 
  emas eht ni swollof b )6.2( noitauqe fo foorp sihT .a)6.2( noitauqe teg ew ,snoitauqe owt evoba eht gnitcartbus woN

.rennam  
3.2 meroehT  

W fo rosnet siuhnejiN ehT - cilibmu isauQ  dlofinambus la
rnM  oc fo - noisnemid - HK a fo 2 -  htiw dlofinam erutcurts

 dezilareneg ,,,, vugf yb nevig si erutcurts   
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)7.2( ])()()(

)()()()()(),(

)()(),([)()()(

)()()()()(),(

)()(),([)()()(

)()()()()(),(

)()(),()()()(

)()()()()(

),()()(),(),(

22

22

22

2

22

22

2

222

WYWYXVa

WYWYXuaVXWYWaVXYga

UXWYWaUYXgafWXWXYVa

WXXyvaVYWXWaVYXga

UYWXWaUYXgafWYfWYfXVa

WYfWYfXuaVXWYfWaVXYfga

UXWYfWaUXYfgaWXfWXfYva

WXfWXfYuaVYWXfWa

VYXfgaUYWXfWaUYXfgaYXN

r

rrr

rrr

rrr

rrr

rrr

rrr

rr

rrr

 

 ni f dleif rosnet eht ot gnidnopserroc rosnet siuhnejiN eht eb N teL : foorP
nM yb nevig ,  

)8.2(  
)()()()()()()()(),( XfDfYfDfXfDYfDYXN YXYfXf  

.tluser deriuqer eht teg ew ,)8.2( dna a )3.2( noitauqe fo weiv nI  
4.2 meroehT  

 dlofinambus lacirdnilyc dezilareneg a fo rosnet siuhnejiN ehT
rnM  oc fo - noisnemid - HK a fo 2 -  erutcurts  dlofinam

nM   si
yb nevig  

)9.2(  )a(

 ])()()()(
)()()()([])()()()(

)()()()([])()()()(

)()()()([])()()(

)()()()()()()([),(
2

2

WYWXVWXWYV
WufWXVWXfWYVaWYWXuWXWYu

WufWXuYuWXfWaVXWYWVYWXW

VYWXfWVXWufWaUfXWYW

UfYWXWUYWXfWUXWufWaYXN

r

r

r

r

 

)9.2(  )b(  ])(),()(),(),(),([),( ufXYgUfYXgUXYfgUYXfgaYXN r
 

       ])(),()(),(),(),([ VfXYgVfYXgVXYfgVYXfgar  

  )()()()()()()()([ YfXvYfXuXfYvXfYuar  

  .])()(
)()()()()()([])(),(

YXV
YfXuXYVXYufaVfYXg r

 

)9.2(  )c(  0),( YXN  

:foorP   gnittup yB 0,0,0   dna 0,0,0  osla dna

0 .b ,a )9.2( stluser deriuqer eht teg ew )8.2( noitauqe ni  
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.III  D NOISSUCSI  
 fo dednetxe eht gnilaed fo elor tnatropmi era dlofinaM

n-  si ti esuaceb ydob ylnevaeh gniledom fo ecaps lanoisnemid
c  erom wolla yeht dna ecaps lanoisnemid rehgih eht tcurtsno

 erutcurts lla etaluclac ylisae nac eW .serutcurts detacilpmoc
 A .dlofinambus lacilibmu isauq morf dlofinam fo secaps dna
 fo doohrobhgien eht ni dlofinambus lacilibmu isauq a fo tniop

 siht lla hcihw .)dexif ton( etanimretedni erutavruc fo senil  
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