
34 IHSAR )6102( : )1( 1

AMITSE FO NOIT  TSELLAMS EHT ACOL FO NOIT  AGEN OWT EVIT
LAITNENOPXE ALUPOP SNOIT

 dna  laP ahtraP 1 yayhdapoydnaB  mattU
atakloK ,egelloC dazA analuaM ,scitsitatS fo tnemtrapeD

1 attuclaC fo ytisrevinU ,scitsitatS fo tnemtrapeD

TCARTSBA

eW si rotamitse desoporp ehT .snoitalupop laitnenopxe evitagen owt fo noitacol tsellams eht fo rotamitse na esoporp 
-moc eseht fo troppus nI .airetirc ecnamrofrep tnereffid hguorht rotamitse doohilekil mumixam gnitsixe eht htiw derapmoc

.snoitatupmoc laciremun emos edivorp osla ew ,snosirap

 sdrowyeK : ;rorre erauqs naeM ;saiB ;rotamitse doohilekil mumixaM ;retemarap elacs dna noitacoL ;noitubirtsid laitnenopxE
ssenesolC namtiP

noitcudortnI.1

-ves fo noitacol )tsegral( tsellams eht fo noitamitsE
-retni na neeb syawla sah snoitalupop laitnenopxe lare
tsegral eht gnitamitse fo melborp ehT .melborp gnitse
ouK yb deredisnoc saw snoitalupop lamron K fo naem

 yayhdapohkuM ,)0991( yayhdapohkuM dna la te ,)3991( 
-hto gnoma ,)0791( gnoT dna )9691( gnoT dna anexaS
-opmoc tsegral eht gnitamitse fo melborp detaler A .sre
-noc neeb yltnecer sah retemarap laimonitlum a fo tnen
dna ouK .)7991( gneF dna malA yb deredis
noitamitse tniop eht deredisnoc )a0991( yayhdapohkuM
-nenopxe evitagen K fo noitacol tsegral eht fo melborp
-dexif rof era skrow eseht fo tsom ,tuB .snoitalupop lait
-itlum ro laitneuqes no desab noitamitse lavretni htdiw

.gnilpmas egats

eht fo noitamitse tniop eht redisnoc ew ,repap siht nI
snoitalupop laitnenopxe evitagen owt fo noitacol tsellams
-nal eht nI .)s(retemarap elacs nwonknu fo ecaf eht ni
eht ot stnuoma siht ,gnitset efil dna ytilibailer fo egaug
-sa eht nehw emit eetnaraug muminim eht fo noitamitse
nwonknu htiw slaitnenopxe lla era snoitubirtsid demus
neeb sah noitubirtsid laitnenopxe ehT .)s(etar eruliaf
eruliaf fo noitubirtsid eht gnibircsed rof desu ylediw
rehto dna sebut muucav ,tnempiuqe xelpmoc fo semit
laitnenopxe elpmis fo snoitacilppA .stnenopmoc llams
dna smetsys ruomut lamina htiw denrecnoc era sledom
resal htiw sllec ruomut fo noitcurtsed ,aimeakuel etuca
tnatimocnoc htiw atad lavivrus fo sisylana eht dna ,ygrene

.txetnoc siht ni )6991( neleZ ees nac enO .noitamrofni

µ(E teL i, i) i, -xe evitagen tnednepedni owt eb .2,1=
( dna snoitalupop laitnenop X 1i  ,..., X ini morf elpmas a eb )

i eht ht etamitse ot si evitcejbo ruO .noitalupop 
µ )1( = nim µ( 1 µ , 2 lauqe fo esac eht redisnoc ew ,tsriF .)

 ,retemarap elacs .e.i 1= 2= -itse na esoporp eW .yas ,
 fo rotam gnitsixe eht revo noitacifidom thgils a htiw 

ehT .3 noitces ni rotamitse )LM( doohilekil mumixam
-inim eht etamitse ot lufesu eb yam rotamitse detseggus
fo gnisirpmoc metsys seires a fo emit eetnaraug mum
-sid efil laitnenopxe tnednepedni gnivah stnenopmoc owt
-moc si rotamitse desoporp eht ,4 noitces nI .snoitubirt
dna ,yllacitotpmysa htob rotamitse LM eht htiw derap
,txeN .ecnamrofrep elpmas llams rieht fo smret ni osla
-ap elacs lauqenu fo esac eht redisnoc ew ,5 noitces ni
fo esac eht rof snoitatupmoc laciremun emoS .sretemar
ruo yfitsuj ot dedivorp osla era retemarap elacs lauqe

.sgnidnif

snoitubirtsiD cisaB.2

-nosaer etiuq si ti ,evitagen-non si emit-efil ecniS
µ emussa ot elba 1  ,0> i  oslA .2,1= X ji >µi j 1=

n)1( ii teL ,2,1=

Y  i = nim {X ji =J ,  n)1(1 i ,} )1.2(    ...

Si= 1

in

i ( X ji Y- i  ,) i 2,1=
 dna Y(nim = Y 1 Y, 2).

taht nwonk-llew si tI

Y i  E~ ,,i
in Yi µ> i 2,1=i, )2.2(   ...

2 iS ~ 2
)1(2 ,inX

.tnednepedni lla era selbairav eht dna

 fo ).f.d( noitcnuf noitubirtsid eht woN iY yb nevig si 

Fi(y -1= ) pxe  )(i iyn  fi  y µ > i

0 

 fi  y µ < i,i )3.2(    ...   2,1=

 fI G(y  fo .f.d eht si ) Y teg ew ,)3.2( gnisu ,neht 

 IHSAR )6102( 84-34: )1( 1



44 IHSAR )6102( : )1( 1

1 G(y = )
2

1i
Y(P  i > y )

1  fi  y  µ )1(

= pxe 
)1(

)1( )(yn
µ fi )1(  < y µ )2(

pxe    2
11

1 )(ii yn µ> y fi  )2( )4.2(… 

erehw

µ )1( µ( nim = 1 µ, 2  ) µ )2( µ( xam = 1 µ, 2)

 dna n )i( eht ot gnidnopserroc ezis elpmas eht si 
µ noitacol gnivah noitalupop (i),i ylraelC .2,1=

n(i  ) = n i µ nehw (i) µ = i  ,  i 2,1=

teL

N=n1+n2  = n )1( +n )2(

dna

22 )(
)(11

11 i
iii ii

nn
NN

)1( yb detamitse yllausu si 

 =T nim 21 ˆˆ ),( )5.2(…   

 erehw ˆ i  fo rotamitse na si i  fI . ˆ ii Y -ixam eht 

 fo rotamitse )LM( doohilekil mum i teg ew ,

21 ),(nim YYYT fo rotamitse LM eht si hcihw ,

)1(  yb rotamitse siht etoned su teL . MT .

rotamitsE desoporP.3

-er hcihw rotamitse na esoporp ew noitces siht nI

 ni saib eht secud MT rorre erauqs naem dna saib ehT .

 fo )ESM( MT sa deniatbo ylisae eb nac 

 saiB (TM = )
**

)1( )1( ee
Nn )1.3(…

2

2
22*

)1()1(

22 )1*()( M eTESM
Nn

2

2*2
2 )1(

11 11
N n

)1( )1(

12
Nn )2.3(…

erehw

)1(
)2()1()2( )()(

*
Nn

)3.3( …

 taht ees eW saiB ,0)( MT  ecneh dna TM -itserevo 

 setam )1( . -wollof eht esoporp ew ,saib eht ecuder oT 
rotamitse deifidom gni

*
)1(ˆ

ˆ
YT

n )4.3(…

erehw

21
1ˆ

2
SS

N
dna

)1(ˆ in n fi  .2,1,i iYY

 ecniS iS  dna iY  ,tnednepedni era ˆ  dna )1(n̂ era 
ecneH .tnednepedni osla

1ˆ )()()*(
ˆ )1(

EEYETE
n )5.3( ... 

ereH

2

)1( 1

11,ˆ
ˆ

,ii i YPEE
n

Y
n

erehw

*

*

)2(

21 )2(

1
)(1)(

n e
NYYPYYP

n e
N

  fi
1)1(

2)1(
)6.3( ...

taht nwohs eb nac ti nehT

*

)1()1(

111 )1(eE
Nnn )7.3(…    

erehw
)2(

)1(

n
n

,suhT
***

1 111

1111 1eeTE
NN nnn

*

)1( e
N )8.3(…

taht gniylpmi

snoitalupop laitnenopxe evitagen owt fo noitamitsE

{

{ }



54 IHSAR )6102( : )1( 1

** ,0eTsaiB
N )9.3( …

 suht dna *T  setamitserednu )1(

 fo ESM eht dnif ot woN *T taht ees ew ,
2

*2
11

ˆˆ
ˆˆ

TEYEYV
nn

2
*222

)1()1(
ˆ 1 .2 Y EEEEYE

n
T

n )01.3(  ... 

 E (Y2  dna ) E 2ˆ -su yb deniatbo ylisae eb nac

  fo noitubirtsid eht gni Y  dna ˆ -am elpmis retfa ,oslA .
teg ew ,snoitalupin

2

2

211

11
ii

i

YYPE
nn

*

222

)2(

)1()2()1(

111 n e
N nnn

)11.3(   …    

dna

11 |YY EEE
nn

Y

2

1

i
i

i i

Y YYPE
n

*
*

)2(

)1()2( )1()1()2(

1 1 ne e
NnnNn )21.3(…

suhT

2

2
*

1

2TESM
n

*

2

2 ***222
11 2 11

2211 111e
NN nn



*

222

2
2

121

1111
2

nN e
NN nnn

***

)2( )1()1()2(

12 eee
nNnNn )31.3(… 

snosirapmoC.4

.1.4 snosirapmoC elpmaS llamS

 ecniS
* **

)1( ,01)(M TeTsaiBTsaiB
n sah

  fo taht naht saib etulosba rellams ,MT  .e.i *T resolc si 

 ot
)1(

 naht .MT yb devorp eb nac ,revewoh ,tcaf sihT 
:syas hcihw ytreporp ssenesolc s’namtiP gnisu

 rotamitse nA T  ot resolc si rotamitse rehtona naht 

T fi 

' 1
2

TTP … )1.4(

esac ruo nI

'
1ˆ

,
ˆ

n
YTYT

dna

)1( .
suhT

'
)1(1

ˆ
.

ˆ2
YTT

n
)2.4( …   

taht nwohs eb nac ti ,spets enituor emos retfa ,woN

11ˆ2
ˆ

YPP
n

12 22 2
21 1.

1

c

cPeQQcPQ )3.4(...

erehw

*
)2(

2
)2()2(

1

2
)1()2(

2

,42

)2(4

)32(2

n eQN
N

Nn
c

Nn
c

)4.4(…    

 taht etoN 21 1v
cc 2>N rof ,taht yfirev ot ysae si tI .

2 1
21

)5.4(…

yayhdapoydnaB dna laP



64 IHSAR )6102( : )1( 1

snoitalupop laitnenopxe evitagen owt fo noitamitsE

ecniS

21 ,
1

cc

tel

2 22/2 1)))(
1

v

vx
vv

vv XXPexXPx
vv )6.4( …

sa nettirw eb nac hcihw

,1 xUVxUPx ,

erehw
2~U

dna
2
2~V .yltnednepedni .

 ecnis ,woN 0x  dna 
2,

2 ,~U F
V

teg ew 

1 xVUPx

01 VUP

2, 2FP

2
.

1
)7.4(…

taht ylpmi )7.4( dna )5.4(

1
2

P )8.4(…

 ecneh dna *T  naht resolc namtiP si MT

 fo ESM ehT MT -iarbegla erapmoc ot ysae ton si 
 fo taht htiw yllac T* emos redisnoc ,revewoh ,llahs eW . 

-ces retal eht ni snosirapmoc laciremun dna citotpmysa
.snoit

snosirapmoC citotpmysA  .2.4

 taht nees ylisae eb nac tI * ,, MM TESMTsaiBTsaiB

 dna *TESM  sa orez ot dnet lla .N  ecneH *T

 dna MT taht ees ew ,oslA .tnetsisnoc era 

)1()(mil MN TsaiBN )9.4(…   

erehw
)1(

)1( mil N
n
N

taht dna
* .0)(mil N TsaiBN )01.4(…

 sa ,niagA ,N

2

2
*2

)1(
.)(M TESMTESMN )11.4(…

ylpmi )01.4( dna )9.4(

*
)1()()(mil MN TsaiBTsaiBN )21.4(…  

 taht naem )21.4( dna )11.4( T* -itotpmysa tsael ta si 

 fo rotamitse retteb a yllac )1(  naht .MT

elacS lauqenU fo esaC.5

srotamitse eht redisnoc ew ereH

 M YT  dna 
)1(

*
)1(

ˆ
ˆ

YT
n

,

erehw

)1(

1

ˆ ˆ
1

i
i

S
n  fi .2,1,i iYY

taht ees ew ,elacs lauqe fo esac eht ni sa ,nehT

**
1)()1(

2

)()1( 1
01

i

M ii

n eeTsaiB
n )1.5(…  

*
1)(

2*
)(1

0
i

ii

n eTsaiB )2.5(… 

2

*

2

2 21
22 2

1111

2 i
ii

M i ii
i

nneTESM
n

2

2

2 1
22 *

1 1
11

i

ii

n
n

11
2*

1 1 1
2

i

ii

n
n



74 IHSAR )6102( : )1( 1

2)(
22 *

)( 11
12

i
ii

i ii
i

nn
)3.5(…

2

*

1 1
2*

1 111
2

1

i

M ii

neTESMTESM
nn

 

22

*

1212
2

21122 111

i

ii

nne
nnnn

*

12
2

2 2 1
2

i

ii

n e
n

**
1)()1()1(

2

)()1()1( 1
1

i

ii

n ee
nn )4.5(…

erehw

 )(i
i   fi )1( 2,1,i i

  dna
)1(

)1()2(*
)1(

n
. 

ereH

*
)1(

*
)1( ,01)()( M eTsaiBTsaiB

n
dna

1

11 1

ˆ
ˆ

YPP
n

Y

1

11ˆ
ˆ

2
YP

n

11
1

2

22

22
2 22 11

21
11

1
11

c

cPecPQQ

)5.5(…
erehw

*

21
21

12
2

2 1

22
12

1 )2(

22
)1()2( 2

12 )2(
2

12,12

14

)12(2 1

i

ii

nn

nn eQ

nn
c

nn
cc

)6.5(…

 taht nwohs ylralimis eb nac ti ,1.4 noitces ni sA
1
2

P

 ecneh dna *T naht resolc namtiP si MT ,niagA  

)1(
*

)1()(mil MN
TsaiBTsaiBN

dna

2

2

)1(
*2

)1(
)(mil MN

TESMTESMN

 taht gniylpmi *T retteb yllacitotpmysa osla si 

 naht MT

stluseR laciremuN.6

etirw ew ereH

1 ,MTsaiBB *
2 TsaiBB

1 ,TESMM   *
2 .TESMM

: taht evresbo ew ,1.6 elbat eht  morF

 htoB )i( saiB  dna *TsaiB htiw esaerced 

-ni eht htiw esaercni dna ,sezis elpmas ni esaercni eht
 ni esaerc , -serpxe laciteroeht rieht morf tnedive si sa 

.snois
)ii( eht htiw esaerced ,oot ,srorre erauqs  naem ehT

esaercni eht htiw esaercni dna ,sezis elpmas ni esaercni
 ni .    

)iii( dehsilbatse yllaciarbegla ydaerla neeb sah sA
saiB ( *T  naht ssel syawla si ) saiB (TM tuB .yletulosba )

 taht si tnatropmi erom si tahw ESM ( *T naht ssel si )
ESM (TM)

skrameR gnidulcnoC.7

rehtona htiw rotamitse desoporp eht fo nosirapmoC

rotamitse gnitsixe im
ˆ

2,1n iiU
i

YT
n

tfel si 

ro rotamitse desoporp fo esac eht ni sa esuaceb enodnu
lacitamehtam tcaxe evah tonnac ew ,rotamitse LM eht

 fo airetirc ecnamrofrep eht rof snoisserpxe T  U ,revewoH .
 fo ecnamrofrep eht fo aedi riaf a teg nac ew  *T   revo TU

elpmas lauqe fo esac ehT .seiduts noitalumis hguorht
ralucitrap a sa yduts evoba eht morf ylisae swollof sezis

.esac

yayhdapoydnaB dna laP



84 IHSAR )6102( : )1( 1

SECNEREFER

fo ytilibaborp gnitamitsE : )7991( gneF .Z dna .K ,malA
.tneve laimonitlum ylekil tsom eht fo ecnerrucco

.77-752 :95 ecnerefnI .nnalP .tsitatS .J

-siD laitnenopxE ehT .P.A ,usaB dna .N ,nanhsirkalaB
.snoitacilppA dna sdohteM ,yroehT :noitubirt

srehsilbuP hcaerB dna nodroG

egats-itluM :)0991( .N ,yayhdapohkuM dna .L ,ouK
naem tsegral eht fo noitamitse lavretni dna tniop
-ces detaicossa eht dna snoitalupop lamron K fo

.003-192 :73 .akirteM .seitreporp redro dno
-amitse tnioP :)a0991( .N ,yayhdapohkuM dna .L ,ouK
-opxe evitagen K fo noitacol tsegral eht fo noit
.sisylanA laitneuqeS .snoitalupop laitnen

.40-792 :9

)21,01( 1 )5.1,1( 5 6990.0 3000.0 5910.0 2010.0

)5.2,5.1( 01 10.0 01 ×60.2 6- 99910.0 94010.0

)1,2( 21 380.0 01× 97.2 7- 588310.0 782700.0

5.1 )5.1,1( 33.3 741.0 01 × 44.2 2- 8040.0 31710.0

)5.2,5.1( 76.6 51.0 01 × 56.8 5- 7440.0 2320.0

)1,2( 8 521.0 01  × 92.2 5- 6920.0 8410.0

2 )5.1,1( 5.2 191.0 64700.0 8560.0 9020.0

)5.2,5.1( 5 991.0 6000.0 1870.0 9830.0

)1,2( 6 661.0 2000.0 2340.0 3710.0

1 )5.1,1( 01 50.0 01  × 10.1 6- 999400.0 65200.0

)5.2,5.1( 02 50.0 01  × 85.4 11- 500.0 65200.0

)1,2( 52 40.0 01 × 90.3 21- 2300.0 6100.0

5.1 )5.1,1( 76.6 9470.0 01  × 2.4 5- 2110.0 56500.0

)5.2,5.1( 33.31 570.0 01  × 5 2- 52110.0 67500.0

)52,02( )1,2( 76.61 60.0 01  × 9.1 9- 2700.0 7300.0

2 )5.1,1( 5 6990.0 01 × 99.2 4- 5910.0 64900.0

)5.2,5.1( 01 10.0 01 × 10.2 6- 99910.0 2010.0

)1,2( 5.21 80.0 01  × 66.1 7- 87210.0 5600.0

)5.1,1( 2 2132.0 510.0 6290.0 2810.0

5 )5.2,5.1( 4 200.0 200.0 811.0 2350.0

)1,2( 5 57000.0 57000.0 5640.0 8800.0
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