
=ṝṂ Ḻ=ṝṅ =F=ṗ=ḟ=ṚṄOù=OSé=ḟṙNPVP=ḽ =ḟOMJNE

ṝṅṅḵṄṂṝḺṙḺ Ḻ=Wṝ ḺṘ ḺṂṗ

ṝṄ =ṕṂḟ∗ṛḺṂ =Ṃ∗∗

W ṄṂ= ṄOVLNNLVOWṇ = ṄOSLMPLVP

Ṛ
=ṂṄṛḵ = ṛ = Ḻ=Ṕṗ=ḟ =ṝ ḺṄ = =ṛ= Ḻṛ=ṝ ḺṄ ṛṂ=ṝ=ṇṛṄ= =Ṙ ḺṂ=ṛ= =ḟṗ

ṄṂ= Ḻ=FMLEEḽ Ḻ=ṅḺ=ṚṂ Ḻ= = =ḽṄ =ṊṛḵṄṂṝ ṄḺ
ṗ =ṝḺ = Ḻ Ḻ=ṝNPVM=JNPSNṅ= ṛ=ṝVGAMṄṂṘṄḺ ḺR=ṚṂ

ḺKṗ =ṇṅḺ ==ṝṚ =Ṃ=Ṅ = ṛ=ḽ Ḻ= ḵFAICEḺ= =ḽṄ=K=
=ṙK ṂṄṂṚṄṛṂṝNPVM=JNPSNṂ ṛṅḺṛṝṂḺṄṂṙṝ ṄḺ
ḟṄṙḺṝ ṛṄṚḺṂṄṂḺṛḽṝ ḺḵṄṂṄṂṄ
ḟṚṛṙḺṙḵṄṂṛ=KṂ=ṛ= ḵ=ḽ Ḻ=Ṅ =Ṇ Ḻ

ṇṅḺ = =Ṙ ḺṂ= ṅ = = = = =ṗ Ḻ= = Ḻ =ṅḺ= =ṝ ṄḺṂ=K Ḻ=ḻ =
ṂṂṄṛḵṚṝ ḺṄṛ ṂṄṂṗḺṗṛṄṝṂṛḺṄḵṛṄṛKṂṄḺṂ

=ṝJELWO15, C16, D63

ṝ =ṙ ẮḺṛWṄṂ= Ḻ =ḟṘ ḺṂ= ṅ =ḟ ḵṄṂ= ṅK

Ṃ ḺṚ ḺṂṂḺṅḵḺḺṛṚṛ =ḟṙ ḺṄḟṂ Ḻḟṙ ḺṙḺ ḺṚ F=W ṛ Ḻ= =ḟEṗ =ṝ
bakhtiari_sadegh@yahoo.com

W ṛ Ḻ= =ḟṂ Ḻ= ṄḺ=Ṇ Ṅ
soghli13@gmail.com



O=ṝṂ Ḻ=ṝṅ ==ṗ F=ḟ=ṚṄOù=OSé=ḟṙNPVPE

N=K
=ṗ =ṄṂNVTMṘ ḺṂ=N= = ḵṄṂ= ṅ =ṅḺ=Ṅ ṄṂ=ṛ= Ṃ=ṝṄ ḵ=ṗ = =ṝ =ṄṂ

ṅ =ṅḺ=ṚṂ Ḻ=KṂ =ṅ ḵ=ḺṄ=Ṃ =Ṅ =ḟḽṛ = ṅ =ṛ= =ṝṅṄF=
ṙḺṂṂ ḺṛṆ ḺṛṂ ṛṄOṄṂḺṛḺṙNVFḟ ṄNUVRḟNUVSḟ

NUVT=EṛṅṗFṆṝ ḺḽḺ =ḽ ḺṄPFNVPNEṚṂḺṂ= =ṝḺ=
Ṃ ==Ṙ ḺṂ=KṔ Ḻ=ṗ = =ṝ =ṄṂṅ =ṄṂ= =ṘṂ= == ḵṄṂ=ṛ=ḽṛ =ṝ
=KṂ =ṛ= ṅ = ==J=ḟṘ ḺṂF=NVVM= = = ṅ = =ṛ=E

= ṛQFNVSN=EṘ Ḻ=ṚṂ=ḟ=Ṙ ḺṂ=K Ḻ=ṅ =ṂṄ = Ḻ= ḺṄ = = = =
=Ṍ =Ṙ ḺṂ= ṅ = =Ṍ = ḺIḟ= = =ṝ ḺṄ =Ṅ = =ṛ=ṝ ḺṄ = = ṅ =

=ḟṘ ḺṂFNVVM=ṛNVUMKE=ṗ =ṄṂ=Ṙ ḺṂNVUVḺṛ=ṝḺ =ḟ=ḟ = =ḽṛ == =ṝṂ Ḻ=ṝ
=Ṙ ḺṂ=ṘṛṂ=Ṍ =ṗ =Eḻ = F= =ṅḺ=KṂḺṂ=ṄḺ = Ṅ =ṂṄ =ḺṄ=Ṇ =ṝ ḺṄ = =ṗ
=ḽṛ = ṅ =ṝḺ =Ṃ Ṅ = = =ṂṄṛḵ= Ṃ= = =Ṙ ḺṂ=ḟṆ =ṝ ḺṄ = =ṗ =ṛ

=Ṃ = =ZE IFṂ=ḺṄ= = =Ṙ ḺṂ=ṗ = = = Ḻ= = Ḻ=KṂṄḺ
ṗ = Ṃ=Ḻ ṅ= Ṃ=Ṙṛ = = Ḻ=ṅḺ=Ṟ =K=ṝṄ = =ḟ = ṛ =ṄṂ

Ṅ =ṅḺ=ṅḺ=ḟ =ṗ =ṄṂ=ṝ Ṅ =ṄṂ= ḵṄṂ= ṅ =ṝṝ = = =ṝ= ḵṄṂ
Ḻ=Ṛ =ṚṂ ḺḺ= =ḺṄ=Ṙ ḺṂ=ṗ == = Ḻ=Ṃ ṄṂ= ṛ = Ḻ=ṂṄḺ = Ḻ= = =

ṗ=ḟ =ṝ ḺṄ = =ṛ= Ḻṛ=ṝ ḺṄ ṛṂ=ṝ= =ḟṗ= ḵ=ḽ Ḻ=Ṅ =Ṇ Ḻ=
FAIC=E=ḺṄ=ṙḵ=ṝ ḺṄ =ṛ=ṄṂ= Ḻ =ṇṛṄ==K =ṂṄṛḵ

O=Kḽ ṂḺṌ
RṛḺṄFOMNM=EṛṛṄSFNVTMEṅḺṗṝṝ ḺṄṝḺṄ

ṅṝ ḵṄṂḺṄṚṂ ḺṂ=ṂḺṂ=ṙ =ṅJḺṂṅṝ

1 Camilo Dagum
2 Vilfredo Pareto
3 Gibrat
4 Fisk
5 Chotikapanich
6 Thurow



ḺṂ=ṝ Ḻ= =WṙḺ Ḻ=ṝḺ = ḵṄṂ= ṅ =ṝṅṘ=ṗ = =P

ṛṂṝ ḺṄṚṂṛṂṄṚṂ ḺṄḺṂK=ṝNṛṙḺṄFOMMM=EṙṂḺṂ
ṄṙṂṝṄḺḺṄṂḟṙṙḵ
Ḻ=Kḽ ḵṙṂḺṂṄṂṗṚṄṛṂOMMMJNVVOḺṄḵṙḺRQ

ṄṂḺ ḺḺṛḺṄṙḺTUṄṂḺṂḺḺṄṂOPṄṂ
Ḻ ḺḺṂḺ=KṄṂṙḺPLQṄṂḺ ḺḺṂḺ=K
ṄṂṙḺ ḺṄṔḺ ḺṅḵṄṂṅḺḻ ḺḺṅḺṙḵḺ

ṙḺṄḺṛṙḺ ṄḟṝṂ ḺṄṂṝ ḺṄṝḟṘṅḺ Ḻ
ḟṄḺṝṛḺḺḟ ṂṝṝṂḺṄ
Ṃ ṛṄḺṛṄṂḺḺṛṅḵṄṂṛḽṛṝḺṄ Ḻ

ṘṛṄḺṚṂḺṂḺ=KṅḺḽṘ ḺṚṄṂṅṝṅḵṄṂṄṂḟṙḺ Ḻ
Ṇ Ḻḽ ḺṝṄ ḵṚṛṝṚḺ=KṄḟ ṂṝṚṂḺṂṝṅḺ

ṝṄṂṝṛ ṛṄṄṂṚṛṝḟṝṝ Ḻṛ
ṚḺK
ṝṄṛṙḺṄFNPUM=EṅṄḺṛṝṝṛ ṛṄ
ṙ Ḻṙ ḺṄṂṚṄṛṂTOJNPSUṙṂṌḺ ḺṝṄṂṗḺṚṄṛṂḺ Ḻ
ḺḺḺ ḺḟṄṂṝṙṛṝḺṚḺṚṂḺ=K

ḟṝṄ Ḻ=ṄṛṝṄFNPUR=EṂḺ =ṝṛ =ṛFNPVN=EṅḺṙḵḺ
ṝ Ḻ=ṄṂṛṄṅḺṝṚṂḺKṝ ḺṄṂṝṛ ṛṄ
ṙṄṄṂ=ṗ ḺṝḺ ḺṘṝṂ ḺJ ḺFNPUPE
ṗṝḺ ḺṝḺ ḺḺF=NPTVḺ Ḻ=EḺK=ṝṄ ḺFNVUTE=ṝ Ṃ= Ṅ=ṄṂ
ṂṄṂṚ ḺṂḟṙ ḺṄ= =ṛ= =ṙḺ == = = Ḻ=ṛ= ḵṄṂ= ṅ =ṝṄ ḵ
ṝ ḺK = Ṃ= = = = ṛḺ= =ṝ Ṅ =ṄṂ=ṝṂ Ḻ=ṝ

1 Gertel



Q=ṝṂ Ḻ=ṝṅ ==ṗ F=ḟ=ṚṄOù=OSé=ḟṙNPVPE

P=KṇṛṄ
ṝḺṅṚṂḺṂṝḵṄṂṅ= ṅ
ṚṂḺṂṄḺṂṚṂḺṂṇṅḺṚṂḺṂṂṛṝṙḵṅṚṂḺṂḻ Ḻ=ḺṄṂ=K
ṝḺḺṄṘṅḺṚṂ ḺṅḺṇṛṄṝṂṄṛḵṅ =ṝ ḺṄḟṇṛṄ
ṄṂḟṝ ḺṄḺṅḺṄṂṄṛḵṂ=K=ṄṂṅṝṗṛḺ
ṂṄṛḵṄṂḺṄṂ =ṚṂṛṝṅḺ
ṄṂEFṄṄṂª¬EFḺṄṂḵK=ṝḺ

ṚṂḺṂ==ṄḺ Ḻ=Ṙ =ṅḺ=RṘ =K Ḻ=Ṛ =ṚṂ Ḻ=ṄḺ ḺR= Ḻṛ==ṙṂ =ṙ ḺṄ=ḟ =ṝ
= Ḻ = = Ṃ=ṙ Ḻ=ṛ=ṙḵṄḺ Ḻ=Ṙ = = =ṄṂ=ḟ Ṃ=Ṋ = Ḻ=ṙ = =ṝḺ=ṝ

Ḻ=ṄḺṂṄ = =Ṛ =ṅḺ=K=ḟṝṂḺ =ṛ= FNPUT=E= = = Ḻ=ṄṂ
= Ḻṛ=ṛ=ṗ = =ḟ =ḟ =ḟṘ ḺṂ=ṝ ḵṄṂ= ṅ = = = Ṅ= ḺṂṂ=ṛ=ḟ

ṄṂ= Ḻ =ṇṛṄ= = Ḻ =ṅḺ= =ṝ ḺṄ =ṂṄṛḵ =ṚN=ṚṄ ḺṂK
= =Ṙ ḺṂḺṄḺṝṛ=Ṇ Ḻ =ṛṝ=ṛ=Ṛ =Ṛṝ= =ṅḺ

ḵṄṂṝḟṅ =Ṃ= ṅ = =ṅḺ=ṝ ḵṄṂ= =ḟ =Ṅ = =K
FCDF=E= ḵ= = = =F�E=ṅḺF(x)= = = =ṙḺ = =ḟ=ṅḺ= ḺF(x)

W Ḻ= ṅ=ḽṄ = = ḺṄ =Ṅ = = = = Ḻ Ṃ= Ṃ =ḟṗ Ḻ= Ḻ= Ṅ= =K Ḻ

FNExEF zZ N EF I[MIE I F[M
ṝḺ = ḺṄ= Ḻ= =CDFḺṂ= Ḻ

FOEEFZ H E FE F IEIIF[MIZN IZ
= =ṅḺ=ṝF(x)ṗ Ḻ= = =ḟFPdfE=ḟf(x)= Ṃ=ḵWòEFZ EF

= Ṃ =FO=EṝḺ =ḟ�F= Ḻ=Ṛ = = =ṅḺ= =ṝ=ḟṘ ḺṂNVTTEK

1 Maximum Likelihood Method



ḺṂ=ṝ Ḻ= =WṙḺ Ḻ=ṝḺ = ḵṄṂ= ṅ =ṝṅṘ=ṗ = =R

= ḵṄṂ=Ṛ = ṄṂ= =ṂṄ =ṄṂ=Ṉ =ḽ ṛ = =ṝḺ =Ṙ ḺṂ=ṗ =ṅḺ= =
KṂṄḺṂ=Ṃ ṛ
=Ṙ ḺṂḺṄFNE= = ṅ = =ṅḺFCDFE= = ṅ=ḴḺ = =Ṋ=0�= = Ḻ= =ḟ
Ṃ=ṙK Ḻ=E =ṂḺ ḺF=ṙḺ =Ṃ Ṃ=Ṅ Ṅ= ṛ= =Ṛ

FPEEFZE F
== = ḵ=ṅḺ=0�= ṄṂ= = ṅ =ṛ= = = Ḻ= ḺṄ = = =ṗṛḺ=Ṍ =Ṙ ḺṂ= Ḻ

ṄḺṂ= = ḵṄṂ= =ṝ ḵṄṂ=ṙ= ṄṂ=ṝ ḵṄṂ= F=Ṍṛ =E=ṝ ḺṄ =KṂ
�=ṛ�Ṇ= =ḺṄ=ṝ Ḻ =ṄḺ = = =ṂḺṅḵ=ṝF= Ṃ=ḟṘ ḺṂNVUPKE

F=Ṍ =Ṙ ḺṂOF=ṛ=EP=ṘṄ = ḺṄ = = =E�Ṛ ṛ=ṝṂ Ḻ=ṝ = = Ḻ=ḟṂṄḺṂ=ṝḺ
ṅ= Ṃ

FQ=EEFZ H E FE F
K Ḻ= = ṅ = = ḺṄ =Ṅ ==ṘṛṂ=Ṍ =Ṙ ḺṂ=ṝḺN<�<M== =Ṃ

=ṝ ḵṄṂ= = Ḻṛ�= ḵṄṂ==K Ḻ= = =Ḻ�= =ṄṂ=ḟ Ḻ=ṝ Ḻ = ḺṄ
=�= = =ṝ Ḻṛ=ṄṂ= ḵṄṂ= ṅ = = = =ṛ=ṙ ṅ= = = Ḻ=Ṇ = ḺṄ

ḵṄṂ= =ṙ = ṄṂ=ṅḺ= = ḵṄṂ= ṅ = =Ṙ =Ṍ =Ṙ ḺṂ=K Ḻ=Ṛ =ṙ=Ṃ ṂF
= =Ṛṛ = =ṙḺ= Ṃ= = ḵṄṂ=Ṃ =ṗḺ Ḻ=ṅḺ== ḵṄṂ= = Ṃ= Ḻ= =K Ḻ=E Ṅṛḵ

=ṅḺ=Ṛ =ṝṄṛḵ==ṅ ḵ= = ṛḺ= ḵṄṂ= =ḟ=ṗ = = = = = Ḻ =KṂ
= = ṅ=ṗ = =ṅḺ=Ṙ ḺṂWṂ

FREZEO NFHEN F� EF�
� E F�

=ṙḵ=ṄṂ=(0)= = = =K Ḻ=Ṙ ḺṂ= =ṄṂ=Ṛ = = =ṝ = =ṙ
=ṅḺ=Ṛ Ḻ =�= ḺḺ=ṇṅṄḺ= Ḻ Ḻ= =Ṙ ḺṂ=ṗ = =Ṋ = =�=ṛ�= =

== = =ṛ= Ḻ= =ṝ Ḻ =Ṛ Ṃ=ṙ = =�=ṛ�= = =ḟ== =ṂṄḺṂṙ=Ṛ Ṃ
=ṇṅṄḺ= = ṅ= = Ḻ= =K Ḻ= =ṝ Ḻ�=ṛ�= Ḻ Ḻ=Ṃ = ḵṄṂ= ṅ =ḟ



S=ṝṂ Ḻ=ṝṅ ==ṗ F=ḟ=ṚṄOù=OSé=ḟṙNPVPE

F=K=ḟ ḺṂNVUSE= =ṛ= ḺṄ= = =ṄḺṂ =ṝ = =ṅḺ= = =ḟṈ =Ṅ =
= =ṂḺ Ḻ=ṅḺ= = = Ḻ=Ṙ = Ḻ= ==ḟṄḺṂ = =ṝ Ḻ=ḟ=ḺṄ=ṝ = ḵṄṂ

= ṄṂṇṅṄḺ= Ḻ Ḻ= = Ḻ= =ḟ�= =ḟṂz
�
Y0Kx= Ḻ Ḻ= =Ṅ =

=ṇṅṄḺ�= ḵṄṂ= =ṘṂ =Ṛ Ṅ=Ṃ = =ḟṂz
�
Y0Kx=ṝ ḺṄF�EṂ=ṛF�E=ṄṂ

ṂFRṄ = =ḟEḺ==ṂṄ =ṄṂḟṅḺṛḺ=ṄṂ=ṂḺ Ḻṛṝ=ṄṂ=Ṅ
ḵṄṂ= =Ṁ=ṙ =ḺṄ=ṝṂ=KF= Ṃ = = = = =ṄṂO= =ḟE= =F�E= Ṃ=ṛ

F�EḺṂ= = =ṛ= =ṝ Ṃ= ḺṄ ==W =ṂiEḺ Ḻ==ṄṂ=E FF�E=
== ḺṂ=ṂF�Eṝ Ḻ =ṙḺ =ḟḺ ḺF=E=K=Ḻ Ḻ==E F

Ṃ=ṄṂF�E= == = ḺṄ = ḺṂF�=ḟEḺ Ḻ=ṝ Ḻ =ṙḺF=EKiiE= = ṅ
=F�E= =Ṗ = Ḻ=ḟ = = = = Ṃ=ṛF�E=ṛṂF�E=Ṃ = = =Ṅ =
=F= = ṛ= = Ḻ =ṝ Ḻ =ṙḺ =ṄṂ=EṗḺṛṅF�E= Ḻ ḺF=E=ṗḺṛṅ= =ṛ=

=EṂ F== = ṅ=ṂṂF�E=E Ḻ ḺF==ṄṂ=Ṃ =ṝ Ṅ = Ḻ =K
K ṄḺṂ= =ḟṂ Ḻ=ṄṂ=ṝ Ḻ = =ṝ ḺṄ =Ṅ Ṅ= = =

=ṅḺ= = Ḻṛ= ṅṅ ==ṄṂ==ṝ ṄṝṂ Ḻ=ṝ=ṛ=ṄṂ
W Ḻ= ṅ=ḽṄ = = Ḻṛ= ṅ = = =K Ḻ= = Ṅ

FS==EEIIIFZN £¶®
ṙḵṄṂ==ḟṙ = ḺṄ= ḺṄṛ=Ṇp= = ḺṄK= =

= ṅ=ḽṄ = = Ḻṛ= ṅ =ṗ ḺW

FT==EEIIIFZ E F £¶®
= Ṃ =xṅ =ṝḺṄḺṂ= Ḻ= Ḻ=ṗlog(x)K =ṗ = ṅ =ṝḺṄḺṂ=

ṅ =ṅḺ= Ṃ = =ṝḺ =ṗ Ḻṝ ḺṄ =Ḻ= ṅ=ḽṄ = =ṗ =

FU==EEIIIFZE FK £¶® Eª¬E F F



ḺṂ=ṝ Ḻ= =WṙḺ Ḻ=ṝḺ = ḵṄṂ= ṅ =ṝṅṘ=ṗ = =T

ṙḵ=ṄṂ0 , , 0xγ µ σ=Kṝ ḺṄ=ḟṛ=ṝ ḺṄ
K = ṅḺṄ =ṄḺ = ṛ= =ṝ ḺṄ =ṛṂ= ṅ = =ṝ ḺṄ = = ṅ =ḟ =
= =ṗKṂ= ṅF=ṙḺ = ṛ= =ṗ = =ṝ ḺṄNVPPḟEF=NVRN= =ḟE

FNVSPF=Ṅṛ =ṛ= Ṅ =ḟENVSSF= ṛ=ḟENVUSḺ= =ṄḺ = =ṂṄ =KKK=ṛ=EK
ṗ Ḻ=ṝ ḺṄ=ḟ�=ṛW Ḻ= ṅ=ḽṄ =

FVEEIIIFZ EFE F £¶® IE I[MI[MF
=ṙḵ=ṄṂ=I=ṛḺṄ = =K =Ṇ =ṛ= =ḟṙ =ṝ= = = Ṅ =ṄṂ

=ṗ Ḻ= = =ḽṄ = Ḻ=ṄṂ= = = ṄḺ=ḽṄ = = =ṝ ḺṄ = =ṗ Ḻ=
= ṅ = Ḻ=ṝḺ =ḺṄW = ṅ=ḽṄ = =ṙḺ

FNME
EWIIFZ NЀϢE F NH ¶ ЋВ K£¶® NH ¶ ЋВ K IE [MI MF

ṙḵ==ṄṂZ ººIZ I� Zṝ ḺṄ = Ḻ =K=ḟṛ�=
ṙ =ḟṆ = ḺṄ =K = =ṛ

= ṅ =ṗ Ḻ= = = =ṄṂ=ṛṘṛṂ=Ṍ =ṝ= ṅ=ḽṄ =W

FNNEEWII I FZºº E E FFE I F
ṙḵ=ṄṂ=I I [MK

= Ḻ =ṇṛṄ= =ṂṄṛḵṄṂ
F=Ṙ ḺṂNVTT=ḽṄ = =ḟ Ṃ =Ṇ Ṃ=ṄṂ=ḽṄ = =ṝṂ =ḽ Ḻ= ṛ= ṅ=ṚṄṛṂ= =ṄṂ=E

=ṝṅ = Ḻ = ṅWṂ

FNOE¹ EF xNHE F z »
ṄḺḽ=ṄṂ= = ṅ = =FCDFE=ṛ=CDF

=ṚṂ Ḻ= =Ṛ =ṂṄṛḵ =ṙ Ṅ=Ṍ = Ḻ= =Ṛṛ =K =ṄḺ = =Ṙ ḺṂ= ṅ =ṅḺ=Ṛ =ṚṂṅ=



U=ṝṂ Ḻ=ṝṅ ==ṗ F=ḟ=ṚṄOù=OSé=ḟṙNPVPE

F= ḺṄ= =ṅḺNF= Ḻ= =ḟ = =ENVVRṚṅṛ Ḻ=K = Ṅ =EḺṙṅḺ=ṂṄṛḵ
Ḻṗ ḺFMLE=ṚṂ ḺKṛṂḟ =ṂṄṚṂḺṂṝṚṛṝṚṛṚṂḺṂṝ

ṅ =ṂṄ =ṝṂ=K Ḻḟ ḺṛḺṚṂḺṂṝṚṛṝṚṄṂṆ Ṃ=ṗ Ḻ=ṛ=Ṃ EF=ṙḵ=ṄṂ=� ZEIIF=ṗ Ḻ=ṚṂḺṂ=ṉ =F= = Ḻ=ṝḺWE =ṝ

FNPEEFZ ¹EF E F»I ZMI Z
K Ḻ=ṄḺ Ḻ = =ṅḺ= =ṗ Ḻ= Ḻ=Ṅ = =

= =ṄṂḺṂ=Ṙ ḺṂ=ṝṚṄ ṛṂ=ṛḺ= ṄṅḺṝ
ṛḺḵ=ṝ ṄḺ = ḵṄṂ=ṝḺ =ḺṄ=Ṃ=ṗ =ṄṂ=NVSV=Ṉ Ḻ=Ṃ =K Ṃ

ṘḺ =ṄḺṂḺ Ḻ==Ṍ =Ṙ ḺṂ= =ṂṄṛḵ = =ṅḺ= ṛ=
Ṛṛ=ṗ Ḻ= Ḻ =ṝ=ṙ =ḺṄṂṂṄṛḵ = =KQULNQZ=ḟOTPLQZ=ṛPSLMZ̀

= =ḽ = Ḻ = =ṅḺ=Ṙ ḺṂ= ṛ= =Ṛ =ṂṄṛḵ = Ṃ = =Ṅ ṅ = Ṃ = Ḻ=ṛ= Ḻ
K Ḻ=
Ḻ Ḻ=ṚṂḺṂ= Ṅ= =ṝṂ =ḽḺ =ṝḺ =ṗ Ḻ=ṂṄṛḵ =ḟṆ Ṃ=ṄṂ=ṝ=ḺṄ=ṝ
== ṛ= Ḻ=ṛ=ḟḺ= =WṘ ==ṗEFZ EF= = =

=ṚṅḺ Ḻ=ṅḺ= ṂnW

FNQE
EIIFZ ª­¥H ª­¥HE NF ª­¥ ª­¥E

HNF ª­¥¹NHE F»
ṗ Ḻ=ḽ Ṃ =ṚṂṅ

FNR==EH ª­¥E FZEHNF E FE F
FNS==EZEHNF E F
FNT==EH ª­¥E FZ ª­¥¹NHE F»

K = =ṝṂ = =



ḺṂ=ṝ Ḻ= =WṙḺ Ḻ=ṝḺ = ḵṄṂ= ṅ =ṝṅṘ=ṗ = =V

ḺḟṗṂṄṛḵṗ ḺḺṚṂḺṙṛḽWṅlogXḟṅ
ḟ =NFOMMO=EṙṂ= ḺMLEṂ ṛḺṂ= Ḻ=ṛ=

=ḟ = ḺṀ ḺṗṚṁṄṂKṚṅ ḺṙṂḺṂṝ ḺṄḟṈ
Ṃṝṅḟ ṄḺṂ= =ṂṅḺṄ=Ṃ ṛ= =ḺṄṂṄṛḵK

Ṅ Ṅṗ Ḻṙḵ=ṝḺ =ṂṄṂṄṄḺ=KḺ= = = Ḻ
ṝḺ= Ḻ=Ḻḟṗ ḺṄṂṝṝṂ ṄṅḺṚṂḺṂṝḵṄṂṄṂṙḵ
Ṕ ḺṝṂṄ =Ṙ ḺṂ=ṚṂḺṅ=Ṃ ṛ= =ḟḵK

Ṗ Ắ =ṛ= ṛṂ=ḟḽ = Ḻ=ṅḺ= =ṞḺOFNVVU=EṂ =
MLE=ḺṄḺṄḺ=K ṂṄễṄṝḺṂṄṛḵṝ ḺṄI
ṂṄḟṂ =ṅṄṂṂṄṛḵṂ ḺṅḺḺṄṆṄṅṝ

ễṄKṂṄḺṂ
ṇṛṄ= Ḻ =ṂṄṛḵ =ṝṄṂ=ṛ=ṙ = ṛ= = =ṝ ḺṄ = = ṅ = =ṝḺ =
F=NVTMF=ṂṄ Ṅ =ṛ= =ḟENVTTF=Ṅṛ =ṛ= Ṅ =ḟENVSRF=ṙ =ṛ= ṛ =ḟENVUU=KKK=ṛ=E

K Ḻ=Ṛ =ṙḺW ṄḺṂ= =ṗ Ḻ= Ṃ =ṝḺ

FNUE
Z ZMZ ZM
Z HO »H ¹ ENH FH E F ZM

ṙḵ=ṄṂ=ZE¶ ЋFВ=ṛK Ḻ=ṝ =
Ḻv=ṝḺ =ṗ Ḻ= Ṅ = =ḽṄ = Ḻ=ṄṂ= = = ṅ =ṅḺ= Ṃ =ṝ

WṂ = Ḻ = ṅ=ḽṄ = =ḽḺ = Ḻ

1 Shao
2 Domanski and Jedrzejczak



NM=ṝṂ Ḻ=ṝṅ ==ṗ F=ḟ=ṚṄOù=OSé=ḟṙNPVPE

FNVE

ª¬E I IIFZ ª¬E I IIFZ ª¬EW I IIF
Z ª¬E F E FE F E I FZE NF ª¬E FHE NF ª¬E Fª¬E I F E H NFª¬E F

=W ḺṂ= Ḻ = ḺṛṄ= Ḻ=ṙṂḺṂ=ṄḺ = = Ḻ =ṛ= ṅ =ṝ Ṅ = = =ṝ

FOME

ª¬E I IIºFZ ª¬E F EϷE H FHϷE FF ª¬E FZM
ª¬E I IIºFZ ª¬E F EϷE H FHϷE FF ª¬E FZM

ª¬E I IIºFZ E NF NE FH E H NF N ZM
ª¬E I IIºFZ E NF NE F E H NF N

ZM
Q=K=ṝ

ṗ =ṄṂ=ṝNPSN=NPVMḺ Ḻ=ṝ ṄḺ = ḵṄṂ=ṛ= = Ṅ=ṄṂ=ṝ= =ṛ
= Ḻṝ ṄḺ =ḟṚ =ṝḺ=Ṛ =Ṙ Ḻ=Kṗ =ṄṂNPVM=ḟ= = =

ṄḺ = == Ḻ = Ḻ ḺNMUPQQRVQ=ṗ Ṅ=Ṛ =ṇṄḺ= = = = Ḻ= Ḻ=Ḻ =ṗ
=ṗ = = ṛNPSN= Ḻ =ṗ = Ḻ=ṝḺ = Ḻ Ḻ=ṄḺ = = = = = F

SVQQOU=ṙḺ = =E Ḻ=ṗ ṄNMTSRMNSS= Ḻ= ḺṂ= Ḻ Ḻ=ṗ Ṅ=ṂḺ Ḻ=ṂḺ = =
= = = Ḻ=Ḻ Ḻ=ṗ =ṝḺ =ṄḺSVLN=ṗ = = =ṝNPVM=K Ḻ= ḺṂ= ṅ=

=ṗ =ṅḺ= Ḻ Ḻ=ṄḺ = = = = = = Ṃ = = ṛṄNPSN=ṗ =NPVM=ḺṄ
=ṙK Ṃ


