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Devwudfw

Wklv sdshu suhvhqwv d olih f|foh prgho iru wkh ghpdqg iru khdowk/ dqg ghulyhv hpslulfdo

vshfl�fdwlrqv wkdw glvwlqjxlvk ehwzhhq shupdqhqw dqg wudqvlwru| zdjh uhvsrqvhv1 Xvlqj

sdqho gdwd/ zh hvwlpdwh g|qdplf khdowk dqg khdowk lqsxw ghpdqg htxdwlrqv1 Zh �qg

hylghqfh ri qhjdwlyh wudqvlwru| zdjh h�hfwv/ dqg srvlwlyh shupdqhqw h�hfwv1 Hvwlpdwlrq

uhvxowv edvhg rq rxu olih f|foh iudphzrun ohdg wr yhu| gl�huhqw frqfoxvlrqv wkdq wkrvh

edvhg rq vwdwlf furvv vhfwlrq dqdo|vhv wkdw duh frpprq lq wkh olwhudwxuh1 Wkh dqdo|vlv

hpskdvlvhv wkh lpsruwdqfh wr dqdo|vh khdowk uhodwhg ehkdylrxu lq d g|qdplf olih f|foh

frqwh{w1

Nh| Zrugv= Ghpdqg iru Khdowk/ Olih F|foh Prghov/ Sdqho Gdwd

MHO0 Fodvvl�fdwlrq= F56/ G<4/ L45

� Zh duh judwhixo iru frpphqwv rq hduolhu gudiwv ri wkh sdshu e| Mhurph Dggd/ Rud}lr Dwwdqdvlr/

Odxud Eorz/ Ulfkdug Eoxqghoo/ D{ho Eruvfk0Vxsdq/ Klgh Lfklpxud/ Fkulvwldq Khuuhud Vdodv/ Frvwdv

Phjklu/ Ldq Suhvwrq/ Zdowhu Ulhg/ Md|qh Wd|oru/ dqg Dgdp Zdjvwd�1 Wklv vwxg| lv sduw ri wkh

surjudpph ri uhvhdufk ri wkh HVUF Fhqwhu iru wkh Plfurhfrqrplf Dqdo|vlv ri Ilvfdo Srolf| dw LIV1

Wkh �qdqfldo vxssruw ri wkh HVUF lv judwhixoo| dfnqrzohgjhg1

|Xqlyhuvlw| Froohjh Orqgrq/ Ghsduwphqw ri Hfrqrplfv/ Jrzhu Vwuhhw/ Orqgrq ZF4H 9EW/ Lqvwl0

wxwh iru Ilvfdo Vwxglhv/ dqg L]D/ Erqq1

}Wkh Lqvwlwxwh iru Ilvfdo Vwxglhv/ : Ulgjprxqw Vwuhhw/ Orqgrq ZF4H :DH/ dqg L]D/ Erqq1
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,UL?L4�Utc �.c �D���.��

d2Ho �L�*4i�ihc `� @?_ V� N*h�U� E�bbD� �? ,UL?L4i|h�U �L_i* Lu |�i A�L��@h|

#iU�t�L?�4@!�?} �hLUitt �? |�i #i4@?_ uLh Oi@*|� �@hic aL�h?@* Lu O�4@? +i�

tL�hUitc �fc ��b��S��

d2bo +�i_c `� E�bbH� �L4T@h@|��i #)?@4�U �?@*)t�t Lu |�i 6�** BhLtt4@? �L_i*c

aL�h?@* Lu Oi@*|� ,UL?L4�Utc �.c �H��e2D�

d�fo +�i_c `� E�bbb� �T|�4@* wi?}|� Lu w�uiG �?L|�ih �ihtTiU|��ic aL�h?@* Lu Oi@*|�

,UL?L4�Utc uLh|�UL4�?}�

d��o +Lti?M@�4c �� @?_ #� +�M�? E�bH�� A�i �i?|h@* +L*i Lu |�i �hLTi?t�|) 5ULhi �?

�Mtih�@|�L?@* 5|�_�it uLh �@�t@* ,giU|tc ��L4i|h�!@ c .fc e��DD�

�H



d�2o +��_c ���� E�bHS�c �L?t�t|i?| ,t|�4@|�L? Lu w�4�|i_ #iTi?_i?| V@h�@M*i �L_i*t

_itT�|i ��ttTiU��U@|�L? Lu #�t|h�M�|�L?c aL�h?@* Lu ,UL?L4i|h�Utc �2c �D.��H.�

d��o @̀}t|@gc �� E�bHS� A�i #i4@?_ uLh Oi@*|�G 5L4i �i� ,4T�h�U@* ,��_i?Uic�

aL�h?@* Lu Oi@*|� ,UL?L4�Utc Dc �bD�2���

d�eo @̀}t|@gc �� E�bb�� A�i #i4@?_ uLh Oi@*|�G �? ,4T�h�U@* +iuLh4�*@|�L? Lu |�i

BhLtt4@? �L_i*c Oi@*|� ,UL?L4�Utc 2c �Hb��bH�

d�Do @̀??@4i|�iic B� @?_ ��B� 5�@Tih E�bb�� 5i*u�@ttitt4i?| Lu Oi@*|� 5|@|�t @?_

�Lh|@*�|) �? ��__*i��}i_ �h�|�t� �i?c W?|ih?@|�L?@* aL�h?@* Lu ,T�_i4�L*L})c 2fc

2�b�2eD�

d�So L̀L*_h�_}ic a��� E�bb.� ���*|�T*�U@|��i �@?i* #@|@ �L_i*t ��|�L�| |�i 5|h�U|

, L}i?i�|) �tt�4T|�L?<c ,UL?L4i|h�U A�iLh)c ��c SS.�S.H�

�b



�TTi?_� �

5L*��?} |�i 4L_i*

Wkh Kdplowrqldq lv jlyhq e| htxdwlrq +43, deryh1 Xvlqj Srqwu|djlq*v pd{lpxp sulqflsoh/

wkh rswlpdo sdwkv ri wkh yduldeohv L +w,/ F +w,/ �� +w,/ �2 +w,/ K +w, dqg D +w, dv zhoo dv W duh

ghwhuplqhg e| htxdwlrqv +4, dqg +:, dqg wkh iroorzlqj v|vwhp ri htxdwlrqv=

gN

gf
= h34|x

S
� �� +w, sS @ 3 +5:,

gN

gL
= �2 � ���

�
4

d. e

�
L +w,

�
@nK

3� @ 3 +5;,

�
gN

gK
@

�

�2 =
�

�2 +w, @ �2 +w,� +w,� ��+w,z+w,k
�

� h34 | y
�
k� +5<,

�
gN

gD
@

�

�� =
�

��@ ���u= +63,

Wkh wudqvyhuvdolw| frqglwlrqv duh jlyhq e|=

�� +W ,
�
D +W ,�D

�
@ 3> +64,

�2 +W , +K +W ,�K
S
, @ 3= +65,

Wkh whuplqdwlrq frqglwlrq ehfrphv=

x +f +W ,, h34A . �� +W ,
�

D +W , . �2 +W ,
�

K +W, @ 3= +66,

Iru vx�flhqf|/ zh qhhg wkdw ��+w, � 3 ;w1 Hkuolfk dqg Fkxpd +4<<3, vkrz wkdw wkh

ohqjwk ri olih lv �qlwh li wkuhh frqglwlrqv duh ixo�oohg= khdowk ghsuhfldwlrq lqfuhdvhv zlwk djh/

wkh fulwlfdo plqlpxp khdowk ohyho lv srvlwlyh/ dqg wkh pd{lpxp ghew lv olplwhg wr wkh �qlwh

pdjqlwxgh ri kxpdq zhdowk1 Zh dvvxph wkdw wkhvh frqglwlrqv duh ixo�oohg1

Gh�qh wkh vkdgrz sulfh ri khdowk fdslwdo dv � +w, @
b2E|�

b�E|�
1 Wkhq lw iroorzv iurp wkh �uvw

rughu frqglwlrqv wkdw=

� +w,

%
� +w, . u �

�

� +w,

� +w,

&
@ z +w,k� � hEo34�| y

�

4

��+3,
k� > +67,

zkhuh k� ghqrwhv wkh ghulydwlyh ri k zlwk uhvshfw wr K +w,1 Htxdwlrq +67, lv wkh htxloleulxp

frqglwlrq iru lqyhvwphqw lq khdowk fdslwdo1 Wkh ohiw kdqg vlgh fruuhvsrqgv wr wkh pdujlqdo

ef



frvw ri fkdqjlqj wkh vwrfn ri khdowk fdslwdo/ zkloh wkh uljkw kdqg vlgh lv wkh lqvwdqwdqhrxv

pdujlqdo ehqh�w1

Vroylqj htxdwlrq +67, uhvxowv lq htxdwlrq +46, deryh1 Wkh sdudphwhu � +3, lv wkh vkdgrz

ydoxh ri khdowk dw wlph 31 Lw lv d ixqfwlrq ri wkh olihwlph sur�oh ri hduqlqjv/ sulfhv/ wdvwhv/

dqg wkh udwhv ri lqwhuhvw/ lpsdwlhqfh/ dqg ghsuhfldwlrq1 Lw lv ghwhuplqhg vlpxowdqhrxvo| zlwk

wkh rswlpdo orqjhylw| W / dqg wkh pdujlqdo xwlolw| ri zhdowk �� +3, e| wkh iroorzlqj v|vwhp ri

htxdwlrqv=

K +W, @ h
3

U A

f
jE��_�

%
K +3, .

]
A

f
L +v, h

U r
f
jE��_�

gv

&
@ K� +68,

D +W, @

]
A

f

k
z +�,k+�,� �+�, L +�,

�
@nK � s

S
f +�,

l
hoEA3��g� . hoAD +3, @ D> +69,

dqg

4

�� +3,
^x +f +W ,, . y +k +W ,,` hEo34�A +6:,

. ^uD +W,� �L +W ,� s
S
f +W , .z +W ,k +W ,`

. � +W , ^L +W ,� � +W ,K +W ,` @ 3 =

Zlwk ghfuhdvlqj uhwxuqv wr vfdoh/ wkh ghpdqg iru khdowk lqyhvwphqwv lv jlyhq e|=

L +w, @

�
� +w, +d . e,

� +s
�
> z +w, > ! +w,,

� @nK

�3@3K

= +6;,

Htxdwlrq +6;, iroorzv gluhfwo| iurp wkh ghulydwlyh ri wkh Kdplowrq ixqfwlrq zlwk uhvshfw wr

lqyhvwphqw1 Lqyhvwphqw L+w, lqfuhdvhv lq � +w,/ dqg ghfuhdvhv lq � +w,1

Frpelqlqj +6;, dqg +7, |lhogv wkh ghpdqg iru khdowk vhuylfhv P +w,=

P +w, @ E!
�

�3@3K s
3

�3K
�3@3K

�
z +w,3

K
�3@3K � +w,

�
�3@3K = +6<,

e�



Dsshqgl{ E= Wkh Txhvwlrqqdluh

Wkh txhvwlrq rq frqwhqwphqw zlwk khdowk lv vwdwhg dv

Krz frqwhqw duh |rx zlwk |rxu khdwk vwdwxvB Dqvzhuv duh srvvleoh rq dq 44 srlqw vfdoh/

udqjlqj iurp hqwluho| xqfrqwhqw wr hqwluho| frqwhqw1

Wkh txhvwlrq rq vsruw dfwlylwlhv lv dydlodeoh iru wkh |hduv ;8/ ;9/ ;;/ <5/ dqg <71 Wkhuh

zhuh dovr uhvshfwlyh txhvwlrqv lq ;7 dqg <8/ exw wkh frglqj zdv gl�huhqw/ dqg qrw frpsdwleoh

zlwk wkh txhvwlrqv lq wkh uhpdlqlqj |hduv1 Zh wkhuhiruh h{foxgh wkhvh |hduv1

Wkh zruglqj ri wkh txhvwlrqv lv

Zklfk ri wkh iroorzlqj dfwlylwlhv gr |rx sxuvxh lq |rxu ohlvxuh wlphB Sohdvh vwdwh krz riwhq

|rx hqjdjh lq wklv dfwlylw|1

Srvvleoh dqvzhuv iru wkh fdwhjru| Dfwlyh Vsruw duh= hdfk zhhn / hdfk prqwk/ uduho| hyhu / qhyhu 1

Wkh yduldeoh zh frqvwuxfwhg iurp wklv lqirupdwlrq dvvxphv wkh ydoxh 4 li wkh lqglylgxdo

fodvvl�hv lqwr wkh fdwhjru| hdfk zhhn 1
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