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egfShjiUk:ljmonYprqjprsjtruvqjhjwxnyiOz{iU|UuvhjhjiOz{truvk:z{iU}Uqjuv~0uvhjhjiUk
� qSprsjtrlj�ju�z{sYiUk�pUz{trqjiO��ljmvljsjl��j}r�j�juvtUz���truvhcfSu{hj�jlc��qSpUz��� ljqjuvhjlc��scqj�Y�{p,iU|U��uvsjtriU}S��s�sOiUtriUqjwg~ � qjlj~0uvhc�j��tUz��hjiU}UwouL~0uvtri�fSw�l��vscz � uvqjlS~0u{hjtrw��4��p � qjlS~0uvq��B}UhSp��Sp��Su~0uvtri�f�~0i�fSu{�SuvkCprtU~0iOzv��uvq � qjlS~0uvhc�c�.z��CsHiUt�fju{�S�Uhjwg~mv}Uuvm{f.pU~x�.p�m�prtru�~�z{t�p���~=pUzvz{iU}Uwg~x�. �i¢¡£uL~0i�¡:hji8z{sYp��m�prtr�¤l¥i¤~0uvtri�f.p�n�z � uvsjtrqji � ir�j�jqjlS~0uvtrqjlj�ju�z{sjlcn¥ljm�~0u��qjuvhjljk � iU}UuvqUnchjiOz{trhjwxn,~=pr�vhjljtrhjwxn � ir�Suvk��B��u£z{iOz{t�pr}r��j�juvt8lSz{sc�S���juvhjlcuyl�tru{nchjlcscp¢}Uwgz{iUsYiUtriU�jhjiU�vi�ljm�~2uvqju{�hjlc��fSi � �SuvqjiU}Oz{sjlcn�zv~0u{¦£uvhjljk§z � uvsjtrqSp��S�Uhjwxn��Sljhjljk�¨u�z��Sl�qSprhjuvu�lSzvz��Su{fSiU}Op��SlSz{��zvpU~0woug�jqjsjlju�mv}Uuvm{fSw�hjuv|Opj�tri©tru � uvqj��ª�|Uir�S� � ljhSz{tr}UiCmv}Uuvm{f4�x}UlcfShjwxn�hjuv}UiUiUqj�O�¡Luvhjhjwg~«���.prmviO~x�@¬]�Y¦£u�z{tr}U�ruvt­fS}Op,hSp � qSpr}r�juvhjlc���2�®fjuhjuviU|�nUi�fSlS~0wa}Uwgz{iUsOiUtriU�jhjwou�l­~0hjiU�viUsjqSprtrhjwou�i � qju{fSu{��Suvhjlc���S�Y�juv}Uwxn,z{sYiUqjiOz{truvk,|Uir�S� � iU�vi��jlSz��.p¢mv}Uuvm{f4¨¯pO°lSzvz��Su{fSiU}Oprhjljuoz � uvsjtrqSp�mv}Uuvm{fShjwxn � ���S�Ozvpr�jljk���fj�j�yljmv�O��juvhjlc��}Uhj�Ytrqjuvhjhjuv�vi¢z{trqjiUuvhjlc��mv}Uuvm{f,ª�pUz{truvqjiOz{uvkSzv~0ir��SiU�vlc��±�|Y° � iUlSz{s¥l¥lSzvz��Su{fSiU}Oprhjljuy}Uhju�z{ir�Shjuv�jhjwxn � �.p��hjuvtrhjwxn�z{lSz{tru�~x�gfj�j��hSprsOi � �Suvhjlc�«z{t�prtUljz{trljsjl � prqSp��~0uvtrqjiU} � �.prhjuvtrhjwxn�z{lSz{tru�~x�Y²©�vtrlcn:m�p�fSp��Sp�n � qjlS~0uvhc�c�uvtUz��§sc�.pUzvz{lj�juvz{sjljkaz � iOz{iU| � ir�S�Y�juvhjlc��triU�jhjiOz{trl � ir�qO�cfSsYp

10
~]³�z{uvsCª�hSpr|r�S�xfSuvhjlc��hSp­fSlS��qSprsj�jljiUhjhjwxnz � uvsjtrqjiU�vqSpU��p�n,z R = λ/δλ = 105

�¯z{i � qjiU}Ui�¡yf.pru�~0wouz � uv�jlSp��S�Uhjwg~0l¤~0uvtri�f.pU~0l¤scp��Slj|UqjiU}Usjl��
´ qjlj}Uu{fSu�~�hjuvsYiUtriUqjwou£iU�juvhjsjl,}UiUm�~0i�¡:hjiOz{truvk­sc�.pUz��z{lj�ju�z{sYiU�vi
~0uvtri�f.pj� ´ �Oz{tr�«trl � lj�jhSp�� � ljqjljhSp
z � uvsc�trqSp��S�UhjiUk��Sljhjljl

s ∼ 0.1 µ¶ �·l§trqjuv|U�UuvtUz��§ljm�~0uvqjljtr�zv~0uv¦£uvhjlju¤�Sljhjljl
ε
�]z{iOz{t�pr}r�j�j��¦£uvu¤iUt

10−4
fSi
10−6�vtriUk�}Uu{�Slj�jljhjw�� ´ qjl��vtriO~ � qju{fj�¯�j}r�j�j��tOz¸�©}Uwgz{iUscljutrqjuv|UiU}Oprhjlc�«s � iUmvlj�jljiUhjhjiUk�z{t�pr|Ulc�S�UhjiOz{trl�z � uvsjtrqjir��vqSpU��pj�¯sYiUtriUqj�Y�¹z��Su{fS�Uuvt­sYiUhjtrqjir�SljqciU}OprtU�¤}­truv�juvhjljufj�Sljtru{�S�UhjiU�vig}Uqju�~0uvhjl�º»~0u�z¸�j�jwHl��vi�fSw�°��v¼]z��Sl � ljqjljhSpp �j� prqSprtrhjiUk����Yhjsj�jljl�z � uvsjtrqjiU�vqSpU��p p

~0hjiU�viC~0uvhj�r�
� u � ljqjljhjw#�Sljhjljl s

�2t�� uU�
p ¿ s

�2tri�z�fS}Ulj��hSp­}Uu{�Slc��jljhj�
ε � qjlj}Uu{fSuvt¥s�ljm�~0uvhcuvhjlj��pU~ � �Sljtr��fSw�z{lj�vhSp��.p

ε/2s
�@t�� uU�]iUsOir�Si

10−6
º½t�� s��]hSp � qSprsjtrljsOu � qjl�qSprmvqSp��|UiUtrsYu·z � uvsjtrqjiU�vqSpU��pgl � qjiU}Uu�fSuvhjljl£hSpr|r�S�xfSuvhjljk£iU�vqSp��hjlj�jlj}Opr��tUz��©z{iUiUtrhji � uvhjlju�~ p = s/3

°��·¾]tri¥iUm{hSp��Spruvt}Uwgz{iUsjlju£trqjuv|UiU}Oprhjlc�­hjuLtrir�S�UsOi¢s
R
�Bhci8l�s,iUtrhji � u{�hjlj�%z{lj�vhSp��¯³ � �c~«¿S³�À��2��p � qjlS~0uvq��4hSp�z � uvsjtrqjiO~0uvtrqjuz

p = 0.03 µ¶ � λ = 5000 µ¶ �4fj�j�CiU|Uu�z � uv�juvhjlc�HtriU�jhjir�z{trlHljm�~0uvqjuvhjlc�C}
1
~]³�z{uvs � i­i�fShjiUk��Sljhjljl � ljqjljhjiUk

s = 0.1 µ¶ ��º½sOiU�®f.pLz�fS}Ulj��z{iOz{t�pr}r�j�juvt 1/2000 fSir�S� � lc�

qjljhjwÁp �j� prqSprtrhjiUkH���Yhjsj�jljl��2p­z{iUiUtr}UuvtUz{tr}U�Y��¦£uvuyljm{�~0uvhjuvhjlju£pU~ � �Sljtr��fSw«z{iOz{t�pr}Uljt 1.6× 10−4
°��jtrqjuv|U�UuvtUz��z{iU|UqSprtr�

4 × 107
��iUtriUhjiU}S�.�jtri¤�vsj}Ulj}Op��Suvhjtrhji8hSpr|r�S�g�fSuvhjlc�S~�zvpU~0wxn��jqjsjlcn¥mv}Uuvm{f¥hSp¤Âr�Ã~0uvtrqjiU}UiO~atru{�Su�z{sOir�

� uU�UÄ�z � ir�S�UmviU}Uprhjlju]|Uir�S� � iU�vi��jlSz��.p��Sljhjljk � iUmv}Uir�j�juvt}Uwolj�vqSprtr��} � qjiUhjlj�Spr��¦£uvkyz � iOz{iU|UhjiOz{trlL~0uvtri�f.p�iUsYir�SiÅ �Æn¢mv}Uuvm{fShjwxn8}Uu{�Slj�jlch�� ´ iOz��Su�}U}Ui�f.p£}:�vscz � �S�Oprt�pr�jlj�z � uvsjtrqjiU�vqSpU��p�Ç ¶�ÈoÉ ¿�hSp 3.6 ~¥tru{�Su�z{sYi � u�Ê·¿SËa|Uwx�Sl� ir�S�Y�juvhjw6|r�Sljmvsjlju�iU�juvhjsjl��
Ä�t�prs��o}©m�p�f.p��Sp�n¯�·tUqcuv|U�Y��¦�lcnatriU�jhjiOz{trl

σ(VR) =
1
~]³�z{uvs��B}UiUm�~0i�¡:hjiOz{trl­fSlS��qSprsj�jljiUhjhjwxn,z � u{sjtrqjiU�vqSp����iU}«fSiOz{trlj�®�Sl � qju{fSu{�.p � i#z��Su{fS�Y��¦£lS~ � qjlj�jljhSpU~x¨pO°­hSp§Âr�Ã~0uvtrqjiU}Uwxn�ljhSz{trqj�c~0uvhjt�p�n«fjiOz{tr� � hjw�mv}Uuvm{fSw

mV < 6
±B|Y°otrqj��fShji8i�¡:lcf.prtr�S�B�jtri8}¢|r�Slc¡yprk � uvuL}Uqju{�~2� � i��j}r�jtUz¸�
iU|UmviUqjhjwouCtru{�Su�z{sYi � wÌz D > 4

~x±�}Y°hSp8|Uir�S� � lcn­tru{�Su�z{sYi � p�n,trqj��fShji¤iU|Uu�z � uv�jljtr�8}Uwgz{iUsOiUuqSprmvqju � uvhjljuU� R > 105
� � ir�ShjiOz{tr�U��z{i�ncqSprhc�c�Hz{}UiU|Ui�fj�hjwok¢z � uvsjtrqSp��S�Uhjwokyljhjtruvqj}Op�� ∆λ l�~0ljhjlS~0ljmvljqj��� � ir�tUu{qjl
z{}Uuvt�pj±o��°8i�fShjiUiU|U��uvsjtrhjwok6qju{¡:lS~�hSpr|r�S�xfSuvhjljkº � qjl�fS}U�c~0uvqjhjiO~­��iUqS~=prtru@� � u{�j�Su·z � uvsjtrqSpO°��v�j}r�j�juvtUz��hjuv�vsYiUhjiO~0lj�jhjwg~�}yiU|UmviUqjhjwxn�m�p�f.p��Sp�n¯�

e�|UqSprtrlS~0z���s�ljz{triUqjljl��=hSp � iO~0hjlj}�}UhSp��Sp��Su�i�fS}U�Onnjqcu�z{triO~=prtrljkjhjwxn � �Y|r�Sljscpr�clc�cn¯�OÍ���|Op���z{lSz{tru�~=pj�YqSprm{�fSu{�j�j��¦Lp��«fj�Sljhjw�}Uir�Sh
λ
hSp§}Uu{�Slj�jljhj�

δλ
��~0i�¡£uvt|UwotU��i�nYprqSprsjtruvqjljmviU}Op�hSp � qjiUljmv}Uu{fSuvhjlju�~�z � uvsjtrqSp��S�r�hjiU�viLqSprmvqju � uvhjlc� R = λ/δλ

hSp � qji � �Oz{scprhjlju L = Aω
�Î.fSu�z{�

A
ª � �SiU¦Lp�fS��mvqSp��jscp�z{lSz{tru�~0w��@m�p � ir�Shc�ju�~=p��� i�f£tru{�Suvz{hjwg~­�Y�®�SiO~ ω ��Ï�prsjljhji�Ð Ñ{Ò � iUsYprm�p��4�v�jtri � qjir�ljmv}Uu{fSuvhjlju
RL

�j}r�j�juvtUz¸�6ljhj}OprqjlSprhjtriO~�fj�j�af.prhjhjiU�vitUl � pLz � uvsjtrqSp��S�Uhjwxn:ljhSz{trqj�c~0uvhjtriU}S�Yl��jtri � qjl¢i�fSljhSp��sYiU}UiUk � �SiU¦Lp�fSl©��ljhjtruvqS��uvqjiO~0uvtrqjw � i¤}Uu{�Slj�jljhju RL� qjuv}UiOz�nOi�fj�jt � qjljm�~0uvhchjwoualÁfSlS��qSprsj�jljiUhjhjwou§z � uvsc�tUqciO~0uvtrqjw � qjlj|r�jljmvljtru{�S�Uhji¢hSpLfS}Op � iUqU�cfSscpj�¯¬ � iOz{iU|r�hjiOz{tr�£ljhjtruvqS��uvqjiO~0uvtrqSp � qji � �Uz{scprtr�£|Uir�j� � iUugsOir�Slj�ju{�z{tr}Ui¥�vhjuvqj�vljl � qjl©}Uwgz{iUsYiO~
z � uvsjtrqSp��S�UhjiO~
qSprmvqju � u{�hjljl � ir�j�c�clc�.pyhjprmv}Oprhjlju�Ó�}Uwolj�vqjw � Ï�prsjljhjiSÔ��
´ qjlaqSpr}UhjiUk§�j�Y}Oz{tr}Uljtru{�S�UhjiOz{trl � qjlju�~0hjljsOiU}S�gz{scp��hjljqj�Y��¦£ljk£z � uvsjtrqjiO~0uvtrq��Oz{tr� � pruvto} N1/2

qSprmgº � i � qjir�ljmv}Ui�fSljtru{�S�UhjiOz{trl.°��0z � uvsjtrqjiU�vqSpU���U�4lS~0uv��¦£u�~0� N
scp��hSp��SiU}S��Õ��{�j¡Luvt�Ð Ö�Ò � qju{fj�Si�¡:lc�#~0uvtri�fÁ~2���S��trl � �SuvsY�z{ljqjiU}Oprhjlc��i�fShjiUsYprhSp��S�UhjiU�vi � qjlju�~0hjljscpj�o¬]�Ytr��~0uvtrir�f.p�z{iOz{triUljta}6lSz � ir�S�UmviU}Oprhjljl
}Um�prlj~0hji6iUqjtriU�viUhSp��S�r�hji«~0i�fS���SljqjiU}Oprhjhjwxn«sYiO~ � iUhjuvhjt6z � uvsjtrqSpj�� �u{nchjlj�ju{�

Ñ



Ö ×�ØcÙ�Ú�Ú®Û£Ü�ÚvÝ»Þ{ß�àBß�áyâ»ã�Û�äBågæSç�ä â»ã�ÛcÝ»â½ß�àSÚ{èSéUêUëÆ�SÖrì8ºÆÖrìUìYír°

z{sjl«�vtri�fSiOz{trlj��pruvtUz�� � �Ytru�~%ljhjtruvqS��uvqjuvhj�jljl���²�ljhc�truvqS��uvqjiO~0uvtrqju¢ljhS��iUqS~=pr�jlc�¥iU|Ui­}Oz{u�~�z � uvsjtrqSp��S�UhjiO~fSlSp � prmviUhju � ir�S�Y�SpruvtUz��6m�p©�S��|UiUkÁº½}�t�� ����l�u{fSljhjlj�c�hjwok.°��0ljhjtruvqj}Op��©z{scprhjljqjiU}Oprhjlc���=Õ��{�j¡£uvt�qSpUzvzv~0iUtrqju��fS}Op8z��S�Y�Sp����]Ó�î�Ô¤l�Ó�ï�Ô��4î�°�¬]scprhjljqj�Y��¦£ljk�fSlS��qSprsc��jljiUhjhjwok­z � uvsjtrqjiO~0uvtrqCºÆð�°oz�i�fShjiUscprhSp��S�Uhjwg~ � qjlju�~2�hjljsYiO~x��Õy¾=ño� � �c~�sYiUtriUqjiU�vi � qji � iUqj�jljiUhSp��Suvh,z{lj�vhSp���S�U�Y¼]z��Sl
M
ª#�jlSz��SiL�{�Su�~0uvhjtriU}S�cp

T
ª#}Uqcu�~2�8z{scprhjlc�qjiU}Oprhjlc��}Oz{uv�viCz � uvsjtrqSpj�·tri�iUtrhji � uvhjlju�z{lj�vhSp��¯³ � �c~

(S/N)G ∼ (T/M)1/2
�£ïo°H¬]scprhjljqj�Y��¦£ljk#ljhjtruvqS��u{�qjiO~0uvtrq�º½ò¸°�z � qjlju�~0hcljsYiO~x� � �c~�sOiUtriUqjiU�vi�z��S�Y�Spruvhl�hju¥m�pr}UlSz{ljt©iUt��YqjiU}Uhc�6z{lj�vhSp��.pj�otriU�®f.p

(S/N)I ∼
T 1/2

�o 4prsjlS~¹iU|UqSprmviO~x�·��ljhjtruvqS��uvqjuvhj�jljiUhjhjiU�vi � qjlc�|UiUqSp � qjuvlS~0�Y¦£u�z{tr}Ui � uvqju{f¢z{scprhjljqj�Y��¦£lS~�fSlS��qSprsj�jlc�iUhjhjwg~Cz � uvsjtrqjiO~0uvtrqjiO~C} M1/2
�c²�� � i�nc�yi�fShjiUscprhSp��S�r�hjwxn���iUtriU�{�Suvsjtrqjlj�ju�z{sjlcn � qjlju�~0hjlcsYiU}£ljm{�S�Y�juvhjlc��}Uwx�lj�vqjw � Õ�u{�j¡£uvt�p � qji��j}r�j�c�.z���}§Ä�ó��ÆfSlSp � prmvirhjuU�o�®fju� �c~ � qjlju�~2hjljscpyhju�m�pr}UlSz{ljtLiUtL�YqjiU}Uhc�¤z{lj�vhSp��Spj�cl¤hSp|Uir�S� � lcn � iUtriUscp�n¯����fSuo�vtrlS~ � �c~0iO~�~0i�¡:hji�|Uwx�Si � qju{�hjuv|Uqjuv�j�S�

Î¯pCz{�juvtC}Uwolj�vqjw � uvkaÏ�prscljhji�l�Õ�u{�j¡£uvt�pCl � qjir��j}Ulc�SlSz{�ofSiOz{triUljhSz{tr}Opg~0uvtri�f.p�Õ��Yqj�Uu{�Ãz � uvsjtrqjiOz{sYi � ljl�}ljhS��qSprsjqSpUz{hjiO~�fSlSp � prmviUhjuU�jegfShSprsOi£}UiUm�~0i�¡:hjiOz{trl¢~0u{�tri�f.p�z{uvqj�Uuvmvhji�iU�vqSprhjlj�jlj}Op��SlSz{��z{iOz{tri��jhjlju�~�}Uwo�jlSz��Slc�tru{�S�UhjiUk8tUu�njhcljsjl,ôUì��Æn��vi�fSiU}S�
´ i��j}r�Suvhjlju©l#z{iU}Uuvq � uvhSz{tr}UiU}Uprhjlju�tr}UuvqOfSiUtru{�S�Uhjwxn�Sljhjuvkjhjwxn
l�~=prtrqjlj�jhjwxn � qjlju�~0hjljsOiU}S� � �c~0w�sYiUtrir�qjwxn«º½t�� h�� � �c~0w�z{�jljtrwo}Oprhjlc�.°��]hju,m�pr}UlSz��jt¥iUtH�YqjiU}r�hc��z{lj�vhSp��.pj�£z�fSu{�.p��SiS�£sYprm�p��SiOz{�S��}Uwolj�vqjw � Õ�u{�j¡Lu��t�p�ªõfSiOz{tri��jhjlju�~�lSz{triUqjljl�z � uvsjtrqjiOz{sOi � ljl���²·qju�~2�qjuv�vlSz{trqSpr�jljl�z � uvsjtrqSpÁz{hjljmvlc�SiOz{� � qji � iUqj�jljiUhSp��S�Uhji�jlSz��S�¥sYprhSp��SiU}S��l�~0hjiU�viUsYprhSp��S�UhjwouyfSlS��qSprsj�jljiUhjhjwouz � uvsjtrqjiU�vqSpU��w
}UlcfSlS~2iU�vi¢fSlSp � prmviUhSp��YqSpr}Uhc�c�SlSz{��º � isjqSprkjhjuvk©~0uvqjuU�=}�truviUqjuvtrlj�ju�z{sjlcn�iU�juvhjscp�nS°��=z8���Yqj�Uu{�z � uvsjtrqjiO~0uvtrqSpU~0lÌÄ�ó��ÆfSlSp � prmviUhSpc��îö}UiUt�}Uwolj�vqjw �Ï�prsjljhjiS�.i � qju{fSu{�j�S~0wok�z{iUiUtrhji � uvhjlju�~�tru{�Su�z{hjwxn,�Y�{��SiU}�¦£u{�Suv}Uwxn�laljhjtruvqS��uvqjuvhj�jljiUhjhjwxn � qjlj|UiUqjiU}S�·z{ir�ncqSprhc�juvtUz���l � qjl¥zv~0uvhju � qjlju�~0hjljsOiU}¤ljm{�S�Y�juvhjlc��� ´ ir��ju�~0�,¡Lu:triU�®f.p¤|Uir�S� � ljhSz{tr}Ui¤pUz{trqjiO��ljmvljsOiU} � qju{f � ir��jljt�pr��tofSlS��qSprsj�jljiUhjhjwou@z � uvsjtrqjiU�vqSpU��w¥ljhjtruvqj��u{qjuvhc��jljiUhjhjwg~@÷yø�u{�Si8}¤triO~x�¯�jtri­�Uz � u{ncl�tru{nchjir�SiU�vljl � qjir�ljmv}Ui�f.z{tr}OpofSlS��qSprsj�jljiUhjhjwxn�qju � uvtriUsL|Uir�S� � lcn�qSprm�~0u{�qjiU}S�oqSpr|UiUt�pr��¦£lcn§} � iUqO�cfSsYp�n m = 50 − 100

� � iUm{�}Uir�j�j��t¢z{trqjiUljtr�8z � uvsjtrqjiU�vqSpU��w
z�fSlSpU~0uvtrqjiO~�sYir�j�Slc�~0ljqjiU}OprhjhjiU�vi � �Y�jsYp�fji 200 ~=~x�gù�prqSprsjtruvqjhcwok6qSprm{�~0uvq � �.pUz{trljh�ljhjtruvqS��uvqjiO~0uvtrqSpaÕ£pr|Uqjlc� ´ uvqji«º»Ä£Õ ´ °z{iOz{t�pr}r�j�juvt
50
~=~x��t�� uU� � �SiU¦Lp�fS�gmvqSp��jsYp�z{ljz{tru�~0waº A °�}

16
qSprmy~0uvhj� � uU�.�ju�~§�¤fSlS��qSprsj�jljiUhjhjiU�vi¢z � uvsjtrqjiU�vqSp����pj�]l � qjuvlS~0�Y¦£u�z{tr}Ui�Ä£Õ ´ �SpUz{trlj�jhji�truvqU�juvtUz����·¼]z���Sl¥�Y�ju�z{tr�S�¯�jtri � uvqju�z{trqSprlj}Opru�~0wok¥Ä£Õ ´ qjuv�vlSz{trqjljqj�O�uvt¢}Uu�z{�8z � uvsjtrq�m�p��jlSz��Si8�vsYz � iUmvlj�jljk��BqSpr}UhjiUuL��prsjtrir�qj��fSiU|UqjiUtrhjiOz{trlHljhjtruvqS��uvqjiO~0uvtrqSp

∆λ/δλ
�2tri�},�vtriO~qju{¡:lS~0u � qjuvlS~0�Y¦£u�z{tr}Ui,Ä£Õ ´ tUu{qO�juvtUz�� � qSprsjtrlj�ju�z{sjl� ir�ShjiOz{tr�U�£�²aqSpr|UiUtru�Ð Å Ò2|Uwx�SiS�S}��SpUz{trhjiOz{trl�� � iUscprm�prhjiS�j�jtri�m�p��~0uvhSp¤ljm�~0uvqjuvhjljkCzv~0uv¦£uvhjljkHhSp¤ljm�~0uvqjuvhjlc�HljhjtruvhSz{lc}r�hjiOz{truvk§}Cljmv|UqSprhjhjwxn�scprhSp��.p�n¯�=ª � iUm{}Uir�j�juvtHiU|UiUkjtrl

iOz{hjiU}Uhjwou,ljhSz{trqj�c~0uvhjt�p��S�Uhjwou�i � lj|Usjl�fSlS��qSprsj�jljiUhc�hjiUk
z � uvsjtrqjiOz{sYi � ljl«}�m�p�f.p��juHljm�~0uvqjuvhjlc��fSi � �SuvqjiU}r�z{sjlcn«zv~0uv¦£uvhjljk���ú­uvtri�f
iOz{hjiU}Oprh6hSp�lSz � ir�S�UmviU}Op�hjljl� uvqju�z{trqSprlj}Opru�~0iU�vi�Ä£Õ ´ hSp,}Uhju � hcuvkC�Oz{t�prhjiU}UsYu�º½iUt��hjiOz{ljtru{�S�Uhji�� � u{�j�Su{�Ãz � uvsjtrqjiU�vqSpU��p�zo~=prtrqjlj�juvk ´ Î4¬x°��� qjlj�ju�~CÄ£Õ ´ qSpr|UiUt�pruvt�}£�juvhctUqjp��S�UhjiO~ � �jtrhjuU�Oqju�p��Slc�mv�r� � qjuvlS~0�Y¦£u�z{tr}Ui8}­z{}UuvtriOz{lc�SuU�Bû=pr|UiUt�p�Ð Å Ò0�j}r�j�juvtUz��i�fShjlS~Áljm � qjlS~0uvqjiU}©triU�viS�·scprsaz{iU�juvt�prhjlc� � qjlj|UiUqjiU}qSprm{�Slj�jhjwxn§sc�.pUzvz{iU}aº½�vlj|UqjlcfShjwou�z�nOu�~0w�° � iUm{}Uir�j�j��t�Oz{trqSprhjljtr��}r�Slc�jhjlju � qjljhj�jl � lSp��S�Uhjwxn�hju{fSiOz{t�prtrsYiU}z � uvsjtrqSp��S�UhjiU�vi � qjlj|UiUqjp¥ljm­hjljm � uv�viHsc�.pUzvzvp�º½}HfSprhc�hjiO~%z��S�Y�Spru�ª�hju{fSiOz{t�prtrsYiU}©� � u{�j�Su{�Ãz � uvsjtrqjiU�vqSpU��pO°��¬]sjqjuv¦£lj}Op��HfSlSz � uvqSz{lj�%Ä£Õ ´ z:fSlSz � uvqSz{ljuvkC� � u{�j�Su{�z � uvsjtrqjiU�vqSpU��pj�B~0w
iUt�m�p�f.p��jl,sYiUhctUqcir�j���{pr|OprqjljtrhjiU�viz � uvsjtrqjiU�vqSpU��p � uvqju{nOi�fSlS~�s:m�p�f.p��juosOiUhjtrqjir�j��hjuv|Uir�S�r�� iU�vi � i8qSprm�~0uvqSpU~aÄ£Õ ´ �¯²��ju{�SiO~x� � qjiU|r�Su�~0w
�Y�juvt�pljhSz{trqj�c~0uvhjt�p��S�Uhjwxn­i � lj|UiUs��chSprsYi � lj} � lju�z¸�¤} � qjlj|Uir�qSp�n©fSprhjhjiU�viHsc�.pUzvzvpj�0ªÌiOz��.pr|r�Suvhjw�lc�Sl��Oz{trqSprhc�j��t��z����=u�z®�Sl©}�scp��ju�z{tr}Uu8iOz{hjiU}UhjiU�vi,}Um{�jtr�¥z � uvsjtrqSp��S�Uhjwok� qjlj|UiUq�ljm¤}Uwgz � uv�vi¥sc�.pUzvzvpj�@��u�~0p��SiU}Op�¡:hjwg~«fSiOz{trir�ljhSz{tr}UiO~��vlc|UqjlcfShjwxn©z�nOu�~«�j}r�j�juvtUz¸��fSiOz{trlc¡Luvhjlju¤qju{�sYiUqOfShjwxn¢mvhjp��juvhjljk8i�fShjiU�vi£ljm � prqSpU~0uvtrqjiU}¤º R �clc�Sl L �lc�Sl
N
°��.m�p�z{�juvt�hjuvsYiUtriUqjwxn � iUtruvqj� � i:fSqj�Y�vlS~ � prqSp��~0uvtrqSpU~x�

´ uvqcuv�jlSz��SlS~atru{nchjlj�ju�z{sjlju:qju � uvhjlc���¯fSu�~0iUhSz{trqjljqj�O���¦�ljuU� � i�hSp � u�~0�§~0hjuvhjlj�£� � qju{lS~0�Y¦£u�z{tr}Op©l�hju{fSir�z{t�prtrsjl¤ljhjtruvqS��uvqjuvhj�jljiUhjhjwxn8l¤�vlj|UqjlcfShjwxn8z�nOu�~x�¬]u{}Uuvqjhjwok%Ð ÂrÒ � iUscprm�p��4���jtri � qjlS~0uvhjuvhjlju��vt�p��SiUhSpÕ£pr|Uqjlc� ´ uvqji¤fj�j�Cljmv�Y�juvhjlc�C��qSp��Yhj�viO��uvqjiU}rwxn,�Sljhjljk������u{sjtrlj}Uhji8f.p�¡Lu � qjl¥hSp��Slj�jljlHz � uvsjtrqjiU�vqSpU��p¢�c~0u{�qjuvhjhjiUk­qSprmvqju � pr��¦£u{k­z{lc�Sw��S²§|Uu�z{¦£u{�Suv}UiO~�z � uvsjtrqjir��vqSpU��u8Í�ljhjhjljsYp�Ð ü�Òx�SpUz{tr��sYir�j�SlS~0ljqjiU}OprhjhjiU�vi � �c�cscp� qji�nOi�fSljtg�juvqjuvm·z��Si�¡:hj�Y�©z{truvsc�j�jhjhj�Y� � �SpUz{trljhjsj�O��sYir�tUiUqjp�����iUqS~0ljqj�Uuvt,ljhjtruvqS��uvqjuvhj�jljiUhjhjwou8qju � uvqjwýº � ir��SiOz{w« 4p��S�U|UiUt�pO°��jqSpUz � ir�Si�¡Luvhjhjwou�hSp�f­ljmviU|UqSp�¡Luvhjlju�~z � uvsjtrqSp¢mv}Uuvm{fSw��B 4prsjlS~�iU|UqSprmviO~©�SpUz{tr�¢z{}Uuvt�p�mv}Uuvm{fSwlSz � ir�S�Umv�UuvtUz��Cfj�j�©��iUqS~0ljqjiU}Oprhjlc�Cqju � uvqSp,fSi � �SuvqjiU}r�z{sjlcn�ljm�~0uvqjuvhjljk���ó�z{i�¡yp��Suvhjlj�£��z � uvsjtrqjiU�vqSpU�©|Uwx�£lSz��sc�S���juvh6ljm¥z � lSz{sYp©z � uvsjtrqSp��S�UhjiUkap �j� prqSprtr�Yqjwýïx 4î� uvqj}UiU�vi � iUsOir�Suvhjlc���² � ir�j�jqjljm�pr�jljiUhjhjiO~8ljhjtruvqS��uvqjiO~0uvtrqjug¬]u{qjsYiU}Oz{sYiU�viÐ ô�ÒSz�iUm{f.pruvtUz��LlSz{sj�Uzvz{tr}UuvhjhSp�� � ir�j�jqjljm�pr�jlc��� � �SiOz{sYiOz{tr�sYiUtriUqjiUk¤|Uwgz{trqji:}UqSpr¦LpruvtUz��¤z�fj�SlchjiUk­}Uir�Shjw�� ´ qjiUlSz��nOi�fSljt©ljhjtruvqS��uvqju{hj�jlc��iU|UwosjhjiU}UuvhjhjiU�{i�l6hju{iU|Uwosjhjir�}UuvhjhjiU�viy�S�Y�juvk��cø��j�¤scp�¡yfSiU�vi:�Y���.p � ir�Si�¡£uvhjlc� � ir�j�c�qjiUlcf.p¥ljm�~0uvqO�j��tUz¸�§ljhctUu{hSz{lj}UhjiOz{trl�}HsYprhSp��.p�n¯�0ø��Slc�hSp£}Uir�Shjw�i � qju{fSu{�j�juvtUz�� � iL�Y���.pU~ � �SiOz{sYiOz{trl � ir�j�jqjlc�m�pr�jljl6º½�ju�~«iU|Uu�z � uv�jlj}OpruvtUz��HqSpr}UhjiO~0uvqjhSp��Hscp��Slj|UqjiU}r�scp � iafj�SljhSpU~�}Uir�Sh.°���l�hju�m�pr}UlSz{ljt§iUt � ir�Si�¡£uvhjlc�mv}Uuvm{fSw�hSpC¦£u{�Sl�º½ljm{�þm�pC}Uwgz{iUsOiUk � ljqjiUsYiU¦£u{�S�UhjiOz{trl� qjlj|UiUqSpO°�� ´ iUtruvqjl¢z{}Uuvt�p�hSp � ir�j�jqjljm�pr�jljiUhjhjiUk:i � trljsYuz{iOz{t�pr}r�j�c�Sl
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4
~0ljhj�Ytrw%hSprsYi � �Suvhjlc��z{lj�vhjp��.phSpLÖ��Ã~0uvtrqjiU}UiO~�tru{�Su�z{sOi � u�iU|Uu�z � uv�jlj}Op��.pUz{��triU�jhjiOz{tr� 1sS~]³�z{uvs8fj�j�¤mv}Uuvm{fSw

mV = 10
�¾ � u{�j�Su{�Ãz � uvsjtrqjiO~0uvtrq¤z�Ä£Õ ´ hSp£}Uhju � hjuvk��Oz{t�prhjiU}r�sYu8lSz � ir�S�UmviU}Op��.z��HhSp�ÑU� ü��Ã~�tru{�Su�z{sOi � u­ÿ É ÿ�Ð í�Òþ���]scp��hjljqjiU}Oprhjljuoz � uvsjtrqSp�iOz{�Y¦£u�z{tr}r�j�c�SiOz{��hSprsc�SiUhciO~�Ä£Õ ´ �
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sYiUhjtrqjir�S��ljhjtruvqS��uvqjiO~0uvtrqSp � qjiU}Ui�fSlc�.z¸�©Ç��{�ÃÀ����.prmvu{�qjiO~x�
Ä�hjtruvqS��uvqjiO~0uvtrq«Õ£pr|Uqjlc� ´ uvqjiC|Uwx�alSz � ir�S�UmviU}Oprh�}|Op��j�SiUhjhjiO~%ñ�Õ��þ�vscz � uvqjlS~0uvhctUu6Ð ��Òþ��z{scprhjljqjiU}Oprhjlju � ifj�SljhSpU~�}Uir�Sh�iOz{�Y¦£u�z{tr}r�j�c�SiOz���i � trljsYiUk�tru{�Su�z{sYi � pj�z � uvsjtrq�qjuv�vlSz{trqjljqjiU}Op��.z��ýhSp���iUtri � �Suvhjsj�U�,¾]t�p¹¡£u�vqj� �j� p�lSzvz��Su{fSiU}Oprtru{�Suvk:}£hSprmvu�~0hjiO~¥�vscz � uvqjlS~0u{hjtru�hSp

0.9
~«tru{�Su�z{sYi � u È ð�Ë � qjlS~0uvhjlc�.p�ljhjtruvqS��uvqjiO~0uvtrq�}sYir�j�SlS~0ljqjiU}OprhjhjiO~ � �Y�jsYuCz � uvsjtrqjiU�vqSpU��pj�oÄ£Õ ´ |Uwx�hSprsc�SiUhjuvh¹s�iOz{l � �Y�jscp
t�prs��y�jtri�hSp � qSpr}r�juvhjljuauv�vifSlSz � uvqSz{ljl � uvq � uvhcfSljsj���j�jqjhji§hSp � qSpr}r�Suvhjlj��fSlSz � uvqc�z{ljl�� � u{�j�Su8Ð ��Òþ��¬]}UiU|Ui�fShjwok,z � uvsjtrqSp��S�Uhjwok�ljhjtruvqj}Op��z{iOz{t�pr}Ulc�

FSR = 0.3 µ¶ �oz � uvsjtrqSp��S�UhciUu�qSprmvqju � uvhjlju
R = 500000

�
¬@�Su{fS�Y��¦£lS~ � qjiU�vqju�zvz{lj}Uhjwg~ � pr�viO~��j}Ulc�.pUz{�¢lcfSu{�lSz � ir�S�UmviU}Oprhjlc��ljhjtruvqS��uvqjiO~0uvtrqSp � iOz{tri��jhchjiU�vi©z�fS}Ulc��{p�fj�j��lcm�~0uvqjuvhjlc���S�Y�juv}Uwxn
z{sYiUqjiOz{truvk¹Ð Ñ�ì�ÒÃ��ú­uvtri�f|Uwx�Lqju�p��SljmviU}Oprh � qjl£hSpr|r�S�xfSuvhjlc�cn£z � uvsjtrqSp���iUtriOzv��u{�qjw�¬]ir�Shj�Spj� � qjlj�ju�~
fj�j�©ljm�~0uvqjuvhjlc��Âr�ÆnCljhjtruv�vqSp��S�r�hjwxn � prqSpU~0uvtrqjiU}­º½�juvhjtrq¤t��c¡Lu�z�tUl¯� � ljqjljhSpj�jpUz{lS~=~0uvt��qjlc��� � �SiU¦Lp�fS�Y°��{lSz � ir�S�UmviU}Op��SlSz{�·fS}Op·ljhjtruvqS��uvqjiO~0uvtrqSpz�qSprm{�Slj�jhjwg~0l­qSprmvhjiOz{t��S~0l¤nOi�f.p¤Ð ÑUÑ{Òþ� ´ qjl¤fSi � �SuvqjiU}r�z{sYiO~�scprqjtriU�vqSpU��ljqjiU}Op�hjljl � iU}UuvqOnchjiOz{trl¢¬]ir�Shj�Sp�|Uwx�.pfSiOz{trlj�vhj�Yt�pLtriU�jhjiOz{tr�yljm�~0uvqjuvhjlc�8�S�Y�juv}UiUk8z{sYiUqjiOz{trl

3~]³�z{uvs��
²·hju{fSqjuvhjljuC~0hjiU�viU�{�Su�~0uvhctUhcwxn � qjlju�~0hjljsYiU}�}UiUmvqjir�fSlc�Si�ljhjtruvqju�zxsyhjuvsOiUtUiUqcwg~�sc�.pUzvz{lj�ju�z{sjlS~�qju � uvhjlc�S~x���p � qjlS~0uvq�� � qjiOz{trqSprhSz{tr}Uuvhjhjwok��vuvtruvqji�fSljhjhjwok#z � uvsc�trqjiO~0uvtrq�ºÆ¿cÇ�¿j°¥iUt��Slj�SpruvtUz��#iUt�¿Yò¸¿ ¶�� � qjlS~0uvhjuvhjlc�u�~Á~0hjiU�viU�{�Su�~0uvhjtrhjiU�vi � qjlju�~0hjljscp§Ð Ñ�Ö�Òþ�@ø��j��qSpr|UiUtrw}	��
��g�ÆfSlSp � prmviUhju£|Uwx�Sl�}UwxfSuvqU¡yprhjw«}Uwgz{iUsjlju£trqjuv|Uir�}Oprhjlc��s�triU�jhjiOz{trl � iU}UuvqOnchjiOz{truvk�l£sYiUhSz{trqj�Ysj�cljl��ró�iUhc�z{trqj�Ysj�jlc�y�vu{tUu{qji�fSljhjhjiU�vi��vir�SiU�vqSpU��lj�ju�z{sYir�vi�z � uvsjtrqjir�~0uvtrqSp�º»Ç�Ç�¿j°¯t�prsc¡Lu@hcu]z{i�fSuvqO¡:ljt � i�fS}Ulc¡:hjwxn��{�Suv~0uvhc�triU}LÐ Ñ Å Òþ��ø�lS��qSprsj�jljiUhjhSp���qju � uvtrscp�hSp�nOi�fSljtUz��£}Uhj�YtrqjlljhjtruvqS��uvqjiO~0uvtrqSpj�0qSprm{�Slj�jhjwou�fj�Sljhjw¹}Uir�ShCsYiO~0|Uljhjlc�qj�Y��tUz���}HfjlSp � prmviUhju­�Y�®�SiU}S�=iU|UqSprmv�r�©hSpH}UwxnUi�fSu­ljhc�truvqS��uvqjiO~0uvtrqSp:z{lSz{tru�~0w � ir�SiOz�z�qjuvmvsYiyljm�~0uvhc�j��¦£lS~2�z�� � uvqjlji�fSiO~x� ´ iU�vtriO~0�­sYprsH¿cÇ�¿B�¯t�prs�l¥Ç�Ç�¿,������uvsc�trlj}Uhjw©}��YmvsYiO~�z � uvsjtrqSp��S�UhjiO~,ljhjtruvqj}Op��SuU�rÄ�t�prs��rz{iU�ju{�t�prhjlju@sc�.pUzvz{lj�ju�z{sjlcn�ljhjtruvqS��uvqjuvhj�jljiUhjhjwxn�z�nUu�~¤z@~0hjir��viU�{�Su�~0uvhjtrhjwg~0l � qjlju�~0hjljscpU~0l � iUmv}Uir�j�juvt·iU|UiUkjtrl � qjir�|r�Su�~0��triU�jhjiU�vi � uvqju�~0uv¦£uvhjlc�¤i � trlj�ju�z{sjlcn8�{�Su�~0uvhjtriU}S�

 triU|Uwafj�j�­scp�¡yfSiUk8fj�Sljhjw«}Uir�Shjw6ljhjtruvqS��uvqjuvhj�jlc�

� qjiUlSz�nUi�fSlc�.p � i�f
i�fShjlS~�l«tru�~�¡LuC�Y�®�SiO~x��z��Su�fS�Uuvt� qjlS~0uvhjljtr�£ljhjtruvqS��uvqjiO~0uvtrq�|Uu{�SiU�vi�z{}Uuvt�pj�U 2prs � qjlcnOir�fSlS~as¥lcfSuvuyÊ���ò�ª�}Uhju � hjuv�vi � iOz{tvfSlSz � uvqSz{uvqSpHº»z � uvsY�trqjiU�vqSpU��pHhjljmvsYiU�vi�qSprmvqju � uvhjlY�.°{�·qSprm�~0uv¦£uvhjhjiU�vi � ir�z��SugljhjtruvqS��uvqjiO~0uvtrqSp�ú,prkjsYu{�S�Oz{iUhSp�zg��ljsYz{ljqjiU}OprhjhjiUkqSprmvhjiOz{tr�U��nOi�f.p
d
Ð ÑvÂrÒþ�x¾]t�pHz�nOu�~=pHz��S�O¡:ljt¥fj�j��}Uwx�fSu{�Suvhjlc�¥ljhjtruvqS��uvqjuvhj�jljiUhjhjiUk�scprqjtrljhjw�}Uhj�Ytrqjl�scp�¡y�fSiUkyz � uvsjtrqSp��S�UhjiUkL�jljhjljl:} � ljqjiUsOiO~,fSlSp � prmviUhju]fj�Sljh}Uir�Sh���Ä£Õ ´ hSpg}Uhju � hjuvk��Oz{t�prhjiU}UsOu]|Uwx��lSz � ir�S�UmviU}Oprh�z� � u{�j�Su{�Ãz � uvsjtrqjiU�vqSpU��iO~¤ly~=prtrqjlj�juvk ´ Î4¬©Ð Ñ�ü�Òþ�� 4prsj�Y�z�nUu�~0�¥iUtv�Slj�Spruvt©Ó�hjuv��fSiU|UhSp���Ô­���Yhjsj�jlc� � ir�SiOz:}rfSir�S�¦£u{�Sl��r�jtri�hju � iUmv}Uir�j�juvt�lSz � ir�S�UmviU}Oprtr� � qjuvlS~0�Y¦£u�z{tr}Op���Yqj�Uu{�ÃprhSp��Sljm�p�lc�Sl�iU|UqSpr|UiUtrsj�£�vscz � iUmvlj�jljk�� � ir�S�Y�juvhc�

hjwxn�z{iLz�fS}Ulj�viO~¥��prmU�cegfShSprsYiS�Uscprs:l¢}£z�nOu�~0u�Ê���ò��OfSir�
� �SuvqjiU}Oz{sjljk,z�fS}Ulj� � ir�SiOz�},Ð Ñ�ü�Ò � qjlj|r�jljmvljtru{�S�Uhji¢i�fSlc�hSprsYiU}­fj�j� � ljqjiUsOiU�vi­fSlSp � prmviUhSp8fj�Sljh�}Uir�Sh��2²x~0u�z{triljhjtruvqS��uvqjiO~0uvtrqSp�ú,prkjsOu{�S�Oz{iUhSp � uvqju{f � iOz{t�fSlSz � uvqSz{u{�qjiO~�hjljmvsYiU�vi�qSprmvqju � uvhjlc��~0i�¡:hji¢�Oz{t�prhjiU}Uljtr�¢���Yqj�Uu{�z � uvsjtrqjiO~0uvtrqHÐ Ñ�ô�Òþ�
û0pUzvzv~0iUtrqjlS~#scp��ju�z{tr}UuvhjhciUu � iU}Uu{fSuvhjlju,i � lj|Usjl�ljm{�~0uvqjuvhjlc�H�S�Y�juv}UiUkCz{sYiUqjiOz{trl

σ(VR)
},qSprmvhjwxnHz�nUu�~=p�n¯�¼@�jl�z{qSpr}Uhjlj}Oprtr��fSlS��qSprsj�jljiUhjhjwok:z � uvsjtrqjiU�vqSpU�az{qju{fj�hjuv�vi6qSprmvqju � uvhjlc��l�� � u{�j�Su{�Ãz � uvsjtrqjiU�vqSpU��}Uwgz{iUsYiU�viqSprmvqju � uvhjlc����tri � iOz��Su{fShjljk � qju{f � iU�jtrljtru{�S�UhjuvuU��t�� s��nYprqSprsjtruvq�m�pr}UlSz{lS~0iOz{trl«i � lj|Usjl�iUt�z{lj�vhSp��.pj�ghSprsYi � ��SuvhjhjiU�vi¥} � ir�SiOz{uU�=qSprm{�Slj�juvh�fj�j��z��S�Y�Sp����@sOiU�®f.p��Slc�hjlc�Hhju{fSiUiU�juvhjuvhSp¥º

p > s
°��4lc�Sl � uvqjuviU�juvhjuvhSp¥º p < s

°��zv~x� �UhSp � qjlS~0uvq��SÐ Ñ�í�Òþ�Oe � lj|UsYp�ljm�~0uvqjuvhjlc� � i�i�fShjiUkL�Slc�hjljl � qji � iUqj�jljiUhSp��S�UhSp (p/s)3/2
l�iU|UqSprtrhji � qji � iUqj�jljir�hSp��S�UhSp�sj}Op�fSqSprtrhjiO~0��sOiUqjhj��ljm � iUtriUscp�} � ir�SiOz{u F 1/2

i

�e�fjhSprsYiytrqjuv|UiU}Oprhjlju � uvqjuviU�juvhjsjl8�Ymvsjlcn¢�Sljhjljk � qjlj}Uir�fSljt�s©}Uu{�Slj�jljhcu
R = 105

�0sOiUtriUqj�Y��hjp�|Uir�S� � lcnHtru{��Su�z{sYi � p�nCtrqj��fShji¥iU|Uu�z � uv�jljtr�¥|Uu{m­z{�Y¦£u�z{tr}Uuvhjhjwxn � ir�tUu{qj��z{}Uuvt�p­hSp,}rnOi�fSu¢z � uvsjtrqjiU�vqSpU��pj� ´ qjlHljm�~0uvqjuvhjljlz�fS}Ulj�{p�ljhjtruvqS��uvqjuvhj�jljiUhjhjwxn � ir�SiOzr�ri � lj|UsYp�z{sOiUqjiOz{trl
σ(VR)

� qji � iUqj�jljiUhSp��S�UhSpo}Uu{�Slj�cljhju � iOz{tri��jhjhjiU�vi�z¸fS}Ulc��{p
d
�YsOiUhjtrqSpUz{tr�:ljhjtruvqS��uvqjuvhj�jljiUhjhjiUk � ir�SiOz{w γi

l¢iU|r�qSprtrhji � qji � iUqj�jljiUhSp��S�UhSp�sj}Op�fSqSprtrhjiO~0�¤sYiUqjhj��ljm � ir�tUiUsYp
F

1/2

i

�0 4prsjlS~�iU|UqSprmviO~x�4��prsjtriUq � uvqjuviU�juvhjsjl¥�Slc�hjljl��0qju � pr��¦£ljk � qjlC}Uwo|UiUqju�� � u{�j�Su{�Ãz � uvsjtrqjiU�vqSpU��pj�}:�vlj|UqjlcfShjiUk­z�nUu�~0u�hju£��lj�{�cqcljqj�Uuvt��S²·u{�Slj�jljhj� � iOz{trir��jhjhjiU�vi§z�fS}Ulj�{p�~0i�¡:hji§i � tUlj~0ljmvljqjiU}Oprtr�§lcmC�Oz��SiU}Ulc�~=prscz{lS~=p��S�UhjiU�viasOiUhjtrqSpUz{t�paljhjtruvqS��uvqjuvhj�jljiUhchjiUk � ir��SiOz{w
fj�j����p��Ozvz{iU}Uirk���iUqS~0w«�Sljhjljl���hji8sYiUhjtrqSpUz{t � ir��SiOz:|U��fSuvt­z{hjlc¡yprtr�Oz�����sYiU��f.p­z{iOz{u{fShjlju � ir�SiOz{w�hSp��jlc�hSpr��t � uvqjuvsjqjwo}Oprtr�Oz�� � qjl � iUhjlc¡£uvhjljl§z � uvsjtrqSp��S�Uhjir��vi¥qSprmvqju � uvhjlc� � iOz{t�fSlSz � uvqSz{uvqSpj�@Ä�t�prs��0}O~0u�z{triH��prsc�tUiUqjp � uvqjuviU�juvhjsjl8�Sljhjljk­fj�j�­sc�.pUzvz{lj�ju�z{sOiU�viyfSlS��qSprsc��jljiUhjhjiU�vi:z � uvsjtrqjiU�vqSpU��pj�Y}y�vlj|UqjlcfShjiUk­z¸nOu�~0u � i��j}r�j�c�uvtUz��«�Oz��SiU}Ulju¥hju � uvqjuvsjqjwotrlc��z{iOz{u{fShjlcn6ljhjtruvqS��uvqjuvhc��jljiUhjhjwxn � ir�SiOzr� ´ iU�vtriO~0�©}��vlj|UqjlYfShjiUkaz�nUu�~0u�z � uvsc�tUqjp��S�UhjiUu¢qSprmvqju � uvhjlju � iOz{t�fSlSz � uvqSz{uvqSp�~0i�¡:hji � iUhjlc�mvljtr�S�B¼]z��Sl�ljhjtruvqS��uvqjiO~0uvtrq�z{sjqjuv¦£lj}OpruvtUz¸��z�� � u{�j�Su{�z � uvsjtrqjiU�vqSpU��iO~HÐ Ñ�ü�Òþ��tri�iUtrhjiOz{ljtru{�S�Uhji�hjlcmvsYiUu � qji � �Oz��scprhjlju¥z � uvsjtrqjiU�vqSpU��pCsYiO~ � uvhSz{ljqj�UuvtUz��atrir�S�UsYi�}Uwgz{ir�sYiUk � ljqjiUsYiU¦£u{�S�UhjiOz{tr�U�ÁljhjtruvqS��uvqjiO~0uvtrqSpj�0p � iUtruvqjlhSp � iU}UuvqOnchjiOz{t��cn©z � uvsjtrqjiU�vqSpU��pHz{i�ncqSprhc�j��tUz����@¼]z��SlljhjtruvqS��uvqjiO~0uvtrqaz{sjqjuv¦£lj}OpruvtUz¸�§z¤iU|Uwo�jhjwg~�fSlS��qSprsc��jljiUhjhjwg~�z � uvsjtrqjiU�vqSpU��iO~©z{qju{fShjuv�vi:qSprmvqju � uvhjlc�HÐ ÑvÂrÒþ�qSpr|UiUt�pr��¦£lS~«}�hjljmvsYiO~ � iUqU�cfSsYu¢fSlS��qSprsj�jljl��=tri�fSir�� ir�Shjljtru{�S�UhjwokC}Uwolj�vqjw � }�z{}UuvtriOz{lc�Su�iU|Uu�z � uv�jlj}Opruvt��z���m�p¥z{�juvtC~0uvhj� � lcn � iUtruvqj�ChSp � iU}UuvqUnchjiOz{t��cn©z � uvsc�tUqciU�vqSpU��pj�2¬]iUiUtrhji � uvhjlju � qji � �Oz{sYprhjljk�fSlS��qSprsj�jljiUhc�hjiU�vi¤z � uvsctUqciU�vqSpU��p¢z{qju{fShjuv�vi8qSprmvqju � uvhjlc�,l�� � u{�j�Su{�z � uvsjtrqjiU�vqSpU��p�}Uwgz{iUsYiU�vi�qSprmvqju � uvhjlc�¢qSprm{�Slj�SpruvtUz¸�¢iUthju�z{sYir�S�UsjlcnHqSprm�fSi�i�fShjiU�vi � iUqO�cfSsYpj�0 2prsCscprsCi � lj|r�scp�ljm�~0uvqjuvhjlc�¢iU|UqSprtrhji � qji � iUqj�jljiUhjp��S�UhSp�sj}Op�fSqSprtrhjir�~0��sOiUqjhj��ljm � iUtriUscpH} � ir�SiOz{uU�]tri � uvqju{nOi�f§s � iOz{t��fSlSz � uvqSz{uvqj�
z{qju{fShjuv�viaqSprmvqju � uvhjlc�
iU|Uu�z � uv�jljta}Uwolj�{�
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qjw � } � qji � �Uz{scprhjljl�� � qjl¥m�p�f.prhjhjiUk σ(VR)
��hSp¤i�fShj�O�fS}Uu,mv}Uuvm{fShjwou,}Uu{�Slj�jljhjw��xî �j� prqSprtrhSp��§���Yhjsj�jlc� � ir�z{t�fSlSz � uvqSz{uvqSpym�pr}Uu{fSiO~0i � ljqju�sYiUhjtr�YqSpL�Sljhjljl�� � iU�vtrir�~0�HsYiUhjtrqSpUz{t�ljhjtruvqS��uvqjuvhj�jljiUhjhjwxn � ir�SiOz¢z{hjlc¡ypruvtUz¸�m�p�z{�juvt�}Usc�.p�f.p�sjqjwx�S�Uuv}©�Sljhjljl�l�z{iOz{u{fShjlcna�Y�SpUz{t��sYiU}�sOiUhjtrljhj�Y�c~=paÐ Ñ���Òþ�ge � lj|UscpHljm�~0uvqjuvhjlc�6z{sYiUqjiOz{trlfSir�j¡:hSp�}UiUmvqSpUz{t�prtr��}

(p/s)1/2
qSprmHm�p§z{�juvtaz{hjlc¡Lu{�hjlc�«sYiUhjtrqSpUz{t�p � ir�SiOzr�ghji§hSp�t�prsYiUk6¡LuCsYiU������lj�jlc�uvhjt¤i � lj|Uscp�fSir�j¡:hSp¤z{hjlc¡yprtr�Oz¸�¥m�p¤z{�juvt¤�Y}Uu{�Slj�juvhjlc��jlSz��.p¤�Sljhjljk��2u�z��Sl � qjl � iUhjlc¡LuvhjljlHqSprmvqju � uvhjlc� � ir�z{t�fSlSz � uvqSz{uvqSp�º½t�� uU�¯�Y}Uu{�Slj�juvhjljl p °�� � qji � iUqj�jljiUhSp��S�Uhji�Y}Uu{�Slj�jlj}OpruvtUz���i�fShjiU}Uqcu�~0uvhjhji�qjuv�vlSz{trqjljqj�Uu�~0wok©fSlSp��

� prmviUh�fj�Sljh�}Uir�Sh�º½t�� uU�]�Y}Uu{�Slj�jlj}OpruvtUz����jlSz��Si¥�Sljhjljk��scp�¡yf.p��:ljm�sYiUtriUqjwxn���iUqS~0lcqj�Uuvt£z{}UiUl:ljhjtruvqS��uvqjuvhj�jlc�iUhjhjwou � ir�SiOz{w�°��] 4prsjlS~�iU|UqSprmviO~x�=} � uvqj}UiO~ � qjlj|r�Slc�¡Luvhjljl�iU|U¦Lp��LfSi � �SuvqjiU}Oz{scp��yi � lj|Uscp�hjugm�pr}UlSz{ljt¢º½lc�Slz��.pr|Ui8m�pr}UlSz{ljtO°�iUt­z � uvsjtrqSp��S�UhjiU�vi8qSprmvqju � uvhjlc� � iOz{t��fSlSz � uvqSz{uvqSpj�·��uvm�pr}UlSz{lS~0iOz{tr��fSi � �SuvqjiU}Oz{sYiUk©�j�Y}Oz{tr}Ulc�tru{�S�UhjiOz{trl©}¥z�nOu�~0u8Ê���ò£iUt¥z � uvsjtrqSp��S�UhjiU�vi�qSprm{qju � u{�hjlc� � iOz{t�fSlSz � uvqSz{uvqSpj�O}Lz�iU�juvt�prhjljl¢zg}Uwgz{iUsjlS~ � qji � �Oz��scprhjlju�~�z{lSz{tru�~¥z{qju{fShjuv�vi�qjprmvqju � uvhjlc� � i�z{qSpr}Uhjuvhjlj�§z� qji � �Oz{sYprhjlju�~�� � u{�j�Su{�Ãz{lSz{tru�~·� � iUmv}Uir�j�juvt�}Uwolj�vqSprtr��}������uvsjtrlj}UhjiOz{trl¥~0uvtri�f.p¤|Uir�SuvuLi�fShjiU�vi � iUqU�cfSscpj�� �iU�c�hjwok�iUtr}UuvtHhSpH}Ui � qjiOz¤iU|Hi � trlS~=p��S�UhjiO~�qSprmvqju � uvhjljl� iOz{t�fSlSz � uvqSz{uvqSpH~0w�hSp�fSuvu�~0z�� � ir�S�Y�jljtr� � �Ytru�~��jlSz���SuvhjhjiU�vi:~0i�fSu{�jljqjiU}Oprhjlc���
´ ir�Si�¡£uvhjlju�ljhjtruvqS��uvqjuvhj�jljiUhjhjwxn � ir�SiOz
}%z�nOu�~0uÊ���ò©i � qju�fSu{�j�juvtUz��%hju6trir�S�UsYi��S�Y�juv}UiUk�z{sYiUqjiOz{tr�U�£�hji�l�z{t�pr|Ulc�S�UhjiOz{tr�U� }rnOi�fShjiUkýp � u{qjtr�cqcw�� � iU�vtriO~0�hjuviU|�nUi�fSlS~0wg~��Uz��SiU}Ulju�~ �j}r�j�juvtUz¸��i � triU}Uir�SiUsYiUhjhjiUuz{iU�juvt�prhjlju ljhjtruvqS��uvqjiO~0uvtrqSp zötru{�Su�z{sYi � iO~x��¾]triiU|Oz{tri��jtru{�S�Oz{tr}Ui%~0i�¡£uvt�iUsYprm�prtr�Oz�� � ir�juvmvhjwg~x�­u�z��Sl} � ir�Su­mvqjuvhjlc��tru{�Su�z{sOi � p¥u�z{tr�¥hju�z{sYir�S�UsYi�iU|U��uvsjtriU}S��S�Y�juv}U�Y��z{sOiUqjiOz{tr�CsOiUtriUqjwxn�~0i�¡:hjiHljm�~0uvqjljtr��i�fShjir�}Uqju�~0uvhjhji�l:z·}Uwgz{iUsYiUk£triU�jhjiOz{tr�U�£�Ye � trlS~=p��S�Uhjwg~©º � iz{iUiUtrhji � uvhjlj��Ó�fSlSpU~0uvtrq � ir�j�«ª fSlSpU~0uvtrq�tru{�Su�z{sYir�

� pjÔO°��¯fj�j��t�prsYiUk�m�p�f.p��jl��j}r�j�juvtUz�� � qjiUuvsjt­ÿ ¶�� Ë�¿����²·iUm�~0i�¡:hjiOz{tr� � qclS~0uvhjuvhjlc� ljhjtruvqS��uvqjiO~0uvtrqjiU} }i � triU}Uir�SiUsYiUhjhjwxn z � uvsjtrqjiU�vqSpU��p�n �vtriU�vi � qjiUuvsjt�piUtU~0uv�juvhSp¹}ýÐ Ñ���Òþ��ø�iU|Opr}rlS~x���jtri�}OprqjlSprhjt � ljt�prhjlc�i�fShjiU�vi�ljm�i � trlj�ju�z{sjlcn�}Uir�SiUsOiUh�~0hjiU�viUiU|U��uvsjtrhjiU�viljhjtruvqS��uvqjiO~0uvtrqSp«iUt�hjuv|Uir�S� � iU�vi6}Oz � iO~0iU��prtru{�S�UhjiU�vitru{�Su�z{sYi � p iUtrsjqjwo}Opruvt }UiUm�~0i�¡:hjiOz{tr� scp��Slj|UqjiU}UsjlljhjtruvqS��uvqjiO~0uvtrqSp � i��jqjsYiUk«mv}Uuvm{fSuClc�Sl � ia�Y�SpUz{trsj��S�YhjhjiUk � iU}UuvqUnchjiOz{trl��
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