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IPvadas
Q�RSTSVUXWKY[Z\H]T^`_�aKScbAUdbF\@Y[Z\eScSTf>UXghUdikjl^2SVUd^2Snm2\HoB^2ScSVWJ\@f<]TgT^2STf`^7WKUp_qirUAstsui>vwikj Rx UdikaKSnWyizo5irU{m2^`_�\`|
oKaF}2^~WyikSV]T\Ho�Z\E]hi�W5izWKUdYdbF^`j�i�bAikaFm2\EYdUX^�iz]T^`j%a=��UXg�_�^`�>a��tSqWB\Ef>]VghUX�KUXa���YdUd�AU�_qa=�tSq]VghaAf>]z�aFg�i>|
WyizWAg�ikSV]hirU RSTUXj!]hi���fkirgV]ha=�4j�i Rx \@ST��Z\��A\EUISTj!aAYdf�UX^`_�U?SV]VghaAf<]z�aFg�i>v��tirYdU�S�]Ta���YXUd�AUp_�a=�4iz]�SVUXghik�:�
bAi�b�Z\EYASVf�UXgV]hUX�Fm2a��L���A\@jlUX�KUX^�\EYd\Ejl\@�<]T^�U x ^7]T^7WKa��JoKghik�KbFaA^`YdUXa��9j�i7SVUda=�LUXgw]z�aFghUda=��SVf�UXgV]haAjl^Fv� i R�HU�ira�}:Ud\E��U x ^7]T^7WKUd�AUdS�WB^2SVYdUd�Af>U�S��A\Hm<ikYXUnWyi7irU RSTf>Ud�>]TU�}�U�SVa���WyikSV]T\Ho�Z\H]Ta���YdUd�AU�_qa=�hv��IizWKUdY��
bF^`jl^2S��AUXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2S�SV]VghaAf>]e�aFgh^2S�YdUX�KU�_�^2S4iz]hSTU{g�ir�KbKi�b�Z\@YK]hizgTW�oAg�ir�KbFaA^`YdUd^%Sq]hiz]hUX�AUda��
j�izm2�A\E]TUX�KUX^�U{g�\EYd\Ef>]VghUd�AUX^�Y�iraAf�a���UXg�\EYd\Ef>]Vgh^`�>a��-izW�}7irYdfkirYd^.j�izm2�A\E]TUd�AUXa��-U{g�\@YX\@f<]VghUd�AUda=�
YdiraKf>a��I\E�K\HgTm2U�_q^2ScSTi���}2\EUdf`^2SHv���aKSVf�UXYdUdj�ikS�b�Z\EY RSTUX^2S�STi���}2\@UXf`^2S�\E�A\EgVm2Up_�^2S

E à5Þé� Y�izoyirUy]TUdf�STYXU�irU  g�i¡irWAg�i RSV^`j�i7St¢4ikSTUXjlUXg@£p^l¤N^7ghj%aAYX\¦¥�§©¨�ª
E à5Þé� = 1

2
CA+

3

4

C(C+ 1) − I(I+ 1)J(J+ 1)

2I(2I− 1)J(2J− 1)
B , « §e¬

f>aFghUd^7_q\
C = F(F + 1) − I(I + 1) − J(J + 1) v � ^¦SVaKSTf>UdYXUdjl^�b   bFUdS   g�i�WAgh^7WJ^7g��EUX�Fm<i7S}7ikbFUd�Kirj�ir_qirj

A
bAiraFm2Udf>YdUdaAUI_�U � RSVUd\Ef�]TUd\Ef.Wyiz]TUdf:SVYdUX�Kik�<]¡iz]�SVU Rx }2\EYXm2aKS�U � B Wyizg�irjl\E]Vg�i
�hv� ^`YX\eSV�AUBWyiz]hUXf:SVYdUX�KUXj�ikU=|yU RSTSTf   ghaKS�SVWJ\e�HU�irYdUXaKS�iz]V}2\T_�aKSH|   g�i¡bAizg�j�i Rx \@ST�AU9U{g�U �9_�aA^2S�gh\H]hirU

iz]hSVU Rx }2\EYXm2U�irj�i>v��UXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2S�Sq]VghaAf>]z�aFgh^2S�YXUd�AUp_�a=�tSVfkikU R�EUXa���m<irYdUXj�i¦m<ikaF]TUnU RS�oAg�ir�:�
bFaA^`YdUX^�_�ayb�Z\V_�Udjl^�f�UX\@f>Ud^.jl^`j�\E�>]T^

I
UXg�\@YX\@f<]Vgh^`��a=�-gh\ x aKY{]hir]TUX�KUX^.j�^`jl\E�>]T^ J }2\Ef>]T^k�gTUd��Z\eS�STaKb�Z\E]TUX\eS�U ��m<irYdaF]TUd�AU ��jl^`jl\@�<]hi��
F
UXg�¤�^7]T^`�A^~SqWKUd�KbFaKYXUdaA^7]>Z\eS�iz]Vg�ir�Af`^2S�]�irUdS   f�YdUXa��TvR�>UdaA^`Y�irUXf�Ud�AUdikU?\Ef:SqWB\EgTUdjl\@�<]TUd�AU�irUIjl\H]T^:bAirU?YX\@Udb Rx U�i�j�ir]TaA^7]TU�WKghikf<]TU RSVfkikU�oB\E]tf>aAgTUd^¦iz]T^k�

jl^�U{g�_�^`�A^~SVWJ\@f<]TgTUd�AUda=��YXUd�AUp_�a���SVaySVf�UXYdUXj�i
�h|LU ��STfkirUX]hir�>]�\Ef:Sq]Vgh\Ej�irYXUdaKS�_�^`�KU x ik�HUp_�^2S�Y�irUXWyS��
�AUXaySHvc��Z\@YKbAUdbF\@YXUd^��AUXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2ScSV]VghaAf<]z�aFgh^2ScYXUd�AUp_�a��Ij�iz]hiE}:UXj%a=�?]TUdf�STYXaAj�^�_q^2Sw]hikj¡�
Wyi®UdbF\eirYdUdirU�S�fkirYXUXoAg�iE}�Udjl^U{g�bAi Rx �AUda���Sq]hik�KbAizgT]hirU�S¯}�U�STirj�\�SqWB\Ef>]VghUX�KUdirj�\�UX�>]T\HgT}7irYd\7v
�?} x vX|cSV\@f>aA�yb�Z\@S!izWKUXoAg�Z\ Rx Udj�ikS�gT\@jlU�ikSVU��H\ x UX^�U x ^7]T^7WB^ 133 ¢ s SVj%aAYXf�Ud^2SVUd^2S%Sq]VghaAf>]z�aFgh^2SY   m2jl\E�yS 2 �

1/2
�KU{WB\Hg�STj!aAYdf�UX^`_�^�SVaKSTf>UdYXUdjl^°Y   m2jl\E�AUdjlU�S F = 4

UXg
F = 3

v R��UdS RSVaK^`YXU�S
U RSTj�iz]TaA^7]�ikS�UXg%irWKU{oKg�Z\ Rx ]hikS�fkirU{W±bAi Rx �AUd^�SV]hir�KbKizgT]hikS ∆ν ≡ 9 192 631 770  x ¥³²r¨�v�´�U��]hi�WKY�i R�HU�irU Rx UX�K^`j�i��KU{WB\Hg�STj!aAYdf�UX^2STUX^2S�SV]VghaAf>]e�aFgh^2S�YXUd�AUp_qi¯iz]TUX]TUX�Kfki�}7ik�KbF\E�KUXYdUX^¯W5izm`ghUX�:�
bFUX�4Z\@SBo?�aKST\E�A^2SBj�izm2�A\E]TUd�AU �ybFUXWB^`YXUd�AU � RSVaK^`YXU �A]hizgTW��KU{WB\Hg�STj!aAYdf�UX^2STUX^2SLSq]TgTaKf<]z�aAgT^2S9Y   m2j�\E��a=�
F = 1

U{g
F = 0

v � irU   ghi 21 �Hj −1 YXUd�AUp_qi>|�f�aFghUX^2S�SqWKUd�KbFaAYdU�iH}:UXj�^~\Eg�b:}�Ud�AU�S�Wyi7SVU�SVf�U{g�S��]   j�ikS�µtU�STir]T^7_q\�WyU{ghj�i��tfkizgT]hi���W5izgh^�b�Z\¦��ikaAf RS R�HUda=� � ikf`^°SqWKUXg�irYXUd�A\���STir�ybAizg�i
�hv~¶�aA^~]h^
YdirUdf`^7]hizgTWKUd^��AU{WB\EghSTj!aKYXf�UX^2STUX^2SnSq]VghaAf>]z�aFgh^2SO]   ghUXj�irUA]hirj�Wyi�}�U�SnSq}7izgToB\@ST�AUFir�yirYXU x aK^7_qik�<]RSVUdaA^`YdikUXf�UX�KUXaKS�ikSV]Vgh^`�A^`jlUd�AUXayS�SVWJ\@f<]TgTayS�¥¸·:|�¹7¨�v

��\E]hirYdUX^2ScSqWB\Ef>]VghUd�AUXa��9YdUX�KU�_�a���STir�ybAizgh^2S Rx Ud�A^`_�Udj�ikSwU RSw\eSVjºZ\eSIWyi7bF\@bAitUd�>]T\HgTWAgh\H]haA^7]TUAU{g
ir�KirYdU x aA^7]TULbFU�bF\EY[Z\@S�SVf�U{ghU�irjl^2STUX^2S4m2\HoB^2S4SVWJ\@f<]TgTaySHv � aFghUX�>]�]TUdf:SVYdUdikS A UXg

B
W5izg�irjl\H]TgTa��

}2\HgT]T\@SE|�m<irYdUXj�i.\H¤�\Ef>]   }�U�irUtUd�<]T\EgTWAgh\H]TaA^7]hU�YdUX�KU�_�a���¤N^7ghj�i7SH|4U�bF\E�>]TUX»Af�aA^7]TU RSTaA^`YdUXaKS�]hizgTW
SVj%aAYXf�Ud^2SVUd^2SISV]VghaAf>]e�aFgh^2SIYXUd�AUp_�a=�BSTaKb�Z\H]hUX�Fm2aK^2SV\�SqWB\Ef>]VghaA^2SV\`|rf`^`�>]Vgh^`YdUXaA^7]hU:SqWB\Ef>]Vgh^tYdUd�AU�_qa=�
UdbF\@�<]hU{»KfkiH}:Udj�i
�hvc�?} x vX|<�Kira`_�U:m2\Eg�irU Rx UX�A^`j�^��AUd^7oKUX^-\@YX\@jl\E�>]T^-�AUXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2SOSV]VghaAf2�
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]e�aFgh^2S�j�iz]�iH}:UXj�irU�iz]�SVf�YX\@Udb�Z\`|�fkikb¼SV]hir�KbKizgT]TUX�4Z\@SV\�STj!aAYdf�UX^2STUX^2S�Sq]TgTaKf<]z�aAgT^2S¦Y   m2j�\E��a=�
YX\@�<]T\@Y[Z\eSV\   g�i¡f�YdirU�bFUd�Fm2a��cY   m2jl\E��a��cUdbF\@�<]hU{»KfkiH}:Udjl^�iz]T}2\V_�a���¥³½r¨�v

�UXWJ\Eg�SVj%aAYXf�Uda=��_�a=�!STi���}2\EUdf�a=��\@�A\HgTm2Up_qi
E à5Þé� m<irYXU�o?�aF]hU�a Rx g�i RS   ]�i�fkirU{WoAg�ir�KbFaA^`YdUd��Z\@S

M(k) U{g�\@YX\@f<]TgT^`�4Z\@S T (k) bKirYXUda���¥¸¾k¨�iz]VghU RSq]T^`_�U�Shir�KbAikaFm<i
E à5Þé� = 〈 JIF ‖M(k) · T (k) ‖ JIF 〉

=
∑

k=1

(−1)J+I+F

{
J I F

I J k

}
〈 I ‖M(k) ‖ I 〉 〈 J ‖ T (k) ‖ J 〉 . « ²2¬

� Udf�STYXU�ikS¦oAg�ir�KbAaA^`YXUd�AUda=�¡j%aAYX]TU{WB^`YdUX�KUXa���jl^`jl\@�<]Ta��¡U RSVg�irU RSTfkikS�m<ikYXUdj�i�g�ikSV]TU�¥�¿z¨-bAirgVoB\`vÀ ghik�KbFaA^`YdUX^Áj�izm2�K\H]TUd�AU�S�bFU{WB^`YdUX�KUdS « k = 1
¬¦j�^`jl\E�>]hikSE|�SVaF]VghaAjlWKUX�>]hirU RxE  j�UX�>]�_�^

¤NaA�Kf2�HUp_qi
�
| IMI 〉 |Am<irYXULo?�aF]TULU RSqgh\@UXf RSq]hi7S�fkirUXW°j�ir]VghUd�EUX�AU�S�\EYd\Ejl\@�<]�ikSH|Kf�aFghUX^�SVaKjlUX�KUdS�STa:�f>Ud�   S   g�i I UXgc_�^�WAgh^7_q\Ef2�HUp_qi MI = I

ª
µI ≡ 〈 II |M ¿ (1) | II 〉 . « ·<¬

Â Yd\Ef>]VghUX�AU�S�f>}7ikb:ghaFWB^`YdUX�AU�S�jl^`jl\@�<]�ikS « k = 2
¬�]TaA^`j�\H]�Y   m2aKS

Q ≡ 2 〈 II |M ¡ (2) | II 〉 . « ¹>¬
R�>U�irjl\lbAirgVoB\��KiraKbF^`_qirj�^2S�\Ef:SqWB\EgTUdjl\@�<]TUd��Z\eS�oAg�ir�KbAaA^`YXUd�AUda=��bAirYdUXa���}2\HgT]�Z\eSHv���iraFm2\@YXUd^
iz]T^`j%a=�IbFUdbA\EY[Z\@SnirWKUXj!]TUd\@SnoAg�ir�KbFaK^`YXUd^�j�izm2�A\H]hUX�AUda���bFUXWB^`YXUd�AUda=��UXgc\@YX\@f<]VghUd�AUda=��f>}7ikb:ghaFWB^k�
YXUd�AUda=�cjl^`j�\E�>]Ta=�cYd\E�>]T\@Y�Z\eS�WKaFoKYdUXf�aA^7]T^2S!¥¸Ãk¨�v� irUdfkir�>]�_�aKb�Z\T_�UXj�^-f�UX\@f>Ud^�j�^`jl\E�>]T^-]T\@^7gTUp_qi��9m<irYdUdj�i�U RSqgh\EUdf RSq]TUAj�izm2�A\H]hUX�A\���bFUXWB^`YXUd�A\��
f`^`�KSq]hik�<]hi��

A
UXgL\EYd\Ef>]VghUX�K\³�Kf>}7ikb:ghaFWB^`YdUX�A\��Af`^`�ySq]hir�>]hi��

B
\@YX\@f<]Vgh^`��a=�A]T\@� x ^7ghUd�AUda=�A^7WB\Eghir]T^7ghUXa��

T ¿ (1) | T § (1) U{g T ¡ (2) SVaFoKj�iz]VghUd�EUX�KUdirU�S�\@YX\@jl\E�>]hirU�SHª
AJ =

µI

I

1√
J(J+ 1)(2J+ 1)

〈 J ‖ T ¿ (kl ks)1 + T § (kl ks)1 ‖ J 〉 , « ½2¬

BJ = Q

√
4J(2J− 1)

(J+ 1)(2J+ 1)(2J+ 3)
〈 J ‖ T ¡ (kl ks) 2 ‖ J 〉 . « ¾<¬

Ä ]T^`j�^�oyir�Fm2Ud��Z\!¤NaK�Af2�HUp_qi�SVaA]VghaAj�WKUd�<]�irU?Wyi RxH  jºZ\H]�i | J 〉 v � ^`f>Ud^2St¤�^7ghj!aAY[Z\@S�]hUX�Afki�oB\H]f>aFghU�irjÅiz]T^`j%aAU�|>]haFghUX� R�EUdikjÆoB\E]�f`^`f>U �wiz]V}:U{gha��O\EYd\Ef>]Vgh^`�>a��OSTYXaK^`f�ST�AUXa��?STfkirU R�EUXa��Tv���\E]hirYd\@S��
�A\@S�\EYd\Ef>]Vgh^`�AUX�KUXa���bAirYdUXa��

T (k) U RSqg�irU RSVfkikS�m<irYdUXj�i%g�ikSV]TU4¥¸Çk¨�v
A
Wyizg�irjl\E]Vg�ikS   g�i�oKghik�KbFaA^`YdUX^�Sq]hir]TUX�KUX^�j�izm2�A\E]TUX�KUX^�jl^`jl\E�>]T^�U{gn\@YX\@f<]TgT^`��a��9j�izm7�

�A\H]TUd�AUd^�YdiraKf`^.STir�KbKiraFm<i « Rx U��aAgEv�¤È��YX\�� « ½2¬T¬�v À g�ir�KbFaK^`YXUd^�j�irm2�A\H]TUd�AU�S%jl^`jl\E�>]hikS!m<ie�YXU�o?�aF]hU�U RSVj�iz]TaA^7]hi7S�]TUd\@STUX^7m2U�irU4�KiraKbF^`_qir�>]%ir]T^`j!a��tWKYdaA^ RSq]h\EYdUX^°j�izm2�A\E]TUd�AUX^°gT\ x ^`�Kik�KSV^
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]T\@���A�AUdfki��T|y]hirUXm2UI�K\H]TUXghUdir�>]��KU{WB\Hg�STj!aAYdf�UX^2STUX^2StSTi���}2\@UXf`^2SEv � aA^`jl\E]t\EYd\Ef>]Vgh^`��a=�4j�izm2�A\E]TU��
�AUdS�Y�iraAfki7S�m<irYdU9o?�aF]TU�izWySTfkirU R�EUXaK^7]hikS�WyikSVUX]T\@YXf�Udik�<]�iz]T^`jl^loyir�Fm2Ud�A\��w¤�aA�Af2�EU�_qi��Tv
B
Wyirghikjl\H]Vg�ikS   g�i%oAg�ir�KbAaA^`YXUd^lf>}7ikb:ghaFWB^`YdUX�AUd^�jl^`jl\@�<]T^�U{gt\EYd\Ef>]Vgh^`�>a���\EYd\Ef>]VghUX�AUd^

YdiraKf`^�m`g�ikbAUX\@�<]T^�STir�KbKiraFm<i « Rx U��aFg@vt¤���Yd\³� « ¾<¬V¬[v�¶�Z\Hg�i�\@f�SVWJ\EghUXjl\@�<]hUX�AUd^�oI�aKbF^�]hUX\eSVUd^7m2UdirUU RSTj�iz]TaA^7]hUnoAg�ir�ybFaA^`YdUX^�f<}7ikbFgTaAWJ^`YdUd�AUXayS�jl^`jl\@�<]TaySH|�]T^:b�Z\@YcbAiraAm2UdiraySVU�irUcUd�F¤�^7ghj�ik�HUp_�^2S
izWKUd\�_�aA^2S   ghi%m<iraA�Kikj�i%U RS��KU{WB\Hg�STj!aAYdf�UX^2STUX^2S�Sq]VghaAf>]z�aFgh^2S�]T\@^7gTUd�AUda=�n]   gTUdj%a=�hv� \E^7ghUd�AUda=��UXg�\Ef:SqWB\HghUdjl\E�>]TUd�AUda=���AU{WB\EghSTj!aKYXf�UXa��d_qa=��STi���}2\@UXf�a���bFaA^`jl\@�>a���WyirY   m2Ud�AUdj�ikS
  g�i�]TUdf:SVYdaKS�o?�aybAikSIU ��}2\EgV]hUX�>]TU>gh\EYdU�iz]   }:UdSV]TUX�KUXa��BUXgOf`^7gh\EYdUdik�EUX�KUXa��J\E¤N\@f<]Ta��y}7irU�bFjl\@�AU �T|7^�fkizgT]Ta
U{gtiz]h^`jl^¡o5ir�Fm2Ud��Z\@S�¤�aA�Af2�EU�_�^2S�]hUXf:SVYdaAj�i��TvÄ gT]>Z\V_Vir�<]4�Kir�A^7]T\e���A�A^`Yd^7m2U�_�a��I\Hg�irUK]TUdf�STYXUd^2Scoyir�Fm2Ud��Z\eSw¤�aA�Af2�EU�_�^2Sc]hirj�Wyi�}�U�S�Sq}7izgToB\@Sq�
��Z\@S�STUX\@f>U�ir�>]�Wyiz]h\E�Af�UX�>]TULikaFm<ir� R�EUXaKS�iz]T^`j%a=�cU{gw_q^`�>a��wU ��}7ikU{ghUda=�w» x Udf>Ud�AUda=�cSTiE}   oKUda��OWB^7gh\EU{�
f>UdaKSHvw��\HgOWyikSV]hizghaA^2SVUdaKSObFa%bA\ RSVUdj!]Tjl\ R�EUXayS�WyikSTUX\@f<]�i�bAUdbF\@Y[Z\�Wyi Rx ir�Am<i�WKY[Z\H]h^7_qik�<]niz]T^`j%a=�
oyir�Fm2Ud�AUda=��¤NaA�Kf2�HUp_�a=��jl\E]T^:bFaKS�oB\EUwf>aFghU�ir�>]�iz]TUX]TUd�Afkirj%aKS-WAgh^7m`g�irj%a=��Wyirf`\E]TaKS�¥�§EÉ:|@§`§©¨�v
�tizo5izg�m<irYdUXj�i�ir]TYXUdf>]TUwSVaKb�Z\H]TUd�Fm2aKS�gT\@YXU�iz]   }:U�Sq]TUd�AUdaKS-STfkirU R�EUdiE}:UXj%aKS�U{g�m<ikaF]TUIm<ir�Ki�]TUdf�Sq�
YXUdaKStgh\ x aAYX]hiz]TaKS�¥�§@²�|E§E·k¨�|J]hi R�HU�ira�]T^`f�UX\%]   ghUdj�irUOgT\@UXfkikYdira2_qi�Y�izoyirUnbFU�bF\EY[Z\@S�SVfkirU R�HU�iE}�Udj!a��
izWKUdj�]TUd\@SEvR�>U�ir�KbAUX\@�AUX�4Z\�Wyi Rx ik�Fm<i�ir]TYXUd\Efkik�<]�WKYdi R�HUdaKStbAikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUXayS�UXgtf`^`�A»Fm5�aFg�ik�EU�_qa=�
SVaFWB\HgTWB^ x U��HUp_�^2SOSTfkirU R�EUdiE}:UXj%aKSH|>�KiraKbA^7_qik�<]nj�^�bF\Egh�AUXayS?m<irYdUX�Fm2aySOf`^`jlWKUXaA]T\HghUdaKSH|<Yd\EU�b Rx Udi
m<iraF]TU>Y�izoyirU:bFU�bF\EYdUd^�]hUXf:SVYdaAjl^�YX\@�Fm`}�a��d_qa=�5iz]h^`j!a��5�AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2SISq]TgTaKf<]z�aAgT^2S�gT\ x aAYX]hie�
]TaKSt¥�§H¹F|�§@½r¨�v � i R�HU�iralSTaA�Af�UX\eSVUd\Ej�Sw\EYd\Ejl\@�<]hikj�SwU{g�iz]T^`j�irj�SH|2]TaFghUX�>]TUd\Ej�ScbAiraFm�Sq]TUXWAghU�irU
f`^7gT\@YXUdaA^7]Ta��I\EYd\Ef>]Vgh^`�>a��T|<f   Y�i�bAiraFm!U ��}7irUXghUXa��LWKgT^7oyYX\@j!a���U{g��AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2ScSq]VghaAf>]z�aFgh^2S
ÊFË�Ì=Í9ÌDÎ�Ì�Ï ]   gTUdj�irUL]h^`f>Uda�iz]T}2\V_�a¯]T\HoB\EYdUd\Efki¡bAUdb Rx UdaAYdUdS�U RS RSe�aAf�UdS�]T\@^7gh\H]TUdfkirj�SEv

��U�b Rx U�iraKSTUdikS�STaA�Af�aAj�ikSE|Ff   Ydir�>]TU�S�}   f:bAir�>]�bAikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUXayS�SVfkirU R�HU�iH}:Udj!aKSE|
Ð g�ikSV]TUL\E¤N\@f<]   }:a��noI�aKbAi��cf`^`�F»Amy�aFg�ik�HUp_�a��wo?�aKST\E��a=�n¤NaK�Af2�HUp_�^`j�S�m2\@�A\HghaA^7]TU�v��Og�irf<]hUX�AUdaA^2ST\SVfkirU R�HU�iH}:Udj!aA^2ST\7|   W5i R��SVaK�Af>Ud\@STUX\@j�Sc\EYd\Ejl\@�<]hikj�SH|z_�a��ISVfkikU R�EUXa���ghU{oB^`_qi�]TaFghUdj!a��If`^`j�WyUXa:�
]T\HghUda=�nir]TjlUd�<]TU�SH|Kf`^`�>}2\HgTm<iE}�Udjl^�WAgh^7oKYX\@jl^2S4UXg�f�U{]T^2S�f`^`j�WKUdaF]T\EgTUda��wUXgn_�a��wj�iz]T\@j�iz]TUd��Z\eS
U ��g�ir�Fm2^2Snm<ikYXUdj   o4Z\eSHvc´�^`�F»Amy�aFg�ik�HUp_�a���o?�aKST\E��a=�?SVfkikU R�EUXaKSc]TaAgTUyo?�aF]hUKWAgh^7]TUd�Fm<irUyghU{oB^`_qirj�i7SH|
]hi R�HU�ira�o?�aF]hUX�Ki¯iz]�SVU Rx \EYXm`]TU�U ��bKiraFm2aAj�i���W5i R�HUda=��SV}7izgToKUdikaKSVUda=��f`^7gh\EYdUdik�EUX�KUXa���\H¤�\Ef>]Ta��Tv � irU
WyikSVUd\Ef>]TU   g�i�bAiraFm�U �D}7irU{ghUda=�Lf`\@YXUda=�9WAghUdf>Y�iraKST^`j�irUA�>aK^�]TUXghUdirj�^2Sniz]T^`j�^����Kizg�irf>]T\HghU�Sq]TUdf`^2S
WJ^7o?�aKb Rx Ud^Fv

�UXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2S?STi���}2\@UXf`^2SOiz]V}2\T_�a%oJ\@�A\cWKY�i R�EUdiraySVU�irU�oKaF}2^��KiraybF^7_VirjlU�¥�§E¾k¨�U{gt¥�§e¿z¨
bAizgToKaA^2ST\°izWKghi RS   ]TU�jl\H]h^�bAikU=v � i R�HU�iraº_qUX\�oyaF}2^�]hirUdf`^`jlU�]TUdfÁiz]T^`j�ikj�S¦U{g%_q^`�Kirj�SE|
]TaFghUX�>]TUd\Ej�S�}:UX\@�Ki���izg�bFa�U RST^7ghUX�AUdaKS « }7irYX\@�<]hUX�AUdaKS[¬�\EYd\Ef>]Vgh^`�>aySHv���aKb�Z\E]TUd�Fm2\@ST�AUX\@j�S�iz]T^k�j�irj�S¦�A\EoKaF}2^Ñiz]hSTU Rx }2\@Y{m2U�irj�i�U �¡fkirjlUd\E�A^Ñf`^7gh\EYdUdik�EU�_VikSH|�UXg~SVf�U{gT]TaKj�ikS¦��aA^º\Ef:SqWB\EgTU{�
jl\E�F]hUX�AUda���gh\ x aKY{]hir]Ta=��U RSTiraAm2^®Udf�U 100 Ò ¥�§EÃ:|<§EÇk¨�vÓ��i7Sq]hizg�irU�SVU�irU�S¯j�\H]hirU�S¯bAiraFm2U�iraKSTUdi
b�Z\Ejl\eSVUd^�oKaF}2^�SVf�U{ghU�irj�i�U �D}2\HgT]TUd�<]TU

B
W5izg�irjl\H]Tghi��T|Bf�aFghU�irjÔf`^7gh\@YXU�ik�HUd�AU�irUw\H¤�\Ef>]hirUO��Z\Eghi
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Ydizo5irUISV}7izgTo?�aKS%¥³²7Ék¨�vt�>Ud\Ef�Udik�<]�m<ikaF]TU?bFUdbA\@SV�KUX^l]TUdf�STYXaKjl^
A
Wyizg�irjl\E]Vgh^�}2\HgT]T\eS�STaA�Af�UX\H�

SVUd\Ej�S�iz]T^`j�irj�SH|Agh\EUdf>U�i�bF\H]�irYX\eSV�4Z\eS�Ud�F¤�^7gTj�ik�HUp_�^2S�izWKUd\�f`^7gh\EYdUdi7�HUd�AUXayS�\H¤�\Ef>]TaKSEv

Darbo tikslas

�tizgToB^%]TUdf�STYdikS Ð U RSVWKY[Z\E]T^7]TULbAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AUdaKS��AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]TgTaKf<]z�aAgT^2S4]   ghU��j!aKS�U �wSTaKb�Z\E]TUX�Am2a=�ObAiraAm2Udir\@YX\@f<]TgT^`�KUXa��wir]T^`j!a��OUXgO_�^`�>a��OSVghU{]TU �hv��tizgToB\�SVUd\Ef�U�irj�i�W5izgh\E�Fm`]TU
oJ\@�Kb:g�i��?]T^`f�Uda=�n]   ghUXj%a=�cj�\H]T^:bAi��T|:U �Dm<irYdUX�Kik�<]TU �cU RSTSTf>UXgT]TULSV}7izgToKUdikaKSVUdaKS�f`^7gh\@YXU�ik�HUd�AUdaKS�\H¤�\Ef<�
]TaKS�UXg%U ��}2\HgT]TUd�>]TU4�AUXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2S!Sq]VghaAf>]z�aFgh^2S�Wyizg�irj�\H]Vgha��tWyikf>Y�irU�bAikS%bAikaFm°U RSV^7ghUd�AUda=�
« }7irYd\E�>]TUX�KUXa���¬4\@YX\@f<]Vgh^`��a=�n]haFghUX�>]TUd\Ej�S�iz]T^`j�ikj�S�UXgn_�^`�Kikj�SHv

Pagrindiniai darbo uždaviniai
R�>U�irj ]TUdf:SVYdaAU%WyikSVUd\Ef>]TU!gh\@UXfkirYdUd�Fm2^2S°\E¤N\@f<]   }2\eSV�4Z\eS°YdirUdf`^uiz] Rx }�UdY{m2UdaÕWAgh^7m`g�irjl^2SE|�jl^k�
bF\Hgh�AUd^2SIf`^`j�WyUXaF]h\HghUXa��Bm<irYXUdj   o�Z\eSIoB\@U�jl\H]h^�bAikU:irWAg�i RS   ]TU:f`^7gh\@YXU�ik�HUp_qikSE|`f�aFghUd^2S   g�i�Sq}7irgq�
oKUX^2S��AUXWJ\Eg�SVj%aAYXf�U�iz_VirUISq]VghaAf>]z�aFg�irU�v � ^:b�Z\EY9¤N^7ghj%aAYXaK^7_qikjlU9]T^`f>Ud\�bAizgToB^�a Rx bAiE}�Ud�AU�irU=ª
§kv�¶�ira`_ViraKSVU�i��4Ö�i7�Eir�°irY{m2\EoAgh^2S�}2\Hg�SVUp_qi��cWAghUX]hirUdf   ]TUI�AU{WB\EghSTj!aKYXf�Udi���STUdi7S�Shi
�D}2\EUdfkikS�izWF�
g�i RSTir�A]TUX\@j�S�^7WB\Eghir]T^7ghUdirj�S

T (kl ks)k v � g�ir�KSV¤N^7ghj%aA^7]TU�iz]TUX]TUX�Kfkirj�ikS A UXg
B
Wyie�

g�irjl\H]TgTa���U RSqg�irU RSVfkikStU RS�f`^>^7g�bFUd�Kiz]TUd�AUd^�U ��ir�>]VghUX�KUX^�f>}7ir�>]hiH}:Udjl^�iz]V}7ikU x bAiH}:Udj�i
��ir]q�
SVU Rx }2\EYXm2Udik�<]cU �Lf>}7i x UdSTaAf>Ud�AUd^�\Hg�b:}2\��hvw¶�iraybF^7_Vir�<]nm`g�iz»K�AU �Lj�\H]T^:bAi��Bm<ikaF]TUFm<irYdaF]TUd�A\eS
A
UXg
B
bAiraFm2Udf>YdUda=��U RSqg�irU RSVfkikSE|wizWAg�i RShir� R�HU�ikS!STaKb�Z\H]hUX�Fm2ayS�bKiraFm2U�ir\EYd\Ef>]Vgh^`�AUdaKS�iz]h^k�

j!ayS-izg�_�^`�>aySH|B]TaFghUX� R�HUdaKS�oB\H]�f`^`f>U ��iz]V}:U{gha���\EYd\Ef>]Vgh^`��a=��SVYdaA^`f:SV�AUda���STfkirU R�HUda=�hv � ^2S
U RSVg�irU RSTf`^2S�]TaFg�Z\H]Ta���]TaFg�Z\H]TU�j�i Rx UdikaKSVU�i
�!Sq]hir�ybAizgT]TUd�AUXa��!b   b Rx UXa�� « WKUdYd�KirU�gT\ebFaAf�aA^7]Ta��f>UdYdjlUX�KUXa���f`^�\H»y�HUd\E�>]Ta=�q¬4SVfkirU R�HUda=�hv

²�v�Ö�\@jlU�ir�<]hUdS�×�ØFÙ>ØAÚ!U{g�ÛrÜAÙ<ÝyÞciz]T^`jl^�SV]VghaAf>]e�aFgh^2SnSTfkirU R�EUdiE}:UXj%a=��j�iz]T\Ej�iz]TUd�A\�U ��g�ir�:�
m<i>|�m<iraF]hi���STUdikS-¤�^7gTj%aAYd\@S�U RSVgh\EUdf RSV]TU�ß�ØAà`áeâº¥³²F§©¨�SVUdj�oB^`YdUX�KUX^�WKgT^7m`g�irj�iH}:UXj�^¯fkirY{�
oyi>v!¶�iraKbA^7_qik�<]TU�S�]h^`jlUdS�U RSVWKY[Z\E]T^7]T^`jlU�S�\EYd\Ef>]Vgh^`�AUd��Z\EjlU�S�WAgh^7m`g�irj!a���SVU�Sq]T\@jl^`jlU�SH|
SVaAf�aFgT]TU%�KU{WB\Hg�STj!aAYdf�UX^2STUX^2S�Sq]TgTaKf<]z�aAgT^2S�WAgh^7m`g�irj%a=�¦Wyikf`\H]hi��°ã4ä7Þ@|!f>aAgTU�S°Yd\EU�Sq]ha=�
\H¤�\Ef>]   }:UdirU%WJ\Eg�bFU{gToA]hU!U{g�bA\H]hirYdU x aA^7]TU%�AUXWB\Hg�SVj%aAYdf>U�i
��SVU�ikS�STi���}2\@UXfkikS�izWKghi RSTir� R�EUdi7S
U RSVg�irU RSTfkikSHv

·:v�Ö�\@jlU�ir�<]hUdS�SVUdj�oB^`YdUX�AUd^lWKgT^7m`g�irj�iH}:UXj�^~ã4ä7Þ�Wyirf`\E]hi���f9�a x UXjl^�Wyiz]TUXgT]TUdjlU=|JU ��bFUd\Hm`]TU
UX�>]T\Em`ghiE}:UXjl^�]h\@���A�AUdfki
��SVaKf>Ud�AUd�AUXa���U{gtfkirj�WKUd�AUda=��f>Ud�<]�irj!a��d_qa=��ir] Rx }�UdYXm2UXa�U ��bFU�bF\EY[Z\@S
izWKUdj�]hUX\eS�SVfkirU R�HU�iE}�Udj�irj�StSTf>UXgT]T^�åOætçFè�W5irf`\H]T^�ã4ä7Þ�jl^:bFaAYdU �Tv
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¹Fv Q ��bFUd\Hm`]hUtµtUXYd�AU�iraKS¦WB\@bKizm2^7m2UX�KUX^ºaA�AUX}2\Hg�STU{]T\E]T^énâ`êFëKì�íyÞ�îXí5Þ�ïLîXð@î�ñAí5Þ°ò�Ø7óFâ`ëKì�íyÞ
f`^`jlWKUXaA]T\HghUda=�JSqWKUd\ R�EUXa2_�\nWyizgh\E�Am`]hi
�yj�iz]T\Ej�iz]TUd�A\��5U ��g�ir�Fm<i��5bAiraAm2Udirf`^`�A»Fm5�aFg�ik�EUX�4Z\Ej�S
o5ir�Fm2Ud��Z\Ej�S�¤NaK�Af2�HUp_�^`j�S�g�ikSV]TULUXg�Wyiz]TUdf>gTUd�>]TUK_�^2S�}2\EUdf�UXjl^lWyiz]TUdf>Udj%aAj�i��Tv

½�v��Iizgh\@�Fm`]TU9U{g�]h\@Sq]haA^7]TU9f`^`�F»Fm5�aAghi7�HUp_�a=�woI�aKSV\@�>a��w\Hg�b:}cZ\@S�m2\@�A\Hg�iE}�Udjl^¡j�\@���Kir�AU x j�i
�hvô \E]T^:bFUXfki�]haFghUAiz]hSVU Rx }2\EYXm`]TUFU �BWKgTUdf�YdiraySV^`j   oB\��9��aA^�U ��}7ikU{ghUda=�Lf`^7gh\EYdUdi7�HUp_�a=�9]TU{Wya=�h|7]TaAgTU
m<ikY�Z\E]TUyU ��}2\EgV]hUX�>]TU5jl\H]T^:bF^�f`^`�<}2\EgTm<iH}:UXj�i
�?oJ\@UK�AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]VghaAf>]z�aFgh^2S�STfkirU��R�EUdiE}:UXj%a=�cWyirf�Y�irUdbKikSHv

Mokslinis naujumas

§kv�¶�ira`_�^2Snj�irm2�A\H]TUd�AUda=�IbAU{WB^`YdUX�AUda���U{g�\@YX\@f<]VghUd�AUda=�If<}7i7b:ghaFWB^`YXUd�AUda=�LWyirghikjl\H]Vgha���U RSqg�irU RS��
f`^2SLm<irYdUX^`_qi�oB\H]�f�aFghU�irj*ir]T^`j!aKU�izgy_q^`�>aAU�|r]TaAgTUd� R�EUdirjõoB\E]�f`^`f�U �Jiz]V}:U{gha��5\EYd\Ef>]Vgh^`��a=�
STYXaK^`f�ST�AUXa���SVfkirU R�HUda��T|<UXgc]TaFghUKjlUd�AUdj�irYda=�?Sq]hik�KbAizgT]TUd�AUda=�?b   b Rx UXa�� « gh\@bFaKf>aA^7]ha=��f>UdYXj�U���KUXa��nf`^`\E»K�EUX\@�<]Ta���¬�ghUX�Af�Ud�AU �Tv

²�v�Ö�\Ej�Udir�>]TU�S?�Kira`_Vi�WKgT^7m`g�irj�iH}:UXj�^tWyirghi7bFU{m2j�i>|:×�Ø:Ù>ØAÚ�UXg�ÛkÜAÙ2ÝyÞwiz]T^`jl^-Sq]VghaAf>]z�a:�
gh^2SISTfkirU R�HU�iH}:UXj%a��Jj�iz]h\Ej�iz]hUX�4Z\4U ��g�ir�Fm<i�oKaF}2^�U RSVWKY[Z\@Sq]�i�U �D]Vg�iraAf�Udir�>]wSq}7izgToKUda��JSVaAf�Ud�AU��
�KUXa��LU{gcfkirj�WyUX�AUda��9}:UX\@�KbAirYd\EYdUXa��LU RSqg�irU RSVf�a��LUd�<]T\Em`g�iH}:UXj�^�oKYd^`fki
�hv � ikSwWyirf`\E]hikSn�A\�]TUdf
m2\@�A\HghaA^`_qi.Sq]hik�KbAizgT]TUd�A\@S�ir]T^`jlUd�AUXa��¡Sq]VghaAf>]z�aFgha���]T\@^7gTUp_�^2S����Kizg�irf>]T\EgTU�Sq]hUXfkikSE|�oB\H]
]�irU{WlWyiz]wU �Dm<irYdUX�Ki�iz]TYdUdf<]TUKU{gcSTUXj!oB^`YXUd�AUdaKS?}2\@UXf:SVj%aKSwSTa-_�aKb�Z\T_�UXj�^�f>Ud\Ef�Ud^-jl^`jl\@�<]h^
]h\E^7ghU�_q^2S�b   b Rx U�irUdS�oB\@UF_�aA^2S�izW5SVfkirU R�HUdaA^7]TU�v

·:v��Og�irf<]hUX�AU�irj�Sna Rx bAiH}:Ud�AUXa��LSqWAgh\E�ybFUXj�irj�S?oKaA}2^-�KiraybF^7_Virj�ikS?WB\@�Af>Uda��Bjl^:bFa��9SVWKUd\©�R�EUXaySH|cSVaKbKizg�ir�<]hUdS�Shi
��Y   m<ikS¡iz]TYdUXf>]TU�Y�izoyirU�bAUdbF\@Y[Z\eS¡izWKUdj�]TUd\@S�STfkirU R�HU�iH}:UXj%aKSEvº´�irgq�
]haÁSTa±Wyir]T^7oKaAYdUX�>]hiö�AU{WB\EghSTj!aKYXf�UX^2STUX^2S�Sq]VghaAf>]z�aFgh^2S�STfkirU R�HU�iH}:UXj�^öWAgh^7m`g�irj�i�oKa:�
}2^º�KiraKbF^`_qirj�ikS��Kira`_VikS�STaKb�Z\E]TUX�Am2a=�%bAiraFm2U�ir\EYd\Ef>]Vgh^`�AUda=�%ir]T^`j!a��%�AU{WB\EghSTj!aKYXf�UX^k�
STUX^2S�Sq]TgTaKf<]z�aAgT^2S4��aA^2SV\@f>YdUXa��nSq]TaKbAU�_�a��wirYXm2^7ghU{]Tj�ikSHv���ikY   m2UX�>]TULSTa�f�U{]�irUdS�jl\H]h^�bAikUdSE|
gh\@UXf�Udi�Wyi7bAizg   ]hUwj�i Rx Udika�W5izWKUdYdbF^`j%a���WAghUd\EY�irUdbAa=�h|BoB\E]�m<iraA�Kikj�i�bAiraFm2U�ira.Ud�F¤�^7gq�
j�ik�HUp_�^2S�izWKUd\�f`^7gh\EYdUdi7�HUp_�a=��U ��]�irfki
��UXgc_�a=�cf`^`�<}2\EgTm<iH}:UXj�i
�hv

Ginamieji teiginiai

§kv�÷-iraF]h^2St�AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]VghaAf>]z�aFgh^2StWyirghikjl\H]Vgha��4U RSqg�irU RSVf`^2S�]TUX�KfkiloB\H]�f�aFghU�irj
ir]T^`j!aKU�izg�_�^`��aAU=|�]TaAgTUd� R�EUdirj oB\H]lf`^`f>U ��iz]V}:U{gha���\EYd\Ef>]Vgh^`��a=��SVYdaA^`f:SV�AUda=��STfkirU R�HUda=�hvø ^2S4U ��m<irYdUX�yi�]TUd\@STUX^7m2U�irULiz]hSTU Rx }2\@Y{m`]TUBU �nf`^7gT\@YXU�ik�EUX�AUdaKS�\H¤�\Ef>]TaKS4UXg�gh\EUdfkirYdika`_qi!j�i Rx Udira
STfkirU R�HU�iz}�Udjl^ºY�irUXf`^Ñ�A\Hm2aUdf>U RSTUX^`Y Rx UX�A^`j�^2Sl¤N^7ghj%aAY[Z\eSl» x Udf�UX�AU�irj�S�gT\ x aAYX]hiz]�irj�S
m<ikaF]TU�v
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²�v Q�RSqWKY[Z\H]h^7]hi�×�Ø:Ù>ØAÚ!U{g�ÛrÜAÙ<ÝyÞniz]T^`j�^-SV]VghaAf>]e�aFgh^2SOSTfkirU R�HU�iH}:UXj%a��Lj�iz]h\Ej�iz]hUX�4Z\�U ��g�ir�Fm<i
fkizgT]TaùSVaÁ�AUXWJ\Eg�SVj%aAYXf�Uda=��_�a=�!Shi
�D}2\EUdf>a���Wyirf`\H]hauã4ä7Þ   g�i.Ydizo5irU��KiraybFUX�Am2^2S¡]h\E^7ghU��
�AU�irj�S~UdS�\Ef:SqWB\EgTUdjl\@�<]TUd�AU�irj�S~ir]T^`j!a���SVWJ\@f<]TgTa��¡]   ghUdj�irj�SEvÓ�UXWB\Hg�SVj%aAYdf>Uda��d_�a��
STi���}2\@UXf�a=�%iz]V}2\T_�a�_�^2S�YX\@Udb Rx UdikS�YX\@�Fm`}7irU�g�ikSV]TUt�AUXWJ\Eg�SVj%aAYXf�U�i
��_qi
�!YXUd�AUp_�a��%Sq]VghaAf>]z�aFg�i��
izWAg�i RShir� R�HU�ikS%¤N^7ghj%aAYX\eS!oB\EU?_q^2S%STfkirUX]TUX�K\@S!}2\EgT]T\@S Ð ]TUd\Ef ÊFË�Ì=ÍBÌDÎDÌ�Ï |n]TUd\Ef�U{g¡WKa:�
SVU�iraA\@j�WKUXgTU RSVfkikU=vÑ�Iizgh\@�Fm`]hi°jl\H]h^�bFUdfki�m<irYdU4o?�aF]TU��A\eSVaA�Af�U�irU4WAghUX]hirUdf   ]hi�f�U{]T^`j�S
» x UXf�Ud��Z\Ej�S�WAgh^7oKYd\Ejl^`j�S��Kizm`ghUd��Z\H]hU=v

·:v��IikSVU��aAY   ]hi7S4�AUXWJ\Eg�SVj%aAYXf�Uda=��_�a=�OShi
�D}2\EUdf>a��I]T\@^7ghUX�AUd^!]   ghUXjl^�irY{m2^7ghUX]Tj�ikS4Yd\EU�b Rx Udi�U ��}7irU{�
ghUdirU�izWAgh^`f:SVUdj!aA^7]hU�f`^`�A»Fm5�aFg�ik�EU�_qa=�-oI�aKSV\@�>a���¤NaK�Af2�HUp_�a��-\Hg�b:}2\��h|c�Kizm`ghUX�4Z\H]TU�U �D}7irUXgTUda��
f`^7gh\EYdUdik�EU�_qa=��f`^`�<}2\EgTm2\E�K�EU�_qi��cUXg�U ��]hirfki��noB\EU9U �D}2\HgT]TUd�<]hUISVfkirU R�HU�iH}:Udj!a��cWyirf�Y�irUdbKikSHv

¹Fv ô \H]T^:bAikSOUXgOWAgh^7m`g�irjl^2S?Yd\EU�b Rx U�i�]TUXgT]TUASVayb�Z\H]TUd�Fm2a��9iz]T^`j%a=�9UXgB_�^`��a��B�AU{WB\EghSTj!aKYXf�Udi��d_Vi
�
Sq]VghaAf>]z�aFg�i��JU{gO�KiraybF^7_Vir�<] RSVUdaA^`YdikUXf�UX�KUXa��Jf`^`j�WKUdaF]T\HghUda=�BSVWKUX\ R�HUdaKSLm<iraA]TU<m<ik�Ki�bAUdbF\@YXUd^
]TUdf�STYXaAj�^�gh\ x aAYX]hiz]TaySHv

Autoriaus indėlis
Ä aF]T^7ghUdaKSLSTiE}7izg�ir�Af�U RSTfkirU>iz]TYdUXf`^tbFU�SV\HgT]hi7�HUp_�^7_q\nirWAg�i RS   ]TaKS9]T\E^7ghUd�AUXaySJ]   gTUdj%aKSHv ø UdSLU RSVWKY[Z\E]>Z\
ÛrÜAÙ<ÝyÞwUXg�ã�äkÞnWyikf`\H]Ta��9m<irYdUdj   oB\@SH|2WyirgT\@�Fm?Z\�\E¤N\@f<]   }:a��9o?�aKbKi
�9]T\@^7gTU RSVfkikUF]TUXgV]hUA�AUXWJ\Eg�SVj%aAY��
f>U�i
��_qi���Sq]VghaAf>]z�aFg�i��T|Kiz]hYXUdf`^�SVfkirU R�HU�iH}:Udj!aKSE|2_�a���ir�KikYXU x \��cUXgtSVaF¤�^7ghj!aAY�iE}2^lU RSq}7i7bAikSHv
�?gh^7¤�v�úIv:Ö�aKb x UXfki7SHªOoJ\@�Kb:g�ikS�}7ikbF^e}7iE}:UXj�i7SH|Af`^`�KSVaAYX]hik�EU�_q^2S RSTUXaA^`Y�irUdf>Ud��Z\eS4iz]T^`jl^!]h\E^7ghU��
_�^2S�UXg�f<}7i x U�SVaAf�UX�KUX^�f�YdiraySVUdj�irU�SHv
�?gh^7¤�vc÷%v>÷-irU{m<ikYdikSEª?oB\E�Kb:gh^2SOf`^`�ySVaAYX]hik�EU�_�^2ScSVaAf�Ud�AUX�KUXa��LUXgcfkirjlWKUX�KUXa��Lf�UX�>]hirj%a��d_�a��L]T\@���:�
�AUXf`^2SE|AbAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AUd^lizgT]TaF]hUX��aAjl^lU{g�WAg�irf>]TUX�KUXa��cSTfkirU R�EUdiE}:UXj%a=�cf�Y�iraKSVUdj�irU�SHv ø U�S
�A\Ej�i Rx irUBWAghU�SVU�b�Z\V_�^¡WKgTUd\!åOæ�çAè�Wyirf`\E]T^�ã�äkÞ�WKgT^7m`g�irj�^2S4g�i RS   jl^Fv
åOæ�çAè�U{gnû�×4å�çAèlWyirf`\E]Ta��KUd�KSq]hikYXU�iH}:Udj�ikSLoKaF}2^�iz]TYdUdf<]hi7S9oJ\@�Kb:g�ikbAirgVoyUdira2_qir�>]�STa!¢tvzü�gh^k�
\@SV\�ü�U�ST���A\Eg « ¶ Q � � | ø Ä µ-¬�vÛrÜAÙ<ÝyÞcoKYX^`fki7SnoKaF}2^�]T^7oKaKYXUd�Kirj�i7ScoB\E�KbFghi7bAizgToKU�ira`_qir�>]4SVa��5v>ü:gTUX] x ST���A\ « ´�ikST\EYdUX^�]T\@���:��AUXf`^2S�aK�AU{}2\Eg�SVUX]T\H]hi7SH|Aµw^`f>Ud\H]hU�_qi2¬�v
��i7SVU��aAY   j�irUFb�Z\�ã�äkÞ?Wyikf`\H]T^��KikaKbF^`_�UXj�^t\Ef:SqWB\EgTUdjl\@�<]TUd�AUdaA^2SV\��AU{WB\EghSTj!aKYXf�UX^2STUX^2S?SV]VghaAf2�
]e�aFgh^2SI]   ghUXj%aA^2ST\4oB\EU:�AUd^7oKUX^��AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2SOSV]VghaAf>]e�aFgh^2SI]   gTUdj�irU:oyaF}2^-iz]TYdUdf<]TUAfkizgT]Ta
SVaý�5vO´tgzþ^7m2\Hg « À \EgTY   �A^°]T\e���A�AUdf`^2S!aK�AU{}2\Eg�SVUX]T\H]hi7S�¬�UXg�÷%vn÷�aF]T��þ^`�FghYd\EUd� « À aA�KbA\@Sq}2\Egh^aA�AUX}2\Hg�SVUX]T\H]�ikSH|y�irj�oyaFgTm<ikS�¬�v
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Disertacijos struktūra

��U�SV\EgV]�ik�HUp_qi�SVaKbAirg   ]hiöU RS�WB\E�Af�Uda=�%STf   ghUXa��Tv*�OUXghj�irjl\°Wyir]T\EUdf<]�i.]VghaAjlWyiö�KU{WB\Hg�STj!aAY{�
f>Ud^2SVUd^2S%Sq]TgTaKf<]z�aAgT^2S!]   ghUXj%a=��UdSV]T^7ghUX�4Z\�izW Rx }7irYXm<i>vö�t\H]hikYXU�ira±ir�yirYXU x aK^7_qikjlU4�yiraKbF^`_qirjlU
jl\H]T^:bAirU�|9bAiraAm2Udirf`^`�A»Fm5�aFg�ik�EUX�KUX^~izgT]TaF]TUd�>aKjl^¦]T\@^7ghUX�AU�irUOWyizm`ghUd�KbAirUOUXg�o5ir�Fm2Ud��Z\@St¤�aA�Af<�
�HUp_�^2Slf`^`�KSV]Vg�iH}:Udj�ikS¦iz]�SVU Rx }2\EYXm2Udir�>]¦U �!f>}7i x U�SVaAf�Ud�AUX^ÑSVUdjl\H]VghUp_qi��TvÿÖ�\@jlU�ir�<]hUdS�\Hm x UdSV]TaA^k�
_qir� R�EUX^`jlU�Sl]T\@^7gTUp_�^`jlU�SH|�ir�>]Vg�irjl\�SVf   ghUda`_�\�U RSq}2\@SV]T^2S��Kira2_�^2S�aA�AUX}2\Hg�STikYXUd^2S��KU{WB\Hg�STj!aAY{�
f>Ud^2SVUd^2S?Sq]VghaAf>]z�aFgh^2SI^7WB\Eghir]T^7ghUXa��5j�iz]TgTU��HUd�AUda=�B\@YX\@jl\E�>]Ta��5U RSqg�irU RSVf`^2SHvn��\E]hirYd\@ST��Z\@S�¤�^7gTj%aAY[Z\@S
Wyiz]T\@UXf>]T^2S?b:}:UX\T_�a=�Jiz]V}:UXgTa��5\@YX\@f<]Vgh^`��a=�BSVYdaA^`f�ST�AUda=�5iz]T}2\V_�aAU�v � gT\ R�HU�irjl\�STf   ghUXa2_�\�izWAg�i RS   ]h^2S
f`^`j�WKUdaF]T\HghUd��Z\@S�WAgh^7m`g�irjl^2SE|rYd\EU�b Rx U�ir� R�EUX^2SL]h\E^7ghU RSTfkirU>]TU{gT]TU RSVU�ikS?STi���}2\EUdfkikS�gh\EjlU�ir�>]TU�S?ir�Af:S��
]T\@ST�AUdir_qikjl\¡SVf   gTUda`_�\%m<iraF]T^`jlU�StoJ\@�Kb:gh^`jlU�S�¤N^7ghj%aAY[Z\EjlU�SHv�´�\H]V}:UXgV]�irjl\�SVf   ghUda`_�\%�Kira:�
_qikSVU�SnikY{m2^7ghUX]Tj�ikSnWAghU{]�irUXf   ]hikSc}7ir�Kikb Rx UX^�iz]h^`jl^-W5izm`ghUX�KbAUX�4Z\eSOo?�aySV\E�K^2SO�AUXWJ\Eg�SVj%aAYXf�U�iz_VirU
Sq]VghaAf>]z�aFg�irUL]TUXgT]TU��KiraybF^7_Vir�<]�]hUX\@f�bAiraAm2Udirf`^`�A»Fm5�aFg�ik�EUX�KUXaKS��izgT]VghUX^�U{g�ü:^`f`^F|A]TUd\Ef¯��UXg�ie�
f`^�UXg�ü:^`f`^~irgV]haF]TUd�>aAj%aKSEv��IikSVf�aF]TUd�AU�irjl\�STf   ghUXa`_q\%Wyiz]h\EUdf>U�irjl^2S�U RSV}7ikbF^2S-U{g�]VghaAj�WyirU
¤N^7ghj%aAYXaK^7_qikjl^2S�]   ghUXj%a��cWB\Hg�SqWB\Ef>]   }2^2SEv

Trumpas skyriuP turinys

1 skyrius. Istorinis ir teorinis pagrindas

�U{WB\EghSTj!aKYXf�UX^2STUX^2S�Sq]TgTaKf<]z�aAgT^2Sn]   ghUdj�irj�S�YdizoyUdiraySVU�irUKoKaF}2^�WKY[Z\H]T^`_qirj�UAWKaKSTUdikaA\Ej�WyU{ghU�irU=|
]VghUXf:b Rx Uda=��]h\E^7ghU�_q^2S�U{g%bAikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUdikU�jl\H]h^�bAikU=v � izgTW�Wyi7Sq]hizgha��d_�a��tbAi Rx �AU�iraKSTUdirU
�KiraKbF^`_qirj�UKbAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AU�irU5�izgT]VghUd^�UXg�ü:^`f`^�oB\EUy��UXg�irf`^�UXg�ü:^`f`^�izgT]TaF]TUd��aAj�irU�v� ghaAj�WyirU�izWK]hizghUdikj�i�_qa=�cU�Sq]T^7ghUp_qi%UXg�Wyiz]h\EUdf>U�irjlUISTfkirU R�EUdiE}:UXj%a=��WyiH}  :x b Rx U�irU�vÂ Yd\Ef>]Vgh^`�>a���^7gToKU{]�irYXUda���g�ikbFU�irYdUX^2STUX^2S�bAirY   S   ghi.izWySTfkirU R�HUdaA^7_Virjl^2Sl�KiraKbA^7_qik�<]�bAira:�
m2Udirf`^`�A»Fm5�aFg�ik�EUX�KU ��izgT]TaF]hUX��aAj�i��Tv ø ^2S   g�i°bAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AUda����izgT]VghUd^�UXg�ü:^`f`^.izg
gT\@YXU�iz]   }:U�Sq]TUd�AUda=���tUXghikf`^°U{g¡ü:^`f`^°Y   m R�EUXa���STaKbF\HghUd�<]hUX�AU�irU4SqWKgT\@�KbFUd�AU�irU « Rx U��aFg@v�¥³²`²r¨�U{g!]T\E��HUX]TaA^`_qirj%aKS RSTirYX]TUd�AUdaKS�¬�v Ä W Rx }2\@Y{m`]hU:]TUd\�j�^�bF\@YXU�irUAU{g�_�a��LSTaKbAizg   j!aKU:Wyi7SVUX]T\EYdf>U�irjl^2SwWKgTUd\©�
YdirU�bF^2SEvÄ W Rx }2\@Y{m2U�irj�i�Sq]�ir�KbAizgT]TUd��Z\nWKUXYd�A^2SLir�>]TU�SVUdjl\H]VghUd��Z\@SLf`^`�A»Fm5�aFg�ik�EU�_qa=�Ao?�aKST\E��a=�F¤�aA�Af2�HUp_�^2S
|nlNLS 〉 f`^`�KSq]TghiE}:UXjl^%WAgh^:�H\ebL�aFg�i�ik�<]VghUd�AUd^%f<}7ik�<]hiE}:UXjl^liz]V}7irU x bKiH}:UXj�\-ir]hSVU Rx }2\EYXm2Udik�<]U �cf<}7i x UdSTaAf�UX�AUd^l\EghbF}2\³�cUXg�g�ikbFU�irYdUdi���STUdikStbAirYdUdSEv

2 skyrius. Hipersmulkiosios struktūros teorija
Ä ]TUX]TUd�Afkirjl^2S¦�AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]TgTaKf<]z�aAgT^2S�U RSqg�irU RSVf`^2S�f`^>^7g�bFUd�Kiz]TUd�AU�irjl\�iz]V}7ikU x bAiz}:U��
jl\öoKaF}2^ým<iraF]T^2SÑ¥¸Çk¨�v R�>U�irjl\�bKizgToJ\¯_q^2S�]Vg�ir�KSV¤N^7ghj%aA^7]T^2S¯U �¦ir�>]VghUd�AUX^f>}7ir�>]hiH}:Udjl^
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iz]V}7irU x bAiE}:UXj�i��%W5izWKUdYdbF^`j�irU�iz]hSTU Rx }2\@Y{m2U�ir�>]�U �!f>}7i x UdSTaAf>Ud�AU �hvÕ�wUXYd�KirU�gh\@bFaKf>aA^7]�i « ^7gToKU��]TUX�4Z\V_�\`|�SVaAf�Ud�AUX^öU{glf>}7i x U�SVaKf>Ud�AUd^.\Eg�b:}cZ\eSV\r¬�STaFghU RSV]hi°]T\@� x ^7ghUd��Z\ RSVUda=��^7WB\Eghir]T^7ghUXa���¤�^7ghj�i
oKaF}2^�m<iraF]hi¡U{g�Wyir]T\EUdf>U�irj�ilbAizgToB\7v

÷�ikYXaF]hUX�4Z\�\EYd\Ef>]VghUX�AUd^lj%aAYX]TU{WB^`YdUX�KUX^��AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]VghaAf>]z�aFgh^2S�^7WB\Hg�iz]h^7gTU�iraKS�U RS��
ghikU RSTfki   ghi%]T^`f�Udi « WyY{mAv « ¾<¬V¬�ª
F ¡ = T ¡ (k) = ik

∑

nili,njlj

[k]−1/2 〈 li ‖C(k) ‖ lj 〉

× 〈nili ‖ r−k−1 ‖njlj 〉
[
a

(q li s)

1/2
× a (q lj s)

−1/2

](k0)k
. « ¿`¬

Ä �KirYd^7m2U RSTf>Uyj�izm2�A\E]TUd�AUdikU5bFU{WB^`YdUX�KUdirUy�AUXWJ\Eg�SVj%aAYXf�Ud^2SVUd^2ScSV]VghaAf<]z�aFgh^2Sn^7WB\Hg�iz]h^7gTU�irU5iz]Vgh^�bA^
]hirUXW « WKYXmAv « ½2¬V¬�ª
F § = T § (1) =

α2

2
√
2

∑

nili,njlj

√
(2li + 1) 〈nili ‖ 2

3
r−2δ(r) ‖njlj 〉

×
[
a

(q li s)

1/2
× a (q lj s)

−1/2

](01)1
δ(li, 0)δ(lj, 0) « Ã<¬

U{g
F ¿ = T ¿ (k) = −ik+1

α2

2k
√
k

∑

nili,njlj

√
(li + lj + k+ 1)(lj + k− li)

×
√

(li + k− lj)(li + lj − k+ 1) 〈 li ‖C(k−1) | |lj 〉
× 〈nili ‖ r−k−2 ‖njlj 〉

[
a

(q li s)

1/2
× a (q lj s)

−1/2

](k0)k

−
1

2
α2 ik+3

√
(k+ 1)

2

∑

nili,njlj

〈 li ‖C(k+1) ‖ lj 〉

× 〈nili ‖ r−k−2 ‖njlj 〉
[
a

(q li s)

1/2
×a (q lj s)

−1/2

](k+1 1)k
. « Ç<¬

�<¤�\HghUd�AUX^�]T\@� x ^7ghU�iraKS C(k) f`^`jlWJ^`�K\E�>]>Z\@S   g�i¡STaFghU RSV]T^2S�SVa�SV¤N\EgTUd�A\��KirgTj�^`�AUX�K\-¤NaA�Kf2�HUp_qi� ½�� ]T^`f�UXa¯oI�aKbFa9ª
C

(k)
q =

(
4π

2k+ 1

)1/2 �
kq . « §EÉ<¬

Â Yd\Ef>]Vgh^`�>a��wm2UdjlUdjl^�UXg�U RSV�   f>Udjl^l^7WB\Hg�iz]h^7gTU�irU   g�i�iz]TUX]TUX�Kfkirj�irU a (q l s)

1/2

UXg
a

(q l s)

−1/2

v ø Ud\
]T\E�Af�Ud�Ki!]T^`f�U�i
��STi��DY   m<i��Tª

a
(q)
m =

{
a(ls) ¤N^7g

m = 1/2�
a(ls) ¤N^7g

m = −1/2 .
« §`§e¬
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��i���}2\@UXfkira2_qir� R�EUXa��-\EYd\Ef>]Vgh^`�>a��-f`^`�F»Fm5�aAghi7�HUp_�a=��oI�aKSV\@�>a���¤�aA�Af2�EU�_�a���jl^`j�\E�>]hirU   g�i°SVaFghU RSq]TU
f>Ud\Ef>}�Ud\E�yirjl\tSVYdaA^`f�ST�   _�\`vc��YXaK^`f�ST�AUXa��9gh\ x aAYX]hiz]TUd�AU�irU5jl^`jl\E�>]hirU5SVaFghU RSTirj�UAU �LWyUXYd�>ayScjl^k�
jl\E�>]TaKSEv!÷�iraA]T^2SV\%�KU{WB\Hg�STj!aAYdf�UXa��d_�a���STi���}2\@UXf�a���^7WB\Hg�iz]T^7ghUda=��U RSVg�irU RSTf`^2SV\�iz]VghU RSq]TUwjl^`jl\@�:�
]TaKS4m<irYdUXj�i¡�KiraKbA^7_qik�<]�m<ikYXUd�Fm2aKS4m`g�iz»K�AUXayS�jl\E]T^�bAaKS�¥³²7·k¨�v � Udf�STYXUd^2S��KU{WB\Hg�STj!aAYdf�UX^2STUX^2S
Sq]VghaAf>]z�aFgh^2S�b   b Rx Uda=� A « ¤È�DY[Z\ « ½2¬V¬4UXg B « ¤È��Y�Z\ « ¾<¬V¬�¤N^7ghj%aAY[Z\eS RSVU�irjl\�bAirgVoB\�U RSq}2\eSq]T^2S��Kira:�bF^7_Vir�<]hUdS%¥³²k¹7¨LbKizgToJ^ljl\E]T^�bAUXfki>v

µtUd\E�KbAikYX\@YXUd^��A\eSVfkirYdU�izghUX�AUd^�^7WB\Eghir]T^7ghUdirayS
F (kl ks) j�iz]VghU��HUd�AU�irU5\EYd\Ej�\E�>]hirUK]hizgTW¦f`^`�:�»Fm5�aFg�ik�EU�_q^2S�oI�aKSV\@�A^2S4¤NaK�Af2�HUp_�a��T|F]TaFghUX� R�HUda=�

u
iz]V}:U{gha���STYXaA^`f:SV�KUXa��T|

|ψu(LS) 〉 = |n1l
N1
1
L1S1 n2l

N2
2
L2S2L12S12 . . . nal

Na
a LaSaL1...aS1...a

. . . nbl
Nb
b
LbSbL1...bS1...b . . . nul

Nu
u LuSuLS〉 « §@²2¬

  g�i¦U RSVgh\EU RSVf�Udirj�Uwj�iz]VghUd�EUX�KUXa���\@YX\@jl\E�>]Ta��T|9f�aFghUdaA^2SV\¡}�Ud\E�A\@YX\@f<]TgT^`�KUdS-^7WJ\Eg�iz]T^7ghUXayS�}2\EUdf�Udi
U ��SVf�U{gT]TUd�Fm2aKS�STYXaA^`f:SV�KUXaKSE|ASTaAj�i>|A]Ev   v
〈ψu(LS) ‖ F (kl ks) ‖ψ ′u(L ′S ′) 〉 =

∑

na,la,nb,lb

〈ψu(LS) ‖ F(nala, nblb) ‖ψ ′u(L ′S ′) 〉 ,

« §E·<¬
f>aFg
〈ψu(LS) ‖ F(nala, nblb) ‖ψ ′u(L ′S ′) 〉 = (−1)∆+1 [kl, ks]

−1/2

× R(la, lb, La, Lb, L
′
a, L

′
b, kl)R(s, Sa, Sb, S

′
a, S

′
b, ks)

×
{
δ(nala, nblb) 〈 lNaa αaQaMQaLaSa ‖

[
a

(q la s)

1/2
× a (q la s)C

1/2

](klks) ‖ lNaa αaQaMQaLaSa 〉
+ (1− δ(nala, nblb))

× 〈 lNaa αaQaMQaLaSa ‖a (q la s)

1/2
‖ lN ′aa αaQaMQaLaSa 〉

× 〈 lNb
b
αbQbMQbLbSb ‖a (q lb sb)C

1/2
‖ lN ′b
b
αbQbMQbLbSb 〉

}

× 〈nalas ‖ T (klks) ‖nblbs 〉 . « §H¹>¬
÷�irYdaF]TUd��Z\eS�m<ikaF]T^2SVUd^2S�oB\E�yb:gh^2S��AU{WB\EghSTj!aKYXf�UX^2STUX^2S�Sq]VghaAf>]z�aFgh^2S¦U RSVg�irU RSTf`^2S�oJ\E]¦f`^`f>U�irj
iz]V}:U{gha���STYXaA^`f:SV�KUXa��cSTfkirU R�EUXaKU

LS
�ng   RS   _�\�m<irYXU9o?�aA]TU�SVaKSTf>UXg�Sq]   ]T^2S�U �n]T^`f�Udi7S�bAikYXU�SHª

� WB\EgVghU RSVUdjl^�j�iz]VghU��H^2S R(la, lb, La, Lb, L
′
a, L

′
b
, kl)

UXg R(sa, ab, Sa, Sb, S
′
a, S

′
b
, ks) �

� �K\Hgh\@bFaKf>aA^7]hUX�AUda��?]T\E� x ^7ghUX�AUda��w^7WB\Hg�iz]T^7ghUda=� 〈 . . . ‖ [a (q la s)

1/2
×a (q la s)C

1/2

](klks) ‖ . . . 〉UXg 〈 . . . ‖a (q lb s)

±1/2 ‖ . . . 〉 STaFoKj�iz]TgTU��HUd�AU�irUy\EYd\Ej�\E�>]hirU�|<U RSqgh\EUdf RSV]TUAgh\ebFaAf�aA^7]hirU�Snf>UdY{�
j�UX�AU�irU�S�f`^�\H»y�HUd\E�>]hirU�S �
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� ¤�i x Ud�AUdS�bAiraAm2UXf�YXU�S ∆ �
� }�Ud\E�K\EYd\Ef>]Vgh^`�AUdikU�SVaAoKj�iz]VghU��HUd�AU�irUL\@YX\@jl\E�>]hirU 〈nalas ‖ T (klks) ‖nblbs 〉 vR�>UB¤�^7ghj!aKY�Z\�bF\H]�irYXU�irU�U RShir�KirYdU x aA^7]hi>|yfkirU   g�i�bFa�iz]V}:U{ghU�\EYd\Ef>]Vgh^`��a=��SVYdaA^`f�ST�AU�irU=v

3 skyrius. Metodikos realizavimas kompiuterinėse progra-
mose

�tizgToB\�SVaAf�aFgT]T^2S�jl\H]T^:bFUdf`^2S-Wyizm`ghUd�KbFaöoKaA}2^�W5izg�i RS   ]T^2S�b:}:Unf`^`jlWKUXaA]T\HghUd��Z\@S-WKgT^7m`g�ie�
jl^2SH|AYd\EU�bK�x U�ir� Ri?Z^2S�SVfkikU R�EUXaA^7]hU��AU{WB\EghSTj!aKYXf�Udi���STUdi7S�iz]h^`j!a��co?�aKST\E��a=�n¤NaK�Af2�HUp_qikSEv4�Iizm`ghUX�KbAU��
�AUdSw_qa=�ca Rx bAiE}�Ud�   S   g�i¡ir]TYXUdf>]TUISVfkirU R�HU�iE}�Udj!ayS�W5izm<irY « §H¹>¬�¤�^7ghj!aKYX\��Tv�OUXghjl^7_qU�WAgh^7m`ghikj�i�ã�äkÞ�¥³²`½r¨�gh\Ej�UdikSTU�ß�ØAà`áeâ�SVUdj!oJ^`YdUd�AUX^°WAgh^7m`ghikj�iH}:Udjl^�fkirYXoyi>v
�L\Eg¯WyikSq]�izghaA^2SVUdaKS~jl\H]haKS�oKaF}2^ýSTaAf�aFgT]hi®Sq]�ir�KbAizgT]TUd�AUda=��_�aKb�Z\T_�Udjl^±f�UX\@f>Ud^ýjl^`jl\@�<]h^
U{gliz]T^`j�^�\EYd\Ef>]Vgh^`��a=��SVYdaA^`f:SV�AUda���\EYd\Ef>]Vgh^`�AUd��Z\�bFaA^`jl\@�>a���oyi x Z\°ß�ØAà`ázâ�fkirY{o5i>v ø U�izWF�
UXj�i

3nj
oJ\@Uc´�YX\Eo RSV^�UXg%÷�^7ghbKir�A^~f`^>\E»K�EUX\@�<]TaySH|9]�irU{W�W5iz]�U �D}7irU{ghUdaKS�Sq¤�\HghUX�KUXa���¤�aA�Af2�EU�_�a��

UX�>]T\Hm`g�irYdaKSEvö´tUX]Ta��4_�aKb�Z\V_�Udjl^�f>Ud\Ef�Ud^�jl^`jl\@�<]h^�b   b Rx Uda=��UXg%¤�aA�Af2�HUp_�a��-SqW5izgT]TaKS!UXg¡\H¤�\Ef<�
]   }�ayS~STfkirU R�HU�iH}:UXj�ikS¯izWKghi RS   ]hikSº¥³²7¾ Ð ²7Çk¨�v R�>U�irjl\�bAizgToB\ RSVU-j�iz]T\Ej�iz]TUd��Z\öUXg�WKgT^7m`g�ie�
jlUX�4Z\�U ��g�ir�Fm<i   ghi%U RSqWKY[Z\@SV]hi¡STUX\@f>U�ir�>]�izWyUXj!]TULWyizWyUXY�bF^`j%aKS�iz]T^`jl^�\EYd\Ef>]Vgh^`�>a��cSTYXaA^`f:SV�KUXa��
b   b Rx UXaKS�¥¸·`É:|�·A§©¨�|<f�aFghUd\�gh\Ej�UdikSTUyir�<]TgTUd�AUd^�f<}7ir�>]hiE}�Udjl^!UXg�f<}7i x U�SVaAf�UX�KUX^!SVaAgTU RSq]�irjl\�]T\E�:�
x ^7ghUX�KUdirj�\-WyiH}:U�bAirYd\�f`^`�K�H\EW9�HUp_�^`jlU�SHv

µtU�SVU RSTUX\�W5iz]T^7oKaAYdUd�AUXj�irUJ�AU{WB\EghSTj!aKYXf�UXa��d_qa=�?STi���}2\@UXf�a=�?j�ir]VghUd�EUX�AU�irj�S�\@YX\@jl\E�>]hirj�S�izWF�
SVfkirU R�HUdaA^7]TUJWyikb�Z\T_�^%STaAf�aFgT]TUJ�Kika`_qi��O�AU{WB\EghSTj!aKYXf�UXa��d_qa=�wShi
�D}2\EUdf>a��?]T\E^7ghUd�AUd^!]   ghUXj�^%Wyirf`\E]hi��T|
WyiH}7i7bFUX�>]hi���ã�äkÞ¯¥¸·2²r¨�v ø U ���KikaKbF^`_qir�>]E|wb   b Rx U�irU A UXg

B
Wyizg�irj�\H]VghU x aA^`_qirjlU�SVaAf�Ud�AUX�4Z\@S

U{g�fkirjlWKUX�4Z\@S
α
UXg�g�ikbFU�irYdUX^2STUX^2S�bAirYdUX\eS

a
WyiE}:UdbAikYXa9v Q ��m   ]hi�Wyir]TU{gT]TU�S�\Ef:SqWB\HghUdjl\E�>]TU RSVfkirU

]TU{ghU�ir�>]��AUX^7oyUX^��AUXWB\Hg�SVj%aAYdf>U�i��d_qi���SV]VghaAf<]z�aFg�i
�%¥³½r¨�|9oKaF}2^�WKgTUX]hirUdf   ]hi�gh\E�Fm2U�ir�>]�bFaA^`jl\@�>a��
Sq]VghaAf>]z�aFg�ikS�U{g�fkirULf�aFghU�ikS�f�UX]hikS�WAgh^:�H\ebL�aFg�ikSHv

�OaKSTUdikaA\Ej�WyU{ghUdaA^2SV\��AUXWB\Hg�SVj%aAYdf>Uda��d_�a���STi���}2\EUdf�a=��]   ghUXj%aA^2SV\u¥¸·`·k¨�jlUX�4Z\H]TU�g�ikbAUdirYdUd\V_�U
UX�>]T\Hm`g�irY�irU�]Vg�irf>]TaA^`_qirjlU-fkirUXW ^7WA]TUdjlU x aA^`_qirjlU�Wyizg�irjl\E]Vg�irU=vÆ¶�iraybF^7_Vir�<]�j�i Rx UdiraySVUda=�
f<}7ikbFghir]Ta=�%jl\E]T^�bKi
�h|O_�Ud\°STaKbF\HghUd�KirjlU�STa\Ef:SqWB\EgTUdjl\@�<]TUd��Z\@jlUdS

A
UXg
B
}2\HgT]>Z\Ej�UdSEv ø \EU

]T^¡�A\HWyiE}   f:Sq]hi!WyikSVUd\Ef>]TU�|:]�irUJgh\@U RSTf>U�i>|Ffkikb   g�i!f�Y�irUdbAUX�Fm2U9\Ef:SqWB\EgTUdjl\@�<]TUd�AU�irU9bFaA^`j�\E�   S
izgToyi.�A\H]T\@UdSTUX�Am<irU�U�bF\E�>]TUX»Af�aA^7]TU�\E�A\EgVm2Up_�^2SlY   m2jl\@�   SHvÿ�OaKSTUdiraK\Ej�WKUXghUdikU�UXg ÊFË�Ì=ÍBÌDÎDÌ�Ï
izgT]TaF]TUd�>aKj�irU   g�i.SVa`_�aK�Fm`]TU�U �-}:Ud\E�Ki���WAgh^7m`g�irj%a=�-Wyikf`\H]hi��T|4f>aFghU�S�Yd\EU�b Rx Udi�\E¤N\@f<]   }�U�irU�U{g
^7WA]TUdj�irYdUdirUL]h\E^7ghU RSTfkirUL�Kizm`ghUd��Z\H]TUL�AUXWB\Hg�SVj%aAYdf>U�i���SVU�ikS�Shi
�D}2\EUdfkikSHv

�>Ud\Ef�U�ir�<]�]T\@SV]TaA^7]TU9WAgh^7m`ghikj!a��wWyikf`\H]hi��cU{g�WyikbF\@jl^`�KSV]VghaA^7]TUF_�^¡m<irYdUXj   oB\eS�oKaF}2^¡WKa:�
SVU�iraA\EjlWKU{ghU RSVfkirUFiz]TYdUXf>]hit�AUd^7oKUd^�iz]T^`jl^��AUXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S?Sq]VghaAf>]z�aFgh^2SOir�KirYdU x Z\7v ô i Rx U�ira:�
SVUda=��f>}7ikb:g�iz]ha=�4jl\H]T^:bFa���aKSq]�iz]   ]TUIg�ikbFU�irYdUX\T_�UIWyizg�irjl\E]Vg�irU   ghi�§�Yd\E�>]T\EY[Z\V_�\`|y^lm<irYdaF]TUd��Z\eS
A
b   b Rx Uda=�J}2\EgV]�Z\@S Ð ²�YX\@�<]h\EY[Z\V_�\`vwÖ�ikbFU�irYXUd\V_qU:Wyirghikjl\H]Vg�irU�|2g�ikSq]TUF�yiraKbF^`_qir�>]�ã�ä7ÞwWyirf`\E]hi
�h|SVaF]hikj�Wyi¡STa�gh\ x aAY{]�iz]hirU�SH|Km<iraF]hirU�S%¥¸·7¹7¨�v
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1 lentelė. 4 � 45 � 6 �
	�� 4 � 35 � 2 4 ����� ����� ��������� ���� 	 �"!�#��� 	�$&%(')	 �"!�#�*� �+�-, � 	)./% � $ � � �#0� �1 �2	�3 ��, 	 �4� � �4�653�	 ��� � 	 ��� . ,7� � � �  ���8� �1 % � �:9<;=� � 	 � ')	 ��> 	?$ � � ��� �1 � � 	A@6� � '�@ � 	 � �B� 	 � �� � � ')% � 	 5� . � 	 � $ � � �B� �� � � 	 ��C �/�B�  � 	 �D� � �2� �FEHGBI7J 9Ö�ikbAUdirYdUd\V_�ULWyizg�irjl\E]Vg�irU R�>U�S�bAizgToyi7S Q�RS!¥¸·7¹7¨
¥ ô  x ¨ ¥ ô  x ¨

a4
á
01

(4 b 35 S 2) ·`Ç2½�|�§ « ²2¬ ·`Ç2½�| ·`Ç « É:|
²`½2¬
a4
á
01

(4 b 45 S 1) ·2½F§k|p¹2Ç « ·<¬ ·2½F§k| ¾<¿ « É:|
½7Ã<¬
a4
á
10

(4 b 35 S 2) ��²`²k¹ « §e¬ ��²`²`½�| Ã7¹ « §k| Ç<¿`¬
a4
á
10

(4 b 45 S 1) ��½7ÉA§ « ²2¬ ��½F§`§k|p¹>¿ « ·`É:|p¹>¿`¬
a5
�
10

(4 b 45 S 1) ¾`¾2½7Ã « ¿`¬ ¾<¿kÉ`É « §`§EÃ<¬
a4
á
12

(4 b 35 S 2) ²7·7¹ « ·<¬ ²7·`Ã:| ·7¹ « ·:|�§EÇ<¬
a4
á
12

(4 b 45 S 1) ²2¿7½�|
½ « §e¬ ²2¿k¾:| É`Ã « ²�|�§e¿`¬

2 lentelė. 4 � 45 � 6 �K	)� 4 � 35 � 2 4 L���� ����� ��� A � ����� 	�.6')	 ��� $ � � �B� �� ��	�3 �M, 	 ��� � ���N53M	 �B� � 	 �O�. ,(� � � �  �O�P� �� % � �:9PQ $ � . � 	 5R 	 � %  % � A §£¦�´ § , � �  S!�#� $ � '�@ � 	 �N % �T� � � . � $ � �2	 � �M�N 	 � 	 � 	 � � � 3 � ' 0 �  � 	 � 	 5�FEHGUIUJ 9FVU�O� � .6	��  ����� � @6� � �W � ')$ � '�@ >X� ∆ 94Y�� � . �  	 � 	 ��� �Z�W � '�$ � '�@ >X� @6� � $ �  [� 	). 0 	 EHGUIUJ\� � �2�]%^$ � � 	 ��� � � $�	)��	 � 	:� � 3 � '  �  � 	 9_   m2j%aA^ A §�¦¨´µ§ A ¡NM.Ì ¥¸·7¹7¨ ∆ A §�¦¨´µ§ ¥¸·7¹7¨¥ ô  x ¨ ¥ ô  x ¨ ¥ ô  x ¨ ¥ ô  x ¨
« ½`��¬q¾2� §(`7² §EÃ`¾`Ã « Ã<¬ §EÃ`¾`Ã:|
²F§EÃ « ²2¬ É:|
²F§EÃ §EÃ`¾`Ã:|
²F§e¿
« ½`��¬q¾2�Õ·a`7² Ã2½`² « ¹>¬ Ã2½`²�|
½k¹2· « ·<¬ É:|
½k¹2· Ã2½`²�|
½2¿k·
« ½`��¬q¾2�*½�`7² ¿:§EÇ « ·<¬ ¿:§EÇ:|p¹>¿k¾ « ²2¬ É:|p¹>¿k¾ ¿:§EÇ:|p¹K§H¹
« ½`��¬q¾2��¿b`7² ¾`Ç`É « ·<¬ ¾`Ç`É:|�§EÇ`Ã « ²2¬ É:|�§EÇ`Ã ¾`Ç`É:|
²k¹2Ã
« ½`��¬q¾2�ÕÇa`7² ¾`ÇA§ « ²2¬ ¾`ÇA§k| ¾A§H¹ « ·<¬ É:| ¾A§H¹ ¾`ÇA§k|
½7Ã`É
¹<üº·a`7² ¾7¹`¹ « §e¬ ¾7¹`¹F|�§E¾`É « ½k¹>¬ É:|�§E¾ ¾7¹`¹F| ÇA§
¹<üÑ½�`7² ·<¿7²�|p¹ « ¹>¬ ·<¿7²�|p¹2Ã2½ « ²2¬ É:| É`Ã2½ ·<¿7²�|p¹2Ã2½
¹<ü®¿b`7² ²7Ç2²�|
² « ½2¬ ²7Ç2²�|
²7É2² « ²2¬ É:| É`É2² ²7Ç2²�|
²7É`·
¹<üºÇa`7² ²7¾`Ç:|
½ « Ã<¬ ²7¾`Ç:| ¾`·2² « ·<¬ É:|�§E·2² ²7¾`Ç:| ¾`·A§
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�tikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUX^¼�irgV]TgTUd^U{g�üF^`f`^Ájl\H]h^�bF^±WKgT^7m`g�irj�iùßdc�ã�ï m2\@�A\HghaA^`_qi
bAiraFm2U�ir\EYd\Ef>]Vgh^`�AUd^%ir]T^`jl^¡bAikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUXa��?oyir�Am2UX�AUda��?¤NaA�Kf2�HUp_�a=�?g�ikbAUdirYdU�i
��SVU�ikS�bAie�
YXU�SHv R��U�WAgh^7m`ghikj�i¯STa`_�aA�Fm`]�i¯SVaºf�U{]h^`jlUdS!WAgh^7m`ghikjl^`jlU�SH|wf>aFghUd^2S�UX�>]T\Em`gTaK^7_qi¯U RSqg�irU RSVfki7S
SVaAf�UX�KUX�AUda��T|kfkirjlWKUX�KUXa��JUXgIg�ikbFU�irYdUXa��d_�a��Jf�Ud�F]hirj%a=��_�a��Jir] Rx }�UdYXm2UXa9|k]hikU{WlSVaA¤N^7ghj%aA^7_Vir�<]Oiz]T^`j%a��
Sq]VghaAf>]z�aFgh^2S�Wyikf`\H]hi��låIóFÞ�àÑiz]T^`j%a=��STiE}   o�Z\@j�S�]TUXgV]hU�¥�§EÉk¨�v Q �>]T\Em`ghiE}:UXjl^®STaAf�UX�AUd�AUda=�¡U{g
fkirj�WKUd�AUda=�cf�UX�A]hirj%a=��_�a=��iz] Rx }:UXYXm2Uda~WAgh^:�H\@b��aFg�i�gh\Ej�UdikSTU4¥¸·2½r¨LbAirgVoB\�izWAg�i RS   ]hi¡jl\H]T^:bFUdfki>v

�UXWJ\Eg�SVj%aAYXf�U�iz_VirU�Shi
�D}2\EUdfkirU�SVfkirU R�HUdaA^7]TU�SVf�UXgV]�i�WKgT^7m`g�irj�ilã�ä7Þ¡¥¸·`¾k¨�|Ff�aFghU   ghi�åOætçAè
Wyirf`\H]h\7v ø ^7_q\�UX�>]T\Hm`g�iE}�Udj�ikS�SVaAf�UX�KUX�AUda���U{glfkirj�WKUd�AUda=��f�UX�>]hirj%a��d_�a���iz] Rx }:UXYXm2Udaýiz]TYdUd\Efkie�
j�ikSl¥¸·2½r¨Ojl\E]T^�bAa9v���izgToB\%�KiraKbA^7_qikj�i�j�^�bFUX»Kf>aA^7]�i�ã�äkÞ-WAgh^7m`ghikj�i>|Bf�aFghUX^`_�\¡ST\E�A^`_�U
UX�>]T\Hm`g�iE}�Udjl^�fkirj�WyUX�AUda���UXg¡SVaAf�Ud�AUX�KUXa���f>Ud�>]hirj%a=��_�a=�-iz] Rx }:UdY{m2UdaÑjl\H]h^�bFUdfki   g�i�Wyikf`\EU�Sq]hi
\H¤�\Ef>]   }2\@ST�A\7v R�>Uwjl\H]h^�bFUdfki�Wyir]T\EUdf<]�i�²�SVf   gTUda`_�\`v ø ^7_q\¡�KiraybF^7_VirjlUnSTaFoKf�UXYdjlUd�AUdikUwf`^k�
\H»y�HUd\E�>]hirU�|�^7WB\Hg�iz]T^7ghU�iraKS

W (kq kl ks) SVaFoyj�iz]VghU��HUd�AUdikU�\EYd\Ej�\E�>]hirU�U{g 3nj f`^>\E»K�EUX\@�<]hikU=|ghik�KbAirjlU?W5ir�KiraKbA^7_qik�<]�ü:^7gT]Vg�ir�A^�oKU{oyYXUd^7]T\Efki���ç�åfe�¥¸·<¿z¨�v�¶�ira`_�^`_�U?WAgh^7m`g�irj�il]T\eSq]TaK^7]hi
SVfkirU R�HUdaA^`_qir�>]�YdU R�EUX^�¥¸·`Ãk¨�U{g�oB\HghUdYXUd^�¥¸·`Çk¨9�AUXWB\Hg�SVj%aAYdf>U�i��d_qi���Sq]VghaAf>]z�aFg�i��Tv

4 skyrius. Daugiakonfigūraciniai g=hji�kliMmMiUn skaičiavimaiR�>U�irjl\%SVf   ghUda`_�\!�Kira2_�^7_qUI�AUXWJ\Eg�SVj%aAYXf�Uda=��_�a=�4STi���}2\EUdf�a=��SVfkirU R�HU�iH}:Udjl^¦WAgh^7m`ghikj�i¡oKaF}2^�Wyie�
�KiraKbF^7]�ilbA\H]hirYdUd\Ej�S�}7ir�yikb Rx Ud^��AU{WB\EghSTj!aKYXf�UX^2STUX^2S�Sq]VghaAf>]z�aFgh^2S�]   ghUXj�ikj�SHv � Udf~�Kira`_q^7_�U
WAgh^7m`ghikj�i¡iz]V}cZ\Hg�Z\-m<ikYXUdj   oB\���iz]TYdUXf>]TU�]T^`f>UdaKS�bF\E]hirYdUXayS�]   ghUdj!aySHv

µnir�Kikb Rx UX^¯Wyirm`gTUd�KbFUd��Z\eS�o?�aKST\E�A^2S 3 b 3 43 ü 4 S 2 4 ü J Y   m2jl\E�   S J = 3/2
U{g
J = 9/2  g�i�Y�izoyirUwm2\EgTUwfkir�KbAUdbAir]hirUwWyiz]TUdf>gTUd�>]TUnWAgh^7m`g�irj!a���Wyirf`\E]hi
��UXg-WyikbF\@jl^`�KSV]VghaA^7]TUB_�^�WAghU��

}7irYXaKj!aKSEv Â �A\HgTm2\E]TU RSTfkirU4m2\Hg�irU�iz]hSTf>UXgT]T^2S!W5izm`ghUX�KbAUX�4Z\eS�o?�aKST\E�A^2S!STj!aKYXf�UX^`_�U�Sq]VghaAf>]z�aFg�i
U RSTj�iz]TaA^7]�i±¥ ¹2Ék¨�bAirgVoB\`vÑ�OaKSTUdikaA\Ej�WyU{ghU�irU�]   ghUdj�irU ¥ ¹K§©¨�Wyizgh^:b�Z\7|cfki7b Rx \Ej%a���Y   m2UX�AUda��
f`^`�F»Fm5�aAghi7�HUp_�a=��\@YX\@f<]Vgh^`�KikU   g�i.�A\EgT\@YXU�iz]   }:U�Sq]TUd�AU�irU�UXg��>aKf<g   WKUXj�irUt��aA^ _ �ºg   RSVUd^   g�i
j�i Rx U¯¥ ¹<²r¨�v ¶�\@SV]T\HoyUXj�iÁ�AUXWB\Hg�SVj%aAYdf>Ud^`_�U�ir�A^`j�irYdUp_qi>v � ^�b�Z\@Y%bKiraFm2U�irf`^`�F»Amy�aFg�ik�HUd�AU�S
�izgT]VghUX^�U{g�ü:^`f`^�izgT]TaF]TUd�>aKj�ikS�]TaAg�Z\E]Ta��nm2\Hg�irU9]TUdf<]TU�v

µtUd\E�Af`^`�F»Am5�aFg�ik�EUX�AU�S?�irgV]TgTUd^tUXgwü:^`f`^�izgT]TaF]TUd�>aKj�ikSI�K\@izWAg�i RST^�f`^`�>]hirf>]TUX�KUXa��BSTi���}2\EUdf�a=�
UX�Kb�Z\EYdUX^F|>�A\eSw}:U�SVU

n
S�STYXaK^`f�ST�AUdikU   g�i-a Rx WKUdY�b   ]hU=v Ä ]hSTU Rx }2\@Y{m2aKS�U �If`^7gh\EYdUdik�EU�_VikSH| 3 b�SVYdaA^`f�Sq��AUdSOWB^`YdUdizghU x aA^2S n SnSTYXaK^`f�ST�AUXaySHvn÷�\Hg�ikSw}�Ud\E�Kf`^`�F»Fm5�aAghi7�HUd�AUX^��izgT]VghUX^�U{g4ü:^`f`^-gh\ x aAY{]�iz]Ta��SVaF]hirWKUXj�ikSLSTa�\Ef:SqWB\HghUdjl\E�>]TUd�AUdikUdS   g�i�iz]�SVUX]TUXf>]TUd�AU�SLUXg�YXUdaKbFUp_qi�izWKUd\wWJ^`YdU�izghU x ik�HUd�AUda=�y\H¤�\Ef>]Ta=�

f`^`j�WB\E�KShik�HUp_qi��
n
S�STYXaA^`f:SV�KUXaA^2ST\7vc´�ikbKir�Fm2UB}7ir�yikbFU�S�]TaAgTU

13
\EYd\Ef>]Vgh^`��a=�h|:]T^:b�Z\@YB]TUdf�STYXUda=�

�AU{WB\EghSTj!aKYXf�UX^2STUX^2StSV]VghaAf<]z�aFgh^2S�gh\ x aAYX]hiz]Ta���m<iE}:UXj�i7S   g�i�bFU�bF\EYdUdStU RS RSe�aAf�U�SHv�¶�ira`_qikSTUdStjl\©�
]T^�bKikS¡YX\@Udb Rx Udi�\H¤�\Ef>]   }�U�irU�]TU{gT]TU�WKgTUd\Ej�irU RSTUX�KUXa���^7gToKUX]hirYdUda=��U ��]hikfki
��j�izm2�A\E]TUd�A\EU�bFUXWB^`YXUd�A\EU
STi���}2\EUdfkirU?��aA^2SV\@f>YdUdikU?bAUdbFUd�Kir�>]�WAghUd\Ej�irU RSVUd�AUda=�4^7gToKUX]hirYdUda=�4m`ghaFWKUda=��SVfkirU R�HUda=�hv � ^`f>Uda°o?�aKbFa
m<irYXUdj�i-U ��}2\HgT]TUd�>]TUyizgT]TaA]TUX��aAjl^�Wyikf>Y�irU�bAikScUXgcm<iraF]TUybF\E]hirYda=��f`^7gh\EYdUdik�EUX�KUXa���\E¤N\@f<]ha=�L}7irU x bAi��Tv

– 15 –



� irU5W5ikbF\@bKi�izWAghUXoB^7]TUJf`^`�F»Fm5�aAghi7�HUp_�a=�Oo?�aKST\E��a=�I¤�aA�Af2�EU�_�a��w\Hg�b:}2\��?Y�izoKU�iraKSTUdirU9U ��]�irf`^E_qir� R�EUX^k�
jlUdSwf`^7gT\@YXU�ik�EUX�AUdaKSw\H¤�\Ef>]TaKSOUXgO]T^`f�Uda¡o?�aybFa�iz]T}2\HgT]TUAf`\EYdUXaKSnSVaKb�Z\E]TUd�Fm2a=�9ir]T^`j!a��B]   ghUdj�irj�SEv

�>fkikU R�EUdiE}�Udj�irUJoyaF}2^%ir]TYXUdf>]TUJ�KikaKbF^`_qir�>]�µ�UXYd�AU�iraKS�WJ\ebAizm2^7m2Ud�AUd^�aK�AU{}2\Eg�SVUX]T\H]T^�énâ`êFëpo
ì�íyÞ�îXíyÞ¡ïLîXð@î�ñAí5Þ%ò�Ø7óFâ`ëAì�í5Þ-f`^`j�WKUdaF]T\HghUda=��SqWKUd\ R�EUXa��Tv%¶�ika`_qi��A\EWKaFoKYdUdf>aA^7]�i¯ß�Ù�ÚFä�iz]T^k�
j!a���Sq]TgTaKf<]z�aAgT^2S�Wyikf`\H]T^�¥ ¹2·k¨?}2\Hg�STU�_qi�|Bf�aFghU?gh\@jlUdi7SVUwbFUd�KirjlUd�AUdaöiz]Tj�UX�>]TUd\@S-U RSTb�Z\eSq]   j%a9|
U RShSVf�YdirU�b   ]Ta��Bj�iz]VghU��Ha��Jjl\E]T^�bKirUdS?UXgO�Kira`_Vi�fkikj�WKa��5oKUXoKYdUX^7]T\@fki>|7oKaF}2^��KiraybF^7_Virj�itiz]TYdUXf>]TU
bAiraFm2U�irf`^`�F»Amy�aFg�ik�HUd�AUdaKSt�izgT]VghUX^�U{g�ü:^`f`^�SVfkirU R�HU�iH}:Udj!aKSEv

�OUXghj!aA^2ST\�]   ghUXj%aA^2SV\�f`^`�F»Am5�aFg�ik�EU�_�a��BoI�aKSV\@�>a��B¤NaA�Kf2�HUp_�a=�9\Hg�b:}cZ\7|`f�aFghUd^7_�\�iz]hSVU Rx }2\EYXm2U�ie�
j�i¯U �t}7ikYX\@�<]TUd�A\eS!f`^7gh\EYdUdik�EU�_VikSH|noKaF}2^�STaAj�i Rx Ud�<]�i¯�>aA^ 25 069 Udf�U 12 630 Sq}7irgVoyUdiraySVUda=�f`^`�F»Fm5�aAghi7�HUp_�a=�no?�aKST\E��a=�O¤�aA�Af2�EU�_qa=�hv R��U�S�f`^`�F»Amy�aFg�ik�HUp_�a��wo?�aySV\E��a��nSVfkirU R�HU�iraKS�STaAj�i Rx Ud�AUdj�ikS
oKaF}2^�iz]hYXUd\Efkirj�ikSc]hikU{WL|�fkikbl]hi�f`^`�F»Amy�aFg�ik�HUp_�a��Lm`ghaFW�Z\7|<f>aAgTUd^2ScUd�Kb�Z\@YXU�S   g�i-j�i Rx \@ST�AUdSn�K\EU
1
ô  x |   g�i4�K\EU ��]TghikaAf>U�irj�i�U �F]h^`YX\eSV�AUdaKSLSVfkirU R�HU�iE}�Udj!aySHvw�IiE}  :x b Rx UXaAU�|r]T^`f�S9f`^`�F»Am5�aFg�ik�EU�_�a��

iz]Tjl\E]TUXj�ikS
J = 3/2

Y   m2jl\@�AUXaKUwbFaA^:bAi 6 ô  x Wyikf>Y�irU�bAi
�hv���\E]hirY��aKS�STfkirU R�EUdiE}:UXj�ikUwYdUda:�bFU�_Vi>|Kfkikb¯U �D}2\HgT]TUd�<]�i%}7irYd\E�>]TUd�AUda=��f`^7gh\EYdUdi7�HUp_�a=��Wyirf�YdirU�bAi   g�i�izWKUd\ 2 Ò v���i7Sq]T\Eo4Z\H]hilSq]hU{WAghU
3
S�U{g

4
S�^7gToKUX]hirYdUda=��f`^`�<]�irf<]hUX�AUda���STi���}2\@UXf�a=�cUd�Kb�Z\@YXUd^lf`^`j�WB\E�KShik�HUp_qi>v

µ�Z\EYdU�ira�oKaF}2^¯�Kirm`gTUd��Z\T_qirj�i~izWAghUXoJ^7]�i�f`^`�F»Am5�aFg�ik�EU�_�a���oI�aKSV\@�>a���¤NaA�Kf2�HUp_�a=��\Hg�b:}cZ\lfkie�
jlUX\@�A^�f`^7gh\EYdUdi7�HUp_�^`j�St]TU{gT]TU�v

1
S�SVYdaA^`f�ST�AUd^�fkirjlUd\E�A^¦f`^7gh\@YXU�ik�HUp_�a��4UX�yb�Z\EYdUdS   g�ilj�i Rx \@ST�AU�S

�A\EU
1 Ò |�U{g�U �5_�U �?�A\@iz]�SVU Rx }2\EYXm2Udirj�i>vc��iraFm2U�irf`^`�F»Amy�aFg�ik�HUd�AU�S�izgT]TaF]hUX��aAj�ikS�oKYd^7m<irUyf`^`�<}2\EgV�m2aA^7_Vi¯U �D]Vg�iraAf�aKS!WyikSVf�aF]TUd��Z\eS�m`ghaFW�Z\@S!f`^7gT\@YXU�ik�EUX�A\eS!¤�aA�Af2�EU�_qi7SHv � ^`f�Uda±iz]V}2\T_�a®f`^`�>}2\HgV�

m2\E�K�EU�_�^2S4Wyikf>Y�irU�bAi�STUX\@f>U�i
5 Ò v�tikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUdikU�SVfkikU R�EUdiE}�Udj�irU��KiraKbA^7_qik�<]�oyir�Am2UX�A\eS�¤NaA�Kf2�HUp_qikSH|¡iz]hSTU Rx }2\@Y��

m2Udir� R�HU�ikS�U �4}7ikYX\@�<]TUd�A\eS�f`^7gh\EYdUdi7�HUp_qikSH|Lf`^`�>}2\HgTm2aA^`_qi�]T^`Y   m2UdirU 2 Ò ]hUXf:SVYdaAj%a9v Ä oyUX\@j iz]V�
}2\V_qirU�S�b:}:UXf`^`�A»Fm5�aFg�ik�EUX�4Z\@S�o?�aKSV\@�>a��c¤�aA�Af2�HUp_�^2SE|Km<iraA]T^2S�Wyikf`\EU R�HU�ir�<]�}�Ud\E�yi
�

2
S�\@YX\@f<]Vgh^`�Ki��

}�Ud\E��a�S�\@YX\@f<]Vgh^`��a¯U RS�ir�>]Vgh^2S�f`^7gT\@YXU�ik�EUX�AUda��n¤�aA�Af2�EU�_�a��nm`ghaFW4Z\eS
β
SE|

2
S 12
1
�
3
b 34
3
ü 3 ü β S 21 � 4 ü « §@½2¬

U{g
2
S 12
1
�
3
b 34
3
ü 5 ü β S 21 � 4 ü « §E¾<¬

bAizgh^lSV]TUXWAgha=�nWB^e}2\@UXf�U �cf`^`�>]hirf>]TUX�KUdirj��KizghUXaKU=v
µnirYd\E�>]TUX�4Z\@S�U{g�fkirjlUd\E�K^ýf`^7gT\@YXU�ik�EU�_�^2S~oKaF}2^±oB\E�yb:g�irU-]TUXgTU�irjl^2S�bKiraFm2U�irf`^`�F»Amy�aFg�ie�

�HUd�AUXa*�irgV]TgTUd^U{g�ü:^`f`^izgT]TaA]TUX��aAj%a9v ¶�iraybF^7]hi±irWAghU{oB^7]T^`_�U�f`^`�F»Am5�aFg�ik�EU�_�a���o?�aKST\E��a=�
¤NaA�Kf2�HUp_�a=��\Hg�b:}cZ\7|�U RSq]hU{gT]hiöb:}:UX\T_�a���ir�Af:S R�EUdiraÁjlUd��Z\H]ha=��f`^`�A»Fm5�aFg�ik�EU�_qa=��o?�aKST\E��a=��¤�aA�Af2�HUp_�a��
U ��]hirfki�vrqtgToKU{]hUX�AU�irU�|:SVaKf>Ud�AUda=�?bFUXWJ^`YdUd�AUdikUyU{g�f>}7ikb:ghaFWB^`YdUX�KUdirUy�yizghUdirUKWKghikf<]TU RSVfkikUy�A\eSVUdf`\EU R�HU�i
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iz]hSVU Rx }2\EYXm2U�ir�<]-U �4oJ\E]�f>aFghU�i
��U RSt]Ta���b:}:Ud\V_�a��4f`^`�A»Fm5�aFg�ik�EU�_qa=��o?�aySV\E��a���¤�aA�Af2�HUp_qi��Tv���f�U{gT]TUd�Fm<i��
A
b   b Rx Ud^�WAghUXf�Y�iraKSV^`j   oJ\��I�>aK^�ir]hSVU Rx }2\EYXm2UXj�^�U �Oiz]hSVf�UXgTa���¤�aA�Af2�EU�_�a���m`gTaAWKUXa��IU ��]hirfki��IYd\EjlU�i

]TUXf�f`^`�>]hirf>]TUd�AUXa����KizghUda=�cUd�Kb�Z\@YXU�S « §�WyiE}2\EUdf:SVY�ikS�¬�v
Ä ]�SVU Rx }2\EYXm2aKS�U �wfkirjlUd\E�A^¡UXg�}7irYd\E�>]TUd�A\@S�f`^7gh\EYdUdi7�HUp_qikSH|A��aAf<g   WKUdj�irU9��aA^¡\Ef:SqWB\HghUdjl\E�F�

]TUX�KUXa���}2\Hg R�EUXa��?SVUd\Ef�U�i
15 Ò v Ä ]Tjl\E]TaKS�f`^7gh\EYdUdik�EUX�K\@ScWyiz]hikUdShikS 2 S�^7gVoyU{]hikYX\@U=| A Wyizg�irjl\E]Vgh^

�>aAf>g   WyUXj�ikU J = 3/2
Y   m2j�\E�AUdaAU�STUX\@f>U�i 10 Ò v Ä ]Tjl\E]TaKS « §@½2¬�¤�^7gTj%aAY[Z\@S�f`^`�F»Amy�aFg�ik�HUp_�a��oI�aKSV\@�>a��%¤NaK�Af2�HUp_qi��T|�]h\E^7ghUX�4Z\

A
}2\HgT]>Z\�}�UXg RSVUp_qiº\Ef:SqWB\EgTUdjl\@�<]TUd�A\��

4 Ò |�iz]Tjl\E]TaKS�U{g~f�UX]hi
�¤NaA�Kf2�HUp_qi
�h|
A
m<iraK�Kirj�i

4 Ò j�i Rx \eSV��Z\-�A\@U9\@f�SVWB\HghUXj�\E�>]hikSHv
�>f�UXgV]hUX�Fm<i�ir]hSVf�U{gha���m`ghaFWKUda=��f`^7gh\EYdUdik�EUX�KUXa���\H¤�\Ef>]Ta���WAghUdf>Y�iraKST^`j   o4Z\`|wfkirU��K\@iz]hSTU Rx }2\@Y��

m2UXj�i�U �4jlUd��Z\H]hi���STUdi7S�b:}:U?f`^`�A»Fm5�aFg�ik�EU�_qa=��o?�aySV\E��a���¤�aA�Af2�HUp_qikSE|JU{g�m`ghaFWKUda=�4f`^`�<}2\EgVm2\@�K�HUp_�^2S
\EUXm<i¯m<irYdU4o?�aF]TU4]hirUXW±WyikirU RSVf�Ud�<]hi�v®¢ « β S�¬ 2 S!m`ghaFW�Z\@S%�A\EU ��SVfkirUX]   j�i7S%gT\@UXf RSq]ha=�h|nfkikbÑf�UX]Ta=�^7gVoyU{]hikYXUda=�nf`^7gh\EYdU�ik�HUp_�^2SO_Vira�U ��SVfkirUX]   ]T^2S�ik�Af�S R�HU�ira~U{g�¢ « β S�¬ 2 S�m`ghaFW�Z\   g�i!U ��SVfkirUX]   ]hi¡fkirUXW¢ « γ S�¬ 2 SEv � irUJf`\EU R�HU�i�f`^7gh\@YXU�ik�HUp_qikS�SVa 2 S�^7gVoyU{]hikYX\t]hikU{W~U RSq}2\@�Fm2Udik�<]�Sq]TUXWAghUX^2S�WB^`YdUdirgTU x i7�HU{�_�^2SHv?´�UX]hirU�S Rx ^�b Rx U�irU�SH| 2 SBWB^`YXU�izghU x ik�EU�_�^2SLU ��STfkirU{]   j�ikSLWAghUX\ RSJW5ikSVUXgh^�bAik�<]Lf�UX]T^`j�SLf`^7gh\EYdUdi7�HU{�_�^`j�S�SVaAf`\@YXU�i!SV]TUXWAghUdi��

β
S4^7gToKUX]hirY[Z\@S�WB^`YdUdizghU x ik�EU�_Vi
�hv � ^`YdUXj�\@SV�4Z\@S4f`^7gT\@YXU�ik�EUX�4Z\eS�^7gVoyU{]hikY�Z\eSH|

WAghUXf�YdikaKSTir� R�HUd^2S�f�U{]hikU5m`ghaFWB\EU�|>�K\Hm<irYdU5f`\EU�Sq]hU RSTUX^2SI_qira�»Kf:SVaA^7]T^2S�^7gToKU{]�irY[Z\eSHv � irUJ�>aAYd\Ej�Udi
oKYX^7m<i��?¢

2
Swm`gTaAW4Z\@Snf`^`�<}2\EgVm2\@�K�HUp_qi���UXgcWB\HgT}2\HgT]TUd�Ki

A
b   b Rx UX^�}2\HgT]T\��Tv � aA^-gh\@jlUdik�<]TU�SH|>]T^k�

YX\eSV�AUdaA^2SV\%SVfkirU R�HU�iE}�Udj!aK^2SV\¡�A\@ir]hSVU Rx }2\EYXm<SVUdjl\!U ��jlUX�4Z\H]hi���STUdikS�b:}:U?f`^`�F»Fm5�aAghi7�HUp_�a=��o?�aKSV\@�>a��
¤NaA�Kf2�HUp_qikSHv� ^`YdUdira��K\@iz]hSTU Rx }2\@Y{m<STUXj�\-]hirUXW¯Wyiz]�U{g�U �c^7gToKUX]hirYdUda=�cgh\@Ydirf:STi7�HUp_qi
�hv�´�irjlUd\E�K^k��}7irYd\E�>]TUd��Z\
f`^7gT\@YXU�ik�EU�_�^2SOoKaA}2^-U ��STfkirUX]   ]T^2Swf`^`�A»Fm5�aFg�ik�EU�_qa=��SVaAWJ\EgTWJ^ x Ud�EU�_q^2SIjl\E]T^�bAa9v R��UXa��9f`^7gh\EYdU�ik�HUp_�a��
f`^`�<}2\EgVm2\@�K�HUp_qi   ghi�SqWyirgV]hULUXgc_�^2S�Ud�Kb�Z\@YXU�S�U � A }2\EgV]h\@S   ghi¡j�i Rx \eSV�AU�S��A\@U 1 Ò v÷�ikYXaF]hUX�AUdaA^2ST\�f`^`�F»Fm5�aAghi7�HUp_�a=��SVaFWB\EgVWB^ x Ud�EU�_�^2S�SVfkikU R�EUdiE}�Udj%aA^2SV\¦f`^`�F»Amy�aFg�ik�HUp_�a���m`gha:�
W4Z\@SE|kf>aAgTUd^2SIoKaF}2^�\@YXUdjlUd�>aK^7]T^2S?U RS?f`^`�F»Amy�aFg�ik�HUp_�a��5o?�aKST\E��a=�5¤�aA�Af2�EU�_�a��J\Hg�b:}cZ\@SE|rW5irYdikU{WyST�AUdaAU
}nZ\@Y�U ��]Vg�iraAf�U�irjl^2SHv��>]T\HoyUXj�iÑm2\Hg�iº^7gToKUX]TUd�AUda=�h|-STaAf�UX�AUd^ýbAU{WB^`YdUX�AUda��lUXg�f<}7i7b:ghaFWB^`YXUd�AUda=�
�KizghUXa��cf`^`�>}2\HgTm2\E�K�EU�_Vi>v

��\E]hirY��aKS¯SVfkirU R�HU�iE}�Udj�irU�Yd\EU�bF^±U ��}2\EgT]TUX�>]TU�Wyirf�YdikUdbAi7SH|�f�aFghUdi7S�Y[Z\EjÑZ\öiz]hSTf>UXgha=��m`ghaFWyUXa��
f`^`�<}2\EgVm2\@�K�HUp_qi>v R�>U

A
b   b Rx Ud^�Wyirf�YdirU�bAi   g�i 5 Ò UXgwU RSO\@STjºZ\4irWySqWAgh\@�Kb Rx U�irj�i 2 SIfkirjlUd\E�K^f`^7gT\@YXU�ik�EU�_�^2SEv

1
SwSTYXaK^`f�ST�AUX^-oB\EU:]VghUXm2aFoKa��LirgcikaAf RSV]T\@ST�AUda=�LSTa Rx ikbFUd�AUdj!a��LUX�yb�Z\EYdUdikUA�A\H}:UXg RSTU�_Vi

2 Ò v Ö�\@jlU�ir�<]hUdS°bA\H]hirYdU�i±�AU{WB\EghSTj!aKYXf�UXa��d_qa=��STi���}2\@UXf�a��¦ir�KirYdU x \�UXg�]hirUXWõm<ikaF]TaÿW5irf>Y�irU�bFa��
U ��}2\HgT]TUd�AUdj!aL|>m<irYdUXj�i�bAirg   ]TU5U RSq}7i7bAi
�h|>fki7b¦b:}:UX\T_�a=�?f`^`�F»Fm5�aAghi7�HUp_�a=�Io?�aySV\E��a����A\@U ��STfkirU{]   j�ikS
« ¤���Y[Z\@S « §@½2¬lU{g « §E¾<¬T¬l�>aKf`\EYdUdi�]hi
��fkirjlUd\E�A^Ñf`^7gh\@YXU�ik�HUp_qi��¡U �¡f�U{]hi��¡m`ghaFWB\��Tv � i R�HU�ira¼]TaA^k�
jl\H]¡iz]hSVUXg�ir�KbAi�f�U{]T^2S%f`^7gT\@YXU�ik�EU�_�^2SE|wf�aFghUX^2S   g�i~»Af:SVaK^7]T^2SHv�´�irjlUd\E�A^�f`^7gh\EYdUdi7�HUp_qi   g�i
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380
390
400
410
420
430
440
450
460
470
480
490
500
510
520
530
540
550
560
570
580
590
600
610
620
630
640
650
660
670

A

s t
uwvx

÷�ghaFW4Z\eS

3 α β γ δ ε

y7yNz
αγ { 3 |yUy6z
αγ { 3 } 3 ~

yUy6z
βγ { 3 } 3 ~yUyNz
βγ { 3 | 4 }

yNz
δ { 3 }y6z
δ { 4 }

� z
β { 2 } y7yNz β { 3 }y7yNz

ββ { 3 ~ 4 }y7yNz
ββ { 3 |

y6z
γ { 3 } � z

ε { 2 }

Q v5�>a
2
S → β

SHvQVQ v À \
3
b 3 3 ü β S 4 ü�vQVQqQ v À \
2
S → n

SHvQ µ�v À \
2
S → β

SHvµ�vFµnirYd\E�>]TUd��Z\@S�f`^7gh\EYdUdik�EU�_q^2SHv

1 paveikslas. A $ � � �B� �� ��%�.(%7� � ')	 �BR 	 > % �L� ���a� 	 � .(% �b� � �� � �UR 	 � 	 �����8� �  ��	)%�	���S% 0.(% � �  �  	 � ����� C�� ��� � % > � �N � $��2	��&%  ����,7� ' �M�N 	 � 	 �O� 	���. �B� 	 ��� %�.(% �b� � �� � �BR 	 > �O� ���� ����� ���� � � . R 	 > �O� � � � , � �[9rY�� �W � ��% � 	�% �8� � � .6	�� �W @  % � 	 � 93 � � � $ �#� 9D� � � . � 	 5R 	 � � , 	 ��� ��� .(% �b� � �� � �UR 	 > ������� �2�M� ��� � � � . R 	 > ���A� � � $ � � C $ � � ��� �1 � � � A @6� �f� $ � . � 	 5R 	 � % > �B�4� �"� �B� � % > � �N =� ��� > ��� > ���?�  % 0� %����� ����� ��� � � � . R 	 > ���[9��A� ' �M�N 	 �"!�#� 	���. �B� 	 ��� %�.(%7� � ')	 �BR 	 > % � 	 � � . � 	  % � % � .S	 � . , 	 ��� % >X�� � � $ !�2>W�7C � � � $ !�M� 	 �  � . �  	)��	 �B�4� 	 �-,7� 	)��	 � 	 � �  , ��> � 	 ��� I 97�6���r� β � 2 � � � � $ �(� II 97� � 3 � 33Fβ � 4F� � � $ !�M� � � � . R 	 > % � �r� β � 2 ��� III 9b� � � �1 . � ��	)% � �r� n � 2 � � � � $ !�#� � � � . R 	 > % ��� IV 9b� � �r� β � 2 �� � � $ !�M�D� , 	 ��> ��� .(% �b� � �� � �UR 	 > ��� ���� �2�M� �O� � � � . R 	 > �O� � V 9a� 	�. ,7� ' �M�N 	 �"!�#� .(%(� � '�	 �UR 	 > % � 9
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3 lentelė. ��� � � � 53M	)%�$ �B� ��	 ��� 	 �T!�M� ���� �2��� % � 3 � 3 3  4 � 2 4 ��a	)$ � � � �f� '�.6	�% > 	 �W � � .  �� � �N9Q $ � . � 	 5R 	 � %  % � A , � �  6!�#� $ � ')@ � 	 �N % ��� � � . � $ � ��	 � ���N 	 � 	 � 	 � �-��� $ 9 ��E IN��J 	��*$ � � 	 �B� � �^0$�	���	 � 	 � �X� � ��9 �ZE Ia �J¡� � % � �M� 	 � 	 � 9�Y��  �� 	).  	 �D� �  �2	�%¢	)�^S%(.(% �£�  ��C ��	)�]%  % � �B��� 	 � ./% � 0� � �� � �UR 	 � 	�% �8� �  ��	)%¤	���b%(.(% �£¥¦�¡�  ��C .(% �b� � �� � �UR 	 > ��� � � $ � �2$]%73M	 R 	 > % � � � � � � 	  %§	�� Y���� ')	�%$ �  � 	 � �O�"�£�¡� � 	��?.(% ��� � �� � �BR 	 > �O� � � $ � ��$&%(3�	 R 	 > % �?� �<� � � 	  %l	)� Y���� ')	�%l$ �  � 	 � % � 	 � �£�¡�£¨¤�TY �
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j�i Rx U�ira�SV}7izgToKU=v � ikUJYd\EjlU�i�W5irY   m2Ud�<]TUJm2\Eg�i
�wbFaK^`jl\E��a=�?]hUXf:SVYdaAj�i�� 5 Ò Wyirf�YdirU�bFa��?ghUXoB^2SV\7v
�>aF]�izWKUdj�ikS�SVa¯\Ef:SqWB\HghUdjl\E�>]Ta¯STUX\@f>U�i

2 Ò(« Rx U��aFg@v�·¡Yd\E�>]T\EYd\���¬�vÖ�\@YXU�iz]   }:U�Sq]TUd��Z\@S�Wyir]hirU�SV^2S RSVUd\Ej�S�gT\ x aAYX]hiz]�irj�StoKaA}2^�m<iraF]T^2S À gh\@U{]T^�U{g��IiraAYdUOirgV]ha:�
]TUX��aAj%a9v�µtUdST^2S�SV\HWK]   �AUd^2S-WyizWKUdY�bF^`jl^2S�f`^`�F»Am5�aFg�ik�EU�_�a���o?�aySV\E��a���¤�aA�Af2�EU�_�^2SE|�f   Ydir� R�HUd^2S
U RS�f`^`�F»Fm5�aAghi7�HUp_�^2S

3
b 34 S 2 |IoKaF}2^¯WKgTU�b�Z\E]T^2S�WAghUX\�f`^`�F»Fm5�aAghi7�HUp_�a=��o?�aySV\E��a���\Hg�b:}cZ\@SEv Ä ]T^k�jl^~oyik�Fm2UX�KUXa���¤NaA�Kf2�HUp_�a=��SV}2^7gTU�irUc]�izgTWKUX�KUdirj�\�g   RS   _�\ « U RS LSJ ¬�oKaF}2^¯m<iraF]TU��yiraKbF^`_qir�>]WAgh^7m`ghikj�i
�4é4èDc¤e�¥ ¹`¹7¨�v��?ghUX\@j�irU RSVUd�AUda=�w]T\EgTj%a��nSV}2^7ghUdirUBoKaF}2^�j�i Rx \eSV�AUB�A\EU 0, 002 vc´�irU{Wm<irYXUdj�ilWyikSq]h\Ho4Z\E]TU�U RS�·�Yd\E�>]T\EY[Z\@SE|ygh\EYdUdiz]   }�U�Sq]TUd�AU�irUw\H¤�\Ef>]hirU À gh\EUX]T^�U{g��IiraKYXUOizgT]TaF]hUX��aAj%a

  g�i%�   f�SV]hirj�irU�j�i Rx U�v
¶�iraKbA^7_qik�<]�ûtì�ØKÞ�à¦W5irf`\H]hi��¡¥�§`§©¨�|�iz]TYdUdf<]TUcWyir�yi RSe�aKS�WyUXYd�KirUngT\@YXU�iz]   }:U�Sq]TUd�AU�irU�bKiraFm2U�ie�

f`^`�F»Fm5�aAghi7�HUd�AUX^~��UXg�irf`^�U{g�ü:^`f`^�SVfkirU R�HU�iH}:Udj�irUnSVUd\Ef�Udir�>]-U ��SVUX]TUdf>Ud�>]TUwbAizgToB\%SVaAf�aFgT]T^¦jl\©�
]T^�bA^º\H¤�\Ef>]   }:aAj%a¼�yiraKbF^`_qir�>]�WKUXYd�KirU�gh\EYd\H]   }�U�Sq]TUd�AU �lizgT]�Z\T_�Udj�i
�hv �wU{ghjlU�iraKSTUdi�W5izm`ghUX�:�
bFUX�4Z\�o?�aKSV\@�Ki%oyaF}2^�a Rx g�i RS   ]hi��yiraKbF^`_qir�>]tgT\@YXU�iz]   }:U�Sq]TUd�AUdaKS RxH  jºZ\T_�UXj%aKS�oJ\@UIirW Rx }2\EYXm`]hikS
gT\@YXU�iz]   }:U�Sq]TUd�AUda=��SVfkirU R�HU�iH}:Udj!a��4irY{m2^7ghUX]Tj�ikSEv��L\Eg 600 000 SVaAWJ\EgTWJ^`��aA^7]Ta��nf`^`�F»Amy�aFg�ik�HUp_�a��oI�aKSV\@�>a��¡¤�aA�Af:�HUp_�a=��izWKUXoAg�Z\ Rx U�i°_�a=��\Hg�b:}2\��¡}7ik�Kikb Rx Ud^®Wyirm`gTUd�KbFUd��Z\eS�o?�aKST\E�A^2S�iz]T}2\V_�aõir]q�
SVU Rx }2\EYXm2Udir�>]�U ��}:Ud\E�Fm2aFoyaKSnUXg4b:}:UXm2aFoKaKScfkikjlUX\@�A^�UXg�}7irYd\E�>]TUd�AUda=�O\EYd\Ef>]Vgh^`�>a��?SVa Rx ikbFUd�AUXj%aKS
WJ\@�Af�UX^2ST\¦f`^7gh\EYdUdik�EUX�4Z\@SV\¦m`ghaFW�Z\eSV\`|O]haFghUX� R�EUX^2ST\�iraAf RS R�HU�iraKSTUdi��

l = U=vº´�irj�UX\@�A^°oB\EU�}7iz�
YX\@�F]TUd�AUXa��4f`^`�F»Amy�aFg�ik�HUp_�a���o?�aKST\E��a=��¤NaA�Kf2�HUp_�^2S�bKiraFm2U�ira��A\@UOb:}�UXm2aFoyikUIU RSqWyY�Z\E]>Z\ RSTUdi��4\Hg�b:}2\��hv
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2 paveikslas. � 	)$ � � � �f� '�.6	�% � 	)% �«�W � � .  �� ��% � A � @ � 53M	)%¬$���	�.6' �B� � % � @6� !�� � %.(%(� � '�	 �UR 	 � 	 �O�®� � � $a	 ��� �D	�� � .(%�	��fb%7.(% � �  �  	 � �a�f� C . � 	 J = 3/2

9�¯ � � $ !�#��C . � �2	 ��� 	 �  � . �	 � A � @ � 	 � @S� �F�4�653 �#�2�"!�f��� 	 0, 2 °4C @S� � $ �653�@ � !�1 % �D �75� . � 	 ��C % � � � $ !�#��C . � �2	 �O� 	 �  � . � @6� �� 	 �b�#�2�"!�r�a� 	 0, 2 °�C $ �N53M@ � !�1 % � ��% � � � 	 � 9�Y > ��a, 	 ��� � � 	). 5� � !�#� @S� �l�  	 �?!�� % � � � � � .(% , 	)� 5� � >W� 9� � �  	�. � ')	�% � $ � � .  @6�2	 �"!�#� '�	 � 	 > % � �  ±� .6	���	 � .(%7� � ')	 �BR 	 > �O��� � � $ �#��� � � � $ !�#� $���	�.6' �B� � � � 5R 	�% � ,7�#0' �M�N 	 �"!� � � .(%(� � ')	 �BR 	 > % � � 53M@ � 	 � % � � C . ��� 	 �M� % � 	��=. �B� 	 ��� % 0-,7� ' �M�N 	 �"!� � � �?�l9
Ä WySVUXghU{oB^`_�Udj�ikS�m`ghaFW�Z\EjlU�SH|�f�aFghUd^2S�f`\@U R�EUdi

A
bAiraFm2U�iraÿ�K\EU

0, 2 Ò « ]@v   v 1
ô  x |�fkirU

J = 3/2
¬[|�izWAghU{oB^`_qi¯]hikU{W±Wyiz]�U{g¡m`ghaFWKUda=�-f�UX\@f>U ���>aK^

71
Udf>U
12
v��Iir�Ki RSVU�STU{]Tayik�HUp_qi°U{g

f>UX]T^`j�S
J
}2\EgV]�Z\Ej�SEv � irUXm2UyWyikSTUX\@f<]�ikS RSVUd^2S�\Hg�b:}cZ\@S�izWAghUXoJ^`_�Udj�ikS�]TUXflWyi R�HUd^`jlU�S4Sq}7izgToKU�ira:�

SVUd^`jlUdS�f`^`�A»Fm5�aFg�ik�EU�_qa=�no?�aySV\E��a��O¤�aA�Af2�EU�_q^`jlUdSEv� i R�EUdiraÁf`^`�F»Amy�aFg�ik�HUp_�a���\Eg�b:}cZ\eS�SVaAj�i Rx UX�KUXj�i7S   g�i��A\HWyikfkir�Afkirj�i7S�U{gl]hirj ]TUdf<g�irU�S
iz]V}2\V_VirUdSc]TaFghUAoI�aF]TUK�KiraybF^7_Virj�i�W5izWKUdYdbF^`j�i�f`^`�KbF\@�KSTi7�HUp_qi>vn�IikSVUXghUX�Kf<]hi-]T^`f�Udi�ghUXoyi>|>fkikb
SVf�U{gT]TaAj�ikSL]hizgTW¡�A\Ef`^`�ybF\E�KSTaA^7]Ta��KUXgIf`^`�ybF\E�KSTaA^7]Ta��5bAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AUda��JSVfkirU R�HU�iE}�Udj!a��
�A\H}:U{g RS   ]Ta�� 1 Ò v�Ö�\ x aAY{]�iz]hirU�|KfkirU J = 3/2

|   ghi%Wyiz]T\@UXf>]TU?²%WyiE}2\EUdf�STYX\`v
�tikaFm2Udikf`^`�F»Fm5�aAghi7�HUd�AUXaK^2SV\�SVfkirU R�HU�iH}:Udj!aA^2ST\�}7irYd\E�>]TUd��Z\@S�m`ghaFW4Z\@Slm2\Hg�irUtf`^`�>}2\HgTm<iH}2^

1 Ò ]hUXf:SVYdaAj%a9|L^�fkirj�UX\@�A^�m`ghaFW4Z\@S Ð 2 Ò ]TUdf:SVYdaAj!aLv Q�RSTUXj!]TU ��STaKbAizg�Z\
J = 3/2

|9f>aAgTU�irj
Wyirf�YdirU�bAi�STUX\@fwZ\

4 Ò v Q ��}2\EgV]hUX�>]hi 4 Ò Wyirf�YdirU�bAi   g�i¦m2\Hgh^`fkirUwj�i Rx \@SV�4Z\%�K\EU 36 Ò ��aAf>g   �
WKUXj�ikS��>aA^¯\@f�SVWJ\EghUXjl\@�<]hUX�AUda���gh\ x aKY{]hir]Ta=�hv��Iir�Ki RSTUn]T\@�KbF\@�K�HUp_qi�Sq]h\HoKUdj�i�U{g��yiraKbF^`_qir�>]
bAiraFm2U�irf`^`�F»Amy�aFg�ik�HUd�AU ���irgV]TgTUd^�U{g�üF^`f`^�izgT]TaF]TUd��aAj�i��Tv

µnirYd\E�>]TUX�KUXa���f`^`�F»Amy�aFg�ik�HUp_�a��¡SVaFWB\EgVWB^ x Ud�EU�_�^2S�STfkirU R�HU�iH}:UXj�irU=|�ir]TYXUdf>]TU�iz]hSVU Rx }2\EYXm2U�ir�<]�U �
]hirUXWùSq]TUXWAghU�irU�f`^`�KbF\@�KSVaK^7]hi
��f`^`�F»Amy�aFg�ik�HUp_�a���oI�aKSV\@�>a���¤NaA�Kf2�HUp_�a=��\Hg�b:}2\��T|�bF\Ejl^`�ySq]VghaA^`_qi
WKaAUdf>U�i
�

1 Ò ]TUdf�STYXaKjl^�f`^`�>}2\HgTm2\E�K�EU�_Vi
�hvn´�ikjlUX\@�A^�f`^7gh\EYdU�ik�HUp_�^2S   g�i���aA^2ST\Ef�YXU�irUySVfkirU R�HUdaA^k�
_qirjl^2S¡f>Ud\Ef>}�Ud\E�yirU�f`^7gT\@YXU�ik�EU�_�a���m`ghaFWB\@U=v Q ��}7irUXghUXa��-f`^7gh\EYdU�ik�HUp_�a���m`ghaFWKUda=�-Ud�Kb�Z\@YXUd^.ik�KirYdU x Z\
YXUdaKbFUp_qi>|Lfkikb�Y�izoyikUnbFU�bF\EYd\���U ��]hikfki
��]TaFghUc¢ « β S[¬ 2 Stm`ghaFW�Z\@S [3 b 3/2][3 b 5/2]2 gh\EYdUdiz]   }�U�Sq]TUd�AU�SWJ^7m`ghaFWyUdSEvn�Iir�Ki RSVaKS�\H¤�\Ef>]hikS�oKaA}2^�Sq]h\Ho4Z\E]hikS4UXg�bAiraAm2Udirf`^`�A»Fm5�aFg�ik�EUX�KUX^��irgV]TgTUd^�UXg�ü:^`f`^
izgT]TaF]TUd�>aKjl^�iz]V}2\V_qa9v

´�^`Y¡fkikS.SVfkirU R�HU�iE}�Udj!a���ir]TU{]hUXf�UXj�ikS.\@f�SVWJ\EghUXjl\@�<]hUX�AU�irj�S�gT\ x aAYX]hiz]�irj�S��A\EWyikSTUX\@f>U�i
Wyi R�HUda���STfkirU R�HU�iH}:UXj%a���Wyikf>Y�irU�bF^2SHv ÷�\Hg�ikS°]T\E^7ghUd�AUXa��¦gh\ x aKY{]hir]Ta=�~SVaF]�izWKUdj�ikS�SVa*\Ef:SqWB\H�
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���¤� .S')	 ��� �2 � % �2� $ �  [� 	).  % �=� . � 	 5R 	 �M, 	 �f��� $ � .6' � 	 � % � 9
�UXWB\Hg�SVj%aAYdf>Ud^2SVUd^2S�Sq]VghaAf>]z�aFgh^2S

A
b   bFU�S!¥ ô  x ¨Ä gV]haF]TUd�>aAj�irU

J = 3/2 J = 5/2 J = 7/2 J = 9/2
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gTUdjl\@�<]TUd�AU�irU�S!bFaK^`jl\E�AUdjlU�S!izWySTf<ghUX]hirU�WyikSTUX\@f>U�irj�ikSE|J_q\EU�UXm2�A^7ghaA^`_qirj�ikS¡¢ « β S�¬ 2 S�f`^`�:�»Fm5�aFg�ik�EU�_qa=�%o?�aKST\E��a=�%¤�aA�Af2�EU�_�a�� [3 b 3/2][3 b 5/2]2 WB^7m`ghaFWKU�SHvÆ÷�ikYXaF]hUX�AU�irU-}7ir�Kikb Rx Ud^ºWyizm7�
gTUd�KbFUd��Z\eS�o?�aKST\E�A^2Sl�AU{WB\EghSTj!aKYXf�UX^2STUX^2S�Sq]VghaAf>]z�aFgh^2S

A
b   b Rx UX^ögh\ x aAYX]hiz]hikU   g�i�Wyiz]T\@UXf>]TU

¹�Yd\E�>]T\EY[Z\V_�\`v��IirY   m2Ud��aKS�STaÑ\@f�SVWB\HghUXj�\E�>]TUX�KUdirU�S�bFaA^`j�\E�AUdjlU�SH|wW5iz]V}:U{gT]TUd�<]h^2S�ir�Kf�S R�HU�ira
U ��}2\HgT]TUd�>]T^2S�SVfkirU R�HU�iE}�Udj!a���Wyikf>Y�irU�bF^2SH|�U RSTSTf   ghaKS J = 7/2

iz]T}2\V_�U �h|�f>aAgTU�irj �>aAf>g   WyUXj�i7S
�>aA^l\Ef:SqWB\EgTUdjl\@�<]T^lSTUX\@fnZ\

8 Ò v
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Išvados

§kv�¶�iraKbF^`_qir�>]�jl\E]T^�bKi
�h|�oB\@STU{gh\Ej�Udir�>]TU ��_�aKb�Z\V_�Udjl^ºf>Ud\Ef�Ud^Ñjl^`jl\E�>]T^F|tizWKUXoB\E�Kb:ghUd�:�
]h^�m`g�iz»K�AUd^öjl\E]T^:bF^F|4ir�>]VghUd�AUX^�f>}7ir�>]hiE}�Udjl^�jl\E]T^:bF^�SVaFghU RSq]hirj�\�]h\E� x ^7gTUd�AU�irjl\
W5iH}:UdbKirYX\`|cf<}7i x U�SVaAf�UX�KUX^�jl\E]T^:bF^°oJ\@U�WKUdYd�KirU4gT\ebFaAf�aA^7]Ta���f�UXYdjlUd�AUXa��-f`^�\H»y�HUd\E�>]Ta��
bA\HghUX�KUXa9|�m<irYdUdj�i�g�ikSV]TU-�AU{WB\EghSTj!aKYXf�UX^2STUX^2S�STi���}2\@UXf`^2S�^7WB\Hg�iz]h^7gTUda��!oB\@�Kb:g�i
�¡�A\Egh\©�
bAaAf>aK^7]TUX�KU �4]h\E� x ^7gTUd�AU �4W5iH}:UdbKirYdi���oB\EUJ_�a���j�iz]VghU��HUd�AUdaKS�\@YX\@jl\E�>]TaKSE|9U ��STfkirU{]�ir�<]-]TUd\Ef
bAUdizm2^`�yirYXUdaKSE|n]TUX\@f�UXg��A\ebFUdirm2^`�KirYdUXaKS¡f`^`�F»Amy�aFg�ik�HUp_�a��-ir] Rx }�UdYXm2UXa±j�iz]TgTU��HUd�AUdaKS�\EYd\©�
j�\E�>]TaKSHv � irU-iz]V}2\EgTU�i�m<ikYXUdj   oB\@S¦oB\E�yb:gha¼iz]V}2\V_qauiz]hSTU Rx }2\@Y{m`]TU-U �¡f`^7gh\EYdUdi7�HUd�AUXayS
\E¤N\@f<]haKS4]TUXghUdik�<]t�AUXWJ\Eg�SVj%aAYXf�U�i
��SVU�ikS�Shi
�D}2\EUdfkikSHv

²�v Q�RSVWKY[Z\H]T^7]hi�×�ØFÙ>ØAÚ�U{g�ÛrÜAÙ<ÝyÞniz]T^`j�^-SV]VghaAf>]e�aFgh^2SwSVfkikU R�EUdiE}�Udj%a=�Lj�iz]h\Ej�iz]hUX�4Z\�U ��g�ir�Fm<i
Yd\EU�b Rx U�itSTaAf>aAgV]hU:SVWB\@�HU�irYdU x aA^7]TaKSObKiraFm2U�ir\EYd\Ef>]Vgh^`�AUda=�Liz]T^`j%a=�B]   ghUdj!a�� « RSTUdirj�\�bAizgToB\Ð �AU{WB\EghSTj!aKYXf�UXa��d_qa=�lShi
�D}2\EUdf>a���¬�WAgh^7m`ghikj!a��¡Wyirf`\E]TaKSH|�f�aFghUX\�gh\@jlUdi7SVU�STUXj!oB^`YXUd�AUda
WKgT^7m`g�irj�iH}:UXj%a9v

·:v��Iizgh\@�Fm`]hikSOjl\H]h^�bAi7SI]T\E^7ghU RSVfkirU�]TUXgT]TUF�AUXWJ\Eg�SVj%aAYXf�U�i
��_qi
�9SV]VghaAf>]e�aFg�i
�9�KiraybF^7_Vir�<]nbAira:�
m2U�irf`^`�F»Am5�aFg�ik�EUX�A\��%iz]T^`j%a=��o?�aySV\E��a���¤�aA�Af2�EU�_Vi
�%iz]T}2\HghUdi.m<ikYXUdj   oB\@S�bF\E]hirYdUdikUt�Kizm7�
ghUd��Z\H]hU�STaKb�Z\H]hUX�Fm2a��-bAiraFm2U�ir\EYd\Ef>]Vgh^`�AUda=��iz]h^`j!a��-�AUXWB\Hg�SVj%aAYdf>U�i��d_qi���Sq]VghaAf>]z�aFg�i��Tv��Iie�
STU��aKY   ]hi�jl\E]T^�bAUXfkilWyi7bF\@bAi�U ��}2\EgV]hUX�>]TU?WAgh^:�H\@STa=��f`^`�>}2\HgTm<iE}�Udj�i��T|Liz]hSVf�UXgTa���f`^7gh\EYdU�ie�
�EUX�KUXa���m`gTaAWKUXa���U �D]hirfki���UXg�]haA^�o?�aKbFa°\H¤�\Ef>]   }:UdikU�WyikSTU{ghUd�Af<]hUIf`^`�A»Fm5�aFg�ik�EU�_qa=��o?�aKST\E��a=�
¤�aA�Af2�EU�_qa=�c\Hg�b:}2\��Tv

¹Fv4µnik�Kikb Rx UdaAU A Wyizg�irjl\E]Vgh^%WAghUdf>Y�iraKST^`j   o4Z\-��aA^¡f`^7gh\EYdUdi7�HUd�AUXa��wm`ghaFWyUXa��   ghi�Wyir�yi RSVU
�yiraKbF^`_qir�>]��izgT]VghUd^!U{g�ü:^`f`^�oB\EUJ�tU{g�irf`^%U{g�ü:^`f`^%izgT]TaF]TUd��aAj!aySHv

3
ScUXg

4
Scf`^7gh\EYdUdiz�

�EUX�4Z\@S�m`ghaFW4Z\eS�Sq]TUXWAghUdikUnWB^`YdUdizghU x aA^`_qi RSVU�ikS�^7gVoyU{]hikYX\eSH|�]hi R�HU�ira�oB\E�Kb:g�ikS�_qa=��\H¤�\Ef>]hikS
f`^`jlWJ\@�KSVaK^7_qi7SVU�v�µnirYd\E�>]TUd��Z\@S�f`^7gh\EYdUdi7�HUp_�^2S-U ��STfkirU{]h^`jl^2S�WB^¦]Vgh\ R�EUX^2S�m`ghaFW4Z\@SEv¡´�ie�
j�UX\@�A^�UXg�}7irYd\E�>]TUd��Z\@S�f`^7gh\EYdUdik�EU�_q^2SloB\EUtfkirjlUd\E�A^�U{g¦fkikjlUX\@�A^�f`^7gh\EYdU�ik�HUp_�^2S�]hizgTW
bF}�Ud\V_�a��cSTf>UXgT]TUd�Fm2a=�nm`ghaFWyUXa��   g�i%�A\eSq}7izgToKUd^2SHv

½�v4µnik�Kikb Rx UdaAU�izoKUd\V_qa=��izgT]TaF]hUX��aAj%a=� « bAiraFm2U�irf`^`�F»Am5�aFg�ik�EUX�AU�irU��izgT]VghUd^ÑU{g¯ü:^`f`^ºoB\EU�tUXghikf`^�UXgnü:^`f`^>¬L�KikaKbF^`_�UXj�ikSIYd\EU�b Rx Ud^�WyikSTUX\@f<]hU>m2\Eg�i
�BSVaA]hizWKUdj�i��BSVa¡\Ef:SqWB\HghUdjl\E�>]Ta
]hUXf%]TaA^`j�\H]E|>fkirUyiz]�SVU Rx }2\EYXm2Udirj�i-U ��f`^7gT\@YXU�ik�EU�_qi7SH|>f�aFghUX^2SnYd\EU�b Rx U�i�U ��STfkirUX]   ]TUKfkikjlUX\@�A^
\@YX\@f<]TgT^`��a��nf`^`�>]hirf>]TUX�KUXa��c�yizghUXa��cUX�yb�Z\EYdU �T|F]hirUXW¯Wyir]�ir]hSVU Rx }2\EYXm`]TULU �nm<ir�Ki¡bFU�bF\EYd\��nf�U{]ha=�
f`^7gh\@YXU�ik�HUp_�a���izWKUdj�]hU �Tv

¾:v���aAf�aFgT]hikS!iraA]T^`j�iz]TU x aK^7_qik�<]TU�S%STfkirU R�EUdiE}:UXj%aKS¡SVf>ghU{WA]�ikS�YX\@Udb Rx Udi~}7irYdb   ]TU4U ��}2\ebFUXj�^
UXg�U RSV}2\@bFUdjl^�bAaA^`jl\E�KUdS-]hizgTW®åOæ�çAèùU{glû-×4å�çAèÁWAgh^7m`g�irj!a���Wyikf`\H]Ta��Tv ø ^~}2\EUdf>U{�
j�ikS?WyikbA\Ejl^`�KSV]VghaA^7]hikSO}7ir�Kikb Rx Ud^�iz]T^`j%aAU�|`]�i R�HU�ira�_�U�SOm<irYdU:oI�aF]TUA�KiraKbA^7_qikj�ikS?oB\H]
f�aFghU�irj(iz]h^`j!aAUIizgc_�^`��aAU�v
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Tyrimu· perspektyvos
Ä ]TYdUdf<]TUJ]   gTUdj�irUJWyizgh^:b�Z\7|�fki7b RSTUXaK^`YdirUdf�UX�AU�S�bAiraFm2U�irf`^`�F»Amy�aFg�ik�HUd�AU�S4irgV]haF]TUd�>aAj�ikS�Yd\EU�b Rx U�i
bF\H]hikYXU�irU�U RST�Kizm`ghUX�4Z\H]TU�STaKb�Z\H]hUX�Fm2a���bAiraAm2Udir\@YX\@f<]TgT^`�KUXa���iz]T^`j%a���U{g�_�^`�>a����AU{WB\EghSTj!aKYXf�Udi��d_Vi
�
Sq]VghaAf>]z�aFg�i��LoB\EUAWyikSVUd\Ef>]TUK]TUXf:SVYdaAj�i��T|<W5irY   m2Ud�Kirj�i��?SVa�WKaKSTUdiraK\Ej�WKUXghUXa��ISVfkikU R�EUdiE}�Udj%a=�I]TUdf�Sq�
YXaAj%a9v � i R�HU�ira�iz]T\EUX]   _�\   Wyi R��SV}7izgToKa�bF\H]hikYXU�ira�UXg�WKYdi R�HU�iraöU RSq]TUXgT]TUnfkikjlUX\@�A^~f`^7gh\EYdU�ik�HU{�
�AUXa��cm`gTaAWKUXa���U �D]hirfki��Tv À �aF]Ta���U ��bF^`j!a¯]�irUISTa`_�aA�Am`]TU�STa¯]VghUXf:b Rx Uda=�c]h\E^7ghU�_q^2S�]hirUdf   j%a9v���irYXU�S
U RSVWKY[Z\E]T^7]T^2S�j�iz]T\Ej�iz]TUd��Z\@StU ��g�ir�Fm2^2S   g�ilSVaKf>aFgT]hil�KiraKbF^`_qir�>]TU�S-ã4ä7Þ�SVUdj�oB^`YdUX�AUd^lWKgT^7m`g�ie�
j�iH}:Udjl^�izWKYdUX�Afki�UXg�WAghU�SVU�b�Z\@S%WKgTUd\�]T^`YX\eSV�AUd^öSTaKb�Z\H]hUX�Fm2a���bAiraAm2Udir\@YX\@f<]TgT^`�KUXa���ir]T^`j!a���U{g
_�^`�>a��w]h\E^7ghU�_q^2S�WKY[Z\E]T^`_�UXj�^F| Rx Ud�A^`j�i>|KU ��SVfkikU{]hik�<]�UXg��AUXWJ\Eg�SVj%aAYXf�Uda=��_�a=��STi���}2\@UXf�a=�n]T\E^7ghUp_qi��Tv

Autoriaus publikaciju· sa· rašas

�tizgToB^¡gh\ x aAY{]�iz]hirULWyir]T\EUdf<]hU�¾lSq]Vg�irUXWySV�KUXaA^2ST\7ª
§kv��yvI´�gzþ^7m2\EgE|Tq!vI�:���KizgT¤4ir�yb�÷%vI÷�aA]T��þ^`�FghYd\EUd�9vl¶�\U¸ ik�Kb�gh\H}:U�SV\@b.\@�A\HgTm   YX\E}2\EY�S
^7¤Oiz]T^`j�Ud��¶�Ud^7oKUXaKj~v�¹�º�» Ï(¼P½p¾a¿HÌ[À(¿*ÁDÂeÎ�Î�Â »e| 66(3) ªnWAWLvc·7¹`¹ Ð ·7¹2Ç:|K²7É`É7¹Fv

²�v�÷!vB÷-irUXm<irY�ikSH|LúIvJÖ�aKb x UXfkikStir�yb�q!vB�����KirgV¤�v�   WB\HgT»K�A\¡�<]TgTay�©]TaFgh\¦qtWJ\Eg�iz]T^7gtUd�
]T�A\ � \E�KST^7ghUdirY�üF^7gTj ^7¤��>\e�H^`�KbÄÃ�aKir�>]TU x iz]TUd^`�9vÆÅ Â@ÍLÎ » Ê&Ç ¹�º�» Ï(¼PÂHÊ2ÍÉÈAÏ º�» Í?Ê&Ç
ÏMÊ�Ë¤½p¾�¿HÌ[À7¿ | 2 ªwWKWLv�¿7²7É Ð ¿k·`¾:|K²7É`É7¹Fv

·:v�÷!v:÷�irUXm<irY�ikSH|pq!v:�����KizgT¤9ir�Kb¦�5v>ü�ghUX] x Sh�h�K\7v ô izWKYd\�WAgh^:�H\ebFaFgh\@SO¤�^7gn]T�A\��E^`aFWKYdUX�Am
^7¤�ik�Fm2aAY�izg�jl^`j�\E�>]hi>v!µ QqQVQ vL�>WKUd�:��ir�Fm2aAY�izg��E^>\UÌ��HUd\E�>]hSt¤�^7g�SVUd�Fm2Yd\©��SV�A\@YXYn�H^`�F»F�
m2aFg�iz]TUd^`�KSHvÍÅ Ï�Î¦¼ º Î1Â » Ë¤½p¾�¿HÌ[À7¿ Å Ï�Î�Î º ÍBÌ[ÀEÊ>ÎDÌ�Ï2ÍP¿ | 166 ª�WAW�vÑ§H¹K§ Ð §E¾`Ç:|²7É`É2½�v

¹Fvµq!v:�����KizgT¤�|:÷%v:÷�irUXm<irY�ikSH|F�5v�ü�ghU{] x ST���A\`| ô vF÷�\eb:}�UdY�ikSH| Â v:÷-irU�bAirj�ikaKSVfkikS�ir�Kb¦÷%v
´�U{g�STik�KSVfkikSEv Ä WAWKYdUd�@iz]TUd^`�~^7¤L]h�A\�Ö�ik�@ir��Wyik��fkizm2\�¤N^7g�bF\eirYXUd�Fm¦¸�U{]T�~]T�A\�\ ª WAgh\eS��
SVUd^`�KSc¤Ègh^`jÆ]h�A\�iz]h^`jlUd��SV�A\@YXY5jl^:bF\EY�v§Ï4º ÀNÇ�Â©Ê »<Ð ÍP¿eÎ »7º Î�ÂEÍ�ÎX¿�Ê2Í¡ÑLÒÆÂeÎW½JÏSÑ�¿�Ì=Í
Ë¤½p¾�¿HÌ[À7¿�ÓZÂ7¿6ÂHÊ » À7½�Ô | 235 ªnWAWLv�§E·2½ Ð §E·`Ç:|K²7É`É2½�v

½�v�÷ ÷-irUXm<irYdi7SH|"q!v9�:���KizgT¤�ik�Kbö�yv9ü�ghUX] x Sh���A\7v�   WB\HgT»A�K\%SV]VghaK�©]TaAgT\!Wyizg�irj�\H]VghU x ie�
]TUd^`��Ud� ô irWKYX\`vdÅ Ï�Î¦¼ º Î1Â » Ë�½p¾a¿HÌ[À(¿ Å Ï�Î�Î º ÍBÌ[ÀEÊ>ÎDÌ�Ï2ÍP¿ | 174 « ·<¬�ª�WKWLv�²7É2² Ð²`²F§k|K²7É`É`¾:v

¾:vµq!vc�:���KizgT¤�ir�ybý÷!v�÷-irU{m<ikYdikSEv _ irgVm2\~Sh�EirYd\�j%aAYX]TU��H^`�F»Am2aFg�iz]TUd^`�Á�irgV]TgT\@\©��ü:^:�hf
�EirY��HaKYdiz]hUX^`�ù^7¤�]T�K\��   WB\HgT»A�K\�Sq]TgTay�©]TaFgh\�^7¤�]T�K\¯m`gT^`aK�KbýSV]hiz]T\�^7¤-µnir�KikbFUdaAj~v
Å Â@ÍLÎ » Ê&Ç ¹lº�» Ï(¼�ÂHÊ2Í�ÈAÏ º�» Í?Ê&ÇcÏMÊ�Ë¤½p¾a¿EÌ[À7¿ | 4 ªwWAWLvc¹<² Ð ½2¿>|y²7É`É`¾:v
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�tirgVoB^�gh\ x aKY{]hir]hirULWAghU�Sq]hiz]   ]TU?½%j�^`f�STYXUd�AUda=�cf`^`�F¤�\Hgh\@�K�HUp_�a��wWAg�ir�A\ RSVUdj!aK^2SV\7ª
§kv�·2½r]h�%¢�^`�F¤�\Hgh\@�K�H\n^7¤�]T�K\ Â aFgh^7WB\@ir�¡÷�gh^`aFW�¤�^7g Ä ]T^`jlU����>WB\@�©]TgT^2Sh�H^7W   | À gTa ª \@YXYd\@S
« À \EYXm2UXaAj�¬�| ø aAY   §@½r]T� Ð §EÃk]h�9|K²7É`É`·:v

²�v�Ãk]h� Â aAgT^7WB\eir��¢4^`�F¤N\Egh\E�K�E\�^`� Ä ]h^`jlUd��ir�yb ô ^`Yd\@�HaKYdizg��O�   SVU��ESH|>Ö�\E�A�A\eS « ü:ghik�:��E\z¬�| ø aAY   ¾k]T� Ð §EÉk]h�9|K²7É`É7¹Fv
·:v�§@²r]h� Q �>]T\Hgh�Kiz]hUX^`�KikY�¢4^`�F¤N\Egh\E�K�E\t^`�¦]h�A\��O�   SVU��ES4^7¤O�U{m2�KY   ¢��KizgTm2\eb Q ^`�KSE|>µ�UXY{�
�KUXaKS « _ UX]T��aKir�AU�i`¬�|B��\HWK]T\Ej!oB\Hg�¾k]T� Ð §`§©]h�9|y²7É`É7¹Fv

¹Fv�·`¾k]h� _ U{]h�>aKik�AUdik�ù¶�iz]TUd^`�KirY��O�   STUd�@S�¢�^`�F¤�\Hgh\@�K�H\`|cµtUdYX�AUdaKS « _ UX]T�>ayir�AU�i`¬�| ø aA�A\§E¾k]h� Ð §EÃk]T�9|y²7É`É2½�v
½�v�·<¿z]h�°¢�^`�F¤�\Hgh\@�K�H\-^7¤I]T�A\ Â aFgh^7WB\@ir��÷tgh^`aFW~¤�^7g Ä ]T^`jlU��!�   Sq]T\@j�SH|y�taFoKYdUX� « Q gh\©�Y�ir�Kb5¬�| Ä aFm2aySq]�·kg�b Ð ¾k]T�9|5²7É`É2½�v

Trumpos žinios apie doktorantaP
q�YXUX}2\Hgt�:���KizgT¤Lm2UdjºZ\ À \HghY   �A\ « µw^`f>Ud\H]hU�_qi2¬�vt§EÇ`Ç2½ Ð ²7É`É2²�j~vcSq]TaybFU�_ViH}2^ À \HghY   �A^%]T\e�h�K�AU��f`^2S-aA�AUX}2\Hg�SVUX]T\H]h\ « � \@���A�KUdSh�h�K\¢Õ��AUX}2\Hg�SVUX]@þiz] À \EgTYdUd�5¬�|�f�aFghU ��S>Z\@f>j�UX�Fm<ikUOo5irU{mOZ\�²7É`É2²¦j~vU{g�U ��m2Up_�^l» x Udf`^¦bFUXWKYd^`j�i��Tv�²7É`É2² Ð ²7É`É`¾�j~v Ð µtUdYd�AUdikaKStaA�AUX}2\Hg�SVUX]T\E]T^ � \E^7ghUd��Z\@S�» x UXf`^2StU{gikSq]Vgh^`�A^`j�U�_�^2S�Ud�KSV]TU{]haF]T^�bF^`f>]T^7g�ir�>]hikSEvÄ aF]T^7ghUdaKS�b�Z\Ef`^`_qi�WKgT^7¤�vn÷%v�÷-irUXm<irYXaKUKa Rx jl^`f:SVYdUd�A\@Snf`^`�KSTaAYX]hik�HUp_qikSE|2Wyirm<irY{o5i
�h|>b:g�ira:�
m2U RSTf>aAj�i
�La Rx fkir�>]Vg   oB\��Tvn�?gh^7¤�vcúIv<Ö�ayb x Udf>aKU Ð a Rx Wyizm<ikY{oyi��LU ��m   }2\E�KbAUX�Kik�<] RSVU �9WAgh^7_�\@f<]�i
�hv� irUXW°Wyiz]�b�Z\Ef`^`_qi Q �ySq]TUX]TaF]T^�WB\EghST^`�KirYdaAULa Rx m2\Eg�ir�A^7ghU RSTf>aKj�i
��U{g�fB�aFg   oKU RSVfki��4iz]Tjl^2SV¤N\Eg�i
�hv
��Z\@f>Ud�Fm<ikS-STiE}2^ RSV\@UXj�irU Ð a Rx jl\@UXYd\���UXg�W5izg�irj�i��T|I�>aKShir� Ä aFghUd���9|BWyikb�Z\V_�aKSTUdikU?]T^7oyaAYXUd�>]TUbFUdST\HgT]hik�EU�_q^2S�ir�Fm2Yda=�cfkirY{o5i
�h|AUXg�ü�g&Ö\@b®Ö\HghUØ×>aA\ Ð a Rx oKaF}:Udj�i
�cfkirgV]ha~}:UdShi
�c]hi��cYdirUdfki��Tv
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¥³²r¨ À aFgh\@ira Q �>]T\Hgh�Kir]TUX^`�yirYBbF\eS���^`UdbAS4\H] ô \@ikSTaFgh\@SEv�Þ ½PÂ!Ì=Í�Î1Â » ÍOÊ>Î�Ì�Ï2ÍOÊ&ÇPß�¾�¿@Î�Â7Î ÏMÊà Í9ÌDÎX¿ v§qtgTm<ir�AU�STiz]TUd^`� Q �>]T\HgTm2^`aF}2\EgT�K\Ejl\@�<]hikYX\�bF\�Y�il¢4^`�<}2\@�<]hUX^`�°bFa ô Ö\E]Vgh\7|5¿z]T�
\@bFUX]TUd^`�9|�§EÇ`Ç`Ã:v

¥¸·k¨�Ö�v _ v�´�aFghaK� x v Ä ]T^`j�Ud�¯bAiz]�i°¤N^7glUd�<]h\HgTWAgh\H]TUd�FmºSq]T\@YXY�izg�SqWB\@�H]Vg�i>ª�UdST^7]T^7WKU���ik�Kb
�   WB\HgT»K�A\�bAiz]hi�v Ë¤½p¾�¿HÌ[ÀEÊd¿NÀ » Ìá¼LÎqÊ | � ¹>¿>ª�§`§EÉ Ð §`§e¿>|L§EÇ`Ç`·:v

¥ ¹7¨���vO�yv _ \@��f>gh^`�A\7|w�yv ø ^`�Kir�KShSV^`�9|O÷%v ô vAÝ�ir�AYXm`gh\E�9|?ir�Kbº�5v ø v Ä bF\EYdj�ir�Lv¦�UXm2�
gh\@SV^`YdaF]TUd^`�âÕ�µ SV]T\EYdYdirg¯SqWB\@�H]Vgh^2ST�H^7W   ¸�UX]T�u]T�A\öt� � ``÷��Öt�y|��h�yirYXYd\E�Am2\@S�ik�Kb
^7WAWB^7gT]TaA�AUX]TUd\@S�¤�^7g�iz]T^`j�Ud�-WK�   STUd�@SHv Ë¤½p¾�¿HÌ[ÀEÊÚ¿NÀ » Ìá¼LÎqÊ | � ¹>¿>ª�§H¹2Ç Ð §@½7¾:|�§EÇ`Ç`·:v

¥³½r¨!�yvF´tgzþ^7m2\Hg@|pq!vA�:�h�yizgT¤�|Fir�Kb~÷%vF÷�aF]T�Iþ^`�FghYX\@UX�9v?¶�\B¸ ir�Kb�gh\H}:U�SV\@b¦\E�A\EgVm   Yd\H}2\EY�S�^7¤
iz]T^`jlU���¶�UX^7oyUXaAj¯v¤¹�º�» Ï(¼P½p¾a¿HÌ[À(¿�Á=ÂzÎ�Î1Â »e|K¾`¾ « ·<¬�ª ·7¹`¹ Ð ·7¹2Ç:|K²7É`É7¹Fv

¥¸¾k¨�Ö�v:��vA¢�^(¸�ir�9v^Þ ½PÂ Þ ½PÂHÏ » ¾°ÏMÊ¡Ê>ÎqÏ�Î~Ì[À<¿@Î »7º ÀzÎ º�» ÂlÊ2Í¡Ñ�¿1¼�ÂBÀzÎ » Ê v?Õ��AU{}2\Eg�SVUX]   ^7¤
¢4irYdUX¤N^7gh�AU�il�?gh\@ShSH|F»Fg�SV]�\@bAU{]TUd^`�9|�§EÇ`ÃA§kv

¥�¿z¨!úIv�Ö�aKb x UdfkikSHvãÞ ½PÂHÏ » ÂeÎDÌ[ÀEÊ&Ç^ä�ÎVÏ�Î�Ì[ÀÆßp¼�ÂBÀrÎ » Ï�¿NÀEÏ(¼P¾ v ¢�irj!oAghUdb:m2\�Õ��AU{}2\Eg�SVUX]  
�?gh\@ShSH|5¢4irj!oAghU�b:m2\7|�§EÇ`Ç<¿>v

¥¸Ãk¨��LvKÖ�izm2�KiE}7ir�9v � izoKYd\-^7¤I��aK�HYd\@irg�jl^`jl\@�<]hSEv ä�ÎVÏ�Î~Ì[À¦å�Ê>ÎVÊ°Ê2Í¡Ñ Ï4º ÀNÇ�ÂHÊ » å�Ê>ÎVÊ
Þ ÊFËNÇ�ÂU¿ |A¹<²�ª�§EÃ`Ç:|�§EÇ`Ã`Ç:v

¥¸Çk¨ Q v _ Ud�Kb:m`gh\@�¦ir�Kb Ä v:Ö�^2S�Ö\E�9v9Ö�\EY�iz]TUX}�U�Sq]TU��tST\EYX¤����H^`�ySVU�Sq]T\@�<]q�D»K\EY�b��EirY��HaAY�iz]TUd^`�KS8¸�UX]T�
izWAWKYdU��Eiz]TUd^`��]T^°iz]T^`jlU��l�   WJ\EgT»A�A\�UX�>]T\Hg�ik�H]TUd^`�9v?�nizgT] QVQ ª�Ö�\EY�iz]TUX}:UdSV]TUd�l]h�A\E^7g   ^7¤
iz]T^`jlU����   WB\HgT»K�A\�UX�>]T\Eghi7�©]TUd^`�9vÅ Ê�¿SÂ�ßLÎ º Ñ2Ì±Â7¿�Ì=Íæä�ÎVÏ�Î~Ì[À�Ë¤½p¾�¿HÌ[À7¿ |c¹Fª�§@½7É Ð§EÇ`¾:|L§EÇ<¿r¹Fv

¥�§EÉk¨�¢tvrü�gh^>\eSV\cüIUdSh���A\Hg@v � �A\ ô ¢��ü¦ir]T^`jlU��cSq]VghaK�H]TaFgh\wWyi7�hfkirm2\7v�Å Ï�Î�¼ º Î1Â » Ë�½p¾a¿HÌ[À(¿
Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |A¾7¹Fª ·`¾`Ç Ð ·`Ç`Ã:|L§EÇ`ÇA§kv

¥�§`§©¨�ücv Ä vy��irgVWyUdi>|J¢�vKü�gh^�\@ST\©��ü�U�ST���A\Hg@|Air�Kb Q vK�Lv5÷�g�ir�<]@v�÷�Ö Ä �:�nÇ2²�ª Ä Wyik��fkizm2\-¤�^7g
YdirgVm2\H��Sh�EirYd\°gh\EY�iz]TUX}�U�Sq]TU���iz]T^`j�Ud��Sq]VghaK�H]TaFgh\��EikYd�EaAYdir]TUX^`�ySHv³Å Ï�Î�¼ º Î�Â » Ë�½p¾a¿HÌ[À(¿
Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |AÇ7¹Fª
²k¹2Ç Ð ²2¿:§k|L§EÇ`Ç`¾:v

¥�§@²r¨�úIv9¢�irU=|Jµ�v ô vPÕ�j�irgE|9ir�Kbö¢tvBü�vBü�U�ST���A\EgEv _ izgTm2\H��Sh�EirYd\�gh\EY�iz]TUX}�U�Sq]TU��¡�H^7gTgh\EY�iz]TUd^`�
�EirY��HaKYdiz]hUX^`�KSEª _ \H}2\EY�S�^7¤w�Og +3 v Ë¤½p¾�¿HÌ[ÀEÊ&Ç"ÓZÂUç7Ì±Â7ÛèÁ=ÂeÎ�Î�Â » ¿ |K¾`Ã:ª
²7Ç<¿ Ð ·`É`É:|�§EÇ`Ç2²�v
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¥�§E·k¨��yvJü:gTUX] x ST���A\!ir�Kb Q v5�Lv9÷�ghik�<]Ev Ä o�Ud�AU{]hUX^¦�@irYd�EaAY�iz]TUd^`�°^7¤O]T�A\ 2s2 1s0 − 2s3p 3p1UX�>]T\Egh�E^`j�oyUX�Kir]TUX^`�¯]Vg�ir�KSTU{]TUd^`�¯Ud��oB\Hg   YXYdUdaAjÓYXUdf`\�UX^`�ySHv Ë�½p¾a¿HÌ[ÀEÊÚ¿NÀ » Ìá¼LÎqÊ |K½7É:ªp¹>¿k·
Ð ¹2Ã`É:|�§EÇ`Ç7¹Fv

¥�§H¹7¨��Lv ø þ^`�KSTST^`�9v ô aKY{]TU{���H^`�F»Am2aFg�iz]TUd^`�õ�izgT]Vgh\E\H�lir�Kb �tU{g�ik�©��üI^���f�@irY��HaAY�iz]TUd^`�KS�^7¤
iz]T^`jlU����   WB\HgT»A�K\�Sq]VghaK�H]TaFgh\@SEv Ë�½p¾a¿HÌ[ÀEÊd¿NÀ » Ìá¼LÎVÊ |A¹2Ã:ª ¾<¿kÃ:|L§EÇ`Ç`·:v

¥�§@½r¨ ø vL¢4izghY�STSV^`�L|B�Lv ø þ^`�ySTSV^`�L| ô v9÷�^:bF\H¤Ngh^`UdbB|Jir�Kb.¢�vBücvBü�U�ST���A\EgEv Ä �@�HaFg�iz]h\�j%aAY{]hU��
�H^`�F»Am2aFg�iz]TUd^`�Ñ�izgT]Vgh\E\H��üI^���f.�EikYd�EaAYdir]TUX^`�yS�^7¤�UdST^7]T^7WB\�SV�KU{¤N]hS�UX�®¢ Q ir�KbÑ¢ Q µ�v
ÈFÏ º�» ÍOÊ&ÇnÏMÊ�Ë�½p¾a¿HÌ[À(¿¦Ô |y²7Ã:ª ·<¿7²7Ç Ð ·<¿r¹2É:|L§EÇ`Ç2½�v

¥�§E¾k¨ � v À g�izm2\�ir�KbÑ¢tv?ücv?üIUdSh�h�K\Hg@v��   Sq]T\@j�iz]TU���SV]TaKbFUd\@S�^7¤��E^7gTgT\@Ydir]TUX^`��Ud���E^`j�WKYd\ ª
UX^`�ySHv Ë�½p¾a¿HÌ[ÀEÊéß"À » Ìá¼LÎqÊ | � ¹>¿>ª�§EÃ Ð ²7Ã:|�§EÇ`Ç`·:v

¥�§e¿z¨ ø v À UX\Egh^®Ö�9|�ü�v Ä v4�IizgTWKU�i>|�¢�v�ü�gh^>\eSV\�ü�U�ST���A\Eg@|�ir�Kb¼�Lv ø þ^`�KShSV^`�9v _ izgTm2\©��ST�EikYX\
j!aKY{]TU��H^`�A»Fm2aFg�iz]hUX^`���tUXghi7�[��ü:^���f%�@irYd�EaAY�iz]TUd^`�l^7¤y�   WB\EgV»K�A\�UX�>]T\Eghi7�©]TUd^`���H^`�ySq]hir�>]hS
¤N^7g
n
b 2 Yd\H}2\@YdS4^7¤w��� + ir�Kb � + v Ë�½p¾a¿HÌ[ÀEÊ&Ç?ÓZÂUç`Ì±ÂUÛä |A½F§ « ¾<¬�ªp¹2¾`É`· Ð ¹2¾A§EÉ:|9§EÇ`Ç2½�v

¥�§EÃk¨^ÝÕv ø vc¢4�AUdYdbAS�ik�KbjÕ-vn¶�UX\@YdST\E�9vÑ   WJ\EgT»A�A\~Sq]VghaK�H]TaFgh\�^7¤�]T�A\ (5d + 6s)3 �E^`�:�»Fm2aAghir]TUX^`��^7¤ 139 _ i z ª�¶�\U¸ jl\eikSVaAgT\@jl\E�>]hS�ir�yb ÊFË~Ì=Í9ÌDÎ�Ì�Ï j!aKY{]TU��H^`�A»Fm2aFg�iz]hUX^`�
��UXg�ik�[��ü�^:��f��EirY��HaAY�iz]TUd^`�KSEv Ë¤½p¾�¿HÌ[ÀEÊ&Ç"ÓZÂ7ç7Ì±Â7Ûæä |K·<¿ « §e¬[ª ¾ Ð §@½�|�§EÇ`Ã`Ã:v

¥�§EÇk¨ _ v � ^`aA�FmA|êÝÕv ø v.¢4�AUXY�bASE| � v��tUX�A�K\E\E�L|Á¢tv�´�aFgT] x |-v.÷%v À \EgVg   |ýir�Kb_ v Â �Fm<Sq]Tgeþ^`j¯vK   WB\HgT»K�A\�Sq]VghaK�H]TaFgh\4^7¤B��� z£z ª ÂTª WB\HghUdjl\E�>]nir�Kb%]T�A\@^7g   v Ë�½p¾a¿HÌ[ÀEÊ&Ç
ÓZÂUç`Ì±ÂUÛÉä |K·<¿ « §`§e¬[ªp¹<²F§E· Ð ¹<²F§EÇ:|L§EÇ`Ã`Ã:v

¥³²7Ék¨ ø v À Ud\Hgh^®Ö�9v ô aAYX]TU��H^`�F»Am2aFg�iz]TUd^`�~��UXg�ik�[���izgT]Vgh\@\©��ü:^���f��@irY��HaAY�iz]TUd^`�KS�^7¤B]T�A\��   WB\HgV�
»A�K\�Sq]VghaK�H]TaFgh\@S�^7¤wÖ�ikbFUdaAj~v ÈFÏ º�» ÍOÊ&ÇnÏMÊ�Ë¤½p¾a¿EÌ[À7¿¦Ô |y·`Ã:ª
²`²`²F§ Ð ²`²`²7Ã:|K²7É`É2½�v

¥³²F§©¨ ô izWKYd\�U�S�i!gh\Hm2U�Sq]T\Egh\@b�]Vg�ikbA\Ej�izghf�^7¤"Ý�iz]T\EgTYd^�^ ô izWKYd\ Q �y�kv
¥³²`²r¨�úIvIÖ�ayb x UdfkikSHv¦��\EYX¤����H^`�KSTUdSV]T\E�>]-»K\EY�böjl\E]T�A^:b�Ud�ö}7izghUd^`aKS�izWAWKgT^ ª Udj�iz]hUX^`�KSEªl£�¤�^7gq�

m2^7]V]T\@�~U�bF\eikSH£Xv Ò®Ï&ÇOÂBÀ º Ç�Ê » Ë�½p¾a¿HÌ[À(¿ |yÇ`Ã « §E¾<¬�ª�§@²7É2½ Ð §@²F§@²�|y²7É`É`É:v
¥³²7·k¨�÷!vy÷�ikU{m<irY�ikSE| ø vA´�ir�AU�iraKSTfkikSH|Aik�Kb¯úIvAÖ�aKb x UXfki7SHv Ä bFU�izm`g�irjlj�ir]TUd��]T\@���A�KUØ×>aA\�Ud�

]T�A\!ir�Fm2aKYdizg�jl^`jl\E�>]TaAj(]T�A\@^7g   ir�Kb�SV\e�H^`�Kbé×<ayir�<]hU x iz]TUd^`�9v ÁwÌ±ÂzÎ º ç:Ï�¿¦ë�Ì�ìeÌ£í:Ï�¿
ÓtÌ=ÍPí`Ì=ÍP¾�¿ |y²`½ « ¾<¬[ª · Ð §E·:|L§EÇ`Ã2½�v

¥³²k¹7¨�÷!v�÷-irUXm<irY�ikSH|-úIv�Ö�aKb x UXfkikSE|tir�Kbÿ¢tv�ü�gh^�\@SV\.ü�U�ST���A\Hg@v Ä �¼\BÌ��EUX\@�<]�izWAWKgT^2i7�h�
¤N^7g%SqWKUd�:��ir�Fm2aAY�izg�Ud�<]h\Hm`g�iz]TUd^`�KS�Ud�ºiz]T^`jlU���Sq]VghaK�H]TaFgh\��EikYd�EaAYdir]TUX^`�ySHv ÈFÏ º�» ÍOÊ&Ç�ÏMÊ
Ë¤½p¾�¿HÌ[À7¿�Ô |K·`É:ª ·<¿r¹>¿ Ð ·<¿`¿:§k|L§EÇ`Ç<¿>v
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¥³²`½r¨�q!vc�����KirgV¤�|4÷%vc÷-irUXm<irYdi7SH|��yvnü�ghUX] x Sh���A\7| ô v�÷�\eb:}:UXY�ikSH| Â vc÷-irU�bAirj�ikaKSVfkikSE|�ik�Kb
÷!v5´�UXghShir�KSTfkikSHv Ä WKWKYXU��Eir]TUX^`�°^7¤?]h�A\!Ö�ik�Eir�¯W5ik��fkizm2\�¤�^7gtbF\eirYdUX�Fm¢¸�UX]T��]T�A\�\ ª WF�
gh\@STSTUX^`�yS�¤Ègh^`j(]T�A\%iz]T^`jlU���ST�A\EYdY�j�^�bF\@Y=v^Ï4º À6ÇOÂHÊ »¢Ð ÍA¿@Î »7º Î�Â@ÍLÎW¿�Ê2ÍTÑîÒÆÂeÎW½JÏSÑ�¿
Ì=ÍÆË¤½p¾�¿HÌ[À7¿�ÓZÂ7¿6ÂHÊ » À(½�Ô |y²7·2½�ª�§E·2½ Ð §E·`Ç:|y²7É`É2½�v

¥³²7¾k¨��yv�ü�ghU{] x ST���A\`v ô izWKYd\�WAgh^��E\@bFaAgT\eSO¤N^7gc]T�K\��E^`aFWKYdUX�Fm!^7¤Bik�Fm2aAY�izg�jl^`jl\@�<]hi Q v>��iz]hi
Sq]VghaK�H]TaFgh\@S�ir�Kb¯��aAjl\EghUd�@irYI�H^`j�WyaF]hiz]TUd^`�KSEv<Å Ï�Î¦¼ º Î1Â » Ë¤½p¾a¿EÌ[À7¿ Å Ï�ÎÚÎ º ÍBÌ[ÀEÊ�Ü
Î�Ì�Ï2ÍA¿ |�§EÉ`·:ª
½F§ Ð ¿k·:|�§EÇ`Ç<¿>v

¥³²2¿z¨��yvAü�ghU{] x ST���A\`|A�5v>µnizgTm<i>|K��vA÷�\@Sh�h�Kf`\7|:ir�yb À vFü�ghU���f`\7v ô izWKYd\tWKgT^:�H\ebFaFgh\@Sc¤�^7g4]T�A\
�H^`aFWyYXUd�Fm�^7¤cik�Fm2aAY�izg�jl^`jl\@�<]hi QVQ v9��aAj ghaAYX\%\H}7ikYXaKir]TUX^`�Lv�Å Ï�Î�¼ º Î�Â » Ë�½p¾a¿HÌ[À(¿
Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |L§`§`§kª�§E¾<¿ Ð §EÃ7¹F|L§EÇ`Ç`Ã:v

¥³²7Ãk¨��yvAü�ghUX] x Sh���A\7|y÷%vK÷�irUXm<irY�ikSH|Aik�Kb À vAü�ghU���f`\7v ô izWKYd\�WAgh^:�H\ebFaFgh\@S�¤�^7g4]T�A\-�E^`aFWKYdUX�Am
^7¤�ir�Fm2aAY�izg¡jl^`j�\E�>]hi QqQVQ vw�>]hir�KbKizg�bï×<aKik�<]TUX]TUd\@S%¤N^7g%\E}7irYXayiz]TUd�Fm�j�ik�   ��W5izgT]TUd�EYX\
j�iz]VghU ª \@YX\@jl\E�>]hSEvðÅ Ï�Î�¼ º Î�Â » Ë�½p¾a¿HÌ[À(¿ Å Ï�Î�Î º Í9Ì[ÀHÊ>ÎDÌ�Ï2ÍA¿ |¡§E·2½�ª
²F§EÇ Ð ²7·<¿>|
²7É`ÉA§kv

¥³²7Çk¨ � v Q �Am2�A^SñI|:�5v<ü:gTUX] x ST���A\7|�ir�Kb À v<ü�ghU���f`\7v ô irWKYX\�WAgh^:�H\@bAaFgh\@SO¤N^7gc]T�A\��E^`aFWKYdUX�Fm�^7¤
ir�Fm2aAY�izg4jl^`jl\@�<]�i Q µ�vF�>WK�A\EghUd�@irYy�Kizghjl^`�AU��ESEv�Å Ï�Î¦¼ º Î1Â » Ë�½p¾a¿HÌ[À(¿ Å Ï�Î�Î º ÍBÌWÜ
ÀEÊ>Î�Ì�Ï2ÍA¿ |�§E·`Ç:ª
²7Ç<¿ Ð ·A§E·:|K²7É`ÉA§kv

¥¸·`Ék¨��yvwü�ghUX] x Sh���A\7| � v Q �Fm2�A^Sñ?| � v À ikSq]haFmA|cir�Kb ô v � ^`j�ikSV\@YXYdU�v ô izWKYd\�WKgT^:�H\ebFaFgh\@S
¤N^7g4]T�A\��E^`aFWKYdUX�Fm¡^7¤�ir�Am2aAYdirg�jl^`jl\E�>]hi�µ�vFÖ�\@�H^`aAWKYXUd�Fm¡�H^�\BÌ��EUX\@�<]hSEvµÅ Ï�Î¦¼ º Î1Â »
Ë¤½p¾�¿HÌ[À7¿ Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |L§E·`Ç:ª ·A§H¹ Ð ·2²7¾:|K²7É`ÉA§kv

¥¸·A§©¨�÷!vy÷-irUXm<irY�ikS�ir�yb¯�5vKü�ghU{] x ST���A\`v ô izWKYd\�WAgh^:�H\ebFaFgh\@S�¤�^7g�]T�A\��H^`aFWyYXUd�Fm�^7¤?ir�Fm2aAY�izg
jl^`jl\@�<]hi�µ Q v _ �2��_N_?]Vg�ir�KSV¤N^7ghj�ir]TUX^`�ySHv§Å Ï�Î�¼ º Î�Â » Ë¤½p¾�¿HÌ[À7¿ Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |
§H¹2Ç:ª ·`Ç Ð ¾`Ç:|y²7É`É2²�v

¥¸·2²r¨�q!vB�:���KizgT¤�|B�5vJü�ghU{] x ST���A\`|5ik�Kb.÷!vB÷-irUXm<irYdi7SHv�   WB\EgV»K�A\!Sq]TgTay�©]TaFgh\�Wyizg�irj�\H]VghU x ie�
]TUd^`�¯Ud� ô izWKYd\7v�Å Ï�Î�¼ º Î�Â » Ë¤½p¾�¿HÌ[À7¿ Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |FUd�~WAgh\@ShSH|K²7É`É`¾:v

¥¸·`·k¨��Lv<÷!v2-v2�:ir�KbAizg�SOir�yb ø v À \e��fyvKÖ�\@Ydiz]hU{}:UdSV]TU��4\BñJ\@�H]hS?UX��j�ir�   ��\EYd\@�H]Vgh^`�¡�   WB\EgV»K�A\
Sq]VghaK�H]TaFgh\7v Q v � �A\@^7g   v Ë » ÏSÀ7ÂUÂBÑ2Ì=Í�ò�¿lÏMÊ¡ÎW½PÂ�Ó�Ï�¾AÊ&Ç�ß?ÏSÀeÌ±ÂeÎW¾�ÏMÊ�ÁwÏ2ÍTÑFÏ2Í |A²7Ã`Ç:ª Ç<¿
Ð §`§E·:|�§EÇ`¾2½�v

¥¸·7¹7¨��yv À þaF]T]Vm2\E�>oyik���ùik�Kb¼Ö�v��tUd��f`\`vÕ   WJ\EgT»A�A\�Sq]TgTay�©]TaFgh\�^7¤��AUd�A\°Yd\H}2\@YdS�Ud�Á]�¸4^
�H^`�F»Am2aFg�iz]TUd^`�KS�^7¤ 93Nb vµó ÂEÌDÎW¿NÀ7½ » ÌwÊEÎ?Ê=ôº�» Ë�½p¾a¿HÌ£í´ä |y²2¿7½�ª�§EÇ<¿ Ð ²7É2²�|L§EÇ<¿7½�v
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¥¸·2½r¨ Ä v2�UXoAoB\HgT]nir�Kb�¢tv2ü�gh^>\eSV\�üIUdSh�h�K\Hg@v Ä m2\E�A\Eg�irY�WAgh^7m`ghikj*¤�^7gn�H^`j�WKaA]TUX�Am�ir�Fm2aAY�izg
UX�>]T\Em`ghikYdS�^7¤�]T�A\��A^`�:�DgT\@Ydir]TU{}:U�Sq]TU��¦�irjlUdYX]T^`�AU�ir��¸�UX]T���A^`�:��^7gT]T�A^7m2^`�KikYw^7gToKUX]hirY�SHv
Å Ï�Î�¼ º Î�Â » Ë¤½p¾�¿HÌ[À7¿ Å Ï�Î�Î º ÍBÌ[ÀEÊ>ÎDÌ�Ï2ÍP¿ |A¾7¹Fªp¹K§e¿ Ð ¹2·`É:|�§EÇ`ÇA§kv

¥¸·`¾k¨��Lv ø þ^`�KSTST^`�%ik�Kbl¢tv³�q÷!vNÝöik�AYdSV]Vgzþ^`j~v Ä WAgh^7m`ghikjÕ¤�^7gw�H^`j�WyaF]TUd�Fm�j�izm2�A\E]TU���bFUXWB^`YX\
ir�Kbý\EYd\@�H]VghUd�d×>aKikb:ghaFWB^`Yd\~�   WB\HgT»K�A\¯�H^`�ySq]hir�>]hS�¤NgT^`j ô ¢��ü¸�iH}2\¯¤NaK�K�©]TUd^`�KSEv
Å Ï�Î�¼ º Î�Â » Ë¤½p¾�¿HÌ[À7¿ Å Ï�Î�Î º ÍBÌ[ÀEÊ>ÎDÌ�Ï2ÍP¿ |y¿r¹Fª ·`Ç`Ç Ð ¹K§H¹F|�§EÇ`Ç`·:v

¥¸·<¿z¨�÷!vJ÷-irUXm<irYdi7SHv � �K\�YdU{oKghirg   ^7¤nSVaFoKgT^`aA]TUX�K\@S�¤�^7gt�@irYd�EaAY�iz]TUd�Fm¦SV]hir�KbAirghbé×>aKir�>]TUX]TUd\@S
UX�~ir]T^`jlU���Sq]VghaK�H]TaFgh\t]T�A\@^7g   v ÁnÌDÎW½ º Ê2ÍBÌ�Ê2ÍjÈAÏ º�» ÍOÊ&Ç?ÏMÊ�Ë�½p¾a¿HÌ[À(¿ |:¹K§ « §e¬�ª ·`Ç Ð ½k¹F|²7É`ÉA§kv

¥¸·`Ãk¨ ô v � ^`�FmA|F�Lv ø þ^`�KSTST^`�9|:ir�yb~¢tvAü�gh^>\eSV\�üIUdSh���A\Hg@vw¢�^`�>}2\HgTm2\E�K�E\�SV]TaKbFUd\@S�^7¤�ir]T^`jlU��
WAgh^7WB\HgT]TUd\@S�¤Ngh^`j }7izghU�iz]TUd^`�KirYcjl\E]T�A^:bASHª � ^7]hirYc\E�A\EgVm   |LUd^`�AU x iz]TUd^`�ö\@�A\HgTm   |�SqWB\H�
�HUX»K��j�ikShS�SV�AUX¤N]E|Kir�Kb~�   WB\EgV»K�A\-Wyizg�irjl\E]T\Hg�¤�^7g _ U�v Ë¤½p¾a¿EÌ[ÀHÊéßTÀ » Ìá¼LÎVÊ |F¹2Ã:ªp¹`¹2¾ Ð¹<½7·:|L§EÇ`Ç`·:v

¥¸·`Çk¨��Lv ø þ^`�KSTST^`�.ir�Kb�¢�vLü�gh^>\eSV\�üIUdSh���A\Hg@v _ izgTm2\H��Sh�EirYd\¡j%aAYX]TUd�E^`�F»Am2aFg�iz]TUd^`���izgT]Vgh\E\©�
ü�^:��f��EirY��HaKYdiz]hUX^`�KS-^7¤��   WB\HgT»K�A\©��Ud�<]T\Eg�ik�©]TUd^`���E^`�KSq]�ir�<]�S�¤N^7g�Yd^(¸���Y   UX�Am�Sq]hir]T\@S-Ud�À \Hg   YXYdUXaKj~| À ^7gh^`�9|�ir�Kbu¢4izgToB^`�9v Ë�½p¾a¿HÌ[ÀEÊ&ÇZÓZÂUç`Ì±ÂUÛ³ä |�¹2Ã « ¾<¬�ªp¹K§`§E· Ð ¹K§@²7·:|§EÇ`Ç`·:v

¥ ¹2Ék¨^ÝÕv ø vy¢4�AUdYdbAS�ir�Kb _ v5�5vy÷�^>^:bFj�ir�Lvn   WB\EgV»K�A\�Sq]VghaK�H]TaFgh\-^7¤I�AUd�A\�YX\E}2\EY�S�UX�~]�¸4^
�H^`�F»Am2aFg�iz]TUd^`�KS!^7¤�µ 51 v Q v Â"ª WB\HghUXj�\E�>]hirY�v Ë¤½p¾a¿EÌ[ÀHÊ&ÇlÓZÂUç7Ì±Â7Û |�§@½7¾ « §e¬[ª ¾7¹ Ð ¿kÉ:|§EÇ`¾<¿>v

¥ ¹K§©¨��Lv&Õ��Af`\@Y=|:�Lv À aK���9| ø v>�t\Ej!o9�   Ö�KSVf�U�|�ÝÕv Â gT]Tjl\Hg@|�ir�Kb�Õ�v ø ^`�yir�A�9v9�>]T\EgT�K�A\EUdjl\Hg
¤Ègh\@\�bF\E]T\HghjlUd�Kiz]TUd^`�º^7¤�]T�A\ 51V �>aK�EYX\eizg*×>aKikbFgTaAWJ^`Yd\�j�^`jl\E�>]�¤Ègh^`j �   WB\HgT»K�A\
Sq]VghaK�H]TaFgh\�jl\@i7SVaFgh\Ej�\E�>]hSHv�ó ÂEÌDÎW¿NÀ7½ » ÌwÊEÎ:Ê¡ôº�» Ë¤½p¾a¿EÌ£í�å¢õ�ä�ÎVÏ�Î�¿Bö8Ò®Ï&Ç�Â�À º ÇOÂ7¿�Ê2ÍTÑ
Å Ç º ¿@Î�Â »e|�§`§kª
²`½7Ç Ð ²2¿:§k|L§EÇ`Ã`Ç:v

¥ ¹<²r¨^ÝÕv ø v<¢��KUXY�bASHv5   WB\EgV»K�A\�SV]VghaK�©]haFgh\4^7¤5�AUX�K\�YX\E}2\EY�SwUX��]2¸�^��E^`�F»Fm2aAghir]TUX^`�yS?^7¤yµ 51 vQqQ v � �K\E^7gh\H]TU��EikY=v Ë¤½p¾a¿EÌ[ÀHÊ&Ç"ÓZÂ7ç7Ì±Â7Û |L§@½7¾ « §e¬�ª�¿:§ Ð ÃA§k|�§EÇ`¾<¿>v
¥ ¹2·k¨�¢tvBü:gT^�\@ST\%üIUdSh�h�K\Hg@|L÷!v � ik���AUd\H}J|L÷%v9÷-irU{m<ikYdikSE|Bir�yb ô v9÷�^�bA\H¤NgT^`U�bBv Ä � ô ¢�tü

iz]T^`jlU��[��Sq]TgTay�©]TaFgh\¼Wyik��fkizm2\¼¤N^7g±YdirgVm2\H��Sh�EirYd\ �EirY��HaKYdiz]hUX^`�KSEv Õ��FWKaFoyYXU�SV�A\ebÅbF^k�
�HaAj�\E�>]hiz]TUd^`�!^7¤:]T�A\��A\B¸�}2\Eg�SVUd^`��oyikST\@b�^`�!b   �KikjlUd�cjl\@jl^7g   ikYXYd^��@iz]TUd^`�9|`SqWyirghST\
j�iz]VghU ª jl\H]h�A^�bKSH|Air�Kb¯i%gT\e�H\@�<]TY   bF\H}2\@YX^7WB\eb~ir�Fm2aAY�izg�YdU{oKghirg   |5²7É`É`·:v

¥ ¹`¹7¨ Ä vc�UXoAoB\HgT]E|�Ö�v�÷�Y�ikSTSE|�ir�KbÁ¢tv�ücvcüIUdSh�h�K\Hg@v Ä m2\E�K\Hg�irY4WAgh^7m`g�irj ¤�^7gl�H^`jlWKa:�
]TUd�Fm¯ik�Fm2aAY�izg�UX�>]T\Hm`g�irY�S-^7¤�]T�A\ À gh\@U{]q���IiraAYdU��ikjlUXYX]T^`�AU�ir�9v�Å Ï�Î�¼ º Î1Â » Ë�½p¾a¿HÌ[À(¿
Å Ï�ÎÚÎ º Í9Ì[ÀEÊ>Î�Ì�Ï2ÍA¿ |K¾7¹Fªp¹<½`½ Ð ¹>¿7²�|9§EÇ`ÇA§kv
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Summary
� �A\��   WJ\EgT»A�A\!Sq]VghaK�H]TaFgh\�YdUX�A\eS�Ud�¯]T�K\�SVWB\@�©]Tghi¡^7¤niz]T^`j�StizghU�SV\�¤NgT^`j(]T�A\�^7gTUd\E�>]hiz]hUX^`�
\E�A\EgVm   oJ\E]2¸�\E\@�±]T�A\¯Sq]hiz]hUd�~j�izm2�K\H]TU��~ir�Kb±\@YX\e�©]VghU���»K\EY�bAS¡^7¤�]T�A\~��aK�EYX\@aKS�ik�Kb®]T�A\
Sq]hiz]hUd��j�irm2�A\H]TU��!ir�Kb°\EYd\@�©]TgTU���»K\EY�bASt^7¤w]T�A\!\EYd\@�©]TgT^`���H^7gh\7v � �A\!SV\HW5izg�iz]TUd^`��oB\E]2¸�\E\E�
]2¸�^��   WJ\EgT»A�A\�YdUd�A\@ScUdSnWAgh^7WB^7gT]TUX^`�yirYA]T^�]T�A\ A ¤=ik�H]T^7g8¸�UX]T�¦SV^`jl\t�H^7gTgh\@�H]TUX^`�lm2UX}2\E��o  
]T�A\

B
¤=ik�H]T^7g@v Ä bAbFUX]TUd^`�KirY<�E^7gTgT\e�©]TUd^`�KS9irgT\`|r\ ª �H\EWA]B¤�^7gISqWB\@�EUdikY2�EikST\@SH|z\E}2\E��STj�irYdYX\Eg�ik�Kb

ghirgT\@Y   gT\eSV^`YX}2\@bBv ô ^:bF\Hgh��\ ª WJ\EghUXjl\@�<]�irY�jl\E]T�A^:bAS�irYXYd^(¸ ]T�A\�jl\eikSVaFgh\@jl\E�>]�^7¤�]T�AU�S
SqWKYdU{]T]TUX�Am%¤�^7g4WAg�ik�H]TUd�@irYdY   ir�   iz]T^`j ik�Kb¦Ud^`�9|:Ud�K�EYXaKbAUX�Fm�\ ª ]Vgh\Ejl\�UX^`�KU x iz]TUd^`�~bF\Hm`gh\E\eSHv
ü:^7gn]T�K\�SqWB\@�H]Vgh^2ST�H^7WyUdSV]E|7]h�A\�bFU�Sq]TUd�K�©]�Sq]VghaK�H]TaFgh\�^7¤J]T�A\�YdUX�A\eSc�H^`�KSTUdbA\Hg�izoKY   �E^`�<]TgTUXoKaF]h\
]T^�]T�A\�Ud�<]T\EgTWAgh\H]hiz]hUX^`��ir�Kb�ir�KirY   STUdSw^7¤y�AUXm2�%gh\@ST^`YXaA]TUX^`�lSqWB\@�H]Vg�i>vw´��A^(¸�Yd\@b:m2\4^7¤K]T�K\ Air�Kb

B
¤�ik�H]T^7g�S��K\EYXWyS�]T^�UX�>]T\EgVWKgT\E]�YXUd�A\�¤N^7ghj�SE|F]T^lU�bF\@�<]TUX¤   »K�A\�SV]VghaK�©]haFgh\-]Vg�ir�ySVUX]TUX^`�yS

UX�¯j�ir�   YdUd�A\�SqWB\@�H]Vg�i¡ir�Kb�]T^lU�bF\E�>]TUX¤   ]T�K\-»K�A\�Sq]TgTay�©]TaFgh\�YX\E}2\EY�bA\@SVUXm2�Kiz]hUX^`�9v� �A\�]h�A\@STUdS¡U�S¡^7gTm<ir�AU x \@b®Ud�<]h^�»F}2\¯���KizWA]h\Hg�SHv±¢��yizWA]T\Eg�§�WAgh\@SV\@�<]�S�i°�AU�Sq]T^7ghU��EirY
^e}2\HgT}:UX\U¸Ô^7¤�]h�A\°bA\H}2\EYd^7WKjl\@�<]�S�Ud�]T�A\�»A\@Ydb^7¤��   WB\HgT»A�K\°SV]VghaK�©]TaAgT\°�@irY��HaAY�iz]TUd^`�KSHv� �A\°�E^`jljl^`�izWKWAgh^2ik���A\@S�izgh\�gh\H}:UX\U¸4\@bùir�Kbý]T�A\�]T�A\@^7gh\H]TU��EirY�oyi7�hf>m`gh^`aA�KbÁ^7¤-]T�A\
j!aAYX]TU��H^`�F»Am2aFg�iz]TUd^`��irWAWAgh^2ik����ikSr¸4\@YXY9ikS4S   jljl\E]Vg   ��ikbAizWK]T\@bL¸�iE}2\�¤NaK�K�©]TUd^`�KS�UX�Ú×<a:�
ikSVU�SqWKUd�ºSVWyik�H\�izgh\�\ ª WKY�irUd�A\@b�Ud��jl^7gh\�bF\E]hirUdY=v À ikSV\ebö^`��]T�AU�S�]h�A\E^7g   |O�A\B¸ \ ª WKYdUd�EU{]
\ ª WAgh\@STSTUX^`�ySc^7¤B]h�A\t�   WB\EgV»K�A\�Sq]VghaK�H]TaFgh\tj�iz]VghU ª \EYd\Ej�\E�>]hS�izgh\�bF\HghUX}2\@b�Ud�¯¢��KizWK]T\Hg�²�v� �A\�\ ª WKYXU��HUX]�\ ª WAgh\@ShSVUd^`�KSc¤N^7g�i�]2¸�^k��ST�A\EYdYBS   SV]T\EjÅizgh\tWAgh\eSV\E�>]T\ebBv � �A\t]T�AUXg�b����KizWK]T\Hg
SV�A^/¸tS¡]h�A\¯UXj�WyYX\@jl\E�>]hiz]TUd^`�^7¤�]h�A\¯aA�ybF\HghY   Ud�Fmö]h�A\E^7g   |�UX�ýW5izgT]TUd�EaAY�izg�]T�K\~m2\E�K\Hg�irY
\ ª WAgh\@STSTUX^`��¤N^7g�]T�K\��   WJ\EgT»A�A\�SV]VghaK�©]TaAgT\`|>Ud���H^`j�WKaA]T\Hg4�E^�bA\@SHv Q �~¢��yizWA]T\Eg�¹�]T�A\t�A\U¸
jl\H]T�K^�b±¤�^7g��   WJ\EgT»A�A\°SV]VghaK�©]haFgh\��EikYd�EaAYdir]TUX^`�ùU�S�bF\E}2\EYd^7WJ\ebBv Q ]�U�S�izWAWKYdUd\@bý]h^�]T�A\
m`gT^`aK�Kb�SV]hiz]T\��   WJ\EgT»A�A\�SV]VghaK�©]TaAgT\��EirY��HaKYdiz]hUX^`��^7¤9µnir�KikbFUdaAj~|:Ud�¦oJ^7]h�¦j!aKY{]TU��H^`�A»Fm2a:�
ghir]TUX^`�º�izgT]Vgh\E\H��üF^���f�ik�Kb��tU{g�ik�©��üF^���f�izWAWAgh^ ª Udj�iz]TUd^`�KSEv � �A\¡]h�A\@STUdS-\@�KbAS^¸�UX]T�ö]T�A\
�H^`�K�EYXaKSTUX^`�yS�ik�Kb~^`aF]TYd^>^`f5v� �AU�S%]T�A\eSVU�S¡ikbKizWA]T\ebº]h�A\��   WB\HgT»K�A\�SV]VghaK�©]TaAgT\�^7WB\Hg�iz]T^7g�S!]h^�]T�K\��A\U¸ÓbF\H}2\@YX^7WF�
jl\E�>]hStUd�°]T�A\%SVWKUd�:��ik�Fm2aAY�izg�UX�>]T\Em`ghir]TUX^`��]h\@���A�AUO×<aK\@SHv-÷�\E�A\Eg�irY�}7irYdUdb�\ ª WKgT\eSTSTUX^`�KS�¤�^7g
]T�A\

A
ir�Kb�]h�A\

B
¤=ik�H]T^7g�S�¤�^7g-ir�.ir�   ^7WB\E��SV�A\@YXYwiz]T^`jÔ^7g-UX^`�î¸�\Hgh\%^7oA]hirUd�A\@b9v � �A\

]T\@���A�AUO×>aA\�oyikST\@b!^`�%]T�A\��E^`j�oyUX�Kir]TUX^`��^7¤A]T�A\�ik�Fm2aAY�izgwjl^`jl\@�<]TaKjÕ]h�A\E^7g   |`^`��i�m2\E�K\©�
ghikYXU x \eb!m`g�izWK�AU��EikYFizWAWKgT^2i7�h�L|`^`�%]T�A\�SV\e�H^`�Kb�×>aKir�>]TU x iz]TUd^`�lUX�l�E^`aFWKYd\@b!]T\E�ySV^7ghUdikY>¤�^7ghj~|
^`��]h�A\r×<ayikSVU�SqWKUd�!irWAWAgh^2ik���!ir�Kb�^`��]T�K\caKSV\c^7¤�¤�aAYdY   gh\@bAaK�H\eb��H^�\BÌ��EUX\@�<]�SB^7¤:¤Èg�ik�H]TUX^`�yirY
Wyizgh\E�>]hizm2\`|`irYdYX^/¸4\eb%^`�A\�]T^t»A�yb�]h�A\�m2\E�A\Eg�irY>UXgTgh\@bFaK�EU{oyYX\�]T\E�KST^7ghUdirY�¤N^7ghj�^7¤F]h�A\4�   WB\HgV�
»A�A\�Ud�<]T\Eg�ik�©]TUd^`��^7WB\Hg�iz]T^7gti7S�¸4\@YXYIikS�]T�A\�j�iz]TgTU ª \EYd\Ejl\@�<]hS�^7¤?]T�A\�izoB^e}2\H�Djl\@�<]hUX^`�A\eb
^7WJ\Eg�iz]T^7g@|>bFU�izm2^`�KikYyir�Kb�^Sñy��bFU�izm2^`�KikY\¸�U{]T��gh\eSqWB\@�H]n]T^�\EYd\@�H]Vgh^`�AU����E^`�F»Fm2aAghir]TUX^`�ySnUd�K�[�
YXaKbA\@bB|<]T�>ayS�ik�E�E^`aA�>]TUX�Am�¤N^7gc]h�A\t�H^7gTgh\EY�iz]TUd^`��\Uñ5\e�©]hScUd�¦i�m2\E�A\EghikYK�@ikSV\ « �E^`j�Wyizgh\�¿>|>Ã:|Ç%ir�Kb.§H¹>¬�v À ikSV\eb¦^`�¦]h�A\@ST\�\ ª WAgh\eSTSVUd^`�KSE|:i�aA�AUX}2\Hg�STikYJWAgh^7m`ghikj ]T�Kir]�irYdYd^(¸tS4¤N^7g4oB^7]T�
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ÊFË-Ì=Í9ÌDÎDÌ�Ï j%aAY{]hUd�E^`�F»Fm2aAghir]TUX^`�¦�irgV]TgT\@\©��ü:^:�hf�ir�KblSV\Ej�UX\@j�WKUXgTU��EikYA�   WB\HgT»K�A\�Sq]TgTay�©]TaFgh\
�EirY��HaAY�iz]TUd^`�KS4¸�ikS!bF\E}2\EYd^7WB\@bBv � �K\�m2\@�A\Hg�irY�aA�KbA\HghY   Ud�Fm¯]T\e���A�AUO×<aA\¢¸�ikS�j�ikbF\¦iH}7ikU��
YdizoyYX\¡Ud��]T�K\!¤N^7ghjÔ^7¤c]T�A\¡S   j!oB^`YXU��!WAgh^7m`ghikjljlUd�Fm�Ydir�Am2aKizm2\%^7¤l÷ rAøÂ��} |LirYdYX^/¸�UX�Fm¯i
¤�ikSV]�ikbAizWK]TUX^`��^7¤�]T�A\-izWAWAgh^2ik����]T^�STUXjlUdY�izg�WK�   STUd�@irY5WKgT^7oyYX\@j�SHv � �A\�\ ª UdSV]TUX�Am�ir]T^`jlU��
Sq]VghaK�H]TaFgh\�\@YX\e�©]Vgh^`�AU���bAiz]hizo5ikSV\eS�×�ØFÙ<ØAÚ¯ir�yböÛrÜAÙ<ÝyÞµ¸4\Egh\�\ ª ]T\@�KbF\@b�¤N^7g�^`�A\H��WyirgV]hUd�EYX\
SqWKUd�:��ir�Fm2aAY�izg�UX�>]T\Em`ghir]TUX^`�±^7¤�iz]T^`jlU���SV]hiz]T\�¤�aA�K�H]TUd^`�KSHv � �K\@SV\�\E�A�Kik�K�H\ebÑbAir]hizoyikST\@S
¸4\Hgh\�aKSV\eb¡]T^�WAgh^7m`ghikj ]T�A\��   WB\EgV»K�A\�Sq]VghaK�H]TaFgh\�aF]hUXYdU{]   ã�ä7Þc]T�Kiz]�irYXYd^(¸tSn]T�A\�\BÌ��EUX\@�<]
j�ir�AUXWKaAY�iz]TUd^`��ir�Kb��EirY��HaAY�iz]TUd^`��^7¤4�   WB\HgT»K�A\lSq]VghaK�H]TaFgh\�\ ª WAgh\@ShSVUd^`�KSHv � �A\¡WKgT^7m`g�irj
¸�ikSl]T\eSq]T\eb±^`�Á]T�A\�ST\EjlUd\EjlWKU{ghU��EirYt�   WB\HgT»A�K\¯SV]VghaK�©]haFgh\�ir�KikY   SVU�S�^7¤�]T�A\¯»Ag�Sq]��AUd�A\
YX\E}2\EY�S�^7¤�¶�Ud^7oKUdaAj~v Q ]4¸�i7S�irY�SV^�UX�KSV]hirYdYX\ebºiz]�]T�A\´Õ��AUX}2\Hg�SVUX]eþiz]¡´�ikShSV\EY�|wüFik���>oJ\Egh\EU��h�
�O�   STUXf † v� �A\��A\B¸®SqWyUX�:��ir�Fm2aKYdizgOUd�<]h\Hm`g�iz]TUd^`��¸�ikS�¤NaAgV]h�A\Hg?Udj�WKYd\Ej�\E�>]T\@b�Ud�<]h^�i�WAgh^7m`g�irjõ¤�^7g
j!aAYX]TU��H^`�F»Am2aFg�iz]TUd^`�.�izgT]Vgh\E\H��üF^���f~�   WB\HgT»A�K\�Sq]VghaK�H]TaFgh\!�EirY��HaKYdiz]hUX^`�KS�¤�^7g�]T�K\�ir]T^`jlU��
Sq]VghaK�H]TaFgh\¦Wyi7�hfkirm2\~åOætçFè�v � �A\�aK�FWKaFoKYdU�SV�A\ebº�A\U¸Å}2\Hg�SVUd^`�®^7¤�]T�A\�ßdc�ã�ï iz]T^`jlU��[�
Sq]VghaK�H]TaFgh\�Wyi7�hfkirm2\7|7oyikST\@b!^`��b   �Kirj�Ud��jl\@jl^7g   irYdYX^:�Eir]TUX^`�L|2SVWyizg�SV\4j�iz]VghU ª jl\E]T�A^:bASH|
ir�Kbù]h�A\.�A\U¸ ir�Fm2aAY�izg¯YXUXoAg�izg   |^¸�ikS�Ud�KSV]hirYdYX\ebuUd�u]TUXm2�<]¯�E^`YXY�izoB^7g�iz]TUd^`�ù¸�U{]T�*¢tv�ücv
ü�U�ST���A\Hg « ¶ Q � � |DÕt� Ä ¬�^`�º]T�K\�énâ`êFëKì�í5Þ�î{í5Þ�ï�î{ð@î{ñAíyÞ¦ò�Ø7ó:â`ëKì�í5Þ¡�EYXaySq]T\Eg�iz]%µtUdYd�AUXayS�L\ebAizm2^7m2U��EirY^Õ��KU{}2\EghSTU{]   |�bAU{}:UdSTUX^`�ù^7¤�m2\E�K\Hg�irY�WK�   SVU��ESEv � �A\öû�×4å�çAèÕWyik��fkizm2\¯¤�^7g
j!aAYX]TU��H^`�F»Am2aFg�iz]TUd^`���tU{g�ik�©��ü:^:��f��EirY��HaAY�iz]TUd^`�KS�¸�ikS�Ud�KSq]hikYXYd\@bB|A]T^�^Fv� �A\!WAgh^7m`g�irj�S�ir�yb��H^`j�WKaA]TUX�Am��@izWyik�EU{]TUd\@S-irYXYd^(¸�¤�^7g-i��A\B¸ irYXm2^7ghU{]T�Kj�]T�Kiz]-^7oF�
SV\HgT}2\eSwWAgh\e�HU�SV\EY   ]T�A\t�E^`�<]TgTUXoKaF]hUX^`�¦ir�yb��H^`j�WB\E�ySTiz]TUd^`��^7¤J}7izghUX^`aKS��H^7gTgh\EY�iz]TUd^`��m`gT^`aAWyS
¤N^7ghjl\eböo   �H^`�F»Am2aFg�iz]TUd^`�ºSq]�iz]T\�¤�aA�K�©]hUX^`�KSEv´ÝùUX]T��]T�AU�S!irYXm2^7gTUX]T�Aj ]T�A\¦�E^`�<}2\EgVm2\@�K�H\
^7¤9]h�A\@ST\tm`gT^`aAWyS4�@ir�¦oB\�\eSq]TUdj�iz]T\eb�ir�Kb¦]T�K\EUXg�Ud�púKaA\E�K�E\�^`�¦]T�K\��   WB\HgT»K�A\t¤�i7�©]T^7g��Eir�
oJ\�\eSq]TUdj�iz]h\@bBv � ��aKSD¸4\EYdYybA\H»K�A\@blirWAWAgh^ ª UXj�iz]TUd^`�KS�^`��]h�A\��E^`�F»Am2aFg�iz]TUd^`��Sq]�iz]T\�¤NaA�y�[�
]TUX^`�¦SqWyi7�H\��@ir�loB\�j�ikbF\`|2]T�A\�\EgTgT^7g�^7¤5]T�A\t�EikYd�EaAYdir]TUX^`�¦�Eir��oB\�ikShSVUXm2�A\@b�ir�Kb�bF\E]hirUdYX\eb
UX�F¤�^7ghj�iz]TUd^`�ùiroJ^`aA]�]T�A\��H^7gTgh\EY�iz]TUd^`�\Uñ5\e�©]hS��@ir�ÁoB\�^7oA]hirUd�A\@b9v � �AU�S�U�S¦SV�A^/¸��Á^`�
]T�A\��   WB\HgT»A�K\�Sq]VghaK�H]TaFgh\��EirY��HaKYdiz]hUX^`��^7¤I]h�A\-¤�^`aFg�m`gT^`aK�Kb¯Sq]hiz]h\�Yd\H}2\@YdS�^7¤?µnir�KikbFUdaAj~|
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J = 3/2, 5/2, 7/2
ir�yb

J = 9/2
UX��oB^7]T��]T�A\�j%aAYX]TUd�E^`�F»Am2aFg�iz]TUd^`�

�izgT]Vgh\E\H��ü:^:��f�ir�Kb���UXg�ik�[��ü:^:��f�irWAWAgh^ ª UXj�iz]TUd^`�9v
ü:^7g�µnir�KikbAUXaAj¯|>oB^7]T��]h�A\tj!aAYX]TU��H^`�F»Am2aFg�iz]TUd^`���irgV]TgT\@\©��ü:^:�hf�izWAWKgT^ ª Udj�iz]hUX^`��ir�Kb

]T�A\°�tUXghi7�[��ü:^���f±irWAWAgh^ ª UXj�iz]TUd^`�ùYX\eikbý]T^öm2^>^:býizm`gh\E\@jl\E�>]¢¸�U{]h�ý]h�A\¯\ ª WB\HghUdjl\E�>]hirY
gT\eSVaAYX]hS%^`�AY   UX¤�]T�A\~�H^7gTgh\EY�iz]TUd^`�KS%YX\eikbFUd�Fm�]T^�]T�A\��E^`�<]�ik�©]��E^`�<]TgTUXoKaF]hUX^`�®^7¤�]h�A\��H^7gh\
\EYd\@�©]TgT^`�yScizgh\�Ud�K�HYdaKbF\eb�iz¤È]h\Hg�SVa:Ì��HUd\E�>]c^7]T�A\Hg��E^7gTgT\@Ydir]TUX^`�ySn�KiE}2\�oJ\@\E��ik�@�H^`aA�>]T\@b�¤�^7g@v� �A\�gh\@STaAY{]�S�^7¤9]h�A\�SV]TaKbFUd\@Sr¸�\Hgh\tWKaFoyYXU�SV�A\eb¦Ud��STU ª izgT]TU��HYd\@S�ik�Kb�WAgh\eSV\E�>]T\eb¦iz]4»A}2\
�Kiz]TUd^`�KirYIir�Kb~UX�>]T\EgT�yiz]TUd^`�KirYI�H^`�A¤N\EgT\@�K�H\eSHv
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