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=pV̀{p�apVg̀VZ�V̀�ekp]l_W__n��k̀ �sbe_demdlcn�_R�TZ\̀bZcdR__p�cdRdZcdZi_Zg�
T]RcdZT̀cdW[�VR_Zg�p�_R�TZ\̀bZcdR__p�c]̀T_Z\R��R�dR\̀u�_R�aWT_Zg�abWVcdRT]W__ng�iZc]̀TZg�
VR_Zg�=1>��eb̀dW�dbZTRmdl�àje\Z�pp]ljWfW\dZT_Zg�{Wd̀VpT�ekp]l_W__n��GVZ_�pY�apVg̀VpT�e�
hl̀{e�_Rabn{\e�sbe_deodlcn�_R�TZ\̀bZcdR__p�aWT_Zg�fe_\hp̀_R]l_Zg�YR]Wu_̀cdW[�VR_Zg��k̀ �
abWVcdRT]W_p�n\�hp]p�iZc]R��L�b̀p̀dRg�=2, 3>�YRab̀à_̀TR_̀�apVgpV�V̀�ekp]l_W__n�VR_Zg��n\Z[�
sbe_deodlcn�_R�\̀{aR\d_̀{e�abWVcdRT]W__p�TW]Z\Zg�iZcW]�YR�V̀à{̀Ùm�]p_p[_Zg�
V̀_̀bpV_Zg�bW\ebW_d_Zg�àc]pV̀T_̀cdW[�VbeÙÙ�àbnV\e��GV_R\�TpVced_p�dẀbWdZi_p�̀hp_\Z�
\p]l\̀cdp�e_p\R]l_Zg�àc]pV̀T_̀cdW[�dR\̀Ù�dZae��YR�aWT_Zg�̀p{WuW_l�_R�aWbjp�i]W_Z��n\p��e�
cT̀m�iWbUe���V̀YT̀]Z]Z�p�̀dbZ{RdZ�̀hp_\e�àdW_hp[_Zg�{̀u]ZT̀cdW[�dR\̀Ù�càc̀pe�
ekp]l_W__n�VR_Zg�
%5A1�EIHJ�?=2=A8 à]nURo�T�V̀c]pVuW__p�kp]l_̀cdp�YRàT_W__n�i]W_R{Z�T\RYR_Zg�

àc]pV̀T_̀cdW[�aWT_Zg�VpRaRỲ_pT�_RdebR]l_Zg�iZcW]�
ARTVR__n�abWVcdRT]W_̀q�b̀p̀dZ��
1b̀Yb̀p\R�{Wd̀VZ\Z�̀hp_\Z�\p]l\̀cdp�e_p\R]l_Zg�]p_p[_Zg�̀V_̀bpV_Zg�bW\ebW_d_Zg�

àc]pV̀T_̀cdW[�VbeÙÙ�àbnV\e�YR�aWT_Zg�̀p{WuW_l�_R�qg�aWbjp�VTR�i]W_Z.
1 d̀bZ{R__n�capTTpV_̀jW__n�V]n�TZY_RiW__n�\p]l\̀cdp�e_p\R]l_Zg�àc]pV̀T_̀cdW[�

e\RYR_̀Ù�dZae.
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ÌYU]n_W{̀�eYRUR]l_W_p�àc]pV̀T_̀cdp�Mpp̀_Riip�=
>��R�cR{W��àc]pV̀T_̀cdp��V]n�n\Zg�
\̀uW_�i]W_��àiZ_RmiZ�Y�dbWdl̀Ù��V̀bpT_mo�ce{p�VT̀g�àaWbWV_pg�

1 2 2 1, , ..., ,... 3, 4,...n n nu u u u u n� �� � � , (1)
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L�=5>�cf̀b{e]l̀TR_̀�dR�V̀TWVW_̀�dR\e�T]RcdZTpcdl��peVl-n\R�àc]pV̀T_pcdl�iZcW]��k̀ �

TZY_RiRodlcn�capTTpV_̀jW__n{������abZ�m0��{pcdZdl�
�Rp̀���m-Y_Ri_Zg�iZcW]��?p[c_̀���
TpVàTpV_̀�V̀�_RTWVW_̀Ù�V̀TWVW__n�=0>��f̀b{e]mTR__n�hpoq�T]RcdZT̀cdp�{Ro�pedZ�dR\Z{��V]n�
peVl-n\Zg�u1, u2 àc]pV̀T_̀cdp�����pc_eo�dR\W�hp]W�iZc]̀�M=M(u1, u2���k̀ �V]n�Tcpg�m.M e�
àc]pV̀T_̀cdp�YecdbpiRodlcn�dp]l\Z�
�Rp̀���m-Y_Ri_Zg�iZcW]�
ebZTWVW_W�f̀b{e]mTR__n�o�eYRUR]l_W__n{�T]RcdZT̀cdp��k̀ �cf̀b{e]l̀TR_R�T�=6] k̀ V̀�

àc]pV̀T_̀cdp�iZcW]�Mpp̀_Riip��V]n�n\̀q�M=2.



9FMGIE;l9BF9�K]NFGaG[9:�K;�CGEe4PK]IF;�K]NF9C;

FRe\̀Tp�abRhp�=FKL����11, t�2 2

rbe_demiZcl�_R�YR{\_W_̀{e�capTTpV_̀jW__p�V]n�YRUR]l_̀Ù�i]W_R�àc]pV̀T_̀cdp�����
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VW�Vb̀p̀TR�iRcdZ_R�iZc]R�x àY_RiW_R�,x}.
<WYàcWbWV_p{�̀piZc]W__n{�e�cWbWV̀TZkp�cZcdW{Z�cZ{T̀]l_̀q�{RdW{RdZ\Z�7"(&$�pe]̀�

YVp[c_W_̀�aWbWTpb\e�abRTZ]l_̀cdp�capTTpV_̀jW__n��
��V]n�dR\Zg�VpRaRỲ_pT�TRbpmTR__n�
RbUe{W_dpT��m��5����u1��5	����u2��5	���
Mp\ceTR__n{�VT̀g�aRbR{WdbpT�pY�dbl̀g�p�Y{p_̀m�dbWdl̀Ù�aRbR{WdbR�T�YRY_RiW_̀{e�

VpRaRỲ_p�V̀c]pVueTR]Rcn�iRcd̀dR�ànTZ�Y_RiW_l�km=4, km����FR�̀c_̀Tp�̀dbZ{R_Zg�VR_Zg�
àpeV̀TR_̀�dRp]Zhm�b̀YàVp]e�{̀u]ZT̀q�\p]l\̀cdp�km m-Y_Ri_Zg�iZcW]�àc]pV̀T_̀cdp�����

KRp]Zhn��

)=7>=4I;�km

(kn)i 4 5
pi 0,21 0,79
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à c]pV̀ T_̀ cdW[������_ẀpgpV_̀ � h̀p_ZdZ�\p]l\pcdl�e_p\R]l_Zg�à c]pV̀ T_̀ cdW[�YR�aWT_Zg�
p̀{WuW_l�_R�aWbjp�VTR�i]W_Z��
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?]n�hl̀Ù�YRab̀à_̀TR_̀�dR\Z[�R]ÙbZd{�

1. JdT̀bmodlcn�aecdR�{_̀uZ_R�7(2)��W]W{W_dR{Z�n\̀q�o�eàbnV\̀TR_p�aRbZ�iZcW]�
2. ?]n�\̀u_̀q�pY������aRbZ�iZcW]�a1�[1, 99], a2�=�����>�àc]pV̀T_pcdl�����ab̀V̀Tueodlcn�

T]pT̀�V̀�_R[{W_j̀ Ù�V̀VRd_̀Ù�)1��Mp\ceodlcn�̀dbZ{R_R�aRbR�iZcW]�=)1, u2]i.
3. eWbWTpbnodlcn�pc_eTR__n�àd̀i_̀Ù�W]W{W_dR�e�{_̀uZ_p�7(2)��Q\k̀ �dR\Z[�W]W{W_d�_W�

pc_eo��d̀�àd̀i_R�aRbR�iZcW]�T_̀cZdlcn�V̀�YRY_RiW_̀q�{_̀uZ_Z�
=�bWYe]ldRdp�f̀b{eodlcn�{_̀uZ_R�7(2) e_p\R]l_Zg�àc]pV̀T_̀cdW[������\̀u_R�Y�n\Zg�

abWVcdRT]W_R�qq�aWbjZ{Z�VT̀{R�i]W_R{Z�)1, u2��k̀ �YRV̀T̀]l_nmdl�e{̀Te�)2-u1 ���
FR�bZc��àVR_̀�UbRfpi_e�p]mcdbRhpm�V̀�b̀YdRjeTR__n�e_p\R]l_Zg�àc]pV̀T_̀cdW[�V]n�

bpY_Zg�VpRaRỲ_pT�{̀u]ZTZg�Y_RiW_l�aWbjZg�VT̀g�i]W_pT�àc]pV̀T_̀cdW[��TWbdZ\R]l_R�
\̀]̀_\RiZcW]�1Y_RiW__n�)1��ÙbZỲ_dR]l_R�1u2���A_R\̀{�2 3�àY_RiW_̀�Tcp�\]pdZ_Z��n\p�o�
aWbWdZ_̀{�aRbZ�iZcW]��k̀ �àb̀Vuemdl�e_p\R]l_e�àc]pV̀T_pcdl��A_R\̀{�213�1_We_p\R]l_e�
àc]pV̀T_pcdl�
FR�̀c_̀Tp�_RTWVW_Zg�VR_Zg�àpeV̀TR_̀�capTTpV_̀jW__n�V]n�̀piZc]W__n�\p]l\̀cdp�

e_p\R]l_Zg�àc]pV̀T_̀cdW[�qN��aWbjp�VTR�i]W_Z�n\Zg�YRV̀T̀]l_nmdl�e{̀TZ

� � � �2 1 1 20;  1, ,  1,u u u N u N� 
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lW�capTTpV_̀jW__n�{Ro�TZU]nV
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epc]n�_Wc\]RV_Zg�aWbWdT̀bW_l�̀dbZ{Ro{̀�capTTpV_̀jW__n�V]n�̀piZc]W__n�\p]l\̀cdp�
e_p\R]l_Zg�àc]pV̀T_̀cdW[�qNYR]Wu_̀�TpV�VpRaRỲ_e�Y{p_Z�aWbjZg�VT̀g�i]W_pT

� �1
1

2Nq N N�   � . (8)

ebZ�N����WfW\d�ekp]l_W__n�{̀uW�pedZ�TZnT]W_Z[�_R��-Y_Ri_Zg�iZc]Rg��AUpV_̀�Y��
���

abZaecdZ{̀��k̀ �\p]l\pcdl�km=5 m-Y_Ri_Zg�iZcW]�àc]pV̀T_̀cdp�����dbRa]nodlcn�T�
0,79

0,21
/	���

bRYpT�iRcdpjW��_pu�km�
��K̀Vp�kp]l_pcdl�YRàT_W__n�VpRaRỲ_e�_RdebR]l_Zg�iZcW]���
75���8 -1 

i]W_R{Z�àc]pV̀T_̀cdp�����{̀u_R�TZY_RiZdZ�n\�TpV_̀jW__n�Tcpg�iZcW]�àc]pV̀T_̀cdp��n\p�
àdbRa]nmdl�e�YRVR_Z[�VpRaRỲ_�V̀�V̀TuZ_Z�hl̀Ù�VpRaRỲ_e�
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1 2 3 4 5 6 7 8 9

1 + - + + + + + + +

2 - + - - + + + + +

3 - - + - - - + + +

4 - - - + - - - - +

5 - - - - + - - - -

6 - - - + + + - - -

7 - - + + + + + - -

8 - + + + + + + + -

9 + + + + + + + + +

1 2 3 4 5 6 7 8 9 10

1 + - + + + + + + + +

2 - + - - + + + + + +

3 - - + - - - + + + +

4 - - - + - - - - + +

5 - - - - + - - - - -

6 - - - - + + - - - -

7 - - - + + + + - - -

8 - - + + + + + + - -

9 - + + + + + + + + -

10 + + + + + + + + + +

1 2 3 4 5 6 7 8 9 10 11

1 + - + + + + + + + + +

2 - + - - + + + + + + +

3 - - + - - - + + + + +

4 - - - + - - - - + + +

5 - - - - + - - - - - +

6 - - - - - + - - - - -

7 - - - - + + + - - - -

8 - - - + + + + + - - -

9 - - + + + + + + + - -

10 - + + + + + + + + + -

11 + + + + + + + + + + +

1 2 3 4 5 6 7 8 9 10 11 12 13

1 + - + + + + + + + + + + +

2 - + - - + + + + + + + + +

3 - - + - - - + + + + + + +

4 - - - + - - - - + + + + +

5 - - - - + - - - - - + + +

6 - - - - - + - - - - - - +

7 - - - - - - + - - - - - -

8 - - - - - + + + - - - - -

9 - - - - + + + + + - - - -

10 - - - + + + + + + + - - -

11 - - + + + + + + + + + - -

12 - + + + + + + + + + + + -

)6? ��9G?@>0CIH�2<�508<;<:I>;<?@37�><5@0EA10;;H�A;I809F;6B�=<?9I2<1;<?@37�29H�>I5;6B�2I0=05<;I1�:<49616B�5;0D3;F�=3>E6B�21<B�
D93;I1�=<?9I2<1;<?@37���) 
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2U�UlnYifp[[kZ�RnN]NU\[a�UZn[V�]p̂fVc�RP\c�eV_pY�]\_YnR\P[\_̀n�Û\_̀Nm�W�R\PTV[N�
eV_pY��RYk�kXVc�]̂\kPYkm̀i_k�pbpX̀�agnYi[p[[k��FUNQNYi[jjeV��� �UN�aZ\PV�N=10r-1 (r=2, 3, 
+ ��UN]VfpZ\

� �
� �2 4 2 3

3

10 10 1 4,79

2 10 10

4,79
0,00027

18 10

r r

r r r
p

� �
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� �

� �

� �
�

, (10)

UPnRXV�PV]YVPNm��g\�gnYi[n_̀i�UN]\P[p[[k�]\_YnR\P[\_̀n�[ǸâNYi[Vc�eV_pY�eV_YNZV�
]\_YnR\P[\_̀n��	 �[p�UZn[jm̀i_k�U�̂\_̀\Z�RnN]NU\[a�NUN�PXNUN[VZ�UNX\[\Z�
6nR]\PnR[\�R\�_]nPPnR[\fp[[k��. ��XnYiXn_̀i�m-U[Ne[Vc�eV_pY�RYk�P_nc�]\_YnR\P[\_̀pW��	 ��

g\�UNR\P\Yi[kj̀i�aZ\PV��� �]̂V�N0..��R\̂nP[jm��.%���,.*
�,		��8Yk�]p̂pPn̂XV�̀\e[\_̀n�
\̀ V̂ZN[\o�\dn[XV�gnYi[\_̀n�pr UN�_]pdnNYi[\�_XYNRp[\j�]̂\Q̂NZ\j�P_p̂pR\PVgn�_V_̀pZV�
_VZP\Yi[\o�ZǸpZǸVXV�7=&$"�PVU[Nep[\�Z[\TV[a�m-U[Ne[Vc�eV_pY�RYk�̂nU[Vc�U[Nep[i�m. 
CpUaYìǸV�\leV_Yp[i�]̂VPpRp[\�P�̀NlY��
��

ENlYVdk�
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m nm B\cVlXN�M���
8 23667 0,19
9 23682 0,12

10 23712 0,004
11 23692 0,08
12 23668 0,18

AepPVR[\��g\�\̀ V̂ZN[N�gnYi[n_̀i�[NR̀\�ZNYN�n�dp�UaZ\PYjm�[p\lcnR[n_̀i�]\RNYifVc�
]\faXnP�RYk�UR\là k̀�̂pUaYìǸnP��g\�ZNj̀i�lnYifa�]̂NX̀Ve[a�dn[[n_̀i�

��������

	��C\Û\lYp[\�Zp̀\RVXa�PVU[Nep[[k�XnYiX\_̀n�a[nXNYi[Vc�̂pXâp[̀[Vc�]\_YnR\P[\_̀pW��	 ��
kXn�UNR\P\Yi[kj̀i�aZ\PV��� ��B\laR\PN[N�RYk�RpXnYiX\c�\X̂pZVc�PV]NRXnP�[NQYkR[N�
nYj_̀ N̂dnk�R\�PVU[Nep[[k�a[nXNYi[Vc�̂pXâp[̀[Vc�]\_YnR\P[\_̀pW��	 �R\UP\YVYN�\̀ V̂ZǸV�
_]nPPnR[\fp[[k�RYk�\leV_Yp[[k�XnYiX\_̀n�a[nXNYi[Vc�]\_YnR\P[\_̀pW�̀N�_aZN̂[\o�XnYiX\_̀n�oc�
eYp[nP��g\�[NYpTǸi�]pP[\Za�n[̀p̂PNYa��UNYpT[\�PnR�RnN]NU\[a�UZn[V�]p̂fVc�RP\c�eYp[nP ��

��:N]̂\]\[\PN[\�_]nPPnR[\fp[[k�RYk�PVU[Nep[[k�gnYi[\_̀n�UN]\P[p[[k�RnN]NU\[a�

[ǸâNYi[Vc�eV_pY�eYp[NZV�]\_YnR\P[\_̀n��	 �a�PVQYkRn�PnR[\fp[[k�XnYiX\_̀n�P_nc�eYp[nP�
a[nXNYi[Vc�]\_YnR\P[\_̀pW��kXn�]\̀ N̂]Ykj̀i�a�UNRN[VW�RnN]NU\[��R\�R\PTV[V�di\Q\�
RnN]NU\[a��
���Ep\̂p̀Ve[N�\dn[XN�PXNUN[\o�gnYi[\_̀n�[p�]p̂pPVgam��.	%-4 n�UN�]pP[Vc�aZ\P�[p�

UZn[jm̀i_k�nU�Û\_̀N[[kZ�n[̀p̂PNYa�PN̂njPN[[k�]p̂fVc�RP\c�eYp[nP�]\_YnR\P[\_̀pW�̀N�
PnR]\PnR[\Q\�UlnYifp[[k�R\_YnRTaPN[\Q\�RnN]NU\[a��
���9X_]p̂VZp[̀NYi[N�]p̂pPn̂XN�UN�R\]\Z\Q\j�_]pdnNYi[\�_XYNRp[\o�]̂\Q̂NZV�P�

_p̂pR\PVgn�_V_̀pZV�_VZP\Yi[\o�ZǸpZǸVXV�7=&$"�]nR̀Pp̂RVYN�R\_̀\Pn̂[n_̀i�PV_[\PXnP�RYk�
]pP[\Q\�RnN]NU\[a�U[Nep[i�]p̂fVc�RP\c�eYp[nP�]\_YnR\P[\_̀n��
��@pPV_\Xp�U[Nep[[k�gnYi[\_̀n�UaZ\PYjm�[p\lcnR[n_̀i�]\RNYifVc�]\faXnP�a�\l̂N[\Za�

[N]̂kZXa�
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4�CǸaf[kX��?��aZV̂[\P��6��LXV[���,?�/�8;4>A7-?;G;��
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EǹN̂eaX��6��4��>aTpdiXVW����6n_[VX�6B2��,1999. ,p���,a�����,87.
���6\̂\lilP�@��@��JV_YN�GVl\[NeeV���@��@��6\̂\lilP��,?�/�@NaXN��	.,���,	���_�
��>aTpdiXVW�6��4��KnYi[n_̀i�UN]\P[p[[k�̂kRa�[ǸâNYi[Vc�eV_pY�eYp[NZV�Yn[nW[Vc�̂pXâp[̀[Vc�
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