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GZklhys__� jmdh\h^kl\h� ih� wdkiemZlZpbb� ij_^gZagZq_gh� ^ey� bamq_gby� ijbgpbiZ

jZ[hlu�� mkljhckl\Z� b� dhgkljmdpbb� ki_dljhf_ljZ�FDK�:L����>� �^Ze__� ih� l_dklm� ±

ki_dljhf_lj�� b� kh^_j`bl� hkgh\gu_� l_ogbq_kdb_� ^Zggu_� b� oZjZdl_jbklbdb�� Z� lZd`_

^jm]b_�k\_^_gby��g_h[oh^bfu_�^ey�ihegh]h�bkihevah\Zgby�l_ogbq_kdbo�\hafh`ghkl_c

ki_dljhf_ljZ�b�ijZ\bevghc�_]h�wdkiemZlZpbb�

Ij_^ijbylb_�ba]hlh\bl_ev�hklZ\ey_l�aZ�kh[hc�ijZ\h�\�ijhp_kk_�ba]hlh\e_gby�\ghkblv

\� dhgkljmdpbx� b� ijh]jZffgh_� h[_ki_q_gb_� baf_g_gby�� g_� \ebyxsb_� gZ

f_ljheh]bq_kdb_�oZjZdl_jbklbdb�ki_dljhf_ljZ�

<� l_dkl_� gZklhys_]h� jmdh\h^kl\Z� ih� wdkiemZlZpbb� �JW�� ijbgylu� ke_^mxsb_

h[hagZq_gby�b�khdjZs_gby�

• ;: ��[ehd�Zddmfmeylhjh\�

• ;> ��[ehd�^_l_dlbjh\Zgby�

• ;HB ��[ehd�h[jZ[hldb�bgnhjfZpbb�

• @DB ��`b^dhdjbklZeebq_kdbc�bg^bdZlhj�

• ?JG ��_kl_kl\_ggu_�jZ^bhgmdeb^u;
• K: ��k_l_\hc�Z^Zil_j�

• IW<F ��i_jkhgZevgZy�we_dljhggh�\uqbkebl_evgZy�fZrbgZ�

• IAM ��ihklhyggh_�aZihfbgZxs__�mkljhckl\h�

• NWM ��nhlhwe_dljhgguc�mfgh`bl_ev�
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1 HibkZgb_�b�jZ[hlZ

1.1 GZagZq_gb_

1.1.1 Ki_dljhf_lj� FDK�:L����>� ij_^klZ\ey_l� kh[hc� fgh]hnmgdpbhgZevguc

ghkbfuc�ijb[hj�b�khklhbl�ba�jZaf_sZ_fh]h�\�dhgl_cg_j_�ki_dljhf_ljbq_kdh]h

[ehdZ�^_l_dlbjh\Zgby�]ZffZ�baemq_gby�;>D=����b�[ehdZ�h[jZ[hldb�bgnhjfZpbb

�;HB���<�dZq_kl\_�^_l_dlhjZ�]ZffZ�baemq_gby�\�[ehd_�^_l_dlbjh\Zgby�;>D=���

bkihevam_lky�kpbglbeeypbhgguc�djbklZee�NaI(Tl��^bZf_ljhf�b�\ukhlhc����ff�
Ki_dljhf_lj�ij_^gZagZq_g�^ey�baf_j_gby�wg_j]_lbq_kdh]h�jZkij_^_e_gby�]ZffZ�

baemq_gby� b� j_r_gby� jZaebqguo� aZ^Zq� jZ^bZpbhggh]h� dhgljhey�� \� lhf� qbke_

hij_^_e_gby� wdkij_kkguf� f_lh^hf� m^_evghc� wnn_dlb\ghc� Zdlb\ghklb

_kl_kl\_gguo� jZ^bhgmdeb^h\�
40K, 226Ra� b� 232Th� \� kljhbl_evguo� fZl_jbZeZo�

kujv_�� ba^_ebyo�� hloh^Zo� ijhfure_ggh]h� ijhba\h^kl\Z� b� ]hjguo� ihjh^Zo� [_a

ij_^\Zjbl_evgh]h�hl[hjZ�ijh[�

Ki_dljhf_lj� fh`_l� bkihevah\Zlvky� ^ey� jZ[hlu� dZd� \� eZ[hjZlhjguo�� lZd� b� \

ihe_\uo�mkeh\byo�

1.1.2 JZ[hqb_�mkeh\by�wdkiemZlZpbb�ki_dljhf_ljZ�

• l_fi_jZlmjZ�hdjm`Zxs_]h�\ha^moZ��
h

K hl�fbgmk����^h�iexk����

• hlghkbl_evgZy�\eZ`ghklv�\ha^moZ���

ijb�l_fi_jZlmj_����
h

K�b�[he__�gbadbo

l_fi_jZlmjZo�[_a�dhg^_gkZpbb�\eZ]b� 95;
• Zlfhkn_jgh_�^Z\e_gb_��dIZ hl����^h��06,7;
• gZijy`_gghklv�ihklhygguo�b�i_j_f_gguo

k_l_\hc�qZklhlu�fZ]gblguo�ihe_c��:�f ^h�����

1.1.3 GhjfZevgu_�mkeh\by�wdkiemZlZpbb�ki_dljhf_ljZ�

 

• l_fi_jZlmjZ�hdjm`Zxs_]h�\ha^moZ�
 h
K 20 ± 5;

• hlghkbl_evgZy�\eZ`ghklv�\ha^moZ��� 60 (+20; -30);
• Zlfhkn_jgh_�^Z\e_gb_��dIZ 101,3 (+5,4; -15,3);
• gZijy`_gghklv�ihklhygguo�b�i_j_f_gguo

k_l_\hc�qZklhlu�fZ]gblguo�ihe_c��:�f ^h����

1.1.4 Kl_i_gv� aZsblu� ki_dljhf_ljZ� hl� ijhgbdgh\_gby� \h^u�� iueb� b� ihklhjhggbo

l\_j^uo�qZklbp�IP���ih�=HKL�����������FWD��������khhl\_lkl\m_l�IP54.

1.1.5 Ki_dljhf_lj� g_� ij_^gZagZq_g� ^ey� wdkiemZlZpbb� \h� \aju\hih`ZjhhiZkguo

ahgZo�kh]eZkgh�³IjZ\beZf�mkljhckl\Z�we_dljhmklZgh\hd´�
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1.2 L_ogbq_kdb_�oZjZdl_jbklbdb

1.2.1 Ki_dljhf_lj� baf_jy_l� wg_j]_lbq_kdh_� jZkij_^_e_gb_� ]ZffZ�baemq_gby� \

^bZiZahg_�wg_j]bc�hl����^h������dw<�

1.2.2 Baf_j_gb_� wg_j]_lbq_kdh]h� jZkij_^_e_gby� hkms_kl\ey_lky� \� dZgZeZo� k

ghf_jZfb�hl���^h�����

1.2.3 OZjZdl_jbklbdZ� ij_h[jZah\Zgby� ki_dljhf_ljZ� ghjfbjm_lky� aZ\bkbfhklvx

f_`^m� agZq_gbyfb� wg_j]bb� j_]bkljbjm_fh]h� ]ZffZ�baemq_gby� b� ghf_jZfb

dZgZeh\�

1.2.4 OZjZdl_jbklbdZ�ij_h[jZah\Zgby� ki_dljhf_ljZ�ij_^klZ\ey_lky� \� \b^_� lZ[ebpu

©ghf_j� dZgZeZ� ±� wg_j]by� ]ZffZ�baemq_gbyª�� ojZgblky� \� wg_j]hg_aZ\bkbfhc

iZfylb�;>D=����ki_dljhf_ljZ�b�hlh[jZ`Z_lky�gZ�wdjZg_�;HB�ki_dljhf_ljZ�

1.2.5 Ki_dljhf_lj� baf_jy_l� wg_j]_lbq_kdh_� jZkij_^_e_gb_� ]ZffZ�baemq_gby� k

ij_^_eZfb�^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�oZjZdl_jbklbdb

ij_h[jZah\Zgby���±1 %.

1.2.6 Hlghkbl_evgh_�wg_j]_lbq_kdh_�jZaj_r_gb_�ki_dljhf_ljZ�^ey�]ZffZ�baemq_gby
137
&V�k�wg_j]b_c�����dw<�g_�[he__������

1.2.7 Wnn_dlb\ghklv�j_]bkljZpbb�ki_dljhf_ljZ�\�ibd_�ihegh]h�ih]ehs_gby� �III�

^ey�wg_j]bb�]ZffZ�baemq_gby�����dw<�jZ^bhgmdeb^Z�
137
&V�lhq_qgh]h�bklhqgbdZ

HK=B���� jZaf_sZ_fh]h� \iehlgmx� d� lhjp_\hc� ih\_joghklb� dhgl_cg_jZ� k

�;>D=�����khklZ\ey_l�������± 1,06) %.

1.2.8 FZdkbfZevgZy� \oh^gZy� klZlbklbq_kdZy� aZ]jmadZ� ki_dljhf_ljZ� ijb� baf_j_gbb

wg_j]_lbq_kdh]h�jZkij_^_e_gby�]ZffZ�baemq_gby�khklZ\ey_l�g_�f_g__��⋅104
�k

-1.

1.2.9 <j_fy�mklZgh\e_gby�jZ[hq_]h�j_`bfZ�ki_dljhf_ljZ�g_�ij_\urZ_l���fbg�

1.2.10 We_dljhiblZgb_� ki_dljhf_ljZ� hkms_kl\ey_lky� hl� \kljh_ggh]h� \� dhjimk� ;HB

[ehdZ� Zddmfmeylhjh\�� ijb� wlhf� ki_dljhf_lj� h[_ki_qb\Z_l� g_ij_ju\guc

dhgljhev�jZajy^Z�;:�

1.2.11 AZjy^�;:�hkms_kl\ey_lky�hl�^\mo�\b^h\�bklhqgbdh\�iblZgby�

Z� k_lb�i_j_f_ggh]h� lhdZ�gZijy`_gb_f� ���� ������ �����<�� qZklhlhc� �� ������=p

q_j_a�k_l_\hc�Z^Zil_j��\oh^ysbc�\�dhfie_dl�ijbgZ^e_`ghkl_c�ki_dljhf_ljZ�

[� \g_rg_]h� � bklhqgbdZ� ihklhyggh]h� lhdZ� k� gZijy`_gb_f� ��� �����������<� b

\uoh^guf�lhdhf�g_�f_g__���:�

1.2.12 <j_fy� g_ij_ju\ghc� jZ[hlu� ki_dljhf_ljZ� ijb� Z\lhghfghf� iblZgbb� hl� ;:� \

ghjfZevguo�mkeh\byo�wdkiemZlZpbb�k�\udexq_gghc�ih^k\_ldhc�g_�f_g__����q�

1.2.13 G_klZ[bevghklv�]jZ^mbjh\hqghc�oZjZdl_jbklbdb�ij_h[jZah\Zgby�ki_dljhf_ljZ

aZ�\j_fy�g_ij_ju\ghc�jZ[hlu�g_�ij_\urZ_l�±1%.

1.2.14 Ki_dljhf_lj� h[_ki_qb\Zxl� ijh\_^_gb_� kZfhdhgljhey� hkgh\guo� maeh\� ijb

\dexq_gbb�b�ihklhyggmx�ijh\_jdm�jZ[hlhkihkh[ghklb�\�ijhp_kk_�jZ[hlu�

1.2.15 Ki_dljhf_lj�mklhcqb\�d�\ha^_ckl\bx�

Z� l_fi_jZlmju�hdjm`Zxs_]h�\ha^moZ�hl�fbgmk����^h�iexk����
0
K�

[� hlghkbl_evghc� \eZ`ghklb� \ha^moZ� ^h� ����� ijb� l_fi_jZlmj_� ��
0
K� b� [he__

gbadbo�l_fi_jZlmjZo�[_a�dhg^_gkZpbb�\eZ]b�

\� Zlfhkn_jgh]h�^Z\e_gby�\�^bZiZahg_�hl����^h�������dIZ�

]� kbgmkhb^Zevghc�\b[jZpbb�k�iZjZf_ljZfb�

− ^bZiZahg�qZklhl�hl����^h����=p�
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− kf_s_gb_�^ey�qZklhlu�i_j_oh^Z������ff�

^� h^bghqgh]h�m^ZjZ�k�iZjZf_ljZfb�

− ibdh\h_�mkdhj_gb_����f�k
2 (5g);

− ^ebl_evghklv�^_ckl\by�m^Zjgh]h�bfimevkZ����fk�

1.2.16 Ki_dljhf_lj�khojZgy_l�jZ[hlhkihkh[ghklv�\�ihklhygghf�b�i_j_f_gghf�k_l_\hc

qZklhlu�fZ]gblghf�ihe_�gZijy`_gghklvx�^h�����:�f�

1.2.17 Ij_^_eu� ^himkdZ_fhc� ^hihegbl_evghc� hlghkbl_evghc� ih]j_rghklb

oZjZdl_jbklbdb�ij_h[jZah\Zgby�ki_dljhf_ljZ�khklZ\eyxl�

Z�� �� �� �� ijb� baf_g_gbb� l_fi_jZlmju� hdjm`Zxs_]h� \ha^moZ� \� jZ[hq_f

^bZiZahg_�l_fi_jZlmj�hlghkbl_evgh�ghjfZevguo�mkeh\bc�

[�� �� ���� ijb� baf_g_gbb� gZijy`_gghklb� ihklhyggh]h� b� i_j_f_ggh]h� k_l_\hc

qZklhlu�fZ]gblgh]h�ihey�^h�����:�f�hlghkbl_evgh�ghjfZevguo�mkeh\bc�

1.2.18 Ki_dljhf_lj�\�ljZgkihjlghc�lZj_�ijhq_g�d�\ha^_ckl\bx�

Z�l_fi_jZlmju�hl�fbgmk����^h�iexk��� °K�
[��hlghkbl_evghc�\eZ`ghklb�\ha^moZ�^h�������ijb�l_fi_jZlmj_��� °K�
\��m^Zjh\�k�mkdhj_gb_f����f�F�����J���^ebl_evghklvx�m^Zjgh]h�bfimevkZ����fk�

qbkehf� m^Zjh\� ����� ±� ��� ^ey� dZ`^h]h� ba� ljzo� \aZbfgh� i_ji_g^bdmeyjguo
gZijZ\e_gbc

1.2.19 Dhgkljmdpby� b� fZl_jbZeu� ihdjulbc� khklZ\guo� qZkl_c� ki_dljhf_ljZ

h[_ki_qb\Zxl��\hafh`ghklv�ijh\_^_gby�^_aZdlb\Zpbb�

1.2.20 =Z[Zjblgu_�jZaf_ju�khklZ\guo�qZkl_c�ki_dljhf_ljZ�

• ;HB� - 110 ×230 ×����ff�

• ;>D=���� - ∅76 ×�����ff�

• dhgl_cg_j - ∅���o����ff�

1.2.21 FZkkZ�hkgh\guo�khklZ\guo�qZkl_c�ki_dljhf_ljZ�g_�[he__��d]�

• ;HB - 0,8;

• ;>D=��� - 1,9;

• dhgl_cg_j - 2,2;

• dhgl_cg_j�k�;>D=��� - 4,1.

1.2.22 Lj_[h\Zgby�gZ^_`ghklb�

• kj_^gyy�gZjZ[hldZ�gZ�hldZa - g_�f_g__������q�

• kj_^gbc�kjhd�kem`[u - g_�f_g__����e_l�

• kj_^gbc�j_kmjk - g_�f_g__�������q�

• kj_^g__�\j_fy�\hkklZgh\e_gby�ki_dljhf_ljZ - g_�[he__���q�

Ijbf_qZgb_� ±� Lj_[h\Zgby� gZ^_`ghklb� g_� jZkijhkljZgyxlky� gZ� Zddmfmeylhju�

bkihevam_fu_�\�ki_dljhf_lj_�

1.2.23 Mjh\_gv� bg^mkljbZevguo� jZ^bhihf_o�� kha^Z\Z_fuo� ki_dljhf_ljhf�� g_

ij_\urZ_l� ghjf�� mklZgh\e_gguo� ih� deZkkm� ;� � KL;� =HKL� J� �������������

�KBKIJ����������

1.2.24 Ki_dljhf_lj� ih� mklhcqb\hklb� d� we_dljhklZlbq_kdbf� jZajy^Zf� khhl\_lkl\m_l

lj_[h\Zgbyf�KL;�=HKL�J� ��������������� �FWD� � ����������������kh�kl_i_gvx

`_kldhklb�bkiulZgbc�³���´�b�djbl_jb_f�dZq_kl\Z�nmgdpbhgbjh\Zgby�³�:�´�
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1.2.25 Ki_dljhf_lj� ih� mklhcqb\hklb� d� jZ^bhqZklhlguf� we_dljhfZ]gblguf� iheyf

khhl\_lkl\m_l�lj_[h\Zgbyf�KL;�=HKL�J������������������FWD����������������

kh� kl_i_gvx� `_kldhklb� bkiulZgbc� ³ 2�´� b� djbl_jb_f� dZq_kl\Z

nmgdpbhgbjh\Zgby�³�A “.

1.2.26 Kh^_j`Zgb_�^jZ]hp_gguo�f_lZeeh\� \� dhfie_dlmxsbo� ba^_ebyo� ki_dljhf_ljZ

khhl\_lkl\m_l�^Zgguf�lZ[ebpu�����

LZ[ebpZ����

Kh^_j`Zgb_�^jZ]hp_gguo�f_lZeeh\��]�GZbf_gh\Zgb_�[ehdZ

Ahehlh K_j_[jh

;HB 0,003 0,002

;>D=��� 0,022 0,006

1.3 KhklZ\�ki_dljhf_ljZ

1.3.1 KhklZ\�dhfie_dlZ�ihklZ\db�ki_dljhf_ljZ�mdZaZg�\�lZ[ebp_�����

LZ[ebpZ����

GZbf_gh\Zgb_��lbi AZ\h^kdhc

ghf_j

Dheb�

q_kl\h

Ijbf_qZgb_

1 ;ehd�h[jZ[hldb�bgnhjfZpbb 1

2 ;ehd�^_l_dlbjh\Zgby�]ZffZ�

baemq_gby�;>D=���

1 JZaf_sZ_lky�\�dhgl_cg_j_

3 Dhgl_cg_j 1 K�dZ[_e_f

��Jmdh\h^kl\h�ih�wdkiemZlZpbb 1

��Dhfie_dl�ijbgZ^e_`ghkl_c�

��dhgljhevgZy�ijh[Z 11)
>ey�klZ[bebaZpbb�;>D=���

��Z^Zil_j�k_l_\hc�:�����* 1 NbjfZ “ONTOP Co, LTD”, DblZc
��dZ[_ev 1 >ey�aZjy^db�;:�hl�k_lb

Z\lhfh[bey

��j_f_gv�ie_q_\hc�fh^������� 1 >ey�i_j_ghkdb�;HB

��miZdh\dZ 1 >biehfZl� ^ey� ojZg_gby� b

i_j_ghkdb� ki_dljhf_ljZ� b

ijbgZ^e_`ghkl_c

Ijbf_qZgb_ - 1) 
�� DhgljhevgZy� ijh[Z� \uiheg_gZ� gZ� hkgh\_� dZeby� oehjbklh]h

]Zemj]bq_kdh]h�=HKL����������fbg_jZevgh_�m^h[j_gb_�

1.3.2 <�^hiheg_gb_�d�dhfie_dlm�ihklZ\db�ki_dljhf_ljZ�ih�aZdZam�ihlj_[bl_ey�fh]ml

ihklZ\eylvky�ba^_eby��ijb\_^_ggu_�\�lZ[ebp_�����
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LZ[ebpZ����

GZbf_gh\Zgb_��lbi AZ\h^kdhc

ghf_j

Dheb�

q_kl\h

Ijbf_qZgb_

1�I_jkhgZevguc�dhfivxl_j 1 >ey�jZ[hlu�k�;>D=���

2�Mkljhckl\h�hihjgh_

1

>ey� h[_ki_q_gby� mklhcqb\h]h

iheh`_gby�dhgl_cg_jZ�k�;>D=���

ijb� jZaf_s_gbb� dhgl_cg_jZ

lhjphf� d� ]hjbahglZevghc

bkke_^m_fhc� ih\_joghklb

�jbkmghd�����

3 Djhgrl_cg
1

>ey� jZaf_s_gby� ;HB� gZ� jmqd_

dhgl_cg_jZ��jbkmghd�����

4�:^Zil_j�;>
1

>ey� ih^dexq_gby� ;>D=���� d

IW<F�q_j_a�COF�ihjl

5�DZ[_ev�gmev�fh^_fguc

�����f����f�
1

>ey� ih^dexq_gby� ;>D=���� d

IW<F�q_j_a�COF�ihjl

6�:^Zil_j�USB-;>
1

>ey� ih^dexq_gby� ;>D=���� d

IW<F�q_j_a�USB�ihjl

7�DZ[_ev�USB A-B
1

>ey� ih^dexq_gby� ;>D=���� d

IW<F�q_j_a�USB�ihjl

8 DZ[_ev

1

>ey� ih^dexq_gby� ;>D=����

jZaf_sZ_fh]h� \� dhgl_cg_j_�� d

Z^Zil_jm� ;>� beb� d� Z^Zil_jm

USB�;>

9� DhfiZdl�^bkd� k� ijh]jZffhc

“ATAS´� �\_jkbb� ³ATAS”,
“ATAS light”, “ATAS
Scanner”)

1

>ey�h[_ki_q_gby�jZ[hlu�;>D=���

k�IW<F

10� Jmdh\h^kl\h� hi_jZlhjZ

“ATAS” 1

Kh^_j`bl�k\_^_gby��g_h[oh^bfu_

^ey� wdkiemZlZpbb� ijh]jZffu

“ATAS”

1.4 Mkljhckl\h�b�jZ[hlZ�ki_dljhf_ljZ

1.4.1 Ijbgpbi�^_ckl\by�ki_dljhf_ljZ

1.4.1.1 Ki_dljhf_lj� khklhbl� ba� [ehdZ� h[jZ[hldb� bgnhjfZpbb� �;HB�� b� [ehdZ

^_l_dlbjh\Zgby��;>���lbiZ�;>D=�����jZaf_sZ_fh]h�\�dehgl_cg_j_�

Ijbgpbi� ^_ckl\by� ;>� hkgh\Zg� gZ� bkihevah\Zgbb� \ukhdhqm\kl\bl_evguo

f_lh^h\� ki_dljhf_ljbb� b� jZ^bhf_ljbb� k� ijbf_g_gb_f� kpbglbeeypbhggh]h

^_l_dlhjZ�NaI(Tl) ∅��o���ff�b�nhlhwe_dljhggh]h�mfgh`bl_ey��NWM��

>ey� ih\ur_gby� klZ[bevghklb� baf_j_gbc� \� ;>D=���� ijbf_g_gZ� kbkl_fZ

k\_lh^bh^ghc� klZ[bebaZpbb� baf_jbl_evgh]h� ljZdlZ�� dhlhjZy� h^gh\j_f_ggh
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h[_ki_qb\Z_l� ijh\_jdm� jZ[hlhkihkh[ghklb� \k_]h� ljZdlZ� \� ijhp_kk_� jZ[hlu�

djhf_� lh]h�� \� ;>D=���� j_Zebah\ZgZ� kbkl_fZ� Z\lhfZlbq_kdhc� l_fi_jZlmjghc

dhjj_dpbb�mkbe_gby�

1.4.1.2 Ijb� jZ[hl_� \� Z\lhghfghf� j_`bf_� iblZgb_� ki_dljhf_ljZ� hkms_kl\ey_lky� hl

\kljh_ggh]h� [ehdZ� Zddmfmeylhjh\� �;:��� ^ey� aZjy^Z� dhlhjh]h� \� ki_dljhf_lj_

bf__lky�Z\lhfZlbq_kdh_�aZjy^gh_�mkljhckl\h�

AZjy^�;:�fh`_l�hkms_kl\eylvky�

• hl�k_lb�i_j_f_ggh]h�lhdZ�gZijy`_gb_f�����<�qZklhlhc����=p�q_j_a�k_l_\hc

Z^Zil_j��gZ�\uoh^_�dhlhjh]h�nhjfbjm_lky�gZijy`_gb_����<�

• hl�bklhqgbdZ�ihklhyggh]h�lhdZ�gZijy`_gb_f�iexk����<�k�\uoh^guf�lhdhf

g_�f_g__���:��gZijbf_j��[hjlh\hc�k_lb�Z\lhfh[bey�

1.4.1.3 Ko_fZ� ih^dexq_gby� khklZ\guo� qZkl_c� ki_dljhf_ljZ� ijb\_^_gZ� gZ

jbkmgd_� ����� K_l_\hc� Z^Zil_j� beb� bklhqgbd� ihklhyggh]h� lhdZ� ����V)
ih^dexqZ_lky�d�;HB�lhevdh�^ey�aZjy^Z�;:�

Jbkmghd 1.1

1.4.2 Dhgkljmdpby�ki_dljhf_ljZ

1.4.2.1 Dhgkljmdlb\gh� ki_dljhf_lj� \uiheg_g� \� \b^_� hl^_evguo� � nmgdpbhgZevgh

aZdhgq_gguo�mkljhckl\�;>��;HB�b�dhgl_cg_jZ�

1.4.2.2 Dhgkljmdpby�;>�\uiheg_gZ�k�bkihevah\Zgb_f�mgbnbpbjh\Zgguo�^_lZe_c�\�\b^_

pbebg^jbq_kdbo� f_lZeebq_kdbo� dhjimkh\� k� ihebf_jguf� ihdjulb_f�� dhlhju_

kh_^bgyxlky� ihkj_^kl\hf� \lmedb� k� bkihevah\Zgb_f� \bglh\� b� we_f_glh\

miehlg_gby�� <gmljb� dhjimkh\� jZaf_s_gu� ^_l_dlhj�� ma_e� NWM� b� ieZlu� k

we_dljhgbdhc��GZ� lhjp_\hc�ih\_joghklb�jZkiheh`_gu�jZat_f�^ey�ih^dexq_gby

dZ[_ey�dhgl_cg_jZ�b�rbev^bd.

1.4.2.3 H[sbc�\b^�;HB�ijb\_^_g�gZ�jbkmgd_�����

Dhjimk� ;HB� dhgkljmdlb\gh� \uiheg_g� gZ� [Za_� mgbnbpbjh\Zggh]h� dhjimkZ� ba

kieZ\Z� Zexfbgby� b� khklhbl� ba� dh`moZ� ����� i_j_^g_c� ���� b� aZ^g_c� ���� iZg_e_c

�jbkmghd 1.2).

GZ�i_j_^g_c�kl_gd_�dh`moZ�;HB�gZoh^blky�iZg_ev� mijZ\e_gby� k�f_f[jZggufb

dghidZfb�b�lZ[eh�@DB

GZ�aZ^g_c�kl_gd_�dh`moZ�;HB�jZkiheZ]Z_lky�rbev^bd�����

GZ� i_j_^g_c� iZg_eb� gZoh^ylky� jZat_f� ©COMª� ���� ^ey� ih^kh_^bg_gby� ;>� b

iehf[Z�����

GZ� aZ^g_c�iZg_eb�gZoh^ylky�jZat_f�iblZgby� ����� Z� lZd`_�bg^bdZlhju�\g_rg_]h

iblZgby�b�aZjy^Z�;:������b�lj_\h`guc�bg^bdZlhj������
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1 – dh`mo�� � – iZg_ev i_j_^gyy� 3 – iZg_ev� aZ^gyy�� �� ±� miehlgbl_evgZy� ijhdeZ^dZ�
�� ±�iehf[Z�� � ��±�jZat_f�iblZgby�� �� ±� \lmedb�^ey�dj_ie_gby�;HB�d�djhgrl_cgm�

�� ±�jZat_f� ©COM»;  9 – rbev^bd�� ��� ±�lj_\h`guc�bg^bdZlhj�� ��� ±�k\_lh^bh^u�

���±�bklhqgbd�a\mdh\hc�kb]gZebaZpbb�

Jbkmghd�������H[sbc�\b^�;HB
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1.4.2.4 Ko_fZ� jZaf_s_gby� mkljhckl\Z� hihjgh]h�b�;HB�gZ� dhgl_cg_j_�ij_^klZ\e_gZ�gZ

jbkmgd_�����

4

5

2

3

1

6

��dZ[_ev����;HB����djhgrl_cg����\bgl�nbdkZpbb����dhgl_cg_j�

��mkljhckl\h�hihjgh_

Jbkmghd�������Ko_fZ�jZaf_s_gby�mkljhckl\Z�hihjgh]h�b�;HB�gZ�dhgl_cg_j_
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1.4.2.5 H[sbc� \b^� dhgl_cg_jZ� k� jZaf_s_gguf� \� g_f� ;>D=���� ij_^klZ\e_g� gZ

jbkmgd_������Dhgl_cg_j�khklhbl�ba�k\Zjgh]h�Zexfbgb_\h]h�dhjimkZ�����k�neZgp_f

d�dhlhjhfm�q_lujvfy�\bglZfb�����dj_iblvky�djurdZ�����k�jmqdhc�^ey�i_j_ghkdb

dhgl_cg_jZ� ���� b� dZ[_e_f� ����� kh_^bgyxsbf� [ehd� ^_l_dlbjh\Zgby� ���� k� [ehdhf

h[jZ[hldb��>ey�gZ^_`ghc�nbdkZpbb�[ehdZ�^_l_dlbjh\Zgby�\�dhgl_cg_j_�bf__lky

ijb`bfgZy� \lmedZ� ���� b� ijhdeZ^db� ��� b� ��� gZ� \gmlj_ggbo� kl_gdZo� dhjimkZ

dhgl_cg_jZ�

398∗

473∗

6

∅
12

0

7 2

9

11

8
4 3 15

10

����±�ijhdeZ^db����±�ijb`bfgZy�\lmedZ����±�dhjimk����±�;>D=�������±�dZ[_ev�

��±�djurdZ����±�\bglu�dj_ie_gby�djurdb����±�jmqdZ�����±�]_jfh\\h^�

���±�aZp_i�^ey�ljhkZ

Jbkmghd�����±�H[sbc�\b^�;>D=����\�dhgl_cg_j_

1.4.2.6 H[sbc� \b^� k_l_\h]h� Z^Zil_jZ� ijb\_^_g� gZ� jbkmgd_� ����� K_l_\hc� Z^Zil_j

bkihevam_lky�^ey�aZjy^Z�;:�

K_l_\hc�Z^Zil_j��K:��\dexqZ_lky�\�jha_ldm�we_dljbq_kdhc�k_lb�i_j_f_ggh]h�lhdZ

gZijy`_gb_f���0<�qZklhlhc��0 =p��DZ[_ev�����k_l_\h]h�Z^Zil_jZ�ih^kh_^bgyxl�d

jZat_fm� iblZgby� ���� ;HB� �jbkmghd� ������ Dhjimk� Z^Zil_jZ� ba]hlh\e_g� ba

ihebklbjheZ�
�

1 –  dZ[_ev�

Jbkmghd�����−�H[sbc�\b^�k_l_\h]h�Z^Zil_jZ

1.4.2.7 DhgljhevgZy� ijh[Z� ij_^klZ\ey_l� kh[hc� ieZklfZkkh\mx� miZdh\dm�� aZiheg_ggmx

fbg_jZevguf� m^h[j_gb_f� gZ� hkgh\_� dZeby� oehjbklh]h� k� _kl_kl\_gguf

jZ^bhgmdeb^hf� K40
�� DhgljhevgZy� ijh[Z� jZaf_sZ_lky� gZ� rlZlghf� f_kl_� \

miZdh\hqghf� nmleyj_� ki_dljhf_ljZ� b� ij_^gZagZq_gZ� ^ey� h[_ki_q_gby

klZ[bebaZpbb�wg_j]_lbq_kdhc�rdZeu�baf_jbl_evgh]h�ljZdlZ�;>D=����\�ijhp_kk_

wdkiemZlZpbb� ki_dljhf_ljZ��FZjdbjh\dZ� dhgljhevghc�ijh[u� \uiheg_gZ� \� \b^_

wlbd_ldb� gZ� [hdh\hc� ih\_joghklb� miZdh\db� k� gZ^ibkvx� ©DhgljhevgZy� ijh[Z�

dZebc�oehjbkluc�]Zemj]bq_kdbc�=HKL��������ª�
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1.5 FZjdbjh\dZ�b�iehf[bjh\Zgb_

1.5.1 FZjdbjh\dZ�ki_dljhf_ljZ�\uiheg_gZ�gZ�aZ^g_c�kl_gd_�dh`moZ�;HB�b�lhjp_\uo

ih\_joghklyo�dhjimkh\�;>�

GZ� aZ^g_c� kl_gd_� dh`moZ� ;HB� fZjdbjh\dZ� \uiheg_gZ� \� \b^_� wlbd_ldb� b

kh^_j`bl�

• lh\Zjguc�agZd�ij_^ijbylby�ba]hlh\bl_ey�

• gZ^ibkv�;HB�

• mkeh\gh_�h[hagZq_gb_�ki_dljhf_ljZ�

• aZ\h^kdhc�ghf_j�ih�kbkl_f_�gmf_jZpbb�ij_^ijbylby�ba]hlh\bl_ey�

• ]h^�ba]hlh\e_gby�

• kl_i_gv�aZsblu�dhjimkZ�IP54;

• gZ^ibkv�³K^_eZgh�\�;_eZjmkb´�

Wlbd_ldZ�\uiheg_gZ�gZ�ie_gd_�k�ebidbf�keh_f�k�eZfbgbjh\Zgb_f�

FZjdbjh\dZ�;>�\uiheg_gZ�\�\b^_�wlbd_lhd�gZ�lhjp_\uo�ih\_joghklyo�dhjimkh\�b

kh^_j`bl�

• lh\Zjguc�agZd�ij_^ijbylby�ba]hlh\bl_ey�

• mkeh\gh_�h[hagZq_gb_�;>�

• aZ\h^kdhc�ghf_j�ih�kbkl_f_�gmf_jZpbb�ij_^ijbylby�ba]hlh\bl_ey�

• ]h^�ba]hlh\e_gby�

• gZ^ibkv�³K^_eZgh�\�;_eZjmkb”.

GZ� dhjimk_� ;>D=���� bf__lky� wlbd_ldZ� k� ij_^mij_`^Zxs_c� gZ^ibkvx

©<gbfZgb_��;_j_]bl_�hl�m^Zjh\ª.

1.5.2 FZjdbjh\dZ� ljZgkihjlghc� miZdh\db� \uiheg_gZ� ih� =HKL� ��������� \� \b^_

[mfZ`guo� wlbd_lhd�� kh^_j`Zsbo� fZgbimeypbhggu_� agZdb�� hkgh\gu_�

^hihegbl_evgu_�b�bgnhjfZpbhggu_�gZ^ibkb��GZ^ibkb�gZ�wlbd_ldZo�\uiheg_gu

lbih]jZnkdbf�kihkh[hf�

Wlbd_ldb�gZde_b\Zxlky�gZ�ljZgkihjlgmx�miZdh\dm�b�eZfbgbjmxlky�ie_gdhc�

FZgbimeypbhggu_� agZdb� ih� =HKL� ���������� gZghkbfu_� gZ� wlbd_ldb

ljZgkihjlguo�miZdh\hd��³OJMIDH?��HKLHJH@GH´, ³<?JO´�

³;?J?QV�HL�<E:=B´�

Hkgh\gu_� gZ^ibkb� kh^_j`Zl� gZbf_gh\Zgb_� ]jmahihemqZl_ey�� gZbf_gh\Zgb_

imgdlZ� gZagZq_gby�� dhebq_kl\h� ]jmah\uo� f_kl� \� iZjlbb� b� ihjy^dh\uc� ghf_j

f_klZ�\�iZjlbb�

>hihegbl_evgu_� gZ^ibkb� kh^_j`Zl� gZbf_gh\Zgb_� ]jmahhlijZ\bl_ey� b� imgdlZ

hlijZ\e_gby��gZ^ibkb�ljZgkihjlguo�hj]ZgbaZpbc�

BgnhjfZpbhggu_� gZ^ibkb� kh^_j`Zl� fZkku� [jmllh� b� g_llh� ]jmah\h]h� f_klZ� \

dbeh]jZffZo�
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1.5.3 Iehf[bjh\Zgb_� ;HB� \uiheg_gh� [blmfghc� fZklbdhc� \� f_klZo� dj_ie_gby

i_j_^g_c�b�aZ^g_c�iZg_e_c�

Iehf[bjh\Zgb_� ;>� \uiheg_gh� \� \b^_� wlbd_lhd� ba� jZajmrZ_fhc� ie_gdb�

gZde__gguo�gZ�lhjp_\u_�ih\_joghklb�dhjimkh\�[ehdh\�

1.6 MiZdh\dZ

1.6.1 <k_� [ehdb� b� ijbgZ^e_`ghklb� ki_dljhf_ljZ� mdeZ^u\Zxl� \� ki_pbZevguc

^biehfZl�

;HB�b�dhgl_cg_j�k�;>�i_j_^�mdeZ^dhc�\�^biehfZl�ihf_sZxl�\�ihebwlbe_gh\u_

iZd_lu��AZl_f�^biehfZl�ihf_sZxl�\�iZd_l�b�\�dhjh[dm�ba�]hnjhdZjlhgZ�

1.6.2 <�dZq_kl\_�ljZgkihjlghc�lZju�bkihevamxl�ysbd�ba�><I�beb�]hnjhdZjlhgZ��\

dhlhjuc� mdeZ^u\Zxl� dhjh[dm� k� ^biehfZlhf� beb� g_kdhevdh� dhjh[hd� k

^biehfZlZfb��<�dZq_kl\_�ijhdeZ^hqgh]h�fZl_jbZeZ�^ey�aZiheg_gby�k\h[h^gh]h

ijhkljZgkl\Z�bkihevamxl�]hnjhdZjlhg�
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2 Ih^]hlh\dZ�ki_dljhf_ljZ�d�bkihevah\Zgbx

2.1 H[sb_�mdZaZgby

2.1.1 <�hdjm`Zxs_c�kj_^_��\�dhlhjhc�wdkiemZlbjm_lky�ki_dljhf_lj��kh^_j`Zgb_�iueb�

iZjh\� dbkehl� b�s_ehq_c�� Z]j_kkb\guo� ]Zah\� b� ^jm]bo� ijbf_k_c�� \uau\Zxsbo

dhjjhabx��g_�^he`gh�ij_\urZlv�kh^_j`Zgby�dhjjhabhggh�Zdlb\guo�Z]_glh\�^ey

Zlfhkn_ju�lbiZ�I�ih�=HKL����������

2.1.2 Ba\e_qv�[ehdb�ki_dljhf_ljZ�b�ijbgZ^e_`ghklb�ba�miZdh\hd�

2.1.3 Ijh\_jblv� dhfie_dlghklv� ki_dljhf_ljZ� \� khhl\_lkl\bb� k� ih^jZa^_ehf� ���

©KhklZ\� ki_dljhf_ljZª�� Iehf[u� ij_^ijbylby�ba]hlh\bl_ey� gZ� [ehdZo

ki_dljhf_ljZ�g_�^he`gu�[ulv�ih\j_`^_gu�

2.1.4 Ijh\_klb�\g_rgbc�hkfhlj�[ehdh\�ki_dljhf_ljZ�b�ijbgZ^e_`ghkl_c�

1) ijh\_jblv�hlkmlkl\b_�\b^bfuo�f_oZgbq_kdbo�ih\j_`^_gbc�dhjimkh\�;>�b
;HB��C:�

2) ijh\_jblv�qbklhlm�b�bkijZ\ghklv�kh_^bgbl_e_c��khklhygb_�kh_^bgbl_evguo
dZ[_e_c��q_ldhklv�fZjdbjh\hqguo�gZ^ibk_c�

2.1.5 <� kemqZ_� jZ[hlu� kh� ki_dljhf_ljhf� \� ghkbfhf� \ZjbZgl_� � ;HB� jZaf_sZ_lky� k

ihfhsvx� ie_q_\h]h� j_fgy� k� j_]mebjm_fhc� ^ebghc� gZ� ]jm^b� hi_jZlhjZ� beb� gZ

dhgl_cg_j_��jbkmghd������

2.2 <dexq_gb_�ki_dljhf_ljZ

>ey� \uiheg_gby� � ki_dljhf_ljhf� k\hbo� nmgdpbc� g_h[oh^bfh� ih^kh_^bgblv

dhgl_cg_j�k�;>�d�;HB�

<gbfZgb_�� Ih^dexq_gb_� �hlkh_^bg_gb_�� dZ[_ey� hkms_kl\eyxl� ijb

hldexq_gghf�iblZgbb�ki_dljhf_ljZ�

Ki_dljhf_lj�\dexqZ_lky�h^ghdjZlguf�djZldh\j_f_gguf�gZ`Zlb_f�dghidb� ��<

wlhl�fhf_gl�ba^Z_lky�dhjhldbc�a\mdh\hc�kb]gZe�b�aZimkdZ_lky�kZfhdhgljhev��Ihke_

mki_rgh]h� ijhoh`^_gby� kZfhdhgljhey� gZ� @DB� ihy\ey_lky� bah[jZ`_gb_� dZd� gZ

jbkmgd_�����

Jbkmghd����

M^_j`Zgb_� \� wlhl� fhf_gl� dghidb� � ijb\_^_l� d� aZfbjZgbx� wdjZgZ�� ^ey

^_lZevgh]h�bamq_gby�bgnhjfZpbb�

2.2.1 Ihke_� aZ\_jr_gby� kZfhdhgljhey� gZqbgZ_lky� ijhp_kk� bgbpbZebaZpbb�� <h� \j_fy

bgbpbZebaZpbb�;HB�^he`_g�hij_^_eblv�ih^dexq_gguc�;>D=����

?keb�;HB�g_�h[gZjm`be�;>��lh�wdjZg�;HB�[m^_l�\u]ey^_lv�dZd�gZ�jbkmgd_�����
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Jbkmghd����

?keb�`_�;HB�h[gZjm`be�;>��lh�wdjZg�;HB�[m^_l�\u]ey^_lv�ijbf_jgh�dZd�gZ

jbkmgd_������k�mdZaZgb_f�b^_glbnbdZpbhgguo�oZjZdl_jbklbd�b�lbiZ

h[gZjm`_ggh]h�;>�

Jbkmghd����

2.2.2 Ijb� \dexq_gbb� ki_dljhf_ljZ� k� jZajy`_gghc� ;:� \� \_jog_f� ijZ\hf� m]em� wdjZgZ

ihy\blky�ibdlh]jZffZ� �b�ki_dljhf_lj�Z\lhfZlbq_kdb�\udexqblky�

2.3 <udexq_gb_�ki_dljhf_ljZ

Ki_dljhf_lj� \udexqZ_lky� gZ`Zlb_f� b� m^_j`Zgb_f� dghidb� � ^h� ihy\e_gby

khh[s_gby�gZ�wdjZg_�dZd�gZ�jbkmgd_�����

Jbkmghd����

Q_j_a�g_kdhevdh�k_dmg^�ki_dljhf_lj�\udexqblky��Ijb�Z\lhfZlbq_kdhf�\udexq_gbb

ki_dljhf_ljZ�ihke_�ihy\e_gby�gZ�lZ[eh�kbf\heZ�jZajy^Z�;:�gZ[jZgguc�gZ�fhf_gl

hldexq_gby�ki_dlj�[m^_l�khojZg_g�\�dZlZeh]_�ki_dljh\�ih^�gme_\uf�ghf_jhf���������

2.4 AZjy^�;:

2.4.1 Ijb� jZ[hl_� \� Z\lhghfghf� j_`bf_� iblZgb_� ki_dljhf_ljZ� hkms_kl\ey_lky� hl

\kljh_ggh]h�;:��^ey� aZjy^Z� dhlhjh]h� \� ki_dljhf_lj_�bf__lky� Z\lhfZlbq_kdh_
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aZjy^gh_�mkljhckl\h��<j_fy�g_ij_ju\ghc�jZ[hlu�ki_dljhf_ljZ�g_�f_g__� ���q

ijb�Z\lhghfghf�iblZgbb�hl�iheghklvx�aZjy`_ggh]h�;:�

2.4.2 AZjy^� ;:� hkms_kl\ey_lky� hl� k_lb� i_j_f_ggh]h� lhdZ� gZijy`_gb_f� ���� <

qZklhlhc� ��� =p� q_j_a� k_l_\hc� Z^Zil_j�� gZ� \uoh^_� dhlhjh]h� nhjfbjm_lky

gZijy`_gb_� ���� <�� GZebqb_� gZijy`_gby� �� ��� <� bg^bpbjm_lky� k\_q_gb_f

k\_lh^bh^Z� © ª� p\_lZ��Ijhp_kk� aZjy^Z�bg^bpbjm_lky� k\_q_gb_f� k\_lh^bh^Z

« ª�`_elh]h�p\_lZ��Ijb�^hklb`_gbb�ihegh]h�aZjy^Z�;:�k\_lh^bh^� © »
]Zkg_l��<j_fy�aZjy^Z�iheghklvx�jZajy`_ggh]h�;:�ijbf_jgh���±�����q��AZjy^�;:

\hafh`_g�lZd`_�hl�bklhqgbdZ�ihklhyggh]h�lhdZ�gZijy`_gb_f����<�k�\uoh^guf

lhdhf� g_�f_g__� ��:�� gZijbf_j� hl� [hjlk_lb� Z\lhfh[bey�� ^ey� q_]h� \� dhfie_dl

ihklZ\db� \oh^bl� ki_pbZevguc� dZ[_ev�� AZjy`Zlv� ;:� j_dhf_g^m_lky� ijb

l_fi_jZlmj_�hdjm`Zxs_]h�\ha^moZ��������ºK�

2.4.3 AZjy^�;:�g_h[oh^bfh�ijh\_klb�\�ke_^mxsbo�mkeh\byo�

• _keb�ijb�gZ`Zlbb�gZ�dghidm� �ki_dljhf_lj�g_�\dexqZ_lky�

• _keb�gZ�@DB�ihy\ey_lky�kbf\he�jZajy^Z�;:� .

2.4.4 >ey� ij_^hl\jZs_gby� mf_gvr_gby� _fdhklb� ;:� j_dhf_g^m_lky� jZ[hlZlv� k

ki_dljhf_ljhf� ^h� fhf_glZ� gZklmie_gby� jZajy^Z�� b� ebrv� aZl_f� ijhba\h^blv

aZjy^�;:��LZd`_�j_dhf_g^m_lky�jZa�\�f_kyp�ijhba\h^blv�pbde�ihegh]h�jZajy^Z

±�aZjy^Z�;:��Ijb�^ebl_evguo�i_j_ju\Zo�\�jZ[hl_�k�ki_dljhf_ljhf�g_h[oh^bfh

g_� j_`_� h^gh]h� jZaZ� \� �� f_kyp_\� iheghklvx� aZjy`Zlv� ;:� ^ey� dhfi_gkZpbb

kZfhjZajy^Z��G_\uiheg_gb_� wlbo�j_dhf_g^Zpbc�mf_gvrZ_l�_fdhklv�[ZlZj_c�b

fh`_l�ijb\_klb�d�ij_`^_\j_f_gghfm�\uoh^m�bo�ba�kljhy�

2.5 J_`bf�klZ[bebaZpbb

2.5.1 Ki_dljhf_lj� k� [ehdhf� ^_l_dlbjh\Zgby� ;>D=���� bf__l� j_`bf� klZ[bebaZpbb�

h[_ki_qb\Zxsbc� Z\lhfZlbq_kdmx�gZkljhcdm�fZkrlZ[Z� wg_j]_lbq_kdhc�rdZeu

baf_jbl_evgh]h�ljZdlZ�\�khhl\_lkl\b_�k�aZ\h^kdhc�]jZ^mbjh\dhc�

2.5.2 KlZ[bebaZpby� hkms_kl\ey_lky� ih� j_i_jghfm� bklhqgbdm� ]ZffZ�baemq_gby�� <

dZq_kl\_� j_i_jgh]h� bklhqgbdZ� bkihevam_lky� dhgljhevgZy� ijh[Z�� kh^_j`ZsZy

khev�KCl�k�_kl_kl\_gguf�jZ^bhgmdeb^hf�40K�k�wg_j]b_c�]ZffZ�ebgbb������dw<�
DhgljhevgZy� ijh[Z� \oh^bl� \� dhfie_dl� ihklZ\db� ki_dljhf_ljZ� b� jZaf_sZ_lky

ijb� klZ[bebaZpbb� gZ�rlZlghf� f_kl_� \� mdeZ^hqghf� nmleyj_� ki_dljhf_ljZ�� <

ijhp_kk_� klZ[bebaZpbb� dhgl_cg_j� k� ;>D=����� ih^dexq_gguc� d� ;HB�� lZd`_

jZkiheZ]Z_lky�\�mdeZ^hqghf�nmleyj_�gZ�k\h_f�rlZlghf�f_kl_�

2.5.3 KlZ[bebaZpbx� g_h[oh^bfh� ijh\h^blv� i_j_^� gZqZehf� jZ[hl� k� ;>D=����� <

j_`bf�klZ[bebaZpbb�g_\hafh`gh�\hclb�_keb�;>D=����g_�ijh]j_l�

2.5.4 KlZ[bebaZpby� \dexqZ_l� ke_^mxsb_� Z\lhfZlbq_kdb_� hi_jZpbb�� gZ[hj� ki_dljZ

hl� dhgljhevghc� ijh[u� ^h� ^hklb`_gby� dhebq_kl\Z� aZj_]bkljbjh\Zgguo

bfimevkh\��Â��
4
��ihbkd�b�h[jZ[hldm�h[gZjm`_ggh]h�ibdZ�ihegh]h�ih]ehs_gby

hl� ]ZffZ�ebgbb�dhgljhevghc�ijh[u��jZkq_l�� mklZgh\dm�b� aZihfbgZgb_�gh\h]h

dh^Z�mkbe_gby��ijh\_jdm�dZq_kl\Z�klZ[bebaZpbb�
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2.5.5 Ih^f_gx� ©KlZ[bebaZpby�;>ª�gZoh^blky�\�f_gx� ©;ehd�^_l_dlbjh\Zgbyª�b

bah[jZ`_g�gZ�jbkmgd_�����

Jbkmghd����

<u[hj�imgdlZ�ih^f_gx�©KlZ[bebabjh\Zlvª�ijb\_^_l�d�ihy\e_gbx�bah[jZ`_gby

dZd�gZ�jbkmgd_�����

Jbkmghd����

Ihke_� \uiheg_gby� lj_[h\Zgbc� j_`bfZ� gZ� wdjZg_� ihy\blky� bah[jZ`_gb_� dZd� gZ

jbkmgd_�����

Jbkmghd����

Ki_dljhf_lj� gZ[bjZ_l� ki_dlj� hl� dhgljhevghc� ijh[u�� Oh^� ijhp_kkZ� gZ[hjZ

ki_dljZ�fh`gh�gZ[ex^Zlv�ih�bg^bdZlhjm�\uiheg_gby�

Ihke_� gZ[hjZ� ki_dljZ� ki_dljhf_lj� ijhba\_^_l� jZkq_l� iheh`_gby� ibdZ

�jbkmghd������

AgZq_gby wg_j]bb bkdhfh]h

ibdZ� dZgZeZ \ dhlhjuc
[m^_l \_klbkv mklZgh\dZ

ibdZ� dZgZeZ gZc^_ggh]h

ibdZ� dh^Z mkbe_gby b
iZjZf_ljZ \ukhlu

gZc^_ggh]h ibdZ

Bg^bdZlhj

\uiheg_gby ijhp_kkZ

gZ[hjZ ki_dljZ
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Jbkmghd����

?keb�jZagbpZ�f_`^m�jZkq_lguf�iheh`_gb_f�ibdZ�N�b�iheh`_gb_f�ibdZ�Ndest�g_
ij_\urZ_l��������lh�klZ[bebaZpby�aZ\_jrblky��jbkmghd������

Jbkmghd����

2.5.6 ?keb� ihke_� jZkq_lZ� iheh`_gby� ibdZ� gZ� wdjZg_� ihy\ey_lky� ibdlh]jZffZ� � b

khh[s_gb_� ©MklZgh\dZ�mkbe_gbyª�� lh� wlh�k\b^_l_evkl\m_l�h� lhf��qlh� ki_dljhf_lj

dhjj_dlbjm_l�mkbe_gb_��MklZgh\dZ�mkbe_gby�^eblky����k_dmg^�

Ihke_� mklZgh\db� mkbe_gby� ki_dljhf_lj� kh\_jrbl� ijh\_jdm� dZq_kl\Z

klZ[bebaZpbb��l�_��gZ[_j_l�kgh\Z�ki_dlj�hl�dhgljhevghc�ijh[u� �jbkmghd��������b

jZkkqblZ_l�gh\h_�iheh`_gb_�ibdZ�N.

Jbkmghd�����

Ihke_� mki_rgh]h� aZ\_jr_gby� klZ[bebaZpbb� b� ijh\_jdb� gZ� wdjZg_� ihy\blky

bah[jZ`_gb_�dZd�gZ�jbkmgd_�����

Ijb� wlhf� gh\h_� iheh`_gb_� ibdZ� hl� dhgljhevghc� ijh[u� ^he`gh� gZoh^blvky� \

ij_^_eZo��Ndest ± 0,005⋅Ndest��dZgZe_��]^_�Ndest�±�ghf_j�dZgZeZ��khhl\_lkl\mxsbc

aZ\h^kdhc�]jZ^mbjh\d_�ki_dljhf_ljZ��jbkmghd������

2.5.7 Fh`_l�keh`blvky�kblmZpby��dh]^Z�ki_dljhf_lj�g_�h[gZjm`bl�ibd��lh]^Z�mkbe_gb_

[m^_l�mklZgh\e_gh�\����b�ki_dljhf_lj��ijh\_^_l�klZ[bebaZpbx�ih\lhjgh��Wlhl�rZ]

iha\hebl� hij_^_eblv� iheh`_gb_� ibdZ� \� ij_^iheh`_gbb�� qlh� hg� ^h� baf_g_gby

mkbe_gby��\���gZoh^beky�\g_�ihey�\b^bfhklb�Ze]hjblfZ�klZ[bebaZpbb�

Bg^bdZlhj
\uiheg_gby ijhp_kkZ

h[jZ[hldb ibdZ
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?keb� \� ijhp_kk_� klZ[bebaZpbb� gZ� wdjZg_� ihy\ey_lky� khh[s_gb_� ©Ih\lhjbl_

klZ[bebaZpbxª�� lh� wlh� hagZqZ_l�� qlh� iZjZf_lj� \ukhlu� ibdZ�F�� oZjZdl_jbamxsbc

hlghkbl_evgmx� bgl_gkb\ghklv� baemq_gby� hl� dhgljhevghc� ijh[u� f_gvr_� �� beb

iheh`_gb_� ibdZ� g_� m^h\e_l\hjy_l� mkeh\bx�� baeh`_gghfm� \� �������<� wlhf� kemqZ_

g_h[oh^bfh� ih\lhjblv� klZ[bebaZpbx�� gZ`Zlb_f� dghidb� �� ?keb� ihke_

g_kdhevdbo�ih\lhjh\�kblmZpby�g_�baf_gy_lky��lh�gm`gh�h[jZlblvky�d�ij_^ijbylbx�

ba]hlh\bl_ex�ki_dljhf_ljZ�^ey�_]h�j_fhglZ�

?keb� \� ijhp_kk_� klZ[bebaZpbb� gZ� wdjZg_� ihy\ey_lky� khh[s_gb_� ©KlZ[bebaZpby

g_\hafh`gZª�� lh� wlh� hagZqZ_l�� qlh� agZq_gb_� gh\h]h� dh^Z� mkbe_gby� :� \ureh� aZ

ij_^_eu� ^himklbfh]h� ^bZiZahgZ� ��� ±� ������ <� wlhf� kemqZ_� gm`gh� h[jZlblvky� d

ij_^ijbylbx�ba]hlh\bl_ex�ki_dljhf_ljZ�

2.5.8 <hafh`gh�ijh\_klb�klZ[bebaZpbx�hl�jZ^bhZdlb\gh]h�bklhqgbdZ�^jm]h]h�lbiZ��ijb

wlhf�g_h[oh^bfh�baf_gblv�iZjZf_lj�©Wg_j]by�klZ[bebaZpbbª�\�ki_dljhf_lj_�

>ey� baf_g_gby� wlh]h� iZjZf_ljZ� \hc^bl_� \� ih^f_gx� ©KlZ[bebaZpby� ;>ª� b

\u[_jbl_� imgdl� ih^f_gx� ©Wg_j]by�klZ[bebaZpbb». Ki_dljhf_lj� i_j_c^_l� \
j_`bf� j_^Zdlbjh\Zgby� agZq_gby� iZjZf_ljZ� ©Wg_j]by� klZ[bebaZpbbª� �jbkmghd

�������Wlhl� iZjZf_lj� hij_^_ey_l� iheh`_gb_� mklZgZ\eb\Z_fh]h� ijb� klZ[bebaZpbb

ibdZ� b� h[eZklv� _]h� ihbkdZ� gZ� ki_dlj_�� GZijbf_j�� ^ey� klZ[bebaZpbb� hl

jZ^bhZdlb\gh]h� bklhqgbdZ�
137Cs� gm`gh� \\_klb� wg_j]bx� ���� dw<�� Z� ^ey

klZ[bebaZpbb� hl� _kl_kl\_ggh]h� jZ^bhZdlb\gh]h� bklhqgbdZ�
 40K� \\h^yl� wg_j]bx

1460 dw<�

Jbkmghd�����

2.5.9 Ijh^he`bl_evghklv� ijhp_kkZ� klZ[bebaZpbb� hl� dhgljhevghc� ijh[u�� \oh^ys_c� \

dhfie_dl�ihklZ\db�ki_dljhf_ljZ��fh`_l�khklZ\eylv�hl���^h����fbgml�
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3 Bkihevah\Zgb_�ih�gZagZq_gbx

3.1 F_ju�[_ahiZkghklb

3.1.1 Ih� kl_i_gb� aZsblu� hl� ihjZ`_gby� we_dljbq_kdbf� lhdhf� ki_dljhf_lj

khhl\_lkl\m_l� h[hjm^h\Zgby� deZkkZ� III � ih� =HKL� �������������

�FWD� ��������������� k_l_\hc� Z^Zil_j�� \oh^ysbc� \� dhfie_dl� ihklZ\db

ki_dljhf_ljZ����h[hjm^h\Zgbx�deZkkZ�II �ih�KL;�FWD������������

3.1.2 <k_� jZ[hlu� ih� gZkljhcd_�� ijh\_jd_�� j_fhglm�� l_ogbq_kdhfm� h[kem`b\Zgbx� b

ih\_jd_� ki_dljhf_ljZ�� k\yaZggu_� k� bkihevah\Zgb_f� jZ^bhZdlb\guo

bklhqgbdh\�� ijh\h^blv� \� khhl\_lkl\bb� k� lj_[h\Zgbyfb� ]b]b_gbq_kdbo

ghjfZlb\h\� =G����������������� ³Ghjfu� jZ^bZpbhgghc� [_ahiZkghklb� �GJ;�

�����´� b� kZgblZjguo� ijZ\be� b� ghjf� ��������������� ³Hkgh\gu_� kZgblZjgu_

ijZ\beZ�h[_ki_q_gby�jZ^bZpbhgghc�[_ahiZkghklb��HKI������´�

3.1.3 Ki_dljhf_lj� khhl\_lkl\m_l� lj_[h\Zgbyf� ih`Zjghc� [_ahiZkghklb�

mklZgh\e_gguf�=HKL�������������

<_jhylghklv�\hagbdgh\_gby�ih`ZjZ�g_�ij_\urZ_l���
-6
�\�]h^�

3.2 KZfhdhgljhev

3.2.1 <�j_`bf�kZfhdhgljhey�ki_dljhf_lj�i_j_oh^bl�kjZam�ihke_�\dexq_gby�iblZgby�

ijb�wlhf�ba^Z_lky�dhjhldbc�a\mdh\hc�kb]gZe�

3.2.2 <� kemqZ_� mki_rgh]h� kZfhdhgljhey� gZ� wdjZg_� \� l_q_gbb� a� �� k_dmg^�

bg^bpbjm_lky� klZjlh\Zy� dZjlbgdZ� dZd� gZ� jbkmgd_� ����� ihke_� q_]h�� gZqbgZ_lky

ijhp_kk�bgbpbZebaZpbb�kh]eZkgh�������

3.2.3 Ijb� h[gZjm`_gbb� hrb[hd� \� ijhp_kk_� kZfhdhgljhey� jZa^Z_lky

ihke_^h\Zl_evghklv�a\mdh\uo�kb]gZeh\��oZjZdl_jbamxsZy�lbi�g_bkijZ\ghklb�

• ^\Z�kb]gZeZ�±�hrb[dZ�dhgljhey�IAM�

• ljb�beb�q_luj_�kb]gZeZ�±�hrb[dZ�bgbpbZebaZpbb�eh]bq_kdhc�ko_fu�

• iylv� kb]gZeh\� ±� hrb[dZ� ^Zgguo�� ijhqblZgguo� ba� wg_j]hg_aZ\bkbfhc

iZfylb�

• r_klv�kb]gZeh\�±�hrb[dZ�^hklmiZ�d�wg_j]hg_aZ\bkbfhc�iZfylb�

• k_fv�kb]gZeh\�±�hrb[dZ�rbgu�^Zgguo�hi_jZlb\ghc�iZfylb�

• \hk_fv�kb]gZeh\�±�hrb[dZ�rbgu�Z^j_kZ�hi_jZlb\ghc�iZfylb�

<� wlhf� kemqZ_� ^Zevg_crZy� jZ[hlZ� kh� ki_dljhf_ljhf� g_\hafh`gZ�� b� g_h[oh^bfh

h[jZlblvky�gZ��ij_^ijbylb_�ba]hlh\bl_ev�^ey�hkms_kl\e_gby�j_fhglZ�

3.3 H[sb_�k\_^_gby�ih�]jZnbq_kdhfm�bgl_jn_ckm�ki_dljhf_ljZ

Ki_dljhf_lj� mijZ\ey_lky� ijb� ihfhsb� ]jZnbq_kdh]h� bgl_jn_ckZ�� _]h� kljmdlmjZ

hibkZgZ�\�jZa^_e_�������

BgnhjfZpbx�h�ibdlh]jZffZo�fh`gh�gZclb�\�ijbeh`_gbb�:.
<b^u�ijhlhdhebjm_fuo�kh[ulbc�hibkZgu�\�ijbeh`_gbb�;.
HibkZgb_�ijhp_kkZ�j_^Zdlbjh\Zgby�\\h^bfuo�agZq_gbc�^Zgh�\�ijbeh`_gbb�<.
BgnhjfZpbx�h�dZlZeh]_�ki_dljh\�fh`gh�gZclb�\�ijbeh`_gbb�=.
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3.3.1 KljmdlmjZ�f_gx

=jZnbq_kdbc� bgl_jn_ck� ;HB� ij_^klZ\e_g� ]hjbahglZevgufb� ]jZnbq_kdbfb� f_gx

�jbkmghd�������

Jbkmghd�����

DZ`^uc� imgdl� lZdh]h� f_gx� ij_^klZ\ey_l� kh[hc� g_dhlhjmx� ibdlh]jZffm� b� bf__l

jZkrbnjh\dm�\gbam�wdjZgZ��_keb�gZ�wdjZg_�g_l�ih^f_gx��I_j_oh^�ih�imgdlZf�f_gx

hkms_kl\ey_lky�dghidZfb� �b� ��Ihevah\Zl_ex�^hklmigu�ljb�f_gx��]eZ\gh_

f_gx��f_gx�;>�b�f_gx�bgl_jn_ckZ�

GZ`Zlb_� dghidb�  gZ� imgdl_� f_gx� ijb\_^_l� d� i_j_oh^m� \� khhl\_lkl\mxsbc

j_`bf��<uah\�ih^f_gx�hkms_kl\ey_lky�dghidhc�� .

?keb� \� ih^f_gx� [he__� q_luj_o� imgdlh\�� lh� \k_� imgdlu� ih^f_gx� gZ� wdjZg_� g_

ihf_sZxlky��b�lh]^Z�ke_\Z�ihy\ey_lky�ihehkZ�ijhdjmldb��iheamghd�dhlhjhc�ihdZau\Z_l

iheh`_gb_�\b^bfhc�qZklb�ih^f_gx�

Imgdlu�ih^f_gx�^_eylky�gZ�ke_^mxsb_�lbiu�

• Zdlb\baZpby�dhlhjuo�ijb\h^bl�d�\oh^m�\�j_`bf�beb�\�^jm]h_�f_gx�

• Zdlb\baZpby� dhlhjuo� ijb\h^bl� d� baf_g_gbx� g_dhlhjh]h� khklhygby�� lZdb_

imgdlu�\�Zdlb\ghf�khklhygbb�fZjdbjmxlky�ke_\Z�kbf\hehf�√.

K^_eZlv�\uoh^�ba�ih^f_gx�\�f_gx�beb�ba�ex[h]h�j_`bfZ�\�f_gx�beb�k^_eZlv�i_j_oh^

ba�f_gx�;>�\�]eZ\gh_�f_gx�fh`gh��gZ`Z\�dghidm .

3.3.2 H[sb_�dghidb

G_dhlhju_�dghidb�\uihegyxl�h^gb�b�l_�`_�nmgdpbb�\�[hevrbgkl\_�j_`bfh\��jbkmghd

������Wlh�mijZ\e_gb_�ih^k\_ldhc�b�a\mdhf��\uoh^�\�f_gx�b�\udexq_gb_�ki_dljhf_ljZ�

<u[jZgguc

imgdl f_gx

Ih^f_gx

Bg^bdZlhj aZjy^Z ;:�

<u[jZgguc imgdl

ih^f_gx

F_gx

<j_fy b

l_fi_jZlmjZ

Ibdlh]jZffZ

IhehkZ

ijhdjmldb

Iheamghd
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Lhevdh�\�j_`bf_�j_^Zdlbjh\Zgby�deZ\brZ�mijZ\e_gby�ih^k\_ldhc�\uihegy_l�nmgdpbx

\\h^Z�pbnju�©�ª�

Jbkmghd�����

3.4 J_`bf�baf_j_gby�Zdlb\ghklb�jZ^bhgmdeb^h\

:e]hjblf�baf_j_gby� Zdlb\ghklb� j_Zebah\Zg� \�;HB� ki_dljhf_ljZ� b� hkgh\Zg� gZ

fZljbqghf� f_lh^_� h[jZ[hldb� wg_j]_lbq_kdh]h� jZkij_^_e_gby� ]ZffZ�baemq_gby�

baf_jy_fh]h� ;>D=���� \� ^bZiZahg_� wg_j]bc� hl� ��� ^h� ����� dw<�� :iiZjZlgh_� b

ijh]jZffgh_� h[_ki_q_gb_� ki_dljhf_ljZ� iha\hey_l� j_Zebah\Zlv� ^h� \hkvfb

]_hf_ljbc� baf_j_gby� Zdlb\ghklb� ih^� dhgdj_lgu_� aZ^Zqb� jZ^bZpbhggh]h

dhgljhey��DZ`^Zy�]_hf_ljby�fh`_l�kh^_j`Zlv�^h�k_fb�ij_^iheZ]Z_fuo�khklZ\h\

jZ^bhgmdeb^h\�� kh^_j`Zsboky� \� h[t_dl_� beb� ijh[_�� KhklZ\� jZ^bhgmdeb^h\

fh`_l�\dexqZlv�\�k_[y�hl�h^gh]h�^h�q_luj_o�gZbf_gh\Zgbc�bahlhih\��GZijbf_j�
137Cs; 137Cs+40

.��_kl_kl\_ggu_�jZ^bhgmdeb^u� �?JG��
40K+226Ra+232Th; 137Cs+EPH.

FZljbqguc�f_lh^�h[jZ[hldb�ki_dljh\�ijb�baf_j_gbb�Zdlb\ghklb�ij_^iheZ]Z_l�

qlh�jZ^bhgmdeb^guc�khklZ\�ijh[u�beb�h[t_dlZ�ba\_kl_g�

Hkgh\gu_� l_ogbq_kdb_� ^Zggu_� b� oZjZdl_jbklbdb� ki_dljhf_ljZ�FDK�:L����>

ijb�baf_j_gbb�m^_evghc�Zdlb\ghklb�?JG�ijb\_^_gu�\�ijbeh`_gbb�>�

Dhgdj_lgh_� gZagZq_gb_� ki_dljhf_ljZ� ijb� baf_j_gbb� Zdlb\ghklb� b� _]h

f_ljheh]bq_kdb_� oZjZdl_jbklbdb� ^ey� ^Zggh]h� gZagZq_gby� ^he`gu� [ulv

mklZgh\e_gu� \� f_lh^bd_� baf_j_gbc�� Zll_klh\Zgghc� \� hj]ZgZo� =hkklZg^ZjlZ� \

mklZgh\e_gghf�ihjy^d_�

3.4.1 <u[hj�]_hf_ljbb

<u[hj� ]_hf_ljbb� hkms_kl\ey_lky� \� ih^f_gx� ©=_hf_ljbyª� �jbkmghd� ������Ijb

\u[hj_� m`_� \u[jZgghc� ]_hf_ljbb� Z\lhfZlbq_kdb� jZkdju\Z_lky� ih^f_gx

«:dlb\ghklvª�� ?keb� \u[jZgZ� ^jm]Zy� ]_hf_ljby�� lh� ijhbahc^_l� aZ]jmadZ

dZeb[jh\hqguo� ^Zgguo�� ihke_� hdhgqZgby� dhlhjhc�� [m^_l� ^hklmigh� ih^f_gx

«:dlb\ghklv».

MijZ\e_gb_ ih^k\_ldhc�

>ebl_evgh_ m^_j`Zgb_

m[bjZ_l ibdlh]jZffu k
wdjZgZ

<udexqblv ijb[hj

�m^_j`Zlv��

MijZ\e_gb_ a\mdhf

�djZldh\j_f_ggh�

<uclb \ f_gx

ba ex[h]h

j_`bfZ
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Jbkmghd�3.3

3.4.2 Baf_j_gb_�nhgh\h]h�ki_dljZ

>ey�baf_j_gby�Zdlb\ghklb�ijh[u�beb�h[t_dlZ�g_h[oh^bfh�gZebqb_�baf_j_ggh]h

nhgh\h]h�ki_dljZ�^ey�]_hf_ljbb��\�dhlhjhc�g_h[oh^bfh�ijh\_klb�baf_j_gby��>ey

wlh]h�gm`gh�kgZqZeZ�\u[jZlv�]_hf_ljbx�\�ih^f_gx�©=_hf_ljbyª��AZl_f�gZqZlv

baf_j_gb_�nhgh\h]h�ki_dljZ��Hl�^ebl_evghklb�gZ[hjZ�nhgh\h]h�ki_dljZ�aZ\bkbl

ih]j_rghklv�baf_j_gby�Zdlb\ghklb��Ihke_�wlh]h�khojZgblv�ki_dlj�dZd�nhgh\uc�

\u[jZ\� imgdl� ih^f_gx� ©KhojZgblv� nhgª�� Ihke_� aZ\_jr_gby� wlhc� hi_jZpbb

ki_dlj�[m^_l�khojZg_g�dZd�nhgh\uc�^ey�\u[jZgghc�]_hf_ljbb�

3.4.3 <u[hj�khklZ\Z�gmdeb^h\

KhklZ\� gmdeb^h\� fh`gh� \u[jZlv� \� ih^f_gx� ©:dlb\ghklvª� �jbkmghd� �����

Dhebq_kl\h�b�gZbf_gh\Zgb_�khklZ\h\�gmdeb^h\�aZ\bkbl�hl�\u[jZgghc�]_hf_ljbb�

Ihke_� \u[hjZ� khklZ\Z� gmdeb^h\� ijhbkoh^bl� aZ]jmadZ� dZeb[jh\db� ba� ;>��>Ze__

ki_dljhf_lj� i_j_oh^bl� \� j_`bf� baf_j_gby� Zdlb\ghklb� k� Z\lhfZlbq_kdbf

\uqblZgb_f� nhgh\h]h� ki_dljZ� b� hlh[jZ`_gb_f� Zdlb\ghklb� l_o� gmdeb^h\�

dhlhju_�\oh^yl�\�\u[jZgguc�khklZ\��jbkmghd������

Jbkmghd�3.4.

Jbkmghd����

<u[jZggZy

]_hf_ljby

<u[jZgguc khklZ\

gmdeb^h\
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<� aZ\bkbfhklb� hl� \u[jZggh]h� j_`bfZ� bg^bdZpbb� hlh[jZ`Zlvky� fh]ml� dZd

Zdlb\ghklb� gmdeb^h\� k� Z[khexlgufb� ih]j_rghklyfb� �jbkmghd� ������ lZd� b� k

hlghkbl_evgufb�ih]j_rghklyfb� �jbkmghd�������Z�lZd`_�wnn_dlb\gZy�Zdlb\ghklv

?JG��jbkmghd������

Jbkmghd���� Jbkmghd����

GZagZq_gb_�dghihd�deZ\bZlmju� \�j_`bf_�baf_j_gby� Zdlb\ghklb�bah[jZ`_gh�gZ

jbkmgd_����

Jbkmghd����

Nmgdpbb�dghihd��    b��   �iha\heyxl�ihke_�hi_jZpbb�aZ]jmadb�ki_dljZ�ba
dZlZeh]Z�ih^�ghf_jhf�N��kf���������hkms_kl\eylv�ql_gb_�ba�dZlZeh]Z�ij_^u^msbo

b�ihke_^mxsbo�ki_dljh\�khhl\_lkl\_ggh�k�ghf_jZfb�N-1, N-2, …�b�N+1, N+2,… .

GZqZlv

baf_j_gb_

kgZqZeZ

J_`bf bg^bdZpbb
ih]j_rghklb�

hlghkbl_evgZy beb

Z[khexlgZy

<u[hj ^jm]h]h khklZ\Z

gmdeb^h\ ih pbdem

Ql_gb_ ij_^u^ms_]h

ki_dljZ ba dZlZeh]Z

Ql_gb_ ke_^mxs_]h

ki_dljZ ba dZlZeh]Z

KhojZgblv gZ[bjZ_fuc

ki_dlj \ dZlZeh]_

J_`bf bg^bdZpbb

wnn_dlb\ghc
Zdlb\ghklb� lhevdh ^ey
40K, 226Ra, 232Th
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3.5 Ki_dljhf_ljbq_kdbc�j_`bf

Ki_dljhf_ljbq_kdbc� j_`bf� bkihevam_lky� ^ey� baf_j_gby�� ZgZebaZ� b� h[jZ[hldb

ki_dljh\�

Ih^f_gx�©Baf_j_gb_�ki_dljZª�ihdZaZgh�gZ�jbkmgdZo�����b������

Jbkmghd���� Jbkmghd�����

Bah[jZ`_gb_�ki_dljhf_ljbq_kdh]h�j_`bfZ�ihdZaZgh�gZ�jbkmgd_������

Jbkmghd�����

FZkrlZ[�ih�\_jlbdZeb�ihdZau\Z_l�fZdkbfZevgh_�agZq_gb_�dhebq_kl\Z�bfimevkh\�\

dZgZeZo�ki_dljZ��hlh[jZ`Z_fuo�gZ�wdjZg_�

Bgl_]jZe� ki_dljZ� jZkkqblu\Z_lky� ih� \k_fm� ki_dljm� g_aZ\bkbfh� hl� agZq_gbc

gZqZevgh]h� b� dhg_qgh]h� dZgZeZ� hlh[jZ`_gby� ki_dljZ�� Ebrv� \� j_`bf_� jZ[hlu� k

^\mfy�fZjd_jZfb�bgl_]jZe�jZkkqblu\Z_lky�\�]jZgbpZo�fZjd_jh\�\dexqbl_evgh�

Kdhjhklv� kq_lZ� ih� ki_dljm� jZkkqblu\Z_lky� dZd� bgl_]jZe�� ^_e_gguc� gZ� ³`b\h_´

\j_fy� gZ[hjZ� ki_dljZ�� Khhl\_lkl\_ggh� \� j_`bf_� jZ[hlu� k� ^\mfy� fZjd_jZfb

kdhjhklv�kq_lZ�\uqbkey_lky�\�]jZgbpZo�fZjd_jh\�\dexqbl_evgh�

H� lhf�� qlh� ki_dlj�gZ[bjZ_lky�� k\b^_l_evkl\m_l� oh^� \j_f_gb� gZ[hjZ� ki_dljZ�� ijb

wlhf�ih]j_rghklv�\j_f_gb�gZ[hjZ�ki_dljZ�g_�ij_\urZ_l��k�

FZkrlZ[ ih
\_jlbdZeb

GZqZevguc  dZgZe
hlh[jZ`_gby ki_dljZ

Dhg_qguc dZgZe

hlh[jZ`_gby ki_dljZ

RdZeZ

baf_j_gby�Fw<

Ihabpby fZjd_jZ�

dZgZe

Wg_j]by� dw<
Dhebq_kl\h

bfimevkh\ \ dZgZe_

Bgl_]jZe ki_dljZ Kdhjhklv kq_lZ ih

ki_dljm beb \ hdg_ <j_fy gZ[hjZ
ki_dljZ

FZjd_j

FZdkbfZevgh_ \j_fy

gZ[hjZ ki_dljZ
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GZqZevguc�b�dhg_qguc�dZgZe�hlh[jZ`_gby�ihdZau\Zxl�]jZgbpu�\u\h^Z�ki_dljZ�gZ

wdjZg��Wlb�iZjZf_lju�f_gyxlky�ijb�fZkrlZ[bjh\Zgbb�ki_dljZ�

Ihke_� ihabpbb� fZjd_jZ� \� dZgZeZo� hlh[jZ`Z_lky� \� kdh[dZo� agZq_gb_� wg_j]bb� \

dbehwe_dljhg\hevlZo� �dw<��� khhl\_lkl\mxs__� ]jZ^mbjh\hqghc� oZjZdl_jbklbd_

ij_h[jZah\Zgby�ki_dljhf_ljZ�

GZ� jbkmgd_� ����� ihdZaZgh� jZkij_^_e_gb_� nmgdpbc� gZ� deZ\bZlmj_� \

ki_dljhf_ljbq_kdhf�j_`bf_�

Jbkmghd�����

Gb`_�ijb\_^_gh�hibkZgb_�nmgdpbc�

• ©Gh\uc�gZ[hjª�±�wlZ�nmgdpby�iha\hey_l�gZqZlv�gh\uc�gZ[hj�ki_dljZ�

• ©HklZgh\blv�gZ[hjª�±�wlZ�nmgdpby�iha\hey_l�hklZgh\blv�gZ[hj�ki_dljZ�

• ©Ijh^he`blv�gZ[hjª�±�wlZ�nmgdpby�iha\hey_l�ijh^he`blv�gZ[hj�ki_dljZ�

• ©H[jZ[hldZ�ibdZª�\�khhl\_lkl\bb�k��������

• ©I_j_dexq_gb_� eh]Zjbnfbq_kdh]h� b� ghjfZevgh]h�fZkrlZ[Zª� ±�nmgdpby

g_h[oh^bfZ�^ey�ZgZebaZ�ki_dljZ�\�eh]Zjbnfbq_kdhf�fZkrlZ[_�

• ©MklZgh\blv /�m^Zeblv� \lhjhc� fZjd_jª� ±� nmgdpby� bkihevam_lky� ^ey

h[jZ[hldb� ibdZ�� ^ey� ZgZebaZ� kmffu� bfimevkh\� b� kdhjhklb� kq_lZ� \

\u[jZgghf�hdg_�ki_dljZ�b�^ey�fZkrlZ[bjh\Zgby�\�\u[jZgguo� ]jZgbpZo�

Ijb�ihi_j_f_gghf�\uah\_�wlhc�nmgdpbb�ijhbkoh^bl�pbdebq_kdbc�h[f_g

Gh\uc gZ[hj

JZkrbj_gb_

ki_dljZ

FZkrlZ[ \h \_kv wdjZg �

Z\lhfZlbq_kdh_

fZkrlZ[bjh\Zgb_ ih \_jlbdZeb

HklZgh\blv gZ[hj Ijh^he`blv gZ[hj

BgnhjfZpby h

aZ]jm`_gghf ba

dZlZeh]Z ki_dlj_

I_j_dexqZl_ev

eh]Zjbnfbq_kdh]h b

ghjfZevgh]h fZkrlZ[Z

FZjd_j \ijZ\h

MklZgh\blv � m^Zeblv

\lhjhc fZjd_j

FZjd_j \e_\h

JZklygmlv ih \_jlbdZeb�

IjhiZ^Z_l Z\lhfZlbq_kdh_

fZkrlZ[bjh\Zgb_ ih \_jlbdZeb

K`Zlv ih \_jlbdZeb� IjhiZ^Z_l
Z\lhfZlbq_kdh_ fZkrlZ[bjh\Zgb_

ih \_jlbdZeb

< j_`bf_ ^\mo fZjd_jh\ ±
h[jZ[hldZ ibdZ� bgZq_ i_j_oh^ \

j_`bf ©:dlb\ghklvª
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fZjd_jZfb� �i_j\uc� klZgh\blky� \lhjuf�� \lhjhc� ±� i_j\uf��� I_j\uf

kqblZ_lky�ih^\b`guc�fZjd_j�

• ©FZkrlZ[bjh\Zgb_� ih� \_jlbdZebª� ±� wlZ� nmgdpby� g_h[oh^bfZ� ^ey

\bamZevgh]h� ZgZebaZ�ibdh\�gbadhc�bgl_gkb\ghklb��dhlhju_� ijb�gZebqbb

ibdh\� \ukhdhc�bgl_gkb\ghklb�g_� \b^gu�gZ� ki_dlj_� \� ^Zgghf�fZkrlZ[_�

Ijb� bkihevah\Zgbb� wlhc� nmgdpbb� j_`bf� Z\lhfZlbq_kdh]h

fZkrlZ[bjh\Zgby�ih�\_jlbdZeb�\�fhf_gl�gZ[hjZ�ki_dljZ�hldexqZ_lky��>ey

_]h�\dexq_gby�gm`gh�bkihevah\Zlv�nmgdpbx�©FZkrlZ[�\h�\_kv�wdjZgª�

• ©FZkrlZ[� \h� \_kv� wdjZgª� ±� \u\h^bl� ki_dlj� \h� \_kv� wdjZg� b� \dexqZ_l

Z\lhfZlbq_kdh_�\_jlbdZevgh_�fZkrlZ[bjh\Zgb_�

• ©JZkrbj_gb_� ki_dljZª� ±� bkihevam_lky� ^ey� [he__� ^_lZevgh]h� ZgZebaZ

mqZkldh\�ki_dljZ��gZijbf_j�ibdh\��JZ[hlZ_l�dZd�\�j_`bf_�h^gh]h�fZjd_jZ

hlghkbl_evgh�_]h�ihabpbb��lZd�b�\�j_`bf_�^\mo�fZjd_jh\�k�jZkrbj_gb_f

ki_dljZ�f_`^m�gbfb�

• ©BgnhjfZpby� h� aZ]jm`_gghf� ba� dZlZeh]Z� ki_dlj_ª� ±� \u\h^bl� gZ� lZ[eh

hdgh� k� ^Zlhc� b� \j_f_g_f� khojZg_gby� ki_dljZ� \� dZlZeh]_�� Z� lZd`_

l_fi_jZlmjm�gZ�fhf_gl�khojZg_gby�ki_dljZ�

3.5.1 GZ[hj

<u[_jbl_�imgdl�©GZ[hjª��qlh[u�ihiZklv�\�j_`bf�baf_j_gby�ki_dljZ�

?keb�gZ[hj�hklZgh\e_g�beb�g_�bgbpbbjh\Zg��lh�\u[hj�imgdlZ�©GZ[hjª�ijb\_^_l�\

j_`bf�©Baf_j_gby�ki_dljZª�k�bgbpbZpb_c�gh\h]h�gZ[hjZ�

Qlh[u� ijh^he`blv� hklZgh\e_gguc� jZg__� gZ[hj� ki_dljZ�� gm`gh� \hclb� \

ki_dljhf_ljbq_kdbc� j_`bf� q_j_a�imgdl� ©Ki_dljª�b�ijh^he`blv�gZ[hj� ki_dljZ

�nmgdpby�©Ijh^he`blv�gZ[hjª��

3.5.2 Ki_dlj

>Zgguc�j_`bf�iha\hey_l�ZgZebabjh\Zlv�l_dmsbc�ki_dlj��dhlhjuc�ihke_^gbf�[ue

ihemq_g�hl�;>�

;HB� ihemqZ_l� ki_dlju� ;>� lhevdh� \� ki_dljhf_ljbq_kdhf� j_`bf_�� _keb

bgbpbbjh\Zg�gZ[hj�ki_dljZ��Z�lZd`_�\�j_`bf_�baf_j_gby�Zdlb\ghklb�b�\�j_`bf_

klZ[bebaZpbb�

3.5.3 H[jZ[hldZ�ibdZ

>ey� h[jZ[hldb� ibdZ� g_h[oh^bfh� \� ki_dljhf_ljbq_kdhf� j_`bf_� \u^_eblv� ibd

^\mfy�fZjd_jZfb��jZkklZ\b\�dZ`^uc�ba�gbo�ijbf_jgh�gZ�k_j_^bg_�e_\h]h�b�ijZ\h]h

kdehgZ�ibdZ�

>Ze__� gm`gh� gZ`Zlv� dghidm� �� GZ� wdjZg_� ^he`gh� ihy\blvky� hdgh� dZd� gZ

jbkmgd_������
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Jbkmghd�����

Iheh`_gb_�p_gljZ�ibdZ�³n´�jZkkqblu\Z_lky�f_lh^hf�kj_^g_\a\_r_ggh]h�agZq_gby�

Z� hlghkbl_evgh_� jZaj_r_gb_� R� ±� f_lh^hf� ebg_cghc� bgl_jiheypbb� kh]eZkgh
=HKL�������

?keb�\�ihy\b\r_fky�hdg_�g_l�bgnhjfZpbb�h�jZaj_r_gbb��lh�wlh�hagZqZ_l��qlh�ibd

gZoh^blky�gZ�\ukhdhc�ih^klZ\d_�b�g_\hafh`gh�hij_^_eblv�_]h�jZaj_r_gb_�beb�qlh

g_l�dZeb[jh\db�ih�wg_j]bb�

Hdgh� h[jZ[hldb� ibdZ� fh`_l� \h\k_� g_� ihy\blvky�� _keb� \� \u[jZgghc� h[eZklb� \k_

dZgZeu�h[gme_gu�

3.5.4 AZ]jmadZ�ki_dljZ�ba�dZlZeh]Z

Qlh[u� hldjulv� ojZgbfuc� \�;>� ki_dlj� gm`gh� \� ih^f_gx� ©Baf_j_gb_� ki_dljZ»
\u[jZlv� imgdl� ©Hldjulv� ki_dljª�� Ihke_� q_]h� gZ� wdjZg_� ihy\blky� dZlZeh]

ki_dljh\��ijbeh`_gb_�=��dZd�gZ�jbkmgd_������

Jbkmghd�����

DghidZfb� � b� � fh`gh� ebklZlv� dZlZeh]�� _keb� dhebq_kl\h� _]h

kljZgbp�[he__�h^ghc�

Hij_^_ebl_kv� k� ghf_jhf� ki_dljZ� N�� dhlhjuc� g_h[oh^bfh� hldjulv� ih� ^Zl_� b
\j_f_gb�khojZg_gby�

GZ`fbl_� dghidm� �� b� ;HB� ij_^eh`bl� \\_klb� ghf_j� ki_dljZ�� ihimlgh

ij_^eh`b\�ghf_j�ihke_^g_]h�khojZg_ggh]h�ki_dljZ��jbkmghd�������

Iheh`_gb_
p_gljZ ibdZ

�dZgZe b dw<�

Hlghkbl_evgh_

jZaj_r_gb_

>ZlZ b \j_fy

aZibkb ki_dljZ

Ghf_j ki_dljZ N

L_dmsZy

kljZgbpZ b

dhebq_kl\h
kljZgbp dZlZeh]Z
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Jbkmghd�����

Ihke_�\\h^Z�ghf_jZ�ki_dljZ�gZ�wdjZg_�ihy\blky�hdgh�k�bg^bdZlhjhf�\uiheg_gby�

dhlhjh_�ij_^eh`bl�^h`^Zlvky�hdhgqZgby�aZ]jmadb�ki_dljZ�k�;>��jbkmghd�������

Jbkmghd�����

Ih� hdhgqZgbb� aZ]jmadb� gZ� wdjZg_� ihy\blky� hdgh� k� bgnhjfZpb_c� h� ki_dlj_

�jbkmghd�������

Jbkmghd�����

Ihke_�gZ`Zlby�dghidb� �ki_dljhf_lj�i_j_c^_l�\�ki_dljhf_ljbq_kdbc�j_`bf

^ey�hlh[jZ`_gby�hldjulh]h�ki_dljZ��Ijb�wlhf�_keb�[ue�aZims_g�gZ[hj�ki_dljZ��lh

hg�g_�[m^_l�hklZgh\e_g�

3.5.5 KhojZg_gb_�ki_dljZ�\�dZlZeh]_

Qlh[u�khojZgblv�l_dmsbc�ki_dlj�\�;>��gm`gh�\�ih^f_gx� ©Baf_j_gb_�ki_dljZ»
\u[jZlv� imgdl� ©KhojZgblv� ki_dljª��Ijb� wlhf� gZ� wdjZg_� ihy\blky� bah[jZ`_gb_

dZd�gZ�jbkmgd_������

L_fi_jZlmjZ gZ

fhf_gl khojZg_gby

ki_dljZ

>ZlZ b \j_fy

khojZg_gby ki_dljZ
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Jbkmghd�����

<�wlhf�j_`bf_�gm`gh�\\_klb�ghf_j��ih^�dhlhjuf�g_h[oh^bfh�khojZgblv�ki_dlj�

Ijb� wlhf� ki_dljhf_lj� kgZqZeZ� ij_^eZ]Z_l� i_j\uc� k\h[h^guc� ghf_j� \� dZlZeh]_

ki_dljh\�� Ihke_� \\h^Z� ghf_jZ� gZ� wdjZg_� ihy\blky� ij_^eh`_gb_� ^h`^Zlvky

hdhgqZgby�aZibkb�ki_dljZ�\�;>��jbkmghd�������

Jbkmghd�����

Ih� hdhgqZgbb� aZibkb� ki_dljZ� ki_dljhf_lj� i_j_c^_l� \� j_`bf� f_gx�� <� fhf_gl

aZibkb�\f_kl_�kh�ki_dljhf�khojZgyxlky�l_dmsb_�l_fi_jZlmjZ��^ZlZ�b�\j_fy�

3.5.6 <uqblZgb_�nhgh\h]h�ki_dljZ

J_`bf�\uqblZgby�nhgh\h]h�ki_dljZ�\dexqZ_lky�\�ih^f_gx�©Baf_j_gb_�ki_dljZ»
\u[hjhf�imgdlZ� ©<uqblZlv�nhgª��Ijb�wlhf�_keb�j_`bf�\uqblZgby�\dexq_g��lh

i_j_^�imgdlhf�ih^f_gx�^he`_g�klhylv�kbf\he�©�√ ª��jbkmghd�������

Jbkmghd�����

<uqblZgb_�nhgZ� iha\hebl� baf_jylv� b� hlh[jZ`Zlv� ki_dlj� aZ� \uq_lhf�nhgh\h]h

ki_dljZ�

<� ki_dljhf_ljbq_kdhf� j_`bf_� k� \uqblZgb_f� nhgZ� \� ijZ\hf� \_jog_f� m]em

hlh[jZ`Z_lky�l_dkl�«�nhg».
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3.5.7 HqbkldZ�dZlZeh]Z�ki_dljh\

Hi_jZlhj� fh`_l� ih� kh[kl\_gghc� bgbpbZlb\_� hqbklblv� dZlZeh]� ki_dljh\�� >ey

wlh]h� gm`gh� \hclb� \� ih^f_gx� ©>hihegbl_evgu_� hipbbª� f_gx� ©;ehd

^_l_dlbjh\Zgbyª�dZd�gZ�jbkmgd_������

Jbkmghd�����

Ihke_�\u[hjZ�imgdlZ�©Hqbklblv�dZlZeh]ª�ki_dljhf_lj�aZijhkbl�ih^l\_j`^_gb_

\� \b^_� \\h^Z� ihke_^h\Zl_evghklb� pbnj� ©���ª� ^ey� [_ahiZkghklb�� Ihke_

ih^l\_j`^_gby� dZlZeh]� ki_dljh\� [m^_l� hqbs_g�� gh� kZfb� ki_dlju� hklZgmlky

g_ljhgmlufb�\�;>�b�khojZgyl�k\h_�iheh`_gb_�ih^�k\hbfb�ghf_jZfb�

3.5.8 <\h^�\j_f_gb�gZ[hjZ�ki_dljZ

?keb�g_h[oh^bfh�\\_klb�dhgdj_lgh_�\j_fy�gZ[hjZ��lh�gm`gh�\u[jZlv�imgdl�f_gx

«<j_fy� gZ[hjZª�� Ihke_� \dexq_gby� ijb[hjZ� Z\lhfZlbq_kdb� mklZgZ\eb\Z_lky
fZdkbfZevgh_�\j_fy�gZ[hjZ��jZ\gh_� ������ k��?keb��\�ijhp_kk_�gZ[hjZ� hi_jZlhj

i_j_mklZgh\be�\j_fy�gZ[hjZ��lh�mklZgh\e_ggh_�\j_fy�gZ[hjZ�ijbf_gy_lky��_keb

gZqZlv�gZ[hj�ki_dljZ�kgZqZeZ��gZ`Z\�dghidm .

GZ[hj�ki_dljZ�fh`gh�hklZgh\blv��Z�aZl_f�ijh^he`blv��bkihevamy�khhl\_lkl\_ggh

dghidb� �    b� � �� � Ih� bkl_q_gbb� aZ^Zggh]h� \j_f_gb� gZ[hj� ki_dljZ

hklZgZ\eb\Z_lky��ijb�wlhf�ba^Zzlky�a\mdh\hc�kb]gZe�

3.6 J_`bf�ijhkfhljZ�ijhlhdheZ

<� j_`bf� ijhkfhljZ� ijhlhdheZ� fh`gh� ihiZklv�� \u[jZ\� imgdl� ©Kfhlj_lv»
ih^f_gx�©Ijhlhdheª��jbkmghd�������

Jbkmghd�����

J_`bf�ijhkfhljZ�ijhlhdheZ�bah[jZ`_g�gZ�jbkmgd_������
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Jbkmghd�����

DghidZfb� �b� �fh`gh�ebklZlv�ijhlhdhe�ihkljZgbqgh�

3.6.1 HqbkldZ�ijhlhdheZ

HqbkldZ� ijhlhdheZ� ijhbkoh^bl� ih� \u[hjm� imgdlZ� ©Hqbklblvª� ih^f_gx

«Ijhlhdheª��>Ze__� ki_dljhf_lj� kijhkbl� ih^l\_j`^_gb_� kh\_jr_gby� hi_jZpbb

iml_f� \\h^Z� ihke_^h\Zl_evghklb� pbnj� ©���ª� ^ey� [_ahiZkghklb�� Ihke_� wlh]h

ijhlhdhe�[m^_l�hqbs_g�

3.7 MijZ\e_gb_�ih^k\_ldhc

Ih^f_gx�mijZ\e_gby�ih^k\_ldhc�ihdZaZgh�gZ�jbkmgd_������

Jbkmghd�����

<� ki_dljhf_lj_� j_Zebah\Zgu� ^\Z� j_`bfZ� jZ[hlu� ih^k\_ldb�� ©>g_\ghcª� b

«Ghqghc».

«>g_\ghcª� j_`bf� ±� ih^k\_ldZ� \dexqZ_lky� b� \udexqZ_lky� ijbgm^bl_evgh

gZ`Zlb_f�dghid_ ��<udexqZ_lky�ih�mklZgh\e_gghfm�lZcfZmlm�

«Ghqghcª� j_`bf� ±� ih^k\_ldZ� \dexqZ_lky�� _keb� \udexq_gZ�� ijb� gZ`Zlbb� ex[hc

dghidb��<udexqZ_lky�ijbgm^bl_evgh�ih�dghid_ �beb�ih�lZcfZmlm�\�j_`bf_

f_gx�b�\�g_Zdlb\guo�j_`bfZo��l�_��dhlhju_�g_�h[gh\eyxl�bgnhjfZpbx�gZ�wdjZg_�

Imgdl� ©LZcfZmlª�iha\hey_l�gZkljhblv�gm`gmx� aZ^_j`dm�m^_j`Zgby�ih^k\_ldb�\

k_dmg^Zo�

3.8 MijZ\e_gb_�iblZgb_f

Ih^f_gx�mijZ\e_gby�iblZgb_f�ihdZaZgh�gZ�jbkmgd_������

<j_fy aZibkb
>ZlZ aZibkb

L_dmsZy kljZgbpZ �

dhebq_kl\h kljZgbp
Kh[ulb_
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Jbkmghd�����

Imgdl� ©Wdhghfbqguc� j_`bfª� kgb`Z_l� kdhjhklv� \uiheg_gby� ihqlb� \k_o

k_j\bkguo� nmgdpbc� ki_dljhf_ljZ�� l_f� kZfuf�� kgb`Zy� ihlj_[e_gb_� iblZgby� b

m\_ebqb\Zy�\j_fy�jZ[hlu�hl�;:�

Imgdl�©Dhfnhjlguc�j_`bfª�mklZgZ\eb\Z_l�kdhjhklv�\uiheg_gby�\k_o�k_j\bkguo

nmgdpbc� gZ� fZdkbfmf�� l_f� kZfuf�� m\_ebqb\Zy� ihlj_[e_gb_�� gh� kha^Z\Zy� [he__

dhfnhjlgu_�hsms_gby�ijb�jZ[hl_�\�ki_dljhf_ljbq_kdhf�b�^jm]bo�j_`bfZo�

3.9 Yaud�bgl_jn_ckZ

Ih^f_gx�©Yaudh\u_�gZkljhcdbª�ihdZaZgh�gZ�jbkmgd_������

Jbkmghd�����

<u[hjhf� khhl\_lkl\mxs_]h� imgdlZ� ih^f_gx� ki_dljhf_lj� iha\hey_l� e_]dh

i_j_dexqZlv�yaud�bgl_jn_ckZ�k�jmkkdh]h�gZ�Zg]ebckdbc�b�h[jZlgh�

3.10 QZku

Ki_dljhf_lj�bf__l�\kljh_ggu_�qZku�b�dZe_g^Zjv��dhlhju_�iblZxlky�hl�eblb_\hc

[ZlZj_cdb�b�b^ml�g_aZ\bkbfh�hl�lh]h�\dexq_gh�iblZgb_�ki_dljhf_ljZ�beb�g_l�

Qlh[u�ihiZklv�\�wlhl�j_`bf�gm`gh�\u[jZlv�imgdl�©QZkuª�ih^f_gx�©GZkljhcdZ

ki_dljhf_ljZª��jbkmghd�������

Jbkmghd�����

Ijb�wlhf�gZ�wdjZg_�ihy\ylky�l_dmsZy�^ZlZ�b�\j_fy��jbkmghd�������
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Jbkmghd�����

Dghidb� �jZ[hlZ_l�dZd�\uoh^�\�j_`bf�f_gx

DghidZ� �i_j_\_^_l�ki_dljhf_lj�\�j_`bf�j_^Zdlbjh\Zgby� k�gZqZeZ�\j_f_gb�

aZl_f�^Zlu��Kbf\heu�©�ª�b�©�ª�klZ\ylky�ijb�j_^Zdlbjh\Zgbb�lZd`_�dZd�b�^_kylbqgZy

aZiylZy�ijb�\\h^_�qbk_e�

�<gbfZgb_���QZku�g_�^_eZxl� Z\lhfZlbq_kdh]h�i_j_dexq_gby�gZ�e_lg__�b� abfg__

\j_fy��Wlh�^he`_g�^_eZlv�hi_jZlhj�

3.11 BgnhjfZpby�h�;>

Imgdl�f_gx�©BgnhjfZpby�h�;>ª�gZoh^blky�\�f_gx�©;ehd�^_l_dlbjh\Zgby».

J_`bf�hlh[jZ`_gby�bgnhjfZpbb�h�;>�ihdZaZg�gZ�jbkmgd_������

Jbkmghd�����

3.12 Ijhkfhlj�bgnhjfZpbb�h[�wdkiemZlZpbb�;>

<u[hj�imgdlZ�©WdkiemZlZpbyª�ih^f_gx�©>hihegbl_evgu_�hipbbª�f_gx�©;ehd

^_l_dlbjh\Zgbyª�i_j_\h^bl�ki_dljhf_lj�\�j_`bf�hlh[jZ`_gby�wdkiemZlZpbhgghc

oZjZdl_jbklbdb�;>���gZjZ[hldZ�qZkh\��Hlh[jZ`Z_lky�bgnhjfZpby�^ey�;>D=����

Lbi ;> F_kyp b ]h^

Dhebq_kl\h

jZ[hqbo b

dZeb[jh\hqguo

ki_dljh\
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4 Hkh[_gghklb�wdkiemZlZpbb

4.1 <� ijhp_kk_� wdkiemZlZpbb� ki_dljhf_ljZ� \h� ba[_`Zgb_� ih\j_`^_gbc� g_h[oh^bfh

kh[ex^Zlv�hklhjh`ghklv�ijb�h[jZs_gbb�k�gbf��lsZl_evgh�h[_j_]Zlv�;HB�b�;>�hl

m^Zjh\�b�iZ^_gbc�

4.2 <� kemqZ_� ihiZ^Zgby� jZ^bhZdlb\ghc� iueb� gZ� dhjimkZ� ;HB� b� ;>� ki_dljhf_ljZ

g_h[oh^bfh� m^Zeblv� __� ldZgvx�� kfhq_gghc� wlbeh\uf� kibjlhf�� JZkoh^� kibjlZ� gZ

ihegmx�^_aZdlb\Zpbx�ki_dljhf_ljZ�ijb�^\mdjZlghc�h[jZ[hld_�khklZ\ey_l�����fe�

5 L_ogbq_kdh_�h[kem`b\Zgb_

5.1 L_ogbq_kdh_� h[kem`b\Zgb_� ki_dljhf_ljZ� ijh\h^yl� k� p_evx� ih^^_j`Zgby� _]h� \

ihklhygghc� bkijZ\ghklb� b� ^ey� gZ^_`ghc� jZ[hlu� \� l_q_gb_� ^ebl_evgh]h� i_jbh^Z

wdkiemZlZpbb�

5.2 L_ogbq_kdh_�h[kem`b\Zgb_�aZdexqZ_lky�\�ijh\_^_gbb�ijhnbeZdlbq_kdbo�jZ[hl�g_

j_`_� h^gh]h� jZaZ� \� f_kyp�� Z� lZd`_� ijhnbeZdlbq_kdh]h� aZjy^Z� ;:� ijb� ojZg_gbb

ki_dljhf_ljZ�\�l_q_gb_���f_kyp_\�

5.3 IjhnbeZdlbq_kdb_�jZ[hlu�ijh\h^ylky�gZ�f_kl_�wdkiemZlZpbb�b�\dexqZxl�\�k_[y�

- \g_rgbc�hkfhlj�

- ijh\_jdm� khklZ\Z� ki_dljhf_ljZ� \� khhl\_lkl\bb� k� lj_[h\Zgbyfb� ���

“KhklZ\�ki_dljhf_ljZ”;
- m^Ze_gb_� iueb� b� ]jyab� k� gZjm`guo� ih\_joghkl_c� [ehdh\� ki_dljhf_ljZ� b� _]h

ijbgZ^e_`ghkl_c��ijhlbjdm�dhglZdlh\�jZat_fguo�kh_^bgbl_e_c�[ehdh\�b�dZ[_e_c

wlbeh\uf�kibjlhf�

JZkoh^�kibjlZ�gZ�ijhnbeZdlbq_kdb_�jZ[hlu�khklZ\ey_l����fe�

5.4 IjhnbeZdlbq_kdbc�aZjy^�;:�ijh\h^yl�\�khhl\_lkl\bb�k�lj_[h\Zgbyfb�����
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6 Ih\_jdZ

6.1 <\h^gZy�qZklv

6.1.1 GZklhysbc� jZa^_e� mklZgZ\eb\Z_l� f_lh^u� b� kj_^kl\Z� i_j\bqghc� b

i_jbh^bq_kdhc� ih\_jdb� b� khhl\_lkl\m_l� =HKL���������� ©Ki_dljhf_lju

wg_j]bc�bhgbabjmxsbo�baemq_gbc��F_lh^u�baf_j_gbc�hkgh\guo�iZjZf_ljh\ª�

F_lh^bq_kdbf� mdZaZgbyf� FB��������� �Ijb[hju� ^habf_ljbq_kdb_� ^ey

baf_j_gby� wdkihabpbhgghc� ^hau� b� fhsghklb� wdkihabpbhgghc� ^hau�

ih]ehs_gghc� ^hau� b� fhsghklb� ih]ehs_gghc� ^hau� \� \ha^mo_� nhlhggh]h

baemq_gby��F_lh^bdZ� ih\_jdb��� =HKL 8.040–84� ³JZ^bhf_lju� aZ]jyag_gghklb
ih\_joghkl_c�[_lZ�Zdlb\gufb�\_s_kl\Zfb��F_lh^bdZ�ih\_jdb´��=HKL���������

³JZ^bhf_lju� aZ]jyag_gghklb� ih\_joghkl_c� ZevnZ�Zdlb\gufb� \_s_kl\Zfb�

F_lh^bdZ�ih\_jdb´�

6.1.2 I_j\bqghc�ih\_jd_�ih^e_`Zl�ki_dljhf_lju��\uimkdZ_fu_�ba�ijhba\h^kl\Z�beb

\uoh^ysb_�ba�j_fhglZ��\ebyxs_]h�gZ�f_ljheh]bq_kdb_�oZjZdl_jbklbdb�

6.1.3 I_jbh^bq_kdhc�ih\_jd_�ih^e_`Zl�ki_dljhf_lju��gZoh^ysb_ky�\�wdkiemZlZpbb�

6.1.4 Ih\_jdZ� ki_dljhf_ljh\�� ^he`gZ� ijh\h^blvky� hj]ZgZfb� f_ljheh]bq_kdhc

kem`[u�=hkklZg^ZjlZ�

F_`ih\_jhqguc�bgl_j\Ze���h^bg�]h^�

6.2 Hi_jZpbb�ih\_jdb

6.2.1 Ijb� ijh\_^_gbb� ih\_jdb� ^he`gu� [ulv� \uiheg_gu� hi_jZpbb�� mdZaZggu_� \

lZ[ebp_�����

LZ[ebpZ����

Ijh\_^_gb_�hi_jZpbb�ijbGZbf_gh\Zgb_�hi_jZpbb Ghf_j� imgdlZ

f_lh^bdb
i_j\bqghc

ih\_jd_

i_jbh^bq_kdhc

ih\_jd_

��<g_rgbc�hkfhlj 6.7.1 >Z >Z

��Hijh[h\Zgb_ 6.7.2 >Z >Z

��Hij_^_e_gb_�f_ljheh]bq_kdbo

oZjZdl_jbklbd�

6.7.3 >Z >Z

����hij_^_e_gb_�hkgh\ghc

hlghkbl_evghc�ih]j_rghklb

oZjZdl_jbklbdb�ij_h[jZah\Zgby�b

^bZiZahgZ�wg_j]bc�j_]bkljbjm_fh]h

]ZffZ�baemq_gby�

6.7.3.1 >Z >Z

����hij_^_e_gb_�hlghkbl_evgh]h

wg_j]_lbq_kdh]h�jZaj_r_gby�

6.7.3.2 >Z >Z

����hij_^_e_gb_�wnn_dlb\ghklb

j_]bkljZpbb�\�ibd_�ihegh]h

ih]ehs_gby�k�wg_j]b_c�]ZffZ�

baemq_gby�����dw<�jZ^bhgmdeb^Z
137Cs;

6.7.3.3 >Z >Z
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Ijh^he`_gb_�lZ[ebpu����

Ijh\_^_gb_�hi_jZpbb�ijbGZbf_gh\Zgb_�hi_jZpbb Ghf_j� imgdlZ

f_lh^bdb
i_j\bqghc

ih\_jd_

i_jbh^bq_kdhc

ih\_jd_

����hij_^_e_gb_�hkgh\ghc

hlghkbl_evghc�ih]j_rghklb

baf_j_gby�fhsghklb�Zf[b_glgh]h

wd\b\Ze_glZ�^hau��fhsghklb

Zf[b_glghc�^hau��]ZffZ�baemq_gby

�^ey�ki_dljhf_ljh\�FDK�:L�����

FDK�:L����<��

6.7.3.4,

6.7.3.5

>Z

>Z

>Z

>Z

����hij_^_e_gb_�hkgh\ghc

hlghkbl_evghc�ih]j_rghklb

baf_j_gby�iehlghklb�ihlhdZ�ZevnZ�

baemq_gby��^ey�ki_dljhf_ljh\

FDK�:L������FDK�:L����<��

6.7.3.6 >Z >Z

����hij_^_e_gb_�hkgh\ghc

hlghkbl_evghc�ih]j_rghklb

baf_j_gby�iehlghklb�ihlhdZ�[_lZ�

baemq_gby��^ey�ki_dljhf_ljh\

FDK�:L������FDK�:L����<�

6.7.3.7 >Z >Z

���Hnhjfe_gb_�j_amevlZlh\�ih\_jdb 6.8.1,
6.8.2,
6.8.3

>Z

>Z

>Z

>Z

>Z

>Z

6.3 Kj_^kl\Z�ih\_jdb

6.3.1 Ijb� ijh\_^_gbb� ih\_jdb� ^he`gu� ijbf_gylvky� kj_^kl\Z� baf_j_gby� b

\kihfh]Zl_evgh_�h[hjm^h\Zgb_��mdZaZggu_�\�lZ[ebp_�����

LZ[ebpZ����

Ghf_j�imgdlZ�f_lh^bdb

ijb

GZbf_gh\Zgb_�kj_^kl\�ih\_jdb�b

\kihfh]Zl_evgh]h�h[hjm^h\Zgby

Hkgh\gu_�f_ljheh]bq_kdb_

oZjZdl_jbklbdb

i_j\bqghc

ih\_jd_

i_jbh^bq_�

kdhc�ih\_jd_

H[jZaph\u_�ki_dljhf_ljbq_kdb_

bklhqgbdb�]ZffZ�baemq_gby

HK=B���LM������������

Ihlhd�nhlhgh\�\�l_e_kguc

m]he��π�kl_jZ^bZg
hl��⋅103

�^h��⋅105
�k

-1.

Ih]j_rghklv�Zll_klZpbb�ih

Zdlb\ghklb�g_�[he__��± 6 %.

6.7.3.1,

6.7.3.2,

6.7.3.3

6.7.3.1,

6.7.3.2,

6.7.3.3

WlZehggZy�^habf_ljbq_kdZy

mklZgh\dZ�]ZffZ�baemq_gby�ih

=HKL������������k��gZ[hjhf

bklhqgbdh\�
137Cs

>bZiZahg�baf_j_gby

fhsghklb�d_jfu�\�\ha^mo_

hl�������fd=j�q�^h

8,33 f=j�q�

Ih]j_rghklv�Zll_klZpbb

mklZgh\db�g_�[he__�± 5 %.

6.7.3.4,
6.7.3.5

6.7.3.4,
6.7.3.5
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Ijh^he`_gb_�lZ[ebpu����

Ghf_j�imgdlZ�f_lh^bdb

ijb

GZbf_gh\Zgb_�kj_^kl\�ih\_jdb�b

\kihfh]Zl_evgh]h�h[hjm^h\Zgby

Hkgh\gu_�f_ljheh]bq_kdb_

oZjZdl_jbklbdb

i_j\bqghc

ih\_jd_

i_jbh^bq_�

kdhc�ih\_jd_

H[jZaph\u_� bklhqgbdb� ZevnZ�

baemq_gby�k�jZ^bhgmdeb^hf�
239Pu

lbih\��I����I����I��k�iehsZ^vx

jZ[hq_c� ih\_joghklb� ���� ���� b

160�kf2
�khhl\_lkl\_ggh

Iehlghklv�ihlhdZ

hl�����^h���
5 
fbg

-1⋅kf-2.

Ih]j_rghklv�Zll_klZpbb

h[jZaph\uo�bklhqgbdh\�g_

[he__�± 6 %.

6.7.3.6 6.7.3.6

H[jZaph\u_�bklhqgbdb�[_lZ�

baemq_gby�k�jZ^bhgmdeb^hf
90Sr +90Y�lbih\��K����K����K��k
iehsZ^vx�jZ[hq_c�ih\_joghklb

��������b�����kf
2
�khhl\_lkl\_ggh�

Iehlghklv�ihlhdZ

hl���^h��⋅105 
fbg

-1⋅kf-2.

Ih]j_rghklv�Zll_klZpbb

h[jZaph\uo�bklhqgbdh\

g_�[he__�± 6 %.

6.7.3.7 6.7.3.7

L_jfhf_lj P_gZ�^_e_gby���
h
K�

>bZiZahg�baf_j_gby

l_fi_jZlmju�hl����^h����
h
K�

6.6.1 6.6.1

;Zjhf_lj P_gZ�^_e_gby���dIZ�

>bZiZahg�baf_j_gby

Zlfhkn_jgh]h�^Z\e_gby

hl����^h�����dIZ�

6.6.1 6.6.1

Baf_jbl_ev�\eZ`ghklb
>bZiZahg�baf_j_gby

hlghkbl_evghc�\eZ`ghklb

\ha^moZ�hl����^h������

Ih]j_rghklv� baf_j_gby

g_�[he__�± 5 %.

6.6.1 6.6.1

>habf_lj�]ZffZ�baemq_gby >bZiZahg�baf_j_gby

\g_rg_]h�nhgZ�hl

����^h����fdA\�q�

^himkdZ_fZy�hkgh\gZy

hlghkbl_evgZy

ih]j_rghklv��±20 %.

6.1 6.1

Ijbf_qZgby

1� <k_� kj_^kl\Z� baf_j_gby� ^he`gu� bf_lv� ^_ckl\mxsb_� de_cfZ� b� �beb�� k\b^_l_evkl\h� h

ijh\_^_gbb�ih\_jdb��>himkdZ_lky�ijbf_gylv�^jm]b_�kj_^kl\Z�baf_j_gby�k�f_ljheh]bq_kdbfb

oZjZdl_jbklbdZfb��g_�om`_�mdZaZgguo�

��LhesbgZ�h[hcfu�bklhqgbdh\�lbiZ�HK=B���^he`gZ�[ulv�����±����ff�

��I_j_oh^� d� _^bgbpZf� Zf[b_glghc� ^hau� �A\�� hl� _^bgbp� d_jfu� \� \ha^mo_� � �=j�� ^ey� ]ZffZ�

baemq_gby� bklhqgbdZ�
137
&V� hkms_kl\ey_lky� k� ihfhsvx� dhwnnbpb_glZ� ij_h[jZah\Zgby�

jZ\gh]h��������A\�=j�
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6.4 Lj_[h\Zgby�d�d\ZebnbdZpbb�ih\_jbl_e_c

6.4.1 D�ijh\_^_gbx�baf_j_gbc�ijb�ih\_jd_�b��beb��h[jZ[hld_�j_amevlZlh\�baf_j_gbc

^himkdZxl� ebp�� Zll_klh\Zgguo� \� dZq_kl\_� ]hkm^Zjkl\_gguo� ih\_jbl_e_c� \

mklZgh\e_gghf�ihjy^d_�

6.5 Lj_[h\Zgby�[_ahiZkghklb

6.5.1 Ih� kl_i_gb� aZsblu� hl� ihjZ`_gby� we_dljbq_kdbf� lhdhf� ki_dljhf_lju

khhl\_lkl\mxl� h[hjm^h\Zgbx� deZkkZ� ,,,� ih� =HKL� �������������

�FWD� ��������������� Z� k_l_\hc� Z^Zil_j�� \oh^ysbc� \� dhfie_dl� ihklZ\db

ki_dljhf_ljh\� b� bkihevam_fuc� ^ey� aZjy^Z� [ehdZ� Zddmfmeylhjh\� −
h[hjm^h\Zgbx�deZkkZ�II �ih�KL;�FWD������������

6.5.2 Ijb� ijh\_^_gbb� ih\_jdb� ^he`gu� [ulv� kh[ex^_gu� � �Hkgh\gu_� kZgblZjgu_

ijZ\beZ� h[_ki_q_gby� jZ^bZpbhgghc� [_ahiZkghklb� �HKI�������� b� lj_[h\Zgby

³Ghjf�jZ^bZpbhgghc�[_ahiZkghklb��GJ;��������

6.5.3 Ijhp_kk�ih\_jdb�^he`_g�[ulv�hlg_k_g�d�jZ[hl_�k�hkh[h�\j_^gufb�mkeh\byfb

ljm^Z�

6.6 Mkeh\by�ih\_jdb�b�ih^]hlh\dZ�d�g_c

6.6.1 Ih\_jdm�g_h[oh^bfh�ijh\h^blv�\�ke_^mxsbo�mkeh\byo�

- l_fi_jZlmjZ�hdjm`Zxs_c�kj_^u (20±5) hK�
- hlghkbl_evgZy�\eZ`ghklv�\ha^moZ 60 (+20; –30) %;
- Zlfhkn_jgh_�^Z\e_gb_ 101,3 (+5,4; –15,3) dIZ�
- \g_rgbc�nhg�]ZffZ�baemq_gby g_�[he__������fdA\�q�

6.6.2 Ih\_jdZ�ki_dljhf_ljh\�hkms_kl\ey_lky�hl�iheghklvx�aZjy`_ggh]h�\kljh_ggh]h

[ehdZ�Zddmfmeylhjh\�

6.6.3 I_j_^�ijh\_^_gb_f�ih\_jdb�g_h[oh^bfh�

Z� \gbfZl_evgh� hagZdhfblvky� k� gZklhysbf� jmdh\h^kl\hf� ih� wdkiemZlZpbb� � gZ

ki_dljhf_lj�

[� \u^_j`Zlv� ki_dljhf_lj� \� mdeZ^hqghf� nmleyj_� \� ghjfZevguo� mkeh\byo� \

l_q_gb_���q�

\� ih^]hlh\blv�kj_^kl\Z�baf_j_gby�b�\kihfh]Zl_evgh_�h[hjm^h\Zgb_�d�ih\_jd_�\

khhl\_lkl\bb�k�bo�l_ogbq_kdhc�^hdmf_glZpb_c�

6.7 Ijh\_^_gb_�ih\_jdb

6.7.1 <g_rgbc�hkfhlj

6.7.1.1 Ijb�ijh\_^_gbb�\g_rg_]h�hkfhljZ�ijh\_jyxl�

Z� khhl\_lkl\b_�dhfie_dlghklb�ih\_jy_fh]h�ki_dljhf_ljZ�lj_[h\Zgbyf�jZa^_eZ��

\�h[t_f_��g_h[oh^bfhf�^ey�ih\_jdb�

[� gZebqb_�k\b^_l_evkl\Z�h�ij_^u^ms_c�ih\_jd_��ijb�i_jbh^bq_kdhc�ih\_jd_��
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\� gZebqb_� q_ldbo� fZjdbjh\hqguo� gZ^ibk_c� gZ� [ehd_� h[jZ[hldb� bgnhjfZpbb

�;HB��b�[ehdZo�^_l_dlbjh\Zgby��;>��ki_dljhf_ljZ�

]� hlkmlkl\b_� aZ]jyag_gbc�� f_oZgbq_kdbo� ih\j_`^_gbc�� \ebyxsbo� gZ� jZ[hlm

ki_dljhf_ljZ�

6.7.2 Hijh[h\Zgb_

6.7.2.1 Ijb�ijh\_^_gbb�hijh[h\Zgby�\uihegyxl�ke_^mxsb_�hi_jZpbb�

- ijh\h^yl�kZfhdhgljhev�hkgh\guo�maeh\�\�khhl\_lkl\bb�k�jZa^_ehf���

- ijh\h^yl�ijh\_jdm�k\_lhaZsbs_gghklb�[ehdZ�^_l_dlbjh\Zgby�ZevnZ�baemq_gby

�;>I:������[ehdZ�^_l_dlbjh\Zgby�[_lZ�baemq_gby��;>I;�����

6.7.2.2 Ijh\_jdm� k\_lhaZsbs_gghklb� ;>I:����� ;>I;���� ijh\h^yl� \� ke_^mxs_c

ihke_^h\Zl_evghklb�

- baf_jyxl�nhgh\mx�kdhjhklv�kq_lZ�ijb�kgylhc�k�;>�djurd_�aZ�\j_fy�g_�f_g__

�����k�\�khhl\_lkl\bb�k�jZa^_ehf���

- mklZgZ\eb\Zxl� � gZ� jZkklhygbb� ������ kf� hl� jZ[hq_c� ih\_joghklb� ;>� eZfim

gZdZeb\Zgby�fhsghklvx����<l�b�\dexqZxl�__�

- baf_jyxl� nhgh\mx� kdhjhklv� kq_lZ� aZ� \j_fy� g_� f_g__� ���� k� ijb

^hihegbl_evghf�hk\_s_gbb�

K\_lhaZsbs_gghklv� ;>� kqblZxl� m^h\e_l\hjbl_evghc�� _keb� nhgh\Zy� kdhjhklv

kq_lZ� ki_dljhf_ljZ� ijb� ^hihegbl_evghf� hk\_s_gbb� b� [_a� ^hihegbl_evgh]h

hk\_s_gby�g_�ij_\urZ_l������k
-1
�^ey�;>I:��������k

-1
�^ey�;>I;����

6.7.3 Hij_^_e_gb_�f_ljheh]bq_kdbo�oZjZdl_jbklbd

6.7.3.1 Hij_^_e_gb_� hkgh\ghc� hlghkbl_evghc� ih]j_rghklb� oZjZdl_jbklbdb

ij_h[jZah\Zgby�b�^bZiZahgZ�wg_j]bc�j_]bkljbjm_fh]h�]ZffZ�baemq_gby�ijh\h^yl

\�ke_^mxs_c�ihke_^h\Zl_evghklb�

Z�� ih^dexqZxl� [ehd� ^_l_dlbjh\Zgby� ]ZffZ�baemq_gby� � ;>D=���� �^ey

FDK�:L������ ;>D=���� �^ey� FDK�:L����:�� FDK�:L����<��� dhgl_cg_j� k

jZaf_s_gguf�\�g_f�;>D=�����^ey�FDK�:L����>���d�;HB�

Ijbf_qZgb_ −� I_j_^� ih\_jdhc� FDK�:L����>� k� lhjp_\hc� ih\_joghklb

dhjimkZ�dhgl_cg_jZ�^he`_g�[ulv�kgyl�aZsblguc�j_abgh\uc�ZfhjlbaZlhj�Ih

hdhgqZgbb�ih\_jdb�ZfhjlbaZlhj�^he`_g�[ulv�mklZgh\e_g�gZ�dhgl_cg_j�

[�� \dexqZxl� iblZgb_� ki_dljhf_ljZ�� kh]eZkgh� jZa^_em� ��� b� \u^_j`b\Zxl� _]h� \h

\dexq_gghf�khklhygbb�^h�bkq_agh\_gby�ibdlh]jZffu� �gZ�lZ[eh�;HB�

\��ijh\h^yl�klZ[bebaZpbx�ki_dljhf_ljZ�kh]eZkgh�jZa^_em���

]�� mklZgZ\eb\Zxl� ihhq_j_^gh� bklhqgbdb� ]ZffZ�baemq_gby� lbiZ� HK=B���

mdZaZggu_�\�lZ[ebp_������ih�hkb�;>�b�i_j_^�_]h�lhjp_\hc�ih\_joghklvx�
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LZ[ebpZ����

Ghf_j

bklhqgbdZ��i
1 2 3 4 5 6 7 8 9

JZ^bhgmdeb^
137Cs 241Am 57Co 139Ce 113Sn 54Mn 22Na 88Y 228Th

Wg_j]by

baemq_gby

?oi, dw<

32 1);

662

59,5 122 166 392 835 1275 1836 2) 2614 2)

Ijbf_qZgby

1   1)
���bkihevamxl�lhevdh�ijb�ih\_jd_�FDK�:L������FDK�:L����<�\�^bZiZahg_�wg_j]bc

�hl����^h������dw<�

2   2)
�±�bkihevamxl�lhevdh�ijb�ih\_jd_�\�^bZiZahg_�wg_j]bc�hl����^h������dw<�

^� bgbpbbjmxl�ijhp_kk�gZ[hjZ�ki_dljZ�kh]eZkgh�jZa^_em���

_� hp_gb\Zxl� kdhjhklv� kq_lZ� bfimevkh\� ih� ki_dljm� hl� bklhqgbdZ� ih

ihdZaZgbyf�� bg^bpbjm_fuf� gZ� lZ[eh� ;HB�� HgZ� ^he`gZ� gZoh^blvky� \

ij_^_eZo�hl�����^h�������k
-1;

`� _keb� wlh� lj_[h\Zgb_� g_� \uihegy_lky�� baf_gyxl� jZkklhygb_� f_`^m

bklhqgbdhf�b�lhjp_\hc�ih\_joghklvx�dhjimkZ�;>�b�ih\lhjyxl�hi_jZpbb�ih

f_lh^bd_����������]���`��

b� baf_jyxl�ki_dlj�hl�bklhqgbdZ�^h�^hklb`_gby� agZq_gby�qbkeZ�bfimevkh\�\

ibd_�ihegh]h�ih]ehs_gby��III��g_�f_g__������

d� hij_^_eyxl� iheh`_gb_� p_gljZ� III� ni b� baf_j_ggh_� agZq_gb_� wg_j]bb

]ZffZ�baemq_gby�Ei (dw<��kh]eZkgh�jZa^_em����ijb�wlhf�^ey�[he__�^_lZevgh]h
ZgZebaZ�nhjfu�III�bkihevamxl�ijhp_^mjm�jZkrbj_gby�ki_dljZ�\�j_`bf_

hlh[jZ`_gby�k�h^gbf�fZjd_jhf��mklZgh\e_gguf�ijbf_jgh�\�p_glj�III�

e� i_j_dexqZxl� ki_dljhf_lju� FDK�:L������ FDK�:L����<� \� ^bZiZahg

baf_jy_fuo�wg_j]bc���������dw<�kh]eZkgh�jZa^_em���b�ih\lhjyxl�hi_jZpbb

ih�f_lh^bd_�������� (\�f��

f� hij_^_eyxl� hkgh\gmx� hlghkbl_evgmx� ih]j_rghklv� oZjZdl_jbklbdb

ij_h[jZah\Zgby�IOI�ki_dljhf_ljZ�\�ijhp_glZo�ih�nhjfme_

���
PD[

PD[ ⋅= ∆
?

?
IOI , (1)

]^_� ?∆ PD[
- fZdkbfZevgh_� agZq_gb_� ba� jZkkqblZgguo� jZaghkl_c

((( LRL L
−=∆ ;

(PD[
�±�\_jogyy�]jZgbpZ�^bZiZahgZ�wg_j]bc��jZ\gZy������beb����� dw<�

\�aZ\bkbfhklb�hl�ih\_jy_fh]h�wg_j]_lbq_kdh]h��^bZiZahgZ�

Hij_^_e_gb_� IOI� h^gh\j_f_ggh� y\ey_lky� ijh\_jdhc� ^bZiZahgZ� wg_j]bc

j_]bkljbjm_fh]h�]ZffZ�baemq_gby�

J_amevlZlu� ih\_jdb� kqblZxl� iheh`bl_evgufb�� _keb� hkgh\gZy� hlghkbl_evgZy

ih]j_rghklv�oZjZdl_jbklbdb�ij_h[jZah\Zgby�ki_dljhf_ljZ�g_�ij_\urZ_l�����
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6.7.3.2 Hij_^_e_gb_�hlghkbl_evgh]h�wg_j]_lbq_kdh]h�jZaj_r_gby�ijh\h^yl�\�ke_^mxs_c

ihke_^h\Zl_evghklb�

Z��\uihegyxl�hi_jZpbb�kh]eZkgh����������Z�±�\��

[�� jZaf_sZxl� b� nbdkbjmxl� \iehlgmx� d� lhjp_\hc� ih\_joghklb� dhjimkZ� ;>

�dhjimkZ� dhgl_cg_jZ� k�;>D=���� ^ey�FDK�:L����>�� bklhqgbd� ]ZffZ�baemq_gby

HK=B���k�jZ^bhgmdeb^hf�
137Cs�k�ihlhdhf�nhlhgh\�\�l_e_kguc�m]he��π�kl_jZ^bZg

hl��⋅103
�^h��⋅104

�k
-1 
�Zdlb\ghklv�hl���^h����d;d���ijb�wlhf�p_glj�Zdlb\ghc�qZklb

bklhqgbdZ� ^he`_g� kh\iZ^Zlv� k� ]_hf_ljbq_kdhf� p_gljhf� lhjp_\hc� ih\_joghklb

dhjimkZ�;>��dhjimkZ�dhgl_cg_jZ�k�;>D=����^ey�FDK�:L����>��k�ih]j_rghklvx

g_�[he__������ff�

\�� bgbpbbjmxl� gZ[hjZ� ki_dljZ� \� ^bZiZahg_� baf_jy_fuo� wg_j]bc� ��� ±� ����� dw<

kh]eZkgh�jZa^_em���

]��baf_jyxl�ki_dlj�hl�bklhqgbdZ�HK=B���^h�^hklb`_gby�qbkeZ�bfimevkh\�ih�hkb

hj^bgZl�\�fZdkbfmf_�III�g_�f_g__���
4.

^�� hij_^_eyxl� agZq_gb_� hlghkbl_evgh]h� wg_j]_lbq_kdh]h� jZaj_r_gby� R (%)
kh]eZkgh�jZa^_em���

J_amevlZlu� ih\_jdb� kqblZxl� iheh`bl_evgufb�� _keb� hlghkbl_evgh_

wg_j]_lbq_kdh_� jZaj_r_gb_� ki_dljhf_ljZ� g_� ij_\urZ_l� ���� ^ey� ki_dljhf_ljh\

FDK�:L����� � b� ���� �� � ^ey� ki_dljhf_ljh\� FDK�:L����:�� FDK�:L����<�

FDK�:L����>�

6.7.3.3 Hij_^_e_gb_�wnn_dlb\ghklb�j_]bkljZpbb�\�ibd_�ihegh]h�ih]ehs_gby�k�wg_j]b_c

]ZffZ�baemq_gby� ���� dw<� jZ^bhgmdeb^Z�
137Cs� ijh\h^yl� \� ke_^mxs_c

ihke_^h\Zl_evghklb�

Z��\uihegyxl�hi_jZpbb�kh]eZkgh����������Z���\��

[��aZ^Zxl�\j_fy�gZ[hjZ�ki_dljZ�����k�kh]eZkgh�jZa^_em���

\��baf_jyxl�nhgh\uc� ki_dlj�\�^bZiZahg_�baf_jy_fuo� wg_j]bc� ��� ±� ����� dw<�b

khojZgyxl�_]h�\�iZfylb�ki_dljhf_ljZ�kh]eZkgh�jZa^_em���

]��\uihegyxl�hi_jZpbb�kh]eZkgh����������[��

^��aZ^Zxl�j_`bf�\uqblZgby�nhgh\h]h�ki_dljZ�kh]eZkgh�jZa^_em���

_��baf_jyxl�ki_dlj�\�^bZiZahg_�baf_jy_fuo�wg_j]bc����±������dw<�hl�bklhqgbdZ

]ZffZ�baemq_gby�HK=B��� k� jZ^bhgmdeb^hf�
137Cs� k� Z\lhfZlbq_kdbf� \uqblZgb_f

nhgh\h]h�ki_dljZ��Ih�bkl_q_gbb� aZ^Zggh]h�\j_f_gb�gZ[hjZ� ����k�gZ[hj�ki_dljZ

[m^_l��hklZgh\e_g�

`��hij_^_eyxl�iheh`_gb_�p_gljZ�III�n��agZq_gb_�wg_j]bb�baemq_gby�?� �dw<��b
agZq_gb_�hlghkbl_evgh]h� wg_j]_lbq_kdh]h�jZaj_r_gby�R� ���� kh]eZkgh�jZa^_em� �
JW��ijb� wlhf�^ey�[he__�^_lZevgh]h� ZgZebaZ�nhjfu�III�bkihevamxl�ijhp_^mjm

jZkrbj_gby� ki_dljZ� \� j_`bf_� hlh[jZ`_gby� k� h^gbf� fZjd_jhf�� mklZgh\e_gguf

ijbf_jgh�\�p_glj�III�

b��hij_^_eyxl�e_\mx�?e (dw<��b�ijZ\mx�?i  (dw<��]jZgbpu�III�ih�nhjfmeZf�

?e  �?�±������⋅?⋅R (2)

?i  �?��������⋅?⋅R, (3)

]^_�?�dw<��b�R����±�khhl\_lkl\_ggh�wg_j]by�III�b�hlghkbl_evgh_�wg_j]_lbq_kdh_
jZaj_r_gb_��hij_^_e_ggh_�\ur_�kh]eZkgh����������`��
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d�� mklZgZ\eb\Zxl� ih^\b`gu_� fZjd_ju� \� ihabpbb�� ijbf_jgh� khhl\_lkl\mxsb_

agZq_gbyf�wg_j]bc�?e�b�?i;

e�� kqblu\Zxl� k� lZ[eh� baf_j_ggmx� kdhjhklv� kq_lZ� bfimevkh\� N�k-1
�� \� III� aZ

\uq_lhf�nhgZ�\�\u^_e_gghf�wg_j]_lbq_kdhf�hdg_�

f��hij_^_eyxl�wnn_dlb\ghklv�j_]bkljZpbb�\�III�\�ijhp_glZo�ih�nhjfme_�

����

���

�����

�

⋅

⋅⋅

= ⋅−
7

W

H$

1

η

ε
(4)

]^_�:0�±�agZq_gb_�Zdlb\ghklb�jZ^bhgmdeb^Z�
137Cs�\�]ZffZ�bklhqgbd_�HK=B���gZ

fhf_gl�_]h�ih\_jdb��[_jml�ba�k\b^_l_evkl\Z�h�ih\_jd_�bklhqgbdZ���;d�

��  � ������ ±� kj_^g__� qbkeh� nhlhgh\�� bkimkdZ_fuo� ijb� h^ghf� Zdl_� jZkiZ^Z

jZ^bhgmdeb^Z�
137Cs;

t� ±� \j_fy�� ijhr_^r__� f_`^m� ih\_jdhc� ]ZffZ�bklhqgbdZ� HK=B��� b� fhf_glhf

baf_j_gby��kml��

L1/2  = 11020 kml��±�i_jbh^�ihemjZkiZ^Z�jZ^bhgmdeb^Z�137Cs;

J_amevlZlu� ih\_jdb� kqblZxlky� iheh`bl_evgufb�� _keb� wnn_dlb\ghklv

j_]bkljZpbb� \� III� k� wg_j]b_c� ]ZffZ�baemq_gby� ���� dw<� jZ^bhgmdeb^Z�
137Cs

jZ\gZ�

• (3,29 ± 0,65) % ̂ ey�ki_dljhf_ljh\�FDK�:L�����

• (7,32 ±���������^ey�ki_dljhf_ljh\�FDK�:L����:��FDK�:L����<�

• (5,34 ± 1,06) % ̂ ey�ki_dljhf_ljh\�FDK�:L����>�

6.7.3.4 Hij_^_e_gb_� hkgh\ghc� hlghkbl_evghc� ih]j_rghklb� baf_j_gby� fhsghklb

Zf[b_glgh]h� wd\b\Ze_glZ� ^hau� �fhsghklb� Zf[b_glghc� ^hau�� ]ZffZ�baemq_gby

�^Ze__� ih� l_dklm� ±� fhsghklb� ^hau�� ^ey� ki_dljhf_ljh\� FDK�:L������ FDK�

:L����<�ijh\h^yl�gZ�wlZehgghc�^habf_ljbq_kdhc�mklZgh\d_�]ZffZ�baemq_gby�k

gZ[hjhf�bklhqgbdh\�
137
&V�\�ih\_jy_fuo�lhqdZo� oiþ� �kh]eZkgh�lZ[ebp_�����

Hij_^_eyxl� hkgh\gmx� hlghkbl_evgmx� ih]j_rghklv� baf_j_gby� fhsghklb� ^hau

]ZffZ�baemq_gby�\�ke_^mxs_c�ihke_^h\Zl_evghklb�

Z� ih^dexqZxl� ;>D=���� ki_dljhf_ljZ�FDK�:L����� �;>D=���� ki_dljhf_ljZ

FDK�:L����<��d�;HB�

[� mklZgZ\eb\Zxl�;>�gZ�ih\_jhqgmx�^habf_ljbq_kdmx�mklZgh\dm�\�gZijZ\e_gbb

]jZ^mbjh\db��mdZaZgghfm�\�jZa^_e_� ��JW� lZdbf�h[jZahf��qlh[u�p_gljZevgZy

hkv�imqdZ�baemq_gby�ijhoh^beZ�p_glj�lhjp_\hc�ih\_joghklb�dhjimkZ�;>�

\� mklZgZ\eb\Zxl� �;>� \� i-mx� ih\_jy_fmx� lhqdm��fhsghklv� ^hau� \� dhlhjhc�gZ

jZkklhygbb�\�fbeebf_ljZo�Ri�jZ\gZ� oiþ� �ih�^Zgguf�k\b^_l_evkl\Z�h�ih\_jd_

^habf_ljbq_kdhc�mklZgh\db�

Ijbf_qZgb_���JZkklhygb_�\�fbeebf_ljZo�^ey�i�hc�ih\_jy_fhc��lhqdb�hl��p_gljZ
bklhqgbdZ�

137Cs� � ^h� lhjp_\hc� � ih\_joghklb� dhjimkZ� ;>� ^he`gh� [ulv� jZ\gh

 Ri�±����ff�^ey�;>D=�����b�Ri�±����ff�^ey�;>D=����
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LZ[ebpZ����

Baf_j_gb_�fhsghklb

^hau�\�ih\_jy_fhc

lhqd_

Ghf_j

ih\_jy_fhc

lhqdb

i

Fhsghklv

^hau� \

ih\_jy_fhc

lhqd_� oiþ� qbkeh

baf_j_gbc

klZlbklbq_kdZy

ih]j_rghklv�

���g_�[he__

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

∆, %

1 0,03 fdA\�q1) 3 10 ± 20

2 0,07 fdA\�q1)     3 10 ± 20

3 0,70 fdA\�q 3 5 ± 20

4 7,00 fdA\�q 3 5 ± 20

5 70,00 fdA\�q 3 3 ± 20

6 240,00 fdA\�q2) 3 3 ± 20

Ijbf_qZgby

1 1)
���baf_j_gby�ijh\h^yl�lhevdh�ijb�i_j\bqghc�ih\_jd_�

2 2)
���baf_j_gby�ijh\h^yl�lhevdh�^ey�ki_dljhf_ljZ�FDK�:L����

]� \dexqZxl� ki_dljhf_lj� b� \u^_j`b\Zxl� _]h� \h� \dexq_gghf� khklhygbb

\� l_q_gb_� \j_f_gb� mklZgh\e_gby� jZ[hq_]h� j_`bfZ� �^h� bkq_agh\_gby

ibdlh]jZffu�  gZ�lZ[eh�;HB��

^� ijh\h^yl� � baf_j_gb_� fhsghklb� ^hau� nhgZ� \� i�hc� ih\_jy_fhc� lhqd_� kh
klZlbklbq_kdhc� ih]j_rghklvx� �bg^bpbjm_fhc� gZ� lZ[eh�;HB�� g_� [he__� ���

�g_�[he__�����\���hc�ih\_jy_fhc�lhqd_���kh]eZkgh�jZa^_em���JW�

_� i_j_\h^yl� ki_dljhf_lj� kh]eZkgh� jZa^_em� �� \� j_`bf� Z\lhfZlbq_kdh]h

\uqblZgby� fhsghklb� ^hau� nhgZ�� ih^\_j]Zxl� ;>� h[emq_gbx� k� aZ^Zgghc

fhsghklvx� ^hau� oiþ� � b� baf_jyxl� fhsghklv� ^hau� iþ� � \� i�hc� ih\_jy_fhc
lhqd_�

Qbkeh�baf_j_gbc�b�klZlbklbq_kdZy�ih]j_rghklv�dZ`^h]h�baf_j_gby�^he`gu

[ulv� kh]eZkgh� lZ[ebp_� �����Hij_^_eyxl� kj_^g__� agZq_gb_� iþ� �b�ijbgbfZxl

_]h�aZ�j_amevlZl�baf_j_gby�fhsghklb�^hau�\�i�hc�ih\_jy_fhc�lhqd_�

`� hij_^_eyxl� \� L�hc� ih\_jy_fhc� lhqd_� agZq_gby� ^h\_jbl_evguo� ]jZgbp

hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�∆i �����k�\_jhylghklvx�����

ih�nhjfme_

θθ 221,1
ijLoii +=∆  , (5)

]^_�θ oi     - hkgh\gZy� hlghkbl_evgZy� ih]j_rghklv� ^habf_ljbq_kdhc

mklZgh\db� \� L�hc� ih\_jy_fhc� lhqd_�� ��� ijb\_^_ggZy� \

k\b^_l_evkl\_�h�ih\_jd_�gZ�mklZgh\dm�

θ ijL
- hlghkbl_evgZy� ih]j_rghklv� j_amevlZlZ� baf_j_gby� fhsghklb

^hau�\�L�hc�ih\_jy_fhc�lhqd_�������\uqbkey_fZy�ih�nhjfme_
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���⋅
−

=
G

GG

L

L

L

R

hL

ij
�

��

θ . (6)

Ijbf_qZgb_���<�ih\_jy_fuo�lhqdZo�������agZq_gb_f�nhgZ�fh`gh�ij_g_[j_qv�

J_amevlZlu� ih\_jdb� kqblZxl� iheh`bl_evgufb�� _keb� agZq_gby� ^h\_jbl_evguo

]jZgbp� hkgh\ghc� hlghkbl_evghc� ih]j_rghklb� j_amevlZlh\� baf_j_gby�fhsghklb

^hau� ]ZffZ�baemq_gby� ^ey� \k_o� ih\_jy_fuo� lhq_d� g_� ij_\urZxl� ij_^_eh\

^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�∆��mdZaZgguo�\�lZ[ebp_�����

6.7.3.5 Hij_^_e_gb_� hkgh\ghc� hlghkbl_evghc� ih]j_rghklb� baf_j_gby� fhsghklb� ^hau

]ZffZ�baemq_gby�^ey�ki_dljhf_ljh\�FDK�:L������FDK�:L����<�k�mkljhckl\hf

^_l_dlbjh\Zgby�� \kljh_gguf� \� ;HB� �M>� ;HB��� ijh\h^yl� gZ� wlZehgghc

^habf_ljbq_kdhc� mklZgh\d_� ]ZffZ�baemq_gby� k� gZ[hjhf� bklhqgbdh\�
137
&V� \

ih\_jy_fuo�lhqdZo� oiþ� �kh]eZkgh�lZ[ebp_�����

LZ[ebpZ����

Baf_j_gb_�fhsghklb�^hau

\�ih\_jy_fhc�lhqd_

Ghf_j

ih\_jy_fhc

lhqdb

i

Fhsghklv�^hau

\�ih\_jy_fhc

lhqd_

oiþ�

qbkeh

baf_j_gbc

klZlbklbq_kdZy

ih]j_rghklv�

���g_�[he__

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

∆, %

1 3,0 fdA\�q 3 10 ± 20

2 7,0 fdA\�q 3 10 ± 20

3 70,0 fdA\�q 3 5 ± 20

4 0,7 fA\�q 3 3 ± 20

5 7,0 fA\/q 3 3 ± 20

Hij_^_eyxl� hkgh\gmx� hlghkbl_evgmx� ih]j_rghklv� baf_j_gby� fhsghklb� ^hau

]ZffZ�baemq_gby�\�ke_^mxs_c�ihke_^h\Zl_evghklb�

Z� mklZgZ\eb\Zxl� ;HB� gZ� ^habf_ljbq_kdmx� mklZgh\dm� \� gZijZ\e_gbb

]jZ^mbjh\db��mdZaZgghfm�\�jZa^_e_���lZdbf�h[jZahf��qlh[u�p_gljZevgZy�hkv

imqdZ� baemq_gby� ijhoh^beZ� q_j_a� f_ldm�� jZkiheh`_ggmx� gZ� [hdh\hc

ih\_joghklb�dhjimkZ�;HB�

[� mklZgZ\eb\Zxl�;HB�\� i-mx�ih\_jy_fmx�lhqdm��fhsghklv�^hau�\�dhlhjhc�gZ

jZkklhygbb� Ri� jZ\gZ� oiþ� � ih� ^Zgguf� k\b^_l_evkl\Z� h� ih\_jd_

^habf_ljbq_kdhc�mklZgh\db�

Ijbf_qZgb_���JZkklhygb_�\�fbeebf_ljZo�^ey�i�hc�ih\_jy_fhc��lhqdb�hl��p_gljZ
bklhqgbdZ�^h�f_ldb�gZ�[hdh\hc� �ih\_joghklb�dhjimkZ�;HB�^he`gh�[ulv�jZ\gh

 Ri������ff�

\� \dexqZxl� ;HB�� \u^_j`b\Zxl� _]h� \h� \dexq_gghf� khklhygbb� \� l_q_gb_

\j_f_gb�mklZgh\e_gby�jZ[hq_]h�j_`bfZ� �^h�bkq_agh\_gby�ibdlh]jZffu�
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gZ�lZ[eh�;HB��b�ijh\h^yl�baf_j_gb_�fhsghklb�^hau�nhgZ�\�L�hc�ih\_jy_fhc

lhqd_�kh�klZlbklbq_kdhc�ih]j_rghklvx�g_�[he__������kh]eZkgh�jZa^_em���

]� i_j_\h^yl� ;HB� \� j_`bf� baf_j_gby� fhsghklb� ^hau� k� Z\lhfZlbq_kdbf

\uqblZgb_f� nhgZ� kh]eZkgh� jZa^_em� ��� h[emqZxl� ;HB� ]ZffZ�baemq_gb_f� k

aZ^Zgghc� fhsghklvx� ^hau� oiþ� � b� baf_jyxl� fhsghklv� ^hau� iþ� � \� i�hc
ih\_jy_fhc� lhqd_��Qbkeh�baf_j_gbc�b� klZlbklbq_kdZy�ih]j_rghklv�dZ`^h]h

baf_j_gby�^he`gu�[ulv�kh]eZkgh�lZ[ebp_������Hij_^_eyxl�kj_^g__�agZq_gb_

iþ� � b� ijbgbfZxl� _]h� aZ� j_amevlZl� baf_j_gby� fhsghklb� ^hau� \� i�hc
ih\_jy_fhc�lhqd_�

^� hij_^_eyxl� \� L�hc� ih\_jy_fhc� lhqd_� agZq_gby� ^h\_jbl_evguo� ]jZgbp

hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�∆i �ih�f_lh^bd_����������`��

Ijbf_qZgb_ – <�ih\_jy_fuo�lhqdZo���±���agZq_gb_f�nhgZ�fh`gh�ij_g_[j_qv�

J_amevlZlu� ih\_jdb� kqblZxl� iheh`bl_evgufb�� _keb� agZq_gby� ^h\_jbl_evguo

]jZgbp� hkgh\ghc� hlghkbl_evghc� ih]j_rghklb� j_amevlZlh\� baf_j_gby�fhsghklb

^hau� ]ZffZ�baemq_gby� ^ey� \k_o� ih\_jy_fuo� lhq_d� g_� ij_\urZxl� ij_^_eh\

^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�∆��mdZaZgguo�\�lZ[ebp_�����

6.7.3.6 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�iehlghklb�ihlhdZ

ZevnZ�baemq_gby� ^ey� ki_dljhf_ljh\�FDK�:L������FDK�:L����<� k� ;>I:���

ijh\h^yl�k�bkihevah\Zgb_f�h[jZaph\uo�bklhqgbdh\�ZevnZ�baemq_gby�
239
3X�lbih\

�I����I��beb��I��\�ih\_jy_fuo�lhqdZo�
ϕ oi ��ijb\_^_gguo�\�lZ[ebp_�����

LZ[ebpZ����

Baf_j_gb_� iehlghklb� ihlhdZ� \

ih\_jy_fhc�lhqd_

Ghf_j

ih\_jy_fhc

lhqdb,

i

Iehlghklv

ihlhdZ

ZevnZ�baemq_gby

ϕ oi
,

fbg
-1⋅kf-2

dhebq_kl\h

baf_j_gbc

klZlbklbq_kdZy

ih]j_rghklv�� ��

g_�[he__

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

∆, %

1 0,5  -  10 3 15 ±20

2 10  -  102 3 10 ±20

3 102  -  103 3 5 ±20

4 103  -  104 3 5 ±20

5 104  -  105 3 5 ±20

Ijh\h^yl�ih\_jdm��\�ke_^mxs_c�ihke_^h\Zl_evghklb�

Z� ih^dexqZxl�;>I:����d�;HB�

[� \dexqZxl� iblZgb_� ki_dljhf_ljZ� b� \u^_j`b\Zxl� _]h� \h� \dexq_gghf

khklhygbb� \� l_q_gb_� \j_f_gb� mklZgh\e_gby� jZ[hq_]h� j_`bfZ� �^h

bkq_agh\_gby�ibdlh]jZffu� �gZ�lZ[eh�;HB�;

\� mklZgZ\eb\Zxl� j_`bf� baf_j_gby� iehlghklb� ihlhdZ� b� baf_jyxl� nhgh\mx

iehlghklv�ihlhdZ��k�gZ^_lhc�gZ�;>I:����djurdhc�\�l_q_gb_�g_�f_g__������k

kh]eZkgh�jZa^_em���
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]� i_j_\h^yl�ki_dljhf_lj�\�j_`bf�k�Z\lhfZlbq_kdbf�\uqblZgb_f�nhgZ�kh]eZkgh

jZa^_em����ijb�wlhf�nhg�Z\lhfZlbq_kdb�aZihfbgZ_lky�\�ki_dljhf_lj_�

^� kgbfZxl� k�;>I:���� djurdm��b� mklZgZ\eb\Zxl� ZevnZ�bklhqgbd� \iehlgmx� d

\oh^ghfm�hdgm�;>I:����

_� baf_jyxl� kh]eZkgh� jZa^_em� �� iehlghklv� ihlhdZ� ZevnZ�baemq_gby� ϕ i
� k

Z\lhfZlbq_kdbf�\uqblZgb_f�nhgZ�\�i�hc�ih\_jy_fhc�lhqd_��kgbfZy�ihdZaZgby
ijb�klZlbklbq_kdhc�ih]j_rghklb��mdZaZgghc�\�lZ[ebp_�����

`� hij_^_eyxl� agZq_gby� ^h\_jbl_evguo� ]jZgbp� hkgh\ghc� hlghkbl_evghc

ih]j_rghklb� baf_j_gby� iehlghklb� ihlhdZ� ZevnZ�baemq_gby� ∆i �� ��� k

^h\_jbl_evghc�\_jhylghklvx������ih�nhjfme_

θθ 221,1
ijLoii +=∆ , (7)

]^_�θ oi  - hlghkbl_evgZy� ih]j_rghklv� h[jZaph\h]h� i-]h� bklhqgbdZ� ZevnZ�

baemq_gby��ijb\_^_ggZy�\�k\b^_l_evkl\_�h�ih\_jd_�gZ�g_]h, %;

θ ijL
- hlghkbl_evgZy� ih]j_rghklv� baf_j_gby� iehlghklb� ihlhdZ� ZevnZ�

baemq_gby��\�i�hc�ih\_jy_fhc�lhqd_�����\uqbkey_fZy�ih�nhjfme_

100⋅
−

=
ϕ

ϕϕ
θ

oi

oii
ijL

, (8)

]^_�ϕ i
- j_amevlZl� baf_j_gby� iehlghklb� ihlhdZ� ZevnZ�baemq_gby� k

ih\_joghklb�i-]h�h[jZaph\h]h�bklhqgbdZ��fbg-1⋅kf-2;

ϕ oi
- iehlghklv�ihlhdZ� ZevnZ�baemq_gby� k�ih\_joghklb� i-]h� h[jZaph\h]h

bklhqgbdZ��fbg
-1⋅kf-2, 

\uqbkey_fZy�ih�nhjfme_

6

Q

L

RL

RL

⋅
= ��ϕ  , (9)

]^_�QRL
 - agZq_gb_� \g_rg_]h� ZevnZ�baemq_gby� \� l_e_kguc� m]he� �� π� gZ� ^Zlm
ih\_jdb� ih� ^Zgguf� k\b^_l_evkl\Z� h� ih\_jd_� i-]h� h[jZaph\h]h
bklhqgbdZ�ZevnZ�baemq_gby��k

-1;

Si - iehsZ^v� jZ[hq_c� ih\_joghklb� i-]h� h[jZaph\h]h� bklhqgbdZ� jZ\gZy
���� ���� b� ���� kf

2
� ^ey� bklhqgbdh\� lbiZ� �I��� �I�� b� �I�

khhl\_lkl\_ggh�

J_amevlZlu�ih\_jdb�kqblZxl�iheh`bl_evgufb��_keb�\h�\k_o�ih\_jy_fuo� lhqdZo

agZq_gby�^h\_jbl_evguo�]jZgbp�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�j_amevlZlZ

baf_j_gby� iehlghklb� ihlhdZ� ZevnZ�baemq_gby� g_� ij_\urZxl� ij_^_eh\

^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�∆ ��mdZaZgguo�\�lZ[ebp_�����

6.7.3.7 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�iehlghklb�ihlhdZ

[_lZ�baemq_gby� ^ey� ki_dljhf_ljh\� FDK�:L������ FDK�:L����<� k� ;>I;���
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ijh\h^yl� � k� bkihevah\Zgb_f� h[jZaph\uo� bklhqgbdh\� [_lZ�baemq_gby�
90Sr +90Y

lbih\��K����K��beb��K��\�ih\_jy_fuo�lhqdZo�ϕ oi
��ijb\_^_gguo�\�lZ[ebp_�����

Ijh\h^yl�ih\_jdm��\�ke_^mxs_c�ihke_^h\Zl_evghklb�

Z� ih^dexqZxl�;>I;����d�;HB�

[� \dexqZxl�iblZgb_�ki_dljhf_ljZ�b�\u^_j`b\Zxl�_]h�\dexq_gguf�\�l_q_gb_

\j_f_gb� mklZgh\e_gby�jZ[hq_]h�j_`bfZ� �^h�bkq_agh\_gby�ibdlh]jZffu�

gZ�lZ[eh�;HB�;

LZ[ebpZ����

Baf_j_gb_�iehlghklb�ihlhdZ

\�ih\_jy_fhc�lhqd_

Ghf_j

ih\_jy_fhc

lhqdb

i

Iehlghklv

ihlhdZ

[_lZ�baemq_gby

ϕ oi
,

fbg
-1⋅kf-2

dhebq_kl\h

baf_j_gbc

klZlbklbq_kdZy

ih]j_rghklv�

���g_�[he__

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

∆ , %

1 3 - 10 3 15 ±20

2 10 - 102 3 10 ±20

3 102 -  103 3 5 ±20

4 103 -  104 3 5 ±20

5 104 -  105 3 5 ±20

6 105 - 5. 105 3 5 ±20

\� baf_jyxl� nhgh\mx� iehlghklv� ihlhdZ� k� gZ^_lhc� gZ� ;>I;���� djurdhc� \

l_q_gb_�g_�f_g__������k�kh]eZkgh�jZa^_em���JW�

]� i_j_\h^yl�ki_dljhf_lj�\�j_`bf�k�Z\lhfZlbq_kdbf�\uqblZgb_f�nhgZ�kh]eZkgh

jZa^_em���

^� kgbfZxl�djurdm�b�mklZgZ\eb\Zxl�[_lZ�bklhqgbd�\iehlgmx�d��\oh^ghfm�hdgm

;>I;����

_� baf_jyxl� kh]eZkgh� jZa^_em� �� iehlghklv� ihlhdZ� [_lZ�baemq_gby� ϕ i
� k

Z\lhfZlbq_kdbf�\uqblZgb_f�nhgZ�\�i�hc�ih\_jy_fhc�lhqd_��kgbfZy�ihdZaZgby
ijb�klZlbklbq_kdhc�ih]j_rghklb��mdZaZgghc�\�lZ[ebp_�����

`� hij_^_eyxl� agZq_gby� ^h\_jbl_evguo� ]jZgbp� hkgh\ghc� hlghkbl_evghc

ih]j_rghklb� baf_j_gby� iehlghklb� ihlhdZ� [_lZ�baemq_gby� ∆i �� ��� k

^h\_jbl_evghc�\_jhylghklvx������ih�nhjfme_

θθ 221,1
ijLoii +=∆ , (10)

]^_�θ oi  - hlghkbl_evgZy� ih]j_rghklv� h[jZaph\h]h� i-]h� bklhqgbdZ� [_lZ�

baemq_gby��ijb\_^_ggZy�\�k\b^_l_evkl\_�h�ih\_jd_�gZ�g_]h, %;

θ ijL
- hlghkbl_evgZy� ih]j_rghklv� baf_j_gby� iehlghklb� ihlhdZ� [_lZ�

baemq_gby��\�i�hc�ih\_jy_fhc�lhqd_�����\uqbkey_fZy�ih�nhjfme_
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100⋅
−

=
ϕ

ϕϕ
θ

oi

oii
ijL

, (11)

]^_�ϕ i
- j_amevlZl� baf_j_gby� iehlghklb� ihlhdZ� [_lZ�baemq_gby� k

ih\_joghklb

i-]h�h[jZaph\h]h�bklhqgbdZ��fbg-1⋅kf-2;

ϕ oi
- iehlghklv� ihlhdZ� [_lZ�baemq_gby� k� ih\_joghklb� i-]h� h[jZaph\h]h

bklhqgbdZ��fbg
-1⋅kf-2, 

\uqbkey_fZy�ih�nhjfme_

6

HQ

L

RL

RL

7

W

���

�����

��

⋅−
⋅⋅

=ϕ  , (12)

]^_�QRL
 - agZq_gb_�\g_rg_]h�[_lZ�baemq_gby�

90Sr+90Y�\�l_e_kguc�m]he���π�gZ
^Zlm� ih\_jdb� ih� ^Zgguf� k\b^_l_evkl\Z� h� ih\_jd_

i-]h�h[jZaph\h]h�bklhqgbdZ�[_lZ�baemq_gby��k-1;

Si - iehsZ^v� jZ[hq_c� ih\_joghklb� i-]h� h[jZaph\h]h� bklhqgbdZ� jZ\gZy
���� ���� b� ���� kf

2
� ^ey� bklhqgbdh\� lbiZ� �K��� �K�� b� �K�

khhl\_lkl\_ggh�

t�±�\j_fy��ijhr_^r__�f_`^m�^Zlhc�ih\_jdb�bklhqgbdZ�b�^Zlhc�baf_j_gby�

kml��

L1/2  = 10636 kml��±�i_jbh^�ihemjZkiZ^Z�jZ^bhgmdeb^Z�90Sr;

J_amevlZlu�ih\_jdb�kqblZxl�iheh`bl_evgufb��_keb�\h�\k_o�ih\_jy_fuo� lhqdZo

agZq_gby�^h\_jbl_evguo�]jZgbp�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�j_amevlZlZ

baf_j_gby� iehlghklb� ihlhdZ� [_lZ�baemq_gby� g_� ij_\urZxl� ij_^_eh\

^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�∆ ��mdZaZgguo�\�lZ[ebp_�����

6.8 Hnhjfe_gb_�j_amevlZlh\�ih\_jdb

6.8.1 J_amevlZlu ih\_jdb� hnhjfeyxl� ijhlhdhehf� ih� mklZgh\e_gghc� nhjf_�� NhjfZ

ijhlhdheZ�ih\_jdb�ijb\_^_gZ�\�ijbeh`_gbb�?�

6.8.2 Iheh`bl_evgu_�j_amevlZlu�ih\_jdb�hnhjfeyxl�

Z� ijb�\uimkd_�ki_dljhf_ljZ�ba�ijhba\h^kl\Z�

- aZibkvx� h� ih\_jd_� \� jZa^_e_� �K\b^_l_evkl\h� h� ijb_fd_�� JW�� aZ\_j_gghc
ih^ibkvx�b�hllbkdhf�ih\_jbl_evgh]h�de_cfZ�

- gZg_k_gb_f�de_cfZ�gZde_cdb�gZ�aZ^gxx�ih\_joghklv�dhjimkZ�;HB�

[� ijb�wdkiemZlZpbb�b�\uimkd_�ki_dljhf_ljZ�ihke_�j_fhglZ���gZg_k_gb_f�de_cfZ�

gZde_cdb� b� \u^Zq_c� k\b^_l_evkl\Z� h� ih\_jd_� ih� nhjf_� \� khhl\_lkl\bb� k

ijbeh`_gb_f�<�KL;���������

6.8.3 Ijb�hljbpZl_evguo�j_amevlZlZo�ih\_jdb�wdkiemZlZpby�ki_dljhf_ljh\�aZij_sZ_lky

b� \u^Z_lky� ba\_s_gb_� h� g_ijb]h^ghklb� k� mdZaZgb_f� ijbqbg� ih� nhjf_� \

khhl\_lkl\bb� k� ijbeh`_gb_f� =� KL;� ��������� Ijb� wlhf� de_cfh�gZde_cdZ

ih\_jbl_ey�ih^e_`bl�ih]Zr_gbx�b�k\b^_l_evkl\h�h�ih\_jd_�Zggmebjm_lky�



Jmdh\h^kl\h�ih�wdkiemZlZpbb FDK�:L����>

51

7 OjZg_gb_

7.1 >h� \\_^_gby� \� wdkiemZlZpbx� ki_dljhf_lj� � ojZgblky� gZ� kdeZ^_� \� miZdh\d_

ij_^ijbylby�ba]hlh\bl_ey�ijb�l_fi_jZlmj_�hdjm`Zxs_]h�\ha^moZ�hl����^h����� °K�b
hlghkbl_evghc�\eZ`ghklb�^h� �����ijb� l_fi_jZlmj_�iexk� ��� °K�[_a� dhg^_gkZpbb
\eZ]b�

7.2 Ki_dljhf_lj�[_a�miZdh\db�ojZgblky�ijb�l_fi_jZlmj_�hdjm`Zxs_]h�\ha^moZ�hl� ��

^h��� °K�b�hlghkbl_evghc�\eZ`ghklb�g_�[he__������ijb�l_fi_jZlmj_�iexk����°K�

7.3 Kh^_j`Zgb_�iueb��iZjh\�dbkehl�b�s_ehq_c��Z]j_kkb\guo� ]Zah\�b�^jm]bo�\j_^guo

ijbf_k_c�� \uau\Zxsbo� dhjjhabx�� \� ihf_s_gbyo�� ]^_� ojZgblky� ki_dljhf_lj�� g_

^he`gh�ij_\urZlv�kh^_j`Zgby�dhjjhabhggh�Zdlb\guo�Z]_glh\�^ey�Zlfhkn_ju�lbiZ

,�ih�=HKL����������

7.4 ;:�ijb�ojZg_gbb�^he`_g�gZoh^blvky�\�aZjy`_gghf�khklhygbb�

8 LjZgkihjlbjh\Zgb_

8.1 Ki_dljhf_lj� \� miZdh\Zgghf� \b^_� ^himkdZ_l� ljZgkihjlbjh\Zgb_� \� aZdjuluo

ljZgkihjlguo� kj_^kl\Zo� ex[h]h� lbiZ� gZa_fgh]h� ljZgkihjlZ� b� \� hlZieb\Z_fuo� b

]_jf_lbabjh\Zgguo� hlk_dZo� kZfhe_lZ� ijb� l_fi_jZlmj_� hdjm`Zxs_]h� \ha^moZ� hl

fbgmk����^h�iexk����
h

K��b�hlghkbl_evghc�\eZ`ghklb�^h����������ijb�l_fi_jZlmj_

35 hK.

8.2 MiZdh\Zgguc� ki_dljhf_lj� ^he`_g� [ulv� aZdj_ie_g� \� ljZgkihjlghf� kj_^kl\_�

JZaf_s_gb_� b� dj_ie_gb_� \� ljZgkihjlghf� kj_^kl\_� miZdh\Zggh]h� ki_dljhf_ljZ

^he`gh�h[_ki_qblv�_]h�mklhcqb\h_�iheh`_gb_��bkdexqZxs__�\hafh`ghklv�m^Zjh\

h�kl_gdb�ljZgkihjlgh]h�kj_^kl\Z�

8.3 Iheh`_gb_� ljZgkihjlghc� lZju�kh�ki_dljhf_ljhf�ijb� ljZgkihjlbjh\Zgbb�^he`gh

khhl\_lkl\h\Zlv�ij_^mij_^bl_evguf�agZdZf�b�gZ^ibkyf�gZ�ljZgkihjlghc�lZj_�

9 MlbebaZpby

9.1 MlbebaZpby�ki_dljhf_ljZ�ijh\h^blky�\�mklZgh\e_gghf�ihjy^d_�b�g_�hdZau\Z_l

\j_^gh]h�\ebygby�gZ�hdjm`Zxsmx�kj_^m�

9.2 <� kemqZ_� gZjmr_gby� p_ehklghklb� ]_jf_lbqgh]h� dhgl_cg_jZ� ^_l_dlhjZ� gZ� hkgh\_

djbklZeeh\� gZljby� ch^bklh]h�� Zdlb\bjh\Zggh]h� lZeeb_f�� ^_l_dlhj� ih^e_`bl

aZiZb\Zgbx�\�ihebwlbe_gh\uc�iZd_l�b�\ha\jZlm�gZ�aZ\h^�ba]hlh\bl_ev�^_l_dlhjh\

^ey�mlbebaZpbb�b�h[_a\j_`b\Zgby�lhdkbqgh]h�kh_^bg_gby�

Ijb�dhglZdl_�k�jZa]_jf_lbabjh\Zgguf�djbklZeehf�g_h[oh^bfh�lsZl_evgh�\ufulv

jmdb�

AZij_sZ_lky�ih\j_`^_gguc�^_l_dlhj�\u[jZku\Zlv�gZ�k\Zedm��\�\h^m��aZdZiu\Zlv�\

a_fex�
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10 K\b^_l_evkl\h �h�ijb_fd_

10.1 Ki_dljhf_lj�FDK�:L����>                                         
���aZ\h^kdhc�ghf_j

ba]hlh\e_g� b� ijbgyl� \� khhl\_lkl\bb� k� h[yaZl_evgufb� lj_[h\Zgbyfb

]hkm^Zjkl\_gguo� klZg^Zjlh\�� ^_ckl\mxs_c� l_ogbq_kdhc� ^hdmf_glZpb_c� b� ijbagZg

]h^guf�^ey�wdkiemZlZpbb�

>ZlZ�ba]hlh\e_gby�                                             
]h^��f_kyp��qbkeh

                                                                                                                        ��FI

ebqgu_�ih^ibkb��hllbkdb�ebqguo�de_cf��^he`ghklguo�ebp�ij_^ijbylby�

hl\_lkl\_gguo�aZ�ijb_fdm�ki_dljhf_ljZ

=hkm^Zjkl\_ggZy�i_j\bqgZy�ih\_jdZ�ijh\_^_gZ

>ZlZ�ih\_jdb�                                     
]h^� f_kyp� qbkeh

Ih\_jbl_ev�                                                              
ih^ibkv��de_cfh
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11 K\b^_l_evkl\h �h[�miZdh\u\Zgbb

11.1 Ki_dljhf_lj�FDK�:L����>                                      �miZdh\Zg

   aZ\h^kdhc ghf_j

gZmqgh�ijhba\h^kl\_gguf�mgblZjguf�ij_^ijbylb_f�³:lhfl_o´

gZbf_gh\Zgb_�beb�dh^�ij_^ijbylby��ijhba\h^b\r_]h�miZdh\u\Zgb_�ki_dljhf_ljZ

kh]eZkgh�lj_[h\Zgbyf��ij_^mkfhlj_gguf�\�^_ckl\mxs_c�l_ogbq_kdhc

^hdmf_glZpbb�

                                                                                                       
^he`ghklv ebqgZy�ih^ibkv jZkrbnjh\dZ�ih^ibkb

                                        
]h^��f_kyp��qbkeh

12 K\b^_l_evkl\h �h�\\h^_�\�wdkiemZlZpbx

12.1 Ki_dljhf_lj�FDK�:L����>                                         
aZ\h^kdhc�ghf_j

\\_^_g�\�wdkiemZlZpbx��                                                 .
^ZlZ�\\h^Z�\�wdkiemZlZpbx

                                                                                                                               ��FI

ih^ibkv�b�nZfbeby�ebpZ��hl\_lkl\_ggh]h�aZ�wdkiemZlZpbx�ki_dljhf_ljZ
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13 =ZjZglbb �ba]hlh\bl_ey

13.1 Ij_^ijbylb_�ba]hlh\bl_ev�]ZjZglbjm_l�khhl\_lkl\b_�ki_dljhf_ljZ�hkgh\guf

iZjZf_ljZf�b�l_ogbq_kdbf�^Zgguf�b�oZjZdl_jbklbdZf��mdZaZgguf�\�gZklhys_f

jmdh\h^kl\_�ih�wdkiemZlZpbb��ijb�kh[ex^_gbb�ihlj_[bl_e_f�ijZ\be�b�mkeh\bc

wdkiemZlZpbb��ljZgkihjlbjh\Zgby�b�ojZg_gby�

13.2 =ZjZglbcguc�kjhd�wdkiemZlZpbb�− 18 f_k�k�fhf_glZ�\\h^Z�ki_dljhf_ljZ�\
wdkiemZlZpbx�beb�ih�bkl_q_gbb�]ZjZglbcgh]h�kjhdZ�ojZg_gby�

13.3 =ZjZglbcguc�kjhd�ojZg_gby�����f_k�k�fhf_glZ�ba]hlh\e_gby�ki_dljhf_ljZ�

13.4 <�kemqZ_�hldZaZ�ki_dljhf_ljZ�\�l_q_gb_�]ZjZglbcgh]h�kjhdZ�wdkiemZlZpbb�\eZ^_e_p

bf__l�ijZ\h�gZ�[_kieZlguc�j_fhgl�

Ijbf_qZgb_�� Ijb�gZjmr_gbb�iehf[�gZ�ki_dljhf_lj_��Z�lZd`_�f_oZgbq_kdbo�b�^jm]bo

ih\j_`^_gbyo� [ehdh\� b� ijbgZ^e_`ghkl_c� ki_dljhf_ljZ� ih� \bg_

ihlj_[bl_ey� � ij_l_gabb� ih� dZq_kl\m� g_� ijbgbfZxlky� b� ]ZjZglbcguc

j_fhgl�g_�ijh\h^blky�

13.5 =ZjZglbcguc�kjhd�wdkiemZlZpbb�ijh^e_\Z_lky�gZ�i_jbh^�hl�ih^Zqb�j_deZfZpbb�^h

ih\lhjgh]h�\\h^Z�ki_dljhf_ljZ�\�wdkiemZlZpbx�kbeZfb�ij_^ijbylby�−
ba]hlh\bl_ey�

13.6 =ZjZglbcguc�b�ihke_�]ZjZglbcguc�j_fhgl�ijh\h^bl�ij_^ijbylb_−�ba]hlh\bl_ev�

13.7 >_ckl\b_�]ZjZglbcguo�h[yaZl_evkl\�ij_djZsZ_lky�ih�bkl_q_gbb�]ZjZglbcgh]h

kjhdZ�wdkiemZlZpbb�

13.8 Ij_^ijbylb_−ba]hlh\bl_ev�h[_ki_qb\Z_l�k_j\bkgh_�h[kem`b\Zgb_�k\hbo�ba^_ebc
gZ�^h]h\hjghc�hkgh\_�
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14 K\_^_gby�h�j_deZfZpbyo

14.1 <� kemqZ_� \uy\e_gby� g_bkijZ\ghklb� ki_dljhf_ljZ� \� i_jbh^� ]ZjZglbcgh]h� kjhdZ

wdkiemZlZpbb� ihlj_[bl_e_f� ^he`_g� [ulv� khklZ\e_g� j_deZfZpbhgguc� Zdl� h

g_h[oh^bfhklb� j_fhglZ� b� hlijZ\db� ki_dljhf_ljZ� ij_^ijbylbx�ba]hlh\bl_ex� ih

Z^j_km

J_kim[ebdZ�;_eZjmkv�

220005, ]. Fbgkd���me��=bdZeh����

gZmqgh�ijhba\h^kl\_ggh_

mgblZjgh_�ij_^ijbylb_���:lhfl_o��

l_e  (+375-17) 284-51-35,
l_e/nZdk   (+375-17) 292-81-42,
E-mail: info@ atomtex.com.

14.2 J_deZfZpbx�gZ�ki_dljhf_lj�g_�ij_^ty\eyxl�

• ih�bkl_q_gbb��]ZjZglbcguo�h[yaZl_evkl\�

• ijb� gZjmr_gbb� ihlj_[bl_e_f� mkeh\bc� b� ijZ\be� wdkiemZlZpbb�� ojZg_gby�

ljZgkihjlbjh\Zgby��ij_^mkfhlj_gguo�jmdh\h^kl\hf�ih�wdkiemZlZpbb�

14.3 H� \hagbdr_c� g_bkijZ\ghklb� b� \k_o� jZ[hlZo� ih� \hkklZgh\e_gbx� ki_dljhf_ljZ

^_eZxl�hlf_ldb�\�ebkl_�j_]bkljZpbb�j_deZfZpbc�
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Ebkl�j_]bkljZpbb�j_deZfZpbc

Ghf_j

b�^ZlZ

m\_^hfe_

gby

DjZldh_

kh^_j`Zgb_

j_deZfZpbb

�ghf_j�b�^ZlZ

j_deZfZpbhggh

]h�ZdlZ�

F_ju��ijbgylu_

ih�mkljZg_gbx

hldZah\��b

j_amevlZlu

]ZjZglbcgh]h

j_fhglZ

>ZlZ�\\h^Z

ki_dljhf_ljZ�\

wdkiemZlZpbx

�ghf_j�b�^ZlZ

ZdlZ�m^h\e_l\h�

j_gby

j_deZfZpbb�

<j_fy��gZ

dhlhjh_

ijh^e_g

]ZjZglbc

guc�kjhd

>he`ghklv�

nZfbeby�b

ih^ibkv�ebpZ�

ijhba\h^b\r_]h

]ZjZglbcguc

j_fhgl
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Ijbeh`_gb_�:
 Ibdlh]jZffu

=jZnbq_kdbc� bgl_jn_ck� ;HB� FDK�:L����:� rbjhdh� bkihevam_l� jZaebqgu_

ibdlh]jZffu� ^ey� m\_^hfe_gby� ihevah\Zl_ey� h� kblmZpbyo� b� khklhygbyo� ki_dljhf_ljZ�

Ihy\e_gb_� beb� bkq_agh\_gb_� g_dhlhjuo� ba� gbo� fh`_l� khijh\h`^Zlvky� a\mdh\ufb

kb]gZeZfb�

G_l� \g_rg_]h� ;>� beb� jZaju\� k\yab� k� \g_rgbf� ;>��Ibdlh]jZffZ� ihy\ey_lky� ijb

hlkmlkl\bb� beb� gZjmr_gbb� k\yab� k� ;>�� ?keb� k\yav� ihy\ey_lky�� lh� ibdlh]jZffZ

bkq_aZ_l��<�fhf_gl�ihy\e_gby�ibdlh]jZffu�ba^Z_lky�^\hcghc��ij_ju\bkluc�kb]gZe�

B^_l�ijh]j_\�;>��Ibdlh]jZffZ�ihy\ey_lky�� _keb�[ehd�^_l_dlbjh\Zgby� gm`^Z_lky� \

ijh]j_\_�ihke_�\dexq_gby�iblZgby�i_j_^�gZqZehf�jZ[hlu�beb�\�fhf_gl�dhjj_dpbb

mkbe_gby��Ibdlh]jZffZ�bkq_aZ_l�ih�bkl_q_gbb�\j_f_gb�ijh]j_\Z��ijb�wlhf�ba^Z_lky

a\mdh\hc�kb]gZe�

Ibdlh]jZffZ�ihy\ey_lky�\�fhf_gl�bgbpbZebaZpbb�beb�\�fhf_gl�\u[hjZ�]_hf_ljbb

beb�\�fhf_gl�gZqZeZ�baf_j_gby�Zdlb\ghklb�beb�ki_dljZ��dh]^Z� �;HB�g_�h[gZjm`be

dZeb[jh\hd�ih�wg_j]bb��jZaj_r_gbx�beb�Zdlb\ghklb��Ibdlh]jZffZ�bkq_ag_l��dh]^Z�\

;>D=����[m^ml�ijbkmlkl\h\Zlv�\k_�g_h[oh^bfu_�dZeb[jh\db�

JZajy^�;:��Ibdlh]jZffZ�ihy\ey_lky�\�fhf_gl�hij_^_e_gby�jZajy^Z�;:�b�bkq_aZ_l�

_keb� ;:� aZjy`_gZ� beb� b^_l� ijhp_kk� aZjy^db�� <� fhf_gl� ihy\e_gby� h^ghdjZlgh

ba^Z_lky�a\mdh\hc�kb]gZe��Z�lZd`_��_keb�ki_dljhf_lj�gZoh^beky�\�j_`bf_�baf_j_gby

ki_dljZ��gZ[hj�ki_dljZ�[m^_l�hklZgh\e_g��Z�ihke_^gbc�ki_dlj�khojZg_g�ih^�ghf_jhf

�� �ghev���Ihke_�g_kdhevdbo�fbgml�ki_dljhf_lj�[m^_l�Z\lhfZlbq_kdb�\udexq_g��<h

\j_fy� jZajy^Z� ;:� ki_dljhf_lj� aZ[ehdbjm_l� j_`bfu� ©Baf_j_gb_� Zdlb\ghklb»,
«<u[hj�]_hf_ljbb», «Ki_dljhf_ljbq_kdbc�j_`bfª�b�©KlZ[bebaZpby»;

Hrb[dZ�\gmlj_ggbo�iZjZf_ljh\��Wlh�fh]ml�[ulv�ex[u_�gZkljZb\Z_fu_�iZjZf_lju

;HB��dhlhju_�ojZgylky�\� wg_j]hg_aZ\bkbfhc�iZfylb��Ibdlh]jZffZ�ihy\ey_lky�ijb

bgbpbZebaZpbb� b� bkq_aZ_l� ijb� ke_^mxs_f� \dexq_gbb�� l�d�� bkihjq_ggu_� ^Zggu_

[m^ml� mklZgh\e_gu� ih� mfheqZgbx�� <� fhf_gl� ihy\e_gby� h^ghdjZlgh� ba^Z_lky

a\mdh\hc�kb]gZe��?keb�ijb�ke_^mxs_f�\dexq_gbb�ibdlh]jZffZ�ihy\ey_lky�kgh\Z��lh

wlh�hagZqZ_l�g_bkijZ\ghklv�wg_j]hg_aZ\bkbfhc�iZfylb�;HB�

Ibdlh]jZffZ�ihy\ey_lky��dh]^Z�ijhbahr_e�k[hc�iblZgby�qZkh\��Bkq_aZ_l��dh]^Z�^ZlZ

b� \j_fy� [m^ml� mklZgh\e_gu� aZgh\h�� ?keb� ihy\e_gb_� ibdlh]jZffu� bf__l

kbkl_fZlbq_kdbc�oZjZdl_j��lh�lj_[m_lky�aZf_gZ�eblb_\hc�[ZlZj_cdb�iblZgby�qZkh\�
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Ij_\ur_gb_� ihjh]Z� ih� Zdlb\ghklb�� mklZgZ\eb\Z_fh]h� gZ� fhf_gl� dZeb[jh\db� ;>�

Ibdlh]jZffZ� ihy\ey_lky� \� fhf_gl� baf_j_gby� Zdlb\ghklb�� dhlhjZy�� ij_\urZ_l

mklZgh\e_gguc�ihjh]��ijb�wlhf�fgh]hdjZlgh�ba^Z_lky�a\mdh\hc�kb]gZe��Ibdlh]jZffZ

bkq_aZ_l��dh]^Z�ihdZaZgby�gb`_�ihjh]Z�beb�dh]^Z�ihevah\Zl_ev�\ur_e�ba�j_`bfZ�

�GZjmr_gu�mkeh\by�wdkiemZlZpbb�ih�l_fi_jZlmj_��Ibdlh]jZffZ�ihy\ey_lky�\�fhf_gl

h[gZjm`_gby� aZij_^_evguo� l_fi_jZlmj�� ijb� wlhf� ba^Z_lky� a\mdh\hc� kb]gZe�

Ibdlh]jZffZ� bkq_aZ_l� \�fhf_gl�� dh]^Z� l_fi_jZlmjZ� gZoh^blky� \� ij_^_eZo� jZ[hq_]h

l_fi_jZlmjgh]h�^bZiZahgZ�

Hldexq_g�a\md�\�;HB�

<�ijhlhdhe_�ihy\bebkv�\Z`gu_�aZibkb��dhlhju_�g_h[oh^bfh�ijhkfhlj_lv��Wlh�fh]ml

[ulv�� aZibkv� h� kha^Zgbb� dZlZeh]Z� ki_dljh\�� \Z`gu_� hrb[db� \� ;>�� bgnhjfZpby� h

dhlhjuo�[ueZ�h[gZjm`_gZ�\�j_]bklj_�^bZ]ghklbdb�;>�

Bgnhjfbjm_l�h�lhf��qlh�;>�g_�bf__l�nhgh\h]h�ki_dljZ�^ey�l_dms_c�]_hf_ljbb��Qlh[u

bkijZ\blv�kblmZpbx��gm`gh�baf_jblv�nhgh\uc�ki_dlj�b�khojZgblv�_]h�
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Ijbeh`_gb_�;

Kh[ulby�ijhlhdheZ

<Z`gu_� kh[ulby�� ijhbkr_^rb_� kh� ki_dljhf_ljhf�� ;HB� aZibku\Z_l� \� ijhlhdhe_�

Ijhlhdhe�ij_^klZ\ey_l�kh[hc��`mjgZe�kh[ulbc��\�dhlhjhf�khojZgyxlky�^ZlZ�b�\j_fy

gZklmie_gby�kh[ulby��Z�lZd`_�hibkZgb_�kh[ulby�k�^hihegbl_evgufb�iZjZf_ljZfb�

Ijhlhdhebjh\Zlvky�[m^ml�kh[ulby�hibkZggu_�gb`_�

• Fhf_gl� \dexq_gby� ki_dljhf_ljZ�� \� aZibkb� mdZau\Z_lky� lbi� hij_^_e_ggh]h

\g_rg_]h�;>�

• Fhf_gl�\udexq_gby�ki_dljhf_ljZ�

• Fhf_gl�gZklmie_gby�jZajy^Z�;:�

• JZajmr_gb_�\gmlj_ggbo�iZjZf_ljh\�;HB��Nbdkbjm_lky�dh^�iZjZf_ljZ�

• JZajmr_gb_�dZeb[jh\hd�ih�wg_j]bb��jZaj_r_gbx�beb�Zdlb\ghklb�

• Fhf_gl�kha^Zgby�gh\h]h�dZlZeh]Z�ki_dljh\��Wlh�agZqbl��qlh�klZjuc�dZlZeh]

[ue�hij_^_e_g�dZd�bkihjq_gguc�beb�g_kms_kl\mxsbc�

• Fhf_gl� gZklmie_gby� hldZaZ� ;>�� HldZa� ;>� _klv� ke_^kl\b_� g_\hafh`ghklb

h[jZ[hlZlv��\uihegblv�b�hl\_lblv�gZ�dhfZg^m��ihkeZggmx�;HB�

• Fhf_gl�gZjmr_gby�debfZlbq_kdbo�mkeh\bc�wdkiemZlZpbb�
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Ijbeh`_gb_�<
J_^Zdlbjh\Zgb_�b�\\h^�agZq_gbc

Bgl_jn_ck�ki_dljhf_ljZ�ih^^_j`b\Z_l�\\h^�lhevdh�pbnjh\uo�agZq_gbc��<�j_`bf_

j_^Zdlbjh\Zgby� pbnjh\u_� dghidb� iha\heyxl� \\_klb� pbnju�� khhl\_lkl\_ggh

klj_ehqgu_� dghidb� fZgbimebjmxl� dmjkhjhf�� m^Ze_gb_f�� ihklZgh\dhc� aZiylhc� b

\u[hjhf�_^bgbpu�baf_j_gby�_keb�g_h[oh^bfh�

<gbfZgb_��LZd�dZd�dghidZ� �kh\f_s_gZ�k�pbnjh\hc� ©�ª�� lh�nmgdpby�dghidb

�i_j_oh^bl�d�dghid_� .

DghidZ� � fgh]hnmgdpbhgZevgZy��HgZ� \uihegy_l� nmgdpbb� ^\b`_gby� dmjkhjZ

\ijZ\h��ihklZgh\dm�aZiylhc�b�baf_g_gby�_^bgbpu�baf_j_gby�

MklZgh\dZ�aZiylhc�ijhbkoh^bl�gZ`Zlb_f�dghidb� �\�fhf_gl��dh]^Z�dmjkhj�m`_

klhbl�\�kZfhf�dhgp_�kljhdb�b�dh]^Z�\\_^_gh�ohly�[u�h^gZ�pbnjZ�b�_s_�g_�\\_^_gZ

aZiylZy�

Baf_g_gb_�_^bgbpu�baf_j_gby�ijhbkoh^bl�gZ`Zlb_f�dghidb� �\�fhf_gl��dh]^Z

dmjkhj�m`_�klhbl�\�kZfhf�dhgp_�kljhdb�b�dh]^Z�g_�\\_^_gh�gbq_]h�beb�dh]^Z� m`_

\\_^_gZ�aZiylZy�

Ijb� \oh^_� \� j_`bf� j_^Zdlbjh\Zgby� ij_`g__� agZq_gb_� \u^_e_gh� bg\_jkb_c�� qlh

ijb\_^_l� d� _]h� f]gh\_gghfm� klbjZgbx� ijb� \\h^_� gh\h]h� agZq_gby�� \u^_e_gb_

kgbfZ_lky�ijhkluf�i_j_^\b`_gb_f�dmjkhjZ�\e_\h�beb�\ijZ\h�
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Ijbeh`_gb_�=
DZlZeh]�ki_dljh\

<k_�aZibkZggu_�k�ihfhsvx�;HB�ki_dlju�ojZgylky�\�;>�ih^�g_dhlhjufb�ghf_jZfb�

Qlh[u�hij_^_eblv�dZdhc�ba�ki_dljh\�\�dZdh_�\j_fy�[ue�aZibkZg��b�dZdb_�ghf_jZ�_s_

k\h[h^gu��kms_kl\m_l�dZlZeh]�ki_dljh\��dhlhjuc�lZd`_�ojZgblky�\�;>�

DZlZeh]� ki_dljh\� ijba\Zg� h[e_]qblv� aZ^Zqm� aZibkb� b� ql_gby� ki_dljh\� ba� ;>�� K

ihfhsvx�dZlZeh]Z�;HB�hij_^_ey_l�k\h[h^gu_�ghf_jZ�b�ij_^eZ]Z_l�bo�ihevah\Zl_ex

\�fhf_gl��dh]^Z�lhl�^_eZ_l� aZibkv�ki_dljZ��:�dh]^Z�ihevah\Zl_ev�`_eZ_l� aZ]jmablv

ki_dlju��;HB�\u\h^bl�dZlZeh]�gZ�wdjZg��ihdZau\Zy�i_j\hc�kljZgbpm��]^_�gZoh^blky

kZfuc� ihke_^gbc� ih� \j_f_gb� khojZg_gguc� ki_dlj�� Ijb� wlhf� \� dZlZeh]_� ihfbfh

ghf_jZ�aZibkb�ki_dljZ��ojZgblky�^ZlZ�b�\j_fy�aZibkb�ki_dljZ��dhlhju_�agZqbl_evgh

h[e_]qZxl� ihbkd� ki_dljh\�� l�d�� fh`gh� g_� aZihfbgZlv� ghf_jZ� khojZg_gbc�� Z

hjb_glbjh\Zlvky�ih�^Zl_�b�\j_f_gb�khojZg_gby�
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Ijbeh`_gb_�>

Hkgh\gu_�l_ogbq_kdb_�^Zggu_�b�oZjZdl_jbklbdb

ki_dljhf_ljZ�ijb�baf_j_gbb�m^_evghc�Zdlb\ghklb�?JG

1 <� ki_dljhf_lj_� FDK�:L����>� ij_^mkfhlj_gZ� \hafh`ghklv� � baf_j_gby

m^_evghc� Zdlb\ghklb� �M:�� _kl_kl\_gguo� jZ^bhgmdeb^h\�
232Th, 226

5D� b�
40
.� b

hij_^_e_gby� bo� kmffZjghc� �m^_evghc� wnn_dlb\ghc�� Zdlb\ghklb� �:wnn�� \

kljhbl_evguo� fZl_jbZeZo�� ba^_ebyo�� kujv_�� hloh^Zo� ijhfure_ggh]h

ijhba\h^kl\Z�� ]hjguo� ihjh^Zo� b� ^jm]bo� h[t_dlZo� hdjm`Zxs_c� kj_^u� [_a

ki_pbZevgh]h�hl[hjZ�ijh[�

2 >ey�h[jZ[hldb� wg_j]_lbq_kdbo�jZkij_^_e_gbc� �ki_dljh\�� ]ZffZ�baemq_gby�?JG

wg_j]_lbq_kdbc� ^bZiZahg� ki_dljhf_ljZ� jZa[b\Z_lky� gZ� ljb� baf_jbl_evguo

bgl_j\ZeZ�k�ghf_jZfb�    i = 1, 2, 3. Bgl_j\Ze� k�ghf_jhf� � � i = 1 khhl\_lkl\m_l
wg_j]bb� ]ZffZ�baemq_gby� ����� dw<� jZ^bhgmdeb^Z�

40
D� �� Bgl_j\Ze� i = 2

khhl\_lkl\m_l�wg_j]bb�]ZffZ�baemq_gby� �����dw<�jZ^bhgmdeb^Z�
214
%L�^hq_jg_]h

ijh^mdlZ�jZkiZ^Z�
226
5D��Bgl_j\Ze� i = 3 khhl\_lkl\m_l� wg_j]bb� ]ZffZ�baemq_gby

2614 dw<� jZ^bhgmdeb^Z� 208Tl ^hq_jg_]h� ijh^mdlZ� jZkiZ^Z 232Th�� =jZgbpu
wg_j]_lbq_kdbo�bgl_j\Zeh\�g_�i_j_dju\Zxlky�b�aZ^Zxlky�lZdbf�h[jZahf��qlh[u

ibdb� ihegh]h� ih]ehs_gby�� khhl\_lkl\mxrb_� mdZaZgguf� \ur_� wg_j]byf

]ZffZ�ebgbc�� iheghklvx� gZoh^bebkv� \� ij_^_eZo� \u[jZgguo� ]jZgbp

wg_j]_lbq_kdbo�bgl_j\Zeh\�

3 JZkq_lgu_� nhjfmeu� ^ey� hij_^_e_gby� m^_evguo� Zdlb\ghkl_c� :1�� :2� b� :3

khhl\_lkl\_ggh� ^ey� jZ^bhgmdeb^h\�
40
D��

226Ra, 232
7K� ih� lj_f� wg_j]_lbq_kdbf

bgl_j\ZeZf�bf_xl�ke_^mxsbc�\b^�

:1 = (n1 – n�n - n02 ⋅ K21 – n03 ⋅ K31) ⋅ K11 = n01 ⋅ K11; (>���

:2 = (n2 – n�n – n03 ⋅ K32) ⋅ K22 = n02 ⋅ K22; (>���

:3 = (n3 – n�n) ⋅ K33 = n03 ⋅ K33 , (>���

]^_� ni – kdhjhklv� kq_lZ� bfimevkh\� kq_lgh]h� h[jZapZ� \� i�hf� wg_j]_lbq_kdhf
bgl_j\Ze_��k

-1;

nin  - nhgh\Zy� kdhjhklv� kq_lZ� bfimevkh\� \� L�hf� wg_j]_lbq_kdhf� bgl_j\Ze_�
h[mkeh\e_ggZy�kh[kl\_gguf�nhghf�ki_dljhf_ljZ�b�dhkfbq_kdbf�baemq_gb_f��k

-1;

Kii – ]jZ^mbjh\hqguc�dhwnnbpb_gl�ki_dljhf_ljZ�^ey� L�]h� �jZ^bhgmdeb^Z�\
L�hf�wg_j]_lbq_kdhf�bgl_j\Ze_��;d⋅d]-1⋅k�

Kij – ]jZ^mbjh\hqguc� dhwnnbpb_gl� ki_dljhf_ljZ�� mqblu\Zxsbc

hlghkbl_evguc� \deZ^� i –]h� � jZ^bhgmdeb^Z� \� M�uc� wg_j]_lbq_kdbc� bgl_j\Ze
ki_dljhf_ljZ��^ey�i > j).

AgZq_gby�]jZ^mbjh\hqguo�dhwnnbpb_glh\�ki_dljhf_ljZ�Kii  b�Kij�hij_^_eyxlky

^ey� lj_[m_fhc� ]_hf_ljbb� baf_j_gbc� hl� h[jZaph\uo� f_j�bfblZlhjh\� m^_evghc

Zdlb\ghklb�]ZffZ�baemq_gby�_kl_kl\_gguo�jZ^bhgmdeb^h\�gZ�wlZi_�]jZ^mbjh\db
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ki_dljhf_ljZ� b� ojZgylky� \� wg_j]hg_aZ\bkbfhc� iZfylb� [ehdZ� ^_l_dlbjh\Zgby

;>D=����

4 >h\_jbl_evgu_� ]jZgbpu� kemqZcghc� �klZlbklbq_kdhc�� ih]j_rghklb� ε(:i)
j_amevlZlZ� baf_j_gby� Zdlb\ghklb� :i� ijb� ^h\_jbl_evghc� \_jhylghklb� ����

\uqbkeyxlky�ih�ke_^mxsbf�nhjfmeZf�

�>���

�>���

�>���

]^_ D0i  - ^bki_jkbb� kdhjhkl_c� kqzlZ� bfimevkh\� kq_lgh]h� h[jZapZ� \� i�hf
wg_j]_lbq_kdhf�bgl_j\Ze_��\uqbkey_fu_�ih�nhjfmeZf:

�
W

Q

W

Q
'

n

�n

b

�

��
+= (>.7)

( ) �'.
W

Q

W

Q
'

��

�

��

n

�n

b

�

��
⋅++= �>���

( ) ( ) �'.'.
W

Q

W

Q
'

��

�

����

�

��

n

�n

b

�

��
⋅+⋅++= �>���

]^_�tb�±�\j_fy�baf_j_gby�m^_evghc�Zdlb\ghklb�bkke_^m_fh]h�kq_lgh]h�h[jZapZ;
tn�±�\j_fy�ij_^\Zjbl_evgh�baf_j_ggh]h�nhgh\h]h�ki_dljZ�

5 J_amevlbjmxsZy�ih]j_rghklv�baf_j_gby�m^_evghc�Zdlb\ghklb�ÍL��g_hij_^_e_gghklv

baf_j_gby��ijb�^h\_jbl_evghc�\_jhylghklb������jZkkqblu\Z_lky�ih�nhjfme_:

∆�:i�� �D0.95 [θ ��:i) + ε��:i)], �>����

]^_� θ ��:i) �� ^h\_jbl_evgZy� ]jZgbpZ� g_bkdexq_gghc� kbkl_fZlbq_kdhc

ih]j_rghklb� j_amevlZlZ� baf_j_gby� :i� ijb� ^h\_jbl_evghc� \_jhylghklb� �����

\uqbkey_fZy�ih�nhjfme_:

θ �:i) = 1,1· L

�θ∑ , �>�11)

]^_� Lθ �� g_bkdexq_ggu_� kbkl_fZlbq_kdb_� khklZ\eyxsb_� ih]j_rghklb�

h[mkeh\e_ggu_� ih]j_rghklyfb� ]jZ^mbjh\db� b� ^hihegbl_evgufb� ih]j_rghklyfb

ki_dljhf_ljZ�

��
�

���
�

����

�

$

D'���
:¥

⋅⋅
=

�����
�

����

�

$

D'����
:¥

⋅
=

⋅

��
�

���
�

��

��

�

$

D
'���

:¥

⋅⋅
=
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AgZq_gby� dhwnnbpb_glZ�D0,95 ^ey� ^h\_jbl_evghc� \_jhylghklb� ����� aZ\bkbl� hl

hlghr_gby� θ �:i)/S (Ai), ]^_ S(Ai)=ε �:i)/2 - kj_^g__� d\Z^jZlbq_kdh_

hldehg_gb_�j_amevlZlZ�h^ghdjZlgh]h�baf_j_gby�:i.

?keb 0,8 ≤ [θ �:i)/S (Ai)] ≤ 8,0, lh dhwnnbpb_gl�D0,95 baf_gy_lky�\�ij_^_eZo

hl������^h������

Ijb� [θ �:i)/S (Ai)] <0,8 g_bkdexq_ggufb�kbkl_fZlbq_kdbfb�ih]j_rghklyfb

ij_g_[j_]Zxl� b� ijbgbfZxl� \� dZq_kl\_� j_amevlbjmxs_c� ih]j_rghklb� ∆�:i)
^h\_jbl_evgmx�]jZgbpm�kemqZcghc��klZlbklbq_kdhc��ih]j_rghklb�ε �:i).
?keb� � [θ �:i)/S (Ai)] >8,0� �� lh� kemqZcghc� �klZlbklbq_kdhc�� ih]j_rghklvx

ij_g_[j_]Zxl� b� ijbgbfZxl� \� dZq_kl\_� j_amevlbjmxs_c� ih]j_rghklb

^h\_jbl_evgmx�]jZgbpm�g_bkdexq_gghc�kbkl_fZlbq_kdhc�ih]j_rghklb��θ �:i).
6 M^_evgZy��wnn_dlb\gZy�Zdlb\ghklv�?JG�(:wnn��\uqbkey_lky�ih�nhjfme_

:wnn  = 1,31 ⋅A3 + A2 +0,085A1 (>���

7 J_amevlbjmxsZy�ih]j_rghklv�baf_j_gby�m^_evghc�wnn_dlb\ghc�Zdlb\ghklb�:wnn

�g_hij_^_e_gghklv�baf_j_gby��hp_gb\Z_lky�ih�nhjfme_

( ) ( ) ( )
�

�

�

�

�

�

wnn $������$���$����:� ⋅++⋅= (>���

8 :e]hjblf�hp_gdb�j_amevlbjmxsbo�ih]j_rghkl_c�∆�ÍL��b���∆(:wnn��j_Zebah\Zgu�\

ijh]jZffghf� h[_ki_q_gbb� ;HB� ki_dljhf_ljZ�� Ijb� wlhf� \� aZ\bkbfhklb� hl

\u[jZggh]h� j_`bfZ� bg^bdZpbb� gZ� @DB� ki_dljhf_ljZ� fh]ml� hlh[jZ`Zlvky

m^_evgu_� b� m^_evgu_� wnn_dlb\gu_� Zdlb\ghklb� ?JG� dZd� k� Z[khexlgufb

j_amevlbjmxsbfb� ih]j_rghklyfb�� lZd� b� k� hlghkbl_evgufb� j_amevlbjmxsbfb

ih]j_rghklyfb�\�ijhp_glZo��kf���������

9 FbgbfZevgZy�baf_jy_fZy�m^_evgZy�wnn_dlb\gZy�Zdlb\ghklv�?JG�\�]_hf_ljbb��π
ijb�ijh^he`bl_evghklb�baf_j_gby���fbg�khklZ\ey_l����;d/d]�

10 Ij_^_eu�^himkdZ_fhc�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�m^_evghc

wnn_dlb\ghc�Zdlb\ghklb�?JG�g_�ij_\urZxl�± 20 %.
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Ijbeh`_gb_�?

NhjfZ�ijhlhdheZ�ih\_jdb

�j_dhf_g^m_fh_�

ki_dljhf_ljZ FDK�:L���������   aZ\�� ______________

>:L:�IH<?JDB  _____________

IH<?JD:�IJH<H>BE:KV�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
ih\_jhqguc hj]Zg

Mkeh\by�ih\_jdb

l_fi_jZlmjZ� _________ hK�
hlghkbl_evgZy�\eZ`ghklv� _________ %;
Zlfhkn_jgh_�^Z\e_gb_ BBBBBBBBBB�ff�jl�kl�

\g_rgbc�nhg�]ZffZ�baemq_gby� _________ fdA\�q�

Kj_^kl\Z�ih\_jdb

__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________
__________________________________________________________________

��<g_rgbc�hkfhlj :

^hdmf_glZpby�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

dhfie_dlghklv�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

hlkmlkl\b_�f_oZgbq_kdbo�ih\j_`^_gbc�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

��Hijh[h\Zgb_�

jZ[hlhkihkh[ghklv�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB
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3 F_ljheh]bq_kdb_�oZjZdl_jbklbdb

3.1 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�oZjZdl_jbklbdb

ij_h[jZah\Zgby��b�^bZiZahgZ�wg_j]bc�j_]bkljbjm_fh]h�]ZffZ�baemq_gby�

LZ[ebpZ�?1
>bZiZahg�wg_j]bc�j_]bkljbjm_fh]h�]ZffZ�baemq_gby���������dw<�^ey�ki_dljhf_ljh\

FDK�:L������FDK�:L����<

JZ^bhgmdeb^
137Cs 241

:m 57Co 139Ce 113Sn 54Mn 22Na
Wg_j]by

baemq_gby� oiE ,

dw<

32 662 59,5 122 166 392 835 1275

Baf_j_ggh_

agZq_gb_�wg_j]bb

iE , dw<

ioii EEE −=∆ ,

dw<

=∆ maxE            dw< IOI��ijb�ih\_jd_�� ������������� IOI��ih�LM��≤1 %

LZ[ebpZ�?2

>bZiZahg�wg_j]bc�j_]bkljbjm_fh]h�]ZffZ�baemq_gby���������dw<�^ey�ki_dljhf_ljh\

FDK�:L������FDK�:L����<��FDK�:L����:��FDK�:L����>

JZ^bhgmdeb^
137Cs 241

:m 57Co 139Ce 113Sn 54Mn 22Na 88Y 228Th

Wg_j]by

baemq_gby� oiE ,

dw<

662 59,5 122 166 392 835 1275 1836 2614

Baf_j_ggh_

agZq_gb_

wg_j]bb� iE , dw<

ioii EEE −=∆ ,

dw<

=∆ maxE             dw< IOI��ijb�ih\_jd_�� ��������� IOI��ih�LM��≤1 %
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3.2 Hij_^_e_gb_�hlghkbl_evgh]h�wg_j]_lbq_kdh]h�jZaj_r_gby

LZ[ebpZ�?�

Lbi�bklhqgbdZ

]ZffZ�baemq_gby

Baf_j_ggh_

qbkeh�bfimevkh\

\�fZdkbfmf_

III

Baf_j_ggh_

agZq_gb_

hlghkbl_evgh]h

jZaj_r_gby�R, %

AgZq_gb_

hlghkbl_evgh]h

jZaj_r_gby

�ih�LM��R, %

R<�����FDK�:L�����

R<9,5

������������FDK�:L����:�

������������FDK�:L����<�

HK=B����
137

Ks,
Zdlb\ghklv�hl���^h

24 d;d
G_�f_g__���

4

������������FDK�:L����>�

3.3 Hij_^_e_gb_� wnn_dlb\ghklb� j_]bkljZpbb� \� ibd_� ihegh]h� ih]ehs_gby� k

wg_j]b_c�]ZffZ�baemq_gby�����dw<�jZ^bhgmdeb^Z����KV�

LZ[ebpZ�?4

Lbi

bklhqgbdZ

]ZffZ�

baemq_gby

Iheh`_�

gb_

p_gljZ

III�n,
dZgZe

Baf_j_g�

gh_

agZq_gb_

wg_j]bb

?��dw<

=jZgbpu

III�Ee,
?i, dw<

Kdhjhklv

kq_lZ

bfimevkh\

\�III��N,
c-1

Wnn_dlb\�

ghklv

j_]bkljZ�

pbb�\

III�ε, %

ε, %
�ih�LM�

3,29±0,65
�FDK�:L�����

7,32±1,46
�FDK�:L����:�

FDK�:L����<�

HK=B��

:0=      ;d

?e=

?i=

5,34±1,06
�FDK�:L����>�
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3.4 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�fhsghklb�Zf[b_glgh]h

wd\b\Ze_glZ�^haZ��fhsghklb�Zf[b_glghc�^hau��]ZffZ�baemq_gby�^ey�ki_dljhf_ljh\

FDK�:L������FDK�:L����<

LZ[ebpZ�?�

Fhsghklv

^hau�\

ih\_jy_fhc

lhqd_� oiH�

Baf_j_ggu_

agZq_gby

fhsghklb

^hau� iH ,

fdA\�q

Kj_^g__

agZq_gb_

iH ,

fdA\�q

Hlghkbl_evgZy

ih]j_rghklv

ijL
Θ , %

Hkgh\gZy

hlghkbl_evgZy

ih]j_rghklv

ijb�ih\_jd_

∆i, %

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

ih�LM�∆, %
k�[ehdZfb�^_l_dlbjh\Zgby�;>D=�����;>D=���

0,03 fdA\�q�1)

0,07 fdA\�q�1)

0,7 fdA\�q

7,0 fdA\�q

70,0 fdA\�q

240 fdA\�q�2)

±20

Ijbf_qZgb_ :
1 1)

�±�baf_j_gby�ijh\h^yl�lhevdh�ijb�i_j\bqghc�ih\_jd_�

2 2) 
±�baf_j_gb_�ijh\h^yl�lhevdh�^ey�ki_dljhf_ljZ�FDK�:L����

k�M>�;HB

3,0 fdA\�q

7,0 fdA\�q

70,0 fdA\�q

0,7 fA\�q

7,0 fA\�q

±20

3.5 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�iehlghklb�ihlhdZ

ZevnZ�baemq_gby�^ey�ki_dljhf_ljh\�FDK�:L������FDK�:L����<

LZ[ebpZ�?6
Iehlghklv

ihlhdZ

ZevnZ�

baemq_gby�\

ih\_jy_fhc

lhqd_� i0ϕ ,

fbg
-1⋅kf-2

Baf_j_ggu_

agZq_gby

iehlghklb

ihlhdZ�ϕi,
fbg

-1⋅kf-2

Kj_^g__

agZq_gb_

iϕ ,

fbg
-1⋅kf-2

Hlghkbl_evgZy

ih]j_rghklv

ijL
Θ , %

Hkgh\gZy

hlghkbl_evgZy

ih]j_rghklv

ijb�ih\_jd_

∆i, %

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

ih�LM�∆, %

0,5-10

10-102

102-103

103-104

104-105

±20
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3.6 Hij_^_e_gb_�hkgh\ghc�hlghkbl_evghc�ih]j_rghklb�baf_j_gby�iehlghklb�ihlhdZ

[_lZ�baemq_gby�^ey�ki_dljhf_ljh\�FDK�:L������FDK�:L����<

LZ[ebpZ�?7
Iehlghklv

ihlhdZ�[_lZ�

baemq_gby�\

ih\_jy_fhc

lhqd_� i0ϕ ,

fbg
-1⋅kf-2

Baf_j_ggu_

agZq_gby

iehlghklb

ihlhdZ�ϕi,
fbg

-1⋅kf-2

Kj_^g__

agZq_gb_

iϕ ,

fbg
-1⋅kf-2

Hlghkbl_evgZy

ih]j_rghklv

ijL
Θ , %

Hkgh\gZy

hlghkbl_evgZy

ih]j_rghklv

ijb�ih\_jd_

∆i, %

Ij_^_eu

^himkdZ_fhc

hkgh\ghc

hlghkbl_evghc

ih]j_rghklb

ih�LM�∆, %

3-10

10-102

102-103

103-104

104-105

105-5⋅105

±20

<u\h^u�BBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBBB

_____________________________________________________________________________
_____________________________________________________________________________

K\b^_l_evkl\h� �BBBBB______ hl�BBBBBBBBBBBBB
�ba\_s_gb_��h�g_ijb]h^ghklb�

Ih\_jdm�ijh\_e   _______________ ( )


