
<B;J:PBY�F?O:GBQ?KD:Y�

LJ?;H<:GBY�D�D:Q?KL<M

;:E:GKBJH<DB�@?KLDBO�JHLHJH<�

Q:KLV����HRB;DB�;:E:GKBJH<DB

MECHANICAL VIBRATION. BALANCE

QUALITY REQUIREMENTS OF RIGID

ROTORS. PART 2. BALANCE ERRORS

J_]bkljZpbhgguc�ghf_j

ISO 1940-2:1997

F?@>MG:JH>GUC

KL:G>:JL
ISO

1940-2

I_j\h_�ba^Zgb_

1997-6-15



ISO 1940-2:1997

ii

IJ?>BKEH<B?

F_`^mgZjh^gZy � hj]ZgbaZpby� ih� klZg^ZjlbaZpbb � �BKH�� y\ey_lky

\k_fbjghc� n_^_jZpb_c� gZpbhgZevguo� hj]ZgbaZpbc � ih� klZg^ZjlbaZpbb

�dhfbl_lh\�qe_gh\� BKH��� JZajZ[hldZ� f_`^mgZjh^guo� klZg^Zjlh\

h[uqgh� hkms_kl\ey_lky� l_ogbq_kdbfb� dhfbl_lZfb� BKH�� DZ`^uc

dhfbl_l�qe_g�� aZbgl_j_kh\Zgguc � \� ^_yl_evghklb �� ^ey� dhlhjhc� [ue

kha^Zg� l_ogbq_kdbc � dhfbl_l�� bf__l� ijZ\h� [ulv� ij_^klZ\e_gguf� \� wlhf

dhfbl_l_�� F_`^mgZjh^gu_� ijZ\bl_evkl\_ggu_ � b� g_ijZ\bl_evkl\_ggu_

hj]ZgbaZpbb�� bf_xsb_� k\yab� k� BKH�� lZd`_� ijbgbfZxl � mqZklb_� \

jZ[hlZo�� Qlh� dZkZ_lky� klZg^ZjlbaZpbb � \� h[eZklb� we_dljhl_ogbdb�� BKH

jZ[hlZ_l� \� l_kghf� khljm^gbq_kl\_ � k� F_`^mgZjh^ghc

we_dljhl_ogbq_kdhc �dhfbkkb_c��FWD��

Ijh_dlu� f_`^mgZjh^guo� klZg^Zjlh\ �� ijbgylu_ � l_ogbq_kdbfb

dhfbl_lZfb �� jZkkueZxlky� dhfbl_lZf�qe_gZf� gZ� ]hehkh\Zgb_�� Bo

him[ebdh\Zgb_� \� dZq_kl\_� f_`^mgZjh^guo� klZg^Zjlh\ � lj_[m_l

h^h[j_gby�� ih� f_gvr_c� f_j_�� ���� dhfbl_lh\�qe_gh\�� ijbgbfZxsbo

mqZklb_�\�]hehkh\Zgbb�

F_`^mgZjh^guc � klZg^Zjl� BKH� ������� jZajZ[hlZg� L_ogbq_kdbf

dhfbl_lhf� BKH�LD� ����F_oZgbq_kdb_� \b[jZpbb� b m^Zj�� Ih^dhfbl_lhf

ID���;ZeZgkbjh\dZ ��\dexqZy �[ZeZgkbjh\hqgu_ �fZrbgu �

BKH� ����� khklhbl� ba� ke_^mxsbo � qZkl_c� ih^� h[sbf

gZbf_gh\Zgb_f�

<b[jZpby f_oZgbq_kdZy�� Lj_[h\Zgby� d� [ZeZgkbjh\d_� `_kldbo

jhlhjh\�

- QZklv����Hij_^_e_gb_�^himkdZ_fh]h�hklZlhqgh]h jZa[ZeZgkZ

��QZklv����Hrb[db�[ZeZgkbjh\db�

Ijbeh`_gby� :�K� gZklhys_c� qZklb� BKH� ����� �� lhevdh� ^ey

bgnhjfZpbb�

FDK����������

>_kdjbilhju� �\b[jZpby � �`_kldb_ �jhlhju � �[ZeZgkbjh\dZ � �hrb[db �[ZeZgkbjh\db �
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<<?>?GB?

DZq_kl\h� [ZeZgkbjh\db� `_kldh]h� jhlhjZ� hp_gb\Zxl � \h� \j_fy

ijh\_^_gby� [ZeZgkbjh\db � \� khhl\_lkl\bb � k� BKH� ������� baf_j_gb_f

hklZlhqgh]h � ^bk[ZeZgkZ� Wlh� baf_j_gb_� fh`_l� kh^_j`Zlv� hrb[db�

dhlhju_� \hagbdZxl � ba� jy^Z� bklhqgbdh\�� Ij_^\Zjbl_evgh � g_h[oh^bfh

jZkkfhlj_lv� ij_^iheZ]Z_fu_� hrb[db�� ?keb� hiul� ihdZaZe�� qlh� wlb

hrb[db� agZqbl_evgu�� bo� ke_^m_l� ijbgbfZlv� \� jZkq_l� ijb� hij_^_e_gbb

dZq_kl\Z� [ZeZgkbjh\db� jhlhjZ��BKH� ������� g_� jZkkfZljb\Z_l� ih^jh[gh

hrb[db� [ZeZgkbjh\db� b�� \� qZklghklb�� g_� jZkkfZljb\Z_l� hp_gdm� hrb[hd

[ZeZgkbjh\db�� ihwlhfm� gZklhysZy� qZklv� BKH� ����� ij_^klZ\ey_l

ijbf_ju� lbibqguo� hrb[hd�� dhlhju_� fh]ml� ihy\blvky �� b� ij_^eZ]Z_l

j_dhf_g^m_fu_� kihkh[u� hij_^_e_gby�� >hihegbl_evgh � hibkZgu

h[h[s_ggu_� f_lh^u� hp_gdb� hklZlhqgh]h � ^bk[ZeZgkZ� ijb� gZebqbb

hrb[hd�[ZeZgkbjh\db�
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<B;J:PBY�F?O:GBQ?KD:Y� LJ?;H<:GBY�D

D:Q?KL<M�;:E:GKBJH<DB�@?KLDBO�JHLHJH<.

Q:KLV����HRB;DB�;:E:GKBJH<DB

1 �[eZklv�jZkijhkljZg_gby

GZklhysZy�qZklv�BKH������jZkijhkljZgy_lky �gZ�

�� b^_glbnbdZpbx � hrb[hd� \� ijhp_kk_� [ZeZgkbjh\db� `_kldbo

jhlhjh\�

- hp_gdm�hrb[hd�

- hkgh\gu_�gZijZ\e_gby�mq_lZ�hrb[hd�

- hp_gdm� hklZlhqgh]h� ^bk[ZeZgkZ� \� ex[uo� ^\mo� dhjj_dpbhgguo

iehkdhklyo�

2 GhjfZlb\gu_�^hdmf_glu

Ke_^mxsb_� klZg^Zjlu� kh^_j`Zl� iheh`_gby�� dhlhju_�� [eZ]h^Zjy

kkued_� \� ^Zgghf� l_dkl_�� y\eyxlky� iheh`_gbyfb� gZklhys_c� qZklb�BKH 1940.

Dh� \j_f_gb� him[ebdh\Zgby � mdZaZggu_� ba^Zgby� h[eZ^Zeb� xjb^bq_kdhc

kbehc�� <k_� klZg^Zjlu� y\eyxlky� h[t_dlhf� i_j_kfhljZ�� Z� klhjhgZf�� gZ

kh]eZkh\Zgbb� k� dhlhjufb� hkgh\ZgZ� gZklhysZy� qZklv� BKH� �����

hdZau\Zxl� ih^^_j`dm� \� bkke_^h\Zgbb � \hafh`ghklb� ijbf_g_gby � kZfuo

ihke_^gbo � ba^Zgbc� klZg^Zjlh\�� mdZaZgguo� gb`_�� Qe_gu� FWD� b� BKH

ojZgyl�i_j_qgb�^_ckl\mxsbo�f_`^mgZjh^guo�klZg^Zjlh\�

BKH������90 <b[jZpby�f_oZgbq_kdZy��;ZeZgkbjh\dZ��Keh\Zjv

BKH�����������IhijZ\dZ���������IhijZ\dZ���d�BKH����������

BKH� ������������ <b[jZpby� f_oZgbq_kdZy�� Lj_[h\Zgby� d� dZq_kl\m

[ZeZgkbjh\db� `_kldbo� jhlhjh\�� QZklv� ��� Hij_^_e_gb_� ^himklbfh]h

hklZlhqgh]h�jZa[ZeZgkZ

BKH�����������FZrbgu �[ZeZgkbjh\hqgu_ ��HibkZgb_ �b�hp_gdZ
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3 Hij_^_e_gby

<� gZklhys_c� qZklb� BKH� ����� ijbf_gyxl� hij_^_e_gby�

ijb\_^_ggu_ �\�BKH�������b�\�IhijZ\d_���d�wlhfm�klZg^Zjlm��

4 Bklhqgbdb�hrb[hd�[ZeZgkbjh\db

Hrb[db � [ZeZgkbjh\db� fh`gh� deZkkbnbpbjh\Zlv � ih� h^ghc� ba

ke_^mxsbo�]jmii�

a) kbkl_fZlbq_kdb_� hrb[db�� \� dhlhjuo� dhebq_kl\h� b� m]he� fh`gh

hp_gblv�eb[h�jZkq_lhf��eb[h�baf_j_gb_f�

b) kemqZcgu_� i_j_f_ggu_� hrb[db�� \� dhlhjuo� dhebq_kl\h� b� m]he

f_gyxlky� g_ij_^\b^_gguf � h[jZahf� ^ey� jy^Z� baf_j_gbc �

\uiheg_gguo�ijb�h^gbo�b�l_o�`_�mkeh\byo�

c) kdeyjgu_� hrb[db�� \� dhlhjuo� fZdkbfZevgh_� dhebq_kl\h� fh`gh

hp_gblv�beb�jZkkqblZlv��gh�m]he�g_hij_^_ebf �

<� aZ\bkbfhklb � hl� ijbf_gy_fh]h� ijhp_kkZ� h[jZ[hldb� h^gm� b� lm�`_

hrb[dm� fh`gh� hlg_klb� d� h^ghc� beb� [hevr_fm� qbkem� mdZaZgguo

dZl_]hjbc �

Ijbf_ju� bklhqgbdh\ � hrb[hd�� dhlhju_� fh]ml� ijhbahclb �

i_j_qbke_gu� \� i�i�� ����� ���� b� ����� G_dhlhju_� ba� wlbo� hrb[hd

jZkkfZljb\Zxl �[he__�ih^jh[gh�\�ijbeh`_gbb �:�

4.1 Kbkl_fZlbq_kdb_�hrb[db

Gb`_�ijb\_^_gu�ijbf_ju�bklhqgbdh\�kbkl_fZlbq_kdbo �hrb[hd�

a) Ijbkmsb_� ^bk[ZeZgkm� ijb\h^gh]h� \ZeZ� [ZeZgkbjh\hqghc

fZrbgu

b) �Ijbkmsb_�^bk[ZeZgkm�hijZ\db

c) JZ^bZevguc�b� hk_\hc�baghk�ijb\h^gh]h� we_f_glZ�gZ� hkb� \ZeZ

jhlhjZ
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d) PZ^bZevguc �b�hk_\hc�baghk�dhfihg_glh\�jhlhjZ�beb�hijZ\db�

ij_^gZagZq_gguo �^ey�ihkZ^db �(kf��i. 5.3)

e) GZjmr_gb_� dhgp_gljbqghklb � f_`^m� pZinZfb� b� hihjgufb

ih\_joghklyfb ��bkihevam_fufb�^ey�[ZeZgkbjh\db

f)  JZ^bZevguc� b� hk_\hc� baghk� jhebdh\uo� we_f_glh\

ih^rbigbdh\�� dhlhju_� g_� y\eyxlky� wdkiemZlZpbhggufb

ih^rbigbdZfb �� Z� bkihevamxlky� ^ey� ih^^_j`db� jhlhjZ� \

[ZeZgkbjh\hqghc�fZrbg_

g) JZ^bZevguc� b� hk_\hc� baghk�� \jZsZxsboky� h[hcf� �b� bo

^hjh`_d�� jhebdh\uo� we_f_glh\� wdkiemZlZpbhgguo

ih^rbigbdh\��mklZgh\e_gguo��ihke_�[ZeZgkbjh\db

h) >bk[ZeZgk�hl�rihghd�rihghqguo�dZgZ\hd

i)  HklZlhqguc �fZ]g_lbaf �\�jhlhj_�beb�hijZ\d_

j)  Hrb[db��\ua\Zggu_�ih\lhjghc�k[hjdhc

k) Hrb[db �� \ua\Zggu_� [ZeZgkbjh\hqguf� h[hjm^h\Zgb_f� b

bgkljmf_glhf

l)  JZaebqby� f_`^m� ^bZf_ljZfb� wdkiemZlZpbhggh]h � \ZeZ� b

[ZeZgkbjh\hqghc�hijZ\db

m) >_n_dlu�h[uqguo�kh_^bg_gbc

n) HklZlhqguc �ba]b[�jhlhjZ�ihke_�[ZeZgkbjh\db

4.2 KemqZcgu_�i_j_f_ggu_�hrb[db

Gb`_� ijb\_^_gu� ijbf_ju� bklhqgbdh\� kemqZcguo� i_j_f_gguo

hrb[hd�

a) K\h[h^gh�ihkZ`_ggu_�^_lZeb

b) HklZldb�`b^dhkl_c�beb�l\_j^uo�ijbf_k_c

c) I_j_dhk��\ua\Zgguc�l_ieh\ufb�\ha^_ckl\byfb

d) Wnn_dl�khijhlb\e_gby �\ha^moZ

e) Ijbf_g_gb_� k\h[h^gh]h� kh_^bg_gby� \� dZq_kl\_� ijb\h^gh]h

we_f_glZ
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f)  <j_f_gguc� ba]b[� ]hjbahglZevgh]h � jhlhjZ� ih^� ^_ckl\b_f

kbeu� ly`_klb�� _keb� jhlhj� gZoh^blky� \� klZpbhgZjghf

iheh`_gbb �

4.3 KdZeyjgu_�hrb[db

Gb`_�ijb\_^_gu�ijbf_ju�bklhqgbdh\�kdZeyjguo�hrb[hd�

a) AZahj� f_`^m� \gmlj_ggbfb� ih\_joghklyfb�� dhlhju_� ke_^m_l

mkljZgylv�ihke_�ijh\_^_gby�[ZeZgkbjh\db

b) Qj_af_jguc�aZahj�\�mgb\_jkZevguo �kh_^bg_gbyo

c) Qj_af_jguc�aZahj�hijZ\db�beb�\ZeZ

d) >himkdb �ijb�dhgkljmbjh\Zgbb�b�ba]hlh\e_gbb

e) Baghk�hihjguo�ih^rbigbdh\ �[ZeZgkbjh\hqghc �fZrbgu�� _keb

bo� ^bZf_lju� b� ^bZf_lj� pZinu� jhlhjZ� jZ\gu� beb� [ebadb� ih

agZq_gbx��beb�ij_^klZ\eyxl�kh[hc�h^gh�p_eh_�

5 Hp_gdZ�hrb[hd

5.1 H[sb_�iheh`_gby

<� g_dhlhjuo� kemqZyo� jhlhju� k[ZeZgkbjh\Zgu� dhgkljmdlb\gh �

h^ghjh^gu� ih� fZl_jbZem� b� ba]hlh\e_gu� k� lZdbfb� lhqgufb� ^himkdZfb�

qlh� g_� gm`^Zxlky� \� [ZeZgkbjh\d_� ihke_� ba]hlh\e_gby �� H^gZdh

gZqZevguc � ^bk[ZeZgk� ih^Z\eyxs_]h� [hevrbgkl\Z� jhlhjh\� ij_\urZ_l

^himkdZ_fu_�mjh\gb��ijb\_^_ggu_ �\�BKH���������ihwlhfm�lZdb_�jhlhju

ijboh^blky � [ZeZgkbjh\Zlv �� I�i�� ���� �� ���� jZkkfZljb\Zxl� hrb[db�

dhlhju_�fh]ml�ihy\blvky�\�ijhp_kk_�[ZeZgkbjh\db�

5.2 Hrb[db�� \ua\Zggu_� [ZeZgkbjh\hqguf� h[hjm^h\Zgb_f� b

bgkljmf_glhf

Hrb[db� [ZeZgkbjh\db�� \ua\Zggu_� [ZeZgkbjh\hqguf

h[hjm^h\Zgb_f� b� bgkljmf_glhf� fh]ml� \hajZklZlv� k� dhebq_kl\hf

bf_xs_]hky� ^bk[ZeZgkZ�� DZ`^Zy� ihiuldZ � ihwlhfm� ^he`gZ� [ulv
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ij_^ijbgylZ� ^ey� dhgkljmbjh\Zgby � kbff_ljbqgh]h � jhlhjZ�� Djhf_� lh]h.

mqblu\Zy�^bk[ZeZgk��ihemq_gguc �gZ� klZ^bb�ijh_dlbjh\Zgby��g_dhlhju_

ijbqbgu�fh`gh� iheghklvx� bkdexqblv �� gZijbf_j�� h[t_^bgyy � g_kdhevdh

^_lZe_c� \� h^gm� beb� khdjZsZy� jZaf_j� mf_gvr_gb_f � ihkZ^hqguo

^himkdh\�� <_khfhklv� [he__� lhqguo� ^himkdh\� ke_^m_l� hp_gb\Zlv � ih

kjZ\g_gbx� k� \u]h^hc� hl� mf_gvr_gby � bklhqgbdh\� ^bk[ZeZgkZ�� ?keb

lZdb_� bklhqgbdb� g_evay� bkdexqblv� beb� mf_gvrblv � ^h� ij_g_[j_]Z_fuo

mjh\g_c��bo�ke_^m_l�hp_gblv�fZl_fZlbq_kdb�

5.3 Hrb[db� [ZeZgkbjh\db�� \ua\Zggu_� jZ^bZevguf� b� hk_\uf

baghkhf�ihkZ^hqguo�f_kl�^ey�hl^_evguo�^_lZe_c

?keb� hl[ZeZgkbjh\Zgguc � \� kh\_jr_gkl\_� dhfihg_gl� jhlhjZ

mklZgh\e_g� wdkp_gljbqgh� hlghkbl_evgh� hkb� \ZeZ� jhlhjZ�� kmffZjguc

klZlbq_kdbc � ^bk[ZeZgk Us� jZ\_g� fZkk_� m� dhfihg_glZ�� mfgh`_gghc� gZ

wdkp_gljbkbl_l �_.

Us = m⋅e               (1)

>hihegbl_evgZy� iZjZ� kbe� ^bk[ZeZgkZ� ihemqZ_lky�� _keb� dhfihg_gl

mklZgh\e_g� wdkp_gljbqgh b� g_� \� lhc� iehkdhklb�� \� dhlhjhc� gZoh^blky

p_glj�fZkk�jhlhjZ��Q_f�[hevr_�jZkklhygb_�hl�dhfihg_glZ �^h�iehkdhklb

p_gljZ�fZkk��l_f�[hevr_�[m^_l�\ua\ZggZy�bf�iZjZ�kbe�^bk[ZeZgkZ �

?KEB � hl[ZeZgkbjh\Zgguc� \� kh\_jr_gkl\_� dhfihg_gl� mklZgh\e_g

lZd�� qlh� _]h� ]eZ\gZy� hkv� bg_jpbb� gZdehg_gZ� d� hkb� \ZeZ� jhlhjZ�� gh� _]h

p_glj�fZkk� hklZ_lky�gZ� hkb� \ZeZ� jhlhjZ�� lh� j_amevlZlhf� [m^_l�iZjZ� kbe

^bk[ZeZgkZ �� Ijb� g_[hevrhf� m]eh\hf� kf_s_gbb� ∆γ� f_`^m� ^\mfy� hkyfb

j_amevlbjmxsZy� iZjZ� kbe� ^bk[ZeZgkZ� Dk� [m^_l� ihqlb� jZ\gZ� jZaghklb

f_`^m� fhf_glhf� bg_jpbb� hlghkbl_evgh � ihi_j_qghc � hkb�� ijhoh^ys_c

q_j_a� p_glj� fZkk� dhfihg_glZ I x�� b� fhf_glhf� bg_jpbb� hlghkbl_evgh

]eZ\ghc�hkb�bg_jpbb�I z,�mfgh`_gghc�gZ�m]he�∆γ \�jZ^bZgZo�

Dk  ≈ (I x- I z)⋅ ∆γ (2)
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WlZ� nhjfmeZ� ^_ckl\bl_evgZ � lhevdh�� _keb� we_f_gl� ij_^klZ\ey_l

kh[hc� kbff_ljbx� \jZs_gby�� MjZ\g_gb_� (2)� ihwlhfm�� \� qZklghklb�

ijbf_gbfh�^ey�[ZeZgkbjh\db�^bkdh\�gZ�\ZeZo�

?keb� bf__lky� b� jZ^bZevguc�� b� hk_\hc� baghk� dhfihg_glZ�� dZ`^mx

hrb[dm� fh`gh� jZkkqblZlv� hl^_evgh� ih� __� f_klghfm� agZq_gbx� \

ih^rbigbd_� beb� dhjj_dpbhgguo� iehkdhklyo � b� aZl_f� h[t_^bgblv

\_dlhju��kf��lZd`_�BKH��������������jbk���

5.4 Hp_gdZ�hrb[hd�\h�\j_fy�ijh\_^_gby�[ZeZgkbjh\db

P_ev� [ZeZgkbjh\db� �� ijhba\h^kl\h � jhlhjh\�� dhlhju_� gZoh^ylky� \

j_]eZf_glbjh\Zgguo� ^bZiZahgZo� hklZlhqgh]h� ^bk[ZeZgkZ �� Qlh[u

]ZjZglbjh\Zlv � khhl\_lkl\b_� wlbf� ^bZiZahgZf�� hrb[db� ke_^m_l

ijh\_jylv�b�mqblu\Zlv�ijb�baf_j_gbyo�hklZlhqgh]h �^bk[ZeZgkZ�

?keb�ijbf_gyxl�[ZeZgkbjh\hqgmx�fZrbgm��kms_kl\mxl�jZaebqgu_

bklhqgbdb� hrb[hd�� Z� bf_ggh�� lbi� [ZeZgkbjm_fh]h� jhlhjZ�� ex[hc

bgkljmf_gl�� ijbf_gy_fuc� ^ey� ih^^_j`db � beb� ijb\h^Z� jhlhjZ�

dhgkljmdpby� hihju� [ZeZgkbjh\hqghc � fZrbgu� �ih^rbigbdb � fZrbgu�

jZfu� b� l�� i���� kbkl_fZ� gZkljhcdb� [ZeZgkbjh\hqghc � fZrbgu�� Z� lZd`_

we_dljhggZy� kbkl_fZ� b� kqblu\Zxs__� mkljhckl\h�� Ex[u_� beb� \k_� wlb

bklhqgbdb�fh]ml�\uau\Zlv�hrb[db��AgZy�oZjZdl_j�[hevrbgkl\Z �hrb[hd�

fh`gh� khkj_^hlhqblvky �gZ�bo�bklhqgbdZo �b�beb�bkijZ\eylv�bo�� k\h^y� d

fbgbfmfm�� beb� mqblu\Zlv� bo� ijb� hp_gd_� hklZlhqgh]h � ^bk[ZeZgkZ �

jZkkqblu\Zy�bo�\ha^_ckl\by�

;ZeZgkbjh\hqgZy� fZrbgZ� ^he`gZ� khhl\_lkl\h\Zlv � BKH� ������ lZd

qlh[u�\k_� __� kbkl_fZlbq_kdb_�hrb[db�mkljZgyebkv�beb�bkijZ\eyebkv�� Z

__� kemqZcgu_� i_j_f_ggu_� hrb[db� h]jZgbqb\Zebkv� � Umar�� dZd� mdZaZgh� \

BKH� ������ ?keb� hp_gdm� ijh\h^yl� \� [ZeZgkbjh\hqghc� fZrbg_�� Z� fZkkZ

jhlhjZ�beb�iheh`_gby�baf_jyxs_c�iehkdhklb� kms_kl\_ggh�hlebqZxlky

hl� l_o�� ijb� dhlhjuo� bkiulu\Zeb � jhlhj� \� [ZeZgkbjh\hqghc � fZrbg_�

^Zevg_crb_� bkiulZgby � ke_^m_l� ijh\h^blv� k� ^_ckl\mxsbf� jZ[hqbf
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h[jZaphf�� qlh[u� hij_^_eblv � fbgbfZevgh � ^hklb`bfuc � hklZlhqguc

^bk[ZeZgk�ijb�mdZaZgguo�iehkdhklyo�baf_j_gby�gZ�jZ[hq_f�h[jZap_�

5.5 Wdki_jbf_glZevgZy�hp_gdZ�kemqZcguo�i_j_f_gguo�hrb[hd

?keb�ij_^iheZ]Zxl � kms_kl\_ggu_ � kemqZcgu_�i_j_f_ggu_� hrb[db�

g_h[oh^bfh�ijh\_klb�g_kdhevdh �pbdeh\�baf_jyxsbo�bkiulZgbc�� qlh[u

hp_gblv�jZaf_j�wlbo�hrb[hd�

Ijb�ijh\_^_gbb �bkiulZgbc� \Z`gh� kqblZlv��qlh� kemqZcgu_�hrb[db

ihemqZxlky� g_h`b^Zggh� \� dZ`^hf� pbde_�� gZijbf_j�� ]ZjZglbjmy �� qlh

m]eh\h_�iheh`_gb_�jhlhjZ�jZaebqgh�^ey�gZqZeZ�dZ`^h]h�pbdeZ�

JZaf_j� hrb[db� fh`gh� hp_gblv�� ijbf_gyy� klZg^Zjlgu_

klZlbklbq_kdb_ � f_lh^u� h[jZ[hldb� ihemq_gguo� j_amevlZlh\�� H^gZdh� \

[hevrbgkl\_� kemqZ_\�� ijbf_jgh� ke_^mxsZy� ijhp_^mjZ� [m^_l

^hklZlhqghc �

GZq_jlbl_�baf_j_ggu_� \_dlhju� hklZlhqgh]h � ^bk[ZeZgkZ�b�gZc^bl_

kj_^gbc� \_dlhj�

O A

� \k_o� pbdeh\� �kf�� jbk�� ���� GZq_jlbl_� kZfmx

fZe_gvdmx� hdjm`ghklv� k�p_gljhf� \� lhqd_�:�� ho\Zlu\Zxsmx� \k_� lhqdb�

<_dlhj�

O A

� ij_^klZ\ey_l� agZq_gb_� hklZlhqgh]h � ^bk[ZeZgkZ�� Z� jZ^bmk

hdjm`ghklb� �� agZq_gb_� fZdkbfZevgh � \hafh`ghc� hrb[db� dZ`^h]h

h^bghqgh]h� ihdZaZl_ey �� G_hij_^_e_gghklv � wlbo� j_amevlZlh\� h[uqgh

[m^_l�kgb`Zlvky�k�m\_ebq_gb_f�qbkeZ�ijh\_^_gguo �k_jbc�bkiulZgbc �

IJBF?Q:GB?�� <� g_dhlhjuo� kemqZyo�� \� qZklghklb�� _keb

jZkiheh`_gb_� h^ghc� lhqdb� kms_kl\_ggh� hlebqZ_lky� hl� iheh`_gby

hklZevguo �� \uqbke_ggZy� hrb[dZ� fh`_l� [ulv� g_ijb_fe_fh� \_ebdZ�� <

wlhf�kemqZ_�^ey�hij_^_e_gby�hrb[hd�[m^_l�g_h[oh^bf�[he__�ih^jh[guc

ZgZeba�
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>bZ]jZffZ�g_kdhevdbo�baf_j_gbc ��h[hagZq_gguo ;.

Jbk�����>bZ]jZffZ�baf_j_gguo�\_dlhjh\�hklZlhqgh]h

^bk[ZeZgkZ��kemqZcgu_�i_j_f_ggu_�hrb[db�

5.6 Wdki_jbf_glZevgZy�hp_gdZ�kbkl_fZlbq_kdbo�hrb[hd

<h� fgh]bo� kemqZyo� [hevrbgkl\h � kbkl_fZlbq_kdbo � hrb[hd� fh`gh

h[gZjm`blv�� bkihevamy� [ZeZgkbjh\hqguc� bg^_dk�� Wlh� aZdexqZ_lky� \

ijh\_^_gbb � ke_^mxs_c� ijhp_^mju�� MklZgh\bl_� jhlhj� Zevl_jgZlb\gh

ih^� m]eZfb� ��� b� ����� hlghkbl_evgh� ij_^f_lZ�� dhlhjuc� y\ey_lky

bklhqgbdhf� dhgdj_lghc � hrb[db�� Baf_jvl_� ^bk[ZeZgk� g_kdhevdh � jZa� \

h[hbo� iheh`_gbyo�� _keb�

O A

� b�

O B

�� dZd� ihdZaZgh� gZ� jbk�� ��� y\eyxlky

kj_^gbfb� \_dlhjZfb� ^bk[ZeZgkZ� jhlhjZ�� mklZgh\e_ggh]h� ih^� m]eZfb� ��

b� ����� khhl\_lkl\_ggh�� ^bZ]jZffm� fh`gh� ihkljhblv� ^ey� dZ`^hc

iehkdhklb� baf_j_gby�� ^ey� dhlhjhc� lhqdZ� K�� k_j_^bgZ� jZkklhygby� :<�

<_dlhj�

O C

� ij_^klZ\ey_l� dhgdj_lgmx� kbkl_fZlbq_kdmx� hrb[dm�� Z

\_dlhju�

C A

� b�

C B

� ij_^klZ\eyxl� hklZlhqguc � ^bk[ZeZgk� jhlhjZ� ijb

mklZgh\d_�ihke_^g_]h�ih^�m]eZfb����b������khhl\_lkl\_ggh �
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Jbk�����>bZ]jZffZ�baf_j_gguo�\_dlhjh\�hklZlhqgh]h

^bk[ZeZgkZ�b�kbkl_fZlbq_kdhc�hrb[db

IJBF?Q:GB?��<� wlhf� kemqZ_� ij_^iheZ]Zxl �� qlh� jhlhj� ih\_jgml

ih� hlghr_gbx� d� wlZehgghfm� iheh`_gbx�� ?keb�� h^gZdh�� wlZehggh_

iheh`_gb_�hklZ_lky�lhqgh�hij_^_e_gguf �ih�hlghr_gbx �d�jhlhjm�

��\_dlhj�

O C

�ij_^klZ\ey_l�hklZlhqguc �^bk[ZeZgk�jhlhjZ��Z

- \_dlhju�

C A

 b�

C B

� ij_^klZ\eyxl � dhgdj_lgmx� kbkl_fZlbq_kdm]h

hrb[dm� ih^� m]ehf� d� wlZehgghfm� iheh`_gbx� �
°
� b� ���

°

khhl\_lkl\_ggh�

6 Hp_gdZ�kmffZjghc�hrb[db

Kbkl_fZlbq_kdb_ � hrb[db�� jZaf_j� b� f_klhiheh`_gb_� dhlhjuo

ba\_klgu �� fh`gh� bkdexqblv�� gZijbf_j�� gZeZ]Zy� \j_f_ggmx

dhjj_dlbjmxsmx� fZkkm� gZ� bgkljmf_gl� beb� gZ� jhlhj� ijb� ijh\_^_gbb

[ZeZgkbjh\db�� eb[h� fZl_fZlbq_kdb� dhjj_dlbjmy� j_amevlZlu�� ?keb

kbkl_fZlbq_kdb_� hrb[db� g_� bkijZ\e_gu� beb� g_� ih^e_`Zl� bkijZ\e_gbx

gb� h^gbf�ba� mdZaZgguo� kihkh[h\�� bo� ke_^m_l� kmffbjh\Zlv �� dZd� mdZaZgh

gb`_��kh�kemqZcgufb�i_j_f_ggufb�hrb[dZfb�b�kdZeyjgufb�hrb[dZfb�
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>himklbf

iU∆

 - agZq_gb_� g_hldhjj_dlbjh\Zgghc � hrb[db� hl� ex[h]h

bklhqgbdZ�� ij_^ihqlbl_evgh � hp_g_gghc� \� ^hklZlhqgh� ^hklh\_jghf

^bZiZahg_�

∆
U -�agZq_gb_�kmffZjguo�g_hldhjj_dlbjh\Zgguo �hrb[hd�

Lh]^Z�ke_^mxsZy�nhjfmeZ

∆
U = 

Σ

iU∆

(3)

^Z_l� kZfmx�gZ^_`gmx� hp_gdm� hrb[hd��HgZ� ]ZjZglbjm_l�� qlh,� ^Z`_

\� kemqZ_� kZfh]h� g_[eZ]hijbylgh]h � khq_lZgby� hrb[hd,� jhlhj� ijb_fe_f

ijb�mkeh\bb�khhl\_lkl\by�djbl_jbyf�i. 7.

NhjfmeZ�
∆

U = 
Σ

iU∆

 hkgh\ZgZ� gZ� kZfhf� i_kkbfbklbq_kdhf

ij_^iheh`_gbb �� qlh� \k_� g_hldhjj_dlbjh\Zggu_ � hrb[db� kh\iZ^Zxl� k

h^gbf� b� l_f� `_� m]eh\uf� gZijZ\e_gb_f �� b� bo� Z[khexlgu_� qbkeh\u_

agZq_gby�ke_^m_l�ihwlhfm�kmffbjh\Zlv�

?keb� wlh� ml\_j`^_gb_� h[hkgh\Zgh�� lh� ihke_� ijbf_g_gby� wlhc

nhjfmeu�b� \\_^_gby� \�g__� agZq_gby�
∆

U�ijb\_^_ggh]h� \�i.7,� kmffZjgZy

g_hldhjj_dlbjh\ZggZy� hrb[dZ� fh]eZ� [u� \ua\Zlv� ij_\ur_gb_� jhlhjhf

mklZgh\e_ggh]h� ^himkdZ�� b� lh]^Z� j_dhf_g^m_lky � ihiuldZ� mf_gvrblv

gZb[he__�agZqbl_evgu_�hrb[db�

<� g_dhlhjuo� kemqZyo� fh`gh� bkihevah\Zlv � [he__� j_Zebklbqguc

ih^oh^.� Ijb� wlhf� mqblu\Zxl,� qlh,� \_jhylgh�� g_� \k_� hrb[db� hl

jZaebqguo� bklhqgbdh\� kh\iZ^ml� k� h^gbf� b� l_f� `_� m]eh\uf

gZijZ\e_gb_f�� Lh]^Z� kmffZjgmx� hrb[dm� fh`gh� hp_gblv�� bkihevamy

�dhj_gv�ba�kmffu�d\Z^jZlh\���ih�nhjfme_:

∆U
 = 

∑∆ iU

(4)

<ur_hibkZggu_� ijhp_^mju� ke_^m_l� \uihegblv� ^ey� dZ`^hc
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baf_jyxs_c�iehkdhklb�

Ijb� khhl\_lkl\mxsbo mkeh\byo� hrb[db� hp_gb\Zxl� baf_j_gbyfb

gZ� ^hklZlhqgh� m^h\e_l\hjbl_evghc � fh^_eb� jhlhjh\�� <� wlhf� kemqZ_

ij_^iheZ]Zxl�� qlh� hrb[db� h^ghc� b� lhc� `_� \_ebqbgu� [m^ml� gZ� \k_o

ZgZeh]bqguo� jhlhjZo�� ba]hlh\e_gguo� b� kh[jZgguo� h^gbf� b� l_f� `_

f_lh^hf�

>ey� jhlhjh\� fZkkh\h]h� ijhba\h^kl\Z � klZlbq_kdb� h[hkgh\Zgguc

ijhp_kk� h[gZjm`_gby � kmffZjghc� hrb[db� fh`_l� gm`^Zlvky� \

kh]eZkh\Zgbb�f_`^m�ihevah\Zl_e_f �b�ihklZ\sbdhf �

7 Ijb_fhqgu_�djbl_jbb

>himklbf��^ey��dZ`^hc�baf_jyxs_c�iehkdhklb

Uper - ^himkdZ_fh_� agZq_gb_� hklZlhqgh]h � ^bk[ZeZgkZ�� ihemq_ggh_

ih�BKH 1940-1;

U rm – kmffZjgh_� baf_j_ggh_� agZq_gb_� h^bghqgh]h � ihdZaZl_ey

hklZlhqgh]h � ^bk[ZeZgkZ�� ihemq_ggh_� ihke_� dhjj_dlbjh\Zgby�

\uiheg_ggh]h� ^ey� kbkl_fZlbq_kdbo � hrb[hd�� \_ebqbgZ� b� m]he� dhlhjuo

ba\_klgu�

∆U���agZq_gb_�kmffZjghc�hrb[db��hij_^_e_ggh_�\�i����

;ZeZgkbjh\dm� jhlhjZ� ke_^m_l� kqblZlv� ijb_fe_fhc � ^ey

ba]hlh\bl_ey��_keb�\uiheg_gu�ke_^mxsb_�mkeh\by

U rm  ≤ Uper - ∆U (5)

?keb�∆8�f_gvr_����Uper��^bk[ZeZgkhf�fh`gh�ij_g_[j_qv�

?keb� ihevah\Zl_ev� ijh\h^bl� ^hihegbl_evgmx � ijh\_jdm

[ZeZgkbjh\db��[ZeZgkbjh\dm�jhlhjZ�ke_^m_l�ijbgbfZlv ��_keb

U rm ≤ Uper + ∆U  (6)

?keb� wlh� mkeh\b_� g_� \uiheg_gh�� fh`_l� [ulv� g_h[oh^bfh

i_j_kfhlj_lv �beb�ih\lhjblv �ijhp_^mjm�[ZeZgkbjh\db�
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IJBF?Q:GB?�� ?keb� ij_^iheZ]Zxl � baf_g_gb_� ^bk[ZeZgkZ� jhlhjZ

ijb�ljZgkihjlbjh\Zgbb ��wlh�h[klhyl_evkl\h �ke_^m_l�mq_klv�

8 Hij_^_e_gb_�hklZlhqgh]h�^bk[ZeZgkZ

I�� ��BKH� ������������hibku\Z_l�f_lh^u�hij_^_e_gby�hklZlhqgh]h

^bk[ZeZgkZ � `_kldh]h� jhlhjZ�� KZfufb� kms_kl\_ggufb � f_lh^Zfb

y\eyxlky�

a) f_lh^�� baeh`_gguc� \� i�i.� ����� dhlhjuc� lj_[m_l

[ZeZgkbjh\hqghc�fZrbgu��khhl\_lkl\mxs_c�BKH������

b) f_lh^�� baeh`_gguc� \� i�i�� ����� dhlhjuc� lj_[m_l� ijb[hjZ�

j_]bkljbjmxs_]h � Zfieblm^m� b� nZam�� ?keb� lj_[m_lky

[ZeZgkbjh\dZ� \� ^\mo� iehkdhklyo�� g_h[oh^bfZ� ^hihegbl_evgZy

ijhp_^mjZ� jZa^_e_gby� iehkdhkl_c�� gZijbf_j�� dhfivxl_j� k

Ze]hjblfhf� ih� f_lh^m� \ebygby� dhwnnbpb_glZ �� Ijbeh`_gb_� <

ij_^klZ\ey_l� lbih\u_� ^Zggu_�� dhlhju_� fh`gh� [ueh� [u

bkihevah\Zlv �^ey�ijh\_jdb�lZdh]h�Ze]hjblfZ�

IJBF?Q:GB?�� <� [hevrbgkl\_ � ijZdlbq_kdbo � kemqZ_\� wlb� ^\Z

f_lh^Z�� mihfygmlu_� \ur_�� Z^_d\Zlgu�� H^gZdh�� _keb� kms_kl\m_l

khfg_gb_� hlghkbl_evgh � ijhp_^mj�� ih\ur_ggmx� lhqghklv� fh`gh

ihemqblv�� bkihevamy� ba\_klgu_� agZq_gby� ijh[� fZkku� ijb� jZaebqguo

m]eh\uo� iheh`_gbyo� \� h[_bo� iehkdhklyo�� Kms_kl\m_l� jy^� \hafh`guo

kihkh[h\� lZdhc� ijh\_jdb�� f_lh^�� gZ� dhlhjuc� ijb\_^_gZ� kkuedZ� \� i�i�

����BKH� ������������� ijbf_gy_fuc� d� ^\mf� iehkdhklyf�� h^bg� ba� lZdbo

f_lh^h\�� ?keb� j_qv� b^_l� h� ebg_cghc � aZ\bkbfhklb� ^bk[ZeZgkZ �

ijhp_^mjm� ke_^m_l� ih\lhjblv �� bkihevamy� jZaebqgu_� agZq_gby

bkiulZgbc�gZ�^bk[ZeZgk�
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IJBEH@?GB?�:

�bgnhjfZlb\gh_�

IJBF?JU�HRB;HD��BO�HIJ?>?E?GB?�B�HP?GD:

:�� Hrb[db��\ua\Zggu_�\kihfh]Zl_evguf�h[hjm^h\Zgb_f

Ijbf_ju� hrb[hd�� k\yaZgguo� k� hklZlhqguf� ^bk[ZeZgkhf� b

\ua\Zgguo� \kihfh]Zl_evguf � h[hjm^h\Zgb_f�� jZkkfZljb\Zxlky � gb`_� b

k\_^_gu�\�lZ[ebpm�:����Kf��jbk��:����:���b�:�A�

:���� Hrb[db �� \ua\Zggu_� g_hlt_fe_fuf� ^bk[ZeZgkhf� b

wdkp_gljbkbl_lhf �\�ijb\h^ghf�we_f_gl_��hijZ\d_�b�l�^�

Wlb� hrb[db� fh`gh� hp_gblv � [ZeZgkbjh\hqguf � bg^_dkhf�� LZdZy

ijhp_^mjZ� fh`_l� hkeh`gblvky � g_ih\lhjy_fhklvx � f_oZgbq_kdhc

ihkZ^db� �kf�i�:������ b� hrb[dZfb� [ZeZgkbjh\db� jZ[hq_]h� h[jZapZ

�kf�i�:����

:���� Hrb[db��\ua\Zggu_�ih^rbigbdZfb

?keb� jhebdh\u_� we_f_glu� ih^rbigbdh\ � mklZgh\e_gu� ^ey

[ZeZgkbjh\db�� hgb� \g_kml� hrb[dm� ijhihjpbhgZevgh � wdkp_gljbkbl_lm

beb� m]eh\hfm� kf_s_gbx� \jZsZxsboky� h[hcf� ih^rbigbdZ � �b� bo

gZijZ\eyxsbo�� b� fZkk_� jhlhjZ�� Wlm� hrb[dm� fh`gh� hij_^_eblv�

bg^_dkbjmy� h[hcfu� ih^rbigbdh\ � ih^� m]ehf� ����� gZ� bo� hihjguo

ih\_joghklyo�

IJBF?Q:GB?�� <� dhgl_dkl_� wlh]h imgdlZ� ih^� wdkp_gljbkbl_lhf

ih^jZamf_\Zxl �j_amevlZl�jZ^bZevgh]h�b�beb�hk_\h]h�baghkZ�

A.1.3 Hrb[db��\ua\Zggu_�f_oZgbq_kdhc�ihkZ^dhc

F_oZgbq_kdZy� ihkZ^dZ� fh`_l� [ulv� ihl_gpbZevguf � bklhqgbdhf
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hrb[db�� gZijbf_j�� baf_g_gb_� ^bk[ZeZgkZ� fh`_l� [ulv� j_amevlZlhf

ih\lhjghc�k[hjdb�

Kms_kl\m_l� fgh]h� \hafh`guo� bklhqgbdh\ � hrb[hd� ba�aZ� ihkZ^db�

gZijbf_j�� gZebqb_� jZ^bZevgh]h� aZahjZ�� beb� bf__l� f_klh� kebrdhf

[hevrZy�ihf_oZ��beb� kh_^bgbl_evgu_ �[helu�ij_iylkl\mxl� jZaf_s_gbx

\lmehqgh]h�kh_^bg_gby�\kihfh]Zl_evgh]h�f_oZgbafZ�

JZa[jhk�� \ua\Zgguc� g_ih\lhjy_fhklvx � ihkZ^hd�� ke_^m_l

hij_^_eylv� k� ihfhsvx� ih\lhjghc� k[hjdb� k� aZahjZfb� ih^� jZagufb

m]eZfb�� DZ`^uc� jZa� aZibku\Zxl� ihdZaZl_eb� ^bk[ZeZgkZ� b� ihemqZxl

kj_^g__�agZq_gb_�

:���� Hrb[db��k\yaZggu_�k�fZkkhc�[ZeZgkbjh\hqgh]h�h[hjm^h\Zgby

FZkkm� \jZsZxs_]hky � bgkljmf_glZ� ^ey� [ZeZgkbjh\db� �g_

h[yaZl_evgh� hijZ\db�� ke_^m_l� mf_gvrZlv� ^h� fbgbfmfZ�� qlh[u

mf_gvrblv� hrb[dm� \� j_amevlZl_� aZahjh\� beb� baghkZ� \h� \lmehqghf

kh_^bg_gbb�\kihfh]Zl_evghf�f_oZgbaf_�

Mf_gvr_gb_�fZkku�hijZ\db�m\_ebqb\Z_l�qm\kl\bl_evghklv �]b[dh]h

ih^rbigbdZ� fZrbgu�� gh� h[uqgh� ijbghkbl � g_[hevrb_� ij_bfms_kl\Z

^ey�jZ[hlu�`_kldhc�hihju�fZrbgu�

:�� Hrb[db��\ua\Zggu_�jZ[hqbf�h[jZaphf

Ijbf_ju� hrb[hd�� k\yaZgguo� k� hklZlhqguf� ^bk[ZeZgkhf� b

\ua\Zgguo� jZ[hqbf� h[jZaphf�� jZkkfZljb\Zxlky � gb`_� b� k\_^_gu� \

lZ[e�:����Kf��jbk��:���
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Jbk�:����JZ[hqbc�h[jZa_p��mklZgh\e_gguc�gZ�hijZ\d_

:���� Hrb[db��\ua\Zggu_�k\h[h^gh�ihkZ`_ggufb�^_lZeyfb

Hrb[dm�� \ua\Zggmx� k\h[h^gh� ihkZ`_ggufb� ^_lZeyfb�� fh`gh

ihemqblv� ijb� imkd_� b� hklZgh\d_� jhlhjZ�� ]ZjZglbjmy�� qlh� m]eh\h_

iheh`_gb_� jhlhjZ� jZaebqgh � \� gZqZe_� dZ`^h]h� pbdeZ� bkiulZgbc� b

mqblu\Zy� ihdZaZgby� dZ`^h]h� pbdeZ�� Hrb[dm� b� kj_^gbc� ^bk[ZeZgk

fh`gh� h[gZjm`blv �� ijbf_gyy� f_lh^�� hibkZgguc � \� i�i�� ����� Baf_g_gb_

gZijZ\e_gby� \jZs_gby� fh`_l� [ulv� ihe_agh� \� g_dhlhjuo� kemqZyo�� gh

ke_^m_l� ij_^ijbgylv� f_ju� ij_^hklhjh`ghklb �� Ke_^m_l� hlf_lblv�� qlh

\ebygb_� k\h[h^gh� ihkZ`_gguo � ^_lZe_c� gZ� g_dhlhju_� fZrbgu� fh`_l

klZlv�hq_\b^guf�lhevdh�ijb�kms_kl\mxsbo�mkeh\byo�wdkiemZlZpbb�

:���� Hrb[db�� \ua\Zggu_� ijbkmlkl\b_f� hklZldh\� `b^dhkl_c� beb

g_[hevrbo�k\h[h^guo�qZklbp

?keb� ij_^iheZ]Zxl � ijbkmlkl\b_� hklZldh\� `b^dhkl_c � beb

k\h[h^guo� qZklbp�� b� wlh]h� g_evay� ba[_`Zlv�� jhlhj� ke_^m_l� hklZ\blv

mklZgh\e_gguf�ih^�m]ehf� ���gZ�\j_fy�bkiulZgby�� kgh\Z�\dexqblv�imkd
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b� aZl_f� kgylv� ihdZaZgby�� Wlm� ijhp_^mjm� ihke_^h\Zl_evgh� ih\lhjyxl�

dh]^Z� jhlhj� gZoh^blky� \� l_q_gb_� \k_]h� i_jbh^Z� bkiulZgbc� ih^� m]ehf

����� �����b� ������AZl_f�fh`gh�ijbf_gylv�f_lh^��baeh`_gguc�\�i�i�� ����

qlh[u�h[gZjm`blv�hrb[dm�b�kj_^gbc�^bk[ZeZgk�

J_amevlZlu� ke_^m_l� ijh\_jblv�� qlh[u� ba[_`Zlv� imlZgbpu � ba�aZ

l_ieh\uo� wnn_dlh\� �kf��:�������gZijbf_j��ba�aZ�jhlhjZ��hklZgh\e_ggh]h

gZ�g_dhlhjh_�\j_fy�

:���� Hrb[db��\ua\Zggu_�l_ieh\ufb�wnn_dlZfb

I_j_dhk� b� \ua\Zgguc � bf� ^bk[ZeZgk� \� j_amevlZl_� g_h^ghjh^ghklb

l_fi_jZlmj �hkh[_ggh�aZf_lgu�\�^ebgguo�beb�ljm[qZluo�jhlhjZo�

Wlb� hrb[db� fh`gh� mf_gvrblv �� g_� ^himkdZy�� qlh[u� jhlhj

hklZ\Zeky� g_ih^\b`guf � \� [ZeZgkbjh\hqghc � fZrbg_� ^Z`_� \� l_q_gb_

hlghkbl_evgh�dhjhldbo�i_jbh^h\�\j_f_gb�beb�g_�hklZgZ\eb\Zy�jhlhj�^h

klZ[bebaZpbb� \_dlhjZ� ^bk[ZeZgkZ�� Wlh� fh`gh� \uihegylv � gZ� hq_gv

gbadhc�kdhjhklb ��gZijbf_j����h[�fbg������h[�fbg�

FZrbggu_� hi_jZpbb� k\Zjdb� beb� ih^ZqZ� l_ieZ� ^ey� dhjj_dpbb

^bk[ZeZgkZ � fh]ml� ijb\_klb� d� agZqbl_evghfm � i_j_dhkm� jhlhjZ�� Hl\h^

f_klgh]h� l_ieZ� b�beb� g_dhlhjZy� klZ[bebaZpby � i_jbh^h\ � \jZs_gby

lj_[mxlky�� dZd� ijZ\beh�� qlh[u� \ujh\gylv� l_fi_jZlmjm� jhlhjZ� b

\hkklZgh\blv�_]h�h[uqgmx�nhjfm�

:���� Hrb[db��\ua\Zggu_�ih^rbigbdZfb

<jZsZxsb_ky � h[hcfu� ih^rbigbdh\� ^he`gu� \h� \j_fy� ijh\_^_gby

[ZeZgkbjh\db� hklZ\Zlvky� ih^� h^gbf� b� l_f� `_� m]ehf� hlghkbl_evgh

jhlhjZ�� <� ijhlb\ghf� kemqZ_� fh]ml� \hagbdgmlv � hrb[db�� ZgZeh]bqgu_

hibkZgguf�\�i��:�����

Eh`gu_� ihdZaZl_eb � iZju� ^bk[ZeZgkZ� dZd� \� mijm]hf�� lZd� b� \

`_kldhf� ih^rbigbd_� [ZeZgkbjh\hqghc � fZrbgu� fh]ml�� gZijbf_j�

ihy\blvky� \� j_amevlZl_� hk_\h]h� baghkZ� \jZsZxs_cky� hihjghc

ih\_joghklb�\ke_^kl\b_�gZdehgZ�rZjbdh\h]h�ih^rbigbdZ �hlghkbl_evgh
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hkb�\ZeZ��eb[h�\ke_^kl\b_�ba]b[Z�jhlhjZ�b�l�i�

Wlb� \ha^_ckl\by� fh`gh� ijh^_fhgkljbjh\Zlv � b� hp_gblv � hrb[dm

ijb� \jZs_gbb� jhlhjZ� k� jZaebqgufb� kdhjhklyfb n1b� Q2 ke_^mxsbf

h[jZahf�

a)� ^ey� `_kldh]h� ih^rbigbdZ� [ZeZgkbjh\hqghc � fZrbgu� \ebygb_

hk_\h]h� baghkZ� fh`gh� h[gZjm`blv� \� ^bk[ZeZgk_� kh_^bg_gbc�� dZd

LU 1∆

, 

RU 1∆

 ijb�kdhjhklb�n1:

]^_ 

LU 1∆

, 

RU 1∆

, 

LU 2∆

, 

RU 2∆

, agZq_gby�� \ua\Zggu_� kmffhc,

ijb\h^ysbo� d� ^bk[ZeZgkm� \ha^_ckl\bc � hk_\h]h� baghkZ� b� �hklZlhqguo)

^bk[ZeZgkh\ 

LU∆

, 

RU∆

� \� e_\hc� b� ijZ\hc� iehkdhklyo� kh� kdhjhklyfb n1 b

n2�khhl\_lkl\_ggh�

FZrbgm� ke_^m_l� dZeb[jh\Zlv� ijb� h^ghf� b� lhf� `_� ^bk[ZeZgk_

kh_^bg_gbc�^ey�dZ`^hc�ba�mdZaZgguo �kdhjhkl_c�b�iehkdhkl_c�

b) ^ey� ]b[dh]h� ih^rbigbdZ � fZrbgu� \ha^_ckl\b_�� \uau\Zxs__

^bk[ZeZgk�� aZ\bkbl� hl� \b[jbjmxsbo� fZkk� ]b[dh]h� ih^rbigbdZ

ih^\_kghc� kbkl_fu� fZrbgu� b�� ke_^h\Zl_evgh �� h[jZlgh

ijhihjpbhgZevgh�d\Z^jZlm�kdhjhklb��LZdbf�h[jZahf�ihemqZxl� wlb

`_�nhjfmeu�

<� wlbo� jZkq_lZo� ij_^iheZ]Zxl �� qlh� kbeu�� \ha^_ckl\mxsb_ gZ

ih^rbigbdb � `_kldhc� hihju� [ZeZgkbjh\hqghc � fZrbgu�� \ua\Zggu_

hk_\uf� baghkhf� \jZsZxs_cky � hihjghc� ih\_joghklb �� g_aZ\bkbfu� hl

kdhjhklb�� ihkdhevdm� \� ]b[dhf� ih^rbigbd_� fZrbgu� \b[jZpbb� hihju,

\ua\Zggu_�^bk[ZeZgkhf��g_aZ\bkbfu�hl�kdhjhklb�

Ijb\_^_ggu_� \ur_� nhjfmeu� kqblZxl� ^_ckl\bl_evgufb� lhevdh�
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_keb�baf_j_gby�ijh\_^_gu�ijb�kdhjhklb�� agZqbl_evgh �hlebqZxs_cky �hl

j_ahgZgkghc�kdhjhklb �jhlhjZ�b�beb�[ZeZgkbjh\hqghc �fZrbgu�

:gZeh]bqgu_� \ebygby� fh`gh� gZ[ex^Zlv� ijb� hq_gv� gbadbo

[ZeZgkbjh\hqguo� kdhjhklyo�� dh]^Z� bah]gmlu_ � pZinu� jhlhjZ

mklZgh\e_gu� gZ� hldjuluo� jhebdZo�� beb� _keb� hihjZf� [ZeZgkbjh\hqghc

fZrbgu� k� iehkdbfb� \jZsZxsbfbky � ih\_joghklyfb� g_^hklZ_l� k\h[h^u

i_j_f_s_gby� ih� \_jlbdZevghc � hkb�� Wlb� hrb[db� fh`gh� k\_klb� d

fbgbfmfm� khhl\_lkl\mxs_c � dhgkljmdpb_c � hihju� [ZeZgkbjh\hqghc

fZrbgu�� <� g_dhlhjuo� kemqZyo� hrb[hd�� \ua\Zgguo� hk_\uf� baghkhf

hihjghc� ih\_joghklb �� fh`gh� ba[_`Zlv� j_]mebjh\dhc� hihjgh]h

ih^rbigbdZ�

:���� Hrb[db��\ua\Zggu_�f_oZgbq_kdbfb�ihkZ^dZfb

>bk[ZeZgk� fh`gh� baf_gblv� \h� \j_fy� [ZeZgkbjh\db�� [eZ]h^Zjy

dhgkljmdpbb� beb� g_ijZ\bevghc� ihkZ^d_� ijb� k[hjd_�� >bk[ZeZgk� fh`gh

baf_gblv� lZd`_�� _keb� qZklbqgh� jZah[jZlv� jhlhj� ihke_� [ZeZgkbjh\db�� Z

aZl_f�\gh\v�kh[jZlv��kf��lZd`_�:������

:���� Hrb[db�� \ua\Zggu_� baghkhf� ijb\h^gh]h� dhgpZ� ihkZ^hqghc

ih\_joghklb

?keb� ijb\h^ghc� dhg_p� \ZeZ� [ZeZgkbjh\hqghc � fZrbgu� kh_^bg_g � k

wdkp_gljbkbl_lghc � \lmedhc�\kihfh]Zl_evguf � f_oZgbafhf� \� dhgp_

jhlhjZ�� [m^_l� \\_^_gZ� hrb[dZ�� dhlhjmx� g_\hafh`gh � hij_^_eblv

[ZeZgkbjh\hqguf�bg^_dkhf��Wlm�hrb[dm�fh`gh�lhevdh�jZkkqblZlv��agZy

hlghkbl_evgmx � fZkkm� ijb\h^Z� b� \_dlhj� wdkp_gljbkbl_lZ

\lmedb�\kihfh]Zl_evgh]h �f_oZgbafZ�hlghkbl_evgh �hkb�\ZeZ�jhlhjZ��Ijb

g_h[oh^bfhklb� \j_f_ggmx� dhfi_gkZpbx� fh`gh� gZeh`blv� gZ

khhl\_lkl\mxsbc�m]he�ijb�ijh\_^_gbb�[ZeZgkbjh\db�

:���� Hrb[db��\ua\Zggu_�fZ]gblgufb�\ha^_ckl\byfb

FZ]gblgu_ �\ha^_ckl\by�fh]ml�kZfb�ijhy\eylvky��]eZ\guf�h[jZahf�

\� [ZeZgkbjh\hqghc � fZrbg_�� \uau\Zy� eh`guc� ^bk[ZeZgk�� aZ
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bkdexq_gb_f� kemqZ_\�� dh]^Z� bo� qZklhlZ� jZ\gZ� beb� [ebadZ� d� qZklhl_

\jZs_gby�

GZijbf_j�� wlh� fh`_l� [ulv� [eZ]h^Zjy� fZ]gblghfm� ihex� jhlhjZ�

i_j_k_dZxs_fm�dj_i_`gu_�ijbkihkh[e_gby�[ZeZgkbjh\hqghc�fZrbgu�k

qZklhlhc� h^gh� i_j_k_q_gb_� aZ� h[hjhl�� <ebygb_� gZfZ]gbq_ggh]h � jhlhjZ

emqr_� \k_]h� bkdexqZ_lky� beb� wdjZgbjh\Zgb_f � aZo\Zlu\Zxsbo

ijbkihkh[e_gbc �� beb� \u[hjhf� ^ey� `_kldh]h� ih^rbigbdZ

[ZeZgkbjh\hqghc� fZrbgu� ^hklZlhqgh]h � ih\ur_gby� kdhjhklb

[ZeZgkbjh\Zgby�� _keb�^Zevg_cr__� \ha^_ckl\b_ �g_kms_kl\_ggh��GZebqb_

fZ]gblguo� \ha^_ckl\bc � emqr_� \k_]h� h[gZjm`b\Z_lky � ijb� kgylbb

ihdZaZgbc�^bk[ZeZgkZ�ijb�jZaebqguo�kdhjhklyo�\jZs_gby��ijb�dhlhjuo

jhlhj�y\ey_lky�`_kldbf�

Jbk��:��.�JZ[hqbc�h[jZa_p��jZkiheh`_gguc�gZ�k\hbo

kh[kl\_gguo�pZinZo
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LZ[ebpZ �: ����Ijbf_ju �hrb[hd �b �f_lh^u �kgb`_gby �b �hp_gdb

Hp_gdZ �hrb[db �^bk[ZeZgkZBklhqgbd

hrb[db

HibkZgb_ �bklhqgb�

dZ �hrb[db

F_lh^ �kgb`_gby

hrb[db �^bk[ZeZgkZ Wdki_jbf_glZev-
gZy ��^ey

kbkl_fZlbq_kdhc

hrb[db�

Wdki_jbf_glZevgZy

�^ey �kemqZcbghc

hrb[db�

>jm]hc�b_�

f_lh^�u�

Imgdl

;ZeZgkb�

jh\hqgZy

fZrbgZ

Baf_jbl_evgh_

h[hjm^h\Zgb_

kbkl_fZlbq_kdbo �b

kemqZcguo �hrb[hd

Ijh\_jvl_ �dZeb[jh\dm

fZrbgu �b �__ �jZ[hlm�

_keb �g_h[oh^bfh �

bkijZ\vl_ � �I_j_�

dZeb[jmcl_ �beb

hlj_fhglbjmcl_

fZrbgm

Kf � �BKH

29531)
5.2; 5.4-5.6

>bk[ZeZgk �\  ijb�
\h^ghf �we_f_gl_

;ZeZgkbjh\dZ

\kihfh]Zl_evgh]h

h[hjm^h\Zgby

>bk[ZeZgk �\

hijZ\d_ ��beb

dhjhldhf �\Ze_�

;ZeZgkbjh\dZ �hijZ\db

�beb �dhjhldh]h �\ZeZ�

beb �^jm]h]h

\kihfh]Zl_evgh]h

h[hjm^h\Zgby �[he__

lhqgh � �Mf_gvrbl_

fZkkm �\kihfh�

]Zl_evgh]h

h[hjm^h\Zgby

Ijbf_gbfh � �jhlhj

ih\_jgml �gZ ����°
ih �hlghr_gbx �d

ijb\h^hfm

we_f_glm �beb

hijZ\d_ � �Ihem�

q_ggu_ �kmffZ

hrb[db �b �nZaZ

y\eyxlky

]eh[Zevgufb

<hafh`gh � �gh

[ZeZgkbjh\hqguc

bg^_dk �[he__

wdhghfbq_g

Baf_j_gb_

kmffu

hrb[db �b

nZau

hl^_evghc

[ZeZgkbjh\�

dhc �h[t_dlZ2)

: �����: ����<kihfh]Z�

l_evgh_

h[hjm^h�

\Zgb_

JZ^bZevguc �b

hk_\hc �baghk

ijb\h^gh]h

we_f_glZ

;ZeZgkbjh\dZ �beb

j_fhgl �ijb\h^gh]h

we_f_glZ

%Fihfh]Z�

l_evgh_

h[hjm^h\Z

gb_

JZ^bZevguc �b

hk_\hc �baghk

hijZ\db ��beb

dhjhldh]h �\ZeZ�

J_fhgl �beb �dhfi_g-
kZpby �gZdehgghc

fZkkhc �beb

ljZgknhjfZpby
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Hp_gdZ �hrb[db �^bk[ZeZgkZBklhqgbd

hrb[db

HibkZgb_ �bklhqgb�

dZ �hrb[db

F_lh^ �kgb`_gby

hrb[db �^bk[ZeZgkZ Wdki_jbf_glZev-
gZy ��^ey

kbkl_fZlbq_kdhc

hrb[db�

Wdki_jbf_glZevgZy

�^ey �kemqZcbghc

hrb[db�

>jm]hc�b_�

f_lh^�u�

ImgdlImgdl

Wdkp_gljbkbl_l

\kihfh]Zl_evgh]h

we_f_glZ �dZq_gby �\

ih^rbigbd_

;ZeZgkbjh\dZ �k

wdkiemZlZpbhgguf

ih^rbigbdhf �gZ �f_kl_ �

?keb �lj_[m_lky

^_fhglZ` �^ey �k[hjdb

jhlhjZ �\ �dhjimk_ �

ihklZ\vl_ �f_ldm �gZ

\gmlj_gg_c �h[hcf_

ih^rbigbdZ �b �gZ �\Zem

Ijbf_gbfh �

i_j_klZgh\dZ

h^gh]h

ih^rbigbdZ �ihke_

ih\hjhlZ �gZ ����
°

: ����

Jhlhj K\h[h^gh �ihkZ`_g�

gu_ �^_lZeb � �gZijb

f_j � �ehiZldb �jhlhjZ

dhfij_kkhjZ

Ijh\_^bl_ �g_kdhevdh

imkdh\ �b �hklZgh\hd �b

\havfbl_ �kj_^gb_

agZq_gby �^bk[ZeZgkZ�

bkijZ\vl_ �kj_^gbc

^bk[ZeZgk

Ijbf_gbfh � �\dex-
qZcl_ �jhlhj �ba �jZa�

ebqguo �hklZgh\hqguo

iheh`_gbc �^ey

dZ`^h]h �pbdeZ

bkiulZgbc

A.2.1

Jhlhj GZebqb_ �hklZldh\

`b^dhkl_c �beb

l\_j^uo �qZklbp

M^Zebl_ �`b^dhklb �beb

l\_j^u_ �qZklbpu � �_keb

wlh �g_\hafh`gh �

ijh\_^bl_ �g_kdhevdh

pbdeh\ �imkdh\ �b

hklZgh\hd �b �bkijZ\vl_

kj_^gbc �^bk[ZeZgk

Ijbf_gbfh � �gh �f_`^m

dZ`^uf �pbdehf

^_eZcl_ �ijbf_jgh

ihemqZkh\u_

hklZgh\db
3)

: ����
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Hp_gdZ �hrb[db �^bk[ZeZgkZBklhqgbd

hrb[db

HibkZgb_ �bklhqgb�

dZ �hrb[db

F_lh^ �kgb`_gby

hrb[db �^bk[ZeZgkZ Wdki_jbf_glZev-
gZy ��^ey

kbkl_fZlbq_kdhc

hrb[db�

Wdki_jbf_glZevgZy

�^ey �kemqZcbghc

hrb[db�

>jm]hc�b_�

f_lh^�u�

ImgdlImgdl

L_ieh\h_ �b

]jZ\blZpbhggh_

\ha^_ckl\by

JZa]hgbl_ �jhlhj �
 
^h

mklZgh\e_gby �klZ�

[bevghc �kdhjhklb

i_j_^ �[ZeZgkbjh\dhc �

g_ �^himkdZcl_ � �qlh[u

jhlhj �hklZ\Zeky

g_ih^\b`guf �\

[ZeZgkbjh\hqghc

fZrbg_ �\ � �l_q_gb_

^ebl_evguo �i_jbh^h\

\j_f_gb

Ijbf_gbfh � �gh �wlb

\ha^_ckl\by � �ke_^m_l

mf_gvrZlv � �gZkdhevdh

\hafh`gh3)

: ����

Wnn_dl

khijhlb\e_gby

\ha^moZ

H]jZ^bl_�jhlhj � �beb

aZdjhcl_�\oh^gu_

hl\_jklby � �beb �imklbl_

jhlhj �\ �h[jZlghf

gZijZ\e_gbb

KjZ\gbl_

baf_j_gby

ijb

jZaebqguo

kdhjhklyo

Jhlhj

FZ]gblgu_

\ha^_ckl\by ��l �_ �

gZfZ]gbq_gguc

jhlhj�

JZafZ]gblvl_�jhlhj �

\u[_jbl_�[he__

\ukhdmx

[ZeZgkbjh\hqgmx

kdhjhklv � �qlh[u �k\_klb

d �fbgbfmfm �fZ]gblgu_

\ha^_ckl\by

Baf_jvl_

kmffm

hrb[db �b

nZam �ijb

gbadhc

kdhjhklb

: ����
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Hp_gdZ �hrb[db �^bk[ZeZgkZBklhqgbd

hrb[db

HibkZgb_ �bklhqgb�

dZ �hrb[db

F_lh^ �kgb`_gby

hrb[db �^bk[ZeZgkZ Wdki_jbf_glZev-
gZy ��^ey

kbkl_fZlbq_kdhc

hrb[db�

Wdki_jbf_glZevgZy

�^ey �kemqZcbghc

hrb[db�

>jm]hc�b_�

f_lh^�u�

Imgdl

GZdehg �wdkiemZlZ�

pbhgguo �rZjbdh�

\uo �ih^rbigbdh\

<uijyfbl_ �h[hcfu

ih^rbigbdh\ �gZ �\Zem �

_s_ �jZa �f_oZgbq_kdb

h[jZ[hlZcl_ �[mjlbdb

\ZeZ � �Mf_gvrbl_ �wlb

\ha �^_ckl\by � �mf_gv�

rZy �khijhlb\e_gb_

ihkZ^hqgh]h �f_klZ �k

ihfhsvx �kn_jb-
q_kdbo �i_j_f_s_gbc �

_keb �wlh �\hafh`gh

KjZ\gbl_

baf_j_gby

ijb

jZaebqguo

kdhjhklyo

: ����

IehoZy �h[jZ[hldZ

ih\_joghklb �pZin

g_^hklZlhqgZy

kfZadZ

Kgh\Z �h[jZ[hlZcl_

pZinu � �kfZ`vl_

M]eh\h_ �kf_s_gb_

�jhlhj �k �qbkehf

ih^rbigbdh\

[hevr_ �^\mo�

;ZeZgkbjh\dZ �lhev �dh

ijb �^\mo �ih^rbigbdZo

�h^bg �gZ �hihj_�� �beb

fhglZ` �jhlhjZ �gZ

`_kldhc �jZf_ �kh

fgh`_kl\hf

ih^rbigbdh\

Rihgdb �b �rihghq�

gu_ �dZgZ\db

<klZ\vl_ �khhl\_lkl

\mxsmx �iheh\bgm

rihgdb �ih �BKH �����

Jhlhj

Hk_\hc �b �jZ^bZev�

guc �baghk �\gmlj_g�

g_c �ih\_joghklb

ijb\h^gh]h

mkljhckl\Z

Ijh\_^bl_ �ih\lhjgmx

f_oZgbq_kdmx

h[jZ[hldm �ih\_jo�

ghklb �beb �ihevamc �l_kv

j_f_gguf �ijb\h^hf

: ����
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Hp_gdZ �hrb[db �^bk[ZeZgkZBklhqgbd

hrb[db

HibkZgb_ �bklhqgb�

dZ �hrb[db

F_lh^ �kgb`_gby

hrb[db �^bk[ZeZgkZ Wdki_jbf_glZev-
gZy ��^ey

kbkl_fZlbq_kdhc

hrb[db�

Wdki_jbf_glZevgZy

�^ey �kemqZcbghc

hrb[db�

>jm]hc�b_�

f_lh^�u�

Imgdl

AZahj �\ �f_oZgbq_k-
dbo �kh_^bg_gbyo

mgb\_jkZevgh]h �\ZeZ

Miehlgbl_ �mgb\_j-
kZevgu_ �kh_^bg_gby �

aZf_gbl_ �ijb\h^ghc

\Ze �beb �i_j_dexqbl_

gZ �j_f_gguc �ijb\h^

<hafh`gh � �_keb

gme_\hc �aZahj

fh`gh �hij_^_eblv

^ey �dZ`^h]h �pbdeZ

Ijbf_gbfh � �jZa[hjdZ

b �k[hjdZ

ih^haj_\Z_fuo

kh_^bg_gbc � �f_`^m

pbdeZfb ��jhlhj �

hklZgh\ �e_gguc �\

jZaebqguo �m]eh\uo

iheh`_gbyo�

ih\lhjgh

: ����

: ����

JZa[_jbl_ �b � �aZgh\h

kh[_jbl_�ihkZ^hqgh_

kh_^bg_gb_

Baf_jvl_�hk_\hc

baghk

K[hjdZ

GHijZ\bevgZy

ihkZ^dZ �\ �k[hjd_

I_j_kfhljbl_

baf_j_gb_

Ih\lhjy_fZy �ijh\_jdZ

1 )
?keb �iheh`_gby �fZkku  jZ[hq_]h �h[jZapZ �beb �baf_jy_fhc �iehkdhklb �kms_kl\_ggh �hlebqZxlky �hl �ih^l\_j`^_gguo �ijb �bkiulZgbyo

jhlhjZ �ih �BKH �������ke_^m_l �ijh\_klb �^Zevg_crb_ �bkiulZgby � �qlh[u �hij_^_eblv �fbgbfZevguc  ^hklb`bfuc �hklZlhqguc �^bk[ZeZgk �\

mdZaZgguo �baf_jy_fuo �iehkdhklyo �gZ �kZfhf �jZ[hq_f �h[jZap_ �jhlhj_ �
2 )
< � h[s_f � � \hafh`gh � ijbf_gylv � bkijZ\e_gby � hrb[hd � ba\_klgh]h � dhebq_kl\Z � b �nZau � �H^gZdh � � _keb � wlb � hrb[db � ij_\urZxl �Upe r� �fh`gh

ihkh\_lh\Zlv � ij_^ijbgylv � ^jm]b_ � rZ]b � ^ey � mf_gvr_gby � bo � jZaf_jZ � ^h � gZqZeZ � [ZeZgkbjh\hqgh]h � ijhp_kkZ � �
3 )
J_amevlZlu � ke_^m_l

ijh\_jblv � �\h �ba[_`Zgb_ �kf_s_gby �\ebygby �hklZldh\ �fZl_jbZeZ �b �l_ieh\h]h �wnn_dlZ �
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Jbk�:����H^gZ�pZinZ�e_`bl�gZ�hijZ\d_��b�h^gZ�±�gZ

jZ[hq_f�h[jZap_
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IJBEH@?GB?�<

�bgnhjfZlb\gh_�

LBIH<U? �>:GGU?�>EY�IJH<?JDB�:E=HJBLF: �IH

IMGDLM�� b.

LZ[ebpZ�<����Lbih\u_�^Zggu_�^ey�ijh\_jdb�Ze]hjblfZ�ih

i��b.

;_a �bkiulu\Z_fhc

fZkku

K �bkiulu\Z_fhc

fZkkhc �\

iehkdhklb ���

������] ⋅ff � �� °

K �bkiulu\Z_fhc

fZkkhc �\

iehkdhklb ���

������] ⋅ff � �� °

Ij_h[jZ�

ah\Zl_ev

�

:fieblm^Z NZaZ :fieblm^Z NZaZ :fieblm^Z NZaZ

1 1,50 0° 3,10 60° 2,11 320°

2 2,10 130° 1,90 250° 2,09 90°

J_amevlZlu �hklZlhqgh]h �^bk[ZeZgkZ�

��iehkdhklv �����������] ⋅ff ����� °)
��iehkdhklv �������������] ⋅ff���� °)
IJBF?Q:GB? � � NZaZ � \_dlhjZ � hklZlhqgh]h � ^bk[ZeZgkZ � h[uqgh � g_

gm`^Z_lky �\ �hij_^_e_gbb �dZq_kl\Z �[ZeZgkbjh\db �
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IJBEH@?GB?�K

�bgnhjfZlb\gh_�

;B;EBH=J:NBY

BKH�����������<b[jZpby�f_oZgbq_kdZy��;ZeZgkbjh\dZ��Mkeh\gu_

h[hagZq_gby �\Zeh\�b�rihghd �


