
1

IEHKDHI:J:E?EVGUC��E:<BGGUC��KQ,LQBD��D:D
:DLB<G:Y�FBR?GV��>EY��© IH<?JOGHKLGUOª�� FXHGH<

K�B��<hjh[v_\ � ��K�<��Dhkvyg_gdh �

THE  PLANE  PARALLEL  CHAMBER  AS  THE  ACTIVE  TARGET
FOR  THE «SURFACE»  MUONS

S.I. Vorobyev � , S.V. Kosianenko �

�  vsiloa@pnpi.spb.ru, � vosk@pnpi.spb.ru
Abstract

The investigations results of the Plane Parallel Chamber on the b-source�s
electrons, positrons and «surface» muons are presented. The amplitude spectra
and the registration efficiency for electrons, positrons and muons with
momentum 20F���0H9�F�ZHUH�PHDVXUHG��7KH�UHJLVWUDWLRQ�HIILFLHQF\�RI�����
for the muons has been obtained, using the PPC with the gas gap 1 mm and CO �

(100 %) at 1 atm as a work gas. The PPC with gas gap 0.4 mm and
Ar(30%)+CO � (70%) at 1 atm as work gas has the registration efficiency 88%.
This result together with other properties of PPC allows to use Plane Parallel
Chamber in the experiments with the high intensity �surface� muon�s beams of
the modern meson factories.

:gghlZpby
<� ^Zgghc� jZ[hl_� ij_^klZ\e_gu� j_amevlZlu� bkke_^h\Zgby� jZ[hqbo

oZjZdl_jbklbd�iehkdhiZjZee_evghc�dZf_ju��PPC�� gZ� we_dljhgZo�� Z� lZd`_
gZ� imqdZo� ihabljhgh\� b� ©ih\_joghklguoª� fxhgh\�� <� dZq_kl\_� ]Zah\hc
kj_^u�bkihevah\Zeky�KH � �������� b�Ar(30%)+CO 	 ������� gZoh^ysbcky�ijb
Zlfhkn_jghf�^Z\e_gbb��Baf_j_gu�Zfieblm^gu_�ki_dlju�b�wnn_dlb\ghklv
j_]bkljZpbb�aZjy`_gguo�qZklbp�^ey�we_dljhgh\�b �� bklhqgbdZ�� Z�lZd`_�^ey
ihabljhgh\�b�fxhgh\�k�bfimevkhf���F��� Fw<�k��MklZgh\e_gh��qlh�\�JJK�k
]Zah\uf�ijhf_`mldhf��� ff�b�jZ[hq_f� ]Zahf�KH 
 �������� fh`gh�^hklbqv
���� wnn_dlb\ghklb� j_]bkljZpbb� ©ih\_joghklguoª� fxhgh\�� Z� \� PPC� k
]Zah\uf�ijhf_`mldhf����� fdf�b�jZ[hq_f�]Zahf�Ar(30%)+CO � (70%) 88% .
Wlhl�j_amevlZl�� gZjy^m�k�\ukhdbf�[ukljh^_ckl\b_f�^_l_dlhjZ�� iha\hey_l
bkihevah\Zlv� PPC� \� wdki_jbf_glZo� gZ� bgl_gkb\guo� imqdZo
©ih\_joghklguoª� fxhgh\�kh\j_f_gguo�f_ahgguo�nZ[jbd�
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<\_^_gb_
WlZ�jZ[hlZ�klbfmebjh\ZgZ�b^__c�bkihevah\Zlv�iehkdhiZjZee_evgmx

dZf_jm� dZd� Zdlb\gmx�fbr_gv� \� wdki_jbf_gl_�ih�ihbkdm� [_ag_cljbggh]h
jZkiZ^Z�fxhgZ�k�\ue_lhf�kdZeyjgh]h�]he^klhmgh\kdh]h�[hahgZ�±� nZfbehgZ
>���@�� ijh_dl� dhlhjh]h� [ue� ij_^eh`_g� dhee_dlb\hf� nbabdh\� ba� IBYN�
HBYB�� JGP� �DmjqZlh\kdbc� bgklblml�� b� BLWN�� >ey� wlh]h� \� IBYN
jZajZ[hlZg� ^_l_dlhj� hklZgh\hd� fxhgh\�� \� dhlhjhf� iehkdhiZjZee_evgZy
dZf_jZ� y\ey_lky� hkgh\guf� dhfihg_glhf�� Bkke_^h\Zgby� ijh\h^ylky� gZ
imqd_�©ih\_joghklguoª� fxhgh\�nZahljhgZ�HBYB�

K�lhqdb�aj_gby�wdki_jbf_glZ�� hkgh\gufb�lj_[h\Zgbyfb�d�Zdlb\ghc
fbr_gb� fxhgguo� hklZgh\hd� y\eyxlky� ohjhrb_� \j_f_ggh_� ���� gk��� b
ijhkljZgkl\_ggh_�jZaj_r_gby��a�� ff��� Z�lZd`_�hlkmlkl\b_�^_iheyjbaZpbb
©ih\_joghklguoª� fxhgh\�\�fZl_jbZe_�fbr_gb�� Wlbf�lj_[h\Zgbyf�fh`_l
m^h\e_l\hjblv� dhf[bgZpby� PPC (Plane Parallel Chamber�� b
ijhihjpbhgZevguo� dZf_j�� iha\heyxsZy� h^gh\j_f_ggh�� k� ohjhr_c
lhqghklvx�hkms_kl\eylv�ijhkljZgkl\_ggu_�b� \j_f_ggu_�baf_j_gby�� Ijb
wlhf� [hevrZy� qZklv� fxhgh\� imqdZ� hklZgZ\eb\Z_lky� \� we_dljh^Zo� PPC,
\uiheg_gguo� p_ebdhf� ba� Zexfbgb_\hc� nhev]b�� qlh� iha\hey_l� k\_klb
^_iheyjbaZpbx�fxhgh\�\�Zdlb\ghc�fbr_gb�d�fbgbfmfm�

IehkdhiZjZee_evgZy�dZf_jZ� y\ey_lky� ]Zah\uf�^_l_dlhjhf�� dhlhjuc
mki_rgh�bkihevam_lky�\�baf_j_gbyo�\�nbabd_�gbadbo�b� \ukhdbo� wg_j]bc
[7F�@�� Hkgh\m� dhgkljmdpbb� PPC� khklZ\eyxl� ^\Z� iZjZee_evguo
f_lZeebq_kdbo� we_dljh^Z�� jZa^_ezgguo� ]Zah\uf� ijhf_`mldhf�� <� gZr_f

Jbk����Ijbgpbi�jZ[hlu�JJK�
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kemqZ_�rbjbgZ�]Zah\h]h�ijhf_`mldZ�f_`^m�we_dljh^Zfb�khklZ\ey_l��� ff�
���ff�� \�ijhf_`mld_�gZoh^blky�jZ[hqbc�]Za�ijb�Zlfhkn_jghf�^Z\e_gbb��D
we_dljh^Zf� dZf_ju� ih^\h^yl� \ukhdh_� gZijy`_gb_�� h[jZamxs__
bgl_gkb\gh_� h^ghjh^gh_� we_dljbq_kdh_� ihe_� \gmljb� qm\kl\bl_evgh]h
h[tzfZ� ^_l_dlhjZ�� dhlhjh_� kha^Zzl� mkeh\by� ^ey� jZa\blby� eZ\bgu� ijb
ijhoh`^_gbb�aZjy`_gguo�qZklbp�

Ijbgpbi�^_ckl\by�JJK�^_fhgkljbjm_lky�gZ�jbkmgd_���� <�hlebqb_�hl
ijhihjpbhgZevghc� dZf_ju�� we_dljhggZy� eZ\bgZ� \� PPC� jZa\b\Z_lky� kjZam
`_� ba� lhqdb� \aZbfh^_ckl\by� aZjy`_gghc� qZklbpu� k� ]Zah\hc� kj_^hc
qm\kl\bl_evgh]h�h[tzfZ�^_l_dlhjZ��Ih�wlhc�ijbqbg_�PPC�oZjZdl_jbam_lky
\ukhdbf� \j_f_gguf� jZaj_r_gb_f� �FWHM ~ 0.2¸�� gk���� qlh� iha\hey_l
bkihevah\Zlv�^_l_dlhj�\�ij_pbabhgguo�\j_f_gguo�baf_j_gbyo�

Ihke_� lh]h�� dZd� we_dljhgu� eZ\bgu� kh[bjZxlky� gZ� Zgh^_�� h[eZdh
iheh`bl_evguo� bhgh\� f_^e_ggh� �g_kdhevdh� fbdjhk_dmg^�� ^j_cnm_l� ih
gZijZ\e_gbx� d� dZlh^m�� Dhebq_kl\h� we_dljhgh\�� kh[jZgguo� gZ� Zgh^_�
hij_^_ey_lky�\ujZ`_gb_f�

n=n � ×e  � , (1)
]^_�n � �±� dhebq_kl\h�i_j\hgZqZevguo�we_dljhgh\�gZ�^Zgghf�jZkklhygbb�o�hl
Zgh^Z� b� a -� i_j\uc� dhwnnbpb_gl� LZmgk_g^Z� hg� oZjZdl_jbam_l� kj_^g__
qbkeh�bhgbamxsbo�klhedgh\_gbc�we_dljhgZ�gZ�_^bgbp_�^ebgu�

<� j_amevlZl_� \� ^_l_dlhj_� ih� kjZ\g_gbx� k� i_j\hgZqZevghc
bhgbaZpb_c�^hklb]Z_lky�]Zah\h_�mkbe_gb_�

G=e
� � . (2)

=Zah\h_�mkbe_gb_�� dZd�ke_^m_l�ba������ \�kemqZ_�PPC�kbevgh�aZ\bkbl�hl
jZkklhygby� f_`^m� Zgh^hf� b� lhqdhc�� ]^_� \� j_amevlZl_� ijhoh`^_gby
aZjy`_gghc�qZklbpu�h[jZah\Zeky�i_j\uc�aZjy`_gguc�deZkl_j�� \ua\Z\rbc
eZ\bgm��Ih�wlhc�ijbqbg_�dhebq_kl\h�kh[jZggh]h�aZjy^Z�aZ\bkbl�g_�lhevdh
hl�\_ebqbgu�gZqZevghc�bhgbaZpbb�� gh�b�hl�lh]h�� gZ�dZdhf�jZkklhygbb�hl
Zgh^Z� eZ\bgZ� gZqZeZ� jZa\b\Zlvky�� ;he__� ih^jh[gh� ijbgpbi� jZ[hlu� b
jZ[hqb_� oZjZdl_jbklbdb� iehkdhiZjZee_evguo� dZf_j� h[km`^Zxlky� \
[10F��@�



4

Dhgkljmdpby�Zdlb\ghc�fbr_gb
:dlb\gZy� fbr_gv� ij_^klZ\ey_l� kh[hc� l_e_kdhi� ba� PPC� b

ijhihjpbhgZevguo� dZf_j�� jZaf_szgguo� \� ]_jf_lbqghf� [hdk_�� dhlhjuc

aZiheg_g� jZ[hqbf� ]Zahf��jbk����� Ijb� wlhf� agZqbl_evgZy� qZklv� hklZgh\hd
fxhgh\� ijhbkoh^bl� \� Zgh^Zo� b� dZlh^Zo� iehkdhiZjZee_evguo� dZf_j�
dhlhju_�nbdkbjmxl�fhf_gl�\j_f_gb�hklZgh\db�fxhgZ��IjhihjpbhgZevgZy
dZf_jZ� ID�� kem`bl� ^ey� j_]bkljZpbb� dhhj^bgZl� fxhgh\� b� jZa^_e_gby
ihabljhgh\� b� fxhgh\� imqdZ� ih� Zfieblm^_� kb]gZeZ�� DZf_jZ� ID2
j_`_dlbjm_l�ihabljhgu�imqdZ�\�j_`bf_�Zglbkh\iZ^_gbc�

LhesbgZ� dZlh^h\� b� Zgh^h\� PPC�� b� PPC�� jZkkqblu\ZeZkv� lZdbf
h[jZahf�� qlh[u� h[_ki_qblv� fZdkbfZevgmx� wnn_dlb\ghklv� hklZgh\hd
©ih\_joghklguoª� fxhgh\�k�bfimevkhf���� F���� +����� Fw<�c��<�wlbo�p_eyo

Jbk����IjbgpbibZevgZy�ko_fZ�ijhlhlbiZ�^_l_dlhjZ
hklZgh\hd�

Jbk����Dhgkljmdpby�iehkdhiZjZee_evghc�dZf_ju�
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^ey� ba]hlh\e_gby� we_dljh^h\� bkihevah\ZeZkv� Zexfbgb_\Zy� nhev]Z
lhesbghc���� fbdjhg�� JZaf_ju� we_dljh^h\���x��� ff�� lhesbgZ� ]Zah\h]h
ijhf_`mldZ�jZ\gZ��� ff�b����ff�

>ey� lh]h� qlh[u� h[_ki_qblv� g_h[oh^bfh_� gZly`_gb_� Zexfbgb_\hc
nhev]b� b� m\_ebqblv� we_dljbq_kdmx� ijhqghklv� dhgkljmdpbb�� we_dljh^u
PPC� jZa^_e_gu� kl_deyggufb� baheylhjZfb�� GZ� kl_deygguo� baheylhjZo
bf_xlky� ijyfhm]hevgu_� \uklmiu� �jbk����� dhlhju_� bkihevamxlky� ^ey
©k]eZ`b\Zgbyª� kbevgh]h� g_h^ghjh^gh]h� we_dljbq_kdh]h� ihey� gZ� ]jZgbp_
^bwe_dljbd�±� f_lZee�� Wlh�� \�k\hx�hq_j_^v�� ijb\h^bl�d�mklhcqb\hc�jZ[hl_
^_l_dlhjZ�ijb�agZq_gbb�jZ[hq_]h�gZijy`_gby��a�� d<�^ey�aZahjZ��� ff�b�a
���� d<�^ey�aZahjZ����� ff��

JJK� k� ^\mfy� ]Zah\ufb� ijhf_`mldZfb� [ueZ� kijh_dlbjh\ZgZ� lZdbf
h[jZahf�� qlh�we_dljhggu_�eZ\bgu�� \hagbdZxsb_�hdheh�\g_rgbo�dZlh^h\�
j_]bkljbjmxlky�gZ�Zgh^_��gZoh^ysbfky�ih^�gme_\uf�ihl_gpbZehf��jbk����
LZdZy� dhgkljmdpby� h[eZ^Z_l� gZ^z`ghklvx� \� jZ[hl_� b� iha\hey_l� [he__
lhqgh�baf_jylv�\j_fy�hklZgh\db�fxhgh\�

Jbk����IjbgpbibZevgZy�we_dljbq_kdZy�ko_fZ�JJK
�k�^\mfy�]Zah\ufb�ijhf_`mldZfb�
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:fieblm^gu_�ki_dlju�b�wnn_dlb\ghklv�j_]bkljZpbb�aZjy`_gguo
qZklbp

GZ� we_dljhgZo� b �� bklhqgbdZ ( Ru
����� �� b� imqd_� ©ih\_joghklguoª

fxhgh\� baf_j_gu� Zfieblm^gu_� ki_dlju� b� wnn_dlb\ghklv� j_]bkljZpbb
aZjy`_gguo� qZklbp� ^ey� PPC�� bf_xs_c� h^bg� b� ^\Z� ]Zah\uo� ijhf_`mldZ
�jbk�� �������� Ihemq_ggu_� fZdkbfZevgu_� agZq_gby� wnn_dlb\ghklb� ^ey
we_dljhgh\�b�ihabljhgh\�bf_xl�\_ebqbgm�ihjy^dZ������ ^ey�JJK�k�h^gbf
]Zah\uf�ijhf_`mldhf�rbjbghc��� ff�b� jZ[hqbf� ]Zahf�KH � ��������� ijb
Zlfhkn_jghf� ^Z\e_gbb�� AgZq_gb_� wnn_dlb\ghklb������ ^hklb]Zehkv� ijb
jZ[hq_f� gZijy`_gbb� hdheh� �� d<�� Z� ^Ze__� jZkiheZ]ZeZkv� ahgZ
bkdjhh[jZah\Zgby��>ey�JJK�� bf_xs_c�^\Z�]Zah\uo�ijhf_`mldZ���o�� ff�� b

lhl� `_� jZ[hqbc� ]Za�� [ueZ� ihemq_gZ� wnn_dlb\ghklv������� >ey� wlh]h� `_
^_l_dlhjZ� [ueZ� baf_j_gZ� wnn_dlb\ghklv� j_]bkljZpbb� ©ih\_joghklguoª
fxhgh\� >��@�� <_ebqbgZ� wnn_dlb\ghklb� j_]bkljZpbb� ©ih\_joghklguoª
fxhgh\�F������� ihemq_gZ�ijb�jZ[hq_f�gZijy`_gbb������ d<��rbjbgZ�ieZlh
~400�<��jbk����

>ey� lh]h� qlh[u� ^hklh\_jgh� \uqbkeblv� wnn_dlb\ghklv� j_]bkljZpbb
fxhgh\� gZ� Zfieblm^guo� ki_dljZo� �jbk����� \u^_eyeZkv� h[eZklv�� dhlhjZy
khhl\_lkl\m_l�[hevrbf�Zfieblm^Zf��GZ�h[hbo�ki_dljZo�ohjhrh�\b^gu�^\_
h[eZklb�� i_j\Zy� hlghkblky� d�ihabljhgZf��fZeu_� Zfieblm^u��� \lhjZy�F� d
fxhgZf� �ibd� kijZ\Z� ijb� [hevrbo� Zfieblm^Zo��� Ihkdhevdm� ki_dlj
ihabljhgh\� �we_dljhgh\�� \� PPC� �jbk���� wdkihg_gpbZevgh� kiZ^Z_l� k
m\_ebq_gb_f� Zfieblm^u� kb]gZeZ�� h^gh\j_f_ggZy� ihklZgh\dZ� gb`gbo
]jZgbp�ih�Zfieblm^_�kb]gZeZ�\�ID��� b�PPC�� iha\hey_l�hlebqblv�kb]gZeu
©ih\_joghklguoª� fxhgh\�\�Zdlb\ghc�fbr_gb�hl�kb]gZeh\�ihabljhgh\�

Ijb� \uqbke_gbb� wnn_dlb\ghklb� j_]bkljZpbb� ihabljhgh\� b
we_dljhgh\� gb`gyy� ]jZgbpZ� Zfieblm^� j_]bkljbjm_fuo� kb]gZeh\� \
bkke_^m_fhc� PPC� kh\iZ^ZeZ� k� \_jog_c� ]jZgbp_c� rmfh\� we_dljhgbdb� b
^_l_dlhjZ��Wlh�iha\hebeh�hp_gblv�fZdkbfZevgmx�\_ebqbgm�wnn_dlb\ghklb
j_]bkljZpbb� ihabljhgh\� b� we_dljhgh\�� dhlhjhc� fh`gh� ^hklbqv� ^ey
iehkdhiZjZee_evgh]h�eZ\bggh]h�kqzlqbdZ�k�KH � �\�dZq_kl\_�jZ[hq_]h�]ZaZ�b

Jbk����:fieblm^guc�ki_dlj�we_dljhgh\�^ey�JJK��bf_xs_c�^\Z�]Zah\uo
ijhf_`mldZ�
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jZkklhygb_f�f_`^m�dZlh^hf�b�Zgh^hf�jZ\guf��� ff��>ey�ihemq_gby�imqdZ
ihabljhgh\� gZ� fxhgguc� dZgZe� mklZgZ\eb\Zeky� f_lZeebq_kdbc� nbevlj�
dhlhjuc� iheghklvx� ih]ehsZe� fxhgu� imqdZ�� >Zggu_� �jbk���� ^ey
ihabljhgh\� b� we_dljhgh\� [ueb� ihemq_gu� ijb� h^ghf� Zlfhkn_jghf
^Z\e_gbb�� G_[hevrh_� jZaebqb_� \� \_ebqbg_� wnn_dlb\ghklb� j_]bkljZpbb
we_dljhgh\� b� ihabljhgh\� h[tykgy_lky� kms_kl\_gghc� ]_hf_ljbq_kdhc
g_wnn_dlb\ghklvx� ijb� ^_l_dlbjh\Zgbb� we_dljhgh\� b�bklhqgbdZ�� ;he__
fy]dbc� ki_dlj� we_dljhgh\� ih� kjZ\g_gbx� kh� ki_dljhf� ihabljhgh\� imqdZ
ijb\h^bl� d� lhfm�� qlh� we_dljhgu� bkiulu\Zxl� kbevgh_� fgh]hdjZlgh_
jZkk_ygb_�gZ�\_s_kl\_�dZlh^h\�b�Zgh^h\�ijhihjpbhgZevghc�dZf_ju�ID1.
Ijb� wlhf� we_dljhgu�fh]ml�[ulv� aZj_]bkljbjh\Zgu� \�ID�� b�PPC��� gh�g_
i_j_k_qv�jZ[hqmx�h[eZklv�bkke_^m_fh]h�^_l_dlhjZ�PPC1.

LZd`_� [ueb� ba]hlh\e_gu� JJK� k� ]Zah\ufb� ijhf_`mldZfb� f_`^m
Zgh^hf�b�dZlh^hf����� fdf��bamq_gb_�dhlhjhc�\_^_lky������� fdf������ fdf�
>ey�JJK�k�lZdbfb�]Zah\ufb�ijhf_`mldZfb�[ueb�baf_j_gu�Zfieblm^gu_
ki_dlju��dhlhju_�ij_^klZ\e_gu�gZ�jbk�������� ;ueZ�baf_j_gZ�wnn_dlb\ghklv
j_]bkljZpbb�fxhgh\��HgZ�khklZ\ey_l�^ey�JJK�k����� fdf�]Zah\uf�aZahjhf
������ gZ�]Zah\hc�kf_kb�Ar(30%)+CO � �������Z�gZ�qbklhf�CO � ������ >ey�JJK
k� ]Zah\uf� aZahjhf� ����� fdf� [ueZ� ihemq_gZ� wnn_dlb\ghklv������� ijb
gZijy`_gbb������ d<�b�]Zah\hc�kf_kb�Ar(30%)+CO � ������� jbk�����

<j_f_ggh_� jZaj_r_gb_� Zdlb\ghc� fbr_gb� [ueh� bkke_^h\Zgh� ^ey
fxhgh\�b�khklZ\beh�^ey�JJK�k�]Zah\uf�ijhf_`mldhf��� ff�\_ebqbgm��� gk�
(FWHM��� jbk�����

Bkihevamy�JJK�� k� ]Zah\uf�ijhf_`mldhf����� fdf�� ijh\_^_gu��SR-
baf_j_gby��Ihemq_g��SR�ki_dlj��jbk������



8

Jbk����:fieblm^guc�ki_dlj�we_dljhgh\�^ey�JJK�

Jbk���� :fieblm^guc�ki_dlj�we_dljhgh\�^ey�JJK�
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Jbk���� Wnn_dlb\ghklv� j_]bkljZpbb� fxhgh\�� ihabljhgh\� b
we_dljhgh\�^ey�JJK�k�h^gbf�]Zah\uf�ijhf_`mldhf��
ff�� jZ[hqbc� ]Za� CO� ������� ijb� Zlfhkn_jghf
^Z\e_gbb�

Jbk���� :fieblm^gu_� � ki_dlju� � ihabljhgh\� b� fxhgh\
^ey� l_e_kdhiZ�� khklhys_]h� ba� ijhihjpbhgZevghc
dZf_ju�b�JJK�k�^\mfy�� ]Zah\ufb�ijhf_`mldZfb�
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Jbk�����<j_f_ggh_�jZaj_r_gb_�JJK��\�h^ghf�dZgZe_�]bklh]jZffu������ gk���

Jbk�����m SR-�ki_dlj�

Jbk����� Wnn_dlb\ghklv�j_]bkljZpbb�fxhgh\�^ey�JJK�k�h^gbf�]Zah\uf
ijhf_`mldhf� ���� fdf�� jZ[hqbc� ]Za� Ar(30%)+CO� ������ ijb
Zlfhkn_jghf�^Z\e_gbb�
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AZdexq_gb_
Kha^ZgZ� Zdlb\gZy� fbr_gv� ^ey� j_]bkljZpbb� ©ih\_joghklguoª

fxhgh\�� dhlhjmx� ieZgbjm_lky� bkihevah\Zlv� \� wdki_jbf_gl_� ih� ihbkdm
[_ag_cljbggh]h� jZkiZ^Z� fxhgZ�� Baf_j_gZ� wnn_dlb\ghklv� j_]bkljZpbb
aZjy`_gguo� qZklbp� iehkdhiZjZee_evguf� eZ\bgguf� kqzlqbdhf� ^ey
we_dljhgh\�b �� bklhqgbdZ�� Z�lZd`_�ihabljhgh\�b�fxhgh\�k�bfimevkhf�a���
Fw<�c�� <i_j\u_� ihdZaZgh�� qlh� wnn_dlb\ghklv� jZ[hlu� JJK� k� ]Zah\uf
ijhf_`mldhf� �� ff� ^ey� ©ih\_joghklguoª� fxhgh\� ^hklb]Z_l� ������ Z� k
]Zah\ufb� ijhf_`mldZfb� ���� ff� b� ���� ff� ^hklb]Z_l� ���� b� ���
khhl\_lkl\_ggh�� Z�Zfieblm^gh_�jZaj_r_gb_�^_l_dlhjZ�iha\hey_l�hlebqZlv
fxhgu� hl� ihabljhgh\�� Ijb[hj� ^_fhgkljbjm_l� ohjhrmx� klZ[bevghklv� \
jZ[hl_� b�fh`_l� [ulv� bkihevah\Zg� \� ex[uo� wdki_jbf_glZo�� k\yaZgguo� k
ihemq_gb_f�mSR�ki_dljh\�b�baf_j_gb_f�\j_f_gb�`bagb�fxhgZ�
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