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X�F� :glbih\� :�<�<Zkbe_\kdbc� :�I� <hjh[v_\� :�K� =mj_\bq� B�B� >_]lyj_\�

X�=� DZjr_\� <�B� Dhq_ldh\� :�I�FZevp_\� <�F�Fhoh\� ?�K� G_ebih\bq�

<�:� IhghfZj_gdh� <�B� Klheih\kdbc� <�:� L_ieydh\� ?�N� Ljhygh\�

G�?� Lxjbg� X�K� N_^hlh\

=GP JN Bgklblml nbabdb \ukhdbo wg_j]bc� Ijhl\bgh� Jhkkby

X�K� >fbljb_gdh� :�=� Dhghieyggbdh\� <�?� Dexq� K�X�FZj^ugkdbc� :�N� Pu[

F_^bpbgkdbc jZ^bheh]bq_kdbc gZmqguc p_glj� H[gbgkd� Jhkkby
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< gZklhys__ \j_fy \ jZa\bluo kljZgZo ��–��� hgdheh]bq_kdbo [hevguo ih^\_j]Zxlky

emq_\hc l_jZibb� ijh\h^bfhc hl^_evgh beb \ dhfie_dk_ k ^jm]bfb \b^Zfb e_q_gby� G_kfhljy
gZ hq_\b^gu_ mki_ob kh\j_f_gguo jZ^bheh]bq_kdbo f_lh^h\� bkihevamxsbo nhlhggu_ b

we_dljhggu_ imqdb� h[rbjguc debgbq_kdbc hiul ihdZaZe� qlh kms_kl\mxl jZkijhkljZg_ggu_
lbiu himohe_c� iehoh ih^^Zxsboky e_q_gbx we_dljhggufb b nhlhggufb imqdZfb� LZdb_
himoheb gZau\Zxlky j_abkl_glgufb�

Ihkl_i_ggh klZeh ykguf� qlh emqrbc kihkh[ ij_h^he_gby \ukhdhc j_abklb\ghklb g_-
dhlhjuo nhjf himohe_c lj_[m_l bkihevah\Zgby iehlghbhgbabjmxs_]h baemq_gby k ebg_cgufb

ihl_jyfb wg_j]bb ihjy^dZ ��–��� Dw<�fdf� GZbemqrbf nbabq_kdbf bgkljmf_glhf ^ey ijh\_-
^_gby lZdhc l_jZibb y\eyxlky mkdhj_ggu_ bhgu� \ qZklghklb� bhgu m]e_jh^Z�

< Jhkkbb \ gZklhys__ \j_fy _`_]h^gh j_]bkljbjm_lky hdheh ��� lukyq gh\uo kemqZ_\

jZdZ� ijb wlhf \ ��–�� lukyqZo kemqZ_\ himohev y\ey_lky j_abklb\ghc b g_kdhevdbf lukyqZf

ba wlh]h qbkeZ [ueZ [u \_kvfZ wnn_dlb\gZ jZ^bhl_jZiby imqdhf mkdhj_gguo bhgh\�Hiul ih-
dZau\Z_l� qlh ^hjh]h\bagZ lZdhc l_jZibb fh`_l [ulv kms_kl\_ggh mf_gvr_gZ \ kemqZ_ kha^Z-
gby ki_pbZevguo l_ogbq_kdbo mkljhckl\� \kljh_gguo \ m`_ nmgdpbhgbjmxsb_ bkke_^h\Zl_ev-
kdb_ nbabq_kdb_ mkdhjbl_eb lZd� qlh[u g_ f_rZlv ijh\_^_gbx gZ gbo ieZgh\uo bkke_^h\Zgbc�
Z hj]ZgbaZpbx g_h[oh^bfh]h e_q_gby lZdbo [hevguo jZajZ[Zlu\Zlv b hkms_kl\eylv \ dhhi_jZ-
pbb k d\Zebnbpbjh\Zgguf f_^bpbgkdbf mqj_`^_gb_f� bkihevamy _]h gZmqgu_ b ijhba\h^kl-
\_ggu_ \hafh`ghklb�

Ij_^eZ]Z_fuc ijh_dl kha^Zgby h[emqZl_evgh]h p_gljZ k imqdhf bhgh\ m]e_jh^Z ^ey

e_q_gby hgdheh]bq_kdbo [hevguo hljZ`Z_l gZkmsgu_ ihlj_[ghklb hl_q_kl\_ggh]h a^jZ\h-
hojZg_gby b h^gh\j_f_ggh iha\hey_l \g_^jblv m`_ bf_xsb_ky \ Jhkkbb \ukhdb_ gZmqgu_ l_o-
gheh]bb \ f_^bpbgkdmx ijZdlbdm�
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<ha^_ckl\b_ bhgbabjmxs_]h baemq_gby gZ [bheh]bq_kdmx kbkl_fm aZ\bkbl g_ lhevdh

hl \u^_e_gghc \ fZdjhkdhibq_kdhf h[t_f_ wg_j]bb – ^hau� gh b \ agZqbl_evghc kl_i_gb hl

fbdjhkdhibq_kdh]h oZjZdl_jZ wg_j]h\u^_e_gby beb hl iehlghklb ihl_jv wg_j]bb�
Hlghkbl_evgZy [bheh]bq_kdZy wnn_dlb\ghklv �H;W� hij_^_ey_l kl_i_gv mkbe_gby [bheh-

]bq_kdbo wnn_dlh\� ijhba\_^_gguo qZklbpZfb k [hevrbfb ebg_cgufb ihl_jyfb wg_j]bb� ih
kjZ\g_gbx kh keZ[hbhgbabjmxsbfb baemq_gbyfb� ijb h^ghc b lhc `_ ^ha_ h[emq_gby�
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GZ jbk� � ihdZaZgZ aZ\bkbfhklv hl ^hau h[emq_gby mjh\gy \u`b\Zgby de_lhd� ihf_-
s_gguo gZ jZagu_ ]em[bgu \ imqhd bhgh\ m]e_jh^Z b� khhl\_lkl\_ggh� h[emqZ_fuo bhgZfb

m]e_jh^Z k jZaebqgufb ebg_cgufb ihl_jyfb� \f_kl_ k ZgZeh]bqghc aZ\bkbfhklvx ^ey γ-
h[emq_gby� Hq_\b^gZ aZ\bkbfhklv \ha^_ckl\by h[emq_gby g_ lhevdh hl ^hau� gh b hl bhgbab-
jmxs_c kihkh[ghklb qZklbp�

GZ jbk� � ijb\_^_gu kmffZjgu_ ^Zggu_ ih aZ\bkbfhklb H;W hl m^_evguo ihl_jv wg_j-
]bb ^ey g_kdhevdbo \b^h\ de_lhqguo kljmdlmj� <Z`ghc hkh[_gghklvx djb\hc� ijb\_^_gghc gZ

wlhf jbkmgd_� y\ey_lky wnn_dl \hajZklZgby H;W \ h[eZklb ebg_cguo ihl_jv hdheh �� – 200
Dw<�fbdjhg� Mkbe_gb_ H;W \ wlhc h[eZklb fh`_l ^hklb]Zlv \_ebqbg  ∼3.

Baemq_gb_ k khhl\_lkl\mxsbfb \ukhdbfb ebg_cgufb ihl_jyfb y\ey_lky [he__ wnn_d-
lb\guf� q_f h[emq_gb_ we_dljhgZfb b nhlhgZfb� lZd dZd lZdh_ h[emq_gb_ fh`_l \ha^_ckl\h-
\Zlv gZ de_lhqgu_ kljmdlmju gZijyfmx� ehdZevgh fgh]hdjZlgh gZjmrZy fhe_dmeyjgu_ kljmd-
lmju de_ldb� H[emq_gb_ k gbadbfb m^_evgufb ihl_jyfb �we_dljhgu b nhlhgu� \ha^_ckl\m_l gZ
fhe_dmeyjgu_ kljmdlmju de_ldb ebrv dhk\_ggh� q_j_a ijhf_`mlhqgu_ obfbq_kdb_ f_oZgba-
fu�

<_jhylghklv mgbqlh`_gby himohe_\uo de_lhd \ agZqbl_evghc kl_i_gb aZ\bkbl hl kih-
kh[ghklb de_lhd �aZe_qb\Zlv� gZg_k_ggu_ ih\j_`^_gby� G_kdhevdh m^Ze_gguo gZjmr_gbc \

kljmdlmj_ >GD fh]ml [ulv �aZe_q_gu�� H^gZdh ijb ehdZevguo fgh]hdjZlguo gZjmr_gbyo \

h^ghc kljmdlmj_ >GD \_jhylghklv ijZ\bevgh]h \hkklZgh\e_gby ^jZfZlbq_kdb mf_gvrZ_lky� b
de_ldZ khhl\_lkl\_ggh ih]b[Z_l�

Imqdb e_]dbo bhgh\ y\eyxlky kZfuf kh\_jr_gguf bgkljmf_glhf ^ey l_jZibb ]em[hdh

jZkiheh`_gguo j_abkl_glguo himohe_c� E_]db_ bhgu ^\b`mlky \ \_s_kl\_ ih ijZdlbq_kdb

ijyfhebg_cguf ljZ_dlhjbyf b hklZgZ\eb\Zxlky gZ hij_^_e_gghc ]em[bg_� <u^_e_gb_ wg_j]bb
jZkl_l k ]em[bghc� ^hklb]Zy fZdkbfmfZ� b aZl_f j_adh mf_gvrZ_lky gZ jZkklhygbyo ihjy^dZ

fbeebf_ljZ� <h \oh^ghf dZgZe_� ]^_ wg_j]by bhgh\ \ukhdZ� [bheh]bq_kdb_ jZajmr_gby ih^h[-
gu \hagbdZxsbf ijb nhlhgghf h[emq_gbb b \ agZqbl_evghc kl_i_gb fh]ml [ulv aZe_q_gu� <
dhgp_ ijh[_]Z bhgh\� \ h[eZklb ;jw]]h\kdh]h ibdZ \ukhdZy ehdZevgZy bhgbaZpby kha^Z_l \ hk-
gh\ghf g_mkljZgbfu_ jZajmr_gby�

< imqd_ bhgh\ m]e_jh^Z ^ey dhgljhey khhl\_lkl\by \u^_e_gghc \ ldZgb ^hau bf__lky

mgbdZevgZy \hafh`ghklv bkihevah\Zlv f_lh^ ihabljhgghc lhfh]jZnbb� < j_amevlZl_ y^_jguo

\aZbfh^_ckl\bc i_j\bqgh]h imqdZ K12 qZklv imqdZ ij_\jZsZ_lky \ g_klZ[bevgu_ bahlhiu K11,
bf_xsb_ i_jbh^ ihemjZkiZ^Z ∼�� fbgml� Ihabljhgu� h[jZah\Zggu_ ijb jZkiZ^_ K11� ijZdlb-
q_kdb f]gh\_ggh kh_^bgyxlky k Zlhfgufb we_dljhgZfb� We_dljhg�ihabljhggu_ iZju Zggb]b-
ebjmxl� bkimkdZy ^\Z fhghojhfZlbq_kdbo γ�d\ZglZ k wg_j]b_c ��� Dw< dZ`^Zy� J_]bkljZpby

Zggb]beypbhgguo γ�d\Zglh\ iha\hey_l \hkklZgh\blv jZkij_^_e_gb_ hklZgh\b\rboky \ fbr_gb
qZklbp�

I_j\u_ jZ[hlu ih bhgghc l_jZibb ijh\h^bebkv \ KR:� \ gZklhys__ \j_fy hkgh\gZy
jZ[hlZ \ wlhf gZijZ\e_gbb

 [1, 2, 3, 4] \uihegy_lky \ =_jfZgbb b Yihgbb� Ohly gZ[jZggZy klZ-
lbklbdZ h]jZgbqb\Z_lky ebrv g_[hevrbf qbkehf iZpb_glh\� hgZ ^hdZaZeZ [hevrb_ ihl_gpb-
Zevgu_ \hafh`ghklb wlhc f_lh^bdb�

FZdkbfZevgZy wg_j]by mkdhj_ggh]h imqdZ bhgh\
6

12C+
hij_^_ey_lky g_h[oh^bfuf ^ey

jZ^bZpbhgghc l_jZibb ijh[_]hf bhgh\ m]e_jh^Z \ \h^ghf wd\b\Ze_gl_ jZ\ghf ��� ff� LZdhc

ijh[_] \ \h^_ bf_xl bhgu m]e_jh^Z
6

12C+
k dbg_lbq_kdhc wg_j]b_c (fZdk  ��� Fw<�gmdehg�

Dbg_fZlbq_kdb_ oZjZdl_jbklbdb �β – kdhjhklv� γ – ]ZffZ±nZdlhj� +5 ± fZ]gblgZy `_kldhklv�

^ey lZdh]h bhgZ
6

12C+
jZ\gyxlky

                    β = 0,725, γ = 1,451, +5  ����� LÂf�
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Kms_kl\mxsZy kbkl_fZ bg`_dpbb ijhlhgh\ \ ��–=w< ijhlhgguc kbgojhljhg BN<W

\dexqZ_l \ k_[y ebg_cguc mkdhjbl_ev gZ wg_j]bx �� Fw< �MjZe���� b [ukljhpbdebjmxsbc

ijhlhgguc kbgojhljhg – [mkl_j�
Mkdhjbl_ev – [mkl_j bf__l ke_^mxsb_ iZjZf_lju�

?dbg gZqZevgZy ± ��Fw< ?dbg dhg_qgZy ± ����Fw<

β gZqZevgZy         –      0,247                 β dhg_qgZy           –        0,910

HR gZqZevgZy ± ����� LÂf                  HR dhg_qgZy   ± ����� LÂf�

< dhgp_ pbdeZ mkdhj_gby fZ]gblgZy kbkl_fZ [mkl_jZ m^_j`b\Z_l ijhlhgu� bf_xsb_
fZ]gblgmx `_kldhklv ijZdlbq_kdb kh\iZ^Zxs_c k lj_[m_fhc ^ey mkdhj_gby bhgh\ m]e_jh^Z

6
12C+
� BlZd� fZ]gblgZy kbkl_fZ kms_kl\mxs_]h \ BN<W mkdhjbl_ey�[mkl_jZ ohjhrh khhl\_lkl-

\m_l lj_[m_fhc ^ey bhgghc
6

12C+
l_jZibb wg_j]bb ���Fw<�gmdehg�

Lj_[m_fZy bgl_gkb\ghklv imqdZ
6

12C+
ijb g_h[oh^bfhc njZdpbhgghc ^ha_ h[emq_gby ±>

 �=j� fZdkbfZevghc fZkk_ fbr_gb F  ��� d]� lhesbg_ fbr_gb ± ��� ff� fZdkbfZevghf \j_-
f_gb h[emq_gby ± �� fbgml� qZklhl_ pbdeh\ �� =p khklZ\ey_l �Â��

8
qZklbp�pbde� Mqblu\Zy g_-

ba[_`gu_ ihl_jb ijb mkdhj_gbb b \u\h^_ imqdZ \ [mkl_j_� _kl_kl\_ggh iheZ]Zlv lj_[m_fmx

bgl_gkb\ghklv imqdZ bhgh\
6

12C+
\ [mkl_j_ a��9�pbde�

Bgl_gkb\ghklv imqdZ bhgh\ m]e_jh^Z
6

12C+
� ihemq_gguo \ E<W HBYB >5@� gZ \uoh^_ eb-

g_cgh]h mkdhjbl_ey EM��� khklZ\ey_l �Â��
10
�pbde� Z bgl_gkb\ghklv imqdZ l_o `_ bhgh\ \ kbg-

ojhnZahljhg_ HBYB ± �Â��
9
�pbde� Ijb bkihevah\Zgbb \ fh^_jgbabjh\Zgghf \ZjbZgl_ mkdhjb-

l_evgh]h dhfie_dkZ BN<W ZgZeh]bqguo j_r_gbc fh`gh jZkkqblu\Zlv gZ ihemq_gb_ g_h[oh-
^bfhc ^ey bhgghc l_jZibb bgl_gkb\ghklb�

< gZklhys__ \j_fy bg`_dpby ijhlhgh\ \ [mkl_j hkms_kl\ey_lky hl ebg_cgh]h mkdhjb-
l_ey EM���� I_j_\_klb ebg_cguc mkdhjbl_ev EM��� gZ mkdhj_gb_ bhgh\ m]e_jh^Z g_evay� ih-
wlhfm gZfb [ue jZkkfhlj_g \ZjbZgl bg`_dpbb bhgh\ m]e_jh^Z \ [mkl_j ba i_j\hgZqZevgh]h

bg`_dlhjZ – ebg_cgh]h mkdhjbl_ey B����� Ihke_^h\Zl_evgh \k_ we_f_glu fh^bnbpbjh\Zggh-
]h mkdhjbl_evgh]h dhfie_dkZ ^he`gu \dexqZlv� eZa_jguc bhgguc bklhqgbd� ebg_cguc mkdh-
jbl_ev B����� dZgZe i_j_\h^Z imqdZ ba B���� \ [mkl_j� mkdhjbl_ev�[mkl_j� dZgZe \u\h^Z� kbk-
l_fu nhjfbjh\Zgby b fhgblhjbjh\Zgby imqdZ�

GZ jbk� � ihdZaZg ieZg \aZbfgh]h jZkiheh`_gby ebg_cguo mkdhjbl_e_c B���� b EM�
��� dhevp_\h]h mkdhjbl_ey�[mkl_jZ� dZgZeZ bg`_dpbb ijhlhgh\ ba EM��� \ [mkl_j� dZgZeZ i_j_-
\h^Z imqdZ ba [mkl_jZ \ M���� dZgZeZ bg`_dpbb bhgh\ m]e_jh^Z ba mkdhjbl_ey B���� \ [mkl_j�
dZgZeZ \u\h^Z ba [mkl_jZ f_^bpbgkdh]h imqdZ \ aZe �G�

��� EZa_jguc bhgguc bklhqgbd� < ���� ]h^m \ E<W HBYB [ue kha^Zg gZ^_`gh jZ[hlZxsbc

eZa_jguc bklhqgbd >�@� hkgh\Zgguc gZ ]Zah\hf KH2  eZa_j_� Wlhl bhgguc bklhqgbd bkihevam_l-
ky \iehlv ^h gZklhys_]h \j_f_gb b iha\hey_l ihemqZlv imqdb jZaebqguo bhgh\ hl eblby b m]-
e_jh^Z ^h dj_fgby� Ihemq_ggZy gZ \uoh^_ ebg_cgh]h mkdhjbl_ey �ihke_ i_j_aZjy^ghc fbr_gb�

bgl_gkb\ghklv imqdZ y^_j m]e_jh^Z
6

12C+
khklZ\ey_l �Â��10 qZklbp�bfi� < gZqZe_ ���o ]h^h\ \

BLWN bamqZeZkv \hafh`ghklv kha^Zgby eZa_jgh]h bhggh]h bklhqgbdZ bhgh\
4

12C+
� ij_^gZagZ-

q_ggh]h ^ey bhgghc l_jZibb� Bkke_^h\Zgby k KH2 eZa_jhf ihdZaZeb� qlh bgl_gkb\ghklv mkdh-
j_ggh]h ij_^mkdhjbl_e_f imqdZ bhgh\

4
12C+  ~2·1010 qZkl��bfi�

L_ogbdZ eZa_jguo bhgguo bklhqgbdh\ \ gZklhys__ \j_fy ^hklZlhqgh ohjhrh jZajZ[h-
lZgZ� gZ __ hkgh\_ fh`gh kijh_dlbjh\Zlv b kha^Zlv gZ^_`guc b ^hklZlhqgh k\_lhkbevguc bk-
lhqgbd ^ey f_^bpbgkdh]h h[emqZl_evgh]h p_gljZ BN<W�

���� Mkdhj_gb_ bhgh\ m]e_jh^Z \ ebg_cghf mkdhjbl_e_ B����� Ijh\_^_gguc ZgZeba mkdhj_gby
\ B���� >6@ imqdZ bhgh\ m]e_jh^Z ihdZaZe� qlh gZb[hevrbc bgl_j_k ij_^klZ\ey_l mkdhj_gb_
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bhgh\
4

12
+C gZ djZlghklb Q �� lZd dZd� \h�i_j\uo� wlb bhgu kjZ\gbl_evgh e_]dh ihemqZxlky \

bhgghf bklhqgbd_� Z \h�\lhjuo� ^ey gbo g_ lj_[m_lky i_j_kljZb\Zlv b nhjkbjh\Zlv mkdhjyxs_�
nhdmkbjmxsbc dZgZe� gZijy`_gb_ \ j_ahgZlhjZo b ]jZ^b_glu \ ljm[dZo ^j_cnZ ^he`gu [ulv

lZdbfb `_� dZd ^ey ijhlhgh\�
Ijb wlhf�
Wg_j]by gZ \uoh^_ B���� ����Fw<�gmdehg�
FZdkbfZevguc bg\ZjbZglguc wfbllZgk imqdZ � SÂffÂfjZ^ �

Bhgu
4

12
+C � mkdhjy_fu_ \ B����� gZ \uoh^_ [m^ml ij_h[jZah\Zgu \ bhgu

6
12
+C gZ lhgdhc

i_j_aZjy^ghc fbr_gb�

���� DZgZe bg`_dpbb imqdZ bhgh\ m]e_jh^Z \ [mkl_j ZgZeh]bq_g dZgZem� jZajZ[hlZgghfm \
BN<W \ ���� ]h^m ^ey bg`_dpbb imqdZ ijhlhgh\ ba B���� \ [mkl_j >7]. DZgZe bg`_dpbb \dex-
qZ_l �� d\Z^jmihevguo ebga� � ih\hjhlguo ^bihe_c b � fZ]gblh\�dhjj_dlhjh\� < dZgZe_ fh]ml

[ulv bkihevah\Zgu bf_xsb_ky \ gZebqbb d\Z^jmihevgu_ ebgau b ^bihevgu_ dhjj_dlhju�
Ih\hjhlgu_ ^biheb fh]ml [ulv ba]hlh\e_gu ba `_e_aZ� bkihevam_fh]h ^ey ijhba\h^kl-

\Z ^bihe_c MGD�
Bklhqgbdb iblZgby� h[_ki_qb\Zxsb_ g_h[oh^bfuc jZ[hqbc j_`bf ^ey d\Z^jmihevguo

ebga b ^bihe_c�dhjj_dlhjh\� jZajZ[hlZgu�

���� <\h^ bhgh\ m]e_jh^Z \ [mkl_j� >ey gZdhie_gby aZ h^bg h[hjhl imqdZ 109
bhgh\ g_h[oh^bf

lhd \ bfimevk_ ,bg`  ���f:� Ihkdhevdm gZ \uoh^_ ebg_cgh]h mkdhjbl_ey ij_^iheZ]Z_lky bf_lv

lhd bhgh\ ~ �� f:� lh \iheg_ ^hklZlhqguf y\ey_lky \u[hj h^ghh[hjhlghc bg`_dpbb imqdZ�

Ij_^eh`_g \ZjbZgl� \ dhlhjhf bg`_dpb ijhlhggh]h imqdZ b imqdZ bhgh\ 6
12C+ iheghklvx jZa\y-

aZgu� qlh iha\hey_l jZkkqblu\Zlv gZ wnn_dlb\gmx iZjZee_evgmx jZ[hlm dhfie_dkZ [mkl_jZ

dZd gZ nbabq_kdbc wdki_jbf_gl k mkdhj_gb_f \ [mkl_j_ ijhlhgh\ b i_j_\h^hf bo \ mkdhjbl_ev

M���� lZd b gZ mkdhj_gb_ b \u\h^ bhgh\ m]e_jh^Z \ f_^bpbgkdmx ahgm�

���� Mkdhj_gb_ \ [mkl_j_ imqdZ bhgh\ 6
12C+ . Mkdhj_gb_ imqdZ bhgh\ m]e_jh^Z ijb\h^bl d kms_-

kl\_gghfm baf_g_gbx j_`bfZ jZ[hlu mkdhjyxsbo klZgpbc� dhlhju_ \ gZklhys__ \j_fy \ dh-
ebq_kl\_ ��b rlmd jZaf_s_gu ih Zabfmlm mkdhjbl_ey� <\h^ imqdZ \ [mkl_j k bkihevah\Zgb_f
dZgZeZ ljZgkihjlbjh\db ba B���� lj_[m_l hk\h[h`^_gby h^gh]h ijhf_`mldZ hl mklZgh\e_gghc
lZf mkdhjyxs_c klZgpbb� Ijb mkdhj_gbb ijhlhgh\ klZgpbb i_j_kljZb\Zxlky \ pbde_ hl ���

^h ���� d=p� k ^biZahghf i_j_djulby ���� Ijb mkdhj_gbb bhgh\ 6
12C+ qZklhlZ h[jZs_gby qZklbp

m\_ebqb\Z_lky hl ��� ^h ���� d=p � k ^bZiZahghf i_j_djulby ���� Ijh\_^_gguc ZgZeba ihdZaZe�
qlh ij_^ihqlbl_e_g \ZjbZgl k i_j_aZo\Zlhf imqdZ k djZlghklb � gZ djZlghklv �� Qbke_ggh_
fh^_ebjh\Zgb_ ijhp_kkZ mkdhj_gby bhgh\ m]e_jh^Z ihdZaZeh� qlh wnn_dlb\ghklv mkdhj_gby \
\u[jZgghf \ZjbZgl_ fh`_l ^hklb]Zlv �� ��

H`b^Z_fuc bfimevkguc jZa[jhk mkdhj_ggh]h imqdZ ±  3,0·10-3� MijZ\eyy Zfieblm^hc
<Q�ihey mkdhjyxsbo klZgpbc� fh`gh baf_gylv bfimevkguc jZa[jhk \ \u\h^bfhf k]mkld_ b

\ebylv lZdbf h[jZahf gZ wnn_dlb\gmx rbjbgm ibdZ ;jw]]Z \ h[emqZ_fhc ldZgb�

���� <u\h^Z imqdZ bhgh\ 6
12C+ ba [mkl_jZ� <u\h^ imqdZ bhgh\ �dZd b ijhlhgh\� hkms_kl\ey_lky

k ihfhsvx lj_o [Zfi�fZ]gblh\� k_ilmf�fZ]gblZ b m^Zjgh]h dbd_j�fZ]gblZ� H`b^Z_fu_ agZq_-
gby wfblZgkh\ \ \u\h^bfhf imqd_ jZ\gyxlky ?o ∼ ?z ∼         14 πÂffÂfjZ^� kj_^g_d\Z^jZlbqgh_
hldehg_gb_ iheh`_gby ∼� ff b hrb[dZ ih m]em ���� fjZ^�

���� DZgZe ljZgkihjlbjh\db imqdZ 6
12C+ hl [mkl_jZ ^h fbr_gb� <u\_^_gguc ba [mkl_jZ im-

qhd bhgh\ m]e_jh^Z ij_^iheZ]Z_lky ljZgkihjlbjh\Zlv \ aZe a^Zgby �+� DZgZe ljZgkihjlbjh\db
kh^_j`bl � ih\hjhlguo fZ]gblh\� �� d\Z^jmihevguo b � dhjj_dlbjmxsbo ^bihe_c� Ñõåìà
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dZgZeZ h[_ki_qb\Zxl \\h^ imqdZ \ fbr_gv ih^ m]ehf ��° d ]hjbahglm� LZdhc \ZjbZgl h[emq_-
gby fbr_gb bf__l jy^ ij_bfms_kl\ ih kjZ\g_gbx k ]hjbahglZevguf gZijZ\e_gb_f�

Hl \uoh^Z ihke_^g_]h ih\hjhlgh]h fZ]gblZ ^h fbr_gb bf__lky jZkklhygb_ a� f�

Kbkl_fZ nhdmkbjh\db h[_ki_qb\Z_l jZaf_j iylgZ gZ fbr_gb ^bZf_ljhf hl ��÷�� ff k \ha-
fh`ghklvx kdZgbjh\Zgby \ ^\mo ihi_j_qguo iehkdhklyo� J_]mebjh\Zgb_ wg_j]bb imqdZ bhgh\
ijhba\h^blky iZkkb\guf h[jZahf k bkihevah\Zgb_f ih]ehlbl_e_c�

>ey ijh\_^_gby nbabdh�l_ogbq_kdbo b jZ^bh[bheh]bq_kdbo bkke_^h\Zgbc gZ i_j\hf

wlZi_ fh`_l [ulv j_Zebah\Zg \u\h^ \ ]heh\gmx qZklv dZgZeZ i_j_\h^Z imqdZ ba [mkl_jZ \ M�

��� ]^_ bf__lky \hafh`ghklv jZaf_klblv wdki_jbf_glZevgmx ZiiZjZlmjm gZ iehsZ^b ∼2×� f2.

"���#�����

Klhbfhklv kha^Zgby kZfhklhyl_evgh]h p_gljZ bhgghc emq_\hc l_jZibb khklZ\ey_l ih-
jy^dZ ��–��� fbeebhgh\ ^heeZjh\� qlh \jy^ eb ih^ kbem gZr_c kljZg_ \ gZklhys__ \j_fy�

< Bgklblml_ nbabdb \ukhdbo wg_j]bc �BN<W� ]� Ijhl\bgh� mki_rgh jZ[hlZ_l p_euc
dhfie_dk ijhlhgguo mkdhjbl_e_c� < khklZ\_ mkdhjbl_evgh]h dhfie_dkZ BN<W bf__lky dhev-
p_\hc mkdhjbl_ev �[mkl_j�� iZjZf_lju dhlhjh]h [ebadb d hilbfZevguf ^ey mkdhj_gby bhgh\

m]e_jh^Z� jZ[hlm wlh]h mkdhjbl_ey \ khklZ\_ f_^bpbgkdh]h dhfie_dkZ \hafh`gh lZd`_ kh\f_k-
lblv k jZ[hlhc gZ nbabq_kdb_ mklZgh\db� < BN<W kms_kl\m_l ebg_cguc mkdhjbl_ev B�����

dhlhjuc ijb i_j_kljhcd_ fh`_l bg`_dlbjh\Zlv bhgu m]e_jh^Z \ dhevp_\hc mkdhjbl_ev–[mk-
l_j� Jy^hf k [mkl_jhf bf__lky wdki_jbf_glZevguc aZe �G� dhlhjuc fh`gh bkihevah\Zlv ^ey

jZaf_s_gby f_^bpbgkdbo mklZgh\hd�
< BN<W bf__lky ijhba\h^kl\_ggZy [ZaZ� iha\heyxsZy ijh_dlbjh\Zlv b ba]hlZ\eb\Zlv

ZiiZjZlmjm� g_h[oh^bfmx ^ey f_^bpbgkdh]h p_gljZ� Kh\j_f_gguc \uqbkebl_evguc p_glj

BN<W iha\hey_l ijh\h^blv jZkq_lu� g_h[oh^bfu_ ^ey ieZgbjh\Zgby h[emq_gby�
G_^Ze_dh hl Ijhl\bgh \ H[gbgkd_ fgh]h e_l mki_rgh jZ[hlZ_l F_^bpbgkdbc jZ^bheh-

]bq_kdbc gZmqguc p_glj� bf_xsbc ^Z\gb_ ljZ^bpbb� ohjhrmx gZmqgmx b debgbq_kdmx [Zam�
DZd \ BN<W lZd b \ FJGP bf__lky g_h[oh^bfh_ dhebq_kl\h ih^]hlh\e_gguo ki_pbZebklh\

^ey jZ[hlu \ p_glj_ bhgghc emq_\hc l_jZibb� =hjh^Z Ijhl\bgh b H[gbgkd m^h[gh jZkiheh`_-
gu \ kj_^g_c ihehk_ Jhkkbb� \[ebab Fhkd\u� bf_xl jZa\blmx bgnjZkljmdlmjm� hdjm`_gu `b-
\hibkghc ijbjh^hc�

Ij_^\Zjbl_evgZy hp_gdZ klhbfhklb kha^Zgby p_gljZ bhgghc l_jZibb gZ [Za_ BN<W b

FJGP gZoh^blky gZ mjh\g_ �÷�� 0�� l�_� \k_]h ebrv a ��� klhbfhklb kha^Zgby kZfhklhyl_ev-
gh]h p_gljZ bhgghc emq_\hc l_jZibb�

AZ^Zqm kha^Zgby dhfie_dkZ mkdhjbl_ev – f_^bpbgkdbc bhgguc imqhd ij_^eZ]Z_lky j_-
rZlv \ ^\Z wlZiZ�

>ey hij_^_e_gby jZ^bh[bheh]bq_kdbo oZjZdl_jbklbd f_^bpbgkdh]h imqdZ bhgh\� hdhg-
qZl_evguo lj_[h\Zgbc d kbkl_fZf gZ\_^_gby b dhgljhey imqdZ g_h[oh^bfh i_j\hgZqZevgh kha-
^Zlv wdki_jbf_glZevguc imqhd bhgh\ m]e_jh^Z k h]jZgbq_gguf ^bZiZahghf baf_gy_fuo oZ-
jZdl_jbklbd b ijh\_klb gZ g_f nbabdh�l_ogbq_kdb_ b jZ^bh[bheh]bq_kdb_ bkke_^h\Zgby�

>ey j_ZebaZpbb i_j\h]h wlZiZ lj_[m_lky jZajZ[hlZlv b ba]hlh\blv eZa_jguc bhgguc bk-
lhqgbd ^ey mkdhjbl_ey B����� dZgZe i_j_\h^Z imqdZ bhgh\ m]e_jh^Z ba B���� \ [mkl_j� fh^_j-
gbabjh\Zlv mkdhjyxsmx kbkl_fm [mkl_jZ� jZajZ[hlZlv b ba]hlh\blv ZiiZjZlmjm dhgljhey \u-
\_^_ggh]h imqdZ b h[emqZl_evgh]h kl_g^Z� Hp_gdZ klhbfhklb wlh]h wlZiZ a ���F��

Ihke_ ihemq_gby wdki_jbf_glZevghc bgnhjfZpbb h dZq_kl\_ imqdZ �klZ[bevghklv� nZ-
ah\uc h[t_f� bgl_gkb\ghklv� b ijh\_^_gby i_j\hgZqZevguo fh^_evguo nbabdh�l_ogbq_kdbo b
f_^bdh�[bheh]bq_kdbo bkke_^h\Zgbc ih hljZ[hld_ l_ogheh]bb jZ^bheh]bq_kdh]h e_q_gby \

wlhf imqd_� gZ \lhjhf wlZi_ ij_^eZ]Z_lky khklZ\blv hdhgqZl_evgu_ lj_[h\Zgby d f_^bpbgkdh-
fm imqdm b gZ bo hkgh\_ jZajZ[hlZlv ijh_dl p_gljZ bhgghc emq_\hc l_jZibb ^ey f_^bpbgkdh]h

ijbf_g_gby�
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qZklbpZ

Jbk� �� >Zggu_ h aZ\bkbfhklb mjh\gy \u`b\Zgby de_lhqghc kljmdlmju &+2 hl ^hau ^ey γ-h[emq_gby
b ^ey imqdZ bhgh\ m]e_jh^Z k gZqZevghc wg_j]b_c ��� Fw<�gmdehg gZ jZaguo ]em[bgZo� l�_� ^ey jZa-
ebqguo wg_j]bc b khhl\_lkl\_ggh jZaebqguo ebg_cguo ihl_jv� Q_ldh gZ[ex^Z_lky wnn_dl mkbe_gby

[bheh]bq_kdhc wnn_dlb\ghklb h[emq_gby \ imqd_ bhgh\ m]e_jh^Z k ebg_cgufb ihl_jyfb \ jZchg_

100 Dw<�fbdjhg�

Jbk� �� KmffZjgu_ ^Zggu_ ih aZ\bkbfhklyf hlghkbl_evghc [bheh]bq_kdhc wnn_dlb\ghklb �H;W�

hl ebg_cguo ihl_jv wg_j]bb �EIW� ^ey g_kdhevdbo de_lhqguo kljmdlmj ijb ��� mjh\g_ \u`b\Z-
gby� GZ wlhf `_ jbkmgd_ mdZaZgu bkihevam_fu_ ^bZiZahgu EIW ^ey ijhlhgh\ b bhgh\ m]e_jh^Z�
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Jbk� �� IeZg \aZbfgh]h jZkiheh`_gby ebg_cguo mkdhjbl_e_c B����  b EM���� dhevp_\h]h mkdhjb�

l_ey�[mkl_jZ� dZgZeZ bg`_dpbb ijhlhgh\ ba EM��� \ [mkl_j± �,�� dZgZe i_j_\h^Z imqdZ ba [mkl_jZ \

M���± �,,�� klZjZy ljZkkZ dZgZeZ bg`_dpbb ijhlhgh\ ba B���� \ M��� ± �,,,�� dZgZeZ bg`_dpbb bhgh\ m]e_-
jh^Z ba mkdhjbl_ey B���� \ [mkl_j ± �,9�� dZgZeZ \u\h^Z ba [mkl_jZ f_^bpbgkdh]h imqdZ \ aZe

�G ��9��
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