
BGKLBLML Y>?JGHC NBABDB bf�=�B�;m^d_jZ KH J:G

<�B�<hehkh\� <�<�>_f_g_\� :�G�>jZgbqgbdh\� :�K�F_^\_^dh�

G�I�Fmohjlh\� =�G�Hklj_cdh� K�I�I_ljh\� <�<�JZs_gdh�

?�I�K_f_gh\� :�=�Kl_rh\� B�G�Qmjdbg

Ijh_dl�MklZgh\db

^ey�jZa^_e_gby�bahlhih\

f_lh^hf�BPJ�gZ]j_\Z

BYN�2001-48

GH<HKB;BJKD

2001

CORE Metadata, citation and similar papers at core.ac.uk

Provided by CERN Document Server

https://core.ac.uk/display/25370248?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1


2

Ijh_dl�MklZgh\db�^ey�jZa^_e_gby�bahlhih\

f_lh^hf�BPJ�gZ]j_\Z

<�B�<hehkh\� <�<�>_f_g_\� :�G�>jZgbqgbdh\� :�K�F_^\_^dh�

G�I�Fmohjlh\� =�G�Hklj_cdh� K�I�I_ljh\� <�<�JZs_gdh� ?�I�K_f_gh\�

:�=�Kl_rh\� B�G�Qmjdbg

=GP JN ³Bgklblml Y^_jghc Nbabdb

bf�=�B�;m^d_jZ KH J:G´� ������� Gh\hkb[bjkd� Jhkkby

:gghlZpby

JZkkfZljb\Z_lky ijh_dl MklZgh\db ^ey jZa^_e_gby bahlhih\ f_lh^hf

BPJ gZ]j_\Z� H[km`^Zxlky hkgh\gu_ kbkl_fu MklZgh\db� kbkl_fu

BPJ gZ]j_\Z b k_iZjZpbb� bklhqgbd ieZaf_ggh]h ihlhdZ� JZkkfhlj_gu

lj_[h\Zgby gZ ijhkljZgkl\_ggmx h^ghjh^ghklv b \j_f_ggmx

klZ[bevghklv fZ]gblgh]h ihey� kbkl_fm <Q gZ]j_\Z� iZjZf_lju

ieZaf_ggh]h ihlhdZ bklhqgbdZ� JZkkfhlj_gu g_dhlhju_ l_ogbq_kdb_

j_r_gby� Ijb\_^_gu j_amevlZlu fh^_ebjh\Zgby jZ[hlu kbkl_fu <Q

gZ]j_\Z \ h^ghqZklbqghf ijb[eb`_gbb� Ijb\_^_gu hp_gdb ih

iZjZf_ljZf b ijhba\h^bl_evghklb ijh_dlbjm_fhc MklZgh\db�

Project of the Installation for isotope separation by ICR heating method

I.N.Churkin, V.V.Demenev, A.N.Dranichnikov, A.S.Medvedko,
N.P.Mukhortov, G.N.Ostreyko, S.P.Petrov, V.V.Rashenko, E.P.Semenov,

A.G.Steshov, V.I.Volosov

The Budker Institute of Nuclear Physics
630090, Novosibirsk, Russia

Abstract
Installation for isotope separation by the ICR heating method is presented.
The basic systems of the Installation: ICR heating and separation systems
and the source of plasma flow are discussed. The requests on the spatial
uniformity and time stability of the magnetic field and ICR heating system
and parameters of the plasma flow are considered. The some technical
solutions are considered. The results of modeling of ICR heating for single
particle approximation are showed. The estimates of parameters and
productivity of Installation are presented.
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<\_^_gb_

Ba\_klguc f_lh^ k_e_dlb\gh]h BPJ gZ]j_\Z y\ey_lky
mgb\_jkZevguf� b hkh[_ggh wnn_dlb\_g ^ey jZa^_e_gby bahlhih\
fZl_jbZeh\� g_ bf_xsbo ]Zah\hc nZau [1].

MklZgh\db ^ey jZa^_e_gby bahlhih\ f_lh^hf BPJ gZ]j_\Z
\dexqZxl ke_^mxsb_ hkgh\gu_ we_f_glu� bklhqgbd ieZaf_ggh]h

ihlhdZ� kbkl_fZ k_e_dlb\gh]h BPJ gZ]j_\Z bhgh\� kbkl_fZ hl[hjZ
p_e_\h]h bahlhiZ [2,3]� Hkh[_gghklvx ijh_dlbjm_fhc MklZgh\db
y\ey_lky bkihevah\Zgb_ ³madh]h´ ieZaf_ggh]h ihlhdZ� l�_� \

ihi_j_qguc jZaf_j \ibku\Z_lky ��� eZjfhjh\kdbo hdjm`ghklb
bhgh\ bkdhfh]h bahlhiZ [4,5].

H`b^Z_fu_ iZjZf_lju MklZgh\db�
1) >bZiZahg fZkk jZa^_ey_fuo fZl_jbZeh\ ± ��� ± ��� Z�_�
2) Kl_i_gv h^ghklZ^bcgh]h jZa^_e_gby g_ f_g__ ���

3) Bhgguc lhd \ ieZaf_gghf ihlhd_ ± �:

DjZldh_�hibkZgb_�MklZgh\db

H[sbc \b^ MklZgh\db ^ey jZa^_e_gby bahlhih\ f_lh^hf BPJ

gZ]j_\Z ij_^klZ\e_g gZ jbk���
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Jbk�� H[sbc \b^ MklZgh\db

�� ± bklhqgbd ieZaf_ggh]h ihlhdZ� � ± \uimkdghc dZgZe� � ± <Q�
Zgl_ggZ� � ± k[hjgbdb� �Z� �[ ± dZlmrdb fZ]gblghc kbkl_fu

bklhqgbdZ� mqZkldh\ BPJ gZ]j_\Z b k_iZjZpbb�� ± \ukhdh\Zdmmfgu_
ihklu� � ± ^bZ]ghklbq_kdbc [hdk� � ± \Zdmmfguc rb[_j�

Bklhqgbd ieZaf_ggh]h ihlhdZ ��� gZ hkgh\_
kZfhih^^_j`b\Zxs_]hky S�jZajy^Z \ eh\mrd_ kh kdj_s_ggufb
jZ^bZevguf we_dljbq_kdbf b ZdkbZevguf fZ]gblguf iheyfb

nhjfbjm_l ©madbcª ieZaf_gguc ihlhd k \ukhdhc iehlghklvx [6,7].
IeZaf_gguc ihlhd ijhoh^bl q_j_a \uimkdghc dZgZe ��� \ ahgm BPJ

gZ]j_\Z� K_e_dlb\guc BPJ gZ]j_\ hkms_kl\ey_lky k ihfhsvx <Q�
Zgl_ggu _fdhklgh]h lbiZ ���� GZ]j_lu_ bhgu bkdhfh]h bahlhiZ�
bf_xsb_ [hevrbc eZjfhjh\kdbc jZ^bmk� kh[bjZxlky gZ ieZklbgu�

jZkiheh`_ggu_ iZjZee_evgh hkgh\guf ieZklbgZf Zgl_ggu
�©ijyfhcª k[hj�� hklZevgu_ bhgu ihiZ^Zxl gZ lhjp_\u_ k[hjgbdb

���� < jZkkfZljb\Z_fhc MklZgh\d_ kbkl_fu BPJ gZ]j_\Z b
k_iZjZpbb kh\f_s_gu�

FZ]gblgZy kbkl_fZ MklZgh\db� khklhysZy ba khe_ghb^Zevguo

dZlmr_d ���� nhjfbjm_l ZdkbZevgh_ fZ]gblgh_ ihe_ lj_[m_fhc
dhgnb]mjZpbb b ijhkljZgkl\_gghc h^ghjh^ghklb \ ahg_ BPJ

gZ]j_\Z� <ZdmmfgZy kbkl_fZ hldZqdb ��� h[_ki_qb\Z_l lj_[m_fh_



5

^Z\e_gb_ \ \Zdmmfghc dZf_j_ MklZgh\db� =Zah\Zy kbkl_fZ

h[_ki_qb\Z_l ih^Zqm klZ[bebabjmxs_]h ]ZaZ \ Bklhqgbd b \ ahgm
BPJ gZ]j_\Z ^ey nhjfbjh\Zgby bff_jkbhgghc ieZafu� Kbkl_fZ
hoeZ`^_gby ij_^gZagZq_gZ ^ey kgylby l_ieh\hc gZ]jmadb k

wg_j]hgZ]jm`_gguo we_f_glh\ b maeh\ MklZgh\db�

Kh\f_s_ggZy�kbkl_fZ�BPJ�gZ]j_\Z�b�k_iZjZpbb

Hkgh\guf we_f_glhf MklZgh\db y\ey_lky kbkl_fZ BPJ

gZ]j_\Z� dhlhjZy gZdeZ^u\Z_l lj_[h\Zgby gZ iZjZf_lju \oh^ys_]h \
ahgm BPJ gZ]j_\Z ieZaf_ggh]h ihlhdZ� bkoh^y ba wnn_dlb\ghklb
k_e_dlb\gh]h BPJ gZ]j_\Z j_ahgZgkguo bhgh\�

< jZkkfZljb\Z_fhc MklZgh\d_ gZ]j_\ hkms_kl\ey_lky
we_dljh^gh�_fdhklghc Zgl_gghc� dhlhjZy \\h^bl <Q ihl_gpbZeu \

ieZafm aZ kq_l ijh^hevguo we_dljhgguo lhdh\ �jbk����

3

4

12

Jbk�� H[sbc \b^ we_dljh^gh�_fdhklghc Zgl_ggu
�� � ieZklbgu _fdhklghc Zgl_ggu� � � ihlhd ieZafu� � � k[hjgbdb

j_ahgZgkguo bhgh\� � � we_f_glu dhee_dlhjZ g_j_ahgZgkguo bhgh\�

Lhjp_\u_ k_dpbhggu_ we_dljh^u b \g_rgb_ ieZklbgu

Zgl_ggu ih^dexqZxlky d <Q kbkl_f_� kha^Z\Zy jZ\ghf_jgh_
jZkij_^_e_gb_ ihl_gpbZeh\ gZ we_dljh^Zo� F_lh^ kha^Zgby
we_dljbq_kdbo ihe_c �b lhdh\� \ h[t_f_ ieZafu \ wlhf kemqZ_

ZgZeh]bq_g kha^Zgbx we_dljbq_kdbo ihe_c \ kbkl_fZo k
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\jZsZxs_cky ieZafhc [8]� We_dljhggZy ijh\h^bfhklv \^hev

kbeh\uo ebgbc fZ]gblgh]h ihey ih^^_j`b\Z_l ihklhygkl\h <Q
ihl_gpbZeZ k lhqghklvx ^h \_ebqbgu iZ^_gby ^_[Z_\kdh]h
ihl_gpbZeZ� ?keb we_dljhggZy l_fi_jZlmjZ g_ aZ\bkbl hl jZ^bmkZ

ieZaf_ggh]h ihlhdZ� iZ^_gb_ ihl_gpbZeZ h^bgZdh\h ^ey \k_o
ieZklbg b ihwlhfm hgh g_ \eby_l gZ kljmdlmjm <Q ihey�

< lZdhc <Q Zgl_gg_ j_Zebam_lky gZ]j_\ ieZafu hfbq_kdbfb� Z
g_ _fdhklgufb lhdZfb� gh ijb khojZg_gbb kljmdlmju ihey

_fdhklghc Zgl_ggu� <\h^ we_dljbq_kdbo ihl_gpbZeh\ \ ieZaf_gguc
ihlhd hkms_kl\ey_lky k ihfhsvx lhjp_\uo we_dljh^h\� gZ]j_\
bhgh\� \uoh^ysbo aZ jZaf_ju ieZaf_ggh]h ihlhdZ hkms_kl\ey_lky

we_dljbq_kdbfb iheyfb� kha^Z\Z_fufb \g_rgbfb ieZklbgZfb ����

GZijy`_gghklv we_dljbq_kdh]h ihey \gmljb ieZafu g_ aZ\bkbl hl

jZ^bZevgh]h jZkij_^_e_gby iehlghklb ieZafu� qlh kms_kl\_ggh
memqrZ_l gZ]j_\ p_e_\h]h bhgZ�
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Jbk��� Baf_g_gb_ ihi_j_qghc wg_j]bb �w<� j_ahgZgkgh]h bhgZ \^hev

Zgl_ggu �f�
(157Gd, WII = 1,96 w<� :⊥ = 35 w<� ( �� <�f� nZaZ� �� �

0, 2 - 1800, 3 - 900,
2700)
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GZ[hj wg_j]bb aZ\bkbl hl gZqZevghc ihi_j_qghc wg_j]bb�

ijh^hevghc kdhjhklb b gZqZevghc nZau bhgZ� Ijhp_kk
beexkljbjm_lky gZ jbk���� ijb hilbfZevguo iZjZf_ljZo
ieZaf_ggh]h ihlhdZ �kf�lZ[ebpm �� ^ey j_ahgZgkgh]h b

g_j_ahgZgkgh]h bhgh\ \ ijh_dlbjm_fhc MklZgh\d_�
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Jbk��� Baf_g_gb_ ihi_j_qghc wg_j]bb �w<� g_j_ahgZgkgh]h bhgZ

\^hev Zgl_ggu �f�

(158Gd, WII = 1,96 w<� :⊥ = 35 w<� ( �� <�f� nZaZ� �� �0, 2 - 1800,
3 - 900, 4 - 2700)

IjhkljZgkl\_ggh�\j_f_ggu_ dhe_[Zgby hkgh\guo nZdlhjh\

�qZklhlZ� fZ]gblgh_ ihe_� BPJ gZ]j_\Z \ebyxl gZ k_e_dlb\ghklv
gZ]j_\Z bhgh\� kf_sZy nZam� b bhg ©\uiZ^Z_lª ba mkdhjyxs_]h

ihey� ©>ebggu_ª ijhkljZgkl\_ggu_ dhe_[Zgby fZ]gblgh]h ihey \
ahg_ BPJ gZ]j_\Z \hdjm] kj_^g_]h agZq_gby b ©f_^e_ggu_ª
dhe_[Zgby qZklhlu beb lhdZ \ dZlmrdZo fZ]gblghc kbkl_fu

2

3

4

1
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agZqbl_evgh ©k[b\Zxlª nZam� ©Dhjhldbfbª b ©[ukljufbª

dhe_[Zgbyfb fh`gh ij_g_[j_qv ba�aZ fZehklb moh^Z nZau1.
Ihwlhfm mkeh\b_ k_e_dlb\ghklb gZ]j_\Z lj_[m_l kh[ex^_gby

kmffZjghc lhqghklb gZ ijhkljZgkl\_ggmx h^ghjh^ghklv

fZ]gblgh]h ihey� klZ[bevghklv qZklhlu ]_g_jZlhjZ b lhdZ \

dZlmrdZo fZ]gblghc kbkl_fu g_ om`_� q_f
A

A∆
~ 5.10-3 ^ey fZkk ���

± ��� Z�_�� ]^_ : ± Zlhfguc \_k bkdhfh]h bahlhiZ� ∆: ± jZagbpZ \
Zlhfghf \_k_ f_`^m [eb`Zcrbfb bahlhiZfb�

EZjfhjh\kdbc jZ^bmk j_ahgZgkgh]h bhgZ \ j_amevlZl_ BPJ

gZ]j_\Z m\_ebqb\Z_lky [hevr_� q_f m g_j_ahgZgkgh]h� b j_ahgZgkgu_
bhgu hk_^Zxl gZ ih\_joghklb k[hjgbdZ ���� jZkiheh`_ggh]h gZ

ieZklbgZo Zgl_ggu �jbk���� Hkgh\gZy qZklv g_j_ahgZgkguo bhgh\
ijhoh^yl gZ k[hjgbdb ³hl\ZeZ´ ���� Mkeh\by gZ]j_\Z j_ahgZgkgh]h
bahlhiZ ^h wg_j]bb� g_h[oh^bfhc ^ey k_iZjZpbb wlh]h bahlhiZ hl

hkgh\ghc ]jmiiu g_j_ahgZgkguo bahlhih\� hij_^_eyxl
g_h[oh^bfh_ we_dljbq_kdh_ ihe_� GZ jbk�� ij_^klZ\e_g ijhp_kk

k[hjZ bhgh\ gZ k[hjgbdb�
Kbkl_fZ BPJ gZ]j_\Z b k_iZjZpbb oZjZdl_jbam_lky

wnn_dlb\ghklvx� hij_^_ey_fZy hlghr_gb_f qbkeZ j_ahgZgkguo

qZklbp� ihiZ\rbo gZ k[hjgbdb� d qbkem \oh^ysbo \ h[eZklv BPJ�

gZ]j_\Z j_ahgZgkguo qZklbp�
\oh^

k[

N

N
Q =

Kl_i_gv jZa^_e_gby hij_^_ey_l kihkh[ghklv kbkl_fu
\u^_eylv bkdhfuc bahlhi�

)C1(0C

)0C1(C
q

−⋅
−⋅=

K0 � gZqZevgZy dhgp_gljZpby j_ahgZgkguo bhgh\ gZ \oh^_ \

h[eZklv <Q�gZ]j_\Z�

                                                          
1 Hlebqb_ ©f_^e_gguoª b ©[ukljuoª dhe_[Zgbc hij_^_ey_lky hlghr_gbb

oZjZdl_jgh]h \j_f_gb baf_g_gby \_ebqbgu d oZjZdl_jghfm \j_f_gb
ijhe_lZ ahgu BPJ gZ]j_\Z� :gZeh]bqgh� ^ey ©^ebgguoª �Lant/Tm ~ 1) b

©dhjhldboª �Lant/Tm >> 1) ± hlghr_gb_ oZjZdl_jgh]h ijhkljZgkl\_ggh]h

i_jbh^Z d ^ebg_ Zgl_ggu�
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K � dhgp_gljZpby j_ahgZgkguo bhgh\ gZ k[hjgbd_�
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Jbk�� EZjfhjh\kdbc jZ^bmk �f� bhgh\ \^hev Zgl_ggu �f�

(WII = 1.96 w<� :⊥ = 35 w<� ( �� <�f� j_ahgZgkguc bhg 157Gd k

gZqZevgufb nZaZfb� � � �0
� ljZ_dlhjby qZklbpu gZ \oh^_ \ h[eZklv

<Q�gZ]j_\Z e_`bl gZ \g_rg_c ]jZgbp_ ieZaf_ggh]h imqdZ� � � �
0,

p_glj ljZ_dlhjbb qZklbpu gZ \oh^_ \ h[eZklv <Q�gZ]j_\Z e_`bl
gZ hkb imqdZ� � � ���

0
� p_glj ljZ_dlhjbb qZklbpu gZ \oh^_ \

h[eZklv <Q�gZ]j_\Z e_`bl gZ hkb imqdZ� g_j_ahgZgkguc bhg Gd158 
k

gZqZevgufb nZaZfb� � � ���
0
� fZdkbfZevgh_ hldehg_gb_

g_j_ahgZgkghc qZklbpu�

Lj_[h\Zgby gZ \oh^gu_ iZjZf_lju ieZaf_ggh]h ihlhdZ
\ul_dZxl ba mkeh\bc gZ wnn_dlb\ghklv BPJ gZ]j_\Z� Bhg�bhggu_
klhedgh\_gby ³k[b\Zxl´ nZam j_ahgZgkgh]h bhgZ� ijb

\aZbfh^_ckl\bb k g_cljZevghc dhfihg_glhc j_ahgZgkguc bhg eb[h
l_jy_lky �i_j_aZjy^dZ�� eb[h f_gy_l nZam �jZkk_ygb_�� eb[h l_jy_l

wg_j]bx �j_ahgZgkgZy i_j_aZjy^dZ��

Mkeh\b_ hlkmlkl\by bhg�bhgguo klhedgh\_gbc iiant ττ < ,

J_ahgZgkgu_ bhgu

G_j_ahgZgkgu_ bhgu

1

2

3

k[hjgbdb
4
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]^_ A
Bq

M

V

Lant
ant ⋅

⋅== πτ 2

||

� \j_fy ^\b`_gby bhgZ \ <Q

Zgl_gg_�

i

i
ii n

TA 232/1
6

2
102 ⋅





⋅⋅=τ  - \j_fy bhg�bhgguo klhedgh\_gbc.

H]jZgbq_gb_ gZ l_fi_jZlmjm bhgh\

3

26

min

10
2 





⋅

⋅⋅⋅⋅⋅≥
−

Bq

nM
AT iπ

>ey k_e_dlb\gh]h gZ]j_\Z j_ahgZgkguo bhgh\ lj_[m_lky�
qlh[u bhg kh\_jrbe g_ f_g__ A eZjfhjh\kdbo h[hjhlh\ bhgZ ijb

ijhoh`^_gbb h[eZklb gZ]j_\Z� Ba wlh]h mkeh\by hilbfZevgZy
ijh^hevgZy kdhjhklv bhgh\ gZ \oh^_ \ kbkl_fm gZ]j_\Z:

2max|||| 2 AM

BqL
VV ant

opt ⋅⋅
⋅⋅==

π
,

Ijb [hevr_c kdhjhklb bhg g_ mki_\Z_l gZ]j_lvky ^h
g_h[oh^bfhc ^ey wnn_dlb\ghc k_iZjZpbb wg_j]bb� H]jZgbq_gb_

©kgbamª gZ ijh^hevgmx kdhjhklv k\yaZgh k bhg�bhggufb
klhedgh\_gbyfb �kf� \ur_��

AT

Ln
V anti

⋅
⋅⋅⋅=

−

3

7

min||

105

Wg_j]_lbq_kdbc ki_dlj bhgh\ Zgbahljhiguc� ihi_j_qgZy

wg_j]by \ur_ ijh^hevghc� FZdkbfZevgZy ihi_j_qgZy wg_j]by
h]jZgbq_g jZaf_jZfb \uimkdgh]h dZgZeZ bklhqgbdZ �' �� ff��

pMA

DBe
W

⋅⋅
⋅⋅

=⊥ 32

22

max

:fieblm^Z <Q ihey hij_^_ey_lky ba mkeh\by gZ]j_\Z

j_ahgZgkgh]h bahlhiZ ^h wg_j]bb� g_h[oh^bfhc ^ey k_iZjZpbb wlh]h
bahlhiZ hl hkgh\ghc ]jmiiu g_j_ahgZgkguo bahlhih\�

< lZ[ebp_ � ^ey ijh_dlbjm_fuo iZjZf_ljh\ <Q Zgl_ggu

(Lant=2�� f ± ^ebgZ Zgl_ggu� h=82 ff ± jZkklhygb_ f_`^m
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ieZklbgZfb Zgl_ggu� b fZ]gblghf ihe_ B=1 L ijb\_^_gu

hilbfZevgu_ iZjZf_lju ieZaf_ggh]h ihlhdZ b kbkl_fu BPJ
gZ]j_\Z b k_iZjZpbb �ih gZ]j_\m b k[hjm� bhgh\ jZkkfZljb\Z_fuo
bahlhih\ ^ey jZ\ghf_jgh]h jZkij_^_e_gby n(r)= 1012

kf
-3.

LZ[ebpZ �

�
:lhfguc

\_k
102 112 130 157

1 Tmin, w< 13,2 14,5 16,8 20,1
2 W⊥max, w< 108 99 85 70
3 <W⊥>, w< 54 50 43 35

4
Vmin(Wmin),
105

kf�k_d

(w<�

0.31
(0.05)

0.3
(0.07)

0.39
(0.1)

0.48
(0.19)

5
Vmax(Wmax),
105

kf�k_d
(w<�

3.7
(7.2)

3.0
(5.4)

2.3
(3.5)

1.5
(1.9)

6 q=10
E=220
<�f
Q~1

E=185
<�f
Q~1

E=138
<�f
Q~1

E=94<�f
Q~1

7 q=∞ 2
E=94<�f
Q=0.97

E=80<�f
Q=0.97

E=61<�f
Q=0.96

E=40<�f
Q=0.86

Ba lZ[ebpu \b^gh� qlh k jhklhf Zfieblm^u <Q ihey
kms_kl\_ggh iZ^Z_l kl_i_gv jZa^_e_gby q b keZ[h jZkl_l

wnn_dlb\ghklv k[hjZ Q. H]jZgbq_gb_ ©kgbamª gZ Zfieblm^m k\yaZgh
k wnn_dlb\ghklvx k[hjZ j_ahgZgkguo bhgh\� lh _klv qZklv

j_ahgZgkguo bhgh\ [m^_l l_jylvky (Q<1).

JZaebqgh_�kh^_j`Zgb_�bahlhiZ�\�gZqZevghf�ijh^mdl_

Hl kh^_j`Zgby bahlhiZ \ gZqZevghf ijh^mdl_ aZ\bkbl kihkh[
<Q gZdZqdb� Ba mkeh\by wg_j]_lbq_kdh]h [ZeZgkZ�

                                                          
2 A^_kv g_j_ahgZgkgu_ qZklbpu b qZklv j_ahgZgkguo qZklbp \hh[s_ g_

ihiZ^Zxl gZ k[hjgbdb
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 resWKIPIU ⋅==⋅ ⊥ ||

~
^ey jZkkfZljb\Z_fhc aZ^Zqb ||II =⊥ mkeh\b_

\hafh`ghklb gZ]j_\Z j_ahgZgkgh]h bhgZ aZ kq_l fh^meypbb lhdh\

kbgmkhb^Zevgufb ihl_gpbZeZfb bf__l \b^�

max/
~

resWUK ≤
U
~

� gZijy`_gb_ gZ Zgl_gg_� ⊥I � ihi_j_qguc bhgguc lhd gZ

ieZklbgu Zgl_ggu� I|| - ijh^hevguc bhgguc lhd� D � kh^_j`Zgb_
j_ahgZgkgh]h bhgZ \ ieZaf_� Wres – oZjZdl_jgZy wg_j]by j_ahgZgkguo
bhgh\�

Ijb max/
~

resWUK > gZ]j_\ j_Zebam_lky aZ kq_l lh]h� qlh

h]jZgbq_gb_ gZ ijh^hevgu_ we_dljhggu_ lhdb bf__l bgl_]jZevguc

\b^� GZ Zgl_ggm ih^Z_lky <Q kb]gZe� bf_xsbc nhjfm f_Zg^jZ�

GZ]j_\ b^_l \ l_q_gbb bfimevkZ ∆ L� gZijy`_gb_ m\_ebq_gh \ L/∆L
hfp, bfimevkguc we_dljhgguc lhd pI  lZd`_ \hajZklZ_l \ L/∆L jZa .

Ijb wlhf khojZgy_lky kj_^gbc lhd I||:

||

_

||

0

|| )(
1

I
T

T

T

T
IdtI

T
I

T

P =∆⋅
∆

⋅=⋅⋅= ∫    .

Fhsghklv gZ]j_\Z ijb wlhf \hajZklZ_l \ L/∆L jZa�

T

T
P

T

T
UI

T
T

T

T
U

T

T
IdttUtI

T
P

T

∆
⋅=

∆
⋅⋅=⋅∆⋅

∆
⋅⋅

∆
⋅=⋅⋅⋅= ∫ 0||||

0

)(
~1~

)()(
1

LZdbf h[jZahf� fhsghklv gZ]j_\Z \hajZklZ_l \ L/∆L jZa ijb
khojZg_gbb kj_^gbo ih i_jbh^m we_dljhggh]h b bhggh]h lhdh\�

Bhgguc lhd ijZdlbq_kdb g_ fh^mebjm_lky wlbfb bfimevkZfb�

Ijh[e_fu BPJ gZ]j_\Z

<\h^�<Q�ihe_c

<hafh`gmx ijh[e_fm wdjZgbjh\db <Q ihe_c ieZafhc fh`gh

j_rZlv �^hihegbl_evgh d \\h^m <Q ihe_c q_j_a ijh^hevgmx
we_dljhggmx ijh\h^bfhklv� iml_f aZiheg_gby ijhf_`mldZ f_`^m

ihlhdhf ieZafu b we_dljh^Zfb Zgl_ggu ^hklZlhqgh iehlghc
oheh^ghc bff_jkbhgghc ieZafhc� dhlhjZy h[_ki_qb\Z_l dhglZdl
f_`^m we_dljh^Zfb b ieZafhc� kgbfZ_l wdjZgbjh\dm ihi_j_qguo

we_dljbq_kdbo ihe_c�



13

Bff_jkbhggZy ieZafZ h[jZam_lky aZ kq_l bhgbaZpbb ]ZaZ

(gZijbf_j� dk_ghgZ� ©o\hklZfbª hkgh\gh]h ieZaf_ggh]h ihlhdZ�
ih^Z\Z_fh]h \ ijhf_`mlhd� Bhgu ]ZaZ� ©aZdhjZqb\Zyª ijhf_`mlhd�
ihiZ^Zxl gZ ieZklbgu Zgl_ggu� gh g_ Z^khj[bjmxlky gZ kl_gdZo.

>ey ihemq_gby g_h[oh^bfhc bff_jkbhgghc ieZafu lj_[m_lky
h[_ki_qblv ^Z\e_gb_ ]ZaZ \ h[eZklb <Q gZ]j_\Z �~ 5.10-6 – 10-5 lhjj).

<aZbfgh_�\ebygb_�we_dljbq_kdbo�ihl_gpbZeh\�bklhqgbdZ�b�<Q

Zgl_ggu�

1) Ihl_gpbZeu� \ha[m`^Z_fuo <Q Zgl_gghc \ ieZaf_gghf
ihlhd_� fh]ml \ebylv gZ jZ[hlm bklhqgbdZ� WlZ ijh[e_fZ kms_kl\m_l
ijb ex[hf f_lh^_ gZ]j_\Z j_ahgZgkguo bhgh\� h^gZdh� ijb ih^Zq_

bfimevkguo gZijy`_gbc �^ey [hevrh]h kh^_j`Zgby bahlhiZ \
gZqZevghf ijh^mdl_� \ebygb_ <Q ihl_gpbZeh\ fh`_l mkbeb\Zlvky�

2) <ebygb_ ihe_c bklhqgbdZ gZ ijhp_kk <Q gZ]j_\Z� <
bklhqgbd_ fh]ml kms_kl\h\Zlv jZ^bZevgu_ we_dljbq_kdb_ ihey� Z

<Q Zgl_ggZ nhjfbjm_l we_dljbq_kdh_ ihe_ ihi_j_d ieZklbg�
3) <hagbdgh\_gb_ ijh^hevgh]h jZkij_^_e_gby ihl_gpbZeh\�

\\h^bfuo k ihfhsvx we_dljh^h\� < wlhf kemqZ_� bhgu fh]ml

ijbh[j_lZlv�l_jylv ijh^hevgmx wg_j]bx� qlh fh`_l kgbablv
k_e_dlb\ghklv gZ]j_\Z�

IjhkljZgkl\_ggZy g_h^ghjh^ghklv we_dljbq_kdh]h ihey
ijb\h^bl d ^j_cnm bhgh\� ijb E=f(rk), ]^_ k > � ^j_cn � d p_gljm
ieZaf_ggh]h ihlhdZ �hkb�� b j_ahgZgkgu_ bhgu g_ ihiZ^Zxl gZ

k[hjgbdb� < wlhf kemqZ_ ijb kms_kl\mxs_c kbkl_f_ k_iZjZpbb b
k[hjZ �^ey <Q Zgl_ggu� hkgh\gZy qZklv j_ahgZgkguo bhgh\ g_

ihiZ^_l gZ k[hjgbdb b [m^_l ihl_jygZ� Wnn_dlb\ghklv k[hjZ
memqrZ_lky� _keb we_dljbq_kdh_ ihe_ [m^_l kiZ^Zxsbf ih jZ^bmkm
(k < 0) ± \ wlhf kemqZ_� bhgu \u^j_cnh\u\Zxl hl p_gljZ ihlhdZ d

\g_rg_fm jZ^bmkm� ijb wlhf kl_i_gv jZa^_e_gby q mf_gvrZ_lky�

Bklhqgbd�ieZaf_ggh]h�ihlhdZ

>ey mklZgh\db ih jZa^_e_gby bahlhih\ f_lh^hf BPJ�gZ]j_\Z�

jZ[hlZxs_c \ j_`bf_ k ©madbfª imqdhf� lj_[m_lky bklhqgbd
ieZaf_ggh]h ihlhdZ c iZjZf_ljZfb� h[mkeh\e_ggufb dZd
hkh[_gghklvx BPJ gZ]j_\Z� lZd b ijh_dlbjm_fufb iZjZf_ljZfb

MklZgh\db >���@� bhgguc lhd \ ieZaf_gghf ihlhd_  (^bZf_lj ~ 60
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ff) ~ � :� khjl jZ[hq_]h fZl_jbZeZ ± ijh\h^gbd k m^_evghc

ijh\h^bfhklvx� g_ om`_ ��-3 Hf.f� lZ[ebpZ ��
Bklhqgbd ieZaf_ggh]h ihlhdZ gZ hkgh\_ bklhqgbdZ BKI

m^h\e_l\hjy_l hkgh\guf lj_[h\Zgbyf ^ey ijh_dlbjm_fhc

MklZgh\db ih jZa^_e_gbx bahlhih\ f_lh^hf BPJ gZ]j_\Z [7].

Jbk�� Dhgkljmdpby bklhqgbdZ
(� ± dZlh^� � ± we_dljh^guc ma_e� � � \uimkdghc dZgZe� � ± Zgh^,

� � dZlmrdb fZ]gblghc kbkl_fu�

KZfhih^^_j`b\Zxsbcky jZajy^ k bhgZfb fZl_jbZeZ dZlh^Z

nhjfbjm_l \ ijbdZlh^ghc h[eZklb oheh^gmx ieZafm� qZklv wlhc
ieZafu \uoh^bl ba bklhqgbdZ \ ZdkbZevghf gZijZ\e_gbb� h[jZamy
ieZaf_gguc ihlhd� iZjZf_lju dhlhjh]h hij_^_eyxlky mkeh\byfb

]hj_gby jZajy^Z b mkeh\byfb moh^Z bhgh\ ba eh\mrdb [6].
Bhgguc lhd \ \uoh^ys_f ba bklhqgbdZ ieZaf_gghf ihlhd_

k\yaZg k jZajy^guf lhdhf IjZaj \ bklhqgbd_: 
i

li
jZaji II

τ
τ

⋅⋅=
2

1
� ]^_ τli

– \j_fy `bagb bhgZ \ bklhqgbd_� τi – \j_fy moh^Z bhgZ ba bklhqgbdZ�
Ijh\_^_gZ wdki_jbf_glZevgZy ijh\_jdZ jZ[hlhkihkh[ghklb

bklhqgbdZ \ bfimevkghf b d\ZabklZpbhgZjghf j_`bfZo jZ[hlu�
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Wdki_jbf_glZevgh ijh^_fhgkljbjh\ZgZ jZ[hlhkihkh[ghklv

bklhqgbdZ BKI \ d\ZabklZpbhgZjghf j_`bf_ �^ebl_evghklv ^h ���

fk_d��
>ey hilbfbaZpbb ijh^hevghc kdhjhklb bhgh\ \ ieZaf_gghf

ihlhd_ ^ey BPJ gZ]j_\Z ij_^mkfZljb\Z_lky \hafh`ghklv
m\_ebq_gby fZ]gblgh]h ihey \ bklhqgbd_ �^h �� �� hlghkbl_evgh

\_ebqbgu fZ]gblgh]h ihey \ h[eZklb BPJ gZ]j_\Z� b bhgu
ijbh[j_lZxl ^hihegbl_evgmx ijh^hevgmx kdhjhklv �jbk����

Jy^ \hijhkh\� dZkZxsboky ]hj_gby S jZajy^Z� nhjfbjh\Zgby
ieZaf_ggh]h ihlhdZ b hoeZ`^_gb_ hl^_evguo we_f_glh\ bklhqgbdZ \
klZpbhgZjghf j_`bf_� ij_^iheZ]Z_lky j_rblv \ oh^_

wdki_jbf_glZevghc ijh\_jdb klZpbhgZjgh]h bklhqgbdZ b MklZgh\db
\ p_ehf� Ijb klZpbhgZjghc jZ[hl_ bklhqgbdZ k jZajy^guf lhdhf ~
40 : b gZijy`_gb_f gZ ieZaf_ ~ 5 d< \ h[t_f_ bklhqgbdZ
\u^_ey_lky ~ ��� d<l l_ieZ� Ih ij_^\Zjbl_evguf hp_gdZf �ih
wdki_jbf_glZevguf ^Zgguf� l_ieh\Zy gZ]jmadZ \ bklhqgbd_

jZkij_^_ey_lky ijbf_jgh ke_^mxsbf h[jZahf� gZ dZlh^guc ma_e ~
10 �� gZ Zgh^ �\ZdmmfgZy dZf_jZ� ~ 80 �� gZ we_dljh^gu_ maeu ��� ~
10 �� < k\yab k [hevrbf dhebq_kl\hf ijbqbg gZ]j_\Z we_f_glh\
bklhqgbdZ ijb ]hj_gbb S ± jZajy^Z �[hf[Zj^bjh\dZ qZklbpZfb k
jZaebqgufb wg_j]byfb� baemq_gb_ ieZafu b i_j_baemq_gb_

we_f_glh\ dhgkljmdpbb�� Z lZd `_ \hafh`guf i_j_jZkij_^_e_gb_f
l_ieh\hc gZ]jmadb f_`^m we_f_glZfb bklhqgbdZ \ ijhp_kk_

klZpbhgZjghc jZ[hlu� lhqguc jZkq_l l_ieh\u^_e_gby \ hl^_evguo

we_f_glZo bklhqgbdZ aZljm^g_g.

FZ]gblgZy�kbkl_fZ

FZ]gblgZy kbkl_fZ MklZgh\db kh^_j`bl �� b^_glbqguo�
fgh]hkehcguo khe_ghb^Zevguo dZlmr_d� kha^Z\Zy lj_[m_fuc

ijhnbev fZ]gblgh]h ihey �jbk��� �aZ [Zah\mx ©gme_\mxª dhhj^bgZlm
ijbgylZ h[sZy j_i_jgZy lhqdZ MklZgh\db��

H[sbc \b^ MklZgh\db b jZkklZgh\dZ dZlmr_d ihdZaZgu gZ
jbk��� I_j\u_ � dZlmr_d ± dZlmrdb fZ]gblghc kbkl_fu BklhqgbdZ�
ke_^mxsb_ � dZlmr_d ± i_j_oh^gZy h[eZklv hl bklhqgbdZ ^h <Q

Zgl_ggu� hklZ\rb_ky �� dZlmr_d hlghkylky d fZ]gblghc kbkl_f_
ahgu BPJ gZ]j_\Z b k[hjZ bahlhih\�
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< Bklhqgbd_ nhjfbjm_lky g_kbff_ljbqguc ©ijh[hqgucª

ijhnbev fZ]gblgh]h ihey ^ey h[_ki_q_gby ij_bfms_kl\_ggh]h
\ul_dZgby ieZaf_ggh]h ihlhdZ� kh klhjhgu \uimkdgh]h dZgZeZ�
i_j_iZ^ fZ]gblgh]h ihey hl ��� � ^h 9.5 %, k ijhlb\hiheh`ghc

klhjhgu a �� � �jbk���� <_ebqbgZ fZ]gblghc ³ijh[db´ hij_^_e_lky
jZkklhygb_f f_`^m p_gljZevgufb dZlmrdZfb� Ij_^mkfZljb\Z_lky

\hafh`ghklv kha^Z\Zlv jZaebqgu_ i_j_iZ^u �hl � � ^h �� �� f_`^m
ihe_f \ fZ]gblghc ©ijh[d_ª BklhqgbdZ kh klhjhgu \uimkdgh]h

dZgZeZ b ihe_f \ h[eZklb BPJ gZ]j_\Z� bkihevamy ^hihegbl_evguc
bklhqgbd iblZgby dZlmr_d BklhqgbdZ� Wlh iha\hey_l m\_ebqblv
ijh^hevgmx kdhjhklv bhgh\� \uoh^ysbo ba BklhqgbdZ �\ fZ]gblghc

©ijh[d_ª�� ^ey h[_ki_q_gby hilbfZevgh]h k_e_dlb\gh]h BPJ
gZ]j_\Z�

���

�

���

�

���

�

���

�

���

�

���

�

���

��

����

��

����

��

����

� �� �� �� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ��� ���

JZkklhygb_ \ ijh^hevghf gZijZ\e_gbb hl [Zah\hc dhhj^bgZlu� kf

:
f
i
e
b
lm
^
Z
i
j
h
_
d
p
b
b
f
Z
]g
b
lg
h
]h

i
h
e
y
g
Z
h
k
v
M
k
lZ
g
h
\
d
b

�
d
=
k

Jbk�� Ijhnbev fZ]gblgh]h ihey \ jZaebqguo j_`bfZo jZ[hlu

BklhqgbdZ�
(1 � lhd \ dZlmrdZo BklhqgbdZ ± ��� d:� � ± lhd \ dZlmrdZo

BklhqgbdZ ± ���� d:�

1

2
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< ahg_ BPJ gZ]j_\Z h^ghjh^gh_ ihe_ kha^Z_lky i_jbh^bqghc

�i_jbh^ Tm = ��� ff� jZkklZgh\dhc dZlmr_d �jbk���� jZkklhygby ���

ff� f_`^m dhlhjufb hij_^_eyxlky dhfijhfbkkgufb lj_[h\Zgbyfb
gZ h^ghjh^ghklv ihey b dhgkljmdlb\gufb khh[jZ`_gbyfb

�h[_ki_q_gb_ \Zdmmfghc hldZqdb��

�����
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JZkklhygb_ \ ijh^hevghf gZijZ\e_gbb hl [Zah\hc dhhj^bgZlu� kf

:
f
i
e
b
l
m
^
Z
i
j
h
_
d
p
b
b
f
Z
]g
b
l
g
h
]h

i
h
e
y
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Z
h
k
v
M
k
l
Z
g
h
\
d
b

�
d
=
k

Jbk�� Ijhnbev fZ]gblgh]h ihey \ h[eZklb <Q�gZ]j_\Z�

�� � lhd \ dZlmrdZo BklhqgbdZ ± ���� d:� kbeh\Zy ebgby ± � kf hl
hkb MklZgh\db� � � lhd \ dZlmrdZo BklhqgbdZ ��� d:� kbeh\Zy

ebgby ± � kf hl hkb MklZgh\db�.

< h[eZklb k[hjZ bahlhih\ j_adh_ iZ^_gb_ fZ]gblgh]h ihey
©k]eZ`b\Z_lkyª iml_f mf_gvr_gby jZkklhygbc f_`^m dZlmrdZfb \

dhgp_\hc qZklb MklZgh\db �k ���hc��
Ijb lhd_ \ dZlmrdZo ���� d: fZ]gblgu_ ihey \h \k_o qZklyo

MklZgh\db � ijZdlbq_kdb h^bgZdh\u_ �~ � L�� qlh iha\hey_l

mf_gvrblv jZaf_j i_j_oh^guo mqZkldh\ f_`^m hl^_evgufb qZklyfb
MklZgh\db� Fhsghklv kbkl_f iblZgby f_^guo dZlmr_d fZ]gblghc

kbkl_fu MklZgh\db ~ 1600 d<l�
G_lhqghklv k[hjdb fZ]gblghc kbkl_fu MklZgh\db fh`_l

^Z\Zlv ©^ebggu_ª dhe_[Zgby �Lant/Tm ~ 1) b \ wlhf kemqZ_ moh^ nZau

j_ahgZgkghc qZklbpu a ��� jZ^ ijb ∆B/B ~ 2.5.10-3.

1

2
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GZ hkgh\Zgbb \uiheg_gguo jZkq_lh\ lj_[h\Zgby gZ

fZ]gblgu_ k\hckl\Z bkihevam_fuo dhgkljmdpbhgguo fZl_jbZeh\

MklZgh\db µ ≤ ����� ba]hlh\e_gby b \uklZ\dm we_f_glh\ fZ]gblghc
kbkl_fu \ ahg_ BPJ gZ]j_\Z �lZ[ebpZ ���

Hldehg_gb_ fZ]gblguo p_gljh\ dZlmr_d hl
“b^_Zevguo´ iheh`_gbc g_ [he__� q_f ±��� ff

Hldehg_gb_ fZ]gblguo hk_c dZlmr_d hl hkb
MklZgh\db �³b^_Zevghc´ hkb� g_ [he__� q_f

±��� ff

GZdehg fZ]gblghc hkb dZlmrdb hlghkbl_evgh hkb
MklZgh\db g_ [he__� q_f

± 0.10

<ZdmmfgZy�kbkl_fZ

<ZdmmfgZy kbkl_fZ MklZgh\db h[_ki_qb\Z_l g_h[oh^bfu_
\Zdmmfgu_ mkeh\by \^hev ljZdlZ ljZgkihjlbjh\db ieZaf_ggh]h

ihlhdZ� kh]eZkgh lj_[h\Zgbyf ih ijhoh`^_gbx ieZaf_ggh]h ihlhdZ
\ \Zdmmfghc dZf_j_ MklZgh\db� H]jZgbq_gby gZ ^Z\e_gb_
hklZlhqgh]h ]ZaZ k\yaZgh k hkgh\gufb ijhp_kkZfb bhgguo

\aZbfh^_ckl\bc k hklZlhqguf ]Zahf� Ij_^_evgZy iehlghklv ]ZaZ
hij_^_ey_lky ba mkeh\by� qlh[u bhg g_ mki_\Ze i_j_aZjy^blvky gZ

ZlhfZo hklZlhqgh]h ]ZaZ�
< \uimkdghf dZgZe_ bklhqgbdZ kj_^g__ ^Z\e_gb_ hklZlhqgh]h

]ZaZ ^he`gh [ulv gb`_ �������
-4 lhjj� < wlhf kemqZ_ ihl_jb bhgh\

gZ jZkk_ygbb b i_j_aZjy^d_ gZ hklZlhqghf ]Za_ g_ [he__ �� ��

< h[eZklb i_j_oh^Z bklhqgbd ± <Q�Zgl_ggZ hklZlhqgh_

^Z\e_gb_ ]ZaZ g_ ^he`gh ij_\urZlv ~ 2.10-4 lhjj� < h[eZklb Zgl_ggu
kbkl_fu <Q�gZ]j_\Z ^Z\e_gb_ hklZlhqgh]h ]ZaZ �bff_jkbhggh]h

]ZaZ� g_ ^he`gh ij_\urZlv ��
-5 lhjj� < h[eZklb k_iZjZpbb bhgh\

^Z\e_gb_ hklZlhqgh]h ]ZaZ g_ om`_� q_f ��
-5 lhjj�

Ihl_jb ijb j_ahgZgkghc i_j_aZjy^d_ g_ mqblu\Z_f� kqblZy�

qlh ba bklhqgbdZ g_ \uoh^yl jZkiue_ggu_ Zlhfu \ ZdkbZevghf
gZijZ\e_gbb�



19

Jbk�� Ko_fZ \Zdmmfghc hldZqdb MklZgh\db

Hkgh\gZy hldZqdZ ^h \ukhdh]h \ZdmmfZ hkms_kl\ey_lky

\ukhdh\Zdmmfgufb hldZqgufb ihklZfb �� rl�� Ihkl khklhbl ba
lmj[hfhe_dmeyjgh]h gZkhkZ� rb[_jZ� deZiZgZ �D<MF��

baf_jbl_evguo ijb[hjh\�
Nhj\Zdmmfgu_ hldZqgu_ ebgbb hkms_kl\eyxl hl^_evgh

©q_jgh\mxª hldZqdm \Zdmmfgh]h h[t_fZ MklZgh\db b ©qbklh\mxª

^ey hldZqdb jZ[hlZxsbo lmj[hfhe_dmeyjguo gZkhkh\�
kh_^bgyxsmx \k_ \ukhdh\Zdmmfgu_ hldZqgu_ ihklu�

Bklhqgbd MklZgh\db hldZqb\Z_lky q_j_a \uimkdghc dZgZe
�^bZf_lj �� ff� ^\mfy \ukhdh\Zdmmfgufb ihklZfb� h[t_^bg_ggufb

\ _^bguc [ehd� k kmffZjghc kdhjhklvx hldZqdb ~ 1300 e�k_d�
>Z\e_gb_ \ h[eZklb hldZqguo ihklh\ ~ 3.4.10-5 lhjj�

<Zdmmfguc h[t_f MklZgh\db jZa^_e_g \ukhdh\Zdmmfguf

rb[_jhf �������FA06) gZ � qZklb� bklhqgbd b <Q kbkl_fZ�
GZqZevguc mqZklhd kbkl_fu <Q�gZ]j_\Z hkms_kl\ey_lky

^\mfy ihke_^h\Zl_evgufb \ukhdh\Zdmmfgufb ihklZfb�
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jZa^_e_ggufb ^bZnjZ]fhc� dhlhjZy h[_ki_qb\Z_l

^bnn_j_gpbZevgmx hldZqdm�

Jbk��� <Zdmmfgu_ mkeh\by \ MklZgh\d_ �jZkq_l)
GZ \uoh^_ kbkl_fu <Q�gZ]j_\Z mklZgh\e_g ihke_^gbc

\ukhdh\Zdmmfguc hldZqghc ihkl� >Z\e_gb_ hklZlhqgh]h ]ZaZ gZ

\oh^_ \ <Q kbkl_fm ~ 5.2.10-6 lhjj� Z gZ \uoh^_ ^h �
.10-7 lhjj�

Ijh[e_fZ�ljZgkihjlbjh\db�ieZaf_ggh]h�ihlhdZ

Knhjfbjh\Zgguc \ ijbdZlh^ghc h[eZklb bklhqgbdZ
ieZaf_gguc ihlhd �jbk���� ijb i_j_oh^_ q_j_a fZ]gblgmx ©ijh[dmª

fh`_l qZklbqgh l_jylvky � ©hlk_dZxlkyª gbadb_ wg_j]bb� _keb
\hagbdZxsb_ \ ieZaf_ Zf[biheyjgu_ ihl_gpbZeu fZeu �jbk���Z��

V ||

Jbk��� OZjZdl_jguc ki_dlj ijh^hevguo kdhjhkl_c ieZaf_ggh]h
ihlhdZ \ bklhqgbd_�
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  V||

 V||

Jbk��� Ki_dlj ijh^hevguo kdhjhkl_c bhgh\
�Z ± gZ \uoh^_ ba bklhqgbdZ� [ ± k mq_lhf ihl_jv \ ljZgkihjlghf

dZgZe_�

< ljZgkihjlbjh\hqghf dZgZe_ ieZaf_gguc ihlhd l_jy_lky \

j_amevlZl_ \aZbfh^_ckl\bc k g_cljZevguf ]Zahf ± ©hlk_dZ_lkyª
qZklv k gbadhc wg_j]b_c� \ i_j\mx hq_j_^v ijh^hevghc �jbk���[�� <
j_amevlZl_ jZ[hqZy qZklv i_j\hgZqZevgh]h ki_dljZ ieZaf_ggh]h

ihlhdZ agZqbl_evgh mf_gvrZ_lky �jbk���[��
Nhjfbjmy [hevrb_ Zf[biheyjgu_ ihl_gpbZeu� fh`gh

agZqbl_evgh kgbablv ihl_jb bhgh\ ijb i_j_oh^_ q_j_a fZ]gblgmx
©ijh[dmª �jbk���Z�� Ijhnbev fZ]gblgh]h ihey �kf� jbk� � iha���
iha\hey_l ^hmkdhjblv bhgu ijb i_j_oh^_ hl ih\ur_ggh]h

fZ]gblgh]h ihey bklhqgbdZ d fZ]gblghfm ihex ahgu <Q gZ]j_\Z�
l_f kZfuf agZqbl_evgh kgbablv �bkdexqblv� ihl_jb bhgh\ gZ

klhedgh\_gbyo k g_cljZevguf ]Zahf �jbk���[��

Z

[
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 V||

 V||

Jbk��� Ki_dlj ijh^hevguo kdhjhkl_c bhgh\ \ ljZgkihjlghf dZgZe_
ijb hilbfbaZpbb

�Z ± gZ \uoh^_ ba bklhqgbdZ� [ ± \ j_amevlZl_ ^hmkdhj_gby�

LZdbf h[jZahf� ijb hilbfbaZpbb fh`gh ba[_`Zlv
kms_kl\_gguo ihl_jv bhgh\ ijb ljZgkihjlbjh\d_ ieZaf_ggh]h

ihlhdZ�

=Zah\Zy�kbkl_fZ�MklZgh\db

=Za g_h[oh^bf ^ey ih^`b]Z S ± jZajy^Z \ bklhqgbd_ b
ih^^_j`Zgby [ZeZgkZ qZklbp \ ieZaf_ jZajy^Z \h \j_fy _]h

klZpbhgZjgh]h ]hj_gby� =Za lZd`_ fh`_l lj_[h\Zlvky ^ey
nhjfbjh\Zgby bff_jkbhgghc ieZafu \ ahg_ BPJ gZ]j_\Z�

>ey klZ[bevgh]h ]hj_gby jZajy^Z g_h[oh^bfh ih^^_j`b\Zlv \
dZf_j_ bklhqgbdZ ^Z\e_gb_ ]ZaZ gZ mjh\g_ ��

-3-5.10-4 
lhjj� ^ey wlh]h

Z

[
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g_h[oh^bfh h[_ki_qblv gZl_dZgb_ klZ[bebabjmxs_]h ]ZaZ \ dZf_jm

gZ mjh\g_ ���� kl�kf
3/k_d� < dZq_kl\_ jZ[hq_]h ]ZaZ bkihevam_lky

h[uqgh \h^hjh^ beb Zahl� jZkkfZljb\Z_lky \ZjbZgl bkihevah\Zgby
dk_ghgZ�

Kbkl_fZ iha\hey_l gZimkdZlv ]Za dZd \ bfimevkghf j_`bf_�
lZd b \ ihklhygghf j_`bf_ k nbdkbjh\Zgguf gZl_dZgb_f ]ZaZ�

< bfimevkghf j_`bf_ gZimkd hkms_kl\ey_lky k ihfhsvx
bfimevkgh]h deZiZgZ� ijb wlhf dhebq_kl\h gZimkdZ_fh]h ]ZaZ

hij_^_ey_lky hl\_jklb_f \ ^bZnjZ]f_ deZiZgZ b ^ebl_evghklvx
bfimevkZ� wlhl j_`bf bkihevam_lky \ hkgh\ghf ^ey hleZ^db
bklhqgbdZ�

< klZpbhgZjghf j_`bf_ gZimkd hkms_kl\ey_lky k ihfhsvx
lZjbjh\Zggh]h gZl_dZl_ey�

Kbkl_fZ�hoeZ`^_gby

MklZgh\dZ y\ey_lky wg_j]h_fdhc b lj_[m_lky kgbfZlv [hevrh_
dhebq_kl\h l_ieZ ijb __ jZ[hl_�

Hkgh\gu_ we_f_glu MklZgh\db� lj_[mxsb_ \h^ygh]h

hoeZ`^_gby �lZ[ebpZ ���

IZjZf_lju hoeZ`^_gby

Bklhqgbd ieZafu

b kbkl_fu _]h

iblZgby�

JZkoh^

\h^u�

e�qZk

>Z\e_gb_

\h^u�

Zlf

I_j_iZ^

l_fi�

]jZ^

Fhs�klv�

d<l

DZlh^ 1450 5 27 20
:gh^ �\ZdmmfgZy

dZf_jZ�
5000 5 30 120 – 150

<uimkdghc dZgZe 120 3 6 1
We_dljh^guc ma_e
(2)

400 3 30 10

Kbkl_fZ <Q�

gZ]j_\Z�

:gl_ggZ 50 3 20 1,5
<Q�]_g_jZlhj 100 3 20 3
<Q dhe_[Zl_evguc
dhglmj

70 3 20 2,5
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Kbkl_fZ

k_iZjZpbb

K[hjgbdb
hkgh\gh]h

ijh^mdlZ b
g_j_ahgZgkgh]h
©hl\ZeZª

20 3 2 0,2 o �

<ZdmmfgZy

kbkl_fZ

Lmj[hfhe_dmeyj-
gu_ gZkhku LFG
�� rl��

250 3 10 7,5

FZ]gblgZy

kbkl_fZ

DZlmrdb ��� rl�
ijb � d:

54400 3 27 1700

Ih^\h^ysb_
hoeZ`^Z_fu_
rbgu

500 3 27 15

<k_]h 62360 1880

AZdexq_gb_

Ij_^klZ\e_gguc ijh_dl MklZgh\db jZkkqblu\Zeky gZ
h[_ki_q_gby lj_[m_fuo iZjZf_ljh\� < ijhp_kk_ aZimkdZ MklZgh\db
lj_[m_lky wdki_jbf_glZevgh j_rblv ke_^mxsb_ nbabq_kdb_ b

l_ogbq_kdb_ ijh[e_fu� k\yaZggu_ k hkh[_gghklyfb gZklhys_c
MklZgh\db�

1) IjhkljZgkl\_ggh_ �ijh^hevgh_� ihi_j_qgh_� jZkij_^_e_gb_
we_dljbq_kdbo ihl_gpbZeh\ \ ieZaf_gghf ihlhd_�

< j_Zevghc MklZgh\d_ ijb kh\f_klghc jZ[hl_ \k_o kbkl_f

MklZgh\db fh]ml \hagbdZlv mkeh\by �ih ijhkljZgkl\_gghfm
jZkij_^_e_gbx ihl_gpbZeh\�� hlebqgu_ hl fh^_evguo� ijbgyluo

ijb ijh_dlbjh\Zgbb MklZgh\db� < i_j\mx hq_j_^v wlZ ijh[e_fZ
dZkZ_lky \aZbfh^_ckl\by ihe_c bklhqgbdZ b <Q Zgl_ggu�

<hafh`gu_ bkdZ`_gby we_dljbq_kdbo ihl_gpbZeh\ \ ieZaf_gghf
ihlhd_ k\yaZgu \ i_j\mx hq_j_^v k ieZaf_ggufb ijhp_kkZfb
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�\aZbfh^_ckl\b_ <Q ihe_c k ieZafhc� mkeh\by ©\ul_dZgbyª

ieZaf_ggh]h ihlhdZ ba bklhqgbdZ��
Ijb \hagbdgh\_gbb ]jZ^b_glguo we_dljbq_kdbo ihe_c \ ahg_

BPJ gZ]j_\Z \hagbdZ_l ^hihegbl_evgh_ ^j_cnh\h_ ^\b`_gb_ bhgh\�

bkdZ`Zxs__ ljZ_dlhjbb ^\b`_gby bhgh\ b gZjmrZxs__ k_iZjZpbx
bahlhih\�

�� <\h^ <Q ihe_c \ ieZafm�
WdjZgbjh\dZ <Q ihe_c aZ\bkbl dZd hl iehlghklb ieZafu� lZd b

bahlhigh]h khklZ\Z ieZaf_ggh]h ihlhdZ� <\_^_gb_ <Q ihe_c \
ieZafm k ihfhsvx we_dljh^gh�_fdhklghc Zgl_ggu lj_[m_l \ukhdhc
ijh^hevghc we_dljhgghc ijh\h^bfhklb \ ieZaf_� hlkmlkl\by

jZ^bZevgh]h aZ\bkbfhklb we_dljhgghc l_fi_jZlmju�
3) HilbfbaZpby j_`bfh\ MklZgh\db ^ey h[_ki_q_gby

fZdkbfZevghc ijhba\h^bl_evghklb MklZgh\db ijb fbgbfbaZpbb
aZljZl�

�� D l_ogbq_kdbf ijh[e_fZf hlghkylky ijh_dlbjm_fhc

MklZgh\db� hoeZ`^_gb_ wg_j]hgZ]jm`_gguo we_f_glh\ MklZgh\db
�dZlh^� Zgh^� we_dljh^u \ ©bklhqgbd_ª� dZlmrdb fZ]gblghc

kbkl_fu�� lhqghklv ba]hlh\e_gby �fZ]gblgZy kbkl_fZ�� klZ[bevghklb
iZjZf_ljh\ �<Q kbkl_fZ� iblZgb_ fZ]gblghc kbkl_fu�� dZlh^ ba
jZ[hq_]h \_s_kl\Z� k[hj bahlhih\ b bo ZgZeba

Ijb ijh_dlbjm_fuo iZjZf_ljZo MklZgh\db �^ey 157Gd� hp_gdb
^Zxl ke_^mxsb_ \_ebqbgu�

1. Ijhba\h^bl_evghklv MklZgh\db� ~ 4 d]�]h^ bkdhfh]h

bahlhiZ ijb Z[khexlghc kl_i_gb jZa^_e_gby T a ∞� b a � d]�]h^
bkdhfh]h bahlhiZ ijb T a ��� wnn_dlb\ghklv BPJ gZ]j_\Z b k[hjZ

j_ahgZgkguo bhgh\ Q~1.
2. Ijb wlhf ]h^h\hc jZkoh^ jZ[hq_]h fZl_jbZeZ a �� d] b

jZkoh^ ©dZlh^Zª ~ 1 rl�kmldb�
3. JZajy^guc lhd \ bklhqgbd_ ieZaf_ggh]h ihlhdZ~ �� :��� :

b dhwnnbpb_gl bkihevah\Zgby jZ[hq_]h \_s_kl\Z �dZlh^Z� ~ 30 %.
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