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<KLMI 
 

GZ\qZevgbf ieZghf ^ey klm^_gl�\ ki_p�Zevghkl� �������� ³>\b]m�
gb \gmlj�rgvh]h a]hjyggy´ mk�o nhjf gZ\qZggy i_j_^[Zq_gh
h[h\¶yadh\_ \bdhgZggy jhajZomgdh\h]h aZ\^Zggy a ^bkpbie�g ³Ijh_d�
lm\Zggy ZiZjZl�\ lZ Z]j_]Zl�\ ><A´ � ³AZklhkm\Zggy ZiZjZl�\ lZ Z]j_]Z�
l�\ ><A´� I�^ qZk \bdhgZggy aZ\^Zggy m klm^_gl�\ \bgbdZ} jy^ ljm^�
ghs�\� ih\¶yaZgbo i_j_\Z`gh a g_^hklZlgvhx d�evd�klx gZ\qZevgbo
]h^bg� yd� \b^�eyxlvky ^ey \b\q_ggy \dZaZgbo ^bkpbie�g� Z lZdh` \gZ�
ke�^hd \�^kmlghkl� ^hk\�^m jh[hlb a jhajZomgdh\bfb ijh]jZfZfb lZ
f_lh^bdZfb� 

F_lh^bqg� \dZa�\db ^hihfh`mlv mgbdgmlb ]jm[bo ihfbehd lZ g_�
ijh^mdlb\gh� ljZlb qZkm i�^ qZk \bdhgZggy jhajZomgd�\ aZ gZ^Zgbfb
ijh]jZfZfb� g_ h[f_`mxq� kZfhkl�cghkl� klm^_glZ \ ijbcgyll� j�r_gv� 

AZ\^Zggy kdeZ^Z}lvky a jhajZomgdh\h� qZklbgb lZ hibkm dhgkljmd�
p�� hoheh^`m\ZqZ gZ^^m\hqgh]h ih\�ljy �HGI�� aZ]Zevgbc \b^ ydh]h
gZ^Z}lvky \bdeZ^Zq_f� JhajZomgdh\Z qZklbgZ hnhjfex}lvky m \b]ey^�
lZ[ebpv j_amevlZl�\� ]jZn�d�\ lZ hibkm ^�c� sh \bdhgmxlvky klm^_glhf�  
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<D:A1<DB >H <BDHG:GGY A:<>:GGY 
 

JhajZomgdh\h-ihykgx\ZevgZ aZibkdZ kdeZ^Z}lvky a gZklmigbo jha�
^�e�\� 

�� JhajZomghd jhaoh^�\ ih\�ljy lZ \h^b q_j_a ^\b]mg � l_fi_jZlmjb
ih\�ljy aZ dhfij_khjhf� 

2. Ihi_j_^g�c jhajZomghd HGI aZ ijh]jZfhx \bj�r_ggy ijyfh�
aZ^Zq�. 

�� JhajZomghd ljm[gbo imqd�\ l_iehh[f�ggbo _e_f_gl�\ a h^gZdh�
\hx fZkhx gZ i�^klZ\� h[f_`_ggy ih fZk� imqdZ� \bagZq_gh]h \ ihi_�
j_^gvhfm jhajZomgdm� 

�� <bagZq_ggy hilbfZevgbo jhaf�j�\ imqdZ HGI lZ hilbfZevgbo
agZq_gv DD> � \ljZlb lbkdm ih\�ljy ¨J. 

�� Mlhqg_ggy iZjZf_lj�\ ih\�ljy aZ hilbfZevgbf HGI gZ i�^klZ\�
\bdhjbklZggy ijh]jZfb a\hjhlgh]h jhajZomgdm� 

�� <bkgh\hd� 
�� Hibk dhgkljmdp�� HGI� 
AZ\^Zggy gZ ijh_dlm\Zggy gZ^Z}lvky \bdeZ^Zq_f gZ ki_p�Zevghfm

[eZgdm � jhaf�sm}lvky i_j_^ i_jrbf jha^�ehf� JhajZomgdh\m qZklbgm
aZ\_jrm} kibkhd \bdhjbklZgbo ^`_j_e� AZ]Zevgbc h[¶}f jhajZomgdh\h�
qZklbgb – ��«�� Zjdmr�\ ^jmdh\Zgh]h l_dklm� 

Ijb \bdhgZgg� aZ\^Zggy dh`_g klm^_gl ih\bg_g� 
1. AZk\h�lb gZ^Zg� e_dlhjhf f_lh^bdb jhajZomgd�\ HGI� 
2. <bagZqblb hkh[eb\hkl� dhgkljmdp�� l_iehh[f�ggh� ih\_jog�� gZ
[Za� ydh� [m^_ dhgkljmx\Zlbky HGI� 

3. <b\qblb dhgkljmdp�� HGI� yd� fh`mlv [mlb jhajZoh\Zg� gZ i�^�
klZ\� gZ^Zgbo ijh]jZf� 
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F1G1KL?JKL<H HK<1LB 1 G:MDB MDJ:2GB 
G:P1HG:EVGBC MG1<?JKBL?L DHJ:;E?;M>M<:GGY 

�f_g� Z^f�jZeZ FZdZjh\Z 

F:RBGH;M>1<GBC 1GKLBLML 

DZn_^jZ ><A 

AZ\^Zggy 
gZ \bdhgZggy jhajZomgdh\h� jh[hlb a ^bkpbie�gb 
©Ijh_dlm\Zggy ZiZjZl�\ lZ Z]j_]Zl�\ ><Aª 

 
<bdhgZlb jhajZomghd lZ h[jZlb hilbfZevgbc hoheh^`m\Zq gZ^�

^m\hqgh]h ih\�ljy ^ey ^\b]mgZ lbim �QG ����� � >\b]mg ijZpx}

ijb qbke� h[_jl�\ dhe�gqZklh]h \Zem Q         1000      h[�o\� Kl_i�gv
i�^\bs_ggy lbkdm dhfij_khjZ ^\b]mgZ I

d
 =    3,0   .Lbi mklZgh\db     

km^gh\Z � 
,� JhajZomgdh\h-ihykgx\ZevgZ aZibkdZ ���«�� Zjdmr�\ nhjfZlm :��� 

AZ\^Zggy� 
<klmi� 
�� JhajZomghd jhaoh^�\ ih\�ljy lZ \h^b q_j_a ^\b]mg � l_fi_jZlmjb

ih\�ljy aZ dhfij_khjhf� 
2. Ihi_j_^g�c jhajZomghd HGI aZ ijh]jZfhx \bj�r_ggy ijyfh� aZ�

^Zq�. 
�� JhajZomghd ljm[gbo imqd�\ l_iehh[f�ggbo _e_f_gl�\ a h^gZdh�

\hx fZkhx gZ i�^klZ\� h[f_`_ggy ih fZk� imqdZ� \bagZq_gh]h \ ihi_�
j_^gvhfm jhajZomgdm� 

�� <bagZq_ggy hilbfZevgbo jhaf�j�\ imqdZ HGI lZ hilbfZevgbo
agZq_gv DD> � \ljZlb lbkdm ih\�ljy ¨J. 

�� Mlhqg_ggy iZjZf_lj�\ ih\�ljy aZ hilbfZevgbf HGI gZ i�^klZ\�
\bdhjbklZggy ijh]jZfb a\hjhlgh]h jhajZomgdm� 

�� AZ]Zevgbc \bkgh\hd� 
�� Hibk kijh_dlh\Zgh]h hoheh^`m\ZqZ gZ^^m\hqgh]h ih\�ljy� 
E�l_jZlmjZ� 

<bdhgZ\_pv klm^_gl� BBBBBBBBBBBBBBBBBBBBBBBBBBBBBB]j�                   . 
 
D_j�\gbd� BBBBBBBBBBBBBB 
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IJBDE:> <BDHG:GGY A:<>:GGY 
 

1. JhajZomghd jhaoh^�\ ih\�ljy lZ \h^b q_j_a ^\b]mg � l_fi_jZ�
lmjb ih\�ljy aZ dhfij_khjhf 
 

A]�^gh a aZ\^Zggyf lj_[Z jhajZom\Zlb hoheh^`m\Zq gZ^^m\hqgh]h

ih\�ljy ^ey ^\b]mgZ lbim �QG ������ ydbc fZ} qZklhlm h[_jl�\ dhe�g�

qZklh]h \Zem n  ���� � m ydh]h kl_i�gv i�^\bs_ggy lbkdm m dhfij_khj�
I

d
^hj�\gx} ���� 
H[qbkex}fh jhao�^ ih\�ljy G q_j_a ^\b]mg lZ l_fi_jZlmjm ihlhdm

ih\�ljy aZ dhfij_khjhf T1� \bdhjbklh\mxqb ijh]jZfm ^hihf�`gbo

jhajZomgd�\� IhqZldh\� ^Zg� aZghkylvky m de�lbgb lZ[ebp� ijh]jZfb�

aZnZj[h\Zg� `h\lbf� >h gbo \�^ghkylvky� 
P0, T0 – h[bjZxlvky \�^ih\�^gh ghjfZevgbf mfh\Zf� ydsh g_fZ}

^h^Zldh\bo \dZa�\hd� 
Tw1 – h[bjZ}lvky yd ^ey km^gh\h]h ^\b]mgZ� a]�^gh a aZ\^Zggyf �aZ�

e_`gh \�^ ko_fb lZ ijbagZq_ggy kbkl_fb hoheh^`_ggy fh`_ e_`Zlb m

f_`Zo ��«��
h

K� gb`gy f_`Z \�^ih\�^Z} fZehjhao�^gbf kbkl_fZf lZ

km^h\bf kbkl_fZf a hoheh^`_ggyf ih\�ljy aZ[hjlghx \h^hx� \_jogy – 
ih\ghihlhqgbf kbkl_fZf ljZgkihjlgbo ^\b]mg�\�� 

�Z^ – h[bjZ}lvky \�^ih\�^gh j_dhf_g^Zp�yf [1, 2]; 
�ho – h[bjZ}lvky \�^ih\�^gh j_dhf_g^Zp�yf [3]; 
$ � 3Z� �� 0� Pa /P2, �r� ûTa, T], ge, . – h[bjZxlvky yd mk_j_^g_g� ^Zg�

^ey ^\b]mg�\ \�^ih\�^gh]h deZkm a ^h\�^gbd�\ [4, 5, 6]; 
gw –fh`_ lZdh` h[bjZlbky aZ >�� �� �@ Z lZdh` gZ i�^klZ\� lZ[e� ����

sh gZ^Z}lvky gZ h^ghfm Zjdmr� a ijh]jZfhx jhajZomgdm� 
<b[�j iZjZf_lj�\ D, S,Id, n, i,g_ ihlj_[m} ihykg_ggy� 
J_amevlZlb jhajZomgdm gZ^Zxlvky m \b]ey^� lZ[e� �� ydm dhi�x}fh a

gZ^Zgh� ijh]jZfb� 
 

LZ[ebpy �� JhajZomghd jhaoh^m ih\�ljy 

IZjZf_lj 
lZ h^bgbp� 
\bf�jm 

GZcf_gm\Zggy iZjZf_ljm� 
jhajZomgdh\Z nhjfmeZ 

AgZq_ggy 

D, f >�Zf_lj pbe�g^jm 0,26 

S,f O�^ ihjrgy 0,26 
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IZjZf_lj 
lZ h^bgbp� 
\bf�jm 

GZcf_gm\Zggy iZjZf_ljm� 
jhajZomgdh\Z nhjfmeZ 

AgZq_ggy 

P0, IZ Lbkd gZ\dhebrgvh]h k_j_^h\bsZ 100000 

T0, D L_fi_jZlmjZ gZ\dhebrgvh]h k_j_^h\bsZ 293 

Tw1, D L_fi_jZlmjZ hoheh^`mxqh� j�^bgb gZ \oh^� \ HGI 313 

Id Kl_i�gv i�^\bs_ggy lbkdm 3,0 

�Z^ :^�Z[Zlgbc DD> dhfij_khjZ 0,80 

�ho DD> hoheh^`m\ZqZ gZ^^m\hqgh]h ih\�ljy 0,95 

n, h[�o\ QZklhlZ h[_jl�\ dhe�gqZklh]h \Zem 1000 

i D�evd�klv pbe�g^j�\ ^\b]mgZ 8 

$ Dh_n�p�}gl lZdlghkl� ^\b]mgZ 0,5 

3Z Dh_n�p�}gl ijh^m\db 1,05 

� 
Dh_n�p�}gl \ljZlb qZklbgb oh^m ihjrgy gZ 
]Zahh[f�g 

0 

0 Klmi�gv klbkdm 14 

Pa /P2 <ljZlZ lbkdm 0,97 

�] Dh_n�p�}gl aZebrdh\bo ]Za�\ 0,03 

ûTa I�^�]j�\ aZjy^m \�^ kl�ghd pbe�g^jZ 30 

T], D L_fi_jZlmjZ aZebrdh\bo ]Za�\ 800 

ge, 
d]��d<lÂ ]h^� 

IblhfZ \bljZlZ iZevgh]h 0,18 

. 
Dh_n�p�}gl gZ^ebrdm ih\�ljy 3,0 

gw, 
d]��d<lÂ ]h^� 

IblhfZ \bljZlZ hoheh^`mxqh� j�^bgb 70 

P1, IZ d��
I⋅= 33  300000 

P2, IZ d��
I���� ⋅⋅= 33  294000 

T1, D 












η
−

+⋅=
Z^

�����

d

��

�I
�77  428,2 

Ijh^h\`� lZ[e� � 
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IZjZf_lj 
lZ h^bgbp� 
\bf�jm 

GZcf_gm\Zggy iZjZf_ljm� 
jhajZomgdh\Z nhjfmeZ 

AgZq_ggy 

 
T2, D ( )

Z��ho��
7777 −⋅η−=  318,8 

Ta, D 
U

]UD�

D � γ+
⋅γ+∆+

=
777

7  361,9 

�g 
UD

�

�

D

g �

�

� γ+
⋅⋅⋅

−ε
ε=η

7

7

3

3
 0,893 

G, d]�k ���
��� Zg

�

�

�

ψ−⋅ϕ⋅⋅χ⋅⋅η⋅
⋅

⋅⋅⋅π= Q
L

75

3
6

'
*  2,773 

Ne, d<l 
Z

/J

*
1

ϕ⋅α⋅⋅
⋅=

hH

H

����
 1230 

Gw� d]�k 
����

ZH

Z

J1
*

⋅
=  23,9 

 
>ey \bdhgZggy ijyfh]h jhajZomgdm HGI a lZ[e� � \b[bjZ}fh lZd�

ihqZldh\� iZjZf_ljb� 
jhao�^ ih\�ljy G = 2��� d]�k� 
lbkd ih\�ljy i_j_^ HGI J1  ������ IZ� 
l_fi_jZlmjZ ih\�ljy i_j_^ HGI T1 = 428,2D� 
l_fi_jZlmjZ ih\�ljy aZ HGI T2 = 318,8D� 
l_fi_jZlmjZ \h^b i_j_^ HGI Tw1 = 3�� D� 
jhao�^ hoheh^`mxqh� \h^b q_j_a HGI� Gw = 23,9 d]�k. 
 
 
 
 
 
 

Ijh^h\`� lZ[e. 1 
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2. Ihi_j_^g�c jhajZomghd HGI aZ ijh]jZfhx \bj�r_ggy ijy�

fh� aZ^Zq� 
 

Ijyfbc jhajZomghd \bdhgm}lvky ^ey \bagZq_ggy dhgkljmdlb\gbo

iZjZf_lj�\ HGI� ijb pvhfm \�^hf� \k� iZjZf_ljb l_iehghk��\ i_j_^

HGI � aZ gbf� Z lZdh` �o jhaoh^b� 
>ey \bj�r_ggy ijyfh� aZ^Zq� jhajZomgdm HGI� dj�f aZagZq_gbo

\bs_ iZjZf_lj�\� aZ^Z}fh ^h^Zldh\h� 
1. AgZq_ggy ih\�ljygh]h hihjm HGI ûP �gZ i�^klZ\� >�@�� 
2. AgZq_ggy r\b^dhkl� \h^b \ ljm[dZo w �gZ i�^klZ\� >�@�� 
3. Lbi ih\_jog� l_iehh[f�gm – rZoh\bc imqhd ljm[ �jbk� �� a �g^b�

\�^mZevgbf gZdZlgbf aZj_[j_ggyf �jbk� ��� 
  

IZjZf_ljb imqd�\� sh \bjh[eyebky <:L ;_jFA� gZ^Zg� m lZ[e� �� P� iZjZf_ljb

fh`gZ h[bjZlb yd ijhlhlbig� ^ey jhajZomgd�\� <aZ]Ze� �o fh`gZ af�gx\Zlb ^hkblv

�klhlgh ^ey aZ[_ai_q_ggy ihlj�[gbo ydhkl_c l_iehh[f�ggbdZ� Ijb pvhfm \gmlj�rg�c

^�Zf_lj dw ih\bg_g [mlb g_ f_gr_ � ff � a\bqZcgh g_ jh[blvky [�evr_ �� ff a mjZom�

\Zggyf kihkh[m aZdj�ie_ggy m ljm[gbo ^hrdZo lZ dhfiZdlghkl� ih\_johgv� RZ] f�`

j_[jZfb u g_ ih\bg_g [mlb f_gr_ ��� ff �^ey km^gh\bo lZ a\bqZcgbo ljZgkihjlgbo

^\b]mg�\� a mjZom\Zggyf fh`eb\hkl� r\b^dh]h aZ[jm^g_ggy ih\_jog� a [hdm ih\�ljy�

1gr� ]jZgbp� af�gb jhaf�j�\ h[f_`_g� fh`eb\hklyfb jhajZomgdh\bo nhjfme� sh hib�

kmxlv ]jZgbqg� mfh\b a l_iehh[f�gm lZ hihjm l_q���  
Hibk lZ[ebqgh� nhjfb j�r_ggy ijyfh� aZ^Zq� jhajZomgdm HGI lZ ijbdeZ^ \bdh�

gZggy jhajZomgdm ij_^klZ\e_g� \ [3]. GZ i�^klZ\� pbo fZl_j�Ze�\ ke�^ ajh[blb jhajZom�
gdb� Z j_amevlZlb ij_^klZ\blb m \b]ey^� lZ[e� �� LZ[ebpy jh[blvky yd dhi�y \�^ih\�^gh�

nhjfb� sh gZ^Z}lvky m aZagZq_g�c ijh]jZf��
 
 
J_amevlZlb jhajZomgdm HGI gZ^Zxlvky m \b]ey^� lZ[e� � �dhi�y

lZ[ebp� j_amevlZl�\ a gZ^Zgh� ijh]jZfb�� Hkgh\gbfb j_amevlZlZfb }

\bagZq_ggy ]Z[Zjblgbo jhaf�j�\ imqdZ HGI lZ ch]h iehs� l_iehh[�

f�ggh� ih\_jog� lZ fZkb� 
 
 

 
 
 
 
 
 

 >j�[gbf rjbnlhf lml � ^Ze� gZ^Zxlvky ^h^Zldh\� \�^hfhkl� ^ey \bdhgZ\py� yd� g_

lj_[Z \�^l\hjx\Zlb m aZ\^Zgg�� 
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Jbk� �� Jhaf�s_ggy ljm[hd \  

ljm[ghfm imqdm 
Jbk� �� Ljm[dZ a �g^b\�^mZevgbf gZ�

dZlgbf aZj_[j_ggyf 
 
LZ[ebpy 2. =_hf_ljbqgbo iZjZf_lj�\ ijhlhlbigbo imqd�\ ljm[ 

Ah\g�rg�c ^�Zf_lj

aZj_[j_ggy D, f 
0,0245 0,0245 0,023 0,02 0,019 0,02 

G_kmqbc ^�Zf_lj

ljm[db d0 , f 
0,0125 0,015 0,0128 0,0125 0,012 0,012 

<gmlj�rg�c ^�Z�

f_lj ljm[db dw, f 
0,01 0,01 0,01 0,01 0,01 0,01 

RZ] f�` j_[jZfb

u, f 
0,0020 0,0029 0,0020 0,0020 0,0020 0,0020 

Lh\sbgZ j_[jZ

[�ey hkgh\b /1, f 
0,00055 0,0007 0,0006 0,0006 0,0006 0,0005 

Lh\sbgZ j_[jZ

[�ey \_jrbgb /2, f 
0,00020 0,0003 0,0002 0,0002 0,0002 0,0001 

RZ] f�` ljm[dZfb

\ ihi_j_qghfm jy�

^m S1� f 
0,025 0,025 0,024 0,024 0,0192 0,0200 

RZ] f�` ihi_j_�

qgbfb jy^Zfb ljm�

[hd S2� f 
0,022 0,023 0,021 0,018 0,0174 0,0173 
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LZ[ebpy �. J_amevlZlb jhajZomgdm ijyfh� aZ^Zq� 

IZjZf_lj AgZq_ggy GZcf_gm\Zggy 

G, d]�k 2,773 Jhao�^ ih\�ljy 

T1, D 428,2 L_fi_jZlmjZ ih\�ljy gZ \oh^� 

P1, IZ 300000 Lbkd ih\�ljy gZ \oh^� 

Gw� d]�k 23,9 Jhao�^ \h^b 

Tw1� D 313 L_fi_jZlmjZ \h^b gZ \oh^� 

Rkl, 
(f2

Â D)�<l 
0,0003 

L_jf�qgbc hi�j fhghf_lZe�qgh� kl�gdb jZahf a

rZjhf aZ[jm^g_ggy 

Li� f 0,619 Dhgkljmdlb\gZ ^h\`bgZ imqdZ 

Bi� f 0,575 Dhgkljmdlb\gZ rbjbgZ imqdZ 

Hi� f 0,327 <�^klZgv f�` ljm[gbfb ^hrdZfb 

bw 4 Qbkeh oh^�\ ih \h^� ijb aZ]Zevg�c ijhlbl_q�� 

Glj�]� ff 20 >h\`bgZ ]eZ^dbo ^�eyghd ljm[hd 

bd 10 <bkhlZ ih\hjhlgh� dZf_jb 

Z� rl. 630 Qbkeh ljm[ \ imqdm 

Z1, rl. 23 Qbkeh ih^h\`g�o jy^�\ ljm[ 

Z2� rl. 28 Qbkeh ihi_j_qgbo jy^�\ ljm[ 

ûP, 
ff \h^�kl. 

297,1 Ih\gZ af�gZ lbkdm \ hoheh^`m\Zq� 

� 0,9542 DD> HGI 

t2, 
oC 45,3 L_fi_jZlmjZ ih\�ljy aZ HGI 

ww� f�k 1,93 R\b^d�klv \h^b \ ljm[dZo 

Mi� d] 207,3 JhajZomgdh\Z fZkZ imqdZ 

Mi

'
� d] 309,4 FZkZ imqdZ a ljm[gbfb ^hrdZfb 

Q, <l 306366,89 D�evd�klv l_iehlb� i_j_^Zgh� \ HGI 
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IZjZf_lj AgZq_ggy GZcf_gm\Zggy 

ûPw, dIZ 20,9 KmfZjgbc hi�j jmom ihlhdm \h^b 

D, f 0,0245 Ah\g�rg�c ^�Zf_lj aZj_[j_ggy 

d0 ,f 0,0125 G_kmqbc ^�Zf_lj ljm[db 

dw, f 0,01 <gmlj�rg�c ^�Zf_lj ljm[db 

u, f 0,002 RZ] f�` j_[jZfb 

/1, f 0,00055 Lh\sbgZ j_[jZ [�ey hkgh\b 

/2, f 0,00020 Lh\sbgZ j_[jZ [�ey \_jrbgb 

S1� f 0,025 RZ] f�` ljm[dZfb \ ihi_j_qghfm jy^m 

S2� f 0,022 RZ] f�` ihi_j_qgbfb jy^Zfb ljm[hd 

F, f2 79,4 IehsZ ih\_jog� a [hdm aZj_[j_ggy 

 
<bkgh\hd� hl`_� ihi_j_^g� jhaf�jb l_iehh[f�ggh]h imqdZ HGI

^hj�\gxxlv� 
L
i
 ����� f� 

B
i
 ����� f� 

H
i
 ����� f� 

FZkZ l_iehh[f�ggh]h _e_f_glm kdeZ^Z} ����� d]� iehsZ aZj_[j_gh�

ih\_jog� ^hj�\gx} ���� f
2, h[¶}f – V

i
 = L

i
 × B

i
 × H

i
= ������ f3. 

 
3. JhajZomghd ljm[gbo imqd�\ l_iehh[f�ggbo _e_f_gl�\ a h^gZ�

dh\hx fZkhx gZ i�^klZ\� h[f_`_ggy ih fZk� imqdZ� \bagZq_gh]h \

ihi_j_^gvhfm jhajZomgdm 
 

HljbfZg� fZkm lZ ]Z[Zjblg� jhaf�jb imqdZ ijbcf_fh yd h[f_`_ggy

ih fZk�� ]Z[ZjblZo � h[¶}fm�  
 
Ydsh fZlb g_af�ggbf h[¶}f imqdZ� p_ hagZqZ} a[_j_`_ggy g_af�gghx ch]h fZkb�

Z hkd�evdb fZkZ ijyfh ijhihjp�cgZ ch]h p�g�� lh c p�gb l_iehh[f�ggbdZ� Ijb af�g� 
jhaf�j�\ L

i
, B

i
 ,H

i
fh`gZ a[_j�]Zlb h[¶}f� fZkm � p�gm ijZdlbqgh g_af�ggbfb� ydsh �o

af�gZ \bdhgm}lvky a ^hljbfZggyf i_\gh]h Ze]hjblfm� LZd� af�gb jhaf�j�\ ijb g_af�g�

gbo gZqZevgbo iZjZf_ljZo lZ jhaoh^Zo l_iehghk��\ \_^mlv ^h af�gb agZq_gv DD> lZ

Ijh^h\`� lZ[e� � 
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ûP� Hl`_� ^ey dh`gh� g_af�ggh� p�gb� h[¶}fm lZ fZkb fh`_ [mlb hljbfZgZ p�eZ k_j�y

agZq_gv DD> lZ ûP aZe_`gh \�^ ijhihjp�c hkgh\gbo jhaf�j�\ imqdZ� 
Ydsh l_i_j my\blb kh[� lZd� af�gb jhaf�j�\ imqdZ HGI� ijb ydbo ch]h fZkZ eb�

rZ}lvky g_af�gghx� lh lZd� ljZgknhjfZp�� \�^ih\�^Zlbfmlv jbk��� 

 

Jbk� �� <Zj�Zglb ljZgknhjfZp�� imqdZ HGI ijb g_af�gghfm h[¶}f� � fZk� 
 

Ijb pvhfm ^ey imqd�\ a f_grhx ^h\`bghx L [m^_ \�^ih\�^Zlb f_gr_ agZq_ggy

hihjm jmom ih\�ljy ûP � \h^ghqZk [m^_ af_grm\Zlbky DD> l_iehh[f�ggbdZ� A� a[�ev�

r_ggyf ^h\`bgb [m^_ a\hjhlg�c _n_dl� 
 
KdhjbklZ\rbkv ijh]jZfhx jhajZomgdm jhaf�j�\ imqd�\ a j�\gbfb

fZkZfb �h[¶}fZfb�� hljbfm}fh gZ[hjb agZq_gv L
i
, B

i
, H

i
imqd�\ a j�\�

ghx fZkhx �lZ[e� �� \bdhgm}lvky yd \b[�jdZ a lZ[ebp�� sh gZ^Z}lvky m

ijh]jZf��� 
 

LZ[ebpy �� J_amevlZlb jhajZomgdm imqd�\ j�\gbo fZk lZ h[¶}f�\  

Ghf_jb jhajZomgdm IZjZ�

f_ljb 1 2 3 4 5 6 7 8 

Li� f 0,418 0,484 0,550 0,616 0,682 0,748 0,814 0,880 

Bi� f 0,550 0,500 0,475 0,450 0,425 0,400 0,400 0,375 

Hi� f 0,504 0,480 0,445 0,420 0,402 0,391 0,359 0,355 
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4. <bagZq_ggy hilbfZevgbo jhaf�j�\ imqdZ HGI lZ hilbfZev�

gbo agZq_gv DD> � \ljZlb lbkdm ih\�ljy ¨J 
 

Ajhamf�eh� sh m \biZ^dm� dheb ^_d�evdZ HGI a h^gZdh\hx fZkhx � ijb[ebagh h^�

gZdh\hx p�ghx fZxlv j�agbc \ieb\ gZ jh[hlm ><A� lh a gbo ke�^ h[bjZlb lZdbc� \ieb\ 
ydh]h [m^_ gZc_n_dlb\g�rbf� A ^hke�^`_gv ><A \�^hfh� sh ^ey dh`gh� g_af�ggh� fZkb

imqdZ HGI �kgm} �l_hj_lbqgh� l�evdb h^gZ iZjZ agZq_gv DD> lZ ûP �Z \�^ih\�^gh �

h^g_ kihemq_ggy ]Z[Zjblgbo jhaf�j�\�� ydZ kijhfh`gZ aZ[_ai_qblb gZce�ir� mfh\b

\bdhjbklZggy pvh]h l_iehh[f�ggbdZ gZ ^\b]mg�� P� agZq_ggy DD> lZ ûP \�^ih\�^Zxlv

mfh\�� dheb HGI fZdkbfZevgh a[�evrm} ]mklbgm ih\�ljy gZ \boh^� ihj�\gygh a ]mklb�

ghx gZ \oh^�� A[�evr_ggy ]mklbgb ih\�ljy \ HGI gZab\Z}lvky kl_i_g_f i�^\bs_ggy

]mklbgb ih\�ljy \ HGI � ihagZqZ}lvky yd 

�

�

ρ
ρ

=ρ , 

^_ !1,2 – ]mklbgZ ih\�ljy gZ \oh^� lZ \boh^� a HGI \�^ih\�^gh� 

OZjZdl_j af�gb ρ ko_fZlbqgh ihdZaZgbc gZ jbk� �� < lhqp� a fZdkbfmfhf ρ agZ�

q_ggy DD> lZ ûP HGI [m^mlv hilbfZevgbfb� <�^ih\�^gh hilbfZevgbfb [m^mlv � ch]h

jhaf�jb� KZf_ lZdbc \Zj�Zgl� sh \�^ih\�^Z} mfh\� fZdkbfZevgh]h a[�evr_ggy ρ � lj_[Z

h[bjZlb ^ey \bjh[gbpl\Z� Z ch]h jhaf�jb ke�^ \\Z`Zlb hilbfZevgbfb� 

 
Jbk� �� AZ]Zevgbc \b]ey^ aZe_`ghkl� ρ  

\�^ ]Z[Zjblgbo jhaf�j�\ imqd�\ a j�\ghx fZkhx 

Lj_[Z ^h^Zlb� sh jZchg fZdkbfmfm ρ } \�^ghkgh iheh]bf� lh` \b[�j hilbfZevgh�

]h j_amevlZlm fh`_ \�^ih\�^Zlb g_ kljh]h fZl_fZlbqghfm agZq_ggx nmgdp��� Z fh`_

[mlb gZ[eb`_gbf ^h gvh]h a mjZom\Zggyf l_ogheh]�qgbo � dhgkljmdlb\gbo f�jdm\Zgv� 
 
 >ey ih[m^h\b aZe_`ghkl� kl_i_gy i�^\bs_ggy ]mklbgb ih\�ljy \�^

]Z[Zjblgbo jhaf�j�\ imqd�\ a j�\ghx fZkhx \bdhgmxlvky a\hjhlg� jha�

jZomgdb \k�o HGI a j�\gbfb fZkZfb imqd�\ � \bagZqZxlvky �og� mlhq�

g_g� dhgkljmdlb\g� iZjZf_ljb � kl_i_g� i�^\bs_ggy ]mklbgb ih\�ljy�
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J_amevlZlb jhajZomgd�\ gZ^Zxlvky \ lZ[e� �� ydZ } dhi�}x lZ[e� ���� sh

gZ^Z}lvky m ijh]jZf�� I�^ qZk a\hjhlgbo jhajZomgd�\ imqd�\ a j�\gbfb

fZkZfb \bdhgm}lvky g_agZqgZ dhj_dp�y jhaf�j�\ pbo imqd�\� sh aZ[_a�

i_qm}lvky m a\hjhlg�c ijh]jZf� ^ey aZ[_ai_q_ggy gZce�irbo fh`eb\h�

kl_c dhgkljmdlb\gh]h \bdhgZggy hoheh^`m\Zq�\� 
 

LZ[ebpy �� AZe_`g�klv ρ \�^ ]Z[Zjblgbo jhaf�j�\ imqd�\ a j�\ghx fZkhx 

Ghf_jb jhajZomgdm IZjZ-
f_ljb 1 2 3 4 5 6 7 8 
Li� f 0,399 0,465 0,531 0,597 0,663 0,729 0,795 0,861 
Bi� f 0,549 0,499 0,475 0,449 0,425 0,399 0,399 0,375 
Hi� f 0,504 0,48 0,445 0,42 0,402 0,391 0,359 0,355 

ρ 1,3303 1,3332 1,3338 1,3332 1,3312 1,3284 1,3239 1,3189 

 

AZ hljbfZgbfb ^Zgbfb [m^m}lvky aZe_`g�klv ��
i

/I=ρ �jbk� ����

Py aZe_`g�klv fh`_ [mlb \bdhgZgZ yd dhi�y ]jZn�dm� Z\lhfZlbqgh ih�

[m^h\Zgh]h m k_j_^h\bs� Microsoft® Excel�j_Ze�ah\ZgZ m gZ^Zg�c ijh�
]jZf� yd jbk� � p�}� ijh]jZfb�� 

A jbk� � \boh^blv� sh fZdkbfZevg_ a[�evr_ggy ρ aZ[_ai_qm} HGI

a dhgkljmdlb\ghx ^h\`bghx imqdZ L  ���� f� P� iZjZf_ljb ^hklZlgvh

lhqgh \�^ih\�^Zxlv hoheh^`m\Zqm � � a lZ[e� �� <�^ih\�^gh hoheh�

^`m\Zq � � j_dhf_g^m}lvky ^ey aZklhkm\Zggy gZ ^\b]mg�� Z ch]h jha�

f�jb � iZjZf_ljb ke�^ \\Z`Zlb hilbfZevgbfb� 
 

 
Jbk� �� AZe_`g�klv ρ \�^ ]Z[Zjblgbo jhaf�j�\ imqd�\ a j�\ghx fZkhx 
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5. Mlhqg_ggy iZjZf_lj�\ ih\�ljy aZ hilbfZevgbf HGI gZ i�^�

klZ\� \bdhjbklZggy ijh]jZfb a\hjhlgh]h jhajZomgdm 
 

I�key \bagZq_ggy hilbfZevgbo jhaf�j�\ HGI� ijh\h^bfh ch]h hk�

lZlhqgbc a\hjhlg�c jhajZomghd a f_lhx mlhqg_ggy iZjZf_lj�\ l_ieh�

ghk��\ gZ ch]h \boh^�� P_ \bdhgm}lvky a \bdhjbklZggyf ijh]jZfb \b�

j�r_ggy a\hjhlgh� aZ^Zq� jhajZomgdm HGI� J_amevlZlb jhajZomgdm

ij_^klZ\e_g� \ lZ[e� �� ydZ } dhi�}x lZ[ebp�� gZ^Zgh� m ijh]jZf�� 
 
M gZ\_^_ghfm ijbdeZ^� ^h\`bgZ hilbfZevgh]h imqdZ ki�\iZ^Z} a \�^ih\�^gbf

jhaf�jhf imqdZ � �� ydbc [m\ knhjfh\Zgbc i_j_^ \bdhgZggyf jhajZomgd�\� <�^ih\�^�

gh j_amevlZlb jhajZomgdm fh`gZ h[bjZlb a \bdhgZgbo m ihi_j_^gvhfm jha^�e�� Ijb

pvhfm ke�^ jhamf�lb� sh hilbfmf f�] [b � g_ ki�\iZklb a h^gbf a lZdbo imqd�\� M lZdh�

fm \biZ^dm gZ i�^klZ\� jbk� � ke�^ [meh [ h[jZlb \�^ih\�^gm hilbfZevgm ^h\`bgm imq�

dZ� gZ �� i�^klZ\� \bagZqblb mk� �gr� jhaf�jb aZ ijh]jZfhx \bagZq_ggy j�\gbo fZk� Z

^Ze� ajh[blb a\hjhlgbc jhajZomghd pvh]h hoheh^`m\ZqZ� 
 

LZ[ebpy �� J_amevlZlb a\hjhlgh]h jhajZomgdm HGI 

IZjZf_lj AgZq_ggy GZcf_gm\Zggy 

G, d]�k 2,773 Jhao�^ ih\�ljy 

t1, 
oC 155,2 L_fi_jZlmjZ ih\�ljy gZ \oh^� \ HGI 

P1, IZ 300000 Lbkd ih\�ljy gZ \oh^� 

Gw� d]�k 23,9 Jhao�^ \h^b 

tw1, 
oC 40 L_fi_jZlmjZ \h^b gZ \oh^� 

tw2, 
oC 43,0 L_fi_jZlmjZ \h^b gZ \boh^� 

Rkl, 
(f2

Â D)�<l 
0,0003 

L_jf�qgbc hi�j fhghf_lZe�qgh� kl�gdb jZahf a

rZjhf aZ[jm^g_ggy 

Li� f 0,531 Dhgkljmdlb\gZ ^h\`bgZ imqdZ 

Bi� f 0,475 Dhgkljmdlb\gZ rbjbgZ imqdZ 

Hi� f 0,445 <�^klZgv f�` ljm[gbfb ^hrdZfb 

bw 4 Qbkeh oh^�\ ih \h^� ijb aZ]Zevg�c ijhlbl_q�� 

Glj�]� ff 68 >h\`bgZ ]eZ^dbo ^�eyghd ljm[hd 
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IZjZf_lj AgZq_ggy GZcf_gm\Zggy 

bd� ff 29,5 <bkhlZ ih\hjhlgh� dZf_jb 

Z� rl� 444 Qbkeh ljm[ \ imqdm 

Z1, rl� 19 Qbkeh ih^h\`g�o jy^�\ ljm[ 

Z2� rl� 24 Qbkeh ihi_j_qgbo jy^�\ ljm[ 

ûP, 
ff \h^�kl. 

208,5 Ih\gZ af�gZ lbkdm \ hoheh^`m\Zq� 

� 0,9493 DD> HGI 

t2, 
oC 45,8 L_fi_jZlmjZ ih\�ljy aZ HGI 

ww� f�k 2,7 R\b^d�klv \h^b \ ljm[dZo 

Mi� d] 198,5 JhajZomgdh\Z fZkZ imqdZ 

Mi

'
� d] 280,4 FZkZ imqdZ a ljm[gbfb ^hrdZfb 

Q, <l 304764 D�evd�klv l_iehlb� i_j_^Zgh� \ HGI 

ûPw, dIZ 39,7 KmfZjgbc hi�j jmom ihlhdm \h^b 

D, f 0,0245 Ah\g�rg�c ^�Zf_lj aZj_[j_ggy 

d0, f 0,0125 G_kmqbc ^�Zf_lj ljm[db 

dw,, f 0,01 <gmlj�rg�c ^�Zf_lj ljm[db 

u, f 0,002 RZ] f�` j_[jZfb 

/1, f 0,00055 Lh\sbgZ j_[jZ [�ey hkgh\b 

/2, f 0,00020 Lh\sbgZ j_[jZ [�ey \_jrbgb 

S1� f 0,025 RZ] f�` ljm[dZfb \ ihi_j_qghfm jy^m 

S2� f 0,022 RZ] f�` ihi_j_qgbfb jy^Zfb ljm[hd 

F� f
2 76,07 IehsZ ih\_jog� a [hdm aZj_[j_ggy 

ρ  1,3338 Kl_i_gv i�^\bs_ggy ]mklbgb ih\�ljy \ HGI 

 
 
 

Ijh^h\`� lZ[e� � 
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<BKGH<HD 
LZdbf qbghf� ^ey aZ^Zgh]h ^\b]mgZ ijhihgm}lvky HGI a lZdbfb

hkgh\gbfb iZjZf_ljZfb� 
V
i
 = L

i
 × B

i
 × H

i
= ������ f3; 

Z  ��� rl�� 
M

i
 ����� d]� 

F  ����� f
2; 

ûP = ����� ff \h^�kl�� 
� = 0,9493; 

t1 = 155,2; t2 = 45,8 oC ijb Tw1 = 40 oC. 
HGI kijh_dlh\Zgbc gZ [Za� rZoh\h]h imqdZ ljm[ a �g^b\�^mZevgbf

gZdZlgbf aZj_[j_ggyf� Jhaf�jb ljm[hd � �o jhaf�s_ggy \ imqdm gZ^Zgh

\ lZ[e� �� 
 
6. Hibk kijh_dlh\Zgh]h hoheh^`m\ZqZ gZ^^m\hqgh]h ih\�ljy 

 
M jh[hl� i_j_^[ZqZ}lvky \bdhgZggy hibkm dhgkljmdp�� HGI� sh gZ^Z}lvky

\bdeZ^Zq_f� <hgZ g_ h[h\¶yadh\h fh`_ \�^ih\�^Zlb l�c dhgkljmdp��� sh aZdeZ^_gZ \

hkgh\m jhajZomgd�\ aZ ijh]jZfhx� ydZ ihdeZ^_gZ \ hkgh\m \bdhgZggy ^Zgh]h aZ\^Zggy

�HGI a l_iehh[f�ggbf _e_f_glhf gZ [Za� rZoh\h]h imqdZ ljm[ a �g^b\�^mZevgbf gZ�

dZlgbf aZj_[j_ggyf�� LZdZ kblmZp�y \�^ih\�^Z} mfh\� gZ\qZevgh]h ijhp_km � mfh\�

\b\q_ggy mk�o fh`eb\bo dhgkljmdp�c HGI� <l�f� ZgZeh]�qg� jhajZomgdb [m^v-ydbo
�grbo \Zj�Zgl�\ HGI p�edhf fh`eb\� a \bdhjbklZggyf Ze]hjblf�\ lZ ijh]jZf� yd�

gZ^Zxlvky kemoZqZf m ih\ghfm _e_dljhgghfm dhfie_dl� ^ey klm^_gl�\ a ^Zgh� ^bkpbi�

e�gb� o�[Z sh \bgbdZ} ihlj_[Z ^h^Zldh\h� jhajh[db ijh]jZfb ^hihf�`gbo jhajZomg�

d�\� ydZ ih\¶yaZgZ a \bagZq_ggyf jhaf�j�\ imqd�\ a j�\gbfb fZkZfb� Ijb hibk� fh`eb�

\h gZ^Z\Zlb lZd� gZa\b ^jm]hjy^gbf _e_f_glZf dhgkljmdp��� yd� \�^ih\�^Zxlv �o ijb�

agZq_ggx� >ey �exkljZp�� hibkm ke�^ aZemqZlb g_h[o�^g� jbkmgdb a ihk�[gbdZ� sh gZ�

^Z}lvky m _e_dljhgghfm \b]ey^�� Ijb pvhfm gZ^Zg� \b^b HGI m jZa� g_h[o�^ghkl� ke�^

^hjh[eylb \ ijh]jZf� Microsoft® PaintshgZcf_gr_ ^ey lh]h� sh[ ajh[blb gmf_jZp�x
hkgh\gbo ^_lZe_c� g_h[o�^gm ijb hibk� dhgkljmdp��� Ijb hibk� dhgkljmdp�� fh`eb\h

^Z\Zlb cfh\�jg� hibkb lbo hkh[eb\hkl_c� yd� g_fh`gZ ih[Zqblb gZ gZ^Zghfm jbkmgdm�

Ze_ yd� fh`mlv [mlb \ lZdhfm l_iehh[f�ggbdm a]�^gh a aZ]Zevgbfb my\e_ggyfb ijh

hkh[eb\hkl� jZp�hgZevgbo dhgkljmdp�c lZdbo l_iehh[f�ggbd�\� I_j_e�d _e_f_gl�\

dhgkljmdp�� �_dkie�dZp�x� ke�^ ijb\_klb i�^ jbkmgdhf HGI� Hibk dhgkljmdp�� ke�^

jh[blb kbkl_fgh� \bdhjbklh\mxqb ^ey pvh]h gZ^Zgbc gb`q_ ajZahd� 
 
AZ]Zevgbc \b]ey^ hoheh^`m\ZqZ gZ^^m\hqgh]h ih\�ljy gZ^Z�

}lvky gZ jbk� �� 
P_c HGI fh`_ [mlb deZkbn�dh\Zgh aZ lZdbf hagZdZfb� 

• aZ kihkh[hf l_iehh[f�gm f�` l_iehghk�yfb – j_dmi_jZlb\gbc� 
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• aZ \b]ey^hf l_iehghk��\ – \h^hih\�ljygbc Z[h j�^bggh-]Zah\bc� 
• aZ ko_fhx \aZ}fgh]h jmom l_iehghk��\ – [Z]ZlhjZah\h i_j_oj_k�

ghl�qgbc a aZ]Zevgbf ijhlbl_q�cgbf jmohf �jbk� ���� 

 
Jbk� 7� Ko_fZ \aZ}fgh]h jmom l_iehghk��\ 

• aZ \b]ey^hf ih\_jog� l_iehh[f�gm – ljm[qZklh-ieZklbgqZlbc�
l_iehh[f�ggbc _e_f_gl \b]hlh\e_gbc gZ [Za� imqdZ iehkdh-h\Zevgbo
ljm[ a ]jmih\bf klj�qdh\h-jhak�q_gbf aZj_[j_ggyf� AZ]Zevgbc \b]ey^

aZj_[j_ggy gZ^Zgh gZ jbk� �� >ey [�evr ^hdeZ^gh]h hibkm ih\_jog�

HGI� sh gZ^Z}lvky m ^Zghfm ijbdeZ^�� g_h[o�^g� ^h^Zldh\� \�^hfhkl��

<l�f� fh`gZ ijbimklblb� sh ih\gbc \b^ aZj_[j_ggy fh`_ [mlb lZdbf�

yd gZ jbk� �� sh[b \�^ih\�^Zlb kmqZkgbf ih]ey^Zf gZ fh`eb\�klv \^h�

kdhgZe_ggy lZdbo ih\_johgv� 

 
Jbk� �� Fh`eb\bc \b]ey^ aZj_[j_ggy ih\_jog� HGI 

• aZ ko_fhx dhgkljmdp�� – dh`mohdhjh[qZklbc� a `hjkldbf aZdj�i�

e_ggyf h[ho ljm[gbo ^hrhd m dhjimk� �jbk� ���� 

 
Jbk� �� Ko_fb dhgkljmdp�� HGI 



 

Hkgh\g� _e_f_glb dhgkljmdp�� HGI – p_ dhjimk �� ljm[g� ^hrdb � �
�� imqhd a ljm[ a aZj_[j_ggyf ��� \h^yg� djbrdb � � ��� 

Ijb jh[hl� HGI ih\�ljy jmoZ}lvky q_j_a iZljm[hd � � ^Ze� q_j_a

imqhd iehkdh-h\Zevgbo ljm[ a ]jmih\bf aZj_[j_ggyf� <boh^blv \hgh a

ijhlbe_`gh]h [hdm imqdZ \ j_kb\_j ^\b]mgZ� ydbc ih\bg_g

a¶}^gm\Zlbky a neZgp_f dhjimkm �� ijhlbe_`gbf lhfm� q_j_a yd_ ih\��

ljy \oh^blv m HGI�  
<h^Z gZ^oh^blv ^h l_iehh[f�ggbdZ agbam� q_j_a iZljm[hd �� � ijh�

oh^blv d�evdZ jZa�\ \ihi_j_d oh^m ih\�ljy a aZ]Zevgbf gZijyfdhf ijh�

lb ch]h oh^m� I�key hklZggvh]h i_j_lbgm imqdZ \hgZ \boh^blv q_j_a

iZljm[hd ��� P_ aZ[_ai_qm}lvky \�^ih\�^ghx dhgkljmdp�}x \h^ygbo

djbrhd l_iehh[f�ggbdZ� ih^�e_gbo gZ ih\hjhlg� dZf_jb �iha� �� �� jbk�

���� A mjZom\Zggyf d�evdhkl� lZdbo dZf_j gZ \_jog�c djbrp� p_c HGI }

10-oh^h\bf� ijb qhfm \h^ygbc ihl�d i�key dh`gh]h oh^m ih\g�klx i_�

j_f�rm}lvky� 
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