
Fbgbkl_jkl\h�h[jZah\Zgby�Jhkkbckdhc�N_^_jZpbb 

<eZ^bfbjkdbc�]hkm^Zjkl\_gguc�mgb\_jkbl_l 

DZn_^jZ�[_ahiZkghklb�`bag_^_yl_evghklb 

 
 
 
 
 
 
 
 
 
 

<?GLBEYPBY�<HA>MO: 
<�IHF?S?GBYO�IJHFURE?GGUO��

H;S?KL<?GGUO�B�@BEUO�A>:GBC 
 

F_lh^bq_kdb_�mdZaZgby�d�^biehfghfm�ijh_dlbjh\Zgbx 
b�ijZdlbq_kdbf�aZgylbyf 

 
 
 
 
 

KhklZ\bl_eb 

<�L��DHG>J:LV?< 
         B�K��DHAEH< 

         H�G��OF:JMD 
 
 
 
 

 
 

<eZ^bfbj����� 



 

 

 

2 

M>D������ 
 

 
 
 

J_p_ga_gl 
DZg^b^Zl�l_ogbq_kdbo�gZmd��^hp_gl 

<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ 
<�B��LZjZk_gdh 

 
 
 
 
 

I_qZlZ_lky�ih�j_r_gbx�j_^Zdpbhggh-ba^Zl_evkdh]h�kh\_lZ 
<eZ^bfbjkdh]h�]hkm^Zjkl\_ggh]h�mgb\_jkbl_lZ 

 
 
 
 
 
 
 
 
 

<_glbeypby�\ha^moZ�\�ihf_s_gbyo�ijhfure_gguo��h[s_kl\_gguo�

b� `beuo� a^Zgbc�� F_lh^�� mdZaZgby� d� ^biehfghfm� ijh_dlbjh\Zgbx� b�

ijZdlbq_kdbf� aZgylbyf� �<eZ^bf�� ]hk�� mg-l��� Khkl��� <�L�� Dhg^jZlv_\������������
B�K��Dhaeh\��H�G��OfZjmd��<eZ^bfbj�����������k� 

 
JZkkfZljb\Zxlky� kh\j_f_ggu_� ko_fu� b�f_lh^u� jZkq_lZ� \_glbeypbb� \ha^moZ� \�

ihf_s_gbyo� 
Ij_^gZagZq_gu� ^ey� klm^_glh\� ki_pbZevghkl_c� �������� �������� �������� �������

ijb� \uiheg_gbb�ijZdlbq_kdbo� aZ^Zq�b�jZa^_eh\�^biehfguo�ijh_dlh\�ih�^bkpbiebg_�

³;_ahiZkghklv�`bag_^_yl_evghklb´�^g_\ghc�b�aZhqghc�nhjf�h[mq_gby� 

Be�����LZ[e�����;b[ebh]j������gZa\.     

 

M>D������ 
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���KZgblZjgh�–�]b]b_gbq_kdb_�lj_[h\Zgby�d�\ha^mrghc�kj_^_� 

hdjm`Zxs_c�q_eh\_dZ�\�ihf_s_gbyo 
 

KZfhqm\kl\b_� q_eh\_dZ� aZ\bkbl� hl� iZjZf_ljh\� fbdjhdebfZlZ� \�

ihf_s_gbb��hij_^_eyxsbo�mkeh\by�l_iehh[f_gZ�q_eh\_q_kdh]h�hj]ZgbafZ�

k� hdjm`Zxs_c� kj_^hc�� b� kl_i_gb� aZ]jyag_gghklb� \^uoZ_fh]h� q_eh\_dhf�

\ha^moZ� �iuev�� lhdkbqgu_� iZju�� ]Zau� b� Zwjhaheb��� hdZau\Zxs_c�

hljbpZl_evgh_� \ebygb_� gZ� khklhygb_� ^uoZl_evguo� iml_c� b� ijh\h-

pbjmxs_c�\hagbdgh\_gb_�©ijhn_kkbhgZevguoª�aZ[he_\Zgbc� 

GZ[ex^_gby� kZgblZjgh-]b]b_gbq_kdbo� kem`[� iha\hebeb� \uy\blv�

hilbfZevgu_ b�^himklbfu_�khq_lZgby�iZjZf_ljh\�fbdjhdebfZlZ��lZ[e������

Ijb�^ebl_evghf�b�kbkl_fZlbq_kdhf�\ha^_ckl\bb�gZ�ex^_c��\uihegyxsbo�

jZ[hlm� jZaebqghc� ly`_klb�� i_j\uc� lbi� khq_lZgbc� h[_ki_qb\Z_l�

khojZg_gb_� ghjfZevgh]h� l_ieh\h]h� khklhygby� hj]ZgbafZ� [_a� gZijy`_gby�

kh[kl\_gguo� kbkl_f� l_jfhj_]meypbb�� \lhjhc� —� fh`_l� \uau\Zlv�

ij_oh^ysb_� b� [ukljh� ghjfZebamxsb_ky� baf_g_gby� l_ieh\h]h� khklhygby�

hj]ZgbafZ� �k� gZijy`_gb_f� kbkl_fu� l_jfhj_]meypbb�� g_� \uoh^ys_c� aZ�

ij_^_eu� nbabheh]bq_kdbo� \hafh`ghkl_c� q_eh\_dZ��� Ijb� wlhf� khklhygb_�

a^hjh\vy� q_eh\_dZ� g_� gZjmrZ_lky�� gh� fh]ml� \hagbdgmlv� mom^r_gb_�

kZfhqm\kl\by�b�kgb`_gb_�jZ[hlhkihkh[ghklb� 

Dhfnhjlgh_� khq_lZgb_� iZjZf_ljh\� \ha^mrghc� kj_^u� hij_^_ey_lky�

ly`_klvx�\uihegy_fhc�jZ[hlu� 

<� l_ieuc� i_jbh^� ]h^Z� fZdkbfZevgh_� agZq_gb_� ^himklbfhc�

l_fi_jZlmju� gZ� ihklhygguo� b� g_ihklhygguo� jZ[hqbo� f_klZo� aZ\bkbl� hl�

jZkq_lguo� agZq_gbc� l_fi_jZlmju� gZjm`gh]h� \ha^moZ� ih� iZjZf_ljZf� :�

( :

G�L
t ��\�jZkkfZljb\Z_fhf�j_]bhg_��Q_f�\ur_�agZq_gb_�wlhc�l_fi_jZlmju�\�

j_]bhg_�� l_f� [he__� \ukhdh_� agZq_gb_� l_fi_jZlmju� \ha^moZ� � >HI

<�J
t ) 

^himkdZ_lky�gZ�jZ[hqbo�f_klZo��Qj_af_jgh_�ih\ur_gb_� >HI

<�J
t �jZaj_rZ_lky�

dhfi_gkbjh\Zlv� m\_ebq_gb_f� kdhjhklb� ^\b`_gby� \ha^moZ� � >HI

<�J
W �� beb�

kgb`_gb_f�_]h�hlghkbl_evghc�\eZ`ghklb�� >HI

<�J
ϕ ). 
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LZ[ebpZ�� 

JZkq_lgu_�l_fi_jZlmju��kdhjhklv�b�hlghkbl_evgZy�\eZ`ghklv�\ha^moZ�gZ�ihklhygguo� 
b�g_ihklhygguo�jZ[hqbo�f_klZo�ijhba\h^kl\_gguo�ihf_s_gbc�>�, 8] 

>himklbfu_�ghjfu HilbfZevgu_�ghjfu�gZ�ihklhygguo�b�

g_ihklhygguo�jZ[hqbo�f_klZo 
L_fi_jZlmjZ�gZ�jZ[hqbo�

f_klZo���K 
GZ�ihklhygguo�b�

g_ihklhygguo�jZ[hqbo�f_klZo 

I_jbh^�]h^Z��

ijb�

l_fi_jZlmjZo�

gZjm`gh]h�

\ha^moZ 
tg, °K 

 

DZl_-
]hjby�

jZ[hl 

l_fi_-
jZlmjZ 

 

HIL

<�J
t ,°K 

fZdkbfZevgZy�

kdhjhklv�

\ha^moZ 
 

HIL

<�J
W ,f�k 

hlghkbl_ev-
gZy�\eZ`-

ghklv�\ha^m-
oZ 
 

,%HIL

<�J
ϕ  

ihklhygguo 
 

>HI

<�J
t  

g_ihklhygguo 
 

>HI

<�J
t  

fZdkbfZevgZy�

kdhjhklv�

\ha^moZ 
 

,>HI

<�J
W �f�k 

hlghkbl_evgZy�

\eZ`ghklv�

\ha^moZ 
 

,>HI

<�J
ϕ  % 

L_ieuc 

tg>8 °K 

 

 

 

Oheh^guc 

tg<8 °K�b�

i_j_oh^guc� 

tg=8 °K 

I A 

I�; 

II �: 

II ; 

III 

I A 

I ; 

II �: 

II �; 

III 

23—25 

22—24 

21—23 

20—22 

18—20 

22—24 

21—23 

18—20 

17—19 

16—18 

0,1 

0,2 

0,3 

0,3 

0,4 

0,1 

0,1 

0,2 

0,2 

0,3 

40—60 

40—60 

40—60 

40—60 

40—60 

40—60 

40—60 

40—60 

40—60 

40—60 

28/31* 

28/31* 

27/30* 

27/30* 

26/29 

21—25 

20—24 

17—23 

15—21 

13—19 

30/32* 

30/32* 

29/31* 

29/31* 

26/29* 

18—26 

17—25 

15—24 

13—23 

12—20 

0,2 

0,3 

0,4 

0,5 

0,6 

0,1 

0,2 

0,3 

0,4 

0,5 

75 

75 

75 

75 

75 

75 

75 

75 

75 

75 

_______________________ 

* ?keb� :

G�L
t ��25 °K��lh�pbnjZ�qbkebl_ey��Z�_keb� :

G�L
t  > 25 °K —�agZf_gZl_ey.



 5 

>ey� ihf_s_gbc� `beuo� b� h[s_kl\_gguo� a^Zgbc�� ]^_� ^bZiZahg�

baf_g_gby� ly`_klb� \uihegy_fh]h� ljm^Z� agZqbl_evgh� m`_�� \_ebqbgu�

^himklbfuo�iZjZf_ljh\�\gmlj_gg_]h�\ha^moZ�ijb\_^_gu�\�lZ[e���. 

Baf_g_gb_� iZjZf_ljh\� gZjm`ghc� kj_^u�� ij_[u\Zgb_� \� ihf_s_gbb�

ex^_c�� \ebygb_� kheg_qgh]h� baemq_gby�� jZ[hlZ� [ulh\hc� l_ogbdb� b�

l_ogheh]bq_kdh]h�h[hjm^h\Zgby�ijb\h^yl�d�g_ij_ju\ghfm�ihklmie_gbx�\�

ihf_s_gb_� l_iehlu� � Y<G

BA;Q∆ �� b� \eZ]b� � BA;û' ��� dhlhju_� kdZau\Zxlky� gZ�

khklhygbb� \ha^mrghc� kj_^u� \� g_f� b� hldehgyxl� agZq_gby� iZjZf_ljh\�

\ha^moZ�hl�^himklbfuo� 

<� l_ieuc� i_jbh^� ]h^Z� Y<G

BA;Q∆ =∑ L�<Q � �kmffZ� l_iehihklmie_gbc���<�

oheh^guc� b� i_j_oh^guc� i_jbh^u� ]h^Z�� dh]^Z� qZklv� beb� ^Z`_� \k_�

l_iehihklmie_gby� moh^yl� d� gZjm`ghfm� \ha^mom� q_j_a� h]jZ`^Zxsb_�

dhgkljmdpbb� ihf_s_gby� �∑ H=JQ ��� ba[ulhqghc� l_iehlu� kms_kl\_ggh�

f_gvr_��lZd�dZd� Y<G

BA;Q∆ =∑ L�<Q -∑ H=JQ . 

 
LZ[ebpZ�� 

>himklbfu_�ghjfu�l_fi_jZlmju��kdhjhklb�b�hlghkbl_evghc�   

\eZ`ghklb�\ha^moZ�\�`beuo�b�h[s_kl\_gguo�ihf_s_gbyo 

I_jbh^�]h^Z L_fi_jZlmjZ�

\ha^moZ� ,>HI

<�Jt  °K 

FZdkbfZevgZy�

kdhjhklv�\ha^moZ�

,>HI

<�JW �f�k 

Hlghkbl_evgZy�

\eZ`ghklv�\ha^moZ�

,>HI

<�Jϕ  % 

Lzieuc *3:

L.G

>HI

<�J +≤ tt  0,5 65 

Oheh^guc b�

i_j_oh^guc 18**-22 0,2 65 

________________ 

* � >ey� h[s_kl\_gguo� ihf_s_gbc� ^himkdZ_lky� ih\urZlv� >HI

<�Jt  ^h� ��� °K�� _keb�

:

G�Lt >25 °K�b�^h����°K��_keb� :

G�Lt < 25 °K. 

** � JZaj_rZ_lky� kgb`Zlv� >HI

<�Jt  ^h� ��� �K, _keb� \� ihf_s_gbb� gZoh^ylky� ex^b� \�

\_jog_c�h^_`^_��dbghl_Zlju��fZ]Zabgu�b�l�i��� 
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BklhqgbdZfb�ba[ulhqghc�\eZ]b� BA;Dû �y\eyxlky�ex^b��\u\h^ysb_ ba�

hj]ZgbafZ� \eZ]m� \� khklZ\_� \u^uoZ_fh]h� \ha^moZ� b� k� ihlhf�� Z� lZd`_�

l_ogheh]bq_kdb_�b�[ulh\u_�ijhp_kku��k\yaZggu_�k�gZ]j_\hf�beb�dbi_gb_f�

\h^u� b� \h^guo� jZkl\hjh\�� kmrdhc� \eZ`guo� fZl_jbZeh\,� ijhfu\dhc�

ba^_ebc�� ^_lZe_c� b� l�� i�� Ba[ulhd� \eZ]b� ijb\h^bl� d� \hajZklZgbx�

hlghkbl_evghc� \eZ`ghklb� \ha^moZ� \ur_� ^himklbfuo� agZq_gbc� b�

dhg^_gkZpbb� \h^yguo� iZjh\� gZ� gZoh^ysboky� \� ihf_s_gbb� oheh^guo�

ih\_joghklyo� 

<�`beuo��h[s_kl\_gguo�b�hkh[_ggh�\�ijhfure_gguo�ihf_s_gbyo�\�

\ha^mo� ihklmiZxl� iuev�� lhdkbqgu_� iZju� b� ]Zau�� \u^_ey_fu_�

l_ogheh]bq_kdbfb� b� [ulh\ufb� ZiiZjZlZfb�� Z� lZd`_� ex^vfb��

gZoh^ysbfbky� \� ihf_s_gbb�� Wlb� \u^_e_gby� h[t_^bgyxlky� h[sbf�

ihgylb_f�©ba[ulhqgu_�]Zahh[jZagu_�\u^_e_gbyª�� ∑ ∑+= O�<I

=

BA; GGG∆ ). 

Ijhfure_ggZy�iuev��∑ IG ��bf__l�jZaebqgmx�kljmdlmjm�b�jZaf_ju��

BklhqgbdZfb� iueb� �f_evqZcrbo� qZklbq_d� l\_j^uo� \_s_kl\�� y\eyxlky�

l_ogheh]bq_kdb_� ijhp_kku�� k\yaZggu_� k� i_j_jZ[hldhc� b� baf_evq_gb_f�

jZaghh[jZaguo� fZl_jbZeh\� hj]Zgbq_kdh]h� beb� fbg_jZevgh]h�

ijhbkoh`^_gby��<j_^gh_�\ha^_ckl\b_�iueb�gZ�q_eh\_dZ� aZdexqZ_lky�\�__�

ihiZ^Zgbb� \gmljv� ^uoZl_evghc� kbkl_fu�� gZjmr_gbb� ghjfZevghc� jZ[hlu�

ihke_^g_c�b�\hagbdgh\_gbb�©ijhn_kkbhgZevguoª�aZ[he_\Zgbc� 

Lhdkbqgu_� iZju�� ]Zau� b� Zwjhaheb� �∑ O�<�G �� h[jZamxlky� \�

l_ogheh]bq_kdbo�b�[ulh\uo�ijhp_kkZo�h[jZ[hldb�fZl_jbZeh\�jZaebqgufb�

obfbq_kdbfb� \_s_kl\Zfb�� Q_eh\_d� ijb� ^uoZgbb� lZd`_� \u^_ey_l�

keZ[hlhdkbqguc� ^bhdkb^� m]e_jh^Z�KH2��>_ckl\b_� lhdkbqguo� \_s_kl\� gZ�

q_eh\_dZ�fh`_l� ijb\_klb� d� hkljuf� hljZ\e_gbyf� b� ©ijhn_kkbhgZevgufª�

aZ[he_\Zgbyf� 
>ey� h]jZgbq_gby� \ha^_ckl\by� ©\j_^guo� \u^_e_gbcª� gZ� q_eh\_dZ�

ghjfZlb\gu_� ^hdmf_glu� mklZgZ\eb\Zxl� bo� ij_^_evgh ^himklbfu_�

dhgp_gljZpbb� �I>D��\�\ha^mo_�jZ[hq_c�ahgu�b�gZjm`ghc�Zlfhkn_j_��>ey�

jy^Z�\_s_kl\�I>D�ijb\_^_gu�\�ijbeh`_gbb���>�@� 
I>D�\�jZ[hq_c�ahg_�-�wlh�fZdkbfZevgh_�agZq_gb_�dhgp_gljZpbb� i-]h�

\j_^gh]h� \_s_kl\Z� \� \ha^mo_� �Ki��� ijb� dhlhjhc� q_eh\_d� fh`_l� jZ[hlZlv�������
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��� qZk� \� g_^_ex� \� l_q_gb_� \k_]h� k\h_]h� jZ[hq_]h� klZ`Z�� g_� ih^\_j]Zykv�

hiZkghklb�\j_^guo�hldehg_gbc�\�khklhygbb�a^hjh\vy� 
Ih�kl_i_gb�^_ckl\by�gZ�hj]Zgbaf�q_eh\_dZ�\j_^gu_�\_s_kl\Z�jZa^_-

eyxlky�gZ�q_luj_�deZkkZ� 
 

DeZkk Kl_i_gv�\ha^_ckl\by AgZq_gb_�I>D��f]�f3 

I_j\uc Qj_a\uqZcgh�hiZkgu_ f_g__���� 
<lhjhc <ukhdhhiZkgu_ 0,1-1,0 
Lj_lbc Mf_j_gghhiZkgu_ 1,0-10,0 
Q_l\zjluc FZehhiZkgu_ ;he__����� 

 
>ey� ex[h]h� \j_^gh]h� \_s_kl\Z� _]h�nZdlbq_kdZy� dhgp_gljZpby�Ki� \�

\ha^mo_� ihf_s_gby� g_� ^he`gZ� ij_\urZlv� khhl\_lkl\mxs__� agZq_gb_�

I>D� 
?keb� \� ihf_s_gb_� h^gh\j_f_ggh� ihklmiZ_l� g_kdhevdh� \j_^guo�

\_s_kl\� h^ghgZijZ\e_ggh]h� ^_ckl\by� �[ebadb_� ih� oZjZdl_jm�

[bheh]bq_kdh]h� \ha^_ckl\by��� lh� kmffZ� hlghr_gbc� nZdlbq_kdhc�

dhgp_gljZpbb�dZ`^h]h�ba�gbo��K1,K2,...Kn��\�\ha^mo_�ihf_s_gby�d�bo�I>D�

�I>D1,�I>D2������I>Dn��g_�^he`gZ�ij_\urZlv�_^bgbpu� 
                        C1�I>D1+K2�I>D2+…+Cn�I>Dn   ��             (1) 

 

2.�GZagZq_gb_ b�deZkkbnbdZpby \_glbeypbhgguo�kbkl_f 

Ba-aZ� g_ij_ju\guo� ihklmie_gbc� \� Zlfhkn_jm� ijhfure_gguo��

`beuo� b� h[s_kl\_gguo� ihf_s_gbc� l_iehlu�� \eZ]b�� iueb� b� ^jm]bo�

\j_^guo�\u^_e_gbc�khklhygb_�\ha^mrghc�kj_^u�\�gbo�fh`_l�mom^rZlvky�

b�g_�h[_ki_qb\Zlv�dhfnhjlgh]h�kZfhqm\kl\by�ex^_c�b�hilbfZevguo�mkeh-
\bc�^ey�ijhl_dZgby�l_ogheh]bq_kdbo�ijhp_kkh\� 

>ey�ih^^_j`Zgby�dhfnhjlguo�iZjZf_ljh\�\ha^mrghc�kj_^u�g_h[oh-
^bfh� aZf_gylv� aZ]jyagb\rbcky� \j_^gufb� ijbf_kyfb� \ha^mo� ihf_s_gby�

qbkluf� gZjm`guf� \ha^mohf�� Lj_[m_fZy� bgl_gkb\ghklv� \ha^mohh[f_gZ�

hij_^_ey_lky�bgl_gkb\ghklvx�aZ]jyag_gby�\ha^moZ�ihf_s_gby� 
<�`beuo� b� h[s_kl\_gguo� ihf_s_gbyo� bgl_gkb\ghklv� aZ]jyag_gby�

\ha^moZ� kjZ\gbl_evgh� g_\_ebdZ� b� h[mkeh\eb\Z_lky� \� hkgh\ghf� h[t_fhf�

\j_^guo�\u^_e_gbc�l_iehlu��\eZ]b��^bhdkb^Z�m]e_jh^Z��hl�gZoh^ysboky�\�

ihf_s_gbb�ex^_c��jZ[hlZxsbo�]Zah\uo�b�we_dljbq_kdbo�iebl��ijb[hjh\�b�
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ZiiZjZlh\�[ulh\hc�l_ogbdb���<�wlbo�ihf_s_gbyo�^hklZlhqgh�aZf_gylv�\_kv�

\ha^mo� hl� h^gh]h� ^h� iylb� jZa� aZ� qZk� �djZlghklv� h[f_gZ� \ha^moZ�                    
m̀  = 1 – 5 ��q�� 

<� ijhba\h^kl\_gguo� ihf_s_gbyo� bgl_gkb\ghklv� aZ]jyag_gby�

\ha^moZ�fgh]h�\ur_�b�aZ\bkbl�\�hkgh\ghf�hl�h[t_fZ�\j_^guo�\u^_e_gbc�

l_ogheh]bq_kdbo� ZiiZjZlh\� b� mklZgh\hd��<� lZdbo� ihf_s_gbyo� djZlghklv�

h[f_gZ�h[uqgh�e_`bl�\�ij_^_eZo�hl�iylb�^h�khjhdZ�jZa�aZ�qZk�(mi= 5 –������q�� 
M^Ze_gb_�ba�ihf_s_gbc�aZ]jyag_ggh]h�\ha^moZ�b�aZf_gZ�_]h�qbkluf�

hkms_kl\ey_lky� k� ihfhsvx� jZaghh[jZaguo� kbkl_f�� dhlhju_� ih^jZa-
^_eyxlky� gZ� _kl_kl\_ggmx� \_glbeypbx�� ZwjZpbx�� ijbgm^bl_evgmx� b�

dhf[bgbjh\Zggmx�\_glbeypbb� 
?kl_kl\_gghc� gZau\Z_lky� \_glbeypby�� ijb� bkihevah\Zgbb�

dhlhjhc�ijblhd�b�\uly`dZ�\ha^moZ�ijhbkoh^yl�ih^�\ha^_ckl\b_f�jZaghklb�

^Z\e_gbc�\ha^mrghc�kj_^u�kgZjm`b�b�\gmljb�a^Zgby� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
KZfb� dZgZeu� khh[sZxlky� k� Zlfhkn_jhc� q_j_a� \uly`gu_�rZolu�gZ�

djurZo�a^Zgbc� 

Jbk�� ��� JZkq_lgZy� ko_fZ� _kl_kl\_gghc�
\_glbeypbb   \� fgh]hwlZ`ghf  �`behf� 
beb�h[s_kl\_gghf�a^Zgbb� 
1 -� gZjm`gZy� kl_gZ� a^Zgby�� 2 -� hdgZ��
3 -� nhjlhqdb� b� njZfm]b� \� hdgZo��
4 -� \uly`ghc� dZgZe� \h� \gmlj_gg_c�
kl_g_�� 5 -� \uly`gu_� hl\_jklby�
ba�ihf_s_gbc��6 -�\uly`gZy�rZolZ 

H[uqgh� \� `beuo�� h[s_k-
l\_gguo� b� ijhba\h^kl\_gguo� ih-
f_s_gbyo� \k_]^Z� bf_xlky� l_ieh-
\u^_e_gby�� b� l_fi_jZlmjZ� \gml-
j_gg_]h� \ha^moZ� t<� \ur_�� q_f�

l_fi_jZlmjZ� gZjm`gh]h� \ha^moZ� tG. 
LZd� dZd� iehlghklv� gZjm`gh]h�

\ha^moZ�!G=353/(tG�������d]�f
3
��\ur_��

q_f� iehlghklv� \ha^moZ� \gmljb�

ihf_s_gby� !<=353/(t<������� lh� ^Z\-
e_gb_� gZjm`gh]h� \ha^moZ� [hevr_��

q_f� ^Z\e_gb_� \ha^moZ� \gmljb� ih-
f_s_gby� 

>ey� hj]ZgbaZpbb� _kl_kl\_gghc�

\_glbeypbb�\�`beuo�b�h[s_kl\_gguo�

fgh]hwlZ`guo� a^Zgbyo� �jbk�� ���

\h� \gmlj_ggbo� kl_gZo�� hl� gb`g_]h�

wlZ`Z� ^h� q_j^ZdZ�� ijhdeZ^u\Z_lky�

kbkl_fZ�\_glbeypbhgguo��dZgZeh\� 
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=jZ\blZpbhggh_�^Z\e_gb_�gZjm`gh]h�\ha^moZ�gZ�mjh\g_�njZfm]�hdhg�

dZ`^h]h�wlZ`Z��JG�Wi���IZ��hij_^_ey_lky�ih�\ujZ`_gbx 
                                         G�WLG�WL )( gJGGJ −=                                         (2) 

=jZ\blZpbhggh_� ^Z\e_gb_� \ha^moZ� \� \uly`ghf� dZgZe_ gZ� mjh\g_�
\uly`gh]h�hl\_jklby�dZ`^h]h�wlZ`Z��JD�Wi���IZ��gZoh^blky�dZd 

                                         ,)( <WLD�WL gJGGJ −=                                        (3) 

]^_� i —� ihjy^dh\uc� ghf_j� dZ`^h]h� wlZ`Z�� G� -� \ukhlZ� a^Zgby� hl� iheZ�

gb`g_]h� wlZ`Z� ^h� \_joZ� \uly`ghc� rZolu�� f�� GWi -� hlf_ldZ� k_j_^bgu�
njZfm]b�hdgZ�b�k_j_^bgu�\uly`gh]h�hl\_jklby� i-]h�wlZ`Z��hlf_j_ggZy�hl�
iheZ�gb`g_]h�wlZ`Z��f��g -�mkdhj_gb_�k\h[h^gh]h�iZ^_gby��f�k2. 

LZd� dZd� gZ� dZ`^hf� wlZ`_� JD�Wi< JG�Wi�� lh� ijb� hldjulbb� nhjlhq_d��

njZfm]�� hdhg� b� [Zedhgguo� ^\_j_c� k\_`bc� gZjm`guc� \ha^mo� [m^_l�

ihklmiZlv� \� ihf_s_gb_�� \ul_kgyy� ijb� wlhf� aZ]jyag_gguc� \gmlj_ggbc�

\ha^mo�\�\uly`ghc�dZgZe��^Ze__�\�Zlfhkn_jm�� 
Kbkl_fZ� _kl_kl\_gghc� \_glbeypbb� ijhklZ� \� mkljhckl\_� b�

wdkiemZlZpbb��lj_[m_l�fbgbfZevguo�aZljZl�gZ�khhjm`_gb_�b�g_�ihlj_[ey_l�

we_dljbq_kdhc�wg_j]bb�b�l_iehlu�ijb�jZ[hl_� 
H^gZdh� djZlghklv� h[f_gZ� \ha^moZ� ijb� ijbf_g_gbb� _kl_kl\_gghc�

\_glbeypbb� g_\_ebdZ� b� kbevgh� f_gy_lky� ijb� baf_g_gbyo� gZjm`guo�

l_fi_jZlmj�� gZijZ\e_gbc� b� kdhjhkl_c� \_ljZ�� Dhfi_gkbjh\Zlv�

\hagbdZxsb_� baf_g_gby� djZlghklb� h[f_gZ� \ha^moZ� \hafh`gh� lhevdh�

baf_g_gb_f� ijh^he`bl_evghklb� hldjulby� njZfm]� b� nhjlhq_d�� qlh�

g_m^h[gh� b� g_^hklZlhqgh� lhqgh�� G_^hklZldhf� _kl_kl\_gghc� \_glbeypbb�

y\ey_lky� b� lh�� qlh� gZjm`guc� \ha^mo� ihklmiZ_l� \� ihf_s_gb_� [_a�

ij_^\Zjbl_evghc� hqbkldb� k� l_fi_jZlmjhc� tG.� <� oheh^guc� i_jbh^� ]h^Z�

\ha^mo�ijboh^blky�ih^h]j_\Zlv�\�ihf_s_gbyo��khhl\_lkl\_ggh�m\_ebqb\Zy�

fhsghklb�kbkl_fu�hlhie_gby�b�jZkoh^�l_iehlu�kbkl_fZfb�hlhie_gby� 

Khq_lZgb_� ^hklhbgkl\� b� g_^hklZldh\� _kl_kl\_gghc� \_glbeypbb�

h]jZgbqbeh� h[eZklv� __� djm]eh]h^bqgh]h� ijbf_g_gby� lhevdh� `beufb� b�

h[s_kl\_ggufb�a^Zgbyfb� 

<� ijhfure_gguo� ihf_s_gbyo� fZehc� wlZ`ghklb� bkihevamxl�

kbkl_fm� hj]Zgbah\Zgghc� b� mijZ\ey_fhc� _kl_kl\_gghc� \_glbeypbb��

gZau\Z_fmx�ZwjZpby��jbk������HgZ�fh`_l�djm]eh]h^bqgh�bkihevah\Zlvky�\�
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ihf_s_gbyo� kh� agZqbl_evguf� ba[uldhf� y\ghc� l_iehlu�� g_� lj_[mxsbo�

hqbkldb�ihklmiZxs_]h�gZjm`gh]h�\ha^moZ� 

>ey�bkihevah\Zgby�ZwjZpbb�g_h[oh^bfh��qlh[u�jZkiheh`_gb_�b�jZa-

f_ju�ZwjZpbhgguo�ijh_fh\��Z�lZd`_�ijbf_g_gb_�mijZ\eyxsbo�mkljhckl\��

j_]mebjmxsbo� kl_i_gv bo� hldjulby�� h[_ki_qb\Zeb�ihklhygkl\h� \ha^moh-

h[f_gZ�ijb�ex[uo�baf_g_gbyo�\_ljZ�b�l_fi_jZlmju�gZjm`gh]h�\ha^moZ� 
 

Ijblhqguc� \ha^mo� k�

l_fi_jZlmjhc� tG� ih^Z_lky� \�

ihf_s_gb_� q_j_a� gb`gbc� yjmk�

ZwjZpbhgguo� ijh_fh\�� Ihke_^gb_�

jZkiheh`_gu�lZdbf�h[jZahf��qlh�\�

e_lgbc� i_jbh^� gZjm`guc� \ha^mo�

ihklmiZ_l� \� ihf_s_gb_� gZ� \ukhl_�

G�E  ����f��hl�iheZ��Z�\�oheh^guc�b�

i_j_oh^guc� i_jbh^u� gZjm`guc�

\ha^mo� ihklmiZ_l� \� ihf_s_gb_� gZ�

\ukhl_� G�A  � �� f� hl� iheZ�� LZdh_�

jZkiheh`_gb_� ZwjZpbhgguo� ijh-

_fh\�iha\hey_l�ih^h]j_\Zlv�\ha^mo�

l_iehba[uldZfb� i_j_^� \oh^hf� \�

jZ[hqmx�ahgm� 

GZ]j_\Zykv� aZ� kq_l� l_ieh-

ba[uldh\� ^h� l_fi_jZlmju� tM�� \ha^mo� ih^gbfZ_lky� ^h� \_jog_]h� yjmkZ�

ZwjZpbhgguo�ijh_fh\�b�moh^bl�\�Zlfhkn_jm��mghky�lZd`_�\eZ]hba[uldb�b�

^jm]b_�aZ]jyag_gby� 

JZkq_l�kbkl_fu�ZwjZpbb�b�hij_^_e_gb_�dhgkljmdlb\guo�jZaf_jh\�__�

we_f_glh\� ijh\h^yl� ^ey� gZb[he__� ly`_eh]h� j_`bfZ� jZ[hlu�� dh]^Z�

^himklbfmx�l_fi_jZlmjm�\ha^moZ�gZ�jZ[hq_f�f_kl_� >HI

<�Jt ��ijbgbfZ_fmx�ih�

lZ[e�����g_h[oh^bfh�h[_ki_qblv�ijb�l_fi_jZlmj_�gZjm`gh]h�\ha^moZ�tG= :

G�Lt  

b�gme_\hc�kdhjhklb�\_ljZ� 

Jbk�� ���JZkq_lgZy�ko_fZ�kbkl_fu�ZwjZpbb�
\� ihf_s_gbb� h[kem`b\Zgby� ^hf_gguo�
\ha^mohgZ]j_\Zl_e_c� 
1 -� gb`gbc� yjmk� ZwjZpbhgguo� ijh_fh\��
2 -� ihf_s_gb_� ^ey� h[kem`b\Zgby�
^hf_gguo \ha^mohgZ]j_\Zl_e_c, 
3 -�\_ljhhl[hcguc�sbl��4 -�\_jogbc�yjmk�
ZwjZpbhgguo� ijh_fh\�� 5 - ^hf_gguc�
\ha^mohgZ]j_\Zl_ev������---------:�–�\ha^mo 
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G_h[oh^bfuc�fZkkh\uc�jZkoh^�ijblhqgh]h�\ha^moZ�� :WJ

n1G ���d]�k��^ey�

m^Ze_gby�\k_o�l_iehba[uldh\�hij_^_ey_lky�ih�\ujZ`_gbx 

                                    )),(/( :

G�LM

Y<G

BA;

:WJ

1 ttQG KN −= ∆                                 (4)  

]^_� Y<G

BA;Q∆ -�dhebq_kl\h�ba[ulhqghc�l_iehlu��l_iehba[uldh\��\�ihf_s_gbb�

\� l_ieuc� i_jbh^� ]h^Z�� d<l��K -� l_ieh_fdhklv� \ha^moZ� �ijb� l_fi_jZlmj_ 

K),tt(5.0t M

>HI

<�J

KJ

<

$+= , d>`��d]•°K);  :

G�Lt  -� jZkq_lgZy� l_fi_jZlmjZ 

gZjm`gh]h� \ha^moZ� ih� iZjZf_ljZf� :� \� l_ieuc� i_jbh^� ]h^Z�� �K; tM - 

l_fi_jZlmjZ� \ha^moZ�� moh^ys_]h� q_j_a� \_jogbc� yjmk� ZwjZpbhgguo�

ijh_fh\��°K. 

AgZq_gb_�l_fi_jZlmju�tM�\uqbkey_lky�dZd 

                                 ,
G

G

>HI

<�J
GM

D

tt
tt

−+=                                 (5) 

]^_� )/()( GMG

>HI

<�JG ttttD −−= -� hiulguc� ihdZaZl_ev�� mqblu\Zxsbc� ih\u-

r_gb_� l_fi_jZlmju� \ha^moZ� ih� \ukhl_� ihf_s_gby� �\� aZ\bkbfhklb� hl�

bgl_gkb\ghklb�l_ieh\u^_e_gbc�ijbgbfZ_lky�hl������^h������ 

FbgbfZevguc� ]jZ\blZpbhgguc�i_j_iZ^�^Z\e_gby��h[_ki_qb\Zxsbc�

i_j_f_s_gb_�\ha^moZ� min

41Jû − ��IZ��hij_^_ey_lky�ih�\ujZ`_gbx 

                             ),!!)(HH(gJû <GE14

min

41 −−=−                               (6) 

]^_�G4�b�G�E�—�khhl\_lkl\_ggh�mjh\gb�\uoh^Z�b�\oh^Z�gZjm`gh]h�\ha^moZ�\�

ihf_s_gb_� q_j_a� ZwjZpbhggu_� ijh_fu�� f�� g -� mkdhj_gb_� k\h[h^gh]h�

iZ^_gby��f�k2; !G�b�!< -�khhl\_lkl\_ggh�iehlghklv�gZjm`gh]h�\ha^moZ��ijb�

tG= :

G�Lt ,°K�� b� iehlghklv� \gmlj_gg_]h� \ha^moZ� �ijb� )(5,0 M

>HI

<�J

KJ

< ttt += , °K), 

d]�f3. 

Ijb� dhgkljmbjh\Zgbb� kbkl_fu� ZwjZpbb� g_h[oh^bfh� h[_ki_qblv�

\hafh`ghklv� baf_g_gby� iehsZ^b� ijblhqguo� ijh_fh\� ijb� baf_g_gbb�

kdhjhklb� \_ljZ�� IehsZ^v� ijblhqguo� ijh_fh\� j_dhf_g^m_lky� ijbgbfZlv�

[hevr_�� q_f� iehsZ^v� \uly`guo� ijh_fh\�� ^ey� lh]h�� qlh[u� h[_ki_qblv�

g_\ukhdmx�kdhjhklv�\oh`^_gby�gZjm`gh]h�\ha^moZ�\�jZ[hqmx�ahgm� 
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>ey� wlh]h� ijbgbfZxl�� qlh� ��� -� ��� �� h[s_]h� fbgbfZevgh]h� ]jZ-

\blZpbhggh]h� i_j_iZ^Z� ^Z\e_gby� jZkoh^m_lky� gZ� ij_h^he_gb_� khijh-

lb\e_gby�\uoh^guo�ijh_fh\��Z����- 10 % —�gZ�ij_h^he_gb_�khijhlb\e_gby�

\oh^guo�ijh_fh\��l��_�� ).2,01,0(,û)1(û,Jûû 1
min

4114
min

4111 −=−== −− ZJZJZJ  

JZkq_lgu_� kdhjhklb� ^\b`_gby� \ha^moZ� kd\hav� ijblhqgu_�

ZwjZpbhggu_� W1,� f�k�� b� kd\hav� \uly`gu_� ZwjZpbhggu_� W4�� f�k�� ijh_fu�

hij_^_eyxlky�ih�ke_^mxsbf�\ujZ`_gbyf� 

                                       ;5,0))!Z/(2( H11!1 ∆=W                                    (7) 

                                      ,5,0))!Z/(!2(W M444 ∆=                                    (8) 

]^_� � Z1� b� Z4 -� khhl\_lkl\_ggh� dhwnnbpb_glu� f_klguo� khijhlb\e_gbc�

ijblhqguo� b� \uly`guo� ZwjZpbhgguo� ijh_fh\�� !M=  353/(tM+273) - 

iehlghklv�moh^ys_]h�\ha^moZ��d]�f3. 

Ijb� jZ[hl_� lhevdh� h^ghc� ZwjZpbb�fZkkh\u_� jZkoh^u�ijblhqgh]h�b�

moh^ys_]h� \ha^moZ� jZ\gu� � :WJ

41 nn GG = ��� Z� fZdkbfZevgu_� iehsZ^b�

ijblhqguo�F1�b�\uly`guo�F4��f
2
�� ZwjZpbhgguo�ijh_fh\�\uqbkeyxlky�ih�

nhjfmeZf 

                                      );/( H1

:WJ

11 PWGF n=                                                 (9) 

                                      )./( M4
:WJ

44 PWGF n=                                              (10) 

Ke_^m_l� hlf_lblv�� qlh� kbkl_fm� ZwjZpbb� \� oheh^guc� i_jbh^� ]h^Z�

fh`gh� bkihevah\Zlv� \� ihf_s_gbyo� k� \ukhdbfb� b� ihklhyggufb�

l_iehba[uldZfb� beb� \� dhf[bgZpbb� k� ijbgm^bl_evghc� �f_oZgbq_kdhc��

kbkl_fhc� \_glbeypbb�� <� ihke_^g_f� kemqZ_� wlh� [m^_l� kbkl_fZ 

dhf[bgbjh\Zgghc�\_glbeypbb� 

<� dhf[bgbjh\Zgghc� kbkl_f_� \_glbeypbb� jZkq_l� f_oZgbq_kdhc�

khklZ\eyxs_c� ijh\h^yl� ih� \ujZ`_gbyf�� baeh`_gguf� \� jZa^_eZo� �� b� ���

JZkq_l�ZwjZpbhgghc�khklZ\eyxs_c�dhf[bgbjh\Zgghc�kbkl_fu�\_glbeypbb�

ijh\h^yl�ih�nhjfmeZf�����—�������gh�k�g_dhlhjufb�mlhqg_gbyfb� 

?keb� kh\f_klgh� k� ZwjZpb_c� jZ[hlZ_l� b� ijblhqgZy� f_oZgbq_kdZy�

\_glbeypby� �k� fZkkh\uf� jZkoh^hf� \ha^moZ� F?O

IG �� d]�k��� lh� _kl_kl\_gguc�
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ijblhd� gZjm`gh]h� \ha^moZ� q_j_a� ZwjZpbhggu_� ijh_fu� i_j\h]h� yjmkZ�

^he`_g�hij_^_eylvky�dZd 

,F?O

I

DHF;

I�

:WJ

I� GGG −=  

]^_� ))tt(K/(QûG GM

Y<G

BA;

DHF;

I� −= -� kmffZjguc� ijblhd� gZjm`gh]h� \ha^moZ� \�

ihf_s_gb_�hl�ZwjZpbb�b�ijbgm^bl_evghc�\_glbeypbb��d]�k� 

<u[jhk�\ha^moZ�q_j_a�\_jogbc�yjmk�ZwjZpbhgguo�ijh_fh\� :WJ

I�G �hk-

lZ_lky�ij_`gbf�b�\uqbkey_lky�\�\b^_ 

.DHF;

I�

:WJ

I� GG =  

Khhl\_lkl\_ggh�baf_gylky�b�iehsZ^b�ZwjZpbhgguo�ijh_fh\�F1�b�F4. 

?keb� kh\f_klgh� k� ZwjZpb_c� jZ[hlZ_l� \uly`gZy� ijbgm^bl_evgZy�

\_glbeypby� �ijhba\h^bl_evghklv� dhlhjhc� F?O

<G ,� d]�k��� lh� jZkoh^� \ha^moZ�

q_j_a� gb`gbc� yjmk� ZwjZpbhgguo� ijh_fh\� hklZ_lky� ihklhygguf�

( F?O

<

:WJ

I�

:WJ

I� GGG += ��� JZkoh^� \ha^moZ�� moh^ys_]h� q_j_a� \_jogbc� yjmk�

ZwjZpbhgguo� ijh_fh\�� hij_^_eyxl� k� mq_lhf� lh]h�� qlh� qZklv� ba[ulhqguo�

l_ieh\u^_e_gbc� [m^_l� \u\h^blvky� \uly`guf� \ha^mohf�� m^Zey_fuf�

ijbgm^bl_evghc�\_glbeypb_c 

                           .
)(K

)(KGû
G

GM

G<�J

F?O

<

Y<G

BA;:WJ

I� tt

ttQ

−
−−=                                (11) 

Dhf[bgbjh\ZggZy� kbkl_fZ� \_glbeypbb� h[t_^bgy_l� kh\f_klgmx�

jZ[hlm� ZwjZpbb� b� ijbgm^bl_evghc� �f_oZgbq_kdhc�� \_glbeypbb� gZ� h^ghf�

h[t_dl_��Dhf[bgbjh\ZggZy�\_glbeypby�h[_ki_qb\Z_l�[he__�\ukhdmx��q_f�

ZwjZpby�� bgl_gkb\ghklv� \ha^mohh[f_gZ� �ijb� [he__� gbadbo� aZljZlZo�� q_f�

ijbgm^bl_evgZy�\_glbeypby�� 

Dhf[bgbjh\ZggZy�kbkl_fZ�\_glbeypbb�rbjhdh�bkihevam_lky�\�p_oZo�

ijhfure_gguo�ij_^ijbylbc��Z�lZd`_�\�kihjlb\guo�b�[ulh\uo�a^Zgbyo� 

Ijbgm^bl_evgZy� �f_oZgbq_kdZy�� \_glbeypby� m^Zey_l�

aZ]jyag_gguc� \ha^mo� ba� ihf_s_gbc� b� ih^Z_l� \� ihf_s_gby� qbkluc�

gZjm`guc� \ha^mo� k� ihfhsvx� \_glbeylhjh\�� ijb\h^bfuo� \h� \jZs_gb_�

we_dljh^\b]Zl_eyfb� 
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IjbgpbibZevgZy� ko_fZ� ijbgm^bl_evghc� kbkl_fu� \_glbeypbb�

ij_^klZ\e_gZ�gZ�jbk���� 

Ijb�jZ[hl_�ijbgm^bl_evghc� kbkl_fu�\_glbeypbb�gZjm`guc�\ha^mo�

ihklmiZ_l�q_j_a�j_r_ldb�ijblhqghc�dZf_ju��dhlhju_�gZoh^ylky�gZ�\ukhl_�

g_�f_g__� ��f� hl� ih\_joghklb� a_feb��� ijhoh^bl� q_j_a�nbevlj�� \� dhlhjhf�

hqbsZ_lky� hl� iueb�� b� ihklmiZ_l� \� dZehjbn_j�� <� dZehjbn_j_� \ha^mo� \�

oheh^guc� b� i_j_oh^guc� i_jbh^u� ]h^Z� ih^h]j_\Z_lky� l_iehlhc� iZjZ� beb�

]hjyq_c� \h^u� ^h� l_fi_jZlmju� t<�I�� Ijb� wlhc� l_fi_jZlmj_� ^himklbfh�

ihklmie_gb_�\ha^moZ�\�\_glbebjm_fu_�ihf_s_gby��<�l_ieuc�i_jbh^�]h^Z�

dZehjbn_j� g_� jZ[hlZ_l�� b� \ha^mo� ijhoh^bl� q_j_a� h[\h^ghc� dZgZe��

Ijblhqguc� \_glbeylhj� aZ[bjZ_l� gZ]j_luc� gZjm`guc� \ha^mo� b� ih�

ijblhqguf� \ha^moh\h^Zf� q_j_a� kbkl_fm� \ha^mohjZkij_^_ebl_e_c� ih^Z_l�

_]h� \� \_glbebjm_fu_� ihf_s_gby�� AZ]jyag_gguc� \j_^gufb� \u^_e_gbyfb�

\ha^mo� ba� ihf_s_gbc� q_j_a� kbkl_fm� \uly`guo� hl\_jklbc� ihklmiZ_l� \�

\uly`gu_� \ha^moh\h^u�� hldm^Z� hlkZku\Z_lky� \uly`guf� \_glbeylhjhf� b�

\u[jZku\Z_lky� \� Zlfhkn_jm� q_j_a� \uly`gmx� dZf_jm�� <uly`gZy� dZf_jZ�

^he`gZ� jZkiheZ]Zlvky� gZ� lZdhc� \ukhl_�� qlh[u� dhgp_gljZpby� \j_^guo�

\u[jhkh\�\�gZk_e_gghf�imgdl_�g_�ij_\urZeZ�I>D� 

Khbaf_jyy�dhebq_kl\Z�ijblhqgh]h�\ha^moZ�GI�b�\uly`gh]h�\ha^moZ�

G<�� d]�k�� \� dZ`^hf� ihf_s_gbb� fh`gh� ih^^_j`b\Zlv� ih\ur_ggh_� �_keb�    

GI > G<���ghjfZevgh_��GI= G<��^Z\e_gby�b�jZaj_`_gb_��GI < G<). 

?keb� m^Zey_fuc� ba� ihf_s_gby� \ha^mo� kh^_j`bl� iuev� b� ^jm]b_�

ijbf_kb� �\u[jhk� dhlhjuo� \� Zlfhkn_jm� g_^himklbf��� lh� aZ� \uly`guf�

\_glbeylhjhf�g_h[oh^bfh�mklZgZ\eb\Zlv�^hihegbl_evgu_�nbevlju� 

MklZgZ\eb\Zy� \� kbkl_f_� ijbgm^bl_evghc� \_glbeypbb� l_ieh-

h[f_ggbd-mlbebaZlhj�� fh`gh� l_iehlhc� \uly`gh]h� \ha^moZ� ih^h]j_\Zlv�

ki_pbZevguc� l_iehghkbl_ev�� Wlhl� l_iehghkbl_ev� ^he`_g� ijhdZqb\Zlvky�

pbjdmeypbhgguf�gZkhkhf�q_j_a�ij_^\dexq_gguc�l_iehh[f_ggbd��hl^Z\Zy�

ihemq_ggmx�l_iehlm�oheh^ghfm�ijblhqghfm�\ha^mom� 

Ih�kjZ\g_gbx�k�_kl_kl\_gghc�ijbgm^bl_evgZy��f_oZgbq_kdZy��\_glb-
eypby�iha\hey_l�g_aZ\bkbfh�hl�baf_g_gbc�gZjm`guo�mkeh\bc�h[_ki_qb\Zlv� 

–�ex[mx�g_h[oh^bfmx�djZlghklv�h[f_gZ�\ha^moZ� 
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–�ih^Zqm�\�ihf_s_gb_�gZjm`gh]h�\ha^moZ��hqbs_ggh]h�\�nbevljZo�b�

ih^h]j_lh]h�\�dZehjbn_jZo� 
–� jZ\ghf_jgh_� \_glbebjh\Zgb_� \k_]h� h[t_fZ� ihf_s_gbc�� [_a�

h[jZah\Zgby�aZklhcguo�ahg� 
–�ih^^_j`Zgb_�lj_[m_fh]h�mjh\gy�^Z\e_gby�beb�jZaj_`_gby�\�ihf_-

s_gbb� 
Djhf_� lh]h�� ijb�

bkihevah\Zgbb� kbkl_fu�

ijbgm^bl_evghc� \_glb-

eypbb� ihy\ey_lky� \ha-

fh`ghklv� wdhghfbb� l_i-

ehlu�� dhlhjZy� jZkoh^m_lky�

gZ�ih^h]j_\�gZjm`gh]h�\ha-

^moZ� �aZ� kq_l� mlbebaZpbb�

l_iehlu� \_glbeypbhgguo�

\u[jhkh\���Ijb�wlhf�jZkoh^�

l_iehlu� gZ� dZehjbn_ju�

klZgh\blky�f_gvr_� jZkoh^Z�

l_iehlu� kbkl_fhc� hlhi-

e_gby�gZ�ih^h]j_\�\ha^moZ�\�

kbkl_f_� _kl_kl\_gghc� \_g-

lbeypbb� 

<f_kl_� k� l_f��

khhjm`_gb_� kbkl_fu� ijb-

gm^bl_evghc� \_glbeypbb��

ih� kjZ\g_gbx� k� _kl_k-

l\_gghc� \_glbeypb_c��

lj_[m_l� ^hihegbl_evguo�

fZl_jbZevguo� b� ^_g_`guo�

aZljZl� gZ� ijbh[j_l_gb_� b�

fhglZ`� \_glbeylhjh\�� we_dljh^\b]Zl_e_c�� nbevljh\�� dZehjbn_jh\� b�

\ha^moh\h^h\��WdkiemZlZpby�kbkl_fu�ijbgm^bl_evghc�\_glbeypbb�k\yaZgZ�

Jbk�� ��� IjbgpbibZevgZy� ko_fZ� ijbgm^bl_evghc�
kbkl_fu�\_glbeypbb� 
: -�ihf_s_gb_�k�ih\ur_gguf�^Z\e_gb_f�\ha^moZ��
; -� ihf_s_gb_� ih^� jZaj_`_gb_f� �\Zdmmfhf���
< -�ihf_s_gb_�k�ghjfZevguf�^Z\e_gb_f�\ha^moZ��
1 -� ijblhqgZy� dZf_jZ�� 2 - nbevlj� ^ey� hqbkldb�
gZjm`gh]h� \ha^moZ�� �� -� dZehjbn_j� ^ey� ih^h]j_\Z�
gZjm`gh]h� \ha^moZ� �iZjhf� beb� ]hjyq_c� \h^hc���
4 -� h[\h^ghc� dZgZe�� 5 -� ijblhqguc� \_glbeylhj��
6 -� \ha^moh\h^u� ijblhqgh]h� \ha^moZ��
7 -� \ha^mohjZkij_^_ebl_eb�� 8 -� \uly`gu_�
hl\_jklby� beb�s_eb�� 9 -� \ha^moh\h^u� \uly`gh]h�
\ha^moZ��10 -�\uly`ghc�\_glbeylhj�����-�\uly`gZy�
dZf_jZ��12 -�mlbebaZlhj�l_iehlu�\_glbeypbhgguo�
\u[jhkh\��13 -�gZkhk�^ey�ijhdZqdb�l_iehghkbl_ey�
q_j_a� kbkl_fm� mlbebaZpbb� l_iehlu�
\_glbeypbhgguo� \u[jhkh\�� � ….. 

:� –� \ha^mo��
------:� –� ]hjyqZy� \h^Z� ba� l_ieh\hc� k_lb��
–Â–Â–Â–Â–Â:�–�ijhf_`mlhqguc�l_iehghkbl_ev 
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k�ihklhygguf�jZkoh^hf�we_dljbq_kdhc�wg_j]bb�gZ�ijb\h^�\_glbeylhjh\�b�

khijh\h`^Z_lky�ih\ur_gguf�mjh\g_f�rmfZ� 

G_kfhljy� gZ� mdZaZggu_� g_^hklZldb�� kbkl_fu� ijbgm^bl_evghc�

\_glbeypbb� aZgyeb� ijbhjbl_lgh_� f_klh� ijb� \_glbebjh\Zgbb�

ijhfure_gguo�b�h[s_kl\_gguo�a^Zgbc� 

Ih� \uihegy_fuf� dhgdj_lguf� nmgdpbyf� kbkl_fu� ijbgm^bl_evghc�

\_glbeypbb�jZa^_eyxlky�gZ�ke_^mxsb_�lbiu� 

–�ijblhqgu_��ih^Zxl�qbkluc�gZjm`guc�\ha^mo�\�ihf_s_gby�� 

–�\uly`gu_��hlkZku\Zxl�aZ]jyag_gguc�\ha^mo�ba�ihf_s_gbc�� 

Dh]^Z� \j_^gu_� \u^_e_gby� jZkij_^_e_gu� ih� \k_fm� h[t_fm�

ihf_s_gby�� lh� bkihevam_lky� h[s_h[f_ggZy� \_glbeypby�� aZf_gyxsZy�

\ha^mo�\k_]h�h[t_fZ�ihf_s_gby� 

?keb� \j_^gu_� \u^_e_gby� ihklmiZxl� \� ihf_s_gb_� hl� hl^_evguo�

ZiiZjZlh\� b� mklZgh\hd�� lh� ^ey� ij_^mij_`^_gby� bo� jZkijhkljZg_gby� ih�

\k_fm� h[t_fm� ihf_s_gby� bkihevamxl� f_klgmx� \uly`gmx� \_glbeypbx��

hlkZku\Zxsmx� aZ]jyag_gguc� \ha^mo� g_ihkj_^kl\_ggh� ba� f_kl� _]h�

ihklmie_gby� 

?keb�`_� \� p_oZo� kh� agZqbl_evguf� aZ]jyag_gb_f� \ha^moZ� lj_[m_lky�

h[_ki_qblv� dhfnhjlgu_� mkeh\by� g_[hevrhfm� dhebq_kl\m�

h[kem`b\Zxs_]h� i_jkhgZeZ�� lh� bkihevamxl� f_klgmx� ijblhqgmx�

\_glbeypbx��\�\b^_�\ha^mrguo�^mr_c��aZ\_k�b�l�i��� 

Bkihevah\Zgb_� kbkl_f�f_klghc� \_glbeypbb�iha\hey_l�h[_ki_qb\Zlv�

g_h[oh^bfu_� kZgblZjgh-]b]b_gbq_kdb_� mkeh\by� ^ey� jZ[hlZxsbo� ex^_c�

ijb� f_gvrbo� dhebq_kl\Zo� hlkZku\Z_fh]h� b� ijblhqgh]h� \ha^moZ�� B��

ke_^h\Zl_evgh��mf_gvrZxlky�ijhba\h^bl_evghklv�\_glbeylhjh\��fhsghklv�

we_dljh^\b]Zl_e_c�� jZkoh^� we_dljbq_kdhc� wg_j]bb�� ^bZf_lju�

\ha^moh\h^h\� 

H[uqgh� \� ijhba\h^kl\_gguo� ihf_s_gbyo� ijbf_gyxlky�

jZaghh[jZagu_� khq_lZgby� ijbgm^bl_evguo� b� _kl_kl\_gguo�� ijblhqguo� b�

\uly`guo��h[s_h[f_gguo�b�f_klguo�kbkl_f�\_glbeypbb��Bo�kh\f_klgu_�

^_ckl\by� h[_ki_qb\Zxl� g_h[oh^bfu_� kZgblZjgh-]b]b_gbq_kdb_� b�
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l_ogheh]bq_kdb_� lj_[h\Zgby� d� \gmlj_gg_c� Zlfhkn_j_� ihf_s_gby� �ijb�

hilbfZevguo�wg_j]_lbq_kdbo�b�wdhghfbq_kdbo�aZljZlZo�� 

<� ihf_s_gbyo�� ]^_� ijh\h^ylky� l_ogheh]bq_kdb_� ijhp_kku�� g_�

bkdexqZxsb_�\hafh`ghklb�\g_aZiguo��Z\Zjbcguo��ijhju\h\�\�Zlfhkn_jm�

lhdkbqguo� ]Zah\�� iZjh\� beb� Zwjhahe_c�� g_h[oh^bfZ� mklZgh\dZ� kbkl_fu�

Z\Zjbcghc� \_glbeypbb��Kbkl_fZ� Z\Zjbcghc� \_glbeypbb�ihke_� \dexq_gby 

^he`gZ�h[_ki_qblv�aZf_gm�\k_]h�h[t_fZ�\ha^moZ�ihf_s_gby�aZ��—��fbg��

GZ� kemqZc� \hagbdgh\_gby� ih`ZjZ� mklZgZ\eb\Z_lky� Z\ZjbcgZy�

ijhlb\h^ufgZy� \_glbeypby� ^ey� m^Ze_gby� ^ufZ� ba� ihf_s_gbc� gZ� imlb�

w\ZdmZpbb�ex^_c� 

 

3.�Hj]ZgbaZpby�\ha^mrguo�ihlhdh\�b�\ha^mohh[f_gZ 

�\�\_glbebjm_fuo�ihf_s_gbyo� 

Ijb�bkihevah\Zgbb�h[s_h[f_gghc�\_glbeypbb�g_h[oh^bfuc�jZkoh^�

ijblhqgh]h� \ha^moZ� aZ\bkbl� hl� dhebq_kl\Z� \u^_eyxsboky� \j_^guo�

\_s_kl\�� bo� I>D� b� jZkij_^_e_gby� \u^_eyxsboky� \j_^guo� \_s_kl\� ih�

iehsZ^b�b�\ukhl_�ihf_s_gby� 

<j_^gu_� \u^_e_gby�� ihklmiZxsb_� \� Zlfhkn_jm� ihf_s_gby� hl�

l_ogheh]bq_kdbo�ijhp_kkh\��ZiiZjZlh\��mklZgh\hd�b�ex^_c��i_j_f_sZxlky�

ih�_]h�h[t_fm��I_j_f_s_gb_�\j_^guo�\u^_e_gbc�ijhbkoh^bl�dZd� aZ�kq_l�

jZaghklb�f_`^m�iehlghklyfb�\ha^moZ�b�dZ`^h]h�\b^Z�\u^_e_gbc��lZd�b�aZ�

kq_l� \h\e_q_gby� \j_^guo� \u^_e_gbc� \� \ha^mrgu_� pbjdmeypbhggu_�

ihlhdb� 

<h^ygu_� iZju�� ]Zau� b� Zwjhaheb� k� iehlghklvx� gb`_� iehlghklb�

\ha^moZ�ih^gbfZxlky�b�kdZieb\Zxlky�\�\_jog_c�qZklb�ihf_s_gby��Iuev��

]Zau� b� Zwjhaheb� k� iehlghklvx� \ur_� iehlghklb� \ha^moZ� himkdZxlky� b�

kdZieb\Zxlky� \� gb`g_c� qZklb� ihf_s_gby��GZ� dZjlbgm� wlh]h� jZkkeh_gby�

gZdeZ^u\Z_lky� �b� dhjj_dlbjm_l� __�� \ha^_ckl\b_� \ha^mrguo�

pbjdmeypbhgguo�kljmc�gZ�i_j_f_s_gb_�\j_^guo�\u^_e_gbc� 

Pbjdmeypbhggu_�dhg\_dlb\gu_�ihlhdb��kljmb��\hagbdZxl� 

–�gZ^�l_ieh\ufb�mklZgh\dZfb��jZkiheh`_ggufb�gZ�ihem�ihf_s_gbc�

]hjbahglZevgh��i_qb��\Zggu��l_iehh[f_ggbdb�b�l�i��� 
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–�jy^hf�k�\_jlbdZevgufb�ih\_joghklyfb��l_fi_jZlmjZ�dhlhjuo�gb`_�

beb� \ur_� l_fi_jZlmju� \ha^moZ� \� ihf_s_gbb� �gZjm`gu_� kl_gu� ihf_s_-

gby��\uiZjgu_�ZiiZjZlu��\Z]jZgdb��i_j_]hggu_�dhehggu�b�l�i��� 

Dhg\_dlb\gZy�kljmy�ih^h]j_lh]h�\ha^moZ��\hagbdZxsZy�gZ^�]hjyq_c�

ih\_joghklvx� l_ogheh]bq_kdh]h� ZiiZjZlZ� beb� mklZgh\db�� ih^gbfZ_lky�

\_jlbdZevgh�\\_jo��ih^kZku\Zy�\�y^jh�k\h_]h�l_q_gby�hdjm`Zxsbc�\ha^mo�

ihf_s_gby� \f_kl_� k� kh^_j`Zsbfbky� \� g_f� \j_^gufb� \u^_e_gbyfb� b�

m\e_dZy� _]h� \\_jo��Ijb� wlhf� k� \ukhlhc� dhg\_dlb\ghc� kljmb� ih^h]j_lh]h�

\ha^moZ�kgb`Zxlky�__�l_fi_jZlmjZ� tK, 
0K�b�kdhjhklv�WG��f�k��gh�\f_kl_�k�

l_f�\hajZklZ_l�i_j_f_sZ_fuc�jZkoh^�\ha^moZ�LH��f
3
�q� 

>ey� hk_kbff_ljbqguo� dhg\_dlb\guo� kljmc� jZkoh^� b� kdhjhklv�

\uqbkeyxlky�ih�nhjfmeZf 

                                          ;)H(5,35L 333.05

H ∆= Q                                     (12) 

                                         ,)H/(258,0W 333.0

H ∆= Q                                  (13) 

]^_� Q —� dhebq_kl\h� dhg\_dlb\ghc� l_iehlu�� i_j_^Z\Z_fh_� hl� ]hjyq_c�

ih\_joghklb� l_ogheh]bq_kdh]h� ZiiZjZlZ� beb� mklZgh\db� d� dhg\_dlb\ghc�

kljm_� \ha^moZ�� d>`�q�� G∆ -� jZkklhygb_� hl� \_jog_c� ]hjyq_c� ih\_joghklb�

l_ogheh]bq_kdh]h� ZiiZjZlZ� beb� mklZgh\db� ^h� jZkkfZljb\Z_fh]h� k_q_gby�

\_jlbdZevghc�dhg\_dlb\ghc�kljmb�\ha^moZ��f� 

Dhg\_dlb\gu_� kljmb�� \hagbdZxsb_� \hae_� \_jlbdZevguo� gZ]j_luo�

beb� hoeZ`^_gguo� ih\_joghkl_c�� i_j_f_sZxlky� iZjZee_evgh� \\_jo� �_keb�

l_fi_jZlmjZ� ih\_joghklb� \ur_� l_fi_jZlmju� \ha^moZ�� beb� \gba� �_keb�

l_fi_jZlmjZ�ih\_joghklb�gb`_�l_fi_jZlmju�\ha^moZ�� 

Ijb� k\h_f� ^\b`_gbb� wlb� dhg\_dlb\gu_� kljmb� lZd`_� ih^kZku\Zxl�

\ha^mo� ihf_s_gby� \f_kl_� k� \j_^gufb� \u^_e_gbyfb� b� i_j_ghkyl� bo��

khhl\_lkl\_ggh��\\_jo�beb�\gba� 
JZkoh^� \ha^moZ�LH�b� _]h� kdhjhklv�WH� \� lZdbo� kljmyo� hij_^_eyxlky�

\ujZ`_gbyfb 

                                ;)H(67,19 333.04

H ∆= qL                                              (14) 

                                ,)(137.0 5.0
H HqW ∆=                                                (15) 
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]^_� q -� dhebq_kl\h� l_iehlu�� hl^Z\Z_fh_� �beb� \hkijbgbfZ_fh_�� aZ� kq_l�

dhg\_dpbb�_^bgbp_c�iehsZ^b�ih\_joghklb��d>`��q•f2); H∆ -�jZkklhygb_�hl�

gbaZ� ]j_xs_c� �beb� hl� \_joZ� hoeZ`^Zxs_c�� ih\_joghklb� ^h�

jZkkfZljb\Z_fh]h�ihi_j_qgh]h�k_q_gby�kljmb��f� 

K�mq_lhf�\hagbdZxsbo�\�ihf_s_gbb�ih^t_fguo�b�himkdguo�kljmc�

fh`gh�hij_^_eblv�ahgu�gZb\ukrbo�dhgp_gljZpbc�l_o�beb�bguo�\j_^guo�

\u^_e_gbc� b� k� mq_lhf� wlh]h� ijbf_gylv� lm� beb� bgmx� ko_fm� hj]ZgbaZpbb�

\ha^mohh[f_gZ�\�ihf_s_gbb� 

Hq_\b^gh�� qlh� gZb[he__� [eZ]hijbylgu_� mkeh\by� jZ[hlu� kbkl_fu�

\_glbeypbb� \hagbdgml� \� lhf� kemqZ_�� dh]^Z� lj_[m_fu_� iZjZf_lju�

\ha^mrghc� kj_^u� [m^ml� h[_ki_qb\Zlvky� ijb� fbgbfZevgh� \hafh`ghf�

h[t_f_�\_glbebjm_fh]h�\ha^moZ��Ijb�wlhf�mkeh\bb�ihlj_[m_lky�f_gvrZy�

fhsghklv� \_glbeylhjh\� b� dZehjbn_jh\�� kgbablky� ihlj_[e_gb_�

we_dljbq_kdhc�wg_j]bb�b�l_iehlu��mf_gvrZlky�^bZf_lju�\ha^moh\h^h\� 

<� k\hx� hq_j_^v�� ijb� h^bgZdh\uo� dhebq_kl\Zo� ihklmiZxsbo� \�

ihf_s_gb_� \j_^guo� \u^_e_gbc� g_h[oh^bfuc� h[t_f� \_glbeypbhggh]h�

\ha^moZ� aZ\bkbl� hl� ijbgylh]h� lbiZ� \_glbeypbb�� kihkh[h\� ih^Zqb� b�

m^Ze_gby� \ha^moZ�� jZkiheh`_gby� ijblhqguo� b� \uly`guo� hl\_jklbc�

hlghkbl_evgh�ahg�ihklmie_gby�b�kdhie_gby�\j_^guo�\u^_e_gbc� 

Kgb`_gb_� lj_[m_fh]h� h[t_fZ� \_glbebjm_fh]h� \ha^moZ�� \� i_j\mx�

hq_j_^v�� h[_ki_qb\Z_lky� ijb� rbjhdhf� ijbf_g_gbb� f_klghc� \uly`ghc�

\_glbeypbb�b�\�hij_^_e_gguo�mkeh\byo�f_klghc�ijblhqghc�\_glbeypbb� 

Ijb� bkihevah\Zgbb� h[s_h[f_gghc� \_glbeypbb� jZkoh^� \_glbebjm_-
fh]h� \ha^moZ� mf_gvrZ_lky� ijb� m\_ebq_gbb� jZaghklb� dhgp_gljZpbc�

\j_^guo� \u^_e_gbc� \� m^Zey_fhf� b� ijblhqghf� \ha^mo_�� JZkoh^�

\_glbebjm_fh]h� \ha^moZ� lZd`_� mf_gvrZ_lky� ijb� mqZklbb� \k_c� fZkku�

ijblhqgh]h� \ha^moZ� \� ih]ehs_gbb� \j_^guo� \u^_e_gbc�� ihklmiZxsbo� \�

ihf_s_gb_� 
Dhgkljmdpbb�\ha^mohjZkij_^_ebl_e_c�iha\heyxl�g_�lhevdh�baf_gylv�

m]he� bo� gZdehgZ�� gh� b� kha^Z\Zlv� ijblhqgu_� \_glbeypbhggu_� kljmb�

jZaebqghc� nhjfu� �hk_kbff_ljbqgu_�� iehkdb_�� \__jgu_�� aZdjmq_ggu_���

^Zevgh[hcghklb� b� fhsghklb�� Ihwlhfm� ih^ZqZ� b� hlkhk� \_glbeypbhggh]h�
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\ha^moZ� ^he`gu� [ulv� hj]Zgbah\Zgu� lZd�� qlh[u� jZaghklv� dhgp_gljZpbc�

\j_^guo� \u^_e_gbc� \� m^Zey_fhf� b� ijblhqghf� \ha^mo_� ih\urZeZkv� g_�

lhevdh�ba-aZ�ijZ\bevgh]h�\u[hjZ�f_kl�ijblhdZ�b�hlkhkZ��gh�b�ihkj_^kl\hf�

\_jgh]h�\u[hjZ�lbiZ�b�ljZ_dlhjbb�^\b`_gby�ijblhqguo�kljmc��Ijblhqgu_�

kljmb� ^he`gu� ^\b]Zlvky� lZdbf� h[jZahf�� qlh[u� gZijZ\eylv� \j_^gu_�

\u^_e_gby�\�ahgu�hlkhkZ��ihfh]Zy�^_ckl\bx�dhg\_dlb\guo�kljmc��dhlhju_�

i_j_f_sZxl� \j_^gu_� \u^_e_gby� d� wlbf� ahgZf� �b� ij_iylkl\my� ^_ckl\bx�

lZdbo�dhg\_dlb\guo� kljmc��dhlhju_�hl^Zeyxl� \j_^gu_� \u^_e_gby�hl� ahg�

hlkhkZ�� 

JZaebqZxl� ^\Z� \b^Z�ih^Zqb�ijblhqgh]h� \ha^moZ�� \� jZ[hqmx� ahgm�b�

kms_kl\_ggh�\ur_�jZ[hq_c�ahgu� 

Ih^Zq_c� \� jZ[hqmx� ahgm� kqblZ_lky� ih^ZqZ� \ha^moZ� ba� \ha-

^mohjZkij_^_ebl_e_c�� mklZgh\e_gguo� g_� \ur_� q_luj_o� f_ljh\� hl� iheZ�

�_keb�kljmb�ba�gbo�gZijZ\e_gu�]hjbahglZevgh�beb�ih^�m]ehf�d�ihem���?keb�

kljmb� ba� \ha^mohjZkij_^_ebl_e_c� gZijZ\e_gu� \_jlbdZevgh� \gba�� lh�

\ha^mohjZkij_^_ebl_eb�fh`gh�mklZgZ\eb\Zlv�gZ�\ukhl_�^h�r_klb�f_ljh\�

hl� iheZ�� Ijb� ex[hc� ko_f_� hj]ZgbaZpbb� \ha^mohh[f_gZ� \� ihf_s_gbb�

ijblhqguc�\ha^mo�g_�^he`_g�ihklmiZlv�\�ahgu�fZeuo�\j_^guo�\u^_e_gbc��

ijhoh^y�q_j_a�ahgu�k�[hevrbfb�\j_^gufb�\u^_e_gbyfb� 

Ih^Zqm� ijblhqgh]h� \ha^moZ� \� jZ[hqmx� ahgm� ke_^m_l� ijbf_gylv� \�

p_oZo�kh�agZqbl_evgufb�ba[uldZfb�y\ghc�l_iehlu�b�\�p_oZo��]^_�\f_kl_�k�

l_iehlhc� \u^_eyxlky� \eZ]Z�� lhdkbqgu_� ]Zau� b� Zwjhaheb� �k� iehlghklvx�

f_gvr_c��q_f�iehlghklv� \ha^moZ���L_fi_jZlmjZ�ijblhqgh]h� \ha^moZ� t<�I \�

wlhf� kemqZ_�^he`gZ� kh\iZ^Zlv� k� t<�J�� l�_�� t<�I=t<�J��<uly`dm�h[s_h[f_gghc�

\_glbeypbb� \� lZdbo� p_oZo� hkms_kl\eyxl� ba� \_jog_c� ahgu�� Z� kbkl_fZfb�

f_klguo� hlkhkh\� –� ba� lhq_d� ihklmie_gby� hkgh\ghc� fZkku� \j_^guo�

\u^_e_gbc� 

<�p_oZo� k�ba[uldhf� y\ghc� l_iehlu�b� agZqbl_evgufb� \u^_e_gbyfb�

iueb�� iZjh\� b� ]Zah\�� iehlghklv� dhlhjuo� [hevr_� iehlghklb� \ha^moZ��

ijblhqguc� \ha^mo� ke_^m_l� ih^Z\Zlv� \ur_� r_klb� f_ljh\� hl� iheZ� k�

l_fi_jZlmjhc� gZklhevdh� gb`_� l_fi_jZlmju� \ha^moZ� \� jZ[hq_c� ahg_�

(t<�I<t<�J���qlh[u�ba[ulhqgu_�l_ieh\u^_e_gby�ih^h]j_eb�_]h�i_j_^�\oh^hf�
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\�jZ[hqmx�ahgm�^h��t<�J��<uly`dm�\�wlbo�kemqZyo�hkms_kl\eyxl�ba�jZ[hq_c�

ahgu� 

<� kdeZ^kdbo� ihf_s_gbyo� �b� \� ihf_s_gbyo� ih^h[gh]h� lbiZ��

j_dhf_g^m_lky� ijblhqguc� \ha^mo� ih^Z\Zlv� \ur_� jZ[hq_c� ahgu��

gZdehggufb�kljmyfb��dhlhju_�aZlmoZxl�gZ�\ukhl_�[hevr_�^\mo�f_ljh\�hl�

iheZ��� <uly`dZ� h[s_h[f_gghc� \_glbeypbb� lZd`_� hkms_kl\ey_lky� ba�

\_jog_c�ahgu� 
 

4.�Hij_^_e_gb_�g_h[oh^bfh]h�h[t_fZ�\ha^moZ 

^ey�\_glbeypbb�ihf_s_gby� 

Dhebq_kl\h� \_glbeypbhggh]h� \ha^moZ�� g_h[oh^bfh]h� ^ey� m^Ze_gby�

ex[h]h� \j_^gh]h� \u^_e_gby� ba� Zlfhkn_ju� ihf_s_gby�� hij_^_ey_lky� ba�

[ZeZgkZ� ihklmie_gby� b� hl\h^Z� ^Zggh]h� \j_^gh]h� \u^_e_gby� \� _^bgbpm�

\j_f_gb� 

Dhebq_kl\h� \j_^guo� \u^_e_gbc� fh`_l� f_gylvky� ijb� baf_g_gbb�

j_`bfZ�jZ[hlu�l_ogheh]bq_kdh]h�h[hjm^h\Zgby�b�baf_g_gbb�\gmlj_gg_c�b�

gZjm`ghc� Zlfhkn_ju�� Ba-aZ� wlh]h� gZoh`^_gb_� g_h[oh^bfh]h� ^ey�

\_glbeypbb� ihf_s_gby� h[t_fZ� \ha^moZ� ijh\h^yl� jZa^_evgh� ih� dZ`^hfm�

\b^m� \j_^guo� \u^_e_gbc��Ijb� jZkq_lZo� h[yaZl_evgh� mqblu\Z_lky� lh�� qlh�

qZklv� ijblhqgh]h� \ha^moZ� fh`_l� ba� jZ[hq_c� ahgu� ihklmiZlv� \� i_qb��

dhlehZ]j_]Zlu� b� ^jm]h_� l_ogheh]bq_kdh_� �beb� wg_j]_lbq_kdh_��

h[hjm^h\Zgb_� 

<uy\e_ggZy� fZdkbfZevgZy� ihlj_[ghklv� \� \ha^mo_� gZau\Z_lky�

jZkq_lghc�b�y\ey_lky�hkgh\hc�^ey�\u[hjZ�h[hjm^h\Zgby�b�dhffmgbdZpbc�

\_glbeypbhgguo�kbkl_f� 

Hij_^_e_gb_� ihlj_[ghklb� \� ijblhqghf� \ha^mo_� L

I�L ,� f3
�k,� ^ey�

m^Ze_gby�ba[uldh\�y\ghc�l_iehlu�ijh\h^yl�ih�\ujZ`_gbx 

                    ,
)(

)(

<�IM

<�I<�JF

Y<G

BA;
F

L

I� tt

ttLQ
LL

K

K

−
−−+=

ν

ν∆
                                   (16) 

]^_�LF -�jZkoh^�\ha^moZ��dhlhjuc�m^Zey_lky�ba�h[kem`b\Z_fhc�beb�jZ[hq_c�

ahgu� ihf_s_gby� gZ� l_ogheh]bq_kdb_� gm`^u� b� f_klghc� \uly`ghc�
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\_glbeypb_c�� f3/k; Y<G

BA;ûQ -� dhebq_kl\h� y\ghc� l_iehlu�� ihklmib\r_c� \�

ihf_s_gb_�� d<l�� νK -� h[t_fgZy� l_ieh_fdhklv� \ha^moZ�� d>`��f3•hK); t<�J� -

l_fi_jZlmjZ� \ha^moZ�� m^Zey_fh]h� gZ� l_ogheh]bq_kdb_� gm`^u�

h[hjm^h\Zgby��beb�f_klghc�\uly`ghc�\_glbeypb_c�ba�h[kem`b\Z_fhc�beb�

jZ[hq_c� ahgu� ihf_s_gby�� hK; t<�I -� l_fi_jZlmjZ� \ha^moZ�� ih^Z\Z_fh]h� \�

ihf_s_gb_�� �K; tM -� l_fi_jZlmjZ� \ha^moZ�� m^Zey_fh]h� ba� ihf_s_gby� aZ�

ij_^_eZfb�jZ[hq_c�ahgu���K. 

Ijb� \uqbke_gbb� Y<G

BA;ûQ  ^ey� l_ieh]h� i_jbh^Z� ]h^Z� ^he`_g�

mqblu\Zlvky� l_ieh\hc� ihlhd�� ihklmiZxsbc� \� ihf_s_gb_� hl� ijyfhc� b�

jZkk_ygghc�kheg_qghc�jZ^bZpbb� 

JZkq_lu� ih� nhjfme_� ����� ijh\h^ylky� ^ey� l_ieh]h� �ijb� :

G�LH tt = �� b�

oheh^gh]h� �ijb� ;

G�OH tt = ��i_jbh^h\� ]h^Z��Z�lZd`_�^ey�i_j_oh^guo�mkeh\bc�

�ijb�tH = +8 °K). 

L_fi_jZlmjm�\ha^moZ�\�h[kem`b\Z_fhc�beb�jZ[hq_c�ahg_�ihf_s_gby�

t<�J ^ey�dZ`^h]h�i_jbh^Z�]h^Z�ijbgbfZxl�ih�lZ[e�����Ihemq_ggu_�\_ebqbgu�

kjZ\gb\Zxlky� f_`^m� kh[hc�� fZdkbfZevgZy� ijbgbfZ_lky� \� dZq_kl\_�

jZkq_lgh]h� jZkoh^Z� ijblhqgh]h� \ha^moZ� ^ey� m^Ze_gby� ba[uldh\� y\ghc�

l_iehlu� 

Ihlj_[ghklv�\�ijblhqghf�\ha^mo_�^ey�m^Ze_gby�ba[uldh\�\eZ]b� <

IL , 

f3
�k��\uqbkeyxl�\�\b^_ 

                        ,
)(!

)(!

I.<M.<<

I.<J.<M<BA;
M

<

I dd

ddLD
LL

−
−−∆+=                             (17) 

]^_� BA;D∆ -�ba[uldb�\eZ]b��\h^yguo�iZjh\��\�ihf_s_gbb��]�k��!< -iehlghklv�

\ha^moZ�� d]�f3; d<�J -� \eZ]hkh^_j`Zgb_� \ha^moZ�� m^Zey_fh]h� ba�

h[kem`b\Z_fhc�beb�jZ[hq_c�ahgu�ihf_s_gby�gZ�l_ogheh]bq_kdb_�gm`^u�b�

f_klghc�\uly`ghc�\_glbeypb_c��]��d]�kmoh]h�\ha^moZ��k�\�����]��d]�k�\����d<�I�- 

\eZ]hkh^_j`Zgb_� \ha^moZ�� ih^Z\Z_fh]h� \� ihf_s_gb_�� ]��d]� k�\���� d<�M -

\eZ]hkh^_j`Zgb_� \ha^moZ�� m^Zey_fh]h� ba� ihf_s_gby� aZ� ij_^_eZfb�

h[kem`b\Z_fhc�beb�jZ[hq_c�ahgu��]��d]�k�\��� 
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JZkq_lu� ih� nhjfme_� ����� lZd`_� \uihegyxlky� ^ey� l_ieh]h� b�

oheh^gh]h� i_jbh^h\� ]h^Z� b� i_j_oh^guo� mkeh\bc�� Djhf_� lh]h�� ^ey�

oheh^gh]h�i_jbh^Z�]h^Z�ijh\_jy_lky�\hafh`ghklv�h[jZah\Zgby�dhg^_gkZlZ�

gZ� \gmlj_ggbo� ih\_joghklyo� h]jZ`^Zxsbo� dhgkljmdpbc��>ey� aZsblu� hl�

wlh]h� y\e_gby� m\_ebqb\Zxl� \ha^mohh[f_g� \� ihf_s_gbb�� Ihemq_ggu_�

\_ebqbgu� kjZ\gb\Zxlky� f_`^m� kh[hc�� fZdkbfZevgZy� ijbgbfZ_lky� \�

dZq_kl\_� jZkq_lgh]h� jZkoh^Z� ijblhqgh]h� \ha^moZ� ^ey� m^Ze_gby� ba[uldh\�

\eZ]b� 

Ihlj_[ghklv� \� ijblhqghf� \ha^mo_� ^ey� m^Ze_gby� ba[uldh\� iheghc�

l_iehlu� L<

IL ,�f3/k, \uqbkeyxl�dZd 

                   ,
)(

)(

<�I<�M<

<�I<�JM<

IHE

BA;
M

L�<

I hh

hhLQ
LL

J

J

−
−−= ∆

                                     (18) 

]^_� IHE

BA;Qû  -�dhebq_kl\h�iheghc�l_iehlu��ihklmib\r_c�\�ihf_s_gb_��d<l��

h<�J -� �m^_evgZy�wglZeviby�\ha^moZ��m^Zey_fh]h�ba�h[kem`b\Z_fhc�beb�jZ-

[hq_c� ahgu� ihf_s_gby� gZ� l_ogheh]bq_kdb_� gm`^u� b�f_klghc� \uly`ghc�

\_glbeypb_c�� d>`�d]�� h<�I -� m^_evgZy� wglZeviby� \ha^moZ�� ih^Z\Z_fh]h� \�

ihf_s_gb_�� d>`�d]�� h<�M� -� m^_evgZy� wglZeviby� \ha^moZ�� m^Zey_fh]h� aZ�

ij_^_eZfb�h[kem`b\Z_fhc�beb�jZ[hq_c�ahgu��d>`�d]� 

Ihlj_[ghklv� \� ijblhqghf� \ha^mo_� ^ey� m^Ze_gby� \j_^guo� beb�

\aju\hhiZkguo�\_s_kl\� =

IL ,�f3/k, ijh\h^yl�ih�\ujZ`_gbx 

                     ,
)(

<�I<�M

<�I<�JM

=

BA;
M

=

I
KK

KKLG
LL

−
−−+= ∆

                                    (19) 

]^_� =

BA=Gû  -� jZkoh^� dZ`^h]h� ba� \j_^guo� beb� \aju\hhiZkguo� \_s_kl\��

ihklmiZxsbo�\�\ha^mo�ihf_s_gby��f]�k��K<�J -�dhgp_gljZpby�\j_^gh]h�beb�

\aju\hhiZkgh]h� \_s_kl\Z� \� \ha^mo_�� m^Zey_fhf� ba� h[kem`b\Z_fhc� beb�

jZ[hq_c� ahgu�� f]�f3; K<�I -� dhgp_gljZpby� \j_^gh]h� beb� \aju\hhiZkgh]h�

\_s_kl\Z�\�\ha^mo_��ih^Z\Z_fhf�\�ihf_s_gb_��f]�f3; K<�M -�dhgp_gljZpby�

\j_^gh]h� beb� \aju\hhiZkgh]h� \_s_kl\Z� \� \ha^mo_�� m^Zey_fh]h� aZ�

ij_^_eZfb�h[kem`b\Z_fhc�beb�jZ[hq_c�ahgu��f]�f3. 
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<�wlhf�kemqZ_�jZkoh^�ijblhqgh]h�\ha^moZ�\uqbkey_lky�^ey�jZ[hq_c�

kf_gu� k� fZdkbfZevghc� aZ]jmadhc� l_ogheh]bq_kdh]h� h[hjm^h\Zgby�� ^ey�

dZ`^h]h� \b^Z� \j_^gh]h� \_s_kl\Z� hl^_evgh�� ?keb� \k_� \b^u� \j_^guo�

\_s_kl\� jZaghgZijZ\e_gh� \ha^_ckl\mxl� gZ� hj]Zgbaf� q_eh\_dZ�� lh� aZ�

jZkq_lguc� jZkoh^� ijblhqgh]h� \ha^moZ� ^ey� m^Ze_gby� \j_^guo� beb�

\aju\hhiZkguo� \_s_kl\� ijbgbfZ_lky� fZdkbfZevgZy� ba� \uqbke_gguo�

\_ebqbg�� ?keb� \u^_eyxlky� \j_^gu_� \_s_kl\Z� k� h^ghgZijZ\e_gguf�

\ha^_ckl\b_f� gZ� hj]Zgbaf� q_eh\_dZ�� lh� aZ� jZkq_lguc� jZkoh^� ijblhqgh]h�

\ha^moZ� ^ey� m^Ze_gby� \j_^guo�beb� \aju\hhiZkguo� \_s_kl\�ijbgbfZ_lky�

kmffZjgZy�\_ebqbgZ�jZkoh^h\�\ha^moZ��\uqbke_gguo�^ey�dZ`^h]h�ba�wlbo�

\_s_kl\� 

Ijb� ijh\_^_gbb� jZkq_lh\� g_h[oh^bfh� ijbgbfZlv� K<�J = � I>D�

^Zggh]h�\j_^gh]h�\_s_kl\Z�\�jZ[hq_c�ahg_�ihf_s_gby� 

?keb� g_h[oh^bfh� h[_ki_qblv� [_ahiZkghklv� hl� ih`ZjZ� beb� \aju\Z�

kf_kb�\ha^moZ�k�hiZkguf�\_s_kl\hf��lh�\�\ujZ`_gb_������\f_klh�K<�J�b�K<�M 

ke_^m_l� ih^klZ\eylv� ��lCg (Cg -� gb`gbc� dhgp_gljZpbhgguc� ij_^_e�

jZkijhkljZg_gby� ieZf_gb� ih� ]Zah-�� iZjh-� b� iue_\ha^mrguf� kf_kyf, 

f]�f3). 

FZdkbfZevguc� jZkoh^� ijblhqgh]h� \ha^moZ�� \uqbke_gguc� ih�

nhjfmeZf� ����� —� ������ ijh\_jy_lky� gZ� h[_ki_q_gghklv� ghjfbjm_fhc�

djZlghklb�\ha^mohh[f_gZ�L1H��f
3
�k��m^_evguo�jZkoh^h\�ijblhqgh]h�\ha^moZ�

L2H b�L3H��f
3
�k� 

<uqbke_gb_�L1H, L2H b�L3H�ijh\h^blky�ih�\ujZ`_gbyf 

                                 ;3600/HIG1 mVL =                                                   (20) 

                                 ;3600/FHIH2 kFL =                                                  (21) 

                                  ,3600/M�GQH3 lNL =                                                 (22) 

]^_�Vi -�h[t_f�ihf_s_gby��f3; mH -�ghjfbjm_fZy�djZlghklv�\ha^mohh[f_gZ��

��q��Fn -� iehsZ^v� ihf_s_gby��f2; kFH -� ghjfbjm_fuc� jZkoh^� ijblhqgh]h�

\ha^moZ� gZ� h^bg� d\Z^jZlguc� f_lj� iehsZ^b� ihf_s_gby�� f3
��f2

Â q��� NQ - 

qbkeh�ex^_c� �beb�jZ[hqbo�f_kl��beb�_^bgbp�h[hjm^h\Zgby���gZoh^ysboky�

\�ihf_s_gbb��lM�G -�ghjfbjm_fuc�m^_evguc�jZkoh^�ijblhqgh]h�\ha^moZ�gZ�
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h^gh]h� q_eh\_dZ� �beb� h^gh� jZ[hq__� f_klh�� beb� h^gm� _^bgbpm�

h[hjm^h\Zgby���f3/��qÂ rl.���lZ[e���� 

?keb� fZdkbfZevguc� jZkoh^� ijblhqgh]h� \ha^moZ�� \uqbke_gguc� ih�

nhjfmeZf� �����—� ������ij_\urZ_l�fZdkbfZevgh_� agZq_gb_�ghjfbjm_fh]h�

jZkoh^Z��hij_^_e_ggh]h�ih� �����-� ������lh�hg�hklZ_lky�jZkq_lguf��?keb�`_�

ohly� [u� h^bg� ba� ghjfbjm_fuo� jZkoh^h\� ijblhqgh]h� \ha^moZ� [hevr_�

fZdkbfZevgh]h�� lh� aZ� jZkq_lguc� jZkoh^� ijbgbfZ_lky� fZdkbfZevgh_�

agZq_gb_�ghjfbjm_fh]h�jZkoh^Z�ijblhqgh]h�\ha^moZ� 

LZ[ebpZ�� 

JZkoh^�gZjm`gh]h�\ha^moZ�\�ihf_s_gbyo�h[s_kl\_gguo� 

b�ijhba\h^kl\_gguo�a^Zgbc�>�@ 

Lbi�ihf_s_gby 
JZkoh^�gZjm`gh]h�

\ha^moZ��f3
��qÂ q_e� 

H[s_kl\_ggu_�ijb�j_`bf_�dmj_gby� 

hlkmlkl\b_ 
25 

g_agZqbl_evgh_ 25 

agZqbl_evgh_ 50 

kbevgh_ 75 

H[s_kl\_ggu_�^ey�^_l_c�^h����e_l 15 

Ijhba\h^kl\_ggu_� ijb� h[t_f_� ihf_s_gby� gZ� h^gh]h�

jZ[hlZxs_]h�f_g__����f3 ��� 

Lh�`_���-���f3 20 

Ijhba\h^kl\_ggu_�[_a�hdhg�b�nhgZj_c 40 

H[s_kl\_ggu_�b�ijhba\h^kl\_ggu_��\�dhlhjuo�g_h[oh^bfh�

m^Zeylv�g_ijbylgu_�aZiZob� 
70 

;hevgbpu 80 

 

5.�Hkgh\gu_�we_f_glu�\_glbeypbhgguo�kbkl_f� 

Kbkl_fu�ijblhqghc�\_glbeypbb��jbk�����fh]ml�\dexqZlv�ke_^mxsb_�

we_f_glu� 
– \ha^mohijb_fgu_� mkljhckl\Z�� q_j_a� dhlhju_� gZjm`guc� \ha^mo�

ihklmiZ_l�\�\_glbeypbhggmx�kbkl_fm� 
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– ijblhqgu_� dZf_ju� k� jZaf_sZ_fufb� \� gbo� \_glbeylhjZfb��

ijb\h^gufb�we_dljh^\b]Zl_eyfb��mkljhckl\Zfb�^ey�hqbkldb��ih^h]j_\Z��Z�

bgh]^Z�b�^ey�m\eZ`g_gby�gZjm`gh]h�\ha^moZ� 

– ijblhqgu_� \ha^moh\h^u�� q_j_a� dhlhju_� hqbs_gguc� gZjm`guc�

\ha^mo� ih^Z_lky� d� \_glbebjm_fuf� ihf_s_gbyf� b� jZkij_^_ey_lky� ih� bo�

h[t_fZf�� <� oheh^guc� i_jbh^� ]h^Z� hg� ij_^\Zjbl_evgh� ih^h]j_\Z_lky� \�

dZehjbn_jZo��Z�\�l_ieuc�-�ih^Z_lky�[_a�ih^h]j_\Z� 

– ijblhqgu_� \ha^mohjZkij_^_ebl_eb�� mklZgZ\eb\Z_fu_� ih� ^ebg_�

\ha^moh\h^h\�� Q_j_a� ijblhqgu_� \ha^mohjZkij_^_ebl_eb� kljmb� \ha^moZ�

�lj_[m_fhc�nhjfu��fhsghklb�b�ijhly`_gghklb��jZkij_^_eyxl�gZjm`guc�

\ha^mo�ih�\k_fm�h[t_fm�ihf_s_gbc� 

– j_pbjdmeypbhggu_�\ha^moh\h^u��lZd�dZd�qZklv�\ha^moZ�m^Zey_fh]h�

ba� ihf_s_gby� \uly`ghc� \_glbeypb_c� fh`_l� \ha\jZsZlvky� \� ijblhqgmx�

dZf_jm�� 

Kbkl_fu�\uly`ghc�\_glbeypbb�fh]ml�kh^_j`Zlv� 

– \uly`gu_� mkljhckl\Z� \� \b^_� hl\_jklbc� b� s_e_c� gZ� \uly`guo�

\ha^mohijh\h^Zo�� dhee_dlhjh\� b� jmdZ\h\�� ijbkh_^bgy_fuo� d�

\ha^mohijh\h^Zf� �^ey� hlkhkZ� aZ]jyag_ggh]h� \ha^moZ� g_ihkj_^kl\_ggh� ba�

ihf_s_gby�beb�hl�hl^_evgh�klhys_]h�h[hjm^h\Zgby�� 

– \uly`gu_�\ha^moh\h^u��ih�dhlhjuf�m^Zey_fuc�\ha^mo�ihklmiZ_l�d�

\uly`ghc�dZf_j_� 

– \uly`gmx� dZf_jm� beb� \uly`gmx� ZkibjZpbhggmx� klZgpbx�� <�

ihf_s_gbb� \uly`ghc� dZf_ju� jZaf_sZxlky� \uly`gu_� \_glbeylhju� k�

we_dljhijb\h^hf�� <� ihf_s_gbb� \uly`ghc� ZkibjZpbhgghc� klZgpbb�

ihfbfh� \_glbeylhjh\� k� we_dljhijb\h^hf� ^hihegbl_evgh� jZaf_sZxlky�

mkljhckl\Z� ^ey� hqbkldb� \ha^moZ� i_j_^� \u[jhkhf� _]h� \� Zlfhkn_jm� �beb�

i_j_^�gZijZ\e_gb_f�gZ�j_pbjdmeypbx�� 

– \uly`gu_� rZolu� �beb� kbkl_fm� ^_ne_dlhjh\��� q_j_a� dhlhju_�

m^Zey_fuc�ba�ihf_s_gby�\ha^mo�\u[jZku\Z_lky�\�Zlfhkn_jm� 

<� aZ\bkbfhklb� hl� \b^Z� bkihevam_fhc� \_glbeypbhgghc� kbkl_fu�

hl^_evgu_� we_f_glu� ba� ijb\_^_ggh]h� i_j_qgy� fh]ml� hlkmlkl\h\Zlv� beb�

aZf_gylvky�^jm]bfb�we_f_glZfb� 



 27 

Djhf_� lh]h�� kh\j_f_ggu_� kbkl_fu� \_glbeypbb� h[_ki_qb\Zxlky�

j_]mebjmxsbfb�b�mijZ\eyxsbfb�we_f_glZfb�gZ�[Za_�fbdjhijhp_kkhjh\�b�

k� ^bklZgpbhgguf� mijZ\e_gb_f�� kb]gZebaZpb_c� b� kbkl_fhc� [ehdbjh\db��

k\yaZgghc� k� jZ[hlhc� h[kem`b\Z_fuo� l_ogheh]bq_kdbo� ZiiZjZlh\� �beb�

mklZgh\hd�� 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

<� \ha^mohijb_fguo�rZolZo� �gZ� \ukhl_� g_� f_g__� ^\mo� f_ljh\� hl� a_feb��

jZkiheZ]Zxlky� ijh_fu�� aZdjulu_� `Zexab� beb� f_lZeebq_kdbfb� ahglZfb�

�^ey� aZsblu� hl� ihiZ^Zgby� hkZ^dh\��� IehsZ^v� ijh_fh\� ^he`gZ�

h[_ki_qb\Zlv�^\b`_gb_�aZ[bjZ_fh]h�\ha^moZ�kh�kdhjhklvx�g_�[he__���f�k��

Ijb� bkihevah\Zgbb� _kl_kl\_gghc� \_glbeypbb� ^ey� aZ[hjZ� gZjm`gh]h�

Jbk�� ���Ihf_s_gb_�p_oZ k�kbkl_fhc�
ijbgm^bl_evghc ijblhqgh-\uly`ghc�
\_glbeypbb� 
1 -� \ha^mohijb_fgZy� rZolZ�� 2 -� ijh_f�
^ey� aZ[hjZ� gZjm`gh]h� \ha^moZ��
3 -� ml_ie_gguc� deZiZg�� 4 -� nbevlj��
5 -� dZehjbn_j�� 6 -� h[\h^ghc� deZiZg��
7 -� \_glbeylhj�� 8 -� we_dljh^\b]Zl_ev��
9 -�ijblhqgZy�dZf_jZ��10�b�11 -�ijblhqgu_�
b \uly`gu_ \ha^moh\h^u��12�b�13 -�ijblhqgu_�
b�\uly`gu_�gZkZ^db��14 -�l_ogheh]bq_kdbc�
ZiiZjZl� k� \u^_e_gb_f� \j_^ghkl_c��
15 -�f_klguc�hlkhk���� - \uly`gZy�dZf_jZ��
17 - \uly`gZy�rZolZ; —•••—>- �\ha^mo 

<ha^mohijb_fgu_� mk-
ljhckl\Z�ijblhqguo�kbkl_f�

ijbgm^bl_evghc� \_glb-
eypbb� \uihegyxlky� lZdbf�

h[jZahf�� qlh[u� \� aZ[b-
jZ_fhf� bfb� gZjm`ghf� \ha-
^mo_�dhgp_gljZpby�\j_^guo�

\_s_kl\�g_�ij_\urZeZ������

hl� I>D� wlbo� \_s_kl\� \�

\ha^mo_� jZ[hq_c� ahgu� beb�

hl�I>D�\j_^guo�\_s_kl\� \�

\ha^mo_� gZk_e_gguo� imgd-
lh\� �^ey� \_glbeypbhgguo�

kbkl_f� `beuo� b� h[s_kl-
\_gguo�a^Zgbc�� 

QZs_� \k_]h� \ha^moh-
ijb_fgu_� mkljhckl\Z� \u-
ihegyxlky� \� \b^_� rZolu��

ijbfudZxs_c� d� gZjm`ghc�

kl_g_� \_glbebjm_fh]h� a^Z-
gby� �beb� jZkiheZ]Zxs_cky�

gZ�djur_�a^Zgby��beb�klhy-
s_c� hl^_evgh   hl   a^Zgby�� 
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\ha^moZ� fh]ml� bkihevah\Zlvky� ZwjZpbhggu_� ijh_fu� beb� hldjulu_� hdgZ�

�jZkiheh`_ggu_�lZd`_�g_�gb`_�^\mo�f_ljh\�hl�mjh\gy�a_feb�� 

<ha^mohijb_fgu_�mkljhckl\Z�^he`gu�gZoh^blvky�gZ�jZkklhygbb�g_�

f_g__� ���f�hl�bklhqgbdh\� aZ]jyag_gby� \ha^moZ� �k�mq_lhf�gZ[ex^Z_fhc�\�

^Zgghf�f_kl_�jhau�\_ljh\�� 

Ijblhqgu_� klZgpbb� �beb� dZf_ju�� jZaf_sZxlky� g_ihkj_^kl\_ggh� \�

ijhba\h^kl\_gguo� ihf_s_gbyo�� \� ijbkljhcdZo� d� gbf� beb� \� hl^_evgh�

klhysbo�a^Zgbyo� 

<ukhlZ� ijblhqghc� klZgpbb� ^he`gZ� [ulv� g_�f_g__� ����f��IehsZ^v�

ijblhqghc� klZgpbb� ^he`gZ� iha\heylv� jZaf_klblv� \k_� h[hjm^h\Zgb_�

�jZkklhygb_�f_`^m� _^bgbpZfb� h[hjm^h\Zgby� ^jm]� hl� ^jm]Z� b� hl� kl_g� g_�

f_g__� ���� f��� >ey� j_fhglZ� ly`_eh]h� \_glbeypbhggh]h� h[hjm^h\Zgby�

^he`gZ�[ulv�ij_^mkfhlj_gZ�mklZgh\dZ�]jmahih^t_fguo�f_oZgbafh\� 

<� ijblhqguo� klZgpbyo� jZaf_sZxlky� nbevlju� kmohc� b� fhdjhc�

hqbkldb��\_glbeylhju��we_dljh^\b]Zl_eb��dZehjbn_ju� 

Ihf_s_gb_� ijblhqghc� klZgpbb� hlghkblky� d� dZl_]hjbb� ©>ª�� Z� _keb�

ijbf_gyxlky� fZkeygu_� nbevlju� k� _fdhklvx� [he__� ��� d]� fZkeZ�� lh�

ihf_s_gb_�ijblhqghc�klZgpbb�hlghkyl�d�dZl_]hjbb�©<ª� 

Nbevlju� fh]ml� bf_lv� ijhimkdgmx� kihkh[ghklv� ^h� ���� f3
�k� b�

mklZgZ\eb\Zxlky� i_j_^� \_glbeylhjZfb� h[uqgh]h� bkiheg_gby� beb� ihke_�

\_glbeylhjh\�iue_klhcdh]h�bkiheg_gby� 

<_glbeylhju� \� h[uqghf�� iue_klhcdhf�b� Zglbdhjjhabhgghf�bkihe-

g_gbb� \uimkdZxlky� k� rbjhdhc� ]Zffhc� lbihjZaf_jh\�� fZdkbfZevghc�

ijhba\h^bl_evghklvx�^h�����f3
�k�b�k�jZa\b\Z_fuf�^Z\e_gb_f�^h���dIZ. 

>ey� ijhba\h^kl\_gguo� b� Z^fbgbkljZlb\gh-[ulh\uo� ihf_s_gbc 

kbkl_fu�h[s_h[f_gghc�ijblhqghc�\_glbeypbb�ijh_dlbjmxlky� k�^\mfy�b�

[he__� ijblhqgufb� \_glbeylhjZfb� �beb� k� h^gbf� jZ[hqbf� b� h^gbf�

j_a_j\guf� \_glbeylhjZfb��� H^gZ� kbkl_fZ� ijblhqghc� \_glbeypbb� fh`_l�

h[_ki_qb\Zlv� \ha^mohf�`beu_��h[s_kl\_ggu_�� Z^fbgbkljZlb\gh-[ulh\u_�

b�ijhba\h^kl\_ggu_�ihf_s_gby�h^ghc�ba� dZl_]hjbc� �©<ª�� ©=ª�beb� ©>ª���

ijhba\h^kl\_ggu_�h^ghc�ba�dZl_]hjbc��©:ª�beb�©;ª���_keb�hgb�jZaf_s_gu�

g_�[he__�q_f�gZ�lj_o�kf_`guo�wlZ`Zo� 
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>\mokdhjhklgu_� we_dljh^\b]Zl_eb� ijbf_gyxlky� \� kbkl_fZo�

h[s_h[f_gghc� \_glbeypbb�� ]^_� fZdkbfZevguc� jZkoh^� \ha^moZ� \� l_ieuc�

i_jbh^� ]h^Z� kms_kl\_ggh� \ur_�� q_f� \� oheh^guc�� ?keb� jZkoh^� \ha^moZ�

baf_gy_lky� \� l_q_gb_� \k_]h� ]h^Z�� lh� j_dhf_g^m_lky� bkihevah\Zlv�

we_dljh^\b]Zl_eb�k�qZklhlguf�j_]mebjh\Zgb_f� 

DZehjbn_ju� �beb� \ha^mohgZ]j_\Zl_eb�� ^ey� ih^h]j_\Z� ijblhqgh]h�

gZjm`gh]h� \ha^moZ� abfhc� ihklZ\eyxlky� dZd� \� ]eZ^dhljm[ghf�� lZd� b� \�

hj_[j_gghf�ih� \ha^mrghc� klhjhg_�bkiheg_gbyo��Bgh]^Z�bkihevamxlky�b�

ieZklbgqZlu_�l_iehh[f_ggbdb��<�aZ\bkbfhklb�hl�dhebq_kl\Z�gZ]j_\Z_fh]h�

ijblhqgh]h� \ha^moZ� b� fbgbfZevgh]h� jZkq_lgh]h� agZq_gby� l_fi_jZlmju�

gZjm`gh]h� \ha^moZ�dZehjbn_ju�fh]ml� \dexqZlvky� \� ]jmiiu�ihkj_^kl\hf�

iZjZee_evgh]h�beb�ihke_^h\Zl_evgh]h�jZkiheh`_gby�ih�oh^m�\ha^moZ��b�ih�

ko_f_�ih^\h^Z�]j_xs_]h�l_iehghkbl_ey���Ijb�baf_g_gbb�j_`bfh\�jZ[hlu�

kbkl_f� \_glbeypbb� ^ey� aZsblu� hl� aZf_jaZgby� ]j_xs_c� \h^u� \� ljm[dZo�

dZehjbn_jh\�__�kdhjhklv�ke_^m_l�ih^^_j`b\Zlv�g_�gb`_������f�k��dZd�ijb�

;

G�Ot ��lZd�b�ijb�� °K). 

Ijb�ih\ur_gbb�l_fi_jZlmju�gZjm`gh]h�\ha^moZ�kgb`_gb_�l_ieh\hc�

ijhba\h^bl_evghklb� dZehjbn_jh\�� bkihevamxsbo� \� dZq_kl\_� ]j_xs_]h�

l_iehghkbl_ey�\h^yghc�iZj��ijhba\h^yl�i_j_imkdhf�qZklb�\ha^moZ�ihfbfh�

dZehjbn_jh\� �q_j_a� h[\h^ghc� dZgZe��� KhdjZlblv� l_ieh\mx�

ijhba\h^bl_evghklv� dZehjbn_jh\�� bkihevamxsbo� \� dZq_kl\_� ]j_xs_]h�

l_iehghkbl_ey�]hjyqmx�\h^m��fh`gh��mf_gvrb\�l_fi_jZlmjm��beb�jZkoh^��

wlhc�\h^u� 

<�p_oZo�ijhfure_gguo�ij_^ijbylbc�h[uqgh�bkihevamxlky�djm]eu_�

�^bZf_ljhf� hl� ����� ^h� ���� f�� b� ijyfhm]hevgu_� �kh� klhjhghc� ^h� ���� f� 

ijblhqgu_� \ha^moh\h^u�� Ijblhqgu_� \ha^moh\h^u� \uihegyxlky� ba�

lhgdhebklh\hc� hpbgdh\Zgghc�� djh\_evghc�� ebklh\hc�� jmehgghc� klZeb��

[_lhgZ,�`_e_ah[_lhgZ��]bikZ�b�^jm]bo�fZl_jbZeh\��<uly`gu_�\ha^moh\h^u, 

ljZgkihjlbjmxsb_� \ha^mrgmx� kf_kv� k� obfbq_kdb� Zdlb\gufb� ]ZaZfb, 

iZjZfb�b�iuevx��\uihegyxlky�ba�d_jZfbdb��Zk[_klhp_f_glZ��ieZklfZkku��

kl_dehldZgb��f_lZeehieZklZ�b�ebklh\hc�klZeb��JZaf_ju�k_q_gbc�ijblhqguo�
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\ha^moh\h^h\� \u[bjZxlky� ih� kdhjhklb� ^\b`_gby� \ha^moZ� \� gbo�� >ey�

mqZkldh\�k�[hevrbfb�^bZf_ljZfb�j_dhf_g^m_lky�ijbgbfZlv�kdhjhklb�W = 

10 —� ���� Z� k�fZeufb�—� ������f�k��<� \ha^moh\h^Zo� \uly`ghc� \_glbeypbb�

ih^^_j`b\Z_lky�kdhjhklv� � -� ��f�k��<�p_oZo�ijhfure_gguo�ij_^ijbylbc�

\ha^moh\h^u� ijhdeZ^u\Zxlky� hldjulh� ih� kl_gZf� b� dhehggZf� a^Zgby�� \�

]Z[ZjblZo� n_jf�� nhgZj_c� b� ^jm]bo� kljhbl_evguo� dhgkljmdpbc�� LjZkku�

\ha^moh\h^h\� \u[bjZxl� ba� mkeh\bc� fbgbfZevghc� ijhly`_gghklb� b�

fbgbfZevgh]h�dhebq_kl\Z�hl\h^h\� 

>ey� ij_^hl\jZs_gby� ijhgbdgh\_gby� \� ihf_s_gb_� ijh^mdlh\�

]hj_gby�\h�\j_fy�ih`ZjZ�ij_^mkfZljb\Zxlky� 

– h]g_aZ^_j`b\Zxsb_�deZiZgu�gZ�ihwlZ`guo�k[hjguo�\ha^moh\h^Zo�

b� \� f_klZo� ijbkh_^bg_gby� bo� d� \_jlbdZevghfm� dhee_dlhjm� �^ey�

h[s_kl\_gguo�� Z^fbgbkljZlb\gh-[ulh\uo� b� ijhba\h^kl\_gguo�

ihf_s_gbc�deZkkZ�©=ª�; 

– \ha^mrgu_� aZl\hju� gZ� ihwlZ`guo� k[hjguo� \ha^mohijh\h^Zo� \�

f_klZo� ijbkh_^bg_gby� bo� d� ]hjbahglZevghfm� beb� \_jlbdZevghfm�

dhee_dlhjm� �^ey� `beuo�� h[s_kl\_gguo� b� Z^fbgbkljZlb\gh-[ulh\uo�

ihf_s_gbc�fgh]hwlZ`guo�a^Zgbc�� 

– h]g_aZ^_j`b\Zxsb_� deZiZgu� gZ� \ha^moh\h^Zo� \� f_klZo�

i_j_k_q_gby� i_j_djulbc� beb� ijhlb\hih`Zjguo� ij_]jZ^� �^ey� ihf_s_gbc�

dZl_]hjbb�©:ª��©;ª�b�©<ª�� 

– h[jZlgu_� deZiZgu� gZ� hl^_evguo� \ha^moh\h^Zo� \� f_klZo�

ijbkh_^bg_gby� bo� d� k[hjghfm� \ha^moh\h^m� beb� dhee_dlhjm� �^ey�

ihf_s_gbc�dZl_]hjbb�©:ª��©;ª�b�©<ª�� 

<ha^moh\h^u� ^he`gu� [ulv� deZkkZ� ©Iª� �iehlgu_�� ^ey� ljZgablguo�

mqZkldh\� kbkl_f� h[s_h[f_gghc� \_glbeypbb� ijb� klZlbq_kdhf� ^Z\e_gbb� m��

\_glbeylhjZ� [he__� ����� IZ�� >ey� ljZgablguo� mqZkldh\� f_klguo� hlkhkh\�

\ha^moh\h^u� ^he`gu� [ulv� deZkkZ� ©Iª� g_aZ\bkbfh� hl� \_ebqbgu�

klZlbq_kdh]h�^Z\e_gby��>ey�hklZevguo�kbkl_f�h[s_h[f_gghc�\_glbeypbb�

ijbf_gyxlky�\ha^moh\h^u�deZkkZ�©Gª��ghjfZevgu_�� 

G_\yadZ� ihl_jv� ^Z\e_gby� ih� \_l\yf� \ha^moh\h^h\� g_� ^he`gZ�

ij_\urZlv�������<_ebqbgu�ihl_jv�b�ih^khkh\�\ha^moZ�q_j_a�g_iehlghklb�

\ha^moh\h^h\�ghjfbjh\Zgu�b�ijb\_^_gu�\�>�@� 
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<ha^mohjZkij_^_ebl_eb� mklZgZ\eb\Zxlky� gZ� ih^Zxsbo� \ha-

^mohijh\h^Zo� �b� hl\_l\e_gbyo� hl� gbo�� b� kem`Zl� ^ey� ihemq_gby� kljmc�

\ha^moZ� jZaghh[jZaghc� dhgnb]mjZpbb� b� ^Zevgh[hcghklb�� Dhgkljmdpbb�

\ha^mohjZkij_^_ebl_e_c�h[jZamxl�kljmb�ke_^mxsbo�lbih\� 
 

Lbi�kljmb GZagZq_gb_� 
\ha^mohjZkij_^_ebl_ey 

<b^�bkiheg_gby� 
\ha^mohjZkij_^_ebl_ey 

Hk_kbff_ljbqgZy >Zevgh[hcghklv� kljmb��
baf_g_gb_� gZijZ\e_gby� _z�
^\b`_gby 

Pbebg^jbq_kdb_� beb�
dhgbq_kdb_�iZljm[db� 

<__jgZy� Bgl_gkb\gh_� kf_r_gb_�
ih^Z\Z_fh]h�gZjm`gh]h�\ha^moZ�
k�\ha^mohf�ihf_s_gby� 

Pbebg^jbq_kdb_�
iZljm[db��hl[hcgu_�ebklu�
ih^�gbfb 

G_ihegZy�\__jgZy Bgl_gkb\gh_� kf_r_gb_�
ih^Z\Z_fh]h� \ha^moZ� k�
h]jZgbq_gb_f� m]eZ� jZkdjulby�
kljmb 

Pbebg^jbq_kdb_�iZljm[db�
k�\__jgufb�ehiZldZfb 

IehkdZy Ih^ZqZ� kljmb� iZjZee_evgh�
h]jZ`^Zxsbf�dhgkljmdpbyf 

Iehkdb_� ijyfhm]hevgu_�
hl\_jklby 

AZdjmq_ggZy GZb[hevrZy�ih^ZqZ�\ha^moZ�
dZ`^hc�kljmzc 

Pbebg^jbq_kdb_�iZljm[db�
k�aZdjmqb\Zxsbfb�
gZkZ^dZfb 

 
Lbi� b� dhebq_kl\h� \ha^mohjZkij_^_ebl_e_c� \u[bjZ_lky� lZdbf�

h[jZahf�� qlh[u� h[_ki_qblv� hilbfZevgmx� hj]ZgbaZpbx� \ha^mohh[f_gZ� \�

\_glbebjm_fhf� ihf_s_gbb�� Ijb� bkihevah\Zgbb� ^Zevgh[hcguo� b�

\ukhdhijhba\h^bl_evguo�kljmc�dhebq_kl\h�\ha^mohjZkij_^_ebl_e_c�[m^_l�

g_\_ebdh�� aZlh� kdhjhklv� ^\b`_gby� \ha^moZ� \� ihf_s_gbb� [m^_l�

agZqbl_evgZ��?keb�`_� \_glbebjm_fh_� ihf_s_gb_� g_[hevrh_� b� lj_[m_lky�

mf_gvrblv� kdhjhklv� \ha^moZ� \[ebab� hl�f_klZ� \uimkdZ�� lh�p_e_khh[jZagh�

bf_lv� [hevrh_� qbkeh� kljmc� fZehc� fhsghklb��<u[bjZy� f_klZ� mklZgh\db�

\ha^mohjZkij_^_ebl_e_c� b� gZijZ\e_gb_� \uimkdZ_fuo� bfb� kljmc��

g_h[oh^bfh� mqblu\Zlv�� qlh� ljZ_dlhjbb� kljmc� k� l_fi_jZlmjhc� \ur_�� q_f�

l_fi_jZlmjZ�\ha^moZ�\�ihf_s_gbb�t<�J�hldehgyxlky�\\_jo��Z�k�l_fi_jZlmjhc�

gb`_� t<�J -� \gba�� <� kbkl_fZo� \uly`ghc� \_glbeypbb� d� \uly`guf�

mkljhckl\Zf�gZ�\ha^moh\h^Zo�m^Zey_fuc�\ha^mo�ihklmiZ_l�kh�\k_o�klhjhg��

Bo� \uly`gu_� mkljhckl\Z� emqr_� \uihegylv� \� \b^_� madbo� hl\_jklbc� beb�

s_e_c� 
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<uly`gu_� dZf_ju� �beb� \uly`gu_� ZkibjZpbhggu_� klZgpbb��

jZkiheZ]Zxlky� gZ� i_j_djulbyo�� djurZo� beb� gZ� ihem� \_glbebjm_fuo�

ihf_s_gbc�� <uly`gu_� dZf_ju� �beb� \uly`gu_� ZkibjZpbhggu_� klZgpbb��

fh]ml� lZd`_� jZaf_sZlvky� \� hl^_evgh� klhysbo� a^Zgbyo�� <u[jhk�

aZ]jyag_ggh]h� \ha^moZ� hkms_kl\ey_lky� q_j_a� \uly`gu_�rZolu��Kdhjhklv�

^\b`_gby�\ha^moZ�\�\uly`guo�rZolZo�h[uqgh�khklZ\ey_l���� - ��f�k� 

?keb�\uly`gZy�rZolZ�jZkiheZ]Z_lky�ih�dhgvdm�djurb��lh�__�\ukhlZ�

^he`gZ�g_�f_g__,�q_f�gZ�����f�ij_\urZlv�\ukhlm�dhgvdZ��?keb�[eb`_,�q_f�

gZ� ��� f� hl� \uly`ghc�rZolu,� jZkiheh`_gZ� ijblhqgZy�rZolZ�� lh� \ukhlZ�

\uly`ghc� rZolu� ^he`gZ� [ulv� g_� f_g__�� q_f� gZ� ���� f� [hevr_� \ukhlu�

ijblhqghc�rZolu� 
 

6.�Hij_^_e_gb_�ihlj_[ghklb�kbkl_f�\_glbeypbb�\�l_iehl_� 

b�we_dljbq_kdhc�wg_j]bb 

We_dljbq_kdmx� wg_j]bx� \� kbkl_fZo� h[s_h[f_gghc� \_glbeypbb�

g_h[oh^bfh�jZkoh^h\Zlv�gZ�jZ[hlm�ijblhqguo�b�\uly`guo�\_glbeylhjh\��

gZkhkh\�kbkl_f�m\eZ`g_gby�ijblhqgh]h�\ha^moZ��pbjdmeypbhgguo�gZkhkh\�

kbkl_f�mlbebaZpbb�l_iehlu�\_glbeypbhgguo�\u[jhkh\� 

Dhebq_kl\h� ihlj_[ey_fhc� we_dljbq_kdhc� wg_j]bb� hij_^_ey_lky�

fhsghklvx�mklZgh\e_gguo�we_dljh^\b]Zl_e_c�^ey�ijb\h^Z�\_glbeylhjh\�b�

gZkhkh\�� Z� lZd`_� ijh^he`bl_evghklvx� bo� jZ[hlu� aZ� dhgdj_lguc� i_jbh^�

\j_f_gb��qZk��kf_gZ��kmldb��f_kyp��]h^�� 

Fhsghklv� \_glbeylhjh\� b� gZkhkh\�� mklZgh\e_gguo� \� kbkl_fZo�

h[s_h[f_gghc� \_glbeypbb�� hij_^_ey_lky� gZ� hkgh\_� \u[hjZ� jZkq_lguo�

dhebq_kl\� \ha^moZ� L<�� f3
�k�� \h^u� V<� beb� ^jm]h]h� wg_j]hghkbl_ey��

pbjdmebjmxs_]h� \� kbkl_f_� mlbebaZpbb� l_iehlu� \_glbeypbhgguo�

\u[jhkh\�VWG��f
3
�k� 

Ihfbfh�jZkq_lguo�jZkoh^h\�\ha^moZ�b�\h^u��^ey�gZoh`^_gby�fhs-

ghklb� \_glbeylhjh\� b� gZkhkh\� ^he`gu� [ulv� ba\_klgu� ^_ckl\bl_evgu_�

gZihju��jZa\b\Z_fu_�\_glbeylhjhf�G<�b�gZkhkhf�GG,�f��>_ckl\bl_evguc�

gZihj�� kha^Z\Z_fuc� \_glbeylhjhf� beb� gZkhkhf�� g_h[oh^bf� ^ey� � lh]h��

qlh[u� i_j_f_sZ_fZy� jZ[hqZy� kj_^Z� �\ha^mo� beb� \h^Z�� ij_h^he_eZ� \k_�
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Zwjh^bgZfbq_kdb_� khijhlb\e_gby� \� \ha^mohijh\h^Zo�� \ha^mohjZk-

ij_^_ebl_eyo��nbevljZo��dZehjbn_jZo�b�l�^� 

Fhsghklb�we_dljh^\b]Zl_e_c�^ey�ijb\h^Z�\_glbeylhjZ� <

W>N ,�d<l��b�

gZkhkZ� G

W>N ��d<l��hij_^_eyxlky�ih�ke_^mxsbf�\ujZ`_gbyf� 

;
��

�!

��

LgG�!

IJ<

<<

IJ<

<<<<

W>

L
N ==   

                                   ,
��

�!

��

gVG�!

IJG

<G

IJG

<G@G

W>

V
N ==                           (23) 

]^_�: = 1,05 —1,2 -�dhwnnbpb_gl�aZiZkZ�fhsghklb�we_dljh^\b]Zl_ey��J\ - 

iehlghklv� \ha^moZ�� i_j_f_sZ_fh]h� \_glbeylhjhf�� d]�f3
� �^ey� ijblhqgh]h�

\_glbeylhjZ� J\=353/(t<�I+27���� ^ey� \uly`gh]h� \_glbeylhjZ� J\= 353/ 

(tM+273)); J` -� iehlghklv� `b^dhklb�� i_j_dZqb\Z_fhc� gZkhkhf�� d]�f3;                   

g -�mkdhj_gb_�k\h[h^gh]h�iZ^_gby��f�k2; @\ -�DI>�\_glbeylhjZ��@g -�DI>�

gZkhkZ�� @ij - DI>� we_dljh^\b]Zl_ey� �mqblu\Z_l� ihl_jb� ijb� i_j_^Zqb�

fhsghklb� hl� we_dljh^\b]Zl_ey� d� \_glbeylhjm� beb� gZkhkm��� J< G<J\g - 

^Z\e_gb_�� jZa\b\Z_fh_� \_glbeylhjhf,� IZ�� JG=J`GGg -� ^Z\e_gb_��

jZa\b\Z_fh_�gZkhkhf��IZ� 

Ihlj_[e_gb_� we_dljbq_kdhc� wg_j]bb� \_glbeylhjhf�W<� beb� gZkhkhf�

WG,�d<l•q��\uqbkey_lky�ih�nhjfmeZf 

<

W>< NW =  nikPi; 

                                              ,ikinNW P
G

W>G =                                       (24) 

]^_�ni -�ijh^he`bl_evghklv�jZkkfZljb\Z_fh]h�i_jbh^Z�\j_f_gb��qZk��kf_gZ��

kmldb�� f_kyp�� ]h^� b� l�^���� ^ey� dhlhjh]h� \uqbkey_lky� ihlj_[e_gb_�

we_dljbq_kdhc� wg_j]bb� \_glbeylhjhf� �beb� gZkhkhf��� q�� kPi=nJ:;i/ni -

dhwnnbpb_gl�jZ[hlu�\_glbeylhjZ�beb�gZkhkZ�aZ�jZkkfZljb\Z_fuc�i_jbh^�

\j_f_gb�� nJ:;i -� ijh^he`bl_evghklv� jZ[hlu� \_glbeylhjZ� beb� gZkhkZ� aZ�

jZkkfZljb\Z_fuc�i_jbh^�\j_f_gb��q� 

Ijb� ghjfZevghc� jZ[hl_� ijblhqguo� kbkl_f� ijbgm^bl_evghc�

\_glbeypbb�\�oheh^guc�i_jbh^� ]h^Z�ih^Z\Z_fuc�\�ihf_s_gb_�oheh^guc�

gZjm`guc� \ha^mo� �k� l_fi_jZlmjhc� tH�� g_h[oh^bfh� ih^h]j_\Zlv� ^h�
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l_fi_jZlmju� t<�I�� >ey� wlhc� p_eb� d� oheh^ghfm� gZjm`ghfm� \ha^mom� q_j_a�

dZehjbn_jgu_� mklZgh\db� ih^\h^blky� l_ieh\Zy� wg_j]by� hl� \g_rg_]h�

bklhqgbdZ� l_iehkgZ[`_gby� �dhl_evghc� beb� LWP��� Dhebq_kl\h� l_ieh\hc�

wg_j]bb� Q< d<l�� ih^\h^bfhc� d� oheh^ghfm� gZjm`ghfm� \ha^mom��

hij_^_ey_lky�ih�ke_^mxsbf�\ujZ`_gbyf� 

);<�I(K! G<<< ttLQ −=   

                                           ),(K G<�I<< ttLQ V −=                                    (25) 

]^_� K -� fZkkh\Zy� l_ieh_fdhklv� \ha^moZ�� d>`��d]•°K); KV -� h[t_fgZy�

l_ieh_fdhklv�\ha^moZ��d>`��f3•°K). 

>ey� hl^_evgh]h� \_glbebjm_fh]h� ihf_s_gby� \ujZ`_gby� (25�� qZklh�

ij_h[jZamxlky�d�\b^m 

);(! G<�I<<�I

P
< ttKVmQ −=   

                                    ),(K G<�I<�I

P

< ttVVmQ −=                              (26) 

]^_�V<�I�-�\gmlj_ggbc�h[t_f�\_glbebjm_fh]h�ihf_s_gby��f3; <�I<

P /VLm =  - 

jZkq_lgZy�djZlghklv�h[f_gZ�\ha^moZ�\�\_glbebjm_fhf�ihf_s_gbb����k� 

>ey� a^Zgby� k� gZjm`guf� h[t_fhf� VA>�� f3
�� b� g_kdhevdbfb�

\_glbebjm_fufb� ihf_s_gbyfb� dhebq_kl\h� l_ieh\hc� wg_j]bb��

ihlj_[ey_fhc�kbkl_fhc�\_glbeypbb��\uqbkey_lky�ih�nhjfme_ 
                                         ),( G<�IA><< ttVqQ −=                                      (27) 

]^_� 



∑=



∑= A><�I

P
A><�I

P
<< /)(/)(! ViVmKViVmKq V  -� m^_evgZy�

\_glbeypbhggZy� oZjZdl_jbklbdZ� a^Zgby� �ihdZau\Z_l�� dZdbf� [m^_l� jZkoh^�

l_iehlu� gZ� \_glbeypbx� �� f3
� a^Zgby� aZ� h^gm� k_dmg^m�� ijb� jZaghklb�

\gmlj_gg_c� b� gZjm`ghc� l_fi_jZlmj� \ha^moZ� \� 1� ]jZ^mk��� d<l��f3•°K);                
i -�ghf_j�\_glbebjm_fh]h�ihf_s_gby�\�a^Zgbb� 

>ey� lbih\uo� h[s_kl\_gguo�� Z^fbgbkljZlb\guo� b� dhffmgZevgh-
[ulh\uo� a^Zgbc�� Z� lZd`_� ijhba\h^kl\_gguo� dhjimkh\� ijhfure_gguo�

ij_^ijbylbc� k� hij_^_e_ggufb� l_ogheh]bq_kdbfb� ijhp_kkZfb� agZq_gby�

m^_evguo�\_glbeypbhgguo�oZjZdl_jbklbd�ijb\_^_gu�\�>�� 8]. 
Ba�\ujZ`_gbc� �����—� �����ke_^m_l��qlh�jZkoh^�l_ieh\hc�wg_j]bb�gZ�

\_glbeypbx�ebg_cgh�\hajZklZ_l�hl�Q<  ����ijb�tG = t<�I ��^h�fZdkbfZevgh]h�
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agZq_gby�Q< ( J

<< QQ = ���FZdkbfZevgh_� �beb� jZkq_lgh_�� agZq_gb_� jZkoh^Z�

l_iehlu� gZ� \_glbeypbx� mklZgZ\eb\Z_lky� ijb� fbgbfZevghf� agZq_gbb�

l_fi_jZlmju� gZjm`gh]h� \ha^moZ�� ijbgbfZ_fhf� ^ey� ijh_dlbjh\Zgby�

kbkl_f�\_glbeypbb��ijb�tG = tG�J�<). 
>ey� ijhba\h^kl\_gguo�� h[s_kl\_gguo�� Z^fbgbkljZlb\guo� b�

dhffmgZevgh-[ulh\uo� a^Zgbc� aZ� jZkq_lgmx� l_fi_jZlmjm� gZjm`gh]h�

\ha^moZ� ijb� ijh_dlbjh\Zgbb� kbkl_f� \_glbeypbb� ijbgbfZxl� jZkq_lgmx�

l_fi_jZlmjm�\ha^moZ�^ey�oheh^gh]h�i_jbh^Z�]h^Z��\aylmx�ih�iZjZf_ljZf�;�

( ;

G�OG�J�< tt = ). Lh]^Z� fZdkbfZevguc� �beb� jZkq_lguc�� jZkoh^� l_ieh\hc�

wg_j]bb�gZ�\_glbeypbx�a^Zgby� J

<Q ,�d<l��\uqbkey_lky�ih�\ujZ`_gbx 

                          ).()( ;

G�O<�IA><G�J�<<�IA><

J

< ttVqttVqQ −=−=                    (28) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

���q \ ]h^ �ijbq_f jZkiheh`_gguo�g_�ih^jy^���lh�mf_gvr_gb_�djZlghklb�

\ha^mohh[f_gZ�\�\_glbebjm_fuo�ihf_s_gbyo�\iheg_�^himklbfh� 

Jbk�����=jZnbd�baf_g_gby�jZkoh^Z�
l_ieh\hc� wg_j]bb�gZ� \_glbeypbx�
a^Zgbc:  
1 -� jZkoh^� l_iehlu� \� kbkl_fZo�
ijbgm^bl_evghc� \_glbeypbb�
gZ�ih^h]j_\�gZjm`gh]h�\ha^moZ 

Ijb� ^Zevg_cr_f� ihgb`_gbb�

l_fi_jZlmju�gZjm`gh]h� \ha^moZ�� \iehlv 

^h�Z[khexlgh�fbgbfZevghc� min

G�Ot , °K��l�_��

dh]^Z ;

G�OH

min

G�O ttt ≤≤ , °K���jZkoh^�l_iehlu�

gZ� \_glbeypbx� a^Zgbc� hklZ_lky�

ihklhygguf��ebgby���gZ�jbk����� 
Ijb� wlhf� kgb`Zxl� djZlghklv�

h[f_gZ� \ha^moZ� \� \_glbebjm_fuo�

ihf_s_gbyo�l����k��ih�khhlghr_gbx 

          )./()( G<�I

;

G�O<�I

J ttttmm −−=      (29) 

Mf_gvr_gb_� djZlghklb� h[f_gZ�

\ha^moZ� mom^rZ_l� kZgblZjgh-]b]b_gb-

q_kdb_� mkeh\by� \� \_glbebjm_fuo�

ihf_s_gbyo� Gh� lZd� dZd� ijh^he`b-

l_evghklv� i_jbh^Z� kgb`_gghc� djZl-

ghklb  h[f_gZ  \ha^moZ   g_�  ij_\urZ_l�
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Kmlhqguc� ]jZnbd� ihlj_[e_gby� l_ieh\hc� wg_j]bb� gZ� \_glbeypbx�

ijhba\h^kl\_gguo� p_oh\� �Z� lZd`_� h[s_kl\_gguo�� Z^fbgbkljZlb\guo� b�

dhffmgZevgh-[ulh\uo�ihf_s_gbc��kms_kl\_ggh�f_gy_lky�ijb�baf_g_gbb� 
– l_fi_jZlmju�gZjm`gh]h�\ha^moZ� 
– j_`bfZ�jZ[hlu�\_glbebjm_fh]h�p_oZ��ihf_s_gby�� 

Ijb� gZebqbb� wlbo� nZdlhjh\� lj_[m_lky� g_f_^e_ggh_� b�

khhl\_lkl\_ggh_� baf_g_gb_� jZkoh^Z� l_iehlu� dZd� ijb� baf_g_gbb�

l_fi_jZlmju� gZjm`gh]h� \ha^moZ�� lZd� b� ijb� \dexq_gbb� beb� hldexq_gbb�

ijblhqguo�kbkl_f�ijbgm^bl_evghc�\_glbeypbb� 

Kmlhqguc�jZkoh^� l_iehlu�gZ� \_glbeypbx� a^Zgby� KML

<Q �� �d<l•q��kml��

\uqbkey_lky�ih�nhjfme_ 

                               ,)(24 KML

J�<

Kj�jZ[

G<�IA><

KML

< KttVqQ −=                             (30) 

]^_� Kj�jZ[

Gt  -� kj_^gyy� l_fi_jZlmjZ� gZjm`gh]h� \ha^moZ� aZ� jZ[hqbc� i_jbh^�

kmlhd�� �K; 24/KML

<

KML

J�< nK =  -� dhwnnbpb_gl� kmlhqghc� g_jZ\ghf_jghklb�

jZ[hlu� kbkl_fu� \_glbeypbb�� KML

<n  -� \j_fy� jZ[hlu� kbkl_fu� \_glbeypbb� \�

l_q_gb_�kmlhd��q�kml� 

=h^h\hc� jZkoh^� l_iehlu� gZ� \_glbeypbx� a^Zgby� =H>

<Q �� �d<l•q��]h^��

hij_^_ey_lky�ih�\ujZ`_gbx� 

                          ,)( =H>

J�<0
Kj�h

G<�IA><

=H>

< KnttVqQ −=                                    (31) 

]^_� Kj�h

Gt  -�kj_^gyy�l_fi_jZlmjZ�gZjm`gh]h�\ha^moZ�aZ�hlhibl_evguc�i_jbh^��

°K; 0n  -� ijh^he`bl_evghklv� hlhibl_evgh]h� i_jbh^Z�� q�� 0
=H>

<

=H>

J�< / nnK = -

dhwnnbpb_gl�]h^h\hc�g_jZ\ghf_jghklb�jZ[hlu�kbkl_fu�\_glbeypbb�� =H>

<n - 

]h^h\Zy� ijh^he`bl_evghklv� jZ[hlu� kbkl_fu� \_glbeypbb�� dh]^Z�

aZljZqb\Z_lky�l_iehlZ�gZ�ih^h]j_\�oheh^gh]h�gZjm`gh]h�\ha^moZ��q� 

=h^h\hc� ]jZnbd� l_ieh\uo� gZ]jmahd� kbkl_fu� ijbgm^bl_evghc�

\_glbeypbb� \� aZ\bkbfhklb� hl� ih\lhjy_fhklb� l_fi_jZlmj� gZjm`gh]h�

\ha^moZ� kljhblky� ZgZeh]bqgh� lZdhfm� `_� ]jZnbdm� ^ey� kbkl_f� hlhie_gby�
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a^Zgbc� k� i_j_f_gguf� l_fi_jZlmjguf� j_`bfhf� �_keb� ijb� ihkljh_gbb�

kqblZehkv��qlh� 0>

H =Q �d<l��>�@� 

 

7.�MlbebaZpby�l_iehlu�\_glbeypbhgguo�\u[jhkh\ 

>ey� ih\ur_gby� wdhghfbqghklb� jZ[hlu� kbkl_f� ijbgm^bl_evghc�

\_glbeypbb� b� mf_gvr_gby� l_ieh\h]h� aZ]jyag_gby� hdjm`Zxs_c� kj_^u�

p_e_khh[jZagh� bkihevah\Zlv� l_iehlm� \ha^moZ�� m^Zey_fh]h� \uly`ghc�

\_glbeypb_c� 

L_fi_jZlmjZ�aZ]jyag_ggh]h�\ha^moZ��m^Zey_fh]h�\�oheh^guc�b�i_j_-

oh^guc�i_jbh^u�]h^Z��ij_\urZ_l�l_fi_jZlmjm�gZjm`gh]h�\ha^moZ��B�lZd�

dZd�\ha^mohh[f_g�\�p_oZo�ijhfure_gguo�ij_^ijbylbc�^hklZlhqgh�\_ebd��

lh� k� m^Zey_fuf� aZ]jyag_gguf� \ha^mohf� l_jy_lky� [hevrh_� dhebq_kl\h�

l_iehlu�� >ey� mlbebaZpbb� wlhc� l_iehlu� \hafh`gh� bkihevah\Zlv�

j_pbjdmeypbx� m^Zey_fh]h� \ha^moZ�� gh� lhevdh� \� ijhba\h^kl\_gguo�

ihf_s_gbyo�� ]^_� \u^_eyxlky� \j_^gu_� \_s_kl\Z� �-]h� deZkkZ� hiZkghklb�

�I>D� dhlhjuo� [he__� ���f]�f3
���?keb� \� m^Zey_fhf� aZ]jyag_gghf� \ha^mo_�

kh^_j`Zlky� \j_^gu_� \_s_kl\Z� ��� �� b� �-]h� deZkkh\� hiZkghklb�� lh� _]h�

j_pbjdmeypby�g_\hafh`gZ� 

<� lZdbo� kemqZyo� p_e_khh[jZagh� bkihevah\Zlv� l_iehlm�

\_glbeypbhgguo� \u[jhkh\� ^ey� ih^h]j_\Z� oheh^gh]h� gZjm`gh]h� \ha^moZ��

ih^Z\Z_fh]h�\�ijblhqgu_�kbkl_fu�ijbgm^bl_evghc�\_glbeypbb��>ey�wlh]h�

bkihevamxlky� j_]_g_jZlb\gu_� beb� j_dmi_jZlb\gu_� l_iehh[f_ggu_�

ZiiZjZlu� 

<� j_dmi_jZlb\guo l_iehh[f_gguo� ZiiZjZlZo� �jbk�� 6�Z)� l_iehlZ� hl�

ihlhdZ� ©]hjyq_]hª� \uly`gh]h� \ha^moZ� i_j_^Z_lky� ihlhdm� oheh^gh]h�

gZjm`gh]h� \ha^moZ� q_j_a� kl_gdm,� b� kf_r_gby� ihlhdh\� g_� ijhbkoh^bl��

H^gZdh� ba-aZ� l_jfbq_kdh]h� khijhlb\e_gby� kl_gdb� ZiiZjZlZ� dhebq_kl\h�

i_j_^Z\Z_fhc� l_iehlu� \� j_dmi_jZlb\guo� l_iehh[f_gguo� ZiiZjZlZo�

f_gvr_��q_f�\�j_]_g_jZlb\guo� 

<� j_]_g_jZlb\guo� l_iehh[f_gguo� ZiiZjZlZo� �jbk�� 6�[�� ihlhdb�

©]hjyq_]hª� \uly`gh]h� \ha^moZ� khijbdZkZxlky� k� qZklvx� fZkkb\guo� b�

l_ieh_fdbo�^_lZe_c� ZiiZjZlZ�b�gZ]j_\Zxl�bo��Ihke_�gZ]j_\Z�ijhbkoh^bl�
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i_j_dexq_gb_� ihlhdh\�� q_j_a� gZ]j_lu_� ^_lZeb� l_iehh[f_ggh]h� ZiiZjZlZ�

ijhoh^bl� ihlhd� oheh^gh]h� gZjm`gh]h� \ha^moZ�� Oheh^guc� gZjm`guc�

\ha^mo� ih^h]j_\Z_lky�� khijbdZkZykv� k� gZ]j_lufb� ^_lZeyfb�

l_iehh[f_ggbdZ��b�l_f�kZfuf�hoeZ`^Z_l�bo��©=hjyqbcª�\uly`ghc�\ha^mo�

\�wlh�\j_fy�ijhoh^bl�q_j_a�^jm]mx�qZklv�j_]_g_jZlb\gh]h�l_iehh[f_ggh]h�

ZiiZjZlZ�b�gZ]j_\Z_l�__� 
 

 
 

 

 

 

 

 

 

 

 

 

 

LZd� dZd� \� fhf_gl� i_j_dexq_gby� qZklv� ©]hjyq_]hª� aZ]jyag_ggh]h�

\uly`gh]h� \ha^moZ� ih^f_rb\Z_lky� d� qbklhfm� gZjm`ghfm� \ha^mom�� lh�

Jbk�� ��� IjbgpbibZevgu_� ko_fu� kbkl_f� ijbgm^bl_evghc�
\_glbeypbb� k� bkihevah\Zgb_f� l_iehlu� \_glbeypbhgguo�
\u[jhkh\: 
Z� -� k� j_dmi_jZlb\guf� l_iehh[f_ggbdhf-mlbebaZlhjhf��
[� -� k� \jZsZxsbfky� j_]_g_jZlb\guf� l_iehh[f_ggbdhf-
mlbebaZlhjhf;� \� -� k� j_dmi_jZlb\guf� l_iehh[f_ggbdhf-
mlbebaZlhjhf��bkihevamxsbf�ijhf_`mlhqguc�l_iehghkbl_ev� 
1, 2 -� \ha^moh\h^u� m^Zey_fh]h� b� ijblhqgh]h� \ha^moZ� 
3, 4 -� ih^Zxsbc� b� h[jZlguc� ljm[hijh\h^u� l_ieh\hc�
k_lb�� � -� ij_^\dexqzgguc� \ha^mohgZ]j_\Zl_ev��
6 -� j_dmi_jZlb\guc� l_iehh[f_ggbd-mlbebaZlhj��
7 -�dZehjbn_j������� - ijblhqguc�b�\uly`ghc�\_glbeylhju��
9 -� \_glbebjm_fh_� ihf_s_gb_�� ��� -� \ha^mrguc� nbevlj��
12 -� \jZsZxsbcky� j_]_g_jZlb\guc� l_iehh[f_ggbd-
mlbebaZlhj�� �� -�gZkhk��…….

:�\ha^mo�� ----:� k_l_\Zy�\h^Z��
—: ijhf_`mlhqguc�l_iehghkbl_ev 
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bkihevah\Zlv� j_]_g_jZlb\gu_� l_iehh[f_ggbdb� \hafh`gh� lhevdh� \� l_o�

ihf_s_gbyo�� ]^_� \� m^Zey_fhf� \ha^mo_� g_� kh^_j`Zlky� hq_gv� \j_^gu_� b�

\aju\hhiZkgu_�\_s_kl\Z� 
<�ijhba\h^kl\_gguo�ihf_s_gbyo�dZl_]hjbc�«:», «;»�b�«?»��Z�lZd`_�

\� l_o� ihf_s_gbyo�� ]^_� m^Zey_fuc� \uly`ghc� \ha^mo� kh^_j`bl�

\aju\hhiZkgu_�� ]hjxqb_��e_]dh\hkieZf_gyxsb_ky�beb�\j_^gu_�\_s_kl\Z�

�� b� �-]h� deZkkZ� hiZkghklb�� g_h[oh^bfh� bkihevah\Zlv� j_dmi_jZlb\gu_�
l_iehh[f_ggu_� ZiiZjZlu� k� ijhf_`mlhqguf� l_iehghkbl_e_f� �jbk�� ��\). 
J_dmi_jZlb\gu_� l_iehh[f_ggbdb� k� ijhf_`mlhqguf� l_iehghkbl_e_f�

ke_^m_l�bkihevah\Zlv�lZd`_�ijb�agZqbl_evguo�jZkklhygbyo�f_`^m�f_klZfb�

m^Ze_gby� \uly`gh]h� \ha^moZ� b� f_klZfb� aZ[hjZ� qbklh]h� ijblhqgh]h�

\ha^moZ� 
<h^ygu_� iZju�� kh^_j`Zsb_ky� \� m^Zey_fhf ba� \_glbebjm_fh]h�

ihf_s_gby� aZ]jyag_gghf� \ha^mo_�� ijb� hoeZ`^_gbb� gb`_� lhqdb� jhku�

dhg^_gkbjmxlky� b� \uiZ^Zxl� \� \b^_� \eZ]b� gZ� ih\_joghklb� l_iehh[f_gZ�

l_iehh[f_ggbdZ-mlbebaZlhjZ� �LM��� Ijb� gbadbo� l_fi_jZlmjZo� gZjm`gh]h�
\ha^moZ�� ihklmiZxs_]h� \� LM�� l_fi_jZlmjZ� ih\_joghklb� l_iehh[f_gZ�

klZgh\blky� gb`_ 0 °K�� <� wlb� i_jbh^u� \uiZ\rZy� gZ� ih\_joghklv�

l_iehh[f_gZ�LM�\eZ]Z�aZf_jaZ_l��b�l_iehh[f_gguc�ZiiZjZl�\u\h^blky�ba�

jZ[hlu��Ihwlhfm�j_`bf�jZ[hlu�LM�\u[bjZ_lky�lZd��qlh[u�gZ�\oh^_�\�g_]h�

l_fi_jZlmjZ� gZjm`gh]h� \ha^moZ� tG�� g_� klZgh\beZkv� f_gvr_� jZkq_lghc�

l_fi_jZlmju� tG�J�M�� Ijb� jZkq_lghc� l_fi_jZlmj_� tG.J�M�� l_fi_jZlmjZ�

ih\_joghklb� l_iehh[f_gZ�LM� kh� klhjhgu�m^Zey_fh]h� \uly`gh]h� \ha^moZ�

( I

M�t ��mf_gvrZ_lky�^h����K��Ijb�l_fi_jZlmjZo�gZjm`gh]h�\ha^moZ�gb`_�tG�J�M 

l_iehh[f_ggbd-mlbebaZlhj� g_h[oh^bfh� \u\h^blv� ba� jZ[hlu� beb�

hkms_kl\eylv�ij_^\Zjbl_evguc�ih^h]j_\�oheh^gh]h�gZjm`gh]h�\ha^moZ�\�

ij_^\dexq_gghf�l_iehh[f_gghf�ZiiZjZl_� 
Ijb�mf_gvr_gbb�l_fi_jZlmju�gZjm`gh]h�\ha^moZ�gZ�\oh^_�\�LM��hl�

tG�=t<�I ^h  tG�= tG�J�M�� hg� gZ]j_\Z_lky� \� l_iehh[f_ggbd_-mlbebaZlhj_� ^h�
l_fi_jZlmju� tG�, °K�� Ijb� wlhf� dhebq_kl\h� l_iehlu�� i_j_^Zggh_�

ijblhqghfm� \ha^mom� \� l_iehh[f_ggbd-mlbebaZlhj� QM,� d<l�� g_ij_ju\gh�

m\_ebqb\Z_lky�ijb�mf_gvr_gbb�l_fi_jZlmju�gZjm`gh]h�\ha^moZ��ebgby���

gZ�jbk������>Zevg_crbc�gZ]j_\�ijblhqgh]h�\ha^moZ�hl�l_fi_jZlmju� tG��^h�

l_fi_jZlmju� t<�I� hkms_kl\ey_lky� \� \_glbeypbhgghf� dZehjbn_j_� aZ� kq_l�



 

 

 

40 

l_ieh\hc�wg_j]bb��ih^Z\Z_fhc�hl�\g_rg_]h�bklhqgbdZ�l_iehkgZ[`_gby�QD, 
d<l��ebgby���gZ�jbk������Ijb�mf_gvr_gbb�l_fi_jZlmju�gZjm`gh]h�\ha^moZ�

gb`_�� q_f� tG.J�M, ^ey� ih^^_j`Zgby� gZ� \oh^_� \� LM� l_fi_jZlmju� tG�=tG�J�M 
\klmiZ_l�\�jZ[hlm�ij_^\dexq_gguc�l_iehh[f_gguc�ZiiZjZl�� 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

H[sbc� jZkoh^� l_ieh\hc� wg_j]bb� gZ� \_glbeypbx� hl� \g_rg_]h� bklhqgbdZ�

l_iehkgZ[`_gby�hij_^_ey_lky�dZd QL.H+ QD= Q<- QM��ebgby���gZ�jbk. 7). 

MlbebaZpby�l_iehlu�m^Zey_fh]h� aZ]jyag_ggh]h�\ha^moZ�iha\hey_l�gZ�

40 —� ��� �� khdjZlblv� ]h^h\hc� jZkoh^� l_iehlu� gZ� ijbgm^bl_evgmx�

\_glbeypbx�hl�\g_rg_]h�bklhqgbdZ�l_iehkgZ[`_gby��dhl_evghc�beb�LWP�� 

 

Jbk� 7. =jZnbd� baf_g_gby� ihlj_[e_gby 
l_iehlu� kbkl_fhc� ijbgm^bl_evghc�
\_glbeypbb� ijb� mlbebaZpbb� l_iehlu�
\_glbeypbhgguo�\u[jhkh\:  
1 -� dhebq_kl\h� l_iehlu�� i_j_^Zggh_�
gZjm`ghfm� \ha^mom� \� l_iehh[f_ggbd_-
mlbebaZlhj_�� 2 - dhebq_kl\h� l_iehlu��
i_j_^Zggh_� gZjm`ghfm� \ha^mom 
\� ij_^\dexq_gghf� l_iehh[f_ggbd_��
3 -� dhebq_kl\h� l_iehlu�� i_j_^Zggh_�
gZjm`ghfm� \ha^mom� \� \_glbeypbhgghf�
dZehjbn_j_�� 4 - dhebq_kl\h� l_iehlu��
i_j_^Zggh_�gZjm`ghfm�\ha^mom�hl�\g_rg_]h�
bklhqgbdZ� l_iehkgZ[`_gby�� 5 -� ihegh_�
dhebq_kl\h� l_iehlu�� bajZkoh^h\Zggh_�
gZ�ih^h]j_\�gZjm`gh]h�\ha^moZ 

<� g_f� ijblhqguc� \ha^mo�

ih^h]j_\Z_lky� hl� l_fi_-

jZlmju� tG� ^h� l_fi_jZlmju�

tG.J�M� aZ� kq_l� l_iehlu� QL�H, 

ih^Z\Z_fhc� hl� \g_rg_]h�

bklhqgbdZ� l_iehkgZ[`_gby�

�ebgby� �� gZ� jbk�� ���� Ihk-

e_^mxsbc�gZ]j_\�\ha^moZ�hl�

l_fi_jZlmju� tG�J�M� ^h�

l_fi_jZlmju� t<�I� hkms_k-

l\ey_lky� \� l_iehh[f_ggbd_�

mlbebaZlhj_� b� \_glbey-

pbhgghf�dZehjbn_j_� 

 L_ieh\Zy� gZ]jmadZ� LM�

\� bgl_j\Ze_� l_fi_jZlmj� hl�

min
G�Ot �^h� tG.J�M hklZ_lky�ihklhyg-

ghc��Ihegh_�dhebq_kl\h� l_i-

ehlu��g_h[oh^bfh_�^ey�ih^h-

]j_\Z� oheh^gh]h� gZjm`gh]h�

\ha^moZ� �hl� l_fi_jZlmju� tG 

^h� l_fi_jZlmju� t<�I) Q<, 

ihdZaZgh��ebgb_c����gZ�jbk���� 
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8.�Ijbf_ju�jZkq_lZ�we_f_glh\�\_glbeypbb�\ha^moZ�\� 
ihf_s_gbyo�ijhfure_gguo�b�h[s_kl\_gguc�a^Zgbc 

 

Ijbf_j�1 
<� ihf_s_gbb� ijy^bevgh-hl^_ehqgh]h� p_oZ� dhf[bgZlZ� obfbq_kdbo�

\hehdhg�� jZkiheh`_ggh]h� \� L\_jb�� ijb� jZ[hl_� ijy^bevguo� fZrbg�

\u^_ey_lky� 60=

BA; =∆G �d]�q k_jhm]e_jh^Z�CS2��Ijy^bevgu_�fZrbgu�\�p_o_ 

jZaf_s_gu� \gmljb� ki_pbZevguo� dZikme� ba� dhlhjuo� kbkl_fZfb� f_klguo�
hlkhkh\� m^Zey_lky� gZ� hqbkldm� b� j_]_g_jZpbx� ���� \u^_eb\r_]hky� CS2. 
Dhgp_gljZpby� k_jhm]e_jh^Z� ih^� dZikmeZfb� K<.J� khklZ\ey_l� ����� f]�f

3. 
HklZevgh_�dhebq_kl\h�CS2 q_j_a�g_iehlghklb�ijy^bevguo�fZrbg�b�dZikme�

ihklmiZ_l�\�p_o��>ebgZ�p_oZ�:� ������rbjbgZ�<� ����b�\ukhlZ�G ����f��<�

h^gm�kf_gm�\�p_o_�jZ[hlZxl�NQ� ����q_eh\_d� 
Hij_^_eblv� g_h[oh^bfmx� ijhba\h^bl_evghklv� \_glbeylhjh\�

f_klguo� hlkhkh\� =
FL �� \_glbeylhjh\� ijblhqghc� =

IL �� b� \uly`ghc� =
<L , f3/k, 

h[s_h[f_gguo�kbkl_f�\_glbeypbb��Dhgp_gljZpby�CS2�\�gZjm`ghf�\ha^mo_�

(K<.I��g_�ij_\urZ_l�����f]�f3
��Ghjfbjm_fu_�\_ebqbgu��djZlghklv�h[f_gZ�

\ha^moZ� \� ihf_s_gbb� mG � ��� ��q�� m^_evguc� jZkoh^� \ha^moZ� gZ� �� f
2 

iehsZ^b� ihf_s_gby� kFH ���� f
3
��f2

•q��� m^_evguc� jZkoh^� \ha^moZ� gZ�

dZ`^h]h�jZ[hlZxs_]h�\�p_om��lM.G ����f
3
�q•q_e�� 

J_r_gb_ 

1.� LZd� dZd� g_h[oh^bfh� gZclb� ijhba\h^bl_evghklv� dZ`^h]h� \b^Z�

\_glbeylhjh\� aZ� k_dmg^m�� lh�hij_^_ey_f� \_ebqbgm� k_dmg^gh]h� \u^_e_gby�

CS2: 

7,166663600/610603600/610ûû
=

BA;

=

BA; === ••GG �f]�k� 

2.� <uqbkey_f� dhebq_kl\h� CS2� m^Zey_fh]h� kbkl_fZfb� f_klguo�

hlkhkh\�aZ��k: 

4,163337,1666698,0û98,0 =

BA;

=

F =•== GG �f]�k� 

3.� Ijhba\h^bl_evghklv� \_glbeylhjh\� f_klguo� hlkhkh\� =

FL � � ^ey�

m^Ze_gby�CS2 

44,53000/4,166333/ <�J

=

F

=

F === CGL      f3
�k� 
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4.�Hij_^_ey_f�dhebq_kl\h�KS2��ihklmiZxs_]h�\�ihf_s_gb_�p_oZ� 

3,3334,163337,16666=

F

=

BA;

=

IHF =−=−∆= GGG     f]�k� 

5.� Ba� ijbeh`_gby� �� gZoh^bf� agZq_gb_� ij_^_evgh ^himklbfhc�

dhgp_gljZpbb� CS2� \� \ha^mo_� ihf_s_gbc�I>DCS2 � ���� f]�f
3
��IjbgbfZ_f�

K<�M �I>DCS2. 

6.� Bkihevamy� \ujZ`_gb_� ������ \uqbkey_f� g_h[oh^bfmx�

ijhba\h^bl_evghklv�\_glbeylhjh\�ijblhqghc�kbkl_fu 

.k/3f06,503)3,00,1/())3,03000(44,5

7,16666(44,5)/()( <�I<�M<�I<�J

=

F

=

BA;

=

F

=

I

=−−−
−+=−



 −−∆+= KKKKLGLL  

7.� G_h[oh^bfZy� ijhba\h^bl_evghklv� \_glbeylhjh\� kbkl_fu�

h[s_h[f_gghc�\uly`ghc�\_glbeypbb 

62,49744,506,503=

F

=

E

=

< =−=−= LLL �������f3
�k� 

8.�DjZlghklv�h[f_gZ�\ha^moZ�\�ihf_s_gbb 

66,24)1072102/(360006,503)/(3600=

II =•••=•••= G<:Lm ����q� 

9.�>_ckl\bl_evguc�jZkoh^�ijblhqgh]h�\ha^moZ�gZ��f2
�iehsZ^b�

ihf_s_gby 

6,246)72102/(360006,503)/(3600=

IF> =••=••= <:Lk �����f3
��f2

�q�� 

10.� M^_evguc� jZkoh^� ijblhqgh]h� \ha^moZ� gZ� dZ`^h]h� q_eh\_dZ��

jZ[hlZxs_]h�\�p_o_ 

78,2768165/360006,503/3600 Q

=

IM> =•=•= NLl ������f3
��q�q_e�� 

LZd�dZd�mI>mG; kF^>kFg; lM>> lM.G��lh�hklZ\ey_f�\uqbke_ggu_�\_ebqbgu�

ihlhdh\� \ha^moZ� ^ey� \u[hjZ� lbihjZaf_jh\� \_glbeylhjh\� b� ^bZf_ljh\�

\ha^moh\h^h\� 

Ijbf_j�2  

>ey� mkeh\bc� ijbf_jZ� �� hij_^_eblv� fbgbfZevgh_� agZq_gb_�

l_fi_jZlmju� �ih^h]j_\Z�ijblhqgh]h� \ha^moZ� min

<�It �b� jZkq_lgh_� dhebq_kl\h�

l_iehlu��ih^\h^bfh_�d�\ha^mom�\�dZehjbn_j_� J

D:EQ ��Ijb�jZkq_lZo�ijbgylv��

qlh� fZdkbfZevgu_� ihl_jb� l_iehlu� q_j_a� h]jZ`^_gby� dhgkljmdpbc� p_oZ�
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∑ = 2000J

H=JQ �d<l��Z�\_ebqbgZ�\gmlj_ggbo�l_ieh\u^_e_gbc�\�p_o_�QL�<=700 

d<l��L_fi_jZlmjZ�\ha^moZ�\�jZ[hq_c�ahg_�p_oZ� t<�J= 18 °K��Z�_]h�h[t_fgZy�

l_ieh_fdhklv�CV �����d>`��f
3· °K ).  

J_r_gb_ 

1.� Ba� ijbeh`_gby� �� gZoh^bf� jZkq_lgmx� l_fi_jZlmjm� \ha^moZ� ^ey�

ijh_dlbjh\Zgby�kbkl_f�hlhie_gby�b�\_glbeypbb�\�L\_jb�� .K29;

G�O °−=t  

2.�<uqbkey_f�agZq_gb_�hlhibl_evghc�oZjZdl_jbklbdb�a^Zgby�p_oZ 

00058,0
))29(18(1072102

2000

)(
0

;

G�O<�J

J

H=J =
−−••

=
−

∑=
tt:<G

Q
q  d<l��f3· °K ). 

3.� <uqbkey_f� l_fi_jZlmjm� gZjm`gh]h� \ha^moZ� tG�H�� ijb� dhlhjhc�

\udexqZ_lky� hlhie_gb_� p_oZ� b� \ur_� dhlhjhc� qZklv� \gmlj_ggbo�

l_ieh\u^_e_gbc� g_h[oh^bfh� m^Zeylv� k� \uly`guf� \_glbeypbhgguf�

\ha^mohf 

         6,1)107210200058,0/(70018)0/(L�<<�JG�H =•••−=−= :<GqQtt  °K. 

4.�IjbgbfZ_f� ko_fm� ih^Zqb� b� \uly`db� \ha^moZ� ba� ihf_s_gby� ^ey�

m^Ze_gby� ]Zahh[jZaguo� b� l_ieh\uo� \j_^guo� \u^_e_gbc� b� hij_^_ey_f�

agZq_gby�l_fi_jZlmj�\ha^moZ��ih^Z\Z_fh]h�t<�I�b�m^Zey_fh]h�tM�ba�p_oZ��LZd�

dZd�iehlghklv�]Zahh[jZagh]h�CS2�\ur_�iehlghklb�\ha^moZ�\�ihf_s_gbb�b�

k_jhm]e_jh^�[m^_l� kdZieb\Zlvky� \�jZ[hq_c� ahg_�p_oZ�� Z� \ha^mo��gZ]j_luc�

\gmlj_ggbfb�l_ieh\u^_e_gbyfb��_keb�bo�g_�hl\h^blv���[m^_l�ih^gbfZlvky�

ba� g__� \\_jo�� lh� ijbgbfZ_f� ko_fm� ih^Zqb� ijblhqgh]h� \ha^moZ� \ur_�

jZ[hq_c�ahgu��Z�\uly`db�aZ]Zah\Zggh]h�\ha^moZ�—�ba�jZ[hq_c�ahgu��Ijb�

wlhf�l_fi_jZlmjZ�m^Zey_fh]h�\ha^moZ�\�l_q_gb_�\k_]h�oheh^gh]h�i_jbh^Z�

]h^Z� tM=t<�J�� fZdkbfZevgh_� agZq_gb_� l_fi_jZlmju� ih^h]j_\Z� ijblhqgh]h�

\ha^moZ� 18<�J

MAX

<�I == tt  °K�[m^_l�ijb�tH=tG�H��dh]^Z�∑ ≥ L�<H=J QQ �b� 0Y<G

BA; =∆Q ; 

fbgbfZevgh_� agZq_gb_� l_fi_jZlmju� ih^h]j_\Z� ijblhqgh]h� \ha^moZ� min

<�It  

[m^_l�ijb�tH=t<�J��dh]^Z�∑ = 0H=JQ �b� 700L�<

Y<G

BA; ==∆ QQ �d<l 

K9,16)06,50325,1/(70018)/( =

I

Y<G

BA;M

MIN
<�I

$=•−=−= LKQtt V  
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5.� Hij_^_ey_f� jZkq_lgh_� dhebq_kl\h� l_iehlu,� i_j_^Z\Z_fh_�

ijblhqghfm�\ha^mom�\�dZehjbn_j_ 

                  8,29554))29(18(25,106,503)( ;

G�O

MAX

<�I

=

I

J

D:E =−−••=−= ttKLQ V �d<l� 

6.� <uqbkey_f� jZkq_lgh_� dhebq_kl\h� l_iehlu� ^ey� dZehjbn_jZ� \�

kemqZ_� bkihevah\Zgby� ^ey� ^hihegbl_evgh]h� ih^h]j_\Z� \ha^moZ� l_iehlu�

\_gl\u[jhkh\�� LZd� dZd� \uly`ghc� \ha^mo� kh^_j`bl� CS2�� lh� ijbgbfZ_f�

ko_fm� bkihevah\Zgby� l_iehlu� \_gl\u[jhkh\� k� ijhf_`mlhqguf�

g_aZf_jaZxsbf�l_iehghkbl_e_f��kf��jbk��6). 

<� mlbebaZlhj_� l_iehlu� \_gl\u[jhkh\� \uly`ghc� \ha^mo� k�

l_fi_jZlmjhc� tm� hoeZ`^Z_lky� ^h� �� �K� �^ey� ij_^mij_`^_gby� aZf_jaZgby� \�

g_f� kdhg^_gkbjh\Z\r_cky� \eZ]b� \ha^moZ�� b� i_j_^Z_l� ijhf_`mlhqghfm�

l_iehghkbl_ex�dhebq_kl\h�l_iehlu 

                        4,9952)218(25,162,497)2( M

L

<�M� =−•=−= tKLQ V ����d<l� 

KqblZy�� qlh� ���� l_iehlu� ihl_jy_lky� q_j_a� baheypbx�

\ha^mohijh\h^h\� b� mlbebaZlhjh\�� \� mlbebaZlhjguc� ih^h]j_\Zl_ev�

ihklmibl 

2,89574,99529,09,0 M�

J

M� =•== QQ ����d<l� 

7.� FbgbfZevgZy� l_fi_jZlmjZ� gZjm`gh]h� \ha^moZ� gZ� \oh^_� \�

mlbebaZpbhggu_�ih^h]j_\Zl_ev� 29;

G�OG� −== tt  °K�b�ijblhqguc�\ha^mo� =

IL  

gZ]j__lky�\�g_f�^h�l_fi_jZlmju 

K8,14)25,106,503/(2,895729)/( =

I

J

M�G�G�

$−=•+−=+= VKLQtt . 

8.� JZkq_lgZy� l_ieh\Zy� gZ]jmadZ� dZehjbn_jZ� ijb� jZ[hl_�

mlbebaZpbhggh]h�ih^h]j_\Zl_ey�khklZ\bl 

5,20625))8,14(18(25,106,503)( 2G<�I

=

I

J�M

D:E =−−•=−= ttKLQ V  ���d<l 

beb�kgbablky�gZ����� 

9.� IjbgbfZ_f�� qlh� fbgbfZevgh_� agZq_gb_� i_j_iZ^Z� l_fi_jZlmj�

f_`^m� ]j_xsbfb� b� gZ]j_\Z_fufb� l_iehghkbl_eyfb� \� mlbebaZlhjZo�

\_gl\u[jhkh\� b� mlbebaZpbhgghf� ih^h]j_\Zl_e_� 5// M�IM�< ≥= tt °K�� Ijb�

ih\ur_gbb� l_fi_jZlmju� gZjm`gh]h� \ha^moZ� \� bgl_j\Ze_�
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)//2( M�I<�M1G

;

G�O tttt −−≤≤ °K� l_iehijhba\h^bl_evghklv� mlbebaZpbhggh]h�

ih^h]j_\Zl_ey� [m^_l� hklZ\Zlvky� ihklhygghc�� Z� l_ieh\Zy� gZ]jmadZ�

dZehjbn_jZ�—� kgb`Zlvky��<�bgl_j\Ze_� l_fi_jZlmju� tG�hl� ��^h� t<�I�[m^ml�

ijhihjpbhgZevgh� kgb`Zlvky� l_ieh\u_� gZ]jmadb� b� mlbebaZpbhggh]h�

ih^h]j_\Zl_ey,� b� dZehjbn_jZ�� K� mq_lhf� ]h^h\h]h� qbkeZ� qZkh\� klhygby�

l_fi_jZlmj�gZjm`gh]h�\ha^moZ�\�L\_jb� >�@� ]h^h\Zy� wdhghfby� l_iehlu�gZ�

\_glbeypbx�khklZ\bl�hdheh����� 

Ijbf_j�� 

<�ihf_s_gbb�Zm^blhjbb�gZ���� f_kl��a^Zgby�<MAZ��\�]hjh^_�Lhfkd_�

hij_^_eblv�g_h[oh^bfmx�ijhba\h^bl_evghklv�\_glbeylhjh\�ijblhqghc =

IL  

b� \uly`ghc� =

<L ,� f3
�F�� h[s_h[f_gguo� kbkl_f  � \_glbeypbb�� Hij_^_eblv��

dhebq_kl\h� l_iehlu,� i_j_^Z\Z_fh_� ijblhqghfm� \ha^mom� \� dZehjbn_j_��

>ebgZ Zm^blhjbb :� �����rbjbgZ�<� ����b�\ukhlZ�G ���f��Ghjfbjm_fu_�

\_ebqbgu�� djZlghklv� h[f_gZ� \ha^moZ� \� ihf_s_gbb�mG � �� ��q�� m^_evguc�

jZkoh^�\ha^moZ�gZ���f2
�iehsZ^b�ihf_s_gby�kFH ��f

3
��f2

�q�� 

 

J_r_gb_ 

���<u[hj�iZjZf_ljh\�gZjm`gh]h�\ha^moZ 

JZkq_lgu_� iZjZf_lju� gZjm`gh]h� \ha^moZ�� Z� lZd`_� ]_h]jZnbq_kdZy�

rbjhlZ� b� [Zjhf_ljbq_kdh_� ^Z\e_gb_� Pδ ijbgbfZxlky� ih� ijbe�� �>�@� \�

aZ\bkbfhklb� hl� iheh`_gby� h[t_dlZ� ijh_dlbjh\Zgby� ^ey� l_ieh]h� L� b�

oheh^gh]h� O� i_jbh^h\� ]h^Z�� <u[hj� jZkq_lguo� iZjZf_ljh\� gZjm`gh]h�

\ha^moZ�ijhba\h^bf�\�khhl\_lkl\bb�k�i������>�@��Z�bf_ggh��^ey�oheh^gh]h�

i_jbh^Z�–�ih�iZjZf_ljZf�;��^ey�l_ieh]h�–�ih�iZjZf_ljZf�:. 

<� i_j_oh^guc� I� � i_jbh^� iZjZf_lju� ijbgbfZ_f� \� khhl\_lkl\bb� k�

i�����>�@�ijb�l_fi_jZlmj_�tg 8 0K�b�m^_evghc�wglZevibb�I �����d>`�d]� 

<k_�^Zggu_�k\h^bf�\�lZ[ebpm. 

<�mq_[guo�p_eyo�\hkihevam_fky�ijbe� 2. 
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JZkq_lgu_�iZjZf_lju�gZjm`gh]h�\ha^moZ 
IZjZf_lj�: IZjZf_lj�; =hjh^ I_jbh^�]h^Z 
tg, 
 
 °C 

   hg , 
 
d>`�d] 

GW . 
f�k 

tg, 
 
 °C 

hg, 
 
d>`�d] 

GW  
f�k 

L_ieuc 21,7 49 1    
I_j_oh^guc    8 22,5 3 

Lhfkd� 

Oheh^guc    - 40 - 40,2 3 
 

��JZkq_l�iZjZf_ljh\�\gmlj_gg_]h�\ha^moZ 

>ey� jZkq_lZ� \_glbeypbb� bkihevamxlky� ^himklbfu_� agZq_gby�

iZjZf_ljh\� \gmlj_gg_]h� \ha^moZ�� Hgb� ijbgbfZxlky� \� aZ\bkbfhklb� hl�

gZagZq_gby� ihf_s_gby� b� jZkq_lgh]h� i_jbh^Z� ]h^Z� \� khhl\_lkl\bb� k�

i�����>�@� ih� ^Zgguf� ijbe�� � >�@�� <� mq_[guo� p_eyo� p_e_khh[jZagh�

bkihevah\Zlv� lZ[ebpm� �� gZklhysbo� f_lh^bq_kdbo� mdZaZgbc�� <� l_ieuc�

i_jbh^�]h^Z�l_fi_jZlmjZ�gZjm`gh]h�\ha^moZ�  :

G�Lt =21,7 °K��ke_^h\Zl_evgh, 

l_fi_jZlmjZ� \gmlj_gg_]h� \ha^moZ�  3:

G�L

>HI

<�J +≤ tt =24,7 °K. <� oheh^guc� b�

i_j_oh^guc�i_jbh^u: >HI

<�Jt  = 18 - 22 °K.  

L_fi_jZlmjZ� \ha^moZ�� m^Zey_fh]h� ba� \_jog_c� ahgu� ihf_s_gby��

hij_^_ey_lky�ih�nhjfme_��5):  

,
G

G

>HI

<�J
GM

D

tt
tt

−+=  

<�l_ieuc�i_jbh^�]h^Z 

tm
l = 21,7+( 24,7-21,7)/0,8=25,45 °K. 

AgZq_gb_�Kg �����l�d��l_ieh\u^_e_gby�\�ihf_s_gbb�g_\_ebdb�� 

 

JZkq_lgu_�iZjZf_lju�\gmlj_gg_]h�\ha^moZ 

>himklbfu_�iZjZf_lju GZbf_gh\Z-

gb_ 

I_jbh^�]h^Z� 

t\j ,°K ϕ\j� % W\j��f�k 

tg�, °K tm, °K 

L_ieuc 24,7 65 0,5 21,7 25,45 

I 20 65 0,2 8 23 

:m^blhjby�

gZ�����f_kl 

O 20 65 0,2 -25 31,25 
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���JZkq_l�\ha^mohh[f_gh\ 

<_glbeypbhggu_� kbkl_fu� a^Zgby� b� bo� ijhba\h^bl_evghklv�

\u[bjZxl�\�j_amevlZl_�jZkq_lZ�\ha^mohh[f_gZ�� 

Hij_^_ebf� \ha^mohh[f_g� ih� ghjfbjm_fhc� djZlghklb� ih� \ujZ-

`_gbx��20):  

L�g ���Â ��Â �Â ������ ������f
3
�k� 

Hij_^_ebf� \ha^mohh[f_g� ih� ghjfbjm_fhfm� m^_evghfm� jZkoh^m�

ijblhqgh]h� \ha^moZ� gZ� h^bg� d\Z^jZlguc� f_lj� iehsZ^b� ihf_s_gby� ih�

\ujZ`_gbx��21): 

L�g ���Â ��Â ������ ������f
3
�k� 

Hij_^_ebf� \ha^mohh[f_g� ih� ghjfbjm_fhfm� m^_evghfm� jZkoh^m�

ijblhqgh]h� \ha^moZ� gZ� h^gh]h� q_eh\_dZ� lM�G�� dhlhjuc� hij_^_ey_lky� ih�

ijbeh`_gbx� ��� >�@� �� \� mq_[guo� p_eyo�  lM�G� p_e_khh[jZagh� hij_^_eblv� ih�

lZ[ebp_� 3: lM�G ��f
3
��qÂ q_e��� JZkoh^� ijblhqgh]h� \ha^moZ� hij_^_ey_f� ih�

nhjfme_�22:   
L�g= 200· 25/36�� ����f3

�k� 
 AZ� jZkq_lguc� jZkoh^� ijbgbfZ_f� fZdkbfZevgh_� agZq_gb_�

ghjfbjm_fh]h�jZkoh^Z�ijblhqgh]h�\ha^moZ 
=

IL =L�g ���f
3
�k. 

 IjbgbfZ_f�ko_fm�\ha^mohh[f_gZ�kgbam�\\_jo��l�d��bf_xlky�ba[uldb�

l_ieZ�b�\eZ]b��Ih^^_j`b\Z_f�\�ihf_s_gbb�ghjfZevgh_�^Z\e_gb_��ihwlhfm�

Gi=G\�b�
=

IL = =

<L  �����f3
�k� 

Hij_^_ey_f� jZkq_lgh_� dhebq_kl\h� l_iehlu� i_j_^Z\Z_fh_�

ijblhqghfm�\ha^mom�\�dZehjbn_j_ 

105))40(20(25,14,1)( ;

G�O<�J

=

I

J

D:E =−−••=−= ttKLQ V ���d<l� 

 

9. AZ^Zgb_�^ey�kZfhklhyl_evguo�jZkq_lh\ 

Bg^b\b^mZevgu_�\ZjbZglu�^ey�\uiheg_gby�jZkq_lZ�[_jmlky�ba�lZ[e��4. 

AZ^Zgb_ 

<�ihf_s_gbb� � � a^Zgby�<MAZ� �\� ]hjh^_�N�hij_^_eblv�g_h[oh^bfmx�

ijhba\h^bl_evghklv� \_glbeylhjh\� � � ijblhqghc =

IL � b� \uly`ghc� =

<L ,�f3/c, 
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h[s_h[f_gguo� kbkl_f \_glbeypbb�� Hij_^_eblv� � dhebq_kl\h� l_iehlu, 

i_j_^Z\Z_fh_�ijblhqghfm�\ha^mom�\�dZehjbn_j_��Ghjfbjm_fu_�\_ebqbgu��

djZlghklv� h[f_gZ� \ha^moZ� \� ihf_s_gbb� mG � �� ��q�� m^_evguc� jZkoh^�

\ha^moZ�gZ���f2
�iehsZ^b�ihf_s_gby�kFH ��f

3
��f2

�q�� 
 

LZ[ebpZ�4 

<ZjbZgl =hjh^ Ihf_s_gb_ 

1 2 3 

1 :kljZoZgv :m^blhjby����f_kl����fÂ ��fÂ �f 

2 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

3 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

4 ;jygkd :m^blhjby����f_kl����fÂ ��fÂ �f 

5 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

6 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

7 <eZ^b\hklhd :m^blhjby����f_kl����fÂ ��fÂ �f 

8 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

9 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

10 <eZ^bfbj :m^blhjby����f_kl����fÂ ��fÂ �f 

11 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

12 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

13 <he]h]jZ^ :m^blhjby����f_kl����fÂ ��fÂ �f 

14 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

15 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

16 ?dZl_jbg[mj] :m^blhjby����f_kl����fÂ ��fÂ �f 

17 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

18 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

19 B\Zgh\h :m^blhjby����f_kl����fÂ ��fÂ �f 

20 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

21 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

22 DZebgbg]jZ^ :m^blhjby����f_kl����fÂ ��fÂ �f 

23 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

24 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 

25 Fhkd\Z :m^blhjby����f_kl����fÂ ��fÂ �f 

26 Lh�`_ Dmjbl_evgZy��� f_kl��fÂ �fÂ �f 

27 Lh�`_ EZ[hjZlhjby��� f_kl���fÂ �fÂ �f 
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HdhgqZgb_�lZ[e��� 

1 2 3 

28 Gb`gbc�Gh\]hjh^ :m^blhjby����f_kl����fÂ ��fÂ �f 

29 Lh�`_ Dmjbl_evgZy����f_kl��fÂ �fÂ �f 

30 Lh�`_ EZ[hjZlhjby����f_kl���fÂ �fÂ �f 

31 <_ebdbc�Gh\]hjh^ :m^blhjby����f_kl����fÂ ��fÂ �f 

32 Lh�`_ Dmjbl_evgZy����f_kl��fÂ �fÂ �f 

33 Lh�`_ EZ[hjZlhjby����f_kl���fÂ �fÂ �f 

34 Hfkd :m^blhjby����f_kl����fÂ ��fÂ �f 

35 Lh�`_ Dmjbl_evgZy����f_kl��fÂ �fÂ �f 

36 Lh�`_ EZ[hjZlhjby����f_kl���fÂ �fÂ �f 

 

Ijbeh`_gb_ 1 
IJ?>?EVGH�>HIMKLBFU?�DHGP?GLJ:PBB�<J?>GUO�<?S?KL< 

�<�<HA>MO?�J:;HQ?C�AHGU�IJHBA<H>KL<?GGUO�IHF?S?GBC 

<_s_kl\h 
�iZju�b�]Zau� 

I>D� 
f]�f3 

<_s_kl\h 
�iueb�b�Zwjhaheb� 

I>D� 
f]�f3 

:ahlZ�hdkb^u 5 AheZ�]hjxqbo�keZgp_\ 4 
:ffbZd 20 Ba\_klgyd 6 
:p_lhg 200 DZj[b^�dj_fgby 6 
;_gabg�lhieb\guc� 100 DbkehlZ�k_jgZy 1 
;_gahe 5 FZ]g_abl 10 
=b^jZabg 0,1 FZj]Zg_p 0,3 
>boehjwlZg 10 FZkeZ�fbg_jZevgu_ 5 

DbkehlZ�kheygZy 5 Iuev�dj_fg_kh^_`ZsZy 1-4 
Hahg 0,1 Iuev�dZf_ggh]h�m]ey 10 
Jlmlv�f_lZeebq_kdZy 0,01 Iuev�g_nlygh]h�dhdkZ 6 
K_jh\h^hjh^ 10 Kme_fZ 0,1 
K_jhm]e_jh^ 1 K\bg_p�b�_]h�kh_^bg_gby 0,01 
Kdbib^Zj 300 Iuev�Zk[_klZ 2 

Kibjl�f_lbeh\uc 5 Iuev�Zk[_klhp_f_glZ 6 
Kibjl�wlbeh\uc 1000 Iuev�kl_deh\hehdgZ 4 
Lhemhe 50 Iuev�lZevdZ�b�kex^u 4 
N_ghe 0,3 Iuev�p_f_glgZy 6 
NhjfZev^_]b^ 0,5 Kh^Z�dZevpbgbjh\ZggZy 2 
Oehj 1 Lj_i_e 1 

Wnbj�wlbeh\uc 0,15 S_ehqb�_^db_ 0,5 
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Ijbeh`_gb_ 2 

J:KQ?LGU?�I:J:F?LJU�G:JM@GH=H�<HA>MO: 

IZjZf_lju�: IZjZf_lju�; 

GZk_e_gguc�

imgdl 

I_jbh^�

]h^Z 

l_fi_-

jZlmjZ�

\ha-

^moZ 

K,:

G

$t  

 

m^_ev-

gZy 

wglZev-

iby 

,:

Gh  

d>`�d] 

 

kdh-

jhklv�

\_ljZ 

:

GW . 

f�k 

 

 

l_fi_- 

jZlmjZ 

\ha- 

^moZ 

K,$;

G
t  

m^_ev- 

gZy 

wglZev- 

iby 

;

Gh , 

d>`�d] 

 

kdh- 

jhklv 

\_ljZ 

,;

GW  

f�k 

:joZg]_evkd L_ieuc 18,6 48,6 4 24,5 55,3 4 
 Oheh^guc -19 -17,6 5,8 -31 -30,8 6,2 
:kljZoZgv L_ieuc 29,5 61,1 3,6 33 64,5 3,6 
 Oheh^guc -8 -4,2 9 -23 -21,9 8 
;ZjgZme L_ieuc 23,9 51,9 1 28,3 55,7 1 
 Oheh^guc -23 -22,2 2,9 -39 -38,9 2 
;jZlkd L_ieuc 22,5 49 1 27,7 53,2 1 
 Oheh^guc -30 -29,7 2 -43 -43,1 2 
;jygkd L_ieuc 22,5 49,8 1 27,7 53,2 1 
 Oheh^guc -13 -10,5 5,2 -43 -25 6 
<eZ^b\hklhd L_ieuc 21,6 57,8 4,7 23,4 61,5 4,7 
 Oheh^guc -16 -14,2 14,8 -24 -25,3 13,5 
<eZ^bfbj L_ieuc 21,4 49,4 3,3 27,6 52,8 3,3 
 Oheh^guc -16 -14,2 4,4 -28 -27,8 3,5 
<he]h]jZ^ L_ieuc 28,6 55,3 5,2 33 57,8 5,2 
 Oheh^guc -13 -10,5 9,1 -25 -23,9 8 
<heh]^Z L_ieuc 21,1 50,2 1 27,2 55,3 1 
 Oheh^guc -16 -14,2 5,8 -31 -30,6 5,2 
<hjhg_` L_ieuc 24,2 52,3 3,3 28,9 54,8 3,3 
 Oheh^guc -14 -11,7 6 -26 -25,3 5,7 
>m^bgdZ L_ieuc 17,2 47,3 4 22,4 49,9 4 
 Oheh^guc -35 -35,2 4,2 -46 -46,l 4,5 
?dZl_jbg[mj L_ieuc 20,7 48,1 4 28,7 51,1 4 
 Oheh^guc -20 -18,8 4,7 -35 -34,6 5,2 
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B\Zgh\h L_ieuc 22,2 49,8 2,8 27 52,8 2,8 
 Oheh^guc -16 -14,2 4,2 -29 -28,6 3,6 
Bjdmlkd L_ieuc 22,7 50,2 2,2 26,9 53,6 2,2 
 Oheh^guc -25 -24,3 2 -37 -37,1 2,8 
DZaZgv L_ieuc 22,8 51,1 3,8 27,3 54,8 3,8 
 Oheh^guc -18 -16,3 4       -32 -31,7 4 
DZebgbg]jZ^ L_ieuc 20,6 48,6 4,3 24,1 52,8 4,3 

 Oheh^guc -7 -2,9 7,8 -18 -16,3 7 
DZem]Z L_ieuc 22,4 50,2 1 26,3 53,6 1 
 Oheh^guc -14 -11,7 4,8 -27 -26,5 3,2 
D_jqv L_ieuc 26 60,7 4,1 30,3 62,8 4,1 
 Oheh^guc -4 1,3 10,2 -15 -13 9 
DhkljhfZ L_ieuc 21,1 49,8 4,2 25,8 53,6 4,2 
 Oheh^guc -16 -14,2 4,8 -31 -30,7 4 
DjZkgh^Zj L_ieuc 28,6 59,5 1 30,8 63,6 1 
 Oheh^guc -5 0 4,4 -19 -17,6 3,1 
DjZkghyjkd L_ieuc 22,5 49,4 1 25,9 51,9 1 
 Oheh^guc -22 -20,9 1,8 -40 -40,2 1 
Dmjkd L_ieuc 22,9 51 3,5 27,8 53,6 3,5 
 Oheh^guc -14 -11,7 6,7 -26 -25 6,3 
Ebi_pd L_ieuc 24,4 50,2 4,1 28,7 54,8 4,1 
 Oheh^guc -15 -13 6,5 -27 -26,5 5,4 
FZjbmihev L_ieuc 26,6 57,8 3,6 31,8 60,7 3,6 
 Oheh^guc -9 -5,4 12 -23 -22,2 8 
Fhkd\Z L_ieuc 22,3 49,4 1 28,5 54 1 
 Oheh^guc -15 -11,7 4,7 -26 -25,3 4 
FmjfZgkd L_ieuc 16,6 41,4 3,8 22 42,7 3,8 
 Oheh^guc -18 -16,3 8,7 -27 -26,6 8,4 
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Gb`gbc L_ieuc 21,2 51,1 1 26,8 54,9 1 
Gh\]hjh^ Oheh^guc -16 -14,2 4,1 -30 -29,7 4 
<_ebdbc L_ieuc 20,8 48,6 4 24,5 52,8 4 
Gh\]hjh^ Oheh^guc -12 -9,2 5 -27 -26,8 5 
Gh\hjhkkbckd L_ieuc 26,7 60,3 1 30,1 65,7 1 
 Oheh^guc -2 3,8 15,4 -13 -10,5 17,5 
Gh\hkb[bjkd L_ieuc 22,7 50,2 1 28,4 54,8 1 
 Oheh^guc -24 -23 3,7 -39 -38,9 2,7 
Hfkd L_ieuc 22,4 49,4 3,7 27,7 53,6 3,7 
 Oheh^guc -23 -22,2 6 -37 -36,8 5 
Hj_g[mj] L_ieuc 26,9 51,9 3,9 31,4 54,4 3,9 
 Oheh^guc -20 -18,8 4,6 -31 -30,5 4,9 
I_gaZ L_ieuc 23,8 51,1 1 28,4 54 1 
 Oheh^guc -17 -15,5 4,4 -29 -28,8 3,8 
I_jfv L_ieuc 21,8 50,2 1 26,3 53,2 1 

 Oheh^guc -20 -18,9 1,9 -35 -34,9 4,2 
I_ljhaZ\h^kd L_ieuc 18,6 46,1 3,2 23,1 50,2 3,2 
 Oheh^guc -15 -11,7 5 -29 -28,5 3,7 
Iylb]hjkd L_ieuc 26,3 61,5 1 30,6 63,6 1 
 Oheh^guc -8 -4,2 6,3 -18 -16,3 5,3 
Jhklh\-gZ- L_ieuc 27,3 57,4 3,6 31,9 60,7 3,6 
>hgm Oheh^guc -8 -4,2 12 -22 -20,9 8 
JyaZgv L_ieuc 22,8 49,8 4,1 27,3 53,6 4,1 
 Oheh^guc -16 -14,2 4,8 -27 -26,8 3 
KZfZjZ L_ieuc 24,3 52,8 3,2 29,7 55,3 3,2 
 Oheh^guc -18 -16,3 4,6 -30 -29,8 5 
KZgdl- L_ieuc 20,6 48,1 1 24,8 51,5 1 
I_l_j[mj] Oheh^guc -11 -8 3,5 -26 -25,3 3 
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KZjZlh\ L_ieuc 25,4 53,6 4,3 30,5 56,5 4,3 
 Oheh^guc -16 -14,2 5,3 -27 -26,3 5 
K_\Zklhihev L_ieuc 25 60,7 2,3 29,4 64,5 2,3 
 Oheh^guc 0 7,1 10,2 -11 -8,4 9 
Kbfn_jhihev L_ieuc 26,1 59,5 1 31,8 63,2 1 
 Oheh^guc -4 1,3 3,2 -16 -14,2 8 
Kfhe_gkd L_ieuc 20,8 49 3,2 25,3 53,2 3,2 
 Oheh^guc -13 -10,5 4,7 -26 -25,5 4,2 
Khqb L_ieuc 25,9 66,2 1 30,2 69,5 1 
 Oheh^guc 2 9,6 5,2 -3 2,1 4 
L\_jv L_ieuc 21,7 49,4 1 26,6 52,8 1 
 Oheh^guc -15 -13 4,7 -29 -27,6 3,2 
Lhfkd L_ieuc 21,7 49 1 25,9 52,8 1 
 Oheh^guc -25 -24,3 4,7 -40 -40,2 3 
LmeZ L_ieuc 22,2 50,2 3,4 27 53,6 3,4 

-14 -11,7 4,5 -27 -26,6 3  

Lxf_gv 

Oheh^guc 

L_ieuc 22,4 51,5 1 28 55,3 1 

 Oheh^guc -21 -19,7 5,6 -37 -37,2 4,6 

OZ[Zjh\kd L_ieuc 24,1 60,7 4,6 28,4 65 4,6 
 Oheh^guc -23 -22,2 8,4 -31 -30,8 6,8 
QblZ L_ieuc 24 49,4 1 25,2 53,2 1 
 Oheh^guc -31 -29,7 1 -38 -38,1 1 
Ydmlkd L_ieuc 23 48,1 1 28,6 52,3 1 
 Oheh^guc -45 -45,2 1 -55 -55,3 1 
YjhkeZ\ev L_ieuc 21,6 49,8 3,9 25,8 52,8 3,9 
 Oheh^guc -16 -14,2 4,8 -31 -30,6 4 
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J?DHF?G>:L?EVGUC�;B;EBH=J:NBQ?KDBC�KIBKHD 

1.� ;ZjdZeh\� ;�<��� DZjibk� ?�;�� Dhg^bpbhgbjh\Zgb_� \ha^moZ� \�

ijhfure_gguo�� h[s_kl\_gguo� b� `beuo� a^Zgbyo�� —� F��Kljhcba^Zl�        

1982. —�����k� 

2.�;hjbkh\�;�=���;hjbkh\�D�;.��Hlhie_gb_�ijhfure_gguo�ij_^ijb-

ylbc� – F�� Ba^-\h�FWB��������—����k� 

3.�;hjbkh\�;�=���R_e]bgkdbc�:�Y��<_glbeypby�b�dhg^bpbhgbjh\Zgb_�

\ha^moZ�gZ�ijhfure_gguo�ij_^ijbylbyo��–�F���Ba^-\h�FWB��������—����k� 

4.�=hem[dh\�;�G.,�IylZqdh\�;�B���JhfZgh\Z�L�F��Dhg^bpbhgbjh\Zgb_�

\ha^moZ�� hlhie_gb_�� \_glbeypby�� Mq_[.� ^ey� \mah\�� —� F��� Wg_j]hba^Zl��

1982. —�����k� 

5.� Hlhie_gb_� b� \_glbeypby� �Ih^� j_^�� <�G�� ;h]hkeh\kdh]h�� —�F���

Kljhcba^Zl� 1976.—���k� 

��� Ijhfure_ggZy� l_iehwg_j]_lbdZ�� H[sb_� \hijhku�� KijZ\.� �� Ih^�

h[s��j_^��<�:�=jb]hjv_\Z��<�F�AhjbgZ. –�F���Wg_j]hZlhfba^Zl, 1991. –�����k� 

7.�R_e]bgkdbc�:�Y�� ;hjbkh\�D�;��<_glbeypby�b�dhg^bpbhgbjh\Zgb_�

\ha^moZ� \� ihf_s_gbyo� ijhfure_gguo�� h[s_kl\_gguo� b� `beuo� a^Zgbc��

Dhgki_dl�e_dpbc��Mq_[.�ihkh[b_ / Ih^�j_^��<��<��=ZeZdlbhgh\Z. –�F���Ba^-

\h�FWB��������—����k�� 

���KGbI��������-���Hlhie_gb_��\_glbeypby�b�dhg^bpbhgbjh\Zgb_  – 

F���=I�PII��������—���k� 

9.� KGbI� I-3-���� Kljhbl_evgZy� l_iehl_ogbdZ. –� F�� =IPII��              

1995. – 32 k� 

10.�L_iehwg_j]_lbdZ�b�l_iehl_ogbdZ��H[sb_�\hijhku��KijZ\.� ��Ih^�

h[s�� j_^�� <�:�=jb]hjv_\Z�� <�F�AhjbgZ�� –�F��� Wg_j]hZlhfba^Zl�� ����. –

���k� 

11.� Wg_j]hk[_j_`_gb_� \� kbkl_fZo� l_iehkgZ[`_gby�� \_glbeypbb� b�

dhg^bpbhgbjh\Zgby� \ha^moZ�� KijZ\.� ihkh[b_� �� E�>�� ;h]mkeZ\kdbc��            

<�B�� Eb\qZd�� <�I�� Lblh\� b� ^j�� Ih^� j_^�� E�>�� ;h]mkeZ\kdh]h� b�                  

<�B��Eb\qZdZ��—�F���Kljhcba^Zl�������—�����k� 
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