
GZa\Zgb_ ^hdmf_glZ 
F?LH>BD: J:KQ?L: DHGP?GLJ:PBC < :LFHKN?JGHF <HA>MO? <J?>GUO <?S?KL<�

KH>?J@:SBOKY < <U;JHK:O IJ?>IJBYLBC HG>- �� =HKDHF=B>JHF?L 
 
L_dkl ^hdmf_glZ 

 
=HKM>:JKL<?GGUC DHFBL?L KKKJ  

IH =B>JHF?L?HJHEH=BB B DHGLJHEX IJBJH>GHC KJ?>U 
�=HKDHF=B>JHF?L� 

 
 

H[s_khxaguc ghjfZlb\guc ^hdmf_gl 
 
 
 
 

 
F?LH>BD: 

J:KQ?L:�DHGP?GLJ:PBC 
<�:LFHKN?JGHF�<HA>MO? 

<J?>GUO�<?S?KL<��KH>?J@:SBOKY� 
<�<U;JHK:O�IJ?>IJBYLBC 

 
 
 
HG>-86  
=HKDHF=B>JHF?L 
 
 
 
Ml\_j`^_gZ  

Ij_^k_^Zl_e_f 
=hkm^Zjkl\_ggh]h dhfbl_lZª KKKJ  
ih ]b^jhf_l_hjheh]bb  
b dhgljhex ijbjh^ghc kj_^u  
4 Z\]mklZ ���� ]��� ��� 

Kh]eZkh\ZgZ  

=hkkljh_f KKKJ  
7 yg\Zjy 1986]�� >I-76-1 

Kh]eZkh\ZgZ  

Fbga^jZ\hf KKKJ  
7 n_\jZey 1986]�� 04-4/259-4 
 

 
 
 
 
 
 
 

E?GBG=J:>  
=B>JHF?L?HBA>:L ���� 



 2 

 
 

=hkm^Zjkl\_gguc dhfbl_l  H[s_khxaguc ghjfZlb\guc ^hdmf_gl HG>-86*  
KKKJ ih ]b^jhf_l_hjheh]bb b

dhgljhex ijbjh^ghc kj_^u 
�=hkdhf]b^jhf_l� 

F_lh^bdZ jZkq_lZ dhgp_gljZpbc \

Zlfhkn_jghf \ha^mo_ \j_^guo ijbf_k_c�

kh^_j`Zsboky \ \u[jhkZo ij_^ijbylbc 

<aZf_g  
KG ���-74 

 
 

1.H;SB? IHEH@?GBY 
 
���� GZklhysb_ ghjfu mklZgZ\eb\Zxl f_lh^bdm jZkq_lZ dhgp_gljZpbc \ Zlfhkn_jghf

\ha^mo_ \j_^guo \_s_kl\� kh^_j`Zsboky \ \u[jhkZo ij_^ijbylbc� Ghjfu ^he`gu kh[ex^Zlvky

ijb ijh_dlbjh\Zgbb ij_^ijbylbc� Z lZd`_ ijb ghjfbjh\Zgbb \u[jhkh\ \ Zlfhkn_jm

j_dhgkljmbjm_fuo b ^_ckl\mxsbo ij_^ijbylbc� 
1.2. Ghjfu ij_^gZagZq_gu ^ey jZkq_lZ ijba_fguo dhgp_gljZpbc \ ^\mof_ljh\hf keh_

gZ^ ih\_joghklvx a_feb� Z lZd`_ \_jlbdZevgh]h jZkij_^_e_gby dhgp_gljZpbc� 
Kl_i_gv hiZkghklb aZ]jyag_gby Zlfhkn_jgh]h \ha^moZ oZjZdl_jbam_lky gZb[hevrbf

jZkkqblZgguf agZq_gb_f dhgp_gljZpbb� khhl\_lkl\mxsbf g_[eZ]hijbylguf

f_l_hjheh]bq_kdbf mkeh\byf� \ lhf qbke_ hiZkghc kdhjhklb \_ljZ� Ghjfu g_ jZkijhkljZgyxlky

gZ jZkq_l dhgp_gljZpbc gZ ^Zevgbo �[he__ 100df� jZkklhygbyo hl bklhqgbdh\ \u[jhkZ� 
1.3.< aZ\bkbfhklb hl \ukhlu H mklvy bklhqgbdZ \u[jhkZ \j_^gh]h \_s_kl\Z gZ^ mjh\g_f

a_fghc ih\_joghklb mdZaZgguc bklhqgbd hlghkblky d h^ghfm ba ke_^mxsbo q_luj_o deZkkh\� Z�

\ukhdb_ bklhqgbdb� G ≥ �� f� [� bklhqgbdb kj_^g_c \ukhlu� G = 10...50f� \� gbadb_ bklhqgbdb� 
H = 2...10f� ]� gZa_fgu_ bklhqgbdb� G ≤ � f� 

>ey bklhqgbdh\ \k_o mdZaZgguo deZkkh\ \ jZkq_lguo nhjfmeZo ^ebgZ �\ukhlZ� \ujZ`_gZ

\ f_ljZo� \j_fy - \ k_dmg^Zo� fZkkZ \j_^guo \_s_kl\ - \ ]jZffZo� bo dhgp_gljZpby \

Zlfhkn_jghf \ha^mo_ - \ fbeeb]jZffZo gZ dm[bq_kdbc f_lj� dhgp_gljZpby gZ \uoh^_ ba

bklhqgbdZ - \ ]jZffZo gZ dm[bq_kdbc f_lj� 
1.4.Ijb h^gh\j_f_gghf kh\f_klghf ijbkmlkl\bb \ Zlfhkn_jghf \ha^mo_ g_kdhevdbo �n) 

\_s_kl\� h[eZ^Zxsbo \ khhl\_lkl\bb k i_j_qg_f� ml\_j`^_gguf Fbga^jZ\hf KKKJ�

kmffZpb_c \j_^gh]h ^_ckl\by� ^ey dZ`^hc ]jmiiu mdZaZgguo \_s_kl\ h^ghgZijZ\e_ggh]h

\j_^gh]h ^_ckl\by jZkkqblu\Z_lky [_ajZaf_jgZy kmffZjgZy dhgp_gljZpby q beb agZq_gby

dhgp_gljZpbc n \j_^guo \_s_kl\� h[eZ^Zxsbo kmffZpb_c \j_^gh]h ^_ckl\by� ijb\h^ylky

mkeh\gh d agZq_gbx dhgp_gljZpbb k h^gh]h ba gbo� 
;_ajZaf_jgZy dhgp_gljZpby q hij_^_ey_lky ih nhjfme_  
 

,...
2

2

1

1

n

n

I>D

k

I>D

k

I>D

k
q +++=  (1.1) 

 
]^_ k1, k2, ..., kn �f]�f

3) - jZkq_lgu_ dhgp_gljZpbb \j_^guo \_s_kl\ \ Zlfhkn_jghf

\ha^mo_ \ h^ghc b lhc `_ lhqd_ f_klghklb�  
I>D1, I>D2, ..., I>Dn �f]�f

3) - khhl\_lkl\mxsb_ fZdkbfZevgu_ jZah\u_ ij_^_evgh

^himklbfu_ dhgp_gljZpbb \j_^guo \_s_kl\ \ Zlfhkn_jghf \ha^mo_� 
Ijb\_^_ggZy dhgp_gljZpby k jZkkqblu\Z_lky ih nhjfme_ 
 

,... 1

2

1
21

n
n
I>D

I>D
k

I>D

I>D
kkk +++=  (1.2) 

 
]^_ k1 - dhgp_gljZpby \_s_kl\Z� d dhlhjhfm hkms_kl\ey_lky ijb\_^_gb_� I>D1 - _]h I>D�  
k2... kn b I>D2 ... I>Dn - dhgp_gljZpbb b I>D ^jm]bo \_s_kl\� \oh^ysbo \

jZkkfZljb\Z_fmx ]jmiim kmffZpbb� 
1.5. JZkq_l dhgp_gljZpbb \j_^guo \_s_kl\� ij_l_ji_\Zxsbo iheghklvx beb qZklbqgh

obfbq_kdb_ ij_\jZs_gby �ljZgknhjfZpbx� \ [he__ \j_^gu_ \_s_kl\Z� ijh\h^blky ih dZ`^hfm

                                                           
<g_k_gZ MijZ\e_gb_f gZ[ex^_gbc b

dhgljhey aZ]jyag_gby ijbjh^ghc kj_^u

=hkdhf]b^jhf_lZ 

Ml\_j`^_gZ Ij_^k_^Zl_e_f

=hkdhf]b^jhf_lZ � Z\]mklZ

���� ]� 

Kjhd \\_^_gby 1 
yg\Zjy 1987]� 
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bkoh^ghfm b h[jZamxs_fmky \_s_kl\m hl^_evgh� Ijb wlhf fhsghklv bklhqgbdh\ ^ey dZ`^h]h

\_s_kl\Z mklZgZ\eb\Z_lky k mq_lhf fZdkbfZevgh \hafh`ghc ljZgknhjfZpbb bkoh^guo \_s_kl\

\ [he__ lhdkbqgu_� Kl_i_gv mdZaZgghc ljZgknhjfZpbb mklZgZ\eb\Z_lky ih kh]eZkh\Zgbx k

=hkdhf]b^jhf_lhf b Fbga^jZ\hf KKKJ� 
1.6. JZkq_lZfb hij_^_eyxlky jZah\u_ dhgp_gljZpbb� hlghkysb_ky d 20 - 30-fbgmlghfm

bgl_j\Zem hkj_^g_gby� 
 

 
2.J:KQ?L A:=JYAG?GBY :LFHKN?JU <U;JHK:FB  

H>BGHQGH=H BKLHQGBD:  
 
2.1.FZdkbfZevgh_ agZq_gb_ ijba_fghc dhgp_gljZpbb \j_^gh]h \_s_kl\Z kf �f]�f

3
� ijb

\u[jhk_ ]Zah\ha^mrghc kf_kb ba h^bghqgh]h lhq_qgh]h bklhqgbdZ k djm]euf mklv_f

^hklb]Z_lky ijb g_[eZ]hijbylguo f_l_hjheh]bq_kdbo mkeh\byo gZ jZkklhygby Of �f� hl

bklhqgbdZ b hij_^_ey_lky ih nhjfme_ 
 

,
3

1
2 TVH

AMFmn
c
f

∆
= η

 (2.1) 

 
]^_ A - dhwnnbpb_gl� aZ\bkysbc hl l_fi_jZlmjghc kljZlbnbdZpbb Zlfhkn_ju�  
F �]�k� - fZkkZ \j_^gh]h \_s_kl\Z� \u[jZku\Z_fh]h \ Zlfhkn_jm \ _^bgbpm \j_f_gb�  
F - [_ajZaf_jguc dhwnnbpb_gl� mqblu\Zxsbc kdhjhklv hk_^Zgby \j_^guo \_s_kl\ \

Zlfhkn_jghf \ha^mo_�  
l b i - dhwnnbpb_glu� mqblu\Zxsb_ mkeh\by \uoh^Z ]Zah\ha^mrghc kf_kb ba mklvy

bklhqgbdZ \u[jhkZ�  
G �f� - \ukhlZ bklhqgbdZ \u[jhkZ gZ^ mjh\g_f a_feb �^ey gZa_fguo bklhqgbdh\ ijb

jZkq_lZo ijbgbfZ_lky H = 2 f��  
η  - [_ajZaf_jguc dhwnnbpb_gl� mqblu\Zxsbc \ebygb_ j_ev_nZ f_klghklb �kf� jZa^_e 

4), \ kemqZ_ jh\ghc beb keZ[hi_j_k_q_gghc f_klghklb k i_j_iZ^hf \ukhl� g_ ij_\urZxsbf 50 
f gZ 1 df� η  = 1;  

T∆ ��K� - jZaghklv f_`^m l_fi_jZlmjhc \u[jZku\Z_fhc ]Zah\ha^mrghc kf_kb L] b

l_fi_jZlmjhc hdjm`Zxs_]h Zlfhkn_jgh]h \ha^moZ L\;  
V1 �f

3
�k� - jZkoh^ ]Zah\ha^mrghc kf_kb� hij_^_ey_fuc ih nhjfme_ 

 

,
4 0

2

1 ωπD
V =  (2.2) 

 
]^_ D �f� - ̂ bZf_lj mklvy bklhqgbdZ \u[jhkZ�  

0ω �f�k� - kj_^gyy kdhjhklv \uoh^Z ]Zah\ha^mrghc kf_kb ba mklvy bklhqgbdZ \u[jhkZ� 

2.2. AgZq_gb_ dhwnnbpb_glZ A� khhl\_lkl\mxs__ g_[eZ]hijbylguf f_l_hjheh]bq_kdbf

mkeh\byf� ijb dhlhjuo dhgp_gljZpby \j_^guo \_s_kl\ \ Zlfhkn_jghf \ha^mo_ fZdkbfZevgZ�

ijbgbfZ_lky jZ\guf� 
Z� 250 - ^ey jZchgh\ Kj_^g_c :abb x`g__ 40° k� r�� ;mjylkdhc :KKJ b Qblbgkdhc

h[eZklb� 
[� 200 -^ey ?\jhi_ckdhc� l_jjblhjbb KKKJ� ^ey jZchgh\ JKNKJ x`g__ 50° k� r�� ^ey

hklZevguo jZchgh\ Gb`g_]h Ih\he`vy� DZ\dZaZ� Fhe^Z\bb� ^ey :abZlkdhc l_jjblhjbb KKKJ�

^ey DZaZoklZgZ� >Zevg_]h <hklhdZ b hklZevghc l_jjblhjbb Kb[bjb b Kj_^g_c :abb� 
\� 180 - ̂ ey ?\jhi_ckdhc l_jjblhjbb KKKJ b MjZeZ hl 50 ^h ��� k� r� aZ bkdexq_gb_f

ihiZ^Zxsbo \ wlm ahgm i_j_qbke_gguo \ur_ jZchgh\ b MdjZbgu� 
]� 160 - ̂ ey ?\jhi_ckdhc l_jjblhjbb KKKJ b MjZeZ k_\_jg__ 52° k� r� �aZ bkdexq_gb_f

P_gljZ ETC�� Z lZd`_ ^ey MdjZbgu �^ey jZkiheh`_gguo gZ MdjZbg_ bklhqgbdh\ \ukhlhc f_g__ 
200f \ ahg_ hl 50^h 52°k� r� - 180,Z x`g__ 50°k� r� - 200); 

^� 140 - ^ey Fhkdh\kdhc� Lmevkdhc� JyaZgkdhc� <eZ^bfbjkdhc� DZem`kdhc� B\Zgh\kdhc

h[eZkl_c� 

Ijbf_qZgb_. 
>ey ^jm]bo l_jjblhjbc agZq_gby dhwnnbpb_glZ : ^he`gu ijbgbfZlvky

khhl\_lkl\mxsbfb agZq_gbyf dhwnnbpb_glZ : ^ey jZchgh\ KKKJ kh koh^gufb
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debfZlbq_kdbfb mkeh\byfb lmj[me_glgh]h h[f_gZ� 

2.3. AgZq_gby fhsghklb \u[jhkZ F �]�k� b jZkoh^Z ]Zah\ha^mrghc kf_kb V1 �f
3
�k� ijb

ijh_dlbjh\Zgbb ij_^ijbylbc hij_^_eyxlky jZkq_lhf \ l_ogheh]bq_kdhc qZklb ijh_dlZ beb

ijbgbfZxlky \ khhl\_lkl\bb k ^_ckl\mxsbfb ^ey ^Zggh]h ijhba\h^kl\Z �ijhp_kkZ�

ghjfZlb\Zfb� < jZkq_l_ ijbgbfZxlky khq_lZgby F b V1� j_Zevgh bf_xsb_ f_klh \ l_q_gb_ ]h^Z

ijb mklZgh\e_gguo �h[uqguo� mkeh\byo wdkiemZlZpbb ij_^ijbylby� ijb dhlhjuo ^hklb]Z_lky

fZdkbfZevgh_ agZq_gb_ kf. 

Ijbf_qZgby. 
�� AgZq_gb_ F ke_^m_l hlghkblv d �� - 30-fbgmlghfm i_jbh^m hkj_^g_gby� \ lhf qbke_ b \

kemqZyo� dh]^Z ijh^he`bl_evghklv \u[jhkZ f_g__ �� fbg�� 
�� JZkq_lu dhgp_gljZpbc� dZd ijZ\beh� ijh\h^ylky ih l_f \_s_kl\Zf� \u[jhku dhlhjuo

m^h\e_l\hjyxl lj_[h\Zgbyf i� �����  

���� Ijb hij_^_e_gbb agZq_gby T∆ ��K� ke_^m_l ijbgbfZlv l_fi_jZlmjm hdjm`Zxs_]h

Zlfhkn_jgh]h \ha^moZ L\ ��K� jZ\ghc kj_^g_c fZdkbfZevghc l_fi_jZlmj_ gZjm`gh]h \ha^moZ

gZb[he__ `Zjdh]h f_kypZ ]h^Z ih KGbI 2.01.01 -��� Z l_fi_jZlmjm \u[jZku\Z_fhc \ Zlfhkn_jm
]Zah\ha^mrghc kf_kb L] ��K� - ih ^_ckl\mxsbf ^ey ^Zggh]h ijhba\h^kl\Z l_ogheh]bq_kdbf

ghjfZlb\Zf� 

Ijbf_qZgby. 
�� >ey dhl_evguo� jZ[hlZxsbo ih hlhibl_evghfm ]jZnbdm� ^himkdZ_lky ijb jZkq_lZo

ijbgbfZlv agZq_gby L\ jZ\gufb kj_^gbf l_fi_jZlmjZf gZjm`gh]h \ha^moZ aZ kZfuc oheh^guc

f_kyp ih KGbI ������� - 82. 
�� Ijb hlkmlkl\bb ^Zgguo ih L\ \ KGbI ������� - �� hgb aZijZrb\Zxlky \

l_jjblhjbZevghf mijZ\e_gbb =hkdhf]b^jhf_lZ �M=DK� ih f_klm jZkiheh`_gby ij_^ijbylby� 

���� AgZq_gb_ [_ajZaf_jgh]h dhwnnbpb_glZ F ijbgbfZ_lky� 
Z� ^ey ]Zahh[jZaguo \j_^guo \_s_kl\ b f_edh^bki_jkguo Zwjhahe_c �iueb� aheu b l� i��

kdhjhklv mihjy^hq_ggh]h hk_^Zgby dhlhjuo ijZdlbq_kdb jZ\gZ gmex� - 1; 
�� ^ey f_edh^bki_jkguo Zwjhahe_c �djhf_ mdZaZgguo \ i� ���Z� ijb kj_^g_f

wdkiemZlZpbhgghf dhwnnbpb_gl_ hqbkldb \u[jhkh\ g_ f_g__ ��� - �� hl �� ^h ��� - ���� f_g__

�� � b ijb hlkmlkl\bb hqbkldb - 3. 

Ijbf_qZgby. 

�� Ijb gZebqbb ^Zgguo h jZkij_^_e_gbb gZ \u[jhk_ qZklbp Zwjhahe_c ih jZaf_jZf

hij_^_eyxlky ^bZf_lj dg� lZd qlh fZkkZ \k_o qZklbp ^bZf_ljhf [hevr_ dg khklZ\ey_l �� h[s_c

fZkku qZklbp� b khhl\_lkl\mxsZy dg kdhjhklv hk_^Zgby vg �f�k�� AgZq_gb_ dhwnnbpb_glZ F 
mklZgZ\eb\Z_lky \ aZ\bkbfhklb hl [_ajZaf_jgh]h hlghr_gby

fg uv / � ]^_
f

u - hiZkgZy kdhjhklv

\_ljZ �kf� i� ����� Ijb wlhf F  � \ kemqZ_ 015,0/ ≤
fg uv b F  ��� \ kemqZ_

030,0/015,0 ≤≤
fg uv � >ey hklZevguo agZq_gbc

fg uv / dhwnnbpb_gl F mklZgZ\eb\Z_lky

kh]eZkgh i� ���[� 
�� <g_ aZ\bkbfhklb hl wnn_dlb\ghklb hqbkldb agZq_gb_ dhwnnbpb_glZ F ijbgbfZ_lky

jZ\guf � ijb jZkq_lZo dhgp_gljZpbc iueb \ Zlfhkn_jghf \ha^mo_ ^ey ijhba\h^kl\� \ dhlhjuo

kh^_j`Zgb_ \h^ygh]h iZjZ \ \u[jhkZo ^hklZlhqgh ^ey lh]h� qlh[u \ l_q_gb_ \k_]h ]h^Z

gZ[ex^ZeZkv _]h bgl_gkb\gZy dhg^_gkZpby kjZam `_ ihke_ \uoh^Z \ Zlfhkn_jm� Z lZd`_

dhZ]meypby \eZ`guo iue_\uo qbkldb �gZijbf_j� ijb ijhba\h^kl\_ ]ebgha_fZ fhdjuf

kihkh[hf�� 

���� AgZq_gby dhwnnbpb_glh\ m b i hij_^_eyxlky \ aZ\bkbfhklb hl iZjZf_ljh\

H
b fvvf

ff
',, : 

 

;1000
2

2
0

TH

D
f

∆
=

ω
 (2.3) 

 

;65,0 3 1

H

TV
v
f

∆
=  (2.4) 
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;3,1' 0

H

D
v
f

ω
=  (2.5) 

 

.)'(800 3
fe vf =  (2.6) 

 
Dhwnnbpb_gl mhij_^_ey_lky \ aZ\bkbfhklb hl f ih jbk� ��� beb ih nhjfmeZf� 
 

;100
34,01,067,0

1
3

<
++

= f
ff

m ijb  ����Z� 

 

.100
47,1

3
≥= f

f
m ijb  ����[� 

 

 
 

Jbk� ��� 
 

 
 

Jbk� ���� 
 
>ey 100<< ffe agZq_gb_ dhwnnbpb_glZ m \uqbkey_lky ijb eff = . 

Dhwnnbpb_gl i ijb f < ��� hij_^_ey_lky \ aZ\bkbfhklb hl vf ih jbk� ��� beb nhjfmeZf 
 

;21 ≥=
f

vn ijb  (2 8a) 

 

;2532,0 2 <≤+=
ff

f vvvn ���ijb���������  (2.86) 

 
.5,04,4 <=

ff
vvn ijb  (2.8e)  

 
Ijb beb 100100 ≈∆≥ Tf dhwnnbpb_gl i \uqbkey_lky ih i� ���� 
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���� >ey 5,0100100 ≥≈∆≥
f

v'Tf b��beb �oheh^gu_ \u[jhku� ijb jZkq_l_ kf \f_klh

nhjfmeu ����� bkihevam_lky nhjfmeZ 
 

,
3/4

K
H

AMFn
k
f

η=  (2.9) 

 
]^_ 
 

,
1,7

1

8 101 VV

D
K

ω
==  (2.10) 

 
ijbq_f i hij_^_ey_lky ih nhjfmeZf ����Z� - ����\� ijb .'

ff
vv =  

:gZeh]bqgh ijb 5,0'1005,0100 <≥<<
ff

vfvf bbebb �kemqZb ij_^_evgh fZeuo

hiZkguo kdhjhkl_c \_ljZ� jZkq_l kf \f_klh ����� ijhba\h^blky ih nhjfme_ 
 

,
'

3/7
K

H

AMFm
k
f

η=  (2.11) 

 
]^_ 
 

;5,0,10086,2' <<=
f

vFmm ijb  �����Z� 

 
.5,0',1009,0' <<=

f
vFm ijb  �����[� 

 
Ijbf_qZgb_. 
Nhjfmeu ������ ������ y\eyxlky qZklgufb kemqZyfb h[s_c nhjfmeu ������ 
2.8. JZkklhygb_ xf �f� hl bklhqgbdZ \u[jhkh\� gZ dhlhjhf ijba_fgZy dhgp_gljZpby k 

�f]�f
3
� ijb g_[eZ]hijbylguo f_l_hjheh]bq_kdbo mkeh\byo ^hklb]Z_l fZdkbfZevgh]h agZq_gby

kf� hij_^_ey_lky ih nhjfme_ 
 

,
4

5
dH

F
x
f

−=  (2.13) 

 
]^_ [_ajZaf_jguc dhwnnbpb_gl d ijb f � ��� gZoh^blky ih nhjfmeZf� 
 

;5,0)28,01(48,2 3 ≤+=
fe vfd ijb  �����Z�  

 

;2)28,01(95,4 3 <≤+=
fef

vfvd ���ijb  (2.146) 

 

.2)28,01(7 3 >+=
fef

vfvd ijb  �����\� 

 
Ijb beb 100100 ≈∆> Tf agZq_gb_ d gZoh^blky ih nhjfmeZf� 

 
;5,0'7,5 ≤=

f
vd ijb  �����Z� 

 
;2''4,11 <≤=

ff
vvd ���ijb  (2.156) 

 

.2''16 >=
ff

vvd ijb  �����\� 

 
���� AgZq_gb_ hiZkghc kdhjhklb uf �f�k� gZ mjh\g_ nex]_jZ �h[uqgh �� f hl mjh\gy

a_feb�� ijb dhlhjhc ^hklb]Z_lky gZb[hevr__ agZq_gb_ ijba_fghc dhgp_gljZpbb \j_^guo

\_s_kl\ kf� \ kemqZ_ f � ��� hij_^_ey_lky ih nhjfmeZf� 
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;5,05,0 ≤=

ff
vu ijb  �����Z� 

 
;2≤<=

fff
vvu ���ijb  �����[� 

 

.2>+=
fff

vfvu ijb�������  �����\� 

 
Ijb beb 100100 ≈∆≥ Tf agZq_gb_ uf \uqbkey_lky ih nhjfmeZf� 

;5,0'5,0 ≤=
ff

vu ijb  �����Z�  

 
;2'' ≤<=

fff
vvu ���ijb  (2.176)  

 
.2''2,2 >=

fff
vvu ijb  �����\� 

 

 
 

Jbk� ��� 
 
����� FZdkbfZevgh_ agZq_gb_ ijba_fghc dhgp_gljZpbb \j_^gh]h \_s_kl\Z kfb �f]�f

3
� ijb

g_[eZ]hijbylguo f_l_hjheh]bq_kdbo mkeh\byo b kdhjhklb \_ljZ u �f�k�� hlebqZxs_cky hl

hiZkghc kdhjhklb \_ljZ bf �f�k�� hij_^_ey_lky ih nhjfme_ 
 

,
ffb

rkk =  (2.18) 

 
]^_ r - [_ajZaf_jgZy \_ebqbgZ� hij_^_ey_fZy \ aZ\bkbfhklb hl hlghr_gby b/bf ih jbk� ���

beb ih nhjfmeZf� 
 

;1/)/(34,1)/(67,1)/(67,0 32 ≤−+=
ffff

uuuuuuuur ijb  �����Z� 

.1/
2)/()/(2

)/(3
2

>
+−

=
f

ff

f uu
uuuu

uu
r ijb  �����[� 

 
Ijbf_qZgb_. 
Ijb ijh\_^_gbb jZkq_lh\ g_ bkihevamxlky agZq_gby kdhjhklb \_ljZ u � ��� f�k� Z lZd`_

kdhjhklb \_ljZ u > u*
� ]^_ u* - agZq_gb_ kdhjhklb \_ljZ� ij_\urZ_fh_ \ ^Zgghc f_klghklb \

kj_^g_f fgh]he_lg_f j_`bf_ \ �� kemqZ_\� Wlh agZq_gb_ aZijZrb\Z_lky \ M=DK

=hkdhf]b^jhf_lZ� gZ l_jjblhjbb dhlhjh]h jZkiheZ]Z_lky ij_^ijbylb_� beb hij_^_ey_lky ih

debfZlbq_kdhfm kijZ\hqgbdm� 
 
����� JZkklhygb_ hl bklhqgbdZ \u[jhkZ xfb �f�� gZ dhlhjhf ijb kdhjhklb \_ljZ b b

g_[eZ]hijbylguo f_l_hjheh]bq_kdbo mkeh\byo ijba_fgZy dhgp_gljZpby \j_^guo \_s_kl\

^hklb]Z_l fZdkbfZevgh]h agZq_gby cfb �f]�f
3
�� hij_^_ey_lky ih nhjfme_� 

 
,

ffb
pxx =  (2.20) 

 
]^_ j - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc \ aZ\bkbfhklb hl hlghr_gby b/bf ih

jbk� ��� beb ih nhjfmeZf� 
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;25,03 ≤=
f

uup �ijb  �����Z� 

 

;125,0)1(43,8 5 ≤<+−=
ff

uuuup �ijb��  �����[� 

 
��ijb� 168,032,0 >+=

ff
uuuup  �����\� 

 
����� Ijb hiZkghc kdhjhklb \_ljZ bf ijba_fgZy dhgp_gljZpby \j_^guo \_s_kl\ k �f]�f

3
� \

Zlfhkn_j_ ih hkb nZd_eZ \u[jhkZ gZ jZaebqguo jZkklhygbyo o �f� hl bklhqgbdZ \u[jhkZ

hij_^_ey_lky ih nhjfme_ 
 

,1 f
csk =  (2.22) 

 
]^_ s1 - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc \ aZ\bkbfhklb hl hlghr_gby o�of b

dhwnnbpb_glZ F ih jbk� ��� beb ih nhjfmeZf� 
 

;1)()(8)(3 234
1 ≤+−=

ffff
xxxxxxxxs ��ijb�����  �����Z� 

 

;8
1)(13,0

13,1
21 ≤<

+
=

f

f

xx
xx

s ��ijb

�

 �����[� 

 

;85,1
120)(2,35)(58,3 21 >≤

++
=

f

ff

f xxF
xxxx

xx
s �bijb

��

�
 �����\� 

 

.85,1
8,17)(47,2)(1,0

1
21 >>

−+
=

f

ff

xxF
xxxx

s �bijb

��

 �����]� 
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Jbk� ��� 
 
>ey gbadbo b gZa_fguo bklhqgbdh\ �\ukhlhc H g_ [he__ �� f� ijb agZq_gbyo o�of < 1 

\_ebqbgZ s1 \ ������ aZf_gy_lky gZ \_ebqbgm
gs1 � hij_^_ey_fmx \ aZ\bkbfhklb hl o�of b G ih jbk�

��� beb ih nhjfme_ 
 

���G�ijb <≤−+−= 11 )2(125,0)10(125,0 sGGsg  (2.24) 

 
Ijbf_qZgb_. 
:gZeh]bqgh hij_^_ey_lky agZq_gb_ dhgp_gljZpbb \j_^guo \_s_kl\ gZ jZaebqguo

jZkklhygbyo ih hkb nZd_eZ ijb ^jm]bo agZq_gbyo kdhjhkl_c \_ljZ b \ g_[eZ]hijbylguo

f_l_hjheh]bq_kdbo mkeh\byo� Ih nhjfmeZf ������� ������ hij_^_eyxlky agZq_gby \_ebqbg kfb b

xfb� < aZ\bkbfhklb hl hlghr_gby o�ofb hij_^_ey_lky agZq_gb_ s1 ih jbk� ���� ��� beb ih nhjfmeZf

������� ������� Bkdhfh_ agZq_gb_ dhgp_gljZpbb \j_^gh]h \_s_kl\Z hij_^_ey_lky iml_f

mfgh`_gby kfb gZ s1.  

����� AgZq_gb_ ijba_fghc dhgp_gljZpbb \j_^guo \_s_kl\ \ Zlfhkn_j_ km �f]�f
3
� gZ

jZkklhygbb m �f� ih i_ji_g^bdmeyjm d hkb nZd_eZ \u[jhkZ hij_^_ey_lky ih nhjfme_ 
 

,2csky =  (2.25) 

 
]^_ s2 - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc \ aZ\bkbfhklb hl kdhjhklb \_ljZ u 

�f�k� b hlghr_gby m/o ih agZq_gbx Zj]mf_glZ ty: 
 

��ijb ≤= u
x

uy
t y 2

2

 (2.2�Z� 

 

�ijb >= u
x

y
t y 2

25
 �����[� 

 
ih jbk� ��� beb ih nhjfme_ 
 

( ) .
1,45178,1251

1
2432

2

yyyy tttt
s

+++++
=  (2.27) 
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Jbk ��� 
 
 
����� FZdkbfZevgZy dhgp_gljZpby kfx �f]�f

3
�� ^hklb]ZxsZyky gZ jZkklhygbb o hl

bklhqgbdZ \u[jhkZ gZ hkb nZd_eZ ijb kdhjhklb \_ljZ ufo� hij_^_ey_lky ih nhjfme_ 
 

,'1 ff[
csk =  (2.28) 

 
]^_ [_ajZaf_jguc dhwnnbpb_gl 1's gZoh^blky \ aZ\bkbfhklb hl hlghr_gby o�of ih jbk�

��� beb ih nhjfmeZf� 
 
 

;1)(6)(8)(3' 234
1 ≤+−=

ffff
xxxxxxxxs ��ijb����  �����Z� 

 
 

;8
1)(1,0

1,1
'

21 ≤<
+

=
f

f

xx
xx

s ��ijb

�

 �����[� 
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;24
9)(13,0

55,2
'

21 ≤<
+

=
f

f

xx
xx

s ��ijb

�

 �����\� 

 

;5,1;80
1435)(140)(75,4

'
21 ≤≤<

+−
= Fxx

xxxx

xx
s

f

ff

f

���ijb

��

�
 �����]� 

 

;5,1;80
160)(41,7)(1,0

26,2
'

21 >≤<
−+

= Fxx
xxxx

s
f

ff

���ijb

��

 �����^� 

 

;5,1;80
120)(2,35)(58,3

'
21 ≤>

+−
= Fxx

xxxx

xx
s

f

ff

f

�ijb

��

�
 �����_� 

 

.5,1;80
178)(47,2)(1,0

1
'

21 >>
−+

= Fxx
xxxx

s
f

ff

�ijb

��

 �����`� 

 
Kdhjhklv \_ljZ ufo ijb wlhf jZkkqblu\Z_lky ih nhjfme_ 
 

,1 ff[
ufu =  (2.30) 

 
]^_ [_ajZaf_jguc dhwnnbpb_gl 1f hij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby o�of ih jbk�

��� beb ih nhjfmeZf� 
 

;111 ≤=
f

xxf ��ijb�  �����Z� 

 

;8
)(1

)(25,075,0
91 ≤<

+
+

=
f

f

f xx
xx

xx
f ��ijb

��

�
 �����[� 

 
;8025,01 <<=

f
xxf ��ijb  �����\� 

 
.800,11 ≥=

f
xxf �ijb  �����]� 

 
Ijbf_qZgb_. 
?keb jZkkqblZggZy ih nhjfme_ ������ kdhjhklv \_ljZ ufo � ��� f�k beb ufo > u* 

�kf� i� ������

lh \_ebqbgZ kfo hij_^_ey_lky dZd fZdkbfZevgh_ agZq_gb_ ba dhgp_gljZpbc gZ jZkklhygbb x, 
jZkkqblZgguo ijb lj_o kdhjhklyo \_ljZ� ��� f�k� uf, u*

� khhl\_lkl\mxsZy kfo kdhjhklv \_ljZ

ijbgbfZ_lky aZ ufo. 

����� JZkq_lu jZkij_^_e_gby dhgp_gljZpbc kz �f]�f
3
� gZ jZaguo \ukhlZo z �f� gZ^

ih^klbeZxs_c ih\_joghklvx ijb x < xfb ijhba\h^ylky ih nhjfme_ 
 

.2ssrcc zfz =  (2.32) 
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Jbk� ��� 
 
AgZq_gby kf, r b s2 \uqbkeyxlky kh]eZkgh i� ���� ���� ���� b ����� Z dhwnnbpb_gl sz 

hij_^_ey_lky \ aZ\bkbfhklb hl iZjZf_ljh\ b1 b b2 ih jbk� ��� beb ih nhjfmeZf� 
 

[ ]
[ ]

;1

))1(1,01)(2,0(

)1)(2,0(
1

)1(1,0

)1(1,01
)(

1

2
222

3
12

2
2

3
1

2
2

11

≤












−+++
−+

+
−+

−+
=

b

bbb

bb

bb

b
bssz

ijb

 �����Z� 

 
.1)( 111 >= bbssz ijb  �����[� 

 
A^_kv 
 

;/1 fb
xxb =  (2.34) 

 

;
)51( 2

2
Hd

z
b

+
=  (2.35) 

 

;100)/(034,006,0 33
2 <+= fuvf/uvd

ff
ijb  �����Z� 

 

.100)/(034,0'28,0 3
2 ≥+= fuvuvd

ff
ijb�  �����[�  

 
Ijb 100<≤ ffe dhwnnbpb_gl d2 \uqbkey_lky ih nhjfme_ �����Z� ijb ;eff = ijb

5,0'5,0 <<
ff

vv beb khhl\_lkl\_ggh \ �����Z� b �����[� ijbgbfZ_lky .5,0'5,0 ==
ff

vv beb  

HiZkgZy kdhjhklv \_ljZ ufz �f�k� gZ mjh\g_ nex]_jZ� ijb dhlhjhc gZ \ukhl_ z ^hklb]Z_lky
fZdkbfZevgZy dhgp_gljZpby� hij_^_ey_lky ih nhjfme_ 

 
.1 ff]

ulu =  (2.37) 

 
Dhwnnbpb_gl l1 hij_^_ey_lky \ aZ\bkbfhklb hl o�xf ih jbk� ����� 
 



 13 

 
Jbk� �.8 

 

 
Jbk� ���  

 
 
����� JZkq_lu aZ]jyag_gby Zlfhkn_ju ijb \u[jhkZo ]Zah\ha^mrghc kf_kb ba bklhqgbdZ k

ijyfhm]hevguf mklv_f �rZolu� ijhba\h^blky ih ijb\_^_gguf \ur_ nhjfmeZf ijb kj_^g_c

kdhjhklb 0ω b agZq_gbyo )(f
w

DD = b �k���f�

w11 VV =  

Kj_^gyy kdhjhklv \uoh^Z \ Zlfhkn_jm ]Zah\ha^mrghc kf_kb 0ω �f�k� hij_^_ey_lky ih

nhjfme_ 
 

Lb

V1
0 =ω , (2.38)  

 
]^_ L �f� - ^ebgZ mklvy� b �f� - rbjbgZ mklvy� 
Wnn_dlb\guc ^bZf_lj mklvy

w
D �f� hij_^_ey_lky ih nhjfme_ 
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.
2

bL

Lb
D

+
=

w
 (2.39) 

 
Wnn_dlb\guc jZkoh^ \uoh^ys_c \ Zlfhkn_jm \ _^bgbpm \j_f_gb ]Zah\ha^mrghc kf_kb

�k��f�

w1V hij_^_ey_lky ih nhjfme_ 

 

.01 ω
π

�

�

w

w

D
V =  (2.40) 

 
Ijbf_qZgb_. 
>eb bklhqgbdh\ k d\Z^jZlguf mklv_f �L = b� wnn_dlb\guc ^bZf_lj Dw jZ\gy_lky ^ebg_

klhjhgu d\Z^jZlZ� \ hklZevghf jZkq_l jZkk_b\Zgby \j_^guo \_s_kl\ ijhba\h^blky dZd ^ey

\u[jhkh\ ba bklhqgbdZ k djm]euf mklv_f� 
����� J_r_gb_ h[jZlguo aZ^Zq

1
ih hij_^_e_gbx fhsghklb \u[jhkZ F b \ukhlu G� 

khhl\_lkl\mxsbo aZ^Zgghfm mjh\gx fZdkbfZevghc ijba_fghc dhgp_gljZpbb cf ijb ijhqbo

nbdkbjh\Zgguo iZjZf_ljZo \u[jhkZ� gZoh^blky ke_^mxsbf h[jZahf� 
Fhsghklv \u[jhkZ F �]�k�� khhl\_lkl\mxsZy aZ^Zgghfm agZq_gbx fZdkbfZevghc

dhgp_gljZpbb cf �f]�f
3
�� hij_^_ey_lky ih nhjfme_ 

 

.3
1

2

TV
AFmn

Gk
F

f ∆=
η

 

 
< kemqZ_ 0100 ≈∆≥ Tf beb  

 

.
8 1

3/4

D

V

AFn

Gk
F

f

η
=  (2 42) 

 
<ukhlZ bklhqgbdZ G� khhl\_lkl\mxsZy aZ^Zgghfm agZq_gbx cf� \ kemqZ_ 0≈∆T  

hij_^_eylky ih nhjfme_ 
 

.
8

4/3

1






=

f
cV

AMFD
H

η
 (2.43) 

 
?keb \uqbke_gghfm ih nhjfme_ ������ agZq_gbx H khhl\_lkl\m_l f�k�2' <

f
v lh G 

mlhqgy_lky f_lh^hf ihke_^h\Zl_evguo ijb[eb`_gbc ih nhjfme_ 
 

,
1

4/3

1 





−

=+
i

i
ii n

n
HH   (2.44) 

 
]^_ 1−ii nn b  - agZq_gby hij_^_e_ggh]h ih jbk� ��� beb ih nhjfmeZf �����

dhwnnbpb_glZ i� ihemq_ggu_ khhl\_lkl\_ggh ih agZq_gbyf 1−ii HH b �ijb i  � \ nhjfme_

������ ijbgbfZ_lky n0  �� Z agZq_gb_ iH hij_^_ey_lky ih �������� 

Nhjfmeu ������� ������ bkihevamxlky lZd`_ ^ey hij_^_e_gby H ijb .0>∆T ?keb ijb

wlhf \uihegy_lky mkeh\b_ ,
10

0 T

D
H

∆
≤ ω lh gZc^_ggh_ H y\ey_lky lhqguf� ?keb `_

                                                           
1
Nhjfmeu i� ��� - ���� ij_^gZagZq_gu ^ey j_r_gby ijyfhc aZ^Zqb jZkq_lZ dhgp_gljZpbb ih

aZ^Zgguf iZjZf_ljZf bklhqgbdZ� 
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,
10

0 T

D
H

∆
> ω lh ^ey hij_^_e_gby ij_^\Zjbl_evgh]h agZq_gby \ukhlu G bkihevam_lky

nhjfmeZ 
 

.
3

1 TVk

AMF
H

f
∆

= η
 (2.45) 

 
Ih gZc^_gghfm agZq_gbx H hij_^_eyxlky gZ hkgh\Zgbb nhjfme ����� - ����� \_ebqbgu

H
b fvvf

ff
',, b mklZgZ\eb\Z_lky \ i_j\hf ijb[eb`_gbb ijhba\_^_gb_ dhwnnbpb_glh\ m b i� 

>Zevg_crb_ mlhqg_gby agZq_gby G \uihegyxlky ih nhjfme_ 
 

,
11

1
−−

+ =
ii

ii
ii nm

nm
HH  (2.46) 

 
]^_ ii nm , khhl\_lkl\mxl ,iH Z 111, −−− iii Hnm � �ijb i � ijbgbfZ_lky ,100 == nm Z

�H hij_^_ey_lky ih �������� 

Ijbf_qZgby. 
�� Mlhqg_gb_ agZq_gby G ih nhjfmeZf ������ b ������ ijhba\h^blky ^h l_o ihj� ihdZ ^\Z

ihke_^h\Zl_evgh gZc^_gguo agZq_gby )1+ii HHH b� [m^ml jZaebqZlvky f_g__ q_f gZ � f� 

�� Ijb h^gh\j_f_gghc g_h[oh^bfhklb mq_lZ \ebygby j_ev_nZ f_klghklb b aZkljhcdb \

nhjfmeZo ������ - ������ b ������ aZ \_ebqbgm η ijbgbfZ_lky ijhba\_^_gb_ ihijZ\hd d

fZdkbfZevghc dhgp_gljZpbb gZ j_ev_n b aZkljhcdm� hij_^_e_gguo kh]eZkgh jZa^_em � b

Ijbeh`_gbx �� 

����� < kemqZ_ \u[jhkh\ \ Zlfhkn_jm� h[mkeh\e_gguo k`b]Zgb_f lhieb\Z� ijb

nbdkbjh\Zgguo \ukhl_ b ^bZf_lj_ mklvy ljm[u khhl\_lkl\mxsbc kf jZkoh^ lhieb\Z J �l�q�

hij_^_ey_lky ih nhjfme_ 
 

,6,3 4

3

3

3 Td
AFmnd

k

HP f ∆





=

η
 (2.47) 

 
]^_ 3d �]�d]� - dhebq_kl\h \u[jZku\Z_fh]h \ Zlfhkn_jm \j_^gh]h \_s_kl\Z gZ _^bgbpm

fZkku lhieb\Z �\ g_h[oh^bfuo kemqZyo k mq_lhf iue_]Zahhqbkldb�� 4d �f
3
�d]� - jZkoh^

]Zah\ha^mrghc kf_kb� \u^_eyxs_cky gZ _^bgbpm fZkku lhieb\Z� 
����� >eb dZ`^h]h bklhqgbdZ jZ^bmk ahgu \ebygby jZkkqblu\Z_lky dZd gZb[hevr__ ba

^\mo jZkklhygbc hl bklhqgbdZ x1 b x2, ]^_ x1 = 10xf� Z \_ebqbgZ x2 hij_^_ey_lky dZd jZkklhygb_ hl

bklhqgbdZ� gZqbgZy k dhlhjh]h k ≤ ���� I>D� 
 
Ijbf_qZgb_. 
AgZq_gb_ x2 ijb jmqguo jZkq_lZo gZoh^blky ]jZnbq_kdb k ihfhsvx jbk� ��� Z, [� GZ

\_jlbdZevghc hkb hldeZ^u\Z_lky lhqdZ ���� I>D�kf� q_j_a dhlhjmx ijh\h^blky iZjZee_evgZy

]hjbahglZevghc hkb ebgby ^h i_j_k_q_gby k ]jZnbdhf nmgdpbb s1 aZ fZdkbfmfhf� Ba lhqdb

i_j_k_q_gby himkdZ_lky i_ji_g^bdmeyj gZ ]hjbahglZevgmx hkv� ihemq_ggh_ agZq_gb_ x/xf 
mfgh`Z_lky gZ xf� \ j_amevlZl_ q_]h hij_^_ey_lky bkdhfh_ agZq_gb_� Ijb kf ≤ ���� I>D

agZq_gb_ x2 iheZ]Z_lky jZ\guf gmex� 
����� Ijb iheghc gZ]jmad_ h[hjm^h\Zgby kj_^gyy dhgp_gljZpby

f
c~ �]�f

3
� \ mklv_

bklhqgbdZ� jZ\gZy 
 

,~

1V

F
c
f

=  (2.48) 

 
hij_^_ey_lky ih nhjfmeZf� 
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,100~
3

2
1

2

<∆= f
V

T

AFmn

Hc
c f

f
ijb

η
 �����Z� 

 

��bebijb ≈∆≥= Lf
AFnD

Hc
c f

f
100

8~
3/4

η
  �����[� 

 
]^_ k

f �f]�f
3) - khhl\_lkl\mxsZy

f
c~ fZdkbfZevgZy ijba_fgZy dhgp_gljZpby� 

 
 

�� J:KQ?L A:=JYAG?GBY :LFHKN?JU <U;JHK:FB 
EBG?CGH=H BKLHQGBD: 

 
 

 
 

Jbk� ��� 
 

���� Ijb jZkq_l_ jZkk_b\Zgby \u[jhkh\ hl ebg_cgh]h bklhqgbdZ ^ebghc L gZb[hevrZy

dhgp_gljZpby \j_^ghc ijbf_kb kf ^hklb]Z_lky \ kemqZ_ \_ljZ \^hev bklhqgbdZ gZ jZkklhygbb xf 
hl ijh_dpbb _]h p_gljZ gZ a_fgmx ih\_joghklv� Ijb jZkkfhlj_gbb ZwjZpbhggh]h nhgZjy �jbk�

���� dZd ebg_cgh]h bklhqgbdZ agZq_gby kf �f]�f
3
� b jZkklhygby xf �f� hij_^_eyxlky ih

nhjfmeZf� 
 

;'3 ff
ksk =  (3.1) 

 

.'
2 4 ff

xs
L

x +=  (3.2) 

 
A^_kv agZq_gby ,''

ff
xk b Z lZd`_ khhl\_lkl\mxs__ bf agZq_gb_

f
u' ijbgbfZxlky

jZ\gufb fZdkbfZevghc dhgp_gljZpbb kf� jZkklhygbx xf b hiZkghc kdhjhklb uf ^ey h^bghqgh]h
bklhqgbdZ lhc `_ fhsghklb F k djm]euf mklv_f ^bZf_ljhf Dw b jZkoh^hf \u[jZku\Z_fhc

]Zah\ha^mrghc kf_kb V�w� Ijb wlhf wnn_dlb\guc ^bZf_lj mklvy nhgZjy Dw �f� hij_^_ey_lky ih

nhjfme_ 
 

,
2

10
2

1

VL

LV
D

+
=

ω
w

 (3.3) 

 
]^_ V1 �f

3
�k� - jZkoh^ \u[jZku\Z_fhc ba nhgZjy \ _^bgbpm \j_f_gb ]Zah\ha^mrghc kf_kb�

0ω �f�k� - kj_^gyy kdhjhklv \uoh^Z ba nhgZjy ]Zah\ha^mrghc kf_kb� <_ebqbgZ V�w hij_^_ey_lky

ih gZc^_gghfm agZq_gbx Dw b nhjfme_ ������� 
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Jbk� ��� 
 
AZ \ukhlm bklhqgbdZ \u[jhkZ H �f� ijbgbfZ_lky \ukhlZ gZ^ mjh\g_f a_feb \_jog_c

djhfdb \_ljhhl[hcguo sblh\ nhgZjy beb \_jog_c djhfdb nhgZjy ijb hlkmlkl\bb

\_ljhhl[hcguo sblh\� Kj_^gyy kdhjhklv \uoh^Z \ Zlfhkn_jm ]Zah\ha^mrghc kf_kb ba

ZwjZpbhggh]h nhgZjy 0ω �f�k� hij_^_ey_lky wdki_jbf_glZevguf iml_f beb ih jZkq_lm ZwjZpbb�

FZkkZ \u[jZku\Z_fh]h \ Zlfhkn_jm b _^bgbpm \j_f_gb \j_^gh]h \_s_kl\Z F �]�k� ijbgbfZ_lky

jZ\ghc kmffZjghfm \u[jhkm ba \k_]h nhgZjy� <_ebqbgZ T∆ ��K� ijbgbfZ_lky lZdhc `_� dZd ^ey

h^bghqgh]h bklhqgbdZ \u[jhkZ� 
;_ajZaf_jgu_ dhwnnbpb_glu 43 ss b \ ����� b ����� hij_^_eyxlky \ aZ\bkbfhklb hl

hlghr_gby
f

xL '/ ih jbk� ��� beb ih nhjfmeZf� 

 

( )
;

'/1,0'/45,01

'/45,01
23

ff

f

xLxL

xL
s

++

+
=  (3.4) 

 

.
'/6,01

1
4

f
xL

s
+

=  (3.5) 

 
 
HiZkgZy kdhjhklv \_ljZ uf hij_^_ey_lky ih nhjfme_ 
 

.'
ff

uu =  (3.6) 

 
���� JZkij_^_e_gb_ dhgp_gljZpbc \j_^guo \_s_kl\ k gZ jZkklhygbb o hl p_gljZ

ZwjZpbhggh]h nhgZjy ijb \_lj_� gZijZ\e_gghf \^hev beb ihi_j_d nhgZjy� jZkkqblu\Z_lky ih

nhjfmeZf Ijbeh`_gby �� 
���� Ijb ijhba\hevghf gZijZ\e_gbb \_ljZ ih hlghr_gbx d ebg_cghfm bklhqgbdm lbiZ

ZwjZpbhggh]h nhgZjy wlhl bklhqgbd mkeh\gh ij_^klZ\ey_lky \ \b^_ ]jmiiu N h^bgZdh\uo
jZ\ghm^Ze_gguo lhq_qguo bklhqgbdh\� >ey dZ`^h]h ba wlbo h^bghqguo bklhqgbdh\ agZq_gby

fZdkbfZevghc dhgp_gljZpbb \j_^ghc ijbf_kb kf b khhl\_lkl\mxsbo _c jZkklhygby xf b

hiZkghc kdhjhklb uf hij_^_eyxlky dZd 
 

,
N

c
c f

f




=  (3.7) 

 
.,

ffff
uuxx 

 ==  (3.8) 

 
Ijbf_qZgb_. 
JZkq_lu dhgp_gljZpbc ih nhjfmeZf ^Zggh]h jZa^_eZ ijhba\h^ylky ^ey jZkklhygbc hl

ijhba\h^kl\_ggh]h dhjimkZ� [hevrbo
f

x
 � >ey jZkklhygbc� f_gvrbo
f

x
 � g_h[oh^bfh

mqblu\Zlv \ebygb_ a^Zgby� gZ dhlhjhf jZkiheh`_g nhgZjv� \ khhl\_lkl\bb k nhjfmeZfb

Ijbeh`_gby �� 
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���� Qbkeh h^bgZdh\uo jZ\ghm^Ze_gguo h^bghqguo bklhqgbdh\ N, gZ dhlhjh_ ^_eblky

ZwjZpbhgguc nhgZjv ijb jZkq_lZo� hij_^_ey_lky �k hdjm]e_gb_f ^h [eb`Zcr_]h [hevr_]h

p_eh]h qbkeZ� ih nhjfme_ 
 

,
5

x

uL
N =  (3.9) 

 
]^_ o �f� - gZbf_gvr__ jZkklhygb_ hl ZwjZpbhggh]h nhgZjy ^h jZkq_lghc lhqdb gZ

f_klghklb� u - jZkq_lgZy kdhjhklv \_ljZ� 

Ijbf_qZgby. 
�� K m\_ebq_gb_f ijhly`_gghklb L ZwjZpbhggh]h nhgZjy N m\_ebqb\Z_lky� gh� dZd

ijZ\beh� ^hklZlhqgh ijbgbfZlv N g_ [hevr_ ��� 
� Ijb jZkq_lZo aZ]jyag_gby Zlfhkn_ju ^ey kdhjhklb \_ljZ u� g_ jZ\ghc uf� ^ey dZ`^h]h

ba h^bghqguo bklhqgbdh\ aZ]jyag_gby agZq_gb_ fZdkbfZevghc dhgp_gljZpbb \j_^guo \_s_kl\

cfb �f]�f
3
� hij_^_ey_lky ih nhjfme_ 

 

,
N

rc
c f

fb




=  (3.10) 

 
Z khhl\_lkl\mxs__ jZkklhygb_ xfb �f� - ih nhjfme_ 
 

.
ffb

pxx 
=  (3.11) 

 
A^_kv r b p - [_ajZaf_jgu_ dhwnnbpb_glu� hij_^_ey_fu_ \ khhl\_lkl\bb k i� ���� b ����

ih agZq_gbx hlghr_gby u/uf. 
���� JZkq_lu ijba_fguo dhgp_gljZpbc hl ebg_cgh]h bklhqgbdZ� Ziijhdkbfbjmxs_]h

kh\hdmighklv h^bghqguo bklhqgbdh\ \u[jhkZ k [ebadbfb agZq_gbyfb \ukhl� \uihegyxlky ih

l_f `_ nhjfmeZf� qlh ^ey ZwjZpbhggh]h nhgZjy� gh ijb jZkq_l_ \kihfh]Zl_evguo \_ebqbg

fff
uxk ''' b� � gh \f_klh �ww

bVD bkihevamxlky kj_^gb_ agZq_gby D b V1� oZjZdl_jgu_ ^ey

h^bghqguo bklhqgbdh\� 
���� Ijb \_lj_� i_ji_g^bdmeyjghf ebg_cghfm bklhqgbdm� beb ijb ijhba\hevghf

gZijZ\e_gbb \_ljZ \uqbke_gby hkgh\u\Zxlky gZ aZf_g_ ebg_cgh]h bklhqgbdZ kh\hdmighklvx

h^bgZdh\uo jZ\ghm^Ze_gguo mkeh\guo lhq_qguo bklhqgbdh\� 
Ijb \_lj_ \^hev ebg_cgh]h bklhqgbdZ agZq_gby fZdkbfZevghc dhgp_gljZpbb cf, 

jZkklhygby xf b hiZkghc kdhjhklb \_ljZ uf hij_^_eyxlky ih nhjfmeZf ������ ����� b ����� k

bkihevah\Zgb_f nhjfme ������ ����� beb jbk� ���� Dhgp_gljZpby k \^hev hkb nZd_eZ gZ

jZkklhygbb o hl p_gljZ ebg_cgh]h bklhqgbdZ ijb kdhjhklb \_ljZ uf hij_^_ey_lky ih nhjfme_ ���

Ijbeh`_gby �� 

Ijbf_qZgb_. 
?keb jZkq_lghc lhqd_ khhl\_lkl\m_l hij_^_e_ggh_ ih nhjfme_ ����� agZq_gb_ N > ��� lh

ebg_cguc bklhqgbd ij_^klZ\ey_lky \ \b^_ kmffu g_kdhevdbo f_gvrbo ih jZaf_jm ebg_cguo

bklhqgbdh\ lZdbf h[jZahf� qlh[u \u^_eblv mqZkldb ebg_cgh]h bklhqgbdZ� ^ey dhlhjuo N ≤ 10. 
HklZ\rb_ky ebg_cgu_ bklhqgbdb ^_eylky gZ jZ\ghm^Ze_ggu_ lhq_qgu_ bklhqgbdb lZd� qlh[u

jZkklhygb_ f_`^m gbfb g_ ij_\urZeh �x’
f
 . 

���� Fhsghklv \u[jhkZ F� khhl\_lkl\mxsZy aZ^Zgghfm agZq_gbx fZdkbfZevghc

dhgp_gljZpbb cf� ^ey kemqZy \u[jhkh\ hl h^bghqgh]h ZwjZpbhggh]h nhgZjy hij_^_ey_lky ih

nhjfme_ 
 

,
3

0

s

F
F =  (3.12) 

 
]^_ F0 dZd khhl\_lkl\mxsZy cf fhsghklv \u[jhkZ ba h^bghqgh]h bklhqgbdZ gZoh^blky ih

nhjfme_ ������ beb ������ ijb
�w

VV =1 b ,
w

DD = hij_^_ey_fuf ih ������� ������ 
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�� MQ?L <EBYGBY J?EV?N:F?KLGHKLB IJB J:KQ?L?  
A:=JYAG?GBY :LFHKN?JU 

 
���� <ebygb_ j_ev_nZ f_klghklb gZ agZq_gb_ fZdkbfZevghc ijba_fghc dhgp_gljZpbb cf 

hl h^bghqgh]h lhq_qgh]h bklhqgbdZ mqblu\Z_lky [_ajZaf_jguf dhwnnbpb_glhf η \ nhjfmeZo

������ ������ ������� AgZq_gb_ η mklZgZ\eb\Z_lky gZ hkgh\_ ZgZebaZ dZjlh]jZnbq_kdh]h fZl_jbZeZ�

hk\_sZxs_]h j_ev_n f_klghklb \ jZ^bmk_ ^h �� \ukhl gZb[he__ \ukhdh]h ba jZaf_sZ_fuo gZ

ijhfiehsZ^d_ bklhqgbdZ� gh g_ f_g__ q_f ^h � df� 
���� ?keb \ hdj_klghklb jZkkfZljb\Z_fh]h bklhqgbdZ \u[jhkh\ �ij_^ijbylby� fh`gh

\u^_eblv hl^_evgu_ bahebjh\Zggu_ ij_iylkl\by� \ulygmlu_ \ h^ghf gZijZ\e_gbb �]jy^m�

]j_[_gv� eh`[bgm� mklmi�� lh ihijZ\hqguc dhwnnbpb_gl gZ j_ev_n η hij_^_ey_lky ih nhjfme_ 
 

,
3

0

s

F
F =  (4.1) 

 
]^_ mη hij_^_ey_lky ih lZ[e� ��� \ aZ\bkbfhklb hl nhjf j_ev_nZ� k_q_gby dhlhjuo

ij_^klZ\e_gu gZ jbk� ���� b [_ajZaf_jguo \_ebqbg 00201 // hanhHn == b  (n1 hij_^_ey_lky k

lhqghklvx ^h ^_kyluo� Z n2 - k lhqghklvx ^h p_euo�� A^_kv G - \ukhlZ bklhqgbdZ� h0 - \ukhlZ
�]em[bgZ� ij_iylkl\by� a0 - ihemrbjbgZ ]jy^u� ohefZ� eh`[bgu beb ijhly`_gghklv [hdh\h]h

kdehgZ mklmiZ� x0 - jZkklhygb_ hl k_j_^bgu ij_iylkl\by \ kemqZ_ ]jy^u beb eh`[bgu b hl

\_jog_c djhfdb kdehgZ \ kemqZ_ mklmiZ ^h bklhqgbdZ� dZd mdZaZgh gZ jbk� ���� AgZq_gb_ nmgdpbb

1ϕ hij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby 00 / ax ih ]jZnbdZf �kf� jbk� �����

khhl\_lkl\mxsbf jZaebqguf nhjfZf j_ev_nZ� ?keb bklhqgbd jZkiheh`_g gZ \_jog_f ieZlh

mklmiZ� \ dZq_kl\_ Zj]mf_glZ nmgdpbb 1ϕ \f_klh

0

0

a

x
ijbgbfZ_lky - .

0

0

a

x
 

?keb ij_iylkl\by ij_^klZ\eyxl kh[hc ]jy^u �eh`[bgu�� \ulygmlu_ \ h^ghf

gZijZ\e_gbb� agZq_gb_ h0 b a0 hij_^_eyxlky ^ey ihi_j_qgh]h k_q_gby� i_ji_g^bdmeyjgh]h

wlhfm gZijZ\e_gbx� ?keb bahebjh\Zggh_ ij_iylkl\b_ ij_^klZ\ey_l kh[hc hl^_evguc ohef

�\iZ^bgm�� lh h0 \u[bjZ_lky khhl\_lkl\mxsbf fZdkbfZevghc �fbgbfZevghc� hlf_ld_

ij_iylkl\by� Z n2 - fZdkbfZevghc djmlbag_ kdehgZ� h[jZs_ggh]h d bklhqgbdm� 
 

LZ[ebpZ ��� 
 
 Eh`[bgZ �\iZ^bgZ� Mklmi  =jy^Z �ohef� 

n1 n2 
 4-5 6-9 10-15 16-20 4-5 6-9 10-15 16-20 4-5 6-9 10-15 16-20 
< 0,5 4,0 2,0 1,6 1,3 3,5 1,8 1,5 1,2 3,0 1,5 1,4 1,2 
0,6-1 3,0 1,6 1,5 1,2 2,7 1,5 1,3 1,2 2,2 1,4 1,3 1,0 
1,1-2,9 1,8 1,5 1,4 1,1 1,6 1,4 1,2 1,1 1,4 1,3 1,2 1,0 
3-5 1,4 1,3 1,2 1,0 1,3 1,2 1,1 1,0 1,2 1,2 1,1 1,0 
> 5 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 1,0 

 
 
>ey bklhqgbdh\ \u[jhkZ� jZkiheh`_gguo \ ahg_ \ebygby g_kdhevdbo bahebjh\Zgguo

ij_iylkl\bc� hij_^_ey_lky agZq_gby η ^ey dZ`^h]h ij_iylkl\by b bkihevam_lky fZdkbfZevgh_

ba gbo� 

Ijbf_qZgb_. 
< kemqZ_ [he__ keh`gh]h j_ev_nZ f_klghklb beb i_j_iZ^h\ \ukhl [he__ ��� f gZ � df aZ

mdZaZgbyfb ih mq_lm j_ev_nZ ke_^m_l h[jZsZlvky \ l_jjblhjbZevgu_ hj]Zgu =hkdhf]b^jhf_lZ

beb \ =eZ\gmx ]_hnbabq_kdmx h[k_j\Zlhjbx bf� :� B� <h_cdh\Z� ijbeh`b\ d aZijhkm

khhl\_lkl\mxsbc dZjlh]jZnbq_kdbc fZl_jbZe� 

���� Mq_l \ebygby j_ev_nZ f_klghklb ijb hij_^_e_gbb jZkklhygby� ]^_ ^hklb]Z_lky

fZdkbfmf ijba_fghc dhgp_gljZpbb� hkms_kl\ey_lky iml_f mfgh`_gby dhwnnbpb_glZ d \ 

nhjfme_ ������ gZ hlghr_gb_ .
2,0

1,1

+η
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���� JZkq_l ijba_fguo dhgp_gljZpbc ih hkb nZd_eZ gZ jZaebqguo jZkklhygbyo hl

bklhqgbdZ ijhba\h^blky ih nhjfme_ ������� Ijb wlhf ^ey jZkklhygbc o hl bklhqgbdZ�

m^h\e_l\hjyxsbo g_jZ\_gkl\m 
 

12,6 )0( −< η
f

xx  (4.2) 

 

�a^_kv
)0(

f
x  - agZq_gb_ x ^ey jZkkfZljb\Z_fh]h bklhqgbdZ \ mkeh\byo jh\ghc beb

keZ[hi_j_k_q_gghc f_klghklb� l� _� ijb η  ��� hlghr_gb_ x/xf hij_^_ey_lky k bkihevah\Zgb_f
xf� \uqbke_ggh]h \ khhl\_lkl\bb k i� ���� >ey [hevrbo agZq_gbc o ijb \uqbke_gbb hlghr_gby

x/xf bkihevam_lky agZq_gb_
)0(

ff
xx = . 

 

 
 

Jbk� ��� 
 

Ijbf_qZgby. 
�� Ijb ^jm]bo kdhjhklyo \_ljZ jZkq_l ijh\h^blky ZgZeh]bqguf h[jZahf� ijbq_f \f_klh

)0(
f

x \ ����� bkihevam_lky agZq_gb_
)0(

fb
x \_ebqbgu x

fb� hij_^_e_gghc \ khhl\_lkl\bb k i� ���� ^ey

mkeh\bc jh\ghc beb keZ[hi_j_k_q_gghc f_klghklb� 
�� ?keb bklhqgbd \u[jhkh\ jZkiheZ]Z_lky \ ^hebg_ rbjbghc L^he b _]h \ukhlZ H f_gvr_

��� ]em[bgu ^hebgu� lh jZkq_lu ih nhjfme_ ������ ^ey gZijZ\e_gby \_ljZ \^hev ^hebgu

ijhba\h^ylky ^h jZkklhygbc x� m^h\e_l\hjyxsbo mkeh\bx 
 

.uLx
^he

=  (4.3) 

 

>ey [hevrbo jZkklhygbc nmgdpby s1 mfgh`Z_lky gZ \_ebqbgm .
uL

x

^he

 

 
���� JZkq_l aZ]jyag_gby \ha^moZ gZ ijhfiehsZ^d_ k mq_lhf \ebygby j_ev_nZ f_klghklb

ijh\h^blky \ khhl\_lkl\bb k j_dhf_g^Zpbyfb Ijbeh`_gby �� Ijb wlhf agZq_gby cf b xf 
hij_^_eyxlky ih i� ��� - ���� Z [_ajZaf_jguc dhwnnbpb_gl s1 - k mq_lhf j_dhf_g^Zpbc i� ���� 
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���� < jZchgZo� ]^_ fh`_l ijhbkoh^blv ^ebl_evguc aZklhc ijbf_kb ijb khq_lZgbb keZ[uo

\_ljh\ k l_fi_jZlmjgufb bg\_jkbyfb �gZijbf_j� \ ]em[hdbo dhleh\bgZo� \ jZchgZo qZklh]h

h[jZah\Zgby lmfZgh\� \ lhf qbke_ gb`_ iehlbg ]b^jhwe_dljhklZgpbc b \[ebab ijm^h\-
hoeZ^bl_e_c we_dljhklZgpbc k jZchgZo k kmjh\hc abfhc� Z lZd`_ \ jZchgZo \hafh`gh]h

\hagbdgh\_gby kfh]h\�� g_ ke_^m_l jZaf_sZlv ijhfure_ggu_ ij_^ijbylby k \u[jhkZfb

\j_^guo \_s_kl\� ijb g_h[oh^bfhklb kljhbl_evkl\Z \ lZdbo jZchgZo ke_^m_l ijbgbfZlv

^hihegbl_evgu_ f_ju ih hojZg_ \ha^mrgh]h [Zkk_cgZ hl aZ]jyag_gby� kh]eZkh\Zggu_ k

=hkdhf]b^jhf_lhf b Fbga^jZ\hf KKKJ�  
 
 

�� J:KQ?L A:=JYAG?GBY :LFHKN?JU <U;JHK:FB =JMIIU BKLHQGBDH< B

IEHS:>GUO BKLHQGBDH< 
 

���� Ijba_fgZy dhgp_gljZpby \j_^guo \_s_kl\ k �f]�f
3
� \ ex[hc lhqd_ f_klghklb ijb

gZebqbb N bklhqgbdh\ hij_^_ey_lky dZd kmffZ dhgp_gljZpbb \_s_kl\ hl hl^_evguo bklhqgbdh\

ijb aZ^Zgguo gZijZ\e_gbb b kdhjhklb \_ljZ� 
 

,...21 Ncccc +++=  (5.1) 

 
]^_ Nccc ,..., 21  - dhgp_gljZpbb \j_^gh]h \_s_kl\Z khhl\_lkl\_ggh hl i_j\h]h� \lhjh]h�

N-]h bklhqgbdh\� jZkiheh`_gguo k gZ\_lj_gghc klhjhgu ijb jZkkfZljb\Z_fhf gZijZ\e_gbb

\_ljZ� 

Ijbf_qZgby. 
�� Ijb ijh_dlbjh\Zgbb ij_^ijbylbc� a^Zgbc b khhjm`_gbc ke_^m_l ij_^mkfZljb\Zlv

fbgbfZevgh_ qbkeh bklhqgbdh\ \u[jhkZ \j_^guo \_s_kl\ \ Zlfhkn_jm� h[t_^bgyy m^Zey_fu_

\_s_kl\Z hl jy^Z bklhqgbdh\ bo \u^_e_gby \ h^gm ljm[m� rZolm b l� i� 
�� Mq_l \ebygby j_ev_nZ f_klghklb b aZkljhcdb \ kemqZ_ g_h[oh^bfhklb hkms_kl\ey_lky

\ khhl\_lkl\bb k j_dhf_g^Zpbyfb jZa^_eZ � b Ijbeh`_gby �� 
�� < g_h[oh^bfuo kemqZyo� dh]^Z ba\_klgh� qlh bf_xlky g_mql_ggu_ �nhgh\u_�

bklhqgbdb \u[jhkZ lh]h `_ \j_^gh]h \_s_kl\Z beb \_s_kl\� h[eZ^Zxsbo k gbf wnn_dlhf

kmffZpbb ^jm]b_ ij_^ijbylby ]hjh^Z� ijhfjZchgZ� ljZgkihjl� hlhie_gb_ b l� i�� \ ijZ\hc qZklb

����� ^h[Z\ey_lky keZ]Z_fh_ cn� oZjZdl_jbamxs__ nhgh\h_ aZ]jyag_gb_ hl g_mql_gguo

bklhqgbdh\� 
�� ?keb jZkkqblZggZy ih nhjfme_ ����� dhgp_gljZpby k m^h\e_l\hjy_l g_jZ\_gkl\m c < 

0,1q0� ]^_ 
 

,
10

1
1

1

3

0

∑

∑

=

==
N

i
ii

N

i
ii

cV

cM
q  (5.2) 

 
Z iM b ,

10

1
1

1

3

0

∑

∑=
= N

i
ii

N

i
ii

cV

cM
q �f

3
�k� - fhsghklv \u[jhkZ b jZkoh^ ]Zah\ha^mrghc kf_kb i-]h bklhqgbdZ� lh

\f_klh ����� ijb jZkq_l_ ijba_fghc dhgp_gljZpbb k bkihevam_lky nhjfmeZ 
 

.
ffb

pxx 
=  (5.3) 

 
�� DZd b ^ey h^bghqgh]h bklhqgbdZ� ijb jZkq_lZo ijba_fguo dhgp_gljZpbc \u[jhkZfb

]jmiiu bklhqgbdh\ ijbgbfZ_lky gZb[he__ g_[eZ]hijbylgh_ khq_lZgb_ agZq_gbc iM b iV1 , 

j_Zevgh hkms_kl\eyxs__ky gZ \k_o jZkkfZljb\Z_fuo bklhqgbdZo h^gh\j_f_ggh� 
���� < p_eyo mkdhj_gby b mijhs_gby jZkq_lh\ dhebq_kl\h jZkkfZljb\Z_fuo bklhqgbdh\

\u[jhkZ khdjZsZ_lky iml_f bo h[t_^bg_gby �hkh[_ggh f_edbo bklhqgbdh\� \ hl^_evgu_

mkeh\gu_ bklhqgbdb� Kihkh[ mklZgh\e_gby bklhqgbdh\� ih^e_`Zsbo h[t_^bg_gbx� b
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hij_^_e_gby bo iZjZf_ljh\ \u[jhkZ� baeh`_gguc \ i� ���� h[_ki_qb\Z_l hlghkbl_evgmx

ih]j_rghklv δ jZkq_lguo dhgp_gljZpbc� m^h\e_l\hjyxsmx mkeh\bx 
 

.25,0≤δ  (5.4) 
 
���� < kemqZ_ bkihevah\Zgby fZrbggh]h �hjb_glbjh\Zggh]h gZ ijbf_g_gb_ W<F�

Ze]hjblfZ h[t_^bg_gby ]jmiiu ba N lhq_qguo bklhqgbdh\ agZq_gby

,,, 000 ffffff
uuxxcc === Z lZd`_ dhhj^bgZlu jZaf_s_gby 00 bb

yy,xx == ^ey

mkeh\gh]h bklhqgbdZ� aZf_gyxs_]h h[t_^bgy_fmx ]jmiim� hij_^_eyxlky ih nhjfmeZf�  
 

;
1

0 ∑
=

=
N

i
fLf

cc  (5.5) 

 

;
1

10
0 fL

N

i
fL

f

f
xc

c
x ∑

=
=  (5.6) 

 

;
1

10
0 fL

N

i
fL

f

f
uc

c
u ∑

=
=  (5.7) 

 

;
1

10
0 bL

N

i
fL

f

b
xc

c
x ∑

=
=  (5.8) 

 

.
1

10
0 bL

N

i
fL

f

b
yc

c
y ∑

=
=  (5.9) 

 
A^_kv� dZd b \ur_� bg^_dkhf i ijb \_ebqbgZo

bbfff
yxuxc ,,,, h[hagZq_gu hl^_evgu_

bklhqgbdb� h[t_^bgy_fu_ \ ]jmiim� 
���� ?keb jZkkfZljb\Zxlky f_edb_ bklhqgbdb� ^ey dZ`^h]h ba dhlhjuo \uihegy_lky ohly

[u h^gh ba mkeh\bc� 
 

2,0≤
I>D

f
k

 (5.10) 

 

,120≤
I>D

ff
xk

 (5.11) 

 
lh h[t_^bg_gb_ lZdbo bklhqgbdh\ hkms_kl\ey_lky ijb h^gh\j_f_gghf \uiheg_gbb

mkeh\bc� 
 

,15,0 minlL
f

≤  (5.12) 

 

,3,0
0

≤
∆

f

f

x

x
 (5.13) 

 

,3,0
0

≤
∆

f

f

u

u
 (5.14) 

 
]^_ minl �f� - fbgbfZevgh_ jZkklhygb_ hl h[t_^bgy_fuo bklhqgbdh\ ^h maeh\ jZkq_lghc

k_ldb lhq_d�
f

L �f� - fZdkbfZevgh_ jZkklhygb_ f_`^m ^\mfy ba h[t_^bgy_fuo bklhqgbdh\�
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f
x∆ �f� b

f
u∆ �f�k� - khhl\_lkl\_ggh fZdkbfZevgu_ hldehg_gby \_ebqbg

.00 ffLffL
uuxx hlbhl  

?keb mkeh\by ������ b ������ h^gh\j_f_ggh g_ \uiheg_gu� lh h[t_^bg_gb_ lZdbo

bklhqgbdh\ hkms_kl\ey_lky ijb h^gh\j_f_gghf \uiheg_gbb mkeh\bc� 
 

,06,0 minlL
f

≤  (5.15) 

 

,09,0
0

≤
∆

f

f

x

x
 (5.16) 

 

.03,0
0

≤
∆

f

f

u

u
 (5.17) 

 
Ijb jZ\_gkl\_ gmex

f
x∆ b

f
u∆ qbkeh\hc dhwnnbpb_gl \ ������ b ������ ke_^m_l

m\_ebqblv \ ��� jZaZ� < ��� jZaZ m\_ebqb\Z_lky lZd`_ qbkeh\hc dhwnnbpb_gl \ ������ b ������

�ijb h^bgZdh\uo HLu
ffL

≤b �� Z lZd`_ \ ������ b ������ �ijb h^bgZdh\uo HLx
ffL

≤b ). 

Ijb g_\uiheg_gbb ^ey ]jmiiu f_edbo bklhqgbdh\ mkeh\bc ������ - ������ beb ^ey ]jmiiu

[he__ djmiguo bklhqgbdh\ mkeh\bc ������ - ������ wlZ ]jmiiZ jZa[b\Z_lky gZ hl^_evgu_ ]jmiiu�

^ey dhlhjuo mdZaZggu_ g_jZ\_gkl\Z \uihegyxlky� 

Ijbf_qZgby. 
�� Ijb k\_^_gbb \ h^gm lhqdm bklhqgbdh\ \u[jhkh\ k h^bgZdh\ufb agZq_gbyfb G, D, V1 b

∆L jZkq_lgh_ agZq_gb_ fZdkbfZevghc dhgp_gljZpbb \j_^gh]h \_s_kl\Z hl wlhc ]jmiiu

bklhqgbdh\ g_kdhevdh aZ\urZ_lky� ?keb \ h^gm lhqdm k\h^ylky bklhqgbdb k jZaebqgufb G, D, 
V1 b ∆L� lh \hafh`gh dZd g_[hevrh_ aZ\ur_gb_� lZd b g_dhlhjh_ aZgb`_gb_ cf� K m^Ze_gb_f hl

h[t_^bgy_fuo bklhqgbdh\ ih]j_rghklv aZ kq_l k\_^_gby ]jmiiu bklhqgbdh\ \ h^gm lhqdm

m[u\Z_l�  
�� Bklhqgbdb \u[jhkZ� ^ey dhlhjuo ijbgylb_ ijb jZkq_lZo h^bgZdh\uo dhhj^bgZl g_

kdZau\Z_lky aZf_lgh gZ \_ebqbg_ cf� gZau\Zxlky [ebadhjZkiheh`_ggufb� 
�� J_amevlZlu lhqguo jZkq_lh\ ijba_fguo dhgp_gljZpbc g_ ^himkdZ_lky dhjj_dlbjh\Zlv

ih j_amevlZlZf ijb[eb`_gguo jZkq_lh\ k h[t_^bg_gb_f bklhqgbdh\� 
�� Ijb hlkmlkl\bb \hafh`ghklb ijbf_g_gby W<F ^ey jZkq_lh\ ih ����� - ����� k mq_lhf

mkeh\bc ������ - ������ ^himkdZ_lky ijh\h^blv h[t_^bg_gb_ bklhqgbdh\ \u[jhkZ k [ebadbfb

iZjZf_ljZfb b dhhj^bgZlZfb jZkiheh`_gby \jmqgmx Ijb wlhf ^ey mkeh\gh]h h[t_^bg_ggh]h

bklhqgbdZ ijbgbfZxlky agZq_gby kmffZjgh]h \u[jhkZ F hl \k_o h[t_^bgy_fuo bklhqgbdh\�

kj_^gb_ Zjbnf_lbq_kdb_ agZq_gby \ukhlu G� ^bZf_ljZ mklvy D� l_fi_jZlmju L] b kdhjhklb

\uoh^Z 0ω ]Zah\ha^mrghc kf_kb ba mklvy bklhqgbdZ� Z lZd`_ dhhj^bgZl bklhqgbdh\ xb, yb� Ijb

[hevrhf jZa[jhk_ mdZaZgguo iZjZf_ljh\ b dhhj^bgZl ]jmiiZ bklhqgbdh\ jZa[b\Z_lky gZ [he__

f_edb_ ]jmiiu k [ebadbfb agZq_gbyfb iZjZf_ljh\ b dhhj^bgZl� ;hevrhc jZa[jhk agZq_gbc

fhsghklb \u[jhkZ F g_ ij_iylkl\m_l h[t_^bg_gbx� 
�� ?keb jZkq_lu ijba_fguo dhgp_gljZpbc \uihegyxlky ^ey mqZkldh\ f_klghklb�

ijbe_]Zxsbo d ijhfiehsZ^d_� lh ih^ minl ke_^m_l ihgbfZlv fbgbfmf ba jZkklhygbc hl

dZ`^h]h ba h[t_^bgy_fuo bklhqgbdh\ ^h [eb`Zcr_c d g_fm ]jZgbpu ijhfiehsZ^db� 
�� K mq_lhf lj_[h\Zgbc imgdlZ ��� \ _^bguc mkeh\guc bklhqgbd ij_`^_ \k_]h

h[t_^bgyxlky ]jmiiu ijbf_jgh h^bgZdh\uo rZol b ^jm]bo \_glbeypbhgguo bklhqgbdh\

h^gh]h ijhba\h^kl\_ggh]h a^Zgby beb bahebjh\Zggh]h ih \ha^mohh[f_gm ijhba\h^kl\_ggh]h

ihf_s_gby� Z lZd`_ ]jmii [ebadhjZkiheh`_gguo bklhqgbdh\ h^ghlbiguo l_ogheh]bq_kdbo

mklZgh\hd gZ hldjulhf \ha^mo_ b l� i� ?keb bf__lky g_kdhevdh ]jmii h^ghlbiguo bklhqgbdh\�

lh j_dhf_g^m_lky kgZqZeZ k\_klb d h^ghfm bklhqgbdm dZ`^mx ba wlbo ]jmii� Z aZl_f

ijhjZ[hlZlv \hafh`ghklb ^Zevg_cr_]h h[t_^bg_gby bklhqgbdh\� 
�� >ey ZwjZpbhgguo nhgZj_c i_j_^ ijbgylb_f j_r_gby h[ bo k\_^_gbb �\ lhf qbke_

kh\f_klgh k lhq_qgufb bklhqgbdZfb� \ h^bg mkeh\guc lhq_qguc bklhqgbd \uqbkeyxlky

wnn_dlb\gu_ ^bZf_lj mklvy Dw b jZkoh^ \u[jZku\Z_fhc ]Zah\ha^mrghc kf_kb V1w� ih agZq_gbyf

dhlhjuo ihke_ wlh]h hij_^_eyxlky
ffffff

uuxxcc '',' 000 === b �kf� jZa^_e ��� 
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�� Baeh`_gguc Ze]hjblf h[t_^bg_gby bklhqgbdh\ ijbf_gbf lZd`_ ^ey dhf[bgZpbb

\_s_kl\ k kmffbjmxsbfbky \j_^guf ^_ckl\b_f� < wlhf kemqZ_ ^ey dZ`^h]h ��-]h� bklhqgbdZ
ih nhjfme_ ����� \uqbkey_lky fhsghklv \u[jhkZ� ijb\_^_ggZy d \u[jhkm h^gh]h ba \_s_kl\� 

�� Ijb jZkq_l_ ijba_fghc dhgp_gljZpbb gZ ijhfiehsZ^d_ \ khhl\_lkl\bb k

Ijbeh`_gb_f � \f_klh ������ b ������ djbl_jb_f h[t_^bg_gby bklhqgbdh\� jZkiheh`_gguo gZ

h^ghf a^Zgbb� y\ey_lky mkeh\b_ *LL
f

≤ � ]^_ *L  hij_^_ey_lky \ khhl\_lkl\bb k Ijbeh`_gb_f

� �i� ����� Ijb jZkq_lZo dhgp_gljZpbb gZ djur_ a^Zgby hl bklhqgbdh\� jZkiheh`_gguo gZ wlhc

djur_� \_ebqbgu
fLfLfL

uxc b, hij_^_eyxlky k bkihevah\Zgb_f \ dZq_kl\_ \ukhlu bklhqgbdZ

ij_\ur_gbb _]h mklvy gZ^ djur_c a^Zgby �gh g_ f_g__ � f�� 
 
���� AgZq_gb_ fZdkbfZevghc kmffZjghc dhgp_gljZpbb kf �f]�f

3
� hl N jZkiheh`_gguo gZ

iehsZ^d_ [ebadh ^jm] hl ^jm]Z �kf� i� ���� h^bghqguo bklhqgbdh\� bf_xsbo jZ\gu_ agZq_gby

\ukhlu� ^bZf_ljZ mklvy� kdhjhklb \uoh^Z \ Zlfhkn_jm b l_fi_jZlmju ]Zah\ha^mrghc kf_kb�

hij_^_ey_lky ih nhjfme_ 
 

,3
2 TV

N

H

AMFmn
c
f ∆

= η
 

 
]^_ F �]�k� - kmffZjgZy fhsghklv \u[jhkZ \k_fb bklhqgbdZfb \ Zlfhkn_jm� V �f3

�k� - 
kmffZjguc jZkoh^ \u[jZku\Z_fhc \k_fb bklhqgbdZfb ]Zah\ha^mrghc kf_kb� hij_^_ey_fuc ih

nhjfme_ 
 

.1NVV =  (5.19) 

 
AgZq_gb_ iZjZf_ljZ

f
v hij_^_ey_lky ih nhjfme_ 

 

3 .65,0
NH

TV
v
f

∆=  (5.20) 

 
< hklZevghf ko_fZ jZkq_lZ dhgp_gljZpbb \_s_kl\� h[mkeh\e_gguo \u[jhkZfb hl ]jmiiu

[ebadh jZkiheh`_gguo ^jm] d ^jm]m h^bgZdh\uo h^bghqguo bklhqgbdh\ \u[jhkZ� g_ hlebqZ_lky

hl ijb\_^_gghc \ jZa^_e_ � gZklhys_]h HG> ko_fu jZkq_lZ ^ey h^bghqgh]h bklhqgbdZ� 
���� JZkq_l dhgp_gljZpbc \_s_kl\� h[mkeh\e_gguo \u[jhkZfb ba [ebadh jZkiheh`_gguo

^jm] d ^jm]m h^bgZdh\uo bklhqgbdh\� dh]^Z 0≈∆T beb agZq_gb_ iZjZf_ljZ 100≥f , 

ijhba\h^blky k bkihevah\Zgb_f nhjfme jZa^_eZ � ^ey h^bghqgh]h bklhqgbdZ kh ke_^mxsbfb

baf_g_gbyfb� NVV /1= ; F - kmffZjgZy fhsghklv \u[jhkZ ba \k_o bklhqgbdh\� nhjfmeZ ������

ij_h[jZam_lky d \b^m� 
 

.
1,7

1

8 0V

N

V

ND
K

ω
==  (5.21) 

 
���� AgZq_gb_ fZdkbfZevghc ijba_fghc dhgp_gljZpbb \j_^guo \_s_kl\

f
c �f]�f

3
� ijb

\u[jhkZo q_j_a fgh]hkl\hevgmx ljm[m �N kl\heh\� jZkkqblu\Z_lky ih nhjfme_ 
 

);'''('' 1 ffff
ccdcc −+=  (5.22) 

 
jZkklhygb_

f
x �f�� gZ dhlhjhf ^hklb]Z_lky fZdkbfZevgZy dhgp_gljZpby

f
c , 

hij_^_ey_lky ih nhjfme_ 
 

);'''('' 1 ffff
xxdxx −+=  (5.23)  

 
hiZkgZy kdhjhklv \_ljZ

f
u �f�k� \uqbkey_lky ke_^mxsbf h[jZahf� 
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)'''('' 1 ffff
uuduu −+=  (5.24) 

 
A^_kv

f
c' �f]�f

3) - fZdkbfZevgZy ijba_fgZy dhgp_gljZpby� hij_^_ey_fZy ih nhjfme_

����� ijb agZq_gbyo iZjZf_ljh\ \u[jhkZ ^ey h^gh]h kl\heZ b fhsghklb \u[jhkZ M �]�k�� jZ\ghc

kmffZjghc fhsghklb \u[jhkZ ba \k_o kl\heh\�
ff

ux '' b - khhl\_lkl\_ggh jZkklhygb_� gZ

dhlhjhf gZ[ex^Z_lky fZdkbfZevgZy dhgp_gljZpby \j_^guo \_s_kl\
f

c �f]�f
3
�� b hiZkgZy

kdhjhklv \_ljZ
f

u �f�k�� hij_^_ey_fu_ ih nhjfmeZf ������ - ������ ijb iZjZf_ljZo \u[jhkZ ^ey

h^gh]h kl\heZ�
f

c '' �f]�f
3) - fZdkbfZevgZy ijba_fgZy dhgp_gljZpby� jZkkqblu\Z_fZy ih

nhjfme_ ����� ijb fhsghklb F �]�k�� jZ\ghc kmffZjghc fhsghklb \u[jhkZ ba \k_o kl\heh\�

^bZf_lj_ D� jZ\ghf wnn_dlb\ghfm ^bZf_lj bklhqgbdZ \u[jhkZ Dw �f�� dhlhjuc hij_^_ey_lky ih

nhjfme_ 
 

,NDD =
w

 (5.25) 

 
b jZkoh^_ \uoh^ys_c ]Zah\ha^mrghc kf_kb V1, jZ\ghf wnn_dlb\ghfm jZkoh^m V�w �f

3
�k��

\uqbke_gghfm ih nhjfme_ �������
ff

ux ''' 

b  - jZkklhygb_� khhl\_lkl\mxs__ fZdkbfZevghc

dhgp_gljZpbb
f

c '' �f]�f
3
�� b hiZkgZy kdhjhklv \_ljZ� hij_^_ey_fu_ ih nhjfmeZf ������ - ������ k

mq_lhf D = Dw �f�� V1 = V�w��f
3
�k�� d1 - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc ih nhjfme_  

 

,
2

1 DHd

Dl
d

−
−=  (5.26) 

 
]^_ l �f� - kj_^g__ jZkklhygb_ f_`^m p_gljZfb mklv_\ kl\heh\� D �f� - ^bZf_lj mklvy

kl\heZ� d2 - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc ih nhjfmeZf �����Z�� �����[�� <

hklZevghf jZkq_l ijhba\h^blky� dZd ^ey h^bghqgh]h bklhqgbdZ \u[jhkZ� 

Ijbf_qZgby.  
�� Ijb l, [hevr_f beb jZ\ghf Hd2 � ^ey fgh]hkl\hevghc ljm[u \ jZkq_lZo ijbgbfZ_lky�

ff
cc '= �f]�f

3), 
ff

xx '= �f� b
ff

uu '= �f�k�� 

�� ?keb fgh]hkl\hevgZy ljm[Z ij_^klZ\ey_l kh[hc ljm[m� jZa^_e_ggmx gZ k_dlhjZ� l� _�

khklhbl ba kl\heh\ k_dlhjghc nhjfu� lh jZkq_lu \uihegyxlky lZd `_� dZd ^ey h^ghkl\hevghc

ljm[u ijb D = Dw b V1 = V�w��kf� �������� ]^_ 
 

.
4

π
S

D =
w

 (5.27) 

 
A^_kv S - kmffZjgZy iehsZ^v mklv_\ \k_o ^_ckl\mxsbo kl\heh\� 
�� < kemqZ_� dh]^Z l_fi_jZlmjZ L] b kdhjhklv \uoh^Z 0ω ]Zah\ha^mrghc kf_kb ^ey

hl^_evguo kl\heh\ jZaebqZxlky f_`^m kh[hc� ^ey jZkq_lh\ ijbgbfZxlky bo kj_^g_\a\_r_ggu_

agZq_gby� ihemq_ggu_ k mq_lhf jZkoh^h\ ]Zah\ha^mrghc kf_kb ^ey hl^_evguo kl\heh\� 
 
���� >ey bklhqgbdh\ \u[jhkZ� bf_xsbo jZaebqgu_ iZjZf_lju� jZkq_l ijba_fguo

dhgp_gljZpbc gZqbgZ_lky k hij_^_e_gby ^ey \k_o bklhqgbdh\ ih dZ`^hfm \_s_kl\m

fZdkbfZevguo ijba_fguo dhgp_gljZpbc ( )
f1fff

cccc ,...,, 21 b hiZkguo kdhjhkl_c \_ljZ

( )
f1fff

uuuu ,...,, 21 . ?keb ih dZdhfm-eb[h \_s_kl\m kmffZ fZdkbfZevguo ijba_fguo

dhgp_gljZpbc
f

c hl \k_o bklhqgbdh\ hdZ`_lky f_gvr_c beb jZ\ghc I>D

( )I>D≤+++
f1ff

ccc ...21 � lh �ijb hlkmlkl\bb g_h[oh^bfhklb mq_lZ kmffZjgh]h ^_ckl\by

g_kdhevdbo \j_^guo \_s_kl\ b nhgh\h]h aZ]jyag_gby Zlfhkn_ju� jZkq_lu ijba_fghc

dhgp_gljZpbb wlh]h \_s_kl\Z ijhba\h^ylky ih lj_[h\Zgbx hj]Zgh\ =hkdhf]b^jhf_lZ b

Fbga^jZ\Z KKKJ� LZdb_ jZkq_lu \uihegyxlky lZd`_ ijb hp_gd_ nZdlbq_kdh]h mjh\gy

aZ]jyag_gby \ha^moZ� 
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Ijb jZkq_lZo hij_^_ey_lky kj_^g_\a\_r_ggZy hiZkgZy kdhjhklv \_ljZ
fk

u �f�k� ^ey

]jmiiu N bklhqgbdh\ ih nhjfme_ 
 

.
...

...

21

2211

f1ff

f1f1ffff

fk ccc

cucucu
u

+++
+++

=  

 
Hl^_evgh ^ey \k_o \_s_kl\� d dhlhjuf hlghkylky \uqbke_ggu_

fk
u �^ey jZaguo \_s_kl\

hgb bgh]^Z kms_kl\_ggh jZaebqZxlky� hij_^_eyxlky agZq_gby
fkfk

uufuuf
xc == bb

b � ?keb ih

jZkkfZljb\Z_fhfm \_s_kl\m kmffZ
fk

uuf
c =b

f_gvr_ beb jZ\gy_lky I>D� lh ^Zevg_crb_

jZkq_lu ijhba\h^ylky ]eZ\guf h[jZahf ijb hp_gd_ nZdlbq_kdh]h mjh\gy aZ]jyag_gby \ha^moZ� 

?keb kmffZ
fk

uuf
c =b

[hevr_ I>D� lh ^ey gZijZ\e_gbc \_ljZ� khhl\_lkl\mxsbo

i_j_ghkm \j_^guo \_s_kl\ hl bklhqgbdh\ gZ jZkq_lgmx h[eZklv� ijb kdhjhklyo \_ljZ�
fk

u ; 

0,5
fk

u ; 1,5
fk

u � ��� f�k - ijhba\h^blky jZkq_l kmffZjguo dhgp_gljZpbc hl \k_o bklhqgbdh\ \

maeZo jZkq_lghc k_ldb� ihke_ q_]h gZb[hevrZy ba gbo ijbgbfZ_lky aZ fZdkbfZevgmx

dhgp_gljZpbx kf. 

Ijbf_qZgb_. 
< ������ \f_klh

fLfL
uk b ^himkdZ_lky bkihevah\Zlv agZq_gby

f[Lf[L
uk b ^ey

gZ\_lj_gguo bklhqgbdh\� hij_^_e_ggu_ ^ey dZ`^hc jZkq_lghc lhqdb \ khhl\_lkl\bb k i� ����� 

���� JZkq_lu ijba_fguo dhgp_gljZpbc mijhsZxlky� _keb kj_^b N k]jmiibjh\Zgguo \

ihjy^d_ m[u\Zgby ���
f1fffL

kkkk >>> ..21 bklhqgbdh\ \u[jhkZ ij_^ijbylby bf__lky N1 

bklhqgbdh\� dhlhjuf ih ^Zgghfm \_s_kl\m khhl\_lkl\mxl fZeu_ agZq_gby
fL

k  �\uqbke_ggu_ \

g_h[oh^bfuo kemqZyo k mq_lhf aZkljhcdb�� Ijb wlhf hij_^_ey_lky jZaghklv f_`^m I>D b

kmffhc
fL

k hl N1 bklhqgbdh\ b jZkkqblu\Z_lky fZdkbfZevgZy kmffZjgZy dhgp_gljZpby
f

k ^ey

hklZevguo N - N1 bklhqgbdh\� < l_o kemqZyo� dh]^Z kmffZ
fL

k hl gbo g_ ij_\urZ_l ���� I>D

�kf� lZd`_ ijbf_qZgb_�� mdZaZggu_ N bklhqgbdh\ fh]ml [ulv bkdexq_gu ba jZkkfhlj_gby� 
?keb N bklhqgbdh\ jZkiheh`_gu i ihjy^d_ m[u\Zgby agZq_gbc \u[jhkh\ F� l� _�

NFFF >>> ..21 � � lh N2 ba wlbo bklhqgbdh\ k gZbf_gvrbfb agZq_gbyfb F lZd`_ fh]ml

[ulv ^ey mijhs_gby jZkq_lh\ aZ]jyag_gby Zlfhkn_ju hl[jhr_gu� _keb  
 

.01,0
112

∑∑
=+−=

≤
N

i
i

N

NNt
i MM  (5.29) 

 
Ijbf_qZgb_.  
J_dhf_g^Zpbb ��� \uihegyxlky� _keb hlghr_gb_ kj_^g_c \ukhlu bkdexqZ_fuo ba

jZkkfhlj_gby bklhqgbdh\ d kj_^g_c \ukhl_ khojZgy_fuo ijb jZkq_lZo bklhqgbdh\ ij_\hkoh^bl

1/3. 

5.10. JZkq_l ijba_fguo dhgp_gljZpbb \_s_kl\ hl bklhqgbdh\� ]jmiibjmxsboky gZ

iehsZ^d_ \^hev g_dhlhjhc ijyfhc� fh`gh ijhba\h^blv� kqblZy \k_ bklhqgbdb jZkiheh`_ggufb

gZ wlhc ebgbb� ijb mkeh\bb� qlh dZ`^hfm ba gbo ijb
fF

uu = khhl\_lkl\m_l ,
2








fb

fF x

y
u  

f_gvr__ beb jZ\gh_ ���� - 0,02 (m �f� - jZkklhygb_ hl bklhqgbdZ ^h wlhc ijyfhc�� >ey dZ`^h]h

bklhqgbdZ kljhylky djb\u_ jZkij_^_e_gby dhgp_gljZpbc� GZqZeh dhhj^bgZl dZ`^hc djb\hc�

oZjZdl_jbamxs_c baf_g_gb_ dhgp_gljZpbb k \ aZ\bkbfhklb hl jZkklhygby x� kh\f_sZ_lky k

f_klhiheh`_gb_f bklhqgbdZ� Z dhgp_gljZpbb kmffbjmxlky� Ijb wlhf jZkkfZljb\Zxlky ^\Z

\ZjbZglZ� < h^ghf ba gbo ijbgbfZ_lky� qlh \_l_j gZijZ\e_g k �-]h gZ N-c bklhqgbd� \ ^jm]hf - \
ijhlb\hiheh`ghf gZijZ\e_gbb� >ey jZaebqguo jZkklhygbc x ijhba\h^blky keh`_gb_

dhgp_gljZpbc b hij_^_eyxlky agZq_gby kmffZjghc dhgp_gljZpbb k� GZb[hevr__ agZq_gb_ k 
ijbgbfZ_lky aZ fZdkbfZevgmx dhgp_gljZpbx kf. 

Ijbf_qZgb_. 
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MdZaZgguf kihkh[hf ijhba\h^ylky jmqgu_ jZkq_lu ijb gZebqbb ^\mo bklhqgbdh\�

jZkiheh`_gguo ^Ze_dh ^jm] hl ^jm]Z �beb ^\mo ]jmii bklhqgbdh\�� 

����� JZkq_l ijba_fguo dhgp_gljZpbc \_s_kl\ hl bklhqgbdh\� dhlhju_ g_ fh]ml [ulv

k\_^_gu \ h^gm lhqdm beb gZ h^gm h[smx ijyfmx� ijb hlkmlkl\bb \hafh`ghklb ijbf_g_gby

W<F mijhsZ_lky� _keb fh`gh ijh\_klb ijyfmx� hdheh dhlhjhc ]jmiibjm_lky [hevrZy qZklv

hkgh\guo bklhqgbdh\� < wlhf kemqZ_ hkms_kl\ey_lky keh`_gb_ agZq_gbc dhgp_gljZpbc ^ey

^\mo ijhlb\hiheh`guo gZijZ\e_gbc \_ljZ \^hev wlhc ijyfhc� [ebae_`Zsb_ bklhqgbdb

i_j_ghkylky gZ ijyfmx� Z ijb jZkq_l_ dhgp_gljZpbc hl hklZevguo bklhqgbdh\ bkihevam_lky

nhjfmeZ ������� ?keb kj_^b bklhqgbdh\� i_j_g_k_gguo gZ hkv� bf_xlky djmigu_� ^ey dhlhjuo

h^gh\j_f_ggh g_ \uihegyxlky mkeh\by ������� ������� lh ijb dZ`^hf gZijZ\e_gbb \_ljZ

jZkkqblu\Zxlky lZd`_ kmffZjgu_ dhgp_gljZpbb \ lhqdZo fZdkbfmfh\ dhgp_gljZpbc hl

djmiguo bklhqgbdh\� 
����� JZkq_l ijba_fguo dhgp_gljZpbc ijb \u[jhkZo hl [hevrh]h qbkeZ bklhqgbdh\�

jZkkj_^hlhq_gguo gZ iehsZ^d_ agZqbl_evguo jZaf_jh\� ke_^m_l ijhba\h^blv gZ we_dljhgguo

\uqbkebl_evguo fZrbgZo� l_f [he__� qlh ijb jZajZ[hldZo ih ijh_dlbjh\Zgbx b

ghjfbjh\Zgbx� dZd ijZ\beh� jZkkfZljb\Z_lky [hevrh_ qbkeh \ZjbZglh\ h[t_^bg_gby \u[jhkh\�

jZaf_s_gby bklhqgbdh\ gZ iehsZ^d_� kihkh[h\ hqbkldb \u[jhkh\ b ^jm]bo f_jhijbylbc� RZ]b

jZkq_lghc k_ldb \u[bjZxlky \ aZ\bkbfhklb hl jZaf_jh\ h[eZklb� ^ey dhlhjhc ijh\h^ylky

jZkq_lu� Ijb wlhf h[s__ dhebq_kl\h maeh\ k_ldb� dZd ijZ\beh� g_ ^he`gh ij_\urZlv ���� - 
����� JZaf_ju mdZaZgghc h[eZklb ^he`gu khhl\_lkl\h\Zlv jZaf_jZf ahgu \ebygby

jZkkfZljb\Z_fhc kh\hdmighklb bklhqgbdh\� 

Ijbf_qZgb_. 
JZajZ[hlZggu_ jZaebqgufb hj]ZgbaZpbyfb b \uqbkebl_evgufb p_gljZfb ijh]jZffu�

j_Zebamxsb_ jZkq_lgu_ ko_fu ^Zggh]h HG>� ^he`gu kh]eZkh\u\Zlvky k =eZ\ghc

]_hnbabq_kdhc h[k_j\Zlhjb_c bf_gb :� B� <h_cdh\Z =hkdhf]b^jhf_lZ� 

����� H^gbf ba kihkh[h\ khdjZs_gby h[t_fZ \uqbkebl_evguo jZ[hl y\ey_lky

ij_^klZ\e_gb_ kh\hdmighklb [hevrh]h qbkeZ h^ghlbiguo bklhqgbdh\ \u[jhkZ �ljm[ i_qgh]h

hlhie_gby� j_a_j\mZjguo ihe_c b ij��� Z lZd`_ jZkkj_^hlhq_gguo ih h[rbjghc l_jjblhjbb

bklhqgbdh\ g_hj]Zgbah\Zggh]h \u[jhkZ dZd iehsZ^guo bklhqgbdh\� 

Ijbf_qZgb_. 
=jmiiu lhq_qguo bklhqgbdh\ h[t_^bgyxlky \ iehsZ^ghc bklhqgbd ijb ^hklZlhqgh

jZ\ghf_jghf jZkij_^_e_gbb bklhqgbdh\ ih iehsZ^b b ijb mkeh\bb [ebahklb lZdbo iZjZf_ljh\

\u[jhkZ� dZd \ukhlZ �H� b ^bZf_lj mklvy �D� bklhqgbdh\� l_fi_jZlmjZ �L]� b kdhjhklv \uoh^Z

( 0ω � ]Zah\ha^mrghc kf_kb ba mklvy bklhqgbdh\� Ijb [hevrhf jZa[jhk_ mdZaZgguo iZjZf_ljh\

]jmiiZ bklhqgbdh\ ij_^klZ\ey_lky g_kdhevdbfb iehsZ^gufb bklhqgbdZfb k [he__ [ebadbfb

agZq_gbyfb wlbo iZjZf_ljh\� Djbl_jb_f \hafh`ghklb ij_^klZ\e_gby ]jmiiu h^bghqguo

bklhqgbdh\ iehsZ^guf bklhqgbdhf y\ey_lky kh[ex^_gb_ g_jZ\_gkl\ ������� ������ ijb

\uiheg_gbb ^ey dZ`^h]h bklhqgbdZ mkeh\bc ������ beb ������� g_jZ\_gkl\ ������� ������ ijb

g_\uiheg_gbb ^ey dZ`^h]h lhq_qgh]h bklhqgbdZ mkeh\bc ������ b ������� 

����� Ijb \_lj_� gZijZ\e_gghf i_ji_g^bdmeyjgh h^ghc ba klhjhg mdZaZggh]h iehsZ^gh]h

bklhqgbdZ� dhgp_gljZpby �dZd gZ l_jjblhjbb kZfh]h bklhqgbdZ� lZd b aZ _]h ij_^_eZfb�

jZkkqblu\Z_lky ih nhjfmeZf Ijbeh`_gby �� 
5.15. Ijb jZkq_lZo ^ey ijhba\hevgh]h gZijZ\e_gby \_ljZ iehsZ^ghc bklhqgbd

ij_^klZ\ey_lky \ \b^_ kh\hdmighklb N jZ\ghf_jgh jZkkj_^hlhq_gguo h^bghqguo bklhqgbdh\�

AgZq_gb_ N hij_^_ey_lky ih nhjfme_ 
 

.
25

�

i

i

L

uS
N =  (5.30) 

 
A^_kv

i
S �f

2) - iehsZ^v jZkkfZljb\Z_fh]h bklhqgbdZ�
i

L �f� - jZkklhygb_ hl p_gljZ

iehsZ^gh]h bklhqgbdZ ^h jZkq_lghc lhqdb� u - jZkq_lgZy kdhjhklv \_ljZ� agZq_gb_ N 
\uqbkey_lky k hdjm]e_gb_f ^h [eb`Zcr_]h [hevr_]h p_eh]h qbkeZ� 

Ba ������ ke_^m_l� qlh ^ey jZkq_lguo lhq_d� jZkiheh`_gguo gZ jZkklhygbb� [hevr_f

uSL
ii

5≥ � iehsZ^ghc bklhqgbd fh`_l jZkkfZljb\Zlvky dZd h^bghqguc lhq_qguc bklhqgbd

(N = 1). 
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>ey dZ`^h]h ba wlbo h^bghqguo lhq_qguo bklhqgbdh\ agZq_gby fZdkbfZevghc ijba_fghc

dhgp_gljZpbb kf� jZkklhygbb xf� gZ dhlhjhf ^hklb]Z_lky wlZ fZdkbfZevgZy dhgp_gljZpby� b

hiZkghc kdhjhklb \_ljZ uf hij_^_eyxlky ih nhjfmeZf� 
 

;
''

N

c
c f

f
=  (5.31) 

 
;''

ff
xx =  (5.32) 

  
,''

ff
uu =  (5.33) 

 
]^_

fff
ucc '''','' b  - wlh agZq_gby

fff
ucc b, ^ey h^bghqgh]h lhq_qgh]h bklhqgbdZ�

kh\hdmighklv dhlhjuo h[jZam_l iehsZ^ghc bklhqgbd� ijb jZkq_l_
f

c '' \ dZq_kl\_ F 

bkihevam_lky kmffZjguc \u[jhk hl \k_o bklhqgbdh\� 

Ijbf_qZgby. 
�� ?keb jZkq_lu ijba_fguo dhgp_gljZpbc hlghkylky d mqZkldm f_klghklb� gZ dhlhjhf

jZkiheh`_g iehsZ^ghc bklhqgbd� lh p_e_khh[jZagh� qlh[u mkeh\gu_ bklhqgbdb gZoh^bebkv \

p_gljZo yq__d jZkq_lghc k_ldb lhq_d� 
�� Nhjfmeu ^ey iehsZ^gh]h bklhqgbdZ mdZaZggh]h lbiZ ijbf_gyxlky ijb \u[jhkZo hl

j_a_j\mZjguo iZjdh\ ij_^ijbylbc� kh\hdmighkl_c f_edbo [ulh\uo dhl_evguo b i_qguo ljm[ \

]hjh^Zo� Z lZd`_ ]jmii gbadbo \_glbeypbhgguo bklhqgbdh\ �ijb jZkq_lZo aZ]jyag_gby

Zlfhkn_ju ^ey mqZkldh\� jZkiheh`_gguo aZ ij_^_eZfb ijhfiehsZ^db�� Bkihevah\Zgb_ nhjfme

^ey iehsZ^gh]h bklhqgbdZ kms_kl\_ggh mijhsZ_l ih^]hlh\dm qbkeh\h]h fZl_jbZeZ ijb

jZkq_lZo aZ]jyag_gby Zlfhkn_ju gZ W<F� BgnhjfZpby h \deZ^Zo iehsZ^guo bklhqgbdh\ \

kmffZjgh_ aZ]jyag_gb_ Zlfhkn_ju [he__ ihdZaZl_evgZ� q_f ZgZeh]bqgZy bgnhjfZpby ih

hl^_evguf f_edbf bklhqgbdZf� 
�� ?keb jZkq_lu hlghkylky d mqZkldm f_klghklb� gZ dhlhjhf jZkiheh`_g iehsZ^ghc

bklhqgbd� lh hg ij_^klZ\ey_lky \ \b^_ kmffu g_kdhevdbo f_gvrbo ih jZaf_jm iehsZ^guo

bklhqgbdh\ lZdbf h[jZahf� qlh[u \u^_eblv mqZkldb iehsZ^gh]h bklhqgbdZ� ^ey dhlhjuo

hij_^_e_ggh_ ih nhjfmeZf �����Z�� �����[� agZq_gb_ N m^h\e_l\hjy_l mkeh\bx N < 100. 
HklZ\rb_ky iehsZ^gu_ bklhqgbdb ij_^klZ\eyxlky \ \b^_ kh\hdmighklb lhq_qguo bklhqgbdh\�

jZkiheh`_gguo \ maeZo d\Z^jZlghc k_ldb� rZ] dhlhjhc g_ ij_\hkoh^bl
f

x ''2 . 

����� Ijb \u[jhk_ ba N bklhqgbdh\ jZkq_l kmffZjghc dhgp_gljZpbb zc , 

khhl\_lkl\mxs_c mjh\gx z gZ^ ih\_joghklvx a_feb� ijhba\h^blky ih nhjfmeZf ����� - ����� k

aZf_ghc k gZ zc b ic gZ zic � Dhgp_gljZpbb hl hl^_evguo bklhqgbdh\ zic � khhl\_lkl\mxsb_

wlbf bklhqgbdZf hiZkgu_ kdhjhklb \_ljZ
f]L

u b fZdkbfZevgu_ dhgp_gljZpbb
f]L

uuzif]L
cc ==  

hij_^_eyxlky kh]eZkgh i� ����� Ijb wlhf ^he`gu kh[ex^Zlvky lj_[h\Zgby� ke_^mxsb_ ba i� ���

ijb aZf_g_
fL

c gZ
f]L

c b
fL

u gZ
f]L

u . 

Ijbf_qZgb_. 
JZkq_lu ih i� ���� ijhba\h^ylky ijb \u[hj_ iheh`_gby mklv_\ \ha^mohaZ[hjguo ljm[ b

rZol ebgbc we_dljhi_j_^Zqb b ^jm]bo h[t_dlh\� jZkiheh`_gguo gZ hldjuluo mqZkldZo

f_klghklb beb `_ gZ mqZkldZo� ]^_ fZdkbfZevgZy \ukhlZ a^Zgbc �khhjm`_gbc� g_ f_g__ q_f \ ���

jZaZ gb`_ \ukhlu \ha^mohaZ[hjZ ijb mkeh\bb� qlh bklhqgbdb \u[jhkZ g_ jZkiheZ]Zxlky \

\_ljh\hc l_gb a^Zgbc �khhjm`_gbc�� < hklZevguo kemqZyo jZkq_l ijh\h^blky \ khhl\_lkl\bb k

Ijbeh`_gb_f �� 
 
����� Nhjfmeu i� ��� - ���� ij_^gZagZq_gu ^ey j_r_gby ijyfhc aZ^Zqb jZkq_lZ

kmffZjghc dhgp_gljZpbb k hl N bklhqgbdh\ ih bo aZ^Zgguf iZjZf_ljZf \u[jhkZ� Z lZd`_ ^ey

j_r_gby h[jZlghc aZ^Zqb hij_^_e_gby fhsghkl_c \u[jhkZ ),,...,2,1(, NiM i =  

khhl\_lkl\mxsbo aZ^Zgghfm agZq_gbx fZdkbfZevghc ijba_fghc dhgp_gljZpbb kf �ijb

nbdkbjh\Zgguo dhhj^bgZlZo bklhqgbdh\ \u[jhkZ� bo \ukhlZo Hi b ^bZf_ljZo mklvy Di, 
kdhjhklyo \uoh^Z i0ω b i_j_]j_\Zo iT∆ ]Zah\ha^mrghc kf_kb�� 

����� AgZq_gb_ kmffZjgh]h \u[jhkZ F� khhl\_lkl\mxs__ aZ^Zgghfm agZq_gbx

fZdkbfZevghc dhgp_gljZpbb kf� ^ey ]jmiiu ba N [ebadhjZkiheh`_gguo h^bghqguo bklhqgbdh\
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k h^bgZdh\ufb \ukhlZfb b ^jm]bfb iZjZf_ljZfb \u[jhkZ ),,,( 01 ωDTV ∆ hij_^_ey_lky ih

nhjfmeZf ������� ������� \ ^Zgghf kemqZ_ \ nhjfmeZo iheZ]Z_lky
N

V
V =1  (V - kmffZjguc jZkoh^

\u[jZku\Z_fhc ba \k_o� bklhqgbdh\ ]Zah\ha^mrghc kf_kb�� 
����� < kemqZ_ fgh]hkl\hevghc ljm[u \u[jhk F ba \k_o kl\heh\� khhl\_lkl\mxsbc kf� ijb

Hdl 2< hij_^_ey_lky ih nhjfme_ 

 

,
1 )q''(q'dq'

c
M

fff

f

−+
=  (5.34) 

 
]^_

ff
q''q' b �f]�f

3) - ijba_fgu_ fZdkbfZevgu_ dhgp_gljZpbb ijb M  � ]�k�

jZkkqblZggu_ khhl\_lkl\_ggh ijb agZq_gbyo iZjZf_ljh\ D b V1 ^ey h^gh]h kl\heZ b ijb bo

wnn_dlb\guo agZq_gbyo Dw ������� ������ b V�w
������� ;_ajZaf_jguc dhwnnbpb_gl d1 

hij_^_ey_lky ih nhjfme_ ������� Ijb Hdl 2≥ \u[jhk F hij_^_ey_lky \ khhl\_lkl\bb k i� ����� 

Ijb ijhba\hevghf nbdkbjh\Zgghf jZaf_s_gbb ]jmiiu bklhqgbdh\ k aZ^Zggufb

iZjZf_ljZfb \u[jhkZ ),,( 0 iiii TDH ∆bω fhsghklb bklhqgbdh\ iF � khhl\_lkl\mxsb_ kf, 

hij_^_eyxlky lZd� qlh[u gZb[hevr__ agZq_gb_ kmffZjghc dhgp_gljZpbb PD[ k� jZkkqblZggh_
ih ����� ijb i_j_[hj_ kdhjhkl_c b gZijZ\e_gbc \_ljZ� m^h\e_l\hjyeh mkeh\bx 

 
.max

f
cc =  (5.35) 

 
< kemqZ_ N h^bgZdh\uo bklhqgbdh\ \u[jhkZ agZq_gby iF hij_^_eyxlky ih nhjfme_ 

 

,F
c

c
F

gL

g

i
0=  (5.36) 

 
]^_

g
c  - fZdkbfZevgh_ agZq_gb_ jZkkqblZgghc ih ����� kmffZjghc dhgp_gljZpbb k ijb

©gZqZevguoª agZq_gbyo fhsghklb \u[jhkZ
gL

F .  

< h[s_f kemqZ_ ba ������ hij_^_ey_lky gZqZevgh_ ijb[eb`_gb_ ^ey agZq_gbb iF , 

mlhqgy_fh_ k mq_lhf lj_[h\Zgbc l_ogbq_kdhc j_Zebam_fhklb b hilbfZevgh]h \u[hjZ

fhsghkl_c bklhqgbdh\� 

Ijbf_qZgby. 
�� >ey h^bgZdh\uo bklhqgbdh\ \u[jhkZ \ ������ \_ebqbgZ

g
c \uqbkey_lky ijb

gL
F  = 1 

]�k� < h[s_f kemqZ_ agZq_gby
gL

F mklZgZ\eb\Zxlky k mq_lhf jZaebqby \ fhsghklyo \u[jhkZ ba

ljm[ jZaghc \ukhlu�  
�� :e]hjblfu ihbkdZ hilbfZevguo agZq_gbc iF b khhl\_lkl\mxsb_ ijh]jZffu jZkq_lZ

^he`gu kh]eZkh\u\Zlvky k =eZ\ghc ]_hnbabq_kdhc h[k_j\Zlhjb_c bf� :� B� <h_cdh\Z�  
 
����� >ey kh\hdmighklb bklhqgbdh\ hl^_evguo ij_^ijbylbb jZkkqblu\Zxlky ahgu

\ebygby� \dexqZxsb_ \ k_[y djm]b jZ^bmkhf ix �kf� i� ������ ijh\_^_ggu_ \hdjm] dZ`^hc ba

ljm[ ij_^ijbylby� b mqZkldb f_klghklb� ]^_ jZkkqblZggZy ih ����� kmffZjgZy dhgp_gljZpby hl

\k_c kh\hdmighklb bklhqgbdh\ \u[jhkZ ^Zggh]h ij_^ijbylby� \ lhf qbke_ gbadbo b

g_hj]Zgbah\Zgguo \u[jhkh\� ij_\urZ_l ���� I>D� 
Ahgu \ebygby bklhqgbdh\ b ij_^ijbylbc jZkkqblu\Zxlky ih dZ`^hfm \j_^ghfm

\_s_kl\m �dhf[bgZpbb \j_^guo \_s_kl\ k kmffbjmxsbfky \j_^guf ^_ckl\b_f� hl^_evgh� 

Ijbf_qZgby. 
Ijb hij_^_e_gbb jZaf_jh\ ahg \ebygby ij_^ijbylby jZkq_lu gZ W<F ^himkdZ_lky

ijb[eb`_ggh ijh\h^blv lhevdh ^ey h^gh]h gZijZ\e_gby \_ljZ �k ij_^ijbylby gZ p_glj ]hjh^Z��

kj_^g_\a\_r_gghc hiZkghc kdhjhklb \_ljZ
fk

uu = � ijbq_f jZkq_lgZy h[eZklv ij_^klZ\ey_lky

hlj_adhf f_`^m p_gljhf ij_^ijbylby b ]jZgbp_c ]hjh^Z� 
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����� >ey mkdhj_gby b mijhs_gby jZkq_lh\ ijba_fguo dhgp_gljZpbc gZ dZ`^hf

ij_^ijbylbb jZkkfZljb\Zxlky l_ ba \u[jZku\Z_fuo \j_^guo \_s_kl\� ^ey dhlhjuo 
 

N�>
I>D

F
 (5.37) 

 

f�ijb����N 10>= GG  (5.38) 
 

f�ijb���N 10≤= G  (5.39) 

 
A^_kv F �]�k� - kmffZjgh_ agZq_gb_ \u[jhkZ hl \k_o bklhqgbdh\ ij_^ijbylby�

khhl\_lkl\mxs__ gZb[he__ g_[eZ]hijbylguf ba mklZgh\e_gguo mkeh\bb \u[jhkZ� \dexqZy

\_glbeypbhggu_ bklhqgbdb b g_hj]Zgbah\Zggu_ \u[jhku� I>D �f]�f
3) - fZdkbfZevgZy jZah\Zy

ij_^_evgh ^himklbfZy dhgp_gljZpby� G �f� - kj_^g_\a\_r_ggZy ih ij_^ijbylbx \ukhlZ

bklhqgbdh\ \u[jhkZ �kf� i� ����� 
 
 

�� J:KQ?L A:=JYAG?GBY :LFHKN?JU K MQ?LHF 
KMFF:PBB <J?>GH=H >?CKL<BY G?KDHEVDBO 

<?S?KL< 
 

���� >ey \_s_kl\� h[eZ^Zxsbo kmffZpb_c \j_^gh]h ^_ckl\by �i� ����� [_ajZaf_jgZy

kmffZjgZy dhgp_gljZpby q beb ijb\_^_ggZy d h^ghfm \_s_kl\m kmffZjgZy dhgp_gljZpby k

jZkkqblu\Zxlky k bkihevah\Zgb_f ^ey dZ`^h]h bklhqgbdZ agZq_gbc fhsghklb Mq beb F 
khhl\_lkl\_ggh� ]^_ 

 

,
I>D

F
...

I>D

F

I>D

F
F

n

n
q +++=

2

2

1

1  (6.1) 

 

,
I>D

I>D
F...

I>D

I>D
FFF

n
n

1

2

1
21 +++=  (6.2) 

 
]^_ nFFF ,...,, 21 - fhsghklb \u[jhkZ dZ`^h]h ba i \_s_kl\�  

1I>D 2I>D ,..., nI>D - fZdkbfZevgu_ jZah\u_ ij_^_evgh ^himklbfu_ dhgp_gljZpbb

wlbo \_s_kl\� 
 
Ijbf_qZgb_. 
< hklZevghf jZkq_lgZy ko_fZ hklZ_lky [_a baf_g_gby� < qZklghklb� mq_l kmffZpbb

\j_^gh]h ^_ckl\by ^ey h^bghqgh]h bklhqgbdZ g_ \eby_l gZ agZq_gby jZkklhygby xf� ]^_

^hklb]Z_lky gZb[hevr__ aZ]jyag_gb_ \ha^moZ� b hiZkghc kdhjhklb \_ljZ uf. 
���� Ijb N2 bklhqgbdh\ ^ey dZ`^hc ]jmiiu ba N1 \_s_kl\ k kmffbjmxsbfky \j_^guf

^_ckl\b_f �ba dZ`^h]h hl^_evgh]h bklhqgbdZ \u[jZku\Z_lky hl � ^h N1 bg]j_^b_glh\� jZkq_lu

gZqbgZxlky k \uqbke_gby [_ajZaf_jghc kmffu σ
 ih nhjfme_ 
 

.
1

2111

22

21

2

22221

1

11211

N

Nf1f1f1

NfffNfff

I>D

c...cc

...
I>D

c...cc

I>D

c...cc
1


+++
+

+
+++

+
+++

=
 (6.3) 

 
I_j\uc bg^_dk m agZq_gbc fZdkbfZevguo dhgp_gljZpbc kf - ghf_j \_s_kl\Z� \lhjhc

bg^_dk - ghf_j bklhqgbdZ� 
?keb σ
 � �� lh [_ajZaf_jgZy dhgp_gljZpby lZd`_ f_gvr_ _^bgbpu� ?keb σ* > �� lh

jZkq_l dhgp_gljZpbc q beb k hkms_kl\ey_lky ih nhjfmeZf jZa^_eZ � k bkihevah\Zgb_f ^ey

dZ`^h]h bklhqgbdZ \uqbke_gguo ih nhjfmeZf ������ beb ����� agZq_gbc fhsghklb \u[jhkZ� 



 31 

AgZq_gby fZdkbfZevguo dhgp_gljZpbc qf beb kf ijb g_[eZ]hijbylguo

f_l_hjheh]bq_kdbo mkeh\byo gZoh^ylky \ khhl\_lkl\bb k lj_[h\Zgbyfb jZa^_eh\ � - 5 
gZklhys_]h HG> k bkihevah\Zgb_f ^ey dZ`^h]h bklhqgbdZ jZkkqblZgguo ih nhjfme_ ����� beb

����� fhsghkl_c \u[jhkh\� 
���� Ijb jZkkfhlj_gbb dhf[bgZpbb \_s_kl\ k kmffbjmxsbfky \j_^guf ^_ckl\b_f

kj_^g_\a\_r_ggZy hiZkgZy kdhjhklv \_ljZ ufc ^ey kh\hdmighklb N bklhqgbdh\ ^he`gZ

hij_^_eylvky ih nhjfme_ 
 

,
21

2211

f1ff

f1f1ffff

fk q...qq

uq...uquq
u

+++
+++

=  (6.4) 

 
]^_

f1ff
q...qq ,,, 21  - fZdkbfZevgu_ agZq_gby

f
q [_ajZaf_jghc dhgp_gljZpbb q �kf�

nhjfmem ������ ^ey dZ`^h]h ba N bklhqgbdh\�
f1ff

u...uu ,,, 21  - hiZkgu_ kdhjhklb \_ljZ ^ey

wlbo bklhqgbdh\� g_ aZ\bkysb_ hl mq_lZ wnn_dlZ kmffZpbb� 
���� Ijb g_h[oh^bfhklb mq_l nhgh\hc dhgp_gljZpbb \_s_kl\ k kmffbjmxsbfky \j_^guf

^_ckl\b_f hkms_kl\ey_lky iml_f ^h[Z\e_gby \ qbkebl_ev dZ`^h]h ba keZ]Z_fuo \ nhjfme_ �����

agZq_gby khhl\_lkl\mxs_c nhgh\hc dhgp_gljZpbb �kf� jZa^� ��� ?keb nhgh\Zy dhgp_gljZpby

mklZgh\e_gZ kjZam ^ey dhf[bgZpbb \_s_kl\ k kmffbjmxsbfky \j_^guf ^_ckl\b_f� lh jZkq_lu

aZ]jyag_gby Zlfhkn_ju ^he`gu \uihegylvky ^ey lhc `_ dhf[bgZpbb \_s_kl\� 
 
 
�� MQ?L NHGH<UO DHGP?GLJ:PBC IJB J:KQ?L:O A:=JYAG?GBY

:LFHKN?JU B MKL:GH<E?GB? NHG: J:KQ?LGUFIML?F 
 

���� < kemqZ_ gZebqby kh\hdmighklb bklhqgbdh\ \u[jhkZ \deZ^u wlbo bklhqgbdh\ �beb bo

qZklb� fh]ml mqblu\Zlvky \ jZkq_lZo aZ]jyag_gby \ha^moZ iml_f bkihevah\Zgby nhgh\hc

dhgp_gljZpbb kn �f]�f
3
�� dhlhjZy ^ey hl^_evgh]h bklhqgbdZ \u[jhkZ oZjZdl_jbam_l aZ]jyag_gb_

Zlfhkn_ju \ ]hjh^_ beb ^jm]hf gZk_e_gghf imgdl_� kha^Z\Z_fh_ ^jm]bfb bklhqgbdZfb�

bkdexqZy ^Zgguc�  
Nhgh\Zy dhgp_gljZpby hlghkblky d lhfm `_ bgl_j\Zem hkj_^g_gby ��� - �� fbg�� qlh b

fZdkbfZevgZy jZah\Zy I>D� Ih ^Zgguf gZ[ex^_gbc kn hij_^_ey_lky dZd mjh\_gv dhgp_gljZpbc�

ij_\urZ_fuc \ � � gZ[ex^_gbc aZ jZah\ufb dhgp_gljZpbyfb� 
���� Hij_^_e_gb_ nhgh\hc dhgp_gljZpbb ijhba\h^blky gZ hkgh\Zgbb ^Zgguo gZ[ex^_gbc

aZ aZ]jyag_gb_f Zlfhkn_ju ih ghjfZlb\ghc f_lh^bd_� ml\_j`^_gghc =hkdhf]b^jhf_lhf b

Fbga^jZ\hf KKKJ� 

Ijbf_qZgb_. 
Nhgh\u_ dhgp_gljZpbb mklZgZ\eb\Zxlky f_klgufb hj]ZgZfb =hkdhf]b^jhf_lZ �M=D�K�

b Fbga^jZ\Z KKKJ ih ^Zgguf j_]meyjguo gZ[ex^_gbc gZ k_lb ihklh\ H[s_]hkm^Zjkl\_gghc

kem`[u gZ[ex^_gbc b dhgljhey aZ aZ]jyag_gghklvx h[t_dlh\ ijbjh^ghc kj_^u �H=KGD� beb

ih ^Zgguf ih^nZd_evguo gZ[ex^_gbc� 
���� Nhgh\Zy dhgp_gljZpby mklZgZ\eb\Z_lky eb[h _^bguf agZq_gb_f ih ]hjh^m� eb[h� \

kemqZ_ \uy\e_gby kms_kl\_gghc baf_gqb\hklb� ^bnn_j_gpbjh\Zggh ih l_jjblhjbb ]hjh^Z �ih

ihklZf�� Z lZd`_ ih ]jZ^Zpbyf kdhjhklb b gZijZ\e_gby \_ljZ� 
���� Ijb jZkq_lZo ^ey ^_ckl\mxsbo b j_dhgkljmbjm_fuo bklhqgbdh\ �ij_^ijbylbc�

bkihevam_lky agZq_gb_ nhgh\hc dhgp_gljZpbb ,nk
 ij_^klZ\eyxs_c ba k_[y nhgh\mx

dhgp_gljZpbx kn� ba dhlhjhc bkdexq_g \deZ^ jZkkfZljb\Z_fh]h bklhqgbdZ �ij_^ijbylby��

AgZq_gb_ nk
 \uqbkey_lky ih nhjfme_ 

 

;4,01 n
n

nn kk

k

k

kk
 �ijb ≤









−=   (7.1) 

 
,2,0 nnn kkkk
 �ijb >=  (7.2) 

 
]^_ k - fZdkbfZevgZy jZkq_lgZy dhgp_gljZpby \_s_kl\Z hl ^Zggh]h bklhqgbdZ

�ij_^ijbylby� ^ey lhqdb jZaf_s_gby ihklZ� gZ dhlhjhf mklZgZ\eb\Zeky nhg� hij_^_e_ggZy ih
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nhjfmeZf jZa^_eh\ � - � ijb agZq_gbyo iZjZf_ljh\ \u[jhkZ� hlghkysboky d i_jbh^m \j_f_gb�

ih ^Zgguf gZ[ex^_gbc aZ dhlhjuc hij_^_eyeZkv nhgh\Zy dhgp_gljZpby kn. 

Ijbf_qZgb_.  
>ey \gh\v kljhys_]hky bklhqgbdZ �ij_^ijbylby� 
 

.nn kk
 =  (7.3) 

 
���� < kemqZyo� ij_^mkfhlj_gguo i� ���� ^himkdZ_lky bkihevah\Zgb_ nhgh\hc

dhgp_gljZpbb� \uqbke_gghc g_ ih hl^_evguf \_s_kl\Zf� Z kh\f_klgh ih dhf[bgZpbb \_s_kl\ k

kmffbjmxsbfky \j_^guf ^_ckl\b_f� Ijb wlhf nhgh\Zy dhgp_gljZpby hij_^_ey_lky ih

dhgp_gljZpbyf� ijb\_^_gguf d gZb[he__ jZkijhkljZg_gghfm ba \_s_kl\� \oh^ysbo \

jZkkfZljb\Z_fmx dhf[bgZpbx� 
���� Ijb hlkmlkl\bb ^Zgguo gZ[ex^_gbc aZ ijba_fgufb dhgp_gljZpbyfb

jZkkfZljb\Z_fh]h \j_^gh]h \_s_kl\Z beb \ kemqZyo� dh]^Z \ khhl\_lkl\bb k ghjfZlb\ghc

f_lh^bdhc ih mklZgh\e_gbx nhgh\uc dhgp_gljZpbb �kf� i� ���� ih ^Zgguf gZ[ex^_gbc

nhgh\Zy dhgp_gljZpby g_ hij_^_ey_lky� mq_l ihke_^g_c hkgh\u\Z_lky gZ bkihevah\Zgbb ^Zgguo

bg\_glZjbaZpbb \u[jhkh\ b j_amevlZlh\ jZkq_lh\ ih nhjfmeZf gZklhys_]h HG> beb

ijb[eb`_ggh ih nhjfmeZf i� ���� 
H^gbf ba ^\mo kihkh[h\ mq_lZ nhgh\hc dhgp_gljZpbb \ jZkkfZljb\Z_fhf kemqZ_

y\ey_lky jZkq_l jZkij_^_e_gby kmffZjghc dhgp_gljZpbb hl jZkkfZljb\Z_fuo b ^jm]bo

kms_kl\mxsbo b ijh_dlbjm_fuo bklhqgbdh\ \u[jhkh\ \_s_kl\Z beb dhf[bgZpbb \_s_kl\ k

kmffbjmxsbfky \j_^guf ^_ckl\b_f� 
<lhjuf jZkq_lguf kihkh[hf y\ey_lky aZf_gZ nhgh\hc dhgp_gljZpbb� hij_^_e_gghc ih

wdki_jbf_glZevguf ^Zgguf� nhgh\hc dhgp_gljZpb_c� jZkkqblZgghc ^ey kh\hdmighklb 
bklhqgbdh\ ]hjh^Z �ijhfure_ggh]h jZchgZ� ih iZjZf_ljZf� ihemq_gguf ijb h[s_]hjh^kdhc

bg\_glZjbaZpbb \u[jhkh\� Ijb wlhf nhgh\Zy dhgp_gljZpby hij_^_ey_lky mfgh`_gb_f

jZkq_lghc dhgp_gljZpbb k gZ dhwnnbpb_gl ��� k ^Zevg_crbf hkj_^g_gb_f ih l_jjblhjbb b

\u^_e_gb_f ]jZ^Zpbc kdhjhklb b gZijZ\e_gby \_ljZ \ khhl\_lkl\bb k ghjfZlb\ghc f_lh^bdhc

ih hij_^_e_gbx nhgh\hc dhgp_gljZpbb �kf� i� ����� 
 
Ijbf_qZgby. 
�� <lhjhc kihkh[� dZd ijZ\beh� bkihevam_lky ijb hij_^_e_gbb nhgh\hc dhgp_gljZpbb ^ey

]hjh^h\� 
�� Ijb jZkq_l_ nhgh\h]h aZ]jyag_gby \ha^moZ \u[jhkZfb Z\lhljZgkihjlZ bkihevamxlky

nhjfmeu jZa^_eZ � ^ey gZa_fguo ebg_cguo bklhqgbdh\ �ihlhdh\ Z\lhfZrbg gZ mebpZo� b

nhjfmeu jZa^_eZ � ^ey gZa_fguo iehsZ^guo bklhqgbdh\ �ijb mq_l_ \u[jhkh\ Z\lhljZgkihjlZ

gZ hl^_evguo mqZkldZo ]hjh^Z�� 
���� AZ nhgh\mx dhgp_gljZpbx kn ^ey j_dhgkljmbjm_fh]h ij_^ijbylby� dhlhjh_ y\ey_lky

_^bgkl\_gguf bklhqgbdhf \ ]hjh^_� \u[jZku\Zxsbf jZkkfZljb\Z_fh_ \j_^gh_ \_s_kl\h�

ijbgbfZ_lky \deZ^ \ kmffZjgmx dhgp_gljZpbx k bklhqgbdh\ lh]h `_ ij_^ijbylby� g_

ih^\_j]Zxsboky j_dhgkljmdpbb� 
���� >ey ij_^ijbylbc jZkkqblu\Zxlky lZd`_ agZq_gby nhgh\uo dhgp_gljZpbc nic' gZ

fhf_gl ^hklb`_gby ij_^_evgh ^himklbfuo \u[jhkh\ �gZ i_jki_dlb\m� ih nhjfmeZf�  
 

;0
I>Dc'cI>D

c'c

c'
c' nif

nif

n
ni >+

+
= ijb

�
 (7.4) 

 

,0
I>Dc'ccI>Dc' niffni ≤+−= ijb

�  (7.5) 

 
]^_ fZdkbfZevgZy dhgp_gljZpby \_s_kl\ hl kh\hdmighklb bklhqgbdh\ jZkkfZljb\Z_fh]h

ij_^ijbylby
�

fc \uqbkey_lky ih nhjfmeZf jZa^_eh\ � - � ijb agZq_gbyo iZjZf_ljh\ \u[jhkZ�

hlghkysboky d i_jbh^m \j_f_gb� aZ dhlhjuc hij_^_eyeZkv nhgh\Zy dhgp_gljZpby nc' . 

 
Ijbf_qZgby. 
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�� Ijb hlkmlkl\bb ^Zgguo gZ[ex^_gbc �kf i� ���� dhgp_gljZpbb � nic' � ^ey i-]h

ij_^ijbylby �i = 1, 2, ..., Ni� ^himkdZ_lky jZkkqblu\Zlv ih nhjfme_ 
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1
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i
ini


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
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 (7.6) 

 
]^_  
 

,
...25155 )3021()2011()100(

j

jjj
i M

MMM
H

+++
= −−−

 (7.7) 

 
...)3021()2011()100( +++= −−− jjjj MMMM  (7.8) 

 

A^_kv Ni - qbkeh ij_^ijbylbc \ ]hjh^_� Fi �]�k� b i
H �f� - khhl\_lkl\_ggh iheguc \u[jhk

b _]h kj_^g_\a\_r_ggZy \ukhlZ gZ i-f ij_^ijbylbb� F(0-10)j, F(11-20)j b l� ^� - kmffZjgu_ \u[jhku
j-]h ij_^ijbylby \ bgl_j\ZeZo \ukhl bklhqgbdh\ ^h 10f \dexqbl_evgh� �� - 20, 21 - 30f b l� ^�

?keb \k_ bklhqgbdb gZ i-f ij_^ijbylbb y\eyxlky gbadbfb beb gZa_fgufb� l� _� \ukhlZ \u[jhkZ

g_ ij_\urZ_l 10 f �\u[jhku fh]ml [ulv dZd hj]Zgbah\Zggufb� lZd b g_hj]Zgbah\Zggufb�� lh

i
H ijbgbfZ_lky jZ\ghc 5f� 

2. Ijbf_gbfhklv jZajZ[hlZgguo k bkihevah\Zgb_f nic' ghjfZlb\h\ I>< ijh\_jy_lky

jZkq_lhf dhgp_gljZpbb ih nhjfmeZf jZa^_eh\ 2 - 5. 
 
 

8.  GHJFUIH HIJ?>?E?GBXFBGBF:EVGHC <UKHLU  
BKLHQGBDH< <U;JHK:� MKL:GH<E?GBXIJ?>?EVGH  
>HIMKLBFUO <U;JHKH< B HIJ?>?E?GBX =J:GBP  

K:GBL:JGH-A:SBLGHC AHGU IJ?>IJBYLBC 
 

8.1. Ijb hij_^_e_gbb fbgbfZevghc \ukhlu bklhqgbdh\ \u[jhkZ b mklZgh\e_gbb

ij_^_evgh ^himklbfuo \u[jhkh\ dhgp_gljZpby dZ`^h]h \j_^gh]h \_s_kl\Z \ ijba_fghf keh_

Zlfhkn_ju k g_ ^he`gZ ij_\urZlv fZdkbfZevghc jZah\hc ij_^_evgh ^himklbfhc dhgp_gljZpbb

^Zggh]h \_s_kl\Z \ Zlfhkn_jghf \ha^mo_ �I>D�� ml\_j`^_gghc Fbga^jZ\hf KKKJ� 
 

.I>Dk ≤  (8.1) 

 
Ijb gZebqbb \ Zlfhkn_j_ g_kdhevdbo �i� \j_^guo \_s_kl\� h[eZ^Zxsbo kmffZpb_c

^_ckl\by� bo [_ajZaf_jgZy kmffZjgZy dhgp_gljZpby q, hij_^_e_ggZy ih nhjfme_ (1.1), g_
^he`gZ ij_\urZlv _^bgbpu� 

 
.1≤q  (8.2) 

 
>ey \_s_kl\� ^ey dhlhjuo mklZgh\e_gu lhevdh kj_^g_kmlhqgu_ ij_^_evgh ^himklbfu_

dhgp_gljZpbb � D>I �� bkihevam_lky ijb[eb`_ggh_ khhlghr_gb_ f_`^m fZdkbfZevgufb

agZq_gbyfb jZah\uo b kj_^g_]h^h\uo dhgp_gljZpbc b lj_[m_lky� qlh[u 
 

.1,0 D>Ic ≤  (8.3) 

 
Ijb hlkmlkl\bb ghjfZlb\h\ I>D \f_klh gbo bkihevamxlky agZq_gby hjb_glbjh\hqgh

[_ahiZkguo mjh\g_c aZ]jyag_gby \ha^moZ �H;M<� \ ihjy^d_� mklZgh\e_gghf Fbga^jZ\hf KKKJ�

Ghjfu dhgp_gljZpbb \j_^guo \_s_kl\ \ Zlfhkn_jghf \ha^mo_ ^ey jZklbl_evghklb b `b\hlgh]h
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fbjZ� ml\_j`^_ggu_ \ mklZgh\e_gghf ihjy^d_� ijbgbfZxlky ijb jZkq_lZo lhevdh \ kemqZyo�

dh]^Z hgb y\eyxlky [he__ `_kldbfb� q_f I>D� ml\_j`^_ggu_ Fbga^jZ\hf KKKJ �=HKL 
17.2.3.02 - 78). 

8.2.Ijb gZebqbb nhgh\h]h aZ]jyag_gby Zlfhkn_ju \ khhlghr_gbyo (8.1)b (8.3)\f_klh k 
ke_^m_l ijbgbfZlv k�kn� ]^_ kn - nhgh\Zy dhgp_gljZpby \j_^gh]h \_s_kl\Z� >ey \_s_kl\�

h[eZ^Zxsbo kmffZpb_c \j_^gh]h ^_ckl\by� mq_l nhgh\uo dhgp_gljZpbc \ khhlghr_gbb (8.1) 
ijhba\h^blky kh]eZkgh iheh`_gbyf jZa^_eZ �� 

8.3.>ey ahg kZgblZjghc hojZgu dmjhjlh\� f_kl jZaf_s_gby djmiguo kZgZlhjb_\ b ^hfh\

hl^uoZ� ahg hl^uoZ ]hjh^h\� Z lZd`_ ^ey ^jm]bo l_jjblhjbc k ih\ur_ggufb lj_[h\Zgbyfb d

hojZg_ Zlfhkn_jgh]h \ha^moZ \ nhjfmeZo (8.1), (8.2)b (1.1)ke_^m_l I>D aZf_gblv gZ 0,8I>D� 
8.4.Hij_^_e_gb_ fbgbfZevghc \ukhlu bklhqgbdZ \u[jhkZ� 
8.4.1. FbgbfZevgZy \ukhlZ h^bghqgh]h bklhqgbdZ \u[jhkZ �ljm[u� G �f�� _keb

mklZgh\e_gu agZq_gby F �]�k�� 0ϖ �f�k�� 1V �f
3
�k�� D �f�� \ kemqZ_ 0≈∆T hij_^_ey_lky ih

nhjfme_� 
 

.
)(8

4/3

1 











−
η=

nkI>DV

AMFD
H  (8.4) 

 
?keb \uqbke_gghfm ih nhjfme_ (8.4) agZq_gbx G khhl\_lkl\m_l agZq_gb_ 2' ≥fv , 

jZkkqblZggh_ ih nhjfme_ (2.5),lh mdZaZggh_ agZq_gb_ G y\ey_lky hdhgqZl_evguf� 
?keb 2' <fv � lh g_h[oh^bfh ijb gZc^_gghf agZq_gbb 1HH = hij_^_eblv \_ebqbgm

1nn = ih jbk� 2.2 beb ih nhjfmeZf (2.8) b ihke_^h\Zl_evgufb ijb[eb`_gbyfb gZclb

2HH = ih 1H b 1n , ..., 1+= iHH ih iH b in k ihfhsvx nhjfmeu 

 

,
4/3

1
1 





=

−
+

i

i
ii n

n
HH  (8.5) 

 
]^_ 1 b −ii nn  - agZq_gby [_ajZaf_jgh]h dhwnnbpb_glZ i� hij_^_e_ggh]h khhl\_lkl\_ggh ih

agZq_gbyf 1 b −ii GG � Mlhqg_gb_ agZq_gby G g_h[oh^bfh ijhba\h^blv ^h l_o ihj� ihdZ ^\Z

ihke_^h\Zl_evgh gZc^_gguo agZq_gby 1 b +iHH ijZdlbq_kdb g_ [m^ml hlebqZlvky ^jm] hl ^jm]Z

�k lhqghklvx ^h 1f�� 
8.4.2.Ijb 0>∆T agZq_gb_ G kgZqZeZ jZkkqblu\Z_lky lZd`_ kh]eZkgh i� 8.4.1.?keb ijb

wlhf gZc^_ggh_ agZq_gb_ ,
10

0
T

D
H

∆
ω≤ lh hgh y\ey_lky hdhgqZl_evguf� 

?keb gZc^_ggh_ agZq_gb_ ,
10

0
T

D
H

∆
ω> lh ij_^\Zjbl_evgh_ agZq_gb_ fbgbfZevghc

\ukhlu \u[jhkh\ �ljm[u� hij_^_ey_lky ih nhjfme_ 
 
 

.
)( 3

1 TVkI>D

AMF
H

n ∆−
η=  (8.6) 

 
Ih gZc^_gghfm lZdbf h[jZahf agZq_gbx 1HH = hij_^_eyxlky gZ hkgh\Zgbb nhjfme

jZa^_eZ 2 agZq_gby eff fvvf ,',, b mklZgZ\eb\Zxlky \ i_j\hf ijb[eb`_gbb dhwnnbpb_glu

1mm= b 1nn = � ?keb 111 ≠nm � lh ih 1m b 1n hij_^_ey_lky \lhjh_ ijb[eb`_gb_ 2HH = ih

nhjfme_ 1112 nmHH = . < h[s_f kemqZ_ �i + 1)-_ ijb[eb`_gb_ 1+iH hij_^_ey_lky ih

nhjfme_ 
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,
11

1
−−

+ =
ii

ii
ii nm

nm
HH  (8.7) 

 
]^_ ii nm ,  - khhl\_lkl\mxl Hi, a ., 111 −−− − iii Hnm ?keb ba bklhqgbdZ \u[jZku\Z_lky

g_kdhevdh jZaebqguo \j_^guo \_s_kl\� lh aZ \ukhlm \u[jhkZ ^he`gh ijbgbfZlvky gZb[hevr__

ba agZq_gbc H, dhlhju_ hij_^_e_gu ^ey dZ`^h]h \_s_kl\Z \ hl^_evghklb b ^ey ]jmii \_s_kl\ k

kmffbjmxsbfky \j_^guf ^_ckl\b_f� < qZklghklb� _keb ijb hlkmlkl\bb nhgZ ba ljm[u

\u[jZku\Z_lky ^\Z \j_^guo \_s_kl\Z� ^ey i_j\h]h ba dhlhjuo agZq_gby F b F khhl\_lkl\_ggh

jZ\gu F1 b F1, Z ^ey \lhjh]h - M2 b F2� lh agZq_gb_ G ijb 2211 MFMF > hij_^_ey_lky ih

\u[jhkm i_j\h]h \j_^gh]h \_s_kl\Z� Z ijb 2211 MFMF <  - ih \u[jhkm \lhjh]h \j_^gh]h

\_s_kl\Z� 
8.4.3. Ijb jZajZ[hld_ f_jhijbylbc ih khdjZs_gbx \u[jhkh\� ijh_dlbjh\Zgbb�

kljhbl_evkl\_ b j_dhgkljmdpbb ij_^ijbylbc ke_^m_l ij_^mkfZljb\Zlv p_gljZebaZpbx \u[jhkh\

\j_^guo \_s_kl\ iml_f fZdkbfZevgh]h khdjZs_gby qbkeZ ljm[� \_glbeypbhgguo rZol�

^_ne_dlhjh\� ZwjZpbhgguo nhgZj_c b ^j� 
8.4.4.M\_ebq_gb_ \ukhlu ljm[u ^ey h[_ki_q_gby jZkk_b\Zgby k p_evx kh[ex^_gby I>D�

\ ijba_fghf keh_ Zlfhkn_ju ^himkdZ_lky lhevdh ihke_ ihegh]h bkihevah\Zgby \k_o ^hklmiguo

gZ kh\j_f_gghf mjh\g_ l_ogbq_kdbo kj_^kl\ ih khdjZs_gbx \u[jhkh\ �\ lhf qbke_

g_hj]Zgbah\Zgguo \u[jhkh\�� Ijb wlhf bkihevah\Zgb_ gZ wg_j]_lbq_kdbo h[t_dlZo ljm[

\ukhlhc [he__ 250 f� Z gZ ^jm]bo ijhba\h^kl\Zo - [he__ 200 f ^himkdZ_lky lhevdh ih

kh]eZkh\Zgbx k hj]ZgZfb =hkdhf]b^jhf_lZ b Fbga^jZ\Z KKKJ ijb gZebqbb l_ogbdh-
wdhghfbq_kdh]h h[hkgh\Zgby g_h[oh^bfhklb bo khhjm`_gby b jZkq_lh\ aZ]jyag_gby \ha^moZ \

ahgZo \ebygby khhjm`Z_fuo h[t_dlh\� 
8.5. JZajZ[hldZ ghjfZlb\h\ ij_^_evgh ^himklbfuo b \j_f_ggh kh]eZkh\Zgguo \u[jhkh\

�I>< b <K<� ^ey klZpbhgZjguo bklhqgbdh\� 
8.5.1. Ij_^_evgh ^himklbfuc \u[jhk \j_^guo \_s_kl\ \ Zlfhkn_jm �I><�

mklZgZ\eb\Z_lky ^ey dZ`^h]h bklhqgbdZ aZ]jyag_gby Zlfhkn_ju lZdbf h[jZahf� qlh \u[jhku

\j_^guo \_s_kl\ hl ^Zggh]h bklhqgbdZ b hl kh\hdmighklb bklhqgbdh\ ]hjh^Z beb ^jm]h]h

gZk_e_ggh]h imgdlZ k mq_lhf i_jki_dlb\u jZa\blby ijhfure_gguo ij_^ijbylbc b jZkk_b\Zgby

\j_^guo \_s_kl\ \ Zlfhkn_j_ g_ kha^Zxl ijba_fgmx dhgp_gljZpbx� ij_\urZxsmx bo I>D

^ey gZk_e_gby� jZklbl_evgh]h b `b\hlgh]h fbjZ �=HKL 17.2.3.02-78). 
8.5.2. AgZq_gby I>< mklZgZ\eb\Zxlky ijb jZajZ[hld_ \_^hfkl\_gguo ij_^eh`_gbc ih

I>< k\h^guo lhfh\ ©HojZgZ Zlfhkn_ju ]hjh^Z b ij_^_evgh ^himklbfuc \u[jhk �I><�ª�

ih^jZa^_eh\� dZkZxsboky aZsblu Zlfhkn_ju hl aZ]jyag_gby� b jZa^_e_ ©HojZgZ hdjm`Zxs_c

kj_^uª jZaebqguo \b^h\ ij_^ijh_dlghc b ijh_dlghc ^hdmf_glZpbb gZ kljhbl_evkl\h gh\uo b

j_dhgkljmdpbx kms_kl\mxsbo ij_^ijbylbc �II>�� Hgb mklZgZ\eb\Zxlky dZd ^ey kljhysboky�

lZd b ^ey ^_ckl\mxsbo ij_^ijbylbc� 
8.5.3. MklZgh\e_gb_ I>< ijhba\h^blky k ijbf_g_gb_f f_lh^h\ jZkq_lZ aZ]jyag_gby

Zlfhkn_ju ijhfure_ggufb \u[jhkZfb b k mq_lhf i_jki_dlb\ jZa\blby ij_^ijbylby� nbabdh-
]_h]jZnbq_kdbo b debfZlbq_kdbo mkeh\bc f_klghklb� jZkiheh`_gby ijhfure_gguo iehsZ^hd 
b mqZkldh\ kms_kl\mxs_c b ijh_dlbjm_fhc `behc aZkljhcdb� kZgZlhjb_\� ahg hl^uoZ ]hjh^h\�

\aZbfgh]h jZkiheh`_gby ijhfure_gguo iehsZ^hd b k_ebl_[guo l_jjblhjbc� 
8.5.4. I>< �]�k� mklZgZ\eb\Zxlky ^ey mkeh\bc iheghc gZ]jmadb l_ogheh]bq_kdh]h b

]Zahhqbklgh]h h[hjm^h\Zgby b bo ghjfZevghc jZ[hlu� I>< g_ ^he`gu ij_\urZlvky \ ex[hc

20-fbgmlguc i_jbh^ \j_f_gb� 
8.5.5.I>< mklZgZ\eb\Zxlky hl^_evgh ^ey dZ`^h]h bklhqgbdZ \u[jhkZ� g_ y\eyxs_]hky

f_edbf kh]eZkgh i� 5.4.>ey f_edbo bklhqgbdh\ p_e_khh[jZagh mklZgh\e_gb_ _^bguo I>< hl bo

kh\hdmighkl_c� k ij_^\Zjbl_evguf h[t_^bg_gb_f ]jmiiu bklhqgbdh\ \ [he__ fhsguc �k

[hevrbfb agZq_gbyfb kf� q_f m hl^_evguo bklhqgbdh\� iehsZ^ghc beb mkeh\guc lhq_qguc

bklhqgbd �i� 5.2 - 5.4, 5.13).G_hj]Zgbah\Zggu_ \u[jhku \k_]h ij_^ijbylby beb hl^_evguo

mqZkldh\ _]h ijhfiehsZ^db k\h^ylky d iehsZ^guf bklhqgbdZf beb d kh\hdmighklb mkeh\guo

lhq_qguo bklhqgbdh\� 
8.5.6.GZjy^m k I>< ^ey h^bghqguo bklhqgbdh\ mklZgZ\eb\Zxlky I>< ^ey ij_^ijbylby \

p_ehf� Ijb ihklhygkl\_ \u[jhkh\ hgb gZoh^ylky dZd kmffZ I>< hl h^bghqguo bklhqgbdh\ b

]jmii f_edbo bklhqgbdh\� Ijb g_ihklhygkl\_ \h \j_f_gb \u[jhkh\ hl hl^_evguo bklhqgbdh\

I>< ij_^ijbylby f_gvr_ kmffu I>< hl hl^_evguo bklhqgbdh\ b khhl\_lkl\m_l fZdkbfZevgh

\hafh`ghfm kmffZjghfm \u[jhkm hl \k_o bklhqgbdh\ ij_^ijbylby ijb ghjfZevghc jZ[hl_

l_ogheh]bq_kdh]h b ]Zahhqbklgh]h h[hjm^h\Zgby� 
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8.5.7.I>< hij_^_ey_lky ^ey dZ`^h]h \_s_kl\Z hl^_evgh� \ lhf qbke_ b \ kemqZyo mq_lZ

kmffZpbb \j_^gh]h ^_ckl\by g_kdhevdbo \_s_kl\� 
8.5.8.Ijb mklZgh\e_gbb I>< mqblu\Zxlky nhgh\u_ dhgp_gljZpbb kn� Ijb hij_^_e_gbb

I>< ^ey ^_ckl\mxsbo ijhba\h^kl\ kn  aZf_gy_lky gZ k
n �kf� jZa^_e 7). 
8.5.9. AgZq_gb_ I>< �]�k� ^ey h^bghqgh]h bklhqgbdZ k djm]euf mklv_f \ kemqZyo kn < 

I>D hij_^_ey_lky ih nhjfme_� 
 

.
)(

3
1

2

TV
AFmn

GkI>D
I><

n ∆
η

−
=  (8.8) 

 
< kemqZ_ 0 beb 100 ≈∆≥ Tf  I>< hij_^_ey_lky ih nhjfme_� 

 

.
8)(

1
3/4

D

V

AFn

GkI>D
I><

n

η
−

=  (8.9) 

 
AgZq_gb_ I>< ^ey bklhqgbdZ k ijyfhm]hevguf mklv_f hij_^_ey_lky ih l_f `_

nhjfmeZf� gh ijb ww VVDD 11 b == �kf� i� 2.16). 

AgZq_gb_ I>< ^ey kemqZy \u[jhkh\ hl h^bghqgh]h ZwjZpbhggh]h nhgZjy hij_^_ey_lky ih

nhjfme_� 
 

,
3

0

s

I><
I>< =  

(8.10) 
]^_ 0I>< gZoh^blky ih nhjfme_ (8.8)beb (8.9) ijb ww VVDD 11 b == � hij_^_ey_fuf ih 

(2.40), (3.3)� Z 3s hij_^_ey_lky kh]eZkgh i� 3.1. 

Ijbf_qZgb_. 
Ijb g_h[oh^bfhklb h^gh\j_f_ggh]h mq_lZ \ebygby j_ev_nZ b aZkljhcdb \ nhjfmeZo 

(8.8), (8.9)aZ \_ebqbgm η ijbgbfZ_lky ijhba\_^_gb_ ihijZ\hd d fZdkbfZevghc dhgp_gljZpbb gZ

j_ev_n b aZkljhcdm� 
 
8.5.10.Ijb mklZgh\e_gbb I>< ^ey h^bghqgh]h bklhqgbdZ \u[jhkZ kf_kb ihklhyggh]h

khklZ\Z \_s_kl\ k kmffbjmxsbfky \j_^guf ^_ckl\b_f kgZqZeZ hij_^_ey_lky \kihfh]Zl_evgh_

agZq_gb_ kmffZjgh]h I>< = I><k� ijb\_^_ggh]h d \u[jhkm h^gh]h ba \_s_kl\� >ey wlh]h \

nhjfmeZo (8.8), (8.9)bkihevam_lky I>D ^Zggh]h \_s_kl\Z b kmffZjguc nhg kn� ijb\_^_gguc d

wlhfm `_ \_s_kl\m� AZl_f k mq_lhf khklZ\Z \u[jhkh\ hij_^_eyxlky I>< hl^_evguo \j_^guo

\_s_kl\� 
8.5.11. < kemqZ_ g_kdhevdbo h^bgZdh\uo bklhqgbdh\� jZkklhygby f_`^m dhlhjufb

m^h\e_l\hjyxl khhlghr_gbyf (5.12), (5.15),agZq_gb_ I>< ^ey dZ`^h]h bklhqgbdZ hij_^_ey_lky

^_e_gb_f agZq_gby kmffZjgh]h \u[jhkZ� mklZgh\e_ggh]h kh]eZkgh i� 8.4,gZ qbkeh bklhqgbdh\

N. 
8.5.12.< kemqZ_ fgh]hkl\hevghc ljm[u �ijb Hdl 2< � agZq_gb_ I>< ba \k_o kl\heh\

hij_^_ey_lky ih nhjfme_ 
 

,
)'''('' 1 fff

n

qqdq

kI>D
I><

−+
−

=  (8.11) 

 
 
]^_ ff qq '' b' �f]�f

3) - ijba_fgu_ fZdkbfZevgu_ dhgp_gljZpbb \j_^gh]h \_s_kl\Z ijb

F  � ]�k� gZoh^bfu_ ijb agZq_gbyo iZjZf_ljh\ \u[jhkZ ^ey h^gh]h kl\heZ b ^bZf_ljZ D, 
jZ\gh]h khhl\_lkl\_ggh nZdlbq_kdhfm b wnn_dlb\ghfm ^bZf_ljZf mklvy �i� 5.7). 

H[t_f ]Zah\ha^mrghc kf_kb V1 ijb jZkq_l_ fq '' iheZ]Z_lky jZ\guf _]h wnn_dlb\ghfm

h[t_fm V�w (2.40). ;_ajZaf_jguc dhwnnbpb_gl d1 hij_^_ey_lky k bkihevah\Zgb_f nhjfmeu 
(5.26).  
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8.5.13.Ijb gZebqbb ]jmiiu ba g_kdhevdbo bklhqgbdh\ \u[jhkZ agZq_gby I>< �I><1, 
I><2, ..., I><N� ^ey dZ`^h]h �i-]h� bklhqgbdZ gZoh^ylky ih nhjfme_ 

 
,ii MI>< =  (8.12)  

 
]^_ ),...,,( 21 Ni MMMM  - lZdb_ agZq_gby \u[jhkZ hl dZ`^h]h bklhqgbdZ� dhlhju_

ijbgylu ijb jZkq_lZo wZ]jyag_gby Zlfhkn_ju hl \k_c kh\hdmighklb bklhqgbdh\ b ijb dhlhjuo

fZdkbfZevgZy kmffZjgZy dhgp_gljZpby \ Zlfhkn_j_ ijb g_[eZ]hijbylguo f_l_hjheh]bq_kdbo

mkeh\byo g_ ij_\urZ_l nkI>D − beb 0,8 nkI>D − gZ l_jjblhjbyo� ih^e_`Zsbo hk_\hc

hojZg_ �kf� i� 8.3). 
8.5.14.Ijb jZajZ[hld_ I>< ^ey j_dhgkljmbjm_fh]h ij_^ijbylby jZkq_lu \uihegyxlky

gZ nZdlbq_kdh_ iheh`_gb_ b gZ i_jki_dlb\m� Ijb jZkq_lZo gZ nZdlbq_kdh_ iheh`_gb_

bkihevamxlky agZq_gby F b V1 ih ^Zgguf ihke_^g_c bg\_glZjbaZpbb \u[jhkh\ k \g_k_gb_f \

kemqZ_ g_h[oh^bfhklb ^hihegbl_evguo mlhqg_gbc� Ijb jZkq_lZo gZ i_jki_dlb\m jZkq_lu

ijhba\h^ylky hl^_evgh ^ey dZ`^h]h ba gZf_q_gguo wlZih\ khdjZs_gby \u[jhkh\ k

bkihevah\Zgb_f agZq_gbc F b V1� h`b^Z_fuo \ j_amevlZl_ j_ZebaZpbb gZf_q_gguo

f_jhijbylbc� 
 
Ijbf_qZgby. 
1. Ij_^eZ]Z_fuc \ dZq_kl\_ I>< \ZjbZgl ^he`_g [ulv hilbfZevguf ih l_ogbdh-

wdhghfbq_kdbf ihdZaZl_eyf� 
2.?keb ^eb dZdh]h-eb[h \j_^gh]h \_s_kl\Z \uihegy_lky khhlghr_gb_  
 

∑
=

<+
N

i
nfL

I>Dkc
1

,  (8.13) 

 
lh \ wlhf kemqZ_ �ijb hlkmlkl\bb g_h[oh^bfhklb mq_lZ kmffZpbb \j_^gh]h ^_ckl\by

g_kdhevdbo \_s_kl\� bkihevah\Zggu_ ijb jZkq_lZo agZq_gby iF fh]ml [ulv ijbgylu \

dZq_kl\_ I>< [_a jZkq_lh\ kmffZjgh]h aZ]jyag_gby Zlfhkn_ju� 
 
8.5.15.MklZgh\e_gbx I>J ^ey hl^_evgh]h bklhqgbdZ ij_^r_kl\m_l hij_^_e_gb_ _]h ahgu

\ebygby� jZ^bmk dhlhjhc ijb[eb`_ggh hp_gb\Z_lky dZd gZb[hevr__ ba ^\mo jZkklhygbc hl

bklhqgbdZ� x1 b x2 �f�� ]^_ x1 = 10xf (ijb wlhf x1 khhl\_lkl\m_l jZkklhygbx� gZ dhlhjhf k 
khklZ\ey_l 5%hl kf�� AgZq_gb_ x2 hij_^_ey_lky dZd jZkklhygb_ hl bklhqgbdZ� gZqbgZy k dhlhjh]h

I>Dc 05,0≤ � A^_kv kf, xf b k hij_^_eyxlky ih nhjfmeZf jZa^_eZ 2. AgZq_gb_ x2 ijb jmqguo

jZkq_lZo gZoh^blky ]jZnbq_kdb k bkihevah\Zgb_f jbk� 2.4 dZd jZkklhygb_ x aZ fZdkbfmfhf�

khhl\_lkl\mxs__ ./05,01 f
kI>Ds = Ijb I>Dk

f
05,0≤ agZq_gb_ x2 iheZ]Z_lky jZ\guf

gmex� 
>ey ij_^ijbylbc lZd`_ mklZgZ\eb\Zxlky ahgu \ebygby� \dexqZxsb_ \ k_[y djm]b

jZ^bmkhf x1� ijh\_^_ggu_ \hdjm] dZ`^hc ba ljm[ ij_^ijbylby� b mqZkldb f_klghklb� ]^_

jZkkqblZggh_ gZ W<F kmffZjgh_ aZ]jyag_gb_ Zlfhkn_ju hl \k_c kh\hdmighklb bklhqgbdh\

\u[jhkZ ^Zggh]h ij_^ijbylby� \ lhf qbke_ gbadbo b g_hj]Zgbah\Zgguo \u[jhkh\ ij_\urZ_l 
0,05I>D� 

Ahgu \ebygby bklhqgbdh\ b ij_^ijbylbc jZkkqblu\Zxlky ih dZ`^hfm \j_^ghfm

\_s_kl\m �dhf[bgZpbb \_s_kl\ k kmffbjmxsbfky \j_^guf ^_ckl\b_f� hl^_evgh�  
>ey ij_^ijbylbc b bklhqgbdh\� ahgu \ebygby dhlhjuo p_ebdhf jZkiheh`_gu \ mqZkldZo

]hjh^Z� ]^_ jZkkqblZggZy kmffZjgZy dhgp_gljZpby hl \k_o bklhqgbdh\ ]hjh^Z ,I>Dk <  

agZq_gby \u[jhkh\� bkihevah\Zggu_ ijb mdZaZgguo jZkq_lZo k � ijbgbfZxlky \ dZq_kl\_ I><� 

Ijbf_qZgb_. 
Ijb hij_^_e_gbb jZaf_jh\ ahgu \ebygby ij_^ijbylby jZkq_lu aZ]jyag_gby Zlfhkn_ju gZ

W<F ^himkdZ_lky ijb[eb`_ggh ijhba\h^blv lhevdh ^ey h^gh]h jZkq_lgh]h gZijZ\e_gby \_ljZ

�k ij_^ijbylby gZ p_glj ]hjh^Z�� kj_^g_\a\_r_gghc hiZkghc kdhjhklb \_ljZ
fk

uu = � ijbq_f

jZkq_lgZy h[eZklv ij_^klZ\ey_lky hlj_adhf f_`^m p_gljhf ij_^ijbylbb b ]jZgbp_c ]hjh^Z� 
 
8.5.16. Ijb ^_lZebaZpbb nhgZ lhevdh ih l_jjblhjbb ]hjh^Z \ dZq_kl\_ nhgZ kn ^ey

ij_^ijbylby �bklhqgbdZ� ijb mklZgh\e_gbb I>< bkihevam_lky _]h fZdkbfZevgh_ agZq_gb_ \
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ahg_ \ebygby jZkkfZljb\Z_fh]h ij_^ijbylby �bklhqgbdZ�� Ihke_ wlh]h mq_l nhgZ ijhba\h^blky

h[uqguf h[jZahf� 
?keb nhg \ ahg_ \ebygby ^_lZebabjh\Zg ih ^\mf ]jZ^Zpbyf kdhjhklb \_ljZ �kn1 b kn2�� lh

^ey h^bghqgh]h bklhqgbdZ kgZqZeZ hij_^_eyxlky \kihfh]Zl_evgu_ agZq_gby iF \ dZ`^hc ba

]jZ^Zpbc kdhjhklb \_ljZ ih ke_^mxsbf nhjfmeZf� 
 
 

100, ijb 
)( 3

1
2

≤
η

∆−
= f

rAFmn

TVHkI>D
F

i

nL

i  (8.14) 

 

0.L beb 100 ijb  
8

 
)(

1
3/4

≈∆≤⋅
η

−
= f

D

V

rAFn

HkI>D
F

i

nL

i  (8.15) 

 
A^_kv i  � beb 2, [_ajZaf_jguc dhwnnbpb_gl ri hij_^_ey_lky k ihfhsvx khhlghr_gbc 

(2.19),hklZevgu_ h[hagZq_gby ZgZeh]bqgu \\_^_gguf \ jZa^_e 2. AgZq_gb_ i  � khhl\_lkl\m_l

lhc ]jZ^Zpbb kdhjhklb \_ljZ� \ dhlhjmx ihiZ^Z_l hiZkgZy kdhjhklv \_ljZ uf� >ey wlhc ]jZ^Zpbb

iheZ]Z_lky r1 = l� ?keb kn1 > kn2� lh I>< = F1� ?keb kn2 > kn1� lh ijhba\h^blky jZkq_l F2, ijbq_f
ijb jZkq_l_ [_ajZaf_jgh]h dhwnnbpb_glZ r2 bkihevam_lky kdhjhklv b� khhl\_lkl\mxsZy

k_j_^bg_ jZkkfZljb\Z_fhc ]jZ^Zpbb� < ihke_^g_f kemqZ_ I>< jZ\_g fbgbfZevghfm agZq_gbx

ba F1 b F2: 
 

).,min( 21 MMI>< =  (8.16) 

 
8.5.17. ?keb I>D�c'n < � lh m\_ebq_gb_ fhsghklb \u[jhkZ hl j_dhgkljmbjm_fuo

h[t_dlh\ b kljhbl_evkl\h gZ ij_^ijbylbb gh\uo h[t_dlh\ k \u[jhkZfb l_o `_ \_s_kl\ beb

\_s_kl\� h[eZ^Zxsbo k gbfb kmffZpb_c \j_^gh]h ^_ckl\by� fh`_l [ulv ^hims_gh lhevdh ijb

h^gh\j_f_gghf h[_ki_q_gbb kgb`_gby \u[jhkh\ \j_^guo \_s_kl\ \ Zlfhkn_jm gZ hklZevguo

h[t_dlZo jZkkfZljb\Z_fh]h ij_^ijbylby beb gZ ^jm]bo ij_^ijbylbyo ]hjh^Z� h[hkgh\Zggh]h

ijh_dlgufb j_r_gbyfb� 
8.5.18. GZjy^m k fZdkbfZevgufb jZah\ufb I>< �]�k� \ hi_jZlb\guo p_eyo ^ey

\uiheg_gby ijh_dlguo hp_ghd l_fih\ kgb`_gby \u[jhkh\ b \hafh`ghkl_c mlbebaZpbb

mghkbfuo ]Zah\ha^mrghc kf_kvx \j_^guo \_s_kl\ mklZgZ\eb\Zxlky ]h^h\u_ agZq_gby I><] 
�l�]h^� ^ey hl^_evguo bklhqgbdh\ b ij_^ijbylby \ p_ehf� 

>ey hl^_evgh]h �i-]h� bklhqgbdZ ba N bklhqgbdh\ ij_^ijbylby I><]i gZoh^blky k mq_lhf
\j_f_gghc g_jZ\ghf_jghklb \u[jhkh\� \ lhf qbke_ aZ kq_l ieZgh\h]h j_fhglZ l_ogheh]bq_kdh]h

b ]Zahhqbklgh]h h[hjm^h\Zgby� 
>ey ij_^ijbylby \ p_ehf I><] gZoh^blky ih nhjfme_� 
 

∑
=

=
N

i
]L]

I><I><
1

.  (8.17) 

 
8.5.19.>ey ^_ckl\mxsbo ij_^ijbylbc� _keb \ \ha^mo_ ]hjh^h\ beb ^jm]bo gZk_e_gguo

imgdlh\ dhgp_gljZpbb \j_^guo \_s_kl\ ij_\urZxl I>D� Z agZq_gby I>< \ gZklhys__ \j_fy

g_ fh]ml [ulv ^hklb]gmlu� ih kh]eZkh\Zgbx k hj]ZgZfb =hkdhf]b^jhf_lZ b Fbga^jZ\Z KKKJ

ij_^mkfZljb\Z_lky ihwlZigh_� k mdZaZgb_f ^ebl_evghklb dZ`^h]h wlZiZ� kgb`_gb_ \u[jhkh\

\j_^guo \_s_kl\ ^h agZq_gbc I><� h[_ki_qb\Zxsbo ^hklb`_gb_ I>D� beb ^h ihegh]h

ij_^hl\jZs_gby \u[jhkh\� GZ dZ`^hf wlZi_ ^h h[_ki_q_gby agZq_gbc I>< mklZgZ\eb\Zxlky

\j_f_ggh kh]eZkh\Zggu_ \u[jhku \j_^guo \_s_kl\ �<K<� k mq_lhf agZq_gbc \u[jhkh\

ij_^ijbylbc k gZbemqr_c �\ qZklb hojZgu hdjm`Zxs_c kj_^u� ^hklb]gmlhc l_ogheh]b_c

ijhba\h^kl\Z� ZgZeh]bqguo ih fhsghklb b l_ogheh]bq_kdbf ijhp_kkZf� Ijb mklZgh\e_gbb <K<

ke_^m_l ihevah\Zlvky l_fb `_ ijb_fZfb jZkq_lZ� qlh b ijb mklZgh\e_gbb I><� 
 
Ijbf_qZgby. 
1. AgZq_gby <K<� lZd `_ dZd b I><� mklZgZ\eb\Zxlky ^ey bklhqgbdh\ b ^ey ij_^ijbylby

\ p_ehf� 
2. Ke_^m_l ij_^mkfZljb\Zlv f_jhijbylby ih djZldh\j_f_gghfm kgb`_gbx \u[jhkh\ \
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i_jbh^u ZghfZevgh hiZkguo f_l_hmkeh\bc� 
3. ?keb ahgZ \ebygby bklhqgbdZ �\g_ aZ\bkbfhklb hl khhlghr_gbb f_`^m

dhgp_gljZpbyfb k \ lhqd_ _]h jZkiheh`_gby b I>D� aZo\Zlu\Z_l mqZkldb f_klghklb� ]^_

k > I>D� lh gZ khhl\_lkl\mxs_f wlZi_ kgb`_gby \u[jhkh\ ^he`gh mklZgZ\eb\Zlvky agZq_gb_

<K<� 
4� >ey \gh\v ijh_dlbjm_fuo ij_^ijbylbc �h[t_dlh\� agZq_gbb <K< g_ mklZgZ\eb\Zxlky� 
 
���� Hij_^_e_gb_ ]jZgbp kZgblZjgh-aZsblghc ahgu ij_^ijbylbc� 
8.6.1. JZaf_ju kZgblZjgh-aZsblghc ahgu �KAA� l0 �f�� mklZgh\e_ggu_ \ KZgblZjguo

ghjfZo ijh_dlbjh\Zgby ijhfure_gguo ij_^ijbylbc� ^he`gu ijh\_jylvky jZkq_lhf

aZ]jyag_gby Zlfhkn_ju \ khhl\_lkl\bb k lj_[h\Zgbyfb gZklhys_]h HG> �jZa^_eu 2 - 5) k
mq_lhf i_jki_dlb\u jZa\blby ij_^ijbylby b nZdlbq_kdh]h aZ]jyag_gby Zlfhkn_jgh]h \ha^moZ� 

8.6.2.Ihemq_ggu_ ih jZkq_lm jZaf_ju KAA ^he`gu mlhqgylvky hl^_evgh ^ey jZaebqguo

gZijZ\e_gbc \_ljZ \ aZ\bkbfhklb hl j_amevlZlh\ jZkq_lZ aZ]jyag_gby Zlfhkn_ju b

kj_^g_]h^h\hc jhau \_ljh\ jZchgZ jZkiheh`_gby ij_^ijbylby ih nhjfme_ 
 

,
0

0
P

P
Ll =  (8.18) 

 
]^_ 1 �f� - jZkq_lguc jZaf_j KAA� 0L �f� - jZkq_lguc jZaf_j mqZkldZ f_klghklb \ ^Zgghf

gZijZ\e_gbb� ]^_ dhgp_gljZpby \j_^guo \_s_kl\ �k mq_lhf nhgh\hc dhgp_gljZpbb hl ^jm]bo

bklhqgbdh\� ij_\urZ_l I>D� P �f� - kj_^g_]h^h\Zy ih\lhjy_fhklv gZijZ\e_gby \_ljh\

jZkkfZljb\Z_fh]h jmf[Z; 0P �f�  - ih\lhjy_fhklv gZijZ\e_gbc \_ljh\ h^gh]h jmf[Z� ijb

djm]h\hc jha_ \_ljh\� GZijbf_j� ijb \hkvfbjmf[h\hc jha_ \_ljh\ 0P  = 100/8 = 12,5%. AgZq_gby 

l b 0L hlkqblu\Zxlky hl ]jZgbpu bklhqgbdh\� 

Ijbf_qZgby. 
1. AgZq_gby 0L \ h[s_f kemqZ_ fh]ml jZaebqZlvky ^ey \_ljh\ jZaguo gZijZ\e_gbc� 

2. Kj_^g_]h^h\Zy jhaZ \_ljh\� oZjZdl_jbam_fZy agZq_gbyfb J ^ey jZaguo jmf[h\�

ijbgbfZ_lky ih ^Zgguf ©KijZ\hqgbdZ ih debfZlm KKKJª� Z ijb hlkmlkl\bb g_h[oh^bfuo

^Zgguo \ wlhf kijZ\hqgbd_ aZijZrb\Z_lky \ M=DK ih f_klm jZkiheh`_gby ij_^ijbylby� 
 
8.6.3.Mqblu\Zy agZqbl_evgmx ijhkljZgkl\_ggmx baf_gqb\hklv jhau \_ljh\� hkh[_ggh \

mkeh\byo keh`gh]h j_ev_nZ� j_qguo ^hebg� \[ebab fhj_c� ha_j b l� i�� ijb bkihevah\Zgbb

kijZ\hqguo ^Zgguo ke_^m_l kh]eZkh\Zlv ijbgylmx jham \_ljh\ k M=DK =hkdhf]b^jhf_lZ ih

f_klm jZkiheh`_gby ij_^ijbylby� 
8.6.4.?keb \ khhl\_lkl\bb k ij_^mkfhlj_ggufb l_ogbq_kdbfb j_r_gbyfb b jZkq_lZfb

aZ]jyag_gby Zlfhkn_ju jZaf_ju KAA ^ey ij_^ijbylby ihemqZxlky [hevr_� q_f jZaf_ju�

mklZgh\e_ggu_ KZgblZjgufb ghjfZfb ijh_dlbjh\Zgby ijhfure_gguo ij_^ijbylbc� lh

g_h[oh^bfh i_j_kfhlj_lv ijh_dlgu_ j_r_gby b h[_ki_qblv \uiheg_gb_ lj_[h\Zgbc

KZgblZjguo ghjf aZ kq_l mf_gvr_gby dhebq_kl\Z \u[jhkh\ \j_^guo \_s_kl\ \ Zlfhkn_jm�

m\_ebq_gby \ukhlu bo \u[jhkZ k mq_lhf mklZgh\e_gguo h]jZgbq_gbc b ^j� ?keb b ihke_

^hihegbl_evghc ijhjZ[hldb g_ \uy\e_gu l_ogbq_kdb_ \hafh`ghklb h[_ki_q_gby jZaf_jh\ KAA�

lj_[m_fuo wlbfb KZgblZjgufb ghjfZfb� lh jZaf_ju l ijbgbfZxlky \ khhl\_lkl\bb k

j_amevlZlZfb jZkq_lZ aZ]jyag_gby Zlfhkn_ju� ih kh]eZkh\Zgbx k Fbga^jZ\hf KKKJ b

=hkkljh_f KKKJ� 
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IJBEH@?GB? 1  
H[yaZl_evgh_ 

 
J:KQ?LGU? NHJFMEU >EY HIJ?>?E?GBY DHGP?GLJ:PBB  

<J?>GUO <?S?KL< HL EBG?CGUO B IEHS:>GUO BKLHQGBDH<  
IJB <?LJ? <>HEV BEB IHI?J?D BKLHQGBD: 

 
1. JZkij_^_e_gb_ dhgp_gljZpbc \j_^guo \_s_kl\ k gZ jZkklhygbb o hl p_gljZ ebg_cgh]h

bklhqgbdZ ^ebghc L ijb \_lj_� gZijZ\e_gghf \^hev wlh]h bklhqgbdZ� \ kemqZ_� dh]^Z kdhjhklv

\_ljZ jZ\gZ uf� hij_^_ey_lky ih nhjfme_ 
 

,)'''( 55 L

k
x'
ssc ff−=  (1) 

 

 
 

Jbk� � 
 
]^_ 55 '' b ' ss  - [_ajZaf_jgu_ dhwnnbpb_glu� hij_^_ey_fu_ ih ]jZnbdm ^ey 5s gZ jbk� 1 \

aZ\bkbfhklb hl hlghr_gbc 
ff

x'

Lx

x'

Lx

2

2
 b 

2

2 −+
khhl\_lkl\_ggh� ijbq_f ih imgdlbjghc ebgbb \

kemqZ_ ly`_ehc ijbf_kb� A^_kv agZq_gby
ff

x'k
 , hij_^_eyxlky kh]eZkgh i� 3.1, 3,5. 

Ijb \ukhlZo bklhqgbdZ H f_gvr_ 10 f [_ajZaf_jguc dhwnnbpb_gl 5s aZf_gy_lky gZ

[_ajZaf_jguc dhwnnbpb_gl
g

5s : 

 

;1 ijb )10(125,0)2(125,0)(g

5 ≤−+−= tHHts  ��Z� 

 

[ ] ,1 ijb )(1)10(125,0)()( 55
g

5 >−−+= ttsHtsts  ��[� 

 
]^_ 5s hij_^_ey_lky ih lhfm `_ Zj]mf_glm t k ihfhsvx jbk� 1. 

Ijb kdhjhklb \_ljZ
f

uu ≠ agZq_gb_ k hij_^_ey_lky ih nhjfme_ 
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,)'''( 55 L

k
x'
ssprk

ff−=  (3) 

 
]^_ r b j hij_^_eyxlky \ khhl\_lkl\bb k i� 2.10b 2.11ih agZq_gbx ,'/

f
uu  a 55 '' b ' ss  

khhl\_lkl\_ggh ih 
ff
'2

2
 b 

'2

2

px

Lx

px

Lx ++
. 

2. AgZq_gb_ fZdkbfZevghc dhgp_gljZpbb \j_^guo \_s_kl\ ijb \_lj_� gZijZ\e_gghf

ihi_j_d ebg_cgh]h bklhqgbdZ� hij_^_ey_lky ih nhjfme_ 
 

.'1 ff
kk ε=  (4) 

 
A^_kv [_ajZaf_jguc dhwnnbpb_gl 1ε hij_^_ey_lky ih nhjfmeZf� 

 
0,255; ijb 923,01 ≤αα=ε  ��Z� 

 

;32,2  0,255 ijb 
)3,0(

13,1
2

2

1 ≤α<
+α

α=ε  ��[� 

 

,32,2  ijb 
7,02

2

1 >α
+α

α=ε  ��\� 

 
]^_ 
 

,5 ijb ≤=
f

f

f u'
u'L

x'
.  ��Z� 

 

.5 ijb 45 >=
f

f u'
L

x
.  ��[� 

 
JZkklhygb_ hl ebg_cgh]h bklhqgbdZ xf, gZ dhlhjhf ^hklb]Z_lky fZdkbfZevgZy ijba_fgZy

dhgp_gljZpby \j_^guo \_s_kl\ cf, hij_^_ey_lky ih nhjfme_ 
 

;'2 ff
xx ε=  (7) 

 
0,25; ijb  32 ≤α=ε  ��Z� 

 

2,25;0,25 ijb  
5,1

2 <α<
α

=ε  ��[� 

 
2,25. ijb 12 >α=ε  ��\� 

 
3. JZkij_^_e_gb_ dhgp_gljZpbc \j_^guo \_s_kl\ k �f]�f

3
� gZ jZkklhygbb o �f� hl p_gljZ

ebg_cgh]h bklhqgbdZ ijb \_lj_ kdhjhklvx b �f�k�� gZijZ\e_gghf ihi_j_d ebg_cgh]h bklhqgbdZ�

hij_^_ey_lky ih nhjfme_ 
 

.'61 f
rcssk =  (9) 

 
Ijb jZkq_lZo gZqZeh dhhj^bgZl jZkiheZ]Z_lky \ p_glj_ ebg_cgh]h bklhqgbdZ� hkv o 

gZijZ\e_gZ \^hev� Z hkv m - i_ji_g^bdmeyjgh gZijZ\e_gbx \_ljZ� 
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Dhgp_gljZpby \j_^guo \_s_kl\ k �f]�f

3
� gZ jZkklhygbb m �f� hl hkb nZd_eZ hij_^_ey_lky

ih nhjfme_ 
 

.''''
2

1'
2

1
2 66

1
fy cs

L

y
s

L

yrs
k 













 −+





 +=  (10) 

 
A^_kv 1s  - [_ajZaf_jguc dhwnnbpb_gl� hij_^_ey_fuc \ khhl\_lkl\bb k i� 2.12 ih

agZq_gbx hlghr_gby

f
px

x

'
; r, p - [_ajZaf_jgu_ dhwnnbpb_glu� hij_^_ey_fu_ \ khhl\_lkl\bb k

i� 2.10 b 2.11 ih agZq_gbx hlghr_gby 666 '',', ;'/ sssuu
f

 - [_ajZaf_jgu_ dhwnnbpb_glu�

hij_^_ey_fu_ ih nhjfme_ (11)beb ih jbk� 2 \ aZ\bkbfhklb hl agZq_gbc L �f�� ��y + L� �f� b ��y - 
L) �f�� bkihevam_fuo ijb \uqbke_gbb Zj]mf_glZ g: 

 









+++

−=
4426

)/49,0/58,0/44,01(

1
157,0

ggg
gs  (11) 

 

5, ijb / ≤= uuLxg  ���Z� 

 
5. ijb /45,0 >= uLxg  ���[� 

 
>ey g > 6,74nmgdpby 6s ijbgbfZ_lky jZ\ghc 1. 

 
Ijbf_qZgb_. 
GZ ^hklZlhqgh [hevrhf jZkklhygbb hl ebg_cgh]h bklhqgbdZ� dhlhjhfm khhl\_lkl\m_l

[_ajZaf_jguc dhwnnbpb_gl 6s , [ebadbc d _^bgbp_� ebg_cguc bklhqgbd fh`_l jZkkfZljb\Zlvky

dZd h^bghqguc lhq_qguc bklhqgbd k .' b ','
ffffff

uuxxkk ===  

 
4. Ijb \_lj_� gZijZ\e_gghf i_ji_g^bdmeyjgh h^ghc ba klhjhg iehsZ^gh]h bklhqgbdZ

ijyfhm]hevghc nhjfu� dhgp_gljZpby �dZd gZ l_jjblhjbb kZfh]h bklhqgbdZ� lZd b aZ _]h

ij_^_eZfb� jZkkqblu\Z_lky ih nhjfme_ 
 

[ ] [ ]{ },),(),('),(),(
'2

''
6317617853175177 gggsggsggggsggsg

L

k

k
f −−+−−=  (13) 

 
]^_ 
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4

2
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4

2
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6

2
42

54

2
321

g

g
g

g

g
g

ggu
g

ggu
g

x

L
g

x

L
g

x

y
g

x

x
g

f

ff

fff

−=+=
−

=

+
==

===

 (14) 

 
 

 
 
 
x b m - dhhj^bgZlu jZkq_lghc lhqdb \ kbkl_f_ dhhj^bgZl k gZqZehf \ k_j_^bg_

gZ\_lj_ggh]h djZy bklhqgbdZ�
f

x ''  - jZkklhygb_ hl h^bghqgh]h \oh^ys_]h \ jZkkfZljb\Z_fmx

kh\hdmighklv lhq_qgh]h bklhqgbdZ� gZ dhlhjhf ijb hiZkghc kdhjhklb \_ljZ
f

uu ''=  

^hklb]Z_lky fZdkbfZevgZy dhgp_gljZpby�
f

c '' �f]�f
3) - fZdkbfZevgZy dhgp_gljZpby hl

h^bghqgh]h lhq_qgh]h bklhqgbdZ� dhlhjZy bf_eZ [u f_klh \ lhf kemqZ_� _keb [u _]h \u[jhku

jZ\gyebkv iheghfm \u[jhkm F hl iehsZ^gh]h bklhqgbdZ� L' - f_gvr__ ba agZq_gbc o b L2; L1 b

L2 - ijhly`_gghklv iehsZ^gh]h bklhqgbdZ khhl\_lkl\_ggh ihi_j_d b \^hev \_ljZ� [_ajZaf_jguc
dhwnnbpb_gl s7 (t1, t2� \ aZ\bkbfhklb hl t1 b t2 hij_^_ey_lky ih jbk� 3 �kiehrgu_ ebgbb

hlghkylky d e_]dhc� imgdlbjgu_ - d ly`_ehc ijbf_kb�� 
 
Ijbf_qZgby. 
1. AZ agZq_gb_ F ^ey iehsZ^gh]h bklhqgbdZ ijbgbfZ_lky fZdkbfZevguc kmffZjguc

\u[jhk k _]h l_jjblhjbb k mq_lhf \ g_h[oh^bfuo kemqZyo g_h^gh\j_f_gghklb \u[jhkh\ hl

hl^_evguo lhq_qguo bklhqgbdh\ 
2. Ih nhjfmeZf (13), (14)jZkkqblu\Z_lky jZkij_^_e_gb_ dhgp_gljZpbb b ijb

f
uu ≠ � <

wlhf kemqZ_
f

c '' aZf_gy_lky gZ
fb

c '' , 
f

x ''  - gZ
fb

x '' , 
f

u  - gZ b. A^_kv 

ffbffb
pxxrcc '''','''' == � [_ajZaf_jgu_ dhwnnbpb_glu r b j hij_^_eyxlky ih hlghr_gbx

f
uu ''/ \ khhl\_lkl\bb k i� 2.10, 2.11. 

3� Ih ijb\_^_gguf nhjfmeZf jZkq_l dhgp_gljZpbc ijhba\h^blky ^ey iehsZ^guo

bklhqgbdh\� m dhlhjuo 
f

xL ''/1 b
f

xL ''/2 g_ ij_\urZ_l 10. Ijb jZaf_jZo iehsZ^guo

bklhqgbdh\� ij_\urZxsbo mdZaZggu_ agZq_gby� hgb ^he`gu jZa[b\Zlvky gZ g_kdhevdh

iehsZ^guo bklhqgbdh\ f_gvr_c iehsZ^b� 
4. JZkq_lu ih nhjfmeZf Ijbeh`_gby 1 ijhba\h^ylky� dZd ijZ\beh� [_a ijbf_g_gby W<F� 
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IJBEH@?GB? 2 
J_dhf_g^m_fh_ 

 
J:KQ?L A:=JYAG?GBY <HA>MO: G: IJHFIEHS:>D? 

K MQ?LHF <EBYGBY A:KLJHCDB 
 

1.Hkgh\gu_ jZkq_lgu_ oZjZdl_jbklbdb 
 

1.1. <ebygb_ aZkljhcdb �a^Zgbc b khhjm`_gbc� gZ aZ]jyag_gb_ \ha^moZ k\yaZgh k

baf_g_gb_f oZjZdl_jZ \ha^mrguo l_q_gbc \[ebab a^Zgby� Ijb h[l_dZgbb hl^_evguo a^Zgbb b

bo ]jmii fh]ml h[jZah\u\Zlvky \_ljh\u_ l_gb �aZklhcgu_ ahgu� k [ebadhc d gmex kj_^g_c

kdhjhklvx \_ljZ b bgl_gkb\guf lmj[me_glguf i_j_f_rb\Zgb_f� Nhjfmeu gZklhys_]h

Ijbeh`_gby ij_^gZagZq_gu ^ey jZkq_lZ ijba_fguo dhgp_gljZpbc \ keh_ 0 - 2 f b

\_jlbdZevgh]h jZkij_^_e_gby dhgp_gljZpbc \ ijba_fghf keh_ \ha^moZ �\dexqZy jZkq_l

dhgp_gljZpbc m kl_g b djur a^Zgbc� k mq_lhf \ebygby aZkljhcdb� 
Mq_l \ebygby aZkljhcdb hkms_kl\ey_lky ^ey bklhqgbdh\ kj_^g_c \ukhlu� gbadbo b

gZa_fguo bklhqgbdh\ �kf� i� 1.3). JZkq_l aZ]jyag_gby \ha^moZ hl \ukhdbo bklhqgbdh\� dZd

ijZ\beh� ijhba\h^blky [_a mq_lZ \ebygby aZkljhcdb� aZ bkdexq_gb_f kemqZ_\� ij_^mkfhlj_gguo

i� 1.7Ijbeh`_gby 2. 

Ijbf_qZgb_. 
DeZkkbnbdZpby bklhqgbdh\ ijhba\h^blky \ khhl\_lkl\bb k i� 1.3 gZklhys_]h HG>�

ijbq_f aZ G ijbgbfZ_lky \ukhlZ mklvy gZ^ mjh\g_f ih^klbeZxs_c ih\_joghklb� 
 
1.2.>ey dZ`^h]h ba jZkkfZljb\Z_fuo bklhqgbdh\ i_j_^ \uiheg_gb_f jZkq_lh\ k mq_lhf

aZkljhcdb hij_^_eyxlky ih nhjfmeZf jZa^_eZ 2 agZq_gby fZdkbfZevghc dhgp_gljZpbb kf� Z

lZd`_ jZkklhygby xf b hiZkghc kdhjhklb uf� ijb dhlhjuo ^hklb]Z_lky dhgp_gljZpby kf ijb

hlkmlkl\bb aZkljhcdb� 
1.3. JZkq_l aZ]jyag_gby \ha^moZ k mq_lhf \ebygby aZkljhcdb ijhba\h^blky \ kemqZyo�

dh]^Z a^Zgb_ m^Ze_gh hl bklhqgbdZ gZ jZkklhygb_ f_g__ xf� beb dh]^Z bklhqgbd jZkiheh`_g gZ

a^Zgbb beb \ ahgZo \hafh`gh]h h[jZah\Zgby \_ljh\uo l_g_c �i� 1.5Ijbeh`_gby 2). Ijb wlhf

\ukhlZ a^Zgby Ga ^he`gZ [ulv g_ f_g__ 0,4 \ukhlu bklhqgbdZ � GG
a

4,0≥ �� ?keb a^Zgb_

m^Ze_gh hl bklhqgbdZ gZ jZkklhygb_ [hevr__� q_f ���xf� b hkgh\Zgb_ bklhqgbdZ g_ jZaf_sZ_lky

\ ahg_ \hafh`gh]h h[jZah\Zgby \_ljh\hc l_gb� lh mq_l \ebygby aZkljhcdb ijhba\h^blky \

kemqZyo� dh]^Z \ukhlZ a^Zgby ij_\urZ_l 0,7\ukhlu bklhqgbdZ � GG
a

7,0≥ ). 

 
 

 
 

Jbk� 1 
 

Ijbf_qZgby. 
�� DZd ijZ\beh� g_ ih^e_`Zl mq_lm a^Zgby b khhjm`_gby \ukhlhc f_g__ 5 f� Z lZd`_

a^Zgby b khhjm`_gby� fZdkbfZevguc ebg_cguc jZaf_j dhlhjuo ih ]hjbahglZeb g_ ij_\hkoh^bl 
10f� 

2. Mq_l khhjm`_gbc ijhba\h^blky \ kemqZ_� _keb bo dhwnnbpb_gl aZiheg_gby�

hij_^_ey_fuc kh]eZkgh KGbI II-6-74 �GZ]jmadb b \ha^_ckl\by�� g_ gb`_ 0,5. 
1.4. JZkkfZljb\Z_fh_ a^Zgb_� dZd ijZ\beh� Ziijhdkbfbjm_lky iZjZee_e_ibi_^hf �jbk� 1) 

\ukhlhc Ga� ^ebghc L'^ �jZaf_j gZb[hevr_c klhjhgu hkgh\Zgby� b rbjbghc L'r. <ukhlZ Ga 
hij_^_ey_lky ih nhjfme_ 
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,
0S

V
G

a

a
=  (1) 

 
]^_

a
V  - nZdlbq_kdbc h[t_f a^Zgby� 0S  - nZdlbq_kdZy iehsZ^v hkgh\Zgby� AgZq_gby L'^ b

L'r ^he`gu m^h\e_l\hjylv mkeh\bx L'^L'r = 0S � Z iheh`_gb_ [hdh\uo klhjhg

Ziijhdkbfbjmxs_]h iZjZee_e_ibi_^Z \u[bjZ_lky lZd� qlh[u hgb [ueb [ebadb d kl_gZf a^Zgbc� 
 
Ijbf_qZgby. 
1. < kemqZ_ a^Zgbc keh`ghc dhgnb]mjZpbb �jbk� 2) hgb Ziijhdkbfbjmxlky g_kdhevdbfb

iZjZee_e_ibi_^Zfb� Ijb wlhf jZkq_l ijba_fguo dhgp_gljZpbc ijhba\h^blky kh]eZkgh i� 5 
Ijbeh`_gby 2 dZd ^ey kh\hdmighklb a^Zgbc� 

2. >ey a^Zgbc� bf_xsbo \ ieZg_ nhjfm� [ebadmx d ijZ\bevghfm fgh]hm]hevgbdm beb

djm]m� \ dZq_kl\_ hkgh\Zgby Ziijhdkbfbjmxs_]h iZjZee_e_ibi_^Z [_j_lky d\Z^jZl� 
 

 
 

Jbk� 2 
 
1.5.>ey dZ`^h]h a^Zgby ijb aZ^Zgghf gZijZ\e_gbb \_ljZ jZaebqZxlky ljb hkgh\guo lbiZ

\_ljh\uo l_g_c �jbk� 3Z�� ih^hklj_ggZy (I), gZ djur_ (II) b gZ\_lj_ggZy �ahgZ ih^ihjZ� (III). 
FZdkbfZevgu_ agZq_gby HI, HII, HIII \ukhlu gZ^ mjh\g_f a_feb \_ljh\uo l_g_c mdZaZgguo lbih\

b bo ijhly`_gghklb LI, LII, LIII  hij_^_eyxlky nhjfmeZfb� 
 

*,4, 11 LLHH
a

==  ��Z� 

 
,,4,0:*2 ijb

^II^aII^
LLLHHLL =+=≤  (2[) 

 
*,2*,4,0:*2 ijb LLLHHLL IIaII^

=+=>  ��\� 

 
*,*,5,0 LLLH IIIIII ==  ��]� 

 
]^_ 
 

, ijb *
raa

LHHL ≤=  ��Z� 

 
. ijb *

rar
LHLL >=  (3[) 

 
JZaf_ju L^ b Lr mklZgZ\eb\Zxlky \ aZ\bkbfhklb hl gZijZ\e_gby \_ljZ� < kemqZyo� dh]^Z

\_l_j gZijZ\e_g ih i_ji_g^bdmeyjm d kl_g_ a^Zgby� ^ebgZ wlhc kl_gu ijbgbfZ_lky aZ Lr, Z
^ebgZ kf_`ghc kl_gu - aZ L^ �jbk� 3[). < hklZevguo kemqZyo L^ b Lr mklZgZ\eb\Zxlky \

khhl\_lkl\bb k i� 2.3Ijbeh`_gby 2. 
=jZgbpu \_ljh\uo l_g_c mklZgZ\eb\Zxlky ih ]jZnbdZf� ijb\_^_gguf gZ jbk� 3 \ - ^� beb

ih nhjfmeZf� 
 

*,40 ijb 
*4

1)(
2

33 Lx
L

x
HfHxh II ≤≤

















−==  ��Z� 
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,0 ijb 16,1**)( 33 II
IIII

IIII Lx
L

x

L

x
LHfLHxh <<





−+=+=  ��[� 

 

*,0 ijb 
*/2

*/1
**)( Lx

Lx

Lx
LfLxh IIIIII ≤≤

+
−==  ��\� 

 
]^_ o - jZkklhygb_ \^hev gZijZ\e_gby \_ljZ hl jZkq_lghc lhqdb ^h kl_gu a^Zgby� ?keb

\_ljh\u_ l_gb a^Zgbc� dhlhju_ g_h[oh^bfh mq_klv \ jZkq_lZo� i_j_k_dZxlky� lh h[jZam_lky

h[t_^bg_ggZy l_gv� dhgnb]mjZpby dhlhjhc hij_^_ey_lky kh]eZkgh i� 9.1Ijbeh`_gby 2. 
 
Ijbf_qZgby. 
1 < hl^_evguo kemqZyo \hafh`_g [he__ ^_lZevguc mq_l \aZbfh^_ckl\by \_ljh\uo l_g_c k

bkihevah\Zgb_f j_dhf_g^Zpbc i� 9Ijbeh`_gby 2.  
�� ?keb \ukhlZ \_ljh\uo l_g_c H\ �\ ahgZo I, II, III) hdZ`_lky f_g__ 2f� lh ijbgbfZ_lky H\ 

 � f� 
 
1.6. < h[s_f kemqZ_ ijb gZebqbb aZkljhcdb fZdkbfZevgh_ agZq_gb_ ijba_fghc

dhgp_gljZpbb
f

k̂ hij_^_ey_lky q_j_a fZdkbfZevgmx dhgp_gljZpbx
f

k � ihemq_ggmx [_a mq_lZ

\ebygby aZkljhcdb �kf� i� 1.2Ijbeh`_gby 2),ih nhjfme_ 
 

,ˆˆ
fff

kk η=  (5)  

 
]^_

f
η̂  - ihijZ\dZ� mqblu\ZxsZy \ebygb_ aZkljhcdb� Dhgp_gljZpby

f
k̂ ^hklb]Z_lky gZ

jZkklhygbb
f

x hl bklhqgbdZ ijb hiZkghc kdhjhklb \_ljZ
f

û b hiZkghf gZijZ\e_gbb \_ljZ� 

1.7.>ey \ukhdbo bklhqgbdh\ mq_l \ebygby aZkljhcdb ijhba\h^blky ih ko_f_� baeh`_gghc
\ jZa^_eZo 2 - 9 ^Zggh]h Ijbeh`_gby� ih kh]eZkh\Zgbx k hj]ZgZfb =hkdhf]b^jhf_lZ \

hl^_evguo kemqZyo �gZijbf_j� ijb jZaf_s_gbb bklhqgbdh\ \[ebab a^Zgby \ukhlZ dhlhjh]h

ij_\urZ_l \ukhlm bklhqgbdh\��  
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Jbk� 3 
 

 
2.JZkq_l fZdkbfZevguo dhgp_gljZpbc hl h^bghqgh]h 

lhq_qgh]h bklhqgbdZ \ kemqZ_ h^gh]h a^Zgby 
 

2.1.Ihjy^hd hij_^_e_gby
f

k̂ mklZgZ\eb\Z_lky \ aZ\bkbfhklb hl jZkiheh`_gby bklhqgbdZ

hlghkbl_evgh a^Zgby� Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ \ ahgZo \hafh`gh]h h[jZah\Zgby

ih^\_lj_gghc l_gb ijb i_ji_g^bdmeyjghf d kl_g_ a^Zgby gZijZ\e_gbb \_ljZ �kf�� gZijbf_j�

jbk� 4Z), 
f

k̂ hij_^_ey_lky \ khhl\_lkl\bb k i� 2.2 Ijbeh`_gby 2. Ijb jZaf_s_gbb hkgh\Zgby

bklhqgbdZ \ ahgZo� ]^_ \_ljh\u_ l_gb h[jZamxlky lhevdh ijb gZijZ\e_gbb \_ljZ� khklZ\eyxs_f

hkljuc m]he k ghjfZevx d h^ghc ba kl_g a^Zgby �kf� gZijbf_j� jbk� 4[��
f

k̂ hij_^_ey_lky \

khhl\_lkl\bb k i� 2.3 Ijbeh`_gby 2. ?keb hkgh\Zgb_ bklhqgbdZ jZkiheZ]Z_lky \g_ ahg

\hafh`gh]h h[jZah\Zgby \_ljh\hc l_gb gZ m^Ze_gbb ^h 1.5L* hl bo ]jZgbpu x\ �jbk� 4 \, ]�� lh
jZkq_l

f
k̂ ijhba\h^blky \ khhl\_lkl\bb k i� 2.4 Ijbeh`_gby 2. < hklZevguo kemqZyo jZkq_l

fZdkbfZevguo dhgp_gljZpbc ijhba\h^blky [_a mq_lZ \ebygby a^Zgbc� l� _� .ˆ
ff

kk =  

2.2. Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ \ ahgZo \hafh`gh]h h[jZah\Zgby \_ljh\uo

l_g_c ijb i_ji_g^bdmeyjghf d kl_g_ a^Zgby gZijZ\e_gbb \_ljZ �jbk� 4Z� fZdkbfZevgZy

ijba_fgZy dhgp_gljZpby ^hklb]Z_lky ijb hiZkghf gZijZ\e_gbb \_ljZ� khhl\_lkl\mxs_f

i_j_ghkm \ha^moZ ih i_ji_g^bdmeyjm hl a^Zgby d bklhqgbdm� < wlhf kemqZ_  
 

f
η̂ = ),1(11 ff

s ξ−+ξϑ  (6) 

 
]^_ 
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.~
31 sr η=ϑ  (7) 

 
Dhwnnbpb_glu \ nhjfmeZo (6) b (7) y\eyxlky [_ajZaf_jgufb� Dhwnnbpb_gl 3r  

hibku\Z_l \ebygb_ jZaebqby \ hiZkguo kdhjhklyo \_ljZ ijb gZebqbb a^Zgby �
f

û � b ijb _]h

hlkmlkl\bb �
f

u �� dhwnnbpb_gl η~  - baf_g_gb_ kljmdlmju \ha^mrgh]h ihlhdZ ijb gZebqbb

aZkljhcdb� dhwnnbpb_glu s b
f

ξ  - \ebygb_ lmj[me_glghc ^bnnmabb \gmljb l_gb b dhe_[Zgbc

gZijZ\e_gby \_ljZ� Dhwnnbpb_gl 1s bf__l lhl `_ kfuke� qlh b \ khhl\_lkl\mxsbo nhjfmeZo

jZa^_eZ ��  
 

 

 
 

Jbk� 4 
 

 
 

Jbk� 5 
 

 
>ey hij_^_e_gby dhwnnbpb_glZ 3r ij_^\Zjbl_evgh \uqbkey_lky hiZkgZy kdhjhklv \_ljZ

f
û ih nhjfmeZf �����Z) - (2.17\�� Ijb wlhf _keb \ukhlZ bklhqgbdZ G f_gvr_ \ukhlu ahgu

\_ljh\hc l_gb G\ \ lhqd_ jZkiheh`_gby bklhqgbdZ� l� _� G < G\ �jbk� 5Z�� lh jZkq_l \oh^ysbo \

mdZaZggu_ nhjfmeu agZq_gbc vf b f ijhba\h^blky ijb aZf_g_ \ukhlu bklhqgbdZ G gZ \ukhlm

ahgu l_gb G
\. >Ze__ dhwnnbpb_gl 3r hij_^_ey_lky \ aZ\bkbfhklb hl

ff
uu /ˆ ih ]jZnbdm�

ijb\_^_gghfm gZ jbk� 6,beb ih nhjfmeZf 
 

,1
ˆ

  ijb 
ˆ

34,1
ˆ

67,1
ˆ

67,0
32

3 ≤





−





+





=

f

f

f

f

f

f

f

f

u

u

u

u

u

u

u

u
r  ��Z� 

 

.1
ˆ

  ijb  
2/ˆ)/ˆ(2

/ˆ3
23 >

+−
=

f

f

ffff

ff

u

u

uuuu

uu
r  ��[� 
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Jbk� 6 
 

?keb G > G\ �jbk� 5[�� lh .1 b ˆ 3 == ruu
ff

 

Ijb G > G\ dhwnnbpb_gl η~ hij_^_ey_lky ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 7, beb ih

nhjfme_ \ aZ\bkbfhklb hl hlghr_gby G/G\. Ijb G < G\ ijbgbfZ_lky agZq_gb_ η~ , 

khhl\_lkl\mxs__ G = G\. 
 

 
 

Jbk� 7 
 

?keb 
 
η~ < 1,4, (10) 

 
lh ijb jZkq_lZo ijbgbfZ_lky� 
 

.ˆ  ,ˆ  ,ˆ  ,1~
fffffff

xxuukk ====η  (11) 

 
Dhwnnbpb_gl 5 \ (7) hij_^_ey_lky ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 8,beb ih nhjfmeZf� 
 

;10 ijb 26,0 1
2
1

3
1

4
1 <≤+−= tttts  (12Z� 

 

;81 ijb 
357,0

64

2,62
1

1
2
1

≤≤−
+

= t
tt

s  ���[� 

 

[ ] ;508 ijb  
04,3

)63,3(

)92,4(51,0

09,2)1(62,1

7,14)1(
1

1
2

11

2
1

111

11 ≤<+
−
−

+
+−

+−
= t

ttt

t

ttt

tt
s  ���\� 

 

50 ijb  
10

93,4
1

1

>
+

= t
t

s  ���]� 
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\ aZ\bkbfhklb hl Zj]mf_glZ 
 

,
1,1

~

3
1

f

I

xp

L
t

η
=  (13) 

 

 
 

Jbk� � 
 
]^_ ijb G < G\ dhwnnbpb_gl 3p mklZgZ\eb\Z_lky \ aZ\bkbfhklb hl hlghr_gby

ff
uu /ˆ ih

]jZnbdm� ijb\_^_gghfm gZ jbk� 6,beb ih nhjfmeZf� 
 

;25,0
ˆ

 ijb 33 ≤=
f

f

u

u
p  ���Z� 

 

;1
ˆ

0,25 ijb 1
ˆ

143,8
5

3 ≤<+





−=

f

f

f

f

u

u

u

u
p  ���[� 

 

,1
ˆ

 ijb 68,0
ˆ

32,03 >+==
f

f

f

f

u

u

u

u
p  ���\� 
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Z ijb G > G\ ijbgbfZ_lky 3p  = 1. ?keb ijb wlhf ,11 ≤ϑ ]^_ 1ϑ hij_^_ey_lky ih

nhjfme_ (7), lh ijbgbfZxlky khhlghr_gby (11). 
>ey gbadbo bklhqgbdh\ �l� _� ijb G < �� f�� dhwnnbpb_gl s \ (7) aZf_gy_lky gZ sL, ]^_ sL 

hij_^_ey_lky ih nhjfmeZf� 
 

f� 2 b 1 ijb 1 1 ≤≤= HtsL   

 
 

f� 012 b 1 ijb )2(125,0)10(125,0 1 <<≤−+−= HtsHHsL  

 (15) 

f� 2 b 1 ijb
4,0

1
1

≤>+= Ht
t

ssL  

 

f� 102 b 1 ijb 
)10(05,0

1
1

<<>−+= Ht
t

H
ssL   

 
>ey hij_^_e_gby

f
ξ ij_^\Zjbl_evgh ih jbk� 9 beb ih nhjfmeZf� 

 

,tttt
d

1 ijb 2733645,136 2
2

3
2

4
2 ≤+−+=ϕ  ���Z� 

 

1 ijb 
02,01

28
18 23

2

>
+

+=ϕ t
t

d
 ���[� 

 
gZoh^blky \kihfh]Zl_evguc m]he

d
ϕ �\ ]jZ^mkZo� \ aZ\bkbfhklb hl hlghr_gby 

 

.2
^

r

L

L
t =  (17) 

 
;_ajZaf_jguc dhwnnbpb_gl

f
ξ hij_^_ey_lky ih jbk� 10beb ih nhjfme_ 

 

44
3

102
3

5
3

3 )102,9105,2109,21(

1
1

ttt
f −−− ⋅+⋅+⋅+

−=ξ  (18) 
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Jbk� 10 
 
\ aZ\bkbfhklb hl Zj]mf_glZ t3: 
 

f�k� 5ˆ ijb ˆ3 ≤ϕ=
ffd

uut   ���Z� 

 
f�k� 5ˆ ijb 24,23 >ϕ=

fd
ut  (19[) 

 
?keb agZq_gb_

f
ξ m^h\e_l\hjy_l g_jZ\_gkl\m 

 
,05,0≤ξ

f
 (20) 

 
lh ijbgbfZxlky khhlghr_gby (11). 
Ijb 1/ ≥

\
HH ijbgbfZ_lky 

 
.11 =s  (21) 

 
Ijb 1/ <

\
HH dhwnnbpb_gl shij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby 

 

.
3 f

\

xj

x
=ξ  (22) 

 
?keb ,1≥ξ lh dhwnnbpb_gl s1 gZoh^blky ih nhjfme_ (21), Z ijb 1<ξ  dhwnnbpb_gl s1 

gZoh^blky ih jbk� 11 \ aZ\bkbfhklb hl hlghr_gby
f

\

xj

x

3

=ξ beb ih nhjfme_ �����Z�� 

JZkklhygb_
f

x̂ hl bklhqgbdZ ^h lhqdb� \ dhlhjhc ^hklb]Z_lky fZdkbfmf ijba_fghc

dhgp_gljZpbb
f

k̂ � \ kemqZ_ 1≥ξ hij_^_ey_lky ih nhjfme_ 

 
,ˆ 3 ff

xjx =  (23) 

 
Z \ kemqZ_ 1<ξ ih nhjfmeZf 

 
,1/ ijb ˆ ≤=

\\f
HHxx  ���Z� 

 

.1/ ijb 
)1(1

)1(1
ˆ

1

1 >
−ϑξ+
−ξϑξ+

=
\f

f

f

f
HHxx  ���[� 
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Jbk� �� 
 
Ijbf_qZgb_.  
?keb jZkkqblZggh_ agZq_gb_

f
η~ m^h\e_l\hjy_l mkeh\bx 

 
,1~ ≤η

f
 (25)  

 
lh ijbgbfZ_lky khhlghr_gb_ (11). 
 
2.3. < l_o kemqZyo� dh]^Z hkgh\Zgb_ bklhqgbdZ gZoh^blky \ ahgZo� ]^_ h[jZah\Zgb_

ih^\_lj_gghc l_gb \hafh`gh lhevdh ijb gZijZ\e_gbb \_ljZ� hlebqghf hl gZijZ\e_gby

ghjfZe_c d kl_gZf a^Zgby �kf� jbk� 4[�� fZdkbfZevgZy ijba_fgZy dhgp_gljZpby
f

k̂ ^hklb]Z_lky

ijb hiZkghf gZijZ\e_gbb \_ljZ� khhl\_lkl\mxs_f i_j_ghkm \ha^moZ d bklhqgbdm hl

[eb`Zcr_]h d g_fm m]eZ a^Zgby� JZkq_l
f

η~ ijhba\h^blky ijb wlhf ih nhjfmeZf i� 2.2 

Ijbeh`_gby 2 kh ke_^mxsbfb baf_g_gbyfb� 
>ey hij_^_e_gby lh]h� dZdZy ba klhjhg a^Zgby ijb mdZaZgghf gZijZ\e_gbb \_ljZ y\ey_lky

ih^\_lj_gghc� q_j_a p_glj a^Zgby �jbk� 12Z� ijh\h^blky ijyfZy� hjb_glbjh\ZggZy \^hev

gZijZ\e_gby \_ljZ� ?keb wlZ ijyfZy gZoh^blky \gmljb beb gZ ]jZgbpZo m]eZ� dhlhjuc h[jZah\Zg

^bZ]hgZeyfb� ijbfudZxsbfb d [he__ ^ebgghc klhjhg_ a^Zgby �gZijbf_j� d klhjhg_ KD gZ jbk� 
12Z�� lh ^ZggZy klhjhgZ jZkkfZljb\Z_lky dZd ih^\_lj_ggZy b __ ^ebgZ h[hagZqZ_lky Lr, Z ^ebgZ
kf_`ghc klhjhgu - L^� < ijhlb\ghf kemqZ_ ih^\_lj_gghc y\ey_lky [he__ dhjhldZy klhjhgZ

a^Zgby� Ihemq_ggh_ agZq_gb_ Lr bkihevam_lky ^ey hij_^_e_gby L* ih nhjfme_ (3) Ijbeh`_gby 
2; 

\_ebqbgZ
f

ξ \uqbkey_lky ba khhlghr_gbc� 

 
 , ijb )'''(5,0

d
ϕ≤γξ+ξ=ξ

f
 ���Z� 

 
, ijb )'''(5,0

d
ϕ>γξ+ξ=ξ

f
 (26[) 

 
]^_ γ  - iheh`bl_evguc hkljuc m]he �\ ]jZ^mkZo� f_`^m hiZkguf gZijZ\e_gb_f \_ljZ b

ghjfZevx d kl_g_ a^Zgby �jbk� 12Z�� A^_kv 'ξ gZoh^blky ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 10, 

beb ih nhjfme_ (18) dZd agZq_gb_
f

ξ � \uqbke_ggh_ ih Zj]mf_glm t3 �nhjfmeZ (19)) ijb aZf_g_

d
ϕ gZ γ+ϕ

d
� Z ''ξ \uqbkey_lky ZgZeh]bqguf h[jZahf ijb aZf_g_

d
ϕ gZ γ−ϕ

d
. 
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Jbk� 12 
 
2.4.>ey bklhqgbdh\� hkgh\Zgb_ dhlhjuo jZkiheh`_gh \g_ ahgu \hafh`gh]h h[jZah\Zgby

ih^\_lj_gghc l_gb �kf� jbk� 4 \, ]�� hiZkgh_ gZijZ\e_gb_ \_ljZ khhl\_lkl\m_l i_j_ghkm \ha^moZ

hl a^Zgby d bklhqgbdm ih ghjfZeb �jbk� 4 \� beb ih gZijZ\e_gbx hl [eb`Zcr_]h m]eZ a^Zgby

�jbk� 4 ]�� ?keb ijb wlhf jZkklhygbb hl bklhqgbdZ ^h ]jZgbpu \_ljh\hc l_gb o\ �jbk� 4 \� ]� 
m^h\e_l\hjy_l mkeh\bx *5,1 Lx

\
≤ �]^_ *L hij_^_ey_lky \ khhl\_lkl\bb k i� 2.3 Ijbeh`_gby 

2), lh 
 

),1ˆ(
*

5,1
ˆˆ −η−η=η

f\

\

f\f L

o

 (27) 

 

),ˆ(
*

5,1
ˆˆ

f\f

\

f\f
xo

L

o

xx −+=   (28) 

 
]^_

f\
η̂ b

f\
x̂ hij_^_ey_lky \ khhl\_lkl\bb k i� 2.2, 2.3Ijbeh`_gby 2 dZd agZq_gby

f
η̂ b

f
x̂ ^ey bklhqgbdZ� jZkiheh`_ggh]h gZ ]jZgbp_ ahgu \_ljh\hc l_gb �l� _� \ lhqd_ k dhhj^bgZlhc

\
o �� Ijb *5,1 Lx

\
> ijbgbfZ_lky

f
η̂ = 1. 

2.5.Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ gZ djur_ a^Zgby ijhba\h^blky jZkq_l
f

η̂ ^ey
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^\mo kemqZ_\� \ dhlhjuo gZijZ\e_gb_ \_ljZ kh\iZ^Z_l k gZijZ\e_gb_f ghjfZeb d ^\mf gZbf_g__

m^Ze_gguf hl bklhqgbdZ kl_gZf a^Zgby �jbk� 13 Z�� >Ze__� ba ihemq_gguo agZq_gbc \u[bjZ_lky

fZdkbfZevgh_� Z khhl\_lkl\mxs__ _fm gZijZ\e_gb_ \_ljZ ijbgbfZ_lky aZ hiZkgh_� 
JZkq_l

f
η̂ ^ey dZ`^h]h ba ^\mo mdZaZgguo gZijZ\e_gbc \_ljZ ijhba\h^blky ih nhjfmeZf

i� 2.2Ijbeh`_gby 2 kh ke_^mxsbfb baf_g_gbyfb� 
\ukhlZ ahgu \_ljh\hc l_gb aZf_gy_lky gZ \ukhlm a^Zgby 
 

;
a\

GG =  (29) 

 
ijbgbfZ_lky hiZkgZy kdhjhklv \_ljZ spruu

ff
 ;1 ;ˆ 33 ===  \ nhjfme_ (7) aZf_gy_lky gZ

dhwnnbpb_gl s~ � hij_^_ey_fuc ih nhjfmeZf 
 

*,2 ijb ~ LLss
^

<=  ���Z� 

 

.*2 ijb ~ LL
xx

sxsx
s

^

g\

gg\\ ≥
−
−

=  ���[� 

 
A^_kv og b o\ - jZkklhygby hl bklhqgbdZ ^h gZ\_lj_ggh]h b ih^\_lj_ggh]h djZ_\

ih^\_lj_gghc l_gb �jbk� 13 \�� Z sg b s\ - \uqbkeyxlky ih nhjfmeZf ���Z - 13]� beb ih ]jZnbdm�

ijb\_^_gghfm gZ jbk� 8, dZd agZq_gby s ijb agZq_gbyo Zj]mf_glZ t1� \uqbke_gguo ih nhjfme_ 
(13) ijb aZf_g_ LI gZ xg b x\ khhl\_lkl\_ggh� NhjfmeZ (30) bkihevam_lky lZd`_ b kemqZ_ gbadbo

bklhqgbdh\ ^ey hij_^_e_gby dhwnnbpb_glZ Ls~ � dhlhjuc ih^klZ\ey_lky \ (7) \f_klh Ls , 

\uqbke_ggh]h ih nhjfmeZf �13Z - 13]� �ijb wlhf \ ijZ\hc qZklb (30) dhwnnbpb_glu s, s\ b sg 
aZf_gyxlky gZ khhl\_lkl\mxsb_ agZq_gby Ls .). 

 
 

 
 

 
 

Jbk� 13 
 
Ijbf_qZgby. 
1� < hl^_evguo kemqZyo hiZkgh_ gZijZ\e_gb_ \_ljZ fh`_l [ulv mklZgh\e_gh ^h

ijh\_^_gby jZkq_lh\� LZd� gZijbf_j� _keb bklhqgbd jZkiheZ]Z_lky m [he__ ^ebggh]h djZy

djurb� lh hiZkguf y\ey_lky gZijZ\e_gb_ \_ljZ ih ghjfZeb d [eb`Zcr_c kl_g_ a^Zgby \

klhjhgm ih^\_lj_gghc l_gb �kf� jbk� 13[). 
2� ?keb agZq_gb_

f
x̂ � hij_^_ey_fh_ ih nhjfmeZf ���� - ����� hdZ`_lky khhl\_lkl\mxsbf

lhqd_ ih\_joghklb djurb� lh fZdkbfmf ijba_fghc dhgp_gljZpbb ^hklb]Z_lky g_ihkj_^kl\_ggh

\[ebab ih^\_lj_gghc kl_gu a^Zgby� < lZdhf kemqZ_ \ nhjfme_ ��� Ijbeh`_gby 2 agZq_gb_ s1 
hij_^_ey_lky ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 2.4� beb ih nhjfmeZf (2.23� \ aZ\bkbfhklb hl

Zj]mf_glZ
f\

xx / b ijbgbfZ_lky
ff

xx =ˆ �jbk� 13\). 
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3.JZkq_l jZkij_^_e_gby dhgp_gljZpbb hl h^bghqgh]h lhq_qgh]h  
bklhqgbdZ ijb ijhba\hevguo kdhjhklyo b gZijZ\e_gbyo \_ljZ 

 
3.1. JZkq_l jZkij_^_e_gby dhgp_gljZpbb hl lhq_qgh]h bklhqgbdZ k mq_lhf \ebygby

aZkljhcdb ijb aZ^Zgguo kdhjhklb b gZijZ\e_gbb \_ljZ \uihegy_lky ^ey h]jZgbq_gguo mqZkldh\

ijhfiehsZ^db ijb j_r_gbb hl^_evguo \hijhkh\� lZdbo� dZd jZaf_s_gb_ \ha^mohaZ[hjh\� Z

lZd`_ dZd khklZ\gZy qZklv jZkq_lZ aZ]jyag_gby \ha^moZ gZ ijhfiehsZ^d_ hl kh\hdmighklb

[hevrh]h qbkeZ bklhqgbdh\ �kf� i� 6Ijbeh`_gby 2). 
>h ijh\_^_gby jZkq_lh\ gZ ieZg_ f_klghklb q_j_a bklhqgbd ijh\h^blky ijyfZy ebgby�

hjb_glbjh\ZggZy \^hev \_ljZ �kf� jbk� 12Z�� ?keb wlZ ebgby g_ i_j_k_dZ_l hkgh\Zgb_ a^Zgby� lh
jZkq_l jZkij_^_e_gby ijba_fguo dhgp_gljZpbc ijhba\h^blky ih nhjfmeZf jZa^_eZ 2 [_a mq_lZ

\ebygby a^Zgby� < kemqZ_ i_j_k_q_gby a^Zgby ebgb_c gZ ieZg_ �jbk� 12Z� mqblu\Z_lky \ebygb_
aZkljhcdb� Ijb wlhf hij_^_ey_lky ^ebgZ ih^\_lj_gghc klhjhgu a^Zgby \ khhl\_lkl\bb k i� 2.3 
Ijbeh`_gby 2. 

Ijba_fgZy dhgp_gljZpby ijb ijhba\hevguo agZq_gbyo kdhjhklb b gZijZ\e_gby \_ljZ

jZkkqblu\Z_lky ih nhjfme_ 
 

,ˆˆ η= rcc
f

 (31) 

 
]^_ dhgp_gljZpby

f
c jZkkqblu\Z_lky \ khhl\_lkl\bb k i� 1.2 Ijbeh`_gby 2, Z

dhwnnbpb_gl r hij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby
f

uu ˆ/ ih ]jZnbdm ^ey r3, 

ijb\_^_gghfm gZ jbk� 6.HiZkgZy kdhjhklv \_ljZ
f

û k mq_lhf \ebygby aZkljhcdb hij_^_ey_lky \

khhl\_lkl\bb k i� 2.2 - 2.5Ijbeh`_gby 2. 
Ko_fZ jZkq_lZ dhwnnbpb_glZ η̂ \u[bjZ_lky \ aZ\bkbfhklb hl lh]h� gZoh^blky eb mklv_

bklhqgbdZ \ ih^\_lj_gghc beb gZ\_lj_gghc l_gb� jZkiheh`_g eb bklhqgbd gZ djur_ a^Zgby� gZ^

ahgZfb \_ljh\hc l_gb� k gZ\_lj_gghc beb ih^\_lj_gghc klhjhgu hl mdZaZgguo ahg� 
Ihkljh_gb_ ]jZgbp ahg \_ljh\hc l_gb hkms_kl\ey_lky \ khhl\_lkl\bb k i� 1.5 

Ijbeh`_gby 2.Ijb wlhf kljhblky k_q_gb_ a^Zgby \_jlbdZevghc iehkdhklvx� ijhoh^ys_c q_j_a

bklhqgbd b hjb_glbjh\Zgghc \^hev gZijZ\e_gby \_ljZ �kf� jbk� 12Z), b \ khhl\_lkl\bb k i� 1.5 
Ijbeh`_gby 2 hij_^_eyxlky ]jZgbpu gZ\_lj_gghc b ih^\_lj_gghc ahg \_ljh\hc l_gb� 

 
Ijbf_qZgb_. 
< ij_^_eZo ahg \_ljh\hc l_gb dhgp_gljZpby ijbf_kb hlebqZ_lky hl gmey g_ lhevdh k

ih^\_lj_gghc klhjhgu� gh b k gZ\_lj_gghc klhjhgu hl bklhqgbdZ b hij_^_ey_lky ijb\h^bfufb

gb`_ nhjfmeZfb� 
3.2.Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ \ ahg_ ih^\_lj_gghc l_gb �jbk� 12[) agZq_gb_

η̂ \ lhqd_� jZkiheh`_gghc gZ jZkklhygbb o hl bklhqgbdZ \^hev hkb nZd_eZ b gZ m^Ze_gbb m hl

wlhc hkb� hij_^_ey_lky ih nhjfme_ 
 

'.)1(ˆ 21 sss ξ+ξ−=η  (32) 

 
Dhwnnbpb_gl ξ � aZ\bkysbc hl kdhjhklb \_ljZ u b iheh`bl_evgh]h hkljh]h m]eZ γ f_`^m

gZijZ\e_gb_f \_ljZ b ghjfZevx d ih^\_lj_gghc kl_g_ a^Zgby �jbk� ��Z�� hij_^_ey_lky ih lhc `_

nhjfme_ (26), qlh b
f

ξ � ijbq_f agZq_gb_ t3 \uqbkey_lky ih nhjfme_ (19) k aZf_ghc
f

û gZ b� 

Ijb wlhf� dZd b jZg__�
d

ϕ hij_^_ey_lky ih jbk� 9 beb ih nhjfmeZf ���Z�� (16[). 

Dhwnnbpb_gl s1 gZoh^blky ih nhjfmeZf �����Z� - �����]� beb ]jZnbdZf� ijb\_^_gguf gZ

jbk� 2.4 Z - \� \ aZ\bkbfhklb hl hlghr_gby
f

pxx / . A^_kv [_ajZaf_jguc dhwnnbpb_gl j 

hij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby 
f

uu / ih nhjfmeZf (2.21Z� - �����\� beb ih ]jZnbdm�

ijb\_^_gghfm gZ jbk� 2.3. 
Dhwnnbpb_gl s2 gZoh^blky ih nhjfme_ (2.27)beb ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 2.6,\

aZ\bkbfhklb hl hlghr_gbc 
 

f�k� 5 ijb 
2

2

≤= u
x

uy
t y  ���Z� 
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f�k� 5 ijb 
5

2

2

>= u
x

y
t y  (33[) 

 
Dhwnnbpb_gl s
 gZoh^blky ih nhjfmeZf 
 

,xxss
\

<ϑ=  ijb ~' 21  ���Z� 

 
,' ijb '')''1(~' 2121 Lxxssssss

\
≤<+−ϑ=  ���[� 

 
'. ijb ' 21 Lxsss >=  ���\� 

 
A^_kv 
 

;5 ijb '
f\\f

pxHxpxL ≤+=  ���Z� 

 
;5 ijb 5'

f\\\\
pxHxGxL >++=  ���[� 

 

;5 ijb 
2

)(2
''

f\\

\f

\ pxHx
xxpx

xx
s ≤+

−+
−

=  ���Z� 

 

.5 ijb 
)(6,02

''
f\\

\\

\ pxHx
xxH

xx
s >+

−+
−

=  ���[� 

 
Dhwnnbpb_gl 1ϑ \uqbkey_lky ih nhjfme_ (7)� ijbq_f \_ebqbgu 3 b ,~ rsη hij_^_eyxlky

kh]eZkgh i� 2.2Ijbeh`_gby 2. ?keb 1ϑ  < 1, lh ijbgbfZ_lky 1ϑ  �� Dhwnnbpb_gl s1 \ nhjfme_ 

(34[) \uqbkey_lky ijb agZq_gbb '.Lx = Dhwnnbpb_gl 2
~s ijb

\
xx ≤ �l� _� \gmljb ahgu

ih^\_lj_gghc l_gb �kf� jbk� 12[�� \uqbkey_lky ih nhjfmeZf 
 

,2/*2/* ijb 1~
2 Ly-Ls ≤≤=  ���Z� 

 

.2/* ijb 0~
2 Lys >=  (376) 

 
Ijb

\
xx > dhwnnbpb_gl 2

~s gZoh^blky ih nhjfme_ (2.27)beb ih ]jZnbdm� ijb\_^_gghfm

gZ jbk� 2.6,dZd agZq_gb_ 2s , khhl\_lkl\mxs__ Zj]mf_glm 

 

f�k� 5 ijb 
)*24,2( 2

2

≤
+−

= u
uLxx

uy
t

\

y  

 (38) 

f�k� 5 ijb 
*)5(

5
2

2

>
+−

= u
Lxx

y
t

\

y  

 
3.3. Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ \ ahg_ ih^ihjZ �gZ\_lj_gghc l_gb� �kf� jbk�

12Z� dhwnnbpb_gl η~ lZd`_ jZkkqblu\Z_lky ih nhjfme_ (32). Ijb wlhf \_ebqbgu 21  b ,~, ssηξ  

hij_^_eyxlky \ khhl\_lkl\bb k i� 3.2Ijbeh`_gby 2. 
Dhwnnbpb_gl s
 gZoh^blky ih nhjfmeZf� 
 

, ijb ~' 21 g
xxss <ϑ=  ���Z� 

 

, ijb ~~
' 21 \g

xxxss ≤<ϑ=  ���[� 



 58 

 

,' ijb '')''1(~~
' 2121 Lxxssssss

\
≤<+−ϑ=  ���\� 

 
,'  ijb ' 21 Lxsss >=  ���]� 

 

]^_ 1ϑ \uqbkey_lky ih nhjfme_ (7), Z 1
~ϑ  - ih ZgZeh]bqghc nhjfme_ k aZf_ghc sgZ s~ : 

 

,~~~
31 sr η=ϑ  (40)  

 
ijbq_f 
 

dg

dd\\

xx

sxsx
s

−
−

=~ . (41) 

 
< kemqZ_ gbadbo bklhqgbdh\ \f_klh ss ~ b bkihevamxlky agZq_gby LL ss ~ b � A^_kv

dg
xx  b  

- dhhj^bgZlu gZqZeZ b dhgpZ a^Zgby hlghkbl_evgh bklhqgbdZ� Z
\

x  - dhhj^bgZlZ ih^\_lj_ggh]h

djZy ih^\_lj_gghc l_gb hlghkbl_evgh bklhqgbdZ �jbk� 12\). 
Dhwnnbpb_glu 

d\
ss  b \uqbkeyxlky ih nhjfmeZf ���Z� - ���]� beb ih ]jZnbdm�

ijb\_^_gghfm gZ jbk� 8, dZd agZq_gby s, khhl\_lkl\mxsb_ Zj]mf_glm t1� hij_^_e_gghfm ih

nhjfme_ (13) ijb aZf_g_ LI gZ
d\

xx  b khhl\_lkl\_ggh� >ey gbadbo bklhqgbdh\ ijb wlhf

bkihevam_lky nhjfmeZ (15). 
Dhwnnbpb_gl r3 hij_^_ey_lky kihkh[hf� baeh`_gguf \ i� 2.2 Ijbeh`_gby 2. 
Dhwnnbpb_gl s, \oh^ysbc \ 1ϑ \ (39), hij_^_ey_lky ih nhjfmeZf ���\� - ���]� beb ih

]jZnbdm� ijb\_^_gghfm gZ jbk� 8, \ aZ\bkbfhklb hl hlghr_gby t1� \uqbke_ggh]h ih nhjfme_ (13) 
k aZf_ghc LI gZ LIII , ]^_ LIII  - ^ebgZ gZ\_lj_gghc ahgu \_ljh\hc l_gb �kf� i� 1.5Ijbeh`_gby 2). 
Dhwnnbpb_gl sL hij_^_ey_lky ZgZeh]bqgh ih nhjfme_ (15). Dhwnnbpb_gl s1� \ nhjfme_ ���\��

\uqbkey_lky ijb agZq_gbb x = L'. 
?keb 1ϑ  < 1, lh ijbgbfZ_lky 1ϑ = 1.Ijb wlhf \uqbke_gb_ iZjZf_ljZ t1, ih nhjfme_ (13) 

ijhba\h^blky k bkihevah\Zgb_f agZq_gby p3� hij_^_ey_fh]h ih ]jZnbdm� ijb\_^_gghfm gZ jbk� 
14,beb ih nhjfmeZf 

 
,1~ ijb 13 ≤η= sp  ���Z� 

 

,35,4~1 ijb )~
08,0

~
875,0

956,0(43,81
223 <η<

η
−

η
−+= s

ss
p  ���[� 

 
.35,4~ ijb 33 >η= sp  ���\� 

 
<_ebqbgZ L' b dhwnnbpb_glu 2

~ b '' ss \uqbkeyxlky ih nhjfmeZf (35) - (37).  
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Jbk� �� 
 
���� Ijb jZkiheh`_gbb bklhqgbdZ gZ djur_ a^Zgby �jbk� ��_� \_ebqbgZ η̂ lZd`_

jZkkqblu\Z_lky ih nhjfme_ ����� Ijb wlhf \_ebqbgu 21  b , ssξ hij_^_eyxlky \ khhl\_lkl\bb k

i� 3.2Ijbeh`_gby 2.Dhwnnbpb_gl s
 gZoh^blky ih nhjfmeZf� 
 

,xxss
\

<ϑ=  ijb ~' 21  ���Z� 

 
,' ijb '')''1(~' 2121 Lxxssssss

\
≤≤+−ϑ=  ���[� 

 
'. ijb ' 21 Lxsss >=  ���\� 

 
]^_ 1ϑ \uqbkey_lky ih nhjfme_ (40). Ijb wlhf dhwnnbpb_glu rs  b ~,~η hij_^_eyxlky

kh]eZkgh i� ��� Ijbeh`_gby �� Dhwnnbpb_gl s1 \ nhjfme_ ���[� \uqbkey_lky ijb agZq_gbb x = 
L'. 

���� ?keb hkgh\Zgb_ bklhqgbdZ jZaf_sZ_lky k ih^\_lj_gghc klhjhgu hl \_ljh\hc l_gb�

ijbq_f *5,1 Lx
\

≤ �jbk� 12]), lh \_ebqbgZ η̂ hij_^_ey_lky ih nhjfme_ 

 

.)1ˆ(
*3

2
ˆˆ 21ss

L

x
f\

\

f\ 



 −η−η=η  (44) 

 
A^_kv

f\
η̂ hij_^_ey_lky kh]eZkgh i� 2.4Ijbeh`_gby 2 k aZf_ghc

f
ξ gZ dhwnnbpb_gl ξ , 

\uqbke_gguc kh]eZkgh i� 3.2 Ijbeh`_gby 2. Ijb *5,1 Lx
\

> \_ebqbgZ η̂ hij_^_ey_lky ih

nhjfme_ 
 

.ˆ 21ss=η  (45) 
 
3.6.Ijb jZaf_s_gbb bklhqgbdZ k gZ\_lj_gghc klhjhgu hl \_ljh\hc l_gb gZ jZkklhygbb

*5,1 Lx
f

≤ �jbk� ��^) jZkq_l lZd`_ ijhba\h^blky ih nhjfme_ (43).Ijb wlhf ^ey mqZkldh\ hkb

nZd_eZ� ijboh^ysboky gZ gZ\_lj_ggmx b ih^\_lj_ggmx ahgu l_gb� dhwnnbpb_gl s1 aZf_gy_lky

khhl\_lkl\_ggh gZ 11 )1(~ b )1(~ ssss
\a ξ−+ξξ−+ξ � <_ebqbgZ as~ \uqbkey_lky ih nhjfme_ (41)k

bkihevah\Zgb_f \ dZq_kl\_ xd b x\ khhl\_lkl\_ggh dhhj^bgZl gZqZeZ b dhgpZ gZ\_lj_gghc l_gb

hlghkbl_evgh bklhqgbdZ �jbk� ��^�� <_ebqbgZ
\

s~ lZd`_ \uqbkey_lky ih nhjfme_ (41) k

bkihevah\Zgb_f dhhj^bgZl gZqZeZ b dhgpZ ahgu ih^\_lj_gghc l_gb hlghkbl_evgh bklhqgbdZ� 
Ijb *5,1 Lx

g
> jZkq_l η̂ \uihegy_lky ih nhjfme_ (45), ijbq_f ^ey mqZkldh\ nZd_eZ�

ijboh^ysboky gZ gZ\_lj_ggmx b ih^\_lj_ggmx ahgu l_gb� lZd`_ ijhba\h^blky aZf_gZ

dhwnnbpb_glZ s1 gZ 11 )1(~ b )1(~ ssss
\a ξ−+ξξ−+ξ khhl\_lkl\_ggh� 

 
 

4.JZkq_l dhgp_gljZpbb hl h^bghqgh]h lhq_qgh]h bklhqgbdZ  
\ kemqZ_ ^\mo a^Zgbc 

 
4.1. Ijb hij_^_e_gbb fZdkbfZevgh]h agZq_gby ijba_fghc dhgp_gljZpbb \ kemqZ_ ^\mo
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a^Zgbc kgZqZeZ ijhba\h^blky ij_^\Zjbl_evguc jZkq_l ^ey ^\mo gZijZ\e_gbc \_ljZ� dhlhju_

khhl\_lkl\mxl hiZkguf gZijZ\e_gbyf \_ljZ ^ey bklhqgbdZ ijb mq_l_ dZ`^h]h ba

jZkkfZljb\Z_fuo a^Zgbc � � b � � ih hl^_evghklb �jbk� 15Z). Ijb wlhf hij_^_eyxlky

\_ebqbgu 21 ˆ b ˆ
ff

cc b khhl\_lkl\mxsb_ bf m]eu 21  b 
dd

ϕϕ � >Ze__� gZ ieZg_ \uihegy_lky

^hihegbl_evgh_ ]jZnbq_kdh_ ihkljh_gb_� q_j_a bklhqgbd ijh\h^ylky ijyfu_� hjb_glbjh\Zggu_

\^hev ^\mo mdZaZgguo gZijZ\e_gbc \_ljZ� hl dhlhjuo hldeZ^u\Zxlky m]eu 21  b 
dd

ϕϕ  
khhl\_lkl\_ggh k \_jrbghc \ bklhqgbd_� 

?keb wlb m]eu g_ bf_xl h[s_c qZklb� lh
f

ĉ hij_^_ey_lky dZd gZb[hevr__ ba agZq_gbc

21 ˆ b ˆ
ff

cc � < ijhlb\ghf kemqZ_ ijh\h^blky lZd`_ jZkq_l 43 ˆ b ˆ
ff

cc ^ey ^jm]bo

ijhlb\hiheh`guo gZijZ\e_gbc \_ljZ \^hev [bkk_dljbku �< m]eZ :HK� y\eyxs_]hky h[s_c

qZklvx i_j\hgZqZevgh ihkljh_gguo m]eh\� 
>ey gZijZ\e_gbc \_ljZ� ijb dhlhjuo hkv nZd_eZ beb __ ijh^he`_gb_ ijhoh^bl q_j_a h[Z

a^Zgby� kljhylky hl^_evgu_ beb� \ kemqZ_ g_h[oh^bfhklb� h[t_^bg_ggu_ ahgu \_ljh\hc l_gb \

khhl\_lkl\bb k j_dhf_g^Zpbyfb i� 1.5 Ijbeh`_gby 2 �jbk� 15[). GZijZ\e_gby \_ljZ� ijb

dhlhjuo h^gh ba a^Zgbc hdZau\Z_lky iheghklvx aZlhie_gguf �l� _� ]jZgbpZ _]h \_ljh\uo l_g_c

g_ dZkZ_lky ]jZgbpu h[t_^bg_gghc \_ljh\hc l_gb�� ijb jZkq_lZo 43 ˆ b ˆ
ff

cc g_ bkihevamxlky�

<_ebqbgu
fMĉ  (j = 1, 2, 3, 4)hij_^_eyxlky kh]eZkgh i. 1.2 k bkihevah\Zgb_f \ jZkq_lZo \

dZq_kl\_ G\ \ukhlu h[t_^bg_gghc \_ljh\hc l_gb� < kemqZyo j  � b j  � m]he
d

ϕ ijbgbfZ_lky

jZ\guf khhl\_lkl\_ggh 21  b 
dd

ϕϕ � Z \ kemqZyo j  � b j  � \_ebqbgZ
d

ϕ hij_^_ey_lky ih

nhjfme_ 
 

d
ϕ = ). (5,0 21 dd

ϕ+ϕ  (46) 
 
?keb bklhqgbd g_ jZkiheh`_g f_`^m dhjimkZfb a^Zgbc �gZijbf_j� \ lhqd_ H1 gZ jbk� 

15[�� lh hiZkgu_ gZijZ\e_gby \_ljZ khhl\_lkl\mxl i_j_ghkm \ha^moZ hl a^Zgbc d bklhqgbdm� Z

jZkq_l fZdkbfZevguo ijba_fguo dhgp_gljZpbc hkms_kl\ey_lky ih nhjfmeZf i� 2.2 
Ijbeh`_gby 2.?keb bklhqgbd jZkiheh`_g f_`^m dhjimkZfb �gZijbf_j� \ lhqd_ H3 gZ jbk 15[), 
lh jZkq_l

f
ĉ lZd`_ hkms_kl\ey_lky ih nhjfmeZf i� 2.2 Ijbeh`_gby 2. Ijb wlhf \ kemqZ_

h[jZah\Zgby h[t_^bg_gghc ahgu \_ljh\hc l_gb �kf� i� 9 Ijbeh`_gby 2) \ nhjfme_ (13) \f_klh 
LI b \ nhjfmeZo (22) b (24 ) \f_klh o\ bkihevam_lky ijhly`_gghklv wlhc ahgu Ld� Dhwnnbpb_gl

η~ ^ey bklhqgbdZ� jZkiheh`_ggh]h \ f_`dhjimkghf ^\hj_� hij_^_ey_lky lZd `_� dZd b ^ey

bklhqgbdZ� jZkiheh`_ggh]h \ ih^\_lj_gghc l_gb� Ijb
\Id

HHLL <<  b ihemq_ggh_ agZq_gb_

η~ mfgh`Z_lky gZ hlghr_gb_

d\I

dI\

LGG/

G/LG

+
+

� ]^_ LI - hij_^_e_ggZy \ khhl\_lkl\bb k i� 1.5 

ijhly`_gghklv lhc ahgu \_ljh\hc l_gb� \ukhlZ dhlhjhc bkihevah\ZgZ ijb hij_^_e_gbb G\ �kf�

i� 1.5 Ijbeh`_gby 2). < h[s_f kemqZ_ \ dZq_kl\_
f

ĉ ijbgbfZ_lky gZb[hevr__ ba agZq_gbc

.ˆ b ˆ,ˆ,ˆ 4321 ffff
cccc  
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Jbk� 15 
 
Ijbf_qZgb_. 
Ijb jZ\_gkl\_ \ukhl \_ljh\uo l_g_c hl^_evguo a^Zgbc \ lhqd_ jZaf_s_gby bklhqgbdZ \

dZq_kl\_ LI \u[bjZ_lky gZb[hevrZy ba ijhly`_gghkl_c \_ljh\uo l_g_c wlbo a^Zgbc� 
 

 
 

Jbk� 16 
 

4.2. Ijb aZ^Zgguo kdhjhklb b gZijZ\e_gbb \_ljZ jZkq_l ijba_fguo dhgp_gljZpbc

ijhba\h^blky k bkihevah\Zgb_f ]jZnbq_kdh]h ihkljh_gby� GZ ieZg_ f_klghklb \u^_eyxlky

gZijZ\e_gby \_ljZ� khhl\_lkl\mxsb_ h^ghfm ba lj_o \hafh`guo kemqZ_\ �jbk� 16): 1) hkv
nZd_eZ i_j_k_dZ_l h^gh ba a^Zgbc �m]eu QOE b FORgZ jbk� 16); 2)hkv nZd_eZ g_ i_j_k_dZ_l gb
h^gh]h a^Zgby b 3) hkv nZd_eZ i_j_k_dZ_l h[Z a^Zgby� 

< i_j\hf b \lhjhf kemqZyo jZkq_l ijhba\h^blky \ khhl\_lkl\bb k i� 3 Ijbeh`_gby 2. <
ihke_^g_f kemqZ_ ^hihegbl_evgh ijh\h^blky hibkZggh_ \ i� 4.1 Ijbeh`_gby 2 �kf� jbk� (5Z) 
]jZnbq_kdh_ ihkljh_gb_ ^ey hiZkguo gZijZ\e_gbc \_ljZ� khhl\_lkl\mxsbo ghjfZeyf d kl_gZf

a^Zgbc� b kljhblky [bkk_dljbkZ m]eZ :HK��?keb hkv nZd_eZ g_ ihiZeZ \ m]he :HK� lh jZkq_l

ijba_fguo dhgp_gljZpbc ijhba\h^blky [_a mq_lZ \aZbfh^_ckl\by \_ljh\uo l_g_c a^Zgbc� <

lZdhf kemqZ_ ijb jZaf_s_gbb bklhqgbdZ \gmljb \_ljh\hc l_gb beb gZ djur_ h^gh]h ba a^Zgbc

\ebygb_ wlh]h a^Zgby mqblu\Z_lky \ khhl\_lkl\bb k j_dhf_g^Zpbyfb i� 3 Ijbeh`_gby 2. >ey
mqZkldh\ hkb nZd_eZ� ijboh^ysboky gZ \_ljh\u_ l_gb \lhjh]h a^Zgby� mq_l \ebygby wlh]h

\lhjh]h a^Zgby lZd`_ ijhba\h^blky \ khhl\_lkl\bb k i� 3Ijbeh`_gby 2. 
< kemqZ_� _keb hkgh\Zgb_ bklhqgbdZ gZoh^blky \g_ ahg \_ljh\uo l_g_c h[hbo a^Zgbc�

mq_l \ebygby wlbo a^Zgbc lZd`_ hkms_kl\ey_lky \ khhl\_lkl\bb k i� 3 Ijbeh`_gby 2 hl^_evgh

^ey dZ`^h]h a^Zgby� 
?keb hkv nZd_eZ ihiZeZ \ m]he :HK �jbk� 15Z�� lh jZkq_l ijba_fguo dhgp_gljZpbc

ijhba\h^blky k bkihevah\Zgb_f \ dZq_kl\_ G\ \ukhlu h[t_^bg_gghc ahgu \_ljh\hc l_gb�

hij_^_ey_fhc \ khhl\_lkl\bb k i� 1.5Ijbeh`_gby 2. Ijb wlhf \ dZq_kl\_ m]eZ γ bkihevam_lky
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iheh`bl_evguc hkljuc m]he f_`^m gZijZ\e_gb_f \_ljZ b [bkk_dljbkhc �< m]eZ :HK beb __

ijh^he`_gb_f� Z
d

ϕ hij_^_ey_lky ih nhjfme_ (46).Dhgp_gljZpbb \uqbkeyxlky ih nhjfmeZf 

i� � Ijbeh`_gby 2. ?keb bklhqgbd jZkiheh`_g \ ih^\_lj_gghc l_gb aZkljhcdb �gZijbf_j� \

lhqd_ H gZ jbk� 15[ ijb gZijZ\e_gbb \_ljZ ke_\Z gZijZ\h�� lh jZkq_l ijhba\h^blky ih nhjfmeZf 
i� ��� Ijbeh`_gby 2, ijbq_f \ukhlZ \_ljh\hc l_gb \ lhqd_ jZaf_s_gby bklhqgbdZ ijbgbfZ_lky

kh]eZkgh i� 9 Ijbeh`_gby 2. ?keb bklhqgbd jZaf_s_g gZ djur_ \lhjh]h ih ihlhdm a^Zgby

�gZijbf_j� \ lhqd_ H2 gZ jbk� 15[�� lh jZkq_l ijhba\h^blky ih nhjfmeZf i� 3.4Ijbeh`_gby 2. 
Ijb jZaf_s_gbb bklhqgbdZ f_`^m dhjimkZfb �gZijbf_j� \ lhqd_ H3 gZ jbk� 15[�� jZkq_l

ijhba\h^blky lZd`_ ih nhjfmeZf i� 3.2 Ijbeh`_gby 2. H^gZdh \ kemqZ_ h[jZah\Zgby

h[t_^bg_gghc \_ljh\hc l_gb �kf� i� 9 Ijbeh`_gby 2) dhwnnbpb_gl η~ b fZkrlZ[ LI 

hij_^_eyxlky kh]eZkgh i� 4.1Ijbeh`_gby 2, Z dhwnnbpb_gl s
 gZoh^blky ih nhjfme_ (39). 
?keb bklhqgbd jZaf_sZ_lky gZ djur_ i_j\h]h ih ihlhdm a^Zgby �lhqdZ H4 gZ jbk� 15[�� lh

jZkq_l ijhba\h^blky ih nhjfmeZf i� 3.4 Ijbeh`_gby 2� ijbq_f dhwnnbpb_gl s
 gZoh^blky ih

nhjfme_ (39).Ijb wlhf� \ kemqZ_ h[jZah\Zgby h[t_^bg_gghc \_ljh\hc l_gb� \f_klh 1ϑ \ i_j\hc

ba nhjfme (39), hlghkys_cky d mqZkldm nZd_eZ f_`^m dhjimkZfb� bkihevam_lky dhwnnbpb_gl

1
~ϑ � \uqbke_gguc q_j_a dhwnnbpb_gl ,ŝ hij_^_ey_fuc ih nhjfme_ (30) k bkihevwh\Zgb_f \

dZq_kl\_ xg b x\ dhhj^bgZl gZqZeZ b dhgpZ f_`dhjimkgh]h ^\hjZ hlghkbl_evgh bklhqgbdZ�

Dhwnnbpb_gl 1
~ϑ ih \lhjhc ba nhjfme (39) \uqbkey_lky k bkihevah\Zgb_f khhlghr_gby (41) 

q_j_a dhhj^bgZlu hlghkbl_evgh bklhqgbdZ dhgpZ \lhjh]h a^Zgby b ih^\_lj_ggh]h djZy

ih^\_lj_gghc l_gb� ?keb bklhqgbd jZaf_sZ_lky \ gZ\_lj_gghc l_gb i_j\h]h a^Zgby �lhqdZ H5 gZ

jbk� 15[), lh jZkq_l ijhba\h^blky \ khhl\_lkl\bb k i� 3.3Ijbeh`_gby 2. Ijb wlhf ^ey mqZkldZ

nZd_eZ� khhl\_lkl\mxs_]h f_`dhjimkghfm ^\hjm� \ kemqZ_ h[t_^bg_gghc \_ljh\hc l_gb

bkihevam_lky agZq_gb_ 1ϑ , khhl\_lkl\mxs__ dhhj^bgZlZf gZqZeZ b dhgpZ ^\hjZ hlghkbl_evgh

bklhqgbdZ� 
< hklZevguo kemqZyo jZkq_l ijhba\h^blky ih khhl\_lkl\mxsbf nhjfmeZf i� 3 

Ijbeh`_gby 2. Ijb wlhf� _keb bklhqgbd jZkiheh`_g k gZ\_lj_gghc klhjhgu aZkljhcdb gZ

jZkklhygbb [he__ 1,5L*, lh ^ey mqZkldh\ nZd_eZ� ijboh^ysboky gZ ahgu \_ljh\hc l_gb �\dexqZy

f_`dhjimkgmx�� bkihevamxlky j_dhf_g^Zpbb i� 3.6Ijbeh`_gby 2. 
 
Ijbf_qZgb_.  
JZkq_l ijba_fguo dhgp_gljZpbc gZ W<F hkms_kl\ey_lky kh]eZkgh i� 5.3. 
 
 

5.JZkq_l dhgp_gljZpbc hl h^bghqgh]h lhq_qgh]h bklhqgbdZ  
\ kemqZ_ ]jmiiu a^Zgbc 

 
5.1. Ijb jZkq_lZo ijba_fguo dhgp_gljZpbc mqblu\Zxlky lhevdh a^Zgby�

m^h\e_l\hjyxsb_ lj_[h\Zgbx i� 1.3Ijbeh`_gby 2. 
 

 
 

Jbk� 17 
 
5.2. Ijb jZkq_lZo fZdkbfZevghc ijba_fghc dhgp_gljZpbb jZkkfZljb\Zxlky jZaebqgu_

\hafh`gu_ iZju a^Zgbc� mqblu\Z_fu_ \ ]jmii_� >ey dZ`^hc iZju \ khhl\_lkl\bb k i� 4.1 
Ijbeh`_gby 2 \u^_ey_lky g_ [he__ q_luj_o gZijZ\e_gbc \_ljZ b kljhylky k_q_gby

ijhoh^ysbfb q_j_a bklhqgbd \_jlbdZevgufb iehkdhklyfb� hjb_glbjh\Zggufb \^hev

\u^_e_gguo gZijZ\e_gbc \_ljZ� >Ze__ kh]eZkgh i� 1.5 Ijbeh`_gby 2 hij_^_eyxlky ]jZgbpu

h[t_^bg_gguo \_ljh\uo l_g_c �\ kemqZ_ bo i_j_k_q_gby� b k bkihevah\Zgb_f bo iZjZf_ljh\

\uqbkey_lky agZq_gb_
fMĉ � ]^_ j - ghf_j gZijZ\e_gby \_ljZ� FZdkbfZevgh_ ba ihemq_gguo
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agZq_gbc
fMĉ ^ey \k_o jZkkfZljb\Z_fuo gZijZ\e_gbc \_ljZ ijbgbfZ_lky \ dZq_kl\_

f
ĉ .  

5.3.>ey jZkq_lZ ijba_fghc dhgp_gljZpbb ijb aZ^Zgguo kdhjhklb b gZijZ\e_gbb \_ljZ \

h[s_f kemqZ_ kljhblky k_q_gb_ aZkljhcdb \_jlbdZevghc iehkdhklvx� ijhoh^ys_c q_j_a

bklhqgbd b hjb_glbjh\Zgghc \^hev \_ljZ �jbk� 17).Ijb wlhf mqblu\Zxlky lhevdh l_ a^Zgby� ^ey

dhlhjuo ghjfZev d ih^\_lj_gghc kl_g_ �kf� i� 2.3 Ijbeh`_gby 2) khklZ\ey_l k gZijZ\e_gb_f

\_ljZ m]he f_g__
d

ϕ � khhl\_lkl\mxs_]h ^Zgghfm a^Zgbx� 

Kh]eZkgh i� 1.5 Ijbeh`_gby 2, ^ey \aZbfh^_ckl\mxsbo \_ljh\uo l_g_c kljhylky

khhl\_lkl\mxsb_ bf h[t_^bg_ggu_ ahgu� Ijb wlhf ^ey jZkkfZljb\Z_fh]h bklhqgbdZ

\u^_eyxlky h[t_^bg_ggu_ beb bg^b\b^mZevgu_ ahgu ke_^mxsbo q_luj_o lbih\� 1) 
kh^_j`ZsZy mklv_ bklhqgbdZ� 2) [eb`ZcrZy k ih^\_lj_gghc klhjhgu� 3) ihke_^mxsb_ k

ih^\_lj_gghc klhjhgu� 4) [eb`ZcrZy k gZ\_lj_gghc klhjhgu� 
>Zevg_crbc jZkq_l ijhba\h^blky \ khhl\_lkl\bb k i� 4 Ijbeh`_gby 2. Ijb wlhf dZ`^Zy

h[t_^bg_ggZy ahgZ oZjZdl_jbam_lky agZq_gb_f
d

ϕ � jZ\guf kj_^g_fm ba agZq_gbc
d

ϕ ^ey

a^Zgbc� \_ljh\u_ l_gb dhlhjuo mqblu\Zxlky ijb ihkljh_gbb ^Zgghc h[t_^bg_gghc ahgu� 

Ijbf_qZgb_. 
1� AhgZ lbiZ 4 kljhblky b bkihevam_lky ^ey jZkq_lh\ lhevdh \ lhf kemqZ_� _keb l_gb lbiZ 1 

hlkmlkl\mxl� 
2 Ijb hij_^_e_gbb

d
ϕ g_ mqblu\Zxlky iheghklvx �aZlhie_ggu_� a^Zgby� l_ a^Zgby�

]jZgbpu \_ljh\uo l_g_c dhlhjuo g_ dZkZxlky ]jZgbpu h[t_^bg_gghc \_ljh\hc l_gb �jbk� 17,i�

1.9Ijbeh`_gby 2). 
 
 

6.JZkq_l dhgp_gljZpbc hl ]jmiiu bklhqgbdh\ 
 

���� < kemqZ_ ]jmiiu ba N lhq_qguo bklhqgbdh\ jZkq_l kmffZjghc ijba_fghc

dhgp_gljZpbb k mq_lhf \ebygby aZkljhcdb ijhba\h^blky ih nhjfmeZf jZa^_eZ 5. I_j_[hj
kdhjhkl_c b gZijZ\e_gbc \_ljZ ijb hij_^_e_gbb fZdkbfZevguo ijba_fguo dhgp_gljZpbc

hkms_kl\ey_lky ZgZeh]bqgh lhfm� dZd wlh ^_eZ_lky [_a mq_lZ \ebygby aZkljhcdb� Ijb wlhf�

h^gZdh� rZ]� k dhlhjuf baf_gy_lky gZijZ\e_gb_ \_ljZ� g_ ^he`_g [ulv [hevr_ fbgbfZevgh]h ba

agZq_gbc
d

ϕ � khhl\_lkl\mxsbo \dexq_gguf \ jZkq_l a^Zgbyf� <u[hj rZ]h\ jZkq_lghc k_ldb

ijhba\h^blky \ aZ\bkbfhklb hl ij_^ty\ey_fuo d jZkq_lm lj_[h\Zgbc� h^gZdh h[uqgh

p_e_khh[jZagh bkihevah\Zgb_ \ h^ghf jZkq_l_ [he__ ���� - ���� maeh\ �ijb g_h[oh^bfhklb

^_lZebaZpbb ihey dhgp_gljZpbb gZ [hevr_c l_jjblhjbb ke_^m_l ijh\h^blv ihke_^h\Zl_evgu_

jZkq_lu ^ey __ hl^_evguo mqZkldh\�� 

Ijbf_qZgby� 
1.>h \uiheg_gby jZkq_lh\ ijh\h^blky h[t_^bg_gb_ bklhqgbdh\ kh]eZkgh j_dhf_g^Zpbyf

jZa^_eZ 5. 
2� < h[s_f kemqZ_ mdZaZggu_ jZkq_lu ijhba\h^ylky k ijbf_g_gb_f W<F� 
 
6.2. < kemqZ_ jZaf_s_gby ^\mo h^bgZdh\uo bklhqgbdh\ gZ djur_ h^gh]h a^Zgby gZ

jZkklhygbb f_g__ L* ^jm] hl ^jm]Z jZkq_lu fZdkbfZevghc �dhgp_gljZpbb
f

ĉ ijhba\h^ylky ijb

kdhjhklb \_ljZ� jZ\ghc
f

u �l� _ hij_^_ey_fhc \ khhl\_lkl\bb k jZa^_ehf 2 hiZkghc kdhjhklb

\_ljZ ^ey hl^_evgh]h bklhqgbdZ�� ^ey q_luj_o gZijZ\e_gbc \_ljZ �jbk� 18Z�� i_ji_g^bdmeyjguo
[he__ ^ebgghc kl_g_ a^Zgby (2 gZijZ\e_gby� b khhl\_lkl\mxsbo i_j_ghkm ijbf_kb k h^gh]h

bklhqgbdZ gZ ^jm]hc� >ey dZ`^h]h gZijZ\e_gby \_ljZ fZdkbfmf ijba_fghc dhgp_gljZpbb

hij_^_ey_lky ih nhjfme_ 
 

,ˆˆˆ 21 fff
ccc +=  (47) 

 
]^_ 21 ˆ b ˆ

ff
cc ihemqZxlky kh]eZkgh i� 2Ijbeh`_gby 2. 

Ijb jZkq_lZo ^ey kemqZy i_j_ghkZ k h^gh]h bklhqgbdZ ijbf_kb gZ ^jm]hc dhwnnbpb_gl ξ  

hij_^_ey_lky kh]eZkgh iheh`_gbx i� 2.3 Ijbeh`_gby 2. GZb[hevr__ ba q_luj_o agZq_gbc
f

ĉ , 

ihemq_gguo ih nhjfme_ (47), ijbgbfZ_lky aZ fZdkbfmf ijba_fghc dhgp_gljZpbb� :gZeh]bqgh

ijhba\h^blky jZkq_l \ kemqZ_� _keb jZkklhygb_ f_`^m bklhqgbdZfb ij_\urZ_l L* , gh h^gb ba

gbo gZoh^blky \ m]e_ �
d

ϕ � hleh`_gghf \ h[_ klhjhgu hl ghjfZeb d kl_g_ a^Zgby� ijhoh^ys_c
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q_j_a \lhjhc bklhqgbd� < h[s_f kemqZ_� _keb jZkklhygb_ f_`^m ^\mfy jZaf_s_ggufb gZ djur_

bklhqgbdZfb ij_\urZ_l L* � lh \uihegy_lky ke_^mxs__ ^hihegbl_evgh_ ]jZnbq_kdh_

ihkljh_gb_� >ey dZ`^hc ba q_luj_o iml_f a^Zgby �jbk� 18[� gZ hlj_ad_ ijyfhc :<, 
kh_^bgyxs_c gZ ieZg_ bklhqgbdb \u[jhkh\� kljhblky dZd gZ ^bZf_lj_ hdjm`ghklv� AZl_f

kljhblky lhqdZ F i_j_k_q_gby wlhc hdjm`ghklb k hdjm`ghklvx jZ^bmkhf L* � p_glj dhlhjhc

jZkiheh`_g \ bklhqgbd_� gZoh^ys_fky [he__ [ebadh d jZkkfZljb\Z_fhc kl_g_ �^ey

jZkkfZljb\Z_fh]h ijbf_jZ - \ lhqd_ < gZ jbk� 186). Ba lhqdb� khhl\_lkl\mxs_c \lhjhfm

bklhqgbdm �ba lhqdb : gZ jbk� 18[�� ijh\h^blky ijyfZy :N ih^ m]ehf
d

ϕ d ghjfZeb d kl_g_�

?keb lhqdZ F ihiZ^Z_l \gmljv m]eZ H:N, lh \ jZkkfhlj_gb_ \dexqZ_lky ^hihegbl_evgh_

gZijZ\e_gb_ \_ljZ� khhl\_lkl\mxs__ [bkk_dljbk_ :K m]eZ F:N. 
:gZeh]bqgh_ ihkljh_gb_ \uihegy_lky ^ey ^jm]bo klhjhg a^Zgby� Z aZl_f jZkq_lu ih

nhjfme_ (47) \uihegyxlky ^ey q_luj_o gZijZ\e_gbc \_ljZ� i_ji_g^bdmeyjguo kl_gZf a^Zgby�

^\mo gZijZ\e_gbc \_ljZ� khhl\_lkl\mxsbo i_j_ghkm k bklhqgbdZ gZ bklhqgbd� b

^hihegbl_evguo �g_ [he__ q_luj_o� gZijZ\e_gbc \_ljZ� khhl\_lkl\mxsbo [bkk_dljbkZf :K. 
 

 
 

Jbk� 18 
 
 

7.JZkq_l dhgp_gljZpbc \ kemqZ_ \u[jhkh\ ba ebg_cgh]h bklhqgbdZ  
�ZwjZpbhggh]h nhgZjy� 

 
7.1. >ey ZwjZpbhggh]h nhgZjy jZkq_l fZdkbfZevguo ijba_fguo dhgp_gljZpbc

hkms_kl\ey_lky ijb ^\mo gZijZ\e_gbyo \_ljZ� \^hev b ihi_j_d nhgZjy� 
 

 
Jbk� 19 
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?keb \_l_j gZijZ\e_g \^hev ZwjZpbhggh]h nhgZjy� jZkq_l hkms_kl\ey_lky \ khhl\_lkl\bb

k i� 5 - 9 Ijbeh`_gby 2, ijbq_f \_ebqbgu kf, xf b uf� oZjZdl_jbamxsb_ ijba_fgu_

dhgp_gljZpbb ijb hlkmlkl\bb aZkljhcdb� hij_^_eyxlky Z khhl\_lkl\bb k jZa^_ehf b

Ijbeh`_gb_f 1. 
?keb \_l_j gZijZ\e_g ihi_j_d nhgZjy� wlhl nhgZjv ^ebghc L jZa[b\Z_lky gZ

kh\hdmighklv lhq_qguo bklhqgbdh\� dZ`^uc ba dhlhjuo khhl\_lkl\m_l mqZkldm nhgZjy ^ebghc

L'': 
 

.'' LL ε=  (48) 
 
Dhwnnbpb_gl ε \ (48)hij_^_ey_lky \ aZ\bkbfhklb hl α, ]^_ 
 

,
f

f

uL

x
=α   

 
ih nhjfme_ (5)Ijbeh`_gby 1 beb gh jbk� 19. 
?keb ^ebgZ nhgZjy L g_ djZlgZ L

� lh hklZlhd hl ^_e_gby L gZ L

 jZa[b\Z_lky ihiheZf b

mqZkldb ihemq_gghc ^ebgu hlghkylky d djZyf ZwjZpbhggh]h nhgZjy� 
IZjZf_lju uf b xf ^ey mdZaZgguo lhq_qguo bklhqgbdh\ hij_^_eyxlky kh]eZkgh i� 3.3 k

bkihevah\Zgb_f _^bguo agZq_gbc wnn_dlb\guo ^bZf_ljZ b h[t_fZ� 
JZkq_l fZdkbfZevguo dhgp_gljZpbc hkms_kl\ey_lky ^Ze__ kh]eZkgh i� 2.5Ijbeh`_gby 2 

^ey h^gh]h ba lhq_qguo bklhqgbdh\� Ijb wlhf \ nhjfme_ (37)\f_klh L* bkihevamxlky agZq_gby

L''. 
FZdkbfZevgh_ ba agZq_gbc

f
ĉ � khhl\_lkl\mxsbo \_ljm \^hev b ihi_j_d nhgZjy� y\ey_lky

fZdkbfZevghc ijba_fghc dhgp_gljZpb_c hl ZwjZpbhggh]h nhgZjy� 
 
Ijbf_qZgby. 
1. JZa[b_gb_ nhgZjy gZ lhq_qgu_ bklhqgbdb bkihevamxl lZd`_ ijb jZkq_lZo \ kemqZ_

aZ^Zgguo kdhjhklb b gZijZ\e_gby \_ljZ� jZkq_lghc lhqdb b l� i� ih nhjfmeZf i� 3 Ijbeh`_gby 
2. Ijb wlhf \ (37) \f_klh L* bkihevam_lky agZq_gb_ L'' cos γ ^h l_o ihj� ihdZ dhebq_kl\h

mkeh\guo lhq_qguo bklhqgbdh\� gZ dhlhju_ jZa[b\Z_lky nhgZjv� g_ klZg_l jZ\guf N, 
hij_^_ey_fhfm ih nhjfme_ (3.9). 

2. Ijb L^ < 2L* ^\Z ijh_fZ ZwjZpbhggh]h nhgZjy aZf_gyxlky gZ mkeh\guc ebg_cguc

bklhqgbd� jZkiheh`_gguc ihk_j_^bg_ f_`^m ijh_fZfb� Ijb wlhf fhsghklv \u[jhkZ F ^ey

mkeh\gh]h bklhqgbdZ iheZ]Z_lky jZ\ghc kmffZjghc fhsghklb \u[jhkZ ba h[hbo ijh_fh\� Z

h[t_f ]Zah\ha^mrghc kf_kb V1 - iheh\bg_ h[s_]h h[t_fZ ]Zah\ha^mrghc kf_kb� \u[jZku\Z_fhc

gZ nhgZjy� 
 
 

8.JZkq_l jZkij_^_e_gby dhgp_gljZpbb ih \_jlbdZeb� gZ djur_  
b kl_gZo a^Zgby 

 
8.1. ?keb hkgh\Zgb_ bklhqgbdZ gZoh^blky \ ahg_ \_ljh\hc l_gb gZ djur_� lh jZkq_l

dhgp_gljZpbb gZ djur_ a^Zgby ijh\h^blky ih nhjfmeZf i. 2, 3 Ijbeh`_gby 2 ZgZeh]bqgh

kemqZx jZaf_s_gby bklhqgbdZ \ ih^\_lj_gghc l_gb� Ijb wlhf \ dZq_kl\_ \ukhlu bklhqgbdZ b

\ukhlu \_ljh\hc l_gb bkihevamxlky jZkklhygby ih ghjfZeb khhl\_lkl\_ggh hl mklvy bklhqgbdZ

b ]jZgbpu \_ljh\hc l_gb ^h djurb �_keb mdZaZggu_ jZkklhygby f_gvr_ 2 f� lh \ jZkq_lZo

bkihevam_lky agZq_gby 2 f�� ?keb hkgh\Zgb_ bklhqgbdZ jZkiheh`_gh \g_ ahgu \_ljh\hc l_gb� lh

jZkq_l dhgp_gljZpbb gZ djur_ ijh\h^blky ih nhjfmeZf jZa^_eZ 2 k bkihevah\Zgb_f \ dZq_kl\_

\ukhlu bklhqgbdZ jZkklhygby ih ghjfZeb hl _]h mklvy ^h djurb a^Zgby� 
GZ ih^\_lj_gghc kl_g_ a^Zgby dhgp_gljZpby f_gy_lky ebg_cgh hl ihemq_ggh]h \

khhl\_lkl\bb k i� 8.1Ijbeh`_gby 2 agZq_gby gZ mjh\g_ djurb ^h \uqbke_ggh]h kh]eZkgh i� 2.5 
Ijbeh`_gby 2 agZq_gby ijba_fghc dhgp_gljZpbb� GZ gZ\_lj_gghc kl_g_ a^Zgby dhgp_gljZpby

ijbgbfZ_lky jZ\ghc gmex�  
8.2. Ijb jZaf_s_gbb hkgh\Zgby bklhqgbdZ \ ahg_ ih^ihjZ �gZ\_lj_gghc l_gb� gZ

jZkklhygbb og hl a^Zgby �og < of� jZkq_l dhgp_gljZpbb kkl� ^hklb]Zxs_cky \ lhqd_ gZ\_lj_gghc

kl_gu gZ \ukhl_ z gZ^ ih^klbeZxs_c ih\_joghklvx ijb kdhjhklb \_ljZ b, ' ijhba\h^blky Z

kemqZ_ IIIHz≤  ih nhjfme_ 
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{ }.)1(~

221 sssrkk zfkl
ξ−+ξϑ=  (50) 

 
< kemqZ_

a
Hz > \ (50)ijbgbfZ_lky 0=ξ . A^_kv dhwnnbpb_glu 221  b ~,, ssξϑ gZoh^ylky

\ khhl\_lkl\bb k i� 3.3.Ijbeh`_gby 2 ijb kdhjhklb \_ljZ b� Z dhwnnbpb_gl r hij_^_ey_lky ih
nhjfmeZf jZa^_eZ 2 \ aZ\bkbfhklb hl hlghr_gby

f
uu ˆ/ . 

Dhwnnbpb_gl sz \ aZ\bkbfhklb hl hlghr_gbc
f

pxxdHz / b )51(/ 2+ hij_^_ey_lky

kh]eZkgh i� ����� Z [_ajZaf_jguc dhwnnbpb_gl d2 hij_^_ey_lky \ aZ\bkbfhklb hl hlghr_gby

uv
f

/ b iZjZf_ljZ f ih nhjfmeZf �����Z�� �����[�� ijbq_f fv
f

 b \uqbkeyxlky ih iZjZf_ljZf

\u[jhkZ bklhqgbdZ kh]eZkgh nhjfmeZf jZa^_eZ �� 
Ihke_ ih^klZgh\db 1ssz = nhjfmeZ ���� bkihevam_lky lZd`_ ^ey jZkq_lZ dhgp_gljZpbb

gZ gZ\_lj_gghc kl_g_ a^Zgby ijb
fg

xx > . 

Dhgp_gljZpby gZ djur_ a^Zgby kdj \ lhqd_ k dhhj^bgZlZfb �x, y� hlghkbl_evgh bklhqgbdZ
gZoh^blky ih nhjfme_  

 

,)1(
)(

~
)(~

2
11

2 











ξ−+
−

−ϑ+−ϑ
ξ= ss

xx

xxxx
srkk z

gd

gd

fdj
 (51) 

 
]^_

d
x - dhhj^bgZlZ ih^\_lj_gghc kl_gu a^Zgby hlghkbl_evgh bklhqgbdZ� Z \_ebqbgu

11
~
 b ϑϑ hij_^_eyxlky \ khhl\_lkl\bb k i� ��� Ijbeh`_gby �� Ijb wlhf 22

~ b ss ijbgbfZxlky \

khhl\_lkl\bb k i� ��� Ijbeh`_gby � ^ey jZkkfZljb\Z_fhc lhqdb djurb� Z sz gZoh^blky \

aZ\bkbfhklb hl hlghr_gbc
fa

pxxdHG / b )51(/ 2+ kh]eZkgh i� ����� 

GZ ih^\_lj_gghc kl_g_ a^Zgby dhgp_gljZpby f_gy_lky ebg_cgh hl agZq_gby�

\uqbke_ggh]h ih nhjfme_ ���� ijb x = xf ^ey mjh\gy djurb� ^h agZq_gby k̂ ijba_fghc

dhgp_gljZpbb� 
FZdkbfZevgZy dhgp_gljZpby \ jZkkfZljb\Z_fhc lhqd_ ihdjulby a^Zgby ^hklb]Z_lky ijb

hiZkghc kdhjhklb ufz� <_ebqbgZ ufz/uf ijb z < H hij_^_ey_lky ih ]jZnbdm� ijb\_^_gghfm gZ jbk�

����� \ aZ\bkbfhklb hl Zj]mf_glh\ x/xf b z/H� Ijb z > H \_ebqbgZ ufz/uf hij_^_ey_lky ih jbk�

���� \ aZ\bkbfhklb hl hlghr_gbc x/x
f b )51(/5,2 2fdHz + � ]^_

f
d2 gZoh^blky ih nhjfmeZf

�����Z�� �����[� ijb agZq_gbb u = uf. 
FZdkbfZevgZy dhgp_gljZpby \ jZkkfZljb\Z_fhc lhqd_ ihdjulby hij_^_ey_lky ih

nhjfmeZf ���� beb ���� ijb r b ξ � \uqbke_gguo ^ey kemqZy u = ufz. 

Ijbf_qZgb_. 
Ijb ξ = � nhjfmeZ ���� fh`_l [ulv bkihevah\ZgZ lZd`_ ^ey jZkq_lZ dhgp_gljZpbb \

aZ^Zgghc lhqd_ gZ^ ih\_joghklvx a_feb �ijb hlkmlkl\bb aZkljhcdb�� 
 
���� Ijb jZaf_s_gbb bklhqgbdZ \ ahg_ ih^\_lj_gghc l_gb dhgp_gljZpby kkl gZ

ih^\_lj_gghc kl_g_ a^Zgby ijbgbfZ_lky jZ\ghc agZq_gbx ijba_fghc dhgp_gljZpbb k̂ m

ih^\_lj_gghc kl_gu �ijb lhf `_ agZq_gbb y�� hij_^_ey_fhc \ khhl\_lkl\bb k i� ��� Ijbeh`_gby
�� GZ gZ\_lj_gghc kl_g_ dhgp_gljZpby ijbgbfZ_lky jZ\ghc gmex� < kemqZ_ *2LL

^
<  

dhgp_gljZpby gZ djur_ a^Zgby kdj ijbgbfZ_lky jZ\ghc *).2/1(ˆ LLk
^

− Ijb *2LL
^

≥  

ijbgbfZ_lky kdj = 0. 

Ijbf_qZgb_� 
Ijb jZaf_s_gbb mklvy bklhqgbdZ \gba ih ihlhdm hl ih^\_lj_gghc ahgu \_ljh\hc l_gb aZ

__ ij_^_eZfb dhgp_gljZpby gZ djur_ b kl_gZo a^Zgby ijbgbfZ_lky jZ\ghc gmex� 
 
���� Ijb jZaf_s_gbb bklhqgbdZ k gZ\_lj_gghc klhjhgu hl \_ljh\uo l_g_c a^Zgby jZkq_l

dhgp_gljZpbb gZ djur_ b kl_gZo a^Zgby ijhba\h^blky ih nhjfmeZf i� ��� Ijbeh`_gby �� Ijb

wlhf� dZd b \ nhjfmeZo ����� ����� dhwnnbpb_gl s1 aZf_gy_lky gZ sz� ]^_ sz \uqbkey_lky \

khhl\_lkl\bb k i� ����� 
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�� OZjZdl_jbklbdZ ahg \_ljh\hc l_gb \ kemqZ_ ]jmiiu a^Zgbc  
beb a^Zgby keh`ghc nhjfu 

 
���� Ijb h[l_dZgbb \ha^mrguf ihlhdhf ]jmiiu a^Zgbc fh]ml h[jZah\u\Zlvky

h[t_^bg_ggu_ �\ lhf qbke_ f_`dhjimkgu_� ahgu \_ljh\hc l_gb �a^Zgby \ wlhf kemqZ_

gZau\Zxlky kf_`gufb�� Dhgnb]mjZpby h[t_^bg_gguo ahg hij_^_ey_lky iml_f gZeh`_gby ahg�

ihkljh_gguo ^ey jZkkfZljb\Z_fuo a^Zgbc� dhlhju_ ijb wlhf iheZ]Zxlky hl^_evgh klhysbfb�

AZ ]jZgbpm h[t_^bg_gghc ahgu ijbgbfZ_lky h]b[ZxsZy ]jZgbp ahg hl^_evguo a^Zgbc� Z \ukhlZ

h[t_^bg_gghc ahgu b jZaebqguo lhqdZo iheZ]Z_lky jZ\ghc fZdkbfZevghc ba \ukhl \_ljh\uo

l_g_c� mqZkl\mxsbo \ h[jZah\Zgbb h[t_^bg_gghc l_gb� Ijbf_j ihkljh_gby h[t_^bg_gghc ahgu

ihdZaZg gZ jbk� ��� 
 

 
 

Jbk� �� 
 

Ijbf_qZgb_� 
A^Zgby� ahgu \_ljh\hc l_gb dhlhjuo iheghklvx gZoh^ylky \gmljb ahg \_ljh\hc l_gb

^jm]bo a^Zgbc� ijb ihkljh_gbb h[t_^bg_gguo ahg g_ mqblu\Zxlky� 
 
���� A^Zgb_ keh`ghc nhjfu fh`_l [ulv ij_^klZ\e_gh \ \b^_ g_kdhevdbo

iZjZee_e_ibi_^h\ k gb`gbf hkgh\Zgb_f gZ mjh\g_ a_feb� Dhgnb]mjZpby b jZaf_ju \_ljh\hc

l_gb� \hagbdZxs_c ijb h[l_dZgbb \ha^mrguf ihlhdhf lZdh]h a^Zgby� hij_^_eyxlky \

khhl\_lkl\bb k i� ��� Ijbeh`_gby � iml_f gZeh`_gby ahg ^ey hl^_evguo a^Zgbc b gZoh`^_gby

h]b[Zxs_c bo ]jZgbpu� Ijbf_ju ihkljh_gby ahg \_ljh\hc l_gb ^ey a^Zgbc keh`ghc

dhgnb]mjZpbb ijb\_^_gu gZ jbk� ��� 
���� < gZb[he__ hl\_lkl\_gguo kemqZyo� dh]^Z g_h[oh^bfh ^_lZevgh hij_^_eblv nhjfm b

jZaf_ju ahg \_ljh\hc l_gb� \hagbdZxsbo \[ebab hl^_evguo a^Zgbc b bo ]jmii� Z lZd`_

h`b^Z_fh_ jZkij_^_e_gb_ dhgp_gljZpbc� p_e_khh[jZagh ijh\h^blv wdki_jbf_glu ih

h[^m\Zgbx fZd_lh\ a^Zgbc \ ki_pbZevguo Zwjh^bgZfbq_kdbo ljm[Zo� Ijb ihklZgh\d_ b

ijh\_^_gbb lZdbo wdki_jbf_glh\� Z lZd`_ ijb bkihevah\Zgbb bo j_amevlZlh\ ^ey hibkZgby

h[l_dZgby a^Zgbc \ha^mrguf ihlhdhf \ j_Zevghc Zlfhkn_j_ g_h[oh^bfh kh[ex^Zlv

khhl\_lkl\mxsb_ djbl_jbb ih^h[by� 
���� >ey hjb_glbjh\hqguo jZkq_lh\ ijba_fguo dhgp_gljZpbc gZ ijhfiehsZ^d_ ijb

gZebqbb [hevrh]h qbkeZ h^ghlbiguo bklhqgbdh\ ^himkdZ_lky ijhba\h^blv jZkq_l ih nhjfmeZf

jZa^_eh\ � b �� Z ihemq_ggu_ dhgp_gljZpbb mfgh`Zlv ^ey lhq_d ijhfiehsZ^db gZ dhwnnbpb_gl

η̂ : 
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1~
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N
 (52) 

 
A^_kv N - dhebq_kl\h h^ghlbiguo bklhqgbdh\� jZkiheh`_gguo hl^_evgh hl

ijhfure_gguo a^Zgbc� beb dhebq_kl\h ijhfure_gguo a^Zgbc� gZ dhlhjuo jZaf_sZxlky

h^ghlbigu_ bklhqgbdb� η~  - dhwnnbpb_gl� hij_^_ey_fuc \ khhl\_lkl\bb k i� ��� Ijbeh`_gby �� 
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Jbk� �� 
 

Ijbf_qZgby� 
�� Ijb mfgh`_gbb gZ dhwnnbpb_gl η̂ jZkq_lgu_ dhgp_gljZpbb� dZd ijZ\beh�

aZ\urZxlky� ;he__ lhqguc mq_l \ebygby aZkljhcdb fh`_l [ulv \uiheg_g ih nhjfmeZf

jZa^_eh\ � - � Ijbeh`_gby �� 
�� Dhwnnbpb_gl η~ mklZgZ\eb\Z_lky \ aZ\bkbfhklb hl hlghr_gby kj_^g_c \ukhlu

bklhqgbdZ gZ a^Zgbb �[_a mq_lZ bklhqgbdh\ \ukhlhc [he__ �� f� d \ukhl_ a^Zgby� 
�� JZkq_lu \ khhl\_lkl\bb k i� ��� ijhba\h^ylky ijb N > 5. 
 

 


