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1'2'&.0$"
Xtl�hqdqq°�\ntd�ql�hr��ftrsimu�nrgr�ruf�vq�rgr�struvrtw�

fluwfd��qrf��flprgl�hr�°nruv��qdf{dqq°��krntipd�rureolfr��kqd�
{w}ruv��qdewfd��streoipd�s�hfl}iqq°�nrqnwtiqvrustrprjqruv��
qd�tlqnw�stdz��pdmewvq�y�flswunqln�f�fl}ly�w{erfly�kdnodh�f��
vlqrn�stdz��fluwfd��flprgl�qi�ol|i�hr�t�fq°�xwqhdpiqvdo�qly�
kqdq��srviqz�mqrgr�stdz�fqlnd�fkdgdo����hr�xdy�fz°��qjiqitqrgr�
qdst°pw�krntipd��doi���hr�t�fq°�mrgr�strxiu�mqr��nrpsiviqvqru�
v���\�kf�°knw�k�zlp�rureolfr��dnvwdo�qruv��qdewfd�v��qrf��flpr�
gl�hr�strxiu�mqr��s�hgrvrfnl�uvwhiqv�f��krntipd��qjiqitqrgr�
strx�o���
Zo�h�kdwfdjlvl��}r�pivrhl{qd�uluvipd�qdf{dqq°�strxiu�m�

qr�rt��qvrfdqly�hluzlso�q�uvwhiqv�f�viyq�{qly�usiz�do�qruvim�
MVQ�qi�srfqr��p�tr��f�hsrf�hd��uw{duqlp�flprgdp�fl}r��ruf��
vl��d�udpi��uvwhiqv�srflqiq�f{lvlu°�udpruv�mqr��vrpw�}r�°n�uv��
s�hgrvrfnl�xdy�fz�f�w�fl}�m�|nro��flkqd{d�v�u°�qi�ol|i�reu°�
grp�sifqly�kqdq����qdfl{rn��doi���kh�eq�uv��hr�udprruf�vl���vfrt�
{r��h�°o�qruv���i�o�|�vrgr��del�pdmewvq�m�xdy�fiz��ewf�nrqnw�
tiqvrkhdvqlp�f�q�srflqiq�qd�hruvdvq�rpw�t�fq��wp�vl�flnrtlu�
vrfwfdvl�kqdqq°��q|ly�hluzlso�q��qdstlnodh��pdvipdvl{qly��
inrqrp�{qly���v��� �k�vlp��del�hru°gvl�pdnulpdo�qrgr�inrqrp�{�
qrgr�ixinvw�f�h�fstrfdhjiqq°�ufr�y��qqrfdz�m�qd�fltreqlzvf���
[dn��wprfl�kwprfoiq��uw{duqlpl�srvtiedpl�tlqnw�stdz���
Vd�uw{duqrpw�ivds��tixrtpwfdqq°�fl}r��ruf�vl�f{iqlpl?

pivrhluvdpl�dnvlfqr�hruo�hjw�v�u°�streoipl�fhrunrqdoiqq°�
pivrhlnl�flf{iqq°�strxiu�mqr�rt��qvrfdqly�hluzlso�q��hruo��
hjw�v�u°�pivrhl{q��dusinvl�rtgdq�kdz���udpruv�mqr��trervl�
uvwhiqv�f��krntipd�nwturfly���hlsorpqly�strinv�f��strsrqw�v��
u°�qrf��pivrhlnl�qdf{dqq°��
tureolfr��kqd{w}ruv��w�flt�|iqq��streoipl�sro�s|iqq°�

°nruv��fl}r��ruf�vl�uvwhiqv�f��qjiqitqly�usiz�do�qruvim�qdewfd��
flnrqdqq°�odertdvrtqly�tre�v��ql|i�pivrhl{qr�stdflo�qd�rtgd�
q�kdz�°�w{erfr?s�kqdfdo�qr��trervl�hrsrprji�uvwhiqvdp�str°fl�
vl�udpruv�mq�uv���vfrt{lm�s�hy�h���kdow{lvl�hr�udprruf�vl.
tuqrfqr��pivr��flnrqdqq°�odertdvrtqly�tre�v�k�hluzls�
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o�ql�=[irtivl{q��ruqrfl�vd�trktdywqnl�vtdqusrtvw�iqitgr�pqly�
fltreqlzvf>���kdnt�soiqq°��srgoleoiqq°���wkdgdo�qiqq°�kqdq���
rvtlpdqly�uvwhiqvdpl�kd�{du�qdf{dqq°��d�vdnrj�xrtpwfdqq°�w�
uvwhiqv�f�qdfln�f�wyfdoiqq°�udpruv�mqly�t�|iq��stdnvl{qly�
kdfhdq��stl�flf{iqq��vtdqusrtvqly�uluvip�
Qdfhdqq°��°n��srflqiq�flt�|lvl�uvwhiqv�stl�flnrqdqq��od�

ertdvrtqly�tre�v�?re�twqvrfdqr�fleltdvl���trktdyrfwfdvlkd�
urel�s�hkipqrgr�vtdqusrtvw�der�rntip��ioipiqvl�zly�kdure�f.
Q�pivr��kdnt�soiqq°�kqdq��vd�qdewvly�qdfl{rn�qd�oinz�mqly�

kdq°vv°y�uvwhiqvdp�strsrqw�v�u°�kdfhdqq°�ho°�flnrqdqq°�od�
ertdvrtqly�tre�v�sr�nrjq�m�vip�k�hluzlso�ql�=[irtivl{q��ru�
qrfl�vd�trktdywqnl�vtdqusrtvw�iqitgr�pqly�fltreqlzvf>�
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->?LN>OLNK>�NL?LO>�U��
&03- &('//=�$"/4"(01040, $�

)�09*34/0%0�)"#0<

.CO>�NL?LOF��tkqdmrplvlu°�k�pivrhlnr��trktdywqn�f�ui�
tihq�y�vd�pdnulpdo�qly�yflolqqly�fdqvdjrsrvrn�f�}r�qdhyr�
h°v��k�r{luvqrgr�kder�.

Oo°�regtwqvrfdqrgr�flertw�nrqfim�tqrgr�vtdqusrtvw�qire�
y�hqr�flkqd{lvl�qduvwsq��°n�uq��ydtdnvitluvlnl�fdqvdjrsrvrnw�

(n)W ? uitihq�m�yflolqqlm�fdqvdjrsrvrn�kd�{du�qdhyr�

hjiqq°�fwg�oo°�f�h�r{luvqrgr�fler��qd�nrqfim�t��
v�yf�

(max)a ?pdnulpdo�qlm�yflolqqlm�fdqvdjrsrvrn��}r�qdhyr�

hlv��f�h�r{luqrgr�fler��qd�nrqfim�t�w�sit�rh�hru°�
gqiqq°�flhrewfqr��pd|lqr��pdnulpdo�qr�stlswu�
vlpr��f�r{luqrpw�fler��|flhnruv��srhd{���v�yf.

My�hq��hdq��
[ls�flhrewfqrgr�nrpedmqd�vd�nrqfim�td��}r�stdz��v��w�odf�;

a<L ?hrfjlqd�r{luqrgr�fler���p�

m ?srvwjq�uv��soduvw�fwg�oo°��p�
Kkp?kp�qqlm�reu°g�flhrewhnw��v�kp�qw�
[kp?vtlfdo�uv��flhrewfqr��kp�ql��yf�
b ? |ltlqd�kdyfdvd�hrel{qr��pd|lql�

z?}�o�q�uv��fwg�oo°�f�z�olq���v�p3

Zitihq�m�yflolqqlm�fdqvdjrsrv�n�kd�{du�qdhyrhjiqq°�fw�
g�oo°�f�h�r{luqrgr�fler��trktdyrfw�v�u°�kd�xrtpwor��

�
� �

?B
(n)

?B b

7
W

60 9 H
�v�yf�

hi�Ls?nrix�z��qv�{duw�qdhyrhjiqq°�fdqvdjw�f�h�rhqrgr�r{luqr�
gr�fler��qd�vtdqusrtvqw�uluvipw�

Qqd{iqq°�Ls�reltd�pr�kdoijqr�f�h�stlmq°vr��uyipl�trervl�
flhrewfqrgr�nrpedmqd�
Xtl�{rfqlnrf�m�uyip��trervl�nrpedmqd�
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�
�
<

b
?B

t
k .

60 9
Xtl�rhqre�{q�m�uyip��k�kd{l}iqq°p�fler��stl�kfrtrvq�rpw�yr�
h��nrpedmqd�

�
�

�
< ?

b
?B

t t
k ,

60 9
hi�Sf?xdnvl{qd�vtlfdo�uv��trervl�r{luqrgr�nrpedmqd�strv°grp�

kp�ql��yf�
tk?xdnvl{qd�vtlfdo�uv��kd{l}iqq°�strv°grp�kp�ql��yf�
\�flsdhnw�rhqr{duqr��trervl�hin�o�nry�r{luqly�fler�f�qd�

nrqfim�tqw�o�q���kqd{iqq°�uitihq�rgr�uwpdtqrgr�fdqvdjrsrvr�
nw�flkqd{d�v�u°�kd�xrtpwor��

� �
��

n

(n) (n)ii 1
W " �v�yf�

Mlkqd{iqq°�pdnulpdo�qrgr�yflolqqrgr�fdqvdjrsrvrnw��Ml�
kqd{d�v�u°�pdnulpdo�qd�n�o�n�uv��fwg�oo°��}r�qdhyrhlv��k�r{lu�
qrgr�fler��kd�wprfl�f�huwvqruv��repijiqq°�}rhr�strhwnvlfqr�
uv��nrqfim�td��fuvdqrfoiqrgr�f�odf��

� stl�st°prpw�yrh��flhrewfqrgr�nrpedmqd��qdkwuvt�{�
twyw�odqz�gd�nrqfi�td�fuvdqrfoiqrgr�f�odf� 

� �� �	� �
'
max max 1 b gW , #P �e�f<; (1.1)

� stl�kfrtrvq�rpw�yrh��flhrewfqrgr�nrpedmqd��kd�yrhrp�
twyw�odqz�gd�nrqfim�td�fuvdqrfoiqrgr�f�odf� 

� �� �	 �� �
''
max max 2 b gW , #P �	  �e�f<; (1.2)

hi�maxv ? pdnulpdo�qd�|flhn�uv��srhd{��flhrewfqr��pd|lql�

stl�st°prpw�yrh���p�yf�
maxv ? pdnulpdo�qd�|flhn�uv��srhd{��flhrewfqr��pd|lql�

stl�kfrtrvq�rpw�yrh���p�yf�
Oo°�{rfqlnrfr��uyipl�trervl�flhrewfqr��pd|lql�vmax = vDmax;
cn}r�stl�kfrtrvq�rpw�yrh��f�hewfd�v�u°�kd{l}iqq°: 

vDmax = 0,85 vN)8�p;
vN)8�p?pdnulpdo�qd�pdqiftrfd�|flhn�uv��srhd{��flhrewfqr��

pd|lql��p�yf�
	1�l�	2?trktdywqnrf��nrix�z��qvl�
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k k
1 2

k max k max

v v
; ;

v v v v
	� 	 �

� �
vk?|flhn�uv��twyw�odqz�gd�nrqfim�td�fuvdqrfoiqrgr�f�kder���p�yf�
�s?nrix�z��qv�qdfdqvdjiqq°��}r�kdoijlv��f�h�uyipl�trervl�

flhrewfqr��pd|lql���stlmpd�v�u°�
�s = 1 ?�ho°�xrtpwol��	�	 �l��s = 0 ?�ho°��	�
 ��s�h�{du�trervl�

flhrewfqr��pd|lql�sr�{rfqlnrf�m�uyip��
�s?reltd�v�u°�kd�hrf�hqlndpl�stl�rhqre�{q�m�uyip���k�kd�

{l}iqq°p�f�kdoijqruv��f�h�nwvd�sdh�qq°�soduvw�vd�mrgr�
srvwjqruv� �

Vdme�o�|i��k�kqdmhiqly�kd�xrtpwodpl��	�	 ����	�
 �kqd{iqq°�
d'max�l�d

"
max�srt�fq��v�u°�k�pdnulpdo�qr��yflolqqr��strhwnvl�

fq�uv��nrqfim�td�fuvdqrfoiqrgr�f�r{luqrpw�fler��?�dk�n���reltd�
�v�u°�k�ydtdnvitluvln�nrqfim�td �
cn�pdnulpdo�qlm�yflolqqlm�fdqvdjrsrvrn�d(max)��}r�qdh�

yrhlv��k�rhqrgr�r{luqrgr�fler���fdtvr�stlmpdvl�

d(max) = a'
(max)��der�d

"
max ��°n}r�d�max��der�d

"
max) ��dk�n�

d(max) ��dk�n���°n}r�d
'
max��der�d

"
max) ��dk�n�

Qqd{iqq°�pdnulpdo�qrgr�uwpdtqrgr�yflolqqrgr�fdqvdjrsr�
vrnw�kd�{du�qdhyrhjiqq°�k�nrjqrgr�r{luqrgr�fler��

� 
� �
�� � �


n n
2

(max) (n) ii 1 i 1
W " - �

hi�Ci? uitihq�rnfdhtdvl{qi�f�hyloiqq°�kqd{iq��yflolqqly�
fdqvdjrsrvrn�f��p�yf�

�

 � i(max) i(n)

i

W "

2,33
��v�yf�

nC?mprf�tq�uqlm�sdtdpivt��}r�ftdyrfw��us�o�q�uv��qdhyr�
hjiqq°�pdnulpdo�qly�fdqvdjrsrvrn�f�k�r{luqly�fler�f�
�hlf��vdeo��	�	 �

[deolz°�	�	
Qqd{iqq°�mprf�tq�uqrgr�sdtdpivtw�2C

S�o�n�uv��odf 2 3 4 5 6 7 8
nC 2,4 2,15 1,9 1,7 1,5 1,25 1
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$>NT>KOF�E>@B>KQ

U
4FM

HLJ?>GK>

4FM
E>?LGKLAL�
HLK@CGSN>

Lrf m Kup tf tk

1 
Na��i SZO-27 250 2,3 730 320 -
2 
Na��i SZO-27 180 2,2 650 295 -
3 
Na��i SZO-27 290 2,0 705 200 105
4 \SO���� SZO
�M 200 1,3 520 315 -
5 SOS���� ZX_-273 290 1,9 610 205 95
6 vS\	� ZX_-230 320 1,5 530 250 70
7 vS\	� ZX_	��U 230 1,6 400 235 -
8 vS\	� ZX_-230 275 1,8 525 290 -
9 vS\	� ZX_-230 200 1,7 550 215 83
10 vS\	� SZO-27 245 1,2 405 210 85
11 vS\	� ZX_-230 240 1,5 560 200 85
12 SOS���� ZX_-273 200 2,0 640 300 -
13 vS\	� ZX_-230 190 1,6 430 242 -
14 \SO���� SZO
�M 260 1,1 490 305 -
15 vS\	� SZO-27 280 1,4 485 210 85
16 \SO���� SZO
�M 205 1,4 540 205 90
17 
Na��i SZO-27 235 2,1 695 315 -
18 
Na��i SZO-27 270 2,1 715 285 -
19 SOS�
�� ZX��	U 200 2,4 610 215 90
20 SOS�
�� ZX��	U 185 2,5 560 220 76

)>@B>KKR
1. Mlkqd{lvl�uitihq��vd�pdnulpdo�q��yflolqq��fdqvdjrsrvrnl��
°n��qdhyrh°v��k�r{luqly�kder�f.

2. Mlkqd{lvl�uwpdtq��uitihq��vd�pdnulpdo�q��fdqvdjrsrvrnl�k�
r{luqly�kder�f�stl�wprf���}r�urfp�uqr�stdz��v��
�odfl.
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->?LN>OLNK>�NL?LO>�U�2
&03- &('//=�20#04*�%2"$ 4"8 +/0%0�

42"/310245

.CO>�NL?LOF��tkqdmrplvlu°�k�virt����trervl�gtdf�vdz�mqr�
gr�vtdqusrtvw�

Vd�{duvnw�pdvit�dow��trkvd|rfdqw�qd�srylo�m�sor}lq���
h��v��qduvwsq��uvdvl{q��ulol����-�ulod�v°j�qq°�N -�qrtpdo�qd�
tidnz�°�sor}lql����-�ulod�vitv°�{duvnl�re�sor}lqw��tlu. 2.1).
cn}r�finvrt�ulol�v°j�qq°�stryrhlv�wuitihlq��nrqvwtd�

rsrtqr��srfityq��{duvnl��vr�ruvdqq°�sitip�}d�v�u°�sr�sor}lq��
���nrfkdqq°��d�°n}r�srkd�nrqvwtrp�rsrtqr��srfityq���vr�
sitip�}iqq°�uwstrfrhlv�u°�sitinr{wfdqq°p�

vlu�2.1.Zyipd�uvdvl{qly�ulo��}r�h��v��qd�v�or�qd�srylo�m�
sor}lq�

Oo°�flsdhnw�nrfkdqq°�{duvnl�uwpd�uvdvl{qly�ulo�w�qdst°p�
nw�twyw�unodhd��

� �� �1P G(sin f cos )��V�

hiF�?�nwv�qdylow�srfityq��
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1f ?�nrix�z��qv�vitv°�stl�twu��{duvnl�sr�sor}lq�

� �1 0f (0,7 0,9)f ;

0f ?�nrix�z��qv�vitv°�usrnr��

Xtlunrtiqq°�twyw�{duvnl�fdqvdjw�prjqr�flkqd{lvl�sr�qd�
uvwsq�m�xrtpwo��

� �� �1j g(sin f cos )��p�u2.

j 0� ��°n}r� �� �1sin f cos ��der� 1tg f�� ;

j 0� ��°n}r� 1sin f cos�� ���der� 1tg f�� .

cn}r�sr{dvnrfd�|flhn�uv��{duvnl�hrt�fq���qwo���vr�wprfd�
f�huwvqruv��twyw�k�p�uz°�pd��flgo°h�

0tg f�� . (2.1)

j 0� ��°n}r� 0tg f�� .

Swv��flkqd{iqlm�t�fq°qq°p����	 ��qdklfd�v�u°�nwvrp�t�fqr�
fdgl�
aflhn�uv��twyw�v�od�f�n�qz��|o°yw���unodhd��

� �� � � � 2
] 	 Cv 2g(sin f cos )L v ��p�u� (2.2)

Udnulpdo�qlm�|o°y��°nly�strmhi�{duvnd�hr�kwslqnl�rvtl�
pd�pr�k��
�2 �°n}r�]v 0� :

�
� �� �

2
C

max
1

v
L

2g(f cos sin )
��p�

stl�wprf�� 1tg f�� .

Cv ?|flhn�uv��{duvnl�fdqvdjw�qr�sr{dvnw����twyw�sr�jrorew��p�u�

]v ?�|flhn�uv��{duvnl�fdqvdjw�w�n�qz�����twyw�sr�jrorew��p�u�
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$>NT>KOF�E>@B>KQ

�1f 0,35 ?�nrix�z��qv�vitv°�stl�twu��{duvnl�sr�sor}lq�.

U
L, 
p

�, 
gtdh

Cv , 

p�u
U

L, 
p

�, 
gtdh

Cv , 

p�u
1 100 6 0,5 11 200 20 0,2
2 110 7 0,6 12 210 19 0,4
3 120 8 0,7 13 220 18 0,7
4 130 9 0,8 14 230 17 0,6
5 140 10 0,9 15 240 16 0,5
6 150 11 0,4 16 250 14 0,4
7 160 12 0,3 17 260 13 0,3
8 170 13 0,5 18 270 12 0,6
9 180 14 0,7 19 280 11 0,5
10 190 15 0,8 20 290 10 0,2

)>@B>KKR
1. Mlkqd{lvl�|flhn�uv��twyw�v�od�f�n�qz��|o°yw��.
2. Mlkqd{lvl�pdnulpdo�qlm�|o°y��°nly�strmhi�{duvnd�hr�kw�
slqnl��°n}r� �]v 0 .
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->?LN>OLNK>�NL?LO>�U�3
&03- &('//=�.'40&*,*�20)2"75/,5

3,2'#,0$*7�,0/$'+�2 $

.CO>�NL?LOF��tkqdmrplvlu°�k�pivrhlnr��trktdywqnw�unti�
enrfly�nrqfi�t�f�

Mlkqd{iqq°�ulo�rsrt�f�twyw�odqz�gd�
ho°�qdfdqvdjiqr��g�onl

� �� � �� � � �< � � �W [(q f q f )cos (q q )sin ]g L��V�

ho°�srtrjq�r��g�onl

bac � �W q (f cos sin )g L� � � � �� ��V

hi q , 0q ?�pdul�fdqvdjw���v°grfrgr�rtgdqw��}r�kqdyrh°v�u°�

qd�	�p�hrfjlql�nrqfim�td��f�hsrf�hqr��ng�p�
f?�nrix�z��qv�rsrtw�twyw�pdvit�dow�sr�jrorew�

0f ?�nrix�z��qv�rsrtw�twyw�v°grfrgr�rtgdqw�sr�jrorew�

L ?�hrfjlqd�nrqfi�td��p�
F?�nwv�qdylow�nrqfiq�td��gtdh�

Xrgrqqd�pdud�fdqvdjw�stl�qitwyrprpw�swqnv��qdfdqvdjiqq°:

Q
q

3,6 v
�

�
��ng�p

hi�7�?�f�hqruqd�|flhn�uv��twyw�odqz�gd��p�u�
cn}r�swqnv�qdfdqvdjiqq°�twydiv�u°�wkhrfj�nrqfim�td��qd�

stlnodh��flhrewfqlm�nrpedmq�

b

Q
q

3,6(v v )
�

�
��ng�p

hi�7s?�|flhn�uv��srhd{��nrpedmqd��p�u�
Zwpdtqi�v°grfi�kwuloo°�

0 Ba < bacW k (W W )� � ��V�
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hi�Bak ?�nrix�z��qv��}r�ftdyrfw��p�uzif��rsrtl�qd�k�tr{ndy���

f�h�flglqw�nrqfi�td�stl�trerv��k�nrpedmqrp�

Bak 1,1 1,2� � .

Zwpdtqd�srvwjq�uv��hflgwq�f�stlfrhw�nrqfim�td�
twyrflm�tijlp�

0
t p

W v
N k ,nMv

1000

�
�

��

giqitdvrtqlm�tijlp�

0
t p

W v
N k ,nMv

1000

���
�

hi �?�nnh�stlfrhw�� 0,8 0,85�� � ;

pk ?�nrix�z��qv�tikitfw�srvwjqruv���pk 1,1 1,2� � .
Qqd�{l�srvwjq�uv��rhqrgr�stlfrhqrgr�eornw��}r�kdhd�v�u°�

ydtdnvitluvlnr��nrqfim�td��flkqd{d�v��qirey�hqw�hr�fuvdqrf�
oiqq°�qd�nrqfim�t��n�o�n�uv��stlfrhqly�eorn�f��ho°�kdhdqly�
wprf�

c
C

[

N
n

N
�

hi� h?�srvwjq�uv��rhqrgr�stlfrhqrgr�eornw��nMv�

$>NT>KOF�E>@B>KQ
[tdqusrtvwfdqq°�fdqvdjw�kh�muq��v�u°�s�h�wylo�
vwyrplm�swqnv�qdfdqvdjiqq°��qdst°prn�twyw�odqz�gd�

nrqfi�td�vd�nrpedmqd�us�fsdhd��
q ?�pdul�fdqvdjw�?�stlmpdvl�sr�pdnulpdo�q�m�strhwnvlf�
qruv��nrqfi�td�Q��ng�p�

0q ?�pdul�v°grfrgr�rtgdqw�k��|ntiendpl�?�stlmq°vl�sr�hr�

f�hqlndy��ng�p�
vs?�|flhn�uv��srhd{��nrpedmqd�?�stlmq°vl�k�ydtdnvitluvl�
nl�nrpedmqd��p�u�
v ?|flhn�uv��twyw�odqz�gd�?�stlmq°vl�k�ydtdnvitluvlnl�
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nrqfim�td��p�u�
f?�nrix�z��qv�rsrtw�twyw�pdvit�dow�sr�jrorew��f = 0,35;

0f 0,3� ?�nrix�z��qv�rsrtw�twyw�v°grfrgr�rtgdqw�sr�jrorew�

U
4FM

HLJ?>GK>

4FM
E>?LGKLAL�
HLK@CGSN>

L , 
p

m
�, 
gtdh

1 
Na��i SZO-27 250 2,3 7
2 
Na��i SZO-27 180 2,2 8
3 
Na��i SZO-27 290 2,0 9
4 \SO���� SZO
�M 200 1,3 10
5 SOS���� ZX_-273 290 1,9 11
6 vS\	� ZX_-230 320 1,5 12
7 vS\	� ZX_	��U 230 1,6 13
8 vS\	� ZX_-230 275 1,8 14
9 vS\	� ZX_-230 200 1,7 15
10 vS\	� SZO-27 245 1,2 16
11 vS\	� ZX_-230 240 1,5 17
12 SOS���� ZX_-273 200 2,0 18
13 vS\	� ZX_-230 190 1,6 19
14 \SO���� SZO
�M 260 1,1 20
15 vS\	� SZO-27 280 1,4 21
16 \SO���� SZO
�M 205 1,4 22
17 
Na��i SZO-27 235 2,1 23
18 
Na��i SZO-27 270 2,1 24
19 SOS�
�� ZX��	U 200 2,4 25
20 SOS�
�� ZX��	U 185 2,5 26

)>@B>KKR
Mlkqd{lvl�n�o�n�uv��stlfrhqly�eorn�f�untienrfrgr�nrqfi�td�vd�
�yq��srvwjq�uv�.
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->?LN>OLNK>�NL?LO>�U�4
$*)/"9'//=�:*2*/*�,0/$'+�2/0!�
342 9,*�10�6",4025�120&5,4*$/034 

.CO>�NL?LOF��tkqdmrplvlu°�k�pivrhlnr��trktdywqnw�|l�
tlql�nrqfi�tqr��uvt�{nl�sr�xdnvrtw�strhwnvlfqruv��

Xtrhwnvlfq�uv��uvt�{nrfly�nrqfi�t�f��w�kdgdo�qrpw�flsdh�
nw��flkqd{d�v�u°�sr�xrtpwo��

0Q 3600 v F� � � �
����v�grh�

der
Q 3600 v F� � � �
��v�grh� (4.1)

hi��0�����?�sor}��srsiti{qrgr�sitit�kd��f�hsrf�hqr��nrqfim��
tqr��uvt�{nl���pdvit�dow��p2.

Xrgrqqd�fdgd�pdvit�dow��}r�kqdyrhlv�u°�qd�uvt�{z��nrqfim��
td��flkqd{d�v�u°�kdoijq�uv�

q 1000F� 
,�ng�p�kf�hnl�
q

F
1000


� .

X�huvdflf|l�kqd{iqq°��
�w�xrtpwow����	 �vd�flt�|w�{l�
f�hqruqr�5�kqdyrhlpr�

Q
q ,]=�B�

3.6 v
�

�

Qqd�{l�grhlqqw�strhwnvlfq�uv��nrqfim�td�prjqd�flkqd{l�
vl�qirey�hqw�|ltlqw�uvt�{nl�nrqfim�td�sr�xdnvrtw�strhwnvlf�
qruv��
vrkgo°qipr�flsdhrn�flkqd{iqq°�|ltlql�nrqfi�tqr��uvt�{nl�

sr�xdnvrtw�strhwnvlfqruv��ho°�sorunr��trolnrrsrt���tlu���	 ��
Mfdjd�v�u°��}r�fdqvdj�trkvd|rfw�v�u°�qd�sorun�m�uvt�{z��

nrqfi�td�w�flh��t�fqreihtiqrgr�vtlnwvqlnd�k�s�huvdfr��
b 0,9B 0.05� � �p����nwvrp�stl�s�huvdf���}r�hrt�fq���nwvw�stltr�
hqrgr�wnruw��.
Miol{lqd�*�retdqd�k�trkwp�qq°�f�huwvqruv��stru�sdql°�fdq�

vdjw�k��uvt�{z���M�?|ltlqd�uvt�{nl�
Xor}d�srsiti{qrgr�sitit�kd�fdqvdjw�
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21 1 b b
F bh b tg tg .

2 2 2 4
� � �� � (4.2)

vlu���	��vrkvd|wfdqq°�fdqvdjw�qd�uvt�{z��nrqfim�td�

X�huvdfo°�{l����
 �w����� �rhitjlpr�

� �23600
Q tg 0.9B 0.05 v,

4
� �� � � � � �
�� �
� �

der

� �2

bQ k 0.9B 0.05 v,e�=a[�� � � �
� (4.3)

hiks?�nrix�z��qv�strhwnvlfqruv���
Qqd{iqq°�bk 900tg� ��ustdfiholfr�v�o�nl�ho°�sorunr��trol�

nrrsrtl�
\�xrtpwow����� �wfihipr�hrhdvnrflm�nrix�z��qv�L���}r�ftd�

yrfw��sryloi�srorjiqq°�nrqfi�td��Xtl�ke�o�|iqq�����kpiq|w�
�v�u°�kqd{iqq°�L���Miol{lqd�L� = 1,0...0,85.
Oo°�uvt�{nrfly�nrqfi�t�f�w�°nly�nwv�qdylow�e�{qly�troln�f�

qi�hrt�fq���qwo���strhwnvlfq�uv��prji�ewvl�s�htdyrfdqd�sr�
qduvwsq�m�xrtpwo��

h

b

B

�
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� �2

bQ k k 0.9B 0.05 v�� � � �
���v�grh� (4.4)

Vd�s�huvdf��xrtpwol����� �flkqd{lpr�p�q�pdo�qr�qirey�hqw�
|ltlqw�uvt�{nl�nrqfim�td�sr�xdnvrtw�strhwnvlfqruv��

b

Q
B 1.1 0.05  ,B�

k k v�

� �
� �� �
� �� �
�� �

(4.5)

$>NT>KOF�E>@B>KQ

U Q��v�grh bk �k v, 
p�u

1 190 550 0.8 1.6
2 200 625 0.7 1.6
3 210 550 0.6 1.6
4 220 625 0.8 1.6
5 230 550 0.7 1.6
6 240 625 0.8 2.0
7 250 550 0.7 2.0
8 260 625 0.9 2.0
9 270 550 0.65 2.0

10 280 625 0.7 2.0
11 290 550 0.85 2.0
12 300 625 0.75 2.0
13 310 550 0.65 2.0
14 320 625 0.95 2.5
15 330 550 0.9 2.5
16 340 625 0.8 2.5
17 350 550 0.7 2.5
18 360 625 0.9 2.5
19 370 550 0.9 2.5
20 380 625 0.85 2.5

Vdulsqd�}�o�q�uv��? 1,05
� v�p3

)>@B>KKR
Mlkqd{lvl�|ltlqw�nrqfi�tqr��uvt�{nl.
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->?LN>OLNK>�NL?LO>�U�5
$*#02�342 9,*�,0/$'+�2"

.CO>�NL?LOF��tkqdmrplvlu°�k�pivrhlnr��flertw�uvt�{nl�
nrqfi�td��

Xrgrqqw�pduw�uvt�{nl�5o�rt��qvrfqr�stlmpd�pr�sr�pdnul�
pdo�qrpw�v°grfrpw�kwuloo���°ni�prji�ewvl�sitihdqr�uvt�{z��f�h�
fuvdqrfoiqrgr�stlfrhw�qd�nrqfim�t��

S5
<

max S5

N e
S 708 ,H.

v e 1
 � �

�

hi�H�?nrix�z��qv�vitv°�p�j�uvt�{nr����srfityqi��edtdedqd�
Mlkqd{d�pr�qirey�hqi�trktlfqi�kwuloo°�	�up�uvt�{nl�
ho°�gwprfrvndqlqqr��uvt�{nl�

maxS m
i ,  8�GB�

B

 �
�
�

ho°�gwprfrvtrurfr��uvt�{nl�

' maxS m
, 8�GB�

B

 �

�

him ?�kdsdu�p�zqruv��uvt�{nl�
i ?{luor�vndqifly�strnodhrn�

?trktlfqi�kwuloo°�rhq����strnodhnl��V�up�

 ?�trktlfqi�kwuloo°�	�up�|ltlql�gwprfrvtrurfr��
uvt�{nl��V�up�

Mlkqd{lf|l�kqd{iqq°�i �
�der�
�reltd�pr�vls�uvt�{nl��n�o��
n�uv��vndqifly�strnodhrn���flkqd{d�pr�srgrqqw�pduw�uvt�{nl qo
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$>NT>KOF�E>@B>KQ

U
Q, 
v�grh

S5e <N , 

nMv
v, 
p�u

$,
p U

Q, 
v�grh

S5e <N , 

nMv
v, 
p�u

$,
p

1 270 12,3 110 2,0 0,8 11 850 10 110 2,0 1,0
2 260 10,1 40 1,6 0,8 12 120 10 55 1,6 0,8
3 170 10,1 110 2,0 0,8 13 850 10 330 2,5 1,0
4 300 12,3 165 2,0 0,8 14 900 10 330 2,5 1,0
5 260 6,86 55 2,0 0,8 15 600 10 550 2,5 1,0
6 280 6,86 55 2,0 0,8 16 550 10 550 2,5 1,0
7 380 7,7 165 2,0 0,8 17 760 10 550 2,5 1,0
8 400 10,1 165 2,0 0,8 18 360 6,86 55 2,0 0,8
9 430 10,1 165 2,0 0,8 19 400 68,86 55 2,0 0,8

10 500 10,1 110 2,0 1,0 20 450 7,77 110 2,5 0,8

)>@B>KKR
Mletdvl�nrqfi�tqw�uvt�{nw�vd�flkqd{lvl����srgrqqw�fdgw.
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->?LN>OLNK>�NL?LO>�U�6
$*)/"9'//=�2'(*.5�20#04*�12*$0&5�

342 9,0$0%0�,0/$'�2"

.CO>�NL?LOF��Q@°uwfdvl��°nlp�{lqrp�flkqd{d�v�u°�tijlp�
trervl�stlfrhw�uvt�{nrfrgr�nrqfi�td�

tsrtl�twyw�f�vnl�nrqfi�tqr��uvt�{nl�flkqd{d�v��sr�qduvws�
qly�xrtpwody

Vd�fdqvdjq�m�f�vnl�

� � � �< A L A <W q q q cos q q sin g L� �� � � � �� � � � ��� � ��V�

Vd�srtrjq�m�f�vnl�

� �b A L A bW q q cos q sin g L� �� � � �� � � ��� � ��V�

hiqo?�srgrqqd�pdud�uvt�{nl��ng�p�

pq���pq?srgrqqd�pdud�troln�f�f�hsrf�hqr�qd�fdqvdjq�m�
��srtrjq�m�f�vndy��ng�p��}r�flkqd{d�v�u°�sr�
xrtpwody�

? nrix�z��qv�rsrtw�twyw�uvt�{nl�
Lf?�hrfjlqd�fdqvdjqr��f�vnl�uvt�{nl��p�
Ls?�hrfjlqd�srtrjq�r��f�vnl�uvt�{nl��p�

Mlkqd{d�pr��rt��qvrfqr��v°grfi�kwuloo°�qd�stlfrh��nrqfim��
td:

0 < bW  = k (W  + W ) ��V�

hi�L�?nrix�z��qv��}r�ftdyrfw��p�uzif��rsrtl��L���	��
���	���

Xr�fiol{iq�� 0W �flkqd{d�v��tijlp�trervl�uvt�{nrfrgr�

nrqfi�td�
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$>NT>KOF�E>@B>KQ
Srix�z��qv�rsrtw�twyw�uvt�{nlf = 0,035.

U
Q, 
v�grh

F�
gtdh

pq , 

ng�p

pq ,

ng�p

Lf ,
p

Ls ,
p

1 270 3 12 3,6 600 580
2 260 -3 12 3,6 500 490
3 170 4 12 3,6 740 730
4 300 7 12 3,6 500 480
5 260 -9 12 4 900 890
6 280 -11 12 4 600 590
7 380 6 12 3,6 588 568
8 400 3 12 3,6 800 780
9 430 5 12 3,6 650 630

10 500 9 20,8 8,9 587 567
11 850 -1 20,8 8,9 1275 1255
12 120 -14 12 3,6 600 590
13 850 -11 21 9 495 485
14 900 -7 21 9 1190 1180
15 600 10 21 9 785 765
16 550 11 21 9 600 580
17 760 9 21 9 800 780
18 360 -8 12 4 800 790
19 400 -7 17 7 1095 1085
20 450 -10 17 7 490 470

)>@B>KKR
Mlkqd{lvl�tijlp�trervl�uvt�{nrfrgr�nrqfi�td��ftdyrfw�{l�
trktdywqnl�srsitihq�r��odertdvrtqr��trervl.
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->?LN>OLNK>�NL?LO>�U�7
.'40&*,"�10#5&0$*�& "%2".*�/"4=%5�

,0/$'�2/0!�342 9,*

.CO>�NL?LOF��Q@°uwfdvl��°nlp�{lqrp�ewhw�v�u°�h�dgtdpw�
qdv°gw�uvt�{nrfrgr�nrqfi�td�

Xrewhrfd�h�dgtdpl�qdv°gw�trkgo°qipr�qd�stlnodh��ustr}i�
qr��uyipl�wnorqqrgr�nrqfi�td��tlu����	 ��w�°nrgr�stlfrhqlm�ed�
tdedq�wuvdqrfoiqlm�wgrt���d�nwv�qdylow�nrqfi�td�e�o�|i�
����W��\�
z�rpw�nrqfi�t��rs�t�twyw�qdfdqvdjiqr��f�vnl�'f������d�srtrj�
q�r��'srt < 0 .

4

1

2

3

v

b L

vlu����	��Zstr}iqd�n�qipdvl{qd�uyipd�nrqfim�td

O�dgtdpd�qdv°gw�v°grfrgr�rtgdqd�xdnvl{qr�°fo°��urer��kd�
oijq�uv��%���-�� ���ewhw�v�u°�f�pdu|vde���tun�o�nl�f�u��f�ho�nw�
qdv°gw�qdp�}i�qi�f�hrpd��qdhyrhlpr�f�vdnlm�usru�e�
Xr�ru��deuzlu��f�u��y �f�hnodhd�pr�hrfjlql�f�ht�kn�f��qd�°n��

trkelvlm�nrqvwt�v°grfrgr�rtgdqd��d�sr�ru��rthlqdv��f�u��9 �?
rsrtl�twyw�nrqfim�tqr��uvt�{nl�qd�f�hsrf�hqly�f�ht�kndy��stl�
{rpw��°n}r�rs�t�twyrf��nrqfi�tqr��uvt�{nl�e�o�|i�qwo°�?�f�h�
nodhd�pr�mrgr�qdgrtw��d�°n}r�piq|i�qwo°�?�wqlk�
Mleitipr�pdu|vde�srewhrfl�hrfjlq�h�o°qrn�sr�ru��y���rsr�

t�f�sr�ru��9��Vdstlnodh��	�pp�sr�ru��y�f�hsrf�hd��
��p�hrfjlql�
nrqfi�tqr��uvt�{nl��d�	�pp�sr�ru��w�f�hsrf�hd��	�nV�ulo�rsrtw�
�der�qdv°gw�uvt�{nl �
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1NFJTOH>��Orfjlql�ntlfro�q�mqly���st°pro�q�mqly�h�o°qrn�
f�huvdq��p�j�gtdql{qlpl�vr{ndpl�°nly�kqd{qr�piq|i��q�j�hrf�
jlqd�nrqfim�td�hrswund�v�u°�qd�h�dgtdp��qdv°gw�qi�srndkwfdvl�
der�srndkwfdvl�wprfqr��srkd�pdu|vderp �vdnlp�{lqrp��}re�fr�
ql�ewol�f�kwdo�qr�srp�vq��qd�h�dgtdp���
-��pp �
Xtrfrhlpr�w�f�hsrf�hqrpw�pdu|vde��rhlq�f�h��q|rgr�vtl�

sitsiqhlnwo°tl��}r�f�hsrf�hd�v��st°pro�q�mqlp�h�o°qndp�nrq�
vwtw�v°grfrgr�rtgdqd��Xrkqd{lpr�z��fitvlndo�q��o�q���f�hsrf�hqr�
hr�qwpitdz���gtdql{qly�vr{rn�h�o°qrn��qd�°n��trkelvlm�nrqvwt�
uvt�{nl��	��
-������hlf��tlu����1).
Vd�sitsiqhlnwo°t��	�f�hkqd{lpr�hrf�o�qr�vr{nw����tun�o��

nl�'srt����f�h�z����vr{nl�wqlk�f�hnodhipr�fiol{lqw�'srt�w�f�h�
srf�hqrpw�pdu|vde����trelpr�rz�qnw�qd�fitvlndo���̀itik�z��rz��
qnw�strfihipr�grtlkrqvdo�qw�o�q���hr�sitivlqdqq°�k�f�uu��
-3. 
thitjlpr�ntdsnw����tun�o�nl�kdoijq�uv��'srt���-��� �st°pro��
q�mqd�k��hqd�pr�ntdsnl�������st°p�m�	��tlu����
� �

vlu����
��O�dgtdpd�qdv°gw�nrqfim�tqr��uvt�{nl
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M�hnodhipr�qd�uitihq�m�fitvlndo��qdgrtw�f�h�vr{nl�� 2...3 
pp��wprfqr��srkd�pdu|vderp ���sruvdflpr�ntdsnw����M�huvdq��
p�j�ntdsndpl�
�����f�hsrf�hd��rsrtw�twyw�uvt�{nl�qd�edtdedq���
�h�o°qnd�
-��qd�tlu��
�	
 ��tun�o�nl�ulod�rsrtw�twyw�uvt�{nl�qd�
edtdedq��kdfjhl�srklvlfqd�vr�frqd�ewhi�kdfjhl�qd�h�dgtdp��f�h�
nodhdvlu°�qdgrtw��Q��hqw�pr�vr{nl��������M�h�vr{nl���w�f�hsr�
f�hqrpw�pdu|vde��f�hnodhd�pr�qdgrtw��vrpw�}r�'f�����w�qd|r�
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O�dgtdpd�qdv°gw�v°grfrgr�rtgdqd�hrkfro°��flkqd{lvl�qdv°g�
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Mtdyrfw�{l�fy�hq��hdq���qhlf�hwdo�qr��trervl�

1. Vdhdvl�n�qiplvl{qw�trktdywqnrfw�uyipw�uvt�{nrfrgr�
nrqfi�td��qd�°n�m�vtie��fndkdvl�stlfrhq��edtdedql�vd�yd�
tdnvitq��gtdql{q��ntdsnl�h�o°qrn�nrqfi�td�

2. Mlkqd{lvl�p�q�pdo�qr�qirey�hqlm�qdv°g�nrqfi�tqr��uvt��
{nl�f�vr{ndy����uyrhw�k�stlfrhqrgr�edtdedqw�vd�qd�qdfdq�
vdjiq�m�g�onl�

3. Mlkqd{lvl�qdv°g�uvt�{nl�f�ydtdnvitqly�vr{ndy�usrow{iq�
q°�h�o°qrn�nrqfi�td�

4. Xrewhwfdvl�f�pdu|vde��h�dgtdpw�qdv°gw�nrqfi�tqr��uvt��
{nl�
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srt
srt
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n

G
� ,

hi���?�fdgd�fdqvdjw�w�fdgrqivz���nV�
Gr?�fdgd�fdgrqivnl��nV�

$>NT>KOF�E>@B>KQ
U qrnrprvlf Mdgrqivnd U qrnrprvlf Mdgrqivnd
1 KvX	� MN�	�� 11 KvX	� MOS�	�

2 KvX	� MN�	�	 12 KvX	� MOS�
�

3 S	� MN�	�
 13 S	� MN�	��
4 KU�O MN�	�� 14 KU�O MN�
�

5 
KU�O MN�	�� 15 
KU�O MN����
6 KvX	� MN�	�� 16 KvX	� MN�	�

7 KvX	� MN�
�
 17 KvX	� MN����
8 S	� MN���� 18 S	� MN�	��
9 KU�O MOS�	�
 19 KU�O MN�	�	
10 
KU�O MOS�
�
 20 
KU�O MN�	�


Srix�z��qv�kdsrfqiqq°�fdgrqivnl�hrt�fq���1.
G = 2,2 ?�qdulsqd�}�o�q�uv��srtrhl��v�p3.
uti  = 2A�?�uitihq�m�wylo�

it����A�?�sitifdjqlm�wylo�

)>@B>KKR
Mlkqd{lvl�o�o�n�uv��fdgrqivrf��}r�prji�sitifiknl�ornrprvlf.
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