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1.1. $C<WK�EIH=@VK;�B;�JKCDIGHIT�B?;MHWLMT

Xkxt°�hngtvy�ptshk�vf�ut�|�try�xk{s�}stry�ufvfrkxvy���
hnmsf}kss��~nvnsn�ptshk�vst��wxv�}pn���~hnjptwx�����vy{y��tg�
mfutg�ixn�uvtwnufss°�hfsxfly�m�x�ithtit�tvifsy�
Pq��hngtvy�ptshk�vf�ut�uvnotrs�o�mjfxstwx��sktg{�js��sf�

wxyus��h{�js��hkqn}nsn�
- f1(n)���f1(max) ?�{fvfpxkvnwxnpn�{hnqnssn{�hfsxfltutxt�
p�h���t�sfj{tj�x��m�ptlstit�t}nwstit�hngt°�sf�jfsno�
ptshk�v�wkvkjs�o���rfpwnrfq�sno �

- u1 ?�wkvkjs�o�{hnqnssno�hfsxfltutx�p���t�sfj{tjnx��m�
tjstit�u�jitxth}tit�hngt°�sf�jfsno�ptshk�v.

Pq��hnmsf}kss��rfpwnrfq�sn{�{hnqnssn{�hfsxfltutxtp�h�sf�
ptshk�v���vtmiq�skrt�{fvfpxkvs��w{krn�mfhfsxflkss��ptshk�v�h���
fsfq�xn}s��mfqklstwx��jq��hnmsf}kss��rfpwnrfq�sn{�{hnqnssn{�
hfsxfltutxtp�h�sf�ptshok�vf{�y�hnj��xfgqn|���xfgq��
.1).
_�xfgqn|��utmsf}ks��

1(max)q ? tgyrthqksno�rfpwnrfq�sno�{hnqnssno�hfsxflt�

utx�p�sf�ptshk�v���x�{h�

1(max)q� ? rfpwnrfq�sno�{hnqnssno�hfsxfltutx�p�sf�ptshk�

�v����t�utjf��hfsxfltutx�p�y�gyspkv�fgt�sf�ptshk�
�v���t�vtmvf{thy�x�w���x�{h�

Qg? uvtjypxnhs�wx��vtmhfsxflyhfq�stit�uvnwxvt°�gy�
spkvf��x�{h�

Zgth��mptht°�hnrtit°�uvfhnq�stit�hngtvy�ptshk�vf�ut�xk{�
s�}stry�ufvfrkxvy�<{hnqnssf�uvnotrsf�mjfxs�wx�=���jtxvnrfss��
yrthn�

?�aE� 
�B;. Q q ,
� �

jk�?�aE�Q ?{hnqnssf�uvnotrsf�mjfxs�wx��ptshk�vf��r3�{h�


? sfwnusf���q�s�wx���x�r3,
fgt
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1(max)
?�aE�

q
Q ,�



r3�{h�

f̂gqn|��1.1
]{krn�xf�vtmvf{ystp�hfsxfltutxtpy�sf�ptshk�v�

Plkvkqt�sfj�
{tjlkss��hfs�
xfltutxtpy

f̀vfpxkvsf�w{krf�sfj{tjlkss��
hfsxfltutxtp�h�sf�ptshk�v

Lsfq�xn}sf�mfqkls�wx��jq��
hnmsf}kss��rfpwnrfq�stit�
{hnqnsstit�hfsxfltutxtpy�sf�

ptshk�v���31(max)��x�{h

S�tjstit�
t}nwstit�
hngt°

1(max)a q1(max)

1(max)a

q1(max)
q1(max)

1(max) 1(max)q a�

1(max) 1(max) 1(max)q q a�� �

S�tjstit�u�j�
itxth}tit�
hngt°

q
1(max)

q1(max)
q1(max)

1(max)u

1(max)u

1(max) 1q u�

1(max) 1(max) 1q q u�� �

S�jht{���
g�q�~�t}nw�
sn{���u�jit�
xth}n{�hngt�
�h���m�gyspk�
v�h��mfifq��
sno�hnufjtp 

n
1u

Q n-1
8 1u

nQ8

q
1(max)

1(max)a

1(max)an

1(max) 1(max)

n n

1 8
1 1

q a

z u Q

�
� �

� �� �

Ssf°}n� ?�aE�Q ��ut�xfgqn|�P�
��hngnvf�rt�xk{s�}s��ufvfrkx�

vn�ptshk�vf��sktg{�jstit�jq��jfsn{�yrth�kpwuqyfxf|���
N�?�~nvnsy�wxv�}pn��r�
vp?�~hnjp�wx��wxv�}pn��r�w�
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1.2. $C<WK�EIH=@VK;�B;�JKCJNLMCGIT�M@OHWQHIT�
JKI?NEMC=HCLMT�W�?I=ACHIT

[vn�ptshk�vnmf|���xvfswutvxyhfss��twsthstit�hfsxfltut�
xtpy�jfsno�uyspx���jvyit°�sktg{�jst°�yrtht°�tg�vysxyhfss��
mfwxtwyhfss��xnuy�ptshk�vf���hwxfsthqkss��uvnuywxnrt���ut�ut�
xylstwx��uvnhtjf��r�|stwx��wxv�}pn�o��s~n{�ptswxvypxnhsn{�uf�
vfrkxvf{ �otit�jthlnsn�jq��ptspvkxsn{�i�vsn}n{�yrth�vtgtxn�y�
hnufjpy�sfog�q�~tit�mfhfsxflkss��skwy�t��utqtxsnsn�hyi�q�
q�r���t�sfj{tjnx��m�t}nwsn{���u�jitxth}n{�mfgt�h�y�sfog�q�~�
uvtjypxnhs��ukv�tjn��{s�t��vtgtxn�
Nng�v�ptshk�vf�ut�uvnuywxnr�o�uvtjypxnhstwx����jthlns��

hnptsy�x�w��u�wq��hnmsf}kss��t}�pyhfstit�kpwuqyfxf|�ostit�sf�
hfsxflkss��sf�ptshk�v��"k�fgt�"k�uvnh �
[vn�|�try�hnptvnwxthy°x�w��xk{s�}s��{fvfpxkvnwxnpn���t�

wpqfjf°x�w��mfhtjfrn�hnitxthq°hf}frn�jq��ptlstit�xnutvtm�
r�vy�ptshk�vf���t�hnuywpf�x�w���a��{fvfpxkvnwxnpn���t�}fwxt�
uvkjwxfhq�°x�w��y�hnj��ivfz�pf��utpfmy°x��hmf�rtmh��mtp�xv�t{�
ukvkr�ssn{�xk{s�}sn{�ufvfrkxv�h�

- uvtjypxnhs�wx��ptshk�vf�? Q;
- jthlnsy�ptshk�vf�? Lp;
- pyx�sf{nqy�ptshk�vf�?�E�
[vnpqfj�mfhtjw�pt��{fvfpxkvnwxnpn�ptshk�vf�sfjfsno�sf�

vnw. 1.1. 
Vyx�sf{nqy�ptshk�vf��uvnmsf}kstit�jq��hwxfsthqkss��y�

ptspvkxs�o�hnvtgpn���utwx�osnr�ufvfrkxvtr��uvn�ukvkr�sstry�
uvtz�q��sf{nqy�hnvtgqkss��hng�v�ptshk�vf�uthnsst�hnptsyhfxn�
ut�wkvkjs�try�pyxy�sf{nqy�vtmiq�syxt��j�q�spn�hnvtgpn ��̂try�
uvn�hngtv��ptshk�vf���rtlqnh�wx��hfv�°hfxn�x�q�pn�jhtrf�hmf��
rtmfqklsnrn�ufvfrkxvfrn��uvtjypxnhs�wx°���jthlnst°�
Zjs��°�m�twsthsn{�yrth�stvrfq�st���gkm�ukvkhfsxflkss� �

kpwuqyfxf|���ptshk�vf���jtxvnrfss��wu�q�st��hnrtin�
Qp�jtu ;�"k����p�jtu ;��h,

jk�"p�jtu ?�uvnuywxnrf�xk{s�}sf�uvtjypxnhs�wx��ptshk�vf
jthlnst°��p�jtu ��x�itj��Nnmsf}f�x�w��ut�xk{s�}s�o�{fvfp�
xkvnwxn|��ptshk�vf;
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Qk? kpwuqyfxf|�osk�sfhfsxflkss��sf�ptshk�v��x�itj�
Lp�jtu ?�uvnuywxnrf�jthlnsf�ptshk�vf�uvn�uvtjypxnhstwx��
Qp�jtu ��r��Nnmsf}f�x�w��ut�xk{s�}s�o�{fvfpxkvnwxn|��ptshk��
vf;
Lh? jthlnsf�hnvtgpn�fgt�tpvkrt��j�q�spn�hnvtgpn��sf�
�pn{�uvtutsy�x�w��ywxfsthpf�ptshk�vf��r�

\nw��1.1. f̀vfpxkvnwxnpf�ptshk�vf�
t�	��N 40?3G� , v 2A�c� )

[vn�uvtkpxyhfss��sthn{�ptshk�vsn{�q�s�o��ptqn�utukvkjs�o�
hng�v�xnuy�ptshk�vf�mvtgqksno�vfs�~k�ut�ufvfrkxvy�<uvnotrsf�
mjfxs�wx�=��jnh��uyspx�1.1 ��mfjf}k°�jfstit�kxfuy���utv�hs�ss��
utukvkjs��uvnos�xt��jthlnsn�ptshk�vf�m�otit�uvnuywxnrt°�jt�
hlnst°�uvn�hwxfsthqkstry�msf}kss��kpwuqyfxf|�ostit�sfhfs�
xflkss���xtgxt�mf�yrthn���t�"p�jtu  = Qk.
Nnmsf}kss��uvnuywxnrt��jthlnsn�ptshk�vf�hnptsy�x�w��ut�

mfhtjw�pn{�{fvfpxkvnwxnpf{�jfstit�xnuy�ptshk�vf.
vf�ivfz�py�{fvfpxkvnwxnpn�msf{tjnx�w��pvnhf�m�xk{s�}st°�

uvtjypxnhs�wx°��t�jtv�hs°��kpwuqyfxf|�ostry�sfhfsxflkss°�
(Qk ���ut�|�o�pvnh�o��h�juth�jst�jt�pyxf�sf{nqy�hnvtgpn��	), 
hwxfsthq°�x�w��uvnuywxnrf�jthlnsf���p�jtu  ��ep�t�mfhtjw�p��
{fvfpxkvnwxnpn�sk�rf°x��pvnh�o���t�mg�if�x�w��m��msf}kss�r�"k, 
uvnuywxnrf�jthlnsf�msf{tjnx�w���sxkvutq�|��°�ut�gqnm�pnr�
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msf}kss�r�
_wxfsthqksf�uvnuywxnrf�jthlnsf�utv�hs°�x�w��m�uvnos��

xnr�vfs�~k�msf}kss�r��h��hhflf�rt���t�wut}fxpy�ptshk�v�ywxf�
sthqksno�sf�hw�o�jthlns��hnvtgpn ��Vtshk�vn��y��pn{�jtxvnry�
�x�w��yrthf��p�jtu ;��h�rtlyx��gyxn�uvnos�x��jt�ywxfsthpn��ep�
�t��p�jtu W��h��xt�sktg{�jst�uvnos�xn�tjsk�m�xv�t{�rtlqnhn{�
v�~ks��

- uvnos�xn�jt�ywxfsthpn��s~no��g�q�~�rtiyxs�o�ptshk�
�v;

- wptvtxnxn�wut}fxpy�uvnos�xy�jthlnsy�ptshk�vf
Lp = Lh�mf�vf{ystp�utwq�jthst��ywxfsthpn�y�hnvtgpn�
jkp�q�pt{�ptshk�v�h�

- mrks~nxn�kpwuqyfxf|�osk�sfhfsxflkss��mf�vf{ystp�
iqngtptit�ywkvkjskss��hfsxfltutxtpy�h�gyspkv��

Nng�v�hfv�fsxf�v�~kss��mfqklnx��h�j�xk{s�}st��rtlqnhtwx��
otit�vkfq�mf|����[vn�h�jwyxstwx��xk{s�}sn{�ukvk~ptj�hfvxt�uvn�
orfxn�kptstr�}st�tuxnrfq�sk�v�~kss���tgyrthqksk�kptstr�}�
snr�utv�hs�ss�r�v�msn{�hfv�fsx�h�

f̂pnr�}nstr��jq��xtit���tg�hngvfxn�ptshk�v�ut�uvnuywxn�
r�o�xk{s�}s�o�uvtjypxnhstwx����jthlns��utxv�gst�msfxn�kpwuqyf�
xf|�osk�sfhfsxflkss��sf�ptshk�v.
Nn{�jsnrn�jfsnrn�jq��hnmsf}kss��"k�fgt�"k�kph� ���

- {fvfpxkvnwxnpn�hfsxfltutxtp�h���t�sfj{tj�x��sf�pts�
hk�v�h�j�t}nwsn{���u�jitxth}n{�mfgt�h���m�gyspkv�h�

- p�q�p�wx��hfsxfltutxtpy���t�sfj{tj�x���vtmxf~yhfss��
r�w|��otit�sfj{tjlkss��ut�jthlns��ptshk�vf;

- jthlnsf�ptshk�vf��p�fgt�hnvtgpn��j�q�spn ��h��y��p�o�
ukvkjgf}f�x�w��hwxfsthnxn�ptshk�v.

Nnmsf}kss��kpwuqyfxf|�ostit�sfhfsxflkss��sf�ptshk�v��"k) 
rtlk�gyxn�hnptsfst�jkp�q�ptrf�wutwtgfrn��uvn�skv�hstr�vsn{�
hfsxfltutxtpf{��gkm�tgq�py�skv�hstr�vstwx��hfsxfltutxtpy���
�p�t�hfsxfltutxtpn�sfj{tj�x��sf�ptshkokv�h�jkp�q�pt{�r�w|�{�

1.1 � �$CBH;Q@HHU�@ELJFN;M;PWDHI>I�H;=;HM;A@HHU�H;�
EIH=@VK��LM=IKT=;HI>I�H@KW=HIGWKHCGC�=;HM;AIJIMIE;GC 
f̂p��hfsxfltutxtpn�wxhtv°°x�w��h�t}nwsn{���u�jitxth}n{�mfgt�
�{��Ntsn�sk�u�jjfs��ukvkxhtvkss°�h�uvtr�lsn{�gyspkvf{��gkm�
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gyspkvsno�qfs|°ltp�ptshk�v�h �
\tmvf{ystp�hnptsy�x�w��m�tgq�ptr�zfpxn}st��fgt�vtmvf{ys�

ptht��skv�hstr�vstwx��hfsxfltutxtp�h�
[vnpqfjn�xfpn{�hnj�h�mfhfsxflkss��o�fsfq�xn}sn{�mfqklst�

wxko�jq��hnmsf}kss��kpwuqyfxf|�ostit�sfhfsxflkss��sf�ptshk�v��
sfjfs��h�xfgqn|��1.2.

f̂gqn|��1.2
\tmvf{ystp�kpwuqyfxf|�ostit�sfhfsxflkss��sf�ptshk�v��p�t�

hfsxfltutxtpn�skv�hstr�vs�

Plkvkqf�sfj{t�
jlkss��hfsxflt�
utxtp�h�sf�ptshk�v

f̀vfpxkvs��w{krn�sfj{tjlkss��hfsxf�
ltutxtpy�sf�ptshk�v

Lsfq�xn}s��mfqklstwx��jq��
hnmsf}kss��kpwuqyfxf|�ostit�
sfhfsxflkss��sf�ptshk�v�, 

eQ ��x�{h

S�tjstit�t}nwst�
it�hngt°�gkmut�
wkvkjs�t�fgt�m�
utukvkjs�tit�
ptshk�vf

1(n)a

1(n)a
L?

L?

ke 1(n) t(L )Q 60 a K� � �

S�jht{�t}nwsn{�
hngt�h�gkmutwk�
vkjs�t�fgt�m�ut�
ukvkjs�tit�pts�
hk�vf

1(n)a

L?

L?

1(n)a 1(n)a

1(n)a

k

e 1(n)

1(n) t(L )

Q 60 (a

a )K

�� � �

���

S�tjstit�t}nwst�
it�hngt°���m�tj�
stit�u�jitxth}t�
it�hngt°�gkmut�
wkvkjs�t

L?

1(n)a

1u

ke 1(n) t(L )

1

Q 60(a K

u )

� � �

�

_�xfgqn|��1���utmsf}ks��

kt(l )5 ?vtmvf{yspthno�ptkz�|��sx�sfhfsxflkss����t�hvf{t�

hy��skv�hstr�vs�wx��hfsxfltutxtpy�mf�}fw�uvt{t�
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jlkss��hfsxfly�ut�hw�o�jthlns��ptshk�vf (Lp).
N�s�uvnorf�x�w��ut�xfgqn|��[1, 2]�y�mfqklstwx��h�j�{hnqnsst�

it�ptkz�|��sxf�skv�hstr�vstwx��hfsxfltutxtpy��V1 ��}nwqf�t}nw�
sn{�mfgt�h���t�utjf°x��hfsxfl�sf�ptshk�v���}fwy�uvt{tjlkss��
hfsxfly�ut�ptshk�vy��Qp).
Ssf}kss��V1�hwxfsthq°�x�w��jq��hnufjp�h�sfj{tjlkss��hfs�

xfl�h�
- m�tjstit�t}nwstit�mfgt°�

� 1(max)
1

1(n)

7
5

a
,

- jht{�fgt�g�q�~�t}nwsn{�mfgt�h�
1(max)

1 n

1(n)1

7
5

a

��
�

.

Ssf}kss��Qp�jq��uthst��jthlnsn�ptshk�vf�Lp�hnmsf}f�x�w��ut�
ztvryq��

?
?

?

L
t ,

60 v
�

�
{h.

Pq��hnufjp�h��ptqn�hfsxfltutxtpn�m�mfgt°�sf�ptshk�v���t�
vtmvf{thy�x�w���sfj{tj�x��}kvkm��s~��ptshk�vn��hhflf�x�w����t�
hfsxfltutxtpn�sfj{tj�x��gkmutwkvkjs�t�sf�ptshk�v���t�vtmvf�
{thy�x�w��

1.1 � �$CBH;Q@HHU�@ELJFN;M;PWDHI>I�H;=;HM;A@HHU�H;�
EIH=@VK��LM=IKT=;HI>I�=;HM;AIJIMIE;GC�B�JW?>IMI=QCO�B;<I�
X=�;<I�B�<NHE@KW= �_�|�try�hnufjpy�vtmvf{ystp�kpwuqyfxf|�ost�
it�sfhfsxflkss��hnptsy�x�w��gkm�tgq�py�skv�hstr�vstwx��hfsxf�
ltutxtpy�
]{krn�mfhfsxflkss��o�fsfq�xn}sn{�mfqklstwxko�sfjfs��h�

xfgqn|��1.3.
_�xfgqn|��utmsf}ks��

Qg?uvtjypxnhs�wx��vtmhfsxflyhfq�stit�uvnwxvt°�gyspkvf��
x�{h�

u1 ?�wkvkjs�o�{hnqnssno�hfsxfltutx�p���t�sfj{tjnx��m�tj�
stit�u�jitxth}tit�mfgt°�sf�vtmvf{yspthno�ptshk�v.
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f̂gqn|��1.3
\tmvf{ystp�kpwuqyfxf|�ostit�sfhfsxflkss��sf�ptshk�v��p�t�

hfsxfltutxtpn�v�hstr�vs�

Plkvkqf�sfj{tjlkss��
hfsxfltutxtp�h�sf�

ptshk�v

f̀vfpxkvs��w{krn�sfj{tjlkss��hfs�
xfltutxtpy�sf�ptshk�v

Lsfq�xn}s��mfqklstwx��
jq��hnmsf}kss��kpw�
uqyfxf|�ostit�sfhfs�
xflkss��sf�ptshk�v���

eQ ��x�{h

S�tjstit�u�jitxth}tit�
hngt°���m�tjstit�gys�
pkvf�gkmutwkvkjs�t�
fgt�m�utukvkjs�{�pts�
hk�v�h 1u

Q8

L?
Qk= 60(Qg�+ u1)

S�tjstit�gyspkvf

Q8

L?
Qk= 60Qg

S�tjstit�u�jitxth}tit�
hngt° L?

u1

Qk= 60 u1

1.1 � �$CBH;Q@HHU�@ELJFN;M;PWDHI>I�H;=;HM;A@HHU�H;�
EIH=@VK��B;=;HM;A@HHU�UEI>I�B?WDLHTVMSLU�=�?=IO�W�<WFSR�GW�
LPUO�JI�?I=ACHW �\tmvf{ystp� eQ �hnptsy�x�w��m�yvf{yhfss�r�

sktjsfptht��p�q�ptwx��hfsxfltutxtp�h���t�xvfswutvxy°x�w��ut�
v�msn{�h�jv�mpf{�ptshk�vf��f�txlk���sktjsfpthn{�sfhfsxflkss�{�
sf�|n{�h�jv�mpf{��̂try�hnptsy�x�w��vtmvf{ystp�xfp�sfmnhstit�
kph�hfqksxstit�kpwuqyfxf|�ostit�sfhfsxflkss�� e(B79 Q ut�sfwxy�

us�o�ztvryq��

1 2 ne 1 e 2 e n
e(g?9 

?

Q l Q l ... Q l
Q ,

L

� � � � � �
� �x�itj�

jk�L1, l2��>�Ln?jthlnsn�h�jv�mp�h�ptshk�vf��sf��pn{�j�°x��h�juth��
js��}fwxpth��msf}kss��kpwuqyfxf|�osn{�sfhfsxflks���r;
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1eQ ,
2eQ  ,

neQ ? }fwxpth��msf}kss��kpwuqyfxf|�osn{�sfhfsxf�

lks���wxhtv°hfsn{�sf�h�juth�jsn{�h�jv�mpf{��L1, l2��>�Ln �jthln�
sn�ptshk�vf��x�itj�
Qph�hfqksxsk�kpwuqyfxf|�osk�sfhfsxflkss��sf�ptshk�v�

uvkjwxfhqkst�y�hnj��wkvkjs�tmhflkst��wyrn�}fwxpthn{�kpwuqyf�
xf|�osn{�sfhfsxflks���wxhtv°hfsn{�sf�tpvkrn{�h�jv�mpf{�pts�
hk�vf��uvnhkjksn{�jt�otit�uthst��jthlnsn�
Pk�p��{fvfpxkvs��w{krn�mfhfsxflkss��ptshk�v�h���fsfq�xn}s��

mfqklstwx��jq��hnmsf}kss��kpwuqyfxf|�ostit�sfhfsxflkss��sf�
jfs��h�xfgqn|��1.4.

f̂gqn|��1.4
\tmvf{ystp�kpwuqyfxf|�ostit�sfhfsxflkss��sf�ptshk�v�mfhfsxf�
lkss���ptit�mj�ows°�x�w��h�jkp�q�pt{�r�w|�{�ut�otit�jthlks�
Plkvkqf�sfj�
{tjlkss��hfs�
xfltutxtp�h�sf�
ptshk�v

f̀vfpxkvs��w{krn�sfj{tjlks�
s��sf�ptshk�v

Lsfq�xn}s��mfqklstwx��
jq��hnmsf}kss��kpwuqy�
fxf|�ostit�sfhfsxf�
lkss��ptshk�vf

N�j�jht{���
g�q�~�t}nwsn{�
hngt�h�gkmut�
wkvkjs�t�fgt�m�
utukvkjs�{�
ptshk�v�h

Qg1

Qgn

Qg2

L?

l1 nl2l
1(n)an

1(n)a 1(n)a
1 2 ng 
 g � g &

g�aE>9 
?

Q l Q l Q l
Q

L

� � � � � �
�

�

jk

1 1g 
�& +�$ Q 60 a K�� � �

2 2g 
�& 
�& +�$ Q 60 (a a ) K� ��� � � �

n n

n

g 
�& +�$ 
1

Q 60 a K� � ��

N�j�jht{���
g�q�~�u�jitxt�
h}n{�hngt�h�
gkmutwkvkjs�t�
fgt�m�utukvk�
js�{�ptshk�v�h

1u

Qg1 QgnQg2

L?

l1 nl2l

2u

nu

1 2 ng 
 g � g &
g�aE>9 

?

Q l Q l Q l
Q

L

� � � � � �
�

�

jk

1g 
Q 60 u� �

2g 
 �Q 60 z(u u )� � �

n

n

g 

1

Q 60 z u� ��

Nnmsf}kss��}fwxpthn{�msf}ks��kpwuqyfxf|�osn{�sfhfsxf�
lks��hfvxt�vtgnxn��p�jq��hnufjpy�ptqn�mfhfsxflkss��ptshk�vf
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h�jgyhfkxw��h�tjstry�r�w|��ut�otit�jthlks���[vn�|�try��hnmsf�
}f°}n�msf}kss��ptkz�|��sxf�sfhfsxflkss���

1t(l )K  ,
2t(l )K

�>�
nt(l )K  ��mf�jthlnsy�ptshk�vf�yrthst�hfvxt�uvnorfxn�jthlnsy�

h�juth�jstit�h�jv�mpf�ptshk�vf.
_�xfgqn|��1�
�utmsf}ks��

z ?vtmvf{yspthno�ptkz�|��sx���t�hvf{thy��p�q�p�wx��u�jit�
xth}n{�hngt�h�

[vn�hnptsfss���sjnhnjyfq�st��vtmvf{ysptht��vtgtxn�skrf��
utxvkgn�h�hnmsf}kss��hkqn}nsn� eQ ?�htsf�sfjf�x�w��ht�h{�jsn{�

jfsn{�jt�vtgtxn�ut�ptlstry�hfv�fsxy
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2. 3:%/$)*�1/(1"64./+�231 8+/$/%/�+/.$'�1"

Nn{�jsnrn�jfsnrn�jq��x�ithtit�vtmvf{yspy�wxv�}pthtit�
ptshk�vf���

� \tmvf{yspthf�itjnssf�uvtjypxnhs�wx��Qk,�x�itj�
� f̀vfpxkvnwxnpn�xvfwn�

rfpwnrfq�sf�jthlnsf�xvfswutvxyhfss�����r�
pyx�sf{nqy�hnvtgqkss��E��ivfj�

� _rthn�kpwuqyfxf|���ptshk�vf�wxf|�tsfvsf��sfu�hwxf|�t�
sfvsf�ywxfsthpf �

Nnmsf}f�rt�utitssy�rfwy�hfsxfly�sf�wxv�}|��ptshk�vf�

� <Q
q

3,6v
��pi�r�

Ssf{tjnrt�tutvn�vy{y�wxv�}pn�
sf�hfsxfls�o�h�xpn�

� � � �9 @ ( @ 9W q q q cos q q sin g L� ��� � � � 	� � � 	 ��� � ��v�

sf�utvtls�o�h�xpn�

� �a @ ( @ aW q q cos q sin g L� ���� � � 	� � 	 ��� � ��v�

sf�gfvfgfsf{���t�h�j{nq�°x��wxv�}py�
Wg =(0,04...0,07)Ssg��v�

sf�uvnhtjsn{�gfvfgfsf{�
Wuv =(0,03...0,05)(Ssg + Swg ��v�

jkqq?utitssf�rfwf�wxv�}pn��pi�r�
pq����pq��?utitssf�rfwf�vtqnp�h�h�juth�jst�sf�hfsxfls�o�

��utvtls�o�h�xpf{��pi�r���t�hnmsf}f�x�w��ut�
ztvryqf{�

p
p

p

G
q ,  ?W�A�

l

�
��

�
p

p
p

G
q ,  ?W�A�

l

��
���

��

�pG �����pG ?rfwf�tgkvxthn{�}fwxns�hkv{s�{���snls�{�vt�

qnp�h��pi�

pl����pl��? �sxkvhfq�r�l�vtqnpttutvfrn�sf�hkv{s�o���

snls�o�h�xpf{�ptshk�vf��r�
? ptkz�|��sx�tutvy�vy{y�wxv�}pn�
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Ssg?sfx�i�wxv�}pn�h�xt}|��sfg�ifss��sf�gfvfgfs�
Swg?sfx�i�wxv�}pn�h�xt}|��mg�ifss��m�uvnhtjstit�gfvfgfsf�
Lh?�jthlnsf�hfsxflst��h�xpn�wxv�}pn��r�
Lu?�jthlnsf�utvtls�t��h�xpn�wxv�}pn��r�
[titssy�rfwy�wxv�}pn�3q�tv��sxthst�uvnorf�rt�ut�rfpwn�

rfq�stry�x�ithtry�mywnqq°���pk�rtlk�gyxn�ukvkjfst�wxv�}|��h�j�
hwxfsthqkstit�uvnhtjy�sf�ptshk�v��

2N
9

max 2N

N e
S 708 ,H.

v e 1
� � �

�
jk�G�?ptkz�|��sx�xkvx��r�l�wxv�}pt°���uthkv{sk°�gfvfgfsf�
Nnmsf}f�rt�sktg{�jsk�vtmvnhsk�mywnqq��
�wr�wxv�}pn�
jq��iyrthtxpfsnsst��wxv�}pn�

maxS m
i ,  S�cA�

B

� �
�
�

jq��iyrthtxvtwtht��wxv�}pn�

' maxS m
, S�cA�

B

� �

�

jkm ?�mfufw�r�|stwx��wxv�}pn�
i ?}nwqt�xpfskhn{�uvtpqfjtp�

?vtmvnhsk�mywnqq��tjs����uvtpqfjpn��v�wr�
�
 ?�vtmvnhsk�mywnqq��
�wr�~nvnsn�iyrthtxvtwtht��
wxv�}pn��v�wr�

Nnmsf}nh~n�msf}kss��i �
�fgt��
�tgnvf�rt�xnu�wxv�}pn��p�q��
p�wx��xpfskhn{�uvtpqfjtp���hnmsf}f�rt�utitssy�rfwy�wxv�}pn qq
Nnmsf}f�rt��tv��sxthst��x�ithk�mywnqq��sf�uvnhtj��ptshk�vf:

0 9 aW  = k (W  + W )� ��v�

jk�.�?ptkz�|��sx���t�hvf{thy��r�w|kh��tutvn��.���
�	����
���
X�s�rfq�sno�sfx�i�wxv�}pn�sf�hfsxfls�o�ifqym��mf�yrtht°�

uvnuywxnrtit����uvtinsy
min
9S ;����3���3q) g pl�, H.

X�s�rfq�sno�sfx�i�wxv�}pn�h�xt}|�����mg�ifss��m�uvnhtjstit�
gfvfgfsf�mf�yrtht°�h�jwyxstwx��uvtgypwthpn�
jq��vy{thtit�vklnry�vtgtxn�uvnhtjf�ptshk�vf:

'
min G '
c8 2N

k W
S , H;

e 1
�

�
�
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jq��ikskvfxtvstit�vklnry�vtgtxn�uvnhtjf�ptshk�vf:
' 2N

G 'min
c8 2N

k W e
S ,  H;

e 1

�
�

�
jk�.x? ptkz�|��sx�mfufwy�wnq�m}kuqkss���.x = 1,1...1,3.
S�|����yrthn�tgnvf�rt�sfx�i�ptshk�vst��wxv�}pn�h�xt}|�����

mg�ifss��m�uvnhtjstit�gfvfgfsy�
Nnmsf}nrt�sfx�i�ptshk�vst��wxv�}pn�h�{fvfpxkvsn{�xt}pf{�

ut�jthlks��x�ithtit�tvifsf�ut�ztvryq���
Si = Si-1 + W(i-1)-i,

jk�$i-1���$i?sfx�i�y�utukvkjs�o�xf�sfwxyus�o�xt}pf{�
W(i-1)-i?�tu�v�vy{y�wxv�}pn�sf�j�q�s|��r�l�|nrn�xt}pfrn�

Nkqn}nsf�sfx�iy�wxv�}pn�sf�ptshk�v��uthnssf�gyxn�xfpt°��
�tg�gyqn�jtxvnrfs��jh��sk�mh��mfs��r�l�wtgt°�yrthn�

� mfgkmuk}kss��ukvkjf}��x�ithtit�mywnqq��wxv�}|��sf�uvn�
htjsn{�gfvfgfsf{�gkm�uvtgypwthpn�

� r�s�rfq�sno�sfx�i�wxv�}pn�sf�sfhfsxflks�o�h�x|��sk�ut�
hnsks�gyxn�rks~nr�hkqn}nsn�min

9S .

_xt}s°hfss��ptshk�vst��wxv�}pn�
Nnmsf}nh~n�j�owsno�rfpwnrfq�sno�sfx�i�x�ithtit�tvifsf��

rtlsf�yxt}snxn�p�q�p�wx��uvtpqfjtp�wxv�}pn����{�vtmvnhsk�mywnq�
q��fgt�vtmvnhsk�mywnqq��wxv�}pn�jq��iyrthtxvtwtht��wxv�}pn ��pf�
gyqf�tgvfsf�vfs�~k�
vktg{�jsk�x�ithk�mywnqq��sf�uvnhtjsn{�gfvfgfsf{�ptshk�vf

jq��vy{thtit�vklnry�otit�vtgtxn�vtmvf{thy�x�w��ut�ztvryq�:
Wo = Ssg? Swg + kuv(Ssg + Swg);

jq��ikskvfxtvstit�vklnry�
Wo = Ssg? Swg? kuv(Ssg + Swg);

Ssg? sfx�i�wxv�}pn�h�xt}|��sfg�ifsn��sf�uvnhtjsno�gfvfgfs��v;
Swg? sfx�i�wxv�}pn�h�xt}|��mg�ifss��m�uvnhtjstit�gfvfgfsf��v�
kuv? ptkz�|��sx���t�hvf{thy��jtjfxpth��tutvn�vy{y�wxv�}�

pn�sf�uvnhtjstry�gfvfgfs�� kuv = 0,03...0,05.
vktg{�jsf�utxyls�wx��uvnhtjy�wxv�}pthtit�ptshk�vf�sf�uk�

vkr��kss��hfsxfly�jq��vy{thtit�vklnry�otit�vtgtxn�

= '
B

k W v
N , ?3G�

1000
� �

�
��
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jq��ikskvfxtvstit�vklnry�

= '
W

k W v
N , ?3G�

1000

� � ��
�

jk�.m?�ptkz�|��sx�mfufwy�utxylstwx���.m = 1,1...1,2;
�?�VVP�uvnhtjf��� = 0,8...0,9.
Pq��ikskvfxtvstit�vklnry�sktg{�jst�ukvkh�vnxn�utxyl�

s�wx��{tqtwxtit�{tjy�ptshk�vf��xtry��t�htsf�rtlk�hn�hnxnw��
g�q�~k��s�l�uvn�str�sfq�stry�mfhfsxflkss��
Zu�v�vy{y�wxv�}pn�sf�hfsxfls�o�h�xpn�uvn�{tqtwxtry�{tj���

xtgxt�m�sksfhfsxflkst°�wxv�}pt°�

� �9�e� @ ( @ 9W q q cos q sin g L� ��� � � 	� � 	 ��� � ��v�

]yrfvsno�tu�v�vy{y�wxv�}pn�ptshk�vf�uvn�{tqtwxtry�{tj��
{tj��

0e 9�e� aCEW  = k (W  + W )��v�

vktg{�jsf�utxyls�wx��jhniysf�uvn�{tqtwxtry�{tj�
= 	e

a�e�

k W v
N .

1000
� �

�
��

ep�t�hwxfsthqksf�utxyls�wx��uvnhtjy�wxv�}pthtit�ptshk��
vf Nh��g�q�~k�sktg{�jst���s ( WN fgt� a�e�N  ��xt�hng�v�ptshk�vf

mvtgqkst�h�vst��_��s~try�hnufjpy�sktg{�jst�mfr�wx��tjstit�
ptshk�vf�hwxfsthnxn�jhf�tjsfptht��jthlnsn��fgt�mfwxtwyhfxn�
�s~no�xnu�wxv�}pthtit�ptshk�vf�m�g�q�~t°�hwxfsthqkst°�utxy�
ls�wx°�uvnhtjy���mvtgnxn�ukvkvf{ystp�
[�wq��hnptsfss��x�ithtit�vtmvf{yspy�ptshk�vf�sktg{�jst�

utgyjyhfxn�j�fivfry�sfx�iy�wxv�}pn�uvn�str�sfq�stry�vklnr��
vtgtxn�ptshk�vf�
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� �0/#4&/$"�& "%1"-)�."3:%4�+/.$'�1./!�231 8+)

[tgyjthy�j�fivfrn�sfx�iy�vtmiq�skrt�sf�uvnpqfj��wuvt�k�
st��w{krn�ut{nqtit�ptshk�vf��y��ptry�uvnhtjsno�gfvfgfs�hwxf�
sthqksno�yitv���f�pyx�sf{nqy�ptshk�vf�g�q�~k������8�_�|�try�
ptshk�v��tu�v�vy{y�sfhfsxflkst��h�xpn Wh���	��f�utvtls�t��
Wutv < 0 .
P�fivfrf�sfx�iy�x�ithtit�tvifsf�zfpxn}st��hq���wtgt°�mf�

qkls�wx��$���+�� ���gyjy�x�w��h�rfw~xfg���Zwp�q�pn�h�w��h�jq�py�
sfx�iy�sfr��k�sk�h�jtrf��sfj{tjnrt�h�xfpno�wutw�g�
[t�tw��fgw|nw�h�w��{ �h�jpqfjf�rt�jthlnsn�h�jv�mp�h��sf��p��

vtmgnxno�ptsxyv�x�ithtit�tvifsf��f�ut�tw��tvjnsfx��h�w��7 �?
tutvn�vy{y�x�ithtit�tvifsf�sf�h�juth�jsn{�h�jv�mpf{��uvn}try��
�p�t�tu�v�vy{y�ptshk�vst��wxv�}pn�g�q�~k�syq��?�h�jpqfjf�rt�
otit�sfitvy��f��p�t�rks~k�syq��?�ysnm�
Nngkvkrt�rfw~xfg�utgyjthn�jthlns�j�q�stp�ut�tw��{���tut�

v�h�ut�tw��7��vfuvnpqfj��
�rr�ut�tw��{�h�juth�jf���	�r�jthlnsn�
ptshk�vst��wxv�}pn��f�
�rr�ut�tw��y�h�juth�jf��
�pv�wnq�tutv�h�
�fgt�sfx�i�h�wxv�}pn �
�
�	�������$���#�� &��$!1#1�#�*�1�%&/"$!1#1�#�*��1!/#$ ��1��
'(�#1�"1���&�#�+#�"�� &�% �"��/ �*��#�+#$�"�#I� �#1���$��
��#�� $#��0&���$%)' �0(.'/�#���1��&�"1�#�(/�)�#��%$ ��)��(��
��$�%$ ��)��(��)"$�#$��%$���"�'I(��$"��(� �"�+�#$" �-$��
�$#���)!���1�)�!.#$�%$"1(#1�#���1��&�"1���-��""��
[vthtjnrt�y�h�juth�jstry�rfw~xfg��tjns�h�j��s~tit�xvn�

ukvuksjnpyq�vn��N�jwxfs��r�l�|nrn�ukvuksjnpyq�vfrn�h�juth��
jf°x��uv�rtq�s�osnr�j�q�spfr�ptsxyvy�x�ithtit�tvifsf��[tmsf�
}nrt�|��hkvxnpfq�s��q�s���h�juth�jst�jt�syrkvf|���ivfsn}sn{�xt�
}tp�j�q�stp��sf��p��vtmgnxno�ptsxyv�wxv�}pn��
���-���
��vnw�3.1).
vf�ukvuksjnpyq�v��
�h�jmsf}nrt�jth�q�st�pvfupy����Zwp�q��

pn�h�sfw�&utv��	�h�j�|����pvfupn�ysnm�h�jpqfjkrt�hkqn}nsy�&utv�y�
h�juth�jstry�rfw~xfg����mvtgnrt�t|�spy�sf�hkvxnpfq���bkvkm�|°�
t|�spy�uvthkjkrt�itvnmtsxfq�sy�q�s�°�jt�ukvkxnsfss��m�ukvuks�
jnpyq�vtr 2-���Zjkvlnrt�pvfupy����Zwp�q�pn�mfqkls�wx��
Wutv���+��� �uv�rtq�s�osf�m��jsf�rt�xt}pn������uv�r�o�
�
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\nw��3.1��P�fivfrf�sfx�iy�x�ithtit�tvifsf�

N�jpqfjkrt�sf�wkvkjs�o�hkvxnpfq��sfitvy�h�j�pvfupn�� 2...3 
rr���utwxfhnrt�pvfupy����N�jwxfs��r�l�pvfupfrn�������h�juth�jf��
tutvy�vy{y�wxv�}pn�sf�h�j{nq�°}try�gfvfgfs����j�q�spf��-��sf�
vnw�3.1 ��Zwp�q�pn�wnqf�tutvy�vy{y�wxv�}pn�sf�h�j{nq�°}try�gfvf�
gfs��mfhljn�utmnxnhsf�xt�htsf�gyjk�mfhljn�sf�j�fivfr��h�jpqfjfxn�
w��sfitvy��S��jsy�rt�pvfupn��������N�j�pvfupn���y�h�juth�jstry�
rfw~xfg��h�jpqfjf�rt�sfitvy��xtry��t�&h��	�y�sf~try�uvnpqfj� �
hkqn}nsy�&h���vtgnrt�t|�spy��N�j�|����t|�spn�uvthtjnrt�itvnmts�
xfq��jt�ukvkxnsfss��m�ukvuksjnpyq�vtr�
���t�h�juth�jf��xt}|��sf�
gkifsn��wxv�}pn�sf�uvnhtjsno�gfvfgfs����wxfhnrt�sf�s�o�xt}py�. 
S��jsy�rt�xt}pn������h�jv�mptr���
N�j�xt}pn�ysnm�y�h�juth�jstry�rfw~xfg��h�jpqfjkrt�hk�

qn}nsy�min
c8S ��uvthkjkrt�itvnmtsxfq�sy�h�w����t�sfmhkrt�h�ww°�

ut�uvtwqnmfss°����utmsf}nrt�|nzvt°����N�j�pvfupn�m�sfo�
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rks~nr�sfx�itr�sf�sfhfsxflks�o�h�xpn,�y�sf~try�uvnpqfj��|k�
xt}pf���y�h�juth�jstry�rfw~xfg��h�jpqfjkrt�hkqn}nsy�

min
9S , 

uvthkjkrt�itvnmtsxfq�sy�h�w���sfmhkrt����h�ww°�ut�uvtinsy���ut�
msf}nrt�|nzvt°�����S�jht{�twko��������mf�h�w��h�jq�py�sfx�iy�pts�
hk�vst��wxv�}pn�uvnorkrt�snls°�y�sf~try�uvnpqfj��h�w��� �
�
�	������� ���"����#�I$")�%&� !��1�����1'.��1�!1 )�%&��#/!��
�1'.��� �($�)"$���S1;�min

c8S �#���)!������ $#�#��
_�jk�pn{�hnufjpf{�rtlk�hnoxn���t�snls�o��m�jht{�twko��������

hn�hnx�w��h�w�����
N�j�xt}pn�m�sfog�q�~nr�sfx�itr�x�ithtit�tvifsf��y�sf~try�

hnufjpy�|k�xt}pf� �h�jpqfjkrt�ysnm�hkqn}nsy�uvnuywxnrtit�
mywnqq��ptshk�vst��wxv�}pn�$j�y�h�juth�jstry�rfw~xfg����}kvkm�
txvnrfsy�xt}py�uvthkjkrt�itvnmtsxfq�sy�h�w����t�sfmhkrt�h�w�
w°�ut�r�|stwx����utmsf}nrt�|nzvt°������vnw�3.1 ��ep�t�h�w������
hn�hnx�w��hn�k�tw��h�jq�py��xt�|k�tmsf}f����t�wxv�}pf�sk�mfjtht�
q�s���yrthfr�r�|stwx���_rtht°�mfgkmuk}kss��jtwxfxs�t��r�|st�
wx��wxv�}pn�sf�vtmvnh���ukvkgyhfss��|����tw��sf�j�fivfr��sfx�iy�
x�ithtit�tvifsf�snl}k�uvnos�xt��tw��h�jq�py�
vf�j�fivfr��utpfmfsf�hkqn}nsf�x�ithtit�mywnqq��&t��pf���v��

msn|k°�sfx�i�h�wxv�}pn�h�xt}pf{���t�sfg�if°x��sf�uvnhtjsno�
gfvfgfs���mg�if°x���m�uvnhtjstit�gfvfgfsf�
P�fivfrf�sfx�iy�ptshk�vst��wxv�}pn�jtmhtq���hnmsf}nxn�sf�

x�i�wxv�}pn�h�gyj�-�p�o�pvfu|��ut�jthlns��x�ithtit�tvifsf�
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4. 01)+,"&�$)#/14� �3:%/$/%/�1/(1"64.+4�
0/6),)%/�231 8+/$/%/�+/.$'�1"

� � �$C<WK�M;�KIBK;ONHIE�LMKWQEI=I>I�EIH=@VK;�
=LM;HI=F@HI>I�H;�NOCFW

N{�js��jfs��jq��vtmvf{yspy�
[vnorfq�sf�mj�gs�wx��"p�uv��

���r

3�{h�
Qpwuqyfxf|�osf�uvtjypxnhs�wx��"k���	�x�itj�
Pthlnsf�xvfswutvxyhfss�������	�r�
Vyx�sf{nqy�hnvtgpn�E����8�
Xfpwnrfq�sno�vtmr�v�xvfswutvxy�rtit�rfxkv�fqy�frf{���	�rr;
]xv�}pthno�ptshk�v�wxf|�tsfvsno�
[t�hkqn}ns��"p�uv�xf�h�mfqklstwx��h�j�wutwtgy�ywxfsthpn�xf�

pyxf�sf{nqy�ptshk�vf�uvnorf�rt�ut�xfgqn|��P�
�tgnvf�rt�~hn�
jp�wx��vy{y�wxv�}pn�xf�~nvnsy�wxv�}pn��~nvnsf�wxv�}pn�
N��
			rr�~hnjp�wx��vy{y�wxv�}pn�5�����	r�w��Zgnvf�rt�ptshk�v�
�t
		_��[txyls�wx��uvnhtjy��y���	�pNx��chnjp�wx��vy{y�wxv��
}pn�5������r�w�

\nw��4.
��Sfqkls�wx��uvtjypxnhstwx��ptshk�vf��t
		_�h�j�
pyxf�otit�hwxfsthqkss��xf�jthlnsn�
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\nw��4.���V�skrfxn}sf�w{krf�ptshk�vf��t
		_

[kvkh�vnrt�~nvnsy�wxv�}pn�sf�pywpthfx�wx��

Bmin=2�amax+200=2���	��		��
	�rr�

cnvnsf�wxv�}pn�mfjthtq�s���pywpthfxtwx��rfxkv�fqy�
Nnmsf}nr�utitssy�hfiy�hfsxfly���t�msf{tjnx�w��sf�wxv�}|��

ptshk�vf�mf�sfwxyust°�ztvryqt°�

� � �
� �
<Q 650

q 72
3,6 v 3,6 2,5

pi�r,

jkv ?�~hnjp�wx��vy{y�wxv�}pn�ptshk�vf��5�����r�w�
[titssf�hfif�vtq�pttutv�
Nfsxflsf�h�xpf

� � �p
p

p

G' 25
q ' 20,8

l ' 1,2
�pi�r�

[tvtls��h�xpf

� � �p
p

p

G'' 21,5
q '' 8,9

l '' 2,4
�pi�r�



25

jk pG' , pG'' ?�hfif�}fwxnsh�juth�jst�hkv{s�t��xf�snls�t�

vtq�pttutv���p��tgkvxf°x�w��G78@>IK�Q�� ��pi�

pl ' , pl '' ?�h�jwxfs��r�l�vtqnpttutvfrn�h�juth�jst�hfs�

xflst����utvtls�t��h�xpn, pl ' �
��r�� pl '' ���
r�

Nnmsf}f�rt�tv��sxthst�utitssy�hfiy�wxv�}pn�ut�hwxfsthqk�
s�o�utxylstwx��jhniysf�ptshk�vf�
Xfpwnrfq�st�rtlqnhk�x�ithk�mywnqq����t�rtlk�vtmhnxn�

uvnh�j�ptshk�vf��hnmsf}f�rt�ut�xfp�o�ztvryq��

� � � � �y
CG

N 550
W 708 708 156

v 2,5
pv

jkNy�����	�pNx�?wyrfvsf�hwxfsthqksf�utxyls�wx��jhniys�h�
Xfpwnrfq�st�rtlqnhno�sfx�i�ptshk�vst��wxv�}pn��ut�hwxf�

sthqks�o�utxylstwx� �
��

��
� � � � � �

��max CG

e 10
S W 156 173

10 1e 1
pv�

jk B�?�wyrfvsno�pyx�tg{hfxy�wxv�}pt°�uvnhtjsn{�gfvfgf�
s�h��B���

	ivfj������vfj�
G�?�ptkz�|��sx�m}kuqkss��wxv�}pn�m�uvnhtjsnr�gfvfgf�
str��jq��htqtit��fxrtwzkvn��xf�zyxkvthfsn{�vkmnst°�
gfvfgfs�h�G�	���
eG�B?�x�ithno�zfpxtv��*G�B = 10.

[t�hkqn}ns��maxS��utukvkjs�t�tgnvf�rt�xnu�ptshk�vst��wxv��
}pn��vktg{�jsk�vtmvnhsk�mywnqq��wxv�}pn

� � �
�
� � �maxS m 173 8,5

i 14,7
B 100

v�wr�

jk� i ?�p�q�p�wx��xpfskhn{�uvtpqfjtp�
m =8,5 ?�mfufw�r�|stwx��ptshk�vst��wxv�}pn�
C�?vtmvnhsk�mywnqq��
�tjs����xpfskht��uvtpqfjpn�wxv�}pn�
N���
		�wr��?�~nvnsf�wxv�}pn�

N��ptwx��x�ithtit�tvifsy�ptshk�vf�utukvkjs�t�tgnvf�rt�iy�
rthtxpfskhy�wxv�}py��\c L̂-�		��p�q�p�wx��uvtpqfjtp�?����jq��
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�pt��C�����
	�v�wr��[titsf�hfif�wxv�}pn�3q��
����pi�r�
t̂j�

�
� � �i 5 2940 14,7�v�wr�

Nnmsf}f�rt�tu�v�vy{y�hfsxflst����utvtls�t��i�qpn�wxv�}pn�

� �� �� � � �� 	� � � 	 ��� �9 @ E @ 9W q q ' q cos (q q) sin g L ,�v�

jk�H���	�	���?�ptkz�|��sx�tutvy�vy{y�wxv�}pn�
I������
�r�w2?�uvnwptvkss��h�q�stit�ufj�ss��
Lh�����	�r�?�jthlnsf�sfhfsxflkst��h�xpn�wxv�}pthtit�
ptshk�vf�

� � � �� �� � � � � �� � � �� � �� �9W 16,7 20,8 72 0,035 cos9 16,7 72 sin9 9,81 670 116pv�

� �� �� � �� 	� � 	 ��� �aCE @ E @ &W q q '' cos q sin g L ��v

jk Lu�����	�r�?�jthlnsf�utvtls�t��h�xpn.

� �� �� � � � �� � �� � ��� �aCEW 16,7 8,9 0,035 cos9 16,7 sin9 9,81 650 11pv�

Nnmsf}nrt�uvngqnmst�x�ithk�mywnqq��sf�uvnhtj��ptshk�vf

� �� � �0 9 aCEW' k W W ��v�

� �� � � �0W' 1,1 116 11 115,5�pv�

jk k ?�ptkz�|��sx���pno�hvf{thy��r�w|kh��tutvn�vy{y�wxv��
}pn��.���
�
�

Nnmsf}nrt�r�s�rfq�sno�sfx�i�wxv�}pn�sf�hfsxfls�o�i�q|��mf�
yrtht°�uvnuywxnrtit����uvth�wy�

� �� � � ��min
9 @ (S 5 q q g l ' ��v�

� �� � � � � �min
9S 5 72 16,7 9,81 1,2 5,2�pv
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Nnmsf}nrt�r�s�rfq�st�sktg{�jsno�sfx�i�wxv�}pn�h�xt}|�����
mg�ifss��m�uvnhtjstit�gfvfgfsy�

��

��
�

�
min m 0
c8

k W
S

e 1

�
� �

�
min
c8

1,2 115,5
S 15

10 1
pv

jk kx?�ptkz�|��sx�mfufwy�wnq�m}kuqkss���.x = 1,2.
Nnmsf}nrt�mfifq�sk�x�ithk�mywnqq��sf�uvnhtj��ywxfsthpn�
]ut}fxpy�hnmsf}nrt�sfx�i�y�{fvfpxkvsn{�xt}pf{�mf�rkxtjtr�

tg{tjy�ut�ptsxyvy��vfx�i�wxv�}pn�h�xt}|�����wg�ifss��m�uvnhtjst�
it�gfvfgfsy�$1�uthnsst�gyxn�tgvfst�xfpnr�}nstr���tg�mfutg�ixn�
uvtgypwth|��wxv�}pn�

� min
1 c8S S

[vnorf�rt�$1���
��pv
S2 = S1+ Wutv = 18 ?�

�����pv�
S3 = S2 + W2-3 = S2���	�	�@�$2= 1,05@�����
�pv�

� min
3 9S S ?�yrthf�ut�uvtinsy�wxv�}pn�hnptsfsf�

S4= S3+W3-4= S3+Wh���
���

������
�����pv�
S5 = S4 +  W4-5 =1,05 @�$4��
�	��@�
�������
���pv�
Zwp�q�pn�j�q�spf��-��rfqf�h�utv�hs�ss��m�jthlnst°�ptshk��

vf��xt�sk°�mskhflf�rt���vf{y�rt���t�$6 = S5��
���pv�
f̂pnr�}nstr��sfx�i�wxv�}pn�h�pvfu|��sfg�ifss��sf�uvnhtj�

sno�gfvfgfs�$sg = S6���
���pv��f�sfx�i�wxv�}pn�h�pvfu|��mg�ifss��m�
uvnhtjstit�gfvfgfsy�$wg = S1���
��pv
Nnmsf}nrt�j�owsk�mfifq�sk�x�ithk�mywnqq��sf�uvnhtj��ut�

ztvryq��
W0 = Ssg? S)g  + kuv�@���$sg+ S)g)

jk kuv?�ptkz�|��sx�tutvy�vy{y�wxv�}pn�sf�uvnhtjsn{�gf�
vfgfsf{��.uv = 0,04.

W0 = 129 ?�
����	�	
�@��
�����
� ���

��pv�

_xt}s°�rt�xnu�ptshk�vst��wxv�}pn�
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Xfpwnrfq�sno�j�owsno�sfx�i�wxv�}pn�mf�vkmyq�xfxfrn�vtm�
vf{yspy�wpqfjf��

S0(S�j�= S6���
���pv�

vktg{�jsk�vtmvnhsk�mywnqq��ptshk�vst��wx�}pn�hngnvf�x�w��
ut�mfqklstwx��

Sv;�$0(S�j
� �

�
� � �max.;S m 129 8,5
i 11

B 100
�v�wr

Zwxfxt}st�tgnvf�rt�ptshk�vsy�wxv�}py��\c L̂-�		�m�
�xpf�
skhnrn�uvtpqfjpfrn��jtuywxnrf�r�|s�wx���pt��

�
� � �
� � �E

i B 4 2940 100
S 138

m 8,5
pv�

Sv > S0(S�j���txlk�wxv�}pf�uvt{tjnx�.
Nnmsf}f�rt�utxv�gsy�wyrfvsy�utxyls�wx��jhniys�h�uvnhtjy�

ptshk�vf�

� �
�

��
= 	

n

k W v
N

1000
,

jk km?�ptkz�|��sx�mfufwy�utxylstwx����.m = 1,2;
c�?�p�p�j��uvnhtjy��c���	����

� �
� �

�n

1,2 117000 2,5
N 413

1000 0,85
pNx

Nwxfsthqksf�wyrfvsf�utyls�wx��uvnhtjy�ptshk�vf��t
		_�
wpqfjf�������	�pNx��N�sf~try�hnufjpy���y > Nn���xtgxt�uvnhtj�
mfgkmuk}y��stvrfq�sy�vtgtxy�ptshk�vf�
Pq�fivfrf�sfx�iy�ptshk�vst��wxv�}pn�sfjfsf�sf�vnwyspy�
���
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\nw��4.3.�P�fivfrf�sfx�iy�ptshk�vst��wxv�}pn

4.2 �$C<WK�M;�KIBK;ONHIE�LMKWQEI=I>I�EIH=@VK;�
=LM;HI=F@HI>I�H;�<K@GL<@K>N

N{�js��jfs��jq��vtmvf{yspy�
[vnorfq�sf�mj�gs�wx��Qp�uv����r

3�{h�
Qpwuqyfxf|�osf�uvtjypxnhs�wx��Qk=470�x�itj�
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Pthlnsf�xvfswutvxyhfss��L��
�	�r�
Vyx�sf{nqy�hnvtgpn�E���-98;
Xfpwnrfq�sno�vtmr�v�xvfswutvxy�rtit�rfxkv�fqy�frf{���	�rr;
]xv�}pthno�ptshk�v�wxf|�tsfvsno.

[t�hkqn}ns��Qp�uv�xf�h�mfqklstwx��h�j�wutwtgy�ywxfsthpn�xf�
pyxf�sf{nqy�ptshk�vf�uvnorf�rt�ut�xfgqn|��P�
~hnjp�wx��vy{y�
wxv�}pn�xf�~nvnsy�wxv�}pn��~nvnsf�wxv�}pn�N����		rr�~hnj�
p�wx��vy{y�wxv�}pn�v������r�w��Zgnvf�rt�ptshk�v��t�	_��[txyl�
s�wx��uvnhtjy�Ny��

	�pNx��chnjp�wx��vy{y�wxv�}pn�v = 2,5r�w�

\nw��4.4��Sfqkls�wx��uvtjypxnhstwx��ptshk�vf��t�0_�h�j�py�
xf�otit�hwxfsthqkss��xf�jthlnsn

\nw��4.5.�V�skrfxn}sf�w{krf�ptshk�vf��t�	_
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[kvkh�vnrt�~nvnsy�wxv�}pn�sf�pywpthfx�wx��

Bmin=2�amax+200=2�270+200=740�rr�

cnvnsf�wxv�}pn�mfjthtq�s���pywpthfxtwx��rfxkv�fqy�
Nnmsf}f�rt�utitssk�sfhfsxflkss���sf�wxv�}py�ptshk�vf�h�j�

hfsxfly:

� � �
� �
<Q 470

q 52
3,6 v 3,6 2,5

pi�r

jk v?�~hnjp�wx��vy{y�wxv�}pn�ptshk�vf��v�������r�w�
[titssf�hfif�vtq�pttutv�

Nfsxflsf�i�qpf

� � �p
p

p

G' 22
q ' 17

l ' 1,3
�pi�r�

[tvtls��i�qpf

� � �p
p

p

G'' 19
q '' 7

l '' 2,6
�pi�r�

jk G'v� G''v ?�hfif�}fwxns���p��tgkvxf°x�w���h�juth�jst
hkv{s�t��xf�snls�t��vtqnpttutvn��pi�

pl ' , pl '' ?�h�jwxfs��r�l�vtqnpttutvfrn�h�juth�jst�

hfsxflst����utvtls�t��i�q|���pl ' =1,3r�� pl '' =2,6r�

Nnmsf}f�rt�tv��sxthst�utitssy�hfiy�wxv�}pn�ut�
hwxfsthqks�o�utxylstwx��jhniysf�ptshk�vf�

Xfpwnrfq�st�rtlqnhk�x�ithk�mywnqq����t�rtlk�vtmhnxn�
uvnh�j�ptshk�vf��hnmsf}f�rt�ut�xfp�o�ztvryq��

� � � � �y
CG

N 110
W 708 708 31

v 2,5
pv

jk Ny = 110�pNx�?�wyrfvsf�hwxfsthqksf�utxyls�wx��
jhniys�h�

Xfpwnrfq�st�rtlqnhno�sfx�i�ptshk�vst��wxv�}pn��ut�
hwxfsthqks�o�utxylstwx� �
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��

��
� � � � � �

��max CG

e 7,77
S W 31 36

7,77 1e 1
pv�

jkB�?�wyrfvsno�pyx�tg{hfxy�wxv�}pt°�uvnhtjsn{�
gfvfgfs�h,B�= 470ivfj������vfj;
G ?�ptkz�|��sx�m}kuqkss��wxv�}pn�m�uvnhtjsnr�
gfvfgfstr��jq��htqtit��fxrtwzkvn��xf�zyxkvthfsn{�
vkmnst°�gfvfgfs�h�G=0,25;
eGB?�x�ithno�zfpxtv��eGB= 7,77.

[t�hkqn}ns� maxS� utukvkjs�t�tgnvf�rt�xnu�ptshk�vst��

wxv�}pn. \tmvnhsk�mywnqq��wxv�}pn

maxS m 36 8,5
i 3,8

B 80

� � �
�
� � � pv�wr�

jk�i?p�q�p�wx��xpfskhn{�uvtpqfjtp�
m = 8,5 ?�mfufw�r�|stwx��ptshk�vst��wxv�}pn�
C�?�vtmvnhsk�mywnqq��
�tjs����xpfskht��uvtpqfjpn�
wxv�}pn��v�wr;
N���8	�wr��?�~nvnsf�wxv�}pn�

N��ptwx��x�ithtit�tvifsy�ptshk�vf�utukvkjs�t�tgnvf�rt
iyrthtxpfskhy�wxv�}py��c L̂-100,�p�q�p�wx��uvtpqfjtp�? 4, jq��
�pt��C�� 980v�wr��[titsf�rfwf�wxv�}pn�qq�����
�pi�r�

t̂j�
�
� � �i 4 980 3920�v�wr.

Nnmsf}f�rt�tu�v�vy{y�hfsxflst����utvtls�t��h�xpn�wxv�}pn�

� �� �� � � �� 	� � � 	 ��� �9 @ E @ 9W q q ' q cos (q q) sin g L ,

jk� H = 0,04 ?�ptkz�|��sx�tutvy�vy{y�wxv�}pn�
Lh = 470�r�?�jthlnsf�sfhfsxflkst��h�xpn�wxv�}pthtit�
ptshk�vf�

� � � �� �� � � � � �� � � �� � ��� �9W 52 9,84 17 0,04 cos9 52 9,84 sin9 9,81 470 30,2pv�
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� �� �� � �� 	� � 	 ��� �aCE @ E @ &W q q '' cos q sin g L

jk Lu = 450�r�?�jthlnsf�utvtls�t��h�xpn.

� �� �� � � � �� � �� � �� �aCEW 9,84 7 0,04 cos9 9,84 sin9 9,81 450 9,7pv�

Nnmsf}nrt�uvngqnmst�x�ithk�mywnqq��sf�uvnhtj��ptshk�vf

� �� � �0 9 aCEW' k W W

� �� �� � ��0W' 1,2 30,2 9,7 25�pv�

jk k ?�ptkz�|��sx���pno�hvf{thy��r�w|kh��tutvn�vy{y�
wxv�}pn��k = 1,2.

Nnmsf}nrt�r�s�rfq�sno�sfx�i�wxv�}pn�sf�hfsxfls�o�i�q|��mf�
yrtht°�uvnuywxnrtit����uvtinsy:

� �� � � ��min
9 @ (S 5 q q g l '

� �� � � � � �min
9S 5 52 9,84 9,81 1,3 3,9�pv

Nnmsf}nrt�r�s�rfq�st�sktg{�jsno�sfx�i�wxv�}pn�h�xt}|�����
mg�ifss��m�uvnhtjstit�gfvfgfsy:

��

��

�� �
�

�
G 	min

c8

k W e
S

e 1

� �
� �

�
min
c8

1,25 25 7,77
S 36

7,77 1
pv

jkkx?�ptkz�|��sx�mfufwy�wnq�m}kuqkss��sf�uvnhtjsn{�
gfvfgfsf{� kx = 1,25.

Nnmsf}nrt�mfifq�sk�x�ithk�mywnqq��sf�uvnhtj��ywxfsthpn�
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]ut}fxpy� hnmsf}nrt� sfx�i� ptshk�vst�� wxv�}pn� y�
{fvfpxkvsn{�xt}pf{�mf�rkxtjtr�tg{tjy�ut�ptsxyvy��vfx�i�
wxv�}pn�h�xt}|�����wg�ifss��m�uvnhtjstit�gfvfgfsy�S1�uthnsst
gyxn�tgvfst�xfp���tg�mfutg�ixn�uvtgypwth|��wxv�}pn:

� min
1 c8S S

[vnorf�rt�S1 = 37pv;
S2 � S1 =����pv�
S3 = S2 + W2-3 = S2��	�	�@ S2= 1,05@37 = 39pv;
S4 = S3+ Wutv =������������
����pv�
S5 = S4 + W3-4 = S4��	�	�@ S4= 1,05@48,7 = 51pv;
S6= S5+W5-6= S5 + Wh= 51 ? 3	������	���pv�

min
6 ivS S� ?�yrthf�ut�uvtinsy�wxv�}pn�hnptsfsf�

S7 = S6 + W6-7 =1,05 @�S6��
�	��@�
���������pv�

Zwp�q�pn�j�q�spf��?���rfqf�h�utv�hs�ss��m�jthlnst°�
ptshk�vf��xt�sk°�mskhflf�rt���vf{y�rt���t�S8 = S7������pv�

S9 = S8 + W8-9 =1,05 @�S8��
�	��@���������pv�

Zwp�q�pn�j�q�spf���?�
	�rfqf�h�utv�hs�ss��m�jthlnst°�
ptshk�vf��xt�sk°�mskhflf�rt���vf{y�rt���t�S10 = S9������pv�

f̂pnr�}nstr��sfx�i�wxv�}pn�h�pvfu|��sfg�ifss��sf�
uvnhtjsno�gfvfgfs�Ssg = S10 =���pv��f�sfx�i�wxv�}pn�h�pvfu|��
mg�ifss��m�uvnhtjstit�gfvfgfsy�Swg = S1 =����pv�
Nnmsf}nrt�j�owsk�mfifq�sk�x�ithk�mywnqq��sf�uvnhtj��ut�

ztvryq��
W0 = Ssg?Scg��?kuv@���Ssg+ Scg)

jk kuv ?�ptkz�|��sx�tutvy�vy{y�wxv�}pn�sf�uvnhtjsn{
gfvfgfsf{� kuv = 0,04.

W0 = 23?37 ? 0,04�@��23 + 37) �-

���pv.

Nnmsf}nrt�sfx�in�ptshk�vst��wxv�}pn��xf�x�ithk�mywnqq��sf�
uvnhtj��uvn�{tqtwxtry�{tj��vtgtxn�ptshk�vf�
Zu�v�vy{y�sfhfsxflkst��i�qpn�uvn�{tqtwxtry�{tj��
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� �� �� � �� 	� � 	 �� �� �9�e @ E @ 9W q q ' cos q sin g L

� �� �� � � � �� � �� � ��� �9,84 17 0,04 cos9 9,84 sin 9 9,81 470 2�pv�

Zu�v�vy{y�utvtls�t��i�qpn�uvn�{tqtwxtry�{tj���

utvW = utv�{W ������pv�

�̂ithk�mywnqq��uvn�{tqtwxtry�{tj��tv��sxthst �

� �� � �0.e 9�e aCE�eW' k W W

� �� �� � �0.eW' 1,2 2 9,7 9�pv�

Zwp�q�pn�� 0.{W ' > 0��uvnhtj�ptshk�vf�uvf|°��h�vy{thtry�

vklnr��uvn�{tqtwxtry�{tj����

��

� �
� � �

��
min G 	�e
c8�e

k W' 1,25 9
S 1,7

7,77 1e 1
�pv�

t̂ry��t�min
wgS > min

wg�{S ��uvnorf�rt�S1 = 37pv;

S2 � S1 =����pv�
S3 = S2 + W2-3 = S2��	�	�@ S2= 1,05@37 = 39pv;
S4 = S3+ Wutv =�����������
����pv�
S5 = S4 + W3-4 = S4��	�	�@ S4= 1,05@48,7 = 51pv;
S6= S5+W5-6= S5 + Wh= 51 -�����
��pv�
S7 = S6 + W6-7 =1,05 @�S6��
�	��@�
�����
�pv�

Zwp�q�pn�j�q�spf��?���rfqf�h�utv�hs�ss��m�jthlnst°�
ptshk�vf��xt�sk°�mskhflf�rt���vf{y�rt���t�S8 = S7����
�pv�

S9 = S8 + W8-9 =1,05 @�S8��
�	��@��
����
�pv�
Zwp�q�pn�j�q�spf���?�
	�rfqf�h�utv�hs�ss��m�jthlnst°�

ptshk�vf��xt�sk°�mskhflf�rt���vf{y�rt���t�S10 = S9����
�pv�
f̂pnr�}nstr��sfx�i�wxv�}pn�h�pvfu|��sfg�ifss��sf�

uvnhtjsno�gfvfgfs�Ssg = S10 =��
�pv��f�sfx�i�wxv�}pn�h�pvfu|��
mg�ifss��m�uvnhtjstit�gfvfgfsy�Swg = S1 =����pv�
Nnmsf}nrt�j�owsk�mfifq�sk�x�ithk�mywnqq��sf�uvnhtj��ut�

ztvryq��
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W	�{ = Ssg?Scg��+ kuv@���Ssg+ Scg)

jk kuv?�ptkz�|��sx�tutvy�vy{y�wxv�}pn�sf�uvnhtjsn{
gfvfgfsf{� kuv = 0,04.

W0�{= 54?37 + 0,04�@��54 + 37) ��
�pv.

_xt}s°�rt�xnu�ptshk�vst��wxv�}pn�
Xfpwnrfq�sno�j�owsno�sfx�i�wxv�}pn�mf�vkmyq�xfxfrn�

vtmvf{yspy�wpqfjf��
Smax�j = S9�uvn�{tqtwxtry�{tj��ptshk�vf  =��
�pv�

vktg{�jsk�vtmvnhsk�mywnqq��ptshk�vst��wx�}pn�hngnvf�x�w��
ut�mfqklstwx��

Sv�;�Smax.j

� �
�
� � �max.;S m 54 8,5

i 5,7
B 80

�pv�wr

Zwxfxt}st�tgnvf�rt�ptshk�vsy�wxv�}py� L̂-
�	�m���
xpfskhnrn�uvtpqfjpfrn��jtuywxnrf�r�|s�wx���pt��

�
� � �
� � �E

i B 5 1470 80
S 69

m 8,5
pv�

Sv�> Smax.j���txlk�wxv�}pf�uvt{tjnx��ut�r�|stwx��

Nnmsf}f�rt�sktg{�jsy�wyrfvsy�utxyls�wx��jhniys�h
uvnhtjy�ptshk�vf.
[vn�vtgt}try�vklnr��vtgtxn�uvnhtjf�

� � �� � � � �
� � �

3
= 	

n

k W v 1,2 11,6 10 2,5 0,9
N 31

1000 1000
�pNx�

jkkm?�ptkz�|��sx�mfufwy�utxylstwx����km= 1,2;
c�?�p�p�j��uvnhtjy,�c���	�9.

[vn�{tqtwxtry�{tj��
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� � � � �
� � �

�� �

3
= 	

n.e

k W v 1,2 21 10 2,5
N 70

1000 1000 0,9
�pNx.

Nwxfsthqksf�wyrfvsf�utyls�wx��uvnhtjy�ptshk�vf��t�	_
wpqfjf��N���

	�pNx��N�sf~try�hnufjpy��Ny�> Nn�xf� n.{N ��xtgxt�

uvnhtj�mfgkmuk}y��stvrfq�sy�vtgtxy�ptshk�vf�sf�jthlks��
xvfswutvxyhfss��
�	r�uvn�pyx��sf{nqy��8.

P�fivfrf�sfx�iy�ptshk�vst��wxv�}pn�sfjfsf�sf�vnwyspy�
���

\nw��4.6.�P�fivfrf�sfx�iy�ptshk�vst��wxv�}pn
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5. ("$&"..:�&,:� .&)$ &4",9.)6�1/# 3

Nfv�fsxn�mfhjfs�
� Quv Qk L 	 � Quv Qk L 	
1 5,0 270 595 3 26 5,0 290 540 4
2 5,4 260 510 -3 27 4,4 250 660 -4
3 2,8 170 740 4 28 3,0 180 715 5
4 6,5 300 490 7 29 6,2 310 520 6
5 6,3 260 885 -9 30 6,0 285 840 -8
6 6,5 280 595 -11 31 6,4 300 635 -12
7 7,0 380 588 6 32 7,2 360 640 7
8 7,5 400 797 3 33 7,2 400 690 4
9 7,9 430 645 5 34 7,6 450 390 6
10 10,4 500 587 9 35 10,4 560 650 8
11 13,3 850 1275 -1 36 13,8 840 1085 -2
12 2,8 120 595 -14 37 3,0 150 540 -13
13 15,7 850 495 -11 38 15,6 880 440 -12
14 16,0 900 1190 -7 39 15,8 910 1090 -6
15 12,5 600 785 10 40 12,4 520 775 9
16 12,0 550 590 11 41 13,2 630 715 10
17 15,1 760 790 9 42 15,3 850 690 8
18 7,0 360 795 -8 43 7,0 390 730 -7
19 7,2 400 1095 -7 44 7,2 380 925 -6
20 8,0 450 490 -10 45 8,0 470 465 -9
21 11,1 520 695 10 46 11,5 650 685 9
22 8,0 420 395 9 47 7,8 460 370 8
23 4,2 120 990 12 48 3,3 140 880 11
24 15,5 700 745 12 49 15,7 720 680 14
25 4,8 170 890 7 50 4,8 280 850 6

N{�js��jfss��jq��vtmvf{yspy�
� ]xf|�tsfvsno�wxv�}pthno�ptshk�v�
� Xfpwnrfq�sno�vtmr�v�~rfxpf�hfsxfly���t�xvfswutvxy�
�x�w��-���	�rr�

� [vnotrsf�mjfxs�wx��QE JK��r
3�{h�

� Qpwuqyfxf|�osf�uvtjypxnhs�wx��Q@,�x�}�
� Pthlnsf�xvfswutvxyhfss��L��r�
� Vyx�sf{nqy�hnvtgqkss�����ivfj�
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N�{tj��hnptsfss���sjnh�jyfq�st��vtmvf{ysptht��vtgtxn�sk�
tg{�jst�hnptsfxn�sfwxyus��mfhjfss�

��Nngvfxn�~nvnsy�ptshk�vst��wxv�}pn�xf�~hnjp�wx�����vy{y�
���Nngvfxn�wxv�}pthno�ptshk�v��sfjfxn�otit�w{kry���{fvfpxk�
vnwxnpy�

���Nnptsfxn�x�ithno�vtmvf{ystp�tgvfstit�wxv�}pthtit�ptshk�
�vf���utgyjyhfxn�j�fivfry�sfx�iy�otit�ptshk�vst��wxv�}pn�
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&/&"3+)

f̂gqn|��P��
�
h̀nqnssf�uvnotrsf�mjfxs�wx��ptshk�vf�"p�uv���r

3�{h
cnvnsf�wxv�}pn�N��rr

800 1000 1200
chnjp�wx��vy{y�wxv�}pn��5��r�w

]utw�g
ywxfsthpn�pts�

hk�vf

_itq�sf{n�
qy�hnvtg�
qkss���ivfj

1,6 2,0 2,5 1,6 2,0 2,5 2,5 3,15
jt�� 6,6 8,2 10,3 10,7 13,4 16,8 24,8 31,2

]xf|�tsfvsno
7 ? 18 6,2 7,8 9,7 10,2 12,7 15,9 23,5 29,6

vfu�hwxf|�tsfvsnojt�� 5,9 7,4 9,2 9,7 12,1 15,1 - -
[kvkwyhsno 7 ? 18 5,6 7,0 8,8 9,2 11,5 14,3 - -

f̂gqn|��P���
Xfwf�tgkvxthn{�}fwxns�vtqnpttutv

Rtqtg}fwxf�vtqnpttutvf�
�hfsxflsf�ifqym� 

[v�rf�vtqnpttutvf
�utvtls�pthf�ifqym� 

cnvnsf�
wxv�}pn��
rr P�frkxv�vt�

qnpf��rr
Xfwf� EG���pi P�frkxv�vt�

qnpf��rr
Xfwf� EG����pi

800 127 22 127 19
1000 127 25 127 21,5
1200 159 45 159 35

f̂gqn|��P���
Vtkz�|��sx�tutvy�vy{th��wxv�}pn�

Pthlnsf�ptshk�vf��rcnvnsf�ptshk�vst��
wxv�}pn��rr L200 L�200

B = 800 0,05 0,04
B � 800 0,04 0,035

f̂gqn|f�P. 4.
Vtkz�|��sx�xkvx��r�l�wxv�}pt°���uthkv{sk°�gfvfgfsf

\tmvf{yspthno�ptkz�|��sx�xkvx���
�p�t�tgpqfjpn�wxv�}pn

_rthn�hnptvnw�
xfss��ptshk�vf

vf�hs�wx��zyxkvthpn

vkufq�sf�vkmnsf [Ǹ

vkrf� 0,15 0,1Nnvtgqkss����t�
uvnrnpf°x��jt�
t}nwstit�hngt° I 0,25 0,15

vkrf� 0,25 0,15
Js~��hnvtgqkss�

I 0,35 0,25
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f̂gqn|f�P. 5.
Xfwf��vtmvf{yspthf �
�r2�iyrthtxpfsnssn{�wxv�}tp��pi

bnwqt�xpfsnssn{�uvtpqfjtp
n̂u�wxv�}pn

t̂h�nsf�mths��
~s�{�tgpqfjtp��

rr 3 4 5 6 7 8

MVvt-65 3/1 7,3 8,2 9,1 10 10,9 11,8
3/1 7,9 9 10,1 11,2 12,3 13,4

MVvt-100
4,5/2 10,8 11,9 13 14,1 15,2 16,3
3/1 8,5 10,8 11,1 12,1 13,7 15

MVvt-150
4,5/2 11,4 12,7 14 15,3 16,6 17

L̂-100 4,5/2 11,1 12,3 13,5 14,7 15,9 17,1
V̂-100 6/2 12,8 14 15,2 16,4 17,6 18,8
V̂-150 4,5/2 11,7 13,1 14,5 15,9 17,3 18,7
V̂-200 6/2 13,4 14,8 16,2 17,6 19 20,4
V̂-300 4,5/2 12 13,5 15 16,5 18 19,5
L̂-300 6/2 13,7 15,2 16,7 18,2 19,7 21,2
L̂-400 4,5/2 12,3 13,9 15,5 17,1 18,7 20,3

f̂gqn|f�P. 6.
k̂{s�}s��{fvfpxkvnwxnpn�iyrthtxpfsnssn{�ptshk�vsn{�wxv�}tp

n̂u�wxv�}pn bnwqt�uvtpqfjtp
Xklf�r�|stwx��uvt�
pqfjpn��v�wr�
�sk�rks~k)

�cMVvt-65 3?8 540
�cMVvt-100 3?8 980
�c L̂-100
�c V̂-100

3?8 980

[Ǹ -120 4?6 1180
][Ǹ -120 4?6 1180
�cMVvt-150 3?6 1470
�c L̂-150
�c V̂-150

3?6 1470

�c V̂-200-2 3?6 1960
�\c t̂V-200 3?6 1960
�\c V̂-300
�\c L̂-300

3?5 2940

�\c t̂V-300 3?6 2940
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