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�D< ?>47>F>6>5 > ?>65D>5 D4EE>4><5D4 6O?>?=ONF E?54GNM<5 >?5D4F<<.
8.1.1 �>47>F46?<64NF > D45>F5 ?>65D>G=GN GEF4=>6>G < ED54EF64 <7<5D5=<= E>7?4E=>

<E M>E??G4F4F<>==>= 4>>D?5=F4F<<.
8. l ,2 �>47>F46?<6tlNF D4EE>4><5D > D45>F5 E>7?4E=> 57> DG>>6>4g76G ?> M>E??G4F4F<<

(?4?55 - $-).
8.1.3 %>5<D4NF EE5<G ?>65D>< D4EE>4><5D4 6 E>>F65FEF6<< E M>E??G4F4F<>==>= 4>>G-

<5=F4F<5= =4 ?>65D>GrFGI> ycFar=o6Ky < D4EE>4><5D.
8.1.4 �4?>r?rONF E<EF5<G ?>65D>G=>= GEFal=>6>< 6>4>=, G44?ONF 6>74GE < ?D65DONF

75D<5F<G=>EFL E<EF5<O.

8.2 �?D>5>64=<5 ?D>6>4lF 6 E?54GNL5= ?>E?54>64F5?L=>EF<:
_ 6>?NG4NF D4EE>4><5D;
- ?D>65DONF GEF4=>6>G ?>>ar74=<= D4EE>4><5D4 =4 =G?L ?D< >FEG7EF6<< ?>F>>4 <7-

<5DO5<>= ED54O G5D57 D4EE>4><5D;
- GEF4=46?<6:tNF D4EE>4 <7<5DO5<>= ED54O 6 ?D545?irE 4<4?47>=4 <7<5D5=<= D4E-

E>4><5D4 < ?D>65DONF =4?<G<5 ?>>474=<= =4 <=4<>4F>D5 < E<7=4?>6 =4 G4EF>F=>< 6OE>45.
8.2.1 $4EE>4><5D EG<F45FEO ?D>65D5==O< ?> 44==><G ?G=>FG, 5E?< 6O?>JLONFEO

GE?>6<O:
- 6 D45>G5< D56<<5 D4EE>4><5D D57<EFD<DG5F <7<5DO5<O= D4EE>4 (>5N5<);
- 6 D45>G5< D56<<5 D4EE>4><5D 4>?65= 75=5D<D>64FL 6OE>4=>= G4EF>F=O=, ?D>-

?>DF<>=4?L=O= F5>GM5<G D4EE>4G.

8.3 �<<F4F<>==O= <5F>4
8.3. l �D>65D>4 M?5>F,<G5E>>7> E>?D>F<6?5=<O <7>JuIF<<

�D>65D>4 M?5>F)<G5E>>7� E>?D>F<6?5=</ <7>JFF<< E<?>6LD( F5?5= ?D6>4<FEO E ?D<-
<5=5=<5< <57><<5FD4 =><<=4JIL=O< =4?DO65=<5< 500 �.

<57><<5FD ?>4>JINGalNF <564G E>54<=5==O< 6<5EF5 E5F56O< >>�F4>F4< < 7475<?ON-
M<< >>=F4>F>< E5F56>= 6<?>< 5?>>4 ?<F:l=<O (44?55 - �?) D4EE>4><5D4, 4 57> ?>>{64=<O
D<>E<DlF>F G5D57 1 <<= ?>E?5 ?D<?>65=<O =al?DO65=<O.

D57G?LF4F ?D>65D>< EG<F45FEO ?>?>6<F5?L=O<, 5E?< M?5>7D<G5E>>5 E>?D>F<6?5=<5
<7>?OF<< F5?5= E5F56>7> ?<F4=<O >F=>E<F5?L=> 7475<?ONM57> >>=F4>I4 =5 <5=55 20 �><.

8.3.2 �D>65D>4 D),=>F<>=<D>64=<O
�>4>r?>G4NF ?5D6O= =4>?44=>= G?LF476G>>6>= ?5D6<G=L= ?D5>5D47>64F5?L (?4?55

��-1) > D47N5<G >.-4FG<> l > =4 ?D>F5EE>D=>< 5?>>5 (?4?55 ��).
�>4>?NG4NF D47N5< <.-4FG<> 2 6LrE>4> <�<<F4F<>==>7> LF5>5D4) - > D47N5<G

>.I[4FG<> 2> =4 ��.
�>4>?NG4N& 6F>D>= =4>?44�>= G?LFD476G>�6>= ?5D6<G=O= ?D5>5D47>64F5?L (44?55

��-2) > D47N5<G <�4FG<> 2 6E>4>.

�?O EF4F<>=4D=>7> <E?>?=5=<O: ?>4>JING4NF D47N5< <&5EF> >�<<F4F<>=?>7> LF5-
>5D4) > D47N5<G >&5EF> ��,

E<47O64NF D45>G<5 ?>65DE=>EF< �?-l < �?-2 F>=><< E?>5< E<47>< F<?4 �uF>?-24
<?< 4=iul>7<G=>= < E>54<=ONF <E 6<5EF5.



.-?O EF4G<>=4D=>7> <E?>JI=5=<O: E>54?=ONF D47N5<O <%<7=4?> I� < �� <565?>G=O<
>455?5< < ?>4>JINGzlNF Eg756>= >455?L > D4}N5<G <%5FL> =4 ��.

%E5<4 E>54<=5=<= ?>>474=4 =4 D<EG=>5 �.l ?D<?>65=<O �.
�4 75=5D4F>D5 GEF4=46?<64NF G4EF>FG 500 �L, 4<??<ry?G (0,5+0,1) �, F<? E<7=4?4 -

E<=GE><4zl?L=O=. �>4<?NG4NF 6LrE>4 75=5D4F>D4 > 6E>4G <�5=5D4F>D)) <<<F4F<>==>7> LF5-
>5D4.

'4EF>ry 6=5L=57> 75=5D4F>D4 >>=FD>JI<D},NF E ?><>MLN G4EF>F><5D4" ?>4>JING5==>7>
?4D4??5?L=> 6OE>4G 75=5D4F>D4.

'EF4=46?<64NF ?5D5>?NG4F5?< <<<F4F<>==>7> LF5>5D4 6 D5)$< ?>65D>< ?> E>>D>-
EF<.

�7<5DONF =4?DO>5=<5 ?<Fal=<O 6 E5F< ?5D5<5==>7> F>>4 220 � <G?LF<<5FD><.
�>?NG4NF D4EE>4><5D 6 E5FL.

,-?O ?>DF4F<6=>7> 64D<4=F4 E =>lF5G>>< 6>JINGllNF =>lF5G> < 747DG6:lNF ?D7D4<<G
<.->??5D>6E><= D4EE>4><5D> <d>DDl5r.5E5>, 6 >>=5 ?D>7D4<<O 6O5<D4NF >>=D<7GD4G<N <7-
<5D5=<= >�>65D>4>.

$57G?LF4F >?5D4F<< ?D>65D>< Dl=>F<>=<D>64=<O EG<F:lNF ?>?>E<F5?L=O<, 5E?< =4
?>>47O6{lNM5< GEFD>=EF65 D4EE>4><5D4 6OE65G<64NFEO ?>> }4=<O D4EE>44 6<4>>EF<.

9 �$���$�� %��&��&%&��/ �$��$�������
���%��'���/ %$��%&�� ����$����

9.1 $4EE>?><5DO <<5NF 6EFD>5==>5 ?D>7D4<<=>5 >55E?5G5=<5 (44?55- ��), GEF4-
=46?<645<>5 ?D< 6L?ryE>5 <7 ?D><76>4EF64. � F45?<F4E 4 < 5 G>474=O <45=F<D<>Ll<>==O5
44==O5 �� D4EE>4><5D>6, 4 TaloKe �� GEF4=>6?5==>5 =4 ��.

&45?<F4 4

&45?<F4 5

�45=F<D<>4F<>==O5 44==O5 (?D<7=4><) �=4G5=<5
�� D4EE>4><5D>6 <>4<D<>4F<= 01.0l 1.1

�45=F<D<>4F<>==>5 =4<<5=>64=<5 �� 4rE s4 fw lh
�><5D 65DE<< (<?5=F<D<>4F<>==O= =><5D) ��
I-{<DD>6>= <45=F<D<>4F>D �� 02754DAE

�� D4EE>4><5D>6 <>4<D<>4F<= 01.01 1.1

<45=F<D<>4F<>==>5 =<<5=>64=<5 �> newdop fu 3 ln
�><5D 65DE<< (<45=F<D<>4F<>==O= =><5D) �� 3. 1n

-<DD>6>= <45=F<D<>4F>D �� 0l530��5
�- D4EE>4><5D4 <>4<D<>4F<< 0 1.0 1 2.2

�?5=F<D<>4G<>==>5 =4<<5=>64rr<5 �� plcdop fu v2 0d
�><5D 65DE<< (<45=F<D<>4F<>==L= =><5D) �� 2.0d
I]<DD>6>= <45=F<D<>4F>D �> 0l38A70l

�45=F<D<>4G<>==O5 44==O5 (?D<7=4><) �=4G5=<5

���$.00.000.9-4 (�� 6EFD>5==>7> �� D4EE>4><5D4 <>4<D<>4G<< 0 1.0 1 2.2)
�45=F<D<>4F<>==>5 =4<<5=>64r<5 �� d>Dl5r.5E5
�><5D 65DE<< (<45=F<D<>4G<>==O= =><5D) �� 1 .9E*
I-!<DD>6>= <45=F<D<>4F>D �> 858�4O4�

���$.00.000.9-4-1 (�� - 5<5?<>F5>4 4?O E6O7< �� E �- ?> USB)
�45=F<D<>4F<>==>5 =4<<5=>64=<5 �� d7usblink.dll
�><5D 65DE<< (<45=F<D<>4F<>==L= =><5D) �� l .10E*

F<DD>6>= <45=F<D<>4F>D �> 49� 157l 0

8

4.1h
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���$.00.000.9-4-2 (�>=D<7lD4F<>==tF 74?<EL 6 D55EFD5 �� D4EE>4><5D4 <>4<D<>4u<<
01.0l2.2)

�45=F<D<>4F<>==>5 =4<<5=>64=<5 �� �>=D<7GD4F<>==LI 74?<EL 6 D55EFD5
�><5D 65DE<< (<45=F<D<>4F<>==L= =><5D) ��
I-{<DD>6>= <45=F<D<>4F>D �� 0FFF9

$57G?LF4FO ?D>65D>< ?> >>=FD>?N <45=F<D<>4F<>==L!E 44==OE �� EG<F4NFEO ?>-
?>6<F5?L=O<<, 5E?< =><5D 65DE<< (<45=F<D<>4F<>==O= =><5D) 6EFD>5==>7> ��, G>a64=-
=O= 6 ?4E?>DF5 ?>65DO5<>7> D4EE>4><5D4, E>>F65FEF6GNF 44==O< 6 F45?<F4E 4 < 5.

1 0 ��$�������� ��&$�����'�%��% %�$��&�$�%&��
%$��%&�� ����$����

10.1 �D>?<6=>= <5F>?
l0.1 .1 �?D5?5?5=<5 >F=>E<F5?L=>= ?>7D5L=>EF< <7<5D5=<= >5N5<=>7> D4EE>44
�?D545?5=<5 >F=>E<F5?L=>= ?>7D5?r=>EF< <7<5D5=<= >5N5<=>7> D4EE>44 ?D6>4OF

?},F5< ED46=5=<O D57G?LF4F>6 <7<5D5=<= D4EE>4><5D4 E >5N5<>< MF4?>==>= D4EE>4><5DIr>=
GEFtl=>6><. $57G?LF4FO <7<5D5=<= D4EE>4><5D6 EF4F<>=4D=>7> <E?>JI=5�<O >F>5D:D>:lNFEO
=4 4<E??55 5?>>4 ?<F4=<O (��). $57G?LF4FO <7<5D5=<= D4EE>4><5D4 ?>Dt4F<6=>7> <E?>?=5-
=<O >F>5D464NFEO =4 4<E??55 6EF>5==>7> >><?LNF5D4 (=>?5G>4) 6 >>=5 ?D>7D4<<O D4E-
E>4><5D4. �>65D>G ?D>6>?OF ?D< 7=4G5=<D( >5N5<=>7> D4EE>44 Qi D46=LrE 3; l0; 15; 30; 60;

90 % >F <4>E<<4?L=>7> D4EE>44 Qm4x 4?O 44==>7> 4<4<E7D4 FDG5>?D>6>?4.
�=4G5=<O >5N5<=>7> D4EE>44 Qi 6OG<E?O5FEO ?> D>D<G?5

_ Qi,Q-",
100

(1)

�4>E<<4?L=L= >5N5<=O= D4EE>4 (Q.*) 4?O D47?<G=LtE =><<=:uN=L?< L,r4<5FD>6 FDG5>-
?D>6>4>6 6 7:6<E<<>EF< >F 6<44 ED5,$I < =><5D4 4itL47>=4 <7<5D5=?= FD<6545= 6 F45JI<F4E
�.1 < �.2 ?D<?>65=<O �.

�E?< D54?L=O= 4<4<5FD FDG5>?D>6>44 =5 E>6?4445F E> 7=4G5�<O<<, ?D<6545==O<< 6
F45?<F4E A.l < �.2 ?D<?>65=<O �, F> Q.u* D4EEG<FO645FEO ?> D>D<G?5 4L FDG5>?D>6>44
>DG7?>7> E5G5=<O

( 4,24L5. 10-� ,�3 - 4?O 4<4?47>=4 <7<5D5=<= 1

Qr"* = { 8,2196.10-� ,�3 - 4?O 4<4?47>=4 <7<5D5=<= 2 , (2)

[rS,SrOS . 10-� .�3 - 4?O 4<4?47>=4 <7<5D5=<= 3
745 .-6 - 6=GFD5==<= 4<4<5FD FDG5>?D>6>44, <<.

>5N5<=O= D4EE>? Q 6OG<EJuINF ?> D>D<G?5 (l) < 74?<EO64NF 6 E>>F65FEF6}.NM}.N

7D4DG ?D>F>>>?4 ?>65D><, ?D<6545==>7> 6 F45?<F5 �.2 ?D<?>65=<O �.
�E=>6=lF> >F=>E<F5?L=Gl> ?>7D5L=>EFL <7<5D5=<= >5N5<=>7> D4EE>44 D4EEG<FO64NF

?> D>D<G?5

dn =T.roo . (7)

745 Qui - 7=4G5=<5 D4EE>44, <7<5D5==>7> D4EE>4><5D><, <]/G;

Qi - 7444??LF= >5N5<=O= D4EE>4, <]/G.

Qi
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$57G?LF4F ?>65D>< EG<FzlNF ?>?>6<F5?L=O<, 5E?< 7=4G5=<O >E=>6=>= >F=>E<F5?L=>=
?>7D5L=>EF< <7<5D5=<= >5N5<=>7> D4EE>44 ?D< 6E5E 7444==OE 7=4G5=<?( >5N5<=>7> D4E-
E>44 =5 ?D56OL4NF 7=4G5=<=, G>474==OE 6 F45?<F5 l.

l0.1.2 fuO D4EE>4><5D>6 EF4F<>=4D=>7> <E?>?=5=<O >?D545?5=<5 >F=>E<F5?L=>= ?>-
7D5L=>EF< ?D5>5D47>6<<O >5N5<=>7> D4EE>44 6 G4EF>F=O= 6OE>4t>= E<7=4? ?D>6>4OF ?D<
7=4G5=<OE D4EE>44 ?D<6545==OE 6 ?G=>F5 l0, l . l .

'4EF>FG 6L6>4=>7> E<7=iL,I4 <7<5DONF E ?><>MLN G4EF>F><5D4, >>F>DO= ?>4l>F>G4g7EO
> D47N5<G <�OE>4> =4 �� (>>=F4>FO 3 <+> < 4 <->).

$4EG5F+>5 7=4G5=<5 G4EF>FO 6LD(>4=>7> E<7=4?4 Foi, �F), >?D545JuINF ?> D>D<G?5

(4)

745 � - >>MDD<F<5=F ?D>5D47>"*?r. 9*9 (?4E?>DF=>5 7=4G5=<5).
lF

�4?D<<5D, ?D< �:0.25 D4EE>4G 100 <�/G E>>F65FEF6G5F G:NF>F4 6OE>4=>7> E<7=4JI4
l00/0.25 = 400 �F,

%>>F65FEF6GNM<5 7=4G5=<O< Qiyo, D4EG5F=O5 G4EF>FO 6OE>4=>7> E<7=zl?4 (Fi"",") D4E-
E>4><5D4 74?<EO6tlNFEO 6 E>>F65FEF6GNMGN 7D4DG ?D>F>>>?4 ?>65D><, ?D<6545==>7> 6 F45-
?<F5 �.2 ?D<?>65=<O �.

�F=>E<F5?L=GN ?>7D5L=>EFL ?D< ?D5>5D47>64=<< >5N5<=>7> D4EE>44 6 G4EF>F?O= 6O-

E>4=>= E<7=< 5D, 6 ?D>F5=F4E, 6Lr.I<E?ONF ?> D>D<G?5

Vgt = Qi, (Tt - &) , (7)

745 Tt - 6DE<O =4G4?4 <7<5D5=<=, G;
&2 - 6D5<O >>>=G4=<O <7<5D=<=, G;

Qi - 7444==O= >5N5<=O= D4EE>4, <�/G.

�F=>E<F5?L=GN ?>7D5L=>EFL ?D< <7<5D5=<< >5N5<4 5G, 6 ?D>F5=F4E, >?D545JIONF ?>
D>D<G?5

D., =Q,lK

6, = 
F""F-F>l . ,>> (5)

' Fot

$57G?LF4F ?>65D>< EG<FzlNF ?>?>6<F5?L=O<, 5EJ?? 7=4G5=<O >F=>E<F5?L=>= ?>7D5L=>-
EF< ?D5>5D47>64=<O >5N5<=>7> D4EE>44 6 G4EF>F=O= 6OE>4=>= E<7=aF ?D< 6E5E 7444==OE 7=4-
G5=<OE 5N5<=>7> D4EE>44 =5 ?D56OLalNF 7=4G5=<=, }> }al==OE 6 F45.rLF5 l.

l0. 1,3 �?D?5?5=<5 >F=>E<F5?L=>= ?>7D5L=>EF< <7<5D5=<= >5N5<4
�F=>E<F5?L=GN ?>7D5L�>EFL <7<5D5=<= >5N5<4 >?D545JuINF ?D< 7=4G5=<OE >5N5<=>7>

D4EE>44 ?> ?. 10.1 .1

�D>4>?6<F5?L=>EFL <7<5D5=<= >>?<G5EF64 E<4>>EF< 4>?6=4 6O5<D4FLEO F4><< >5D4-
7><, GF>5O 74 6D5<O <7<5D5=<� EG5FG<> =45Dar? =5 <5=55 500 54<=<F =4<<5=LL57> Dz6DO44,
=> =5 <5=LL5 3 <<rFGF.

� =4G4?5 <7<5D5=<= E?54G5F 74?<E4FL =4Gil?L=>5 ?>>ll74=<5 EG5FG<>4 >>?<G5EF64 Nl, 6
>G5<G5E><E <5FD4E, < E>>F65FEF6GNM55 6D5<O =4G4?4 <7<5D5=<= Tr (?> <=4{>4F>DG ��),

�4F5<, ?>E?5 G65?<G5=<O ?>>474=<= EG5FG<>4 =5 <5=55, G5< =4 500 54<=<F <?44L57>
D47DO44, =5>5E>4<<> 74?<E4FL >>=5G=O5 ?>>474=<O EG5FG<>4 N2, 6 >G5<G5E><E <5FD4E, < E>_
>F65FEF6GNM55 6D5<O &2 >>>=G4=<O F<>JI4 <7<5D5=<= (?> <=4<>4F>DG ��).

�5N5<, <7<5D5==O= D4EE>4><5D><, Vui, 6 <5FD4E >G5<G5E><E, >?D545JIONF ?> D>D<G?5

Vui = N2 - NL, (6)

�444==>5 7?4G5=<5 >5N5<4, <7<5D5==>5 D4EE>4><5D=>= GEF<>6>>=, Vgi , 6 <5FD4E >}-
5<G5E><E, >?D545JuINF ?> D>D<G?5:



ll

5G =,#, 100 , (8)
Vqi

�>?GG5==O5 7=4G5=<O 74?<EO6ilNF 6 E>>F65FEF6GNMGN 7D4DG F45?<FO �.2 ?DF>>>?4
?>65D><, ?D<6545==>7> 6 ?D<?>65=<< �.

$57G?LF4F ?>65D>< EG<F4NF ?>?>6<F5?L=O<, 5EJI< 7=4G5=<JI >E=>6=>= >F=>E<F5?L=>=
?>7D5L=>EF< ?D? <7<5D5=<< >5N5<4 ?D< 6E5E 7444==L6 7=4G5=?tOE >5N5<?>7> D4EE>44 =5
?D56OL4NF 7=4G5=<=, G>474==L?< 6 F45?<F5 1.

1 0.2 �<<F4F<>==O= <5F>4
1 0.2. 1 �?D5?5?5=<5 >F=>E<F5?L=>= ?>7D5L=>EF< <7<5D5=<= >5N5<=>7> D4EE>44

&D55G5<>5 7=4G5=<5 >5N5<=>7> D4EE>44 744zlNF <<<F4F<>==O< <5F>4><.
�5D5>?NG4F5?< <<<F4F<>==>7> LF5>5D4 GEF4=46?<64NF 6 D56<< ?>65D>< ?> E>>D>-

EF<. .-?O ?>DF4F<6=>7> <E?>?=5=?tO =4 =>lF5G>5 6 >>=5 ?D>7D:lIl{<O D4EE>4><5D4 6O5<D4NF
>>=D<7GD4G<N <7<5D5=<= >�>65D>4>.

�4 D45>G<5 ?>65DE=>EF< ?5D6<G=L= ?D5>5D47>64F5?5= =5>5E>4<<> =4=5EF< E<47>G
<�<F>?-24> <?< 4=zF>7<G=GN, ?D<64FL 4DG7 > 4DG7G D45>G<5 ?>65DE=>EF< < 74D<>E<D>64FL

??4EF<>>6O< <?< <5FaL?<G5E><< E><}F>< <JI< 4DG7<<< E?>E>54<<.
%E5<4 E>54<=5=<= ?>>474=4 =4 D<EG=>5 �.l ?D<?>65=<O �.
�7=>E<F5.L=GN ?>7D5L=>EFL DalEE>4><$4 >?D545?ONF ?D< E?54}F>?FD( >F=>E?F5JN=L=

7=4G5=<OE Qi >5N5<=>7> D4EE>44 (3+0,3), ( l .1), ( l5+3), (30+3), (6,5) < (9ot5) % m <z>E<<GlJN-

=>7> 7=4G5=<O 4?O ?>65DO5<>7> D4EE>4><5D4.
>F=>E<F5?L=O= D4EE>4 Qi 6 ?D>F5=F4E >F <4>E<<4?L=>7> 7=4G5=<O >5N5<=>7> D4EE>44

(Qmax) >?D5?5?ONF ?> D>D<G?5

n F^or'Qi

100
( 10)

745 F66* - <4>E<<<L=4O G4EF>F4, E>>F65FEF6},NM4O <4>E<<4?L?><G D4EE>4G, �F.
?>?GG5==O5 7=4G5=<O G4EF>FO Fi GEF4=46?<64NF �4 6OE>45 6=5L=57> 75=5D4F>D4 <

>>=F>?<DlF>F G4EF>F><5D>< E 4<E>D5F=>EFLN 4> 0,01 �F.
�4>E<<4,rL=GN G4EF>FG F.>, 6 75DF4E, 6OG<E?ONF ?> D>D<G?5

Qio/o -- $, (9)
Gm4E

745 Qmax - <?>E<<4?L=O= >5N5<=O= D4EE>?, <]/G;

Qi - F5>GM55 7=4G5=<5 >5N5<=>7> D4EE>44, <]/G.

�444645<O5 <<<F4F<>==O< <5F>4>< 7=4G5=<O >5N5<=>7> D4EE>44 Qi 6OG<E?ONF ?>

D>D<G?5 (l).
�4>E<<4,rL=O= >5N5<=O= D4EE>? (Qro) 4?O D47.r?tG=LD( =><<=ttJN=LL 4,r4<5FD>6 FDG5>-

?D>6>4>6 6 7al6<E<<>EF< >F 6<44 ED5.$I < =><5D4 4<aLzr7>=4 <7<5D=<= ?D<6545= 6 F45rLF4E

�.1 < �.2 ?D<?>65=<O �.
�E?< 45=EF6<F5?L=O= 4<4<5FD FDG5>?D>6>?4 =5 E>6?4445F E> 7=4G5=<O<<, ?D<6545=-

=O<< 6 F45?<F4E A.l < �.2 ?D<?>65=<O �. F> Q."* D4EEG<FO645FEO ?> D>D<G?5 (2).

�=4G5=<5 >5N5<=>7> D4EE>44 <<<F<D},NF E>>F65FEF6GNM<<< 7=4G5=<O<< G4EF>FO

6=5L?57> =<7>>G4EF>F=>7> 75=5D4F>D4 E<=GE><44?L=OE E<7=al?>6. �444645<>5 7=4G5=<5 '4-

EF>FO 6=5L=57> 75=5D4F>D4 Fi (�F), ?D< 7=4G5=<OE >F=>E<F5?L=LD( D4EE>4>6 D46=LrE

Q,% = �: 10; 15; 30; 50; 90% >?D?5JIONF ?> D>D<G?5
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7-r max -
2.mIN]

L (1l)

745 m�N] - <4ELF45=O= >>MDD<F<5=F 4?O 4{4?47>=4 <7<5D5=<�:
m[1]= 1.5 </E - 4?O 4<4?47>=4 <7<5D5=<= 1;

m[2]= 2.90710l </E - 4?O 4<4?47>=4 <7<5D5=<= 2;

m[3]= 5.527l9 </E - 4'rO 4<4?47>=4 <7<5D5=<= 3;

f0 - G4EF>F4 <7?GG45<>7> E<7=4JI4 �G - (?4E?>DF=>5 7=4G5=<5);

4 - 7=4G5=<5 G7?4 ?D<7<O 44FG<>4,� - (?4E?>DF=>5 7=4G5=<5);
% - E>>D>EFL 76G>4 6 44FG<>5, </E - (?4E?>DF=>5 7=4G5=<5);
N - =><5D 4<4?47>=4 <7<5D5=<=, 1;2: � (?4E?>DF=>5 7=4G5=<5).

!?O F<?>6OE 7=4G5=<=:
4 = 60>;

% = 2500 </E;
fo:500000 �F;
N:2.
&<?>6>5 7=4G5=<5 Fm4>= 1008,06 �F.
&<?>6< D44l<D>6>G=zlO F45?<F4 ?D54EF46JI5=4 6 ?D<?>E5=<< �.
�>>474=<O G4EF>F><5D4 7tL<EO6tlNF 6 7D4DG Fi F45,F?rFO �.l ?D>F>>>?4 ?>65D><, ?D<-

6545==>7> 6 ?D<?>65=<< �.

�5N5<=O= D4EE>4 Q 6OG<EJlONF ?> D>D<G?5 (1) < 74?<EO64NF 6 E>>F65FEF6GNMGN

7D4DG ?D>F>>>?4 ?>65D><.
�F=>E<F5?L=GN ?>7D5L=>EFL <7<5D5=<= >5N5<=>7> D4EE>44 D4EEILFO6zlNF ?> D>D-

<G?5 (3).

$57G?LF4F ?>65D>< EG<F4NF ?>?>6<F5?L=O<, 5E?< 7=4G5=<O >E=>6=>= >F=>E<F5?L=>=
?>7D5L=>EF< <7<5D=<= >5N5<=>7> D4EE>44 ?D< 6E5E 7444�=L= 7=4G5=<OE >5N5<=>7> D4E-
E>44 =5 ?D56OL4NF 7=4G5=<=, }>474==OE 6 F45?<F5 1.

10.2.2 �?D5?5?5=<5 >F=>E<F5?L=>= ?>7D5L=>EF< ?D5>5D47>64=<O >5N5<=>7> D4EE>44
6 G4EF>F=O= 6OE>4=>= E<7=ar? ?D>6>LlF ?D< 7=4G5=<?( D4EE>4F ?D<6545==L6 6 ?},=>F5

10.2, l .

fl?O D4EE>4><5D>6 EF4F<>=4D=>7> <E?>?=5=<O G4EF>FG 6L6>4=>7> E<7=4?4 <7<5DONF E

?><>MLN G4EF>F><5D4, >>F>DO= ?>4>FNG4NF > Da6N5<G <�OE>4> =4 �� (>>=F4>FO 3 (+> < 4
(-)).

.-?O D4EE>4><5D>6 ?>DF4F<6=>7> <E?>?=5=<O G4EF>FG 6LIE>4r>N E<7=4?4 <7<5DONF E
?><>MLN G4EF>F><5D4" >>F>DO= ?>4>?NG4NF > D47N5<G <&5EF> =4 �- (>>=F4E7O 3 <+> < 4 >-
)>).

$4EG5Fr>5 7=4G5=<5 G4EF>FO 6OE>4=>7> E<7=4?4 Foi, (�F), >?D545?ONF ?> D>D<G?5 (4).

%>>F65FEF6GNuL5 7=4G5=<O< Qi, D4EG5F=O5 G4EF>FO 6OE>4=>7> E<7=4?4 (FiB"rx) D4EE>-
4><5D4 74?<EO6zlNF 6 E>>F65FEF6GNMGN 7D4DG ?D>F>>>?4 ?>65D><, ?D<6545==>7> 6 F45?<F5
�.l ?D<?>65=<O �.

�F=>E<F5?L=GN ?>7D5L=>EFL ?D< ?D5>5D47>64=<< >5N5<=>7> D4EE>44 6 G4EF>F=O= 6O-

E>4=>= E<7=4? 57, 6 ?D>F5=F4E, 6OG<E?ONF ?> D>D<G?5 (5).

$57G:NF4F ?>65D>< EG<FalNF ?>?>6<F5?L=O<, 5E?< 7=4G5=<O >?l>E<F5?L=>= ?>7D5L=>-
EF< ?D5>5D47>64=<O >5N5<=>7> D4EE>44 6 G4EF>F=O= 6L=>4=>= E<7=4? ?D< 6E5E 7444==OE 7=4-

G5=<OE >5N5<=>7> D4EE>44 =5 ?D56OL4NF 7=4G5=<=, G>474==OE 6 F45r<F5 1.



l7

l0.2.3 �?D5?5?5=<5 >F=>E<F5?L=>= ?>7D5L=>EF< <7<5D5=<= >5N5<4
�F=>E<F5?Lr7G> ?>7D5L=>EFL <7<5D5=<= >5N5<4 >?D545??>F ?D< 7=4G5=<OE >5N5<=>7>

D4EE>44 ?> ?, l0.2.1,
�D< ?5D<>?<G5E>>= ?>65D>5 ?>65D>4 ?D< 3 �% >5N5<=>7> D4EE>44 =5 ?D>6>4<FEO.
�D>4>?6<F5?L=>EFL <7<5D=<= >>?<G5EF64 6<4>>EF< 4>JD>=4 6O5<D4FLEO TaKlM >5D4-

7><, GF>5O 74 6D5<O <7<5D5=<= EG5Fq<> =45D4? =5 <5=55 500 54<=<F =4<<5=LL57> D47DOJt4,
=> =5 <5=LL5 3 <<=G7.

� =4G4?5 <7<5D5=<= E?54G5F 7aL<E4FL =4Gz??L=>5 ?>>474=<5 EG5FG<>4 >>?<G5EF64 Nl, 6

<�, < E>>F65FEF6}NM55 6D5<O =4G4Jr4 <7<5D5=<= Tr (?> <=4.r>4F>DG ��).
�4F5<, ?>E?5 G65?<G5=<O ?>>474=<= EG5FG<>4 =5 <5=55, G5< =4 500 54<=<F <?44L57>

D47DO44, =5>5E>4<<> 7aL<E4FL >>=5G=O5 ?>>474=<O EG5FG<>4 N2, 6 <], < E>>F65FEF6},NM55

6D5<O Tz >>>=Gil=<O F<>JI4 <7<5D5=<= (?> <=?<>4F>DG ��).
�5N5<, <7<5D5==O= D4EE>4><5D><, Vui, 6 <3, >?D545?ONF ?> D>D<G?5 (6).

�444==>5 7=4G5=<5 >5N5<4 >?D45?ONF ?> D>D<G?5 (7).

�F=>E<F5?L=}F> ?>7D5L=>EFL D4EE>4><5D4 ?D< <7<5D₠=<< >5N5<4 �G, 6 ?D>F5=F4E,

>?D545?ONF ?> D>D<G?5 (8).

�>?D5==O5 7=4G5=<O 7lL<EO6:lNF 6 E>>F65FEF6GNMGN 7D4DG F45?<GO �.1 ?DF>>>?4
?>65D><, ?D<6545==>7> 6 ?D<?>65=<< �.

$57G?LF4F ?>65D>< EG<FalNF ?>?>6<F5?L=O<, 5E?< 7=4G5=<O >F=>E<F5?L=>= ?>7D5L=>-
EF< ?D< <7<5D5=<< >5N5<4 ?D< 6E5E 7444==OE 7=4G5=<OE >5N5<=>7> D4EE>44 =5 ?D56OL4NF
+2 G>.

1 0.3 �?D545?5=<5 75><5FD<G5E><E D47<5D>6 FDG5>?D>6>44
�5D4 <7<5D5=<5< 6=5L=57> 4<4<5FD4 FDG5>?D>6>44 =5>5E>4<<> G554<FLEO, GF> 6 <5-

cTalx 6>7<>6=>7> ?D<?574=<O ?5=FO DG?5F>< =4 FDG5>?D>6>?5 >FEGFEF6},NF 6OEFG?O, =4D-
EFO D646G<=O, L6O M?5>F>E64D><, >EF4F>< F5??><7>?OF<< < F.?, � ?D>F<6=>< E?rr45 >=<

4>?6=O 5OFL 74G<M5=O 7zt?>?]?iF> E ?>65DE=>EFLN FDG5>?D>6>?4.

fuO FDG5>?D>6>4>6 E =4DG6=O< .Lr4<5FD>< 4> �==120 ?4DG6=LI= 4<4<5FD <7<5DONF

E ?><>MLN Ltl=75=F<D>GJIO E ?D545?4<< 4>?GE>45<>= 45E>?NF=>= ?>7D5L=>EF<
t0,05 <<.

fuO FDG5>?D>6>4>6 E =4DG6=O< 4<4<5FD>< 5>?55 �==120 =4DlO<=O= 4<4<5FD <7<5-

DONF E ?><>MLN DG?5F>< 2-7> >?4EE4 ?> ��%& 7502-89 4?<=>= 4> l0 < E ?D545?4<< 4>?GE-
>45<>= 45E>?NF=>= ?>7D5L=>EF< +(0,30+0,l5,(L-1)) <<.

�4DG6=O= 4<4<5FD .-=, 6 <<??<<5F$( >?D545JIO5FEO ?> D>D<G?5

4= = dl/3,1415926 (12)

745 dL - D47=>EFL orar.iou ?> 46G< 7=4G5=<O< DG?5F>< 6 ?N5>< <5EF5 <E E>6?445=<O,

<<.
% ?><>MLN G?LFDar76}F>6>7> F>?M<=><5D4 <7<5DONF F>?M<=G EF5=>< FDG5>?D>6>44 6

6>EL<< F>G>4E, D46=><5D=> D4E?>?>65==L6 ?> >>DG6=>EF< FDD>?D>6>?4 6 <5EF5 GEF4-
=>6>< ��.

�=GFD5==<= 4<4<5FD FDG5>?D>6>44 �G, 6 <<??<<5FD4E, >?D545JIO5FEO ?> D>D<G?5

�G=�= -2�",
745 �E - ED54=55 7=4G5=<5 F>?M<=O EF5=><, <<, >?D545?O5<>5 ?> D>D<G?5

�E =(�Er, + �EF2 +...+ flE7s) /8,

(l3)

(l4)



l4

745 HcTt...HcTs - F>?M<=4 EF5=>< F$>?D>6>4F <7<5D5==4O E ?><>?DN G?LFD476G>>-
6>7> F>?M<=><5D4 <<.

$57G?LF4FO <7<5D5=<= 75><5FD<G5E><E D47<5D>6 FDG5>?D>6>?4 D<>E<DlF>F 6 ?D>F>-
>>?5, ?D54EF46?5==>< 6 ?D<?>65=<< .-.

�=G7D5==<= 4<4<5FD FDG5>?D>6>?4 D<>E<DGNF 6 ?4E?>DF5 =4 D4EE>4><5D E D47DO4=>-
EFLN 4> 0,01 <<.

�?D545?5=<5 75><5FD<G5E><E Da6<5D>6 FDG5>?D>6>?4 74>?NG45FEO 6 >?D545?5=<< >F-
>JI>=5=<O <7<5D5==>7> =><==4?L=>7> 7=4G5=<O 6=G7D5==57> 4<zl<5FD4 FDG5>?D>6>44 >F 7=4-

G5=<O, }>474==>7> 6 ?4E?>DF5.
�F>?>=5=<5 D4>F<G5E>>7> 7=4G5=<O 6=}FD5==57> 4<Il},r5FD4 FDG5>?D>6>?4 >F 57> ?4E-

?>DF=>7> 7=4G5=<O =5 4>JIr>=> ?D56OL4FL 0,5 << .G?O FDG5>?D>6>4>6 E =4DG6=O< 4<4<5FD><
5>?55 l20 << < =5 5>?55 0,1 << ??O FDG5>?D>6>4>6 E =4D},6=O< 4<4<5FD>< 120 << < <5=55.

11 >$>D<?�=<� D�7G?LF�F>6 ?>6�D><

l1,2 �> 7<6?5=<N 6?445?LF4 ED54EF6 <7<5D5=<= <?< ?<Fq ?D54EF46<6L57> <E =4

?>65D>G, E GG5F>< F55>64=<= <5F>4<>< ?>65D>< 4>>D54<F>64==>5 =4 ?>65D>G ?<F>, ?D>6>-

4<6L55 ?>65D>G, 6 E?GG45 ?>?>6<F5?L=L6 D57G?LF4F>6 ?>65D>< 6LF45F E6<45F5?LEF6> > ?>-

65D>5, >D>D<?5�=>5 6 E>>F65FEF6<< E FD55>64=<O<< > E>45D64=<N E6<45F5?LEF64 > ?>65D>5,

6 E>>F65FEF6<< E ?D<>4}>< �<=?D><F>D74 $>EE<< >F 31 <N?O 2020 7>44 ]D 2510, < (<?<) 6

?4E?>DF ED54EF6 <7<5D5=<= 6=>E<F 7tL<EL > ?D6545==>= ?>65D>5, <?< 6 E?rI45 >FD<F4F5?L-

=OE D57G?LF4F>6 ?>65D>< 6LF45F <765M5=<5 > =5?D<

D5=<=.

> ?D<<5=5=<N ED54EF64 <7<5-

�4G4?L=<> >F45?4 208
$�' (��& �� - $>EF5EF>

�5?GM<= <=65=5D >F45?4 208
$�' (��& �� - $>EF5EF>

�.�. �?>?<F>6

�.�. �<><F<=

1 1.1 %6545?<O > D57G?LF4F4E ?>65D>< ED54EF6 <7<5D5=<= ?5D54llNFEO 6 $545D4?L=O=

<=D>D<4G<>==O= D>=? ?> >55E?5G5=<N 54<=EF64 <7<5D5=<= 6 E>>F65FEF6<< E ?D<>47><

�<=?D><F>D74 $>EE<< >F 3l <N?O 2020 7>44 Ns 25 l0 (�5 G765D645=<< �>DO4>4 ?D>6545=<O

?>65D>< ED54EF6 <7<5D5=<=, FD55>64Fr<O > 7=4>G ?>65D>< tl E>45D64=<N E6<45F5?LEF64 > ?>-

BepKeD.
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�$�������� �

��������/ ����$���� $�%%��� �����%&� ��/ ����$=OE
&$'���$������

!<4?47>=O <7<5D5=<O >5N5<=>7> D4EE>44 6<4>>EF< 6 =4?>D=OE FDG5>?D>6>44E 4?O
D4EE>4><5D>6-EG5FG<>>6 <>45?< 0l .0l 1.1 ?D< 6545=O 6 F45?<F5 4.l

&45?<F4 A.l

.-<4?47>=

2 (>E=>6=>=) J

=><<=4.llL=O=
4<:l<5FD,
<<.

Qmin Qmax Qmin Qmax Qmin Qmax
DN20 0.0509 l.596 0.0986 3.288 0. l909 6,764
DN72 0.1 307 4.747 0,2525 8.4l 7 0.4888 l6.29
DN40 0.2036 6.789 0.7945 l3.1 5 0.7677 25,46
DN50 0,7 l8l l0,60 0.6l 65 20,55 1,197 79.78
DN65 0.5376 17.92 1.042 74,77 2.0|7 67,22
DN80 0,8l43 2,7,l4 l,578 52,6l 3,055 l01.8
DNl00 1,272 42.4l 2,466 82,20 4,777 l 59,1

DNl25 l,988 66,27 j.853 l28,4 7.458 248,6
DNl50 2,867 95,47 5.548 l84,9 l0,74 358.0
DN200 5.089 l 59,6 9.864 j28.8 l9,09 576,4
DN250 7 Qý] 265.1 l 5,4l 5l7,7 29.83 994.4
DN300 l 1,45 381.7 22.|9 779,8 42,96 l43 l,9
DN750 15,59 5l9.5 30.2l 1006.9 58,47 l949.0
DN400 20,75 678.6 39,45 l7l5.1 76.37 2545,7
DN500 7l?8l l060.7 5l.65 2054.9 l l9,3 7977,6
DN600 45.80 l526,8 88.77 2959.1 I71.8 5727,8
DN700 62,74 2078,2 l20.8 4027.6 277,9 7796,2
DN800 81,4l 27l4.7 l57.8 5260.6 305.5 l 0l 82,7
DNl000 |27,2 4241.1 246.6 477.7 l 59l0.5
DNl200 l83,2 5 l 07.j 3 55,1 l l876.3 687.7 229l'|,2
DNl400 249,4 87l2,7 487.7 l5l l0,5 9]ý ý 7 l l84.6
DNl600 725,7 l0857,7 57 1,3 2l042,7 1221,9 40730.9

$4EE>4, <]/G

l

82l 9.6
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$4EE>4, <3/G

,-<4?47>=

1 2 (>E=>6=>=)

�><<=4?L-
=O= 4<4<5FD,
<<.

Qmin Qmax Qmi? Qmax Qmi? Qmax
DN20 0,1018 1,696 0,0986 3,288 0.1909

0,2606 4,343 0,2525 8,417 0,4886 ,16,29

DN40 0,4071 6,789 0,3945 0,7637 25,46
DN50 0,6762 10,60 0,6165 20,55 1 ,,1 93 39,76
DN65 1,075 17,92 74,77 2,017 67,22
DN80 1,629 27,14 1,576 52,61 3,055 101,8
DN100 2,545 42,41 2,466 82,20 4,773
DN,l25 3,976 3,853 128,4 7,458 248,6
DN150 5,726 95,43 5,548 184,9 10,74 358,0
DN200 10,18 ,169,6

9,864 328,8 576,4
DN250 15,41 5,17,7 29,83 994,4
DN300 22,90 781,7 22,19 42.96 1431,9

71,17 519,5 30,21 1006,9 58,47 1949,0
DN400 40,72 678,6 39,45 1 715,1 76,37 2545,7
DN500 63,62 61,65 2054,9 ,1 ,19,7

3977,6
DN600 91,61 1526,8 88,77 171,8 5727,8
DN700 120,8 4027,6 7796,2
DN800 162,9 2714,3 157,8 5260,6 305,5 10182,7
DN1000 254,5 4241,1 246,6 82,19,6 477,3 1 5910,5
DN1200 6107,3 355,1 11836,3 22911,2
DN,1400 498,8 8312,7 487,3 (16110 975,5 31184,6

DN1600 65,|,4 10657,3 63,1,3 21042,3 1221,9 40770,9

.-<4?47>=O <7<5D5=<O >5N5<=>7> D4EE>44 6<4>>EF< 6 =4?>D=LtE FDG5>?D>6>?4E ??O
D4EE>4><5D>6-EG5FG<>>6 <>45?< 01.0l2.2 ?D<6545=O 6 F45?<F5 4.2.

&45?<F4 �.2

6,3=
DN32

,1 3,15

1,042

159,1

66,27

19,09

15,90 265,1

739,8

DN350

,1060,3

2959,1

124,7 2076,2 233,9

366,4 687,3
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�$�������� �

$>D<4 �D>F>>>?4
?>65D>< D4EE>4><5D4-EG5FGll>4 G?LFD476G>>6>7> ����$-7

&<?_-- 746>4E>>= Ns
.-4F4 6O?GE>4 20 7
�D54?D<OF<5-<77>F>6<F5?L
�5EF> ?D>6545=<O ?>65D><
�4G4?>
�>>=G4=<5 ?>65D><
&5<?5D4FGD4 >>DG64NM57> 6>74GE4
>F=>E<F5?L=4O 6?46=>EFL 6>74GE4
�=5L=<= >E<>FD
%>?D>F<6?5=<5 <7>?OF<<
�?D>5>64=<5
%D54EF64 ?>65D>< (F<?, 746. �. 44F4 ?>65D><):
�57><??5FD

�5=5D4F>D
'4EF>F><5D
�>?LFIrt5FD

&>?M<=><5D
%5>G=4><5D

!DG7<5



&45?<F4 �. l
�D>F>>>? ?>65D>< <<<F4F<>==O< <5F>4><

D4EG5r?O5 7=4G5=<O �>>474=<O ?D<5>D>6

�D5<O
<7<5D5-
=<O. G4E

?>>474=<O
?> >5N5<G,

<3

'4EF>F4
75=5D.
Fi, �F

�F=.

D4EE.
Qi%

�5N5<=.

D4EE>4
Qi,

<7lG

�OE. G4-
EF>F4, F>i,

�F
<

8l.
_,}

>5N
5<

>5N
5<=.

D4E-
E>4
Q<i,
<]/G Tr Tz Ni \I,)

>5N5<

<3

�OE. G4-
EF>F4, F1,

�F
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