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516%" '-")"$%7 
! "#$#%&'$ ()*'+)#,-"'$ .*/0# 01(')"1$+ "/210/3)(4 5'$/, 0 &')'*16 .', .' &*/6"#6 
$#*# '5"'7' .'$#8#"+4 0'2019/#)(4 "/5 :()/"'0,#""'6 .'0#*;"'()-3 2#$,+ <',## =#$ 
"/ 22 $. 
>('<1# )*#<'0/"+4 & 01(')"1$ 5'$/$ ('5#*?/)(4 0 «@+*#&)+0/; 0 ')"'9#"++ 01(')"1; 
5'$'0» (HHR) ('')0#)()0:38#6 A#5#*/,-"'6 2#$,+. 
B*'#&)+*'0/"+# + (''*:?#"+# (+()#$ &/"/,+2/%++ 01(')"1; 5'$'0 *#7:,+*:#)(4 
(,#5:38+$+ ()/"5/*)/$+: C0*'.#6(&+6 ()/"5/*) DIN EN 12056 «D/$')#="1# (+()#$1 
&/"/,+2/%++ 0 25/"+4;», +25/"+# 4"0/*- 2001 7'5/; "#$#%&+6 '()/)'="16 ()/"5/*) DIN 
1986-100 «E/"/,+2/%+'""1# (+()#$1 25/"+6 + 2#$#,-"1; :=/()&'0», +25/"+# $/*) 2002. 
E (+()#$/$ 5'?5#0'6 &/"/,+2/%++ ( .,/"'01$ "/.',"#"+#$ 5'.',"+)#,-"' .*+$#"4#)(4 
5+*#&)+0/ VDI 3806 «!":)*#""44 5'?5#0/4 "/.'*"/4 &/"/,+2/%+4», +25/"+# /.*#,- 2000. 
B' F&'"'$+=#(&+$ (''<*/?#"+4$ + 5,4 '<#(.#=#"+4 (/$''=+8#"+4 */(=#) (+()#$ 
5'?5#0'6 &/"/,+2/%++ .*'+20'5+)(4 ('7,/("' DIN 1986-100, .*+=#$ 2/ '("'0: <#*#)(4 
(*#5"## &',+=#()0' '(/5&'0. G/(=#)"16 $'5:,- 5'?5#01; '(/5&'0 .',:=/#)(4 "/ '("'0# 
()/)+()+=#(&+; 5/""1;. @,4 .,'8/5#6 <#2 2/.,/"+*'0/""'7' :5#*?/"+4 '(/5&'0 F)' 
.4)+$+":)"16 5'?5- 0 )#=#"+# 50:; ,#) "/ $#()# "/;'?5#"+4 25/"+4 (r5,2). 
D+()#$1 5'?5#0'6 &/"/,+2/%++ + /0/*+6"'7' (,+0/ 0 ('0'&:."'()+ 5',?"1 ('7,/("' 
DIN 1986-100 015#*?+0/)- .4)+$+":)"16 5'?5- 0 )#=#"+# ()',#)+4 (r5,100)."/ $#()# 
"/;'?5#"+4 25/"+4. 
B,/" '<#(.#=#"+4 <#2'./("'()+ (+()#$ 5'?5#0'6 &/"/,+2/%++ 0&,3=/#) 0' $"'7+; 
(,:=/4; 0 ('')0#)()0++ ( DIN 1986-100 )/&?# :=#) 2/)'.,#"+4 + .#*#7*:2&+, / )/&?# 
$#*'.*+4)+4 .' :5#*?/"+3 5'?5#01; '(/5&'0 "/ 5/""'$ :=/()&#. 
H(+,+4, 0'2"+&/38+# .*+ +2$#"#"++ "/.*/0,#"+4 .')'&/, $'7:) <1)- '=#"- 
2"/=+)#,-"1$+, '('<#""' 0 <#2"/.'*"1; 0'5'0'5/; 5,4 5'?5#0'6 0'51, + 5',?"1 
'<42/)#,-"' :=+)10/)-(4 .*+ .*'#&)+*'0/"++ + (''*:?#"++ (+()#$1. 
@'0',-"' =/()/4 .*'<,#$/ 5,4 01(')"1; 5'$'0 – '<#(.#=#"+# ')0'5/ 5'?5#0'6 0'51 ( 
&*19 (' 2"/=+)#,-"1$+ .#*#./5/$+ 01('). 
I"A'*$/%+4 + :&/2/"+4, ('5#*?/8+#(4 0 «J#;"+=#(&+; 5/""1;» $'7:) .*+$#"4)-(4 ( 
('')0#)()0:38+$+ .'.*/0&/$+ )/&?# & 5*:7+$ 01(')"1$ (''*:?#"+4$ – "/.*+$#*, 
)#,#0+2+'""1$ </9"4$. 



,%-$"-+" ./0123/2-2)+ - 1"8$*32/$24 (299"(.2/" )97 )2:)"-2; -2)+  
 
!"#$#%&' ()*+,-. %&#/,01 2#* 2 3+4,)(#$,#5 2#*#2#*+ 
 
!(,#5()0+# ('.*')+0,#"+4 0'25:9"'7' ()',</ 0 )*:<# + )*#"+4 ' ()#"&+ )*:<1 
.*'+(;'5+) '.*#5#,#""'# )'*$'?#"+#. I2$#*#"+4 .'&/2/,+, =)' :(&'*#"+# ./5#"+4 + 
FAA#&) )'*$'?#"+4 +2-2/ 0'54"'7' ()',</, / )/&?# )*#"+# ' ()#"&+ )*:<1 +(=#2/#) 
.*+$#*"' =#*#2  15 $#)*'0, / (&'*'()- .'*45&/ 10 $#)*'0 0 (#&:"5: :0#,+=+0/#)(4 
"#2"/=+)#,-"'.  
B'F)'$: 0 $"'7'F)/?"1; 5'$/; )'*$'?#"+# ./5#"+4 0 <#2"/.'*"1; 0'5'0'5/;  0 0+5# 
5'.',"+)#,-"1; +(&*+0,#"+6 ('0#*9#""' "# )*#<:#)(4. 
 

 
6-%. 1: 7+#$+&-/+%"). - $+)8',). %"#$#%&' ()*+,-. 2 &$93#($#2#*+ 
` 
 
!&+(+,' ,)(#8,+,-. 
 
D)#.#"- "/.',"#"+4 0 7'*+2'")/,-"1; &/"/,+2/%+'""1; )*:<'.*'0'5/; – F)'  
('')"'9#"+# 7,:<+"1 0'51 + 0":)*#""#7' 5+/$#)*/. D'7,/("' @IK 1986-100, */25#, 
9.3.5.2 (<'*"1# + '("'0"1# )*:<'.*'0'51 0":)*+ (''*:?#"+6 */((=+)/"1 ( 
&'FAA+%+#")'$ "/.',"#"+4 0,7 ( :=#)'$ $+"+$/,-"'7' .#*#./5/  J = 0,5 ($/$. 
@,4 <#2"/.'*"1; )*:<'.*'0'5'0 &'FAA+%+#") "/.',"#"+4 '2"/=/#) ')"'9#"+# (#=#"+4 
)*:<1, 2/.',"#""'6 0'5'6, & '<8#$: (#=#"+3. D'7,/("' DIN 1986-100, */25#, 9.3.5.1 
0'5'0'51 $'7:) <1)- */((=+)/"1 ( &'FAA+%+#")'$ "/.',"#"+4  f = 0,33. 
 

 
 
6-%. 2: E'FAA+%+#") "/.',"#"+4 5,4 7'*+2'")/,-"1; )*:<'.*'0'5'0 

@,+"/ )*:<'.*'0'5/ 0 $#)*/; 

G#/,-"/4 (&'*'()- ./5#"+4 

J#'*#)+=#(&/4 (&'*'()- 
./5#"+4 

D
&'
*'
()
- 
0 
$/
( 



 
! *#2:,-)/)# 2/5/""'7' $/&(+$/,-"'7' &'FAA+%+#")/ "/.',"#"+4 :()/"/0,+0/#)(4 
"#.*#*10"/4 .'5/=/ + ')0'5 0'25:;/, &')'*1# 0 0'5'0'5/; 5,4 5'?5#0'6 0'51 0 
0'5'()'="'$ &',,#&)'*# (,:?/) .*#?5# 0(#7' 5,4 &'$.#"(/%++ 5/0,#"+4 + '<#(.#=#"+4 
01.',"#"+4 ('')0#)()0:38#6 A:"&%++.  
@'.',"+)#,-"1# 0#")+,4%+'""1# )*:<'.*'0'51 5,4 5'?5#0'7' 0'5'')0'5"'7' 
&',,#&)'*/ "# )*#<:3)(4.. 
 
6)%/+& &$93#($#2#*#2 *8. *#:*+2#;# "#88+"&#$) % /)%&-/,05 ,)(#8,+,-+5 
 
J*:<'.*'0'51 5,4 5'?5#0'7' &',,#&)'*/ 0 <#2"/.'*"'6 (+()#$# */((=+)10/3) .' 
)/<,+%# 8 @IK EN 12056-3. 
D'7,/("' @IK 1986-100, */25#, 9.3.5.1 0'5'0'5 5'?5#0'7' &',,#&)'*/ "# 5',?#" +$#)- 
"'$+"/,-"16 */2$#* $#"-9# =#$ "'$+"/,-"16 */2$#* .'5('#5+"#"+4 
('')0#)()0:38#7' (,+0/ "/ &*19#, ( :=#)'$ .'5&,3=#""'7' & (/$')#="'$: 
)*:<'.*'0'5: (,+0/. 
 
J/<,+%/ 1: I2 DIN EN 1256-3  J/<,+%/ 8 
 
 

B*'.:(&"/4 (.'('<"'()- 
(,+0/ 
 
QRWP  
(,/() 

B*'.:(&"/4 (.'('<"'()- 
(,+0/ 
QRWP  
(,/() 

!":)*#""+6 
5+/$#)* 
(/$')#="'7' 
0'5'0'5/ 
5,4 
5'?5#0'6 
0'51, di 
($$) 

E'FAA+%+#") 
"/.',"#"+4 
f = 0,20 

E'FAA+%+#") 
"/.',"#"+4 
f = 0,33 

!":)*#""+6 
5+/$#)* 
(/$')#="'7' 
0'5'(,+0/ 
5,4 
5'?5#0'6 
0'51, di 
(mm) 

E'FAA+%+#") 
"/.',"#"+4 
f=0,20 

E'FAA+%+#") 
"/.',"#"+4 
f=0,33 

50 
55 
60 
65 
70 
75 
80 
85 
90 
95 
100 
110 
120 
130 

0,7 
0,9 
1,2 
1,5 
1,8 
2,2 
2,6 
3 
3,5 
4 
4,6 
6 
7,6 
9,4 

1,7 
2,2 
2,7 
3,4 
4,1 
5 
5,9 
6,9 
8,1 
9,3 
10,7 
13,817,4 
21,6 
 

140 
150 
160 
170 
180 
190 
200 
220 
240 
260 
280 
300 
>300 

11,4 
13,7 
16,3 
19,1 
22,3 
25,7 
29,5 
38,1 
48,0 
59,4 
72,4 
87,1 
I(.',-2:6)# 
H*/0"#"+# 
!/6,+-I)'"/ 

26,3 
31,6 
37,5 
44,1 
51,4 
59,3 
68,0 
87,7 
110,6 
137,0 
166,9 
200,6 
I(.',-2:6)# 
:*/0"#"+# 
!/6,+-I)'"/ 
 

 



 
H&/2/""1# 2"/=#"+4 '("'010/3)(4 "/ :*/0"#"++  !/6,+-I)'"/ : 

 
QRWP = 2,5  •  10 - 4  •  kb 

- 0,167  •  di 
2,667  •  f 1,667 

 
75# 
 

QRWP =  $/&(+$/,-"' 0'2$'?"16 ()'& 0'5'0'5/ 5,4 5'?5#0'6 0'51 0 ,+)*/; 0 (#&:"5: 
(,/() 
kb = 7*:</4 9#*';'0/)'()- 0 $+,,+$#)*/; (.*+"4)' 0,25 $$)  
di  =  0":)*#""+6 5+/$#)* )*:<'.*'0'5/ 5,4 5'?5#0'6 0'51 0 $+,,+$#)*/; ($$) 
f  =  &'FAA+%+#") "/.',"#"+4, '.*#5#,#""16 &/& ')"'9#"+# (#=#"+4 )*:<1, "/.',"#""'6 
0'5'6, & '<8#$: (#=#"+3 (<#2 :&/2/"+4 */2$#*'0)  
 
J/&+$ '<*/2'$ (:8#()0:#) 0'2$'?"'()- */(=#)/ $/&(+$/,-"' 0'2$'?"'7' ()'&/ 
')"'(+)#,-"' A/&)+=#(&'7' 0":)*#""#7' 5+/$#)*/ 5,4 ('')0#)()0:38#7' $/)#*+/,/. 
 
 
 
 
 
 
 
 
 
 
J/<,+%/ 2: L/&(+$/,-"' 0'2$'?"16 ()'& )*:<'.*'0'5/ +2 =:7:""1; &/"/,+2/%+'""1; 
)*:< 5,4 5'?5#0'6 0'51  .*+ &'FAA+%+#")# "/.',"#"+4 f =  0,33 
 

L'8"'()- (,+0/ QRWP (,/() K'$+"/,-"16 
*/2$#* 
DN 

!":)*#""+6 5+/$#)* 
(/$')#="'7' 
0'5'0'5/ 5,4 
5'?5#0'6 0'51 
di, mm 

E'FAA+%+#") 
"/.',"#"+4 
f = 0,20 

E'FAA+%+#") 
"/.',"#"+4 
f = 0,33 

50 
80 
100 
1`25 
150 
200 
250 
300 

51 
76 
103 
127 
152 
200 
263 
314 
 

0,8 
2,2 
5,0 
8,8 
14,2 
29,5 
61,3 
98,3 

1,8 
5,2 
11,6 
20,3 
32,7 
68,0 
141,2 
226,5 

 



 
C(,+ )*:<'.*'0'5 5,4 5'?5#0'6 0'51 +$##) +27+< ( .#*#./5'$ "# <',## =#$ 10˚  .' 
7'*+2'")/,+ (180 $$/$), )' ('7,/("' DIN EN 12056-3  #7' $'?"' "# 5#,/)-. ! '()/,-"1; 
(,:=/4; +(&*+0,#"+4 (,#5:#) */((=+)10/)- &/& 5,4 (<'*"1; +,+ '("'0"1; 
)*:<'.*'0'5'0. 
 
 

 
 
6-%. 3: !,+4"+# +(&*+0,#"+4 0 )*:<'.*'0'5/; 5,4 5'?5#0'6 0'51  
 
 
<#2+$1,#%&- "$0=- % 3#8'=-5 (+$+()*#5 20%#&0 ;#$-4#,&)8',#> (#2+$1,#%&- 
 
H &*19 ( <',-9+$ .#*#./5'$ 01(')1 7'*+2'")/,-"'6 .'0#*;"'()+, &')'*1# 
.'5('#5+"#"1 & '<8#$: <#2"/.'*"'$: 0'5'0'5:, (:8#()0:#) .*+"%+.+/,-"/4 './("'()-, 
=)' 0' 0*#$4 (+,-"'7' 5'?54 +,+ 0 5*:7+; +(&,3=+)#,-"1; (,:=/4; 5'?5#0/4 0'5/ ( 
&*19+, &')'*/4 */(.','?#"/ 019#, $'?#) .*+0#()+ & 2/,+0/"+3. 
B'F)'$: 0 %#,4; <#2'./("'()+ *#&'$#"5:#)(4 :5/,4)- 0'5: ( &*19 ( <',-9+$ .#*#./5'$ 
01(')1 =#*#2 ')5#,-"1# (/$')#="1# 0'5'0'51. 
 

 
 
6-%. 4: E*19+ ( <',-9+$ .#*#./5'$ 01(')1 7'*+2'")/,-"'6 .'0#*;"'()+ 
 



 
6+)"&-2,). -,&+,%-2,#%&' ($- (#2#$#&)1 
 
D+,1, 0'2"+&/38+# .*+ .'0'*')/; .')'&/, .*+ .#*#7*:2&/; $'7:) <1)- 2"/=+)#,-"1$+. 
D,#5()0+#$ F)'7' 40,43)(4 .'0*#?5#"+4 0 $#()# 5#6()0+4 5+"/$+=#(&+; (+, '('<#""' "/ 
(/$')#="1; 0'5'0'5/; 5,4 5'?5#0'6 0'51, &')'*1# +$#3) <',-9:3 .*')4?#""'()-. 
I"A'*$/%+3 .' .#*0'$: .'*45&: 0#,+=+" 5#6()0:38+; (+, $'?"' .',:=+)- .*+ 
*/(($')*#"++ +$.:,-(+0"'()+ .')'&/. B*+ .'0'*')# 90˚ (+,1  F1 +  F2  .*+ 
"#+2$#"4#$'$ (#=#"++ .')'&/ +5#")+="1. 
M)+ :*/0"#"+4 "# :=+)10/3) '('<#""'()+ .')'&/ (/$')#="'7' 0'5'0'5/. 

 
F1 = F2 =  ρ • Ax • vx

2 + px • Ax 
 
75# 
 
ρ = .,')"'()- 0'51 
 
A = (#=#"+# )*:<1 &'")*',-"'6 .'0#*;"'()+ 
 
Vx = (&'*'()- .')'&/ "/ &'")*',-"'6 .'0#*;"'()+ 
 
px = ()/)+=#(&'# 0":)*#""## 5/0,#"+# 0 &'")*',-"'6 .'0#*;"'()+ 
 
 

 
 
6-%. 5: @#6()0:38+# (+,1 .'0'*')/ 90˚ ((/$')#="16 0'5'0'5 0 7'*+2'")/,-"'$ 
)*:<'.*'0'5#) .*+ $/&(+$/,-"'$ 5/0,#"++ (<#2"/.'*"'# :5/,#"+# 0'51) 
 
G#2:,-)+*:38## :(+,+# .',:=/#$ (,#5:38+$ '<*/2'$: 
 

 
22
ypres FFF +=   

!"# 
 
Fres = *#2:,-)+*:38/4 (+,/ +2  Fp  + Fy  (F)/ (+,/ 5#6()0:#) "/ ('#5+"#"+4 )*:<) 



 
B*+$#* */(=#)/ 5,4 DN 100 + DN 200 .*+ *; = 0,5 </* + vx = 5,0 $/( 
 
Fres. DN 100 = 832,7 N = 84,9 &7  
 
Fres. DN 200 = 3330,5 N = 339,5 &7 
 
?02#*:  @#6()0:38+# (+,1 :0#,+=+0/3)(4 .*+ .'()'4""'$ 0":)*#""#$ 5/0,#"++ + 
'5+"/&'0'6 (&'*'()+ .*'.'*%+'"/,-"' 5+/$#)*: )*:<1. 
 
L#*1 .' 2/8+)# ') */(;'?5#"+4 ('#5+"#"+4 (('#5+"#"+# ( (+,'01$ 2/$1&/"+#$) 01 
$'?#)# "/6)+ "/ "/9#$ (/6)# www.izeg.de, J#;"+=#(&/4 +"A'*$/%+4 «L'")/? 2/;0/)'0» 
 
@+4,)(#$,0+ 2#*#%&#/,0+ 2#*#2#*0 *8. *#:*+2#> 2#*0 ($- ,)(#$,01 (#&#")1 
 
A(-%),-+ %-%&+50 
 
B*+ 0":)*#""#6 5'?5#0'6 &/"/,+2/%++ ( "/.'*"1$ .')'&'$ 0 .*')+0'.','?"'()- 
<#2"/.'*"'6 (+()#$# 0'5'')0'5/ 0'5'0'51 "/=+"/z ( */(=#)"'7' $'5:,4 5'?5#01; 
'(/5&'0 F&(.,:/)+*:3)(4 .' .,/": ( .',"1$ "/.',"#"+#$. D+()#$1 0":)*#""#6 
5'?5#0'6 &/"/,+2/%++ ( "/.'*"1$ .')'&'$ $'")+*:3)(4 0 D&/"5+"/0++ :?# 0 )#=#"+# 
30 ,#). ! N#*$/"++ F)/ )#;"+&/ "/=/,/ 9+*'&' .*+$#"4)-(4 .*+$#*"' 20 ,#) "/2/5.  
K/*45: ( :&/2/"+4$+ 0 DIN EN 12056-3 + DIN 1986-100 5,4 .,/"+*'0/"+4, */(=#)/ + 
+(.',"#"+4 <#2"/.'*"1; 0'5'()'="1; ')0'5'0  ( 2/.,/"+*'0/""1$ .',"1$ "/.',"#"+#$ 
0 N#*$/"++ 5#6()0:3) )*#<'0/"+4 VDI 3806 «!":)*#""44 5'?5#0/4 &/"/,+2/%+4 ( 
"/.'*"1$ .')'&'$», +25/"+# /.*#,- 2000. 
B*+ 0":)*#""#6 5'?5#0'6 &/"/,+2/%++ ( "/.'*"1$ .')'&'$ *#=- +5#) &/& .*+ 
<#2"/.'*"'6 &/"/,+2/%+'""'6 (+()#$# ' 0'5'')0'5"1; :()/"'0&/; 5#6()0:38+; .' 
.*+"%+.: (+,1 )4?#()+. D:8#()0#""/4 */2"+%/ .' (*/0"#"+3 ( <#2"/.'*"1$+ 
&/"/,+2/%+'""1$+ (+()#$/$+ ('()'+) 0 )'$, =)' .*+ <#2"/.'*"1; 0'5'()'="1; 
0'5'0'5/; ( "/.'*"1$ .')'&'$ +$##)(4 0 */(.'*4?#"++ <',-9/4 01(')/ "/.'*/  (h) 5,4 
.*#'5',#"+4 .')#*- .')'&/ 0(,#5()0+# )*#"+4 0 )*:</;  + $#()"'7' ('.*')+0,#"+4. B*+ 
<#2"/.'*"1; &/"/,+2/%+'""1; (+()#$/; 01(')/ "/.'*/ (h) .',:=/#)(4  )',-&' +2 
.#*#./5/ '("'0/"+4 )*:<1. O"/=+)#,-"/4 <',-9/4 01(')/ "/.'*/ ( h) .*+ 0":)*#""#6 
5'?5#0'6 &/"/,+2/%++ ( "/.'*"1$ .')'&'$ .',:=/#)(4 +2 */2"+%1 01(')1 $#?5: ,+"+#6 
0'51 "/5 0'5'()'&'$ + .#*#;'5'$ 0 :()/"'0&: <#2"/.'*"'6 5'?5#0'6 0'5'(,+0"'6 
(+()#$1. 

http://www.izeg.de


 
 
6-%. 6: !1(')/ "/.'*/ 0 (/$')#="1; + "/.'*"1; 0'5'(,+0"1; :()/"'0&/; 
 
! (042+ ( <',-9'6 01(')'6 "/.'*/, &')'*/4 +$##)(4 5,4 .*#'5',#"+4 ('.*')+0,#"+4 
)*#"+4 ' ()#"&+ )*:< + $#()"'7' ('.*')+0,#"+4 5,4 0":)*#""+; 5'?5#01; 0'5'()'&'0 ( 
"/.'*"1$ .')'&'$ +(.',-2:3)(4 )*:<1 $#"-9#7' 5+/$#)*/ + <',## 01('&/4 (&'*'()- 
(,+0/ 0'51, &')'*1# 0#5:) & '.)+$/,-"'$:  FAA#&): '=+()&+. !(,#5()0+# 01('&'6 
(.'('<"'()+ & (/$''=+8#"+3 )*:<1 $'?"' .*'&,/510/)- <#2 .#*#./5'0. 
 

 
 
G+(. 7: B*#+$:8#()0/ 0":)*#""#6 5'?5#0'6 &/"/,+2/%++ ( "/.'*"1$ .')'&'$ 
 
A%,#20 $)%/+&) 
 
P#,-3 */(=#)/ (+()#$1 )*:< 40,4#)(4 0'2$'?"' .',"'#  "/.',"#"+# :()/"'0&+ .*+ 
*/(=#)# 5'?5#01; .')'&'0 + ;'*'9## */(.*#5#,#"+# 0'54"'7' .')'&/ .' ')5#,-"1$ 
:=/()&/$ 0(,#5()0+# 7+5*/0,+=#(&'6 &'$.#"(/%++. B*+ F)'$ 5,4 ')5#,-"1; 0'5'0'5'0 
(.')'&'0) +(.',-2:#)(4 :*/0"#"+# Q#*":,,+ (.'()'4""16 "#(?+$/38+6(4  .')'&  
?+5&'()+). 
 

 
 
6-%. 8:  R+"+4 .')'&/ = .:)- .')'&/ 

R+"+4 .')'&/ = .:)- .')'&/ 



 
@,4 &/?5'7' ')5#,-"'7' .')'&/ (,+"++) +(.',-2:3)(4 (,#5:38+# :*/0"#"+4: 
 
Dpverf = Dhverf • r • g 
 
Dpverf ‡ S (R • l + Z) 
 
2"/=#"+4 (+$0','0: 
Dhverf =  */2"'()- 01(')1 $#?5: (,+0'$ ( &*19+ + .#*#;'5'$ & =/()+="'$: 2/.',"#"+3 
r =  .,')"'()- 0'51 1000 &7/$3 .*+ +10˚ 
g =   :(&'*#"+# 9,81 $/(2 
Dpverf =  +$#38+6(4 "/.'* 5,4 ,+"++ (.:)+) .')'&/ 
R =  .')#*+ "/.'*/ 0(,#5()0+# )*#"+4 0":)*+ )*:< "/ $#)* )*:<1 
l =  @,+"/ ')5#,-"'7' :=/()&/ 
Z = .')#*4 "/.'*/ 0(,#5()0+#  $#()"'7' ('.*')+0,#"+4 0 ')5#,-"1; :=/()&/; 
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px =  Dhx • r • g  -  vx

2 • r • 0,5  -  S (R • l  + Z) ...x 
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px  = 0":)*#""## 5/0,#"+# 0 )'=&# ; 
Dhx = */2"'()- 01(')1 $#?5: 0'5'()'&'$  "/ &*19# + $#()'$ ; 
r   = .,')"'()- 0'51 1000 &7/$3 .*+ 10˚P 
g =   :(&'*#"+# 9,81 $/(2 
vx = (&'*'()- 0'51 0 )'=&# ; 
R = .')#*+ "/.'*/ "/ $#)* )*:<1 
l = 5,+"/ ')5#,-"'7' :=/()&/ 
Z = .')#*+ "/.'*/ :=/()&/ 0(,#5()0+# $#()"'7' ('.*')+0,#"+4 



 

 
 
6-%. 9: G/(=#) 0":)*#""#7' 5/0,#"+4 (&*+)+=#(&+6 "/.'* .*+ .#*#;'5# 0 <#2"/.'*"16 
0'5'0'5)  
 
A;$),-/+,,). 20%#&) %)5#&+/,#;# 2#*#2#*) 
 
B*+ '=#"- 01('&+; ()*'#"+4; (:8#()0:#) '=#"- <',-9/4 01(')/ "/.'*/, .*+=#$ .*+ 
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