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 !"#$)#$ a./!<+*%S(<7-%g0+,=(0"+@

% DH%'0:71+%'+45,+M

% NH%1(<(0+%)'+4+#5+M

% XH%,)'(0#51%>*0&-<>6$.-%'0:71;M

% _H%'0&!,("-%'(<5+0>%.&+)>M

% hH%&+'2(##51M

% iH%3#5+&"(%!4!1*0-.&#!M

% jH%&+,:0%"('0(,+"&+6$.-%3+&M

% kH%'(")*+,+%1(#)*0>1.65%7(<7-@

A0:71+% '+45,+% PD ! "#$%&'( ")*%& (+,(-(%#!&+./# +& "#!(.)0',+( -#'0+.12 $%&-(3(0#!&+& !$"#)+(4(.5  !2 

65(.$0'0#+& ! 4#5#)0. "! "#7 $%&895 '(:+(.+(.5 ;&%5#$<.)& /&06 #-#1*%+./#2 +"= &0#%> $"&3& $(* %934# 

"#!(.)0',+(? '0#8#!? ;"&"(.)#$#!#>=

@)0.0 ")A-4* "&3(!& ! :'(:3. #4).:3#+.1 #73./8#:'( ;BC55>2 ")0.")#!&70#+. $? 7!& ")0.!#79 .3.4%)9'0+. 

#! ;'(.+4(. 7)6'(4(>2 %!#)0?'. #-!#79 '0&$#5(.)0&= @)0."&3.+(. $(* "(.)!$0./# 0 +(',2 %# $9/+&8 )#0"#'0*'(& 

"#5(&)6 '0&$6 $"&3&+(&= @)0."&3.+(. 7)6/(./# ")0.!#76 0&%)09561. "#5(&)= D&1?' '0&$ "&3.+(& #)&0 7)#/* 

;)#05(.$0'0.+(. ")0.!#7A! E BC 55> 5#F+& #-3('09G $09-4#:G $"&3&+(& "&3(!&$% HIJ=

 !"!#!$%&'()*$#*)*+$,$-(.(/0&$#*123'4506&7$8.2-/(32162-9

D.%#7& -&7&+(& 3(+(#!.1 $09-4#:'( $"&3&+(&2 ! 0&3.F+#:'( #7 '(:+(.+(& ! 5(4)#$(3+(46 "#3./& +& !94#+&+(6 

'0%.).', $"&3&K 7&+./# "&3(!& ! #4).:3#+.1 %.5".)&%6)0. "#'0?%4#!.12 ")09 )AF+9', '(:+(.+(&',= L./63&'1& 

'(:+(.+(& "&+61?'./# ! 4#5#)0. 5(4)#$(3+(4& 7#4#+9!&+& 1.$% ")0.0 05(&+* :).7+('9 79$02 4%A). 7#-(.)&+. $? 
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"#78?'0#+? 7# /.+.)&%#)& 0&"8#+#!./#=
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z programem
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 !"#$&#$ M',.5&% 648&76 "#5(&)#!./#=
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 !"#$'#$ @)0948&7#!9 ")0.-(./ '(:+(.+(& ! <6+4'1( '0&$6=

P& "#7$%&!(. 609$4&+./# !94).$6 #7'09%61. $(* '0&$ "&3.+(& "&3(!&2 (5"63$ ( '(:+(.+(. ! '0&$(. $"&3&+(&= 

M09-4#:G "&3.+(& ! 7&+95 '(:+(.+(6 #-3('0& $(* 0. !0#)6V

t

e
u

2

2
=

/70(.V "& E /)6-#:G ")A-4( "&3(!&2 ' E '0&$ "&3.+(& "&3(!&=



  " K. Szymczak, T. Gawor, T. Wolszakiewicz

W :).7+(. '(:+(.+(. $"&3&+(& ")A-4(V 
( )

∫=
t

śr
t

dttp
p

0

.

 

@# !94#+&+(6 '0%.).', $"&3&K 7&+./# "&3(!& ")09 )AF+9', '(:+(.+(&', ( #4).:3.+(6 "#!9F$09', "&)&5.%)A!2 

4#+$%)661. $(* !94).$ $09-4#:'( "&3.+(& ! <6+4'1( '(:+(.+(&=

u=f(p)

4

5

5 7 9

p[MPa]

u
[m
m
/s
]

 !"#$(#$ N94).$ $09-4#:'( "&3.+(& ! <6+4'1( '(:+(.+(&=

P& "#7$%&!(. "#!9F$0./# !94).$6 !90+&'0& $(* !$"A8'09++(4( A ( n !94#)09$%61?' <6+4'1* "#%*/#!?V 

()*+$,$-$X$*n       % Y A X$*n

#$% &'(')*'%+,-.+/01+)2'3)+

@)0.")#!&70#+# "#5(&) 3(+(#!.1 $09-4#:'( "&3.+(& ! 5(4)#$(3+(46 73& )AF+9', ")A-.4 $%&8./# "&3(!& 

)&4(.%#!./#=

#$ $%4+5)*67+%68'-9%.'3+)*'

Z")A'0 /)6-#:'( !&)$%!9 "&3+.1 "#7$%&!#!95 "&)&5.%).52 4#+(.'0+95 7# !90+&'0.+(& 3(+(#!.1 $09-4#:'( 

"&3.+(&2 1.$% '0&$ "&3.+(&= M%67(61?' 7&+. 3(%.)&%6)#!. +&"#%4&+# +& )AF+. 1./# 7.[+('1.= @#+(F.1 ")0.7$%&!(#+# 

4(34& 0 +(',V

\.[+('1& WV M".'9[4&'1. %.',+('0+. $%&89', "&3(! )&4(.%#!9', E "#7&1? #+. 5(+(5&3+? !&)%#:G '(:+(.+(& 

73& 4%A)./# 60+&1. $(* 4#+(.' "&3.+(&2 ;")091*%# !&)%#:G C2] D@& 0&'0.)"+(*%? 0. $".'9[4&'1( 

%.',+('0+.1> H^CJ=

\.[+('1& TV _#+(.' '0&$6 "&3.+(& 7.[+(#!&+9 1&4# !&)%#:G +& #$( '0&$6 ! "6+4'(. ")0.'(*'(& $(* 4)09!.1 

'(:+(.+(& 0 4)09!? '&84#!? H^^J=

\.[+('1& `V N '0&$(. /79 '(:+(.+(. ")0.4)&'0& BCa 5(+(5&3+.1 !&)%#:'( )A!+#!&/( H^bJ=

\.[+('1& \V _#+(.' '0&$6 "&3.+(& 7.[+(#!&+9 1&4# !&)%#:G +& #$( '0&$6 ! "6+4'(. ")0.'(*'(& $(* 4)09!.1 

'(:+(.+(& 0 7!6$(.'0+? $%9'0+9', ! "6+4%&', ")0./(*'(& H^^J=

#$#$%:)2+/./+2'67'%;0)*,<;%;%8'3+=)>?6*%>(%.>-2'6*%@9),67*%'./>,-0197A6+7

N94#)09$%61?' "#7$%&!#!. )A!+&+(. ")&!& $09-4#:'( "&3.+(& #)&0 1./# '0*:'(.1 $%#$#!&+? ! ")&4%9'.2 

<6+4'1* 3(+(#!? ( "#%*/#!?2 "#)A!+&+# 609$4&+. !9+(4( $09-4#:'( "&3.+(& ")09 7&+95 '(:+(.+(6= N9-)&+# 
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Definicja A Definicja B

Definicja DDefinicja C

 !"#$)*#$c)&['0+. (+%.)").%&'1. '0&$6 "&3.+(& !/ "#!9F$09', 7.[+('1(

+,-./,$)#$Q.$%&!(&+(. !9+(4A! -&7&K .4$".)95.+%&3+9',2 73& * Y]D@&2 6 H55 $S^J=

%$,$-$X$*$.$/ %$,$-$X$*n %$,$-$X$*n + B

\.[+('1& W
6 Y C2Cb* d I2OO

6 Y I2UI
6 Y I2B^*C2CeBe

6 Y I2Ue
6 Y b2bU*C2C]fC d ^2^U

6 Y I2Ue

\.[+('1& T
6 Y C2CU* d I2]b

6 Y e2I^
6 Y I2bO*C2^eBe

6 Y e2Ib
g Y BU2^f*C2C^eB S BB2BI

6 Y e2IB

\.[+('1& `
6 Y C2CU* d I2O]

6 Y e2bI
6 Y I2bb*C2^eCO

6 Y e2be
g Y BB2fB*C2C^bf S BI2^I

6 Y e2be

\.[+('1& \
6 Y C2^C* d I2]B

6 Y e2BC
6 Y I2^U*C2^]ff

6 Y e2Bb
g Y b]]2O*C2CC]e S b]]2^

6 Y e2Be
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 H^J R#).'4( M%=2 1234252$6752&'89&! N_h2 N&)$0&!& ^fUe

 HbJ R#).'4( M%=2 /732:';57$9&94<'6=47! N97= NWR2 N&)$0&!& ^fUC

 HIJ _)#!('4( _=2 M9'0.!$4( D=2 1'7>&$*73297$6752&'89&= N97= DZP2 N&)$0&!& ^fOe

 HeJ P&5(+#$64. _6-#%&2 ?68*&3374':$-4@$AB*38:2C&:$ D$ EF&6G8HF&G2H73$-:*&H':$ 8($I8GJ%:'284= ;N(3.9S

i`j i.)3&/ c5-j k `#= _c&W S bCCb>

 HBJ c6$&',.+4# l= _=2 Q&)4# i= m=2 A68:2C&$ /%6424K!$L8@&324K$ ?68J3&G:! `#5-6$%(#+2 mn"3#$(#+2 &+7 

M,#'4 N&o.$2 i#3= eI2 I2 bUOSbfO2 bCC]

 HOJ D#$% p= D=2 p#63&(+ @=2 l.+/.33. c=2 c#7#+ p= `=2 L8@&324K$8($M86G73$74@$A68:2C&$/%6424K$N7'&$8($7$O8'$

08%J3&D/7:&$O8G8K&4&8%:$?68*&3374'= `#5-6$%(#+ &+7 q3&5.2 i#3= ^CB2 bCbSb^C2 ^ffO

 H]J D646+7& j= M=2 @&63 @=p=2 P42C&6:73$/&F7C28%6$24$A68:2C&$/%6424K$8($1832@$?68*&3374':! `#5-6$%(#+ &+7 

q3&5.2 i#3= ^Cf2 bbeSbIO2 ^ff]

 HUJ c#)#4,#o D= D=2 L6$9&4 r= c=2 12G%37'284$8($'F&$A68:284$/%6424K$8($7$Q674%376$?68*&3374'! ̀ #5-6$%(#+2 

mn"3#$(#+2 &+7 M,#'4 N&o.$2 i#3= I]2 I2 I^BSIbC2 bCC^

 HfJ W)4,("#o i= W=2 Qo.).o m= W=2 Q(5(+ \= W=2 183C24K$ 74$ R4C&6:&$ ?68J3&G$ 8($ A68:2C&$ /%6424K$ N7'&$

N&H84:'6%H'284! `#5-6$%(#+2 mn"3#$(#+2 &+7 M,#'4 N&o.$2 i#3= IU2 ^2 OBS]C2 bCCb

 H^CJ R.',+('&3 $".'(['&%(#+ $#3(7 '#5"#$(%. ")#".33&+% <#) )#'4.% .+/(+.2 WfOC %9".=

 H^^J @#3$4& P#)5& @PSiSCeC^e O8G8K&42H=4&$ 2$ =>8S84&$ :'7>&$ *73297$ 6752&'89&$ T$ U=47H=742&$ 324289&V$

:=;J58WH2$:*737427$9$=73&S48WH2$8@$H2W42&427$9$G2568:23425%=

 H^bJ p= i&+7.)4.)'4,#o.2 X7K7@42&427$8KY34&Z$@8';H=[H&$6752&'$47$:'7>;$G7'&627>$*<@4;! @)0./3?7 R.',+(4( 

L&4(.%#!.12 Q.$09% II2 N&)$0&!& ^fOC


