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Streszczenie. W pracy omówiono problemy ochrony przeciwpowodziowej rzek Karpat 
 !"#$%&!$'()*+,"-'./.*0,#12*/#*3.4"5672*3"563".,#856/$#*!.93:6!&.,6;*"610:#';$*"56!*
,"#5*5*"6#:$5#';<=*3".;6!4.,#/>'(*57$."/$!-,*,.8/>'(*"646/'>;/>'(*?3"56'$,3.,.85$.-
,>'(@A*,#B-,*.'(".//>'(A*708.,:$*,.8/>'(*3$24"5<'>'(*?&4"0!40"*"610:#'>;/>'(@)*C6*
,/$.&!#'(*3.8/$6&$./.*!./$6'5/.DE*?3.4"5672@*,&3#"'$#*7#8#%*/#0!.,>'(*5,$<5#/>'(*5*
!.93:6!&.,<*.'6/<*&!04!-,*,>/$!#;<'>'(*5*"610:#';$*"56!)*+#!"6&*7#8#,'5>*3.,$/$6/*
.76;9.,#E* 7#8#/$#* /#0!.,6* /#* .84,."5./>'(* 708.,:#'(*,.8/>'(* ?45,)*9.86:#'(*
F5>'5/>'(@*,* 3.B<'56/$0* 5*9.86:.,#/$69*0!B#8-,* ?&4"0!40"@* (>8"#0:$'5/>'(*,"#5* 5*
,>!./#/$69*.7:$'56%*9#469#4>'5/>'(*8.4>'5<'>'(*3".1/.5.,#/$#* &!04!-,* "610:#';$*
!.">4*"56'5/>'(*?'$6!-,@)

 !"#$%&'()*"#+,*G#:#*3.,.85$.,#A*.'("./#*3"56'$,3.,.85$.,#A*"610:#';#*'$6!-,A*57$."/$!$*
"646/'>;/6A*.7$6!4>*(>8".46'(/$'5/6A*H#"3#4>* !"#$%&!$6

WPROWADZENIE
I(,$:.,>*/#89$#"*,.8>*,*"56!#'(*9.J6*3".,#85$E*8.*,>&4<3$6/$#*3.,.85$*/#*

46"6/#'(*3"5>:61B>'()*K.8*3.;2'$69*3.,.85$*".509$6*&$2*9#&.,6*5#:#/$6*3"565*,.82*
46"6/0A*!4-">*,*/."9#:/>'(*,#"0/!#'(*/$6*;6&4*3.!">4>*,.8<A*,>,.B#/6*3"565*,657"#-
/6*,*'$6!#'(*/#40"#:/>'(A*57$."/$!#'()*K.,.85$6*"56'5/6*&3.,.8.,#/6*&<*5#5,>'5#;*
8B01.4",#B>9$* $* $/46/&>,/>9$* .3#8#9$* #49.&G6">'5/>9$A*,51:28/$6* 1,#B4.,/>9*
4.3/$6/$69* D/$610* 3"5>* 5#9#"5/$246;*,#"&4,$6* 1:67>* ?80J>* &3B>,*3.,$6"5'(/$.,>*
,.8>@)*K.,.85$6*&<*5;#,$&!$69*/#40"#:/>9*$*728<*5#36,/6*3.,4#"5#B>*&$2*"-,/$6J*
,*3"5>&5B.D'$)*L"68/$6*".'5/6*&4"#4>*/#*D,$6'$6*728<'6*/#&423&4,69*3.,.85$A*&3".,#-
85#;<*&$2*8.*85$6&$<4!-,*9$:$#"8-,*8.:#"-,)*M4"#4>*3.,.85$.,6*/#*D,$6'$6*5,$2!&5#;<*
&$2*5*03B>,69*'5#&0*5*3.,.80*'."#5*,$2!&56;*!./'6/4"#';$*.7&5#"-,*5#708.,#/>'(*
5:6,/$)*C657"#/$#*,-8*3.,.85$.,>'(*3.8'5#&*/#85,>'5#;/>'(*3.,.85$*,#(#;<*&$2*
,*K.:&'6*,*1"#/$'#'(*N*8.*OP*9*3./#8*&4#/*D"68/$*?C$&B#*3.8*Q'56,69*R*9*S*OTOU*")A*C$&B<*
,*C#"&5#,$6*N*9*S*OTVV*")@)*W93:$408#*,#(#%*G#:$*3.,.85$.,6;*/$6*;6&4*,$6:!#*,*
3."-,/#/$0*5*3"5>".&4#9$*/#*$//>'(*"56!#'(*?X#/1'>*VP*9*S*ORYV*")A*Z!#*OT*9*S*
ORPT*")A*C.B1#*O[*9*S*OR\U*")A* "01,#;*OU*9*S*ORNR*")@)*

2$9*( *)*(+ZYNKARUK(:(;/<!$-/=(>-!?8'3!<&($@(A/<8'(7/-/B8%8-<(/-2(;/<"'8(C83$"'983(

>38 D(CE5-80(>.'/!-/

F'$@*(-/2,5*(2'(G/#*(!-H*(12,!34/5(6/-(7)IJKLM(:(M-3<&<"<(N/2/59,$DC$,5$O$5&(M-H&-!8'!!(
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"#$%&'($)*+,-./.01+,0.(.23*45&,/,.02+4%+42+3,0.,-61&)1&2,7/.6142+$,%+8,-./.01+,
+,*4*,-6149+4:3,$,5+$2./+)+4;
 -./.01+4,.-$0./4,-./%7$<4,/,/&2+(3,%+#2&)=,.-$0>/,2$/$#2&)=, ?2-@,-.0)1$%,

(6>7(.76/$<&)=,9361,7465+)12&)=AB
 -./.01+4,6.17.-./4,%-./.0./$24,:/$<7./2&5,7.-2+42+45,C2+4:>/B,/&/.<$24,

2$:<&5,+,%+#2&5,/16.%745,745-46$736&,-61&,1$5$612+87&5,:632)+4B
 -./.01+4,%17.65./4B,-./%7$*D)4,2$,/&9614E3,5.6%(+5B
 -./.01+4,1$7.6./4,-./%7$<4,/,2$%78-%7/+4,1$7.6>/,#.0./&)=,+,C6&E./&)=@

F,#$7$)=,01+4/+8G01+4%+D7&)=,39+4:<4:.,%73#4)+$B,10$61&<.,%+8,2$,C/+4)+4,/+4#4,
($7$%76.H$#2&)=,-./.01+@,F+4#($,-./>0I,/,JKKL,6@,/,M7$2$)=,N*402.)1.2&)=,.9-
*8<$,O+%%+%+-+,+,O+%%.36+@,P$,.0)+2(3,:<>/24:.,9+4:3,O+%%.36+,%7$2&,/.0&,1.%7$<&,
-614(6.)1.24, ., -.2$0, J,5476@,F,M7@, Q.+3%4, 2$, 614)4,O+%%.36+, %7$2&,/&E%14, .0,
-.-61402+4:., 64(.603,3761&5&/$<&,%+8,-6141,-.2$0, 761&, 7&:.02+4@,R)42+$, %+8B, E4,
-.2$0,!S,)$<4*,-./+461)=2+,M7$2>/,N*402.)1.2&)=,12$*03*4,%+8,2$,.9%1$6$)=B,:01+4,
-6$/0.-.0.9+4T%7/.,1$#$2+$,-6141,-./>0I,-614(6$)1$,-,U,JS,?-614)+872+4,6$1,2$,
%7., #$7A@,F, #$7$)=,JKKVWJKKX,10$61&<., %+8, $E, %14CG,/+4#(+)=,-./.01+@,P$*9$601+4*,
76$:+)12$,9&<$,-./>0I,%17.65./$,/,Y$2:#$04%13@,F,)+D:3,0/>)=,02+,(/+472+$,JKKJ,
6@,1:+28<.,7$5,JZV,7&%+8)&,#301+@,F,2$%78-2&)=,#$7$)=,/&%7D-+<&,(.#4*24,-./.01+4B,/,
(7>6&)=,%76$7&,-614(6.)1&<&,5+#+$60,0.#$6>/B,5+801&,+22&5+B,/+4#($,-./>0I,2$,R0614,
?[.#%($B,P+45)&A,/,#4)+4,JKK!,6@,+,($7$%76.H$#2$,-./>0I,/,\=+2$)=,/,#4)+4,JKK],6@,
P+41/&(#4, 2+%1)1D)$, -./>0I,/&%7D-+<$,/,".64$T%(+4*,^4-39#+)4,Q30./.W_45.-
(6$7&)124*,/,#4)+4,JKK`,6@,-./.03*D),C5+46G,X],.%>9,+,%76$7&,5$746+$#24B,61803,J`,
5#0,0.#$6>/@,F,JKKL,+,JKK`,6@,2$/+401+<$,".#.2+8,/,P+45)14)=,-./>0I,/,614)4,
^42@,F,-61&9#+E42+3,71/@,%73#472+4,($7$%76.H$#24,-./.01+4,/&%7D-+<&,7$(E4,/,a3241*+B,
O$#$/+B,b:+-)+4B,^[cB,d4542+4,+,O.1$59+(3@,

P$,-.)1D7(3,eef,/+4(3,2$,746&7.6+35,b36.-4*%(+4*,".5+%*+,g.%-.0$6)14*,R6:$2+-
1$)*+,P$6.0>/,N*402.)1.2&)=,?b"gRPNAB,1$5+4%1(+/$<.,2$,74642$)=,2$6$E.2&)=,2$,
-./.01+4,-.2$0,L,5#2,#301+B,/,7&5,JBK,5#2,#301+,/4,/%)=.02+4*,b36.-+4@,F,.%7$72+)=,
#$7$)=B,)18%7.,/&%78-3*D,($7$%76.H$#24,-./.01+4B,(7>64,/-<&/$*D,2$,:.%-.0$6(8,$,7&5,
%$5&5,.001+$<3*D,2$,6.1/>*,%-.<4)12&,+,4(.2.5+)12&,-61&,6>/2.)14%2&5,1$3/$E$#2&5,
/16.C)+4, #+)19&,.'$6, #301(+)=@,R)42+$*D),0.7&)=)1$%./4,1$+%72+$<4,%&73$)*4B,980D)4,
2$%78-%7/45,-./.01+,/,.02+4%+42+3,0.,-6149+4:3,0.7&)=)1$%./&)=,/$632(>/,(#+5$-
7&)12&)=B,5.E2$,1,03E&5,-6$/0.-.0.9+4T%7/45,-614/+01+4G,/,-61&%1<.C)+,15+$2&,
1*$/+%(,(#+5$7&)12&)=B,(7>64,/%($13*DB,E4,-./.01+4,980D,).6$1,)18C)+4*,/&%78-./$<&@,
P$,-.7/+460142+4,-./&E%14:.,-.0$*45&,5@+2@, 1/+D1$24,1,-./.01+$5+B,(7>64, 7&#(.,
/&%7D-+<&,/4,/614C2+3, VJL,6.(3,$,5+$2./+)+4;,h(6$+2$,i,R04%%$,/6$1,1,64:+.245,
? ,.'$6&AB,j&7.5+461B,"+.k.=6$0B,M$59.61l,^.%*$,i,64:+.2&;,c5363B,".5%.5.#%($,
2$0,c53645B,M.)1+l,b36.-$,i,^3532+$,?K,.'$6Al,hMc,i,".#.6$0.l,c1*$,i,a$*#$02+$B,
\=+2&@,P$#4E&,7$(E4,1$3/$E&GB,E4,-./.01+4,-61&)1&2+$*D,%+8,0.,/&%78-./$2+$,(#8%(,
E&/+.<./&)=B,(7>6&5,7./$61&%1D,1*$/+%($,1/+D1$24,1;,#$/+2$5+,9<.72&5+B,.%3/+%($5+B,
9361$5+,(7>6&5,7./$61&%1D,-.0)1$%,.-$0>/,6>E24,1$2+4)1&%1)142+$,+,%($E42+$,3*8G,/>0,
-./+461)=2+./&)=,.6$1,I6>04<,/>0,-.01+452&)=,+,+224@,_#$74:.,74E,1$+%72+$<4,12+%1)14-
2+$,?3%1(.0142+$A,-6.'#3,:#49./.W:6327./4:.B,980D)4,2$%78-%7/45,1$#$2+$,746423,/.0D,
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-./.01+./D,/4196$2D,?/&%.(DAB,1$#+)1$5&,*$(.,2$%78-24,/,%(37($)=,24:$7&/2&)=,
-.,12+%1)142+$)=,1/+D1$2&)=,1,7618%+42+45,1+45+@,b(%-46)+,1$3/$E$*DB,E4,5+4%+8)12&,
/%($I2+(,.-$0>/,$75.%H46&)12&)=,2$,.9%1$6$)=,0.7(2+87&)=,-./.01+$5+,.0-./+$0$,
)18%7.,*402.6$1./453,%+#2453,.-$0./+B,2-@,/,j&7.5+4613,/&%7D-+<,76/$*D)&,X,:.01+2,
.-$0B,)+D:<&,+,1$6$145,%+#2&,?+2742%&/2&A,04%1)13B,(7>6&,/&2.%+<,! ,55,+,.0-./+$0$<,
5+4%+8)12453,/%($I2+(./+,.-$0>/@,F&2+(+,1,.%7$72+)=,7614)=,#$7,$,5+$2./+)+4;,JKK]l,
 VVJ,+, VV],6.(3B,0.7&)1D)4,-./.01+,($7$%76.H$#2&)=,/,614($)=,"$6-$7,h(6$+T%(+)=,
.6$1,5@+2@,2$/+D13*D)4,0.,-./.01+,1,.%7$72+)=,`,#$7,?.0, VV],0., VJL,6.(3A,2$,C/+4)+4,
/%($13*DB,E4,%&%745&,-614)+/-./.01+./4,-./+22&,)=$6$(746&1./$G,%+8,2+41$/.02&5,
01+$<$2+45,?H32()*.2./$2+45A,/%1&%7(+)=,930./#+,=&06.74)=2+)12&)=B,1/<$%1)1$,-61&,
/&%78-./$2+3,2$:<4:.,1*$/+%($,=&06.#.:+)124:.,*$(+5,*4%7,-./>0I@,[.2$07.,4(%-46)+,
0.%1#+,0.,/2+.%(3B,E4,0.,)1$%3,2+4,/&(.2$2+$,)$<4:.,%&%7453,.)=6.2&,-614)+/-./.01+.-
/4*B,-./.01+4,980D,1$/%14,:6.I24,/,%(37($)=@,R)=6.28,-6140,-./.01+D,64$#+13*4,%+8,
-.-6141,3/1:#802+42+4,/%1&%7(+)=,4#45427>/,1$61D01$2+$,6&1&(+45,-./.01+./&5B,$,/,
%1)14:>#2.C)+,/,2$%78-%7/+4;,1$-.9+4:$2+$B,.)=6.2&B,%7$23,2$#4E&74:.,-61&:.7./$2+$,+,
64$:./$2+$,/,-61&-$0(3,/&%7D-+42+$,-./.01+B,3%3/$2+$,+,.0930./&,%(37(>/,-./.01+B,
.6$1,/&)+D:$2+$,%7.%./2&)=,/2+.%(>/,/,)4#3,.:6$2+)142+$,/,-61&%1<.C)+,-.742)*$#2&)=,
24:$7&/2&)=,%(37(>/,-./.01+@,M&%745&,.)=6.2&,-./.01+./4*,2+4,:/$6$273*D,-4<24:.,
941-+4)14T%7/$,7&#(.,/,1$%$01+4,152+4*%1$*D,*4*,24:$7&/24,%(37(+@,c2$#+1$,0.7&)=)1$-
%./&)=,%7.%./$2&)=,76$0&)&*2&)=,547.0,+,%&%745>/,-614)+/-./.01+./&)=B,/%($13*4B,
E4,2$*%(374)12+4*%1D,547.0D,1,2+)=,*4%7, !"#$%&'% () *+, -!&-.*&/@,

[61&,64:3#$)*+,(.6&7,614)12&)=,2$#4E&,3/1:#802+G,76$2%-.67,-6141,/.08,635./+%($,
7*@,)1D%74(,)+$<$,%7$<4:.@,\1D%7(+,74,5.E2$,-.01+4#+G,2$,(+#($,($74:.6++;
 635./+%(.,/#4)1.24,7.,1+$62$,-614%3/$*D)4,%+8,-.,02+4,614(+B
 635./+%(.,32.%1.24,7.,1+$62$,?)1D%7(+,%7$<4A,76$2%-.67./$24,-6141,%7635+4T,/.0&,

2$,6>E2&)=,:<89.(.C)+$)=B
 635./+%(.,1$/+4%1.24, 7.,2$*52+4*%14,1+$62$,12$*03*D)4, %+8,/,)+4(3,2$, 6>E2&)=,

:<89.(.C)+$)=,-61&,5+2+5$#24*,-680(.C)+,-614-<&/3@

^4$#+1./$24, %-.%.9&, .)=6.2&, -614)+/-./.01+./4*, -./+22&, 2$/+D1&/$G, 0.,
/%78-24*,.)42&,6&1&($,-./.01+./4:.,(7>6$,.94*53*4,4#45427&,7$(+4,*$(;,5$-&,.9%1$63,
0.614)1$B,.-+%,-./.01+,=+%7.6&)12&)=B,(7>64,%-./.0./$<&,12$)1D)4,24:$7&/24,%(37(+,
0#$,#301+B,C6.0./+%($,/,7&5,1$%+8:,-./.01+,.6$1,76$%&,-614*C)+$,H$#+,-./.01+./4*,/6$1,
1,.)42D,-.742)*$#2&)=,24:$7&/2&)=,%(37(>/,-./.01+,5.:D)&)=,/&%7D-+G,/,-61&%1<.C)+,
B,3/1:#802+$*D),-6.:2.18,0<3:.H$#./4:.,6.1/.*3,/&0$614TB,/,%1)14:>#2.C)+,/-<&/3,
15+$2,(#+5$73,2$,/&%78-./$2+4,-./.01+@,f%72+4*4,/+4#4,01+$<$T,15+461$*D)&)=,0.,.:6$-
2+)142+$,%76$7,-./.01+./&)=B,(7>64,5.E2$,-.01+4#+G,2$,761&,:63-&;
 152+4*%142+4,/6$E#+/.C)+,%&%745>/,2$,%76$7&,-./.01+./4,?6.1/+D1$2+$,#4:+%#$)&*24B,

.0-./+402+4,-#$2./$2+4,3E&7(./$2+$,746423B,/&12$)142+4,%76$7B,:01+4,-./+22.,%+8,
6.1/+*$G,%+8,930./2+)7/.,+7-@AB

 5.0&'($)*$,-6149+4:3, H$#+,-./.01+./4*, ?m-61&761&5$2+4n, *$(,2$*/+8(%14*, +#.C)+,
/.0&,7$(,$9&,2+4,/&61D01+<$,%1(>0AB

 .:6$2+)142+4,%76$7,/,)1$%+4, 76/$2+$,-./.01+, +,-.,-./.01+,?/)14%24,6.1-.12$2+4,
1$:6.E42+$B,-6.:2.1$,-6149+4:3,-./.01+B,.%7614E42+4,+,$#$65,.6$1,4/$(3$)*$A@
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b#45427&,.)=6.2&,-614)+/-./.01+./4*,2-@,.9/$<./$2+$,#39,1$-.6&,2+4,%7$2./+D,
%73-6.)427./4:.,1$941-+4)142+$@,F.0&,-614)+/-./.01+./4,/,1$%$01+4,)=6.2+D,-6140,
/4196$2+45,.,5$<4*, #39, C6402+4*,/+4#(.C)+@,F,-61&-$0(3,-6146/$2+$,.9/$<./$2+$B,
/.0$,/01+46$, %+8,2$,13-4<2+4,.0%<.2+87&, +,2+4-61&:.7./$2&, 74642,$,-./%7$<4,/740&,
%76$7&,12$)12+4,-614(6$)1$*D,74B,(7>64,/&%7D-+<&,941,.9/$<./$T@,

[./&E%1D,745$7&(D,0.7&)1D)D,.)=6.2&,-614)+/-./.01+./4*,1$*53*4,%+8,h2+/46%&-
747,P$6.0./&,g.%-.0$6(+,F.024*,+,P$736&,?5@,^>/2.AB,980D)&,1$6$145,2$*/+8(%1&5,
+,2$*9$601+4*,%(374)12&5,.C6.0(+45,9$0$/)1&5,2$,h(6$+2+4@,f2%7&737,0&%-.23*4,#$9.-
6$7.6+35,=&06$3#+)12&5,+2E&2+46++,/.024*,.,<D)124*,-./+461)=2+,KJ`,52B,/,(7>6&5,7.,
64$#+1./$24,%D,+22./$)&*24,9$0$2+$,2$3(./4,0.7&)1D)4,-6.)4%>/,'1&)12&)=,/6$1,1,
5$745$7&)12&5,5.04#./$2+45,3(<$0>/,?%763(736A,=&06$3#+)12&)=,<D)12+4,1,/&(.2$-
2+45,.9#+)14T,5$745$7&)12&)=,2$/+D13*D)&)=,0.,-6.:2.1./$2&)=,%(37(>/,980D)&)=,
2$%78-%7/45,64:3#$)*+,(.6&7,614)12&)=@,

0123456,43276

 !"!#$%&'()"#*+!),-./01"2!34!+-5&$")!+.%6"7-,$07-"3$8"#*+!),%"1/+5!'%01.$07-

.%")5-7"7"*579+7%.$-:$"$"$.3'-,-06-:$"'%01.$07./:$"7".$:$"7)$97-./:$;" !"#*+!),$"

1/+5!'%01.$07./01".-,%<9="7-4!5/"7$%:.%"$"#%'!.!)%>"6-7/>"*4*3'/>"457%,%)/>"07-37%"

7#$!5.$&()>"7#!07-"$"3&-54/"!5-7"4!:4!).$%>"&-.-?/>"37'!,.$%>"5*5!0$92$"1/+5!'%01.$07.%>"

3'!4.$%")!+.%>"-&)%+*&'/>")-?/"457%0$)4!)!+7$!)%>"457%4*3'/>"#*+!),%"5%2*,-0/6.%"

.-"0$%&-01>"25!+7%>":!,->"#*,)-5/>"4!01/,.$%>"457%4?-)&$"+,-"5/#;" !"#*+!),$")!+./01"

)/&!57/3'/)-./01"+!"@015!./"457%+" .$3707/0$%,3&$:"+7$-?-.$%:")!+/" 7-,$07-:/"

#*+!),%"5%2*,-0/6.%"3'!3!)-.%"+!"5%2*,-06$"57%&"A'-:/"5%2*,-0/6.%>"!4-3&$"#57%2!)%>"

7-4!5/"457%0$)5*:!)$3&!)%>"3'!4.$%>"45!2$"!5-7"#/3'5!'!&$B;

 !"7#$!5.$&()")!+./01"7-,$07-:/="-&)%./".-'*5-,.%"C" '!" 6%7$!5-" $" 3'-)/"!5-7"

37'*07.%>" 4!)3'-?%")".-3'843')$%")/#*+!)-.$-" #*+!),$" 4$8'5790/01;"D!75(<.$-:/"

4!+3'-)!)%"'/4/"7#$!5.$&()")!+./01"-":$-.!)$0$%=

 7#$!5.$&$"5%'%.0/6.%>"&'(5/01"7-+-.$%:"6%3'":-2-7/.!)-.$%")!+/")"!&5%3-01"6%6"

.-+:$-5*")"0%,*")/&!57/3'-.$-")"$../01"!&5%3-01>

 7#$!5.$&$" 457%4?/)!)%" A#%7" 7-:&.$8E" $" 7" 7-:&.$80$-:$" !5-7" 7")/5().-.$%:"

+!#!)/:B"4!)3'-69")")/.$&*"457%25!+7%.$-"57%&"6-7-:$>"&'(5/01"7-+-.$%:"6%3'"

*'57/:-.$%")":$-58"3'-?%2!"4!7$!:*"4$8'57%.$->

 7#$!5.$&$"3*01%"39"6%+.!7-+-.$!)/:$"7#$!5.$&-:$"457%0$)4!)!+7$!)/:$>"!&5%3!)!"

:-2-7/.*690%")!+/"4!+07-3"457%01!+7%.$-"F-,"4!)!+7$!)/01>

 4!,+%5/"4!)!+7$!)%"3'-.!)$90%"4%).9"F!5:8"!+:$-./"7#$!5.$&()"3*01/01>"!#.$<-69"

3707/'/"F-,"4!)!+7$!)/01"$",%437%"5!7?!<%.$%"457%4?/)()")"07-3$%")%7#5-G;"H!,+%5/"

7-&?-+-.%"39".-"57%&-01"!#)-?!)-./01".-"!#37-5-01"+!,$."57%07./01"!+0$8'/01"!+"

57%&")-?-:$"457%0$)4!)!+7$!)/:$;

I*+!),%"4$8'5790%"*:!<,$)$-690%"*'57/:-.$%")7.$%3$!.%2!"4!.-+"457/,%2?/"'%5%."

7)$%50$-+?-")!+/":-69" 7-" 7-+-.$%":;$.;" 7)$97-.%" 7" 7-4%).$%.$%:"#%74$%07%G3')-"

457%+"</)$!?%:")!+./:>"+!3'-507-.$%")!+/".-"4!'57%#/"&!:*.-,.%" $"45!+*&0/6.%"

!5-7"+!".-)!+.$%G"$'4;



JK

ZESZYTY NAUKOWE – INŻYNIERIA LĄDOWA I WODNA W KSZTAŁTOWANIU ŚRODOWISKA  Nr 10, 2014

 !"#*+!),$")!+./01"4$8'5790/01"7-,$07-:/=

 6-7/"3'-?%"A#%7"7-:&.$8EB"457%4*3707-,.%"A.$%3707%,.%B>".$%457%4*3707-,.%"A3707%,-

.%B>"39".-6:.$%637/:$"#*+!),-:$"4$8'5790/:$"!"45!3'%6"&!.3'5*&06$>":-690%",!&-,.%>"

4*.&'!)%"7.-07%.$%"+,-"2!34!+-5&$")!+.%6>

 6-7/"7"7-:&.$80$-:$"A5*01!:%B"39"4!+3'-)!)/:$"!#$%&'-:$"4$8'5790/:$"$"457%4*37-

07-690/:$")!+8"457/"7-#*+!)$%"3'!4.$-:$"57%&".$7$../01"$"4!+2(53&$01>

L-7)-"6-7*"5*01!:%2!".-)$97*6%"+!"7-3'!3!)-.%2!"5!+7-6*"7-:&.$80$-="4?-3&$%"

A7-3'-)&$>"3'-)$+?->"7-3*)/B>"&,-4!)%"A!+01/,!.%"!+"45!2*"!"MK"+!"NKOB>"3%2:%.'!)%"

A)/0$.%&"&!?-B>"&!7?!)%"A3&?-+-.%"&!7?/B>")-,0!)%>":!3'!)%"A7-:&.$80$-"4?-3&$%B>"

+-01!)%"A+)*&,-4!)%"&,-4/"4?-3&$%B>"4!)?!&!)%"A#*&?-&!)%",*#")!5&!)%"C"'&-.$./B>"

+)*4!7$!:!)%"A+)*4$8'5!)%",*#"7"#%,&9"4$8'57909B;

 !"#$%&'"(!)'*+" ,$!)("-.&'!)/&01,%2,!)
+ &3#!4"01.$)&,5 &(1)+ %!,$')+&'&/%$&'!6)
("'$2%-62,!6)47$(7)/&) !8-#",6$),$!.9'

P"!+.$%3$%.$*"+!"!0%./"4!)!+7$>"&'(5%")/3'94$?/")",-'-01"QRRS"$"MKKQ"5!&*>".-"

T-&-54-0$*"!5-7")"MKKS"5!&*")"U-54-'-01"!45-0!)-.!":+;<=;>?)+>@ABC<CD)-E;>-

FGDHI)J<BDKLMKD)<KN;<GD)O;LPKFCO<C<JLF<CPQ)C)<O>;KFR)<)<O;>K<C>GP)NFO<BPLD)
F)O;<=G<LD)G>RE<CP)C)$GABDBRKFP)(-8'F()C) SCGD?>"&'(5/"'!".-)$97*6%"+!"45!-
4!7/06$"5!7)$97-G"'%01.$07./01"4!45-)/"3/3'%:()"!015!./"457%0$)4!)!+7$!)%6>")"

'/:"*)72,8+.$-690%6"#*+!),%"A3'5*&'*5/B"2!34!+-5&$")!+.%6>"7-3'!3!)-.%".-"57%&-01"

2(53&$01;"H5!4!7/06%"5!7)$97-G"7.-6+*69"3$8")")$8&37!V0$"457/4-+&()"4!')$%5+7%.$%"

)"5!7)-<-.$-01"'%!5%'/07./01"$"%&34%5/:%.'-,./01"A:!+%,!)/01B"#-+-.$-01"$"7-5-7%:"

3'-.!)$9"7-,%0-.$-"+!"5!7)$97-G"'%01.$07./01"A45!6%&'!)/01B")"45-&'/0%;

H!.$<%6"457%+3'-)$-:/"45!4!7/06%"5!7)$97-G"7)$97-./01"7"45!#,%:-'/&9"!015!./"

457%0$)4!)!+7$!)%6=

QB" P"0%,*" *7/3&-.$-" .$%7-)!+.%6" !015!./"457%0$)4!)!+7$!)%6" .-,%</" 5%-,$7!)-E"

&!:4,%&3!)9"5%2*,-068"57%&

MB" W!&-,.-"3%,%&'/).-"A)/#$(507-B"5%2*,-06-"&!5/'"0$%&()"7"5%2*?/".$%"6%3'"3&*'%07.-;"

H%534%&'/)$07./:" 5!7)$97-.$%:" 6%3'" 3'!4.$!)%"+!3'!3!)-.$%" &!5/'" 0$%&()"+!"

)/:-2-G" '%01.$07./01" 7)$97-./01" 7" !015!.9"457%0$)4!)!+7$!)9")"!4-50$*" !"

!45-0!)-.9"&!:4,%&3!)9"5%2*,-068"57%&",*#"457/.-6:.$%6"+!'/0790-")"7.-07./:"

7-&5%3$%".%)5-,2$07./01"!+0$.&()"&!5/'"0$%&();

JB" L$%7#8+.%" 6%3'")/&!.-.$%"X7/07.%2!" $":-'%:-'/07.%2!":!+%,!)-.$-" #*+!),$"

A3'5*&'*5B" 2!34!+-5&$")!+.%6" +!'/0790/01"!015!./"457%0$)4!)!+7$!)%6")" 0%,*"

)3&-7-.$-"-,'%5.-'/)./01"5!7)$97-G"'%01.$07./01;

NB" P+5-<-.$%"!4'/:-,.%2!"A5-06!.-,.%2!B"45!6%&'!)-.$-"#*+!)-,$"A3'5*&'*5B")!+./01>"

+!'/0790/01"3707%2(,.$%"*)72,8+.$-.$%"'%:-'/&$"7)$97-.%6"7"$.</.$%5$9"1/+5-*,$07.9;

YB" T-3'!3!)-.$%".!)!07%3./01":%'!+"!#,$07%.$!)/01"7)$97-./01"7"45!2.!7!)-./:$"

7:$-.-:$"%5!7/6./:$"&!5/'"$"#57%2()"0$%&()"!5-7"7:$-."45!X,*"&!5/'")"4!#,$<*"

#*+!),$"4$8'5790/01"2!34!+-5&$")!+.%6;
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ZB" H!')$%5+7%.$%")"!4-50$*"!")/&!.-.%"#-+-.$-"!+"3'5!./"'%01.$07.%6"$"-.-,$7/"%&!.!-

:$07.%6"7-3-+.!V0$"3'!3!)-.$-":-'%5$-?()")/&!.-./01"7"2%!)?(&.$./"457/"5%2*,-06$"

&!5/'"0$%&()"!5-7"457/"4$8'5790/01"#*+!),-01")!+./01;

[B" @:-)$-.$%":%'!+"+!'/0790/01")7:-0.$-.$-"3'-#$,.!V0$"!015!../01"#*+!)-,$"7$%:-

./01"7")/&!57/3'-.$%:"$..!)-0/6./01"1/+5!:%01-.$07./01":-37/."#*+!),-./01"

3'!3!)-./01"+!"5!#('"7$%:./01;

SB" @45-0!)-.$%" $")+5-<-.$%":!.$'!5$.2()" 1/+5!:!5F!,!2$07./01" !#%6:*690/01"

)37/3'&$%"57%&$"\&5-$./;

RB" P34(?*07%3'.$0')!")"')!57%.$*".$%7#8+./01"457%4$3()"+!'/0790/01"!45-0!)-.$-"

)/'/07./01"+!"45!6%&'!)-.$->"#*+!)/"$"F*.&06!.!)-.$-"#*+!)-,$"A3'5*&'*5B"2!-

34!+-5&$")!+.%6"+,-"57%&"U-54-'"\&5-$G3&$01;"

P"0%,*"5!7)$97-.$-"4!)/<37/01"45!#,%:()>")"].3'/'*0$%"L\P^LD\")"D().%:"

457%45!)-+7!.!"37%5%2"#-+-G"%&34%5/:%.'-,./01"+!'/0790/01=

QB" ^!+%,!)-.$-"4-5-:%'5()"X7/07./01"),!'()"A+!4?/)()B"$")/,!'()"A!+4?/)()B"

)!+/")4?/)-690%6"A)/4?/)-690%6B"+!"!#$%&'()"#*+!)-,$")!+./01"A7#$!5.$&$")!+.%>"

4!,+%5/B")"5-:-01"7-&5%3*"457%+3$8)7$8E"+!'/0790/01"45!25-:*"!015!./"457%0$)-

4!)!+7$!)%6"+,-"+!57%07-"57%&$"_$3/"5%2$!.*"T-&-54-0$-"7"*)72,8+.$%.$%:"!&5%3*"

!+"MKKM"+!"MKKZ"5!&*")5-7"7"45!2.!7!)-.$%:"+,-"MKQY"5!&*"AF!';"Q"C"MKKY"5!&B

MB" ^!+%,!)-.$%"4-5-:%'5()"'%01.$07./01"457%4?/)*")!+/"457%7"457%0$)4!)!+7$!)/"

4!,+%5"57%&$"_$3/"&!?!")3$"P-5/"AF!';"M"C"MKKZ"5!&B;

JB" ^!+%,!)-.$%"4-5-:%'5()"'%01.$07./01"457%4?/)*")!+/"457%7"*579+7%.$-"3'%5*690%"

!")/+-'&*"NYK":J`3"+!"4!,+%5()"457%0$)4!)!+7$!)/01".-"57%0%"_$3/")"4!#,$<*"

)3$"P-5/"$"_1%'F-,a/"I%5%1$a3&$%2!")"5%2$!.$%"T-&-54-0$-"AMKKZ"5;B

NB" @&5%V,%.$%"4-5-:%'5()"7)$97-./01"7"4!6%:.!V0$9"457%0$)4!)!+7$!)9"ALO"NZB"+,-"

57%&$"I!5<-)-")"5%2$!.$%"T-&-54-0$-"AMKK["5!&B

YB" @:()$%.$%"A!0%.-B"4-5-:%'5()"'%01.$07./01"A)/:!2()B"V)$-'?-":!3'*"A)!+!-

457%4*3707-,.!V0$B"+,-":!3'()".-"+5!+7%"U$6()b_7!4")%")3$"H-.'-,$/-"$"U5$,$)>"

!#)!+*"5().%G3&$%2!"AMKKS"5!&B;

ZB" @:()$%.$%"4-5-:%'5()"'%01.$07./01"+!'/0790/01"V)$-'?-":!3'()"!7.;"L5"RKbRN"

.-"+5!+7%"U$6()"C"_7!4"AMKKS"5!&B;

[B" H5!6%&'"5%2*,-06$"57%&$"\3'$-")"D().%:"AMKKS"5;B

SB" P"!4-50$*"!"#-+-.$-"].3'/'*'*"L\cP$L")/&!.-.!"-.-,$7/"A!0%./B"'%01.$07.%")5-7"

7"4!+-.$%:"7-,%0%G")"!+.$%3$%.$*"+!"!45-0!)-G"+!'/0790/01"#*+!),$"457%0$)4!-

)!+7$!)/01"+,-"57%&"7"5%6!.*"&-54-0&$01"2(5;

RB" T-,%0%.$-"+!'/0790%"45!6%&'!)-.$-"+!4*3707-,./01"4!7$!:()"34$8'57%G"!015!../01"

)!+/")"!+.$%3$%.$*"+!"!45-0!)-G"+!'/0790/01"!015!./"457%0$)4!)!+7$!)%6"*&5--

$G3&$01"U-54-'"AMKKR"5!&B;

QKB"T-,%0%.$-")"!4-50$*"!"#-+-.$-":!+%,!)%"$"!#,$07%.$-":-'%:-'/07.%"+!'/0790%"45!-

6%&'!)-.$-"+!4*3707-,./01"4!7$!:()"34$8'57%G"!015!../01")!+/")"!+.$%3$%.$*"+!"

457%4?/)()".$%3&*'&*690/01"4!)!+7$-:$"+,-"5%6!.*"_7%5.$!)$%0"AF!';"J>"MKQQ"5!&B

QQB"@45-0!)-.$%"34!3!#()"!015!./"457%0$)4!)!+7$!)%6"$"457%0$)%5!7/6.%6")"!4-50$*"!"

#-+-.$-":!+%,!)%"#*+!),$"A3'5*&'*5B"457%0$)%5!7/6./01"+,-"57%&$" .$%53'".-"!#37--

57%="I-07/.-"C"d'-5/"d-:#!5"C")$%V"T-)-+&->"3'-5!3-:#$53&$"4!)$-'>")!6%)(+7')!"

,)!)3&$%"AF!';"N"C"MKQQ"5!&B;
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T<B7)U7""I-+-.$%"1/+5-*,$07.%"4!)!+7$"#!07.%2!"7#$!5.$&-"),!'!)%2!".-"57%0%"I/3'57/0/")"
4!#,$<*"e%537-&$a")"W)!)3&$:"!#)!+7$%

T<B7)V7" P,!'/"1/+5-*,$07.%"#-+-)07%2!"$"25!:-+7!.%2!"7#$!5.$&-".-"5;"e/3/")"4!#,$<*")3$"
P-5/"$"_7%5'F-),-")"5%2$!.$%"T-&-54-0&$:"A3/:*,-06-"457%6V0$*"&-'-3'5!F-,.%6"4!)!+7$B
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T<B7)W7))f/+5-*,$07.%"#-+-.$-"3'5*&'*5"5%2*,-0/6./01".-"57%&$"H5*'")":$-V0$%"_7%5.$!)0$"AH57%-
4*3'/":!+%,!)-.$-"&-'-3'5!F-,.%6"4!)!+7$")":!3'&*B

T<B7)X7)"f/+5-*,$07.%"#-+-.$-"7:$-."+%../01"Aghiijk"lmnmlogpqB"+!"*3'-#$,$7!)-.$-"&-.-?*"
 .$%3'5*")"d'-5/:"d-:#!57%")%"W)!)3&$:"!#)!+7$%"Arsqpqtsuo"hvwotxsB
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+&'&/%$!)$)&,5 &(")+ %!,$'+&'&/%$&'")) )
') !8$&($!)+ %1." +",.$4)

H!"457%6V0$*"F-,$"4!)!+7$!)%6")"5%2$!.$%"H57/&-54-0&$:")"MKKS"5!&*>"34%06-,$V0$"

1/+5!,!+7/" 4!.!).$%" 7-$.'%5%3!)-,$" 3$8" 3/3'%:-:$" !015!./" 457%0$)4!)!+7$!)%6>"

)"'/:"7#$!5.$&-:$")!+./:$"5%'%.0/6./:$"$3'.$%690/01"75%-,$7!)-./:$")"y]y"$"yy"

)$%&*;"I$!590"4!+"*)-28"7:$-./"&,$:-'/07.%"!")/:$-57%"2,!#-,./:"3')$%5+7!.!"&!-

.$%07.!VE"+-,37%2!"45!)-+7%.$-".-*&!)/01"45-0"#-+-)07/01"+!'/0790/01"3/3'%:()"

!015!./"457%0$)4!)!+7$!)%6" 7"*)72,8+.$%.$%:"3'-.+-5+!)/01" 5!7)$97-G" '%01.$07-

./01"A&,-3/07./01B"!5-7".!)-'!53&$01"5!7)$97-G"1/+5!'%01.$07./01"#*+!),$")!+./01"

3'%5*690/01"5%2*,-069"457%4?/)()")!+/;"L-+:$-5")!+/":!<%"45!)-+7$E"+!"*+%57%.$->"

.$3707/0$%,3&$%6" 3$?/" </)$!?*")" ,*+7&$%" 3$%+7$#/>" 3707%2(,.$%" +!'&,$)%" 39" 4!)!+7$%"

)":$-3'-01>"2+7$%" 3'5-'/" 3&*4$-69" 3$8".-"283'!"7-,*+.$!./:"!#37-57%;"P".-3'843')$%"

457%6V0$-"57%&9":-&3/:-,.%6"&*,:$.-0/6.%6"F-,$"4!)!+7$!)%6>"+!01!+7$"+!")/3'94$%.$-"

+*</01"5!7,%)$3&")!+/")"4!#,$<*"0$%&*;"T)$8&37!.-"4!6%:.!VE"4!)!+7$!)-"7,%).$"

:!<%" 7.-07.$%"!#.$</E"4!7$!:")!+/")" 57%0%>" 0!" 3&*'&!)-E"#8+7$%" 7:.$%637%.$%:"

5/7/&-" 7-,-.$-" '%5%.()"457/,%2?/01" A!3$%+,$B" +!" 57%&$" !5-7"!25-.$07%.$%:"7.$3707%G"

#*+!),$" 1/+5!'%01.$07./01;" ]3'!'.9" F*.&069" 5%'%.0/6./01" 7#$!5.$&()")!+./01"4!7-"

25!:-+7%.$%:")!+/"6%3'"7?-2!+7%.$%"F-,$"4!)!+7$!)%6")"57%0%"4!.$<%6"7#$!5.$&-")5-7"7%"

7:.$%637%.$%:"458+&!V0$"457%4?/)*"457/"3'!3*.&!)!".$3&$01"&!37'-01"%&34,!-'-0/6./01;"

P"457/4-+&*")/3'94$%.$-"F-,$"4!)!+7$!)%6")"57%0%>"+!01!+7$"+!"7.-07./01"*'5*+.$%G")"

4!7/3&$)-.$*")(+"4!)$%5701.$!)/01"+,-"4!'57%#",*+.!V0$>"457%:/3?*"$"5!,.$0')-"7"*68E"

)/#*+!)-./01".-"!+2-?87$%.$-01"0$%&()"#!07./01"+!4?/)-690/01"A!+4?/)-690/01B"+!"

57%&$;"P":$%630-01"*6VE")!+/"0$%&-:$"+!4?/)-690/:$"+!"57%&$"!+&?-+-"3$8"5*:!)$3&!"$"

7-5-7%:"+!01!+7$")"4!#,$<*"*68E"+!"%5!76$"+.-"$"#57%2()"&!5/'-"57%&$;"H!)/<37%"07/..$&$"

1/+5!,!2$07.%>"#-5+7!"*'5*+.$-69"*'57/:-.$%"7-?!<!./01"%&34,!-'-0/6./01"4-5-:%'5()"

1/+5!,!2$07./01;"H!6%:.!VE"37'*07./01"5%'%.0/6./01"7#$!5.$&()")!+./01>"4!)$..-"#/E"

'-&"7-45!6%&'!)-.-"<%#/"725!:-+7$E")/:-2-.9"$,!VE")!+/"-"'/:"3-:/:"7?-2!+7$E"F-,8"

4!)!+7$!)9"457/"7-01!)-.$*"!+4!)$%+.$01")/:$-5()"*579+7%G"A!')!5()B"),!'!)/01"

$")/,!'!)/01")!+/"3?*<90/01"+!"345-).%2!"3'%5!)-.$-"457%4?/)-:$")!+/;

.<GKPOKQ>)L>;LMJL>GF>)O<C<JLF<CP=<"3'-.!)$"$3'!'.9"078VE"3&!:4,$&!)-.%2!"
3/3'%:*"!015!./"457%0$)4!)!+7$!)%6"&'(5-":*3$"*)72,8+.$E"3'%5!).!VE"457%4?/)*"

)!+/"4!)!+7$!)%6"0$%&$%:"4!457%7"7-3'!3!)-.$%"!+4!)$%+.$01"#*+!),$"2!34!+-5&$"

)!+.%6"A7-4!5/>"6-7/>"457%4*3'/>")$%<%"457%,%)!)%>"7-3*)/"$'4;B;"P"5%2$!.$%"T-&-54-0$-"

)"+!57%07*"57%&$"_$3/"4,-.!)-.%"6%3'")/#*+!)-.$%"MM"457%0$)4!)!+7$!)/01"7#$!5-

.$&()"A4!,+%5()B")!+./01"!"?907.%6"0-?&!)$'%6"4!6%:.!V0$"*</'&!)%6")/.!3790%6"RM"

:,.":J")!+/"457/"?907.%6"4!)$%5701.$"7-,%)*"QYM"&:2;"P"0%,*"457%01)/0%.$-")(+"

4!)!+7$!)/01"7" 57%&" 5%2$!.*"H!+&-54-0&$%2!".-,%</")/#*+!)-E")"2(5./:"#$%2*"
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