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?A@CBEDGFIHKJMLANPO
Q)R&SUTWV/XZY[R \^]`_aR b c^Xedfc�SgYa\�]UhiR&jkj"Y[R \^]gc^XZYl_lc�j1j c^S"m3n oWYpYCn/oWYfq)j o�\�]�n o�\^]rYpc�R&Sgc`Yts^XZcWR Ypuwv/XyxzR b c^S{}|/Sgb/o/j Vgh�~

D = 8m � n)| X�\�]fc�R&Sgc�Sf��V*X�S�o�n�V�S^R \�]g_eo/�Wb�c`n c`\^s2_AhiR&X�n3���}c^XG��V/XySWo�n V�Y�V,j1jR&Sic�X�Yp_lc^X��}�/]Wc^X�|/SWb$o/j YM�,V^_lc�S`_aR o/j h�R&X���c^j�xzR _Pq�c�Yl_IsIv*X��^c�X�XZV^_pog_aR V)S�R&x���c^Sg_IX�|/x:�^c�X�cg\�]/Sgc2_hKc^X�n�c�S*�K�AR c�xCo`� R&xCo/j cr��R&SWn b�c`Y�\�]ghiR&S�n"R b,sac�R _�n c�Yz��R&Xy�^c�j YzY�cWR
u �P�[� = 60m/s

�A�}c^X�M|/XZ\^] x�c`YpY�c^XPn�c`Y$uwc`Yl_IsIv/Xy�^c^X�o^X�_aR b^�aX�V�_aR c^XZc^S�n�c�S���cWR&j Y n c^XM¡*_IX�v)x | SWb�Ypc�R
d = 3m

�K�AR c¡/_IXZv,x |/SWbeY�cWRgR&S sIV,x �^XZc�Y�Y[R&�^c�j
ρ = 1.25 kg/m3

| S�nzXZcWR&�/|/Sgb Y2j V�Yg���}c^X3¢Ax�b�c�� |/Sgb Y�n)X�|�\�shKcWR _�o/|WYpY�c^X�]�o/j1�rn c�Y���R&X���c^j Y |/SWn�R&x£{}|/Sgb o/j VWh�YpcWR
pa = 1.0 bar

�¤{�c�X�cg\�]/Sgc�S¥¡)R cUn"R cxCo`� R&xCo/j cU�MX�|�\�s�s^XZogu�_I��c^j oWYl_I|/SWb n c�Y�q)j o�\�]�n o�\^]gYgm^h¦c�S Szn/oWYe��c^Sg_IX�|/x:n�c`YK��R&X���c^j YAYIR \�]§ �^c^X¤n c^S>d�R _¨_lc�j1� |/S s2_Mn�c`Yz{}| SWb o/j VWhPYC�^c�©�SWn c2_�� ª1«�¬





®�@CBEDGFIHKJMLANPO
Q)R&SWc�{�c�Sg¯gR&S/��R&�^c^j R&SWc¥n c^XC°^�/SWb�c

L = 10 km
|/SWn�n c^Xi±C|Wc^XZY�\^] S�R _¨_lYl²,��\�]Wc

A = 1m2u § ] X�_MTWV,SfcWR&SWc^x³b,XZV,´2c^S µGV/XyXZog_lY��^c�]W�/j _lc�X�¯�|fc�R&Sgc�x¶µGc^Sg_aR&j&���AR cf¡/_IXZv,x |/Sgbrh�R&XZn�o/SWb�c��_IX·R c^�^c�SzTWV,S cWR&SWc^x
¸Gv,]Wc^SWb�c2u·�/j1j c
∆h = 50m

¯IhiR Ya\�]Wc^S¥{�c^]��/j _lc^X�u § j1j Yp_po/SWn�| S�nUµGc�S`_aR&j&��AR c�¡/_IX�v)x | SWb$Ypc�R�R&S sIV,x �^XZc�Y�Y[R&�^c�j
ρBenzin = 800 kg/m3

| S�nrX�c�R&� |/Sgb Ylu¨XZcWR��"�}c^X¤�MX�|�\�so/x¹q)j § Y�Y[R b)s[c�R _lYpY2�^R c`b^c�j YMR&x�V^º�c^SWc^S$µGV/XyX�og_lY2�^c�]W�/j _lc�XG�g¯Ihz�/n�c�X¦�MX�|�\�s S�o�\�]tn�c�x�µGc�S`_aR&jc^Sg_lY2�^X·R \�]g_Mn c^x
¢Ax�b�c�� |/Sgb Y�n)X�|�\�s
pa = 1 bar

�
» �z�¦oWY}µGc�S`_aR&jgh�R&XZn Ypc�] X3Y�\^] SWc^j1jgb c�v�º¤SWc2_

t ¼`½�¾�¿`¾ ≈ 0s
�,{�c�X�c`\^] SWc^Sz¡)R c�n*R cC��cWR _�m^n"R cn"R c ¡/_IXZv,x |/Sgb��^c�Sgv�_aR b^_�m3|/x

95%
n�c�XPQ�SWn b�c�Ya\�]ghiR&S�n*R b,sac�R _K¯^| c�X�XZcWR \^]gc�S*� ª À^¬

À)�z�AR c�¡/_IXZv,x |/Sgb�Ypc�R�TWV,j1j c^Sg_�h�R \�s[c�j _t|/SWn�Yp_pog_aR V,S��^XÁ�¦�¦oWY$µGc^Sg_aR&j3hiR&X�nÂj o/Sgb Y�o/x=b�c��Y�\^] j V YpY�c^S"mAYpVÃn/oWYpY�n*R c�Ä�c`Y�\^]`h�R&SWn"R b,sIcWR _>R&S�n�c�X¥��R&�^c^j R&SWc�j R&Sgcgo^X�xzR _>n c^XU��c�R _o/�/S^R&x x�_��¦{�c^X�cg\�]/Sgc�S�¡3R c�n*R c>��c�R _$¯�|/x£¡"\�]/j R c�Y�Ypc�SÅn�c`YzµGc^Sg_aR&j Yzu·o/j1j Y n*R c�XZc�Y�| j �_aR c^XZc^S�n c¥�MX�|�\�s2�/SWn c^Xy| SWb3m/TWc^Xy| XZY�o�\^]`_in)| X�\�]Un"R c$µGc^XZ¯2v b�c^Xy| SWb¥n�c�XG¡/_IXZv,x |/Sgb�m)R&Sn c^XA��R&�^c^j R&SWcUs�| XZ¯CTWV/X¤n c^x¶µ}c^Sg_aR&j3S^R \^]`_Mb,XZv,´2c^X¤o/j Y
10bar

Y�cWR&S Y�V,j1j�� ª À^¬
Æ�@CBEDGFIHKJMLANPO
ÇÈS�cWR&SWc^x9É�V)] X�~�ÊAX § x x |/Sgb Y2X�o�n*R&|WY

R � �^c2©�S�n�c�_CYIR \�]�cWR&SËq,j § YpYIR b,sIcWR _lYlu·o�n c^S¥n c^X�°^�/S`�b�c
L = Rπ + 2H

R&x�ÄAj cWR \�]Wb�c�hiR \�]g_��e�¦oWY-É�v,]/XZ\^]gc�SER Yl_>| xÌn c^SË��R&S/s[c�j
α

¯�|/XµGc�XÈ_aR&s2o/j c^S�b�c^SWcWR b�_��)��R&XZn-cWR&SËq,j § YpYIR b,sIcWR _lYpY��^R c�b�c^j�|/x
n"R c�°^�/SWb�c
x
o/|WYzn c^XeÄAj cWR \^]gb c2�hiR \^]`_lY�j oWb�c¥o/|gY�b�c^j c�S s�_f| S�nËn/o/S S�j V�Ypb c^j oWY�Ypc^S"m�Y�\^]`h�R&Sgb�_$n c^XCq)j § Y�Y[R b,sIcWR _lYpu·o�n�c^S-| SWb�c��n/�/x �`u�_z~

dx/dt + ω2x = 0 ��Í{�c�R n�ce¡"\�]Wc^S/s[c�j2n�c�YPÉ�v)] X�\�]Wc^SWY�Y[R&S�n�V,�^c�SMV^º�c^S*�/�AR c�q,j § YpYIR b,sIcWR _�R Yl_GR&S/s[V,xf��XZc�Y�Y[R&��c^j&mÉ�cWR&�/| SWb�|/SWn-n c^XCQ)R&S`²�|WYpYtn�c^XeÎC��c^XÈ²,��\^]gc�SgY��Wo/S/S |/SgbËR&S-��cWR n c^S¥��oWY�Ypc�X�Y��^R c`b�c^j1S¥YIR&SWnTWc^XySWo�\^] j �WY�Y[R b,��o^X¨�

Ä¤c`b�c��^c^S Í R m
H
m
α
m
g

» �${�c^XZc`\^] SWc^St¡)R ctxzR _¨_lc^j YAn�c^X�R&SWYl_pog_aR V,S��^XZc^Sf{�c^XySgV)| j1j R �pÄAj cWR \^] |/Sgbtn"R c Q)R b c^S/s^XZcWR Ylu¨XZc2�
Ï |gc�Sg¯ ω Ð �}~�{�c�b,X § SWn c^S>¡)R c m�hKc^j \^]gcrÑeS/SWo/]/x�c^S>¡)R cru § XAn"R crc�R&Sg¯2c�j1Sgc�SËÉ�c`\�]Wc^Sg�Y�\^] X·R _¨_lc$TWc^X�h¦c�SWn c^S �

À)�PµGc�X�b)j cWR \�]Wc^S�YIR c�n*R c�¡,\�]ghiR&SWb,|/Sgbtn�c�X¤q,j § YpY[R b,s[c�R _lYpY��/|/j cPu § X�n�c�Sfq^o jkj&m^n/oWYpY
H

Y�c^]/XT�R c^j/b,XZv,´2c�X�o/j Y
R

R Yl_�m�xtR _en�c�X¤¡,\�]ghiR&SWb,|/SgbrcWR&SWc�Yzq�o�n c^S/�^c�SWn c^j/n c^XA°^�/SWb�c
H
�
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