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Summary: In this paper Statistical Energy Analysis is used for computational modelling 
of high frequency noise in cabins of tractor Zetor. The objective was to study the 
influence of basic parts of noise-spread chain on noise level. As most contributed was 
found air-borne inputs to the glasses and sheets of the floor. Some influences of 
construction modifications on sound quality were judged. In the next part are compared 
commercial program packages SEADS and AutoSEA2 during modelling high frequency 
noise in cabin of simplified body of passenger car.

1. ÚVOD

ÒURYH��KOXNX�Y�NDELQ��MH�GQHV�MHGQtP�]H�]iNODGQtFK�XND]DWHO$�NYDOLW\�PRGHUQtFK�GRSUDYQtFK
SURVW�HGN$��3URWR�MH�W�HED�S�L�MHMLFK�NRQVWUXNFL�~URYH��KOXNX�VOHGRYDW�D�~þLQQ��NRQWURORYDW��)UHNYHQþQt
REODVW� DQDOê]\� KOXNX� D� YLEUDFt� P$åHPH� ]� SRKOHGX� YêSRþWRYpKR� PRGHORYiQt� UR]G�OLW� QD� þiVW
Qt]NRIUHNYHQþQt�D�þiVW�Y\VRNRIUHNYHQþQt��3UR�PRGHORYiQt�KOXNX�D�YLEUDFt�Y�Qt]NRIUHNYHQþQt�REODVWL�VH
dnes� SRXåtYDMt� S�HGHYãtP� NODVLFNp� GHWHUPLQLVWLFNp� PHWRG\� MDNR� MH� PHWRGD� NRQHþQêFK� SUYN$� 0.3
D�PHWRGD�KUDQLþQtFK�SUYN$�0+3��8�RERX�W�FKWR�PHWRG�Y]U$VWi�V IUHNYHQFt�SRW�HEQê�SRþHW�SUYN$�QD
Q�å�MH�SRW�HED�UR]G�OLW��HãHQRX�REODVW��SRåDGDYHN�PLQLPiOQ��ãHVWL�SUYN$ pro popis jedné vlny u MKP), 
V�þtPå�VRXYLVt�QiURN\�QD�þDV�D�QiNODG\�YêSRþWX��7\WR�PHWRG\�WDNp�Y\ND]XMt�VH�]Y\ãXMtFt�VH�IUHNYHQFt
YHONRX� FLWOLYRVW� YODVWQtFK� IUHNYHQFt� D� WYDU$� NPLW$� QD� PDOp� ]P�Q\� Y JHRPHWULL�� NRQVWUXNþQtP
XVSR�iGiQt� D� PDWHULiORYêFK� YODVWQRVWHFK�� 3URWR� VH� YH� Y\VRNRIUHNYHQþQt� REODVWL� SRXåtYDMt� PHWRG\
VWDWLVWLFNp�� PH]L� QHå� SDW�t� PHWRGD� � 6($� -� VWDWLVWLFNi� HQHUJHWLFNi� DQDOê]D� >�@�� 2EHFQ�� SODWt�� åH� VH
Y]U$VWDMtFt�IUHNYHQFt��S�HVQRVW�0.3�NOHVi��]DWtPFR�S�HVQRVW�PHWRG\�6($�Y]U$VWi��
������������3�L�VQD]H�R�VQtåHQt�YêVOHGQp�KOXþQRVWL�Y�NDELQ��MH�QXWQR�XYDåRYDW�YãHFKQ\�SUYN\��HW�]FH�ãt�HQt�
KOXNX�RG�]GURM$�YLEUDFt��S�HV�S�HQRVRYp�FHVW\�D�]i�LþH�KOXNX��Då�SR�DNXVWLFNp�SURVW�HGt�NDELQ\��.DåGê
]�W�FKWR�þW\��SUYN$�P$åH�YêUD]Q��RYOLYQLW�YêVOHGQRX�KODGLQX�KOXNX��8�GRSUDYQtFK�SURVW�HGN$�P$åHPH�
UR]OLãLW� W�L� ]iNODGQt� ]GURMH� KOXNX�� D�� KOXN� Y]QLNDMtFt� Y� PRWRUX� D� S�L� S�HQRVX� HQHUJLH� QD� NROD
�S�HYRGRYND�� UR]YRGRYND� DSRG���� E�� KOXN� ]S$VRERYDQê� NRO\� YR]LGOD�� F�� DHURG\QDPLFNê� KOXN� S�L�
obtékání vozidla za jízdy. Takto vzQLNOi� YLEUDþQt� HQHUJLH� VH� GR� NDELQ\� S�HQiãt� EX�� S�HV� VWUXNWXUX
NDURVHULH��QHER�MH�Y\]D�RYiQD�GR�RNROQtKR�Y]GXãQpKR�SURVW�HGt��NGH�VH�ãt�t�D�GRSDGi�QD�YQ�Mãt�þiVWL
NDURVHULH��NWHUp�UR]HFKYtYi��$NXVWLFNêPL�]i�LþL�MVRX�SDN�YãHFKQ\�YLEUXMtFt�þiVWL�NDELQ\��NWHUé jsou ve 
styku s akustickým prostorem kabiny. V UiPFL� PHWRG\� 6($� MH� PRåQR� DQDO\]RYDW� YãHFKQ\� YêãH
XYHGHQp�SUYN\��HW�]FH�ãt�HQt�KOXNX���
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2. TEORIE METODY SEA

0HWRGD�6($�MH�]DORåHQD�QD�URYQRYi]H�WRNX�YêNRQ$�PH]L�MHGQRWOLYêPL�VXEV\VWpP\��QD�Q�å�MH
UR]G�OHQ� DQDOyzovaný vibroakustický systém. Subsystémy jsou definovány jako skupiny stejných 
PRG$� Y� ]iNODGQtFK� W�OHVHFK� �VNR�HSLQ\�� GHVN\�� SUXW\� DSRG���� QD� NWHUp� UR]G�OtPH� DQDO\]RYDQRX
VRXVWDYX��6WHMQp�PRG\�MVRX�WDNRYp��NWHUp�PDMtFt�VWHMQp�WYDU\�NPLW$-ohybové, podélné apod. v daném 
IUHNYHQþQtP�SiVPX��'\QDPLFNp�YODVWQRVWL�MHGQRWOLYêFK�VXEV\VWpP$�D�YD]HE�PH]L�QLPL�MVRX�XUþHQ\�QD
]iNODG��SRSXODFH�QRPLQiOQ��LGHQWLFNêFK�VXEV\VWpP$�
0HWRGD�6($�MH�SRXåLWHOQi�]D�S�HGSRNODGX�åH�>�@�
��%X]HQt�MHGQRWOLYêFK�VXEV\VWpP$�MVRX�VWDWLVWLFN\�QH]iYLVOp�D�SURVWRURY��GHOWD-korelované.
��(QHUJLH� MHGQRWOLYêFK� VXEV\VWpP$� D� WRN\� YêNRQ$�PH]L� QLPL� MVRX� SU$P�URYDQp� S�HV� UHODWLYQ�� ~]Ni
���IUHNYHQþQt�SiVPD�D�EXGtFt�VtO\�MVRX�Y�W�FKWR�SiVPHFK�NRQVWDQWQt�
��.DåGp�IUHNYHQþQt�SiVPR�REVDKXMH�GRVWDWHþQê�SRþHW�UH]RQDQþQtFK�PRG$��
��6XEV\VWpP\�MVRX�SURSRUFLRQiOQ��WOXPHQp�
��9D]E\� PH]L� MHGQRWOLYêPL� VXEV\VWpP\� MVRX� NRQ]HUYDWLYQt� D� VODEp�� 6ODEp� ]QDPHQi�� åH� *UHHQRYD

funkce Gjj(x, y, ω���S�HGVWDYXMtFt�RGH]YX�Y��ERG��[�VXEV\VWpPX�M�QD�KDUPRQLFNp�EX]HQt�R�IUHNvenci 
ω�S$VREtFt�Y�ERG��\�VXEV\VWpPX�M��MH�S�LEOLåQ��VWHMQi�SUR�Yi]DQê�D�QHYi]DQê�VXEV\VWpP�>�@�

.DåGê� VXEV\VWpP� MH� SRSViQ� MHGHQtP� VWXSQ�P� YROQRVWL-VW�HGQt� HQHUJHWLFNRX� RGH]YX�
RGSRYtGDMtFt� SURVWRURY�� D� þDVRY�� SU$P�URYDQp� VW�HGQt� HIHNWLYQt� KRGQRW�� U\Fhlosti vibrací 
X�WXKRIi]RYpKR�VXEV\VWpPX�D�VW�HGQt�HIHNWLYQt�KRGQRW��DNXVWLFNpKR�WODNX�X�DNXVWLFNpKR�VXEV\VWpPX�
(QHUJLH� YVWXSXMH� GR� MHGQRWOLYêFK� VXEV\VWpP$� ] H[WHUQtFK� ]GURM$ -pravá strana rovnice (1), je 
XWOXPRYiQD� YQLW�QtP� WOXPHQtP� MHGQRWOLYêFK� VXEV\VWpP$ -� SUYQt� þOHQ� QD� OHYp� VWUDQ�� URYQLFH� ���
D� S�HQiãHQD�PH]L� QLPL -� GUXKê� þOHQ� QD� OHYp� VWUDQ�� URYQLFH� �����5RYQLFH� YêNRQRYp� ELODQFH� SUR� L-tý 
VXEV\VWpP�D��SRþHW�Y]iMHPQ��SURSRMHQêFK�VXEV\VWpP$�P�Pi�SRWRP�WYDU�[1]
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kde jsou  f         -�VW�HG�XYDåRYDQpKR�IUHNYHQþQtKR�SiVPD
ηii           - faktor tlumení i-tého subsystému 
ηij, ηji  - faktory ztráty vazby mezi i-tým a j-tým subsystémem
Ei,Ej -�VW�HGQt�HQHUJLH�L-tého,j-tého subsystému
Pi,vs -vstupní výkon do i-tého subsystému z YQ�MãtKR�]GURMH

�5RYQLFH�WRNX�YêNRQ$�SDN�P$åHPH�Y\MiG�LW�PDWLFRY��YH�WYDUX
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kde   jiij ηη −=0 ,      ∑
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a  ω je úhlová frekvence, fπω 2=



�HãHQtP� VRXVWDY\� VLPXOWiQQtFK� OLQHiUQtFK� URYQLF� ���� SDN� ]tVNiPH� VW�HGQt� KRGQoty energií 
MHGQRWOLYêFK�VXEV\VWpP$�Y�GDQpP�IUHNYHQþQtP�SiVPX��=�QLFK�SDN�P$åHPH�SRPRFt�WUDQVIRUPDþQtFK
Y]WDK$� ]tVNDW� YHOLþLQ\� REY\NOH� SRXåtYDQp� SUR� KRGQRFHQt� G\QDPLFNp� RGH]Y\�� MDNR� MH� U\FKORVW� QHER
hladina akustického tlaku.

3. Vé32ý729e�02'(/29È1Ë�VYSOKOFRE.9(1ý1Ë+2�+/8.8�9 .$%,1��75$.7258�=(72R

9êSRþWRYê� PRGHO� NDELQ\� E\O� Y\WYR�HQ� Y� SURJUDPX� $XWR6($�� QD� ]iNODG�� PRGHOX
Y\WYR�HQpKR�YH�ILUP��=HWRU�Y programu Pro/Engineer viz. obr. 1. Kabina byla modelována od konzol 
MHMtKR�XORåHQt�QD�SRGYR]NX�WUDNWRUX��6($�PRGHO�NDELQ\�VH�VNOiGi�]�UiPX�NDELQ\��WYR�HQpP�VYD�HQêPL�
W\þRYêPL� SURILO\�� SOiãW�� NDELQ\�� VNOiGDMtFtKR� VH� ]� SRGODK\�� EODWQtN$�� VNHO� D� VW�HFK\� YL]� REU���
$NXVWLFNê� SURVWRU� NDELQ\� E\O� PRGHORYiQ� SRPRFt� GYRX� VDPRVWDWQêFK� �'� DNXVWLFNêFK� VXEV\VWpP$
v její dolní a hRUQt�þiVWL��0H]L�YUFKQt�þiVWt� VW�HFK\�D�SRGKOHG\��NGH� MH�XPtVW�QD�NOLPDWL]DFH�D�GDOãt
S�tVOXãHQVWYt�� E\O� WDNp� Y\WYR�HQ� VDPRVWDWQê� DNXVWLFNê� SURVWRU��=� G$YRG$�PRGHORYiQt� EX]HQt� NDELQ\
KOXNHP� ãt�tFtP� VH� RNROQtP� Y]GXãQêP� SURVW�HGtP�� E\O\� DNXVWLFNp� SURVWRU\� Y\modelovány také na 
YãHFK� YQ�MãtFK� SORFKiFK� SOiãW�� NDELQ\�� -HGQRWOLYp� DNXVWLFNp� VXEV\VWpP\� MVRX� ]REUD]HQ\� QD� REU�� ��
9QLW�Qt� Y\EDYHQt� NDELQ\�� MDNR� MH� NRQ]ROD� �t]HQt�� VHGDþND� D� RYOiGDFt� SUYN\� QHE\O\� GR� YêSRþWRYpKR
PRGHOX� ]DKUQXW\�� 1D� YQ�Mãt� VWUDQ�� SRGODK\�� þiVWHFK� � EODWQtN$� ]DVDKXMtFtFK� GR� LQWHULpUX� NDELQ\
D�SRGKOHGHFK�VW�HFK\�E\O\�Y�PRGHOX�DSOLNRYiQ\��DEVRUSþQt�PDWHULiO\��QDS���LQWHULpURYp�þiVWL�EODWQtN$
MVRX�REORåHQ\�YUVWYRX�SRO\XUHWDQRYp�S�Q\�R�WO�����PP�D�YUVWYRX�]�XP�Op�N$åH�WO���PP��

Celý S($� PRGHO� NDELQ\� E\O� Y\WYR�HQ� ]� ���� VXEV\VWpP$� VSRMHQêFK� ���� NRPSOH[QtPL
YD]EDPL�� -DNR� REODVW� �HãHQt� E\O� ]YROHQ� IUHNYHQþQt� UR]VDK� ���-����� +]� D� �HãHQt� E\OR� SURYiG�QR�
v 1/3 oktávových pásmech. Dolní frekvence byla zvolena s ohledem na vztah (5). Nad touto frekvencí 
VH�Y�X]DY�HQpP�DNXVWLFNpP�SURVWRUX�P�Qt�QHKRPRJHQQt�WODNRYp�SROH�QD�GLI~]Qt�[4]��FRå�S�HGVWDYXMH�
PH]� SUR� SRXåLWt� GHWHUPLQLVWLFNêFK� YêSRþHWQtFK� PHWRG�� +RUQt� PH]� E\OD� RPH]HQD� � SRXåLWRX� YHU]t
programu AutoSEA2.

3

400

V
f = (5)

V je objem akustického prostoru   [m3]

Obr. 1. Geometrický model kabiny



2EU���6($�PRGHO�SOiãW��NDELQ\�–�UR]ORåHQê�QD��������� Obr. 3 Akustické subsystémy
����������]iNODGQt�W�OHVD��Ä]SU$KOHGQ�Qi³�RNQD

.DELQD�E\OD�EX]HQD�Y�NRQ]ROiFK�XORåHQt�NDELQ\�QD�SRGYR]NX�]DGiQtP�YVWXSQtKR�YêNRQX�GR
RK\ERYêFK�PRG$� S�tVOXãQêFK� GHVHN�PRGHOXMtFtFK� MHGQRWOLYp� NRQ]RO\�� -HKR� YHOLNRVW� E\OD� XUþHQD� GOH
LQIRUPDFt� ILUP\�=HWRU��%X]HQt� YH� YQ�MãtFK� DNXVWLFNêFK� SURVWRUHFK� E\OR� ]DGiQR� YH� IRUP�� YVWXSQtKR
YêNRQX� GR� MHGQRWOLYêFK� YQ�MãtFK� DNXVWLFNêFK� VXEV\VWpP$� RENORSXMtFtFK� YQ�Mãt� SOiã"� NDELQ\��PLPR
DNXVWLFNp� SURVWRU\� EODWQtN$� D� DNXVWLFNpKR� SURVWRUX� SRG� Sodlahou, kde bylo zadáno difúzní tlakové 
SROH��9HOLNRVW�W�FKWR�VWXSQtFK�YêNRQ$�D�DNXVWLFNêFK�WODN$�E\OD�Y\SRþWHQD�SRGOH�HPSLULFNêFK�Y]WDK$
a informací uvedených v [5] a [6].

3UR� XUþHQt� YOLYX� MHGQRWOLYêFK� ]GURM$� EX]HQt� E\O� PRGHO� EX]HQ� QHMG�tYH� SRX]H� YH� þW\�HFK�
NRQ]ROiFK� � XORåHQt�� -DNR� � GDOãt� � NURN� � E\O� � PRGHO� � ]DW�åRYiQ� � SRX]H� � YH� � YQ�MãtFK� � DNXVWLFNêFK
SURVWRUHFK� D� GiOH�YH�YQ�MãtFK� DNXVWLFNêFK�SURVWRUHFK�D� O$åNiFK�GRKURPDG\��9�GDOãtFK�NURFtFK�E\OD
VQtåHQD�YHOLNRVW�YVWXSQtFK�YêNRQ$�GR�YQ�MãtFK�DNXVWLFNêFK�VXEV\VWpP$�R�����D�SRWp�R������9\SRþWHQp
KODGLQ\�DNXVWLFNêFK�WODN$�Y horním akustickém subsystému kabiny jsou zobrazeny v grafu 1.

�������������������������*UDI����+ODGLQ\�DNXVWLFNêFK�WODN$�Y�DNXVWLFNpP�VXEV\VWpPX�NDELQD�YUFK
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-DN� MH�YLG�W� ] grafu 1. hOXN� ãt�tFt� VH�RNROQtP�Y]GXãQêP�SURVW�HGtP� WUDNWRUX� D�GRSDGDMtFt�QD
YQ�Mãt�SOiã"�NDELQ\�S�LVStYi�PQRKHP�YêUD]Q�ML�GR�YêVOHGQp�KODGLQ\�DNXVWLFNpKR� WODNX�Y NDELQ���QHå
KOXN�Y]QLNDMtFt�EX]HQtP�NRQ]RO�XORåHQt�NDELQ\�QD�UiPX�WUDNWRUX��7HQWR�]GURM�]$VWiYi�GRPLQDQtní i po 
VQtåHQt�MHKR�YêNRQX�R�����D�����

'iOH� E\O� PRGHO�� ]� G$YRGX� VOHGRYiQt� YOLYX� KOXNX� SQHXPDWLN� EX]HQ� SRX]H� YH� YQ�MãtFK�
DNXVWLFNêFK�SURVWRUHFK�EODWQtN$�D�Y�O$åNiFK�YL]�JUDI�����SUR�VURYQiQt�MH�Y�JUDIX�XYHGHQD�WDNp�KODGLQD
DNXVWLFNpKR�WODNX�S�L�EX]HQt�SRX]H�O$åHN���

*UDI�����+ODGLQ\�DNXVWLFNpKR�WODNX�Y�VXEV\VWpPHFK�NDELQ\�S�L�EX]HQt�Y�O$åNiFK�D
DNXVWLFNêFK�SURVWRUHFK�EODWQtN$�

=�YêVOHGN$�Y\SOêYi��åH�KOXN�SQHXPDWLN�S�LVStYi�GR�FHONRYp�KODGLQ\�KOXNX�Y�NDELQ��S�HGHYãtP�
S�L�IUHNYHQFtFK�QLåãtFK�QHå�����+]�

3UR�XUþHQt�S�tVS�YN$�MHGQRWOLYêFK�þiVWt�NDELQ\�N�FHONRYp�KODGLQ��YQLW�QtKR�DNXVWLFNpKR�WODNX
E\O\� Y\SRþWHQ\� SU$E�K\� YVWXSQtFK� YêNRQ$� MHGQRWOLYêFK� VXEV\VWpP$� WYR�tFtFK� SOiã"� NDELQ\� GR
DNXVWLFNêFK�VXEV\VWpP$�YQLW�NX�NDELQ\��0RGHO�E\O�EX]HQ�Y�NRQ]ROiFK�XORåHQt�D�YQ�MãtFK�DNXVWLFNêFK
prostorech –�SOQê�YêNRQ��9VWXSQt�YêNRQ\�QHMYtFH�S�LVStYDMtFtFK�VXEV\VWpP$�GR�VSRGQtKR�DNXVWLFNpKR
subsystému kabiny  (ze symetrických jsou zobrazeny pouze levé) jsou zobrazeny v grafu 3.

Graf 3. Vstupní výkony do spodního akustického subsystému kabiny
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=� YêVOHGN$� Y\SO\QXOR�� åH� QHMYêUD]Q�ML� N� FHONRYp� KODGLQ�� Y\VRNRIUHNYHQþQtKR� KOXNX
Y�VXEV\VWpPHFK�NDELQ\�S�LVStYDMt��MHGQRWOLYi�VNOD�D�SOHFK\�SRGODK\�D�MLP�RGSRYtGDMtFt�YQ�Mãt�DNXVWLFNp�
SURVWRU\�S�HVWXSHP�S�HV�Q���XSODW�XMH�VH�]GH�S�HGHYãtP�QHUH]RQDQþQt�S�HQRV���9�GDOãt�þiVWL�SUiFH�E\O\�
QDYUåHQ\�Q�NWHUp�NRQVWUXNþQt�~SUDY\�SOiãW��NDELQ\�D�Y\SRþWHQ\�KODGLQ\�DNXVWLFNêFK�WODN$�Y�NDELQ��SR
MHMLFK�SURYHGHQt��.�QHMY�WãtPX�VQtåHQt�KODGLQ\�DNXVWLFNpKR�WODNX�GRãOR�SR�~SUDY��NRQVWUXNFH�VNHO�QD
lepeQi��GY��YUVWY\�VNOD�PH]L�QLPLå�MH�YOHSHQD�SODVWRYi�IyOLH���]PHQãHQt�SRORP�U$�]DN�LYHQt�VNR�HSLQ�
VNHO� D� ]HVtOHQt� RFHORYêFK� SOHFK$� X� NRPSR]LWQtFK� GHVHN� SRGODK\���9 grafu 4. jsou vyneseny rozdíly 
hladiny akustického tlaku v horním akustickém subsystému kabiny�S�HG� �]Y�WãHQtP� WORXã"N\�SOHFK$
podlahy a po nich.
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*UDI����5R]GtO\�KODGLQ�DNXVWLFNêFK�WODN$�Y KRUQtP�VXEV\VWpPX�NDELQ\��S�HG�]Y�WãHQtP�WORXã"N\�SOHFK$
SRGODK\�D�SR�QLFK��S$YRGQt�W ����PP�

4. Vé32ý729e�02'(/29È1Ë�9<62.2)5(.9(1ý1Ë+2�+/8.8�891,7��=-('NODUŠENÉHO 
MODELU KAROSERIE AUTOMOBILU

3UR� SRURYQiQt� NRPHUþQtFK� YêSRþWRYêFK� SURJUDP$� 6($'6� D� $XWR6($� E\O� Y obou 
SURJUDPHFK� Y\WYR�HQ� VWHMQê� ]MHGQRGXãHQê� PRGHO� NDURVHULH� RVREQtKR� DXWRPRELOX��0RGHO� VH� VNOiGi
z SRGODK\�� S�tþN\� PH]L� PRWRURYêP� SURVWRUHP� D� NDELQRX�� S�tþN\� PH]L� ]DYD]DGORYêP� SURVWRUHP
D�NDELQRX��GYH�t��VW�HFK\�D�VNHO�RNHQ��-HKR�YQ�Mãt�UR]P�U\�MVRX��GpOND��P��ãt�ND����P�D�YêãND����P�
7ORXã"N\�SOHFK$�S�tþHN��SOHFK$�GYH�t� D� VW�HFK\� MVRX����PP��3RGODKD� MH�PRGHORYiQD�]��PP�SOHFKX�
BoþQt�� S�HGQt� D� ]DGQt� VNOD� MVRX� �PP� WOXVWp�� 8� PRGHOX� QHQt� XYDåRYiQR� åiGQp� YQLW�Qt� Y\EDYHQt
D� ]iURYH�� QHQt� PRGHORYiQR� REORåHQt� LQWHULpUX� DEVRUSþQtPL� PDWHULiO\�� 0RGHO� NDURVHULH� E\O� EX]HQ
ERGRYRX� VLORX� V� NRQVWDQWQtP� IUHNYHQþQtP� SU$E�KHP� R� KRGQRW�� �1� S$VREtFt� QD� S�HGQt� SOHFK�� 6tOD
S�LVStYi� GR� YãHFK� W�t� VXEV\VWpP$� GHVN\� �RK\ERYê�� SRGpOQê� D� S�tþQê��� 'iOH� E\OR� EX]HQR� þHOQt� VNOR
zadáním akustického výkonu konstantní hodnoty 1W v FHOpP� IUHNYHQþQtP� UR]VDKX�� YVWXSXMtFt� GR
RK\ERYêFK� PRG$� S�HGQtKR� VNOD�� 7DWR� EX]HQt� QD]QDþXMt� EX]HQt� NDURVHULH� YLEUDFHPL� RG� PRWRUX
S�HQiãHQêFK�GR�S�HGQtKR�SOHFKX�D�KOXNHP�PRWRUX�S$VREtFtP�QD�S�HGQt�VNOR��3RXåLWê�PRGHO�D�EX]HQt
MVRX�]QDþQ��]MHGQRGXãHQp�D�VORXåt�SRX]H�N�SRURYQiQt�RERX�SURJUDP$�

Na obr. 4. je zobrazen model karoserie osobního vo]LGOD�Y\WYR�HQê�Y�SURJUDPX�6($'6��-H
Y\REUD]HQ�Y� W]Y�� Vt"RYp� WRSRORJLL�D�REVDKXMH���GHVNRYêFK� W�OHV�D���DNXVWLFNê�SURVWRU��9�PRGHOX� MH
]RKOHGQ�QD�JHRPHWULH���REGpOQtN�QHER�OLFKRE�åQtN���MHGQRWOLYêFK�SOHFK$�D�VNOHQ�QêFK�WDEXOt�NDURVHULH�
Akustický prostor jH�PRGHORYiQ� MDNR� WYDURY�� REHFQê�SURVWRU� VH� ]DGiQtP�REMHPX��SORFK\�D�QHMY�Wãt�
Y]GiOHQRVWL� PH]L� KUDQDPL� SURVWRUX�� 0H]L� VRXVHGQtPL� HOHPHQW\� MVRX� ]Qi]RUQ�Q\� YD]E\�� 0H]L
deskovými elementy jsou vazby liniové a bodové, mezi deskovými elementy a akustickým prostorem 
MVRX�YD]E\�SORãQp�V� OLQLRYRX�NRUHNFt��8�MHGQRWOLYêFK�YD]HE�MH�]DGiQD�MHMLFK�GpOND�SRS�tSDG��SORFKD
a u liniových a bodových i úhel mezi elementy.



Obr. 4 Model vozu v programu SEADS

V JUDIX����MVRX�VURYQiQ\��Y\SRþWHQp�KODGLQ\�DNXVWLFNpKR�WOaku v akustickém prostoru  kabiny 
pro oba modely. V JUDIX� ��� MVRX� SDN� SUR� W\WR� PRGHO\� VURYQiQ\� KRGQRW\� YVWXSQtFK� YêNRQ$
z RK\ERYêFK�PRG$�VW�HFK\�GR�DNXVWLFNpKR�VXEV\VWpPX�NDELQ\�D�] RK\ERYpKR�VXEV\VWpPX�þHOQtKR�VNOD
GR� RK\ERYpKR� VXEV\VWpPX� VW�HFK\��.ODGQp�hodnoty reprezentují tok v uvedeném smyslu a záporné 
v RSDþQpP�

*UDI����6URYQiQt�Y\SRþWHQêFK�KODGLQ�DNXVWLFNêFK�WODN$�Y akustickém prostoru kabiny pro 
��������������������������PRGHO�NDURVHULH�DXWRPRELOX�Y\WYR�HQê�Y programech SEADS a AutoSEA

Graf 6. SroYQiQt�Q�NWHUêFK�Y\SRþWHQêFK�YVWXSQtFK�YêNRQ$�Y�MHGQRWOLYêFK�SURJUDPHFK
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-DN� MH� YLG�W� ]� S�HGFKi]HMtFtFK� JUDI$� RED� SURJUDP\� GiYDMt� WpP��� VWHMQp� YêVOHGN\�� 0DOp
RGFK\ON\� E\O\� ]S$VREHQ\� WtP�� åH� W\WR� SURJUDP\� SRXåtYDMt� SRQ�NXG� RGOLãQp� DQDO\WLFNp� Y]WDK\� SUR
YêSRþHW�MHGQRWOLYêFK�SDUDPHWU$�PRGHOX��3RURYQiPH-OL�]S$VRE�D�PRåQRVWL�Y\WYi�HQt�PRGHO$�Y�W�FKWR�
SURJUDPHFK�P$åHPH��tFW��åH�Y SURJUDPX�$XWR6($�MH�Y\WYi�HQt�PRGHOX�S�HKOHGQ�Mãt�GtN\�S�tPp�YD]E�
QD� VNXWHþQê� WYDU� PRGHORYDQp� VRXVWDY\��0RGHO� MH� ]GH� Y\WYi�HQ� SRPRFt� �'� geometrie jednotlivých 
]iNODGQtFK� W�OHV�YL]�REU�����]DWtPFR�Y SURJUDPX�6($'6�MH�PRGHO�Y\WYi�HQ�SRPRFt�Vt"RYp�WRSRORJLH
VXEV\VWpP$�YL]��REU�����7DNp�Y\WYR�HQt�YD]HE�PH]L�MHGQRWOLYêPL�VXEV\VWpP\�MH�Y programu AutoSEA 
VQDGQ�Mãt��3URJUDP�Y\WYR�t�YD]E\�DXWRPDWLFN\�QD�]iNODG��Y\WYR�HQp�JHRPHWULH�PRGHOX��9 programu 
6($'6� MH� QXWQR� Y\WYR�LW� YD]E\�PH]L� MHGQRWOLYêPL� VXEV\VWpP\� UXþQ��� 1D� GUXKRX� VWUDQX� Y\WYR�HQt�
WYDURY�� NRPSOLNRYDQ�MãtFK� ]iNODGQtFK� W�OHV� MDNR� MH� QDS��� GYDNUiW� ]DN�LYHQi� VNR�HSLQD� Y\åDGXMH
v programu Auto6($�]DGiQt�PQRKD�VRX�DGQLF�ERG$�Y\WYi�HMtFt�KUDQLFL�W�OHVD��9 programu SEADS je 
WDNRYpWR� W�OHVR� Y\WYR�HQR� SRX]H� ]DGiQtP� W\SX� D� JHRPHWULH� W�OHVD� ] PHQX� GR� S�tVOXãQpKR� X]OX� VtW���
5XþQt� Y\WYi�HQt� YD]HE� Y SURJUDPX� 6($'6� WDNp� XPRå�XMH� Y\WYR�LW� YD]E\� PH]L� VXEV\Vtémy, které 
VSROX�I\]LFN\�QHVRXVHGt�D�XPRå�XMH�WDN�PRGHORYDW�QHS�tPp�YD]E\�
5. ZÈ9�5

9�S�tVS�YNX�E\OR�SRSViQR�SRXåLWt�VWDWLVWLFNp�HQHUJHWLFNp�DQDOê]\�S�L�YêSRþWRYpP�PRGHORYiQt
Y\VRNRIUHNYHQþQtKR� KOXNX� Y� NDELQ�� WUDNWRUX� =HWRU� D� Y� NDELQ�� ]MHGQRGXãHQp� NDURVHULH osobního 
DXWRPRELOX��1D� ]iNODG�� ]tVNDQêFK�YêVOHGN$�P$åHPH� �tFL�� åH�S�L� SURYR]X� WUDNWRUX�S�LVStYDMt�QHMYtFH
N� FHONRYp� KODGLQ�� Y\VRNRIUHNYHQþQtKR� KOXNX� Y� NDELQ�� MHGQRWOLYp� þiVWL� SOiãW��� S�HGHYãtP� SDN� VNOD
NDELQ\� D� SRGODKD�� EX]HQp� � KOXNHP� ãt�tFtP� VH� RNROQtP� Y]GXãQêP� SURVW�HGtP� WUDNWRUX�3R� SRVRX]HQt
YOLYX� Q�NWHUêFK� NRQVWUXNþQtFK� ~SUDY� QD� YêVOHGQRX� KODGLQX� DNXVWLFNpKR� WODNX� Y� NDELQ�� VH� MDNR
QHM~þLQQ�Mãt�XNi]DOR�]Y�WãHQt�]DN�LYHQt�VNHO��SRXåLWt� OHSHQêFK�VNHO�D�]HVtOHQt�SRGODK\��'iOH�MVPH�S�L�
YêSRþWRYpP� PRGHORYiQt� Y\VRNRIUHNYHQþQtKR� KOXNX� Y NDELQ�� ]MHGQRGXãHQpKR� PRGHOX� NDURVHULH
RVREQtKR� DXWRPRELOX� SRURYQDOL� NRPHUþQt� YêSRþWRYp� SURJUDP\� 6($'6� D� $XWR6($�� 2ED� PRGHO\
GiYDO\� WpP��� VWHMQp� YêVOHGN\�� 9� þOiQNX� MH� WDNp� XYHGHQR� SRURYQiQt� PRåQRVWt� RERX� SURJUDP$� S�L�
Y\WYi�HQt� YêSRþWRYêFK� PRGHO$�� 0HWRGD� 6($� VH� XNi]DOD� MDNR� YKRGQi� PHWRGD� �HãHQt�
Y\VRNRIUHNYHQþQtKR� KOXNX� D� YLEUDFt� X� GRSUDYQtFK� SURVW�HGN$�� QHNODGRXFt� YH� VURYQiQt� V� NODVLFNêPL
GHWHUPLQLVWLFNêPL�PHWRGDPL�S�tOLãQp�QiURN\�QD�GREX�YêSRþW$�

3RG�NRYiQt��7HQWR�S�tVS�YHN�Y]QLNO�Y�UiPFL�JUDQWX�*$ý5�þ��������������
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