
National Conference with International Participation

ENGINEERING  MECHANICS  2001
Svratka, Czech Republic, May 14 - 17, 2001

EXPERIMENTAL IDENTIFICATION OF COUPLING LOSS 
FACTORS USED IN SEA

Vratislav BERAN ••, Pavel ŠVANCARA ••••

Summary: Coupling loss factor CLF is SEA unique parameter whose correct 
identification is important to build reliable SEA models. This paper described Power 
Injection Method as suitable method for experimental identification of coupling 
loss factor and loss factor. Statistical analysis of this method is also presented. 
Furthermore statistical analysis of SEA predictions based on measured SEA 
parameters are presented.

1. ÚVOD

+OXN� MH� MHGQtP�]H� ]iYDåQêFK�SUREOpPX�PRGHUQt� FLYLOL]DFH��7HQWR�SUREOpP� MH�QXWQp� �HãLW� MLå�S�L�
QDYUKRYDQt� VWURM$� D� ]D�t]HQt�� . WRPXWR� ~þHOX� VORXåt� L� YêSRþWRYp� PRGHORYDQt� KOXNX�� .ODVLFNp
deterministické metody ( MKP, MHP ) jsou vhodné pouze pro nízké frekvence. Pro vysoké frekvence 
VH�XND]XMH�MDNR�YHOPL�~þLQQi�VWDWLVWLFNi�HQHUJHWLFNi�DQDOê]D��6($��[1]��3�L�SRXåLWt�WpWR�PHWRG\�MH�W�HED�
GR�YêSRþWRYpKR�PRGHOX�]DGDW�FHORX��DGX�SDUDPHWU$�MHGQRWOLYêFK�VXEV\VWpP$�D�YD]HE�PH]L�QLPL��MDNR
jsou faktory ztrát vazeb FZV, faktory tlumení FT a modální hustoty. V NRPHUþQtFK� SURJUDPRYêFK
EDOtFtFK� SUR� PHWRGX� 6($� MDNR� MH� $XWR6($� D� 6($'6� MH�PRåQR� W\WR� SDUDPHWU\� XUþLW� EX�� SRPRFt
DQDO\WLFNêFK� Y]WDK$�� ] GDWDEi]t�� QHER� ]DGDW� YêVOHGN\� ]tVNDQp�P��HQtP�� 3RS�tSDG�� NRPELQRYDW� W\WR
metody��3�HGHYãtP�SUR�WYDURY��D�PDWHULiORY��NRPSOLNRYDQ�Mãt�VXEV\VWpP\�D�YD]E\�QHQt�PRåQp�SRXåtW
XUþHQt�SRPRFt�DQDO\WLFNêFK�Y]WDK$�D�MH�W�HED�W\WR�SDUDPHWU\�XUþRYDW�QD�]iNODG��P��HQt��0��HQtP�MH
WDNp�QXWQR�RY��RYDW�DQDO\WLFNp�SRVWXS\�XUþRYiQt��6($�SDUDPHWU$�

FakWRU\�WOXPHQt�D�PRGiOQt�KXVWRW\�MVRX�Y\XåtYiQ\�L�Y jiných metodách a jejich hodnot a postupy 
XUþRYiQt� O]H� E�åQ�� QDOp]W� Y OLWHUDWX�H�� 1DSURWL� WRPX� YD]ERYê� ]WUiWRYê� IDNWRU� VH� SRXåtYiQ� SRX]H
v PHWRG��6($��)=9�]iVDGQtP�]S$VREHP�RYOLY�XMH�YD]EX�PH]L�VXEV\VWpP\��9�SRVWDW��MHGQD�KRGQRWD
)=9�PRGHOXMH�FHORX�YD]EX�D�RYOLY�XMH�HQHUJLL��NWHUi�VH�S�HQHVH�]� MHGQRKR�VXEV\VWpPX�GR�GUXKpKR�
)=9�Pi� WHG\� ]iVDGQt� YOLY� QD� YêSRþHW� S�HQRVRYêFK� FHVW� YLEUDFt�PH]L� MHGQRWOLYêPL� GtO\� VNXWHþQpKR
]D�t]HQt��FRå�MH�MHGQtP�]H�]iNODGQtFK�~NRO$�S�L�DQDOê]H�KOXNX��
2. METODA VSTUPNÍCH VÝKO1#

0HWRGD� 6($� MH� ]DORåHQD� QD� URYQRYi]H� WRNX� YêNRQ$� PH]L� MHGQRWOLYêPL� VXEV\VWpP\�� QD� Q�å� MH
UR]G�OHQ� DQDO\]RYDQê� YLEURDNXVWLFNê� V\VWpP�� 6XEV\VWpP\� MVRX� GHILQRYiQ\� MDNR� VNXSLQ\� VWHMQêFK
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$-ohybové, podélné apod. v daném 
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IUHNYHQþQtP�SiVPX��'\QDPLFNp�YODVWQRVWL�MHGQRWOLYêFK�VXEV\VWpP$�D�YD]HE�PH]L�QLPL�MVRX�XUþHQ\�na 
]iNODG��SRSXODFH�QRPLQiOQ��LGHQWLFNêFK�VXEV\VWpP$�
5RYQLFH�WRNX�YêNRQ$�SDN�P$åHPH�Y\MiG�LW�PDWLFRY��YH�WYDUX�[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

'iOH�MH�YKRGQp�S�HSVDW�URYQLFL�����GR�WYDUX

[ ]{ } { }PE =0ηω (2) 

kde   jiij ηη −=0 ,      ∑
=

=
n

m
imii

1

0 ηη (3)

a  ω je úhlová frekvence, fπω 2=

9KRGQRX�PHWRGRX�SUR�H[SHULPHQWiOQt�XUþHQt�)=9�D�)7�MH�PHWRGD�YVWXSQtFK�YêNRQ$��0HWRGD
MH�]DORåHQD�QD�P��HQt�YVWXSQtKR�YêNRQX�GR�MHGQRWOLYêFK�VXEV\VWpP$�D�VRXþDVQpKR�P��HQt�NLQHWLFNp
HQHUJLH� YLEUXMtFtFK� VXEV\VWpP$ [2]. Z matematického hlediska-YL]� URYQLFH� ���� MGH� R� XUþHQt
WUDQVIRUPDþQt�PDWLFH��NWHURX�S$VREtPH�QD�YHNWRU�^(`�SUR�]tVNiQt�YHNWRUX�^3`��3RVWXS�S�L�DSOLNDFL�MH
následující:
��� =QiPêP� YVWXSQtP� YêNRQHP� MH� EX]HQ� SRX]H� SUYQt� VXEV\VWpP� D� MH� P��HQD� NLQHWLFNi� YLEUDþQt
����HQHUJLH� YãHFK� VXEV\VWpP$�� =DYHGHPH-OL� QRUPDOL]RYDQRX� IUHNYHQþQ�� D� SURVWRURY�� SU$P�Uovannou

energii i-WpKR��VXEV\VWpPX�S�L�EX]HQt�SRX]H�M-tého subsystému, danou vztahem

j

ijn
ij P

E
E

.ω
= (4)

kde Pj�MH�SU$P�UQê�YVWXSQt�YêNRQ�GR�VXEV\VWpPX��M�Y GDQpP�IUHNYHQþQtP�SiVPX
3RWRP�P$åHPH�SViW�QD�]iNODG��URYQLFH�����SViW
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��� 3RWRP� MH� YVWXSQtP� YêNRQHP� EX]HQ� SRX]H� GUXKê� VXEV\VWpP� D� X� YãHFK� VXEV\VWpP$� MH� P��HQD�
����D�QiVOHGQ��QRUPDOL]RYiQD�YLEUDþQt�HQHUJLH�
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���3RGREQ��SRVWXSXMHPH�SUR�VXEV\VWpP\���Då�P
���.RPELQDFt�S�HGFKR]tFK�URYQLF�SDN�]tVNiPH�Y]WDK

[ ] [ ][ ]Q(, �η= (7)      

kde  [ ]I je jednotková matice

���,QYHU]t�SDN�]tVNiPH�PDWLFL�FHONRYêFK�IDNWRU$�]WUiW�[ 0η ] 

Jednotlivé faktory tlumení a faktory ztrát vazeb jsou pak dány vztahy

0
jiij ηη −=   ,   ji ≠

∑
=

=
m

k
jiii

1

0ηη (8)

3UR� S�HVQp� XUþHQt� IDNWRU$� ]WUiW� YD]HE� D� IDNWRU$� WOXPHQt� MH� W�HED� GRVWDWHþQ�� S�HVQ�� XUþLW� SUYN\
QRUPDOL]RYDQp� PDWLFH� HQHUJLt� Y� ����� 3URWR� MH� QH]E\WQp� P��LW� RGH]YX� D� EX]HQt� Y Q�NROLND� ERGHFK
X�NDåGpKR�VXEV\VWpPX��9 OLWHUDWX�H�VH�GRSRUXþXMH�SUR�NDåGê�VXEV\VWpP�QHMPpQ��W�L�ERG\�SUR�P��HQt�
EX]HQt�D�S�W�ERG$�SUR�P��HQt�RGH]Y\.

3. STATISTICKÁ ANALÝZA METODY VSTUPNÍCH VÝKO1#
1D� ]iNODG��P��HQt� ]tVNiPH� VRXERU� QRUPDOL]RYDQêFK�PDWLF� HQHUJLt� SUR� MHGQRWOLYp� ERG\�P��HQt�

RGH]Y\� D� EX]HQt�� =� WRKRWR� VRXERUX� P$åHPH� XUþLW� VW�HGQí hodnotu a rozptyl jednotlivých SEA 
SDUDPHWU$� 3UR�PDOê�SRþHW�PtVW�P��HQt�RGH]Y\�D�EX]HQt�1�MH�YKRGQp�SRXåtW�S�HGSRNODGX��åH�UR]G�OHQt�
SUDYG�SRGREQRVWL�MHGQRWOLYêFK�SUYN$�QRUPDOL]RYDQp�PDWLFH�HQHUJLt�Pi�VStãH�QHå�1RUPiOQt�UR]G�OHQt��
UR]G�OHQt� 6WXGHQWRYR� �WR� S�HFKi]t� SUR� SRþHW� VWXS�$� YROQRVWL� → ∞ v UR]G�OHQt� 1RUPiOQt��� = toho 
G$YRG$�� åH� UR]SW\O� MHGQRWOLYêFK� 6($� SDUDPHWU$� MH� XUþHQ� SRX]H� S�LEOLåQ�� QD� ]iNODG�� DSUR[LPDFH
7D\ORURYêP�UR]YRMHP��YL]�GiOH���EXGHPH�YãDN�SUR�VQDGQ�Mãt�SRXåLWt�GiOH�S�HGSRNOiGDW��åH�MHGnotlivé 
SUYN\�QRUPDOL]RYDQp�PDWLFH�HQHUJLt�PDMt�1RUPiOQt�UR]G�OHQt��

6W�HGQt�KRGQRWX�LM-tého prvku normalizované matice energií dle vztahu [2]
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kde jsou Eij,k -QDP��HQi�HQHUJLH�L-tého subsystému v ERG��N��S�L�EX]HQt�M-tého subsystému
Pj,k –QDP��HQê�YVWXSQt�YêNRQ�GR�VXEV\VWpPX�M�Y ERG��N



Rozptyl ij-tého prvku normalizované matice energií pak P$åHPH�XUþLW�GOH�Y]WDKX�>�@
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6W�HGQt� KRGQRW\� SUYN$� PDWLFH� FHONRYêFK� IDNWRU$� ]WUiW� P$åHPH� XUþLW� LQYHU]t� VW�HGQt� KRGQRW\
QRUPDOL]RYDQp�PDWLFH�HQHUJLt�XUþHQp�Y]WDKHP�������=�QLFK�SDN�Y\SRþWHPH�VW�HGQt�KRGQRW\�IDNWRU$�]WUiW
YD]HE�D�IDNWRU$�WOXPHQt��GOH�Y]WDK$������

3RXåLMHPe-OL� 7\ORU$Y� UR]YRM� SUYQtKR� �iGX� SUR� LQYHU]Qt� QRUPDOL]RYDQRX� PDWLFL� HQHUJLt� SUR
jednotlivé prvky Q

RS( , potom pro rozptyl ij-WpKR�SUYNX� �PDWLFH�FHONRYêFK� IDNWRU$�]WUiW� >�@�S�LEOLåQ�
platí 
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=DP�QtPH-li normalizovanou PDWLFt�HQHUJLt�]D�PDWLFL�FHONRYêFK�IDNWRU$ ]WUiW��SRWRP
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kde δ je Kroneckerovo delta

S Y\XåLWtP� URYQLF� ���������� D� ���� P$åHPH� SRWRP� SUR� UR]SW\O� MHGQRWOLYêFK� IDNWRU$� ]WUiW� D� IDNWRU$
tlumení psát
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���� ηηη ,    pro   i = j           (15)

-VRX�UR]ãt�HQ\�GY��]iNODGQt�VWUDWHJLH�P��HQt�[3]:
První strategie:
-�YãHFKQD�]D�t]HQt�MVRX�VRXVW�HG�QD�QD�MHGQRP�VXEV\VWpPX
%XGtFt�PtVWD�]$VWiYDMt�QD�WRPWpå�VXEV\VWpPX��DOH�S�HVRXYDMt�VH�P��HQt�RGH]HY�QD�GDOãt�VXEV\VWém.
• EX]HQt�L�P��HQt�RGH]HY�QD�VXEV\VWpPX���⇒���[��� ����IUHNYHQþQtFK�S�HQRVRYêFK�IXQNFt��HQHUJLH

E11 [J]
• S�HVXQ�P��HQt�RGH]HY�QD�VXEV\VWpP���⇒ E21

• S�HPLV"XMHPH� GiOH� P��HQt� RGH]HY� QD� GDOãt� VXEV\VWpP\�� Då� QDNRQHF� VXEV\VWpP
k ⇒ E31, E41, ..., Em1



• S�HPtVWtPH�EX]HQt�QD�VXEV\VWpP����P��HQt�RGH]HY�QD���⇒ E12

• SURFHGXUD�VH�RSDNXMH�S�L�S�HPtV"RYiQt�P��tFtFK�PtVW�RGH]Y\�GR����GiOH����Då�N�⇒ E22, E32, ..., Em2

• SRVWXS� VH� RSDNXMH� � S�HPtVW�QtP� EX]HQt� GR� VXEV\VWpP$� ��� ��� Då� QDNRQHF� P� ⇒ Eij

(i,j = 1, 2, ..., m; m-�SRþHW�VXEV\VWpP$�
7HQWR�SRVWXS�MH�YKRGQê�SUR�SRXåLWt�NODVLFNpKR�EX]HQt�QDS���HOHNWURG\QDPLFNêP�EXGLþHP��8YHGHQRX
VWUDWHJLL�MH�PRåQR�SRXåtW�Y RSDþQpP�SR�DGt�D�WR�WDN��åH�SRQHFKiPH�P��HQt�RGH]HY�QD�WpPå�VXEV\VWpPX�
D�S�HPLV"XMHPH�EX]HQt��7HQWR�SRVWXS�MH�YKRGQê�SUR buzení rázovým kladívkem.

Druhá strategie:
-�QD�NDåGpP�VXEV\VWpPX�MH�MHGHQ�EXGtFt�D�MHGHQ�P��HQêFK�ERG
8�WpWR�VWUDWHJLH�MH�EX]HQt�YåG\�QD�MHGQRP�VXEV\VWpPX��]DWtPFR�P��HQt�RGH]HY�VH�SURYiGt�VRXþDVQ��YH
YãHFK�VXEV\VWpPHFK�YþHWQ��RGH]Y\�Y�PtVW��EX]HQt��3RVtup se provádí ve dvou cyklech:
1. cyklus
• ]YROt�VH�QD�NDåGpP�VXEV\VWpPX�SR�MHGQRP�ERG��EX]HQt�D�MHGQRP�P��tFtP�ERG�
• SRX]H�VXEV\VWpP���MH�EX]HQ�D�P��t�VH�RGH]Y\�X�YãHFK�VXEV\VWpP$ ⇒ MPF
• GiOH�MH�EX]HQ�VXEV\VWpP���D�RS�W�VH�P��t�RGH]Y\�YH�YãHFK�VXEV\VWpPHFK
• pRVWXS�VH�RSDNXMH�S�L�SRVWXSQpP�EX]HQt�VXEV\VWpP$�Då�SR�P�– tý subsystém
• SURYiGt�VH�NRQYHU]H�IUHNYHQþQ��S�HQRVRYêFK�IXQNFt�QD�HQHUJLH�VXEV\VWpP$
• Y\KRGQRWt�VH�NRPSOHWQt�QRUPDOL]RYDQi�PDWLFH�HQHUJLt�VXEV\VWpP$ [E1

n] pro první cyklus.
2. cyklus
• QD�NDåGpP�VXEV\VWpPX�VH�]YROt�SR�MHGQRP�ERG��EX]HQt�D�P��tFtP�ERG��DYãDN�MLQêFK�QHå��Y cyklu 

��SURYiGt�VH�SRVWXS�P��HQt�MDNR�X�F\NOX��
• REGUåtPH�SDN�QRUPDOL]RYDQRX�PDWLFL�HQHUJLt�[E2

n] cyklu 2.
3DN�VH�SURYiGt�SU$P�URYiQt�KRGQRW�REVDåHQêFK�Y maticích [E1

n] a [E2
n]. 1D]QDþHný postup lze 

RSDNRYDW�SURYHGHQtP�P��HQt�Y GDOãtFK�F\NOHFK��9êKRGRX�MH��åH�S�L�SRXåLWt�GDOãtFK�F\NO$�VH�]S�HV�XMt�
SDUDPHWU\�6($�3�L�SRXåLWt�WpWR�VWUDWHJLH�P��HQt��]tVNiPH�SR�NDåGpP�F\NOX�NRPSOHWQt�QRUPDOL]RYDQp
PDWLFH� HQHUJLt� SUR� MHGQRWOLYp� IUHNYHQFH��0$åHPH� WDN�Xå�SR�GYRX�D�YtFH� F\NOHFK�Y\KRGQRWLW� VW�HGQt�
KRGQRW\� D� UR]SW\O\� MHGQRWOLYêFK� 6($� SDUDPHWU$�� 7R� QiP� XPRåQt� RQ-line sledovat konvergenci 
VW�HGQtFK�KRGQRW�D�UR]SW\O$�MHGQRWOLYêFK�SDUDPHWU$�MDNR�IXQNFL�SRþWX�F\NO$��D�UR]KRGQRXW�WDN�]GD�GiOH�
SRNUDþRYDW�Y P��HQt�

3UR� QiPL� XYDåRYDQp�P��HQt� MH�YêKRGQ�Mãt� GUXKi� VWUDWHJLH�KODYQ�� ]� KOHGLVND�Y\KRGQRFRYiQt
UR]SW\O$�6($�SDUDPHWU$��1D�REU���MH�QD]QDþHQR�XVSR�iGiQt�P��tFtFK�PtVW�D�VFKpPD�GHVHN�GR�Ä/³�D�GR�
Ä7³�� 3UR�P��HQt� GHVHN� GR� Ä/³� Y\XåLMHPH� QDMHGQRX� �� NDQiOX� H[SHULPHQWiOQtKR� ]D�t]HQt� 38/6(� RG
firmy Brüel & Kjaer.

- pozice odezvy (2x)
- pozice buzení  (2x)

2EU�����6FKpPD�S�LSUDYRYDQpKR�H[SHULPHQWX�D�GHVHN�GR�Ä/³�D�GR�Ä7³



4. STATISTICKÁ ANALÝZA Vé6/('.#�0(72'<�SEA
3URWRåH�SRPRFt�PHWRG\�YVWXSQtFK�YêNRQ$�]tVNiPH�VW�HGQt�KRGQRW\�D�UR]SW\O\�IDNWRU$�]WUiW�YD]HE

D� IDNWRU$� WOXPHQt� MH� QXWQp� SURYpVW� WDNp� VWDWLVWLFNRX� DQDOê]X� YêVOHGN$� S�L� SRXåLWt� PHWRG\� 6($� SUR
predikci vibroakustického chování analyzovaného systému.

4.1  V,%5$ý1Ë�(1(5*,(
=D� S�HGSRNODGX�� åH� ]QiPH� YHOLNRVW� YVWXSQtKR� YêNRQX� GR� MHGQRWOLYêFK� VXEV\VWpP$�� D� åH

MHGQRWOLYp� )=9� D� )7� E\O\� XUþHQ\� QD� ]iNODG�� H[SHULPHQWX�� SRWRP� P$åHPH� SUR� VW�HGQt� KRGQRWX
YLEUDþQt�HQHUJLH�MHGQRWOLYêFK�VXEV\VWpP$�SViW
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kde jsou  { }3 YHNWRU�]QiPêFK�YVWXSQtFK�YêNRQ$
[ ]�η �H[SHULPHQWiOQ��XUþHQi�VW�HGQt�KRGQRWD�PDWLFH�FHONRYêFK�IDNWRU$�]WUiW

Vzhledem k WRPX��åH� [ ] [ ]Q(=
−��η ���YL]��Y]WDK������P$åHPH�URYQLFL������SViW�YH�WYDUX�>�@
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Pro rozptyl energií jedQRWOLYêFK�VXEV\VWpP$ SRWRP�P$åHPH�SViW
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4.2  L2.$/,=$&(�='52-#
Známe-OL� HQHUJLH� MHGQRWOLYêFK� VXEV\VWpP$� D� YHOLNRVWL� MHGQRWOLYêFK� )=9� D� )7� �XUþHQp�

H[SHULPHQWiOQ���O]H�XUþLW�YHOLNRVW�VW�HGQtFK�KRGQRW�YVWXSQtFK�YêNRQ$�GR�MHGQRWOLYêFK�VXEV\VWpP$�GOH
vztahu
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kde jsou    { }( vektor známých hodnot eQHUJLt�MHGQRWOLYêFK�VXEV\VWpP$
[ ]�η �H[SHULPHQWiOQ��XUþHQi�VW�HGQt�KRGQRWD�PDWLFH�FHONRYêFK�IDNWRU$�]WUiW

Aproximujeme-OL� UR]SW\O\� YVWXSQtFK� YêNRQ$� GR� MHGQRWOLYêFK� VXEV\VWpP$� 7D\ORURYêP� UR]YRMHP
SUYQtKR��iGX�SUR�MHGQRWOLYé hodnoty Q

RS(  dle vztahu [2]
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3RWRP�P$åHPH�SUR�UR]SW\O\�YVWXSQtFK�YêNRQ$�GR�MHGQRWOLYêFK�VXEV\VWpP$�SViW�>�@
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4.3  P�Ë63�9.<�-('127/,9é&+�='52-#
3�tVS�YHN�XUþLWpKR�]GURMH�M�N YLEUDþQt�HQHUJLL�VXEV\VWpPX�L�P$åHPH�XUþLW�Y\SRþWHPH-li odezvu 

subsystému i na buzení subsystému j. Matematicky [2]
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V S�tSDG��]QiPêFK�YVWXSQtFK�YêNRQ$�P$åHPH�UR]SW\O�S�tVS�YNX� F
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V S�tSDG�� ]QiPêFK� KRGQRW� HQHUJLt� MHGQRWOLYêFK� VXEV\VWpP$� P$åHPH� S�tVS�YHN� XUþLWpKR� ]GURMH
k YLEUDþQt�HQHUJLL�XUþLWpKR�VXEV\VWpPX�XUþLW�GOH�Y]WDKX
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5R]SW\O�S�tVS�YNX� F
LM( �P$åHPH�DSUR[LPRYDW�SRPRFt�7D\ORURYD�UR]YRMH�SUYQtKR� �iGX�SUR�MHGQRWOLYp

prvky Q
RS(  dle [2]
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Derivaci  Q
RS

F
LM (( ∂∂ � �P$åHPH�XUþLW�GOH�

je-li   o≠i nebo p≠j
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je-li o=i a p=j
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Rovnice �����SRWRP�S�HMGH�GR�WYDUX�>�@
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5. ZÈ9�5
9�S�tVS�YNX� E\O� SRSViQ� H[SHULPHQWiOQt� SRVWXS� S�L� XUþHQt� IDNWRU$� ]WUiW� YD]HE� D� IDNWRU$� WOXPHQt

PHWRGRX� YVWXSQtFK� YêNRQ$� D� S�HGVWDYHQD� VWDWLVWLFNi� DQDOê]D� WpWR� PHWRG\�� 6SUiYQp� XUþHQt� W�FKWR�
SDUDPHWU$� MH� NOtþRYp� SUR� Y\WYR�HQt� Y�URKRGQpKR� 6($� PRGHOX� YLEURDNXVWLFNpKR� V\VWpPX�� 'iOH� MH
S�HGVWDYHQR� VWDWLVWLFNi� DQDOê]D� YêVOHGN$� PRGHOX� 6($� Y\XåtYDMtFtKR� QDP��HQêFK� )=9� D� )7� S�L�
predikci vibrací a hluku. Práce spojené s WtPWR� þOiQNHP� VORXåt� N S�tSUDY�� UHiOQpKR� H[SHULPHQWX� QD
VRXVWDY��GHVHN�
3RG�NRYiQt��7HQWR�S�tVS�YHN�Y]QLNO�Y UiPFL�JUDQWX�*$ý5�þ��������������
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