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ÚVOD

Tato zpráva vznikla QD� ]iNODG � SRGSRU\� JUDQWX� *$�� ý5�� þ�  101/94/0971 Nové metody

Y\KRGQRFRYiQt� VLJQiO �DNXVWLFNp� HPLVH� � HãLWHO� ,QJ� Petr HORA, CSc.).�7HQWR� JUDQW� VH� Hãt

v ITS�=ý8 v Plzni a ÚT AV�ý5�

=SUiYD� S LQiãt� UHSUH]HQWDWLYQt� YêVOHGN\� ]tVNDQp� P HQtP� QD� UR]P UQp� RFHORYp� GHVFH�� 1D

GHVFH� VH� P LO\� YHUWLNiOQt� SRVXY\� MDN� na horním tak i na dolním povrchu. K vybuzení

QDS RYêFK� YOQ� VH� SRXåtYDO\� GYD� W\S\� EX]HQt�� OiPiQt� NDSLOiU\� �VNRNRYp� EX]HQt�� D� SiG

RFHORYp�NXOLþN\��LPSXOVQt�EX]HQt���%X]HQt�E\OR� DSOLNRYiQR�YåG\�na horním povrchu desky.

9êVOHGN\�MVRX�GiOH�SRGUREHQ\�VURYQiQt�V�þDVRYêPL�SU E K\�YHUWLNiOQtKR�SRVXYX��NWHUp�E\O\

Y\SRþWHQ\� DQDO\WLFNRX� PHWRGRX� �� LQWHJUiOQt� WUDQVIRUPDFH�� 6RXþiVWt� ]SUiY\� MH� L� GLVNHWD

s YHãNHUêPL�QDP HQêPL�GDW\�

7RXWR�SUDFt� MVRX�VMHGQRFHQ\�D�UR]ãt HQ\�UR]W tãW Qi�GtOþt�VWDUãt�P HQt��NWHUi�E\OD�SURYiG na

]D�U ]QêFK�SRGPtQHN��S HGHYãtP�U ]QêPL�]GURML�UR]UXFKX��SRPRFt�P QtFtFK�VH�S tVWURMRYêFK

VHVWDY�D�]SUDFRYiYiQ\�Y�Wp�GRE �GRVWXSQêPL�SURJUDP\�

8YHGHQp�YêVOHGN\�QDYD]XMt�D�KORXE ML�SRWYU]XMt�SR]QDWN\�]tVNDQp�Y�JUDQWX�þ�  27007 9\XåLWt

QDS RYêFK�YOQ�SUR�GLDJQRVWLNX�SRUXãRYiQt�PDWHULiO � HãHQê�Y� ,76�=ý8�Y�UiPFL�*$�$9

ý5�Y�OHWHFK������������ HãLWHO�,QJ��František Valeš, CSc.).

1DP HQi� NROHNFH� þDVRYêFK� SU E K � EXGH� SRXåLWD� SUR� Y\EXGRYiQt� GDWDEi]H� RGH]HY�� NWHUi

EXGH� Y\XåtYiQD� PHWRGDPL� XP Op� LQWHOLJHQFH�� 'DWD� EXGRX� GiOH� Y\XåLWD� Y� ÒVWDYX

termomechaniky AV�ý5��NWHUê�MH�VSROX HãLWHOHP�]PtQ QpKR�JUDQWX�D��GiOH� Hãt�Ylastní grant

,GHQWLILNDFH�]GURM �$(�YH�YOiNQRYêFK�NRPSR]LWHFK�� HãLWHO�,QJ���=GHQ N�3 HYRURYVNê��&6F���

D�VDPR] HMP �Y sesterském grantu Ing.  Františka Valeše,  CSc. 6WDQRYHQt�]iNRQLWRVWt�ãt HQt

VLJQiO �YH�VNR HSLQiFK�SUR�SRW HE\�DNXVWLFNêFK�GLDJQRVWLFNêFh metod.

V Plzni 2.prosince 1994 Ing. Petr HORA, CSc.

,QJ��-L t�3È7(.
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$1$/<7,&.È�0(72'$�9é32ý78�1$3-$7267,�7/867e�'(6.<

+LVWRULH� ~ORK� HãtFtFK� QDSMDWRVW� Ui]RY � ]DW åRYDQêFK� W OHV� DQDO\WLFNRX� FHVWRX� MH� SRP UQ

QHGiYQi�� =D� SRþiWHN� MH� YãHREHFQ � SRYDåRYiQD� /DPERYD� SUiFH� >/$0��@� HãtFt� QDSMDWRVW

SRORSURVWRUX�]DWtåHQpP�VLORYRX�S tPNRX��Y�þDVH�VNRNRY �S VREtFt��âirší rozvoj zaznamenaly

W\WR�~ORK\�Y����OHWHFK��NG\�E\O\�XYH HMQ Q\�L�SUYQt�SUiFH�WêNDMtFt�VH�WOXVWêFK�GHVHN��>/<2��@

D� >385��@�� D� ]HMPpQD� 6QHGGRQRYD� SUiFH� >61(��@�� NWHUi� Hãt� S HFKRGRYê� G M� Y� WOXVWp

QHRKUDQLþHQp� GHVFH� ]D� SRGPtQHN� URWDþQt� V\PHWULH� D� Y\XåLWt� +DQNHORY\� WUDQVIRUPDFH� SUR

UDGLiOQt� VRX DGQLFL� D� /DSODFHRY\� WUDQVIRUPDFH� SUR� þDV��1D� WXWR� SUiFL� QDYD]XMH� L�0LNORZLW]

>0,.��@�� HãtFt� QDSMDWRVW� WOXVWp� GHVN\� ]DWtåHQp� GY PD� RVDP OêPL� VWHMQ � YHOLNêPL� VLODPL

S VREtFtPL�NROPR�N�SRYUFK P�GHVN\�SURWL�VRE ��9�þDVH�S VREt�VtO\�VNRNRY ��7tP�MH�YQHVHQD

GR�~ORK\� URYLQD� V\PHWULH� WRWRåQi� VH� VW HGQt� URYLQRX��ÒORKX� O]H�GtN\� WRPX�FKiSDW�� åH�GHVND

SRORYLþQt�WORXãWN\�OHåt�QD�GRNRQDOH�WXKp�SRGORåFH�D�]DW åXMHPH�ML�QD�YQ MãtP�SRYUFKX�MHGLQRX

RVDP ORX�VNRNRY �S VREtFt�VLORX��-HGQRVWUDQQ �]DWtåHQi�GHVND��NWHUi�Pi�RSDþQê�SRYUFK�]FHOD

YROQê� D� NWHUi� VH� SRGVWDWQ � YtFH� EOtåt� VNXWHþQp� UHDOLW �� E\OD� RGYR]HQD� ,QJ�)�9DOHãHP,CSc.

[VAL83, 84]. 3 LEOLåPH�VWUXþQ �WXWR�~ORKX�

Popis úlohy o tlusté desce

V ~ORKiFK�]DEêYDMtFtFK�VH�QHVWDFLRQiUQt�QDSMDWRVWt�GHVN\�MH�]�G YRGX� HãLWHOQRVWL�SDUFLiOQtFK

GLIHUHQFLiOQtFK� URYQLF� K\SHUEROLFNpKR� W\SX� XYDåRYiQD� GHVND� QHNRQHþQ � UR]OHKOi�� 0DWHULiO

desky je lineární, izotropní a homogenní. Platí teorie malých deformací. 1HXYDåXMH�VH�YQLW Qt

DQL� YQ Mãt� WOXPHQt�� $EVHQFH� RNUDM � HOLPLQXMH� VORåLWRVWL� V� RGUD]\�� =GURM� UR]UXFKX� OHåt� na

MHGLQpP� SRYUFKX� D� MH� WYR HQ� NUXKRYRX� REODVWt�� YH� NWHUp� S VREt� QD� FHOp� REODVWL� NRQVWDQWQt

QRUPiORYp�QDS Wt��7RWR�QDS Wt�S VREt�Y�þDVH�VNRNRY ��8VSR iGiQt�S LEOLåXMH�REU� 1.
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Obr. ���7OXVWi�GHVND���XVSR iGiQt�~ORK\

ešení úlohy

7YDU� EXGLFtKR� ]GURMH� D� MHKR� þDVRYê� SU E K� XPRåQXMH� DQDO\WLFN\� Y\MiG LW� MHKR� /DSODFH Y

obraz. V�WDNWR� SRVWDYHQp� ~OR]H� MH� YêKRGQp� SRXåtW� YiOFRYRX� VRX DGQLFRYRX� VRXVWDYX�

Pohybové rovnice sestavujeme QD� ]iNODG � Y\WNQXWpKR� HOHPHQWX� XYHGHQpKR� QD� REU� 2.

9\XåLMHPH�Y]WDK �PH]L�SRVXY\��GHIRUPDFHPL�D�QDS WtPL�YH�YiOFRYpP��'�NRQWLQXX��SRþiWHþQt

podmínky pro t=0�Y\MDG XMtFt��åH�GHVND�MH�Y�WRPWR�RNDPåLNX�QH]DWtåHQi�D�Y�NOLGX��a okrajové

SRGPtQN\� SRSLVXMtFt�� åH� RED� SRYUFK\� V� YêMLPNRX� NUXKRYp� REODVWL� ]DWtåHQt� MVRX� YROQp�

3URP QQêPL� MVRX� þDV� t� D� GY � SURVWRURYp� VRX DGQLFH�� UDGLiOQt� r� D� S tþQi� z. Neznámými

IXQNFHPL�MVRX�SRVXY\��S tþQê� zu  a radiální ru ���QDS Wt�� rσ , ϕσ , zσ  a zrτ ) a deformace ( rε ,

ϕε , zε  a zrγ ��� 3RK\ERYp� URYQLFH� YãDN� HãtPH� SUR� SRVXY\� D� SRWp� SRPRFt� ]iYLVORVWt� PH]L

YHOLþLQDPL� SODWtFtPL� SUR� URWDþQ � V\PHWULFNp� NRQWLQXXP� Y\MDG XMHPH� QDS Wt� D� GHIRUPDFH�

=tVNDQp� SDUFLiOQt� GLIHUHQFLiOQt� URYQLFH� HãtPH� /DSODFHRYRX� WUDQVIRUPDFt� Y]KOHGHP� N� þDVX

a ]PL RYDQRX� +DQNHORYRX� WUDQVIRUPDFt� Y]KOHGHP� N�UDGLiOQt� VRX DGQLFL� r. Dostaneme tak

dvojici ob\þHMQêFK�diferenciálních rovnic vzhledem k�SURP QQp�z.
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Obr. 2  Vytknutý element desky

HãHQtP�MH�VXSHUSR]LFH�K\SHUEROLFNêFK�VLQ �D�FRVLQ ��QH]QiPp�NRQVWDQW\�]MLVWtPH�GRVD]HQtP

GR� RNUDMRYêFK� SRGPtQHN��1\Qt� MH�PRåQp� VH� YUiWLW� N� S YRGQt� UDGLiOQt� VRX DGQLFL�� ]DStãHPH

integrál ]S WQp� +DQNHORY\� WUDQVIRUPDFH�� =DStãHPH� WDNp� ]S WQRX� /DSODFHRYX� WUDQVIRUPDFL�

9\XåLWtP� )XELQLRY\� Y W\� REUiWtPH� SR DGt� LQWHJUDFH�� 9QLW Qt� LQWHJUiO� MH� REHFQ � NRPSOH[Qt�

HãtPH� MHM� Y\XåLWtP� Y W\� R� UH]LGXtFK�� +OHGDW� póly integrandu v této úloze znamená hledat

QXORYp� ERG\� GYRX� MPHQRYDWHO �� 'YRMLFH� SRGPtQHN� SUR� QXORYê� MPHQRYDWHO� Pi� I\]LNiOQt

Yê]QDP��QHER �VH�WDWR�SRGPtQND�VKRGXMH�V�GLVSHU]QtPL�URYQLFHPL� WOXVWp�GHVN\�SUR�GLODWDþQt

vlny a pro smykové vlny. Zbylý integrál ]S WQp� +DQNHORY\� WUDQVIRUPDFH� QHQt� DQDO\WLFN\

HãLWHOQê� D� MH� QXWQp� LQWHJURYDW� QXPHULFN\�� &HOê� SRVWXS� DQDO\WLFNpKR� HãHQt� ~ORK\� R� WOXVWp

GHVFH�MH�MHãW �]Qi]RUQ Q�na obr. 3.
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Obr. ���3RVWXS�DQDO\WLFNpKR� HãHQt�~ORK\�R�WOXVWp�GHVFH�

Pro úlohu zobrazenou na obr. ��O]H�S LMPRXW�GDOãt�]MHGQRGXãXMtFt�SRGPtQN\��Pokud je deska

tenká, nebo je bod sledování vzdálený od oblasti buzení více jak desetinásobek tlouštky

GHVN\�� MH� PRåQp� ]DQHGEDW� S tþQp� QDS Wt� D� S HGHP� VWDQRYLW� ]iYLVORVW� QD� VRX DGQLFL� z. Díky

tomu se v�SRK\ERYêFK�URYQLFtFK�MLå�QHY\VN\WXMH�VRX DGQLFH�z��~ORKD�MH�SRX]H�MHGQRUR]P UQi�

místo 3D máme 2D kontinuum. ÒORKD�VH�QD]êYi�~ORKRX�R�WHQNp�GHVFH��'YRMLFH�VSRþHWQêFK

V\VWpP � GLVSHU]QtFK� N LYHN� VH� ]UHGXNXMH� QD� SRXKp� GY � N LYN\�� 7tP� SURQLNDY � NOHVi� GRED

YêSRþWX�� 7DNWR� ]tVNDQp� SU E K\� �]HMPpQD� SRVXY �� VLFH� Y\VWLKXMt� ]iNODGQt� WYDU\
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RGSRYtGDMtFtFK�SU E K �~ORK\�R�WOXVWp�GHVFH��DOH�PL]t�S tVS YN\�RGUD]  RG�SRYUFK �D�]HMPpQD

þHOR�5D\OHLJKRY\�YOQ\�>3È7��@�

Popsaná ~ORKD�R�WOXVWp�GHVFH�E\OD�Y� ,76�=ý8�GRYHGHQD�GR�SRGRE\�YêSRþWRYêFK�SURJUDP �

Úloha o tenké desce je shrnuta v [VAL85] a rozvinuta v [PÁT92].

-LQRX� PHWRGRX� N� YêSRþWX� QDSMDWRVWL� WOXVWp� GHVN\� MH� S HVQi� paprsková  metoda, která byla

Y\YLQXWD� Y� ãHGHViWêFK� OHWHFK�� 9� WpWR� WHRULL� MVRX� HODVWLFNp� YOQ\�� NWHUp� VH� ]� G YRGX

YtFHQiVREQêFK� RGUD] � D� ORP � ãt t� SRGpO� U ]QêFK� SDSUVNRYêFK� GUDK�� UHSUH]HQWRYiQ\� DGRX

SDSUVNRYêFK�LQWHJUiO ��]�QLFKå�NDåGê�P åH�EêW�Y\SRþWHQ�S HVQ �SRPRFt�&DJQLDUGRY\�PHWRG\

>&$*��@��3RQ YDGå�LPSXOV\��NWHUp�MVRX�UHSUH]HQWRYiQ\�SDSUVNRYêPL�LQWHJUiO\��S LFKi]HMt�GR

PtVWD�SR]RURYiQt�Y�SRVWXSQpP�SR DGt��SRVN\WXMH�WHRULH�S HVQp� HãHQt�SUR�WUDQ]LHQWQt�YOQ\�Då

GR�RNDPåLNX�S tFKRGX�QiVOHGXMtFtKR�SDSUVNX��&HOê�SRVWXS� HãHQt�~ORK\�R�WOXVWp�GHVFH�SRPRFt

S HVQp�SDSUVNRYp�PHWRG\�MH�]Qi]RUQ Q�na obr.����3 HVQi�SDSUVNRYi�PHWRGD�MH�WDNp�UR]YLQXWD

v ,76�D�E\OD�GRYHGHQD�GR�SRGRE\�YêSRþWRYêFK�SURJUDP �>+25��@��9HONRX�QHYêKRGRX�WpWR

PHWRG\�MH�GUDPDWLFNê�QiU VW�SRþWX�SDSUVNRYêFK�LQWHJUiO �SUR�GORXKp�þDV\�QHER�SUR�Y]GiOHQi

místa pozorování. =� WRKRWR� G YRGX�E\OD� SDSUVNRYi�PHWRGD� SRXåLWD� SRX]H� SUR� YêSRþet

þDV � S tFKRG � MHGQRWOLYêFK� SDSUVN � D� SUR� YODVWQt� YêSRþHW� SU E K � E\OD� SRXåLWD

integrální metoda.
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Obr. ���3RVWXS�SDSUVNRYpKR� HãHQt�~ORK\�R�WOXVWp�GHVFH�
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323,6�0 (1Ë�1$�7/867e�'(6&(

8VSR iGiQt�H[SHULPHQWX

.�H[SHULPHQWX�E\OD�Y\XåLWD�UR]P UQi�GHVND��NWHUi� MH�XPtVW QD�Y�ODERUDWR L� ,76��Deska byla

zhotovena v závodech Škoda. Jde o ocelový plát opracovaný hoblováním o�UR]P UHFK

2500x1500x50�PP��'HVND�MH�XFK\FHQD�Y�UiPX�SRPRFt�þW\ �ãURXE �0���D�GLVWDQþQtFK�EORN �

5iP� MH� VSRMHQ� V� YODVWQtP� VWRMDQHP� SURVW HGQLFWYtP� RWRþQêFK� þHS �� WDNåH� O]H� FHORX� GHVNRX

RWiþHW��&HOp� XFK\FHQt� GHVN\� Y� UiPX� D� VWRMDQX� S LEOLåXMH� REU� 5. Deska� E\OD� SUR� RE �P HQt

�ORP�NDSLOiU\�L�GRSDG�RFHORYp�NXOLþN\��XPtVW QD�YRGRURYQ �

Obr. ���'HWDLO�XORåHQt�GHVN\�Y�UiPX�V�UR]P U\�

3RXåLWp� P LFt� D� ]i]QDPRYp� ]D t]HQt� MH� ]Qi]RUQ QR� na obr. 6. -DNR� VQtPDþ� E\O� SRXåLW

SLH]RHOHNWULFNê�NXåHORYê�VQtPDþ��=�Q NROLND�NXV �GRVWXSQêFK�QD�SUDFRYLãWL�E\O�SRXåLW�VQtPDþ

þ����� NWHUê� MH� ]KRWRYHQ� SRGOH� >352��@�� 3LH]RPDWHULiO� VQtPDFtKR� NXåHOX� SRFKi]HMtFt� RG� I\

TERRONIC, a.s���+UDGHF�.UiORYp�QHVH�R]QDþHQt�3.����>7(5��@��6LJQiO�]�SLH]RVQtPDþH�E\O

YHGHQ� GR� þtVOLFRYpKR� ]i]QDPQtNX� S HFKRGRYêFK� G M � $'$0� 7&����� ILUP\� 0DXUHU� ]H

âYêFDUVND�>$'$0@��7HQWR�]i]QDPQtN�MH� WYR HQ�þW\ PL�NDQiO\��]�QLFKå�NDåGê�Pi�VY M����WL
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ELWRYê�$�'�S HYRGQtN�V�PD[LPiOQt�Y]RUNRYDFt�IUHNYHQFt����0+]�D�QHMY Wãt�FLWOLYRVWt��� mV

QD�SOQê�UR]VDK�S HYRGQtNX��.DåGê�NDQiO�GLVSRQXMH�SDP Wt��� Kslov, kterou lze segmentovat,

D� WDN� XORåLW� YtFH�P HQt� EH]� QXWQRVWL� RNDPåLWpKR� S HQRVX� GR� SRþtWDþH�� 3RPRFt� ] HW ]HQpKR

VSRXãW Qt� NDQiO � MH� PRåQp� ]tVNDW� MHGHQ� SU E K� Då� V� �������� Y]RUN\�� =tVNDQp� SU E K\� O]H

zobrazovat QD� YHVWDY Qp� REUD]RYFH� L� QD� H[WHUQtP� PRQLWRUX� Y� REY\NOpP� RVFLORVNRSLFNpP

XVSR iGiQt��8� NDåGpKR� NDQiOX� MH� QDVWDYLWHOQi� FLWOLYRVW�� RIIVHW�� $&�'&� YD]ED�� W\S� D� ~URYH

VSRXãW Qt�]i]QDPX��9HOPL�XåLWHþQRX�YODVWQRVWt� MH�PRåQRVW�SRVXYX�SRORK\� VSRXãW Qt�Y� þase,

a WDN�]D]QDPHQDW�L�~VHN�VLJQiOX�S HG�VDPRWQêP�VSXãW QtP��SUHWULJJHULQJ���Pomocí této funkce

E\O\� ]tVNiQ\�SU E K\��NWHUp� YåG\� REVDKXMt� þHOR� SULPiUQt� GLODWDþQt� YOQ\��1DP HQp� SU E K\

E\O\�S HQiãHQ\�GR�SRþtWDþH�3&�Y\EDYHQpKR�NRPXQLNDþQt�NDUWRX�+3�,%��,(((�����

Obr. ���8VSR iGiQt�P HQt�



7OXVWi�GHVND�±�YêVOHGN\�YêSRþW �D�P HQt 13

Lom kapiláry

9êE U� NDSLOiU� SUR� JHQHURYiQt� EXGtFt� VtO\� YH� WYDUX� VNRNRYp� IXQNFH� Pi� NOtþRYê� Yê]QDP�

.DSLOiU\�� NWHUp� MVPH� P OL� N� GLVSR]LFL�� E\O\� ]� N HPHQQpKR� VNOD� D� MHMLFK� SDUDPHWU\� VSROX

s hodnocením vlastností jsou uvedeny v tabulce I.

3U P U�>µm]

YQ Mãt YQLW Qt

3RP U

SU P U

7ORXã ND�VW Q\�NX

VW HGQtPX�SRORP UX
Poznámky

95 30 3,2 1,0 výborná, ale malý signál

100 55 1,8 0,6 výborná, ale malý signál

100 70 1,4 0,4 nevyhovující, více lomù, malý signál

195 35 5,6 1,4 dobrá, obèas více lomù

195 47 4,2 1,2 dobrá, obèas více lomù

195 77 2,5 0,9 výborná

299 18 16,6 1,8 nevyhovující, více lomù

295 58 5,1 1,3 nevyhovující, více lomù

300 95 3,2 1,0 výborná

Tab. ,��3DUDPHWU\�N HPHQQêFK�NDSLOiU�D�MHMLFK�RKRGQRFHQt�

. HPHQQp�NDSLOiU\�Y\URELO�Y�Ò7=&+7�ý6$9�Y�6XFKGROH�Y�URFH������,QJ��-DQ�=È7256.é

SRGOH�QDãLFK� GRSRUXþHQt�� NWHUi� ]Q OD�� NRPELQRYDW� YQLW Qt� SU P U\� ���� ��� D� �� µP�D� YQ Mãt

SU P U\� ����� ���� D� ��� µP�� 9]KOHGHP� N� WHFKQRORJLFNêP� REWtåtP� VH� QHSRGD LOR� S HVQ

GRGUåHW� SRåDGRYDQp� UR]P U\� NDSLOiU�� 1iVOHGQ � MVPH� ]MLã RYDOL�� MDN� MVRX� MHGQRWOLYp� W\S\

NDSLOiU�YKRGQp�SUR�SRXåLWt�FRE\�]GURM�VNRNRYp�VtO\�SUR�H[SHULPHQW\�na poloprostoru a tlusté

GHVFH��3 HGHYãtP�MVPH�VOHGRYDOL�SU P UQRX�VtOX�SRW HEQRX�N�UR]GUFHQt�NDSLOiU\� �YL]�WDEXOND

II) a rychlost lomu. Z našich pozorování vyplynulo:
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• NDSLOiU\�R�YQ MãtP�SU P UX���� µP�SRVN\WXMt�S tOLã�VODEê�VLJQiO

• WHQNRVW QQi� NDSLOiUD� ������� µP�� D� WOXVWRVW QQp� NDSLOiU\� ��������� �������� ������� D

295/58 µP��QHMVRX�YKRGQp��QHER �X�QLFK�GRFKi]t�N�SRVWXSQpPX�OiPiQt

• QHMYKRGQ Mãt�VH�XNi]DO\�NDSLOiU\������� µm a 300/95 µP��NWHUp�SRVN\WXMt�GRVWDWHþQ �VLOQê

VLJQiO�D�N�MHMLFKå�ORPX�GRFKi]t�QiKOH

3 L�QDãLFK�P HQtFK�MVPH�SRXåtYDOL�NDSLOiU\��������µm.

3U P U�>µm]

YQ Mãt YQLW Qt

3U P UQi�VtOD�QD

rozdrcení [N]
Standardní odchylka

95 30 4,8 1

100 55 4,9 1,2

100 70 3,5 1

195 35 11,1 3

195 47 13 4,5

195 77 15,2 4,1

299 18 22,5 4,2

295 58 19,6 2,9

300 95 29,2 7,5

Tab. II  Pr P UQi�VtOD�SRW HEQi�N�UR]GUFHQt�NDSLOiU
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Na následujícím obrázku (obr.����MH�]Qi]RUQ QR�]D t]HQt�na drcení kapilár.

Obr. ���=D t]HQt�QD�GUFHQt�NDSLOiU�

3R�UR]GUFHQt�NDSLOiU\�GRMGH�NH�VNRNRYpPX�RGOHKþHQt�
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'RSDG�NXOLþky

/iPiQt� NDSLOiU\� E\OR� S tSDGHP� UHDOL]DFH� ]GURMH� þDVRY � VNRNRYpKR� RGOHKþHQt� na nepatrné

REODVWL� SRYUFKX�� 'RSDG� RFHORYp� NXOLþN\� MH� QDRSDN� S tNODGHP� LPSXOVQtKR� ]DWtåHQt�� -GH

o snadno realizovatelný zdroj, který vykazuje výbornou stálost doby rázu i konstantní

amplitudu. =DMLVWtPH�OL�QHP QQRX�FLWOLYRVW�VQtPDþH�Y�U ]QêFK�PtVWHFK�VQtPiQt��O]H�QDY]iMHP

VURYQiYDW� SU E K\� ]� U ]QêFK� PtVW� VQtPiQt�� .RQWUROD� YêãN\� E\OD� SURYiG na pomocí

robustního nosníkového profilu (viz obr. 8).

3 L�QDãLFK�P HQtFK�MVPH�SRXåtYDOL�NXOLþNX�R��SU P ru 5 mm a váze 447 mg,

NWHUi�E\OD�VSRXãW QD�]�YêãN\����PP�

Obr. ���'RSDG�NXOLþN\�
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=È9 5

=�QDP HQpKR�SU E KX�YHUWLNiOQtKR�SRVXYX�Y�PtVW �HSLFHQWUD�S L�EX]HQt�ORPHP�NDSLOiU\�O]H

RGKDGQRXW� U\FKORVWL� ãt HQt� HODVWLFNêFK� YOQ� D� ]� QLFK� Y\SRþtWDW� QDS �� 3RLVVRQRYR� þtVOR�� 3UR

ilustraci je na obr.��� ]Qi]RUQ Q� SU E K� Y\SRþWHQpKR� YHUWLNiOQtKR� SRVXYX� Y� HSLFHQWUX� S L

EX]HQt�YHUWLNiOQt�ERGRYRX�VLORX�VH� VNRNRYRX�þDVRYRX�]iYLVORVWt��9�REUi]NX� MVRX�]DNUHVOHQ\

i RNDPåLN\� S tFKRG � MHGQRWOLYêFK� SDSUVN �� Na obr.���� MH� ]Qi]RUQ Q� SU E K� QDP HQpKR

vertikálního posuvu v�HSLFHQWUX� S L� EX]HQt� ORPHP� NDSLOiU\� �WM�� YHUWLNiOQt� ERGRYi� VtOD� VH

VNRNRYRX� þDVRYRX� ]iYLVORVWt��� 9� REUi]NX� MVRX� WDNWpå� ]DNUHVOHQ\� L� RNDPåLN\� S tFKRG

MHGQRWOLYêFK� SDSUVN �� =DNUHVOHQp� RNDPåLN\� S tFKRG � SDSUVN � E\O\� Y\SRþWHQ\� SDSUVNRYRX

metodou, DOH�O]H�MH�WDNp�GtN\�GREUp�VWUPRVWL�MHGQRWOLYêFK�YOQRYêFK�þHO�VWDQRYLW�]�QDP HQpKR

SU E KX�� =�RERX� REUi]N � MH� SDWUQi� GREUi� VKRGD� Y� RNDPåLFtFK� S tFKRG � Q NROLND� SUYQtFK

SDSUVN �� D� MH� SURWR� PRåQp� ]� RNDPåLN � S tFKRG � Q NROLND� SUYQtFK� SDSUVN � XUþHQêFK

z QDP HQpKR� SU E KX� Y\SRþtWDW� U\FKORVWL� ãt HQt� HODVWLFNêFK� YOQ� 1c  a 2c �� 3 L� WpWR� PHWRG

RGKDGX� U\FKORVWt� ãt HQt� MH� W HED� SRþtWDW� V� Q NWHUêPL� VNXWHþQRVWPL� RYOLY XMtFtPL� S HVQRVW

odhadu :

• VWDQRYHQt�HSLFHQWUD��WM��EX]HQt�D�VQtPDþ�PXVt�OHåHW�S HVQ �SURWL�VRE �

• RGHþHW� RNDPåLN � S tFKRG � MHGQRWOLYêFK� SDSUVN �� WM�� KUDQ\� MHGQRWOLYêFK� S tFKRG � PDMt

NRQHþQRX�VWUPRVW�YOLYHP�

a) IUHNYHQþQt�FKDUDNWHULVWLN\�VQtPDþH�

b) NRQHþQêP�UR]P U P�VQtPDþH�

c) NRQHþQp�YHOLNRVWL�]GURMH�EX]HQt�D

d) MLVWp�GRE\�SRW HEQp�N�ORPX�NDSLOiU\�

Ze znalosti rychlostí 1c  a 2c �MH�PRåQp�REGUåHW�3RLVVRQRYR�þtVOR� µ  a pokud známe i hustotu

materiálu ρ �� ]tVNiPH� PRGXO\� SUXåQRVWL� (� D� *�� -HVWOLåH� ( )2
12 / cck = , pak ( )12

12

−
−=

k

kµ ,

ρ2
2cG =  a ( )GE µ+= 12 .
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Obr. 9 3U E K�Y\SRþWHQpKR�YHUWLNiOQtKR�SRVXYX�Y�HSLFHQWUX�S L�EX]HQt�YHUWLNiOQt�ERGRYRX

VLORX�VH�VNRNRYRX�þDVRYRX�]iYLVORVWt��=DNUHVOHQ\�MVRX�L�RNDPåLN\�S tFKRG �Q NROLND
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Obr. 10 3U E K� QDP HQpKR� YHUWLNiOQtKR� SRVXYX� Y� HSLFHQWUX� S L� EX]HQt� ORPHP� NDSLOiU\�

=DNUHVOHQ\� MVRX� L� RNDPåLN\� S tFKRG � Q NROLND� SUYQtFK� SDSUVN �
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9HUWLNiOQt�RGH]Y\�QDP HQp�S L�ORPX�NDSLOiU\��'RGDWHN�&��O]H�S tPR�SRURYQiYDW�V�þDVRYêPL

SU E K\�WHRUHWLFNêFK�YHUWLNiOQtFK�SRVXY ��'RGDWHN�$���1D�]P HQêFK�RGH]YiFK�O]H�VOHGRYDW

S tFKRG\�RGUDåHQêFK�SDSUVN ��-HGQRWOLYi�þHOD�MVRX�GtN\�NOHVDMtFt�FLWOLYRVWL�VQtPDþH�X�Y\ããtFK

IUHNYHQFt� ]YêUD]Q Qi�� =YêUD]Q Qt� þHO�Pi� YãDN� S tþLQX� WDNp� Y� XUþLWp� FLWOLYRVWL� VQtPDþH� L� QD

KRUL]RQWiOQt� SRVXY\� VQtPDQpKR� SRYUFKX�� 3URWR� MH� WDN� YKRGQp� ]MLã RYDW� IUHNYHQþQt

FKDUDNWHULVWLNX�VQtPDþH�]�P HQt�RGH]Y\�Y�HSLFHQWUX��NGH�MH�KRUL]RQWiOQt�SRVXY�QXORYê�

=�QDP HQpKR�SU E KX�YHUWLNiOQtKR�SRVXYX�Y�PtVW �HSLFHQWUD�S L�EX]HQt�GRSDGDMtFt�NXOLþNRX

O]H�RGHþtVW�S LEOLåQRX�GREX�Ui]X�NXOLþky; asi 20��V��YL]�REUi]HN�QD�VWUDQ ������'RED�Ui]X�E\OD

RY RYiQD�P HQtP� LQWHUYDOX� YRGLYpKR� VSRMHQt� NXOLþky s povrchem desky. 1D� NXOLþNX� E\O

S LSiMHQ�YODVRYê�VPDOWRYDQê�GUiWHN��NWHUê�SRVORXåLO�MDNR�NRQWDNW��Doba elektrického kontaktu

þLQLOD��� µs.

6RXþiVWt�WpWR�]SUiY\�MH�GLVNHWD��NWHUi�REVDKXMH�VRXERU\�V�QDP HQêPL�GDW\��'DWD�MVRX�Y�W FKWR

VRXERUHFK� XORåHQD� Y� ELQiUQtP� IRUPiWX� ]i]QDPQtNX� S HFKRGRYêFK� G M � $'$0� D� VRXERU\

PDMt�S tSRQX�
GWD
��)RUPiW�$'$0D�MH�následující :

• ���WL�E\WRYi�KODYLþND��YH�NWHUp�MVRX�XORåHQ\�SDUDPHWU\�QDVWDYHQt�]i]QDPQtNX�

• SRVORXSQRVW�QDY]RUNRYDQêFK�GDW�����ELW �XORåHQR�YH���E\WHFK��

'DWD�MH�PRåQR�QDþtVW�GR�0$7/$%X�YHU]H�����D�Y\ããt�IXQNFt�ORDGBDGP��NWHUi�MH�Wpå�QD�GLVNHW

s�GDWRYêPL�VRXERU\�D�MHMtå�YêSLV�MH�XYHGHQ�Y�'RGDWNX�(��)XQNFL�ORDGBDGP�O]H�YRODW�V�MHGQtP

YVWXSQtP� D� Då� GY PD� YêVWXSQtPL� SDUDPHWU\�� 9VWXSQt� SDUDPHWU� XGiYi� Qi]HY� ELQiUQtKR

GDWRYpKR� VRXERUX�� SUYQt� YêVWXSQt� SDUDPHWU� MH� SURP QQi�� GR� NWHUp� VH� XORåt� QDY]RUNRYDQi

posloupnost dat, a�GUXKê�YêVWXSQt�SDUDPHWU�MH�SURP QQi��GR�NWHUp�VH�XORåt�SDUDPHWU\�$'$0D

Y�WH[WRYp�IRUP ��Vstupní parametr (název souboru) je volitelný; pokud není uveden, zvolí si

XåLYDWHO� RGSRYtGDMtFt� VRXERU� GLDORJRY �� 9êVWXSQt� SDUDPHWU\� MVRX� WDNp� YROLWHOQp�� DOH� SRNXG

FKFHPH�SRXåtW�GUXKê�YêVWXSQt�SDUDPHWU��PXVt�EêW�XYHGHQ�L�SUYQt�SDUDPHWU��Pokud se nazadá

åiGQê� YêVWXSQt� SDUDPHWU�� MH� QDY]RUNRYDQi� SRVORXSQRVW� GDW� Y\NUHVOHQD�� 7HG\� YHãNHUp

kombinace volání funkce load_adm jsou :
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load_adm;
load_adm(’pokus123.dta’);
response = load_adm;
response = load_adm(’c:\data\uz.dta’);
[response, par] = load_adm;
[response, par] = load_adm(’c:\data\uz.dta’);

1iVOHGXMtFt�S tNODG�XND]XMH�SRXåLWt�IXQNFH�ORDGBDGP

[y, p] = load_adm(’c:\data\s10.dta’);
plot(y);

9� SUYQtP� iGNX� MVRX� QDY]RUNRYDQi� GDWD� QDþWHQD� GR� SURP QQp� \� D� SDUDPHWU\� QDVWDYHQt

$'$0D�GR�SURP QQp�S�D�GUXKêP� iGNHP�VH�GDWD�Y\NUHVOt��3URP QQi�S�REVDKXMH�QiVOHGXMtFt

WH[W�� NWHUê� SRSLVXMH� QDVWDYHQt� ]i]QDPQtNX� � iGN\� ]DNRQþHQp� GYRMWHþNRX� MVRX� Qi]Y\

SDUDPHWU ��

Header :

Channel:
1
Block:
1
From address:
-8192
To address:
24575
Record:
SINGLE
Block length:
32768
samples
Block length / 256:
128
Time base:
SINGLE
Time base 1:
50
ns
0
samples

Time base 2:
2
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us
20
samples
Main delay:
-25
Aux delay:
OFF
0
steps
Aux delay step:
25
%
Ext trigger:
OFF
+
Memory:
64
KB
50
ns
ADC:
50
ns
10
bits
Trigger link:
OR
Trigger coupling:
DC
Trigger slope:
+/-
Trigger pos level:
55
Trigger neg level:
45
Amplifier coupling:
DC
Amplifier range:
0.4
V
Amplifier offset:
45
Identifier:
0
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2EVDK�VRXERU �QD�GLVNHW  :

)XQNFH�SUR�QDþWHQt�ELQiUQtFK�VRXERU �GR�MATLABu :

load_adm.m

9HUWLNiOQt�YêFK\ON\�QD�KRUQtP�SRYUFKX�S L�EX]HQt�ORPHP�NDSLOiU\�YH�Y]GiOHQRVWHFK��������

20, ... 60 mm od místa buzení :

s10k.dta

. . . . .

s60k.dta

9HUWLNiOQt�YêFK\ON\�QD�KRUQtP�SRYUFKX�S L�EX]HQt�GRSDGHP�NXOLþN\�YH�Y]GiOHQRVWHFK��������

20, ... 60 mm od místa buzení :

s10b.dta

. . . . .

s60b.dta

9HUWLNiOQt�YêFK\ON\�QD�GROQtP�SRYUFKX�S L�EX]HQt�ORPHP�NDSLOiU\�YH�Y]GiOHQRVWHFK����������

... 60 mm od epicentra :

o00k.dta

. . . . .

o60k.dta

9HUWLNiOQt�YêFK\ON\�QD�GROQtP�SRYUFKX�S L�EX]HQt�GRSDGHP�NXOLþN\�YH�Y]GiOHQRVWHFK���� ��

10, ... 60 mm od epicentra :

o00b.dta

. . . . .

o60b.dta
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DODATEK A: VERTIKÁLNÍ POSUV - TEORIE
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DODATEK E: VÝPIS KONVERZNÍHO PROGRAMU

function [y,describe] = load_adm(fname);

% Load the ADAM file (*.dta)
%
% [y, describe] = load_adm(fname)
%
% y ... y-values
% describe ... parameters
% fname ... file name
%
% Example : load_adm;
% load_adm(’pokus123.dta’);
% response = load_adm;
% response = load_adm(’c:\data\uz.dta’);
% [response, par] = load_adm;
% [response, par] = load_adm(’c:\data\uz.dta’);
%

% (c) Petr HORA, 1994

if nargin < 1
[fn, fp] = uigetfile(’*.dta’, ’Load ADAM file’);
if fn == 0

return;
else

fname = [fp, fn];
end

end

[fid, message] = fopen(fname, ’rb’);
if fid < 0

disp(message);
return;

end

header = fread(fid, 80, ’char’);
BL_code = header(19);
BL_length = 2^(8+BL_code);
block = fread(fid, [2,BL_length], ’char’);

fclose(fid);

% Decoding header

% Format = header(1);
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Channel = header(2)+1;

Block = header(3)+1;

Starting_address = header(12)*65536 + header(13)*256 + header(14);
if header(12) > 127

Starting_address = Starting_address - 16777216;
end
Final_address = header(15)*65536 + header(16)*256 + header(17);
if header(15) > 127

Final_address = Final_address - 16777216;
end

RM_code = header(18);
if RM_code == 0, RM = ’SINGLE’;
elseif RM_code == 1, RM = ’MULTIBLOCK MAN-RES’;
elseif RM_code == 2, RM = ’MULTIBLOCK AUTO-RES’;
elseif RM_code == 3, RM = ’AUTO’;
elseif RM_code == 4, RM = ’LIVE FREE RUN’;
elseif RM_code == 5, RM = ’LIVE TRIGGERED’;
end

TB_code = header(21);
if TB_code == 0, TB = ’SINGLE’;
elseif TB_code == 1, TB = ’DUAL INT-CTL’;
elseif TB_code == 2, TB = ’DUAL EXT-CTL’;
elseif TB_code == 3, TB = ’EXT-SOURCE’;
end

TB1_rate = header(22)*256 + header(23);
TB1_dim_code = header(24);
if TB1_dim_code == 0, TB1_dim_str = ’us’; TB1_dim = 1e-6;
elseif TB1_dim_code == 1, TB1_dim_str = ’ms’; TB1_dim = 1e-3;
elseif TB1_dim_code == 2, TB1_dim_str = ’s’; TB1_dim = 1;
elseif TB1_dim_code == 3, TB1_dim_str = ’ns’; TB1_dim = 1e-9;
end
TB1_samples = header(25)*256 + header(26);

TB2_rate = header(27)*256 + header(28);
TB2_dim_code = header(29);
if TB2_dim_code == 0, TB2_dim_str = ’us’; TB2_dim = 1e-6;
elseif TB2_dim_code == 1, TB2_dim_str = ’ms’; TB2_dim = 1e-3;
elseif TB2_dim_code == 2, TB2_dim_str = ’s’; TB2_dim = 1;
elseif TB2_dim_code == 3, TB2_dim_str = ’ns’; TB2_dim = 1e-9;
end
TB2_samples = header(30)*256 + header(31);

MD_code = header(32);
MD = -100 + MD_code*12.5;
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AD_use_code = header(33);
if (AD_use_code == 0)

AD_use = ’OFF’;
else

AD_use = ’ON’;
end

BL_div_256 = header(35)*256 + header(36);

ET_link_code = header(40);
if ET_link_code == 0, ET_link = ’OFF’;
elseif ET_link_code == 1, ET_link = ’OR’;
elseif ET_link_code == 2, ET_link = ’AND’;
end

ET_slope_code = header(41);
if ET_slope_code == 0

ET_slope = ’+’;
else

ET_slope = ’-’;
end

AD_step_code = header(42);
AD_step = 25*(1 + AD_step_code);

if header(45) == 15,   MC_code = 1*16^3-1; MC = 4;
elseif header(45) == 31,   MC_code = 2*16^3-1; MC = 8;
elseif header(45) == 63,   MC_code = 4*16^3-1; MC = 16;
elseif header(45) == 127,   MC_code = 8*16^3-1; MC = 32;
elseif header(45) == 255,   MC_code = 16*16^3-1; MC = 64;
end

Memory_speed = header(47)*256 + header(48);

ADC_speed = header(49)*256 + header(50);

Resolution_code = header(51);
if Resolution_code == 0, Resolution = 8;
elseif Resolution_code == 192, Resolution = 10;
elseif Resolution_code == 240, Resolution = 12;
end

T_link_code = header(54);
if T_link_code == 0, T_link = ’OFF’;
elseif T_link_code == 1, T_link = ’OR’;
elseif T_link_code == 2, T_link = ’AND’;
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end

T_coupling_code = header(55);
if T_coupling_code == 0, T_coupling = ’DC’;
elseif T_coupling_code == 1, T_coupling = ’AC’;
elseif T_coupling_code == 2, T_coupling = ’AC-LFR’;
end

T_slope_code = header(56);
if T_slope_code == 0, T_slope = ’+’;
elseif T_slope_code == 1, T_slope = ’-’;
elseif T_slope_code == 2, T_slope = ’+/-’;
end

T_pos_level = header(57);

T_neg_level = header(58);

AD = header(59);

Amp_coupling_code = header(61);
if Amp_coupling_code == 0, Amp_coupling = ’DC’;
elseif Amp_coupling_code == 1, Amp_coupling = ’AC’;
elseif Amp_coupling_code == 2, Amp_coupling = ’GND’;
end

Amp_range_code = header(62);
if Amp_range_code == 0, Amp_range = 0.10;
elseif Amp_range_code == 1, Amp_range = 0.12;
elseif Amp_range_code == 2, Amp_range = 0.15;
elseif Amp_range_code == 3, Amp_range = 0.20;
elseif Amp_range_code == 4, Amp_range = 0.25;
elseif Amp_range_code == 5, Amp_range = 0.30;
elseif Amp_range_code == 6, Amp_range = 0.40;
elseif Amp_range_code == 7, Amp_range = 0.50;
elseif Amp_range_code == 8, Amp_range = 0.60;
elseif Amp_range_code == 9, Amp_range = 0.80;
elseif Amp_range_code == 10, Amp_range = 1.0;
elseif Amp_range_code == 11, Amp_range = 1.2;
elseif Amp_range_code == 12, Amp_range = 1.5;
elseif Amp_range_code == 13, Amp_range = 2.0;
elseif Amp_range_code == 14, Amp_range = 2.5;
elseif Amp_range_code == 15, Amp_range = 3.0;
elseif Amp_range_code == 16, Amp_range = 4.0;
elseif Amp_range_code == 17, Amp_range = 5.0;
elseif Amp_range_code == 18, Amp_range = 6.0;
elseif Amp_range_code == 19, Amp_range = 8.0;
elseif Amp_range_code == 20, Amp_range = 10;
elseif Amp_range_code == 21, Amp_range = 12;
elseif Amp_range_code == 22, Amp_range = 15;
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elseif Amp_range_code == 23, Amp_range = 20;
elseif Amp_range_code == 24, Amp_range = 25;
elseif Amp_range_code == 25, Amp_range = 30;
elseif Amp_range_code == 26, Amp_range = 40;
elseif Amp_range_code == 27, Amp_range = 50;
elseif Amp_range_code == 28, Amp_range = 60;
elseif Amp_range_code == 29, Amp_range = 80;
elseif Amp_range_code == 30, Amp_range = 100;
end

Amp_offset = header(63);
if Amp_offset > 127

Amp_offset = Amp_offset - 256;
end

Identifier = header(66);

offset = Amp_offset * 10.0;

if nargout > 0
y = Amp_range*(block(1,:)*4 + block(2,:)/64 - offset); % mV

end

if nargout > 1
describe = str2mat(’Header :’, ’ ’);
describe = str2mat(describe, ’Channel:’, int2str(Channel));
describe = str2mat(describe, ’Block:’, int2str(Block));
describe = str2mat(describe, ’From address:’, int2str(Starting_address));
describe = str2mat(describe, ’To address:’, int2str(Final_address));
describe = str2mat(describe, ’Record:’, RM);
describe = str2mat(describe, ’Block length:’, int2str(BL_length), ’samples’);
describe = str2mat(describe, ’Block length / 256:’, int2str(BL_div_256));
describe = str2mat(describe, ’Time base:’, TB);
describe = str2mat(describe, ’Time base 1:’, int2str(TB1_rate), TB1_dim_str,...

int2str(TB1_samples), ’samples’);
describe = str2mat(describe, ’Time base 2:’, int2str(TB2_rate), TB2_dim_str,...

int2str(TB2_samples), ’samples’);
describe = str2mat(describe, ’Main delay:’, int2str(MD));
describe = str2mat(describe, ’Aux delay:’, AD_use, int2str(AD), ’steps’);
describe = str2mat(describe, ’Aux delay step:’, int2str(AD_step), ’%’);
describe = str2mat(describe, ’Ext trigger:’, ET_link, ET_slope);
describe = str2mat(describe, ’Memory:’, int2str(MC), ’KB’,...

int2str(Memory_speed), ’ns’);
describe = str2mat(describe, ’ADC:’, int2str(ADC_speed), ’ns’,...

int2str(Resolution), ’bits’);
describe = str2mat(describe, ’Trigger link:’, T_link);
describe = str2mat(describe, ’Trigger coupling:’, T_coupling);
describe = str2mat(describe, ’Trigger slope:’, T_slope);
describe = str2mat(describe, ’Trigger pos level:’, int2str(T_pos_level));
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describe = str2mat(describe, ’Trigger neg level:’, int2str(T_neg_level));
describe = str2mat(describe, ’Amplifier coupling:’, Amp_coupling);
describe = str2mat(describe, ’Amplifier range:’, num2str(Amp_range), ’V’);
describe = str2mat(describe, ’Amplifier offset:’, num2str(Amp_offset));
describe = str2mat(describe, ’Identifier:’, num2str(Identifier));

end

if nargout < 1
plot(Starting_address : Final_address, ...

Amp_range*(block(1,:)*4 + block(2,:)/64 - offset));
end
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