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SRGČNRYDW�Pp URGLQČ�D SĜiWHOĤP za jejich podporu.



 

 

Anotace  

ÒþHOHP�SUiFH� MH�Y\EUDW� YKRGQRX�NRQWLQXiOQt�YOiNHQQRX�Yê]WXå�SUR� EHWRQRYp� VWDYHEQt�

prvky Y\WYRĜHQp�PHWRGRX� �'� WLVNX� 'iOH� QDYUKQRXW� D� UHDOL]RYDW� YêUREX RYČĜRYDFtFK�

Y]RUNĤ�D�W\�H[SHULPHQWiOQČ�RYČĜLW��7HRUHWLFNi�þiVW�VH�]DEêYi�VWDYERX�EXGRY�SRPRFt 3D 

tisku s vyuåLWtP� EHWRQX� MDNR� VWDYHEQtKR� PDWHULiOX�  Y\XåLWtP� YOiNHQQêFK� Yê]WXåt a 

studiem SHYQRVWQtFK� FKDUDNWHULVWLN� VWDYHEQtFK� SUYNĤ�� V H[SHULPHQWiOQt� þiVWL� MVRX�

vyrobeny EHWRQRYp�Y]RUN\�V Y\XåLWtP�NRQWLQXiOQt�YOiNHQQp Yê]WXåH��7\WR�Y]RUN\�MVRX�QD�

]iNODGČ�UHãHUãH�GiOH�WHVWRYiQ\�D�YêVOHGN\�Y\KRGQRFHQ\� 

.OtþRYi�VORYD���'�WLVN��EHWRQ��YOiNHQQi�Yê]WXå��DGKH]H 

 

Annotation 

The purpose of the thesis is to choose a suitable continuous fiber reinforcement for 

concrete building elements created by the 3D printing method. The theoretical part deals 

with the construction of buildings using 3D printing of concrete as a building material. It 

deals with the use of fiber reinforcements and with the study of strength characteristics 

of building elements. In the experimental part there are produced concrete samples with 

the use of continuous fiber reinforcement. These samples are tested on the basis of the 

research. The results are evaluated. 

Keywords: 3D printing, concrete, fiber reinforcement, adhesion 
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2D    GYRXGLPHQ]LRQiOQt  

3D     WĜtGLPHQ]LRQiOQt 

BF    þHGLþRYp�YOiNQR��EDVDOW�ILEHU� 

BF_33%   þHGLþRYp�YOiNQR�V NRWHYQt�GpONRX������FHONRYp�GpON\ 

BF_66%   þHGLþRYp�YOiNQR�V NRWHYQt�GpONRX������FHONRYp�GpON\ 

BF_100%   þHGLþRYp�YOiNQR�V NRWHYQt�GpONRX�������FHONRYp�GpON\ 

BF_CH_33%  þHGLþRYp�YOiNQR�V�FKHPLFNRX�NRWYRX�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

BF_CH_66%  þHGLþRYp�YOiNQR�V�FKHPLFNRX�NRWYRX�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

BF_CH_100%  þHGLþRYp�YOiNQR�V�FKHPLFNRX�NRWYRX�V NRWHYQt�GpONRX�������

FHONRYp�GpON\ 

BF_PES_33%  þHGLþRYp�YOiNQR�V SRO\HVWHURYRX�SU\VN\ĜLFt�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

BF_PES_66%  þHGLþRYp�YOiNQR�V SRO\HVWHURYRX�SU\VN\ĜLFt�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

BF_PES_100%  þHGLþRYp�YOiNQR�V SRO\HVWHURYRX�SU\VN\ĜLFt�V NRWHYQt�GpONRX�����

��FHONRYp�GpON\ 

CF    XKOtNRYp�YOiNQR��FDUERQ�ILEHU� 
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CF_CH__33%  XKOtNRYp�YOiNQR�V�FKHPLFNRu kotvou s NRWHYQt�GpONRX������

FHONRYp�GpON\ 

CF_CH_66%  XKOtNRYp�YOiNQR�V�FKHPLFNRX�NRWYRX�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 
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CF_CH_100%  XKOtNRYp�YOiNQR�V�FKHPLFNRX�NRWYRX�V NRWHYQt�GpONRX�������

FHONRYp�GpON\ 

CF_PES_33%  XKOtNRYp�YOiNQR�V polyesterovou pU\VN\ĜLFt�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

CF_PES_66%  XKOtNRYp�YOiNQR�V SRO\HVWHURYRX�SU\VN\ĜLFt�V NRWHYQt�GpONRX������

FHONRYp�GpON\ 

CF_PES_100%  XKOtNRYp�YOiNQR�V SRO\HVWHURYRX�SU\VN\ĜLFt�V NRWHYQt�GpONRX�����
��FHONRYp�GpON\ 

CH    FKHPLFNi�NRWYD 

PES    SRO\HVWHURYi�SU\VN\ĜLFH 

UV    XOWUDILDORYp 

WR   EH]�Yê]WXåH��without reinforcement)  
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1 ÒYRG 

�'� WLVN� MH� SRPČUQČ� PODGêP� RGYČWYtP� YêURE\� SURWRW\SĤ� L� KRWRYêFK� YêURENĤ�� %\O�

SĜHGVWDYHQ�Y ����OHWHFK�����VWROHWt��DOH�GR�SRYČGRPt�VSROHþQRVWL�VH�GRVWiYi�Då�Y SRVOHGQtP�

GHVHWLOHWt��7HFKQRORJLH��'�WLVNX�MH�SRYDåRYiQD�]D�SUĤP\VORYRX�UHYROXFL���'�WLVN�Xå�QHQt�

VSRMRYiQ�MHQ�V YêURERX�SURWRW\SĤ��DOH�MH�SRNOiGiQ�]D�DGLWLYQt�YêUREX��7DWR�WHFKQRORJLH�

PĤåH� ]U\FKOLW� LQGLYLGXiOQt� YêVWDYEX� D� ]OHSãLW� FHQRYRX� GRVWXSQRVW� WDNWR� Y\WYRĜHQêFK�

VWDYHEQtFK�REMHNWĤ� 

V teoretLFNp� þiVWL� SUiFH� MVRX� XYHGHQ\� PDWHULiO\� SRXåtYDQp� SUR� VWDYHEQt� NRQVWUXNFH��

SR]RUQRVW�MH�]DPČĜHQD�KODYQČ�QD�EHWRQ��NWHUê�MH�]iNODGQtP�PDWHULiOHP�SUR�VWDYE\��'iOH�

MH� SR]RUQRVW� YČQRYiQD� WH[WLOQtP� PDWHULiOĤP� SRXåtYDQêP� N Y\]WXåRYiQt� VWDYHEQtFK�

hmot.  3D tiskem VH�]DEêYi�WĜHWt�NDSLWROD��YH�NWHUp�MVRX�SRSViQ\�WHFKQRORJLH��NWHUêPL�MH�

PRåQp� EHWRQ� WLVNQRXW� D� MVRX� ]GH� XYHGHQ\� SĜtNODG\� URERWĤ�� NWHUp� MVRX� VFKRSQ\� W\WR�

YêUREN\� UHDOL]RYDW��1iVOHGXMH�NUiWNi�NDSLWROD�YČQRYDQi�DGKH]L��YH�NWHUp� MVRX�XYHGHQD�

Y\EUDQi�DGKH]LYD� MHå�MVRX�QH]E\WQi�SUR�]DMLãWČQt�PHFKDQLFNêFK�YODVWQRVWt�NRQVWUXNþQtFK�

SUYNĤ��'DOãt�NDSLWROD�VKUQXMH�WHVWRYiQt�PHFKDQLFNêFK�YODVWQRVWt�VWDYHEQtFK�YêURENĤ� 

V H[SHULPHQWiOQt� þiVWL� MH� ~NROHP� Y\WYRĜLW� EHWRQRYp� ]NXãHEQt� Y]RUN\� Y\]WXåHQp�

NRQWLQXiOQtPL�YOiNQ\�D�WHVWRYDW�MHMLFK�PHFKDQLFNp�YODVWQRVWL��KODYQČ�SDN�RGROQRVW�SURWL�

WDKRYpPX� QDPiKiQt�� 'DOãtP� SĜHGPČWHP� VWXGLD� MH� YOLY� DGKH]LY� QD� SĜLOQDYRVW� Yê]WXåt�

k PDWULFL�� 7HVWRYiQt� ]NXãHEQtFK� Y]RUNĤ� MH� SURYHGHQR� PHWRGRX� WĜtERGRYpKR� RK\EX� 

D�Y\WDKRYDFt�PHWRGRX� 

V WpWR�SUiFL� MH�SR]RUQRVW�YČQRYiQD�EHWRQX��] GĤYRGX�PRåQRVWL�MHM� WLVNQRXW�SRPRFt��'�

tisku v MHKR�þHUVWYp�SRGREČ��-H�]QiPR��åH�EHWRQ�Pi�YHOPL�Y\VRNRX�RGROQRVW�YĤþL�SĤVREHQt�

WODNX�� DYãDN� RGROQRVW� Y WDKX� MH� YHOPL� Qt]Ni�� -HOLNRå� MVRX� EHWRQRYp� NRQVWUXNFH�

SRGURERYiQ\� QDPiKiQt� QD� NRPELQDFL� UĤ]QêFK� PHFKDQLVPĤ� �WDK�� WODN�� WDK� D� WODN� 

]D� RK\EX��� QDEt]t� VH� RWi]ND�� MDN� D� þtP� W\WR� WLãWČQp� NRQVWUXNFH� Y\]WXåLW�� DE\� ~þLQQČ�

RGROiYDO\�]HMPpQD�WDKRYpPX�QDSČWt��9]KOHGHP�N YêERUQêP�PHFKDQLFNêP�YODVWQRVWHP�

oceli se k Y\]WXåRYiQt� EHWRQX� WHQWR�PDWHULiO� QDEt]t�� D� WDNp� MH� SUR�YČWãLQX� EHWRQRYêFK�

NRQVWUXNFt�SRXåtYiQ��2FHO� MH�YãDN�Y�Wp�SRGREČ�� MDN�MH�Y\XåtYiQD�Q\Qt�SUR�Y\]WXåRYiQt�

EHWRQX��SUR��'�WLVN�QHYKRGQi��QHERĢ�QHQt�SRGGDMQi�D�QHO]H�MHMt�SRåDGRYDQê�WYDU�IRUPRYDW�

VRXþDVQČ�V tiskovou stopou. PURWR�MH�WDWR�SUiFH�]DPČĜHQD�QD�WH[WLOQt�Yê]WXåH��NWHUp�VH�MLå�

s YêKRGRX�Y\XåtYDMt�SUR�YêUREX�NRPSR]LWQtFK�PDWHULiOĤ�D�SRVN\WXMt�SRWĜHEQRX�WYDURYRX�
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IRUPRYDWHOQRVW��'DOãt�SĜHGQRVWt�Y\XåLWt� WH[WLOQtFK�YOiNHQ� MH��åH�PDMt�QD� UR]GtO�RG�RFHOL�

YêUD]QČ�PHQãt�REMHPRvou hmotnost, z WRKRWR�GĤYRGX�Y]QLNDMt�OHKþt�NRQVWUXNFH� 

6SRMHQt� EHWRQX� V Yê]WXåHPL� MH� YHOPL� GĤOHåLWp� SUR� YêVOHGQRX� NYDOLWX� Y\]WXåHQt� &tOHP�

SUiFH�MH�XUþLW�HIHNW�Y\]WXåHQt�FHPHQWRYp�NDãH�YOiNHQQêPL�Yê]WXåHPL�D�WDNp�]MLãĢRYiQtP�

YOLYX� DGKH]LY� QD� SĜLOQDYRVW� YOiNHQQêFK� VYD]NĤ� N FHPHQWRYp� PDWULFL� D� MHMLFK� YOLYX� 

QD�PHFKDQLFNp�YODVWQRVWL�  
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2 7HRUHWLFNi þiVW 

����0DWHULiO\�SUR�VWDYHEQt�NRQVWUXNFH 

3UR�VWDYHEQt�NRQVWUXNFH�PĤåH�EêW�SRXåLWR�QČNROLN�UĤ]QêFK�VWDYHEQtFK�PDWHULiOĤ� VWDYHEQt�

NiPHQ��GĜHYR� KOtQD� MtO� konsWUXNþQt ocel, asfalt, plasty, EHWRQ��DWG��7DWR�SUiFH�MH�]DPČĜHQD�

SUiYČ�QD�EHWRQ [1]. 

2.1.1 Beton 

Beton jH�QHMSRXåtYDQČMãtP�PDWHULiOHP SUR�VWDYEX�EXGRY��DĢ�Xå�N WYRUEČ�]iNODGĤ�QHER�

VYLVOêFK�D�YRGRURYQêFK�NRQVWUXNþQtFK�SUYNĤ� K YêUREČ�RSWLPiOQtKR�EHWRQX�MH�]DSRWĜHEt�

YČQRYDW� SpþL� NDåGp� MHGQRWOLYp� Ii]t� EHWRQiåH�� YROEČ� VORåHN� D� MHMLFK� SRPČUĤ�� PtFKiQt��

GRSUDYČ�EHWRQX�� MHKR�XNOiGiQt��]KXWĖRYiQt��RGIRUPRYiQt�D�RãHWĜRYiQt� 2G�Y\UREHQpKR�

EHWRQX�SRåDGXMHPH�SĜHGHYãtP�GREUp�PHFKDQLFNp�YODVWQRVWL��Qt]NRX�SyURYLWRVW�D�GOouhou 

trvanlivost [2]. 

2.1.1���6ORåN\�EHWRQX 

%ČåQê�EHWRQ�VH�VNOiGi�]H�GYRX�KODYQtFK�VORåHN (viz obr. 1)��GUREQêFK��D�KUXEêFK�NDPHQĤ 

D�SRMLYD��QHMþDVWČML�FHPHQWRYp�PDWULFH��NWHUi�MH�VORåHQD�] cePHQWX�D�YRG\���NWHUp�REDOXMH�

D�VSRMXMH�MHGQRWOLYi�]UQD�NDPHQLYD��.DPHQLYR�VH�VNOiGi�DOHVSRĖ�]H�GYRX�VORåHN��StVNX� 

D�ãWČUNX�QHER�GUWL��3RGOH�W\SX�SRMLYD�Y]QLNDMt�UĤ]Qp�GUXK\�EHWRQX��QDSĜ��FHPHQWRYê�EHWRQ��

YiSHQDWê�EHWRQ��ViGURYê�EHWRQ��DVIDOWRYê�EHWRQ�D�GDOãt. K WČPWR�KODYQtP�VORåNiP�MVRX  

]D�~þHOHP�]OHSãHQt�YODVWQRVWt�EHWRQX��]tVNiQt�VSHFLiOQtKR�EHWRQX� SĜLGiYiQ\ GDOãt�VORåN\��

WHNXWp�FKHPLFNp�SĜtVDG\��SUiãNRYp�PLQHUiOQt�SĜtPČVL�D�NRYRYi�QHER�SRO\PHUQt�YOiNQD. 

Do þHUVWYpKR� betonu MVRX� SĜLGiYiQ\ XU\FKORYDþH� D� VXSHUSODVWLILNiWRU\� MHå ]DMLãĢXMt�

]WXåHQt� EHWRQX�� NWHUê�Pi NUiWFH� SR� proPtFKiQt� Qt]NRX� YLVNR]LWX�� -DNPLOH� VH� SĜHVWDQH�

PtFKDW��VPČV�VH�]SHYQt�[3]. 

$þNROLY�MH�GĤOHåLWp�YROLW�SUR�EHWRQ�VSUiYQp�VORåN\��UR]GtO�PH]L�NYDOLWQtP�D QHNYDOLWQtP�

EHWRQHP�QHVSRþtYi�DQL� WROLN�ve YROEČ�VORåHN��DOH�VStãH�v SRPČUX��Y MDNpP�MVRX�VORåN\�

VPtFKiQ\� D� Y SHþOLYRVWL� YČQRYDQp� XNOiGiQt� EHWRQX�� MHKR� ]KXWĖRYiQt� D� RãHWĜRYiQt��

2ãHWĜRYiQt QiVOHGXMH�SRWp, co je beton ]EDYHQ�EHGQČQt�QHER�IRUP\ [3]. 
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2EUi]HN�1��.RPSRQHQW\�D�VORåN\�EČåQpKR�EHWRQX [3] 

2.1.1.2 7XKQXWt�D�WYUGQXWt�betonu 

3R� SURPtFKiQt� YãHFK� SRWĜHEQêFK VORåHN� VH� ]tVNDQi� VPČV� GRSUDYXMH� QD� PtVWR� XORåHQt�

�QDSĜ��GR�SHYQêFK�IRUHP�QHER�do EHGQČQt��D�YH�YČWãLQČ�SĜtSDGĤ MH�SURYiGČQR ]KXWQČQt��

NWHUp� ]DMLãĢXMH� NYDOLWQt� Y\SOQČQt� IRUP\� þL� EHGQČQt�� 3R� ]DWXKQXWt� Y]QLNQH� YêUREHN�

SRåDGRYDQpKR WYDUX��%ČKHP�QiVOHGXMtFtKR�SURFHVX�WYUGQXWt�QDEêYi�YêUREHN�SRåDGRYDQp�

pevnosti a dalãtFK� YODVWQRVWt� V SĜtSDGČ� SRXåLWt� VLOLNiWRYêFK� FHPHQWĤ� MDNR� SRMLYD�� 

tj. v SĜtSDGČ� K\GUDXOLFN\� Y\WYU]RYDQêFK� SRMLY�� MH� QHGtOQRX� VORåNRX� EHWRQX� ]iPČVRYi 

YRGD��NWHUi�MH�QXWQi�SUR�QDVWDUWRYiQt�D�SUĤEČK�SURFHVX�WXKQXWt�D�WYUGQXWt [4].  

2.1.1.3 Hydratace cementu 

3ĜL� K\GUDWDFL� FHPHQWX� GRFKi]t� N QDYi]iQt� PROHNXO� YRG\� QD� LRQW\� QHER� PROHNXO\�

VORXþHQLQ\�� 'tN\� K\GUDWDFL� FHPHQWX� GRFKi]t� N Y\WYU]RYiQt� EHWRQX�� NWHUê� PĤåH� EêW�

QiVOHGQČ� SRXåLW� MDNR� NRQVWUXNþQt�PDWHULiO�� 3ĜL� K\GUDWDFL� SĜHFKi]t� EHWRQ� ] SODVWLFNpKR�

VWDYX� GR� SHYQpKR� VWDYX� SRGREQpKR� KRUQLQČ�� NWHUê� MH� PHFKDQLFN\� RGROQê�� +\GUDWDFt�

molekul vody s FHPHQWHP�Y]QLNi�K\GUR[LG�YiSHQDWê��WDNp�QD]êYDQê�MDNR�KDãHQp�YiSQR�

[3]. 

%ČKHP�FKHPLFNêFK�UHDNFt�PH]L�FHPHQWHP�D�YRGRX�GRFKi]t�NH�GYČPD�]PČQiP� 

x N� SRVWXSQpPX� SRNOHVX� ]SUDFRYDWHOQRVWL� þHUVWYpKR� EHWRQX� Då� GR� ~SOQp� ]WUiW\�

VFKRSQRVWL�EêW�WYDURYiQ��WXKQXWt�� 

x k postupnpPX�QiUĤVWX�SHYQRVWL��WYUGQXWt� [3]. 
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2.1.1.4 6DPR]KXWQLWHOQê�EHWRQ 

%ČåQê� EHWRQ� PXVt� EêW� SĜL� XNOiGiQt� ]KXWĖRYiQ� �YČWãLQRX� YLEUDFHPL��� ]DWtPFR�

VDPR]KXWQLWHOQê�EHWRQ� MH�RGROQê�SURWL� VHJUHJDFL�� WtP�SiGHP� MH�PRåQR�KR�XNOiGDW�EH]�

SRXåLWt�]KXWĖRYiQt��7HQWR�VSHFLiOQt�W\S�EHWRQX�PĤåH�EêW�GtN\�VYp�Y\VRNp�NRKH]L�XNOiGiQ�

L�SRG�YRGRX��3ĜtNODGHP�SRXåLWt�WRKRWR�W\SX�EHWRQX�MH�VWDYED�VXFKpKR�GRNX�Y Terstu v ,WiOLL 

[2], viz obr. 2. 

 

2EUi]HN�2: ZiNODGRYi�GHVND�XNOiGDQi�SRG�YRGX�SUR�VXFKê�GRN�v Terstu, ,WiOLH [3] 

2.1.1.5 3yrovitost betonu 

.DSDOLQ\� PRKRX� SyURYLWêP� PDWHULiOHP� SURFKi]HW� MHQ� WHKG\�� SRNXG� MVRX� VSROX� SyU\�

SURSRMHQ\�� %HWRQ�PĤåH�PtW� QHVSRMLWRX� SyURYLWRVW�� GtN\� NWHUp�PĤåH� RGROiYDW� SUĤVDNX��

SRNXG� NDSLOiUQt� SyURYLWRVW� QHSĜHViKQH� XUþLWRX� PH]�� .H� VQtåHQt� PQRåVWYt� SyUĤ� MH�

GRSRUXþHQR�SRXåtW�SODVWLILNiWRU\��6QtåHQt�PQRåVWYt�SyUĤ�Y betoQX�Pi�]D�YêVOHGHN�Y\ããt�

pevnost [3]. 

3yURYLWRVW�EHWRQX�]iVDGQČ�RYOLYĖXMH� MHKR�YODVWQRVWL�� MDNR� MH�SHYQRVW��PRGXO�SUXånosti, 

permeabilita D�WUYDQOLYRVW��-H�GHILQRYiQD�MDNR�SRPČU�REMHPX�GXWLQ�N REMHPX�PDWHULiOX. 

 ݊ ൌ ܸܸ  (1)  

n ± SyURYLWRVW�>�@��Vp ± REMHP�SyUĤ�>P3], Vc ± FHONRYê�REMHP�PDWHULiOX�>P3]    
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PyU\�Y]QLNDMtFt nedokRQDOêP�]KXWQČQtP�EHWRQRYp�VPČVL 
1HGRNRQDOp� ]KXWQČQt� EHWRQX Pi� ]D� QiVOHGHN� WYRUEX� QHSUDYLGHOQêFK� GXWLQ�� NWHUp� MVRX 

v QHGRNRQDOH�]KXWQČQpP�EHWRQX�KRMQČ�]DVWRXSHQ\� 

PyU\ SĜtWRPQp v zrnech kameniva 

'ĤVOHGNHP� MH� UĤVW� WHSHOQČ-L]RODþQtFK� YODVWQRVWt� EHWRQX�� DOH� WDNp� SRNOHV� MHKR�

PHFKDQLFNêFK�YODVWQRVWt. 

PyURYLWRVW�YH�IRUPČ�SURY]GXãQČQt 
-HGQi�VH�R�YêVN\W�X]DYĜHQêFK�SyUĤ��EXEOLQ��R�YHOLNRVWL����±300 �m. 7\WR�SyU\�mohou 

EêW� SR]RURYiQ\� RSWLFNêP� PLNURVNRSHP�� Jsou GĤVOHGNHP� SRXåLWt� SURY]GXãĖRYDFtFK�

SĜtVDG�� NWHUp� MVRX� SĜLGiYiQ\� GR� EHWRQRYp� VPČVL� ]D� ~þHOHP� ]YêãHQt� mrazuvzdornosti 

]WYUGOpKR�EHWRQX� 

.DSLOiUQt SyU\ 

KapiliUQt� SyU\� Y]QLNDMt� PH]L� ]UQ\� K\GUDWRYDQpKR FHPHQWX�� 0DMt� QHSUDYLGHOQê� WYDU� 

a velikost od 0,1 do 10 �m. 7XGtå� PRKRX� EêW� SR]RURYiQ\� MHQ� HOHNWURQRYêP�

PLNURVNRSHP�� 9êVN\W� WČFKWR� SyUĤ� MH� ]iYLVOê� QD� YRGQtP� VRXþLQLWHOL� D� QD� ]SĤVREX�

RãHWĜRYiQt�EHWRQX� 

*HORYp�SyU\ 

7\WR�SyU\�VH�Y\VN\WXMt�XYQLWĜ�SHYQêFK�K\GUiWĤ��-ejich velikost se pohybuje od 1±10 nm. 

7\WR� SyU\� VH� QHGDMt� SR]RURYDW� DQL� HOHNWURQRYêP� PLNURVNRSHP�� DOH� MVRX� ]MLãĢRYiQ\�

SURVWĜHGQLFWYtP�DGVRUSFH�SO\QĤ��GXVtNX��KpOLD�QHER�YRGQt�SiU\ [3]. 

2.1.1.6 Trvanlivost betonu 

Trvanlivost EHWRQX�MH�MHKR�RGROQRVW�YĤþL�YQČMãtP�YOLYĤP�SR�GREX�MHKR�åLYRWQRVWL��Beton 

s Yê]WXåt� Y]iMHPQČ� GRSOĖXMt� VYp� YODVWQRVWL�� Yê]WXå� zleSãXMH� PHFKDQLFNp� Ylastnosti 

EHWRQRYêFK�NRQVWUXNFt�� NWHUp�SRGOpKDMt� WDKRYpPX�nHER�VP\NRYpPX�QDPiKiQt�D beton 

FKUiQt�Yê]WXå�SĜHG�YOLYHP�RNROQtKR�SURVWĜHGt� Degradaci betonu D�MHKR�Yê]WXåH mohou 

]SĤVRELW QiVOHGXMtFt vlivy [3]. 

CKHPLFNp��vlivy 

-HGQi�VH�SĜHGHYãtP�R�Y\VWDYHQt�DJUHVLYQtP�þLQLGOĤP (oxid uhliþLWê, chloridy D�VXOIiW\� 

s SRGSRURX� RNROQtKR� SURVWĜHGt� �N\VOtN� D� YRGD��� YĤþL� WČPWR� YOLYĤP je YHOPL� ]UDQLWHOQi�

EHWRQiĜVNi�RFHO� 
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KRUR]H�NRYĤ�D�MLQêFK�PDWHULiOĤ�REVDåHQêFK�Y betonu 

K GHJUDGDFL�Yê]WXåH�GRFKi]t�]HMPpQD��NG\å�Pi�EHWRQ�Qt]NRX�NYDOLWX�D�MHKR�NU\Ft�YUVWYD�

MH�SĜtOLã�WHQNi��3RNXG�MH�EHWRQRYp�NU\Wt�WHQNp�D�QDYtF�SRUp]Qt� tak je Yê]WXå� vystavena 

pĤVREHQt�FKHPLFNêFK�YOLYĤ�a GRFKi]t�N MHMt�R[LGDFL� �UH]LYČQt���5H]�Pi�YêUD]QČ�PHQãt�

KXVWRWX�QHå�RFHO��FRå�]SĤVREt�RGOXSRYiQt�D�RGSDGiYiQt�NU\Ft�YUVWY\� Koro]L�RFHOL�VH�Gi�

]DPH]LW�QHER�ML�]SRPDOLW�SĜLGiQtP�FKHPLFNêFK�SĜtVDG�SURWL�NRUR]L��QHER�SRXåLWtP�NRYX�

RGROQpKR�SURWL�NRUR]L �QDSĜ��SR]LQNRYiQtP��SRXåLWt�QHUH]RYp oceli). 

ZPČQ\�WHSORW��UR]PUD]RYiQt�D�]PUD]RYiQt� 

3RNXG�NDPHQLYR�QHQt�PUD]XY]GRUQp��QHO]H�KR�SRXåtW� SUR�YêUREX�EHWRQX Y\VWDYHQpKR�

VWĜtGDYpPX�]PUD]RYiQt�D�UR]PUD]RYiQt��3RUXãHQt�NDPHQLYD�PUD]HP�MH�YČWãLQRX�VSRMHQR�

s SĜtWRPQRVWt� YRG\� Y SyUHFK� NDPHQLYD�� 3ĜL� PU]QXWt� YRG\� VH� Y\YtMt� K\GUDXOLFNê� WODN��

SURWRåH� SĜL� SĜHPČQČ�YRG\� Y OHG� VH� ]Yêãt� MHKR�REMHP� Je moåQp� SRXåtW� SURY]GXãĖXMtFt�

SĜtVDG\�� NWHUp� MVRX� VFKRSQ\� FKUiQLW� SĜHG� SĤVREHQtP� OHGX� FHPHQWRYRX� PDWULFL�� 7\WR�

SĜtVDG\�RYãHP�QHMVRX�VFKRSQ\�FKUiQLW�NDPHQLYR� 

Alkalicko-NĜHPLþLWi reakce 

%HWRQ� MH� QiFK\OQê� N alkalicko-NĜHPLþLWêP� UHDNFtP�� SRNXG� REVDKXMH� DONDOLFNê� cement  

D� DONDOLFN\� UHDNWLYQt� NDPHQLYR�� 3RãNR]HQt� O]H� SĜHGHMtW� SRXåLWtP� YKRGQpKR� PQRåVWYt�

SXFROiQX�QHER�VWUXVN\� 

2GČU 
8YDåXMHPH�R�QČP�KODYQČ�X�SRGODK�þL�YR]RYHN��2GČUX�O]H�SĜHGFKi]HW�YROERX�YKRGQpKR�

RWČUXY]GRUQpKR�NDPHQLYD [3]. 

2.2 7H[WLOQt�YOiNHQQp Yê]WXåH YH�VWDYHEQLFWYt 

9OiNHQQp Yê]WXåH SRVN\WXMt�YêURENX�]OHSãHQp�PHFKDQLFNp�YODVWQRVWL��]HMPpQD�SHYQRVW� 

a tuhost. VOiNQD� QHMVRX� SĜtPR� SRXåLWHOQi� MDNR� NRQVWUXNþQt� PDWHULiO\�� D� SURWR� MVRX�

]DEXGRYiQD�GR�PDWHULiOX�PDWULFH��DE\�VSoOX�Y\WYRĜLO\�YOiNQLWê�NRPSR]LW.  

9OiNHQQp� Yê]WXåH� PĤåHPH� GČOLW� SRGOH� GpON\� SRXåLWêFK� YOiNHQ� �NUiWNi� D� QHNRQHþQi�� 

a podle orientace ve YêURENX��viz obr. 3. 9�QiVOHGXMtFtFK�SRGNDSLWROiFK� MVRX�YOiNHQQp�

Yê]WXåH� UR]GČOHQ\�SRGOH�GpON\��9OiNHQQp�Yê]WXåH se GČOt QD� MHGQRYUVWYp� D�YtFHYUVWYp��

3ĜtNODGHP�MHGQRYUVWYp�Yê]WXåH�MH�URYLQJ��3ĜtNODGHP�YêURENX z YtFHYUVWYêFK�Yê]WXåt�MH 

ODPLQiW [5].  
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2EUi]HN�3: 5R]GČOHQt�YOiNHQQêFK�Yê]WXåt�SRGOH�MHMLFK�GpON\�D�RULHQWDce [5] 

.UiWNi�YOiNQD 

9ê]WXåH� ]� NUiWNêFK YOiNHQ PRKRX� EêW� Y NRPSR]LWX� RULHQWRYiQD� EXć� QDKRGLle, nebo 

SUHIHUHQþQČ�� VliNQD� orientovani QiKRGQČ� REVDKXMt� QDSĜ�� QHWNDQp� URKRåH� 1DVHNDQi�

YOiNQD� PRKRX� EêW� VWĜtNiQD� VRXþDVQČ� V kapalnoX� SU\VN\ĜLFt� do formy SUR� Y\WYRĜHQt�

struktury s NUiWNêPL�YOiNQ\� 3ĜL SURFHVX�WYDURYiQt�NRPSR]LWX�PĤåH�GRMtW�N�SUHIHUHQþQt�

RULHQWDFL�YOiNHQ�YH�VPČUX� WRNX�PDWHULiOX��7HQWR� MHY� MH�]YOiãWČ�Y\XåtYiQ�Y� WHFKQRORJLL�

YVWĜLNRYiQt�� -H� WDN�PRåQp�SRPRFt� ]PČQ\� VPČUX�YVWĜLNRYiQt� ]DMLVWLW� RGOLãQRX�RULHQWDFL�

YOiNHQ�Y MHGQRWOLYêFK�YUVWYiFK [4]. 

1HNRQHþQi�YOiNQD� 

9ê]WXåH�]�QHNRQHþQêFK�YOiNHQ PRKRX�EêW�MHGQRVPČUQČ�QHER�YtFHVPČUQČ�RULHQWRYiQ\. 

1) -HGQRVPČUQČ�RULHQWRYDQi�YOiNQD 

9êVOHGQp�YêUREN\�V�MHGQRVPČUQČ�RULHQWRYDQêPL�YOiNQ\�MVRX�YHOPL�SHYQp�YH�VPČUX�RV\�

YOiNHQ, ale v NROPpP�VPČUX�MVRX�REHFQČ�VODEp. 1DSĜ��OHSLFt�SiVN\�]H�VNOHQČQêFK�YOiNHQ��

NWHUp�PDMt�Y SRGVWDWČ�MHGQRVPČUQRX�Yê]WXå��MVRX�ãLURFH�SRXåtYiQ\�SUR�Y\VRFH�QDPiKDQp�

WČVQtFt�DSOLNDFH��-HGQRVPČUQČ�RULHQWRYDQi�YOiNQD�Msou vhRGQêPL�Yê]WXåHPL�SUR GORXKp�

W\þRYLWp� VWUXNWXU\� 3ĜtNODGHP MHGQRVPČUQČ� RULHQWRYDQp� Yê]WXåH� MH� URYLQJ� ± svazek 

QČNROLND�VWRYHN�QH]DNURXFHQêFK�YOiNHQ�>�@� 
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2) 2ERXVPČUQČ�QHER�YtFHVPČUQČ�RULHQWRYDQi�YOiNQD 

-HGQRVPČUQp� YOiNHQQp� ~WYDU\� VH� VSRMXMt� SUR� GRVDåHQt� RERXVPČUQp� QHER� YtFHVPČUQp�

RULHQWDFH� YOiNHQ�� Rovingy PRKRX� EêW� WNiQ\� SUR� ]tVNiQt� RERXVPČUQêFK� QHER�

YtFHVPČUQêFK�Yê]WXK��NWHUp�VH�SRXåtYDMt�N YêUREČ�NRPSR]LWĤ�V Y\VRNRX�SHYQRVWL�D�WXKRVWt�

YH�YtFH�QHå� MHGQRP�VPČUX��6PČURYp�YODVWQRVWL� Yê]WXåQp� WNDQLQ\ VH� ĜtGt� WNDFt� YD]ERX��

'DOãtP� SĜtNODGHP� WDNWR� RULHQWRYDQêFK� Yê]WXåt� MVRX� JHRPĜtåH�� NWHUp� VH� SRXåtYDMt� 

SUR�Y\]WXåRYiQt�LQIUDVWUXNWXU\��]SHYQČQt�VYDKĤ��DWG� [4]. 

2.2.1 8KOtNRYi�YOiNQD 

([LVWHQFH� XKOtNRYêFK� YOiNHQ� byla objevena v roce 1879, kdy Edison ]DþDO� SRXåtYDW�

XKOtNRYi�YOiNQD�YKRGQi SUR�SRXåLWt�Y�HOHNWULFNêFK�ODPSiFK [6].  

5R]GČOHQt�XKOtNRYêFK�YOiNHQ 

1D�]iNODGČ�PRGXOX��SHYQRVWL�D�NRQHþQp�WHSORW\�WHSHOQpKR�]SUDFRYiQt�O]H�XKOtNRYi�YOiNQD�

rozdČOLW�GR�QiVOHGXMtFtFK�NDWHJRULt�  

5R]GČOHQt�Sodle modulu XKOtNRYpKR YOiNQD� 

� ultra-Y\VRNê�PRGXO��W\S�8+0��PRGXO�!���0 GPa), 

� Y\VRNê�PRGXO��W\S�+0��PRGXO�PH]L�����± 450 GPa),  

� PH]LOHKOê�PRGXO��W\S�,0��PRGXO�PH]L�����± 350 GPa), 

� Qt]Nê�PRGXO�D�Y\VRNRX�SHYQRVW�Y�WDKX��W\S�+7��PRGXO < 1000 GPa, 

pevnost v tahu > 3,0 GPa), 

� super vysokou pevnost v tahu, typ SHT (pevnost v tahu > 4,5 GPa).  

1D�]iNODGČ�SUHNXU]RURYêFK�YOiNQLWêFK�PDWHULiOĤ VH�XKOtNRYi�YOiNQD�GČOt�na:  

� XKOtNRYi�YOiNQD�QD�Ei]L�3$1�  

� XKOtNRYi�YOiNQD�QD�Ei]L�VPRO\� 

� PH]LIi]RYp�VPRO\�QD�Ei]L�XKOtNX,  

� izoWURSQt�XKOtNRYi�YOiNQD�QD�Ei]L�VPRO\,  

� XKOtNRYi�YOiNQD�QD�Ei]L�XPČOpKR�KHGYiEt� 

1D� ]iNODGČ� NRQHþQp� WHSORW\� WHSHOQpKR� ]SUDFRYiQt jsoX� XKOtNRYi� YOiNQD� UR]GČOHQD�

QiVOHGRYQČ: 

� uKOtNRYi� YOiNQD� W\SX� , ± Y\VRFH� WHSHOQČ� ]SUDFRYDQi� �+77�� V� NRQHþQRX� WHSORWRX 

WHSHOQpKR�]SUDFRYiQt�Y\ããt�QHå�������&, 
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� uKOtNRYi� YOiNQD� W\SX� ,,� ± VH� VWĜHGQtP� WHSHOQêP� ]SUDFRYiQtP� �,+7� V� NRQHþQRX 

teplotou WHSHOQpKR�]SUDFRYiQt�NROHP�QHER�QDG��������&, 

� uKOtNRYi�YOiNQD�W\SX III ± XKOtNRYi�YOiNQD�V�Qt]NêP�WHSHOQêP�]SUDFRYiQtP (LHT) 

s NRQHþQRX�WHSlotou WHSHOQpKR�]SUDFRYiQt ������& [7].  

9êURED�XKOtNRYêFK�YOiNHQ 

8KOtNRYi� YOiNQD� VH� Y\UiEt� SURFHVHP� NDUERQL]DFH� �R[LGDFt� D� WHSHOQRX� S\UROê]RX��

SRO\DNU\ORQLWULORYêFK� YOiNHQ� �3$1��� VPRO� QHER� SU\VN\ĜLF� SĜL� Y\VRNêFK� WHSORWiFK��

3URVWĜHGQLFWYtP�GDOãtFK�SURFHVĤ�JUDILWL]RYiQt�QHER�SURWDKRYiQt�O]H�]YêãLW�SHYQRVW�QHER�

SUXåQRVW�YOiNHQ��8KOtNRYi�YOiNQD�MVRX�Y\UiEČQD Y�SUĤPČUHFK�RG���GR�����P��7DWR�YOiNQD�

MVRX�YLQXWD�GR�YČWãtFK�VYD]NĤ pro traQVSRUW�D�GDOãt�YêUREQt�SURFHV\ [7].  

VlastnostL�XKOtNRYêFK�YOiNHQ 

8KOtNRYi�YOiNQD�MVRX�GUXKHP�Y\VRFH�SHYQêFK�PDWHULiOĤ��2EHFQČ�SODWt��åH�þtP�Y\ããt�MH�

pevnost v WDKX�SUHNXU]RUX��WtP�Y\ããt�MH�KRXåHYQDWRVW�XKOtNRYpKR�YOiNQD��3HYQRVW�Y tahu 

D�PRGXO� MVRX�RSURWL�SUHNXU]RUX�YêUD]QČ�]OHSãHQ\��&HONRYi�SHYQRVW� XKOtNRYpKR�YOiNQD�

]iYLVt� QD� W\SX� SUHNXU]RUX�� SRGPtQNiFK� ]SUDFRYiQt�� WHSORWČ� WHSHOQpKR� ]SUDFRYiQt� 

D�SĜtWRPQRVWL�YDG�D�GHIHNWĤ��8KOtNRYi�YOiNQD�MVRX�YHOPL�NĜHKNi��9UVWY\�YH�YOiNQHFK�MVRX�

WYRĜHQ\�VLOQêPL�NRYDOHQWQtPL�YD]EDPL��3ORãQp�VKOXN\�XPRåĖXMt�VQDGQp�ãtĜHQt�WUKOLQ [7].  

3RXåLWt�XKOtNRYêFK�YOiNHQ 

8KOtNRYi� YOiNQD� VH� SRXåtYDMt� N� Y\]WXåHQt� EHWRQRYêFK� NRQVWUXNFt�� NWHUp� MH� GĤOHåLWp�

v REODVWHFK�QiFK\OQêFK�N ]HPČWĜHVHQt��$þNROL�RFHO�MH�SULPiUQtP�PDWHULiOHP�SRXåtYDQêP�

k Y\]WXåHQt� D RSUDYČ� EHWRQRYêFK� NRQVWUXNFt�� MH� QiFK\OQi� NH� NRUR]L�� 9\VRNi� SHYQRVW� 

D�PRGXO�þLQt�XKOtNRYi�YOiNQD�YKRGQêPL�SUR�RFKUDQX�NRQVWUXNFt�QiFK\OQêFK�N VHLVPLFNp�

DNWLYLWČ�[7]. 

2.2.2 6NOHQČQi�YOiNQD 

6NOHQČQi� YOiNQD� O]H� UR]GČOLW� GR� GYRX� KODYQtFK� VNXSLQ� SRGOH� MHMLFK� JHRPHWULH�� YOiNQD�

QHNRQHþQi� SRXåtYDQi� jako GpONRYp� textilie D� YOiNQD� NUiWNi SRXåtYDQi� SUR� L]RODFL� 

a filtraci, pro svou pevnost a FKHPLFNRX� RGROQRVW� MVRX� WDNp� Y\XåtYiQD� MDNR� Yê]WXåH� 

do stavebQtFK� NRQVWUXNFt. 6NOR� VH� YČWãLQRX� VNOiGi� ]� ��� �� NĜHPtNX�� R[LGX� ERULWpKR��

KOLQtNX�D�QČNROLND�GDOãtFK�PLQHUiOĤ��6oda D�YiSHQHF�SRPiKDMt�SĜHGHYãtP�VQLåRYDW�WHSORWX�

WiQt��-LQp�SĜtVDG\�VH�SRXåtYDMt�NH�]OHSãHQt�XUþLWêFK�YODVWQRVWt��MDNR�MH�ERUD[�SUR�FKHPLFNRX�

RGROQRVW��-DNR�VXURYLQD�VH� WDNp�SRXåtYi�RGSDGQt�VNOR��QD]êYDQp� WDNp�VWĜHS\��6XURYLQ\�
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PXVt� EêW� SHþOLYČ� ]YiåHQ\� Y� SĜHVQêFK� PQRåVWYtFK� D� GĤNODGQČ� VPtFKiQ\� GRKURPDG\� 

�W]Y��GiYNRYiQt��SĜHG�UR]WDYHQtP�GR�VNOD [8]. 

5R]GČOHQt skla 

E-sklo obsahuje 55 % SiO2, 8 % Al2O3, 18 % CaO, 4,6 % MgO. E-sklo MH�SRXåtYDQp� 

pUR�YêUREX�VNOHQČQêFK�YOiNHQ��0i�L]RWURSQt�VWUXNWXUX� 

C-sklo obsahuje 65 % SiO2, 14 % CaO, 5 % Li2O, 8,5 % Na22��'REĜH�RGROiYDMt�FKHPLFNp�

korozi.  

S-sklo obsahuje 65 % SiO2, 25 % Al2O3�������0J2��-H�RGROQp�YĤþL�Y\VRNêP�WHSORWiP. 

AR-sklo (alkDOLFN\�RGROQp�VNOR��REVDKXMH���±63 % SiO2, 21±23 % ZrO2, 10±21 % Na2O. 

AR sklo je SRXåtYDQp�SUR�YêUREX�VNOHQČQêFK�YOiNHQ�RGROQêFK�SURWL�DONiOLtP [4; 8].  

9êURED VNOHQČQêFK YOiNHQ 

6NOHQČQi�YOiNQD�VH�Y\UiEČMt� WDYHQtP�Y SHFL��NWHUi�Pi���VHNFH��1DYiåHQp�NRPSRQHQW\�

MVRX� YORåHQ\� GR� ]iVREQtNX�� NGH� MVRX� SURPtFKiQ\�� 6PČV� SURXGt� GR� SUYQt� VHNFH� SHFH�� 

NGH� GRFKi]t� N ]DKĜiWt� PDWHULiOX� Då� QD� WHSORWX� ����� �&� D� N RGYRGX� Y]QLNOêFK� SO\QĤ� 

a k homogenizaci. V GUXKp�VHNFL�SHFH�VH�VQtåt�WHSORWD�RKĜHYX�WDYHQLQ\�QD�������&�D�MVRX�

SĜLGiQ\� SĜtPČVL�� NWHUp� ]DMLãĢXMt� ]YČWãHQt� REMHPX� Y]QLNOêFK� EXEOLQ� Y WDYHQLQČ� D� MHMLFK�

Y]HVWXS�� 9H� WĜHWt� VHNFL� GRFKi]t� N SĜHPČQČ� WDYHQLQ\� QD� QHNRQHþQi� VNOHQČQi� YOiNQD��

WDYHQLQD� SURFKi]t� SĜHV� Y\KĜtYDQRX� WUysku s QČNROLND� VWRYNDPL� RWYRUĤ�� 9OiNQD� MVRX�

chlazena, jakmile dojde k RGWDåHQt�] WU\VN\��1iVOHGXMH�SUHSDUDþQt� Ii]H��YH�NWHUp�GRMGH�

k QiQRVX�WHQNp�YUVWY\�LPSUHJQDFH�QD�VNOHQČQi�YOiNQD [8]. 

2FKUDQQp�QiWČU\ 

.URPČ�SRMLY�MVRX�SUR�YêUREN\�]H�VNHOQêFK�YOiNHQ�Y\åDGRYiQ\�GDOãt�SRYODN\��/XEULNDQW\�

VH�SRXåtYDMt�NH�VQtåHQt�RWČUX�YOiNHQ�D�MVRX�EXć�SĜtPR�QDVWĜtNiQ\�QD�YOiNQR, QHER�SĜLGiQ\�

do pojiva [8].  

VODVWQRVWL�VNOHQČQêFK�YOiNHQ 

6NOHQČQi�YOiNQD�PDMt�Qt]NRX�RGROQRVW�Y RK\EX��WtP�SiGHP�MH�MHMLFK�WH[WLOQt�]SUDFRYiQt�

zttåHQp�� 0DMt� RGROQRVW� SURWL� N\VHOLQiP�� = KOHGLVND� PRGXOX� MVRX� L]RWURSQt�� 6NOHQČQi�

YOiNQD�RGROiYDMt�WHSORWiP�QDG������&���=YêãHQp�RGROQRVWL�MH�GRVDKRYiQR�SRXåLWtP�VROt�

KOLQtNX�� 7tPWR� ]SĤVREHP� MH� ]YêãHQD� WHSORWD� WiQt� ] ����� �&� QD� ����� �&�� 7NDQLQ\� 

]H�VNOHQČQêFK�YOiNHQ�PDMt�Qt]NRX�WHSHOQRX�YRGLYRVW�����:P-1K-1��0DMt�Qt]NRX�PČUQRX�
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KPRWQRVW��Y\VRNRX�SHYQRVW�D�Qt]Nê�PRGXO��2GROiYDMt�RKQL�D�ĜDGČ�FKHPLNiOLt��1HYêKRGRX�

MH�VQtåHQi�RGROQRVW�YĤþL�GORXKRGREpPX�VWDWLFNpPX�]DWČåRYiQt [9]. 

PoXåLWt 

6NOHQČQi�YOiNQD�QDFKi]HMt�Y\XåLWt�Y REODVWL�Y\]WXåRYiQt�NRPSR]LWĤ�GtN\� MHMLFK�Y\VRNp�

SHYQRVWL�� 1HMþDVWČML� VH� V� QLPL� Y\]WXåXMt� SODVW\� Y REODVWL� DXWRPRELORYpKR�� ORGQtKR��

OHWHFNpKR� SUĤP\VOX�� .RPSR]LW\� VH� VNOHQČQêPL� YOiNQ\� VH� SRXåtYDMt� QDSĜtNODG� 

pro plaYHFNp�ED]pQ\��WRERJiQ\��NDQRH��SRWUXEt��]iVREQt�QiGUåH��åHEĜtN\�D�]iEUDGOt��'iOH�

VH�SRXåtYDMt�MDNR�PDWHULiO\�SUR�L]RODFH��ILOWUDþQt�WH[WLOLH��WH[WLOLH�RGROiYDMtFt�RKQL [8].  

2.2.��ýHGLþRYi�YOiNQD 

ýHGLþ�MH�YXONDQLFNi�KRUQLQD��]WXKOi�OiYD���NWHUi�VH�WDYt�SĜLEOLåQČ�SĜL�������&��ýHGLþRYi�

YOiNQD�MVRX�KODGNi�YOiNQD�V�SOQêP�NUXKRYêP�SUĤĜH]HP�D�VNORYLWRX�VWUXNWXURX��9OiNQD�� 

X�NWHUêFK�QDVWDOD�NU\VWDOL]DFH��MVRX�Y\VRFH�NĜHKNi�D�OiPDYi��%DUHYQê�Y]KOHG�þHGLþRYêFK�

YOiNHQ� MH� GiQ SRXåLWtP� VXURYLQ� SĜL� YêUREČ�� 0RKRX� EêW� KQČGi�� åOXWi�� KQČGR]HOHQi��

åOXWRKQČGi� DWG�� 'pOND� YOiNHQ� MH� GiQD� YêUREQtP� SRVWXSHP. ýHGLþRYi� YOiNQD� QDãOD�

XSODWQČQt�MDNR�QiKUDGD�]D�D]EHVWRYi�YOiNQD [9]. 

5R]GČOHQt�þHGLþĤ 

ýHGLþH�VH�GČOt�GR���VNXSLQ�SRGOH�REVDKX�6L22 v FKHPLFNpP VORåHQt: 

� DONDOLFNp�þHGLþH�V�REVDKHP�6L22 do 42 %,  

� VODEČ�N\VHOp�þHGLþH�V�REVDKHP�6L22 od 43 do 46 %,  

� N\VHOp�þHGLþH�V�REVDKHP�6L22 QDG�������Y\XåtYDQp�SUR�YêUREX�YOiNHQ� [9]. 

9êURED þHGLþRYêFK�YOiNHQ 

9êUREX�þHGLþRYêFK�YOiNHQ�PĤåHPH�REHFQČ�UR]GČOLW�SRGOH�SrLQFLSX�WYDURYiQt�GR�GYRX�

skupin:  

� WDåHQt�QHNRQHþQpKR�YOiNQD�] taveniny, 

� SĜHUXãHQt�SURXGX�WDYHQLQ\�VSRMHQp�V�WDåHQtP�NUiWNêFK�YOiNHQ��R�GpOFH��±500 mm). 

'iOH�PĤåHPH�YêUREQt�]SĤVRE\�UR]þOHQLW�GR�WĜt�VNXSLQ�� 

� SQHXPDWLFNp�]SĤVRE\�� 

� RGVWĜHGLYp�]SĤVRE\�� 

� kombinRYDQp�]SĤVRE\�� 
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9êURED� þHGLþRYêFK� YOiNHQ� MH� SRGREQi� YêUREČ� VNHOQêFK� YOiNHQ�� YêURED� þHGLþRYêFK�

YOiNHQ� MH� DOH� MHGQRGXããt�� MHOLNRå� QHY\åDGXMH� åiGQRX� VHNXQGiUQt� VXURYLQX�� ýHGLþRYi�

KRUQLQD� MH� UR]GUFHQD�� RþLãWČQD� D� SDN� MH� GiYNRYiQD� GR� ]iVREQtNX�� 3RWp� MH� GRSUDYHQa  

GR� WDYtFt�YDQ\��NWHUi� MH�XORåHQD�Y�SHFL�Y\KĜtYDQp�QD�������&��9 GDOãt� VHNFL� MH� WHSORWD�

WDYHQLQ\�MHãWČ�YtFH�NRQWURORYiQD��D�MH�PtFKiQD�NYĤOL�KRPRJHQL]DFL�WDYHQLQ\�D�]DMLãWČQt�

VWHMQRPČUQp� YLVNR]LW\�� 1iVOHGQČ� SURXGt� WDYHQLQD� N WU\VNiP�� ]H� NWHUêFK� MVRX� WDåHny 

QHNRQHþQp�þHGLþRYp�ILODPHQW\�EXć�SQHXPDWLFNêP��QHER�RGVWĜHGLYêP�]SĤVREHP��3RþHW� 

D�SUĤPČU�GČU�Y WU\VNiFK� MH�GiQ�SRåDGDYN\�QD�SRXåLWt� ILODPHQWĤ��9\WDåHQi�YOiNQD� MVRX�

LPSUHJQRYiQD�WHQNRX�YUVWYRX��)LODPHQW\�PRKRX�EêW�GUXåHQ\�QHER�]DNURXFHQ\�D�QDYtMHQ\�

anebR�QDĜH]iQ\�QD�NUiWNi�YOiNQD [9]. 

9ODVWQRVWL�þHGLþRYêFK�YOiNHQ 

ýHGLþRYi�YOiNQD�MVRX�HNRORJLFNi��QHWR[LFNi��GREĜH�GRVWXSQi��Y\ND]XMt�Y\VRNRX�VWDELOLWX��

GREUp� WHSHOQČ-L]RODþQt� L� ]YXNRYČ� L]RODþQt� YODVWQRVWL�� -VRX� QHKRĜODYi�� VLOQČ� WOXPt�

SURQLNDMtFt�RKHĖ�D�SODPHQ\��/]H�MH�GORXKRGREČ�SRXåtYDW�SĜL�WHSORWiFK�GR������&��-HMLFK�

WHSHOQi�YRGLYRVW�VH�SRK\EXMH�Y�UR]PH]t������Då������:m-1K-1 SĜL�WHSORWČ�����&��ýHGLþRYi�

YOiNQD PDMt�WURMQiVREQČ�OHSãt�WHSHOQČ-L]RODþQt�YODVWQRVWL QHå�YOiNQD�Y\UREHQi�]�D]EHVWX� 

ýHGLþRYi� YOiNQD� MVRX� Y\VRFH� RGROQi� YĤþL� YOKNRVWL� D� YRGČ �WHSOp� L� VWXGHQp��� SURWRåe 

REVDKXMt� PiOR� 2+-skupin. ýHGLþRYi� YOiNQD YêERUQČ� RGROiYDMt� DONiOLtP  

�L� NRQFHQWURYDQêP��� 9H� VURYQiQt� VH� VNOHQČQêPL� YOiNQ\� MVRX� YãDN�PpQČ� RGROQi� YĤþL�

kyseliQiP��1H]DQHGEDWHOQi�MH�Sevnost a tDåQRVW�YOiNQD��9�WH[WLOQtP�SUĤP\VOX�MVRX�YOiNQD�

Y\XåtYiQD�SUR�VYRX�QHKRĜODYRVW��FKHPLFNRX�RGROQRVW�D�RGROQRVW�SURWL�YOKNRVWL [9; 10].  

3RXåLWt þHGLþRYêFK�YOiNHQ 

ýHGLþRYi�YOiNQD�PRKRX�EêW�SRXåtYiQD�SUR�SURWLSRåiUQt�DSOLNDFH� 3UR�VYRX�QHKRĜODYRVW��

YêERUQRX�FKHPLFNRX�D�WHSHOQRX�RGROQRVW�VH�PRKRX�þHGLþRYp�PDWHULiO\�SRXåtW�QD�YêUREX�

RFKUDQQpKR�REOHþHQt��Z HNRQRPLFNpKR�KOHGLVND�QDOp]DMt�þHGLþRYi�YOiNQD�VYp�XSODWQČQt�

v DSOLNDFtFK��NGH�MVRX�SRXåtYiQD�L VNOHQČQi D�XKOtNRYi�YOiNQD [10].  

9ODVWQRVWL�þHGLþRYêFK�YOiNHQ�PDMt�GĤOHåLWê�Yê]QDP�YH�VWDYHEQLFWYt. K jejich charakteru  

SDWĜt� Qt]Ni� PČUQi� KPRWQRVW� SĜL� Y\VRNêFK� KRGQRWiFK� PHFKDQLFNpKR� QDPiKiQt�� GiOH�

NRUR]Qt� RGROQRVW�� YêERUQp� GLHOHNWULFNp� YODVWQRVWL�� Qt]Ni� WHSHOQi� YRGLYRVW�� Y\VRNi�

UR]PČURYi� VWiORVW� D� PLQLPiOQt� SRåDGDYN\� QD� GORXKRGRERX� ~GUåEX� ýHGLþRYi� YOiNQD� 

VH� WDNp� SRXåtYDMt� MDNR� Yê]WXåQp� VORåN\� GR� NRPSR]LWĤ�� %XGRY\� REVDKXMtFt� NRPSR]LW\� 

]�þHGLþRYêFK�YOiNHQ��NWHUp�MVRX�SRVWDYHQ\�EOt]NR�VLOQLF��åHOH]QLF�þL�PHWUD��YVWĜHEDMt�YtFH�
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YLEUDFt� QHå NRPSR]LW\� ]H� VNOHQČQêFK� YOiNHQ�� 1RYêP� WUHQGHP� MH� Y\XåLWt� YêURENĤ� 

]�þHGLþRYêFK�YOiNHQ�GR�YOiNQREHWRQĤ��=GH�QDKUD]XMt�RFHO�QHER�VNOHQČQi�YOiNQD� 

9�VRXþDVQp�GREČ�VH�þHGLþ�SRXåtYi�YH�VWDYHEQLFWYt�SĜHYiåQČ�N�YêUREČ�þHGLþRYp�GODåE\� 

'iOH� VH� ]� þHGLþRYêFK� YOiken Y\UiEČMt� SHUOLQNRYp� WNDQLQ\�� 7\� VORXåt� SUR� Y\]WXåRYiQt�

IDViGQtFK�]DWHSORYDFtFK�V\VWpPĤ�D�GR�RPtWNRYêFK�V\VWpPĤ��-DNR�GDOãt�VH�]�þHGLþRYêFK�

YOiNHQ�Y\UiEt�þHGLþRYi�Yata��7D�MH�YKRGQi�SUR�QH]DWtåHQp�]YXNRYp��WHSHOQp�D�SURWLSRåiUQt�

izolace [9]. 

ýHGLþRYi�YOiNQD�VH�WDNp�Y\XåtYDMt�N�YêUREČ�JHRWH[WLOLt��NWHUp�VORXåt�SĜHYiåQČ�Y�VLOQLþQtP�

D� åHOH]QLþQtP� VWDYLWHOVWYt��'DOãt� Y\XåLWt� WČFKWR�YOiNHQ� MH�QD�YêUREX� WHSHOQČ-L]RODþQtFK�

VPČVt�SUR�åiUXY]GRUQp�VWDYHEQt�KPRW\��MDNR�SOQLYD�GR�WPHOĤ�DSRG��[10]. 

3ĜHKOHG�SRXåLWt�þHGLþRYêFK�YOiNHQ�� 

� YQČMãt�D�YQLWĜQt�WHSHOQp�D�]YXNRYp�L]RODFH� 

� vêSOĖ�SUDVNOLQ�SRãNR]HQêFK�EXGRY��PRVWĤ�D�VWDYHEQtFK�NRQVWUXNFt�  

� ILOWU\�SUR�SČVWRYiQt�URVWOLQ�Y�åLYQêFK�UR]WRFtFK�� 

� Yê]WXå�EHWRQRYêFK�D�DVIDOWRYêFK�FKRGQtNĤ�D�VLOQLF�� 

� ]YXNRYp�WOXPHQt�VLOQLF�� 

� SRWUXEt�SUR�RKĜHY�WHSOp�YRG\�� 

� SRWUXEt�SUR�WUDQVSRUW�FKHPLFN\�DJUHVLYQtFK�PpGLt�� 

� þHUSDGOD�SUR�DJUHVLYQt�NDSDOLQ\�D�SO\Q\�� 

� QHKRĜODYp�WHSHOQp�D�]YXNRYp�L]RODFH�SUR�NDELQ\��Potory aut, plavidel a letadel, 

� dUHQiåQt�SRWUXEt [10]. 

2.3 3D tisk  

2.3.1 ÒYRG�GR��'�WLVNX 

3D tisk MH� SURFHV� VHVWDYRYiQt�PDWHULiOX, REY\NOH� YUVWYX� SR� YUVWYČ, ]D� ~þHOHP� YêURE\�

REMHNWĤ� QHER� VWUXNWXU��9êFKR]tP�ERGHP�SUR� MDNêNROL� SURFHV� �'� WLVNX� MH� �'�GLJLWiOQt�

PRGHO��NWHUê�O]H�Y\WYRĜLW�Y UĤ]QêFK��'�VRIWZDURYêFK�SURJUDPHFK���'�PRGHO�MH�QiVOHGQČ�

UR]ORåHQ� QD� MHGQRWOLYp� YUVWY\�� þtPå� VH� ] QiYUKX� VWDQH� VRXERU� þLWHOQê� SUR� �'� WLVNiUQX��

0DWHULiO�� VH�NWHUêP�WLVNiUQD�SUDFXMH��VH�SRWp�]DþtQi�YUVWYLW�SRGOH�SĜLSUDYHQpKR�QiYUKX 

[11].  
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3UYQt�P\ãOHQND��'�WLVNX�VH�]URGLOD�MLå�Y�URFH�������NG\�&KDUOHV�:��+XOO�SĜLãHO�V�QiSDGHP�

]SHYQLW�VWROQt�QiWČU\�89�VYČWOHP��7DWR�P\ãOHQND�KR�SĜLYHGOD�N�Y\QiOH]X�VWHUHROLWRJUDILH. 

6WHUHROLWRJUDILH� Y\XåtYi� IRWRFKHPLFNêFK� SURFHVĤ�� SĜL� QLFKå� ]�PRQRPHUĤ� D� ROLJRPHUĤ�

SĤVREHQtP� VYČWOD� R� XUþLWp� YOQRYp� GpOFH� ����� ± ���QP�� Y]QLNDMt� Y\WYU]HQp� SRO\PHU\��

THFKQRORJLH� �'� WLVNX�� MHå� ]YOiGi� U\FKORX� YêUREX� REMHNWĤ� V Y\VRNRX� SĜHVQRVWt� 

L� X� H[WUpPQČ� NRPSOLNRYDQêFK� JHRPHWULt� ]D� SRGSRU\� SRþtWDþRYpKR� VRIWZDUX. BČKHP�

SRVOHGQtFK�GHVHWLOHWt�VH��'�WLVN�VWDO�MHGQRX z nejU\FKOHML�URVWRXFtFK�WHFKQRORJLt��=SRþiWNX�

WR�E\OD�YHOPL�VORåLWi�D�QDYtF�GUDKi�WHFKQRORJLH��%ČKHP SRVOHGQtFK�OHW�VH ale �'�WLVN�]DþDO�

SURVD]RYDW�Y�NDåGRGHQQtP�åLYRWČ�D�WLVNiUQ\�VH�VWDO\�EČåQČ�SRXåtYaQêPL�YH�YãHFK�GUX]tFK�

SUĤP\VOX [10]. 

�'�WLVN�MH�U\FKOH�VH�UR]YtMHMtFt�WHFKQRORJLH��NWHUi�MH�SRYDåRYiQD�]D�SUĤP\VORYRX�UHYROXFL��

3URWR� MH� GĤOHåLWp� VH]QiPLW� VH� V� QČNWHUêPL� ]iNODGQtPL� SRMP\� R� �'� WLVNX, s procesy,  

NWHUp� Y\XåtYi�� se ]SĤVREem�� MDNêP� IXQJXMH�� D� MHKR� RPH]HQtm�� 0HWRG\� QDYUKRYiQt�

Y\XåtYDMtFt� �'� WLVN� XPRåĖXMt� ]NUiWLW� GREX� QDYUKRYiQt� D� YêYRMH�� ]OHSãLW� VSROXSUiFL� 

a SRPRFL� ĜHãLW� SUREOpP\�� NWHUp� Y]QLNDMt� PH]L� VYČWHP� LQåHQêUVWYt� D� GHVLJQX�� 3ĜHVWRåH� 

VH� WHUPtQ� Ä�'� WLVN³� SRXåtYi� MLå� GORXKRX� GREX�� ]HMPpQD� SUR� YêUREX� SURWRW\SĤ�� GQHV� 

VH�REHFQČ�SRXåtYi�N�SRSLVX�PHWRG\�DGLWLYQt�YêURE\��EH]�RKOHGX�QD�NRQNUpWQt�WHFKQRORJLL��

PDWHULiO�QHER�DSOLNDFL [7]. 

2.3.2 Technologie 3D tisku 

1iVOHGXMtFt�SRGNDSLWRO\�SRSLVXMt�WHFKQRORJLH��'�WLVNX�Y\XåtYDQp�SUR��'�WLVN�VWDYHEQtFK 

hmot. 

2.3.2.1 9\WODþRYiQt�PDWHULiOX��H[WUX]H� 

0HWRGD�H[WUX]H�SUR�WLVN�PDWHULiOĤ�QD�Ei]L�FHPHQWX�MH�SUYQt�PHWRGRX�Y\YLQXWRX�Y�REODVWL�

EHWRQRYêFK� NRQVWUXNFt� Principem metody je Y\WODþRYiQt� YUVWHY� PDWHULiOX� QD� Ei]L�

FHPHQWX�]D�~þHOHP�Y\WYRĜHQt� VWUXNWXU\�SRGOH�GLJLWiOQtKR�PRGHOX�Y\WYRĜHQpKR�SRPRFt�

softwaru. 3ULQFLS� WLVNX� Y\WODþRYiQtP� MH� ]DORåHQ� QD� PHWRGČ� �'� WLVNX� SURVWĜHGQLFWYtP�

QDQiãHQt�UR]WDYHQêFK�SRO\PHUĤ� 1D�UR]GtO�RG�SRO\PHUĤ�MH�FKRYiQt�EHWRQX�YHOPL�PiOR�

FLWOLYp� QD� WHSORWX� D� MH� QXWQp� SĜL]SĤVRELW� U\FKORVW� WLVNX� D� JHRPHWULL� U\FKORVWL� WXKQXWt�

FHPHQWRYpKR�PDWHULiOX��NWHUp�MVRX Ĝt]HQp�K\GUDWDFt�FHPHQWX [10]. 

0tFKiQt� PDWHULiOĤ� VH� SURYiGt� UHODWLYQČ� NRQYHQþQtP� ]SĤVREHP�� VPtFKiQtP� SUiãNĤ� 

D� JUDQXOiWĤ� GR� KRPRJHQQt� VPČVL a QiVOHGQêP� SĜLGiYiQtP� NDSDOQêFK� Ii]t�� GRNXG� 



28 

 

VH�QHGRViKQH�SRåDGRYDQp� UHRORJLH �FKRYiQt� þHUVWYpKR�EHWRQX�± Y]WDK\�PH]L�QDSČWtP��

WĜHQtP�� YLVNR]LWRX� D� GHIRUPDFt��� %ČKHP� Y\WODþRYiQt� O]H� SĜLGiYDW� VXSHUSODVWLILNiWRU\� 

D�XU\FKORYDþH.  

3ĜL�WLVNX�EHWRQRYêFK�QHER�FHPHQWRYêFK�PDWHULiOĤ�MH�QHMSUYH�QXWQp��DE\�E\OR�PRåQp�EHWRQ�

GRSUDYLW�SĜHV�NRQWHMQHU��GRPtFKiYDþ�QHER� L�DXWRPDWLFNê�GRPtFKiYDþ�EHWRQX�N� WLVNRYp�

KODYČ� 3UR� GRSUDYX� PDWHULiOX� GR� Y\WODþRYDFt� KODY\ (viz obr. 4) O]H� SRXåtW� þHUSDGOR  

nebo H[WUXGpU��9� SĜtSDGČ�SRXåLWt�þHUSDGOD�EXGH�WĜHED�Y\EUDW�jeho pohon a technologii, 

NWHUi�EXGH SRXåtYina��7\� VH�YROt�QD�]iNODGČ�viskozity EHWRQX�D�GpON\�SUXåQêFK�KDGLF�

SRWĜHEQêFK�SUR� MHKR�GRGiYNX��7HQWR�NURN�þHUSiQt� MH�]iYLVOê�QD�NRQ]LVWHQFL�PDWHULiOX��

NWHUê�Pi�EêW�tisknut �Y�SRGVWDWČ�þtP�MH�EHWRQ�WHNXWČMãt��WtP�VQi]H�VH�þHUSi) [10].   

 

2EUi]HN�4��9\WODþRYDFt�KODYD�VNOiGDMtFt�YUVWY\�PDWHULiOX�QD�VHEH�>��] 

'DOãtP�ĜHãHQtP�MH�SĜLGiQt QiGUåH�QD�EHWRQ, RG�NWHUp�YHGH�H[WUXGpU SĜtPR�N�WLVNRYp�KODYČ��

9�WRPWR�SĜtSDGČ�MH�YãDN�PQRåVWYt�GRVWXSQpKR�PDWHULiOX�RPH]HQp��3URWR�MH�QXWQp�]DKUQRXW�

V\VWpP�RSČWRYQpKR�GRGiYiQt�PDWHULiOX�SUR�YHONRREMHPRYp�WLVNRYp�~ORK\. 

Tyto dva ]SĤVRE\ PRKRX� EêW� NRPELQRYiQ\� D� GR� WLVNRYp� KODY\� PĤåH� EêW� ]DþOHQČQ�

Y\WODþRYDFt ãQHN��'RMGH� WDN�N þiVWHþQpPX�RGOHKþHQt� þHUSDGOX�� DOH� ãQHN� WDNp�SRVN\WQe 

GRGDWHþQRX�HQHUJLL� NWHUi XPRåQt�]PHQãHQt�SUĤPČUX�trysky WLVNRYp�KODY\.  

1D�~URYQL� WLVNRYp�KODY\�O]H�SĜLGDW�hned QČNROLN�~SUDY�D�QiVWURMĤ�SUR�]OHSãHQt�SURFHVX�

tisku. Ty mohou zahrnovat V\VWpP\� SĜLGiYDMtFt urychlRYDþH QHER� VXSHUSODVWLILNiWRUy. 

7\WR�SĜtPČVL�XPRåĖXMt U\FKOê�QiUĤVW�RGROQRVWL�tisknutêFK�YUVWHY��0DWHULiO�MH Y�þHUSDFtFK�
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KDGLFtFK�WHNXWê��FRå�XVQDGĖXMH�Ii]L�þHUSiQt��DOH�SR�QDQHVHQt�U\FKOH�]WXKQH��FRå�]DMLãĢXMH�

VWDELOLWX�VWUXNWXU\�EČKHP�WLVNX� 

2VWDWQt� SĜtVOXãHQVWYt� SUR� WU\VNX� E\OR� WHVWRYiQR� QHER� MH YH� YêYRML�� 7DWR� SĜtVOXãHQVWYt 

]DKUQXMt�V\VWpP�SUR�RGVWUDQČQt�QHSUDYLGHOQRVWt�Y� WLVNQXWp VWUXNWXĜH�D�RPH]HQt�GUVQRVWL�

vrstev. 'iOH� ~SOQê� QHER� þiVWHþQê� WČVQtFt� V\VWpP� SUR� ]PHQãHQt� SUĤPČUX� D� NRQWUROX�

PDWHULiOX�RSRXãWČMtFtKR�H[WUXGpU� 

1DNRQHF� MH� GĤOHåLWp� SR]QDPHQDW�� åH� SUĤĜH]� QDQiãHQpKR� PDWHULiOX� PĤåH� PtW� QČNROLN�

podob. 3UĤĜH] REGpOQtNRYpKR�QHER�YiOFRYpKR�tvaru, podle SRåDGRYDQpKR�WYDUX�tisknutp�

struktury [11]. 

2.3.2.2 9VWĜLNRYiQt�SRMLYD QD�PDWHULiO�YH�IRUPČ�SUiãNX 

Metoda  funguMH�QD�SULQFLSX�QDQiãHQt NDSDOQêFK�SRMLY� QD�YUVWY\�SUiãNRYpKR�]UQLWpKR�

PDWHULiOX��3RMLYD�PRKRX�EêW�RUJDQLFNi�L�DQRUJDQLFNi��7URMUR]PČUQê�WLVN�SRXåtYi�WHQWR�

SURFHV��NWHUê�NRPELQXMH�JUDQXOiW\�D�VSRMXMH�MH�GR�SHYQp�OiWN\�SĜLGiQtP�SRMLYD�SRPRFt�

WLVNRYp�KODY\��7HQWR�SURFHV� VH�SRXåtYi�N�YêUREČ�PQRKD� VRXþiVWt� Y\UREHQêFK�]�NRYĤ��

NHUDPLN\�D�SRO\PHUĤ [11]. 

2.3.2.3 /DPLQRYiQt�SOiWĤ���GHVHN 

-HGQi� VH� R� PHWRGX� VWĜtKiQt� D� YUVWYHQt�� 9êURED� ODPLQiWX� VH� SURYiGt� SRPRFt� V\VWpPX�� 

YH�NWHUpP�MH�NDåGi�þiVW�VHVWDYHQD�SRVWXSQČ��7HQWR�SURFHV�VSRþtYi�Y�WHSHOQpP�VSRMRYiQt�

ĜDG\� GtOĤ� V� URYQRPČUQRX� WORXãĢNRX�� ĜH]DQêFK� SRPRFt� ODVHUX�� 6RXþiVWt� V\VWpPX� MH� �'�

WLVNiUQD�XPtVWČQi�QD�SUDFRYQtP�VWROH��NWHUê�VH�SRK\EXMH�SR�VYLVOp ose. TLVNiUQD�Y\WYiĜt�

YUVWY\� PDWHULiOX, QiVOHGQČ� jsou tyto YUVWY\� Y]iMHPQČ� VSRMHQ\� SRPRFt� WHUPROHSLGla  

]D�SĤVREHQt stO\�D�WHSOD�QD�NDåGRX�] vrstev [11]. 

2.3.3 �'�WLVN�PDWHULiOĤ�QD�Ei]L�FHPHQWX� 

Je GĤOHåLWp� VL� XMDVQLW�� åH� SURFHV 3D tisku Y\åDGXMH� U\FKOp�� GRNRQFH WpPČĜ� RNDPåLWp�

]WXKQXWt� PDWHULiOĤ�� DE\� E\OR� GRVDåHQR vysokp� U\FKORVWL� WLVNX�� 7R� ]QDPHQi�� åH� MGH� 

R� WHSHOQČ� ]iYLVOê� FKDUDNWHU� PHFKDQLFNpKR� FKRYiQt� PDWHULiOĤ�� MDNR� MVRX� SU\VN\Ĝice, 

polymery nebo dokonce kovy. V WUDGLþQtFK�SURFHVHFK��'� WLVNX� MH�SUR� Ii]RYRX�]PČQX�

QHER�]PČNþHQt�PDWHULiOX�QH]E\WQp�SRXåLWt�H[WHUQtFK�]GURMĤ�HQHUJLH (laser, UV paprsky 

atd.). Tyto techniky ale QHO]H�SRXåtW�QD�PDWHULiO\�QD�Ei]L�FHPHQWX. TXKRVW�PDWHULiOX�QHO]H�

]YêãLW� SRXKêP� VSROpKiQtP� se na hydrataci cementu. DRSRUXþXMH se, aby cementRYê�
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PDWHULiO� PČO XUþLWRX zrnitost a aby U\FKORVW� QDUĤVWiQt� VWUXNWXU\� E\OD� Y souladu  

VH�]DWtåHQtP�D�KPRWQRVWt�WLsknutp�VWUXNWXU\ [11]. 

2.3.4 3D tisk budov 

3D tisk je ĜHãHQtP��NWHUp�QDEt]t� U\FKOê a HNRQRPLFN\�YêKRGQê�SURVWĜHGHN�SUR�YêUREX�

URGLQQpKR� E\GOHQt�� 6 RKOHGHP� QD� WHQWR� FtO� E\OR� Y\YLQXWR� QČNROLN� WHFKQRORJLFNêFK�

SĜtVWXSĤ�SUR�VWDYEX�PDOêFK�GRPĤ�QD�PtVWČ��9ČWãLQD�]�QLFK� MH�]DORåHQD�QD� UR]ãLĜRYiQt�

WHFKQRORJLt Y\YLQXWêFK�SUR�YêUREX�PDOêFK�VWDYHEQtFK�SUYNĤ. NDSĜtNODG�SRXåLWt�SHYQêFK�

URERWLFNêFK�UDPHQ��NWHUp E\OR�QDYUåHQR�VSROHþQRVWt�$SLV�&RU, s MHMLFKå�SRPRFt�MH�PRåQp�

vytisknout ]DNĜLYHQp�VWČQ\�D�VYLVOp QRVQp�SUYN\�URGLQQêFK dcRPĤ��7RWR�ĜHãHQt�QDEtGOD 

VSROHþQRVW�$SLV�&RU�(viz obr. 5).  

 

2EUi]HN�5: Stavba domu 3D tiskem s SRXåLWtP�SHYQpKR�URERWLFNpKR�UDPHQD [11] 

.URPČ� QLFK� ãSDQČOVNê� VWDUWXS� %H�0RUH� �'� YH� VSROXSUiFL� V� 8QLYHU]LWRX� YH� 9DOHQFLL�

Y\YLQXO��'�WLVNiUQX�VFKRSQRX�Y\WLVNQRXW�GRP\�R�SORãH����P2 za 12 hodin. Tuto dobu lze 

]NUiWLW�QD���KRGLQ�SĜL�WLVNX�PD[LPiOQt�U\FKORVWt��1DNRQHF�E\O\�SURYHGHQ\�L�WHVW\�QD�SRXåLWt�

URERWLFNpKR� UDPHQH�� Y� WRPWR� SĜtSDGČ� YãDN� PRELOQtKR�� WHG\� WDNRYpKR�� NWHUp� MH�

QDPRQWRYiQR�QD�PRELOQtP�YR]LGOH��3URMHNW�<KQRYD�Y�1DQWHV�XPRåQLO� WLVN�]WUDFHQpKR�

EHGQČQt� ]� SRO\XUHWDQRYp� SČQ\� NWHUi IXQJXMH� MDNR� WHSHOQČ-L]RODþQt� PDWHULiO� Y\SOQČQê�

VDPR]KXWQLWHOQêP�EHWRQHP��7\WR�VWČQ\�VH�SRXåtYDMt�SUR�VWDYEX�URGLQQêFK�GRPĤ�Y Nantes 

(viz obr. 6). Tento projekt pĜHGVWDYXMH JOREiOQt� SUYHQVWYt� Y� PRåQRVWL�  REêYDW GĤP  

SĜL�VSOQČQt�EH]SHþQRVWQtFK�VWDQGDUGĤ [11]. 
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2EUi]HN�6��5RGLQQê�GĤP�Y 1DQWHV�Y\UREHQê��'�WLVNHP [12] 

7\S\�URERWĤ�SUR�~þHO��'�WLVNX�EXGRY 

7HFKQRORJLH� H[WUX]QtKR tiskX� E\O\� D� QDGiOH� MVRX� Y\YtMHQ\� SUR� WLVN� SUYNĤ� D� VWUXNWXU�

UĤ]QêFK�YHOLNRVWt�D�]D�UĤ]QêFK�SRGPtQHN��9�]iYLVORVWL�QD�YHOLNRVWL�SUYNĤ��NWHUp�VH�PDMt�

WLVNQRXW��SUYN\�EXGRY\��GUREQp�NRQVWUXNFH�± URGLQQp�GRP\�QHER�YtFHSDWURYp budovy), 

EXGH�N�SRK\EX�WLVNRYp�KODY\�SRXåLWD�UĤ]Qi�URERWLFNi�WHFKQRORJLH� 

3UR�WLVN�NRQVWUXNþQtFK�SUYNĤ�MH�N�GLVSR]LFL�QČNROLN�URERWLFNêFK�WHFKQRORJLt��1HMþDVWČML�

SRXåtYDQRX� WHFKQRORJLt� MH� ãHVWLRVp� URERWLFNp� UDPHQR (viz obr. 7)�� NWHUp� XPRåĖXMH�

SURYiGČW�SUiFH�R�REMHPX�RG���GR�QČNROLND�PHWUĤ�NU\FKORYêFK�� -VRX�SĜLGiQ\�SRPČUQČ�

VORåLWp� V\VWpP\�� NWHUp� SĜL]SĤVREXMt� U\FKORVW� SRVWXSX� URERWX� YêVWXSQtPX� SUĤWRNX�

PDWHULiOX [11]. 
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2EUi]HN�7: 3ĜtNODG�ãHVWLRVpho URERWLFNpho ramene [13] 

)LUPD� &D]]D� &RQVWUXFWLRQ� �86�� WDNp� Y\YLQXOD� PRELOQt� URERW� WRKRWR� W\SX, viz obr. 8. 

0ĤåHPH�VL�SURWR�SĜHGVWDYLW�LPSOHPHQWDFL�WêPX�YtFH�URERWĤ�SUR�]YêãHQt�D�RSWLPDOL]DFL�

YêUREQtFK�U\FKORVWt� 

 

2EUi]HN�8��0RELOQt�URERW [14] 

7LVN�YtFHSDWURYêFK�EXGRY 

7HFKQRORJLH� ]DORåHQi� QD� RYOiGiQt�PRVWRYêFK� MHĜiEĤ� MH� WDNp� EČåQêP� ĜHãHQtP�SUR� tisk 

REMHNWĤ D� NRQVWUXNþQtFK� SUYNĤ� ]� PDWHULiOĤ� QD� Ei]L� FHPHQWX�� 7XWR� WHFKQLNX� SRXåtYi 

QDSĜtNODG� WêP� YHGHQê� 'U�� %XVZHOOHP� QD� XQLYHU]LWČ� Y� /RXJKERURXJK�� D� WDNp� WêP� 

z univerzity v Eindhovenu. ZiNODGQt�P\ãOHQND�� QD� NWHUp� MH� WDWR� WHFKQLND� ]DORåHQD�� MH�
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SRGREQi� SURYR]X� NRQYHQþQtFK� SDStURYêFK� WLVNiUHQ, ale V� SRXåLWtP� MHĜiEX�� NWHUê� O]H�

XPtVWLW�QDG�SRYUFK�PRVWX. K WRPX�VH�SĜLGiYi�YêãNRYp�RYOiGiQt�MHĜiEX�Y]KOHGHP�N�~URYQL�

REMHNWX�� NWHUê� je MLå� Y\WLsknut. 9� VRXþDVQp� GREČ� VH� SĜLSUDYXMH� UR]ãtĜHQt� QD� YêVWDYEX�

YtFHSRGODåQtch budov��FRå Y\åDGuje YêYRM��SĜL]SĤVREHQt�]YHGDFtKR�D�PČĜtFtKR�]DĜt]HQt�

SUR�SURJUDPRYiQt�WUDMHNWRULt�Y�EORFtFK�R�UR]SČWt SĜLEOLåQČ�GHVHW�PHWUĤ. 9�VRXþDVQp�GREČ�

VH�Y\YtMt�QČNROLN�ĜHãHQt��MDNR�MH�SRXåLWt�SRUWiORYêFK�MHĜiEĤ (viz obr. 9)., MHĜiEĤ (viz obr. 

10) nebo URERWĤ [8]. 

 

2EUi]HN�9��3RUWiORYê�MHĜiE�VFKRSQê�]DMLVWLW�WLVN�YtFHSDWURYp�EXGRY\ [15]  

6OLEQêP� ĜHãHQtP� VH� MHYt� L� SRXåLWt� MHĜiEĤ� D� DXWRMHĜiEĤ�� NWHUp� MVRX� SĜL� SĜHPČQČ�betonu 

VFKRSQp� Y\NRQiYDW� YČWãt� REMHP� SUiFH� Y� SURVWRUX�� NWHUê� ]DEtUi� YtFHSDWURYi� EXGRYD�� 

7DWR�ĜHãHQt�MVRX�Y�VRXþDVQp�GREČ�YH�Ii]L�NRQFHSWX�QHER�YH�Ii]L�YêYRMH��QDSĜtNODG�SURMHNW�

&RQSULQ�'�Y\YLQXWê�7HFKQLFNRX�XQLYHU]LWRX�Y 'UiåćDQHFK [11]. 

3ĜHFKRG�QD�WHQWR�UR]VDK�WLVNX�Y\åDGXMH�]QDþQp�PQRåVWYt�SUiFH�V�RYOiGiQtP�SRORKRYiQt� 

D�VH�]RKOHGQČQtP�SRGPtQHN�SURVWĜHGt� �YtWU��GpãĢ���.�WRPX� je QH]E\WQp�k WLVNRYp�KODYČ�

nainstalovat J\URVNRS\�D�NRPSHQ]DþQt�WHFKQLNX, viz obr. 10. 7R�MH�SĜHGPČWHP�SDWHQWX�

Y\YLQXWpKR� WêPHP� $P]LDQH�� *RGLKR� D� 3KHOLSpKR� ]� XQLYHU]LW\� &OHUPRQW� $XYHUJQH�� 

NWHUê�LQVWDORYDO�J\URVNRSLFNp�V\VWpP\�SUR�VWDELOL]DFL�WLVNiUQ\�SĜLSRMHQp�N�MHĜiEX��7HQWR�

GHVLJQ�MH�VFKRSHQ�Y\WLVNQRXW�YtFHSDWURYRX�EXGRYX��SURWRåH�MHĜiE�SRNUêYi�celou oblast 

SĤGRU\VX budovy [11]. 
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2EUi]HN�10��-HĜiE�QHVRXFt�WLVNRYRX�KODYX�V gyroskopem [11] 

OPH]HQt 3D tisku 

$E\� E\OR� PRåQp� VNXWHþQČ� GRViKQRXW� SRXåLWt 3D tisku vytlDþRYiQtP�GHSR]LFt SĜtPR� 

QD� VWDYHQLãWL (in-situ)�� MH� WĜHED� SĜHNRQDW� QČNROLN� REWtåt� VrstveQê� povrch QHPXVt� EêW� 

pro NRQHþQp� XåLYDWHOH� SĜtOLã� HVWHWLFNê�� 'DOãt� SUREOpP�� NWHUê� E\� PČO� EêW� GRVWDWHþQČ�

]NRXPiQ��je mHFKDQLND�VSRMĤ�QD�UR]KUDQt�PH]L�YUVWYDPL. .URPČ�WRKR�je nutno zajistit,  

åH�WRWR�UR]KUDQt�QHSRVN\WQH�FHVWX�SUR�YVWXS�OiWHN��NWHUp�MVRX�DJUHVLYQt�YĤþL�PDWHULiOĤP�

QD�Ei]L�FHPHQWX� 

1DYtF� Y� SĜtSDGČ� NRQYHQþQtFK� EHWRQRYêFK� NRQVWUXNFt� EXGH� QXWQp� QDMtW� ]SĤVRE\�� MDN�

]SHYQLW� EHWRQ� SRPRFt� Yê]WXåQêFK� NRQVWUXNFt�� NWHUp� PRKRX� SRVN\WQRXW� SRåDGRYDQp 

PHFKDQLFNp� YODVWQRVWL� tLVNQXWêFK PDWHULiOĤ SĜL� WDKRYpP� QDPiKiQt. Pevnost betonu 

v WODNX�EêYi�Då���NUiW�Y\ããt�QHå�SHYQRVW�Y tahu. -HGQtP�]�SĜHGEČåQêFK�ĜHãHQt�PĤåH�EêW�

YêURED� WYDUĤ�� NWHUp� PRKRX� RPH]LW� WDKRYp� QDSČWt, jako jsou NOHQXWp� VWDYHEQt� SUYN\� 

a konstrukce, viz obr. 11. 
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2EUi]HN 11: .OHQXWi�EXGRYD�Y\WYRĜHQi�SURFHVHP��'�WLVNX�[16] 

.URPČ�WRKR, ĜHãHQt�SUR�WLVN�PDWHULiOĤ�QD�Ei]L�FHPHQWX�Y\WODþRYiQtP�RPH]XMt�VYRERGX�

DUFKLWHNWĤ��3ĜHFKRG�]e VYLVOp konstrukce na vodorovnou PĤåH�HIHNWLYQČ�SUREtKDW�SRX]H�

YHOPL�SR]YROQD��SURWRåH�PDWHULiO\�QD�Ei]L�FHPHQWX�Y�þHUVWYpP�VWDYX�QHO]H�XNOiGDW�V�SĜtOLã�

YHONêP� SĜHYêãHQtP�� DQLå� E\� VH� GHIRUPRYDO\�� 7RWR� RPH]HQt� MH� PRåQR� ĜHãLW� SRXåLWtP�

SRGSČU�QHER�GRþDVQêFK�SRGSČU [11]. 

2.3.5 PRXåLWt�YOiNHQ v 3D tisku 

Aby E\OR�]DMLãWČQR�Y\YLQXWt�FR�QHMPHQãtFK�WDKRYêFK�VLO�QD PDWHULiO\�QD�Ei]L�FHPHQWX��

PQRKR�VWXGLt�QDYUKOR�SĜLGiQt�YOiNHQ�GR�VPČVL�SUR�WLVN��7HVWRYDQi�YOiNQD�MVRX�Y\UREHQD�

]�QČNROLND�UĤ]QêFK�PDWHULiOĤ��VNOR��þHGLþ� XKOtN� polypropylen a ocel. 

6RXKUQQČ�W\WR�VWXGLH�SURND]XMt�]YêãHQt�WDåQRVWL�PDWHULiOX�V�YêUD]QêP�]YêãHQtP�SHYQRVWL�

Y�WDKX�SĜL�]DWtåHQt�Y�RK\EX� 1LFPpQČ��SURFHV�Y\WODþRYiQt�þLQt�PDWHULiO�QD�Ei]L�FHPHQWX�

Y\VRFH�DQL]RWURSQtP��3URWR�PXVtPH�Y]tW�Y�~YDKX�RULHQWDFL�YOiNHQ�D�GRNRQFH�L�YOLY��NWHUê�

PDMt�EČKHP�Y\WODþRYiQt�D�XNOiGiQt�SRPRFt�WHRULt�]DORåHQêFK�QD�reologii YOiNQREHWRQX 

[8]. 

1LFPpQČ�v UHãHUãQt�þiVWL R�Y\]WXåHQt� tisknutêFK�EHWRQRYêFK�NRQVWUXNFt�$VSURQH�HW� DO��

[17] QD]QDþXMt��åH�SĜLGiQt�YOiNHQ�QHPXVt�EêW�GRVWDWHþQp�SĜL�Y\VRNpP�QDPiKiQt�Y�WDKX��
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1DYtF�PXVt�EêW�UR]KUDQt�PH]L�vrstvami XSUDYHQR�WDN��DE\�YOiNQD�SUonikala mezi vrstvy. 

Jinak by se spoje mezi vrstvami SĜtOLã�PHFKDQLFN\�QDStQDO\� 

Ocelovi�ODQND�XPtVWČQD YH�Y\WODþRYDQpP�PDWHULiOX 

$OWHUQDWLYQt� ĜHãHQt�QDYUKOL�Yê]NXPQtFL�]�7HFKQLFNp�XQLYHU]LW\�Y�(LQGKRYHQX��SpRþtYi� 

Y�XORåHQt�RFHORYpKR� lanka v PDWHULiOX�QD�Ei]L�FHPHQWX��2FHORYi� ODQND jsou REVDåHQa  

ve vrsWYČ� XORåHQpKR� EHWRQX� D� ]DMLãĢXMt� SHYQRVW� Y� RK\EX� tisknutpKR FHPHQWRYpPX�

PDWHULiOX [18]. 

ÒþLQHN�Yê]WXåH�MH�YãDN�RPH]HQ�QD�VPČU\�NROPp�QD�QDQHVHQRX�YUVWYX�PDWHULiOX��3UĤPČU�

lanka MH�]PHQãHQ�WDN��DE\�E\O�SĜL�WLVNX�SUXåQê��3URWR�MH�~þLQQRVW WpWR�WHFKQLN\�Y\]WXåHQt�

omezena�� 7\WR� VWXGLH� SRXåLO\� Y\VRFH� YêNRQQi� (high-performance) RFHORYi� ODQka  

R�SUĤPČUHFK����� ± 1���PP��NWHUi�VH�OLãt�RG�VWDQGDUGQtFK�SUĤPČUĤ�SRXåtYDQêFK�Y�REODVWL 

åHOH]REHWRQX� 

7DWR� PHWRGD� PXVt� EêW� VSROHKOLYČMãt�� DE\� E\OR� PRåQp� ~VSČãQČ� QDYUKQRXW� NRQVWUXNþQt�

VRXþiVWL��MDNR�MVRX�YQLWĜQt�Yê]WXåQp�svazky��3URWR�PXVt�EêW�QiYUK�NRWHYQtFK�ERGĤ�D�NYDOLWD�

UR]KUDQt� Yê]WXå/matrice jasQČ� GHILQRYiQD�� DE\� VH� GRViKOR� VSROHKOLYpKR� D� RSWLPiOQtKR�

NRQVWUXNþQtKR�QiYUKX�SRPRFt�WpWR�WHFKQLN\�Y\]WXåHQt [11]. 

2.4 Adheze YOiNHQQêFK�Yê]WXåt�N�EHWRQX 

Aby E\OR� GRVDåHQR� Y\VRNêFK� XåLWQêFK� YODVWQRVWt YOiNQREHWRQX�� MH� WĜHED� zajistit 

GRVWDWHþQČ�SHYQp�VSRMHQt�Y PH]LIi]RYpP�UR]KUDQt��W]Y��PH]LIi]L, kde se YOiNHQQi�Yê]WXå�

s betonem VWêNDMt�� Beton SĜHQiãt DSOLNRYDQRX� ]iWČå� QD� YOiNQD� D� FKUiQt� MH� 

SĜHG� QHSĜt]QLYêPL� YOLY\� SURVWĜHGt�� 6RXGUåQRVW� Yê]WXåt� V� EHWRQHP�PĤåH� EêW� ]OHSãHQD�

SRXåLWtP�DGKH]LY� 

$GKH]H�QHEROL�SĜLOQDYRVW�je schopnost spojit povrchy dvou podobnêFK�QHER�UĤ]QêFK�W\SĤ�

PDWHULiOX��3UR�]OHSãHQt�DGKH]H�YOiNHQQêFK�Yê]WXåt�N�EHWRQX�VH�SRXåtYDMt�WHNXWp�FKHPLFNp�

SĜtVDG\��DGKH]LYD) [19].  

0H]LIi]RYp UR]KUDQt 

0H]LIi]RYp� UR]KUDQt� QHEROL� PH]LIi]H (viz obr. 12) MH� REODVWt� NRPSR]LWX� QD� KUDQLFL� 

PH]L�PDWULFt�D�Yê]WXåt���+ODYQtP�~NROHP�PH]LIi]H�MH�SĜHQRV�QDSČWt�] PDWULFH�QD�Yê]WXå��

0DWULFH�]iURYHĖ�FKUiQt�Yê]WXå�SĜHG�YOLYHP�YQČMãtKR�SURVWĜHGt [19]. 
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2EUi]HN�12��0H]LIi]RYp�UR]KUDQt�[20] 

2.4.1 3RXåtYDQi�DGKH]LYD 

3RO\HVWHURYi�SU\VN\ĜLFH 

-HGQRX� MHMt� VORåNRX� MH� QHQDV\FHQi� NDUERQRYi� N\VHOLQD� D� GDOãt� VORåNRX� MH� DONRKRO��

PryskyĜLFH� MH� UR]SXãWČQD�Y PRQRPHUQtP�UR]SRXãWČGOH� �þDVWR�YH�VW\UHQX��� VH�NWHUêP� MH�

NRSRO\PHUL]RYDWHOQi��6 SRPRFt� WYUGLGHO�� WM�� LQLFLiWRUĤ��XU\FKORYDþĤ��NDWDO\]iWRUĤ�� DWG���

PRKRX�EêW�SRO\HVWHURYp�SU\VN\ĜLFH�Y\WYU]HQ\�SRO\DGLþQt�UHDNFt��3RO\HVWHURYi�SU\VN\ĜLFH�

se SRXåtYi� N RSUDYiP� ODPLQiWRYêFK� SĜHGPČWĤ�� DOH� WDNp� N YêUREČ� ODPLQiWĤ� NRQWDNWQt�

WHFKQRORJLt��QDYtMHQtP�D�LQMHNþQtP�ODPLQRYiQtP��GiOH�N YêUREČ�GHVNRYêFK�NRQJORPHUiWĤ�

z SĜtURGQtKR�NDPHQH��6 SRO\HVWHURYRX�SU\VN\ĜLFt�VH�GRSRUXþXMH�SUDFRYDW�U\FKOH�D�YHOPL�

opatrnČ�� 3RO\HVWHURYi� SU\VN\ĜLFH� SR� YPtFKiQt� LQLFLiWRUX� YHOPL� U\FKOH� WYUGQH� �GR� ���

PLQXW���0ĤåH� ]SĤVRELW� DOHUJLFNRX� NRåQt� UHDNFL�� YiåQp� SRGUiåGČQt� Rþt��PĤåH� ]SĤVRELW�

SRGUiåGČQt�GêFKDFtFK�FHVW��GiOH�MH�KRĜODYi�D�SR�SRåLWt�D�YQLNQXWt�GR�GêFKDFtFK�FHVW�PĤåH�

]SĤVRELt smrt [19].  

(SR[LGRYi�SU\VN\ĜLFH 

Adheziva z HSR[LGRYp� SU\VN\ĜLFH� MVRX� Qt]NRPROHNXOiUQt� OiWN\�� 5HDNFH� HSR[LGRYêFK�

SU\VN\ĜLF�MH�UHDNFH�PH]L�HSR[LG\�D�SROiUQtPL�OiWNDPL��0ĤåH�SUREtKDW�GYČPD�]SĤVRE\� 

a) 3RO\PHUDFH�DGLFt��SRO\DGLFH��SĜL�YêUREČ�OHSLGHO 

1HMGĤOHåLWČMãtP�NURNHP�MH�SĜLGiQt�Y\VRFH�SROiUQt�VORXþHQLQ\��WYUGLGOD���-DNR�WYUGLGOD�

VH�þDVWR�SRXåtYDMt�DPLQ\��þtPå�Y]QLNi�SURGXNW��NWHUê�REVDKXMH�GYČ�VNXSLQ\�V vysokou 

polaritou ± WHG\� DPLQRVNXSLQX� D� K\GUR[\ORYRX� VNXSLQX�� NWHUp� REČ� SRGSRUXMt�

DGKH]LYQt�YODVWQRVWL�SU\VN\ĜLFH��3ĜL�SRO\DGLFL�GRFKi]t�N ĜHWČ]RYp�UHDNFL�D�QHY]QLNi�

]GH�åiGQê�YHGOHMãt�SURGXNW� 
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b) Polymerace s RWHYĜHQtP�NUXKX 

-DNPLOH� MH� UHDNFH� LQLFLRYiQD�� RWHYĜH� VH� HSR[\-HWK\OHQRYê� NUXKX� SRPRFt� DGLþQt�

UHDNFH�� 5HDNFH� RWHYtUiQt� NUXKX� PĤåH� EêW� NDWDO\]RYiQD� EXć� N\VHOH�� QHER�

NDWDO\]RYiQD� QHQXNOHRILOQtPL� Ei]HPL�� 3RþiWHþQt� RWHYĜHQt� NUXKX� VSXVWt� ĜHWČ]RYRX�

UHDNFL�� WDWR� SRO\PHUDFH� Y\åDGXMH� SRX]H� PDOp� SĜLGiQt� LQLFLiWRUX� 1HYêKRGRX�

SRO\PHUDþQt� UHDNFH� V�RWHYĜHQtP�NUXKX� MH�� åH�SR�SĜLGiQt� LQLFLiWRUX�SUREtKi� UHDNFH�

YHOPL�U\FKOH�D�QD�]SUDFRYiQt�]EêYi�MHQ�NUiWNi�GRED [19].  

&KHPLFNi�NRWYD� 

&KHPLFNi�NRWYD�MH�GYRXVORåNRYp�OHSLGOR��SUYQt�VORåND�MH�QD�Ei]L�SU\VN\ĜLFH��SRO\HVWHURYp�

QHER� YLQ\OHVWHURYp�� D� GUXKRX� VORåNRX� MH FHPHQW��0ĤåH� EêW� SRXåLWD� MDN� Y SOQêFK�� WDN� 

L�Y�GXWêFK�PDWHULiOHFK�SUR�NRWYHQt�EHWRQX��FLKHO��NDPHQH��EHWRQRYêFK�WYiUQLF��SyURYLWpKR�

EHWRQX��GČURYDQêFK�FLKHO� RFHORYêFK�NRQVWUXNFt��IDViG [19].  

2.5 7HVWRYiQt�PHFKDQLFNêFK�YODVWQRVWt VWDYHEQtFK�YêURENĤ 

.DåGi�VWDYHEQt�NRQVWUXNFH�þL�NRQVWUXNþQt�QRVQê�SUYHN�MH�RYOLYQČQ�SĤVREHQtP�RNROQtKR�

SURVWĜHGt�� 'ĤVOHGNHP� WRKRWR� SĤVREHQt� PRKRX� EêW� I\]LNiOQt� QHER� PHFKDQLFNp� ]PČQ\�

NRQVWUXNFt�þL�NRQVWUXNþQtFK�SUYNĤ��7HVWRYiQt�PHFKDQLFNêFK�YODVWQRVWt�PĤåHPH�UR]GČOLW�

QD�]NRXãN\�GHVWUXNWLYQt��VHPLGHVWUXNWLYQt a QHGHVWUXNWLYQt� 

3ĜHG�XYHGHQtP�GR�MHGQRWOLYêFK�]NRXãHN�PHFKDQLFNêFK�YODVWQRVWt�MH�SRWĜHED�VL�ĜtFL�QČFR�

k GHIRUPDFtP� 'HIRUPDFH�WČOHV�MVRX�GČOHQp�na: 

x GHIRUPDFH�SUXåQp��HODVWLFNp��± SR�RGVWUDQČQt QDSČWt�deformace Y\PL]t��WČOHVR�VH�YUDFt�

GR�SĤYRGQtKR�WYDUX), 

x GHIRUPDFH� QHSUXåQp� �SODVWLFNp� ± SR� RGVWUDQČQt� QDSČWt� deformace ]ĤVWiYi� �WČOHVR� 

VH�GR�SĤYRGQtKR�VWDYX�QHYUDFt�� 

3UXåQi� GHIRUPDFH� MH� VORåHQD� ]H� GYRX� þiVWt� ± z RNDPåLWpKR� SUXåQpKR� SĜHWYRĜHQt� 

a z GRSUXåRYiQt. PUXåQp� SĜHWYRĜHQt� QDVWiYi� RNDPåLWČ� V SĜtUĤVWNHP� �]PČQRX�� KODGLQ\�

QDSČWt�� 'RSUXåRYiQt� QHEROL� GRWYDURYiQt� QDVWiYi� RSRåGČQČ� D� V� RGVWUDQČQtP QDSČWt�

SRVWXSQČ�Y\PL]t�� 

1HSUXåQi�þiVW�GHIRUPDFH�MH�GHIRUPDFt��NWHUi�QHXVWiOH�URVWH�V þDVHP�SĜL�NRQVWDQWQt�KODGLQČ�

QDSČWt�� Tato deformace se pURMHYXMH� KODYQČ� X� VORåHQêFK� KPRW, MDNR� MH� QDSĜ�� EHWRQ��

1HSUXåQi�GHIRUPDFH�SR�RGOHKþHQt SUĤEČKHP�þDVX�QHY\PL]t�� 
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0ČĜHQt�YHOLNRVWL�GHIRUPDFt�VH�SURYiGt�]D�~þHOHP�VWDQRYHQt�SUĤEČKX�QDSČWt�NRQVWUXNFt��

3UR�PČĜHQt�GHIRUPDFt�SĜL�]QiPpP�QDSČWt�MH�]DSRWĜHEt�]QiW�PRGXO�SUXåQRVWL�D�3RLVVRQRYR�

þtVOR�SRXåLWpKR�PDWHULiOX [21]. 

2.5.1 7HVWRYiQt�SHYQRVWL 

3HYQRVW� MH� PHFKDQLFNi� YODVWQRVW�� NWHURX� PĤåHPH� GČOLW� QD� YtFH� GUXKĤ�� 5R]OLãXMHPH 

pevnost v tahu, pevnost v tlaku, pevnost v RK\EX�� WRU]Qt� SHYQRVW� �Y� NUXWX��� Ui]RYi�

pevnost. 

=NRXãND�SHYQRVWL�betonu v tlaku 

=NRXãND�SHYQRVWL�EHWRQX�Y�WODNX�MH�SRSViQD�Y�QRUPČ�ý61�(1�12390-3. =NRXãNX�SHYQRVWL�

v WODNX�PĤåHPH�GČOLW�QD�]NRXãNX�Y SURVWpP�WDKX�D�Y SĜtþQpP�WDKX��3URYiGt�VH�QD�Y]RUFtFK�

tvaru:  

a) krychle (150ൈ150ൈ150 mm),  

b) YiOce �K� ������������PP�,  

c) MiGURYpKR YêYUWu. 

 

=NRXãND� VH�SURYiGt�Y� OLVX� V� FHORSORãQêP�]DWČåRYiQtP��GRNXG� VH�QD�Y]RUNX�QHY\WYRĜt�

FKDUDNWHULVWLFNê�NXåHO�RG�SĜtþQêFK�WDKĤ� 

ߪ  ൌ ܣ௫ܨ  (2)  

ıc ± pevnost v tlaku [MPa], Fmax ± PD[LPiOQt�VtOD�SĜL�]DWČåRYiQt�>1@��Ac ± SORFKD�SUĤĜH]X�

[mm2] [22] 

 

=NRXãND�SHYQRVWL�betonu v SURVWpP�WDKX 

=NRXãND� SHYQRVWL� Y SURVWpP� WDKX� VH� SURYiGt� MHQ� YêMLPHþQČ�� EČåQČMãtPL� ]NRXãNDPL� 

pro EHWRQ�MVRX�]NRXãN\�Y SĜtþQpP�WDKX�QHER�Y WDKX�]D�RK\EX��7DWR�]NRXãND�VH�SURYiGt� 

QD� WUiPFtFK�� YêMLPHþQČ� SDN� QD� YiOFL� QHER�QD� MiGURYêFK�YêYUWHFK��.RPSOLNDFL� SĜLQiãt�

QXWQRVW�SĜLOHSHQt�RFHORYêFK�GHVWLþHN�NH�Y]RUNX��3ĜLOHSHQt�PXVt�PtW�Y\ããt�SHYQRVW�QHå�MH�

pevQRVW�]NRXãHQpKR�Y]RUNX� 9êVOHGQi�SHYQRVW�Y SURVWpP�WDKX�VH�XUþt�SRGOH�QiVOHGXMtFtKR�

vzorce. 
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ߪ ൌ ܣ௫ܨ  

(3)  

ıp ± pevnost v SURVWpP�WDKX [MPa], Fmax ± PD[LPiOQt�]DWtåHQt [N], Ac ± SORFKD�SUĤĜH]X�

v PtVWČ�SĜHUXãHQt [mm2] 

=NRXãND�SHYQRVWL�EHWonu v SĜtþQpP�WDKX 

1HMUR]ãtĜHQČMãt� ]SĤVRE� WHVWRYiQt� SHYQRVWL� Y tahu EHWRQX� MH� ]NRXãND v SĜtþQpP� WDKX�  

-H�SRSViQD�Y QRUPČ�ý61�(1������-6. 3RXåtYDQp�Y]RUN\�SUR�WXWR�]NRXãNX�MVRX�YH�WYDUX�

YiOFH�QHER�NU\FKOH��9êVOHGQi�SHYQRVW�Y SĜtþQpP�WDKX�VH�XUþt�SRGOH�QiVOHGXMtFtKR�Y]RUFH. 

[23] 

௧ߪ  ൌ ʹ ή ߨ௫ܨ ή ݈ ή ݀  (4)  

ıc ± pevnost v SĜtþQpP�WDKX [MPa], Fmax ± PD[LPiOQt�]DWtåHQt [N], l ± GpONRYê�UR]PČU 

WČOHVD [mm], d ± SĜtþQê�UR]PČU�WČOHVD [mm] [24] 

=NRXãND�SHYQRVWL�EHWRQX�WĜtERGRYêm ohybem  

7ĜtERGRYê�RK\E�MH�SRSViQ�Y�QRUPČ�ý61�(1������-���9]RUHN�VH�]DWČåXMH�MHGQRX�VLORX�

XSURVWĜHG� QRVQtNX� D� Y� WRPWR� PtVWČ� Y]QLNi� NRPELQDFH� H[WUpPX� RK\ERYpKR� PRPHQWX� 

D�SRVRXYDMtFt�VtO\� Pevnost v WĜtERGRYpP ohybu pro vzorky 40ൈ40ൈ16��PP�VH�Y\SRþtWi�

SRGOH�QiVOHGXMLFtKR�Y]RUFH [25]. 

ߪ  ൌ Ǥܨʹ͵ ݈݄ଷ  (5)  

F ± RK\ERYi�ORPRYi�VtOD�>1@��l ± Y]GiOHQRVW mezi SRGSČUDPL [mm], h ± YêãND�SUĤĜH]X�

hranolu [mm] 

.RQHþQêP�YêVOHGNHP�MH�SUĤPČU�]tVNDQê z PLQLPiOQČ���PČĜHQêFK�Y]RUNĤ [26]. 

=NRXãND�SHYQRVWL�EHWRQX�þW\ĜERGRYêP�RK\EHP 

Vzorek VH�]DWČåXMH�GYČPD�VLODPL a v REODVWL�PH]L�WČPLWR�VLODPL�GRFKi]t�N PD[LPiOQtPX�

QDPiKiQt� Y]RUNX. 5R]GtOHP� RSURWL� WĜtERGRYpPX� RK\EX� MH�� åH� Y REODVWL� PH]L� GYČPD�

]DWČåRYDFtPL� VLODPL� QHY]QLNDMt� åiGQp� VP\NRYp� VtO\ (viz obr. 13). Pevnost  
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YH�þW\ĜERGRYpP�RK\EX�SUR�Y]RUN\���ൈ40ൈ160 mm��NGH�MH�Y]GiOHQRVW�SĤVREtFtFK�VLO�����

Y]GiOHQRVWL�SRGSČU� VH�Y\SRþtWi�SRGOH�QiVOHGXMtFtKR�Y]RUFH� 

ߪ  ൌ Ͷ͵ܨǤ ݈݄ଷ  (6)  

F ± RK\ERYi�ORPRYi�VtOD�>1@��l ± Y]GiOHQRVW�PH]L�SRGSČUDPL�>PP@��h ± YêãND�SUĤĜH]X�

hranolu [mm] 

3HYQRVW� YH� þW\ĜERGRYpP� RK\EX� SUR� Y]RUN\� ��ൈ40ൈ���� PP�� NGH� MH� Y]GiOHQRVW�
SĤVREtFtFK�VLO�����Y]GiOHQRVWL�SRGSČU��VH�Y\SRþtWi�SRGOH�QiVOHGXMtFtKR�Y]RUFH. 

ߪ  ൌ Ǥܨ ݈݄ଷ  (7)  

F ± RK\ERYi�ORPRYi�VtOD�>1@��l ± Y]GiOHQRVW�PH]L�SRGSČUDPL�>PP@��h ± YêãND�SUĤĜH]X�

hranolu [mm] 

 

2EUi]HN�13: 6FKpPD�WĜtERGRYpKR�D�þW\ĜERGRYpKR�RK\EX�[25] 
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=NRXãND�SHYQRVWL �KRXåHYQDWRVWL��EHWRQX�Y Ui]X� 

5i]RYi�]NRXãND�KRXåHYQDWRVWL� MH�YČWãLQRX�SURYiGČQD�QD�&KDUS\KR NODGLYČ��QD�NWHUpP� 

VH� ]MLãĢXMH YUXERYi� KRXåHYQDWRVW� PDWHULiOX�� 2EY\NOH� MVRX� WHVWRYiQ\� Y]RUN\�

REGpOQtNRYpKR�SUĤĜH]X��3HYQRVW�Y Ui]X�VH�SRþtWi�SRGOH�QiVOHGXMtFtKR vzorce. 

 ܽே ൌ ܣܧ  (8)  

aN ± Ui]RYi�KRXåHYQDWRVW��SHYQRVW�Y Ui]X��>-Ǥm-2], Ec ± HQHUJLH�VSRWĜHERYDQi�SĜL�SĜHUDåHQt�

vzorku [J], A ± SORFKD�SUĤĜH]X�Y PtVWČ�SĜHUDåHQt�Y]RUNX�>P2] 

7HVWRYiQt�VRXGUåQRVWL�Yê]WXåH�V betonem Y\WDKRYDFt�PHWRGRX 

V\WDKRYDFt� ]NRXãND� MH� W\SLFNi� PHWRGD� SRXåtYDQi� N� SRFKRSHQt� MHYX VRXGUåQRVWi 

VRXYLVHMtFtKR�V�Y\]WXåHQêP�EHWRQHP. Tato metoda VSRþtYi�Y SURYHGHQt�]NRXãN\�WDKHP�

YOiNHQ� VSRMHQêFK� XNRWYHQêFK� Y EHWRQRYp� PDWULFL. 6RXGUåQRVW� YOiNHQQp� Yê]WXåH�

s betonem ɒm VH�Y\SRþtWi�] QiVOHGXMtFtKR�Y]RUFH� 

 ߬ ൌ   (9) ��ܽ�Ǥܨ

Fm ± VtOD�QD�PH]L�SRUXãHQt�VRXGUåQRVWL�YOiNHQQp�Yê]WXåH�V betonem [N], a ± NRWHYQt�GpOND�

[mm], o ± REYRG�SUĤĜH]X�>PP@ 

3UR�WXWR�]NRXãNX�MH�QXWQp�SĜLSUDYLW�NYDOLWQČ�SURV\FHQp�vzorky Y\EUDQêP�DGKH]LYHP� Je 

WDNp�GĤOHåLWp��DE\�E\OD�SHYQRVW�YOiNHQ�Y WDKX�YČWãt�QHå�SHYQRVW�VSRMHQt Yê]WXåH�V�EHWRQHP. 

.RPSR]LWQt� Y]RUHN� MH� QDPiKiQ� SRVWXSQČ� QDUĤVWDMtFt� WDKRYRX� VLORX� Då do Y\WDåHQt 

Yê]WXåH�� -HGLQp� VtO\� ]D]QDPHQDQp� RG� RNDPåLNX� SĜHUXãHQt� VSRMHQt� MVRX� WĜHFt� VtO\�PH]L�

YOiNQHP�D�PDWULFt [7; 27]. 
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3 3UDNWLFNi�þiVW 

Tento H[SHULPHQW� MH� UR]GČOHQ� QD� GYČ� þiVWL�� 3UYQt� þiVW� VH� ]DEêYi� YêURERX� ]NXãHEQtFK�

EHWRQRYêFK� WUiPNĤ�Y\]WXåHQêFK�XKOtNRYêPL�DQHER�þHGLþRYêPL� URYLQJ\��QD�NWHUp� jsou 

apliNRYiQ\���GUXK\�DGKH]LY (SRO\HVWHURYi�SU\VN\ĜLFH�QHER�FKHPLFNi�NRWYD). Tyto vzorky 

MVRX� WHVWRYiQ\� WĜtERGRYêP�RK\EHP� 9H� GUXKp� þiVWL� MVRX� Y\UREHQ\� ]NXãHEQt EHWRQRYp 

YiOHþN\�Y\]WXåHQp�WDNWpå�XKOtNRYêPL�QHER�þHGLþRYêPL�URYLQJ\��QD�NWHUp�MVRX��VWHMQČ�MDNR�

v SĜtSDGČ� SUYQtKR� H[SHULPHQWX�� DSOLNRYiQ\� �� GUXK\� DGKH]LY�� SRO\HVWHURYi� SU\VN\ĜLFH�

QHER�FKHPLFNi�NRWYD)��7\WR�Y]RUN\�MVRX�WHVWRYiQ\�QD�VRXGUåQRVW�Y\WDKRYDFt�PHWRGRX� 

3.1  3RXåLWp�PDWHULiO\ 

V QiVOHGXMtFtFK� SRGNDSLWROiFK� MVRX� EOtåH� VSHFLILNRYiQ\� PDWHULiO\�� NWHUp� E\O\� SRXåLW\� 

QD� YêUREX� IRUHP� SUR� RGOpYiQt� EHWRQRYêFK� ]NXãHEQtFK� Y]RUNĤ� D�PDWHULiO\� QD� YêUREX�

]NXãHEQtFK�Y]RUNĤ� 

3.1.1 MaterLiO\�SRXåLWp�QD�YêUREX�IRUem 

3UR� EHWRQRYp vzork\� E\OR� ]DSRWĜHEt� ]KRWRYLW� IRUP\�� GR� NWHUêFK E\OD� RGOLWD� EHWRQRYi�

VPČV� 3ĜL�YêUREČ�IRUHP�E\O\�SRXåLW\�tyto PDWHULiOy: dĜHYČQi�ODĢ��]iYUWQp�ãURXE\�GR�GĜHYD, 

oGSDGQt�SRWUXEt z polypropylenu. 

3.1.2 MDWHULiO\ SRXåLWp QD�YêUREX�]NXãHEQtFK vzorkĤ 

3UR� YêUREX� EHWRQRYp� VPČVL� E\O\� SRXåLW\� W\WR� PDWHULiO\: pRUWODQGVNê� FHPHQW, voda, 

SODVWLILNiWRU. PUR�Y\]WXåHQt�EHWRQX�byl\�SRXåLW\�YOiNHQQp Yê]WXåe ± rovingy. 8KOtNRYê�

roving s MHPQRVWt������WH[, SRþWHP�ILODPHQWĤ�������D MHPQRVWt�MHGQRKR�ILODPHQWX 0,67 

dtex, viz obr. 14. ýHGLþRYê� URYLQJ� � V� MHPQRVWt� ����WH[�� SRþWHP� ILODPHQWĤ� ������ 

D�MHPQRVWt�MHGQRKR�ILlamentu 1,3 dtex, viz obr. 15. 

2EUi]HN�15��ýHGLþRYê�URYLQJ�[29] 2EUi]HN�14��8KOtNRYê�URYLQJ�[28] 
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3RXåLWi�DGKH]LYD��SRO\HVWHURYi�SU\VN\ĜLFH (viz obr. 16)��FKHPLFNi�NRWYD (viz obr. 17). 

3.2 9êURED Y]RUNĤ 

V QiVOHGXMtFtFK�SRGNDSLWROiFK�MVRX�EOtåH�VSHFLILNRYiQ\�Y\UREHQp�Y]RUN\�D�MHMLFK�YêUREQt�

postupy.  

3.2.1 9êURED�EHWRQRYêFK�WUiPNĤ� 

([SHULPHQW�VH�]DREtUDO�YêURERX�D�QiVOHGQêP�]NRXãHQtP�EHWRQRYêFK WUiPNĤ WĜtERGRYêP�

ohybem. 9êVOHGQê� Y]RUHN� E\O� QDYUKQXW� MDNR� NRPSR]LWQt� PDWHULiO� WYDUX� KUDQROX� 

R�UR]PČUHFK���ൈ40ൈ����PP�VHVWiYDMtFt�VH�] EHWRQRYp�VPČVL��Yê]WXåH�Y SRGREČ�VYD]NĤ�

vOiNHQ��URYLQJĤ��D�DGKH]LYD�SUR�]YêãHQt�SĜLOQDYRVWL�PH]L�YOiNQ\�D�EHWRQRYRX�PDWULFt� 

2EUi]HN�17��&KHPLFNi�NRWYD�4XLNIL[ 

2EUi]HN�16��3RO\HVWHURYi�SU\VN\ĜLFH 
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TUiPN\�E\O\�UR]WĜtGČQ\�GR�NDWHJRULt, viz obr. 18. SSROHþQČ�V kategoriemi byly uvedeny 

zkratky �R]QDþHQ\ þHUYHQRX�EDUYRX���NWHUp�MVRX�GiOH�SRXåtYDQp�Y SUiFL� Byly vyrobeny 

Y]RUN\�EH]�Yê]WXåH�D�Y]RUN\�V Yê]WXåt�XKOtNRYpKR�URYLQJX�D�þHGLþRYpKR�URYLQJX��NWHUp�

E\O\�UR]GČOHQ\�GR�GDOãtFK���SRGNDWHJRULt��FR�VH�SRXåLWpKR�DGKH]LYD�WêþH: s polyesterovou 

SU\VN\ĜLFt�� V FKHPLFNRX� NRWYRX�� EH]� DGKH]LYD�� 9]RUN\� EH]� DGKH]LYD� E\O\� UR]GČOHQ\� 

GR�GYRX�VNXSLQ��V�MHGQtP�Yê]WXåQêP�VYD]NHP�D�VH�WĜHPL�Yê]WXåQêPL�VYD]N\ YOiNHQ. 

1HMSUYH� E\OR� ]DSRWĜHEt� Y\URELW� IRUPX� SUR� RGOLWt� EHWRQRYêFK� WUiPNĤ (viz obr. 19),  

MHMtå� WHFKQLFNê� YêNUHV� MH� XYHGHQ� Y SĜtOR]H� &. Forma byla zhotovena z GĜHYČQêFK� ODWt  

R� ãtĜFH�18 mm�� /DWČ� E\O\� oKREORYiQ\� QD� SRåDGRYDQRX� YêãNX 40 mm. 3RWp byly ODWČ�

2EUi]HN�18��5R]GČOHQt�Y]RUNĤ�GR�NDWHJRULt 
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QDĜH]iQ\�QD����NXVĤ�R�GYRX�UĤ]QêFK�GpONiFK ����NXVĤ�V GpONRX�����PP�D���NXV\�V GpONRX�

714 mm). Forma byla zhotovena pro 12 NXVĤ�WUiPNĤ� 

 

 

2EUi]HN�19: 2EUi]HN�IRUP\�EHGQČQt 

.DåGê� ]NXãHEQt� EHWRQRYê� WUiPHN� PČO� UR]PČU\� ��ൈ40ൈ160 mm �ý61� (1� ���-1).   

'R� GHOãtFK� ODWt E\O\� Y\YUWiQ\� RWYRU\� R� SUĤPČUX� ���PP� SUR� ]iYUWQp� ãURXE\� D� otvory  

R�SUĤPČUX��� mm, NWHUp� VORXåLO\� SUR� ]DYHGHQt� YOiNHQQp� Yê]WXåH. 3RWp� FR� E\OD� IRUPD�

sestavena a SĜLSUDYHQD��E\O�QDPtFKiQ�EHWRQ�SRPRFt�UXþQt�PtFKDþN\�SRGOH QiVOHGXMtFtKR 

SRPČUX� cement/plastifiNiWRU�H2O 87,5:1:9,23. Po UR]PtFKiQt� EHWRQRYp� VPČVL� E\OD� 

QD�VYD]N\�YOiNHQ�DSOLNRYiQD�FKHPLFNi�NRWYD�þL�SRO\HVWHURYi�SU\VN\ĜLFH��6YD]N\�YOiNHQ�

byly zavedeny do formy D�QiVOHGQČ�E\OD�IRUPD�s YOiNQ\�]DOLWD�EHWRQRYRX�VPČVt� Vzorky 

E\O\�Y\WYU]RYiny v SUĤEČKX�QiVOHGXMtFtFK����GQt� 

3.2.2 VêURED�EHWRQRYêFK�YiOHþNĤ 

Tento H[SHULPHQW� E\O� VRXVWĜHGČQ�QD� YêUREX�EHWRQRYêFK� ]NXãHEQtFK�YiOHþNĤ� V Yê]WXåt� 

D�MHMLFK�QiVOHGQp ]NRXãHQt�Y\WDKRYDFt�PHWRGRX�QD��WUKDFtP�SĜtVWURML��%HWRQRYp�]NXãHEQt�

YiOHþN\�E\O\�UR]WĜtGČQ\�GR�NDWHJRULt�(viz obr. 20) SRGREQêFK�WČP�Y SUYQtP�H[SHULPHQWX. 

7\WR� NDWHJRULH� E\O\� UR]WĜtGČQ\� GR� GDOãtFK� �� podNDWHJRULt�� FR� VH� KORXEN\� ]DQHVHQt� GR�

EHWRQRYpKR� YiOHþNX� WêþH�� +ORXEND� ]DQHVHQt� VYD]NX YOiNHQ� E\OD� GR� ����� 

GR� ���� D� GR� FHOp� hloubky YêVOHGQpKR EHWRQRYpKR� YiOHþNX� ����). 9]RUN\� EH]� Yê]WXåH�
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QHE\O\� X� WRKRWR� H[SHULPHQWX�Y\UREHQ\�� MHOLNRå�QD�Y]RUFtFK�E\OD� ]NRXãHQD� VRXGUåQRVW�

VYD]NX�YOiNHQ�V PDWULFt�� 

 

2EUi]HN�20��5R]GČOHQt�]NRXãHQêFK�YiOHþNĤ�GR�NDWHJRULt��YþHWQČ�]NUDWHN 
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3RVWXS�YêURE\ formy pro ]NXãHEQt YiOHþN\ 

Forma pro RGOLWt EHWRQRYêFK�]NXãHEQtFK�YiOHþNĤ�E\OD�]KRWRYHQD�] polypropylenovpKR�

RGSDGQtKR�SRWUXEt�o YQLWĜQtP SUĤPČUX��� mm, NWHUp�E\OR QDĜH]iQo na SiVRYp�SLOH�)emi  

(obr. 21) QD�GpONX���� mm.  

 

2EUi]HN�21: PiVRYi�SLOD�Femi 

3RVWXS�YêURE\ ]NXãHEQtFK�YiOHþNĤ 

%HWRQRYi� VPČV� E\OD� QDPtFKiQD� v SRPČUX� FHPHQW�SODVWLILNiWRU�+2O 87,5:1:9,23. 

9ê]WXåQp�VYD]N\�YOiNHQ�E\O\�QDVWĜtKiQ\�QD�GpONX�����mm. SYD]N\�YOiNHQ�byly RSDWĜHQ\�

ãWtWN\�� NWHUp� VORXåLO\� N R]QDþHQt� KORXEN\� ]DQHVHQt� GR� IRUP\�� 'iOH� E\OD� SĜLSUDYHQD�

adheziva ± FKHPLFNi� NRWYD� D SRO\HVWHURYi� SU\VN\ĜLFH��'YRXVORåNRYi� FKHPLFNi� NRWYD�

E\OD� UR]PtFKiQD� QD� SRGORåFH. DR� UR]WRNX� SRO\HVWHURYp� SU\VN\ĜLFH� YH� VW\UHQX� E\O� 

]D� VWiOpKR� PtFKiQt� SĜLGiQ� LQLFLiWRU� Y SRPČUX� �� KP�� GtO\� LQLFLiWRru na ���� KP�� GtOĤ�

SRO\HVWHURYp�SU\VN\ĜLFH�� ,QLFLiWRU� ]DMLVWLO� QDVWDUWRYiQt�SURFHVX� D�NRQHþQp� VSRMHQt� þiVWt�

YêURENX��$GKH]LYD�E\OD�DSOLNRYiQD v WHQNp�YUVWYČ�QD VYD]N\�YOiNHQ�a ty byly zaneseny 

GR�IRUP\�GR�SRåDGRYDQêFK�KORXEHN��)RUPD�E\OD�SRWp�]DOLWD�EHWRQRYRX�VPČVt (viz obr. 

22). =DQiãHQt� VYD]NĤ�YOiNHQ�GR�����D�����KORXEN\� IRUP\�E\OR� VSRMHQR�V REWtåHPL�� MHå� 

VH� WêNDO\� SĜHVQpKR� ]DQHVHQt� VYD]NX� YOiNHQ� GR� RV\� IRUP\�� 7HQWR� SUREOpP� E\O� ĜHãHQ�

RGOpYiQtP� VWHMQêFK� GiYHN� EHWRQRYp� VPČVL� GR� IRUP\� ] YtFH� VWUDQ� K Y\WYU]HQt� Y]RUNĤ�
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GRãOR� SR� ��� GQHFK�� 6RXþiVWt� WRKRWR� H[SHULPHQWX� E\OD� YêURED� PČĜtFtKR� SĜtSUDYNX�� 

NWHUê�]DMLVWLO�XFK\FHQt�Y]RUNX (viz obr. 23).  

 

  

 

 

  

2EUi]HN�22��9êUREHN WČVQČ�SR�RGOLWt�EHWRQX 

2EUi]HN�23��0ČĜtFt�SĜtSUDYHN 
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����3RVWXS�PČĜHQt 

������0ČĜHQt�EHWRQRYêFK�WUiPNĤ�WĜtERGRYêP�RK\EHP 

K SOQpPX� Y\WYU]HQt� Y\UREHQêFK� ]NXãHEQtFK� EHWRQRYêFK� WUiPNĤ� GRãOR� SR� ��� GQHFK� 

ode dne v\UREHQt�� %HWRQRYp� WUiPN\� E\O\� Y\MPXW\� ] EHGQČQt� D� SRVWXSQČ� PČĜHQ\� 

na SĜtVWURML Labtest 4.050 tĜtERGRYêP�RK\EHP��=�NDåGp�NDWHJRULH�E\O\�PČĜHQ\���WUiPN\��

7UiPN\�E\O\�SRGUREHQ\�RK\ERYpPX�QDSČWt�Då�GR�MHMLFK�SRUXãHQt� 

������0ČĜHQt�EHWRQRYêFK�YiOHþNĤ�Y\WDKRYDFt�PHWRGRX 

3R� XSO\QXWt� ��� GQĤ� RG� YêURE\� EHWRQRYêFK� YiOHþNĤ� GRãOR� N� MHMLFK SOQpPX� Y\WYU]HQt��

BetRQRYp�YiOHþN\� V Yê]WXåt� E\O\�PČĜHQ\�QD� WUKDFtP� SĜtVWURML�� E\OD�PČĜHQD� VRXGUåQRVW�

Yê]WXåH�V PDWULFt�W]Y��Y\WDKRYDFt�]NRXãNRX� 

Vzorky byly GR�WUKDFtKR�]DĜt]HQt�XSHYQČQ\�SRPRFt ]NRQVWUXRYDQpKR�PČĜtFtKR�SĜtSUDYNX��

6NU]� NUXKRYRX�XStQNX� E\O� YHGHQ�Y\þQtYDMtFt� VYD]HN�YOiNHQ�� NWHUê� E\O� XSQXW� GR� KRUQt�

þHOLVWL� 

5\FKORVW�SRVXYX�KRUQt�þHOLVWL�E\OD�QDVWDYHQD�QD����PP�]D�PLQXWX�Då�GR�MHKR�SĜHUXãHQt�

QHER�Y\WDåHQt�] EHWRQRYpKR�YiOHþNX� 
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4 9\KRGQRFHQt�a diskuze 

4.1 9\KRGQRFHQt�YêVOHGNĤ�PČĜHQt WĜtERGRYêP�RK\EHP 

1D� JUDIX� �� PĤåHPH� YLGČW� PD[LPiOQt� VtOu SRWĜHEQRX� k SĜHUXãHQt� vzorku WĜtERGRYêP�

ohybem Y� ]iYLVORVWL� QD� W\SX� Y]RUNX�� .G\å� QHXYDåXMHPH� ���� LQWHUYDO� VSROHKOLYRVWL�

VWĜHGQt� KRGQRW\�� PĤåHPH� NRQVWDWRYDW�� åH� Y\]WXåHQt� þHGLþRYêPL� L� XKOtNRYêPL� VYD]N\�

YOiNHQ�Pi�YOLY�QD�QiUĤVW�PD[LPiOQt�VtO\�SRWĜHEQp�N SĜHUXãHQt�Y]RUNX��3UĤPČUQi�KRGQRWD�

PD[LPiOQt�VtO\�X�QHY\]WXåHQpKR�Y]RUNX�MH�SĜLEOLåQČ������1��:5�� 1HMY\ããt�SUĤPČUQi�

KRGQRWD� Y\]WXåHQpKR� Y]RUNX� MH� SĜLEOLåQČ� ����� 1�� 3UĤPČUQi� KRGQRWD� PD[LPiOQt� VtO\� 

X� Y\]WXåHQêFK� Y]RUNĤ� þHGLþRYêPL� L� XKOtNRYêPL� VYD]N\� YOiNHQ EH]� SRXåLWt� DGKH]LYD 

QHVSOĖXMH�SĜHGSRNODG\�DXWRUD��3ĜHGSRNODGHP�E\OR��åH�Y]RUN\�EH]�SRXåLWt�DGKH]LYD�EXGRX�

Y\ND]RYDW� QLåãt� KRGQRW\�PD[LPiOQt� VtO\�� ýHGLþRYi� Yê]WXå� VH� MHYt� MDNR� RGROQČMãt� YĤþL�

RK\EX�QHå�XKOtNRYi�Yê]WXå��9ê]WXåH�V�PES pU\VN\ĜLFt Y\ND]XMt�OHKFH�OHSãt�RGROQRVW�YĤþL�

QDPiKiQt�RK\EHP�QHå�Yê]WXåH�V chemickou kotvou. 7UiPN\�VH�WĜHPL�VYD]N\�YOiNHQ byly 

RSURWL�WUiPNĤP�V MHGQtP�VYD]NHP�YêUD]QČ�PpQČ�RGROQp�YĤþL�QDPiKiQt�RK\EHP��0RKOR�

WR� EêW� ]SĤVREHQR� PHQãtP� SRPČUHP� EHWRQX� YĤþL� YOiNQĤP�� 7\WR� W\S\� Y]RUNĤ�

QHREVDKRYDO\� åiGQê� SRPRFQê� SURVWĜHGHN�� NWHUê� E\� ]DMLVWLO� SĜLOQDYRVW� VYD]NĤ� YOiNHQ� 

a betonu. Z WRKRWR�GĤYRGX� MVRX�YêVOHGN\�QDPiKiQt�Y]RUNX�V MHGQtP�VYD]NHP�Yê]WXåH�

YêUD]QČ� OHSãt� QHå� YêVOHGN\� QDPiKiQt� Y]RUNX� VH� WĜHPL� VYD]N\� Yê]WXåH� 3ĜL� XYDåRYiQt�

VWDWLVWLFNpKR�Y\KRGQRFHQt�E\�VH�GDOR�ĜtFL��åH�V ����SUDYGČSRGREQRVWt�Y]RUN\�EHWRQRYêFK�

WUiPNĤ�V þHGLþRYRX�Yê]WXåt�V chemickou kotvou (BF_CH) i PES SU\VN\ĜLFt� �%)B3(6��

Y\ND]XMt� OHSãt� RGROQRVW� SURWL� QDPiKiQt� RK\EHP� QHå� Y]RUHN� EHWRQRYpKR� WUiPNX� 

bH]� Yê]WXåH� �:5��� 6WHMQČ� WRPX� WDN� MH� Y SĜtSDGČ� EHWRQRYpKR� WUiPNX� V Yê]WXåt� MHGQtP�

VYD]NHP� XKOtNRYpKR� YOiNQD� EH]� DGKH]LYD� ��&)�� D� V Yê]WXåt� XKOtNRYpKR� YOiNQD� V PES 

SU\VN\ĜLFt��&)B3(6�� 
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Graf 1��3RURYQiQt�VtO\�SRWĜHEQp�N SĜHUXãHQt�UĤ]QêFK�W\SĤ�WUiPNĤ�WĜtERGRYêP�RK\EHP 
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4.2 9\KRGQRFHQt�YêVOHGNĤ�PČĜHQt Y\WDKRYDFt�PHWRGRX 

1D�VRXKUQQpP�JUDIX���O]H�SR]RURYDW�PD[LPiOQt�VtOX�N Y\WDåHQt�QHER�SĜHUXãHQt�Y]RUNX�

v ]iYLVORVWL�QD�W\SX�Y]RUNX� .G\å�QHXYDåXMHPH�����LQWHUYDO�VSROHKOLYRVW��PĤåHPH�YLGČW�

SĜHYiåQČ� URVWRXFt� WUHQG� PD[LPiOQt� VtO\� Y ]iYLVORVWL� QD� KORXEFH� ]DYHGHQt� Yê]WXåH� 

GR�EHWRQRYpKR�Y]RUNX��=iYLVORVW�QD�KORXEFH�]DYHGHQt�Yê]WXåH�Pi�QHMYČWãt�YOLY�X�Y]RUNĤ�

s XKOtNRYRX�Yê]WXåt�EH]�SRXåLWpKR�DGKH]LYD��Y�JUDIX�]Qi]RUQČQR�]HOHQRX�EDUYRX�. Vzorky 

s XKOtNRYRX� Yê]WXåt� EH]� SRXåLWpKR� DGKH]LYD� Y\ND]XMt� Y\ããt�PD[LPiOQt� VtOX� SRWĜHEQRX�

k Y\WDåHQt�QHER�SĜHUXãHQt�Yê]WXåH�QHå�VKRGQp�Y]RUN\�V þHGLþRYRX�Yê]WXåt��6WHMQê�WUHQG�

lze pozorovat i v SĜtSDGČ�SRXåLWt�DGKH]LY�- FKHPLFNp�NRWY\�D�3(6�SU\VN\ĜLFH�� 

V SĜtSDGČ�]RKOHGQČQt�FK\ERYêFK�~VHþHN�O]H�SURKOiVLW��åH�X�YêVOHGNĤ�Y]RUNĤ�V þHGLþRYRX�

Yê]WXåt�SOQČ�]DSXãWČQRX�GR�EHWRQRYpKR�YiOHþNX (BF_100%) D�Y]RUNĤ�V XKOtNRYRX�Yê]WXåt�

SOQČ� ]DSXãWČQRX� GR� EHWRQRYpKR� YiOHþNX� �&)B������ MH� VWDWLVWLFN\� Yê]QDPQê� UR]GtO�

v KRGQRWiFK� PD[LPiOQt� VtO\�� 7RWpå� PĤåHPH� SR]RURYDW� X� Y]RUNĤ� V þHGLþRYRX� Yê]WXåt�

]DSXãWČQRX� GR� ���� KORXEN\� EHWRQRYpKR� YiOHþNX� V SRXåLWtP� 3(6� SU\VN\ĜLFH�

�%)B3(6B�����D�X�Y]RUNĤ�V XKOtNRYRX�Yê]WXåt�V SRXåLWtP�3(6�SU\VN\ĜLFH�]DSXãWČQRX�

GR�����KORXEN\�EHWRQRYpKR�YiOHþNX��&)B3(6_66%). 

 

 

Graf 2��3RURYQiQt�VtO\�SRWĜHEQp�N Y\WDåHQt�QHER�SĜHUXãHQt�Yê]WXåH�Y EHWRQRYpP�YiOHþNX 
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1D�JUDIX���O]H�YLGČW�PD[LPiOQt�VtOX�SRWĜHEQRX�N Y\WDåHQt�QHER�SĜHUXãHQt�XKOtNRYp�Yê]WXåH�

z EHWRQRYpKR�YiOHþNX�Y�]iYLVORVWL�QD�W\SX�Y]RUNu. V SĜtSDGČ��åH�QHEXGHPH�EUiW�Y ~YDKX�

���� LQWHUYDO� VSROHKOLYRVWL�� PDMt� Y\]WXåHQp� Y]RUN\� EH]� SRXåLWt� DGKH]LY� QLåãt� KRGQRWX�

PD[LPiOQt� VtO\� QHå� Y]RUN\� V FKHPLFNRX� NRWYRX�� 7RWR� WYU]HQt� QHO]H� ]FHOD� SURKOiVLW� 

R�Y]RUFtFK�V SOQČ�]DSXãWČQRX�Yê]WXåt��3ĜL�SRXåLWt�SRO\HVWHURYp�SU\VN\ĜLFH�QD�Yê]WXå�SOQČ�

]DSXãWČQRX� GR� EHWRQRYpKR� Y]RUNX� �&)B3(6B������ MVRX� YêVOHGQp� KRGQRW\� QLåãt� QHå� 

X�SRXåLWt�FKHPLFNp�NRWY\��&)B&+B������D�GRNRQFH�L�EH]�SRXåLWt�DGKH]LYD��&)B�������

-H�SUDYGČSRGREQp��åH�WHQWR�W\S�Y]RUNX��&)B3(6B������E\O�FK\EQČ�SĜLSUDYHQ� 

V SĜtSDGČ�� åH� EXGHPH� XYDåRYDW� FK\ERYp� ~VHþN\�� MH� ]ĜHWHOQê� QiUĤVW� PD[LPiOQt� VtO\�

v SĜtSDGČ�Yê]WXåH�]DSXãWČQp�GR�����KORXEN\�EHWRQRYpKR�YiOHþNX�V SRXåLWtP�FKHPLFNp�

kotvy (CF_CH_33%) v SRURYQiQt�VH vzorkem bez adheziva (CF_33%). 

 

 

Graf 3��3RURYQiQt�VtO\�SRWĜHEQp�N Y\WDåHQt�QHER�SĜHUXãHQt�XKOtNRYp�Yê]WXåH�] EHWRQRYpKR�YiOHþNX 
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Typ vzorku

CF_33%

CF_66%

CF_100%

CF_CH_33%

CF_CH_66%

CF_CH_100%

CF_PES_33%



55 

 

1D� JUDIX� �� PĤåHPH� SR]RURYDW� PD[LPiOQt� VtOX� SRWĜHEQRX� N Y\WDåHQt� QHER� SĜHUXãHQt�

þHGLþRYp� Yê]WXåH� ] EHWRQRYpKR� YiOHþNX� Y� ]iYLVORVWL� QD� W\SX� Y]RUNX� V SĜtSDGČ�� 

åH� QHEXGHPH� EUiW� Y ~YDKX� ���� LQWHUYDO� VSROHKOLYRVWL�� Y\]WXåHQp� Y]RUN\� EH]� SRXåLWt�

DGKH]LY� PDMt� QHMQLåãt� KRGQRWX� PD[LPiOQt� VtO\�� 'iOH� PĤåHPH� WYUGLW�� åH� SĜL� SRXåLWt�

FKHPLFNp�NRWY\�GRãOR�N�Y\ããtPX QiUĤVWX�PD[LPiOQt�VtO\�QHå�SĜL�SRXåLWt�3(6�SU\VN\ĜLFH� 

 

Graf 4��3RURYQiQt�VtO\�SRWĜHEQp�N Y\WDåHQt�QHER�SĜHUXãHQt�þHGLþRYp�Yê]WXåH�] EHWRQRYpKR�YiOHþNX 
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=SĤVRE\ SRUXãHQt�Y]RUNX 

V SUĤEČKX�Y\WDKRYDFt�]NRXãN\�GRãOR�X�Y]RUNĤ�N QiVOHGXMtFtP�MHYĤP� 

a) nHRVWUê�SĜHWUK�VYD]NX�YOiNHQ, viz obr 24, 

 

b) Y\WDåHQt�VYD]NX�YOiNHQ��YL]�REU���5, 

c) SĜHWUKQXWt�VYD]NX�YOiNHQ�QD�KUDQLFL�PDWULFH�D�YQČMãtKR�SURVWĜHGt��YL]�REU�26. 

 

  

2EUi]HN�26��3ĜHUXãHQt�QD�KUDQLFL�PDWULFH�D�

YQČMãtKR�SURVWĜHGt 

2EUi]HN�24��1HRVWUê�SĜHWUK�WHVWRYDQpKR�VYD]NX�YOiNHQ 

2EUi]HN�25��9\WDåHQê�VYD]HN�YOiNHQ�]�PDWULFH 
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5 =iYČU 

7DWR�EDNDOiĜVNi SUiFH�E\OD�]DPČĜHQD�QD�Y\]WXåHQt�VWDYHEQtFK�KPRW�WH[WLOQtPL�PDWHULiO\��

+ODYQtP�FtOHP�SUiFH�E\OR�RYČĜLW�Y\]WXåRYiQt�FHPHQWRYp�NDãH�XUþHQp�N �'�WLVNX�SRXåLWtP�

NRQWLQXiOQt� IOH[LELOQt� Yê]WXåH�� 'DOãtP� FtOHP� E\OR� QDOH]HQt� SURYHGHQt� YKRGQpKR�

WHVWRYDFtKR�SRVWXSX�D�WDNp�]MLVWLW�YOLY�DGKH]H�D�SRSĜ��Y\EUDW�YKRGQê�DGKH]Qt�SURVWĜHGHN� 

V WHRUHWLFNp�þiVWL�E\O\�XYHGHQ\�SRXåtYDQp�PDWHULiO\�SUR�VWDYHEQt�NRQVWUXNFH�D�WH[WLOQt�

PDWHULiO\�SRXåtYDQp�SUR�Y\]WXåRYiQt�WČFKWR�NRQVWUXNFt��8�Y\XåtYDQêFK�YOiNHQ�SUR�~þHO\�

Y\]WXåRYiQt�E\OR�XYHGHQR�MHMLFK�UR]GČOHQt��YêURED��YODVWQRVWL�D�GDOãt�SRXåLWt��'iOH�E\OD�

YČQRYiQD�SR]RUQRVW��'�WLVNX��WHFKQRORJLtP�WLVNX�D�PRåQRVWL�WLVNQRXW�EXGRY\�PHQãtKR� 

L� YČWãtKR� UR]VDKX�� %\O\� WDNp� XYHGHQ\�PHWRG\� SUR� VWDQRYHQt�PHFKDQLFNêFK� YODVWQRVWt�

VWDYHEQtFK� SUYNĤ�� 1D� ]iNODGČ� VWXGLH� WČFKWR�  PHWRG� E\O\� Y\EUiQ\� YKRGQp� SRVWXS\� 

SUR�WHVWRYiQt�PHFKDQLFNêFK�YODVWQRVWt�H[SHULPHQWiOQČ�Y\UREHQêFK�Y]RUNĤ� 

([SHULPHQWiOQt�þiVW�E\OD�]DPČĜHQD�QD�YêUREX�NRQVWUXNþQtFK�SUYNĤ�V YOiNHQQRX�Yê]WXåt�

D� MHMLFK� WHVWRYiQt� Y\EUDQêPL� PHWRGDPL�� %\O\� ]KRWRYHQ\� �� W\S\� ]NXãHEQtFK� Y]RUNĤ��

EHWRQRYp� WUiPN\�D�EHWRQRYp�YiOHþN\��7\WR�Y]RUN\�E\O\�Y\]WXåHQ\�YOiNHQQêPL�~WYDU\�

z þHGLþH�D�XKOtNX�D�MHMLFK�SĜLOQDYRVW�E\OD�GiOH�XSUDYHQD�]YROHQêPL�DGKH]LY\�- chemickou 

NRWYRX�D�SRO\HVWHURYRX�SU\VN\ĜLFt��7UiPN\�E\O\�WHVWRYiQ\�WĜtERGRYêP�RK\EHP�D�E\O\�

SRURYQiYiQ\� YODVWQRVWL� Y\]WXåHQêFK� D� QHY\]WXåHQêFK� WUiPNĤ�� 'iOH� E\O\� PH]L� VHERX�

SRURYQiYiQ\�SRXåLWp� W\S\�YOiNHQ�D�DGKH]LY��9]RUN\�Y\]WXåHQêFK�EHWRQRYêFK�YiOHþNĤ�

E\O\� WHVWRYiQ\� QD� VRXGUåQRVW� Yê]WXåH� V PDWULFt� D� WD� E\OD� SRURYQiQD� PH]L� RVPQiFWL�

NDWHJRULHPL�Y\WYRĜHQêFK�Y]RUNĤ��6RXGUåQRVW�Yê]WXåH�V PDWULFt�E\OD�WHVWRYiQD�QD�WUKDFtP�

SĜtVWURML�NDWHGU\�QHWNDQêFK�WH[WLOLt�D�QDQRYOiNHQQêFK�PDWHULiOĤ�)DNXOW\�WH[WLOQt�7HFKQLFNp�

univerzity v /LEHUFL�� 3UR� WHQWR� SĜtVWURM� E\O� Y\WYRĜHQ� VSHFLiOQt�PČĜtFt� SĜtSUDYHN�� NWHUê�

]DMLVWLO� XFK\FHQt� EHWRQRYpKR� Y]RUNX� QD�PtVWČ� VSRGQt� þHOLVWL� SĜtVWURMH� D� XPRåQLO� KRUQt�

þHOLVWL�XFKRSLW�VYD]HN�YOiNHQ�Y\þQtYDMtFt�]H�]NRXãHQpKR�Y]RUNX� 

V H[SHULPHQWX�]DEêYDMtFtP�VH�WHVWRYiQtP�RK\EHP�E\OR�]MLãWČQR��åH�þHGLþRYi�Yê]WXå�Pi�

SR]LWLYQČMãt�YOLY�QD�]YêãHQt�PD[LPiOQt�VtO\�QHå�XKOtNRYi�Yê]WXå��2ED�W\S\�Yê]WXåt�E\Oy 

RYČĜHQ\�MDNR�IXQNþQt�SUR�]YêãHQt�RGROQRVWL�YĤþL�RK\EX�EHWRQRYêFK�YêURENĤ��9êVOHGN\�

QDPiKiQt� Y]RUNX� V MHGQtP� VYD]NHP� Yê]WXåH� E\O\� Y\KRGQRFHQ\� MDNR� YêUD]QČ� OHSãt�� 

QHå�WRPX�E\OR�X�W\SX�Y]RUNX�VH�WĜHPL�VYD]N\��9 UiPFL�WRKRWR�SRURYQiQt�QHE\OR�SRXåLWR�

åiGQp� DGKH]LYXP� D� Y\ããt� SRþHW� YOiNHQQêFK� VYD]NĤ� WDN� PČO� VStãH� QHJDWLYQt� YOLY� 

QD� SĜtUĤVWHN�PD[LPiOQt� VtO\� 0RKOR� WR� EêW� ]SĤVREHQR� QHMHQ� Qt]NRX� SĜLOQDYRVWt� YOiNHQ�

k EHWRQX�� DOH� WDNp� Qt]NRX� Y]iMHPQRX� Y]GiOHQRVWt� D� NU\WtP� YOiNHQ� FHPHQWRYRX� NDãt�� 
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7R�SDN�PĤåH�YpVW�VStãH�N GHODPLQDFL�YUVWHY�QHå�HIHNWX�Y\]WXåHQt��([SHULPHQWiOQČ�E\OR�

tedy RYČĜHQR�� åH� SRO\HVWHURYi� SU\VN\ĜLFH� L� FKHPLFNi� NRWYD� ]Y\ãXMt� SĜLOQDYRVW� Yê]WXåH�

k EHWRQX�D�WtP�]Y\ãXMt�L�RGROQRVW�YĤþL�]DWtåHQt�RK\EHP� 

'UXKê�H[SHULPHQW�VH�]DEêYDO�WHVWRYiQtP�VRXGUåQRVWL�Yê]WXåH�V PDWULFt��%\O\�Y\WYRĜHQ\�

Y]RUN\�VH�GYČPD�W\S\�DGKH]LY�D�GYČPD�W\S\�Yê]WXåQêFK�YOiNHQ��XKOtNRYi�D�þHGLþRYi��

&tOHP�WRKRWR�SURYHGHQt�Y]RUNĤ�E\OR�VWDQRYLW�DGKH]L�YOiNHQ�N FHPHQWRYp�NDãL�Y ]iYLVORVWL�

QD� KORXEFH� XORåHQt� Yê]WXåQêFK� YOiNHQ�� 1D� ]iNODGČ� ]tVNDQêFK� GDW� ] experimentu lze 

NRQVWDWRYDW�� åH� VH� ]GH� SURMHYXMH� SĜHYiåQČ URVWRXFt� WUHQG� PD[LPiOQt� Y\WDKRYDFt� VtO\�

v ]iYLVORVWL� QD� KORXEFH� ]DYHGHQt� Yê]WXåH� GR� EHWRQRYpKR� Y]RUNX�� 3ĜL� SRURYQiQt� YOLYX�

þHGLþRYêFK� D� XKOtNRYêFK� VYD]NĤ� YOiNHQ� VH� SURMHYLO\� XKOtNRYp VYD]N\� YOiNHQ� MDNR� 

ty s OHSãt� RGROQRVWL� SURWL� Y\WDåHQt� ] PDWULFH�� 1D� VRXGUåQRVW�PČOD� YČWãt� YOLY� FKHPLFNi�

kotva. V UiPFL� WHVWRYiQt� VRXGUåQRVWL� VH� X� Y]RUNX� V� XKOtNRYRX� Yê]WXåt� V SRXåLWtP�

SRO\HVWHURYp� SU\VN\ĜLFH� MDNR� DGKH]LYD� WDWR� VNXWHþQRVW� QHSRWYUGLOD�  B\OR� ]MLãWČQR�� 

åH�WHQWR�W\S�DGKH]LYD�Y\ND]RYDO�QLåãt�RGROQRVW�SURWL�Y\WDåHQt�Yê]WXåH��QHå�W\S�Y]RUNX�EH]�

SRXåLWpKR�DGKH]LYD� 

7DWR� SUiFH� MH� ~YRGHP� GR� SUREOHPDWLN\� WêNDMtFt� VH� Y\]WXåRYiQt� VWDYHEQtFK� NRQVWUXNFt�

Y\WYRĜHQêFK� PHWRGRX� �'� WLVNX�� 3ĜHGPČWHP� GDOãtKR� ]NRXPiQt� E\� PRKOR� EêW� Y\XåLWt�

GORXKRYOiNHQQêFK� Yê]WXåt� D� MHMLFK� PRåQp� ]DNRPSRQRYiQt� GR� �'� WLVNX� EXGRY� SĜtPR� 

QD�VWDYHQLãWL��3UDYGČSRGREQČ�YKRGQêP�Y\OHSãHQtP�E\�E\OR�SRQRĜHQt�YOiNHQQêFK�VYD]NĤ�

v Oi]QL�V DGKH]LYHP��QDPtVWR�SRWtUiQt�VYD]NĤ��]D�~þHOHP OHSãtKR�QDV\FHQt�Y FHOpP�REMHPX�

svazku. 

V VRXþDVQp�GREČ�MLå�QHQt�SUREOpP�SRVWDYLW�EXGRY\��MDNR�MVRX�URGLQQp�GRP\��SRPRFt��'�

WLVNX�� DYãDN� KODYQtP� SUREOpPHP� MH�� åH� Y ýHVNp� UHSXEOLFH� WRPX� EUiQt� OHJLVODWLYD�� 

3R�Y\ĜHãHQt�SUREOpPX�V OHJLVODWLYRX��'�WLVN�XPRåQt�U\FKORX�D�OHYQRX�YêVWDYEX�QRYêFK�

GRPĤ� 0HWRGRX� �'� WLVNX� MH� PRåQp� SRVWDYLW� RE\WQRX� EXGRYX� Y ĜiGX� QČNROLND� GHVtWHN�

KRGLQ�� (NRQRPLFNi� QHQiURþQRVW� VRXYLVt� V FHQRX�PDWHULiOX� D� SRWĜHERX� SRX]H� QČNROLND�

PiOR�SUDFRYQtNĤ�SĜL�VWDYEČ� 
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