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NDOFLR�MRQÐ�LãPHWLPDV�LU�JU³åLPDV�³�VDUNRSOD]PLQ³�WLQNO�
FHQWULQ¡�QHUYÐ�VLVWHPD
JUHLWRVLRV�UDXPHQLQ¡V�VNDLGXORV
ãXROLXNDV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX
ãXROLXNDV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWÌSLDQW�LNL����0 kampo

ãXROLXNDV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWÌSLDQW�LNL���0 kampo

ãXROLXNDV�EH�DPRUWL]XRMDQþLR�SULWÌSLPR
ãXROLXNDV�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��SULWÌSLDQW�LNL����0 kampo

ãXROLXNDV�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��SULWÌSLDQW�LNL���0 kampo

O¡WRVLRV�UDXPHQLQ¡V�VNDLGXORV
šuolio pritupiant iki 1350�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�DEVROLXWXV�HODVWLQJXPDV
šuolio pritupiant iki 900�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�DEVROLXWXV�HODVWLQJXPDV
šuolio pritupiant iki 900�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�VDQW\NLQLV�HODVWLQJXPDV
šuolio pritupiant iki 1350�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�VDQW\NLQLV�HODVWLQJXPDV
UDXPHQLQ¡V�VNDLGXORV
troponinas C

maksimalus greitis
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²9$'$6
Šiluma ir šaltis – fizioterapijos veiksniai. Tiek šaltis, tiek šiluma yra paprastos, mobilios ir

QHEUDQJLRV� VNDXVP�� LU� UDXPHQÐ� VSD]P��� DWVLUDGXVLXV� SR� WUDXPRV�� DU� FKURQLãN�� VNDXVP�
PDåLQDQþLRV� SULHPRQ¡V�� NXULDV� SDSUDVWD� QDXGRWL� LU� QDPÐ� V�O\JRPLV�� 1RUV� WDL� EHQH� SDW\V
SDSUDVþLDXVL�LU�ODELDXVLDL�SDSOLW
�PHWRGDL�� WDþLDX�MÐ� IL]LRORJLQLDL�SRYHLNLR�PHFKDQL]PDL�Q¡UD�SLOQDL
LãDLãNLQWL� �&UDLJ�� ������� 'DåQDL� ãLOXPD� LU� ãDOWLV� EÌQD� WDLNRPL� NDUWX� VX� J\GRPDLVLDLV� DU� WHPSLPR
SUDWLPDLV�� WDþLDX�ãDOþLR�SRYHLNLV�DNW\YLHPV�SUDWLPDPV�SULHãWDULQJDV��NDL�NXULH�PRNVOLQLQNDL� WHLJLD�
NDG� MLV� QHWXUL� GLGHOLR� SRYHLNLR� SDåHLVWÐ� UDXPHQÐ� IXQNFLQ¡PV� VDY\E¡PV� �3DGGRQ�-RQHV�� 4XLJOH\�
1997; Taylor, Waring, Brashear, 1995).

'¡O�VXQNDXV�IL]LQLR�GDUER�PHWX�DWVLUDQGDQþLR�PHWDEROLQLR�LU�PHFKDQLQLR�SRYHLNLR�DWVLUDQGD
³YDLULÐ� IXQNFLQLÐ� LU� VWUXNWÌULQLÐ� UDXPHQV� VXWULNLPÐ�� VX\UD� PLRILEULO¡V�� UDXPHQLQ¡V� VNDLGXORV
VDUNROHPD��VDUNRSOD]PLQLV�WLQNODV��VXPDå¡MD�UDXPHQV�VXVLWUDXNLPR�JDOLQJXPDV��DWVLUDQGD�UDXPHQV
VNDXVPDV�� âDOþLR� WHUDSLMD� GDåQDL� WDLNRPD� VSRUWLQ¡PV� WUDXPRPV�� PLQNãWÐMÐ� DXGLQLÐ� SDåHLGLPDPV
J\G\WL��QRUV�MRV�³WDND�UDXPHQV�GDUEXL�Q¡UD�DLãNL��(VWRQ��3HWHUV��������

)L]LRWHUDSLMRV� WLNVODV� \UD� ãDOLQDQW� VNHOHWR� LU� UDXPHQÐ� VLVWHPRV� VXWULNLPXV� QXPDOãLQWL
VNDXVP��LU�DWSDODLGXRWL�UDXPHQÐ�VSD]PXV��SDGLGLQWL�V�QDULÐ�SDVODQNXP��LU�UDXPHQÐ�M¡J���SDJHULQWL
SDFLHQWR� IXQNFLQ³� SDM¡JXP�. 9DQGHQV� ãLOXPD� OHLGåLD� SDFLHQWXL� DWVLSDODLGXRWL�� VXPDåLQD� VNDXVP��
7DGD� SDFLHQWDV� JDOL� MXG¡WL� VX� GLGHVQLX� NRPIRUWX�� GLG¡MD� SUDWLPÐ� DPSOLWXG¡�� .DL� ãLOXPD� SDVLHNLD
UDXPHQLV�LU�MÐ�WHPSHUDWÌUD�SDN\OD��MLH�VXVLWUDXNLD�NXU�NDV�OHQJYLDX�LU�VWLSULDX��'XIILHOG��������

7LULDQW�WHUDSLQLR�ãLOG\PR�³WDN��NHOLR�VDXVJ\VOLÐ�ODQNVWXPXL��QXVWDW\WD��NDG�ãLV�SDGLG¡MR��âLH
DWUDGLPDL� JDOL� WXU¡WL� QDXGRV� IL]LRWHUDSLQLDP� J\G\PXL�� WDLS� SDW� WUDXPÐ� SURILODNWLNDL� � DWOHWDPV� VX
QHDGHNYDþLX�ODQNVWXPX�DU�SUDHLW\MH�WXU¡MXVLÐ�WUDXP����)XQN��6ZDQN��$GDPV��7UHROR��������

3UDPDQNãWD� WXUL� SDVWHELP�� HIHNW�� WHPSHUDWÌURV� SDGLG¡MLPXL�� R� NDUWX� LU� IL]LRORJLQLDPV
SURFHVDPV� UDXPHQ\MH�� )L]LRORJLãNDL� SUDPDQNãWD� \UD� QDXGLQJD� UDXPHQÐ� åDORV� SURILODNWLNRMH�
GLGLQDQW� UDXPHQV�VDXVJ\VO¡V� HODVWLQJXP�� EHL� LOJ³. 3DNLOXVL� NÌQR� YLGDXV� WHPSHUDWÌUD� JUHLWLQD
GHJXRQLHV� DWVLVN\ULP�� QXR� KHPRJORELQR� LU� PLRJORELQR�� PHWDEROLQHV� UHDNFLMDV�� NUDXMR� WHN¡MLPR
VURY
� UDXPHQ\VH��PDåLQD� UDXPHQÐ� NODPS��� GLGLQD� YHLNLPR� SRWHQFLDOR� VNOLGLPR� JUHLW³�� GHJXRQLHV
VXYDUWRMLP���%ORPVWUDQG�HW�DO���������6KHOORFN��3UHWLQFH��������)HEEUDLR�HW�DO��������D��.RJD�HW�DO��
1997; Booth et al., 2001).

6NXUY\GDV�� .DQGUDWDYLþLXV� LU� %UXåDV� ������� WHLJLD�� NDG� QRULQW� HIHNW\YLDX� DWOLNWL� MXGHVLXV� LU
DSVDXJRWL� PRWRULQ
� VLVWHP�� QXR� WUDXPÐ�� EÌWLQD� SDGLGLQWL� UDXPHQV� WHPSHUDWÌU��� 7DþLDX� QRULQW
SDGLGLQWL� UDXPHQV� WHPSHUDWÌU�� ���o C atliekant fizinius pratimus, sukeliamas raumens nuovargis,

WRG¡O�EÌWLQD�LHãNRWL�SURILODNWLQLÐ�UDXPHQV�ãLOG\PR�EÌGÐ�
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1RULQW� LãJDXWL� WHPSHUDWÌURV� SDGLG¡MLPR� QDXG��� UHLNLD� SDNHOWL� UDXPHQV� WHPSHUDWÌU�� �� ±� �o C

�6DUJHDQW���������.ODVLNLQLX�DSãLOLPX�WDP�UHLNWÐ�E¡JWL����±����PLQXþLÐ�PDNVLPDOLX�LQWHQV\YXPX��R
WDP�UHLNLD�LãHLNYRWL�QHPDåDL�HQHUJLMRV��3DV\YDXV�DSãLOLPR�SOLXVDV�WDV��NDG�ãLOGDQW�UDXPHQ³�YDQGHQV
YRQLRMH� DU� NLWX�EÌGX��SDGLGLQWL� UDXPHQV� WHPSHUDWÌU�� � \UD�QHVXQNX�� R� WDLS� SDW� VXWDXSRPD� HQHUJLMD
(Sargeant, 1987; Davies, Young, 1983).

äLQRPD��NDG�WHPSHUDWÌUDL�VXPDå¡MXV���0�&�ELRORJLQLÐ�SURFHVÐ�DS\NDLWD�JDOL�VXPDå¡WL�QXR�ò
iki 2/3 karto (Benett A, 1984). Atšalus raumeniui nuo 35 iki 250&�� UDXPHQLQLÐ� VNDLGXOÐ
PDNVLPDOXVLV� VXVLWUDXNLPR� LU� DWVLSDODLGDYLPR� JUHLWLV� SDEORJ¡MD�� 7\ULPDL� VX� J\YÌQDLV� URGR�� NDG
M¡JRV�LãVLY\VW\PR�LU� DWVLSDODLGDYLPR�JUHLWLV�HVDQW�åHPDL� WHPSHUDWÌUDL�VXPDå¡MD� �5DQDWXQJD�������
%HQQHWW��������5DQDWXQJD��������.RVVOHU��.XFKOHU��������5DOO��:ROHGJH���������7DþLDX�GXRPHQLV�
JDXWXV� LãW\UXV� L]ROLXRWXV� J\YÌQÐ� UDXPHQÐ� SUHSDUDWXV�� \UD� VXQNX� SULWDLN\WL� W\ULQ¡MDQW� åPRJDXV
UDXPHQLV�� QHV� L]ROLXRWL� UDXPHQ\V� GDåQDL� \UD� WLULDPL� HVDQW� åHPDL� WHPSHUDWÌUDL� ���� ±� ��0C), be to

WHPSHUDWÌURV� SRYHLNLV� VNLUWLQJRPV� UDXPHQLQ¡PV� VNDLGXORPV� \UD� QHYLHQRGDV� �5DQDWXQJD�� �����
Bottinelli et al., 1996).

âLR�GDUER�WLNVODV�±�LãVLDLãNLQWL�ãLOXPRV�EHL�ãDOþLR�SRYHLN³�UDXPHQV�NRQWUDNWLOLQ¡PV�VDY\E¡PV�
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���/,7(5$7Ë526�$3ä9$/*$

1.1. Raumens susitraukimo ir atsipalaidavimo mechanizmai

Raumens susitraukimas vyksta pagal VOHQNDQþLÐ� VLÌOÐ� �ILODPHQWÐ� PHFKDQL]P�� t.y. miozino

VNHUVLQLDL� WLOWHOLDL�� VXNLPED� VX� DNWLQR� VLÌODLV� LU� ³WUDXNLD� MXRV� ³� VDUNRPHUÐ� YLGÐ�� âL� UDXPHQV
VXVLWUDXNLPR�VOHQNDQþLÐ�ILODPHQWÐ�WHRULMD�EXYR�SDVLÌO\WD 1954�P��GYLHMÐ�PRNVOLQLQNÐ�+XJK�+X[OH\
ir Andrew Hnxley.� -L� GDEDUWLQLX�PHWX� \UD� SDSLOG\WD� LU� SODþLDL� DSUREXRWD (Brenner, 1988; Cecchi,

Lombardi, Menchette, 1984; Pollack, 1990).

6NLULDPL�ãLH�PLR]LQR�WLOWHOLÐ�GDUER�FLNOR�HWDSDL�
1. PLR]LQR�JDOYXW¡V�DWVLMXQJLPDV�QXR�DNWLQR�
2. DGHQR]LQWULIRVIDWR� �$73�� KLGUROL]¡�� NXULRV� PHWX� DQW� PLR]LQR� VXVLGDUR� DGHQR]LQGLIRVIDWDV

(ADP) ir neorganinis fosfatas;

3. VLOSQRV�PLR]LQR� WLOWHOLÐ� VXNLELPR� VX� DNWLQX� EÌVHQRV� VXVLGDU\PDV�� MHL� \UD� SDNDQNDPDV� NLHNLV
NDOFLR��&D��MRQÐ�NDG�VXNHOWÐ�NRQIRUPDFLQLXV�SDNLWLPXV�DNWLQR�ILODPHQWXRVH�

4. PLR]LQR� WLOWHOLÐ� VXNDPDVLV� MXGHV\V� LU� VWLSULRV� MXQJWLHV� EÌVHQRV� VXVLGDU\PDV� VX� DNWLQX�� NDL
atsijungia neorganinis fosfatas;

5. $'3�PROHNXO¡V�QXPHWLPDV��VWLSULRV�PLR]LQR�JDOYXW¡V�VXNLELPR�VX�DNWLQX�EÌVHQRV�VXVLGDU\PDV
su aktinu, kai atsijungia neorganinis fosfatas;

6. $73� PROHNXO¡V� SULVLMXQJLPDV� SULH� PLR]LQR� JDOYXW¡V� LU� VNHUVLQLÐ� PLR]LQR� WLOWHOLÐ� VLOSQRV
VXNLELPR�VX�DNWLQX�EÌVHQRV�VXGDU\PDV��ULJRUR�NRPSOHNVR�VXGDU\PDV�
9LGXO�VWHOLQ¡� &D� MRQÐ� NRQFHQWUDFLMD�� UHJXOLXRGDPD� DNWLQR� ILODPHQWÐ� SDNLWLPXV� QXOHPLD

QHRUJDQLQLR� IRVIDWR� DWVLMXQJLPR� QXR� PLR]LQR� JDOYXW¡V� LU� PLR]LQR� VXNLELPR� VX� DNWLQX� VLOSQRV
EÌVHQRV�SHU¡MLPR�³�VWLSUL��JUHLW³��1XVWDW\WD��NDG�PLR]LQR�WLOWHOLV��WUDXNGDPDV�YLHQR�FLNOR�PHWX�DNWLQR
ILODPHQWXV��DWOLHND�DSLH���[���±���WXRMX�-�GDUE���%UHQQHU��������

Raumens susitraukimo ir atsipalaidavimo etapai:

1. PRWRQHXURQÐ�VXMDXGLQLPDV�
2. YHLNLPR�SRWHQFLDODV�SOLQWD�PRWRQHXURQR�DNVRQX�³�UDXPHQLQHV�VNDLGXODV�
3. QHUYR�UDXPHQV�VLQDSV¡MH�YHLNLPR�SRWHQFLDODV�VXNHOLD�DFHWLOFKROLQR�LãVLVN\ULP���NXULV�QXOHPLD

JDOLQ¡V�SORNãWHO¡V�SRWHQFLDOR�VXVLGDU\P��SRVWVLQDSVLQ¡MH�PHPEUDQRMH�
4. JDOLQ¡V�SORNãWHO¡V�SRWHQFLDODV�VXNHOLD�VDUNROHPRV�YHLNLPR�SRWHQFLDO���NXULV�SOLQWD�UDXPHQLQ¡V

skaidulos membranos paviršiumi apie 6�P�V�JUHLþLX�LU�SDWHQND�³�VNHUVLQLÐ�YDP]GHOLÐ�7�VLVWHP��
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5. YHLNLPR� SRWHQFLDODV� 7�VLVWHPD� SDWHQND� LNL� ãLÐ� SRWHQFLDOÐ� YDOGRPÐ� &D� MRQÐ� NDQDOÐ
�GLKLGURSLULGLQR� UHFHSWRULÐ��� NXULH�PHFKDQLQLX�EÌGX�SHU� �S¡GRV�� VWUXNWÌU�� G¡O� NRQIRUPDFLQLÐ
SDNLWLPÐ�DWLGDUR�VDUNRSOD]PLQLR�WLQNOR�&D�MRQÐ�NDQDOXV��ULDQRGLQLÐ�UHFHSWRULÐ� (Rios, Pizzaro,

1991);

6. DWVLGDULXV� &D� MRQÐ� NDQDODPV�� &D� MRQDL� SDJDO� NRQFHQWUDFLMRV� JUDGLHQW�� GLIXQGXRMD� Lã
VDUNRSOD]PLQLR�WLQNOR�³�VDUNRSOD]P���VXSDQþL��PLRILEULOHV��LU�GDXJ�NDUWÐ�SDGLGLQD�YLGXO�VWHOLQ

&D� MRQÐ� NRQFHQWUDFLM��� QXR� ���7 mol/1 iki 10-5�PRO���� \SDþ� SDGLG¡MD� &D� MRQÐ� NRQFHQWUDFLMD
DNWLQR�LU�PLR]LQR�ILODPHQWÐ�VULW\MH (Robertson, Johnson, Potter, 1981);

7. GDXJXPD� &D� MRQÐ� ODEDL� JUHLWDL� VXNLPED� VX� WURSRQLQX�&� �7Q&�� �YLHQD� 7Q&� PROHNXO¡� JDOL
prisijungti iki 4�&D�MRQÐ���SDNLQWD�YLVR�WURSRQLQLQLR�NRPSOHNVR�HUGYLQ¡�VWUXNWÌUD��SDãDOLQDPDV
slopinamasis troponino I� SRYHLNLV�� WXR� SDW� PHWX� SHU� WURSRQLQ��7� SHUGXRGDPDV� VLJQDODV
WURSRPLR]LQXL� LU� YLVDV� WURSRQLQR�WURSRPLR]LQR� NRPSOHNVDV� SDVLVOHQND� ³� ³GXELP�� WDUS� GYLHMÐ
DNWLQR�JUDQGåLÐ��XåOHLVGDPDV�YLHW��PLR]LQR�JDOYXWHL��GDOLV�&D�MRQÐ�VXNLPED�VX�SDUYDOEXPLQX�
(Brenner, 1988; Haiech, Derancourt, Pechere et al., 1979; Pollack, 1990);

8. VXVLGDUR� PLR]LQR� LU� DNWLQR� VNHUVLQLDL� WLOWHOLDL�� NXULÐ� VXNDPLHML� �URWDFLQLDL�� MXGHVLDL� VXNHOLD
VDUNRPHUÐ�LU�NDUWX�YLVRV�UDXPHQLQ¡V�VNDLGXORV��56��VXVLWUDXNLP��EHL�M¡J���³Y\NVWD�UDXPHQLQ¡V
skaidulos citoskeleto deformacijos procesai (Brenner, 1988).

Raumens susitraukimo procesai, vykstantys nuo veikimo potencialo susidarymo

VDUNROHPRMH�LNL�UDXPHQV�M¡JRV�VXVWLSU¡MLPR��YDGLQDPL elektromechaniniu ryšiu (Rios et al., 1991).

9\NVWDQW� UDXPHQV� DWVLSDODLGDYLPXL� &D� MRQDL� VXNLPED� VX� SDUYDOEXPLQX� LU� G¡O� &D� VLXUEOLR
JU�åLQDPL� ³� VDUNRSOD]PLQ³� WLQNO��� O�VWHO¡MH� VXPDå¡MD� ODLVYÐ� &D� MRQÐ� NRQFHQWUDFLMD� LNL 10-7, tada

WURSRPLR]LQDV� XåEORNXRMD� DNW\YL�VLDV� DNWLQR� YLHWDV� LU�� MHL� WDUS� PLRILEULOLÐ� \UD� SDNDQNDPDV� $73
NLHNLV�� ³Y\NVWD� UDXPHQV�DWVLSDODLGDYLPDV (Rall, 1990; Westerblad, Lee, Lannergren, Allen, 1991).

'¡O� LOJLDX� WUXQNDQþLR� UDXPHQLQ¡V� O�VWHO¡V� GDUER� �NUÌYLR��� SULNODXVRPDL� QXR� MR� LQWHQV\YXPR�� JDOL
VXPDå¡WL�$73�NLHNLV��G¡O�NR�&D�MRQÐ�NRQFHQWUDFLMRV�PDå¡MLPR�WHPSDL�VXO¡W¡MD��NDV�QHLãYHQJLDPDL
VXNHOLD� NRQWUDNWLOLQLÐ� HOHPHQWÐ� DWSDODLGDYLPR� SDLOJ¡MLP��� 7DL� DNLYDL]GåLDL� SDVWHELPD� UDXPHQÐ
nuovargio fone.

Taigi raumens susitraukimas ir atsipalaidavimas yra skirtingi procesai.
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�����5DXPHQV�DNW\YLRVLRV�PHFKDQLQ¡V�VDY\E¡V

�������3ULNODXVRP\E¡�ÄUDXPHQV�VXVLWUDXNLPR�JUHLWLV�±�M¡JD³

3ULNODXVRP\E¡� WDUS� UDXPHQV� VXVLWUDXNLPR� PDNVLPDODXV� JUHLþLR� LU� VXVLWUDXNLPR� M¡JRV� \UD
KLSHUERO¡V�IRUPRV��)LWWV��0F'RQDOG��6FKXOWHU��������:LQWHUV��:RR��������:HVWHUEODG�HW�DO���������
'LGHO³� VYRU³� UDXPXR�JDOL�SDNHOWL� WLN� VXVLWUDXNGDPDV�QHGLGHOLX�JUHLþLX��R�PDNVLPDOXV� VXVLWUDXNLPR
JUHLWLV� XåILNVXRMDPDV�� NDL� UDXPXR� VXVLWUDXNLD� EH� MRNLR� SDSLOGRPR� VYRULR�� $WOLHNDQW� MXGHV³� ODEDL
GLGHOLX�JUHLþLX��QHVS¡MD�VXNLEWL�GDXJ�PLR]LQR�VNHUVLQLÐ�WLOWHOLÐ�VX�DNWLQX��WRG¡O�LU�SDVLHNWRML�M¡JD�\UD
ODEDL�PDåD�

5DXPHQV� VXVLWUDXNLPR� JDOLQJXPDV� \UD� O\JXV� VXVLWUDXNLPR� M¡JRV� LU� JUHLþLR� VDQGDXJDL� DUED
DWOLNWDP�GDUEXL� SHU� ODLNR� YLHQHW���.DL� UDXPXR� VXVLWUDXNLD� L]RPHWULQ¡PLV� V�O\JRPLV�� VXVLWUDXNLPR
JUHLWLV�O\JXV�QXOLXL��WRG¡O� LU�UDXPHQV�GDUEDV�QHDWOLHNDPDV��5DXPXR�SDVLHNLD�GLGåLDXVLD�JDOLQJXP��
NDL� LãRULQLV� SDVLSULHãLQLPDV� \UD� DSLH� WUHþGDO³� PDNVLPDOLRV� L]RPHWULQ¡V� M¡JRV� �UDXPHQÐ�� NXULXRVH
Y\UDXMD�JUHLWRMR�VXVLWUDXNLPR�UDXPHQLQ¡V�VNDLGXORV��JDOLQJXPR�NUHLY¡�SDVLVOHQND�³�GHãLQ
��

�������3ULNODXVRP\E¡�ÄUDXPHQV�VXVLWUDXNLPR�M¡JD�±�ODLNDV³

5DXPHQV� VXVLWUDXNLPR� M¡JRV� G\GLV� SULNODXVR� QH� WLN� QXR� NHOLDPR� VYRULR� DU� UDXPHQV
LOJLR�� EHW� LU� QXR� DNW\YDYLPR� WUXNP¡V�� NXUL� UHLNDOLQJD�&D� MRQÐ� NRQFHQWUDFLMDL� SDGLGLQWL� LU� UDXPHQV
SDV\YLDMDL� M¡JDL� ³YHLNWL��:LQWHUV�HW�DO����������9HLNLPR�SRWHQFLDODV��N\ODQWLV� UDXPHQLQ¡V�VNDLGXORV
VDUNROHPRMH��XåWUXQND�DSLH�����PV��&D�MRQÐ�LãPHWLPR�PDNVLPDOXV�LQWHQV\YXPDV�SDVLHNLPDV�SHU����
���PV�� R� UDXPHQV� M¡JD�SDVLUHLãNLD� WLN�SR�������PV�QXR� YHLNLPR�SRWHQFLDOR� DNW\YLQLPR�SUDGåLRV�
7DLJL�VWHELPDV�ODWHQWLQLV�SHULRGDV��NXULR�WUXNP¡�DSLPD�WDUSVQ³�QXR�VDUNROHPRV�GHSROLDUL]DYLPR�LNL
UDXPHQV�M¡JRV�DWVLUDGLPR�SUDGåLRV�

'LUJLQDQW�UDXPHQ³�QHGLGHOLX�GDåQLX��SR�NLHNYLHQR�UDXPHQV�VXVLWUDXNLPR�EÌQD�YLVLãNDV
DWVLSDODLGDYLPDV�� WRG¡O� UDXPXR� ³J\MD� DWVNLUR� VXVLWUDXNLPR� IRUP��� 'LUJLQDQW� UDXPHQ³� GLGHVQLX
GDåQLX�� UDXPXR� QHVS¡MD� DWVLSDODLGXRWL�� WRG¡O� UDXPHQV� YLHQNDUWLQLDL� VXVLWUDXNLPDL� VXPXRMDVL� LU
UDXPHQV�GDUEDV� ³JDXQD�GDQW\WRMR� LU� O\JLRMR� WHWDQXVR�IRUPDV��9LV�G¡OWR��DWOLHNDQW� MXGHV³�56�EHYHLN
YLVDGD� VXVLWUDXNLD� GDQW\WXRMX� WHWDQXVX�� WDþLDX� G¡O� UDXPHQLQLÐ� VNDLGXOÐ� DVLQFKURQLãNR� GDUER� YLVDV
raumuo susitraukia tolygiai (Fitts, 1994).
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�����5DXPHQV�SDV\YLRVLRV�PHFKDQLQ¡V�VDY\E¡V

�������3ULNODXVRP\E¡�ÄUDXPHQV�M¡JD�±�LOJLV³

5DXPXR�� SDQDãLDL� NDLS� VS\UXRNO¡� DU� DPRUWL]DWRULXV�� SDVLå\PL� HODVWLQJXPX� LU
NODPSXPX� �)LWWV� HW� DO�� ������ :DQJ�� 0FOXUH�� 7X�� ������� 7DL� SULNODXVR� QXR� QXRVHNOLÐMÐ� LU
O\JLDJUHþLÐMÐ� UDXPHQV� HODVWLQLÐ� NRPSRQHQWÐ�� NXULXRV� IRUPXRMD� UDXPHQLQ¡V� VNDLGXORV� VDUNROHPD�
citoskeletas, sarkoplazminio tinklo vamzdeliai, miozino ir aktino filamentai, jungiamojo raumens

DXGLQLR� WULMÐ� VOXRNVQLÐ� SO¡YHO¡V� LU� VDXVJ\VO¡�� 0LR]LQR� LU� DNWLQR� ILODPHQWDL� IRUPXRMD� DNW\YÐM³
UDXPHQV�M¡JRV�VWLSUXPR��R�YLVL�NLWL�SDV\YÐM³�UDXPHQV�SDVLSULHãLQLPR�MR�LOJLR�NLWLPXL�NRPSRQHQWXV�

Sukamojo� MXGHVLR� M¡JRV� PRPHQWDV�� NXU³� VXGDUR� UDXPHQV� LãY\VWRPRV� M¡JRV� LU� M¡JRV
SHWLHV�VDQGDXJD��NLQWD�NHLþLDQW�UDXPHQV�LOJ³�DU�V�QDULR�NDPS���7DL�SULNODXVR�QXR�ãLÐ�IDNWRULÐ�

1. 0LR]LQR� LU� DNWLQR� ILODPHQWÐ� �DNW\YLRMR� UDXPHQV� VXVWLSU¡MLPR� NRPSRQHQWR�� SHUVLGHQJLPR
VDUNRPHUH��6DUNRPHUDL�SDVLHNLD�GLGåLDXVL�� M¡J��� NDL� MÐ� LOJLV� VLHNLD� DSLH������������P��QHV
WDGD�VXVLGDUR�GDXJLDXVLD�VNHUVLQLÐ�PLR]LQR�WLOWHOLÐ�VX�DNWLQX��/DEDL�GLGHOLR�LãWHPSLPR��YLUã
�����P��DU�GLGHOLR� LOJLR�VXPDå¡MLPR��WUXPSLDX�QHL�������P��DWYHMDLV�VDUNRPHUÐ�VXNHOLDPD
M¡JD�VXPDå¡MD���)LWWV�HW�DO���������

2. 3DV\YLRMR� UDXPHQV� SDVLSULHãLQLPR�� ,ãWHPSLDQW� UDXPHQÐ� LNL� GLGHVQLR� QHL� UDP\E¡V� LOJLR�
DWVLUDQGD�SDV\YXVLV�UDXPHQV�SDVLSULHãLQLPDV��$WOLHNDQW�QRUPDOLXV�³SUDVWXV�MXGHVLXV��UDXPHQV
GDUER�LOJLV�NLQWD�IXQNFLQ¡V�UDP\E¡V�LOJLR�ULERVH�

3. 5DXPHQV�M¡JRV�SHWLHV��:LQWHUV�HW�DO����������W�\��WUXPSLDXVLR�DWVWXPR�QXR�DWUDPRV�WDãNR�LNL
M¡JRV� YHLNLPR� OLQLMRV�� -LV� NLQWD� NHLþLDQW� V�QDULÐ� NDPS��� 6�QDULR� NDPSDV�� SULH� NXULR
SDVLHNLDPDV�GLGåLDXVLDV� M¡JRV�PRPHQWDV�� QH� YLVDGD� VXWDPSD� VX� UDXPHQV� IXQNFLQ¡V� EÌNO¡V
LOJLX��W�\��NLQWDQW�UDXPHQV�LOJLXL�QHYLHQDUHLNãPLãNDL�NLQWD�M¡JRV�PRPHQWDV�

4. 5DXPHQV�VXVLWUDXNLPR�WLSR��)LWWV�HW�DO����������5DXPHQV�VXVLWUDXNLPR�M¡JD�SULNODXVR�QH�WLN
QXR� UDXPHQV� LOJLR�� EHW� LU� QXR� MR� NLWLPR� WLSR� �LOJ¡MLPR� DU� WUXPS¡MLPR�� EHL� NLWLPR� JUHLþLR�
'LGåLDXVL��M¡J��UDXPXR�³J\MD�HNVFHQWULQLR�VXVLWUDXNLPR�PHWX��W�\��QHW�DSLH�GX�NDUWXV�GLGHVQ

nei izometrinio susitraukimo metu.
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�����%LRPHFKDQLQLDL�LU�IL]LRORJLQLDL�YHLNVQLDL��OHPLDQW\V�ãRNOXP�

�������âRNOXP��OHPLDQW\V�IDNWRULDL

1HW� SDWV� SDSUDVþLDXVLDV�� QHUHLNDODXMDQWLV� GLGHOLÐ� NRRUGLQDFLQLÐ� VXJHE¡MLPÐ� EHL
³JÌGåLÐ��ãXROLV�³�DXNãW³�Lã�YLHWRV�SULNODXVR�QH�WLN�QXR�DVPHQV�UDXPHQÐ��SHULIHULQLÐ�YHLNVQLÐ���EHW�LU
QXR� FHQWULQ¡V� QHUYÐ� VLVWHPRV� �&16�� YDOG\PR� PHFKDQL]PÐ� GLUJLQLPR� �<_j[hrZgkdbc�� �����
9LLWDVDOR���%RVFR��������6FKPLGW��������6NXUY\GDV��0DPNXV���������%H�WR��WÐ�SDþLÐ��EHW�VNLUWLQJDLV
EÌGDLV�DWOLHNDPÐ�ãXROLÐ�GLGåLDXVLDV�LQG¡OLV�JDOL�EÌWL�QHYLHQDUHLNãPLV��<_j[hrZgkdbc��������%RVFR
et al., 1983a, 1983b, 1984, 1986; Schmidtbleicher, Gollhofer, Frick, 1987; Skurvydas, Stasiulis,

9LOþLQVNDV�� ������ .RPL�� ������ +DNNLQHQ�� ������� QRUV� PDQRPD�� NDG� QHW� LU� VNLUWLQJDLV� EÌGDLV
DWOLHNDPÐ�ãXROLÐ�PRWRULQ¡�SURJUDPD��YDOGRPD�JDOYRV�VPHJHQÐ�PRWRULQLÐ�GDULQLÐ��\UD��MHL�QH�WRNLD
pat, tai labai panaši (=mjnbgd_et��E_\bg��������6FKPLGW���������âRNOXPDV�±�WDL�GDXJLDO\S¡�IL]LQ¡
\SDW\E¡��DSLEÌGLQDPD�GDXJHOLR�YHLNVQLÐ��NXULXRV�EÌWÐ�JDOLPD�³YDUGLQWL�NDLS�

3HULIHULQLXV�UDXPHQÐ�YHLNVQLXV�
��� 5DXPHQÐ� NRPSR]LFLMD.� äPRJDXV� VNHOHWR� UDXPHQÐ� VNDLGXORV� \UD�PLãULRV� VXG¡WLHV�

9LHQXRVH� \UD�GDXJLDX� O¡WDL� VXVLWUDXNLDQþLÐ� �//9��� NLWXRVH�±�JUHLWDL� VXVLWUDXNLDQþLÐ� �**9��� R� GDU
NLWXRVH�±�LU�WRNLX�LU�WRNLÐ�SR�O\JLDL��1HYLHQRGDV�JUHLWÐMÐ�LU�O¡WÐMÐ�56�MDXWUXPDV�KRUPRQÐ�SRYHLNLXL�
JDXV¡MDQW�NDWHFKRODPLQÐ�NLHNLXL��GLG¡MD�JUHLWÐMÐ�56�VXVLWUDXNLPR�M¡JD��R�O¡WÐMÐ�ML�JDOL�QHW�VXPDå¡WL
�<bjm�� Dmj]_�� ������� .XR� GDXJLDX� UDXPHQ\VH� JUHLWDL� VXVLWUDXNLDQþLÐ� UDXPHQLQLÐ� VNDLGXOÐ�� WXR
JHUHVQLV� WLULDPÐMÐ� ãRNOXPDV� �%RVFR� HW� DO�������D������E��YrsZgbgZk��������KZiebgkdZk�������
Hakkinen 1994).

��� 8å� UDXPHQÐ� VXVLWUDXNLP�� DWVDNLQJÐ� VWUXNWÌUÐ� NLHNLV�� 5DXPHQÐ� VXVLWUDXNLPR
HIHNW\YXP�� OHPLD� ãLH� VWUXNWÌURV� HOHPHQWDL�� ��� IHUPHQWÐ� QDWULR�� NDOLR�$7)�D]¡V�� &D�$7)�D]¡V�
PLR]LQR�$7)�D]¡V��PDJQLR�$7)�D]¡V�NLHNLV�����UDXPHQLQ¡MH�VNDLGXORMH�HVDQþLÐ�VDUNRPHUÐ�VNDLþLXV
LU�LOJLV��UDXPHQLQ¡V�VNDLGXORV�LOJLV�����UDXPHQLQLÐ�VNDLGXOÐ�VNDLþLXV�YLHQDPH�PRWRULQLDPH�YLHQHWH�
���PLRILEULOLÐ� VWRULV� LU� NLHNLV� �� NXR� GDXJLDX� JUHLWRVLRVH�56� \UD�PLRILEULOLÐ� WXR� GLGHVQ³� JDOLQJXP�
³J\MD� UDXPXR� �Ydh\e_\�� ������ =mjnbgd_et��E_\bg�� ������ $VWUDQG�� 5RGDKO�� ������ )LWWV� HW� DO��
1991; Goldspink, 1992; Enoka, 1994); 5) T-sistemos sarkoplazminio retikulumo kiekis; 6) raumens

elastinio komponento kiekis.

3. Fundamentalios RS susitraukimo charakteristikos.� -¡JD� ±� LOJLV� LU� M¡JD� ±� JUHLWLV�
5DXPHQV�VXVLWUDXNLPR��VXWUXPS¡MLPR��DU�LãWHPSLPR�LOJLV�DUED�SULWXSLPR�J\OLV�� ,OJ¡MDQW�UDXPHQLXL
LNL�RSWLPDODXV�G\GåLR��GLG¡MD�WR�UDXPHQV�M¡JD��5DXPHQV�M¡JRV�SULNODXVRP\E¡�QXR�MR�LOJLR�LU�JUHLþLR
OHPLD�UDXPHQV�M¡JRV�JHQHUDYLPR�SODVWLãNXP���HIHNW\YXP��EHL�HNRQRPLãNXP��
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��� 5DXPHQÐ� LU� VDXVJ\VOLÐ� HODVWLQJXPDV (Bosco et al., 1982,1983b, 1984). Raumuo,

SDQDãLDL� NDLS� VS\UXRNO¡� LU� DPRUWL]DWRULXV�� SDVLå\PL elastingumu ir klampumu (Fitts et al., 1991;

Wang et al., 1979).� 5DXPHQV� HODVWLQJXPDV� SULNODXVR� QXR� MR� QXRVHNOLÐ� LU� O\JLDJUHþLÐ� HODVWLQLÐ
NRPSRQHQWÐ�� O\JLDJUHWXV� HODVWLQLV� NRPSRQHQWDV� ±� QXR� UDXPHQV� VNDLGXOÐ� VDUNROHPÐ�� IDVFLMÐ� LU
MXQJLDPÐMÐ� DXGLQLÐ� PHFKDQLQLÐ� VDY\ELÐ�� R� QXRVHNOXV� HODVWLQLV� NRPSRQHQWDV� ±� QXR� VDXVJ\VOLÐ� LU
DNWLQR�PLR]LQR�WLOWHOLÐ�WDPSUXPR��6NXUY\GDV�HW�DO����������5DXPHQÐ�HODVWLQ¡PV�VDY\E¡PV�QHPDåRV
³WDNRV�WXUL�DNWLQR�PLR]LQR�WLOWHOLÐ�VXVLMXQJLPR�LU�DWVLSDODLGDYLPR�ODLNDV��NXULV�**9�56�\UD�DSLH���
NDUWÐ� WUXPSHVQLV� QHJX� //9�� ,ãWHPSLDQW� UDXPHQLQ
� VNDLGXO��� ³VLWHPSLD� DNWLQR�PLR]LQR� WLOWHOLDL� LU
WDLS�VXNDXSLDPD�HODVWLQ¡�SRWHQFLQ¡�HQHUJLMD��$WVLSDODLGDYXV� �WUÌNXV��DNWLQR�PLR]LQR� WLOWHOLDPV�G¡O
LOJR�DU�VWDLJDXV�VNDLGXOÐ� LãWHPSLPR��VXNDXSWD�HODVWLQ¡�HQHUJLMD�JDOL�SHUHLWL� ³� ãLOXPLQ
� LU� WXR�SDþLX
JDOL�VXPDå¡WL�PHFKDQLQLR�GDUER�JDOLQJXPDV��.XR�JUHLþLDX�SHUHLQDPD�QXR�UDXPHQV�LãWHPSLPR�SULH
MR� VXVLWUDXNLPR�� WXR� HIHNW\YLDX� SDQDXGRMDPD� HODVWLQ¡� LU� PLRHOHNWULQ¡� HQHUJLMD��6NXUY\GDV� HW� DO��
�������0LR]LQR�LU�DNWLQR�ILODPHQWDL�IRUPXRMD�DNW\YÐM³�UDXPHQV�M¡JRV�VWLSUXPR��R�YLVL�NLWL SDV\YÐM³
raumens pasipriešinimo jo ilgio kitimui NRPSRQHQWXV��3DY\]GåLXL�� NXR� HODVWLQJHVQLV� UDXPXR�� WXR
GDXJLDX� HODVWLQ¡V� HQHUJLMRV� VXNDXSLDPD� DPRUWL]XRMDPDL� SULWÌSLDQW�� R� WDL� OHPLD� DWOLHNDPR� ãXROLR
G\G³��0DQRPD��NDG�G¡O�UDXPHQÐ�LU�VDXVJ\VOLÐ�HODVWLQJXPR��ãRNOXPR�VDY\E¡V�JDOL�SDJHU¡WL�DSLH����±
40 % (Bosco, Rsko, 1983c).

5. Biomechaniniai faktoriai.�5DXPHQÐ�VXVLWUDXNLPR�JUHLWLV�EHL�M¡JD�JDOL�VNLUWLV�DSLH���
NDUWÐ��SULNODXVRPDL�QXR�LOJLR��56�WYLUWLQLPRVL�SULH�VDXVJ\VOLÐ�NDPSR�LU�VDXVJ\VOLÐ�WYLUWLQLPRVL�SULH
NDXOR� M¡JRV�VYHUWR�SHWLHV� LOJLR�� -HLJX�56� WYLUWLQDVL� WDP� WLNUX�NDPSX�� UDXPXR� LãY\VWR�GLGHVQ
� M¡J�
�(QRND�� ������� 9DLQR� SDVLÌO\WDPH� QDXMDPH� ELRPHFKDQLQLDPH� VNHOHWR� UDXPHQV� PRGHO\MH�� \UD
DNFHQWXRMDPD� UDXPHQV� SHU¡MLPR� ³� VDXVJ\VO
� VWUXNWÌULQLDL� \SDWXPDL�� 5DXPHQ\V� \UD� SDGHQJWL
MXQJLDPXRMX� DXGLQLX�� NXU³� VXGDUR� NRODJHQLQLÐ� LU� HODVWLQLÐ� VNDLGXOÐ� WLQNODV�� NXULRV� EHWDUSLãNDL
MXQJLDVL�VX�VDXVJ\VOH��0LRILEULO¡V�WLHVLRJLDL�QHGDO\YDXMD�SHUGXRGDQW�PHFKDQLQ
�HQHUJLM��Lã�UDXPHQV
³�VDXVJ\VO
��6XVLWUDXNLDQW�DUED�LãVLWHPSLDQW�UDXPHQLXL��LãVLO\JLQD�NRODJHQLQLÐ�VNDLGXOÐ�JRIUXRWXPDV�
.XRPHW� UDXPXR� \UD� YLVLãNDL� LãWHPSWDV�� JRIUXRWXPDV� YLVLãNDL� LãQ\NVWD�� NRODJHQLQ¡V� VNDLGXORV
LãWHPSWRV��LU�WROHVQLV�³WDPSRV�DXJLPDV�VXNHOLD�SODVWLQ
�GHIRUPDFLM���,ã�YLVR�WR�VHND��NDG�SDVNXWLQLX
DWYHMX� NRODJHQLQLÐ� VNDLGXOÐ� ³WDPSD� SHUVLGXRGD� VDXVJ\VOHL� ��� ��� 5DXPHQV� LãY\VWRPD� M¡JD� \UD
PDNVLPDOL�� R� SULHã� WDL� UDXPHQ\MH� Y\NVWD� NRODJHQLQLÐ� VNDLGXOÐ� JRIUXRWXPR� GHIRUPDFLMRV
DNXPXOLDFLMD��SULNODXVRPDL�QXR�MÐ�VWDQGXPR��$NXPXOLXRMDQW�WRNLR�SREÌGåLR�GHIRUPDFLMRV�HQHUJLM�
EH�DEHMRQ¡V�GDO\YDXMD�PLR]LQR�WLOWHOLDL�LU�WDPSULRML�WLWLQR�ILODPHQWÐ�GDOLV��$WOLHNDQW�SDV\YÐ�UDXPHQV
LãWHPSLP���PLR]LQR�WLOWHOLÐ�³WDND�\UD�PLQLPDOL��9DLQ��������

3DPLQ¡WLQL�ãLH�QHUYLQLDL�YHLNVQLDL�
��� 0RWRULQ¡V� SURJUDPRV� ³J\YHQGLQLPR� HIHNW\YXPDV� Jei sportininkas yra reikiamai

VXVLNDXS
V�LU�WXUL�PRW\YDFLM���WDL�PRWRULQLDL�FHQWUDL�JDOL�LQWHQV\YLDX�VLXVWL�QHUYLQLXV�LPSXOVXV�³�DOID
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PRWRQHXURQXV� �6FKPLGW�� ������� '¡O� ãLRV� SULHåDVWLHV� GLG¡MD� PRWRQHXURQÐ� LPSXOVDYLPR� GDåQLV�
Y\NVWD�MÐ�PRELOL]DFLM��VNDWLQDQW\V�SURFHVDL��WDS�SDW�GLG¡MD�PRWRQHXURQÐ�DNW\YXPR�VLQFKURQL]DFLMD�

���0RWRULQ¡V�SURJUDPRV�VXGDU\PR� WLNVOXPDV��1XR� MRV�SULNODXVR�DJRQLVWÐ�� VLQHUJLVWÐ�
DQWDJRQLVWÐ�� UDQNÐ� LU� NRMÐ� UDXPHQÐ� NRRUGLQDFLM��� NXUL� SDGHGD� JHULDX� DWOLNWL� ãXRO³� �6DOH�� �����
Schmidt, 1988; Skurvydas et al., 1988, 1990).

*DOL�EÌWL�ãLH�UHfleksiniai veiksniai:

��� 6DXVJ\VOLÐ� LãWHPSLPDV�� 6DXVJ\VO¡VH� JOÌGL� *ROGåLR� UHFHSWRULDL�� NXULXRV� VXåDGLQXV
SULVORSLQDPDV�PRWRQHXURQÐ�DNW\YXPDV��=mjnbgd_et��E_\bg��������6FKPLGWEOHLFKHU�HW�DO��������
6NXUY\GDV�HW�DO���������.RPL���������.DL�VDXVJ\VO¡VH�VXåDGLQDPD�GDXJLDX�*ROGåLR�UHFHSWRULÐ�� WDL
JDOL�VLOSQ¡WL�ãRNOXPR�VDY\E¡V�

���5DXPHQLQLÐ� YHUSVþLÐ� LãWHPSLPR� LOJLV� EHL� JUHLWLV� Jas ištempiant, per aferentus yra

åDGLQDPL�PRWRQHXURQDL��NXULH�GLGHVQLX�GDåQLX�DNW\YXRMD�56� �=mjnbgd_et��E_\bg�� ������%RVFR�
Tihanyi, Latteri, Fekete, Apor, Rusco, 1986; Skurvydas et al., 1988; Komi, 1992; Hakkinen, 1994).

%H�WR��LãWHPSLDQW�UDXPHQLQHV�YHUSVWHV�UHNUXWXRMDPD�GDXJLDX�PRWRULQLÐ�YLHQHWÐ�

 1.4.2. Šoklumo fiziologiniai pagrindai

Sutinkami šie pagrindiniai raumens susitraukimo tipai: L]RPHWULQLV� �UDXPXR� ³J\MD� M¡J��
WDþLDX� MR� LOJLV� QHNLQWD�� LU GLQDPLQLV� �UDXPXR� ³J\MD� M¡J��� NLQWDQW� UDXPHQV� LOJLXL��� 'LQDPLQLV
VXVLWUDXNLPR�WLSDV�VNLUVWRPDV�³� NRQFHQWULQ³��UDXPXR�WUXPS¡MD��LU HNVFHQWULQ³��UDXPXR�LOJ¡MD���3DJDO
WDL�� NDLS� NLQWD� VXVLWUDXNLPR�PHWX� UDXPHQV� LOJLV� LU� M¡JD�� NRQFHQWULQLV� VXVLWUDXNLPDV� VNLUVWRPDV� ³�
L]RNLQHWLQ³� �VXNDPDVLV� MXGHV\V� V�QDU\MH� DWOLHNDPDV� SDVWRYLX� JUHLþLX�� L]RWRQLQ³� �WDL� WLN
ODERUDWRULQ¡PLV� V�O\JRPLV� GHPRQVWUXRMDPDV� VXVLWUDXNLPDV�� NDL� UDXPXR� VXVLWUDXNLD� LU� MR� M¡JD
nekinta). Net vieno atliekamo judesio metu raumuo gali susitraukti skirtingais tipais, pvz., šuolio

metu stebimas ekscentrinis, izometrinis ir koncentrinis susitraukimas (Komi, 1992).

7LSLQLV�HNVFHQWULQLÐ�L]RPHWULQLÐ�NRQFHQWULQLÐ�UDXPHQÐ�GDUER�SDY\]G\V�\UD�ãXROLV�³�DXNãW³�Lã
YLHWRV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��7RNLÐ�SUDWLPÐ�\UD�QHGDXJ�

Raumens sprogstamojo susitraukimo fiziologiniai mechanizmai izometrinio ir koncentrinio

GDUER�PHWX�VNLULDVL��.RQFHQWULQLR�UDXPHQV�VXVLWUDXNLPR�PHWX�GLGHO
�UHLNãP
� WXUL�VNHOHWR�UDXPHQÐ
HODVWLQLR�NRPSRQHQWR�SDQDXGRMLPDV��(ODVWLQLDL�NRPSRQHQWDL�WXUL�GLGHO
�³WDN��UDXPHQV�VXVLWUDXNLPR
JUHLþLXL��âL�� IXQNFLM�� UHJXOLXRMD� UDXPHQLQ¡V�YHUSVW¡V�EHL�*ROGåLR�DSDUDWDV��9LHQRV� MÐ�GDO\V� ODELDX
UHDJXRMD� ³� M¡JRV� SRN\þLXV�� NLWRV� ³� JUHLþLR� LU� SDJUHLþLR�� (NVFHQWULQLR� UDXPHQV� VXVLWUDXNLPR� PHWX
SDVWHELPDV�PDåHVQLV�*ROGåLR�RUJDQÐ� LãWHPSLPDV� LU� WXR�SDþLX�PDåHVQLV�PRWRULQLÐ� YLHQHWÐ� YHLNORV
VORSLQLPDV�� QHL� L]RPHWULQLR�GDUER�PHWX��(NVFHQWULQLR� VXVLWUDXNLPR�PHWX� LãWHPSLDPRV� UDXPHQLQ¡V
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YHUSVW¡V�� NXULRV� VXDNW\YLQD� SDSLOGRP�� PRWRULQLÐ� YLHQHWÐ� NLHN³�� 7RG¡O� HNVFHQWULQLR� GDUER� PHWX
LãY\VWRPD�GLGHVQ¡�PDNVLPDOL� M¡JD��7DL� SDDLãNLQDPD� HODVWLQLÐ� LU�PLRHOHNWULQLÐ� IDNWRULÐ� ³WDND� WRNLR
WLSR� UDXPHQV� VXVLWUDXNLPXL�� 3R� UDXPHQV� LãWHPSLPR� SDGLG¡MD� DWOLHNDPR� GDUER� JDOLQJXPDV�
7HPSLPR� UHIOHNVR� G\GLV� SULNODXVR� QXR� UDXPHQLQLÐ� YHUSVþLÐ� LãWHPSLPR� JUHLþLR�� SDJUHLþLR� M¡JRV�
WHPSLPR�UHIOHNVDV�SDVLUHLãNLD� WXR�ODELDX��NXR�GLGHVQLX�JUHLþLX� LãWHPSLDPRV�UDXPHQLQ¡V�VNDLGXORV�
6XJHE¡MLPDV�SDQDXGRWL�WHPSLPR�UHIOHNV�� LU�UDXPHQÐ�HODVWLQJXP�� LãWHPSLDQW�UDXPHQLQHV�VNDLGXODV
SULNODXVR� QXR� WHPSHUDWÌURV�� 3Y]��� SDGLGLQXV� UDXPHQÐ� WHPSHUDWÌU�� ��o� &�� MÐ� VXVLWUDXNLPR
JDOLQJXPDV� SDGLG¡MD� DSLH� �� NDUWXV�� 7HPSLPR� UHIOHNVR� SDQDXGRMLPR� JDOLP\E¡V� SULNODXVL� LU� QXR
UDXPHQLQLÐ�VNDLGXOÐ��LãWHPSLPR�LOJLR��HODVWLQ¡V�HQHUJLMRV�SDQDXGRMLPR�

.XR� JUHLþLDX� SHUHLQDPD� QXR� UDXPHQV� LãWHPSLPR� SULH� MR� VXVLWUDXNLPR�� WXR� HIHNW\YLDX
SDQDXGRMDPD�VXNDXSWD�HODVWLQ¡�LU�PLRHOHNWULQ¡�HQHUJLMD�

5DXPHQÐ� UHDNW\YXPDV�� VNLULDVL� QXR� VSURJVWDPRVLRV� M¡JRV�� .XR� JUHLþLDX� SHUHLQDPD� QXR
HNVFHQWULQLÐ� SULH� NRQFHQWULQLÐ� VXVLWUDXNLPÐ�� WXR� GLGHVQLV� UDXPHQÐ� UHDNW\YXPDV�� ýLD� VYDUELDXVLD
atsispyrimo greitis. Vertikalaus šuolio atsispiriant abiem kojom iš vietos aukštis priklauso nuo

YHUWLNDODXV�DWVLVS\ULPR�JUHLþLR�PDNVLPDOL�DWVLVS\ULPR�M¡JD��R�WXR�SDþLX�LU�YLGXWLQ¡�M¡JD�WXR�GLGHVQ¡�
NXR� Lã� PDåHVQLR� SULWÌSLPR� NDPSR� DWOLHNDPDV� ãXROLV�� 5DXPHQÐ� HODVWLQJXPDV� LU� VXJHE¡MLPDV
SDQDXGRWL� PLRHOHNWULQ
� HQHUJLM�� LãWHPSLDQW� UDXPHQLQHV� VNDLGXODV� ODEDL� SDGLGLQD� UDXPHQÐ
VXVLWUDXNLPR�M¡J��

$WOLHNDQW� ãXROLXV� Lã� åHPR� SULWÌSLPR� �NRMD� VXOLQNXV� LNL� ��o� NDPSR� SHU� NHOLR� V�QDU³��
DWVLVS\ULPR� ODLNDV� SDLOJ¡MD� GDXJLDX� QHJX� VXPDå¡MD� YLGXWLQ¡� DWVLVS\ULPR� M¡JD��'¡O� WR� WRNLR� ãXROLR
DXNãWLV�GDåQDL�EÌQD�GLGHVQLV��QHJX�ãXROLR�DWOLHNDPR�Lã�PDåR�SULWÌSLPR�NDPSR�����o) manoma, kad

åHPÐ� SULWÌSLPÐ� PHWX� ODELDX� SDQDXGRMDPD� O¡WR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ� VXNDXSWD� HODVWLQ¡� LU
PLRHOHNWULQ¡�HQHUJLMD��R�WUXPSÐ�LU�VWDLJLÐ�SULWÌSLPÐ�PHWX�±�JUHLWÐ�UDXPHQLQLÐ�VNDLGXOÐ�LU�PRWRULQLÐ
YLHQHWÐ�HQHUJLMD�

*UHLWR�WLSR�UDXPHQLQLÐ�VNDLGXOÐ���DWOLHND�GLGåLDXVL��GDUE��WRNLÐ�ãRNOXPR�SUDWLPÐ�PHWX��NXU
UHLNDOLQJDV� GLGHOLV� UDXPHQV� VXVLWUDXNLPR� JUHLWLV��$WOLHNDQW� GLGHOLX� JUHLþLX� ãRNOXPR� SUDWLPXV� DUED
SUDWLPXV��UHLNDODXMDQþLXV�JUHLWR�UDXPHQV�LãWHPSLPR�LU�VXVLWUDXNLPR��O¡WRV�UDXPHQLQ¡V�VNDLGXORV�JDOL
QHW� WUXNG\WL� JUHLWRP� UDXPHQLQ¡P� VNDLGXORP� UHDOL]XRWL� VDYR� JDOLP\EHV�� *UHLWR� WLSR� UDXPHQLQLÐ
VNDLGXOÐ���VWDLJXV�LãWHPSLPDV�JDOL�WXU¡WL�HIHNW��UDXPHQV�VXVLWUDXNLPR�JDOLQJXPXL�

3DVLURGR�� NDG� QDXGRMDQW� UDXPHQÐ� HODVWLQ
� LU� PLRHOHNWULQ
� HQHUJLM��� ODELDX� SDGLG¡MD� ãXROLR
DWVLVS\ULPR� JDOLQJXPDV� QHJX� M¡JRV� LPSXOVDV�� 'LGåLDXVLDV� UDXPHQÐ� UHDNW\YXPDV� SDVWHELPDV
DWOLHNDQW�ãXRO³�³�DXNãW³�Lã�YLHWRV�QXR�SDDXNãWLQLPR�LU�DPRUWL]XRMDQW�LNL����o kampo per kelius. Pats

PDåLDXVLDL�UDXPHQÐ�UHDNW\YXPDV�SDVWHELPDV�DWOLHNDQW�ãXROLXV�VX�³YDLULDLV�SDVXQNLQLPDLV��SULWXSLDQW
iki 90o� SHU� NHOLXV�� 5HDNW\YHVQ¡V� \UD� JUHLWR� WLSR� UDXPHQLQ¡V� VNDLGXORV� � � G¡O� GLGHOLR� UDXPHQÐ
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VXVLWUDXNLPR� LU� LãWHPSLPR� JUHLþLR�� WDþLDX� JHULDX� SDQDXGRMDPRV� O¡WR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ
HODVWLQ¡V�VDY\E¡V�

.XR� GDXJLDX� VNHOHWR� UDXPHQ\VH� Y\UDXMD� JUHLWR� WLSR� UDXPHQLQ¡V� VNDLGXORV�� WXR� GLGHVQLV
ãXROLR�DXNãWLV��DWVLVS\ULPR�M¡JD�LU�YLGXWLQLV�JDOLQJXPDV�YLHQDP�NÌQR�NLORJUDPXL�

âXROLR� V¡NP¡� SULNODXVR� LU� QXR� HODVWLQ¡V� LU� PLRHOHNWULQ¡V� HQHUJLMRV� SDQDXGRMLPR�
6XJHE¡MLPDV�SDQDXGRWL�ãL��HQHUJLM��DWOLHNDQW�ãXRO³� ³�DXNãW³� Lã�YLHWRV�SULWXSLDQW� LNL����o kampo per

NHOLXV� JHUDL� NRUHOLXRMD� VX�*UHLWR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ� � � SURFHQWLQLX� NLHNLX�� 7DUS� VXJHE¡MLPR
SDQDXGRWL� UDXPHQÐ� HODVWLQ
� LU�PLRHOHNWULQ
� HQHUJLM�� SULWXSLDQW� LNL� ��o kampo per kelius ir Greito

WLSR� UDXPHQLQLÐ� VNDLGXOÐ� � SURFHQWLQLR� NLHNLR� \UD� QHLJLDPDV� NRUHOLDFLQLV� U\ã\V�� 5DXPHQÐ
UHDNW\YXPDV�LU�WXR�SDþLX�ãXROLÐ�DXNãWLV�SULNODXVR�QXR�SULWÌSLPR�ODLSVQLR�LU�JUHLþLR��R�WDL�VDYR�UXRåWX
OHPLD�UDXPHQÐ�NRPSR]LFLMD��O¡WÐ�LU�JUHLWÐ�UDXPHQLQLÐ�VNDLGXOÐ��UHDNW\YXPDV�WDUSXVDY\�QHVXVLM
�

'LGåLDXVL��SURJQR]XRMDP�M³�LQIRUPDW\YXP��WXUL�ãXROLV�³�DXNãW³�Lã�YLHWRV��SULWXSLDQW�LNL����o

NDPSR� SHU� NHOLXV�� UDXPHQV� VXVLWUDXNLPR� JUHLþLR� LQGHNVDV�� JUHLWÐ� LU� O¡WÐ� UDXPHQLQLÐ� VNDLGXOÐ
reaktyvumas ir elastingumas (Skurvydas et al., 1995).

�����7HPSHUDWÌURV�SRYHLNLV�UDXPHQV�IXQNFLMDL

3ULHã� SUDGHGDQW� IL]LQ
� YHLNO�� UHLNLD� DWOLNWL� SUDPDQNãW��� QHV� ML� WXUL� UHLNãPLQJ�� ³WDN�� QXR
WHPSHUDWÌURV�SULNODXVDQWLHPV�IL]LRORJLQLDPV�SURFHVDPV��(QRND������). Optimaliausia šilto vandens

WHPSHUDWÌUD� ODLNRPD� LNL� ���&�� R� DXNãWHVQ¡� VXNHOLD� QHPDORQLXV� NDUãþLR� SRMÌþLXV� LU� QHWJL� EDOW\PÐ
degradacijos procesus (Low, Reed, 2000). Panardinus 45�PLQ�� JDOÌQHV� ³� ������&� YDQGHQV� YRQL��
UDXPHQV� WHPSHUDWÌUD 3� FP� J\O\MH� SDN\OD� ����&�� LU� ãLV� WHPSHUDWÌURV� SRN\WLV� ODLNRPDV� IL]LRORJLQH
norma (Sargeant, 1987).

.DL� RGD� JDXQD� ãLOXPRV�� NUDXMDJ\VO¡V� SOHþLDVL� LU� SHULIHULQLV� DSUÌSLQLPDV� NUDXMX� DXJD�
.UDXMDJ\VO¡PLV� WHNDQWLV� NUDXMDV� VXãLOGRPDV�� WDLS� NDG� JLOHVQLÐ� VWUXNWÌUÐ� �WRNLÐ� NDLS� UDXPHQ\V�
WHPSHUDWÌUD�WDLS�SDW�N\OD��'XIILHOG��������

<UD�åLQRPD��NDG�DXNãWLV��NXU³�DVPXR�JDOL�SDVLHNWL�DWOLNGDPDV�YHUWLNDOLXV�ãXROLXV��SDJHU¡MD
po pramankštos (Enoka, 1994).�7DLS�DWVLWLQND�G¡O� WR��NDG�SUDPDQNãWD�SDGLGLQD�PDNVLPDOL�M�� M¡J��
NXUL��UDXPXR�JDOL�LãY\VW\WL��LU�WRG¡O��NDG�ãXROLV�SULNODXVR�QXR�SURGXNXRMDPRV�M¡JRV�NLHNLR��â³�ãXROLR
DXNãþLR� SDJHU¡MLP�� SR� SUDPDQNãWRV� V�O\JRMD� UDXPHQÐ� VXVLWUDXNLPR� JUHLþLR� SDJHU¡MLPDV� G¡O
WHPSHUDWÌURV�SDNLOLPR�

3UDPDQNãWD� WXUL� SDVWHELP�� HIHNW�� WHPSHUDWÌURV� SDGLG¡MLPXL�� R� NDUWX� LU� IL]LRORJLQLDPV
SURFHVDPV� UDXPHQ\MH�� )L]LRORJLãNDL� SUDPDQNãWD� \UD� QDXGLQJD� UDXPHQÐ� åDORV� SURILODNWLNRMH�
GLGLQDQW� UDXPHQV�VDXVJ\VO¡V� HODVWLQJXP�� EHL� LOJ³. 3DNLOXVL� NÌQR� YLGDXV� WHPSHUDWÌUD� JUHLWLQD
GHJXRQLHV� DWVLVN\ULP�� QXR� KHPRJORELQR� LU� PLRJORELQR�� PHWDEROLQHV� UHDNFLMDV�� NUDXMR� WHN¡MLPR
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VURY
� UDXPHQ\VH��PDåLQD� UDXPHQÐ� NODPS��� GLGLQD� YHLNLPR� SRWHQFLDOR� VNOLGLPR� JUHLW³�� GHJXRQLHV
VXYDUWRMLP���%ORPVWUDQG�HW�DO���������6KHOORFN��3UHWLQFH��������)HEEUDLR�HW�DO��������D��.RJD�HW�DO��
1997; Booth et al., 2001).

5DXPHQV�ãDOG\PDV�VXPDåLQD�UDXPHQV�VXVLWUDXNLPR� M¡J���SDLOJLQD� DWVLSDODLGDYLPR� WUXNP
�
VXPDåLQD� UDXPHQV� VXVLWUDXNLPR�JDOLQJXP��� SDGLGLQD� UDXPHQV� DWVSDUXP�� QXRYDUJLXL� �2NVD� HW� DO��
1996; Gossen et al., 2001; Nomura et al., 2002).

5DXPHQV�VXVLWUDXNLPR�JUHLþLXL��5DXPHQV�YLGDXV�WHPSHUDWÌURV�SDGLG¡MLPDV�WXUL�³WDNRV
PDNVLPDOLDP�UDXPHQÐ�VXVLWUDXNLPR�JUHLþLXL��0DNVLPDOL�YHLNOD� URGR�GLGHO³� MDXWUXP�� WHPSHUDWÌUDL�
/RNRPRFLMRV� PHFKDQL]PDL� ±� VDUNRPHUR� LOJLR� VXWUXPS¡MLPDV� LU� JU³åLPDV� ³� SUDGLQ
� SDG¡W³� ODEDL
SULNODXVR� QXR� WHPSHUDWÌURV� �5DWNHYLþLXV� HW� DO��� ������� 3DGLGLQXV� UDXPHQV� WHPSHUDWÌU�� ����&�
VXPDå¡MD� UDXPHQV� VXVLWUDXNLPR� ODLNDV� LU� SXV¡� DWVLSDODLGDYLPR� ODLNR� DWLWLQNDPDL 7% ir 22%, bet

QHWXUL� ³WDNRV� WHWDQLQLDP� VXVLWUDXNLPXL�� ,U� SULHãLQJDL�� VXPDåLQXV� UDXPHQV� WHPSHUDWÌU�� ����&
�SDPHUNLDQW�NRM��³� OHGR�YRQL���UDXPHQV�VXVLWUDXNLPR�ODLNDV�SDGLG¡MD 38%,�R�SXV¡�DWVLSDODLGDYLPR
laiko 93% (Davies, Young, 1983).�%DQG\PDLV�QXVWDW\WD��NDG�DWVLSDODLGDYLPR�ODLNDV�ODELDX�QHL�M¡JD
SULNODXVR� QXR� UDXPHQV� WHPSHUDWÌURV�� $SLEÌGLQDQW� M¡JRV� LU� JUHLþLR� WDUSXVDYLR� U\ã³� PDW\WL�� NDG
WHPSHUDWÌURV�SDNLWLPDL�YHLNLD�PDNVLPDOÐ�VXVLWUDXNLPR�JUHLW³,�EHW�QH�PDNVLPDOL�M�� L]RPHWULQ
� M¡J�
(Binkhorst, Hoofd, Vissers, 1977). 5DXPHQÐ� JUXS¡PV�� VXVLMXVLRPLV� VX� M¡JRV� LU� JUHLþLR� WDUSXVDYLR
U\ãLX�� UDXPHQV� WHPSHUDWÌURV� NLWLPR� HIHNWDV� \UD� QH� SDNHLVWL� PDNVLPDOL�M�� M¡J��� EHW� SDGLGLQWL
PDNVLPDOÐ� VXVLWUDXNLPR� JUHLW³� DSLH 12%, SDGLGLQXV� UDXPHQV� WHPSHUDWÌU�� YLHQX� ODLSVQLX�� 7RG¡O
JDOLPD� GDU\WL� LãYDG��� NDG� WUXPSDODLNLÐ� SUDWLPÐ�� NXU� Y\UDXMD� JUHLWXPR� VDY\E¡V�� SDVLURG\PDV
SDEORJ¡MD� SULH� åHPRV� UDXPHQV� WHPSHUDWÌURV� LU� SDJHU¡MD� SULH� WHPSHUDWÌURV� YLUãLMDQþLRV� QRUPDOL�
(Berg,  Ekblom, 1979; Ranatunga, 1984).

5DXPHQV� VXVLWUDXNLPR� M¡JDL� .DL� WHPSHUDWÌURV� SRN\WLV� \UD� UHLNãPLQJDV�� MLV� JDOL� SDYHLNWL
PDNVLPDOL�M��L]RPHWULQ
�M¡J���0DNVLPDOLRML�L]RPHWULQ¡�UDQNRV�UDXPHQÐ�M¡JD�OLNR�SDO\JLQWL�SDVWRYL�
esant 250�&�ãDOG\PR�WHPSHUDWÌUDL��EHW�VXPDå¡MR�DSLH 30%,�NDGD�ãDOG\PR�WHPSHUDWÌUD�VY\UDYR�QXR
150 C iki 120 C (Ranatunga, 1987).�3DQDãLXV�PDNVLPDOLRVLRV�L]RPHWULQ¡V�M¡JRV�NLWLPXV�XåUHJLVWUDYR
Berg ir Ekblom (1979)� WLUGDPL� NHOLR� WLHVLDPXRVLXV� UDXPHQLV�� -LH� QXVWDW¡�� NDG� NHOLR� WLHVLDPÐMÐ
UDXPHQÐ� M¡JD� HVDQW� ����0C buvo 262� 1�P�� HVDQW� WHPSHUDWÌUDL 38,50C - 312 N-m, matuojant

WHPSHUDWÌU�� ãODXQLHV� NHWXUJDOYLR� UDXPHQV� ãRQLQ¡MH� JDOYRMH�� âLH� NLWLPDL� GDU¡� SRYHLN³� LU� YHLNODL�
7LULDPLHML� SDGLGLQR� YHUWLNDODXV� ãXROLR� DXNãW³ 44% (17� FP�� LU� PDNVLPDOL�M�� M¡J�� PLQGDPL
YHORHUJRPHWU� 32%�����:���NDL�WHPSHUDWÌUD�SDGLG¡MR�QXR�����0C iki 38,50&��*DOLPD�GDU\WL�LãYDG��
NDG� UDXPHQV� DWãDOLPDV� YHLNLD�PLRILEULO¡V� MDXWUXP�� &D2+ jonams (Faulkner, Zerba, Brooks, 1990;

Ranatunga, 1989; Jaworowski, Arner, 1998; Ichihara, 1998).

3DGLG¡MXV�QRUPDOLDL�UDXPHQV�WHPSHUDWÌUDL��ML�QHWXUL�WLHVLRJLQ¡V�³WDNRV�UDXPHQV�LãY\VWRPDL
M¡JDL�� QHV� SDJHU¡MXV� UDXPHQV� VXVLWUDXNLPR� ±� DWVLSDODLGDYLPR� PHFKDQL]PXL�� VNHUVLQLDL� PLR]LQR
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WLOWHOLDL� QHVS¡MD� VXGDU\WL� VWLSULÐ� MXQJþLÐ�� NDG� LãY\VW\WL� GLGHO
� WHWDQLQ
� M¡J��� $WãDOXV� UDXPHQLXL�
SDEORJ¡MXV� $73� KLGUROL]HL� LU� DWVLSDODLGDYLPXL�� QH� YLVL� PLR]LQR� VNHUVLQLDL� WLOWHOLDL� DWNLPED� QXR
DNWLQR�ILODPHQWÐ��WRG¡O�JDOL�EÌWL�LãY\VWRPD�GLGHVQ¡�WHWDQLQ¡�M¡JD��'DYLHV�HW�DO���������

Raumens susitraukimo galingumui. .DOEDQW� DSLH� UDXPHQV� VXVLWUDXNLPR� JDOLQJXP�
QHUHLN¡WÐ�SDPLUãWL��NDG�M³�DSVSUHQGåLD�SHU�WDP�WLNU��ODLNR�WDUS��LãY\VW\WD�M¡JD�

3DGLG¡MXVLRV� WHPSHUDWÌURV� ³WDND� UDXPHQÐ� JDOLQJXPXL� \UD� WHLJLDPD�� 1XVWDW\WD�� NDG
SDQDXGRMDQW�SDV\YÐ�UDXPHQV�ãLOG\P���UDXPXR���FP�J\O\MH�VXãLOR�LNL�����0&��R�DWãDOGåLXV�LNL���0C ir

120C atitinkamai 31,90C ir 290&��7DLJL�SR�SDãLOG\PR�UDXPHQV�JDOLQJXPDV�SDGLG¡MR�����O\JLQDQW�VX
PDWDYLPDLV� QRUPDOLRPLV� V�O\JRPLV�� WXR� WDUSX� NDL� DWãDOG\PDV� ��0C ir 120C vandens vonioje,

VXPDåLQR� PDNVLPDOLRV� M¡JRV� SLN�� LU� JDOLQJXP�� DWLWLQNDPDL� ���� LU� ���� �5DQDWXQJD�� �����
6DUJHDQW���������1HDEHMRMDPD��NDG�DXNãWLV��NXU³�LQGLYLGDV�JDOL�SDVLHNWL�YHUWLNDOLX�ãXROLX��SDGLG¡MD�SR
SUDPDQNãWRV�� W�\�� SR� WHPSHUDWÌURV� SDGLG¡MLPR� �'DYLHV�� <RXQJ�� ������� 7HPSHUDWÌURV� UHLNãP¡
UDXPHQÐ� JDOLQJXPXL� �WLHN�PHWDEROLQLDP�� WLHN�PHFKDQLQLDP�� UHLNãWÐ� MRV�SRYHLN³�$73�KLGUROL]HL� LU
UHVLQWH]HL�� 7HLJWLQD�� NDG� åHPD� UDXPHQÐ� WHPSHUDWÌUD� VXPDåLQD� UDXPHQÐ� JDOLQJXP�� �5DQDWXQJD�
������ 6DUJHDQW�� ������ )HUUHWWL�� ������� 0DQRPD�� NDG� UDXPHQV� VXVLWUDXNLPR� L]RPHWULQ¡V� M¡JRV� LU
VXVLWUDXNLPR�JDOLQJXPR��YHUWLNDODXV�ãXROLR��VXPDå¡MLPDV�SR�ãDOG\PR�DWVLUDQGD�WRG¡O��NDG�VXO¡W¡MD
DNWLQR�� PLR]LQR� WLOWHOLÐ� VXNLELPR� VNDLþLXV� LU� PLR]LQR� WLOWHOLÐ� VXNLELPR� VX� DNWLQX� M¡JD�� G¡O
VXO¡W¡MXVLRV�$73�KLGUROL]¡V��6DYRXYHU\�HW�DO���������LU�QHRUJDQLQLR�IRVIDWR�VXPDå¡MLPR��&RXSODQG
HW�DO����������.LWD�SULHåDVWLV��NRG¡O�ãDOWDV�UDXPXR�O¡þLDX�DWVLSDODLGXRMD��WDL�SDGLG¡MXVL�YLGXO�VWHOLQ¡
Ca2+� NRQFHQWUDFLMD� LU� VXO¡W¡M
V� &D2+� MRQÐ� VXJU³åLPDV� ³� VDUNRSOD]PLQ³� WLQNO�� �+ROOLQJZRUWK� HW� DO��
1996; Tanaka, 1997; Johnson et al., 1997; van der Heijden et al., 2000).

Raumens atsipalaidavimui.Raumens atsipalaidavimo mechanizme svarbu kaip greitai ir

JHUDL�&D�MRQDL�VXNLPED�VX�SDUYDOEXPLQX��NDLS�HIHNW\YLDL�GLUED�&D�VLXUEO\V�LU�DU�WDUS�PLRILEULOLÐ�\UD
SDNDQNDPDV�$73�NLHNLV��'HVPHGW��������3HWWH���������,ãQDJULQ¡MXV�NHOHW��W\ULPÐ��NXULÐ�PHWX�EXYR
JU\QDL� VWHELPDV� UDXPHQÐ� WHPSHUDWÌURV� SRYHLNLV� &D� MRQÐ� JU³åLPXL� ³� VDUNRSOD]PLQ³� WLQNO�� LU� MÐ
LãPHWLPXL� ³� VDUNRSOD]P�� �&,&5��� %XYR� SDGDU\WD� DLãNL� LãYDGD�� NDG� WHPSHUDWÌUD� WXUL� ³WDNRV� &,&5�
7HPSHUDWÌURV�SDGLG¡MLPDV� �QXR���0C iki 400&��SDJUHLWLQD�&,&5�� W�\��&D� MRQÐ� Lã� LU� ³� VDUNRSOD]P�
SDJHU¡MD��R�WDL�OHLGåLD�HIHNW\YLDL�VXPDåLQWL�ODLVYÐ�&D�MRQÐ�NRQFHQWUDFLM��LU�WURSRPLR]LQXL�XåEORNXRWL
aktyvias aktino vietas (Ichihara, 1998). Parvalbuminas Ca jonus geriau izoliuoja esant aukštesnei

UDXPHQV� WHPSHUDWÌUDL� �+RX�� -RKQVRQ�� 5DOO�� ������� .DGDQJL� WHPSHUDWÌURV� SDGLG¡MLPDV� UDXPHQ\VH
SDJUHLWLQD� $73� KLGUROL]
� LU� UHVLQWH]
�� YDGLQDVL� &D� VLXUEO\V� LU� PLRILEULO¡V� \UD� DSUÌSLQDPRV
SDNDQNDPX�$73�NLHNLX��)HUUHWWL��������)HUUHWWL��,VKLL��0RLD��&HUUHWHOOL���������âDOWDV�UDXPXR�O¡þLDX
DWVLSDODLGXRMD�WRG¡O��NDG�\UD�SDGLG¡MXVL�YLGXO�VWHOLQ¡�&D2+�MRQÐ�NRQFHQWUDFLMD��+ROOLQJZRUWK��=KDR�
%D\O��������7DQDND��������-RKQVRQ��������YDQ�GHU�+HLMGHQ��������LU�VXO¡W¡M
V�&D2+�MRQÐ�VXJU³åLPDV
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³� VDUNRSOD]PLQ³� WLQNO��� 7RG¡O� JDOLPD� WHLJWL�� NDG� WHPSHUDWÌURV� ³WDND� UDXPHQV� DWVLSODLGDYLPXL� \UD
GLGHO¡�

Raumens elastingumui�� 3DNLOXV� UDXPHQV� WHPSHUDWÌUDL�� VDXVJ\VOLÐ�� UDLãþLÐ� LU� MXQJLDPRMR
DXGLQLR� JDOLP\E¡� ODELDX� LãVLWHPSWL� SDGLG¡MD�� G¡O� WR� SDJHU¡MD� V�QDULR� MXGHVLÐ� DPSOLWXG¡� �:ULJKW�
-RKQV�� ������ 6WULFNOHU� HW� DO��� ������ .LUNHQGDOO�� *DUUHWW�� ������� 3DGLG¡MXVL� WHPSHUDWÌUD� JHULQD
UDXPHQÐ�W�VXP���PDåLQD�NODPSXP��LU�GLGLQD�JDOLP\E
�MDP�EÌWL�PDåLDX�³VLWHPSXVLDP��.RODJHQLQLV
DXGLQ\V�� NXULV� \UD� UDXPHQÐ� HODVWLQLÐ� NRPSRQHQWÐ� VXGHGDPRML� GDOLV�� HVDQW� SDNLOXVLDL� UDXPHQV
WHPSHUDWÌUDL��JDOL�ODELDX�LãVLWHPSWL��*DUUHWW���������5DXPHQÐ�VWDQGXPDV��NXULV�\UD�SULHãLQJD�VDY\E¡
UDXPHQÐ�GHIRUPDFLMDL��\UD�GLGHVQLV�WDGD��NDL�UDXPXR�\UD�ãDOWDV��W�\��UDXPHQV�GHIRUPDFLMD�VXPDå¡MD
WDGD��NDL�UDXPHQV�WHPSHUDWÌUD�\UD�åHPD��1RRQDQ�HW�DO���������%LVKRS��������

�(ODVWLQLÐ� NRPSRQHQWÐ� HVDQþLÐ� WDUS� PLR]LQR� LU� DNWLQR� VLÌOÐ� VNHUVLQLÐ� WLOWHOLÐ�� LQG¡OLV
VXNDXSLDQW� HODVWLQ
� HQHUJLM�� \UD� GLGHVQLV� HVDQW� åHPDL� UDXPHQV� WHPSHUDWÌUDL�� QHV� WDGD� VXPDå¡MD
VNHUVLQLÐ� WLOWHOLÐ� DWNLELPR� JUHLWLV� �$VPXVVHQ� HW� DO��� ������� 7DL� URGR�� NDG� HVDQW� åHPDL� UDXPHQV
WHPSHUDWÌUDL� LU�GLGHOLDL�UDXPHQV�GHIRUPDFLMDL�UDXPXR�JHED�HIHNW\YLDX�SDQDXGRWL�HODVWLQ
�HQHUJLM��
.DL�\UD�YLUãLMDPDV� DXGLQLR� LãWHPSLPR�NULWLQLV� O\JLV�SDVLEDLJXV� LãWHPSLPXL�� DXGLQ\V�QHJDOL� JU³åWL� ³
SUDGLQ³� LOJ³� LU� SUDUDQGD� GDO³� HODVWLQ¡V� HQHUJLMRV�� 9HUWLNDODXV� ãXROLR� DXNãWLV� ODEDL� VXPDå¡MD� HVDQW
åHPDL�UDXPHQV�WHPSHUDWÌUDL��WDþLDX�ML�WHLJLDPDL�YHLNLD�WDGD��NDL�ãXROLV�DWOLHNDPDV�QXR�SDN\ORV��NDL
reikalingas didesnis raumens standumas (Asmussen et al., 1976; Komi, Bosco, 1978; Bergh,

Ekblom, 1979; Davies, Young, 1985).

6NLUWLQJR� WLSR� UDXPHQLQ¡PV� VNDLGXORPV�� 7LULDQW� åLQGXROLÐ� �åLXUNLÐ�� UDXPHQÐ� WLHN
YLHQNDUWLQLR�� WLHN� WHWDQLQLR� VXVLWUDXNLPR� M¡J��� PDNVLPDOÐ� VXVLWUDXNLPR� JUHLW³� PDåLQDQW� UDXPHQV
WHPSHUDWÌU�� ���� ±� ��0&�� GXRPHQÐ� VNLUWXPDV� WDUS� JUHLWÐMÐ� LU� O¡WÐMÐ� UDXPHQLQLÐ� VNDLGXOÐ� QHEXYR
reikšmingas (Ranatunga, Wylie, 1983; Ranatunga, 1977,1984).

*�� :DQJ� LU� 0�� .DZDL� �������� WLUGDPL� WULXãLXV� SDVWHE¡MR�� NDG� NDL� UDXPXR� VXVLWUDXNLD
OHQJYHVQ¡PLV�V�O\JRPLV��W�\��NDL�SDVLSULHãLQLPDV�UDXPHQV�YLGXMH�\UD�PDåHVQLV��O¡WRVLRV�UDXPHQLQ¡V
VNDLGXORV�GLUED�PDåLDX�HIHNW\YLDL�QHL�JUHLWRVLRV��9DGLQDVL��HVDQW�SDNLOXVLDL�UDXPHQV�WHPSHUDWÌUDL�LU
VXPDå¡MXV� UDXPHQV� NODPSDL�� NDUWX� VXPDå¡MXV� LU� YLGLQHL� WULQþLDL�� JUHLWRVLRV� UDXPHQLQ¡V� VNDLGXORV
JDOL�VXVLWUDXNLQ¡WL�HIHNW\YLDX��/¡WÐMÐ�UDXPHQLQLÐ�VNDLGXOÐ�L]RPHWULQLV�³WHPSLPDV�SDGLG¡MR�WDGD��NDL
UDXPHQV� WHPSHUDWÌUD�SDNLOR�QXR��� LNL���0&�LU�SDVLHN¡�SODWR��NDL� WHPSHUDWÌUD�EXYR���0C. raumens

WHPSHUDWÌUDL�HVDQW�DXNãWHVQHL�QHL���0&��JUHLWRVLRV�UDXPHQLQ¡V�VNDLGXORV�WDPSD�PDåLDX�VWDELOLRV��EHW
ãLR� WLSR�UDXPHQLQLÐ� VNDLGXOÐ� VNHUVLQLÐ� WLOWHOLÐ�NLQHWLQ¡V�VDY\E¡V�SDJHU¡MD��6NDLGXOÐ� VWDQGXPDV�G¡O
SDGLG¡MXVLRV� WHPSHUDWÌURV� NLQWD� SDQDãLDL�� EHW� PDåHVQLDLV� WHPSDLV�� 7ULXãLR� O¡WRVLRV� UDXPHQLQ¡V
VNDLGXORV� WXUL� SUDQDãXP�� SULHã� JUHLW�VLDV�� NDGDQJL� MRV� VWDELOHVQ¡V� WDGD�� NDL� WHPSHUDWÌUD� \UD
DXNãWHVQ¡��LU�G¡O�WR��NDG�MRV�YHLNLD�HOHPHQWDULDLV�FLNODLV��NXULH�\UD����±����NDUWÐ�O¡WHVQL�QHL�JUHLWÐMÐ
UDXPHQLQLÐ�VNDLGXOÐ��:DQJ��.DZDL��������������
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�����7HPSHUDWÌURV�IL]LRWHUDSLQLV�SRYHLNLV

1.6.1 Krioterapija

âDOþLR�WDLN\PDV�WHUDSLQLDLV� WLNVODLV�YDGLQDPDV�NULRWHUDSLMD��R�ãDOþLR�LU�SUDWLPÐ�NRPELQDFLMD
YDGLQDPD�NULRNLQHWLND��.ULRWHUDSLMD� \UD�SDSUDVWD��PRELOL� LU�QHEUDQJL� VNDXVP�� LU� UDXPHQÐ� VSD]P��
DWVLUDGXVLXV� SR� WUDXPRV��PDåLQDQWL� SULHPRQ¡�� WDþLDX� MRV� IL]LRORJLQLDL� SRYHLNLR�PHFKDQL]PDL� Q¡UD
pilnai išaiškinti (Craig, 2000).

âDOG\PDV�PDåLQD�PHWDEROLQ³� DNW\YXP��� O�VWHOLÐ� GHJXRQLHV� SDUHLNDODYLP��� 3DYLUãLQLXRVH� LU
JLOLXRVLXRVH�DXGLQLXRVH�VXVLWUDXNLD�NUDXMDJ\VO¡V�LU�VXPDå¡MD�NUDXMR�SUDWHN¡MLPDV�

âDOþLR� DSOLNDFLMRV� YHLNLD� LU� QHUYÐ� VLVWHP��� ,ã� SUDGåLÐ� MXQWDPDV� LQWHQV\YXV� ãDOWLV�� -³� VHND
JHOLDQWLV� ãDOWLV�� MDXþLDPDV� DGDW¡OLÐ� badymas� LU� JDOLDXVLDL� QXWLUSLPR� MDXVPDV�� 3R� NHOLÐ� ãDOG\PR
PLQXþLÐ� VXPDå¡MD� MDXWUXPDV�� QHV� � VXPDå¡MXV� ODLGXPXL�� LPSXOVDL� QHSHUGXRGDPL� Lã� SHULIHULMRV� ³
MXWLPLQ
� åLHY
�� $WVLUDG
V� QXWLUSLPDV� DWVLUDQGDQWLV� \UD� YLHQDV� Lã� SLUPÐMÐ� UHDELOLWDFLMRV� WLNVOÐ� ±
VNDXVPR�VXPDå¡MLPDV�

%H� WR�� NDG�PDåLQWÐ� VNDXVP�� LU� SUDODXåWÐ� VNDXVPR� ±� VSD]PR� FLNO��� ãDOWLV�PDåLQD� UDXPHQV
VSD]P�� WLHVLRJLDL� YHLNGDPDV� UDXPHQÐ� YHUSVWHV�� 5DXPHQV� YHUSW¡V� UHDJXRMD� ³� UDXPHQV� LãWHPSLP��
9HUSVWHV� ³QHUYXRMDPRV�JDPD�HIHUHQWLQ¡P�VNDLGXORP�� WDL� OHLGåLD� YHUSVWHL� SULVLWDLN\WL� SULH� UDXPHQV
LOJLR�� .DL� DWVLUDQGD� WUDXPD�� NÌQR� DWVDNDV� �� UHIOHNVLQLV� DSOLQNLQLÐ� UDXPHQÐ� VXVLWUDXNLPDV�� âLH
QHYDOLQJL� VXVLWUDXNLPDL� DUED� VSD]PDL� WDUVL� ³WYHULD� WUDXPXRW�� SORW�� LU� XåNHUWD� NHOL�� WROHVQLDP
SDåHLGLPXL�� 7DLJL�� VSD]PDV� VXVWDEGR� NUDXMRSOÌG³� LU� DSVXQNLQD� VNDXVPR� ±� VSD]PR� FLNO��� � âDOþLR
DSOLNDFLMRV� VXPDåLQD� VSD]P�� WLHVLRJLDL� LU� SHU� UHIOHNVLQLXV� PHFKDQL]PXV�� .DL� ãDOGRPD�� UDXPHQÐ
YHUSVW¡V� WDPSD� PDåLDX� MDXWULRV�� WDLS� UDXPXR� DWVLSDODLGXRMD� LU� VSD]PDV� LãQ\NVWD�� .ULRWHUDSLMRV
DQWLVSD]PLQLV�SRYHLNLV�\UD�VYDUEXV�YHLNVQ\V�UHQNDQWLV�PHWRGXV�VNHOHWR�UDXPHQÐ�WUDXPRPV�J\G\WL�

�.ULRWHUDSLMD� JDOL� EÌWL� QDXGRMDPD� PDåLQDQW� VNDXVP�� ÌPDXV� XåGHJLPR� PHWX�� VXPDåLQWL
VNDXVP�� SULHã� SUDWLPXV�� SDGHGD� VXPDåLQWL� FKURQLãN�� VNDXVP��� Lã� GDOLHV� PLRIDVFLDOLQLR� VNDXVPR
VLQGURP���&UDLJ��������

.ULRWHUDSLMD� LU� ÌPXV� XåGHJLPDV�ËPDXV� SRWUDXPLQLR� XåGHJLPR� PHWX� ãDOWLV� VXPDåLQD
VNDXVP�� LU� VXPDåLQD� DQWULQ³� DXGLQLÐ� SDåHLGLP��� 6NDXVPR� VXPDå¡MLPDV� DWVLUDQGD� G¡O� VXPDå¡MXVLR
QHUYLQLR� LPSXOVR�SHUGDYLPR�JUHLþLR��.OLQLNLQLDL� VWHE¡MLPDL� LU� W\ULPDL�SDURGR�� NDG� ãDOWLV� VXPDåLQD
DQWULQ³�SDåHLGLP���.QLJKW��������DQWULQLDP�SDåHLGLPXL�SULVN\U¡� O�VWHOLÐ�åXYLP��G¡O�KLSRNVLMRV��-LV
WHLJ¡�� NDG� ÌPDXV� XåGHJLPR�PHWX� VX\UD� NDSLOLDUDL�� DWVLUDQGD� HGHPD�� WDL� VXPDåLQD� VYHLNÐ� O�VWHOLÐ
RNVLGDYLP��LU�DWVLUDQGD�DXGLQLR�SDåHLGLPDL��$XGLQLÐ�ãDOG\PDV�PDåLQD�DXGLQLÐ�PHWDEROL]P��LU�WDLS
VXPDåLQD� GHJXRQLHV� WUÌNXP��� .DL� GHJXRQLHV� WUÌNXPDV� VXPDåLQDPDV�� KLSRNVLMRV� SHULRGX� LãOLHND
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GDXJLDX�O�VWHOLÐ��-HL�LãOLHND�GDXJLDX�O�VWHOLÐ��YDGLQDVL�PDåHVQLV�EHQGUDV�DXGLQLR�SDåHLGLPDV��JUHLþLDX
SUDHLQD�ÌPDXV�XåGHJLPR�VLPSWRPDL�LU�SRå\PLDL��DWVLVWDW\PDV�EÌQD�JUHLWHVQLV�

<UD� LU�NLWD� WHRULMD�� DLãNLQDQWL�DQWULQ³�DXGLQLÐ�SDåHLGLP�� ODLVYÐMÐ� UDGLNDOÐ�YHLNLPX�� WDþLDX� ML
QHSDNDQNDPDL�³WLNLQDQWL�

.ULRWHUDSLMD� J\GDQW� FKURQLãN�� VNDXVP���.ULRWHUDSLMD� JDOL� EÌWL� HIHNW\YL� J\GDQW� FKURQLãN�
VNDXVP��� $VPHQLPV�� NHQþLDQWLHPV� G¡O� PLRIDVFLDOLQLR� VNDXVPR� VLQGURPR�� DSLEU¡åWR�� NDLS� MDXWUÌV
WULJHULQLDL�WDãNDL��NULRWHUDSLMD�VLÌOR�VDXJÐ��QHEUDQJÐ�J\G\P��QDPÐ�V�O\JRPLV��7UXPSDV�LQWHQV\YXV
ãDOWLV�VWLPXOLXRGDPDV�JDOL�VXPDåLQWL�VNDXVP���,OJHVLQLV�OHGR�PDVDåDV�VXPDåLQD�QHUYÐ�JDOÐ�MDXWUXP�
LU� VXPDåLQD� DIHUHQWLQLÐ� VNDLGXOÐ� ODLGXP��� $SWLUSLPR� HIHNWDV� SUDODXåLD� ORNDOÐ� VNDXVPR� ±� VSD]PR
FLNO���LU�SDOHQJYLQD�PLRIDVFLDOLQLR�VNDXVPR�VLPSWRPXV�

.ULRNLQHWLND� WDLS� SDW� JDOL� EÌWL� QDXGRMDPD� PLRIDVFLDOLQLR� VNDXVPR� J\G\PXL�� *\GRPLHML
SUDWLPDL�� NDG� DWVWDW\WL� MXGHV³�� SDWDLV\WL� ODLN\VHQ�� LU� DWVWDW\WL� � QHVNDXVPLQJXV� IXQNFLQLXV� MXGHVLÐ
PRGHOLXV��SR�NULRWHUDSLMRV�EÌQD�JHUDL�WROHUXRMDPL�

âDOWLV�Q¡UD�YLVÐ�QXRODWLQLR�VNDXVPR�DWYHMÐ�J\G\PR�SULHPRQ¡��1HPDåDL�VNDXVPR�VLQGURPÐ
JDOL� SDVXQN¡WL� SR� NULRWHUDSLMRV�� LQWHQV\YXV� ãDOþLR� VWLPXODV� JDOL� VXNHOWL� QHSDNHOLDP�� VNDXVP�� LU
SDVXQNLQWL�SUREOHP���&UDLJ��������

Kriokinetika. .QLJKW��������DSUDã¡�ãDOþLR�DSOLNDFLMÐ�WDLN\P��SULHã�LU�SUDWLPÐ�PHWX�LU�VXNÌU¡
NULRNLQHWLNRV�WHUPLQ���âDOWLV�SULHãWDULQJDL�YHLNLD�DNW\YLXV�SUDWLPXV��.QLJKW�DSLEHQGULQR�NHOLÐ�W\ULPÐ
UH]XOWDWXV�LU�SDGDU¡� LãYDG���NDG�PDNVLPDOL� L]RPHWULQ¡� LU� L]RWRQLQ¡� M¡JRV��EHL� MÐ�JHQHUDYLPR�JUHLWLV
VXPDå¡GDYR��NDL� UDXPXR�EÌGDYR�ãDOGRPDV����±���0�&��âDOGRPD�EÌGDYR�PDåLDXVLDL� DSLH����PLQ�
.DL�NXULH� W\ULQ¡WRMDL� �&URVV��:LOVRQ��3HUULQ��������*UHLFDU�HW� DO���������VDNR��NDG�ãDOWLV�SULHãLãNDL
YHLNLD�ãRNOXP��LU�MXGUXPR�YHLNO���NDL�NLWL��(YDQV�HW�DO���������6KXOHU�HW�DO���������QHQXVWDW¡�YHLNORV
SRN\þLÐ�SR�NULRWHUDSLMRV��7DLNDQW�NULRWHUDSLM���DVPXR�WXU¡WÐ�VXãLOG\WL�UDXPHQLV�ULWPLãNDLV�SUDWLPDLV
SULHã�JU³åWDQW�SULH�DNW\YDXV���UHLNDODXMDQþLR�PDNVLPDOLÐ�SDVWDQJÐ�UDXPHQV�GDUER�

$XNãþLDX�SDPLQ¡WL�GXRPHQ\V�JDOL�DWURG\WL� WULNGDQW\V�� LU� LãN\OD�NODXVLPDV�NDGD� WDLN\WL�ãDOW³
VXVLGXULDQW�VX�DNW\YLDLV�YHLNVPDLV��$VPHQ\V��NXULHP�WDLN\WD�NULRWHUDSLMD�JUHLWDL�Y¡O�JDOL�JU³åWL�SULH
PDNVLPDOLÐ�DSNURYLPÐ��7LHP��NXULH�MDX�JDO¡WÐ�DWOLNWL�WRNLXV�SUDWLPXV��EHW�WXUL�WROLDX�WDLN\WL�ãDOW³�G¡O
VNDXVPR�� UHNRPHQGXRMDPD� SHULRGXRVH� WDUS� ãDOG\PR� SURFHGÌUÐ� DWOLNWL� VDXJLXV� ULWPLãNXV� SUDWLPXV
(Craig, 2000).

Kriokinetika, gydomasis poveikis. .ULRNLQHWLND�DSLPD�ãDOþLR�DSOLNDFLMDV��SDQDUGLQLP��³�ãDOW�
YDQGHQ³��PDVDå��OHGX�LU�DNW\YLXV�SUDWLPXV��âDOWLV�WDLNRPDV�NRO�DWVLUDQGD�QXVNDXVPLQDQWLV�SRYHLNLV
��������PLQ����.DL�ãDOGRPD�VULWLV�DSWLUSVWD��SUDGHGDPL�DWVDUJÌV�SUDWLPDL�

.ULRNLQHWLND�JDOL�SDJUHLWLQWL�IXQNFLQ³�DWVLVWDW\P����*DOLPD�SUDODXåWL�VNDXVPR�±�VSD]PR�FLNO�
SULHã�J\GRPXRVLXV�SUDWLPXV��7UDXPD�SDGLGLQD�DXGLQLÐ�MDXWUXP���G¡O�WUDXPRV�QRUPDOXV�VWUHVDV��JDOL
EÌWL� VXSUDQWDPDV� NDLS� VNDXVPLQJDV�� -HL� UÌSHVWLQJDL� NRQWUROLXRVLPH� WUDXPXRWXV� DVPHQLV�� DQNVþLDX
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EXY
� VNDXVPLQJL� SUDWLPDL�� WDSV� QHEHVNDXVPLQJL�� FHQWULQLV� QXNU\SLPDV� EXV� ÄSHUSURJUDPXRWDV³�� LU
QRUPDOÌV��IXQNFLQLDL�MXGHVLÐ�PRGHOLDL�EXV�DWVWDW\WL�

Jei pratimai krioterapijos metu skausmingi, juos reikia nutraukti. Jei pacientas šiuos gydymo

EÌGXV�WDLN\V�SHUQHO\J�DJUHV\YLDL��VNDXVPDV��VSD]PDV�LU�SDWLQLPDV�SDGLG¡V�NLW��GLHQ��LU�UHDELOLWDFLM�
WHNV� VXO¡WLQWL� �� ±� �� GLHQRP�� NRO� DWVLVWDW\V� Lã� QDXMR� SDåHLVWL� DXGLQLDL�� 5HDELOLWDFLMRV� SUDWLPÐ
SURJUDPRMH�UHLN¡WÐ�ODLN\WLV�GYLHMÐ�WDLV\NOLÐ����VNDXVPDV�LãNUHLSLDQWLV�QRUPDOLXV�MXG¡MLPR�PRGHOLXV
URGR�� NDG� DVPXR�GDU� Q¡UD� SDVLUXRã
V� SUDWLPDPV�� LU� ��� DVPXR� WXUL� JHE¡WL� U\WRM� SDGDU\WL�� WDL� N�� MLV
SDGDU¡�ãLDQGLHQ��&UDLJ��������

Šaldymo poveikis kolageniniams audiniams.%URGRZLF]��:HOVK�LU�:DOOLV��������QXVWDW¡�NDG
VWDWLQLV� SDNLQNOLR� UDXPHQÐ� WHPSLPDV� EXYR� SDGLG¡MR� DVPHQLPV�� NXULHP� WHPSLPR� PHWX� EXYR
DWOLHNDPRV�OHGR�DSOLNDFLMRV��SDO\JLQXV�NXULH�WHPSLPR�SUDWLPXV�DWOLNLQ¡MR�VX�ãLOXPLQ¡P�DSOLNDFLMRP�
DU�EH�MRNLÐ�DSOLNDFLMÐ��7\U¡MDL�PDQR�NDG�UDXPHQLQLÐ�YHUSVþLÐ�DNW\YXPR�VXPDå¡MLPDV�G¡O�ãDOþLR�\UD
³WLNLQDPDV�SDDLãNLQLPDV�G¡O�SDGLG¡MXVLR�DXGLQLÐ�W�VXPR��âDOþLR�WDLN\PDV�QRULQW�SDOHQJYLQWL�DXGLQLÐ
WHPSLP��YDGLQDPDV�NULRVWUHWþLQJX��'HOWRUDJH��������

1HGDXJ�NDV�W\U¡�ãDOG\PR�SRYHLN³�QXRODWLQLDP�DXGLQLÐ�SUDLOJ¡MLPXL�SHU�DU�SR�WHPSLPR��.DL
NXULH�WHUDSHXWDL�SDVWHE¡MR��NDG�QXRODWLQ¡�OLQLMLQ¡�GHIRUPDFLMD�DWVLUDGXVL�G¡O�WHPSLPR�JDOL�SDGLG¡WL�MHL
WHPSLPR� M¡JRV� SDODLNRPRV� NRO� DXGLQLDL� ãDOGRPL� �'HOWRUDJH�� ������� âLV� SRYHLNLV� SULVNLULDPDV
NRODJHQR�PLNURVWUXNWÌURV� SHUVLWYDUN\PXL� SULH� QDXMR� LOJLR�� 7LULDQW� SHWLHV� ODQNVWXP�� /HQWHOO� HW� DO��
������� QXVWDW¡�� NDG� OHGR� DSOLNDFLMRV� WDLNRPRV� WHPSLPR� PHWX� SDLOJLQR� SODVWLQLR� SDLOJ¡MLPR
LãODLN\P����7DþLDX�WDL�GDU�UHLNLD�³URG\WL�

1.6.2. Šilumos terapija

3DQDãLDL�NDLS� LU�ãDOWLV�� ãLOG\PR�NOLQLNLQ¡�QDXGD� WD��NDG�VXPDåLQDPDV�VNDXVPDV� LU� UDXPHQÐ
VSD]PDV��7DþLDX�LU�þLD��SRYHLNLR�PHFKDQL]PDL�Q¡UD�SLOQDL�LãDLãNLQWL�

6NDXVPR� VXPDå¡MLPDV� SULWDLNLXV� ãLOG\PR� DSOLNDFLMDV� DLãNLQDPDV� YDUWÐ� NRQWURO¡V� WHRULMD�
9DUWÐ�NRQWURO¡V� WHRULMD� WHLJLD��NDG�GLGHOLR�GLDPHWUR�DIHUHQWLQLÐ� VNDLGXOÐ� LQG¡OLV� VXNHOLD� VORSLQLP��
NDL�PDåR� GLDPHWUR� DIHUHQWLQLÐ� VNDLGXOÐ� LQG¡OLV� SDOHQJYLQD� VNDXVPR� LPSXOVÐ� SHUGDYLP��� âLOXPRV
SRMÌWLV� SHUGXRGDPDV�PDåR� GLDPHWUR� VNDLGXORPLV� �$�GHOWD� LU� &� VNDLGXORV��� R� QH� GLGHOLR� GLDPHWUR
skaidulomis (A-alfa ir A-beta).

äLQRPH�� NDG�PDåR� GLDPHWUR� DIHUHQWÐ� LQG¡OLV� VWLPXOLXRMD� EHWD� HQGRUILQR� DNW\YDFLM��� 7RG¡O
PDQRPD�� LOJHVQ¡� VWLPXOLDFLMD� ���� �� ���PLQ��� UHLNDOLQJD� VXNHOWL� EHWD�HQGRUILQR� DWVDN��� .OLQLNLQLDL
VWHE¡MLPDL� URGR�� NDG� ãL� WHRULMD� JDOL� EÌWL� YHUWLQJD�� 3UDNWLNRMH� ãLOG\PDV� WDLNRPDV� ��� ���� PLQ�
.OLQLNLQLDL� VWHE¡MLPDL� URGR�� NDG� WUXPSHVQL� SHULRGDL� QHGXRGD� QRULPR� UH]XOWDWR�� 3DVWHE¡WD�� NDG
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ãLOG\PDV� VXNHOLD� UDPLQDQW³� SRYHLN³�� 7DL� SDWYLUWLQD� SDVWDU�M³�� ãLOXPRV� QXVNDXVPLQDQW³� SRYHLN³
SDDLãNLQDQW³�PHFKDQL]P��

0HFKDQL]PDL�� SDDLãNLQDQW\V� ãLOXPRV� DQWLVSD]PLQ³� SRYHLN³�� WDLS� SDW� GLVNXWXRWLQL�� 9LHQDV
SDDLãNLQLPDV��NDG�ãLOG\PDV�SUDODXåLD�VNDXVPR�±�VSD]PR�FLNO���VXPDåLQGDPDV�VNDXVP���7DþLDX�JDOL
YHLNWL� LU� NLWL� IDNWRULDL�� .DL� WDLNRPD� ãLOXPD�� UDXPHQV� YHUSVþLÐ� MDXWUXPDV� VXPDå¡MD�� QHW� MHL� SDþLRV
YHUSVW¡V� WHPSHUDWÌUD� QHSDNLWR�� 7DLJL�� ãLOG\PDV� JDOL� YHLNWL� UDXPHQV� YHUSVþLÐ� DNW\YXP�� SHU
VSLQDOLQLXV� UHIOHNVXV�� 1RUV� LU� GLVNXWXRWLQDV�� WDL� NRO� NDV� JHULDXVLDV� VX� ãLOG\PX� VXVLMXVLÐ� YHUSVþLÐ
MDXWUXPR�VXPDå¡MLPR�LU�VSD]PR�LãQ\NLPR�SDDLãNLQLPDV�

.LWL� IL]LRORJLQLDL� SRN\þLDL� VXVLM
� VX� ãLOG\PX�� NDLS� NDG� SDGLG¡M
V� PHWDEROLQLV� DNW\YXPDV�
SDJUHLW¡MXVL� DS\NDLWD�� SDGLG¡M
V� XåGHJLPDV�� SDGLG¡M
V� DXGLQLÐ� HODVWLQJXPDV� LU� VXPDå¡M
V
klampumas.

âLOG\PDV� GDåQLDXVLDL� QDXGRMDPDV� VNDXVPXL� VXPDåLQWL� SULHã� J\GRPXRVLXV� SUDWLPXV�
âLOG\PDV�JDOL�EÌWL�WDLNRPDV�J\G\WL�V�QDULR�NDSVXO¡V�ODLVYXPR�VXPDå¡MPXL��&UDLJ��������

Gydomasis poveikis. 3DSUDVWDL�ãDOþLR�DSOLNDFLMRV�WDLNRPRV�J\GDQW�XåGHJLP�� WLN�SLUPDV�WULV�
NHWXULDV� GLHQDV�� 1RUV� NULRWHUDSLMD� NDUWDLV� W
VLDPD� DQWURMH� DXGLQLÐ� SDåHLGLPÐ� J\G\PR� VWDGLMRMH�
QRULQW� NRQWUROLXRWL� HGHP��� DU� VNDXVPR� ±� VSD]PR� ±� VNDXVPR� FLNO���  7DþLDX� DXGLQLÐ� WHPSHUDWÌURV
VXPDå¡MLPDV�� VXVLM
V� VX� ãDOþLR� DSOLNDFLMRPLV�� QHJDOL� SDJUHLWLQWL� O�VWHOLÐ� DWVLVWDW\PR�� %ÌWHQW� �
ILEURSODVWÐ� GDXJLQLPRVL� LU� NRODJHQR� VLQWH]¡V�� 7DLJL�� NDL� VXVLGRURMDPD� VX� KHPRUDJLMD� LU� HGHPD
XåGHJLPR�PHWX�� WROLDX� UHQNDPDVLV� J\G\PDV� ãLOXPD��$XGLQLÐ� DWVLVWDW\PR� JUHLWLV� VXVLM
V� VX� NUDXMR
NLHNLX� SDWHQNDQþLX� ³� SDåHLVWXV� DXGLQLXV�� 3LUPRML� UHDNFLMD� ³� WHPSHUDWÌU�� \UD� SDGLG¡M
V� NUDXMR
SULWHN¡MLPDV��³VNDLWDQW�LU�GLGHVQ³�EDOWÐMÐ�NUDXMR�O�VWHOLÐ�GDXJLQLP�VL��SDGLG¡MXV³�IDJRFLWÐ��GHJXRQLHV
WLHNLP��LU�O�VWHOLÐ�PHWDEROL]P���LU�SDGLG¡MXV³�PDLVWR�PHGåLDJÐ�WLHNLP���-HL�ãLXRV�SURFHVXV�SDJUHLWLQD
J\GRPDVLV�ãLOG\PDV��WHRULãNDL�MLV�SDOHQJYLQD�DXGLQLÐ�JLMLPR�PHFKDQL]P��

.DGDQJL� VNLUWLQJÐ� ãLOG\PR� EÌGÐ� SRYHLNLV� \UD� VNLUWLQJDV�� UHLNLD� SDULQNWL� EÌG�� DWLWLQNDQW³
SDåHLGLPR���J\O³���.DG�VXNHOWL�IL]LRORJLQLXV�SRN\þLXV��DXGLQLÐ�WHPSHUDWÌUD�EÌGDYR�SDNHOLDPD�LNL���
– 450�&��$XNãWHVQ¡�WHPSHUDWÌUD�JDOL�SDåHLVWL�DXGLQLXV��&UDLJ��������         

Šilumos poveikis kolageniniams audiniams.$XGLQLÐ� WHPSHUDWÌUD� VYDUEL� QRULQW� SDGLGLQWL
ODQNVWXP�� LU� V�QDULR� MXGHVLR� DPSOLWXG
�� 1RUV� PRNVOLQLQNDL� SUDQHãD� DSLH� SDODQNLXV� UH]XOWDWXV
QDXGRMDQW�WHPSHUDWÌU��DXGLQLÐ�WHPSLPXL��WDþLDX�EHQGURV�LãYDGRV�SULHãWDULQJRV��/HQWHOO�HW�DO�������
WHLJLD�� NDG� V�QDULR� SHWLHV� SDGLG¡M
V� PRELOXPDV� SDQDXGRMXV� ãLOG\P�� LU� WHPSLP�� JDOLPDV� G¡O
UDXPHQLQLÐ� YHUSVþLÐ� VORSLQLPR�� VXPDå¡MXVLR� UDXPHQÐ� WRQXVR�� VXPDå¡MXVLR� PLRILEULOLÐ
pasipriešinimo tempimui.

âLOXPRV� LU� ãDOþLR� SRYHLNLV� JLOLHVLHPV� MXQJLDPLHVLHPV� DXGLQLDPV� WXUL� EÌWL� DWVDUJLDL
LQWHUSUHWXRMDPDV�� âLH� YHLNVQLDL� SDGHGD� WDLNDQW� QXRODWLQ³� WHPSLP��� G¡O� VDYR� JHE¡MLPR� VXPDåLQWL
UDXPHQÐ�WRQXV��LU�VNDXVP���3UHQWLFH���������7DLJL�ãLOG\PDV�VNDWLQD�UDXPHQV�DWVLSDODLGDYLP����NXULV
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SDOHQJYLQD� WDPSUXPR� M¡JÐ� NRQFHQWUDFLM�� VXWUXPS¡MXVLXRVH� MXQJLDPXRVLXRVH� DXGLQLXRVH�
9LVNRHODVWLQLV�VDXVJ\VOLÐ�HOJHV\V��WDLNDQW�WHPSLP���JDOL�SDNLVWL�DXGLQLÐ�WHPSHUDWÌUDL�HVDQW����±���0

&��$WVLUDQGD�VWUHVLQLV�DWVLSDODLGDYLPDV�LU�O¡WDV�DXGLQLÐ�SDLOJ¡MLPDV��.DL�WHPSHUDWÌUD�SDN\OD�LNL���0C

DXGLQLDL�WDPSD�HODVWLQJHVQL��LãYHQJLDPD�SDåHLGLPÐ��QHV�UHLNDOLQJD�PDåHVQ¡�WHPSLPR�M¡JD��7DL�URGR�
NDLS�VYDUEX�NRQWUROLXRWL� LU�DXGLQLÐ� WHPSHUDWÌU�� LU� WHPSLPR�M¡J��SHU� WHUDSLQ³� WHPSLP��� -XQJLDPÐMÐ
DXGLQLÐ� QXRODWLQLV� SUDLOJ¡MLPDV� G¡O� SDGLG¡MXVLRV� WHPSHUDWÌURV� SULVNLULDPDV� GDOLQLDP� PROHNXOLQLÐ
NU\åPLQLÐ�U\ãLÐ�NRODJHQLQ¡MH�VNDLGXORMH�LULPXL��'HOWRUDJH��������
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����7<5,02�7,.6/$6��8ä'$9,1,$,��0(72'$,�,5
ORGANIZAVIMAS

�����7\ULPR�KLSRWH]¡��WLNVODV�LU�XåGDYLQLDL

+LSRWH]¡�
0DQ\WXPH�� NDG� JULDXþLÐ� UDXPHQÐ� NRQWUDNWLOLQ¡V� VDY\E¡V� SDN¡OXV� UDXPHQV� WHPSHUDWÌU��
SDJHU¡V��R�MDL�VXPDå¡MXV�±�SDEORJ¡V�

Tyrimo tikslas:

,ãWLUWL�ãLOXPRV�LU�ãDOþLR�SRYHLN³�JULDXþLÐ�UDXPHQÐ�NRQWUDNWLOLQ¡PV�VDY\E¡PV�

8åGDYLQLDL�
1) ,ãWLUWL�JULDXþLÐ�UDXPHQÐ�NRQWUDNWLOLQHV�VDY\EHV�SDN¡OXV�UDXPHQV�WHPSHUDWÌU�����0 C.

2) ,ãWLUWL�JULDXþLÐ�UDXPHQÐ�NRQWUDNWLOLQHV�VDY\EHV�VXPDåLQXV�UDXPHQV�WHPSHUDWÌU����±���0

C.

3) ,ãVLDLãNLQWL�VNLUWLQJRV�WHPSHUDWÌURV�³WDN��VNLUWLQJÐ�WLSÐ�UDXPHQLQ¡PV�VNDLGXORPV�
4) ,ãVLDLãNLQWL� VNLUWLQJRV� WHPSHUDWÌURV� ³WDN�� UDXPHQLQLÐ� VNDLGXOÐ� HODVWLQ¡V� HQHUJLMRV

panaudojimui.

�����7\ULPR�PHWRGR�RUJDQL]DYLPDV��WLULDPÐMÐ�NRQWLQJHQWR�DSUDã\PDV

7\ULPDV�EXYR�DWOLHNDPDV�³äPRJDXV�PRWRULNRV´�ODERUDWRULMRMH��7LULDPÐMÐ�NRQWLQJHQW�
VXGDU¡� ��� VYHLNL� åPRQ¡V�� DWUDQNRV� NULWHULMÐ� QHEXYR� �EXYR� WLULDPL� WLHN� VSRUWXRMDQW\V�� WLHN
QHVSRUWXRMDQW\V��WLHN�Y\UDL��WLHN�PRWHU\V���7LULDPÐMÐ�VNDLþLXV��DPåLXV��ÌJLR�LU�NÌQR�PDV¡V�URGLNOLDL
SDWHLNWL��� OHQWHO¡MH��7LULDPLHML�EXYR�VXSDåLQGLQWL� VX�Y\NGRPR� W\ULPR� WLNVODLV�� WDLNRPDLV�PHWRGDLV�
W\ULPR�SURFHGÌUD�LU�JDOLPDLV�QHSDWRJXPDLV��$WY\N
�³�ODERUDWRULM���SULHã�WHVWDYLP���WLULDPLHML����PLQ
V¡G¡MR�UDP\E¡V�EÌVHQRMH��9LVL�GDO\YDYR�VDYR�QRUX��EHL�WLNVOLDL�Y\NG¡�NHOLDPXV�UHLNDODYLPXV�

1 OHQWHO¡��7LULDPÐMÐ�VNDLþLXV��DPåLDXV��NÌQR�PDV¡V�LU�ÌJLR�URGLNOLDL

Rodikliai
7LULDPÐMÐ
VNDLþLXV��Q $PåLXV��P .ÌQR�PDV¡��NJ ËJLV��FP

Tyrimas, taikant
SDV\YÐ�ãLOG\P� 12 21,1 ± 2,9 87,8 ± 11,6 1,83 ± 0,06

Tyrimas, taikant
SDV\YÐ�ãDOG\P� 12 21,9 ± 1,98 80,3 ± 13,73 1,83 ± 0,07
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3DV\YDXV�UDXPHQÐ�ãLOG\PR�PHWRGLND: SURFHGÌUD�DWOLNWD�SDJDO�GDXJHOLR�PRNVOLQLQNÐ
QDXGRMDP�� PHWRGLN�� �6DUJHDQW�� ������� WLULDPDVLV� VRGLQDPDV� ��� PLQ�� ³� ������0&� YDQGHQV� YRQL��
9DQGHQV� WHPSHUDWÌUD� YLV�� ODLN�� NRQWUROLXRMDPD� YDQGHQV� WHUPRPHWUX�� .RMRV� YLV�� V¡G¡MLPR� ODLN�
EXYR�SLOQDL�SDQDUGLQWRV�SR�YDQGHQLX��5HPGDPLHVL�ãLRV�PHWRGLNRV�DXWRULÐ�GXRPHQLPLV��åLQRPH��NDG
ãLOGDQW�UDXPHQ³����PLQ����0&�YDQGHQ\MH��UDXPHQV�WHPSHUDWÌUD���FP�J\O\MH�SDGLG¡MD�DSLH��0C.

3DV\YDXV�UDXPHQÐ�ãDOG\PR�PHWRGLND��WLULDPÐMÐ�NRMRV�GX�NDUWXV�SR����PLQ���VX���
PLQ���SHUWUDXND�EXYR�SDQDUGLQDPRV� � ³�������0�&� WHPSHUDWÌURV�YDQGHQV�YRQL�� �0HHXVHQ��/LHYHQV�
������'XFKDUPH��9DQ�+HOGHU��5DGRPVNL��������(VWRQ� ��3HWHUV���������9DQGHQV� WHPSHUDWÌUD�EXYR
NRQWUROLXRMDPD�YDQGHQV�WHUPRPHWUX��7RNLX�EÌGX�ãDOGRPÐ�NRMÐ�ãODXQLHV�NHWXUJDOYLR�UDXPHQV�YLGLQ¡
WHPSHUDWÌUD�VXPDå¡MD���±���0 C (Meeusen, Lievens, 1986).

Šoklumo registravimas�� W\ULPXL� EXYR� QDXGRMDPD� VSHFLDOL� WHFKQLQ¡� ³UDQJD�
GDXJLDNRPSRQHQWLQ¡� M¡JRV� SODWIRUPD� ³.,67/(5³�� WLSDV� ����$�� PDWPHQ\V� ��[���� NXUL� OHLGåLD
XåUHJLVWUXRWL�GLQDPLQLXV�LU�SXVLDX�VWDWLQLXV�PDWDYLPXV�YHLNLDQW�EHW�NXU³�SODWIRUPRV�WDãN���âL��SMH]R
GDYLNOLXV� WXULQWL� SODWIRUPD�� SHU� VWLSULQWXY�� VXMXQJWD� VX� NRPSLXWHULX�� 'XRPHQ\V� DSGRURMDPL
%,29$5(�SURJUDPD��8åUDãRPD�DWUDPRV�UHDNFLMRV�NUHLY¡�� LU�QDXGRMDQW�SURJUDP�� DSVNDLþLXRMDPDV
NÌQR�PDV¡V�FHQWUR�JUHLWLV��SDJUHLWLV��SRVOLQNLV��DWVLVS\ULPR�PHWX�EHL�DWVLVS\ULPR�M¡JD�LU�JDOLQJXPDV�

âXROLR�DXNãWLV�EXYR�VNDLþLXRMDPDV�SDJDO�IRUPXO
�h = v2/2g  (m) (Komi, Bosco, 1987).

(ODVWLQ¡V� HQHUJLMRV� NLWLPDV� EXYR� VNDLþLXRMDPDV� SDJDO� ãXROLR� VX� DPRUWL]XRMDPXRMX
SULWÌSLPX� �KS�� LU� ãXROLR� EH� DPRUWL]XRMDPRMR� SULWÌSLPR� �KVW��� NDL� QHQDXGRMDPD� LãWHPSLPR� PHWX
VXNDXSWD�HQHUJLMD��DXNãþLR�UH]XOWDWÐ�VDQW\N³��.RPL��%RVFR��������

Šuolio pritupiant iki 1350�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�DEVROLXWXV�HODVWLQJXPDV�
M1 = hp135 – hst135;

Šuolio pritupiant iki 900�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�DEVROLXWXV�HODVWLQJXPDV�
M2 = hp90 – hst90;

Šuolio pritupiant iki 900�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�VDQW\NLQLV�HODVWLQJXPDV�
M3 = hp90 – hst90/hp90*100% ;

Šuolio pritupiant iki 1350�NDPSR�UDXPHQLQLÐ�VNDLGXOÐ�VDQW\NLQLV�HODVWLQJXPDV�
M4 = hp135 – hst135/hp135*100% .

 âXROLXNÐ� DWOLNLPR� PHWRGLND�7\ULPR� SURFHGÌURV� PHWX� WLULDPLHML� DWOLNR� ãXROLXNXV� VX
DPRUWL]XRMDQþLX�SULWÌSLPX��KS���SULWXSLDQW� LNL���0 ir 1350�NDPSR�� LU�EH�DPRUWL]XRMDQþLR�SULWÌSLPR
�KVW��� Lã� VWDWLQ¡V�SDG¡WLHV�SULWÌSXV� LNL� ��0 ir 1350� NDPSR�� �.LHNYLHQ�� ãXROLXN�� NDUWRMDQW� GX� NDUWXV
(viso 8 šuoliukai). Visi šuoliukai atliekami rankas laikant ant liemens. Tarp kiekvieno šuoliuko

GDURPD� ��� V� SDX]¡� �%RVFR�� ������� .DL� ãXROLV� DWOLHNDPDV� SULWXSLDQW� LNL� ��o kampo per kelius,

GDXJLDX�SDQDXGRMDPDV� O¡WR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ� HODVWLQJXPDV�� SULWXSLDQW� LNL� ���o kampo per

NHOLX� SDQDXGRMDPDV� JUHLWR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ� HODVWLQJXPDV� �6NXUY\GDV� HW� DO��� ������� 6X
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ãXROLXNÐ� DWOLNLPR� WHFKQLND� WLULDPLHML� VXSDåLQGLQDPL� Lã� DQNVWR�� âXROLXNDL� DWOLHNDPL� SULHã� SDV\YÐ
UDXPHQÐ� ãLOG\P�� LU� ãDOG\P�� EHL� SR� MÐ�� 3R� ãLOG\PR� LU� ãDOG\PR� ãXROLDL� DWOLHNDPL� Lã� NDUWR�� SDX]¡
nedaroma.

Tyrimo eiga:

1. Atliekami  � YLVÐ� WLSÐ� ãXROLXNDL� DQW� WHQ]RSODWIRWPRV� ��� ãXROLXNDL�� ��� V� SDX]¡� WDUS
EDQG\PÐ��

���$WOLHNDPD�SDV\YDXV�UDXPHQÐ�ãLOG\PR�SURFHGÌUD�����PLQ���
���3DNDUWRMDPL�WLH�SDW\V�ãXROLXNDL����ãXROLXNDL�����V�SDX]¡�WDUS�EDQG\PÐ��
/\JLDL� WRNLD� SDW� HLJD� DWOLHNDPDV� W\ULPDV� LU� WDLNDQW� SDV\YÐ� UDXPHQÐ� ãDOG\P�� �SDV\YXV

UDXPHQÐ�ãDOG\PDV��[���PLQ���VX����PLQ��SHUWUDXND��
6WDWLVWLQLDL� VNDLþLDYLPDL� analizuojant tyrimo duomenis buvo nustatomas aritmetinis

YLGXUNLV��VWDQGDUWLQLV�QXRNU\SLV��SURFHQWLQLV�VNLUWXPDV�EHL�VNDLþLXRMDPDV�O\JLQDPÐ�G\GåLÐ�VNLUWXPR
SDWLNLPXPDV� SDJDO� QHSDUDPHWULQLÐ� GXRPHQÐ�:LOFR[RQ�0DWFKHG� 3DLUV� WHVW��� 3DVLULQNWDV� ��� SURF�
SDWLNLPXPR� O\JPXR� �S�������� 6NDLþLDYLPDL� DWOLHNDPL� QDXGRMDQWLV� VWDWLVWLQLX� Ä0LFURVRIW� (F[HO³
paketu ir specialia statistine programa „Statistica“.
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����7<5,0Ï�5(=8/7$7$,�,5�-Ï�$1$/,= 

�����7\ULPR�WDLNDQW�SDV\YÐ�ãLOG\P��UH]XOWDWDL

�������âXROLR�DWVLVS\ULPR�M¡JD
0DNVLPDOLRV� � DWVLVS\ULPR� M¡JRV� YLGXUNLV� � DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWXSLPR�

SULWÌSXV����0�NDPSX��KVW�����SDãLOGåLXV�SDGLG¡MR��(VDQW�QRUPDOLDL�UDXPHQV�WHPSHUDWÌUDL�����������
1����������1��SR�SDV\YDXV�ãLOG\PR�SURFHGÌURV�����������1����������1��SURFHQWLQLV�SRN\WLV������
����7DþLDX�ãLV�VNLUWXPDV�Q¡UD�VWDWLVWLãNDL�SDWLNLPDV��S� ��������� ,ãDQDOL]DYXV�ãLR� W\ULPR�UH]XOWDWXV
LãVLVN\U¡� GYL� WLULDPÐMÐ� JUXS¡V� �� YLHQRV� ��� DWYHMDL�� PDNVLPDOL� M¡JD� SDGLG¡MR� �S�������� NLWRV� ��
DWYHMDL�� QHSDNLWR� �S!������� $WOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWXSLPR�� SULWÌSXV� ��0 kampu

�KVW���� � PDNVLPDOL� DWVLVS\ULPR� M¡JD� SDãLOGåLXV� EXYR� GLGHVQ¡� QHL� QRUPDOLRPLV� V�O\JRPLV�
atitinkamai  1167,85 N ± 252,13 N ir 1115,82 N ± 271,26 N, (procentinis pokytis 5,93 %). Pokytis

VWDWLVWLãNDL�QHSDWLNLPDV��S� ���������,ãDQDOL]DYXV�SDPDW¡PH��NDG�PDNVLPDOL�M¡JD�SDGLG¡MR���DWYHMDLV
�S������� LU�QHSDNLWR��� �S!�������$WOLHNDQW� ãXRO³� VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW� LNL� ���0

�KS�����NDPSR�DWVLVS\ULPR�M¡JD�SR�SDV\YDXV�ãLOG\P��SDGLG¡MR��SULHã�ãLOG\P������������1���������
N, po šildymo – 2152,28 N ± 1047.59 N (procentinis pokytis 12,054 %). Pokytis statistiškai

QHSDWLNLPDV��S� �����������DWYHMDLV�DWVLVS\ULPR�M¡JD�SDGLG¡MR��S����������DWYHMDLV�QHSDNLWR��S!������
$WOLHNDQW�ãXRO³�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW�LNL���0�NDPSR��KS����PDNVLPDOL�M¡JD�EXYR
lygi 1210,9 N ± 322.53 N, po šildymo – 1199,24 N ±  400,76 N (procentinis skirtumas 2,288 %).

âLR�ãXROLR�PDNVLPDOL� DWVLVS\ULPR� M¡JD�VXPDå¡MR� VWDWLVWLãNDL�QHSDWLNLPDL� �S� ��������� ,ãDQDOL]DYXV
WLULDPÐMÐ�LPW³����DWYHMDLV�UH]XOWDWDL�SDGLG¡MR��S��������R���DWYHMDLV�VXPDå¡MR��S����������SDY���
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1 pav��0DNVLPDOLRV�DWVLVS\ULPR�M¡JRV�YLGXUNLDL��1��SULHã�LU�SR�ãLOG\PR

Trumpinimai.� KS��� ±� ãXROLXNR� VX� DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ��0 kampo rezultatai; hp135 – šuoliuko su

DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã���0 kampo

UH]XOWDWDL��KVW����±�ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã����0 kampo rezultatai.

3.1.2. Šuolio atsispyrimo greitis

$WOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ���0 kampu (hst135) makismalaus

DWVLVS\ULPR�JUHLþLR�YLGXUNLV�SDãLOGåLXV�VXPDå¡MR��3ULHã�ãLOG\P����������P�V���������P�V��SR�ãLOG\PR
– 2,303 m/s ± 0,432 m/s (procentinis pokytis 0,051 %). Maksimalus atsispyrimo greitis nepatikimai

VXPDå¡MR� �S�  � ���� ,ãDQDOL]DYXV� LPW³�� �� DWYHMDLV� JUHLWLV� SDGLG¡MR� �S�������� �� DWYHMDLV� VXPDå¡MR
�S�������� 0DNVLPDODXV� DWVLS\ULPR� JUHLþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SLWÌSLPR�
SULWÌSXV���0�NDPSX��KVW����SR�ãLOG\PR�SDGLG¡MR��S� ���������SULHã�ãLOG\P����������P�V���������P�V�
po šildymo  – 2,722 m/s ± 0,302 m/s (procentinis pokytis 2,957 %). Maksimalus atsispyrimo greitis

DWOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX� SULWÌSLPX�� SULWXSLDQW� LNL� ���0 kampo (hp135)  po šildymo

SDGLG¡MR��3ULHã�ãLOG\P����������P�V�����������P�V��SR�ãLOG\PR�±�������P�V���������P�V��SURFHQWLQLV
SRN\WLV����������3RN\WLV�VWDWLVWLãNDL�QHSDWLNLPDV��S� ���������3DGLG¡MR���DWYHMDLV��S��������QHSDNLWR
��DWYHMDLV��S!�������$WOLHNDQW�ãXRO³�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW�LNL���0 kampo (hp90)

DWVLVS\ULPR�JUHLWLV�SULHã�ãLOG\P��EXYR�O\JXV�������P�V���������P�V��SR�ãLOG\PR�±�������P�V��������
P�V��SURFHQWLQLV�SRN\WLV����������3RN\WLV�VWDWLVWLãNDL�QHSDWLNLPDV��S� ���������5H]XOWDWDL�SDGLG¡MR��
atvejais (p<0,05), nepakito 3 (p>0,05).(2 pav.).
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1 pav��0DNVLPDOXV�DWVLVS\ULPR�JUHLþLR�YLGXUNLDL��P�V��SULHã�LU�SR�ãLOG\PR

Trumpinimai.� KS��� ±� ãXROLXNR� VX� DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ��0 kampo rezultatai; hp135 – šuoliuko su

DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã���0 kampo

UH]XOWDWDL�� KVW����±� ãXROLXNR�EH� DPRUWL]XRMDQþLR�SULWÌSLPR�� Lã����0 kampo rezultatai; * - p<0,05 lyginant reikšmes

tarpusavyje.

3.1.3. Šuolio atsispyrimo galingumas

0DNVLPDODXV� DWVLVS\ULPR� JDOLQJXPR�YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�
SULWÌSXV����0�NDPSX��KVW�����SR�ãLOG\PR�QHSDWLNLPDL�SDGLG¡MR��S� ���������SULHã�ãLOG\P�����������
W ± 1149,46 W, po šildymo – 2636,89 W  ±  801,49 W (procentinis pokytis 5,269 %). Analizuojant

DWVLVS\ULPR� JDOLQJXPR� UH]XOWDWXV�� LPWLV� LãVLVN\U¡� WLN� ãLXR� DWYHMX�� SDGLG¡MR� �� DWYHMDLV� �S�������
QHSDNLWR� �� �S!������� $WOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ��0 kampu (hst90)

PDNVLPDOXV�DWVLVS\ULPR�JDOLQJXPDV�SDãLOGåLXV�SDGLG¡MR��S� ���������SULHã�ãLOG\P������������:��
�������:��SR�ãLOG\PR�±���������:���������:��SURFHQWLQLV�SRN\WLV������������$WOLHNDQW�ãXRO³�VX
DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW�LNL����0 kampo (hp135) atsispyrimo galingumas po šildymo

SDGLG¡MR��S� ��������3ULHã�ãLOG\P������������:����������:��SR�ãLOG\PR�±���������:�����������:
�SURFHQWLQLV� SRN\WLV� ������ ���� � $WVLVS\ULPR� JDOLQJXPDV� DWOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX
SULWÌSLPX��SULWXSLDQW�LNL���0�NDPSR��KS����SR�ãLOG\PR�SDGLG¡MR��S� ��������SULHã�ãLOG\P�����������
W± 605,28 W, po šildymo – 2165,0 W ± 573,8 W (procentinis pokytis 13,614 %). (3 pav.)
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2 pav. Maksimalus atsispyrimo galingumo vidurkiai (W) prieš ir po šildymo

Trumpinimai.� KS��� ±� ãXROLXNR� VX� DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ��0 kampo rezultatai; hp135 – šuoliuko su

DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã���0 kampo

UH]XOWDWDL�� KVW����±� ãXROLXNR�EH� DPRUWL]XRMDQþLR�SULWÌSLPR�� Lã����0 kampo rezultatai; * - p<0,05 lyginant reikšmes

tarpusavyje

3.1.4. Šuolio aukštis

âXROLR� DXNãþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ���0 kampu

�KVW�����SULHã� ãLOG\P�� EXYR�������P���������P�� SR� ãLOG\PR� � ±� ������P��� ������P� �SURFHQWLQLV
SRN\WLV� ���������� âLR� ãXROLR� DXNãWLV� SR� ãLOG\PR� QHSDWLNLPDL� SDGLG¡MR� �S�  � � ������� ,ãDQDOL]DYXV
UH]XOWDWXV�� DXNãWLV� SDGLG¡MR� �� DWYHMDLV� �S!������� VXPDå¡MR� �� DWYHMDLV� �S!������� âXROLR� DXNãWLV
DWOLHNDQW�ãXRO³�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��SULWÌSXV� LNL���0�NDPSX� �KVW����SR� ãLOG\PR�SDGLG¡MR
�S �������SDO\JLQXV�VX�ãXROLX�QRUPDOLRPLV�V�O\JRPLV�DWLWLQNDPDL������P���������P�LU�������P��
������P���SURFHQWLQLV�SRN\WLV�����������$WOLHNDQW�ãXRO³�VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW�LNL
1350�NDPSR��KS�����ãXROLR�DXNãWLV�SR�ãLOG\PR�QHSDWLNLPDL�SDGLG¡MR�S� ���������3ULHã�ãLOG\P��EXYR
0,361 m ± 0,063 m, po šildymo – 0,399 m ±  0,068 m (procentinis pokytis 9,07 %). Šuolio aukštis

SDGLG¡MR� �� DWYHMDLV� �S�������� �� DWYHMDLV� QHSDNLWR� �S!������� $WOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX
SULWÌSLPX�� SULWXSLDQW� LNL� ��0� NDPSR� �KS���� ãXROLR� DXNãWLV� SDãLOGåLXV� SDGLG¡MR� �S�  � �������� 3ULHã
ãLOG\P��EXYR�������P���������P��SR�ãLOG\PR�±�������P���������P��SURFHQWLQLV�SRN\WLV������������
pav.)
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3 pav��âXROLR�DXNãþLR�YLGXUNLDL��P��SULHã�LU�SR�ãLOG\PR

Trumpinimai.� KS��� ±� ãXROLXNR� VX� DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ��0 kampo rezultatai; hp135 – šuoliuko su

DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã���0 kampo

UH]XOWDWDL�� KVW����±� ãXROLXNR�EH� DPRUWL]XRMDQþLR�SULWÌSLPR�� Lã����0 kampo rezultatai; * - p<0,05 lyginant reikšmes

tarpusavyje.

�������/¡WRVLRV�LU�JUHLWRVLRV��UDXPHQLQ¡V�VNDLGXORV

�0DQRPD�� NDG� åHPÐ� SULWÌSLPÐ� PHWX� �NRMD� VXOLQNXVL� LNL� ��0 kampo) labiau

SDQDXGRMDPD� O¡WR� WLSR� UDXPHQLQLÐ� VNDLGXOÐ� VXNDXSWD� HODVWLQ¡� LU� PLRHOHNWULQ¡� HQHUJLMD�� R� WUXPSÐ
VWDLJLÐ� SUWÌSLPÐ�PHWX� �NRMD� VXOLQNXVL� LNL� ���0� NDPSR�� ±� JUHLWÐ� UDXPHQLQLÐ� VNDLGXOÐ� LU�PRWRULQLÐ
YLHQHWÐ� HQHUJLMD�� 5HPLDQWLV� ãLXR� WHLJLQLX�� JDOLPH� SDO\JLQWL� WHPSHUDWÌURV� SRYHLN³� VNLUWLQJR� WLSR
UDXPHQLQ¡PV� VNDLGXORPV�� 3DO\JLQ
� VNLUWLQJÐ� ãXROLÐ� URGLNOLÐ� SRN\þLXV� SR� ãLOG\PR�� PDWRPH� NDG
ãXROLR�SULWÌSLDQW�LNL���0�NDPSR�UH]XOWDWÐ�SRN\WLV�EXYR�UHLNãPLQJHVQLV��QHL�ãXROLR�SULWÌSLDQW�LNL����0

kampo. (2 lent.).
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��OHQWHO¡. âXROLÐ�SULWÌSLDQW�LNL���0 ir 1350�NDPSR�URGLNOLÐ�SRN\WLV�SR�ãLOG\PR�
Rodikliai 900 1350

$WVLVS\ULPR�M¡JRV�SRN\WLV��� hst – 5,93 ± 9,76

hp – 2,288 ± 9,54

hst – 1,38 ± 11,39

hp – 12,05 ± 21,17

$WVLVS\ULPR�JUHLþLR�SRN\WLV�
%

hst – 2,96 ± 3,7; p<0.05

hp – 5,65 ± 14,27

hst – 0,05 ± 11,83

hp – 1,88 ± 3,42

Atsispyrimo galingumo

pokytis, %

hst – 11,28 ± 11,87; p<0.05

hp – 13,61 ± 16,67; p<0.05

hst – 5,27 ± 20,44

hp – 9,98 ± 12,92; p<0.05

âXROLR�DXNãþLR�SRN\WLV��� hst – 5,28 ± 7,636; p<0.05

hp – 7,02 ± 7,47; p<0.05

hst – 3,89 ± 26,68

hp – 9,07 ± 20,14

Trumpinimai. KVW�±�ãXROLV�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��KS�±�ãXROLV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX�

�������âXROLR�HODVWLQ¡�HQHUJLMD
9HUWLNDODXV�ãXROLXNR�HODVWLQ¡�HQHUJLMD�HVDQW�QRUPDOLDL�UDXPHQV�WHPSHUDWÌUDL�QHVLVN\U¡

QXR� HODVWLQ¡V� HQHUJLMRV�� SDN¡OXV� NRMÐ� UDXPHQÐ� WHPSHUDWÌU��� /\JLQDQW� � ãXROLXNXV� VX� LU� EH
DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWXSLDQW� LNL� ��0� NDPSR�� SULHã� ãLOG\PR� SURFHGÌU�� 0�� �DEVROLXWXV
elastingumas) buvo 0,04 ± 0.039 (M3 - santykinis elastingumas – 9,84 ± 8,197%), po šildymo

SURFHGÌURV� 0�� �� ����������� �0�� ±� ������ �� ���������� (ODVWLQ¡V� HQHUJLMRV� SRN\WLV� SR� ãLOG\PR
SURFHGÌURV� Q¡UD� UHLNãPLQJDV� �S ������� /\JLQDQW� � ãXROLXNXV� VX� LU� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�
pritupiant iki 1350�NDPSR��SULHã�ãLOG\PR�SURFHGÌU��0���DEVROLXWXV�HODVWLQJXPDV��EXYR�����������
�0����VDQW\NLQLV�HODVWLQJXPDV�±�������������������SR�ãLOG\PR�SURFHGÌURV�0����������������0��±
���������������(ODVWLQ¡V� HQHUJLMRV�SRN\WLV� SR� ãLOG\PR�SURFHGÌURV�Q¡UD� UHLNãPLQJDV� �S ������� ��
pav.)
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4 pav. âXROLXNR��SULWÌSLDQW�LNL���0�NDPSR��HODVWLQ¡V�HQHUJLMRV�SRN\WLV�SULHã�LU�SR�ãLOG\PR
Trumpinimai. 0�� ±� ãXROLR� SULWÌSLDQW� LNL� ��0� NDPSR� HODVWLQ¡� HQHUJLMD��0�� ±� ãXROLR� SULWÌSLDQW� LNL� ���0

NDPSR�HODVWLQ¡�HQHUJLMD�



32

�����7\ULPR�WDLNDQW�SDV\YÐ�ãDOG\P��UH]XOWDWDL

�������âXROLR�DWVLVS\ULPR�M¡JD
$WOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ���0 kampu (hst135)

PDNVLPDOLRV� � DWVLVS\ULPR� M¡JRV�YLGXUNLV�SR� ãDOG\PR�SURFHGÌURV� VXPDå¡MR� �S �������� G\GLV� SULHã
ãDOG\P������������1����������1��SR�ãDOG\PR��������1����������1��SURFHQWLQLV�SRN\WLV����������
0DNVLPDOL� DWVLVS\ULPR� M¡JD� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ��0 kampu

�KVW���� SDãDOGåLXV� VXPDå¡MR� �S �������� HVDQW� QRUPDOLRP� V�O\JRP� �� ������� 1� �� ������� 1�
SDãDOGåLXV����������1����������1��SURFHQWLQLV�SRN\WLV����������$WVLVS\ULPR�M¡JD�DWOLHNDQW�ãXRO³�VX
DPRUWL]XRMDQþLX� SULWÌSLPX�� SULWXSLDQW� LNL� ���0� NDPSR� �KS����� SR� ãDOG\PR� QHSDWLNLPDL� VXPDå¡MR
�S ��������3ULHã�ãDOG\P����������1����������1��SR�ãDOG\PR�±���������1����������1��SURFHQWLQLV
SRN\WLV� ��������� ,ãDQDOL]DYXV�� WLULDPÐMÐ� LPWLV� LãVLVN\U¡�� �� DWYHMDLV� VXPDå¡MR� �S�������� �� DWYHMDLV
QHSDNLWR� �S��������$WOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW� LNL� ��0 kampo (hp90)

DWVLVS\ULPR�M¡JD�SULHã�ãDOG\P��EXYR�O\JL��������1����������1��SR�ãDOG\PR�±��������1����������1
�SURFHQWLQLV� SRN\WLV� �������� âLR� ãXROLR� PDNVLPDOL� DWVLVS\ULPR� M¡JD� VXPDå¡MR� VWDWLVWLãNDL
QHSDWLNLPDL��S ����������DWYHMDLV�VXPDå¡MR��S����������DWYHMDLV�QHSDNLWR��S!����������SDY��
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6 pav.�0DNVLPDOLRV�DWVLVS\ULPR�M¡JRV�YLGXUNLDL��1��SULHã�LU�SR�ãDOG\PR
Trumpinimai.� KS��� ±� ãXROLXNR� VX� DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ��0 kampo rezultatai; hp135 – šuoliuko su
DPRUWL]XRMDQþLX� SULWÌSLPX� LNL� ���0� NDPSR� UH]XOWDWDL�� KVW��� ±� � ãXROLXNR� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� Lã� ��0 kampo
UH]XOWDWDL�� KVW���� ±� ãXROLXNR� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� Lã� ���0 kampo rezultatai; * - p<0,05 lyginant reikšmes
tarpusavyje.



33

3.2.2. Šuolio atsispyrimo greitis

0DNVLPDODXV� DWVLVS\ULPR� JUHLþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�
SULWÌSXV����0�NDPSX� �KVW�����SDãDOGåLXV� VXPDå¡MR� �S ��������SULHã� ãDOG\P�� �� ������P�V��������
m/s, po šaldymo – 1.716 m/s ± 0,324 m/s (procentinis pokytis 7.03 %). Maksimalus atsipyrimo

JUHLWLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ��0 kampu (hst90) po šaldymo

VXPDå¡MR� �S �������SDO\JLQXV� VX� ãXROLX�QRUPDOLRPLV� V�O\JRPLV�� G\GåLDL� DWLWLQNDPDL� ������P�V��
������ P�V� LU� ������ P�V� �� ������ P�V� �SURFHQWLQLV� SRN\WLV� ������ ���� $WOLHNDQW� ãXRO³� VX
DPRUWL]XRMDQþLX� SULWÌSLPX�� SULWXSLDQW� LNL� ���0 kampo (hp135) atsispyrimo greitis po šaldymo

VXPDå¡MR��S �������SULHã�ãDOG\P��EXYR�O\JXV�������P�V�����������P�V��SR�ãDOG\PR�±�������P�V��
������P�V� �SURFHQWLQLV�SRN\WLV�����������$WOLHNDQW� ãXRO³� VX�DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW
iki 900�NDPSR��KS����DWVLVS\ULPR�JUHLWLV�VXPDå¡MR�SDãDOGåLXV��S �������QRUPDOLRP�V�O\JRP��������
P�V���������P�V��SDãDOGåLXV�±�������P�V���������P�V��SURFHQWLQLV�SRN\WLV���������������SDY��
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7 pav. 0DNVLPDOXV�DWVLVS\ULPR�JUHLþLR�YLGXUNLDL��P�V��SULHã�LU�SR�ãDOG\PR
Trumpinimai.�KS���±�ãXROLXNR�VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL���0 kampo rezultatai; hp135 – šuoliuko
VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã
900�NDPSR�UH]XOWDWDL��KVW����±�ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã����0 kampo rezultatai; * - p<0,05
lyginant reikšmes tarpusavyje.
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3.2.3. Šuolio atsispyrimo galingumas

0DNVLPDODXV� DWVLVS\ULPR� JDOLQJXPR�YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�
SULWÌSXV����0�NDPSX��KVW�����SDãDOGåLXV�VXPDå¡MR��S ��������HVDQW�QRUPDOLRP�V�O\JRP�����������
:�����������:��SDãDOGåLXV�±����������:�������������:��SURFHQWLQLV�SRN\WLV������������$WOLHNDQW
ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ��0 kampu (hst90) maksimalus atsispyrimo

JDOLQJXPDV�SãDOGåLXV�VXPDå¡MR��S ��������SULHã�ãDOG\P�����������:�����������:��SR�ãDOG\PR�±
��������� :� �� �������� :� �SURFHQWLQLV� SRN\WLV� ������� ���� $WOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX
SULWÌSLPX�� SULWXSLDQW� LNL� ���0� NDPSR� �KS����� DWVLVS\ULPR� JDOLQJXPDV� SDãDOGåLXV� VXPDå¡MR
�S ��������SULHã�ãDOG\P��EXYR����������:�����������:��SR�ãDOG\PR�±����������:������������:
�SURFHQWLQLV� SRN\WLV� ������� ���� $WOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX� SULWÌSLPX�� SULWXSLDQW� LNL� ��0

NDPSR� �KS���� DWVLVS\ULPR� JDOLQJXPDV� SDãDOGåLXV� VXPDå¡MR� �S �������� SULHã� ãDOG\P�� �� ��������
W± 354.048 W, po šaldymo – 1490.553 W ± 386.679 W (procentinis pokytis 12.294 %). (8 pav.)
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8 pav. Maksimalus atsispyrimo galingumo vidurkiai (W) prieš ir po šaldymo

Trumpinimai.�KS���±�ãXROLXNR�VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL���0 kampo rezultatai; hp135 – šuoliuko
VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã
900�NDPSR�UH]XOWDWDL��KVW����±�ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã����0 kampo rezultatai; * - p<0,05
lyginant reikšmes tarpusavyje.
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3.2.4. Šuolio aukštis

âXROLR� DXNãþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ���0 kampu

�KVW�����SDãDOGåLXV�VXPDå¡MR��S ��������HVDQW�QRUPDOLRP�V�O\JRP��������P���������P��SDãDOGåLXV
±� ������P��� ������P� �SURFHQWLQLV� SRN\WLV� ����������� âXROLR� DXNãþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� EH
DPRUWL]XRMDQþLR� SULWÌSLPR�� SULWÌSXV� ��0� NDPSX� �KVW���� SR� ãDOG\PR� VXPDå¡MR� �S ������� SULHã
ãDOG\P�� �� ������P���������P��SR� ãDOG\PR�±� �����P��� ������P� �SURFHQWLQLV� SRN\WLV� ����������
âXROLR� DXNãþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� VX� DPRUWL]XRMDQþLX� SULWÌSLPX�� SULWXSLDQW� LNL� ���0 kampo

�KS�����SDãDOGåLXV�VXPDå¡MR��S� ���������SULHã�ãDOG\P����������P���������P��SR�ãDOG\PR�±������
P� �� � ������ P� �SURFHQWLQLV� SRN\WLV� ������� ���� âXROLR� DXNãþLR� YLGXUNLV� DWOLHNDQW� ãXRO³� VX
DPRUWL]XRMDQþLX�SULWÌSLPX��SULWXSLDQW� LNL� ��0�NDPSR� �KS����SDãDOGåLXV� VXPDå¡MR� �S �������� SULHã
ãDOG\P�� ������P���������P��SR�ãDOG\PR�±�������P��������P� �SURFHQWLQLV�SRN\WLV� ����������� ��
pav.).
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9 pav. âXROLR�DXNãþLR�YLGXUNLDL��P��SULHã�LU�SR�ãDOG\PR
Trumpinimai.�KS���±�ãXROLXNR�VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL���0 kampo rezultatai; hp135 – šuoliuko
VX�DPRUWL]XRMDQþLX�SULWÌSLPX�LNL����0�NDPSR�UH]XOWDWDL��KVW���±��ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã
900�NDPSR�UH]XOWDWDL��KVW����±�ãXROLXNR�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��Lã����0 kampo rezultatai; * - p<0,05
lyginant reikšmes.

�������/¡WRVLRV�LU�JUHLWRVLRV�UDXPHQLQ¡V�VNLGXORV
3DO\JLQXV�ãXROLÐ�SULWÌSLDQW� LNL���0 ir iki 1350�NDPSR�URGLNOLÐ�SRN\þLXV��PDWRPH�NDG

DELHMÐ�ãXROLÐ�WLSÐ�UH]XOWDWDL�SR�ãDOG\PR�SDNLWR�YLHQRGDL�UHLNãPLQJDL�����OHQW���
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��OHQWHO¡��âXROLÐ�SULWÌSLDQW�LNL���0 ir 1350�NDPSR�URGLNOLÐ�SRN\WLV�SR�ãDOG\PR�
Rodikliai 900 1350

$WVLVS\ULPR�M¡JRV�SRN\WLV��� hst – 9,19 ± 10,72; p<0.05

hp – 6,04 ± 14,64

hst – 12,15 ± 9,78; p<0.05

hp – 2,48 ± 19,27

$WVLVS\ULPR�JUHLþLR�SRN\WLV�
%

hst – 7,39 ± 5,96; p<0.05

hp – 10,76 ± 10,25; p<0.05

hst – 7,03 ± 7,62; p<0.05

hp – 6,96 ± 7,22; p<0.05

Atsispyrimo galingumo

pokytis, %

hst – 16,32 ± 11,88; p<0.05

hp – 12,29 ± 13,33; p<0.05

hst – 19,16 ± 14,19; p<0.05

hp – 15,88 ± 16,54; p<0.05

âXROLR�DXNãþLR�SRN\WLV��� hst – 13,83 ± 11,17; p<0.05

hp – 19,29 ± 16,64; p<0.05

hst – 13,17 ± 13,87; p<0.05

hp – 12,99 ± 13,33; p<0.05

Trumpinimai. KVW�±�ãXROLV�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��KS�±�ãXROLV�VX�DPRUWL]XRMDQþLX�SULWÌSLPX�

�������âXROLR�HODVWLQ¡�HQHUJLMD
9HUWLNDODXV�ãXROLXNR�HODVWLQ¡�HQHUJLMD�VXPDåLQXV�UDXPHQV�WHPSHUDWÌUDL�EXYR�PDåHVQ¡�

QHL� HODVWLQ¡� HQHUJLMD�� HVDQW� QRUPDOLDL� NRMÐ� UDXPHQÐ� WHPSHUDWÌUDL�� WDþLDX� SRN\WLV� QHEXYR
UHLNãPLQJDV��/\JLQDQW��ãXROLXNXV�VX�LU�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��SULWXSLDQW�LNL���0 kampo, prieš

ãDOG\PR� SURFHGÌU�� 0�� �DEVROLXWXV� HODVWLQJXPDV�� EXYR� ������ �� ������ �0�� �VDQW\NLQLV
HODVWLQJXPDV��������������������SR�ãDOG\PR�SURFHGÌURV�0�����������������0������������������
(ODVWLQ¡V� HQHUJLMRV� SRN\WLV� SR� ãDOG\PR� SURFHGÌURV� QHEXYR� UHLNãPLQJDV� �S 0,638). Lyginant

ãXROLXNXV�VX�LU�EH�DPRUWL]XRMDQþLR�SULWÌSLPR��SULWXSLDQW� LNL����0�NDPSR��SULHã�ãDOG\PR�SURFHGÌU�
M1 (absoliutus elastingumas) buvo 0,073 ± 0,041 (M4 - santykinis elastingumas - 29,616 ±

���������� SR� ãDOG\PR� SURFHGÌURV�0�� O\JXV� ����� �� ������ �0�� ±� ������� �� ���������� (ODVWLQ¡V
HQHUJLMRV�SRN\WLV�SR�ãDOG\PR�SURFHGÌURV�QHEXYR�UHLNãPLQJDV��S ��������SDY���
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10 pav. âXROLXNR��SULWÌSLDQW�LNL���0�NDPSR��DEVROLXWXV�HODVWLQ¡V�HQHUJLMRV�SRN\WLV�SULHã�LU�SR�ãDOG\PR
Trumpinimai. 0�� ±� ãXROLR� SULWÌSLDQW� LNL� ��0� NDPSR� HODVWLQ¡� HQHUJLMD��0�� ±� ãXROLR� SULWÌSLDQW� LNL� ���0

NDPSR�HODVWLQ¡�HQHUJLMD�
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4. 7<5<02�5(=8/7$7Ï�$37$5,0$6
.RMÐ� UDXPHQÐ� LãY\VWRPD� M¡JD�� YHLNLDPD� VNLUWLQJÐ� WHPSHUDWÌUÐ�� SDNLWR� QHUHLNãPLQJDL�� WLHN

SDãLOGåLXV�� WLHN� SDãDOGåLXV� �S!������� 7DþLDX� DWOLHNDQW� ãXROLXNXV� EH� DPRUWL]XRMDQþLR� SULWÌSLPR�� SR
ãDOG\PR� SURFHGÌURV�� M¡JRV� SRN\WLV� EXYR� SDWLNLPDV�� $WVLåYHOJLDQW� ³� GLGHO³� UH]XOWDWÐ� LãVLEDUVW\P�
DQDOL]DYRPH�NLHNYLHQ��DWYHM³�DWVNLUDL��6NLUWLQJÐ�WHPSHUDWÌUÐ�SRYHLNLV�DWVNLULHPV�WLULDPLHVLHPV�EXYR
QHYLHQRGDV��LãVLVN\U¡�GYL�JUXS¡V�WLULDPÐMÐ��NXULÐ�M¡JRV�LãY\VW\P��WHPSHUDWÌUD�YHLN¡�VNLUWLQJDL��7DL
EÌWÐ� JDOLPD� SDDLãNLQWL� QHYLHQRGX� WHPSHUDWÌURV� SRYHLNLX� VNLUWLQJRPV� UDXPHQLQ¡PV� VNDLGXORPV
�5DQDWXQJD�� ������ %RWWLQHOOL� HW� DO��� ������� 7DLS� DWVLWLNR�� QHV� WLULDPÐMÐ� QHGLIHUHQFLMDYRPH� SDJDO
PRUIRORJLQLXV� DVSHNWXV�� .LWÐ� PRNVOLQLQNÐ� GXRPHQLPLV� å\PÌV� UDXPHQÐ� M¡JRV� SRN\þLDL� WDLS� SDW
QHSDVWHE¡WL� �6NXUY\GDV� LU� NW��� ������� 0DQRPD�� NDG� SDGLG¡MXV� QRUPDOLDL� UDXPHQV� WHPSHUDWÌUDL�
SDJHU¡MD� UDXPHQV� DWVLSDODLGDYLPR� PHFKDQL]PDL� LU� VNHUVLQLDL� PLR]LQR� WLOWHOLDL� QHVS¡MD� VXGDU\WL
VWLSULÐ� MXQJþLÐ� �'DYLHV�� ������� � 6NXUY\GDV� LU� NW�� ������� WHLJLD�� NDG� G¡O� WHPSHUDWÌURV� SDGLG¡MLPR
SDVLOSVWD� YDOLQJRV� M¡JRV� JHQHUDYLPR� PHFKDQL]PDL�� 7DLJL� WHPSHUDWÌURV� SRYHLNLV� UDXPHQÐ� M¡JRV
vystymuisi yra diskutuotinas.

.RMÐ� UDXPHQÐ� VXVLWUDXNLPR� JUHLWLV� WHPSHUDWÌUÐ� SRN\þLDPV� EXYR� MDXWUHVQLV�� -R� SRN\þLDL
SDãDOGåLXV� EXYR� VWDWLVWLãNDL� SDWLNLPL� WLHN� ãXROLXNÐ� VX� DPRUWL]XRMDPþLX� SULWÌSLPX�� WLHN� EH
DPRUWL]XRMDQþLR� SULWXSLPR� �S�������� 3DãLOGåLXV� SDWLNLPDL� SDGLG¡MR� ãXROLXNR� EH� DPRUWL]XRMDQþLR
SULWXSLPR�� SULWÌSXV� LNL� ��0� NDPSR�� UH]XOWDWDL�� 0DNVLPDOXV� JUHLWLV�� NXU³� SDVLHNXV� UDXPXR� JDOL
VXWUXPS¡WL�\UD�YHLNLDPDV�PLR]LQR�$73D]¡V fermento. Šis fermentas kontroliuoja aktino ir miozino

V�YHLNRV� JUHLW³�� YDGLQDVL� LU� VNHUVLQLÐ� WLOWHOLÐ� FLNOR� JUHLW³�� âLR� IHUPHQWR� DNW\YXPDV� SULNODXVR� QXR
WHPSHUDWÌURV�SRN\þLÐ�±�MLV�SDGLG¡MD��NDL�WHPSHUDWÌUD�\UD�SDNLOXVL��5DOO��:ROHGJH��������

3DV\YXV�UDXPHQÐ�ãLOG\PDV�LU�ãDOG\PDV�VNLUWLQJDL�SDYHLN¡�UDXPHQÐ�JDOLQJXP���3R�ãDOG\PR
SURFHGÌURV�SDWLNLPDL�SDNLWR�YLVÐ�WLSÐ�ãXROLXNÐ�UH]XOWDWDL��S��������3R�ãLOG\PR�QHSDWLNLPDV�EXYR�WLN
ãXROLXNR� EH� DPRUWL]XRMDQþLR� SULWXSLPR�� SULWÌSXV� LNL� ���0� NDPSR� UH]XOWDWÐ� SRN\WLV�� 7DLS� \UD�� QHV
JDOLQJXP��DWVSLQGL�DWVLVS\ULPR�M¡JRV�LU�JUHLþLR�VDQGDXJD��,ã�DQNVWHVQLÐ�DWVLVS\ULPR�M¡JRV�LU�JUHLþLR
UH]XOWDWÐ�PDW\WL�� NDG� M¡JD� \UD� WDV� QHVWDELOXV� URGLNOLV�� G¡O� NXULR� QHVLNHLW¡�PDNVLPDOXV� JDOLQJXPDV�
7HPSHUDWÌURV� UHLNãP¡� UDXPHQÐ� JDOLQJXPXL� UHLNãWÐ� MRV� SRYHLN³� $73� KLGUROL]HL� LU� UHVLQWH]HL�
6NLUWLQJD�WHPSHUDWÌURV�³WDND�UDXPHQÐ�JDOLQJXPXL�LãNHOLD�KLSRWH]
��NDG�WHPSHUDWÌUD��YHLNGDPD�$73
KLGUROL]
��JDOL�WDLS�SDW�³WDNRWL�UDXPHQÐ�VXVLWUDXNLPR�JDOLQJXP���7DLS�SDW�\UD�YLHQLQJD�QXRPRQ¡��NDG
HVDQW� åHPDL� UDXPHQV� WHPSHUDWÌUDL�� VXPDå¡MD� UDXPHQV� VXVLWUDXNLPR� JUHLWLV�� R� NDGDQJL� UDXPHQV
VXVLWUDXNLPR�JDOLQJXPDV�\UD�O\JXV�VXVLWUDXNLPR�JUHLþLR�LU�M¡JRV�VDQGDXJDL�DUED�DWOLNWDP�GDUEXL�SHU
ODLNR� YLHQHW��� YDGLQDVL� SDGLG¡MXVL� $73� KLGUROL]¡� WHLJLDPDL� YHLNLD� UDXPHQV� VXVLWUDXNLPR� JUHLW³�
7DLJL��SDNLOXV�WHPSHUDWÌUDL�M¡JD�QHGLG¡MD��EHW�PDNVLPDOXV�JUHLWLV��9maks���VOHQND�³�GHãLQ
������QXR
NLHNYLHQR�SDGLG¡MXVLR�WHPSHUDWURV�ODLSVQLR��&���%DOO��%XUURZV��6DUJHDQW��������%OLQNKRUVW��+RRIG�



38

9LVVHUV�� �������0DQRPD��NDG� UDXPHQV� VXVLWUDXNLPR� L]RPHWULQ¡V� M¡JRV� LU� VXVLWUDXNLPR� JDOLQJXPR
�YHUWLNDODXV� ãXROLR�� VXPDå¡MLPDV�SR�ãDOG\PR�DWVLUDQGD� WRG¡O�� NDG� VXO¡W¡MD� DNWLQR��PLR]LQR� WLOWHOLÐ
VXNLELPR� VNDLþLXV� LU� PLR]LQR� WLOWHOLÐ� VXNLELPR� VX� DNWLQX� M¡JD�� G¡O� VXO¡W¡MXVLRV� $73� KLGUROL]¡V� LU
QHRUJDQLQLR�IRVIDWR�VXPDå¡MLPR��&RXSODQG�HW�DO����������.LWD�SULHåDVWLV��NRG¡O�ãDOWDV�UDXPXR�O¡þLDX
DWVLSDODLGXRMD�� WDL� SDGLG¡MXVL� YLGXO�VWHOLQ¡� &D2+� NRQFHQWUDFLMD� LU� VXO¡W¡M
V� &D2+� MRQÐ� VXJU³åLPDV� ³
VDUNRSOD]PLQ³� WLQNO�� �+ROOLQJZRUWK� HW� DO��� ������ 7DQDND�� ������ -RKQVRQ� HW� DO��� ������ YDQ� GHU
Heijden et al., 2000).

âXROLR� DXNãWLV� SR� SDãLOG\PR� å\PLDL� SDGLG¡MR�� 3DWLNLPDL� SDGLG¡MR� ãXROLXNÐ� VX� LU� EH
DPRUWL]XRMDQþLR� SULWXSLPR�� SULWXSLDQW� LNL� ��0� NDPSR� UH]XOWDWDV� �S�������� 3DãDOGåLXV� YLVÐ� WLSÐ
ãXROLXNÐ� DXNãWLV� UHLNãPLQJDL� VXPDå¡MR� �S�������� .DGDQJL� NRMÐ� UDXPHQÐ� DWVLVS\ULPR� JDOLQJXPDV
WLHVLRJLDL� V�O\JRMD� ãXROLR� DXNãW³�� SDVWDURMR� SDGLG¡MLP�� LU� VXPDå¡MLP�� DLãNLQWXPH� WDLV� SDþLDLV
PHFKDQL]PDLV�±�DVLVS\ULPR�JUHLþLR�SDGLG¡MLPX�SDãLOGåLXV�LU�VXPDå¡MLPX�SDãDOGåLXV�

3DJUHLW¡M
V� UDXPHQV� DWVLSDODLGDYLPDV� SDãLOGåLXV� SDWHLVLQD� ãLOXPRV� QDXGRMLP�� UDXPHQV
VSD]PXL�PDåLQWL�� VNDXVPR�±�VSD]PR�FLNOXL�SUDODXåWL��3DGLG¡M
V� UDXPHQV�VXVLWUDXNLPR�JDOLQJXPDV
parodo pasyvaus šildymo prieš pratimus privalumus. Šildymas ir pratimai pagrieitina raumens

DWVLVWDW\P��� WDþLDX�SDJUHLWLQD� LU�QXRYDUJ³� �7LLGXV��������6DUJHDQW���������7DþLDX� ãLOXPD�QHPDåLQD
SDWLQLPR� LU� KHPDWRPRV�� ML� QHHIHNW\YL�PDåLQDQW�ÌPÐ� VNDXVP�� �%URVVHDX��<RQJH��5RELQVRQ� HW� DO��
��������âLOXPD�ODELDX�WLNWÐ�QXRODWLQLDP��PLRIDVFLDOLQLDP�VNDXVPXL�J\G\WL�

,ã�W\ULPR�PDW\WL��NDG�ãDOG\PDV�ODELDX�YHLNLD�UDXPHQLV��QHL�ãLOXPD��âDOG\PDV�O¡WLQD�UDXPHQV
DWVLSDODLGDYLP��� O¡WLQD� VXVLWUDXNLP��� DNWLQR� �� PLR]LQR� WLOWHOLÐ� VXNLELP��� 3R� ãDOG\PR� VXPDå¡MR� LU
UDXPHQV� VXVLWUDXNLPR� M¡JD� LU� JDOLQJXPDV�� VXO¡W¡MR� PHWDEROL]PDV�� WDJL� QXYDUJXVLR� LU� SDãDOG\WR
UDXPHQV� SRN\þLDL� SDQDãÌV� �GH� 5XLWHU�� GH� +DDQ�� ������� 7DL� URGR�� NDG� ãDOþLR� QDXGRMLPDV� VSD]PR
PDåLQLPXL� SDJU\VWDV� ODELDX� UHIOHNVLQLDLV� PHFKDQL]PDLV�� .ULRNLQHWLNRV� WDLN\PDV� WDLS� SDW
GLVNXWXRWLQDV��.DL� NXULH� W\ULPDL� QHQXVWDW¡� UHLNãPLQJR� ãDOþLR� SRYHLNLR� UDXPHQLPV� �3DGGRQ�-RQHV�
4XLJOH\��������7D\ORU��:DULQJ��%UDVKHDU���������âDOþLR�SRYHLNLV�YD]RGLODWDFLMDL�Q¡UD�å\PXV�� WDLJL
NUDXMRWDN�� DNW\YLQD� SUDWLPDL�� R� ãDOWLV� UHLNDOLQJDV� WLN� VNDXVPXL�PDåLQWL� �.QLJKW�� /RQGHUHH�� ������
7DþLDX� SDãDOGåLXV� UDXPHQLV�PDWRPH�� NDG� VXNLEXVLÐ� WLOWHOLÐ� U\ã\V� VWLSUHVQLV�� UHLNDOLQJRV�PDåHVQ¡V
HQHUJHWLQ¡V� V�QDXGRV�� QHV� UDXPHQLXL� DWVLSDODLGXRMDQW� QH� YLVL� WLOWHOLDL� VS¡MD� DWVLNDELQWL� �'DYLHV�
<RXQJ�� ������� âDOG\PDV� VXPDåLQD� DXGLQLÐ� MDXWUXP��� WDþLDX� QHYHLNLD� SXVLDXVY\URV� SRMÌþLR�� WDLJL
QHSDGLGLQD� UL]LNRV� VXVLåHLVWL� �+RSSHU�� :KLWWLQJWRQ�� 'DYLHV�� ������� 5DXPXR� WDPSD� VWDELOHVQLV�
ãDOG\PDV�SDGLGLQD�SUDWLPÐ�DWOLNLPR�VDXJXP��

/\JLQDQW� VNLUWLQJÐ� ãXROLXNÐ� NLQHWLQLÐ� LU� NLQHPDWLQLÐ� URGLNOLÐ� SRN\þLXV�� PDWRPH�� NDG� O¡WR
WLSR� UDXPHQLQ¡V� VNDLGXORV� ODELDX� UHDJDYR� ³� WHPSHUDWÌURV� SDN¡OLP��� QHL� JUHLWRVLRV�� 7XR� WDUSX� ³
WHPSHUDWÌURV� VXPDå¡MLP�� SDQDãLDL� UHDJDYR� DELHMÐ� WLSÐ� VNDLGXORV�� 5DXPHQV� WHPSHUDWÌUDL� HVDQW
aukštesniai nei nei 300&�� JUHLWRVLRV� UDXPHQLQ¡V� VNDLGXORV� WDPSD� PDåLDX� VWDELOLRV�� EHW� ãLR� WLSR
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UDXPHQLQLÐ� VNDLGXOÐ� VNHUVLQLÐ� WLOWHOLÐ� NLQHWLQ¡V� VDY\E¡V� SDJHU¡MD�� 7ULXãLR� O¡WRVLRV� UDXPHQLQ¡V
VNDLGXORV� WXUL� SUDQDãXP�� SULHã� JUHLW�VLDV�� NDGDQJL� MRV� VWDELOHVQ¡V� WDGD�� NDL� WHPSHUDWÌUD� \UD
DXNãWHVQ¡��LU�G¡O�WR��NDG�MRV�YHLNLD�HOHPHQWDULDLV�FLNODLV��NXULH�\UD����±����NDUWÐ�O¡WHVQL�QHL�JUHLWÐMÐ
UDXPHQLQLÐ�VNDLGXOÐ��:DQJ��.DZDL���������������/\JLQDQW�VNLUWLQJÐ�UDXPHQLQLÐ�VNDLGXOÐ�NLQHWLQLÐ
LU�NLQHPDWLQLÐ�URGLNOLÐ�SRN\þLXV�VXPDåLQXV�UDXPHQV�WHPSHUDWÌU���ãLH�VXWDPSD�VX�NLWÐ�PRNVOLQLQNÐ
UH]XOWDWDLV�� VNLUWXPDV� WDUS� O¡WÐMÐ� LU� JUHLWÐMÐ� VNDLGXOÐ� Q¡UD� UHLNãPLQJDV� �5DQDWXQJD��:\OLH�� �����
Ranatunga, 1977,1984).

�.RMÐ� UDXPHQÐ� HODVWLQ¡� HQHUJLMD� ³� WHPSHUDWÌURV� SRN\þLXV� UHDJDYR� QHå\PLDL�� � 3DN¡OXV
UDXPHQV� WHPSHUDWÌU��� HODVWLQ¡V� HQHUJLMRV� SRN\WLV� WLHN� ãRXROLXNR� SULWÌSLDQW� LNL� ��0 kampo, tiek

ãXROLXNR� SULWÌSLDQW� LNL� ���0� NDPSR�� EXYR� QHUHLNãPLQJDV� �S!������� � 6XPDåLQXV� UDXPHQÐ
WHPSHUDWÌU��� DELHMÐ� WLSÐ� ãXROLXNÐ� HODVWLQ¡V� HQHUJLMRV� VXPDå¡MLPDV� WDLS� SDW� EXYR� QHUHLNãPLQJDV
�S!������� (ODVWLQLÐ� NRPSRQHQWÐ� HVDQþLÐ� WDUS� PLR]LQR� LU� DNWLQR� VLÌOÐ�� VNHUVLQLÐ� WLOWHOLÐ� LQG¡OLV
VXNDXSLDQW� HODVWLQ
� HQHUJLM��� SDGLG¡MXV� UDXPHQV� WHPSHUDWÌUDL�� VXPDå¡MD�� QHV� WDGD� SDJUHLW¡MD
VNHUVLQLÐ� WLOWHOLÐ� DWNLELPR� JUHLWLV� �$VPXVVHQ� HW� DO��� ������� äLQRPD�� NDG� SDGLG¡MXV� UDXPHQV
WHPSHUDWÌUDL�VXPDå¡MD�YLGLQLV�UDXPHQV�³WHPSLPDV��G¡O�WR�SDEORJ¡MD�HODVWLQ¡V�HQHUJLMRV��VXNDXSLPDV�
.DL� YLUãLMDPDV� DXGLQLR� LãWHPSLPR� NULWLQLV� O\JLV�� SDVLEDLJXV� LãWHPSLPXL� DXGLQ\V� QHEHJDOL� JU³åWL� ³
SUDGLQ³� LOJ³�� WDGD� LU�SUDUDQGDPD�GDOLV�HODVWLQ¡V�HQHUJLMRV� �%RVFR���������7DLJL��JDOLPD�PDQ\WL��NDG
SDGLG¡MXV� WHPSHUDWÌUDL� DXGLQ\V� EXYR� SHU� GDXJ� LãWHPSWDV� LU� YLUãLMR� LãWHPSLPR� NULWLQ³� O\J³�� R
SDVLEDLJXV�LãWHPSLPXL�DXGLQ\V�QHEHJDO¡MR�VXJU³åWL�³�SUDGLQ³�LOJ³��G¡O�WR�EXYR�SUDUDVWD�GDOLV�HODVWLQ¡V
HQHUJLMRV��7RG¡O�PDQRPH��NDG�G¡O�ãLOG\PR�SRYHLNLR��NRQWUDNWLOLQLDL�UDXPHQV�NRPSRQHQWDL�LU�MXRVH
Y\NVWDW\V� ELRFKHPLQLDL� SURFHVDL� GDXJLDX� WHLJLDPDL� YHLNLD� ãXROLR� DXNãþLR� SDJHU¡MLP��� � (ODVWLQLÐ
NRPSRQHQWÐ� HVDQþLÐ� WDUS� PLR]LQR� LU� DNWLQR� VLÌOÐ� VNHUVLQLÐ� WLOWHOLÐ�� LQG¡OLV� VXNDXSLDQW� HODVWLQ

HQHUJLM�� \UD� GLGHVQLV� HVDQW� åHPDL� UDXPHQV� WHPSHUDWÌUDL�� QHV� WDGD� VXPDå¡MD� VNHUVLQLÐ� WLOWHOLÐ
DWNLELPR�JUHLWLV��$VPXVVHQ�HW�DO����������7DL�URGR��NDG�HVDQW�åHPDL�UDXPHQV�WHPSHUDWÌUDL�LU�GLGHOLDL
UDXPHQV�GHIRUPDFLMDL�UDXPXR�JHED�HIHNW\YLDX�SDQDXGRWL�HODVWLQ
�HQHUJLM��

7DL�SDWHLVLQD�WHPSLPR�LU�ãDOG\PR�GHULQLP���6XPDå¡MXVL�UDXPHQV�WHPSHUDWÌUD�SDGHGD�LOJLDX
LãODLN\WL�UDXPHQV�OLQLMLQ
�GHIRUPDFLM���/HQWHOO�HW�DO����������7DL�VXWLQND�VX�NLWÐ� W\U¡MÐ�GXRQHQLPLV�
URGDQþLDLV�OHGR�GHULQLPR�VX�WHPSLPR�SUDWLPDLV�QDXG���.QLJKW��5XWOHGJH��&R[�HW�DO����������âLOXPD
SDGLGLQD� UDXPHQV� HODVWLQJXP��� WDL� OHLGåLD� VXPDåLQWL� WHPSLPXL� QDXGRMDP�� M¡J��� WDþLDX� DNWLQR� ±
PLR]LQR� WLOWHOLDPV� VXGDUDQW� VLOSQHVQLXV� U\ãLXV�� SDJUHLW¡MXV� UDXPHQV� DWVLSDODLGDYLPXL�� UDXPXR
SUDUDQGD� VWDELOXP��� 7DLJL�� ãLOXPRV� WHPSLPR� NRPELQDFLMD� � VXQNLDX� NRQWUROLXRMDPD� SUDNWLNRMH�
DWVLUDQGD�GLGHVQ¡�WUDXPDYLPRVL�JDOLP\E¡��'HOWRUDJH��������

,QWHUSUHWXRWL� ãLXRV� GXRPHQLV� JDQD� VXQNX�� QHV� NDL� WLULDPDV� YLVDV� UDXPXR�� Q¡UD� DLãNX� DU
WHPSHUDWÌUD� YLHQRGDL� DNW\YXRMD� YLVDV� VNDLGXODV� LU� MXR� ODELDX� ±� VNHUVLQLXV� WLOWHOLXV�� 7DLS� SDW� Q¡UD
åLQRPD�� NDLS� WHPSHUDWÌURV� SRYHLN³� ³WDNRMD� WDLNR� WDUSDV�� WDUS� W\ULPR� HWDSÐ�� LãPRNLPR� IDNWRULXV�
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JHE¡MLPDV� PRELOL]XRWL� PRWRULQLXV� YLHQHWXV�� � 'DOLV� GXRPHQÐ� QHDWLWLQND� VWDWLVWLQLÐ� SDWLNLPXPR
VWDQGDUWÐ��NDG�MDLV�EXWÐ�JDOLPD�N��QRUV�WHLJWL��*UHLþLDXVLDL�WDL�O¡P¡�PDåD�WLULDPÐMÐ�LPWLV�EHL�WDL��NDG
WLULDPLHML�EXYR�VNLUWLQJÐ�O\þLÐ��VNLUWLQJÐ�VSRUWR�ãDNÐ�DWVWRYDL�DU�LãYLV�QHVSRUWXRMDQW\V�
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5. APIBENDRINIMAS

3DJULQGLQLV�ãLR�GDUER�WLNVODV�LãVLDLãNLQWL�NDLS�SDV\YXV�UDXPHQÐ�ãLOG\PDV�LU�ãDOG\PDV�SDYHLNV
UDXPHQÐ� NRQWUDNWLOLQHV� VDY\EHV�� âDOG\PDV� ODELDX� SDYHLN¡� JUDLXþLÐ� UDXPHQLV�� UHLNãPLQJDL� SDNLWR
EHYHLN�YLVL�URGLNOLDL��âLOG\PDV�UDXPHQLV�SDYHLNH�QH�WDLS�å\PLDL��5HLNãPLQJLDXVLDL�SDNLWR�UDXPHQV
JDOLQJXPR� LU� ãXROLR� DXNãþLR� URGLNOLDL�� 6NLUWLQJD� WHPSHUDWÌURV� ³WDND� UDXPHQÐ� JDOLQJXPXL� LãNHOLD
KLSRWH]
�� NDG� WHPSHUDWÌUD�� YHLNGDPD� $73� KLGUROL]
�� JDOL� WDLS� SDW� ³WDNRWL� UDXPHQÐ� VXVLWUDXNLPR
JDOLQJXP��� 7DLS� SDW� \UD� YLHQLQJD� QXRPRQ¡�� NDG� HVDQW� åHPDL� UDXPHQV� WHPSHUDWÌUDL�� VXPDå¡MD
raumens susitraukimo greitis, o kadangi raumens susitraukimo galingumas yra lygus susitraukimo

JUHLþLR�LU�M¡JRV�VDQGDXJDL�DUED�DWOLNWDP�GDUEXL�SHU�ODLNR�YLHQHW���YDGLQDVL�SDGLG¡MXVL�$73�KLGUROL]¡
WHLJLDPDL� YHLNLD� UDXPHQV� VXVLWUDXNLPR� JUHLW³�� ,ã� DQNVWHVQLÐ� DWVLVS\ULPR� M¡JRV� LU� JUHLþLR� UH]XOWDWÐ
PDW\WL�� NDG� M¡JD� \UD� WDV� QHVWDELOXV� URGLNOLV�� G¡O� NXULR� QHVLNHLW¡� PDNVLPDOXV� JDOLQJXPDV�� �%DOO�
Burrows, Sargeant, 1999; Blinkhorst, Hoofd, Vissers, 1977). Manoma, kad raumens susitraukimo

L]RPHWULQ¡V�M¡JRV�LU�VXVLWUDXNLPR�JDOLQJXPR��YHUWLNDODXV�ãXROLR��VXPDå¡MLPDV�SR�ãDOG\PR�DWVLUDQGD
WRG¡O��NDG�VXO¡W¡MD�DNWLQR��PLR]LQR�WLOWHOLÐ�VXNLELPR�VNDLþLXV�LU�PLR]LQR�WLOWHOLÐ�VXNLELPR�VX�DNWLQX
M¡JD�� G¡O� VXO¡W¡MXVLRV�$73�KLGUROL]¡V� �6DYRXYHU\� HW� DO��� ������ LU� QHRUJDQLQLR� IRVIDWR� VXPDå¡MLPR
�&RXSODQG� HW� DO��� �������.LWD� SULHåDVWLV�� NRG¡O� ãDOWDV� UDXPXR� O¡þLDX� DWVLSDODLGXRMD�� WDL� SDGLG¡MXVL
YLGXO�VWHOLQ¡� &D2+� NRQFHQWUDFLMD� LU� VXO¡W¡M
V� &D2+� MRQÐ� VXJU³åLPDV� ³� VDUNRSOD]PLQ³� WLQNO�
(Hollingworth et al., 1996; Tanaka, 1997; Johnson et al., 1997; van der Heijden et al., 2000).

/¡WRVLRV�UDXPHQLQ¡V�VNDLGXORV�ODELDX�UHDJDYR�³�ãLOXP���QHL�JUHLWRVLRV��/¡WRVLRV�UDXPHQLQ¡V
VNDLGXORV� WXUL� SUDQDãXP�� SULHã� JUHLW�VLDV�� NDGDQJL� MRV� VWDELOHVQ¡V� WDGD�� NDL� WHPSHUDWÌUD� \UD
DXNãWHVQ¡��LU�G¡O�WR��NDG�MRV�YHLNLD�HOHPHQWDULDLV�FLNODLV��NXULH�\UD����±����NDUWÐ�O¡WHVQL�QHL�JUHLWÐMÐ
UDXPHQLQLÐ�VNDLGXOÐ��:DQJ��.DZDL��������������

(ODVWLQ¡�HQHUJLMD�³�WHPSHUDWÌURV�SRN\þLXV�UHLNãPLQJDL�QHUHDJDYR��YDGLQDVL�HODVWLQ¡�HQHUJLMD
LU�G¡O�ãLOG\PR�LU�G¡O�ãDOG\PR�NLWR�YLHQRGDL��WDL�OHLGåLD�GDU\WL�SULHODLG���NDG�NRQWUDNWLOLQLDL�UDXPHQV
NRPSRQHQWDL� LU� MXRVH� Y\NVWDW\V� ELRFKHPLQLDL� SURFHVDL� WXUL� GLGHVQ
� UHLNãP
� ãXROLR� DXNãþLR
SJHU¡MLPXL��DU�VXPDå¡MLPXL�

7DLNDQW� ãLXRV� GXRPHQLV� IL]LRWHUDSLQ¡MH� SUDNWLNRMH�� UHLNLD� ³YHUWLQWL� WDL�� NDG� ãDOWLV� ODELDX
SDYHLN¡� UDXPHQLV� QHL� ãLOXPD�� *UHLþLDXVLDL� MLV� QHYHLNLD� UDXPHQV� VSD]PR�� EHW� SDGHGD� VXPDåLQWL
VNDXVP��� R� WDL� OHLGåLD� DWOLNWL� SUDWLPXV�� PDåLQDQþLXV� UDXPHQV� VSD]P��� âDOG\PDV� O¡WLQD� UDXPHQV
DWVLSDODLGDYLP�� EHL� VXVLWUDXNLP��� � � DNWLQR� ±�PLR]LQR� WLOWHOLÐ� VXNLELP��� O¡WLQD�PHWDEROL]P��� WDLJL�
DWLWROLQD� QXRYDUJ³�� 3DãDOG\WR� UDXPHQV� VXNLEXVLÐ� WLWHOLÐ� U\ã\V� VWLSUHVQLV�� DWVLSDODLGXRMDQW� QH� YLVL
WLOWHOLDL� VS¡MD� DWVLNDELQWL�� UHLNDOLQJRV� PDåHVQ¡V� HQHUJHWLQ¡V� VDQDXGRV�� âDOG\PDV� QHYHLNLD
SXVLDXVY\URV�MXWLPR��WDLJL�QHSDGLGLQD�UL]LNRV�VXVLåHLVWL�
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âLOXPD�SDGLGLQD�UDXPHQV�HODVWLQJXP���WDL�OHLGåLD�VXPDåLWL�WHPSLPXL�QDXGRMDP��M¡J���WDþLDX
DNWLQR�±�PLR]LQR�WLOWHOLDPV�VXGDUDQW�VLOSQHVQLXV�U\ãLXV�UDXPXR�SUDUDQGD�VWDELOXP���7DLJL��ãLOXPRV�LU
WHPSLPR�NRPELQDFLMD�VXQNLDX�NRQWUROLXRMDPD�SUDNWLNRMH��DWVLUDQGD�GLGHVQ¡�WUDXPDYLPRVL�JDOLP\E¡
�'HOWRUDJH�� ������� âLOXPD� YHLNLD� UDXPHQV� VSD]P��� SDJUHLWLQGDPD� UDXPHQV� DWVLSODLGDYLP��� WDþLDX
QHWLQND� WDLN\WL� ÌPLÐ� SDåHLGLPÐ� DWYHMDLV�� WDLJL�� ML� ODELDX� WLNWÐ� PLRIDVFLDOLQLDP� UDXPHQÐ� VNDXVPXL
gydyti.
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IŠVADOS

1. *ULDXþLÐ� UDXPHQÐ� NRQWUDNWLOLQ¡V� VDY\E¡V�� DWOLHNDQW� HNVFHQWULQLXV� �� NRQFHQWULQLXV
SUDWLPXV�� SDN¡OXV� UDXPHQV� WHPSHUDWÌU�� SDNLWR� QHYLHQRGDL�� 5HLNãPLQJDL� SDGLG¡MR
UDXPHQV� VXVLWUDXNLPR� JDOLQJXPDV�� UDXPHQV� VXVLWUDXNLPR� M¡JD� QHSDNLWR�� 7DL� SULNODXV¡
QXR� LPWLHV� SDVLULQNLPR� NULWHULMÐ�� DQDOL]XRMDPÐ� LPWLHV� SDUDPHWUÐ� LU� UHJLVWUXRMDPRV
VDY\E¡V�

2. 6XPDåLQXV�UDXPHQV�WHPSHUDWÌU��JULDXþLÐ�UDXPHQÐ�NRQWUDNWLOLQ¡V�VDY\E¡V��VXVLWUDXNLPR
M¡JD��JUHLWLV��JDOLQJXPDV���DWOLHNDQW�HNVFHQWULQLXV� ��NRQFHQWULQLXV�SUDWLPXV�� UHLNãPLQJDL
VXPDå¡MR�

3. 7DLNDQW� SDV\YÐ� ãLOG\P��� ³� WHPSHUDWÌURV� SRN\þLXV� ODELDX� UHDJDYR� O¡WRVLRV� UDXPHQLQ¡V
VNDLGXORV�� DWOLHNDQW� HNVFHQWULQLXV� ±� NRQFHQWULQLXV� SUDWLPXV� UHLNãPLQJDL� SDGLG¡MR
UDXPHQV�VXVLWUDXNLPR�JDOLQJXPDV���6XPDåLQXV��UDXPHQV�WHPSHUDWÌU��LU�O¡WÐMÐ�LU�JUHLWÐMÐ
UDXPHQLQLÐ� VNDLGXOÐ� VXVLWUDXNLPR� VDY\E¡V�� DWOLHNDQW� HNVFHQWULQLXV� ±� NRQFHQWULQLXV
SUDWLPXV��NLWR�YLHQRGDL��UHLNãPLQJDL�VXPDå¡MR�VXVLWUDXNLPR�JUHLWLV��JDOLQJXPDV�

4. 3DN¡OXV� DU� VXPDåLQXV� UDXPHQV� WHPSHUDWÌU�� UDXPHQV� HODVWLQ¡V� HQHUJLMRV� SDQDXGRMLPDV�
atliekant ekscentrinius – koncentrinius pratimus, nepakito.

5. 7DLNDQW� IL]LRWHUDSLQHV� SULHPRQHV� ±� ãLOG\P�� LU� ãDOG\P�� ±� UHLNLD� DWVLåYHOJWL� ³� UDXPHQV
NRQWUDNWLOLQLÐ�VDY\ELÐ�SULNODXVRP\E
�QXR�WHPSHUDWÌURV�
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