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SUMM ARY 

 

Composite materials are formed by combiing two or more materials that have quite different 

properties. The different materials work together to give the composite unique properties, but within 

the composite you can easily tell the the different materials apart – they do not dissolve or blend into 

each other. Modern aviation, both military and civil , is a prime example. It would be much less 

eff icient without composites. In fact, the demands made by that industry for materials that are both 

light and strong has been the main force driving the development of composites. The greatest 

advantage of composite materials is strength and stiffness combined with lightness. By choosing an 

appropriate combination of reinforcement and matrix material, manufacturers can produce properties 

that exactly fit the requirements for a particular structure for a particular purpose. In  general, 

composite materials are very durable. The downside of composites is usually the cost. Although 

manufacturing processes are often more eff icient when composites are used, the raw materials li ke 

steel, but in many cases they are just what we need. 
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VOXRNVQLÐ�VNDLþLDXV�n 

��� �� SDY�� 7LHVLRJLQ¡V� NRQVWUXNFLMRV�� VXNLPR� PRPHQWÐ� 7el ir Tpl� SULNODXVRP\E¡V� QXR� YDP]G³�
VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�Q 
��� �� SDY� 7LHVLRJLQ¡V� NRQVWUXNFLMRV� SODVWLnio deformavimo efektyvumo koeficiento m  

SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

��� �� � SDY�� $WYLUNãWLQ¡V� NRQVWUXNFLMRV�� VWDQGXPR� K� SULNODXVRP\E¡� QXR� YDP]G³� VXGDUDQþLÐ�
VOXRNVQLÐ�VNDLþLDXV�n 

��� �� SDY�� $WYLUNãWLQ¡V� NRQVWUXNFLMRV�� VXNLPR� PRPHQWÐ� Tel ir Tpl� SULNODXVRP\E¡V� QXR� YDP]G³�
VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

��� ��� SDY�� $WYLUNãWLQ¡V� NRQVWUXNFLMRV� SODVWLQLR� GHIRUPDYLPR� HIHNW\YXPR� NRHILFLHQWR� m 

SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

��� ��� SDY�� 7LHVLRJLQ¡V� LU� DWYLUNãWLQ¡V konstrukcijos, standumo K� SULNODXVRP\E¡� QXR� YDP]G³�
VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

�������SDY��7LHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV��VXNLPR�PRPHQWÐ�Tel ir Tpl SULNODXVRP\E¡V 
QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

������SDY��7LHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�SODVWLQLR�GHIRUPDYLPR�HIHNW\YXPR 
koeficiento m�SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

�������SDY��7LHVLRJLQHV�NRQVWUXNFLMRV�GDXJLDVOXRNVQLÐ�VWU\SÐ� 
NRHILFLHQWR�P�SULNODXVRP\E¡V�QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VDQW\NLR� 12 /GG  grafikas 

������SDY��$WYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLÐ�VWU\SÐ�NRHILFLHQWR�P�SULNODXVRP\E¡V 
QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VDQW\NLR� 21 / GG   grafikas 
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²ä$1*$ 

 

Darbo aktualumas. XXI a. Ekonomikos ir viso gyvenimo� SO¡WUD� EXV� JULQGåLDPD� QDXMRPLV�
PHGåLDJRPLV� LU� LQIRUPDFLQ¡PLV� WHFKQRORJLMRPLV�� 7DL� VXVLM
� VX� HQHUJLMRV� LU� ODLNR� WDXS\PX�� åPRJDXV�
SURWR� JDOLRPLV�� 7DL� \UD� JODXGåLDL� VXVLMXVLRV�� YLHQD� NLW�� YHLNLDQþLRV� FLYLOL]DFLMRV� SO¡WURV� VULW\V�� O\J�
NRPSR]LWLQ¡�PHGåLDJD��VXVLGHGDQWL�Lã�DWVNLUÐ�NRPSRQHQWÐ� 

,OJ�� ODLN�� LU� GDEDU� GDXJHOLV� NRQVWUXNFLQLÐ� HOHPHQWÐ� JDPLQDPL� Lã� YLHQRV� UÌãLHV� PHGåLDJRV�
�SOLHQR��VSDOYRWÐMÐ�PHWDOÐ��SODVWPDV¡V���âLRV �PHGåLDJRV� WXUL� L]RWURSLQLÐ�� DUED� DQL]RWURSLQLÐ�
PHFKDQLQLR� VWLSUXPR� V�Y\ELÐ�� .RQVWUXRMDQW� JDPLQLXV� Lã� DQL]RWURSLQLÐ� PHGåLDJÐ�� naudojamasi 

³SUDVWLQLDLV� PHGåLDJÐ� VWLSUXPR� QXVWDW\PR� EÌGDLV�� ýLD� DWVLåYHOJLDPD� ³� M¡JÐ� SRYHLNLR� kryptis ir 

PHGåLDJRV� SDVLSULHãLQLP�� MRPV��1DXGRMDQW� YLHQRV� UÌãLHV�PHGåLDJ��� GDXJHOLX� DWYHMX� QHJDOLPD�suderinti 

PHGåLDJRV� VWLSUXPR� VDY\ELÐ� VX� NRQVWUXNFLMDL� NHOLDPDLV� PDV¡V�� NDLQRV� LU� NLWDLV� UHLNDODYLPDLV�� Tik 

QDXGRMDQW�³YDLULDV�PHGåLDJDV�� WXULQþLDV� VNLUWLQJDV� VWLSUXPR�LU�NLWDV� IL]LNLQHV�EHL�PHFKDQLQHV�savybes, 

JDOLPD� JDXWL� RSWLPDOLÐ� SDUDPHWUÐ� NRQVWUXNFLQLXV� HOHPHQWXV�� +LEULGLQ¡V� NRQVWUXNFLMRV� \SDþ� SODþLDL�
SUDG¡WRV� WDLN\WL� DWVLUDGXV� NRPSR]LFLQ¡PV� PHGåLDJRPV� Lã� SROLPHUÐ�� SDVLå\PLQþLRPV� U\ãNLRPLV�
DQL]RWURSLQ¡PLV� V�Y\E¡PLV�� 'HULQDQW� DQL]RWURSLQHV� PHFKDQLQLR� VWLSUXPR� PHGåLDJÐ� VDY\EHV� EHL� MÐ�
O\JLQDP�M�� PDV
� DUED� NDLQ��� JDOLPD� JDXWL� GLGåLDXVLR� VWLSUXPR� LU� PDåLDXVLRV� PDV¡V� DU� NDLQRV�
GDXJLDVOXRNVQ
� NRQVWUXNFLM��� $WVLUDQGDQW� QDXMRPV� NRPSR]LFLQ¡PV� PHGåLDJRPV�� YLV� SODþLDX�
QDXGRMDPRV�GDXJLDVOXRNVQ¡V�KLEULGLQ¡V�NRQVWUXNFLMRV� 

Darbo tikslas –�LãQDJULQ¡WL�KRPRJHQLQLÐ�LU�GDXJLDVOXRNVQLÐ�VXNDPÐ�YDP]GåLÐ�VWLSUXPR�VDY\ELÐ�
SULNODXVRP\E
�QXR�³YDLULÐ�YHLNVQLÐ��YDP]GåLÐ�JHRPHWULMRV��PHGåLDJÐ�LãG¡VW\PR��VOXRNVQLÐ�VNDLþLDXV���
HVDQW� WDPSULDP� LU� WDPSULDL� SODVWLQLDP� GHIRUPDYLPXL� EHL� LãQDJULQ¡WL� WDPSULDL� SODVWLQLR� GHIRUPDYLPR�
HIHNW\YXP��� 6NDLþLDYLPXV� DWOLNWL� QDXGRMDQW� LGHDOLÐ� WDPSULÐ� -� SODVWLQLÐ� PHGåLDJÐ� PRGHOLXV�� NXULÐ�
GHIRUPDYLPDV�DWLWLQND�3UDQWOLR�GLDJUDP�� 

0RNVOLQLV�QDXMXPDV�LU�SUDNWLQ¡�YHUW¡��$WOLNWL�YDP]GåLÐ�VWLSUXPR�SULNODXVRP\E¡V�VNDLþLDYLPDL�
SULNODXVRPDL�QXR�JHRPHWULMRV��³YHUWLQWD�GDXJLDVOXRNVQLÐ�YDP]GåLÐ�VOXRNVQLÐ�VNDLþLDXV�EHL�MÐ�LãG¡VW\PR��
HVDQW� NHOLRPV� PHGåLDJRPV�� ³WDND� YDP]GåLR� ULELQ¡PV� DSNURYRPV�� ,ãQDJULQ¡WL� SODVWLQLR� GHIRUPDYLPR�
HIHNW\YXPR�NRHILFLHQWR�NLWLPR�G¡VQLQJXPDL� 

.RQVWUXRMDQW�JDPLQLXV��UHPLDQWLV�W\ULPÐ�UH]XOWDWDLV��JDOLPD�HIHNW\YLDX�LãQDXGoti gaminiams  

QDXGRMDPDV�PHGåLDJDV��6X� WRNLDLV�SDþLDLV�PHGåLDJÐ� NLHNLDLV�� SDJDO�JDXWXV� UH]XOWDWXV�� JDOLPD�JDXWL�
stipresnes konstrukcijas. 

Lietuvai -� ãDOLDL�� ³VLYHåDQþLDL� PHWDOXV� LU� NLWDV� NRQVWUXNFLQHV� PHGåLDJDV�� -� \SDþ� VYDUEX� NXR�
racionaliau jas panaudoti. 7\ULPDL� ãLDLV� NODXVLPDLV� \UD� \SDþ� DNWXDOÌV�� WRG¡O� EÌWLQD� JHUDL� PRN¡WL�
DSVNDLþLXRWL� GDXJLDVOXRNVQLÐ� NRQVWUXNFLMÐ�� VXGDU\WÐ� Lã� PHGåLDJÐ� VX� VNLUWLQJRPLV� IL]LNLQ¡PLV� LU�
PHFKDQLQ¡PLV�FKDUDNWHULVWLNRPLV��DWVSDUXP��>�@� 



 10 

 

1 68.$0Ï�9$0='ä,Ï�6.$,ý,$9,0$6��(6$17�7$0PRIAM IR 

TAM PRIAI PLASTINIAM DEFORM AVIM UI  

 

������+RPRJHQLQLDL�VXNDPL��YDP]GåLDL 
 

�������6XNDPÐ�VNULWXOLQLR�VNHUVSMÌYLR�YDP]GåLÐ�VWLSUXPDV�LU�VWDQGXPDV 
 

6XNDPR�YDP]GåLR�³WHPSLPÐ�EÌYLV�\UD�JU\QRML�ãO\WLV��²WHPSLPÐ�SDVLVNLUVW\P��WRNLR�VWU\SR 
³YDLULXRVH�SMÌYLXRVH�URGR�EU¡åLQ\V������SDY��� 
 

τ

F��6OXRNVQLXRWDV
σ

στ

E��7UDSXVD��3ODVWLãNDV
 

 

1.1 SDY���9DP]GåLÐ�VXLULPR�EÌGDL 
 

.DL� PHGåLDJD� SODVWLãND�� ML� VX\UD� G¡O� WDQJHQWLQLÐ� ³WHPSLPÐ� SRYHLNLR�–� SDSUDVWDL� VNHUVSMÌYLR�
plokštumoje (l. l pav. a). Taip nusukamas minkšto plieno vamzdis. 

TrapaXV�YDP]GåLR��SY]��NHWDXV��VWLNOR��VXLULP�� OHPLD�VYDUELDXVLHML� WHPSLDPLHML�³WHPSLPDL� 1σ , 

kurie DWSO¡ãLD�YLHQ��YDP]GåLR�GDO³�QXR�NLWRV��.DGDQJL�ãLÐ� ³WHPSLPÐ�NU\SWLV�VX�VNHUVSMÌYLX�VXGDUR�����
NDPS���WDL�VWU\SR�GDO\V�LU�DWSO\ãWD�³VWULåX�SMÌYLX������SDY��E). 

.DL� VXNDPDV�YDP]GLV� VOXRNVQLXRWDV� �SY]��PHGLQLV��� MR� VXLULP�� OHPLD� WDQJHQWLQLDL� ³WHPSLPDL�
LãLOJLQ¡VH� VXNDPR� YDP]GåLR� SORNãWXPRVH� -� EÌWHQW� G¡O� MÐ� VNHOLDPRMR� SRYHLNLR� VOXRNVQLDL� DWVLVNLULD�
YLHQDV�QXR�NLWR��YDP]GLV�VXHLå¡MD������SDY��F��LU�WXR�EÌGX�SUDUDQGD�VWLSUXP�� 

9LVDLV�DWYHMDLV�VWLSUXPR�V�O\JRPLV� WHQND�DSULERWL� W��SDW³�G\G³�-� WDQJHQWLQ³� ³WHPSLP��τ  (nes 

net ir τσ =1 ). âLV�³WHPSLPDV�DSVNDLþLXRMDPDV�SDJDO�����DUED������IRUPXO
��7DþLDX�YHUWLQDQW�sukamo 

YDP]GåLR� VWLSUXP��� UHLNLD�QHSDPLUãWL��NDG�JU\QRML� ãO\WLV� \UD�GYLDãLV� �QH�YLHQDDãLV��³WHPSLPÐ� EÌYLV� ir 
WRG¡O�JUHWD�VYDUELDXVLRMR�³WHPSLPR� 1σ �VDYR�³WDN��GDUR�LU τσ −=3 ; WDLJL�VWLSUXPR�V�O\J��NDL�NDGD�WHQND�
formuluoti, pDVLWHONLDQW�NXUL��QRUV�LULPR�DU�SODVWLãNXPR�KLSRWH]
� 
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6XNDPR� YDP]GåLR� VWDQGXPR V�O\JRPLV� EÌQD� DSULERMDPDV� DUED� VDQW\NLQLV� V�VÌNLV��
išreiškiamas SDJDO� � ���� IRUPXO
�� � DUED� � YDP]GåLR� UXRåR� �SDY\]GåLXL�� YLVR� YHOHQR� LOJLR��
susisukimo kampas  ϕ , DSVNDLþLXRMDPDV� SDJDO� ���� EHL� ���� IRUPXOHV�� 6WDQGXPR� V�O\JRPLV� JDOL�
EÌWL�WLNULQDPD��DU vamzdis�QH�SHUGDXJ�VXVLVXND��JDOLPDV�LU�SURMHNWLQLV�XåGDYLQ\V��NXU³�VSU
VGDPL�Lã�
VWDQGXPR� V�O\JRV� QXVWDWRPH�� NRNV� WXUL� EÌWL� YDP]GåLR� VNHUVSMÌYLV� �MR� VNHUVPXR��� NDG vamzdis per 

GDXJ�QHVXVLVXNWÐ�>�@� 
 7XR� DWYHMX�� NDL� VXNDPR� YDP]GåLR� VNHUVSMÌYLV� VNULWXOLQLV� DUED� åLHGLQLV�� VWU\SR�
VNHUVSMÌYLDL� QHLãVLNUDLSR�� JDOLRMD� SORNãþLÐ� NÌQÐ� KLSRWH]¡� LU� JDOLPD� ³URG\WL�� � � NDG� YLVXRVH�
YDP]GåLR� WDãNXRVH� \UD� grynosios šlyties deformacija�� R� ³WHPSLPDL� EHW� NXULDPH� VNHUVSMÌYLR� WDãNH�
išreiškiami formule: 

  

k
p

k I

T ρτ = ;                                                                            (1) 

 

þLD��T-� VNHUVSMÌY\MH� YHLNLDQWLV� VXNLPR�PRPHQWDV�� Ip - VNHUVSMÌYLR� SORWR� SROLQLV� LQHUcijos momentas, 

kϕ -�WDãNR�N�DWVWXPDV�QXR�VNHUVSMÌYLR�FHQWUR� 
 7DQJHQWLQLR� ³WHPSLPR�NU\SWLV�YLVXRPHW�VWDWPHQD�VSLQGXOLXL��NXULV� MXQJLD�VNHUVSMÌYLR�FHQWU��
su WDãNX�� NXULDPH� YHLNLD� ³WHPSLPDV�� ,ã� IRUPXO¡V� ���� PDW\WL�� NDG� WDQJHQWLQLDL� ³WHPSimai 

VNHUVSMÌY\MH SDVLVNLUVWR� SDJDO� WLHVLQ
� SULNODXVRP\E
� �åU�� ���� SDY��� D�� -MLH� O\JÌV� QXOLXL�
VNHUVSMÌYLR�FHQWUH�LU�WXUL�GLGåLDXVL��UHLNãP
�VNHUVSMÌYLR�SHULIHULMRMH� 

9LHQX�VXNLPR�PRPHQWX�YHLNLDPDV�VWU\SDV�OLHND�WLHVXV��WLN�MR�VNHUVSMÌYLDL�SDVLVXND�DSLH�LãLOJLQ
 
VWU\SR�Dã³�YLHQDV�NLWR�DWåYLOJLX��6XNDPR�VWU\SR�GHIRUPDYLP�VL�WLHV�EHW�NXULXR�MR�VNHUVSMÌYLX 

LQWHQV\YXP��DSLEXGLQD�VDQW\NLQLV�V�VÌNLV� 
 

pGI

T=θ ;                                                                              (2) 

 

þLD��T- QDJULQ¡MDPDPH�VWU\SR�VNHUVSMÌY\MH�YHLNLDQWLV�VXNLPR�PRPHQWDV��G - VWU\SR�PHGåLDJRV�ãO\WLHV�
modulis, Ip - VNHUVSMÌYLR�SORWR�SROLQLV�LQHUFLMRV�PRPHQWDV� 

6DQW\NLQLV� V�VÌNLV� PDWXRMDPDV� NDPSR� YLHQHWDLV�� WHQNDQþLDLV� VWU\SR� LOJLR� YLHQHWXL� �SY]��
radianais metrui). 

6DQW\NLQLV� V�VÌNLV� \UD� DSLEHQGULQWRML� VXNDPR� VWU\SR� GHIRUPDFLMD�� 6DQGDXJD� *×IP GDåQDL�
YDGLQDPD�VWU\SR�VNHUVSMÌYLR�VXNDPXRMX�VWDQGXPR�PRGXOLX DUED�VWDQGåLÐ �NXR�GLGHVQ¡�ãL�VDQGDXJD��
WXR�VWDQGHVQLV�VWU\SDV��WXR�PDåLDX�MLV�VXVLVXND�� 
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Bet kuris strypo skerspMÌYLV�NLWR�NXULR�QRUV�VNHUVSMÌYLR�DWåYLOJLX�SDVLVXND�NDPSX� 
 

∫ ∫=∗=
L L

p

dz
GI

T
dz

0 0

θϕ ;                                                     (3) 

 

þLD��L - DWVWXPDV�WDUS�QDJULQ¡MDPÐ�VNHUVSMÌYLÐ��7LN�WXR�DWYHMX��NDL�YLVDPH�WDPH�VWU\SR�UXRåH�VDQW\NLQLV�
V�VÌNLV�\ra pastovus dydis (t.y. kai T=const, Ip FRQVW���JDOLPD�NDPS��ϕ  išreikšti be integralo:  

 

L
GI

T
L

p

== θϕ                                                                      .(4) 

 

JHLJX� UHLNLD� QXVWDW\WL�� SDY\]GåLXL�� NRNLX� NDPSX ϕ  pasisuka vienas strypo galas kito galo 

DWåYLOJLX���NDL�HOHPHQWR�VXNLPR�GLDJUDPD�\UD�ODLSWXRWD��W�\��QHSDVWRYDXV�G\GåLR�YLVDPH�LOJ\MH��UHLNLD�
YLV�� VXNDPR� VWU\SR� LOJ³� VXVNDLG\WL� ³� UXRåXV�� NXULÐ� NLHNYLHQR� VDQW\NLQLV� V�VÌNLV� EÌWÐ� SDVWRvus, 

DSVNDLþLXRWL�NLHNYLHQR�UXRåR�VXVLVXNLPR�NDPS�� jϕ , o visas ieškomasis kampas: 

 

∑∑∑
===

===
n

j
j

pjj

j
n

j
jj

n

j
j L

IG

T
L

111

θϕϕ                                                   (5) 

 

 Kampas ϕ � \UD� DQDORJLãNDV� WHPSLDPR� �JQLXåGRPR�� VWU\SR� LOJLR� SRN\þLXL� û/�� Juo 

naudojames, NDL� UHLNLD�QXVWDW\WL�NXULR�QRUV�VNHUVSMÌYLR�NDPSLQ³�SRVOLQN³��6XNDPÐ� VWU\SÐ�NDPSLQLÐ�
SRVOLQNLÐ�VNDLþLDYLPR�PHWRGLND�DQDORJLãND�WHPSLDPÐ�VWU\SÐ�SRVOLQNLÐ�VNDLþLDYLPXL�>�@� 

6WDWLãNDL�QHLãVSUHQGåLDPLHPV�XåGDYLQLDPV�WHQND�Uašyti papildomas geometrines deformavimo 

O\JWLV�� SDQDãLDV� ³� WHPSLDPÐ� EHL� JQLXåGRPÐ� VWU\SÐ� GHIRUPDYLPR� O\JWLV�� *U\QRMR� VXNLPR� YHLNLDPDV�
VWDWLãNDL�QHLãVSUHQGåLDPDV�VWU\SDV�GDåQLDXVLDL� \UD�DELHP�JDODLV� VWDQGåLDL�³WYLUWLQWDV�� LU� MR�JHRPHWULQ¡�
lygtis yra : 

 

0
11

== ∑∑
==

n

j
j

n

j
jj L ϕθ                                                                     (6) 

 

âLD� O\JWLPL� NRQVWDWXRMDPH�� NDG� VWU\SR� JDODL� QHSDVLVXND� YLHQDV� NLWR� DWåYLOJLX� �QHV� MLH� DEX�
³WYLUWLQWL��DEX�QHMXGD�� 

*UHWD� SXVLDXVY\URV� O\JþLÐ�� JHRPHWULQLÐ� GHIRUPDYLPR� O\JþLÐ� SDUDãRPH� GDU� IL]LNLQHV�
GHIRUPDYLPR�O\JWLV��6S
VGDPL�YLVDV�O\JWLV�GUDXJH��UDQGDPH�³U�åDV��VXNLPR�PRPHQWXV���GHIRUPDFLMDV�
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�VDQW\NLQLXV�V�VÌNLXV���R�SR�WR��MHL�UHLNLD�LU�³WHPSLPXV� 
Strypui susukti reikia energijos. Ta energija idealiai tampriame str\SH� VXVLNDXSLD� SRWHQFLQ¡V�

HQHUJLMRV� SDYLGDOX�� 6XVXNWR� VWU\SR� SRWHQFLQ¡� GHIRUPDYLPR� HQHUJLMD� LãUHLãNLDPD� SXVH�³U�åRV��
GHIRUPDFLMRV�LU�LOJLR�VDQGDXJRV��WDL�³URGRPD�DQDORJLãNDL��NDLS�LU�WHPSLDPR�VWU\SR�DWYHMX��� 2/dztdU θ= . 

²UDã
�VDQW\NLQLR�V�VÌNLR�UHLNãP
�����LU�LQWHJUXRGDPL�SHU�YLV��VWU\SR�LOJ³��JDXQDPH� 
 

∫=
L

p

dz
GI

T
U

0

2

2
.                                                                        (7) 

 

R�NDL�YLVDPH�VWU\SH��DUED�MR�UXRåH��VXNLPR�PRPHQWDV�7 FRQVW�LU�VWDQGLV�*3p=const, susukto 

stU\SR�SRWHQFLQ¡�GHIRUPDYLPR�HQHUJLMD� 
 

pGI

LT
U

2

2

=                                                                           (8) 

 

o kai T≠const: 

 

∑=
n

pii

i

IG

LT
U

1

2

2
                                                                      (9) 

 

[4]. 

 

������7DPSULDL�SODVWLQLR�GHIRUPDYLPR�HVP¡ 
 

.RO� DSNURYRV�� ³WHPSLPDL� LU� GHIRUPDFLMRV� \UD� QHGLGHO¡V� �GDXJXPDL� NRQVWUXNFLQLÐ� PHGåLDJÐ�
JDOLRMD� LU� WDPSUXPR�� LU� SURSRUFLQJXPR� SULHODLGD�� 7DþLDX� ³WHPSLPDPV� SDVLHNXV� WDP� WLNU�� GLGXP���
GDåQLDXVLDL�PHGåLDJRMH�DWVLUDQGD�OLHNDPÐMÐ��SODVWLQLÐ�GHIRUPDFLMÐ��5HWD�PHGåLDJD�OLHND�WDPSUL�EHYHLN�iki 

VXLULPR� �WRNLRV� \UD� WUDSLRVLRV� PHGåLDJRV� -� NHWXV�� VWLNODV�� QDWÌUDOXV� DU� GLUEWLQLV� DNPXR��� .DL� NXULÐ�
NRQVWUXNFLMÐ� �SDY\]GåLXL�� PDãLQÐ�� WLNVOLÐMÐ� SULHWDLVÐ�� HOHPHQWÐ� SODVWLQLV� GHIRUmavimasis yra visiškai 

QHOHLVWLQDV�� 0DW�� SODVWLQ¡V� GHIRUPDFLMRV� NDXSLDVL�� GLG¡MD� LU� WULNGR� PDãLQÐ�� SULHWDLVÐ� V�YHLN��� spartina 

MXGDQþLÐ� GHWDOLÐ� GLOLP��� SDGDUR� QH³PDQRP�� YLVRV� NRQVWUXNFLMRV� HNVSORDWDYLP��� 2� NDL� ³WHPSLPDL� LU�
deformacijos konstrukcijos eksploDWDYLPR�PHWX� NLQWD� QH� WLN� GLGXPX�� EHW� LU� åHQNOX� �NDL�WDPH� SDþLDPH�
taške deformacija tai teigiama tai neigiama), plastinis deformavimas gali l emti labai JUHLW��NRQVWUXNFLMRV�
VXLULP���7RNLD��PDLQLRML��SODVWLQ¡�GHIRUPDFLMD�MRNLX�EÌGX�QHOHLVWLQD� 



 14 

5HDOLÐ� NRQVWUXNFLQLÐ� PHGåLDJÐ� GHIRUPDYLPR� � �WHPSLPR�� GLDJUDPRV� � JDQD� VXG¡WLQJRV� � � LU�
skirtingos.  

 

σ

ε

σpl

a b

yσ

ε

σ

 

 

1.2 pav.�0HGåLDJÐ�GHIRUPDYLPR���WHPSLPR��GLDJUDPRV�� 
 

6NDLþLXRWL�SODVWLQHV�GHIRUPDFLMDV�SDJDO� WRNLDV�GLDJUDPDV�³PDQRPD��EHW�QHSDUDQNX��*UHWD�jau 

JHUDL� SDå³VWDPRV� LGHDOLRV� WDPSULRV�PHGåLDJRV� NRQVWUXNFLMRPV� VNDLþLXRWL� QDXGRMDPL� GDU� NHOL� LGHDOÌV�
PHGåLDJÐ�PRGHOLDL��3RSXOLDULDXVLD�\UD�LGHDOL�WDPSUL-SODVWLQ¡�PHGåLDJD��NXULRV�GHIRUPDYLPDV�DWLWLQND�
YDGLQDP�M�� 3UDQWOLR� GLDJUDP�� ����� SDY��� D��� âL�PHGåLDJD� Lã� SUDGåLÐ� GHIRUPXRMDVL� NDLS� LGHDOL� WDPSUL�

εσ E= , R� NDL� ³WHPSLPDL� LãDXJD� LNL� WDP� WLNURV� UHLNãP¡V� plσ , PHGåLDJD� WDPSD� LGHDOLD� SODVWLQH�� ML�
QHULERWDL�GHIRUPXRMDVL�� W³VWD��³WHPSLPDPV�QHEHDXJDQW��7DLJL��IL]LNLQ³� WRNLRV�PHGåLDJRV�GHIRUPDYLPR�
G¡VQ³�JDOLPH�LãUHLNãWL�QHO\J\EH� 

 

plσσ ≤ .                                                                          (10) 

 

.DL�VNDLþLXRGDPL�NRQVWUXNFLMRV�HOHPHQWR�ODLNRP�M��JDOL��WDULDPH��MRJ�SODVWLQ¡V�GHIRUPDFLMRV�
neleiVWLQRV�� SDVLQDXGRMDPH� W��PHGåLDJRV�GDUER� GDOLPL�� NXUL� GLDJUDPRMH� ����� SDY��� E��XåEUÌNãQLXRWD�
NU\åPLãNDL�� NDL� SODVWLQHV� GHIRUPDFLMDV� OHLGåLDPH�� SDQDXGRMDPR� GDUER� DSLPWLV� GDXJ� GLGHVQ¡�
�GLDJUDPRMH�SORWDV��XåEUÌNãQLXRWDV�LU�NU\åPLãNDL��LU�YLHQD�NU\SWLPL���WDLJL�LU�ODLNRPRML�JDOLD�GLGHVQ¡� 

σ

εba ε

σ σ

c ε
 

 

1. 3 pav.  ,GHDOLÐ�PHGåLDJÐ�VX�SODVWLQ¡PLV�VDY\E¡PLV�PRGHOLDL 
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Be idealios tamprios-SODVWLQ¡V�PHGåLDJRV��GDU�QDXGRMDPL�WRNLH�LGHDOLÐ�PHGåLDJÐ�VX�SODVWLQ¡PLV�
VDY\E¡PLV�PRGHOLDL��VWDQGL-SODVWLQ¡�(1.3 pav., a), tampri-WLHVLãNDL�VWLSU¡MDQWL��E���ODLSVQLãNDL�VWLSU¡MDQWL�
(c) ir kt. [4]. 

3UDQWOLR� GLDJUDPRV� SDYLGDOX� JDOLPD� LãUHLNãWL� LU� LGHDOLRV� WDPSULRV� SODVWLQ¡V� PHGåLDJRV�
WDQJHQWLQLÐ�³WHPSLPÐ�VDQW\N³�VX�ãO\WLHV�GHIRUPDFLMD������SDY����ýLD�JDOLRMD�WRNV�G¡VQLV� 

 

yττ ≤                                                                         (11) 

 

τy

τ
A B

γ
y

γ
 

 

1.4  pav. ,GHDOLRV�WDPSULRV�SODVWLQ¡V�PHGåLDJRV�WDQJHQWLQLÐ�³WHPSLPÐ 

santykis su šlyties deformacija 

 

.DL� Lã� ãLRV� PHGåLDJRV� SDJDPLQWDV� VWU\SDV� YHLNLDPDV� VXNLPR� PRPHQWR�� Lã� SUDGåLÐ� MDPH�
WDQJHQWLQLDL�³WHPSLPDL�EÌQD�SDVLVNLUVW
�WDLS��NDLS�LGHDOLDPH�WDPSULDPH�VWU\SH��-HLJX�VWU\SR�VNHUVSMÌYLV�
VNULWXOLQLV�� ³WHPSLPÐ� GLDJUDPD� WULNDPS¡� ����� SDY��� D��� -L� WRNLD� \UD� WRO�� NRO� GLGåLDXVLDV� ³WHPSLPDV�
�VNHUVSMÌYLR� SDNUDãW\MH�� SDVLHNV� ULELQ
� UHLNãP
� yτ ����� SDY��� E��� WXR� PHWX� VNHUVSMÌY\MH� YHLNLD�
GLGåLDXVLDV�GDU�QHVXNHOLDQWLV�SODVWLQLÐ�GHIRUPDFLMÐ�VXNLPR�PRPHQWDV� elT . Taškuose yττ =  ima rastis 

SODVWLQ¡V�GHIRUPDFLMRV��EHW�MRV�GDU�QHGLGHO¡V��QHV�MÐ�DXJLP��ULERMD�VWU\SR�YLGXULQ¡�VULWLV�- šerdis, dar 

WHEHVDQWL� WDPSUL� LU� SDNDQNDPDL� VWDQGL��²WHPSLPDL� SODVWLQ¡MH� VULW\MH� \UD� MDX� SDVLHN
� ULELQ
� UHLNãP
� LU�
nebeauga, bHW� WDPSULRMRMH� ãHUG\MH� MLH�JDOL�GLG¡WL� LU� WRG¡O� VWU\S�� JDOLPD�DSNUDXWL�GLGHVQLX�QHJX� elT  

VXNLPR�PRPHQWX������SDY���F���,U�WLN�WDGD��NDL�SODVWLQ¡�VULWLV�SDVLHNLD�SDW³�VWU\SR�YLGXU³��NDL�QHEHOLHND�
tampriosios šerdies, sukamo strypo skerspMÌYLR�� ODLNRPRML�JDOLD� LãVHQND�-�SODVWLQ¡V�GHIRUPDFLMRV�LPD�
GLG¡WL� QHNOLXGRPDL� LU� QHULERWDL�� VWU\SDV� WLHV� WXR� VNHUVSMÌYLX� SODVWLãNDL� VX\UD�� ³WHPSLPDL� YLVXRVH�
VNHUVSMÌYLR�WDãNXRVH�SULO\JVWD� yτ �� MÐ�GLDJUDPD�VWDþLDNDPS¡� �����SDY���G���R�VNHUVSMÌY\MH�YHLNLDQþLR�
VXNLPR�PRPHQWR�UHLNãP¡�-�ULELQ¡�� plT . 
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-HLJX�SODVWLQ¡V�GHIRUPDFLMRV�QHOHLGåLDPRV��ULELQLV�VXNDPR�VWU\SR�VXNLPR�PRPHQWDV�QXVWDWRPDV�
Lã�WDPSULRVLRV�GHIRUPDYLPR�VWDGLMRV�SULNODXVRP\E¡V�LU�V�O\JRV� plττ =max . 

 

ypel WT τ= .                                                                                    (12)  

 

þLD�W   VNULWXOLR�VNHUVSMÌYLR�SROLQLV�DWVSDUXPR�PRPHQWDV� 16/3dWp π= . 

-HLJX� SODVWLQ¡V� GHIRUPDFLMRV� OHLGåLDPRV�� WDL� VXNDPR� VWU\SR� VNHUVSMÌYLV� JDOL� ODLN\WL� GLGHVQ³�
VXNLPR�PRPHQW� plT , NXULV� JDOL� EÌWL� DSVNDLþLXRWDV�SDJDO� ³WHPSLPÐ� GLDJUDP��� DWLWLQNDQþL�� SODVWLQ³�
VXLULP�������SDY���G�� 

 

T=TelT<Tel 7HO�T<Tpl T=Tpl

D E F G
 

 

�����SDY��²WHPSLPÐ�GLDJUDPRV 
 

Siekiant analoJLMRV� VX� WDPSULRVLRV� VWDGLMRV� ULELQ¡V� ³U�åRV� LãUDLãND� ������ SDVWDURML�
�SODVWLQ¡V�VWDGLMRV��ULELQ¡�³U�åD�JDOL�EÌWL�UHLãNLDPD�WDLS� 

 

plplppl WT τ,= ;                                                                             (13) 

 

geometrinis rodiklis: 

 

12/3
, dW plp π= ;                                                                     (14) 

 

vadinamas plastiniupoliniu atsparumo momentu. 

3DO\JLQ
�GYL�ULELQHV�³U�åDV���WDPSULRVLRV�VWDGLMRV�LU�SODVWLQ¡V�VWDGLMRV���PDWRPH��NDG�SODVWLQ¡V�
stadijos ribinis sukimo momentas plT  \UD�GLGHVQLV�Xå�WDPSULRVLRV�VWDGLMRV� elT  
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3/4// , == pplpelpl WWTT ;                                                             (15) 

 

NDUWR�� WDLJL�� OHLGXV� SODVWLQ¡PV� GHIRUPDFLMRPV� UDVWLV� VWU\SH�� VXNLPR� PRPHQWDV� VNHUVSMÌY\MH� JDOL�
SDGLG¡WL�YLVX�WUHþGDOLX� 

-HLJX� VXNDPDV� VWU\SDV� \UD� VWDWLãNDL� LãVSUHQGåLDPDV�� WDL� SDNDQND� WR�� NDG� EHQW� YLHQDPH�
VNHUVSMÌY\MH�³U�åD�SDVLHNLD� plT  UHLNãP
��LU�VWU\SDV�SODVWLãNDL�VX\UD��7RNLX�DWYHMX�VWUypo laikomoji galia, 

NDL� SODVWLQ¡V� GHIRUPDFLMRV� OHLGåLDPRV�� SDGLG¡MD� WLN� WXR� WUHþGDOLX��7DþLDX� MHLJX� VXNDPDV� VWU\SDV� \UD�
VWDWLãNDL� QHLãVSUHQGåLDPDV� �SDY\]GåLXL�� DELHP�JDODLV� VWDQGåLDL�³WYLUWLQWDV��� YLHQR� SMÌYLR� DU� QHW� YLHQR�
UXRåR�YLVLãNDL�SODVWLQLV�GHIRUPDvimas (su plT ) dar nereiškia strypo plastinio suirimo. Strypas plastiškai 

suyra tik tada, kai keliuose (k+1��VNHUVSMÌYLXRVH�DU�UXRåXRVH�VXNLPR�PRPHQWDV�SDVLHNLD�ULELQ
�UHLNãP
 
plT . 7DLJL�� WRNLR� VWU\SR� SODVWLQ¡V� VWDGLMRV� ODLNRPRML� JDOLD� WDPSD� GDU� GLGHVQ¡�� O\JLQDQW� VX� WDPSULRVLRV�

VWDGLMRV�ODLNRP�MD�JDOLD�>�@� 
 

1.2 Daugiasluoksniai sukami strypai 

 

�������'DXJLDVOXRNVQLÐ�NRQVWUXNFLQLÐ�HOHPHQWÐ�VWUXNWÌUD 

 

'DXJXP��ãLXRODLNLQLÐ�NRQVWUXNFLQLÐ�HOHPHQWÐ�VXGDUR�NRPSR]LFLMRV��NXUios gaminiui suteikia tam 

WLNU��VDY\ELÐ�GHULQ³��9LVDLV�DWYHMDLV�WDL�VNLUWLQJÐ�PHGåLDJÐ�VLVWHPD��NXULRV�NLHNYLHQDV�komponentas 

WXUL� NRQNUHþL�� SDVNLUW³� JDPLQ\MH�� ²YDLULÐ� PHGåLDJÐ� EHQGUDV� GDUEDV� NRPSR]LFLMRMH� \UD� tolygus naujos 

PHGåLDJRV� VXNÌULPXL�� NXULRV� VDY\E¡V� NLHN\ELãNDL� LU� NRN\ELãNDL� VNLULDVL� QXR� M�� VXGDUDQþLÐ� HOHPHQWÐ�
VDY\ELÐ�� 6OXRNVQLXRWRV� NRQVWUXNFLMRV� JDOL� EÌWL� JDXWRV� QDXGRMDQW� SROLPHULQHV� NRPSR]LFLQHV� PHGåLDJDV��
SOLHQ���EHWRQ���PHG³�LU�NLWDV�PHGåLDJDV� 

-RV� QDXGRMDPRV� ³YDLULRV� SDVNLUWLHV� REMHNWXRVH�� Sradedant buitine technika, automobiliais ir 

EDLJLDQW� VWDW\ELQ¡PLV� EHL� O¡NWXYÐ� NRQVWUXNFLMRPLV�� 6OXRNVQLXRWRV� NRQVWUXNFLMRV� ³JDOLQD� JDXWL� UHLNLDPDV�
NRQVWUXNFLMÐ� VDY\EHV� QRULPD� NU\SWLPL�� ³YHUWLQDQW� DSNURYÐ� YLVXP��� MÐ� YHLNLPR� NU\SW³�� QDXGRMDPÐ�
PHGåLDJÐ�DQL]RWURSLãNXP��EHL�NLWXV�DNWXDOLXV�UHLNDODYLPXV�>�@� 

$WVNLURPV� NRQVWUXNFLMRPV�� SULNODXVRPDL� QXR� NRQVWUXNFLQLR� HOHPHQWR� VOXRNVQLÐ� PHGåLDJRV�
PHFKDQLQLÐ� VDY\ELÐ�� VOXRNVQLÐ� IRUPDYLPXL� QDXGRMDPÐ� PHGåLDJÐ� VNDLþLDXV�� VOXRNVQLÐ� SDG¡WLHV�
�LãG¡VW\PR�� NRQVWUXNFLQLDPH� HOHPHQWH�� VOXRNVQLÐ� VNDLþLDXV�� VOXRNVQLXRWR� NRQVWUXNFLQLR� HOHPHQWR�
VWLSUXPR� LU� VWDQGXPR� VDY\ELÐ� NLWLPR� G¡VQLQJXPDL� DWVNLURPV� HOHPHQWÐ� NRQVWUXNFLMRPV� VNLULDVL�� 9LVL�
VOXRNVQLXRWL�NRQVWUXNFLQLDL�HOHPHQWDL�SDJDO� MÐ�VDY\ELÐ�NLWLPR�G¡VQLQJXPÐ�SDQDãXP��VNLUVWRPL�³� WLpus ir 

grupes. 
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3DJDO� NRQVWUXNFLQLR� HOHPHQWR� VOXRNVQLÐ� VNDLþLÐ� LU� VLPHWULãNXP�� VOXRNVQLXRWL� NRQVWUXNFLQLDL�
elementai skirstomi j simetrinius ir asimetrinius konstrukcinius elementus. 

Simetriniais konstrukciniais elementais vadinami konstrukciniai elementai,�NXULÐ�YLHQRGR�storio 

DWLWLQNDPÐ�PHGåLDJÐ�VOXRNVQLDL�\UD�VLPHWULãNDL�LãG¡VW\WL�YLGXULQLR�VOXRNVQLR�DWåYLOJLX��.DL�naudojamos dvi 

VNLUWLQJRV�PHGåLDJRV��LU�YLVÐ��LãVN\UXV�YLGXULQ³��VOXRNVQLÐ�VWRULDL�\UD�YLHQRGL��WDL�VLPHWULQ¡V�NRQVWUXNFLMRV�
yra su nelyginiu VOXRNVQLÐ�VNDLþLXPL������������LU�W�W��� 

$VLPHWULQLDLV� NRQVWUXNFLQLDL� HOHPHQWDLV� YDGLQDPL� NRQVWUXNFLQLDL� HOHPHQWDL�� NXULÐ� YLVL�
VOXRNVQLDL� \UD� Lã� VNLUWLQJÐ� PHGåLDJÐ� DUED� VNLUWLQJÐ� PHGåLDJÐ� VOXRNVQLDL� DWLWLQNDPDL� SHULRGLãNDL�
NDUWRMDVL�� WDþLDX� QHXWUDOLRMR� VOXRNVQLR� SDG¡WLV� QHVXWDPSD� VX� JHRPHWULQH� DãLPL�� NDL� QDXGRMDPRV� GYL�
VNLUWLQJRV�PHGåLDJRV��WXRPHW�NRQVWUXNFLQLDL�HOHPHQWDL��WXULQW\V�O\JLQ³�VOXRNVQLÐ�VNDLþLÐ�������������LU�t.t), 
yra asimetriniai. 

3DJDO� VOXRNVQLXRWR� NRQVWUXNFLQLR� HOHPHQWR� VOXRNVQLR� PHGåLDJRV� Iizines bei mechanines 

VDY\EHV� EHL� WR� VOXRNVQLR� SDG¡W³� NRQVWUXNFLQLDPH� HOHPHQWH�� VLPHWULQLDL� NRQVWUXNFLQLDL� HOHPHQWDL�
VNLUVWRPL�³�WLHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�HOHPHQWXV� 

7LHVLRJLQ¡V� NRQVWUXNFLMRV� NRQVWUXNFLQLDLV� HOHPHQWDLV� YDGLQDPL� VOXRNVQLXRWL konstrukciniai 

HOHPHQWDL��NXULÐ�LãRULQLR�VOXRNVQLR�PHGåLDJRV�WDPSUXPR�PRGXOLV�E1  (arba šlyties modulis G sukimo 

atveju) yra didesnis (E1>E2) Xå�VHNDQþLR�YLGLQLR�VOXRNVQLR�PHGåLDJRV�WDPSUXPR�PRGXO³�E2. 

$WYLUNãWLQ¡V� NRQVWUXNFLMRV� NRQVWUXNFLQLDLV� HOHPHQWDLV vadinami simetriniai sluoksniuoti 

NRQVWUXNFLQLDL�HOHPHQWDL��NXULÐ� LãRULQLR�VOXRNVQLR�PHGåLDJRV�WDPSUXPR�PRGXOLV�E1 \UD�PDåHVQLV�
(E1>E2) Xå�VHNDQþLR�YLGLQLR�VOXRNVQLR�PHGåLDJRV�WDPSUXPR�PRGXO³�E2. 

Simetriniai konstrukciniai elementai priklausomai nuo išoriQLÐ� VOXRNVQLÐ� VNDLþLDXV� YLGXULQLR�
VOXRNVQLR� DWåYLOJLX� EHL� VWLSUXPR� ),( xyx τσ ir standumo (B, D, K) VDY\ELÐ� G¡VQLQJXPÐ� VNLUWXPR��
VNLUVWRPL�³�SLUPRV�LU�DQWURV�JUXS¡V�NRQVWUXNFLQLXV�HOHPHQWXV� 

Pirmajai grupei priklauso konstrukciniai elementai, sudaryti iš 3, 7, ���LU�W�W��VOXRNVQLÐ��WXULQW\V�
SR�QHO\JLQ³�LãRULQLÐ�VOXRNVQLÐ�VNDLþLÐ��LãVLG¡VþLXVLÐ�YLGXULQLR�VOXRNVQLR�DWåYLOJLX��VNDLþLÐ� 

$QWUDMDL�JUXSHL�SULNODXVR�NRQVWUXNFLQLDL�HOHPHQWDL��VXGDU\WL�Lã����������LU�W�W��VOXRNVQLÐ��WXULQW\V�
SR�O\JLQ³�LãRULQLÐ�VOXRNVQLÐ��LãVLG¡VþLXVLÐ�YLGXULQLR�VOXRNVQLR�DWåYLOJLX��VNDLþLÐ�>�@� 

.DGDQJL� ãLDPH� GDUEH� QDJULQ¡MDPL� WLN� DSYDODXV� VNHUVSMÌYLR�� VXNLPR� PRPHQWDLV� DSNUDXWL�
GDXJLDVOXRNVQLDL�NRQVWUXNFLQLDL�HOHPHQWDL��WDL�YLVL�MLH�\UD�VLPHWULQ¡V�NRQVWUXNFLMRV� 

 

1.2.2 TangHQWLQLÐ�³WHPSLPÐ�QXVWDW\PDV 
 

1DJULQ¡MDQW� GDXJLDVOXRNVQLR� VXNDPR� VWU\SR� GHIRUPDFLMDV� ODLNRPD�� NDG� Q¡UD� SUDVO\GLPR� WDUS�
VWU\S�� VXGDUDQþLÐ� VOXRNVQLÐ�� R� GHIRUPDFLMRV� \UD� WLHVLRJ� SURSRUFLQJRV� DWVWXPXL� QXR� VWU\SR� FHQWUR��
Daugiasluoksnius strypus sudaro sluoksniaL��NXULÐ�PHFKDQLQ¡V�VDY\E¡V�\UD�L]RWURSLQ¡V��W�\��PHFKDQLQ¡V�
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VDY\E¡V�YLVDPH�VNHUVSMÌY\MH�\UD�YLHQRGRV��7DLS�SDW�WDLNRPD�SORNãþLÐMÐ�SMÌYLÐ�KLSRWH]¡�LU�WDULDPD��NDG�
YLVDPH�VNHUVLQLDPH�SMÌY\MH��NDLS�LU�L]RWURSLQLDPH�VWU\SH��YHLNLD�WLN�WDQJHQWLQLDL�³WHPSLPDL� 
 

 

 

1. 6 pav. Sukamo trisluoksnio strypo elementas 

 

1RU¡GDPL�QXVWDW\WL� ³WHPSLPXV�� Lã� VXNDPR� WULVOXRNVQLR� VWU\SR��NXU³� VXGDUR� HOHPHQWDL� O�� ��� ���
turintys skirtingus šlyties modulius G1, G2, G3, išskiriame ilgio dz HOHPHQW������ pav). 

Sukinio momentas T VWU\SR�VNHUVSMÌY\MH�SDVLVNLUVWR�SDJDO�VWU\S��VXGDUDQþLÐ�HOHPHQWÐ�ãO\WLHV�
modulius Gi��WRG¡O�VSLQGXOLR� ρ nutolusiame ploto elemente dAYHLNLDQWL�WDQJHQWLQ¡�M¡JD� 

 

dAdF it ρτ= ;                                                                       (16) 

 

o jo sukeltas sukimo momentas 

 

dAdFdT it ⋅⋅=⋅= ρτρ ρ ;                                                             (17) 

 

6XLQWHJUDY
�ã³�PRPHQW��YLVR�VNHUVSMÌYLR�DWåYLOJLX�JDXQDPH� 
 

∫∫ ⋅⋅==
A

i

A

dAdTT ρτ ρ .                                                             (18) 

 

7ROLDX�ãL�� O\JW³�VSU
VLPH�QDXGRGDPLHVL�åLQRPD�GHIRUPDFLMRV�LU�³WHPSLPÐ�U\ãLR�O\JWLPL��
sudaroma remiantis 1.6 pav. parodyta sukamo elemento deformacija 
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ϕργ ρ ddz ⋅=⋅ ;                                                                       (19) 

 

arba 

ρθγ ρ ⋅= ;                                                                        (20) 

 

þLD 
 

dz

dϕθ = ;                                                                            (21) 

 

þLD�θ  vadinamas santykiniu susisukimo kampu. 

5HPLDQWLV�+XNR� ãO\WLHV� G¡VQLX�� NDG� γτ G= , sluoksnyje, nutolusiame nuo centro spinduliu 

ρ , tangentinLDL�³WHPSLPDL�EXV�WRNLH� 
 

ρθγτ ρρ ⋅⋅=⋅= iii GG ;                                                                (22) 

 

iρτ  UHLNãP
�³UDãLXV�³������O\JW³� 
 

∑∫ ∫
=

⋅=⋅⋅=⋅⋅⋅=
n

i
pii

A A

ii IGdAGdAGT
1

22 θρθρθ .                                              (23) 

 

Po inWHJUDOR� åHQNOX� ∫ ⋅⋅
A

i dAG 2ρ yra tam tikro sluoksnio poli nis inercij os momentas, 

SDGDXJLQWDV�Lã�WR�VOXRNVQLR�ãO\WLHV�PRGXOLR��â³�LQWHJUDO��SDå\P¡M
�UDLGH�.�JDXQDPH��MRJ�VWU\SR�
standumas sukimo atveju 

 

∑
=

⋅=
n

i
pii IGK

1

.                                                                         (24) 

 

Iš (21) išreiškiame 
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K

T

IG

T
n

i
pii

=
⋅

=
∑

=1

θ   .                                                                      (25) 

 

,U�ãL��UHLNãP
�³UDãRPH�³������O\JW³ 
 

K

GT i
i

⋅⋅= ρτ ρ .                                                                         (26) 

 

7DLJL�JDXWD��NDG�EHW�NXULDPH�VXNDPR�VWU\SR�VOXRNVQ\MH�WDQJHQWLQLÐ�³WHPSLPÐ�G\GLV�\UD�O\JXV�
VXNLPR�PRPHQWXL��SDGDO\WDP�Lã�YLVR�VWU\SR�VNHUVSMÌYLR�VWDQGXPR�VXNLPR�DWYHMX�K ir padaugintam iš 

atstumo ρ �LNL�QDJULQ¡MDPR�VOXRNVQLR�LU�WR�VOXRNVQLR�ãO\WLHV�PRGXOLR� 
âL�IRUPXO¡�VDYR�IRUPD�LU�WXULQLX�\UD�SDQDãL�³�VXNDPR�L]RWURSLQLR�VWU\SR�WDQJHQWLQLÐ�³WHPSLPÐ�

LãUDLãN�� 
 

pI

T ρτ ⋅= .                                                                                  (27) 

 

$QDOL]XRMDQW������IRUPXO
�JDXWD��NDG�WDQJHQWLQLÐ�³WHPSLPÐ�GLDJUDPRMH��SHUHLQDQW�Lã�YLHQR�
VOXRNVQLR�³�NLW���EXV�JDXWDV�³WHPSLPÐ�ãXROLV��SURSRUFLQJDV�ãLÐ�VOXRNVQLÐ�ãO\WLHV�PRGXOLÐ�VDQW\NLXL��
Analogiškai lenkiamiems strypams )( 1

1
i

i
ii E

E +
+ = σσ , galima parašyti, kad 

 

i

i
ii G

G 1
1

+
+ = ρρ ττ .                                                                     (28) 

 

7DQJHQWLQLDL� ³WHPSLPDL� YHLNLD� QH� WLN� VNHUVLQLDPH� VXNDPR� VWU\SR� SMÌY\MH�� EHW� G¡O� ³WHPSLPÐ�
dualumo WRNLR��SDW�G\GåLR��WLN�SULHãLQJRV�NU\SWLHV�τ  ³WHPSLPDL�YHLNLD�LU�LãLOJLQLXRVH�VWU\SR�SMÌYLXRVH��
%H�WR��³VWULåXRVH�����SMÌYLXRVH�LãYHVWDPH�YHLNLD�QRUPDOLQLDL�WHPSLPR�LU�JQLXåG\PR�³WHPSLPDL��NXULÐ�
G\GLV�O\JXV�WDQJHQWLQLÐ�³WHPSLPÐ�G\GåLDPV��DSVNDLþLXRWLHPV�SDJDO������LU������IRUPXOHV��7RNLX�EÌGX�
DSVNDLþLXRWDV� ³WHPSLPÐ� UHLNãPHV� EÌWLQD� SDO\JLQWL� VX� VWU\S�� VXGDUDQþLÐ� PHGåLDJÐ� DWVSDUXPX� ãO\þLDL�
³YDLULRPLV� NU\SWLPLV�� 5HLN¡WÐ� DWPLQWL�� MRJ� WRNLÐ�� SODþLDL� QDXGRMDPÐ� PHGåLDJÐ� NDLS� VWLNODSODVþLÐ� DU�
DQJOLDSODVþLÐ� DWVSDUXPDV� ãO\þLDL� ODEDL� VNLULDVL� LU� WDL� SULNODXVR� QXR� DUPXRMDQþLR� DXGLQLR� LãG¡VW\PR�
kampo [3].  
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1.2.3 Strypo standumas ir deformacijos 

 

6XNDPR� GDXJLDVOXRNVQLR� VWU\SR� VWDQGXPDV� LãUHLNãWDV� ����� IRUPXOH�� NXUL�� JDOLPH� SHUUDã\WL�
šitaip: 

 

∑
=

⋅=⋅=
n

i
kpkpii GIIGK

1

                                                                  (29) 

 

Sukamo daugiasluoksnio strypo ekvivalentinis šlyties modulis kG � DSVNDLþLXRMDPDV� åLQDQW�
DWVNLUÐ� VOXRNVQLÐ� ãO\WLHV�PRGXOLXV� iG , VOXRNVQLÐ�SROLQLXV� LQHUFLMRV�PRPHQWXV�Ipi LU�YLVR�VWU\SR�SROLQ³�
LQHUFLMRV�PRPHQW�� ∑= pik II  SDJDO�ãL��LãUDLãN�� 

 

pk

pnn

pk

p

pk

p
k I

IG

I

IG

I

IG
G +++= ...2211                                                           (30) 

 

Sukamo apvalaus daugiasluoksnio strypo defRUPDFLM��DUED�VXVLVXNLPR�NDPS��UDQGDPH�Lã������
O\JWLHV��²UDã
�VDQW\NLQLR�VXVLVXNLPR�UHLNãP
�Lã������O\JWLHV�JDXQDPH� 

 

 dz
K

T
dzd ⋅=⋅= θϕ                                                                         (31) 

 

,ã�þLD�SMÌYLR�]�VXVLVXNLPR�NDPSDV 
 

∫
⋅=⋅=

z

z K

zT
dz

K

T

0

ϕ                                                                        (32) 

 

9LVR�GDXJLDVOXRNVQLR�VWU\SR�GLGåLDXVLDV�VXVLVXNLPR�NDPSDV� 
 

K

IT ⋅=maxϕ                                                                             (33) 

 

*DXWDVLV� VXVLVXNLPR� NDPSDV� \UD� VXNDPR� VWU\SR� DEVROLXWLQ¡� ãO\WLHV� GHIRUPDFLMD� G¡O�
VNHUVSMÌY\MH� YHLNLDQþLÐ� WDQJHQWLQLÐ� ³WHPSLPÐ. .DLS� åLQRPH�� ³VWULåXRVH� SMÌYLXRVH� YHLNLD� QRUPDOLQLDL�
³WHPSLPDL�LU�MXRVH�JDXQDPD�GLGåLDXVLD�OLQLMLQ¡�GHIRUPDFLMD��.DL�³VWULåR�SMÌYLR�NDPSDV�O\JXV����� 
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( ) ( )i
k

i
i

k
i EE

ν
τ

σνσε ρ +±=−±= 1
1

31                                                       (34) 

 

þLD� iν  - Puasono koeficientas. 

-HL� DSVNDLþLXRMDPRV� GLGåLDXVLRV� OLQLMLQ¡V� GHIRUPDFLMRV�� NXULRV� DWVLUDQGD� VWU\SR� SDYLUãLXMH��tai 

����� IRUPXO¡MH� LPDPH� SDYLUãLQLR� VOXRNVQLR� WDQJHQWLQLÐ� ³WHPSLPÐ� UHLNãP
� LU� SDYLUãLQLR� VOXRNVQLR�
PHGåLDJRV� 3XDVRQR� NRHILFLHQWR� UHLNãP
�� âL� IRUPXO¡� OHLGåLD� QXVWDW\WL� EHW� NXULDPH� VOXRNVQ\MH�
DWVLUDQGDQþLDV�GHIRUPDFLMDV��7DL�EÌWLQD��NDL� VWU\SDL�GDXJLDVOXRNVQLDL��QHV� OHLVWLQLHML�³YDLULÐ� VOXRNVQLÐ�
GHIRUPDFLMÐ�G\GåLDL�\UD�VNLUWLQJL�>�@. 

 

����6XNLPDV�Xå�WDPSUXPR�ULERV 
 

������3LOQDYLGXULÐ�KRPRJHQLQLÐ�VWU\SÐ�SODVWLãNDV�VXNLPDV 
 

3DJDO�åLQRP��WDQJHQWLQLÐ�³WHPSLPÐ�LãUDLãN�������WDPSUXPR�ULERVH��UDãRPD��NDG� 
 

pp
y I

RT

I

T ⋅=⋅== max
max

ρττ                                                                (35) 

 

Tuomet iš šios lygties gauta, kad tampraus deformavimo atveju, maksimali sukimo momento 

UHLNãP¡� yT  yra lygi: 

 

ypy
py

y RW
R

I
T τπτ

τ 35,0=⋅=
⋅

=                                                                        (36) 

 

'LGLQDQW� VXNLPR� PRPHQW��� GLGåLDXVLÐ� ³WHPSLPR� YHLNLPR� YLHWRVH� LPD� UDVWLV� SODVWLQ¡V�
GHIRUPDFLMRV�� WDþLDX� MÐ� GLG¡MLP�� ULERMD� WDPSUL� VWU\SR� YLGXULQ¡� GDOLV� �ãHUGLV��� NXULRV� VSLQGXO\V� tpR      

(1.7 pav. b) 
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D
G

E F

7PD[=Ty
7

5tS

7�Ty
7ULETy

 

 

����SDY��3ODVWLQLÐ�GHIRUPDFLMÐ�SDVLVNLUVW\PDV�VXNLPR�DWYHMX 
 

%HQGUX�DWYHMX�VXNLPR�PRPHQWDV�JDOL�EÌWL�DSVNDLþLXRMDPDV�Lã�IRUPXO¡V� 
 

( ) ∫∫∫ ⋅=⋅⋅=⋅=
RR

A

dddAT
0

2

0

0

22 ρρτπρπρρτρτ                                                 (37) 

 

.DL� YLHQD� VWU\SR� VNHUVSMÌYLR� GDOLV� SDWLULD� WDPSUÐM³�� R� NLWD� GDOLV� –� SODVWLQ³� GHIRUPDYLP������������
(l.7 SDY��E��LU�SODVWLQ¡V�]RQRV�SUDGåLD�QXVDNRPD�VSLQGXOLX�Rtp, R�³WHPSLPDV�ty, JDOLPH�SDUDã\WL�VDQW\N³ 

 

ρ
ττ

=
tp

y

R
 arba ρ

τ
τ ⋅=

tp

y

R
                                                             (38) 

 

7XRPHW�EHQGU�M��O\JW³�������VNLUW��DSVNDLþLXRWL�T, JDOLPH�VXVNLUVW\WL�³�DWVNLUDV�GDOLV��NDL� 
1. ρ  kinta nuo 0 iki Rtp )0( tpR≤≤ ρ ; 

2. ρ kinta nuo Rtp iki R )( RRtp ≤≤ ρ . 

Tada esant plastinei ir tampriai zonai, dalinai plastinis sukimo momentas: 

 

( )
6

4

3

2

3

2

2

1
2

222

33
3332

0

2

0

22

tpy
tpyytpy

R

R

y

R

tp

y
y

R R

R

dpl

RR
RRRd

d
R

ddT

tp

tptp

tp

−
=⋅⋅−⋅+⋅=⋅⋅+

+









⋅=⋅⋅+⋅⋅=

∫

∫∫ ∫
ρτ

τππτπτρτρπ

ρρ
τ

ρπρτρπρτρπ

             (39) 

 

 'LG¡MDQW�VXNLPR�PRPHQWXL��T, SODVWLQ¡V�GHIRUPDFLMRV�SDVLUHLãNLD�YLV�JLOHVQLXRVH�VWU\SR�
sluRNVQLXRVH��5LELQLV�EÌYLV�EXV�JDXWDV��NDL�SODVWLQ¡�GHIRUPDFLMD�EXV�JDXWD�YLVDPH�VWU\SR�VNHUVSMÌY\MH�
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����� SDY�� F��� 7XRPHW� VXNDPR� VWU\SR� VNHUVSMÌYLR� ODLNRPRML� JDOLDLãVHQND� LU� SODVWLQ¡V� ãO\WLHV�
GHIRUPDFLMRV� LPD� QHNOLXGRPDL� GLG¡WL�� R� VWU\SDV� WLHV� WXR� VNHUVSMÌYLu plastiškai suyra. Tuo metu 

VNHUVSMÌY\MH�YHLNLD�ULELQ¡�VXNLPR�PRPHQWR�UHLNãP¡� )( ribT ��NXULRV�UHLNãP
�JDXQDPH�Lã����O\JWLHV��.DL�
0=tpR , tuomet: 

 

3

2 3R
TT y

plrib

πτ
==                                                                    (40) 

 

 /\JW³������SDGDOLQXV�Lã������JDXQDPD��NDG� 
 

ypl TT
3

4=                                                                           (41) 

 

 6LHNLDQW� DQDORJLMRV� VX� WDPSULRVLRV� VWDGLMRV� ULELQ¡V� ³UDåRV� LãUDLška (36), pastaroji –� SODVWLQ¡V�
VWDGLMRV�ULELQ¡�³U�åD�JDOL�EÌWL�UHLãNLDPD�WDLS� 
 

plpypl WT ,⋅=τ                                                                        (41) 

 

þLD�JHRPHWULQLV�URGLNOLV�SODVWLQLV�SROLQLV�DWVSDUXPR�PRPHQWDV� 
 

3
, 3

2
RW plp π=                                                                          (42) 

 

 3DO\JLQXV�GYL�ULELQHV�³U�åDV��WDPSULRV�VWDGLMRV�LU�SODVWLQ¡V�VWDGLMRV�JDXWD��NDG�SODVWLQ¡V�VWDGLMRV�
ULELQLV�VXNLPR�PRPHQWDV�\UD�P�NDUWÐ�GLGHVQLV�QHL�WDPSULRVLRV�VWDGLMRV��7RG¡O�SODVWLQLR�GHIRUPDYLPR�
efektyvumo koeficientas: 

 

33,1
3

4 ===
el

pl

T

T
m                                                                   (43) 

 

 3ODVWLQLR�GHIRUPDYLPR�HIHNW\YXPR�NRHILFLHQWR�P�NLWLP���NLQWDQW�SODVWLQLR�GHIRUPDYLPR�]RQDL��
patogu QDJULQ¡WL� QXR� VSLQGXOLÐ� tpR  ir R  santykio. Kai 1/ =RRtp �� WXRPHW�SODVWLQ¡V� ]RQRV� VOXRNVQLR�
storis lygus 0 ir 1=m , o kai 0/ =RRtp , tuomet plastiškai deformuotas visas� VWU\SR� VNHUVSMÌYLV� LU�

33,1=m ��3HU¡MLPDV�QXR� 33,1=m  iki 1=m  kintant RRtp / , kinta kaip parodyta 1.8 pav. 
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1,33

1,24

1

1,05

1,1

1,15

1,2

1,25

1,3

1,35

0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

Rtp/R

m

 

 

l. 8 pav. Plastinio deformavimo efektyvumo koeficiento m kitimas  

kintant plastinio deformavimo zonai 

 

7DL�URGR��NDG�YLGXULQ¡�VWU\SR�GDOLV�WXUL�QHå\PL��³WDN��VXNLPR�PRPHQWR�GLG¡MLPXL��.DL�SODVWLQ¡�
]RQD�\UD�DS¡PXVL�SXVH�VNHUVPHQV� )5,0( RRtp = , tai sukimo momento dydis sudaro 91% viso sukimo 

momHQWR�SDGLG¡MLPR� )24,1( =m . 

7RNLX� EÌGX� VNDLþLXRMDQW� VXNDPXV� VWU\SXV� Xå� WDPSUXPR� ULERV�� W�\�� OHLGåLDQW� VWU\SH� UDVWLV�
SODVWLQ¡PV� GHIRUPDFLMRPV�� VXNLPR� PRPHQWDV� VNHUVSMÌY\MH� JDOL� SDGLG¡WL� WUHþGDOLX�� âLV� VDQW\NLV�
JDXQDPDV� VWDWLãNDL� LãVSUHQGåLDPLHPV� VXNDPLHPV� VWU\SDPV�� (VDQW� VWDWLãNDL� QHLãVSUHQGåLDPLHPV�
strypams, pastarasis suyra, kai keliose )1( +k �VNHUVSMÌYLXRVH�DU�UXRåXRVH�VXNLPR�PRPHQWDV�SDVLHNLD�
ULELQ
� UHLNãP
� ribT , ����O\JWLV���7DLJL��VXNDPR�VWU\SR�SODVWLQ¡V stadijos laikomoji galia, kaip ir kitais 

GHIRUPDYLPR�DWYHMDLV��WDPSD�GDU�GLGHVQ¡��O\JLQDQW�VX�WDPSULRVLRV�VWDGLMRV�ODLNRP�MD�JDOLD� 
7RNLX�EÌGX�NRHILFLHQWDV�m JDOL�³J\WL�UHLNãPHV�å\PLDL�GLGHVQHV�QHL������>�@� 
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������7XãþLDYLGXULÐ�KRPRJHQLQLÐ�VWU\SÐ�plastiškas sukimas 

 

1DJULQ¡MDPH�WXãþLDYLGXU³�VWU\S�������SDY���D���NXULR�LãRULQLV�VSLQGXO\V�\UD�R, o vidinis 1R . 

 

a

WS

E F G

1
τ yτ τy

 

 

�����SDY��7DQJHQWLQLÐ�³WHPSLPÐ�SDVLVNLUVW\PDV�YDP]G\MH 
 

,ã� PHGåLDJÐ� PHFKDQLNRV� åLQRPD�� NDG� åLHGLQLDPH� VNHUVSMÌY\MH� WDQJHQWLQLDL� ³WHPSLPDL� \UD�
SDVLVNLUVW
�SDJDO�WULNDPS³��O����SDY��E���²WHPSLPDPV�YDP]GåLR�WLSR�LãRULQLXRVH�VOXRNVQLXRVH�SDVLHNXV� yτ  

UHLNãP
� LU� WROLDX� GLGLQDQW� DSNURY�� –� VXNLPR� PRPHQW��� GDOLV� YDP]GåLR� VLHQXW¡V� bus plastiškai 

deformuota, o li kusioji dalis dar li ks tampri (1.9 pav. c). Skiriamoji riba yra spindulys Rtp. Sukimo 

PRPHQWR�UHLNãP¡� ãLDP�DWYHMXL�EXV�DSVNDLþLXRMDPD�QDXGRMDQW�YHOHQR������ O\JW³��QHV�FHQWULQ¡V�VN\O¡V�
³WDND�\UD�LJQRUXRMDPD�G¡O�³WHPSLPÐ�τ  tamprioje zonoje tiesinio pasiskirstymo, t.y.: 

 

( )334
6 tp

y
dpl RRT −=

πτ
.                                                                (44) 

 

7DþLDX� UHDOLDL�� WXãþLDYLGXULR� YDP]GåLR� VNHUVSMÌYLR� VULWLV�� DSULERWD� VSLQGXOLX� 1R , visai 

QHGDO\YDXMD�DSNURYRV�SUL¡PLPH��WRG¡O�Lã�PRPHQWR�UHLNãP¡V��DSVNDLþLXRWRV�SDJDO������O\JW³��UHLNDOLQJD�
WDP�WLNU��VXNLPR�PRPHQWR�UHLNãP
�DWLPWL��7DL�JDOLPD�SDGDU\WL�DSVNDLþLDYXV�PRPHQWR�UHLNãP
��NXULRV�
UHLNLD� ³VLYDL]GXRMDPR� YHOHQR�� NXULR� VSLQGXO\s 1R  WDPSULDP� GHIRUPDYLPXL�� 3DQDXGRMXV� ����� O\JW³��
gaunama, kad: 

 

τπ
2

3
1

1

R
TelR = .                                                                       (45) 
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Kadangi iš τ �³WHPSLPÐ�SDVLVNLUVW\PR�GLDJUDPRV������SDY���F��JDOLPD�SDUDã\WL�SURSRUFLM�� 
 

tp

y

RR

ττ =
1

 arba y
tpR

R ττ 1=                                                                  (46) 

 

 TXRPHW�VXNLPR�PRPHQWR�G\GLV�DQW�³VLYDL]GXRMDPR�YHOHQR��NXULR�VNHUVPXR�O\JXV�WXãþLDYLGXULo 

ertmei, yra lygus: 

 

y
tp

elR R

R
T τπ

2

4
1

1
= .                                                                      (47) 

 

7XRPHW�GDOLQDL�SODVWLQLV�VXNLPR�PRPHQWDV�YDP]GåLXL�\UD�O\JXV� 
 

( ) ( )4
1

43
4
133 34

62
4

6
RRRR

RR

R
RRT tptp

tp

y
y

tp
tp

y
dpl −−=−−=

πτ
τππτ

.                                (48) 

 

Kai vamzdLV�\UD�SODVWLãNDL�GHIRUPXRMDPDV�YLVDPH�VNHUVSMÌY\MH��WXRPHW�ULELQLV�VXNLPR�
PRPHQWDV�JDXQDPDV�Lã�O\JWLHV�������SUL¡PXV��NDG� 1RRtp = : 

 

( ) ( )3
1

34
11

3

1 3

2
44

6
RRRRR

R
TT yy

plrib −=−⋅==
πτπτ

.                                        (49) 

 

âL�O\JWLV�JDOL�EÌWL�JDXQDPD�GX�NDUWXV�SDQDXGRMXV������O\JW³��W�\��Lã�SLOQDL�SODVWLãNDL�GHIRUPXRWR�
VWU\SR�DW¡PXV�SLOQDL�SODVWLãNDL�GHIRUPXRW��ãHUG³��NXULRV�VNHUVPXR�O\JXV�FHQWULQ¡V�VN\O¡V�VNHUVPHQLXL� 

 

( )3
1

3
1

3

3

2

3

2

3

2
RRRRT yyypl −=−= πτπτπτ .                                            (50) 

 

[6]. 

 

1.3.3 DaugiaVOXRNVQLÐ�VWU\SÐ�SODVWLãNDV�VXNLPDV 
 

6NDLþLXRMDQW� GDXJLDVOXRNVQLXV� VWU\SXV�� JDOLPD� SDVLQDXGRWL� KRPRJHQLQLÐ� VWU\SÐ� IRUPXO¡PLV��
3Y]��� VNDLþLXRMDQW� GYLVOXRNVQ³� VWU\S��� NDL� SLUPDVLV� VOXRNVQLV� GHIRUPXRMDPDV� GDOLQDL� SODVWLãNDL�� R�
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DQWUDVLV�WDPSULDL��åU�������SDY���D���VWU\SR�HODVWLQ³�VXNLPR�PRPHQW��JDOLPD�DSVNDLþLXRWL�NDLS�VXPLQ³�
DELHMÐ�VOXRNVQLÐ� 1dplT  ir 2elT  VXNLPR�PRPHQW��  

 

a

1 y1τ

b c

τy1 τy1

τy2y2τ y2τ

 

 

1.10 SDY��²WHPSLPÐ�SDVLVNLUVW\PDV�YDP]GåLR�VNHUVSMÌY\MH 
 

Kai strypo pirmaVLV� VOXRNVQLV� SODVWLãNDL� GHIRUPXRWDV� YLVX� VNHUVSMÌYLX�� R� DQWUDVLV� GDOLQDL�
plastiškai (1.10 pav., b), strypo sukimo momentas yra lygus pirmo sluoksnio plastinio sukimo 

PRPHQWR�LU�DQWUR�VOXRNVQLR�GDOLQDL�SODVWLQLR�VXNLPR�PRPHQWÐ�VXPDL� 
6WU\SR�SODVWLQ³�VXNLPR�PRPHQW�� plT  ������SDY���F��LãVLUHLãNLDPH�NDLS�VXPLQ³�NLHNYLHQR�

VOXRNVQLR�SODVWLQ³�VXNLPR�PRPHQW�� 
 

ln2211 ... ppynpplypplypl WWWT ⋅++⋅+⋅= τττ                                                  (51) 

 

-HLJX� WXULPH� GDXJLDVOXRNVQ³� VWU\S�� Lã� NHOLÐ� PHGåLDJÐ�� LU� Lã� NLHNYLHQRV� PHGåLDJRV� \UD� NHOL�
VOXRNVQLDL��LU�W��VWU\S��GHIRUPXRMDPH�SODVWLãNDL�YLVX�VNHUVSMÌYLX��WDL�SODVWLQ³�VXNLPR�PRPHQW��JDOLPD�
DSVNDLþLXRWL�SDJDO�IRUPXO
� 

 

( ) ( ) ( )∑∑∑ +++= ln2211 ... ppynpplypplypl WWWT τττ                                         (52) 

 

þLD�������∑ lnppW - n-WRVLRV�PHGåLDJRV�VOXRNVQLÐ�SROLQLDL�SODVWLQLDL�DWVSDUXPR�PRPHQWDL� 
6NDLþLXRMDQW�GDXJLDVOXRNVQLXV�VWU\SXV�LNL� WDPSUXPR�ULERV��NDL�EHQW�YLHQDV�VOXRNVQLV�SDVLHNLD�

WDNXPR�ULERV� ³WHPSLPXV���SLUPLDXVLDL�QXVWDWRPH�VOXRNVQ³��NXULV� ãLXRV� ³WHPSLPXV�SDVLeks pirmasis ir 

SDJDO� ãLR� VOXRNVQLR� PDNVLPDOÐ� VXVXNLPR� NDPS�� �IRUPXO¡� ���� DSVNDLþLXRMDPH� YLV��
GDXJLDVOXRNVQ³�VWU\S�� 
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.DG� QXVWDW\WL� NXULDPH� VOXRNVQ\MH� WDNXPR� ULERV� ³WHPSLPDL� EXV� SDVLHNWL� SLUPLDXVLDL�� YLV��
GDXJLDVOXRNVQ³� VWU\S�� DSNUDXQDPH� EHW� NRNLX� VXNLPR� PRPHQWX�� 3DJDO� M³� QXVWDWRPH� ³WHPSLPXV��
N\ODQþLXV� NLHNYLHQR� VOXRNVQLR� LãRU¡MH�� 3DJDO� JDXWÐMÐ� ³WHPSLPÐ� VDQW\N³� VX� OHLVWLQDLVLDLV� ³WHPSLPDLV�
QXVWDWRPH�NXULV�VOXRNVQLV�SLUPDVLV�SDVLHNV�WDNXPR�ULERV�³WHPSLPXV��W�\��NXULDP�VOXRNVQLXL�ãLV�santykis 

\UD�GLGåLDXVLDV��WDV�VOXRNVQLV�SLUPDVLV�LU�SDVLHNV�WDNXPR�ULERV�³WHPSLPXV� 
 

yi

fi

τ
τ

                                                                               (53) 
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����68.$0Ï�(/(0(17Ï�7<5,0$6��(6$17�7$035,$0 

DEFORMAVIMUI  

 

2. ��7\ULPDPV�QDXGRMDPÐ�PHGåLDJÐ�FKDUDNWHULVWLNRV 
 

âLDPH�GDUEH�VNDLþLDYLPDPV�SDVLULQNWRV�KRPRJHQLQ¡V�PHGåLDJRV��NXULÐ�PHFKDQLQ¡V�VDY\E¡V�YLVRPLV�
NU\SWLPLV�YLHQRGRV��'DåQLDXVLDL�VNDLþLXRMDPL�GDXJLDVOXRNVQLDL�VWU\SDL� Lã�GYLHMÐ�DUED�WULMÐ�PHGåLDJÐ��âLÐ�
PHGåLDJÐ� XåVLGXRWRV� UHLNDOLQJRV� FKDUDNWHULVWLNRV� SDWHLNWRV� ��� O� OHQWHO¡MH�� 6NDLþLDYLPDPV� QDXGRWRV�
PHGåLDJRV�SDJDO�WDPSUXPR�PRGXO³�E, ãO\WLHV�PRGXO³�G��EHL�WDNXPR�ULE��Ty pavadintos A, B ir C. 

 

����OHQWHO¡ 
6NDLþLDYLPDPV�SDVLULQNWÐ�PHGåLDJÐ�PHFKDQLQ¡V�FKDUDNWHULVWLNRs 

 
0HGåLDJRV�SDYDGLQLPDV 0HGåLDJÐ 

parametrai A B C 
E, Gpa 210 160 80 
G, Gpa 120 60 30 
ττy, MPa 100 60 30 

 

.DL� VNDLþLXRMDPL� KRPRJHQLQLDL� VWU\SDL�� ODLNRPH�� NDG� MLH� SDJDPLQWL� Lã� A PHGåLDJRV�� .DL�
VNDLþLXRMDPL� GDXJLDVOXRNVQLDL� VWU\SDL� Lã� GYLHMÐ� PHGåLDJÐ�� Oaikome kad jie pagaminti iš A ir B 

PHGåLDJÐ�� 6NDLþLXRMDQW� VWU\SÐ� PHFKDQLQLÐ� VDY\ELÐ� SULNODXVRP\EHV� QXR� PHGåLDJRV� SDUDPHWUÐ��
PHGåLDJÐ�WLSDL�QH³YDUGLMDPL� 
 

����+RPRJHQLQLÐ��GHIRUPXRMDPÐ�LNL�WDPSUXPR�ULERV��HOHPHQWÐ�tyrimas 

 

������9DP]GåLR�VN\O¡V�VNHUVPHQV�di���³WDNRV�Tel tyr imas 

 

Nustatome kaip kinta maksimalus sukimo momentas elT  priklausomai nuo to koks vamzdis 

GHIRUPXRMDPDV�� W�\�� LPDPH� VNLUWLQJXV� YDP]GåLXV�� NXULÐ� LãRULQLDL� GLDPHWUDL� de yra vienodi, o vidiniai 

�VN\O¡V�� GLDPHWUDL�d, kinta nuo O iki de. Laikome, kad strypai pagaminti iš A PHGåLDJRV��6NDLþLDYLPR�
eskizas pateiktas 2.1 pav. 

 



 32 

T=Tel

e

i

T=Tel

i

e

T=Tel

e

i

a b c  

 

�����SDY�9DP]GåLR�VNDLþLDYLPR�HVNL]DV 
 

6NDLþLDYLPXV�DWOLHNDPH�LNL�WDPSUXPR�ULERV� 
Maksimalus sukimo momentas elT  GDU�QHVXNHOLDQWLV� SODVWLQLÐ� GHIRUPDFLMÐ� DSVNDLþLXRMDPDV�

SDJDO�IRUPXO
������3ROLQLV�DWVSDUXPR�PRPHQWDV�� 
 

16

3
e

p

d
W

⋅= π
.                                                                     (54) 

 

Polinis atsparumo momentas strypams su skirtingais id  DSVNDLþLXRMDPDV�SDJDO�IRUPXO
� 
 

e

ie
p d

dd
W

44

16

−⋅= π
.                                                                   (55) 

 

6NDLþLDYLPÐ�UH]XOWDWDL�SDWHLNWL�����OHQWHO¡MH� 
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����OHQWHO¡�  
9DP]GåLR�VN\O¡V�VNHUVPHns di  ³WDND�HODVWLQLDP�VXNLPR�PRPHQWXL�Tel 

 

de, m di, m di/de Wp, m
3 Tel, Nm Tel, % 

  0 0 0.00019635 19634.95408 100 

  0.01 0.1 0.00019633 19632.99059 99.99 

  0.02 0.2 0.000196035 19603.53816 99.84 

  0.03 0.3 0.000194759 19475.91096 99.19 

  0.04 0.4 0.000191323 19132.29926 97.44 

0.1 0.05 0.5 0.000184078 18407.76945 93.75 

  0.06 0.6 0.000170903 17090.26404 87.04 

  0.07 0.7 0.000149206 14920.60161 75.99 

  0.08 0.8 0.000115925 11592.47689 59.04 

  0.09 0.9 6.75246E-05 6752.46071 34.39 

  0.1 1 0 0 0 

 

Sukimo momento elT  priklaXVRP\E¡V�QXR�VWU\SR�VN\O¡V�GLDPHWUR� id  grafikas pateiktas 2.2 pav. 

To paties sukimo momento elT kitimas procentais pateiktas 2.3 pav. elT  NLWLP��SURFHQWDLV� LãUHLãNLDPH�
pagal formule: 

 

max

100
,%

el

el
el T

T
T

⋅= .                                                                         (56) 

 

Tel =f(d i /de)

18407
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2.2 pav. Sukimo momento Tel  SULNODXVRP\E¡V�QXR�VWU\SR�VN\O¡V�diametro di  grafikas 
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Tel ,%=f(d i /de)
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2.3 pav. Sukimo momento Tel  SULNODXVRP\E¡V�QXR�VWU\SR�VN\O¡V�diametro di grafikas procentais 

 

,ã� ���� SDY�� SDWHLNWR� JUDILNR�PDWRPH�� NDG� VN\O¡V� VNHUVPHQ³�di padidinus iki ed5,0 , sukimo 

momenlas elT � VXPDå¡MR� WLN�6.25%.�2�Y¡OLDX� VXNLPR�PRPHQWR�NUHLY¡�NLQWD�SDVWHELPLDX�� MRV�NLWLPR�
NDPSDV�GLG¡MD� 

,ã� WR� JDOLPD� GDU\WL� LãYDG��� NDG� VXNDPÐ� VWU\SÐ� VWLSUXPXL� GLGåLDXVL�� ³WDN�� WXUL� LãRULQLDL� MR�
VOXRNVQLDL�� 1HVXQNX� SDVWHE¡WL�� NDG� WXãþLDYLGXULV� VWU\SDV� DWODLN\V� GLGHVQLXV� DSNURYLPXV� jeigu 

ÄSULG¡VLPH��GDXJLDX�PHGåLDJRV�³�LãRULQ³�MR�SDYLUãLÐ�QHJX�³�VN\O¡V�VLHQHOLÐ�SDYLUãLÐ� 
$WOLNXV�HOHPHQWDULXV�VNDLþLDYLPXV�JDXWXPH��NDG�NDL�VN\O¡V�GLDPHWUDV�VLHNLD�0,6de, VNHUVSMÌYLR�

SORWDV� VXPDå¡MD� t i k  iki 25%. Nustatysime kaip kinta Tel priklausomai nuR� VWU\SR�PDWPHQÐ�� LãODLNDQW�
YLHQRG��VNHUVSMÌYLR�SORW�� 
 

2.2.2. 9DP]GåLR�JHRPHWULQLÐ�SDUDPHWUÐ�³WDNRV�Tel tyrimas 

 

$WOLHNDPH�VNDLþLDYLPXV��NRNLXV�Tel DWODLN\V�WR�SDWLHV�VNHUVSMÌYLR�SORWR��EHW�VNLUWLQJÐ�PDWPHQÐ�
WXãþLDYLGXULDL�� DSYDODXV� VNHUVSMÌYLR� VWU\SDL� �YDP]GåLDL��� NDL� VN\O¡V� GLDPHWU�� di didiname iki depr 

�VNDLþLDYLPDPV� XåVLGXRGDPH�� NDG� depr=0.1 P��� 6NDLþLDYLPÐ� VFKHPD� SDWHLNWD� ���� SDYHLNVO¡O\MH��
Laikome, kad strypas pagamintas iš A PHGåLDJRV� 
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i

e e

T=Tel

epr

i

2

1

 

 

2.4 pav. 9DP]GåLR�JHRPHWULQLÐ�SDUDPHWUÐ�³WDNRV�VNDLþLDYLPR�HVNL]DV 
 

7RNLR��SDVWRYDXV�VNHUVSMÌYLR�SORWR�VWU\SR�SORW��DSVNDLþLXRMDPH�ãLD�WYDUND�� 
• prie pradinio skersmens strypo (depr) SORWR� SULGHGDPH� VN\O¡V� SORW�� LU� JDXQDPH� PHQDPR�

strypo 

SORW�� 
• JDY
�PHQDPR�VWU\SR�SORW��Lã�MR�LãVLVNDLþLXRMDPH�MR�VNHUVPHQ³� 
•�Lã�PHQDPR�VWU\SR�SORWR�Y¡O�DW¡P
�VN\O¡V�SORW��LãODLNRPH�VWU\SR�VNHUVSMÌYLR�SORW��SDVWRYÐ� 
6NDLþLDYLPXV�DWOLHNDPH�SDJDO�ãLDV�IRUPXOHV�� 
)RUPXO¡V�VWU\SR�JHRPHWULMDL�DSUDã\WL�� 
6WU\SR�VNHUVSMÌYLR�SORWDV� 
 

;)( 2
2

2
1 constRRA =−= π                                                               (57) 

 

6WU\SR�VN\O¡V�VNHUVPXR�NLQWD�52=0.01, 0.02, 0.03 ...0.1 m; 

Tariamo 1A  VNHUVSMÌYLR�SORWR�VWU\SR��NXULR�de1=de VNHUVPXR�DSVNDLþLXRMDPDV� 
 

 prAAA += 21 ;                                                                            (58) 

 2
11 RA π= ;                                                                                 (59) 

π
12

1

A
R = ;                                                                                  (60) 

π
1

1 2
A

dd ee == .                                                                         (61) 

 

þLD������A2 — VN\O¡V�SORWDV� 
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          A -�VWU\SR�SUDGLQLV�VNHUVSMÌYLV�� 
0RPHQWÐ�QXVWDW\PXL�QDXGRMDPH����IRUPXOH� 
6NDLþLDYLPÐ� UH]XOWDWÐ� VXYHVWLQ¡� SDWHLNWD� ���� OHQWHO¡MH�� 6XNLPR�PRPHQWR� SULNODXVRP\E¡V�

nuo VNHUVSMÌYLR�JHRPHWULMRV�NLWLPR�SURFHQWDLV�JUDILNDV�SDWHLNWDV�����SDYHLNVO¡O\MH� 
 

����OHQWHO¡ 
6XNLPR�PRPHQWR�SULNODXVRP\E¡V�QXR�VNHUVSMÌYLR�JHRPHWULMRV 

 

di, m di/depr de, m Wp, m
3 Tel, Nm Tel, % 

0 0 0.1 0.000196 19634.95 47.14 

0.01 0.1 0.1005 0.000199 19928.26 47.84 

0.02 0.2 0.10198 0.000208 20793.95 49.92 

0.03 0.3 0.1044 0.000222 22192.11 53.28 

0.04 0.4 0.1077 0.000241 24064.39 57.78 

0.05 0.5 0.1118 0.000263 26343.06 63.25 

0.06 0.6 0.11662 0.00029 28959.35 69.53 

0.07 0.7 0.12207 0.000318 31849.45 76.47 

0.08 0.8 0.12806 0.00035 34957.7 83.93 

0.09 0.9 0.13454 0.000382 38237.71 91.8 

0.1 1 0.14142 0.000417 41652.03 100 

 

Tel=f(d i /d epr )
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2.5 pav. Sukimo momento Tel�SULNODXVRP\E¡V�QXR�JHRPHWULMRV��NDL�LãODLNRPDV�pastovus 

VNHUVSMÌYLR�SORWDV��SULNODXVRP\E¡V�JUDILNDV 
 

,ã�JDXWÐ�UH]XOWDWÐ�PDWRPH��åU������SDY����NDG�WXãþLDYLGXULV�VWU\SDV�VX�WRNLX�SDþLX�VNHUVSMÌYLR�
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SORWX� NDLS� SLOQDYLGXULV�� LU� NXULR� VN\O¡V� GLDPHWUDV� O\JXV� WR pilnavidurio strypo išoriniam diametrui, 

DWODLNR� GDXJLDX� QHJX� GYLJXEDL� GLGHVQHV� DSNURYDV�� .DL� VN\O¡V� VNHUVPXR� VLHNLD� ���� SUDGLQLR� VWU\SR�
skersmens, Tel SDGLG¡MD�QXR�������� iki  63,25% ir nuo šio taško Tel NLWLPR�NUHLY¡�EHYHLN�LãVLWLHVLQD��
NLQWD�PDåGDXJ�WXR�SDþLX�NDPSX��.RO�VN\O¡V�GLDPHWUDV�QHVLHNLD� elepr Td ,5,0  NLWLPR�NUHLY¡�NLQWD�QH�WXR�
SDþLX�NDPSX��LU�YLV�ODELDX�N\OD��NDV�Y¡O�JL�URGR��NDG�NRO�VN\O¡V�GLDPHWUDV�QHGLGHOLV��ML�WXUL�QHå\PL��³WDN��
strypo standumui. ,ãODLNDQW�W��SDW³�VWU\SR�VNHUVSMÌYLR�SORW���NRO�VN\O¡V�GLDPHWUDV�QHGLGHOLV��PDåDV�LU�MRV�
plotas. Taigi ir PDåDL�PHGåLDJRV�SULVLGHGD�³�VWU\SR�LãRU
��7RG¡O�JDXQDPDV�PDåDV�Tel pokytis. 

 

����'DXJLDVOXRNVQLÐ�HOHPHQWÐ��GHIRUPXRMDPÐ�LNL�WDPSUXPR�r ibos tyr imas 

 

6NDLþLXRMDQW� GDXJLDVOXRNVQLXV� VWU\Sus iki tamprumo ribos laikome, kad daugiasluoksniame 

sukamame strype Telk EXV�SDVLHNWDV�WDGD��NDL�EHQW�YLHQDPH�Lã�VOXRNVQLÐ�EXV�SDVLHNWDV�ULELQLV�³WHPSLPDV�
Teli. 1DJULQ¡GDPL� GDXJLDVOXRNVQLR� VXNDPR� VWU\SR� GHIRUPDFLMDV� ODLNRPH�� NDG� Q¡UD� SUDVO\GLPR� WDUS�
stryp��VXGDUDQþLÐ�VOXRNVQLÐ��R�GHIRUPDFLMRV�\UD�WLHVLRJ�SURSRUFLQJRV�DWVWXPXL�QXR�VWU\SR�FHQWUR� 

 

������6N\O¡V�VNHUVPHQV�³WDNRV��WULVOXRNVQLR�YDP]GåLR�7el tyr imas 

 

1XVWDW\VLPH�NDLS�NLQWD�GDXJLDVOXRNVQLR� WXãþLDYLGXULR� ���VOXRNVQLÐ��� WLHVLRJLQ¡V�NRQVWUXNFLMRV�
strypo elastinis sukinio momentas Tel , SULNODXVRPDL� QXR� VN\O¡V� GLDPHWUR�� ,ãRULQ³� VWU\SR� GLDPHWU��
LãODLNRPH�SDVWRYÐ��R�VN\O
�GLGLQDPH�QXR�2�LNL�de. 6NDLþLDYLPR�VFKHPD�SDURG\WD�����SDYHLNVO¡O\MH� 
 

e3

e1

e2

1 32

T

e3

e1

e2

21 3

A  =A  =A1

2G1 G G3

32

T 2

sk
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2.6 pav. 6N\O¡V�VNHUVPHQV�³WDND�WULVOXRNVQLDP�YDP]GåLXL� 
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6N\O¡V�GLDPHWU��dsk NHLþLDPH�QXR���LNL�de=0,1. 6N\O¡V�NLWLPR�åLQJVQLV�- 0.01 m. 

7DQJHQWLQLXV� ³WHPSLPXV� iτ � FKDUDNWHULQJXRVH� WDãNXRVH� ��� ��� �� DSVNDLþLXRMDPH� SDJDO� IRUPXO
�
(26). 9LVR�YDP]GåLR�VNHUVSMÌYLR�VWDQGXP��VXNLPR�DWYHMX�DSVNDLþLXRMDPH�SDJDO�IRUPXO
������ 
$WVNLUÐ�VOXRNVQLÐ�SROLQLDL�LQHUFLMRV�PRPHQWDL� piI �DSVNDLþLXRMDPL�SDJDO�IRUPXO
� 
 

)(
32

44
iieipi ddI −= π

.                                                              (62) 

 

 Viso daugiDVOXRNVQLR� YDP]GåLR� HNYLYDOHQWLQ³� ãO\WLHV� PRGXO³� kG � DSVNDLþLXRMDPH� SDJDO�
IRUPXO
����� 
 Kadangi laikome, kad daugiasluoksniame sukame vamzdyje elkT  bus pasiektas tada, kai bent 

YLHQDPH�Lã�VOXRNVQLÐ�EXV�SDVLHNWDV�ULELQLV�³WHPSLPDV� elτ ��WDL�QXVWDWRPH�EÌWHQW�NXULDPH�VOXRNVQ\MH�EXV�
SDVLHNWDV� ãLV� ³WHPSLPDV� SLUPLDXVLDL� LU� SDJDO� ãLR� VOXRNVQLR� PDNVLPDOÐ� V�VÌN³� EXV� DSNUDXWDV� YLVDV�
GDXJLDVOXRNVQLV� YDP]GLV�� 7DL� QXVWDWRPH� SDJDO� VDQW\N³�

adm

f

τ
τ

. $SNUDXQDPH� YD]G³� EHW� NRNLX� VXNLPR�
PRPHQWX�LU�JDXWXV�DWVNLUÐ�VOXRNVQLÐ�³WHPSLPXV�SDGDOLQDPH�Lã�WÐ�VOXRNVQLÐ�OHLVWLQÐMÐ�³WHPSLPÐ��3DJDO�
WDL�� NXULR� VOXRNVQLR� VDQW\NLV� GLGåLDXVLDV�� QXVWDWRPH� NXULDPH� VOXRNVQ\MH� OHLVWLQLHML� ³WHPSLPDL� EXV�
pasiekti pirmiausiai. 

 NXVWDþLXV��NDG�SLUPLDXVLDL� elτ �EXV�SDVLHNWL�SLUPDPH�VOXRNVQ\MH��DSVNDLþLXRMDPH�ãLR�VOXRNVQLR�
PDNVLPDOÐ�VXVLVXNLPR�NDPS���NXULXR�VXNVLPH�YLV��GDXJLDVOXRNVQ³�VWU\S��SDJDO�IRUPXO
������ 

$WVNLUÐ�VOXRNVQLÐ�PDWPHQLV�QXVWDWRPH�ODLN\GDPLHVL�V�O\JRV��NDG�VOXRNVQLÐ�VNHUVSMÌYLR�SORWDL�
YLHQRGL��*HRPHWULM��QXVWDWRPH�VHNDQþLDL� 

 

321 AAA == ;                                                                      (63) 

3
skstr

i
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A

−= ;                                                                    (64) 

)( 2
4

2
33 RRA −= π ;                                                                   (65) 

)( 2
3

2
22 RRA −= π ;                                                                   (66) 
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2
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6NDLþLDYLPÐ�UF]XOWDWDL�SDWHLNWL�����OHQWHO¡MH��R�HODVWLQLR�VXNLPR�PRPHQWR�Tel SULNODXVRP\E¡V�
QXR�VN\O¡V�GLDPHWUR�di NLWLPR�JUDILNDV�����SDYHLNVO¡OLXRVH� 

 

����OHQWHO¡ 
Elastinio sukimo momento Tel SULNODXVRP\E¡�QXR�VN\O¡V�GLDPHWUR�di 

 

6N\O¡V�LU 6OXRNVQLÐ� 
9DP]GåLR�

polinis 

Strypo 

elastinis 

Elastinio 

sukimo 

išorinio diametro VNHUVSMÌYLR inercijos sukimo momento 

    

9DP]GåLR�VOXRNVQLÐ�skersmenys, m2  

 

 santykis plotai, m2 momentas, m4 momentas, Nm pokytis, % 

de1 de2 de3 dsk di/de A1=A2=A3 Ipk Tel û7el 

  0.081 0.058 0 0 0.00262 9.82E-06 14726 100 

  0.081 0.058 0.01 0.1 0.00259 9.82E-06 14660 99.55 

  0.082 0.06 0.02 0.2 0.00251 9.80E-06 14451 98.13 

  0.083 0.063 0.03 0.3 0.00238 9.74E-06 14071 95.55 

  0.084 0.066 0.04 0.4 0.0022 9.57E-06 13470 91.47 

0.1 0.086 0.071 0.05 0.5 0.00196 9.20E-06 12579 85.42 

  0.088 0.076 0.06 0.6 0.00168 8.55E-06 11310 76.8 

  0.091 0.081 0.07 0.7 0.00134 7.46E-06 9555 64.89 

  0.093 0.087 0.08 0.8 0.00094 5.80E-06 7186 48.8 

  0.096 0.093 0.09 0.9 0.0005 3.38E-06 4057 27.55 

  0.1 0.1 0.1 1 0 0 0 0 

 

û7 el =f(d i /de)
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2.7 pav. Trisluoksnio strypo Tel �SULNODXVRP\E¡V 
QXR�VN\O¡V�GLDPHWUR�di  kitimo grafikas procentais 
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����SDYHLNVO¡O\MH�SDURG\WDV�JUDILNDV�DWYDL]GXRMD�HODVWLQLR� VXNLPR�PRPHQWR�NLWLP��QXR�VN\O¡V�
diametrR� SURFHQWDLV�� 7�\��� NDL� WXULPH� SLOQDYLGXU³� VWU\S��� Tel tokio strypo sudaro 100%, o kai 

WXãþLDYLGXULR� VWU\SR� VN\O¡V� VNHUVPXR� VLHNLD� SXVH� LãRULQLR� VNHUVPHQV�(di/de=0.5), tokio strypo Tel 

14.58%�PDåHVQLV�QHJX�SLOQDYLGXULR�VWU\SR� 
Palyginus su analogiškais skaLþLDYLPDLV� KRPRJHQLQLDP� VWU\SXL�� PDWRPH�� NDG� VWU\SÐ� VN\O¡V�

diametrus padidinus iki 0,5 išorinio strypo diametro, homogeniniam strypui elastinis sukimo 

PRPHQWDV� VXPDå¡MD� 6.25%, o trisluoksniam strypui 14.58%.� .DGDQJL� VNDLþLDYLPDL� EXYR� DWOLNWL�
išlaikant atskLUÐ� VOXRNVQLÐ� VNHUVSMÌYLÐ� SORWXV� YLHQRGXV�� WDL� WULVOXRNVQLDP� WLHVLRJLQ¡V� NRQVWUXNFLMRV�
VWU\SXL� VN\O¡V� ³WDND� HODVWLQLDP� VXNLPR�PRPHQWXL� \UD� SDVWHELPHVQ¡�� ýLD� SURSRUFLQJDL� VXPDå¡MR� LU�
LãRULQLV�� GLGåLDXVL�� ãO\WLHV� PRGXO³� WXULQWLV� PHGåLDJRV� VOXRNVQLV� �åU�� ���� OHQWHO
�� VWU\SR� VOXRNVQLÐ�
VNHUVPHQLV���NXULV�WXUL�GLGåLDXVL��³WDN��VWU\SR�VWDQGXPXL�VXNLPR�DWYHMX��7RG¡O�LU�Tel pokytis tokiame 

VWU\SH�åHQNOHVQLV� 
 

����������0HGåLDJRV�LãG¡VW\PR�³WDNRV�YDP]GåLR�Tel tyrimas 

 

Nustatysime kaip kinta Tel SULNODXVRPDL� QXR� PHGåLDJRV� LãG¡VW\PR�� 7�\�� LPDPH� YLHQRGRV�
JHRPHWULMRV�YDP]GåLXV�VX�VNLUWLQJDL�LãG¡VW\WRPLV�PHGåLDJRPLV��3LUPX�DWYHMX�VNDLþLXRMDPH�WLHVLRJLQ¡V�
konstrukcijos, antru -� DWYLUNãWLQ¡V�� WUHþLX� -� QHWDLV\NOLQJRV� NRQVWUXNFLMRV� YDP]GåLXV�� 6NDLþLDYLPXV�
atliksime pagal 2.8 pDYHLNVO¡O\MH� SDWHLNW�� VFKHP��� 9DP]GåLÐ� JHRPHWULQLXV� SDUDPHWUXV� SDUHQNDPH�
WRNLXV�� NDG� YLVÐ� VOXRNVQLÐ� VNHUVSMÌYLÐ� SORWDL� EÌWÐ� YLHQRGL�� 7DLS� JDOLPH� WLNVOLDX� ³YHUWLQWL� Tel 

SULNODXVRP\E
� QXR� PHGåLDJRV� SDUDPHWUÐ� WXULQW� WRNL�� SDþL�� YDP]GåLÐ� JHRPHWULM��� /DLNRPH�� Nad 

YDP]GåLDL�VXGDU\WL�Lã��A, B ir C PHGåLDJÐ� 
1XVWDWRPH�VOXRNVQLÐ�PDWPHQLV���9DP]GåLR�LãRULQLV�GLDPHWUDV� mde 1,01 = . 

&HQWULQ¡V� GDOLHV� GLDPHWU�� LãVLUHLãNLDPH� Lã� V�O\JRV� 2
3 3

1
RAA ⋅== π , kur A YLVR� YDP]GåLR�

VNHUVSMÌYLV� 

π
A

Rd 223 == ;                                                                     (70) 

2
3

2
22 RRA ⋅−⋅= ππ ;                                                                     (71) 

π
π 2

32
22 2

RA
Rd

⋅+== .                                                             (72) 

 

Polinius inercijos momentus apskaLþLXRMDPH�SDJDO�IRUPXO
�������9DP]GåLR�VWDQGXPDV�VXNLPR�
DWYHMX�UDQGDPDV�Lã�IRUPXO¡V�������(NYLYDOHQWLQLV�ãO\WLHV�PRGXOLV�DSVNDLþLXRMDPDV�SDJDO�IRUPXO
������ 
 1XVWDWRPH�NXULDPH�VOXRNVQ\MH�ULELQLDL�³WHPSLPDL�EXV�SDVLHNWL�SLUPLDXVLDL��7DL�DWOLNVLPH�SDJDO�
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sant\N³�
adm

f

τ
τ �� ýLD� fτ  -� ³WHPSLPDL� FKDUDNWHULQJXRVH� YDP]GåLR� WDãNXRVH� ��� ��� ��� ��� ��� .XULDPH�

VOXRNVQ\MH�ãLV�VDQW\NLV�GLGåLDXVLDV��WDPH�VOXRNVQ\MH�LU�EXV�SDVLHNWL�PDNVLPDOÌV�³WHPSLPDL�SLUPLDXVLDL��
²WHPSLPXV�N\ODQþLXV�ãLXRVH�WDãNXRVH�DSVNDLþLXRMDPH�SDJDO�IRUPXO
������ 
 1XVWDW
�VOXRNVQ³��NXULV�SODVWLãNDL�GHIRUPXRVLV�SLUPDV��SDJDO�IRUPXO
������JDOLPH�DSVNDLþLXRWL�
WR�VOXRNVQLR�PDNVLPDOÐ�VDQW\NLQ³�V�VXN³�θ ��NXULR�VXNVLPH�YLV��GDXJLDVOXRNVQ³�YDP]G³��6NDLþLXRMame 

WLHVLRJLQ¡V� NRQVWUXNFLMRV� VWU\S�� ���� �� pav., a), antru atveju -� DWYLUNãWLQ¡V� ����� SDY��� E��� WUHþLX� - 
QHWDLV\NOLQJRV������SDY���F��VOXRNVQLÐ�LãG¡VW\PR�NRQVWUXNFLMRV�YDP]GåLXV� 
 

4
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����SDY��'DXJLDVOXRNVQLR�YDP]GåLR�NRQVWUXNFLMÐ�WLSDL 
 

5H]XOWDWÐ� VXYHVWLQ¡�SDWHLNWD�����OHQWHO¡MH������ OHQWHO¡MH�SDWHLNWD�³WHPSLPÐ�NLHNYLHQR�VOXRNVQLR�
FKDUDNWHULQJXRVH� WDãNXRVH� VXYHVWLQ¡� ²WHPSLPÐ� GLDJUDPRV� SDYDL]GXRWRV� ���� SDYHLNVO¡O\MH�� Tel 

SULNODXVRP\EHV�QXR�PHGåLDJRV�LãG¡VW\PR�JUDILNDV�SDWHLNWDV������SDYHLNVO¡O\MH� 
 

����OHQWHO¡ 
'DXJLDVOXRNVQLÐ�YDP]GåLÐ�SDUDPHWUDL 

 

9DP]GåLÐ�VOXRNVQLÐ�VNHUVPHQ\V��
m 

6NHUVSMÌYLR�
plotai, m2 

6OXRNVQLÐ�SROLQLDL�LQHUFLMRV�
momentai, m4 

9DP]GåLR�SROLQLV�LQHUFLMRV�
momentas,m4 

de1 de2 de3 dsk Ai Ip1 Ip2 Ip3 Ipk 

0,1 0,0866 0,0707 0,05 0,00196 4,295E-06 3,068E-06 1,841E-06 9,204E-06 
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����OHQWHO¡ 
²WHPSLPÐ�FKDUDNWHULQJXRVH�WDãNXRVH�VXYHVWLQ¡ 

 

Konstrukcija 7LHVLRJLQ¡  $WYLUNãWLQ¡  Netaisiklinga  

Elastinis sukimo 

momentas Tel, Nm 6250 5300 5800 

Strypo standumas 

K ,Nm2 754718 533825 607456 

 τ , MPa admττ /  τ , MPa admττ /  τ , MPa admττ /  

6 taškas 12,42 0,414 59,57 0,596 28,64 0,477 

5 taškas 17,57 0,585 84,24 0,842 40,51 0,675 

4 taškas 35,13 0,585 42,12 0,702 81,02 0,81 

3 taškas 43,03 0,717 51,59 0,86 99,23 0,992 

2 taškas 86,06 0,86 25,79 0,86 24,81 0,826 

1 taškas 99,37 0,993 29,79 0,993 28,64 0,955 
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2. 9 pav.�²WHPSLPDL�³YDLULRVH�GDXJLDVOXRNVQLR�YDP]GåLR�NRQVWUXNFLMRVH 
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�����SDY��0DNVLPDOÌV�VXNLPR�PRPHQWDL�Tel��³YDLULRVH�NRQVWUXNFLMRVH 
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,ã� JDXWÐ� UH]XOWDWÐ� ������ SDY��� PDWRPH�� NDG� GLGåLDXVLXV� VXNLPR� PRPHQWXV� Tel  atlaiko 

WLHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]GåLDL�� 0DåLDXVLXV� VXNLPR� PRPHQWXV� Tel DWODLNR� DWYLUNãWLQ¡V�
NRQVWUXNFLMRV� YDP]GåLDL.� � 7LHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]G\MH� SLUPR� LU� DQWUR� VOXRNVQLÐ� PHGåLDJÐ�
išnaudojimas (tai parodo yττ / �VDQW\NLV��PDå¡MD�WRO\JLDL�VOXRNVQLDPV�DUW¡MDQW�SULH�FHQWUR��.XR�VDQW\NLV�

yττ / ����� OHQWHO¡MH�DUþLDX�YLHQHWR�� WXR�JHULDX� LãQDXGRMDPRV�PHGåLDJRV� VWLSUXPR�VDY\E¡V��7LHVLRJLQ¡V�
NRQVWUXNFLMRV�YDP]G\MH�GLGHVQLR�WDPSUXPR�PRGXOLR�VOXRNVQLDL� LãVLG¡VWR�WROLDX�QXR�YDP]GåLR�FHQWUR��
taiS�VDYR�UXRåWX�³QHãGDPL�GLGHVQL�LQGHO³�³�YDP]GåLR�VWDQGXP��� 

 

������6OXRNVQLÐ�VNDLþLDXV�n���³WDND�VWDQGXPXL�B tempimo -�JQLXåG\PR�DWYHMX 

 

 6OXRNVQLÐ� VNDLþLDXV� ³WDND� VWDQGXPXL�B tempimo -� JQLXåG\PR�DWYHMX�SDWHLNWD����� OHQWHO¡MH�� R�
JDXWRV�SULNODXVRP\E¡V�SDYDL]GXRWRV������SDYHLNVO¡O\MH��$WOLHNDQW�VNDLþLDYLPXV�ODLNRPH�NDG�YDP]GLV�
pagamintas iš A ir B�PHGåLDJÐ���,ã�JDXWÐ�UH]XOWDWÐ�PDWRPH��NDG�WLHVLRJLQLÐ�LU�DWYLUNãWLQLÐ�NRQVWUXNFLMÐ�
VX�O\JLQLX�VOXRNVQLÐ�VNDLþLXPL�VWDQGXPDV�\UD�YLHQRGDV�LU�LãOLHND�WRNV�SDWV�GLGLQDQW�VOXRNVQLÐ�VNDLþLÐ��
7DLS� \UD� WRG¡O� NDG� QHSULNODXVRPDL� QXR� VOXRNVQLÐ� VNDLþLDXV�� VNHUVSMÌYLR� SORWR� GDOLV� WHQNDQWL� YLHQDL�
PHGåLDJDL�\UD�QHNLQWDQWL��7ULMÐ� VOXRNVQLÐ� WLHVLRJLQ¡V�NRQVWUXNFLMRV�VWDQGXPDV�\UD�GLGåLDXVLDV�� WDþLDX�
GLG¡MDQW� VOXRNVQLÐ� VNDLþLXL�� PHGåiagos su didesniu tamprumo moduliu E turio dalis konstrukcija 

VDQW\NLQDL� PDåHMD�� WRG¡O� LU� PDå¡MD� VWDQGXPDV�B�� � $WYLUNãWLQ¡VH� NRQVWUXNFLMRVH�� GLG¡MDQW� VOXRNVQLÐ�
VNDLþLXL��PDå¡MD�PHGåLDJRV�NLHNLV�VX�PDåHVQLX�WDPSUXPR�PRGXOLX�E��WRG¡O�VWDQGXPDV�B�LU�GLG¡MD� 
 

2.7 OHQWHO¡� 
'DXJLDVOXRNVQLÐ�YDP]GåLÐ�VWDQGXPDV�QXR�VOXRNVQLÐ�VNDLþLDXV 

 

n 
Tiesiogin¡ konstrukcijos vamzdis 

2 3 4 5 6 7 8 9 10 11 12 B, 
Pa*m2*109B 1,089 1,138 1,089 1,119 1,089 1,11 1,089 1,106 1,089 1,103 1,089 

$WYLUNãWLQ¡�NRQVWUXNFLMRV�YDP]GLV 
2 3 4 5 6 7 8 9 10 11 12 B, 

Pa*m2*109 1,089 1,04E 1,089 1,06 1,089 1,068 1,089 1,073 1,089 1,076 1,089 
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B=f(n)

1

1,02

1,04

1,06

1,08

1,1

1,12

1,14

1,16

2 3 4 5 6 7 8 9 10 11 12

n

B, Pa*m2*109

1 2 3
 

 

������SDY��9DP]GåLR�DãLQLR�VWDQGXPR�%�SULNODXVRP\E¡V�QXR�VOXRNVQLÐ�VNDLþLDXV�Q����–su lyginiu sluoksniu 

VNDLþLXPL����– tiesiogiQLÐ����–�DWYLUNãWLQLÐ��VX�QHO\JLQLX�VOXRNVQLÐ�VNDLþLXPL� 
 

������6LHQHO¡V�VWRULR�³WDND�NRQVWUXNFLMRV�GHIRUPDFLMDL�ε  

 

1XVWDWRPH� NDLS� SULNODXVR� WLHVLRJLQ¡V� LU� DWYLUNãWLQ¡V� NRQVWUXNFLMRV� GDXJLDVOXRNVQLR� YDP]GåLR�
deformacija ε �QXR�VLHQHO¡V�VWRULR�WHPSLPR�–�JQLXåG\PR�DWYHMX��'LGLQDQW�VLHQHO¡V�VWRU³��NDLS�LU�SULHã�WDL�
DWOLNWXRVH� VNDLþLDYLPXRVH�� LãODLNRPH� SDVWRYLXV� DWVNLUÐ� VOXRNVQLÐ� VNHUVSMÌYLR� SORWXV�� ODLNDQW� NDG�
vamzdis pagamintas iš A ir B�PHGåLDJÐ��6NDLþLDYLPXV�DWOLHName iki tamprumo ribos.  

2.8 OHQWHO¡� 
9DP]GåLÐ�GHIRUPDFLMD�ε �NLQWDQW�VLHQHO¡V�VWRULXL� 

 

 6OXRNVQLÐ�VNDLþLXV�Q 
 2 3 4 5 6 7 8 9 10 11 12 

Re-Ri, m 7LHVLRJLQ¡V�NRQVWUXNFLMRV�YDP]GLV 
0,5 0,000275 0,000263 0,000275 0,000268 0,000275 0,00027 0,000275 0,000271 0,000275 0,000272 0,000275 
0,4 0,000286 0,000274 0,000286 0,000279 0,000287 0,000281 0,000288 0,000282 0,000286 0,000283 0,000286 
0,3 0,000327 0,000313 0,000327 0,000319 0,000327 0,000321 0,000327 0,000322 0,000327 0,000323 0,000327 
0,2 0,00043 0,000411 0,00043 0,000418 0,00043 0,000422 0,000431 0,000423 0,000430 0,000424 0,000430 
0,15 0,000539 0,000516 0,000539 0,000525 0,000539 0,000529 0,000538 0,000531 0,000539 0,000533 0,000539 
0,1 0,000764 0,000731 0,000765 0,000744 0,000765 0,00075 0,000767 0,000753 0,000764 0,000755 0,000764 
0,05 0,001448 0,001386 0,001448 0,00141 0,001448 0,001421 0,001448 0,001427 0,001448 0,001431 0,001448 

Re-Ri, m $WYLUNãWLQ¡V�NRQVWUXNFLMRV�YDP]GLV 
0,5 0,000275 0,000288 0,000275 0,000282 0,000275 0,00028 0,000275 0,000279 0,000275 0,000278 0,000275 
0,4 0,000286 0,0003 0,000286 0,000294 0,000286 0,000292 0,000286 0,000291 0,000286 0,000290 0,000286 
0,3 0,000327 0,000343 0,000328 0,000336 0,000327 0,000334 0,000327 0,000332 0,000327 0,000331 0,000327 
0,2 0,00043 0,00045 0,00043 0,000442 0,00043 0,000438 0,000430 0,000436 0,000430 0,000435 0,000430 
0,15 0,000539 0,000565 0,000539 0,000554 0,000539 0,00055 0,000539 0,000548 0,000539 0,000546 0,000539 
0,1 0,000764 0,0008 0,000764 0,000786 0,000764 0,000779 0,000764 0,000776 0,000764 0,000774 0,000764 
0,05 0,001448 0,001517 0,001448 0,001489 0,001448 0,001477 0,001448 0,001471 0,001448 0,001466 0,001448 
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0 I�Q�

0,00025

0,00045

0,00065

0,00085

0,00105

0,00125

0,00145

0,00165

0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5
Re-Ri , m

0��P

n=2,4,6,8,10,12 n=3(teis) n=3(atv)
 

 

�����SDY��.RQVWUXNFLMRV�GHIRUPDFLMD�NLQWDQW�VLHQHO¡V�VWRULXL 
 

 ,ã� JDXWÐ� UH]XOWDWÐ� ����� OHQWHO¡�� ����� SDY�� PDWRPH�� NDG� GLG¡MDQW� YDP]GåLR� VLHQHO¡V� VWRULXL�
QHSULNODXVRPDL� QXR� YDP]GåLR� NRQVWUXNFLMRV� WHPSLPR� –� JQLXåG\PR� DWYHMX� GHIRUPDFLMD� ε � PDåHMD���
3DGLG¡MXV�YDP]GåLR�VLHQHO¡V�VWRULXL�LNL�50%, konstrukcijos deformacija ε  sumaå¡ja apie 3,5 karto, po to šis 

GHIRUPDFLMRV�PDå¡MLPDV�QHE¡UD�WRNV�SDVWHELPDV��7RG¡O�GLGåLDXVLDV�VWDQGXPR�HIHNWDV�\UD�JDXQDPDV�GLGLQDQW�
SORQDVLHQLÐ�YDP]GåLÐ�VLHQHOHV� 
 

3 SUKAMÏ�(/(0(17Ï�7<5,0$6� 
 ESANT TAMPRIAI PLASTINIAM DEFORMAVIMUI 

 

 ����+RPRJHQLQLÐ�HOHPHQWÐ�SODVWLQLR�GHIRUPDYLPR�W\ULPDV 
 

Nustatome kaip kinta maksimalus sukimo momentas plT  priklausomai nuo to koks vamzdis 

GHIRUPXRMDPDV�� W�\�� LPDPH� VNLUWLQJXV� YDP]GåLXV�� NXULÐ� LãRULQLDL� GLDPHWUDL� de yra vienodi, o vidiniai 

�VN\O¡V��GLDPHWUDL�d, kinta nuo O iki de. Laikome, kad strypai pagaminti iš A PHGåLDJRV��6NDLþLDYLPXV�
atliekame pagal prieš tai naudotas formules. 6NDLþLDYLPR�VFKHPD�SDWHLNWD������SDY��R�VNDLþLDYLPR�UH]XOWDWÐ�
VXYHVWLQ¡� SDWHLNWD� ���� OHQWHO¡MH�. Šiuo atveju vamzdis sukamas tokiu momentu, kad plastiškai 

GHIRUPXRWXVL�YLVX�VNHUVSMÌYLX��� 
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T=Tpl

e

i

T=Tpl

i

e

T=Tpl

e

i

a b c  

 

�����SDY�9DP]GåLR�SODVWLQLR�GHIRUPDYLPR�VNDLþLDYLPR�HVNL]DV 
 �����OHQWHO¡ 

 

9DP]GåLR�VN\O¡V�VNHUVPHQV�di�³WDND�SODVWLQLDP�sukimo momentui Tpl 

 

de, m di, m di/de Tpl, Nm Tpl, % m 

  0 0 26180 100 1.333 

  0.01 0.1 26153 99.99 1.332 

   0.02 0.2 25970 99.2 1.325 

  0.03 0.3 25473 97.3 1.308 

  0.04 0.4 24504 93.6 1.281 

0.1 0.05 0.5 22907 87.5 1.244 

  0.06 0.6 20525 78.4 1.2 

  0.07 0.7 17200 65.7 1.153 

  0.08 0.8 12776 48.8 1.102 

  0.09 0.9 7094 27.1 1.051 

  0.1 1 0 0 0 

 

Sukimo momento plT  SULNODXVRP\E¡V�QXR�VWU\SR�VN\O¡V�GLDPHWUR� id  grafikas pateiktas 3.2 pav. 

plT  NLWLP��SURFHQWDLV�LãUHLãNLDPH�SDJDO�IRUPXOH� 
 

max

100
,%

pl

pl
pl T

T
T

⋅
= .                                                                         (73) 
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Tpl %=f(d i /d e)
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3.2 pav. Sukimo momento Tpl  SULNODXVRP\E¡V�QXR�VWU\SR�VN\O¡V�diametro di grafikas procentais 

 

,ã� ���� SDY�� SDWHLNWR� JUDILNR�PDWRPH�� NDG� VN\O¡V� VNHUVPHQ³�di padidinus iki ed5,0 , sukimo 

momenlas plT  VXPDå¡MR� 12,5%.� 2� Y¡OLDX� VXNLPR� PRPHQWR� NUHLY¡� NLQWD� SDVWHELPLDX�� MRV� NLWLPR�
NDPSDV� GLG¡MD��'LGHMDQW� VN\O¡V� GLDPHWUXL� SODVWLQLR� VXNLPR�PRPHQWR� plT  PDåHMLPDV� \UD� GLGHVQLV� Xå�
elastinio sukimo momento Tel ��HVDQW�WDL�SDþLDL�YDP]GåLR�NRQVWUXNFLMDL� 

,ã� WR�� NDLS� LU� GHIRUPDYLPR� DWYHMX� LNL� WDPSUXPR� ULERV�� JDOLPD� GDU\WL� LãYDG��� NDG� VXNDPÐ�
YDP]GåLÐ�VWLSUXPXL�GLGåLDXVL��³WDN��WXUL�LãRULQLDL�MR�sluoksniai.  

 

����'DXJLDVOXRNVQLÐ�HOHPHQWÐ�SODVWLQLR�GHIRUPDYLmo tyr imas 

 

�������9DP]GåLR�VLHQHO¡V�VWRULR�³WDND�SODVWLQLR�VXNLPR�PRPHQWXL�Tpl, bei plastinio 

deformavimo koeficientui m 

 

Nustatome kaip kinta sukimo momentas elT  SULNODXVRPDL� QXR� WR� NRNLR� VLHQHO¡V� VWRULR� YDP]GLV�
deformuojamas, t.y. imDPH� VNLUWLQJXV� YDP]GåLXV�� NXULÐ� LãRULQLDL� GLDPHWUDL� de yra vienodi, o vidiniai 

�VN\O¡V��GLDPHWUDL�d, kinta nuo O iki de. Laikome, kad strypai pagaminti iš A ir B PHGåLDJRV��6OXRNVQLÐ�
VNDLþLXV�NLQWD�QXR���LNL�����R�MÐ�VNHUVSMÌYLR�SORWDL�LãODLNRPL�YLQRGL���6NDLþLDYLPDL�DWOLHNDPL�SDJDO�SULHã�WDL�
DSUDã\WDV� IRUPXOHV�� 6NDLþLDYLPR� UH]XOWDWDL� SDWHLNWL� ����� ���� � OHQWHO¡VH�� (ODVWLQLR� VXNLPR� PRPHQWR�Tel  

SULNODXVRP\E¡� QXR� YDP]GåLR� VLHQHO¡V� VWRULR� SDWHLNWD� ���� SDYHLNVO¡O\MH�� R� plastinio deformavimo 

koeficiento m priklaXVRP\E¡�QXR�VLHQHO¡V�VWRULR�����SDYHLNVO¡O\MH� 
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����OHQWHO¡ 
 

9DP]GåLR�HODVWLQLR�VXNLPR�PRPHQWR�Tel  SULNODXVRP\E¡�QXR�VLHQHO¡V�VWRULR 
 

9DP]GåLR�VLHQO¡V�VWRULV  
0,5 0,4 0,3 0,2 0,15 0,1 0,05 

  
  
 
n 7LHVLRJLQ¡V�NRQVWUXNFLMRV�7el  
2 17180584,82 16964600,3 16081027,4 13823007,68 11828832,65 9012443,925 5152948,263 
3 16362461,74 16336281,8 15943582,72 14241886,7 12433834,67 9660397,41 5627050,592 
12 15135277,11 15079644,7 14637858,27 12985249,63 11296848,11 8747372,045 5079112,654 
 n  $WYLUNãWLQ¡V�NRQVWUukcijos Tel  
2 9817477,042 9952565,527 10093937,2 9449910,702 8441655,81 6701017,13 3980594,242 
3 10471975,51 10455220,35 10203892,94 9114807,486 7957654,192 6182654,342 3601312,379 
12 11453723,22 11460530 11248472,5 10120117,13 8867243,44 6913074,634 4039662,729 

 

Tel =f(Re-R i )

3

6

9

12

15

18

0,05 0,1 0,15 0,2 0,25 0,3 0,35 0,4 0,45 0,5

Re-R i , m

Tel , Nm*10 6

matv(n=2) matv(n=3) matv(n=12)
mties(n=2) mties(n=3) mties(n=12)

 

 

3.2 pav.  Elastinio sukimo momento Tel  SULNODXVRP\E¡�QXR�YDP]GåLR�VLHQHO¡V�VWRULR 
����OHQWHO¡ 

 
9DP]GåLR�SODVWLQLR�GHIRUPDYLPR�NRHILFLHQWR�m SULNODXVRP\E¡�QXR�VLHQHO¡V�VWRULR 

 

Vam]GåLR�VLHQO¡V�VWRULV  
0,5 0,4 0,3 0,2 0,15 0,1 0,05 

  
  
n  7LHVLRJLQ¡V�NRQVWUXNFLMRV�P  
2 1,20056071 1,191070371 1,154857299 1,093095797 1,055665094 1,025759045 1,00325614 
3 1,262194274 1,258260546 1,222583963 1,150433501 1,105434565 1,057516746 1,008562111 
12 1,240284878 1,230240158 1,188692922 1,11612388 1,072444229 1,02641191 1,00264812 
 n $WYLUNãWLQ¡V�NRQVWUXkcijos m  
2 1,632352092 1,622965066 1,558846623 1,441836821 1,373311376 1,303035431 1,233588054 
3 1,527821446 1,511531999 1,451781523 1,355021185 1,298814553 1,240584013 1,182190907 
12 1,561052126 1,55377757 1,502983918 1,407291379 1,349355998 1,288533365 1,22708461 
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m=f(Re-R i )

1
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3.3  pav. Plastinio deformavimo koeficiento m SULNODXVRP\E¡�QXR�VLHQHO¡V�VWRULR 
 

,ã�JDXWÐ� UH]XOWDWÐ�PDWRPH��NDG� WLHVLRJLQ¡V�NRQVWUXNFLMRV�YDP]GLV�DWODLNR�GLGHVQLXV�HODVWLQLXV�
sukimo momentus Tel, nei tokios patV�JHRPHWULQ¡V�IRUPRV�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�YDP]GLV��QHV�MR�
standumas K�\UD�GLGHVQLV��3DGLG¡MXV�GDXJLDVOXRNVQLR�YDP]GåLR�VLHQHO¡V�VWRULXL�50%, elastinis sukimo 

PRPHQWDV��SULNODXVRPDL�QXR�YDP]GåLR�NRQVWXNFLMRV�WLSR��SDGLG¡MD�DSLH���– 4 kartus. Didinant VLHQHO¡V�
stori daugiaus nei 50%, sukimo PRPHQWR� GLG¡MLPR� SULNODXVRP\E¡� WDPSD� GDXJLDX� WLHVLQ¡� LU� QHE¡UD�
tokia pastebima.  

,U�WLHVLQ¡MH��LU�DWYLUNãWLQ¡MH�NRQVWUXNFLMRMH�SODVWLQLR�GHIRUPDYLPR�NRHILFLHQWR�m�SULNODXVRP\E¡�
QXR� VLHQHO¡V� VWRULR� GLG¡MD�� � 'DXJLDVOXRNVQLR�� DWYLUNãWLQ¡V� NRQVWUXNFLMRV� YDP]GåLR� SODVWLQLR�
deformavimo koeficientas m yra apie 20% GLGHVQLV� Xå� WLHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]GåLR� SODVWLQLR�
GHIRUPDYLPR�NRHILFLHQW��� 3ODVWLQLR� GHIRUPDYLPR� HIHNW\YXPR�NRHILFLHQWDV�P� VXNLPR� DWYHMX�� SDURGR�
NLHN�NDUWÐ�didesnius sukimo momentus gali atlaikyti vamzdis deformuojamas plastiškai iki tam tikros 

ULERV�DU�YLVX�VNHUVSMÌYLX��SDO\JLQXV�VX�YDP]GåLX���GHIRUPXRMDPX�LNL�WDPSUXPR�ULERV��9DGLQDVL�HVDQW�
PDåHVQLDP�HODVWLQLR�VXNLPR�PRPHQWXL�Tel�DWYLUNãWLQ¡VH�NRQVWUXNFLMRVH, plastinio sukimo momento Tpl 

SDGLG¡MLPDV� \UD� DSLH�20% �� WDþLDX� MLV� YLV� WLHN� LãOLNV� PDåHVQLV� Xå� WLHVLRJLQ¡V� NRQVWUXNFLMRV� VXNLPR�
momentus.  
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��������6OXRNVQLÐ�VNDLþLDXV�Q�³WDNRV��WLHVLRJLQ¡V�NRQVWUXNFLMRV�YDP]GåLR�tyr imas 

 

Nustatysyme kaip priklauso HODVWLQLV� VXNLPR� PRPHQWDV� QXR� GDXJLDVOXRNVQLR� VWU\SR� VOXRNVQLÐ�
VNDLþLDXV��ýLD� VNDLþLXRMDPH�HODVWLQ³� VXNLPR�PRPHQW��Tel YDP]GåLDPV�VX� VNLUWLQJDLV� VOXRNVQLÐ� VNDLþLDLV��
9DP]GLV�VXGDU\WDV� Lã�GYLHMÐ�VNLUWLQJÐ�PHGåLDJÐ�(A PHGåLDJD�LU�B PHGåLDJD���NXULÐ�NLHNLDL�Yamzdyje 

vienodi. 

6NDLþLXRMDQW� WLHVLRJLQ¡V� NRQVWUXNFLMRV�� NDL� VOXRNVQLDL� QXR� LãRU¡V� LãVLG¡VWR� A-B-A- seka, ir 

DWYLUNãWLQ¡V� NRQVWUXNFLMRV�� NDL� VOXRNVQLDL� QXR� LãRU¡V� LãVLG¡VWR�B-A-B-� VHND� YDP]GåLXV�� NXULÐ�n kinta 

QXR���LNL�����VNHUVSMÌYLR�SORWXV�LãODLNRPH�SDVWRYLXV��9LGLQLV�YDP]GåLÐ�GLDPHWUDV�dvid=0,05 m, išorinis 

dišor=0,1 m�� $WVNLUÐ� VOXRNVQLÐ� VNHUVSMÌYLÐ� SORWDL� WDUSXVDY\MH� WDLS� SDW� \UD� LãODLNRPL� YLHQRGL��
6NDLþLXRMDPL�GDXJLDVOXRNVQLDL�YDP]GåLDL�Lã�GYLHMÐ�PHGåLDJÐ������SDY�� 

.DGDQJL�PÌVÐ�DWYHMX�WXULPH�WLN�GYL�PHGåLDJDV��WDL� 
 

( ) ( )∑∑ += pynelygypylygypl WWT 21 ττ . 

 

þLD��∑ plygW  -�O\JLQLÐ�VOXRNVQLÐ�SROLQLÐ�SODVWLQLÐ�DWVSDUXPR�PRPHQWÐ�VXPD� 
       ∑ plygW  -�QHO\JLQLÐ�VOXRNVQLÐ�SROLQLÐ�SODVWLQLÐ�DWVSDUXPR�PRPHQWÐ�VXPD� 
 

9DP]GåLR�SROLQLV�SODVWLQLV�DWVSDUXPR�PRPHQWDV�DSVNDLþLXRMDPDV�SDJDO�IRUPXO
� 
 

( )
12

33
ie

ppl

dd
W

−= π
. 

 

.LWXV�VNDLþLDYLPXV�DWOLHNDPH�SDJDO�DQNVþLDX�QDXGRWDV�IRUPXOHV��6DQW\NLQLV�YDP]GåLR�VXVLVXNLPR�
kampas θ �ãLXR�DWYHMX�SDVWRYXV��NDGDQJL�YLV��GDXJLDVOXRNVQ³�YDP]G³�VXNDPH�WRO��NRO�MLV�SLOQDL�GHIRUPXRVLV�
YLVX�VNHUVSMÌYLX��âLXR�DWYHMX�YD]GåLR�VDQW\NLQL�VXVLVXNLPR�NDPS��DSVSUHQGåLD�YLGLQLV�VOXRNVQLV�� 

6WU\SR�DWVNLUÐ�VOXRNVQLÐ�VNHUVSMÌYLÐ�SORWDL�LãODLNRPL�YLHQRGL��.DGDQJL�ãLXR�DWYHMX�QDJULQ¡MDPL�
strypai yra tiesiogin¡V� NRQVWUXNFLMRV�� WDL� SLUPLDXVLDL� WDNXPR� ULERV�� ³WHPSLPDL� EXV� SDVLHNWL� SLUPR�
VOXRNVQLR�LãRU¡MH��7DLJL�VWU\SR�VDQW\NLQLV�V�VÌNLV�θ , VNDLþLXRMDQW�HODVWLQ³�VXNLPR�PRPHQW��Tel  bus visiems 

strypams vienodas.� 6NDLþLDYLPXV� DWOLHNDPH� SDJDO� SULHã� WDL� QDXGRWDV� IRUPXOHV�� 6NDLþLDYLPÐ� UH]XOWDWÐ�
VXYHVWLQ¡�SDWHLNWD������OHQWHO¡MH� 
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����SDY��'DXJLDVOXRNVQLR�YDP]GåLR�PHGåLDJÐ�LãVLG¡VW\PDV 
 

����OHQOHO¡ 
7LHVLRJLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLR�YDP]GåLR� 
QXR�VOXRNVQLÐ�VNDLþLDXV�n�VNDLþLDYLPÐ�UH]XOWDWDL 

 

6OXRNVQLÐ�
VNDLþLXV 

0HGåLDJRV�ãO\WLHV�
modulis, GPa 

Polinis 

inercijos 

momentas, 

m4 

9DP]GåLR�
standumas, Nm2 

Ekvivalentinis 

šlyties modulis, 

GPa 

Elastinis sukimo 

momentas, Nm 

Plastinis sukimo 

momentas, Nm 

Plastinio 

deformavimo 

efektyvumo 

koeficientas 

n G1 G2 Ipk K Gk Tel Tpl m 

2      911184,6 9,9E+10 15186 17109 1,127 

3      920388,5 1E+11 15339 18258 1,19 

4      869767,1 9,45E+10 14496 16582 1,144 

5      883572,9 9,6E+10 14726 17363 1,179 

6      855961,3 9,3E+10 14266 16401 1,15 

7 1,2E+11 6E+10 9,2E-06 867794,8 9,43E+10 14463 16983 1,174 

8      849058,4 9,23E+10 14150 16310 1,153 

9      859029,2 9,33E+10 14317 16772 1,171 

10      844916,6 9,18E+10 14081 16255 1,154 

11      853451,1 9,27E+10 14224 16638 1,17 

12      842155,5 9,15E+10 14035 16219 1,156 

 

1XVWDWRPH� NDLS� SULNODXVR� WLHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]GåLR� VWDQGXPDV� K (3.5 pav) ir 

elastinis sukimo momentas Tel, plastinis sukimo momentas Tpl (3.6 pav), ir plastinio deformavimo 

efektyvumo koeficientas m (3.7 pav) SULNODXVR� QXR� GDXJLDVOXRNVQLR� YDP]GåLR� VOXRNVQLÐ� VNDLþLDXV��
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 .XRPHW�QDJULQ¡MDPL�YDP]GåLDL�\UD�WLHVLRJLQ¡V�NRQVWUXNFLMRV��WDL�HVDQW�WDPSULDP�GHIRUPDYLPXL�
ULELQLDL� ³WHPSLPDL� SLUPLDXVLDL� EXV� SDVLHNWL� SLUPRMR� VOXRNVQLR� LãRU¡MH�� 'LGLQDQW� VXNLPR� PRPHQW���
GLGåLDXVLÐ�³WHPSLPÐ�YHLNLPR�YLHWRVH�LPD�UDVWLV�SODVWLQ¡V�GHIRUPDFLMRV��MRV�SDVLUHLãNLD�YLV�JLOHVQLXRVH�
YDP]GåLR� VOXRNVQLXRVH�� 5LELQLV� EÌYLV� EXV� JDXWDV� NDL� SODVWLQ¡� GHIRUPDFLMD� EXV� YLVDPH� VWU\SR�
VNHUVSMÌY\MH�� 3ODVWLQLR� GHIRUPDYLPR� HIHNW\YXPR� NRHILFLHQWDV�m sukimo DWYHMX�� SDURGR� NLHN� NDUWÐ�
didesnius sukimo momentus gali atlaikyti vamzdis deformuojamas plastiškai iki tam tikros ribos ar 

YLVX�VNHUVSMÌYLX��SDO\JLQXV�VX�YDP]GåLX��GHIRUPXRMDPX�LNL�WDPSUXPR�ULERV�� 
 

K=f(n)

911

869

855
849

845 842

883

920

867

859
853

830

840

850

860

870

880

890

900

910

920

930

2 3 4 5 6 7 8 9 10 11 12
n

K, Nm2*1000

K=f(nlyg) K=f(nnelyg)

 

 

�����SDY��7LHVLRJLQ¡V�NRQVtrukcijos, standumo K�SULNODXVRP\E¡ 
�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 
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T=f(n)

152

145
143 142 141 140

154

142
144 143 142

171

166 164 163 162 162

183

173
170

168 166

134

139

144

149

154

159

164

169

174

179

184

2 3 4 5 6 7 8 9 10 11 12
n

T, Nm* 100

Tel=f(nlyg) Tel=f(nnelyg)
Tpl=f(nlyg) Tpl=f(nnelyg)

 

 

����SDY��7LHVLRJLQ¡V�NRQVWUXNFLMRV��VXNLPR�PRPHQWÐ�7el ir Tpl�SULNODXVRP\E¡V 
�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�Q 

 

m=f(n)

1,127

1,144
1,15 1,153 1,154

1,156

1,19

1,179
1,174 1,171 1,167

1,12

1,13

1,14

1,15

1,16

1,17

1,18

1,19

1,2

2 3 4 5 6 7 8 9 10 11 12
n

m

m=f(nlyg) m=f(nnelyg)

 

 

����SDY�7LHVLRJLQ¡V�NRQVWUXNFLMRV�SODVWLQLR�GHIRUPDYLPR�HIHNW\YXPR�NRHILFLHQWR�m 

�SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

 

,ã� JDXWÐ� UH]XOWDWÐ� PDWRPH�� NDG� GLGLQDQW� VOXRNVQLÐ� VNDLþLÐ�� WLHVLRJLQ¡V� NRQVWUXNFLMRV�
daugiasluoksniam vamzGåLXL�HODVWLQLV�VXNLPR�PRPHQWDV�PDå¡MD��ýLD�PHGåLDJRV�VOXRNVQLDL�VX�GLGHVQLX�
ãO\WLHV�PRGXOLX� LãVLG¡VWR�YLV� WRO\JLDX�YLVDPH�YDP]GåLR� VNHUVSMÌY\MH�� EHL� DUþLDX�YDP]GåLR� FHQWUR� Taip 

DWVLWLQND�G¡O�WR��NDG�GLGHVQ³�ãO\WLHV�PRGXO³� WXULQWL�PHGåLDJD�DWVLGXULD�DUþLDX�VWU\SR�LãRU¡V�LU�MRV�VOXRNVQLV�
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NRO� NDV� VWRULDXVLDV�� WDLJL� LU� ãLR� VOXRNVQLR� ³WDND� VWU\SR� VWDQGXPXL� GLGåLDXVLD�� 7ROLDX� GLGLQDQW� VOXRNVQLÐ�
VNDLþLÐ�� GLGHVQ³� ãO\WLHV�PRGXO³� WXULQWL�PHGåLDJD� GDU�ODELDX�DUW¡MD�SULH� VWU\SR� LãRU¡V�� WDþLDX� MRV� VOXRNVQLDL�
PDå¡MD� LU� WRO\JLDX� SDVLVNLUVWR� YLVDPH� VNHUVSMÌY\MH�� 7DUS� MRV� ³VLVNYHUELD� PDåHVQ³� WDPSUXPR� PRGXO³�
WXULQþLRV�PHGåLDJRV�VOXRNVQLDL�- strypo standumas PDå¡MD� âLRV�PHGåLDJRV�VOXRNVQLÐ�VOXRNVQLÐ�VXPLQLV�
LQHUFLMRV�PRPHQWDV�PDå¡MD��6OXRNVQLÐ�VNDLþLXL�GLG¡MDQW�VNLUWXPDV�WDrp Tel�PDå¡MD��-HLJX�VOXRNVQLÐ�VNDLþLÐ�
GLGLQWXPH� LNL� EHJDO\E¡V�� WDL� DWURG\WÐ�� NDG� GDXJLDVOXRNVQLR� WLHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]GåLR�
FKDUDNWHULVWLNRV� DUW¡MD� SULH� KRPRJHQLQLR� YDP]GåLR� VX� WDUSLQ¡PLV� GDXJLDVOXRNVQLR� YDP]GåLR�
FKDUDNWHULVWLNÐ��7DþLDX��HVDQW�WDPSULDP�GHIRUPDYLPXL��YDP]G³�JDOLPH�SDVXNWL�WLN�WRNLX�NDPSX��NRNLX�JDOL�
EÌWL� GHIRUPXRWDV� LãRULQLV� YDP]GåLR� VOXRNVQLV�� 2� YDP]G³� VX� WDUSLQ¡PLV� PHGåLDJÐ� FKDUDNWHULVWLNRPLV�
JDOLPH� VXNWL� GLGHVQLX� NDPSX�� 7DLJL�� GLGLQWL� VOXRNVQLÐ� VNDLþLÐ� WLHVLRJLQ¡PV� NRQVWUXNFLMRV�
GDXJLDVOXRNVQLDP�YDP]GåLXL�Q¡UD�WLNVOLQJD��QHV�WRNV�VWU\SDV�DWODLNR�PDåHVQLXV�VXNLPR�PRPHQWXV�� 
 �������6OXRNVQLÐ�VNDLþLDXV�Q�³WDNRV��DWYLUNãWLQ¡V�NRQVWUXNFLMRV�YDP]GåLR�tyr imas 

 

Nustatysime kaip priklauso Tel�QXR�VOXRNVQLÐ�VNDLþLDXV�n�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�VWU\SXL��ýLD�
VNDLþLXRMDPH� DQDORJLãNRV� JHRPHWULMRV� YDP]GåLXV�� WLN�PHGåLDJRV�A ir B� VXNHLþLDPRV� YLHWRPLV�� âLXR�
DWYHMX�YDP]GåLR�VDQW\NLQLV�V�VXNLV�JDOL�EÌWL�QHYLHQRGDV��7DL�SULNODXV\V�QXR�WR��NXULV��SLUPDV�DU�DQWUDV��
NDGDQJL� MLH� \UD� DUþLDX� LãRU¡V� VOXRNVQLV� SLUPDV� SDVLHNV� WDPSUXPR� ULERV� ³WHPSLPXV�� 7DLJL� þLD� SDJDO�
VDQW\N³� yii ττ /  QXVWDW\VLPH� SDJDO� NXU³� VOXRNVQ³� VXNVLPH� YLV�� GDXJLDVOXRNVQ³� VWU\S��� 6NDLþLDYLPXV�
atliekame pagal SULHã�WDL�QDXGRWDV�IRUPXOHV��6NDLþLDYLPÐ�UH]XOWDWDL�SDWHLNWL�����OHQWHO¡MH� 

����OHQWHO¡ 
$WYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLR�YDP]GåLR� 
QXR�VOXRNVQLÐ�VNDLþLDXV�n�VNDLþLDYLPÐ�UH]XOWDWDL 

 

6OXRNVQLÐ�
VNDLþLXV 

0HGåLDJRV�ãO\WLHV�
modulis, GPa 

Polinis 

inercijos 

momentas, 

m4 

9DP]GåLR�
standumas, 

Nm2 

Ekvivalentinis 

šlyties modulis, 

GPa 

Elastinis 

sukimo 

momentas, Nm 

Plastinis 

sukimo 

momentas, Nm 

Plastinio 

deformavimo 

efektyvumo 

koeficientas 

n G1 G2 Ipk K Gk Tel Tpl m 

2       745514 8,1E+10 9940 14961 1,505 

3       736310 8E+10 9817 13812 1,407 

4       786932 8,55E+10 10492 15487 1,476 

5       773126 8,4E+10 10308 14706 1,427 

6       800738 8,7E+10 10676 15668 1,468 

7 6E+10 1,2E+11 9,204E-06 788904 8,57E+10 10518 15087 1,434 

8      807641 8,78E+10 10768 15759 1,464 

9       797670 8,67E+10 10635 15298 1,438 
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2.12 OHQWHO¡V�W
VLQ\V 

6OXRNVQLÐ�
VNDLþLXV 

0HGåLDJRV�ãO\WLHV�
modulis, GPa 

Polinis 

inercijos 

momentas, 

m4 

9DP]GåLR�
standumas, 

Nm2 

Ekvivalentinis 

šlyties modulis, 

GPa 

Elastinis 

sukimo 

momentas, Nm 

Plastinis 

sukimo 

momentas, Nm 

Plastinio 

deformavimo 

efektyvumo 

koeficientas 

n G1 G2 Ipk K Gk Tel Tpl m 

10       811783 8,82E+10 10823 15814 1,461 

11       803248 8,72E+10 10709 15432 1,441 

12       814544 8,85E+10 10860 15851 1,46 

 

1XVWDWLQ¡MDQW� K, Tel, Tpl ir m� SULNODXVRP\EHV� QXR� VOXRNVQLÐ� VNDLþLDXV� n� DWYLUNãWLQ¡V�
koQVWUXNFLMRV�YDP]GåLXL��VNDLþLXRMDPH�DQDORJLãNRV�JHRPHWULMRV�YDP]GåLXV�� WLN�PHGåLDJRV�A ir B yra 

VXNHLþLDPRV� YLHWRPLV�� âLXR� DWYHMX� YDP]GåLR� VDQW\NLQLV� V�VÌNLV� JDOL� EÌWL� QHYLHQRGDV�� WDL� EÌWLQD�
³YHUWLQWL� QXVWDWLQ¡MDQW� NXULV� VOXRNVQLV� SLUPDV� SDVLHNV� WDNXPR� ULERV� ³WHPSLPXV��'XRWX� DWYHMX� LãRULQLV�
VOXRNVQLV�YLVXRPHW�SLUPDV�SDVLHNLD�ULELQLXV�³WHPSLPXV�� 
 

K=f(n)

815
812

808

801

787

745

803
798

789

773

736
730

740

750

760

770

780

790

800

810

820

2 3 4 5 6 7 8 9 10 11 12
n

K, Nm2*1000

K=f(nlyg) K=f(nnelyg)

 

 

����SDY��$WYLUNãWLQ¡V�NRQVWUXNFLMRV��VWDQGXPR�K�SULNODXVRP\E¡ 
�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 
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T=f(n)

108108108107
105

99
107106105

10398

159158158157
155

150

154153
151

147

138

95

105

115

125

135

145

155

2 3 4 5 6 7 8 9 10 11 12

n

T, Nm* 100

Tel=f(nlyg) Tel=f(nnelyg)
Tpl=f(nlyg) Tpl=f(nnelyg)

 

 

����SDY��$WYLUNãWLQ¡V�NRQVWUXNFLMRV��VXNLPR�PRPHQWÐ�Tel ir Tpl�SULNODXVRP\E¡V 
QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

 

m=f(n)

1,505

1,476
1,468 1,464 1,461 1,459

1,407 1,427
1,434 1,438 1,441

1,4

1,42

1,44

1,46

1,48

1,5

1,52

2 3 4 5 6 7 8 9 10 11 12

n

m

m=f(nlyg) m=f(nnelyg)
 

 

�����SDY��$WYLUNãWLQ¡V�NRQVWUXNFLMRV�SODVWLQLR�GHIRUPDYLPR�HIHNW\YXPR 
koeficiento m�SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

 

1XVWDWLQ¡MDQW�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLR�VWU\SR�NRHILFLHQWR�m SULNODXVRP\E
�
QXR� VOXRNVQLÐ� VNDLþLDXV�n. 6NDLþLDYLPR� SREÌGLV� DQDORJLãNDV� SULHã� WDL� DWOLNWLHPV�� WLN� þLD� VYDUEX�
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QXVWDWDQW� HODVWLQ³� VXNLPR� PRPHQW��� NXULDPH� VOXRNVQ\MH� WDNXPR� ULERV� ³WHPSLPDL� EXV� SDVLHNWL�
SLUPLDXVLDL��3DJDO�ãLR�VOXRNVQLR�PDNVLPDOÐ�VXVLVXNLPR�NDPS��VXNDPDV�YLVDV�GDXJLDVOXRNVQLV�VWU\SDV�
QXVWDWDQW�MR�HODVWLQ³�VXNLPR�PRPHQW��7el��'XRWX�DWYHMX�WDNXPR�ULERV�³WHPSLPDL�SLUPLDXVLDL�Eus pasiekti 

išoriniame sluoksnyje. 

1DJULQ¡MDQW�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQ³�YDP]G³��PDWRPH��NDG�GLGLQDQW�VOXRNVQLÐ�
VNDLþLÐ� YDP]GåLR� VWDQGXPDV�� HODVWLQLV� LU� SODVWLQLV� VXNLPR� PRPHQWDV� HNVSRQHQWLãNDL� GLG¡MD�� WDþLDX�
QLHNXRPHW�QHSDVLHNLD�WLHVLRJLQ¡V�NRQVWUXNFLMRV�FKDUDNWHULVWLNÐ�����������������SDY����0DåLDXVL�VXNLPR�
PRPHQWDL�EHL�VWDQGXPDV�\UD�WULMÐ�VOXRNVQLÐ�NRQVWUXNFLMRMH��QRUV�PHGåLDJD�VX�GLGHVQLX�ãO\WLHV�PRGXOLX�
LU�DWVLGXULD�DUþLDX�VWU\SR�LãRU¡V��EHW�MRV�NLHNLV�\UD�PDåLDXVLDV�Lã�YLVÐ�QDJULQ¡MDPÐ�YDULDQWÐ��7LHVLRJLQ¡�
GDXJLDVOXRNVQLR� YDP]GåLR� NRQVWUXNFLMD� YLVXRPHW� \UD� SUDQDãHVQ¡� Xå� DWYLUNãWLQ
�� WDþLDX� NLQWDQW�
VNHUVSMÌYLR�PDWPHQLPV�DU�PHGåLDJÐ�FKDUDNWHULVWLNRPV�ãLRV�SULNODXVRP\E¡V�JDOL�SDVLNHLVWL� 

 

������'DXJLDVOXRNVQLR��VXGDU\WR�Lã�WULMÐ�VNLUWLQJÐ�PHGåLDJÐ���YDP]GåLR�VWLSUXPDV�
GLG¡MDQW�VOXRNVQLÐ�VNDLþLXL�n 

 6NDLþLDYLPDPV�SDVLULQNWRV�KRPRJHQLQ¡V�PHGåLDJRV�A, B ir C.�6NDLþLXRMDPL�GDXJLDVOXRNVQLDL�
YDP]GåLDL�Lã�WULMÐ�PHGåLDJÐ��6NDLþLXRMDQW�WLHVLRJLQ¡V�NRQVWUXNFLMRV��NDL�VOXRNVQLDL�QXR�LãRU¡V�LãVLG¡VWR�
A-B-C-A-B-…� VHND�� LU� DWYLUNãWLQ¡V� NRQVWUXNFLMRV�� NDL� VOXRNVQLDL� QXR� LãRU¡V� LãVLG¡VWR�C-B-A-C-B-… 

VHND�YDP]GåLXV��NXULÐ�n�NLQWD�QXR���LNL����SULGHGDQW�SR�WULV�WÐ�SDþLÐ�PHGåLDJÐ�VOXRNVQLXV��VNHUVSMÌYLR�
SORWXV� LãODLNRPH� SDVWRYLXV�� 6OXRNVQLÐ� VNDLþLXV� \UD� GLGLQDPDV� SR� WULV� WDP� NDG� JUDILQ¡VH�
SULNODXVRP\E¡VH� EXWÐ� JDOLPD� PDW\WL� SULNODXVRP\ELÐ� G¡VQLQJXPXV�� 9LGLQLV� YDP]GåLÐ� GLDPHWUDV�
dvid=0,05 m, išorinis dišor=0,1 m�� $WVNLUÐ� VOXRNVQLÐ� VNHUVSMÌYLÐ� SORWDL� WDUSXVDY\MH� WDLS� SDW� \UD�
LãODLNRPL�YLHQRGL���6NDLþLDYLPR�UH]XOWDWDL�SDWHLNWL�����OHQWHO¡MH� 

����OHQWHO¡ 
'DXJLDVOXRNVQLR��VXGDU\WR�Lã�WULMÐ�VNLUWLQJÐ�PHGåLDJÐ�� 

�YDP]GåLR�VWLSUXPR�VNDLþLDYLPR�UH]XOWDWDL 
 

6OXRNVQLÐ�
VNDLþLXV 

0HGåLDJRV�ãO\WLHV�PRGXOLV��
GPa 

9DP]GåLR�
standumas, 

Nm2 

Ekvivalentinis 

šlyties modulis, 

GPa 

Elastinis 

sukimo 

momentas, Nm 

Plastinis 

sukimo 

momentas, Nm 

Plastinio 

deformavimo 

efektyvumo 

koeficientas 

n G1 G2 G3 K Gk Tel Tpl m 

7LHVLRJLQ¡V�NRQVWXNFLMRV�YDP]GLV 
3 

754718,5 8,2 E+10 12578,6 15619,6 1,241 
6 

699495,2 7,6 E+10 11658,3 15074,7 1,293 
9 

681087,5 7,4 E+10 11351,5 14887,7 1,312 
12 

 

1,2 E+11 

 

 

 

6 E+10 

 

 

 

3 E+10 

 

 
671883,6 7,3 E+10 11333,2 14793,4 1,305 
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����OHQWHO¡V�W
VLQ\V 

6OXRNVQLÐ�
VNDLþLXV 

0HGåLDJRV�ãO\WLHV�PRGXOLV��
GPa 

9DP]GåLR�
standumas, 

Nm2 

Ekvivalentinis 

šlyties modulis, 

GPa 

Elastinis 

sukimo 

momentas, Nm 

Plastinis 

sukimo 

momentas, Nm 

Plastinio 

deformavimo 

efektyvumo 

koeficientas 

n G1 G2 G3 K Gk Tel Tpl m 

$WYLUNãWLQ¡V�NRQVWXNFLMRV�YDP]GLV 
3 

533825,3 5,8 E+10 9676,5 13385,2 1,254 
6 

589048,6 6,4 E+10 10780,9 13938,2 1,183 
9 

607456,4 6,6 E+10 11149,1 14126,9 1,163 
12 

3 E+10 6 E+10 1,2 E+11 

616660,3 6,7 E+10 11198,1 14221,9 1,153 
 

K=f(n)

755

699
681 672

534

590
607 616

500

550

600

650

700

750

800

3 6 9 12

n

K, Nm
2
*1000

Kties Katv
 

 

�����SDY��7LHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV��VWDQGXPR�K�SULNODXVRP\E¡ 
�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 
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T=f(n)

125,8
116,6 113,5 113,3

156,2
150,7 148,9 147,9

96,8

107,8
111,5 112

133,9
139,4 141,3 142,2

90

100

110

120

130

140

150

160

3 6 9 12

n

T, Nm* 100

Ttiesel Ttiespl Tatvel Tatvpl

 

 

�����SDY��7LHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV��VXNLPR�PRPHQWÐ�Tel ir Tpl SULNODXVRP\E¡V 
QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

 

 

m=f(n)

1,3211,312

1,293

1,241

1,1531,163
1,183

1,254

1,15

1,17

1,19

1,21

1,23

1,25

1,27

1,29

1,31

1,33

3 6 9 12

n

m

mties matv
 

 

�����SDY��7LHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXkcijos plastinio deformavimo efektyvumo 

koeficiento m�SULNODXVRP\E¡�QXR�YDP]G³�VXGDUDQþLÐ�VOXRNVQLÐ�VNDLþLDXV�n 

 

,ã�JDXWÐ�UH]XOWDWÐ�PDWRPH��NDG�GDXJLDVOXRNVQLR�YDP]GåLR�VXGDU\WR�Lã�WULMÐ�VNLUWLQJÐ�PHGåLDJÐ��
G¡VQLQJXPDL� \UD� DQDORJLãNL� SULHã� WDL� DWOLNWLHPV� VNDLþLDYLPDPV� VX� GYLHMÐ� VNLUWLQJÐ� PHGåLDJÐ�
GDXJLDVOXRNVQLX�YDP]GåLXPL�������������������SDY����7LN�VWDQGXPR�K ir sukimo momentu Tel bei Tpl 
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VNDLWLQ¡V� UHLNãP¡V� \UD�PDåHVQ¡V�� 7DLS� \UD� WRG¡O�� NDG� WUHþGDO³� VNHUVSMÌYLR� SORWR� XåLPD�PHGåLDJD� VX�
VLOSQHVQ¡PLV� PHFKDQLQ¡PLV� FKDUDNWHULVWLNRPLV�� 7LHVLRJLQ¡MH� NRQVWUXNFLMRMH�� GLGLQDQW� VOXRNVQLÐ�
VNDLþLÐ���VWDQGXPDV�K�PDå¡MD��QHV�VX�GLGHVQLX�ãO\WLHV�PRGXOLX�LãVLG¡VWR�YLV�WRO\JLDX�YLVDPH�YDP]GåLR�
VNHUVSMÌY\MH�� EHL� DUþLDX� YDP]GåLR� FHQWUR�� $WYLUNãLQ¡MH� NRQVWUXNFLMRMH�� GLGLQDQW� VOXRNVQLÐ� VNDLþLÐ��
standumas K� GLG¡MD�� QHV� PHGåLDJRV� VX� GLGHVQLX� ãO\WLHV� PRGXOLX� LãVLG¡VWR� YLV� WROLDX� QXR� YDP]GåLR�
FHQWUR��WDþLDX�DWYLUNãWLQ¡VH�NRQVWUXNFLMRVH�VWDQGXPDV�K�LãOLHND�PDåHVQLV� 

 

������âO\WLHV�PRGXOLÐ�VNLUWXPÐ�³WDNRV�GDXJLDVOXRNVQLR�VWU\SR�koeficientui m tyr imas 

 

Nustatome koeficiento m SULNODXVRP\E
� QXR� GDXJLDVOXRNVQLR� VWU\SR� PHGåLDJÐ� ãO\WLHV� PRGXOLÐ�
VDQW\NLÐ�� 7�\�� VNDLþLXRMDPH� VWU\SXV�� SDJDPLQWXV� Lã� PHGåLDJÐ� VX� VNLUWLQJDLV� ãO\WLHV� PRGXOLDLV�� âO\WLHV�
modulius palaipsniui sulyginame ir stebime kaip kinta koeficientas m. 6NDLþLDYLPXV� DWOLHNDPH�
WLHVLRJLQ¡V�LU�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLDPV�VWU\SDPV��NXULÐ�VOXRNVQLÐ�VNDLþLXV�QXR���LNL�
����/DLNRPH��NDG�WDNXPR�ULERV�³WHPSLPDL�DELHMÐ�PHGåLDJÐ�YLHQRGL��6NDLþLDYLPXV�atliekame pagal prieš 

tai naudotas formules. 

 

������âO\WLHV�PRGXOLÐ�VNLUWXPÐ�³WDNRV�WLHVLRJLQ¡V�NRQVWUXNFLMRV��daugiasluoksnio 

strypo koeficientui m tyr imas 

 

*UDILNXRVH�� WLHVLRJLQ¡V�NRQVWUXNFLMRV�YDP]GåLDPV��NDL� VDQW\NLV� 12 /GG  yra lygus 0,5, pirmos 

PHGåLDJRV� ãO\Wies modulis yra du kartus didesnis nei antrosios, kai santykis 12 /GG  yra lygus 1.0 -

SLUPRV�LU�DQWURV�PHGåLDJRV�ãO\WLHV�PRGXOLDL�\UD�YLHQRGL� 
7LHVLRJLQ¡V� NRQVWUXNFLMRV VWU\SÐ� VNDLþLDYLPÐ� UH]XOWDWDL� SDWHLNWL� ���� OHQWHO¡MH�� R� NRHILFLHQWR� m 

pULNODXVRP\E¡V�QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VNLUWXPR�JUDILNDV�–�������SDYHLNVO¡O\MH� 
����OHQWHO¡ 

7LHVLRJLQ¡V�NRQVWUXNFLMRV�GYLVOXRNVQLR�VWU\SR�VNDLþLDYLPÐ�UH]XOWDWÐ�VXYHVWLQ¡ 
 

G2/G1 
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 n 

 m 
2 1,817 1,728 1,648 1,575 1,508 1,447 1,390 1,338 1,290 1,244 
3 1,778 1,697 1,623 1,556 1,493 1,436 1,383 1,333 1,287 1,244 
6 2,092 1,944 1,817 1,705 1,606 1,518 1,439 1,368 1,303 1,244 
7 2,026 1,894 1,778 1,675 1,584 1,502 1,428 1,361 1,300 1,244 
11 2,106 1,956 1,825 1,711 1,610 1,521 1,441 1,369 1,304 1,244 
12 2,174 2,007 1,864 1,740 1,632 1,536 1,451 1,375 1,307 1,244 
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m=f(G2/G1)

1,2

1,4

1,6

1,8

2,0

2,2

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

G2/G1

m

n=2 n=3 n=6 n=7 n=11 n=12
 

 

3.14  pav. 7LHVLRJLQHV�NRQVWUXNFLMRV�GDXJLDVOXRNVQLÐ�VWU\SÐ� 
NRHILFLHQWR�P�SULNODXVRP\E¡V�QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VDQW\NLR� 12 /GG  grafikas 

 

,ã�JDXWÐ�UH]XOWDWÐ�PDWRPH��NDG�WLHVLRJLQ¡V�NRQVWUXNFLMRV�VWU\SÐ�NRHILFLHQWDV�m �åU�������SDY����
GLG¡MDQW�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VNLUWXPXL��GLG¡MD��âLDPH�W\ULPH�LãODLNRPL�SDVWRYÌV�DELHMÐ�PHGåLDJÐ�
WDNXPR�ULERV�³WHPSLPDL�� 1yτ = const, 21yτ = const ). Taigi Tpl kintant šlyties moduliui G2 išlieka pastovus, o 

Tel GLG¡MD�� WDLJi koeficiento m UHLNãP¡V� PDå¡MD�� .XR� FHQWULQ¡V� GDOLHV� PHGåLDJRV� ãO\WLHV� PRGXOLV�
DUWLPHVQLV�LãRULQ¡V�GDOLHV�PHGåLDJRV�ãO\WLHV�PRGXOLXL��WXR�NRHILFLHQWDV�m artimesnis pilnavidurio strypo 

koeficiento m reikšmei. 

.XR�WLHVLRJLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQXLR�YDP]GåLR�VOXRNVQLÐ�VNDLþLXV�n didesnis, tuo 

GDXJLDX� VOXRNVQLÐ� VX� PDåHVQLX� ãO\WLHV� PRGXOLX� DWVLGXULD� DUþLDX� VWU\SR� LãRU¡V�� (ODVWLQLV� VXNLPR�
PRPHQWDV�PDå¡MD��R�NRHILFLHQWDV�m DWLWLQNDPDL�GLG¡MD� 
 

������âO\WLHV�PRGXOLÐ�VNLUWXPÐ�³WDNRV�DWYLUNãWLQ¡V�NRQVWUXNFLMos daugiasluoksnio 

strypo koeficientui m tyr imas 

 

$WYLUNãWLQ¡V�NRQVWUXNFLMRV�VWU\SDPV��NDL�VDQW\NLV� 21 / GG  \UD�O\JXV������DQWURV�PHGåLDJRV�ãO\WLHV�
modulis yra du kartus didesnis nei pirmos, kai santykis 21 / GG  yra lygus 1.0 - pirmos ir antros 

PHGåLDJRV�ãO\WLHV�PRGXOLDL�\UD�YLHQRGL� 
$WYLUNãWLQ¡V� NRQVWUXNFLMRV� VWU\SÐ� VNDLþLDYLPÐ� UH]XOWDWDL� SDWHLNWL� ���� OHQWHO¡MH�� R� NRHILFLHQWR�m 

SULNODXVRP\E¡V�QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VNLUWXPR�JUDILNDV�–�������SDYHLNVO¡O\MH� 
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����OHQWHO¡ 
$WYLUNãWLQ¡V�NRQVWUXNFLMRV�GYLVOXRNVQLR�VWU\SR�VNDLþLDYLPÐ�UH]XOWDWÐ�VXYHVWLQ¡ 

 

G1/G2 
0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1 n 

 m 
2 2,307 2,143 1,994 1,859 1,735 1,621 1,516 1,418 1,328 1,244 
3 2,258 2,104 1,964 1,836 1,717 1,608 1,507 1,413 1,326 1,244 
6 2,656 2,411 2,198 2,012 1,847 1,700 1,568 1,450 1,342 1,244 
7 2,573 2,348 2,151 1,977 1,821 1,682 1,557 1,443 1,339 1,244 
11 2,675 2,425 2,208 2,019 1,852 1,704 1,571 1,451 1,343 1,244 
12 2,761 2,489 2,256 2,054 1,877 1,721 1,582 1,458 1,346 1,244 

 

m=f(G1/G2)

1,2

1,4

1,6

1,8

2,0

2,2

2,4

2,6

2,8

0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9 1

G1/G2

m

n=2 n=3 n=6 n=7 n=11 n=12

 

 

3.15  pav. $WYLUNãWLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLÐ�VWU\SÐ�NRHILFLHQWR�P�SULNODXVRP\E¡V 
QXR�PHGåLDJÐ�ãO\WLHV�PRGXOLÐ�VDQW\NLR� 21 / GG   grafikas 

 

6NDLþLXRMDQW�DWYLUNãWLQ¡V�NRQVWUXNFLMRV�VWU\SÐ�NRHILFLHQWR�m SULNODXVRP\E
�QXR�PHGåLDJÐ�šlyties 

PRGXOLÐ�� PDWRPH� �åU�� ����� SDY���� NDG� SUDGLQ¡MH� SDG¡W\MH� �NDL� 21 / GG ) koeficiento m UHLNãP¡V�
SDVLVNLUVþLXVLRV�DWYLUNãþLD� WYDUND�QHJX� WLHVLRJLQ¡V�NRQVWUXNFLMRV�VWU\SDPV��7�\��ãLRMH�SDG¡W\MH�dvisluoksnio 

VWU\SR�NRHILFLHQWDV�GLGåLDXVLDV��NDL�WLHVLRJLQ¡V�NRQVWUXNFLMRV�VWU\SXL�ãLRMH�SDG¡W\MH�PDåLDXVLDV��$WLWLQNDPDL�
þLD�SDVLVNLUVW
�LU�NLWÐ�VWU\SÐ��NRHILFLHQWDL��7DL�V�O\JRMD��NDG�NXR�PDåLDX�VOXRNVQLÐ�VXGDUR�VWU\S���WXR�PDåLDX�
VOXRNVQLÐ� VX� GLGHVQLX� ãO\WLHV� PRGXOLX� \UD� DUþLDX� VWU\SR� LãRU¡V� LU� WXR� HODVWLQLV� Vukimo momentas 

PDåHVQLV��R�SODVWLQLV�VXNLPR�PRPHQWDV�LãOLHND�SDVWRYXV��NDGDQJL�ODLNRPH��NDG�DELHMÐ�PHGåLDJÐ�³WHPSLPDL�
1yτ = const, 21yτ = const. Taigi koeficientas m GLG¡MD� 
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IŠVADOS 

 
'DUEH� LãQDJULQ¡WL� KRPRJHQLQLÐ� LU� GDXJLDVOXRNVQLÐ� VXNDPÐ� YDP]GåLÐ� ULELQLÐ� DSNURYÐ�

�VXNLQLR� PRPHQWÐ��� EHL� SODVWLQLR� GHIRUPDYLPR� HIHNW\YXPR� NRHILFLHQWR�m� NLWLPR� G¡VQLQJXPDL��
esant tampriam bei plastiniam deformavimui. 

7LULDQW�GDXJLDVOXRNVQLÐ�YDP]GåLÐ�VXNLP��LNL�WDPSUXPR�ULERV�JDXWD: 
�� esant WDPSULDP� GHIRUPDYLPXL�� VXNDPÐ� VWU\SÐ� JHRPHWULMD� WXUL� GLGHO
� ³WDN�� ULELQ¡PV 

apkrovoms. 6XNDPÐ�VWU\SÐ�VWLSUXPXL�GLGåLDXVL��³WDN��WXUL�LãRULQLDL�MR�VOXRNVQLDL��7XãþLDYLGXULV�
strypas atlaikys didesnius apkrovimus jeigu ÄSULG¡VLPH��GDXJLDX�PHGåLDJRV�³� LãRULQ³� MR�SDYLUãLÐ�
QHJX� ³� VN\O¡V�VLHQHOLÐ�SDYLUãLÐ�� 5LELQ¡V� DSNURYRV�� NLQWDQW� VWU\SR� VNHUVPHQLP�� NLQWD� QH� SDJDO�
WLHVLQ
� SULNODXVRP\E
�� 1XVWDW\WD�� NDG� UDFLRQDOLDX� QDXGRWL� WXãþLDYLGXULXV� �YDP]GåLR� WLSR��
elementus. 

��QDJULQ¡MDQW�YDP]GåLÐ� VXNLP���JDXWD��NDG�KRPRJHQLQLo vDP]GåLR�� NXULR� VN\O¡V� VNHUVPXR��
lygus pusei išorinio skersmens, ribinis sukimo momentas tik 6,25%��PDåHVQLV�QHJX�SLOQDYLGXULR, 
o trisluoksniam strypui 14.58%.  

���YDP]GåLR�WLSR�HOHPHQWÐ�SODVWLQLR�GHIRUPDYLPR�HIHNW\YXPR�NRHILFLHQWDV�nesiekia 1,33 ir 

GLG¡MDQW�YDP]GåLR� VN\O¡V�GLDPHWUXL� MR� UHLNãP¡V�PDå¡MD�G¡O� „neefektyvios" viduriniosios dalies 

VXPDå¡MLPR� 
�� deformuojant iki tamprumo ribos dLGLQWL� VOXRNVQLÐ� VNDLþLÐ�� WLHVLRJLQ¡V� NRQVWUXNFLMRV�

GDXJLDVOXRNVQLDP� YDP]GåLXL� Q¡UD� WLNVOLQJD�� QHV� WRNV� YDP]GLV� DWODLNR� YLV� PDåHVQLXV� VXNLPR�
momentus. TLHVLRJLQ¡V� NRQVWUXNFLMRV� YDP]GLV� DWODLNR� GLGHVQLXV� HODVWLQLXV� VXNLPR�PRPHQWXV� 7el, 

QHL� WRNLRV� SDWV� JHRPHWULQ¡V� IRUPRV� DWYLUNãWLQ¡V� NRQVWUXNFLMRV� YDP]GLV�� QHV� MR� VWDQGXPDV�K yra 

didesnis. 'LGåLDXVLXV� VXNLPR� PRPHQWXV� Tel  atlDLNR� WLHVLRJLQ¡V� NRQVWUXNFLMRV� WULMÐ� VOXRNVQLÐ�
YDP]GåLDL�� 0DåLDXVLXV� VXNLPR� PRPHQWXV� Tel  DWODLNR� DWYLUNãWLQ¡V� NRQVWUXNFLMRV� YDP]GåLDL� 
5DFLRQDOLDXVLD�\UD�QDXGRWL�WLHVLRJLQHV�WULMÐ�VOXRNVQLÐ�NRQVWUXNFLMDV� 

�� 3DGLGLQXV� GDXJLDVOXRNVQLR� YDP]GåLR� VLHQHO¡V� VWRU³� LNL� 50% tempimo – gQLXåG\PR� DWYHMX, 
konstrukcijos deformacija ε  sumaå¡MD� DSLH� ���NDUWXV�� GDXJLDX�GLGLQDQW� VLHQHO¡V� VWRU³� ãLV� GHIRUPDFLMRV�
PDå¡MLPDV�QHE¡UD�WRNV�GLGHOLV� 

7LULDQW�GDXJLDVOXRNVQLÐ�YDP]GåLÐ�VXNLP��Xå�WDPSUXPR�ULERV�JDXWD: 
�� Koeficientas m� WLHVLRJLQ¡VH� NRQVWUXNFLMRVH� \UD� PDåHVQLV� Xå� NRHILFLHQW�� m� JDXW��

DWYLUNãWLQ¡VH� NRQVWUXNFLMRVH�� 7DL� UHLãNLD�� NDG� DWYLUNãWLQ¡VH� NRQVWUXNFLMRVH� Tpl� SDGLG¡MD� Xå� Tel 

GDXJLDX�QHL�WLHVLRJLQ¡VH�NRQVWUXNFLMRVH��WDþLDX�WLHVLRJLQ¡V�NRQVWUXNFLMRV�YLVXRPHW�\UD�VWLSUHVQ¡V�� 
�� $WYLUNãWLQ¡V� NRQVWUXNFLMRV� GDXJLDVOXRNVQLR� YDP]GåLR, VXGDU\WR� Lã� GYLHMÐ� VNLUWLQJÐ�

PHGåLDJÐ��GLG¡MDQW�VOXRNVQLÐ�VNDLþLXL�YDP]GåLR�VWDQGXPDV��HODVWLQLV�LU�SODVWLQLV�VXNLPR�PRPHQWDV�
HNVSRQHQWLãNDL� GLG¡MD�� WDþLDX� QLHNXRPHW� QHSDVLHNLD� WLHVLRJLQ¡V� NRQVWUXNFLMRV� FKDUDNWHULVWLNÐ��
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0DåLDXVL� VXNLPR� PRPHQWDL� EHL� VWDQGXPDV� \UD� WULMÐ� VOXRNVQLÐ� NRQVWUXNFLMRMH�� QRUV� PHGåLDJD� VX�
GLGHVQLX� ãO\WLHV� PRGXOLX� LU� DWVLGXULD� DUþLDX� VWU\SR� LãRU¡V�� EHW� MRV� NLHNLV� \UD� PDåLDXVLDV� Lã� YLVÐ�
QDJULQ¡MDPÐ�YDULDQWÐ�� 

��7LHVLRJLQ¡�GDXJLDVOXRNVQLR�YDP]GåLR�NRQVWUXNFLMD�YLVXRPHW�\UD�SUDQDãHVQ¡�Xå�DWYLUNãWLQ
��
WDþLDX� NLQWDQW� VNHUVSMÌYLR� PDWPHQLPV� DU� PHGåLDJÐ� FKDUDNWHULVWLNRPV� ãLRV� SULNODXVRP\E¡V� JDOL�
pasikeisti. 

�� 'DXJLDVOXRNVQLR� YDP]GåLR� VXGDU\WR� Lã� WULMÐ� VNLUWLQJÐ� PHGåLDJÐ�� G¡VQLQJXPDL� \UD�
DQDORJLãNL�DWOLNWLHPV�VNDLþLDYLPDPV�VX�GYLHMÐ�VNLUWLQJÐ�PHGåLDJÐ�GDXJLDVOXRNVQLX�YDP]GåLXPL��7LN�
standumo K ir sukimo momentu Tel bei Tpl�VNDLWLQ¡V�UHLNãP¡V�\UD�PDåHVQ¡V� 

��.XR�WLHVLRJLQ¡V�NRQVWUXNFLMRV�GDXJLDVOXRNVQLR�YDP]GåLR�VOXRNVQLÐ�VNDLþLXV�n didesnis, 

tuo GDXJLDX�VOXRNVQLÐ� VX�PDåHVQLX�ãO\WLHV�PRGXOLX�DWVLGXULD�DUþLDX� VWU\SR� LãRU¡V, tod¡O� HODVWLQLV�
sukimo PRPHQWDV�PDå¡MD��R�NRHILFLHQWDV�m DWLWLQNDPDL�GLG¡MD� 
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PRIEDAI  


