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1. %(9(=(7e6�e6�&e/.,7ĥ=e6(. 

$]� pUWHNH]pVHP� H]HQ� IHMH]HWpEHQ� D� WpPiP LGĘV]HUĦVpJpW� MHOHQWĘVpJpW� 
YDODPLQW�D�FpONLWĦ]pVHLPHW�PXWDWRP�EH. 
1.1. $�WpPD�LGĘV]HUĦVpJH�pV�MHOHQWĘVpJH 
1DSMDLQNEDQ�D�IRO\DPDWRVDQ�Q|YHNYĘ�HQHUJLDLJpQ\�PLDWW�~M��N|UQ\H]HWEDUiW�
HUĘPĦYHN� IHMOHV]WpVpUH� YDQ� V]�NVpJ�� $� MHOHQOHJ� pS�OĘ� ,7(5 (International 
Thermonuclear Experimental Reactor) I~]LyV� WRNDPDN�PLQG� SOD]PDIL]LNDL��
PLQG� PpUQ|NL� V]HPSRQWEyO� MHOHQWĘV� OpSpV D� NpVĘEELHNEHQ� iUDPRW� WHUPHOĘ�
I~]LyV�UHDNWRU�PHJYDOyVtWiVD�IHOp�� 
$� I~]LyV� IRO\DPDW� OpQ\HJH�� KRJ\� D� WyUXV]� DODN~� YiNXXP� N|UQ\H]HWEHQ�
PiJQHVHV�WpUUHO�OHEHJWHWQHN�W|OW|WW�UpV]HFVNpNHW��SOD]PD�iOODSRW���GHXWpULXPRW�
pV�WUtFLXPRW��(]HN�HJ\PiVVDO�YDOy��WN|]pV�N pV�PDJI~]LyMXN�HUHGPpQ\HNpQW�
KpOLXP�pV�QDJ\�HQHUJLiM~�QHXWURQ�NHOHWNH]LN��DPHO\HN�IHOV]DEDGXOy�HQHUJLiMiW�
IRJMiN�IHO�D]�HOVĘ�IDO�HOHPHN��,QQHQ�D�KĦWĘN|]HJHQ�NHUHV]W�O�HOV]iOOtWRWW�KĘW�D�
NpVĘEEL� I~]LyV�HUĘPĦYHNEHQ� IRJMiN�iUDPPi�DODNtWDQL��$�KĘWHUKHOpV�PHOOett 
MHOHQWĘV� QHXWURQVXJiU]iV� LV� pUL� D� IDO� V]HUNH]HWpW�� H]� QDJ\ViJUHQGHNNHO�
QDJ\REE��PLQW�HJ\�DWRPHUĘPĦEHQ�WDSDV]WDOW�WHUKHOpV��$�VXJiU]iV�URQFVROMD�D]�
DQ\DJV]HUNH]HWHW� pV� H]]HO� HJ\�WW� D� KHJHV]WpVL� N|WpVHNHW� LV�� DPHO\HN� D�
YiNXXPN|UQ\H]HWEHQ�D�My�KĘYH]HWpV�PLDWW�NLHPHOW�IRQWRVViJ~DN�OHV]QHN� 
$�YiNXXPHGpQ\�EXUNROiQDN�KĦWpVpW�EL]WRVtWy�~Q��%ODQNHW�0RGXORN�N|WpVHLW�
W|EEHN�N|]|WW�ÄV]LOiUG�KDOPD]iOODSRW~´��VROLG-VWDWH��GLII~]LyV�+,3�KHJHV]WpVL�
HOMiUiVVDO� NpV]tWLN� �*RRGV�� 3XVNDU�� ������� (UUH� DNNRU� YDQ� V]�NVpJ�� DPLNor 
VtNIHO�OHWHNHW�� QDJ\� NHUHV]WPHWV]HWHNHW� NHOO� |VV]HKHJHV]WHQL� ~J\�� KRJ\� D]�
DQ\DJ�HUHGHWL�V]HUNH]HWH�PHJPDUDGMRQ��7RYiEEi�D]�,7(5�SOD]PiW�KDWiUROy�IDO�
HOWpUĘ� PHFKDQLNDL�KĘWDQL� WXODMGRQViJRNNDO� UHQGHONH]Ę� DQ\DJDLQDN� My�
KĘYH]HWpVpW�LV�D�QDJ\�IHO�OHWĦ�KHJHV]WpVVHO�OHKHW�EL]WRVtWDQL��(]HN�D�KHJHV]WHWW�
N|WpVHN� D� MHOHQOHJL� pV� D� NpVĘEELHNEHQ� pStWHWW� I~]LyV� UHDNWRURN� HVHWpEHQ� LV�
kritikusak lesznek. 

$� KHJHV]WpV� PHJIHOHOĘ� PLQĘVpJpKH]� D� J\iUWiV� V]LJRU~� PLQĘVpJ�J\L�
IHO�J\HOHWpUH�YDQ�V]�NVpJ��$�PHJIHOHOĘ�KHJHV]WpVL�SDUDPpWHUHN�PHJYiODV]WiVD�
I�JJ�D�KHJHV]WHQGĘ�PLQWD�DQ\DJMHOOHP]ĘLWĘO��D�IHO�OHWHN�HOĘNpV]tWpVpWĘO, ahol 
a IHO�OHWL� V]HQQ\H]ĘGpVHN�� R[LGRN MHOHQWĘVHQ� EHIRO\iVROMiN� D� KHJHV]WpV�
PLQĘVpJpW�� 
1.2. CpONLWĦ]pVHN 
.XWDWiVRP�FpOMD�D]�,7(5 pV�D�M|YĘ�I~]LyV�HUĘPĦYHLKH]�IHMOHV]WHWW�DQ\DJRN - 
W|EEHN� N|]|WW� D SRUNRKiV]DWL� DFpORN - GLII~]LyV� KHJHV]WpVL� IRO\DPDWiQDN�
YL]VJiODWD volt. A standard YL]VJiODWRNRQ� W~O DOWHUQDWtY� YL]VJiODWL� HOMiUiVRN�
fejlesztpVpW� LV� FpOXO� WĦ]WHP�NL��$ GLII~]LyV�KHJHV]WpV gyakorlati kiviteOH]pVH�
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PHOOHWW�D�GLII~]LyV�N|WpV�HOPpOHWL� V]iPtWiVDLQDN�PHJpUWpVpW� LV�V]�NVpJHVQHN�
OiWWDP� 
$� GLII~]LyV� KHJHV]WpVHNHW� D 'XQD~MYiURVL� (J\HWHPHQ� WDOiOKDWy� *OHHEOH�
ODERUEDQ�D�*OHHEOH������IL]LNDL�V]LPXOiWRURQ�YpJH]WHP�HO��mely alkalmas volt 
az 1-��yUiV�KHJHV]WpVL�IRO\DPDW NLYLWHOH]pVpUH YiNXXPN|UQ\H]HWEHQ 

$� GLII~]LyV� KHJHV]WpVHNHW� ���� /� PLQĘVpJĦ� DFpORn terveztHP� YpJUHKDMWDQL��
DPHO\� IĘEE� DQ\DJWHFKQROyJLDL� SDUDPpWHUHL� PHJIHOHOQHN� az ITER-hez 
fejlesztett 316 L(N)-IG DFpOpYDO� 
$]� LURGDORPEDQ� QHP� WDOiOWDP� D� GLII~]LyV� KHJHV]WpVHN� YL]VJiODWDLQiO� RO\DQ�
HOMiUiVW��DPHO\HN�D�GLII~]LyV�KHJHV]WpV�HOYpJ]pVH�N|]EHQ�NpSHVHN�N|YHWQL�D�
N|WpV� IRO\DPDWiW��$�KRVV]~�GLII~]LyV�KHJHV]WpV� legfontosabb SDUDPpWHUHL�� D�
KĘPpUVpNOHW�� Q\RPiV�� LGĘ� pV� D� IHO�OHWL� pUGHVVpJ�� $� NtVpUOHWHN� pV� D�
PRGHOOH]pVHN� |VV]HKDVRQOtWiVDLval H� SDUDPpWHUHN ILQRPKDQJROiVira is 
OHKHWĘVpJ Q\tOLN. A GLII~]LyV�N|WpV�HOPpOHWL�IHO�OHWL�PRGHOOH]pVHLQpO�OiWKDWMXN� 
KRJ\� D� IHO�OHWL� PHFKDQL]PXVRN� PiV-PiV� V]DNDV]EDQ� IRJQDN� GRPLQiOQL��
0LQGH]HNpUW� pUGHNHVQHN� OiWWDP� D� GLII~]LyV� KHJHV]WpV� IRO\DPDWiEDQ� W|UWpQĘ�
vL]VJiODWiQDN�OHKHWĘVpJpW� 
&pOXO�WĦ]tem NL�D�N|YHWNH]Ę�IHODGDWRNat: 

a) $�GLII~]LyV�KHJHV]WpV�IL]LNDL�V]LPXOiFLyMD�pV�D�IRO\DPDW�PHJILJ\HOpVH�
pV� YL]VJiODWD� HJ\� WHUPRPHFKDQLNXV� DQ\DJYL]VJiOy� EHUHQGH]pV, a 
Gleeble 3800 VHJtWVpJpYel. $�GLII~]LyV�KHJHV]WpVL�NtVpUOHWHNHW�NpW�IpO�
PLQWiYDO��D]RQRV�SDUDPpWHUHN�PHOOHWW�UHIHUHQFLD�PpUpVHNNHO, azaz egy 
PLQWin OiWtaP�FpOV]HUĦQHN�HOYpJH]QL� 

b) A Gleeble 3800-zDO�YpJ]HWW�IL]LNDL�NtVpUOHtnHN�PHJIHOHOĘHQ�QXPHULNXV�
PRGHOO�OpWUHKR]iVD�D�PpUpVL�HUHGPpQ\HNNHO�YDOy�|VV]HKDVRQOtWiVUD� 

c) $� GLII~]LyV� N|WpV� NRQWDNW� IHO�OHWpUH� IHOtUW� HOPpOHWL� PRGHOOHLQHN�
|VV]HYHWpVH� D� IL]LNDL� NtVpUOHWHNNHO. ,O\HQ� PyGRQ� D� NRQWDNW� IHO�OHW 
HOPpOHWL� PRGHOOHLQHN� MREE� PHJpUWpVH, pV� DPHQQ\LEHQ� OHKHWVpJHV� D�
KHJHV]WpVL� SDUDPpWHUHN� pV� D]� HOPpOHW� N|]|WWL� |VV]HI�JJpVHN�
NLPXWDWiVD� 

d) A GLII~]LyV� KHJHV]WpVL�mintiN� YL]VJiODWL� OHKHWĘVpJHLQHN� NXWDWiVD, a 
MHOOHP]ĘHQ� KRVV]~� GLII~]LyV� KHJHV]WpVek N�O|QE|]Ę� KHJHV]WpVL�
Ii]LViLg eljutott NtVpUOHWHN�HVHWpEHQ� 
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2. $1<$*�e6�0Ï'6=(5 

Ebben a fejezetben bemutatom a NtVpUOHWL� PpUpVHN� PHOOHWW, D� NtVpUOHWHNKH]�
HOYpJ]HWW� KĘWDQi ellenĘU]Ę V]iPtWiVRNDW�� YDODPLQW� D� NRQWDNW� IHO�OHWHQ� pEUHGĘ�
villamos HOOHQiOOiV PRGHOOH]pVpW. 

2.1. $�GLII~]LyV�KHJHV]WpVHN�PHJYDOyVtWiVD 
A PLQWiN� GLII~]LyV� KHJHV]WpVpW� pV� D� UHIHUHQFLD� PLQWiN� NtVpUOHWHLW a 
'XQD~MYiURVL� (J\HWHPHQ� �]HPHOWHWHWW� *OHHEOH� 3800 termomechanikus 
V]LPXOiWRURQ� YpJH]WHP� HO�� gVV]HKDVRQOtWYD� PiV� GLII~]LyV� KHJHV]WpVL�
ODERUNtVpUOHWHNNHO� MHOOHP]ĘMH� hogy nem a YiNXXPHGpQ\EHQ� HOKHO\H]HWW�
KĘVXJiU]yYDO� PHOHJtWL� D� PLQWDGDUDERW�� KDQHP� D� PLQWiQ� iWKDODGy� iUDPPDO��
WHKiW�HOOHQiOOiVIĦWpVVHO�V]DEiO\R]]D�D�KĘPpUVpNOHWHW��$�KHJHV]WpV HOUHQGH]pVpW 
D�*OHHEOH�PpUĘFHOOiMiEDQ�a 1. iEUD mutatja. 

 
1. iEUD�Diff~]LyV�KHJHV]WpV�D�'XQD~MYiURVL�(J\HWHP�*OHHEOH�ODERUMiEDQ 

$�KĘPpUVpNOHW�HORV]OiV�IRUGtWRWW�SDUDEROD�MHOOHJH�PLDWW�D�OHJPDJDVDEE�N|]pSVĘ�
KĘPpUVpNOHWHW�pV�D�OHJDODFVRQ\DEE��D�Up]�EHIRJy�SRIiKR]�N|]HOL�KĘPpUVpNOHWHW�
PpUtem, NpW R-WtSXV~� termoelemmel. A EHUHQGH]pV� D N|]pSVĘ KHJHV]WpVL 
KĘPpUVpNOHW iOODQGy� pUWpNHQ� WDUWYD� V]DEiO\R]WD� D� PLQWiQ� iWKDODGy�
iUDPHUĘVVpJHW� 7RYiEEi� D� PHJDGRWW� Q\RPiV� pV� NHUHV]WPHWV]HW� DODSMiQ� D�
Quicksim szoftver 10 Hz-V� LVPpWOpVVHO� iOOtWotta D]� D[LiOLV� HUĘ� QDJ\ViJiW��
iOODQGy�IHO�OHWL�Q\RPiVW�EL]WRVtWYD� A WHQJHO\�LUiQ\~ HUĘt D�UHQGV]HU�U|J]tWHWWH��
D]� iUDPHUĘVVpJ� NLW|OWpVL� WpQ\H]ĘMpYHO� HJ\�WW� A YiNXXPkamriEDQ� OpYĘ�
Q\RPiVt PDQXiOLV�jegyeztem fel. 

+HJHV]WpVL�pV� UHIHUHQFLD�NtVpUOHWHN |VV]HKDVRQOtWKDWyViJD�pUGHNpEHQ�azonos 
N|U�OPpQ\HN� N|]|WW� YpJH]WHP� NtVpUOHWHNHW. (]]HO� EL]WRVtWottam azt, hogy a 
KHJHV]WpV DGMD�D]�HJ\HG�OL�N�O|QEVpJHW�D�NpW�NtVpUOHW N|]|WW� A minta 12,5 mm 
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iWPpUĘvel, D�KHJHV]WpV�HVHWpEHQ�30 + 30 mm hasznos szakasszal NpW�GDUDEEyO��
D� UHIHUHQFLD� PLQWiN� HVHWpEHQ� ��� PP hasznos szakasszal NpV]�OWHN egy 
GDUDEEyO. A KHJHV]WpVL�pV�UHIHUHQFLD�YL]VJiODWRN�N|]�O�kpW�SiUW NLYiODV]WRWWDP��
PHO\HNHW� UpV]OHWHVHEEHQ�YL]VJiOWDP�D�NpVĘEELHNEHQ��$� IRQWRVDEE� pUWpNHNHW�
OiVG�D] ���WiEOi]DWban  

1��WiEOi]DW�$�KHJHV]WpVL�pV�D�UHIHUHQFLD�PLQWiN�IL]LNDL�V]LPXOiFLyMD 

1pY, KHJ��HOĘWW�
OHYHJĘQ 

'LII~]LyV�KHJHV]WpV���
5HIHUHQFLD�PLQWiN�IL]LNDL�

V]LPXOiFLyMD����/�PLQWiNRQ 

Balold. 
minta 

Jobbo.
minta 

Eredeti 
hossz 

Heg. 
XWiQL�
hossz 

(OQHYH]pV Tmax >�&@ P, MPa t, min 5]���P 5]���P mm mm 

DG3, 150 min 1000 30 60 0,58 / 
0,93 

0,6 / 
0,59 

30,07 + 
30,02 

58,48 

RG3 1000 30 60 
  

60,05 56,9 

DG7, 120 min 1055 30 40 0,75 / 
0,80 

0,92 / 
0,67 

30,01 + 
30,04 

56,34 

RG7, n.a. 1055 30 40 
  

60,04 55,47 

$�KHJHV]WHQGĘ�IHO�OHWHNHW�FVLV]ROiVa XWiQ�D�PpUpVHN�DODSMiQ�D�PLQWiN�IHO�OHWL�
pUGHVVpJH� 5]�  � ���� ·� �� �P� pUWpNHNUH� iOOtWRWWDP� EH�� $� WLV]WtWiV� XWiQ�
&,75$12;���VDYDV�ROGDWWDO�W|UWpQW�D�NUyPR[LG�HOWiYROtWiVD��0DMG�D]�LVPpWHOW�
IHO�OHWL�WLV]WtWiV�XWiQ�HJ\�YiNXXPHGpQ\EH�$U�Ji]�DODWW�V]iOOtWRWWDP D�PLQWiNat, 
PHJHOĘ]YH�H]]HO�D�WRYiEEL�R[LGiFLyW��%iU�D�UpV]OHJHV�R[LGiFLy�HONHU�OKHWHWOHQ�
D� PLQWiN� NLYpWHOpQpO� ps a PpUĘFHOOiED� YDOy� EHKHO\H]pVHNRU, azonban a 
NHOHWNH]Ę�R[LG�UpWHJ�IHOWHKHWĘHQ�MyYDO�NHYHVHEE��PLQW�D]�HUHGHWL�IHO�OHWHQ� A 
V]HUHOpVL�LGĘ�iOWDOiEDQ�W|EE�YROW��PLQW�HJ\�yUD� 
2.2. A *OHHEOH�NtVpUOHWHN KĘWDQL�MHOOHP]ĘL 
A NtVpUOHWHN� DODWWL� KĘPpUVpNOHW� HORV]OiVW� �'-V� V]iPtWiVRNNDO� N|]HOtWHWWHP��
DKRO� D� KĘVXJiU]iVEyO� DGyGy� VXJiU� LUiQ\~� KĘPpUVpNOHW� HORV]OiVW� is 
HOOHQĘUL]WHP��0HJiOODStWRWWDP��KRJ\�D�MHOHQWĘV�KĘVXJiU]iV�HOOHQpUH�D tengely 
LUiQ\~� KĘPpUVpNOHW� HORV]OiV� L]RWHUPLNXV� N|]HOtWpVH a PHUĘOHJHV 
keresztmetszetekUH� PHJIHOHOĘ� N|]HOtWpVW� DG�� azonban a V]iPtWiVRN� VRUiQ� D�
KĘVXJiU]iVL� YHV]WHVpJJHO� LV� V]iPROQL� NHOO. A N|]HOtWĘ� V]iPtWiVRN�
PHJPXWDWWiN�� KRJ\� D QDJ\� KĘPpUVpNOHW� HORV]OiV�PLDWW� D KĘPpUVpNOHWI�JJĘ�
DQ\DJMHOOHP]ĘN KDV]QiODWD�V]�NVpJHV�egy pontosabb modell OpWUHKR]iViKR]� 
(]pUW�D YL]VJiOW�NtVpUOHWHNUH�OpWUHKR]WDP�HJ\�numerikus modellt. 

A difI~]LyV� KHJHV]WpV� NH]GHWL� NRQWDNW� IHO�OHWpQHN� NLV]iPtWiViKR]� a +LOO� pV�
Wallach -IpOH�fHO�OHWi GLII~]LyV�PRGHO 0. mechanizmusa DODSMiQ�V]iPROWDP�D�
kLDODNXOW�N|WpVL�IHO�OHWHW. $]�HUHGPpQ\HN�V]HULQW����03D±V�YiODV]WRWW�D[LiOLV�
WHUKHOpV�D�mellett a NH]GHWL�KHJHV]WpVL�Q\DN�����-s NRQWDNW�IHO�OHWet mutatott 
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1000 �&������� �&�N|U�O��A IL]LNDL�NtVpUOHWHN�VRUiQ�D�PHJIHOHOĘ�NRQWDNW�IHO�OHW�
NLDODNXOiVD� PLDWW� D� IHOIĦWpVL� V]DNDV]� DODWW� ��� 03D� IHO�OHWL� Q\RPiVW�
alkalmaztunk�� PLHOĘWW� D� QpYOHJHV� KHJHV]WpVL� Q\RPiVt alkalmaztuk volna. 
(]]HO� HONHU�OYH� D IHO�OHW� OHKHWVpJHV ROYDGiViW D� PDJDV� iUDPVĦUĦVpJ�PLDWW��
8J\DQDNNRU� D� KHJHV]WpVL� KĘPpUVpNOHWHQ�� ���-�����&�� D]� DODFVRQ\DEE�
Q\RPiV�DONDOPD]iViYDO�����03D��D�PLQWD�GHIRUPiFLyMiW�WXGWXN�HONHU�OQL� 
2.3. A kontakt villamos HOOHQiOOiV D�N|WpVL�IHO�OHW�DUiQ\iEDQ 
A KHJHV]WpV�VRUiQ�D]�LURGDORPEDQ�OHtUW�WDSDV]WDODW�V]HULQW (Hill, 1983) az oxid 
IHO�OHWHN�pV�V]HQQ\H]ĘGpVHN�PLDWW�D�IHO�OHWHQ�OpWUHM|YĘ�kezdeti kontakt nem 
ad PHJIHOHOĘ� IpPHV� N|WpVt. (]pUW a SODV]WLNXV� DODNYiOWR]iV� kezdeti kontakt 
IHO�OHWe nem KHO\HWWHVtWL�D lass~�IRO\DPDWRN�iOWDO�YpJEHPHQĘ�V]HPFVpN�N|]|WWL�
GLII~]LyW�� pV� D]� R[LG� UpWHJ HOW�QpVpW�� +DVRQOyDQ� NpW� YLOODPRVDQ� YH]HWĘ� pV�
pULQWNH]Ę�IHO�OHW�N|]|WW�EiU�OpWUHM|Q�D�PHFKDQLNDL�NDSFVRODW��GH�H]�QHP�jelent 
ugyanakkora YLOODPRVDQ�YH]HWĘ�NRQWDNWot (Braunovic et al., 2007, 6. oldal). 
Ugyanakkor IHOWpWHOH]KHWM�N, hogy D�GLII~]LyV�KHJHV]WpV�VRUiQ�a villamosan 
YH]HWĘ� NRQWDNW� IHO�OHW� egyben PiU egy PHJIHOHOĘ IpPHV� N|WpV. Mindezek 
DODSMiQ a kontakt YLOODPRV�HOOHQiOOiV�My�MHOOHP]ĘMH�OHhet a KHJHV]WpVL�folyamat 
iOODSRWiQDN�LV. 
$�KHJHV]WpV�NRQWDNW�IHO�OHWpQ�pEUHGĘ�YLOODPRV�HOOHQiOOiVW HOPpOHWL�V]iPtWiVVDO�
N|]HOtWHWWHP� =hang (2012) PRGHOOH]pVH� DODSMiQ. $]� iOWDODP� V]iPROW�
V]LPPHWULNXV� IpO�NRQWDNW� IHO�OHW JHRPHWULiMiW�D�2. iEUD mutatja. A hengeres 
NRRUGLQiWD� UHQGV]HUEHQ� D� ÄK´� V]DNDV]� �KtG�� MHONpSH]L� D� IHO�OHWL� pUGHVVpJEyO�
V]iUPD]y�JHRPHWULiW��DKRO�D�IDMODJRV�HOOHQiOOiViWߩ�ଵ Q|YHOpVpYHO�D]�R[LG�UpWHJ�
pV�D�V]HQQ\H]ĘGpVW�LV�PRGHOOH]KHWM�N� 

 
2. iEUD�$�=KDQJ±IpOH�YLOODPRV�NRQWDNW�HOOHQiOOiV�JHRPHWULDL�PRGHOOMH�

szimmetrikus esetre 
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A WHOMHV� NRQWDNW� HOOHQiOOiV� D� NpW�PLQWD� V]ĦN�OHWL� HOOHQiOOiViQDN ܴ�Ȁ pV� D�
N|]|WWH�NLDODNXOW�YH]HWĘ�KtG�HOOHQiOOiViQDN�|VV]HJHNpQW�tUKDWy�IHO.  

ܴ±�௧௧ ൌ ܴ  ܴ�Ȁ ൌ ఘభ�ή�
గ�ή�ಲమ

 ఘమ
ସ�ή�ಲ

ή തܴ�Ȁ ቀ
ಳ
ಲ
ǡ ఘభ
ఘమ
ቁ, 

 (1) 

ahol ߩଵ D� IHO�OHWL� Q\DN fajlagos HOOHQiOOiVDߩ��ଶ pedig az alapanyag fajlagos 
HOOHQiOOiVD��$�V]ĦN�OHWL� HOOHQiOOiVW� തܴ�Ȁ =KDQJ�HW�DO�� �������������DODSMiQ�
NLGROJR]RWW�DQDOLWLNXV�I�JJYpQQ\HO�N|]HOtWHWWHP� $�V]iPtWiVRN�D]W�PXWDWWiN��
KRJ\�D�YH]HWĘ�V]LJHWHN�N|U�O�NLDODNXOy�V]ĦN�OHWL�HOOHQiOOiV�MHOHQWĘV�W|EEOHWHW�
jelent a kontDNW�IHO�OHW�QDJ\ViJUHQGHNNHO��ȡ1 ���Âȡ2��URVV]DEE�YH]HWĘ�UpWHJH�
HVHWpEHQ�LV� A]�$�%�N|WpVL�IHO�OHW�DUiQ\ I�JJYpQ\pEHQ�YL]VJiOWXN a kontakt 
YH]HWĘ�IHO�OHW� 
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3. (5('0e1<(. 

Ebben a fejezetben LVPHUWHWHP� D� NXWDWiVRP� VRUiQ� HOpUW� HUHGPpQ\HNHW��
melyekkel D� GLII~]LyV� KHJHV]WpVL� NtVpUOHWHN� pV� D� QXPHULNXV� PRGHOOH]pV, 
YDODPLQW�WRYiEEL�HOPpOHWL�V]iPtWiVRN�iOWDO�D�N|WpVL�IHO�OHW�DUiQ\iW�KDWiUR]WDP�
meg D� IRO\DPDW� VRUiQ� Bemutatom D� +LOO� pV� :DOODFK� ������� DODSMiQ�
modellezett HOPpOHWL N|WpVi IHO�OHW� DUiQ\it, pV�D =KDQJ� �������iOWDO� V]iPROW�
PRGHOO� DODSMiQ EHFV�OW� N|WpVL� IHO�OHW� DUiQ\iW, melyet bevezetett villamos 
HOOHQiOOiV�I�JJYpQ\EĘO V]iPROWDP� 
3.1. 'LII~]LyV�KHJHV]WpVHN�ps a referencia PpUpVHN�NLpUWpNHOpVH 
$�NLYiODV]WRWW�NpW�SiU�SDUDPpWHUHi��D�������&������03D������PLQ��D�KHJHV]WpV�
DG7, a referencia RG7 volt, YDODPLQW�������&������03D������PLQ��YROWDN DG3 
pV� RG3 MHO|OpVVHO. $� KHJHV]WpVL� pV� UHIHUHQFLD� NtVpUOHWHN� ���� V� IHOIĦWpVL�
V]DNDV]EyO�� ����� V� YDJ\� ����� V� KHJHV]WpVL� V]DNDV]EyO�� PDMG� ���� V� KĦOpVL�
V]DNDV]EyO�iOOWDN��A DG3 pV RG3 NtVpUleteN�XWiQL�PLQWiLQDN�IpQ\NpSpW�a 3. 
iEUD mutatja. 

 
3. iEUD�$�*OHHEOH PLQWDGDUDERN�5*���UHIHUHQFLD���'*���KHJHV]WpV��D]RQRV�
KĘPpUVpNOHW�pV�Q\RPiVVDO�HOYpJ]HWW�NtVpUOHWHN�XWiQ��DODWWD�D�NLLQGXOiVL�

PLQWiN 

$�QpJ\� NtVpUOHW� WHQJHO\� LUiQ\~� GHIRUPiFLyMiQDN�PpUW� I�JJYpQ\pW� D� 4. iEUD 
PXWDWMD��DKRO�D]�|VV]HKDVRQOtWKDWyViJ�PLDWW�D�KHJHV]WpV�QpYOHJHV�NH]GHWH�HJ\�
pontba van tolva. A NtVpUOHWHN DODWW� D� KHJHV]WHWW� PLQWiN� HVHWpEHQ�
PHJILJ\HOKHWĘ volt a kisebb WHQJHO\� LUiQ\~� HOĘWROiV, azaz a kisebb tengely 
LUiQ\~�GHIRUPiFLy��A a DG7 / RG7 NtVpUOHWHN�PpUW�KĘPpUVpNOHWei az 5��iEUiQ 
OiWKDWyDN� 
$� NtVpUOHWL� YL]VJiODWRN� DODSMiQ� D� IHOWpWHOH]KHWM�N�� KRJ\� D]� HJ\HG�OL�
N�O|QEVpJHW�D�YDUUDWQiO�NLDODNXOy�MHOHQWĘV�NRQWDNW�YLOODPRV�HOOHQiOOiV�DGta. Ez 
D]� HOOHQiOOiV D� NtVpUOHW� IRO\DPDWD� DODWW� D� PLQWiQ� NHOHWNH]Ę KĘPpUVpNOHW�
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HORV]OiVW� MHOHQWĘVHQ� PyGRVtWRWWD�� DPHO\� tJ\� KDWiVVDO� YROW� D� N~V]iV�
I�JJYpQ\pUH. 

 
4. iEUD $�PLQWD�WHQJHO\�LUiQ\~�GHIRUPiFLyMD��PXQNDKHQJHU�HOPR]GXOiVD�

�VWURNH��GLII~]LyV�KHJHV]WpVL�pV�D�UHIHUHQFLD�PLQWiNRQ 

 
5. iEUD�$�'*����5*��YL]VJiODW�KĘPpUVpNOHWPpUpVH��NRQWUROOiOW�IHOIĦWpV (540 

s)��KĘQWDUWiV(2400 s), NRQWUROOiOW�KĦOpVL�V]DNDVV]DO  
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3.2. A Gleeble NtVpUOHWHN�QXPHULNXV�PRGHOOH]pVH�pV HUHGPpQ\HL 
$� KHJHV]WpVL� PLQWD� KĘPpUVpNOHW� HORV]OiViW� QXPHULNXV� PRGHOOH]pVVHO�
N|]HOtWHWWem D� PLQWD� WHQJHO\� LUiQ\~� pV� UDGLiOLV� GHIRUPiFLyMiYDO� HJ\�WW�� $�
PRGHOO� DONDOPDV� YROW� D� YiOWR]y� JHRPHWULD� pV� KĘPpUVpNOHW�PHOOHWW� D]� HJ\HV�
NHUHV]WPHWV]HWHN� HOWpUĘ� KĘYH]HWpVpQHN� pV� KĘIHMOĘGpVpQHN� V]iPtWiViUD�� $�
QXPHULNXV� PRGHOO� D� *OHHEOH� EHUHQGH]pVKH]� KDVRQOyDQ� V]DEiO\R]WD� D�
V]�NVpJHV�HJ\HQiUDPRW�pV�D�PXQNDKHQJHUHQ�DONDOPD]RWW�WHQJHO\�LUiQ\~�HUĘW��
A PRGHOOH]pV� ILJ\HOHPEH� YHWWH� D� KĘPpUVpNOHWI�JJĘ� DQ\DJSDUDPpWHUHNHW��
YDODPLQW�V]LPXOiOWD�D�NRQVWDQV�PD[LPiOLV�KĘPpUVpNOHWHW�EL]WRVtWy�HJ\HQiUDP�
VĦUĦVpJpW�� $� PRGHOOH]pV� �'-V� WHQJHO\� LUiQ\~� KĘPpUVpNOHW� HORV]OiVW�
IHOWpWHOH]YH�L]RWHUPLNXVQDN�YHWWH�D�PLQWD�WHQJHO\pUH�D�KĘPpUVpNOHWHW��YLV]RQW�
D� PDJDV� KĘPpUVpNOHW� PLDWW� D� KĘVXJiU]iVL� YHV]WHVpJHW� ILJ\HOHPEH� YHWWH�� $�
WHQJHO\� LUiQ\~� Q\RPiV� PLDWW� IHOOpSĘ� GHIRUPiFLyW� D� KĘPpUVpNOHW� HORV]OiV�
I�JJYpQ\pEHQ� N~V]iVL� I�JJYpQQ\HO� N|]HOtWHWW�N. A 6. iEUD a minta 
KĘIHMOĘGpVpW�pV�KĘWUDQV]SRUWMiW�iEUi]ROMD� 

 
6. iEUD�$ KĘIHMOĘGpV�pV�KĘYH]HWpV�iEUi]ROiVD�D�PLQWiEDQ 

$�IpO�PLQWiQ�EDOUyO� D]�n-ik elemen iWKDODGy�KĘiUDPD�D]�|VV]HV� HOĘ]Ę��«Q 
HOHPEHQ� IHMOĘGĘ� KĘIHMOĘGpV� |VV]HJH� OHV]�� YDJ\LV� σ ሶܳ

݊ݔ

ଵ , amely PiU� a 

KĘVXJiU]iVVDO�FV|NNHQWHWW�PHQQ\LVpJ��(]�D�KĘIHMOĘGpV�IRJ�HJ\HQV~O\W�WDUWDQL�
iOODQGyVXOW� iOODSRWEDQ� DGRWW� HOHPEHQ� D� KĘYH]HWpVpYHO�� ËJ\� tUKDWMXN� k-ik 
LGĘSLOODQDWEDQ D�N|YHWNH]Ę�I�JJYpQ\W� 

 ሶܳ
ǡ݇݊ݔ





ൌ ൫ߣ ܶାଵǡ൯ ή
ǡܣ
݈ǡ

൫ ܶିଵǡ െ ܶǡ൯ǡ (2) 

ahol ߣሺ ܶሻ a n-ik HOHP�KĘYH]HWpVH�� 

$� EHIRJiVKR]� N|]HOL� HOHP� pV� D� KĦWĘYt]� NDSFVRODWiW� D PpUpV� VRUiQ�
PHJKDWiUR]tam a KĘiWDGiVL� WpQ\H]Ęt D� V]pOVĘ� HOHPHQ PpUW� KĘPpUVpNOHW�
DODSMiQ��ËJ\�D (n=N) WiYR]y�KĘPHQQ\LVpJ D�N|YHWNH]Ę�OHV]� 
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 ሶܳ
ǡ݇ܰݔ

ୀே



ൌ �௦ߙ ή ேǡ൫ܣ ேܶǡ െ ܶö௧Ý௩À௭൯ǡ        (3) 

ahol ߙ× = 2000 ± 4200 W/(m2.��N|]|WW�YiODV]WRWWDP�PHJ. A nem ismert 
ேܶǡǡ, ܶିଵǡ pUWpNHL� iWUHQGH]pVVHO� IHMH]KHWĘHN� NL�� DKRO� D KHJHV]WpVL�
KĘPpUVpNOHW�D� ଵܶ lesz. 

$� PLQWiNRQ� NHOHWNH]Ę� IRUGtWRWW� SDUDEROD� KĘPpUVpNOHW� HORV]OiVRN� V]DEDG�
V]HPPHO�LJHQ�KDVRQOyDN�YROWDN�PLQGHQ�NtVpUOHWEHQ��D]RQEDQ�D�PRGHOOH]pVHN�
DODSMiQ�OiWKDWyDN�D�PyGRVtWRWW�KĘPpUVpNOHW�HORV]OiVRN�MHOOHJH����V�pV������V�
LGĘ� HOWHOWpYHO�� /iVG� 7. iEUD�� $� NRQWDNW� YLOODPRV� HOOHQiOOiV� PyGRVtWMD� D�
KĘPpUVpNOHW�HORV]OiVW�D�KHJHV]WpVL�PLQWiQ�pV�PHUHGHNHEE�KĘORV]OiVW�LGp] HOĘ�
D�UHIHUHQFLD�PLQWiNKR]�NpSHVW��(]�D�MHOHQVpJ�D�KHJHV]WpV�HOĘUHKDODGiViYDO a 
FV|NNHQ�a N|WpVL�IHO�OHW�DUiQ\iQDN�Q|YHNHGpVpYHO� 

 
7. iEUD�$�PRGHOOH]HWW�PLQWiN�KĘPpUVpNOHW�HORV]OiVDL����pV������V-QiO�

(Baross et al, 2020) 

A Gleeble-Q� PpUW� pV� D� PRGHOOH]HWW� HOĘWROiV� PpUWpNpW� D� 8. iEUD mutatja, a 
Q|YHNYĘ� PRGHOOH]HWW� HJ\HQiUDP� PHOOHWW. $� QXPHULNXV� PRGHOOH]pV�
EORNNGLDJUDPMiW�D�10. iEUD mutatja. 
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8. iEUD�$�QpYOHJHV�KHJHV]WpV�DODWW�PpUW�pV�PRGHOOH]HWW�HOĘWROiV�I�JJYpQ\H�

LGĘEHQ�(Baross et al, 2020) 

 
9. iEUD�$ NLW|OWpVL�WpQ\H]Ę�pV�D Q|YHNYĘ�iUDPHUĘVVpJ�PRGHOOH]pVH 
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10. iEUD�$�QXPHULNXV�PRGHOOH]pV�EORNNGLDJUDPMD 

$]� HOHPL� NHUHV]WPHWV]HWHN� DODNYiOWR]iViW� 950±�����&� KĘPpUVpNOHWHQ� a 
WpUIRJDW�PHJPDUDGiViYDO�V]iPROWDP�- IHOKDV]QiOYD�D�NRUiEEL�WDQXOPiQ\RNDW�
(Hill, 1983, 1989, Rieth, 2004) - D]�~Q��$UUKHQLXV�WtSXV~�KDWYiQ\I�JJYpQQ\HO. 
$�N~V]iVL�I�JJYpQ\W�D�UHIHUHQFLD�PpUpVHNKH]�LJD]tWRWWDP��PHO\�I�JJYpQ\eket 
D� KHJHV]WpVHNUH� LV� DONDOPD]Wam. (]]HO� D� QXPHULNXV� PRGHOOH]pVHNNHO�
EHFV�OKHWĘYp�WHWWHP�D�PLQWiN�GHIRUPiFLyMiW�D�KHJHV]WpV�V]HPSRQWMiEyO�KRVV]~�
NtVpUOHWHN�DODWW� 
$� U|YLG�OĘ� PLQWiQ� D� Q|YHNYĘ� WHQJHO\� LUiQ\~� WHUKHOpV PpUW� pV� PRGHOOH]HWW�
pUWpNH�NHYHVHEE�PLQW����HOWpUpVW�PXWDWRWW��/iVG a 11��iEUiQ. 
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11. iEUD�$�WHQJHO\�LUiQ\~�WHUKHOpV�PpUpVH�pV�PRGHOOH]pVpQHN�HUHGPpQ\H 

3.3. A kontakt YLOODPRV�HOOHQiOOis LGĘI�JJĘ�I�JJYpQ\H 
$� GLII~]LyV� KHJHV]WpV� NRQWDNW� IHO�OHWpW� D� NRQWDNW� YLOODPRV� HOOHQiOOiV�
FV|NNHQpVpYHO� N|]HOtWHWWHP�� $]� HOOHQiOOiVW� D� IpOPLQWD� HVHWpEHQ� D� EDOROGDOi 
�NRQWDNW�� HOHP� HOOHQiOOiViKR]� DGWDP� KR]]i� Mivel a kontakt villamos 
HOOHQiOOiV� PpUW� SDUDPpWHUKH]� nHP� YROW� N|WKHWĘ�� H]pUW� LGĘEHQ� FV|NNHQĘ�
I�JJYpQ\W� YiODV]WRWWDP�� A NtVpUOHWHN� HUHGPpQ\HLW� D� N|YHWNH]Ę�
H[SRQHQFLiOLVDQ�FV|NNHQĘ�I�JJYpQQ\HO N|]HOtWHWWHP� 

ܴ௧௧ ൌ ݇ଵ ή ݁ିమή௧,     (4) 

ahol ݇ଵ PpUWpNHJ\VpJH� ȍ�� D� ݇ଶ PpUWpNHJ\VpJH� 1/s lesz. A ݇ଵpV� ݇ଶ 
SDUDPpWHUHNHW�PyGRVtWiViYDO�D�PLQWD�N~V]iViQDN�D�����SHUFpEHQ�PpUW�tengely 
LUiQ\~�HOĘWROiViQDN�pUWpNpKH]�LJD]tWRWWDP� 

A]�tJ\�PHJiOODStWRWW�NpW�KHJHV]WpVKH]�WDUWR]y�I�JJYpQ\W�D 12. iEUD mutatja.  
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12. iEUD A kontakt villamos HOOHQiOOiV�N|]HOtWĘ�I�JJYpQ\Hi 

3.4. A NRQWDNW�IHO�OHWek QDJ\ViJiQDN�PHJKDWiUR]iVD 
0HJKDWiUR]WDP� D� Zhang-IpOH� PRGHOO� DODSMiQ a minta NHUHV]WPHWV]HWpQHN�
PHJIHOHOĘ kontakt villaPRV�HOOHQiOOiVt D�N|WpVL�IHO�OHW�I�JJYpQ\pEHQ. $�N|WpVL�
IHO�OHW�DUiQ\iban (A/B) D�NRQWDNW�YLOODPRV�HOOHQiOOiVW�OiWKDWMXN�D�13��iEUiQ, 
amit az 1. egyenlet V]HULQW�IpO�PRGHOOUH�V]iPROWDP�NL. 

A Zhang-IpOH� NRQWDNW� HOOHQiOOiV� HOPpOHWL� YpJWHOHQ� pUWpNWĘO� LQGXO�� YLV]RQW� a 
10%-V� N|WpV� XWiQ� HVLN� ��-5 �2KP�� QDJ\ViJUHQG� DOi esik, ami azonos 
QDJ\ViJUHQGĦ lesz D�*OHHEOH�PpUpV�pV�PRGHOOH]pVsel PHJKDWiUR]RWW�LGĘI�JJĘ�
NRQWDNW� YLOODPRV� HOOHQiOOiV� N|]HOtWĘ� I�JJYpQ\pYHO�� Ëgy D� NpW� I�JJYpQ\UH�
|VV]HYHWKHWĘ� HUHGPpQ\W� kaptam. Ezzel D� PpUpV� pV� PRGHOOH]pV� iOWDO�
PHJKDWiUR]RWW� NRQWDNW� YLOODPRV� HOOHQiOOiV� �12. iEUD�� pV� D]� HOPpOHWL� NRQWDNW�
YLOODPRV� HOOHQiOOiV� �13. iEUD�� pUWpNpYHO� PHJKDWiUR]KDWMXN� D]� LGĘWĘO� I�JJĘ�
NRQWDNW�IHO�OHW�YiOWR]iViW�LV: A/B(Rkontakt). 

(QQHN� PHJIHOHOĘHQ� D]� 5kontakt(A/B) helyett az A/B(Rkontakt�� I�JJYpQ\W�
OpWUHKR]WDP�� $� I�JJYpQ\W� D� ��� [� ��-5 QDJ\ViJUHQG� DOi� HVĘ� V]DNDV]iQ�
N|]HOtWHWWHP�SROLQRPPDO������NRQWDNWQiO�QDJ\REE�HVHWUH�� $�NRUiEEDQ�OHtUW�
DODSMiQ� D YDOyV NH]GHWL� IHO�OHWHWUD� LV� IHOWpWHOH]KHWM�N� D� ���� -s kontaktot a 
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KHJHV]WpV NH]GHWpQ�� $� N|WpVL� IHO�OHW� DUiQ\iQDN� LGĘEHQ� PHJKDWiUR]RWW�
I�JJYpQ\HL, A/B(Rkontakt) a 14��iEUiQ�OiWKDWyDN� 

 
13. iEUD�$�NRQWDNW�YLOODPRV�HOOHQiOOiV�a N|WpVL IHO�OHW�DUiQ\iEDQ, nyak 

PDJDVViJD��K� �������P��QpYOHJHV FVDWODNR]y�IHO�OHW�VXJara: ݎ = 6,25 mm; 
D]�pULQWNH]Ę�IHO�OHW�VXJDUDݎ�  ������·������PP�N|]|WW�� ��&� 1050)ߩ�

1,256e-����P�ଵߩ� ଶΤߩ ൌ ͷͲ.  

 
14. iEUD�$�N|WpVL�IHO�OHW�DUiQ\D�LGĘEHQ�D�PpUpVHN�DODSMiQ�$�%�5kontakt)  
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3.5. A +LOO�pV�:DOODFK-IpOH�GLII~]LyV�modellH]pVHN�HUHGPpQ\HL� 
$�GLII~]LyV�N|WpV�HOPpOHWL�PRGHOOH]pVpW�HOYpJH]WHP�+LOO�pV�:DOODFK�DODSMiQ��
A]�HOPpOHWL PRGHOOH]pV�LJHQ�J\RUV�N|WpVW�PXWDW D�N�O|QE|]Ę�PHFKDQL]PXVRN�
LGHiOLV�MHOOHJH�PLDWW� Ugyanakkor a tapasztalok szerint a mechanikai kontakt 
J\RUV� NLDODNXOiVD� ��-��� SHUF� XWiQ� PpJ� QHP� PHJIHOHOĘ� IpPHV� N|WpVW�
HUHGPpQ\H]�D�MHOHQOpYĘ�R[LG�UpWHJ�pV�D�V]HQQ\H]ĘGpVHN�MHOHQOpWH�PLDWW��Mivel 
a mintadarabok NLIĦWpVpUH�YiNXXP�DODWW�D] HOOHQiOOiVIĦWpV�HOUHQGH]pVH�PLDWW�
QHP�YROW�OHKHWĘVpJem��H]pUW�D�IHO�OHWL�V]HQQ\H]ĘGpVHN��LOOHWYH�D]�R[LG�UpWHJUH�
V]iPDWKDWWXQN� 
$�SURJUDPRW�+LOO� pV�:DOODFK�DODSMiQ�D 316L anyagMHOOHP]ĘLW� IHOKDV]QiOYD, 
LOOHWYH�D�KHJHV]WpV�SDUDPpWHUHLW�pV�D�IHO�OHWL�PLQĘVpJHW�IHOKDV]QiOYD futtattuk 
le. $�NpW�KHJHV]WpV�NH]GHWL�SLOODQDWV]HUĦ�SODV]WLNXV�GHIRUPiFLyMiW�D�16. iEUD 
(DG7) pV� D� 19. iEUD (DG3) PXWDWMD�� D� KHJHV]WpV� KRVV]~� IRO\DPDWiQDN� D�
mechanizmusait a 17. iEUD (DG7) pV�D�20. iEUD (DG3) PXWDWMD��D�KHJHV]WpV�
VRUiQ� PRGHOOH]HWW� �UHJ� YiOWR]iViW� D� 18. iEUD (DG7) pV� D� 21. iEUD (DG3) 
mutatja. 

$� +LOO� pV� :DOODFK� PRGHOOH]pV� HOVĘ� OpSpVH� D� SLOODQDWV]HUĦ� SODV]WLNXV�
GHIRUPiFLyYDO� NH]GĘGLN�� .LV]iPtWiViYDO� D� IRO\iVKDWiUKR]� WDUWR]y� Qyak 
V]pOHVVpJpW�� ܽ௬ V]iPROMXN� NL�� LOOHWYH� D� Q\DN� PDJDVViJiW�� ݄௬. A 
PRGHOOH]pV� V]LPPHWULNXV� IHO�OHWL� pUGHVVpJL� SURILOW� IHOWpWHOH]�� DKRO� D� IRO\iV�
WHOMHV� PpUWpNEHQ� D� VtNEDQ� W|UWpQLN�� $� NRQWDNWQiO� D� KHO\HWWHVtWĘ� HOOLSV]LV�
FV~FVRN� W|NpOHWHVHQ� WDOiONR]QDN�� QLQFV� IHO�OHWL� KXOOiPRVViJ�� ,GHiOLVDQ�
SODV]WLNXV�D]�DQ\DJ��QLQFV�DODNtWiVL�NHPpQ\HGpV��D�GHIRUPiFLyQDN�QLQFV�KDWiVD�
D� V]HPFVHKDWiURNUD�� $� NH]GHWL� SLOODQDWV]HUĦ� IRO\DPDWQDN� D� PRGHOOH]pVEHQ�
QLQFV�LGĘI�JJpVH� (QQHN�D�PHFKDQL]PXVQDN�D�NpSpW�D�15. iEUD mutatja. 

 
15. iEUD $]�HOOLSV]LV��UHJ�SODV]WLNXV�DODNYiOWR]iVD�����DODNYiOWR]iVL�

mechanizmus anyagtranszport 

A +LOO� pV�:DOODFK-IpOH� PRGHOOH]pVKH]� D� IHO�OHWL� pUGHVVpJEĘO� V]iUPD]WDWRWW�
adatokat a NtVpUOHWL� PLQWiN� PpUpVHLEĘO� V]iUPD]WDWMXN�� PHO\HW� a 2�� WiEOi]DW�
IRJODO�|VV]H�   
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2��WiEOi]DW�$�KHJHV]WpVL�PLQWiN�IHO�OHWL�pUGHVVpJpEĘO�V]iUPD]WDWRWW�pUWpNHL 

 Minta sz.   Ra ��P� Rz ��P� Rq ��P� Ȝa ��P� 

DG7 

Nr. 1.  
���PpUpV 0,06 0,75 0,08 23,24 

���PpUpV 0,06 0,8 0,08 22,47 

Nr. 4.  
���PpUpV 0,09 0,92 0,13 28,42 

���PpUpV 0,06 0,67 0,08 18,55 

1055 �&�����03D������PLQ �ƚůĂŐ  0,0675 0,785 0,0925 23,17 

DG3 

Nr. 8.  
���PpUpV 0,06 0,58 0,07 20,84 

2. PpUpV 0,06 0,93 0,08 20,46 

Nr. 11. 
���PpUpV 0,06 0,6 0,07 21,76 

���PpUpV 0,06 0,59 0,07 22,13 

1000 �&�����03D�����PLQ  �ƚůĂŐ 0,06 0,675 0,0725 21,30 

Geometria ellipszis 
bemeneti adatok 

Szemcsem: 

����P 
  ݄ ൌ ʹ�ܴ ʹ�ܾ ൌ  ߣ

 
16. iEUD�$�(DG7) 1055 �&������03D�szerint futtatott +LOO�pV�:DOODFK-IpOH�
PRGHOO�NH]GHWL�SLOODQDWV]HUĦ����PHFKDQL]PXViQDN�HUHGPpQ\HL, a ݄௬ pV 

ܽ௬ OHV]�IHOKDV]QiOYD�D]�LGĘEHQ�OHMiWV]yGy�1-6 folyamatokban 

$�SLOODQDWV]HUĦ�SODV]WLNXV�DODNYiOWR]iV�HUHGPpQ\HNpQW�D�16. iEUD mutatja a 
N|WpVHN�DUiQ\iW�D� IHO�OHWL�Q\RPiV�pV�KĘPpUVpNOHW�I�JJYpQ\pEHQ�D�'*�-hez 
�NHUHV]WWHO� MHO|OYH�� WDUWR]y� IHO�OHWL� pUGHVVpJJHO� pV� KĘPpUVpNOHWHQ� V]iPROYD��
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|VV]HKDVRQOtWiVNpSSHQ�a 950-1055 �&�KĘPpUVpNOHWUH�NDSRWW�HUHGPpQ\HNNHO. 
Itt a 30 MPa-V�IHO�OHWL�Q\RPiVKR]�WDUWR]y�NE�����-V�N|WpVL�DUiQ\W�NDSWDP�D]�
a/b 1055 �&�PHOOHWW�YHWW�IRO\iVKDWiU�pUWpNUH� 
$�NH]GHWL�V]DNDV]�XWiQ�D�KRVV]DEE�IHO�OHWL�IRO\DPDWRN�HVHWpEHQ�D�N�O|QE|]Ę�
IHO�OHWL�pV�WHUIRJDWL�GLII~]LyV��NRQGHQ]iFLyV�pV�N~V]iVL�PHFKDQL]PXVRN�HOWpUĘ�
DUiQ\EDQ�YHV]QHN�UpV]W�D�IRO\DPDWEDQ. (17. iEUD, 20. iEUD��$]�HUHGPpQ\HNEĘO�
OiWKDWy�� KRJ\� D� IHO�OHWL� GLII~]Ly� IRJ� GRPLQiOQL� H]HQ� D� KĘPpUVpNOHWHQ� pV�
Q\RPiVRQ�� $� NLSiUROJiV�� V]HPFVpN� N|]|WWL� GLII~]Ly�� YDODPLQW� D� N~V]iVEyO�
DGyGy�GHIRUPiFLy�KDWiVD�D]�HOOLSV]LVUH�MyYDO�NLVHEE�V]HUHSHW�MiWV]LN��$�IHO�OHWL�
mechanizmusok KDMWyHUHMpW� D]� HOQ\~MWRWW� HOOLSV]LV� IRUPD� HOWpUĘ� IHO�OHWL�
J|UE�OHWH�DGMD��PHO\�IRO\DPDWRN�D�N|U�NHUHV]WPHWV]HWHW�N|]HOtWYH�ODVVXOQDN��
LOOHWYH�HOpUYH�PHJiOOQDN� $]�HOOLSV]LV��UHJHN�JHRPHWULiMiW�D�18. iEUD��pV�D�21. 
iEUD PXWDWMD��$]�iEUiNRQ�OiWKDWy��KRJ\�D�NH]GHWEHQ�D�PRGHOOH]pV�V]HULQW�LJHQ�
HOQ\~MWRWW�HOOLSV]LVVHO�N|]HOtWL�D�PRGHOO�D�NpW�IHO�OHW�WDOiONR]iViW��$]�HOQ\~MWRWW�
ellipsziV� IRUPiMy� �UHJHN� D� IHO�OHWL� GLII~]LyV� KDWiVRN� PLDWW� J\RUVDQ� N|UUp�
GHIRUPiOyGQDN�� PDMG� D� WRYiEEL� PHFKDQL]PXVRN� PLDWW� IRO\DPDWRVDQ�
]VXJRURGQDN��PtJ�YpJ�O�HOWĦQQHN� 

 
17. iEUD�$�'*��(1055 �&�����03D�����PLQ) GLII~]LyV�KHJHV]WpVKH]�WDUWR]y�
+LOO�pV�:DOODFK�SURJUDP�HUHGPpQ\H, ݄௬ = 0,118 �m, ܽ௬ = 1,818 �m, 

ʹ ή ܾ = 23.17 �P��V]HPFVHPpUHW�7 �P� 
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18. iEUD�$�'*��KHJHV]WpVEHQ�egy b FHOOiEDQ� HOOLSV]LV��UHJben, mely 
V]pOHVVpJH��F�W���PDJDVViJD��K�W� �HOWpUĘ�LGĘOpSpVHNNHO�iEUi]ROYD�, nyak 

V]pOHVVpJH��D E-c 

+DVRQOyDQ� D DG3-KR]� WDUWR]y� PRGHOOH]pVHNhez is a 0. mechanizmus 
V]iPtWiVDLW�HOYpJH]YH�D�19. iEUD mutatja a KHJHV]WpVKH]�V]iPROW�pUWpNHNHW�����
MPa, 1000 �&��D�N|WpV�DUiQ\iUD� 

 
19. iEUD�$�'*� 1000 �&������03D�V]HULQW�IXWWDWRWW�+LOO�pV�:DOODFK-IpOH�

modell kezdeti pillDQDWV]HUĦ����PHFKDQL]PXViQDN�HUHGPpQ\HL�D�IRO\iVKDWiU�
pV�D�IHO�OHWL�Q\RPiV�I�JJYpQ\pEHQ��D� ݄௬ pV ܽ௬ OHV]�IHOKDV]QiOYD�D]�

LGĘEHQ�OHMiWV]yGy�IRO\DPDWRNEDQ 
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20. iEUD�$�'*��(1000 �&�����03D�����PLQ��GLII~]LyV�KHJHV]WpVKH]�WDUWR]y�
+LOO�pV�:DOODFK�SURJUDP�HUHGPpQ\H�� ݄௬ = 0,122 �m, ܽ௬ = 0,86 �m, 

ʹ ή ܾ = 23.17 �P��V]HPFVHPpUHW����P 

 
21. iEUD�$�'*��KHJHV]WpVEHQ�D�E�V]pOHV�QHJ\HG�HOOLSV]LV��UHJ�DODNXOiVD�D�

KHJHV]WpV�alatt 

$�PRGHOOHN�D]� LURGDORPEDQ� LVPHUW�HUHGPpQ\HNQHN�PHJIHOHOĘHQ� LJHQ�J\RUV�
N|WpVW� PXWDWWDN�� DKRO� D� PRGHOOH]pV� IHOWpWHOH]L� D� VtNODS~ViJRW pV� D� IHO�OHW�
W|NpOHWHV� WLV]WDViJiW�� 0HJILJ\HOKHWĘ�� KRJ\� EiU� D� Q\DN� ÄD´� V]pOHVVpJH� LJHQ�
J\RUVDQ� FV|NNHQ�� D� Q\DN� PDJDVViJD� D� ODVVDEE� GLII~]LyV� YDJ\� N~V]iVL�
folyamatok miatt a '*��HVHWpEHQ ODVVDEEDQ�WĦQLN�HO��PLQW�D�'*� KHJHV]WpVQpO. 
A NpW�IRO\DPDW�N|]|WW�D IĘ�N�O|QEVpJet D�KĘPpUVpNOHW HOWpUpV�DGMD�D�NtVpUOHWQHN�
PHJIHOHOĘHQ��$�NpW�KHJHV]WpVQpO�pV�D�PRGHOOEHQ�WRYiEEL�N�O|QEVpJHW�MHOHQWHWW�
D� IHO�OHWL� pUGHVVpJ� HOWpUpVH� pV� DONDOPD]iVD�� GH� HQQHN� EHIRO\iVD� QHP� YROW�
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V]iPRWWHYĘ�� $� PRGHOOH]pVHNUH� iOWDOiEDQ� HOPRQdKDWy� hogy D� IHO�OHWHQ�
NHOHWNH]Ę��UHJ�HOQ\~MWRWW�HOOLSV]LV�IRUPiMD�HOĘV]|U�U|YLG�LGĘ�DODWW�N|UUp�DODNXO�
D� IHO�OHWL� IRO\DPDWRN�PLDWW��PDMG�az iWPpUĘje ODVVDEEDQ�FV|NNHQ�D�NHYpVEp�
GRPLQiQV�GLII~]LyV�pV�N~V]iVL�IRO\DPDWRN�PLDWW��$�PRGHOOH]pVHNEĘO�OiWKDWy��
hogy az LURGDORP�DODSMiQ�LV�LQGRNROW�D�PDJDVDEE�KĘPpUVpNOHW������ �&±1100 
�&�� YiODV]WiVD�� DPHO\� tJ\� EL]WRVtWMD� D]� �UHJHN� �-�� yUiV� LGĘWDUWDP� DODWWL�
EH]iUyGiViW��7HUPpV]HWHVHQ�D�Q\RPiV�Q|YHOpVpYHO�LV�WRYiEE�Q|YHOM�N�D�N|WpV�
VHEHVVpJpW��XJ\DQDNNRU�HQQHN�YL]VJiODWiUD�QHP�W|UHNHGW�QN�D�WHQJHO\�LUiQ\~�
WHUKHOpVNRU�WDSDV]WDOW�KDVDVRGiV�PLDWW�� 
3.6. $]� HOPpOHWL� pV� D� NtVpUOHWHN� PRGHOOH]pVpYHO PHJKDWiUR]RWW N|WpVL�

IHO�OHWek |VV]HYHWpVH 
A]�HOPpOHWL GLII~]LyV�N|WpV�NLDODNXOiViW (a/b) +LOO�pV�:DOODFK modellHO�pV�D 
PpUpV�pV�numerikus PRGHOOH]pVVHO PHJKDWiUR]RWW�N|WpVL IHO�OHW DUiQ\iW a 22. 
iEUa IRJODOMD�|VV]H. 

 
22. iEUD A GLII~]LyV KHJHV]WpVekKH]�WDUWR]y�+LOO�pV�:DOODFK�modell (a/b) 

N|WpVL�IHO�OHW�DUiQ\D��|VV]HYHWYH�D�*OHHEOH�PpUpVsel pV�QXPHULNXV�
PRGHOOH]pVsel PHJKDWiUR]RWW�HOOHQiOOiVVDO Rkont(t), pV�az DEEyO�a Zhang 

HOPpOHWpYHO V]iPROW�NRQWDNW�IHO�OHWtel A/B(Rkont(t)) 
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A magasabb KĘPpUVpNOHWHQ�YpJ]HWW�NtVpUOHW pV�PRGHOO D�YiUWQDN�PHJIHOHOĘHQ�
D� NRQWDNW� IHO�OHW� J\RUVDEE� NLDODNXOiViW� PXWDWMa D]� DODFVRQ\DEEKR]� NpSHVW�
PLQGNpW� HVHWEHQ�� A NRQWDNW� IHO�OHW� YDOyV� DUiQ\it W|UpVWHV]Wtel pV�
PLNURV]NySLiYDO� NpV]tWHWW� YL]VJiODWRNkal tHUYH]]�N megKDWiUR]QL� D�
NpVĘEELHNEHQ� 
$]�HOPpOHWL�PRGHOOH]pV�pV�D�PpUpV�iOWDO�PHJKDWiUR]RWW�NRQWDNW�IHO�OHW�jHOHQWĘV�
HOWpUpVW�mutatott��DKRO�D]�XWyEEL�DODFVRQ\DEE�pUWpNHNHW�YHV]�IHO� Figyelembe 
YpYH�D�NRUiEEDQ�OHtUW�IRO\DPDW�VRUiQ�D�NLDODNXOy�IHO�leti oxidiOyGiVW�pV�HJ\pE 
V]HQQ\H]ĘGpVt, D]� HOPpOHWL� PRGHOOH]pVKH] �+LOO� pV�:DOODFK� NpSHVW� NLVHEE 
YH]HWĘ�NRQWDNW IHO�OHWUH�V]iPtWottunk. 7RYiEEi�D IHO�OHWL�GLII~]LyV�PRGHOOH]pV�
NpVĘEEL�MDYtWRWW�YiOWR]DWDL DODSMiQ (Zhang, M. Q. Li, 2015, 2018) (Ruifang et 
al., 2012), a a jelen PRGHOO� D� YDOyViJQiO� IHOWHKHWĘHQ� LGHiOLVDEE�� J\RUVDEE�
N|WpVW� HUHGPpQ\H]. (]pUW� D]� ~MDEE�PRGHOOHN DONDOPD]iViW pV� YDOLGiOiViW� a 
M|YĘEHQ�V]�NVpJHVQHN�OiWRP D����/�DFpOUD LV�HOYpJH]QL� 
(]]HO�D]�HOMiUiVVDO�D�*OHHEOH�EHUHQGH]pV�VHJtWVpJpYHO�HJ\�~M�HOMiUiVW�GROJoztam 
NL�D�GLII~]LyV�KHJHV]WpV�NRQWDNW�IHO�OHWpQHN�PHJKDWiUR]iViUD��$�N|WpVL�DUiQ\�
NLDODNXOiViW� |VV]HYHWKHWĘYp� WHWWHP� D� =KDQJ-IpOH� PRGHOOHQ� NHUHV]W�O� D]�
HOPpOHWL�PRGHOOH]pVHNNHO�NDSRWW�N|WpVL�IHO�OHW�DUiQ\iYDl. 
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4. Ò-�78'20È1<26�(5('0e1<(. 

.XWDWyPXQNiP�VRUiQ�D�I~]LyV�N|UQ\H]HWEHQ�KDV]QiOW�316L DFpORN�GLII~]LyV�
KHJHV]WpVpYHO� IRJODONR]WDP�� $]� HUHGPpQ\HLPHW� Wp]LVHN� IRUPiMiEDQ� D]�
DOiEELDNEDQ�|VV]HJ]HP� 
1. $�GLII~]LyV�KHJHV]WpV�IRO\DPDWiQDN�YL]VJiODWD�D�*OHHEOH�IL]LNDL�V]LPXOiWRU�

EHUHQGH]pVVHO 
���/� UR]VGDPHQWHV� DFpO�PLQWiNRQ�YpJ]HWW� NtVpUOHWHNNHO� LJD]ROWDP��KRJ\�D]�
HOOHQiOOiVIĦWpVVHO� YpJ]HWW� GLII~]LyV� KHJHV]WpVL� NtVpUOHWHN� D� UHIHUHQFLD�
PpUpVHNNHO�HJ\�WW�DONDOPDVDN�D�GLII~]LyV�KHJHV]WpVL�IRO\DPDWRN�YL]VJiODWiUD��
gVV]HI�JJpVW�WDOiOWDP�D�PpUpVHN�VRUiQ�D�GLII~]LyV�KHJHV]WpVHN�pV�D�UHIHUHQFLD�
NtVpUOHWHN�HOWpUĘ�WHQJHO\�LUiQ\~�DODNYiOWR]iVD��pV�D�GLII~]LyV�KHJHV]WpV�NRQWDNW�
IRO\DPDWDL�N|]|WW�� 
$�KHJHV]WpVL�pV�UHIHUHQFLD�NtVpUOHWHNHW�D]RQRV�SDUDPpWHUHN�PHOOHWW�YpJH]WHP�
el: 1000 �&��� MPa/60 PLQ�pV����� �&��� MPa/40 min.  

.LGROJR]WDP� HJ\� ~M� QXPHULNXV� PRGHOOH]pVW�� DPHOO\HO� D� NtVpUOHWHN� DODWW� D�
PLQWiQ� NHOHWNH]Ę� KĘPpUVpNOHW� HORV]OiVW� pV� D� PLQWD� GHIRUPiFLyMiW� WXGWDP�
PRGHOOH]QL��D�PRGHOOH]pVW�D�UHIHUHQFLD�PpUpVHNKH]�LJD]tWRWWDP� 
2.  A GLII~]LyV KHJHV]WpV�NRQWDNW�IHO�OHWpQHN YLOODPRV�HOOHQiOOiVVDO�YDOy�

N|]HOtWpVH 
%HYH]HWWHP� D� GLII~]LyV� KHJHV]WpV� PRGHOOH]pVpUH�� D� NRQWDNW� IHO�OHWHQ�
NHOHWNH]Ę�� FV|NNHQĘ� WHQGHQFLiM~� NRQWDNW� YLOODPRV� HOOHQiOOiV� I�JJYpQ\W��
ܴ௧௧ ൌ ݇ଵ ή ݁ିమή௧ [�]�� $� I�JJYpQ\W� D� UHIHUHQFLD� YL]VJiODWRNWyO� HOWpUĘ�
KHJHV]WpVL�NtVpUOHWHNKH]�LJD]tWRWWDP D�QXPHULNXV�PRGHOOH]pVEHQ� 
$�PRGHOOH]pVVHO�PHJiOODStWRWWDP��KRJ\�D�KHJHV]WpVL�YDUUDWQiO�IHOOpSĘ�NRQWDNW�
YLOODPRV�HOOHQiOOiV�MHOHQWĘVHQ�EHIRO\iVROMD�D�PLQWD�KĘPpUVpNOHW�HORV]OiViW�pV�
iUDPIHOYpWHOpW�� ,JD]ROWDP�� KRJ\� D� KHJHV]WpVNRU� IHOOpSĘ� NRQWDNW� YLOODPRV�
HOOHQiOOiV� D� UHIHUHQFLD� PpUpVHNKH]� NpSHVW� D� PLQWD� WHQJHO\� LUiQ\~�
DODNYiOWR]iViW�PpUKHWĘ�PyGRQ�FV|NNHQWL� 
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$�KHJHV]WpVL�IHO�OHW�NRQWDNW�YLOODPRV�HOOHQiOOiViQDN�N|]HOtWĘ�I�JJYpQ\H�D�NpW�
YL]VJiOW�KHJHV]WpV�QXPHULNXV�PRGHOOH]pVpKH]�LJD]tWYD�D�KHJHV]WpV�LGHMH�DODWW 

3. A Hill pV Wallach-IpOH�GLII~]LyV�PRGHOO�pV�D�=KDQJ-IpOH�kontakt villamos 
HOOHQiOOiV�PRGHOO KDV]QiODWD 

(OYpJH]WHP�+LOO�pV�:DOODFK�DODSMiQ�D�NtVpUOHWL�GLII~]LyV�KHJHV]WpVHN�HOPpOHWL�
IHO�OHWL� PRGHOOH]pVpW�� $� PRGHOOH]pV� DODSMiQ� ��-��� SHUF� XWiQ� ���� NRQWDNW�
IHO�OHWHW�NDSXQN��KDVRQOyDQ�+LOO��������HUHGPpQ\HLKH]��$�PRGHOOH]pV�pV�D]�
LURGDORP�DODSMiQ�PHJiOODStWRWWDP��KRJ\�D�WDSDV]WDODWQDN�PHJIHOHOĘHQ�ODVVDEE�
KHJHV]WpVL�IRO\DPDWRNUD��pV�D]�HOPpOHWKH]�NpSHVW�EL]RQ\WDODQ�N|WpVL�DUiQ\UD�
V]iPtWKDWXQN�D�YDOyViJEDQ� 
.LV]iPROWDP�=KDQJ� �������PRGHOOH]pVH� DODSMiQ� D� N|WpVL� IHO�OHW� DUiQ\iKR]�
tarto]y�NRQWDNW�YLOODPRV�HOOHQiOOiV�pUWpNHNHW�D�KHJHV]WHWW�PLQWiN�IHO�OHWHLUH��
%HPXWDWWDP��KRJ\�D�NRQWDNW�YLOODPRV�HOOHQiOOiV�iOWDODP�EHYH]HWHWW�I�JJYpQ\H�
pV�=KDQJ�HOPpOHWL�HOOHQiOOiV�pUWpNHN�D]RQRV�QDJ\ViJUHQGEH�HVQHN��PHO\HNHW�
tJ\�HJ\PiVVDO�|VV]HYHWKHWĘYp�WHWtem. 

,JD]ROWDP�D�+LOO�pV�:DOODFK�pV�D�=KDQJ-IpOH�PRGHOOH]pVHNNHO��KRJ\�D�GLII~]LyV�
KHJHV]WpV� N|WpVL� IHO�OHWpQHN� NLDODNXOiViUD� pV� DUiQ\iUD� D� NRQWDNW� YLOODPRV�
HOOHQiOOiV�My�MHOOHP]Ę�OHKHW� 
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4.  $�NRQWDNW�IHO�OHW�DUiQ\iQDN�PHJKDWiUR]iVD�D�PpUpVHN�pV�D]�HOPpOHWL�
PRGHOOH]pVHNNHO 

0HJKDWiUR]WDP�D�=KDQJ-IpOH�PRGHOOW�IHOKDV]QiOYD�D]�LGĘEHQ�Q|YHNYĘ�N|WpVL�
IHO�OHW�DUiQ\iW�D�PpUpVQpO�DONDOPD]RWW�NRQWDNW�YLOODPRV�HOOHQiOOiV�I�JJYpQ\H�
DODSMiQ��ËJ\�D�GLII~]LyV�KHJHV]WpVHN�KRVV]~�IRO\DPDWiQDN�PHJiOOtWiVD�QpON�O�
vizsgiOKDWyYi�WHWWHP�DQQDN�HOĘUHKDODGiViW�� 
$]� HUHGPpQ\HNHW� D� +LOO� pV� :DOODFK-IpOH� PRGHOOHO� |VV]HYHWHWWHP� pV�
PHJiOODStWRWWDP�� KRJ\� LVPHUYH� D� +LOO� pV� :DOODFK-IpOH� PRGHOO� LGHiOLV�
HUHGPpQ\HLW�� D� YiUWQDN� PHJIHOHOĘHQ� NLVHEE� NRQWDNW� IHO�OHWHW� NDSWXQN��
0HJiOODStWRWWDP WRYiEEi��KRJ\�D�QDJ\REE�KĘPpUVpNOHWĦ�KHJHV]WpV������ �&��
D� YiUWQDN� PHJIHOHOĘHQ� QDJ\REE� DUiQ\~� N|WpVL� IHO�OHWHW� DGRWW� D� NLVHEE�
KĘPpUVpNOHWĦ�KHJHV]WpVKH]������ �&��NpSHVW�� 
(]]HO� D� GLII~]LyV� KHJHV]WpVHN� IRO\DPDWiQDN� YL]VJiODWiUD� HJ\� ~M� PyGV]HUW�
dolgoztam ki D]� DONDOPD]RWW� IL]LNDL� V]LPXOiFLyV� EHUHQGH]pVVHO� YpJ]HWW�
NtVpUOHWHNNHO� pV� D� QXPHULNXV� PRGHOOH]pVVHO�� PHO\HW� |VV]HKDVRQOtWKDWyYi�
WHWWHP�D�NRQWDNW�IHO�OHWHN�HOPpOHWL�PRGHOOH]pVHLYHO� 

 
$�GLII~]LyV�KHJHV]WpVHNKH]�WDUWR]y�+LOO�pV�:DOODFK�SURJUDP��D�E��N|WpVL�
IHO�OHW�DUiQ\D��|VV]HYHWYH�D�EHYH]HWHWW�NRQWDNW�YLOODPRV�HOOHQiOOiVVDO��pV�D]�

DEEyO�D�=KDQJ�HOPpOHWpYHO�NLV]iPROW�NRQWDNW�IHO�OHW�DUiQ\iYDO��$�%� 
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5. .g9(7.(=7(7e6(.�e6�-$9$6/$72. 

.XWDWyPXQNiP� VRUiQ� D]� ,7(5� WRNDPDNEDQ� pV� PiV� I~]LyV� N|UQ\H]HWEHQ�
KDV]QiOW����/�DFpORN�GLII~]LyV�KHJHV]WpVpYHO�IRJODONR]WDP� 
$� NtVpUOHWHNNHO� LJD]ROWDP�� KRJ\� D]� HOOHQiOOiVIĦWpVVHO� YpJ]HWW� GLII~]LyV�
KHJHV]WpVL� NtVpUOHWHN�D� UHIHUHQFLD�PpUpVHNNHO� HJ\�WW� DONDOPDVDN�D�GLII~]LyV�
KHJHV]WpVL�IRO\DPDWRN�YL]VJiODWiUD��gVV]HI�JJpVW�WDOiOWDP�D�PpUpVHN�VRUiQ�D�
GLII~]LyV� KHJHV]WpVHN� pV� D� UHIHUHQFLD� NtVpUOHWHN� HOWpUĘ� WHQJHO\� LUiQ\~�
DODNYiOWR]iVD��pV�D�GLII~]LyV�KHJHV]WpV�NRQWDNW�IRO\DPDWDL�N|]|WW��$�KHJHV]WpVL�
pV�UHIHUHQFLD NtVpUOHWHNHW�D]RQRV�SDUDPpWHUHN�PHOOHWW�YpJH]WHP�HO������ �&��� 
MPa/60 PLQ�pV����� �&��� MPa/40 min.  

.LGROJR]WDP� HJ\� ~M� QXPHULNXV� PRGHOOH]pVW�� DPHOO\HO� D� NtVpUOHWHN� DODWW� D�
PLQWiQ� NHOHWNH]Ę� KĘPpUVpNOHW� HORV]OiVW� pV� D� PLQWD� GHIRUPiFLyMiW� WXGWDP�
modellezni��D�PRGHOOH]pVW�D�UHIHUHQFLD�PpUpVHNKH]�LJD]tWRWWDP� Javasolom a 
PRGHOOH]pV� SRQWRVtWiViW� W|EE� SRQWRQ�� $ PDJDV� KĘPpUVpNOHWĦ� NtVpUOHWHN�
N~V]iVL� MHOHQVpJ PRGHOOH]pVpUH (900 �&� ± 1100 �&�� UHODWtYH� J\RUV� N~V]iVD�
PLDWW�MDYDVORP�D�M|YĘEHQ�D�/LQGJUHQ�HW�DO�������� iOWDO�EHPXWDWRWW�SODV]WLNXV�
GHIRUPiFLyV�PRGHOO�DONDOPD]iViW��$�PpUpVHN�DODSMiQ�az irodalomban OiWKDWy��
KRJ\� HJ\� QDJ\� HJ\HQiUDPVĦUĦVpJĦ� PLQWDGDUDEQiO� D� V]DNtWyV]LOiUGViJ�
FV|NNHQ�� LOOHWYH� D� N~V]iVL� IRO\DPDW� IHOJ\RUVXOKDW�� -DYDVORP�D� IRO\iVKDWiUUD�
KDWy�MHOHQWĘV�iUDPVĦUĦVpJ�YL]VJiODWiW�9DUJD��������PXQNiMiEDQ�NLGROJR]RWW�
PRGHOOH]pVHL�DODSMiQ� 
(OYpJH]WHP�+LOO�pV�:DOODFK�DODSMiQ�D�NtVpUOHWL�GLII~]LyV�KHJHV]WpVHN�HOPpOHWL�
IHO�OHWL� PRGHOOH]pVpW�� $� PRGHOOH]pVVHO� MDYDVORP� D KHJHV]WpVL� SDUDPpWHUHN�
�KĘPpUVpNOHW�� Q\RPiV�� LGĘ�� IHOVĘ� pV� DOVy� KDWiUiQDN� SRQWRVDEE� GHILQLiOiViW��
YDODPLQW�D�SDUDPpWHUHN�HJ\PiVVDO�YDOy�KHO\HWWHVtWpVpQHN�YL]VJiODWiW��$�+LOO�
pV� :DOODFK-IpOH� PRGHOOH]pV� WRYiEEL� MDYtWRWW� GLQDPLNXV� SDUDPpWHUH]pVĦ�
YiOWR]DWiW�PXWDWMD�EH�5XLIDQJ ��������DPLYHO�SRQWRVDEE�PRGHOOW�pU�HO�D�7&��
(Ti-6Al-�9�� |WY|]HWUH�� (QQHN� DONDOPD]iVD� D� ���/� DFpOUD� MHOHQWĘVHQ�
SRQWRVtWKDWMD� D� PRGHOOH]pVpW�� $� �'� HOOLSV]LV� PRGHOO� KHO\HWW� D� �'� IHO�OHW�
HOOLSV]RLG� DONDOPD]iVD� V]LQWpQ� MDYtWKDWMiN� pV� SRQWRVtWKDWMiN� D� PRGHOOH]pVW�
=KDQJ��������DODSMiQ�� 

$]�HOPpOHWL�IHO�OHWL�modelle]pVHNHW�pV�D�NtVpUOHWHNHW�LJHQ�KDV]QRV�OHQQH�HOWpUĘ�
DQ\DJSiURNUD� NLWHUMHV]WHQL�� $]� LURGDORP� DODSMiQ� D� +LOO� pV� :DOODFK-IpOH�
PRGHOOUH� LV� YDQQDN� LO\HQ� MDYDVODWRN�� %iU� H]� XWyEEL� NLWHUMHV]WpVH� DODSRVDEE�
elmpOHWL�pV�NtVpUOHWL�NXWDWyPXQNiW�YRQ�PDJD�XWiQ�� 
$� ���/� DFpORNRQ� W~O� Mavaslom D� I~]LyV� HUĘPĦYHNEHQ� KDV]QiODWRV�
(852)(5��� pV� KDVRQOy� |WY|]HWĦ� 2'6� DFpORN� GLII~]LyV� KHJHV]WpVpQHN�
YL]VJiODWDLW� 
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6. g66=()2*/$/È6 

'LII~]LyV� KHJHV]WpVL� NtVpUOHWHNet pV� D]RQRV� SDUDPpWHUHNNHO� referencia 
NtVpUOHWHNet YpJH]WHP� el ���/� PLQWiNRQ D� 'XQD~MYiURVL� (J\HWHP Gleeble 
�����*7&� IL]LNDL� V]LPXOiWRUiQ��$� KHQJHUHV�PLQWiN� ������PP� pV� ���PP�
hasznos szakasszal rendelkeztek. $�IL]LNDL�NtVpUOHWHNEĘO�NLYiODV]Wott NpW�SiUra 
(hHJHV]WpV�referencia) rpV]OHWHV�QXPHULNus modellezpVW�NpV]tWHWWHP. 

A Joule-KĘYHO� IĦW|WW�PLQWiNRQ �'�KĘYH]HWpVL�pV�N~V]iVL�numerikus modellt 
NpV]tWHWWHP�� DKRO� D� KHJHV]WpVL� SDUDPpWHUHN� D� NtVpUOHWHNQHN� PHJIHOHOĘHQ� D�
N|YHWNH]ĘN�YROWDN��������&������03D������PLQ pV�������&������03D������PLQ. 
A numerikus modell alkalmaV� YROW� PHJEHFV�OQL� D� hengeres minta tengely 
LUiQ\~� N~V]iViW�� D� UDGLiOLV LUiQ\~� GHIRUPiFLyMiW�� D� IHOKDV]QiOW� HJ\HQiUDP�
PHQQ\LVpJpW�pV�D�KHJHV]WpVL�IHO�OHWHQ�pEUHGĘ�YLOODPRV�HOOHQiOOiVW, modellezve 
a Gleeble-Q� YpJUHKDMWRWW� NtVpUOHWHNHW� $� PRGHOOH]pV� ILJ\HOHPEH� YHWWH� D�
KĘPpUVpNOHWI�JJĘ� DQ\DJSDUDPpWHUHNHW�� YDODPLQW� D� *OHHEOH� PĦN|GpVpQHN�
PHJIHOHOĘHQ�V]DEiO\R]WD�D�WHQJHO\�LUiQ\~�WHUKHOpVW�pV�V]DEiO\R]WD�D�NRQVWDQV�
PD[LPiOLV�KĘPpUVpNOHWHW�EL]WRVtWy�iUDPVĦUĦVpJHW� Az eUHGPpQ\HNHW a Baross 
et al. (2020, 2022) cikkben publLNiOWDP�� D]� HOĘ]HWHV� WDQXOPiQ\RNDW� pV�
rpV]HUHGPpQ\HNHW��LOOHWYH�NtVpUOHWHNHW�D�%DURVV�et al. (2015, 2017, 2018, 2019) 
FLNNHNEHQ�tUWDP�OH� 
A IL]LNDL�NtVpUOHWHNEHQ�PHJILJ\HOKHWĘ�YROW�D�KHJHV]WHWW�PLQWiN�WHQJHO\�LUiQ\~�
N~V]iViQDN�alacsonyabb mpUWpNH�D]�D]RQRV�SDUDPpWHUĦ referencia mLQWiNKR]�
NpSHVW��(]W�D�MHOHQVpJHW a QXPHULNXV�PRGHOOH]pVek is kimutattak D�KR]]iDGRWW�
NRQWDNW� YLOODPRV� HOOHQiOOiVVDO�� ËJ\� D� NtVpUOHWHN� DODSMiQ� D N~V]iV� HUĘV�
KĘPpUVpNOHWI�JJpVH� miatt becV�OKHWĘYp� YiOW D� KHJHV]WpVL� IHO�OHWHQ� pEUHGĘ�
kontakt villamos HOOHQiOOiV. 
$�GLII~]LyV�KHJHV]WpV�NRQWDNW�IHO�OHWpQ D�N|WpVL�DUiQ\ HOPpOHWL PRGHOOH]pVpW 
pV a kontakt villamos HOOHQiOOiV HOPpOHWL� V]iPtWiViW� HOYpJH]WHP. ËJ\�
s]iPtWiVRNDW� YpJH]WHP� a Hill, Wallach (1989)-IpOH modellel a fHO�OHWL�
pUGHVVpJL� �UHJHN YiOWR]iViUD� pV� D� N|WpVL� DUiQ\� YiOWR]iViUD�� Zhang (2012) 
modellH]pVpYHO� D� NRQWDNW� IHO�OHW� HOOHQiOOiViW�PHJKDWiUR]WDP�D� N|WpVL� DUiQ\�
I�JJYpQ\pEHQ��(]]HO�D]�HOMiUiVVDO�D�QXPHULNXV�PRGHOOH]pVHP�VRUiQ�EHFV�OW�
NRQWDNW�YLOODPRV�HOOHQiOOiVEyO�D�YDOyV�NRQWDNW�IHO�OHWUH�WXGWDP�N|YHWNH]WHWQL��
$]�tJ\�NDSRWW�N|WpVL�DUiQ\�QDJ\ViJUHQGLOHJ�PHJIHOHOW�D]�HOPpOHWLOHJ�V]iPROW�
N|WpVQHN�� 
$� NRQWDNW� YLOODPRV� HOOHQiOOiV pV� D� GLII~]LyV� KHJHV]WpV� IRO\DPDWiQDN�
|VV]HNDSFVROiVD a KHJHV]WpV�OHIRO\iViUD�D�szakirodalom DODSMiQ�~M�PyGV]HU��
DPLQHN�DONDOPD]iViW�FpOV]HUĦQHN�WDUWRP�PiV�GLII~]LyV�KHJHV]Wpsi folyamatok 
YL]VJiODWira is. 
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