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NDIHWWiUyO NpV]eQ&y lPoDWHUW IBH@YpAMMOYy O NpV]eO W) DDV WKPMWDW B Y Q
:LGPDQVWIRWNRQyYJLIiM~ QHP HBHIMWH-OONR-BiVIHMMY HIEHQ

$] HOKN tappditaldioply LU R G D O D AD/RMIBGHNWHR Vibgdlinsztam megnelyek
PHIKDWiUVWRRWINREW D WiV BPKIiERWDQ\DLW

X JLILNDL V]LPXOiFLy\XANHADUCCorhputemMNGbHpbngpdf Phase Diagrams and
Thermochemistryy i P tW i VAIR-NOKD® iUR]KDWy D] D WOHARHK@QM®R\GIY DO IH D\EEGHD
DODNtWIiVW pV D IXQNFLRQDOLWIVW pUGHTREMHCu lenfegzsVy Y HJ\
NRPSR]JLW KDWiUIHO*OHWHLQ

X Nb UpWrdrkes VRNV]HMNM-HQUWFINRPSR]LW HOKiOOtWKDWEH |KHIXKI H U (
DODNtWKDWyViJRW URQWY UpWHJKDWIUPHQWL YHJ\eOHWIi]LV

x Ciklikus-termikus-PHFKDQLNXV NH]J]HOpVVHO D Nt¥iQWNW B XSRDYH] B W §
aNb mentesV R N V] H NNBHICE lemézes kompobian.

Al 1E UpWHJ PHQWHYV NRQFHSFLY QHPFVDNQDNGDVWGIRVVLYLiWOKQ
FVDN D J\iUWiVL WHFKQROyYJLD VRUIQ pUYpQ\HV.O $ IXQNFLRQLI
VIXSUDNMHINIHWKD VWDELOL]IiWRU &X N|]p pNHOKGLN D KKiWDGiVW
&X VRNNDO MREE DUIiP pWmiKtlaNHTiHO/PK N RUQEBINGIRVIAPKO YHIHWKYp YiO
HOV]DODGIVL ATOXOHHFEWD FONO D S RIVQ |H OB H\V® HNWAAN Kikgmp DNNRU KLUW
QDJ\RQ My HOHN W URRHRAIA KKW K ] HNBRiYppW B 1L 0 HOIO KWW HV L D]

iUDPRW LV pV PLYHO QDJ\VWIJUHQGGHO MREE HOHNWURPRYV YH]HF
tJ\ D NHO HW NNH Q&0 KKKAD NHW WKV DV BHU H WHVEHW L ]iWRUUI +D QH
NHOHWNH]K KK ORNIiOLVDQ HOV]DODGIiVL Nub-O & V& H\NW] FVBXH D KKK
iUDPIWDGIiVW LV QKK MLNHKUW LD BJYH P W IRMDPOGPQL DNNRU D SiQFpC
WXODMGRQVIJDL MDYXOQiQDNTIi ULSHO® & HHPR HOHW HIN VD W X KRD Y K. PH
kritikusak, mert ott gyakorlatisgyGLPHQ]LYV VWU XN W ¥ ligMitedarH X S OHPHDWIR E E
CuTi YHI\+OOHMW¥J DPL D NiEHO W|QNUHPHQHWHNIPAHD MK D KDGW H ] §H iFORW
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H] NHYpVEp N URWLHPH]HW H/KHWNH]HWR € B K i Q @ DVE BDNYVERHK G MWE B N
PHIMHOHQp V,®YD OVQNRIBHRQY ViJRW B S R Q/FMH SKFRIpWEQH/OH ]+ Q N

A NXW D W i26 di R|PitQV K Y L, B\NbiD Biaansgra p ¥ kompozit H O Ki O OtRQWDiIW BR ]y D Q
KHQJH U O ppADGSt Mp@ CDH WK K NVHMM QAR Q W V ]HUWIB LR EDY BYMHUHGPpQ
mutatom beDPLEKO Wp]LVW IRJDOPD]WDP PHJ

CEL: 3T magneses tér arnyékolasara képes szupravezetd
kompozit lemez eléallitasa

0.lépés: ,reverse engineering” megoldasa a Nippon Nb/Nb-
Ti/Nb/Culemezes kompozitjanak a Miskolci Egyetemen

uj, Nb réteg mentes koncepcio

4.lépés:
Nb réteg mentes, szupravezetd, 3T magneses tér arnyékolasara képes
felskalazottlemez eléallitasa a SuShi szeptum magnes részére

9 IEUD .XWDWiVL PXQNiW EHPXWDWy IRO\DPDWIEUD
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Y

3 ol oul}33 1 _ Eo 8] <« A]JleP 0 8] ue «1 E | ups

31 'C¥% E¥%Il,u_¢&§ Z2]vP Elo «]JEo0 § |

AJ\eUe]|PtWpVVHO N\OV t&H WiW RA\L H ©]QDA t W IL W FMBIEY etbxygeHree

high thermal conductivity copperalaminNb-Ti 1E 7L IWY|JHWHW KDV]QiOWDP (J\ C
[VVIHIOQtNWOK |IKMHVHQ KHQJHUHOW DODLS NQ\DRIRNEW Op W N piw 6 P ULLE
NRURQJRW IRUJIFVROWDWWDP N&O $VUHppwWwH DHM p WHHRIKIINQ R NDGY p\G\H &
PP PP YDVWD J\kefalkabmaftuhkeRJIO\HNHW HJ\ HOW p>XQWD W W B aO i W W X Q
10 iEUD Up Whutat $ GLII~]LyV SiU PLQGHQ HOHPpW J]JVIUWDODQtWRWWD
JIUYGXJyNpQW V]ROJiOy 2)*HBelydkp dANE-RIUNRRQURNDW DO XOUyYyO- pV IHO®
EHVDMWROWXN D )pPWDQL .pSOpNHQ\DODNtWiVL pV 1DQRWHFKQ
/IDERUDWYULXPIEDQ WDOIOKDWY ,QVWURRQ XQLYHU]iOLV DQ\DJ®

S

T

|nu|nn|u|||||t||miIHH]H|||l!l|‘|>H7H|HHjIIH"|

R = AN
LY W\
N )

R\

\

10 iIEW®EUeSUYEiV GLII~]LYV SiU NtVpUOHWL D D OpSdn@iiRusRN pV E ]|F

1IPtWpVHNKH] KDV]QiOW H[FHQWHUVDMWYy D OHPH]HV NRPSR]LW HOKiO

HOHNWURQVXJDUDVDQ K HhihigeréMkbipait (¢YYDNVRDLLN WHt\5 Kegkenyszalag
KHQJHUIOOYiQ\
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$ J\eUeN GLQDPLNXV ]|PtWpVpW D] ,QWp]J]HW PeKHO\FVDWM@RNIEDQ '
iEUD PXKWDW P D WEN D POEYEN KKNH]HO pV HN HWN F @ Big Y iEVgantaH O \ H
mutaja

$ JleUeSUYEiIV NtVPpUOHWHN VRUIQ HOWpUK NLV pV QDJ\ DODN
DODNYiOWR]if#)y DO IHMH]HN NL

YL%@H, o @

$KRO ¥ D VJOQDRFYNRMRNLLQGXOy GD (g ¥ DV WRPUWHWW GEWMDE YDVWDJIVilJ

A KHQJHMOWMIOHWLPKH] [ [ PP JHRPHWULIM~ 1E 7L pV &)
VILNUDIRUJiFVROi\WhengereRemiagf WLK W BYHI UpPEK® NpV].OW [ |

JHRPHWULIiM~ ND]JHWWiW DO ND O Brb PWDIR RK/RR | LI5 iV JLHyNW/HDQ FSL NAD JRHHA
PLQGHQ HVHWEHQ [ [ PP YROW $NBO KYHEWH O H® H] yH\NDHYW DO FROC
DODWW KHO\H]MbHP &X NP VMHMIMHEDGE),H®Rjd a (]| HWWiIN IHGHOAW EHVD
NDJHWWiNDW PLQGHQ HVHWEH @ B GRNWRR Q \0 VDMLY EIDMAMHE A MV H

+HQJHUOPpPVLHOYpMBRUMIHRP HOKKH Y t WFQ0Lf & K\F p|WWAS NYO EDVO R INRIWIAW L $
NtVPUOHWHW D ND]JHWWiN PHOHJKHQJHUOpPVPYHO NH]GWHP NF
DONDOPD]YD $ PHOHJKHQJHUOpPV VRUIQ PLQGH egyWillaiod ey pVEVW N
QRUPiO DWRRPHRBIMESIODQGY DODNtWiVL KKPpUVPNOHW PHJKU]pV}
XWiQ D NDJHWWiW KLGHJKHQJHUHO @} WOR Y i IE I QDJJH D 1D WKL ONLEW (¥ O ¥
D QDJ\PpUWpNe O B Gubay &ZD/OM]NYROIVORVias8sNoDaMmMikl3 ODNYiOWR]iIVED Q |
meg(2):

t - *
1 L— 7" %o pa>: @
Y

$KRO 1 D ORJDULWRHNNKMV. @QG@ROOY ®GMWHRJEVYDVWDJVIJD PP + D KHQJHUHO

$ KHQJHUOPpPVL NtVPUOHWHNHW I5]2//QW p$ M W~ QWHEIQH @AY QD@D WK/H |
YpJH]WHP GXy @pHPB®)GBDKHQJHUOpPVL VHEHVVpJ PL QS N [J BHHHWKE H
PV YpJKKNH]HO pAWHNHWOBHCGRERMDWYULXPEDQ W DHOO O KRWYO NpI@ Wi
OMSZOH WtSXV~ NHPHQFPEHQ YpJH]WHP

3.2 CALPHADu} oo I o |

$ GLII~]JLYV SiURN YLNVYiOIp®OpWN R QiQ@O@DNRANIGR R\ DUGARIAD

V]iPtWaWRHUPLNXV HIJ\HQV~O\L pV QHP HJ\HQV ~OXLRINWLWHELL I HUDW R N
WIUWH QMWiPtWiIVRN VRUIQ ILIKIDQHPEW K X Q/ANENY itoriiD tend&2érek

WHUPRGLQDPRNQDN HVFERV\ W HQ  &X7L1E |[WY|]JHRAGHPNVYL]VIiO
f@RQ PHO\HNHW  KRNH]MOWHMWiIVRN pV D NtVPUOHWHN PHJHU
KKPpUVpNOHWW D UW RPTQreEdR2@rben YihdsjeleOtpth ¥ K J\sOHW $ QLYELXP RC
aCu7L ELQIiULV UHQEWi®i NEW®EEDWROW $ 3DQGDW V]JRIWYHU PHO
KDV]QIiOWXN D SiUKX]DPRV V]iPtWiVRNKR] OLYHO D NpW I1«JJH
PHJHJ\H]JQHN FVDN D 3D QEDWHE KO/ \L ¥ @D WNMSHOPB R H Q\MMDINRWIEKWE R |
tartozy ¥ HJ\HQV~O\L WHUQFhEm6& D OFDP RN VW HD- Ip\0 HD HDWQN O O\
1i]LVGLDU18DPR®OPD]iViYDO KDV]QiOKD WGEERYENNY 662/ Y

3.3 D]IE}eilBl+P o §}I

$ PLQWDa&GYIiU+YLYV SIURN HVHWpPQ D IRMIJEWWHBIJHBUIRHD VELQ RW| W
VIHPOpOWHWL B WHFH]PYD W R F$ R RRAMNRNDHEAOOI VHWEHQ OHPH]RO(
keresz(Kl) pV KHQJHU O(pIN W | WMP\REWO E5] tJ\ NLYIJRWW PLQWIN HOKNpV]t
PHFKDQLNXV FVLV]JROiIVVDO pV J\pPiQW ADoptjRaiiyylD @ J V0| D W) K= IS R\DM
Imager MIMPLNURSDNOy S8KUWp QW
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11 iIEODNUy IHON pWHQHN]LYV J\e U d\BiT/Qy ompuzitleme]UKO D PLQWDNLY pW!
SR]tFLYN MHO|OpVpYHO

$ NLVHEE IHOERQWiV~ HOHNWURQPLNURV]INYSRV YL]JVWIitGHWRN D
SIVIWEWUHQGH]pVV HDAX NWAS XKIAHKNLD GLV]SHU]{(EDD.LABBYEHIR QGiY D (
IHOERQWMWIHODWRNDW pazebfyeteRQ DD HRBIP WU X P Ma& Qo B¢iprdfiO KD Wy
Helios G4 PFIB CXe DualBeam SEM (PSIBM, ThermoFisher Scientific, Waltham, MA, USA)
EHUHQGH]pVpPYHO YpJHIWeN $ GHWHNWIOIiV ,&5 GHYHNWRHUBWDVW]
mellett.$] HOHPDQDOt]LVKH] VILQWpQ ('$; MPRVGDIJIiOO W KRS PN & W \NNU
;H Q\DOIE VHItWVAGPQHAB WOPWXNWNRQ\EDQ EHIiJ\ D¢RAMENX RULEQVH E 8 H-~.
istartalmazza $ PLQWDHOKNpV]tW ©OWH Y RNGEGDNDPpEAXH U MUHKE WS aNDNR Q\tW iV
ODPHOOD YDVWDJ¥IODPHOQP 3RAGWDUIOIVIQDN PazSpM M IHey DN IY H W |
NLYIiODV]WiVD pV HJ\ 3iWDr p®@PRBIDVOHDI NJ H UDIN WIBDU«OHWHN i), % PDUIV
D ODPHOOD PLNURPDQLSX®iV)RWLMKODHDI H/DHK\M O Vi gaddHBD0AvtB Ui F V F
IHOHWW N9 pV Q% PHOOHWWN 9 ¥.¥Y®3F VK O Y WNIREY IDO OINEM O OiQDN
HOHP]pMddlh NpV]tWpV, PIHI BIRMpWiIiWYyWHUe YDODPLQW 6712 PYyGEDC
iIEUDJHPOpPOWHWL

3 2024 ‘mag @ |HV
<%5 2:58:47 AM 10 000 x | 20.00

ViRt '
M‘
ode | HFW  |giaszp| F———5un——
2 20.7pm ): ab

g B HV | det
10000 30.00kV_0.40nA |STEM 3+ DF.

(d)

12 iEUTDOS_ 18 NRPSR]JLWUyO NpV]+OW %6( |HQaYpVEM Bmella N L@ X DKW AELD Q
helye(E D 7(0 ODPHOOD NLPXQNiO(N D7KQ]DB®H OO YIHON@ {dHTEM6 ( PyGEDQ
ODPHOOD IHOYpWHO 67(0 PyGEDQ
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A TEM-PpUpVHNKH] )HL ZREQ@LEMUHQGH]pVW KDV]QiOWXQH YROIU]
J\RUVIWYIHV]YQWNRVVPDRHEIKY IHOYpWHOHNHW )(, (DJOH N &&' ND
67(0 IHOYPWHOHNHW )LVFKLRQH ORGHO +$$') GHWHNWRUUDO
GLIIUDNFLYV NDPHUDKRNUHP D@ P®i MROMW $]0(7(. ('$; GHWHNWRUU
DPHO\QHN DNWt¥ONHU<OHWH PP

3.4 ITA o «}I § E°0 §Z v(C vIiuPzZ3E} e« | % o ul »« o0

XWDWYPXQNiP VRUIQ D V]HUN HJFHW BRI@WRRWD E B @My IDp QWU ND ISR Q
PUGHNPEHQ WHU<OHWKiQ\DG HOHP]pVW LV YpJH]WHP &SURE QH)
UpWHJYDVWDJVi-HV FLDIHMBHKWURQPLNORYIMHGRNHQ YpJH]JWHP D
PHJKDWiUR]JiVW $] HUHGPpQ\HNHW W|EE OiWyWpU HUHGPpPpQ\HLQH
VRUIQ D VNiOi]iVW N|YHWKHQ D PpUQL NtYiQ@NEWD UBH RPWHG OHO
V]*UNHVpJL V]LQW EHiSSHWIMD iX\GRD GDMMW p\-[M MIMVRIGLWRN]LWH U
HON+O|Q3WEKHDW ES$ V]*UNHVpJL VILQW EHIiOOtWiVD XWiQ D SURJUDF
PpUW PiVRGLN Ii]JLVRN WHU*<OHWH DODSWBR KDWYNHRL PDVARHI @D DADHE
V]*UNHVpJL V]LQW-2B%|Q GHNQCH @ H W EFHRD W

(@) (b)
13 iEUD 7HU<OHWKiQ\DG PHJKDWHORNW QR PR MQIRNM HERV]+ UNHNpPpSSp DC
IHOYpWHOH D PpPUKNHUHWWHO E PiVRGLN 1i]JLV HON+O|QtWpVH V

3.5 ITA 0 ¢}l u & § v | = ]((-T]se Tev A 3 Pe P v IiuPzZ3§ E} o

$ NLYiOiVRN iWODJRV PpUHWpW D] HOHNWURQPLNURV]NYSRV IHOY
iWODJDNpQW KDWiURIWDR4ARPHUD. (DUH PXWDW SpOGiW D

- e arararEran Nb

—Ti
Cu
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hatarfeliilet

Atomszazalék (%)
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10 /
1

T T T T T
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Vonalhossz (nm)

(b)
14 iEUD D .LYiOiVRN IHNHWH REMHNWXPRN PpUpVH E D KDWiUIHO«O}
SURILO D GLII~]LyV ]yQD MHO|OpVpYHO

$ GLII~]LyV ]yQD NH]GHWpPW pV YpJpW D KDWiURQ W|UWpPQK ('; YI
NRQFHQWUIFLYLNWyYO YDOy HOW pNipMpEK & KDW i bR B W PWJID $1]EH!
SURILO LQIOH[LYV SRIQVEMDQiE$ K-JWPHRYyWHPyQD PpUpVH VRUIQ D NI
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NeO|Q QHP HOHPH]JWHP PLYHO NRQNUpW VIW|FKLRPHWULDL |VV]H\
nem mutatkoztak. AZHOHNWURQP M UJRVINGWRWDW pV DO YROQD@EMWOGRR]pV
/IDERUDWYULXPIEDQ WDOIOKDWYy 7KHUPR 6FLHQWLILF +HOLRV * 3
GHWHNWRUUDO W|UWpQW, QNI UDRUWIKWMMBY P B W/CH IV BV

3.6 <]A o <}il}v}e 8§ ¢« 3, u PZ vC viuPz3§ &}« Z] 3A o v o_l]e* 0

9L]VJiODWDEPLVRIM@®DRN PHQQ\LVpJL PHIJKDWIiUR]iVIW U|QWJHQG
YpJH]WeN $ PpUpVHNHW D] DO D NVWRMH MO HJ HN. @\’ D RNG¥ ilH QWO N |
TiUpWHJHQ OpYK IHGK Up]JUpWHJHW VDOpWURPVDYDV PDUDWIiVVDC
LOOHV]WpVVHO PHIJKDWiIUR]JKDWYy DEEDQ D] HVHWEHQ KD D] |WY|]!
D PLQWIiEyO NDSRWWE B WUMO D®W AN MR JDPR § WVOWR WUWNH]HWH L E K
JJUEpPNEKO NDSRWW NXPXODWtY V]iPtWRWW J|JUEpYHO DPHO\ WDI
NLWsQWHWHWW RULHQWIiFLY pV V]pOHVHGpL¥ iE BG|H® O flPpVIMW P p U

Mért intenzitds gorbe

Kumulativ
szamitott gorbe

Differencia
gorbe

7]
o]
=

N

=]

3]
=

=]
—

15 iEUD 5LHWYHOG LOOHV]WpV VRUIQ DONDOPD]RWW J|UEpN

&pO D PpUW pV D V]iPtWRWW J|UEH N|]|WWL N<O|QEVpJ PLQLPDC
RULHQWiFLY YRQDWNR]y N|]YHWNH]WHWpPpVHNHW D N<O|QEVpJJ|UE
FV~-FVRN DEV]RO~W pUWpNpBERQ QOH\KHEE QVRIYOW p\s \ORHUIIKU IB] D
SDUDPpWHUHL LQIRUPIFLYW DGQDN D [i]LVaRNLVUR VDO AP QL KNDRG
[21], [22]A U| QW JH Q G B plWD\AIBMKgMYS DiscoveryXRD EH U H Q GOl ] p W\KK QU J(#0 V D O

KV pVMOmA) YpJH]KMHNtW KN D'PEHBD RPOND O P RGiRIYDON|]|Ved04 f -
OpSpVNPPI$A\ e M WRKAMSKDICIEgyeten8D /DERUDWyY BLNPPEMPNHOpPYV VRUIQ
DJRQRVtWiVD D %UXNHU (9% VIRIWYHUUHO pV 3') DGDWEIiJLV KD
DGy 5LHWYHOG LOOHV]WpV SHGLJ D %UXNHU 723%$6 VIRIWYHUpY

3.7 ]eio0}] ]e+%UE%e P u PZ-E]VEEI&EE}v}e AJieP o0 &}II O

$ VILONURWURQ U|QWJHQGLIIUDNFLYV YL]VJiODWRN D KDPEXUJL
.., VILONURWURQEHUHQGH]pVpQHIE3B NXHI9 W R WiWiV Q@i 0J WM MUD/Dp Q!
JHRPHWULIEDQ $ VXJiUQ\DOIiE PpUHWH —P [ —P YROW $ PLQ!
QRUPIOLUIQQ\DO SiUKX]D$P RN D @VHWHWRW i) PLQWH® HI\HV PLQWIiQi
PHO\QHN VRUIQ D Q\DOIE D PLQWIiN N|]pSYRQDSOIBE\iD GL QG D NHLI
J\eUeNHW D SULPpU Q\DOIE N|UsO D PLQWiWyO P WiYROViJUD |
U|J]tWHW WRNU HP\WM 1D \H28861x2RIOQMH O IHOERQWIiVD SHGLJ —P YROW
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$ NtVPpUOHWL #0OERQBPHOPOW WL $ GHW
KHO\JHWpQHN pV WiYROY HWDIONR QQDQE |
Q\tOW IHOKDV]QiOiV~ N3Q$\ WG \WKRQ
DONDOPD]iIViIYDO W|UWPQW $ IHOYHWYV
SDWWHUQpP LQWHJUIOIiVD V]LQWpPQ S\)$
YRQDOSURILORNRQ H]W N|YHWKHQ Ii]l
BUXNHU (9% VIRIWYHUpYHO pV 3
KDV]QiODWiYDO $] D]JRQRVtWiVW N|Y
HUHGPpPQ\HNEKO D QUVIEeRNiFLyDeUeVp
NULV]WD QO LWMhP pRHIKDWiUR]iVD D &0:
(&RQYROXWLRQDO OXOWLSQH, [26ROH 3UF
[27] PtJ D W|PHJKiQ\DG 5LHWYHOG LOOHYV

,WW NHOO PHIJMHJIJ\HIQLPHRRILVPIpQH
PHJKDWIiUR]iViUD KiUR® HQ MiHGWHE pO N ID
I[IVVIJHKDVRQOtWiViQiO ILI\HOHPEH NHOC
HOMiUiV Ne<O|QE|]JK WPpPUIRIJDWEYO N=C
VIROJIOWDW HUHGPpPQ\W tJ\ QHP YiUKD
16GLEVS’E?)Nk\c;Vmgtbzitle\r?eém\i/n;(abajp DJRQRV HUHGPpQ\W DGMDQDN $ PL
P ! NpSHOHP]pVVHW WHIKINV®HLRIR VpJQpO K

HOUHQGHIpVH VILQNURW "\ | vppUHWE INEDWWL NLYiOiVRN $ U|G
PpUpVHNQpPO D MHO D QRUPIiO LUIQ\UD

PD[LPXPi@QpK —P EHKDWROIiVL PpO\VpJEKO (J\HV PLQWIiNQiO NLW
KHO\HNHQ tJ\ D] |[VV]WpUIRJDWUD YRQDWNR]yDQ QHP IHOWpPWOHQ
PpUpVpQpO HJ\ MyO Bi@ENBKN P P XKADDWYi WIW]N |IKLV] HI\ PLQWD YL]VJiOI
PpUpVHN D WHOMHYV YDVWDJVIiJEYyO DGMiN D MHOHW YLV]RQW D Pj

4 db Varex XRD 4343CT
detektor

3.8 <E]S]lps E u*s¥%uE¥%e P u E ] ue I E

All-HV WtSXV~ V]XSUDYH]HWK DQ\DJRN D NULWLNXV iUDPVeUeVpJ
YDJ\ NULWLNXV iUDP PpUpVHESNVRRQW B W KDGIWHOIRMNIKVWRS\ H] D M
WtSXV~ V]IXSUDYH]HWK DQ\DJRN HVHWPEHQ MHOHQWNH]K OHLVVQI
IHO*OHWpPQ LQGXNIiOW D] DQJRO LURGDORPEDQ ASHUWMYNMQW
VIXSUDYH]JHWK DQ\DJ EHOVHMpPEKO $ PiJQHVHV WpU HJ\ YpJHV
EHKDWROIVL PpO\WpJHW D NULWLNXV iUDPVeUeVpJ pUWpPNH KDWil
PyGMD LVPHUW H]HN VWHW\IQ\pbH\DWHUPQIQYBIRY PyGV]HU $ PyGV]HU °
PPpULN D IHV]*OWVpJHVPVW 8 9:JDYWQDPEWISRE WULMPLNXV iUDPpU\
KDWiUR]]D PHJ DPHO\QpO D V]XSUDYH]HWK DQAD9 H® pRlyG}HEL]
ILJZHOHPEH YHV]L D V]XSUDYH]HWK JHRP HW UtLJD LD SNOULDAPLpNAKH/U HULDAP
(LA/m2 D] DOIEEL NpSO®BWIWHO V]iPROKDWY

$] HPOtWHWW PyGV]HUUHOH X DpNIWNREWON DP WIJXBUDYH]JHWK KX]DOR
iUDPVeUeVpJ pUWpPNpPW (J\ PiVLN PyGV]HU D V]XSUDYH]HWK DQ\DJI
D VIXSUDYH]HWK NRPSR]LWRW]LN\ QWK PRilJQN VKR JIW PBIER FRKUHID \BI Pi.
PLQWiQDN $ PLQWD IHO*OHWpPQ LQGXNIiOW |UYp@HHDARY HJ\ O
EHOVHMpPE RQ @QHWHWWK O HOOHQWpPWHY LUIQ\~ PiJQHVH]JHWWVpJJ
valaPHO\HVW EHKDWRO D] DQ\DJED PDMG D EHKDWROIiVL PpO\VpJ F
PHJIHOHOK PHUHGHNVpJJHO pV NHOOKHQ QDJ\ PLQWD YDJ\ NULW
QDJ\REE D NULWLNXV iUQPO pDVPRED PHENGRNYYIDEO W|UWpPQLN

QXOO0iKR] (EEKO N|YHWNH]JLN KRJ\ D] iWPiJQHVH]HUWWWDpJI |-
GLDPiJQHVH]HWWVpJHW D]JINY NRHNO PWEQIQ PDIJQHWR®IAUUHO O
GLDPiJQHVH]HWWVpJ PpUWPNPEKO OHK$ \WUWARXYLi DDR Y & W KV
NeO|QE|]K PiJQHVHV WHUHN I+JJ4{EQHEHQ iEUIJROMIN % 7

$ NULWLNXV iUDPVeUeVpJ PpUpVW D %pFVL 0eV]DNL (J\HWHPHQ 3L
D KKNNbJH@W NRPSRILWRNEW®LRWIRNDW NHOOHWW NLYiJQL YDODF
PHIJKDWIiIURJiIViKR] V]e*NWp-THYp WRIQ WDBKM: B/ R MWITH U p W H (6] i P

14


http://dx.doi.org/10.14750/ME.2025.029

fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

m YDODPLQW D NRPSR]LMW n®& P HJDIY WILW LINMOW HYHRWER@ VPP DOl
HJI\HQOHWWHONDT KPW ¥ PUHE ®F}YH

ﬁ@ﬂaxx zA (4)
GIAGR, AL P
$ PLQWDNLYiJiV(EOM) PG GNMHWIVHO W |U WHyQetémed ' UH E'DHFIFQPL /DMRV
VHItWVPIOWEDPRHIYDVWDJIViIJRW D PLNURV]NYSL IHOYpWHOHN DO
N|JU-OPpQ\HNEKO DGyGybDQ WHUPpV]HWHVHQ LVPHUW YROW

$ NULWLNXV iUDPVeUeVpJ PpUpVH VRUIQ D PLQWD PiJQHVHV W
PHJKDWiUR]y XJ\DQLV D KHQJHUOpPVL LUIQ\UD PHUKOHJHV PiJQHV
D SIUKX]DPRV PiJQHVHV W pWIQMINN X /W b VRV SWe/\EDDMW & M W HNNHUS 6 BN 0 3
HUKV KHQJHUOpPVL DQL]JRWUYSLD pV DBN[BYNi®iNB NWLRIXIR Ol D PiWe Q ®\
VRUW@PiIJQHYBWPHIHN QR UPM DHIOMQH W@ p\KIOdI HOA U D

oL
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4 Nb-Til p Z 8§ E&( 0,0 *3¥,l]((-1]* (}OoC u §}I

4.1 Irodalmi ,*«i (}Po o U vC]3}388 | & =« |

A szakirodalomba® HNAJTAL & X KDWiUIHO+OHW H& M H OEHPHIQWHHERNENDPDWQ H N
WiUVDhen[33] VIXSUDYHTHWKK NEEHOHN KDWiUIHO*OHWpPW YL]VJiOWil
H[WUXGiOiVRN XWiQ PHJILJ\HOWpN KRJ\ Df&nLydeg XWTilQuWHJI KL i
YHJ\eOHWIi]JLVRN MHOHQQHN PHJ D KDWiUIHO*OHWHQ PHO\HN P
DODNtWKDWYV&JROW B R Q W WIWN:bat[34) ¥ MU X ®ILO W -FY BX]RWODVENRP SR
GLII~]LYV KDWiUIHO*OHWL IRO\DPDWDLW YL]VJiOWiN $] H{WU~GiO
7L pV D &X UpWHJHN N|]|[WW NLDODNXO D IpPHV N|WpNV KRPLVADILR QR
300f&RQ yUD KKQWDUWIiV KDW i®iWm W BB PYDAVINDD VN XE/2Reigike O HW H N
650 C-RV NH]HOpPVL KKPpUVpNOHW HG—RH\W I IKKE BVIDARYRN VK D X\G VOWNDL DL
pV KKPpUVPNOHW FV|NNHQWpVH HOKQ\|V D] LQWHUPHWDOOLNXV |
PV WiUWBr35]Nb-7L &X NRPSRJLWRN KDWiUIHO<OHWL GLII~]LyV IRO\I
VRN V]iODV-KL]|®RWWiEHEOW LOOHW Y-HLY&XXRPFRH]WYKDNPNOWO WD N |
NeO|QE|]JK KKPpUVPNOHWHQ HOpPUK LGHL.D K&KINHIHIGG HINH WOLH JIiROD
QDJ\PpUWpPNEHQ EHIRO\IVROMD D N|WpV PLO\HQVpJH +~]RWW Nil
OHPH]HN HVHWPQ IpPHV N|W p VsTMiternétalig i B HV SN QAHPW HAFERY W @ \P i8JX
yUD KK@WDUWIMFKDQLNXV N|WpV i8R BW pydJ WL K KREQMD Bné®¥ XWiQ |
UpWHJKDWiURQ $] HUHGPpPQ\HLN D OWSWMk@np@it B50OF KD @&N XV N|W
KKPpUVPNOHWHQ YHJ\ OHWNPpPS]KGpY PHQWHVHQ H[WUXGiOKDWy
& 6FKHXHUOHLQbgV36)\N D& X V]XSUDYH]JHWK NRPSR]JLW NIiEHO G
YLIVJIiOWIiNf & il OFMPW &X PtJf&nCu7L pVI&KHI\eOHWHNHW D]JRQRYV
900 f& N|U+O SHGLJ DODFVRQ\ ROYDGiVSRQW~ XWHN WD NXYHIO] W N
2018ban[37]Nb-7L p¥6DEV]iODV V]XSUDYH]HWK NiEHOHN GHJUDGIiOiVL IR
2883 f&N|]|WKWKPpUVPNOHWUH KHYtWHWWHN NDSDFLWtY HOHNWURP
KKPpUVPNOHW HPHOpPVpPYHO D] iWPiJQHN& KKPWWYPNABWH® \W RV D €
KKQWDUWiV KDWiViUD D NiEHO iWPiJQHVH]JHWWVpJH pV NULWLNX
7L &X KDWiUIHO*OHWHQ PiVRGSHUFHN DODWW D 7L DWRRRN D Up]
Ct7L UHQGV]HUEHQ HJ\HQV~O\L iOODSRWEDQ D NRQFHQWUIiFLYQ
VIW|FKLRPHWULDLODJ HB8VpPUK YHJ\+OHW DODNXOKDW NL
M. Konieczny 200Ban[39] 7L &X IyOLiNEyO iOOy UpWHJHV NRPSR]BAW KDWil
SiV]Wily HOHNWURQPLNURV]NYSSDO pV U|QWJHQGLIIUDNFLYV Ii]L
Y HJ\ « QEUWIICH, [TCu4, TiCl, TiCk NHOHWNH] 88 PyiUiV KK N HJAOHIA SOMMH N
D] LGK HOKUHKDODGWiYDO VWDELO 7L&X Y FJS UGH MW@ VD OBIN XID @ B
IRO\DPDWRVDQ FV|NNH® R O\ yALi V 7HIEKHIMIOWNEYO i0Oy PLNURV]H
ki &KDQJ pV WhHIMIDKLGHIHQ KHQJHUHOW 7L &X NRPSR]JLWAXWyYKKN H
HOYpJ]JHWW YRQDOHOHP]pV pV UJQWJIHQGLIIUDNFLH®NIG]LMDOMRQRVt
KKNH]JHOpV KDWiViUD PpJ QHP YLV]JRQW HJ\ yUD KKQWDUWiV XW
KDWiUIHO*OHWHQ PHO\EHQ D]TE0D, BEL BCHA) TiCH BV H K NVH W W pIW SOV VT
GLII~JLYV N|WpV NLDODNXOW pV D GLII~]LyV @ pWHIH &BVWAD JV R P \D
2020ban[41] 7L &X 7L OHPH]HV NRPSR]LW KDWiUIHO*OHWpPQ OpWUHM|
YL]VJIi® WINU]JKN YL]VJiODWDLN DODSMiQ PHJIOODStWRWWiN KRJ\
KDWiViUD LV PHJMHOETIPVNIE &RTWHUPHWDOOLNXV YHIA&BOHWHN
OiJ\tWRWW PLQWD HVHWPQ HJ\BEHIEJID KK B W U IGHOWQ HVp W J FYIDRN X6 T
D IHQW HPOtWHWW YHJ\¢+OHWIiJLVRN $T &RM EH D\HWMKP/D HN H O H QULLNU P\
H] D UpWHJ D KKPpUVpPNOHW Q|YHOpPVpYHO YDVWDJV]LN OHJiOODS
NpS]KGpVL OHKHWKVpJH pV D QYHNHGpPVL NLQHWLNIVIVVKRBDBQ ¢
Cu G LI|~]TiyddrDgyDrsabmint aTiaC+ EHQ #¢pld@ JD]GDJDEE YHJ\+OHWIi]LVRN
V]IIiPRWWHYKHQ

Az irodalmi adatokat azx WiEOMPHMP OpOWHWL $] LURGDOPL DGDWRN PHJF
IRO\DPDWRNUYO $ WIiEOIi]JDWEDQ IHOWsQW H\ WAMNISDEBIDWaR N D O D S
EHIRO\iVROMD D YHJ\+OHWNPpPS]KGpV NLQHWLNiMiW
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

1 WiEQNBIIWCu, pV -BIX YHI\*OHWHN NpS]KGpVpW |[VV]HIRJODOy LURGDOPL W
Hiv. 7HUPpPN HOKIiOOtWIVL P| +KNH]JHO OH V-0 HW
6]iP 3UYEDGDU JWpV WLSXV| SDUDPpW
[33] Nb-7L &X Nil HIWUXGiOiV & (NB-Ti).Cu
[34] Nb-7L &X Nif H[WU-GiOiV IpP 300f& y 6 nm- Ti.Cuy

650 f & y = PTi,Cuy
Nb-7L &X Nif H[WUXGiOiV PHF| 750f& y
[35] Nb-Ti/Cu vakuum CwsTi
hegesztett lemezek IpPHV N|WpV 550f& y
. . 550 f & | CusTis, CuiTi
[36] Nb-7L &X Ni nincs adat 700 7 & CwTi. Culi
[37] Nb-Ti &X NiE| nincs adat 883 f & ROYDGIiV
900 f & {  Ti.Cu, TiCu, Cu4, TiCl, TiCU;
[38] 7L &X 1yOl KLGHJKHQIHUOpPY—gpyre— RSTR T
29 7L &X W|EE KHQJHUODpPV| 4501 & \ -
[39] kompozit lemez KHQJHUOpPV GLI| 4507& y Ti,Cu, TiCu, TCu4, TiCls
KLGHJ KHQJH - QHP HJ\ECZ%'ZJOW'@WA
o) | TVCUTikompozit | K| GHIKHQJHUOPY 300f& QHP HJ\ECHT'-'ZJON"&WZL
lemez 11 - -
KLGHJKHQJHUOPY 5007& y| HJI\EHI+J HKCEKQCATT, CuTi
KLGHJKHQJHUOPY 700f& y| HJI\EHI+J LKCEK Calip, CuTi
1E 7L &X GL . Nb-Ti V]LOiU G ;GUQTED,W
[41] SiU GLII-]LyV SiU GL 850p;;ﬁ-4o TiCus CurT

$] HOYpJ]HWW LURGD O RPN X&KD @/H\P HD]®I D SHID @ i IWHEF « ORHON P @ DONHRWN WD
NDSFVRODWRY Q\LWRWW NpUGpVHN

x *\eUeSUYEiV ILJLNDL V]LPXOiFLKNNDIOH® RHUHDHOM IK+OWVBE|]K i
NLDODNX®Y&® OHPH]HN KDWiUIHO-OHWpQ NLDODNXOyY YLV]RQ

x /HPH]JHV NRPSR]LW J\iUWiVD VRUIQ PLO\HQ WHFKQROYJLDL S
KKPpUVPNOHWH LGHMH P HO H Jdéje)QjdlenteR piveg KakiB{TUCUp N O HW H
KDWiUIHO*OHWHQ LQWHUPHWDOOLNXV Ii]JLVRN pV PHO\HN"

X ANb-Ti &X OHPH]HN KDWiUIHO*OHWHQ NLDODNXOy NDSFVROD\
WHFKQROYJLD VRUIQ pV DQQDN PLO\HQ KDWiVD YDQ D] LQWH!|

X OLO\HQ KHQIKRPWPAMINOHW pV LGK RSWLPiOLV D NRPSR]JLWO
ELJWRVtWMD D UpWHJHN N|]|[WWL N|[WpVW GH D YHJ\+OHWNpS
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

4.2 AzZNb-Til p Z & E( 0°0 &] (}oC u &} AJieP 0 & A CEb % bl® SCE

OLQW LVPHUW D IpPIHO*OHWHN N|]|[WWL N|WpV Pyyd/sMmkAZzQHN HU |
DODRPVWpNpPpQHN NLDIEDNXOWH Q D J\R E Eezgdtbie WHNG! JBUHEN-D/\OpH \F YA-OF V F
PULQWNH]pVPYHO PHFKDQLNXV N|WpV M|Q OpWUH $ N|WpV HUKV)
IpPHV N|WpV DODNXO NL PHO\ V]HBB WMHM DEWA]H QLY VAIRFOTKD RWN M
IHOWPWHOH]KHWK abhiv KK éseitimUadakstolV [BrakzékH O « OOHW IKQp UG HV V pJFV ~
N|]| W QH YARH kapcsolatlakulki (QQHN HUHGRMPEQEBNWRWEEL DODNtWiV V
HJ\Pi\eR®@nak mozdulpiN LV E H 1 H N W\HWW Wi\® DHV ¥R NN [WpV DEEDQ D] |
IHOWPWHOH]KHW K HPLN RIH«mKRpy@MNeHW | PEL D Q\D J NplQoikazbatiH O N H G
OHPH]HN K D3¥érdds{ O MOIHWNDBFVRODW DODNXO NL NJ|]J|[V HOHNWURQ|
$] HOWpUK LURGDOPL DGDWRN P LDWWTIVWDHIAWO MW K p ©]HMIER U K]DNO
PHOHJKHQJHUOpPV VRUIQ N HWRWERH® W L WBMGN N & KIBEDRY D) RANDM
DONDOPD]XQN V]~UiVRQNpQW D N+O|QE|]K iOODSRWRNEDQ W|
NXOFVIRQWRVViJ~ (]pUW D O5KH LV O\ntY (N O HWEH P IVJRV DLW V]LP X
NLVPp U SDeNDHDNEW iV pVQ D JI\P p UNYSNOpMBIQNW iV YHJI\eOHWNpPS]KGp)
J\DNRUROAY KO WKVEWEtNEKHIQPtJ D PiVR G LANP HV HAALEIH QY yNH O YWAHNWH O H ]\
D KDWiUIBQ'YDHMIHNDUpPpNRY JleUeV NNDWDKRWID-P GopWUldV PHIMG
KKNH]KIOPRYWU\ppWN B@BRYDYKDWiUIHO-OWL IRO\DPDWRNUD

ANLVPpUWpPN & OK D G VNV Bl V PHOME BN P tWHWWH P PP YDVWDJ
YDVWDSWILPUOHW VRUIQ D] HOIOHDLI\G B WWI eSNDIMNEERBPPHA F p E H Q

f& f& f& f& f& f& f& f& pVRKKPpUVpNYUHDNKIQQWDUWIV
PHOHJtWHW WHPHWKHR]HPHQA®HIMW JleUeV V]H U NHifttwesétgehv HV p V
GLQDPLN X VénQ0 hiid t/KIO¥BWW mmre. $ NtVpUOHW 17| FECR&REW R WLBI Jp V]t WK
D ]|OG QpJ\|HWEHHURHWIHOW LV Y pJH]WfiHER P B e H ON\RARURNDREN EVEE
hideghengereltetmm-LJ PDMGRV f&UiLJ WDUWyY XWyKKNH]JHOpVW LV YpJH

e =

17 iEGDeUeV NLDODNtWiV~ GLII~]LyV SNLR/N f\iWpe B B NE-NGRHY H

AQDJI\PpUWDPN®ODNYWWPQ D GLII~]LYWK S iU BAINPIHODE$[RRAMMInden
JleUeW&RQ yUilL JenkiMajdnelegen®/L Q D P L N X VednQO iR HW HRADW D \B\hirdU y O

ig J\ D VIHUN24HRW PODNYiOWR]iVRQf BRIQ® W N|HPUWY WX D iQ6a0 SUYEiN
PYOOf&RQ KK&hH]BI&KWNH]HOpV BN pGK\WDS WB/MIO H W 18liR Omiegd WR W D

Hokezelés 500-
700 °C-on 2 éraig

18 iEUD *\eUeV NLDODNtWiV~ GLII~]LyV SPWYRNV pINEpN DEmMANGIONY R H @ HHWVH \@

4.3 E u vCg |

A] HOKDODNtW iV L30680GQARONWM MNVY FPHQHI [ [PtWpV XWiQ HJ\LN GDUDE
PLQWiINUyO NHUHV]WPHWV]HWL FVLV]JRODWRW NpV]tWHWWHP pV D
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

KRJ\ PLQGHQ HVHWEHQ D UpWHJIKMD Wi URNIOY i SRNO N YWIDHDE@W MV HN Y
KDWiUpWO D HN\W HOpPEHQ Btprutalj BOMPWQDNWSiVEDQ $ ViUJD V]tQ D
D WLWiQW D ]| ¥EHEOEOWBWHPHWGHQ HVHWEHQ

A NLHJpV]tWK NtV pUSDMHER @ QWP HADHW W H W MG H f BRI MpUK R MWH PO W P
HUH G P p2 \pA2Wi undutatjaA 20 iELQA Nb 7L & X KDWiUIHOsOHW pV D KDWiUIH
HOHPWpPUNpPS OiWKDWy D] HOHPWHK IV]H WL QRW.EBRQ Wj VFEDHP HN HOR\
NJUQ\HJHWPEHQ pUWHOPH]KHW20 FEUDVSERNEN M CONVQ INERW \@yE P R © W
VIHUNH]HW SRQWRVDEE IHOW UiV D-R WEHMNDRMQSI B RIR ¥ HR QiYW PYH
melyet 21 iEUD p¥) BEpWHP OB BEMNWRWW IHO*OHWHQ HOHPWpPUNpPSHW
KRJ\ D UpWHJKDWiU ¥ HUpV¥OHINK\Y WOU PRHFOQWWHLY YHJI\sOHWHN MHOHQO
EHYiJRWW IHO*OHWHQ NpW KHO\HQ YRQDOHOHP]pVW LV YpJH]
HOHPHORV]OEVRN@VW®QWMD VIHPOpOWHWL $ NRQFHQWUIFLyV SU|
NLPXWDWKDWY YHJ\¢+OHWIi]JLV QL®FNVRMEEHQ 7D BH-Mig]uy QD BeR-FQ Qj\ F
li]VRN D]RQBRIVIEMED Wy N

@ | EECH
19 iEUD f&n NLV DODNY | DPW\R MWIWDWOkompozit NHUHV]W P HW V] HYE)PRE WiUIHO« O
6(0 IHOYpWHQHERQW H@H PM/QILEN p\sFN || Oug43]

(@) (b)

20 iEUD f&n NLV DODNY ] PPW\R HMMND OH U H G 8R @ VX W y K K BFFI/TH Gedthpbzit
NHUHV]WPHW V] H\@L3 KD (a H 8 drgsWoHaDaxenon- SOD]PiV EHYiJiV KHO\H E

IVVIHYRQW H & HPMED UNDIS ]{ OuG43]
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

(b)
—

Vonalelemzés

OFHC Cu NbTi

(d)

- I <
e

o

OFHC Cu

Vonalelemzés

\
/ |}
sl atuhed it Mt
NI A PR L R A
y R oy

(e)

21 {EUD f-&n NLV DODNY | PPW\R, FKWNADI®I U H O WRpQY X W yf KK FI/T Grdthpozit Xe
SOD]PiV IH&WHYIMRIWM U () SRIGDOHOHP F V| \KHBIMR QW H O HRW p@DIP\SW iV |
HVHWpPQ(H GY RgDOPHQWL H43HPHORV]OiVRN

(]JHO V]HPEHQRID ]|PFfWMWNW P&LRWIQiO D YLVV]DYIyiEWD HOHEWUR (
HIJ\pUWHOP eHQNP-KVWDW MO HD &XMWONMHEHGR YDVWDJViJ~ ~M Ii]JLVRN
V]*UNH N*O|QE|]K iUQ\DODWDL N+<O|QE|]KVIEVHBKLRPHWULIM~ [i]LV]

$PLNRU D KKPpUVpDN GHHPW|B-W/ Ni]IDE RN D KD Whélddik® 4 O HONERHVD -\8”H O M H V
N[JIWWL YDYWERIVEUDDQ PpWEFHPOPPMWIHREGDOPL LVPHUHWHLP DODS
LOQWHUPHWDOOLNXVY ¥d$-@DWPIMNWHOBRQRHNN*BDJQE|]K MIW|FKLRP
i E U D). ACu oldalorCuTi Y HJ\+ O H WNDb}Ti gltRadn gedig Nfban gazday LOiIJRDN] XUDONRGY

A875f&RV NtVpUOHW VHNBRHWDIOLG YDVWDJIViJIVHO plBiK plUp @ LR/ 1 LKE
JD]GDJ JOREXOLWRY WDUWRPIiQW2D iBpWHIKDWiU PHIROYDGIiViUD X
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

Intermetallikus

OFHC Cu vegyiiletek

i

(@) (b)
Elemek Pont 1 Pont 2 Pont 3 Pont 4 Pont 5
Nb (at%) - - - 4327 36,31
(© Ti (at%) 3,14 2,74 19,90 49,46 61,81
Cu (at%) 96,86 97,26 80,10 7,27 1,88

22

OFHC Cu

R Tt o SO N A.{» a2

IHOYpWHOHRY PV EFHV PDJ\tWiVEDQ

Intermetallikus

vegyiile

tek

iE.AB25f &n NLV DODNY | PPW\R MMADWkompozit NHUHV]WPHWV]HWL KDWiUIHO«O
F DPLQWD IHO*OHWpPWB NpV]-OW

(a)
Elemek Pont 1 Pont 2 Pont 3 Pont 4 Pont 5 Pont 6
Nb (at%) - - 1,01 64,61 30,77 36,38
(c) Ti (at%) 1,76 21,62 36,27 31,61 45,64 63,62
Cu(at%) 98,24 78,38 62,72 3,78 23,60 -

23

OFHC Cu

-

()

24

IHOY qayHOHRY pV E-oV GDJI\tWiVEDQ

Intermetallidok

(b)

@

iEAB50f&n NLV DODNY | PPW\R ROAWIDWOkompzit NHUHV]WPHWV]HWL KDWiUIHO+0O
F D RRQWDW HQ HOHHWM BWH]W H U« O HW

Elemek Pont 1 Pont 2 Pont 3 Pont 4 Pont 5
Nb (at%) 87,29 - - 4,50 378
Ti (at%) 8,93 12,03 21,40 36,71 48,44
Cu (at%) 3,78 87,97 78,60 58,79 47,78

IHO Y qay25@|WLpV E -oV QDJI\tWiVEDQ

21

iEWB75f&n NLV DODNY | PPW\R ROMWIDWOkompozitk HUHV]WPHWV]HWL KDWiUIHO+0
F DPLQWD IHO*OHWpUM&INpV]-OW V
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

Intermetallidok OFHC Cu

1 2
% 3.
-
: 4,
100 pm 10 um
e * Peea——
(@) (b)

Elemek Pont 1 Pont 2 Pont 3 Pont 4

Nb (at%) - - 85,74 -
(c) Ti (at%) 51,29 319 9,7 20,95

Cu(at%) 48,71 68,1 4,56 79,05

25 {EUD $&n NLV DODN Y ] PPW\R MMWIDWkompozit NHUHV]WPHWV]HWL KDWiUIHO«O
IHO Y HAYBOOXRY pV E-HV PDJVtWIVEDQ F D PLQWB OH®O YON WA HIB] & piW b OV ;

A900f&RQ J|PtWHWW PLQWD PiU ]|PtWpVpXWD QUSTOWHM HR VIED © B NX IO
iEUDS IHOYPWHOHN DODSMiQ PHJILJI\HOKHWK D] ROYDGIiV pV D] LQ!
YHJI\+OHW V]DNMy P HIEH | YW WY § WAHOJEB O E MYy & XY HI\eOHWHN NHOH\

$] HOYpJ]HWW NtVpUOHWHLP pV VJHUNH]HWYL]Y®nCeBeilEDdsRazVR UIQ
LQWHUPHWDOOIfGRRQLPIQDWMXIOVIMN XO HI\ QHP W @ WSHRKIRY Ul Y pENHO HI |
fokozatosan emelve 9&R Q D YHJI\« O HWNPpPS]KG pNb-Pii W pJl RRIMD/QE DQ VaeHHI WHWYW |
iEJ|VV]HKEQJA850f & N|]IWWL WDUYWRPKK\EWQUWAIV &X HKWWMIUIMHOEOHWHQ
LOQWHUPHWDOOMG N pWsHUDHWER/DMBEMRY NpSIHOERGWSY URWHWE ©@QM H (
SRQWRN D] DGRWW KKPpUVpNOHWHNHQ Bp HYW LD/ BHROPVEMWIESROQL G Y
DODSMiIiQ PHJILJ\HOKHWK KRJ\ D] LQWHUPHWRONJUGGENY BAMW®&RIW N L
RNDLW VIHUHWQpP D CALIRPMAB K[ 0PNW DVQR NHNIDVDi U Q L
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26 iEUMDb-$i/Cu KDWiUIHO*OHWHQ PHIJMHOHQK LQWHUPHWDOOLG UpWHJYD\
yUiV KKQWD BRIV HEHWP@® WL KKPpUVpN@IHW WDUWRPIQ\EDQ

$] LQWHUPHWDOOLG UpWHJ YDVWDJViJD HOPpOHWL ~WRQ LV PHJ
& X SP 1E pV[44] SBPYHD D 1E pV D 7L DWRP VXJDUDL QDJ\RQ KE
IHOHWW NRUOIWODQ ROGKDWYyYViJ~ V]LOIUG ROGDWRNDMWz NpSH]Q
NpSHVW tJ\ ROGKDWYyViJD VRNN-Dad, &R & GOWSER@ WWIPRO W H E\ HQYV
KIURPDONRWXY\GLEJRDPWOLQ/ OSNKD WY 7L DWRPRN HOHNWURQV]HUN
PLDWW D] LQWHUPHWD O-G L NXNVQGVJ] HOERQH N pFVER B 608 B X PH U BEDH @ XV ]|
KDOPD]iOQON) BHROW BD\QWKHWHWOHQVpJ WDSDV]WDOKDWNb-LYHO D
NRPSRQHQVHN N|J[WW  HJ]PlU WY M pIE R Q END Qp HF RIEW RRiIWBENBDiFV
GLIIXQQ|WQHWK WD ODP RWiV]BBILAW D NLVHEE ROYDGiIVSRQW~ NRF
D GLLIEZIayMHOHQV pEHW PDMGQHP 1+JJKOHJHV VDI IDWEWON Q\tO
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

NIYHWNHILN > KRJI\ D BW7ILi] L6 DWRPER@BINJWDORPQiIiO HINHQV ~O\E
bcc VILOROGDWWRQ )LJfFEOHPEHIMpYHFDtERKIPS]KGpVpPKH] V]*NVpJIH\
OHJDOPEEL &XVV]+NVpJHV D FVIUHIONS]KLG pO/&BI$ RW E D Q

h Cu

Fee
I\ Cu12Nb3Ti5+CudTi+Fcc
I~ GuaTi+Fec 4

\ Cu12Nb3T|5+((3:u4T|,

uali
[s——Cu3Ti2+CudTi
[/ \%Cu12Nb3Ti5+CudTi+CuTi
U4 Ti+CUTi

BT
4 u 19+Cull
= _——»CudTi3+CuTi

—>CuTi
Cu2NbTi2+CuTi
~_—»Cu2NbTi2+CuTi+CuTi2

= =——CuTi+CuTi2
Cu2NbTi2+CuTi2

Cu12Nb3Ti5+Fcc
Cu12Nb3Ti5+Cu2NbTi2+CuTi
80

Bce+Hep
— Bec X

80 100
Nb w%(Ti) Ti

27 iEUD $ 3DQGDW V]RIWW¥E XN UMD &MPRO WPLEG VBrbtsEefe 800f &n [43]

Az intermetall G Y D V(XY B H\FiNORIWHR G L MgydneNGrub® HIR O G iV PS5V U WQWW  $

PHJRO G iV OtiaitaldnQ0, @D%) a Cu/Nb7L KDWiUIHO+OHW N|UQ\H]JHWPEHQ KR]
D] DOIEEBPYGRQ

%, oL WrEAN@@%@AC ®

aholx, P D] LQWHUPHWDOOL,MXV Dp&H IWEIDAWRDJIEG LI | ~] LN Ycad

Ii]LVEDQ DPHO\ I1+JJHWOH QYD ]D|\S Y [ ]HM y[\W V] Y W i ED\Y WK
adottT, f&KKPpUVpPNOHWHDQ

$ IHQWL ORJbapiw BMW HW]YNOUTE HIYLDP FVtUD N pakfdt G SV pldatds)
KDW iUIHO « O KWW K ROVD)i BED/ R RVQNF BEQA6H TF [EYHVKIH O \ HG/ /95 StexV

-otaz 6) egyenletbdd KLEDIgUWoENH D] E& WD PDHRMWWLE) & Q9D WAZE)L
HI\HQOHW NHUHN ]iUyMHOENQ @WK HWHt HHINDH] B DRI R \

T tar&Vs @ (6)

$ GLII~]JLYV HJ\*WWKDWy KRimpddMpMNREVEHDIOVE N]YIHEWNH]IBENPSSHQ
[46}

& t§&BrEAAT 7>9:_474A )
DKRO 7 D KKPEDQpREXHWHTAHWYH W K@® HJIWHQOWWNHWEBKHO\H

YpIJVK HI\HQOHW HVH8+QNEHQ D N|YHWNH]K

T uds @t @t ©
$] LQWHUPHWDOOLNXYV UpWHJ ¥@EVDCODIS I BVN WHKHP W D\DpONLGSH Wp W H]
QP DODWW-RQ@VDGRWWL KKPB pilEM pINPOHHIPEHNHIQUi]]D KRHQNRVpUWH \
QHP ‘ahDr@er@atallidot 1-PIHOERQW IEMIEYJOBYV N|YHWNH]:LRQKIRMDVWD Vi
N|U*OEHO+0O QP edyMLD M|WiJ OHESEIE-@IHO P p U W -D-GiPamit a22 iEUD
VIHPOpOWHWHWW

$ fRQ pV IHOHWWH YpJ]HWW NtVpUOHWL pV HOPpOHWL HUHGPp
be a CeNb-7L WHUQpPU 1i]JLVGLDJUDP L]JRWHUP PHWV]HWHLW ILJ\HOP
MHOHROPWHPS LQWHUPHWDOOLGRN NLKDJ\iVIiQDN D] D] RND KRJ\
Cu/Nb-7L KD W iU Hid@arCasicHi@ U D pdditjais mutatja, 800f &2 Q FVDN V]LOiUG ROGDYV
HJ\HQV~O\ERQ D]JRP&EDQ D V]LOiUG Ii]LVRN PHOOHWW HJ\ {RO\pNR(
7L ROGDOIQ $ KKPpUVPNOHW WRYIEEL HPHOpPVpYHO D IRO\DGpNIi
83 f-&VyO NH]GKGKHQ D NpWIi]LV~ V]LOIUG |RQ\ NGV FHAQ WM N H (
VIDNDV]iW MHOHQWK V]DJIJDWRWW YRQDODW $ KKPpUVpNOHW W
WDUWRPiIQ\ V]pOHVYVpJHpAR E R DVORIV D&K@ HYOH NO/ KW pV [ @9JEHQ LQWH
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

f-&Q V]iPROYD
KDWilshHO*OHW

1000
750
500

250

diffizio

0

Intermetallid vastagsag, x (nm)

600

650

700 750
Hoémérséklet, T(°C)

olvadas

$ 1RO\ p N RIQaztkjdawP P HINDMORH O PWEVAIZTUNDR O\D P D W

800 850 900
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iIEUD $ &XLIEDWIiUIHOsTOHWWR WPEXWDOOLNXYV UpWHJIYDVV@DJViJ KKPp!

egyenlet szerint. ANpRQ\tO GHPRQVWUiIOMD D] ROYDGiV KDWiViw YDODPLQW D G
VHEHVVPJpQHN XJUiVVEBIlUe Q[YHNHGpVpW

a Cu & Cu
800°C 819°C
ao'.-"‘ 80
D 60y 3 60y
@-‘-) 5‘.’,_ &‘o )
3¢ ! 9@ '
* N
40 a0/
Bec+Fec Bec+Fee
20/ 205/ %
. /__r——r—"* Bcc+Hep . /ff“ BeciHep
. 'r// Bec ) / e Bec
Db. 20 _.__;; 60 80 100 00 2'1')_'_._ 40 60 80 100
Nb w%(Ti) Ti Nb w%(Ti) Ti
(a) (b)
‘3 Cu 6 Cu
837°C 100y 900°C 100 Fec
Bec+Fec+Liquid ]/1 Fa
L 7 /
Bec+Liquid // Foo+Liquid
Bec+Fec+Liquid 2%
P Liquid
. FectLiquid __»FectLiquid
\-“\:“hFcc A Fec
\
N
Bec+Fec \\ Bect+Fec
%
\Becc+Hep
Bce \>/ Bee
’ 0 20 40 60 80 100 60 Sab 1‘00
Nb w%(Ti) Ti Nb w%(Ti) Ti
(c) (d)
29 iEUD -%i-BX UHQGV]HU PHWDVWDELO D]D] LQWHUPHWDOOI&RNENLKDJ\i

819f&®nCu+7L UHQGV]HUEHQ PHIJMHOHQLN &R QRO D G v [43] L V
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

$ IRO\pNRQ\ Ii]LVRQ EHO+OL GLII*hyA7H JDPW WOCDIWAYi INJ| ) @G EHNONHDO
PLQW D V]LOiUG ROGDWEDQ pUYpQ\HV GLII~]LWVEHX\H® VEEDMHV t {Y\
egyenletbecip UW @ Mitre Q| YHNV]LN 1J\ D] LQWHUPHWDOOLNXV YHJ\sOHWF
OHV] DPLNRU PHIJMHOHQLN D] HOVK PROBDIQ@{NRPLMDOiIMG D N\ KX
PHJILJI\HOW QDJ\ LQWHUPH\RQOXYL BDYDVW B B VK KR D Wp N O H&/ H Q

gVV]HVVpPJIpEHQ P HJINQ @ DSOW K B VMOYW R NBAM OO KJrmpdAY kewsatmetszeti
KDWiUIlMONIHOVIAIALPHAD V]iPtWiDR®SMiQ KR dEndSzeo¥n 819f &n
MHOHQLN PHJ D] ROY D-Gipdy rehplsaéroéntSB7p&hE

$ WHFKQROYJLDL WHUYH]pV VIHPSRQWMIEYOHRQ VR G R pRVUIRLIOLN L
f&RQ yUD KKQWDUWIV KDWiViUD QHP N+ HWOIERW WNV LRDMCHUHPM
WHUPRGLQDPLNDL V]iPtWiVRN DODSMiQ SHGLJ QHP MHOHQW Pl
H[WUDSROiOiVL HUHGPpQ\HN DODSMiQ D]f& QW H U® HNHIFGHOE GNR N N
HUHGPpQ\ MyO NRUUHOIO D &$/3+$' V]iPtWiV L83 UG RpQWMY HO
WDUWRPIQ\EDQ D] ROYDGpPN I[i]JLV PHJIJPMEN®BQRK]DQGK QBNFHQRIOY
ROYDGpPN [i]LV PHIJMHOHQPVPW PLQGHQNPLS\SHN SNOH M-I D ONDHNCY OX
WDUWRPIQ\EDQ D PHOHJDODNtWIiVL fk&K P pUDWH\N CONHHDHDWWFDPLOW DHLe H Q
$] HOYpJIHWW NtVPUOHWHN VHJtWVpJpYHO PRGHOOH]QL OHKHW
VIDNDV]iQDNDKD®WBLYWP UpWHIJWKO PHQWHY NRPSR]JLWEDQ

$ QDJ\PpUWpNe DODNtVBID/U PV pWiDKWNFHNROYILDL IRO\DPDW PiV|
PRGH O HIiJBMMK DW ANGTD & X KDWiUIHO*OHWHQ YpJEHPHQKa3RO\DPDW
i EUXP000xHV QD J\tWiM RINDEOIDSKW KDMY D] LQWHUPHWDO @&NXSY UpWHJ
yUD KKQWDUWIiV XWiQ PpJ SUDNWLNXVDQ NLPXWDWiVL KDWiU Dt
Q|YHNHGpPVPYHO D] LQWHUPHW D @RIt WpW\CHIW R B \DR DM RYIDR) SH QMW
NpS]JKGWHN D UpWHJKDWiURQ KDQHP PLQGHQ HVHWEHQ HJ\EHI
IHOsOHW+NNHO pULQWNH]WHN HJ\PiVVDO iOOD Q GgmKeieRtméy pNOHW
D IRO\DPDW V]LOiUGIi]JLV~ GLII~]LYYDO PHQW Y p&EQ D$KIB\D Nl W & O0H
pV D WpUIRJDWEDQ LV PLQGHQ KiK/Q WD W0 AR NGBO HYG \R O P\ IR WQ
$ NLYiOiVRN PHQERQ WHBIHQWKV HER G\SNEHDHJ\iOWDOiQ QHP YROW
OLQG WHFKQROYJLDL PLQG WXGRPiIQ\RV V]HFSRDNIE®H R/H BlKIIDWM N
HOKVNBTIDEX UpWHJIJKDWIURQ $ J\iUWiVL WH RégQ Rigsrd kilakufHP SR Q\
YHJ\*OpWYHJ DODNtWKDWyViJD $ YHJ\*OHWHN PHJM}HQPHQ YW DpP-
UpWHJKDWiUiQ $RILNHPHYWNHPOLNH]GHWPW pV YpJpW D KDWiURQ V
&X 7L 1E iWODJRV NRQFHQWUIFLYLNWyO YDOy HOWpUpPVPEKO KD\
A 31 tira D pV -on, p& yUiQ KKQWD B WORW®YRPWRQEBOWM@WP]pVHLW PX
HUHGHWL KDWWKNREDOO W HW]IDyV JAGR MBOWDpW id VWD DShda§a/ V]DJJD
OHJILJI\HOKHWK -IRKR PLRWIED&® QLQFVHQ YHJI\+OHWNRS]KG gV W XWV
2yUiW KKQWDUWRWW PLQWINEDQ D &X ROGDORQNRIDAHQW DifFFw Y\H K
NLV]pOHVHGpVH DODSNIQL RIOURD/ORIQY MHBEDHYW 7L NRQFHQWUIFL)
PHJQ|Y Hawif 2LNO HP N R Q W U D V AWVCR Mdalbid Y\EW HeQ Bik I QUaNi- ThModaom Vi Y
pedigHJ\ YL O iR, ViY
9L]VJIiOMXNnNRIEhEtDX B X\ RO G D O R @ LA/BR] i H @H&@He&DOF VIRIWYHUUHO V
Nb-Ti-&X UHQGV]HU 1i]LVGLJUDP pPH WAGHH W/HHI CLiWW K D Wi Wiolga€dha\ D 1E
KH[DJRI@PO WNFVL jli]LV -RQ f&]pOHVHEE vamDj&lew RHi QYEPHKDQJIEDQ Y|
PLNURV]NYSL HUWHGiPp Q\HiNfeke® objektumokP HIMHOHQpVH aPNbITiLJ\HO K H
UpWHDEHQfRRQ KKNH]HOW GLII~]L@DJISRWR NLNVPMQPQ\ Lok J 5 H QV

K K Q W Dkeamli é26e@ethes WHUQpPU GLDJUDPRNRQ iEUIJROW NpN Q\tO D
VIHPOpOWHWL $ &X ROGO-ORHMPIFERQ@MRPWOVYN PURQLPIBLWDUWDOP ~
VILOiUGROGDW-RWD @D PRY W D UDABBrQRzDdyGE X [i]LV Y ING-D Bldla®iV D]

bec UiFNb-Ti VILOiUG]R N ®IDVBXMRQ ®DORQ V|WpWJ VAEMNPRW]IMHOHQWNH]
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

207 pm 5.2 mm

<
-
e
=
-3
g
s

500£ 1UR &

M 10000 x 20.00kV_0.80nA ABS Al 20.7 ym 7.9 mm

7.0 mm

20.7 ym
20.7 ym 6.9 mm

20.00kV 0.80nA ABS All

10000x 20.00kV 0.80nA ABS All

70 TUiR «CE T00E | <& 700£ *CE

30 iIEUDJ\ DODNYiOWR]iVNXB®| QRN KW MH N O N /CUKSTRIW
NHUHV]WPHWV]HWL KDWiUIHO*OHW 3),% 6(0 IHOYpWHOHL D NLDODN
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

500°C, 2 6ra I E——

Hatarfelulet

Atomszazalék (%)

NbTi j .

onalelemzés helye _ , :
- « T T T T T T T T T T T
g 3000 4000 5000 6000 7000 8000 9000 10000

AM 10000x 2000V 0.80 nA ;Bs I\II © 207 ym |52 mm @9 2 = Vonalhossz (nm)

f& yUD
600°C, 0,5 ora

100 =
90
80
70
60 -
501
40
: 30
NbTi 20

10

onalelemzés helye 0 Jrermmememer —
2000 3000 4000 5000 6000 7000
Vonalhossz (nm)

Hatarfelllet

Ti

Atomszazalék (%)
Egy 0] fazis

¥
1
1
|
)
1
1
|
T

T T T
8000 9000 10000

f& yuD

T = :
904 Cu 3 i
| o !
. 80 4 : E :
£ 70 | I R
: ml 1 Ti
@ 60+ NI
g i
S 504 :5:
I |
£ 40 m
£ w
< 304 |
|
204 !
|
101 !
0+ _—:_—_r- T T T u T
g v et 1 Ve 5000 6000 7000 8000 9000 10000 11000 12000 13000
10000 x 20.00kvVv 0.80nA ABS All 20.7 ym 7.9 mm
Vonalhossz (nm)

f& yUD

31 iEUDJ\ DODNYiOWR]iVVDO ]|[PtWHWW pV NNOTICCE kbkap¥zitd KKNH]HO pV W
NHUHV]WPHWV]HWL KDWiUIHO*OHW 3),% 6(0 IHOYpWHOHL ('$; °
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

Cu OFHC Cu
1.0,

— BCC_B2+FCC_L12
— CU4TI+FCC_L12
— BCC_B2+CUATI
— BCC_B2+CU3T2

Cu OFHC Cu
1.0

— BCC_B2+FCC_L12
— CU4TI+FCC_L12
— BCC_B2+CUA4TI
— BCC_B2+CU3TI2
— BCC_B2+CU4TI3
— BCC_B2+CUTI

— BCC_B2+CUT2
— BCC_B2+HCP_A3
— CUTI2 +HCP_A3

500 °C 600 °C

— BCC_B2+CU4T3
— BCC_B2+CUTI
— BCC_B2+CUT2
— BCC_B2+HCP_A3
— CUTI2+HCP_A3
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5 1 i o !
801 COAE 80 ; Q = :
< ] | 2 -
0 N 1 ) 1 . ?0 . 1 T :
! T ! Ti _ 1 :
1 1 1 ] H
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N
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_______Egyujfazis
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o

10 101
5 PSS
3000 40 5000 6000 7000 8000 9000 10000 11000 12000 13000
Vonalhossz (nm) Vonalhossz (nm)
(c) (d)

32 iEMBb-Ti-Curendszer(a) 500 f &R Q pV6OEf &RQ V]iPROW HJ\HQV~O\L WHI0OQpU GLDJ
f& yUipa) f-8n, yUiwW KKQWDUWRWW PLQWD NRQFHQWUIiFLYV SURILOMD
Ii]LVRN PHIMHOHQtWpVpYHO

A NI[YHWNH]KNEHQ D]JW IRJRRIBEHPXPRGWQDHKRIWK D YHJIJ\«OHWN(
CALPHAD PYGV]JHUUHO THNLQWV<QN NpW HI\NRPSRQHQVe liJLVW
IPPNRPSRQHQVEKO iOOQDN D] j li]JLV D] $ NRPSRQHQVEKO D ¢ Ii]lL
D NpW I1i]JLV N|]|V VIN KDWiUIHO+*«OHW¥ py DN MR W] L VND] IN\pWV W |[REFES R ¢
pUWpPNBLE LQWHUPHWDOOLNXYV YHJ\eOHWIi]JLVY LV NLDODNXOKDW
legkk VHEE NULWLNXV FVtUDPpUHWWHO UHQGHUNHILN OUQFREK]|\N | PHIDN |
amelynek sugaranelyet 83 iBUV]HP OHp|OHWMHWHUeVpJ NHGYppUW WHJ\eN IHO K
FVINNHQWpPVH p@WIBZANPFEHNQD] LQWHUPHWDOOLNXYV [i]LVKR] KDVRQO

33 IEUD $ NLDODNXOy FVtUD VHPDWLNXYV iEUIMD

(] D]JW MHOHQWIpOKRJI\WPJ|PE D ¢ Ii]LVEPQ DHYQJIPRE B] i Ii]LVEDQ
D QXNOHIFLYW NiN QU K.BYB QofbdyanletttEEK\D Wy |H O

is) L%@@\T@—ézaEu@(@\f@ ©)
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fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

aholr (M) &F VtUD PBMEMOHDWRP D YHJ\-OHWpBRIOGY VY H@HEMIAGMD 9
D YHJ\«OHW PROIUEVDW POIFEEDMHI KD W IRIR]DQ Gy | MeQjenyRR, KoByW iU | H C
a(9-HIVHQOHW PiVRGLNVWOUNi BDNL B DHINKSOYKI pOJ|PEQHN ITHOWpPWH (
IpOJ|PE IHO<OHWH pV D N[UODS B8H B erhuvsttp&H N DN V'$HK & p \D FEN O N
NI YHWNH]DN E®IiEED IHOWPWHO WHOMHV-O

(',é)a Oor. (1®

Ebben az esetben 89 1« JIJYPQ\QHN PD[LPXPD YDQ
¢a) L BN (1D
DPHO\ PHJIHOHO D NU L,Whl,Nxealy ferdtt &HRIp UOHHWQ HNY WRYIEEL Q|YHNI

PHIW|UWpPQLN PLYHO

@s) o, 12

@N
$ NULWLNXY I APWHPW IBO DODSMiQ PHIKDWiUR]JKDWy

@4) 13
NL r

@
Az (9 egyenleteHEEH D IHOWpWHOEH EHKHO\HWWHVtWY@4D NULWLNXV Py

Mal Fu®eﬁ (19

cala
AVa pUWPNHN D YHJ\eOHW [i]LViQDN }G:VAHW pW HDHERKRGN QMIHRALNID]LQ F
CALPHAD PRGH O ORMHFKDXROU RJKWWRJIJRYV KDWiUIHO«O HAB|D B QM IQD PHJ
(16:

[

—;®mEtr®t@5rE:sFT;’.t —7i®uEtr®sET;? TQos (19

D

—7i®=uEtr®>TEt®SFT;?: —j@uEtr@tFT;? TRO.5 (16

DKR@®m2- D NRKHUHQV KDWiUIHO*OHW KDWiUIHO*OHWL HQHUJLIiMD DPHO
NLFVLQHN YHV]+QN

1J\ D KDWiUIHO «05H¥9Legclét PiLlyiMHIDEHQ PHIJDGRWW pUMHI§HLEHQ N
HJ\HQOHWH N H W(18 iegyéehetbdl WWHVtWYH D

2

&y F%@uEtr@sET;? TQo5 (17
1 v

8 %2 @uEtr®tFT;? TRO5 (18
i CUAD

$ IHQWL HJ\HQOHWHN D DID IMI@G R HH D B HLOMBYH DHEXMND] GHIOL M X V/Q VIH J \ «
KDWiUIHO*OHWL HQH U J lejar@ MineAV(g N E VME.OWX E CF YD WIEFDQ) BW MHO|Op
|

&z 0 D PROMPLHMU PRQkg3D VeUeVypdFma, ® PROIULV WEMKRddaW D
YHJI\+OHVGIROPSLKGpVL HQHUJLIMD

2 WiEOi]:é(/\plswp(\mm HIJ\HQOHW D@RIDPFMAPEKHQHN IHOKDV]QiOiViYDO V]iP1
%o

s PC°0 x M & Vin Férse 3?7 %
Lo

g/mol | g/lcmd cmé/mol kJ/mol cm/kd
CuTi 0,333 5311 5,65 9,40 11,7 29,7 239
CuTi 0,500 55,73 6,41 8,69 139 330 20,6
CuTi 0,571 56,84 6,74 8,43 12,9 31,6 20,7
CuTh 0,600 57,29 6,85 8,36 12,2 31,0 21,3
CuTi 0,666 58,34 7,36 7,93 114 29,7 21,2
r-CwTi 0,800 60,42 8,08 7,48 9,44 27,0 214

t-CwTi 0,800 60,42 7,86 7,69 101 27,0 20,6
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$] HUHGPpQ\ tigharR O $N0® crd N- pUWpPNHW NDSMXN -8l LG HY W PIE HRL
1

iJ\ HEEKO D PRGHOOH]pVEKO D &X 7L KDWiUIHaudHWHJI\ DO BW HW
NpS]KGpVNDb-TS KRDW i UIHO*OHWHQ D]JRQEDQ D 7L FV|[NNHQW DNWLYLV
YHJ\+sOHW NLDODNXOiViQDN YDOyV]tQeVpJH PHNDKi K(EW KO HDQDMH W
D OHJYDOYV]tQeEE KRJ\ D] HO VCNDH.QWX QXN O/HI® P& y OYHH TIAVON WK R J
KDWiUIHO 50\ tNR RHEXM B\« OHWQHN SUHI BV iD VODERENDH GIp\BRHK D psvH |
N|QQ\HEE

$ YHI\eOHWHN PHIJMHOHQpPVpW PLQGHQNPSS NHU+-OQL pUGHPHV P
URQWMiN YLVIRQW QHP PLQGHJ\ PLO\HQ YHJ\+OHW MHOHQLN F
LQWHUPHWDO 0 LR XM QHWRWNYS D N|]YHWNH]K WRUUHQG iOOtW|

CusTi < CuTk < CuTi< CwTi < CusTiz < CusTiz (19

$ WDUWRBIQPUWPNHN N |pprCUTiBRHRY RUROW Y HIgdN®I N W\HENS IR | GOH D
Amennyen aQ DJ\ Np SO pNH GrakasEbely iOMIR|OMHW NpS]KGpVQHN QWIID ODN X O
OHV] D] HOVK NDPOONERQ®WYIHUe HNOPKSHOG \NHH Q) M\Gopd\p IV K Wein@] | Q KH W
RNR] SUREOpPPIW

$ N|YHWNH]JKNEHQUVVIHOEWNPDD\ ¥ -of) NpS O POHDNYiOWR]iIVW V]HC
GLII~]LyV SiURN NtVpUOHWHLAR Wi Opda S/RWAIN. GHW HGPR W\ DHNGILG pV
]JyQD YDVWDJViJDLW V]HPOpGWHTWE X KD DAZKHRQMDRMING MV H /R EH Q
PXWDVWRIN D UpWHJIHN NYHWean MNH.MHDWM B '@ DE BNWJ Ve O HW NQiS& G pV U H
fejezet) -HOHQ HVHWEHQ D N[WpV HUKVVpJKERNUYpWOHPWVHWD Y HfI&
WDUWRPiIQ\UyO f& DODWWL WDUWRPiIQ\LJ FVINNHQWHWWH yUj

3 WIiEOi]DW 6(0 IHOYpWHOHN ID@VDIS VPG &IB 6LGBWpMQID YRV WDJIViJRN

<]e 0 IA 08} «xXAIDYe~ E PC 0 IA 03} xA0§9y ~
,...u E* |l ,..v8 E //;\/S.;EPU.SP ,...u Ee* I¢ ,...v8 E J+-1]ee Tev /XS.;E;.SP
du ~£ ] ..U 38U us dUu ~£ | ] ..U 8U A «3 P+ Puw us
o1l 1 i Al [ iuén i
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ofi 7 i O1i 7 0 0
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4.4

o¢.. $dNb-Til p Z 8 E( 0°0 § v I] o lpoe I,8 « i o vs..» P E..o0

JLILNDL VJLPXOiFLYyV NtVPUOHWHNNHO &$3+$' V]iPtWiVRNNDO pV K
W|PHJV]i]DOpNC¢IHIWD PWROPEQKVpJe &X OHPH]HN IpPWLV]WD pULQ
N|OFV|Q|V GLII~]LyV IRO\DPDWDLW D KDWiUIHO*OHWHQ OpWUHM|
PyGRQ

a)

b)

6]REDKKPpUVPNOHWHQ ]|PtWpVVHO OpWUHKR]RWW NLV PpUW,
NI[YHWK f&V  yUiV LIRWHUP KKNHRXOKDWIRUHQ - DH®EHQ DKRC
PUGHVVpPJFV~FVDL HJ\PiVED pUQHWN QSRIQGAV]N UBKQ OD O DNPOFY P
PHILQGXO (QQHN HUHGPpPQ\HNpSSHQ SRQWV]HUe KDWiUIHO+O}
LQWHUPHWDOOLGRNDW NL]iUy &$/3f8R Q@ RGMD G pW] iR {Q i@ pOVAHS M
6]REDKKPpUVPNOHWHQ ]|PtWpVVHO OpWUHKR]RWW NLV PpUWp!
RV  yUiV HOKKHYtWRQ PDM®pUWpMe GLQDPLNXV NpSOpNHOQ\
YDVWDJViJFV|NNHQpPYV iWHVHWW PLQW ifMésH\6H Wp/E H @ UDD NLDROW B |
KKNH]JHOpV VRUID &X WIHDOWBINA QEOHWHQ V]HPFVHKDWIiU NDSFVR
f& yUD L]IRWHUP KKRH ]&O p\WH 8 MHW pkD W iUEHO*OHWpQ PHJL
amelyetavondOHP]pV NRQFHQWUIiFLyV SURILOMD LJD]JRO $ fa&
PiU QP QP N|]IWWL HJ\EHI+JJK LQWHUPHWDOOLG UpWHJ D
IVVIHWpWHOD I]iP tf\8R W W-TH& XH O WA@\LUDP] LB HDUV pJQ\L KDWiUIH
NULWLNXV FVtUDPPpUHW V]iPtWiV pV D KDWLUYH Q\<HWL i NRKEH OH
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5 Nb mentesNb-T¥ B upo3]E 38 P% o u | «ol}ue}i§se

51 /E} ou] ,*+1 (}JPo 0 U vC]8}88 | & =« |

LHPH]HV YDJ\ ODPRQNBPBRPIPVRN Up WHIKIiOW t W K-DUMY-N HRACHMND G p N p
HOMiUIVRNNDO N+O|QIpOH |QWpVL WHFKQLNiINNDO GLA-~]JLyV L
IXQNFLRQIOLV VIHQGYLFVV]HUNH]HWHN HVHWpPEHQ D WHUPpPN PHF
HI\eWWHVHQ KDWiUR]]iN PHJ 3pOGiXO ELPHWiO DQ\DJRN HVHWpE]
%L]RQ\RV V]HQGYLFV\OQHWNKMNHVOEN HY pWpWH VD- Fs2) YDJI\ D V]LOIUC

$ OHPH]HV NRPSRAPYVEN JHUMPMN pQWO OIEDQ NpW FVRBRY VG PN VIRJWR ¢
NRQILJXUiFLYy DKRO D] |[QWKIRUPiIiW NpW U pW DLFOWEG Qi ]WYONR QI LL Bi;
HVHWpPQ D PiU PHJV]LOIUGXOW |[QWY p QW HQ MK QHONW H] KW QWIp JPKH
YDJ\ IpOIRO\DPDW R[¥3}[F@ W KW {ERLRIOEDADD] HW*QNEHQ UHQGHONH
VIDEDGDOPBSHEOMHJHAW D PHUNH]JHWHN HOKiOOtWKDWyN GLII~]LyV L
KRJ\ D] HOKNpV]tWHWW WLV]WD IpPHV IHO*OHWHN QNJOBYR®|VRQ
GLII~]Ly iOWSBD /DL @pWUYHpPNRPSR]LWRN HOKiOOtWKDWyYN WRYi
W|UWpPpQK OHPH]HV NRPSR]LW HOKiO Ot WNIWiIly VAR W/ SE N KD VY PG & ] M D F
FPOMD D PHFKDQLNDL WXODMGRQVi[BR N5 3Y S\ DMWY RO J VH V DW p W@
OHPH]HV EHYRQDWNpPV]tWpV MHOHQWKVpJpW D] DGMD KRJ\ D] DG
YLKHWK IHO tJ\ D UpWHJHN HOKQ\|V WXODMGRQViJDL NLHPHONHG
azLSDUEDQ PLYHO D IHOYLWW UpWHJ SR]JLWtY WXODMGRQViJDL
YPGHOHP YDJ\ DXWyKEWHKLQD PH OO RIOWIWI MDDODNXOiViKR] HJ\ EL
DODNYiOWR]iV V]*NVpJHOWIRIK DQ\DJISIURQNpPQW H

$] LSDUEDQ D NRPSR]LW DQ\DJRN IHOKDV]QiOiVD pV HOKiOOtWiVL
DQ\DJWHFKQROYJLiIN N|]*O D KLGHJ pV PHOHJ NJ[WKKHQJHUOpPVVHO
J\RUV IHMOKGpVW PXWMRWRWYWBRKHQPHO®pYYRO\DQ NpSOpNHQ\DOL
UpWHJHN WDSDGiViW YDODPLQW D N|WpVW D] DODNtWy PeYHOHW
HOKWW NpW YDJ\ W|EE IpPOHPH]W KHO\HBLHN HQ\ R HQIMH UKD MN NI WH
PHJIHOHOK GHIRUPiFLY N|]YHWNH]JWpPEHQ D UpWHJHN N|]|WW PHFKL
a3s IEWHHPOpPOWHWL

Feliiletek
elékészitése Alapanyag el6készitése

Hideg kotGhengerlés
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35 IEUD $ KLGHJ NIWKKHQJH[B@QpVY VHPDWLNXV iEUIMD

+LGHJ N|WKKHQJHUOpPVNRU D V]|[YHWV]HUNH]JHWEHQ I[i]LVIWDODN
HOMiUiV D NJWKKHQJHUOpPV XWiQL KKNH]JHOpV PHO\ VRUIQ DGRWW
DODNXO NL +D D ]yQD YL\GMDJ\DIOD NRSMDRVOMWOPQY LQWHUPHWDO
WHURPRIYiEE DO DBVWEIN VIBEN iSDNpSOpNHQ\DODNtWiVNRU OpWUHM|
DQ\DJMHOOHP]KN UiFVWtSXV DODNtWiVL V]LOiUGViJ D WHFKQRC
HI\eWWHVHQ EHIRO\iIVROMIN $ WDQXOPiQ\RN DODSBI@okQpJ\ IK
PDJ\DUiI]DWiUD ILOP D] HQHUJLDJIW ~MU D N63JL \( @ HQ\R\DR GiiW LH©OWP |
VIHULQW DEEDQ D] HVYHWEHQ VHP DODNXO NL D NgyatgagcsHaibaD | pP W L
OpS@HNN|WpV HOKIHOWpPWHOH D] HQHUJLDJiW OHJ\K]pVH $ N|WpV
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D] ~MUDNULVWIO\RV&EGEMDah VYR LWOIpIWp VHHULQW YLV]IRQW D GLII-
VIHULQW D] pULQWNH]K IHO O HMW®WN QUDIBAPIRLING IN]URSY U0 DR HRDUPLPHOQHV
VIHULQW KD NpW IpPIHO*OHW NHOOK PpUWpNe DODNYiIOWR]iV P
9DLG\DQDWK pV WiUuvDL YDODPLQW ORKDPHG V]JHULQW D ILOF
mechanizmug&6]

oxid réteg

------

7

Szennyezo réteg

2. A fém besajtolodasa a repedésekbe
Yoty
%

36 iEUD .|WpV NLDODNXOiVD UHiOLN|MWHKQROYJLDI

,GHiOLY iOODSRWEDQ KD D IpPOHPH]HN IHO*OHWH WLV]WD QDJ\ I
5HiOLV WHFKQROYJLDL N|U*OPpQ\HN N|]W H] D KDMODB®IEWiINNHQ

OiWKDgP N|WpV NLDODNXOiVD UHIiOLV N|U<OPpQ\HN N|]|WW KiUF
PULQWNH]QHN HJ\PiVVDO PDMG D Q\RPYHUK KDWiViuUD D] R[LG p
KDWiViUD pV D WLV]WD IpPIHO-OHW OQNWNYiJQWNG Q) Np i VQ B/ N H PRV L
EHVDMWROYGQDN D UHSHGpVHNEH PDMG [BO]UGBW B INH| MV NV ]| W WL ONiLUDE
PLQKVtWpVH ~J\QHYH]JHWW OHIHMWK WHV]WWHO LOOHWYH K~]yYlL
VINMiW DJRQRV QDJ\ViJ~ HOOHQWpPWHYV LUIQ\~ HUKSiU WHUKHOL

DUIQRIV/HPH]HV V]HUNH]JHWHN N|WpVL V]LOiUGViJIQDN MHOOHP]
IHMOHV[BSYHWW QN

$ N|WpVL V]LOIUGViJRW EHIRO\iIVROY WpQ\H]KN

'"HIRUPiFLBNNWHYENLDODNXOiViQDN DODSIHOWpPpWHOH D GHIRUPIFl
D PLQLPiOLV DODNYiOWR]iV DPHO\ VRUIQ PHFKDQLNDL N|WpV
DQ\DJSiURVtWiVR QNH QW6 FQO Y\ D]YS iDR V t W pW W g MW QO-H | 8KV HW p Q

N[JHO[39][63] $ GHIRUPIiFLYV NeV]|E|NHW H GMipad LDpQNPH B OLbFONY H WHLW p

5iFVV]HS NHWHW NLDODNXOiVIEDQ MHOHQWKVHQ VIHUHSHW MiwV]L
+LGHJ N|WKKHQJHUOpPV VRUIQ D IHO*OHWHQ N|]JpSSRQWRYV NRFNLE
WDSDGiV OHIHKOWPYWEERRJI\ QLQFV W~0O J\RUV DODNtWiVL NHPpQ
DOXPtQLXP NJ[WKKHQJHUHOKHWKN KLGHJHQ $ KH[DJRQIOLV UiFFV
YDJ\ FLUNYQLXP N|WpVL WXODMGRQViJDLHO pQHMIHY HNQ EXSASRQHWRW
PDJDVDEE GHIRUPiIFLYV N+V]|E pV DODFVRQ\DEE N|WpVL V]LOiUGYV
IHO*OHWHQ N|]pSSRQWRYV NRFNDUiFV~ IpPHN HVHWpQ D] R[LG UpW
UiFVV]JHUNH]HWe IpPHNIHY+OMPOHNHQ UQ QWKNRJKGILOP HJ\PiVWyO |
JIWROYD D WLV]WD IpPIHO*OHWHN 6] J6BEE UH®AQ H WM Wiy U Wp @Y K
iEUD UWWHHPQpPOWHWL

JHO+OHVSLPRLUOHK® HDK N|WpV EL]WRVtWiVD pUGHNpPEHQ D] pULQWNH
HOWiYROtWiVD NXOFVIRQWRVViJ~ $] HOWiYROtWDQGY UpWHJHN
VIHQQ\H]KGpVHNEKO iOOQDN WD ®\OROIWKR P\H WO ODISIt WWKLD) Wi O B F
VILOiUGViJ D ][VIUWDODQtWRWW PDMG BY[62] & O W OI+D0+\U P MQHAV KH &
VILOiUGViJUD J\DBNIEU R ORKHIW Ohi @WDH W L
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$ODNtWiVL KPROHIINGIHWW iV HVHWpPQ D N|WpV KDPDUDEE OpWUH
DODNtWiVL NeV]|E pUWpPN FV|NNHQ 3961V f VK K PLoQui ¥ BN/O WV S |F HIO Q@ Y
N[WpVL V]L3 ii&edy WpMIHIPOpOWHW L

$] DODNtWyYHUK pV N]CFV/DEKWHONDK]PQUWVGPNE DODNtWYyHUK EL]JWR\
Q|YHNHGpPVPW $] DODNtWyHUK EL]JRQ\RV pUWpPNpPQHN HOpUpVH XW
HOpUpVH XWiQ [B]RQWpV OpWUHM|Q

240F flk hex ; thk |ramh.
-r? 1 CU_CU 1 T Ni|Pd Pt |Ag/Cu|Au| Al Sn|Pb|In|2Zr Ti |Be |Zn Cd Mg| TI;W Fe| Li|Bi
a 200+ 2 Cu-Ni 2 NN NN
=3 3 Cu-Fe 3 ke N
%::160- 4 Cu-Ag 4 | | P | EEEE
H 5 Cu-Al |
T 120} 6 Zn-Zn hex : r
N 7 A-A 5 |
N gol  8Pb-mo 6 n
B 9 Sn-Sn
U
5 40 8
< 0 . ‘ : / 9 fik [
0 10 20 30 40 50 o0 70 80 I sikeres hideg kétés (CRB)
) ’ B sikeres ARB kotés
Alakvaltozas (%) %ﬂ» ] sikeres hideg és ARB kdtés
(@) (b) CREfolyamatosARBZ ou}le « Z vP E«
< 80 |- Csiszolast kovetd
a L zsirtalanités
=
< 60 |
(G Zsirtalanitast kdvetd
5 I csiszolas
& 40 |
N | Megmunkalt
- feliilet
et 20 - Elektropolirozott |
e - felilet
oLt v Ll T e
0 10 20 30 40 50 60 70 80

Alakvaltozas (%)

(© (d)

37 iEUD (OWPpUK DQ\DJSIURQNpPQW iEUiIJROW GHIRUPIFLYV N+V]|E E )pF
NLDODNXOWW. NI VWOEMUKH PYGRQ HOKNpPV]tWHWW [HO «O H89Hd) +-DQA F/IDOD W| W p
KKPpUVPNOHW KDWiVD [BON|WpVL VILOiUGViJUD

$ VLNHUHV N|WKKHQJHU®DYYKHY HWK] « NV ANA UDN P H WHIBOHHK H W@ pi\ULH
SDUDPpWHUHN PHJYiODV]WiVD pV D] DGRWW DQ\DJRN DODNtWiVL
$ N|WKKHQJHUOpPV HJ\ WtSXVD (BRBYDORAR}YBRUNQWRBHQ/JHO Dp&/ViJd-
VIHPFVpV VJHUNH]HW iOOtWKDWy HOK $ QDJ\ V]LOiUGViJ D] XOW
UpWHJHN QDJ\PpUWpNe VRNV]RURY, [BH R VWAHLIWRIN D\J i DIMK D)V R
DQ\DJWXODMGRQViJ HOpUpVpLJ LVPpWOLN $ V]~UiVRN V]iPiQDN
DODNtWKDWFS)]; J74F WVENNH @i VLN \BONDNWEUVRHWH D N|WKKHQJHUO,
DQ\DJRN H®KIODWMWMDR]IVNRU D] ~Q PDJ|WY|]JHW pV D] HOWpUK IL
PHOHJKHQJHUOpPVVHO YDOYVtWMiN PHJ

$ SODWWLtUR]y HIOHKQO B UWORWWH OpONpV] OHPH]WHUPpPNHN VSHFLiOL
KDV]QRVXOQDN SO NRUUy]JLy YpGHOHP YDJ\6DXEYY &WK OBBKWQC
SODWWtUR]iIVVDO iOOtWRWWDN HO K HREAK\ DUPWHIH R]E QLI F W\H]FHKUNRIQ i ¥
OHROYDGY UpWHJHNHW DONRWMIiIN .|JHO iOODQGY KKPpUVpNOH)
V]~UiVWHUYHNHW NLSUyYEiOYD DQ\DJSiURQNpPQW iOODStWRWWil
WDUWRPIiQ\RN DW LI P K ENH MW RIHtW PO P IBBGK JHWHN N|]|WW $ NtVpU
DODSMiQ ROVDPQUIWDWEUMPONDOPD]iVD MDYDVROW DPLYHO EL
IHGKOHPH] Q\~0iVD QHP NLVHEE D PDJpWyOH®G B OIMD-OHMLDQA\RE
KKPpUVPNOHW FV|NNHQpPVH QpON+<O $ N|WpV iOWDOIEDQ QHP KLE
DPLW D OHIHMWK YL]VJi@®BW VHJItWVpJpYHO YpJH]JWHN HO
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$ IXQNFLRQIOLV NRPSR]JLW OHPH]J]HNHW HOVKVRUEDQ D V]LJR
WXODMGRQVIJDLN WHV]LN HIJ\HGLYp ( WXODMGRQVIJRNDW KDV]Qi
J\yJ\iVIDWL pV D UpV]HFMWNH]IRRLD/ i @O t\WHH & B KX }IBUOI, pWR & HR/H\\V DUO/D
1995ben (Nippon Steel @moration V]XSUDCUNDPHNN-Ki 1E UpWHJUHQGe OHPH]HV 1
iOOtWRWWDN HO K L.It @ SK@HWNHLOWMR GiBUMUED EELE pV GDUDE 2)+&
]JIUWDN HJ\ Up] NDJHWWIiED PDMG HOHNWURQVXJDUDVDQ OHKHJHV
PDMG KLGHIJHQ KHQJHUHOWPN YpJeO KHKBEHF-HRYWHING $NHOWK DKONR|
YpJVK OpSpREHIHGXNFLYW pUWHN HO tJ\ D NRP SR WWH GHKPLHT HYJKIHY
VRUIQ N|JEHQVK KKNH]H@KENMWWWIH]JWHN KKEQWDU WWU\DLp Y GrpY H D\
HOWRWK/ ]~ LGHMe XWYKENH]HQDENHWYUD 76]IN hweériieNb-Ti/Cu

lemezes kompdRW LURGDOPL L WRpH UMMPH L\R UDADRDVE W DN

$] LURGDORPNXWDWiV DOIMMSMiQ D Q\LWRWW NpUGpVH

Xx $ J\eUeVNtVpUOHWL HUH G Ph @\ KM @IHNDEpR/R DK DWAPYND H W

Xx /IpWHHRO\DQ WH FK Q R@gldt DrhmR4&S@ERINJ pWHIEKO iOO0y HJI\VHQNp
YDV WDNOTIpV &b WM E K @Q DyELLXPKEnles kompozit lemez HOKiO Ot W KD W
KHQJHUOPWWHO]pWYiOiV QpON+O"

5.2 Lemezes Nb mentes kompozito... 00_35 * A 0 | % @&} ll o _E -

$ NtVpUOHWH L PK.AMb-@) L yIEQ X8 D Q \ D J R N ROA20GXBG0 UrRIDMRPINY ICP i E D Q
,QGXNWLtY &VDWRQW BONMPRD BEMHQ D W|P HJIMYi | pNWP HIV]i]DOpN
tartamaz$ EHV]HU]JHWW DODSDQ\DJRW U|QWJHQGLIIUDNFLYV PyGV]HU
PHJIOODStWKDWyY KRJ\ D OHPH] KRPRJpQ BV VJLEH Q GBRIEEEBW Q W R V
QDJ\WLV]WDViJ~ 2)+& PLQKVpJe UH]JHW D &(51 ELJWRVtWRWWD V]i

12000
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38 IEUD 5|QWJHQGLIIUDNFLYV Ii]JLVDJIRQRVtWIiV HUHGPpQ)

A KHQIJHNO/PWIRHWBLPDODSDQ\DJR NGWMMH COKWWHQRIHUIHIO WEIN DODSD C
IHOYiJDWWDP VyVDYYDO J]VtUWDODQ t \WR W W\DFBI EPBIW @V LEEDN $IH H NRIGV
HIJ\PiVUD KHO\H]WHNDpM WO RMBIAYEHN B0 UpWHJ 2)+& &X UpWHJ NF
NDJHWWiw D IRO\DPDW YpJpQ HOHNWURQVXJDUD VAKRerkerekeH JHV | W
NHIGHWEHQ PHOHJHQ KHQJHUHOWSe+N Nb-TP E X HKBW QUIHHWDO PWIW K KR |
IHMHIHWEHQ EHPXWDWRW WOPRBM®IfH @O tddttoptvk \§ OPSHDOH WKDHODIW R D p VW
D NRPSR]JLWRW WIEKPEIHVEOW L OWJIHRRK]RRMSR]LW OHPH] YpJYL
1mm PtNBITi iWODJRV UpWHJYDVWDJViJD D$I RVR\YNER N DM N Ep O NHA
KKNHJHOPWHW YH YpJKKNHI]3ITOMPRW KK FpQNDPPA QBEWDHIEN HNo PHIIHOHO |
pl. 700H_O_0ahol a D PLQWD PHOHJKHQJHUOpY IMKIORO PV pIN & Haa/lh WHO XO\N
HOVK D N|JEHQVK KKNH]JHOpV LGHMpUH XD D@ IWHR\EHDEMNGI VI VIDH Y iKIXKH
folyamatot 89 ie VI HPOpOWHWL
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

A ; ' 0.8 l9l‘10‘ '11 21‘2“13‘ 74‘1‘5‘ 1[; “;7
39 iEBND-Ti &X PXOWLUpWHJe NRPSR]LW HOKDOW UV D/ i@\DO QIR KD \DHPIO W OO
sorrendben

5.3 & u vC |

$ KHQJHUHOW NRPSR]LWUyOI B D] NHAV HP\D|MPRHIW © MH\WIH @ \A#IDN H |H W H
iIEUB]HP O @OIWIHWIHOKHWK KRJ\ D V]HUNH]HWWHRIH IQQHNVW BV U AW HEIN
PHJYDOYyVXOW D NLGRJR]JRWW WHFK.Q®@yKEVDQDODBW @ B COHPW |V U
aNb-Ti &X UpWH4A2KBEWIIPWEHQ KLEDPHQWIdhét SRUDNYV HOWYeDIV) VDI QIO R L
melyekMHOOHMP]KAQ]pOHYV -P KRVV]~DN $] ('$; HOHP]pVW HOYpJH]Y
volt, hogyezek N« O |QE|]K |V V JHMWPHN H@eH VB XA HOQRNINY|p JVWPUIRIDWKR] NpS
HOKDQ\DJROKDWYy

40 iEUD B B MHOROMSR]LWUYO NpV]+OW PDNURIHOYpWHO

e 4/11/202Z2 mag O HV cur  det mode |HFW WD
DX 114042 AM 1000x 20.00kV 0.80nA ABS All | 207 um 9.2mm

(b)

41 iEUD D $ 1BOBPH/QWHWB B MHiilemez NHUHYV]W P HNMpW]H ORFIB 0O
SEM IHOYpWHEMNIDJIJNtWiVEDQ Y QD J\tWiVEDQ

rso‘ ——s0

22 v 1 ot mode HFW ND )
AM_ 200x 2000kV 0.80nA ABS All 104 mm 9.2 mm f’
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

N e

700H_0_0 80 700H_0_0 !

Hatarfelulet

?

X
[
°
‘&5 3
] sl @
» - 3| 2
£ 50 E 504 =
< < y 4
40 40 - T
30 30 - ‘l/\\
20 20 i
1 h
o o L8]
0 Faanas » ot | . ey Anga-g 04 mecl —_— : SUPPRESTS S
2000 3000 4000 5000 6000 7000 8000 9000 0 2000 4000 6000 8000 10000 12000
Vonalhossz (nm) Vonalhossz (nm)
(© (d)
Elemek Pont 1 Pont 2 Pont 3 Pont 4 Pont 5
Nb (at%) --- 23.70 --- 18.31 33.15
e) Ti (at%) --- 74.49 --- 51.25 64.79
Cu (at%) 100 1.81 100 30.45 2.06

42 iEUD D $ 1BWOPH@XHVB B MHO|OpVe NRPSR]LW OHPH]JUKO NpV]-OW
IHOYpWHGHNX QDJ\tWIVEDQ pV F pV G D] D pV E IHOYpWHOHNKH] WD!
(@ pVE iEUIQ MHO|OW BRARMRBRNpQ$N HUHGPpQ\HL

9pOHPPQ\HP BRQMQMWUR YHJ\*OHWNpS]KGpVL SUREOpPPiW D PHO
NLDODNXOiVD RNR]]D PHO\HW D] HOK]K 16 MP |\ WE M QERBOOKKD MNYX
Up] NDJHWWIiED W|UWpQK UDNDWROiVD XWiQ D ©® R P HONuDEW X\DLO i P |
HOHMEKW D NH]GHWL PHOHJKG®DRIREVLE FANBWN B pUBHYKL YV PASQ-W i Q N
(43 i E Y imamarabb beindulnak a-GlL. GLII~]LyV IRO\DPDWRN

43 iEUD 3RQWV]HUe YHJ\*OHWHN NShen@sNpT HNK FORHPHHQIOVENRWB R]LW H V1

$ KHQJHUONDMIRUPpQVBIJHN N|]|WWL NH]®OHPWOWPNEBRODRNXNRWBR|Wp WU CG
HJ\PIiVED JiUyGiVivD A pWw HOWIp Q\LEVMPHOD DN OW RPL NDSFVRODWRW ||
D VIHPFVHKDWIURN pULRWNH]LOHWNESYWK GG YIRVUIQ ILI\HOHPEH N
N|JEHQ QHP iOODQGyYy D KKPpUVpNOHW D PXQNDGDUDE IRO\DPDWF
ez atermikusLQJD GRKHWQYJHUOpV HAaEBKUWHK D O D\RW-BYtBhEYqyeeni, hogy jelen
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

iOODSRWEDQ D] HOKIiOOtWRWW OHPH]HV NRPSR]JLW QHP V]XSUDYF
PLNURV]JHUNH]HW PHJIHOHOK PYyGRVtWiVD V]*NVpJHV PHO\HW D N

54 D e} Jt I]*E & & P uNBTH p o ul * [Ju%}i]8 o0.. 00_8Z &+e P E+o0
$ W|PHJV]i]DOpN ZZWDW NBR&RX UPpEVHIHNEKO iOOy NRPSR]LW H\
a) $ J\eUeSUYEiV GLII~]LyV SiURN NLV ¥ pV QDJ\ ¥ NpSOpN

b)

MyO PRGHOOH]IEX DHPEH]HV NRPSR]LW PHOHJKHQJHUOpPVpPQHN
KDWiUIHO*OHWHQ OpWUHM|WW N|WPpPQDWHNEOKWINWSYKGDPVDENI
NeO|QE|]K NpSOpNHQ\DODNYiIiOWR]iVUD NLGROJR]RWW PyGV]HU
PHOHJKHQJHUOpPVL KKPpUVpMNO&XV CPHPIKIHW i BIRIPSRRJWLEHV HW p Q
WDUWRPIQ\LJ

$ GLII~]JLYV SiURN HUHGPpQ\HL pV D &%$/3+%$' PRGHOTHNVDODSM
GE 2)+& &X UpWHJHNEKO iOOQOy PP YpJYDUMeDTZEs BompoiED, D HP H] |
yUD HOKPHOHJtWpV DONBWP®DViV-05 feROBMUPpRHOHJKHQJIJHUOpPVL K
DONDOPD]iViYDO HOKIiOOtWKDWy ~J\ KRJ\ UpWHIJV]pWRIEXV QHF
YDVWDJDEE YHJ\¢eOHWIi]LV QHP NHOHWNH]LN D KDWiUIHO*OHWH
YpGKIIJEDQIHYUHAHW pV HOHNWURQVXJDUDVDQ OHKHJHV]I]WHWW
vonatkozik.
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LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

6 "u% E A1l §...U ENb-Ti/viE wUUo3]E 8 P% o ul » l}u%
O.. 00_S§ o

6.1 /E} ou] ,*+1 (}JPo 0 U VCKE}E& | & -

$ VIXSUDYH]HWK DQ\DJRN MHOOHJ]JHWHVVpJH KRJ\ D NULWLNXV
WHUHW LOOHWYH D] HOHNWURP R3} $10-0 HDH @ B ] M YNV J \DORY CNDUA MALE
(Ho) DODWW D OHLVVQHU HIIHNWXV OpS IHO D]D] D V]XSUDYH]HW
GLDPiJQHVHWH®)OHV]QHN

"6 L *oil BFC@A (29
I

Ha 7 KKPPUVPNOHW [+JJK, A, [TW+ N XV J®IH @ H VNWA W i MWK, KRPpUVpNOHW

AzI-HV WtSXV~ V]XS U D ViszZOKHNP WML PLNQW BQ MG i X O y @R K EtlyOP KLJIDC
D] DOVy NULWLNXV PiJQHVHV WpU-H®|WVEXQRUP]RS B PH\M KW KN OHM
OpWH]LN HJ\ IHOVK NULWDRXVWPDWWVHY DIQPDJ HI\ iWPHQHWL Ii]L
~J\QHYH]HWW YRUWH[HN WpUFV]|Y HiNikoi RD PY R UBADHD] HENHHK\B WRXOS D P D K
WDUWRPiIQ\ YHV]L N|JU.O (J\ YRUWH[ WHOM HW R PXOHHVHWD YE B[OV B |
VeUeVpJH Q|YHNV]LN QHP SHGLJ D] HI\HV YRHVHWHSIXINDX VIXBU® YH
LV QRUPIOYH]HWKHI78Y LOIRBW WtSXV~ V]XSUDY Hi A WKN,JIFEWRINR U W M
NHUIPLiN ahDIGumMLOTVG ~ | Wakdariaky H N

44 JEUD YHOVK pV DOVy NULWLNXV PiJQHVHV78YpU ,, WtSXV~ V]X:

$ YRUWH[HNHW N|UIUDPRN YHV]JLN N|U+sO (JHN V]*NVpJHVHN DKK|
YRUWH[HN PiJQHVHV WHUpW OHYLJ\pN QXQO\D U RPJQKRMED QN |U
GLDPiJQHVHVVpJ PHIJPDUDGMRQ D] DQ\DJ EHOVHMpPEHQ $ PiJQH
PIJQHVHV LQGXNFLY®ND): % IHMH]]*N NL

$Lax(m @1
$KRO % PiJQHVHV LQGXNFLyJ -t HFi MHY RVI@HWVYHY SHUPDELOLWIVD

$ VIXSUDYH]HWK PiJQHVWHFKQRIDY W DS X VH-PBRXGW Bl YEH] 6 VEK B N PQ Q +
HV WMIXBYDYH]JHWKN XJ\DQLV FVDN D OHLVVQHU Ii]JLVEDQ V]XSUD
YPNRQ\ N*OVK IHO*OHWHQ KDWRO EH D] DQ\DJED $] DQ\DJ EHOV#
PUWHOPPEHQ LWV20HP IRO\KDW iUDP

THS$ L &, (22
- D] DQ\DJEDQ IRO\y iUDPVeUeVpJ DPL FVDN QXOOD OHKHW KD % QXOO

$ VIXSUDYH]JHWK PiJQHVMWHRKISKO yJ VDX B/UHKXYW | HWNO-TD QbSIRNDW
ReBCO, BiSCCBiSrCa2Cu?0), Mg KDV]QiO D NRKRWHKUW D]LD/EDYQpV IHOVK NU
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

WpU N|MVBWW RBB]i @ NEFDWQ WtS XV ~ V]XSUDY H JiémesakD QR0 DRV HY OB 5 B W I
KKPpUVPNOHWWKO GH D] iUDPVeUeVpJWKO LV [+JJ S$2HRDNRUODWE

6. 68b; 23
D NULWLNXV iUDPVeUeVpJ 7 D KKPpUVpNOHW pV % D PIiJQHVHV LQGXNF

$ IHQWL 1+JJYpQ\ HKiURGOHPWBN. YW SBUDPpWHU WPpUEHQ $PHQQ\
% pUWPNHN D NULWLNXV IHO-OHW DODW WtY DWW BI] @R B JOVYXS
45 iEY[B1]

45 iEUD % NULWLNXY] IHO*OHWH

$EEDQ D] HVHWEHQ KD D WpUIRJDW iWPiJQHVH]IHWW pV iUDPRW IF

MHOOHP]K WpUIRJDWL HUKVeUerRP W H RANHQWV H G4EDKNEPAIN IDARHRD & DY B Q
szerinf82]alakul24):

0 2

+D VLNHU+O D YRUWH[HNHW HOPR]GtWDQL DNNRU ~M KHO\HNHQ |
LGKEHOL YiOWR]iVD HJ\ DGRWW KHO\HQ HOHNWURPRV WHUHW LQ
IHO HOHNWURPRYV WHNWYYi B HQ il iMQDN IHOHO PHJ $ IRO\DPI
PpUKHWK IHV]+OWVpJ IRJ IHOOpSQL D VIXSUDYH]HWKEHQ (]JW D M

46 iEU$ 10OX[XVW P RRithing RoretB o UW H O [B&]]p V H

$ YRUWH[HN HOPR]GXOiVIQDN PHJDNDGIiIO\R]iViKR] HJ\ KNHW KHO\
nak nevezetDb |D] OX[XVPHI NV[WNV pSHAD [LPiIiOLV |10 X[ XMYszAbiphhepWisgyH U K )
PL D] D PD[LPIiOLYVY /RUHQW] HUKVeUeVpJ -[% 4® Bid)GACKitkuBD YRUWF
iUDPVel &/ pD PiJQHVHV WpUHUKVVpPJ I+JJYpPQ\pEHQ D] D] iUDPVeU

(aL oHS @A =

7HKiW PLQpO QDJ\REE D IOX[XVW PHJN|WK HUK DQQiO QDJ\REE il
DGRWW PiJQHVHYV Wpl) RUR Y Y pQ R H\®R EE AMPOL W L N X3T PUDPHAEHINE W@ UHED];
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

$] DQ\DJEDQ WDOIOKDWYN ~ Q SLQQLQJ FHQWHUHN I1OX[XVW KI
FHQWHUHNNPQW | R hRélydlbiyrkikié eqeryiamivithijdiat jelentenek, melyekbe a vortexek

szeretnek "beragadniH ]I OW DYORUWH[HNHW 4K HEOY.ENBITIi \AH WHWpEHQ H]JHN UiFV
VIHQQ\H]KGpVHN pV D QRUPIOYH]JHW KNIWKODWRBNRQViJIJDO UHQGHON

a) b)

47 iEUD +RPRJpQ DQ\DJEDQ OpWU HK[BIR W W SIRQUQN IQ[H N H@MWKHIOAK H] N | W
FHQWHUHN PLQW ORNIiOLV HQFWJLD PLQLPXPRN PRGHO

A pinning centereketD PLQpO QDJ\REE NULWLRX®ViJHR HO\p Np DO PN DWDW L
MHOOHP]KH® DUMBGMWN [HOHOMHQ PHJ QDQR WDUWRPiIQ\ VeUeVp
WpUQpPO PHJYD/@YAXQ Y IHROU DVHHI\BED |VV]HPpUKHWK

A Nb-Ti DODS~ V]XSUDSHQHW R N EFHH®D ' HNULHYN OO\ MpLBH [VRY IKIDY MD|i V' W jp ]LKN
IRO\DPDW VRU Q- KRRIFEHQ N|]pSSRQWR V- RR KMDPLIRVYE LNIMMWED OV R 1
NpS]KGQHN $] LURGDORPEDNQ [86]j BR,\¥88]i ] VG| [ W 3 N [DP LW PQMIWREE Ne

ZW 1E WDUWDORP IHOHWW NH]GKGLN HWWKO D] pUWPNWKO Wp

KDV]@I@WV]OHWHYV |} VEUNDHIBDPRW HWV L

48 iEUD7LEHJ\HQV~O\L ELQpB9i]LVGLDJUDPMD

OHJILJ\HOKHWK D 1i]LVGLPIIW N YDOIVS NpB&KORBMIWVL WDUWRPiIQ\ED
Az HOKEELH N EKRY \ODWNLXNOiVRNDW ~J\ FpOV]HUe NLDODINIMMDIDL KR.
PHJIHOHOK PpUHWeHN OHJ\HQHN LOOHWYH PLQpO KRPRJpQHEE H
IVVIHPpUKHWKHN OHJ\HQHNDb-$] EHQPROHMWY GHDVHW@WP~-OQDSMiQ HJ\
NRQFHQWUiIFLYM~ V]LOIUGROGDW pV HJ\ RS\®KPPGIQQRKMALLM OND H \
ELJWRVtWKDWy 5HiOLY HVHWEHQ D]JRQEDQ D] RSWLPiOLV HORV]O
W|EE DQ\DJLVPHUHWHW pV ERQ\ROXOWDEE SDUDPpWHU |[VV]HKDQ
Peter J. Le@O] UpV]OHWHVHQ OHtUMD D] RSWLPiOLV NLYiOiVRN OpWUHK
WXODMGRQViBRN NN EUDYRIHMAK DODSDQ\DJ SDUDPpWHWBLW $] H
Ti [WY|JHW PHJIHOHOK |[VV]IHWpWHOH $] [VVJHWpWHO D] HOHNWU
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

NULWLNXV PiJQHYVHMWOWIEW |MF DO\ avel O KQ\W B BB RPiQ\ D
46 W|PHOL WDUWDORRQ DD NIV OKBEWWYiJ VIHPSRQWMIiEyO D] DODF!
VIHPEVPNHQ EHO-OL NRQFHQWUiRUYVN3B VHENV p I QHRE NMAHDRWHHV ] H U
QDJ\RQ DODFVRQ\ VHH]QWR YW VWDUW BNORP H V

49 iEUD $ VIXSUDYH]HWDpV V]HRYRQWMVEND PRENG-DRELREIDEDahol a T, a
NULWLNXV KKPpUVPNOHWBWHO DK NOQOWQIXOOPVIIEIVHY WHUHW P XV

$ VIHPFVpPNHQ EHO<OL NRQPHBAWHSEPDQ Q QKR FERHIAHQVU@IVMAZ UpV]OF+
alkalmazot\Nb-Ti [ WY |]HW KeOpVH VRUIQ D VIHPFVH EHOVHMpPEHQ HJ\ 1E |
PHJ PtJ D VIHPFVHBOROYHIHR\HEE pV 7L NRQFHQWUIFLYEDQ JD°
UHQGV]JHUEH®&RQPJILY QDI\RQ ODVV~ D V]JHPFVpQ EHO+<OL NRQFHC
nehezenV]*QWHWKHWK PHJ YLV]IRQW H] DIPID DD FRWNPEPBDQtWHIWBOLtY
NRQFHQWUIFLY LQKRPRI® QULWGED POLEN YW @ NHEAD Q N |RT\HEEHQI WPRIN L
NpS]IKGpVHD SOWRWQO@D WRYIEEIi KRJ\ D NLYROIDDOP®W KWEHPHYpYH!
KDMWYyHUKW D N<O|QE|]K LVPpWOPpPVV]iP~ KLGHJDI®DRQVii\D GtV KK Y
igazolja PeterJHH pV 'DYLG & /DUEDOH)8% LPKON FJH\Q SMEQONWHYMD OHtU
NpS]pVpKH] HOHQJHGKHWHWOHQ D QDJ\P p-Ubgaathikuk DG B NDYG@WN RWYiiW
=1, pV H]MQEW ~yQilNJ|PHOQMNH]HOPVHN Vj*AV pLYVEIN & ppriegdt HW H
MHOOHP]K PpUHW p-Yh&r HYWV\WMDRPW R FMPKE D NuibghOebligiaz Kdetbeéntéaek/ H Q

D NLYiOiVRN MyY DO 0®ID IORDE tRAd RMADKIAEHH INKEREY HDN H W -4A0H G ONH| B | W MVQ
PUGHPHV YpJH]REhmine Y pJVK KKNH]JHOpPV XWiQL QDJ\RPUWP|NH ®LGH.
D NULWLNXYV AJDHPQ I ULEIWPKINHNAD O WHZW | RILDY WO W] | MDHODpHN@WL PHJ D V]t
HOHJHQGK DKKR] KRJ\ 7 PIJQHVHV. WpUEH®PA NUKWENXVpiNDHPW
alakuljon Ki.

,Q <RQJ ORRQ pV WiUVD2P\DIN GWEQ LD FIRMIBPAe DODNtWIVW pV N|
f& YpJHIABBWAYE |[WY|]HWHQ OHJIOODStWRWWIN KRJ\ D NLYiOiVRI
VIHPFVpN KiUPDVSRQWMDLQ NpS]KGQHN PLYHO, labint@dgyw ]HUEH G
VIHPFVHPPUHWWKO [«JJKHRLYOWYRBRK QIDWWHN OpWUH PHO\HN NH]
DODNtWIiN AHUIQ\+EODDNDN D N|JEHQVK KKNH]JHOpVHN KDWiViUD SHGL
JIPEV]HUeYp YiOWD N, hégy-§P X VIPW VKiIINBI ]HOpV KDWiViUD D NLYiOiVR
$ NLYIiOiIVRN PpUHWpPQHN FV|NNHQpVH pV D J|IPEV]HUe YDODPLQV
SR]JLWtY KDWiVvVVDO YDQ D NULWLNXYV iUDPVeUeVpJUH

$] HOK]JKHNEHQ EHPXWDWMWPI/R UKR pVU [ NWUHLOMWVNYROWHWN PYyGMD D ILQRP
pV OHKHWK OHJW|EE NLYiOiVpRpHNYNE p\BHND YR Ot V DANHSOKIG\WYL |HO W
WIUWPQKWHUMO D NLYIOiIVRN IKNpQW V]JHPFVHKWIURNRQ YDODPLC
kialakulhatngk HJHN PHQQ\LVpJpW FpOV]HUe D KL GHJD ONDNt\®@iV LP pRIG PN
MHJKDWIiUR]y SDUDP paMK V] I OB DKNHQ JW PO 6\, DNKK NN IMWE\NQ KKB O P V
pV D KKQWDUWIiVL LGK

ANb-Ti UHQGV]HUEHQ-BIUHIHWIGW DR D N+O|QE|]K WHFKQROyJLDL S
LIRWHUPLN X200 &N AROPRUEQ LY HOYRWR/HWRN LV OpWUHM|KHWQHN
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LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

~J\ PLQWJIICREE 1E WDUWDBUORY KXHIL B PR@RAMRNOYW BHLQ MHB2]R[8B8]50
ibra) [94]

50 {EAD-¢ VWDELWY]]BWHN |i]LPGMPIRDPWBEQ]LWHY iWDODNXOiV KKPpUVDp]

$] DODFVRQ\ KKPpUVpNOHWe |[UHJtWK KKNH]JHOpVHN QDJ\RQ KRV
iWDODNXOiV EHIHMH]{OBpEKHY ]iPIR OMD Q MEMPBABK RSO 7L6L ZW |[WY|]HW
f-8Q KRPRJHQL]JIOWiIN PDMG OHKeW|WWpN ~J\ KRJ\ WHOtWHWW
f-&Q |[UHJtWHWWpN  pV yUiQ NHUHVIW+0 $ T8 HKIKRHGR/mpQI\®I MW
YpJJHWW  yUiV KKNH]JHOpV VRIWNQ Pii VIRNR PV ]| RIVHRELINRRP OpF\
i i]LVQDN D]JRQRVtWRWW NLYiOiVRN MHOHQWHN PHJ $]-TiNLYiOiVF
KR] NpSMHPW LN W )9B]XemBtate) hogy a-BA-5Mo-5V-3Cr (T DODFVRQ\ KKPpUVp
LIRWHUPLNXV |UHJtWpVH VRUPY  li]L& [DVEPHPIMHEGBQW EOWDOIEIL
PHJOpYK ¢ V]JHPFVHKDWiIURNRQ YDODPLQW D ¢ PiWUL[RQ EHO-«(
OHJPXWDWWiN KD D] |[UHJtWpVW DODFVRQ\ KKP{UNYNDHWEX S pV}
PV Q|YHNHGpVH D] [UHJHGpVL IRO\DPDW NRUDL V]DNDV]iEDQ NJ|YH
WiUPM]LQWpQ W |E E N-BRRSVR-EV-IAI\(vet%) (T IWY|JHW HVHWpPQ PHJYL]
li]LVEy:Ti DIfLVUBTIi-pMW O § 1i]JLVUD W|UWpQK iW DO D NosOidtdrmiRu$ FKD QL ]
JUHJtWpV VRUIQ $] HUHGPpPQ\HN D]W-TP X WIDODMNXO i KRJID D] AR WHL
VSLQRGIOLV ERPOTVEYDED LW A0 B iWDODNXOiV HIW]JHUBH MiU J\
Ti i KDWiUIHO-OHWBQII Yy OD¥VB] $0¢ KDWiUIHO*OHWHQ WHKiW
riFVEp®@WMQ~]LyV IRO\DPDW
$ IHQWLHNEHQ OHtUWDP KRJ\ D] LUR G D OédmeRr@s W RNV OO B3 W i @ DD O
D NULWLNXV iUDPVeUeV[pPSVYH]INOWDNPIFFLIQWE RBIP HI\HQV~O\L V]|
“1OX[XVU|J]tWK KDWiViwW OHJIiOODStWRWWiN KRJ\ QDJ\ PiJQHVHV \
LTi 1i]LV KDWpNRQ\ 10X [XV PkH J,NKALIGNDp[@NVS\R ERMDNOFLYMXNEDQ D PLN
JUHJtWK KKNH]HOpV KDWiViUD W|UWpPQK YiOWRJiViW YL]V3IiOWiN H
7L [WY|JHWHNEHQ OHJiO-RISYWBWMQAK |[KRIYWpVf&RU D ¢ Ii]JLVEyO N
liLV YiOLN NLRPtW|UWEQK |[UHJtWpVNRU D] i |i]LViRiH W HDO@HDNXOH N
$] i lilLVQDN D ¢ W~OWHOtWHWW V]LOiUG ROGDWEYO W|UWpQK NL
amennyibeaz |[UHJtWpVL KKPpUVpNOHW DODFVRQ\DEE $ KLGHJDODNtWi\
IOX[XVPHJIN|WERNIDYiOPMN [DOVHBUPKWLN SXEOLNIFLYMXNEDQ LV KD
PXWDWQDN E-Fi- =W LUHVQEY/ IHFUEHQ $ SXEOLNIFLYEDQ D] [UHJtWpVL
KLGHJDODNtWiV pV D] [VVIHWpPWHO KDWiViW YL]VJiJG{WiMNH W U L WFLSN
pV f& N|]IWWL KKPpUVPNOHWHQ LIRWHUPLNXVDQ |[UHJtWHWWpN
HJ\ PD[LPiOLV pUWpNHW PDMG FV|NNHQW $ NULWLNXV iUDPVeU
QDJ\ViJUHOICQ MUKW K [WRRHWWWD KRJIVD |MEY |[ZMWEHQ D OHJQDJ\R
iUDPVeUeVpJ pUWpPN D f&  yUiV KKNH]JHOPM XM M NopSK K &/KV H Op
Q|YHNHGpPVH W|UWpQLN PDMG D Q|YHNHGpV PiVRGLN I|i]JLVIEDQ D
HUHG P p Qnak VErAW[DOd] NtVpUOHWL HUHGRp Q\HL KKP@BUVpNOHW DOND
PpUWpPN D OHJMREE NULWLNXOWiU B PWeYJ &N WJ HVUHNNSINGANEBBANIDIO D S t W
WDUWDOPDW PHJKDODGYDQ D NLYiOiVL IRO\DPDWRN ODVVXOQDH
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NI]YHWNH]WpPEHQ D NULWLNXV iUDPVeUeV p[OBIWW p N P DRUWKHAEH DW HWH
Ti i]LVRN NLDODNXOiVDW Y Q) \WE DX\PIRB-TW YW BI@/AHNFHQ D] HG]pVL !
D] [WY|[JHW |[VVIHWpWHOPQHN 1+JJ¥T QALEH®H XMVINQH DB MOWW XG\LD Iy
meg 50 at% NBVDUWDORPLJ WHUMHGK |W Y | [SD)VEHHNPEHADD VBNBYIRHDUOR BV-H H  p
VIXSUDYH]JHWK KX]DORN HVHWpPQ [® MY® NDE FH BV KBHGRDOD NV WM D Ry
PHOOHWW DGRWW KKNH]HOpVL KKPpUVpNOHW DWB D ®MD]P\DIWD @\
KLGHJDODNtWiVWL QYYHIOYWR®] RSWLPiOLVDQ FVDN D V]HPEVHKD!
NpS]K@@egitlentNLYiOiVRN WRYIEE DODNtWiViYDO pULN HO D OHJQDJ

() (b)
51 {EUD $] HOKK~]iV D] |[VV]IHWpPWHO pV D KKNH]JHOpV KDWiVD D NLDOD
V]]YHWHOHP PGUNDR Qly-JiLiNE KX]DO HWb+W @ WH[IE H Q

A 51 JEUIQIWKDGWYW|VV]HIiOOtWIiVEDQ D] RSWAIPIi®LViIiOWRRBWH KW/
VILPEYOXPPDOG-TiDpWHUGPD QVM IWMW M@V PRUIROYJLIMIiW SHGLJ AP}
f&RV KKNH]JHOp\DWVWWHWpPQIWS MHO]JL KRJ\ KRO ILIJ\HOWHN -68HJ YHJ\}
KKNHIHOpVHNBMHW@EOSMIiQ PHJILI\HOKHWK HJ\ KDWiUYRQDO DPL
IHOHWWH SHGLJ FVDN LV]HRMNALWHKHDWILN EHQ VKI- G BWDTODWIVORWERD @ Q|
PHQQ\1Yipd¥ VIHPFVpQ EHO+O PHIMHOHPK :MB8 e B WWHWWiEaP L W D
mutat. Fontos megjegyezni, hogy@ggHP HJ\HQV~O\L I0LWIRWHWHERRPQY B p WL WHFKQ
VIHPSRQWMIiEyO NiURV XJ\DQLV MHOHQOpPpW+N V]JiOV]IDNDGIiIVKR] Y
WillwapPHJILIJ\HOpVHL LV DOiWIPDV]WMiIN (EEHQ D WDQXOPIQ\EDQ
KDWiViw PXWDWWIiIN EH .LPXWDWWIiIN KRJ\ D NLYiOiVRN PHQQ\LVy
VeUeVpIJpWKO $ NLYIOiIVRN HORNYEQVIPKAWHURIPOYHERPIO .tVpUOF
hogyaz:-Ti Ii]LV § KLGHJDODNtW iR WK \WKN N PpHOHW W V H VL& Q LMW HDIiN P G Ol t
GH D KKPpUVpNOHW pV D KL-GHJDRODMW tML F XHNPBH\D I§ By N @ [ H\G0UY HV H
D]-TL NLYiOiV PLQGNpW PLQWIEDQ HOVKVRUEDQ D VIHPFVHKDWIiUI
PHJ OLYHO D IRO\DPDW VRUIQ FVDN UpV]JOHJHV PHJ~MXO0OiV W|UW
EHO<O $ WIiERPIQQNpPWIpPpOH NLYiOiVW ILJ\HOWHN-TRNp QW @D R RAE\E WWR
D NLVHEE OHQFVMWU]HUeHNHW @EBICBIDL INLYiOiV N+«O|QiOOy WeV]HI
IRUPIMIEDQ MHOHQW PHJ DPHO\ I/ \D)HFARPVHKR® iBIRO &y LW IQLKQGX
WpUIRIJDWKiQ\DGD QKWW D KLGHJDODNtWiV fRWWEKNPHQHOp D | MHO
PHIJI~-MXOiVW HUHGPpQ\H]HWW pV D V]J]HPFVHV]JHUNH]HWTIQDJ\PpU
NLYIiOIVBNDOWHN PHJ D VIHPFVHKDW iTiRehMQi NAH iQHPRWDW i O WPDW U
OHJIOODStWKDWyYy KRJ\ DPWRYIGONWRINIRKQAQ@QOWVNtMViIV pV KKNH]HOpV
2WVXND [M5VOIIMDAIN KRJ\ QDJ\PpUWPpPNEH@HRLEHEB Q DNbt W RMHTH
Ti 1E &X OHPH]HV NRPSR]JLWRQ kKRKH]NM®4QW® | Mp KKJQWHDIUW iV K& LGKN
pV yUD PHOOHWW OHJIOODStWRWWiN KRJ\ D KKNHJHOpVL LGK
yUiLJ yUiQiO D NULWIWNROWHRVDNNEQWVRIENV]LQ yUiV KKNH]JHOpV
PHIQKWW 0tJ D yUiIW KKNYMHOWNEPDHWE HE G MIps@/megpD W yMNWE Qp V
yUiV KKQW D UWAMHMHWINHW PPBWBNV®HY WPpUEHQ $ V]JHUJKN 7
DODSMiQ PHJIOODStWRWWIiN KRJ\ yUD HVHWpPQ D PHJOpYK NLYi
NLV PpUHW® RULHQWIOW KHRVHWUQMHM EUHIQOADSIOFIWNDIVYRN\ W
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MHOHQWHN PHJ D V]HsR Fig v H © CEpHOO¥ BWD BLNL Vi O iV R NEMVEDS. V]R QW
YL]VJiODWWDO D]RQRVtWDQL D PpUHW+N PLDWW GH D]W PHJiOC
WDUWDOP~DN $ V]JHU]JKN OHtUMiN WRYIEEi KRJ\ LN \H\DHMWIHQ OHIR
HQQHN RND IHOWHKHWKHQ D] KRJ\ D GUYWK~]iV HWHWipt@ D KLGHI
OHPH]HV V]JHUNH]HW HOKiOOtWiVD VRUIQ $ QDU\MNLYWDINeNISGKG
KDMWYyHUHMH QDJ\REE PLQW D OHPH]HV VIHUNH]HWHN HVHWpPQ Y
JRQWRYV PHJIMHJ\HODLDWRY fEEW KKNH]JHOW PLQWD HVHWpPQ D V]I
HOGXUYXOWDN DPLYHO D NULWLNXV iUDPVeU&WKNH JFV NW HGRWiK
VIHPFVHKDWiUPHQWL NLYiOiVRN WRYIiEE GXUYXOWDN YLV]JRQW D
NLV PpUWPNEHQ GXUYXOWDN

@) (b)
52 {EUD D $] yUiWw KKNH]JHOW PLQWiUyO NpV]+OW 7(0 IHOYPWHOHN I
NLYiOi\PRNIDMOYRND.-KHQJHUOpPEL LJWQW OiWyWH U[06](0 IHOYpWHOHN

(]JW D PHJILI\HOpVeNHW D V]HU]KN HLD6]PKRALIN KILGIMIN OB QtMV\ERPYUW
13 YLV]RQW H] HYHWEHQ D NRPSR]JLWOHPH]W W|EEV]|U N|JWHV F
NLYiOiVRN D KHQJHUOpPVL LUIQ\EDQ PHJQ\~OWDN pV MHOOHP]KHQG
YiOWR]@DNPpUHWe NLYiOiVRN D VIHPFVHKDWiURNRQ NHOHWNH]W
NLYiOiVRN PpUHWH HJ\ QDJ\WiJUHQGGHO QDJ\REE PLQW D [OX[>
Pp@H® 7(0 YL]VJIODWRN DODSMi®QRHHPJ iCHE IXRIWERWY WENH MkeR I HI t W K |
HOOHQpPUH QDJ\ PHQQ\LVpJe GLV]ORWF Wyp WHURS QE BDY RHPWMPQ HQ
OiWKDWYN QDJ\PpUHWe 7L NLYiOiVRN PHOOHWW V|WpWOiWyWHUe
5'D KHQJHUOPVL LUiQ\W0wiHBYLWIM GVPLOMIEDQULY pV LQWHUJUD
D] HOKE@HPHNV,]HUEHNRWWBNKRVV]~DN QpKiQ\ QDQRPpWHU YDV\
LUIQ\KR] NpSHVW fEPRQ OEBWIOHQWiOWDN +DVRQOyY NLYiOiVRN D V
PHIMHOHQWHN QDJ\REE VeUeVNIFHDY RNWWpD HWWeD { VYJ O DGRNO PUHL
NULWLNXV iUDPVeUeVpJ HEEHQ D] HVYHWEHQ LV MHOHQWKVHQ MD"
% X FNHW[104] pW i BNWHU /901i W WOUSOEOLNiOW HUHGPpPpQ\HN NRUUHO
SXEOLNiFLYMIiEDQ QHUVE BXNHGPNPIPYNEDQ OHtUMIN KRJ\ HJ\Up!
KKPpUVPNOHW DQQiONLINIOHEED W UHM|WWpQHN KDMWYyHUHMH W
DODNYiOWR]iV PpUWpNH LV NLVHEE PLQW D GUyWKXK+YilVLWHFK
WHFKQROYJLD HVHWpQ 1 DODNYiOWR]iV VRUIQ D VIHPFVHKDWIiUR
7L NHOHWNHRIHNPtJ ff& DODNYiOWR]iV HVHWpQ QHP HO{iJ QDJ\ D
NLYiOiVRN NHOHWNH]]HEGBNO tBH DMHGIRIRWHNNBHQS KR I\ PiU HPOtWHW\
HJ\HQV~O\L Ii]JLVRN D GUYWK~]iVL WHFKQROYJLD VRUIiQ QHP SUH
RNR]JQDN $] LURGDOPL DGDWRN DODSMiQ D KLGHVYD®B®HWQIWWN PRI
VIHUNH]JHWEHQ $] HJ\LN WtSXV D VIJHPFVHKDWIiURINRQYp®iV]HP P
D VIHPFVPNHQ EHO+<O PHIJMHOHQKL PM\HF D B\P]KGRDQN B FIWHXV + O\L
Az4 WIiEOD|DOMJUHOHYiQVDEE LURGDOPL DGDWRNDW IRJODOMD |[V\
DQ\DJPLQKVpJ D KLGHJDODNtWiV PpUWpNH D KKNH]JHOpVL SDUTL
iUDPVeUeVpJ N|]|WW

$ FVtUDN pS]K G menmcsakin WDpOADHND W NVH Wp U Wi Bl i | RKOD iQVHRRD MLBY O IR B UDHS p0CHKE
D NHUHV]WKHQJHSY Oip\W 1B OJNVKHRDIJHWED pV D] DQ\DJRN PLNUR V]HUN
LURGDORPEDQ W|EEIpOH NHUHV]WKHQJHUOpPV LVPHUW SO D NpV
LUIQ\WEOQ HOIRUGtWMiN D OHPH]W pV DERQQIRNDOMMIN N8R WK B E\
NHUHVIWKHQJHUOpPV HVHWDpPQ D fRafIPH ] YWD @ J~ N VR QUN[DQ WS KFEWIINWAVLIYA
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hogyD NHUHV]WKHQJHUOPVL TRO\DPDWRN VRUIQ D KM@ HNHBGRWip L]
YHJHWHWW H]iOWDO PHJHPHONHGLN D] DQ\DJ WiUROW HQHUJLIM
$ KDJ\RPiQ\RV QRUPiIiOLUIQ\~ KHQJHUOPpPVKH] [S7eBicbvaterkeziiel U H VW |
OpQ\HJHVHQ ILQRPDEE V]HPFVpNHW HUHGPpQ\HJHWW YDODPLQW
MDY X J188]KRJQJ pV WiUVDL WDSDV]WDODWDLW P HIXEXIV/N WL YONDXR D E
IHtUMDN KRJ\ D GLV]JORNiFLyVeUeVpJ D NHUHV]WKHQJHUOpPV XW
$$ DQ\DJPLQKVpJe DOXPtQLXP HVHWpPQ (J\ DGRWW DODNYiO'
VHEHVVpJH FVINNHQW D RikioDy 8 HDIO@Wp B h FIRIPHADSri@nsdbanikus
NH]JHOpVHN VRUIQ-|WW YRHWHNEBDBL® 7L [i]JLV VWDELOLWIiViWyO I
PHFKDQL]PXV PLQW SpOGiXO D GLV]JORNiIFLYyV FV~V]iV D LNHUNy
6,0 iWDODNXOiV MyO LVPHUW MHOHQVpJ &KHQ pV WiUNDDL EHPX
IWY|JHWHW D ¢ PH]IKEHQ NHUHRIQVK K QU W Q Wi Nt WRADMVEpN $E&SUYE

& Q yUiQ iW ROIGRKKNH|HOWDPRN Y HUHOIPWND BXWIQ ¢ PH]KEH
KHQJHUHOW p N6-85, BRAQRW hBBVRY WHOMHY YDVWDJViJFV|NNHQpPVVHO
9pJ+O D PLQWIRQW yUi@&NHUHV]W+O |[UHJtWHWWpN D]D] NLYiOiV
HOKVHJtWVpN D] j Ii]JLVRN NLYiOiViW OHJiOODStWR@WiN I[KJRI L
VIHPEVHILQRPRGIiVIUD $ NH U \DJQURK H QLU HH DASOAM-E] LPWMIMA®E D Y DO DP |
VeUe GLV]JORNiIFLYV VWUXNW~UiN SO GLV]ORNiFLQDQRR®POBWe
PDUWHQIJLW IiJLVRN pWWeNW~-®LN]ERKMHIMWVKHWLN D] XOWUDILQF
JUHJtWK KKNH]JHOpV VIRIWAQ V [HPEN HP®UBIWH D] DONDOPD]RWW UHG:
DPHO\ D GDUDE V]LY}VViJiW Q|]YHOWH

4 WIiEOiI]DW /HJUHOHYIQVDEE LURGDOPL DGDWRNDW |[VV]HIRJODO

Hiv. $ODNtWiV P] +KNH]JH{ /PWUHM|[WW [i]l] /HJIRQWRVDEE PH
[99] | Nb-TizZr huzal, nem fé& X f& W P-HiQRNWL 6]HPFVHKDWIUPHQW
GHILQLIiOW f& x f& HJI\HQV~O\L ;| EHO*OL NLYiOiVRN P
KLGHJDODNtW RV KKNH]HOpV KD
NULWLNXViIiUDPVeUe
[101]| Nb6OWt% 7L |WY f& | xiTi Az LTi IiJLV NpSJK(
QHP GH QI|YHNHGPVH W|UWp(
DODNtWRWWYV
[103]| Ti- DW 1E |WY f-& f{ xi7L pW 1E WDUWDOPDW
NLYiOiVL IRO\DPDWHR
[104] | Nb- ZW 7L G| fé& X f& yuD § -7Wg 6]HPFVHKDWIUPHQW
q f& LTi-7L D VIHPFVpNHQ EHO«OL NLYiOiVRN
f X f& yuD ¢ -Tiw| HVHWpPQ -7% pWTi is

VIHPFVpNHQ EHO-.0 | PHIMHOHQLN PtJ §
x  f& yuD 1 pwi| T
nincs:-Ti D VIHPFVpNHQ

[90] | Nb-45%TiNb-62%Ti, f& X fé& 7L 9 $ YHJ\HV NLYiOiVRN

Nb-Ti 1E &X GU| f& NLYiOiVRN :LGPDQVWIWMIHRV-Tij

i -15 X f& 7L ¥ VI]H NLYIOiIVRNDW MHOH

PHQWL NLYiOiVRN KKPpUVPNOHW FVIN

. f& 7L HVHWPQ LV OpWUH

NLYiOiVRN NLYiOiV D VIHUNH]H

[105]| Nb-Ti/Nb/ Nb-Ti f& X f&- yUD V]HP| $ ILQRP NLYIiOiVRN

lemezes kompozit, N 8,72,168,336,) PHQWL GXUWXQOYyGivV| GH QHP GHILQLiOW N

ZW 7L ¥ yub | x  fg - yUD V]HP LUIQQ\IRW ]JfUQDN E

YpJKKNH]HOW PHQWL -GXUMDiOiVR WXODMGRQH#WMIiIN D
VIHPFVpPQ EHO+<O We

[106]| Nb-Ti/Nb/ Nb-Ti KRVV]~ | x$] |UHJtWpV KDW| $ PLQWIED3 nmes

lemezes kompozit, N [UHJtWpY PRUIROyJLiM~ NLYiq WUDQV]JUDQXOiULV

ZW 7L 1 (aging) D VIHPFVHKDWIiIURQ| NLYiOiVRNDW ILJ\HQ

N|]JEHQVK EHO-0

YpJKKNH]HODp

$] LURGDOPL iWWHNLQWpPK XWiQ D Q\LWRWW NpUGpVH

x Milyen WHUPRPHFKDQLN XV a\yeiohhe®ig WWHHEK QREPM. PWHOHN N|]p VIR
VDMbWi &X VRNV]HNNRPER]YW OHJPDJDVDEE NpA VHICBPXAQ LUD P
PIJQHVHV WpUEHQ"

x OL D VLNHUHV WHUPRPABBEDQULUNXWDNH]HOpV

Xx MiO\HQ KDWiVvD YDQ D VLNHUHV WH& RIRP H&X DIQL\W XV HXDH PHHC
folyamataire?
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6.2 Ciklikustermikus-u Z v]lpe | 1 0o ] Eo 3 | o & -

$ WHUPRPHFKDQLNDL NH]HOpV VRUIQ HJ\ [WY|]JHW HVHWpPQ HJ\V]H
PYGVI]HUW SO KRHQPBH UDigIWR] Q/NDIVE DNU D Bp J HRFRSPAHWP D IO MiWWMIiIN D PLNU
$ WHUPRPHFKDLRILNDEZ NH]KIOPYUVpNOHW pV D] DODNtWiVL IHOW
DQ\DIJWXODMGRQVIJRNNDO UHQGHONH]K YpIJWHUPpN ELJ]WRVtWKLEL
Py G Vivelehhlenneelp U KIHIW K NtVpUOHWHLP WHUR RIPHHNFWK DOOYLIN XV NH]HOpV
a NLYIiOiVRN PHIJMHOHQpVpW V]DEIiO\RIRWW KLGHJKHQJHUOPpPVHN
KDV]QiORP D FLNGANOOWQ WNHOWP NMXNOpV WHUPLQXVW D WRYIEELDNE
Fontos megjegyezni, hogyNRPSR]JLW NLLQGXOy YDVWDJVi3dd dm3erkRRPEWULDL
YDVWDJViIJ DPL D KHQJHUiIiOOYiQ\ WtSXVIiEyO NLIRO\yODJ PpJ EL
WRYIEERJ\ D WHFKQROYJLIEyO DGyGyDQ MHOHQWKY PpUBIsZWpNe PHC
Ti &X KDWiUIHO*OHWHQ N|WpVVINROLD XXQMRQi O YikDORNP HOHRIHOH D K
tudunk alkalmaznitJ\KXOOiPRVRGIiIV YDJ\ FpQKNNIQREBENEz 0,5 mm
YpJYDNVWDDVKHQIJHUHROKHRPKHWULDL WpQ\H]KN ILJI\HOHPEHYpWHOj
MHOHQWKY NRUDOPWQW iN plWwHD] ROBWPAQOHUHOW NRPSR]adtanviie@l| OpVH DC
+B B B.+ DKRO D PHOHJKHQJHUOpPV KKPpUVpNOHWPW +
iOODSRWMVVIDP D N|]JEHQWKIKIXNH]M Q p\LIGHKNWHAMHWEjeyue AKB,Q
DPHQQ\LEHQ UHOHYiQV D] DONDO B D{RMWW HOHWHW] WK A QU W RNO@NM W H
f& YROW
-HOHQ IHMH]JHWEHQ V]HUHWQpP EHPXWDWQL D] HOYpJ]J]HWW NtVpU
a NipponreferencelOHPH] NULWLNXV iUDPVeUeVpJ pUWpPNHLW $] HOK]K IH
D-YL NLYiOiVRPRPROHWIH MD HORV]OiVD VWE D NULWLNXV iUDPVel
KRJ\ D NULWLNXV iUDPVeUeVpJ Q|Y HNHIDpYKMIWH Q pRp B\N B/BVPW W IR
V]*NVpJHVNDIL YHIOODUGROGDW iWDODNXOaWy YH WERH] KQ 3 P UV MUH-
YLIVIIQWPPKKNH]HO p ¥¢,UimeleéKM|Q HOPpOp VL KKP pé)iipNiDBNWV FW KNHNOH & W
NLYiOiIVNpS]KGpVUH pV NULWLNXYV iUDPVeUeVpJUH J\DNRUROW KD
9pIJKKNH]HOpVL LGK Q|Y HO HAMHNR BRHEDOHOIW HIQY Bt @i W/\Wnay@ &/
KLGHJKHQJHUODPV YpJpQ D NRPWIR$[ WJI 'O N BIERIPYE B WWADRIKWK NDHWiQ W H P
PDMG WH+BEVEDQ KLGHJH @migHQWHN | @MitsERYPp J K K N HLPHAB,\8GHR p V
672y UiAkmezWHOMHY KLGHJB® DASVW BEALEWD UWRPIiQ\
$ J\eUeVNtVPpUOHWHN HUHGPpQ\HLQHN NLpUWPNHOpPVHf&®RUIQ DU
PHOHIJKHQJHUOpPVL KKPpUVpNOHW NGHKQJedEilpt3d KT pNL Yi|®iR/RRNQ W
QDJ\YDOyV]tQeVpJIJHO PHJ IRJQDB W KWVRIOMHD @L JDg Ul O-ORNE\WKI KY IOk NMEG\Q
HUHGPpQ\HL (W WP VIDDNVNUHAY N B HW V RABRODWQ HOWHP D R iigden KHQ JH L
PiV SDUDPpWHUW YiOWR]DWOp@uyX O WID1J Wi D@4 ibe)Pp I KKNH]
$ NHUHV]WKHQJHUOpPVHV YL]VJIODWRNQiIiO D NRRP SBJ]IMWOH R H prU@\
HI\EHYiJy YROW D N|]JEHQVK KKNH]JHOpVL OpSpVLJ $ N|JEHQVK KKI
D OHPHNDO HOIRUJDWWDYP KL\G DJKKWJIJHUOpPVL V]DNDVIW NHUHV]\
YpJYDVWDJViJLI $ KLGHJKMHRWMU O ppVXWi@UDLERRAREKOKNH]HOWHP

$] HUHGPpPQ\HN LV Pdrapdzit kerpsztreté R 0Q | B O Y pp MOIH KW W LUIRQLYV ]y QD
YiOW R NWTWU pBY {0J | HO Y ket GWV]ORNiIFLy VeUeVpJ HUHGPpQ\HLW
HUHGPpPQ\HNHW pV D N|]JWeN OpYK NDSFVRODWRW PXWDWRP EH

53 iEUD $ YpJKKNH]HOpPVL LGK Q|YHOpVpUH LUIQ\~Oy NtVpUOH

54 iEUD $j&RV NtVpUOHW IRO\DPDWIEUIMD
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55 iEUD $ NHUHV]WKHQJHUOpPVL NtVpUOHW IRO\DPDWIEL

6.3 E u veg |

Az56 iEWDMHO O HP]K PWYRIO HOHDNS-RVWIVBR| YiVWWDJ KLGHIKHQJHUHOW |
KKNH]JHOpVL PPODIS\RWDJ KHQYPX\WDWMD FDODBRVOYpWHOHNHQ

@ol ES1Z%P Eo + o.. ()i uu A «3 P Z] PZ vP (E 05 00 %

(© i1 +@&I,1 ve.. Z..1 1 0 0@ (d)0,5mmvastagh PZ vP E 05 00 %0}$
56 iEWD -RQ KHQJHUHOW NRPSR]LWUW® OI@ M PO W H M CBYepittlDBIMN. O p Sp \

9pJKKNH]HOpVL LGK KDWiVD

Az57. iEUD N<O|QE|]K YpJKKNH]HOpPVL LGHMe PLQNBiTH &X]{pWHJIKDWW
pV D UpWHJKDWiIURQ HOYpJ]JHWW YRQDOHOHP]pV KHO\pW SLUR)
VIHUNHV]WHWW NRQFHQWUiFLYV SURILOMDLW PXWDWMD EH O0LQ
NLYIODV]WRWW KRHD\GPOWPJMHP QDN BIUHGPPpQ\HN N|[]|[WW MHOHQWHK
HUHGPpPpQ\W .P)R®UWRRNPEHBMHJI\H]QL KRJ\ D NLLQGXOy PP YDVWI
GLII~]LyV ]yQD Y-DMWOMDPDRIWRMDWG $] iEUIN DODSMiQ PHJILJ\HOKHWK
YHJ\*OHWNpS]KGeVQGRONIRDWRWMDOY MHOHN YDQQ RamedstDQLV D
YiOWR]JLN LOOHWYH D NRQFHQWUIi8LGVIISYRYY RA DK NDWHIION-P\QHG 1@
LGK Q[YHNHG@W VXS WILYHRHWK WXODMGRQViB&ENDW YN J DO BN WKV
QHP NHOHWNH]HWW GH PpJ yUD XWiQ VHP
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felv pgelei, valamint a piros vonallal jelzett hgleken vgzett (b), (d), () YRQDOHOMHPGPY QA HL

Az58 iEUID 6(0 IHOYpWHHVYHADJI\tWiIVEDQ PXWDWMiN D N+OHJE|]K i0OO
UpWHJHLEHGQ-7AH MM MI@HQRNDW IHNHWH SRQWV]HUe REMHNWXPRN
HORV]OiVD QHP KRPRJpQ D VJHUNH]HWEHQ pV PHIJMHOHQpPV+N M]
NLYiOiVRN PpUHWH pV PHQQ\LVpJH Q|YHNV]LRED RKXWNHWEO PV i
NJUQ\H]JHWpPEHQ D V]LOIUGROGDW V]tQH YLOIJRVRGLN H] D WLWiQ

$ VJHUNH]JHW UpV]OHWHVHEE IHG®HNWD R Q BIHNOMEDWIN PERMOW | PV W/
Azs59 iEU +B B PLQWIiUyO NpV]+OW 7(0 |HOLOHWRIND HIN B YWl HEPHONDHE
PHJILI\HOKHWRFVHKDWiIURQ PWJRp@OOKMLYI OiVRN YLV]RQW V]HP]
kisPpUHWeQP NLYiOiVRN QHP NpS]KGWHN

Az60 EUIDR pV yUiW YpJKKNH]HOW PNigpal Steel Cor@RRohi\® VDDIOH | H |
JViUWBMPW] NULWLNXV iUDPVeUeVpJd PpUpVL HUHGPpPQ\HL OiWKDWy
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KRJ\ D NRPSR]JLWRN D] 7 DODWWL PiJQHVHVY WHUHN HVHWpPQ MyY
7 IHOHWWL WDUWRPIQ\RNEDQ OHJIiOODStWKDWy D] LV KRJ\' D OHJ
YLVIRQW PpJ HOPDUDD QDBIWD p BIW pl IGHP K Q¥ KN

(2)700H_0_0 (b) 700H_12_12

(c)700H_12_96 sz (d)700H_12_144

58 iEUD .-O|@EQJKSRW~ RROBRNLWpWEHHIQ PHJIMHADHQKI ONNBNV]WEBiQ\~
SEM 10000xHV QD J\tWiVEDQ

€) (b)
59 iEUD +B B PLQWiUyO NpV]*+OW 7(0 IHOYpWHOHN

Az 5 WIiEOODW -R& PHOHJ KHQJHUOpPVL KKPpUVpNOHMK®- HOKiOO
PHEFKDQLNXVDQ NH]JHOW iOODSRWRN HUHGPpPQ\HLW IRJODOMD |VV

Aze6l ibra HJ\ |[VV]HIRJODOyY iEUD DPHO\ D KKNH]J]HOpV VRUIQ NLDODN:
NDSFVRODWIW PXWDWMD D pVv yUiw YpJKKNH]HOW GDUDEF
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OHV] DONDOPD]YD tJ\ D WiEOi]DW D 7 PiXkQpV WYy NHNIHW @ PWDW M
GDUDE HVWpPQ $ KKNH]HODp ViU V& K epAPBHIONHND YD \Y i NUH YGN XKW HO
yUD YpJKKNH]HQPNE 1361 AMVZHMW MNP N YROW P p UK HW(RT)D GEAE® J yUD
Aim2 $ KKNH]JHOpPVL LGK Q|YHOPpV p¥ A PUGIMOQ Hi QY Bl @ HG<p B ] Pip\UG\DRINRYY D
KKNHJHOW GDUDE HVHWpQ N|UsOL pUWpPN PtJ D WHU-OHWKiQ\
PHJKDWiUR]iV DODSMiQ YLV]JRQW D NLYiOiVRN PHQQ\LVpeH MHOH
0tJ D yUiW YpJKKNH]HOW-RWQRPL W ¥YGINV pIG BVLD ND y UiVt KKNH]HC
H] [VV]HVH®NYHNHGpPY $ WpUIRIJDWKiQ\DG PHJKDWIiUR]iV DODSMiC
D KKNHJHOpPVL LGK Q|YHOpPVpPYHO 0tJ D yRVWPYNMKNH]BPGELRLD
KKNHJHOW PLQWIEDQ

$] LURGDORPEYO LVPHUW RRJ\NDYQOIMREELQNIEE D NLVHEE PiJQt
HVHWpPQ IHMWLN NL D SRILWtY KDWQiR/ XN QW J\ARE ED PNLY HEZ B W WYH O HWN
XJUiVV]HUeHQ QDJ\ NULW[MMXV$]UDPWOUNVY VI PPWWMMPNe NLYiOiVRN NI
*WN|]LN H]]JHO V]HPEHQ D] QP PpUHWE OHN WU R R R YNGRV QEDNSRIS
LV NLPXWDWKDWy $] HOWpUK YpJKKNH]HOpPVL LGHMe PLQWIiN N|]|\
D QDJ\PpUHWe NLYiOiVRN MHOHQWKY PpUWpNe W|PHJKiQ\DG pV \
NLYiOiVRN V]HPFVHPHQHWWHP XIK i BVIWLWLNXV iUDPVeUeVpJd PpUpV]
IHOYpWHOHNNHO PHB&\HRMRBWMPQODL W RpWNHYYE NLYiOiVRNDW HJ\H
PDJ\DUi]JKDWy D] D MHOHQVpJ KRJ\ |VV¥BV)¥B1FBEMM pL \NRRERL WR
NLVHEE NULWLNXV iUDPVeUeVpJ VILQWHW PXWDWWDN

60 iEUD $ N*O|QE|]K YpJKKNH]JHOpPVL LGHMe PLQWIiN NULWLNXV iU

5 WIiEGi]DWen KHQJHUHOW i<miHpRppkitok HUH G P pMOMID OPD]RWW PyGV]HU V]t
IVV]HIRJODOyY WIiEOi]DW

il £}+ | _+ Eo 3 <]]v X ¢ I, 1 wve el ] i APZ...I1To-e]l_+ &E
D]vS i 0,0 ¢ 700H 0 0| 700H 12 0| 700H 12 12| 700H_12 48| 700H_12 96| 700H_12 144
> ulA «§ Pe P ~u 1 1 0,5 0,5 0,5 0,5
s PZ..llo+]] .. 0 0 12 48 96 144
r-Tid E(}2P G,V 0 1,62 4,57 4,96 5,67 6,9
(%)~ D=1 % 0 ul ¢
r-Tid,u PZ vC 0 2 3,9 8,9 12,1 134
(%)XRD+Rietvel
$0 P}dru E § ~ 0 138 162 172 190 215
[» D=I % 0 ul
J((-1]ee Te&0 P}
A +& Pe p ~yyue 1700 1750 1730 1925 1910 1890
<$]S]|(X,;n2)qz ue % E 1,17 | @ 8,1fA | 1,0 @
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61 iIEUD $ YpJKKNEKBNDIgY]Ly\azly @D oo piV..P NULWLNXV iUDPVeUeVpJ NDS
$ NULWLN X iQYP PUBHHNPEHQ H[WU R iKRDBSRNKNHBPHOpEW LV YpJH]

A62 traD PLQWD NptifaldB-Oi\ g&X UpWHJIKDWiUiWw pV D UpWHJKDWiURQ H
SLURV YRQDO YDODPLQW D YRQDOHOHP]pV bKdtHiGR R Q FHNYWQ WM PL]y
profilbana N p W M|HIGXW M H O H Q WROMWHRYWPHWIWHY RROWL KRJ\ D NLLQGXOy
NRPSR]JLW OHPH] GLII~]Ly¥70§ QrDvo¥NDN W DINH O B () @Il V KB W ]pOHV NE
QP YDVWDJViJ~ GLII~]LyV ]yQD DODNXOW NIPHPMGE A NEHI\
GLII~]JLyV ]JyQiEDQ D Up] ROGDORQ PHJILJ\HOKHWK SODWyz DPL HJ
iEWPUEW]LQWpPQ HI\ UpWHIKDWIURQ YpJ]JHWW YRQDO HigzHf]pV KHC
FVDN HJ\ NHVNHQ\HEE a QP YDVWDJViJ~ GLII~]LYV ]JyQD MHOHQ

$ NRQFHQWUiIFLYV SURILO DODSMiQ D-88HAU%» Oil+\81B AtyQ NbE2(2 D UHQG
$W HOHPHNHW WDUWDOPD] $ 5LHWYHOG DQDOt]LY HUHGPpQ\HL L
YHJ\+OHWIi]LVW WDUWDOPD] DPHO\ HUHGPpQ\ HOWpU D] HGGLJLH

.KXLVWRY O H-TUréndszetBJa €EP Q JD]GDJ )&& UiFV~ V]LOIUG ROGDW
RUWKRURPERV UiF-F%DiOady BGHONH]RNNDO 7RYIEEHIDIWEDQtW ML
SROLPRUI iWDODNXOiV L8 PEH®YDPOWHKE RP YWD \IBWM DO DNNRU EHF
GLDJUDPRW LV -DKR/G N RKGNQ Y | {EDHQ iV G\ YLP VI M Q@ GEBA U D P E D Q
iEWDP (JHQ DGDWRN V]JHULQW D Ii]LViWDODNXO P/D BI\EDEH R&BRANH Q G V ] |
HJ\ 7L [WY|]JKEHQ W~OWHOtWHWW V]LOiUGRQGID]WYV R MREHPME M H@E
Cw7L VWDELO 1i][lMVi DODNXOQDN
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(@ 06061 & A PZ..l1 0% u]Jvs (b) 067 «E A PZ..11 08 u]vs

©@)] %Z 1§ E5}ie @~ 1 %Z 1§ E&}ie

62 iEUDVOSH_12672MHO |ORFER]LW OHPH] NHUHVDPW BH ¥ V6 (DW p@EkRDB © H L
SLURY YRQDOODO MHG]HWEN XR QDN K o HWW G P p Q\H L

(a) (b)

63 IE@ACUH7L UHQGV]HU -PHWAEIBI@/ D SROLPRUI iWDODN-Xi®dndsz&Ui]ROiV D
koherens j{li]Ls¥olvuszJ|UEpMH OiWKDIDQVy M &IXJ11BpV]HQ
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(J\ PiVLN SXEOLNIFLYEDQ OHtUWDN-G4TiH M L GoKDNEH>ST K &80 W Y |[|HW E
percigfitm K| UHJtWK KBrd.FAgHrégpdsi idKk SHUFUH W|UWpPpQK Q|YHOpPVpPYHO F
D PHWDCWDAEKBOLTL [i]LVViIi DCRBNXOW V$PHIMHBPIRWNRDWDURQ pV]O
FHOOXOiULVY UHDNFLYy HOKVHJtWHWWH D V]DNDV]RV NLYiOiV NpS
P HW D V-QuY E LI@klgdMm folyamatos O D PPIRPWIIRKOGAWTIiMi1LVViI DADRXMIMU]KN OHtL
KRJ\ |JUHJtWpV bhRE B/ IV]IDWDOMWHN VSd QRGHQ LRI ERPEYVV 7UpJLYN
alakulnak ki, ATEDQ JD]G e UWHULGWHW UHQGH{WGARAVMU@YQPEPWUK PtJ D U
UHQGH]KGpV XWCQR7NDWGRWMWH]HWz&kéz& QR GiIi PLY|JHWHNEHQ D] |UHZ
QI|YHOPpPVp¥HOWD h&KWHONPR BB iNJ\E NLYUIXi VRaKNLO BN XOHIHGpVL LGK \
PHIJKRVV]DEEtWIiIViIYDO D ODPHOOIN N]|]|emalasasrkyzet@u s | R NHRY PKWR V |
OHtUWBNG XMRJIXOiVL IRO\DPBWKD @ L I NIDVEKRIOROIPEDIGR DS P [QAH | W H

HD D] HI\NRW“EWOWHUQpU 1i]LV GLDJUD PmBlyeidY | HANEN /R QW WD OM M R O p (

f-8n,Cwu7L YHJI\eOHWIi]LVQ NI NG ®@OQWEEDHW, WC-QL180At%, Nb=212

At%) NRQFHQWUiIFLY WDUWRPIQ\EDQ DPHO\ HIJI\HQV~O\EDQ YDQ HJ\
VILOIUG BOGRPWWERO-EmM WpVIPOARQFHQWUIFLYV SURILO pV D SURIL
EHPXWDWy i W] HUMWHK]HWWYW L]VIIODWL HUHGPpPpQ\HN pV D EHPXWDWEF
rendszer csak CNb-Ti i OO ODMG D &NO-T6 LIIXMVVED \D NLDODNXO D KDWiU PH
V]ILOIUG ROGDW-t pwkHEWRHWDWVORD] tJ\ D WhHU N$H ] RW GDW) && |WY |
PHQQ\LVpJpQHN Q|YHNHGpPVpYHO DL UHRWG VDHRBIBHN H PA\HIDWH O MW LW DI
ROGDWWDO PDMG D] H[WUpP KRVV]~ KKNsH]IHOPML LpGEFKDQ |)Y&HLO pN |
VILOIi UBOREOIED W $ VXFOP XWDWRWW HUHGPpQ\HN Da2 B30hyeljegenV | R QW
HI\EHI¥HX*OHWUpWHJ PplJ yUiV KKNHJ]HOpV KDWiViUD VHP DODI

(@) (b)
64 iE@DAND-TI-&X UHQGV]HU HJ\HQV~O\L W H-0rspdskestetv/nGtseediU DPNp N f@\tO D
GLII-]JLYV XWDW D SLURV WHU+*OHW D NRQ PNQ W UDF N\R Q/PHQEWRWPIiFLRWN U
PDJ\DUi]y iEUIYDO iEUi]JROYD

A65 i Eabb-Ti UpW HJEHIQNO B ¥&Ki V R NIDOGORHKWY Q@ BVMTW i V E D Q plv KIBHQUHMJ W/ WL C
LU i @é&tszeteken OHJILIVHOKHW K - FORIH NCH WIHY BRI @ RIV PrpWeH R/ EMHNAVRKE \FOND J
D] iWPDURW®P N|U+OL pV D V]HUNH]H VEE HeQ-THPPKIRIAW]G LNRY i O Q/P V|
$ NpSHOHP]pVY DODSMiQ D NI8YiCAVIRD SALHWR HDWKLQ MM WpV DODS

N|UeOL $ QDJ\REE PpUHWe NRLWULYRNJSRGGD W W PBHQYR OiJRVR G
PHQQ\LVpJpQHN FV$NRHIPRAGIHU KMB® SRQWRVIDEENtM@OWIH W DH ¥ H
WUDQV]HVNNWUVRQPYNDRVODWERWYR S EpstH]WB B PLQWIiUyO NpV:
7(0 IHOYPWHOHNHWL @]BRD pRMBEW &8 UMpV]tWHWW 7(0 IHXYpWHOHN
VIHPEVHKDWiURQ PHJMHOHQK W[FE NLYI®iRRNH VP &TRHMMEEY FON S H Q
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YDODPLQW D V]HPFVpN EHOVHIGPDKY WHIW HQ HRRU VRO DRV~ NLV
NLYiOiVRNTi(®HOHNBWO |

A66 iE ) SRQWMbAED UpVELYRY Qp]HWWHO MHO|OW WHU<OHW V|[WpV
OiIWKDWYN $ IHOYpWHOHNHQ HJ\pUWHOPeHQ PHJIOODStWKDWyYy K

PHJ D VIHUNH]JHWEHQ ©RONHNVRDFHOMER ISRQWMIiQ Y4) lp@wanQ D]
EHPXWDWRWW WHUsOHWUKO NpV]-OW IHOYpWHO OiWKDWy 67(0 Py

PHQQ\LVpJe NLVPpUHWE iR DBRIYWMIQHDW KMHWY SLURV NHUHWWHO
NpVItWHWW QN PHO\@d N pVJHIE PYIGI\HQMWOWHWLN $ IHOYpWHOHNFE
QDUDQFVViUJD V]tQ D 1E $] HUHGPpPQ\HN DODSMiQ BPHQ | G 3 \NDOXKWM BV
pV 1E V]HJIpQ\HN

A67 IEWMILQWPQ D +B B  PLQWD HJ\ PiVLN Wp&7 R DM PVHEKHDL
VIHPOpOWHWL $ UHQGV]iPNRQWUDV]WRVY IHOYpWHOHN DODSMi
VIHPFVHKDWiURNRQ PHJMHOHQK PV|W pMP iWpRIE MAPPWHIVRN WD OO |
szerkezetber67 iE®MP SRQWMIEDQ OiWKDWy SLURV NHUHWWHO MHO|OW
HUHGP p62 \ HLW®) SRQWMD VIHPOpOWHW $ EHPXWDWRWW IHOYpWHO
V]tQ D 1E VIJHPOpOWHWL $] HUHGPpPpQ\HN DODSMiQ PHJILI\HOKHWK
T-EDQ G~VXOWDN pV 1E V]HJpQ\HN -pW DURDIOP PY HRLE WL B i B LW Mp|E B

@) (b)

65 iIEUD $  +BmiBaPFIBSEM IHOYpWHOH QDJ\tYWOVEBQHV]W LKHQWHUOpVL
LUIQ\~ IHOYpWHOHN
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(@ Alo P}e 0 5§38 E b)az (@)l %0 %] E}s §,F S8 0 %5 &
© 1 ~ 1 % %] E}Ps35SPO D% E (d~ 1 % ~d D us v
€ ~ 1| % %]E}s § Haz()l % d] o us EI @ 1 ~ « NBoo us EI %o

66 iEUD D + BninBANb-Ti UpW HJp HEWIaxelldy WL]VIiODWD

56



fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RAX PXOWLUPWHJI& OHPH]HV NRPSR]LW HO iOOtRhY PUWKSIBIPDPAH]HW DONTE

@67(0 PYyGEDQ ®67(0 PYGEDQ

© ~ 1 % %]E}e § d)~ + 1T us EI %o @~ +1%E ous &
67 iIEUD  +B mBtaNb-Ti UpWHJpEKO GBRMOOD YL]VJiODWD

68 IEGD +B B NULWLNXV iUDPVeUeVpJ HUHGPpQ\H D 1LSSRQ UHIHU|

$ NULWLNXV iUDPVeUeVpJ P& jbxal DHUH G B p\@\KKNBQHDSGWM i@ LQWD M|
iUDPVe Q¢YIHN RGOt 7 PiJQHVHV M plB2 HVAAW pQ W p P b WA @agy

PiJQHVHV WHUHN HVHWpPQ D : QEWPHNH/GAG VWW EHYDI\@ VAR BIBRPNR W ONK H W K
KRJ\D +B B PLQWD PpUW NULW,LNXFiJQBIR\HM PVPK D|QEP @A DY
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PHWV]L D 1LSSRQ J|EpMpW pV D NLVHEE PiJQHVHV WHUHN HVHWpC
TPiJQHVHV VDJUHE Y HWp @ W p\N HNOEB&K V t W H W W H

A]pUWRJ\ D NUDMEUNMPWIRNDFEQ HN dWDE KD O WV b VOW K HSWNG WH RWEEH J p |
V]HUNH]HRW LYad ANY'WH Wexi 1 ] K p V yUIW Y pJ KN NMRHER ML WL RBW R Q O t!
IVVJHWWXRJI\ D +B B pV  +BNHEHVREKEBQNMOpVL LG Ka QI{RUBOpVp Y F
iUDPVeUeVpJ MHOMQWKWHQHIQY g XIOW D W\ W R-IPFW HW B HIK iQ\DISN
LQGRNROWD XJ\DQLVWW{ YHIYHRIP \OHK BOYDNSMHWNH]WHWQL KRJ\ PL
PpUHWe NLYiOiVRN YDQQDN MHOHQ D V]HU NHJ&WpE HT) YCHNGH G p@ D $\ |
HUHGPpPQ\HN DODSMiQ HJ\phGWBQPWHQWMHYRN. MHORQWHN PHJ D V]
YLV]RQW H]HN W p U ERIHDKAHK HXQ DNAL HIOMHP QM K H W K

A szinkrotrorQ DO W RhW p @ K Nviszéhthi @iinta teliesYDVWDJIJP@MHIUKBWK LQIRUPIFL

+B B pV +B B PLQWiINUYyO NpV]*OW GLV]ORNiFLyVeUeVp
HUHGPp@G\HWN EMDWH70 iE UonylaljiN |[V¥iHD pVUEVRANWY EKPWUW Q\LWRW
N|UIN pV-%B 3B V]JiIPtWRWW |RO\WRERpR BUIUWR F LWXY DLOBWHQ@IL WiV V NI
@kiQDIVtWRWW UpV]H D N<O|QE|]K li]JA¢RbhtEXN-~BYVDEIQR NI KNG N @6 H|
YHO V]iPtWRW Wi OQRD D\WW W ¥MN X\ WD ) HUQ BUINASOK WP MIQ QN N\DEQ) pAV P XW DV
WHOMHV WpRIRDQWNLF\PIRQRDWN pupiarHJHNQ@HN D PLQWINQDN D QRUF
YLI]VJIODWIiW LV HOCUp BHiG|K\Es pirtdrattURIBK RI\ QH Py PR QWIVWOHDB | pV
DODSMHL® WbDNI) ETi (BCO, Cu FCQ, DTi HCP pV D yUiw KKNH]JHOW PLQ'
PHQQ\LYV pJiEdftprénbos)l i | Ltsridmaznak(] XWyEEL N H@RWDQRO PWAIWVQ\~ ;5" PiU |
tudta kimutatni.

(@) (b)

© (d)

69 iE A DOOH_12144 minta szinkrotronosP p U poWL Vi P eY8 & RpV@ fei(b) PpUW Q\LWRWW NJ|U|N
CMWP-YHO V]iPtWRWW |IRO\WWRQRY SLURV YRQDO QRN DO RIDIY LWHPW MX YV plvVQ M/
NeO|QE]|]K Ii]JLVRN FV~FVDLQ@DN KNO|QEQK[HLYHRDO &QiBtWRWWe QDI\tWRW

ORJDULWPLNXWNLQWHOAWLVVRNIWIQ\DGD VILQNURWURQ pV ;5" DODS

58



fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

(@) (b)

c) d)

70 iB@ +B B PLQWD VJLQNURWURQRYV PpUpVL pV V]iPtWRWW HUHGPp
CMWP-YHO V]iPtWRWW IRO\WRQRV SLURV YRQDODN ORJDULWPLNXV LQW
NeO|QE|]K Ii]JLVRN FV~FVDLQDN+®&NDE | &G H LMRMNRO® F] i BtWRWW QDJI\tWRW

ORJDULWPLNXWNLQWRNQD Wi/ PMHJIKLYDNG W VILQNURWURQ pV ;5" DODS

6 WIEOBDWLQNURWURDRW SIM{Qpy&lo V3 iPtWRWMWRNV]ORNIFLpe V9,UeV
NULV]W D O(K) LAWPLoHW WHHO G L O O WY P\K pQY\ DAGdWrbt@dny L 7 |[PHJIKiQ\D GQBUPi O
IHO + O gdKUP WH JJH O

. N U k d,u PZ vC d,u PZ vC
Dlvs i o, & 1]-}1 [10¥4m-] [nm] (szinkrotron)w/w %] (XRDv }E u o ( )frhbn ]
(0) ETi (bcc) 57 78 22,64 38,11
700H 12 144 (1) Cu (fcc) 0,18 151 75,69 53,53
- (2) DTi (hcp) 0,24 58 1,67 5,36
(0) ETi (bcc) 12 101 23,23 31,69
(1) Cu (fcc) 0,56 189 73,08 55,12
700H_12 672 | (2) DTi (hcp) 11,8 75 2,96 13,19
(3) CyTi
(orthorhombos) 1.6 53 0.73 0
A7l iEUIQ pV yuiw YpJKKNH]JHOW PLQWIN NULWLNXYV iUDPV

IVVIHKDVRQOtWYD D 1LSSRQ]OHERH]REAWHE P pHGHLYHDN DODSMIQ
NRPSR]JLWRN D 7 DODWWL PiJQHVHVY WHUHN HVHWpPQ MyYDO QDJ\
WDUWRPIQ\RNEDQ OHJIiOODStWKDWy DPLXW IX\R JD X J WiV i HYUpel K B NVHR
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71 iEUTDDO$I_12 144 VOOH_12 67MHO|OpVe PLQWINRQ YpJ]JHWW NULWLNXV iUDPVe
1LSSRQ UHIHUHQFLD OHPH] HUHGPpQ\pYHO

A 7 WiEOa] NwRkvmpozit V]iPV]HWeHGPpPpQ\HLW V]JHPOpPOWHWL $] |VV]HI
PHJILJI\HOKHWK KRJ\ PLQG D 5L HVQRH®GOH O bl '™ HGHRWAL DDV W R Y
&X THGKO,MmM# PJHOHOMHYV Y DV W\DJL\Q B U R W BsREGHRARR P/UN v Sadaiol P ] p V
DODISMIQUWHRAP® KKNH]HOpV L&KiTQ|NIHN B Gh P prONBEMPIpY DODSMi
nemcsakD NLYiOiV PHQQ\LVpJH QiKV CKIPIGRMPWAR tNFQOHi OAMBAIRLQWIEDQ D
NLYiOiVRR §WeDEHRMIga700H_12 672 L Q WATDING

7 WiE 0% pDKempozitok ciklikus-termikus-PHFKDQLNXVDQ MNiHdk ©@WH GP@ R SHRWV |V V]HIRJ
WIiEOi]DW

OLQWDMHO|OpV

3DUDPpWHU DONDOPD]RWW PyGV]H

700H_12 144 700H_12 672
IpIJKKNHJHYPBPNL LGK 144 672
D7L W]|PHJKMm)/G D 134 157
I1RUPIO IHO-OHWHUHWYHWG DQDOt]L
D7L litjWI R IQ@\B(&%) 6,9 108
/| . pSHOHP]pV DODSMiQ 6(0 IHOYpWH
D7L 1i]lP\H WK i Q(nDree) 1,67 2,96
/Szinkrotron+Rietveld
DTi 1i]LV i WPG DGR 215 420
/| . pSHOHP]pV DODSMiIQ 6(0 IHOYpWH
ETi li]JLV GLV]ORN{®tyw2VeUeVpJH 57 12
/Szinkrotron+CMWP
D7L li]JLV GLV]ORM@® 3 VeUeVpJH 0,27 118
/Szinkrotron+CMWP
LULWLNXV i BBEST (/% pJ 5, 8 1, 9
.ULWLNXV iUDPVeUé&Vpl % 7 $ P 1, 8 4, 8

A 700H_12 67PLQWIiEDQ H WO RWAMRIEGMDYOD BQGV]iPNRQWUDV]WRYV IHC
PHJILJJHOKHWK KRJ\ QDJ\PpUHWe ! QP V]HPF\WWHRKPWHRNRQ P
QP V]HPFVpQ EHO+OL NLYiOiVRN MHOHQWHN PHJ D VIJHUNH]HWEH
NLYdOW| HE WDUWDOPD]QDN PLQW D, NLWB P WHDW&H NV ]$ ANFLWFP EEHHD @
WeV]HUe pV OH®BYpW R GDIORY.RINMMH]HW A H® [PQY WANAPW B QI B WHRWNW W $
EHPXWDWRWW IHOYpWHOHN DODSMiQ D QHP HJ\H QstinkpotlondsL YiO iV R
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HUHGPpQ\HODHD 2DSSMELQWIEDQ D NLYiOiVRN PHQQ\LVpJH PDMGQHP 1
700H_12_14P LQWIEDIQLI\HOKHWK WRYIiEEi KRJ\ D RRN HiH® pRH QBEK ).
PV NULRPWBWELPK $] HUHGPpPQ\HN D]W LV PXWDWEVIN pWOmJ\ D KK N

li]LV GLV]ORNIiFLy VeardVyPH LWGRIO ADWDi]LV GLV]ORNIiFLYy VeUeVp.
57104m2 DGGLJ D yUiW KKNHMWOW HFKIQWREDR|JHOtWKOHT NpWV]H
li]LWLV]ORNiFLYy VeUeVpJd Q|YH NBp®H. WHOHQ @R TIS QYD ISREFORNF
VeUeVpJH D yUiW KXN®iHOWGEILQWIED QUiW K K818} MO W JRQ @/\I (E D
D KKNH]JHOpVL LGK Q|YHOpPVpYHO D GLV]ORNIiFLy-Me Ui¢ VB DRH IS |
HUHGP pQ\HMH DiGDIDDVEK@/ K DWW KKNH]HOpV KKPpUVpPNOHWPQ D PHJI~MX
(JHN DODBGIPQ @VWIWWHQOiVRN PHJWIHONQD \GLYHORNiFLY WDUWDO
PHIJQK YLV]RQW D QHP HJ\HQV~BAL M]LYOOU BRI ®BIWMGIOH Q RWp K IO VI
Q|YHNVJLN $ NLDODNXOW V]HUNH]HW pV D NULWLNXV iUDPVeUe
XJUiVVIHUeHQ MREE NULW It NPXXW DUD FDV e U eppidV HUHIBER NG\ HOW PLQ!
KKNHPHRPUWW HUHGPpPQ\HNEHQ NSHO HBGIWRRPWP NJ«@H @ BV p\W/ $1D B Y BV p Q L
YpJKKNH]HOp\B=0ETK= HVHWANE DGGLJ D yUiW KKNHB+0S™W=PLQWD
5 8A/m2 LOOHWYH yUIW KKB¥3T)H D W sRIG WIDWHNH WRQW P p UK HW K
yUD X®EBD)=4, 8sAm2pV yUD KKNKE43DpY¥, X \WADN2
$ EHPXWDWRWW HUHGPpPQ\HN DODSMiQ HJ\pUWHOPeHQ EL]JRQ\tWKI
NULWLNXV iUDPVeUeVpJ pUWpPN XJUiVV]HUe Q|YHNHGpPVpW D GUYy\
QP QDJ\VNb-Ti D]JHPFVpNHQ EHO+<OL QHP HJ\HQV~O\L D IOX[XVP
QDJ\Viil-GPDQVW-TMWMHLY iOiVRN pV D PHIJQ|YHNHGHWW 1i]JLVRNRQ |
RNR]]iIN\ D yUiW KKNH]JHOW OHPH]EHQ D LW]iHOR ¥ R N KIRWQWRQ OG XL
VIHPFVpQ EHO+-Q DLG PO WWMIBMIVH@ IRO\DPDWRN OHMiWV]yGiViQDN
VIHPFVHKDWIlUMNHL@WLVIRN PHOOHWW OpWUHM|QQHN ®P VRHB AWREQ |
NLYiOiVRN LV DPHO\HN D NULWLNXV iUDP ViV VR SRIWWEPW X3 ViV
EHO+O PHIMHOHQK QHP HJ\HQV ~@NIp W KLO/ ReN JIXUHIWY \ 35 ]D{]ID O p WM | ¥
NLYiOiVRN NpW QDJ\ViJUHQGGHO NLVHEEHN PLQW D VIHPFVHKDW]|
HJI\HQB¥X] $ NULWLNXV iUDP Ve p&NpLVE PYH R H GQ WoHKNH ®HWW GLV]OR
Q]YHNHGHWW UiFVKLED PHQQ\LVpJ LV KR]]iMiUXOKDW $] RSWLPiO
EHW|OWYH QDJ\REE PiJQHVHY WHUHN HVHWpPQ LV MHOHQWKYV NUL

72 iEUD $ KLGHJDODNtWiV pV 7L WDUWDORP KDWiVD D NLDODNXOW V]HI
HVHNBPTQ V]LOiUGRO (90]W HVIEWiEQ D VDMIiW N t vhp WOLHMIIE b1l R €5R\DI@\ ML
pont) pV D 1Lig8d@105] § , HUHGRpQ\HL

$ LURGDOPL |VV]HIRJOD Og72HiM #IaH WDEPHHQD L \D FOHDLSWM HQV WHHIP! 166\ H O K H W
KLGHJDODNtWiVL PpUWpPN D QHP HJ\HQV~O\L li]JLVRN PHIJMHOHQp
abk t RY'W W(\ i J i Wkintvep S SKD W.i$) RIQ VP, pIHW ® WDUWDOP~ VIHPFVpPQ EHO-«
D PRUIROYJLD LOOHWYH D]iL:LRB®DQN MWHUMBEPMRN DODSMIQ
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73 iEU2WVXND pV WiUVDL LURIDE GR U RV KpSPEHY\BIM QM M (Jeka®eP p Q\H L P
V]DJIDWRWW JHKBH RQOtWiVD

$PHQQ\LEHQ D] HOpUW NULWLNXV iUDPVeUeVpJ HUHGPpPQ\HLPH)
1+JJYPQ\PEHQ |[VV]IHKDVRQOtWRP 2M5ya¢sl D Bp¥muEtatniRgramal ki@ofp Q\ H LY
0tJ 2WVXND pV, WKIlUG/HDIDD INtWRWW OHPH]*NHW -on, addigazy UiQ iW
PQ NtVPpUOHWHLP VRUIQ D K LGB JRIDOND g MWDV YRP K WHNH 6 DNNHW
YpJH]WHRon. $]f8EUD DODSMiQ HJ\pUWHOPeHQ PHJiO@DStWEBWY KI
MyYDO QDJ\REE NULWLNXV iUDPVeUeVpJ pUW p N HekétePseatigatattQ DN P
JJUEHYLV]RQWOB | X|W EvoI¥ R DIMROWPYW HOH]]*N KRJ\ D KKNH]JHOpVL LG}
NtVPUOHWHLP HVHWpPQ VILQWpPQ WRYIiEE QK D NULWLNXV iUDPVel
KKNH]JHOpV KDWiViUD LO\HQ NLVPpUWpN el WILGIKXYDiQDWWeilVe M H W O
KKNH]JHOpV HVHWpPQ YLV]JRQW IHOPHU+*OQH D NRFNi]JDWD D MHOHQ
OHPH] IHOWHKHWKHQ DONDOPDWODQQi YiOQD D WRY KE E K QXWS DI OWNV
KDW némdsekD VIHUNH]HW NiURVRGLN GH D NRPSR]JLW OHPH] HOKiOO
H]JHO FVINNHQWYH D WHUPpPN SLDFL YHUVHQ\NpSHVVpJpW

A] HGGLJ EHPXWDW R W Wetv&) RHGPIXO\PR WHRMAVB A W @ JHKDVRQOtWy GLDJUD
PLO\HQ MHOHQWKY KDWiVVB® HQN HIE UGWHL D G U NitWDi R Ve §BWpN p Q H
HPOtWHWW HPH KIRIILiOOYiQ\XQN NLDODNtWiVIiEyO DGyGyDQ D KLGF
N R U O i WIRA R VB W¥nhevilyibea PHOHJDODNtWiVL W DVagyiRPviadtetVd FV | NN H Q W M
QDJ\REE U p VdMb-T | WW p]QNRNQ B \MdedA )X t WiV L i O/ D |SYRIWENPHQKE HQ H]HN UK
D] HUHGPpPQ\HNUKO IRJRN EHV]iPROQL

$ PHOHJDODNtWiVL KKPpUVpNOHW FV|NNHQWpVpQHN D KDWiVD

$] FRV N t WpHUGDOHWP | K {hEDesbew kBra ULyn@vastagk LG HJKHQ JHNH BMQAMXO D S|
KKNH]HO PR Y iBEHELHEHO p V PP Y DNOW [PDMWLLRI HOY P S/RVEHNHW V]H
iEUD

$] fRQ W|UWpQK KHQJHUOpPV VRUIQ D OHJIKEE SUREOpPPIW D Uy

DODSDQ\DJRN HOKNpV]tWpVH D NDJ]HWRWiI N t\VpA] B K N CSEKU-D P Y WDHH
YROWDN $ NDJHWWiN OH]iUiVD VRUIQ PDUDGpPN OHYHJK OHKHW D
PXQNDWpPUEHQ D YiNXXP KDWiViUD LGHiOLV HVHWEHQ WiYR]JLN D
GDUDERN HVHWpPQ D N DA HoW VKiHE DHQV YWV-pOvQ NR JFEI RNQY B D R [OVYe DG\ NY R JURGAKW
OHYHJK DPHO\ D YDUUDW NRQWLQXLWiViwW KHO\HQNpQW ORNiOL!
pV D YDUUDW DQRPiOLiN PLDWW D PHOHJKHQJHUOpPV NH]JGHWpQ D
ezekal HOV]DNDGIiVEYyO DGyGy O\XNDM IENB]DWRVDQ |[VV]HWDSDGWD!
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@z P <13 851188 Z vF (b) iii,zizi u]lvs U i uu A hideden HedBerelkkompozit

(€)500_12_0 mintaJ ul]vs bZAP & oA 1Uf uu A 3 P PE
74 iEUD -R@E&KHQIHUHOW NR mMakG L WQY©OWNHIOH NO W

() (b)
75 iIEUD D +HQJHUOpPV N|]JEHQL YDUUDWIHOV]DNDGIiV pV E |

$ NtVPpUOHWHN YpJpQ MH@H\QWROPHPIOWRAWRI CBL NVWUOHWHN HOYpJ]g
SUREOpPPIW KRNRBSRHPHD N|]JEHQVK KKNH]HOpVW N |.Y&H WEWHpKQ J H
UpWHJIJWDSDGiIiVVDO NDSFVRODWRY SUREOpPD YROW PLNRU D QDJ
[ VVIHWDSDGW NRPBRIQAMQVpV]RWIKQD N &HNO YWHWIN H] Y MR p V@ HD WXV R W
D KHQJHUOpVL KKPpUVpNOHW FV|NNHQWpVH PLDWW QHP DODNXC
PLQGHQ HVHWEHQ |VV B oka@SDhegy $] 1S WRVEO pPGW OpQHN EH]|PtWpVH
OHYHJK QHP WXG D UHQGV]J]HUEKO WIiYR]Qb-TitgV XX Q@ WHIGINV NN}
KHQJHUOpPV KDWiViUD NLMXW pV D NDJHWWD YDODPLQW D NRPS
UpV]OHJHV KyO\DJRVRGIV YDJ\EVWi O D HN OPHNH O\ MV Y VYODO i (] HP@ &
NRPSR]JLW HOKiOOtWiVD PLO\HQ ERQ\RW XD NOE O H v pHWRHLOHZIA «QV MVAHK
egy hibafaktor lehet.

$] {fRQ HOKIiOOtWRWW +BHB HM W@ [FOQ K- NCUWRRAB/RI YIS MY POD p O W H W |

[ QDJ\tWIVEDQ

(@) Z*0C P}e} o ~ e« E 8§ Pel SA 0 o

76 iEUD -R@&HOYpJJHWW VLNHUWHOHQ NtVpUOHWHN D NRPSR]JLW OHF
KHQJHUO W| WVWWKYy@XDJRVBRGDVRRPSRILWUpPpWHJ pV D NDJHWWD HOY
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77 iEUD +B B NRPSR]LWUyO NAFNBISEMM HNONUHAVHROUL QBPA WiV ED Q

A78 iBDD +B B D]D] yUiW NOKN B XHOMWPRURDADiUiW pV D UpWHJ
YRQDO HOHP]pV KHO\pW SLURV YRQDO YDODPLQW D YRQDOHC
SURILOMDLW PXWDWMD EH )RQWRV PHIJMHJ\H]QL KRJ\ D NLLQGXC
]JyQiMiQDN YDVWDJViJD G QP YROW $ PpUpVHLP DODSMiQ D
VRUIQ VHP $] iEUIN DODSMiQ PHJILJ\HOKHWK KRJ\ D GLII~]LyV ]j
MHOHN YDQQDN D NRQFHQWKHOLHQ EPAW ORIN\ ODS\RN RS@D MW N Q G
-PXWDWNR]QDN OHJILI\HOKHWK WRYIiEEi KRJ\ D V]XSUDYH]HWK V
YHJ\eOHWUpPWHJ QHP NHOHWNH]HWW MHOHQ HVHWEHQ VHP D y |

@ (b)
78 IiEABO0H_12_14#inta PFIB SEM IHOY pWHID BLURYV Y R(B D/RQD@ MM HWWHUHGPpQ

A79iEVUIQIWKDWY 6(0 IHONYVOHDOHMW IVEDQ PXWDWMIiNND-NUpQEHNIE Y WV
Az i Ti NLYIOiVRN PiU D K LKKIN H JGOENNY BRBIHOMWEHQ LV MHOHQ YDQQI
REMHNWXPRN pV VRNNDO QDJ\REE KRRWR XHKNHYHOW FPAVY BWMWNQ BIN H I
PpUHWe NLYiOiVRN NJUQ\HJHWpEHQ D V]JLOIUGROGDW V]tQpUHLOIJR
utal.A 80 ibraminda 70 C-RQ PLQG Bpohhengérélt yUIiW YpJKKNNpMW O W LFI.SRQ
UHIHUHQFLD OHPH] NULWLN XFt3UyPR/AIH]Y WV R NRP BERHGWP NQLIYIG X Oy
iOODSRW HUHGPpPpQ\HLW V]HP OgsQasdEHRN. KDVIRHEOYARDOD\GERUIAY D O f &
PLQWD iHyaH WopQ NLV PiJQHVHV WHUHN HVHWpPQ MyYDO QDJ\REE NI
PpUQL PLQW D QDJ\REE RZJQHEHE W IRUKBWIBDVHAWAG2pV 16
AlIm2 pUWpPNHW mROSWID/WO DBFRQ\DEE PLQWADLMISER@ipQWYNWLWHUHT!
+B B PLQWIEDQ YROW PpUKHWK QP QREWR BB L WDhaRWsthdg MPRB Qe d
megfordulD WHQGHQFLD YiOWiV a 7 PiJQHVHV WpUQpO W|UWpQLN
A8lLIiEUID V]|[YHWL MHOOHP]KNRHI00 KERWRBLOY WIREADQW\LIHQ G XOy V]IHUNH
MHOHQ YDQQDN NLYiOiVRN PpUHV$NLWLOJRRNOPP@UPDNIN pV B QN UL
VRUIQ QK O0tJ D NLYIOiVRANNDOQERVEPBUHWH HQQ\LVpJ*N D WHU-O
275%-RW D W|PHJKIiQ\DG DB RIWQK SHGILIINAH YV ]JyQD YDVWDJViIJD SU
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(a) (b)
79 IEUD|QE|]K iOODSRW~ PLQWRHFINSENNHUOHWOWH O\ Q D Jjt W iS0BHD @ O &».
minta, hideghengerlet NLLQ G X Oy BQOQ WD 144E5z. minta

80 iIEUD $ +BpBD +B BLQWD NULWLNXV iUDPVeUeVpJ pUWpPNHL D 1L
PUWPNHLYHO

8 WIiEOiI]DW FRQWpPpJIH®W NtVpUOL HUHGPpPQ\HNHW |[VVIHKDVRQOtWy V
D]vé i 0,0 » fili £}e |_+ Eo 3 611 £}+ |_+ Eo 3§
00 %}3}I [1lv ugq i88 Z A PZ.| I]]lv ug i88 Z A PZ.
D]vs i 0,0 ¢ 500H_0 0| 500H 12 144 | 700H_0_0| 700H 12 144
Jlopeel u 0 1 0 1
> ulA «3 Pe P ~uu- 1 0,5 1 0,5
<, 1 ve.. Z..1'To 1] .1+ 0 12 0 12
s PZ..llo+]] .. ~E 0 144 0 144
r-Tit E(}P 3Z QI % o ul *-énD| 417 11,5 0 6,9
r-Tit,u PZ vCm/m%)l ( 0%0 §] yZ = 10,5 21,3 0 134
So P}djru E § ~vu- 198 250 0 215
1((-1]ss Tov A & Pe P ~\ 1520 1550 1700 1890
<E]8]lpe E uLE%IPU 4 - 7,10 50618
<E]3]lpe E u%EY¥A3 PU 1,i6]|® 1,0]®
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$ NLLQGXOy PLLQWBNBHWVHQYWQEEDQ D GLII~UKNO® WEINDR\DEQGQPPLQW D
NLLQGXOy PLQWD HVHWpPQ DPL D] DODNtWIiVL AKKPHBUB p NQ HQ/GX Q|
PLQWD HVHWpPQ OiIWKDWy KRJ\ D VIHUNH]HW QBPBWD UMDBSXXROD] MLLC
HVHWpPpQ PiU D PHOHJ KHHYJHVODRYRVRRIQHWEeQRLYiIOiIVRN YDQQDN M
PLQWIN HVHWpPQ BRpWHWBEIRY MHOIKMWEWKY N<O|QEVpPpJ QLQFV YLV]
HUHGPpEUWKMHNOO|QEVPpJHNHW PXWDWQDN 0tJ D WpUIRJDWKIiQ\D!
115V j-7L NLYiOiV WDOIiOKDWy DGGLJ D 698 B W|PHOKOPWMeGPH QMR
HUHGPpQ\HN DBOBSMIiRPLQWIRDQ PtJ D +B B MHO|OpVe PLQWIEL
134 m/m%.

81 iEUD $ YPJKKNH]JHOpPVHN VRUIQ NLDODNXOW V]HUNH]JHW pV D NULWLN
+B B PLQWIN HVHWpQ

A V]IYHWL PHJILJ\HSRIMNYD¥ER QBAODE: SRHO Op-WHWWEY] NtVpUOHW VRUIQ

KDWiV~ IROWPAWIHOGDHNWMW OKHQJHUOPpPV N|]JEHQ W|UWpPQK NLYiOiVNp
QHJDWLtY YpIJNLPHQHWHOe OHWW XJ\DQLV NHGY R]EKQHOHY NUPLUAQLDN
PpUW DGDWRN DODKRIQ NLHJI M U N 5 SWKKDPNy QOER\R @ KEPLpQD/R INNDXHW H Q

UIYLG LGK DODWW QDJ\ PHQQ\LVpJe NLYiOiVONWOHRYWQ P BFP IO HNU
pV YpJKKNH]HOpPV VRUIQ GXUYXOWDN OLYHO PiU D NLLQGXOy GD
VRUIQ QHP WXGRWW NHOOK PHQQ\LV@$JaN MQVPpU HRE@\ DN\PLDWO il U |
QDJ\PHQQ\LVpJe pV QDJ\ PpUHWe NLYiOiVRN GRPLQIOQDN D V]HUN

$ WRYIEELDNEDQ RO\DQ KHQJHUOpPVL KKPp{TVN N BW KD/ GIH/PDL
PHJ YLV]JRQW D UpWHJW D SDGM RQ VWPEHHEM HIOHDHKNK R QD \LVpJH D]
IXQNFLRQDOLWIVW QHP URQWMD $yN UM WKNMKYHQUDWPWHO ?FpR pU W id
Almz pUWpNMHW] -RE&W|UWPpQK KHQJHUOpPVL NtVPUOHWHNHW EHIHN
YpJH]WHP

OLYHO D P HOKK RO\ H-NIDDRW pQHIQ WpVH QHP KR]W DpRHI] H & 6GYLD & HIL
NULWLNXV iUDMPHFKWREMILDFG KRV V]~ QHP JD1G P Y HARINE K RN K R0V
kerestem $ N|YHWNH]KNEHQ D KLGHJD O DXNDWWii\Wi WARHBIOGR BV BitOWDH.Y JW K H Q J

A keresztiH Q J HKUBDVY W D
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MiU NRUIEE D Q HiG@mMWDNWHRP My PHHOEPPQBRRVV]~ SO yUD Yp.
D OND Oiénisek D W H UHRPH O QOWVIV LI QN Y HiDiddt, Kdw iVpUW LV aPHUW D
YHJ\sOHWNpPS]KGpVL KDNbTID&R VK PMILY HIOAQHWIBR XY iUDPVeUeVpJ
OHKHWKV pJp W) @OND RIWHOBPYPEHQ pV D KHQJHBOPVR GY G PYLi OWWR]E
EHPXWDWRWW HUHGPpQ\HN DODSMiQ D GIIHW B RjN&RRy@IH0eMp V Q HN S
HJI\HQV~O\L VNY$HWEPWPHINURGDOPL pV NtVpUO & QD QRDSDYHWE ODH
HJ\HQV~O\L NLYiOiVRN D NULWLNXV iWIVPNIeDOYSIMMW Q| WHIQLHN | W K
D O N D QaPNDU LWADL N X Vi U D Peg@k BeRAN B @B GHOJisE H

$] HOYpPJ]JHWW NtV pU O HN I6IHR K/HRQIENRARIP S RYEM D I\RPiQ\RV LUIC

KDQHP NHUHV]WLUIiQ\~ KAHIRIH D 6 PNAINPRPEYHOPD] }\ PP DiNuthRa R Wy N D \
a82 iEUD

@) (b)
82 iIEUpD D KKNODHIEWWHUHV]WKHQJHUHOW iOODSRW

A83 hiraD NHUHV]WKHQJHUHOW PLQWIN KDWiUIHO+OHWhewWwutatégttD NLD O
iIEUIN DODSMiIiQ PHJIOODStWKDWyYy KRJ\ D KKNH]JHOpVL LGK Q|YHOp'

yUD YpJKKNH]JWOO®IXRMQYY] ]JlyQD YDVWDJVIJD a QP PtJ D
~ 2100 nm.
@ (b)
(c) (d)
83 IiEMTOOH 12 144 KH mintéa) KDWiUIHO O HWPIB KEM N H DY p/\W WAV [ @B IDtWIVEDC
SLURY YRQDOODO MHB®]HWRQ DKOHAIZ0aHR 12 V240V KHOnitdc) KDWiUIHO«OHWpPpUKO Np
3),% 6(0 IHOYpWHO [ QDI\tWIVEDQ pV D SLURVYRRQDGIOBI®]MMWHO]HW
A 84 pV B8RIEUID +B B B.+ pV +B B B.+ D]D] D yuiw pV

NRPSRJLWRNUyO NpV]-OW 6(0 IHOYpWHOHNHW PXWDWMiN N<O|QE]|]
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@l & «18]& @C 5] Z vP Eo ] ]C (b)keresztz vP Eo ] JE& vC

(© E «I3]&E &C 5] Z VP Eo ] ]C (d)keresztz vP Eo ] ]& vC
84 IEUDOOH _12144KH PLQWiUyOPRB G][(0OMAIOYKpWHOH

@l & «I8]&E &C 5] Z vP Eo ] ]C (b)keresztz vP Eo <] ]& vC

()] E «IS8]E C 3] Z vP Eo ] ]C (d)keresztZz vP Eo <] ]E& vC
85 IEUDOOH_12 240 KHPLQWiUyOPN,ss/ B(@WHOKY pWHOH
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$ IHOYpPWHOHN DODSMiQ PHJILI\HOKHWK KRJ\ D UpWHJHN KXOO
KHQJHUOpPVL LUIQ\EDQ Q\~-MWRWWDN $ NpSHOHP]pVL HUHGPpQ\I
KKNHJHOW PLQWIiEDQ iWODJRWKD®]&#OW PALQVDIED @ WPMIN|]HOtWKOH.
KKNHJHOW PLQWREDBWHPWOBIR D yUiW KKNH]HOW PLQWIEDQ
DODSMiQ D KKNH]JHOpVL LGK Q|YHOpVpYHO FVDN NLVPpUWPpPNEHQ
HUHGPpQ\W PXWDWy , FBDB HUMWIEGIWpbWeHQJHUOpPVL LUIQ\EDQ KH
WpUIRJDWKiQ\DGD a YROW D] iWODJRV VIHPFVHPpUHW SHGLJ
D :LGPDQVWIWWHIQiVRN

$ PLNURV]JHUNH]HW SRQWRVDEE IHOWiUiVD pUBENNBH®R QFHOHIR W]
YL]VJIiODWRN D@/ MEpDH]WBPBS$ B.+ PLQWiUyO NpV]tWHWW IHOYpWHC
QDJ\tWiVRMED®Y Q\LODN D V]HPFVpQ EHO?D RHYIMHORNWD :PSWD!
VIHUNH]HWEHQ NpWIpOH NLYiOiV @B OfHCIFW i K D/\IDi N L RAHIUWIEW: & H O
D NpSHnNMHO|O LOOHWYH D VIHPFVpQ EQRO ¢ DGPHDIM/AM M/GWHIRIMRAND L
PHOVHW) MHO|O

(@) Alo P}e 0 38 E O 1 ~ 1 % 0d Dv

(€ 1T ~ <1 % %]E}s § Po 0 % 3 (d 1T ~ 1 % %]E}* § Po 0 % $
86 iEWODH_12 240 KH mintd\Nb-Ti UpWHJpEKO GEHWWOOD YL]VJiIiODWD
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87 I(EUD+B B B.+ pV +B B BpVPLGBRQ UHIHWPHQMLNWLMPLHXV iUDPVe!l
PpUpVL HUHGPpPQ\HL

A87 ika VIHPOpOWHWL D +B B B.+ pV +B B B.+ PLQWIiN PpUW
HUHGPpPQ\HLW D 1LSSRQ UHIHWWH® KIDD RGO HMD 8 6 8 MQQpRHD OO D S
700H_12 144 KHHV PLQWD HVHWpQ 7 PiJQHVHV PH]KLJ D PLQWD W~C
PIJQHVHV WpU XWiQ D] pUWpPN D yUiW KKNHJHOW pV D 1LSSRQ
}0,5TE sA/Mm2 P &ET)= 6A/Mm2 (JHQ HUHGPp Q@\NNVIHEESMIQ HVHV WHL
D yUiW KKNH]HOW OHPH] MREEDQ DONDOPD]KOWyU eDUIEN-LPARD Fil
HVHWpPQ +B B B.+ PLQWD D $B\HLW PXQWDIWMDHG® &4 W Y H

W~OWHOMHVtWL ~J\ KRJ\ D BORAQUADD WY NVNEHNQBIKWRARIKNY| il O PV O B Y (D) ¢
PXWDWRWW YLV]RQW 7 PiJQHVHV WpPpUEHQ PpJ PLQGLJ QHP pUW

A 700H_12 240 KFKHV PLQWD My HJ\H]pVW PXWDW D 1LSSRQ OHPH] pUW
OHIXWiVD J\DNRUODWLODJ HJ\EHYiJy

A 86 IEUIEGHPXWDWWDP KRJ\ D +B B B.+ NRPSRJLWEDQ PHJN
'LGPDQVWIWWINJQiVRN ~J\ PLQW D +B B MHO|OpVe PLQWIEDC
PgQHVHV IBPY E6268/M2 pUW ST KEIL AP QKWW ~JVYpKRENBIJHOpPVL LGK Y
D yUD KHO\HWEI DVHEKDW y bhelydm 88 \bid\\N] H @ W6 W H W

88 IiEUD+B B B.+ pV +B B PLQWD PpUW NULWLNXYV iUDPVeUeVpJ HUH
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A700H_12 240 Kidzaza yUiW KKNHY6ED)W PLQPWMD2 P 43T)= 6 A/m?,

tJ\ H] D ODERUDMNbyTUCuXkempdzp DBWBOPDYV D 7 PiJQHVHY WpPUEHQ
WHOMHVtWpVpUH D NULWLNXN\iDDRRESKY bW @HRH]NH O O\D]$INM EH Q
NJ[YHWHOPpQ\ WHOMHVtWHWWQHN WHNLQWKHWK

$ EHYHJHWK IHMH]JHWEHQ OHtUWDP KRJ\ PiVLN N|[YHWHOPpPQ\ D Il
YROW $ KDMOtWKDWyV¥B BDOR.Gi®@LMDMNIEQYW BJ\ [ PP GDUDERW
OHPH]W VDMiW P DJiU Bbati LA/B&hEjtstOningHROW WY P R Q P LHNQ\RPASARIESHRN D

VIHPOPOWHWL N+O|QE {EK MUMEHWi PRNEDNDIHOYpWHO DKRO D WHOM
a) UpD] KDMtWRWW UpV]UKO NpV]*OW IHOYpWHO [ QDJ\tWIiVEDQ §
pV UpWHJV]DNDGIV QHP W|UWpPQW tJ\ D OHPH] WHWV]KOHJHV UiGlI

(a) (b)
89 {EMD +B B B.+ KDMOtWRWWVP IDQ Wiy ®WPHRQPPLNURVINYSSDO NpV]tWH
D KDMOtWRWW V]DNDV]UyO NpV]*OW IHOYpWHO [ QDJ\t

$ EHPXWDWRWW NtVpUOHWL HUHGPpQ\HLP NRUUHOIOQDN D] LU
NHUHV]WKHQJHUOpPV DONDOPDI]iViYDO-®VQH R WH UPQ R KEREEHA) pYH W H
K K Q W D UXWiriveljjeleBiek ¢ 1Hi PIWUL[EDQ H]]JHO D NULWLNXV iUBRMeUeVp
JHOWPWHOH]KHWKHQ D KLGHJDODNtWiV PpUWpPNpPQHN Q|YHOpPVpYF
LGRKpWRYIEE FVINNHQWKHWK $] HOYpJ]JHWW NtV pU Otdw hbgPapV D Py
NHUHV]WKHQJHUOPpPV HJ\ SRWHQFLRQGV [$I LNDWWLINW YP XUIINA P e W p VpU H
WHFKQROYJLDL YIOWR]JWDWiVRNNDOHPHMUOQPW LIRCK BRI IL E CPAHHION HH\C
KDV]QiOW 1L SISRIOW DNURWIERPW pNpW OD E R U D Wy Koimjdzit lefes) & W H N E F
EHPXWDWRWW HUHGPpQ\HN DODSMiQ WHWV]KOHJHV UiGLXV]UD KI

JJEHQVK KKNH]J]HOpV KDWiVD D YHJ\eOHWPHJMHOHQpPVUH

$ IHMH]HW HOHMpPQ Q\LWRWW NpUGpVNpQW IRJDOPD]WDP PHJ KI
NH]HOpWRFHN&X KDWiUIHO*OHW]L LUBRGDRPALDMMIHIRIODOYEDQ EHI
NLYiOiVNpS]KGpV KDMWyHUHMpPW D N+O|QE|]K LVPpWOPpPVA]iP~ KLC
N[JEHQVK KKNH]JHOpPVQHN YLV]JRQW pUYpQ\HV+0 HJ\ PiVLN D KDWil

$ PHJILI\HOpVHPHW D] DOIiEEL NtVPUOHWHNNHO V]HUHWQpPP EHI
NtV p is0aHOE HMO\DPDWEYO D N|JEHQVK KKNH]JHOpVL OpSpVW NLKDJ\W
WDUWY YpJKKNH]JHOpPVHQ HVHWW AWO0OHJIO D56RMiMD WP VIVHEMN (DR ME VK + B |
KKNH]HOpPVHTDMHE iBVH VHAVYZ 240 KH mintNU p W H J K IK\\B MRDQ.O DMBRP |V V] H

WIEODDWSMiGog9iWAELBN pV D +B B PLQWD YpJKKNH]HOpPVL LGk
KKNH]JHOpVL LGREHQ D}IBQBV B.+ PLQWD HVHWpPQ D WHOMHV YpJKK
A9 iBW N+O|QE|]K PLQWHN &X HVDYD UMW OFGIIPWHOWHWL pV P QDJ\t
KDWiUIHO*OHWHQ HOYpJ]HW YERA P podtjd P [pIVSHIUE ®P p QABIIBW  $ L Q
D GLII~]LyV ]yQD YDVWDJViJDVGHOHQWPPPEHE leUpQRRJI PLQWiM~ HJ
D &X ROGDORQ D YLVV]DV]yUW IHOYpWHOH® GJIHO]UyNMEROQ B HO+
NHVNHQ\HEE G QP pV HJ\EHI+JJK UpWHJ QHPo ME®HQW PHJ D
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B.+ PLQWD pV D WHOMH VviszoM el és@heN ugyat H M H

pontja mutatja$ +B B
D +B B PLOQWiKR] NpSHVW QKWWUMH ILIVIRIQW HIQBHGJJIJK QP W I
PHJ D UpWHJKDVeOURBEQ) MKfRStenitad

9 WIiEQiI]IEWQVK KKNH]J]HOpVHQ iWHVHWW pV DQpON+«OL PLQWIN DGDWDLQD

OLQWD MH| 9DVWDLO .|[JEHQVK KKl 9pJKKNHl gVV] KKNFK 'LII~]JL
(mm) LGHMH y| LGHMH LGK yUIl ]yQim)
700H_0 156 1 0 156 156 5500
700H_12 144 0,5 12 144 156 1870
700H12 240 KH 0,7 12 240 252 2110
(@1 «E& 1,1 ve... ¢« ifiog sE APZ... ~+i«ESI,1 ve... «ifio «E A
~ o il «@E § 1,1 ve... o+ {88 «E A P: ~ « il ok Sve... « i88 +E A PZ.

~ o il «E 31,1 ve.. » 181 +E A PZ ~(+ il €& 31,1 ve.. +181i +E A

i BBz (a) (b)700H_0_156 mintdc)(d) 700H_12_144, J&) 700H_12 240KHP L Q VKIDNW i UITHO «OHW p UK C

90
[ QDJ\tWIVEDQ pV D SLURV YRQDOOI

NpV]tWHWW 3),% 6(0 IHOYpWHO

$ EHPXWDWRWW HUHGPpQ\HN DODSMiQ HJRQ WE QPREH@ WH Ji QWD SN
KKNHJHOpPV KLiQ\iE DQVHJAVHN VEEWSI@®R O G D W GLd W-HLUly B Q PQIDQO ENHLO « O
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( MHOHQVpPJ RND |IHOWQgWH®DH]| K& W AR KK RHPH]HN NHUHV]IWPHW
pV DOVy UpV]H MR BEDRP BRDNY J0W RIJiIVND \f BRM @ BONDIOHP@IJRWOpV V]I
D] ~MUDNULVWIO\RVRGIVRYHW W|BR ©OHW PHRIVtUDNpPS]K KHO\HN V]
NLYiOiVRN NpS]KGpVL KDMWyHUHMH $ -7L RV tHKIONND]HERBYLY KK KRp QY
J\RUVDEE PLQW D YNTeF Y HVONPGS RRABPYW $D NLYIOiVRN N|JUQ\H]JHWQpI
HipUW7DL &K J\¢OHWHN NLDODNXOiIVD NRUOIWR]JRWW YDJ\LV D Np
NIYHWNH]BWQUIIHARCOHWHQ NLDODNXOyY YHJ\«OHWNp/3] KNGLpYM OD\WRINR L
NpS]IKGpVpQHN IHOWpWHOH NHGYH]K (QQHN RND KRJ\ D OHPH] DC
DKKR] KRJ\ QDJ\REE PHQQ\LVpJe NDW®OUW HUWHIO MXB ® R € \MM O/H Q@
WDUWDORPEDQ WRYIEE VIHIpQ\tWYH (QQHN HUHGPpPQ\HNpQW D]
folyamatokNRUOIWR]JRWWDN

6.4 Harmadiks 1} IE]S]Ipe E UHE%es P vV,A 0 eev Il e VeEe@..| 1 0 =
el E % €E..o0

1DJ\V]iP~ WHUPRPHFKDQLNXV NtVpUOHW ILQRPV]JHUNH]JHWYL]VJic
DODSMiQ PHJIOODStWRWWDP KR J&1Ei p W PR H& \&] X] DIDJ\K QWD W D-Y- ¥
YDVWDJViJ~ UpWHIJHNHW WDUWDOPD]y

a) 1 ORJDULWPLNXV DODNYIiOWR]iVRQ KHQIWUR|JEHQ V KWKIK/NHW
-8 Q yUiw YpJKKNH]J]HOW NRPSR]JLWEDQ YpJiOODSRWEDC(
Q| YHNHGHWW (]W Db QPHQDHBYYVIH sREFMPNHQ EHOOL QHP HJ\
IOX[XVPPpUHWWHO N|]HO PHJIJHJ\H] KN PYiOHWRN: Ip¢PD]QL @&/ IRNIW MVQV j v
D¢ 1li]lLvDQ PHIQ|YHNHGHWW GLV]JORNiFLyVeUeVpJ HUHGPpPpQ\H]I
b) OHPH]HV NRPSR]JLW HOKiOOtWiVD HVHWpQ D PHOHJKHQJHUODPpPVL
D WLWIQ |[WY|]K V]LOIUG ROGDWEDQ PDUDGMRQ -FHUM YD iFiRINP |
akkor a ciklikus termikisechanikus (hidegatla®/ iV pV N|[JEHQVK KKNH]JHOpV NH]HOp
tJ\' D SUHIHUIOWL N\LLVY PRplMiRW B RHO\HN D QDJ\ NULWLNXViIUDP pU
PIJQHVHV2 YWBPEMRI\ FVYDN NRUOIWR]RWW PHQQ\LVpPpJEHQ WXGQTIL
c) OHPH]HV V]XSUDYH]J]HWK NRPSR]JLW HOKiOOtWiVD VRUIQ DONDOF
&V LIRWHUP YpJKKNH]HOpV VRUIQ D-VIHREY p@i VERHNO KDLP DL
PHIMHOHQQHN D V]JHUNHJHWEHQ BYPQRWJIUHGANF KHWQ JHHWHOGH K/
WHFKQROyYJLIYDO |VWVLIH&D VRXQSOU VWH] HSWKEOHPH]HYV NRPSR]JLW H(
NHUHV]WKHQJHUOpPVY D NULWLNXV iUDPVeUeVpJ Q|YHOpPVpUH D
OpSpV DOWDOPD]|NWNULWLNXVIUDP VeUeVpJ Q|YHNHGpV PHOOHV
FVINNHQWKHWK
dd KLGHJHQ HOKKHQJHUHOW OHPH]HNEK&X iR SR]IEWO KR Q] HPUH@PWV
HOKiOOtWiVDNRU D KLGHJKHQJH &R VL yW]iIWNND|YEHDRY O &K NB PRFD] R
hat a NbTi/Cu KDWiUIHO*OHWHNHQ- D WRVYV]¥pLIGKINME]HOpVL V]DNDV
LQWHUPHWDOOLNXYV YHJ\«eOHWNpS]KGpV HGON HKULOHIMHQ HH OK KRIQ
OHPH]JHN IHO*OHWN|]HOL UpWHJHL D KHNQJOWAa piV W QDG B B KX
kompozit max. 700f &RV PHOHJKHQJHUOpVL V]DNDV]IEDQ D] ~MUDNUL\
KLGHIJKHQJHUOpVL VIDNDV]JEDQ DONDOFDLD]RWWHN | KDHMIVKHROKO H
UpVIHLQ J\RUWVDEFIOINGYPVH DPL D PiWUL[ 7L WU WIMHQA PiOVH AAH N
NpS]KGpVpW KiWUIOWDWMD (] D PR\ UKRWD ~DRD@DNE VKRJI\ L
YPJKKNHJ]HOpVHN VRUIQ FVDN DEEDYH D} GHAA 8DE HE) WDHDIIKNDXAND UNRL
N|JEHQVK KKNH]JHOpV QHP W|UWpQW

6.5 Negyedik § 1}a clu% E A 1 §... IJu%}Ii]3 Z io_8Z Se¢ P E-o0

$ W|PHJV]i]DOpN WALWiQWDRYWD @R~ KIEHQNpQW —P iWODJRV
WDUWDOPBRY HOKRHOHJtWpVW N|YHWK PHOHJ PDMG HJ\HQHV p
YpJYDVWDJIVRID YpJKKNH]JHOW NRPSR]LW DONDOPDV QWHBWURpPNWNN X
HOKiOOtWiViuUD (JW LJDJROMD KRJ\ D QHP AU HQ¥~ Q\G-FilVQHRA WY
NLYiOiVRN PHIMHOHQpPVH HOOHQpUH D NRPSR]LW KDMOtWKDWYy P
W|EE V]i] QDQRPpWHUHV PpUHW-\MBUHRRPHQ \ WD MiMF ERI i &/BU W p Q K
YLVV]DKDMOtWiVD UpWHJIV]pWYiOiV pV UpWHJV]DNDGiV QpON+O HC(
UiGLXV]UD KDMOtWKDWYy
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7 Peel (}PO 0 =

$] (XUySDL 1XNOHIULV .XWDWiVL 6]HUYH]HW N&G@HH SELYNME ] H X WE
IHMOHV]WpV p Vé-behH JIBWHIKKH] D] HJ\«WW P e N |\GiskMd{ EgyeheRSIBHER Oy G R W
$ 6X6+L 6XSHUFRQGXFWLQJ 6KINHOISTI RE @KYVPNXOWL\UHOHRIKE BD\J\
WHUHW OHiUQ\pNROyY V]XS WippoH Bt BorNaRaBB® Plt W R FVFAGTDKYE N E H Q

$ NXWDWiVL SURMENW R8BH \WH HQ/ HRPErOSED Colp@atioi® VBD® i O O t W R W
VIXSUDYXBNBWKLE &X UpWHJUHQGe NRPSR]JLW WXODMGRQViJDLYD:
HOKiOOtWiVL NJOWVpJe VIXSUDYH]JHWK OHPH] HOKiOOtWiVD YROW
NULWLNXV KKPpUVpNOHW D @DAYX\S B B YW]¢HQULK DQ\IDO RN Qi DHWHPXND N
Alm2 D] D] pUWpPN DPHO\ HVYHWpQ D WUDQV]SRUWIUDP , $ HOOHQ
DONDOPD]RWW PiJQH\AHameRds |s¢dkerptbeminT? UpWHJ Ed WRY/UWY ¥HD] H W K
WXODMGRPPISBEDWDNtWiV pV KKNHJHOpV NRPELQiIFLYMDNpPQW D ¢
GLV]SHU] HDIRWLOYiDEViBQpO W|EE pV PLQpO NLVHEE D]D] QDQRP
VIHUNH]HWEHQ NDWILOWONXIVI\BEEVeUeVpJ pUKHWK HO D Q|YHNYK PiJ
UpWHJ D KKYH]HW pV W NBAT] V& K VK VM DJ | B OB i\WW® JD DQ DMAIK/KVPR U MPp NDO
GLII~]LyJiWOy VIHUHSHW OiWMD HO pV HJ\EHQ D NRPSR]JLWOHPH]

$ NRPSR]LWOHPH] HOKiOOtWiVL WHFKQROYJLIMIiQDN QDJ\UpV]H LV
D]D] YLVV]IDPRGHOOH]pVHQ DODSXOy HO NNDUNMW 1YE GRDXV W WIH DU H QS5
NRPSR]JLWRNDW iOOtWRWWXQN HOK .«O|QENKDKWEWBDB® NMW|jWW I
NLDODNtWDQL D NtVpUOHWL HUHGPpQ\HN D]JRQEDQ D PHOHJIDC
HUHGPpQ\HLW IHOKDV]QiOYD P HONHXIWDW KRB &® 8 DN MRKK € QM HNRJIUp\OWY
VIHNY H]bFNB-VINb &X UpWHJUHQGe OHPH]HV NRPSR]JLWRW HOKiIOO
NtVPUOHWHN HVHWpPQ N RNOHWHMNEMEG 8XQWHN PHJ D 1E WDUWDOP
KKPpUVpNOHWe NtVPUOHWHN VRUIQ SHGLJ}>OHQW®BVYHWHNIHP H N WPHHI
tapasztaltuk.

$ NXWDWiV HJ\LN OHJIRQWRVDEE RegyWIRMANb NpRILGPW HG ¥ R OJW y FKAR O\y HUp W |
UpWHJUHQGEKO ~J\ KRJ\ DODNtWKDWyViJRW pV KDOMtWHKDXNyYViJRW Ul
KDWiUIHO*OHWHR QHP DODNXO NL

$ PiVLN IRQWRV Q\LWRWW NpUGpPpV SHGLJ KR Mintkrierebo@ IEmepeR VtW KD Wy
PHJHJ\H]K NULWLNXV iUDPVeUeVpJ pDWLNY iID]i v NMp B RPA/SH]Q W HO\HPMIQ DN p S
PYGRVtWiVVDO EL]WRVtWAHDAMWW DWHOXVUWDPVeUeVpd ?7 PiIJQHVHV WpUEH

A kompozitok melédgH QJHUOpV VRUIQ NLV pV Q@pPViYDO®DWYUOWSR]LNRN DOMDI
PUGHNPEHQ KRJ\ D YHJ\+OHWNpS]KGpVL KDMODP EHFV+sOKHWK OF
Nb-Ti &X GLII~]LyV SiURNDW KR]JWDP OpWUH $ NLV PQIDWYUOWRILQ F
PHJKDW iNbR] RAXWKDWiUIHO*OHWHQ OpWUHM|YK LQWHUPHWDOOLG!
HUHGPpQ\HL DODSMiQ D] LQW & PNHW D® ONLHI B K G pIS ] K Gebwh U O H W L
HUHGPpPQ\ MyO NRUUHOIO D &$/3+$' V]iPtV&R/Q BIURGPP G pHIL M HO/ PH
aCu7L UHQGV]HUEHQ $] ROYDGpPN Ii]JLVEDQ H]HQ pV H] D IHOHWYV
VHEHVVpJ PLDWW LQWHQIJtY LQW H UMW DYOUDL & VWIS MOGIp VD Y1iHUIGK D WY
7HUPWMWHMHQ D] ROYDGpPNIi]JLV MHOHQOpPWpPW PLQGHQ HVHWEHQ NH
PRGHOOH]KHWKN DPHQQ\LEHQ D] LQWH U RHDWDDPR GIRW DAYi NRQiIX Y B
¥ DODNYiCADRPVIRD BOUNWpPQ EHPXWDWWDP KRJ\ D YHJ\+OHWL
DODNYiOWR]iIVRN HVHWpPQ EHPXWDWRW W BNy Pr@BF D NXOONL KK B p L
f&  yUD KK QWIVUWHMHOMNNDQ pV ILIV\HOKHWK PHJ f& yUD
YHI\eOHWNpPS]KGpV-UKDIODR Ve l: N BFEVQN N HiaRgieREWRRJI\ D]- f&
RV NtVpUOHWHNNLYHWMNMPENPHIMHOHQWHN D ¢ PiIWUL[EDQ

$] HOYpPJ]HWW V]LVIWHPDWLNXVDQ IHOpStWHWW IL]LNDWYWRXOIiFI
mentesNb-Ti &X OHPH]HV NRPSR]LW HOKiOOtWKDWy QDJ\PpdHWe |VV
YHIJ\+OHWHN NpS]KG pdHMeRgENHU OpVLf &KKPpUVPNOHWHQ $ V]HU
PHIJWDOIOKDWyRLSRHIWANOHWe & XYLV]RQW H]JHN D WHOMHYV WpUIRJL
OHPH]HN WRYIiEE KHQJH UNAD KeHJAEINpTip X QNRP IRIQWMMHOHQ i0OOD
szupra HJ[HWK D V]XSUDYH]HWK WXODMGRQViJRN EL]WRVtWiViKR] D F
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Mivel aNb-Ti VILOiIUGROGDW iWDODNXOiVL JJUEpL QHP LVPHUWHN tJ\ D
YpJKKNH]JHOpPVL LGK Q|YHOpPVH LL KHQJHUOpV K KXW MINOHW F
VIHPOpOWHWL D N*O|QE|]K SDUDPpWHUHN YiOWR]JWDWiViQDN 7 P
KDWiaiWV]ORSRN V]tQHL pV D] RVJORSRNRQ EHO+<O WDOIOKDWy V
iUDPVeUeVpJ GLDJUDPRNRQ LV OiWKDWy PHIN<O|QE|[]WHWpV MHO|

91 iEUD .tVPUOHWL HUHGPpQ\HNHW |[VV]HIRJODOY iEUD DKRO D] DGRW
iUDPVeUeVpJ HUHGPpQ\HN OiWKDWyN 7 PiJQHVHV WpUEH

$] IEUIQ OiWKD Wgfenda I6SeR QUWpPNHL pV D SLURV QpJ\]JHWWHO MHC
HOpUQL $ NtVPUOHWHLP VRUIQ PLQGHQGHYRIGWE HQPR KIHEHYV Pi© DM |
QDJ\ KLGHJDODNtWiVQDN YLV]RQW5R]/ , QM ©]B WKHNEHIQ OV ¥ 0 O KD
DGyGyDQ D NtVPpUOHW JHRPHWULDL NRUO NNR/BuKdhpoxitj@is2ekew .H]G

F8Q yUiV N|JEHQVK KKNH]HOpVpYHO YQImHhW Py DRDAWDG W RLYJi E E
[JUHJtW K piAMM N pHIB JWRHP $ NA& pUOHWHN VRUIQ D PHOHJKHQJHUOPpV |
PyGMiW pV D YpJKKNH]HOpV LGHMpW YiOWR]JWDWWDP

Az . NtVpUOHWD VRHIGRHD MHE@IHUOpPVL KKPpUVPNOHW f& YROW pV
KKQWDUWiVL LGHMpQHN NULWLNXV iUDPVeUeVpJUH J\DNRUROW
HUHGPpPQ\HNHW PXWDWRP+BHBD +B B pV  ¥BiVB YPIJKKNH]HC

PLQIii®% IHOVRUROW PLQW N UNURLNHINX\D i HONPHAR He WLDiJRVNpPN pV
VIHUNH]JHWYL]VJiODW DODSMiQ PHJiOODStWRWNLYRO iK/RN P H QUH I
PPUHWH LV QKNWULWIRG@W iUDPVeUeVpJ QDJ\WiJUHQGHNNHO HPHO
iUDPVeUeVpJ pUWpPNH 718AQHNGIGLWDUEH@® B 1PAQWIiRtJ D

+B B PLQWG®mM2$ +B B  WHKIiW D yUiwW KKQWDUWRWW Pl
HI\HQVL-®RDQVWIWWHG P ROW PQYHME+]LVRN7AVIDLY GLV]ORNIFLYyV
WDUWDOPD LV MHOHQWKVHQ PHJQKWW G%yWGE&P QN WVH MKHDR PRI
SUHIHUIOWDN PLYHO ULGHJHN pV MHOHQOpPW+N V]iOV]DNDGIiVKI
megjel@ pVpW NHU.OQL pUGHPHV $ OHPH]HV V]HUNH]HM HIN] LHARNN p C
RNR]]JiN D MHOHQWKY NULWLNXV iUDPVeUeVpJ HPHONHGpPVpPW %il
PUWHP HO D NtYiQWTYV RDQ WWWH JIKDOHAHY® @MW Ii]LV LV PHIMHOHQW
yuUiv QDSRV KKNH]HOpV D OHPH] SLDFL YHUVHQ\NpSHVVpJpW L\
KKPpPUVPNOHWHW FV|NNHQWHWWHP

OLQW D] HOK]JKHNEHQ OHtUWDP D JHRPHWULDL NRUOiIWRN PLDWYV
YiOWR]iIVQDN.. WalQWp U GHWVRHIBWMEDQU HUOpPVL KKPEUV prl O&HWHW
FVINNHQWHWWHP 7HNLQWHWHWWHO DURD KiRJIP IBJMELDMEMYEDY | N
D KHQJHUOpPVL KKPYDVRWIRAWYWRWWDR $ KHQJHU QWL \WWRWp K DPDW
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HOGXUYXOWDN tJ\ D +B B OLOD RV]ORS1,1DI®A/M 2 krigikisW Y p J K K
iuUDPVeUeVpJ pUWpPpNHW PXWDWRWMWR Q7 PHRDQHVHO W BUEBEMQ DPLQWMB L
PLQWD $] HUHGPpQ\HN DODSMiIiQ D OHJIKEE PHJIOODStWiV YRO
PHOHIJKHQJHUOpPVL IRORDPBWOWRKHRIHUOPWKL NtVPUOHWHN IRO\D!
prezecQWiOW HUHGPpQ\HN DODSMIQ

A ... NtVpUOHWVYRWRNXWEDN®PVeUeVpl QYHOPVPQHN OHKHWKVpJ
OiIWWDP $] HOYpJ]JHWW NRQp H O KMIFOEPKERAK® LG H I KIRQIJHUOpV VRUI|
OpSPVNPQW QHP HUHGHWL KHQJHUOpPVL LUIQ\~ KDQHP NHUHV]WLI
pV yUD ¥BOW B.+ pV +B BS$ BHOVRUROW PLQWIiN NULWLNXV i
PpUHJ]|OG paszidg WHPOp®WEWDR DODSMiQ PHJILJI\HOKHWK KRJ\ D
+B B PLQWD NULWLNXV iUDPVeUeVpJpWNDIDp B W|H NHQWR D KX
iUDPVeUeVpJ Q|YHNHGpVW PXWDWRWW YLV]RQW 7 PiJQHVHV W
PUWPNHLW $  +BV PLGBWD WMXWDW]PVW.SSRQ OHPH] pUWpPNHLYHC
+B B B.+ NRPSRJLWEDQ V]L& R pHY \PQMGHOD B QWAKMNN BYQ i VRN ~J\
PLQW D +B B MHO|OpVe PLQWIiEDQ $ NULWLNXVIGBWMPVeUeVp.

PUWPNUKO MOLAHR QWWW ~J\Y pKIRKNBIJHOpVL LGK YLV]RQW-® yUD
WHKiW yUtUB RDWNHRBO*OHWHQ YHJ\«OHWNpS]KGpV PpJ D y L
WIUWpQW $ KDMOtWKDWEVE YB.GLBLQWIENPQMID [ PP GDUDERW

OHPH]W VDMiW PDJiU FbanlaViapMKROWIW RW@MIEEDQ UpWHJIV]pWYiOiV pV
tJ\ D O(HP in felet) WHWV]KOHJHV UiGLXV]UD KDMOtWKDWy $ EHPX)\
HUHGPpPQ\HN DODSMiQ D 6X6KL PiJQHV JHB-PIEWKompdritkRdzeR HI1HO F
HOKiOOtWKDWyN
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8 d i]e | ,oel PI »

(OVK VEpPEV &X KDWiUIHO*OHWHQ NLDODNXOyY N|[WpV MHOHQWKVpJ

a) )LILNDL V]LPXOiFLYV NtVPpPUOHWHNNHO &%$3+$%$' V]iPtWiVRNNDO p
D W|PHJV]I]DOpN 7L \RP+RNPIOPKVHPIE &X OHPH]HN IpPWLV]WD
YPpJEHPHQK N|OFV|Q|V GLII~]LYV IRO\DPDWDLW D KDWIiUIHO-«C
EHIRO\iVROMD D] DOIEEL PyGRQ

b) 6]REDKKPpUVpNOHWHQ ]J|IPtWpVVHO OpWUHKR]RWW NLV PpUW,|
NIYHWK f-&V yUiV LIRWHUP KKNHEXORPWIRUHQ  MHWHQ DKRC
pUGHVVpJFV~FVDL HJ\PIVED pUQHWN QSRIQAWINH UBHKQ OD O DN POT-Q' P
PHILQGXO (QQHN HUHGPpPQ\HNpSSHQ SRQWV]HUe KDWIiUIHO«O}
LOQWHUPHWDOOLGRNDW NL]iUy &$/3f8RQP RGMDGPW] iRt i0pAIHS M

c) 6]REDKKPpUVpNOHWHQ J|IPtWpVVHO OpWUHKR]JRWW NLVY PpUWplI
RV yUiV HOKKHYtWREY PDN®pUWpMNe GLQDPLNXV NpSOpNHQ\
YDVWDJViJFVINNHQpV iWHVHWW PLQWINBNVHWpPEHQ DOQND Q PRV
KKNH]JHOpV VRUID &X VKIDOWBNA QEOHWHQ VIHPFVHKDWIiIU NDSFVR

f& yUD LIRWHUP KKRH]&PO pWH 8@ MHW pkD Wi UEHO«OHWpPQ PHJL
amelyetavondOHP]pV NRQFHQWUIiIFLYVY SURILOMD LJD]JRO % f&
PiU QP QP NJ|]IWWL HJ\EHI*JJK LQWHUPHWDOOLG UpWHJ D
[ VVIHWpWHWOD IV]iPtIRWW-TH&XH HYQ\RLUDEP] LB G HDUV pJQ\L KDWIiUIH
NULWLNXV FVtUDPpUHW V]iPtWiV pV D ICIyW YUH BI\G ©GHNW L] LN/FEK I Ui I8

0iVRGLN-\WpJEVUpWHNRPH@MXHYHPH]HV NRPSR]LW HOKiOOtWKDWYyVilJ
$ W|PHJV]i]DOpN ZZWDWMNB X UPEVHIHNEKO iOOy NRPSR]JLW H)\

a) $ J\eUeSUyYEiIV GLII~]JLYV SIiURN NLV ¥ pvV QDJ\ ¥ NpSOPpN
MyO PRGHOOH]IEX DHPEH]HV NRPSR]JLW PHOHJKHQJHUOPVpPQHN
KDWiUIHO*OHWHQ OpWUHM|WW N|WOPQDWHNLEOKWNWSYKGDPVDENI
NeO|QE|]K NpSOpNHQ\DODNYiOWR]iVUD NLGROJR]JRWW PyGV]HU
PHOHJKHQJHUOpPVL KKPpUVpMNO&XN CPHPIKKIHW i BIRIPSRRJWLEHV HW p Q
WDUWRPIQ\LJ

b) $ GLII~]JLYyV SIiURN HUHGPpQ\HL pV D]KKRYS$|VARIEBW OWLH®\ED O B5EM
GE 2)+& &X UpWHJHNEKO iOOQOy PP YpJYDUMeDTIZEs BompoiED, D HP H] |
yUD HOKPHOHJtWpV DONBWUP®DViV-RVANHNMPKOWL PHOHIKHQJHUOp
DONDOPD]iViYDO\ HIOKJD O pWKHIDWMWWYiOiV QHP W|UWpQLiNpoPV DOD
YDVWDJDEE YHJ\¢eOHWIi]JLV QHP NHOHWNH]LN D KDWiUIHO*OHWH
YpGKJIJI]JEDQ |[VV]HVIHUHOW pV HOHNWURQV XrdkaidlDRémp@zittaH KH J H \
vonatkozik.

+DUPDGLNDWNIJLWLNXV iUDPVeUeVpJ QVYMIQPNRYKNKRNGVHOPO® KDWi

1DJ\V]iP~ WHUPRPHFKDQLNXV NtVPpUOHW ILQRPV]JHUNH]JHWYL]VJic
DODSMiQ PHJIOODStWRWWDP KRJ&1EHi p W PP H& \&] X] DIOI\IM QWD W W DUV
YDVWDJViJ~ UpWHJHNHW WDUWDOPD]y

a) ORJDULWPLNXV DODNYiIOWR]IiVRQ KH@IWUNpEHQV KWKHWNHY
f-& Q yUiw YpJKKNH]J]HOW NRPSR]JLWEDQ YpJiOODSRWED(
QIYHNHGHWW (IW D QPHQDBBNVYVIM sEPFMPNHQ EHO<OL QHP HJ\
IOX[XVPPpUHWWHO N|]HO PHJHJ\H] KN PYLOH WRN: IpG¢/PD]QLN @/ INNIWe MV i M
D¢ 1li]lLvDQ PHIQ|YHNHGHWW GLV]JORNiFLyVeUeVpJ HUHGPpPpQ\H]I

b) OHPH]HV NRPSR]LW HOKiOOtWiVD HVHWpQ D PHOHJKHQJHUODPpPVL
D WLWIiQ |[WY|]K V]LOIUG ROGDWEDQ PDUDGMRQ -FHUN YD iFiRINP |
akkor a ciklikus termikisechanikus (hidegatla®/ iV pV N|]JEHQVK KKNH]JHOpYVY NH]HOPp
tJ\ D SUHIHUIOWL N\LLVY Rp0WiRW B RHO\HN D QDJ\ NULWLNXViIUDP pU
PIJQHVHV2 WHPEMDRJI\ FVDN NRUOIWR]JRWW PHQQ\LVpPJEHQ WXGQL
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) OHPH]HV V]XSUDYH]HWK NRPSR]JLW HOKiOOtWiVD VRUiQ DONDOT
f-&V LIRWHUP YpJKKNH]HOpPV VRUIQ D -VLHREY pdi VERHNO KDLP DL
PHIMHOHQQHN D V]JHUNHJHWEHQ BYP®R W JUHGEN-F IKyMQ HULHG R/
WHFKQROYJLIYDO |\VVLHE&ED VRQSU YWD HWKEOHPH]HYV NRPSR]LW H(
NHUHV]WKHQJHUOpPV D NULWLNXV iUDPVeUeVpJ Q|YHOpPVpPUH D«
OpSpV DOXWDO®PD]NULWLNXViUDP VeUeVpJ Q|YHNHGpV PHOOHYV
FVINNHQWKHWK
d KLGHJHQ HOKKHQJHUHOW OHPH]HNEKSX iDRFSRIEWO KR8 HPHIPN
HOKiOOtWiVDNRU D KLGHJKHQJH &RV L yW]iVNND|Y EHDY O &K N B P B
hat a Ne7L &X KDWiUIHO*OHWHNHQ yiNRWWIKKSHNI€©pVL V]DNDV
LQWHUPHWDOOLNXVY YHJ\eOHWNPpPS]KGpV HG N HUL®HIHQ H OK KRI@
OHPH]HNN JH@DO WWWHJIHL D KHQJHUOpPV MHOOHJPEKO DGyGyDC
kompozit max. @ f &RV PHOHJKHQJHUOpVL V]DNDV]iEDQ D] ~MUDNUL"
KLGHJKHQJHUOpPVL VIDNDV]EDQ DONDOFD]RWWH N | KNV VKH OK S H
UpV]HLQ J\RUWVDNEEiIO]Vi NpS]KGpVH DPL D PiWVUD [RIKLY MJID LONHDAOPN
NpS]KGpVpW KiWUiOWDWMD (] D PRR\D U KRWD| ~DR@MME VKR JI\ L
YpJKKNH]JHOpVHN VRUiIQ FVDN DEE DYH D} CHMMH 8DE HE WHIIIXNDXAO UNRL
N|JEHQVK KKNH]JHOpV QHP W|UWpQW

1HJ\HGLNDVY]XSUDYH]HWK NRPSR]JLW KDMOtWKDWyViJiUyO

A W|PHJV]i]DOpN WHTW pQYWD)4¥ & DEBOXP ~HB\HQNp QW —P iWODJRV Y
WDUWDOPDRY HOKRHOHJtWpVW N|YHWK PHOHJ PDMG HJ\HQHV p
YpJYDVWDJIVRI- YpJKKNH]HDONDRPOR]QWJI\ NULWLNXV iUDPVeUeVp.
HOKiOOtWiViUD (DPNQHMP®]RDODMDYV KR\ -V]HPF \PpQ HEMO +:Q GFiD Q VW | W
NLYiOiVRN PHJMakorkp0ziK B MVHOXWHKOQMWWYH PLQGDGGLJ PtJ D VIHPFVpQ E
W|EE V]i] QDQRPpWHUWHEYy P53 Wrkd B UGHRPHQ \ V D M i WE EBIN i WPU W p Q K
YLVV]DKDMOtWiVD UpWHJIV]pWYiOiV pV UpWHJV]DNDGiV QpON+O HC
UiGLXV]UD KDMOtWKDWy

78



fiXioonilD XTiTAXi1d

LiUSIWL 9INN-TW/RIX PXOWLUpPWHJI& OHPH]HV NRPSRILW HO iOOtRhY PUWKSIBIPPAH]HW DONTE

9 <us$ § & u vQ@ybkorlati felhnasz o -

$] LSDUL NRQ]JXOHQVHP 'U %DUQD 'iQLHO pV NROOpPJiMD %UXQQHL
26XSHUFRQGXFWLQJ 6KLHOG V]H SWKXRIP iiEuHd\W (Pi] SipSBit epttmQ G R O
PiJQHV NHUHV]WPHWV]HWL PRGHOOIEUIMiW YANP @pRNHHWDL YD V Pl
NpN YRQDODNNDO MHO|OW DONDWUpV] ADOXPLQLXP IRURHUV DQ¢
OHJEHOVK NpN KHQJHUH Q] EHO+0OW S hi@REH YIRSHUBHRNDIO/ K- G W

$ IHKpU UpV]HN D NHULQJK p2022.04.2@QNDPWANV pQadD \BEHEY AR RADYiR D J R V
IVVIHVIHUHOWpPN tJ\oDiERfE) Q HAVH B8 ONHV [YOBAD a NJ PHO\QHN sUH
EgyetemerP HIW |[UW piSWLOL VAEORN$ DSHUW~UiUD XpWp W HIEM Q t V]Y D YWD
HOKi OIGTVWORVDW~ OHPH]HV NRPSR]JLW $ EHpStW HQRPK YDNRH] BIWi I HR F
PP V]pOHVVpJ pV  EBtR atRYN [-\NKjIKiEpRjzsot.

(a) (b)

(©)

92 iEUD $ 6X6KL PiJQHVUKO N p\3tVEH WWDPRE HDLXIE FYpYHWHVW D V]XS
NiEHOHNNHO YDOy F\(g¥pPid\QH W [H#BHN pVHNHUFVH WHNHUFVHOpPV N|]EH
HOR[IOW DOXPtQLXP FVPYHWHVW

$ NLGROJR]JRWW WXGRPIiQ\RUERNXMQeNBEndekbN [GORY QP B ORI H W W
Ti/Cu, P p UH WHEGI\DN lednidzR&dimpozitok I\ i UMV PHO\ HO b WidNdit] Gdyadrngiy
melegaN tW iV X W iQlo3iitrOD]HP\@ BOOHPHIHN KLGHIJKHQJHUOpPVPQHN HJ\
0eV]DNL (J\HWHPBQVIMIWIWORYiQ\XQN JH FOP M WIKLKINHIN-RDUSWRYNY | W DF
kialaktW i VIRIN D P i KQebiteszti@ CERNEHQ IRJ PHIJW|UWPpPQQL

$ NXWDWiVL WpPiEyO W|EE DQJRO pV PDJ\DU Q\HOYe SXEOLNIiFLYy
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(@ (b) (c)

93 iE@DVON-52// KHQJH UiO®)Yiekbep YiengerelNb-Ti & X W|EEUpWHJe) OHPH]HN
JUHLEHUJL OeV]DNL (J\HWHPHQ KHQJHUHOW NRPSR]JLWOH
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10 Summary

In 2016, the European Organization for Nuclear Research (CERN), the Wigner Research Centre, started the
development of a new concept of a septum magnet, and the University of Miskolc joined this collaboration in
2019. The key element of the SuSHi (Suprcting Shield) magnet is a Nb/Ti/Nb/Cu multilayer high

magnetic field shielding superconducting composite, produced by Nippon Steel Ltd in the 1990s. Within the
framework of the research project, the University of Miskolc undertook to produce adiwgiengo

Nb/ Nb-Ti/Nb/Cu layered composite with the same properties asNtppon Steel Corporation
superconducting sheet, but at a lower cost. It is known that superconducting materials lose their resistance
below the s@alled critical temperature. For superconducting materials, the critical current density (Jc, A/m2)

is the value at which the trangpgy FXUUHQW , $ SDVVHV ZLWKRXW UHVLVWDQF
applied magnetic field (B, T). In the sheet structudbtfielayer proides the superconducting properties,
QDPHO\ WKURXJK WKH FRPELQDWLRQ RI IRURT @écipit@é€s degtedd OL Q J
LQ WKH ¢ VROLG VROXWLRQ 7KH PRUH DQG WKH VPDOOtHdJ L H Q
higher the critical current density can be achieved with increasing magnetic field application. The Cu layer
provides the thermal conductivity, the Nb layer &8ibREi/Cu interface acts as a diffusion inhibitor during

high temperature hot formingdais the most expensive component of the composite sheet.

Most of the fabrication technology of the composite plate was unknown, so initially we used a reverse
engineering process based on the Nippon plate as a model to protilca iNdis/Cu layered composites.

Various cold forming methods were used to try to form the interlayer bond, but experimental results confirmed
the need for hot forming. Using the results of the preliminary experiments, hot and cold bond rolling was used
in the esearch work to produce a-tend 56sequence NIMb-Ti/Nb/Cu layered sheet coposite. In many

cases, Glli compounds appeared in the-bimtaining structure in the higher temperature experiments, and

in the lower temperature experiments, layer splitting and the appearanegafiboom fabric elements

were regularly observed.

One of the main open questions of the research was therefore whether Nb can be omitted from the layered
order as a diffusion inhibiting layer, without forming a coherent layer of compoumdis-&t/tbe interface,
which would impair formability and stackability.

The other important open question is how to ensure the same critical current density value as the Nippon as
reference plate for the new compaosite, and which modification of the nucleation condition for precipitation
formation can ensure the expected afitigrrent density of ~8® A/m2in a 3 T magnetic field.

The composites are hot rolled using small and large strain changes. In order to estimate the susceptibility tc
compound formation during these deformations;testéNb-Ti/Cu diffusion pairs were created. Based on

the extrapolation results of the temperature dependence of the intermetallid formatibi-ai/@ie
LOQOWHUIDFH H[SHULPHQWDOO\ GHWHUPLQHG IRU VPDOO GHIRUPD
around 820f & 7KH H[SHULPHQWDOO\ GHWHUPLQHG U HedlxtonvesuisU UH O D
that at 819f & WKH PHOW SKDVHi §S¢sHDue 16 theQindheKddd &iffusion rate in the melt

phase at this temperature and above, an intense intermetallide formation is expected alfe&dyCat 8181 U

h or after cooling above 8% 21 FRXUVH WKH SUHVHQFH RI WKH PHOW SKDV
experimental results can be modelled with high accuracyetjuildrium phase diagrams are calculated
HIFOXGLQJ LQWHUPHWD O O dé&fafmatkhil haxe\shayvd tianng ddmpeund formation
mechanism differs from that presented for small conformations. In the temperature range investigated,
GLIIXVLRQ LV IRUPHG DV HDUO\ DV f& K RI DQQHDOLQJ DQG
hol DQQHDOLQJ VR WKDW WKH FRPSRXQG IRUPDWLRQ SURSHQVLYV
W LV LPSRUWDQW WR QRWH WHKDSWHGLWSKWDWH¥ B $SHHDLAHD WY W

Based on the systematically constructed physical simulations and thermodynamic calculations performed, :
niobium layefreeNb-Ti/Cu sheet composite can be produced without the formation of large coherent and
ductilityimpaired Cdli compounds at a hdd ROOLQJ WHPSHUDW X UHcompoundsfage 'RW W |
present in the structure in places, but they are negligible in termsibfvolume and do not impair the

further rollability of the plates. TherakbedNb-Ti/Cu composite is not superconductingts present state,

and appropriate modification of the microstructure is required to provide superconducting properties. Since
the transformation curves of tRb-Ti solid solution are not known, the effects of the following parameters
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were investigated: (i) increasing the final heat treatment time, (ii) decreasing the rolling temperature, (iii) the
effect of crossolling. Figur@3illustrates the effect of varying the different parameters in a 3 T magnetic field
on the critical current density.

Figure 93. Immarising experimental results, showing theritical current density results for a given
experimental result in 3 T magnetic field

The figure shows the values of the Nippaeference plateand the value marked with a red square that is
UHTXLUHG WR EH DFKLHYHG ,Q DOO P\ H[H Whidhlis@QMwan extvdinld FRO G
cold forming range, but the design of the WVRBLL strip roller stand at our institute limited the experiment

to geometric constraints. Initially, the 1 mm tiNEkTi/Cu composite plates were subjected to an
LOQWHUPHGLDWH DQQHDOLQJ DW f& IRU K WKHQ IXUWKHU
VXEMHFWHG WR DQ DJHLQJ DQQHDOLQJ DW f& 'XULQidgWKH HI[S
the method of further rolling and the time of the final treatment.

,Q WKH ILUVW VHULHV RI H[SHULPHQWYV WKH KRW UROOLQJ WHPS
ageing heat treatment heat treatment duration on the critical current density. | aged samples for different times.
The most representative rés@ibr the samples annealed for 12, 144, 672 (700H_12 12, 700H_12 144 and
700H_12_672) hours are shown in the figure. The critical current density values of the listed samples are
shown in the black, light blue and green columns. Based on the stratyaisl ldiound that with increasing
DJLQJ WLPH WKH DHRARpXeQpiatEsQnCGreaskd,HbuRthe jcritical current density increases by
orders of magnitude. The critical current density of sample 700H_12 1206 A% in 3 T magnetic

field, while that of sample 700H_12 144 i4@®.A/m2, and that of sample 700H_12 672 is #06&/m 2.

7TKXV LQ VDPSOH +B B ZKLFK KDVWTiEpHd3¢3 wikidpréguilbdithG 1R U
:LGPDQVWIWWHQ PRUSKRORJ\ DSSHDU D QT phds¢eHs @do\sigrificabtl}y LR Q ¢
LQFUHDVHG 7KHALSUHVK QEFEGPRIQVWIWWHQ PRUSKRORJ\ LV QRW SU
as they are brittle and their presence leditse breakage and literature data suggests that the presence of
WKHVH SKDVHV VKRXOG EH DYRLGHG ,Q WKH FDVH RipBaSeBWH VW!
that cause the significant increase in critical current density. Althangiicaheurrent density increased by

leaps and bounds, it did not reach the desired level, and Cu3Ti compound phases appebr&u@a the

layer interface in places. The 672 h (28 days) annealing also reduces the market competitiveness of the plat
so | reduced the hot rolling temperature in the next step.

As described above, due to geometric constraints, reducing the rolling temperature seemed an acceptabl
change. In Experimentll , UHGXFHG WKH KRW UROOLQJ WHPSHUDWXUH IUR|
WKBbW SUHFLSLWDWLRQ KDG DOUHDG\ RFFXUUHG DW f& LQ Wi
WHPSHUDWXUH WR f& 'XULQJ WlkehrddiRitatesw@rd dqdicEyHHAldENEd W KR
that the sample 500H_12_144 (purple column), i.e. the sample that had beerpariddaheifs, showed
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a lower critical current density value of 1A/m2LQ D 7 PDJQHWLF ILHOG WKDQ LWV
the sample labelled 700H_12 144. Based on the results, the main finding was that the Ti alloy should be kep
on the side during the hot rolling process. It was not seen to make sense to pra¢céedWK H f& KRW U
experiments based on the results presented.

| saw the possibility of increasing the critical current density in sieeiéld of experiments by changing the

rolling mode. In the experiments | performed, | used transverse rolling instead of the original rolling direction
as the last step in the cold rolling ofNbeTi & X FRPSRVLWH DW f& 7KH ILQDO KHL
144 and 672 h (700H_12 144 KH and 700H_12_240_KH). The critical current density values of the listed
samples are shown in poison green and dark blue. From the figureheit ateerved that sample
700H_12_144 KH reached the critical current density of sample 700H_12_672 with a re2luétion of

the heat retention time. Although the critical current density showed an increase, it still did not reach the values
of the Nippon plate in a magnetic field of 3 T. The sample 700H_12 240 KH shows good agreement with
the values of the Nippon platehave shown that the 700H_12_ 240 KH composite also exhibited
nonequilibrium: L G P D Q V Wil Miifdita@esjas in the sample labelled 700H_12_672. However, the critical
current density value in 3 T magnetic field increased frot04486h 2 to 5.9113 A/m 2 such that the final

heat treatment time could be reduced from 672 hours to 35%, i.e. 240 hours. At the interface, no compound
formation occurred even for the composite heat treated for 240 hours. As a validation of the bendability, a
25x50 mm piece of tl®OH_12_ 240 KH sample was cut and the plate was folded back on itsélf aQ R

layer separation or layer rupture occurred in the bent sample, so the plate can be bent to any radius. Based c
the scientific and technological results presentefde®b-Ti/Cu composite plates suitable for the SuShi

magnet geometry can be produced.
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11 <,*l,v 3VC]JOoA v_3§ o

AVIIQHWHWPBRQGBNUWLQJMUXGREIQPIRD Y H]HW KO IKHNW KRFIHW EL]W
D PXQNiP HOYpJ]pVpKH] N|V]|IQ|P D PLQGH®O HW B WDPNBEVEGRRWIiP R JD
"iQLHOiQaH Mnzulensemnel rendszeresV | DNPDL NR Q]X QO WQMHMtabhiof. Dr.

.DSWD\ *\|Ud GALPNAD V]iPtWEDRNQ\~-MWRWW DHV{WNPDALUWRQ]XOWIiF
NIVIIQHWWHOUW B UMWER ] RPE DU XBIQIJHUOpPpVVHO NDSFVRODWRYV V]D!
KHQJHUOpPVEHQ Q\BPMOARWROVHJIWNNWIHRINQ pV D )UHIMHYHW HWYV | L
mondok 3XVNiV &VDHQKOHNQJIJHUOpPVL NtVpUOHWHIISERG DQX~pOAIR VHAU R/RH
V]iPROIVRNpUW N |V ] |RUHMNV HQWIIQMNR] FEFGiPQDN %iQKtGL 20LYpUQ!
,&3 YL]VIIODWRNpUW\|UJ\Qp -DQRYDING&YVLMINODWRNPUW D 5LF
HOYpJ]AV ppW (U]JVpEBFWQHWW IO\ )H BHIQFtQWHNY L]VJIODWRNEDQ Q\~M
'U OLNy 7DPiwWDPmINDPLQW D] DGDWRN NLpUWPNH® ¥ YEBIQKERBPMWR
sZhkURWURQRYV PpUpVHN pPiADrp 8 QNILL g UND P NYHEDIR Mark f UBAR U @hondok
NIV]IIQHWH@®HWWHOUWDUWWR]JRPDOMRVDWNN XV iUDPVeUeVpJ PLQWIiN |
Prof. Dr. Michael Eisterenek D NULWLNXV iUDPeUeVpJ AZLHOHABDWRR PHOIYRNMp
IHOYPWHOHNpPUW NRViFYHAHWG BYRREEORONH O H P pVp UMW v 74 0S O D PRHOIDYO J
HONpV]tDIp Ko WRUY I WK '"iQLBIOWH®QV]PLVVV]LYVY HOHNWURQPLI
HONpV]tWPOFEPMUWERU @DAWIN NLPXQNiIOiVipUW pV HOKNBodatWpVHN
6iIQGRUPWDHBINXYV =ROWIQQpQDN

$ N|]|IV SURMHNW VLNH &VY5H QKW HIKWKOD @DV HM/ERANAN dpahtoiy p V
Jan Borburgh,Friedrich Lackner, valaminiMiroslav Georgiev Atanasov

IV]IIQHWWHOUW Dp)YW R |RPMIKUJF]YHIWYQDN KRJI\ D .'3 SURJUDP NHUF
EL]WRMWNARWW JQHU )LILNDL hat WDWYyN|]SRQW

A$ NXWDWyYyPXQNiP D] ,QQRYIiFLYV p\RRSIFKDROYJRNWRUQLYWRFUD
+DOOJDWYL gV]W|QG tM 13HMR HWOLP MY DMWiVL )HMOHV]WpVL pV ,QQR
VIDNPDL WiPRJDWiViYDO NpV]+OW

$ WpPDWHU<OHWL NXWDWiV D OLVNROFL (J\HWHPHQ HJ\IHOKO
WiPRIJDWiVIYPOWBMOYHWL .LYiOHVKHWBEHRQUDIPRIDWRWW SURMHN
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DODSMiQ WiPRIDWRWW SURMHNW UpV]HNPQW YDOYVXOW PHJ

A 20192.1.6NEMZ_KI -2019 V]iP~ SURMQMWYiFLYV pV 7THFKQROYJLDL OLC
XWDWiVL )HMOHV]WpVL pV ,QQRYIiFLyV24®D®@EBO, G\i-OMWRMIWSW RRIRJ
ILQDQV]tUR]IVIEDQ YDOYVXOW PHJ u

A$ . XOWXUIOLV pV ,QQR( gBEMY-, 0 LNUIGN WPYHWPRPL . XWDWyL gV]W
SURJUDPMIDIDANHWL .XWDWiVL )HMOHV]WpVL pV ,QQRYIiFLYyV $0ODS
NpV]*OW

IV]|]QHWWHO WDUWR]RP D FVDOIGRPQDN pV D SiURPQDN D WiPF
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APKG WpPDPQ PHIMHOHQW SXEOLNiIFLYN

X

V. Karpati, J. Korozs, G. Kaptay, V. Merting®n formation of intermetallic compounds at the Copper
/ Niobium-Titanium interface. J Alloys Compounds 918, 11 ol@2022) doi:
10.1016/j.jallcom.2022.16556Q HPJHWN |]L IQRIO\yLUDWFLNN
Barna, D. Borburgh, J. Atanasov, MiKdrby, G, Giunchi, G, Karpati, V., Szucs, M.Szabo, G.
Mertinger, V- The Superconducting Shield (SuShi) septum magnet prototype, IEEE TRANSACTIONS
ON APPLIED SUPERCONDUCTIVITY 32: 6 Paper: 4000505, 5 p. (2022),
6]eFV,_ iUJSIWILOLNY, 74 WK - Codnpression Behavior and Textures of-WNibZ3 Alloy
at High Temperatures, MATERIALS 16: 22 Paper: 7116, 19 p. (2023),
[https://doi.org/10.3390/mal62271lQ HPJHWN|]L IRX\yLUDWFLNN
Nagy Erzsebet, Kristaly Fereniarpati Viktor, Mertinger Valeria In-situ investigation of the
decomposition process in cofdled Nb53Ti47 alloy, HELIYON 10: 4 Paper: €26543, 9 p. (2024)
[https://doi.org/10.1016/j.heliyon.2024.e26p4Q HPJHW N |]L IQIO\yLUDWFLNN
9 OHUWLQJHU , $YLOHY 6DQWLOODQD 0 %HQNH9 $iyB@pLLID 7HU
.UIOOLFV 7 OLNy $ % 3DORWIiV 0 6H SVkheforma&jlyEnests3of@UReE R W D
Niobium, IOP Conf. Series: Materials Science and Engineering 903 (2020) 012019, 8 oldal, magyar
NRQIHUHQFLIQ PHIMHOHQW LGHJHQ Q\HOYe FLNN
JAUSIWL 9IBNWWRW*IERU 6]eFV 0iWp -ORUK iIBMKIiPiQRM)F] OHUWLQJHU
7L &X ELPHWIO KDWiUIHO«OHWL GLII~]JLYVY IRO\DPDWDLQDN YL]

V]iP ,661 PDJ\DU IRO\YLUDWEDQ PHJMHOHQW FLNN
LE53E7,. 9,.726=d&6 OE-7EHPH]HN N|WKKHQJHUOpPVPQHN HOPpPOHW
%iQ\iV]IDWL pV .RKiVIDWL /DSRN pY | R66M,PL2 oldal, 2021.08.25+8 ,66

9 .iUSiWL6]eFV &V 3XVNiV * 6]DEy -EProdiNorFofb-Bi/ND/BW WL QJH U
PXOWLOD\HU VKHHW FRPSRVLWHV )yNXV]EDQ D KD]DL IHOV]t
HQHUJLD pV WHFKQROYIHWHOM[¥RY OLROBOP -9633582770, ,6% 1
PDJ\DU NRQIHUHQFLiQ PHIMHOHQW LGHJHQ Q\HOYe FLNN
LiUSiWL B]DEy * %DUQD ' ZRVY{WK RQFHUWX@IMHUUEW HJIH
VIXSUDYH]HWK iUQ\pNROYy OHPH]HV NRPSR]JLW HOKiOOtWiVD ~M
KD]DL IHOV]tQ DODWWL WHUPpV]HWL HUKIRINUQHMRXVR\BUVERO
(J\HWHPYiURYV ROGDO -96335827%7 ,6®1\DU NRQIHUHQFLIiQ PHJM
Q\HOYe FLNN

LUSIWL HFVNHPpWL . *\  1DJ\ ( %DUQD :NbTWMIXSODYH ] B MK
IWY|JHW FLNOPKMFKDMQHMXNVNNXM]HOpPpVH )YNXV]EDQ D KD]DL IHOV]
I1\HUVDQ\DJRN HQHUJILD pV WHFKWRPYILRY QH[ROBMQVNROF
963358277 PDJ\DU NRQIH BIQQF P VFOHU MO Ye FLNN

APKG WpPIiPEDQ WDUWRWW HOKDGIiIVDLP

X

LUSIWL 9UNWRDJ\ (UJVPEHW 'U %DUQD 'iQLHO +ODYiFV $GULF
0iWp 'U .ULVWiO\ )HUHQF 'U/HCHJYMM ONRPRSRI.OW UM UNH]H\
WHUPRPHFKDQLNXV NH]JHOpVVHO ;;,; +KNHJHOK pVs$Q\DJW.
Konferencia% DODWRQI+UHBDJ\DU NRQIHUHQFLIQ PHJWDUWRWW PDJ
LUSIWL 9UNWRIDEY *iERU 'U %DUQPRUQYLW® 'lQLHRQFRUY]V -y]V
EGiP 'U .DSWD\ *\|UJ\ 'U OHUDWLIQIHO+OB®pUI/BEOOWDPDWRN
VIXSUDOHMHHNKY NRPSRJLWEDQ ;,,, 2UV]iJRV $Q\DJ¥XGRPiQ\
2021.10.11 PDJ\DU NRQIHUHQFLIQ PHJWDUWRWW PDJ\DU Q\HOYe HO
LUSIWL 9UNWRWB WD\ *\|UJ\ .RUy]V -y]VHI 9pJK EGiP 'U 6]DEy
Dr. Koncz+RUYiWK 'iQLHO 'U 0HUMDMQ UHKO SMHOVE U TERGWD P D W R N
VIXSUDOHMHHNKY NRPSRJLWEDQ O0DJ\DU 7XGRPiQ\ hQRISHW 07
PDJ\DU NRQIHUHQFLIiQ PHIJWDUWRWW PDJ\DU Q\HOYe HOKDGIiV
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X iUSIWL 9LEWBUDYYWHWK OHPH]HV NRPSR]J]LW HOKiIiOOtWiVD K
NpSOpNHQ\DODNtW(i% LLRHIONVD U iNXWVADBDW YN |[]SRQW 1)2 VIHPLQIULXP
PDJ\DU NRQIHUHQFLIQ PHIWDUWRWW PDJ\DU Q\HOYe HOKDGIiV

X .iUSIiWL 9ULNWROBWD\ *\|UJ\ .RUy]V -y]VHI 'U 1DJ\ (U]JVpEHW 'L
'"IQLHO '"U-+RWYWWK '"iQLHO 'U ONbDOIWEXQ YHXSAUDOYHJHW K NRPSR]L\
termikuscikikus PHFKDQLNXY NH]JHOpVVHO ;;; +KNH]JHOK pV $Q\DJWXG
.RQIHUHQFLD pV 6]DNNLIiOOtWiVPRBUDDWDWRQIHUHRFLIQ PHIJWDUW
HOKDGIiV

X .iUSIiWL SLONAWORWULUpWHIHYV V]IXSUDYH]J]HWK iUQ\pNROyY OHPH]HV
VIHSWXP PiJQHVKH] 7pPDWHU*OHWHP.JHWQYMLIKIYSVRINUDBSURJ!
.21)(5(1&,% OLVNROF (J2e2pvid.pey RDRIWDU NRQIHUHQFLIQ PHIJWDUW
HOKDGIiV

X LiUSIWL 9LDWWD\ *\|UJ\ 9pJK-ERUFRiIWRQFQLHO 1DJ\ (U]JVPEHW
6]DEy *IERU OHUWLQUHY|WMEApIH]DYV KDWNBTHXOWMKS UBONDIPW
kompozitban, ;;; +KNH]JHOK pV $Q\DIJWXGRPIQ\ D *pSJ\iUWIVEDQ 2
6]DNNLIODOWWRQDOPIGL0O.PDIJ\BUWREHHUHQFLIQ PHIWDUWRWW

X USIWL 9LNMRRU'U .DSWD\ *\|UJ\ "U BDOEQD*I'ERUH®R UY i WKQ F]
"iIQLHO 'U 9pJK EGiP 3URI ‘W XOMNMLNGSVIEDSE VXS PDIYB]HWK NRF
HOKIiOOtWiVD 6X6KL VIHSWXP PiJQHVKH] ;;;, +KNH]JHOK pV $Q\
.RQIHUHQFLD pV 6 pINN\NLEB O t%WD\W D WRQIPWHEGRQIHUHQFLIQ PHJIJWL
Q\HOYe HOKDGIiV

APKG WpPiPEDQ EHQ\~-MWRWW V]DEDGDORP

USIWL 9LNWRBUWLQJHU 9DOpULD 'U 6]DEVDJERUJIQHYV HAD WHL
OHiUQ\pNROIiIViUD DONDOPDV QLYELXPXG6UD¥HJHWK] INRPSHROIKWU @ W F
«J\LUDWV]iP 3bejetQWpV GiW XPD
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