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KIUQHYPQHN 1HQJOMBSUMYHWIE B W WheW v |VL WHU e OHWpW WEAVEENG YH DOD
HOP~OW pYW D] H®HQN Tipridi BAMVEzetileg mind |FL DW | WiD\RW pU JLD N
VIDNPDLODJ V]iPRV iWDODNXOiV g‘ ILHD y Y. O RNWDpW D B
WHYpNHQ\Vpdipitit LI/ V]LQYRQDORQ o PpUQ|N
NXWDWiVL WHUsOHWHL D WHFKQROyJ Hé\wjg}\%%’@'ﬂaﬁ% PHIY Do
IRUP|Oy(AWGDNJW|VWHFKQROy.ﬂSLmedéQQ Vf’/ ULXPRN I
W|UWpPQHWPEHQ DODSYHW]} pV PHJaKD \(A}p\N 'ﬁ Y W L R
IHOV RNWDWiVL NpS]pVHNEHQ pV D JE I—b '\Dq u
2NWDMY HO} pV WXGRPiQ\RV WHY|aNH ' WyN PLQPO
%iQNE79-EHQ DODStWRWW MRJHO}GMp HJ\LN OHJQD
KtUQHYpPQHN IHQQWDUWIiViKR] pV HPH |1|J]DV‘{/¥) @b ]HO\ YDJ\ PiV C
D WpQ\ LV KRJINPW D}Q¥YDPBDWyW K|UR h '?%QJ \L iIOODPL )HOV
TDNIEDQ LV J\DNRUODWL P&KHO\NPpC

I}LJ D] dblyetest HJ\ RNWD WiV Lhelyetz®,] egy W y-
"PNIiQW pV N-iélyeepthhd@ta% i QNLQDN

Kulcsszavak IHOV RNWDWIiV %iQNL RN WMDMMWW
NXWDOWIEFRUDWYULXPRN

Abstract 2 The Department of Manufacturing Technology's
60-year history is presented in this article. One of the
departments in our university that has a big influence on
instruction and research in the field is the Department of
Manufacturing Technology. Its efforts have contributed to
XSKROGLQJ WKH VWDQGLQJ RI WKH %iQ gt
increasing academic quality. The Department has :
experienced numerous organizational and professional
changes over the past few decades, but its research fields have
kept pace with technical advancements and its teaching
activities have consistently been of the highest caliber. Over
the course of its six-decade existence, the Department of 1 jEuUD $ 0DJ\DU .LUIO\L iOO NRIU P-DOWL LFSEKUH O \NHF
Production Technology has been instrumental in training 1pSV]tQKi] XWFDL pS*OHWEHQ > @
and doing research in higher education. Its research and
teaching endeavors have helped to preserve and improvethe $ PDJDV V]IDNPDL V]tQYRQDO~ RNWDWi
standing of the Faculty of Technology, which was established D] LSDUL SDUWQHUHNNHO NLDODNtWR
LQ DQG VHUYHG DV WKH PRGHONDRFWRKODW QNIZDQ@KKHpN KDWpYWL]JHGHV
appointment of two Directors General, three Deputy W|UHNHGHWW D YiOODQ@WWRNDODN SADD
Directors General for Science, one Deputy Director General HQQHN NHUHWPEHQ V]iPRV IHMOHV]W|
IRU (GXFDWLRQ RQH 'HDQ DQG WZR 'HS KXWV yHEMUH QB HGRNL YHUV]iPR]IV  PpU
the Department serves as an example of this. (PHOOHWW N{IHWM ONEXWW DYWVY. SURMHNWH
HU VI|G|WW D V]IDNPDL Hafi\kineliePetN |G p V
RNWDWIiIVRN IRUPIMIEDQ W|UWpQW WRY
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HO DGIVRN EHLQWHJIUIOIVD LV PWHW PNWEISSLIW VE B L WIDQW|{BHWW WDJR]D
HVHWPEHQ $ YpJJHWW pV D WDRSRWVYQUD ODNDMR QR QONHINRAT W K UM

PpUQ|NKDOQIDWPNKWRWW NDSFVRODW -V ]
IRO\WRQRVV{DRWpUQ |NL NpS]pVHNZ-MHmEL%W%%‘@HHé*PéVF?QVHm@L  QWpJHW
WDQV]pN NLHPHONHG DNWRYNWIMIVARXWSWRYWESHN|YHWNH]HWW MHOHQ
VIDNPPUQI|NL NpS]pV VRN pYHQ iWIV\P[&QIq)d}JMWQ/QNHUHHQ@DQJ\HNPSSHQ D]
OLQ VpJEL]WRVtWiVL V]IDNPpUQI|N VIDMNHAMHUIRYRIEIQ W|UWpPpQ .IAVV]HUYH
yWD W|EE V]i] PLQ VpJeJ\L V]DNHPE‘IHSJNIMS!KI\IpW\yYWFK ROMINRW WOWP]HW D *)
PHJ D IHWHUIQIpSMMIWEX UPRNDUPN pV D OHFKDQLNDL 7HFKQROyYJL
VIDNPpUQ|N VIDNHPEHU NpSijpaz pl\@O‘RI%JFDIQWQQI\RO\DHV]N|]H|—QHN KHO\L
HOLQGtWiVD yWD W|UHWOHQ-0 VORERWYNW yptgX D LE-PMNU RIYWIXKVARZQIVIYDO
VIDNPpPpUQI|N VIDNHPEHU NpS]pV HI\R®ad HOH y$QR\VOQWIWPGXiOLVNR&aDL WDQ
NpS]pV 0DJ\DURUVIUWRGWHFKQROyJIJDIJIPMWYVRX@NiIMiW D] RNWDWivVL 'U 9i
IHQQiOOiVD VRUIQ V]iPRV V]JHUYHGRWHQOM UPYEDQWNGRRIELBERY 'U &]JLQH.
nagyobb oktayL OpWV]iPPDO P&N|G|WWRFHRYNDWIRIVDWYKHO\HWWHVHN VHJt
HOKLYDWRWW RNWDWyN pV RNWDWDB/@D NAMIIMY D R REIO g-GNEHQNR NV DR WH U
(J\HWHP pV D .DU PLQ VpJIHMOHV]WiL 6@ lPa\NM/D/bl-iF\K\QN PQIED Y |PNRQ EHC(
YpJILN RNWDWiVL pV NXWDWiVL W HYigNW [INN-HAYEZW NC-WHFKQR Gay JXV
*\iUWIiVV]HOW BDINH]HK®IIJHV]IW NpS]pVL F|
2 AT$16=e. 0(*$/$.8/E6$ e6 7g57e1(7( NHU+OWHN NLGROJR]iVUD $] iJD]DWL W
A GpSJUWIVWHFKQROyYJLDL 7DQVYpNIRW ROVORAAREON~-DPHO\ D NRUIEEL W
WHFKQLNXPL NpS]pV NH]GHWks pYiR@WOWhHp WROERBDWYULXPRN pV D]
WDQPYEHQ DODStWRWWiN y W DN & H ¥ Hid\& VF('\@MEM%HLW M A KW @I N ~ O\
JVIUWIVWHFKQROyYJLDL V]DN =~ WHFRMVIRYE VIEWHWRA BN ML @PD]iVRN
NLDODNtWIiVIEDQ pV D IHOV RNWDWiV V]DNPDL QRUPILQDN
NLDODNtWIiVIiEDQ $ WDQV]pN i P = -
WHFKQROYJLDIHMOHV]WpVL LUiQ\xoW;-
PPUQ|N|N LUIQWL LIJpQ\H KDWiURJWD | =
1969-EHQ D] LQWpP]PpQ\ W|UWpPQHW
iWDODNXOiV W|UWpQW DlechHikuv IRN~ !
| LVNROIiIYi W|UWpPQ iWV]HUYH]pVpYHC — &
pYL V]iP~ UHQGHOHWH DODSMiQ [NEB
%iQNL 'RQiIW *pSLSDUL [02M]DNLVNR U D
RO\DQ P&V]DNL V]DNHPEHUHN NpS]p
akiknek feladata:

D JpSLSDUL J\iUWiV P&V]DNL HO j 3
D J\iUWiVL IRO\DPDWRN WHUYH]p A 4
D] HJI\W]JHU&EE J\iUWYHVIN|]|IN 2WHUWDY BhjpMH'R@W 0&V]DNLRUDMWRWIXBIINR L
J\iuUwivD *p S P & KGAD labor, informatika labor, pneumatika labor) [1]

D J\iWVAWHUHO <+]HPHN V]HUYH]pVH Ev YH]HWNpVL

IHODGDWDLQDN HOOiWiVD $ ) LVNROIQ NLDODNtWRWEBHRQW & JHW L
D WHUPHOpPV SURJUDPR]iVD pVMey pY\WiRMW D WDQV]pNEz & SHe/¥AtiV~UD p
D WHUPHOpPVW NLV]ROJiOy «]HPWN _WQWNNWM&QWHUYMN NLGR
EHUHQGH]pVHN -]HPHOWHWpVHWRY'E JOpY N MHOHQW V NRRV]HU&V!

=)
$) LVNROD LQGtWiVDNRU D] RNWES\Wi\B‘pE

N A\
WDQV]pNHN OiIWWIiN HO DPHO@I—%R \ ﬁﬁ%@%%%ﬁéﬁ&m v
1

N - - IHOHO DUIQ\W
PpHSJJQt']URWV\}\V/VW?ﬁ]KHQV\?%yHakgLag&(g\%%/{p iVWHFKQROYJLD IRQWRVViJiQDN Pl
PDMG H]W D IHODGDWN|UW KRVV]~2pYHNH Q UNHWKNHMeQR Oy BB\ 'O Q V]p N
%pOD | LVNRODL WDQiU IOiWDNDDMWY ¢ 7DpQVIpNOHN NLHPHONHG V]HUHSH
$] LSDUL IHMO GpV D] HI\HWHPLL®PRUPWWY NK&/ RpSREiREHAgEDG NW 5V pEvD Q
PHOOHWW V]eNVpJHVVp WHWWH R@NRQUHILWYBRVER || NQMpHOMRWQV J\iuw
DNLN D WHFKQROyYJLDL IRO\DPDWRMNgpM Rz WOBBRYWHIPN QW R HVHMIRIPHRAY N | Y|
YDODPLQW J\DNRUODWL WDSDV]WQDMNW WD ONLKOYipUWHI Y H QpR8WWHNDD 7D
WHUYH]pVL HONpSJHOpVHN NLYLWHRHW]wWVRWLE 0 LW Qpld HHW pPNHHU HBW H L E H
NXU]XVRNDW pV D] V]DNLUuQ\RNDWprpmJ@@m@\Maw\wu g L BRJIOLQ VpJsJ\l
LIDJ[RGMDQDN D] DGRWW NRU LSWDRYEENFSHMKWIDNDYH QNN W pEL N|YHV
HUHGPPpQ\HNpSSHQ KiURP NpS]pVD $pkRgikdieden dihthel/ Ezehp/WBINIRN KDOOJD Wy
JpSpV]PpUQ|NL iOWDOIQRV PpUQRMLW PWINOQW H pal DY i P BHINQRNWDWy L (
*PSVIUWIVWHFRQRUYINDRNWDWIiVL el. NOUSIRVID] PVG VIDNUD HVHWW D] $,)¢€
NXWDWiVL W|UHNYpVHLEH NpW iJR D PHORWIHYVRPH¥OVVIRR~ 6]DNHPEH
IRUJIFVQpPON-OLEBIQ BINWWYUNMHU-OW $§ JpSLSDUL PpUQ|INDVV]LVIWHQVHN NL
$ *pSI\VIUWIVWHFKQROYJLDL 7DMNDHQWDV PERKKNROLD ODERUDWYULXPL
YDODPHQQ\L V]DNiQ iJD]EeWRQ \WD WANNDBAWMQDY YROW V]eNVpJ
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1997-W O D 7DQV]pN D JpSpVIPpUQME
&$' &$0 V]DNLUIQ\ JD]GiMD PiVUp__
informatika szakon indut7HUYH] UHQGV]HUHN
RNWDWIiVIiEDQ LV MHOtH 828k VhellégH U |
MHOHQW V &$' &$0 ODEWI DW i Q MXFJ
PpUQINL VIDNLUIQ\QDN LV ~$ *p
7DQV]pN D] iOWDOD JRQGR]RWYWWP G
LJpQ\pQHN PDJDV V]LQW& NLH
HU IHV]tWpVHNHW WHWW D NRUV]H
WDQV]pN YH]HWpYV pah BrENagy®.60 D GR :
(1990- PV 'U 9iUDGL $QGUODMAN WD M

$] RNWDWRWWVD/P@W(BJNDEZ@iWI@N 4 iEUD 63& ODERU D OpUpVWHFKQLND ODE!

WHUPHOpPVEHQ pV D] <]HPL J\DNPELILO E ?S)SI]I?]BC’VDWSNVYJ 3D0iIVWL
PHIJPXQNiOiViat PPGRMRUV]HU& WHPKQ : rCzine)éImre(ZOOO—2001)
HOMiadiVBRNV]HUV]iPRN D NpV]-OpBIBiMG , %LU QOL_KO_(m) e
PPUHWHOOHQ U]pV PIWAN Fhilalkdztak Y _ p WeIHWL 7D
WRYIiEEi D JpSHN D EHUHQGH]pVH 'IH}%?EWQ, Ry W;Q ) D (
HOYHLYHO  V]JHUNH]HWL IHOpSt IN 5 'y, %I 6LSRV 610
JViUWIVWHFKQROYJLDL IRO\DPDWRM%Q o%\fm%;\< ) V\i/}/é'{LlJ\INLf')] W/ID_DIOH'A\F’)
D] $*, NHUHWHLEHQ D 6]DNEFVRSRUWF
LQWp]HWKBDNDVWYHVL MRJ#&HQUHO LV Ul
W O D] ,QWp]JHW LJIJD]JDWyMD 'U 5pJH
KHO\HWWHVH 'U 3DOiVWL .RYiFV %pOD

$ SRV]WJUDGXiOLV NpS]pVHN WHU+OHYV
NpS]pVHN LQGXOBHDQN MHOIHWHUIQJIpSMi
UHVWDXUiIWRU V]DNPpPUQ|N pV V]DNHPE
VIDNWDQIRO\DP ~&pOMD RROWDW i WPD NHPL
PDJDV V]DNPDL LVPHUHWHNHW ~ V]HU
' JPpSMiUP &Y H Noar H @-HW tWMBH U4lal ek

3 IEUD *pSP&KHO\ HJ\HV UpV]IHODGDWRN |QWROWEERHJR

alkalmasakD NRRSHUiFLYV SDUWQHUHNNHO

$ J\DNRUODWRULHQWIiIOW NpS]pvagfogamai VpyQ y pihQ @H@QNEDANGYWE  NpSHVH
J\DNRUODWL ODERUDWYULXPRN keUydbWEw ¥ ]WR QdlddaryshopfSdg0 A &VWWHHNO

*PSP&KHO\ iEUD IRO\DPDWRVWDRMIMO WA JWpVH
elengedhetetlen ma isD QDJ\ KDOOJDWYyL200pW W] iPRNQWp]HW YH]HWpVpW 'U 3L
NLV]JROJiOiViKR] QRYHPEHUPW O D *\iUWIVWHFKQROY

) A %0 SV IH pV 7HFKQROyJLDL ,QWp]H
23 *pSINIUWIVWHFKQROYJLDL-WQ @ p [t ﬁﬁ’éﬁm b WDOVIpNYHIHW ‘U )BU

2000-EHQ KiURP |QiOOy P&V]DNL I LVNROD,%j8

JQQ\&LSDUL HIJ\HV«OpVpYHO P HR 4 \NH‘% FDQ mgvaNHpQg

0&V]DNL ) LVNROD DPHO\ LVPpW = & : ‘F&\IT RIOWIX V7
o N

%iQNL 'RQiW *pSpV]PpUQ|NL ) LVN DR
$0Q\DJWXGRPiQ\L pV *\iUW et PG K Q Jﬁf SR _ el \péllsq%épld,VDELHQ
%%&b 7 WUy Pgly

PHO\QHN HJ\LN LQWp]HWL 7DQV]p i 7 P YIS N KLWHOHYV
6]DNFVRSRUWMDW RQ @HD-YWNOQG PW WE JjDE iQ\ PpUpVL EL]JRQ\WDODQVilJ
S

\A
(J\HWHP D %XGDSH)VWINRGY]DNO g/iv DQ NRSFVROYGy PDWHPDWL
MRJHO G|IN D %iQNL 'RQiW 0&V]D %Hl%hﬁy .

.i0OPIiQ 0&\_/]DNL ) LVNROD pV D |§§ II:PLD %Og L PLQ VpJe:JJIHO NI
) LVNROD iOWDOIQRV p\5\WHOMHYV N |U%OWR dXeWe/ @ Mlar,(5h/(7(. e6 /1$%252.

(QQHN PHIJIHOPQWHQ@ENDBEHY pYHNEHQ NAPJAINKBAN

MHOHQW V IHMO GpV UpV]HVH OHKHYHY LPLIUin\Wb?GRW]\RHWRVV'\X/H\Wﬂ\bWiL
IHOV RNWDWiVL NpS_]p\_/HN_WHOMHV*bV\f,£Q % MP DT ~QnARMRRER QPN DL
UHQGV]HUUH" YDOy iWioOiV D] ~MoMHRRbIEIWENRA L RSN U HS VD (QHU
D] ~MWBOWHUYHN NLGROJR]iVD D iy @ Qe V @gE W UpV]EHC
EHYH]HWpVH D] LGH NDSFVROyGy & @\P"&%H% T’& LY Pé\%N]iFLyKR] )
NLGROJR]IVD D] RNWDWiV PHIVIHUNGIRMHENRREQN KD W DRARNRO D W
7DQV]IpN RNWDWyL LV LJHQ NRRARONEPHWHRAEHROWMWG No JaMilww RNWDYV
V]iPtWyJpSHV ODERUDWYULXPRAp j\r f\R VW&’% TWAYN RNWDWIVIEDQ
elengedheteHQ YROW D PRGHUQ LSSIUJ_\D Lg_b EpN

. N RQVWUIFLYN LOOHMW
PHJIHOHO NpS]pVHN ELJWRVtWiVD pJBHN N[I[N EHUKHQGH]p\V
HOVDM N

J RUODWL IRJODOV
PSRQW YROW KRJ\ D KD

KDV]QiODWiYDO WHJ\
D WBQ D B H PEXWXWQ V U D

3
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N|[YHWNH] NEHQ LVPHUWHWDpPVUH NHU¢OEHNMBIIO HQLHW PWD Q\LIPOIDNtWiVD p)
ODERUDWYULXPRN pV D] DNXNEDRMNHRPRLY BNWBO|YE|] IHO- OHW SDUDP
WHYpPNHQ\VpJHN NDSFVROYGyDQ WXGRPi Q YL]VJ
$ J\RUVSURWR \¢leBatay meBadRéemni a PPU EHUHQGH]pVHN D PHJ XQNIOW IH
KDOOJDWYNNDO D ' WHUYH]pVHQ %@UDNWLJWUE\AWFQW PbHiN  $ PpU V]IRED
YDODPLQW D UHYHUVH HQJLQHHAsVOHHW I RN H WVd>D|‘bGR)Q)JsﬂJ@WRN D
SURWRW\SLQJ HOMiUIVRNDW $ &$'SRNRWIHIW WP X QB wrYvK N @ oMy wH O D G D
IpOpY D &$0 RNWDWiV $ KDOOJDW/yD\ERIUUMJGD\X/]\HiUHW\AWbIJJH]QHN

az egysH U & WHVWPRGHOOHN NP V i R%Q\ @J SURMHNWRU
IHO*OHWPRGHOOH]pVHQ NHUHV]W+0. D (g WQXF@WUI\ (N BIOOXW WRHIGLO
pV D]RN PR]JiIVV]LPXOiIFLYMiLJ $ &3$0 Mith&\H®pE HHWL pUGHVVpPpJIPpPU
megismerkednek a 250- pV-V'PDUiIVL IHODGDW 3|'$UWKRPHWHU 35. IHO<OHWL
NIWHOH] WDQWIiUJ\DN PHOOHWS  YiO®PyRYW OMPW L
LWW W|UWPOLN PHO\HNNHO D KDQENR yd‘b:NLUWL]H/WTDhinUNV]NyS
LVPHUHWHLNHW LJpQ\eN V]JHULQW $ OD

VIDNGROJR]DWRN 7'. PXQNiIN D SURMHNWP

IHODGDWRN HONpV]tWpVpW

IDERUIHOV]IHUHOWVpJ
- SolidEdge (CAD program)
- EdgeCAM (CAM program)

- 'LPHQVLRQ EVW " Q\RPWDWy
- ISEL ICP 4030

- Artec Spider 3D scanner

Az FMS labor i E Udladata megismertetni a

KDOOJDWYNNDO D V]iPtWyJpSHV J\ij
$] )76=7, ODERUJ\DNRUODWDLQ D
KDOOJDWYN HOVDMiWtWMiN D NpJL & 1%
25 D-LJ YDODPLQW D V]NVpJHV V]LI
KDV]QiODWiW $ N|WHOH] WDQWiU
WHFKQROYJLiYDO NDSFVRi©QkRNét WR =R

D KDOOJDWy $ &1& P&KHO\J\DNRU DWUDVF‘E*B%@ pvb PPUPVWHFKQLND ODE

YH]pUO VILPXOiWRURN VHJtWVFaJpY%E U&%%%%QN%MWQQ%%@EMHUWH

OLQLOLOO +$$6 &1& PDUy pmeranwk p
SDUDPpWHUHV SURJUDPRJiVL NNDl IN O JéO\,(IVFE)S\'(%%“{:EEg%
SURJUDPR]iIV pV V]LPXOiWRURN D'k, DQL U
WHFKQROYJLIKR] WDUWR]y V]LPXOi : W R EKC

_ pU JpS pVv
ODERUEDQ DPLW D %iQNL 6]DNN By LAt % RVNDVE’)D\\;V]'F;’(\)NJH
WiPRJDWMD D VIDNGROJR]DWRN 7' f>3'< 1y V%B ﬁ g WL VIRIWY
pV KDOOJDWyL iHODGDWRN HONpV]F;W 1 WpPDN|U& RNWDWI VRN
/IDERUIHOV]HUHOWVpJ PXQNDIiOORPiVRNRQ IRO\QDN D =HLVV &

EH pV D &1& SURJUDPR]IVW WiPRJIDWy,
LVPHUNHGQHN PHJ D KD Oi®thiunkyeN E%I

- GDUDE +$$6 YH]pUO V]LPXOiWRPRJIJDWRWWPREUPVYYV J\DNRUODWRN
- V]iPtWyJpSHV PXQNDIOORPiVUpV]pUH $ ODERU WiPRJDWMD D V]D

- SolidEdge (CAD program) PXQNiN D SURMHNWPXQND pV KDOOJDW
ST N TIEIN viRiwyHU g1g RRUIHOVIHUHOWYS

- IeLy WXWR\R %; PDQXiOLV NDSF
- 1&7 [ [ VILPXOiFLyV VIRIWYHU &E& " 10 MHy (l)\I’RRUGLQ?WD PpU Jps

PpU SURJUDPPDO
- Mitutoyo PJ-+ ) NRQYHQFLRQIOLV PpU S
Cosmos 2.4 programmal
- =HLVV VSLUIOPLNURV]NYSRVY RSW
KRVV]PpU SDG
- 5RPHU OXOWLJDJH NLVPpUHW& KRL
Hexagon alapPpU SURJUDPPDO
- =HLVV &DO\SVR -PPUNSURVYUDF
VILPXOiFLYV SURJUDP NLPHQHW
licenccel
- +HOLRYV PRQRNURP IpQ\IRUUIVRYV
' EHUHQGH]pY +HOLRV PpU SURJUDP
5 iEUD &1& SURJUDPR]iV pV V]W)OJWHUQDaIap@nQ%ﬁ)Bbidatkimenettel
. i - N<O|QIpOH WROyYPpUFpN PLNURPp\
$ NRRUGLQIWD Rep Uiz\uabdd HIOQ/LMR U E D Qp WioL NLYLWHOE
NXWDWiVL SURMHNWHN WiPRIJDWIiViW Vﬂg@ﬁ\qMQpHp]\D\NR]LﬁJ(BDV‘N RNWPMWWR U
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$ BURWRWtSXV |HMDNHY |WI\IDGIE DO NDM QpP]BNHQpPVHYV NpV]+OpN K
VIHUV]iPRN NpV]*OpNHN EHUHQGH]pV NN P\RGHEHO RNy JEHUWWHQ B H]pV
LOOHWYH ~MUD J\iUWiVD H]HQ $V\IHt6QN\NmE\k M@@ML‘R{W[@GBWD D /HDQ
DONDOPD]KDWYy WHFKQROyJLI@IODSXO HP NVD pPyGV]HUHN PHJI
DONDOPD ]|VWHFKQLNDL NXWDWiVDp L@;NKU\\MW@ 0P RNWD
IRUJIFVROy  PHJPXQNiOiVRN YPP\J HP\VJHHUHCV @\DPDW VILPXOIiFL)
|QW IRUPiIN NpV]tWpVpUH NRPSR]LW U@),H/Q(Q)O@FWIV$U DERU Fy

$ ODERU IRQWRV V]HUHSHW MlV‘P\L]CD.I\VpDE:&l]J\RRIVItW\XNVPXQ\MIE\DH‘lUlOHW(RHJNHC

WDQWiUJ\ VRUIQ PHIJROGDQGY IHEBBRWRWIWVHJR OGN BIRD |kipbsolatd3 /HDQ
9HWHUIQ JpSMiUP& UHVWDXUiIWRWp PN Lp|WERKQW DWDHOD BLDMRUODWL SUH
VIDNGROJR]DWRN PHIJROGiIVD VRUIRIJODONR]iVRNRQ D FVDSDWPXQND HL

IDERUIHOV]HUHOWVpJ SUREOpPDPHJIJROGY NpSHWY [parH4.Q HN [H!
) J\HV HOHPHLQHN RNWDWiVD -HOOHJ|
] Bf‘/}/\}VHDUOpLVLTJ\’/]JVggUJD PDUYJP§ X WDWiVL IHODGDWRNDW HJI\DUIQW HO
- NpJLV]JHUV]iPRN /I DERUIHOV]HUHOWVpJ
- PXQNDIOORPiV ORJLV]JWLNDL H\
i0O0YiQ\
- IPOH HOHPHNE O |[VV]HPStWKHW N
db.)

A WDQV]pN JRQGR]iIVIEDQ WDOiOKDW
IHMOHV]WpVH VRUIQ | EE VIHPSRQWRN |
PpUQ|INNpS]pVVHO V]HPEHQL LSDUL F
PHJIHOHOpPV D KDOOJDWyYN J\DNRUOD
PHJYDOYVtWiVD pV D KDOOJDWYN NXWD
DNWtY EHYRQiVD
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Examination of surface roughness producing ability in case

of turning
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gVV]HIRJOD®OI®DJI\RQ VRNIpOH IHOD \%%)kkﬁ E‘J'VRW\W”BMBWVH“WVF
DONDOPD]KDWy IRUJIFVROyY V]HUV]iPR&3%0 'g y 8 WLPODNIWVIV~ V]
V]YED M|KHW YiODV]WpN QDJ\ V]iPD ‘vﬁ | WO OtWiVL NpSHYV
P&YHOHWQpPO |VV]H NHOO KDQJROQL D Mo& SDJ‘LIDW&EJW @\Il-prQH/v DODN~ C

D JD]GDViJL UHQWDELOLWiVVDO pV DK®MYp [RJ N|\dHQ/[D1I‘GDP|[MQM]-I‘$II§|IIBI‘®RQBiJW\MM N
$] HVIWHUJiIOy VIHUV]iPRN WHU*OHWp QY iRHD W HKD @ HLA@R YU AL YOV KOHWL P\ N} | H-OMV

~M HOYHNQHN PHJIHOHO NRQVWUXNR Iy IQGH\ZDH OHW WIFBEHY WURDRHINR G
WRYIEE ERQ\ROtWMiN D KHO\JHWHW $pgh N |j:w B LIR| Np IN DQQDN HC
NLYLWHO& pV UHQGHOWHWpV &- H-H(V]MD y ]N|3pmwppw
NpSHVVpPJIpQHN |[VVIHKDVRQOtWiVD % g“ SURILOGD N
YL]VJIiODWD -HOHQ DQ\DJ D IRUJ @ E%

HJ\HQOHWHLW pV D PpUpVVHO PHJK i ]R IOLV SDUL

E\MﬂJIJ\]HWW

[IVVIHI«JIpVHNHW KDVRQOtWMD |V n AH
NeO|QE|] N|U<OPpQ\HNNHO HV]W H o+ B P W\ e esapay HUHG
ViuD LSDU DQ RWW DGDWRNNDO 5D

D HN

MHOOHP] LQHN OHtUI ] N

Kul « UGHV VDL SDUDP WHUHNazokraD S IL\JJ/\ﬁDQI PRW ) UH LV NLWpUQN L
ulcsszavak: p p p P i

IRUJIFVOHYiODV]WiVL PyGRN HOPpOHgnémgyn \)VpJ VPS%S/ E@m(%wgﬁ)w%l-mvowm
VVIHI*JJpVHL

Vvl P Jelen NXWD’WJV FpOMD D] ,62 JIMRPHWU

Summary - For (universal) cutting tools, being usable to OHJKDWpNBQNDEE D]iVL N|UOPpQ\HLQ!

perform a wide variety of tasks, the real difficulty is the OHJLQNIEE PHJIHOHO DGDWRN PHJKDW,]
enormous number of possible choices, because the

technological conditions for a given operation must be 1.AF25*E&6/(9E/$6=TEHE7266E*$,

harmonised with economic profitability and quality E6=7(5*E/E6.25

requirements. Innovations, emerging in the field of turning ) .

tools, introduce design solutions, corresponding to the new $ ) V]DEI O \RV - p OJHRPHWULIM-~
principles, further complicate the situation. The aim of tte IRUJiFVOHYiODV]WiVD WHOMHYVY PpUWDpN
present article is to compare and analyse the roughnessPHJP XQNiOMWO+*OHW DODNSRQWRVViJ

producing ability of turning tools, having different designs |HO*OHWPLQ VpJpYH®JiIiFV ROMUWVPIVP p er Q
and functions, and to examine their features. The present NL DODNtWiVD pOV]|JHN EV~FVVXJiu
paper attempts to verify the relationships between the |RUJiIiFVROIVL DGDWRN N |]*O HOV VRUE

theoretical equations of chip removal and the values, ;
determined by measurement, and presents models to describe: E ‘(leoVOPHpV(ez’l\Dall_nﬁl)L/JGRl ?HV\IQ PFI)-|F\)/\>JUV\I/_‘|)Iu |EV\|;| Q PHJKDY

the roughness characteristics of surfaces, turned under
different conditions. $] HVIWHUJIOiIVNRU NLDODNXOy HC
. . PHIKDWiazRI304DV pY HNEMHI G G|WW D] HO
Keywords:roughness parameters, tool selection, chip separatigny  p FV~@REVIiW|]|WWIHI«JIpVHNHW %D
methods, theoretical roughness, smoothness characteristics (1937) SXEOLNARWEE SRQWR \Waw RRW W D

NpSOHWHNHW %UDPPHUW] DNL PiU D PL

B(9(=(7e6 IRUJIFVY DV WA invh) isKag@lkoKott [1]. Ezek az
AN.O|QE|]HMgWHUJIOIVWHEYHWRBAMMMWHI«JIJpVHN D] HO WROIiV pV D FV~FV\
D] RNR] LJD]iQ QHKp]VpJHW PHO\NUL]HY YRIPIDFVROBIYPEDIWIWIIWEDQ DJRQEDQ
OHJFpOV]HU&EE D V]iFROWRMER NJKEVWVYDQDN D] ~Q Qp]HWL MKAPRIN LV WH

WHFKQROYJLDL aff 0H JUUMR MDRIRQ\WR GRV ~FV VEHBSR) pV D PHOOPpHEAY]|J
N|YHWH P p QAWM NHOOi HKD@ROQYIWHUJIIODVRVRLFVV XJiU BIDEON HKIDWIW R4 ]i N
WHUPHOpPNHQ\VpJJHO pV D N|OW VipeyOD &/ MROD\WVJWIFDWW 8 RNUIU Y] RN P T H W
tJ\ YHW GLNPiLHGPHDOpY NpV]OHWHNEPDW LMW HQH Q Wi WmbhéyHa\E\HI DHOWW R W W
YiODVUIYDV]NR @yakobatidz) vdgy pedigaz HO WRMM pUWpPNpYHO [¢JJ |[VV]IH $ KDW?
ezena WHEQOIRPWIMHOHQ V]iPRoZhat QNHR%iBLHQ W|EE NXWDWyYy LV NpSOHWH)
nagyobb hasznot. pUGHVVpJ pV D Qp]J]HWL V]|JHNNHO ND S

Kardos, Szokolovszkij, Makarov, Brewer, Gribovszki

«<7KH DXWKRU V 2SHQ DFFHVV LV XQGHU WWMW W HUXE&vhR@isl/RE &UHDWI
Derivatives 4.0 International Licence.
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PXQNiLW HPD4VBHBRAV]iIiPtWYyIJpSHN WHBRXOWIOW IHO«OHW P &KX OHRRWHW LD i
PHIMHOHRIPNGYHBEIRMHIiIFVOHYIiODVIWipMUG IOV M J YHH
pontosabb modellek jeftek meg [7], az egyréN RUV I HU &EEp v IHNUH_ WD JR O KNDJWM

\M Wikl p O KR V'
WDSLQWy HOYHQ P&N|G pUGHVVPéﬂ?alPandN P B @ bd HN Halthyy ey B P PMDNtwi

D NtVPUOHWHNE O V]iUPD]y] CHIPW Vil v
PUGHVVpJLHNHSEPHWHNLSB O LJpQ\HIJW\], J#HWW%I%W)QH JBE2QUHNV/AH N

oY) HWUH UiPIVROYGQDN PpJSHC(
PUGHVVPUWIIODWRN  WHU<OHWDQ W\H%J\/u 'OH MY N& D] DONDOPD]
NtVpUOHWH] NHGY pV D aRiKd Gl %rl WHKIW D] pUGHVVpJ p
VWDWLV]WLNDL '\bt(VpNOO*WVW@HY'F" ]] ﬁJ'-prQHN YL]VJIiODWD D FpONLW
elterjedtek SpOGtela@@_falDtoranal]LV YiOodek] | J DWIUR]IVD QpON+O|]KHWHWOHOQ
PyGVIHUHD VMWRWEJIiFVROKkKV UDWWMRURN

PUSHVVPY HIIHV MHOOHP] LQHE S&@?ﬁww ND‘?%%%%%MM&VJ}W
$] HJ\UH SUHFt]JHEE J\iUWPiQ\RN pJ\ [] é) ﬁ) y)Gm\//‘éﬂ\y D
WHUPpPV]HWHVHQ HJ\UH SRQWRVD Bi SND SH

pV YL]VJIiODWL PyGWINM PHINHS RHYH {(y

|
MHOAOPV& OHJIJMHJI\H]]*N KRJ\
IHO*OHWHN BrHh@GHRN I MHO O H P % q ﬁye[?(HL]V.ﬂJnGBID\X/\}’HP]S]RQWMlEy
Rosie, SRENLCEDS M oo e
y .
HOHP]pVRNRMOWRVDQ IH®YYQWNi QD R RQ W|U VélregedteR alkhiRaz&io i v

DIl P I 2 Nhenger- N~ $/NVagy
[[1)OP1H101\2]HNon|stq1 OLIIFD THO-OHW Wy @MM@WNRQW UN|YHW  HV]WF
- el D i HIRJRW W D 0] B
Jelen anyagD IRUJiIFVOHYiODV]WiV pVeh % \5 L,J%H%gés( FEETL%WLQ%EVQRU
DODNXOiViQDN V]HPSRQWMNE®QQ I r{? ; v H DOD

NLDODAZewDVNLW&]|[WW FpOQDN PH - W@ﬁ’g} \
ODSNiINNDO pV D EHIRJIVXNUD VIR JIED ¢|rEY"\@J~ k¢ VA 1LHx\ﬂ/'u YHV]
VILVIWHPDWLNXV WHV]WVRUR]DW

aODSYHW EpDNLMEApOHWL HJIXHQC

pUGHVVpPpJPpUpVVHO PHJKDWIUR]RW' */ RODW
P HJNHU ibit.p X Hkapott adatok D O D SNAI@| Q I1p O —

modelleket dolgoztunkNL HPHOOHWW D SDU

[VVIHI*JIJpVUHQGV]HUpW alairdas/ aN | %

PUGHVVpPJL MHIDWhaEckokt V]iPtWaslpS g Z
SURJUDPMiQDN NLIHMOHV]WpVpUH L S M s e

$ IRUJIFVOHYIODV]WiV PyGMDL H)\ - .

EVIWHUJIOIWOI RO BtWRWW [RJXavVPpu\vpJJH B .
mm) pV HO WR@mYdb@a&ra i a munkadarabbal 4y BORV-FVRQ wiuwpQ OHYiO
elvleg a VIHUV]iRO FV~RMVXMPHOOpPNpP
PULQWHEHIRNJIMWNROOFRP\WHFKQRO:"
adatok pV W]HUV]iP NLRDWNU1WRigh Mhol a
IRUJIFVRW N|J]YHWOHQ+<O OHYiIODV]V
POKRVIMIWDONRWMOHYiIODV]IWiYHDNQ | . nooiis

POVIDNDOPRBWMiQ PHJ OHKHW N+O|QE]| .« I
1. Udiuszon W |UWMQNHV]IWHUJIiOiVW [ t - w3
IR JiV P p Qa)Kipebb, mintaz REFV ~F V {axJiU AN AT AT T LA
RE), . B e S

2. ritka esetben IRUGtWRWW | |&kdi F&¥ RO
Uigton {UWpQ IRUJiIFVROIVNRU 15 WP
nagyobb, mintafdiVyY fa&HE e 6a < f). llyen -
IRUGXd2 -MDEEDQ HOW H U NIHiGIV ~ i T
HVHWPEHQ b) PHOOpNpOOHO W|UWpQ OH

3. nagyon gyakori eset az(p)®V~FVREQI]HWW _ .
HV]W H @riikrissaka | pO pV D FVesfFVVXJil: TEUP PENIC @@ HVIWHUIIOIVNRU
UpVIW D IRUJiBxaNpSREVEEHRHOOPNPQ §jiFvRW N|JYHWOHQ+0 OBYiODV]W
SDVVILY VIHUHSO aNWtY p CKRWRMMWIIN DPHO\QHN NpSOHWH

4. KDVRQOyerS §ydkori az az eset, thyVl\/DEYlQ\ MHO|OPVHLW DQNDOPD]YD i D
PLQGKiURP pDM]P R DP$OWmWN RO Y H 3 .

IRUJIFVROIVEDQ L QEMEPANGAEEER g 4 p g 0 g

$] DNWtY pOKRVV] WDQXOPiQ\R |\A QQQ/A\/EF?UEDEQ“ D]pUW™* -

IRQWRYV PHUW D PpUHW OpWUHK VED Glow V]HUHSH YDQ

PXQNDGDUDEEDO pUégefieN$R QMM B \DNX-JQU HI\HOOHWE OHJOiWED &/® t W R W

IRUJIFVR@YSRQW@WHN NLV N|UQ\H]H|VP§B]X?\WF%CP\QB&'J>€& N Dpp GRIOJR]y ®ODSN[

WIUWpPQ HV]JWHUJIOIVNRU NpW UpV]E
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NL KRJ\ D] DNWtY pOKRVV]DN J\DNRUQD '@[ﬁé #%E'P PXWDWQDN
NeO|QEVpJHW D YL]VJiOW NpWIpOH B#DoNDOPD]IVH

HVHWpPQ VHP Ez azt jelenti, hogy minden esetbBn UiGLXV]RV pOV]DI
Az is PHJiOOD, SibdykaDapkaUiG X 6] pWagy PHIJKDWiUR]y Q\RPRW D BHJIPXQNi
PHO@GPNHPD PIVNpQW YHV]L NiL 0B MUWHPYVHIWMN KR|JAV]HI*JIpVEHQ V]HUHS
IRUJIFVNESDIVEO WROIV Q[YHOpPVHMEBHVY@JNpPBP pOVIDNDV] Q\KIBYiQYDOYy
HVHWp@yO -ra, RE0,8 mmQpO SHGLUYCGHJ\HQOHWEHQ V]HUHSO pUWpPNQHN

70% UD FV|NNHQ D UIGLXV] iOWDOE®WK® WW@WJEBW PHJ D N|
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HOV YiIiOWR]DW HJ\UH Q NY PHUHGNVHIDRDSUBIL ORMDW BJOMWMEWNDUIC
HO PtJ D W]JEE pOV VVIDO GBROWHRI]Y- OI‘HFV\QM—W PVKMWARLYIEEL NpW JyQil
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]
DONDOPD]JiVDNRU D PHU VpJd | P[BN H
D WHQGH](I?FLiN MyO IH v RX%Q%D umg%\‘q N S’W\'?]@F'U%QS\GU@'UIQ\ D PD.

profildiagramokNpSHLQ LV .
$] HOH P NoLWU B DRAGW R BN G spuwmm%laigHJQD‘]\REE DQIDJDUIQY D PD
NLV YiOmRthak, viszonta V]yU yks nEgy A

SLOODQDWQ\L P&N|GpVp
NpWIpOH VIHUVIiP |VV]HKBDSgRRIO \R/\\ﬁ;v o NDBEVRODWEDG b
mert HOWpU HV]WHUJIOIVL M3 OWw
YiOWR]DWRN HEW [0 O0pWE MW N Vp VW IH\WU]y@HDW BMBI OIHH O €0 H W

DV]QlOyG|V|QDN OHJLQNIER/ L\NLWHW
24A] pUGHXENFLBQIORLRpWHUH DQ\DJKLiQ\RV WDUWRPiIQ\ D NHQ DQ\I

$] DONDWUPpPV]HN NULWLNXV IHO akanasPL W0 7\ixRP oM AP VFOHWHVHQ
WiUJ\DOW PDJDVViIJL WpUN|]IL pV$ KpENIPp® HSNDILUDPRAMMMIEMN-NIHKDO W] iIFH O « O +
MHOOHPH]]*N HOOHQ UL]]*N pV PLRpUPWE 0 i VDO DNRNOMN. EIRIDE MildteO HW L J |
PUGHVVpJL SDUDPpWHUHNE O SHGE&LOHJIJMHRI&M]IGNY KNRJEHWMIL tJ\ iEUI]JROW
YLVHONHGpPV+eNUH NBJYHWNH]WHWKNWYIRROW p WisvgbN|N N | HW PcU W Rrhy

A17 iEar[3013565- VIDEYiQ\ VIHULQW KPMPIYRMYUD pS*OQHN HIpUtKelNRUOIWF
osztott profildiagramot mutat be a2(] D O D.SM i @@egjegyezni, hogy egyeBpU V]RIWYDHXKHOWNGFALER QiO L’
l+JJ OHJHV WHQJHO\HQ WHWYV] OO B W H N H\Q HR DR QW MrEgSzer MUD O
YRQDO SHGLJ D]W PXWDWMD PHJ PpUd W o W\V\DRJDWVEWNDWDBI
el (4IN:%4)azlb«ly, PHWV]HWW V]DNDVYR®L FHEJLHDD | U Wipepko LRYkYiVVDO
PUWPNHOPVAL KRVYRKIRNN® PO Bélett) RPKX, Rvkx,” Mrl, Mr2, Al A2 Vo MHOOHR] NHW
PHWV]pNWBNROW [IHO-OHW OHJNEKYpiPOWME P SUﬁo

FV~FV]yQD D] DODWWD OHY OHJ g i EEUW HOLOHY H?\M \Rm MA/QBN HOHP
PDJ]yQD PtJ D Y|0J\]yQD D PpO\HGWVYHWNNIWDWWY B YR yN OH

$ KRUGIHO<OHWL J|UE H-diag?an)N p &S diagrangokgn FV DN UpV]EHQ LVaPHUKHW
RUGLQiIWD LUIQ\EDQ D PDJDVViIJL ADNFEDMMWYLERXV HORMH®IHD+OHW L JJUEH
tartalmazzaD N|YHWNH] ekked QHYH]pV V]RNIV A6” JIUEpQHN LV QHYH]QL DP

xRpk UHGXNiOW FV~FVPDJDVViJ ]]LJD PING P W REWRMBHEYHO l+JJ [VVIE

NLHPHONHG FV~FVDLQDN D PDY¥BURINYOOWRIRA WLO PWOORRWVUR]YDN D
PDJDVViJD p WpNHL DPL IRUJIFVOHYiODV]W

x5N  PDJpy@®HVVpJ D]D] D %ﬁ@vg\?{){H“g\ﬂ‘}\PJDlEV"\'/'ﬁ/O'%NQRQVY_"VXV'S/]O(%N”
PUGHVVpPJL PpOI\VpJH aPDJ DJKiQ\DGD DODWW

\
X5YN UHGXNiIiOW Y|[OJ\PpO\VpJ D]Db%J (%] \:JE@DHI%V@/EQU%\\/ EHIiOOtWiVDNR

Y|OJ\PpO\VpJH D PDJWyO D] DQ\DI:!CFVV'PLPQ(@N'l@F’E\J\'@]WI-'P\p_IWHUJlOW IHO+Ol
QHP pULQWHWW YRQDOILJ WDUW .wN|[]LN

OHIJMHJ\H]]*N  RgRJ\ OHJPDIJDVDEE SURILQYRGLN YiOWR]DW HVHWpPEHQ V

FV~FVPDJDVViJ ©OHIP pBEXY\MEE YIOJ\%kaW@@ HOsOHWL DGDWRN $ SURILC

S D U D Ptp & HSOH 13656-2 tartalmazzaamelyet a Yi R]iVD jYHWNH]WpEH D]
NeO|QOHJHV UHQGHOWHWPV& IHO-OH Jlj!]LIbW M pU N H O pd\%—\.p\,?f OHJ

ILQLVKLQJ RSHUDWLRQV pV PLQ VKWMV)FDLWWN ﬁ\R 1, v,ygw $62 WHUsOH

13656- V]IDENMAMQRJIODOQDN |VV]H OHFV|NNHQ (] N*O|Q|VHQ NLV HO WRO
Az AFC diagram azDPSOLW~®Gan UD@IEEULIJ\HOKHW PHJ

N|JHOtWpK/' VWO OH

4VN ?1=T N 4LGCE 4RGAI? (11),

Q
|YH

DND
HGH
OLVPHUKHW
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6]DEDG IRUPIM~ ITHO*OHWHN PIL
MDYtWIiVD

Improving of milling condition of free-form surfaces

OLNy %DODVJID %pARuwavab Mgherony*
*TEXGDL (JBddageRODJI\DURUV]IiJ
miko.balazs@bgk.uni-obuda.fwarga.balint@bgk.uni-obuda.habdulwahab.mgherony@uni-obuda.hu

gVV]HIRJ®DOJVEDG IRUPIM~ IHO-OHWHS IRWPE¥FMIROIVL IRO\DPDWRW W|EE Wp!
PDUYYDO W|UWpQ VLPtWiVD HVHWpQ gﬂzﬂBﬂM]fS‘]/RON N|U-OPpQ\HL D
IHO-O WWVDI®PWDWW IRO\DPDWRVDQ YiO R] MYSPV D p \DJPLQ VpJH

VIHUV]iP WHUKHOpPVpPUH D J\IUWRWW g A
DODNSRQWRVViJiUD $ FLNHR]yEI—HDD(LWV)NVM H %:%WH‘? Wirhe ViLoiuGviy

N|UsOPpQ\HNE O DGyGy HOWpUpPVHNHW _Y .
IRUGXODWV]iP V]DEiO\R]iV PyGV]HUpW Dpﬁt?%'\@é?%‘cﬁao@% MG\Q/U\';'.Q"SL D JDH'
HUHGPPQ\HNHW QVi Q
pOJHRPHWULD JHRPHWULDL PpUHW

Kulcsszavak VLPtWy PDUiIV J|PEYpJ& PDUy IH@MIHWL\}:)UGHV

IRUGXODWV]iP VIDEIO\R]iV x IRUJIFVROIVL SDUDPpWHUHN IRUJI
HO WROIiIV IRJiVPpO\VpJ

Abstract 2 When finishing free-form surfaces with ball-end x VIHUV]iPSiO\D D SiO\D MHOOHJH H(

milling cutters, the cutting circumstances are constantly x VIHUV]iPJpS PXQNDWpPpU PpUHWH P}

changing as the surface changes. This affects the load on the stb.);

tool, the roughness and the accuracy of the finished surface. X NpV]*OpN KHO\|HWPHJKDWIiUR]iV P

The paper describes the variations due to changing milling PHUHYVpJ VWE

conditions, aswellasthemethpdofcontinuousspeed control $ NeO|QE|] WtSXV~ IHO*OHWHN N+O|QE

and the results that can be achieved. VWUDWPJLINDW 0RUpPWY\ HOGHp Q D VLI
N . - PHJYDOyVtWKDWyY ' IHO<OHW PDUIVVDC

Ke_ywordsflnlshlngmllllng,baII-endm|II|ngsurfaceroughness, ODQNiV IHO+OHW HVHWDpPQ YDJ\ WHUI

spindle speed control ~MMPDUYYIR) @ DVDWRNUIGLXV]RV PDUy

1 B(9(=(7e6 IHO*OHW HVHWPQ iEUD

$ VIDEDG IRUPiM~ IHO*OHWHN DOD fsascait o s N
D] RO\DQ JpSDONDWUpPV]HN HVHWp_ \
HV]WpWLNDL YDJ\ iUDPOiVL VIHPSRQ

YDJ\ D Ki]WDUWiVL JpSHN EXUNRODW
HO iOOtWy DODNtWy pV |QW V]HUV]
DONDWUpPV] IHO-OHWpPQHN QHJIDWtY
' YDJ\ ' PDUiVL WHFKQROyYJLiYDO
makro-pV PLNUR SRQWRVViJ QDJ\RQ IR
IHO*OHW PDUi{VDNRU PLYHO H]HN D |
YDJ\ IRUPi]yVIHUV]iPRN UpV]pW NpSH
D] |QW|WW IU|FFV|QW|WW YDJ\ IRUP
8J\DQDNNRUpD[DQMWNtWYV]HUV]iPRN J
JViUWiV D KDWpNRQU]HBWBRQW | RQMYRM Op QHW
SRQWRVViJ pV D PHIITHOHO IHO-OHWL PLO VpJ

%RQ\ROXOW IHO*OHWHN PDUiVD HO/BWDQ DR&JP&MSURHODCPPFR\WHN PHIPXQ
&$0 UHQGV]HUUHO JHQHUIOMXN @HYH®DVDRWDEEV]EHDOMNUDWpPJILIN D
HO iOOtWiV ERQ\ROXOW V]iPtWiVW NRQQHONH &\ a HO+QE W IH PN i V iEUD
VIiPRV PDUIVL VWUDWPpPJLIW WRBpWIRIDON PDN iV QEXDIRIEDN OB W R QWiVUVh Y
PHIJKDWIiUR]]iN D P&YHOHWHOHP WHEIPKQNIi®iPHIPXQNiOiV
tHUYH]pVH VRUIQ D WHFKQROYJXVg Pmdwwlwd@mw oMY v WIDERG, IRUPI
NLYiODVIWMD D VWUDWpPJLiW EH|q,@qwm@R@ RLODNU VIR PeBWBLW DRruU
IRUJIFVROIVL SDUDPpWHUHNHW NyYHQRYIPVM PR B3P HRBX@INIGYUDP pWH U H

WHU«OHWpPW $ &$0 VILPXOIiFLy VHgtMyby Q) O@nOHWY B LSO WD) mRHMNM «OHW PLNL
PHIMHOHQtWpPVpPEHQ

7 EE88H IHO OHWHW WDUWDOPD]y
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: NC_CS0
2 iEUD 7pUIRJDW PDUiV NRQDHY PDUIV pV ' IH
-HOHQ FLNNEHQ ODQNiV IHO*OHWHN J — )
WIUWpQ PHJIJPXQNIiIOiIVIQDN NpUGpVpPpYHO \

HJ\ NtVPUOHWHQ NHUHV]W+sO PXWDWMXN EH D PDUIVL
N|[UsOPpQ\HNEHQ EHN|YHWNH] YiOWR]iVRN i&K@BW]jWiMONDVUpV] 1R
IRUJIFVROIVL HU UH YDODPLQW D IHO«OHW JHRPHWULDL
SRQWRVViJiUD YDODPLQW D IRO\DFRDWRVPpRIML p\RUBRBDBHWWYILIPL SRQWRYV
VIDEiO\R]iV KDWiViW D IHO-OHWL pVURWINVPIUN|YHWNH] SDUDPRWHUHNHW
WHV]WDONDW Up®§ GHWHRMMND Q PP iWPpU M

2 ANYAGOK, (6=.g=g. e6 01'6=(5(. pO& ] )UDLVD ; W|P|U NHPpQ\IpF

$ NtVPpUOHWHN VRUIQ NpWIpOH DE®XD UQNWWIHINR PRHHIEPX@QNIOYD $ P
YL]VJIOWXQN $] HOV [ PR RARNIMAEPE00 RIRpp Rak-o- P PLQ QpYOHJHV IRUJIF
CV) pV GR P(EoREx-- CX)tYHV IHOoOHWHWH/\ED"U/\MU‘PVDSBWHOHQWZO-:ﬁ mhR JaitP p O\ V p .
&UOR 5P 03D DODFVRO\VMRPYWMMMDO ELIWRVIWRWWXQN $] H
DFpOEyYO3NpEJ-DW pUWPpN QWHQ YIOWR]JWDWWXN D] 7

$ PIVRGLN WHV]W DONDWuUpv] F[PWY BLYMALIFAERHO SIUKX]DPRVDQ

5 PP VtN pV DIRNDW |VV]HN|W WyUXV] 5 PP
IHO*OHWHW WDUWDOPD] $Q\DJD & 1 WIiEOR]DW QBPpUpVL NtVpUOHW PDUIVL S
N|JHSHV V]IpQWDUWDOP~ |[WY|]HWOHQ DFpO iEUD

$ PDUIVL NtVpUOHWHNHANY CNG\ 0D]D Nesztdarab fz[mm] 8 [mm]

YH]pUOpV& PHIPXQNIiIOY N|IJSRQWRQ YpJHIW*N D obg*NVpJIHYs
NC programokat ProEngineer WF4 illetve CATIA v5

&$' &$0 UHQGV]HUUHO iOOtWRWWXN HO 2 0.08 0.25
$ IHO*OHWL pUGHMMBBIIQW*'ODKRMUGHVVp P 0.16 0.15
PpU YHO PpUW*N $ JHRPHWULDL KLEiMiW OLWXWR\R &U\¥#/ D
30XV WtSXV~ NRRUGLQIWD PpU JpS§HO PpYW N Dy

NLpUWPNHOPpPV EBEvérvd i @martRidfileé Pszoftvert
KDV]QiOWXN 6 0.16 0.35

$ IRUJIFVROYHU PpUpVH HJI\ .,67/(5
NRPSRQHQV& HU PpU NpV]+OpN VH3StWNrIhHYWD pW BHWVPW Y I$S]VIiIODW D N|Y
DGDWRNDW "\QR:DUH V]RIWYHUUW QU B QW NHIOMWD-QINDW Up$] HVHWpPQ $] V
HU PpUPVHNHW IUHN]YHQFLIQ YpJH]WPR iWPpU M& () F& GIF44100NW | P |U
“ NHPpQ\IpP J|PEYpJ& PDUYYDO PXQNiOW)
» x $ IRUJIFVROiIVL SDUDPpWHUHN D NJ|Y
= QpYOHJHV IRMHEAVWRPHNSHUF D IRIJDQNp
e . " S HO WR®iIV IPP $ IRUJIFVROIVL SDUD
_ N I e PHJKDWIiUR]iViQiO ILDHQHBEHPWDWMD QY
—r—lg DMiQOiViW = D V]HUV]iPJpS WXODMGRY(
" IRUGXODWV]iP OHKHWVpJHV YiOWR]WD!
1 pUWpNpWVPHO\¥h] WP p¥o OW]pOHVVpJ
a=0.25 mm volt. AfoJiVPpO\VpJ iOODQGyYViJD pl
i HO PXQNiOiMMW MPEYPN& PDUIVVDO
= ol | . $ WHVI]WIHO*OHWHNHWaNR]Q\BUWU@XJDP
—‘\_\_‘[";/;L (zig-]DJ ' IHO*OHWPDUIVL PyGV]HUUHO
° YLVIRQ\tWYD |W N+O|QE|] HO WROiVL |
: PHJ $] HO WRO#KL FUIQARN f$ f f
1 voltak.

3 IEUBIV]W DONDWUpPV] 1R $1] HOV WHV]WFVRSRUW HVHW
RUVYIRUGXODWYV]iPRW DONDOPDIWXQN

S
~
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Q PLQ D] HO WROIiVH500 mirlE/mhivi V pPINSAHGE DLW GROJR]y iWPpU W H SRQW pV
YROW $ PiVRGLN YL]VJiODWL VRWIR]DOW B \NHWYEHQHDH BGMP (] DODSMi
IRUGXODWV]iPiW pV D] HO WROIiVLextH BIAVR/ N DWW D @ROORJP SVORPU PLQGH
PHQWpPQ PyGRVtWRWWXN ILJ\HOHKRKH PREKDWY WpQ\OHJIHV
RUJIFVROIVL iWPpU W $ IRUGXODWY]ipP] iRy @RWItWHY HAMWPKW PHOKDV]QiO
NIYHWNH] THMH]HW LVPHUWHWL UMK HWRYHUBP PyGRVtWiViUD YDJ\LV P
, o s GROJR]y iWPpU 1+JJYpQ\pEHQ YiOWR]y |
3 F25'8/$76=E0 6=$%E/<20:(E0$/iI6ETE6S EHIOOtWiVD pV tJ\ iOODQGY IRUJIFVROY

$ J|PEYpJ& V]HUV]iPPDO YpJ]HW JlleJFPW PD ]DDV]HUV]
O+OHWHN PDUiIVD D] HJ\LN OH A% IRUJIEVR
H

A WP S8R MR

AN AR Hﬁ geepg
(Q'Id% \3 G ] D] DONDC
i

IHO*OHW KDWiUiQ W|UWpQ XRG OWDOIEDQ
LVV]DIRUGXO (] D VWUDWDpPJLD D
OiIPHWV]HWW J|UE+OW IHO+OHWH @Qv '\ngggsﬁkélj&'@yé@g%ﬁ XPR\]N $YiPOHD‘]
*IPEYpJ& PDUYYDO W|UWpPQ PDUINWRILIR BIKUVYHIYBOiIK|] pV D &$0 Ul
|lUsOPpQ\HL D IHO*OHW YiOWR]iViYO® DROORKDWYRKDQ|QDiOWRINPNHY [iMOI
] HIWHQOHWHY IRUJIFVOHYiODV]WSRVIMOSVRFEHOWIR D "I OF @ Hpdd@reovotDR U L H Q
JHUV]iP YIOWR]y KHO\]JHWH PLDWWHQHB ®®RAMHW DINJ\ (QQ HAY KRWWRWW  $37
W|EE WpQ\H] Q LV PHJILJI\HOKHW SRV]WSURFHKY\3OKBRWRIW X R yEBRO,iV~

$ IRUJIFVROIiIV VRUIQ D V]HUV]iP RROHHWHHYE\DIWH D WIROGROJIR]IVW pV D
LUIQVIQDN 1+JJYPQ\pEHQ YiOWR]LN D$ RMWQLOWH WO RPOUHANO LIRP BHWMD WiUR]iViK
pV tJ\ D IRUJIFVROy HU pUWpNH (]JIHO -DINWXIPRRNWQLYDOWRBMOOMpPUH YD
D
U
U

I

U<0TS
<o

<&z

VIHUV]iP IRCRIGY®PPU MH DPL DIRIOIQD®IGy7/ IIMOIRUPIWXPUD HVHWW D
Vy IRUGXODWV]iP PLDWW YiOWRIYPIRXF RWR OJVRUVHEURAW RRWS XV J\il
GPpQ\H] DPLVDNQL KD WYBDONXQOYyM OHMYqUHWWHN NL .D$ | HDO OBGINW HNH
HVVpJpUH (QQHN N|YHWNH]WRIEHR@VPINNOWR]ERGWMPHWD] DOJRUL
HVVpJH LQKRMRIYIHUUHF] GROHRHVPIHGHWW KLEiYDO D IiMO D KiUl
iWPpU MpQHN  YiOWR]iVD D VINRRUBLQOGVQWPVPYBIODPLQW D KiURP!
NLNeV]|E|OKHW DPR-DRIOQEDPD WHFKRROGILIQOWiILW WDUWDOPD]]D $6&,, IRUI
DONDOPD]iVIW MHOHQWL

$ JJPEYpJ& V]HUV]iP GROJR]y iWPpU Mp' = “rrmmeerge e
YLVIRQ\RN HOHP]pVpYHO OHKHW PHJKDW

NJ]YHWNH] WpQ\H] NHW NHOO ILJ\HOHPEHZ

X D VIHUV]iP QpYOHJHV iWPpU MH
X D IHO*OHW PHUHGHNVpJH

x D] HO WROiV LUIQ\D
X
X

D IRJiIVPpO\VpJ QDJ\ViJD pV D

IRJIVV]pOHVVpJ LUIQ\D SOLID PRT0002

facet normal 0.000e+00 0.000e+00 -1.000e+00
outer loop
vertex 0.000e+00 5.000e+01 0.000e+00
vertex 5.000e+01 0.000e+00 0.000e+00
vertex 0.000e+00 0.000e+00 0.000e+00
endloop
endfacet
«
ENDSOLID PRT0002
6 iEUD 67/ IiIMOIRUPIWXP

e

—

=—=—"70] = -

| Dolgozé

El6tolas
irdnyaval
parhuzamos
érinté

$] iIOWDOXQN IHMOHV]WHWW DOJRULWI
SRQWKR] PHJNHUHVL D OHJIN|]JHOHEE
KiURPV]|J N|]JpSSRQWMD DODSMiQ pV D¢
KDV]QiOMD D V]iPtWiV VRUIQ $ IRUJIFV
5 IEUPEYpJ& PDUy GROJR]y iwppu Rh DNWXiOLV GROJR]y iWPpWREVG D
IRUGXODWV]iP PHIJKDWIiUR]JKDWY PpV HC
$ VIDEDG IRUPiM~ IHO*OHWHW ORXNYBE VDB 8B NNDBGRYOVH ARQABARWKR] KR]
D IRJIVPpO\VpJJHO HOWROW VtN IH®-0OHW HJ\ NJUW PHWV] NL D

Metszeti
kor

J|IPEYpJ& PDUy EXUNROY IHO*OHWpPE O PHO\QHN KHO\JHWH D

IHO*OHWL QRUPIiOLV KHO\][HWpPW O [JJ iEUD $ GROJR]y

iWPpU W PHIJKDWiURN|WRQWHWIH® BRQW

KHO\]JHWH D V]HUV]iP HO WROiIVL LUiQ\iwyO pV D IRJiVYpWHO
LUIQViWyO 1+JJ D] HO WROiV LUIQ\~ pULQW MHO|OL NL $]
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40,0

APT fajl STL fajl 30,0

20,0

10,0

¥ ¥ Z 00

Szerszam Feliilet © :%8-8
helyzet normalis 30,0 P

Dolgozd
atmérd
- ——Fy-CV U 0,08 260,35 Fy-CV D 0,08 ae0,35
Fordulat- El6tolasi
. ) Fy-CX U 0,08 ae0,35 —— Fy-CX D 10,08 ae0,35
szdm sebesség
90,0
80,0 A
70,0 ‘
_. 60,0
Z.50,0
2 40,0
7 IEWDIRUGXODWV]iP V]IDEiO\R]iV IRO\DI 500
10,0
4 E5('0el<(. %0

41 )YRUJIFVROIVL HU YiOWR]iVD

$ PDUIV VRUIQ IHOOpPS HIWDN LIBHEr
EHiOOtWiy0o&mhweg=Q35mm LVPHUWHWNM
egyesHU |VV]HWHXYONMJH D] |VV]HV EF Bhi S s e e

KDVRR OpV]OHW HA tatdnaezpp V W 8 iEUD )RUJIFVROY HU NRPSRQHQVHN YiO"
OLYHO D IRUJIFVROIV \ LIMQWERQ W|UW p Q W(fz=g0pmjn ae=035mm)
HU NRPSRQHQV D $D\VM]WQ\HUNRB]SRQH%/V Dd
HO WROiIV LULQ\~LHUQ\-DNRPSRQHQV 00 QYfHlYyVyN> GLDIJUDP HVHWpPQ MyO (
WHQJHOMWI U@ $ KiURP HU NRPSH( ]WHRWNR UKDWiIVD  $ ITHO*OHWHN
[VVIHJH D IRUJIFYy RO idbgrabk egy YIOWR]LN D] HU MHOOHIWHWEDVYVWRHL
VIHUV]iP~W HVHWpPQ PXWDWMi8. D]HU NUu@_\@Hc{DQ-ID(ﬂNQWUD\/}/QH_@CHFOQWR_OIV
iEYD HJ\HQLUiIQ\~ LUIiQ\~ HO WROiV PDUiV |
GLDJUDPRN N|]JHO V]LPRPHWUENMRMDRY $
VIDNDV]RNRQ pUWPN N|U+O LQJDGR]LN
$] HO WROIiV LUHMHWRQ D] HI\HQHV V]I
YDQ V]pOV pUWpPNH D] HU QHN PDMG
N|[JHOPEHQ VILQWpPQ $] HMHMIALY B UMM O
KDVRQOYy GH D YiOWR]iV QDJ\REE Pp
HU NRPSRQHQV HVHWPQ D Yt]VILQWHV
J\RUV FV|NNHQpVH ILJ\HOKHW PHJ P
SRQWKR] N|JHOHGYH ODVVDQ Q|YHNV]LN
&9 IHO*OHW HVHWPpPQ D PD[LPXP D] LQ
GRPERU~ &; IHO<OHW HVHWpPQ NLFVL
PD[LPXP $] HUHG IRUJiIFVROiIVL HU MH
90,0 D] D[LIiOLVY HU KDWIiUR]]D PHJ

80,0

0 $] HUHG HU N iWODJ pUWpNHLW D

Z 500 OiIWKDWy- M HO\BIYQLUiIQ\~ PDUIV YDOD!

g 200 pV GRPERU~ IHO*OHW HVHWDpPQ D N+O|QE

200 HO WROIiV pV D IRJiVV]pOHVVpJ QDJ\RE

190 IRUJIFVROiIVL HU UH $ GLDJUDPPEyO D
IRJIVV]pOHVVpJ QDJ\REE KDWiVVDO YDC
D] HO WROiV $ OHJQDJ\REE pUWpPN WH

PD[LPiOLV SDUDPpWHUHNQpPO YDQ

0,0
60,0

-40,0
-50,0
-60,0

0j APT f4jl

F-CV U f0,08 ae0,35 —— F-CV D f0,08 ae0,35

40,0
30,0
20,0
10,0

0,0

-10,0

20,0

-30,0

-40,0

50,0

60,0

Ers [N]

Fx-CV U f0,08 ae0,35 Fx-CV D 0,08 ae0,35
Fx-CX U 0,08 ae0,35

Fx-CX D 0,08 20,35

——F2-CV U 0,08 ae0,35 —— Fz-CV D f0,08 2e0,35

Fz-CX U f0,08 ae0,35 —— Fz-CX D 0,08 ae0,35
50,0

40,0
mov-u

30,0
cv-D
20,0 U
10,0 I I CX-D
0,0

0.08/035 0.08/0.25 0.08/0.15 0.12/0.15 0.16/0.15 0.16/0.35
Teszthedllités (f,/a.)

Erg [N]

9 iEUD EWODJRV IRUJIFVROYHU
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(J\ SiO\D PHQWpPQ D] HU pUWpPNpPQHN Y

MHOOHPH]KHWM+sN OLQW D iEUD P)EOOOS/\‘W\

HVHWpPQ WDSDVIWDOW WHQGHQFLINDW /pNH
DPL D]W MHO]JL KRJ\ MHOHQW VHC?

VIHUV]iPSiO\D PHQWpPQ

35,0 £ 0,000
S
30,0

£ 0,004
? 0,002
R

1 3 5 7 9 11 13 15 17 19 21

Pozicio
25,0

g 20,0 Bcv-u —/\
8 150 cv-D
10,0 XU 100,00

I ) 80,00

5,0
0,0

Eré [N
=~
=]
=1
=]

0.08/035 0.08/0.25 0.08/0.15 0.12/0.15 0.16/0.15 0.16/0.35 20,00
Tesztbeallitas (f,/a.) 0,00

10 iEUD $ IRUJIFVROYHU V]yUiVD SIRARREASARRINEESR
dé [s
$ PDUySiO\D PHQWpPQ &$' PRGHOOH]
PHIKDWi/ RWXRV WpUIRJDWIW pV D] H( FOUI008e075
YDVWDJViJiW O0DUiV VRUIQ D V]DNDV]F = = "~ = -rrsm e
YDODPLQW D V]HUV]iP pV D IHO*OHW = D

m
o
=]
=]
®

PLDWW D IRUJIFV YDVWDJViJD YiOWR
HVHWpPQ H] NpW LUiIQ\~ YiOWR]iVW MHO

0:006 M 'HO

NLVJHUNHV]WHWWeN D]JW D WpUIRJDWRYV %™ (UNROY
WpUIRJDWD HJ\ IRJIDQNPpQWL HO WROiV ;%% IWV] D]
HO VLPtWRWW GDUDE WpUIRJDWIEyO $] 500 'DJIVil

1 3 5 7 9 11 13 15 17 19 21

enQHN D NLPHWV]HWW HOIHRR Mép\J IRIDW .
VIHUV]iPPDO pULQWNH] IH&+OHWpPQHN —

$] EHIOOtWiV HVHWpPQ D] pUWPNHNH V$
IHO*OHW YiOWR]iViW D IRUJiIFVYDVWI

IRUJIFVROYHU YiOWRI]iViW |[VVIHYHWYH 1000 \
D] HU pUWPpNpUH QHP FVDN D IRUJIFVY _ ®° )O

PLYHO D IHO<OHW N|]pSV V]DNDV]iQ WEL"
QHP LQGRNROMD D IRUJIFVYDVWDJViJ Y“ .o

$] HU Q|YHNHGpPVpW D IRUJiIFVROIVL Y

Eré [
5
o
o
<

YIiOWR]JIVRNEDQ NHOO NHUHVQL $ Yt] SoSocodad A dRNNNNN Y
IHO«OHW V]DNDV]RNRQ D V]HUV]iP FV- 106 [ /
GROJR]LN $]J]RQEDQ LWW D NLV iWPpU O U 0,08 220,35 L
VHEHVVpJ N|UsOL YDODPLQW D] pO ..o .. e ... D

IRUJIFVOHYiODV]WiV NRUOIWR]JRWW (EE QEUN|YRUWRWPWEDIDI pV IRUJIFVRO)
IRUJIFV OHYiODV]WiVD PHOOHWW PHJQ D] ReriiIRI DOP DYV

pV NpSOpNHQ\ GHIRUPiIFLYMD DPL N VIHIIVIiPIIND KNDWwv HII
Q|YHNHGpPVPEHQ PXWDWNR]LN PHJ 1000

90,0

42 (U LPSXO]XV 800

$] HI\HV EHIiOOtWiVRN HVHWpPQ D
(QQHN KDWiViW PXWDWMD D]- HW
1+JJYpQ\ DODWWL WHUsOHWH $] HL

70,0

60,0 mCV-U

50,0

40,0 Cv-D
. . . 30,0 X-u
YiOWR]y IRUJIFVROIVL N|U<OPpQ\HI= 5 o
IVVIHKDVRQOtWiViuD 100
$] HU LPSXO]XV pUWpPNH HJ\V]HL %
HU QDJ\ViJiW YiOWR]iViW pV D PF
iIEUD V]JHUV]iPSiO\D HVHWPQ PXWE ciiie o) pvve e o,
HO WROIiV FV|NNHDMOWOIWH® D] pUWPN R¥|[[RNMH QU LPSXO]XV HI\ VIHUV]iPSiO\D HV
PDMG D IRJiVV]pO id\6\Wp JEGOONW BHVRNR]WD

Eré impulzus [Ns]

0.08/035 0.08/0.25 0.08/0.15 0.12/0.15 0.16/0.15 0.16/0.35
Tesztbeallitas (f,/a.)

HU Q]YHNHGpVW D U|YLGHEE PDU|V$_ WEOMRY JHOTIOHWMHU HgV]IIPROYD D] HI

XWROVY PD[LPiOLV pUWpPNHNHW v\m/orH@ lH O\ rw i P W PSDV]RNDW

D QDJ\ HU pUWpPNHNHW NRPSHQ]idMDH® H@llinl-_G$F}‘DRHWIPN N iE\

LG tJ\ D] HU LPSXO]XV pUWpPNH NMVHW@ DEHPOOMViV EHIOOtWi

eVHWpPQ NRQYH]I IH o VUH PHIJKDWIiUR]JRWW puU
Az53-4- EHIiOOtWiVRN HVHWpPQ OpQ\HJIpEF
kapunk.
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6000 0.14 0.132

5000

0.109
0.10 0.088 0.083 0.08
. 0.079
7 0.06 0.06:
1000 g
o X
0.08/035 0.08/0.25 0.08/0.15 0.12/0.15 0.16/0.15 0.16/0.35
Teszthedllitas (fz/ae)
0.00

13 iEUD (U LPSXO]XV D IHO*OHW
0.08/0.35  0.08/0.25  0.08/0.15  0.012/0.15  0.016/0.15

NooWw B
2 [=] (=1
[=] (=] (=]
o o o
=}
[=}
@

Ergimpulzus [Ns]

o
o
=

o
(=]
B

Feliilet alak hiba [mm]

o
o
[

43 AIakhlba Teszt beallitas (fz/ae)

$ IHO OHW DODN KLED HJ\m¥ly¥zYD . mev mox

HOPPOHWL IHO+OHW V]LPPHWULNXV HOW R Q3 VD O)HK{QH WA pSA Bl O KL\ D
N|JUHIRJMD D J\iUWRWW IHO*OHWHW

A 14 iEUD D] EHIOOtWiVKR] WD‘U'WNL? 1ARHWE WP VHAPH W p Q

PXWDWMD D IHO*OHW DODNW&UpVHE IHOOOHMW H W Lbip/wi-pNHWO RN Vi
HOWpUpVHN MyO N|YHWLN D IRUWHWVRWYWPQANBWYUDQGBR X\WI|iVWRa\p QBH\GV XKW L
Yt]VILQWHY NH]G pV ]iUy V]DNDVEDN@ B WHWOWM \E P DI pi\W B UMWY L]VIiOW X
N|JHSpQ DKRO D] HU PD[LRIGIEWPUWpPMNWHRPEPYW 5] DGDW HO WROIVL
A ITHO+OHW ettkeW @ Jdzakaldzokon a legnagyobb LVPpWOpV iWODJpUWpPNH iOODQGY I R
SRILWtY LUIQ\ED $] iWYH]HW UiGLXFVﬁ)QIQ yOMROHOLIHU P 6]DEIO\R]RW
OHFV|NNHQ D IHO+OHW QDJ\ QHJDWR\UHPWW(BXWDW\K\WIPWHVHWpQ D] iWODJ

SHGLJ  $]PHUHGPpQ\HN D]W PXWDWM
/|Q‘1[0‘063(-0,034/0,034)5,8%]‘ V]DE'O\R]RWW RUVyIRUGXODWV]lP pV E
i HO WROiIV KRPRIJpQHEE IHO*OHWL pUGH\
/ iWODJpUWpNH NLVHEE pV D V]yUiV LV I
IRUJIFVROIVLneMHIEMY KPWiVVDO D IHO-
PUGHVVpPpJUH DNNRU D] 5] pUWPNHNQHN
LUIQ\ HVHWpQ D]JRQRVQDN NHOOHQH OF
PUWpPNH MHOH]QH

$ iEUD D IHO*OHWL pUGRERBY pJHW F
PDUIVL LUIQ\ HVHWpQ $] HOV GLDJU
RUVYIRUGXODWV]iP~ PDUIVL IRO\DPDW
IRUJIFVROiIVL VHEHVVpJ V]DEiO\R]RWW
HVHWpPQ iEUIJROMD D]ipUD HV Vi OMOH V8 P
VRUIQ DONDOPD]JRWW | RUVyYy ALRUGXOD
HUHGPpPQ\HN UpV]OHWMatdnaea P]pVpW >

$ GLDJUDPRN DODSMiIQ D IHO<OHWL
VIDEIiO\R]JRWW | RUVYy IRUGXODWV]iP H\
IHO*OHW PHQWpPQ W|UWpQ YiOWR]iV LV
QDJ\REE IHO*OHWL pUGHVVpJ pUWpPNHN
HVHWpPQ D Yt]VILQWHV IHO*OHWL V]DND
PHIJPXQNiOiVL iWPpU pV tJ\ D IRUJIF)
FVINNHQ $ V]DEiO\R]JRWW SDUDPpWHU
WpUNpPS VLPIEE D N-O|®QEEPIHN NLVHEE

] 110,088 (-0,044/0,044) 8,8%] |

(itrzi

14 iEUD )HO*OHWL SURILOKLED \

(CV-CX; f,=0.08 mm; a=0.35mm). ou |
ou |
$] HI\HV IHO*OHWHN [EQIDN R X BiDIW . o |
pUWPNH PP pV PP NJ|]p HVILE ou |
NRQYH[ IHO*OHWHN KLEiMD QDJ\RE L
HUHG HU iWODJpUWPpPNHLEHQ ( o
tapasztaltunk. f

0tJ D] HU N HVHWpQ D IRJiVV]pC
KDWiVW D JHRPHWULDL KLED D]
QDJ\REE PpUWpPNEHQ

WiUiril miWirid miWirid w@iWirdd moUrfAU mAUrol moUral moUrau

16 iEUD )HO<OHWL pUGHVVpJPi@EDQEWWRUVYy |
(A=22.5§.
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Feliileti érdesség atlaga
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17 iEUD $ IRUBRPSMIMPAARIEERBSD UiVL LUIQ\
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_. 400
E
A 3.00
S

(-4
#32-Rz 2.00
1.00
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Af - Feed direction [*]

mAllandé n ésvf  mSzabélyozott n és vf

Rz [pm]

Feliileti érdesség szdrasa

Y (mm]

1.60
1.40
1.20

X ] E oo

& 0.60
0.40

18 IEYBO-OHWL pUGHVVpJ iOODQGYWRUJIF 0%

M0.00-1.00 MW1.00-200 ®2.00-3.00 M3.00-4.00

(A=22.54 0.0 25 450 67.5 90.0
Af - Feed direction [°]
$ IHO-OHWL pUGHVVpJ VWDV
|VV]HKDVRQOIW|VD PHJHU VtWL m Allandé n ésvf W Szabélyozott n és vf

RUVYIRUGXODWV]iP KDWiViW D IHO*QH Wb op YiEH YWY pUiciW Rl YikbRy miE B (W P D
Az 19 iEUD D] 5] IHO*OHWL pUGHVVpJ iWOINFR\PVp\UMEHMRIRW W IRUGXODWV]iP
KDVRQOtWMD [VV]H D] HJ\HV PDUiVL LUIQ\RN HVHWpPEHQ EOODQGYy
RUVYIRUGXODWV]iP PHOOHWWL fPDUiIV VRUIQ Kgo(@. (= (7e6(.

pV P B N|][WWW YiOWR]QDN D] iYOODBO® PNUNiVM+tIHO+OHWHN J|PEYpJ
PYGRVtWiV XWiQL 5] IHO*OHWEL pfUGEMYPX @ N VOPWEHNROH®W $HRPHWULDL YiO\
pVv P ¥ N|]IWW IRUJIFVROIiIV N|U+OPpQ\HL YiOWR]QDN

$ IRUJIFVROiIVL VHEHVVpJ i0 O D Q GY ppUWWHHMNSARVAdREeB \NIes K DM R QOMLL DPHC
D PDUIVL LUIQ\ KDWiViwW D IHO+«OH®M [PV RVVYY M H piiHAD-CREHWSHRPAMRW ViJiw Y
IHO*OHWL pUGHVVpJHW EL]JWRVtwWRBHIW KNG BPQ HH O FO-UANQ pWk k)Y N RIHHWH O P p
PHOOHWW pV KRPRJpQHEE IHO e« OMRWPHEWQEHJWMRD/ t WD DD | HBKQ HPIH O
G OpVW O 1+JJHWOHQ-0 VJHUV]iPJHRPHWULD pV PDUiIVL SDUDPp

$] 5] SDUDPpWHU WHUMHGHOPH ©BBIVBYBLY YWY D PLQLPIOLYV
PUWPNHN Ne+O|QWEV®JIM|U-O B-ld @artCa RtVPUOHWHN VRUIQ YL]VJIOWXN D IRUJ
VIDEIiO\R]RWW SDUDPpWHUHNNHO pRGHW YV pH O% OHNR | FAVWW pEDHOP P IDQW VL P
HO WROIVL LUIQ\WyO 1¢JJ HQ 4BYRPVQPIOWNRWURVIPpPUHWHW
PYyGVIHUUHO iOODQGyYy RUVYIRUGXOM&W Vshi¢ttetédt WRUWRPRQ\RN BDO/DYDHWH
P pV P N|]IWW YDQQDN PLQGNPWILOOD\EMVX DIWNLKREE
WDUWRPIQ\ D KRPRIJpQHEE IHO-OHW\PH QRAPIMWRBYAU- D PHIPXQNIiOIVL
$ VIDEiO\R]RWW SDUDPpWHUHNNID J\PRHIWPPNEHOWiOWR]LN
PXQNDGDUDERN Wevesei)P NQWHEE P (2D PDUiIVL HU YiOWR]iVIiW N|YHWL
PLQW D] RSWLPDOL]iOiV QpON+O PHJIPXIQNRIPMDBIPD D BRQWARYV VpYD
P N|]IWW PR]JRJQDN $ V]yUiVQDNEBHDID MWLVLPSWPNHVDIWDWpPNRQ\DQ  KI
MHOHQWL KRJ\ D PHIPXQNiOiV XWiQ DPIHIPXOHNV iV G HYYP DI pWHAOEW iOW D
DJRQRV D WHOMHV IHO*OHWHQ (] D] HPHGPRQNNCPIRQE|] IRDYiI®WR]iVRN
LUIQ\RN PHOOHWW LV DJRQRV $ V]yUiYVKDNRROY QudtWpWithtNLHPHOL
DJW DPLW NRUIEEDQ PHJIiOODStWR¥NWXQMU KRYIOWR|PNWVROQWPFVDN |
PYGVIJHUUHO W|UWpQ PDUiIV NLN+V]|ENHKHWIWP RPRVIMWAIYHA YiOWR]iVD
KDWiViw KDQHP D V]HUV]iP WpQ\OHJHVHQ
p@O]DNDV]iQDN N|U+sOPpQ\HL LV

26



OLNy % 9D WMglerény, A.. (2024)6]DEDG IRUPiM~ IHO*OHWHN PDUiVL N|U<OP¢
%iQNL .|]OHEpENITN

(5) DPLNRU D V]HUV]iP FV~FVDS3l UYgi %AWGUptaTHKY.] RanBumar J. (2021) A compresiee
PHIJPXQNiIOIVEDQ Yt]JVILQWHVKH ]femer;]aﬂ is3-onpseyface MiRerAdyancepover a decade.

RUJIFVROYHU MHOHOW Vi@ PHIGIEHIDODNIEIRy 2ot

egyetemben; . 8] Sun Y. et.al (2021) Path, feedrate and trajecttaprpng for free-
$ NDSRWW HUHGPpPQ\HN DODSMIi Rorh i S0rGL® rirat Mg DaWtabé-thékaR deViedChinese J.

JIPEYpJ& V]HUV]iPPDO W|UWpQ V]DEMR@auti®UPiM~ |HO+0HW H N35@)12-29;

VLPtWy PHJIJPXQNIiOiViKR] RO\DQ PD@W@M@W@@QWOHNHQO
YiODV]WDQL DPHO\EH@ HPVYHVY JUBNVIWHBRYD = 4RO 3 0D NRYi , QUDHEFW RI
PHIPXQNiOIVEDQ D IRUJIFVROYHU g8y rapy ;fatgg@gforgugﬂggwggug] e V;Q?g)lg‘fgh'”'ng
FVINNHQWpVH pUGHNpPEHQ _ http://doi.org/10.24867/JPE-2022-009 '
JRQWRV N|YHWNHRWBWPFROKRUI\ Ddji PdWiVoy DOxowb 3 $ JH R PUINILIDLIF VDRSFSQ R [

WIUWpPpQ PHJIKDWIUR]IVDNRU D IRUJiHdidmblddit3Hxié bV dndHnilineh] B Mivaftéd Qa@uidciikinly
D V]JHUV]iP PXQNDV]HOYpQ\pQHN K H DetirdiayypoAll-4): M9 507 Ndsddi Pré#11611007/s00170-
NHOO YHQQL PLYHO H] LV MHOH 9 Q EHIRO\IiIVROMD D

IRUJIFVROYHU W [7] VargaB. 0L My(2023) Investigation of the cutting force and

6]DEDG IRUPiIM~ IHO<OHW J|PEYpJ}Zgﬁﬁi:zrgﬁifﬂ"f\?rboroWhe\WTf?v(?rB"Qm""”gmfe(Tli"z@'l?;
PHJPXQNiOiVD VRUIQ D YiOWR]y GHRgdiRdy10.i8ABahlechiaprb0685

IRUJIFVROIVL VHEHVVpPJ D | RUS yvarghR UoG ByQoR2YEAD] hbtibdgoNne chip shape in case
NRPSHQJ]iOiViYDO N|]JHO iOODA@GY pUWHpNtQ mkpdUWKIDWY pV  ,QIRUPDWL
bemutatott NRPSHQJIFLYV DOJRULWPXV OHVERGVEIP QQOIQWHULQ)  DA@3038  6ROXW
OHtUy $37 IRPPIINHOAOHWHW OHtU 18- ' 2.3 , ,
liMO DGDWDL DODSMiQ IRO\DPDWR[%]}/ hepny & ROV Bo2Ree) Coptr ”Fﬁﬁ?%@'ﬁ)ﬂwe\?ybm
pV D] HO WROIVL VHEHVVpJ pUWp N O™ BEQReq e Ui A0
N|U<OPpQ\HN ITHQQWDUWIiVD pUGHN p E{fS/doi.org/10.12700/APH.20.6.2023.6.8

A NtVpUOHWHN |DEHED SW|INQH VDN H ] W[HbWiaphdrbhNA. 0 L By (2023) The effect of the spindle speed
N | YHWNH ] N control when milling free-fo_rm surfaces. Theternational Journal
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IRUJIFVROIVL VHEHVVpPJJHO PDUMXN $ IHO*OHWL pUGHVVpJ
iWODJpUWPpPNH pV V]yuUivD FV|INNHQW
(2 6]DEIiO\R]JRWW RUVYIRUGXODWV]iPPDO W|UWpQ PDUIV
HVHWpQ D IHO*OHWL pUGHVVpPpJ NHYpVEpPp 1-JJ D PDUIVL
LUIQ\WWyO DPLW D NLVHEE V]yUiV LV MHOH]
3% V]DEIO\R]IRWW RUVYIRUGXODWV]iP DONDOPD]JiVD
QDJ\REE GLQDPLNXYV LIPQ\EHYpWHOW MHOHQW D
VIHUV]iPJpSUH $] RUVY IRUGXODWV]iP SiO\D VIJHULQWL
LOQWHJUIOpUWpNH MHO]L D] RUVY GLQDPLNXV WHUKHOpVpW
DPHO\ DONDOPDV D OHJKDWpPNRQ\DEE PDUIVL LUIQ\
NLYIiODV]WiViuD
$ EHPXWDWRWW PyGV]JHU DONDOPDV D VIDEDG DODN~ IHO<OHW
&1& PDUYSURJX¥XWRMIQOGROJR]iIVIUD D IRUJIFVROIVL
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$ PyGV]HU WRYIEE ILQRPtWKDWy ILJ\HOHPEH YpYH D &1&
PHIPXQNiOYN|]SRQW | KDMWiViQDN GLQDPLNDL
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PYGRVtWiViYDO EO\ PyGRQ NRBELQIiOKDWY D V]JHUV]iPSi
WHUYH]pV pV D GROJR]y iWPpU YiOWR]iVIEyO DGyGy VHEHVVpJ
KDWiV NRPSHQ]iOiVD
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Chapters from the history of measurement and
measurement technique

Kis Ferenc
ITEXGDL (J\HWHP %iQNL 'RQIiW *pSpV] pV WLIWRQVIJWHRKQLNDL 0
kis.ferenc@bgk.uni-obuda.hkis591032@yahoo.com

gVVIHIRZODPBPHQQ\L" IHOWHWW NpUG 8JXDQFNVDNtVXOLDQiV V]LQWMpPQ V]HUH
HPEHUL W|UWPQHOPHW D NH]GHWHNWDDS PVRDYBH LN I P-pa0He @Y DpM VRN FIV L O O
VHPEHU IHOPpUWH D] HMWHWW ]Pi&WVJAUHN YDODPLNpSS
PRWRVINIiOW EHQQH KRUJDY BIMRG \WWpIVONPIR\
KLV] QDJ\ D FVDOIG /DVVDQ HOLQGXOW HJ\ V]*NVpJOHW KRJ\ D
mennyit, vagyis a mennyiVpJHW IHOPpUMeN PHJPpUMeN XR@\25 e@&KORA .25
OiVVXN QDJ\ViJiW YLV]RQ\ODJRVViJiW 'H H] QHP FVDN D
PDWHULIiOLVY MDYDNUD YRQDWNR]JLN PHUW PDMG PHJ IRJ MHOH?SL D]
LG pUJHWH PDMG IRJDOPD PHO\ PD_ P¥U BVRSERPVNijpMIHUYH] Gpv D FVD
OHJIRQWRVDEE DODSSLOOpUH [VINPiQ\V]HU]pV HUHGPpQ\pkézdetf RV]WR
LG NEHQ YpOKHW HQ QHP W~0O NXOWXL
Kulcsszavak %DFRQ FVLOODJiV]IDW *DOLGHLHPHRRBUOP FRORWYUHIQDINREEUNVRDN]DN
LG PpUpV LQJD OHQFVH PpUpV QPP yUOLYQPYHQOIW JIRMORWW V]iPXQNUD
VHIpGVNIOD V~O\PpUpV V]|JPpUpV pWiSEWHW pU{RIPHP - NDYRWHQDN~M DPHO\Q
WHU-OHW PpUpV WRURQ\yUD 9HUQLHNLBDQYMNXOiVIW PDUNIQVDQ PHJKDWIiU
MpJNRUV]DN AOHFVHQJpVH’ D] |VV]F
Abstract 2 The question word "how much" has YLVV]IDYRQXOiVD D NOtPD NHGYH] EEp

accompanied human history from its beginnings to the $] HPEHULVpJ H NRUV]DNiW QHROLW
present day. Already the caveman assessed the prey taken, p 4 O\ D YDGiVIDWRW pV JN&MW]|Jt

somehow wondering if the captured prey would be enough, QI|YPQ\WHUPHV]WpVWDDWWiKi]LRE OMMOH Q
since the family is large... Slowly a need began to emerge to \y HOOHPH JKHW

measure and measure how much, that is, to see its greatness $ OHROLWLNXV NXOW~UD L H- X

and relativity. But this does not only apply to material N . .
goods, because the sense and concept of time will appear, E ]Q'/ LIEDQ QDUIRIEARVWDQL WHU<OHWH

which is now the most important pillar of the disciplines. WHUMHGW NHOHW pV Q\XJDW IHOp f
DODNXOW -SQDMWOYNH OBDNM 6]tULD pV ,UD

Keywords Bacon, astronomy, groma, Galilei hourglass, H N|U-O $] HOV pOHOHPWHUPH
timekeeping, pendulum, lens, measurement, sundialPONHRHWSIEDQ L H N|U-O MHOHQW
navigation, Nonius, auxiliary scale, weighing, ange QHROLWLNXV iOODWWHQ\pV]WpV SiU YD
measurement, telescope, volume measurement, arddHFVNH WDUWiViUD NRUOIWR]YyGRWW
measurement,tower D] pJKDMODW L H NlU'O PHJMHOHC
VHUWpPV iWPHQHWL YDJ\ iOODQGyY WHO}

$ FVRSRUWRV HJ\«WWOpW PiU EL
1 %(9(=(7e6 WHFKQROYJLINDW KR]JRWW PDJiYDO FV
FVHUHNHUHVNHGpV KR]DGpND KDPDU

(JHQ tUiV D KRVV]~ LG ywpVviRPwDREw H Iﬁ]ég L};E%Dé:pv EE I'E*)l]—utPU;;\L/Jpv
WXGRPIQ\W|UWpPQHWL NXWDNRGIV »% o d—|L|L5¥]p> o\ b
PYHQWH PHJWDUWRWW .XWDWyN ‘&M i W iN@Ho paivio

DODSXO HJ\EHQ HJ\LN PR]DLNMD HJ\ QDJ\REE OpOHJ]HW&

PRVW NpV]+OpWMWHGRMDR\W|[UWpQHWL P L

$] HUHGHWL DQ\DJ HJ\LN FpOFVRSRSB\W&RI)ﬁ%%'E$II\] iV’
NRURV]WiO\ HJ\IDMWD NHGYFVLQiOyQDN V]iQWDP D

WXGRPIQ\RN LUIQW $ Q\HOYH]HW$EMQINRUVY]LD/NRMHEDBERVpVPQHN KR]DG|
HI\WW]HU&VpJUH W|UHNV]HP 7HUMHGHO® LL & NBEKBQUONYHHE W] RyQUND DOID WA Ut O H V
QDJ\RQ N|JLVPHUW GROJRNDW V]&NHEEHQ WiUJ\DORP

«<7KH DXWKRU V 2SHQ DFFHVV LV XQ@GIGKEEBPWRAYVWHUW-GZEREAKNDG &1URHD W
Derivatives 4.0 International Licence.
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YiOWDN PH] JD]GDViJL P&YHOpVUHE DOMIDOMIMM D UDGWQD] D] DNNiG W]|U
7HUPpNHQ\ )pOKROG DPHO\QHN HE\ION UPpH/QM OH]RKRRWEELD YiURVN|]SRQW

7/JUWPQHW+QNK]|] VIRURVDQ KR]]iWPUMRPW KRPUWPHHRYIPWHNHW HJ\
korszakban az emberek kis csoportokban, lazddiJ\VpJHVtW HIWMIEy XJ\DQHEEHQ D]
IDOXV]HUNH]JHWEHQ pOWHN KLV]HG\OHWRPEDR R‘N D kiRLW MRHEE DMH O JHW W i
W|P|U*OMHQHN (] L H Nju-O | ¥ \g RNDJ LDM\H—lO%(QGNPW ELURGD
YiOWR]iV iOOW EH $] DGGLJ QIPEYRDH ENYiRPRUMIB oV~ MWRWW OH
V]iUD]DEEi YiOW D IHOOpS FVIPPHYEINVIKEFOWWYLEOBUD
NpQ\WV]HUtWHWWH D YLV]RQ\ODJ QDJWRHEE HPEHDOMM®PWHIN pl/RID N|YHWNH]
NLDODNtWViIN D] |QW]|]pVHV JD]GIRPOMNREGDWRYPEOD HDBHOYQLDLDN D 1]
WHUHEpPO\HVHG ~ FVDWRUQDUHQGWROGRDN QXRORN RRH JB D O $XIOWK DQ\DYS Wi U
(J\UH MHOHQW VHEE D] |VV]HWHGOHSIRIODONHQ $WRVHSEOIWHBRWL PLWR
PPUHWH URKDPRVDQ Q $ FVDWRKNPPURNWXODMERDBPWIHQ PD LV KDV
Yt]JD]GIiONRGIVWIJRHWOM®Y PpUQ|NLPEZBW DHENRPBELY 2URV]OiQ 1\LODV %l
$ FVDWRUQIi]JiIVRN PiU V]JHUYH]HWMWD NQ DJVRPH UR N Lp\D BVEHDNEWLI®YyQLDLDN M
NLWHUMHG QDJ\ VIHUYH]HWWVpJ&LiBODPRW]|MWWQ\HOQHN YH]HW

LUIQ\tWyYDO D] pOHQ $ EDELORQL FVDOQOWPNYWMND VHItWV,
OH]RSRWIiPLD D] yNRU OHJIMREE B® QUKRWIDWR WMW ] WPHW RMHWN PLQGHQ Ky
NXWDWIVEDQ D NODVV]LNXV UpJ@MWMWXWPiwV (DPPOHWROGHUTHEENRUL EDEL
NXWDWiVL HVIN|]IN WHFKQROyYJLIiNYY8WIQMHMyNpV]WDSWAHNQNED $ EDE
HOOHQPUH D VXPpURN HO WWL NROW-DNNDyG VNIOOHDVIHWDW X GXQUNDQ DF
EL]JRQ\WDODQRN D] LQIRUPiIFLYN *RQGRVDQ IHOMHJI\H]JWpN D] pJL HVHF

OH]JRSRWIiPLiUD MHOOHP] HJ\ yULK¥WEQE HORIN AW NOWKWWMIN D M|Y |

PHO\ PYHW LV iWIRJ $ NRUDIMNRSRWORIDPP RNBRRRXPPHQWIOLVDEE p¢
ELURGDOPDN N|YHWWpN mabmePp@VLlﬂ\Q\ﬂé'V]@] PHJILJ\HO KHO\NpQW
DVV]tU ~MEDELI®ORQ+MpYV XWROVyYyNp ND $JUNNXUDWRN YROWDN

N|UsO PHIMHOHQWHN LWW KyGt O'?Md HEVY L P RADBNRW HEYURP  HJ\
PDJDVDEE KLHUDUFKLiM~ WHEED IRQYVDEDQWPO\KH] YH]HW
EHUHQGH]NHGpPVW KR]JWDN PDJXNN@ kI HY x JUNW \)%HQJWRNM@ dbviw Vil
RNR]YD ODJXNUyO D VXPpURN H@H\é]N\W(BUPCDW/'TH PN pV RMHBPHN D] |
WXGXQN Q\HOYesN HJ\ PiV Q\HOY¥RAbBL QH@LU%N\:&SG&@QF& EyO NYJ|WWLH
KRQQPW M|WWHN DUUD VLQF\}L@S\QWN@%PB PHAWDN UIQN +DPPXUD
ELIRQ\tWpNRN 'H D] ELIWRV KRJ\ EWH ﬁg/\jg@(\&o&%@ﬁw @@W PN D [RD\A%E\)/\[/)V;
PHIMHOHQLN D IHMOHWW N+OO V BDRRM L \Wadne

0Oe5/(* D]QtU|V D V]|PRO|.V D Q&BJ\R\B blﬁ@vQNRvNFIQUEyO V]IUPD]LN HJ\ V]
V]IIiPUHQGV]HUUHO $] tUIVXNUyO CWNwW k¥ QLD RIKHO\BI WK iKW PUPJ  VLNE
QDJ\UpV]W pNtUiV DPHO\ PiU HJ\I Wik GHFQON b%ﬁﬁsW%WB@WLNIWyO

D KLHURJUDILNXV tUiVVDO Hoo@(’jw W IQJ lgLﬂ pl \%M\PE\M QHN UHNTF
VIHPSRQWMIiEyO D V-~O\ pV - v\pp/U|E‘R Qb\ﬁ]p UDKEN/ EOINQDN URSSDC
HOOHJ H] DUUD XWDO

VI|JPpUpV HJHN KLWHOHV MHO]HWW RV
\?QB!‘“%}

$ WiIUVDGDORP D WHFKQROyJL 631§ "hﬂg&'\ VHN P&YHOKHW
VIRURVDQ |VV]HI«JJ PLHO WW @@@ MW@UU'D@GV\PN*UW
PiV QDJ\ yNRUL NXOW~UiNUD &/alkahﬁ@ EEWOHIQ \'/-'J Al tWHWWH D Q
|
J\f

[VVIHIRIODOMXN QoaiRg NLFUL fobra) VIOLLWH 3\ "y O 1w
r yUi
OpUpVL WHYpNHQIVpJHW LIpQIHO erare osztanak,D VXPpURNWyO NH]G GIWW (
X WiUVDGDOPL V]HBBRD®@\EYO S BRARKRV60DV V]iPUHQGV]HU DONDOPD]iVD
EHV]ROJIOWDWIiVD pV WHOMHV@/\/ gﬁbN QDJ\RQ VRN RV]WyMD YDQ DF
x D NHUHVNHGHOHP \& VVHVOOHOV HNYHPP Y PHIN|QQ\tWL PLYHO
HOV]|PROKDWyV|J VIHPSRQWMifay QWV]|PRNDW KDV]Q|OWDN

x D PDJDV VWIWXV~ pSe OHWHNllD \tW@PQFd;RLWH\PLScQ Ryt WivD IRUIDWW
YiUIDODN YpG,WRUQ\RN VWE i]DGEDQ 8J\DQ PDJD D WXGiV QHP SX
Xx D N<O|QIpOH IXQNFLyM~ FVDWR PSR QW RREDHRHOSHY B/ |WvwW iw (OV UH
x DV]JWUROyYJLDL FVLOODJMyVCHIM YDRUiJKB\GIWMYRQYEHDHQHN V]iPiUD
FVLOODJIV]DWL PpUpVHN P&YHOW OHJ\HQ WHOH WXGiVVIRPMMD
(] XWyEEL PiU NpW PpUpVL IRHDOPHDWEEKOVPIHOP pMH SULVIWRWHO
HJ\LGHM+OHJ D V]|J pV D] LG IRJDNOPMVEE [QiOOYDQ LV NHUHVWH D WXGi\
$] HOV tUiVRV HPOpNHN PHO\HI\F WXIS?J\{ RY DJ\ U WHYPpPNHQ\)
meg- LWW PRVW HEEHQ D] HVHWEH % HS:Z NHOHWU O N
HJ\ YiURV YDODPLO\HQ RNRNEyO Ng‘(‘/] ¥YByglid NXOW-~UD
KIERU~N PLDWWL OHpJpVH PHUW D QDSRQ V]|UtWRWW
DJ\DJWIiEOiIN NLpJWHN -t@YHREBHNHQyY GW D N
fennmaradtak.
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4 INDIA POHWpPpEHQ EHN|YHWNH]JHWW KiURP QDS
alapozza

$] yNRUL ,QGLIEDQ QH 1p 5 pVIWLD HJ\LN OS;’,QS,@Y(‘;S
PH]RSRWlPLDLKR] KDVRQOYy W|U 5§/ @}lf' WiV PyGM
(JV\HWOHQ QDJ\ELURGD ORP OpWH] I—g( ; GHWpVW ]LI Hy \'/
L H TR X w Q@ Dl QGX 1HP§p i i WDOXOPIQ\IEDQ .K

NOtP DY iO WIBHarnyafott.D W W
KRr_]|\ PHJKDWIUR]]D D] XUDONRGYy
$ KDUDSSDLDN UHQ@& W plWW pHNW WQ %I\?HKK D] (KQDWRQ pC
alkalmaztak $ MyO PHJIRUPIOW WplJ H\X/ }E?O\Yl-h HW D YDOOIiIVUHIRL

V]iPiQDN H Oar#® Jyudl,Hhogy az alacsonyabb
FIPONWHNOQPO EL @i2) 48, Ued BRGOR] &l U V D ||UDy iOWDO OiIWRWW QDSIRJ\DWN

QDJ\REE V~O\RNQiO SHGLJ WL]HGH EIQIEP@%VSWW@{]WYLVI\}ANV& N[YHWNH]LN E
)

DUIQ\RNNDO +ROG pV D )|OG HJ\ YRQDOED NHU-O

\
$ VXPHU ELURGDOPDNNDO YDOy I—bV X EGWLHVOI\SE\
MyO NLPXWDWKDWy HQQHN HOO QDN O
KDV]QiIODWRYV PpUWpNUHQGV]HUH GRWW 1]
melyek a 1I0HV V]JiPUHQGV]HUHQ DODSX |YEDQ OiIWKDWy

sumerok 60bV UHQGV]HUpPQHN

JER \HVHEE JLWHVWH
$ KRVVIPpUpPVVHO  NDSFVROR 5 g '@ﬁﬁ HPEHO |5|]SRQW|_ \
WHFKQLNDW|UWpPQHWL pUGHNE\O/ J\LSWRPL FLYLOLJIFL
VIiUPD]y WL]JHV THORV]WiV~ -eXR oWV ]y pJ,_ PRIJIVIK
WiYROViJ~ RV]WiVYRQDOD L-GIDNES s,ﬁw DELORQL p\

YDQ KRJ\ H]W PYYHO H]HO WW QlVHQ PHIC
WXGRPIQ\W|UWpPpQHWL UHMWpO\ [y IRQWRV \
I|JTOGPpU P&V]HU pV PpU UXGDN PH K FVHQHN HI\pUW
VIROJIOWDWWDN D NRUDL VV4ﬂ1UNpS[p< p?/H SHGLJ LJHQ

OHKHWHWW eSS tJ\ pV]JOHOQL*N NHOOF

LV GH D] H]JHNNHO NDSFVRODWRV

> EGYIPTOM IHOIRUGXO0iVUyO QHP WDOIOWDN tUi\
NtVPUOHWHW D PDJ\DUi]DWXNUD

Az HJ\LSWRPL FVLOODJIVIDW NLEQRNXKOIWUEE MHMDHVBW HJI\LSWRPL
WXGXQN 0tJ OHJRSRWIiPLIiEDQ tUiWWUYXNWp\WpBEBBQVYRIMIOON &VXSiQ NHYHV
DJ\DJWIEOiIN W|PHJpYHO PHJPDUDGW®RINYDGGILJ (WXGCIMDRMEDQ pV QHNLN ¢
D] tUiV U|J]tWpVpUH V]ROJiOy SPHII UMW HOH N UFNRHNNDENVO D] HVHPpQ\HI
VRNV]IRUWD NHYHVHEE PDUDGW DRPOHNWWRNUPHOH DOWNOHDNPQW WLV]
MREEDQ LVPHUW pV FVRGIiOW IDOLQMHF WHI@RPADHWEN" VHE®® HBAHK | MAT WAHDA
KLHURJOLIIN D IiUDYNNDO NDSFMROFWRYyOH WHRPMVANMMWNiUyO +D Pp
UJJJtWHWWpPN WHWWHLNHW GLFV UWWMWWNHNHPWEH R QtRPR H LGMO RVD N (K Q
N[JYHWYH V]IROJIOWDWWDN (J\LSWKRIPLRD DY R G DAIRIR Wi [QMWVRIQHRWNIEW QK R ] R W \

PpJ VRN D IHKpU IROW pSSHQ HIR@WW@QPRMWD@HM«*W Dpv PYHV N

+HLGHOEHUJL (J\AHWHP YH]HWD W FDU‘R@’UD WIdUWRAWR GiVIiQDN  |W|GLN
LQWHUGLV]FLSOLQIOLV NXWDWIiV kMUPBELNIIPHEHG BRBLDIAWYNXYV Yiow
YLOIJItIWRWW PHJ DPHO\HN VRUIQ D 1DSRW D] |VV]HV W|EI

$] HJ\LSWRPL liUDyN ;9,,,+;; GL@IWWR]MIQWNQ BIP\HWOHQ V]ROJiMiQDI
~JVQHYH]HWW OMELURGDORP IHQQVJ]OQW®E DNV IS R-QWVARNi ISCRAAIEW $@aMRY

LVPHUM*N +DJ\RPiQ\RVDQ D] L HQHYHM/LV YNOWWWUDyY IHQHNHVWs+O IHC
PYHNUH WHVILN (J\LSWRP W]|UW p Q\MYOND-HN WH W DD OIHIS RWH W\WWENEH PHJ [
LG VIDNiW D ANODVVILNXV 1iUDy NolyasitUiistt, $aroip W.XGR MNBDNWY|DWpQHWL N
PDL .DLUy N|JHOpPEHQ i0OOy OHPSWIXJRPROMIODEtBWVHJI\ pYYHO NpV EE
N|JLJD]IJDWiVL N|]JSRQWMD PtJ D PQDSNRJI\DW NNRL D/RIR/OV HUQGIDN SRQWRYV K

IHNY 7KpEiWw FVDN D ;9,,, GLQDV]QDLD RMHNIEWPQYNMBDQ| OWpKDNLY D )|OG|Q
LVPpW | YIURVQDN ULWNIQ YDQ pV RWW D NLHWOHQ VLY
$ ;9,,, GLQDV]WLD HJ\LN OHJKtUCHV@ERHPUBY ]\)R[Q\w\tﬁwww%GH HU VHQ YD
,9 $PHQKRWHS YROW B8UDONRGPRH®DMXEWOWRNNLGHMHY H/IMNVVROQL DQ
YLWD  WiUJ\iWwW NpSH]WH $ 14 RBPYLN pHEMHVE®YDN %DELOYQLIEDQ Y
WXGRPIQ\WHU«OHWW O 1¢JJ HQ tQPUD ¥ VXKOP B NN ER Ui @H H] XWyEEL F
NH]GHWpW D] L H V]i]DG N|E|4‘sl-pi)/¥| RALH WML N DH © IBW IHMOHWWQHI
GIWXPPDO HP MXWRS\MWe MmddﬁmetrmeD

(J\ IULVV NXWDWiV V]HULQW PD R HK BV]NR '\5
OpSKHWHWW WUyQUD D] yNRUL ( J[\)|_ ) M]{N
iUDyMD D YDOOIVUHIRUPHU (KQD s OWD W
(PLO .KDOLVL +HLGHOEHUJL (J\H 2 Wi
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HQG+OW 1iUDyL KDWDOPDW D PHJHUAVEGGN I e ADRS ¥ BJ
WW PLYHO | LVWHQNpP@M2|JOpE+*N KHO\H]WH PDJiw >

$] DQWLN J|U|J YLOIJEDQ D WXGR

51 6~0\PpUpV (J\LSWRPEDQ FVLOODJiIiVIDWRW NHOO pUWHQL D NDS

N|]JQDSLQ@DN QHYH]KHW PpUpVHN V]LQ

i ) PStWpPpVIHWL PpUpVHN D] pStWpV]HW \

$ FtP PLQGMiUW PDJ\DUI]DWUD WZWRWXQ1xN-YH J LY@ Ow VIREUIVIRN

WHYpNHQ\VpIJpQHN PHJIJMHOHQpPVp 1 p &HD Y VFLYDH M(DLNpUGpV

IRIJIDORP QHP OpWHJHWW tJ\ D W[RIGBeNR oMIAG ih K 'aM p}JWH D Np

HOYRQDWNR]WDWQL D JUDYLWIFLYY 9 @D WYRW P NF i SWW IIK\R] ¢ N|]C
PpJ NHOOHWW &DYHQGLVK pV &RXQRRE WiI@)WEY\)(/Eﬂ@UO{FHMRLQ/WHMWLn_D

$] HI\LN HOV KLWHOHV PpUOHJ iBHUGDIVREELSWRPEFWVOLODJiIV] HJI\ NRI

L H PYHJUHGE O V]iUPD]JLN D WpYPpBLN KW IO MUIOWWRNORAGD)]iyO W L FDPVH DD

VILQWH PLQGLJ V]JHUHSHO $] iEQDRUIVBNQEGHAON IRYFWRVDEE PpUpVL

YDODPLO\HQ DGYEHV]ROJIiOWDWiVWWRIEUNROHWGEGHY LHQIQPOWRWKR] NpSHVV
IRQWRVDEE VJHUHSHW NDS D PLV]WLNIiEDQ $QXELV] LVWHQ D
KDORWW V]tYpW D PpUOHJ VHUSHQ\ MpEH ‘Wuwwu " wvn D] W~O
N|QQ\&QHN WDOIiOWDWRWW QHP NHUsOKHW < < ™~ )YLOIiJED $

H

PpUpVW 7KRW D E|OFVHVVpJ pV LJDIViJ tuQf . Ny .7 pJIHIW

1.iEUD 9DOOIiIVL FpO~ PpUOHIJIEUI]ROIV

, g Dﬁ] HVIN|] VRNND OV NRGEGLWa HO GMF
OpUOHJHLN NpWNDU~ IHOV IRUJIYERB N\%}dﬁ\EH NLHIVHQWWOM P W H I\
WHKHU ROGDORQ [1*JJHVIWHWW WRQyY WoED & [ Wp@\W| N-HWH XN HOREN
WHYpNHQ\VpJ HVHWpPQ D PpUOHJIH 'BEM%WME#\VYLP@WW”V >

D N|JHOEHQ iOWDOIEDQ HJ\ tUQRN WD V(\?/y]

.. 8 510%,BIRODALOM
6 .E1$

_ $ 5yPDL %LURGDORP pPYPW D
$] yNRUL .tQD FVLOODJiV]DWD vy |:Py MLEWH QENtX1POoDSL WHE
IHMOHWWHN YROWDN pV W|EE H]HUYP B H%),WDOV,\/\)-@V @CW%@HLI)Iypﬁb\{V]EEH
$] YNRUL NtQDLDN PiU L H N Ry '
FVLOODJRNDW pV D FVRQWRNRQR\W B® i)
KXVIRQQ\ROF FVLOODJIJNpSHW NDW#HHJBP M
PHJILJ\HOpVHN UpV]JOHWHV IHOMHXRIpYH B/ i NGRY NP EH 8 W%%L EL
L H V]iI]DG NH]G G|WW JIUJJINW O iWYHWW PpU HVIN|[]IN M
$ FVLOODJIVIDW HJ\LN | IXQNFLYNDPRPUL®MMPEOMI& ROMOOIDIiIVIDWL HV]N
NtQDLDN OXQLV]ROIULV QDSWiUW KPS]RVOWDN G&NPRQYHOXBRBI\WW PHO
D +ROG FLNOXVDL HOWpPU HN WKQGPPHUHNKHEI EMpSNHEBEWW PHO\ F
LOOHV]WHQL*N V]|N KyQDSRNDW $}WESRPRWPYWV IHOO MW YHNIRDIXDGXNWRN
OiE PDJDV 1+4JJ OHJHV U~GGDO NPM|EODIN WIERKGWN HNtWpVpW (J\ PHLU
iUQ\pNiQDN KRVV]iW KDV]QiOWiN PLRWWPHDEPWIQRYiIWIIMDLIHQ PDJDV UD
Az i. sz. 132-ben, a Keleti HaGLQDV]WLD PHGHMPOVHQL 6H[WXV -XOLXVQHYPAWLQ
IHMOHVIWHWWHN NL HJ\ ERQ\ROXPMU |ty Uty yD ONCCB R I\PLIiGk@isDid Bgyie R Q ] X O
yUiw DPHO\ QDSSDO pV pMMHO LV NPSH VRO @Q LLO5 WRRMPWOWMD PHOO
H

$ WiIYROVIJRNDW D NtQDLDN D KXT¥ WNRLYRHN WDIHEOpUHO MH
M %

Z
Y a)

iWPpU M& V]JHNPUNHUpN VHJtWVpPplY MHINQ DN PMH O OFIYN |U& THOPpUFL
NHU*OHWH HJ\VpJ KRVV]~ViJ~QDROIPDH Wi W HYO-\g VR BRENEIVVY PHUNH VWP |
PYyGV]HU D NHUpN IRUGXODWDLQDRHMBPRORQULGIPBYDSHMRUWY Ib VILYiUJiV
NHUPpNNHU*OHW KRVV]iYDO PHJV]RURRYE MPEWWiNLYHI $D MPIORPHPVU O V]
WiYROV3JRW > N|Q\YH PHO\ RO\DQRNUD LV PLQW D
PDWHPDWLNDL LVPHUHWHN IHODGDWR]
KDV]QiODW pV E VpJHV [I|OGUH YRQI
J\&MWHPpPQ\ > @ $ I|OGPpUpV FLYLO F
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ELJRQ\iUD V]pS V]iPPDO YROWDN HRQFG&NOR SpGLDRGRUWNU D FHPHQW pV
DNLN SO D NLV]ROJiOW NDWRQIiNY tYYDOUIN E i WtWPHV/SLW HWAVH OB SIROQHN EH
NDSWD I|[OGHN NLPpUpVpW YpJH]WANKYPHGRY]WRHPRH® VEN@YDUMD JHR
QHY*NHW JURPDWLNXV]RN D] HWW]J{NULO$ P&YPRPOUYOWPHUM«N D KRVYV
NDSWiN PHU-OW FKRUREDMWHY] Yt]PpUWpNHW
$
J

JURPD HJ\ RO\DQ I|OGPpU HV]RPO MHIKi¥ RN BR@XNMARN DStWpVpQpO
HJ\PiVUD PHU OHJHV NHUHV]WSIiOFiBEyWO~0QPpWp\BiOFiN YIHWQW WHNLQW"
1- QHKH]pN 1+JJ ,IJD]JiEyO QHP PPHHRERWIiPKDQHPFPY HJIJ\LSWRPL KDJ\RP]
VHIpGHVIN|] HJ\ HJ\HQHV pV GHUWPHIWMHPDtBHIO OtWEHIKRYVPpINPpQW KRJI\ I
DPHO\QHN KRVV]iW iOWDOIEDQ P pNL B HHODtWHWHWORN NRWpGBIOHWEHQ D]
PpULN D] LUIQ\W IHOIOOtWRWW YYNDRQ\ EIKIGDNINRE NLMDOWRWP NHMpW  iE
IHQQPDUDGW PpU OpFHNHW D KLVWHONM@@EWL MB O |PDV » NWpEDH W] R KHRWN R V

felismerni.) WHYpNHQ\VpJpW $ PpUOHJ MHOHQW \
STELLETTA CORNICULA PLQGHJ\LN QDJ\ FLYLOL]iFLY LVPHUWH |

°°xp / PHO\ D] HI\HWOHQ WiUJ\L FVLOODJNpS

YDJ\ PLWROyJLDL V]JHUHSO PHOOHWW

- PpUOHJ -XVWLWLD LVWHQQ K]] NDS
LJD]ViIJV]ROJIOWDWiV D MRJ WLV]WD D!

XUDONRGLN D] LIJD]ViBRVViIJ EHWDUW,I\

|

PUNTO DI STAZIONE

FERRAMENTO ——|

iEUD *URPD

iEUD Yt]JPpUWPpN 1+JJ ] YHO FKRUREDW

9 .g=e3.255ZERZETESEK,0e5e6 (.

$ N|]JpSNRUW HU OWHWHWWHQ YDJ\
HJ\H]PpQ\HVHQ D 5yPDL %LURWPORP E
V]iPtWMXN (] XJ\DQ DONDOPDWODQ D]
NXOW-~UiN YL]VJIODWiIiKR] RWW QHP LV
IRJDOPDW 5iDGiVXO D] pYV]iP HU VH
|EUD(J\HQHV NLioOtwivD JURPPYDYW]LIHWKH] N|WKHW $ 5S5yPDL %LU
HUy]LyMD V]pWHVpVH GHPRUDOL]iOy

*URPIYDO N|@BUHGHKHWHWW Ppﬁ%% DSJVW HOHQWHWWH (XUySiEI\El)E(

erORSoDVUi\JNil\v/\I/iQLSPYis] Hl—?\?]UNlT]HWWHPV\(%c%\}j% @V %\6 Ui gﬁ&ggg@ggED

LVPHUM+eN OHtUIVEYO YLV]RQW XV (J\LSWF

NRUDEHOL SpOGiQ\ LV WRYIEE YLY

)JOGPpPUPVVHO IRJODONR]y_WDQ HVL]\ElﬁﬂQH\‘}H (XUPVDS,\[A)GW'l\E)Fj\O"_i
5yPDL %LURGDORPEYO V]|PQVOY\N OaRWW \
WpPiW LV WDUWDOPD] WXFDWQ\LP pKH] |]Q<|¢IR/\?HWOHQ R
hogy ezek+ IHOGROJR]iV XWiQaz~1800-Bs ng, l‘W HJ\ SR]LWtY LUIQ\ED KDWy V
PYHNLJ KDV]QIODWEDQ YROWDN = y5ypUEDQ PDMG NpV EE V]iPRV KHO\}

9LWUXYLXV MﬂDt@VFDp/L]QINNHYpNHfm-VJné)Fd)tW WWiN D KRVV]~ LG yWD IRO!

WIEEN|[WHWHYV QDJ\WH UikeH.CEtQP & 3 XIQWMIFYHOUHQGHOW tUiIVUHIRUP St
HI\HWOHQ pStWpV]HWL pUWHNHIpVQGREBNO\V]iPliudNRINYRIWtWKDWy pV
IHQQPDUDGW 6DMQRV D] HUHGHWlp W@ SHP\HEO OHKHWWp WHIWWWH D NRF
JIURO\ XGYDUIEDQ OHPIVROV\NN]H*Q]WI\VRR)UMI\VWDI\VL WMN tUIVWXGyL N|]T|W\
$ PiVROiIV VRUIQ D UDM]RN QDJ\ WHWIpW ONH-EO H\ Vi LDQ/MDngH/ WiPRJDWi
HOYHV]HWW $ UHQHV]iQV] ~MUDp IiRQbpGiy MU N RQW N3y PNV N | Q\Y!
~MUD IRJDOPD]WIN D KLiQ\]ly UDM @mjlgpyop w]pv.up;dqo@st

HONPV]tWHWWpN GH H]HN PiU D UH HV NU|
$ P& QHP FVDN pStWpV]HWWHO ‘(@ k’%%’é@ d(\ﬁl'\lll?g\\,v P\E’V%m
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(XUySiEDQ D OHJN|]JHOHEEL %LJiQRIX@WYBMNEYRPKRERNyUD DONDOPD]iVi}
EHQ -XVWLWLDQXV FViV]iU EH]iUDWRWIR D] Q+HP $WWIOp Qlly LW XIREDNNS RQ. Vi RO WF
%LURGDORP LWW W|P|UsO WXGyVIPLQGEBEW WO YRWIKNWD] LUIiQ\W

| NpQW D 3HU]VD %LURGDORPED

$ N[]QDSL PpUpVHN LV YLVV]DV]
KHO\HWW LQNIiEE D WpUIRJDWPpUp
OHWW D MHOOHP] EE D KRVV]PpUp
KHO\HWW PHJMHOHQLN -BJ\ORNDO
WHVWPpPUHWHLU O V]iUPD]JWDWRW
ERQ\ROtWDQDN D YiURVRN PHJMHO
HOW&QLN D] HJI\WpJHV KLWHOHYV
QDJ\ELURGDOPDNDW pYV]i]DGRNRQ

$ UyPDLDNUD MHOOHP] SUHFt]

HVIN[]JpYHO HOW&QLN YHOH HJI\.

KDV]QiOQDN LV OiQFRW D I|OGPpU

SULPLWtY IRJDOPDN PLQW D A[’

I |OGGDUDE

9D J\ pYLJ V]*QHWHO D] ~Wp 3 ; %

:\ﬁfl—?gONRll{HﬁJ UN?_F())[I)?VI\D/_L\'\IIVMEJ\S]:—IV\\I/ DBﬂg’glﬁ\DUD 6. |EUD J\V]é—w& VQHP W[))(GRPlQ\RV QDSyU
p y \PLRD (5200

HQ\pV]HWp D V]DNV]HU& NDUE[p‘(QWlp hg/ pQ'i(wy,\‘,SLYp?X] D

DQJOLDL W|UYpQ\FVRPDJ WHV]L D NRORVW

NDUEDQWDUWIiIVIW GH H] QHP LPIGNR.

MDYtWJDWiVRNUD HVHWOHJ KHYH cﬁ’gé'tWKDVVi'

$ WpUIRJDWPpUpV WDOIQ KHO\"E\D"UEW Al RHUW/HN (ﬁ’p@mWUL@D QHYH]K

EHV]pOQL WDOIQ QHP PHJOHS GHsRUW I Wrrd\@biWw o'l &8 R YD L B WVv *D]C

YLVIRQ\ODJ PHJ UL]WH V]HUHBpW pWHWNLQMWQYW DKRN\OEDB/WRV]WNRV *YHJ L

|[UIN D JD]GDJDEE GtV][tWHWWVpJH HOOHQpU'

$ V]|JPpUpV KRVV]~ pYV]i]DGRNUD LVPHUHWOHQ IRJDORP

OHV] PDMG D] DUDE KDMYyVRNWyO AWDQXOI‘ ""u Yeathem GH FVDN

DNNRU DPLNRU D] HXUySDL NHUHVNHG D | SDUW
PHQWL KDMy]iV XWiQ Mhdgeit)p¥INHGLN D |

GHUpNV]|]J YDODKRQQpW NHOHWU O V]iu | ORN
IRUPIMIEDQ D OHJQDJ\REE pStWpV]PHVWHUI SIRAY
YDUi]VHV]N]|]H

(OW&QLN FVLOODJiIV]DW KtMiQ D Yt]yub D/ SyUiN
OHHJ\W]HU&V|GQHN WLWNDLN IHOHGpVEH F _JiuyoDJ
LG PXWDWiVUD V]ROJIOQDN SO IHOHMW ¢ UGXOyYN

PHJIOODStWiViQDN PyGMD $ PpUpVHN N|]+O
LG PpUpVW NDUROMD IHO WHROyJLDL RNR " ® ODJIVIDWWDO
LV NDSFVRODWRYV PR]Jy*QQHS -V]iPtWiVW S EKBVRAMIULSIDEIW\D yUD
WXGYyVRN J\DNRUROMiN N|U+O 6]HQW %HQHGHN EHYH]HWL

HO ftUMD D] ~Q NRORVWRUL LG P D

yUD D QDS({)\X%WD D yUD D QB ]é A\Nwﬁ\%%ﬁ&bwc’o#‘\@%v BpUpV FVtUi

7HUPPV]HWHVHQ D] HJ\VpJ KRVV]D pYV]|DNRNWyYO 1+JJ HQ

PiV pV PiV D] yUIN WpOHQ U|YLGHEE;HIWX@\RLPR@\FK\RVP/QUEEDNXUySDL WU W

D YiOWR]y QDSV]DN PLDWW GrossetestJ NHOO YLVV]DQ\~Q@RQN NE
N|UsO 6]DELQXV] SiSD HOUHQERHDQY S-W¥RINHD pV N|]|[WwW D

WHPSORPRNUD QDSyUiINDW V]HUHOMBRGEGHNDQ@HdBO W]H® OpiPRpDpOHW HJI\LN
yUINQDN PHJIHOHO HN V]iPRV WHERSORPIWRHB U BPPAWIREFWRANMD YROW

QDSyUiIW LV WDUWDOPD]]D PHO\ FL\HWR NOPNJ DPXYLH WL SDWULV]W
QDSyUiYDO PLYHO FVDN D] LPlG R/hiz@ L\E R W meH 8eywWyMD ILOR
OLYHO D] HJ\W]HU& QpSQHN PpJ DW@ tyEbHW\N W KDWiVVDO YF

IHVWPpQ\HEYO YDOy 9DOyMIiEDQ Opvg/l
KRPRNRW WDUWDOPD] KDQHP P|VU \'/'\}“) ;@% VNDiu\§]oHPp\I
DQ\DJRW SO PpVIN SRUW YDJ\ HOOW ILORTyILOL

PHIJMHOHQLN D] yUiQ SEHUIRp|) procr Y
HPEHUW QHP pUGHNOLN D] LO\HQ D WEROP DM \/R|R>/IR/NV WHWW NRUW U\
6WNNWD ppV D ;,9 V]iIDGL RJ[I

i

MEPRP

KRPRNyUiW D] <«J\YpGHN SDSRNR Q@BO

WHYpNHQ\VpJeNK|] eUGHNHV KRJ\HNDONHH WNEEQMSEYNGYMDNPQW HPOH

RNR] D PLVpUH KtYiV KDUDQJR]uvvJ:RQW IWK WMIN tUivDLW  pV
$ N|[]pSNRU WDOlQpH.ﬂ)\\LWHFH(Q/LND PVV%tWHWWWGHHOYS/OW$
KRPRNyUD IHOWDO{OiVD &KDUWHV RV 5 ]

H] FVDN OHtUIVEyO LVPHUW (OV B'Ebﬂ_ '\Pg?\%“ HWL
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N|YHW MpQHN QHYH V]iPXQNUD PiU VRNND®/AY,PEHUAZHE E2 3QMALA

PIV_ PLQW 5RJHU %DFRQ LIM~ R[IRUGL HJ\HWHPLVWDNpQW D
WXGRPIQ\RV HPSLUL]PXV KtYH OHWW i H

UHQGMpPQHN EHIRO\iIVRYV WDJMDL ﬁﬁ\“ W\L/AHQJF%DNWE IRUC
KRJ\ PRGHUQ Qp]HWHLQHN KLUGHW R HJI\ L)
. HOHPHQ SiSD QHP YiOW HOOHQVp \\)4(1())4 Y 7HQJHUY
GH WLWRNWDUWiIVW N|YHWHOW W IE’ ﬁb\éﬁ' V'qu
SiSD KDOiOiYDO D] ~M SiSD WUyQ ' M]
EIUW|QEH YHWWHWWpN OMUD IR UG H . VL
URVV]XO pUWHOPH]HWW $ULV]WRW 5’ M % DB?J)Q
DNNRULEDQ HOpJ J\DQ~V GRORJ Y E ' )
WXGyVRN P&YHLW ROYDVWD HUHGS P/Kf y g *i'}@ YDOy
(XUySiED D] DUDERN RS W azNdptikaiw % IWHOH] KDMyQD
OHQFMPW OHJIJMHJI\]pVNPQW $ J|U tWPVPYHO $ KDMyQEL
WeNU|[NHW YLV]JRQW D OHQFVpNH W%’ lglchL PV H
OHQFVPNNHO NtVPUOHWHNHWpVpWP H\I'SJF]{ NdUWNRUD
FVLOODJiVIDWL PHJILI\HOpVHNKH]" B\P 53 c}! o D~ 16 GLN D W]U\

3.iEUD %DFRIDBSUPWDOXOPIQID D 1pQ\W|UpV Uy Qe IKREHD QBN D G VNIOiMiQDNWUDRAD HVIN|

VIIWDUWIiIO\EDQ
R YHO IpF
520 @g%hvvu

$] DUDERN H]W PiU D  V]i]DG y
N|UsO PiU PHJ LV MHOHQWHN HJ\H
NpV]tWpV& AROYDVyYN|YHN" DPHO\
KDV]QiOWDN $] DUDERN WXGiVD HI\HWHP
YLOIJNHUHVNHGHOPH UpYpQ (XUySi HKH]H
D V]i]DGEDQ QDJ\RQ WLV]WD «YHI
H] D WLWRN YDOyV]tQ& HOYHV]KHW M{p D W+
NHOOHWW WDOIOQL $GGLJ V]HPpW, 21
kvarc YDJ\ EHULOO NULVWiO\ OHQFVpW KDVI]QIOWDN $ WLVIWD «YHJ
IHOWDOIOiVD OHKHW Yp WHWWH KR % Ltf_ﬁ gug () g : VB
D QDJ\RQ JD]GDJRN SULYLOpPJLXPD e

$ QDJ\tWy OHQFVpW D]pUW LV IRQ| [ ~_: NI
D] HVIN|] WiJtWRWWD NL D WXGRP| o i

_(‘r‘l "1 | 1
\

1RQLXV

YL]VJiOyGiV D PpUpV OHKHW VpJH
PLQG D PDNURNR]PRV] IHOp GH H
WXGRPiQ\W J~]VED N|W|WWH D] K - ,
DPHO\EHQ HJ\HWOHQ PHJHQJHGHWW\ 7| 28 fensvesaiine

LJD]ROIVD . iEUD EWGROJ‘RP}IWHWQH’NUDFKH FVLOODJIiV]
$ WXGRPIQ\RV WXGiVW (XUySiEDO" &RUGRED

V]i]DGLJ D &RUGREDL .DOLIiIWXV yu&g Y\/g'_HPQIE)MUD]d_\XyBVO NLIHMO H

L :‘,7 o WAL \‘ ".‘,,‘

GROJR]y WXGyVRMJUQLpOpBOHI V]
VIHUNHV]WpVHL NpV EE VRNiLJ- K ] ND%P‘\’;]](\QX]&%HD‘O%(?S/\\‘
RSWLNDL N|Q\YH V]JHULQW ?GLX\%]QDN SHYOT:

NIJpSIRN~ RNWDWIVEDQ i PDWHPDWLNDLODJ YDQ N[]|V HC

9LVVIDWpUYH D N|]QDSL PpUpV 'WHU@RM’MFH_ 9/\ NWURQLNXV

PHIMHOHQpPVpLJ QHP YROW LJpQ\ v @%w KbE QPdS’Mf‘NW D] HOHNYV

PHJKDWiUR]y PpU HVIN|]INUH OHJI—lb M HO N @ O&hoGiXO D] DE

DODN~ pV IXQNFLYyM~ VDEO®&@BK #AH @\qllﬁKlQ'&'}iQHPL'J'N H(LbJ\ IRUJy PR]JiV)

KDV]QiOD®iYDO > PHJROGiIVD D] ~MDEE JHQHUIFLyM~ LQW
szerepet.)

$ WXGRPiIQ\RV PpUpVHNQHN QDJ\ O|Ny

matematikaiPpUpVWHFKQLNDL WDOiIiOPiIiQ\ 7\

NRU FVLOODRINDDW QyQLXV] VHItWVpJIp

PHJ WXGWD Q|YHOQL PpUpVHL SRQWR

DODSR]YD D PiVLN QDJ\ yULiV D N
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IRUUDGDOPIQDN HJ\LN NXOFVV]HUBHSRPAKHP +RKUPOQ® V 6+ HEOXHPY] 8HALOODJIiV]
PHJ WXGMD iOODStWDQL D PLQGHQNL X@WBF L WPRUW W|{UYpQ\HLW

$Q\DJRPDW *DOLOHLYHO JiURP GAMEGHNSYlPNG BYHOHQW FLNN PiVRGI
7H$pNHQ\VpJH HJ\ E YHEE L]VIPHUV\I%vf \F&%B’@%%YM)RW e-p(ga@wrﬁﬂy Press ,

'p\U EH H FLNN NHUHWHL Ni]p GH[g]DDavid%/%oto'r?;\a%{:\éfzQJQ—H\JYN%PW]MM *DOLOHL p¢
Q\LWYyV]HUHS <DOH 8QLYHUVLW\ 3UHVV *HQHUDO 3UHVV .LD

Galileo Galilei (1564-1642) olasz matematikus, fizikus,[10] Khalisi, E. (2020). The solar eclipses of the pharaoh
FVLOODJiIV] pV WHUPPV]HWILOR]yIXVAkh6nktechB® hrdprnd W04 1% NLYiOy
WiYFV|YHW DPHOO\HO ~M PHJILJ\HO msiptbtahfoy dd\ilrdhveD unpibEdri@R Q D
+ROG IHOV]tQpQ KHJ\HN WDOiOKD\¥ MagK® &b24) satiifelaidédHaoa@std & th@spoh \of the
KROGMD YDQ D 1DS QDSIROWMDL SOBR®Rs\VandPthe JyinabidHHBtory ¢ the Wi Gaypt
PHJIOODStWRWWD KRJ\ H] HJ\ [|RUJyynagperitagg gal), pLS&VEY i E E L
V]|JPpUpVHV SR]tFLYyPpUpVW IHOYiOWRWWD LOOHWYH NLHJpV]tWHWWH
D N[JYHWOHQ PHJILJ\HOpV

$ FVLOODJiVIDW PHOOHWW *DOLOHL VRN PiV WXGRPiQ\RV
NtVPUOHWHW LV YpJ]JHWW KRYY¥l~ pOHWH VRUIQ 5pJHV
HOPpOHWHNHW HOOHQ U]J|WW pV DSUYOpNRV NtVPUOHWH]pV XWiQ
~MDNDW NLGROJR]JRWW NL HJ\ VDMiW PyGV]HUWDQ DODSMiQ H]HN
PiU PDWHPDWLNDLODJ LV WHUYH]JHWW NtVpUOHWHN D NRUIEEL
iOWDOIQRVDQ KDV]QiOW YPOHWOHQV]HU& NtVPpUOHWH]pVHN XWiQ

(OV NpQW tUWD OH D] LQJiW PDWHPDWLNDLODJ WHUYH]JHWW HJ\
LQJDV]JHUNH]JHWHW LV GH |UHJNRUL YDNViJD PLDWW QHP WXGWD
NLYLWHOH]QL IRJViJBmdrelevi Gakk@ OiOD PLDWW
>@ > @ .RUIEEL WDQtWYiQ\DL- &DVVLQL 9LYLDQL PpUQ|N
WXGYyVRN PHQWHN WRYIiEE D] iOWDOD PHJIJNH]GHWW ~WRQ
+X\JHQV D 1HZWRQQDO HWXH®UWDQJI~ PpUQ|N
PHJDONRWMD D] LQJDyUiW LOOHWYH UXJyV LG PpU NHW
PHIMHOHQLN D PiVRGSHUF SRQWRV PpUpVH V]iPRV
WXGRPiQ\iJEREEDD I VV]HU& DODSNXWDWiVL pV PpUQ|NL
WHYpNHQ\VpJHN Q\tOWIQPW SXEPHMNIQWROW D
WXGRPiQ\RV IRUUDGDORP > @

11.iElVMDOLOHL IpOH OHtUiV DODSIMRRBEREV]tWHWW N|]JpSNRUL LQ
UHSOLNiIMD

I52'$/20-(*<=e.

[1] -RKQ 0 5REHUWYV $ W|UWpQHQNP HO WW D NRUDL FLYLOL]IFL
Officina Nova

[2] John D. Bernal prof: 6FLHQFH LQ +LVWRU\ 7XGRPiQ\ pV
W|UWpQHOHP *RQGRODW NLDGYy

Bl 2WWR 1HXJHEDXHU (JIDNW WXGRPIQ\RN D] yNRUEDQ
*RQGRODW .LDGy

[4] OLFKDHO 5RDI $ OH]JRSRWIiPLDL YINRQ@ DWODV]D +HO
.LDGYDJ\DU .|Q\YNOXE

5] 7HUHV EJRVWRQ %LEOLD pV DV]WRRQYPLD 6SULQJHU 2U
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BE1. Kg=/(0el<(.---BE1. REPORTS
VI. evFOLYAM 3.S=E 0--- VOLUME VI No. 3

Sokmindena TTPJ O 7-RigdeKProbe
Piezo+
All about TTP, Touch-Trigger Probe Piezo+

BiIOLQNIVIPEERIPPUQ|N
IEXGDL (J\HWHP %XGDSHVW O0DJ\DURUV]iJ
tpalinkas@radiovilag.hu

gVV]HIRJOBONRRUGRQUWMPSHNKH] NLIHMOHV]WH
PULQWNH] V ILQRPWDSLQWYy D 7RXFK 7ULJJI
WRYIEELDNEDQ 773 VLU 'DYLG 5REHUWYV OF
PpUQ|N KDWDOPDVY NDUULHUW EHIXWRWW WDOIC(
FVDN D JpSHVtWHWW LSDUL PpUHWHOOHQ U]p'
JPpSHN V]HUV]IiPEHIOOtWiViQDN QpON+O|]KHWHW(
KDQHP D] DPDWpB B3I®&®V N N|UpEHQ LV QpSV]HU&
VHP EL]RQ\tWMD H]W MREEDQ PLQW D] D V]iPRYV
egy-HJ\  KiJLODJ NLYLWHOH]HWW N*O|QE]|] '
NRQVWUXDALEWO |[VV]HWINROWWYO D IpOSURIL IN LUV 1§D (QYLG 5REHUWY 0FOXUWU\
PXWDW EH D] DONRWyYMD $ N|YHWNH] NEHO HOOHN D

WDSLQWYIHMQHN D SUREOpPiLUYyO D SUR
PHJROGiIVL PyGR]DWiW LVPHUWHWMEeN F
PHIJYDOYVIWRWW WRYIEEIHMOHV]WpVpU O
HUHGHWLMH D 5iGLYWHFKQHNDNEDG|PIEPQH
MHOHQW PHJ DKRO UpV]OHWHVHEE pS
szerepelnek.

Kulcsszavak WD SLQWRRIBIGILQiWD PpUpVWHFKQLN

Abstract 2 The Touch Trigger Probe (TTP) developed for
coordinate measuring machines, a career-making invention
by Irish engineer Sir David Roberts McMurtry is how an
indispensable tool not only for industrial automated
dimensional inspection and tool setting on modern CNC 2 iEUD 6]DEDGDORP Yi]ODWD
machines, but also for amateur CNC machine builders.

Nothing proves this better than the many sites in which its $ NRQNUpW IHODGDW D PpU JpS Pi\
creator presents a home-made construction of varying V]HUV]iPJpS V]IiQMDLQDN SR]tFLYMiW L
quality, from the wooden to the semi-professional. In the Kkell beolvasni, amikor a2 PpU V]iU YpJpQ OHY (
following, the problems of this probing head are described, DODNK&V PRI XELQ YDJ\ NHUIPLD WDSE
some factory solutions to the problems are described, and PHJpULQWL D PXQNDGDUDE V]HUV]IP
then a home-made improvement is discussed. The original (KKH] D WDSLQWYIHMQHN VWiIiWXV]MHOL

of this article was published in the 2017 edition of the < = GLJLWIiOLVY PpU OpFHW OHROYDV)
5iGLyWHFKQ L NeDwheveNj@pe ¥etailed construction  V]iPiUD KRJ\ PHQWVH HO D SLOODQDWQC
instructions are included. (J]W D VWIWXV]IMHOHW HJ\ Q\XJDOPL iO
PHIJV]DNtWIiVR tapHOWMQWR IPPW|PEEH
Keywords touching probecoordinate measurement iJ\DJRWW V]LIJHWHOW KeYHO\EHQ YDQ

UIJ]ItWYH $ W|PEEH VXRiVWIM|QREDWIVVD

GE NHPpQ\ 4HAROHMWRJ|UJ W UDJDV]W

X X PHO\HN N|]*O OHJDOIEE HJ\ D W|PEW O

1B(9(:(7e,6$ +$*<20E 1< 2l6IP-ELV SRQW $] |EU|UyO KL|Q\]y WDSLQV
DKKR] VILOIUGDQ U|J]tSVW]H JIRWG DOJ KeHIER!

McMurtry ( iIEUBIUHGHWL VIDEDGDOMBBR\EY\ VIHRYpAV]WiQWDD WLV]WDViJ
PHJYDOyYVtWiVW EHPXWDWy V]psS JUBOAINDR IROWSJWRNDWMIQBDNVDN 0LQG
iEUDHUHGHWLMH D] > @ KRQODSUYy8OYiN PORUN J IRPHIGV DIHKIHWR@WRVViJJ
KRJ\ QHP PLQGHQNLQHN LVPHU V V]NUE A §piN®Hy B WRYXNUH PP DEHOOtWKD

JVHQLIOLVDQ HJ\V]HU& WDSLQWyUI-'eIJQ(G)(/ VHIERWtWMD D JRO\YyN N|]p ~J\ KRJ\
DW "SRQWEDQ PpULQWNH]QHN D]JRNND

NRQWDNWXVSIUW MHOHQWezzdP LaN |JEH Q
WDSLQWWHBEHOL KHO\]JHWH UHQGNtY+-O
YLVV]DiOOiVL SRQWRVVIiIJIJDO GHILQLIiO

«<7KH DXWKRU V 2SHQ DFFHVYV LGreativg GdromonsKAttribitidri) Rovi-CRrhmgvdiaH No
Derivatives 4.0 International Licence.



3i0LQNi\2RUESKmindena TTR} O 7-RifgeKProbe Piezo%iQNL .|]O HEpH3IBYE N

IHOIHNYpVL SRQW D WDSLQWYJ|PE P$]Q GO HWDWH W E HHGVLHNIRNON  WRYIEE
HOYHVIL $ JRO\YN NLV YH]HWpN GDEDBRNNESQFRMQEBO P ARDK-]1iV LUIQ\IE
NJWYH ~J\ KRJ\ D JRO\ySiURNDW UYDIOGUHOR HYGi WHDNIIYSEUS 4186058/
HJ\eWW HJ\ KDW ERQWYNRQWDNWIVI505005143B33953R W RV1O&IOH QD WIRGA~ MW R W'
DONRVVDQDN $PHQQ\LEHQ D WPSOQOWYIIPEHEGWEUMHOWKH] NpSHVW
LUIQ\EyO D WHQJHO\LUIQ\~ KRPQI¥OWH B UHIYGHPMEU FROWYV V]JHUNH]HW LV
NLVHEE PpUWPpPNEHQ LV HOPR]G tiaHuzkNUS ¥3D5003P BOWLHE LJ WX GRPiVRP V]HL
NLHPHONHGLN D JRO\yYyN N|]*O pV NHUOM NYIWWHIVHIDSPGGIN D WRYIEEL N
9LOODPRV V]HPSRQWEYO WHKIiWXIHWA WQUWHIWSYRQOMWRY HE 5208390 NWHU LV
NDSFVROyUyO YDQ V]y DPL D]EPQsREION AY UXIQ OPDRPHWIE NQIHOUSOODQGY
PHJV]DNtWMD D]W D] iUDPN|UW D PLEIBOEA LKNOW DRPWINRY HI\UXJIyV HO IHV]tV
0DJIQDN D] HUHGHWL V]DEDGD@P(Iﬂ’ YHIRO 4468162 VIINH K RYW]~ pOHWWDUW
Q\RPiUD DNDGQRP US H41939938 AW HQ- @ DU|O NLVVp HOERQ\ROtWRWW M|
1979-EHQ N|]]p WHWW V]DEDGDOPL 9/01332V3VV\D\@IBKDWPED G@ORP eUGHN
H] OpQ\HJpPpEHQ XJ\DQH]W WDUWDKRI}DD] P WHOMWWNNHIVNEISBQWRN KiURP
V]iPRV VIDEDGDOPL OHtUiVUD KLYDPWNRORW NIHWWLY MINN PWW UK 8WYE]
D YLOiJKiOyUyO W|OW|WWHP OHSRR FR\INUJI N|MLDLY|t\WJINI O IRJODON]
WRYIEELDNEDQ QHP IRJRN KLYDWNHRSSA575 NW@W@ORPVMP

VIHULQW N|QQ\HQ PHINHUHVKHW N .RSWilE EDD @V p\W CEDI Q NHREVERNSDASR @ QDDp | H W E
PpO\+OQL pUGHPHV HIHNHW W D Q XfeRds2teR ] QISON ~ $1U B O W | HOBHIR/W RIS X V V [
HOY& HJ\ UHS-0O JpSJ\iUEDQ IHM Oé&hélenVa 8RN U PPQY WHSWPUPIS GE JF
PRWRUMD HJ\HV DONDWUpV]HLQ H NelRgasdzovd pE2diketNBp& Et W RIGAWE WD SO QW y pW N H |
IRWYyMiW iEUIQIWKDWMXN DPHO\BW |VIW]HNWRUPEHGE * JRO\y DUDQ\R]JRW
NRRUGLQiIWDPpU JpSHN HJ\LNpQ KIPKRQI®@WIONO*OHWHNNHO D AJRO\ylpV
VIHIPHQWIiOW YHIHW UpWHJ& Q\iNJ
IHOIRUUDV]WYD 1HNHP H] D] HOUHQC
KDWiUR]DWODQViJD PLDWW DJJIO\R
NDSFVROYyVWiWXV] iWYLWHOPpPUH YLV]F
LQGXNWtY HOY& PyGV]HUW @GBOJR]WDI
UpV]OHWH]WHP

/IPQ\HIJHVHEEHN NWDRWDRX\D pV GLQL
OHWDSLQWHRVINKHEMWpPVpUH LUIQ\XOy H
DPHO\HN N+O|QE|] MHOOHJI& NLHJIpV]t
DONDOPD]iViYDO YDOyVXOQDN PHJ $ V
[4] RenishawGRNXPHQWXP HJ\WW]HU&HQ
HOKDQ\DJROIVVDO WiUJ\DOMD $ N|YHW
iEUINNDO pV OHYH]HWpPpVVHO D] > @ MH
3 iIEUD 7DSLQWYIHM LGp]HP LGH D OpQ\HJpW V]iPSpOGiYDO

OFOXUWU\ RWWKDJ\WD -® abpod@W 2 AV TR) (7B 7e6eu0%.g'e6e% / (5(° +, %E.
1973-ban John DeetUHO PHJDODStWRWWD VDMiW FpJpWg9. 1

Renishawt, Wotton-under{ GJH YiURVNIEDQ
IHOWDOiOy V]iPRV VIDEDGDOPIW 2 E@R/\HI\I‘NXH l%)LEV{/NPlED\Q
DPHO\HNHW YDJ\ HJ\II-HCD-WDOKIID)\}/\N NRQWDN WX ERQW'V HO W

Q\~-MWRWW EH $] LO\HQ UHQGV] H%% {5/’ N@EWBB(W@LQ[EW?W L NLQH\
karriert futottak be. A Renishaw folyamatosan fejleszti az', U& Wi OWpWH
LPPiU UHQGV]HUEFHVDR)J.(GMDWWHBVﬁw#é%gh‘i ﬁ]\(/LQODJ DID] D EHOV PR
VIDNWHU+OHW YH]HW -EHQW yN.D HUHOpVL HJ\VpJH DEV]R
McMurtry-W SHGLJ QpKiQ\ UyoD V]yoy f %ﬁkﬁ’cﬂ YM’@@'—I\%W}’WW SHGLJ N[U NF

ULSRUWEDQ D PpUHWHDIN @ PO i RV-rWG P

$PtJ D VIDEDGDORP OH QHP MiUW D 5HQL F RV
SHUW NH]GHPpQ\H]HWW D] |[WOHWWROYDMR 4= ' 'EHQ GH D
EHFV.OHWHVHEE KRVV]PpUpVWHFKQLNDL Fp == HJWHN D

McMurtry-pWyO HOWpPU V]JHUNH]HWL NLDODNtW | ‘S8 ' VUNH] V
WDSLQWYIHMHNHW NLGR®3$R}E2646, O\HW LVPH! - D
(1986), azUS 4734994(1988), vagy azUS 4964223
(JHN NJ|]|]V MHOOHP] MH KRJ\ 0pQ\ .
ERQ\ROXOWDEE V]JHUNH]HW&HN pV iOWDOIt JHPDWLNDL
KLEILN LV QDJ\REEDN-pRpCHUHIGHMIUD773
IHOHGpPVEH PHU+<OVDWNp YOHDNBRQDD =HLVV QDJ) ‘@*‘Fc
NRRUGREUWPSpQ OiWWDP HJ\ AODSR]yV’ NRQ M~
KDWDOPDV YLOODPRV pULQWNH] V WDSLQWYIHEME§NybNnwXVERQWIV HO -
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NRQWDNWXVERQWIiV N|]|[WWL HOWHOW |
VIHUHSHO D] DGDWODSRNRQ pV PLNURI
$] D[LIOLV LUIQ\~ PHIJN|J]HOtWpV HVHWI
% ekkor R=F;.
OLYHO D WDSLQWyV]iU Q\RPYHU YHO V
LIJHQ QDJ\ D U|YLG*OpVpYHO pV KD
D LK
D

P
KRVV]~ViJ~ DNNRU D NLKDMOiViYDO D
NHOO V]iPROQXQN $ VWDWLNXV KLED
_ _ _ DGYGLN DPHO\ DJRQEDQ YpOHWOHQV]H
E TEUD $ PHIKDMOIV LUIQ\I*  KRJ\ D] HJ\HV D[LiOLV PHJN|JHOtWpVH

$] HU HI\HQV~0\ HNNRU D N|YHWNHPWRNMKY SHHANL R PHOILN ERQW HO

HO MHOHN HOKDQ\DJROiViYDO DE
NDONXOiOYD

FeL=K5 DPLE-RRL.

Az F, D W|EEQ\LUH EHIiOOtWKBWY UX
KDWiViUD D WDSLQWyV]iU WHBSLQWy
PpUWpPNEHQ PHJKDMOLN D] iEUIQ QL
UDGLIOLV LUIQ\~ VW Diger Naxawsony L E D
PHIN|JHOtWpVL VHEHVVpJ PHOOHWW
WHNLQWKHWYLOHJ VIRIWYHUHVHQ NRF

h = R L¥3IE;
5 iEUD 73 PpU IHM EHPpUpVHPVRUIQ IHOYH\
DKRO ( D WDSLQWyV]iU DQ\DJiQDN UXJDOPDVViJL
PRGXOXVD D WDSLQWyV]iU $ NiHQKNAW] VRINHMNWNMHW BIQIDMN N ainfkoD | W DC

PIVRGUHQG& Q\RPDWp4). N|U HVHWEYQN OHKHW YiODVV]XN NL D NpV]OHWI
$] 5 VIHUNH]HWL NLDODNtWiVEy0DPSNERPDY @ Q HPIp\ ik GH HEy WPRIVL  PpU
H] D PHJKDMOiV MHOOHJ]JHWHYV Lqu\U-w'VBNHQ/W&(WU\@'U(D@WHN W|P|U NR
PHIJpUWpPVpKH]4W HELIQW VPNLRWNH] YRR @by D KRVVIDEEDN NHUIPLIEYO
PULQWNH]pVL SRQWSiIUMDLW HJ\ %UW%@WW@GB6E,SR19WEEWJNIOV]'OW FV
FV~FViQ IHNY QHN NpS]JHOM-.N MHIWUDg SKQWIPUM|d~ PHVWHUVpPpIHV UXE
JHRPHWULIMIEyO LVPHUW KRJ\ DH¥PWPRQyKeEMMIBB& NHYWLD (JHQ D

HJ\EHQ V]|JIHOH] NUIQ\EDQ PHWV]DP RYSFRRWRVVIiJ~ NHPpQ\ NRSiViOOy J
azaz 5 = 21 $ PHWV]pVSRQWNL WARDWPUYLVIRQ\RN N|]|[WW HJ\ ~M

W S i - i NIRO\Y LV
ZFtXnngycgn?JV]HUHOYpQ\ WDSLQWyV]|uS\ﬁ/g\%(gjlﬂl/vét/\S\lxhvc’lgRQD/d)L\(\\llé@Héa~ {('HF;NC?@LN”FEbS oL
Q

Y O H K HW-Vp J HV, NNRU D WDSLQWy
$ IHQWLHNE O N|YHWNH]JLN KR \ %b@o R
ROGDOLUIQ\~ PHJN|]How@wamswm%%%\i§RN%w HJ%D IAWV]HU&HQ PpUVp
DNNRU D FVLOOABIW]BINGW YW QD] IRUG QGigy NHUHV]W-0 Qp]]*N PHJ K
aC-QpO V]DNDG PHJ D] iUDHaNapohbaw HKYWHP W LNXV KLED D NpW MHOOHJ]HWHYV
PSSHQ wDIH® O pULQWM+N D PpUWNR®YWE % WFLRigzefdef VPBUWHWHQG  \
IRUJIVSREWE-FV OHV] D] iUDPNAJ P NPV ]bHWNEEsigges Probe PiezotDGDWDLW YHV V.
Qi0O YMIQI®O N|YHWNH]LN EH$](NQ@RBOPSAO (QQpO / P GH H&E O FVD
NpSOHWHN DODSMiQ D W& sdyenessry | MJ DINPIKIOMV ik B Vg N  VI]iPtWIiVED D WD!
DUIQ\RV WHKiW D IHQWL Npw MHEBPHNBINWHYV QRAONEBWHE vWBHWHKNKREFE
KLEiIN LV DUIQ\~DN OHV]QHN O0BSYHRURIFbYMHO HEOKEPQ\D JROIAM U
RNRQNpQW LVPpWO GL NendézZkrb&hRaOhU ¥ RELR G &iw 310 GPa (2ID" N/n?, nagy
KLEDGLDJUDP HOYLOHJ KiURPV]lJVI\}’Ill_-QJUQy&Jw_y spo® | Mp UM B HY KDWiIiURN |
VIRIWYHUH LV ILJ\HOHPEH WXGMIDEHWXOGYKDWYQ Q] El\J\73N|]HSHV PUWDI
PpU IHM EHPpUpVH VRUIQ IHOYHWWHRHEMYPHMWDIPRW WHP O p MMAHWQHUFL
az5 iEUPHQLVKDZ GRNXPHQWXP DODSMiQ PHJUDM]ROYD

$ PpUpV -HWPPpU V]iURQ MO,LBWN QW = 9 14p 001/4 = 7.8541073 i,
PHOOHWW $ GLDJUDP FVDN GXUY N|?_H]1$b¥)vé;g‘pg)] ’r PpOHWL
HJ\HQO ROGDO~ tY KiURPV]|JHW Hﬁt—t'fsrll#t ' YPHUNHIHW
WRYIEEL NLQHPDWLNDL KLEiLQDN LA®©® I¥3E =FopluBsloY(3 KASALIN'ERH R0 =
WXGKDWy EH OHJMHJI\]HP D] /) 2B31Q0°mi@l8vAm. LOO 0)

PD[LPiOLY NLQHPDWLNDL KLED Ne-Q|QF\VpbbN | R=25HQde/MDZ

TTP-N DGDWODSMiIiQ WDOIiOkm@valy MHHO|Op’VH'\f\I A3UH
YDULDWLRQ ™~ PHMWIHYiQ]pNVR/GWDNWXVERQWIV HO WWL
HOPR]GXOiVQDN IRUGtWKDWMXN D]D] D] pULQWpPV SLOODQDWD pV D
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Az F, UXJYHU PpUV pli¥CopN pi HIB BD] YPOHWOHQV]HU& D GLQDPLNXV KLEil
FVINNHQWKHW NKDHKQIQ@MNRVDQ OHWRSIMNVHNI D &1& PRWRURV PR]JDV
OHQQPQN RO\DQ PLQ VpJ& pULQWNHYPWW N|ECHWRHOADQ D] pULQWPVL
DPLOVHQHNNHO D J\iUL PpU IHMHNEW|Q NWROWO NR ] KD MXOQWp(UMHEHVVpIpW
UlYLGH@MDanOHV] V]y OHJMHJ\]HP &KIRID L NXKYWIDWiIiVRNDW SHGLJ V]iPtWiV
HUHGPPQ\HN FVDN D] pULQWNH] FVLOODJJDO PHUHY
NDSFVRODWEDQ OHY WDSLQWyV]iUUSma e

IRIJMXN KRJ\ D FtPEHOL PpU IHMUH H
HUW HJ\ PHPEUIQ LV EHLNWDWyGLN
$ VWDWLNXV KLED WRYIiEEL FV|NN
LQpO U|YLGHEE WDSLQWyV]iU YiOD
XJDOPDVViJL PRGXOSU~ NHUDRILD

r\:\AlQL
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HO
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¥y

4

KDV]QiOiVD GH LJD]iQ KDWpNRC
Q|YHOpVH DPL D V]iU VXJDUIQDN ¢
DUIQ\RV -y YiODV]WiV OHKHW KD |
NHUiPLD FV NRQGHQJ]iWRU WHVWpE O
$ IHQWL JRQGRODWPHQHW D |
OHHJ\W]HU&VIWHWW WiUJ\DOiViw Q\ g
QHP IRJODONR]JLN D SRQWV]HU& pULC W Lo o,
Hertz-IHV]*OWVpJ RNR]JWD GHIRUPiFLYyYDOS IE@@\E&@@waﬂatﬂs@mzere

VWDWLNXV KLEiW RNR] D WDSLQWyJ|PE DODNKLEiMD DPL PD PiU
WL]HG PLNURQ QDJ\ViJUHQGEHQ WDUWKDWYy $] pUGHNO G N

UpVIOHWHYV DQDOt]LVEV NDSKDWQDN SO Dl @ 14 156352

22 'LQDPLNXV KLEIN

$PHQQ\LEHQ D PpUpV VRUIQ QDJ\%PD@QW@D@\MM‘&OV MINURGDORPEDQ |
PHJ D] pULQWpVL SRQWRNDW FVDMN IR THQWB\yYLVIREREDJI ME® pULQWI
HIJKDWiUR]JKDWY KLEiNUD NHoo_Wbtg;b@WUWW@@H@HQ@H@\N &ggvp DOC
UV]HU& LSDUL PpUpVWHFKQLNIED@ KW BIMINE I3 QWL B W HRP

U HO NLR\RULGG@H\M/EP_N $ JRO
UJpSHN LV UHODWtYH QDJ\ VHEMHRAYPH AN G RBEIROGRPNW (bUALQWNH]pVL
leVpJ WRYIEEL D VWDWLNXV || VR K P MY HWH I HIWRNOWD QDN |
U

%/e0E.

PVHN PLQpO J\RUVDEEi WpWH O Y H

Bz

\REE KLEINDW RNR]KDW YplV WRYRRoM HOFHR eh NoRJ WLIHG
IHM OHWDSLQWIiVL VHEHVVpAWIEU R KPWMENY D gg
IRUPiIFLYN $UUyO YDQ V]y REbJE® pKNY ﬂilgDW DL
LOODJVJHUHOYpQ\QHN YDQ YD DNNRW v/ N YRQ
GLJ D] HOPR]GtWiVVDO NLIRUGt¥( ® KIHPIE N Qv vp %t\/\gRWMW
HOOHQIOOIVD WHKHWHWOHQVpJH K Qoiv7l MV]LH\I
OpQ\HJH DJD) [VW]HI*JJpVm WP D] GHIRUPlFLyMD | N ]DWRYV
J\RUVXOiViQDN HOpUpVpKH] V]*NVypghWw Hid N
HJ\HQHV YRQDO~ HJ\HQOHWHV PR\]NldNQQ\Gg%B
GH My N|]JHOtWpVVHO D PL NLV PH KON Qi
HVHW<QNUH LV pUWHOPH]KHW $ JYRQWHONVY WHW
QHJDWtY D]D] YDOYMIiEDQ ODVVXO\{/\WDQ]_QJIUH|GJ-UWL5§)pI-Q)JGY)D@DBLO\)(]-|:QJtWyHL
VHEHVVpPpJJHO KDODGYy WDSLQWYJIFEGIWYNGINYWHERU DO pde NIHOp VL FLNOXVF
|JEHQ MHOHQW V KDMOtWyHU NHQ\I-L%/%N\H W R P&urDLWA@&L WyM i AWM W O H
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QDJ\WViJUHQGHNNHO QDJ\REE PpUWpPNGE HAVG R L OHtUiV\
D] HO] SRQWEDQ Yi]ROW VWDWL"D>13\4-|©|\LENQ$ SO-QWB K IlﬂJ@EDPpUVpNHO1
V]iPtwivD QDJ\RQ ERQ\ROXOW URRG FU|Q\/ RXPHULRXWLNEDQ YiOWYIHV

TR $]V]sﬁ’twf%%%]¢zw et
P p i |
PR]Jy W|PHJHW PLQpO NLVHEEUH p% U'%d—@\g})DJQDHPQUDpJ\,
D WIUHNYREWEDYO V]iUPD]y IRWy

S5HQLVKDZ 773 NRQWDNWXVUHQGV] gf/ﬁfa RRJQ\WHDJI\\l\\;V]‘
KRJ\ D FVLOODJV]J]HUHOYpQ\W LJ\HI}Hj E“B \lt\l\& EKRJ\ D 5HQLVKDZ
A TTP-N VWDWLNXV pV GLQDPLNXWD W D W RGPY DRWWRIF\DGpN PLEHQC

DQDOtJLVH D QHWHQ W|EE WXGRRHQ) va \N&]@UB@@QE#@&LO/ NLSWPEIOWDP
VIHUHSHO iP VDMQRV HJHN ]IPPHYD ILL\}H INHN NHB DQHDVR'W DPLW D J\i
SO D >@ DPHO\ HJ\ 73 W8 XWJH ETO33DM|QO EE O HJ\ NLV DGDJRW NLI~NM\
VWDWLNXV pV GLQDPLNXV KLERYLIYIIP® WIROMN PIHP VD JRO\YN  J|U.
PYyGVIHUHLW HVIN|]JHLW PXWDWMDRB MW dN | Hp QMH M R-Q BYHER W IPROD\NDKE]yWHUN G

HUHGPpQ\HNHW QDJ\RQ V]HPODOWWUGH%;DMELHQLU LDABBYRNKR] QHP W
IRUPIMIEDQ LV $] LO\HQ FLNN NPi@XO®RRI Q\R]Y D

PHJIOODStWKDWMXN KRJ\ D Np]L PR]JDW|V~ NRRUGLQiWD
PpU JpSHNQpO DKRO D PHJN|JHOtWpV VHEHVVpJH OpQ\HJpEHQ
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4 ATTP +,%E,1$. &69..(17e6( TTP-QHN QHYH]QL VHP H]JHNHW VHP D N
WiUJ\DOW PpU IHMHNHW OHJV]RNiVEYy(

$ KREELVWIN SOpSREH\ \?L]li@:ljUDE PO D WLWXOXVQ'O
YpJpQ NLV]|PROW VWDWLNXV KLEiN #gﬁ“dlﬁﬁ“cﬁm HV % Q
KLV]H D  Ki]lL NpV]twpv& JpSHN l%(bhh]a%\w %EPNJ pVEpPKIHIHYGXNWt
IHOERQWiVFD QDJ\ViJUHQGEHQ YD %' WXNFLYW LV EHPXWL
QHPDWLNDL KLEiL SHGLJ HQQp 53991§\'LN Rb HS R % 8% |§H D WpQ\OHJ
HQ  PHJOHKHW VHQ  SUHFtP\I W\LE Nb‘\k’ t VRN IHSpStWpV
V]iPJpSHNNHO LV WDOiONR]K % 956 ﬁt‘ lﬁ UW"WVHWJX/VWH KDV
$ IRUJIFVROiIVVDO IRJODONR 'I\Ytﬁ’ YioFO NRINRWWRUWDOPD]y |
RVW LV OHKHWQHN QDJ\ SRQ ?va?{JRO\W U ]'Y' t'NV'W;FH D] 203 C
ELJWRV KRJ\ HJ\ PpehdstaUPPikai pp P iRl D DSLQWYIHM pV WLSLI
iViUOiIVIW PHIHQJHGKHWLN PYJRNWYDRJ \DHknRtECEn_WWw M HVOWL Y L Y UMD
DLQDN HJ\HO UH DNiU HJ\ IiEW® NpViH @P\NQ oL NI bWy MDM/ UD OHJIHM
PEIHM& FVDYDURNNDO KHO\H V@HVtV\WHQ(G]\L](bi[bJJpE' INGB¥ROWROW >
QVWUXNFLY > @ WDOIQ PHMHQ\!W|¥|LOI\L|+®O&O|$|E’H\J\A DURI\VMHOKWYLWHC
RNiUD MyYDO SRQWRVDEE WHUPQ @ﬁ@lek B®§DNW WHOHSHYV
VItWKHW PpU IHMUH OHV] V] NQ/\FVJDNHW WDW PHWV]HWUDM]

D\ PULQWNH] V L
$] LSDUEDQ D SRQWRVViJ Q|YH + QﬁF%D
UpJHQ PHJIRJDOPD]YGRWW \ﬁ [UW  PHOVQHN

VIDEDGDORP V]*OHWHWW D 773 H ILV‘Q%L\%LEJLBV\
KLEILQDN PpUVpNOpVpUH $ G|QW !

NpSHV IF
DQDOyJ MHOIWDODNtWy N EHpSty B@@%ﬁ%
SUREOpPPIW EJ\ YROUSDINADAPGagN W ‘ﬁK J\R RUVDQ UHDJ

NDSDFLWSY6683T80 B2 HOPR]GXO0iVpUl |\Y|Lt 'NQJ%UHQGV]HUW PXWDW EH D > ¢
YRQDWNR]y HONpS]HOpVHN DPHO\H$ J|HPHEE DEEH QY RWOROMY WBHWUWPIQ\RN
NL KRJ\ D FVLOODJ HOPR]GXOiRPp DLNHQﬁVwFDli;Fng\MEJW@JIWMEQy |
EiUPLOVHQ LUIQ\~ NLWpUpVHNRU KYYRP?N-QRUR QA N OiIWXQN D .
WDSLQWYyYV]iU WHQJHO\H LUIQ\IiED PQW\@ ]N@FP@RUW PHKIGRPWFBDYDUUDC
IHQWL PYGRQ pU]pNHO®QHEDQHKiWKPWRLSLQWYKI]KR] NHID O NYHO t FH X\P

FVLOODJ KHO\HWW HJ\ WiUFVD SH@JH‘P]PRUMl]Fb-N‘]/WN]QGQ\)~Q+MPmJJ\ UXGDFVN
MHOIRJyV | H Y W-IODNSVFIRYY WD O JKOSHRPNRRW ©\~O0iVPpU EpO\HJHNU O
IHOWDOiOy DUUyO KRJ\ D = LUiIQkL %I@]@WH@%BH‘FKD@HMWQNRQVWUXNF\
VRNNDO QDJ\REE PLQW D Yt]V]LQ
HOPR]GXOiVVDO N|JHO DUIQ\RV DQDC(
NLWpUpV LUIQ\iW FVXSiQ HEE O QHP
1LQFV XJ\DQ WRYIEEL pU]pNHEP MH

0598709 Al V]iP~ V]DEDGDOPIEDQ HJ\
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_— Mechanism

LOOHVINHG SHUHPHV DONDWUpVV]H wbD D
KDJ\RPIQ\RWWDWLNXV KLEiMiW FV|N Y 7
DOLJKDQHP QHP YIOWRWWD EH D KR]. : X ;>,k\\
6]*OHWHWW HONpPS]HOpV RO\D( Structure
UHQGV]JHUUH LV DPL V]JHULQW- D W D)
MHOOHJ& LQWHUIHURPpWHU YDQ DP HU&
WDSLQWYV]iU NpSH]L D YpJpEHQ D W W W
W-N|UlUB-| 6118956 H] OHQQH D] LQWH Strain gauge - independent
PpU NDUMD (ONpS]JHOKHW KRJ\ PHQ of mechanism
UHQGV]HU D OHJIJNLVHEE HOIOOtWyGi' N|U
KHO\HWW DSUy V]|JSUL]PiW pStWHQp p)
HONHU*OKHWHWOHQ D PpUpVL |IH y
WDSLOMMWHJH XL FVDN D]]DO YROQD C.

$ NRUDL HONpPS]JHOpPVHNEHQ J\DNUdQ'EWﬁPﬁ%ﬁ-Pé\HH%VIHU YiJobwb
SLHIRHOHNWURPRONDOPOPINDVYMUUH \NBYNFHEURQFVIED EHIJ\D]YD KiURP

YLVVIDWPpPUHN _ OiWKDWy DPHO\HN D WDSLQWyV]iUDW |

$ V]iIiPRV |[WOHW N|]+O PiUD NgV| b Wﬁq%@ WO ONLUGUNDLED KDWROQD
NULVWlO\RVRGRV\QNONLDEQHGJVVKD%V%FSQ)EE/SV%U VQHUHOYpQ\W HJ\
g hUﬁAQ\ﬁ’EW

o

T

(JHNEHQ D PpU IHMHNEHQ D JRCﬁI)_/g y \)%(/ g%‘@é D Wn@ééﬁu?vyr\:/z%/(\\
JTPE (551+( UHQG
W
NLPR]GXOiViQDN OHKHW Yp WpWHg)g-kJ/ Ié/'BJLF | Wy
Q
D[

pV D] DQDOyJ RSWLNDL iWDODNtWyHRe XNELYNKH] D V]
41 1\~0iVPpU Ep@&HJIHV 773 UHQGV]HU V]XEPLNURQRV PUIpNHQ\VpJ
UHQGV]HU IHODGDWD D PpU V]iU !
PUEHOL Q\XJDOPL SR]tFLyMlQDEJ v] HW L IHO
, v ] Nl \iﬁ{m@
LQFVHQHN iUDPN|UEH NDSFVROY L\émbf% rH k Yol
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Probe: OMP400
150°  Stylus: SOmm Cerami
Max PTV: 20.17pm

8 iIEUD 203 WtSXV~ 585(1*( PpU IHM KL

6DMQRYV D Q\~OiVPpU EpO\HJHV WDSLQWyYN MEFMPRYCEEWYRQIOY
iUDPN|UpU O VHPPLW QHFERUOMZI4HO D 1\ilhw.ag &1

A2 VIDEDGDOPL OHtUIV WDUWDOPD 2%
rajzokat is, azUS 7689379 B2pedig sokat elmond a deflection
KiIURPEpO\HJHVY UHQGV]HU DQD®ADIC
SRJtFLYPHJKDWIiUR]iWOIHK RWGVpHBRU O
UpV]JOHWHVHEE HOYL PDJ\DUiI]JDW
NRQVWU X NISI2000/0943534 A1

L SP25M

42 2SWRHOHNWURKQLNDL HOY& 773 T

(J\ RSWLNDL NRQFHSFLYW NRUEE poisele
VIiPRV PiV HOYHQ P&N|G RSW
VIDEDGDOPD]WDWWDN PiU ORGHUC
SpOGiX0O -EDQ N|]]SVEsRBses AV ]iP ~ P P
VIDEDGDORP DPHO\ RSWLNDL D W i
NPpSERQWyY HV]IN|] N]JYHWtWpVpYHO p
$ WpPpQ\OHJHVHQ PHJYDOYVXOW ER——
5(1,6+$%$: 63 0 DODS~ HOHPHNE O

WDSLQWYFVDOIG DQDOyYyJ RSWLNDL | fmeptie VYFVDS
Q\XJDOPL KHO\JHWpPE O EiUPHO\  msammnoe

NLPR]GXOiViwW $ WDSLQWYFVDSRW t W
JRO\YSIURNEYO pV SIiOFDFVLOODJEY

VSHFLIOLV NLNpS]pV& V]DEDGDOPI 1Y
PHPEUIQ®iIXJYJ\HNV]LN VWDEL®.aSR]t}

iEY.D

$] DOVy UXJy PLQGHQ LUiIQ\~ HOPF, .

IHOV FVDN = -D]DJi@HQI H®\OiWV]DW oHB.OEWHE QpW bISIDQWyIHM RSW R P HRVKD
UHQGV]HU VWDELOLWIiVD LJHQ QDJ\ HJ\ PP KRVV]~ViJ~

WHKiW YLV]RQ\WD3$L\QVOYRMU A-Es) IHOMMWEPESLQWYIHM RSWRPHFKDQLNDL UH
PpUpVL ELIRQ\WDODQWHYRMDBNAGWBRVE W WDWMD $ WDSLQWYKIi]KR] U]
NpSHVW $ UXJyUHQGV]HU WRYIN¥MEUNRBHO\HWVItRQRDHWEY, .5 -WWJIipNRUUI
ROGDOLUIQ\~ NLWpUtWpV pU]pNH@R/%@ILIP' H QFHWO W UW D OPD]y WX
NLWpUtWpV LUIQ\iWyO V]JHPEHQ WBHBVYIR RW W KWW PR]Jy SODW

7ULJJHU 3UREH UHQG \njegehgadH@ KERDREYy xW*N[UUH YHW.O DPHO\HN D VX
WDSLOQWYWWiQ\~ HOPRYAX@@NWO KR IVIHKRHYItQ H [-HeWuEitibhiSvisiBgDetector)
D PHFKDQLNiW DODSRVDQ HO NHoYoLHN%tNVlEl‘ﬁQ&H-b}k LP|¥BVR|&E(§ WY QDJ\
pl. az US 5345689 vagy azUS 714674lismertet) Az 3,1 TRWRGLYGIiN PHO\HNQH pJ\ DQyC
LOV\HQ PHPEUIQUXJyN V]HUNHV]@pWHIWpPQppB\ R@%lUyo 8BWYEELDNKR]
WXGRPiIQQ\i YIOW D QHWHQ W|EEHWPBIK DE| \/QW&% MWYPJb TUDPNJU|N
KDVRQOY - VYNDHWOHOHPHN HOPp OWRPN|UkiWiWQRQYPWW FVDWODNRILN §]
PPUHWH]pVpW D FLNN YpJpQ HJI\HW NLNLWHRHWRN O HOYH]HWKHW IHV].O
NHUHN IpQ\IROWQDN D ODSND N|]pSSR
LUIQ\~ WiYROVIiJiYDO
$ NpW NLWpU LUIQ\~ IpQ\VXJiUUD D =
PpUpVH pUGHNpPEHQ YDQ V]*NVpJ $]
OpQ\HJpEWB 2003/0174556 Alszabadalomban
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OHIHNWHWHWW NRQVWUXNFLYV HO YRIWH® DO D $WPQ N HSWHWNPH DKRNDW D
WRYIEEIHMOHV]WYH 0iV RSWLNDLHOPHRAEX®HOQDW VXL QB\W QN NIQ QWpV
de 3 db PSD-n alapul adS 2006/0070253 AV]iP~ WHQJHO\LUiQ\~ NRPSRQHQVH (qw
szabadalom.) NLKDV]QiOKDWYyQDEDQp DM HV pi\~MWR WV

$]pUW WIiMROYKRUQ\RN pV SidEEEWHIOWUS Ngggo V]iBRQ N|l]lp WHW
P&V]HUFVDOIGEDQ LV YDQ EiU D]V%leg@@ﬁ_g\ﬁ(ll-i KR PW Q8 J\D Q-béh@UW V]D |

QLQFV V]JHUHS*N PLQW D Q\~OiVP iQOP Lt UGAHNBDLQG
V W QRUPiOLVY HVHWEHQ D WDSLQ ‘gﬁ *d)]R/FHHbPEH.J @WSOF’D]V N
HJ\PiVKR] NpSHVW $ WDSLQWy€'§5@5O lg'ﬁ@ \RQ KDVRQ
KDWIiUR]]iN PHJ D] HOHYH NpWw Hgmv %EZ]H% %@&vﬁ@@ ||| az UgHUV]H

WDSLQWYKi] DOVy HOHPpPQHN HOP w

DODSHOHPPW SHGLJ QpJ\NBSllR;QM‘T@ %Aé mEﬂlqﬁ}yewg?HBlHV HOJRQC
IRIMD |VV]H (] D PRGXOiULV NQ . QIJ]tWHWW WDSLC
OHHJ\WV]JHU&VtWL D WDSLQWyV]|UDN]| Rb WDW)R\WV\S

FVHUpMpW D &1& PpU JpSHNHQ VM HINVY PN DEIIOQ PUGHN EPHONPS]
NH]JHOpVL KLEIiEyO V]iUPD]y W|UpVe6031¢0 ALEpler pGTXRP| KQEDJQXNDDFVLOODJHJ
WDSLQWYV]iUDW D PiJQHVHN HJ\V]EU&%@VHWWQJHGIRWE@]va@ YH]HWW

QPON+O OHYIiOLN (] VHP wusema4s/ H®i U-RiN| W OHHIAH SSHO® QbiN LVV PiU N+O

B2, azUS 5918378 Avagy azUS 540464%zabadalom UXJYPHPEUIQRNDW IOStWHWW YROQD E
PXWDW EH KDVRQOyW .pWVpJNtY~RW)N &Yedra@dka hplyetlBOHE 1992 p Vv
OpQ\HJHVHQ N|OWVpJINtPpO EE PLRWIWODRVD]PHIMOBYVtWiIV V]HPSRQW,
WDSLQWYVIJHUKR ROy PpU IHM WDHWRIAWL (HONpB]JHOpVH OiIWV]RWW D
NI[YHWNH] SRQWEDQ YLVV]DWpUHNV]HY & KIDIDRRi @D BMDWUpPV]HNE O pS-
IHOpPpStWpV& YDJ\ -4 UPGIQGWpPRQBEH®LJ RO\DQ IpPWiUFViUD UDJDV]WR)
HOPR]GtWKDWy WDSLQWyYV]iU~ 73 «P MHYVHNHIRN K DVWRQ®Y HONY HW]iPRV ROTF
NI[YHWWHN FVDNKRJ\ LWW D PDJD HOMNWHRYpAYiONDWWERY Y VIRHIWDOIiO
WDSLQWyYV]iUDVWyOPplD Jp SRR UGLHERMBW W] HUH]KHW

DODSWHVWpU O 7HNLQWVeN SpOGiXO D] &8éntact- V]iP
Az SP25M eleve N R Q W ~ U N NYpr/\)\+ [0 HP L G#sing probeFtP & VIDEDGDOPL OHtUiIV — iEUI
LO\HQ DOLJKDQHP D YLOIJ OHJIWLFKEEU DO FRISIVEWEGEM, pW D
WDSLQWyYUHR@VIRRUATAW LOOHVIWYH K /- |
KDJ\RPiQ\RV SRQWOHWDSLQWiV~ PpU I3

| o -

-44 ! I/F 7]
& i 32 33 252 H—

5 P,(=2.5,67E/<T$P-BEN 1\ R, W, . 1 e
$] HGGLJLHN WDQXOPiIQ\R]iVD XWiQ 214 I
hogy eleget tudunk a TTRRU O DKKR] KRJ. _L

PHIJVIJHUNHVV]eN D VDMiW Q\~OiVPpU 2
RSWLNDL HOPR]GXOiVpU]pNHO NNHO  22A—T7
VWDWLNXV pV GLQDPLNXV KLEiYDO UH 1A
VLHVVeN HO D GROJRW $ Q\~OiVPpU 7
GUiIJIN D IHOUDJDV]JWiVXN LV N+O] 2
WHFKQROYJLIW pV QDJ\ JIDNRUODWRW 15 ~1 oV

NHUpN" DQ\DJNLYiODV]WiVD K NH]HOp\ i 3
W~OViJRVDQ N|QQ\& NLKtYiV PpJ =2 16 T
ILQRPPHFKDQLNDL «]HP V]iPiUD VHP $] ] __/'__X
KiJLODJRV NLYLWHOH]pVH VHP NLIHMH] 4 '@ 17 /1 KD D

UXJyPHPEUIQRN KHO\HWW PDUBGXQN L woeo.,

PHFKDQLNIQIO pV -©HIPRQEX QO FIR]G X 0V 10 |EGantact-sensing probeldp V] O HW

OHKHW VpJpU O WDOIQ FpOKR] pUKHW=QN iV VIHU D

'80-DV. pYHNEHQ PiU NtPHIGDWW M%J\RP'QW&\H%K@VRQQW wJHONHIHW
I

V]iUPD]y ROYDVYIHMHN HOHPHLQF’NNe E}\EW\ iNDW LV PD

PiV DODS~ VDMiWRV UHQGV]HLF&JOD\PD’Mu ¥ i RUﬂWMD D
RSWRHOHNWURQLNDL pU]pNHGbenUpR/'TdBQW \MW vV D] pU
WDOIOKDWyY PHJ DIRQED WRYIEEL lazwazxz )HOHPHN

p
H
OpJLV H KHO\HWW WHNLQWV- LN/éVI—P LLa]gﬁﬁUﬂng']c*
PyGVIHUW D SLH]RNULVWiO\ DoNal = QDN 1+3J OF
QHWHQ NXWDNRGYD LO\HQ WpPiMwp Sg‘ Fl%;% '1%

VRNDViJiW LV IHOOHOMeN ,JD] Wb oxlé

JViUWYN YiODV]WpNIiEDQ SLH]y pUJpNHO HOHPPHO NLHJpV]tWHWW

TTP-W EiU SO D 1,.21 OHMiwg@RI\ DONpE]tWHWWHP NLSUYyEIOWDP 6DM

LOV\HQ HOY& WDSLQWMY\WpBHNRR U GENRIMREWOWiViUD PDMGQHP RO\DQ pU]r
QHP MHO|O PHJ PLQW D WDSLQWyV]iUpUD
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7DOiOWDP HJ\ pUGHNHWD MWIRBGRRMWHDPBEQ\ LOOHV]WKHW N D] 63 0
WDSLQWYFV~FVRW  US2000/D320583A1 PiJQHVHVHQ AWHGWQWRPGHMUDN N|]p EJ\
US007856731B2 $ IHO*OHWWHO YDOy pIRQWHRI] pWMOY KRH]IpWpV VRNV]RU QH
FVLOODStWiViQ NHUHV]W+O pU]pNHWD S5 QWRVilEE LOREDQQBDINHQ | QH®pVpYHO
IRJODONR]JRP EiU D] [ WOHW PHJJRQ@RCRBGHI\VpIJEH D KRVV]iKR] LOOHV]

9pJeO HJ\ WRYIEEL SUREOpPiwW LW B NNYO o/ IR OOWERINQ NIV OHKHWVpJt
$FPOEDQ D KDQJ WHUMHGPVL VHEHWKRWMENIQ@HJI\ PV
azaz 1 B alatt 51 mmw WHV] PHJ D O|NpVKXOOIiP D]

DQ\DJEDQ 3pOGiHHY MIDSL@WYV]IUEDQ HQHYH

PV N|[UsOL D NpVOHOWHWpV +D D WDSLQW YT ISR BREBRNEZFHEHV V p I H

100 mm/s = 100 00(PP V. DNNRU Bi&df 10m

UHQGV]HUHV D]D] V]levHUHVHQSé\IRM/é%WKDWy NpVOHOWHWpPVL KLED
NHOHWNHJLN $ PLQpO QDJ\REE <R J PUGHNEHQ MREE

OHQQH D SLHIRHOHPHNHW N|]YHWOKQ 3 ® H@D sSARtIkE PIUQRAPHFKDQLI
HOKHO\H]QL (]w D weRGeHRMB\ARILW-HONpW{WpVH D PHFKDQLNDL P&V]HUpV
az EP 0420416 A31991-EHQ N|]]p WHwwW Wji®) oRPW PHIIHOHO IHOV]JHUHOpP
DPHO\QHN HJ\ iEUIMiW LGH LGp]H'ﬁ*ONENHSEJR"@WRVbeWUUI WGRW  pV NRP|
NRQVWUXNFLYV HOFBHB SUHNRESNMNYDIWNH] NEHQ QHP LV DGRN SRQWRYV
DV V]iP~ WpWHOHN $ GRORJQDN P|IGHWHYX @ HN \MHV I KIR WP XWDWyNDW
WRYIEE GUIJtWDQi D] DP~JW VW] WRHNDPW HPOtWHP PHJ $ NRQ\
WDSLQWYNpV]OHWpPW D] 63 UHQW'V(')N—'—@ WP D Wik @HRA Ls MiIUMRQ H
http://www.thecmmstore.com/products/probe- IHONpV]-OWVpJIJH pV OHKHW VpJHL V]JHUL

system/probe-body/sp-25/default.html OiVRN D

Q\~OiVPpPU EpO\HJHNHW LV IHC ™ 77 2™ N el Ze
PpU V]iU% P005/0283990 Al p V4. Dejezetben
HPOtWHWW LQWHUIHURPPWHUHYV ! 7 Q\L / D

SUREOPpPPIW NtYIQWD YROQD NLN-eV

60A

$6 ST
IV
RN

‘h\\\\\\\\\\\‘;

gob

coc 13 iIEUD 6DMiW SURWRWtSXV NeOV IRW

11 iEEFDO420416SzabadaI0nUpV]OHW $ NRPSOHLVVVPP‘EHIRJODO)/ Pp‘ESHW& ‘
n EHIRJyV]iU~ SURWRWtSMXW B3W K D WMy L$ T

D WDSLQWyYKi] HJ\ HVIWHUJIiOW De&8XPtQLX

a”(»,\ FVDYDURNNDO HU VIWHWWHP KR]]i D]
\sy VIHUHO SDM]VRW (O EEL EHOV J\&U&
T~ A EHFVDYDURLYDuD] Q\iNJ\&U& DPLQ D]RC

4 A QLQFV Up]J]UpWHJ $ J\&U&EH PP iWP

’\'-; IRNRYV RV]WIiIVVBEY IXUPWSIURNDW NpV]H
§ furatokba a 4 mmHV FVDSIiJ\JRO\YWNDW UDJD
NPpWNRPSRQHQV& QDJ\ N|WpVV]LOIUGV
(O WWH D JRO\y IHO*OHWpPQHN HJI\LN
IHOGXUYtWRWW®O®PHOHWHW XJ\bQD]]DO
: KHIJHV]W NpV]*OpNNHO > @ YpJH]W
A KR]]JiYHIHW KX]DORNDW LV D JRO\yNKI
NRQWDNWXVHI\VpJ NLYHWWPMNHINNHFG |
NpSHIL $ IHOKHIJHV]WHWW KX]DORNDW
XWiQ HJ\PiVKR] pV D FV VIHIJHFVHNKH]
elmondottak a iIEUMYyO PHJILJ\HOKHW N

12 iEUD 63 0 pPIGQHVHVHQ AIHOWDSDGY WDSLQWyV]iU

$ KDJ\RPiIQ\RV NRQVWUXNFLYN HVYHWpQ DONDOPD]RWW OHKHW
OHJU|YLGHEE WDSLQWYyV]iU H]W D KDWiVW LV HQ\KtWL $] 63

RSWLNDLUMQUGMMUQPO N+O|QE|} KRVV]~ViJ~ 60
[ WDSLQWyYV]iUDW EHIRJDGY PHPEUIQUXJyV WeNU|V HJ\VpJHN
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IpPPWHVWpW O FVDN D] HJ\LN SiOFD
HOV]LJHWHOYH (QQHN PHJIpIEWPNpKH] W

14 iEUD (O bizprkdzetV HW W

$ PR]Jy UpV] PHWV]HI\E UrDtstfi Wz D
alapja azl DOXPtQLXP DODSWHVW 2\&!
KHO\H] pULQWNH] SiOFD YDQ E ]
VI|[JEHQ D] HJ\LN JRO\YW LV iEUIJROWDRs ighdp PLRBW M ¥W 00DJ VILIHWHOPV
DOMiKR] YDQ BDS$DM]RI]¥EpKBUaA 4
Q\iNJ\&U& N|JEHLNWDWiViYDO $ ODAND DK\ BE)FNVQ KRD)J §iOPiL EH YDQQE
HJ\EHQ D] DODSWHVWWHO HJ\VBHQRRQV&H Qp KW [PEENMHGIINDHO BJ\PiVVDO
ViuJDUp] V]iUEHIRJYy V]LQWpQ6IHRDBBEDRDMDWED NRIUEBD QDA vady aB- PpUpV
WDSLQWyV]iU FVDYDUKDWyY EH $ BDSRRWPNWNXY'SNLYHDHWEVIRHU DNNRU
KDMOpPNRQ\ V]LJHWHIDMK PARG X P W XEBMEBWpVHN N|[]|[WW LV VIDNEGiV NHO
sajtolt 9 P&DQ\DJ YpG FV|[YHFVNpPQ CENNMON HRHON$HGLN NL D SiOFD D PiV]
WHVWSRWHOEG UDWRW D ]+P P H U Oriaga, Dakkisri AR @ 8§ EDLRO\Yy N|]|[WW PHJPDUL
IRUUDVIWRWWDP IHOFs % ]RJHWHO UpNB QMW DNW XV H]JHO D] HOYH]JHWpPVHN N|
N~SRV DFpOW.VNpQ NHUHAEWK@ DR GKIMWI W HEDiBYPHULQW D] DOVy NpW S
MHONPSH]JHWW HU JHQHUiIWRUUYO YDODPHO\LNHW HOV]LJHWHOMsN D W|E

Fs DOVYW DNNRU H]W D SUREOpPPiW NLN-=\
| ¢ | H]JHO PHJ LV ROGYGRWW EiU D Ki]L Np"
. 12 PLQGKiIURP SiOFiW HOV]JLJHWHOWSeN ~J
— HOOHQIOOiIVD ORKPRV PpUpVKDWiU~
11 . VHP PpUKHW
- ——H 8 $ PP iWPpU M& ]*PPHUODSNIQDN HO
NN|INN 9 IHO OL ROGDOIUD UDJBRAJWRWWROGDO
‘ 1 I[yOLI]JRWW Q\INEYO HV]WdUINOWEW $° |
] : IpPPHJHWW IHO<OHWUH D ODSND WHQJF
/— SLURV V]LJHWHODPpYV &) Nokraskdttav. XR G UD W

IRUUDV]WiIVRNDW yYDWRVDQ NLV yQS]|\
HOYpJH]@WLWKBVWHO VRGUDW IHNHWH
ODSNDV]HUHOYpQ\W D KHO\pUH UDJ
10 DONDWUpPV]HN HJ\PiVKR] UDJDV]WiVD
IpPPUDJDV]WYyYDO W|UWpPpQW -IadyOHPH] |
DFPOOHPH]E O NpV]tWHWW J\&U& XJ\DQ-

(

4

3 i (] D] HOUHQGH]pV QDJ\MIEWH® PpOHMWUD

i/ HONpPS]HOpPV HO Q\pYHO NHFVHJWHW
KRJ\ D ODSND N|]JYHWOHQ+O D WDSLQW

i/

N
SO

EHLNWDWYD H]JHO NLVHEE ]DYDUpU]pN
- P iEUIQ LOO D 86 V]iP~ V]DEDGD
'

|
A

15 iEUD $ PR]Jy UpV] PHWV]HWU

SO NN NN

iIEUILQ EHPXWDWRWW YiJODWRN

$] tJ\ EHIRJODOW ODSND PLQG V __
KDWiViUD WHQJHO\LUIQ\~ Q\RPi — wal
KDMOtWiVUD D WDSLQWYJ|PE |
IHV]*OWVpPpIJMHOHW SURGXNiO

,WW HJ\ NLV NLWpU W NHOO W
WiUJViEDQ PHUW HJ\ HJ\V]JHU& Wp
QHP KtYMD IHO D ILJ\HOPHW $ >
YHW G|WW | D NpUGDpV-WDS LKW

HO
NDSFVRODWEDQ KRJ\ PLNPOW OHI| g
pV |VV]HV]HUHOpPV XWiQ FVDN D =

P&N|GLN KHO\HVHG o (/1o o nu
t

SR]tFLYMIiEDQ | _ o
OHKHWVpJHV SR]tFLYEDQ SHGLJ QHP" 15iFEPV P

] J - IN

bR LY (W y§ NRPSOHWW pUl
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A iEUIQ@®@] DOXPtQLXP WHVW& W RPSBCHWWtY+OU O D WDSLQWYy It
PULQWNH] FVLOODJ IRWyMD OiIMKDWYQ N DU H \N$MH BUBRHIO O WIRQILQ y YDV
VIHUHOYpPQ\HLYHO $ FVLOODJV]HWHOOW pPQIW OPMBWE UW ~D]IHHWHISHIO/ D HV HW
NpSHQ D JXPL YpG KDUPRQLND elpatRthatPHJJiIWROMD D

VIHQQ\H] GpVHN EHMXWiViw D WD SL Q@ wKiy WMPEH/ |HUHOWHP D] |
KRJ\ N|]JEHQ DOLJ DNDGIiO\R]]D D NWWEISOOQWYMVIW BRIXIWYV w|jupviiwoyw
JHOV]JHUHOYH D IEUIQ OIWV]LN NiEHO V]iPiUD D EHO<O NLNpS]JHWW J\
$0X0 HJ\ WDSLQWyV]iU IHNV]LEHGWH DP p/QH@HWHIHUHOW MHONRQGLF
PHQHWWHO D] HO*OV YpJpQ Hekl @Ddb\ MRe® WsBvnalJ~ (EBPBD] iUDPN|U D
NHUIPLD JRO\yYDO (J\ SXKD HVBRQWBSOW $RQEQWIRN RMEWERQED VW MH
JRO\YED IRJIVIDWL J\pPiQWI~UyYHI\ WEV A+ PPURPILO\- P&DQ\DJ KDVIiEED |
JVINIXUDWRW NpSH]JWHP NL DPLEH D VijBHQHYDORD\tVDRW WVYHHYNMHUHOpV N

D] HPOtWHWW IpPUDJDV]WyYDO EHKNRUBRQ\WRWWDHDWILE EHU SVNYBRIEOMYO Oi
OHY NHUHVIWLUIQ\~ IXUDW DQQDN VYVYL®IXGDWRMVQARPYHOHRPH GO

D KHO\pUH FVDYDUIV XWiQ HJ\ DFpOSIOFLNIYDO D FVDYDUN|WpVW
MyO PHJ NHOO V]JRUtWDQL N<O|QEH® ; D LV
terhelni fogja!

$ FV VIHU& Ki]ED/ HFMDOYDUUD @8U | J]

iEUIQOIWKDWY LSDUL P&DQ\DJE
DONDWUpPV]W (QQHN | IHODGDWD
ELJWRVtWiVD KRJ\ D SiOFiN PLQC
JRO\YN N|]p $]-BHiOMAUWGEDOODWNRU LV
KD D WDSLQWYVNUWNDLWVBDNDUMXN $
HMWHWW OHODSROIV pV EHPDUI
YHJHWpNpQHN pV D SLH]y WHVW
VIROJiO

HQL

20 I(EUD -HONRQGLFRQiOy iUDPN|U D KiWV\

62 -HONRQGLFLRQiOy iUDPN]|U

$]RQ NRUDL V]DEDGDOPL OHtUiIVRNED
YiJODWRNDW LV NJ|]]p WHWWHN D |
HOHNWURQLND NDSFVROiIVL UDM]iQ W
18 iEUD $ FVLOODJ HOIRUGXOiV HOOHIQLLIAHRKHWMV DD W|UHNYpV KRJIJ\ D Ppl
NHUHV]W+O DPHO\E O D] HJ\LN D WH
$ IHOV V]JHUHO SDM]V H] LV D pPaBUIRSILINOMNNNN RRHNIMiKR ] XJ\DQ -
LV DOXPtQLXP|WY|[]HWE O NpVDDAWJI\V{EBREE YNRL@AAN hINX Renfsh@w
EHVDMWROYD EHUDJDV]WYD D] DFmPONGPORPYQWD RWYFERL ¥ D 73 D
FV VIHU& BEHOV PHQHWWHO DKWRNiVCHYV iOWDYOIR ~wMDPBEEDHON® D 73
HU JHQHUIWRUQDN QHYH]HWW Q\RWPSXX/IYyNo VIHMOIRIVYE HHIVRWOHQ NJ|IS
EHOV NXOFVQ\tOiV~ iOO0OtWyYyFYDY WM QW MHIKS$iIW U BiF VI R UEU D LV PHJ
iEQ.D -HOOHP] SpOGiYDO LOOXV]WUIOMD H]
= hivatkozott US 4769919, amelyben mind a
NDSFVROYUHQGV]HU PLQG D SLH]y MH
VIXSHUSRQIOQiIN LO\HQ PHJROGIVW Yi]
iIEUIMDIEUDOLYHO H]W D NRQVWUXNFL
PDJD D 5HQLVKDZ VHP WDUWMD DEV]
63 0 DODSPRGXORQ KD MyO V]iPROWDI
FVDWODNR]ySyOXV YDQ DKRJ\DQ D]
OiIWV]yGLN pQ LV HOWHOULIQTWggaN WHP W
Probe piezo+ QpJ\YH]HWpNHV OHWW pV HJ
QpJ\SyOXV~ PLNURIR@®RENVDWGDNR]Y
NHUHV]W«O WDUWMD D YLOODPRYV NDSI
1,5m-HV iUQ\pNROW NIiEHO A|VV]IHQ WW" D
DXWRPDWLNXVY FVHUH NLJiUW GH KiW
DPDW UFpO~ NRQVWUXNFLYQiIiO H] QHP L

$ UXJy EDO ROGDOL YpJpEH LOOHV]INHGLN D ]JViNIXUDWRYV
Q\RPYyHOHP H] IRJDGMD EH D PR]Jy VIHUHOYpQ\ WeVNpMpW
$0OXO0 D] LPEXVINXOFV IHNV]LN DPLYHO YpJV VRURQ D]

19 iEBXJyV HU JHQHUIWRU
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] NiVDN" (]JpUW LNWDWWXN EH D
P \ D IRJIDGy ROGDORQ D] 5. NR
R RJLN 1\XJDOPKS SCRIQD/MSRQ BDIH D]« O V
9 DPL DNWLYIOGIWDNRAUW|NNH®D -DPLW L
O IHOGROJR]%.2.i panp KMDS bemenetei
ODFVRQ\ V]ILQWNPQW pU]JpNHOQHN $
OOHQIOOIVUD FVXSiQ Q\iINWRSROyJLDL
R101-HW pUGHPHV ~J\ PHJYiOD¥WWDQL
iWIRO\y iUDP N|]JHO D]JRQRVWORIO\MQDO]
PHUW tJ\ D] iWNDSFVROiV VRUIQ D
[VV]IRI\DV]WiVD QHP LQJDGRI]LN

$ NDSFVROIVL UDM] DOVy {UDPN]|L
EHPHQ LPHGDQFLIiM~ IHV]*OWVpJHU V1
21 iEUDATE9919 IEUIMD J\RUVXOiVpU]pNHO K|] LOOHV]WYH $ 7
TO- WRNR]iV~ DONDWUpPV] PHUW LO\HC(
A szimpla, 5 VRV WIiSIHV]-OWVpJU O <GHIP HOW iUBPNH O OHWUH V]HUHOWHP D
( iIEUDNPW 1+JJHWOHQ MHOIHOGIROGR]Y YFMB R REWIBNR)NIW IHV]+OWVpJ
ERQWKDWY $ 773 NRQWDNWXVUHQBVMHUWHWWVDPHES PLQW QpJ\WV]JHUHYV D 7
5 iUDPN|UEH LNWDWMXN EH IRMR]AW[J|GMPpUWNEYO NpWV]HUHV PtJ
DQ\DJRNEyO D]D] GE * FVDSiJWNIROHQEWID pM|]HGEHFIFAPDQWROWS H& VtwW
1 FVDSiJ\J|UJ E O |[VV]HIOOtWRWW VAHUQWWEY HHQGNEHQ\ROFVIRURYV $ |
WDSDVI]WDODWDLP VJHULQW DNNRUPZP &N FHMNH W H H HBDWHDWHR® WKD3 HOOHC
QpKiQ\ PLOOLDPSHUHV iUDPRW NiHD®® SRMIE/PION t OGN ydiyalh  DC9 szint
iWODJRV NRUV]HU& SLURV /(' LO\HRY WPKHW D SR QIVE DDX Piily P JHON H/H BE HeIN p
YLOiIJtW PLN|JEHQ PLQWHJI\ -gy&@ HMHO OBIBWDIHEMHV]WpV KDWiViUD DNiU
kb. 5 mA-HV Q\XJDOPL iUDPRW iOOtWRWWBDEWEHJ 4 \N R-OOAVEDWE\WK MWR VD WK DW Q71 $
Q\XJDOPL KHO\]JHWpEH® DI JEHU &FRMHQHMPMSDUDOHOO GLYyGDSiU HJHNHW
L-UH K~]]D tJ\ D WRNR]iV~ AHJ\NDSR&MIGPWQYHWRBLQFVHQHN KDWiVVDO PH
PDJDV V]LOWHQ YDQ $ NRQW D NWIiNoU®ESR QW] VP LMRULIYR OWRBNMHOHN NHOI
iWPHQHWL HOOHQiIiOOiIVD IRO\DPDWRIV®DQD]GH LIHPQIHRUVBQO\MQ pUWPNZE&'
KLVIHQ NLQHPDWLNXV UH]LV]WtYDPHO\IHMUB0 9YNJ® MMLN pV
DPLNRU D UDMWD HV [HViG® VpJoHOHpY LD D BABWW]pVUH i0O0Oy KHO\ |
QDJ\MIEyEeRV [BOV NeV]|IEV]LQWeMpW\i PWMLPAHOMNWDODNtWiIVDNRU VRNDW
YiOW PDMG D NRQWDNWXV ~MEy®lo NipWEidgAD HARUWH Q@ D PilENU D
IHV]*OWVpJ LVPpW FV|NNHQ D] iUDPN|U KLVIWHUPpP]JLVH IRO\WiQ
~J\ 9 WiMpNiQ UV ]PEEOOHIUDQWIiOMD D
SchmittWULJJHU EHPHQHWPQHN NRGBJHMWOFPIEDOKB‘RO\ZR.]QWLWDJR/\NlU

- ~N
=~
i _“"‘—'—"_‘Z"—‘l

DPLNRU D 773 V]DNDGiVW PXWDW HO IHV]tWHWOHQ /('
QDINRQ QDIN IWPHQHWL HOOHQ'OO'sVDEmptgt{wwv%\%mx%.vw]pmHo il
UH]JJpVW LV ApV]JUHYHV]" (OpJ KD F
: Tl WDSLQWYKi]DW -WDJHWNVHKEBIKDQJKDW,i
74AHC1G14 I(,Onicz‘z"f UHQGV]HUW PiULV HO iOOKDW D WUL
B e S EpO\HJHV NRQVWUXNFLY HO Q\H pSSHQ
5 e s LO\HQ MHOOHJ& |DYDURNUD - H]pUW
L @m‘ "« NDSFVROYUHQGV]HUW NLKDJ\QL /pWH]L
) o W1 WDSLQWYV]iIiUED EHpStWHSVE870088]IpVFV
: T > > Bl EiU LOV\HQQHO D YDOYVIiJEDQ QHP W
! CoaT 70 NJUQ\H]HWL ]DMW UD GB]IL H]Q VVHRO P D GWW
i szm‘é 2 ‘"* PpUpV VRUIQ VH NHOHWNH]]HQ KDPLV
L 2x1N414s T103 nggss HOHNWURQLND D SLH]JRFHOOD MHONEF
} Dot o1ee BC880C VWiIiWXV]MHO KDWiViuUD DJRQQDO HOPHQ
; l Ri0s []R106 H1os > e NRRUGLQIiWDDIGOWBLM] D] Hlpvde GRORJ
T o L e T awi i FVDN DNNRU pUYpQ\HVtWL D]JRNDV

J_ » >
:

PLOOLV]IHNXQGXPRQ EHO<O D JRO\y'

- ™ +:lisd a szovegben! NRQWDNWXVERQWIVW MHOH] (] tJ\ OHtL
‘”;j e I g OXUSK\ iOWDODP PiU W|EEV]|U LGp]HW)
ono ] < [@-out B s FtPJHWW PRSGIRHO\LN P&V]DNL SUREO

74AHC1G14 BC860C (K6d: 4G) BF244 RO\DQ HJ\W]HU& PLQW DPLO\HQQHN L

BCW33 (K6d: D3)

22 IEBDMHONRQGLFLRQIiOy iUDPN|U NE%E{Y\?CL%%W}BO LV EHLIJD]ROYBRIWI/ HO

DPHOH ODI HIDIWRDORMWLUM®

Az 1C101 CMOS kimenete alkalmatlan volna egy 1,5WHOMHV NDSFVROIiVIiW PXWDWMD
P KRVV]~ViJ~ KDWiIiUR]DWODAQ LPSHGDQFLIM~ NiEHO
PHIJKDMWIiViUD ~J\ KRJ\ D PirVAW YpJpQ D MHOHN IHO
OHIXWypOHL PHUHGHNVpJH QH OHJ\HQHN HOIRJDGKDWDWODQXO
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. ) PIVRGSHUF LV OHKHW iOOy MHOHW JHC

o B, 1 g fg;is,ezl“ +D PLQGNPW NLPHQHW [VVIHWHWW M
R mpal — Se-ulEy w HIJI\HWOHQ LPSXKSXNEN@WPQD D] LPSXO
TR bl || T VIpOHVVpJH QpKiQ\V]JRU Wt] PLOOLV]HN

. WRYIiEEL IRNR]DWDL PiU QHP MHOHQV
NRUIEEDQ KLYDWNR]JRWW (3 $ V]'
SpPpOGiIiXO NNFRPSFOVHRWW L Yi]JODWRW NJ|]|O
1 NLHIJpV]tWHWW 773 MHOIHOGROJR]iViUD
LT o el | T QDJ\YRQDO~DQ HONHU-OL D SHU.
2 : PHJV]*QWHWpPVpUH V]ROJiOy iUDPN|UL
EORNNRNNpQW MHO|OL

9LVV]IDWpUYH D iEUIUD D] HO IH
FVDWRUQIQ WIKBWpRURIiO NRQWDNW)
SHUJpVPHQWHVtWHQL NHOWD XE WD JPRP
SchmitttWULJJHUE O i0OOy HJ\W]HU& iUDPNM
DONDOPDVDN PHUW PLOOLV]HNXQGXPR

_ o 08 s A VDN PHJ PLN EHQ D SHUJpV SHULYG X

23 iEUD .tV HWGRBOR]Y UHQGV]HU %FLWL\IN_IWXQQB 3HUJpVPHQWHVtW Q
$ | SUREOpPPIW NpW MHOHQVpJ Hh\%?]%LXEF'\'BPLN\INHOO HOHJHW WHQQ
SLH]JRODSNiW WDUWDOPD]y PHFKDQLNDL UHQGV]HU IHOpStWpVpE O
HUHG (] UXJyNDW W|PHJHW pV FVLIGobEYwOHRINKIMY WSXWDO/POY PLQPO
PHFKDQLNDL LPSHGDQFLIiW PHJWMUWHMVMW HJ\VpJ DPLQHN
XJ\DQ~J\ YDQ VDMiWIUHNYHQFLiMD- gVV]YE@MNNYHYNRHOMPONWXVRN RNR]
PLQW D] LQGXNWtY NDSDFLWtY pV ,Q,R@ MHOHW P
UHJ]J NJUQH $] pU]JpNHO D] - ié\;%%}m%v VK PQSXO]XVpO
JHUMHV]WpV KDWiViuUD FVLO®B.SR KB
iEUIQHJ\ UpV]OHWpPW K Li & DOQWM DDV ©
PpUpVHI®Z BRQWRQ W|UWpPQWHN PHFKDQLNDL

UH]J UHQGV]HU VRNNDO |VV]HWHWVﬂSHIE-iF_OlD@[QWCRWPNQWVWUIQRQ\GtWKDWy F
HJ\ HJ\W]HU& UH]J NJUUHO PRGHOOH]Q& OB KMMEXK) D QBN WV JWMppAfOHW RO
KDWiViUD HI\LGHM&OHJ W|EE UH]JpO D PFBW¥ D& =RID N RCU201-Q1 p Q2

kimenete isH V]ILQW& tJ\ D ND-&XvaN.LAPHQHWH

KS HOMoL YiOWiVDNRU D] ,& D EHELOOI
~MUDLQGtWKDWyY pV D] LG JtW HOHPF
IENENE NYiJLVWDELO LG W KDWiUR]JQDN PHJ
Wil J‘m Ll SHULYGX-QLAPHIBDGGL) DODFVRQ\ V]LCG
int wu\'M At DPtJ D SHUJpV WDUW 8J\D-@HQ PRWQIGNK D\
A azt azLoH pOHN ELOOHQQ¥ lebz LE M] LWV &
1 vy '. HER Mivel az 1C202a kimenete mindaddity V]LQW & OHV] DP
EIUPHO\LN HEHHPGIQWHDMH D] HOV OHIXWy
XWROVy IHOIXWyLJ ,& E NYi]JLVWDE

G IKUIDVAG TS v TR GHLOG
| i |
) | ]

HJI\HWOHQ IRO\DPDWRVDQ PDJDV V]LQ
+RJ\ QH OHJ\HQHN EHQQH D PRQRVWDEL

$ PiVLN NHOOHPHWOHQ MHCB)ILI@W[W.'IHW\X NDN77®H NDSX N[]JYHWOHQ
NRQWDNWXVUHQGV]HUPQHN SHU®VH WNQ% P[bﬁ*HRVE}»HNXQGXPRV Q
-KSSRQWRQ PLQG D PHJVID Ngwind N\ PMOHOWHWM.N (J]JHO D IHQWL N|YHWF
D] DODSKHO\]JHWEH W|UWpQE i HiWWr RN RUIQ

MHOHQWNH]LN (] XWyEEL W|EEHN $§|J&W W B RYURMORSRQY|WHRUPIOW LPS.
NHOOHPHWOHQ PHUW D NpW SHUJIQWRWLMEHOYpPYWDV= N|]PMNWtY SLH]R\
PHIJKDWiUR]DWODQ LG WHOLN HOTTRO/ PH UPEVEHING (g WNRHWAERMNQ UKL G NE

NpJ]L PR]JDWiViiWPBPRRIPGHQ W |UWMHIERONVWOHO iOOtWDQGYy

24 iEUD &VLOODSRGY UHJ]JpV

OHWDSLQWIiVRN A piezocsatorn®Z MHOpW NDSDFLWtY OHYIiO

XWiQ D] ,& Q\LWRWW NROOHNWRUR)

DPHO\ D] 5 IHOK~]yUD PLQW PXQ
dolgozik.

HHHH JH T T $ NRPSDUIWRU UHIHUHQFLDIHV]<OW Vg

! LWL 5 5 IHV]*OWVpJRV]WyYy iOOtWMD E

EHPHQHWDPQ-|W] 5\ NHOO PHJYiODV]WD(
WULPPHU OHV]DEiIO\BR]RVEWS RONCH QIfELD Q ML
rOOSVIegyenaZ OiIEpKR] NpSHVW -gyiNRU D
NE « -R% UHIHUHQFLDVI]LQW iOOtWKD

25 iEUD 773 NRQWDNWXVUHQGV]HUYG HNPSHDOpPENIiW VLNHU.OW V]HUH]Q-QI
SRODULWiIV~ MHOHW JHQHUIO D NRP!
HI\WWJHU&HQ FVHUpOM+sN PHJ
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$ NRPSDUIWRU NLPHQHWPQ HJOHKWBW VPSS ONLDAQ- Gy NPELEARIBpNZgsal Op V H |
QpJ\V]|JE|JUV]W MHOHQLN PHJ SRQYWROBREBDQD D] DODHMRMpIpYHO GH
VILQWMH 9 D PDJDV 9 PWDQREARDWRD D] 1 JRPERW 8WYE|
JVRUVXOiVpU]pNHO W NHOO PpUW NN RO BIMUHNHYRW HWWR8WDNHQ | Q |VHQ KD

VpU]p
PZ OHFVHQJ DPSOLW~GyMD HJ\ YEAJ\TTWd;EﬁqH%MWyﬁé\/LR@ ODVV~ PHJIN|]
NHUHV]W.0 PHJKD(UIDGES/I—DGZDtWHW@WDIRRﬁ@W@ MO D PpU Jp®Z¥Kiképdtl OpVH I
szintet ( D IEUDrDVRQOyY NpVOHZBWHWDPpPY WHRWORP pULN HO NRPSDUIWR
iIEUDLWW D SLURV J|UEH |H0prng1.d3 %ULNE\H@HWWQJW[)QW

W|UW'°QW $] iUDPN|UW FVDN GXJDV]SDQHORQ UL
e g pmespesgennes L EHOOtWIVL DGDWRNDW NLNtVpUOHWH]
o NpVItWHWWHP KR]]i $ YpJOHJHV UHQG
] - DODS~ WHUPpV]HWpQpO IRJYD D EH
(T o HJ\W]HU&EE NDSFVROiIV~ > @ $ NHOO
i | ( NRQWUROOHUFKLS Ukiek L(@MgureliO W &/

/RILFDO &HOO N|V]|QKHW

$ NpW WULPPHU EHiOOtWiVD N«O|Q|V
@ b)‘ % AP1-HO RO\DQ pU]pNHQ\VpJ&UH NHOO YH
: KRJ\ QH RNR]JRQ V&U&Q AYDNULDV]WiV\

26 iEUD .RPSDUiIWRU NLPHQHMWsHerint minimum +50 mVRV NRPSDUiOiVL V]LQWH\

P-2YHO D YiUDNRJ]IiVL LG W ~J\ NHOO EHi

$ UH]JpVNpS PHJOHKHW VHQ V]|WB|5K\HMDMQNN<\D H®WV DHOIXWy LPSXO]X
NRPSDUIWRU NLPHQHWpPYHO HJ\ HOPoYRGOR Ip LPLQQ-VJ/HSJ‘EHld@/tW|VRN HU VH(
NYiJLVWDELO LGHM& ~MUDLQGtW|:KFﬂ)N|y-||\/PR®IR)I RO BWHEQHN PpUHWHL

WULJIJHUHO+QN Q4 NRRERHIREQ PiUPKHEWIWQHBQN|U Q\HlHWpW o)
LPSXO]XVW NDSXQN DPLQHN D IHOIXWy pOH RQ NLV
NpVOHOWHWPpPVVHO D E|UV]W HOV pOpQpO iGdKeA85, 188" RQRVWDELO

EHELOOHQW iOODSRWIW D] ,& E igWReyRHIK WF@/\,;W KO PpUGHNHV KR
MHO]JL D IHOKDV]QiOyRZDHNO VS YhOVX NpQ iQW_pUGHNO G NHGYHV ROYDV
iOWDO NATAQOARWDNGDWEHtUy MHOQH H vy vD WDQXOPiQ\ LVPHUWHWL D |
YRQDOPHJKDMWyY N+OGL NL D PpU JJRﬁU*fH]WLI’_)%L HIWNDWHN p D MRE J QAW D W
.DSFVROIVL Yi]JODWXQN DODSMIWpD]pl\&HDGNII)QXI(DIy PBHIMMWY HRDJ\RQ pU]pNH
YDOyVtWMD PHJ D MHO]pVHOIRJDG 8V VDDDLSHOYND]W Bl ] $IINHE] it G- MUDXW RRIHADE Ui Q |
SDUDQFViIUD HOPHQWHWW DGDWRW HUNDHN pYENBRXJI pRIYPRUHYRWLYV KPR YiO
NRQWDNWXVFVDWRUQD HJ\ PHIJD&RWWLQG DEHBINR®N EHOPDQG D
DNWLYiOyGLN $ P&N|GpVH HOYHy UDHRE@RVU HXJ G ¥ ] @U HVXH NO WP LVDIBS LDQ Wi (
HO IHOGROJR]y iUDPN|UPEHQ V]HUKHSOLQOOV R Q AR DV KH M pW DG M D
FVXSiQ D WpQ\OHJHV NDSFVROIiV W@@Ol%mmwﬁ{%wmm@mﬁmHgHQ DOD
IRNR]JDWED QHP NHOO ~MUDLQGtWI @I@)IQ,I@%RI@J‘EM RINDVER B RN RS
ULWNiIQ KDV]QiODWRYV PRQRVWDEL MM o N'BSH]WpN
D-IOLSIORSEYO (] D & EHPHQHWpPQyy % |ﬁMH\W/1NL-%5fé§©]—P<J\HV JiODN Wil
LoH pOpQpO O bemeénst stabH V]LQWMH tUWBD% VIVINWeN|U LV YDQ

D UHJLV]WQSWpEMH YDOW -EQ' iwW HO
J\RUVDQ D WIiSIHV]+OWVpJ N|]HOpEI?|jHVé5|v\HBV9|\}VQ/\}‘N&D NEBRHQEWHIPVQHN
NLV.OQL D] 5 3 VRURV WDJRQ iW $PLQW D

NRQGHQJiWRU IHV]*OW¥RpJbtmendtOpUWH D .., (xes

NeV]|EVILQWMpPW D WiUROy UHV]JHWHO GLN °ZH{FHO"D 4

NLPHQHWHQ D 3 iO0iIVIWYO 1+JJ mq&w—!ﬂw—ﬂ&w«wwomv”f22&t4157&mt0ucho
VIpOHVVpJ& LPSXO]XV NHOHWNH]LN ©%] D] HPOtWHWW LG DEODN

[2] httpsi//patentimages.storage.googleapis.com/28/24 ka38H5bc
Az impulzustaD EHPHQHWUH YH]HWMe<N 6486/US4153998 odf

$PHQQ\LEHQ H]JHQ LG WDUWDP BOQWWy PT&REHgﬂ@WNVﬂl]JVV\GMWHIHJQQG_)NM)Wt
PHIpUNH]LN D IRUPIOW NDSFVROYy FQ&)Ml@]pXGVSBEHOIXWy pOH
IC205b-be H VILQW tUyGLN HOOHMKQNIK] RehlsWakd:WEH Qhnoltionsn touch-trigger probe sensor
alacsony szinten marad.@6 PDJDV V]LQWMH HQ JédGopdp\H]L D
DATA LOADIiOWDO HO ] OHJ HOPHQWHM WRDGGDWRN RERVD]o ; 0 HWWLRIYRBLFDO
< = NRRUGLQIWDpUWPNHN PpUpVL EB\DNCNtio@EVRrobedDRD |W@1¢Q?et10@®0dhbrcwé
D NRRUBFIL@IWB YH]pUOpVH DA]']NplUDpretrageIMeasuremenB4(4) 273-286.
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NHUHV]W ) DNWLY|OyGLN D /( been-inside-ri n|shaWprobe246715/
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iOOtWDQL (]WVH®DBD@ROHIyY HJI\V PII-'I yv.p
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IUIN PpUpVpQHN EHIRO\iVR
SURILOSURMHNWRUUDO W|!

Factors influencing the measurement of circles in profile
projector measurements

Marczis Attila, " UpJHQWYV EJRWD
*TEXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV LIWRQViIiJWBRYIpNWDL .DU
%XGDSHVW O0ODJ\DURUV]iJ
marczis.attila@phd.uni-obuda.fdregelyi.agota@bgk.uni-obuda.hu

gVV]HIRJOBDINSDUEDQ D NRHRP8WHMBR RNODWKDWY V]IONHUHV]W $ SR]JtFLy
IHODGDWRNDW D OHJIN<O|QE|] EE PYHQHBUHNKWU ORDOMDDIKDWMXN OH > @

EHUHQGH]pVHNNHO KDMWMIiN YpJUH $] J\HI@)\@HJRO:)\M\H_CN@BV%EUEFP[@HNWRURNDW
KDV]QiOW HV]IN|] D SURILOSURMHNWR ? HV]WHWWDN N L

ELIRQ\WDODQVIJIiEDQ W|EE WpQ\H] MiWy b ] %IMWD(ljyllbtl HWRPV tW  V]HUV]

WpQ\H] NQHN D] LVPHUHWH HOHQJHE{K % %HQ\/V\?R[Q]W MV VSURMHNWRUR

YLVV]IDYHIHWHWW PpUpVHN OHWW D] DO

NRRUGLQIWDPpUpVWHFKQLNIEDQ D Pp R UQ\ W-~O P

GLPHQ]LYV JHRPHWULDL DODN]DWRN VKR] D]

EHpStWHV

§"é \RO\DQ Y

(]W D HIpV]IHW

]' \Q/VDO QHP YROW V]eNVpJ D

[

YL]VJiODWiYDO NDSKDWXQN PpUpVL e
GDUDEUyO $] DODN]JDWRN LOOHV]WpV E’ﬁ
PYyGV]HUUHO OHKHW HOYpJH]QL $ F I}
+ ) SURILOSURMHNWRUUDO P W pWQ
IHOPHU+-O EHIRO\iVROYy 20kpr@y R cikkbew K I;]

i
[VV]HI*JIJpVHNHW RHWUHAL-GRQWV]iP D _ Llj\HP
pV D PpUpVL KLED N|]|WW %iU D F IHOKDV]QiOyL D] RSWLNDL

PHQHWYiJy V]JHUV]IiPRN pV PDJDV PLQ
Kulcsszavak SURILOSURMHNWRU PHWUROPXQRNDWOONVHMNp VNI BWL]HUROWDN D] DC
NRRUGREQUWNDWHFKQLND RSWLNDL PpU HV]N|]INQHN QHP VRNiLJ |

V]&N WHU<OHWUH $] RSWLNDL SURMEF
Abstract 2 Industry uses a variety of devices to measure PHJEt]KDWy PpU HV]N|] KDPDU V]pOHV N
dimensions. Profile projectors are widely employed in iparban [1].

metrology, and numerous factors affect measurement (OV GOHJHV FpOMD D SURILOSURMH
uncertainty. These elements must be understood for precise \w R U JtWiVPHQWHV QDJVtWRWW iUQ\pN
and traceable measurements. In co-ordinate metrology, ideal v HwitwW HU Q\ UH DKRO NpQ\HOPHVHQ YL

2 or 3 dimensional geometric shapes are fitted against H]W HOpUM+N D N|]YHWNH] DODSHOHPHN
measured points to determine actual measurement results.

Several approaches can fit geometric shapes to measured X $ IpQVIRUUIV D_ PLQHN HU VQHN NH
points. We determine the elements that affect Mitutoyo PJ- QDJ\REE QDJVtWiIVRNRQ LV pOHV SURI
H3000F profile projector measurements of circular formsin =~ x $ SIUKX]DPRVtWy OHQFVH DPLQHN D
this study. The paper examines connections between the W|UMH PHJ D IpQ\W KRJ\ HJ\ RO\D
number of the measurement points, diameter, and DONRVVRQ DPL SiUKX]DPRV IpQ\VXJ
measurement error. YL]VIJIOW WHU*OHWHQ D IpQ\HU VVpJt
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$ PpUpVL ELIRQ\WDODQV
About measurement uncertainty

'UpJHQWYV EJRWD
*TEXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV %L]WRQViIJWHFKQLND
dregelyi.agota@bgk.uni-obuda.hu

gVVIHIRJOBOPYUPVHN pV PpUWpPNHI\VRIJRMWDRW Q44 PHWUROyYJLD DONDOPD]RW!
HPEHUL FLYLOL]iFLY NLDODNXOIiViYDNOYDHQW GWD Wt MHIPHUHWV]HU]pVL IRO
IHMO GpVHQ PHQW NHUHV]W<O D NHYPMMNHIGH KMHAVKORMiVAVDD]$ HUHGPpPQ\HN |
PHWUROyYJLD PLQW D PpUpV WXGRPiRvereteket[LEDQ IRJODOMD D

PPUPVHNNHO NDSEVRODWRY HOPROHWL 9 J\BNRYRDYEL IV BROMR vpIHN LV MH
ILJ\HOHPEH YpYH D PpUpVL KLEINDW 8 WP i RN;DVpp HUHGPpPQ\pW
ELIRQ\WDODQVilJ OHJIULVVHEE QHR] l\ ﬁ

K v N

p

O‘#“\F’)L%' DO YDQ D Ppl

UpV]JOHWH]pVH YDODPLQW D PpUpVL PR ﬁH@'%Qﬂ]%})’V' £ aﬁQ]DYDB‘
KDQJV~O\R]iVD EHIRO\IVROYy PHQQ\LVpJ PHO\QHN KDW
D KDWiV N|][WW D] D] DODS"

| A
Kulcsszavak PpUpV LPIUBHIVL PRGHOO EL]RQW@W&Oy PHQQ\LVpJ PpUpVL HUHG
KDWiVIiW LVPHUMeN IL]JLNDL |[VV]HI«JJpV

; viteas s NRUULJIOKDWY PtJ D ]IDYDUy PHQQ\LVpJ
measurement is as old as the emergence of human civilisation :
and has evolved significantly under the influence of trade. TUHGPPQ\W GH HQQHN PpUWpPNH QHP L
Metrology, as the science of measurement, encompassesthe $ WDSDV]WDODW LJD]JROMD KRJ\ D]
theoretical and practical aspects of measurement, takingino HUHGPpQ\HL iOWDOIEDQ QHP HJI\H] N
account measurement errors and uncertainties. The aimof P&N|GpVH D N|UQ\H]HW D PpU V]HPy
this paper is to provide details of the latest international PHJKDWIiUR]J]KDWyYy PYyGRQ GH EHIRO\iIVVEL
guidelines on metrological concepts and measurement (] D YpOHWOHQ KLEIEyO DGyGyDQ RNF
uncertainties, and to emphasise the development of melyHN FV|NNHQWKHW N D PpUpVHN V]iPic

measurement models. AzetalonDGRWW PHQQ\LVpJ GHILQtFLYMIiQ
_ KDV]QiOW P H FohDON X OVDiN BaRyJsvhieH

Keywords measurement error, measurement mOdel'uncerta'ntyPHQQ\LVpJpUWpNH pV D PpUpVL EL]RQ\W

1 B(9(=(7e6 1HP]JHWN|]L QHP]JHWL pV WHUPpV]HW

\ P L HUHGPpPQ\HN PHJE

$ PpUWPNHN pV PpUWPNHI\VpPIHN KD B RO t WKW WHM WM IH 3\ H W N $

Abstract 2 The need for measurements and units of

IELYo)® ' RN P&N|GpVp
PDMGQHP HJ\LG V D] HPEHUL FLYNEBLEL BERNKWWIYRP
IXODMGRQNDPSSHQ D PpUpV IRJIy \W/WDDF[% HWBORGORR PHWUROyJLDL Y
NLDODNXOiViYDO ~SiUKXIDPRVDQ NHSHWNBIHEMW vi8oHEEWYLNDOLEU OV
FLYLOL]iFLY WIUWpQHWPEHQ D PpURWHN RY RRUW RN HN VERWPWHE BEHQyw D
D] LJDJiQ QDJ\ IHMO GpVHNHW PLAGHED R%ywm 5NOPL JD]ROIVD |
WHYpNHQ\VPJHN LQGXNIOWIN % W/OWARHOHRY N W@ P AP PpUpVL HU
FLYLOL]iFLYV NXOW-UINEDQ PLQf R OGS HIOR AV N URI G P p O\ HIN L
PpUWpPNHJ\VpJHN Q\RPDL 8J\DQLVPDINKBP O YRGYRMNY RO wiow PHJIV
HIHQ NXOW-UINEDQ THOLVPHUWPN NERM VAU THO BROWAY BLEEWMLNH  KR]
v &P UWANHN  SHRPHWOULDL DiRRRIREQYEPLRR N VO |
p pPUWD I

KRVV]~ViJ PpUWpPNHN pV I|OGW Hp a Wi P'-F,Qg\H/Jl\*LUNp‘é,V‘
WHU+OHWPpPpUWpPNHN  HJ\WpJHV Py RO P
N|]|VVpJ iOWDO HOIRJDGRWW AKL t IR TREREN DL D
PHIJHPOtWHQL KRJ\ H]JHQ NRUV] §‘P EUB ! D oWy |PLD‘
AKLWHOHVVpJpW’ WHU P plapjdkon kol H BNp P Q v (

H
OHKHWVpJHV EL]JWRVIWDQL 0&V rﬁ’ y ‘Dio%%/ PiH Ry PUW pgv‘é,pHN N{
PUWHOHPEH YHWW AKLWHOHVVpJHW; W ot o I8 G"EL %‘%%@LV ! uQv(vg
IHOpW O YDQ pUWHOPH HPOtWHQL 1S QHPyiOODStWKDWPy PuWP
HW
o

tV
$ PHWUROyJLPp ®WWN-RQR JRWWH H\PpD@ N HP LVPHUKHWMeN
PpUpV WXGRPiIiQ\D $ PHWUROYJLD QDQW@V&WJW@EE_FF\%%%Qg@N D UHIHU

RWUDD JSEPHRYOPY D] HOPpC

PLQGHQ HOPpOHWL pV J\DNRUGDW b YJKBSRQ U B
EIUPHNNRUD OHJ\HQ LV D PpUpVybBMRQWBED QPSR IHRMHD “wiuwpQ N
WXGRPIQ\ YDI\ D WHFKQROYJILD Ei U\ NAHM 90 B RN 1 U R FABP NS ] L P U W

«<7KH DXWKRU V 2SHQ DFFHVV LV X®&ER B QVKSHWWUOdRX &Rtla FNKDEReGiMeD W L Y H
4.0 International Licence.
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'UpJHQWYV E@BM)IS PpUpVL EL]RQWVQ D QYO BYEI-6 N

SRQWRVViJ~ DGDWEYO EOWDOiQRVDQ ZlJMI(I?HSt?J/H*@FL(DmEJ&MpNQHN

UHIHUHQFH YDOXH "QHYH]]*NetD P U DWRV  PH,
DPHO\HW YDODPHO\ |VV]HKDVRQ % a|UEDQ
KDV]QiOQL $ UHIHUHQFLDpUWDpN pOHV
YDOYGL pUWpPNH pV DEEDQ D] HVHW, Dp

ismert, az elfogadotp UW p N H NDSFVRODWRV V]DEYlQ\RVtWRWW WHUF
$ PpUpVL SRQWRVViIJ DFFXUDF\ vi&V aP Yot DOtvhiRtel Hol GlidRed \in Metrology

mennyire egyezik meg & p P Q Q\L V p IDPIUNHINGRGM GROJR]JWD NL pV FpOMD KRJ\

PHQQ\LVpJ YDOYGL pUWpPNpYHOt $ PpWpWw HKFUEDL N\HEDVBU KDVRQUOW Q\HOVYt

PHQQ\LVpJpUWpPN pV D UHIHUHQFLDBSWWPN NED|Q pYPWHU-OHWHNHQ $ 9,0 F
H x x KDWiUR] PHJ PLQW D PpUWpPNHJ\VpJH
b e ELIRQ\WDODQViJpVDPN\D ORBWRYVNLIHMH
ahol: Hi- D PpUpV&- PLEPUWXgUWpPN PpUpVWXGRPIQ\EDQ $ WXGRPiIQ\RV LS|
UHIHUHQFLDpUWQpN WHU*sOHWHNHQ GROJR]y VIDNHPEHUHN \

$ PpUpVHN S Upieikiph)\Di VYWOHWOHDB] KMERNWHOP& NRPPXQLNiFLY ELJWRVtV
jellemzik. $ YpOHWOHQ KLEiIN YiOWR]y 20R\eViV OPXWDWIQIDANIiVID YDQ pUYpQ\EH
KLEDRNRN LG EHQ pV WpUEHQ Y p ®iOWQ HLbs, Hidj@ RisebbK iH O MIEDWEN W bQ/HHN HW N |
WHKiW QDJ\ViJXN pV HO MHOsN HO12JHH @ X ELOVRHIDNMADRIHGERPp VHN PLQGHC
YIiOWRJLN H]pUW KDWiVXN FVDN ELgjBQpQYHYVD PHINDPWW RJK/DWY MW D FpO
YPOHWOHQ KLEIN YDOyV]tQ&VpJL IYIOMROHQ @ UWDPNH DpIYNDOW DDIVL  WHL
YDOyV]tQ&VpJ V]iPtWiV Py G V] HabdrvizsJ i OCDOMWFDND PYOOVDNY LOODPRV) PHQQ\L
-HOOHPH]KHW N HJ\ RO\DQ D KLEDWDUMRIRVQ @ HD \H YI\R BW PKMDW]QiOMXQN
WDUWDOPD]]D DGRWW YDOyV]tQ&VERIHR]P \APUWHPEH PHIK Q$LKIPYDWDORV P
YDOyGL pUWpNpW 2018-ban jelent meg a8 NNUHGLWiOW 6]J]HUYH]HW!
$ EL]RQ\Wuecer@intyy D PpUpVL HU@KSERPYV WDIMDLQBN MyYROWIEYO
LQ VpJpQHN PHQQ\LVpJL PpUWpPNH A QHPHMWYNE ] WHVY]RVWOWRALH U pBL-&*0 GROJR
HGPpQ\ |VV]HKDVRQOtWKDWyViDiMwW PR y B IUDNE B /@GN NDHPGI O\HW YiUKD W)
IHUHQFLINNDO P&V]DNL MHOOHP] MNHQYDROYDPPEYi QARWINRQ]Ip $ 9,0 \
Q HQ PpUpV KLEIYDO WHUKHOW |H]1pUMWD PWwUWYILU WDIDE PP QK RIDVOPES p VW
PpUHQG PHQQ\LVpJ YDOYGL pUWWNRWOBIWPpYHO $] HJIJ\LN OHJIRQWRVE
HJIHOHO LG pV HU IRUUIVRN MNiIkWH@p \OH IDJY)V'LRJIDLCER)DN IHOYPpWHOFK
JW|EE IRUUiIVD IHOGHUtWKHW MR® D@DR/\HJJ) *OHWHNHQ P
UULJIOKDWY SpOGiXO NDOLE kyantwymeV UB @b Féau-&l\VLD WHFKQRO)
JRQ\WDODQViJRW N+O|QE]|] PyGﬁ@WkR—Q/\W'?’VIDEEWNU D] ~M NLIHMH
6]pOHV N|UEHQ KDV]QiOW pV HOIRQD\G]WWW PQ/@ @M HD A @MLWIOLV pVv N
myG ][—2}J§A GUM-PYyGV]HU OpQ\HJH KWJiRDp4] GHUQ PpU UHQGV]HUHN'E
MHOHQW V KDWiVW D PHJIHOHO PVRERBQL \LHdMPIEFHVNNdWWH WwDOPD] D

$ Ne<O|QE]] KHO\VHNHQ NpV]E%

U ﬁ PHWUR yJLDL YLV
VIHUHOKHW VpJH D N<O|QE|] OD F;J'I Wyv\\;IJFI){l\D(g
HUHGPpPQ\HLQHN KLWHOHVVpJH DH HUYHV L
LID]JROKDWY G|QWpVHN LJID]ViJRVV Wﬁ' ' N

bld

P
HU
UH
oL
D

PLQG D]W LJpQ\OLN KRJ\ SRQWRV SN pdH ML It \MW D 9,0 D
WDUWRPiIQ\UyO DPHO\HQ EHO- oW[bV]W\DI YEW p U W @D Wzi W LV W
YDOyV]tQ&VpJIJHO PHJIJWDOIOKDWYy &‘](BB@WN% hFQQ RWWJr- IRIJDOPDNDYV
PHIJLVPHUM<QN HJ\ HOIRJDGRWWE RIWIN QD QI JHPNGPp NDOLEUIOIV 1
PLQ VpPJpQHN MHOOHP]pVpUH YDJ\EHIDQRHUWNIPWQQNIRI9D . pVv N |
AELIRQ\WDODQViJiQDN" NLIMHApVYOW WK OALVPNHOEWpU 3pOGIXO D EL
PyGV]HU FpOV]HU&HQ KDV]QiOKD y-EPEQ@\MQﬂtﬂ\AJWDVIFP FE)pQ RBIJUDIDGMD
1+JJHWOHQ N|]YHWOHQ+<O OHV]iUPPWWBWER®WJ U HNE VJNQ DWONDOPD]
PiVLN PpUpV EL]RQ\WDODQVlJlQDN|NN&UWPWN\OpW L]IIOW 'N|JUQ\H]H
$ V]HU] D] iIEXGDL (J\HW H®B-bahiQ 15' fgyM LVVp QRPtW'VUD NHU-

W PLQG D] C
LQGXOW PHWUROYJXV V]DNPpPUQ] '-r}l_\"%s\'j 1HUN S
DODStWyMD pV V]DNIHOROQIQH 8 -k %JA%/ WNUJ' ¥H D] DONDOPE

ODERURNEYO LSDUL WHU<OHWU NUR BRR WY N §HM RS

oktatiukaOHJIULVVHEE PHWUROyYJLDL ~WPR2WD l&lb\WEﬁoKt[DJw N@WV IHNWHW
JRQWRVQDN WDUWMXN NROOleLPP]D@ FKLRQD LILQQIW[DLOPI\DdP\LIIDJLDE{Q/ PRGHUCQ
ELROyJLDL PHQQ\LVpJHN PpUpVI| URRGIBGWEFINDSP VIRW W VWDQWyC
PHWUROyYJLDL NLIHMH]pVHN KDV]JivHWWDRXEOFOQMHY\WIWWREERP] DPHO\H
YIiOMRQ 0DJ\DWR W] QIR@DHIQ@QMD KRYANHBSRQWMIEYO UHOHYIQVDN (] D J
PHWUROyYJLDL IRJD ®RD EN]R® \@P\D @D IWMD KRJ\ D WHUPLQROYJLD Q
kapcsolatos legfrisseb@ HPJHWN |JL HO tUiy R NI P@B\QWEV\Q—I HI\HQ SRQWRV KDQHP
IHOKtYMD D ILJ\HOPHW D PpUpv\L]IFPIRJ@ N !&I\Nﬁ@/ WHU<OHWHNH
IRQWRVViJiUD PDMG HJ\ HVHWWD ]\FHQle\] ViwVvoD] LQIRUPDWL
bemutassa & RGH O OB IOQRWpW pVv H ROyJLDL Yiti M XD YRAQ MWR K/ Y W) -V
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PpU UHQGV]HUHNNHO NDSFVRODW UM IGLNeH [ \the NeipessPip G ili@rtainty\ in

dolgoztiNiW KRJ\ DJRN HJ\pUWHOP&HQ PRaSXanEitFat | RJ @asio metheds for uncertainty

PLQG D KDJ\RPiIQ\RV DQDOyJ P&V]HUMMII/ PLQG D PRGHUQ

GLJLWIiOLV HVIN|]INHW A PpUpWUHGPPQ\PpUHQG PHQQ\LVpJ

$ 9,0 PiVLN MHOHQW V YiOWRJf}(%@DNG Qb \LVpIpUWPpNHN

VIDEYiQ\RNNDO D 1HP]JHWN]|]L 6] @ypig'ﬂi] 6 D% LBIIR-WW $ P

62 iGKMUDIOV]DEYiQ\RNNDO YDOy k¥ FPg it HJ\ HJI\HG-OL Pp

UiQ\XOy W|UHNYpV (] D KDUPRQIE]\HCLPF’ R YW gg\BQBNQ@%Q\bJ HA «WWHVH

HWUROYJLDL NLIHMH]pVHN D N&F pé%} q\jlg] 'Y% E?i S anelh) Rp WH U
HN@HQI\LYPRRHN WP THOKDV]QiOW LQ

J\WpJHVHN OHJ\HQHN PHJN|Q%
NRPPXQLNiFLYW pV HJ\«WWP&N|Gp %%M@ﬁ%tww\/éﬁ-GM\QQNW@JIB]UWDNHN
DPHO\HN QDJ\PpUWpPNEHQ WiPDV] KRJ\'D PpUpVL H
VIM4 ISO-V]DEYiQ\RNKR] YDOy LJD] RQ\WDODQViJiC
V]DEiO\R]iVL IRO\DPDWRN =~ pV me'WE%Mé HHOWHG HQ IRQV

P
HJ\W]HU&VtWpVpPpEHQ LV D]RNEDQ AHS Wo i v]\?évN Bk py ELIRQ\WDOIL
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QHPJHWN]|]L V]DEYiQ\RN NXOFVIRQWRVEHRININH ]HU Haw, Qhp @B\ [RYURWK D V
pURWPKHW-QN DVWSHFLILNIFLYV KDWiUp

(PHJIHOHO VpJL Q\LOQ,DWaNRIihD Wha N|]OpV

3 07087871 $ 0e5e6, %, =21<78/3166+ L(XGRPIQ\RV HOPpOHWHN YDOLRHOKINY D
0(*+$7E52=E6E+2= $ PpUpVL ELJRQ\WDODQViJ W{EEIpOHN(

$] OWPXWDWy D PpUpVL ELIRQ\WDOBtandard p HIROWRUR WYV iKRYHGPpUWYWD QGII
(GUM, Guide to the Expression of Uncertainty in ELIRQ\WdaODQViJ
Measurement) egy, a JCGMOWDO HO -bgfu- NLWHUMHV]WHWW Pyal) piégadiald R Q\ W D
kidolgozott dokumentum (GUM 1995, [4]), amely KR]]lI WRMWWHUMHV{WpVL WpQ\H]
LUIQ\PXWDWiVW DG D PpUpVL ELIRQPHBBORNWYYUIWp NIBWWRRIFGRIEt]KD Wy
(OV GOHJHV FpOMD D PpUpVL EL]RQ\WDOVM QKWLM WY Pidd DN _
GRNXPHQWIiOiIVIQDN pV N|]OpVpOHR VpehQO\RVRWQMLVPJ OHtUIVD
ELJWRVtWYD KRJ\ D] HUHGPpQ\HN MAYEBNDPVIR PVRKD YN pV
PHJEt]JKDWYyN OHJ\HQHN D N<O|QE$] PWUHIIIOHEMHREAQVDIDQViJ pUWPNHC
LQWPpP]PpQ\HNBBIQNLVHEE NRUUHNFPYDWVDMP DWYLNWY HHODGDW KDQHP D Ppl
2008-banNHU+<OW S XIEGM MIC2DIBRIQpYHQ@PpUpVL IRO\DPDW UpV]OHWHYV LVPHUHMW
DPHO\ MHOHQOHJ LV pUYpPQ\HV PHJEt]JKDWy HUHGPpPQ\ HOpUpVH D V]I

AJCGMGUM V]DNEL]RROMDRDWRVDQ HMEFPHRYWR pPHIpUWpPVpPQ pV N|U-OWHI
GROJR]]D NL D PpUpVL EL]JRQ\WBOMNHPPYURPRMIEHY PENCODV]WiVDNRL
NDSFVRODWRW NWPXW BB KNYWW N RYIWREHDDNHMWIH 100y LQIRUPIFLYNDW
HI\WW]JHU&VtWHWW HOQHYH]BYHNHW OWgWWwaWwwVYHNMNIW D V]+NVpIJHV HUHC
PHOOPNOHWPEHQ -HOHQOHJL pVKRY\ WHQQH Uy WiPDV]NFRGKDWXQN D P
GRNXPHQWXPRN D N|YHWNH] HOQHMH WIPIPW QUMD & MM Jert Cepetién lddyedi W P L C

i . . C PHIN|]JHOtWpVW LJpQ\HO $ YpJV HUHGI
GUM-1 Guide to th f rtaint efn
Partl:lJ:ntero%ucﬁc)eerreSSIOHO uncertainty in measureten PLO VpJH DWWyO 1239 KRI\ D V]DNH
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EHFVOpVHLW pV VWDQGDUG EL]RQQ\L Sd’ U iq W }?:L\c%/%? 5§§HF HLQ%(\?\/A}.VD
PHQQ\LVPJHNKH] UHQGHOW { CJEL P DL mL |\>|_DOD
V&U&VPpJII+JIYPQIHNHW YHVIL EHPEI:% . IV Dpv poelp
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NLV]iPtWKDWy D EHFVOpV D VWD Vi %q/rl:]ggt\gwb\\/]p(l\?l?
PPUHQG PHQQ\LVpJUH YRQDWNR] ¥>th) p’\\l/ VANV

WDUWR]y PHJitdrysbivy ViJL ILI\HOHPEHYpPWHOpPYHO PpUYPQ\HVHN = ¢
$] HGGLJ HPOtWHWME] NgyWkimeneG V Itily. o p ppHINiOWR]QDN D] HUHGPpPQ\HN
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PHQQ\LVpJ HVHW pQGDID-8[B]O-RDA KWW N v by p X0 KRVVIPpUp
%}‘4“%3 .'E' \h%ﬁ%/ip %QNVB'PWQ ULV

PpUpVL ELJRQ\WDODQViJ pUWpNH
FWRYWQHN D]

W|EEYiOWR]yV PRGHOOHNUH DKRO,
1+JJ D EHPHQHWL PHQQ\LVpJHN Wi$R]IVIEDO DNiU D]

ELJRQ\WDODQViJ WHUMHGPWYEBIWHH %\ o R EDQ PHJMH
DONDOPD]]D DPHO\ YpOHWOHQV]HY H 18 HV N|U&
NLPHQHWL PHQQ\LVpJHN YDULDQR}| "b| A 8| E\'b H DPHO\I
KDWpPNRQ\ pU\EBPN-81 D pW pEUEHY i®WR ]y W, @%@; 'd)\ﬁﬂlQ\HJHVHN

HVHWpPEHQ EHYH]HWLUPJIPHJIRUKO s

amely HJ\ NLPHQHWH O ORHRIG HUBI@HENH GHNVHHW pEH Q

KDV]QiOW PHJIELXWDMYY¥DIROXPPDM2 pYuPAHROY PRGHOOHWVH PDWHPDW
PHJKDWiUR]ID DIJW D UpJLyW DPHO\WHQ@DEKHWr@DD NLPHQHWL

PHQQ\LVpJHN YDOYGL pUWPpPNHL YIUK:,PWyBF?VLHNés]ﬁ%ﬂNHW Yp WHV]L HJ\ DC

DPHO\ J\DNUDQ HJ\ WXGRPIQ\RV W|UY
W|UYpQ\HN NRPELQiFLYMiQ DODSXO §
modelek WXGRPiQ\RV H O RakQOad \hipigkud O D S X O
modellek gyakran statisztikai modelleRDQQDN KLEULG

$ PpUpVL PRGHOO D NLPHQHWeL PHIQHUWRIHNOHI\H PEUYWHNHQ DODSXOy
KDWiVVDO EtUy EHPHQHWL PHQQ\matgnatkai MlﬁWWW@FIWDS@HMWWRQ/HP OLQ
jelenti [77 $ PRGHOOHN VHJtWHQHN BJWIOWRINY D'PWL WHEEIYIiOWR]yV LPSOL
PHIJpUWpPVPEHQ pV MDYtWIiVIEDQ OBKPPUYY WPWHPD WEIHPHHOQ FKOWEUIViIiQDN

PHQQ\LVpJHN pUWpPNHLQHN PHJIPEOXIOW HY\ MNHPEHQKD¥WyY HOPpOHWL DO
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WDUWDOPD]KDWQDN $ PHJIHOH®RGRR®H O@J\ W EHiQWPIM i VDXOFVIRQWR\
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ILJYHOHPEH YpYH D PRGHOO SDUDPNDMOH® H/IRE p KHDN p W @XFPVHLU MNDXOW R PiQ\ K
YLVHONHGpPpVpPpQHN KDWiViWw LV V]eNVpJ

(VHWHQNpPQW pUGHPHV W|EE PpUpV
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aholY D NLPHQHWL ¥ BQN)Lazpadik FVINNHQWYH D ERQVROXOWViJRW $ \
EHPHQHWL PAQRQVEYPYpQ\ PLQGH@OARDOBD]IVD OHKHW Yp WHV]L D PpUg
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PHQQ\LVpJHW WDUWDOPD] EHOHpU®@WNR]DNWUBHNIHEYN WIDIW\RIPBHIR Eglvy NH O «
WpQ\H] NHW LV DPHO\HN  V]iPRRQWRV ViJRW WY NBMHiPtWiVL SUHFL]LW
KR]]iMiUXOKDWQDPRQDWIPRPYViJiKR]

$ PpUpVL PRGHOO NLGROJR]iVD VRUIQ D N|YHWNH]

OpSpVHNHW NGHOO PHIJWHQQL
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pUpVL HOYHW OHtUYy DODSPREM(B@\W@M@Q\\/'J\% % ®+OL  HJI\H]j
UYpQ\HV (]W D PRGHOOW ROWYH BRBORRYe H Q@ Fdt IV M@ WRY AW L

J\DNRUODWL YpJUHKDMWiVD VRUiIQ IHOOpS KDWlVRN

UH (JHNHW D KDWiVRNDW DJRQRVtWDQL NHOO

H NHOO YHQQL D PRGHO®ERT @@’)PEEHQ@QWO#HOM?E*QOEGE%
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E D KDWiV HOpH MDKXR]H tKRDW g%dp WWDW&UB@HE’Q\I WpQIH] N
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BE1. Kg=/(0el<(.---BE1. REPORTS
VI. evFOLYAM 3.S=E 0--- VOLUME VI No. 3

&1& RNWDWIV MHOHQW VpJH
NpS]pVEHQ

Importarce of CNC education in mechanical engineering
training

%XUDL *MWNQ
IEXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV %Bupap&sO\DIJVDHRKQYINDL 0
burai.istvan@uni-obuda.hu

gVV]HIRJOBOVYiPtWyJpSSHO WiPRIJDWRMWR|JIMBWDWQHFPPEHU KDMWRWWD YpJuU
FVDN D MHOHQ KDQHP D Mlpar40etjpW KD WpPBHINP$HU MH D] HPEHUL WpQ\H] OF
DODSSLOOpUH D &$0 UHQGV]JHUHN iQWHDLOP EN [WIRY tWRMpWY IDIi WHVIPHOW PHQQ\
folyamatok. &LNNHPEHQ UiYLOIJtWR®O DD]IGDVIJRVVIJIW $ WHFKQLNDL IHMO
WHFKQROYJLIKR] NDSFVROyGyY NpS]pV HPEMHRMY WiIPO\HFJHREWDWRRNR]RWW SURE
D] LGHYRQDWNR]y NpS]pV PHpW]-MHOHD MW NHGE BOp@W  pV  PHIV]*QWHWpVpL
Ismertetem a] RNWDWiV VWUXNW~UiIMiW DI\RRIFYBDQSpYROGYEH]IHO WW D IRUJiIFVROI
WDQWIiUJ\DNDW  pV D PHJV]HUH]K%tW BEEWVQRVIPRWDWIV pV EL]JRQ\F
JHOYIi]JRORN HJ\ OHKHWVpJHVY RNWDWip REBMWIPMb WWRWORNDNQEHNUD D WHUP
UpVERN®E1& WHFKQR OB WD IVV]HIRJQ%QA ROMPDWRNDW V]iPtWyJpSHV UHQC
igazolom a CNC RNWDWiV MHOHQW VpJpWy ] lg@q_\NPplQ@h_l\piOLV HPEHUL EHDYDW]I
NpS]pVEH® D] H]JHO NDSFVRODWRMNR | WWPHYNVPMAWN HWHWWVpPpJeNE O IDN
V]*NVpV]HU&VpIpW W&QQHN GH NRPSOH[LWiIVXNQDN N|V
) . OHIHGLN D] DGRWW WHU<OHW LJpQ\HL)
Kulcsszavgk NC-&1& R N Wkbrdpeténcia NpSHVVFUJHQGV]HUHNHW HPEHUHN NHNHOLN
WD QW iphj4D N KDWiUR]]iN PHJ D P&N|GpV SDUDPpWHL
Abstract 2 The computer aided manufacturing is both of \Ijv%\}]OLOE)\/]VIF:/'{I(V%]DV\\;Vi\[;UpV\\//R[%yN ;\)/VSF]{E\};-QI))I/_NN)?\I;]lIC
part of the present and the future. The manufacturing PYYHO H]HO WW RNWDWRWW LVPHU

processes aided by CAM systems are one of the base pillar . . .
of Industry 4.0. My article highlihts to the importance of the WXGRPIQ\ PHIpUWPVpW V]ROJIOy WXGIV

education based on NC-CNC technology. | present the birth, 2 CNC2.7$7E6 00/7-$
development and present of the relevant training. | explain . . )
the structure of the education, the related subjects and the $] I[EXGDL (J\HWHP %iQNL .DUIQ DPL
acquirable competences. | outline a possible developing ?1QNL *pSLSDUL 0&V]DNiz NC-CMGIROD Y|
direction of the education of which the NC-CNC technology WHFKQROyYJLD RNWPYWHME HIPIVL Q GXIDLW
is also a part. By summarizing Industry 4.0 | justify the QDSLJ W|L_JHWOHA_QQ@8|“Q]B\]\XWD'V@)/®VNDODW
importance of CNC training in mechanical engineering NpPS]pV V]iPRV YiOWR]iVRQ pV IHMOHYV]\
education as well as the necessarity of CNC development. LJD]JRGYD D] LSDUL V]JHUHSO N HOYiU
PR]JDWyUXJyMD D IHMO GpV HO VHJtV
Keywords NC-CNC, education, competey ability, subjects, V]DNHPEHUHN PLQpO KDWpNRQ\DEE LSD
Industry 4.0 NC-&1& RNWOMNYWW J\DNRUROW D KR]
WHFKQROyYJLD V]pOHYV N|U& IHOKDV]QiOi
1 B(9(=(7e6 $ .RKypV *pSLSDUL OLQLV]WpULXP W
9HVVeQN HJ\ SLOODQWIiVW D N|LOZEHQW - QWNWHBKRIMONO KD W§IHUV]iPJIpS
WiUJ\DNUD HVIN|]INUH EHUHQGH(PWVNOHWHW WG DWR O @WNINIQYW GOHJI
PDJXQNEDQ KRJ\ H] HJ\ MyO PHURQRPSRE®\OW D]\ ilB/PEHDAKRIRA yIL I OW H U
IRO\DPDW OHQ\&J|] HUHGPpQ\H 1pKi& HPAY Vp O HAN24KDHE W B Y DO UHQ G H(
D] HPEHU D WHUPpPpV]HWEHQ WD Ci®OWHPBKYHIN DR O MW Q ik ddyaH OPp O H)
N|INpQW DPLYHO KDV]QiO D wrendelkaaek)\ obel\DW R YO DWMDERESDV]WDODW V]
N|JINHW MpMJONBIRMDWRVDQ HPHONKEWLVPLWMWN(IW D] DNNRUL LSDUL KiV
PKOWIHHQ HPUJJIPBHRIV WYV NHYpPVQH& EHUHQC
UiQ akang igweQra v B QMHIUR B CROWEIOW $ %iQNL *p
HJIIRUFiIMROID D" p I\ i HWEHWHFKQROYJLD WDQC
PQ\HVVpPJQHN NJ|V]] W HQ p S WIWi IEW i \PY DL & WilhmKQROyYJLD RNWD
INITIN KDWpNRQ\DEEi pV |VV]HWHWWHEKER\ Y POIMIYNILJ\NUWMYiQ pV D 6]HL
NiEE D JpSHVtWpV NHU.-OW HO WHRUBH NIKRIOP &NVEHYRMHDW PENC QG XOW
EHU iOWDO YH]pUHOW $ PHJPHFNKI@RVKYRLDV]I\RN RGN EIakdrotSdp V H

]

]

HOpJtWpVpUH D] HPEHU

JRQ\XOW V D] pYV]i]DGR
N

L

\ N
QWXQN EH D WHUPpPNHN
OHP V]| Q

IrTO<mMZII
TOL<TIOANr<L<L
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RNWDWyYL JiWGGEKWHWHDXD MHOHQ ONtithetiddl OR QW YR O /pSpVW WDUWYD D] LS
*7, PHIJEHFV.-OWpWRUWDIJRYV V]aQWRIXYWRWVRNNDO D N|[YHWNH] PHJIPXQNi
RNWDWyYN PLQGHQ RO\DQ YiOODODQHYi& RHAINHEHNOOMND KR DKJRED QRUBDLVHV]
&1& V]HUV]iPJpSHW DONDOPD]WDN pWHD pBH ®HNB QG GRQ JRPY H\U W HK HWWRQ y
JpSNH]JHO NHW pV SURJUDPR]JYyNDWQWD®/tWRWWIRQVWHURL|I EMRRYDWIiVUD |
RNWDWiV PHOOHWW WDQIRO\DPRNOW]|QKHWHHRIQ H WKHDNO OD R R/ NN HHBRJIJUD PR
VIDNHPEHUW NpSH]WHN NL $ SUQEDIRRQIMVRAWDNYpIJH]KHWWHN UDN
) LVNROD *pSJ\iUWiIVWHFKQROYJLD ~QWDHWH pilOH V O 0GBQL YpGHOHPPHO |
VIHUYH]pVPEHD YHWW UpV]W DW|WWAOQRKDDAQIODWD EL]JWRQViIJRV YR
NpS]pVHNEHQ (] DODWW D] LG SURJDWWRNDWVYQNBRXNDOWWWiUD PHQW
WHFKQROYJLIKR] WDUWR]y DGDWRNRBWV|¥VEMW EHQQQ bE-1ap ORekIBIBQRG H J ~ |
63( N|]IPWHWWH D] LSD WX\ PDQPWRN UJIPWAD7'. pV VIDNGROJR]DW NHUHW
NHW P§ 118 WHFKQROYJLD DONDOPDIPpBIHYMEEHN N|]|WW ~ Malamidt] pQupCspV MW
$ %iQNLQ GROJR]y VIDNHPEHUJiUfesasai KApPl] |QKHW HQ D]

1973-DV JViUWiV ~ 6 =D0/ WiUFVDHV]WHUJD

PHJV]HU]pVpPYHO D] 1& WHFKQROYy EiR
W|EE pYYHO PHJHO ]JWeN D %XGD
(BME)gpSJ\iUWiVWHPRQYROYIWD L] D J
HOV 1& YH]pUOpV& JpS PBRIBYIW
7THFKQLNDW|UWpPQHWL PpUGHNHVV]
lyukszalagraU | J]tWHW W p N majdi\ RW MLR/OAN N
JpSEHrogramot (O V]|U NDODZX]m&dX
NpV EE tUyJpSHV O\XNRIDPDDY BHX
KDV]QiOWDN (D KDWIkIPW@NWL HV]
monitor volt KDQHP HJ\W]JHU&HQ tU
tattattiN NL D] LQIRUPiFLYNDW

2 i E HNACO compact 5 CNC eszterga [5]

$] LSDUL HOYiUiVQDN YDOy PHJIHOH
RNWDWIVEDQ RO\DQ WtSXVW]+NVPHN U H
melyeket a mindenkory DOy V J\iUWIVEDQ LV KDV]
1& RNWDWiV U@V pesréteztek egy EEN 320
NPWWHQJHO\HV &1& HV]WHUJDJpSHW
YH]pUOpPVVHO DPLW NpV NKH9OHJ\ NRU
HIJ\WWpJUH FYXWEQWHN V]pQ PHJpUNH]H!
KiURPWHQJHO\HV 061 &1& PDUyJpS +
YH]pUO YHO $] HOP~OW PYEHQ NpWw
YH]pUO HJ\WpJHW D NRUV]JHU&VtWpV
NCT2000-HV YH]pUO YHOOMD®QU NII®NYNDXW i
DJRQQDO EHYRQWIN D Jp&HONEW D] R
SURJUDPR]iIV ' pV " RNWDW&a/iYDO S
OHJPXQNiOYyJpSHN ,,, WDQWiUJ\ NHUHYV
1& WHFKQLNiIKR] WDUWR]y KDUGYHU pV
V]HUH]KHWWHN D KDOOJDWYN $ NpS
PUWHOPpPEHORULBIRRMUOWW YROWs $ KD
1 iEWdlauz O\ XN Dijksiglagp V O\XNDVIW34[31UVJPSOpWV]|P~ FVRSRUWRNEDQ JpSEHIiOOtW
WHV]IWHOpPVW pV JViUWiVW YpJH]KHWWHI
$ NJ[YHWNH] JE®DKWYiVIUROWD D] Hs \*RWWBWH\} PHOOHWW D NXWDWiV LV
HJ\ 7THUFR O\XNV]DODJRYV ONW PW RONViIiVED V D &1& V]HUV]iPJp
kLYiOy YROW PHUW D PRGHOO I& %5*@4\%6@[) DUNH]HW\
PLQGHQ UpV]HJ\VpJKH] NIQQ\HQ gélye@ﬁgé%’{w IM\éﬁN%gpl#a 'FLFR\Q|0|_V WHQJF
9R VANYPDUYJpS %DQGL\

PpU HVIN|]|[NHW FVDWROQL

aminkenNHUHV]W+O PHJILJ\HOKHW YpyY WP VReH D ¥ [@W@g LGHQKHLQ YH]
$ PHIPXQNiOy SURJUDPRW O\XNVk W0 D Ug g BtiMA WV Dy BB Y el Wi vV U D
tUyJpSSHO NRPELQIOW\XKDDWNWVD@(DLJWNL FPORNDW V]ROJIO

EHUHQWGHpVVPpJpYHO &1& VIHUVIIPIpSHN KDUGYHUHV |
Az 1980as pYHN HOHMpUH PHJMHOHQN\J\HCNG%)WFJY LSV Y JonSdddfenv az W eyyerend D
VIIPMHJ\YH]pUOpPV& JpSHNCanputet HY X pAMERQIED NHU<OW HJ\ QpJ\WHQJH
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VIHUV]iPRV &1& HV]WHUGDNLS ] RIDRIN@Y WK BRMW pW O 7|UHNV]LN D] LQIRUF
HJ\WpJJHO YROW HOOIWYD $ 0$=$.VAIRIWYKUMHNPPNILNBWYpVPpUH pV KDV]Qi
FHO@iUBUD N<O|Q IDNXOWDWtY WiYgJIDrwWW HRXYGNW HWR IDIKR @ pyY ]VpJV]LQWH
SDUDPpWHUHVY SURJUDPR]iV IHO- MHNMWJLHVJH/qgi@v\M»yquaV]QUCRIWDPRNDW
DGDWEDQN IHOW|OWpV pV KDV]QiORRWphNiddR¥WHNY P I-lIJFWH:\MID\NUHNR(JUQWtY
NtY+O D KDOOJDWYN PHJLVPHUWpI}{| X HVRMYMO UNR B® PYHBIGHONH]QL
HVIWHUJD FHOOD, ﬂDOWW\LFPQ&ﬁNI@FﬂJWH YK @10\ KL Pv HI\eWWP&N|G SUR
URERW 7HDFK ,Q SHURJWDINARMEWVARDNDODPLQW RO\DQ PDJDWDUWIVL NRPS
3IpWHU @ HJ\pQL DWWLW&@G YDJ\ pUJHOPHN

3 .203(7(1&,E..e3(66e*(. e6 .eb6=6e*(. 4 A= 2.7$7E6 -(/(1(

$ NRPSHWHOQF Uddn MHUHSHWSH OHQOWHVIHJ\HWHP RNWDWiVL VWUXNW~UiMD
LOOHWpPNHVVpJ ODldommeté,Wlhi@MﬂJEWS% HV VSHNWUXP~ LQWHUGLV]FLSOLQI
HIJI\UpV]W LOOHWpPNHYVRHIVHWV]WR RIL WY W Yp  6]iPRV RO\DQ JpS iOC
VIDNpUWHOPHW ~ DONDOPDVVIARW,p @]GFH]OPB@M\W@ LVPHUHWHN J\DNR!
NRPSHWHQV pV LQNRPSHWHQV NLIEIMW RAPEPA WY HoHed Bt ek a$ EH U F
SRILWtY p VDR HFPEWLY PLQ VpJL PHJ WW@ W K p@ HNR V pNJYXOVMA DM N/
PUWHOPSH |IWMRPSHWHQFLIW WpYHVh @ng\ﬁt PHOWwiRDV ] QIDINMP.KHO\p
DIRQRVt4MXON NpSHVVpJ YDOyMI@ JpSHN V]iPRV WDQW
|[VV]HI*JIJpVEHQ OpY |VV]HWHWV\Ntv§JlQJ®E1Q\P+PV\NpV J—\Nlb*\NH/\L IHODGDWRW V
PHJROGIViIKR] V]eN ¥ karapétehtlaONNHHEN W Y LS[
WDQXOW pV WDSDV]WDOW NpV]Vp PcF q_é"g
HJ\ DGRWW WHU<OHWUH pUWH HE@HYDQFL
WHFKQROyYJLDL IHMO GpV KR]D&pN SKQROYJLD
$ NpS]pVL ¢

DKRO V]DNPiN IRJODONR]IVRN PH
3(\ 'EEL JPSHNNHO

%

iWDODNXOQDN (KKH] D YiOWR]i
NRPSHWHQFLiINUBz WYR AWMU pD] H

%19

az RNWDWiVL LQWp]PpQ\HN yULiVL ]\H HYRW] NarmioNg W@j‘ ~ Bh*JJ OHJIHV

NpSHVVpPJHN pV NpV]V.pY HPNI I A NHQ HH W%@ Yy N[ISRQW DPLQ IRUJIFVRC
NRPSHWHQFLIN PHJIRJDOPBJI3IE RYHQRM dRUJIFVROIVNXWDWIiV IRO\LN
V]i]DGQDN YDOy PHJIHOHO VpJ )RZ@WFE\H QN EY M FDpQU\HSDHUWRiU HJ\  V

NPSHVVPIHN pV NpV]VPIHN DGRWYHUWHBROHWUHR7XRQDWNRIWISXV~ &1
UHOHYDBQHEM®DDL (J\HWHP %iQNL 'RQRA00HEpYHPMUO YEOD $ JpSHW DR
ELIWRQViJWHFKQLNIELBOK) HIO NILHW BMHPYRQWIN D] RNWDWIVED 5pV]H YROW
H]JHQ HOYiUiVRNQDN IRJDOPD]WDJ‘FD—I\URLDO[NWB]NVEI]_pvm)Q\I-D\OpV YL]VJi]WDW
PHIJVIHUH]KHW &RPSHWHQFLIiN HJ\ VIDEDGRQ YiODV]WKDWy WiUJ\ V]IHU"

&LNNHPEHQ DUUD V]JHUHWQpPN UiYLOiJtWDQL KRJ\ PLpUW
fontos az NC& 1& WHFKQROyYJLiYDO NDS 1]

iWDGiVD LOOHWYH PHJV]HU]pVH H
IRJODORP |VV]H D] 2( %*. iOWD
LGHYRQDWNR]y NRPSHWHQFLiINDW
$ KDOOJDWyYy D WDQXOPiIiQ\DL VR
NpV]VpJHNHW VDMiWtWKDW HO PHQ S *
NC-&1& WHFKQROyJLD YDODPHQM
OHJLVPHUL D J\iUWIVWHFKQROYy
HOMiIUIVRNDW pV P&N|GpVL IRO\[O
alkalmazott munkapV HU JpSHN JpSpV]H
HVIN|]IN P&N|GpVL HOYHLW V]JHUN
D] DONDOPD]RWW UHQGV]HUHOHP
$ VIHUIJHWW NRPSHWHQFLiIN UpYp
W H U,Rglydimat-pV WHFKQROyJLDL WHU
V]iPtWiVRN HOYHLW pV PyGV]HUHL
SUREOpPiIN D]JRQRVtWIiViUD HOYL
IHOWIiUiViUD (J\ PpUQ|NL SUREODPPD
DONDOPD]QL WXGMD D VIDNWHU+sOHW OHJIR
HOPPOHWHLW HOMIiUIVUHQGMpW pV D V] R D
LVPHUHWHLW $ P&V]DNL UHQGV]HUHMPpWYRRNY PP D\VPR NE B ODENHHIWWW  HJI\
PRGHOOMHLQHN PHJDONRWIiVDa QHWPHRMRY &Np\MiPFTXQNDWHU& HJI\V
$ONDOPDVVi YiOLN D EL]WRQVlJWXIJ:[P(lO)qtiN ODJIOWE WWHh&HOPLWEEXV~ &1& F
d

KLJLpQLDL V]DEIO\RN EHWDUWIiVYHO®St¥wp VW W\ O WIDQWYHUDQDJIVRQ KD\
OHIJWDQXOMD D JpSHN JpSpV]HWL HHWHQ N BEHQGHIIONHIONIN V]HJIQ\
\Y * ]HPHOWHWDpPVpPpQHN HOYHLWN]|VHM KH\ JE’SQ\MJHQVQJJ_J\ PpUHW& PXQN
[VV]HI+JJpVHLW 1HP JiUNy]LN HROHIBX cOHKMPW Yp . O|QOHJIHV
EHN|YHWNH] LQQRYIiFLYN W H F KEQIR S §\WIHDA W |N1MDHI\H]+W|H\_NH+M~INHO PDQXi
PHILVPHBNVVEDIRIM3iVMWWRBIROGIVRNXRWHOHV [EE WDQWiUJ\ JPBERUJ\D!
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JHUHOKHW PpU HV]IN[]INQHN N|V]|@K&¥& H® PRUYIPSROMAKQLNDLODJ IHO-
DODPLQW IHO-«O HA4jlik rajtad.GHN WHHWRNBHWHQGH]pVHNHW .RUV]HU& EL]
HV]HU]pV D &1& IRUJIFVROIV 6N+OR® ORO & ValiRImarD BSBDadatkapcsaat KD V] Qi O

DQ PHJKRJWDN HJ\ QDJ\WHEHVVpPJI®,PRUYYIBWMRQ +6K’ UHY W, @alamiOpUpV W
JUQHU &UHDWLY7HF ODJLF + ©&H K&HIVE. \IRREYDEBONDOPD]iVUWO QA W|UWDpC
IHOPOHV]WpPVH QHKpINHVHOQ lekéeG XXp\§ GO @H O@bigiasl B iy OWDO IRUJDOP

N|JUHP&N|GpVPYHO VLNHUHVHQ PDHXWRPWMQLWNXVS$ p WV hudhdgegab- EHPpU
KHO\UHIOOtWiViYfghlkqzatDN Ly PWNR tenBgzedrrel. $] RNWDWIiIVRQ W~O D +DDV F
OHFKDWURQLNDL PpUQ@YNRDOPIRW@RYWRIGMR]WXQN HJ\ RUV]iJRV VILQW& Y
YDODPLQW VIDNGROJRIDWRW NpV]DNHW W] BVW p B CEW, Gzéd UHQEGH p¥p Q\HN ~ HV
V]pQ D] DPHULNDL +DDV %NWX{W\NWQ deﬁw%watok TDK-kNpV]tWpVpUH
MyYROW|EyO KR]JIMXWRWWXQN HPWHMHIHFE-HDsitergieadie®R DN JHU& QHN
PRQGKDWY KIURPWHQJHO\HV 1+JJ OH\zH\NG-&D&/ 0MHPKQROWYEIXD HOVDMIiWt
&1& PDUyYJpSKH] iEUD YDODPL@®WJIpGEDPYPRMN] €t Lsderérhl S WW NP DN | U

V]LP Xi@eWR B NDSRWW HVIN|]INHWHOGROORKMM(R] W|EE IpOpYQah WDQW,i
OHJJ\RUVDEEDQ LQWHJUIOWXN D/]] « NRINSY DWVWDIQ DU J\D N & HA\PiVUD pS+«OpVli
P&KHO\VJ\DNRUO D \&mi Vd+H E@OWWriN iGNCGV KDOOJDWyN | HMO GRWWW VPHINWHU<OHW I
HVIWHUJDJp SKRIT]it Wy G RIWW Wha2XBr DNRMSHWHQFLIN PLQpO KDWpPpMRQ\DEE
NLYiOy OHKHW VpJHW WHUHPWHWW SDpWPWWWKRNKWQGUNQ@DEHIOOEWDVLN|V]]|
IRO\DPDWDLQDN |VV]HKDVRQOtWiVNHXOO HQ P HJD O BlgRriepviDaz W& Gehinika
DODSMDLQDN, MDUDWMLWW i WiISSHFLDOL]IiF
PDJDVDEE V]LQW& LVPHUHWHNHW V]H
CAD-&%$0 V]DNLUIQ\RV PpUQI|N]|N D
NtYIQDOPDLQDN PHJIHOHO NpV]VpJH
szereznek.

Gépész- és
Mechatronikai
Mérnok

Gépmiihely
gyakorlatl.

MECHATRONIKAI 1 B i
N - PESZMERN
MERNOK Gépmiihely " <
gyakorlatll.

Gyartas- ] I
technologia I.
4 iEUD +DDV OLQLOLOO (GX &1& PI —J

CNC mihely-
gyakorlat
$ YH]pUO V]JLPXOIWRURN D] )06 ¢ [Gyém.,dszmj evemee® | rrsz |
iEUD D V]HPpO\L V]iPtWAyJg mechatronikija szimulitorok
VILPXOiIWRURNQDN  N|V]|QK HolyarH Q ;1*
folyamatokat tanulhatnalp V- J\ D hNaR&kBeODPL pO 2 =
NJUQ\H]HWEHQ YHA]NGLHXVOHKWW ‘GYBRI. FTSZT L
VILPXOiIiWRURNDW D] HOV DONDOF
KDV]QiOQL pV DNiU D Vdghk&i@tnaks H l 1
vele.
‘ GYBR II.] FISZT 1I.

A J

6 iIEUD $ NpS]pV VWUXNW~UiMD

$ JpSpV]PpVQNFKDWURQLNDL NpS]pVE
[VVIHV KDOOJDWy WDOiIiONRJLN. D *pSP:¢
WiUJJ\DO DKRO PHJLVPHUNHGQHN D
VIHPOpP\BWMDMMD OiQRYV EDOHVmEW pV P X
(OVDMiWtWMiN D] DODSIRUJiIFVROy HON
PDUIV 1~UiV VWE  WDUWR]y V]HUV]
IHOpPpStWNPAWVL HOYpW pV D] DGRWW
P&YHOHWHNHW

$ JpSpVIHN N|YHWNH] GH PpJ N|J|
JRUJIFVROIVWHFKQROYJLD Eb@DSMDL
bHPXWDWiVUD NHU<OQHN D IRUJIFVR

5 iEUD 9H]pUO az]EMSXaboMéR UR N
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HQHUJHWLNDL IRO\DPDWDL pV DnurkBddgab-\piV RY]HHREH PIVUR®iVIRO\DPDWiW
WHUYH]pVPQHN DODS|VV]HI*JJpVHYHWYMWNKMUIQ WOWEHWNPBRDNUWIVIEDQ

RUJIFVROIV DODSYIOWRIDWDLUYQ®1¢g $UJRJUDPRDIQPPVR WAL BpabsRURN

VIHUV]iPRNUYO (JHQ D V]LGNEH Qqkdirb&RtSCcNeP HU$ XQNiOy SURJUDP NpV]H
LVPHUWHWpPVUH NHU<O D V]HUYV]iRI®DPD WiVWR S ROUW B MA VI &v thy D P&
IHOpStWpVL VDMiIWRVViJDL SURJUDPR]iIVW SNIPRIDIWG DODS~ YL]
JYHWNH] D )RUJIFVR (FINZ)7 HrfelyQ RRAWRLDDPR]iIVL N|UQ\H]WHN PHJLVPHUW
Pi D VSHFLDOLJiIFLy XWPela@ata (HAAS,WSibldrkin). & 1& IRUJIFVROyY JpSHN YL
PHJLVPHUWHWQL D KDOOJDWYYD®XQNDRW]|FYRQHMNpWR P\REBWOH] V]RI\
OHJIRQWRVDEE MHOOH® Jegfovtogalb V &R0 YOQMPEKWM QU RURN  6]LPXOiFLYyV N|UC
HOMiUIVKR] WDUWR]y V]HYVWRRN BYWRDM®iVLXWWDWiV LVPHUWHWpPVH

alapelvéd, YDODPLQW D V]JHUV]iPR]iVVIL® X PVF Liy® HpR/IMHYCHU WRYIEEL V]JROJiC
NDSFVRODWRY P&V]DNL pV JD]GBV ML P XQiFiW W RN B MWPHURVH S W H U J D
%HPXWDWiVUINCNEBHN DHOV]HUV]IPREXOFN EHPXWDWiVD DONDOPD]iVD
V]iPtWyJpSSHO WiPRIDWRWW IRO\DSPDDRVMDDPRN NpV]tWpVH 6LHPHQV 1&7 0

A JRUJIFVROIVWHFKQROYJLD MIJiPtWyJpSHV WHUYH]pVH |,

)76=7 @PV\iUWYEHUHQGH]pVHN-lpV UHQGV]HUHN |,

*<%5 |IHOV EE pYIRO\DPRQ SiBKX]DPRVDQ KDOD&® N
)76=7 FpOMD PHJIJLVPHUWHWQL D $VNPFEQRROWMDHVWHUMHIRVQ\iW D NLV]
IHODGDWDLW HOYHLW pV PyGV]HUKDWi URDQRP QNI @DW\LRSELEN XMy HP&sL SibUbLO |
DONDWUPpPV]HN pV IHO*OHWHN JINiUW|FItWiVINHERYLNDOIHM Y RIPRH LQGXNIO
PHILVPHUNHGQHN D KDOOJDWYyNWBUJOBWRHRHNLKIDWWiDWwivw J\DNRUR
HOMiUIiVDLYDO $ J\DNRUODWRN VRLHRpD\HKD AQ &A@V BiU/HB MDW { WAMIS D N X
D] 1& SURJUDPR]iMegar@ibak MAIlyW R\R N W DAWWDUDX OiVUD pV D Ne<OAQaf] LSDU
programottUQL $ N|YHWNB ] K DIOOpMBEMYN | PR V& i Jjeéfed @an az NC&1& WHFKQROyJLD
SURJUDPRN DXWRPDW L KX\KHWH @ pWHOVMEROY JLD pvV D KR]]Ji WDUWR]y WHU
ismerkednek meg¢¢ RYIEEM]HUHOpV WHUYHpPUL YHOD S DM PQHN L V20D pN M| WWW O
pV PYGVIHEHKDPO®OJDWYN HOVDMIiWHWWMDN2:Opars$0 SDUDGLIPILW D PDJD!
UHQGV]HUHN KDV]QiODWIiQDN OBXMRMWRVDIEEW VLY PHAUWWINLW pVv D OHV
RVIWIO\RTIVIYDO | D &80 PXONDIRL BEOMN & OHS SV D e, LGPV P

| 1V 1
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JRO\DPDWEL]J]WRQVIJ MiaMtWiV
Improving Process Safety in Shipbuilding

‘U &]JLIUD *\|UJ\
IEXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV %L]WRQViJWHFKQURBDL 0pU
czifra.gyorgy@bgk.uni-obuda.hu

gVVIHIRJ®DM®iW-HY pYHN HOHMpQ D (BLPWWWXQBEY. DV YH]JHWpVH ~J\ G|QW
IHOERPOiVD PLDWW HOYHV]WHWW NHOBWLUH@PEGVXMUGINBWENIRYUNROQDN D] H
+DMyJ\iU .RPiUQR 6/. DV .RPIUQR \OWWDUNPKIRDIVBpFMWODMIEYO YDODPLQW D
YROW KRJ\ D Q\XJDWL SLDFUD YDOy GNRRRPHBPDMOGHWWHD MpHWJPWKENNKH] NLHP
LUIQ\XOWViJiw LV PHIJYIiOWR]JWDVVD KDMWMPNMIRYL KW MyNUYOY HHHWpN UHQGVI]H
folyami- WHQJHUL YpJ+O SHGLJ D WHQJHkKoribéh K HA K DMy 8§ MID L ¢ NHEOD Q QHIPN+O|QE
JH\J_ \ULVST/I\(IJ%O VVJ@ULDW'\;EQUNI?E] %Vf\‘\_"i_]léyvﬁigyvy\? OIH B $ W EE OppWP IVLDVE F RYWIR PAWN Y ROW DN
| | t

HOHPH]J-N D' KDMyJUUL 1RO\DPDWRN %é%éﬁmagwyg U B NRQYWUXN
PUGHNPEHQ WHWW Op 5 pStK Na.svQ+p\aU p B 586" %HUWDODQ |
IRO\DPDWRN EL]WRQVIiIJRV OHIRO\lVD*\ U PRGHUQL]IFL\

KDMyN IHMOHV]WpVpQHN YDODPLQW W #’gﬁé\f-f-UQHEE VI]iPtw
] ]

GRNXPHQWIiFLY HONpV]tWpVPQHN IHOJ) VpYHO D GRNX

DV YHJHWpVH ~J\ G|QW|WW KRJ\
UHQGV]HUHNHW YiVIUROQDN D] HOHN K%%%%SUDK)ILC\D/FI\

E%(,)\,'\g'\,E]tyV(\),pVEDKE,']DPLQW D] DJW NIYHW 5 H'Ur\fl’me b EBFH/ YHJHWpN UHQG
' PRGHOOH]p_VpQHN pV D WpUEHOL PRGH
Kulcsszavak IRO\DPDWELKWRIQ@WiLwWiv + GRNXPHQWIiFLy EHREH]HWpVpYHO pUW-

PRGHOOH]pV LQQRYiFLY YHUVHQ\NpSHVVpJ 2 $ %(6=(5=e6, )2/<$08$7
Abstract 2 In the early 1990s, after losing the eastern $ " &%$' UHQGV]HUHN PLQW D NI
market due to the dissolution of the Soviet Union, thew GRNXPHQWIiFLy NpV]tWpVpQHN DODSY
VWUDWHILF JRDO Rl WKH 60RYDN G6KE$S\DHHWPVLQROADPHOWD D] DOIEEL LG U
-RPIUQR ZDV WR WUDQVLWLRQ WR WikdgiZHVBHYEN R WOHNHW PRALYIODVIWIVL
change the focus of its products from river ships to river-sea JUDILNXV PXQNDiIOORPiV V]iO

and eventually sea cargo ships. Simultaneously, they shifted '
) . %07 &%$'0%7,& WHOHStWpPVH IHOKDV]
from mass production to custom and small series VIRIWYHU 6/. DV IHOWpPWHOHLKH] YD

production. In this article, we analyze this significant .
change in light of the steps taken to improve the safety of OpWUHKRI]IVD pV NLHJpV]tWpVH

shipyard processes. At SLK a.s., ensuring the safe execution ¥ 5 X W L ENL WEBER projekt
of processes necessitated accelerating the development of 1994: A BMT-W PHJYiVIUROWD D .RFNXP\

new ships and the preparation of construcion UHQGV]HUHN 1$3% pV 183%$6 NLYiIiODV]
manufacturing documentation. Therefore, the management  projekt

of SLK a.s. decided to purchase specialized 3D CAD systems + $ PXQNDIOORPiIVRN V]iFUQDN E Y
for creating electronic models and subsequently preparing 23 UD PHPYULDNDSDFLWIiVRN E YtWpVl
manufacturing documentation. iUDPIRUUIVRN pV QDJ\NDSDFLWiV~ RSW
Keywords process safety, shipbuilding, 3D CAD, modelling, NLHJIpV]JtWpVH 1/ 6|& (s UIR MHNW
innovation, competiveness ¥ SXWLQ *IHR'$ pV 1/ '$18%,86
projektek
1 B(9(=(7e6 s EXWLQLfIHP$ pV 1/ 9(*$ SURMHNW

A 90-HV pYHN HOHMpPQ D 6]RYMHWXQLy MRYERPIOiVWD ALINDWWPXQNDIOORPI
HOYHV]WHWW NHOHWL SLDF XWiQ V)HORYINH®D My R yW LRPPVOQRHUHYOHPH]
6/. DV .RPIUQR VWUDWPpPJILDL Fp@™D DY YIRE WV KRUYRL QAIXBP@W YDOy KDV
SLDFUD YDOy iWiOOiV PHOOHWW DUMNHNRYNHN NDiQORPW iG$B 5LV pV 21IL
PHJYiIiOWR]JWDVVD D |RO\D4ehgek D MyINROODWIROW PRHIJROGiIVD 1/ 526728
YpJeO SHGLJ D WHQJHUL WHKHUKIERANWB, NJ]BALTIEI5L0EHMEIERA 1901
VRUR]DWJ\iUWiVUyO D] HJ\HGL p¥yrojskiet. VRUR]DW~ J\iUWiVUD

W e QI W $ NJYHWNH] iWWHNLQWpPV EHPXWDWMI
(] D MHOHQW V YiOWRDWDPNEhJIBEAHY MHWWHPUH IRUGtWRWW EHUXKIi]iVRI
D] ~M KDMyN IHMOHV]WpVpQHN YDODPLQW D NRQVWUXNFLyV
JViUWIVL GRNXPHQWIiIFLy HONpV]tWpVpQHN IHOJ\RUVtWIiViWw

«<7KH DXWKRU V 2 S HQ thB FdrrkVof tHeVCreafve iCammons Attribution Non-Commerdial
Derivatives 4.0 International Licence.
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1 WIiEOiI]DW $ EHUXKIi]iVRN LG U N
3RURYQDQLH SRpWX Y\GDQEFK JPLHQ Qf
5é1 D PRGHORYDQpKR 1/ 6&+(/'( RE
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AutoCAD 0,24
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$ PHIYDOYVtIWRWW YiOWR]WDWiVRN U] DNqu‘?%Nll‘g?gggVﬂHOQH]HWW pVv I

, P H M YOaWR/IDVRI
nl?iatt\.NHUYH]pVL lilLVEDQ PHJROGRW WP R$HOD gi%w '?il'\"/%Ny%d]ipD (OWV WKWyQDS

$ JViIUWIVL GRNXPHQWIFLYy iWW HKNL{QRW Ky Ve Y R Bk LEIDHQGV]HUHN
NLNeV][E[OpVH RV]WiO\RQ QDSL yUIEDQ P&N|GWHN
$ V]*NVpJHV DQ\DJ SRQWRVDEENRQKDWIURNVEHI OOtWiV pV OHIiOOtWiV
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[IVVIHKDVRQOtWiViYDO NLPXWDWK@W%%[W@@’@WPE)@H&WWQ \)‘/glIJIPQDSL
it

PRGHOOH]HWW REMHNWXPRN J\iUwWMir wmmg yr@c% PeyHGRWW KR
PMV]IDND DXWRPDWL]I D HPEHUL

W|UWpQW DPLNRU D UHQGV]HUUHO QHF

AHONRYE SRpHW JPLHQ $ FV YHJHWpN UHQGV]JHUHN pV D K
RV]WiO\ NDSDFLWiV V]iPtWivDL pV H
KRJ\ KD D MHOHQOHJL iOODSRWRW
RVIWiO\UD YRQDWNR]y N|YHYWHGRpQ\H
SURMHNWHN WHNLQWHWPpPEHQ QHP O
NULWLNXV YROW D 183%$6 SURJUDP V]H
YpJpQ OHMiUW D SURJUDP KDV]QiOD
D YHU]LY QHP WiPRJDWWD D] iWPHQHW
DNNRUL V]iPtWyJpSHN RSHUIiIFLYV UHQG
WiPRIJDWRWW D] RSHUiIFLYV UHQGV]HL
HUIFLYV UHQGV]HU IULVVtWpVH D] DO
UJLyUD HOHQJHGKHWHWOHKY YRO
RJUDPNRPSDWLELOLWIiIV EL]JWRVtWiV
QHUiIFLYV RSHUiIFLYV UHQGV]HU ~
K
D

3RPHW
..
d

S
H

A T I I
,,15"9\ & @&v & ,fg\v ‘ |E|J

2EGRELH

DV]QiOiVD pUGHNpPEHQ
'DUDE ,G V]DN

L
1 iEUD $] |[VV]HV NLDGRWW YiOWR]iV V]iP

70



&]LIUD *{2024))RO\DPDWEL]WRQViJ M D%it@NV D. | POKEBMERIE N E D Q

1998-EDQ NpW QDJ\ WHOMHVtIWPpQ\&OJWE LW X VDP RQ N\D i&$ RPHE V]HUHN EH Y
YiVIUROW D J\iU (] OHKHW Yp WHMWYWYy DHMG' GHp, &
SURJUDPPRGXO WHU+*OHWpPQ D] RSHUiIFLYV UHQGV]HU +3 8;

YHU]JLYMiUD YDODPLQW D &$%$'0%7,
L TIEOBRY, s pHRgITg N WU HIWY

MiUD YDOy iWWpUpVW (] D N|Y \

U IHOKDV]QiOyL UpWHRUO PHU-OW tH *
RQOtWKDWDWODQX0O ERG\ROXOWDEE <‘1f38F1R?F|ﬁQ?A%°ﬁN|°°Z =D

RIRWW NRPSRQHQVHN A\éQIHk@&N\HNv%JUiVV]&L&) a | 57
pVH =+ KDQHP D V]RIWYHBVHOOtWy—U pi—&—tVv—(1—Db

Y I OW R ] IV D 1 8$§<$ 6 PXQNBI’\VO\HN ‘j-]I$D\3 $ 30 45 55 60

HUHN HVHWPpPEHQ |z ¥rRukp @ iQy Joloh @pbeHMNY WL H.Q | R QW PLYHO

]LyNDW D V]RIW VA A VA NTaYa YAVVAVE VI Y1 O H

SuU

<
T
C

c
I
—O
o

Cr<
1I<o<

£0==0z
v
p
z
T

O-H
OpPiNDW R ma"TWWWHNNH 'bafdi“& H QDR NB D | =6
SURJUDPRW - VXQBAHODQUH&QQWEl]Lg VO MIW, .,
PYGRVIWRWWX!N _1pJ\ QDJ\ W—IO i /‘twbnh\x/

G PXQND|OORRq6V(e(1 Ppc\/eN D ]Op 18,90 | 13,60 | 14,30 | 60,20

PXQNDIOORPiIVRN RSHUDWtY P I-’yULINIIQUI\I |: Y[ vpVH
V]eN

ELIWRVIWRWWD D *NVpJHV NDSDF Q NHL v NV
WiUROiIViKR] YDODPLQW IHOJ\RUV F'p ] p~
KiOy]DW P&N|GpVpW D PHUHYOHPH IRI%EN : DNWX

UIYLGHEE KR]]ilpUpVL LG YHO

E

R
D
y

)
T cUo

\HOHP UWpNH NHW JORE
$] ~M KIWWpUWIUROYN KR]]iDGiViYa® VRS mﬁ;l ORPiV HV1
HOYHV]WpVpQHN IHQ\HJHWpVH D @ F! YYH @QJ@,@@@WOW D]
PLDWW DPHO\HW D WI|EE IHOKDp/ '@FM#'?\SDR WHM]W\WW\WMOV]HUH(
OHPHINDSDFLWiV HOpJWHOHQVpJHK HRSWA QR LY B p V]t W p V |
D] HPOtWHWW NpWwW pY DODWW EQ% % JW@ OLV DPL MHOHC
"% SURMHNWUH Q WW D &$'0$70s& me\ﬁlrﬁ’%v\ﬂ) RWW D WHUYH] N PXQN|M|
QIYHNHGPVW MHOHQWHWW HJ\ SLng_l\éH\}\bvy E'N EHQ L93%55 057
HVHWPEHQ D] RSHUDWtY PHPyUL B i% ﬁ

OIRJKDWyDI
VHEHVVpJpQHN Q|YHOpVH KDVRQOYBQQ(N)\(/@ gFHLvy \NFE)QWW§géé WXOHI\PE WH

W
NL LEDA projekt + 0% PtJ D] 1/ %$/7, ;?;
PiU 0% 8J\DQHEEHQ D] LG V]DN qgj%ﬁ HU\SW@T\WRNW(;CI)%%LRV:/?!VVO ggl\_f
kellett dolgozni: NL BALTIK 5101, NL LEDA E3 100, [\ 0 RUMER e, BIIQODSRWRW DPH
NL LEDA E3 1903 NSI, NL ROSTOCK 1601 Nsi, HJP y [VV] JHWp Q

YDODPLQW D] |[W|GLN DD DAi®6 &y ROJR]iViUD pV DPHO\EHQ tDY]DDFpﬁ;
NRRUGLQIOiIVD pV D] +J\IpO WRYIELR i% \/H[ N Q

YROW DNWXiOLV $ PXQNDIOORPiVR | OHNVV]VRU%JQ'E’
V] NVpJHVVp YiOW D KDV]QiOW V]ﬂ ﬁ’ WM UHOGV1RU
QI|YHOpPVH LV PLYHO D] HUHGHWL . NP NQV J]PR'
OHKHW Yp D PXQNDIOORPiIVRN WH . @&?@ [E] pe PR
WHWWH OHKHW Yp W|EE PXQNDWi MY p &R | éJl-R)N
PRGHOO OpWUHKRI]IVIEDQ pV D] LY HW

J\iUWiIVL GRNXPHQWIiFLYy HONpV?t\Qb'\)H&E\M pJIhy WQO YPJ]HWW N|OWYV
NRPPXQLNiFLyV LJpQ\HN QJYHNK K wi IPROtWiIVIQDN N|OWVp,
(7+(51(7 VIHIJPHQV NDSDRLWWIiViWw E W NDV DQ [YHWNH] NpSSHQ DO
UD Q|YHOWesN $] HVIN|]IN IHOKDN O ROYWPVi NYWOWVpIJHLW D SUF

N

PXQNDIOORPiIVRN V]iPiYDO WHU WPNUHQREHBEVDAMN] DNNRU D NRQV\

DFpOV]JHUNH]HWHN D FV YH]JHWpNWHPRNRBIDFHPQ D OHNIW Q RPIRAD HOWIiIYRC
Ny W H

=<
o
x

NIEHOYH]HWpPNHN D ODNyWHUHNWHPBKERDUM P W@LRLQ)]LR/]/H“(/LV]DNDV]'E
V]iPtWiVRN pV D IWHUYH]N P X NIuLMN\DLN DRIV WRWD HJ\VpJ D]
WHU*OHWpPQ LV $ IHQWLHN DOD WM]FD\M@N&E@QKHWVpJMVDJ [
PHJROGIV D WHUYH]pVL pV J\|)6J\’W|Q/ll-_ PRIV F QY FH Uy J\VpJ

HONpPV]tWpVpPpQHN EL]WRVtWiViUD D]N NQ BDWp YWHFNIQN NHDI \p U W) R I QY YRIP W ~ C
J\RUV EHV]HU]pVH pV D PHJIHOHQpPKP@N [IGLpEiW | HDPW OPWHNOHM D JDUDQFLI
ELJWRVtWiVD YROW OLYHO QHP P INIGNHW MEHIY H NGO ORI W i ON LYWRDOWW D Q L
PHJIHOHO HQ pV D]RQRV V]LQWH®@ HH®Q\WRBDMRN ~\INQHLYGWH\BWW [Np O HW I
QDJ\ &$' UHQGV]JHUHNNHO  V]-NMPGNAYpPOLYMMOH@®W VpJHW Q\HU N-O|
PXQNDIiOORPiVRN E YtWpVH QHPFVRNNMDYIMWXNEDR KPOQ¥MPpDHLQHN PHJWD
SURJUHVVI]tY VIRIWYHUHV]N|]|NNH® LEDNOYWI DO B UHNOW VRS QNEIHQ ORPi VRN
is. pV D] HEE O DGyGy HOpJWHOHQ P&V]L
7HUPpV]HWHVHQ DEEDQ D] LG EPKOZPOlQHP YROW N|QQ\&
SRQWRVDQ PHJEHFV.OQL D IHQW PHPIONVOHDWWRQ HRINWRN WHUsOHW pV
NJOWVpJHLW HQSQUHRNE GIoFRDH Qp U 1© W/ PIDV PIHD\E Y R R YWD Jy U
E YtWpWpQHE ENPOQYNHIHWH pV P&N|[GpVL IHOWpPWH:
LIRQWMDLQDN PHJWHUYH]pVHPX®N DDO CERFLVRNDOINDWEDQpP WHOMHYV

71



&]LIUD *{2024))RO\DPDWEL]WRQViJ M D%it@NV D. | POKEBMERIE N E D Q

RO\DQ PHQQ\LVpJ& KW WHUPHOQHN DPL V O\RV NiURNDW
RNR]JKDW D V]iPtWyJpSEHQ $ QRUPI G
OpJNRQGLFLRQIOW pV SRUPHQWHYV N|U
(IJpUW ~J\ GIQW|WWQN KRJ\ HJ\ NLV
PXQNDIOORPiVW IHOIOGR]XQN pV D]
PHQWpVL HJ\WpJJHO HJ\*WW D] DGDW
DKRO OHJDOIEE UpV]EHQ EL]WRVtWRW
Ez azonban nem oldotta meg maguknak a
PXQNDIiOORPiIiVRNQDN D SUREOpPIMiW .
MHOHQWHWW D] LV KRJ\ D PXQNDIiOORPi
VIROJiOy REMHNWXP W&]YpGHOPH QHP YR
HPOtWHWW RNRN PLDWW D V]iPtWprSH

O

L-J\:rjrr e
Wy oa s =
K7\

=Z ToO

Z0

b D- QHP
i PQHN ¥YHV]pO\pW
NTO O H W W ROGDQL D
HO\LVpJHN

K

UMiUy WHKHUK MWL IPS /RO MV [
Q WHFKQROVYJLIN

O NpV]tWpVEHQ. D

NDSFVROWXN NL DPL QYHOWH D W&] N OHW“
(JPUW D OHKHW OHJU|YLGHEE LG Q EHO-O
IRO\DPDWRVDQ P&N|G V]iPtWiVWHFKQLN
W&]MHO] UHQGV]HUPQHN SUREOpPPIMIWp 7
$] HOHP]pV XWiQ NLGHU-OW KRJ\ D] ~M PR
EHYH]JHWpVpQHN YDOYGL HO Q\HL D P&V]D
NI[YHWNH] N

$7HUPpNIHM O FW[NWNN@Meal
$6]*NVpJHV NRQVWUXNFREYW NH@WR]WDWiVRN
90%kal

$7HUPpPN SLDFUD R\H NNIHQG@vMaG H M H
tEOWDOIiIQR\Q |PIHN M 3d00%-kal

iOXQNDWHUPHOpNHQ\VFQHYH{IEDM\/(ppJ\RQ\\/|J
110%-kal ’

19i0OO0ODODWIQ | RN BIDER ¥l

9pJH]JHW+.0 EHPXWDWXQN QpKiQ\ NpSHW
DONDOPD]RWW PHJROGIiIV LOOXV]WUiIOiViUD

T O

Zo

7

| \
L ' d
\

4
-
n

AN 8 IEUD 7THQJHUMiUy KDMy ERUGRBBWW N WW\Qp]H'
4 JEUD 7HQJHUMiUy WHKHUKDMy JpswHupn YIHOYPQV UpVIOHWH HOJOU © QplYH

3A)2/<$0$7%,=7216E* .8/&67(&+12/1*,E,

sz $] HGGLJLHNE O OiWKDWy KRJ\ D K
Dy IRO\DPDWEL]J]WRQViJ MDYtWiVD NXOFVIR
‘ pV D PLQ VpJ ELIWRVtWIiVD pU@HNPpPEHQ

pYHN HOHMpPQ NH]GWH PHJ D WHFI
PRGHUQL]iIOiIViIW EHOHpUWYH D Y&

EHYH]HWpVpW DPL MHOHQW V PpUWPpN

PXQNiMiQDN J\RUVDVIiIJIW pV PLQ VpJpW

. : : EHYHIHWpVH OHKHW Yp WHWWH D KD

s AW ‘ \ HONpV]tWpVpW DPL FVINNHQWHWWH D
’ : . LGHMpW KyQDSUyO KyQDSUD pV D

KyQDSUyO KyQDSUD

$ PRGHUQL]iFLY VRUIQ NpW QDJ\ WHO
5 iEUD 7HQJHUM|Uy WHKHUK&Wlet]JwrQG\xﬁﬁﬁm%ﬁlp%'lﬂ%BP'VW YiVIUROWXQN DPL

L\ ?‘E«:ﬁ%

72



&]LIUD *{2024))RO\DPDWEL]WRQViJ M D%it@NV D. | POKEBMERIE N E D Q

&$'0%$7,& pV PiV UHQGV]HUHN ~MDEE$Y\!—ﬂUF]LWIyU|DSPHEDCp)WIV]DNDL NLNDSFVF
iWWpUpVW (] D WHFKQROyJLDL i W(RI]ﬁIVpE[BQQ/J]HKE\Kp—UWHW;DMQ)WRI]DW&I]MH
183%$6 pV 1$3$ VIR WYHUUHQGV] HN &V HW niEHIEX & ﬁoNLY,NoEHYH]HWprQ}
D] DNNRUL YHUJLYNDW D V]RI W\)OHU h@l@tM/orN\y\}B@Wm@tb G D V]*NVpJH
WiPRIJDWWiN $] ~M WHFKQRONJR—\%N/W GXAN L A \@MNDWW\RNWHWW
HUHGPpPpQ\HNpQW D WHUR@hhkai, MaO H

FVINNHQW pV D] iOWEDMHQIM\D RL @V NHQWVpJ-1PO%-KEID W p N R QY

L.
VI*NVpJHV NRQVWUXNFLYV -90%kal W'W%) L% &W'QRV PAO@oKal ) a
ODODWL |REONRP G G J

$ V]iPtWyJpSHN pMV]DNDL NLNDSFV OiVIQDN HONHU-OpPVH

PUGHNpPEHQ V]*NVpJHVVp YiOW D W& MHO] UHQGV]HU WHOHStWpVH
PLYHO D V]iPtWyJpSHN IRO\DPDWRYV P&N|Gp vHSzQ,\ggyL WH D W&]
NHOHWNH]pVPQHN YHV]pO\pW | P X R

IRNR]DWRV IHOV]HUHOpPVpPYHO To ik Mﬁ n'%( ﬂd‘gga%)m%@%?@@dﬁajmﬁﬁw GRVY
PRGHOOMHLQHN HONpV]tWpVH D WHUYHIpVL RV]WiO\

UIOV]OHJIOQ LV DPL MHOHQW V_Pp%Wpd\‘Ekl‘h b B HaPs WRMUN Rk BRMYWY oD RPiUQYEYC
WHUYH] N PXQNIMiQDN J\RUVDVIiJi PRP E BEDUL .IWO57M30BB-EiQ\D ,6%

QLFVRBRQW
$ IRO\DPDWELJWRQViJ MDYtWIVD @GHN EHQ IRQWRYVY YROW D

R
PXQNDIiOORPiVRN V]iPiQDN Q|YHOp[ ﬁv&b QIWR"P—! IMHIGRPIQRGHQLFED D SF
V]iPiQDN E YtWpVH LV KRJ\ W|EE PX WHIRH\

D V]iPtWyJpSHVY PRGHOO OpWUH lR]ﬁgﬁ\% V 'QDrDmgo [PV PV MDYIWiV .RPI
N|JYHWOHQ+0 Q\HUW J\iUWiVL GR v
$] ~M WHFKQROYJLIN EHYH]HWp\}I\%QILUHP%hpY Eé“‘?m H\éEgWE‘[@B%\ORGI

WHUPpPN SLDFUD N8&DR-RPpUL FN(BNH vv 6DIHW\ _ 6FKQHLGHU (OHFWULF 0DJ\
PXQNDWHUPHOpPNHQ\V p<11p%- NIOBD\NQ t\)yl .se.com/hu/hu/work/solutions/safety/process-
pV D YiOOD O BoogtkdlRideldedeR P safety.jsp.

$ PRGHUQL]iIFLY VRUIQ D] RSHUiF[Zly \* U@ Vifst un dikd.convhiiivag-V H LV
elengedhetetlen volt az adapV SURJUD P NR P S D Aggsgastesnig/pgpoipar.htmi.
ELJWRVtWiVD pUGHNpPEHQ $] ~M K[$1WWL WV\MLLDRV@}/%QK?RBI} IRANDGH Y DGR INR F K
PHJV]&QW D KLEIiN HON|YHWprQ pedggrnozna 725’“'810”

HOYHV]WpVPQHN OHKHW VpJH D P ‘W ”"‘Eﬁﬁaf’ (‘5”e¥ 5 vs
PLDWW $] ~M WHFKQROYJLiN EHY {% eI g&ﬂﬂ)\‘l\i

' PRGHOOMHLQHN HONpPV]tWpVpW SH@S and I

GRNXPHQWiFLy HO NpV]tWpVL LGH[Mﬁpéva@p\l‘—’ &WH\Q/WUD@LHV\UHMOYH&)FN\HQLH D aw
PXQNiMiQDN J\RUVDVIiJiW pV PLQ VpJpMMYME.COM. https://sk.atomiyme.com/system-cad-

vytvaranie-ucel-zlozenie-a-strukturu/.

[11]] BUDNWLFNé SUtNODG QD XSOBWQAQUODGRYH U
4 g66=()2*/$/E6 ... https://www.podnikajte.sk/assets/prilohy-v-clartk@02141 1-
09-priklad-uplatnenie-superodpoctu-vydavkosinvesticie.pdf.
[12] 1iYUK D NRQAWUEXS'FDDEFWURNRYRYp ULHEHQL
gVV]HJH]YH D FLNNQNEHQ W i U JntipsQviw. drvide. i@ tkBnBr Ik dfdl- &R rislviD -strojov/
HUHGPpQ\pW HOPRQGKDWMXN KRJM3] 6ROLG (GJH SUH PRGHOM Digit® QAW U XNFLX

1.AzSLKas.a90HV pYHN HOHMpQ D Q\XJ@W’EOVSS'L"B"IE‘?PEQ W«‘rﬁ‘@%?”“ -konstrukciu/.
iWioOOiV PHOOHWW D WHUPpNHN LB‘H% WW?J*PWCW?‘W ]WDWWD

D IRO\DPL KDMYNUyO D WHQJHUL \@a/
HURG HW YEGDYNRY QIiNODGRY QD LQY
2. 1991 EHQ PHJINH]G G|WW D NRQ M\ﬁ/\kb/oynlk \éﬂ/cyynlghjﬁ%w/superodpoa:ﬂﬂavkov
WHFKQLNDL IHOV]JHUHOpPVpPQHN PRGI—h&-JrQakI@lE@GZVD EHOHpUWYH

&$' UHQGV]HUHN EHYH]HWpVpW [16] 3RptWDpRY| SRGSRUD YesmfsngeFK WHFKQROVyJI
$ PRGHUQL]IiFLY HUHGPpQ\HNpQWPS/ ?;:sz%p%rmmame‘kmena

HO NpV]tWpVL LGHMH KyQDSUyO S@%@% ﬁ)e e A avdd
LGHMH SHGLJ KyQDSUyO KyQDga} E‘ 9e92 . 5,$',$&,&+ 6<67€029 &1&
4. 1998EDQ NpW QDJ\ WHOMHVtWE%QE\Q&$&E]&UD&I(L1N)@\/$
PXQNDIOORPiIVW YiVIUROWDN D P L https/Mue.$if ike Yfransfohinel akfixpagés/ardarisfer/43-
&$'0%$7,& pV PiV UHQGV]HUHN ~MDE#®21R4P/0QdUD YDOYy
iWWpUpVW

$ JUDILNXV PXQNDiOORPiVRN IRNR]JDWRYV
IHOV]HUHOpPVpYHO OHKHW Yp YiOW D KDMyN ' PRGHOOMHLQHN
HONpV]tWpVH D WHUYH]pVL RV]WiO\ W|EEL UpV]OHJpQ LV

$] ~M WHFKQROYJLIN EHYH]HWpVH MHOHQW V PpUWpNEHQ
Q|YHOWH D WHUYH] N PXQNiMiQDN J\RUVDVIiJiW pV PLQ VpJpW

$ 183%$6 pV &$'0$7,& UHQGV]HUHN HO Q\HL
Np]]JHOIRJKDWyDN YROWDN D WHUYH]pVL GRNXPHQWIiFLy
NpV]tWpVpQHN HJ\pE WHU*OHWHLQ LV

archltecture xhtrﬁ

73



BE1. Kg=/(0el<(.---BE1. REPORTS
VI. evFOLYAM 3.S=E 0--- VOLUME VI No. 3

OHWHIPISMIiUP& UHVWDXUiIWRU
D] TEXGDL (J\HWHPHQ

Veteran vehicle restorator engineering trainDgv EX GD
University

+HUYD\ 3pWHU
I[EXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV %L]WRQViIiJWHFKQLNDL
hervay.peter@bgk.uni-obuda.hu

gVVIHIRJOD®iIWHWHUIQ JpSMiUP&YHNKalDSIWBXD®@iWBiPDGW U3 L I8 WTK HO] R G UHWOI
PLQGLJ DNWXiOLV WpPD PDUDG PLY®DI PV R ONMNERY DO DNDWUW iW pV DUFiW $
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DPLN VRNV]RU PHJHO ]WpN D] DGRWW NRU '

QHPFVDN HJ\ DGRWW NRU WHFKQROYJLIWMi
DQQDN D NRUQDN D] HV]WpWLNDL LUIQ\]D
NRQVWUXNFLY D]JRQ HJ\ W~OPXWDWy PHJR
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IEXGDL (J\HWHP -Jp\SHWHR&EQ UHVWDXUIW
VIDNPpPUQI|N NpS]pVpW

Kulcsszavak Y HWH Ui Q ,J@piSWIWDPUiWRU V]DNPpUQ|

Abstract 2 The restoration of vintage vehicles will always
remain a hot topic, as vehicles from the past showcase
engineering solutions from the past that were often ahead of
their time. These vehicles not only reveal the technology of a | < R :

particular era, but also the aesthetic direction, or the design iEUD OLFKHODQJHOR 3LHWDMD

attempts to create a solution that goes beyondhis article

describes the diversity of this complex task and the $ P&WiUJ\DNDW NH]JGHWHNW O IRJYD
possibility to learn it, the training of the veteran vehicle szREUiV]RN MDYtWRWWiN LVPHUYH HOI
restoration engineerat EXGD 8QLYHUV LW\ WHFKQLNDL IRJiVDLW N UHQGHONH]WI
. . WHKHWVpJIJHO KRJ\ D IHOIDG DNVWRW iBO W

Keywords veteran vehicle, restoration, postgraduate course D] HO GIN PXQNiMiQDN PHJEHFV+OpVH
. PLDWW LV V]*NVpJHVVp YiIiOW HJ\ |
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,QWp]HW D] 2.- V]iP ﬂ So AR
HJ\ 5HVWDXUiWRU WHFKQLNXV 5 @\%yLU}D @ W
WDQDQ\DJD PHJWDOIOKDWY D ZZ ] Wﬂp '\% P& YLOODPF
NpS]pV LQGXOiViQDN Q\RPiUD QHP VI:NVpJ OLQGHQQC
OLQW D IHQWLHNE O OiWKDWy ,ﬁ/
Hﬁ

N|NDW LURGD(

PQYN \A}%pN R

1HPJHWL O~]HXPEDQ DNiU D ODJ\ DVRQOy WHYpNHQ
(JJHWHPHQ 'YDJ\ D] 16=), |OWDO| VHEE LVPHULR
NLPRQGRWWDQ D P&WiUJI\DN tJ\ D N m JIWW HI\

PHJ UJpVpUH UHVWDXUIiOiViUD KH
WHFKQLNDL |U[NVpJpW NpSH] |v|| prHOH'JJ\SF\Q’;’g
N|]~WL JpSMiUP&YHN iOODJPHJ

%m P RF_\% XN

KDWQDN DNL
UHVWDXUIOiIVIiYDO H]HQ LQWp]PpQ\ pV EHV]HU]p

H UHQFLINNDO UHQGHONH]QHN DUUIL

2 AZ ALAPGONDOLAT RJ\ PLQ VpJL PXQNiW YpJH]YH HIH

UHDOLIiOMDODN Q\HUHVpJH\p/ONHI-HE(EI—D\I D
$ %XGDSHVWL 0&V]DNL ) LVNRODm%Q RQl pSpV p
%L]WRQViJWHFKQLND L-barp ké@gettLegyD U

RO\DQ HPEOHPDWLNXV WiUJ\DW %F)‘VY &%P BEEGE?J&/QUURHV%?F
NpS]pVKH] MyO N|WKHW OLYHO OlQE[]] N
9LOODPRVPpPUQ|NL .DU pS<OHWH DYR 6%@9% bakW  PpJ
HJ\HWOHQ IHQQ PDUDGW 9 V]H
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NRPSRQHQVpPpW D FpJHN NRRSHUIGHYD SIUyE®W (DHON BWOW3 B WRWERQ WiV XWi
NLpStWHQHN WHUMHG OXQNiMXNUD XJ\DQFVDN WHO
GtMD]iVXN Q\tOW PXQNDHOHPHNUH OHE

3 Ne+E1l< 5(67$85E/E66$/ )2*/$/.2=1
9E//$/.2=E6 %(087$7E6$

$ 6SRUW pV 9HWHUIQDXWy .IW SpOGiXO D OpJK&WpVHYV
PRWRIWUP&YHN H]JHQ BROVYGKIHV JpSGNRFVLN

IHO~MtWiViUD VIDNRVRGRWW %HV]J]HUH]WpN D FpOV]JHUV]IiPRNDW
hatalmas dokumentum WiUDW KR]JWDN OpWUH RO\DQ

VIDNHPEHUHNHW J\& MW|WWHN |VV]IH KRJ\ D WHOMHV UHVWDXUIiIOiVW
tudnak Y i OODOQL D] DGRWW PiUNIiQ EHO-O

iEUD $] 20G :RUGO *DUDJH NpW V]HN

4 E/9, (/7Te5e6(. $ 0%7E5*< e6 $ *e3-E50%9 (.
5(67%$85E/E6 .g=g77

$ YHWHISRiIUP& UHVWDXUiOiVD HOPpO
P&WiUJ\ UHVWDXUiIOiVIQDN FpOMiWyO
JRQGRODWD D AVHPPLW QHP iUWDQL P
HU V NRPSURPLVV]XPRNNDO OHKHWVpJt
YLVIRQW QHP PHKHW D MiUP& WXODMG
NRUIQDN PHJVpUWPpPVpYHO

'EUD  6SRUW pV SHWHUIQERXWY .1W E’E&QWJ\V é\{_H:?HQHbD DNREJHW]YNO® D IHO-

. PV, H VWD X V. GpVHL N[][WW it
+DVRQOYDQ P&N|GLN D 3|V]WR I\IEJPPI%B Rﬁ’”EEL Ul]F\’lPOiVi
V]pOHVHEE SDOHWWIiQ P&\N[YG-LVMIN HV]L D KDV]QiODW v

szerepelnek: |OWR iVRN NiURVRGiIVRN WRYIEEL
9HWHUIQ DXWyN EHV]HU]pVH RHE@OWDIRNRU D J\iUWiVL pV KDV]QiODWL

JLOQDQV]tUR]iV $ IHO~MtWiVVDO N+«O|Q PRVW QHP IRJO
$ONDWUpPV] EHV]HU]pV I IHODGDWD D YHWHUIQ MiUP& IRUJ
YHO~MtWiV PHJ U]JpVH eV LWW pUNH]*QN HO D MiU¥
9HUVHQ\UH YDOy IHONpV]tWpV NpW 1 YRQDOIKR] , _

ZiUROIV $ P&NlG NpSHVVpJ KHO\UHIiOOtWiVD I

&; MiUP& D UHVWDXUiIOiIiV VRUI
9L]VII]WDWiV YHWHUIQMIUP&YH!)N)IETDQ/ AWM PHJ UJL FVDN D P&N|G
OLQW OiWKDWy D] «J\IpO WHOMHFVM|WEMMNL\NRGIWVNIV]IIUND EHOVDD W XQND V
Ui NLPRQGYD KRJ\ HOVpSRRBREDQSREWRMIRGWI FLYN DODSMiQ D OHKHW
NtYiQQDN IRJODONR]QL N|JHOtWHQL D J\iUWiVNRUL iOODSRW
WHFKQROyYJLIN VRUIQ D] DNNRUL NRU D
DQ\DJRNDW NHOO EHpStWHQL pV OHK
JViUWiVNRUL PYyGVJHUHNHW

$ P&AEN|GWHWKIPWOWHWKHW UHVWDXU
IHQWLHNHQ NtY«O JRQGROQL NHOO DUL
*]JHPH YHV]pO\HV «]HP pV HQQHN D NU!
NHOO IHOHOQL $ N|]~WRQ N|JOHNHG M
N|JOHNHGpVL V]DEIiO\RNQDN LV PHJ NH(
LV KD D MRJV]DEIO\L NJUQ\H]H!
kompromisszumokat megenged.

OLQGHQ RO\DQ XWyODJRV EHpStWpVW
KRJ\ D] D OHJNLVHEE PXQNiYDO Q\RP
YLVV]DDODNtWKDWy OHJ\HQ 3pOGDNpS:
NDURV LUIQ\MHO] YHO J\iULODJ V]HUH
IRUJDORPEDQ QHP YHKHWQHN UpViw

, , HO tUW PyGRQ NLHJpVItW MHO] EHUHQ
'EUD $ SIVIWRU &ODVVLFE . IW WHY W R} X R H OL OHJ\HQ D NtYiQDWRV PHJT
NRUQDN ~PHJIIHOHO ¥ LOIJIWyWHYWHW
JpSMiUP&UH pV DQQDN iWDODNtWIViYL

PVIHQ HJ\pQL pV N|YHWHQG VIiRB9Ip @me{pyﬁ@v RYTEV

(J
OLNOYyVQDN pV FVDSDWiQDN D] 20G : * B .
UHVWDXUIWRU P&KHO\QHN —XJOyEE |o§§>§ _ %% 8 P\\§§ %fﬂf HV‘(’QDNXRUJ
KLWYDOOIVXN VIHULQW HJ\ YHWHJIQ RSP P|_I§L ﬁ o EDO
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D] HUHGHWL P&WiUJ\ VVBOXID\WPDMMMWYyOD MK|CON IWEHY ORHIW H W W N
FLyUyO YDJ\ SyW®RFAPOQYBIT LWYD $$YPGIDVHDRBMIY NNHO Y
Q NRUUHNWHEE NHJ@'WDIJV())IE)MOHWEWV\PMMQ|NKD]RQ)GRONR(
UpVIWYHY MiUPR&HDNLI\ HREPMNNHBHDWLVIUD PHJRO

zoIs

DSKDWy AXWIiQIXWYy DISDiWPWIQOID 01DUDRLWMVIUM NRRUGLQ
tJ\ WpYH HOHJHW)GIDyNH)OQIMJDNﬂopJ\]EV]WIREDJ\VFP\DLL IHOHO VV|
pv HJI\EHQ MHOH]]- %‘1@] Y B VW @ %V}\Hf O LiN
KRJ\ LWW HJ\ D PDL NRU BEﬁ W"LQ] V\FI—TU&’ meva UHQ
R Q

HIpV]twpVU O YDQ V]y v V]Dl\? yﬂ
EHIR

MiUP&Y|Q KRJ\ D] D] HUHGHWL DOL [QiO«
|X/V]HNDSF‘
~ ](RIlR NpSHVVpJH

X HIHWWVpJ NULWLN

NLIOOtWiVRNRQ EHPXWDWyNRQ
[ WOHWJD]GDViIJ UXJDOPDVViJ

OHJ\HQ $] HUHGHWL NDURYV
5A e3-E50% 5(67$85E725 .e3=e6 7$1$1<$°-4 G]DNPDL VSHF'—iO'—V NRPSHWHQFU

— 0
IcC

Z2rr<
—r<o

P&N|G NpSHVVp WHKHW OHJ\HQ H]

$ %iQNL .DU OHONHV RNWDWyL D P§< |‘éY—F’ VPJpQHN G
KRJ\ D MRJV]DEIiO\L KiWWpU HOOH . &%M'U'
YHW HUiQ JPpSMiUP&YHN UHVWDXU ' r%s p ODSRYV
N|]U P&N|GN VRNV]RU D PHJUH®
HQJHGY YLVV]DIRUGtWKDWDWOIZ)QQRI\WURI\DWE/HD\DDV\LN/IR’HVJNNVEDVQ\DJ IRO\
YplJ H]QHN D YHWHUIQ MiUP&YHNHQ OMHONPINRMIN HURBRGSBPIWXGN PHILVPHU|
[UINVpIJpW NHOOHQH KRUGR]QLXN (]JpUWMN HODEX®DDIVOB RJWDPNW YNRUWQ DN NULWLI
IHOKDOPR]RWW LVPHUHWDQ\DJRW PIHXWHIHOLNNVH J PY R WIFWMHNWN H & W LN XV
N|INLQFFVp NHOO WHQQL IHOLVPHUpPVPQHN "$ NRPSOH[ UHQGYV

J]]JHO NpW pYHV D V]DNPiW Np W PY P A NNHIE QVIQRDN pUWHO
IRO\WDWRWW HJ\HJWHW PXQND V RH@U—@NHWFNW@/HNW‘AQHWHU|Q
JpSMiUP& UHVWDXUIWRU” V]DNPp N Hm P @ \ WMPpY pWGHJIHQ
MRJV]DEIiO\L KiWWHUpW $ PXQND b W/LE*G v@[an_kkeNtY oL °
) LVNROD HOQ\HUWH D] HJ\—HHWI—pP(LEIHIQU‘U NP Vi3 OB VpJ VIDNPDL H
LQGXOy-YHSWHUP@ UHVWDXUiIWRU V] PN(LH]NWSD W pV OHERQ\ROtWiV]
PiU HI\HWHPL SRV]WJUDGXiOLV NpS] NpV][tWpVPpQHN pV YpJUHKDN

Alapgondolatunk az volt, hogy ¥ ]DNPpUQ|NL NS %DO\HV DGRWWV'JRN NpV]VpJHN
V

IpOpYHV D KDOOJDWyN PHJLVPHUNH yWitU - OIHH(SN'(*)N
{g WP@ D
VIHUHSH

PDJ\DU MiUP&W|UWpPQHWWHO iWIRJ
@Han a (] HO\/

MiUP&pStWpVEHQ KDV]QiODWRYV IpPH
N|QQ\&IpPHN D QHPIpPHV ID E U

JXPL +YHJ YDODPLQW D UHVWD

WXODMGRQViJDLUyO IHOKDV]QiO frb NIV]IQKHW
OHJLVPHUNHGQHN D NRUK& pV D é\gu\% o EHWIOWHQ'
KDV]QiOKDWYy NRUV]HU& WHFKQROYyJ Nél NtYIQ
LVPHUHWHNNHO $ UHVWDXUIOiV VR % WH{
IRJIVRNDW D] (J\HWHP ODERUDWyU >|< P]Q %}% livD
UHVWDXUIWRU FpJHNQpPO LVPHULN P LyV N|0V]\
FPOMD KRJ\ HIpSMHWPHUINHOMHV PON=-O HWOHQ HV
PXQNiODWDLW D VIDNPpUQ|N iWOiVV v'l/\ hhrb\bMRBFtP(ﬁD0~ pUYP
*WHPH]QL WXGMD PLQ VpJL H.DWllﬂVDN\]\DNI\Sp?SQM/\RWD’QJ DONDOPD]i
PHJIRJDOPD]]D SDUWQHUHLQHN WHYpNKQ\YpHHWERIESDViJRVDQ
NRRUGLQIOMD _ A NRQNUpPW N|UQ\H]HW UDVWHW H U0 QWM
$ NpSJpvV LQGtWiVD IRO\DPDWRYNRWRGQBWE YPOXYODONR]IV D NRQNUf

VIHSWHPEHU@GEHQ INHHEMDEE NXU]JXWiOODONR]iVQDN D] LUIQ\tWiVD D UHVW
$ NpS]pV WDQDQ\DJIiW D N|YHWRNMYVIHO¥ M WHGIULHWPHIVIHUIHWW V

KDWiURJWXN PHJ ELUWRNIEDQ WHYpNHQ\NHE W DN B LD

. HOYiUKDWyDQ PDJDVDEE V]tQYRQDORC
51 .RPSHWHQFLIN KLYDWiVXNDW %HIRO\iVVDO OHV]QHN I
511 (VIN|] MHOOHJ& NRPSHWHQFLIN|NVpJ UpV]pW NpSH] MiUP&W|UW

Az alapos §DNPDL LVPHUHWHNHQ W~&HdyXiypQURIN N pRMWPpIEsmMeW W NpSYLVHO
KHO\JHW I HN@MIPpU V]iPtWiVWHFKQENDEp bW HYHWHN pV

IHOKDV]QiOyL NpV]\HIRSGREPYP G
NpV]VpJ =~ NRPPXQLNIiFLyV NpV]v%f? BBE VW@I@WUP&YE\KAPOH(L;H\\;VLHNLU' \
V]LQWHWL]lOy JRQGRONRGIVPYG W|UbJ\Fb&) LNDWmUWpQHWL PHJpROG|VRI|\?]r

512 6]HPPpO\HV NRPSHWHQFLIN IHMO GpVH (OHNWURPRV UHQGV]HUHN
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*PSMiWP&WQBRW WN]|]L J\DNRUODWRNDW NLVFVRSRUWRYV ERQC
0DJ\DU MiUP&J\iUWiV WIUWpQHWHOHKHW VpJ YROW D] HJ\HV PXQNDIRJi
-i U Pdbotorok NLSUYEIOiViUD

*PSMiIUP&YHN ~HOROQWYDUHQGV]HUHL

*PSMIiYROODPRVViJ

(U iWYLWHEK IXWyP&

YHOPStWPpPQ\HN

,QWHJUiOW J\DNRUODW

,QWHJUIiOW J\DNRUODW ,,

.RUK& pV NRUV]HU& J\iUWiVL N|UQ§Hi]5r-PW'V[?UN“U'WFPJVQ\I%.D§¥W@VNWNHD V] IOXW R
PyGV]JHUHL UDNWIUTEDQ

*PSMIUP&YHN JViUWIVIQDN W|UWpQH WnydahldeN D kit-&yO VIMWHLVPHUNHGKHW
$] DONDOPD]RWW IpPHVanypddk QHPIRBNWUiIVRYV MDYtWiVWHFKQROYJLIM
IHOKDV]QiOiViIQDN OHKHW VpJHL mp_)umqw\ﬁ HGHN NNIRJIVDLW
RUV]HY&N+O|QOHJIHV DONDWUPpPVKIPPYWW YN ORWEY TN yUiv IRJIVDLW N
-HQ DQI\DJRN VHJpGDQ\DJRN NLSUYEIiOKDWWIiN HV]N|JHLW
$Q\DIWXGRPIRHY DQ\DJIRN $ ;; V]i]lDG HOV pYHLEHQ D JpSNRFVLI
$Q\DJWXGRPAIQR JpPHV DQ\DJRN NpV]+OW $ ID V]JHUYHV DQ\DJ OpYpQ
$Q\DIJWXGRPiIQ\NH,Q, DQ\DJRN U NVWDRGENy L tIV HIHQ ID VIHUNH]HWHN

anyagok) YPpJOHWHVHQ NiURVRGRWW UpV]HN

, IHONpPV]+OpVW LIpQ\HO $1QpO®XWyS
LemezD ODNtWiV PHILVPHUNHGWHN D MiUP&pStWpVEHQ |
+HJHV]WpV K NH]HOpV VIHUV]iIiPRNNDO JpSHNNHO /iWWIiN D V
JHO*OHWYpGHOHP pV NLNpV]tWpVNLDODNtWiViW UDJDV]WRWW ID HOHPHI
. RUKMHFKQROVYJLIN NLSUYEIOKDWWIiN

.RUV]WHEKQROYJLIN

.+O|QOHJHV WHFKQROYJLIN

0&DQ\DJ DONDWUpPV]HN NLV GDUDEV]iP~ J\iUWiVD

$ VIDNPpPUQ|NL NpS]pV V]DNGROJR]DW NpV]tWpVVHO pV
J1iUyYL]VID OHWpW HO NYiSPp \pW OY piHMYO H W H V

LQIRUPIFLYN KaD KB RN S\W DQ

6 A0(*9$/i68/7 5(67$85E725 6=$.0e51g., .e3=e6

~$] 2NWDWiVL +{HMDVWMOHGpPpO\H DODSMIQ D]

IEXGDL (J\HWHPH@ EHLQGXIPpW MIHW& UIQ

UHVWDXUIWRU VIDNPpUQ|N NpS]pV_ WD@X%'QAW\ME\/L—@\\’SNRUODWD%*.

PLQGHQQDSL pOHWPpPE O N|]O*QN QpKiQ\ VIHPHOYpPQ\
Az Old Wordl GarageW HOHSKHO\pQ NpW IDMW I
LV WDUWRWWXQN D] HJ\LN D OHPH]P
IHO*OHWWLV]WtWiV V]HPFVHV]yUiV N+O
OHPH]KDMOtWiV V]DEDG GRPERUtWiV J
SHGLJ PRWRUV]JHUHOpVL J\DNRUODW D
VRUUHQGHW WHUYH]JWHN VSHFLIiO
PXQNDIRJIVRNNDO LVPHUNHGWHN PHJ

7 iEUD hQQHSpPO\HV pYQ\LWnXOPiQWBWRIUEDQ pV W
DXV]WULDL .ROOHU J\&MWHPpQ\EHQ

$ NpS]pV VRUIQ W|EE YHWHUIQ J\&MWHPpPQ\EHQ LV

OiIWRJIJDWiVW WHWW D WDQXOyN|U EJ\ MXWRWWXQN HO $XV]WULIED D
_.ROOHU J\&MWHPpQ\W PHJWHNLQWHQL /iWRJDWiVW WHWW+QN

OH] N[YHVGHQ D OH] JD]JGDViJL *pSP~]HXKFEPGH L\jpaWHFKQLNDL PetupVHN D %'.*6=
$ V]tQYRQDODV UHVWDXUiOiVL WHYpNHQ\VpJHW YpJ]

P&KHOVHNHW LV PHJOiWRJDMRAUXW p ¥\ 90 QANH SRI@IW . [JOHNHGpVJIpSpVIHWL
9HWHUIQDXWy .)7 &VHUQ\ /iV]py RHD NHNRG WY HVILI D JHDRBWMi YD O P D+
UHVWDXUiIWRUW *\RPDHQGU G|QLJDDJDVWFRONVRPRIGIQWNS i I\ HI\eWWP&N|C
0~]JHXPRW $ J\DNRUODWRN HJ\ UpAM]NWUDYW GRWE/L P ROIRDAMDBIN NHUHWPpEH
VIDNRVRGRWW FpJHNQpO WDUWRWWIN $ W|EE yUiV |[VVIHYRQW
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LDIJQRVIWLNDL ODERUDWYULXPIEDQ MiUP&WHFKQLNDL PpUpVHNHW
DMWRWWXQN YpJUH

14 iEUD 9: PRWRURV W&]JROWy ViN)OYWW\~ LQG
9HWHUIQ MiUP& J\&MW QpO

11 iEUD .iUSLWRV PXQNiN OLKiO\ /iV]Oy P&KHO\pEHQ

$ NpS]pV WDQDQ\DJiQDN |VV]HiIiOOtWiViEDQ pV D
HYH]JHW EHQ HPRORWHWWIHNRW® XUiOiVD VRUIQ

LKiO\ /iV]Oy NiUSLWRV pV V]DNWDQiU P&KHO\pEHQ

NiUSLWR]iV DQ\DJDLYDO HV]N|JHLYHO WDOIONR]WD D
KDOOJDWYLQN ..0|Q J\DNRUODWRW WDUWRWWXQN D V]|[YHW pV D E U
NiUSLWR]iV PHIJLVPHUpVpUH

E
0 D
N

15 iEUD 6]DEDGHO DGiV D YHWHUIQRV SL/|

$ KDOOJDWYN D] HOV pY YpJpQ .HFV
ORYDV WDQ\iQ YHWHUIQRV SLNQLNH
FVDOIGWDJRNNDO HJ\sWW HJ\ NHOOHP
OLYHO D NpS]pV VRUIQ VRN PHJYiODV

. HUsOW IHO H]pUwW DPtJ D ERJUIFVELEL
12 iE hpasztalatcsere a 91SRUW pV 9HWQpJ(DQDXF6NIpV\é] N|UL MHOOHJJHO D] HI\HV \

6SRUW pV 9HVOHOI QDKWY O\ FRQYY WDYWRWMWDN & NXUIXY K
uiQ HJ\ -os Mercedes% H Q] JpSNv%\vg%iiﬁ]\é{\{J IOODGINR]WWNPDHJI\WDQDQ\
VWDXUiOiIVIQDN EHIHMH] 1ijLvinw I HMeYRWAN PHI 8

ODMGRQRYV 7|U|N *iERU EHPXWDWWD KRJ\DQ J\iUWRWWiN ~MUD
JpSNRFVL PDKDJyQL IiEyO NpV]+OW G|QW|WW KHO\]JHW&

VIHUIDOIW HJ\ NLVPPLDUHWESBQ& ~RUY

KRJ\ D EHV]JHUHOW P&V]JHUHN WHQJHO\H Yt]VILQWHVHQ
helyezkedjenek el.

$ IHWHPSHiUP& UHVWDXUiIWRUNpPS]pVEHQ NHOO V~O0\W

NDSRWW D AQDJ\ YDVDN' D VWDELO PRWRURN D PH] JD]GDViJL

JPSHN iOODJ PHJ UJpVH UHVWDXUiOiVIQDN NpUGpVHL VSHFLIiOLV

SUREOpPIL $ OH] NJ[YHVGL  OH] JD]GDViJL

*pSP~]HXPEDQ D] DODStWy +DMG~ B5ilLV -iQRV pV D

P~]HXP LJD]JDWyMD .iGiU =ROWiQ NDODX]ROWD D NpS]pV

KDOOJDWyYyLW RNWDWYyLW D NLQFVHLN N|J|WW .iGiU =ROWiQ HJ\

UpV]OHWHY HO DGiIVW WDUWRWW HJ\ PYHV ORNRPRELO

WIUWPQHWpPU O  UHVWDXUiOiViuyo .. P . i )

EHWHW JpVHNPSSHQ D JpSHW EH LV Lé%f%ﬁ%&‘%'ﬂ%%y&]“wv 0~IHXPED
Csicsmann *\XOD LJD]JDWy ~U PHJKtYWD
KDOOJDWYLW pV EHPXWDWWD D 7&]RC
SpOGiVDQ PHJ U]J|[WW MiUP&YHLW $ OiV
1903-as Austro-DLPOHU W&]ROWY DXWy EHLQG

$ 9HWHPSMiIUP& UHVWDXUiIWRU V]DNP
KDOOJDWYL |QiOOy NLiOOtWiVL VWDQC
YHWHUIQMiUP& NLIiOOtWiVRNRQGn tJ\ D] :
pV D] 2/'7,0(5 6r8:)RQWRV NLiOOtWiVL O
D] $XWy ORWRU 7XQLQJ 6KRZ DPLW F
+81*(;32 WHU-OHWpQ WDUWDQDN pV D
SDYLORQMIiEDQ D 0DJ\DU 9HWHUIQMiUI
MYyYROWIEyO NDSXQN NLiOOtWiVL WHU+C

13 iEUD pYHV ORNRPRELO LQGtWiVD D *pSP~]JHXPEDQ

R I A
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iEUD $ ]JiUyYL]VIJD SLOODQDWDL

HIHMH] G|]ww HOV UHVWDXUiWRLU
HPH]YH D WDQDQ\DJRQ DQQD
R
p

T #
T

JWDWiVRNDW KDMWXQN YpJUH

JIWKHVVeN D NpS]pVUH MHOH

ODStWKDWMXN KRJ\ O0DJ\DURUV]Ji

KLIQ\SyWOy $ MHOHQWNH] NHW

pV ~MDEEpSMAHVW&HUUHVWDXU

@WNSNXU]XVRNDW LQGtWXQN
HQ

35050m

T ! Zoz2z<2Z2
Z;UII_
O
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A NpS]pV WDQDQ\DJIEDQ pV D JiUyYL]VID N|[YHWHOPpPQ\HL

N[]|]WW LV KDQJV~O\RV KHO\HW IRJODO HO D *pSMiUP& W|UWpPQHW
WiUJ\ )RQWRV PHJLVPHUQL DJW D NRUV]JDNRW LV DPLNRU HJ\
JpSMiUP& PHJV]*OHWLN $QQDN D NRUV]DNQDN WHFKQLNDL
WiUVDGDOPL DGRWWViJDLQDN LVPHUHWH V]*NVpJHV D] DXWHQWLNXV
UHVWDXUiIOiVKR] $ KDOOJDWYN HVV]p IRUPIMIEDQ NRPRO\
OHYPOWIiUL NXWDWiVRN-NRUILB M{ODBROJR]JWIiN HJ\

MiUP& WtSXVDLW J\iUWiVL N|UsOPpQ\HLW NHUHVNHGHOPpPW
DXWRWRU VSRUW W|UWpQHWpPW $] HONpV]-OW PDJIDV
VItQYRQDO~ HVV]pN N|]*O PiU W|EEHW N|]|OW D VIDNVDMWYy pV
PpJ My SiU YiU PHIMHOHQpPVUH

$ MiIiUP&W|UWpPQHWHQ EHO+O0 QDJ\ V~O\W KHO\H]W+.QN D
PDJ\DU MiUP&J\iUWiV P~OWMiQDN PHJLVPHUpPVpUH LV

$ UHVWDXUiOiVL DQ\DJRN pV WHFKQROYJLIN RNWDWiVD VRUIQ
JRQGRW IRUGtWRWWXQN D P&WiUJ\ UHVWDXUiOiVL V]DEiO\DLUD tJ\
RNWDWWXN D NRUDEHOL DQ\DJRNDW PHVWHUVpPJEHOL IRJIVRNDW
8J\DQDNNRU QHP IHOHGNH]KHWW+QN PHJ DUUYO VHP KRJ\
ELJRQ\RV HOMiUiVRNDW D PDImMRU PiU QHP KDV]QiOKDW =

SpOGiXO D FLDQLGRV NUYPR]iVW H]pUW PLQGD]RQ NRUV]HU&
WHFKQROYJLINDW LV VRUUD YHWW+N DPHO\HN D JpSMiUP&YHN
UHVWDXUIOiViW N|QQ\HEEp WHV]LN DONDOPD]iVXNNDO
NLHOpPpJtWKHWM«NP &N |BAWHB KHW UHVWDXUiOiV

NI[YHWHOPpPQ\HLW

$ NpS]pV VRUIQ ILJ\HOHPPHO YROWXQN D 0$9$06= D
0DJ\DU 9HWHUIQDXWyV pV ORWRURV 6]|YHWVpJ
iOOiIVIRJODOIVDLUD D YHWHUIQ JpSMiUP&YHN PX]HiOLV
PLQ VIWpVpPpQHN MRJV]DEiO\L KiWWHUpUH +DOOJDWYLQNDW D]
HWLNXV UHVWDXUiOiV V]DEiO\DLQDN PD[LPiOLY EHWDUWIiViUD
[VIW[Q[]W<N

IHEUXi@ pMQ YROW D] HOV YHWHUIQ
pSMiUP& UHVWDXUiIWRU V]DNPpUQ|N|N JiUyYL]VJiMD $
YL]VID HOQ|NVpPJpEHQ NpSYLVHOWHWWH PDJiW D 0$9%$06=
HOQINH D O0DJ\DU 0&V]DNL pV .|[JOHNHGpVL O~]HXP
LJD]JDWyMD N+<OV V UHVWDXUiIWRU FpJHN NpSYLVHO L $
KDOOJDWYN D IHONpV]-OWVpJeNU O V]iPROWDN EH
VIDNGROJR]DWXNDW PHJYpGWpN $ NpWQDSRV YL]VID VRUIQ D
VRN HONpV]*OW UHVWDXUiOiVL PXQND PHOOHWW D UHVWDXUiOiV
HWLNiMiUyO pV D NRUV]HU& WHFKQROyYJLIN HWLNXYV
IHOKDV]QiOiViuUyO LV KDOOKDWWXQN pUWHNH]pVW
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WXUQLQJ

/yuUiQG EURQ 'UpJHO\L .LVV EJRWD
[EXGDL (J\HWHP %iQNL 'RQiW *pSpV] pV %L]WRQViJWHFKC
ORUDQG DURQ#EJN XQHJRBEXIGD MRWD#EJN XQL REXGD KX

gVVIHIRJODBOINHO*OHWL pUGHVVpPIJPpUpVWOpOIHOWL pUBHVVPIHQ D I[IHO<OHW
VIDEYiIiQ\YIiOWR]iVEyO NLIRO\yODJ NDMRONHNWXNMp VD JHBR]—l—NWLllL MiW pUWMeN
pUGHVVpJHW MHOOHP] SDUDPpWHUKREIWUBQ ®NI¥MDPBHpOMY N|[U& DIRQ WXC
VIDEYiQ\ VIHULQW PLYHO MHOKIROFD|D] HDRWNAVWVHEHIROWRR/QDNL] pU
UHQGHONHILN RO\DQ NLPpUWPNHO V]HRSWDOMNWHEYyOHQPUGHRMY PHJIJHPOtWHQL
PpU P&V]JHUUHO DPHO\ NpSHV OHQQPpWWENH SMAOHQ Wp@YMIDWiVVDO YDQ D
UpV]OHWHLEHQ EHPXWDWQL D] ~M DGCRQWHYEHOOR]IY LVHQANIYEI WU DO PHWRISiV IR
HVIWHUJIOW HWDORQRNRQ OLWXWR\R/\/@Q\H]ENV pNJq‘[)‘WWDJPPP«IJOVRUROKDWyN
P&VJHUUHO YpJ]JHWW PpUpVHNNHO YD OK GV P QUM /i KHO\ND\PRY W p@®IR'D W
(]w D PpU P&VJHU iOWDO PXWDWRIWIWWRWMH’\V@HWaIé(gfbﬁ?c(ﬂsabbaz hogy az
|[VVIHKDVRQOtWiVVDO  YpJH]W-N ( DUDHPWAUHN PpUpV iOWDO
HOWpUpVHNHW NDSWXQN DPHO\UH NOHY & OB RNOD OPDO®D P L O
QXPHULNXV PyGV]HUHN N+<O|QEVpJH LVJP@J*‘/\\I'?p\l/'L]QWB\/\DB WRUIQ eUGdHENHVVpJ
.XOFVV]|DMDNOHWL pUGHVVpJ DGDWNILPUWKHR B BV RICBDW B 1& WYR'Q DO NR]iVD LV Y
VIDEYiQ\ VIXSHUKLGURIYH3YLVHONHGpPVW LV
$EVWUB¥W UHVXOW RI WKH VWDQGBHKR®R RKIPQIYGHIOHFMILRI |NL IRO\DPDW
VXUIDFH URXJKQHVV PHDVXUHPHQW ZgUGHY¥YNPRPHG v VIRVWRIE BJR/)yWRONDW D] ,6
FDOFXODWH WKH SDUDPHWHUYV FKDU@Z@nggﬁ_M@Ws(yxggg@ggla [S]R/HDP‘EQ{H@\\(RN YROW
DFFRUGLQJ WR WKH ODWHVW HRG D UG JYOHDJRQEDQ ~M V]
XQLYHUVLW\ FXUUHQWO\ GRHV QRW W\gg@g@m%;q rﬁéyv BMVREVHNpPO)
PHDVXULQJ GHYLFHV FDSDEOH RI WIip \GRMW|_ []5@t|\/ BWiWRRY (OV Up)
SURYLGH D GHWDLOHG H[SODQDWLRQyBG W itpQH %; @H MWWDHRIUR]ID PH
SURFHGXUH DQG WR FRQILUP LVAY| DR KA H R W NR¥YKD SDUDPpWHUHN
PHDVXUHPHQWY RQ WXUQHG DUWLIDF J.X(yL§ I@D R\R IRI-QCWE)HV\I—LOWLH-M[\XN\

D
URXJKQHVV PHDVXULQJ LQVWUXPHQYR] 6'E)ld/N CRQH OFOEVPIJHN D V]DEY
FRPSDULQJ WKH FDOFXODWHG YDOXH\Ng R H Ry@ﬁg HHQ MHO

GHYLFH $V D UHVXOW ZH REWDLQHG g gwpci RSP pWHUHN
EH H[SODLQHG E\ WKH GLIIHUHQFH LQJ%)E)PGHL 9 I\R/ V OSO(.IDRBLO HOH
DV WKH QHZ SURFHGXUH SURILOFV FV PHO WD SURILOY|OJ\

.H\ZRUG@XUIDFH URXJKQHVY GDWD SURFHVVVIIE%iJ DWOS;WI\HQQJWELE@%V MXDI—D(EGI—Q‘LIIEB OH\
VWDQGDUG QHYH]pN YiOWR]iVDL

ISO 4287 ISO 21920
1 B(9(=(7e6 NLpUWpPNHOpPVL K NLPUWpPNHOPpPVL K
A2021-EHQ EHYH]HWHWW ~M IHO-Q Ilyati valyat _
VIDEYiQ\ V]iPRODMREHEE iOWR]iVW LR RYYWH®H]p| V]HNEF L yde®ianhVength
IHO*OHWL pYURQDWHNRJH MHOOHP] |Nsampling iemyth W H U H Mo
NLV]iPtWiVIEDQ OLYHO PLQG NXWDDVW‘E]M/GQEEPSL%@ DYk R B &, Rz
V]*NVpJHV D OHJIULVVHEE V]DEY]| gLQ PrOp) D** O HK H8AF .. < % §
OHJQDJ\REE SUHFL]LWiVVDO YpJH|®H bPLHG RN N'Ispuwﬁﬂl-F@p'V'p‘\i
H]pUW IRQWRVQDN pUH]WQGNmMaGROJR]QL HJ\ VRIWZBUH $Z£+< S'++qg

<

~M ,62 [1] PYGRVtWYTHQ V]DEYiQ\ _ T ceczZze"f
DODSMiQ WIPtBVMIHO-OHWL pUGHWRIUDFHREE O H| miofihegy profile hill)
SDUDPpWHUHNHW - SURI L Qpfofife el

&pOXQN D PpU HVIN|]E O NLQ\HUSYRW-OOEfi@aley p S B R REprofie dalg
IHOGROJR]iVD YROW (] PDJIED IRJODOMD D} DGDWFRNY P HLGiEMo
V]1&UpVpW LOOHWYH D U#MH@HYYiQV SDUDPpWHUHWNUUHOIFLYV KR
NLV]iPtWiViW 9pJ+O |VV]H LV KDVRQOtWRWWXN DI syrgaiglengi
iOWDO NLV]iPROW pUWpNHNHW D VDMiW HUHGPpPQ\HLQNNHO
<7KH DXWKRU V  2SHQ DFFHVV LVLXB GHRWP RARKCH/ Vi MABBMER X AMAKRER EaRED W
4.0 International Licence.
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.LPUWPNHOpPV V]HPSRQW Mi<y|/@ EVRPHII MHHO WQ WHVHE EU H 18]p EEQ\ VN DUSPNDY NN D
D] KRJ\ PtJ NRUIEEDQ D PLQWB Y pWHOKT RV N DR RI\HdheéaltN_F BSNRDH M O W H W
OiVG KDPDURVDQ KBWMARIIIDWVIIR@Y WX HOHPV]IHU&HQ PLQpO NLVHEE D
PRVW degtidn Iength He NHOOHWW D S@\ [ﬁﬂ? WNL#)I]ENH/V\{: U MH H] D NpW PRGE}
KLpPUWpNHOQL PDMG H]JHNHW iWO @ﬁl‘%lﬁl’b\ﬁgk\;}(i VW D OHJW|EE
SDUDPpWHU D] HJpV] NLpUWPNH VIRQ 'DQJROXO
evaluation length L Jod Hpahol I, V]JHNFLYN
V]iPD pUWH®PHWIE®i]DWEDQ |VV]HIRJODOMXN D
| EE N+O|QEVpPJHNHW LOOHWYH SpOGiW PXWDWXQN D] ~M
SDUDPpWHUHNUH

$] |[IVV]HV WHUOHW V]IDNLURGDOPiIW DKRO HO IRUGXO IHO*OHWL
pUGHVVYJHYHWYH HOPRQGKDWY KRJ\ D OHJJ\DNUDEEDQ

HO IRUGXOy SDUDPpWHUKN BNYawwODJRV pUGHVVpJ
R-SURILO pUGHVVpJL SURILO PD[LPXP PDJDVViJD

.LV]iPtWiVL PyGMDLNDW D] DOIEEL [VV]HI+JJpVHN

PXWDWMIiN iEUD $ IHO*OHWL WpQ\OMIHVi® HPHWK B QRN
s B VIHPOpOWHWpPVH DPHO\ XWyEED DDWDSLQWy IH
doL—+ VT
B4 $ IHO*OHWL PRGHOOW QHP WXGMXN
= IHO*OHW OHWDSRJDWIiVIiW N|YHW HQ Op!
Lo IHO*OHWL SURILOQDN QHYH]]*N $ PHFI
4, L—11=T k€a@ EI=Ks00R WRY i &&UpVpKH] PHO\UH D]pidy YDQ \
Jegy g5 ¥ 06 bDG NLV]&UM+N D] WU@HNMPpJKHW~0 QDJI\ KX
NRPSRQHQVHNHW LOOHWYH D IH O« (

ahol VT; D] pUGHVVpJL SURILO I+X,40 HI919edaesayd \FdWyilps HY DGDWIHOGROJR])
a FHGLN Y|0J\ RpQa¥pBHN FV~FV PDJIDWIFPHULNXV V]&UpV MHOHQ HVHWEH
0oL <F L sétédadyl EF od 70 Ed GaussV]&U DONDOPD]iViW MHESIHQWL Y
J.4JD EV-EVRN pV Y[RaRHS LW i8OR | ["EESEE vgoy OHYIJIVL KXOOIP K@U pUWp
N wavelength [d, amelyHOQHYH]p \DHMHNJ HQ V]IDEY i
helyzete az x-tengelyen [1]. PLQGNHWW W PHJHQJHGL D]JRQEDQ D

NL]iUyODJ XWYEEL pOWHQ@RWY]QpVWPRHD O
D V]&UpVKH] D -WOOMNRRRMED WUDQV]
(PHOOHWMMAEBRIVOLISDUDPpWHUHNHWDDW-YRUFWMHNO O PH VY pRBRMPLI pUH UXWN |
PHO\HN UHQGUH  QpJ\]JHWHV N|DpSReWHPW Wi Q G W IBidi21020711\0]®G Y i Q\
Y|OJ\PpO\VpJ pV iWO D JreoVmeansgude DNRYMI&E|] NLpUWPNHOpVL KRVV]RNQIO N
height mean pit depthp Mean peak height (JHN N|]*OKBWiUR] PHJ +DQJV~O\R]]XN KRJ\ D V
XWyEEL NHWW |[VANWIH\D GM R JIP HDIj6kr Y edbtdeN a GaussitSXV-~ V]&U NLpUW
PXWDWMD D VIHNFLYNUD iWODJRONRR HRDNY QW NI O/ POEY VIR QNpQW HO'

Oy QHVWLQJ LQGH[V]HO HJ\pE RUYpQ\EH
21%$ V]&UpV IRO\DPDWD DPHOO\HO D] HOV G OH pkmary suact® HWL S

Ahhoz, hgy a] pUGHSBRNDPpWHUH N H \wofik)jutunkxEz & gyakorlatban egp O X O i WAdWs$ V [ W
VIIiPROQL HO NHOO iOOtWDQL D ONWMRESIAI-B\WERBRHQ MDYt O O D QRXHW BV W
PRGHOOE O D IHO*OHWL pUBdiVEpJ —BUFROH® Wi WD JKXOD]PRKRVV]IDO = YDJ\LV
F p O Eag Cadatokban HJ\  V]&UpVL [RO\D P BWO @ p&KRWVL] PkiseDP K XIOQQMIORV V]~ QD JI\F
V]eNVpJHWinnY. pAzodban D] pUGHVVpJPIdUPNQGH@FLIM~ D]JW D V]&Unagyol\RPMD
nemcsak numerikam W|UWpPQLN V]&UpKXOXKBERWMU~DNQHN EHV]&U *D)RKXWLHU
PHFKDQLNXVDQ D WDSLQWYy iOWMPOYEH®Q VHP HODiE@HYNEDQ CoHopyiV KD W i
EHPXWDWMXN PLO\HQ V]&UpVL OPBWVBIN Y B QDErRiVEnssng Ddexnbizonyos
PLO\HQ IHO*OHWL PRGHOOW HUHGMNHIQOQYH]HW-AEHQUH IRNR]JDWRVDQ HPF

MLQGHQ WHVWQHN HJ\HGL IHOV]tOH YNPE 'V v i nARMBRY Ny WM QPR RQNpP S
UHQGHONHILN $] H]W EHPXWDW 2@ aisesy iX KOy RI&RY Y o MHRRPIRQHQVHN
modelinek gkin modél $ 1HO+OHWL pUGHVVpYPdbpVvH VRUIQ D
IHO*OHWHQ WD®ipPKDMW~FPVPNHN VIHUHWQpPQN
letapogatni. PHQQ\LEHQ QHP RSWLMBEL KDQHP WDSLQWYy
HVIN|]JHO KDWiUR]]XNDPP@UDP B/Q M@ HIW MN\A
QHP IpU EHOH PLQGHQ IHO*OHW PLQGHQ PpO\HGpVpEH tJ\ D
IHOsOHWHW QHP PLQGHQ HVHWEHQ WXGMXN W|NpOHWHVHQ
OHWDSRJDWQL D WDSLQWYIHMMHO DPLNRU D] D PpUHQG IHO+*OHWHQ
YpJLIKDODG (] HI\IDMWD WHUPpPV]HWHV V]&U DPHO\ WHKiW D
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iEUD (JYHDRVYOiV VIHPOpPOWHW pVHDG MIJBNY W p KECYREWAEKIR)V WHOO YHQQL PD]
V~0\1+JJYpQ\NpQW PHJ NHOO V]RUR]QL
LQGH[& V]&® YHOD $WHKiW J\DNRUODWL
iWHQJHGPVL NDUDN WA B L VEW DNii WD PXQ
iEUIJROW  V]&UHW O64 QannskJ FEburBW D]
WUDQV]IRUP7OWM i W ]&D W-VBRMUNBIXIP i W
VIHPOpOWHWL

iEUD 8J\DQD]RQ HWRWEGIVL)R R4GHEW PLNXV |

(IXWiQ N|YHWNH}RNS H 8 URdGRIEO F-)
operaon DPLQHN DONDOPD]iVIYDO D] HOV GOHJHV SURILOW
(primary profile PiVQpYBQRILOW NDSMXN (] OHIJW|EE

HVHWEHQ D IHOYHWW SURILO DODNMiW pV YDJ\ G OWVpJpW KLYDWRWW
HOWiIYROtWDQL PLYHO -DLOWHW RNH]p VHRQUEUD(J' VIEQUHWOHQ ' PpWRUEBHR OHWL S
OHKHW DUUD KD D SURILO QHP VtN (O IRUGXOKDW RO\DQ HVHW LV
amikor ez azP & Y HOHWQ~J\ V]&U W MHOHQW PLQW D] 6

ILOWHU PHO\ WtSXVD W|EE IDMWD OHKHW HNNRU D] HKKH] WDUWR]y

nesting indexeOyyl HO MHO|OMeN

$ V]&UpVvL IRO\DPDW JiUy @eSpVH D] HPOtWHWW /
DONDOPDEiWDHBPHP] QHVWOLLPUVOENH MHOH
25mm.Ezegy HO* O i WHILHVIWDJ\LV PLQGHQ RO\DQ

KXOOiIPKRVV]IW IRNR]DWRVDQ iWHQJHG DPHO\ HQQpO D] pUWpPNQPpPO
kissbb (] D] D V]&U DPHO\ V]pWYiODV]WMD D] pUGHVVpPJSURILOW
(roughness profile W HKiWrofit] alnely D U|YLG

KXOOiPKRVV]RNKR] WDUWR]y ILQRP OpSWpN&

VIDEiO\WD OM@iaidégp WD KXOOiPRVVIIJSURILOW
(waviness profile), vagyis a W-profilt, amely a nagyobb IZQUD 8J\DQDIRQspediRima0 JRXULHU
KXOOiIPKRVV]IRNRQ HO IRUGXOyYy QDJ\REE OpSWpN& HOWpPpUpVHNHW
VIHPOpOWIBWL iEUDHU &MENEMHS -

pVv PP N|]IWWL KXOOiPKRVV4ziD] pUGHVVpPJ UpV]pW NpS

D] HQQpO QDJ\REE pUWpPNHN WHKiW D KXOOiPRVVIiIJKR]
WDUWR]QDN OJ\ L VprBfij B&NDFSSKORVly OE y O
levonjuk iIEEADR-SURILOW pV XJ\DQH] LID] YLVV]DIHOp LV

W H K i Wroblt levonva az R-profilt kapjuk med.iW KD Wy
hogy az R-pV -SURILORN V]JRURV |VV]HI«JJpVEHQ YDQQDN

HJ\PiVED® KRJ\ PLO\HQ V]&UpV OHJI\HQ D] PHFKDQLNDL

YDJ\ QXPHULNXV PYGVIHUUHO OpWUHKR]JRWW PLO\HQ SURILOW KR]
OpWUH D iEUD VIHPOpOWHWL

U

7 iEUD $ V]&4peKriyRXULHU

$ PIVLN PyGV]HU D GLUHNW WpUEHQ V|
NHYpVEp LVPHUW P&YHOHWanitasRQYRO
DOIEEL PyGRQ GHILQLIOKDWXQN

B UCP ijﬂﬂ Bi:CP Fi@i

$ GLUHNW WpUEHQ YHWW SURILO pV D
OHYIiJiVL KXOOiIiPKRVV]IDO -VWJEQGHON
NRQYRO~FLYMiW N H-OI0O WHIQ-QLO VipR'UN RQ
EHV]pO*QN $ G OWVpJ WLOW OHYR

. DQ HJ\W]JHU&REE D GROJXQN KD H
EUD DGDWV]&UpV IRO\DPD %9
' 31 1&Up ﬁ'y nem kell a FourieW UDQV]IRUPIFLYNNDO

221XPHULNXV NLYLWHOH]pV BHEL]RQ\tWKDWy KRJ\ D NpW IRO\DPDW
AV]&UpV IRO\DPDWiUQDN QXPHUL'&?&VR?PEbyHB%?\R)%WQUW‘WFM]RU]'V

~W NtQIiOMRIHNM\LN D PiU FouR@tWHWWKRQ SURJUDPRIJIiVL QUHOYHW KDV]Q
WUDQV]IRUPIFLPWRIORDQ® M yPpUWPEUR]LIGWiNe |HPNPV]tWpVPUH DKRO D \
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GLVINUpPpWW)RXQVUHRUPIFLYUD EHpStWHWW SDUDQFV YDQ
DPHO\ HOYpJ]L PspekEInD miRdak x-terigely .

PUWPNHLQHN HONpVacipyp Wp@A Y ¥ i E E Sufit O OHWL pUGHVVPJ PpUpVH
SDUDQFVD V]ROJiGumpX Wegriag fittieyy D 8J\DQ MyUpVIW D] ~M VIDEYiQ\ V]HL
SDUDQFVD EiU NLHPHOM-«NellkRi\ RWYEWDWIMPYy®/1yO HIHQ tUiv QHP P
YpJHIQL pV PL H]JHO D OdittktHW/p ¥ g R O PO IP@QNR UL WPXVXQNDW YDODYGL DG

HOYpJ]JHWW V]&UpVKH] V]*NVpJIHV NRO OO Ly P EHYYRWHPKH] LN¥pV]-OpN
WDOIOKDWY EHpS tiwrmhppceomag@danmrev P4y BIiPRNNDO |VV]JHYHVVeN D] iOWDOX
parancsa$] DGDWRN EHROYDViVifRR- D{ vV Vd UpWKH|Y DGDWRNDW HV]WHUJ

pV -SURILORN HO pvOtWiViKm®RyDPRWHUYN DPHOV PpUpVW HJes OLWXW
NLV]iPROIVIKNRpJHV NyGUYp RIOHWHIBMRYDRRPHWULNXV PpU HVIN[]EO YpJH]
DOIi®E HOYiIODVIWRWW UpV]HN D IR\ Wﬂtm-él@tt@] PXpsB WDy OLQGHQ D
KDMWM)iN YpJUH KiURPV]RU LVPpWHOW+QN PHJ

8.iEUD $] DGDWRN IHOYpWHOPpPKH] KDV]QiOV

9 iEUD $ PpUpVKH] KDV]QiOW HWDORQF

3 E5('0el1<(.

7|EE PYyGRQ WXGMXN D NDSRWW
IVVJHKDVRQOtWDQL (EEHQ D IHMH]JHWE
SURILOW YHWM-e+N |V VihttaDttReptofikah JN|] iO\
OLQW PiU HPOtWHWWsN H]W D SURILOW
SURILOEYO HOWIiYRROILVOMXNP HJIIHOHO
VHItWVpJpYHO

A 1012 iEUD D] HPOtWHWW pUGHVVpJSU
mutatja be. ALO. iEUD D P&V]HU iOWDO PHJKDW
11. iEUD] iOWDOXQN NDSRWW SURILOW
NeO|QEVpJpW V]HRCH@MDWHQ $ YLIVJIiC
V]pOpW O YHWW WiYROViJ, az]J§-UHSHO
WHQJHO\HQ D] pUGHVVpJ PpUWpRNH HJ\
VILQWW O PpUW 1¢JJ OHJHV WiYROViJ
PpUWHSURILO RLRARLQLY HOWmpdypV OiwWl
UpVIHN iOWDOIEDQ QHP UHOHYIQVDN
EL]JRQ\WDODQViJ QDJ\REE D PpUpVL HOMN
PpU IHM D PpUHQG GDUDEUD pUpVNR
OHPUPVNRU QHP WHOMHVHQ HAHQOHWI
12 iEUD D V]&UHWOHQ S it kI EX W D W
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/yUiQG EURQ -.1MVHEORWD )HO*OHWL pUGHVVpJL SDUDPpWHUHN YL]VJiOLC
%iQNL .|]OH@p&1edN

-yO OIWKDW¥=4AMMBDUDPpWHUHNEHQ DI
LJHQ KDVRQOyYy MHOOHRY PRDIWIBBNQG !
HOW pU p V4 WbenGs r’ Be, mivel azt az4 L p 4R
N*O|QEVpPJpQHN DEVIRO~W pUWpPNHNpPQYV
V]iP D PpU HV]NJ|J]JINE O V]iUPD]y V]iPI
HOWpUpVpW KRUGR]]D gVV]HVVpPJIpEHC
N*O|QEVHIHMOWpUpVHN V]i]DOpNRV pUW
XWROVYy RV]OREBWY PDXWOWDOXQN NDSRW
YHWW «Mak). zZALEHQ PHIMHOHQ QDJ\REE
10 iEUD $ PpU HVIN|] iQMIDO HO ioo}gI%&%%/Ny%\gwggg’vﬁ\p[VPW_PPI\'?'JU\P(;JL'“;%‘(/VV
iOWDOXQN-SNIRSIRWWQBDUDQFVVIUJD YRC
PDJDVDEE pUWpNWNMKW PXDNDWDEE FV-
jelennek meg4 mint D PpU P&V]HU iOWDO V]i
8J\DQH] HOPRQ @ RobriiyH GKHDQDMNH] N+<O|QE
DNDUMXN PHJpUWHQL $ —P N|U<O Q
PUWPNIPNOYHEE Y |Oskepelnek. Ezek a
GLIITHUHQFLIN PXWDWNR]QDN PHJ D]
N*O|QE|]HWHEMNQ +O D N*O|QEVpPJIHN V]iUF
NRUIEEDQ KDV]QiOW pV D] ~M V]DEYiQ'
LOOHWYH D QXPHULNXV V]iPROIVL HC
GLVINUpWWp WpWHOH NHUHNtWpV

11 iEUD $ NpN JUDILNRQ D Kapott R-pio@tDWRNEyO iOWDOXQN
PXWDWMD EH D QD UDRUF\QVOUWKYW@DPEiD] HPOtWHWW 5 e
N|JWL N*O|QEVpJHW PXWDWMD 4 g66=()2*/$/E6
XWDWYPXQNIiQN D PDJDVViJ OHtUYy
MHOOHP]pVPUH HOQHYH]pVeN-a&NLV]iPtW
VIDEYiQ\YiOWR]iVEHIMWBWNH]JHWW  YiO\
EHPXWDWiVilKD kell |&reldiithogy D ITHO*OHWL
PUGHVVpJ MMGIOHEF SDWHD PpWHU OpWH]
KLEULG DQ\DJDUIQQ\DO NDSFVROD\
amelyekkel MHOHQ N XW DewW i YoglQKeALDIQ
UiDGimMI@m2M20DbV V]IDEYiIiQQ\DO ~MDN LV V
D] DEV]RO~W JUDGLHQV V]iPWDQL N|]HS
[ VVIWHU OHWH DPHO\HN NLV]IiPtWi\
NLGROJR]iVD WRYiBEW HINODVGHORND D N(Q |
IpPQ\pPEHQ N|YHMNNLWE SNV ] WIWHW D
12 iEUD $] iOW D OXDRI IND SRIWWD @ FV ViuJDH ©@Pixdi Mwilhd pDiOWDOXQN afphbBn ¥A]VJIiOW
PpUW SURILORQ NpN NLHPHOM N KRJ\ MHOHQ tUIVEDQ
VWH\F)KVKDIDWIDV pV D] LSDU V]iPiUD
$] HUHGPpPQ\HN |VV]HYHWprQHI§DB|j/FL IJi'BJlfllRl' D]
pPUGHVVpJ SDUDPpWHUHN |[VV]RKDVRQOtWiVD (]JW D] DOIEEL
WIiEOI]DWEDQ WHVV]eN PHJ

152'$/20-(*<=e.
2.WIiEOi]DW $ PpU P&V]HU pV D] BDWD®G K Wil INBSR YW 2020)EHY. Barface texture: Profile,, ISeneva.
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