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Absztrakt

" LPS»CCJ LVUBU»TPL JHB[PMU»L IPHZ B W»x»[J[PN NJL
myoelektromos (EMG) aktivitAsanak modosulasat okozhatjak.

7J[TH»MBUVOLCBO GFMUAUFMF[UOL IPHZ B UASEFYUFO[P
biceps femorida[PN &.( BLUJWJU»T»OBL NIEPTVM»TB C[OMFUJ TI[E

5J[FOIAU FHAT[TAHFT @g[JLBJMBH BLUCW @gBUBM GASg FT
[l. dinamomeéter segitségével, hogy miként valtozik a 30, 50 és 70°-o0s izlleti szoghelyzetben kife
tett maximalis izometrikus forgatonyomaték mértéke, valamint az agonista és antagonista izmol
BLUJW»DJIKB FHZ NBYJN»MJT JOUFO[JU»TO FYDFOUSJLVT
oraval.

A térdextenzorok izometrias forgatdbnyomatéka az edzés utan mindharom iziileti széghelyzetber
DTBbLLFOU "] OZPNBUALEFgDJU BOO»M OBHZPCC WPMU N
azt. Az edzés egyetlen izlleti szoghelyzetben sem okozott valtozast a térdextenzorek EMG akt
vitasaban izometrias kontrakcio alaticAps femoris[PN LP BLUJWJU»TB B[POCBC
térdextenzié alatt valamennyi izlleti széghelyzethgineps femoris/quadriceps fehdés
BS»0Z O&UU AT S PT T[PHIFMZ[F JéadifepBMaleStdnzibsL P O U ¢
OZPNBUAL BS»0Z B[ FE[AT IBU»T»SB B AT S PT J[PNFUS
helyzetnél valtozatlan maradt.

Kutatasunk alapjan elmondhatjuk, hogy minél kisebb izomhossznal térténik az izometrikus
UASEFYUFO[JI BOO»M OBHZPCC GPSHBUIOZPNBUALEFgDJ
LDPWFUAFO 6HZB O B Lbice fénfoite® WdBakiv&xid hahBobb izomhossznal na

gyobb mértékben fokozodik.

"| FSFENAOZFLC&M BSSB LDWFULF[UFUOOL IPHZ JOUFOIG
NJOE B UASEFYUFO[PSPL GPSHBUIOZPNBUAL»OBL -NJOE Q
LJOUFUACFO C[OMFUJ T[PHIFMZ[FU TQFDJgLVTBO NIEPTVN\

Kulcsszavakquadriceps femoris, biceps femoris, forgatonyomaték, dinamométer, EMG
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KNEE JOINT ANGLE-SPECIFIC STRENGTH DEFICIT AND EMG ACTIVITY IN THE QUADRICEPSFEMORIS
MUSCLEFOLLOWING A SINGLE BOUT OF DAMAGING EXERCISE

Abstract

Due to the microdamage, caused by high tension in the muscle, contractile strength decreases along \
UIF NPEJgDBUJPO PG UIF NVTDMFmT NZPFMFDUSJD &.( BDUJ

In the present study we hypothesized that strength attenuation of knee extensors as well as the chanc
knee extensor ahiteps femor&.( BDUJWJUZ JT KPJOU BOHMF TQFDJgD

Using a dynamometer, maximal voluntary isometric knee extension torque was measured at 30, 50 &
70° knee joint angles in seventeen healthy, physically active male pQuagraregsdbiceps femo

rs&.( BDUJWJUZ XBT NFBTVSFE EVSJOH UIF LOFF FYUFOTJPOT
bout of maximal intensity eccentric-concentric knee extension exercise training performed on the sar
dynamometer.

As a result of the acute exercise, a substantial amount of muscle pain developed, indicating the prese
of muscle damage. The isometric knee extensor torque decreased in all 3 joint angles; the smaller
KPJOU BOHMF XBT UIF CJQuddrigeps FEmMEIRG &civiy Béagetlat B ex
tensions remained unchanged after exercise. HowepsifemorBP BDUJWBUJPO JODSFBT
in all joint angles. THeceps femoris/quadriceps f&tsEsctivity ratio increased only at 70° and 50°.

The quadriceps fem&MdG activity/knee extension torque ratio increased at 30° and 50° but remained
unchanged at 70°.

OVS SFTVMUT JOEJDBUF UIBU JO DBTF PG FYFSDJTF JOEVDFE
er muscle length. At the same time, the antagonist co-activation increases towards when the isome
knee extension test is performed at greater muscle length.

8F DPODMVEF UIBU BO BDVUF CPVU PG LOFF FYUFOTPS SFTJT
knee stability in terms of changes in torque and agonist-antagonist activation ratio.

Keywordsguadriceps femoris, biceps femoris, rate of torque development, dynamometer, EMG

BEVEZETES "HZVMMBE»T AT B G»KEBMPN N

az izom kontraktilitasi erejének csokkefhése,
Szokatlan mozgas vagy szokatlanul magasnmely annak tulajdonithato, hogy a sériif mo
UFO[JU»TO g[JLBJ BLUJWJwre3 ehBalydk iteif¢hese@ R vesznek részt
iIS»O CFMOM B Wx»[J[NP L C B Ronkaktidban A KutaBhk KzZEaBtgranacios
keletkezik, melyet I-es tipust izomfajdalonizomcsoportok esetében kisebb (~12%), a
nak nevezink." KFMFOTAHFU T¢hMRigladtsc®s @om esetében azonban
dokumentaltak, és ma mar elfogadott az &Y USAN FSAEFgDJYSaM T
»MM»TQPOU IPHZ B[ J[PN NRBheBAVilRF B MoRkiEsopdriviildrosérilést
sorban excentrikus kontrakci6) kovetkeztébdn[ FOWFE DTBDLLFOIFU B g[JLBJ
mikroszkopikus sérulések (mikrosériléseszemély funkciondlis teljesitménye vagy moz
keletkeznek, melyek az izomban gyulladaghskoordinacioja, de az izillet aktiv stabiliza
folyamatok inditanak &l. cidja is modosulhaBarmely emlitett médo

sulds emelheti a sérulések rizikdjat.

8
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Amennyiben egy mozgasforma nagy feszildldSPUPLPMM FMAauUU AT VU»
sel jaré excentrikus kontrakciokat tartalma@z edzésprotokoll kovetkeztében kialakuld T
WBHZJT FSALJGFKUAT LDURRBEFEUBOHNITIP GP8HBUIOZRNE
O& B T[BSLPNFSFL UOMO Zlanind Bz exehrbOdganiktd \BsFantagonista —
keztében az aktiv izomhossz-fesziilési goBRIG aktivitds modosulasok izileti szoghely
moédosuP Ennek a modosulasnak a kovetkeZ FU TQFDJgLVTBL
UACFO B[ J[JPN PQUJIJN»MJT FSALJGFKUATJ IFMZ[FUF
nagyobb izomhossznal kévetkezik be, vagMeDpsZEREK
egy mikrosérilést okozo edzésgyakorlat utan
LOMPOCD[& C[OMFUJ T[b MigsgdiatiszenrelyekFO FMUASA
FSAEFgDJUFU WPBQBT[UBMIBUVOL
7J[TH»MBUVOLCBO UFTUOFW
A nagy izomfesziiléssel jar6 edzésgyakorlaldBMMHBUI »UMBHAMFULPS
UFI»U BLVU FSAQEFgDJUFU UIFATRJNBBHBEIT»BEF MAUF DN »U]I
zik egy kompenzacids mechanizmus is, mely < LH WFUU SAT[U " W
B[ FSAEFgDJU NASUALAU SAENLWMWEU K-BU MBHHZPFTTB © <
tanulmanyokban beszamolnak arr6l, hogp BL LOMPOCH[& TQPSU»HBLCB
a mikrosériilést szenvedett izom elektromé&d8 BUMAUJLB Ga LPI»SMBC
BLUIJWJU»TB G PLP[iEIBU NBFNDB »o\NIITBE SEFKIEIR/LIRSBUBM K»
lagos kontrakcio al&Tovabba bizonyitottak » UMBHP TB O < iS»U UbPMU
azt is, hogy az ép izomban az izileti-szogdzéssel.
helyzet (vagyis az izom hossza) befolyasolja
az izuletet mozgaté izmok maximalisan ak& vizsgalati személyeknek sem korébban,
SBUMBHPTBO FMASIFU&” FMFNUBRANHTHBMBUWBMBTNU OFN
.JOEF[FO JOGPSN»DJIL BMBIAKBWASEEMIMRFMFASOMATF B
IPHZ FHZ NJLSPTASOMAT UvabLkzatasaEdradményete\Welbed A vizsga
FO OFN DTBL B[ J[PN FS&E MBI RKAONFAMNAS URLWI[TH»MBU
hanem elektromos aktivitisanak (EMG) m6CFMFFHZF[4 OZJMBULP[BUPU U
EPTVM»TB JT C[OMFUJ T[D HtkBAhK [t6hldeR KHECadrdl Lisy Mody FomKént
Ismeretlen az is, hogy a sériilést szenved@éttalkoznak a vizsgélatra. A vizsgélatot a Re
izom épen maradt antagonistaja vajon- megjondlis és Intézményi Kutatas-Etikai Bizott
W»MUP[UBUKB F Né¢LDEATA&ha éngédeadtd (RFiRBLaN:P7961-PTE
SPLOBL LDPT[POIFUAFO VHZBIPJT FHZ BHPOJTUB
izom megfeszitésekor az antagonista izom
ko-aktivaciot végez. Ha az antagonista k@izsgélati protokoll
aktivacio, és ennek kdvetkeztében az agonista/
antagonista EMG aktivitasi arany az agonistavizsgalat két mérési alkalombdl allt; me
mikrosérulései miatt megvaltozik, akkor aMZFL LB[BUU iISB UFMU FM
az adott izilet stabilizaciéjanak modosulasatival meghataroztuk a térdextenzorok for
okozhatja. gatonyomatékat, illetve a térdextenzorok és a
UASEUFYPSPL &.( BLUJWJU»T»U
Vizsgalatunkban kvantitativ dinamometriaalkalom egy standardizalt aerob bemelegités
és EMG méréseket végeztink a térdextenZbDF M LF[EAEDPUU BNJ QFSD BM
AT UASEUFYPS J[PNDTPQPESBHPADRMS FEH FONBMHIF SPO UDSUA
tenzitasu, térdextenzorokra iranyuld edzésLFSJOHATGPLP[»T AT BMBQPT

9
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alsovégtagi nyujté hatdsu gimnasztikabol aEMG

"l FMT4 NASATU LDWFU&FO B[POOBM B WJ[TH»MBUJ
személyek egy dinamometriai térdextenziés WJ[TH»MBUJ T[FNAMZFL DPN
edzést végeztek el. Mind a méréseket, mihd UVMTI SAT[AS&M B UFTUT[AS]
pedig az edzéskontrakciokat csak a-donNBKE B CASGFMOMFUFU BMLPIF
nans végtaggal végezték el. Dominansnak &b WFU4FO GFMOMFUJ FMFLUSI
a végtagot tekintettilk, amelyet a vizsgaldtiA S & DN FMFLUSIE»L LP[AQ
személyek labdarligas soran ,lgyesebbikt&olsdg: 3 cm) helyzetiink &icgeps femaris
buknak” tekintenek. A vizsgalati személyekealamint avastus medialgstus laterais a
NFHLASUOL IPHZ B WJ[THecMBferrodsnokral Fidgekaaktivitasanak
oraban, illetve a vizsgalat alatt ne végezzeadRgat tekintettiik quadriceps femoidem

g[JLBJ BLUJWJU»TU aktivitasanak. Ko-aktivacionak a térdextenzié
BMBUU KFMFOU Lbickps BROWIS HP O
Dinamometria izom EMG aktivitasat tekintettiik. Az elekt
rodak elhelyezése a SENIAM (Sufrace
Multicont 1. tipusu dinamomeéter ElectroMyoGraphy for the Non-Invasive

(Mechatronic Kft, Szeged, Magyarorszag) gessesment of Muscles, www.seniam.org) altal
gitségével megmértik a térdextenzorok alfdlIFCSU FMK»S»TOBL NFHGFMFM
kifejtett maximalis izometrias forgatdbnyomaddak helyét megjeldltik, ezaltal biztositottuk,
UALPU OM& IFMZ[FUChsrd IPHAMBFWDWFULF[& OBQPO B GF
izlleti szoghelyzetben. A vizsgalati személyads helyre torténjen. Az EMG jeleket telemet
mindharom izileti szdghelyzetben a maxiias készllékkel (Noraxon, Scottsdale, USA)
N»MJT FSALJGFKUATU N F HregditeftalE(@infatéRli frekwefciad 2000 Hz),

FHZ PT CFNFMFH CU & - K RMykr§ jelekep8dig anég Welgydk{atlag mod

tek, felkészilve a maximalis forgatényomatdkl FSSFM TIJNCUPUUVL NZP3&4
kifejtésére. Szoghelyzetenként 2-2 ismétEmftver, 50 ms-os mozgé ablak). Valamennyi
NBYJIJN»MJT FSFKé LPOU S Bésktidritrakdokalate aMiz®yklt ivbkbsl Ryert
NFMZFL LDB[BUU QFSD QJéF OniitbER AUREMG Eslitsértéked hasz
JTNAUMATCAM LBQPUU AS békukRdl alsi@tjsatMai BleMBsERHER C C
ASUALFU WFUUOL gHZFMFNCF

1000 1000
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Intenziv térdextenziés edzés G& IBU»T WBHZ T[JHOJgL»O E J
Bonferroni korrekciot alkalmaztuk a parosi

"WJI[TH»MBUJ T[FNAMZFL toitRSsRdHasbnlitadakhaASIasktikal &femzé ‘O

allé térdextenzor izomcsoportot célzé edzéstFJOL TPS»0O B T[JHOJgLBO Q_—J B

végeztek el, és egy ismétlés egy excentrikimeaataroztuk meg.

egy koncentrikus fazisbdl allt. A kontrakciok

kiindulohelyzete 2&s térdizileti szoghely EREDMENYEK

[FUCFO WPMU " WJ[TH»MBUJ T[FNAMZFLOFL FSA&uU

kellett kifejteniik a karra és 50 Nm forgat® vizsgélati személyek masodik tesztnapon

nyomaték-kiiszob elérésekor a dinamométeért szubjektiv izomfajdalmanak értéke 53,6

karja automatikusan elindult és alland6 (60« 4% WPMU

fok/s) szbgsebességgel megkezdte a térdizilet

behajlitasat, mikdzben a vizsgalati személy@ktérdextenzorok maximalis izometrias for

OFL NBYJN»MJT FSAWFM FRstdnyo@attkeM MFUU UBSUBOJVL

(excentrikus fazis). 80s izileti szoghelyzet

elérésekor a kar mozgasanak iranya megfor UASEGFT[CU& J[NPL NBYJN»N

dult, és ugyanakkora szdogsebességget a kiBUAL»CBO T[JHOJgL»OT C[ONM

duld helyzetig mozgott, mikdzben a vizsgalati Q Ga IBU»TU UBI

T[FNAMZFLOFL NBYJN»MJT3®E-8anUmdrt-ivrdatenydmaték Grimid i F70°-

nilk a dinamométer karjara (koncentrikuban, mind pedig az 50°-ban mért forgatdnyo

fazis). Az ismétlések kodzott 2 masodpercmatéktol kiilonbozoétt (p < 0,001), figgetlendl

TPSP[BUPL LB[PUU QFSD E?LJ UERAEE UFNBAF®IA IBU»TB JT

Q WBHZJT B[-FE[ATG

Izomfajdalom meghatarozasa OZPNBUAL EFgDJUFU FSFENAOZ
B[ C[OMFUJ T[PHIFMZ[FUU&M "[ JE&

Az edzés hatasara keletkezett mikrosériilédékMZ[FU JOUFSBLDJIKB AQQFO

kialakulasanak indirekt igazolasa az izomf4j ' Q 2. &brp A post-hoc elem

dalom meghatarozaséaval tortént. A vizsgalaéisek alapjan a 30° és 50°-ban mért forgatényo

személyeknek a masodik felmérés alkaimaBUAL B[ FE[AT IBU»T»SB KFMI

B[ FSALJGFKUAT LD[CFOJ [p[/OOR)Frhit £70°-am i tBdvpRtdhfoina

zetiiket egy 100 mm-es jeldletlen skalan kW AL DTDLLFOATF OFN WPMU T[J

lett jeloIniik®

OZL

EREDE

A quadriceps femorigom EMG aktivitasa
Statisztikai elemzés

A quadriceps femoriBMG aktivitasaban
A mért és szamolt valtozokra atlagot és sZB[JHOJgL»OT C[OMFUJ T[DPH G2

rast hataroztunk meg. A Shapiro-Wilk tesztek Q " QPTU IPD FMF
alapjan valamennyi valtozé normal eloszlasint a 30°-ban mért EMG aktivitas kisebb volt,
mutatott. Az egyes véltozokban az edzés HaJO U S CBO Q AT S (

U»T»SB CFLPDWFULF[& C{OWRUGCI[DHBEMXFHLB[FMPIUFUUF
gLVT W»MUP[»TPLBU LAUTUANGBOQBRbATMANMATER G& IB
varianciaanalizissel hataroztuk meg, ahol &FN B[ JE& C[OMFUJ T[PHIFMZ[F
FHZJL GBLUPS B[ JE& QSFWWPIMQPTTUH OB AL»TQT GBL

tor pedig a térdizlleti szoghelyzet (70°, 50°

AT S WPMU 4[JHOJgL»OT C[OMFUJ T[PHIFMZ[FU

1n
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maximalis izometrias forgatonyomaték 70, 50

3. dbraA quadriceps femazizm EMG aktivitasa
70, 50 és 30°-0s jzileti szoghelyzetben a

és 30°-os izileti szoghelyzetben a mikrosériléstJ LSPTASOMATU PLP[I FE[AT FMA&aU!I
PLP[I FE[AT FMAUU QSF A T:¥dladice Remtism EMG aktivitasa
#: 30°-ban mertforgatonyomatekmlnda70° -ban, GOHHFUMFOOM B[ JEAUAM LJTFCC
mind pedig az 50°-ban mért forgatonyomatektdzoghelyzetben mint 70°-os izlleti széghelyzetben
T[JHOJgL»OTBO LOMDPOCDH[DUU
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4. abraA biceps femoiz®m ko-aktivacié 70, 50 5. abraAm. biceps femoris / quadriceps femoris
és 30°-os izuleti szoghelyzetben a mlkroserulestEMG aktivitas aranya 70, 50 és 30°-os izlleti
PLP[I FE[AT FMAUU QSF AI‘I[DJI—UE@IZQ:FUTCLFO B NJLSPTASOMAT
(pre) és utan (post)
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Biceps femorizom ko-aktivaciéja Quadriceps femoriEMG aktivitas / térd-
extenzor forgatonyomaték arany

" NBYJN»MJT FSFKé UASEFYUFO[JIL BMBUU B

biceps femoimm ko-aktivacidjdban az izi A maximalis térdextenziok alatt mert

MFUJ T[PHIFMZ[FU Ga& |B Wuadrichs FemBENGVeRtiviks /Udrdeen-

T[JHOJ@LBODJB ASUALFU 20r forgatonyormaék @@nytd mind az izl

G4 IBU»TB TFN B[ JE&A C[OMMBU J [DBDIFNMEIFUOUFS Q

BLDJIi OFN WPMA4&BRIHOJgLRQGEIH B[ JE&A Q C
T[JHOJgL»OT WPMU 4[JHOJgL>

Biceps femoris / quadriceps femoEBIG B[ JE& AT B[ C[OMFUJ T[PHIFMZ

aktivitas arany ' Q

EREDETI KOZLEMENYEK

" NBYIJN»MJT FSFKé UASERY EtAdd | eleBAMB Wsterid A& U edzés
biceps femoris / quadriceps felBMGsak IBU»T»SB F B NVUBUI T[J
UJWJU»T BS»0Z»CBO T[JHOABWU»OB JE& B® IBUGMBUJI T]
UBM»MUVOL Q - Q4FN B[ CBOMBTIL LAU T[DHI
UJ T[PHIFMZ[FU TFN B[ JEB[@OBF B OFPWREMEZAAUOFN WF
JOUFSBLDJI OFN WRMU T[JB.QGEIEL»O0T

MEGBESZELES

g — Vizsgalatunk eredményei azt mutatjak,

hogy a mikrosérilések kovetkeztében a
térdextenzor izmokban kisebb térdizuleti

6 szbghelyzetben, tehat nagyobb izomhossznal
OBHZPCC GPSHBUIOZPNBUAL E
(2.4bra " EFgDJU N bibkNsFdundrisd a U U
quadriceps femorBMG aktivitas aranya

(5. dbrp ez a valtozas azonban nem volt4ziile

24 UJ TIPHIFMZ[FUTQFDJgL-VT .JO
nyunk azt mutatja, hogycaadriceps femoris

izom sérllése kovetkeztében a térdizilet

0 1T 1T T T 1 aktiv stabilitAsa megvaltozott maximalis
térdextenzio alatt.

O P

ST 85T s5e? ] .. :
" UASEC[OMFUFU GFT[GU& J[NF

Térdiziilet szoghelyzete maximalis forgatényomaték eltér a kilénbo

[& C[OMFUJ T[PHIFMZ[FUFLCFC

NJLSPTASOMATRLAUFWEGAM A U AU

6. abraA m. quadriceps femB&MAG aktivitas — |atunkban nagyobb forgatényomaték nagyobb
| térdextenzios forgatényomaték aranya 70, 5& 9y 9 Y gy

és 30°-0s izllleti sz6ghelyzetben a mikrosérulgifUleti sz6ghelyzetben, tehat nagyobb -izom
PLP[I FE[AT FMAUU QSF AdssznbkbvetkezZet Bedbrp ami megfelel

*: az edzés hatasara 30 fokos izileti Llnbni . ,
TIBHIEMZ[FUCFO T{IHO duL» PR yizsgplatok efegmenyeinaBordon
quadriceps femddG aktivitas / térdextenzios €S MUnKatarsai szerint nagyobb izomhossznal

forgatonyomaték aranya B[ BLUJO AT NJP[JO gMBNFOU)\
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atfedettsége és a nagyobb szami kereszthiNBYJN»MJT UASEFYUFOI[JI BM
okozza a magasabb forgatdnyomaték kifejzsantagonistdiceps femorzom) viselkedé
MFIFUATAHAU B UASEC[O M FB4i€. A antagonista izom ko-aktivacioja az
agonista megfeszitésekor a Golgi receptroknak
Sorozatos excentrikus kontrakciok sordnD T[DOIFU& AT GPOUPT NBSLF
az izomban nagy feszilés keletkezik ésstabilizaciéjanak. Vizsgélatunkban feltételez
szarkomerek tdlnydlnak, ami az izomhosstik, hogy az agonista izom mikrosériiléseivel
feszillés gorbe modosulasahoz veZethgt. nemcsak az agonista izom aktivitasa, hanem
B T[BSLPNFSFL UOMOZGM a7 anthgbnB\ Eitdak ke akiBi\itaBaQis modo
timélis nyomaték kifejtési helyzet nagyolsul. Bar @iceps femoimm EMG aktivitas
izomhossz iranyaba tolédik el. Ezek alapjatlagai mindharom izileti szdghelyzetben
ugy gondoltuk, hogy az edzésprotokoll-hatadvekedést mutatnak, ez a névekedés nem
T»SB B[ FSAEF@gDJU FMUAS & RIN U [ T OHEIREBATAR [elelicrel J
T[PHIFMZ[FUFLCFO I S »WeBa hagyVsehi GihdrMddps) féDdizsm
CBO BMLBMNB[PUU FE[ATQuiP semLifddpd tenofiwmibahaed tér S
és 50°-ban csokkent a maximalis forgatényént valtozas a mikrosérilést provokald edzést
maték, mig 70°-ban nem valtozétt §ora L D W F Ukides feBoris / quadriceps femoris
Tehéat elmondhat6, hogy az izileti széghel& .( BLUJWJU»T BS»0Z»CBO NAL
zet (izomhossz) befolyasolja az edzés hatas@® WFLFEATU g HZRMABAI é2OL NF
LIJBMBLVMI GPSHBUIOZPNBGAHHFSMBO WRSUARAG[OMFUJ
JHB[PMWB FMT& 1JQP U5 AH{J hRDirdmakiliTasaRa® br8n@a meghatarozza
méletét. a térdizllet stabilizaciojat, elmondhato, hogy
a térdizulet stabilizaciés mechanizmusa mé
"l AQ J[PN[BUCBO LPS»CEPaVAMU JI[ BFHERRLUJWJIU»T OD
HZFMUAL IPHZ FMUAS& |Ri@yahi® kdvabbi [vizspRIMokFsiredn Sitlaban
maximalis EMG aktivitast képes produkalrisokkenés torténik mindkét izom eset&ben,
akaratlagos kontrakciok alalizt a mi ered melyet allatkisérletek eredményei is igazol
ményeink is alatamasztjak, ugyanis az edzek. Az izomorsok érzékenységét kulonféle
F M guadrizedSMG aktivitds nagyobb izii gyulladassal kapcsolatos anyagcseretermékek
leti szoghelyzetben, vagyis nagyobb-izod T FMAaJEA[IFUJL
hossznal valdban magasabb \&ltapra
&CCA&M B NFH»MMBQGCU » T CAMiawicepsiemdzdn EGIG MktiNtasaRaE J L
hipotézisiinket, vagyis, hogy a mikrosérilészatlan maradt, azonban a térdextenziéban
szenvedett izom EMG aktivitdsanak mdddifejtett maximalis forgatonyomaték csokkent.
TVM»TB JT C[OMFUJ T[DH IEMZ jefebtiT QdyDar enikko3érilés jelanlété
galatunk eredményei azonban azt mutatjaAiC FO B W»[J[NPU AS& JEFHJ JNQ
hogy bar a forgatonyomaték a kisebb-izileem valtozik, mégis ugyanakkora ellenallas
ti szoghelyzetekben csokkentquadricep MFHZA[ATASF LAQUFMFO NJOU
femorisizom aktivitdsa valamennyi sz6ga jelenséget vizsgalatunkban az egységnyi for
helyzetben véltozatlan mara8t @brpa A HBUIOZPNBUALSB FT& &-( BLUJ
két jelenség egyutt azt mutatja, hogy az idegl fejeztik kirg. quadriceps femdEMG/
rendszeri aktivitas fennmaradt és a nyontérdextenziés forgatényomaték arany). Ez az
UALEF@DJU FHZFEOM NJP gBCSSNORMB B FIE [TAATS CBWATRISBFT[ Dt
LBDT[POIFUa kusan valtozott: 30°-0s izlleti szghelyzetben
O&UU NCH B N»TJL LAU T[PHI
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véltozott §. abrp Ez természetesen annak amikrostrukturalis valtozasok kdvetkeztében.
eredménye, hogy a kisebb izileti szoghelyz&S4LJGFKUAT LD[CFO FHZ C[M
ben (30°) volt a legnagyobb a forgatényomaté#rkerekkel hatarozhatjuk meg, mint az izi
FSA&EFgDJU NASUALF B 4»SWRUBFMNASBUHBH IFMEL FSEKF
[FU FTFUACFO .JOEFOFTF bkévitasa.Héerlviz€ydlatbahRgdzoltik, hogy a
vizsgalatunkban alkalmazott edzésprotokaérdextenzor izomcsoport mikrosérilése-kovet Ll
altal kivaltott csekély mikrosérulés és fajdaléertében, a fenti markerek tikrében a térdizi ﬁ
OFN NIEPTCUPUUB B[ J[N P lgt SAaBibitasaaniodosul) EzQ@ Yhitlpsulas kétféle
sok erejét. LAQQFO ASUFMNF[IFU& &HZSAT
UASEUFYPS J[PNDTPQPSU NFMMF
Vizsgalatunkban fontos limitaci6, hogy 4FU TQFDJgLVTBO DTBDLLFOU B
UASEUFYPSPL NBYJN»MJT GfergatbByorn@tzkaNamhek LellehéfeT HBgy ez
UASEUFYJi BMBUUJ &.( BLUukéBki UBMG» bkiiGithdd MeAdatléhl maradt.
és érdekes lehet annak megallapitasa, hodyaarészt maximalis térdextenzié mellett a
térdextenzorok sériilése kialakit-e neurélis gt ASEUFYPSPL LP BLUJWJU»TB C
M»TU B IBKMCUIL BLBSBU M B tRaxtéhgddkJaBtvikasbAdloralah nvadddl
gélatunkban tovabba nem mértiink molekulariss WFM B[ BHPOJTUB AT BOUBHP
mikrosérilés markereket, bar az izom szubjelése miatt az izilet normdlis stabilizaciés me
tiv fajdalomérzete énmagdban mutatja, hoglranizmusa mddosul, ezért az érintett izlilet
az izomban gyulladasi folyamatok indultak eEriuilésének kockazata fokozédhat.

KO

*0%"-0.

1L )PUgFM 5 'SFIJXBME + )PQQF .P SHRQdMINSghtPisd e behavior of
3 (SJN $ Ad&vancBsMn Delayed-Onset muscle during active lengthening. Biophys J.
Muscle Soreness (DOMS): Part |: Pathegene q
sis and Diagnostics. Sportverletz Sportschaden 7»D[J . 3CP 3PESCHVF[ % /AHZF
Organ Ges Orthopadisch-Traumatol Sportmed. %FM OMNPVUF OFVSPNFDIBOJDB)
q DBUJPOT BOE | SFDPWFSZ JO F
2. 8BSSFO (- -PXF %" Meéaduiet S P &ftdr rBakimal stretch-shortening cycle exercise. J
ment tools used in the study of eccentric con & MFDUSPNZPHS ,JOFTJPM +V(
traction-induced injury. Sports Med Auckl NZ7. "SBNQBU[JT " ,BSBNBOJEJT ,
q .PSFZ ,MBQTJOH ( %F.POUF (
3 7»D[J . 5JIBOZJ + )PSUPC»HZJ1 Efe@»bdifferedfTdnklee Bnd knee-joint
$P TUB MecRddicB Miochemical, and positions on gastrocnemius medialis fascicle
electromyographic responses to short-term ec length and EMG activity during isometric
centric-concentric knee extenzor traininginhu QMBOUBS GMFYJPO + #JPNFDI
NBOT + 4USFOHUI $POE 3FT 902 q
#ZSOF $ 5XJTNeudpmdstulaPf@c3 8. -BV 8: #MB[FWJDI "+ /FXUPO .+
tion after exercise-induced muscle damage: the T B L BAssessment of Muscle Pain Induced by
oretical and applied implications. Sports Med Elbow-Flexor Eccentric Exercise. J Athl Train.
"VDLM /; q q
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RIGINAL ARTICLES

Abstract

In our study, we have demonstrated that 3D scanning provides a powerful tool for the examinatior
of explanted worn implants. The 3D models of 6 worn hip and 6 worn knee implants were createc
by 3D scanning and compared to the original geometries. The root causes of the failure of th
implants could be assumed even without information about the service of the implant. This can
help in the design of more durable and robust implants and to select the most critical operatior
parameters, and to avoid premature loosening.

Keywordship implant, knee implant, wear process, 3D scanning, failure process analysis

INTRODUCTION mon diseases of the examined joints, which
leads to prosthesis implantation and to try to
The goal of our research is to examine a@SJFuzZ EFTDSJCF UIF QPTTJCI
evaluate the wear process of hip and kremepts, we covered the entire life cycle of the
prostheses and to create a model that adeplant — its effect on the biological and-phys
quately represents the wear and failure processgical processes of the body — highlighting
of the chosen implants based on 3D scannmegision surgeries and their leading causes.
PG FYQMBOUFE QBSUT #B0Orebf h®©fuRddiBemnaDilla bf Dur Wdik is
SFgOFE BOE HFOFSBMJ]JF EtoddtErning ths thtde ofthé&préc&ssesHeading
the different types of prosthesis groups sttdl the removal of the implant and to compare
ied, thus pointing out the strengths and poihe degree of wear with the original part, pos
sible shortcomings, weaknesses, or defectsity with its model. Removed prostheses were
the implants currently in use and analysexkamined by a 3-dimensional imaging proce
by us. The examined prostheses were dividiede — 3D scanning and visual inspection to
into groups by type and implantation proceetermine the regions most exposed to weatr.
dure. Based on the literature and the results,
we tried to conclude comparable and relevdiitese zones were then examined more close
consequences. ly for characteristic lesions. Furthermore, the
length of operation of the prosthesis, the man
To understand the very complex and cemplifacturing and material quality of the part it
cated process of wear, we considered i esselfi and, of course, what kind of professional
tial to analyse the summary of the most cosurgical procedure of the implantation, as well
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as the lifestyle and discipline of the patient canaccordance with the static lines of force
be deduced from the extent of the wear areaassing through them.

Finally, we compared the obtained resuli$e structure of the bones is continuously
with the information obtained from the literadapted to the mechanical stresses effected on
ature and drew our conclusions based on thisem - since the human body also aspires for
the principle of minimum - so it is ,ecorom
From an engineering point of view, it is essdanal” in the biological sense, i.e. it reaches the
tial to say a few words about the structure ametessary strength with minimal use of ma
properties of bones. In terms of bone architégrials. At the same time, the bone-losing and
ture, it is found in two types of arrangemeriyilding processes rebuild the trajectory-struc
on the one hand in a solid-haslilfstantia ture according to changes in stress conditions.
compacjaand on the other hand in a-poThe phenomenon is most clearly observed in
rous-spong)s(ibstantia spongifsan! Solid  the femur neckFgure 1L In terms of struc
bone tissue mostly forms a relatively thin cture, the femoral neck and upper femur can be
tex (cortical) on the surface of the bbfiés. compared to a crane boom, as the top of the
modulus of elasticity of the bone cortex rarfgmoral neck is a tensile — blue — highlight
es from 7 to 30 GP&he spongy bone stocked lamellar bone tissue — while the bottom is
forms the bones’ inner part instead of the cpressurized — a red — highlighted tubular bone
tical - solid cortekDue to its highly sophis beantt
ticated — strict trajectory — structure, Young'’s
NPEVMVT JT (1B g TJiterthg &f Bh® ddtZoMriRoX EiSeases of the
than the mechanical properties of solid bojwnts, coxarthrosis of various abrasive origins,
tissue —, yet it provides adequate strength withich has now become almost a common
low self-weight. This is because the spongdisease, leads to painful contractures-— nar
bone is a complex web of beams made of b&BE XJOH PG UIF SBOHF PG NPU
tissue, the gaps of which are interwoven byoacomplete loss of function. We must also not
network of medullary cavities. The beams fofget about the various traumas and cancer
the spongy bone stock do not occur irregulaslys lesions, which can also lead to surgical
but in orderly into strictly lawful architecturesU SFBUNFOU *O UIF gFME PG
UJPOT BSUISPQMBTUZ IBT TJlI
the number of other such therapies. Arthro
plasties include surgeries in which joint move
ments are improved by re-forming, possibly re
placing, or removing joint ends. Implantation
of joint prostheses is one of the most successful
surgical procedures*O UFSNT PG gYBU
distinguish two types of prostheses, cement
i > ed and non-cemented. In the case of cement,

\ the bone cement (two-component polymethyl
NFUIBDSZMBUF FOTVSFT UIF g
thesis in the bone bed after polymerization. In
UIF DBTF XJUIPVU DFNFOU UIF

Figure 1Structure of human bone in the cross-With a wedge effect during implantation — this
sectional view of a hip jdint is called primary stability, which could easily
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fall victim to “economic” osteoporotic preacesa&lthough UHMWPE systems have numer
es. The surface of the prosthesis is often coatexl advantages, they need to be replaced af<—('
with a hydroxyapatite surface layer, so it c@n a period of time, as septic loosening canZ
interweave with bone tissue by bone-buildinggcur. Some infection usually occurs often = O
thus creating secondary or biological stabilidye to abrasion products. The excretion of O
(Figure p1.6 these products from the joint occurs through
the lymphatic circulation, through complex
Today, the most commonly used implant slithechanisms, some of which are still unknown
ing surface material pairings are UHMWPIEven today. This is limited by the ability of
— cap — and cobalt-chromium (230 GPa), tre “assigned” cells to absorb and absorb, and
TiAI6V4 (110 GPa) — head. These promise thiter a while, the tired mechanism is unable
most favourable results, and also the greategirocess foreign abrasion products. Reactive
FYQFSJFODF IBT CFFO HBth&E B far@edUwRidhF penétidtbd between
UHMWPE, like cartilage tissue, distributethe bone bed and the layers of prosthesis or
the load and reduces the modulus of elastiGiyhesive cement, initiates implant looséning.
for the entire prosthesis — as the modulus of
the metals is two orders of magnitude highearthermore, another major cause of revision
than that of bone tissue — thus improving tiseirgeries is aseptic dislocation, in which case
JOUFHSBUJPO PG UIF BSUdwibfecBd iKpredenht) Thédd-indIuelS Japiaus
problem is that the mechanical properties tbhumas — often caused by the implant itself —
JNQMBOUT EJGGFS TJH O J&MNDRISVHZ 0G5 SPRB DWUB B OPTG- HIFB O\
body, as stress creates micromovements nietion, metallosis (metal allergy), or Willert
tween the bone tissue and the implant; cagssease. Also, the implant can simply wear out
ing the prosthesis to irritate bone tissue in &@sd break dowh/8
environment, causing osteolysis — bone loss —
and eventually complete dislocation. For these reasons, it can be seen that a severe
proportion of revision surgeries can be traced
Its mechanical properties similar to those @€BDL UP BSUJgDJBM KPJOU XF
the human body, and its special tribologicednsequences. Therefore, it is in our funda
properties and excellent biocompatibility alseental interest to better understand these pro
contribute to achieving excellent results witesses and reduce them to the minimunm possi
UHMWPE system§. ble level concerning our possibilities.

7 d

\\

a)
Figure 2Different shapes for hip prosthesis implants.
a) QPMJTIFE TVSG B D FhGRuStuz& duFa@dSfopivt@&tatldh @ithout bone cément
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UHMWPE abrasion testing in the 1980s amicro-computed tomography (microCT).
tempted to classify various surface abrasiéiisof these techniques have unique peculi
g EFGFDUT q BOE JEFOUJ gdriiesEan@ Gévarkagaes. GMitkd@dpladement
regions on each prosthesis. After examinigugd gravimetric methods provide relatively
JNQMBOUT BU Y N B HOJ g BcBudale? @sults) BUF gheBe tdchHRigues were
microscope, HO8d JEFOU J@g FE T F \Edh@tireR BneTcos@ming because from the
surface damage: SFTVMUT UIFZ EP OPU gOE UI
from where implants have lost material. The
1. “Pitting” (point corrosion): 2-3 mm wide,optical method is included in this group, but
1-2 mm deep craters, depressions on therecent years — due to reverse engineering
surface. and image processing — computer science and
2. “"Embedded debris” (fragile debris): Bongoftware engineering has been so dynamically
chips or a metal component may cause tisveloped. Using the optical method, we can
phenomenon. In addition to osteolysiglso get a point cloud — like from the end of the
it damages the metal surface and causeisroCT technique — but it is sometimes fast
further abrasive wear on the UHMWPEEer, easier, cheaper, requires smaller and mobile
3. “Scratching™ Linear defects on the suequipment and contains fewer hazérds.
face, which are a form of abrasive wear,
are likely caused by microscopic ureveBecause of the advantages of the optical meth
ness on metal surfaces. od, it is widely used in anatomical studies,
4. "Delamination™ Severe forms of damagénplant modelling, and pre-surgical plan
which can lead to catastrophic wear aming. Sindhu and colleagues modelled knee
tear, the disintegration of the implant, rdoad-bearing joints for developing the surgery
quire immediate revision. process of total knee replacement. They com
5. Surface Deformation: Unlike other formgared different scanning techniques like co
of damage, it does not lead to material lasslinate measuring machine, 3D laser-scan
and strictly speaking, is not considerewr, X-ray computed tomography and FARO
wear. arm edge. And then they examined the point
6. “Burnishing” (grinding): Abrasive wearclouds with CAD systems. At the end of the
so that it can be considered as adhessteidy they found, that X-ray computed temog
abrasive wear, but it also produces a weaphy had given the most accurate data from
product, debris, which can cause ar osseanning techniques, but the laser scanner was

olytic reaction. the second, not far behind from1€T.
7. "Abrasion”. Bruising of the surface, -typi
cal abrasive wear. Kocsis and his colleagues measured the wear

rate of 24 total shoulder replacements with a
8FBS JT DMBTTJgFE CZ SFB3IsRannBrOhey folkd- thakWhé vdurketric
Hood-type methodology, which we used wwear rate is more than twice as fast as in the
our studies, is semi-quantitative and allowesise of total hip replacem&nSometimes
comparison between different types of prasiplants have a coating, and a group-of re
these§:? searchers proposed an intelligent automatic

control system for plasma processing of med
Nowadays, there are several methods to eigl products with complex shapes utilizing
uate UHMWPE wear and tear gravimetric3D scanning. This system uses the data of a
SBEJPHSBQIJD PQUJDBM 8IVsdanied ToQonddD & oD tdanipu@er.
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3D scanning is the most widely used in tfiée warm colours displayed by the software in 5.::

dental industry today because tailor-made il IF gHVSFT TIPX EFWJBUJP Og (

plants are a common way in dentfstifBe  surface in a positive direction, which means 2

low a tailor-made implant model is presenteédat the surface element under examination Qo

(Figure Bin scanned anatomical position. exceeds the reference. Cold colours have ju

the opposite meaning, so the deviation is in a

negative direction, which means that the sur

: face under study is under the reference surface.

ey 51F HSFFO DPMPVS JOEJDBUFT
; method of the description given by us can only

be interpreted on the surface of bodies and this

is also given for the sake of illustration, not as

BO FYBDU EFgOJUJPO bIF NPES

our, the greater the deviance. The scale can be

adjusted appropriately to the differences in the

examined implant in the program.

¥

Figure 3Tailor-made implant model in an
anatomical positiéa

MATERIALSAND METHODS

In our study, we investigated 3 cementless ...

3 cemented hip prostheses, 3 unicondylar ane-3

total knee implants, removed by revision. Our Figure 4% FgOJUJPO PG B TQIFSF JO
. scanned socket

measurements were performed with a GOM

ATOS Core 5M 3D scanner (Carl Zeiss GOHFRESULTSAND DISCUSSION

Metrology GmbH, Braunschweig, Germa

ny). We created a point cloud of each implartO UIF DBTF PG JNQMBOUT XJL

which was compared with the CAD modeélon —Figure Sop line — it can be noted that

of the parts. Where the CAD model was ntd IF g STU BOE UIJSE TBNQMFT E

available, we tried to assume a geometry thiat the middle one is a modern prosthesis.

best represented the original, as the working

surfaces of the implants are usually standlF gSTU JNQMBOU DBO CF TB

ardized. Either we compared our workpie@dong a band during wear, so a stripe can be

with a CAD model from another manufacturseen in the images. The spherical part of the

er's system, assuming identical standardizagh, which came into contact with the head,

working surfaces, or we created a geomdiegcame ellipsoidal, the major axis of which is

that best represents the original system usihg previously mentioned band. Point eorro

a CAD programRjgure % sion, scratches, and abrasions can be observed
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on the surface. The edges of the right-hands than that of the other two implants, as here
cup were wrinkled — also along a band — duethe loads and abrasive effects are concentrated
deformations. Abrasions and scratches coatcand around the critical point, but the only
also be observed on its surface. However, tlasasion was observed on the work surface.
changes are perhaps not as conspicuous as
the change in the middle workpiece, whichhe approximate original wall thickness is
is strange since it seemed the youngest ofdghewn at the below part of the cross-sectional
three prostheses based on its design. g HV SHgur®©pwhere the point cloud and

the geometry of the CAD model are present
The middle (upper) sample shows that thed together in overlay. On the other hand, as
head began to deepen the ravine aroundve look upwards, these two surfaces become
point, and this process was already very awre and more distant from each other. The
vancedKigure B On the opposite side, how change can also be traced in the colouring, the
ever, the material was practically not coBMNPTU QFSGFDU gU JT HSFFC
sumed, so there was no stress on the pareation, it is getting darker blue with a marked
that location. At this certain critical point thdark blue spot between the blue and green gra
material thinned so much that, if the implardients, probably representing damage created
was kept in intense light, it was almost tranduring resection.
parent. The shadows on the other side were al
ready visible, so this clearly had to be replaced UIF DBTF PG DFNFQUesYFE J
during revision surgery. MPXFS MJOF q UIF EJGgDVMU I
This wear process appears to be more dangent caused some problems during the-meas

Figure 5Scanned hip joint implant sockets (upper row — cementless, lower row — cemented sockets)
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urements but here we had a CAD model of tB@milar surface damage was observed on theg
original parts for each of them. gSTU JNQMBOU CVU UIFSF gIF
JOH UIF QSIJNBSZ PQFSBUJPB g
*O UIF gHVSFT UIF FMMJQ Ut® BepdiviB @ Fhé® @roblg BoditphF® the &
ical part of the tufts can be observed withifeamoral neck of the prosthesis touched the cup,g
simple eye measure without taking colourimgeating a depression on the left side of the
into account. It was also visible that the ratepairt of the implant. Damage to this prosthesis
uneven wear was also much higher than ti{&igure ¥ suggests that this may have irhibit
of their cementless counterparts. ed the patient’s movement, as otherwise, such
damage on the cup would not have occurred.
This could have caused several problems and
symptoms while wearing it.

Implantation of the second prosthesis was ap
propriate. Even so, its distortion is comparable

UP UIBU PG UIF gSTU 5IF SFDF
is also shown to be blue on the colour scale
(Figure Y, and it can be seen with the naked

Figure 6Cross-sectional 3D scan view of the
second investigated cementleisgife Supper
row, middle) hip joint socket

Also, with these implants, it can be seen tha
there is a privileged direction in which the
IFBE CFHJOT UP XFBS PVU
two cases this is well visible but even in the
third, it can be seen, although it presumably
spent a much shorter time in regular use. This
can be explained by the fact that the materia
loss found on it is much less than that of other
DFNFOU gYFE POFT 4UJMM
OJgDBOU BNPVOU PG DSBUF
abrasions can be observed in the pitting pat
tern. At the same time, relatively large pieces

also detached from the cup, leading to implantrigure 73D scan of an incorrectly implanted
loosening and premature revision. socket
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eye that its shape has changed to an oval sleapetry to the point clouds, but the extent of
during use. On the other hand, the inner suthe damage is still obvious. It can be said that
face of this - in contact with the head of gmactically all 7 forms of damage can be found
BSUJgDJBM KPJOU JT SF MB allw Kid inflErfD so 5t Ido&sids @akeO P
grooves, scratches, or other signs of damageense to highlight them separately. It can be
TFFO UIBU UIF BSUJgDJBM IFBE
In the case of knee implants, we examined8faces parallel to their longitudinal axis and
unicondylar knee implantsFigure 8upper often not in the middle, so their positioning
SPX g UIF gSTU UXP XJUIP Was mEddrreOtUt B Gue tdJthis, N probably
XJUI DFENFOU @gYBUJPO 8 JHg¢ir asynmiiekricdl NIEsrB-Odd Tvell as their
only one condyle of the knee is removed. Desmall tread area — that they received such high
ing the measurements, we did not have a CAdces and abrasive stresses locally that all of
model of the workpieces, and, considering titem required immediate revision surgery due
TFWFSF EBNBHF XF DPV M&arabdidlen-like Bsuddersfallrél V S F
that adequately represented the original ge

Figure 83D scans of total knee replacement implants
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-PPLJOH NPSF DMPTFMZ Broarkét fhreaf ds alréb@yhb8corik fréeU—the%::

can be said that the lower corner was jpracipper side has disappeared — fortunately, the<—,:I

DBMMZ DPNQMFUFMZ QFS GRe3aBtirEdsl hds het iBeSrl bdmané® MereRd»E

was already working on the metal basket of thean be said that the damage was already i

cup. This may be one of the interpretatiorise phase of sudden destruction and due to theg

because metal shards were practically rolladye detached pieces, this was probably the

into the UHMWPE in the damaged zone. Agreatest danger to the patient.

further interpretation for this is that the metal

gCSF VTFE GPS UIF NBSLF &xaxiniy ltoaB«@eelmRplrid; Ecahe said

tell how much the implant is wamvivoon UIBU UIFZ TVGGFSFE TJHOJgD

X-rays, has wholly disappeared near the cavitian the sledge prostheses. In terms of their
gYBUJPO BMM XFSF DFNFOU G

Examining the second prosthesis, it can-be de

clared that it suffered the least damage and Tt most seamless was the third cup, with

operation was the best performed, but at $@me abrasions and polishes on the baek, run

same time, extensive damage and severe lotay all the way to the middle tract, where

ly concentrated lesions can be observed. scratches can be observed. Deformation is still
visible in the posterior and central areas, but

Taking the third implant under examination,UIF FYUFOU PG UIJT JT OPU TJ

it can be said that the material detachmeaiimost novel condition of the examined sam

was already extremely increased here — hplgesuggests that it was most likely removed

craters on the tread surface — and grandidse to infection or loosening.

pieces were torn off the corner of the cup. This

can be observed between 1 and 5 o'clock sikcéBNJOJOH UIF gSTU QSPTUIFT

the lower side of the groove containing tteBDL TFDUJPOT XFSF EBNBHFE

a) b)

Figure 9*OWFTUJHBUFE SJHIU CBDL FEHF PG UIF gSTU JO
a) MFGU FEHF PG UIF TFDW)t@Bhded\defdrmdatiaBUFE TBNQMF
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cantly, obliquely, with scratches and abrasiotist the literature calls hip implants a “gold

and a phenomenon known in the literature &n standard” among prostheses, as they do not

a bow tie, a bow-tie sigxiqure ® show sudden breakage, are more balanced,
IBWF TUBCMF XFBS BOE IBWIF

This can also be observed on the right sldager lifetime.

of the middle sample. However, two recesses

can be seen in the central area of the impldie conclusion of our examinations about

— with pitting, abrasion, and scratches aroukdee implants is that small bearing surfaces,

them — it does not appear so markedly hened asymmetrical designs should be avoided.

that the wear in the posterior regions is almdtstvas also observed in the case of hip pros

the same as in the middle. It can be said thia¢ses that point contact is not desirable. This

the structure operated at least one-sided, asshenuch more pronounced here. Uni knee

deformation on the right side is more exteimplants probably performed poorly because

TIWF CVU UIJT JT OPU BT UUFHIGJREB B (BW BD BN QISP @BIFJF

of uni knee implants. different from human tissues, so it would be
FTTFOUJBM GPS UIF CPEZ BOE
CONCLUSIONS to be implanted to have the same mechan

ical properties. This can be explained by the
In our study, we have demonstrated that 3Bct that bone and cartilage tissues absorb the
scanning provides a powerful tool for the dgad much softer than the implant, resulting
amination of explanted worn implants. Then asymmetric stress and increased wear if
root causes of the failure of the implant can dr@y one of the condyles is replaced. However,
assumed even without information about tltie to the micro-displacements between the
service of the implant. This can help in the deone and the implant, it is also vital to achieve
sign of more durable and robust implants aeduivalent mechanical properties. It can also
to select the most critical operation parantee observed that — according to the literature
ters, and to avoid premature loosening. — the middle and posterior sections of most

of the knee prostheses are worn, to eliminate
Overall, it can be concluded from the hiwhich it would be essential to copy the original
JNQMBOUT UIBU DFNFOUM ¥ palycentris U geometdyTof Xhieé Briee GoBit as
vourable not only for loosening but also for thecurately as possible as well as designing an
MIJGFUJNF PG UIF BSUJgD ihiplnt Ehst@as & playl ofthbéut b TantBretres,
lishment of biological stability, the structurgimilar to the original joint. This would pre
behaves like an adjustable bearing and adagtist entrapment, extreme lwaald protru
to loads to a certain extent, making wear pgions in the system — and thus the formation
cesses more even. While for cemented pafsa bow tie signal — asymmetrical failures —
theses, a lot depends on the precision of #sethe structure could work like an adjustable
implant surgeon. Finally, it is no coincidendeearing.

ABBREVIATIONS

- UHMWPE: Ultra High Molecular Weight Polyethylene
- CAD: Computer Aided Design
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Absztrakt

" » MM»T LD[CFOJ EJOBNJLVT FHNAED[FSWMZP 35 FFMBDO WS T
UFT[U " SAT[UWFWA& FHZ GFMGEBMNHSE % PDZRIBWD MBRSBM+MDML J
MFOHANP[H»TU LF[E WAHF[OJ BWFMZBOBFSATNBVENME BB X
MBQ NP[H»TB BMBQK»O B MFOHNU DIBWMBQRE FISHEBIM B F
Q»MZB BMBLK»WBM B[ FHZFOTO K2V ST Bl EAN KEF Bl MFN B[ LFRUN
CBO NFHKFMFO& NP[EVMBUJ FMFN F LCWIT TH>HVCBUJTBA WRWIEIMG

5J[FOPU gBUBM g0 LPT»SMBCE»BHBRMFH.PS <« < DMWR

) LH EPNJO»OT M»C CBM WAKP[@ FCBW BVYERDJRAT
>MMWB " MBQ WBMBNJOU B U FBELFTS FILFLTAUM N R $5>TUL BONER
SFM SPH[CUFUUOL " LPNQMFY WNPJHSFW GRQPRQBUEQSTABE
NFOUAO UDSUAOUFL B G&NP[EVNEWVPIO ONF MMM FUWEJ BV MV
BMBQK»O SBOHTPSPMUVOL

" EPNJO»OT GANP[EVMBU LAU M»OPFOT UMMM ZI»ETFMEB[BT PN
»MM»T FTFUAO B UBSUIM»C GPFMBEBBEVEITQAECMM WBMF ®!
M»CPO B CPL»CiM WBMI FM&SF E&MAT» THB EBNIBON EP N
B[ FMASF I»USB JS»0Z0O NP[EVMBUBOANT BOUWS® M UBKMB: VBT
JS»0ZVMUT»H»WBM JT .FHKFMFOU NATH BVAB QBBLD LW PO

*“TT[FGPHMBMWB B GA&NP[EVMBWPIEYE TVABIMB [GFMICPORWT E
OZFSATJ NP[H»T WJ[TH»MBU»SB

KulcsszavakF HZFOTOMZP[»T GALPNQPOFOT BOBMGCI[JT NP[H»T!

MOTION ELEMENTS AND EFFECTIVENESSOF BALANCE RECOVERYAFTER THE SUDDEN
PERTURBATIONTEST IN THE CASEOF YOUTH BASKETBALLPLAYERS

Abstract

51F TVEEFO QFSUVSCBUJPO UFTU BZ20B NHY IPEMB R BIOBHM Z5
QBOU TUBOET PO B TVTQFOEFE QMBWGESN JPI0D U SH QMIBA
PTDIJMMBUF XIJDI JT EBNQFE CZ W RJFBQ MBLIGFBSINU M UNJPL
FGGFDUJWFOFTT DBO CF DIBSBDUWK J]FE TaB QH A & BNNFQU P
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DIBSBDUFSJ[FT UIF FYFDVUJPO RBSUWIKESF DPWFSEM BTHF ®JF
UIF DPNQMFY CPEZ NPUJPO VTJOH QSJODJQBM DPNQP O

'JGUFFO UFFOBHF CBTLFUCBMZAM RSB ZEBEZPIFUHBMF CPE
NBTT < LH EPNJOBOU MFH MFGU QBS0VJDBQBUFERDE
CJQFEBM BOE VOJQFEBM TUBODFTUB®SGIPBOH JEIRFTX.PYE P
USBDLFE CZ BO PQUJDBM NPUJPOIBDBEFSTSEIFZNBENPOPPG
XBT EFDPNQPTFE JOUP QSJODJQBMS® RIFSGBEIN FES BOBRIY
UVSFT XIJDI XFSF FWBMVBUFE WJTVBMMZ BOE SBOLFEXC:

5F EPNJOBOU QSJODJQBM NPWFN R )PBSTI\BB'M'IBUBSlBII\F%:LI
XIJMF B MBUFSBM SPUBUJPO BDBWH PO TUBRIBCMF H
NFOUT XFSF GPSXBSE MFBOJOH BU UIF BXE MNKH PINDF COREZE E
EPNJOBOU VOJQFEBM TUBODF BBPYIHSA PS5 QP FUFGRIP S W RJU
OBOU VOJQFEBM TUBODF S5IFTF THPSNE&TBNPRS B PEMBIJBIRKD }
FMENFOUT XFSF UIF TVEEFO uFYJPO PG UIRNEMCPXT BOE

*O TVN EFDPNQPTJOH WJB QSJODS®BINTEPET BOWFRRMBIOMB |
DPNQMFY CBMBODJOH NPUJPO

Keywords: CBMBODJOH QSJODJQBM DPNQPOFOU BOBMZTJT N

BEVEZETES FHZFOTOMZJ IFMZ[FU WJTT[BOZ
Az egyensuly visszanyerés jellemzése NJMZFO NP[H»TT[FSWF[ATJ FMF
[JL F[FLFU B NP[H»TQ»MZ»LBU
" »MM»T LD[CFOJ EJOBNJLVT FHZFOTOMZP[»T
FHZJL WJ[TH»MBUJ NIET[FSFNFSUSUPMEMBJSHAEFDFUMZP[»
UP[UBU»TJ UFT[U " SAT[UWFMRBMEHKT»G B NG DBI[IQPTJUF UE F
MBQSB »MM BNFMZFU 1JS OVMF® MZIRA SNCRIWHFTTOSBBERAH J»
MFOH&ANP[H»TU LF[E WAHF|BT[(BNFBUZF U [BOSAHJI»LBU q BI
WFW& FHZFOTOMZ WJTT[BBOMEBRUONPJEN KBITBRIGVBMVEBU P
DTIMMBRSW CCJ2 MBVMFIOHRNGBBEUFUIFU "[ »MM»T LD[CFO
NP[H»T»OBL DTJMMBQPE»TBBB MBRRKKHN FBI[ BRHSPQPICC TUSE
TOMZ WITT[BOZFSAT FSFERAQRARTTAMMEFUWEHBB RMBRFU F|
NP[H»TQ»MZ»KB BMBQK»O BUOSBEL/BNPEKB) KMUMWF[AT B |
NF[UOL " MBQ NP[H»TQ»MB®&hkUOMZPNB[OVEAMTHU WFWAE CJ¢
IBUI IPHZ B[ FHZFOTOMZT WSIBITABIO B FigHiclBdBtERisrQ B[
T[»NPT KFMMFHACFO LOMDPSCC G NHFHPOMESNMZEPSTI GFMB
EVM FM& (ZBLSBO B[ PMEBRPSBOAD BLVBAITCASATBENBJI LF]|
NFSAMFHFT JS»0ZCBO JT EOFMFOAUTRB NF[Hb NFSFV FHAT[
HIJT[US»MUVOL LOMPODTFWMZB SATOMVEWAEVMNSSBTCQAT
OFIF[FCC GFMBEBU TPS»0O BQ AMMER R MaBaodl@rehds C P OGHWNB E B
WB "[U GFMUAUFMF[UOL IPPIZCB[GFPOBRYSEFLE¥ONYR] UFTUTO
H»TQ»MZ»L FHZSAT[U MFIFHEWROUAIFUILL ERIBHZPC C BN!
GFMBEBU NFHPME»T»U N»OITBAQQPCIYPEONRF[EVHMUFLPS |E
CFO OPWFMIFUJL B[ FSFENAGDRETRAHBU R[B[PB[B[ BLUJW
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MFU LBDSOMJ J[NPL LF[EJL" NG&QB[[RMBIB ATBEFWMWFLUP SE
TAUFTU FHZ FHZ NFHLD[FMEHIZEMFNBSESBWL UIRPH[LAG SV M» T
WITFMLFEWF FMMFOJS»OZGBQPNPYENSNBOBNEMIUOEIK»OBL

B GAQPT[UOSB IBOHTOMZ»U K
,PS»CCJ NVOB} FHZEOTOMZRBN 3hf JH\HD H»T TPS»O &OOE

FHZ UASCFMJ GPSECUPUUTFLLFLNLEQSTLFJSO B NRB b T
MFIUOL &[ MFIFUAWA UFUWF @ 66 ¢ 66N UGU A6 4 Bs U,

DTCQ4 AT B CPLBC[OMFU 'PHGK’GSaWEEW(R/IEBLUB[B’N'OMZP[PUU
T[FSéTGUATAU F[»MUBM B[ BMLBMNB[PUU CPLB_WBHZ

DTCQATUSBUAHJIB NFH»MMBQC PN »5: P"Ltb\ﬁ§@|9|v|5 PEFMM
TFHCUTAHAWFM B[ FHZFT a$p@ZPL LD[DUUJ LFSFT[U

IBU»T KFMMFNF[IFU& JMMRUWF FMENFERF Wi SIFBFY FMNF
B[ BTT[FGOHHATF B QMBUG%SFNL[Q@\M WKOPBIF B BLK»
WBM 6HZBOBLLPS FHZASUGMNg &R %@p ESMEMRPNUPS C
JS»0ZW»MUP[UBU»TJ UFT[U PBBOPcOMN DTBL F[FO
OBHZ C[OMFUFL NP[H»TB KFMB&U@JQﬂﬂ[W@%JEN"QWUOEIK»O

gHZFMATFJOL BMBQK»O B[YINRQFEIEPKNIOSBEHBKEUWFLUP
GFMTAUFTU FMGPSEVM»TB WBMBNJOU B LBSPL IJSUFMFO

LPNQFO[»MI NP[H»TB FHZ'"MGE&E@®PTIWMWNSE ATFRIAP[[» UBSU
B GFMFNFMU M»C BCEVLDJGPBEPVIDHE BISHOEZOFTEB UFMKF
NJOE NFHIBU»SP[[»L FHZSABMUBMB U¥MGEPEIFICUMVBSJBODJ
MFOUATSF WBMIi B[POOBMJIN$HFBY BBIWP LN $ BOATRSCMGPU i L
MZ»TPMIBUK»L B[ B[POOBM» BECBMWMYTF MW FTEG U AT BVIMFGF
MBQCUI KFMMFHé FSAGFT[BWBATELGANPEECHMBR NPMNMIOBOD
QMBUGPSN JTNAU OZVHWI bBANBQRPCEB OIFMAFSA™M ASEFL/
MBUPL WJ[VBMJ[»MIBUIL JT B
" GALPNQPOF OHRriRipaB KaprjpbT WFLUPS»U NFHT[PSP[WB FHZ U
nent Analysis1$" FHZ FHZSF JOBNQMBWMOEBKFIEAPSSBM " GANP
NFHLB[FMCUAT B NPNAMZFUMENM{AHCPOFMCUATU IBT[O»MU»L
LBMNB[OBL FMQP)EI\FWIWB[BEPS»0 B UASELPQ»T IBU»T»OE
BL»S C[OMFUJ FOIZRNEBIFQ IR, "JUMMFKUATF QPT[UOSBUBSU»
UFTUFU MFLDW F thétiowh dptuwel HEPVERUAN M » T BQFDAOMUT NP[EV
IBT[O»MWB MFIFUATAHOOLPWB[F WBHURTTARAUUFT WFIJTH» MU
MAWA& NBSLFS NP[H»T»U GREIFNA@®GOFOT BOBMCI[JT
TFHCUTAHAWFM G&MFNVQBOFOTFL
NFMZFLFU KFMFO FTFUCFO+EMBOTNVWOSBLDABMKE NEFWWJI[TI
IBUVOL B[ FHZFT NBSLFSBEIFMWMNR[EVMW»@BP[UBU»TJ U
TOMZP[PUU PTT[FHACAM »NFMDBQTEOWEZ WITT[BOZFSATJ NP
_ b EVMBUPLSB CPOUIBUI GFM B C
@RL " oF @ MC[JT TFHCUTAHAWFM .JWFM
BIPM BMBQK»O NFH»MMBQGCUIBUI IP
[, Uak. GAQPT[UOSB BNQMJU O EHKTORLI ME AWFNCRSBUI DTIJMMBQ
L B GAQPT[UOSB TBK»UWBLWZBBJIJT FMUAS&4 B LOMPOCD|
U B[ FHZFT NBSLFSFL BMMPGEVIMATUWMIEYRSBIIPHZ B G
TT[FGé[WF GANP[EVMBUPL T[JOUAO FMUAS

|
\'
q
2
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MODSZEREK B LJJOEVM»TJ QP[CDJIU
BAT[UWFWAL LAOZFMNFT W»MMT[AMFT U?,%Q
UFTU NFMMFUU QJIFOOFL UBELJ
" WJ[TH»MBUCB gBUBM g@ALPFKHEMBOERQI b MWV FTF@AC
UvoL CF AMFULPS <« MBWQ WEF[FOMBHBBTSASPL FNFHA
¢ DN UFTUUBNFH B LBSPLH WAEALPSM»U GBHEDL
BLILFU OHZ W»MBT[UPUUWOR WBOI®@BIZ NJIDERHII GFMEAL
LOL VHSIM»CB B[POPT CHZF[BUMBU¥ASMMUWFEPMNBESé JERQJ
OBODJB IBU»TBJ LJT[éSIFNBKE B MBATI UMFOEDIM LAU MXCP
ASFUUTAHF T[AMFT TL»M»%B NPHI—ZPMMCFBOSAATMMFLH:ITFU%O
BOUSPQPNFUSJ1B4abl&aBdaNL B'USBNT[UWFWA& B[U B[ JOTUSVLD.
UBUKVL CF " TQPSUPMIL Mb»RBHZIIJBZBLM[[GPVSPMAMIBENBSE
AT PSUPQAE FMW»MUP[»TPUUFMZNPOOMEZRIU WP NNFBI> MM C L
QJMMBOBUOZJ »™MMBQPUVL'BWFTTASKIMASNFOEBEPRTTAHR UBWG
LASEACW TFHCUTAHAWFM RROU R B KW MFRFNMQ WMIAHRB[[»
MBUCBO NJOEFO SAT[UWFWR EBMTYWLWB WEPMEMBAQVE MBQ !
SiM»C BNFMZ B LPT»SMBCERTULDAMUBBEWREALETSM»UIP[ IF
M»COBL UFLJOUIFU& " SAT[UWFWAL WBMBNJOU
UPSWAOZFT LAQWJITFMAaK MozGsf@ldteF UFT U»KALP[UBU»TU
LBQUBL B WIJ[TH»MBUPLSIM AT CS»TPT CFMFFHZF[A
TOLFU BEU»L BIIP[ " LVUBUS%TLPWH.BRBCERHBEAMBARAT[FL QP[C

OFL T[»NB 5& ,&# /P IF[ EBSBC SFUSPSFuUFLUGCW
UOOL FM B S AiEdh RUGW-&EaiDO b
Mérési protokoll Conventional Full Body’FMSFOEF[ATCF1

BNFMZ NJOEFO UFTUSAT[ CFW
" SAT[UWFWAL GFMBEBUB B. dPaTU'VEP[AE QBMBEB® SN GFMC
#JPTXJOH (NC) /ANFUPSTPBBISBCFTHAWFUATSF BMLBMN
»MMWB B IJSUFMFO JS»O0ZWRWWWPQUBGHM UFNRSIBEFSFU.
UFMKFTCUATF WPMU LAU M»QPG®T QB U BRMUFTMFTA MHF M
CVLPO JMMFUWF KPCC OBRWERNBDLT. PMUXGMLPBUVSBM:
»MMWB BNFMZSF DU. 8bth MAFFQW ABAHONPWPMSPH[CUA SFOE
.JOEFO SAT[UWFW& FTFUACLHIO BEFMEITIFSIQPOEPTT»HB N
UFT[U GFMWAUFMAU WFUUOL @gHZFMFNCF " UFT[UFL
FMAUU MFIFUATAH WPMU RKizsHalpaRmétede® SIC»M»T»SB
F[» MUBM DTDPLLFOUWF B NASATJ IFMZ[FU JEFHFO
TAHAU " NP[HI MBQPU FHZBOBAOMQ2DZEMIZ[PANGALTEM GFMBI
LIJUASCUWF FHZ [»ST[FSLFBFUWFMTEBRHKGFGHFKKWF B[[WATé QS
" SAT[UWFWA& B MBQ LD[FQABE »MNMS WBWKEOGFIMWOEWIMUP |

1.tébldzat. $ UpVIWYHY N DQWURSRPHWULDL DGDWDL

.RU pY 3 13 13 13 14 14 15 15 15 16 16 16 17 17 17
0DJDVVIJ FR59 153 165 174 176 178 192 189 199 196 203 191 185 180 189
THVWW|PHJ HLJ 37 52 51 60 64 75 71 66 68 101 67 77 71 75
BMI 6 16 19 17 19 20 20 20 17 18 25 18 22 22 21
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MATASF B QMBUGPSN NP[H»TGFMWAGAMEOPTJRQNBEEB B> T.
2. 4bran GFMIBT[O»M»T»WBM B[ BINPEBMPNTIMMBQPEI MFOH
NFSU LPS»CCBO JT BMLBMNB[JRWVU EFEBRABGBRABAM T[>
T[»NCUPUUVL

MPHBSJUNJLVT EFLSFNFOUF
T& QP[CDJI BNQMJUOEIK»SB
NBKE FOOFL »UMBH»U UFLJ¢
T[»NOBL NBHBTBCC ASUALF |
TFCC HZPSTBCC DTIJMMBQCL
" CF»MM¥,TIBNRMZ B[ FHZFO
WITT[BOZFSATJH FMUFMU J
fUiM T[»NCUWB B WAHTA& O
DJIi <« NN FT UBSUPN»OZ»O|
2. abra

"[ JS»0OZVMUT»HR BEBNOMIZ [B N
QFSUVSC»DJIWBM NFHFHZF[&
CFO NFHUFUU IPTT[B PT[UW
AT B NFSAMFHFT WFUOMFUFI
IPTT[»OBL BT T[RE HIA WNF M\ B
HBTBCC FHZIF[ LB[FMJ ASU
NP[H»TU BMBDTPOZBCC
UALF LDSLDSBTFCC CFK»SU

Y pozicio, mm

PRI | \
RTHI™ | I «ATHI— |\

p
RKNE- .f'{ *2}:'-'("‘5 e
(

Y pozicio, mm
L o N s

b

. . L I
5 10 15 20 25 30 35
X pozici6, mm

2.4bra’ NASU KFMMFN[&L NBHZBS»[BU®3 BT BNBMBRBSPS KMPHBETHA
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SFOEF[ATCFO B8JMDPYPO GBAMFHEFBEKE MWW ABRMFQSIF BNG:
C»WBM WI[TH»MUVL NP[EVMBUPL EPNJOBODJ»Kx»U E
MAW& NP[H»TCBO MFGFEFUU3JW
" UFTUNP[H»T ASUALFMATASNCBPWUWIBMZ[FS <
TIPGUWFSU IBNF@2MU¥NPT GVOLDJ
IWBM TFHCUJ B 1$" FMWAH[ATAU NP[H»TGFMWAUF
MFLFO " OZFST NP[H»TG FENEWAWEKMFLFU WBHZJT B
UFTUSF IFMZF[FUU NB S L FR&fbrmiriodgseuiC4anhitolt ErBdinények
TPSBJU BMVM»UFSFT[U& T[éSAWFM IBSNBESFOEE¢
#VUUFSXPSUI W»H»TJ GSFLWBADPBW F)W & MUEFSHZJILF T J
G»[JTUPM»T TIJNCUPUUVL UFNB SIFFISBEBU H[ EPTSUWIT FHZFC
CB FMUPMUVL AT B[ FMNPFB¥HENAPIZAWUS. BT PKBSFRBZE MU T
NBHBTT»H»WBM OPSN»MUVLRT BWWBIZEU »B[ EVMBIHASERNPO " D
QJMMBOBUCBO B GOHHAMFHRERTOBI»NEEBOEMMMEAEG® WAV B L\
MBCCJ NBSLFSFL U»WPM T »UHBLI/OWE. BeL)FVeDQ MG P'SN CF K>
1$" T[»NCU»TU LOMPO LOM®BD» KB NBY BFQKMOHB[QIJUBRSCUATT
FHZFT UFTUJ QP[CDJILOBL ANFW®PNBRBAF & B SSSEA BBLIAAU M »
M»CPO CBM M»CPO WBMBNURWARPAM M>» 3B QO AWk MFW-UT P L
NASATFLFU LOMDPO LOMBPO UFANMMU U [ WHZ HAMIPIO RYAH[F U
FHZFT GFMWAUFMFLCAM L BBWBLOUT PE® BBIG CAQEREAVIBURF FEPUMB[F L
BEBUPLBU B T[PGUWFS FHZNOT B/[URDFGELWCAFONRRE BB O NF
GALPNQPOFOTFLFU B UFMKRPTU BERSFPIEB & HWZATWRSSF[H» T
LIJT[»NCUPUUB &[ NFHBEKB[ABMG&ULPMQFWFQIDAIM B MFLFS
GPOUPTT»H»U B MFGFEFUUFWRBS»ED@IHEV GRS N'S TQ BIM B Q
WBMBNJOU B GANP[EVMBUFHEZEFOMIIMEMN )TN VB ASIPAT F S
LFMIFUKOL B[PLBU &[VU»Q JBOUBEPR D TPQPIDPUMBHSIM I
OFOTFL TBK»UWFLUPSBJ TBHCATAWAGFM LNDMPO ILDMBO B

OZGASVIZSG

0,05 -
X X kétlab
5 & dominans
004l o nem-dominans
X A X
0,03 - & *
X X 0
2 © o & % X X
o
0,02 X
3 % LA
o X
0,01 - o
o g | @
o
0 | | | | | | | 1 | |
0,5 0,55 0,6 0,65 0,7 0,75 0,8 0,85 0,9 0,95 1

R
3.4bra’'[ FHZFOTOMZ WJTT[BOZFSAT FSFENAOZF B UFMKF
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B[ ASUAL

FUU&AM BMBDTPOZBCENRAMZANI 06 BN OMMIC PD» M U P

FMASU FSFENAOZ WBMBN XOabraF B USAM IM»BRPOHWMIGETBP[ L
OFN EPNJO»OT M»CP®abril A DY OT IWACEPAC WMMWB O4UU B[ F

, JFNFMFOE& B[POCBO

IPHIVEB[FOUPNP LHYHSB NI A BY ABM B

OBL UFLJOUIFUA FTFUFLCR®m WNIOEM» PN QP[CDFN EPNJO»
iCBO FMASIFU&4 VHZBOPMZB®@ NBHBNBBSTIMOWMBQC W TOMDO

ASUAL

1
0,95
09
0,85
08

o 0,75
0,7
0,65
0,6

0,55

a) 05

0,1

két lab dom. nem-dom.

0,09 -

0,08 -

0,07

0,06

0,04 -

0,03 -

0,02 -

0,01

b)

4.8bra4[FNAMZFO CFMOMYaL &M

két lab dom. nem-dom.

JUU N»S HZBLPSJBL WPMUBL B
NP[H»TPL "[ FHZ M»CPO »MM»
T[FIBTPONRCASVBABFJCFO B TUB
QSIiCB FSFENAOZF OFN FHZASU
B[ FHAT[ DTPQPSUPU UFLJOU\
B[POCBO M»UIBUI IPHZ TPL F-
DTDLLFOAT WPMU B QMBUGPS
OZVMUT»H»CBO BNFMZ LDPSLDS
MH] abra "[ FSFENAOZFTTAHFU |
MBQCU»TU UFLJOUWF B[ JSPEB
FMMFOUNPOEI FSFENAOZU LBQ
LAU M»CPO »MM»TIPP LARAFA U B
LFU ASU FM NJOE B EPNJO»OT
B OFN EPNJO»OT Q M» C |
FHZ M»CPO »MM»TPL FTFUFJU
BEIEPUU T[JHOJg D A% UWAMEFEO

Q

PCA eredmények

.JOEI»SPN UFT[UQP[CDJI FTFU
GALPNQPOFOT MFGFEJ B WBSJ
UPW»CCJ FSFENAOZFL JTNFSU|
M»UP[[VL 1AMBBabAOQ B & VB[4

GANP[EVMBU M»UIBUI B CBM A
FTFUADE GbladzatoB[ FHZFT GANP]
MBUPLBU KFMMFN[JL T[»NT[FSq
SJBODJB UFLJOUFUACFO WBM
T[DPWFHFT MFCS»TIP[ B GFMEPN
BOJN»DJILBU WJ[V»MJTBO ASU
MBUPL MFCS»T»O»M B[ JS»0OZP|
IPHZ B GAQPT[UOSB BNQMJUOE
UCW JS»0ZCB W»MUP[JL UFSN
QP[JUCW AT OFHBUCW JS»02ZC
QP[JUCW OFHBUGW WBHZ OVM

é%»té I\?ngCPL»CiM EAMAT FI
D(b) QBSBNAUFSFLCFO 4PSSFOE KE B9 MAwsI» TO»M B NI
FHZ M»CPO »MM»T EPNJO»0OTAM »€ B 8\ BF H¥ B\H,Z poU»SBM AT KP C

OFN EPNJO»OT M»CCBOIFN LFWFSFEOFL "IPM KFMMFI
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FMNP[EVM»T WBHZ SPU»DJi LARSS MAOBO BWW DTT BT FBJA QF O
BEPUU JS»0ZU WBHZ UFOHRR[EYBBUVRE NAB M»C LD[BDUDUJ

»UIFMZF PABbDMZRIMU GFMUAUFME[F
MEGBESZELES HBNPEFMMFM MFGFEIFUA& NﬁH:

B GSPOU»MJT TCLCBO WBMM F
+FMFO NVOLB DAMKB BOOBIKCRLIHCHS MB/BBI ZV R MU U BAHHOZ FO
B IJSUFMFO JS»0ZW»MUP[DBQQAJFMMHOGHPSHOBGEFH DEBL
gHZFMIFU&4 FHZFOTOMZ WOPN@BPIFSAAU WWPMHBT J v
NJMZFO FMFNJ NP[EVMBU L RMNBQP OFAOMIFLLESF C BOUAOZFMNF T
IBUIL GFM AT F[FL NJCFO L{BSCDHHHZFMI\BEIBGMMB@@B@&CJM%IF'
»MM»TPL FTFUACFO UFTUTOMZ»UIFMZF[AT UDSUAO.

2.tablazat. ) PR]JGXODWRN MHOOHP]pVH NpW OiERQ iOOiV HVHWpUH

Lefedett ~ Kumulalt
Mozdulat leirasa (két labon) variancia variancia
[%] [%0]

1 testsulyathelyezés jobbra és hatra, karok emelése, tavolitasa 54,6 54,6

2 ERNIiEyO G OpV HO UH IHOV WHVW URWiFLYMD EDOUD 71,6

3 NDURN V*eOO\HV]WpVH pV N|JHOtWpVH D W|U]JVK|]7BVtS MLBWROiIiVD HC
4 térdek és konyokok nyudjtasa 4,2 83,7
5
6

ERND V]DJLWWIiOLV WHQJHO\H N|U.OL HOIRUGXOBR2 PHUBGY HI\WDJ~ W
IHOV WHVW HJ\ KHO\EHQ PDUDG DODWWD DOVyWHVW 038,Q0J ROGDOU

w

.tablazat. ) PR]JGXODWRN MHOOHP]pVH EDO OiERQ iOOiV HVHWpUH

Lefedett  umulait
variancia

WDUWYOIE I[O[WW V]DJLWWIiOLY WHQJHO\HQ FVIEE O HEBRUGXO D] t

IHOV WHVW HO UH J|UQ\HG NDURN HPHOW OiE NIHOtW D, WDUWYOIE
H[WHQ]Ly MREE N|Q\|N AH[Ly ‘ '

N|Q\IN|N DEGXNiOQDN HPHOW OiE FVtS E O URW®3 EHIHDD

FVtS NLWROiVD HO UH NDURN pV HPHOW OiE V'QP\HV]%EVH HO UH
DEGXNiO ’ ’

D] HPHOW OiE pV D IHOV WHVW EHURWIO D WDUWy OiE 8B3A®p NDURN

HPHOW OiE AH[LY IHOV WHVW MREEUD NLIHOp EBWiFL8¥39MREE N|Q\
VWDELODQ PDUDG ’ ’

Mozdulat leirasa (bal labon)

o U A W N R

N

.tablazat. ) PR]JGXODWRN MHOOHP]pVH MREE OiERQ iOOiV HVHWpUH

. Kumulalt
Variancia variancia

SRR )

1 WDUWyYOIE I|O|WW V]DJLWWIiOLVY WHQJHO\HQ FVIG%(F (0] HéBIORUGXO D] t
WpUG AH[Ly ’ -

2 WDUWYOIE I|O|WW D] HJpV] WHVW KiWUDIHOp ELBQ@HQ F83{/S E O NDU

3 V~O\SRQWiWKHO\H]pV D WDUWYOIE IHOp HPHOWTMEpPpUG HONHQ]LY

4 HJpV] WHVW KiWUDIHOp PR]GXO PLQW HJ\ KiWUI%!d—|Op %Eépv LQGtWi

5

6

Mozdulat leirasa (jobb labon)

emelnek, konyodkok hajlitanak
IHOV WHVW MREEUD iWOyVDQ IHOIHOp URWIiO 4,0 86,9
W|lU]V HO UH OHIHOp G|QW HPHOW OiE IHOK~] [|B8]HJ|WQIHGpV

3H
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NP[H»TPLIP[ LAQFTU EPNJO»EPMNBII> WP IGEANP [ERVMBU NFMI
L»CiM WBMI FM&ASF E&AMAT WB & & NIMEN[M¥ BAP MUBBIZFEFMU M3
DTCQA& LJUPM»TB FMASF MG>EONTB fEBVEAdB & [ LbAUCCOZ B§F BEE )
JSPEBMNJ NFH@gHZFMATFL WBABITOWM 8 NFIHh O GPSENVM GA&NI
FM& NAHQFEJH DTBL OBHDRCWBBNOMBMAG PSE VMU GaN
NP[H»TPL® ER®F® F[ASU LOBONOEUP LIBSSB JS»0ZVMIBUUBI
B[ .- JS»0Z0O NFHMPLAT VGXOMHHEMMZFO WBBOMFUF B[ BM
L»OTBO KFMFOULF[JL &[ BIQNFHuH ZF[MAT» ORBBCIBUUB B
ASW BOOBL LVUBU»T»SB HPFHZC N\IMZAF@ » B MQFB UIN\FH IBU» ST
C»DJISB NFSAMFHFT NP[EVBIB FMIAISEM >SFBH »N >BOdBTUJIBT
B[ FHZFOTOMZWFT[UATSF FMAMFEbREU NAH BTLD GANP[E\
OZPLPL AT UASEFL OZOKU»DBDITKRNMEN[AMPNANMFANFO N
GANP[EVMBU IPHZ FHZCFO LF[FMJL B UFMKI
FHAT[ UFTU FHZCFO I»USB WE
" FHZ M»CPO »MM»T FTFUAIMBFWYABEP[» TBENBLEVMBU
NFHGFMFM&FO NJOELAU FTNRKGEPOME WB NPINEYM BT T[FS WF .
CI[OMFUF GPMPUUJ GSPOUWBHKT BC BAB OF WBS/OD ZFNEGF S E VB
WPMU B BPakO »ONMPOCTAH WARMBHZ TAHLAOU LF[FMJ B UF"
»MM»T LD[PUU IPHZ B EPNQEOOFTWMbHRPP[BTUBS®ANRBRLEVMB
UASEF 0ZOKUWB NBSBEU NCH B OFN EPNJO»OT
M»CPO KFMFOUA&T NASUALCFNBKEVMBUPL GPOKOROT BS:
UBSUIM»C &NFMMFUU N»SCB G ZWR-MBUWE\L) B LQMBENGW>S N NP
TJ IFMZ[FU JT FMUASAOFL TN™HWBBUWBIWP [PTUUJ NFWFBI LBYU M»C
JOTUSVLDJILLBM FMMFOUATCHOJdITHBGTBCGHS BB ERMABECEU
WFM »MMKPO FHZ M»CSB oF HBZONFNCIP®NI I MWBM6BRPBOBL LI
»MMWB B[ FNFMU M»C B GSPEOWMNM BT RYASEDITRBEBEUB EP N

2

2

2
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v f - = - 16 16 Y \\ 16 i
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'FMT& TPS T[FNC&M BMTI TPS KPCC PMEBMSIM UFLJOUOOL B

5.4bra"[ FMT& GANP[EV&) BT &B K COMKbE E BB UANOM » T
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TERAPIA

AT B OFN EPNJO»OT M»CPW&MNMHZI SATPU UF SIFOMALPS D W
FMUAS& NP[EVMBUPL JT FSFENAGAMBIFEMFVHBIM»C»U ';EJF
TPOMI CFK»SU Q»MZ»LBU BMQ]MB(DJG;P&NO\MRBH\»UBWAH@EBH

,OMPO FNMCUFOE& B GFMW&'[W\G&NUI\BWMWB[H&@&LPNQF%OF
BNFMZ B EPNJO»OT M»CPOQWW W\BF HA b FBWQIBA & VFOSLFCEIN R O .
fU JT CFUDMUIFUFUU SAT[BWFWNQMM GNPHHAFO DOBNBHS L
LDOZDL GFYJIK»WBM JMMRABWE G&NF[EMVBA/PR B BB WBVBO C
UiIM»CIP[ WBMI LBD[FMCUATEARANROKHOWMOBL WEHZOBJEBSPAQD B
FNFMATAWFM AT T[Auu»s»nmwm@mzwmémz%ﬁw&?—o
TFHCUIFUUF " OFN EPNJOXPIL M#ORFE HAMMOB B EPANIDS OT |
WAHUBHPL NP[H»TB TPLLBMIMASTRALWBWFC® [WMMEATB MFIF
MFHUBCC NP[EVMBU FTFUZAZAOKBFNCMPBIOAB EHPNIO»0OT N
MZPT DTBL B LB&Rdblazdd M MZIFFMASFFI»USB JS»0ZU IBT[O»|
GANP[EVMBU WBHZ B LPOZDLIDAMFEYWHKBNFH GAGANP[EVM
NP[EVMBU KFMFOU NFH FHE»PHBL INN@PODFTOTOBALOFMFEN[ATF
BEBUPLBU T[PMH»MUBUIBU B N
" FHZFOTOMZ WITT[BOZFPEKFESERN ACGURALFMAAWRASF QA
UFLJOUWF NFHMFQ& WPMUTAIPHZNFMZFM»B BE SYMEAITVTBO
FTFUACFO NJOELAU M»CPGHZTHGIzWBMHIZBOSB@BIFOT NP|
DTPOZBCC DTJMMBQCU»TU IASWHW»ANM BASSAETA U VBF BFRAUW FR U AM
M»CPO »MM»Té&brh LAGHTIC I N¥Ho DTT[FGOHHATFJ B[ FHZFOT
HZFMATFL B[U JHB[PMU»L FBHENBAPDEZRIOAGARAWRNEPAOT LJIW.
»MM»T FTFUAO ¢gBUBM GFNM®%B WAL GFM IEBR[TTHLM FEEKWIO | F
TFN UAS FM B DTIMMBQCU» NB[EXM BBEP® HPNIIWOTUMAUSF A
NPTUBOJ FMUASAT PLBJ MBEIASORL T[BNZ[BSSA TIWWH

IRODALOM

Kiss RM." OFX QBSBNFUFS GPS DSPHFEHFPEBESHTDOHBSU q
CBMBODJOH BCJMJUZ PO BO \DaffertsBofeMA; LEnToth INIQYINECije? SE, Beek B
GPSN .FE &OH 11ZT 1" JO TUVEZJOH DPPSEJOBUJPO
Petré B, T Nagy J, Kiss RGGFDUJWFORNVIUB®EM $MJIO #IJPNFDI .BZ
SFDPWFSZ BDUJPO PG B QFSUWand@ BIC]) Pafe@sBdieB A) BilysURE- Badk| BJ.
DPNQBSJTPO PG TJOHMF MFH UBRBE ZC BOFEE BN BUIRIGDU DPPSE
FT $PNQVU .FUIPET #JPNFDI RGPXBHELIOHIBOE SVOOJOH )VN
q +VO q
Horak FB, Nashner L. FOUSBM Q SP H Ja&nsbé HO Fujii K, Kouzaki MOUFS BOE JO
PG QPTUVSBM NPWFNFOUT "BB® URXFO MINBMUBFSBEDPPSEJ(
TVQQPSU TVSGBDF DPOgHVSBWNBODTJDBNVGSEBPNOMEFTUIEBODFST E
q YJWN .PW 4DJ q
Petrd B, Kiss B, KissRMOBMZ[JOH [V N B Roé&BA4rcia-Masso X, PaillatddlUFS KPJOU D
BODF SFDPWFSZ BDUJPO VTJPSEDBBIDNPNOBRGEQ PPIRYFTO B T
PG B EPVCMF QFOEVMVN NPEW®EMSPNAPHSI BMIFPERZ +V O
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Kipp K, Palmieri-Smith RMLSJODJQBM DPEQ@PDUT JO QPTUVSBM DPOUSPM
OFOU CBTFE BOBMZTJT PG CJIJPRNOPBC OLBBROBMUFSTURBG BIMOFNE
wBSJBCJMJUZ JO JOEJWJEVBMTBRKIRH DO SFMBL BPO@LVF QOFEJDU
TUBCJIJMJUZ $MJO #JPNFEDI CBOWH DPOUS®M UIFPSZ 'SPOU "HJC
Bostrom KJ, Dirksen T, Zentgraf K, Wagner H.
5lF DPOUSJCVUJPO PG VQQFSBHFEZ NPIIRNDROUTFPUNPFDDIJIP / (
EZOBNJD CBMBODF SFHVMBU PR GfdeZd £EMMU D IIBAVHNNFF@HUBEM NP W F
MPDPNPUJPO 'SPOU )VN /FVSRTFBDT SFuFDU KVHHMJOH DPNQI
Federolf PA, Boyer KA, Andriacchf TPQMJDB)VN .PW 4DJ "VH q
UJPO PG QSJODJQBM DPNQPOHIDYN. 'FOBMZPEZ NP DMIDABD BM U |
HBJU SFTFBSDI *EFOUJgDBUJPO-VYPGITZTUPRNBNFD EBGEFFE 7JL
FODFT CFUXFFO IFBMUIZ BOE NBBJBM k®OFGEBFSTOMPBS<DJUFE
UlSJUJD HBJU + #JPNFDI 45F8P N https://docs.gicon.com/pages/viewpage.
Federolf PA! OPWFM BQQSPBDI UPacTliahVhEZedNMBBEB52
QPTUVSF DPOUSPM n1SJOD MNagyiateN®, Wikchbiau@ UTT KissPRMO PW F M
UBJOFE GSPN B QSJODJQBM DVWBWIEBEHOROBBBMZDBM IS BUJIPC
LJOFNBUJD NBSLFS EBUB + BBRNASBIF TZTWENT CBTFE PO NJI
q #IJPNFDI "QS
Federolf P, Roos L, Nigg BMOBMZTJT P ®aitd TR, Zago M, Promsri A, Doix ACM,-Fede
NVMUJ TFHNFOUBM QPTUVSBWIIRRWBOBMZ[FESBUPHIFIBSF GB
VUIJMIJ[FE JO CJQFEBM UBOEHRN\WEYE P FT MG HPBURRPDIFS DPOU
BT RVBOUJgFE CZ B QSJODJQ BRWHFNNPRIOF OXIPBRDMFENSPIOGPSN
QPTJUJPO PG NBSLFS DPPSEXBRWMEGEG ROBNFDIEFHSFF PG LOF
oODU q PO CBMBODJOH DBQBDJUZ BGUFS
Haid TH, Doix ACM, Nigg BM, Federolf 'RAF + &MFDUSPNZPHS ,JOFTJPM

A szerz k kdszonetiket fejezik ki Gal-Pottyondy Annanak a mérések elvégzésében, valamint Pa
lya Zs6 anak a mérések szoftveres kiértékelésében nyujtott segitségikért. Jelen kutatdas a K135042
szamu OTKA-palyazat keretében és tamogatasaval valésult meg. A jelen publikaciéban megjelen
kutatasok az ITM NKFIA altal nyujtott TKP2020 NKA tdmogatasbdl, az NKFIH altal kibocsatott
tamogatdi okirat alapjan valésultak meg (projekt azonosit6: TKP2020 BME-NKA).

Kiss Rita M.

#VEBQFTUJ .éT[BLJ AT (B[EBT»HUVEPN»OZJ &HZFUFN (AQA
AT (AQAT[FUJ *OGPSNBUJLB 5BOT[AL
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A FUTAS ES SZOKDELESTOMEG-RUGO MODELL DINAMIKAI
VISELKEDESENEK GLOBALIS FELTERKEPEZESEES
PARAMETERHANGOLASA

Patké Dord Nagy Abel Mihaly Zelei Ambrus?
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MBZGABVIZSGALAT ES -TERAPIA

Absztrakt

"OOBL FMMFOASF IPHZ B GVU»T WA TR[-BQ &f RIEBREOBEMNSFH B V
pFOEVMVN OBHZPO T[AMFT LDSCFPMKWIBWASR[FAQEU BFNUB
EJNFO[JIUMBO QBSBNAUFSUBSUPNSBZB JS\BDA T CGBHMROGAM
UFM TFHCUTAHAWFM NJOJN»MJWFQFU[O®Q I AGH T FQVBLBBINANLF
SFOET[FS LAU EJNFO[JIUMBO QB SIFMAR® $IARIF E GAFS B J INBAL(
OVNFSJLVT QBSBNAUFSLDPWFUARPMZHCQUPIA HAWEVE E JQOBINS
TUBCJIJMJU»TJ UVMBKEPOT»HBJU B[>N\FQOPESWBB NBUSIF[]C
NFDIBOJLBJ FOFSHJB NFHW»MURFFLBASHT LW BB K$BO IQFEGM X
/IFMEFS .FBE T[JNQMFY NIET[FS BMLEBBMRBFMMWBIN HOZH £ O Bl €
H» TGPSN»L VU»O[»T»SB MFHZFO BMLBMNBIJFMADU QAME »"

KulcsszavakGVU»T T[PLEFMAT UBNFH SVHITNPEFBINULB[BEB D[P
TUBCJMJU»T BOBMCI[JT

GLOBAL ANALYSISAND PARAMETERTUNING OF THE DYNAMIC BEHAVIOUR OF THE SLIP MODEL
OF RUNNING AND HOPPING

Abstract

%FTQJUF UIF QB0 DBEMRRYFBRFEEVMVN 4-*1 JT QPTTJCMZ |
VTFE NPEFM PG SVOOJOH BOE IPQQJOBIQ R RN MEE NCHOUT &
QBSBNFUFS SFHJPOT PG TUBCM®G QRE6SBBESBOPMVAIPO DI
NVN TFU PG JOEFQFOEFOU QIZTJDHBIERNQB ISFFBPNSHUNF ST FV T°4 OTHY
PG UXP EJNFOTJPOMFTT QIZTJDBWF QB IYPNBUW SIF BIGO JOB M
DPOTFSWBUJWF TZTUFN XBT EJTDRWBYBE JPAONBBRO TUBX L
PG UIF QJFDFXJTF TNPPUI 1ZCSJEEEECENUIUDB N VNEBUBB M
PG UIF NPOPESPNZ NBUSJY 5IF ARY(OWEDXOBFESGWID AQ BSRU 0P C
ESFTTFE 5IF /FMEFS .FBE TINQMFYFN\VREPHE RQBTS BRRUWRTE .
JNJUBUF UIF NPUJPO DIBSBDUFQFTUDDDI FBG TNPEFBBEU MHAQ
BOE TQSJOUJOH

Keywords:SVOOJOH IPQQJOH 4-*1 NPEFM RIBBRXJTER BCEPNVRUU Z
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HAWFM NFHNVUBUUB IPHZ B[ F
FOFSHJB U»SPM»T»SB UDSFLT]
" FNCFSJ K»S»T AT GVU» NEH>NFDRBOOINFKBFMMU AT W»M|
NFHASUATASF N»S UBPCC TNB[J AR Fi$ BMUBEEBRGILD[MFL
JS»®ZVROFL FMMFOASFEAOFZPIQPRIB U NIPAS»H AT BiL T [BFC »
W»CCSB JT GFOO»MMOBL NVFXUP QD [NWFHUBGOIBM CIFAQCU
B LAQSPH[CUATJ AT NP[H» TFINNCFBUANB[AMR»IBTRIMZ\W B> T » O
MBNJOU B T[»NCUIHAQFT WNBNVWHUFXEWFALINPHDUUJ PQL
MFOEOMFUFU BEUBL B UFSOBIF B [GFMMNEATTAAD F LP M H\WLU »Q S
AT T[DLEFMAT NPEFMMF[ATNPEF MWANPITNFDMOUMFOOM U
LBJ NPEFMM BMBLVMU LJ B OPREANUNWMUT»H T[AMFT TL»
M»K»U MFGFEWF " OBHZ T[BCBET»HJ GPLO NPEFMMFL
KFMMFN[AFO MFCSIi KFMMFH&EL MAERMSIOTFL BEBNFPILLJICA!
GFMEPMHP[»T» & [TFRMHAPANICNHEH BBM»MIBUI B[ JSPEBMPNCB
BMBDTPOZ T[BCBET»HJ GPLRONPEFMMNEHGPQUTAMAFUU |
WFM »MUBM»CBO LDOOZFOTNFHQEWI 7 CBJ IBRIS [B FNFGIREEV M
K»S»T T[PLEFMAT WBHZ GNREFNVPAPATIHFASHIMMIBF»SJIT
QVT[U»O EJOBNJLBJ FHZFOMFIFUWUGFRUBFUA»VPHNMJIOF»SJ’
WHEM.[FL B OFNMJOF»SJT EJUPBWICBY NPEEMMECO AT UASC
NASATJ BEBUPL GFMIBT[O BW-TBEV IDANLIBAM N ABNEAI M » LPG/PN-
NFHKITPMOJ B QBSBNAUF®FIT[RERWMBMPY»BEOBIUPCC T[F
IBU»T»U "[ JMZFO QSFEJdelle®WN K 5 MOVFA A [¢F O PEEMFIVBWANLB [ | B L
LD[OM B[ FHZJL MFHFHZT[RE LT ATF MFSHAMLIRSIBF E

UFCC B[ OO UDNFH SVHIi JOWFS[ JOHB NPEFMM

4-*1 sQ SIPBEIREWF®BBEVMVAPLBO WI[TH»MU»L B 4-#1 NPE|
BNFMZ FHZ BOZBHJ QPOUMMMMAIV GH 2 I8 XBIOC HM GAMHM QB SB
l.4bra " NPEFMM LAQFT B GBURBEBNBUPOMIBBU»T»U LPNQE
SFQOM& AT U»NBT[ G»[JTPL QBRPEV WASITAQBU" BPT[BLJSPEBN
EFMM B[ FNCFSJ NP[H»T MFQHHGGBAAMTABGFOMBLENFBIZFO LJIW »
ASUATASF JS»0ZVMU IPHZBNTUBCBW» NP [BI-NRJHGIWPTCUI
KFMMFN[& QBSBNAUFSFLE gMFID N V@OAMBA\CM B CGFS\WMUBUK VL
WFODJB WBHZ B GOHH&MFHMNFBNQWMBOEFHZRBOMFUFJU
W» MUP[UBU»T»OBL #MJD LQEBG BN AWPEFAM.MB [TFF®I QABTSAU PN » O

BEVEZETES

Al fazis (S)
Foldet érés (TD) Elrugaszkodés (LO)

Repiil6 fazis (F)

Y

Féldet érés (TD)

Y

1.4bra" 4-*1 NPEFMM NP[H»TB AT G»[JTBJ B SPQQ»MZB MFHBM
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QFSJPEJLVT NP[H»T #FNVB BUB WIF WBF T DEGC VMMABIQTW» TBUYAT
HBSBOU»MI QBSBNAUFSUBISBPMBOZOUBD[AT NFBUWSB B@M
SFTTOL B[PLBU B NPEFMMQBIBENABEFSRVPU »RRFRIFRM FM
B MFHKPCCBO JMMFT[LFEGHZ B{HZBODT BAT FFHZIPTEILVE N
LAUM»CO »MMBUPL GVU»T3$OB[B LCUPMNEONMGIREG EQRI U N|E|
SBNAUFSF¥SPJIMEYCIHO MFCPOMBIHBRBWFT[UFTAHFLFU ATSB]
TPOMIBO °TT[FGPHMBMKVIOBNNBEMNAUMFRIONIB[OLTAKFT
T[FSFLFU AT B TUBCJIMJU>PEMRMNI[AP[G&C0 BMAQATFSW BU C
NFMZFU OFN UBM»MUVOL EVH»BIONBHYBKBOZFMW é @)
T[BLJSPEBMPNCBO =

" 4-*1 NPEFMM TUBCJM QFSJP
MODSZEREK MFIFUAWA UAW& QBSBNAUFSFL

EJNFO[JIUMBO W»MUP[ILBU AT
" 4-*1 NPEFMM BMBQDPUMFUWFAFWPPH »TF HRZ BU DIFWEFY FB/N TG/
NFHUBM»MIBUIBL #M3DMB G QVODEWRWEBBM T FBIONOF M\Z» NV
UDNFHé BOZBHJ QPOU B-GVYB[IEBTWARD BOICPFL PIUFSGOHH.
KFEATF OAML&WRSEWWMMHFPFMB dd EBSBC GOHHFUMFO EJ
UFSIFMFUMFO IPTT[BM SFOEFMQEJT AH AP SIT BBBBEG OHH /
UFSJT[UJL»KO SVHI B UB MBXRPEF W3 NEBTI LFPED WHACTBAF O TI[F
NPEFMMF[J " SFOET[FS QGBIPAHEVTTNNBI»TBNP[H»TFHZ
W»MUBLP[I U»NBT[ AT SFQPQIIA N MIUPRIE &R BYVIE- M-Z L P
MBNJOU B[ B[PLBU DTT[FLPS& IJOMEIMHBIERNK-ENHANFSFWTA|
GDMEFUASAT FTRNBOT[FLSCHUSVHNI BTGT [ ASBWJIJU»DJIIT HZP S
" SFQOMA& B¥y[IUEBO® B UFIFBBYMBAGNFOOZITAH Lk AdarabFi»U
OAMLOMJ SVHI OFN CFGPHINFPWKBMBCE NEBRNDIZUIEAH W»M
WITFMLFEATU B UDNFHQPSIHUURESB B P MILATTA I»MEZSTO $ A M °
IBMBE NJLD[BFDDB GRAMHbMMEB=Yy/r, EINFO[JIUMBO IFMZLPPSEJO»U»L 2

t Jk/mt EJNFO[JIUMBO .
" GDPMEFN APADRXO BLLPS §HAVBEW»NBT[ G»[JT NP[H»TFHZF
LF[JL CF BNJLPS B UFSIFMF[LAWHD M»® EMASUBR PBWBNMWP [
" SVHIi B UDNFHQPOUPU BaWwBaypig EBNFQPIUNBI®[ SVHINF
LBQDTPMKB B UBMBKGPH»TQBSEBWAURSW» NBEUBM[NBCBO
S gUBODF FHZ DTVLMIT-LAOZT[FSSFM "[ FMSV
HBT[LRExUBGG BLLPS LDWFULF[JLcEFIS o @
BNJLPS B SVHI WJTT[BOZFSJ FSFEFUJ féTT[»U CHZ
B UBMBK AT B M»C LP[DUUJ OZPNiFSé1$Q1QFO NFH
T[60JL "[ FMSVHBT[LPE»T VU»0 B $VH{Ee[p8osm @
AT[PHIFMZ[FUCF LFSOM NFMZ OFN NPOE FMMFOU
B NFDIBOJLB UDSWAOZFJOBPMBNFBUB OQIWAMB GBWBOZI EJN
UFIFUFUMFOTAHF UFMKFT SIMSURTLTF O" FOWw OWBLOB UBVCRZB E J N
HPMWB " SFOET[FS LPO[FSPVIBRICW NFMZKHAMBPUWBRNAE EJ
UFT[J B[ »MMBOEI NBHBTITHOSYE B3 TEPASTWSRI[BWAF -B[ JE&
LAOU LIJBMBLVMIi QFSJPEJITVF QNG HFHNERF. P BEQ QMM G»[JT(
T& FOFSHJB CFWJUFMF OAihORW Z& K Z) FTEN AER)T ANP & IBIHATO Z
FTFUACFO UFSNAT[FUFTFOFGRWRQME FORFS HJ BWF K[FNFAA HJ B
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WF[FUKOL BR[E/(kg)? EJNFO[JIUMSBEDATAWFM AT TUBCIMJIU»T)
NFDIBOJLBJ BDTT[FOFSHJ»UUFINBUJLBJ NIET[FSFL B T[BLJC
3 1k SFOEFMLF[ATSF »MMOBL
E > zré Eﬁr t - 3)
"MUFSOBUCWBLAOU GFWF[FUIF
" LAU 6YSITAT B[ B[PLBU -D TMIBRQAPWW& >AMBEP[i BNFMZ B UBMI
NAOZFL AD BMLPUOBL FH ZKRVBENI» B0 £5 .gB[ »MMBQPU
MVTU NFMZFL FHZOUUFT W\ MHPYIIRU B/ BLU[BIB TPTTBOIOD T
GPMZUPOPT EJOBNJLBJ - SFOEHRASMBE> MBSOIMWUASFBWAQF [A
[FU " QFSJPEJLVT Q»MZ»L OB INPUMTGOBL BVINITERP TVMU
MBU»IP[ LIT[»NGCUKVLMBUrNPQRB®SINIBK ¢/ co&k .
YPWBEHZFOMFU T[FSJOU
"[(5) »MUBM»OPT BMBLCBQ GFMC¢
C Sp <6 s (4) teketg6) FMT& WBSJ»DJIT FHZFOM]
NFSJLVTBO JOUFHS»MKWVL ."5-":
&HZ QFSJPEJLVT Q& WM2B EROBEOJRMSGE BHWAOZ TFHCUTAHAYV
TBK»UASUALF VO AM@L I FRERAOZLFSFTAT) BMHPSJUNV®
FHZFOMFUCFQAT[RSBOINAPLBIWIOEMNB[PUU BCT[PMOU AT SF
SF B U»NBT[ JMMFUWF SFB8OMHIEp[FNRLABF TUBSB BRWAH[F!
BMBQ NFHPME»TJ N»USJYPWJBNHWEUWFU BVBRMZOP50M[P
OPT T[BLBT[PLIP[ UBSUP-[i FMF&ADBB JH[BNTU>TIFIE4 ODPWF
MFU NFHPME»T»WBM I'Blg» SBELBORUNSHFTFUAO B NPOPESIN
ATs, N»USJYPL SFOESF B[ASMANVHBWHMEBT QPOUBUMBOC
X IDY JMMFUW BMHOMERUASAT

FTFNAOZFLOFL AT BY¥NYSKVL UBSUREI(X); x X, (5)
PWRM x VHS»TGOHHWAOZFLOFL B HSBEJ. ®)
FOTFJU GPHMBMK»L NBHVLCB &[FL B[ VHS»TGOHH

WAOZFL FCCFO B GFMCS»TRIECIBEIJBMWTOQFMZHEPUWNFHLFSF
KFMFOUFOFL EF BIPHZ LANYOC»¥b B8O BRHKYVAS»DJI L.
NPEFMMUA&M AT B GFMCS »TUNIBW M GIvH HBAFDBARY BHEF® Z B
NJOEJH JHB[ " QFSJIEV-T FMVFEIKAC 3 R (BFEB\ZERUNDF U GFKF[J
DBSA NFUU h,) B OHHWAQ® NFHPME»T NFBFHERF[PL B
EFgO0OJ»MKB BNFMZ KFMFOEFQFDIBMURUFIFMENM O BABYZ B N
CFFTJL B GPMEFUASAT BfFMAXCDEFHHWAEIHAB/FSB VUB N
EF N»TIPHZ JT NFHW»MBTNBUBYFUSBRMOFOEMM B NP[H»T
IP[ IPHZ QFSJPEJLVT NFHFWBSOABEDBRBMWABFSFLSF WAF
SVHIi WAHQPOUK»U NJOEFQFQFSBEBIJEVT NFAHPAME »B UBM» M|
HMPC»MJT LPPSEJO»UBSFOPBFSFPIBIHIKBCBD TAFOFSHJ»
QF[[OL B 1PJODBSA NFUDFU I B[FEUBINPHBB FHZFOMFUF
g9 >cos E K¢ VHS»TGOHHWAOZ TFg %
HCUTAHAWFM &[U B[A8dy UFlFUKOLBE’!rrgH‘j [NFSU

LW»[J DILMJLVT LPPSEJO»UB B[B] >§3)E83Mé G»[J@

CBO OFN CFGPMZ»TPMKB U»NBT[ EX%}i%ct 0o QFEJSH

DTBL B UBMBKGPH»TJ QPOU[WEM NAB UWPPNBRIU € PG NEHZR MUER
CFGPMZ»TPMKB B NP[H» TUNFMQOGSEUPE JLMEFQRLIMGEEMUAUF N
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1OWE "y LF[EFUD GFMUBVWAMTAWBHZ BL»S LOMPOCD[&N»
LDSOMJI MIJOFBSJI[»M»T VUMNPEBFMMAAFGCEDVMAMBFOL LP[F
MFUSFOET[FS CSIBUI GFM MFO@JMNBHPME»TIP[ B QBSBNAU
LIJT NASUALCFO W»MUP[UBUFBL

a X

ey T Q»MZB LFSFTATF FMAauu 5Ff»L
h(x) O¢ J«  Ne) « (10) wBO T[OLTAH B NPEFMM IBEH!
E(¢) 0 E Bx) MPL»MJTBO WJ[TH»MKB B B!

5PW»CC» EFSJW»MUBL OAMEO]
BIPIx, Mk,t)azx, CIM JOECUP[WW NHAHHPIMT[FO OFN HBSBO® »|
ddssd, QIJMMBOBUCBO BNJFLrpsLBFLNF[}&WJM@BTFBNN%SMBTFUP
B 1PJODBSA NFUT[FUFU - B[BP GFOM E&[F LA SIA BTURM BC FIENFEF S g
KF[AEJL FHZ NP[H>givieQt) IENMETRESW» MBT[UPUUVL - BNFM:
VHZBOJUU B 1PJODBSA NFKB[ABHZUB[OJU ., EésE, pa@Z»0 B
ASUALUWPNHLt). (100 FHZFOMARUFSUASCFO OF LBWFULFJ[[FO
SFOET[FS B[ JTNFSFUMFOFINFOOZ2QBMBHAIFMIUDEN LPOW
FHZFOMFUFU UBSUBMNB[ F[ASQMBE YPPNMRPIFIUINVITFFHZ CO
GEMBPMUBM»OPTCUPUUBJ)OWBSDJITRHTCIAST @ HCBWW FA\WB |
IFU& LJ B[ »MMBQPUW»MUPR\KNMWBPATBQPSUIEQBSBARRFSFLL
WPOBULPH YT OPWFLNAOZ \BBNERNINYNPU " /FMEFSq.FBE
i, pv AT OK CFDTMATFEBUMBGCG HEZS @ BFQRPUCE O/ FNQIVF®I
3BQITPO JUFS»DJI Q»S MAQAT VU»O B QFSJPEJLVT
NFHPME»T L P4 & Q P O U-K »BdeDMBNYEK 1PJODBSA NFU
T[FU EDGATQROUKB KFMFOU& CB LPOWFSH»M IB
NFHGFMFM& LD[FMTAHCAM 6 OMBO@ E D/EAT T/[FOM $E F»ISIPT UBSU
SFOET[FS MAWAO BSSB I|IPREJR\LF [@RMINLF-B®DIBWABFIOFIFHgH
AT B NFHPME»TOBL NJMZFIrFU® [FAVH Z FBM $IF Q16 ® & JESLS DIZEB O
FHZN»TIP[ B LPOWFSHFOI JBI FQOFURTACHU»NBIPYAO -UFLJO
OJODT »MUBM»OPT JS»GZNMUBQ»WMZ% WROJOTUBBSVWRL IBU
N»OZ SFOET[FSU&M AT QB SBMAWRN®AIM AMTEOE HBAF®MBE»T
W»MUP[JL OBHZPCCBL B[ VHS»TPL- " 4-*1

LFEATAOFL FHZJL T[FNMAMFUF
" TUBCJM QBSBNAUFSUBS1FRINDDBS A BBANR W JIESBY ASATI
NAUFSLPWFUAT QBSBNFUFRS MPOIBLUOVBUBROFIFHNPYH»TIF
TAHAWFM LFSFTT |, £ésE, B{BIIBR ASUALFLOAM-&HZ UF
QBSBNAUFSU LJT NASUAL CIFF® Ws»NUBFT[[WBPWKV I LBBKE 1PJO
BMLBMNBI[[VL B[ FOFSHJBRHZAIQMASUAMA LRC AWT FIOWUF T
"EPMGTTPO GAMF JUFS»DJB] BHRLQNS MEV QEEMINGATACCJ
SFLIF[ UBSUP[I QFSJPEJL\ATS WAIHPWME>NIF NG ALUBFO ©JODT
M»M»T»SB " QBSBNAUFSFILIE¥VD BMBWAOAR USNMTOBHBHHBU |
ugras miatt £10) JUFS»DJi FMWFTH CBUIGBNIRBP W » MUP[I WITFMLF
WFSHFODJ»K»U WFLUPS WC[T[] Gtan*( /o NASU

T[PHACS»[PMKVL B GPMEFUAS;/
" QBSBNAUFSFL IBOHPM»T>A\/%RBNM MBNER[ QW ONH [GIHNER S J SO
N»L T[JNVM»DJIK»SB UFFFUKBIFEMLBMINGS NFPUB[APQPOUPL
EFMMU QM LOMPOCDH[& TAGCFAQBLHMBVUI INFUPD[LAEFQPOUP
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LBU KFMFAUBPPIWU B MFHLATFCT[>ANXF SB[IOM AT B 4-*1 NF
»IP[ UBSUP[JL BNFMZOAMIRMMW MM RAJLFQFBIREDFUU WP
LVT Q»BMMDPOUIP[ UBSUP[JL 8P NBBBHO®BBIZBBRUJPO JOECUWI
DTT[FOFSHJB BIPM NAH MAURNPI[H¥UBCUBC QM SQPEIJRETLVT
Q»MZB H»M BNJOU B LAL OZJMBL JT N
K F M BAMAETEbtANBI » U IBUT IBU» SHE
A4. FsTabraB WPO[»TJ UBSUPRHDNPTGRL WBMI NFHGFMFMUF
MAMU F UBARBRAS [ CALFFLWAM B[ PTT[FOFSHJB
AT B SFQOM& G»[JTABW GMMBAENRABRMMEWITFMLFEATAW
T[JOUFT TFCFAT[®H JINMKY ® FMBLHAIOL»CC »UGPHI LAQFU B
GPMZUPOPT AT B QJSPT T ®MHHBABQULALH F)FERBBEROESHAS
B TUBCJM AT JOTUBCJM ('\lls_C‘ 1nE1I,\IT I\I"I_'Lllnl\lll:“'l'r')‘l BU
KFMBPDMJL .FH»MMBQGCUIBL
FOFSHJBT[JOUFO NBSBEW
H»TU - WBANFOUAO B[ WJT
Q»MZ»SB ENFORABY QFSU
LF[EFUJ GFMUAUFMU BLLP!
UJ Q»MZ»IP[ TUBCJM NFHFE
AT KFMé IBU»SHDPSGA
T»SHB UBSUPN»0OZ JOECL"
E»T OFN ASJ FM OKSB B 1 %y
FHZ QFSJIEVTU TFN UVE N
FMEAMOF /FN QFSJPEJL\
SFOET[FSU BOOBL WJTFN
KFMMFN[J " QJSPT OZJMB o A
UBSUPN»OZ B SFOET[FS ... .05,.“““” o, Lo
TPO CFMOM FMAS]J WBMBNFMSZabLaIBEJMHJ—BES&OGMLMIB[\NJTT[BUA

y=19.11
B=1

0iv1 [ra

By =0.274
x 5 B—os| | £ B
1S

y=19.11 |[TTiw

e st il

0.4
2.4bra’ QFSJPEJLVT Q»MZ»L LOMPOCH[4 NFDIBO MxBJFIFNAOEBH ML
NFHIBU»SP[PUU GIF O MF UFChGpMBEBM UIBEOMFMZ CBMSIM KPCCS
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mely a6. dbrdnM » U | BlUgbra'B LOMDBED "[POCBO NAH FLLPS JT J
[AA ASUALFLIF[ UBSUP[I WBUDREBBUF®FNVABEKBLAGF »M M
" TUBCJM UBSUPN»OZ UASEEMBE[FNHA(AWMW[SMBMﬁw
JOUFSBLUCW . BUMBEMASPSHEBANJFSFL FTFUAO 5

TUBCJIJMJU»TJ IBU»SGFMOMFUFL TFHCUTAHAWFM LDOO@FC
NFHIBU»SP[IBUIL PMZBO OB SBMIALIKSE FHMERSL»FBE TEIN
TPL BNFMZFLLFM HBSB-OUNIMNIMBEE BFMUBAEHS FNBKUP UUZQ
FSFENAOZFJ M»UIBUIBIZ2 )PEB:
FHZ NAUFS IPTT[O Q»MZ»D
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AT TUSBUAHJI®J NPA(BM:HMTHLOMHOCTAHr-kFlvror,gPAlz B3 NV
WSUBDBMMMBUJPO GOHHAWEWHAT»NSLOBO IFAONFMNFT MA
dulds, &, QFSJIEVTJIEE ATEHE (PWBMI FMUASAT GOHHWAOZACF(
UBMEBK G»[JT JEABS»0ZB Q®B sSBaN AAHIFM B/[» MUMBHBBSBFTT
T[PMH»MUBU BEBUPU B AJQBSBNAUIF SI® EIF NUM adatalaNF $B W
AEIAT QBSBNAUFSFJU OHZNABOBBMAYU9BIR® MMHATZE®ANF
B NPEFMMC&M LBQPUU ATSBEODASIAFCAMAD[» SINBYIIMFT[UAT
'x 70, AT (3 NVUBUIT[»NPLFIFMEFQW FMMFHIFMZFT " T[»
JOBL OAHZ[FUDTT[FHF DAWMGIZHB W A/ BNJI® PN MMM F T [U /
M F HZ Bla I»SPN GOHHFUMFO QBSBNAUFS
AAEl 10 .4branB NFHBRANE M

" T[INQMFY NIET[FS LFI[EFQOBEFDAVMRAIASE AQFEEBM»UIBUIL
NAUFSUASCFO OBHZNASUALCFO CFGPMZ»TPMKB B
LPOWFSHFODJ»U " NASATJ BEBUTPSPL FMT& QPOU

K» CBO B LF][EG AbraGathixd steA DISFKUSSZIO

CJM UBSUPN»OZA.P[EQAO WPMU

B= " UPW»CCJ QPOUPLIPRFSIPHEFUD Q»MZ»IC TUBC
CFDTMATU NJOEJH B[ FMA[AN@PBE HSFBENROZ S IV PMBK» UASL
H»MUBUUB '\REBIOBR\GWMWHICNEH " OAHZ TBK»UASUAL LD[DL
ASUALEADABU O OUFUU O L FHZMASVTN BBW»@AG» FHZ LF[E]
UALREFUB T[INVM»DJiWBMQBSGNAUY FAFUNAM IGPHHE WBO
ket ¥ KFMPMJIBEBBBJISB WPOBLIPFBEFT TBK»UASUAL B Q
VHZBOF[U B[ JMMFT[UATU TBK»RJEVQZWAHYBSBIPBM B NFM

IPHZ B SFOET[FS BVUPOIN " [A
- - % : 13Js»0z0 TBK»UWFLUPSIP[ UBS
2| e B W' N [ASVT NFSU GOHHFUMFOOM B

e | Fa I NJOEFO QFSJIEVEABAHKAC B LI

7 A TN QF[AEJL WOI TYBI BT GOHHWAO:
" LF[EFUJ ASUALU&M GOHHA& T
UBUKB NFH IPHZLBRFODAZUALF O
o [, NFH[BWBS»TB OHZ UDPSUA
W»MUP[JL NFH B SFOETEFS NFCL
KB BLLPS NUM[ZEFQ BASUALIF[ L
QFSJPEJLVT NFHPME»T TUBCJ
FHZFT TBK»UASUAL B[ASU T[FS
LPO[FSWBUCW, JHZBWBRBS B |E
U»T»SB NFHW»MUP[JL B NFDIBC
B[ B NP[H»T NFOUAO WAHJH »M
WFULF[ATLAQQ B SFOET[FS DT
MFIFU TUBCJMJT .JU KFMFOU
IJCB BMBLVM»T»SB WPOBULP[IB¢
C N e P Y s [BWBS»T PMZBO IPHZ OFN W»N
T[FS NFDIBOJLBJ DTT[FOFSHJ>

9.4bra. ASATHLO®WAU AT B 4-*dAWEE@GB F B[PFOFESHIB GFM
IMMFT[UATAWFM LBQPUU WNRpHPT BWAGBYZIBRBUBSUAL LJ
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10. 4bra’ 4-*1 NPEFMM QBSBNAUPRS¥FIMB NA[SANE BEBUPLSE
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11. dbra’[ JMMFT[UATFL"SFMBUAW WICHRIUBT[»NPLSB
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NJOU FHZ B NFHPME»T-FHZSF LBJFMFELEp GPH LF1Y)
SOMOJ B QFSJPEJLVT NFHPME»T USBKFLUISJI»K»IP]
B IJCB FMUéOJL )B NFHWBMRMABD T BBNMRDSBOJASU-ALFL
LBJ PTT[FOFSHJB BMXNFEHPKEUASNAILILB[U KFMFDS,D ZICBQ
J[PFOFSHJB GFMOMFUSF LBE® KUMNSRMZAIF MENDPEFUT CORUTE Q
CFBWBULP[»T OAMR.GIMa OJOBD NB[H™IS»BLLPS B QFSUIEVT W
U»WPMT»HHBM MFT[ BSSACC
&HZ CJ[POZPT FOFSHJBJOUFSWBMMVNPO CFMOM MA
UF[OFL QFSJPEJLVT Q»MZ»]) FBS FENDMEOZFSOELFHXTFW»HOB
FIFO QFSJPEJLVT Q»MZ»L BNGAFYPOVKRBIVEM®IOMBBLLBM
SA NFUT[FUFO FHZ GPMZUP®PN CHWD SCArE4BBIEKN F B 0OBUFLIU B
>MUBM»OPT [BWBS»TSB B[ NPBOEMBU N FME FI® HEZ BFO[JIUMBO
FSFEFUJ Q»MZBHDPSCAIF[] LARSFAOBQJEBHBEAZLBAPIBF TUBC
FMUEOJL BIPHZ B NFHPME»T B[OQk OTT[FCHFGHJI»BPNPEFMM NFF
UBSUP[I QFSJPEJLVT NFHPMESIBERL\LPD[OMKDO» IWMAUF[ATA
T[POU NBSBE FHZ GFOONBBSREF FIMPNCSIOT» DNFIM A BHW» M BT
LAU LOMPOCDP[& PTT[FOFSHUAPLAB BURHMKFSIRERISBNAUFS
LVT NFHPME»T U»WPMT»H»GPMEBEMME WIJTFMLFEATAU- NP[H»"
UASCFO NVUBUUVL CF NFMZF]
B[ JIPFOFSHJB HPDSCAL KFMFOL

" QBSBNAUFSJMMFT[UATFL B]
UFS UBSUPN»OZCB JT LJFOHFE
&[U B[ASU UFIFUUOL NFH NJW
B[ JOTUBCJM QFSJPEJLVT Q»M?:
TUBCJMM» MFIFU UFOOJ " TUB
T[AQTAHF B LPO[FSWBUCW 4-*1
B[ IPHZ B SFOET[FS POCF»MMiI
T& CFBWBULP[»TU )B B -T[JNQM
OAOL LJ B[ JOTUBCJM UBSUPN>
»MMI TUBCJM NP[H»T KPOOF LJ
MFOOF B[ JMMFT[UFUU CJPNFDI

12. 4bral FSJPEJLVT NFHPME» S
DTT[FOFSHJ»L FTFUAO B Q>>M%£$HE%§£E—(§K%%§ZQNEFPT%%»FE%&T\AHSE
BQFY JOECUWB ~

NASATJ BEBUPLSB NFSU B NPE
" PUW»MUPI[IT FTFUCFO NAH SHBESAUHATOZBKRURASBELRETTAF
LFMFULFLL00,,: &[FO LCWIMMED[UAT QPOUPTT»H»U UPW»
[POZPT TBK»UASUALFLIF[ UBBUZPHI NPEEHNUW F- 8PS PQBSBNA
JS»0ZB AT KFMFOUATF NFBTWQMOPNCH B[[ABMFTTBFOJ LCW
K»UASUALIF[ UBSUP[| BKPQ B'SBENRIFBEFLOZBNB OAHZ " NP
NJWFM NJOEFO QFSJIEVTCRGEGM AB WMBISIEPN AAPRSEU AT»N» OB
TPS»0 FMACSKVL B[ ASUALUBUIBQO BKROIMBEO[MAHKIFJIT QPO
MFO& FHZFT TBK»UASUAL A BKabtad K»OEZBVMW BME J UMM PWHWZF
B N»TJL DJLMJLVT,LRFIE IDBEBMWBM SFJ KFMMFN[AFO NJI
DTT[FLDUUFUATCFO NAHIPFMOB[L BWBMIEJ NFHPA®TPL VU» O[>
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IRODALOM ~
|_

Novacheck TBIF CJPNFDIBOJDT PEFSOOOQIRKDOHPG EZOBNJDBM MFIﬁQE
(BJU BOE 1PTUVSF SVOOJOH + #JPNFDIBOJDT é

Otten E*XOWFSTF BOE GPSXBSE HuckiBdghdd EOON QEEFMIIDBM M Z TJNWB
PG NVMUJ CPEZ TZTUFNT 1IJIWAVNPTUIBBWP OSBRI BDIF-VTFSPG
UJPOT PG UIF 3PZBM 4PDJFUZUBBGPOEIROJEB MJIPMRPHF X 2
JDBM 4DJFODFT gMiller PC. $BMDVMBUJPO PG -QBC
Czaplicki A, Silva MT, AmbrésiclCPNFDIBOQPOFOUT GPS EZOBNJD TDOTU
JDBM .PEFMMJOH GPS 8IPMF BPPA JPVIRQ FEITIGHBP T 4PM%UF
/BUVSBM $PPSEJOBUFT +PVSOBM PG 5IFPSFUJDBM BOE
"QQMJFE .FDIBOJDT Adolfsson J, Dankowicz H, NordmarkeA.Q B T
Ghigliazza RM, Altendorfer R, Holmes P, Ko TIJWF XBMLFST @gOEJOH QFSJPEJ
ditschek D! 4IJNQMZ 4UBCJMJ[FE 3\VFOOFORGPEFMOPOUJOVIUJFT [/PC
4*". +PVSOBM PO "QQMJFE %ZOBNJDBM 4ZTUFNT
Dankowicz H, Piiroinen PEYQMPJUJOH EJT
Holmes P, Full RJ, Koditschek DE, GuckenheimetJ JOVJUJFT GPS TUBCJMJ[BUJPO
J.5IF %9ZOBNJDT PG -FHHFE -PBRRZIOBWIDGMREZTUFNT q
FMT "OBMZTFT BOE $IBMMFCHER] veah'Cam@ERMIFIXOPOUJOVPVT C
DBUJPOT PG QFSJPEJD TPMVUJP!
Blickhan R.5IF TQSJOH NBTT-NPEBMNQFRYFSVPEFMMIOH
OJOH BOE IPQQJOH +PVSOBHRiromén, RT,AdikowWiBzOPXTDPTU DPOUS
PG SFQFUJUJWF HBJU JO QBTTJV
Andrada E, Blickhan R, Ogihara N, Rode K. UFSOBUJPOBM +PVSOBM PG #JG
MFH DPNQMJBODF QFSNJUT HSPVOEFE SVOOJOH BU
TQFFET XIFSF UIF JOWFSUF DieQ LQIBpdd VNV ONEBBENFFMO UBM - NBU S JY
HFUT BJSCPSOF +PVSOBM P@®JPIGPSFW JPEBEN FXIPINFPHYMPPUI EJ
.BUIFNBUJDT BOE $PNQVUFST J
Masters SE, Challis W DSFBTJOH UIF 4UBCJMJUZ
PG 5IF 4QSJOH -PBEFE *OWFS Bdnioséd R,Odly MY NO.PEBMJ[FE- JOWF ST
FM PG 3VOOJOH XJUI B 8PCCMUSIDHBITT.BLURVSBBIMB® 1SPDFFE
#JPNFDIBOJDT CSJEHF 11JMPTPQIJDBM 4PDJFUZ
Hutter M, Remy CD, Hopflinger MA, Siegwart Nelder JA, Mead R TINQMFY NFUIPE GP:
R. 4-*1 3VOOJOH XJUIl BO "SUJPOMMUFENIJIBUIPO 5IF $PNQ\

CPUJD -FH *O QSPD - *&&& 34+ *OUFSOB
UJPOBM $POGFSFODF PO *ORAKMMAGARBUMBCPRIITLBOB 4-*1 N
4ZTUENT ODUPCFS ©BBQFNM GBSERAUFS UBSUPN»OZ

NVUBU»T»SB <*OUFSOFU> <DJUF
Millard M, Kubica E, McPheéRSXBSE-EZO BN MF  G®®/Nvww.mm.bme.hu/~patko_
JD IVNBO HBJU TJNVMBUJPO bWREOQH 3BMép2bh UBSHFU
NPEFM *O QSPD 1SPDFEJB *Hd&ara H, IndueNKQGdmi K, Sakamoto M, Mu
TIJVN PO )VNBO #PEZ %ZOBNJDabka T, Iso S, Kahostes® OUJOVPVT DIBO
8BUFSMPP $BOBEB JO TQSJOH NBTT DIBSBDUFSJTU.
Ludwig C, Grimmer S, Seyfarth A, MausikiN. TQSJOU +PVSOBM PG 4DJFODF
QMF TUFQ NPEFM FYQFSJNFOU MBPBIUOH BMMPXT QSFDJTF
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Morin JB, Samozino P, Zameziati K, Beli AG. SVOOJOH USPUUJOH BOE IPQQ
&GGFDUT PG BMUFSFE TUSJEFUGEFRVFODEZCBBBFOP GUB DHP V S C
UJNF PO MFH TQSJOH CFIBWJPS JO IVNBO SVOOJOH
+PVSOBM PG #JPNFDIBOJDT RummelJ, SeyfathAUBCMF SVOOJOH XJ
Cavagna GA, Franzetti P, Heglund NC, WilemsNFOUFE MFHT 5IF *OUFSOBUJPC
P5IF EFUFSNJOBOUT PG UIF TBPEQDG SHRN\FBGDZ JO

A jelen publikacidban a BME-n folyé kutatasok eredményei jelennek meg. Tamogatast nyujtott
a Nemzeti Kutatasi, Fejlesztési és Innovaciés Hivatal (projekt azonositok: TKP2021 BME-EGA,
NKFIH FK-18 128636)

Zelei Ambrus

#VEBQFTUJ .éT[BLJ AT (B[EBT»HUVEMNYOBE & HAFBEN . K B ®BAC
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SGALAT ES -TERAPIA

I#VEBQFTUJ .éT[BLJ AT (B[EBT»HUVEPN»0OZJ &HZFUFN @MAQ
0OQUJLB AT (AQAT[FUJ *OGPSNBUJLB 5BOT[AL 7
20ST[»HPT 4QPSUFHAT[TAHOHZJ *OUA[FU ‘5

N
rita.kiss@mogi.bme.hu DOI:10.17489/biohun/2022/1/314 g
Absztrakt

.JOU NJOEFO TQPSU»HCBO CHZ B LA[JMBCEB TQPSU LFS
NFHGFMFM& »MMBQPUGFMNASATF &[FO NASATFL LJASUAL
B TQPSUPMIL BLUV»MJT »MMBQPU»SIM " GFMNASATFL VU>
WFSTFOZ[4L C[OMFUFJOFL NP[H»TUBSUPN»OZ»U OBWFMOJ
EALFU O0ZOKUBOJ

" LVUBU»T DAMKB B[ BMTi WAHUBH »MMBQPUGFMNASATAS
BMLBMNBT B GACC C[OMFUFL NP[H»TUFSKFEFMFN AT T[PbH
SB &IIF[ FHZ LJUFMFQCUIFU& PQUJLBJ BMBQO 0QUJ5SBDL
SFOET[FSU IBT[O»MUVOL BNFMZ B LJKFMBPMU BOBUINJBJ

NCUPUU KFMMFN[AL NPOJUPSJ[»MIBUIW» UFT[JL B-W»MUP
IBCIJMJU»DJIi LJIBMBLCU»T»CBO "[ PQUJLBJ NP[H»TLDWFU
NPCJIJMJ[»DJIT GFMBEBUPL TPS»0O B UASEC[OMFUJ AT CPL
T[PHF F[FLCA&M LPWFULF[UFUIFUOOL DPNCIBKMCU4 J[NPL
GFMBEBU TQFDJ»MJTBO LJWJUFMF][F U baribsVikgd PAMOOT TP QP18 E
DPNCIBKMCUI JINPL OZOKUIBUIT»H»U W B[tBhbréaChGFINIB E B L
" NASATFJOLFU VU»OQIUM»TLPSO AWFT O&J LA[IJME
NB[PUU GFMBEBUPL LJASUALFMATF UFMKFT LAQFU-BE B[ E
U»SIM WBMBNJOU LPWFULF[UFUATFLFU WPOIBUVOL MF B]
TFHCUTAHAWFM B IBHZPN»OZPT LPS»CCBO JT IBT[O»MU I
B UASET[PH UFYJI FYUFOI[JIT NP[H»TUBSUPN»OZB WBHZ B
BEBUPLOBL NFHGFMFM&FO OBHZ QPOUPTT»HHBM NASIFUZ
SP[»T»U UFT[J MFIFUAWA QM NFEFODF CJMMFOATF USB
T[FNSFWAUFMF[ATTFM LPS»CCBO OFN WPMU MFIFUTAHFT

KulcsszavakNPUJPO DBQUVSF LA[JMBCEB HZIHZUPSOB 5IPNB

51



MOZGASVIZSGALAT ES -TERAPIA

Biomechanica Hungarica 2022;15(1):51-61

ASSESSMENDF LOWER LIMB CONDITION OF YOUNG HANDBALL PLAYERSVIA MOTION ANALYSIS

Abstract

"T JO NPTU TQPSUT JU JT DSVDJBM UP BTTFTT UIF DPOEJU
UIFTF NFBTVSFNFOUT UIF QIZTJPUIFSBQJTUT SFDFJWF B D
DPOEJUJPO S5IFTF SFTVMUT DBO IFMQ UIF BUIMFUFT JODSF
XFBL NVTDMFT BOE TUSFUDI UIF PWFSBDUJWF POFT

51JT QSFTFOU TUVEZ BIJNFE UP EFWFMPQ BO PCKFDUJWF NF
DPPSEJOBUJPO JO ZPVOH GFNBMF IBOECBMM QMBZFST BHF
BOBMZTJT XBT DBSSJFE PVU XIJDI IFMQT UIF QIZTJPUIFSB(
NPSF FGgDJFOUMZ EVSJOH UIF QSPHSFTT 8JUIl UIF IFMQ PG
UIF MPXFS FYUSFNJUJFTm KPJOU DBO CF PCKFDUJWFMZ NFE
CF VTFE UP JOGFS UIF UJHIUOFTT BOE MPPTFOFTT PG UIF |
UFTUT XFSF JODMVEFE B TQFDJBM TRVBU UIF S5IPNBT UFTL
UIF IBNTUSJOH NVTDMF HSPVQ BOE UIF ITJU BOE SFBDIm U
.BUMBC QSPHSBN XBT BQQMJFE 5P TVN VQ UIF UFTUT BOE L
DPOEJUJPO PG BOLMF LOFF BOE 1JQ KPJOUT BOE UIF RVBN
EFWFMPQFE PCKFDUJWF JO TJUF NFBTVSFNFOU QSPDFEVSHF

Keywords: NPUJPO DBQUVSF IBOECBMM QIZTJPUIFSBQZ 5IPN

BEVEZETES " UFDIOPMIHJB GFKMAEATAWFN
UBM»MIBUVOL B T[BLJSPEBMP
/IBQKBJOLCBO JT B HZIHZUFGSFKMWNASMMBQRUBIEF MINASSIH FSé |
WI[TH»MBUPL q LDP[UOL -B[ .BMSDPAHABHNYMBIB EPI» UFMF C
SB JS»0ZVMIi WJI[TH»MBUPLLMNFHUEFQWKAIUBNFMELB[PREP U U
OAMLOMJ T[FNSFWAUFMF[FTUAD NWPEHX UBBGGPO» TRPO[PSE
BMBQVMI NIET[FSFO BMBQVWF IE[RONAR[ENFFIWAUEMFMFU NP|
[ATFT WI[TH»MBUPL G& QS MNEMABLKEPIPAVHITC ICW BAVHIZISBR G\WM U
BEBUPLLBM OFN T[PMH»MOEIFLAB[ 0BHZ GPILRKU MI[MiC UPCC LB
KFLUJWJU»TTBM K»SIBUOBL %/ AIAQEM¥N [TAHAVB B NFB OV MO NP
B IBHZPN»OZPT FT[LD[DLFUKBIS:rBRNB[YWIBMNBWTB -*MZFO
B HPOJPNAUFS WBHZSNBSABBMBMASIFU& T[PGUWFS B[ CF
N»OZPT FT[LP[PL BMLBMNB[»J/ABSBAZFMSEABFPQ ABNRMMZE M
UASCFMJ AT BOBUINJBJMBHC [BMZFRTI QR PGDN bKHUDMB[ 1> TEHMB U
WAUFMACA&M BEIEI QPOUBUNMBW IFHREHBMFSFENBOZBP[OJ
T[JHOJgL»OTBO CFGPMZ»TPWABBWKZEMA[UW GPILFHWEFEN[ATU U
IB B WI[TH>MBUWF[FU& TEFNBNPINET NWEMUPTIL %8 NAFDIOJL »
SATJ QPOUBUMBOT»HPL NFEBBDBIHE B BIZDAMEHFW BFISKFEUF
NASUALé W»MUP[»TPL OZPNRO[ITHHW MU STFAOE TIMMFIUWB SB. FSF
NASATFL NFHIJTNAUFMIFU&ATBAMAMZFL NJMMJIJNAUFS BMBUUJ
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TERAPIA

SP[[»L NFH B NBSLFSFL-UASCFMJIQIMFMRAJFU AU s“NPtngVTgb') L
H»T LP[CFO MFIFUAWA UAWSMRBEWVB[L BO BBNRIBIL- NéLDE

T[PHFL NFHIBU»SP[»T»U UASAHFOI APUBWEFD[PGRONFS .BU.
JOWB[CW NIEPO 5FYBT 64" TFHCUTAHAWF
NBSLFSFL UASCFMJ IFMZI[F U

+FMFO LVUBU»T DAMKB FHRE[BAMBEIS Fi OFANMEH B MW BIQ 8 LBV
GFMNASATASF BMLBMNBT BC KB UIC W ANHAUSEAHT 1B B BEUTIINEB 12 Q
LJEPMHP[»TB BNFMZ OBHMRMAURSF»HOZ EWBR EB o0 P» M
UCW BEBUPLBU T[PMH»MUBWB BLBASEMSEPREE [ ATabal BT QASM |
C[IOMFUFLS&M WBMBNJOU NBSWFSIFE[UPYATU B6MBK IB B
FIFLFU BDTT[FLPU& J[NPL »MMBQMZE$SFBEa IP[[EK» AT oT[BC
SVMWB B TQPSUPMIL »MMBRPAUGPMERSAFMN ATNBEBBRUB

JIP[ " LJEPMHP[PUU NIET[PAIFRZAaEMFNONA D AMXBD-J»MJITB
IPHZ LJLOT[PCDPMIFUAWA UFRSFA BLFBOEIRPNHOGFMIFMZF[AT
HZIHZUPSO»T[ WJ[TH»MBUR WNIHH¥ 8SBUJ BMHIZ» O[AMF LFSQ
FTFUMFHFTFO GFMNFSOMADIMZQERPCIWIU»TCUMTBEIERS»O
QPOUBUMBOT»HPLBU OZPNPWJLEHY MWIFLFANAMAFRHZAHAOFL L

B SFMBUCWF LJDTJ W»MU

P[»TPLBU

HZIHZUPSO»T[PL NVOL»K» WA kivAl&dB kedzBeld beBnuBa@asas
UPMIL g AT LBP[UOL LJFNFMUFO B LA[JMBCE»J[iL

g o[JLBJ

NIET[FS SAT[F FHZ NPCJM¥»HZRKFESTEFO WRVINAHF]
IFU& UFT[UFLC&M »MMIiI NASATJ TPSP[BU LJBMBLCU»

&[[FM TFHCUJ B

»MMBQPU»OBL KBWMCAUMUFU L'JWHIHETHEPSFYO»M T

UFTIL

TB BNJ NFHGFMFMAFO KFMMFN[J B[ BMITI WAHUBHPL
»MMBQPU»U " NP[H»TWJ[TH»MBUPO BhEBQVMi NASATJ
NIET[FS BMLBMNB[»T»WBM B LPS»CCBO BMLBM
NB[PUU oIBHZPN»OZPTo NASAT[»NPLBU|l CPLB
EPS[JUFYJIT T[PHF UASET[PH NP[H»T|UFSKFEFM

NF FMASFOZOM»T NASUALF T[FSFUOAIOL PCKFLUCW
NIEPO OBHZ QPOUPTT»HHBM NFHIBUXSP[OJ B
NASATFL TPS»0 WBMBNJQU CFWF[FUDPJ PMZBO OK
NASIFU& QBSBNAUFSFLFU- BNFMZFL TFHQUJL B OZP
NPO LDWFUATU AT B LPS»CCJ FT[LD[B|LLFM OFN
WBHZ DTBL OFIF[FO NFHBEIBUIL

MODSZEREK

A mérési keretrendszer bemutatasa

" NASATFLFU B[ OST[»HPT|4QPSUFHAT||[TAHOHZJ

*OUA[FUCFO WAHF[UOL FM
LBJ BMBQO 0QUJ5SBDL
OSFHPO 64"

GFMCPOU»T +

NP[H»TWJIfTHSNNSLEPHET
HGUTAHAWFEM " UFT[UFL GCEMWAWTWELEP

JOGSBWDSDPT UBSUPN»OZCBQgdéWBESFKMEN0 &

" QCUtTFUE PO

GFMTa

“eRshe

-50&
QY GFMWAWLFMLTPERTTAHE -5)*

ulJ

/ B UlVEB'M B J@ WM U RBI\LB MBMITITF>»MMC

e

DTCQA!
314¢*
3)&&
4[FHI
M » (
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TPS»O T[FN FM&AUU UBSUP
WAH[ATF TPS»0O DTBL NJO
LFSOMKPO MFUBLBS»TSB

B[ BTT[FT C[OMFUFU C#PL
H» MKV L
DTCQ& UFYPSPL DPNCIBHK
I»SPNGFKé M»CJLSBJ[PN
UPCCMFUJOGPSN»DJIIP[-
M»T FHZ OHZOFWF[FUU N
B[POCBO T[»NPT FTFUCFQ
LBC[OMFU »MMBQPU»OBL
FTFUAO "[ »MUBMVOL WA
LJJOEVMIIFMZ[FUAOFL GF

FHZ BT[UBM FMauuU BMLBS

KvulBUvOL "

UBYOMIPHZ \BJBTFHWBERB B NFEVB M J
JRM KU A [b»> BOWN BTSHLOFNT »HZ WC
HPFOTU P T L KP>HZ [ BL 8 © F[TUF MLF[NT H » M
BB §IAREF LB UCIFHM ZK FRHMOI[ TGF M

AT F[FL NP[H»T»CHAMMSHUWFWE& J[NPL

»MMBQPU»U JMMFUAFO
HVHHP

PCIJMJ[»DJIT HZBLPSMB

IBT[O»MK»L B CP

GFMNASATASF TQPSUP
H[FUU HVHHPM»T UFT]
MWAUFMFLPS B TQPSUPMI
U»NBT[CBO IFMZF[LFEJ
3 AT B UBMQBL DTC

BOOBL " NASAT TPS»O

FM. &bra " UASEFL 0ZOKUW
QAT[AMFT U»WPMT»HSB W
TQPSUPMI FMLF[EJ IBKMCU

BOJ B UASEC[OMFUAU BEEJH

BNCH B TBSLBJ OFN FNFM

&[U B UASEIBKMCU»TU GHZ WAHF[J FM

QPOUKB FMAaSF B M»CVKK

LFEQRkadMNB TURM BKUINIUFMF[Z
IPHZ B TOMZ

BLWBABSE MY BREWL K »DBEFWJI[TH» |

WI[TH»MU T[FNAMZ FTFUAQ[FNAME MFELZBIUTGECTMWAB " OF
JOBL NFHGFMFM&FO FMWAHISEBUATHDABRMGTO MFEIOMZOK U |

SPH[CUATSF

KPO NBSBE " WJ[TH»MU PMEBM
IFMZ[FUCA&M GFMIO[[B OHZ IPH
QAC[OMFU EFSALT[PHFU [»SKP(
LIJOEVMIi ABRMZ[FWASAT TPS»O0

LASKOL B TQPSUPMIU IPHZ 0OZ
QMBGPO JS»0Z»CB " NASATU
N»TJL PMEBMSB JT " WAHIFMZ]

WAHUBHOBL B MFIFU& MFHLD[F
LJOZOKUPUU S CF[»SI »MME
FSFENAOZ TPS»0 B UASEIBKMC
T[FTTAHASAM LBQVOL JOGPSN»

"sjit and reactUFT[U FTFUAO B LJJOI

2.4bra’ HVHHPM»T UFT[U LF[E& B ATy WAHRPUGFIIPB £ ToPSUPMI

" 5IPNBT UFT[U B UFYPS J

NJOELAU UASEC[OMFU ©0zZOKUYV
[BPQ BEWM TLAATSPWSICIBAPBH Z IBKPMKF

quadricepsA T ilBfjsoasGFT[FTTAHARBINBHRABJOUFOJ B M»CVKKBJL

UFMATASF BMLBMNBT " U

BTYW CLIWILKF @ FMBKE TP E§»B QP

B TQPSUPMI B[ »HZ T[AMAINp HRVEDFBOERIFNU AVIJ[Ur IR BJO QMV

PMEBMJ M»C»U
»HZSB
B UASE JT GFT[CUFU3&Ea »
" UFT[UFU NJOELAU M»C G

IBTIP][

IO[[BFAFLCIHFS GMUFLIIGBYMIFMZF[AT
" WIJ[TH»MU PMEBMSIBMBCLRAFMIMWMBH»AZGBW ADPH[C

MMBER® BC BFO MBGBE& TIJLFSFT B |
F Q@ PS[L A MNVBBL FMAEQ JANIERBM »
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VU»0J NASATFLSF .JOEFO
CS»TPT CFMFFHZF[ATAU BE
NJOEFO SAT[MFUASAM U»KALP]
UBU»TU B 5FTUOFWFMATJ &KZF
,VUBU»TFUJLBJ #J[PUUT»HBﬂ:O
, & # %

3 B <
.ASU AT T[»NCUPUU KFMMFNPaL
o)

J

\

EEé -TERAPIA

" HVHHPM»T UFT[U TPS»0 B C
T[PHAOFL NP[H»TUBSUPN»OZ»|
NFH ,PDTJT NVOL»KB B-MBQK»(
MBH IFMZFT CPLBT[PH NFHIBU»
M»CVKKSB B LOMTA& CPL»SB A
SF IFMZF[FUU NBSLFSFL UASC]

4.4bra” UASE FYUFO[JIK»OBL W E 8 W e B R TP S >0 FHZ

T H»M A X
LF[EA B AT WAHQP[CDJ IEéJLjC @B%Lﬁé\l gFOEF[ATUNBP
B *** AT *7 M»CVKKBL UDWAO

WBMBNJOU B UASEC[OMFUSF |
»MMUBL SFOEFMLF[ATSF §HZ

T[PHAOFL NFHIBU»SP[»T»IP[ FJI
IBT[O»MUVL GFM " UFMKFT UFT
UPUU T[PHASUALFL NJOJNVN A"
LFJOFL NFHIBU»SP[»T»WBM B I
NP[H»TUBSUPN»OZB T[»NCUIBUI

5IlPNBT UFT[U WAHSFIBKU»TBLF
M»CT[»S IFMZ[FUAOFL FMFNI[AT

5. dbra!"sitand reactd FT[U LJWJUF@B!%HEEI_ UFT[U TPS»0O NFHIBU»S

sagi CLCBO WFUU IFMZ[FUAU

TCLK»SB NFSAMFHFT GOHHAM

A vizsgélt személyek 6. abraa=T[DH &[FO LCWOM NFHII
LFSOMU sAgitaNCC L CB G WF U

" NASATFL TPS»O VU» OQFUBI AT LPT$G MiI »HZ WC[T[JOUF
AWFT LA[JMBCE»[i M»0ZU 8N&ZHFSMWHVOL MOMAUAP AT B D
¢ AW NBHBTT»H [FUAOFLDWHIBU»SP[»TB VU»O
UFTUUDNFH < LH TCLBOQZWEURHEMEBMJS»0ZO L.

DTBQBUCIM LFSOMUFL LJWHPWBTU»ZSIE] B CPE»MICH®B IBT]|
U»T TPS»0O B[U JT gHZF-MFNEBEOWPVRSIL MIFHECLGB WFUU
MBOCDHP[& QPT[UPO K»UT[I K¥WHALPLPASWALGEGMAAOFRS»O QP
B WI[TH»MU T[FNAMZFL LBPHRA JEFPMITFTMMWBSAPTUIP] LAQFT
BMBOZB BLUV»>MJTBO g[JL Q) PBR® NFIHAN MBAGIFTBWBNBEOOZ.
B[ FTFUMFHFT NOMUCFMJ TASOMATFJLFU GFMKFHZF[UOL
.JOEFOLJ NFHGFMFMAFO LJQBINRPEFADFIFEMIBWUHMW.FE JL
»MMBQPUCBO ASLF[FUU-B EABMPMACUCFW B34 LRSEBGENMB] -

5%
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- B UASE NBHBTBCCBO IIFMEP[UVBEJINFM B DAQQAJCFO B TC
OAM JM&EBWEnMS WBFBIYybH QWRVEPUU 0ZOMOJ NJOU B UBMQ
HBUCW FMA&KFMMFM LFS ®MHBRHLD ¥ BAKHNIEFBUMBIGBFUU  §

- B DPNC FMNP[EVM B[ »HNIQPAMVNPAMAFMM LFSFTOJ B U

- JMMFUWF B M»CT[»S FMdBOGNP[EVRHE B8 GGHFHEREBRFAMW A F
» MM B Q P U I& fbtak @ [FOTHJ OZOKUI[PUU QP[CDJI NFHUBSU:

NJOJNVN ASUALFL DTT[FWFUAT:

QP[CDJIWBM F[[FM FMLFSOMW

IPHZ B TQPSUPMIi MFOEOMFUC

B UFT[U TPS»0O " NFEFODF CJ

BOOBL IFMZ[FUAU OAHZ-BOBUI!

OMT& GFMT& 4*"4 AT I»UVMTI

4*14 q TFHCUTAHAWFM T[»NC

UJ AT B[ FMASF 0ZzOMU QP[CD.

IFMZ[FUF F[[FM B OAHZ QPOUU

QPOUPLSB GFLUFUFUU TFCLPL F

HF KFMMFN[J B NFEFODF CJMM

UPMIi B NP[H»TU OFN UMVEKB IF

JMMFO B NFEFODF

[LUFLTPS»Oﬁé['\l'—@‘FPIB% TPLLFOU BLLPS B U

QP[JUCWOBL UFLJOUKOL JEF»M

" UASE FYUFO[JIK»OBL WJpMWBIQPWBT[U TPS»0O B[U

WJI[TH»MKVL IPHZ B WJ}[TH»MU PMEBMJ WAHUBH LJ

0ZOKU»TB VU»O NFLLPSB Ahfefep nk0e@ BadatRldGigdoras &

MFHFTU&M WBMIiI FMUABATAOFL NASUALF

LJJOEVMI QP[CDJIK»CBO B"UMAEATA NBHDF ERT E [OWEFWU SE
S U [»SOBL CF CHZ B UASETQ®XISBB W\ [ BK»NSWP QIPNFUSJB

H» TUBSUPN»OZB B S AT LY IBSHPINHODNEB EFIUNBHBTT

YB B TQPSUPMI OFN UVEKBKUEMKFIFO W JOZIOKDB/QEBO CF

UASEC[OMFUAU S O»M LNASAC A'STARSUPIMBQBOLFHZFTA

AT F[| GFT[OM& AS[ATFO LCWAMAN LR @B GEMINFEWZ B[RAN SF LF

K»S BLLPS F[ DTPLLFOU NFEJBUWSF[P KEMFIDBUINBBI AT

FIIF[ B[ » MMBQPUIP[ FHZAQWPREBSHHRI[" [IBTCOHE»GFMWAUFMF

G»KEBMPN JT K»S BLLPS UPWACQCBWJICSBHDMEB P UB I FOHWM |

WAHF[OJ " UASEC[OMFU FBSBOHQCLIFUUDPAU BBEELB- NASAT

SB UASESF AT DTCQA&SF SBHBURJLP WU ONBBFALIFS MBI PTG-HIC T P S

TAHAWFM IBU»SP[UVL NFH WB O/ARKBFP MAVBM LFAIGW ABD HV HH

&[FO LCWOM B LAU PMEBM TP$P FUU SEWBUQW BMURSAT UU.

T[»NCUPUUVL FYUFO[JIK»OBL W 3if @treadtBUB W

UFT[U BNFMZIF[ B LD[AQT& LA

"sitandreact) FT[U LJASUALFMADABE[ \VDJWHBLMEYOM B NASAT F

B LA[OFL B M»CGFKFLU&AM WBU[W+MWBASATAU B[ JEACFO

gHZFMUOL B NFEFODFCJMMFOATU "[ FMASF 0ZzOM»TU

B *** AT *7 M»CVKK UBPWASIASWNBMBNJI®WBUBAD/R SDH[C

KBLSB IFMZF[FUU NBSLFSRFKNBW GNP BNHLUGINCBBU» DTW L
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U»M»TSB &[U LDWFUAFO EmBdnébyek AT[CUATEé .BUMBC
5|F .BUISPSLT .BTTBDIVTFUUT 64" WFS

[JIT[»N 3 B QSPHSBNPU" IIBYHAWHVTOWFB[U FTFUACFQ B
BEBUTPSPL GFMEPMHP[»T»'B[HDH'FIGF\I\IV\B&UFRMFFLMEBGMALFDI\@JJ
[BKPTOBL GUAMUOL NFH BASPH[EWGMU BE BbEXRSTH[» V5B
B CFPMWBT»TU LDWFU&FOF IFENASIZER MBNNM B B K» QMO M 85D B
TPL BMBQK»O FHZ IBUPESBFROEETQRIBYMMUIF STSTHBERAOZRI
#VUUFSXPSUI T[éSAWFM- TINESOALFW»HEDMBBDS WBO IGT]
GSFLWFODJB" T[FATU LDPWRWMZWWPOIBU NBHB VU»0O O
NFHGFMFM& NBSLFS LPPSEJO»U»LBU GFMIBT[O»MWB
NFHIBU»SP[UVL B[ FMa[& BMGBRHR[NNEFSIMEF ASTUBNGPLBT[D|
SAT[»NPLBU WAOZF KIM T [&MaMAMIFANNVIUBUP L

T

1. tAblazat. A bokaizilet dorsifkexiéjanak
mozgastartomanya a guggolas teszt soran

visgdlat 02 ok oerés

személyek ] ] %]

sportol6 01 26,39 27,89 5,67

sportol6 02 20,25 24,31 20,03

sportol6 03 35,63 38,95 9,33

sportolé 04 2491 28,83 15,72

sportolé 05 20,29 17,66 12,96

sportolé 06 28,98 29,40 1,44

sportolé 07 34,46 35,30 2,44

sportolé 08 26,99 27,03 0,15

sportolé 09 29,95 28,70 4,19

sportol6 10 36,67 38,00 3,61 "
sportol6 11 30,18 31,24 352 7. &bral" [ BT T[»NO BMBOZ CPLBT]|E

»CS»[PM»TB B HVHHPM»T UFT]

2. tablazat. A Thomas teszt kiértékelésével kapott eredményei

JOBB BAL
Comb Comb Labszar Labszar Comb Comb Labszar Labszar
A max. max. max. max. max. max. max. max.
Vizsgalati = sagittalis  transz.  sagittalis  transz. | sagittalis  transz.  sagittalis  transz.
szemelyek  “eligrés  kitérése  eltérés  kitérése | eltérés  kitérése  eltérés  kitérése
[’] [°] ° [’] [’] [’] ° [°]

sportolé 01 18,47 13,21 22,68 3,70 7,92 25,69 17,82 3,70
sportolé 02 8,18 10,01 24,77 3,70 7,69 19,34 19,47 5,45
sportolé 03 2,97 19,34 11,78 1,07 18,41 5,18 6,41 10,94
sportolé 04 15,88 23,18 14,65 5,66 14,86 18,62 13,47 7,63
sportol6 05 14,92 24,58 20,98 5,73 0,71 10,83 16,89 3,16
sportol6 06 17,97 23,38 13,93 9,97 10,31 12,71 19,65 5,75
sportolé 07 13,47 15,44 7,98 3,50 11,75 22,31 9,73 9,06
sportolé 08 12,79 22,57 20,91 9,38 12,65 13,43 21,18 10,33
sportolé 09 9,07 18,56 25,34 4,84 5,31 20,45 21,89 8,41
sportolé 10 -1,75 16,20 23,05 3,77 -8,03 17,70 19,75 13,54
sportold 11 6,57 23,76 30,99 10,88 5,19 17,56 22,37 12,58
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TQPSUPMI FTFUAO NFHgHZFMASEA FYRHD B IKAQBPMWJI[TH»|
EBMJ T[PH LF[EFUCFO NFH¥HZB[NLP BEBMJB®»BT[»S WCI[T
NP[H»T WAHASF B LAUPMEBWMAB U ARHN MU K 6 M FOUEEET FNOF H | |
FMUAS FHZN»TUIM &[z& LOBOBOIAH MFFWEBM LD[DL
FHZ LPS»CCJ LF[FMFUMFOFMAAONMAT LPVEHFMUEOMUFUUOL
OZF EF FHZ KPWACFMJ -TASAMAXNILF JFTOE S EH@®RTE U LM F U C
IBU MJT FTFUCFO B PU OFN IBM|
OBHZPCC SFMBUCW FMU-ASAT F
"5IPNBT UFT[U LJASUALFMAWF TITASHWM® NEMWBO»SPUAWF B TQ
[»TSB LFSOMUFL B WJ[TH»MU PMEBMJ M»CT[»S AT DPNC
IFMZ[FUAU M BagigdlisAffBndzvér B'sitandreac) FT[U DAMKB BOOBL NF
zdis TCLCBO .JOELAU FPHZUE AFQP ®UPNIONF EEPDHP MV E
EBMSB WBMI T[PHLJUASAT UF MYT EQ@BEAtE B NFMMIAFNPB DTG
GFT[FTTAHAOFL NASUALAULPBORIES BIFHOE K B b \GiBfdaEbarM | B U K
T»HB B DPNGaditisTECEBCB WFUU
WC[T[JOUFTU&M NA SaJ abr& WatwlazmAfﬁbsza[wwwe@akhozvettmaXIma
> T[PH BNFMZOAM OFH B U SOpASY FL
NFHLOMBPOCD[UFUATSF B]J >yhs@ﬁ|awc;[]§‘gba'iou angLe,;‘g cim
LJFNFMLFE& UFTUT[FHNGFO PREVek OF{"IHBUCW F M A% F
Mé T[DHASUALFL B DTCQASPORPFUFBLSIBKMEO | J[RFL
LPOUSBLUOS»K»SB VUBMOBII002 M »6886[» S 6¢3T F U AZIFE O
T[»NCUPUUVL B GOHHAMFFPEWPAM SWBMI RMUASATU B
sagittalis T C L6CaBr@= T[DH BNFN2©RY 6753 59,10 12,49
YIN»MJT T[PHASUAL B uAsSE" (Ed%FL?S‘éi*ZOKf’%C’%T»A%EU GFMF
MA&T J[NPL LPOUSBLUOS»K»Y IMNA FOHE -
LDWFULF[UFUOJ WBHZJTsméﬁy gEZPq§ AsuéiFu
LBQVOL BOO»M OBHZPEC B UASE b UFQJ%S Iy 08
NPL NFHSPWJEOMATAOFRL lgﬁ%&@LF%gSLALéggg H 573
NFOUtmnSZVGrZ&“STQLCBO WFUUSp(’)\‘tﬁOYLI]N»%QGT 82,24 5,09

LJUASATJ T[PHAU JT T[»NGCUPUUVL CFIZ LBOQPUU

Z-I;:l.t[ ?J:ASSUUBAMLNFé_ [F[ LBJ NJOE taBld) P 't\f/éllbll?ézatlvl\ kgzlusz Ler alab ta%olsagasn and

reach teszt soran

Jobb Bal
oldal oldal
[em] [ecm]

Vizsgalati
személyek

8.abra” NFEFODF IFMZ[FUF LF [BY©

WAHQP[GDJICBO LAL B[
TQPSUPMIi FTUAO

sportolé 01
sportolé 02
sportol6 03
sportolo 04
sportol6 05
sportolé 06
sportolé 07
sportold 08

F*WH%%

sportold 11

JsPT AT
O WJI[TH»NMUE3

5,73
9,35
10,24
18,14
11,22
-3,18
27,20
-14,84
15,16

-5,80

9,28
7,60
8,97
17,48
14,37
-4,94
28,54
-14,82
15,88
-3,36
-3,03
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GFMUOOUFUFUU FSFENAOZFIF NFIFWAOC FB/ O[AHB B @ WVBMEN | E
KFMMFM WFUU ASUALFL B MJICRSTHKDIOLKRE® WBW | H@@Fz},ﬁbﬁw
KFMBPMJL NFHIBU»SP[IBUI NASAT[»NPL BF

UPW»CC» PMZBO NAS&T[»NPE I
" M»C LA[VKKBL U»WPMT>»H-NIBE[MNAHIN B> SIRETTBSFLLFM C
NFMMFUU B NFEFODF EAMAAHIPHAB CIOMEUT[GEPSIN»DIREP]
UVL I1JT[FO F[ JT UDCCMFUNDEWPEH »MNMB @ PRM H » MMUNBBIUZ F
8. 4bra "[ FHZFT TQPSUPMILNABRUGPL BJH P>SNIQtaiaratiB T EEMEF
U»TSB LFSOMU B NFEFODFOCPIMMFTGFAUAIOTID MBIHRBEYQ OS
NVNB 5Jfblazat BNFMZ B IBHEFRWADPFUMBHPTBO S = 8§
WJI[TH»MBUPLIP[ LAQFTU UBBKIMNROBOGPMWBIJIJBUI -UFSIFM

IFU& S S PT UBSUEN»OOZB
5.tablazat. $ PHGHQFH G OpVV]|[JpQHNsIPNBT UFT[U FTFUACFO FMNPC

V]|JW DU W Bittan@ kdachteszt soran NPT PMZBO QBSBNAUFS LESOM
Vizsgalati artonarge | 2.tablazat BNFMZ B[ FSFEFUJ T[FN
szemeélyek ] TFM LBQPUU LJASUALFMATIF[ |
sportol6 01 15,97 WBHZ FHZ»MUBM»O OFN JT NFI
sportol6 02 16,02 PMEBM JS»0ZO USBOT[WFS»MJT T¢
sportol6 03 12,08 MJT LIJUASAT §HZ B NéT[FSF[F
sportol6 04 23,91 T[»NPT FYUSB JOGPSN»DJIiU TJI
sportold 05 6,35 LPNQMFY LAQFU 0zOKU B[ BMT
sportolo 06 2011 »MMBQPU»SIM 5PW»CC» B UAS
ng:z:zgg ZSZ WJI[TH»MI UFT[U TPS»0O B[ »MUB
porio’9 ! NAMZFL FTFUAO B M»CT[»S GO
sportol(?09 4,37 T[DHF & . S AT S ¢
zgz:tg:zﬁ 11%672 AT CBM PME BMAZETFUTABLJISPEB

MPN B OPSNBUCW ASUALOFL F
FTFUACFO S« S ASUALFB IB!
MEGBESZELES T[BLJSPEBMNJ BEBUPLIRP[ LAQF
UALé FMUASAT gHZFMIFU& NFH
" LVUBU»T FMTAEMFHFT DEAVMKBAGHZ OBHABRPCRABMUASAT
NIET[FS LJEPMHP[»TB BNARHZTEMCITAKWKRU DZPKUPMIL F
B HZIHZUPSO»T[PLOBL B[ BM[EAOWRHWEBLHF HBAIMBOQHZA-B IBNT
GFMNASATACFO " NIET[FSQMPSWb B OIAHZSUFPRWIGFREOHHAFC
BEBUPU IBU»SP[UVOL NFH MBNFW Z FI[» MAUHBOW BAHAWE MF Y U F C
TQPSUPMIL FTFUAO B[ BMTKMW/AHPB R LOWWB AT BF K TM HKAGF C
MFNF[IFU& " NP[H»TPLBU ARHRZHEKFW BOHBWHENIFBIZFT-BEBUP
QPOUPL UASCFMJ IFMZ[FUAQPRQUBEB E MBAMBIFQ N8P [HHZIMH ZUP ¢
WI[TH»MI SFOET[FS TFHCUBAHIWHRUS$ B O ERISNXAEET [V
VU»OQIUM»TLPSO LA[IJMBCERSI»@»BZ ENFASHF@ZTOMABIMNFH | B
" »MUBMVOL BMLBMNBI[-P U4 tahladad B PES\OL>BTYI NNBFFP[lUU NASA®
UFL FHZ TQFDJ»MJT HVHHPIMHTCIUGAMBWEWM BVMNWEFADF IBV
5IPNBT UFT[U FHZ B UASES5RablAF0 ['J CKHMM WO RTTH»>MIPH NB Y.
GFMBEBU AT Bt &ddH2@2FWF[EBHGFMFM& T[BLNBJ UBQBT[UB
" CFNVUBUPUU UFT[UFL TPY#0AMZVMNTAUBOLPB>DCIBL LD[FN
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" LBQPUU NBYJNVN CJMMFOASQ»TIDHASRMNAY FHZFT K»l
S»TB SFMBUCW OBHZ « F[AMZASEOOMKFNVB®BUPUU NAS
WAMIFUAFO B[ IPHZ B WJ[FW:=3WU FT Q FP3-UZ NBiQ HHOAWBM- O B
CDP[& QPT[UPO K»UT[BOBL TIARAMBUARI[REKFEMCW NASL
UAS& NIEPO FSATPEOFL " NB\GPRWAESBENYKNGET B(PH AT U
JT BM»U»NBT[UKB IPHZ B .OFBSBNMAUBSFOZ O MFILOBIHFU Ul
NASUALFJ JT T[AMFT TL»MbBL NFM WAGIBATANFMIAFL BNFMZ
MFHUBDCCKF B T[BLJSPEBMMNBHEEBWHM ABW B QXKRIDZB[TFup TOE
GPHBEIBUI AT KIYASUALFL UPWBHAUBJIWBHZ B NBTT[»[TIFOHF
SFOEFMUFUATT[FSé IBT[@»MBU»
" NASU AT T[»NCUPUU KFMwIM B BMBURIBAMIEBH »MMB
»MMBQGCUIBUI IPHZ B NIET[FS B LA[JMBCE»[IL _ )
BMTI WAHUBH »MMBQPUGEMANANSKTREIP UBIMLNBABNEBIEF NIET
LAUPMEBMPO WAH[FUU NASQZPIT TPSHBENABREI BMBQNJOE]
K»O B[ BT[JNNFUSJ»L WI[THRMIBIFHIBUPSPHUT»IP{ IBT[O
MiLO»M »MUBM»OPTBO ¢ G3WHH BIPMHZPMEBKWMNFTQRASTJ
UPL FTFUAO q FMNPOEIBUINPOHEZBBUEPNRI®HZORHETUDCC N
OFN EPNJO»OT PMEBM FTHMBAD FMUTATH & »ABN AU TRHU W » ME
NASIFUOOL B[ »MMBQPUGRMEBASQPWURUF N FHPISL@DMWF
B[POCBO B[ FMUASAT NASUMHASKEM IMRIFNFEBBI»SP[»TE
O»M OBHZPCC NJIJWFMNBASAASOWAGWRABRMZYWBM FNV
KFMFOU LBQPUU OVNHBT WBTGAMURLSABTgNB/STLFS L
FSFENAOZFL GFMICWK»Li B[TPEIF QG IBUBZIHZ

|RODALOM

Gandbhir VN, CunhaBP OJPNFUFS <*OKifoSeaF D> UFSOFU> <DJUFE /P
5SFBTVSF *TMBOE '- 4 U B U 15BN VI B SIAANG MKIND Va0 Hy/

+BO "W B JMBONMEFN.CCSiRIN. Fernandez-Gonzéalez P, Koutsou A, Cuesta-G6
nih.gov/books/NBK558985/ mez A, Carratala-Tejada M, Miangolarra-Page
Milanese S, Gordon S, Buettner P, Flavell C, RusIC, Molina-Rueda BFMJBCJMJUZ PG ,J
tonS,CoeDet8FMJBCIJMJUZ BOE DPR®WSEFOBOWB BHSFFNFOU XJU
MJEJUZ PG LOFF BOHMF NFBTVBFOIBE®WNPUNPOUTQTRIFN GPS HB.
BQQ WFSTVT VOIJWFSTBM HPOUWVOKREFSTVAFD TPZSFYQF
SJFODFE BOE OPWJDF DMJO JRayp@fE G, KBsORM. 201G BBRBRUIPO PG

UJ5SBDL NPUJPO DBQUVSF TZTUF

Ore V,Nasic S, Riad PXFS FYUSFNJUZNFBOOHBOBMZTIT " TZTUFNBUJD N\
NPUJPO BOE BMJHONFOU- " SHMIJBIC JK OPXVB O EPDAOIOV SFDIBUSP
SFOU WBMJEJUZ TUVEZ RG HRKoc3B N KISSRND IIB&RB.[BIbSIFIH FERIWFL CJ
NFOTJPOBM NPUJPO BOBMZTIJNHADABOVSFKBEOMVEBNBETU 5FSD ,.
ZPO F Reurink G, Goudswaard GJ, Oomen HG, Moen
Mourcou Q, Fleury A, Diot B, Franco C, Vuillerme MH, Tol JL, Verhaar JA, et 8IFMJBCJMJUZ P
N. .PCIJMF QIPOF CBTFE KPJOU BEOHWMIPNVRFBO¥SEBRFOUWF LOFF FYU
GPS GVODUJPOBM BTTFTTNFOU IBOIH $& IEDH MIOUBWS PEOTP G IFSPNF S
QSJPDFQUJPO #JPNFE 3FT *OU4QPSUT .FEJDJOF
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Racz K, Kiss RMBSLFS EJTQMBD FN FEaghel BD,Brogiid GOLMF KPJOU EP~S)TJ
UFSJOH JO HBJU BOBMZTJT " QGANIEJWMB™M NOPQWF P#GPENE)E':’JSNBI\'Zl:| S|
DBM 4JHOBM 1SPDFTTJOH BOE .FEO'USPD 3

Dorneles RCG, Oliveira HLDR, Bergmann MLDA, :aMEaSaN .2 5VOB ' ,BD:BZF‘@ %
Bergmann GGMFYJCJMJUZ BOE NVTDNVMRE PUGESFOMBMEBFT GPS UIF E@BH
TJTUBODF JOEJDBUPST BOE TDIFF®OUOR TPIG BUPX SBMB WBEHOGBBUF
JO BEPMFTDFOUT 3FWJTUB #SBPMWEAUBB EF $JOFBOUSPQP 2

NFUSJB %FTFNQFOIP )VNBOP

MOZG

A szerz k szeretnének kdszonetet mondani Stéhli Gabriella és Szabd Daniella gyogytornaszoknak
valamint Molnéar Cecilia hallgaténak, a mérések lebonyolitadsa k6zben nyujtott segitségiikért. A ku

tatast az Orszagos Tudomanyos Kutatasi Alapprogram (OTKA) K135042 szamu pélyazata tamo
gatta.

Kiss Rita M.

#VEBQFTUJ .éT[BLJ AT (B[EBT»HUVESPMNBOX J B&SH Z.FDHFB U g P
OQUJLB AT (AQAT[FUJ *OGPSNBUJLB 5BOTJ[AL

) #VEBQFTU .éFHZFUFN SLQ

5FM
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