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10YRG

2EYRGRYé SOia" EXGRY\ WYRUt DNévVvL REDO NWRUé RGG
SURVWUHGLD YRQNDMALHKR NWRUp WWU BB [RIHKRIGFSN & QP KQ D -
2EYRGRYé SOida" ]JRGSRYHGiI |][D WHSHOQp VWUDW\ REMHN)
RYSO\Y XMH QiNODG\2@DRG\RX& BYDA'LEHXGRY\ RGGH XMH YQ
SURVWUHGLH ytP YIpaLH V~ UR]JGLHO\ PHG]L YRQNDM&tP D Y
PXVt REYRGRYé(&6erka AKaIS, 2MY).

2EYRGRYi VWHQD MH NRQaAWUXNFLD REDORYpKR SOia"D (
NRQaAWUXNFLH NWRUp V-~ ]ORéHQp ] GYRFK DOHER YLD
QHSULH]YXPQRV"RX VD ]DUD XM~ PHG]L DNXVWLFN\ JORA&HC
otvory PDM~ RE\pPDMQH PHQALX QHSULH]YXpPQRV" Y SRURYQDQt
(ys/E,Ds$1,+(/29E202]).

2EYRGRYé SOia" EXGRY WYRULD U{]QH VWDYHEQpP SUYN\ N
JYXNX Y]GXFKRP Y\MDGUXNMHS QHSYXBRRKWQRWH YODVWQR
IDVIGQ\FK SUYNRY D REYRGRYéFK SOida"RY EXGRY SUHQial
YOQO~-WRUQéFK SULHVWRURY PLHVWQRVWL SUtMPX SULDP\P
(STNEN1S0O123543,2018.

V stavebnej akustike sa na hodnotenie zvukbvpPRODpPpQEéFK YODVWQRVWt NRQ
KODYQH IUHNYHQpPpQé UR]J]VDEK R&EYRMRIPGRRYEFK]|VWRYHEQEéFI
WHFKQRORJLFNEPDKNPRVWRSREQ K ADRQAWURNWIHVI~ SUREOQPpH
QLA&&tFK IUHNYHQFLt D SUHWR PHUDQLD ]DptQDM~ Y\Xat"
(R<&+7E5,.29EKSL.,2019.

S SRS XOD UdtavifyLIBuov sY \ XALWIPHYHQéFK VWDYHEQRFKS NRIQaW
vVV~pDVQHM GRDBM ¢Ro&RMVKbva) p h&ameta pre hodnotenie zvukovej

L ] R O RinibgHliving noise from neighbolira Ryatiic  (traffic noisg (ScHoLL A KoL., 2013
aleboRmod @ Rmodz NWRUEBHWR G pékiNseidm KRGQRWHQLD JYXNRYHM L]JRC
SRVWXSQéP PHQHQtP VNORQX UHIHUH@p@QHMXNLUR2020L\ ¥ REOL

.DWHGUD GUHYHQéFK VWDYLHE H[FBUYRHOVWROKBH~PHGADS
SURWRW\SRYé YEVNXPQé R(BiMHAN WS 26U ¢ H QL M »\a02®.Y E \

SURWRW\SRYé YEVNXPQé REMHNW .DWHGU\ GUHYHQéFK VWL
VNODGLHE PHUDQLH D XNidaN\ YEVOHGNRY PHUDQt WHSHO
DNXVWLFNéFK YODVWQRVWt REDORYpKR SOidal!B SUHYDX]NRH

20HWyYyGD PHAUSEDQIBWNFPDQé REMHNW

OHUDQLH SDUDPHWURY Y]GXEKRRGRY QKBABIOMESRpIER V W L
SURWRW\SRY&REBWNXW QBWHGU\ GUHYHQéFXUNBHKIHER '$R G
D NW X i O€riomyGDNER ISO 16283 (1ISO 162833: 2016.

Norma STN EN ISO 727 SRQ~ND PHWyYyGX SUH XUpHQLH MHGQRptVH
KRGQRW\ GDQpKR XUpXM~FHKR SDUDPHWUD G {OHAHBG@H K
DGDSWD)pQéFBOFL7Q LW RY
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OHUDFLD D Schdbtidky UDIJRUQHQiI QD 2FRJRNWFHNWLILNRYDQé
SUItVWURIMRYURY QD PHUDQLH D VSUDFRYDQLH YEVOHGNR)
NRPSOHWQpKR PHUDFLHKR V\VWpPX V-~ Y& BovdtofhhbRY é |G UR
PHFKDQL]PXV QD VLPXOIiFLX RWRNARYFRNBOMMANURNRYpKR ]JYXN
klopadl J]RVLO RYDp& WSMNDEHOiIiaRX UXpQé DQDONdemwisuU 1Y XN X
QD PHUDQLH SDUDPHWURY 6WmYDBERKILW i BINX VQADLANH U DVRE MK
Y\KR G QR W H Q Lpbramétw QtevehiNdR dkustikileasurement Partner Suite BZ5503 a

Building Acoustics Partnery é V O imésaa V S U D mitébedk L

2EUI]RN6 FKHPDWLFNp SUHSRMHQLH DSDUDW~U\ QD PHUDQLH SDUDPHW
.M WBIOFTINGERB5h (/& K -+5,2023.

218UpXM~FD YHORLGUAMXFWLFNp YODVWQRVWL EXGRY

=YXNRY~ L]JROiFLX REYRGRYéFK SOid"RY- EXOFOGHRGI HD @G N
YHOLPtQ NWRUEBFK KR GQRWALQPBRNWIYRY&MK- DOHER Y RNW
zvukovo LIRODpPQHM REODBOMEL -HG @ R PtV H Oi©@P \'XMW GEIMAEFK YO DV
REYRGRYé&FKXU}ils By MBERV W KISFSTNENISOITI7ZL DM V DGDSWDpPQé
PLQLWH PIC,CS.HNWVID/LFNp YODVWQRVWW REW R GRMSEDIG IS CPiA "
VWD Y HE Q glaRk@tizjeyYX Cal(p £33 22D 5 + 2 522021):

X 6 W X Sthvebrej vzduchovej QHS UL H iYRCpQRWHSURGXNWRURE HM V~V
Y]GXFKRYi QHSVIMDYNEQRKNR SUYNX DN JGURMRP JYXNX M
XKRO GRSDGX ]JYXNRYEEKRY L SWRHOH Y SULMtPDFEHM PLHVW
GLI~]JQHPXGIROK Y](IPKRP

4% L .5a F g 12 %F s (1)

kdeL;s MH SULHPHUQiIi KODGLQD DNXVWLFNpKR WODNX QD YF
]IDKU XM~FD RGUD] ]JYXNX ,R@B;RREWHRGBYHRR WB@i&®MDGLQD DNX
v SULMtPDM~F HMBPA WNHWIDNRWLWID O H QW Q iPS R K ON\® RYWIMEEO & B KMDP X
SjeplochaWHVWRWWDRYKE Q wKR SKIRANXGRSDG XY YR NMRIYEKRO NWRL
]JYLHUD RV UHSURGXNWRUD VPHUXM~RRUPDO RXYW UHI SRKRAYIN
REYRGRYpKR SOia"D IDViG\

OHUDpPL P{aX PHUD" JYXNRYp SROH SRPRFRX & X3WDQlp KIX pRQ.H U
GUADQRP PLNURIYQH MH P IS\UHQ R@QRPESHY QMHDE INQDO\]iWF
zvuku) DOHER W\pL NWRU~ PHUDp GUat Y SHYQHM SRORKH Y U
od svojho trupylSO 162833: 2016.

V SULMtPDFHMjePRNYWR DWXIVWLFNpKR YANR-@OQEBRURYDQp
YE]QDPQé DM DNXVWLFNé YENRQ Y\ADURYDQé RKUDQLpPpXM~F
9R YAHREHFQRVWL VD DNXVWLFNé YENRQ SUHQiabQé GR !
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QLHNR NéFK NRPSRQHQWRY ] U{]Q\FK SUYNRIMBOBRER YHQWI
2016.

1D SRV~]XQRH RL]RCI\NOR QRN B/R Y p Kr&pSj€hogphikowsav tomto
SUtSBBKAMHG Q RejpahaedQ9iaHQi VWDYHEQi Q#RS Y, Hj3aXpQRV"
]DSRptWDROQHFHWE@BEWDpPpQéEFRRRALPIGMDY RYQD JYXNRY~ L]JROIFL.
SOIEa"RIPXVRYHQVNIREPGRYDQp KRGQRW\ MHGQRpPtVHOQEéFE
DNXVWLFNp YODVWQRVWL REYRGRYMNWKQRYIHMORYYEXGRY QD
G HY H [aHdd(STN730532,2013. Splnenie normyRw,,) ]QDP H Qd S&N UHE@MMPW QL "
QLA&ALH XYHGH QprovNdnia WIHAXRPptVHOQEFK KRGQ{W VN~PDQ
parametrovR « , respRe 1 )z2ZYR YEVOHG QRP KRKQRGWHHQ t B BM\EM XV D FK
SODWQRX QRUPREDSGNDPQEFK pLQLWH RY

(R vw+C C R v.n (2)

223URWRW\SRYé YEVNXPQé REMHNW

Pri merantvzduchovej Q H S U L H] YdXamQ fa\siavbeV D Y \ X&Q Q D ¥bvodovp KR
SOIGSDRWRW\SRYpKR REWHXSMXE QBQpKR VWDYHEQpPKR RWY
osadenie okn® R K D G/ IQDP D Q drejpdn®f Stavbys XPLHVWQHQtP Yzanrd PHURY p
zvuku SUHG YRQNDMERY® 2WHIQRX

=GURM JYXNX VBURGERRRUSPIDH]Y X p Q DVWWGE Q'\IF\Ki GG DYHIRW QL " GR
MHGQHM pL YLDF SRO{K ]JGURMD 0% XNXR/®R RN BN OXHQRY @R I
JYXNX SULHR4ea Q85 ,.29EKSL.,2019.

2EUI]RN3RK DEHUDQLH QH®$ YRAINDMARMIbVRGRYpKR SOid"D VN~PDQpKR F
KDS.
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1D 2EUIINDANUMHWOH Q & 8 {8 R Q Y\WWR\ SR Bk drevenej stavbKDS.
9éKRGRX UHIHUHQPQHM GUHYHQHM VWD Y¥&adWHireReRQRV" P
VWDYHEQHM KORPMPWUMXNEHOOQHM pL [WOMR YBBH ]IS|IRIOL'FLWHE V|
SRURYQDQtP YEVOHGNRY XUpXM~FLFK YHOLptQ@righhon2 DQHM Y
stavbe

2EUI]JRN ]Qi]JRU XMH VNODGEX PEIRDQRX NREQYRWEGRX NN R X MK
QRVQINRY

2EUI]RNP{G R UN&V N X PdDjpktudrevenej stavby KDS.

2EUiI]JRN5H] REYRGRYpPKR SDQHOX UHIHUH Qp@RK@ RRKE NMRIQY FWREKEH B BEHER HM \
QRVQINRY
1. VL O L Non@Ra + lepidlo-15 mm 2. STEICO Protec60mm 3. +Q RV @ UN | @pH Oigdli F L D
vV MHG QRW O L YKoRoK +BGRRONRFSIY Sdah@ Steichl Zdl 1~NDQp G U HAORMNOI. DOER
3+15mm4.6'. SRGNRQA&WUXNB0DME. SOWRBKE€I5 mm  20mm.
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2EUI]RN3URWRNRO ] PHUD QLDY i &WMHIGRNE @ H M DERBU bliddoxep peRW
S UR W R WOeRtlY WDSR
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UL PHUDQt Y]GXFKRYHM QHSULH]YXpPQRVWL pDVWL REYRC
Y\KRGQRWHQé& MHG QRDpitd/HH@®I Q & WIDVHIERH WHHES U L &)Y S0p QR V"
]JRK DGQH@IPHUEFK DGDS W NY/ORE KKIRL&ERW B RWD VD RGptWDO
frekvencii 500 Hz z posunutej smernej krivkg.D VN~PDQLH Y]GXFKRYHM QHSU
SRXAXPQEé DQDO\]IWRU ]YIkéhXou7 h& Fheranie parametrov Stavebnej
akustiky ana vyhodnotenie protokolu PHUDQLD VD SR XBuldh® ARScs NiFLD
Partnerod firmy + RWWLQJHU %U+*HO .M U

2EUI]RN XND]XMH SRGVWDWQ-~ b pratokabuRnvekaDiK G/ dbpdf R Y &V
Y]GXFKRYHM QHSULH]YXpQRVWL Y\EUDQHM pDVWL REYRGRY
7TDEXINBUH]JHQWXMH YéVOHGRN D ]JKRGQRWHQLH PHUDQLD
NormouSTN 730532VWDQRYHQEéFK SRALDGDYLHN PLQLPIiOQ\FK KRG
izby v ubytovniach, hoteloch 8HQ]JLYQRFK LQWHUQiIW\ D SRG

7DEX NBR&LDGDYN\ QD ]JYXNRY~ LJROIFLX RE CRERMNFFE3ZOia"RY SUH
aGRVLDKQXWeé YéVBRHERRNDBIQWIMQAR D GDSWDpPpQEFK pLQLWH RY
3R4&DGRYDQRKRIBQRW D

BURWRW\SRYé YEVNXPQeé | Laeg2mV GHQQRP YHPHUQRP

GUHYHQéFRUWWOolené E <50 >50 | >55 | >60 | >65 | >70 | >75

OLQLPIiOQD KRGQRWD VW| 30 30 30 33 38 43 46

I1DPHUDQI RREQRWD R ¢w(C; Ctr) =38 (2;-4) dB

A G D SW D p Qoée ilukQ doptary/Raric/ Cusoso00= -5 dB/33 dB/

Vyhovujepri ekvivalentnehladineA zvukuY RQND M &
prostrediado 65 dB

9VOHGRN SRURYQDQLD

7DEX NBRA&A&LDGDYN\ QD JYXNRY~ L]ROIFL X aRER\R@OAQAFANK S8 ¥ 'TRHG RNHP ® K
]JRK DGQHQtP DGDSWDpQEFK pLQLWH RY

3RADGRYDQRWRBQRWD

BURWRW\SRYé& YEVNXPQeé | LaegamV QRPQRP pDVH

GUHY HQ éFRUWBolenél E <40 >40 | >45 | >50 | >55 | >60 | >60
” ” ” ” ” n 70

OLQLPiOQD KRGQRWD VW| 30 30 30 33 38 43 46

1D P H WhDdQadtaRe ; 2 R ¢w(C; Ctr) =38 (2;-4) dB

A G D SW D p Qpée liluk@ top &lry/Rerarric/ Cusos000= -5 dB/33 dB/

Vyhovuje piHNYLYDOHQWQHM KODGLQ

9éVOHGRN SRURYQDQLD prostrediado 55 dB

3=iYHU

&LH RP SUIHHSHRORHMAWIIOIIH! Y]GXFKRY HW\EXUHBQUH M Y M pIDBRN @
stenyobvodovp KR S GGIARDN RW\SRY p K Rrigniohhad dakbx 286/ OHGN\ PHUDQ
Y]JGXFKRYHM QHSULH]YXpPpQRVWL XNi]DOL &H DM SR ]DSRpt
najml R« + Cusos000 (Ruafic £novo navrhovaga R G S R U VpHD®@ Rejpanatdedr Qre

12
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DKNYW DY HVERGDpA W UNKYN(ILHK \ | U H N Yni) QFSRURY Q DRLI@LPMO Q\P L
hodnotamiRw,n SRG D @GRNUM0532:

a) bola VSOQHQIi QRUPRYDHORGRAIDEWENDQRP YHPHBQRP pDV
HNYLYDidedi@W QY XNX QHS 6B NB DYPRPMDMALHKR nb préd&dVWUHGL
| DV iGtavKy

b) bola VSOQMHRUPRYDQi SBRIGDD DMDREXQRPQRP pDVH DN HNYLY
hladina A]YXNX QHSUHNUDRRMBMAGHKR SURVWUHGLD P SUH

IDMVODE&tPSPHHYMPRR JYXNRY & B \PHR \P\WSRUMRQAHJPGEGHE QH Q é

otvor preosadenie okna6 WD YED QHBRVIDY H&VEK QH ILQIiOQWKYR UDRNMB Q |

ttk SULHVWRU QD DOA&LH HHSRURFIQQOWLDOHE REBMWNE@RY W XS Qi V

ucelenej metodiky meraniaD N X V W LYFONIE V Wu@dY V Wblasti Akustika GUHYHQEFK

staviebkd® SUL DO&HM JPHQH XVNXWRPQHQHM GR NRQAWUXNFLH

3R DNRYDQLH

3UtVSHYRN Y]JQLNRO Y UiPFL ULHGHQLD SURMHNWX 9(*$
WUYDOR XGU&DWH Q&FK L]JRODpPpQEFK PDWHULIORYpXRRRWHOQ
QD ') 78 YR =YROHQH 7iWR SXEOLNIiFLD Y]QLNOD Y DND SRC
,QWHJURYDQi LQIUDAWUXNW~UD SUH SURMHNW 3URJUHVtY
D YEURENRY QD Ei]H GUHYD /LJQR3UR NyG ,2dbGrojov 7 |
(XUySVNHKR IRQGX UHJLRQIOQHKR UR]JYRMD

I[LWHUDW-~UD

y8/E. ODUWLQ D $QQD "ILN{X2QB DQDO&YVYREBMGRY HFKQLF
univerzita vo Zvolene, 2019. ISBN 9-B8-228-31703.

'5%$+24 S5LFKDUG OLOD®RUHGEGHREBELD Y]GXFKRYHM QHSULH]YX
SOida"RY Y aWiGLX SURMHNWRYHNRYPtSWLHQ GB XBNRYV QYD FE§K
YHGHFNé UHFHQ]RWIR®MH E RAHFHIQLFNi XQLYHEZBLWEBNYR =YRC
97880-228-326 0.

&+0(/E. 9RMWHFK ORQLND 5<&+7E5,.29E +HUEHUW OF
-$0%524,0 /XNid =(/(0 -DNXE %(1./(:6., D &MdthodoWwgyfd25, (8;
development of airborne sound insulation descriptor valid for -liggight and masonry

walls. Applied Acoustics2020, (160). ISSN 000882X.

SURWRW\SRYé Y& VIMNXPIQEHREMHNWDWHGUD GUHYHQéEFK VWD
7THFKQLFNi XQLYHUJLWD YR =YRABMHQ® 6RRWMNAQY N RQ D>HLQW
https://kds.tuzvo.sk/sk/prototypowgyskumnyobjekt

Product Data: Sound Source and Impact Sound Source for Building Acoustics: Omnipower
Sound Source Type 4292 Tapping Machine Type 3207 and Power Amplifiers Type 2¢34

and 27348>2QO0LQH @ +277,1*(5 %5h(/ .-+5 $ 6Gcit®D2BXP 'HQP
03 @ 'RVWXSQp QD LQWHUQHWH KWWSV ZZZ ENVY FRP PFt
5<&+7E5,.29E ORWQjeND& +0 (/E a Daniel 85% EI1$SNXVWLND VWDYHE
SULHVWRUYRGiI %UDWLVODYD 9\GDYDWH VWXBR3Y22862-VWDY

1.

STN EN ISO 12358: 2018 6WDYHEQi DNXVWLND 9éSRpHW DNXVWLF
YODVWQRVWt VWDYHEQéFK SUYNRY yDV" 9]GXKIE®YiI QHSL
123543: 2017)
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STN EN ISO 16283: 2016. $NXVWLND OHUDQLH ]JYXNRYRL]J]RODpPQEF
VWDYHEQEéEFK NRQAWUXNFLt Y EXGRYIiIFK yDV" =YXNRYRL]
(1SO 162833: 2016)

STN EN ISO 7171. $SNXVWLND +RGQRWHQLH JYXNRYRL]RODpPQEFK °
NRQAWUXNFLt yDV" 9]GXBERIY¥L ZDBOSULH]YXPQRV"

STN 73 0532: 20133 NXVWLND +RGQRWHQLH JYXNRYRL]J]RODpPQEéFK °
NRQAWUXNFLt 3RALDGDYN\

SCHOLL Werner, Judith LANG, Volker WITTSTOCHKevision of ISO 717: Future single

number quantities for sound insulation in buildingslniternational Conference on Acoustics
AIA-DAGA 2013. Merano/Merarpp. 18051808.I1ISBN 978-3-93929605-8.

a7().2 -R]JHI $OHQD 52+$129E 'RPLQLND %O5<29E 5RPDQ
-2&+,0 3DYRO 6('/E. ODUWLQ y8/E. D S5RHNH®p VWD EHE(
NRQAWUXNFLH Y\VRNRIRROOQNI7THFKBRQEND XQLYHU]JLWD YR
97880-22832052.

a7203) 3DWULN 6WDQLVODY -2&+,0 D 5yEHUW 8+5E1 3URWF
GUHYHQéFK VWDYLHE 7THFKQLFRWHMWWH @ & U PLNK\VY\RL EN RIOR @ E
UHFHQ]J]RYDQéYERHQtItNHFKQLFNiIi XQLYHU-IP3VIBBN 878X ROHQH
22833257.

Summary

) D o D S&odnd Insulation of the Wooden Constructiors Prototype Research Object.

Department of Wooden Constructions (TU in Zvgl&iovakig has a prototype wooden
constructions for experimental purposes. The prototype research object serves for the
demonstration of prototypeompositions, measurement, and demonstration of the results of
measurements of thermal and energy, as well as sound insulation in buildings-érelay

green buildings based on woothe field PHDVXUHPHQWY RI WKH )DoDGH V
parameters in buildings and of building elements are carried out according to the currently valid
standardSO 162833: 2016

The results of thé D o DsGuiAd insulationmeasuremenin prototype wooden constructions
showed that even afteonsidering the required spectrum adaptation téRwngic = 33dB) and
comparing with the minimum values &, n (Weighted apparent sound reduction index
according to the standard

a) the standardized requiremératsbeen met during the day/evening time, if the equivalent
sound level A does not exceed 65 dB from the external environment 2 m in front of the facade
of the building,

b) the standardized requirement has been nraght if the equivalent sound level A does not
exceed 55 dB from the external environment 2 m in front of the facade of the building.

The building was not yet in a state of complete final completion, and time is being created for
further experimental measurements and comparisons of results in the case of further changes
made to the construction of te&teriorwall.

Keywords
Wooden constructiongcousticsAirborne sound insulatigipparent sound reduction index
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POROVNANIE D (./$529%1é&+ N$0(5%1é&+H2'1D7HLUKU PRI
B506(1BREVAE/(.75,&.60 R8y1é60NE5$'EO

OLURVODY 'DGR O0ODULIQ 6FKZDU] 5LFKDUG -DQN

10YRG

5XpQi HOHNWULFNi EU~VND MH pDVWR SRXapkds@ar QiVWU
YE]QDPQé JGUR®RKIIDGNXDSUDaQR Vhposledhbrs Uaéd taj Dluku.
=DPHVWQIiYDWH NWRUé SRXatYD DOHER SUHYIG]INXMH ]DUL
]DEH]SHpPL" YSMUODGHI RP ]JINRQD p ochrane, podporg a rozvoji
YHUHMQpKR ]JGUDYLD D R ]JPHQH D GR|SXMHDH Q€ HY INHRNN &7
predpisov WHFKQLFNp RUJDQL]DpQp D LQp RSDWUHIMOQLANMWR U
PR4Q~ D GRVLDKQXWH Q~ PLHUX H[SR]JtFLX ]JDPHVWQDQFRY
EH]SHPpQRVWL |DRHVVVOROABRRYSRYLQQRVWt XVWDQRYHQEéFI
prepise]| DPHVWQiYDWH SRV~GL ~URYH KOXNX NWRUpPX V-~ ]I
SRWUHEQpP ]DEH]SHpt PHUDQLH KODGLQ\ KOHNNKO D, QRF DR
KRGQRW\ HPLVLKHYK@PONWX~ W&WRREFRYLD VWURMRSppOR, [IDULD G
QD NWRUp |DPHVWQiIYDWH SULKOQEIRIGIBHSOK]i S RWABYRWMDRE W
SRWULHE D LQIRUPIFLL R KODGLQIFK HPLVLH KOXNX J]DULDG
D Y\EUD" ]DULDGHQLH V QDMQLAa4RX HPLVDREQKWOKREQWRRV\
VWDQRYBQPDGHQt YOIG\ 60RYHQVNHR PHGXEONFK ]GUDY R
D EH]SHPQRVWQéFK SRALDGDYNiIiFK QD RFKUDQX ]J]DPHVWC
HISR]tFLRX]|QBRINXOKNVNRU&GtFK SUHGSLVRY

6N~3REQé& SUHGSLY D SR4&LDGDYN\ QD PHUDQLH HPLVLt KO)

DNR NRW~pRYEGFKQRUP ¥KHGHQ@ Y

x STN EN 628411 (OHNWULFNp UXpQp QiUDGLH SUHQRVQp QiUD
WUIYQLN D%HESDEXRY" 9FHREHFQpP SRA&LDGDY N\

x STN EN 6284122-4 (OHNWULFNp UXpQp QiUD &MHJ RMRNMPR MQpL QGUHE
WUiIYQLN D ]JiKUDGX % HPRSHREQLRWY p YIRA'L DG DY ND HGEDV UPAD\Q p
LQp DNR NRW~pRYp

OpHORP Y\KOiVHQLD Y&UREFXHPWULR KR XK XDM HDSRAMNADV @ -

X&LWRpPQp SUH SRVXG]RY BIQSR]tUFILJRX SYRPKIKNX"DFR K Kt YDWH RP

YEEHUH VWURMRY PKR XDRY D G &L CH F/L W HDVPA R KXD-XNHXVNCFDNN

SRWUHEQpP VL XYHGRPL" &H ~URYH H[SR]JtFLN\KOKAKQVD Q

O HPLVLiIFK KOXNX SUHWRA&H QD H[SRJtFLX KOXNX REVOXK\

IDNWRU\ 9\WWDYHQLH RV{E S{VREHQLX LWV XN WD N&FUKR NDR¥

DNR MH QDSUtNODG LQAWDOiFLD VWURMRYpKR [DULDGHQLD

FKDUDNWHULVWLN\ SUDFRYLVND QDSUtNODG SRKOFRYDQL]

KOXNX ] LQEFK JGURMRY URMBUY eN®D]® U LD@BEFE: VBRORKD R!

JGURMH KOXNX GRED WUYDQLD Y\VWDFHKQIQDL SR YEREGDQRKKX K

2009). Brereton Ratel (2016)GiYDM~ GR SR]RUQRVWWIHXIDOWRYQORY"'KRG Q|

KOXNX J[tVNDOQ@RMNRQL]RYDQéEP VN~ZREQé&P SRVWXSRP QHPXVL

SRVN\WRYD" G{YHU\KRGQ~ LQGLNIiFLX VNXWRpPQpKR UL]JLND

VWURMRYpKR ]JDULDGHQLD $NR SUtNODG XYiG]DM~ KRGQRW

na drevo, kidlJp EROL RPQRKR QL&4LH DNR KRGQRW\ QDPHUDQp ¢
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SRXatYORQGRBREQéP JLVWHQLDP GRVSHOD DM 6KDQNV
GHNODURYDQEéEPLQRBRRGOQRWEPRL KIBBI@MRMAMPISUHYiIG]JNH JLVWLC
rozdiel takmer 9 dB.

&LH RP SUtVSHYNX MH QD ]JiNODGH YéVOHGNRY H[SHULPHC
KRGQRWDPL NWRUp GHNODUXM~ YEURBPRHIID Q&BD &RKGKHAH
KOXNX SUL LFK UHIOQRP SRXatYDQt

20DWHULIO D PHWYyYG\

213RX&LWp UXpQp HOHNWULFNp QiUDGLH

3UL PHUDQt KOXNX EROL SRXAaLWp U{]QH W\S\ UtBofleFK HOH
3RZHU 7RROV *PE+ NWRUEéFK WHFKQLBEY S$BUDPHMNWWMHURY !
KRGQRW\ HPLVLH KOONX WHXYHGHQpP Y

7TDEX NODHFKQLFNp SDUDPHWUH UXpQéFK HOHNWULFNéFK E

%U~\ 2]QDpHQLH Typ OHQRYL| 98VWXS| +PRWQ
EU~VN\ SUtNRQ Y&NRQ (kg)

A GBS 75 AE SIVRY| 750 410 3,4

B PBS 75 A SIVRY| 710 350 3,2

C GEX 1251 AE H[FHQWU] 250 - 1,3

D PEX 300 AE H[FHQWU] 270 - 1,5

E GSS 23A YLEUDDPQI 190 - 1,7

7TDEX NOHFKQLFNp SDUDPHWUH UXpQéFK HOHNWULFNEéFK E

%QU~VND| +ODGLQD DNXVWL Neistota +ODGLQD DNX\ Neistota
Lwa (dB) Kwa (-) tlaku Lpa (dB) Kpa ()
A 96 3 85 3
B 104 3 93 3
C 88 3 77 3
D 96 3 85 3
E 91 3 80 3

223RXaLWé PHUDFt SUtVWURM

OHUDQLH KOXNX EROR UHDOL]JRYDQp LOQOWHJUXM~FLP SULHP
NWRUé YUIWDQH SUHSRODUL]JRYDQpKR NRQGHQ]IWRURYpK
SRALDGDYN\ QRUP\ ,(&88UH SUHVQRV" WULHG\ .DOAEUVIFLD P
YHULILNRYDQi SUHGS RDNBGEFRSHMpULBRXLDPHUDQt SRPRFRX DN
% . PRGHO 6SUDFRYDQLH QDPHUDQéFK ~GDMRY ER?
VRIWYpURYHM DSOLNiFLH % . 1RLVH :RUN 3DUWQHU YHU]L

233RVWXS SUL PHUDOQt

OHUDQLH HNYLYDOHQWQHM KODGLQ\ DNXVWLFNpKR WODN X
YIRULHN EXWNRNPKRYPKBRGRHYBLY PP G AND | PP &tUNI
KU~END D YOKNRV"RX NWRUi EROD JLV"RYD@to,KURWR Y
model 606 6N~4REQp Y]JRUN\ EROL SUL EU-VHQt XSQXWp SR
SUDFRYQRP VWROH %RVFK PRGHO 3:% 3UL HEubewW HQt ER
(P60), strednou (P120)BIHP QR X 3 JUQLWRV"RX

OLNURIYyQ JYXNRPHUX ERO XPLHVWQHQé& QD VWDWtYH YR Y]G
YRQNDMALHKR XFKD REVOXK\ PUGNVNRp®» RE® YRIRFHRAQR YD QR
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obsluhy ana strane sY Ip&RX H[SRJtFLRX KOXNX OLNURIyYyQ JYXNRPHUX
vetrtu tDXWRPDWLENi NRUHNFLD QD NU\W YR JYXNRPHUH EROD

OHUDFt pDVRYé LQWHUYDO PLQ~W\ ERO RGYRGHQé RG pD\
YIRUN\ |D QDVOHGRYQéFK SUHYIG]JNRYéEFK SRGPLHQRN FK
EU~VND SUL SOQRP ]D"DaHQt VHN~QG 3UH NID@Q&EFKNRPE

PHUDQt &HONRYé SRpHW PHUDQt ERO 5R]GLHO PHG]L
takuvPLNURIYQQHM SR]tFLARLBRLSHIUMYGEGNNH ID~-VN\ KOXN SRI]LC
ako 15 dB.

6~pDV"RX PHUDQLD EROR DM PRQLWRURYDQLH PLNURNOLP
YIGXFKX SRPRFRX PXOWLIXQNpQpKR PHUDFLHKR SUtVWL
vVVN~EaREQHM PLHVWQRVWL SRpDV H[SHULPHQWX GRVDKRYCL
rR]VDKX Da f& SUL YOKNRVWL Da

2EUI]JRN8VSRULDGDQLH SUL H[SHULPHQWIOQRP PHUDQ't

39VOHGN\

1DPHUDQpP SULHPHUQpPp KRGQRW\ HNYLYDOHQWQHM KODGLC
UXPQEFK HOHNWULFNEFK EU~VRN V~ XYHGHQpP QD 2EUI]NX
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2EUiI]JRN+RGQRW\ HNYLYDOHQWQHM KODGLQ\ DNXVPWURISDHRY WR® RNKE (DN
EU~VHQt MHGQRWOLYé&PL EU~VNDPL

1D ]JiNODGH GRVLDKQXWéFK YéEVOHGNRY PHUDQLD MH PR

YAHREHFQRVWL GUXK GUHYLQ\ DQL JUQLWRV" EU~VQHKR SU
KODGLQ\ DNXVWLFNpKR WODNX Y PLHVWH REVOXK\ EU~VN\

$QDOEé]RX pDVRYéFK SULHEHKRY HNYLYDOHQWQHM KODGLC
YLDFHUéFK SUtSDGRFK EROL QDPHUDQpPp KRGQRW\ KOXNX Y\

VDPRWQRP EU~VHQt YL 2EUI]RN
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2EUI]RNyDVRYé SULHEHK HNYLYDOHQWQHM KODGLQ\ DNXAEWLFNpKR WC

1D 2EUiJNX MH ]QiJRUQHQé& UR]JGLHO PHG]L QDPHUDQEé&PL
GHNODURYDQéPL KRGQRWDPL KOXNX VR JRK DGQHQtP QHLV
]QDPHQi &4H GHNODURYDQi KRGQRWD P{8H YLHV" N QHGRVW|
KOXNX QDPHUDQé&PL SUL UHIOQRP SRX&tYDQt EU~VN\

2EUI]RN5R]JGLHO\ PHG]L QDPHUDQéFEWKREFRRPWIDHPN.OKDARND QEPL KRGQRW
MHGQRWOLYp EU~VN\

4'LVNXVLD D ]JiYHU

,PLVQp KODGLQ\ DNXVWLFNpKR WODNX QD SUDFRYQRP PLHV
DNXVWLFNpKR WODNX Y WRP LVWRP SUDFRYQRRBLHVWH X
G{VOHGhXoRBHWQ SUtVEBEYINREFK ]GURMRY |[GMNXY ®FK SRGPL
RGOLAQEFK RG WéFK GINKNRODMLKIDISCRIIBIM,NG20Y.
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SRURYQDQtP QDFHUDMERKDEFK KRGQ{W KOXNX EROL SUL
JLVWHQp Udz4abl 6ti@,83 dB do 4,9 dB. ZGRVLDKQXWEéEFK YEVOGEGDGNRY Y\
WLFK SHUFHQWIiIFK SUtSDGRY SRXALWLH GHN®RIXDRY DUL§ENX
SRGKRGQRFXMH YH NRV" H[SR]JtFLH KOXNX REVOXK\ UXpQH
NRUHASRQGXaWHD HIGMNDWL LQ&S&KIOQNWRURY SRURYQiIYDOD Y
GHNODURYDQp KRGQRWL\FKPHO H NSWUHKKRPMOAW K F Bishbdhotatdi~ V R
KOXNX QDPHUDQéPL SUL LFK UHIiOQRP SRXatYDQt =LVWL(
v priemere 8,7 dB Y\AaaLH DNR GHNODUR Yrbz@ahu K&G QERAY R3IWAKX N X Y
Patel aBrereton (2017) na vzorke iAW LFK SQHXPBWHRMWAARAK-FNDEFK EU~VRN
QDPHUDQpPp KRGQRRURYCEIQEROR Y D Q é Pien&«@dB W AR L HY

ato vrozsahu od 3 dB do 17 dB.

$M QDSULHN XUpLWEP REPHG]JHQLDP QDSU SRpHW EU-~V
JHQHUDOL]iIFLX GRVLDKQXWEéFK H[SHULPHQWIOQ\FK YéVvol
VNXWRPQBVWNODHIRYDQp KRGQRW\ HFEQDHE EKIOPRNXL |RYNQ OB
VN~3REQ&P SRVWXSRP QHPXVLD ]D NDAG&FK RNROQRVWt
VNXWRPQpPKR ULJLND H[SR]JtFLH KOXNX SUL W\SLFNRP SRXAat

3R DNRYDQLH
7THQWR SUtVSHYRN Y]J]QLNRO Y UiPFL 4Y4R6REHQLD SURMHNWX .

/ILWHUDW-~UD

BRERETON P.aJ. PATEL, 2016. Buy Quiet asheans of Reducing Workplace Noise.

Acoustic AustraliaVol. 44, s. 5565.

(XUySVND NRPLWBUDYQH QHI]iYI]Qi BMYWHOMNHQEFK SRVWXSR
XSODW RYDQLH VPHWDDENHX S[onling6/ MHPEXUJ OUDG SUH Y\G
SXEOLNiIiFLL (XUySVNHMI1E (8BN 9FBION79-11350 'RVWXSQp QD
doi/10.2767/68671

ISO 116901: 2020,AcousticstRecommended practice for the design of tmise workplaces

containing machinerytPart 1: Noise control strategies.

1DULDGHQLH YOiIiG\ 6ORYHQVNHM UPISXIEERODNW\WHK J]GUDYRWQ
EH]SHPQRVWQéFK SRALDGDYNiIiFK QD RFKUDQX ]JDPHVWQD
H[SR]JtFLRX]QBRNXONVNRUaAtFK SUHGSLVRY

PATEL, J. aP. BRERETON, 2016A critical review of the the standard methods used to
determine emission sound pressure level, peak sound pressure level and sound power level as
required by Machinery Directive 2006/42/g@nline]. Buxton: Health and Safety Executive.

[cit. 202306-11]. 'R V W Xna:(ipps://www.hse.gov.uk/research/rrpdf/rr1116.pdf

SHANKS, E., 2007Correlation of noise emission of sanders and polishers with in use noise

levels [online]. Buxton: Health and Safety Executive. [cit. 2d2B12]. 'RV W X&Q p
[https://www.hse.gov.uk/research/hs| pdf/2007/hsl0748.pdf

=iNRQ p RRFKUDQH SRGSRUH D UR]YRML YHUHMQpKR
QLHNWRUENKHQHRQRYWNRUA&tFK SUHGSLVRY
Summary

Comparison of Declared andMeasured Noise Values when Sanding Wood with Power
Hand Tools. The haneheld power sander is a frequently used tool in woodworking and it is a
significant source of risk in terms of dust, vibration and, not least, noise. The purpose of the
handheld power sander manufacturer's noise emission statement is to prdoreation
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useful for assessing the risks associated with noise exposure and to assist users in selecting a
handheld power sander with reduced noise emissions. Declared noise emission values obtained
in accordance with a harmonised test procedure may not in alhmstances give a reliable
indication of the actual risk of noise exposure in typical use of ahelddpower sander. The

aim of this work was to investigate the difference between the values declared by manufacturers
of handheld power sanders and the m@d noise values in actual use. The measurement of

the equivalent sound pressure level was carried out by integeatérgging sound level meter

(B&K, model 2245) during the sanding of beech and spruce wood with different types of hand
held electric satters (belt, random orbital, orbital) with abrasives of coarse, medium and fine
grit. By comparing the measured and declared noise values, differences ranging, 3rai

to 4,9 dB were found for the different types of sanders. The results of the $toagytisat the

use of declared noise emission values in risk assessment underestimates the magnitude of
operator noise exposure.

Keywords
Noise; sanding; wood.
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NEISTOTA MERANIA STAVEBNEJ VZDUCHOVEJ N (35,(=98y1267,
MEDzZI M ,(67126!$0,

OLODQ 'UDKRa 5LFKDUG 'UDKRa

1 OYRG

SRMHP QHLVWRW\ ERO GR PHWURORJLFNHM SUD[H J]DYHGHC
[1] ]ID ~pHORP MHIHGMBRGWRHPKMRQLD YEVOHGNRY DNEéEFKNR YHN
ODERUDWyYULD ,QIRUPIFLD R QHLVWRWH YEVOHGNRY PHUD!
DOHER DN QHLVWRWD RYSO\Y XMH SRVXG]RYDQLH JKRG\ Y¢
ustanovenouMS Ui YQ\FK SUHG SWHRKK DFENEERK YRUPIFK 3UL VWDQR
VD Y\FKiG]D ] WHyULH SUDYGHSRGREQRVWL | PDWHPDWLF!
[3].

IHLVWRWX GDQpKR PRGHOX PHUDQLD VS{VREXM~ LGHQWLIL
VI\VWpPRYp FK\E\' DNR DM QiKRGQp FK\E\ NWRUp RYSO\Y X
PHUDQLD MH OHQ RGKDGRP SUDYHM VNXWR@QUH M KRC
NYDQWLWDWtYQRX FKDUDNWHULYVWLNNRXRQHLMPHRGX MH @At
KRGQ{W LQAMPMEYRORPR KRGQRW\ XGiYDQHM SULDP\P PHUD
PHUDQtP YéSRpWRP

3RG PRGHORP PHUDQLD VD UR]JXPLH V~KUQ Y]"DKRY URYQ
YHOLPLQDPL GDQpKR PHUDQLD > @ 'R YEVWXSQE&FK YHOLpt
WYRULD YEVOHGRN PHUDQLD D GR YVWXSQ&FK WHOLptQ P
Y&]QDPQH RYSO\Y XM~FH YHOLPLQ\ Y&ZHWN\ RVWDWQp YHO
SUHY]DWp ] U{]Q\FK SRGNODGRY DNR QDSU I\][LNiOQH NRQ:

SNXVWLFNp YODVWQRVWNWDNWMHEREG &F KN RQBAYWRXIYNBLL S UH(
PLHVWQRV"DPL Y EXGRYiIFK Y\MDGUXMH Y]JGXFKRYi QHSU
VWDYHEQéPL SUYNDPL PHG]JL VXVHGLDFLPL PLHVWQRV"D
vzduchom LED ]JYXNRP GRSDGDM~FLP QD VWDYHEQé SUYRN Q
Y]GXFKRYp SUHQRVRY p petH)\all R [(DONER SAKHRGGREY DF H Y INERUQDEDQY X N
cesty) [4].

3UL PHUDQt Y]GXFKRYHM QHSULH]YXpQRVWL VWDYHEQEéFK

(stien, stropovaGYHUt Y EXGRYIiIFK VD SRVWXSXMH SR[H. BPi QRUP\ ¢
PHUDQt ALQ VLWX:3 DNXVWLFNp YODVWQRVWL edWDYHEQE&
Y]GXFKRYHM QHS5Ytrdiind¥ RQRNWRYEFK SiVPDFK VSUDYLGOD
UR]JVDKX RG +] GR +] JYXNRYRL]JRODpQHM REODVWL

2=INRQ atUHQLD QHLVW{W

3RG ]INRQRP &tUHQLD QHLVW{W > @ VD UR]XPLH Y]"DK SR
QHLVWRW\ YVWXSQ&FK YHOLpPtQ PRGHOX PHUDQLD QD YHOL
YHOMWR PARGHOX PHUDQLD NWRU& MH GHILQRYDQé& Y]"DKRP

;LBk:SéG' ........ IY' ...... 'pl ........ 'aOLB::; (1)
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VD SUHQiaDM~ aWDQGDUGQ pu()HI¥ WERDV Q M VVWKXB WY XF K é Y MXLSIQ
uy SRG D Y]"DKX

F:U L Alg TR T Et Alg v ¥EHEXKOQ T, 8N n 2
kdeg,cc V~ FLWOSYRYWQRYp ,SRHINFPLRIQPWS ODWt

1U:K; 1U:N;
%L I Ry ?pL!No (3)

hk tNRUHODpPQé& NRHILFLHQW NWRU& RKRGQRFXNGH X WRFKDV
SRYDARYDQ&FK ]D QiKRGQp YHOLpPLQ\

7HQWR Y]"DK VD R]QDpXMH DNR YAHREHFQé& DOHER NRYDUL
YHOLPLQ\ QLH V-~ NRUHORYDQp DOHER KRGQRW\ NRUHODp
NODVLFNé W]Y *DXVVRY ]iNRQ &tUHQLD QHLVW{W

U L Ao DaKTO 4)
3AaWDQGDUGQi D NRPELQRYDQi aWDQGDUGQi QHLVW
AWDQGDUGQpP QHLVWRW\ GDQpKR PRGHOX PHUDQLD VD SRG
x AWDQGDUGQpP QL VWRWD\QW\[SRSONRYDQ&EFK PHUDQt KRGQ
DOHER |R &WDWLVWLFNHM DQDO&]\ VpULH QDPHUDQ&FK K
$ V~ FKDUDNWHUL]JRYDQps¥YBEHERYEPEHRFSWRVORPHURGDM
s D SRPWRP VWX, RY YR QRVWL

x AWDQGDUGQpP QusL \VSREWIGM BIX % U{]Q\FK JGURMRY D ]OXp
AWDQGDUGQHM QHLVWRW\ W\SX % OQHLVWRW\ W§3X % V~
DOHER VPHURGDM QRX RIS PHEDNRMRPSRQHQWPL Y]IMRPQi I
GR YESRPWX NRYDULDQFLD

(NYLYDOHQFLD RKRGQRFRYDQLD QHLVW{W W\SX $ D W\SX
neistoty (typu A a typu B) do jednejhodn et NRPELQRYDQHM aWDQGDUGQHM Q

QLQGEQ (5)

$E\ VD ]Y&3LOD SUDDPERSRGREBDPEKIGM VNXWR MR PK RG\WY R WY
]JDYLHGRO VD SRMHP UR]&RG@RWOH IWRYRWE B MV \YEHQRWR
ZNRPELQRYDQHM aWDQGDUGQHM KHMVWRWV RERI®H P XN R H LI
SRNU\WLD WRJRtUBGUMHGSRNODGIi QRUPIOQH UR]JRERAHQLH Y
NYDQWLO QRUPRYDQpKR kQR U BUDDQYHKRS B 8 REHQRWO LIRN U\W L D
3ULUDGHQLH KRGQRWUY KWRFMOHGNX RIHHLY@LFONXPRA& XMH SR
PHUDQt PHG]L U{]Q\PL ODERUD\8 Y% ®WVW @&EOIAR YORIGS AW N WR
alebo QHSUtSXVWQEBVV®MDE SUHNURPHQLH &SHFMBULNRYBEQEFI
SUHGSLVRFK DOHER Y WHFKQLFNéFK QRUPIFK

4 0RGHO PHUDQLD VWDYHEQHM Y]GXFKRYHM QHSUL!
ORGHO PHUDQLD VWDYHEQHM R]NGEX F<CRYYEH M] MHKRWPLH]Y Xp QR V!
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VL s F .4 EsrZ ;EIA (6)
kde
L1 MH HQHUJHWLFN\ SULHPHUQiI KODGLQD DNXVWLFNpKR WO
Lo MH HQHUJHWLFN\ SULHPHUQiIi KODGLQD DNXVWLFNpKR WO
S je plocha deliaceho prvku vim
V2 MH REMHP SULMtPDPFHM PLHVWQRVWL Y P
T» MH SULHPHUQé pDV GR]JYXNXVHSXQEitPOFHM PLHVWQRVWL

1D PHUDQLH VWDYHEQHM Y]GXFKRYHM QHSULH]JYXPQRVWL \
PLHVWQREXCGRLY iIFIQRMWRHY > @ VWDQRYHQé UDG SRGPLHQRN
JGURMH XVWIOHQpPKR ALURNRSIVPRYpKR JYXNX (EHLIP®RHKR & X
SRO{K PLNURIYQRY YR Y\VLHODFHM D Y SULMtPDFHM PLH"
Y\WWYRUHQLH GLI~]QHKR JYXNRYpKR SR DY RELGYRFK PLHV\

5 Neistota merania
=R Y]"DKYASOéYD 4HHBRQGHD WWDYHEQHM Y]GXfre&dRtavH® QHSUL

QHSULDPH PHUDQLH Y®VOVREBUEHM Y M Q/DYSERARKY YE GDt®@Qp Ql
YVWXSQ é R L) LU Q(V2) au(& VD SUHQiIA&DM~ QD QHLVWRWX Y
u(5).

=D SUHGSRNODGX &H PHG]L YVWXSQéPL YHOLPLQDPL QLH
AWDQGDUGW5* (BHOLD/MWVRYN XD K

Q45 L¥Q:.5;EQ:.; EQ5EQ@:8&; EQ:6; (7)

kde
Q.5; L ¥Q@i.5) E Q@ (8)
Q.6; L¥Q: .5 EQV; 9)

usli MH AWDQGDUGQi QHLVWRWD RGKDGX KODGtQ DNXVW
Y\KRGQRWHQi PHWYGRX $

us(z MH ]O~pHQi AWDQGDUGQi QHLVWRWD RYSO\YQHQi YOI
PLHVWQRVWL Y\KRGQRWHQi PHWYGRX %

uslz MH AWDQGDUGQiIi QHLVWRWD RGKBGEXMCPDEH® BPNKNVW
Y\KRGQRWHQi PHWYGRX $

us(zz MH ]O~pHQi A&WDQGDUGQiIi QHLVWRWD R YSW\MPDFiHMC
PLHVWQRVWL Y\KRGQRWHQi PHWYGRX %

(S MH AWDQGDUGQi QHLVWRWD VWDQRYHQLD SORFK\ GH
PHWYGRX %

u(V2 MH aWDQGDUGQiIi QHLVWRWD VWDQRYHQLD REMHPX SUL
B,
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us(T2 MH AWDQGDUGQi QHLVWR\ED LRIGKDEHKM B KK GERR]RNKE K
PHWYGRX $

51 1HLVWRW\ Y\KRGQRWHQp PHWYGRX $

2GKDG HQHUJHWLFN\ SULHPHUQHM KRGQRW)\ X GG MQR DAHMW
PLHVWQRVWL SUH ND&Gp W USIRBIDGRYFORNR/PI SR W 8i 8RR {KUP L
MH GDQé& Y]"DKRP

L er‘@Aé@sr“ﬁﬁA (10)

aawbDQGDUGQI QHLVWRWD WRKWR RGKDGX
Q. L2

YA

(11)

kdes(Li MH VPHURGD MQQ DRPGIRKEQ@AHK [KRGQ{W KODGtQ DNXVWLF
n MH FHONRYé SRpHW QDPHUDQEéHRKUKRGQ{W KODGtQ DNXVW!

2GKDG SULHPHUQpPKFS WDWP BRHMXRNXHYWQRVWL SUH ND&Gp \
SUL SRADGRYDQRP SRpWH SRIG{K PQ8 YRIPRRP

6 L Al 6 (12)

D &WDQGDUGQi QHLVWRWD WRKWR RGKDG X
Q:6; LE9 (13)

YA

kdeTT MH VPHURGD M®BQ RFEHFKBQA&PK]KRGQ{W pDVX GR]YXNX
m MH FHONRYé& SRpPHW QDPHUDQ&FK KRGQ{W pDVX GR]JYXNX

521HLVWRW\ Y\AKRGQRWHQp PHWYGRX %

=GURMH FKE&E ]JYXNRPHURY YSO\YRP SUHYiG]NRY&FK YODVW
alUHNYHQpPQH QH]iYLVOp S$RIYMYHKWQFHYWIHEKQLRRK M GRNXP
aSRG XYiG]DQpi BROPHWKRNAGHKRMBRRW\ UR]AtUakQefdéntQ HL VW R
URJatUHRRWRP aWDQQ@B#)GQi QHLVWRWD

Q:\G L 0gEL (14)
V SUtSDGH &H V~ XGDQp OHQ WRO HikP R ELERER QRDHOM FIKR B
GDQPKRZ GERWMRP 4WDQAB#)GQi QHLVWRWD

Q:\ L e’ (15)

kde i MH KRGQRWD ]YROHQHM DSUR[LPIiFLH UR]JGHOHQLD S|
intervale.

=GURMH FKEE IUHNYHQpPQH JiVUNKREARpOSBEUQMHWURYEREK S
]JYXNRPHUD D VS{VRE VWDQRYHQLD SUtVSHYNR YVDERQGD UG
116].
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7TDEX NFGURMHVK&RD VWDQRYHQLD SUtVSHYNRY aWDQGDUGQEéF

Zdroj chyby (parameter) | 2]1QDpH 3UtVSHYRN aWDQGDUGQH
JUHNYHQpQi YiK QU oL 10w Egp
Z zvukomera foee 0 ;yRGFKEOND RG IXQNFLH = ¢

Us MH QHLVWRWD HOKNW ULFNH
: 7
QU ;gL l:0 wE—ZP
JUHNYHQDQi FKI 0 :\yRGFKEOND RG QRUPRYDQH

PLNURIyQX fera danej frekvencii
Us MH QHLVWRWD JYRISRYHM ND
. 0 g
6PHURYi FKDUDI QU L 3_U
PLNURIy€od “ Jouis Al

&by MH PD[LPIiOQD RGFKEéEOND RG

UHIHUH KR _
QPQPp charakteristiky na danej frekvencii, L 3u

/LQHDULWD DPS ; QU ;L Q
charakteristiky zvukomera LS ss MH VPHURGDMQi RGFKEOND O
yDVRYp YidHQLH QU ;L@
(RMS detektor) RMS ss MH VPHURGDMQi RGFK&EOND G
YyDVRYp YidHQLH / Qu ;(=O|E>u—_
(Fast) P A _ L
(br MH PD[LPiOQDi R&FK&OND
5R]OtdHQLH GLV les QU ’Lt_s@
Es MH Y\PHG]HQi UR]JOtaLWH QR
§ U6
QU ; L—
Vplyv teploty vzduchu hs Y
M MH WHSORW QW WRHIUFLHQW
9S0O\Y ]JPHQ\ VW| / QU;LUEEZ
tlaku PS Y4

v MH WODNRY &N RPHIl LRUHQW

AWDQGDUGQi QHLVWRWD VWD QR®HEIEM IS PR KL G HOD PHFM KR
us(Vz VD VSUDYLGCSHUYFWMDREW KK ~QD S U D SUHSRpHW QD G

e ;
544

Qt ;LtrZ'®WE

A (16)

ZDQDO&]\ ]JGURMRY QHLpote¥om Mmevanis L tdvelil] vwduchovej

QHSULH]Y)QROSMD &H UR]JKRGXM~FH pLDVWNRYp AWDQGE
QHLVWRW\ RGKDGX KO DURLY, UR(DbX V W B IQBKORU VDI DR LV W R W D
dozvukuua(T2), a]O~pHQi AWDQGDUGQi QM) WMBED JYXNRPHUD RY

3UtNODG VWDQRYHQLD NRPELQ®IRD QHKR]FEWBQE MRS BHWWRY
PHUDQLD Y]GXFKRY HRM PQHHGT U LFH] N XW@RWWILRIR Y RRNWiYR Y é FK
+] D& +] MH WDHEGHWQHE Y> @
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7DEX NBWDQGDURI®UMQi QHLVWRWD QHUDQED VWDYHEQHM QH:

fs (R~ UR- fs ucR- UR-
Hz dB dB Hz dB dB
100 1,052 2,1 630 0,596 1,2
125 0,849 1,7 800 0,689 1,4
160 0,746 1,5 1 000 0,791 1,6
200 1,448 2,9 1250 0,846 1,7
250 1,149 2,3 1 600 0,789 1,6
315 0,798 1,6 2 000 0,796 1,6
400 0,696 14 2 500 0,646 1,3
500 0,845 1,7 3150 0,648 1,3

6 =iYHU

3UL VWDQRYHQt NRPELQRY D QIRY niEkanxQs@aizebng) QuedMchaydi L VW R \
QHSULH]YoPABMWVYXVHGLDFLPLERGRYWR\GRHELIDQFLH JGU
RNUHP aWDQGDUGQéFK QHLVW{W W\SX % YVWXSXM~ DM awl
typu AV~ RGYRGHQp ]JR Y]J]RUNRYDQLD SKUOHGEERNDNDXG\DWIRAPN KR
poOL YR Y\VLHODFHM D SR MAF PRFUNR PD 6 VDAQ BN t®R FPYHXWN
miestnosti.

3RADGRYDQp QRUPRYDQp KRGQRW\ YHOLptQ \y WXONFEY FK! QDR
EEYDQLH V~ XYHGHQpP Y QRUPH 671 >@ D V~ Y\MDG
Yi&8HQRX VWDYHEQRXRQ BOWIER YWXBBRYPRERUPDOL]RYDQEP U
Ditw 3RVWXS VWDQRYHQLD WEFKWR MHGQRPtVHOQEéFK YHOL]
MH XYHSTN BNISO 7171 [8].

I[LWHUDW~UD
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[6] CID J.C., SOBREIRA M.S.: Uncertainty evaluation for eirborne noise acoustic insulation
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Summary

Measurement Uncertainty of Airborne Sound I nsulation between RoomsThe uncertainty
of any measurement model is caused by random errors, systematic errors and gross (subjective)
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errors that affect the measurement result, therefore the measurement result is only an estimate
of the (true, real) value of the measured quantity. The paper presents the procedure for the
balance of sources of partial uncertainties of type A and B m#asurement @irborne sound
insulationbetween rooms in residential buildings in the tootave bands 100 Hz to 3125 Hz.

Keywords
Measurement uncertaintjoise;Airborne sound insulatigrSound insulation

.RQWDNWQp DGUHV\

OLODQ 'UDKR& 5LFKDUG 'UDKRA
D2R engineering, s.r.o., Na letisko 42, 058 01 Poprad
e-mail:d2r@d2r.sk
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P5E6783<POSUDZOVANIU ZHODY
Veéeo/('.29 M(5$18J5y8-0&,&¥ (/,yE1

OLODQ 'UDKRa 5LFKDUG 'UDKRa

10YRG

.DaGé SURFHV PHUDQLD MH Y&DN ]D"DaHQé U{]Q\PL FK\EDP
RGKDGRP SUDYHM VNXW RIUPEKM ~KRM QRAVO\L PHQDQB M SLV I\]L
3UL R]QDPRYDQt YEVOHGNX PHUDQLD MH G{OHA&LWp VWDC
RGKDGX NWRUi MH Y\MDGUHQiIi KRGQRWRX QHLVWRW\

,QIRUPIFLD R KRGQRWH QHLVWRW\ YEVOHGNRY PHUDQLD X1\
G{OHaLWi SUH SODWQRV" YEVOHGNX PHUDQLD DOHER DN F
PHUDQLD VR A@SHFLILNIFLRX VWDQRYHQRX Y SUIYQ\FK SUHG

3RG D WHFKQLFNHM QRUP\ 671 (1 ,62 ,(& > @ VD SUL
PHUDQLD VR &SHFLILNIFLX SRVWXSXMH SRG D UR]JKRGRYD
]JRK DG XMH QHLVWRWD PHUDQLD

UL GHILQRYDQt UR]JKRGRYDFLHKR SUDYLGOD E\ vD PDOR
Y\FKIiG]DOR SUL VWDQRYHQt PHG]QéFK SUtSXVWQéFK OLPL
YHOLpPptQ GDQpKR I\]JLNIOQHKR IDNWRUD D QD VNXWRpPpQRV"
MH OHQ RGKDGRP D QHLVWRWD PHUDQLD Y\MDGUXMH S
QDFKiG]D SUDYi VNXWRpPQi KRGQRWD

2 Neistota merania

S3UL PHUDQt XUpXM~FLFXROPICHQPN® FEDMPQ WLWX3 MH SRV
UR]JKRGXM~FH JGURMH QHLVW{W NWRUp P{aX RYSO\YQL" Y
zWEFKWR JGURMRY VD Y\FKiG]D ] WHYyULH SUDYGHSRGREQR
SUHGSRNODGiI aH QDPHUDQi KRGQRWD XUpXM~FHM YHOLpL
SUDYGHSRGREQRVWL |QDPHQi aH DM YéEVOHGRN PHUDQLD F

1RUPIOQH UR]JGHOHQLH SUDYGHSRGREQRVWL FKDUDNWHUL]
MH UR]J]GHOHQé SR RELGYRFK VWUDQiIFK WR YW&WHGSQHWQH
URYQDNHM pDVWL ASORFK\3 SRGHNYLFFH®RX 1 GE&E]RN 9
KRGQ{WHBNX PHGHH10OHAt KRGQ{W

2 E U i] R NGaussova krivka [2].
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=iNODGQRX NYDQWLWDWtYQRX FKD U DENWDHUEVWWA QUR Q HQ M MK
Y\MDGUHQi VPHURGOMQYRXOR&GKKER NRK]GHOHQ KX i $DDWIEHS |
spravidla VKRGQRWiFK PHUDQHM I\][LNiOQHM W MOLYLWDD LAQWDHGY
SUHNU&YDM~FL SUDYp VNXWRpPpQp K po@ &R W \naloB HU D Q H
SUDYGHSRGREQRV"RX FFD
9 SUD[L VD SR4DGXMH KRGQRWD QHLVVBRWY GN®RGR EQ R\
SRNU\WLD EOt]NRX 7DNiWRR [EHUM®QIRWB L VW BR@ENEtY IV D
ZNRPELQRYDQHM aW R:QME-IW & QQH MREHIQU W R\RHILFLHGWRP SRN
JRGSRYHGI QRUPIOQK® R ALR)IG W@ HDLXQRVWNRQILGHQpPQE

interval strednej hodnoty).

3 Rozhodovacie pravidlo

3RG D ]iVDG PHWURORJLFNHM SUD[H > @ VD SUL SRVX
XUpXM~FLFK YHOLpPtQ JLV"XMH SUtSXVWQé VWDY REUI]JRN
PHG]QéFK KRGQ{W DOHER QHSUtSXVWQé VWDY REUI]RN

PHG]Qé&FK KRGQ{W

\

2EUIJRN3UtSXVWQé VWDY MHGQR]QDpQp GRGUADQLH YéVOHC

2EUI]RNIHSUtSXVWIRIE RO PQp SUHNURPHQLH YEVOHGNRY PH
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3UREOpPP\ Y]RULISDMH YDN QDVWDQH SULHQLN SUHNU&YDM~F]
Y H O L prie@zhoV hodnotoudE Ui]R N WR J]QDPHQi &H VD QHGi MHGQ
SUtSXVWQé VWDY DOHER QHSUtSXVWQé VWDY

2EUIJRN6SRUQpP SUtSDG\ NGH VD QHGIi SUtSXVWQé DOHER QHSUtSX"

BULHQLN SUHNUEéYDM~FHKR LQWHUY Dnedzndp DhedhaiduQsd M KR C
QD]éYDQi DM AaHGI ]JyQD3 D J]QDPHQiIi aH SUSSMXWVWQ@®OWALQE
GRNXPHQWRYDQEé

UL SRVXG]RYDQt |JKRG\ YEVOHGNRY PHUDQt URJKBG'RVD BR ]
limt PHG]Qé OLPLW NWRUé MHGQR]QDpQH VWDQRYXMH RE
stavu.

V]iYLVORVWL QD REODVWL SRXaUWUD WY& WOESHDNR G OFPH DB

rozhodovacie limity:

a) GROQé UR]KRGRWDRQ RXYIHRQAVOLPLW P PQRshta kBr&éh@R W D
XUpXMH REODV" SUtSXVWQpKR VWDY X

b) KRUQEé UR]JKRGRWWBQ RYIRQW OLPLW plisHdésiaa nkeRuGd® R W D
XUpXMH REODV" QHSUtSXVWQpKR VWDY X

4 3UtNODG\ UR]JKRGRYDFtFK SUDYLGLHO

3UL SRVXG]RYDQt ]JKRG\ YEVOHGNRY PHUDQLD shlufuXx M~F L Fk
VALYRWQRP SURVWUHGt Pi UR]JKRGRBYDGEHS)SUBAML&WRVQYNF
RUJIQ\ YHUHMQpKR]DGDRERWSUPWGRWNQXWEFK RV{E RE
SUIYQ\FK VXEMHNWRY SUHYiG]NRY®WBEDGH |QLHRMRY @B
SURWLSUIYDNXMWDBWNXPHQWRYDQé

4.1 Rozhodovacie pravidlovyHVNHM UHSXEOLNH

VQDULDGHQt YZ32/2011lySh.» @ QD SRV~GHQLH ]KRG\ YéEVOHGN!
v mimopracovhom SURVWKWGHQMFNéPL OLPLWPL KOXNX MH UR]K
AKRUQé UR]JKRGRYDFt OLPLW3® NWRUéP VD MHGQR]QDpQH
stav.
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5R]JIKRGRYDFLH SUDYLGOR QD ]iNODGH XHR]QD PRI iHR]KHR G R
K\JLHQLFNpKR OLPLWX &WDWIOWHVLENMp OHRRBQRWHQLH SU
K\JLHQLFNé SUPXWM i FSHNQUHRpHQE > @

7DNWR VWDQRYHQp UR]JKRGRYDFLH SUDYLGOR SULKOLDGI
K\JLHQLFNEPIORPEWDFRYQRP SURVW WHGSU BR Y RE&&WBYQR@E | D
QHPRKOL H[LVWRYD" U{]JQH K\JLHQLFNp OLPLW\ SUtSXVWQ
QDSU SRG D FLWOLYRVWL FKUIQHQpPKR SURVWUHGLD QD KC

3UHWR t RGV FLWRYDQpKR | @DUIL BG#HDALPGYD i KR GO R
DNXVWLF N EXRS WHNKNDR KIQHFNE OLPLW +/ DN Y&VOHGQi H
DNXVWLFN p KRG WIGMBNIQ BR\ QHLVWRW\ MH URYQi DOHER QL
DOHER Y&VOHGQi PD[LPiOQD KODGLQD DNXVWLFNpKR WODI
OLPLW?

Rozhodovacie pravidlo preQHSUHNUKRPHRBQHFNEFK OLPLWRY SUH FF
vFKUQHQéFK YRQNDMatFK SULHVWRURFK VWDYLHE SUH QR

(Laeg,8h £U) " Laeg,HLgh (1)
kde LAeq,HL,Sh: (LAeq,z"' K),

Laegz MH ]iN O D G @kvikdReGi@Radhy AD N X V W L F NI R 40 6B, N X
K je korekciaSULKOLDGDM~FD QD GUXK FKUIQHQPKR SULHVWR L

$NUHGLWRYDQp DOHER DXWRULJRYDQp VXEMHNW\ QD ]iNC
URJ4tUHQ~ QHLVWRW R LFP-RBLUPLIAR XOR R XS UR%WUEAH GR G @

PHWRGLFNpPKR QiYRGX > @ DN KRGQRW® VIR LD HDNHRM GHA
KRGQRWHQt SRVXG]RYDQt ]KRG\ YEVOHGQHM KODGLQ\ HN)
SRXALMH AGaWDQGDUGQi NRQYHQpPQi KRGQRWD QHLVWRW\ KI

4.2 Rozhodovacie pravidlo vSlovenskej republike

3RG Dt RGV  Y\KOidN\ 0= 65 p = ] >@ VD SUL SF
PHUDQLD QDPHUDQi DOHERpRIGREGRWW X KRRI QRMWRQ HM QHLVW
(v SUtSDGH SRWUMHE\HDNMR)BHMBNMWR JtVNDQi ASRVXG]RYDQi

SUtVOXEQé UHIHUHQpPQEé pDVBYaE DOMHLRND R R R RARKY QiY D

Rozhodovacie pravidlo pretQHSUHN UBRIBQRAVMW QEFK KRGQ{W HNYLYDOH
DNXVWLFNpKR WODNX QDSWKUSBQYHQEHRK WR-Q RN WBFKXSYLHVW
QRF Y\MDGUHQp QHURYQRV"RX Pi WYDU

LR,Aeq,Sh K LAeq,8h,p (2)

kde LR,Aeq,8h: (LAeq,8h+U+K),
LaegshnMH QDPHUDQiI DOHER RGY RIBNDQU VKIRFA\D R BWOO DG LYY H
KMH NRUHNFLD SUH aSHFLILFNé KOXN ]YOia" UXxaLYé KOX

7DNWR GHILQRYDQp UR]JKRGRYDFSEHt{SLD®Y L&EOHRN URDARBQH
hodnoty ekvivalentnej hladiny ANXVWLFNpKR WODNX SUH SUtvOXaQ-~ N
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G% SUtVOX&dQé RUJIQ YHUHMQpKR JGUDYRWQtFWYD SRal
Y\NRQDO WHFKQLFNp DOHER RUJDQL]DpQp RSDWUHQLD QD ]

SBULSRptWDQLH KRGQRW\ UR]J&tUHQHM KRGQRW\ QHLVWRW)
hladiny ADNXVWLFNpKR WODNX SUH SUtVvOXaQé UHIHUHQpQEé
]QDPHQI DM VNXWRpPQRV" aHJKDG QYR'VDE XMH \OMRWN RIH G
VQHSURVSHFK VSUIYFX FHVWQHM NRPXQLNiIFLH DOHER SUH
zdrojov hluku.

6WDQRYLVNR a4aH SULSRptWDQLH KRGQRW\ URJaGatUHQHM Qt
RFKUDQ\ YHUHMQpKR SGD®DEHB R GCGGREO®RIYWEQYE HFFNDXU DINHAUHDLD
RIQDPRYDQé DNUHGLWRYSDNQ@EPGCWHXEMPBMWRYQEH PDOpKR SUH|
hodnoty nevyjadrue DQL PLHUX JGUDYRW{QYREHQUD]LNHD[SR]tFLH
ZLGHQWLILNRYDQpKR JGURMD

5=iYHU

.Dd4Gé SURFHV PHUDQLD MH Y&aDN ]D"DaHQé U{]Q\PL FK\EDF
RGKDGRP SUDYHM VNXWRpPpQHM KRGQGRW\SRKNXDQRMD XtU pK
YEVOHGNRY PHUDQt VR ASHFLILNIFLRX SUiIYQ\P SUHGSLV
rozhodovacieho pravidla @ RIKRGRYDFPFH®IPELWLPLW NWRUé MHGQR]
REODV" SUtSXVWQpPKR DOHER QHSUtSXVWQpKR VWDY X

PUL SRVXG]RYDQt ]JKRG\ YEVOHGNRY PHUADLQRI QR P XIUK Y WK
SK\JLHQLFNéPL OLPLWPL SUtSXVWQéPL KRGQRWDPL UR]
ZSULQFtSX &H RUJIQ\ YHUHMQpPKR J]GUDYRWQtFWYD PDM-~
REpPpDQRY DOHER SUIYQ\FK VXEMHNWRY SSAHS$IIGNR XBHW M +
QHSUtSXVWQé SURWLSUIYQ\ VWDY GRNXPHQWRYDQé&

SRXALWp RGND]\

> @ 671 (1 ,62 ,(& 94HREHFQp SRALDGDYN\ QD NRP
NDOLEUDpPpQEéFK ODERUDWyYULt

[2] www.georgell.eu/matematika/pst/12.htm

[3] JUDQWLAHN 9GROHpPpHMNRVXIO|RRIV tPWKRGH DSNXVWLND

[4] MSA-/ l1iYRG QD R]IQDPRYDQLH V~ODGX VR 8SHFLILNIFLRX
[5] 1D t]JHQt YOiG\ y5 p RFKUBEY RGUDYt S HG QHS L]QLYéP
YLEUDGHQ@t QD t]H®thbYOIG\ 6E D 6E D p 6 E
[6] OHWRGLFNEé QiYREKBSERRFHAPDKMXNXDFRYQtP SURVW HGt ¢
y5

> @ 2GERUQpP GRSRUXIKHRGIQBERQPNKPEBSMWDFRYQtP SURVW F
2VWUDYD % H]HQ

[8] 9\KOi&ND 0= 65 p = ] NWRURX VD SX\MBDVQRQY &AK~
KRGQRWIFK KOXNX LQOIWBERIXNXDY MERKUQPLREMHNWLYL]IFLX
aYLEUIELYRWQRP JORQWUYHKKZXi&¥N\ 0=65 p = ]

Summary

Approaches to the Conformity Assessment of the Measurements Results of the
Determining Physical Quantities However, each measurement process is burdened with
various errors, and therefore the measurement result is only an estimate of the true (real) value
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of the measured determinant. When assessing the conformity of the measurement results with
the specification (legal regulation, technical standard), part of the decision rule is the decision
limit (marginal limit), which unequivocally determines the area of permissible or
impermissible status. When assessing the conformity of the results of measuring the
determining quantities of noise in the environment with hygienic limits (permissible values),
the decisiormaking rule should be based on the principle that public health authorities should
intervene in the rights of affected persons (citizens) or legal entities (operators of noise
sources) only in case, when the inadmissible (illegal) state is documented.

Keywords
Measurement uncertainty; Nojsgound pressure level
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V<84,7,A.867,&.e+ 2 OMOGRAFUV PODMIENKACH
L(61E&.(P5(9E'=.<

OLOR& *HMWBRBEtQD OLFKDMORY

10YRG

(NRQRPLFNp IXQJRYDQLH OHVQpPKR KRVSRGiIUVWYD RYSO\Y
kvalita .YDOLWDWtYQH KRGQRWHQLH GUHYD VD QDMPI | SRK D
QDMPI R V~VWDYX NYDOLWDWtYQ\FK D NYDQWLWDWtYQ\F}
]JQDNRY MH VWDQRYHQpP SUtVOX4aQRX QRUPDWtYQRX OHJLV
*X DWLQD D UHJLYR OHWYG\ PHUDQLD UR]JPHURY yDV" =
JiNODGH JLVWHQpPKR UR]JVDKX WEFKWR ]JQDNRY V~ VWDQF
NYDOLWDWtYQ\FK WULHG GUHYD Y ]P\WVOH QRULHP 671

JX DWLQ\ D 671 .YDOLWDWtYQH WULHGHQLH OLVWQDV

3UHVQi GHWHUPLQIFLD NYDOLWDWtYQ\FK JQDNRY Y ]JP\VO
REPHG]HQi QD LFK KRGQRWHQLBAORRANPHI@HPRPH]H JIX L
PDQD&pUVNH SOIiQRYDQLH RGE\WX D REFKRGX DNR DM pD)
SRWUHEQpP DVSR RULHQWDpPQp SR]QDQLH NYDOLWDWtYQHM
9R YIp&LQH SUtSDGRY V~ SUH WLHWR SRWUHE\ Y OHVQtFNH
NWRUp Y VHEH SULQiaDM~ SIRE&WUQHWY\KRSORPLIHWHK D NV
KRGQRWHQLH OYPRRQDYDGRVWXSQ&FK PHWYG KNVGRYVPDYV-~
DSOLNRYDWH QRVWL SUH OHVQtFNX SUHYHFNGHEWURDWAHG
VS{VRERFK SUtSDGQH QD ]DULDGHOQLDBRKRQRWRYSF K LWHVp
OHVQEéFK SRUDVWRY

IHGHAWUXNWtYQH PHWyYyG\ V~ WDNp SUL NWRUEéEFK QHGRFK
GUHYLQ\ VD QiVOHGQH XUpt SRPRFRX QDPHUDQéFK KRGQ{W
NRQNUPWQX PHWYGX 7LHWR PHWyG\napf&ithmat, Did@iOL" QD

X O WU D] YapN Rriggsonic, Pundit, Sylvates)DNXVWLFNp ' D 'naprRPRJUDI
Fakkop 2D, Arbotom 2D a 3D, Arbosonic BDUIGLRJUDILFNp PRELOQi DOHER
SRptWDpPpRYi WRFPHRNMN IDDQHXWUyQREWPRECHE LRH &), B1l#, 0.,

2012).

V SUtVSHYNX VD EXGHPH YHQRYD" QDMPI DNixXrow jeF NHM WF
SRXALWHWQYFNHWMHS@BIMPG SURVWUHGQtFWYRP WRPRJUDIX $1

2 $NXVWLFNp D XOWUD]JYXNRYp PHWYyG\ KRGQRWHQL

SNXVWLFNi WRPRJUDILD MH |DOR&HQiI QD ]JPHQH UEFKORVWI
MH Y&DN KHWHURJpQQH D DQL]JRWURSQp pR VS{VREXMH S
YH NRX Yé&]YRX SUL DSOLNiFLL WHMWR WHFKQROyYJLH LQW
PDWHULIOX RG WéFK NWRUp V~ VS{VREHQp SRANRGHQtP
DQDO\]XMH SUtWRPQRV" DQRPiOLt DOHER ]KRU&GHQLD NYDC
Y\WWYRUHQéFK SULUDGHQtP SiVRY UéFKORWW\WQID'UGLMNRDI
WA\SRY GHIHNWRY GXWLQ\ SUDVNOLQ\ DOHER ]JyQ\ GUHYD S
KUpH ALYLFRYp YUHFLD D UHDNpPQp GUHYR 9aHWN\ WLH
RYSO\Y XM~ DQDWRPLFN~ aWUXNW~UX PDWHULIOX D MHKR
]JDEK\WHQp JPHQDPL Y UEFKORVWLDFK atUHQLD Y Q 'UHYR
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YHGLH N QRUPIOQ\P ]PHQiIP UEFKORVWL NWRUp QLH V-~ Y
(WANG X., WIEDENBECK, J.,LIANG, S.,2009).

$NXVWLFNp PHWyG\ SDWULD PHG]L QDMVWDU&LH PHWyG\ |
UEFKORV" VD YR IRUPH SUHFKRGRYéFK HODVWLFNEéEFK Y C
HQHUJLH 4tUuL PDWHULIORP =GURMRP MH DNXVWLFNé LPSX
DNXVWLFNé VLIQIO ]JYXN SUHWR VD QDMpDVWHMAaLH QD
DNXVWLFN éF KONDRRIKX, VGl &l.Y2920).

DOAaRX QHGHAWUXNWtItYQRX DNXVWLFNRX PHWYGRX MH .
PHFKDQLFNp YOQHQLH V ITUHNYHQFLRX Y&G&HREHFQH Y\&8aRX
SUDFXM~ V IUHNYHQFLDPL Y UR]JVDKX RG N+] GR N +
XOWUD]YXNRYp YOQ\ N REMHNWX D QiVOHGQH VD PHUDM-
SUHQRVRYp YO RAMEREERGVPVW00D.UHY D

9YRM DNXVWLFNéEFK ]DULDGHQt QD KRGQRWHQLH VWRMD!
YODVWQRVWt GUHYD VWURPRY SUHG LFK "DAERX 7R X [
VSUDFRYDQLD GUHYD VS{VRERP NWRUé& PD[LPDOL]XMH KR
GHVD"URPLDFK VD DNXVWLFNp WHFKQROyYJLH VWDOL Y Gl
]DULDGHQLDPL QD KRGQRWHQLH PDWHULIORY 6WDOL VD al
NYDOLW\ D NODVLILNIFLX SURGXNWRY DOH DM SUH & DF
KRGQRWHQLH PODGéFK VWURPpPHNRY 91paLQD DNXVWLFI
YODVWQRVWL VWURPRY V~ PRGHORYDRPHDH UDGLIOQH PHI

BANXVWLFN& WRPRJUDI $5%2720

SNXVWLFNé WRPRJUDI $UE RMPRSK (B @wMbgrafos R NWRBRIB QX M ~
UHIiOQ\ GYRMUR]JPHUQé DOHER~WBRKPRRP VUKXBYXR ERFPBKR D
V\V W stéjacich stromov alebor \"DAHIXHMWLQ\ 9 DND ]JYXNRYéP LPSXO
RGKDOL"zmalWUWHYLGLWH Qp GXWLQ\ SUDVNOLQ\ DOHER K
rozsahaYH NRV" 9\FKiG]D ]R JLVWHQLD &M XQW/GIRFUNSE K Q DMLY
ako SR &N R G H Q gefektthH&MONVJ. et al., 2015).7i WR QHGHAWUXNWtYQD PH
VWURP\ QLMDNR QHSRANRG]XMH D XPRMRKHFE UNPH RFRXRNO
JX DWLQH 9\HWRGQROUB®LHDH UEFKQ~W VW pRa&plikuM 858G Q RG X F
priamo na miestevlesnom poraste 9\KRGQRFRYDFt VRIWYpU SUHK D
GYRMUR]PHUQé REUD] R YQ~-WRUQRP VWDYH REMHNWX 2|
NRUH RY D JX DWLQ\ VD Y\XatYD QD JLV'"RYDQLH EH]SHpQF
ULHPQ\FK .KUIG]DFK

313ULQFtS pLQQRVWL

7RPRJUDI SRVXG]XMH aWUXNW~UX GUHYD YR YQ~WUL VWUF
SRNOHSDQtP SR MHGQRWOLYéFK VHQ]JRURFK RBEWRUPNV~ UR]
1iVOHGQH Y\NUHVOt REUD] SULHpQHKR UH]X YR YODVWQRP

3R ~GHUH QD ~GHURY~ SORFKX MHGQpKR VHQ]JRUD WHQW
VHQ]RU\ |DFKAWKIRG®RFHM~ UEFKORV" MHM SUHFKR&G X SULH
NDaGé VHQJRU VD XGLHUWNIBRIHW I O/HFKURNR]RVWXS VD
LQGLYLGXiOQH SRG DUKYLEMOQAIRVWL NPH D 93HWN\ E\ P
VURYQDNHM YéaNH 8SHY XM~ VD QD a4SHFLiOQH NOLQFH N
DE\ SUHQLNOL D& GR GUHYQHM pDVWL NPH D 7iWR VN
QH 8dRZje a]GUDYE& MHGLQHF UDQ\ SR NOLQFRFK ]JDOHMH PLD
PHG]L QHGHHBWEKORMY SHHFKRGX DNXVWLFNHM YOQ\ Y\KRGC
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XSODW XMH SUHSRptWDYDFt DOJRULWPXV SRG D |DGDQpKR
stromuaSRG REUI]RN

2EUI]RN9\EXG]J]RYDQLH DNXVWLFNHM YOQ\ SR UR]JPLHVWQHQéFK VHQ]

2EUIJRN9\KRGQRWHQLH GUHYLQ\ GXE SWVRVWZIHRYR W 8RR WWRWPHRG U L

5FKORV" SUHFKRGX Y\EXGHQHM DNXVWLFNHM YOQ\ ]Qi]l
spiatimi farbami NGH JHOHQi J]QDPHQiIi Y\VRN~ UEFKOR¥daSUHFKR
VLIQDOL]XMH SUDYGHSRGREQH 1GBDYDR HRM YIRD EHD) 8HIADW
SRPHUQH Y\VRNp UéFROHRYIVW SHH RKHRSRU XEHQPORYHYRU KB
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VLIQDOL]XM~ SRPDO&t SUHFKRG ptP LQGLNXM~ SUDYGHSR
YEVOHGQ~ LQWHUSUHWIFLX V~ SUHWR SRWUHEQpP DM XUpL\
]iNODGQp SRIQLRWHNILR MHGQRWOLYEBFK GUXKRY GUHYtQ V¢
senzorovaQiVOHGQH VSUIYQH Y\KRGQRWL" SRQ~NQXWé REUD]

329VOHGN\ PHUDQt D PRAQRVWL Y\XaLWLD

OHUDQLH WRPRJUDIRP EROR WHVWRYDQp QD VWRMDFLFK
7DNWLH& EROR WHVWRYDQp PHUDQLH WRPRJUDIRP QD P
LKOLPQDWEFK D OLVWG@BWBRK RG BERIORY WRARIQD IRP GLDJQ]
VWURPRY 3UH XUpPHQLH SHUFHQWXiOQHKR BRRELIHMDU BSR4 K|
SRX&LWé VRIWZpURYé SURVWULHGRN ,PDJH- 98VOHGN\ KF
BWUHGQi KRGQRWD SRANRGHQLD XUpPpHQpPKR phaldwo QRX ID
IDUERX 3UL pHUYHQMMpLDVRAH RXHBRMPHUG/L" Y&V N\W
ILDORYHM IDUEHSKRANR{@HOH KRYRVWRWBNPHUD®@RYi ]JyQD S
SRG D YEVOHGNRY ]DEHUDOD SRY H piQ HPKRY &34kt dBRHREE K \D ]
UQL&ELHKR SRpWX DQDO\]RYDQ&FK MHGLQFRY

2EUIJRN9\KRGQRWHQLH GUHYLQ\ GXE SWVRVWZIHRYK W 8RR WWRWPHRG U L

VWDEX NH V-~ XYHGHQp ]iNODGQp SRSLVQH yaViDMHWYHLQH M
afialovej farby. ZY\SRptWDQ&FK SHUFHQWLORY MH JUHMPp &H S
SHUFHQWXiOQ\ SRGLHO SRANRR HG@HWBRFK MIDGIQRRY 3UL
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bolov intervale od Gdo 13,5 %SOR&QpKR SRGLHOX SORFK\ SULHUH]X GH
u polovice analyzovanej vzorky stromov.

7DEX NBEiNODGQp SRSLSBYP RNDNE PHPHKRRSRENRGHQt QDPHUDQpPKR V~E
stromov

yHUYHQIi ]JyQD SR3 )LDORYIi ]JyQD SH

1 SODWQEéH 130 130

Priemer 48.0 16.7

OHGLIQ 445 13.5

Modus 9LDFQiV 0

Minimum 0.0 0.0

Maximum 96.0 92.0

- 1% 0.3 0.0

= 5% 12.0 0.0

o 50% 44.5 13.5

g 95% 89.0 50.0

99% 95.0 62.0

Rozptyl 567.8 273.0

Sm.odch. 23.8 16.5
V SUIG(L'25M. HW DO VPH WLH& DQDO\]RYDOL PRAQRVWL Y
YQ~-WRUQéEFK JQDNRY QtD/é(U'l—[]W&KRI‘PRGBI—EYR—DR DQDO\]RYDQé
YEUH]RBYANDFK RG FP GR P GUHY dg). \GGHUHWLIEXRY DVQ

NYDOLWDWtYQH JQDN\ EROL RSI" Y\KRGQRMB&OQPTNQEN |INODG
1309 9éVWXWRPIRJUDIX EROL DQDO\RYDQp SUROQWUWIHEIAWY
NDAaGé ]QDN ERO DQDO\]RY DM ¥ WK pRPPP HUD/@MRGWN\ RELGYR
PHUDQLD EROL QiVORGWHABERHRYMOIBOERY ERO GOIRIIHEKBRG
meraniaPLHUQH Y\dadt DNR SRGLHO J]QDNX LGHQWLILNRYDQPpPKR
WRPRJUDIRP 9\d4t SOR4Qé SRGLHO JQDNX ] REUDNXURWPKY RU
YIRUNIFERHQWLILNRYDQp UR]JGLHO\ Y4ADN DQL [SRUP{MHBIQHM
SULStvD" VXEMHNWtYQHM FK\EH XGVNpKR IDNWRUD SUL U
vVRIWZpUL V Pobehttre predstavoval rozdiel medzi plochou znakW HiO QHKR
INJLENpKR PHWREQD)X Y\WYRUHQpPKR D NXNYWURSVER. MMRPRJUD
]iINODGH WRKR P{aHPH NRQaAWDWRYD" &H DNXVWLFNé WF
YEVOHGN\ KRGQRWHQLD NYDOLWDWtYQ\FK JQDNRY Y SRURY
REUD]RYHMUXQPRQ@PER PHUDQLD

4 =iYHU

9\X4LWLH DNXVWLFNpKR WRPRJUDIX SRWYUGLOR GREU~ ~U
]JODNX DM QD YBUH]RFK Y\"D&HQpKR GUHYD KRFL MH SULPi
stojacich stromov.3HYQp VSRMHQLH KRGQRWHQHM NFDWVHWRYBIPH C
VI\VWpPRP ]iVDGQH QHRYSO\Y XMH SUHVQRV" KRGQRWHQLD

9 EXG~FQRVWL EXGH Y\XatYDQLH WE&FKWR PHWYG NYDOLW
SRUDVWRY pRUDBUGNOHALIWRIPBEOHH NYDOLWDWOHY®RFEWU
SRUDVWRFK MH G{OH&LWp QDMPISRKHD B R QOSXPDWNRIY BQ 8FER
SOIQRYDQHM H'DAE FL HobRMBdE\ W XNPPELQIFLL V SR]JHPQéP OL
VNHQRYDQtPQP{@G&D DNXVWLFNSPL@RPRJIJNVIIREQE SRNURN
DXWRPDWL]RYDQpKR NYDOLWDWtYQHKR KRGQRWHQLD VRU\

43



NOVE TRENDY AKUSTICKEHO S PEKTRA 2023
9HGHFN& UHFH Q] FréareyidwiE Riog@edings

SRUDVWRFK SUHG WéP 7R H& HEXG ~~YR DA HAE QD &R¥AW X D
VSRGPLHQNDFK OHVQtFNHM SUHYiG]N\

SR DNRYDQLH

BUItVSHYRN Y]JQLNRO QD ]JiNODGH SRGSRU\ JUDQWRYEFK LC
YEVNXPX D 8SRUWX 60ORXBQYVNIQD DHSXERDPO®I JUDQWRYIi DJ
napoGSRUX YEVNXPX D YEYRMD Y UpkPfektiodheREBXBNTUEHAHQpK
,QRYDWtYQH PHWyG\ KRGQRWHQLD NYDOLWD22-tYQHKR
2SWLPDOL]IFLD KODYQéFK JGUDYRWQEFK D EH]SHpPQR\
ELRPDV\ QD HQHUJHWLFENp ~pHO\

ILWHUDW-~UD

*(-'2a 0 0,&+$-/29E . *5 (76 &+ The use of the acoustic tomograph
and digital image analysia the qualitative assessment of harvested timbease studyIn
Central European Forestry Journal, URD pb-111V

ONDREJKA, V. et al2020.Innovative methods of nedestructive evaluation of log quality.
In Central European Forestry Jonal, 2020, UR p p-13. V

g67(5% (5*, 2009. Wood quality and geometry measurements based on cross section
images.Dissertation thesis. Tamper€ampere University of Technology. Publication 807,
192 s.

5(,135(&+7 / +5,91E. -8OWUD]JYXNRYi D Y WDQLX RGSRUR
LKOLPpQDWHM D .QnlAGtVFaEiNetis Myldldgiae\Bvo@a012. U RSd [, s. 43
54.

SIMON, J, MACHAR, I., BRUS, J., PECHANEC, V. 201&ombining a growtrsimulation
model with acoustievood tomography as a decistsapport tool for adaptive management
and conservation of forest ecosystemd£dnlogical Informatics b s.309-312.

WANG, X., WIEDENBECK, J, LIANG, S. 20M. Acoustic tomography for decay det®n
in black cherry trees. IWood and Fiber Scienc2009 U R4 |2, s. 127137.

Summary

Use of Acoustic Tomograph in the Conditions of Forestry Praxis. The economic
functioning of forestry is primarily influenced by the sale of timber and its quality. The
gualitative evaluation of wood, especially from the point of view of its processing and use, is
mainly based on a system of qualitative and quantitative features. Acoustic methods are
among the oldest methods of evaluating wood properties. The acoustic velocity spreads
through the material in the form of transient elastic waves generated by the sudden release of
energy. The source is an acoustic impussgh as a hammer blow or an actuating acoustic
signal (sound). The Arbotom acoustic tomograph belongs to the group of impulse tomographs
that allow a real twalimensional or thredimensional image of the internal state of the trunk

and root system of standing trees or extracted logs. Tomograph measurement was tested on
standing oak, linden, and pine trees. Tomograph measurement was also tested on smaller
sections of harvested timber of coniferous and-camferous tree species. A total of 130

trees were idgnosed by tomograph. The possibilities of using the tomograph on extracted
sections were also analyzed. The use of an acoustic tomograph confirmed a good level of
accuracy in the identification of quality features even onoci$ of harvested timber.
Combined with groundbased laser scanning, acoustic tomograph analysis can bring
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fundamental progress in the field of automated qualitative assessment of assortments in
standing trees and forest stands before they are harvested. This will improve the level of
management and wood trade in the conditions of the forestry praxis.

Keywords

Acoustic tomographQualitative featureswood quality; Image analysis; Qualitative sorting
of wood; Forestry praxis
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M2a1267, 9<84,BB3CT T (&+12/1*,( 35DETEKCII
V107251é6&C+é9%REVANA a3(&,E/1V <84a,7,(

SDGRYDQ *UDFRYVNé 7RPia *HUJH

10YRG

&HQWUXP H[FHOHQWQRVWL /LJQR6LOYD MH |JDPHUDQp QD R
Vv OHVOGEMR iUVNRP VHNWRUH ]D SRXALWLD LQRYDpPQEFK
LQIUDAWUXNW~UQHKR SURMHNWX SULQi&D Y\WYRUHQLH P
N ~pRY&FK WHFKQRORJLFNEFK FHONRY SUH Y&BVNXPQp D Gt
dreva GHWHNFLH NYDOLW)\ GUH Y¥BD 8 QHWH & WNLFRIR K/FS D DFFHRY 0@

-HGQéP ] SUDFRYtVN MH %LRWHFKQRORJLFNé SDUN 6WUiaH
~VWDYX 1/& YR =YROHQH

96]QDPQé&P WHFKQRORJLFNéEP Y\EDYHQtP FHQWUD MH ' &7
NWRUHM V~pDV"RX MH SRptWDpRYi WRPRJUDILD 7iWR WHFK!
JX DWLQ\ GUHYD D ]JREUD]L" MHM YQ~WRUQp ERVEOLJIADQXR
UH]QéFK SOIQRY ]D ~pHORP PD[LPDOL]IiFLH Yé"DAQRVWL 1D

&7 VNHQHURY JX DWMQ\QD SAVIMW KD iIMH XPLHVWQHQEé Y %LR
6WUIdH QDYBNGMNPRR ~pHO\

2 ' &7 VNHQRYDFLD OLQND JX DWLQ\ GUHYD

6NHQRYDFLD OLQND SR]RVW2ED i]RNLDF MV BAS H VBIINRN VD G
[iVREQtN JX DWLQ\ NGH VD K\GUDXOLFNMRXR&#XNRKGQBD Vil |
UR]JMHGQRFRYDFtP GRSUDYQtNRP JX DWLQD GRSUDYt QD QD
QD UH"D]JRYé GRSUDYQtN 7HQ GRSUDYXMH JX DWLQX SULDF
SULDPR V~pDV"REHED RN Q@RIUDYQtN\ WHMWR OLQN\ PDM~
DNR VDPRWQ&é SiV &7 VNHQHUD ] G{YR G )KR\SIUDANQQ D XD CHW MQ

2EUI]RN6~VWDYD GR SONsKkzhdt kwntBjiner)
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5FKORV" SiVRYpKR GRSUDYQtND MH G{OHA&LWi SUH VSUi
VIQFKUR@®WiBRN SRUWIOX D UEFKORVWL SiVRYpKR GRSUDY

SUHFKiIiG]D GR DO&aHM pDVWL OLQN\ NGH VD QDFKiG]D NDSEF
JX DW2ZRUIi]RN

2EUI]RN.DSRYDFL I ~StDOWD" OLQN\

9 SUtSDGH 4BLMHWAVRRUVMWJHEQE JX DWLQD VPHUXMH V~VWD
JiVREQtNRY ] NWRUE&FK MH JX DWLQD SULSUDYHQi QD QDOR

1D ~VSH&aQp Y\WYRUHQLH ' VQtPN\ V UR]SR]QDQé&PL YQ~WR
YLDFHUp VRIWYpU\ VSRORPQRVWL OLFURWHF NWRUp QD VH

212YOIGDQLHSRKOEVIX DWLQ\ &7 VNHQHURP

6S~4"DQLH RYOiIGDQLH D QDVWDYRYDQLH ' &7 YNOORLY DFH
SURVWUHGQtFWYRP YL]XDOL]DPQpKR VRIWYpUX QDLQAWDOI
OLQN\ MH GRSUDYL" JX DWLQX XORA&HQ~ Y JiVREQtNX GR D
VQtPN\ DQDO\]RYD" NRQIURQWRYD" LFK &W UKKI W R WX JLRHD D |
JRVWDWNRYp YEBUH]\ RGVXQ~" GRSUDYQtNPL GR WULHGLD
MHGQRWOLY&FK SUHYiIG]INRYEFK IXQNFLtOVY BMOOADKRP BHE
QD SUDYHM VWUDQH SQHKIBX\RYHM REUD]JRYN\
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2EUI]JRN+ODYQi REUD]J]RYND RYOIGINDIRERKHWK JSPODWLQ\ D

+ODYSUHK DG@bRxovka obsahuje WHFKQRW®ORKRFKX 4inky, kde

IDUHEQp Y\REUD]J]HQLH MHGQRWOLYéFK |[DULDGHQt LQIRUPXI
WHFKQRORJLFNHM VFKpP\ MH WDNLVWR LQGLNIiFLD VWDY
RIQDpHQLHKYRRIWRBRY 1D SUHK DGRYHM REUD]JRYNH VD WD
SUH Y\NRQIYDQLH IXQNpQéFK SRYHORY DNR DM SDUDPHWU|
SDUDPHWURY ,QWHJURYDQp MH RYOIGDQLH UH"D]JRYHM StO

3 6 RIWY pladRiktypMicrotec

,GH R VRIWYpURYp SURGXNW\ NWRUp V~ V~pDV"RX &7 VNHQ
QD WURFK VDPRVWDWQéFK SUDFRYQéFK VWDQLFHWiIFRN XPLH
4).

2EUiI]JRNSPLHVWQHQLH W UR F KKIBrldtRévRnsrQ Bok& VWD QtF Y
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3.1CTIO

BRIWYpU &7 ,2 XVNXWRpP XMH VSUiYX KDUGYpUX &7 VNHQH
FKODGHQLH URWDpPQé& SRUWIO U|QWJHQRYi ODPSD D SU
SULFKiG]DM~FLFK ] UIQWJHQRYpKR VHQJRURYpKR RWE 9&V
SUHGVWDYXMH VLJQiO SUHptWDQé& U|QWJHQRYé&PL VHQ]RUPI
7HQWR REUD] MH SUHGSUDFRYDQt RGptWDQtP SRVXQX REL
Y\GHOHQ& REUD]RP YEGXFKX XUpHQtP DNR VLJQiO SUL ]DSC
Y VNHQHU\ 6LJQiO MH QDNRQLHF XSUDYHQé& GR@EK&SULHS X'
LOQWHQ]LW\ VLJQiOX

2EUI]JRN+ODYQp RNQR VRIWYpUX &7 ,2

7RWR RNQR JREUD]XMH RYOiIGDFLH SUYN\ SUH pLQQRVWL N
]DStQD DOHER Y\StQD RWipDQLH SRUWIiOX RNROR VNHQRYDC
UIQWJHQRYpKR ALDUHQLD 2]QDpHQLH A6<67elaha A R]QDp X\
VNHQRYDQLH 5RYQDNR V~ JREUD]RYDQp ~GDMH PDQDA&PHQ\

3.2CT Recon

3ULMtPD SUHGEHAQH VSUDF~YDVNHQRYMDRILDX BRRY \EUWMD Qt
SURJUDPX MH PRAQpP YLGLH" VNHQREWDI@BN NPH D Y UHIiOQRP
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2EUiI]RN2NQR SURJUDPX &7 5HFR®Q W GUDRU UPK\EYD DYR JREUD]JHQIi Y S
YSUDYR YLGLWH Qi.¥Y SR]G &QRP UH]H
3.3CT Pro

6RIWYpU &7 3UR SULMtPD YVWXS\ ] &7 5HFRQ DQDO\]XMH
YODVWQRVWL VNHQRYDQHM JX DWLQ\ 96VOHGRN YéSRpWX
PDM~ R YEVOHGRN ]JiXMHP SRG D SUtVOXaQpKR SURWRNROX

V hlavnom okne EUiIJRNVD QDFKiGOQHVDREWD]HQLH SR]G & VWL
QDVNHQRYDQHM JX DWLQ\ ]R]QDP QDVNHQRYDQHM JX DWLC

2EUiIJRN+ODYQp RNQR VRIWYpUX &7 3UR

51



NOVE TRENDY AKUSTICKEHO S PEKTRA 2023
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9R YHG DMaRPURI®@gramuLT Prod P{&H X&tYDWH XVNXWRpPQL" I
GHWHNFLX FK&E GUHYD 5R]VDK DQDO\]RYDQé&FK FK&E MH
SULHPQRP UH]H V Y\]QDpHQé&PL FK\EDPL GUHYD D DQDO&]D \

2EUI]RN9HG DMALH RNQR ¥BHWHNKYOPQ E8BR FK\EDPL VNHQRYDQHM .

3.4CT Viewer

CT Viewer (2EUI]RNSULMtPD YVWXS\ ] &7 3UR 8PRa XMH XVNXWR
JX DWLQ\ D VLPXOIFLX UH]QéFK SOIQRY Y '"DOHER ' SURVW

2EUI]RN2NQR VRIWYpUX &7 9LHZHU
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3R QDptWDQt QDVNHQRYDQHM JX DWLQ\ MH PR&Qp QDYUKQ
DNR ' REUD] NGH MH ND&Gi VWUDQD UH]LYD JREUD]JHQi MH
UH]LYD ]R Bjdkd PR YhBdely @ E Ui JRN

2EUI]RN ' PRGHO JREUD]XMY¥YHUDQ p WHDXRER YEUH]H

I\KRGQRWHQLHBX OF'W™MU@ALDLNIFLD QD ]JiNODGH YQ-

9 V-pDVQRVWL MH JX DWLQD WULHGHQi QD ]iNFONDGH UFRRQ N L
PHWYyGRX 7HQWR VS{VRE MH ODFQé& QR GR YH NHM PLHU
KRGQRWLWH D =PHWEDWIULNWXHX NYDOLW\ JX DWLQ\ QD Ji
YQ~-WRUQ&FK JQDNRY RGVWUIQL XGVNé IDNWRU DePR&Q~ Y
~SUDYD RNUDMRY&FK SRGPLHQRN LGHQWLILNRYDQ&FK ]JQDN
GUHYD D ~pHO SRX&LWLD URJPHU\ HVWHWLEMy BR&ALDGDY
PDM~ VYRMH &SHFLILNi Y [iYLVORVWL QD GUXKX GUHYD 1D
YQ~-WRUQ&FK JQDNRY GUHYD Y]iMRPQH Y]GLDOHQRV" SRC
EXGH Y\SUDFRYDQi PHWRGLND F HYW LQ DNJifLIDIGHDDQ YW R ¥ Q8
=DYHGHQLH WDNHMWR FHUWLILNIFLH Pi YH Né& Y&]QDP SUL
SUHGDML JX DWLQ\ QD HVWHWLFNp ~pHO\ SUL YEBUREH &SHI
KXGREQpP QiIVWURMH 8SODWQHQLH MH M HREQRIRID PR SW U S
] GUHYD =iURYH Y]QLNQH HIHNWtYQ\ QDVWURM QD JDUDQF

9Q~WRUQp FK\E\ GUHYD JREUD]HQp ' &7 VNHQRYDQtI

CT sNHQRYDQLH MH ]iVDGQERRSVSNRFRYDWH VNRP UH"D]FL
LQIRUPIFLH R UR]JPHURFK REMHPH NULYRVWL YRQNDMA&tF
LGHQWLILNRYDQi SRORKD UR]JPHU\ MHGQRWOLYéFK J]QDNRY

BUtNODG J]REUD]JHQLD YQ~WRUQéFK FKEE Y &7 VQtPN|

' PRGHO JX DWLQ\ MH JUHNRW GNWWRRY B.QtVINIQMNQtBNRBOL] X!
rezy zloAH @poxelov V. UR]JPHUPL PP [ PP | PP 7R JQHPHQI aH
PP MH JORaHQi ]R NXVRY VQtPNRY NWRUp SUHGVWD
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OEUI]RN\MH YEEHURP WDNéEFKWR &7 VQtPNRY NWRUp JREUD]X
]J@QDNRY JX DWLQ\ GUHYD

6QtPRN $ ]REUD]XMH SUDVNOLQX YR YEUH]H GXEXeUHJH RN ¢
GXEX VQtPRN INREURNMHREX YR YEUH]H GXEX

SQtPRN SQtPBN SQtPRN
2EUI]RN&7 VQtPN\ U{]Q\FK OVURKHBKB&FK FKEE GUHYD

.YDOLWDW!tY Qe KG®Q R QPIBOEDHFLIiOQH Y\XALWLH

96URB\DDNEFKWR SUAGEXRVRLYLGXiOQREIUIRWXS{NODGQH
Y\PDQLSXORYDQLH WéFK QDMFHQQHMAtFK YR D WERYNMWRUBEH G
MH XUpHQé QD &SMiFEKDWH NWENMWORMMDP WAWRUp KR SUHGXL

G HNR U DKV GreX

hudREQEFK QiVWURMRY

bDVWL VWUHGQAEK JEUDQ't
YEUREX VXGRY

SRGOiK RENODGRY D QIiE\WNX

X X X X X
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2EUiI]RN3UtNODG Y\XALWLD GUHYD QD a4SHFLIOQH YEUREN

3R DNRYDQLH

7IWR SUIFD EROD SRGSRUHQi ] NRQWUDNWX 1/& V 0359 6!
JIPHUX 1/&- 'LILZRRG D $JHQW~URX QD YEVNXP D YEYRM
20- 3'HWHNFLD ' &7 D RSWLPDOL]IiFLD Yé"DAQRVWL EXNRYH

Summary

Software equipment of the 3D CT scanning line. This paper describes in more detail the
software equipment of the 3D CT scan line. The first part describes the software that is part of
the CT scanner itself and is used to start the CT scanner or stoprai@mm Subsequently, the
software is described, which allows to reconstruct a 3D CT scan of the log based on the signal
of the X-ray sensor field. It includes ah software for visualization of 3D CT scans and cutting
plans. The software for controllingehmovement of the log with the CT scanner is described
separately.

Keywords
Computed tomographytetection; snapshot;-xay; software.

.ROQWDNWQp DGUHV\

,QJ 5DGRYDQ *UDFRIYVMNREPiIEK'HUJH 3K
&EHQWUXP H[FHOHGW R RMW N KR/ QIFFNIRO H [ X
/IHVQtFN\ YEVNXPQé ~VWDY =YROHQ
liIURGQp OHVQtFNH FHQWUXP

T.G. Masaryka 2175/22

960 01 Zvolen, Slovak Republic

radovan.gracovsky@nlcsk.org, tomas.gergel@nlcsk.org
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VPLYV &RKOVEJ VRSTVYNAV /+.2671eVLASTNOSTI PLOCHEJ
J('123/Ea!29(-STRECHY 1$ %E=( '5(SH$52=E%5%$128 $/(%?2
PAROBRZDNOU Fi/,28 6PREMENLIVOU D,)0=12850%.28t
N80(5,&. EA1$/é=3$D<1%$0,&.e+28E5(1,¥YLHKOSTI

Martin Haladej JozefaWHINR

10YRG

3UL QDYUKRYDQt MHGQRSOIiId"RY&FK SORFKEFK VWULHFK QI
QDG Y\NXURYDQéP SULHVWRURP MH QHY\KQXWQp QDYUKQ-~
DE\ QHGRFKiIG]DOR N QDGPHUQpPPX WUDQVSRUWWX NFLKN R \DE
VD |DEUIQLOR KURPDGHQLX YOKNRVWL Y VWUHEQHM NRQ3
PDWHULIORFK QD Ei]H GUHYD ]Y\a4XMH LFK QiFK\OQRV" QD
KXEDPL VS{VREXM~FLRL2EDLOREXN 9 3UL QWIURXQDAtPH
QDYUKQ~" NRQAWUXNFLX VS{VRERP DE\ VPH QHY\WYRULOL
GUHYRND]QE&FK K~E VS{VREANEN-F RFICHKAFE QRBXWANG a

MORRIS 2010), (AEV A KALAMEES, 2016).

V praxisaQDMpDVWHMALH SRX&tYDM~ SUL MHGQRSOi&"RY&FK S
SUL VSUiIYQHM UHDOL]iFLt YEUD]QH JOHSAXM~USSERARVWQp
SPOL., 9 SUtSDGH &H VD SRpDV UHDOLJ]IFLH VWDYE\ ]DE
YOKNRV" QDVWiYD ]Y&aHQp ULJLNR QHVSUiIYQHKR IXQJR
]JDEXGRYDQi YOKNRV" VD QHPi ] NRQAWUXNFLH DNR GRVWD"
PORFK&FK VWULHFK SURMHNWDQWDPL QDYUKRXDKQp-BPRR E L
NWRUp PDOL |[DEH]SHpL" SRpDV OHWQE&FK PHVLDFRY SUHV-~:
YOKNRV" NWRUi MH WODpPHQi Y OHWQ&FK PHVLDFRFK SUL
SDURWHVQ~ YUVWYX .DAGéP URNRP H[W-HSDMY SR DAH DGIRWY
]JY\EXMH WHSORWQp ]D"D&HQLH VWDYHEQé&FK NRQAWUXNFLt
NRQAWUXNFLH NWRUp V~ Y\WWDYHQp SULDPHPX VOQHpPQpP
G{YRGX HOLPLQRYDQLD SUHKK LEHY®RY. DV OR FKEBK \ LG
AWUNRYDQLH VWULHFK 3UYéP G{YRGRP ZWUNRYDQLD VWUL
SULDP\P VOQHpPQEP ALDUHQtP ptP MH ]Y\ARYDQi MHM &LYRW
WHSORWQPpPKR |D"DAaHQMDVMRIGEIW U ONFUH GMFRKIHQLH 1i]RYpK
NPLWX NRQAWUXNFLH QRKEEKKSDBRPFR/IHOLPLQRYDOR SUHK!
=DAWUNRYDQtP VWUHEK\ VD DOH JPHQt DM YOKNRVWQp IXQ
ULHEHQt WHSRIWWE RK WOIDHVAHQIDE~GD" QD YSO\Y QD YOKNRYV

9 V-pDVQH SODWQéFK VORYHQVNEFK D HXUyS2#RIMZEaWHFK QL
(1 VD atUHQLH YOKNRVWL QDMpDVWHMALH KRGQRWt SR
*ODVVHURY HMSSERWYG\ 6HWYGD SRSLVXMH atUHQLH YOKNRYV
4tUHQLH YRGQHM SDU\ NRQAWUXNFLRX Y ]i®LVERRWW hUR G )I,D |
'DUPH XQG )HXFKWPHVOMNIDDGWQRPIUFNpKR KRGQRWHQLD ERC
GLJHWWDBQiFH + 0 rIEMHOD .D Y\FKiG]D XRGUVHWHBFLiOQ\
URYQtF NGH MHGLQRX QH]QiPRX MH WHSORWD DOHER UHOL
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2 OHWy G\

21$QDO\IRYDQp NRQAWUXNFLH MHGQRSOia"RYéFK SORF

UL DQDOé]JH YSO\YX |DaWUNRYDQLD VWUHFK\ QD YOKNRV
VWULHFK QD Ei]JH GUHYD EROR Y\WYRUHQéFK aHV" W\SRY \
NRQAWUXNFLt VD OtdLD SRXALWtP YR Y UV@LYH \&D UIRAWHMIRHN
WLHQHQpPp 9 VNODGEiIFK V~ SRXAaLWp SDURIJFEINOQD V Y\VE
SDUEU]GQi IyOLD V SUHPHQOLYRX GLI~]QRX KU~ENRX V YH

(=05 P DOHER SDUREU]GQIi IYyYOLKV~ENRXHWY ®@DYORRX GRIF
KRGQ{W GLI~]QHOBXKR ~ENILBRP NDAaGi ] WEFKWR YHU]Lt EROL
Y GYRFK SUHYHGHQLDFK 3UYé YDULDQW MH VR aWUNRYEéP
]JivisX QD HIWHULpURYHM VWUDQH NRQAWUXNFLH +U~END &
PLOLPHWWKRYENWRV\SX MH GRVWDWRpPQiI QD ~SOQé ]iVvV\S EH
VOQNRP D Y SUD[L MH WiWR KU~END ]iVI\SX EHAQH SRXatYD
JRVWiIY EHAQH SRHIQYDRKERKURGQEFK SRGPLHQNDFK SUH N\
VWUHFK\ QD Ei]H GUHYD .RQ&WUXNpQp D PDWHULIORYp ULH
SORFKéFK VWULHFK V R]QDpHQtP 6 $ 6 % 6 & D 6 $ 6 %

]QIJRUQHQP QD DERZHNMKNX IPBORURL]RODpPpQiI IlyOLD ] PIl
polyvinylchloridu, EPStH[SDQGRYDQé SREGRUALHPWR YIEQpP WULHVNRYDp
+VDGURNDUWYQ 1D QXPHULFN~ DQDQ@éIMPHRBQ R B KRIKEWWH
,QVWDWLRQIU NWVBER SHPDQté PHRAWYpU QD DQDOEé]IX G\QDP
YOKNRVWL Y NRQAYOBXNELEBAKRIJUDPH :8), EROR Y\PRGHOR
IUDJPHQWRY MHGQRSOia"RYéHAXKIBBRWK&EKOVWRIGHFXR YD R YW K
mm.

2EUI]RN6NODGED NRQAWUXNFLH MHGQRI$B &' RWWHM VSRORW K N R NeW U HAIS\R €
S1A-C (S1A SDUR]iE/&IDGDSEE YDULDELOQi SD R EM;GIE YPOLDBLO Qi SDUREU]C
l'y O k=ID,5630m).
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2EUI]RN6NODGED NRQAWUXNFLH MHGQRSOid"RYHM S QiRFEX MY VW LLHHF K\ C
S2A-C (S2A SDUR]IE&BQM; B YDULDELOQi SD Y-FBSIGQIYOLDEEOQi SDUREU]G
ly O k0,6:30m).

222NUDMRYp SRGPLHQN\

3UH YQ~WRUQp RNUDMRYp SRGPLHQN\ EROL QDVWDYHQp
RVFLOXMH PHG]L f& JLPQp REGRELH D f& OHWQp REGHF
f& S5HODWtYQD YOKNRV" Y]GXFKX Y LQWHULpUA60#D SRK\E
OHWQp REGRELH SULHPHUQi UHODWtYQD YOKNRV" MH
Y\EUDQp QD ]iNODGH DNWXiOQH SODWQHM VE@RAMHAVNHM W
(2019) a STN EN ISO 13788.

9]K DGRP QD WR &H GDWDEiI]D YRQNDM&tFK RNUDMRY&FK S
DNWXiOQH QHREVDKXMH ~GDMH ] ~]HPLD 60RYHQVND EROL
- 5DN~VNR NWRUp V~ V~pDV"RX GDWDE3VH QiRRINDHGHM RD
SRGPLHQN\ V~ QDPHUDQp KRGLQRYp KRGQRW\ QDVOHGRYQ
PQR&VWYR JUIi&RN VPHU D VLOD YHWUD NUiIWNRYOQQp D G

2EUI]JRN9RQNDM&ELH RNUDMRYp SR G-FtabQdier IB), 'DWDEi]D
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231DVWDYHQLH QXPHULFNHM DQDOEé]\

3R Y\PRGHORYDQt JHRPHWULH IUDJPHQWRY MHGQRSOia"
MHGQRWOLYéFK PDWHULIORY Y LFK VNODGEiIFK EROL GR Y
ORGHORYDQé IUDJPHQW ERO UR]JGHOHQé QD SUYWRY SR a
V WéP aH ND&Gi YUVWYD NRPSR]JtFLH DM Wi QDMWHQALD
SR]JRVWiYD ] DVSR GYRFK SUYNRY OGDMH ] GDWDEIi]\ :8
SRGPLHQN\ SUH MHGQRWOLYp P.DWWWRIIOR KY B KXNGHD 8 RbR B XV
WHSORWH f& REVDKX YR@ Y HD®DWVHUYRIONR FKO KNNJRF W L

7DEX NBRPLDWRpPQp ]DRRPISRGNRY DQEFK PDWH U LF@miofer 8P) 'DWDEi]D

ODWHULIO teplota obsah vlhkosti re,vOKNR
f& (kg/m?) Q)
SDK doska RF 20 6,3 0,8
9]GXFKRYi PHG]HUD 20 0 0,8
B3DUR]JIEUDQD SDURE 20 0 0,8
'UHYRY Ol NR)Q.IW L D 20 59 0,8
OSB3 20 90 0,8
3( PHPEUIQD 20 0 0,8
EPS 150S 20 1,8 0,8
*HRWH[WtCGLD J I 20 59 0,8
SIKA Sikaplan G15 20 0 0,8

1XPHULFNi DQDO@&]D YSO\YX ]DAWUNRYDQLD MHGQRSOIi&"RY

PDVRY&FK NURNRY KRGtQ pR JRGSRYHGi SLDWLP NDOH
DQDO&]\ RNWYEUD 96SRpPHW ERO ]JiPHUQH WMSXVWHQeé
QiURPQHMALH YRQNDMALH RNUDMRYp SRGPLHQN\ NWRU&P
REGRELD 3I"URpQp pDVRYp REGRELH EROR ]JYROHQp ] G{Y
~VHNX Y\WWDYHQLD PRGHORYDQ&FK IUDJPHQWRY RNUDMRY

PredY\KRGQRWHQtP QXPHULFNHM DQDOé]\ XYDaXMHPH R QDV

1) 9 VNODGEIFK NRQAWUXNFLt MHGQRSOi&G"RYEFK SORFKE&FK
6 $ EXGH QDMPHQA&LD ]JPHQD YOKNRVWL SRpDV URpPQEFK
]iNORS GXWLQD Y\SOQHQi GUHYRYOiINQLWRX L]ROIFLRX

2) 9 VNODGEiIFK V SRX&4LWtP SDUEU]GQHMEKD BEM VNRWH KR QO
6 % D 6 & G{MGH SRpDV OHWQ&FK GQt N GRVWDWRpPQpPX
GLI~]JQHKR WRNX Y NRQAWUXNFLt D MHM SUHV~a4DQLX 9
VNODGEIFK 6 % D 6 & ] G{YRGX SRXA&LW IHI) FSND UFRR BEQLRO/QN
SUHV~3DQLD NRQAWUXNFLH SRpDV OHWQé&FK PHVLDFRY

3) 9 VNODGEiIFK V SRXALWtP SDUREU]GQHM D yWOR Hi W USIRI R R
]JiVISRP 6 % D 6 & QHG{MGH N GRVWDWRpPQpPPX SUHKULHYD
HIHNW YDULDELO QHdW 5 LQ HEXOGH KBREWDWRpPQH SUHMDYR
]JDAWUNRYDQEFK NRQAWUXNFLIFK 6 % D 6 & QBOSFAAALD YC
WHSHOQi LJROIFLD
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39VOHGN\ D GLVNXVLD
7DEX NDPRWQRVWQé REVDKSROKNRVWDRQDO&]\

2EUI]RN6PHU GLI~]QHKR WRNX Y NRQAWUXNFLt Y .PHVLDFL 1RYHPE

2EUiI]RN6PHU GLI~]QHKR WRNX Y PHVLDFL 0iM :8), 'ORWLRQ
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Obsah vihkosti [M%]

16
15
14
13
12
11
10

7TDEX NBULHPHUQé& REVDK YOKNROYMGRY RQR AM.EE&BHtYO
S2A S1A S2B S1B S2C S1C

1.rok 14.570 16.117 15.818 16.018 15.949 | 16.090

2.rok 14.170 16.264 15.459 16.111 15.875 | 16.217

3.rok 14.088 16.227 15.170 16.076 15.663 | 16.176

4.rok 14.032 16.204 15.329 16.062 15.479 | 16.154

5.rok 13.981 16.192 15.298 16.056 15.343 | 16.143

7TDEX NBULHPHUQé REVDK YOKNRVWL-%).GUHYRYOINQLWHM L]
S2A S1A S2B S1B S2C Si1C

1.rok 15.174 13.585 12.780 13.095 13.541 13.445

2.rok 15.465 13.123 10.750 12.546 12.560 | 12.943

3.rok 15.407 12.988 9.721 12.435 11.827 | 12.802
4.rok 15.314 12.918 9.059 12.397 11.210 | 12.735
5.rok 15.217 12.881 8.919 12.383 10.677 | 12.702

d % ov ]IIZELL

—— S2A  e—S1A S2B S1B e S2C e=—=S1C

2EUI]RN2EVDK YOKNRVWL Y GUHYRYOINQLWHM WHSHOQHM L]JROIFLt
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OSB 1 10} %o

17
16
15

14

Obsah vlhkosti [M%]

13

—S2A S1A S2B S1B e===S2C e=——SI1C

2EUI]RN2EVDK YOKNRVWL DQPD\|R\WYDOREHFK IUDIPHQWRFK

+RGQRW\ YRQNDMA&HM WHSORW\ Y]GXFKX D UHODWtYQHM YC
YéESRpWX SRG D 2EUI]JNX THSORWD Y]GXFKX Y LQWHULpL
Y]GXFKX ¢ SRGPLHQN\ ]JRGSRYHGDOL Rb¥VmEGEdQRVWL >

9 ALDGQHM ] DQDO\]RYDQéFK VNODGLHE NRQ&AWUXNFLt QF
RSDNXM~FLFK VD URpPQéFK F\NORFK D SRVXG]RYDQp IUDJPF
pDVRP Y\V\FKDM~ G6NODGE\ NRQ&AWUXNFLt VR @&4WUNRYEéP ]i
YOKNRVWQ~ URYQRYiKX Xa SR GYRFK URNRFK 6NODGE\ EH]
V SUHPHQOLYRX KU~ENRX GLI~]JLH Y SUYéFK URNRFK YéuD]
QHGRVDKXM~ WLHWR VNODGE\ VWDY YOKNRWWRRF WROHM"®
NOHViIi 1DMYIpaLH PQRAVWYR YOKNRVWL D WéP DM UL]L
ELRGHJUDGiIFLH PDWHULIORY VD V~-VWUH XMH Y 4O8BBDRSH ] R
DY GUHYRYOINQLWHM WHSHOQHM L]R6R]ER UFRRP WK \VFRA@N RY
SUHWR EXGHPH GHWDLOQHMA&LH ]DREHUD" Y WéFIOBBR YUV W)
D GUHYRYOINQLWIi LIR®OAEUDINPEAHEEHUN MK GRYD" SULHEHK REI
Y MHGQRWOLYéEFK IUDIJPHQWREK WHGIRIKS §i&5"RYERKCE O R E W&
DY 26% ]JiNORSH

= WEFKWR REUiI]JNRY MH JUHMPé& YSO\Y aWUNRYDQLD VWULHF
MH SRURYQDWH Q& V YSO\YRP WLHQHQLD QD YOKNRVWQp
%$&+,1*(5 $ 632/ JUDJPHQW\ VR &WUNRYé&P ]iVISRP 6
YOKNRVWQ~ URYQRYiKX X4 SRpDV SUYpKR URNX Y&ESRpWX D
NROtdH Y URPQEFK LQWHUYDORFK EH] YEUD]QHMA&tFK JPLHQ
6 % D 6 & GRFKiG]D Y OHWQéFK PHVLDFRFK N'{¥@&IGHNRP SU}
WRKWR SUHKULHYDQLD NRQ&AWUXNFLH MH RWRpPHQLH GLI~]C
D SDURJIEUDQ\ UHVS SDUREU]GQHM 2§ OGN ¥ GiJRYDGIHD ISR XED
SDUEU]JGQHM IyOLH V YDULDELOQRX GLI~]QRX KU~ENRX 6 %
GRFKiG]D N JQt&8HQLX YOKNRVWL GUHYRYOINQLWHM WHSHO
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YUVWYH WHSHOQHM L]JROIFLH MH QDMY&UD]JQHMALH SUL N
lyOLD V SUHPHQOLYRX KU~ENRX GLI~]LH V ®R]E\FH O R FSRA&\@F
SRURYQD" V PH&,DQL DBL*A52&. $ 632/

9 7TDEX NH P{A&HPH YLGLH" &H SULHPHUQiI YOKNRV" 26% C
VNODGEIFK 7DEX ND QiP XND]XMH YéUD]Qé SRNOHV SULHI
LIROiFLH =HOO 3R SLDWLFK PRGHORYDQéFK URRRHAKNMH Q
SDURI]IEUDQ\ 6 $ D 6 $

= YEVOHGNRY PRGHORYDQLD D DQDO&]\ YOKNRVWL Y GUHYR
D 26% ]iNORSX QD 2EUiIJNX MH PR&QpP Y\YRGL" QDVOHGI
DQDO\]RYDQEFK IUDJPHQWRY MHGQRSOid"RYHMN W@RRKWHRM \
IUDJPHQWRY QHGRFKiG]D N DNXPXOiFLL YOKNRVWL =iUR
MHGQRSOi&"RYHM SORFKHM VWUHFK\ YOKNRV" QHGRVLDKQF
QHGRVLDKQH SRGPLHQND SUH ]Yé&4aHQp ULPJQRPELREEDBDG
(VITANEN A RITSCHKOFF 1991, VIITANEN A SPOL. 2003, WANG A MORRIS 2010,
ALEV A KALAMEES 2016).

3UYi K\SRWp]D NWRUiI KRYRUt R QDMPHQ&HM J]PHQH YOKNR
NULWLFNéFK YUVWYiFK IUDJPHQWRY ] SRK DGX YOKNRVWL
SDURJIEUDQ\ 6 $ D 6 $ MH QD ]JiNODGH SUHYHGHBKMI)DQDO
2EUIINX D 2EUIINX Y\YUIWHQiIi 1DMPHQA&ALH JPHQ\ YOKNRVV
QDVWIiIYDM~ SUL |DAWUNRYDQEéEFK NRQaAWUXNFLIFK 6 $ 6 % D
parotesniacej vrstvy na zmeny vihkosti.

'UXKi K\SRWp]D NWRUiIi KRYRUt R IUDJPHQWRFK V SRXaLW
hodnotou $ EH] aWUNRYpKR ]iVISX 6 % D 6 & D LFK SUHKULHYDQ
VS{VREHQpPX SUHV~aDQLX NRQaAWUXNFLt MH DQDOEé]JRX Y
IDMYéUD]J]QHMALX VFKRSQRV" OHWQpKR SUHV~aDQLD PDM~
parobrzdQHM IyOLH 2EUIi]RN D 2EUI]RN

3UYi pDV" WUHWHM K\SRWp]\ NWRUi KRYRUt R QHGRVW
]JDAWUNRYDQtP D R Y\PD]JDQRP HIHNWH SDUREU]JGQHM IlyOL
SRWYUGHQi 3RXALWLH JDAWUNRYDQLD YEUD]QH RM$O\Y XMt}
V SRX4LWtP SDUREU]JGQHM IyOLH SUHV~3D" VD SRpDV OHWQ
DQDO&]RX XUPpHQE&FK IUDJPHQWRY Y\YUiWHQi 1DMY\&3LX YO
EXGH PD" IUDJPHQW 6 $ D WHGD 1UDJPB®RMUMRYX@ELIVt P DI/D
YOKNRV" Y GUHYRYOiINQLWHM WHSHOQHM L]ROiFLt EXGH PI
IyOLRX V Qt]N\P UR]SW\ORP KRGQ{W GLI~]QHM KU~EN\ NWRL
JiNORSX WDP EXG~ PD" QDMY\a8pXV¥OR&RWNRNDIE p QMM @ VM
Y 26% ]iNORSH EXGH PD" IUDJPHQW 6 $ D WHGD IUDJPHQ
SDURJIEUDQ\

4 =iYHU
1D ]JiNODGH FLH D SUtVSHYNX RYHUL" YSO\Y JDA&WUNRYDQLD
GUHYD MH PRa4Qp SUHIHQWRYD" QDVOHGRYQp YEVOHGN\

x $QDO&]D :8), XNi]JDOD &H YSO\Y ]JDAWUNRYDQLD MHGQRS
LQpKR ]DWLHQHQLD IRWRYROWLND WHFKQROYJLD YHWUL
K DGLVND SU~GHQLD YOKNRVWL Y NRQ&WUXNPM+F&R 9HU]
SLDWLFK URpPQEFK F\NORFK QL&&LX YOKNRV" Y QDMYLDF
URYQDNEPL NRQ&AWUXNpQéPL VNODGEDPL NWRUp EROL &V
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X 9SO\Y aWUNRYDQLD Y&]QDPQHMALH RYSO\Y XMH YOKNRVV
SDURWHVQHM IyOLH 9 SUtSDGH AWUNRYDQLD NRQAWUXNF
KRGQRWD SDUREU]JGQHM IyOLH V ¢YDaLID]BLH RARDE YCML iH~ P [ X
SRWUHEQpP VD SUL QiYUKRFK VNODGLHE MHGQRSOIi&"RYéF}
bL H[WHULpPURYi VWUDQD NRQAWUXNFLH EXGH ]DAWUNR)
VSRPHQXWe&P VS{VRERP

Xx 8Ni]JDOR VD &H Y SUtSDGH SRXALWLD SDURWHVQ@&FK IyOLt
Sy PDM~ MHGQRSOIiI&"RYp SORFKp VWUHFK\ EH] ]DAWUNRYI
YEUD]QHMALH Y\V\FKD" D WéP JQL&RYD" UL]JLNR WYRUE\ SC

SR DNRYDQLH

3UtVSHYRN VJPENROLHEHQLD SURMHNWX ,3$ p A9SO\Y
sU{]Q\P W\SRP IDNWRUX OANOMGIKIRKRBEBQPRYOid"REFK SOR
YOKNRVWQp YOIDHVEHERWOMNBYEH GUHYHQEFK VW I YIHNEM &FK |
VSROXSUIFL .DWHGU\ GUHY H Q & Fitmdi -MauseE s'r)o. AEPORE=Y RO H Q
S.I.0.

/ILWHUDW-~UD
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Summary

The Effect of a Gravel Layer on the MoistureProperties of a Compact Flat Roof based

on Wood with Vapor Retarder or Vapor Barrier with Variable Diffusion Thickness =+
Numerical Analysis of Dynamic Diffusion of Moisture The contribution is focused on the
numerical verification of the influence of the compact flat roof grouting in the external
boundary conditions of Central Europe (Viennkustria), the internal boundary conditions of

the analysis met the conditions farrhan habitation. WUFI 2D software was usedmnalyse
compact flat roof structuressing a vapor barrier and a vapor retarder with a variable diffusion
thickness with a low variance of values and a vapor retarder with a variable diffusion thickness
with a high dispersion of values. Each of these three compositions was assessedna versio
without shading and with shading of the surface (gravel coating of the roof from the exterior
side). The length of thanalysedperiod was 5 years, and the main goal was to verify the
moisturebehaviourof the structure in its critical layers and thé&ef of grouting on moisture
events in a fragment of@mpact flat roof structure. The results of the measurements showed
the different functioning of compact flat roofs based on wood depending on the grouting, as
well as other conclusions for the desagmd implementation of the composition of compact flat
roofs.

Key words

Dynamic moisture evaluatippompact flat rogfmoisture contenWUFI 2D softwarevapour
barrier, vapour retarder
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THREE PRINCIPLES OF THE EUROPEAN 12-TET SYSTEM APPLIED TO
ORGANS OF THE CONSTANT M ENSURE

-iQ +DOX&END

1 Introduction

From a scientic point of view, tones in music are material objects of great compleXity.
theoretical concepts awpplied with respect to pispecfied accuracy, which indicate pre
determined compromise corridors (e.g., psyaboustical, mathematical, physical, material,
spiritual, arthistorian, naturascientfic). As well as concerning other tuned European
instruments, there are three psychological phenomena on which is based the present prevailing
the 12tone equally tempered tone system (shortlyTEX) in the present time, concerning
organ in particular, cfi27]. They are: Pythagorean Comma, Octave Equivalesoe Equal
Timbre of all tones in the audio diapason of the stop. Dealing with whole Fourier tone
decompositions, the fimite object lifts the notion XZET to a higher level of
mathematicalabstraction ; it became a part of functional analysis. The traditiohBIT1&as
constructed on Fourier series of truncated thirsé partials of the tone.

2 Pythagorean Comma and the European music
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3 Octave Equivalence, a mechanism of octave circularity of tones in the
brain
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4 Equal timbre of pipes in a given stop
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5 12-TET definition for the Principal stop (and partial tones are not
truncated)

Concluding remarks
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Summary

Three Principles of the European 1ZTET System Applied to Organs of the Constant
Mensure. The present paper is a mbdd version of Chapter 3 of the book [27] showing that
12-TET series spaces have be studied in the functional analysis. In the paper we deal with whole
Fourier series decompositions (timbres) of tones in thaitlen of 12TET. For mathematical
acoustic generalities, cf. [24]
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R2=9E-$1M$18E/1<&#58y1267¥¢<84,7EA.867,&.6&+
EXPERIMENTOVY STEMV ="(/E9$1E

Peter Hockicko

10YRG

9 G RFK - VD XVNXWRpPQLO URPQtN ALOLQVNHM
vSUHIHQpPQHM IRUPH 1D &'8 VD SULKOIiIVLOR GHWt DE
%DNDOIULN SUH NXU] ,QaLQLHULN

764G RYé SURJUDP GHWt Q W0&d®l6 KY YDS/YHDREG Y GRREHG DM
SUHGQidaN\ FHONRYR SUHGQidaRN SUH AEDNDOIULNRY?® D
DEVROYRYDOL FYLpHQLD Y ODERUDWYULIFK 4aLOLQVNHM X
AEDNDOIULNRY?3 D SUHD MDQ AWIONLRIVILDNR QDY AWtYLOL UDGQ
ALQALQLHULNRYLD3® OHWLVNR Y 'ROQRP +ULpPRYH

&HONRYR EROR SUH VNXStQ GHWt VNXSLQ\ AEDNDOiULN

KRGtQ SUHGQIi&RN KRGtQ SUHGQidaRN SUH EDNDOIULNRY
KRGtQ FYLpHQt SUH EDNDOIiULNRY S b R. VAHLRLLGH UDNR

KRGLQ\ WUYDOL REKDMRE\ GLSORPRY&FK SUiF LQALQLHULN

Na 4'8 VSROXSUDFRYDOR Y UiPFL SUHGQidaRN D FYLpHQt

AWXGHQW 81,=$ D SULSUD Y RWBHHER QLE N ®FKPREY) DEFMW D W SYUMRY |
AWXGHQWRY

SURMHNW &a4'8 NWRUé VD RpPpDD & LOXWO &IPK GR UfSEURHHQ@E 81 ,:
pre GHWL QDY&WHYXM~FH ]iNODGQ~ 4aNROX MH ]DPHUDQé C
QHGRVWDWR pRIHMX i © Q RFYKQ L] U X [QQQ\RHVAHN W XiOQ\FK VS{VRELO
SULFKiIG]DM~FLFK aWXGRYD" QD XQLYHU]JLW\ WHFKQLFNpK
SUREOHPDWLN\ FKFHPH PRWLYRYD" aLDNRY QD =a N aw-
HISHULPHQWRYDQtP Y SURVWXKGEIQXWRP/ I8E ]S RO DNQWYV RGER L
D XPRAQL" LP H[SHDEPRHOODMRYDL'IFK 7éPLWR DNWLYLWDPL F
SULFKiIG]DM~FLP QD XQLYHU]mieRonceptid)s RIQVIR'U OMHLG BWUW BN § )
aW X GRY D(SceidexTechnology+EngineeringtMathematicypredmety na univerzitu.

2ANXVWLFNp H[SBUWLBHQW\

$NR XNi]DOL QD&H SUHGFKiIG]DM~FH YéEVNXP\DEEGRWYDRYDNR Y
OHWQéFK DNWLYtW a'8 SRpDV URNRY GHWL QDYaWHYXM~
KUDYHMaARX IRUPRX DE\ VD SUHIHQWRYDOL SUDNWLFNHMAL
QD YLDFHUéFK H[SHULPHQWRFK QRODERUGD@&YULIFK V YODVW

$NXVWLFNp H[SHULPHQW)\ V~ YKRGQé&P QiVWURMRP NWRUE&
QD UR]JYRM SUtURGRYHGQHM JUDPRWQRVWL NWRUi MH EK]
vAW~GLL 3,63 84 Y PODGRP aNROVNRP YHNX MH PR&aQp SUL
LP QD LFK YHGRPRVWQHM ~URY Q8 WIMURHWRO'tPW $WRQRFS) YD
7R GiYD GH"RP SUtOHALWRV" VWD" VD DVSR QD FKYt X Y
REMDYRYD" D VN~PD" |]DULDGHQLD D MDYM~ QBiUNRWRUGEF
H[SHULPHQWRYDQtP ]JOHS&XM~ VYWRRIMtMDWXi®@RMHI XhDWRI
VS{VRELORVWt
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-HGQRGXFKp DNXVWULFNP HRSHWOULP ®OVENE, 2) MH PRAQp YKRGQ
]JDPOHQL" GR Y\XpRYDFLHKR SURFHVX QD =4 DNR GHPRQA&W

AWXGHQWRY VR ][iNODGQé&PL SUtURGQY#HARPRIVO FXB 8 LDQUW O-RIR
WD[RQYPLH NRJQLAVtYQ\FK FLH RY >

9R Y\aatFK URpPQtNRFK =4 D QHVN{U DM QD WHFKQLFNéFK X
H[SHULPHQWRY SULSUDYL" SUREOpPPRYp ~ORK\ pL Xa VvV G

QH~SOQH GHILQRYDQé&P SUREOpPPRP 9 WDNRP SUtSIDGH EXC
%ORRPRYHM WD[RQYPLH BRPQi&|DF t¥FKQ MpJDRFOHER KRGQRW

2EUI]RN,QWHUDNWtYQH DNXYW EFNNEHli8dt UL P HQ W\

2EUIJRN,QWHUDNW!tYQH DN X\&W OPNPQH KSRH B E BB QR vEKY LPHQt =Y XN
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BUH WEéEFKy & Wi pézrdi aY \VN~aDOL H[SHULPHQWRYDQLH GRF
VVSROXSUIFL VR |DKUD RLQ &R LSYWRLQHEX B[SHULPHQWR)
QD NDQIiOL RkttRs¥/v¥nE. ybutube.com/@films4edu607/videostD GDQRP NDQiOL
PRaQp QiMV" YLGHR &K O DG Qttps3/@ddiwbédpVul S\P2R(OBr,i& B N

3. 3UH XpLWH&RY¥RA SBULSUDYLOL QD 86% VNULSWiIi > @ QD

YLGHt SULSUDYHQéFK QD 8 popi$a® i MGEKWIOMH @ IEH\GELIWIHQ RAEKRY D
JINRQRWHEB QRWOLYéP H[SHULPHQWRP

2 EUi]R NChladniho obrazcee YLGHR SUtVWXSQp FH] <R RFKEH R MHWRADH ROP V H C

3=iYHU

-HGQ&P ]R VS{VRERY DNR P{8HPH PODGé&FK XGt PRWLYRYD
DNR IRUP\ PRWLYiFLH PODGé&FK XGt SUH EXG~FH AW~GLXP Y
ALURNpP Y\XA4tYDQLH LQIRUPDpPQEFK D NRPXQLNRBRRBMQWHI
DNWtYQH SUDFRYD" D UHDOL]JRYD" VYRMH YODVWQp QiSDC
VNXWRpPpQE& DOH VNU\Weé ]iXMHP R SUtURGQp D WHFKQLFNp Y
QLHNR NéFK URNRFK Y]GHOIYDQLD QD ]i0QB GORP VWXSQL V

SBRIHUDQLH UHIOQ\FK YLGHt V I\]JLNIiOQ\PL NRQFHSFLDPL L
GLVNXVLD VR aLDNPL PDM~ SR]LWtYQ\ YSO\Y QD UDVW YHGR
mechaniky.

-HGQRGXFKp DNXVWLFNp H[SHULPHQW\ |DUDGHQpP GR YéXpl
VIVWpPX VWLPXOXM~ GHWR]RGY DDIH KRR G HHRYWDIXWRY QpKR
Kk QiVOHGQpPX H[SHURENOQOWRYDQLX Q@RYEéFK SR]JQDWNRY
expHULPHQWRYDQLH NWRUp ]DK D YLDF GHWANdAHK JP\VOI
k experimentovaniuMpDVH SULPIUQHKR HIWMBSHIODINM DUHNDXQGIUQHKR D W
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Y]GHOIYDQLD QD WH F K QadtiFujedFakalyc@vaiv BhofihoshiE QD Y\aatFK
~URYQLDFK SR]QiYDFtFK FLH RY SRG D %ORRPRYHM WD[RQy
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Summary

DevelopingM anual Skills by using AcousticExperiments in STEM Education. One of the

ways we can motivate young people is by implementing Children's Universities as a form of
motivating young people for future studies in science and technology. Young people expect a
wide use of information and communication technologies in ¢duca hey are eager to work
actively and implement their own ideas. Children up to the age of 10 undoubtedly have a real
but hidden interest in natural and technical sciences, they want to become scientists and
explorers. However, after a few years of eahion at the primary level, the situation changes
completely. Simple acoustic experiments included in the teaching from the lowest levels of the
education system stimulate children from early childhood to explore and lead from initial play
to subsequent experimentation and discovery of new knowledge. Initial paptdimentation

that involves multiple child senses (hearing, sight and touch) stimulates experimentation at the
time of primary education and later at the time of secondary and tertiaryiedundgechnical
universities motivates analysis and evaluation at higher levels of cognitive goals according to
Bloom's taxonomy.
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STEM educationMotivation to studyAcoustic experiments
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A.867,&.éP27(1&,ED (9%$P E35%$91¢&D (9,1

SHWU +RUIN 90DVWLPLO %RU$SYND -DQ .R]JHC

10YRG

.D&Gé ] QiV VH GHQQ VHWNIiYi V UHSURGXNRYDQ&P ]JYXNF
UHSURVRXVWDYDPL 0QR KM ®DRGW MBIGD\WEHYQMBNRWURMH Y
YHONpPP PQRAVWYt U$]Q&8FK SUDFRYQtFK RGY WYt $ SUR PQC
EH] NWHUpKR VL OJH MHQ REWt3aQ GQHA&aQt &LYRW S HGVWD)

6RXPiVWL W FKWR ]D t]JHQt PRKRX E&W Y\UREHQ\ ] YHONpK
3RNXG VH EXGHPH EDYLW SRX]JH R UHSURGXNWRURYE&FK
YE]QDPQp ]JDVWRXSHQt G HYR D PDWHULIO\ QD MHKR Ei]L
MVRX SUR VYp KRPRJHQQt YODVWQRVWL pDVWR Y\X&tYDQ
RSRPtMHQR 1HMHQ ] G$YRGX VYpKR MHGLQHpPQpPKR Y]KOH
FKDUDNWHU FR& MH Y GQHAQt GRE YHOPL G$OHALWp &H
SRVOHGQtFK OHWHFK VWRXSi D WR GiYi SURVWRU SUR Y\
S tSUDYQEFK SLRQEUVNEFK G HYLQ

=YXNRYp YEVWXS\ UHSURVRXVWDY PRKRX EéW RYOLYQ Q\ ]\
WYDUHP WDN L PDWHULIOHP D MHKR YODVWQRVWPL 2]V
PDWHULIiO$ MVRX YHOPL pDVWp DOH QHPXVt PtW QHMOHSA
GHVLJQX R]YXpQLF Y NRPELQDFL V Y\X3LWtP G HYD SLRQ&U
S tVS YHN ]DP XMH O90OLY XYHGHQ&FK IDNWRUS$ QD Y&VWX
YHONpP PQRAVWYt Y GHFNEFK SXEOLNDFt D L SURWR MH W
EiGiQt

7DWR SUIFH MH QiYD]QRVW!t QD IS041G H3 O &] VR XNPYORD B N XN/
YODVWQRVWL LQRYRYDQ&FK WYDU$ R]YXPQLF D MHMLFK G}
VKUQXWD Y PDUNHWLQJRYpP GRWD]QtNX =GH VH Y&DN S|
SLRQEUVNp G HYLQ\ SUR Y\WYR HQt QRYpKR GHVLJQX R]
DNXVWLFNEFK YODVWQRVWHt

20HWRGLND H[SHULPHQWS$

8 QDWLYQtKR D PRGLILNRYDQpPKR G HYD S tSUDYQ@&FK G HYL
UHOHYDQWQtFK ]NXAHEQtFK Y]RUFtFK VWDQRYt DNXVWLFI
DNXVWLFNé YOQRYé& RGSRU ORJDULWPLFNé GHNUHPHQW
Y\KRWRYHQt GHVLIJQRY&FK QiYUK$ UHSURGXNWRUS$ SUR VW
INJLFN\ Y\UREHQ\ D QiVOHGQ EXGRX VWDQRYHQ\ D DOQI
LPSHGDQpPQt D IUHNYHQpPQt FKDHQ&NIMSE QisV WLN\ pLQLWHOH

3UR P HQt UH]JRQDQpPQtFK FKDUDNWHULVWLN QD ND&Gp U
RGH]YD S LpHP& VH S HGSRNOiGi SRX4aLWt PHWRG\ S HOD R
AS HOD RYDQé& VLQXV3Salrbed BA1®H BZHMBWR PHWRG MH VRX)
KDUPRQLFNE&P VLJQIiOHP MHKR& IUHNYHQFH VH Y pDVH Y\
RGH]YD VRXVWDY\ EXGH ]D]J]QDPHQiYiQD 1iVOHGQ O]H LF
LQYHU]QtP ILOWUHP YVWXSQtKR VLJQiOX QHER RGG OHQtP
PHWRGRX MH YEKRGRX QDS tNODG RGG OHQt KDUPRQLFNpKI
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9 QHSRVOHGQt DG EXGH SURYHGHQ L PDUNHWLQJRYé& S|
SUHIHUHQFH D ILQDQpQt PRAQRVWL SRWHQFLRQiOQtFK ]iND

210 HQt I\]JLNIiOQtFK D PHFKDQLFNéFK YODVWQRVWt G F

8 INRXPDQéFK PDWHULIO$ MH KODYQtP FtOHP VWDQRYLW )
ZiURYH EXGH VWDQRYHQD KXVWRWD Y]RUNS$ U\FKORVW &t
SUR SRURYQiQt L VWDWLFNé PRGXO SUXAaQRVWL

21.18UpRYIiIQt KXVWRW\

BWDQRYHQt KXVWRW\ MH SRGVWDWQp SUR GDO&t YESRpW)
W OHVHFK 1HMSUYH EXGRX QDP HQ\ S tpQp UR]P U\ HOHI
S HVQRVWt QD PP DV URJOLARYiQtP UDGLIiOQtKR D WDQ
JNRXaNiP 'iOH VH QDP t GpOND Y]JRUN$ SRPRFt SHYQpKR |
W FKWR UR]JP U$ EXGH Y\SRpPWHQ REMHP 3RWp VH W OHVD |

J 1DP HQp D Y\SRpWHQp KRGQRMW\ EXGRX ]DGiQ\ GR Y]R

[kg/m’] (1)

kdemy MH KPRW QR VW [8]La Y, ONKMl REWIIHP G HYD S L:@WHMMQp YO
490108).

212=ML&A"RYiQt UH]JRQDQpPQt IUHNYHQFH
3ULQFLS MH ]DORAHQ QD JML&"RYiQt IUHNYHQFH NPLW$ NW

7\WR SRNXV\ SUREtKDMt QD W OHVHFK R GpOFH PP ptP:¢
PLQLPiOQt GpONX P QHER L PLQLPiOQ S WLQiVREHN &t N
YESRpHW S HGSRN Oi@@DQucéR)HNY HQF H
[HZ] (2)

.DAGMNXEAHEQt W OHVR MH S L P HQt XOR&8HQR QD WOXPtFtF}
RYOLYQ Q 9]GiOHQRVW SRGORA&N\ RG pHO Y]JRUNX MH P
KRGQRW X O 6QtPDFt DSDUIW MH WYR HQ PLNURIRQHP
JHVLORYDpHP 6WHLQEHUJ 85 0. NWHUé& MH GiOH QDS

VRIWZDUHP )DVW )RXULHU 9LEUDWLRQ DQDO\]HU YL] 2EU
RFHORYp NODGtYNR NWHUp LQLFLXMH Y]QLN YOQ Qt +PRW
+ KPRWQRVWL [NRX&HQpPKR Y]JRUNX 3 HG ~GHUHP VH VQt
PHOQt SOR4H YJRUNX DOH QH WDN DE\ VH MHM GRW&NDO
VH P OD SRK\ERYDW X PDVLYQtKR G HYD Y UR]PH]t RG
YJRUFH 7DWR KRGQRWD VH JREUD]t Y.VaRlje\zBIDdzena@@ze® RW H E
GR |DFK\FHQt GDO&tKR VLJQiOX NWHUé P$aH E&W YHOPL V
YtFHNUiW DE\ E\OR MDVQp NWHUi KRGQRWD MH VSUiYQi 0
~GHU\ D GUXK& RGHptWi D S HSLVXMH KRGQRW\ )DNRSS (QV

= QDP HQ&FK KRGQRW MH PRAQp Y\SRpPtWDW U\FKORVW
SRGPOQpPP VP UX(@ERGOH Y]RUFH

[m/s] (3)
kdel +MH GpOND \WWWHRDD>@@EQt IVHNYHQFH >+]@
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2EUIJRN5H]JRQDQpPpQt IUHN YKDOQEEHOBD WHULiO X

2EUiI]RN6QtPDFt DSDUIW UH]JRQDQpPQt PHWRG\

83



NOVE TRENDY AKUSTICKEHO S PEKTRA 2023
9HGHFNE& UH FHQ ] Frédreyigwed Rioo@ddings

2130 HQt pDVX SU$SFKRGX XOWUD]YXNRYp YOQ\
DN ] Qi]YX Y\SOéYi EXGRX P HQ\ pDV\ SUSFKRGX YOQ Y U:

=NRXaND SUREtKi QD W OHVHFK R UR]P UHFK [ [ PP
MH ]GH SRXaLW S tVWURM )$.233 80OWUDVRQLF 7LPHU NWH
VRQG D VDPRWQpPKR S tVWURMH 2EUI]HN 6RQG\ MVRX U

NWHUéFK MH LQLFLRYIQ XOWUD]YXNRYé LPSXO] D WtP VH V
PDWHULIO GR GUXKp VRQG\ D WtP VH P HQt pDVX ]|DVWDY't

9]GIOHQRVWL P HQt VH S HGSRNOIGi D PP 1
Y W FKWR PtVWHFK ]QDpN\ DE\ VRQG\ E\O\ S LNOiGiQ\ FR Q

. YESRpWX U\FKORVWL &t HQt YOQ\ YH G HY EXGH SRXALWD
MVRX Y\XaLW\ N YESRpWX NRUHNFH QXORYp Y]GIiOHQRVWL
JtVNDW KRGQRWX G\QDP L FAppHeRz&EEXOX SUXAQRVWL

[Pa] (4)

2EUI]RNO tFt DSDUDWXUD XOWUD]YXNRYp PHWRG\

"HOLNR& MH ML& ]QiPi KRGQRWD G\QDPLFNpKR PRGXOX S
DNXVWLFN KN RQWHURXWA]H Y\B:iG LW Y]JRUFHP

[m¥kg ] (5)

kdeE MH G\QDPLFNé& PRGXIKISUWRWDVRRWRBD@OX >NJ P

3RGOH LGHQWLFNéFK Y]JRUF$ O]J]H VDPR] HMP VWDQRYLW G\
SUR UH]JRQDQpPpQt PHWRGX
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2148UpRYiQt VWDWLFNpKR PRGXOX SUXAaQRVWL

7DWR JNRX&ND SUREtKi SRGOH QRUP\ y61 BUPHQEéEPL W
[ [ PP -HGQi VH R VWHMQp Y]JRUN\ NWHUp MVRX SRX
UZ viny.

2EUiI]RN=NRX&ND PRGXOX SUX&QRVWLYWDNR FNRX [SIVYQ R SN

7 OHVR MH YROQ SROR&HQR QD GYRX SRGSRUIFK Y]GIiOHQ
Q M |DWtaHQt GY PD GDO&tPL ERG\ Y]GIiOHQé&PL RG SRGSRU
WHG\ Y]GiOHQ\ PP 2EUIiJHN OH]L GY PD ERG\ NWHU&
]JyQD pLVWpKR RK\EX 2K\ERYi VtOD PXVt VP RYDW NROPI
WDQJHQFLiOQtP VP UX =DW &RYiQt SUREtKi URYQRP UQRX
PLQXW\ D WtP YEUD]QpPX SRNOHVX MHKR SHYQRVWL =NX3l
SRptWDpHP NWHU& SR XNRQpPHQt JNRXAN\ JREUD]t SRADGF
KRGQRW)\ |DWtaHQt D GHIRUPDFH S L SRpiWNX D NRQFL OLQ
GHIRUPDFL SUS$K\E 3 tVWURM WHG\ PXVt EEW Y\EDYHQ SUJ

98VOHGN\ MVRX GRWBP]HQ\ GR Y]RUFH

[MPa] (6)
kdel +Y]GIiOHQRVW PH]L VW H&\ N6IR @/SOUH % B EGNDQW OHVD >PP@
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"F +UR]GtO PH]L VtODPAD[LPDOQt JtO¥*URI@tO SUSK\EX S L GI
VLOIiFK >PP@

6WDWLFNé PRGXO SUXAQRVWL VOGREBPIVENEHRALMMHRGSOR SWUNX
NWHUp EXGRX JtVNiIiQ\ SURVW HGQLFWYtP UHIRQDQpQt D XO
metodami.

220 HQt IUHNYHQpPpQtFK FKDUDNWHULVWLN UHSURVRXV\

2210 LFt PHWRGD

([LVWXMH PQRKR PHWRG SUR S tPp QHER QHS tPp P HQt IU
PHWRG\ Y\48DGXMt VSHFELILFNp Y\EDYHQt QDS EH]RGUD]
RPH]JHQt 9HOPL URJ]4t HQRX D GRVWXSQRX PHWRGRX JtVNi
YESRpHW SRPRFt )RXULHURY\ WUDQVIRUPDFH ] LPSXOVRYp

,PSXOVRYi RGH]YD MH RGH]YD VRXVWDY\ NWHUiI PXVt EEW |
SXOV V QHNRQHPQRX DPSOLWXGRX ,PSXOVRYi RGH]YD VRX
WUDQVIRUPDFt O]JH JtVNDW SHQRNRNQ XQItX BHE U DWWNRAXN WD/ L
WRPX &aH SUDNWLFNi UHDOL]DFH QHNRQHPQ NUIWNpKR D Y
PHWRG MDN O]JH LPSXOVRYRX RGH]YX JtVNDW

3UR P HQt LPSXOVRYp RGH]Y\ UHSURVRXVWDY\ EXGH ¢
KDUPRQLFNpPKR VLJQiOX QHEROL AS HOD RYDQé&twdnQ XV 3 pL
acoustics and audid QDO\VLV VRIWZDUH 6RXVWDYD MH EX]HQD K
IUHNYHQFH VH Y pDVH ]Y\a4XMH Y QD&HP S tSDG H[SRQ
]D]JQDPHQiYiQD 1iVOHGQ O]JH LPSXOVRYRX RGH]YX JtVNDW
VLIJQiOX QHER G OHQtP YH VSHNWUiIOQt REODVWL V RPHI]H
MH QDS RGG OLWHOQRVW KDUPRQLFNpKR [NUHVOHQ't

.URP ]D t]JHQt REVDAHQE&FK Y HW ]JFL VH Y LPSXOVRYp RGH]
MH P HQt SURYHGHQR

1RWHERRN D NDEHO\ NUiIWNi GpOND YQiat GR P HQt PL(
JYXNRYp NDUW\ MH NRPSHQ]JRYIQD NDOLEUDFt NDUW\ VWHM
PLNURIRQX MH NRPSHQ]RYIQD NDOLEUDpPQt N LYNRX =EéY!
SURMHYt GR YéEYOHSQRVRXWIWDYD PtVWQRVW D JHVLORYDD

2220 HQt LPSHGDQpQtFK FKDUDNWHULVWLN UHSURVRXVWD)

,PSHGDQFH MH NRPSOH[Qt YHOLPLQD NWHUiIi SRSLVXMH I
LQIRUPDFL R li]L $QDOé]X UHSURVRXVWDY\ O]H WDNp SR
UH]RQDQFt

B3UR P HQt LPSHGDQpPpQt FKDUDNWHULVWLN\ EXGH URYQ a
S tSUDYNHP V S HVQéP UH]JLVWRUHP QD NWHUé E\O VR
VRXVWDYD RS W S HOD RYDQéP KDUPRQLFNéEP VLJIQIOHP I
]JINODG P Q\ DPSOLWXG\ VH |]QDORVWt RGSRUX UHIHUHQpPpQ

3'HVLIQRYp QiYUK\ RIYXpPQLF UHSURGXNWRUS$

NaOEUiJNX P$&HPH YLG W PRGHO QDYU&HQp R]JYXPQLFH MH
-HGQi VH ]GiQOLY R NU\FKOL DYaDN QHQDMGHPH QD QL
VSRMHQt MH ]iP GBYR GXWUWHFK R]YXPQLF ]JHMPpQD QD S HG
XNRWYHQ P QLIGLGRFMPQRtRX HIHNWX -HKR YOLYHP SDN G
S tFKRGX JYXNRYp YOQ\ D MHMt REUIFHQp SRODULW 7\WR
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LQWHUIHUHQFH PH]L SULPiUQt YOQRX D GLIUDNpPQt YOQR
NPLWRpWR YpRRGORDY

1D ]DGQt VWUDQ PRGHOX YLGtPH RWYRU WDN]YDQé& EDV
KOXERNEGFK EDVRY &RXLWUGINRH GRIRYWRUX R]JYXPQLFH D C
QHGRFKIRIWLEURYiQt VN tQ SUiY YOLYHP EDVRY&FK IUHNYF

2]YXpPQLFH EXGH Y\UREHQD WHFKQRORJLt RKEEDQEéFK D OL
EXGRX OLVRYiQ\ SRPRFt SDWULFH D PDWULFH 7tPWR SULC
NWHUé VH QDSRMt S HGQt D |DGQt GHVND 7D EXGH Y\SURIL
&1& REUIE Qt &HONRY EXGH WHG\ NRQVWUXNFH R]JYXpQp \
UHJLVWHQFL Y$pL QHAIGRXFtPX UR]JYLEURYIiQt

2EUI]JRNORGHORYp JREUD]HQt QDYUKRYDQpKR GHVLJQX

2EUI]RNORGHORYp JREUD]JHQt QDYUKRYDQpKR GHVLJQ
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NaOEUiJ[NX MH PRGHO R]JYXPQLFH NWHUi Pi MHGQRGXFK&
vzhledem KWHFKQRORJLL YEURE\ VRINWRBGXX ZHRA PR VIVIWR\XALWt
SU$ H]$ S tSUDYQEFK G HYLQ MDNR QDS tNODG MH iE '"tN\
ZNXODWLQ\ D EXGH DOHVSR piVWHpPQ JDEFKRYiQD NRQWLQX

Vzhledem KYiOFRYLWpPX WYDUX YQLW NX R]JYXpQL¥FWVYEXBH DO
VWRMDWpPKR YOQ Qt XYQLW R]YXPVQH B HHD NEDEGRfadi&® FKi]HW
NPLWRpPWRYp RGH]Y\ HaAHQtP WRKRWR SUREOpPX E\ PRKO
v]DGQt piVWL R]YXpPQLFH NWHUé& Pi YADN SULPiUQ MLQé Y&
E\ E\OR H&aHQtP S LGiQt YDWRYp Y&SOQ QN#ER M BQpKR DN
2007).

310RGLILNDFH S tSUDYQéFK G HYLQ

-HOLNR& NRQVWUXNFH R]YXpQLF E\ P ODMHMW:RPXXKQHBI ®/RXNi |
UR]JYLEURYIiIQt D QiVOHGQ JYXNRYpPX JNUHVOHQt EXGH a
MHOLNRA& G HYR SLRQOSBRYNWEKQR X YLIONRXDKXVE RBXGDOMt (
PRAQRVWL MDN GRVIiKQRXW Y\dat KXVWRW\ D WXGta YKR
VN tQ '‘DO&tP G$YRGHP SUR PRGLILNDFL G HYD MH MHKR
G HYLQ EH] NUHVE\ QHQt S tOL4 |DMtPDYéP D SURWR VH Q
FHQX QHSDWUQpPKR VQtaHQt KXVWRW\ G HYD MDNR LGHi
RGVWtQ$ X XYDARYDQéEFK GUXKS$ G HYLQ

31.1=KXa"RYiQt

3UYQt XYDARYDQRX PRGLILNDFRXMB\ |EREKRMOQOR S L YEURI
zQiYUK$ REUI]JHN D WR SL SODVWLILNDFL D OLVRYIiQt &y
(FANGETAL.2012 1iVOHGNHP E\ E\OD VDPR] HMP Y\daat KXVWRWD
SRW HEQILNLQDFL QHAIGRXFtFK YLEUDFt 9éVOHGHN WRKR)
RWHVWRYDW SRPRFt &KODGQLKR REUD]F$ QBrafgX&W QéFK
AL. 2020.

3.1.2Plastinace

'UXKéP XYDARYDQéP J]S$VREHP PRGLILNDFH G HYD MH MHK
MDNR MVRX HSR[\GRYp SU\WN\ LFH QHER VLOLNRQ . UW+O
KODYQ t¥YDG QiYUKX QD REUIJNX MHOLNRA ]KXVWLW FH
Y\ADGRYDOR YHONp VtO\ 1DYtF SRNXG VH FHOé& NPHQ SO
VWDELOL]XMH VH WDNIH HPEXSUHDERFEI]|HERENNVQiIiQt QHER V
VRXVWUXAQLFNp SUIiFH WDN EXGRX MHGQRGX&at D EXGH UH
QD YtFH NXV$ 30DVWLQODAMREDOGHUXSGRW® HQDp KR VH YORAat ¢
REUIE Qt 1iVOHGQ VH WODNRY QDKXVWt Y\EUDQéP SRO\PI
VH MHKR KXVWRWD D VWiYi VH WDN YKRGQ MatP SUR YEURE

3137HUPLFNi PRGLILNDFH

'HYR S tSUDYQé&FK QHEROL SLRQBUVNEFK G HYLQ MH X Y W
D SUR RNR ]iND]QtND PQRKG\ QLNW HUBM #oDMEPE(20p1),-DN X Y i
nebo G21=g/(P(f$ WHUPLFN\ PRGLILNRYDQp G HYR MH F
S tMHPQ M&t QH& G HYR QHPRGLILNRYDQp D Pi WDN YH YéV
3UR Qid ~pHO YBURE\ R]YXPQLF SOiQXMHPH WHUPLFN\ PRGL
(ccal170f& -DN MH YLG W QD REUIJNX G HYR Y&UD]Q WPDYQ
RGVWtQ EXGH SUR ]iIND]QtND ]DMtPDY M&t D QDYtF MH WPD
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QiWwW U$ pL PR LGHO =iURYH EXGH WHVWRYiIQ YOLY WHUPL
G HYD S tSUDYQéFK G HYLQ

2EUI]RN7HUPLFN\ XSUDYHQp G HYR WRSROX YOHYR

4 9VOHGN\ D VKUQXW

7HQWR S tVS YHN MH SRNUDpPRYiQtP S HGH3ZOpKR Y&]NXPX
RYOLY XMt R]JYXpPQLFH UHSURGXNWRUX U$]Q&éFK WYDU$ D P
UHSURVRXVWDY 3RURYQiYDOR VH PH]L G HYHP MDYRUX

SHQGXOD D 0') D WR S L GYFREWiDWUNDQWIF K= YIRXEA WL

PHWRGLN\ E\OR ]ML4W QR &H DpNROLY PDWHULIO\ GRVDK
KRGQRW IUHNYHQpPQt D LPSHGDQpPQt N LYN\ UHSURVRXVW
OEUI]NX

'i VH SURWR S HGSRNOiIGDW &H Y\X&LWt G HYD SLRQE&UV
UHSURGXNWRUS$ P$&H EEW YKRGQp MDNR YVWXSQt PDWHUL
]GiW 1DYtF SRNXG S HGSRNOIiIGiPH ]YéaHQt MHMLFK KXVW
]JKX&"RYiQtP GRVWIiYiPH WDN PDWHULIO NWHU& P$&H EéWw
LGHIOQt

IHMG$OHALW M&tP IDNWRUHP RYOLY XMtFtP YEVWXSQt JYXN
YQLW Qt D YQ M&t WYDU ROEXPNFH YOLNG MVAHYOLG W RIB tO\ M
WYDU\ QLNROLY PWRPRMRWSUSDOZ ¥&4DN SO\QXOHM&t N LY
NYiGURYi NRQVWUXNFH

30iQRYDQéP Y&VWXSHP WpWR SUiFH WDN EXGH Y\ODGLW |
QRY QDYUAHQEéFK GHVLJQ$ WDN DE\ MHMLEK N LYN\ E\O\
QDYU&HQp D ]JKRWRYHQp UHSURVRXVWDY\ WDN QDEt]JHO\ Qt
NYDOLWQt JYXN ]D NWHUé& E\ VH QHPXVHO\ VW\G W DQL U]
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YODVWQRVWt GRVDAHQR ]D SRXaLWt G HYD PQRKG\ SRGFH
S LGDQi KRGQRWD D WXGta L FHQD YEVOHGQpPKR SURGXNW:

2EUI]RN2]YXPQIEFH]RYpKR G HY DKOZED202H NDSND 3

2EUiI]RN2]Y X p Q IOFHNY i &UOZEL, 2022).
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2EUI]JRN3RURYQiQt WYDU$ D P BSSHEQEEOZ2B]Y XpQLF V

Zdroje

%RUSYND 9 aHGLYND 3 1RYiIN +ROHpPpHN 7 TXUHN -
of HeatTreated Modified Birch Wood. Forests. 2021, 12(8):1081.
https://doi.org/10.3390/f12081081

y61 'UHYR =LV"RYDQLH KXVWRW\
y61 'UHYR =LV"RYDQLH PHG]H SHYQRVWL Y VWDWLFN
y61 'UHYR OHWYGD JLV"RYDQLD PRGXOX SUXAQRVWL ¢
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Sauther, E. 2013 Sine sweep vibration testing for modal response primer. Department of
Optical Sciences, University of Arizona, Tuscon, 2013.

6WDQFLX 0O ' &RUHUHDQX & 'LQXOLF ) %XFXU 9
vibration modes of violins plates. European Journal of Wood and Wood Products, 78, 785
799.

Summary

Acoustic Potential of Pioneer Woody PlantsThis work deals with the problematics of the

use of wood from pioneer woody plants as an input material for the production of loudspeaker
enclosures for commercial use. Here, the methodical procedure for determining the resonance
and acoustic properties of wood is discussed, and then the "sine sweep"” measuring method is
proposed and described for the manufactured loudspeakers.

The work includes a description of proposed loudspeakers designs that will be manufactured
and tested. There are two variants, one designed for CNC machining and the other for manual
production using a lathe.

The contribution is a proposal for the continuation of the previous reseakabzat (2021)
and at the same time a consideration of the expected outputs and results.

Keywords
Pioneer woody plants; loudspeaker enclosure; sound; acoustic parameters; design

.RQWDNWQt DGUHVD
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D,(/(.75,&.ESPEKTROSKOPIA P2/<0e51<&INANOKOMPOZITOV

-R]H!| .~GHWpLIDQ +DUGR

10YRG

OQRKp SULHP\V Hsazam MRIBRHWWNY-LACDXQRLUBRIODP pUQ\FK QDQRNRPSF
+ODYQéP G{YRGRP WDNpKR ]JiXMPX MH &H PRGHUQpP ULH&HQ
PR&QRV" YEUD]QH ]JOHSAL" N ~pRYp YODVWQRVWL PDWHUL]
YHGHFNé&PL PHWYGDPL V RGKD RYDQtP QRY éF KH®KIMORD ¥ &F K
DSOLNiFLt =DpOHQHQLH QDQRpPDVWtF D DOHER QDQRU~ULH
V~ WHFKQRORJLFN\ ]JDXMtPDYp ] G{YRGX LPKQRNERSK]IMHEH
GLHOHNWULF N ppdedn\d HWR N\ YPDAD-W Q H © L\HH © @4 FE\ RIG 8 WH L D
MH HOHNWURHQHUJHWLND HOHNWURQLND GRSUDYD OH
ZQDMMDVQHMA&tFK SUtNO D GiRornVa- zadalehtd W ORIFSHE FIQR & L ENRO D |
YODVWQRVWt Pi PLPRULDGQ\ Y&]QDP Y PRGHUQHM VLORY
VSR DKOLYRV" SULDPR ]iYLVt RG ~pLQQRVWL LJIRODpPQ&FK YC
]DULD\GMItSHOQEP PHFKDQLFNEP D HOHNWULFNEP QDPiKDQ
V\VWpPRY

DOH ALURNp Y\XaLWwaigL RDekpmpdibiieRa chemickj stabilitH pURR E t
QDQRNRPSWRHPKQROYJLX YH PL YKRGQRX SUH U{]QH REOI
LOQOWUDYHQY]QH SRGiIYDQLH OLHNRY OHNiIUVNH JREUD]RYD
GHWHNFLX WNDQLYRYp LQALQLHUVWYR DW 9 REODVW
QDQRAWUXNWQURNPpERBWPIPU\ D RUIJDQLFNp DQRUJDQLFNp |
~ORKX YR YéYRML ELRORJLFNéFK VHQ]JRURY GLyG Y\aDu.:
aVROIUQH pOiQN\

7THUPRVHWRYp SRO\PpU\ YUIWDQH HSR[LGRYé&FK aLYtF SRO
YEKRGQPp DKNp PDWHULIO\ V UHODWtYQH Y\VRNRX PHFK
YODVWQRVWL DNR MH Qt]NH JPUAWHQLH SR YwWwiknuu@mQ XWt R:
YOKNRVWL FKHPLFNi RGROQRV" D Y\VRINi S\REHKRM@@E R &NREYL C
SRO\XUHWIQ 98.2/ 1 PURO HYN\ YieEMDBRW RpQRV"RX 98., 7HQWR
VD EHAaQH SRXatYD QD ]DOLHYDQLH IDANEER JDOLBDGBIQLEH YU
WUDQVIRUPIWRURY NRQGHQ]IWRURY FLHYRN HOHNWURQL
WRKWR PDWHULIOX MH YKRGQé QD |[DOLHYDQLH PDWHULIOR®
1DY\dH Qt]ND YLVNR]LVQW ROPpPMQHQL i PVWREWD MM H LP XPRa X
~]NH PHG]JHU\ DOHER GXWLQ\

=DYHGHQtP QDQRpDVWItF uithHRIH X WHODRNWRY R\OMISA1DQRpDV
YLDFHUNe@@KHP Lviabtlpost NWRUp RYSO\Y XM~ ]JiNODGQp YOD'
matrice. Teto PRGLI&¢ NIBDRM¥D{]Q\FK IDNWRURY VSRMHQé&FK V QDQ
LFK PDOiIi YH NRV" XPR& XMH OHSALX GLVSHU]JLX Y SRC
k KRPRJIJpQQHM&HIWR GLUNBA GE ~FD QMipyDHV WL MINWtYQX SORFKX Y
KYH NRVIRGWDWRPOBMWHUDNFLX V RNRO tayv &0 R BIWHHOWNDO RP P
NYDQWRYHMWSRMNRFMRAPpDVWLFDPLD Q&IBSthb&IBHVSRMHQEPL
snové PLP R & Q PMpdjenia sSRO\ X HWEEHURP YH NRVWL QDQRpDV\
SRYUFKRP NYDQWRYE&P Ltypul B D QR [aRDWYWKER ®SPHRiFLD SRO\XU
mohla DO &aHRMatuL"
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2. RPSOH[Qi SHUPLWLYLWD

9 VWULHGDYRP HOHNWULFNRP SROL WD 8888 PR F®iX UH ODKAXt Y
Y.z, LYz, FF¥z;a (1)

kde Y:Z; MH IUHNYHQPQH JiY¥ZOMHHDO/@DIYEMYBQPQH JiYLVOI LI

komplexnej permitivityaiLteéB 5HIiOQD pDV" NRPSOH[QHM SHUPLWLY

NDSDFLWQpKR FKDUDNWHUX GLHOHNWULND ]JRGSRYHGIi U

PLHURX VWUIW YRGLYRVWQé&FK SRODUL]DpQéFK PHG]LII]R

VGLHOHNWUIQNRP QDWPUKBGDYEéP HOHNWULFNéP SR RP W]Y
LPDJLQIURIHOMQBM pDVWL NRPSOH[QHM SHUPLWLYLW\ JRGSRY

n

oy B 5
%M_Ba (2)

kde uhol/AMH PLHURX GLHOHNWULFNéEFK VWUiIW D QD]éYD VvD VW

2.1 Debyeova rozdelenie

VQOQHSROIUQ\FK GLHOHNWULNIFK Pi NRPSOH[Qi SHUPLWLYLW
QHJ]IiYLVOiI 3UL SROIUQ\FK GLHOHNWULNIBK @GWHBDLIHBD e PUW{]
dobamii ]D NWRUXGWNGHIQNX UHVS J]JiQLNX VWDPMWXS®KWRUL]I
YRQNDMALHKR HOHNWULFNpKR SR D 3UH NRPSOH[Q~ SHUI
GLHOBMWGOEP UHOD[DPQERHEPHFKDQL]J®RRPGYRGLO Y]"DK W]
rovnica):

Y FY

SERA O (3)

YL Y% E

2EUI]JRN'LHOHNWULNXP V MHGQé&P UHOD[DpQ&P SURFHVRP
( BF20, H=3, W5,fo=23We= 23 H) ).

1i]lRUQé SULHEHK ]J]ORALHN NRPS&SOREQBM G&H LBRILLW BRXEL WY
ORJDULWPLFNEéEFK VHRNDWGSUFSMAEBHQt2EWK IUHNYHQFLt GLSyC
JPHQX VPHUXHSBQ@DDSHUPLWLYLWDY@RtstiDkér MektriekomlLpelX P

JRGSRY¥YHEQDUDVWDM~FRX IUHNYHQFLRX SRVWXSQH NOHVI L
permitivita dosahuje svoje minimund NHG\ X§& GHSMAKDDJRYD" QD ]JPHQ
HOHNWULFNpKR SR D ,PDJLQIUQD SHUPLWLYLWD GRVDKXM
=2 Sfo=1/W 6WUDWRYé pLQLWH G R V&KX MuHoxeMiekMdAciZD [LP XP W
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s Y YF Y%
Z. L= "— —
I ¢ t ¥Y ax
3RSUL SRODUL]DpQéEFK GHMRFERS DHHELVHUKIDNVX-YSRREFKKYNS IV QLEN?
VWUDWIiP NWRUp V~ VS{VREHQpP SRK\ERP YR QéFK QRVLpPRY
LQWHUDNFLL YR QémKC QWU Mp-FEY RLiBbRMD/ VFDPL WYRULDFLPL ¢
VWUDW\ Y]QLNDM-~HOMHNWYRGNP MERBGIH p DOWAHRP M HS BKDRW L
WHSHOQpP SRK\E\ pDVWtF '{VOHGNRP WéFKWR VWUiIW MH pL|
QD WHSOR 9RGLYRVWQi JOR&AND VWUiW VD SUHMDYXMH QDM
straty nieV~ WDNp YéUD]Qp 9]"DK SRSLVXM~FL SULHEHK YRGLYT

Vil

PQlosl 4

=74 4
ﬁé‘\,ﬁL#n a (5)
kdeAan - V~ NRHILFLHQW\ FKDUD MW HWH |M M & RHR \GALHHOH NYAR.
9SO\Y YRGLYRNWREFX ITUHNYHQPQ~ JiYLVORV" VOMUDWRYpKR
2a ZJUDIX MH MHGQRI]QD b Q HpstrtyGdaHptejaduit KXORDG/LQ/HR \SWQ Qt]N\
UHNY HQIFFEKFXSI \'Y kQedieBXohw.i V

2EUI]JRN)UHNYHQPpPQi JiYLVORV" VWUDWRYpKR ptVOD SRG D EH] VWUiW
VWUDW\ FKDUDNWHUL]XM~FR SBUDP|IEWORP LD 5 SH HUBJRBIHKR G QR W\
( KE20, KH=3, W5, A =10%).

1D SRSLY GLHOHNWULFNHM UHODI[iFLH EROR RGYRGHQ&FK
3RXA4tYDQp IXQNFLH[BWKLIG8 HAW+H JQH JLVWHQEFK SULHEHKF
permitivity v [iYLVORVWL RG IUHNYHQFUHHEEG KRR D \EDEMBELAFNRIR L
SU~GX]iYXVORVWL RG pDVX 7LHWR HPSLULENp IXQN
parametroav GLHOHNWULFNHM UHOD[DpQHM VSHNWURVNRSLL VD
YRQNDM&tFK IDNWRURY OHG]L QDMYé&]QDP QCHHWNA H LSINW KR 05 |
aSR QRYRP DM.89 ALDUHQLH

2.2 Cole +Cole rozdelenie

5HIOQH GLHOHNWULNi PDM~ YaDN YLDFHUR YDULiFLt GLSyC
VS{VREXMH &H LFK UHOD[DpQp b MHGWHQ UR\|S PHROGIM ~CH &HD |
UHOD[DpQp pDV\ VD GDM~ SRStVD" SRG D YKRG®HIR GREWH I
UHOD[DpQi G,READramBIER ROH URJ]GHOHQLD MH WLH& NUXKRYE
QD V\PHWUIOH SR Gktdydd ispEnRX StRWRSX zvidra unolUé t 98VOHGQé
Y]"DK SUH NRPSOH[Q~ SHUPLWLYLWX > @ Pi WYDU
YL E— W
ﬁ sE :E‘l4;:5? ; a (6)
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Parameter O Y\MDGUXMH PLHUX VSORAWHQLD IUHNYHQpPQE&FK
(Obri]RR) aQDGRE~GD KRGQRW\VYS UBWEHYE®IdY]"DK WRWRAQE&
S'HE\HRY&P Y{3)DKRP

'LHOHNWULFN~ UHODI[iFLX PRAQR RStvVD" DM QLHNR NéPL I
Davidson alebo Havriliallegami 7LHWR IXQNFLH V~ RGYRGHQpP ] H[SH
SULHEHKRY NRPSOH[QHM SHUPLWLYLW\ Y JiYLVORVWL RG pL
IXQNFLIFK MH REVLDKQXWéFK QLHNR NR SDUDPHWURY D GL
DNR V~ RYBPOXYRQNDME&tPL SRGPLHQNDPL 9 UiPFL YaHWNEéF
IDNWRURY V~ QDMG{OHALWHMAaLH WHSORWD YOKNRV" D LQ

3([SHULPHQWIOQH Y&@VOHGN\

'R SRO\XUHWD@X2/385 V WYUGLGORP 9XNLW 0 RG 98., D V EF
NRQFHQWUIFLH 0J2 QDQRpPDVWtF D QiVOHGQH ERO aAWXGR
aNRPSOH[Q~ UHODWtYQX SHUPLWLYLWX 'LHOHNWULFNi IU}
PHUDQLH ]iVHV@O@®WMWLD LPDJLQIUQHM pDVWL NRPSOH[QHN
IUHNYHQpPQRP UR]JVDKX P+] D& 0+] D Y WHSORW®RP UR]}
]iNODGH PHUDQt VD GdgiieRtp@j tgilami 8 RFG\PWU QHKR UBStD]FD Y |
RG KRGQRW\ NRQFHQWUIFLH QDQRPDVWLtF 1y Y SRO\PpUL

2EUIIRN)UHNYHQpPQi JiYLVORV" UHQDUDIW Q M MK 8 HILLIRPLWWNHR QWHEDW UIFLRX 0J
QDQRpOWUMORVWL RG WHSORW\

=PHQ\ UHIOQHM pDVWL NRPSOH[QHM SHGPBRWQ5% Wnoth. D GLV
QDQRpDVWLtF 0J2 DNR IXQNFLD IUHNYHQFLH P+&""17 0+]

” °& V~ ]Qi]RUZENQ I Rrlxeplote 28& VD 0 SRIPDDWANGtY]3pri

1MHz na 9 pri 1 mHz. V oblastQ t] N \flekvencit 0 VD YéUD]QNHQ pyba X WH
WHSORWD 3UL Y\datFK WH SIQURW FHKQ S@RMR B B MIHRHHN YO DND R H |
JIYLVORGRGE WWSORW\ PRAQR SR]RURN@Slo@XPC ®IRINSQ [(RHURY [DL@j
len jednoORNIiOQH PD[LPXP RNROR +] D Va BRN\GOFDWRIX ¢ R P LAl
IUHNY H.@QIFLWH S ORW D °¥ Wvids,pbzo@@emd QR Y D -QWIHNNRY HORIND @ Q H
maximum.Celp ITUHNYHQpPQp ]JiIYLVORVWL VN~Pd&2aQéadidn BaldyOHN W U L
SRV~YDM~ GR Y\aaiP¥HUBRYHRFILHEHK\ EROQolelCoi®YDQp S|
PRGHOX V GYRPL UHOD]tMMN@&EPL KRIRFRIWP M~ NH HGHQp Y 7DE
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7D E X N BParemetre Gle-Cole modal pre PURs0.5% MgO S UL U { VONBIKO B WTSKn)je
MHGQRVPHUQI YRGLYRYrirom\BRpWQp SDUDPHWUH

TEC)| 25 40 60 80 100 120
"W | 502 | 574 3,82 2,09 1,09 0,56
H 3,0 2,8 2,8 2,9 31 2.9

Ws) | 3,17 | 0,175 | 0,093P 3,91n 0,74n | 018n
foi(Hz) | 0,05 | 0,91 171 40,7k 215k 905k
D | 024| 023 0,30 0,45 0,70 0,94
vV | 019 | 191 25,2 220 271 310
" - 13,6 10,0 115 19,3 134
W(s) - 337 1,39 025 0,11 0,012
(:};) - 4,7m 120m 0,6 1,45 16,1
D - 0,06 0,04 0,22 038 0,04

2EUi]RNCole &ROH ILW LPDJLQiUQHM pDVWL NRPUR3HEQHMIOPH ODWLY QH |
teplote 60°& JHOHQi pLDUD YRGLYRVWQp VMBWIRWHY | MORRAES PRG Ui pLD U
WPDYR&OWILFYMDULEXPpQp IXQNFLH GYRFK UHOD[DpPpQéEFK SUR

2EUI]IRN)UHNYHQPpPQi ]JiYLVORV" D UHIOQHM D E LPDJLQIUQHM pDVWL |
NRQFHQWUIFLRX 0J2 QDQRpDVWtF SUL WHSORWH f&
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9SO\Y SRODUL]DpPQEFK SURFHVRY D YRGLYRV Vp&@raifvily VWU W (
MH JQiJRUQHDINXQPLWEQDPHUDQEéFK 6RECER0leVBdED fovQ &

SUH  SUPWPWUROpM teplote 60& = YRGLYRVWQé& VWUIW PRGUi N
4H V~ KODYQH SUL YH PL Qt]N\Forotesip YMB AQIARURHQRB[PRG
NULYNRX SULpRP MH JUHMPp &H SURFHV SUHELHKD SUL Qt
KODYQpKR PD[LPD QD pR SRXND]XM#l (TabRIND CRI®@QRMpI & R
SURFHV ,'( VWUHGQ®& GLSROiUQ\ HIHNW fiPajhD yRli{w¥ery SUL Y\
ALURNRP UR]JVDKX IUHNYHQFL't

PorovnanieBa tg Qori teplote 60°& SUH pLVWé 385 D QDQRNRPSR]LW V U.
0J2 MH ]Qi]R WEHQ]|M Rr®frekvencie nad 10 HZz [ PHQALH SUtSDGQH SR
(Obri]RND SUH QDQRNRPSRIJLWQp Y]JRUN\ V KP D KP |
9 SUtSDGH Y\d44HM NRQFHQWUIFLH 0J2 KPRWQ SR]F
QDQRNRPSR]JLWX 9 SUtSDGH QLAaatFK IUHNYHQFWplyxa YSO\Y
YH NRVWL NRQFHQWUIFLH QD SRODUL]DpQp SURFHV\ MH S
Y]JK DGRP QD SRVXQ ORNIiJRQbl EpombcpuP parariaetiov Qole-Cole

modelu vTabX NH 3RORKD RGSRYHG OM)-sF t HYRRFHMXSRV~YD PL
GR QLAaatFK |USWNSH@E#sDip® WR ]iYLVt QD YH NRVWIL SUtPH)
NRQFHQWUIFLH 0J2 VS{VREXM~ SRWX®4aLOR NRQ&FHEWIWHANY
QDQRpPDVWtF Xa VS{VREXMH SRVXQ GR QLAaatFK IUHNYHQFLt
pDVXWEP VSRMHQRX QLa3dRX SRK\EOLYRV"RX SRO\PpUQ\FK U

7DEX N Parametre modelu Col& ROH SUH 385 D MHKR JPHV V WHSORWRX 0J2 S

Type PUR | +0.5% MgO| +1% MgO | +2% MgO
" H 3,85 3,82 3,43 5,86
H 3,92 2,82 3,13 3,69

WHR) | 013 0,093 0,0713 0,351

foukHz) | 1,22 0171 2,23 0,45

D 0,39 0,30 0,41 0,31

\Y 14,3 25,2 44,4 16,2

" 25,6 10,0 24,3 11,48
W(s) 6,37 1,39 1, 15

(nzsz) 25 114 122 1
D 021 0,04 013 013

4 ([SHULPHQWIOQH Y&VOHGN\

NaQDPHUDQEéFK I1UHNY idd) koghpléxtdej|parmiiviyd GWVLSDPpQpR/R IDNWR
MDVQH YLGLWH Qp GYH ORNIiOQH PD[LPi 6 UDVWRP WHSORW
2EUI]RNGR Y\aatFK IUHNYHQFLt &KDUDN BoH X UHappinéchlp SDUDF
Cole-Colemodeli(Rov.5) V GYRPD UHOD[DpQ&B,p BHWMRREN FQLDQRNRPSR]
NRPSOH[Qp V\VWpP\ REVDKXM~FH SRO\PpURYp UH"D]JFH D QI
TentomodelYR YH NHM PLHUH Y\XatYDM~ DM LQt DXWRUL >

v TDEX Nli&K Priizbovej teplote (28C) bolo SRJRURYDQp OHQ MHGQR PDJI
JRGSRYHGiI Y\ VRNRIUHNYHQDP QCHN éFH PRWRRBEDYLP XP V~YLVt V
UHOD[IFLRX D V~YLVt V URWIFLRX DOHER RULHQWCFLRX SR
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Obri]RNXND]XMH &H SUtWRPQRV" QDQRpPDVWtF 0J2 YLHGOD O
=Gi VD &H NYIi]JLPRELOQp QiERMH Y QDQRNRPSR]J]LWRFK PDI
QiIERMH Y pLVWHM SRO\XUHWiQRYHM ALYLFL SUHWERAH UHO
RYSO\YQHQi QDQRAW UXN WtFGRXS RRQ\XGHO FQ R DN pFDDAMU L F H
PD[LPXP VD Y\VN\WXMH SUL @H NMRKR URVBOPISUQRMNDF K  7HQ
GUXKé DWRIFKHMiFLH URODPDW®@ MEpAPNRWKR SRK\EX FHOEFK UH
SRO\XUHWiQX B5HOD[DpQé SURFHV V~YLVLDFL V pLVWEéP S
IUHNYHQFLt ORNIiOQ\P HOHNWULFNé&P SR RP RNROR QDQRpD

ZPHUDQIO&MRMN Y KRG QR WIFEKD\\GYHWOL" SRPRFRX YLDFMDGL
V SUtSDGH  NRQFAH@WKI BIR]RUXMH P H BYRAHUREW E é \S\R pIRXH 8 8 ¢
frekvencie na 1 Hz2[LG 0J2 Pi Y\WRN~ UHODWtYQX SHUPLWLYLWX
SUHYDAXMH QDG SHUPLWLYLWRX 0J2 '{YRGRP WRKWR SF
LPRELOQE&FKyFXRW\RPUGRY Y PHG]LIi]JRYEFK RBOYQWMBEK
naY L D |ia@mD Q Rp. DVt S REHOWD @ R pDWIWYEZaHM NRQFHQWUIFLL
ma ]D QiVOHGRN JPHQAHQLH Y]GLDOHQRVWL PHG]L VXVHGC
SUHNU\WLH SUHFKRGRY&FK REODVWt PHG]L VXVHGQ&PL QI
PDM~ UHODWtYQX SHUPLWLYLWRO\XUNMMRYR NVR-P YR E&WD PD N'R
UHODWtYQX SHUPLWLYLWX

5=iYHU

1D &4W~GLXP SRO\HXUHWiQX D MHKR QDQRNRPSR]LWX EROL
IUHNYHQpPQRP UR]JVDKX RG P+] GR 0+] 9 WRPWR IUHNYH
SULDPD NRUHOIFLD PHG]L WHSORWRX D UHIiOQRX pDV"RX
GLVLSDpQpKR IDNWRUD 1iUDVW WHSORW)\ JY\&XMH YQ~WRL
PD[LPi VD SUHV~YDM~ GR Y\&8tFK IUHNYHQFLt 9 UR]JVDK}
IUHNYHQpPQEFK D WHSORWQéFK VSHNWLHU YLHGOD SUtWF
UH"D]JFRY RNROR QDQRPDVWtF N ]Qta&HQLX UHIiOQHM SHUPLW
1D FKDUDNWHUL]IFLX YODVWQRVWt YJRUN\ ] K DGLYND GLH
&ROH PNWWHDIDL]RYDQéFKRPH UDGHOEKYLNRDBQHOD[DpQEFK
procesov.

SR DNRYDQLH

7iIWR SUIFD EROD SRGSRURYDQiIi 6ORKEGAVNR®4I/Z2DQWRYR
aAPVV-21-0078
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Summary

Dielectric Spectroscopy of Polymer Nanocomposites The influence of the presence of
various weight percent of MgO nanoparticles in the polyurethane sample on the development
of the complex relative permittivity and dissipation factor were studied. The real relative
SHUPLWWLYLW\ ZDV V RDOn@ohpaltiBod tpdre PKIRV The case with weight

> 1.0 wt%, on the contrary, showed the opposite effect at frequencies above 1 Hz. The
capacitance method within the frequency range between 1 mHz and 1 MHz to determine the
dependence of the dielectrianameters on frequency was usd@the complex relative
permittivity of polyurethane and nanocomposite was analyzgdtihe ColeCole model and

its various parametersvas GHWHUPLQHG DW GLIIHUHrélakatiol FhRdSH U D W >
intermediate dipolar effect of relaxation processes were observed during temperature
measurements
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Dielectric; spectroscopy; materials; temperature
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A3/, E&, O8%-(.7E91<&40%-(.7E91<&84 (71" HODNOTENIA
PRIH2'127(1EKVALITY ZVUKU

.ULVWLIQ 3iVWRIAdHaOLURVODY %

10YRG

7UDGLPpQE GLIDMQ DNWtYQHM UHJXOLIBLXVISBXRX IPQ LB SIRH L E
QLHNWRUEGFK DSOLNIFLIFK MH Y&DN S&®QUH EKR0 QBBEKRNCPL'
SRVOHGQ&FK URNRFK VD WDN DNWtYQ\ JYXNRYé GL]DMQ

YEVNXPQEFK WpP Y REODVWL WHFKQROYJLH DNWtYQHKR ULI

BULHP\VHOQé KOXN NWRUé MH pRUD] JUHWH QHMA&t VR JY\aX
RYSO\Y XMH J]GUDYLH XGt XGVNé VOXFK WUIYLDFL V\VWp
DW XGLD SRFKRSLOL da4NRGOLYRV" JQHp LeteEferQuldvalKk O XNR P
SUtVQH QRUP\ SUH NRQWUROX KOXNX 9 WéFKWR QRUPIFK
DNXVWLFNé YENRQ D KODGLQ\ KOXNX DOH WLH QLH V-~ I
SRVOXFKipD =iNODGQéP NRQFHSWRP NY®ONMKR]WXQNKDIPH D!
navrhol ho Blauert v roku 1994 KDUDNWHU JYXNX NWRUé V~YLVt V SUL
JYXNX NWRUiI JRKUIYD YH N~ ~ORKX SUL XUpRYDQt VSRNRMC(

6 UR]YRMRP WbehRK@RAKOXINX VL YEVNXP NYDOLW\ JYXNX NW
WR DNR XGLD UR]JSR]QiYDM~ D KRGQRWLD JYXN ]JtVNDO SR
SULHP\VOX GRSUDY\ D SULHP\VOX HOHNWULFNéFK VSRWUH

COWHQMWHRHHWLFENp D H[SHU IXRH/@W Q0 © BR\VAILYi R¥uku v
DXWRPRELORYRP SULHP\VOH Y\NRQDOL VSRORPQRVWL DNR
DXWRPRELON\ RSWLPDOL]JRYDOL GL]DMQ VYRMLEK SURGXNYV
96VNXPQtFL WMRAYSDYXNKKWYDOLW\ JYXNX Y OLMWMRG OiFK Y
AW ~GiaheQ PM QD NOLPDWL]iFLH PREQDGQ Laphdo HI Y QN \

2 Hodnotenie kvality zvuku

.RQFHSW NYDOLW)\ ]JYXNX QD]GB paxiridvaCiiQU @ D X]@itFaLl-DQ KD XWO
KODGLQ\ JYXNX DOH pR MH G{OHALWHMALH SURGXNW\ VL
VSRWUHEQWHURY WDPHUPM X UPHQLH JYXNRYHM NYDOLW\ SUR
UR]JGHOL" GR GYRFK REODVWt VXEMHNWtYQH D REMHNW¢Y (
JYXN P{8H E\" SUH pORY¥ WMD) \GUDAKHEN VDG UXMH JYXN Y ]P
btVHOQHM KRGQRW\ DNR MH I\]JLNiOQD DNXVWLND D SV\FK
LOQWHQ]LW\ MH SRWUIFEQP NXMW'LFINQ alDH & R\U \

21 2EMHNWtYQH KRGQRWHQLH

S3V\IFKRDNXVWLFNp SDUDPHWUH VD SRXatYDM~ QD RSLV U
VXEMHNWtYQ\PL SRFLWPL R REMHNWItYQ\FK I\JLNIiO&Q\FK YH
viacero parametrovZEMHNWtYQH PHWYyG\ KRGQRWHQLD SV\FKRDNXYV
QD KRGQRWHQt ELQDXUIOQ\FK ]Ji]QDPRY VD Y\NRQiYDM~ aS|
]DULDGHQLD VD QD]léeympws 3KMFEOKpR BN RAYFUL FRIND KDV OHGQp
VRIWYpURYp Y\KRGQRWHQLH JYXNRYpKR VLJQDOWWYRSE&HKN
parametrov.
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2EUI]RN3VA\FKRDNXVaWLFNi KODY

YORYHN MH VFKRSQé& ORNDOL]JRYD" ]G URIN KQWNXQW MRM B R
URYLQH /RNDOL]JIFLD VD Y\NRQiYD DXWRPDWLFN\ QD ]iNODG
DNXVWLFNEFK VLIJQIiORY GRSDGDM~FLFK QD REH X3L %LQD
MHGQRGXFKR SRX&LWtPDERREKK PDSQRKFR R¥KD 7DNpWR ]i]
SRX&L" OHQ SR DSOLNIFLL DNXVWLFENpKR ILOWUD NWRU&

KODY\ X&t D UDPLHQ 8PHOi KODYD MH VLPXOIFLRX XGVNHN\
DOH DM SRY VRKRR\E\FRKGIS®RRHWE DM~ YODVWQRVWLDP XGVNHM
KODY\ XPR& XMH PRGLILNRYD" JYXNRYp SROH WDN DNR Y VN
XGVNp XFKR 9 XFKX V~ XPLHVWQHQpP PLNURIYyQ\ NWRUp VI
VLIJQIiORY BPHPOD KOR& XMH QDKUIiYDQLH D QiVOHGQp SUHK
SRpXO DNR E\ ERO Y pDVH PHUDQLD QD PLHVWH NGH MH X

5{]QRURGpP SRFLW\ VD P{8X ]JREUD]L" SRPRFRX VSRPtQDQ&F
3V\FKRDNpaeteF, S pR QDSU GUVQRV" KODVLWRV" WRQDOL)
R]QDpXM~ DNR ANODVLFNp  SVI\FKRDNXVWLFNp SDUDPHWUH
Y]"DKXM~ ,@INR@YOFXU Y&iaND IDUED VXEMHNWtYQD GRED

2EUI]RN3V\FKRDNXVWLFNp SDUDPHWUH
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226 XEMHNWtYQH KRGQRWHQLH

7HVW VXEMHNWtYQHKR YQtPDQLD MH ]JiNODGQé&P SRVWXSRI
]JYXNRYEFK XGDORVWt D QD YEYRM SDUDPHWULFNéFK PRGHC
%HAQH VD SRXA4tYDM~ GYH PHWYG\ OHWYyGD VpPDQWLENpPKR
URN X SRQ~ND UEBFKO\ VS{VRE PHUDQLD SRVWRMD XGt
AWXGRYDO VD UDG LQGH[RY VPpPDQWLFNpKReEREHPO®FLIO;
VSRNRME &R NWK MRKEEX b U L DVPH SANSD W HYVWN & L IEHINE -D a4"DV\
VPXWQé 7iWR PHWYGD EROD DSOLNRYDQi QD U{]QH SURE
RVREQRVWL NOLQLFNHM SV\FKROyJLH PHG]JLNXOW~UQHN
JYXNRYEFK VLIQIiORY OHWYGD 3DLUHG & RRPES DDUNLK BBQ HPRQW R
SRVWRM XGt SRPRFRX SRVWXSQRVWL SiURY JYXNRY $ D %
NWRU& JYXN XSANHUHPRWWFXMR PHWYG H[LVWEMHDM PQRKR

7TDEX NBXEMHNWtYQH PHWYG\ KRGQRWHQ
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Dpuos] Ju vIi]}v o¥A v] X Ui xpi xu}iv} SE}
uulixpi v oEip A] E®E 7 1A 0]8 8 | v E} v i“]
D e D}Iv} Z} %}A 1}A > i1 ud hodnotenie u e X
- N (IS}E&}A i v oEICU IS}CE [Ju% o A\
BRI (]-5]> - IECS E}lu &C u | zvuku,
POIAVE | go® 1 vE}A VEU] %} v 3ul) x pulixpi
AC+A 3q}A v_ @opbbhastiA AC+A 3q}
u 1] TAUI}AEU] %} v Su]X rozdielov
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apodobnosti
medzi
TAuI}AE U]
podnetmi,
x “JE}I
% 0]I}A &
o> X
— WIpl_A i+ ve3ZWEuw AE ( x oJu]vpi-| x u &
o ,} V18 8 «3}A v Z} 3CE] -§ - JviC vIiEW pi
=1 %} q 3}ZIU 1 i } %}A 4 ep i I8 AV konvergenciu,
" *% E Av 0 } v] X D & } ZEolC| xmusiasa
N VAEZVEE »i- }u A gl}es}p x % E Z}A starostlivo
O A]esui- A] & A E] vS8Q hodnota sa AC E > %)
'8 %5 Av e« Z) ISYE - o_"] A qlpri}lp |G V i*> % parametre,
x U & G pohybe nahorav. }o o } *] AG| u v“}u xvudv }A @
= JIVE %} § «% @& AvC Z o %o} § § o ] e~ 1_ el v
'<I } %}A _ eI€EE v I+ luv_ AE«o IC
o SE] -3uX TuC 0% 0
L

3.RUHOIFLD VXELHNWtYQHKR D REMHNWtYQHKR KRC

+RGQRWHQLH NYDOLW\ JYXNX MH PR&Qp UHDOL]JRYD" U{]Q
SRWUHEQpP Y&VOHGN\ NRUHORYD" V REMHNWtYQ\PL PHWULN
NRQWURORYDQé& H[SHULPHQW NGH MH PR&aQp NRQWUROF
hoGQRWLWH RY D RGSRYHGt 3DUDOHOQH VD NYDOLWD ]
KRGQRWLWH VNEFK WHVWRY SUL NWRUEFK VD UHVSRQGHC
SRADGXMH Y\MDGUHQLH SUHIHUHQFLH DOHER Qi]JRUX 3
psychRDNXVWLFENpKR KRGQRWHQLD NYDOLW\ JYXNX MHGQRWO
SUHSRMHQLD PHG]L WEPLWR GYRPD PHWyYGDPL 9 SUD[L S{M
D VWDQRYHQLH Y&VOHGNRY SV\FKRDNXVWLFN&FK SDUDPH
URYQDNé& JYXN 1D ]JiNODGH WHMWR NRUHOiFLH EXGH QDYU
VFKRSQ& SRV~GL" NYDOLWX SV\EFEKRDNXVWLENpPKR ]YXNX

WHFKQROYJLH V QiVOHGQéP VWDQRYHQtP SVIFKRDNXVWLFN

4 ([SHULPHQWIOQH PHUDQLD

&LH RP PHUDQt UHDOL]JRYDQéFK SRPRFRX ELQDXUiIOQHE
SVI\FKRDNXVWLFNHM KODY\ EROR JLVWL" KRGQRW\ Y\EUD!
SRGPLHQNDFK U{]Q\FK UEFKORVWt DXWRPRELOH 3UHGPHWR
Vitara +\EULG 2E)JIi]RN

3V\FKRDNXVWLFNi KODYD EROD XPLHVWQHQi Y LQWHULpUL
VHGDGOH 8PLHVWQHQLH SV\FKRDNXVWLFNHM KODY\ Y WH
OEUI]INX
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2 E Ui] R NSuzuki Vitara Hybrid

2 EUi] R NUmiestnenie Psychoakustickej hlavy

OHUDQLD EROL Y\NRQiYDQp SUL UEFKORVWLDFK NP K N F
YR]LGOD ]J]R |JDVWDYHQLD OVHN FHVW\ NGH ERQL]RHUDQLD |
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2EUI]RNOLHVWR UHDOL]iFLH PHUDQLD

59éVOHGN\ PHUDQ't

=tVNDQp YEVOHGN\ PHUD (BDYDVD\FKWDRXVBULIEFNAWFRBQRYHQEFK
SUDYp D obBpolp sXFK SULHPHUQéRE KRBGRB)DO RH

7DEX N®DEVOHGN\ PHUDQt SW\FKRDNXVWLFNEéF

9VOHGN\ XND]XM~ UR]JGLHO Y KRGQRWIiFK PHG]L DYéP D
SUDYRP XFKX EROL Y\daaLH DNR KRGQRW\Y DYRP XFKX 7LH'
SVI\FKRDNXVWLFNHM KODY\ YR YR]LGOH NWRUiteHR&D XPLH
SUDYp XFKR Y NWRURP EROL Y\daLH KRGQRW\ ER®R EOLA:
NWRUp VPHURYDOR GR LQWHULpUX YR]LGOD

Na OEUI]NX P{aHPH YLGLH" JUDI\ FHONRYéFK KRGQ{W MH
parametrov.
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2EUI]JRN3ULHPHUQpPp KRGQRW\ SVI\FKRDNXVWLFNéFK SDUDPH

1D ]iNODGH QDPHUDQé&FK YEVOHGNRY YLGtPH 8H X YIp&LQ\ V
V UDVW~-FRX UBFKORV"RX 98QLPNRX Y WRPWR SUtSDGH ER
KRGQRWD QDPHUDQiI SUL KQD M DVKBHM 8FKFXHXRISYWDPEH W O H
GRVDKRYDOL VYRMH QDMY\d4LHVKR&QRW\NRW MDD ]G &NK
+ODVLWRWURV" GRVLDKOL QDMY\44LH KRGQRW\ SUL U&FKOF

6 =iYHU

3UL SRVXG]JRYDQt FHONRYHM NYDOLW\ SURGXNWX MH VWiO
SURGXNW\ RG DXWRPRELORY SR UXpQp QiUDGLH MH QLHO
DVSHNWRP NWRU& UREt SURGXNW DWUDNWYQ®HMEWWYGWUH
PHUDQLD D DQDO&]\ QHVWDpPLD QD NRPSOH[Q~ DQDO&]X ]Y.
YEVOHGNRY MH SRWUHEQpP Y\NRQD" DM 8W~GLH V REMHNW 1Y
PHWYG SUL Y\NRQDQRP H[SHULPHQWD O @&bBvHittib,@H XV \FKRI
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vozidla NWRUp EROR SUHGPHWRP YéVNXPX V~ KRGQRW\ S
RYSO\YQHQp UéFKORV"RX YR]JLGOD 3UL YIpaLQH SDUDPH
SDUDPHWURY ]JY\aXM~ VR ]JY\@XM~FRX VD UéFKORV"RX 7DN
XPLHVW Q heakistiskdj\Hfavy vo vozidjé&edy PR 4 Q R Ydzddlnd hodnoty medzi

DYéP D SUDYéP XFKRP
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SVI\FKRDNXVWLFNéPL PHWyGDPL 'LIHUWDpPQiI SUIFD Vv

Summary

Application of Subjective and Objective AssessmentMethods in Sound Quality
assessmentThe sound quality of the product is increasingly important when assessing the
overall quality of the product. For products ranging from automobiles to hand tools, not only
the sound level but also the sound quality is an aspect that makes the prodwuattraniree to

the customer, and the right sound can lead to better sales. Traditional objective measurement
and analysis methods are not sufficient for a comprehensive analysis of the sound of a product,
and in order to obtain the correct rasyit is also necessary to carry out studies suthjective

metrics. Customer expectations and reviewer testing are also important factors in determining
acceptable sound quality, as ultimately only the human ear can tell a designer if a product has
the right sound.

Keywords
Sound quality subjective evaluatiojobjective quantification
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Z98.29EP2+/7,926P(129e+2H/,1E.$ HAKUSTICKEJ DOSKY
Z RECYKLOVANEJ T (;7E/,(

$QGUHM, aWDWAWDYy XOtN 0 LWRAKDDY . X WPLHF

10YRG

$N GRSDGQH ]JYXNRYi YOQD QD PDWHULIO VWHQX pDV" VI
]JY\ARN EXGH SR SUHFKRGH OiWNRX SRVWXSRYD" DOHM 9
GRFKiIG]D NX DEVRUSFLL JYXNX SUHPHQH JYXNRSG@RVHQHU
SULHVWRUX DEVRUERYD" pDV" DNXVWLFNpKR YENRQX JYXNR
D YHOLpPpLQD Y\MDGUXM~FD PLHUX DEVRUSYBLS% 2AMudoWIRHILFLH
SRKOWLYRV"RMHP BRMWUHEIXRY] SRK D GptedkiidpedtdrINO iS RIIKIXV D " S
GHOLDFLFK NRQaWUXNFLt D D Nuéad O\WWRD ¥ KIREY UE XpeHICR. [ W R K
V DO&tPL G{OHAaLWéPL SDUDPHWUDPL DNR MH SOR&dQi KPRV
PDWHULIOX ]JORAHQLH D SRUDGLH YUVWLHY VNORQ@R\ GHO
(ys/E,Ds$1,+(/29E2019.

Pri ILQiO®&RB Q Rtk v U2atvorenom priestoeD N é P Mrelei Btavba alebo
XPLHVVMSOHRBLIOQD NROBWUXANIDDYH Np P QRANVMV QRF KD @ BFIKp
priestorovej akustikyR<&+7E5,.29€+0(/E,2015.

7YUGp DOHER WXKp PDWBUHYHN QBNFOQDSPL BHIWY® EXG~ ]Y X
RGUIZBURWL WRPX PINRYW YRPWHQEFRD\SYUPL EXG~ZyOKWH ]YXN
SRKOFXM~FHipRRYWSRXAONDPUHD L. QD VNUIWHQLHOMPULXQiIGRXY >
QHFKFHQéFK RGUDRIAMQIYKNO DGLQ\ DMikldnvwi QFRWH KRy WLO BIX & F
(R<&+7E5,.29EK@L.,2019.

9\adLH XYiG]DQp I\]sADCEQH NSRILMELESOD YEVNXP JYXNRYHM SR
DQDO\]RYDOL SHQARYEKPNQYKMGQ~ UHF\NORYDQ~ WH[WtOLX
Y\XaLSURFHVH DO&HM LPSOHPHQWIiIiFLH VN~PDQHM NRQ&aAWU>

20HWyGD PHUDQLD

213HQRYé KMHBRNEGSHFLILNIFLD

$SNWXiOQD GRED MH Y REODVWL PDWHULIORY D Y\XatybDQe
PLHURX SRNURNX PpR VS{VREXMH Y\VRNp QiURN\ QD QHX)
YODVWQRVWL YLDPHIURK KN RPEMHUE LQ RYD M NI~ YR A RUEP B @ B Y DY
]QDpPpQHM PEIRUHWRIMH QXWQp QDVWDYL" QRYp VPHU\ Y REOL
RK DGRP QD HIHNWtYQH Y\XatYDQLH JGURMRY HQHUJILt D al
Pi ]JD FLH SRXNi]D" QD PRaAQRVWL NRHPERR i 5§ HR\YRYWRYWH R XS €
$06L 7L+ SUH VRILVWLNI‘RG(IE)Q]IH)M&L\I‘ID(D[S(]:L[NV\H-LWUO\ GR)
KUDQLpQp OLPLW\ ([LVWXMH QLHNR NR JINODGQéFK PHWYG
patria
1) .RYRYi SUIdaNRYi PHWDOXUJLD NRYRYp SUiaN\ VD JPLHAD
K\GULG WLWDQLpLWEé 7L+ ELNDUEYyQDW VRGQé 1D+&2x (
SULPIUQHKR PDWHULIOX 9\SH RYDFLD UHDNFLD VD Y\EXG
2) 9YWUHNRYDQLH SO\QX YVWUHNRYDQLH SO\QX GXVtN D
WYRUE\ EXEOtQ .RY SRVWXSQéP WXKQXWtP ]JY\aXMH RG|
XYLD]JQH Y aWUXNW~UH D Y\WYRUt SYURYLWRV"
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3) /LDWLH UHDNpPQp VROL SRSUtSDGH SHYQp pDVWLFH NWR
UR]JWDYHQé&P NRY .RY WXKQH RNROR BABRQGORPNVYRIBIGE
SHYQEFK pDVWtF ptP Y]JQLNQH SRUpP]QD NRYRYi SHQD

4) (OHNWUROE&]D NRYRYé& SOHFK VD SRNU\MH YUVWYRX HOH
SU~G Y\YROIYDM~FL URJSXVWHQLH NRYX SULpRP VD QD
EXEOLQ\ VW~SDM~ QD SRYUFK Y\WYiUDM~ SRUpP]QX NRYR"

5 &KHPLFNi GHSR]tFLD SDU\ QD NRY VD QDQidaD VXEVWUiW
NRPRU\ VD |[DYHGLH NRYRYi SUH N X U bPttietkorDa PhyR@n.V S R O X
5HGXNpQé&é SURVWULHGRN UHDJXMH V SUHNXUJRURYRX Oi'
XNODGi QD VXEVWUIW D Y\WYiUD SRUpP]QX NRYRY~ SHQX

9\44LH VSRPHQXWp PHWyG\ VD P{aX SRXAL" QD Y\WYRUHQLH
WYDUPL D KXVWRWDPL SyURY pR LFK UREt XaLWRpQéPL SU
NRQAWUXNpPQp PDWHULIO\ WHSHOQi L]JROIFLIOMEKeXNRYi D
HNRORJLFNé GL]DMQ

SUL WYRUESHQRRPIKHRANMDGUD VD Y\XAaLOD JOUVIRWIRQYp KR WRJD Iv
9éKRGD JUDILWRYHM IRUP\ VSRptYD YR YéERWHMWQRWHEBNO
Y\'YRODQRX OLVRYDQtP JUDILWX 7éP VD |]DdaWKoQtakte~ QLN X (
SRORWRYDU IRUPD 3URFHW DYS A HRM DYQuti @njodts FRP gvab@v. Y
BURFHV Y\SH RYDQLD VD Y\NRQDO YHSYRDMPB\®@i F¥ROREG HIX W K|
okruhom,NGH GR&EAOR NX YRBEBKURPQIHM XViINRQYEHNKBRWRR\SPHW G
EDU 'DQé SURFHV Y\SH RYDQLD MH FKDUDNM il VWLF N ¢
WLWDQLpLWEéE NWRUé MH VSUHYIGUDQ6& HQHMRPU H W3ILLN X\ ¥ MS
DXWRNOiIYX GRFKiIiG]D NX Y]JQLNX Yé]QDPQpKR EHQHILWX YF
FKDUDNWHULVWLFNEé Y\YINXRYDQtP SH¥FIQQKRDSHRHAN HRYXQ &
WODN EDU SULpPpRP VD YAaG\ QHWODNXMH QD VDPRWQ~ Wt
QLA&&t SULpPpRP SUL GRVLDK@ROWSYO'SHRRY DENM Q/\HFKOMRDWMRY G
stav) aVSXVWHQtP RKUHYX 3R GRVLDKQXWt WHSORW\3RNROR
EDU QD VWDELOL]DHINI WODND VFEDW®HQLH V\VWpPX SRG
Y\SH RYDQLH QD RWUYHRUWMR HBNR DXWE RV SR SUHNURpPpHQt WHSOF
NX QHULDGQHM WYRUEH SyURY 3UL Y\SH RYDQt SRG WOI
spomaleniu samotnej reakciptP VD J]DEH]SHpt JURYQRPHUQHQWL&P SUHKL
FHOpKR Y\SR RWDFARAPX 3R XYR QHQt WODNX GRFKiG]D NX UF
aRG NYDOLW\ SULSUDYHQpPKR SBREBRRYIDM XY RNPRRADIEH Syl
90) %. VQDaRP SUtSDGH VPH GRVLDKOL URYQRPHUQ~ SYyURYL
SRGRWANHQ¥SO\YRP SURWLWODNX GRFKiG]D NX ]QtaHQLX NLQ

SNXVWLFNi GRVND W\S 6HQL]RSvawy S EGEIPKDNRQIR OB PG L tY
staviebspolu so smrekd é P G U,HNaprPpri CLT paneloch 9 é V N AKastickejdosky
samostatneprijef VSiMDQt VREPRPUMHNNNRREQEéEPL WHGsHYNDPZL VD YHC
1D YEVNXP VD-SHRREQ D 8pkemdrdmI00Dm tmerania zvukovej pohltivosti

na Y HejNrubid. 2]QDpHQLH VN~&aRH[EEHFKLWHOWHVSYH SRURYQDQL
QDVOHGRYQp

PHQRYé& REBUQIQE R SAWRIYQWR X #AMW UXNW ~UR X

PHQRYé REUDQNE ]Rtwddlblakpu plochou +AL1 back
RE\pDMQiENRY pKG Y BN +SM 25

rHF\NORYD QM MNWLEND GRVND W\S &HQ BPRA &3Benizol 7 /
resp. Senizol 60.

x

X X X
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220HWyGD XUpRYDQLD NRHILFLHQWD JYXNRYHM SRKOW|

Koeficient zvukovej pohltivost. DNR PDWHULIORYi FKDUDNWHULVWLND
]JiyYLvoé D MH G{OHALWRX FKDUDNWHURVW® vNIRaXorBMEO\Y XM
SULHVWRUH 9]K DGRP N WRPX &H pDV GR]JYXNX JiYLVt R(
YESRPWRFK XYiG]D" SUH DN~ IUHNYHQFLX ERO SRptWDQé .1
JYXNX PDWHULIORP MH NRHILF.L(HQWV RWXEN RHHGH$IRKROYDLYR Y
Y]|"DKRP

1)

kde: Pp tDNXVWLFNé YENRQ SRKOWRHQ&PDWIHWNE O'RRR® GRSD!
JYXNRYpKR JGURMD QD PDWHULIO YR :

$NXVWLFNi FKDUDNWHULVWLND NRHILFLHQW JYXNRYHM SR
2:2002, $SNXVWLND B8UPRYDQLH NRHILFLHQWD ]JYXNRYHM SRK
LPSHGDQpPQéFK WUXELFLDFK yDV" OHWyGD-29988D QVIRUP
OHWYyGD MH ]DORAHQiIi QD EXGHQt URYLQQéFK Y Q Y WUXELFI
DNXVWLFNpKR WODNX QD GYRFK PLHVWRGIRQ{MWQWRBSHUHR®p
DNXVWLFNpKR WODNX VD SRptWD NRPSOH[Qi BREVXWLANI S
NRHILFLHQW\ JYXNRYHM SRHKOMILYR WL I XD N KbRHNRDIRKHW y G F
XPR4a XMH PHUDQLH SRPRFRX MHGQpKR DOHER GYRFK PLNU
MH UéFKOUHWaOQHMM@ELH 3RVWXS SUH MHGHQ PLNURIyQ MH ]G
SUHG ]DpLDWNRP VDPRWQpKRPPNUR BBRNXPHVEN LP B R/X &1\ WStR W
Y\NRQD" SRADGRYDQé NDOLEUDpPpQ&VSOREHVV ORPULERXFBED1SU
10534 6~SUDYD . XQGWRYHM LPCGBGDRQWQNKHKLWH XEEBEH HMH )
aV SULHPHURP PP PDOiIi WUXELFD QD PHUDQLH SDUDPHW
+] GR N+] YH Ni WUXELFD QD PHUDQLH SDUDPHWURY YR
kHz (PRODUCTDATA: IMPEDANCE TUBE KIT (50HZ #6.4KHZ) TYPE4206,2019. Prakticky je

YH Ni WUXELFD YKRGQi SUH PHUDQLH NRHILFLHQWD ]JYXNRY
SRXatYD VD YR IUHNYHQPQRP UR]JVDKX Da +] O0ODOi V
PHUDQLH NRHILFLHQWD JYXNRYp SRKOWDR&RVW L+]S LBLE Y OFEG NI
PHUDQt V~ ITUHNYHQpPQpP JiYLVORVWL NRHILFLHQWD JYXNRYH

+] VIUHNYHQpPQOIERHEURNRP @

6FKpPD PHUDFHM DSDUDW~U\ QD PHUDQMH NRHIHQWQ WDQ]
2EUI]NX SR]JRVWiYD ] . XQGWRYHM LPSHGDQDpHHMKHANYpXELFH %
4206 sYH NRX WUXELFRX V\VWpPX 38/6(-;, Do WMH®QpKR B REG\SC

V DNWtYQ\PL GYRPD YVWXSPL D &3% DQDO&]RX | ]KRCG
SRptWYR VRIWYpPURP XPR& XM~FLP |JREUD]JHQLH D XNODGDQL
EXGLDFHKR VLJQiOX ELHO\ &XP 98VOHGN\ RostiDQLD N
]D]JQDPHQDQp GR WDEX N\ DOHER GR JUDIRY SUL XUpHQE&Fk
S UR J UABcBustidMaterial Testing NWRU& SUDFXMH Y SURVWUHGt /DEE

SSUHSRMHQtP QD .X{BEGWRY,X(MIE0EY F X
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2EUI]RN6FKpPD |DULDGHQLD Q®zwikblepp@hltiModt BdidivedtiH Q W
(D$1,+(/29E 1®OL.,2021).

39VOHGN\ D GLVNXVLD

V7DEX NH V~ XYHGHQpP KRGQRWRKNRHMEVWQVSD L YAERD B KF
D QD 2EUiI]JNX MH SUHK DGQH ]D]QDPHQDQé& SUJiMEWBRVR\HI L
QD IUHNYHQFLL VN~4REQSRK RMI YD) /MK~ PDQaRKLIDRY

2EUIIRN*UDILFNi SUH]HQWakikdvejNnh&hHivasEWHYWR YD Qé FKURDPWWHWXLIORMYWHQF L
50 Hz +1,6 kHz
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Ako vidno zJUDIX QD 2E W P\WPH U DRREG Koeftienta zvukovej pohltivosti
zTDEX N\GRFKiG]D SUP DW\SH EDyDiXanej t§ WtOBHQRYEP KOLQtNR
k] YEAHQLX ]JYXNRYHM SRKOWLYRVWL SUL XUpPLWéEFK IUHNYH

7TDEX NEFYXNRYi SRKOWLRAF'K PDWHULIORY SUL Y\EUDQéFK TUHN

ODWH| AL 1 | AL 1 back| Senizol + AL 1| Senizol + AL 1 back Senizol 60| SM 25 | SM 25 Senizob0

h/mm | 30 60 25

Wkg.m® | 361 61 351

NRC | 0,45 0,05 0,8 0,80 0,80 0,06 0,10
fl Hz
50 0,05 0,02 0,13 0,08 0,04 0,01 0,14
125 0,08 0,03 0,19 0,12 0,09 0,00 0,13
200 0,19 0,04 0,62 0,35 0,32 0,03 0,13
250 0,27 0,04 0,70 0,50 0,47 0,03 0,12
500 0,60 0,04 0,81 0,88 0,85 0,05 0,08
800 0,57 0,04 0,89 0,94 0,93 0,05 0,06
1000 | 0,52 0,04 0,91 0,94 0,92 0,06 0,23
1500 | 0,46 0,06 0,90 0,91 0,90 0,10 0,07
1600 | 0,46 0,06 0,90 0,91 0,90 0,14 0,07

4 =iYHU

9éVOHGN\ H[SHULPHQWIOQ\FK PHUDQt GiYDM~ MDVQé SU
P D W H U LilCAKY YS Kablasti prigstorovepkustiky, ako napr. akustickej dosky Senizol
KU~EN\ SHQRYpKR KOLGRYVYOBNR MH ]DXMtPDYp LFK Y\XAL
PX]LNROyJLH 9 WHMWR REODVWL MH YaDN SRWUHEQé HaWH
QLHNWRUp REODVWL Y\XALWLD

SR DNRYDQLH

BUtVSHYRN Y]JQLNRO Y UiPFL ULHAHQLD SURMHNWX 9(*$
WUYDOR XGUADWH QéFK L]JRODpQéFK PDWHULIORY V SRWHC(
ULHAHQpPKR QD ') 78 YR =YROHQH D SURMHNWX BDN$VWLFNpP
YODVWQRVWL KLVWRULFNéFK MHGQRPDQXiIORYéFK RUJDQR’
OVWDYH PDWHULIORY D PHFKDQLN\ VWURMRY 6$9 %UDWLVO|
Y UiIPFL 2SHUDpPQpKR SURJUDPX ,QWHJIWR YDUR JUMHNLLY @MW YN
~aLWNRYé&FK YODVWQRVWt PDWHULIORY D Y&EURENRY QD
7 VSROXILQDQFRYDQé ]R |JGURMRY (XUySVNHKR |

ILWHUDW~UD

y8/E. ODUWLQ D $QQD '$N\]J+NPOED DQDO&DVPREBMGRYHFKQLF
univerzita vo Zvolene, 2019. ISBN 9-B8-22831703.

'$1,+(/29E $QQD 3DWULN 6y(161é 7RPid *(5*( 9RMW FK 21°
1 0(& 5DVWLVODY ,*$= -R]HI a7().2 MhiflugrdedDXlabnerrétaedas E
impregnation on acoustic and thermophysical properties of recycled technical textiles with the
potential for use in wooden building2olymers 2021,13(2598). ISSN 2073360.
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DESIGN OF A PROTOTYPE COMPOSITE TIMBER BEAM
IN 4-POINT BENDING LOAD

S5yEHUW aPRGtAGD /DQJRYi 3DWIULUDLMN ZVPRINSI

1 Introduction

In currentworld increasingly defined by the urgent challenges of the climate,csisth as
greenhouse gas emissions, increasing average global temperature, negative environmental
impact on biodiversity caused by urbanisation and quick population gi@M2BD et al,

2022) the pursuit for sustainable building practices has never been more criticanfong
manysolutiorsis the use of timber as a primary construction material.

Timber$ advantage is thmherent strengtldue to high ratio between mechanical properties
and low densyt, thermal insulation properties and good behaviour under fire loadgeat
seismic performance of the structures made from tinhb&liso presents a significantly reduced
carbon footprint compared to traditional materials like concret@sonry,and steel.
Disadvantageous properties, like flammability, hygroscopicity, which by improper design,
leads to low durability, thermal inertia, and acoustic performance of the stsiotade of the
timber, must be mentioneas wellPASTORIet al, 2022).

In parallel with the rise of timber as a sustainable construction material, the incorporation of
renewable natural insulations further enhances the ecological footprint of buildings-iBlown
insulations derived from natural sources, suclwasd fibre,straw,hemp,cork, sheepwvool, or
recycled materials likaewspapebasedcellulose offer effective thermaberformance of the
structure comparable to the commercially available petrochemical and inorganic thermal
insulationswhile minimizing adverse enanmental impact€DURAKOVIC et al., 2020)

Structural integrity of a timber structure depends on its loadbearing components and the joints
(ASDRUBALI et al, 2016) Composite wootased columns offer higher mechanical
properties and reduce thermal bridges in the structimescrosssectiongeometry influencen

the mechanical properties of engineered wood beaassresearched by Bahaddahromi
(BAHADORI-JAHROMI et. al, 2006)

This papereals with theof prototype timber structure, with a specific focus cromposite
timber beamdesignalteredfor renewable naturbasedblown-in insulations.The aim is to
verify mechanical properties of prototypeamunder 4point bending load. Proposed were 4
different flangeto-web joints,of which one wasverified bya Finite Element Analysi@~EA)
method in ANSYS software.

2 Methods

The prototype timbepeamis designed for blowsm insulations, such as cellulose, wood fibre,
hay, cork, glass mineral wool and other insulating materials applied into the structure by
blowing. The prototypdeamis considered a composibeamin accordance with European
Assessment Document EAD 13036@30304. Fangesare made of strength graded solid
structural timberclass C24with dimensions of lower flange 60 by 120 mm and upper flange
60 by40 mm 2850mm long
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Figure 1. Crosssectionof the prototype timber composite beam

Flanges are connected by a lattice web made of visually graded piginidimensions 20 by
80 mm, 190 mm lon@All timber materials used are made of Sprueeéa abies Kars).

Figure 2. Prototype timber compositeeam

To further investigate mechanical properties of the protobhgsem flanges and lattice web
were designed with different joints. Proposed were adhesively boisdesiv and dowel
mortise and tenon argklf-locking joint. Proposed joints will be tested experimentalifis
paper deals with adhesively bonded joints only

Adhesively bonded mortise and tenon joint was designed a& @amponent polyurethane
(PUR) adhesive for loadbearing timber structures, conforming to the standard EN 15425

TimberZDV NHSW LQ FRQGLWLRQV RI WKH VHUYLFH FODVV
air humidity 50%, causing equilibrium moisture content ofsbiwoodtimber tobe 12%.

To explore the properties of the prototygsam it was at first modelled in ANSYS Mecharnlica
FEA software for structural engineeringpoint bending loading scheme was usHuk force
applied was estimated anD60 N.
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Figure 3. 4-point bending load of the beam
Material properties were used as shown in the Table 1.

Table 1. Properties ofmaterials in FEM analysis
Property Value Units Source
Density 420 [kg.m®] | STN EN 338
<RXQJTV ORGXOXV| 13650 [MPa]
<RXQJTV ORGXOXV 789 [MPa]
<RXQJTV ORGXOXV 289 [MPa]
3RLVVRQTV 5DWLR| 0,014 [-]

3 R L V\R&tR,BYis YZ 0,687 [-]

3RLVVRQTV 5DWLR| 0,023 [-]

Shear Modulus, axis XY 474 [MPa]

Shear Modulus, axis YZ 53 [MPa]

Shear Modulus, axis XZ 573 [MPa]

Tensile Yield Strength 9,8 [MPa]

Compressive Yield Strength 10,5 [MPa]

Tensile UltimateStrength 14 [MPa] | STN EN 338
Compressive UltimatStrength 21 [MPa] | STN EN 338

Orientation of

the grain in the flanges is parallel in the X axis, while Y and Z axis is
perpendicular to the grain. Orientation of the grain in the webs is parallel in the Y axis. This
fact had to be considered while modelling the properties of matenathe software.
Compressive yield strength was set at 50% of compressive ultimate strength, while tensile yield
strength was set at 70% of the tensile ultimate stremptse values were experimentally tested

E\ 3Ra3BRE*$et.al., 1997)

3 Results

Analysis of the prototype columns was done in ANSYS softwaedlection distribution of

normal and shear stresseasinvestigated

Deflection is considered a state of deformagéer the load is appliedhe deflection is shown

in theFigure 4.
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Figure 4. Deformation of the beam in Y axi

The greatestleflectionwas in the middle of a span of the beam. THstantaneous deflection
was 11,5 mm irthe Y axis. In comparison with STN EN 19951:2008, limit values of

instantaneous deflection of the composite beam on two supports would be between 5,4 and 9
mm.

Normal stresses, represented as red tensile and blue compressive stress, in déne sieann
in the Figureb.

Figure 5. Distribution of normal stresses on the beam

The greatest compressive stress is shown in the joint on the upper side of the flange. In this
place the force is appliedlaterial failure is expected, due to low compressive strength of
timber perpendicular to the graims well as failure of adhesively bonded joihbcal
compressive stress reached 31,2 MPa, which is way beyond the ultimate strength of timber in
compression perpendicular to the grain used in this model. Ultimate strength waasused
characteristic strengthl MPa for the strength alonget gain and2,5 MPafor the strength
perpendicular to the graimakenfrom STN EN 338 for timber strength class CRBthwever,
characteristic strengths are gércent fractile of statistical distribution and timber used for
experiment may not always correspond to these values. Considefects in timber, like

knots, ruptures or abnormal wood may influence the strength properéesegative way. On

the other hand, high quality timber with low number of defects may possess increased properties
in ternms of strength.
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Figure 6. Maximum compressive stress

The greatest tensile stress is shown in the adhesive joint on the lower side of the_flaabe.
tensile stress reached,2 MPa This value exceeds ultimate strength of the material used in
software, specificallyl4 MPa tensile strength along the grain and 0,4 MPa tensile strength
perpendicular to the graiim this place, material failure is expected due to the opening of the
flange. Creating notches in flanges in engineered | beams is prohitotecentrated stresses
may cause structural damage (CH&Nal., 2021).

Figure 7. Maximu tensile stress

These results suggest that failure occurs solely in the upper flange, which has smaler cross
section area. Mortisan the flange rectangular shaped, with curved edges, may stasses

to concentrateCritical for this failure could be the strength of material as well as adhesively
bonded joint.
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Figure 8. Shear stress on a prototype beam

Shear stressewe notable in the lattice webs. Greatest reached values at the given load were
5,8 MPa and6,4 MPa. Compared to the ultimate strength of material being the characteristic

value of shear strength 4 MPa, bettiremevalues of shear stress exceed the shear strehgth
material

Figure 9. Extreme shear stress at the joint of upper flange

Figure 10.Extreme shear stress at the joint of the lower flange
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4 Conclusion

Given theresults, the most critical place of the prototype composite timber beam are joints.
Failure may happen in the material, in the adhesive layer, or in both at the sam@&thene.
quality of the adhesive joints wiljreatly define mechanical properties of the beasny
irregularities in process of making adhesive joint will influence the strength of the joint.
Another factor is material. Timber chosen for this experiment was dried and machine graded
into strength classes. Declared properties aredsHnk certfication. True strength of material

may be influenced by defects in wood mengidmearlier. FEM analysis ought to be tested
experimentally to confirm or disprove the results.
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Summary

Design of aPrototype CompositeTimber Beam in 4point Bending Load. This papedeals

with a prototype composite timber beam for post and beam timber construction. The beam was
designed to transfer vertical loads. Flanges are made of machine goéidestructural timber,

while lattice web is made of visually graded sprptanks Joints of flanges and web are
adhesively bonded mortise and tenon. Before experimentally testing the prototype beam, a FEM
analysis took place. Prototype beam was analyseANSYS Mechanical software and
analysed were deflection, normal and shear stresses. Resudtaritieadhesivelybonded

joints to be the critical place of the beam, where stresses exceeded characteristic strengths of
material both along and perpendicular to the griaailure of material as well as adhesive is
expected.

Keywords

Prototype composite timber beadwadbearing, adhesively bondeegm analysis post and
beam
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VPLYY K214758.&,P2!$+29e+2M $7(5,E/8 1R(9126!14 7e+2
SPOJA ¥y$/01(1le+NE%<7.8

$QQD 9LOKDQRYi 1DGBYGMN /MCHIIFR DN

10YRG

UL |DULD RYDQt E\WRYéFK D QHE\WRYéFK LQWHULpPpURY V
QIE\WNX D MHKR HVWHWLFNp SUHYHGHQLH 9 SRWaAItHHGQRP R
LOQWHULpUX ]| K DGLVND MHKR DNXVWLFNéFK YODVWQRVWt
V~pDVQRVWL SUHIHURYDQéFK ]GLH DQéFK NDQFHOiULt DOH
SORFKDPL SUL NWRUEé&FK VD SRXatYDM~ VWR YWHE @ pl VDYNXR/Y
SRGODK\ VNOHQHQpP SULHpPpN\ D SRB aH {&¥WEFKRWRH U KXW
DEVRUEXMH OHQ YH PL PIiOR SRYUFKRY SUREOpP VD Ha
SRXatYDSWH ®RYQ DG P HU Q8 B DKFORXYNORRP VS-U RRUPXKIDRYDQp FHORV)Y
QD QIURGQHM ~URYQL QDY\d4H Y (XUySH pL 6SRMHQéFK aw
FHONRYHM SROLWLN\ EH]SHPQRVWL VWDYLHE oblasti® WH RY |
PLPRULDGQH G{OH&LWp REPHG]JHQLH KOXNX RFKUDQD S
JURIXPLWH QRVWL UHpL SUH FEaMWNERKY] DRIHMAMQRBRBEBRY 8 UDI
Y V~-pDVQRVWL H[LVWXMH QLHNR NR WHFKQLFNéFK ULHAaHC
LIROiFLt NWRUéPL VD SUREOpPP atUHQLD JYXNX Y LQWHULDPL
SR]JHUiIPH ] SRK DGXGLOMHYULWYWRRYEMEUREFRY QIiE\WNX P{&
Y\XAatYDQtP DKpHQEFK DNXVWLFN\ SRKOWLYé&FK QIiE\WNRY
NUHDWtYQ\P Y\X&4LWtP D XVSRULDGDQtP pDO~QHQpKR QiE\W
DEVRUERYDQp SRONKMUWMOQBRFEMFIOHER SUtURGQéPL PDWHUL
NREHUFRFK PDWUDFRFK DOHER YDQN~RFK SULpPpRP UR]JSW
SRKRGOLD D SRGPLHQRN QD pLQQRV" NWRUi VD UHDOL]XI
QIE\WRN ULB®GCRPDYWINVREPL EORNRYDQtP D SRKOFRYDQtP
UR]JPHU\ WDNaH MH FHONRP ~pLQQé& SUL EORNRYDQt JYXNR
VD Y G{VOHGNX VYRMHM NRQaAWUXNFLH D UR]J]PHURP QHUR]N
QIE\WRBIHWRAaH JYXNRYp SUYN\ YVWXSXM~FH GR PINNpKR |
priestoru.

ZXYHGHQpPKR Y\SO&éYDL@W HUE pPWR N &P En6NYDYOR WD PXVt E!
]JDEH]SHPHQI SRpDV FHOHMMGIKR\ MHIRRVORXAtED @IDIDD E\" pR
IDNWRU\ NWRUp RYSO\Y XM~ NRPORWQW Qp KRKUPPEWAIOVRE RDX atY L
SDWULD QLHOHQ K\ JLHQLFNp D HVWHWLFNp Y OHDERWERIWWNLE P
SR"DKRYEFK3IWHDWRMLSR"DKRYpKR PDWHULIOX RGROQRV" YF
SRSUL FKDUDNWHULVWLNIFK NRPHRUWKXMED®G ~I@PHNOVLDU P HNF DO
QIiE\WNX ODWHULIO\ SRXatYDQp Y pDO~QQLFNHM YEBUREH S|
NWRUp MH SRWUHEQpP GHOL" SRG D SRaADGRYDQpKR VWULKF
VSRMPL .RQAWUXNFIREREHQPBVERUDKRRWKROPDWHULIOX RYSO
VDPRWQpPKR SR"DKX DOH DM PHFKDQLFNp D YJKSD&RWpPKROD
spojageho XPLHVWQHQ LD QB EFEPHKEN X iYLVt DM RG VS{VREX D F
QIE\WNRYHM NRQaWUXNFLH SHYAGRVA'GEDXYSRRDRR QB I tOM WEM
PLHVWDPL .YDOLWD D WUYDQOLYRV" WH[WLOQpKR Yé@UREN
AYRY SUL SRXatYyDQt ]JY\pDMQH ]JiYLVt RG SHYQRVWL D NYDC
(GERMANOVA, PETROV 2008;BHARANI A KOL ., 2012
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.YDOLWD SR"DKRYpKR PDWHULIOX MH QDMG{OHALWHMA&t SU
YODVWQRVWt pDO~QHQLD -H XUpHQi PHFKDQLFNéPL YODV
SULDPR RYSO\Y XM~ YODVWQRVWL VSUDFRWYID Q{|@ \FK" DRKURFYi IF
VSUIYDQLD VD WH[WtOLH SUL |D"P&aHQta N VE/ROGGERBAKY \V N\W X |
2003;ZAVECAG(54$,2000 OORKD YODVWQRVWt WH[WtOLH SUL ~QRY\
MH ]JiVDGQi SUHWR MH G{OHALWp SRFKRSL" YSO\Y U{]Q\FK S
OIWRN .YDOLWD HNRORJLFNHM W N ESDABAYKA ROAD) ViegoP D Qi Y S
aw~GLL EROL UHF\NORYDQp SRO\HVWHURYDp SULDG]H
SRO\HW\OpQWHUHIWDOIWRYéEFK IOLDa D aWDQGDUGQpP SRO\}
EROR Y\UREHQEéFK U{]Q\FK @4HQLONRYé&FK Stidch.84t SUL U
]JINODGH VN~aRN SHYQRVWL Y "DKX D aWDWLVWLFNéEFK DQD
Y ~WNX Yd3HWNEéEFK W\SRY WNDQ+® NN QV/RUNSFRNBIEPEPY AW U XN
recykiRY D QoplgeRtes MH Y SRURYQDQt V [Q&EMHQW\BPH PLHHQWR SR
AWDWLVWLFN\XQARDPPQFENRQ aYX VD KRGQRWt ~pLQQRV"R
VNO]RP WXKRV"RX Y RK\EH D RGROQRV"RX aYX SURWL RGH
pDO~QHQpPKR SR"DKX MH RO S/ONDVD AN MBOUAH. Y $GRMES, RG HY Qé FK
KoL.,2018.

&LH RP QidaKR SUtVSHYNX MH VWDQRYHQLH YSO\YX SORAaQFHE
SR"DKRYéFK PDWHULIORY QD SHYQRV" aLWéFK VSRMRY Y\\
ALMDFHM LKO\ D AaLMDFRX QL"RX W\SX 6<1721 SBRQRWWWD
SR"DKRYpKR PDWHULIOX VDPRWQpKR D SHYQRVWL Y\WYRUH

2 Metodika

PHYQRV" SR"DKRYpKR PDWHULIOX D SHY @&y STNBNIB® VSRML
13935 BHYQRV" aLWpKR VSRMD MH GHILQRYDQi DNR PL
]JD"DARYDQpKR "DKRP NROPR QD @8HY 3RG D PHWYG\ 675,3 V
REU D VR aYRP REU QODStQOD NRFKKFRQW LAPDY SBLSNRIQVA
SULPpRP VD ]D]QDPHQiI PD[LPiOQD VLOD SRWUHEQi QD SUHW!

2EUI]RN3ULQFtS WNH&NRVD VN~AREQEéFK Y]J]RULHN S U H WHFK RASCROALRHY S H Y

213RXaLWp PDWHULIO\

3UL VSIiMDQt SIRN'DKRY&FK PDWHULIORY VPH SRXaLOL QL" 6,

SRO\HVWHURYéP YOINQRP 3(6-BECHERD D0 Rr® 100/16Ps\ *52 =
KURWRP 5 ' AND VWHKRY SUL YaHWWBERK XHR U N ¥FKs FDRROID S U
SRXALMDEWKULIORY Dvlagtigsti\]LNiOQH

128



NOVE TRENDY AKUSTICKEHO S PEKTRA 2023
9HGHFNE& UH F H Q] FPédreyidwed Riod@ddings

7DEX ND 3RXaLWp VN~GREQp PDWHULIO\ LEK JORAHQLH D

BR"DKRYp WH[WtOLH aLQLONRYp
0D WH L 30Ra| Dostava
7\S S UL &hdpveyv dostave nalcm . hustota | v osnove
tkaniny
J P3| nalcm
a
O
= Polyester,
= Akryl 570 28
~ [ -HGQRGXFKi SULDG]
EON
a)
-
o [ -HGQRGXFK
g Polyester,
2 Akryl, 580 50
N [ -HGQRGXFK Bavina
[ -HGQRGXFK
[a)
-
O
g _ Polyester,
= [ 6NDQi SULD  Akryl, 487 20
T Bavina
N~
6Xx ALQLONRYi S
BR"DKRYp @HYW FoMH
ok
a) .
— [ (IHNWQi SUL Polyester, 423 15
§ Akryl
=
T [ (IHNWQi SuUlL
N~
[ -HGQRGXFKi|
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ol

(&)

an Polyester 478 45
= [ -HGQRGXFK

=

I

N~

33x-HGQRGXFK

|

B

= Polyester, 305 21
— Akryl,

T

™ [ -HGQRGXFKi SULDG]D

3R"DKRYp WRAWEOQMN\H

g =iNODGQi YU

I SROVHVWHURY .
b YUFKQi YUV T,
x Y\W Y RNRIRE L Q

' 39& D 3RO\X

é =iNODGQi YU

I SROVHVWHUR| .o,
o YUFKQi YUV 7%,
x Y\WYRUHQi NFH

' 39& D 3RO\X

g =iNODGQi YU

I SROVHVWHUR| g
o YUFKQi YUV J7,,
o Y\W Y RNURRE L Q

' 39& D 3RO\X

39éVOHGN\

3UL SRXAtYDQt pDO~QHQpPKR QIiE\WNX V~ VSRMH QD IXQNpC
QDPiKDQp "DKRP 3UH Y\KRGOWRWWW! H Y R YRNEF HORDED L
SUHWUKQXWt UHIHUHQDbP Q& F Km¥] R U IDH R DQIHY RBQMWSHM. \8 H AWM Q X
Fsmx 1 SUL &LWEFK Y]JRUNiFK WDEX ND 5R]PHU\ UHIHUH
VWDQRYHQLH SHYQRVWL WH[WtOLH PDOL URYQDNp UR]PH!
PHWRGLND ]D"D&RYDQLD D VWDQRYHQLD PD[LPiOQHM V
3URVWWHR®t SHY QR ¥ WL pWR'SBKMR ®QRFXMH \WDWip#a1a ~pLQ
SRG D URYQLFH QDVOHGRYQH

(1)
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kde: Fsmax*SHYQRV" aLWpKR VSRMD 1
Frimax = SHYQRV" WH[WtOLH 1
7TDEX ND OHFKDQLFNp YODVWQRVWL Y\EUDQEéEFK W\SRY WFE

Druh

W H [W ALQLONRYp WH I[LVWRYp WHI[W .RAHQN\
r?u(s)tciaac TH[WLt] 7TH[WLt] 7TH[Wt| 7TH[Wt 7H[Wt 7H[Wt .RAHQ| .RAHQ| .RaAH®
WH[W157OJP J P J P 423J P|478J P|305J P| 650J P¢ 392J P J P
SHYQF

WH[W{ 748 1331 521 1262 2368 713 432 630 1008
(Cl%\lz—l YQF
spoja (N) 558 530 413 472 552 518 351 362 386
OpLQ(

aLWpHK 7459% | 39,81% | 79,27% | 37,40% | 23,31% | 72,65% | 81,25% | 57,46% | 37,98%
spoja(%)

1D ]iNODGH H[SHULPHQWRY MH SRWYUGHQé& SUHGSRNODG
VSR"DKX pDO~QHQpKR QIiE\WNX 3UL Y&aHVGNRAAKD QS RFKS BR O
ALWpPKRsWSRMBALD DNR SHYRRIYK WEH[WNDLMWYSX SRANRGHQLD
SUL YAHWNEFK W\S BEK Wb KWW MON i YC5R KM BFNWWH QA MDH D RVW D O D
V SULHPHUH QDMY\a4LX ~pLQQRV" G8LWpKR VSRERURXOPM ~
SNRAHQNDPQRWH VBRMR)Y\aGI7Do&® SRURY QRYWRYEPL WH[WtO
~pLQQRV" VIERWRVARENONRZY EVOHGNRY Y\SOé&YD &H ALMDFLD
NWRUi ERODDSRE&MWQLH WH[WtOLt MH QDMYKRG®®BMALD S
NR&HQN\ 1LH MH YKRGQi SUH OLVWRYp WH[WtOLH SUHWRAI
A4H ML WRP VSRMLSOGRAKIGOXWLX ALMDFHM QLW HempeRiouD SUHM
~pLQQRV"RX ALWpKR VSRMD OLVWRY&FK WH[WtOL't

4 =iYHU

yDO~QHQ& QiE\WRN MH G{OHALWi V~pDV" QIiE\WNRYpKR Y\E
SRILWtYQH RYSO\Y XMH DNXVWLFNp YODVWQRVWL QDMPI Y
Y&]QDPQ~ IXQNFLXWARKRO\YSRVN\WRYD" PXVt KLDDLAKNRDY D"
IXONpQERVWRWDRVWL WRVODBMRNBRH VRN QD PHFKDQLFN-~
3R"DKRYp POLWHK BLMpP PSRMH V~ SUY&EP KRGQRWLDFLP JQDNR

SUHWR MH QD&ab SUiIiFD ]DPHUDQI QD VNORBLOWKEF&EHYQRNM R/
V]IYLVORVWL RGKNXREIRMIXINFIDKRYpKR PDWHULIOX

6WHK\ D W\S\ 4YRY V~ YH PL G{OHALWp SUH NYDOLWX pDO
vzorov pDO~QHQLD D &Y\ GiYDM~ TS D W WD@H@ DL OF K DEOM QXMW B
PDM~ Y&]QDPQé& YSO\Y QD ~pLQQRV" aBR" DB K RNEHKDLQLFXR A0
PDWHULIORY MHDERWNBEPL QR@RYWLSRSESRRIGHRLD D GHIHNW
QDMPI W\S WEFKWR WH[WtOLt

ZYEVOHGNRY H[SHULPHQWRY Y\SO&YD &H SUL Y&HWNE@FK Y\
VSRMRFK JLVWHQi QLA&&LD PD[LBRURY UMHOWMU/EQDQEPHW QK@
Y]JRUNDPL EH] VSRMD ptP VD SRWYUG]XNH G]UHGERMNICFING Flt
zK DGLVND QDPiKDQLD 3UL ]D"DA&RYDQt 4LWEFK Y]JRULHN S
SUHWUKQXWLX 4LMDFHM QLWH VSiMDQé& PDWHULIO RVWDO
V~ YKRGQp SUH VSIMDQLH QNRRN G HVRAEDMWD ALQLO
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Summary

The Effect of the Construction of Cover Material on Strength Sewed Joint of Upholstered
Furniture . Upholstery cover materials with their properties significantly influence the quality

of upholstered products. These materials form the surface layer of upholstered furniture, any
damage to this material is immediately visible to the user. We considerewhe jsints
connecting the cover fabrics to be one of the critical points of the upholstered surface, therefore
they must have the required strength. Fronréiselts of the experiments, it follows that for all
selected types of textiles, a lower maximum breaking force was found for sewn joints compared
to reference, neasewn samples without a joint, which confirms the assumption that even sewn
joints are amonthe critical points in terms of stress. When the sewn samples were loaded, with
all types of material, the sewing thread broke, the joined material remained undamaged. The
most suitable fabrics that are suitable for joining with SYNTON 30 thread ardleHahrics
andfaux leather

Keywords
Upholstery fabricsStitched joints Seam efficiency
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M241267Z1,429%$1,PRENOSU &a758.7051 (+HLUKU PODVOZKU
a(/(=1,y1e+V2=%

6WDQLVODY aLbDuUDQ 2QGUHM &KOHER XERPtL

10YRG

$NXVWLFNp YOQHQLHvV SUKNDKIHM PPRURKBMEG R NPLW
komponentovW X KpKR SUX&QpKR & BIRWSROHD W\ VWURMRYEFK V
QDSUtNODG SRGYR]N\ 4BHOHERLKESRE § R |VRIMY ep&R# & i VW UR
PHEKDQLENE&P SIRGWRIQIP MHR]VBUD Y LG O DQ LA FOBRIGH D) & Y

aVWUHGQRP [UHN Y¢bQL).GRIFO I1$] ¥ P pi@atriy RQOMKOXpQHMAEtP YR]I
GRSUDYQpKR SU~GX NWRUEFK JHQHURYDQLH KOXNX ]iYLVt
YRILGOi JHQBEGRMUQp DPSOLW~G\ QtJNRIUHNYHQpPOQWXER NPLYV
YH NHM Y]G U®OJHOIRAORLY WL e $IR.EGO0 RAWMHQ]LWD WDNpKRWF
ohrozuje zdravie S RKR G O L H SHLOMRWHNBVD VWDYHEQE EXKIPRQEWUXNFL

2EUIi]RNrretinove RNWiYRY i hadimy@ &IWXNX FLVWHUQRYpPKR YR] D YR Y]GLDOHQ
Y SULHVWRUH GQD FLVWHUQ\ Y DYR D QD VWDFLRQQiYDRWREPRWWDRQRG/ LA
UEFKORVWL

SXSODW RYDJYFV N\F KdoVppadd lYQt P L ~]NR VW-YWOLO' It WODVs WeA PR E\ D
V~YLVLDFD EH]SHPQRV" SUHYiIG]N\ ~GUAED VWURMRY VWU
VWDFLRQFUE\RR WHGXNRYD" G\QDPLFNEKQRNDAMIQHGH QN BSIRYD
SUHYiIG]N\ DOH Xa SUL PRQWIi¥UK X KYIENVRBERDD" /D ]Y\aXMH
]QLAXMH LFK QHALDGXFHQDIOBE LFOIP VW OBR&FHKQIGIEKMRY NPL'
=QLARYDQLH G\QDPLER@BKR]NXapa&QInponentoW D Y]K DGRP QD
RNROLWp SPRRWHNGLISUB MM YiXisiri & Qv & Pl GEnidiami  hluku

aPHFKDQLFNpKR NPLWDQLD WHGI Y8WSRHRRIBDIYRBWDODHABYOp!
V GDQRP SUtS PG HQIRS&ItkcERvibroakustickej energigpodvozku FLVWHUQRY pKF
aQiV\SQpKR XR/|R@Ehédhni€ aK OXN VD PHUDO QD VN~AaREQRP RNI
(Obr.2)[2,3,4,5]. S UHIHQWRYD Y-©RB8WNR-GHN XQLaRWKIQIAHD NNPPIREQAL D
DSOLNRYD" QD U{]QH W\S\ SRGYR]JNRY aHOH]QLpPQEéFK YR] R

Pre ciele hodnotenia hluku PN XVWLFN\ FKUIQHQRP SURVWUHGt VD QF
PHFKDQL]PX JHQHURYDQLD KOXNX DOH G{OHALWp V~ WLH)
URJORAHQLH LPSXO]JQRV" UIiJRYRV" SUHUX3ARYDQRV" SU|
RVWURV" DNVUY{W@IEHH QL D DNXVWLFNi FLWOLYRV" QD Y\NRQ i\
ZWEFKWR YODVWQRVWAHODKNXLROE DK XYNRH KO XN
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2EUiI]RN.R DMRYp YR]JLGOi NWRUp EROL SUHGPHWRP PHUDQt QD VN~

2Cie|eavibr0-DNXVV‘lLIQF|NpJFkiF(I).lL—IéRYDQLX KOXNX SRGYR]N
2.1Ciele

Ciele vtomto p O i QIN-X]DP HU D Q pP @ B QGRREYDADE/Q L D S U-BIKQSRCKe elvelrgieU R
AWUXNW~UQHPKRVRQKNXJHQHURYDQHM MD]GQé&P SURILORP |

vozidla, ato vioro DNXVWLFNEPL ~S U D YiddvhzkGOhR MaifiOv X B L B/ t P

NRQWDNWQE&FK SULNU\WEéFK12D QRVOLW HE Y DPRW ER SUNQRWRY ¢
~WORRPWOPLDFLP[12Y ORARDWRYHWiFK NRQAWUXNpPQEPL GLV
podvozku, DQWLYLEUDpPQéEPL QiWHUPL =Qta8HQLH G\QDPLENpKR
aLFK pDVWt VD Y]K DGRP QD RXROL B ISR Y W|\(ehHa@icP L LP L
hiuktaPHFKDQLENpPKR NPLWDQLD WHGD YQWSHKRDYUR\BWDARY
SRALDGDYND YLDFHUGFK VPHUQtF (0O (6 (6

a]RGSRYHGDM~FLFK JiNRQRY 65 QDSU3INRIREY)L5 65 =

2.2Vibro-DNXVWIQAR P PNFIH. ARYDQLX KOXNX SRGYR]NX

YyOiQRN Y\FXAGJODHDOL]J]RYDQéEFK SURMHNWRY 6WURMQtFNRX
z(3 ALIRYi JHQHDGEQ®OFRIAKMOH]QLp YERO X FWiASISI/GEI Y. 8

Poprad2-4ja SURMHNWX A'\QDPLFNp ]D"D&A&HQLH pHUSDGLHO +<'{
SUH ILUPX +<'$& /WG ,17(51%$7,21MHEAYDHMWBUVNR DLUPX +<
Martin [5]. V SUYRP SURMHNVOHD WHEFB@EPLH RY EROR JQtaAHQLH H
FLVWHUQ\ SURWRW\SXv 8BRXXN\RRPY SR WHRNWHDERO FLH DQDC
]JD"DAHQLH UDGLIiOQHKR SLHVWRYpKR pHUSDGOD SHYQH SUL
SRGYR]NX YéV\SQpKR YR] D SUL GHILQRYDQéFK UEFKORVWLI
]D SRK\EX A&HOH]QLpPpQEéFK YR] RY QD VN~AREQB®=RMNHOKRX N
vYHVNX 3RpDV PHUDQt |UWeEGXX @ UL INPR.\Q D QRLFRX ivyRY, EFK YR
SUL UEFKORKWIIDR&MIGa [tVEFEB D G{OHALWEéPKnb@VRBOPiFLt R
DNXVWLFNHM HQHUJLH tekbngakilj@zd) QKHK B JE UURBNRDDRIQH ¥R X GF
WHOHVD FLVWHUQ\ UHVS UDGLIOQHKR SLHWWRY PR QfpH L
URJORAHQLH JUEFKOKBRIVLYDXALD/ID QD WHGXNFLX NPLWDQLL
aSRV~GHQLH G\QDPLFNpKR ]D"DAHQLD UDGLIiOQHKR SLHVWR
za pohybu. Meranie prenosu VibO N XVWLFNHM HQHUJLH VD V~pDVQH Y\NF
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PHUDFtFK PLHVWDFK QD SRGYR]MRE&E¥tipE & 1@ VLY R FKU I RiURY
Y\SUXAHQLD QD ORALVNRYHM VNSUDH p QEOXN WDBM QR PJ 6 R]Gp
b D S Kizrice (obr.3) [4,5,14 =tVNDRYHDHQp YEVOHGN\ PHUDQLD JU&]
ahluku za pohybu QD]QDPXMEOPREQRMMWERYDQLD SUHQRVX KOXN)
AHOH]QLpQp KM BBRMW HUDM&tFEVRAKPRYt YDSO\QXOR &H GRPL
KOXNX MH SUiYH BERRINREHVR HD M RYDPM R Yy FRP|HEEOM D "DAHQLH
jevPLHVWH SULSHYQHQLD UDGLi@@®HBR SRHVWNRRYWKIR FNUSQLC

2EUI]RN3BRGYR]JRN V GYRMNROHVtP QiNODGQéFK YR] RY Y\UIEDQé& Y 7DW
YR] BWLSHYQHQéP UDGLIiOQ\P SLHVWRYé&P pHUSDGORP QD SRGYH

V V-pDVQRVWL PXVLD NRODLMRWp Y WRIGRN FKIPLENp &SHFLILNIF
interoperabilituy IRLVH =iNODGRP MH 1DULDGHQLH NRPLVLH (O ¢
hodnota hladiny 83dBv 76, QDVWDYHQi DNR QRUPRYDQi KRGQRWD ]
YSO\Y Y]GLDSRPGRWWQiSDDY YR] DUiRBD NXDySMNGRK BGIXH ]

JOQOLARYDQLD KOXNX V~ HQRUPQp SRK\EBIKMZFBWIVDRE P LCPH
SRX&LWtP H[LVWXM~FLFK ULH&AHQt QHEXGH RRARPPI QRMWR

QD]Q rpXyMHR WLHWR FLHOH QDSOQL"

3 Metodika postupov ] QLARYD QLD NMPDWMXQLB] R
3.1 Metodika

$E\ VD PRKOR SJOQtaMMHXL"YNEURDNXVWLFNHM HQHUJLH NFR
YAHREHFQRVWL &L DGKXKWHIREDA\WB-SERYRVWQp |D"DAHQLH M
NRPSRQHQWRY WEFKWR VWURMRYéEFK V~VWDY RG SULPIUQL}
SUH NR DMRYp YR]LGOi MH QLH LNGH iDNEDLMIBI|BHE SR DIMR Y
YRILGOi MH QHY\KQXWQp V~-VWUHGL" VD QD UHGXNFLX SUH
WHGD QDYUKRODYRHPURSUDFtAHHEXPFMKNWRFNHM HQHUJLH &'
KOXNX RG SULPIUQHKR JGURMD QD YVWXS GR QDGVWDYE\ |
bloky podvozku vozidla, a&WR FH] SULPIiUQHRASUNERNAXHVWUL RX Ui]JVR
SR]G 8GUMNHPQLN NOJQLFH EWFRI®E IXVRMEY XD $ HNDIPt Y &V (
JUEFKOHQLD NPLWDQLXYBGHRERW WNWWBDK\SRWYUGLOL &H

vioro-L]ROiFLL WHMWR V~VWDY\ GRFKiIiG]D NX JHQHURYDQLX Y
KODGLQX $ DNXVWLFNpKXR WODNX SRGYR]NX

=YEAHQLH KRGQRW\ SUHQRNRYYSR XAHOQR D VRIGURRRY VWD VI
dosiahne VDSOLNIFLL PDWEHAUWRIORWUDIWRYEP IDNWRURP SUHQ
arozdielnou mechanickoumpedanciou W RQWDNWQéFK SORFKiIiFK PHG]L OR
aUi]VRH{RXYEéAaHQLH KRGQRW\ SREHEQRVRMpKHKR RWIEKRXpDSX V
VRGVWUIQHDNXYMWAFR é F KO PQRIVMIWRLYL PDVEBEIPL \ODWRYDWRYéEP IDN
arozdielnou mechanickou impedancouUNNRQWDNWQéFK SORFKiFK PHG]L S
podvozkusJ X RYéP pIDNSRPVL RXK 12]R] D
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2EUiI]JRN9&VOHGN\ PHUDQ L Dkiditdnia kKv ERGBOYWRUH SRGYR]NX SUL U{]Q\F
Y\MDGUHQp [O-PISYCHWp-ERKORVWQEP ' GLDJUDPRP

.ROHVi GYRMNROHVLD NRRDEWRYXNELRLUFKLHXORAHQLD SRGY
QDGVWDYEX NR DMRY&HKDERHMRHERYEHAK NRPSRQHQWRY NW
GREUG&P YRGLPRXVYWIERNHM HQHUJLH RG ]JGURMD NRQWD
sNR DMQLFRX NPLWDQLH NRPSRQHQW EU]J]GQHM V~VWDY\ D
V SUtSDGH &H QNBVYRDYKED AMHVHULIiOX WiWR HQHUJLD VD S
QDGVWDYE\ ptP VD ]Y\AXMH SORFKD Y\&DURYDQLD ]JYXNRYH
MH QDMY&UD]QHMALD SUL ]KRGH YOD VAMIQAI& KadstawbN Y HQ F L
sbudiacimi I[UHNYHQFLDPL 7HGD SUH MHGQRWOLYp NRPSRQHQV
QDGVWDYEX V~ FKDUDNWHULVWLFNp EXGVYWPERXIUHNNWQG|
JORANRX VS{VREXM~ UH]RQBP FLM NFERSRQHIDIWNX Y\&DURYDC
RNROLWpPKR SULHVWRUX B5HGXNFLD YLEURDNXVWLFNHM HC
NROHVD SR NR DMQLFL SUHQIi4aD QDG RWREW YXNDRLRY BRG GR
DNR QH&LDGXFL KOXN VL Y\&D GIXSMHU WRHHRQMANOERVEGD OB H U L
prenosu aY \ADURYDQLD WHMWR HQHU JI4H KGR HRNRDQWBK RUBM &
redukcieSUH QR V X & Wilukg Notwezb@ MKRSRWUHEQpP Y\NRQD"

X NRQAWURNWHUDIORY~ DQDOé]X SRXatYDQéFK SRGYR]NRY

X WHRUHWLFN~ DQDO2UX QRIWH PRIFEKQODL FINpKR NPLWDQLD
NRQAWUXNFLRX SRGYR]NX HKRRDYWRY P RRMIRAHE BBNPROR YO Q
(hlukuy GR RNROLWpKR SULHVWRUX

Xx QiYUK SUUSIWDODYDIAALD H[SHULPHQWIOQHKR VN~AREQpPKR ]DU
~WORAQDPLFNEFK YODVWQRVWt Y\W\SRYDQLHYWKRNE@EFK |
SUHQRVRYéMHFWURRPIOPWIOQH RYHUH@LH LFK SUHQRVRYpKR

X ] X4 QDPHUDQéFK YEVOHGNRY P HHURQI DL PP KQDH YR D R\FKL
SRKVEX Y\KRGQRWLPRGHN)YHQRP@ROO X MHGCOARWOHYRFK NR
JLVWHQLD YODVWQEéEFK IUKNANAQEHELDQYODV\WYPFKI WRDURDP
podvozky generovania SUHQRYV Qt]NRIUHNYHQ@R@pKR NPLWDQLD >
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X ZzK DGLVND G\QDPLN\ PRMGRHROSFR@HQEWO RSIRGDRINX NR DMR®
SRURYQD" ]JKRGX YODVWQéFKYT&HINHGPERtL MRP IS B IQMHHQVR O (
DQDOéFLHVRP YHULILNIFLH PDWRROW LHN KRG QR GGHUQ X W ~
Kk UHGXNFLL YLEURDNXVWLFNHM HQHUJLH SUHRODPBQ&PLV~
aSRKOWLYEéPL mBzmduiHnaechaniekej bnpedancie;

X VPLHVWH YRRIQWIaB Y\NRQD" VpULX UHIHUHQpPQéFK PHUDC

vzorke podvozkov;

QD PLHVWH XORAHQLD SRGYR]JNX YR YEUREQRP JiYRGH

DNXVWLFN\ XSUDYHQéFK NRPSRQHQWRY SRGYR]NX YUiW

~GHWBWRPDYLWDpQeéR.5us R RP JLVWHQLD SUpb@@aiyYpKR ~\

JtVNDQEéFK YéVOHGIKRYUNPH WH@Qi«pidhLaY@VOHGNDPL JtVNDQ

ZPUHGFKiIiG]DM~FLFK PHUD@&éPLHDIGKWORNOEORIP -SUDYDPL

ZUHDOL]J]RYDQEéEFK YLEURDNXVWLFNEéEFK PHUDKDN YFHROPRFER X

VSHNWLHU VWDQRYL" ]JPHQX GRPLQXM~FLFK IUHNYHQFLt

aWDNWR UHGXNRYD"UDM HFP IGNOBD KLFNMXQD PIKDQLH SULSR

NRQ&AWUXNFLt

x QD ]INODGH WHRUHWLHNSHKLPXEWUQONEKK &VOHGNRY QL
YLEURDNXVWLFN p kengpohbrtov poBvOZkiHF LB RP PD[LPIiOQHM UHC
SUHQRVX aWwlukiMG YQOAHKFNpKR |D"DAHQLD SULSRMHQEéFK
DNR V~ QDSUtNODG pHUSDGOI

X SUHQRVRYé ~WOP YIINRSUXAaQéFK NRPSR]LW@éFK plL
QDY UKRY 2dplck Kibmdakusticke] energied(W U X N WK~-OUXNEXKK RPRIYUHDU RDY D "
H[SHULPHRWOQH

X sY\XaLWtP JHQHUIWRUD NPLWDQLD ]D SRNRMD JPHUD" ~plL
RSDWUHQt QD PPRQWHAMEIREX DINRY

X sY\XaLWtP JHQHUIWRUD NPLRMROQQNIBAQRR M¥F¥BRBEHQRRPNRQD"
kmitania AHOH]QIYIRQpPXRUDYHQéP SRGYR]JNRP YUIWDQH JHQHU!
sFLH RP JLVWHQLD SUHQRVRY pKERURYED QIDHMHKNRD Qb BR/ WY
kmitaniaahlukusYEVOHGNDPL BVNDODQEPA]DM~FLFK PHUDQ't

x

x

2EUI]RNORGIOQD DQDOE&]D SR ®RR]INDXIAdiKMA XEWLDYPWDIHRpKR

OpLQQRV" QDYUKPREOFK |REDMMABR@tP SUHQRVQpPKR JHQHUI
VPLHVWH PRQWIiAHYSEGRBNWRMWLFNEFK PHUDQt QD VN~4REQ
saRG NLQHPDWLFNpKR EXGHQLD SRGYR]JNX FLVWHUQRYpKR
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do 40 km/h]tV NIDHD O Q\ VW HQIWRP RB Q@i YA X HDIDERUDWYUQ\FK SRGPL
V VWDELOQRP DM SUHQR V QPRRA QURHEHU W\EROLD \NPL WDt@ DI é VL J
YUHN Y HIDPDpR@ L WU-aFKYORVWQE ' GLDJUDP XPREQ+ "RSKADLUPD O Q/HH L
SDUDPHWUH RULJLQIOQ\FK DQWLY LE WIDDRQLAMRRKY NUR [REWHWX NHLG
JHQHURYDQHM NLQHPDWLFNé&P EXGHQtP 'R DQWLYLEUD
aH[SHULPHQWIOQH RYHUHQLH QRY &RK RNEP3 B/WHKOQIR QR F & PP DW

329\ XaLWLH SULNU\WéFK DQWLYLEUDpPQéFK NRQAWUXNF

V SUD[L VD pDVW R RQEWHNXINBLBHPAK UWEY K K HIROMEWR ¥ ~ W\SLF
3 SUH SRGYR]IN\WIRN RRPYWR SUtSDGH H[LVWXMH ~pLQQi ~SUDYI
SHYQH VSRMHQé&PL VR ]iNODGQé&P SOHFKRP 7DNWR Y]QLN
RK\ERYRP NPLWDQt Y\ND]XMH SRGVWDWQH Y\aal®. YQ~WRUC

SUDNWLFNp Y\KRWRYHQLH WDNHMWR W& RWGHU W\ YQRLY H NN ONIRC
NRQaAWUXNPOH SIDYWOPLDFD YUVWYD NWRUiIi VD SUHNU\MH
PULNU\Wp DQWLYS~EJORQHEIFRMWYRQNDMALFK YYSUWKRAULHY ]Y\]|
RKVERYRX WXKRV"RX 9RQNDM&LH YUVWY\ V~ RGGHOHQp W]Y
ohyERY~ WXKRV™

6HQGYLpPRYp NRIQNAWE B XWNFG dARIP\ADIIIYévibro LIRODPpQH MW HF K QL N
]JQLARYDQt KOXpQRVWL 8Ni]JDOR VD &H ~WOP YLEURDNXYV
YUVWYNR@GEBEW UXNDPAL HHKLIRERER PD[LPDOL]RYD" SUH Y\aDGRY
G\QDPLFNpKR SUHWYiIiUDQLD SRPRFRX YKRGQHM NRQILIJXUIiF
energie W HQGYLpRY&FK V~VWDYiFK MH SULQFRSQFROQMW Q@®IEDBR
vrstvou [12]. V trojvrstvove) V~VWDYH SUHPHQD YLEURDNXVWLFNHM H
vG{VOHGNX aP\NRYpKR SUHWYHR WHRQ DV PIN W BrisGeHWRMNEN F IDH Y
SHULYG\ MH SULDPRX PLHURW~YWDBWHR® WRN&FRBRGLWNDN MH VI
NRQAWUXNFLD GREUH QDYUKQXWi YWHG\ DN PINNp MDGUR
VSRURYQRBRQNDMAEtPL YUVWYDPL

7THFKQLFNé MHUIWQPBMEDRESWEIPHOQRP QiYUKX SULNU\WHM DC
VHQGYLPpRYHM NMiBs@adololddia lBERGY RI[NX DE\ SUHQRVRYé ~W
PD[LPIOQ\FK RBGER®W QDYé&aHQLH KPRWQRVWL YR] D MH ]DQF

2EUI]RN3BULNU\Wp DQWLYLEUDPQp NRQ&AWUXNFLH V SULHEHKRP [U}

4ZiYHU

=iYHURP WUHED NR Q&¥ENSRWOEDD N&XH WLFNHM HQHUJLH &aWU X
aNPLWDQLD JHQHURYDQHM MD]GQéP SURILORP NROHVD G
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DNXVWLFNéPL ~SUD pdRikGonR RN X EDWIP NRQWDNWQEFK ¢
DQWLYLEUDpPQEFK YUVYWIRHNEP PRPWHIRVBREPV~WOPRP WOP]
QDSUtNODG DSOLNRYDQNRQGWUSNREPPLNBLVNRQWLQXLWI
DQWLYLEUDpPpQMPAL UGIMIBBPDQH QHQIGRDAH G\QDPLFNpKR ]
AHOH]QLpQé& medieYIHY R¥HQLX LFK &IOY &MGDKR \awnlitanial teda
JOKMBESUDFRY @pKRWDQ p KR TSebRR/IV UGB UDHWHOL &HkNDAGp ]C
vedie kK]QtAHQLX Y&&N\ QiINODGRY QD ULHAHQLH JGUDYRWQé&FK
HQHUJLH NWRIMQRYWL QD GUXKRP PLHVWH
9LEURDNXVWLFNE&PL ~SUDYDPL VD ]Qt&aL D MelQripévh@&FHEH G\ QI
QD OR&LVNRDIOM YANUNPLWDQLD SRGUY R DX ¥ EHID Q XIOWRS G CD
SUH QDPHUDQ~ KRGQRWX PRKXWQRVWL NPLWDQLD PP
kmitaniavVWRPWR SiVPH VD EHAQH EHU~ GR ~YDK\ ]D QHSUtSXVW
WHGD G\QDPLFNp ]'HGBWLHOPM{NUMNRP pDVH JIRBUtpLQL" S
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Summary

Options for Reducing the Transmission of Structural Noise of Railway WagorBogie
Based on the vibroacoustic measurements of three typedvedyavagons while moving at

different speedfrom 40km/h to 120km/h using experimental modal analysis, the article
presents anethodology for reducing the transmission of viamwustic energy through the
components of the&vagonbogie generated by the driving profile of the twdheeket It is
recommended to use contact covered-abtiation layers, materials with high transmission
loss, damping inserts, structural discontinuities on the bogie andilaratiion layers to reduce
the transmission of structural noise throughtibgieof the rail vehicle.

Keywords
Wagon bogie reduction vibration, noise
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