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Weathering of thermally modified wood negatively affects both
the appearance of structures and their physical-mechanical charac-
teristics, which further determines their service life. Given this, the
object of the study was the resistance of ash wood varying degrees
modification to abiotic environmental factors. It was found that the
color stability of thermally modified wood samples is higher com-
pared to untreated ones. A decrease in the value of the coordinate L
from 68.4 to 33.6 indicates a decrease in lightness, that is darkening of
the wood. Analysis of dimensional changes revealed increased swell-
ing for untreated wood and amounted to 7.49 %, and for modified at
a temperature of 200 °C - 1.75 %. The difference in shrinkage rates
is much smaller - 2.09 % for wood of group III, which is 2 times less
than untreated wood. The results confirm that thermal modification
makes wood cell walls more hydrophobic by eliminating hydrophilic
and hydroxyl groups of hemicelluloses. A linear dependence (R?*<1) of
change in the physical characteristics of wood depending on its densi-
ty due to the degree of modification has been established. Analysis of
mechanical properties revealed that thermal modification increases
the resistance of wood to compressive across the fibers by 2 times.
Therefore, a comprehensive approach to analyzing the impact of
weathering on the aesthetic, physical, and mechanical properties of
thermally modified wood makes it possible to identify the principles
of material stability depending on the treatment schedule. The identi-
fied mechanisms of transformation of material parameters contribute
to the establishment of optimal parameters of thermal modification,
which improve its characteristics. This creates the prerequisites for
implementing new technological solutions focused on environmental
friendliness and energy efficiency in production.

Keywords: wood, ash, degree of thermal modification, weather-
ing, moisture removal, drying cracks, strength.
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The object of this study is the alloys of the Zr-Ti-Nb system,
which better than titanium alloys meet the criterion for mechano-
biocompatibility of the material for dental implants. The choice
of this material is due to the fact that zirconium alloys are free of
toxic elements and have a low modulus of elasticity. Under modern
conditions of active implementation of additive technologies for the
manufacture of metal products, the use of zirconium alloys for 3D
printing is a promising area. Such technologies include electron-beam
growing of products. The task solved in this work relates to the lack
of technological modes for electron beam technology, specifically for
zirconium alloy. A rational regime has been determined, under which
samples were grown from the alloy of the Zr-Ti-Nb system with a
smooth surface, uniform structure, and no internal defects. It should
be especially noted that the modulus of elasticity of the material of
the manufactured samples was 59.8 GPa, which is two times lower
than that of the titanium alloy Ti-6Al-4Vgp; (113.8 GPa) and is closer
to the modulus of elasticity of human bone (30 GPa).

The results are explained from the point of view of physical-
mechanical processes occurring in the metal during layer-by-layer
surfacing under different conditions. These conditions were created
by different values of technological parameters. Special feature of the
results is that the formed requirements for the structure and proper-
ties of zirconium blanks were based on known dependences for tita-
nium alloys. The findings showed that electron beam growing could
become an alternative technology for manufacturing implant blanks
from low-modulus zirconium alloy. The scope and conditions of prac-
tical use of the results extend to materials for implants in dentistry
and, in the future, in orthopedics.

Keywords: additive technologies, electron beam, energy density,
layer-by-layer surfacing, dental implant, low-modulus alloy.
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Dissimilar metal joining between commercial pure titani-
um (CP-Ti) and stainless steel 316L (SS-316L) poses challenges due
to thermal property differences and brittle intermetallic compound
formation. This study examines weldability and joint characteristics
under varying welding currents (185A, 195A, 205A) and backing
plate conditions. The main challenge is ensuring weld integrity while
minimizing intermetallic compounds and defects that degrade me-
chanical properties. Non-destructive testing, metallography, SEM-
EDS, and hardness testing were conducted. Results indicate that
without a backing plate, hardness in the heat-affected zone (HAZ)
of SS-316L increased with welding current, from 160.7 HV at 185 A
to 167.5 HV at 205 A. In CP-Ti, hardness rose from 148 HV at 185 A
to 160.7 HV at 205 A. With a backing plate, SS-316L HAZ hardness
peaked at 185 A (182.7 HV) but decreased to 167.5 HV at 205 A.
Similarly, CP-Ti hardness was lower with a backing plate (154 HV
at 205 A BP). Sensitization in SS-316L was detected but remained
mild. The tin babbitt filler rod suppressed brittle Fe-Ti intermetallic
compounds due to its high thermal conductivity and low melting
point, ensuring better heat distribution. This reduced cracking risks
at the fusion line and improved bonding. However, porosity re-
mained an issue, particularly in SS-316L joints, increasing at higher
currents and potentially leading to microcracks. Controlling weld-
ing parameters and shielding conditions was crucial to minimizing
porosity and enhancing joint quality. These findings confirm that
optimizing welding parameters and environmental control reduces
intermetallic compounds and porosity, improving GTAW feasibility
for on-field welding in applications such as heat exchangers, piping,
and pressure vessels.

Keywords: dissimilar metal joining, CP-Ti, SS-316L, Tin Bab-
bitt, GTAW.
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The object of this study is carbon and alloy steels for parts with

high surface hardness and increased wear resistance at low deforma-
tion. Carbon steels 40, 45, and similar steels with increased manga-
nese content 40G, 45G, 50G are used to manufacture a wide variety of
machine parts. Most often, these steels are used for articles that bear
the greatest impact loads. Machine parts are exposed to vibration and
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impact, which results in the generation of intense noise. Noise has a
negative impact on human health and reduces performance. One of
the ways to solve this problem is to reduce noise by damping it at the
source. The results of studies conducted in this area have made it
possible to design damping alloys, subject to taking into account the
operation of the parts, the percentage of alloying elements, carbon-
containing additives, temperature, holding, and not allowing a de-
crease in the strength properties of the developed alloys.

Chromium, manganese, silicon, and nickel were selected as al-
loying elements for the designed alloys. The chemical composition
of the studied carbon alloy steels, average values of sound levels, and
sound pressure levels of the studied steels after forging, annealing,
and normalization were analyzed.

The ADM-1 grade alloy has been proposed for the manufacture
of the main transport units (crankshafts, connecting rods, gear rims,
passenger car axle shafts, camshafts). Comparison of the acoustic
properties (frequency spectrum in octave bands) of the designed steels
and known steels with high surface hardness and increased wear re-
sistance after various types of heat treatment has made it possible to
identify a pattern. At frequencies of 8000 and 16000 Hz, the designed
steels ADM-1, ADM-2, ADM-3 emit noise 6-13 dB lower than similar
steels 40, 45, 40G, 45G, 50G.

Keywords: noise pollution, high-damping steels, damping, am-
plitude of sound, level of sound pressure.
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BU3HAYEHHSA 3AKOHOMIPHOCTE¥ CTIMKOCTI TEPMOMOU®IKOBAHOT JEPEBUHU SICEHA /10
BUBITPIOBAHHA (c. 6-15)

0. 10. Top6auoBa, C. M. Ma3ypuyk, B. B. Jlomara, H. B. Byiicbkux, A. B. Marsiiiuyk, H. B. MapueHKo

BusiTproBaHHsI TepMOMOZM(iKOBAaHOI lepeBUHN HETaTMBHO BIUIMBAE K Ha 30BHIIIHIl BUIVIAJ KOHCTPYKIIiH, Tak i Ha ¢i3nko-mMexaHiuHi
XapaKTEePUCTUKH, 110 B MTOJAIBIIOMY BU3HAYa€e TePMiH eKCIUTyaTanii. ¥ 3B’I3Ky 3 I[UM 00’ €KTOM JIOCJIi/KeHHs OyJ1a CTIlKiCTh IepeBUHM sicCeHa
pisHoro crynenst MmopudikyBaHHs /10 a6i0THYHMX (aKTOPiB cepesoBHILa. BcTaHOBIIEHO, 10 CTIHKICTh KOJIBOPY TePMOMOAM(IKOBAaHMX 3pa3KiB
JIepeBUHU € BUILOIO Y IOPiBHSAHHI 3 HeoOpoOieHNMU. 3MeHIIeHHsT 3HaUeHHsI KOOpAUHATU L Bix 68,4 10 33,6, CBiUNTH PO 3HIDKEHHS I10-
Ka3HUKIB CBITJIOCTi, TOOTO ITOTEMHIiHHS JepPeBUHU. AHATI3 3MiHU PO3MipiB IOKa3aB 30iyblIeHe HAOPSIKAHHS I HEOOPOOJIEHOI IepeBUHU
Ta CTAaHOBUTH 7,49 %, a Jy1s1 MoziudikoBaHoi 3a TemnepaTypu 200 °C - 1,75 %. Pi3HuUIS IIOKa3HUKIB BCUXaHHS 3HAUHO MeHIIa - 2,09 % s
nepesuHU 111 rpymy, 1110 B 2 pa3u MeHIIe MTOPiBHAHO 3 HeoO6pobieHo0. OTprUMaHi pe3ysIbTaTH MifTBEPKYI0Th, 10 TepMidHe MOH(DiKyBaHHS
POOUTH KJIITHHHI CTIHKY JlepeBUHH OLIbII Tiipoo6HUMY Yepe3 YCyHeHHS TifipohiIbHUX Ta TiIpOKCUIBHUX IPYII FeMiljesTtos103. BctaHoBIeHO
JiHIAHY 3a1eXHiCTh (R?<1) 3MiHM Qi3MYHUX XapaKTEPUCTHK AEPEBUHM 3aJIEXHO BiJl il UIIBHOCTI 06YMOBJIEHOI CTyieHeM MOANUGIKyBaHHS.
AHasti3 MexaHIYHMX BJIACTHBOCTEH IIOKa3aB, 10 TePMOMOAMGIKyBaHHS IIi/[BUINYe B 2 pasy CTiHKICTh /lepeBUHU /I0 HABAHTAXKEHb CTHUCKY
rorepek BOJIOKOH. OTye, KOMIUIEKCHUI MifXif 0 aHasi3y BILUIMBY BUBITPIOBaHHSA Ha eCcTeTHuHi, (isuuHi Ta MexaHiuHi BIacTUBOCTI Tep-
MiYHOMO/[M(DiKOBAHOI A€PEBUHMU JI03BOJIsIE BUSIBUTH IIPUHIUIIN CTiITKOCTI MaTepiay 3aJe)KHO Bifi pexxuMy o6poOKu. BusHaueHi MexaHi3sMI
TpaHcdopMmallii Moka3HUKiB MaTepialy CIPUSIOTh BCTAHOBJIEHHIO ONTHMAJIbHUX [TapaMeTpiB TepMiuHOro MOAMGMiKyBaHHS, 1[0 TOKPAIIYIOTh
oro xapakTepucTUKH. Lle CTBOPIOE IepefyMOBH JJisI BIIPOBA/KEHHSI HOBUX TEXHOJIOTIUHMX pillleHb, OPi€HTOBAaHUX Ha €KOJIOTiYHICTh Ta
eHeproe(eKTUBHICTb Y BUPOOHUIITBI.

KU1ro4oBi cyioBa: iepeBUHa, siCeH, CTYIIiHb TepMOMOH(iKyBaHHS, BUBITPIOBAHHSI, BU/IaJIeHHSI BOJIOTH, TPIllIMHN BCUXaHHS, MiIHICTb.
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BHU3HAYEHHA TEXHOJIOTTYHHX ITAPAMETPIB AIMTUBHOI'O EJIEKTPOHHO-IIPOMEHEBOI'O
HAIUTABJIEHHSA 3ATOTOBOK JISI MEAUYHHWX IMIIZTAHTATIB 31 CIIJIABY Zr-Ti-Nb (c. 16-26)

B. A. Marsiituyk, B. M. HecrepeHkos, B. C. Ecdanos, O. B. 3aBropoasiii, P. 0. Biruit

OG6’eKTOM JOCII/PKEHHS € cIijlaBu cucteMu Zr-Ti-Nb, siki 6inbIn MOBHO, Hi>XX THUTAHOBI CIJIABH, BiATIOBIZAOTh KPUTEPit0 MexaHOOioCy-
MiCTHOCTI Marepiajy JJIsi CTOMAaTOJIONYHUX iMILTaHTaTiB. BUGip I1[bOro MaTepiasy IOB’SI3aHMIA 3 THM, L0 LIUPKOHIEBI CIUIaBU 1036aBJIeHi
TOKCMYHUX €JIEMEHTIiB Ta MaloTh HU3bKUI MOJYJb MPYXKHOCTI. B CyyacHHX yMOBaxX aKTHBHOTO BIIPOBA/PKEHHS aUTUBHUX TEXHOJIOTIH A7
BUTOTOBJIEHHSI METAJIeBUX BUPOGIB, 3aCTOCYBaHHS IJUPKOHIEBUX CILIAaBIiB y1 3D JIpyKy € IepCIeKTUBHUM HAIPsIMOM. [l0 TaKUX TeXHOJIOTii
HAJIKUTh €JIEKTPOHHO-TIPOMEHeBe BUPOIYBaHHS BUPOGiB. IIpo6iieMa, 1110 BUPILIyeThCsl B POGOTI, Iie Bi/ICYTHICTh TEXHOJIOTYHUX PEXXUMIB
€JIEKTPOHHO-TTPOMEHEBO] JIPyKy camMe /ijIsi IUPKOHIEBOT0 CILIaBy. BCTaHOBJIEHO pallioHAIBHUI PEXXUM, 32 SIKUM 3i crutaBy cucteMu Zr-Ti-Nb
BUpOLIEH] 3pa3ky i3 piBHOIO ITOBEPXHEIO, OJHOPIJHOIO CTPYKTYpolo, 6e3 BHYTpIilIHIX AedexTiB. OCOOIMBO CJIiJ, MAKPECIUTH, 10 MOIYIb
TIPY)KHOCTI MaTepialy BUTOTOBJIEHUX 3pa3KiB cTaHOBUB 59,8 ['T]a, 1ie B 1Ba pa3u HIDKYE, HOK ¥ TUTAHOBOTO cIutaBy Ti-6Al-4Vgp; (113,8 I'Tla), i
6isIbII HAGIMYKEHUH 0 MOZAYIIS IPYKHOCTI KicTku JiroarHu (30 I'T1a). Pe3y/braTy MOSICHIOIOTHCS 3 TOUKY 30py (Di3MKO-MeXaHIYHUX ITPOLIECiB,
110 Bif0yBalOThCSI B MeTaJIi IIPU IIOIIapOBOMY HaIlJIaBIeHHI B pi3HUX yMoBax. Lli yMOBU CTBOPIOBAINCS 32 PaxXyHOK Pi3HUX 3HaYeHb TEXHO-
JIOriyHUX TapaMeTpiB. BifmiHHI prcy pesysbratiB mossrasy B ToMy, 1o copMoBaHi BUMOTH [I0 CTPYKTYPH Ta BJIACTUBOCTEl IIMPKOHIEBUX
3aroTOBOK (Ga3yBasICh Ha BiZJOMUX 3aJIeXKHOCTSX JJIs1 TUTAHOBUX CILIABiB. Pe3y/bTaTyl MMOKa3asy, 1[0 eJIeKTPOHHO-IIPOMeHeBe BUPOIIyBaHHS
MOXKE CTaTH aJIbTePHATUBHOIO TEXHOJIOTIEIO /I BUTOTOBJIEHHS 3arOTOBOK iMIIJIAHTATiB i3 HU3BKOMOZAYJIBHOTO IIUPKOHieBOro cruiaBy. Cdepa
Ta YMOBU IIPAaKTUYHOI'O BUKOPHCTAaHHS OTPUMAHUX PE3y/IbTaTiB PO3IOBCIO[PKYEThCS Ha MaTepiasu JJis iMIIJIaHTATiB B CTOMATOJIOTII Ta, B
TEepPCIEeKTUBI, B OPTONe/ii.

KurrouoBi coBa: aUTUBHI TEXHOJIOT], €JI€KTPOHHMII IIPOMiHb, TYCTHMHA €Hepril, IToIIapoBe HAIUIABJICHHS, [CHTAJIbHUN iMILIAHTAT,
HU3bKOMOJIYJIBHUM CILTaB.
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PO3POBKA METOAY 3’€THAHHA PISHOMIPHHUX METAJIIB VI CP-TI TA SS-316L 3 BUKOPUCTAHHAM
GTAW 3 OJIOB’THUM FABITOBUM HAIIOBHIOBAJIBHUM CTPUXKHEM (c. 27-35)

Anugra, Binar Ade, Ramdan, Raden Dadan, Wahyudiono

3’emHAHHS Pi3HUX METAJIIB MK KoMepIiitHuM urictuM TutaHoM (CP-Ti) i HeprkaBitouoi crasutio 316L (SS-316L) cTBOpIOe TpoGIeMu yepe3
Bi]MiHHOCTi TeIJIOBUX BJIACTUBOCTEH i yTBOPEHHS KPUXKUX iHTepMeTaIiuHuX clIoAyK. 1le fociikeHHsl BUBUAEe 3BapIOBaHICTh i XapakTepuc-
TUKH 3’€JHAHHS 32 Pi3HUX 3BapIOBATIbHUX CTPyMiB (185 A, 195 A, 205 A) i ymoB mifaazKu. OCHOBHUM 3aBaHHSIM € 3a6e3Te4YeHHs IIiTiCHOCTi
3BapHOTO IIBa ITPU MiHiMi3aIlil iHTepMeTaJiYHNX CIIOJYK i lepeKTiB, SIKi MOTipIIyI0Th MeXaHiuHi BJacTUBOCTI. Bysiu mpoBe/ieHi HepyiTHiBHII
KOHTpOJIb, MeTasiorpadisi, SEM-EDS, KOHTpoJb TBepAOCTi. Pe3y/ibTaTi 1OKasyoTh, 110 6e3 OMOPHOI IUIACTUHU TBEPAICTh Y 30HI TepMi4HOTO
BILTUBY (3TB) SS-316L 36imbuImIacs 3i 3BaproBaJIbHUM CTPyMoM i3 160,7 HV nipu 185 A mo 167,5 HV mpu 205 A. Y CP-Ti TBepaicTh migBH-
mptacs 3i 148 HV npu 185 A 0 160,7 HV ripu 205 A. 3 0ITOpHOIO IJIACTUHOIO TBEpAicTh SS-316L HAZ pmocsiria niky npu 185 A (182,7 HV),



asie 3HM3MIACA 10 167,5 HV npu 205 A. AHasoriuHo, TBepzicts CP-Ti Gysia HypK4or0 3 migkaakoro (154 HV mpu 205 A BP). Cencu6inizanis
B SS-316L Gys1a BUsIBJIEHA, ajle 3aJIMIIasacs Jerkoi. OyoB>sTHUM 6a6iTOBHUI HATIOBHIOBAJILHUM CTPIDKEHD IIPUTHIUYE KPUXKi iHTepMeTaIiuHi
crioyku Fe-Ti 3aBAsiKM BUCOKIiil TEIUTONPOBIHOCTI Ta HU3BKiil TeMIepaTypi ITaBIeHHs, 3a0e311edylour Kpaluil po3nozia Temia. Ile smen-
LIWJI0 PU3UK PO3TPICKYBaHHS Ha JIiHIT 3BaplOBaHHS Ta MOKPAIMJIO 34eIUIeHHs. IIpoTe MOPUCTICTh 3asuinanacs mpo6aeMolo, 0COGIUBO B
3’¢lHAHHAX SS-316L, 3pOCTarou NP BUIIMX CTPyMax i MOTEHIIIITHO MPU3BOASYIHN A0 MIKpOTpimH. KOHTpoIs mapamMeTpiB 3BaprOBaHHS Ta
YMOB €KpaHyBaHHs1 OyB BUPilIaJbHUM JIsi MiHiMi3alil mopucTocTi Ta mifBUIEHHs sIKOCTi 3’eiHaHHs. 1Ii pe3y/IbTaTy MiATBepIKYIOTb, 110
ONTHMi3allis mapamMeTpiB 3BapIOBAHHA Ta KOHTPOJII0 HABKOJIMIIHBOTO CEPeJOBHIIA 3MEHIIYEe iHTepMeTaliuHi CIIOJIYKH Ta IIOPUCTICTh, IIOKpa-
LIYI0OYX MOXUINBICTh BUKOpUCTaHHS GTAW 71 3BaprOBaHHS Ha MiCIli B TAKHX c(hepax 3acTOCyBaHHS, K TeIIJIOOOMIHHUKHY, TPyOOIIPOBOAHY Ta
pesepByapu IIifi, TUCKOM.
KorrouoBi ciroBa: 3’efHaHHs pi3HOpigHMX MeTaniB, CP-Ti, SS-316L, oyoB’stHuUT 6a6iT, GTAW.
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PO3POBKA JEMII®YBAJIBHHX CILVIABIB Y TPAHCIIOPTHOMY OBJIATHAHHI (c. 36-43)

Dariya Akubayeva, Roza Zhumagulova, Gulzhanar Zharaspayeva, Galiya Azhiyeva

O6>eKTOM JIOCJIi/[PKEHHS € ByTJIelIeBi Ta JIeroBaHi cTasIi A/l ieTasieit i3 BUCOKO0 ITIOBEPXHEBOIO TBEPiCTIO Ta ITi/[BUIIEHO0 3HOCOCTIHKICTIO
npu Maniit fecdopMmartii. Byrienesi crani 40, 45 i anasoriusi crasi 3 nizBuieHuM BMicroM MapraHiio 401, 45T, 50I' 3acTOCOBYIOTbCS 11 BU-
TOTOBJICHHSI Halipi3sHOMaHITHIIINX AeTaseil MamuH. Haituacrimte 11i cTasi BUKOPUCTOBYIOTH AJIsI BUPOOiB, 110 3a3HAIOTh HAMGIIBIINX yAapHUX
HaBaHTaXXeHb. JleTayli MAIIMH iAJJAI0ThCS BiOpaI[iifHNUM i yIapHUM BIUIMBaM, y pe3y/IbTaTi YOO reHepyeThCs iHTeHCHBHMI myM. IIIym He-
raTHBHO BILIMBA€E Ha 3[J0POB>sI JIFOAMHU Ta 3HIDKYE 11 npane3atHicts. OfHUM 3i crIoco6iB po3B’si3aHHS 11i€l TPOGIEMU — 3HIDKEHHS LIyMY — €
Horo TorameHHs B JPKepesTi BUHUKHEHHS. Pe3ybraTi MpoBeAeHNX Y IIbOMY HAIPSIMKY ZOCJI/PKEHb Al 3MOTY PO3pOOUTH AeMIyBalbHi
CIUIaBU 32 YMOBH BpaxyBaHHS PeXKUMY POOOTH JieTasiel, TPOLIEHTHOTO BMICTY JIETYBaJIbHUX €JIEMEHTIB, BYIVIEL|eBMiCHOI 106aBKY, TeMIIepaTy-
PH, BUTPHUMKH, a TAKOXK 06€3 3HIDKEHHST MiI[HICHUX XapaKTepPUCTUK PO3pOOJIEeHHUX CILJIaBiB.

SIK JIeTyBaJIbHI eJIeMeHTH /11 pO3pOo6IeHNX CILIaBiB Oy/ii 00paHi XpoM, MapraHelp, KpeMHii i Hikesb. [TpoBesieHO aHaTi3 XiMI9HOTO CKJIa-
Jly JOCTI/PKyBaHUX BYIVIELIeBUX JIETOBAaHUX CTaslelf, BU3HAUeHO cepe/iHi 3HaueHHs PiBHIB 3ByKy Ta PiBHIiB 3ByKOBOT'O THUCKY JOCJIi/PKyBaHHX
CTaJIeli IicJIsA KyBaHHS, Bi/illajTy Ta HOpMaJlizaii.

JIJ1s1 BUTOTOBJICHHSI OCHOBHUX BY3JIiB TPaHCIOPTY (KOJTiHYACT BajIM, IATyHU, 3y6GUacTi BiHIIi, MiBOCI JIETKOBUX aBTOMOOIIIB, PO3MOAiIbYi
BaJIM) 3aIIPOTIOHOBAHO CIIaB Mapku A/[M-1. IIopiBHSIHHS aKyCTUYHUX BJIACTUBOCTEHN (YaCTOTHUI CIIEKTP B OKTABHUX CMYyTax) pO3po6IeHNX
crasteil i BiJoMUX cTasieid i3 BUCOKOIO TIOBEPXHEBOIO TBEP/IICTIO Ta IMTiIBUILEHO0 3HOCOCTIMKICTIO Mic/Ist pi3HUX BUJiB TEPMOOOPOOKH T03BOJIHIIO
BUSIBUTU OCOOJIMBICTB: Ha yacTroTax 8000 i 16000 I'y po3pobieHi crani AIM-1, ALIM-2, AIM-3 BUIIPOMiHIOIOTb IIyM Ha 6-13 1B HIDKYe, HiX
aHaJtoriuHi crai 40, 45, 40T, 45T, 50T.

KurrouoBi coBa: 1rymMoBe 3a0pyAHEHHS, BUCOKOAEeMIT(DYBaIbHI CTaIi, ieMII(yBaHHS, PiBeHb 3ByKY, PiBeHb 3ByKOBOT'O THUCKY.



