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The object of this study is sustainable acoustic panel materi-
als for building noise-control and sound-insulation applications. The
large-scale generation of expanded polystyrene (EPS) waste presents
a significant environmental challenge due to its inherent resistance to
natural degradation. Recycled expanded polystyrene (EPS) reinforced
with coconut coir fibers was investigated as a potential material for these
applications. The EPS waste was first dissolved in commercial gasoline
(Pertalite) via cold dissolution, subsequently blended with 5-60 vol%
coconut coir fibers, and fabricated into composites using standard cast-
ing techniques. The acoustic and mechanical properties of the resulting
materials were evaluated using an impedance tube (ASTM E1050-98)
and flexural testing (ASTM D790-03), respectively. Experimental results
demonstrated that the optimal solvent-to-EPS ratio was 3:1, yielding a
highly homogeneous matrix ideal for composite fabrication. Acoustic
analysis revealed that most specimens achieved a sound absorption coef-
ficient exceeding 0.2; the sole exception was the composite containing a
5 vol% fiber fraction, which recorded a value of 0.1 at 500 Hz. Further-
more, the sound absorption capacity consistently improved with increas-
ing frequency, highlighting the efficacy of the composites across the
mid- to high-frequency spectrum. Regarding mechanical performance,
evaluations indicated that the composite incorporating a 30 vol% fiber
fraction achieved the maximum flexural strength and modulus. Overall,
these findings establish that bio composites derived from EPS waste and
coconut coir fibers possess substantial potential as sustainable acoustic
materials, delivering both functional performance and tangible environ-
mental benefits.

Keywords: expanded polystyrene waste, coconut coir fibers,
polymer composites, sound absorption, flexural properties.
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The object of this study is the alloy of Al-Cu with recycled alumi-
num and the addition of copper powder. The current problem is the
use of aluminum waste, which is still very limited, and the mechani-
cal properties of aluminum waste are declining, so material manu-
facturing engineering technology is needed to process the aluminum
waste into new materials used for various applications, so that it can
reduce the energy consumption of the manufacturing process and
improve mechanical properties.

This study aims to increase alloy hardness by adding recycled
aluminum in the form of copper powder, using sub-melting-point
processing and precipitation. It addresses rising industrial demand for
aluminum and the need for superior mechanical properties, focusing
on eco-friendly products, recycled materials, and energy-saving smelt-
ing practices. Results show that aluminum combined with copper
powder can be processed below copper’s melting point via diffusion
in AlgyCuyp and AlgsCus at 1000°C and 1050°C, respectively, with
both aged at 300°C. Hardness increased from 25 HBW to 94 HBW in
AlgyCuyg over the temperature range of 1000°C to 1050°C.

This research addresses the growing problem of aluminum waste
by recycling it into products with enhanced mechanical properties.
Adding copper powder and melting at a low temperature reduces
energy use during smelting. The aging strengthening mechanism
increases the hardness of aluminum alloys, meeting industrial needs.
The increased hardness and wear resistance of the recycled products of
AL-Cu alloys developed in this study can have the potential to be ap-
plied to non-structural mechanical elements that have an impact on en-
vironmentally friendly and energy-efficient manufacturing processes.

Keywords: aluminum recycling, properties,
Al Cu precipitation, below melting point.

mechanical
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The object of the study is metallurgical silicon obtained from the
«Tau-KenTemir» LLP plant, located in the Karaganda Region of the
Republic of Kazakhstan. The problem that needs to be solved in the
framework of this study is the high technological complexity, multi-
stage nature and significant cost of traditional processes for cleaning
metallurgical silicon from related chemical impurities.

An electrohydraulic unit was designed and assembled for the grind-
ing of metallurgical silicon. The processing of metallurgical silicon was
carried out with an increase in the discharge voltage of the storage
device from 16 kV to 27 kV, the length of the interelectrode distance
from 5mm to 11 mm, the capacitor capacity of 0.4 UF and the pro-
cessing time of 5 min. Using the electrohydraulic method, particles of
metallurgical silicon with an initial fraction of 3 mm, 5 mm and 10 mm
were crushed to 0.074 mm. The results of crushing metallurgical silicon
under the influence of the electrohydraulic method in a liquid medium
allowed to determine the degree of grinding of the material.

Surface and quantitative analyses of powdered metallurgical
silicon samples were performed using a scanning electron micro-
scope and a Rigaku Simultix 15 spectrometer (Rigaku Corporation,
produced in Japan).

The results obtained can be used in the study of the grinding
characteristics of metallurgical silicon. High-purity silicon (polycrys-
talline and monocrystalline silicon) is widely used as a base material
in the production of semiconductor devices and photovoltaic cells. It
is also used in ferrous and non-ferrous metallurgy to produce alloys,
as well as a raw material to produce high-purity silicon.

Keywords: metallurgical silicon, electrohydraulics, cell, grind-
ing, voltage, fraction, analysis, microscope, spectrometer.
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The object of this study was LiFePO,/C cathode material synthe-
sized using a ferronickel-derived FePO, precursor, with the main focus
is the effect of carbon addition on phase formation and electrochemi-
cal performance. The problem was how carbon addition affects olivine
LiFePO, phase formation, impurity suppression, microstructure, and
electrochemical performance when a non-commercial ferronickel-
derived iron precursor is used. The precursor was mixed with LiOH as
a lithium source and varying amounts of carbon from Super P: 5 wt.%,
7 wt.%, and 9 wt.%. Carbon addition influenced the formation of olivine
LiFePO,. At 7wt.% LFP/C, the diffraction pattern was dominated by
the LiFePO, phase, around 99.60% based on Rietveld refinement. The
absence of detectable Ni by EDX suggests that Ni carryover from the
ferronickel-derived precursor was minimized. The results suggest that
ferronickel-derived FePO, can be used as a precursor for LiFePO,/C
synthesis, and carbon addition promotes phase development with
7 wt.% as the optimum composition. The results can be practically used
as a basis for developing value-added LiFePO,/C cathode materials
from ferronickel-derived iron resources under controlled synthesis
conditions, particularly when the FePO, precursor purity is maintained,
Super P carbon is used in the range of 5-9 wt.%, and the material is
processed by ball milling, preheating at 300°C, and calcination at 650°C
under an argon atmosphere. The 7 wt.% LFP/C sample had a specific
capacity of 140 mAh g1 at 0.1 C, but electrochemical performance still
requires optimization due to particle interconnection and agglomera-
tion. EIS data show that 7 wt.% carbon is the most favorable composi-
tion in terms of charge-transfer resistance (34.91 Q) and conductivity
(2.79 x 10~* S/cm), while 9 wt.% carbon provided the best lithium-ion
diffusion characteristics (1.96 x 1013 cm? s—1). These results indicate
that ferronickel-derived iron resources have strong potential to be
converted into value-added battery cathode materials.
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BU3HAYEHHSA B3AEMO3B’A3KIB MIDK CTPYKTYPOIO TA BJIACTUBOCTAMM BIOKOMIIO3UTIB 3
IIEPEPOBJIEHOTI'O IITHOIIOJICTHUPOJIY TA KOKOCOBOTO BOJIOKHA J1JI1 AKYCTUYHUX 3ACTOCYBAHb
(c. 6-17)

I Ketut Gede Sugita, Ngakan Putu Gede Suardana, Jefri S Bale, Cipk Kencanawati, I Putu Lokantara

OG6’€KTOM IIHOTO AOCTi/PKEHHS € eKOJIOTTYHO YHCTi aKyCTUYHI TTaHeJ i /It BUKOPUCTAHHA B Oy/iBHUIITBI, 1110 326€311e4y0Th ITyMOi30JIA1Iif0
Ta 3ByKOi30Js1{f0. MacurrabHe BUpOOHUIITBO BifixoziB miHomostictuposty (EPS) cTBOproe 3HAUHY €KOJIOTidHY ITpo6sieMy yepes Horo CTilikicTh
JI0 TIPUPOZIHOTO po3kuiaaHHs. Ilepepobienuii ninonosictupos (IIIIC), apMoBaHUN KOKOCOBUMHU BOJIOKHAMHU, JOCI/DKYBaBCs SIK MOTEHIiH-
HMII Marepias sl X 3acTocyBaHb. Bigxoqu ITIIC crioyaTky po3YMHSIIMCh B KOMEpPLiftHOMY GeH3MHI (IlepTasiTi) MeTO0M XOJIOZHOTO PO3-
YMHEHHS, TOTiM 3MilIyBagnCh 3 5-60 00.% KOKOCOBHMX BOJIOKHAMHU Ta IIEPETBOPIOBAINCH HAa KOMIIO3UTH 32 CTAHAAPTHUMHU METO/IaMU JIUTTSI.
AKYCTHYHI Ta MEeXaHiuHi BJIaCTUBOCTI OTPMMAaHUX MaTepiaJiB OI[iHIOBAJIHCh 3a JIONOMOro0 iMnenaHcHoi Tpyoku (ASTM E1050-98) Ta BU-
npo6yBaHb Ha 3ruH (ASTM D790-03) BignosizHo. EKcliepuMeHTaIbHI Pe3y/IbTaTH M0Ka3aJIy, [0 ONTHUMaJIbHe CITiBBiJHOIIEHHS PO3YMHHUKA
1o EPS cranoBuiIo 3:1, 1110 ZIaBajIo BUCOKOOAHOPIIHY MaTPUIIIO, ileabHy [i/I1 BUTOTOBJIEHHSI KOMIIO3UTIB. AKYCTUYHUI aHaJIi3 ITOKa3as, 10
6inbLIicTh 3pa3KiB AocATIN KoediljieHTa 3ByKOIIOIJIMHAHHS, 110 IepeBuIye 0,2; EAMHUM BUHATKOM OyB KOMIIO3UT, 10 MiCTHB 5 00.% (pakiii
BOJIOKOH, SIKMi1 3adikcyBaB 3HadeHHs 0,1 ripu 500 I'm. KpiM Toro, 3ByKOIIOITIMHA/IBHA 3[aTHICTh MOCTIIHO ITOKpaIyBaiacs 3i 361/IbIIeHHAM
YacTOTH, 1[0 MiJKpecsIoe e(eKTUBHICTh KOMIIO3UTIB y BCbOMY CIIEKTDi Bifi cepefiHiX 10 BUCOKUX YacToT. IIlof0 MexaHiYHUX XapaKTePUCTHUK,
OI{HKU TOKa3aJIy, 110 KOMIIO3UT 3 30 00.% BOJIOKHA 0CAT MAaKCUMaJIbHOI MIiITHOCTi Ha 3TMH Ta MOZYJISI IIPY>KHOCTI. 3arajioMm, Iii pe3yJabTaTu
MiATBEP/KYIOTh, 110 610KOMITO3UTH, OTPUMAaHI 3 BiZIX0/iB MiHOOIiCTHPOJTY Ta KOKOCOBUX BOJIOKOH, MAIOTh 3HAUHHI IIOTEHIIiaI SIK €KOJIOT uHi
aKyCTUYHI MaTepiany, 3a6e3nedyroun K (QYHKI[IOHATbHI XapaKTePUCTHUKH, TaK i BiIYyTHI eKOJIOTidHi ITepeBary.

KUrro4oBi cj1oBa: BiIxoAM MiHOIOJIICTHPOITY, KOKOCOBi BOJIOKHA, IIOJIIMEpPHi KOMIIO3UTH, 3BYKOIIOIVIMHAHHS, BJACTUBOCT] Ha 3TUH.
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BU3HAYEHHS PIBHS TBEPJOCTI MIEPEPOBJIEHOTO AJTIOMIHIIO 3 IOJABAHHSIM IIOPOIIIKY
MIJII 3A IOIIOMOT'OI0 MEXAHI3MY IJIABJIEHHS HVDKYE TOYKHY IIJIABJIEHHS TA APMYBAHHSA
OCAJIDKEHHSM (c. 18-27)

Erwin, Juan Pratama, Didik Sugiyanto, Yefri Chan, Trisna Ardi Wiradinata, M. Arik Febrian, Dien Alma Ariz

O6’eKTOM 1IBOTO JoCTipKeHHs € ciutaB Al-Cu 3 mepepo6eHUM alloMiHieEM Ta JJOJaBaHHSIM MiJJHOro IOpoIIKy. IIoTouHa mpo6sema 11o-
JIiTa€ B BUKOPUCTaHHI aTIOMiHi€EBUX BiIXOAiB, siKe Bce IIe Ay)ke oOMeXKkeHe, a MeXaHiuHi BJIaCTUBOCTI aJlOMiHIEBUX BiZIXO/iB MOTipIIyIOTHCH,
TOMY HeoOXiZfHa TeXHOJIOTisl BUPOOHHUI[TBA MaTepiasiB [yIs mepepoOKy aloMiHieBUX BiIXO/iB y HOBi MaTepiasy, 110 BUKOPHUCTOBYIOTBCS /IS
Pi3HUX 3aCTOCYBaHb, {06 3MEHIINUTH €HEeProCIOXMBAHHA BUPOOHUYOTO IIPOLIECy Ta IIOKPAIUTH MEXaHiYHi BJIaCTUBOCTI.

Lle nocii/pkeHHST CIIPsSIMOBaHE Ha Ii/IBUINEHHS TBEPAOCTi CIUIABY ILISIXOM /IO/laBaHHS I1epepo0JIeHOro aaroMiHil0 y BUIVISA MiZIHOTO
TIOPOLIKY, BUKOPHCTOBYIOUN 0OPOOKY HIDKUE TOYKU IIJIABJEHHS Ta OCa/PKeHHs. BOHO BifTIOBifae Ha 3pocTalourii MPOMUCIOBUAM MOMUT Ha
AJTIOMiHIN Ta TIOTpe6y B ITOKpAIIEHMX MEXaHIYHMX BJIACTHBOCTSX, 30CEPEPKYIOUNCh HA €KOJIOTiYHO YMCTUX IPOAYKTAX, Mepepo6IeHNX Ma-
Tepiasiax Ta eHepro36epirarodymMx MeToziaxX IUIaBJIeHHs. Pe3y/bTaTH IOKa3yI0Th, 1[0 ATIOMIHIN y ITO€HAHHI 3 MiJHUM HOPOILIKOM MOXe GyTH
06pOG6JICHHIT HIYKYe TOYKH IJIaBJIeHHS Mizi nuisgxoM audysii B AlgCu;g Ta AlgsCus mpu 1000°C ta 1050°C Bij0BiiHO, 3 BUTPUMKOIO 060X
ripu 300°C. TBepAicTb 36inbLIMIaCS 3 25 3a HmKanoro HBW 1o 94 3a mkasoro HBW B A190Cul0 B gianasoni Temmepatyp Big 1000°C go 1050°C.

Lle mocifyKeHHs BUpIIye 3pocTarody IIpo6JieMy aTIoMiHiEBUX BiIXOZIB IUIXOM X MepepoOKH y BUPOOU 3 IMOKpAI[eHUMH MeXaHiYTHUMHI
BJIACTUBOCTAMHU. JlofaBaHHS MiIHOTO IIOPOLIKY Ta IUIABJIEHHS 32 HU3bKOI TeMIIepaTypu 3MeHIIye CIIOKUBAHHS €Hepril Mifl 4ac IIaBJIeHHs.
MexaHi3M 3MilJHEHHS CTapiHHAM IIi/[BUIIlyE TBEPAICTh QTIOMIHIEBUX CIUIABIiB, 33/{0BOJIBHAIOYN ITPOMUCIIOB] 1ToTpe6u. ITiBuIlieHa TBEpAiCTh
Ta 3HOCOCTIHMKICTb ITepepo6IeHUX MPOAYKTIB 3i cr1aBiB AL-Cu, po3po6IeHUX Y IIbOMY JOC/Ii/HKeHH], Moyke MaTH IIOTeHIiaJl JIJIsl 3aCTOCYBaHHSI
J10 HECTPYKTYPHHUX MEXaHIYHHX eJIEMEHTIB, 1[0 BIUIUBAE HA €KOJIOTIYHO YMCTi Ta eHeproeeKTUBHI BUPOOHUYI MTPOLIECH.

KorrouoBi ciioBa: nepepo6Kka aTroMiHif0, MeXaHiYHi BJIacCTHUBOCTI, ocaypkeHHsT AlCU, HUYKYE TOUKH TIABJICHHS.
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BU3HAYEHH BILUIMBY EJIEKTPOTIPABJIIYHOI'O METO/Y HA IPOBJIEHHS METAJIVPTIMTHOTO
KPEMHIIO (c. 28-35)

Bekbolat Nussupbekov, Gulden Bulkairova, Gulzira Mussina, Saule Sakipova, Aizada Muratova
OG6’eKTOM JIOCJIi/KEHHS € MeTAJIYPriliHUi KpeMHil, oTpumanuii Ha 3aBofii TOO «Tay-KenTemip», po3ramoBaHoMy B KaparaHAWHCBKIl

o6utacti Pecrry6stiku Kazaxcran. [Ipo6iiema, SIKy He0OXiIHO BUPIIINTH B paMKax I[bOT'0 ZI0C/I/PKEHHS, TI0JISITae Y BUCOKIl TEXHOJIOTIUHIl CKIaj-
HOCTi, 6araTocTa/{iifHOCTi Ta 3HaYHiii BAPTOCTi TPaJUIIITHUX IIPOLIECiB OUNIIEHHS METATypriliHOro KpeMHilo BiJi CyIyTHIX XiMi4HMX /OMIIIIOK.



Byso po3po6;ieHO Ta 3i6paHO €JIeKTpOrifpaBIiyHuil arperar [yis MOApPiOHEHHS MeTaJypriiiHoro kpemHiro. O6poOka MeTaypriliHoro
KpeMHilo ImpoBojusIacs 3i 361/IbIIeHHAM HAIIPyry po3psily HAKOMM4YyBaya 3 16 kB 110 27 KB, JOBXUHOIO MDKeIeKTPOAHOI BificTaHi 3 5 MM 10
11 MM, eMHicTIO KOHJeHcaTopa 0,4 MK® Ta yacoM 06pOOKH 5 XB. 3a /[OITOMOTOI0 eJIEKTPOTiZIPaBIivHOT0 METOAY YaCTUHKU MeTaslypriitHoro
KpPEeMHiI0 3 TTOYaTKOBOIO (pakifiero 3 MM, 5 MM Ta 10 MM moapi6GHIoBanucs 10 0,074 MM. Pe3ynbTaTul oApiOHEHHS MeTaTypriifHOro KpeMHito
IIi7i BIUTMBOM €JIEKTPOTi/[paBIiYHOTO METOAY B PiZIKOMY CE€PEe/IOBHIII JO3BOIMJI BU3HAUNUTH CTYITiHb TIO/[PiOHEHHS MaTepiaiy.

TloBepxHeBUI Ta KiTbKiCHMI aHasi3 3pa3KiB IHOPOIIKONOAIGHOr0 MeTalypriifHOro KpeMHilo IPOBOJMIINCH 32 JOIIOMOIOI0 CKaHYIOYOTo
€JIEKTPOHHOTO MiKpOoCKoIa Ta criekrpomerpa Rigaku Simultix 15 (Rigaku Corporation, BUpoGHHUIITBO SITIOHIs).

OTpuUMaHi pe3yJabTaTH MOXKYTh OyTM BHMKOPHCTaHi IMPU JOCHi/YKeHHI XapaKTepPUCTHUK IMOAPIOHEeHHS MeTaaypriiiHoro KpemHimo. Buco-
KOYMCTUI KpeMHiH (MOTiKpUCTaTiYHII Ta MOHOKPUCTATIYHUI KPEMHIll) ITMPOKO BUKOPUCTOBYEThCS SIK Ga30BHIil MaTepias y BUPOOHHUIITBI
HaIliBIIPOBiJHUKOBUX NPUIaJiB Ta (POTOETEKTPUYHMX eJIEMEHTIB. BiH Tak0o)X BUKOPUCTOBYEThCS B YOPHIli Ta KOJIbOPOBill MeTamyprii /s BU-
POGHUIITBA CIJIABiB, @ TAKOXK IK CHPOBMHA [IJIsI BUPOOHUI[TBA BUCOKOUYNCTOTO KPEMHio.

Kurro4goBi c1oBa: MeTanypriilHUI KpeMHill, eJleKTporiipaBilika, eJIeMeHT, MoAPiOHeHHs, Hapyra, (GpaKiiis, aHaji3, MiKpOCKOTI, CTIeK-
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BHU3HAYEHHA BIIVIUBY JOJABAHHA BYIJIEITIO HA ®PA30YTBOPEHHA TA EJIEKTPOXIMIYHI
XAPAKTEPUCTHKMU LIFEPO,/C, CHHTE30BAHOT'O 3 FEPO,, OTPUMAHOTO 3 ®EPOHIKEJIIO (c. 36-47)

Vita Astini, Anne Zulfia Syahrial, Achmad Subhan, Johny Wahyuadi Mudaryoto Soedarsono

OG6’eKTOM IIBOTO JIOCJI/KEHHS € KaTogHuit MaTepian LiFePO,/C, cuHTe30BaHMIl 3 BUKOPUCTaHHAM Ipekypcopa FePO,, orpuMaHoro 3 de-
POHiKeJII0, IIPY I[bOMY OCHOBHA yBara IpH/IIsIacs BIUIMBY [I0/JaBaHHS BYIVIEII0 Ha opMyBaHHS a3y Ta eJeKTPOXiMidHi XapaKTepUCTHUKHU.
ITpo6eMa roJisiraa B TOMY, sIK ZJo/JaBaHHs BYIVIEI[0 BILTMBae Ha popMyBaHH: (as3u oniBiHy LiFePO,, npuayeHHs [0MillIOK, MiKpOCTPYKTY-
Py Ta eJeKTpoXiMiuHi XapaKTepUCTUKH MTPU BUKOPUCTAHHI HEKOMEPIiIfHOro 3aJIi3HOr0 IMpeKypcopa, OTPUMaHOro 3 (epoHikeio. [Ipekypcop
3MminryBanu 3 LiOH sk fpkepesioM JIiTito Ta pi3HOIO KibKIiCTIO Byiento 3 SuperP: 5 mac.%, 7 mac.% Ta 9 Mac.%. [lJogaBaHHs BYIVIELIO BIIMBAJIO
Ha (dopMmyBaHHs oniBiHy LiFePO,. ITpu 7 mac.% LFP/C Ha pudpaxniiiHiil kaptuHi jomiHyBasa ¢asza LiFePO4, 6am3bko 99,60% Ha OCHOBI
yTouHeHHs PiTBesnbza. BifcyTHicTs BusgBaeHoro Ni 3a goromororw EDX cBiuuTh IIpo Te, 110 nepeHeceHHs Ni 3 IpeKypcopa, OTPUMaHOoro 3
¢eponixesto, 6y710 MiHiMi30BaHO. Pe3ynbTaTil JOCTIHKEHHS CBif9aTh mpo Te, mo FePO,4, oTprManuii 3 pepoHikestto, Moyke OyTH BUKOPHCTA-
HUI SIK TIpeKypcop Ayt cuHTe3y LiFePO,/C, a mogaBaHHS BYIVIEIIO CIIPHsSiE PO3BUTKY (hasy 3 ONTUMaJIBHUM CKJIafoM 7 Mac.%. Pesynbrati
MOXYTb OYTH IIPAKTUYHO BUKOPUCTAHI K OCHOBA /LISl PO3pOOKH KaTogHUX MartepianiB LiFePO4/C 3 1ofaHo0 BapTiCTIO 3 3aJIi3HUX PecypciB,
OTPUMAaHUX 3 (hepPOHiKeII0, B KOHTPOIbOBAHMX YMOBAX CUHTE3Y, 0COOJIMBO KOJIU YMCTOTa ITpekypcopa FePO, nifTpuMyeThest, Byriens Super P
BUKOPHCTOBYETHCS B Aianas3oHi 5-9 mac.%, a MaTepias o6po06JIsieThCsl KyJIbOBUM MJIMHOM, TOIepeAHiM HarpiBaHHAM mpu 300°C Ta mpoxka-
proBaHHsM T1pu 650°C B armMocdepi aprouy. 3pazok LFP/C 3 koHLeHTpalieto 7 Mac.% MaB TUTOMY eMHICTb 140 MAT 1 ! ipu 0,1°C, asie eJex-
TPOXiMiUHI XapaKTepUCTUKHU BCe IIie MOTpeOyI0Th ONTUMI3aIlil yepe3 B3a€MO3B’ 130K YaCTHHOK Ta arioMepaliito. JlaHi eJeKTpoiMIle/[aHCHOTO
aHaJIi3y IOKA3YIOTh, 0 7 MAcC.% BYIVIEII0 € HAUCIIPUATIMUBIIINM CKJIaZIOM 3 TOYKH 30Dy OIIOpY IepeHocy 3apsazay (34,91 OM) Ta npoBigHOCTI
(2,79 x 107 Cm/cm), Tozi siK 9 Mac.% BYIJIEIr0 3a6€3IeUNI0 HAHKpaIlli XapakTepucTuky audysii itii-ionis (1,96 X 10713 em? ¢ V). 11i pesysib-
TaTH BKa3yIOTh HA Te, 10 3aJIi3Hi pecypcy, oTpuMaHi 3 (epoHikesro, MaroTh BeJIMKUI TMOTEHIiasl AJIs TIePeTBOPEHHS Ha KaTOAHI Marepiain
JUISL aKyMYJIATOPIB 3 I0JaHOI0 BapTiCTIO.
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