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This paper reports the devised technology and equipment for
manufacturing parts and assemblies with pre-defined properties by
3D printing methods. Underlying the technology is the application
of a high-power electron beam to fuse metal powder in a vacuum
chamber with the formation of successive layers that repeat the con-
tours of the digital model of the product.

The object of research is the process of surfacing products made
of Ti6Al4V titanium alloy powder. The influence of technological
parameters (speed and power of the electron beam) on the formation
of the structure of the deposited metal and its mechanical properties
was investigated.

3 samples printed under 3 modes were studied: beam speed, 270,
540, and 780 mm/s; power, 240, 495, and 675 W, respectively. The
beam energy density was 44.5 J/mm?; the trajectory displacement
step was 0.2 mm; the dynamic focusing current Idf was —0.31 A; and
the powder layer thickness was 0.1 mm.

The samples were examined by conventional methods. The
structures were studied using an optical microscope, images were
recorded with a camera. The Vickers hardness was measured with
a microhardness meter in the direction from the technological sup-
ports to the surface of the sample, as well as along the surface of the
product, and in the layers of the middle part of the sample.

It was established that the articles had a dense cast structure
of surfaced metal. On all samples, large crystallites with a uniform
lamellar-acicular structure of a’-phase with a small amount of B-phase
are formed along the height, mostly without defects with uniform mi-
crohardness both along the height and along the surface.

It was determined that the surfacing mode at beam speed, 240 mm/s;
power, 270 W is the most rational for practical use. Under this mode, a
stronger structure is formed when it is crushed, reducing the width of
the crystallites by 1.55 and 1.17 times compared to other modes.

Keywords: electron beam surfacing, titanium alloy, Ti-6Al-4V,
technological parameters, metallographic studies.
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An experimental investigation on synthesis of nanocrystalline
nickels by pulsed current electrodeposition has been carried out
in an additive-free Watts bath employing nickel-sulphate solution
with similar nickel ion concentrations. Aluminum was used as a
substrate. It demonstrated the advantage of easier removal process of
electrodeposited nanocrystalline nickel from its substrate. Whereas
the use of high-purity nickel anode was intended to replace nickel
ions, which decreased during electrodeposition. Different peak cur-
rent densities of 450, 750 and 1000 mA /cm? were applied. A pulsed
current was set at a similar pulse pattern of on-time and off-time of
1 ms and 9 ms respectively. The shorter on-time demonstrated the
ability to limit ion deposition, which was related to the formation of
finer grains. The off-time arrangement was targeted to ensure that
the ion mobility had completely stopped. Higher current density
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demonstrated a dominant impact on deposits, generating a higher
nucleation rate that is related to depositing nanocrystalline nickel.
A peak current density of 1000 mA/cm? produced grain sizes in the
nanoscale regime.

Without any additional additive, nanocrystalline nickel was
successfully yielded. Investigation of grain size obtained from the
1000 mA/cm? has been conducted by extracting full width at half
maximum peak intensity (FWHM) revealed from X-ray diffrac-
tion (XRD) and Transmission Electron Microscopy (TEM) exhib-
ited consistent results of 22 nm and 25.4%3.4 nm, respectively. It
is also evidence of the significant role of pulsed current density. In
inclusion, nanocrystalline nickel can be synthesized in an electrode-
position bath without any addition of additives.

Keywords: nanocrystalline, nickel, nanoscale, electrodeposition,
additive, pulsed current, nucleation rate, pyramidal, FWHM.
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This study focuses on analyzing the influence of carbon black (CB)
on Polybutylene terephthalate (PBT)/Polyamide 6 (PA6) blends. This
study aims to solve the source of waste from toothbrush filament dur-
ing production. This PBT/PA6 mixture does not meet the mechanical
properties due to the incompatibility of these two plastics, which means
this waste must be discarded and cannot be reused. When combined
with CB, it creates a new type of plastic with more stable mechanical
properties that can be applied in many areas of life and, at the same time,
helps manufacturing businesses save on waste treatment costs. To create
these PBT/PA6/CB blends, the research team used injection molding
with a PBT/PAG6 ratio of 75/25 combined with 0, 4, 8, and 12 % carbon
black. The tensile and impact strength were tested according to the
ASTM D638 and ASTM D256 standards. The results found that when
adding 4 % CB to the PBT/PAG6 plastic mixture, the tensile strength
decreased from 34.9 to 34.8 MPa. Meanwhile, the tensile strength is
improved when adding 8 % CB (35.3 MPa). At 12 % CB, a difference in
tensile strength results, decreasing to 29.7 MPa. This result shows that
the ratio 75/25 can give the best tensile strength value of the PBT/PA6
mixture with 8 wt. % CB. The impact strength was 3.5,2.9,and 2.7 kJ /m?
according to 4, 8, and 12 % CB samples. Mechanical quality tests have
shown that the tensile strength is improved when combining CB into
the PBT/PA6 mixture, but the impact strength is reduced. SEM results
show that most CB interacts with PBT/PA6 mainly because the PA6
particles are spherical and tend to separate easily from the mixture. The
research found that increasing CB density worsens the bonding ability
between PBT and PA6. These results help us provide experience for the
most appropriate application for each purpose.

Keywords: PBT/PA6 blend, PBT, carbon black, tensile strength,
impact strength, microstructure.
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The object of this study is imparting antimicrobial properties to
textile materials made from natural fibers and their blends.

The study is aimed at solving the problem of ensuring a prolonged
antimicrobial effect of cotton-containing fabrics.

The use of ZnO nanoparticles, synthesized by the simple resource-
saving method, as part of polymer-colloidal finishing compositions for
the fabrics finishing is proposed. The effectiveness of using synthesized
ZnO to impart prolonged antibacterial properties to cotton fabrics
was assessed by studying the morphology, chemical composition, and
bactericidal activity of nanoparticles.

ZnO nanoparticles were synthesized by direct precipitation meth-
od at low temperatures in a short time in an aqueous solution using
zinc acetate dihydrate and sodium hydroxide as precursors. The aver-
age crystallite size calculated using the Scherrer method is 28 nm. The
degree of crystallinity according to X-ray diffraction pattern is 93 %.

Using scanning electron microscopy, the formation of nanoparticles
of uniform size in the form of short rods was established and the suc-
cessfully synthesized ZnO phase in the hexagonal wurtzite structure
was confirmed. The chemical purity of the crystalline material was
confirmed using energy dispersive analysis. The atomic percentages of
the elements are 47.6 % and 52.4 % for Zn and O, respectively. Study of
the inhibition zone around fabric disks treated with ZnO showed their
high bactericidal activity against air microflora and the gram-negative
bacterium P. aeruginosa. It has been established that the use of ZnO as
part of a polymer-colloidal system based on the acrylic polymer ensures
the resistance of bactericidal treatment to washing.

The reported scientific results are of practical importance for im-
proving the standard technological process for finishing cotton textile
materials.

Keywords: ZnO nanoparticles, precipitation method, morpho-
logical structure, EDX, antibacterial activity.
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BU3HAYEHH BIIVINBY ITAPAMETPIB TEXHOJIOTTYHOT'O ITPOLECY EJEKTPOHHO-IIPOMEHEBOTO
HAIIJTIABJIEHHSI HA MIKPOCTPYKTYPY I MIKPOTBEPIICTD CILVIABY Ti-6Al-4V (c. 6-12)

B. A. Martsiituyk, B. M. Hecrepenxos, O. M. bBepanikosa

[IpescTaBieno po3pobiiey TEXHOIOTIO Ta 00IaHAHHST [UIs BUTOTOBJICHHsT MeTofamu 3D ApyKy AeTaseli i BysJIiB i3 3a3iazierigb mporuo-
30BaHMMH BJIACTUBOCTSIMH. B OCHOBI T€XHOJIOTII JIeKUTH 3aCTOCYBAaHH ITy4YKa €JIeKTPOHIB BUCOKOI IIOTY>KHOCTI /I7ISI CIIJIABJIEHHS MeTaleBOTo
HOPOIIKY Y BAKYYMHIll KaMepi 3 yTBOPEHHSIM MOCJII0BHUX IHAPIB, sIKi TIOBTOPIOIOTH KOHTYPU 1ppoBoi Mozei BUpoGy.

OG6’€KTOM IOCIIKEHD € TIPOTIEC HAIJIABJIEHHsT BUPOOIB 3 TIOPOIIKY TuTaHoBoro criaBy Ti6Al4V. JlociakeHo BIUIMB TEXHOJIOTIYHNX Mapa-
MeTpiB (IIBUKOCTI Ta MOTYKHOCTI €JIEKTPOHHOTO TIPOMEH: ) Ha (hOPMYBAHHS CTPYKTYPH HAIIABJICHOTO METAIy Ta IOTO MEXaHiuHi BJIaCTUBOCTI.

JTocaipkeno 3 3pasku, siki HaApyKoBaHi Ha 3 pexknMax: mBuaKicTs mpomenst 270, 540 ta 780 mm/c 3 notyskuictio 240, 495 ta 675 Bt Bix-
nosizxno. [ycTuna eneprii mpomenst 44,5 [ /MM?, Kpok 3Mimens TpaekTopii 0,2 MM, cTpyM auHaMiunoro dgokycysans Idf: —0,31 A, Tosumma
mapy nopomky 0,1 MM GyJiu He3MiHHI.

3pasku JOCIIPKYBaIU TpauIiitHuMu MetogaMu. CTPYKTYPH BUBYAJIM i3 3aCTOCYBAHHSIM ONITHYHOTO MIKPOCKOIIA, 300pakeHH st (hikcyBa-
51 poroxamepoio. TBepaicTh 3a Bikepcom BUMIpIOBaIi MiKPOTBEPAOMEPOM Y HAMIPSIMKY Bijl TEXHOJIOTTYHUX OTIOP ZI0 HOBEPXHI 3pa3Ka, a TAKOK
B3/I0BK TIOBEPXHi BUPOOY Ta B IIApax cepeiHbOl YaCTHHH 3pasKa.

Beranosiieno, 1o BUpoGH MaioTh IIBHY JIUTY CTPYKTYPY HalIaBieHoro Merarny. Ha Beix 3paskax 3a BHCOTOIO (DOPMYIOTHCS BEJMKi
KPUCTATITH 3 OJHOPIHOK MJIACTUHYACTO-TOTYACTOI CTPYKTYPOO o -hasu 3 HEBEIUKOKW KiJabKicTio B-dasu, nepeBaxHo 6e3 nedekTis mpu
PiBHOMIPHIiIl MiKPOTBEP/IOCTI SIK 32 BUCOTOIO, TaK i B3/I0BK MTOBEPXHi.

BusHaueno, 1110 pesKiM HaILJIaBJICHHST: MBUAKICTL poMeHto 240 mm/c; totyxkuicts 270 Bt € HallGiibin parioHa bHIM IS IIPAKTUYHOTO
3acrocyBanHs. Ha 1ipomy peskimi BigOyBaeTbest (HGOPMyBAHHS OiJIbII MII[HOI CTPYKTYPH IPH ii T0ApiGHEHH] 3MEHIIeHH] INPUHN KPUCTATITIB
B 1,55 ta 1,17 pasiB y MOPiBHSAHHI 3 iHITUMU PEKUMAMHU.

Kii040Bi ¢i10Ba: €JIEKTPOHHO-TIPOMEHEBE HATLIABJICHHS, TUTAHOBUH ciias, Ti-6Al-4V, TexHouoriuni tapameTpu, MetanorpadiuHi T0CTiKEHHSL.
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CHUHTE3 HAHOKPUCTAJIIYHOI'O HIKEJIO 3A JOIIOMOI'OIO EJIEKTPOOCA/IGKEHHS IMITY JIbCHHUM
CTPYMOM Y BAHHI OCA/I'KEHH? BE3 IOBABOK TA IIOPIBHAHHA XAPAKTEPHUCTHK
HAHOMACHITABIB (c. 13-19)

Rahmad Imbang Tritjahjono

ExcriepuMeHTanbHe JOCTIIKEHHS. CUHTE3y HAHOKPUCTATIYHUX HIKEJIB IIAXOM €JEKTPOOCAIFKEHHS IMITYJIbCHUM CTPYMOM OYJIO TIPO-
BezieHo y BanHi Watts 6e3 106aBOK i3 3aCTOCYBaHHSIM PO3YHHY CyJb(haTy HIKeIo 3 aHAJOrTYHOI0 KOHIIEHTPAIi€o 10HiB Hikemo. B skocti
ITi/IKJIA/IKN BUKOPUCTOBYBaBCs aoMiniil. Ile mpojieMoHCTpyBasIo nepesary JIeTHIOro Iporecy BUIAJIEHHS eIeKTPOOCA/KEHOT0 HAaHOKPHUCTA-
JITYHOTO HiKeJsIo 3 1oro mifikiaaku. Tofi Sk BUKOPUCTAaHHS BUCOKOUNCTOTO HIKEJIEBOTO aHO/[a MAJIO Ha MeTi 3aMiHUTH 10HH HIKeJIIO, KiJTbKICTh
AKIX 3MEHIIHIACA IMiZl Yac eJeKTpoocaiKeHHs. By m 3acTocosani pisHi mikosi mimsrocti crpymy 450, 750 i 1000 MA /eM?. Immyrbenmii cTpym
GyB BCTAHOBJIEHNUI Ha MOAIOHY cXeMy iMIIyJIbCiB yBIMKHEHHsI Ta BuMKHeHHs 1 Mc Ta 9 Mc BignosiaHo. Kopormmii yac yBIMKHEHHS 11pojie-
MOHCTPYBaB 3[[aTHICTh 0OMEKYBATH OCAIKEHHs 10HIB, 110 OYJI0 MOB'A3aHO 3 yTBOPEeHHsM Oisbin ApiGHUX 3eper. Opranisaiist nepepsu OyJia
CIIPSIMOBAHA Ha Te, 100 MOBHICTIO TIPUIIMHUTU PYX i0HIB. BUIla WIIBHICTH CTPYMY MPOJEMOHCTPYBAJIA IOMIHYIOUNIT BILIUB HA BiKJIaI€HHS,
CTBOPIOIOYN OiTBIN BUCOKY MIBUKICTh 3aPOJUKEHHS, IO MOB'SI3aHO 3 OCA/KEHHSIM HaHOKPHUCTAIIYHOTO Hikemo. I[iKoBa MIIBHICTD CTpyMy
1000 MA /cM? cTBOpIOBAJIa PO3MIPH 3ePeH Y HAHOPO3MIPHOMY PEKIMi.

Hanoxpucrasniuauii Hikesb OyB ycminHo oTpuMaHuii 6e3 Oyb-IKNX A0AATKOBUX A00aBOK. JIOCTI/UKEHH PO3MIpY 3epHA, OTPUMAHOTO
Bizg 1000 MA/CMZ, 6yJI0 TIPOBEEHO MIJIIXOM BHJIIJIEHHsT TIOBHOI IIMPUHK Ha MOJOBUHI MaKCUMAaJIbHOI MIKOBOI iIHTEHCHBHOCTI, BUSBJIEHOT 3a
JIOHOMOTOI0 paKiiii peHTTeHIBChKIX TPOMEHIB i TPAHCMICIITHOI eJIeKTPOHHOI MiKPOCKOIIi, SIKi 1MOKa3an y3ro/pKeHi peayssratu 22 HM i
25,4+3,4 um BignosigHo. Ile TakoX CBIAYUTD TIPO 3HAUHY POJIb TYCTUHU IMITYJIBCHOTO CTPyMy. KpiM TOTO, HAHOKpPHUCTATIYHUI HiKeJb MOXKe
OyTH CUHTE30BaHUHI y BaHHI eJIEKTPOOCA/KEHH 6e3 OyAb-aKUX J00aBOK.

Kimi04o0Bi cll0Ba: HAHOKPHCTATIYHNUIT, HIKeIb, HAHOPO3MIP, €JIEKTPOOCAIKEHHS], T00aBKa, IMITyJIbCHIIT CTPYM, IIBHUAKICTD 3aPO/IKEHHS,
mipaMiza, MoBHA MUPUHA HA MTOJOBUHI MAKCUMATBHOI MiKOBOI iHTEHCUBHOCTI.
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BIIVINB BIZICOTKY CAKI HA MEXAHIYHI BJIACTUBOCTI TA MIKPOCTPYKTYPY CYMIIII
MNOJIBYTUJIEHTEPEDTAJIATY /IIOJIAMIZY 6/CAKI (c. 20-26)

Pham Thi Hong Nga, Hua Phan Hieu, Ngo Quoc Bao, Ha Trong Kien, Nguyen Vinh Tien, Nguyen Chi Thanh, Pham Quan Anh
Ile mocaiKEH S 30CePe/PKEHO Ha aHATi31 BIIMBY caski Ha cymim nostiGytunentepedranary (IIBT)/moxiaminy 6 (ITA6). Ile nocaimken-

Hs1 CIPSIMOBaHe Ha BUSIBJICHHS JUKepeJia BiZIX0/IiB Bift HUTKHU 3yOHOI 1iTky 1/ yac Bupobuuirrsa. [la cymim ITBT/ITA6 e Bianosigae Mexamiy-
HUM BJIACTHBOCTSIM Y€Pe3 HECYMiCHICTD IIUX JBOX IJIACTMAC, TII0 O3HAYAE, HIO i BiAXOAM NOTPIOHO BUKMHYTH Ta He MOKHA BUKOPUCTOBYBATH




MOBTOPHO. Y HOEHAHHI 13 Caskeio BiH CTBOPIOE HOBHUN THUII IJITACTUKY 3 OisbIn cTablIbHUMU MEXaHIUHUMU BJIACTUBOCTAMMU, SIKUI MOKHA
3aCTOCOBYBATH B 6araTbox cdepax sKUTTs, i, B TOI ke Jac, 0IMoMara€ BUPOOHIYIM TI/IIPUEMCTBAM 3a0II[a/UKYBATH BUTPATH Ha TEPEPOOKY
Binxonis. [lns crBopennst nux cyminteir [IBT/ITA6/caxa nocsimHuibKa rpyna BUKOPUCTOBYBAJIA JIMTTS Miji TUCKOM i3 CIiBBiTHOIIEHHSIM
TIBT/IIA6 75/25 y moeananti 3 0, 4, 8 Ta 12 % caxi. MinHiCTh Ha PO3TSATYBAHHS Ta YAAPHY MII[HICTb IIEPEBIPSIIN Bi/ITOBIHO /10 CTaHAAPTIB
ASTM D638 ta ASTM D256. Pesyssratu mokasasu, 1o npu goaaBanti 4 % caxi no mnactukopoi cyminr [TBT/ITA6 minHicts Ha po3puB
amentnuiacs 3 34,9 110 34,8 MITa. Mix Tim, MiI[HICTDb Ha PO3PUB MOKPAIILYETHCS TIPH fogaBanti 8 % caxi (35,3 MIla). Ilpu 12 % casxi Bunukae
PIBHHUII B MIITHOCTI Ha PO3PUB, sika 3MeHIyeThest 10 29,7 MITa. Ileit pesysbrar mokasye, Mo CriBBiAHONIEH s 75/25 MOKe JaTH Halikparie
3HaueHHs MiltHocTi Ha poapus cyminti IIBT/ITA6 3 8 Mac. % caski. YnapHa B'siakicTh ctanosuna 3,5, 2,9 i 2,7 k/lx/m? 3a spaskam 4, 81 12 %
caski. Mexauiuni BUITPoOYBaHHS SIKOCTI MOKA3aJIH, 110 MII[HICTh Ha PO3PUB TIOKPAIILYETHCS TIPU TIOEAHAHHI caxi i3 cyminmmmo I[TBT/ITA6, ae
MiIHICTD Ha yAap 3HUKYETbCSA. Pesysibrati CKiHUeHHO-eJeMEHTHOTO MOJEIOBaHHS TIOKa3yIoTh, 0 OlablIicTh caxi Bzaemozuie 3 [IBT/ITA6
TOJIOBHUM YMHOM 4epes3 Te, 1m0 yacTunku [TA6 maoth cepuuny HopMmy Ta MAIOTh TEHEHILIO JIETKO BijoKpeMoBaTucs Biz cymiui. Jlocuri-
JUKEHHsI TTOKa3aJIu, 1o 301IbIIeHHs IiabHOCTI caxi noripirye 38’130k Mixk TIBT i TTA6. I1i pesysbraTu gonoMaraioTh OTpUMaTh A0CBI /st
HaiGiIbII BiTOBIIHOTO 3aCTOCYBAHHSI JIJIs1 KOSKHOI METH.
Kmouosi croBa: cymint IIBT/IIA6, I[1BT, caka, mirHicTh Ha po3puB, yapHa B'sSI3KiCTb, MIKPOCTPYKTYpa.
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BIIJINB CMUHTE3OBAHHUX YIOCKOHAJIEHUM METOJOM HAHOYACTHHOK ZnO HA
AHTUBAKTEPIAJIbHI BJACTUBOCTI BABOBHAHNX TEKCTUJIbHUX MATEPIAJIIB (c. 27-34)

T. C. Acaymiok, O. . Cemeniko, IO. I'. CapiGekosa, I. M. Kyaim, I. B. Topoxos

OO6’eKT MOCIIKEHHST — HalaHHsI aHTUMIKPOOHUX BJIACTHBOCTEN TEKCTUIIBHIUM MaTepiajiaM i3 IPUPOIHIX BOJOKOH Ta iX cyMileii.

JlocIiIsKEeHH CIPAMOBaHe Ha BUPINIEHHS TPO6IeMu 3a0€31edeHHs TTPOJOHTOBAHOT aHTUMIKPOOHOI /1ii GAaBOBHAHOBMICHUX TKAHWH.

3amporoHOBaHO 3aCTOCYBaHHS HAHOYACTHHOK ZnO, CHHTE30BAHMX MTPOCTHM PECYPCO36EPITAIOYIM METOIOM, ¥ CKJIA/ TOMIMEPHO-KOJIO-
IIHIX OHOPS/PKYBAJIbHUX KOMIO3UII I 3aKJIIOUHO] 006pobku TKaHuH. EdexTuBHicTh BUKOPUCTaHHS CMHTEe30BaHOTO ZnO /I HajaHHs
CTIHKNX aHTHOAKTEPiaIbHIX BIACTHBOCTEI GABOBHSIHUM TKAHUHAM OIIHEHO MIJISIXOM JOCTiIZKEeHHsT MOPGOIIorii, XiMiYHOTO CKJaLy i 6akTepu-
IM/IHOI AKTUBHOCTI HAHOYACTHHOK.

Hanouactnuku ZnO crHTE30BaHi METOIOM TIPSIMOTO OCA/UKEHHSI NPU HU3bKMX TEMIIEPATYPAX 32 KOPOTKHUII 4ac y BOAHOMY PO3UUHI 3
BUKOPUCTAHHSIM ITUHKY aIleTaTy AUTiApaTy i Hatpiio Tizpokcuay. Cepenuiil po3mip KpHCTaTiTiB, po3paxoBanmii 3a MmetonoM llleppepa, crano-
BuTh 28 HM. CTyIiHb KPUCTATIYHOCT] 32 JAHUMHU PEHTIeHOrPaMK CKJIaaae 93 %.

MetomoM cKaHyio40i eJeKTPOHHOI MiKPOCKOIII BCTAHOBJIEHO YTBOPEHHS OJHOPIJHUX 32 PO3MIPOM HAHOYACTUHOK Y (pOpPMi KOPOTKHUX
CTPIKHIB 1 MMATBEPXKEHO yCHiniHo cuHTe30Bany ¢Gazy ZnO y rekcaroHalbHill CTPYKTYPi BIOPIUTY. XiMiuHA YMCTOTA KPUCTAIIYHOTO MaTe-
piajty /1oBe/ieHa 3a JOTIOMOTOI0 €HEProMCIIEPCIHOTO aHai3y. ATOMHI BiJICOTKH BMICTY €JI€MEHTIB cTaHOBJISATh 47,6 % i 52,4 % miust Zn i O
Biznosiano. JlocaipKkeHHs 3001 THrOyBaHHs HABKOJIO JUCKIB TKaHWH, 06pobsennx ZnO, mokasano iX BHCOKY GaKTEPUIMAHY aKTHBHICTD
poTU MiKpodJIOpH TIOBITPst Ta rpaMHeraTHBHOI OakTepii P. aeruginosa. BeranosiieHo, o 3actocyBants ZnO y ckiali moiMepHO-KOIOIIHOT
CHCTEMH Ha OCHOBI aKPUJIOBOTO TI0JIIMepy 3a0e31euye CTiiiKicTb GakTepuiuHoi 06pOOKH /10 TIPAHHSL.

OrpumMani HAyKOBI PE3YJIBTATU MAIOTh MPAKTUYHE 3HAYEHHS [UISI BIOCKOHAIEHHSI THIIOBOIO TEXHOJIOTTYHOTO MPOIIECY OTMOPSIIKEHHS 6a-
BOBHSTHUX TEKCTHJIBHUX MaTepiasis.

Kimouosi caosa: nanoyactuiky ZnO, Metoz ocajpkers, Mopdosoriyta crpykrypa, EDX, antnGakrepiasbia ak THBHICTb.



