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AUDJIIEKTPUYECKOI'O BAPBEPHOTI'O PA3PAJIA

M. K. bynun, H.E. Anamkuna, M.B. Psazannesa, M. A. Xabaposa
Hnemumym npobiem Komniekcnozo ocgoenust Heop um. akaoemuxa H.B. Menvnuxosa PAH,
Kproxoeckuit myn. 4, UIIKOH PAH, 111020 Mockea, Poccus,
bunin_i@mail.ru, xabosi@mail.ru

C uCnonb30BaHUEM METOAOB PACTPOBOIl AIEKTPOHHOW MHUKPOCKOIHH, MUKPOTBEPIOMETPUH, OIPEICICHHS Kpa-
€BOTO yIJa CMAa4MBaHMS M APYTHX METOMIOB H3YUECHBI OCOOEHHOCTH M3MEHEHHUS! CTPYKTYpPHOTO COCTOSHHMS ITOBEPX-
HOCTH, MEXaHHYIECKNX (MHUKPOTBEPIOCTH), (PU3NKO-XUMHIECKUX M TEXHOJIOTHYECKUX CBOWCTB CYIb()HIHBIX MUHE-
pajoB M KBapIa Mpu BO3AEHCTBUN UMITYJIbCHO-TIEPHOINUECKOTO ANIEKTPHIECKOrO GapbhepHOTO paspsizia B BO3IAyXe
npu atMoc(hepHOM JaBieHUH. B pesynbrare AeHCTBUS NPOJYKTOB HU3KOTEMIIEPATYPHOMU ILIA3MBbl, SJIEKTPUUECKOTO
NoJIs U APYTHX (aKTOPOB MIITyUEHHMs paspsia IPOUCXOUIIO Pa3ylPOYHEHNE MUHEPATIOB, H3MEHEHHE MOpdoIIoruy,
IEPOXOBATOCTH, KPAEBOI'O yIJIa CMAauMBAHUS NOBEPXHOCTH MHHEPAILHBIX 00pa3loB U (IIOTAIIMOHHOW aKTUBHOCTH
CyJb(UIHBIX MHHEPAJIOB OT BPEMEHH IUIa3MeHHOW 00paborTku. I[loiyueHHBIE pe3yibTaThl CBUAETEILCTBYIOT O
NPUHLIUITHAIEHONH BO3MOXKHOCTU U 3(PEKTUBHOCTH MPUMEHEHHUS JUAIEKTPUUECKOT0 OapbepHOro paspsijia B BO3Ly-
Xe TPH aTMOC(EPHOM JABICHUHU IS PA3yNPOYHCHNS TOHKOIUCIIEPCHBIX MUHEPATbHBIX KOMIUICKCOB M YIIyUIICHUS
TEXHOJIOTHYECKHX ((PJIOTAIIMOHHBIX) CBOUCTB CYIb(UIHBIX MHHEPAJIOB.

Knrwouegvie cnosa: nusneKTpruuecKuii OapbepHBI pa3psl; reoMaTepuasl; HOBEPXHOCTh; MUKPOTBEPIOCTD; (hi1o-
Tamusl.

MODIFICATION OF THE SURFACE AND TECHNOLOGICAL
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We studied the mechanisms of changes in the structural state of the surface, mechanical (microhardness), physi-
cochemical and technological properties of sulfide minerals and quartz when exposed to a pulse-periodic dielectric
barrier discharge in air at atmospheric pressure. Scanning electron microscopy, microhardness testing, wetting angle
determination and other methods have been used. Various modes of the development of a barrier discharge with a
change in the applied voltage and pulse repetition rate are considered, and the operating parameters of the pulses
initiating the discharge, at which the most significant changes in the structure-sensitive properties of minerals were
observed, are established. In the process of plasma processing of minerals, the gas temperature in the working zone
of the discharge cell of the barrier discharge did not exceed the temperature of the dielectric barrier and remained on
the order of room temperature for 10-60 s. Samples of minerals were exposed to a pulsed barrier discharge in two
different ways, namely: (i) macro-samples of minerals were placed in the discharge, so that the working surfaces of
the samples were located on the surface of the dielectric barrier. (ii) The mineral particles of the crushed samples
were separated from the dielectric barrier by a small air gap, therefore, the mineral particles could move over the
barrier during the discharge process. As a result of the action of low-temperature plasma products, electric field and
other factors, softening of minerals, changes in morphology, roughness, contact angle of wetting of the surface of
mineral samples and flotation activity of sulfide minerals from the time of plasma treatment occurred. The results of
this work indicate the fundamental possibility and efficiency of using a dielectric barrier discharge in air at atmos-
pheric pressure to soften the finely dissiminated mineral complexes and to improve the technological (flotation)
properties of sulfide minerals.

Keywords: dielectric barrier discharge; geomaterials; surface; microhardness; flotation.
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Beenenune

B HacTosimiee Bpemsi BO3/1CICTBHE HEpPAB-
HOBECHOM, HH3KOTEMIIEPAaTYpHOH ILIa3Mbl
(HTII) musnexTpudeckoro OapbepHOro pas-
psana ([AbP) ¢ Hu3koli Temneparypoil paboue-
ro ra3a U BBICOKUMU DJIEKTPOHHBIMHU TEMIIe-
patypamu [1] ucronb3yercs B KauecTBe Iep-
CHEKTUBHOTO, TEXHOJOTMYHOTO U 3SHEPro-
coeperaromiero crocoba MoauQHUKAIN CO-
CTaBa, CTPYKTYpPbl U CBOWMCTB IMOBEPXHOCTHU
Pa3NUYHBIX MaTEpUaIoOB, B TOM YHUCIE T'eo-
MaTepuagoB (MUHEpPAJIOB, TOPHBIX IOPOJ,
PYA ¥ IPOIYKTOB UX mepepadboTku) [2, 3].

B nannoit paboTte mpeacTaBieHbl JKCIie-
PUMEHTAJIbHBIC JaHHBIC O BIUSHHUH BO3ZCH-
CTBUSL B UMITYJBCHO-TIEPHOJUIECKOM PEXKH-
M€ TMAIIEKTPHUYECKOTO OaphepHOTro pa3psaa B
BO3[yXe MpuU aTMoc(hepHOM J[AaBIIEHUU Ha
CTPYKTYPHOE COCTOSTHHE ITOBEPXHOCTH, Me-
XaHUYeCKHe (MHUKpPOTBEPAOCTh), (PU3HUKO-
XMMHAYECKHE M TeXHOJornueckue (¢uoranu-
OHHBIE) CBOWCTBA CYJIb(HUIHBIX MUHEPAJIOB U
KBapIa.

MaTtepuajibl H MeTOAbI HCCIeI0BAHUSA

HccnenoBanust mpoBOIMIM Ha Tpodax
M3MENBUYCHHBIX  CYJIb(QUIHBIX MHHEPAJIOB
(apcenonuput FeAsS, nuput FeSz, chaneput
ZnS; pasmep yacturl ot 100 mo 63 MkM) u
IUTOCKOMApAJUIETbHBIX IOJIUPOBAHHBIX 00-
pasmax pasmepoM 10 x 10 x 4.5 mm (rajeHuT
PbS, nmupporun FenSn+1, xajpkomupur
CuFeS;), a Taxke o0Opa3lax MPUPOIHOTO
®upHOTO KBapia (SiOy).

OO0paboTKy MUHEpaNbHBIX NPOO HU3KO-
TEMIIEpPaTypHOH MJIa3MON UMITYJIbCHOTO (CyO
HAHOCEKYHJTHOTO) JTUAJIEKTPUUYECKOTO Oapb-
epHOTO paspsijia B BO3AyXe INpH arMmocdep-
HOM JIaBJICHUHU MPOBOJAMIM TPU HOPMAJIbHBIX
YCIIOBHSIX W CIEIYIOUINX TapameTpax HHH-
HUUPYIOIUX pPa3psia UMITYJIbCOB. JUIUTENb-
HOCTh UMITyJIbca — 8 MKC, JJTUTEIHHOCTD IIe-
pennero ¢ponrta mmmyisca — 250-300 He,
aMIUTUTYa HANpsDKCHUST Ha DIIEKTPOAAX B
syeiike 6aprepHoro paspsaa — 20 kB, yacro-
Ta MOBTOPEHUSI UMITYJIbCOB — 16 kI'11; nuama-
30H M3MEHEHHUS BpeMeHU 00paboTKu 00pas-
oB HTIT — tosp = 10-150 c. Pazmepsr amek-
TpoOB paspsanHou sueriku JIbP cymecrsen-

HO TIPEBBIIANN JAIUHY MEXKIICKTPOIHOTO
MIPOMEXKYTKA, KOTOPBIM COCTABIIST ~5 MM.

Temmeparypa rasa B pabouell 30HE pas-
PSAAHOMN siYEHKU HE MpeBbIIlajia TeMIepaTypy
JTURJICKTPUYECKOTO Oaphepa M OCTaBaslach
MopsiIKa KOMHATHOW TemIepaTypbl B Tede-
Hue tosp = 10-60 c. IIpu yBenuyenun Bpeme-
HU 00paboTku MuHEpajaoB a0 150 ¢ Temrie-
patypa Moria moBbimatees 10 150-200°C.
[TmacTHHBI MUHEpAJIOB MOMEUIATN B pa3ps,
Tak 4YTo paboure NOBEPXHOCTH OOPa3IOB
pacroyiarajiuch Ha MOBEPXHOCTH TUDIIEKTPHU-
yeckoro Oapbepa; MHUHEpallbHbIE YaCTHUIIbI
M3MEJIbUYCHHBIX MTPO0 OBLIN OTACNIECHBI OT JH-
AIIEKTpUYECKOro Oapbepa HEOONBIINM BO3-
JIYITHBIM ~MPOMEKYTKOM, YTO CO3/1aBaJio
BO3MOXXHOCTh ~ CBOOOJIHOTO  TEepeMEIICHUs
YacTHIl HaJl 0apbepoM B IPOLIECCE pa3psa.

H3menenrne MOpQOJIOTUU U XUMUYECKOTO
COCTaBa MOBEPXHOCTH MHUHEPAIOB B Pe3yJib-
tare Bo3uencrBusa [IbP u3ydanu meromamu
pacTpOBOM JJIEKTPOHHOW MHUKPOCKOIIMM H
PEHTTEeHOCTIEKTPATHHOTO MUKpOaHAaIN3a
(POM — PCMA). MuKpOTBEepI0CTh MHHEpA-
JIOB ompezaensin mo metony Bukkepca (HV,
MIla; T'OCT-2999-75): wMmHKpOTBEpIOMED
I[IMT-3M; Harpy3ka Ha UHJIEHTOp COCTaBJIs-
na 100 r qig oOpa3uoB CyiabQUAHBIX MUHE-
pasioB, 200 r — kBapua, BpeMsl HarpyXeHHus
— 10-15 c. KpaeBoii yron cmaunBanus (O°)
MOBEPXHOCTU 00pa30B KBaplia BOJOW H3Me-
pSTH METOOM Jiexariei (“‘moxosimieiics” Ha
TUIOCKOCTH) KaIlIk JUCTUIUIUPOBAHHON BOJIBI
IMaMeTpoM ~2-3 MM C HCHOJb30BAHUEM
U(GPOBOrO0  ONTHYECKOIO MHUKpPOCKONA U
mporpamMMbl  JUJIs  aHaIW3a M300paKEeHUIA
Image] co chneuuanpbHBIMHU TUIATHHAMH
DropSnake u LB-ADSA [4].

Onextpoansiit motenuuan (E, MB) muppo-
TAHA JI0 W TIOCNe TUTa3MEHHOW 00paboTKH
U3MEPSIIM METOAOM MOTEHIIMOMETPUYECKOTO
TUTPOBAHUS C OJTHOBPEMEHHBIM KOHTPOJIEM
noreHuuana MuHepana u pH cpenst (pH 6-
12). Pabounit  smekTpony  pasMepom
~10x10x5 MM wH3rOTaBIMBAIIA W3 KpPHUCTA-
JIOB MHHepana 0e3 BUIUMBIX AEPEKTOB H
BKITIOYCHHUH; JJIEKTPOJIOM CPaBHEHHS SIBIISLI-
CS HACBHIIICHHBIN XJIOpcepeOpSHBINA dIeK-
Tpoa. CpaBHHUTENBHYIO (IIOTAIIMOHHYIO aK-

14-51 Meocoynapoonas kongepenyus « Bzaumooeticmeue usnyyenuii ¢ meepovim menomy, 21-24 cenmaops 2021 2., Munck, berapyco
14th International Conference “Interaction of Radiation with Solids”, September 21-24, 2021, Minsk, Belarus

256



Cexyus 3. Moouguxayus ceoticme mamepuaios
Section 3. Modification of material properties

TUBHOCTh IMHUPHUTA, apceHomupura u cdae-
puta 510 u nocne Bozxaeiicteus JIBP mposo-
UM Ha 00pa3lax M3MENIbUEHHBIX MUHEpa-
708 (1.01) B maboparopHoii (aoTarOHHOM
MalmHee ¢ 00beMoM kamepsl 20 M TIpH pac-
xoJie (IIOTALIMOHHOTO peareHTa (3THIOBOTO
kcaHTorenata kanusi) 200 r/T muis apceHomnu-

puta u iuputa u 50 r/T — chanepura; pH 9.5
(Cao).

Pe3yabTarhl M UX 00Cy:KIeHHE

B ycnoBusix usnyuenus IbP Ha nosepx-
HOCTh 00pa31|0B MHUHEPAJIOB OKa3bIBAIU JICH-
cTBHE cienyromue 3PpQeKTHBHBIE (aKTOPHI
[1, 5]: umIysIbCHOE 3IEKTPUYECKOE OJIE BbI-
COKOHM HAIIpsSKEHHOCTH, MOHHBIA BETEp, IIe-
pEHOCSIIUICS K MOBEPXHOCTH 00pa3LoB
AIIEKTPUYECKUI 3apsii; BO3MOXKHO, IIOBBI-
IIEHHas TeMmIepaTypa JIUAJIEKTPUYECKOro
6apnepa (pu tosp.=100-150 c) a Takke Takue
XMMHUYECKH AaKTHBHbBIE COCIMHEHMs, Kak
030H, OKCUJbI a30Ta U JAPYTUE COCTUHEHUS.

B pesynbraTe BO3neHcTBUS dIEKTpUUe-
CKOTrO IIOJIsl, MHUKPOpaspsiioB B AaKTUBHOM
30He s4YelKkHu GapbepHOro paspsnaa u oOpasy-
IOLIETOCsl B 3JIEKTPUUECKUX pa3pslax 030Ha
IIPOUCXOIWIN CIENYIOIINE U3MEHEHHUS MOP-
dosoru M MHMKpPOTBEPIOCTH IMOBEPXHOCTU
muHepanos. [lo nanaeiM POM, Ha moBepx-
HOCTH 00pa3l0B rajJeHuTa MPOUCXOAMIO 00-
pa3oBaHue Je(peKTOB NPAaBUIBHON TPEyrob-
HOU (opMmbl (puc. 1a) BcaeacTBue yaaieHus
MHUKPOKPHUCTANTNYECKUX (PArMeHTOB (MHK-
POBBIKOJIOK), TIO BCEH BUIUMOCTH, IO JCH-
CTBHEM IIOHJIEPOMOTOPHBIX CHUJ B 00JacTH
CHJIBHOT'O 3JIEKTPUUYECKOTOo moiisd. M3meHeHue
MOpGOJIOTMM  MOBEPXHOCTH  OOYCIIOBHIIO
pa3ynpo4YHEHHE U CYIIECTBEHHOE CHUYKEHUE
MUKpoTBepaocTi MuHepana HV ¢ ~117 Mlla
(8 wucxomHoM cocrossHuu) g0 91 Mlla
(tosp=50c);  OTHOCHTENBHOE W3MECHEHHE
(camwkenne) mukporBeprocti (AHV) cocra-
BuI10 22%.

Ha noBepxnoctu cdaneputa 00pa3oBbiBa-
JMCh MUKPOKAHAJIBI 3JIEKTPUUECKOT0 MPo0os,
OKaliMJICHHbIE BEIIECTBOM HAaTEYHBIX OOpa-
3oBaHuil (puc. 16), mo mamapiMm PCMA —
OKCHJIHBIX (TMJIPOKCUIHBIX) MUKpPO- U HaHO-
¢da3; OTHOCUTENBHOE CHUKEHUE MHUKDPOTBEp-

Joctd  MuHepana coctaBwio  ~19% (¢

316 MIla go 257 MIla). Ha mnoBepxHOCTH
XaIBKOIUPUTa O0OpPA30BBIBAIUCH  JAC(EKTHI
HenpaBwibHOW (Gopmbl (pHc. 1B), YTO BBI3BI-
BaJI0 CHW)KCHHE MUKPOTBEPAOCTH MHUHEpaia

Ha ~30% (c 488 MIla mo 343 MIla),
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Puc. 1. POM-u300paxkeHnss MOBEPXHOCTH TaJICHUTA
(a), chanepura (6) u xanpkonupura (B) mocie BO3ACH-
CTBUS  JMDJICKTPHYECKOTO  OaphepHOTO  paspsjaa
(tosp.=10-30 )

Fig. 1. SEM-images of (a) galena, (b) sphalerite, and
(c) chalcopyrite surfaces after exposure to a dielectric
barrier discharge (twea=10-30 c)

B pesynbprare mpeaBapuTenbHONW KpaTKo-
BpeMeHHOH (tosp =10-30 ¢) mmasmeHHOW 00-
paboOTKK M3MENbYEHHBIX MPOO apCceHOmHpH-
Ta, TUpUTa U cdajepura MPOUCXOIUIO U3-
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MeHeHUe (DIOTAMOHHONW AKTHBHOCTH CYJb-
(buIHBIX MUHEPAJIOB, @ UMEHHO, — IOBBIIIE-
Hue paotupyemoctu chaneputa Ha 6% (¢ 45
10 51%) u cHUXKEeHHE BbIXO0/1a apCEHOMUPUTA
U MHUpUTA B TIEHHBIA MPOAYKT (JIOTAMU HA
5% (¢ 12 o 7%) u 22% (c 37 no 15%) coot-
BETCTBEHHO.

BozneiictBue npoaykroB JIbP BbI3bIBaIO
MOBBIIICHUE  TMOJIOKHUTEIbHBIX  3HAYCHHIA
AJIEKTPOJHOIO MOTEHIUala MUPPOTHHA Ha
10-65 mB B ob6nactu m3menenust pH 5.5-9.6.
I[Ipu pH 9.7-12 wHaubGonblIMe W3MEHCHHUS
AJIEKTPOAHOTO TMOTEHLIMANA YCTAaHOBJICHBI
Uig pexxuMa KpaTtkoBpeMeHHOU (logp =10 c)
00paboTKM MUHEpana: HAOTIOJAICS CHBUT
MOTEHIIMajaa B 001acTh OTPULIATEIbHBIX 3HA-
yenuit (E=-60 mB), uro mnpemompenenser
3 dexT cHuKEeHUs copOIMOHHON M (ioTa-
[IMOHHOW aKTUBHOCTH ITUPPOTHHA.

C yBenuyeHHEM BPEMEHH IUIa3MEHHOU
06pabotku (tosp =10-150 ¢) HA MOBEpXHOCTH
00pasioB xeapya (MOpog000Pa3yIOIIUA MH-
Hepall, TBEpJOCTh o Moocy 7) Habmomanu
oOpa3oBaHne MHUKPOJAEHEKTOB HEMPaBUIIb-
HOU (OpPMBI pazmMepoM <3 MKM, MPOUCXOTHU-
JI0 CTJIa’KMBaHWE HEPOBHOCTEH MOBEPXHOCTH,
9T0 OOYCJIOBJIMBAJIO pa3ylnpoOYHEHHWE U TIO-
CJIEJIOBATENIbHOE CHIKEHNE MUKPOTBEPIOCTH
muHepana ¢ ~1420 MIla no 1320 MIla B uc-
XOJTHOM M H3MeHeHHOM mpu losp =150 C co-
CTOSTHUSIX COOTBETCTBEHHO; MaKCHMAaJIbHOE
OTHOCUTENIbHOE  HM3MEHEHHe  (CHUXKEHHE)
MuKpoTBepaocTi AHVmax coctaBuiio ~7%.

KpaeBoil yron cMaumBaHus BOJOW IIO-
BEPXHOCTH KBaplla U3MEHSJICS HEMOHOTOHHO
C YBEJIMYEHHEM BpEMEHU IUIa3MEHHOM oOpa-
OOTKM: B pe3ylbTare KpaTKOBPEMEHHOTO
Bo3zeiictBus  (toop.=10-30 ¢) mpoumcxoamio
yBenuueHne ©° ¢ 44° ngo 53°, yto cBUIe-
TEJIbCTBYET O MOBBIIEHUH TUIPOHOOHOCTH
MUHEPAILHON MOBEPXHOCTHU, M CHIUXKEHHE O°
10 48° npu top. =150 C.

3akiroueHue

[lonydyeHHble  pe3yabTaTbl  CBHUETENb-
CTBYIOT O IPUHLHUIINAIBHON BO3MOKHOCTH U
3¢ (HEeKTUBHOCTH MPUMEHEHUS IUAJIeKTpUYe-
CKOro 0apbepHOro paspsifa B BO3IyXe IpH
aTMoc(hepHOM JaBJICHUHU I pa3ylnpOYHEHHUs

TOHKOJUCIIEPCHBIX MHUHEPAIbHBIX KOMILIEK-
COB, HAIPaBJICHHOTO W3MEHEHUS CTPYKTYp-
HBIX U (U3UKO-XHUMHUYECKUX CBOWCTB TIO-
BEPXHOCTH,  yIydlieHus  (HIOTAMOHHBIX
CBOMCTB CyNb()HUIHBIX MHHEPAJIOB, a TaKXKe
pa3ynpodHeHus U (PIoTallMOHHOTO pasjene-
HUS  TIOpPOA0OOpa3yIoIIMX MHHEpAIoB, B
YaCTHOCTH BblJieJIeHUE (OYMCTKH) KBapla.

bubaunorpaguyeckne cCbUIKU

1. ArraeBa C.B. baprepnsiit pa3psn. MccrenoBanue u
npumMeneHue. Saarbriicken: Lambert Academic Pub-
lishing. Germany; 2011. 193 c.

2. May F., Hamann S., Quade A., Briiser V. Froth
flotation improvement by plasma pretreatment of
sulfide minerals. Minerals Engineering 2017;
113(11): 95-101.

3. Amutpues C.B., I'puropres U.B. IlepcnexTuBHI
HCIIOJIB30BAaHUA JAUDJICKTPUICCKOTO 6apbepH0r0
paspsoa IpH  3JIEKTPOCTATUYECKOW Cemapaluu.
Ob6ozawenue pyo 2018; (4): 34-37.

4. Stalder A.F., Melchior T., Miiller M., Saged D.,
Bluc Th., Unserd M. Low-Bond Axisymmetric
Drop Shape Analysis for Surface Tension and Con-
tact Angle Measurements of Sessile Drops. Colloids
and Surfaces A: Physicochem. and Eng. Aspect.
2010; 364(1-3): 72-81.

5. Jlazykun A.B., I'pabensubix O.U., Ceparokos H0.A.
U 1p. JleficTBUE NPOAYKTOB IJIa3Mbl IOBEPXHOCTHO-
ro OapeepHOro pa3psga Ha MPOPACTAHHE 3JTAKOB.
Tucema 6 JKTD 2019; 45(2): 18-21.

References

1. Avtaeva S.V. Barrier discharge. Research and ap-
plication. Saarbriicken: Lambert Academic Publish-
ing. Germany; 2011. 193 p. (In Russian).

2. May F., Hamann S., Quade A., Briiser V. Froth
flotation improvement by plasma pretreatment of
sulfide minerals. Minerals Engineering 2017;
113(11): 95-101.

3. Dmitriev S.V., Grigoriev 1.V. Prospects for the use
of a dielectric barrier discharge in electrostatic sepa-
ration. Obogashchenie Rud (Beneficiation of ores)
2018; (4): 34-37. (In Russian).

4. Stalder A.F., Melchior T., Miiller M., Saged D.,
Bluc Th., Unserd M. Low-Bond Axisymmetric
Drop Shape Analysis for Surface Tension and Con-
tact Angle Measurements of Sessile Drops. Colloids
and Surfaces A: Physicochem. and Eng. Aspect.
2010; 364(1-3): 72-81.

5. Lazukin A.V., Grabel’nykh O.l., Serdyukov Y.A. et
al. The effect of surface barrier discharge plasma
products on the germination of cereals. Tech. Phys.
Lett. 2019; 45(2): 16-19.

14-51 Meocoynapoonas kongepenyus « Bzaumooeticmeue usnyyenuii ¢ meepovim menomy, 21-24 cenmaops 2021 2., Munck, berapyco
14th International Conference “Interaction of Radiation with Solids”, September 21-24, 2021, Minsk, Belarus

258



