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Application of micro-arc oxidation for a part hardening made of aluminium alloys and repaired by plastic
deformation

The objective of the research is to analyse the scientific and technical information on hardening of parts
of aluminium alloys by micro-arc oxidation, particularly the parts, which were repaired by hot plastic
deformation.

This article presents the analysis of the possibility to apply a new method of hardening of working
surfaces of parts by micro-arc oxidation to increase wearability of working surfaces of the parts made of
aluminium alloys, in particular the bodies of gear pumps. The work presents the essence of the process of
hardening of details by micro-arc oxidation and the main physical and chemical characteristics of the hardening
coating. It was stated that the adhesive strength and mechanical characteristics of the coating largely depend on
the condition of the surface under hardening, in particular on the method of preparatory processing.

It was established that the hardening coating of metal after plastic deformation gets better adhesive
strength, thickness and hardness. The work presents basic information on micro-arc oxidation which will
facilitate further application of the hardening method in repair industry.
micro-arc oxidation, hardening of aluminium alloys, plastic deformation, adhesive strength, wearability,
micro-hardness of coating, ceramic metal
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JIOC1IPKEHHS BIUTUBY TEMIIEPATYPH 1 MIBUAKOCTI PyXy
PO3IUIaBY Ha MPOIEC PO3YMHEHHS JIETYIOUUX JOOABOK B
PIIKOMY YaBYHI

JlocmipkeHO  Ta  BHBYCHO  BIUIMB  TCIUIO-KIHCTHYHMX Ta  MAaco-OOMIHHHUX  MpPOICCIB B
MAarHITOJUHAMIYHOMY Mikcepi-go3atopi moaeni MJIH-6Y Ha mBHAKICTE pO3YMHEHHS (PEpOoXpoMy Y piaKoMy
yaByHi. BUKOHAHO pO3paXxyHKH KOHBCKTHBHOI MU(Y3il XpOMY Ta €KCIICPUMCHTAIBHUM IUISIXOM BCTAHOBJICHO
parioHaTBHUH PEKUM pOOOTH MAarHITOAMHAMIYHOI YCTAHOBKY IIPH OTPHMAaHHI PO3IUIABIB JISTOBAHOTO YaByHY
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HccnenoBaHo ¥ W3Y4EHO BIMSHHUE TEIUIO-KWHETHUECKMX W MacCOOOMEHHBIX IIPOLECCOB B
MarHUTOJMHAMHYECKOM MHKcepe-no3atope Mojenu MJIH-6Y Ha ckopocTh pacTBopeHHs (eppoxpoma B
JKUJIKOM YyTyHE. BBINOJIHEHBI pacyeThl KOHBEKTUBHOHM IU(Qy3UH XpoMa M 3KCIEPUMEHTAIBHO YCTAHOBJICH
palMOHAIBHBIA  PEXHUMBI  pabOThl  MAarHUTOJMHAMHYECKOM YCTAHOBKM TIIPH  IIOJyYEHHHM  PAaCIIaBOB
JIETHPOBAHHOTO YyTYHa
JICTHPOBAHHBIH YYT'yH, XpOM, MATHUTOAHHAMHYECKU MUKcep, KOHBeKIHs paciiaBa, 1updys3nsa

ITocTanoBka npodJsemu. Ha crazii oTpruMaHHs XpOMOBOI'O YaByHY BU3HAYaJIbHUMHU €
TETUTOBI 1 (Pi3MKO-XiMiUHI TPOIIECH, IO MPOTIKAIOTh Mi’K BBEJICHUMH JTI00aBKaMu Gepoxpomy i
METaJIeBUM PO3IJIaBOM.

B nmirounx TEXHOJOTisIX MUTAHHSM SKICHOTO MPHUTOTYBAaHHS PO3ILIABIB XPOMOBOTO
YaByHy MpPHUIUISIETBCS HENOCTaTHA yBara. He3Bakaiouum Ha 3HAa4yHy KOHBEKIIIO PiAKOrO
METajdy B TNPOMHUCIOBUX I€YaxX INBUIKICTh PO3YMHEHHS TYTOIUIABKUX JT00OABOK BiJHOCHO
HEBEJIMKA 1 B P/l BUTIAJKIB BU3KMBAaE HeOakaH1 3aTPUMKH TIaBOK. CaMUM pO3IOBCIOIKEHUM
CrocoOOM yBEJIeHHs B pO3ILIaB HEBEIUKUX J00aBOK (hepoXpoMy MOB'S3aHUH 13 3aHYPEHHSIM
TBEPIUX HWOTO IIMATKIB y KiBII 3 MeTasoM. [Ipw mboMy Ui MPHCKOPEHHS PO3YMHEHHS 1
rOMOTeHI3alli]l po3IUIaB JOLIIBHO MEepEMIIlyBaTH, 110 3A1HCHUTH IpaBiTalliiHIM, MEXaHIYHUM
a00 MHEBMATHYHUMH CIIOCO0AMU TOCUTH CKIaIHO.

OnuH 13 eeKTHMBHHUX CHOCOOIB MPUrOTYBaHHS pO3IUIABIB YaBYHY, JIETOBaHOTO
XpOMOM, IIOJIATA€ Yy 3acTOCYBaHHI 3aco0iB  MAarHiTHOI TIIPOJMHAMIKH, 30Kpema
MarHiTOJUHAMIYHOI ycTaHOBKU Mozeni MJIH-6Y, xomu MeTan-po3uMHHHUK HArHITA€ThCS IO
OJTHOMY 3 KaHaiiB B pobounii mpocTip [1]. HorineHicTs 3actocyBanuss MI'J[-ycTaHOBKH 15
NPUTOTYBAaHHS XpPOMOBOIO 4YaByHY mosicHIOeTbesi BHcokuM KKJ[ Takoro arperaty mnpu
HarpiBaHHI PiAKOTO METally 1 pO3YMHEHHI YBEACHOTO (epoXpoMy, MOKIMBICTIO 3/IHCHEHHS
IHTEHCUBHOTO PpEryJIbOBAaHOTO MeEpeMillyBaHHS YaByHYy 1 HACTyNHOI J1030BaHOI Horo
PO3ITUBKHU.

AHaJi3 ocraHHix gociaikenb i myodaikauiii. [Iponec 3acBoeHHs depoxpomy mnpu
YBEJACHHI B €MHICTh 3 METAJIEBUM PO3IUIABOM CKJIQJIA€ThCS 13 TPHOX OJHOYACHHUX CTaIiil:
po3urHeHHs, TUdy3ii y T]paHUYHOMY IIapi i KOHBEKTHBHOTO TIEPEHOCY 10 00’ eMy eMHOCTI [2].
CriouaTKy TBepJa Kipka HaMep3a€ Ha IIMaTOK (pepoxpomy, a moTiM IuiaButhes. [Ipu npomy
TYTOIIABKUM (hepocIiaB MpOrpiBaeThCsl 3a paxXyHOK TeIUIa, L0 MiABOJUTHCA B PiAKOrO
YaByHy UIUIIXOM KOHBEKIIi Ta Temiga Kpucramizamii Ha mnoBepxHi. IloTiM Kipka
PO3ILIABISAETHCS 1 TIPU TEMIEpaTypi IUIaBieHHS (pepoxpomy, HabaraTo BHILIA HIK METaly-
pPO3UMHHMKA, IIMAaTOK (epocruiaBy pO3YMHAETHCS O€3 TUIaBICHHS. ATOMH  XpOMY
BIJIPUBAIOTHCS BiJl KPUCTATIYHOI PEIIITKH 1 MEPEeXoaiaTh B PO3ILIaB 3 YTBOPEHHSM IOOJIH3Y
MOBEPXHI TBEPAOTo Tijia po3unHy. [Ipu boMy MOXIIMBE YTBOPEHHS JIETKOIIABKUX CITONYK.

IToctaBHOBKa 3aBaaHHsl. 3ajaya JOCHKEHHs MONAraja y  BHU3HAYEHHI
palioHAJILHOTO TMOEHAHHS TEeMIIepaTypy MaTaly-pO3UMHHMKA 1 MIBUAKOCTI MOJadi pO3IUIaBy
i3 kKaHaiy B poOouy eMHICTh yctaHoBku MJIH-6Y mis oTpuMmaHHS MiHIMaJIbHOTO dYacy
po3unHEeHHS (PEepoXpOMy 1 MAKCUMAIBbHOI MPOAYKTUBHOCTI MPH BUIUIABII CIUIABY 3 3a/1aHOIO
MacOBOO YaCTKOIO XPOMY.

Bukaaa ocHoBHOro marepiaiy. Jlins BupilieHHs IOCTaBJIEHOT 3a1a4i OyIM BUKOHAH1
PO3paxyHKHU KIHETUKU PO3YUHEHHS PepoXpoMy B MarHiTOAMHAMIYHIN YCTaHOBIII.

B MexaHi3Mi pO3YMHEHHS TEXHIYHUX PEYOBMH, B JAaHOMY BHIAIKY (Hepoxpomy, Kpim
MOJICKYJIIPHOTO TIEPEHOCY Ma€ MiCIle TEXHIYHAa epo3is TBEPAOTO 3pa3ka MUITXOM
INPOHMKHEHHS PO3IUIaBy MO MOpaM CTPYKTYPU B MNIMOMHY MaTepiaiy 1 BIJOKPEMJIEHHS LIIHX
3epeH. Y 3B’S3Ky 3 LMM IPU PO3paxyHKy uacy pPO3YMHEHHS Ta IHIIMX HapaMmeTrpiB, IO
XapakTepu3yloTh nporec, koedinieHT D B ¢dopmynax KoHBeKTHUBHOI au(y3ii HEOOXiTHO
3aMiHUTH Ha €(EKTHUBHUH MTapamMeTp po3unHeHHs .
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Jlnist po3paxyHKy IIBHAKOCTI pO3UMHEHHS (EepoXpOMy B YaBYHIi 1 OIIIHKH HEOOXiTHUX
JUIsL peainiszallii Takoro Mpoiecy napameTpiB poOOTH MarHiITOJWHAMIYHOI YCTAaHOBKU MOXYTh
OyTH BUKOPHCTaHI pe3yJIbTaTH €KCIIEPUMEHTAIBHUX JOCIIKEHb 1 aHATITUYHUX PO3PaXyHKIB,
BUKOHAHUX B poOoTi [3]. 3okpema B HI HABOAATHCS EKCICPHUMEHTAJbHI 3HAYCHHS
epexTuBHUX mapamerpiB @ nudysii XpoMy, 10 BU3HAYEHI METOJOM OOEpPTOBOrO JHCKa 3
PIBHOJIOCTYIIHOIO MTOBEPXHEI0. 3B'A30K MK TUTOMOIO HIBUAKICTIO PO3UMHEHHS 1 €)EKTUBHUM
napameTpoM Au(dy3ii XpoMy BHpPaKa€eThCs HACTYIHOIO €MITIPUYHO0 (hopMyJIIot0:

2 1 C
V,=0.62-@% v G-M-ﬁ, (1)

H

: 2 3.
nie V, — IMTOMa MIBUJIKICTH PO3YMHEHHS 3paska Gpepoxpomy, Kr/(Mc);

@ — eeKTUBHUI TTapaMeTp PO3YHMHEHHH, M/c;
V — KiHeMaTH4yHa B’S3KICTh PO3ILIABY, M2/c;

W — mBuakicte 00epTaHHS JUCKA, XB'l;

C, — KOHLIEHTpAllisl HACHYEHHS XpOMY B 3ai3l.

Yac po3unHeHHS (75) MIMaTKiB ()epOXpoMy PO3PaxOBYBAIH IO BiIOMIH eMIIpHYHIN

bopmyi [3]:

2,6-p%° G
Tp=%' UO ) (2)
@3 -ve.C,

Je p, — FyCTHHA MeTaly-PO34MHHHKA, KI/M’,
G, — maca mmatka pepoxpomy, Kr;

U — mBHIKICTh pyXy MeTaly-pO34MHHKKA, M/C.

Po3paxynku po3unmHeHHS (EepoxXpoMy BHKOHAHI [UIs IHTEpBay IIBHIKOCTEH
LUPKYJIALIT PiIKOro Meranxy B cucteMi poboda eMuicTh-kanaia MI'J[-ycranosku (0,1-0,5 m/c),
110 MOKHA OTPHMATH B MarHiToauHaMivHii ycranosui moaeni MIH-6Y (puc. 1). [1pu upomy
Oyso 3po0JIeHO TPHUMYIIEHHS, IO TeMIlepaTypa pO3IUIaBy IMOCTiHA y dYaci 1 00’emi.
Pe3ynbpraTi BUKOHAaHMX pO3PaxyHKIB TpHBEICHI HIKYe (puUcC. 2), NpU CIHIBCTaBICHHI 3
eKCHEPUMEHTAIbHUMU TaHUMH.

B o6csr nocnimkeHHs BXOIUIIO TaKOXK BUBUEHHS MPOLIECY JIETYBaHHS YaBYHY XpOMOM
Ha HaTypHUX 00’ekTax. YaByH XIMIYHOTO CKJIany: Byrieis — 3%, kpeMHiid — 2%, MapraHeis
- 0,25%, xpom — 0,05%, cipka — 0,1%, docdop — 0,1% sumnasmnsum B xyrosiit neui JJCIT — 6.
[lepen Bumyckom wmeTaiy 13 medi Opanu mpoOy Ha XIMIYHHKA aHali3 1 BHUMIPIOBAIH
TEMIIepaTypy YaByHY.

JloCmiKeHHST TIPOBOAMIIOCH 3 BUKOPUCTAHHSIM TMPOMHUCIOBOI yctaHoBkm MJIH-6Y.
JUis OIIHKM BIUIMBY €JEKTPOMArHITHOTO MEpeMillyBaHHS Ha MIBHJKICTh PO3UYMHEHHS
depoxpomy 1 ycepeaHEHHsS XIMIYHOTO CKJIaay 4aByHY, po3muiaB mpu Temmeparypi 1330° C
3MUBAJIM 13 Teyl y KiBlI, a MOTIM 3ainuBaiu B ycranoBky MJIH-6Y. Jlani po3mnnas HarpiBanu
no temneparyp 1380-1420° C, mo pekomeHaoBaHO B poOoTi [3]. 3BaxkyBaHHS HEOOXiTHOT
KIJIBKOCTI  (pepoxpoMy MpoBOoAMIM 3 MoxuOkoro He Outbme 1%. VYBeneHHs mp06aBok
(depoxpoMy 3IIMCHIOBAJIM Ha IOBEPXHIO PIJKOro MeTaly. 3aMillyBaHHS B pO3IUIAB,
PO3UMHEHHS 1 PIBHOMIPHUI PO3MOALIT peareHTy Mo BChOMY 00’ €My 4aByHY 3a0e3meuyBanoch
NPy TEePEeMINTyBaHHI, IO CTBOPIOBAJIOCS €0 €JIeKTpOMarHiTHuX cui B MIJl-ycTaHOBII.
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[ToTpiOuuit BMicT xpomy B uaByHi ckiagaB 0,55-0,60%. IIpo6u Ha XimiuHMI aHami3
BiIOMpamich Tepesl 3aBaHTaXyBaHHAM (epociuiaBy, B MpOIECci HOro po3dnMHEHHS 0e3
€JIEKTPOMArHITHOTO TEpeMilllyBaHHA 1 B TMPOIECI PO3YMHEHHS 3 EJIEKTPOMArHITHUM
nepeMinryBaHHsM. BinOip mpo0 BUKOHYBamM i3 THIVIA 1 37IMBHOTO HOCKa. BMicT Xxpomy B
YaByHi1 BU3HAYAIM CIIEKTPAIBHUM METOJIOM.

b

I

5

K]

Ln'__.r___t__:l'__l__\.J

1 — turenp; 2 — iHAYKIiHA MAaTHITOMWHAMIYHA OJWHUIIS; 3 — KPHIIIKA TUTJIS,
4 — BIKHO JJIs1 CKOYYBaHHS [IUIAKY; 5 — 5K0JI00 IS TOTTMBAHHS METANY,
6 — 3BapHUii KopIyc; 7 — IHAYKTOp; 8 — eIeKTPOMArHiT; 9 — HOCOK JUISl 3JIUBY METAy,
10 — pama; 11 — ocuoBa; 12 — mexaHi3mM ctabisizaiii piBHI MeTany

Pucynok 1 — Cxema martitouHamiuHOi ycraHoBKku mMoeni MJIH-64

[Ipu BUKOHAHHI JOCIIPKEHHS BCTAHOBJICHO, IO TPU 3aBaHTaXXyBaHHI (EepOXpoMy y
po3iuiaB B poOouiit emHocTi ycTtanoBku MJIH-6Y mae micie konmuBauHS Temneparypu. s
3HWKCHHSI TaKWX KOJIMBaHb 3aBaHTAKEHHs INMUXTH BHUKOHYBAJIOCh MopiisimMu. KonwBaHHS
TeMIIepaTypu Ipu oMy He nepesuirysann +30° C.

Pesynbratu mocmipKkeHHs npeacTaBiaeHo B Tab. 1.
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Tabmuus 1 — Pe3ynbraT eKcriepuMeHTIB

Yac Binbopy mpob 3 | BMicT po34rHEHOT0 XpoMy y
MOMEHTY yaByHi, Mac. %
Pexxum pobotn MIH-6Y 3aBaHTaXXCHHA
(epocmasy, TUTECJIb HOCOK
(r5%0.1), ¢
Buxigauii criias 0,05 0,05
20 0,05 0,05
40 0,08 0,05
HarpiBanus 60 0,15 0,06
0e3 eJeKTPOMAarHiTHOTO 80 0,29 0,09
nepeMiITyBaHHS 100 0,36 0,12
120 0,41 0,14
150 0,52 0,18
180 0,63 0,21
Buxigauii criias 0,05 0,05
20 0,12 0,11
40 0,21 0,20
HarpiBanus 60 0,34 0,33
3 €JICKTPOMATrHITHUM 80 0,46 0,43
nepemimryBarasm (U=0.35-0.45 m/c) 100 0,51 0,52
120 0,56 0,55
150 0,55 0,55
180 0,56 0,55

3rimHo 3 gaHUMHU Tabia. 1 eNeKTpOMarHiTHE TMepeMINTyBaHHS PIAKOTO MeTaly
e(eKTUBHO BIUIMBAE HA TIPUCKOPEHHS MPOILECY 3aCBOEHHS YaBYHOM XPOMY.

[To oTpuMaHUM eKCIIEpUMEHTAIBHUM JaHUM TOOYI0BaHI KPHBI 3MIHH MacOBOT YaCTKH
xpomy (puc. 2) B piIKOMY YaByHi B 3aJIXKHOCTI BiJl 4acy po3unHeHHs pepoxpomy. Kpim Toro,
Ha TOMY JX PHCYHKY IOKa3aHI pO3paXyHKOBI 3HAYEHHS 4Yacy pPO3UYMHEHHS (HepoxXpomy 0
Bmicty 0,2%, 0,4%, 0,55% 1 0,60% xpomy y yaByHi.

SAx BUIHO Ha pHUC.2 PO3PAXyHKOBI 3HAYECHHS TPUBAJIOCTI 3aCBOEHHS YaBYHOM
TYroriaBkoro QepoxpoMy A00pe y3roKYIOTbCS 3 EKCIEPUMEHTaIbHUMH JIaHUMHU.
Po3paxyHku mokaszanu, a IpakTHYHA MEepeBipKa MiATBEpIWIIa, IO PU HU3BKOMY JIeTyBaHHI
YaByHY XpOMOM (BMICT XpoMy B po3iuiasi 10 1%), MiHiMaIbHHI Yac pO3UYHHEHHS (hepoxpomy
1 TOMOTeHi3allis PO3IUIaBy JIOCITAIOThCSA MPU TeMIepaTypi metany-po3unHHuka 1380-1420°
C.
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1 — tureins (3 eMEKTPOMATHITHUM TIEPEMIlLITyBaHHIM PO3ILIABY);
2 — HOCOK (3 eNIeKTPOMATHITHUM MEPEMIlllyBaHHSIM PO3IUIABY);
3 — turens (0€3 eNEeKTPOMArHiTHOTO MEPEMIllyBaHHS PO3ILIABY);
4 — Hocok (0e3 eNeKTPOMArHITHOTO MepeMilllyBaHHsI PO3ILIABY);

A — po3paxyHOK (IIpH MIBUAKOCTI iepemintyBanHs posuiasy 0,35-0,45 m/c);
A — po3paxyHOK (IIpH IIBUIKOCTI mepeMirryBanHs posiiasy 0,15-0,25 m/c);
® — ckcriepuMeHT (6€3 eJeKTPOMArHITHOTO TTEPEMIITyBaHHS PO3ILUIaBY);

O — eKCIIEPUMEHT (3 eJIEKTPOMArHITHIM [IEPEMIIIYBaHHSIM PO3ILIABY)

PucyHok 2 — 3miHa BMICTY XpOMY B piIKOMY 4aBYyHi

BucHoBku. B pe3ynbrari NMpOBEAEHUX EKCHEPUMEHTIB 1 PO3PaxyHKIB OTpPHUMaHi
KIHETHYHI TTapaMeTpH PO3YMHCHHS (epoXpoMy B pPO3IUIaBax 4aByHY s Temnepatyp 1350-
1450° C. Burpara metaily B KaHalli MarHITOJAMHAMIYHOI yCTaHOBKH Mae Oyt ~2-5 Kr/c, 1110
3a0e3neuye MIBUAKICTh PyXy PO3YMHHHMKA BIJHOCHO IIMATKIB JIETYIOUUX J00aBOK Ha piBHI
0,35-0,45 m/c. [Ipu gOTpUMaHHI TaKMX TEXHOJOTIYHUX MApaMETPiB PO3UMHEHHS 1 3aCBOEHHS
depoxpomy y kinbkocti 35 kr (~0,55-0,6% Cr Ha 6T yaByHy-pO3YMHHHKA) BiJIOYBAETHCS 3a
~20 xB (mBuAKicTh po3uuHeHHs 1,6-1,8 kr/xe) i mpomykruBHicte MJIH-6Y cTaHOBHTH
~15 t/ro1 XpOMOBOI'O YaBYHY.
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Investigation of the effect of temperature and speed of movement in the melt dissolution of alloying
elements in the molten iron

The aim of the study was to determine the rational combination of the temperature of the metal-solvent
and the rate of supply of the melt from the channel to the working capacity of the MDN-6CH unit in order to
obtain the minimum dissolution time of ferrochrome and the maximum productivity in smelting the alloy with a
given mass fraction of chromium.

It was explored and studied an influence of the heat-kinetic processes on a speed of ferrochromium
dissolution in a liquid cast iron in a magnetodynamic mixer-feeder (MDN-6CH). It was done calculations of the
chromium's convective diffusion and it was set the rational mode of magnetodynamic installation’s operation
when this installation was receiving a melt of the cast iron.

Calculations showed a practical test confirmed that at low doping iron with chromium (chromium content in
molten less than 1%), minimum duration dissolution and homogenization of molten ferrochrome reached at the
metal-solvent at a temperature 1380-1420° C. The consumption of metal in the channel of the magnetodynamic
installation should be ~ 2-5 kg / s, which ensures the rate of movement of the solvent relative to the pieces of
alloying additives at a level of 0.35-0.45 m/s.
alloy cast iron, chrome, magnetodynamic mixer, melt convection, diffusion
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AHaJi3 cTaHy Ta NEPCIEKTUBY PO3BUTKY TEXHOJIOTTYHHUX
METO/IIB 3MIIHEHHSI TOJIOBOK IOPIITHIB aBTOTPAKTOPHUX
JIBUT'YHIB

B craTTi po3risiHyTO OCHOBHI TEXHOJIOTIYHI METOJM 3MIIIHEHHS T'OJIOBOK IOPIIHIB aBTOTPAKTOPHUX
JIBUTYHIB. BIOCKOHAJICHHS CKJIAaAy 1 CTPYKTYpH ANIOMIiHIEBHX CIDIABiB 1 TEXHOJOTIl TepMI4HOI 0OpOOKH;
3aCTOCYBaHHS BUCOKOMIITHUX BCTaBOK B 30HI KiTBIIEBOI KaHABKHU, po3po0Ka MPOTPECHBHUX CHCTEM MACISTHOTO
OXOJIOJDKYBaHHS TIOPIIHS; apMyBaHHS aIOMIHIEBHX CIUIaBiB BOJIOKHAMH 1 IHCIIEPCHUMH YacCTHHKaMH,
CTBOPEHHSI KOMIIO3UIIIHOT CTPYKTYpH; pPO3poOKa MPOrpeCUBHUX KOHCTPYKIIH CKJIQJOBOTO IOPIIHS;
3aCTOCYBAHHSI 3MIIHIOIOYMX TOKpUTTIB. [IpoaHanmizoBaHO mepeBard Ta HEIONIKH ICHYIOUHMX TEXHOJOTIH.
Buzineno cyuacHi miaxoan mo 1o Mojeini (GopMyBaHHS 10HHO a30TOBaHMX ITOBEPXHEBUX WLIAPIB, BiJ3HAYEHO
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