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Y pobomi nokasaHo, wWo HememasiidHi BK/IKOYEHHS, SIKi ymMBOPOHMbLCS 8 NPOYECi BUPOBHUYMBa cmavsli, 3Ha4HO
BMN/IUBAKOMb Ha B/laCMUBOCMI cmasli ma Memasonpooykyii i ix sudasieHHs1 B poyecax supobHuymsa cmaii, ujo
Bidi2pae 20/108Hy PO/ib NPU OMPUMaHHI MPOOYKUIT BUCOKOI IKOCM.

ZlosedeHo, wWo 0719 ompuMaHHs Ki/ibKICHOT iHgbopmayil npo po3mip ma KiflbKicmb HeMemasieBux BK/IHOHYEHb MOX-
Ha BUKopucmoByBamu cmepeoso2iyHull aHasli3.

BucsimneHo, wjo «yucma cmasib» BK/IKHAE YNpas/liHHA BMICMOM YCiX BK/IIOYEHb, WO MICMSMbCS 8 cmavi, 3 ypa-
XyBaHHSIM BK/IHOHEHb, Bi/IbWIUX, HXX KpUMUYHUU po3mip, siKul 8I06UBAEMbLCS HA IKOCMI 20MOBOI MPOJYKYT.

lNokasaHo, Wjo Hememasiesi cmasii 8 20moBsoMy MPOoyKmMi rpedcmas/ieHi okcudamu, rnpu YboMy Ha CbO200HiW-
HIli OeHb OyiHKa 3abpyOHeHOCMi cmaJii € He00CMamHbOH0 | B OKPEMUX BUNaoKax Mae yMOBHUU xapakmep.

YcmaHoB/1eHo, W0 X00Ha 3 YUHHUX Wkas, a came ASTM E45, ISO 4967:1979, SKF ma iHwi, He sidobpaxaromb
YiSIKOM peasibHo20 cmyreHsi 3abpyoHeHocmi cmaiii. Tlpu ybomMy 0aHi XiMIHHO20 aHasli3y O0C/ioXyBaHUX 3PasKis
csid4amsb, Wo BMicm HeMemasiesux BK/oYeHb nepesuwye Ha 20-30 % OaHi, ompuMaHi 3a A0rOMO20H0 BUKOPUC-
maHHs cmaHO0apmHUx MemasioepagiyHux MeMOoOUK.

BucsimneHo, wo HUHI Be/IUKE MOWUPEHHST Ceped KifIbKICHUX Memoois aHaslisy Habysiu cmamucmuyHi Memoou
OYiHKU pO3MipiB ma po3rooisly BK/IOYEHb.

lNokaszaHo, Wo 0151 BCeBIYHOI OYIHKU 3abpyOHeHoCmi cmarii HeMemasieBUMU BK/THOHYEHHSIMU HEOOXIOHO MpoBooU-
mu KomrnaekcHUl aHasi3, Wo Micmumab OUIHKY IX ck1ady, Mopghos1o2ii, po3mipis ma po3rooisy.

lNokazaHo, Wo 0/19 cmamucmuy4HOi OYiHKU po3rodisly HeMemasiesux BK/IlOYEHb 3a posMipamu 8 pobomi po3-
PO6/IEHO MEMOOUKY, WO 0ae 3Mo_y BUSIB/ISIMU PO3M00i/T BE/IUKUX HEMEMA/IEBUX BK/IKOHEHb Y CMaslbHIl NPooyKuyii.

3'sicosaHo, Wo 07151 BUSIB/IEHHST KPYIMHUX HEMEMA/IEBUX BK/IHOHYEHb MOXHA 3aCmocosyBamu /102apuhmiyHO HOpP-
MasibHul (no2HopmMasibHuli) po3nodis eksisaieHMHUX diaMempis HeMemasieBUX BK/IH0YEHb, B OCHOBI IKO20 /IEXUMb
My/ibmunikamusHUl npoyec chopmyBaHHs1 BUMAOKOBUX BE/TUYUH.
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[Noka3aHo, Wo 0719 OMPUMAaHHS KpUBOI po3rodisly BCA BUSIB/IEHA CYKYIMHICMb HeMemasiesux BK/Il0YeHb (OKpeMo
07151 cy/Ibhidis ma OKcudiB) disius1acs 3a posmipamu iHmepsasu, Npu YboMy pesyibmamu aHasli3dy 3HaqdHO 3aaexasnu
BIO Ki/lbKOCMI iHMepBaslis, mobmo Po3MIpHUX 2pyii.

NokasaHo, Wo 3 BUKOPUCMAaHHAM PO3po6/1eHOT MemMOAUKU NPOBEOEHO Ki/IbKICHY OUiHKY 3abpydHeHocmi 6esre-
PEPBHO/IUMUX 3a20MOBOK HEMEeMAas1IeBUMU BK/IOYEHHSIMU.

NokasaHo, wjo 8 pe3ysibmami MPosedeHuUX 00C/TIOXEHb PO3PO6/IEHO MEMOOUKY CMepeosi02iYHOT PEKOHCMPYKUYil
pOo3rodinly Hememasiesux BK/IHOYEHb, W0 BU3HAYaE HEBPAx0BaHi HEMemasiesi BK/IIOUEHHS PO3MIPY, W0 rnepesulyye
Kpumuy4Hud.

3’s1coBaHO 3 MPOBEOEHHSIM Ki/IbKICHOI OUIHKU 3abpyOHEHHSI 6E3MepepsHoIuUMUX 3a20moBOoK HeMemasaesumu
BK/IOYEHHSIMU 3 BUKOPUCMAaHHSIM MemoOuKU Cmepeosi02iYHOi PeKOHCMPYKUYii 102HOPMa/IbHO20 PO3n0disy BK/IO-
YeHb 3a po3mMipamu 0a€e 3Mo_y MPO2HO3yBamu Ki/lbKiCmb BE/TUKUX HEMEMa/IeBUX BK/IHOHYEHb Yy Memasiesili npooyKyii.

Knrouosi csosa: Hememasiesi BK/IOYEHHS, /I02HOPMa/IbHUU po3Mnodisi, CmepeosiogiyHa PeKOHCMPYKUIs, 6es-
rnepepsHoIUMI 3a20MOBKU.

Yefimova Veronika, Smirnov Yuri, Malii Oleksandr, Hrudkina Nataliia. Assessment of the distribution
of non-metallic inclusions in steel products using the stereological reconstruction method

The work shows that non-metallic inclusions formed in the steel production process significantly affect
the properties of steel and metal products, and their removal in steel production processes plays a major role in
obtaining high-quality products.

It is proven that stereological analysis can be used to obtain quantitative information about the size and number
of non-metallic inclusions.

It is highlighted that “clean steel” includes controlling the content of all inclusions contained in steel, taking into
account inclusions larger than the critical size, which affects the quality of the finished product.

It is shown that non-metallic steels in the finished product are represented by oxides, while today the assessment
of steel contamination is insufficient and in some cases is conditional.

It is established that none of the current scales, namely ASTM E45, ISO 4967:1979, SKF and others, do not
fully reflect the real degree of steel contamination [. At the same time, the data of chemical analysis of the studied
samples indicate that the content of non-metallic inclusions exceeds by 20-30% the data obtained using standard
metallographic methods.

It is highlighted that at present, statistical methods for estimating the size and distribution of inclusions have
become widespread among quantitative methods of analysis.

It is shown that for a comprehensive assessment of the contamination of steel with non-metallic inclusions, it
is necessary to conduct a complex analysis, which includes an assessment of their composition, morphology, size
and distribution.

It is shown that for the statistical assessment of the distribution of non-metallic inclusions by size, a method was
developed in the work that allows detecting the distribution of large non-metallic inclusions in steel products.

It was found that for the detection of large non-metallic inclusions, a logarithmically normal (lognormal) distribution
of equivalent diameters of non-metallic inclusions can be used, which is based on the multiplicative process of forming
random variables.

It is shown that to obtain a distribution curve, the entire detected set of non-metallic inclusions (separately
for sulfides and oxides) was divided by size intervals, while the analysis results largely depended on the number
of intervals, i.e. size groups.

It is shown that using the developed methodology, a quantitative assessment of the contamination of continuously
cast billets with non-metallic inclusions was carried out.

It is shown that as a result of the research, a method of stereological reconstruction of the distribution of non-
metallic inclusions was developed, which determines unaccounted non-metallic inclusions of a size exceeding
the critical one.

It was found that quantitative assessment of the contamination of continuously cast billets with non-metallic
inclusions using the method of stereological reconstruction of the lognormal distribution of inclusions by size allows
predicting the number of large non-metallic inclusions in metal products.

Key words: non-metallic inclusions, lognormal distribution, stereological reconstruction, continuously cast billets.

Bctyn. [0n0BHMM 3aBAaHHAM MeTaslypriB i ogHe-ABa BKIHOYEHHS po3MipoM — 200-270 MKM

€ BUAAIEHHA HEMEeTasIeBMX BK/IHOUYEHb, & TakOX
KOHTPONb NPUPOAM 1 PO3NOAISY BKIKYEHb, LWO
3a/mwmancsa B ctani. CTtepeonoriyHmii aHanis
BK/THOUEHDb Y MeTasli MOXe OyTW BUKOPUCTaHWUIA Ans
OTPUMAHHSA KiJTIbKICHOT iIHdpopmaL, il Npo X po3mip Ta
KiSTbKICTb.

Tak, 3a gaHumMmu po6oTu [1], oanH Kinorpam ctani
LCAK micTuTb 10’—10° BK/tOUEHb, 30KpEMa 6/1M3bKO
400 po3mipom 80—-130 MKkM, gecAaTb — 130—200 MKM
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i 6inbwe [2; 3]. JocnimkeHHs [4] nokasykoTb, Lo
BMICT ApiOHMX BK/IOYEHb 3@ Ki/IbKICTIO NepeBaxye
KINbKICTb BEJIMKMX, NPOTE MOBHWI YMICT OCTaHHIX
MOoXe 6yTu BinbLmm [5].

Cepepn, metanorpaiyHux MeTOAIB OOHUM i3
NOLLIMPEHUX METOAIB Y NpakTUL,i 3aBOACHKUX /1abo-
partopiii oTpumaB MeTog, MOPIBHAHHA 3i CTaHA4APT-
HAMW LWIKanamu, Wwo Aa€e 3Mory [0CUTb LUBUAKO
OUIHUTN 3abpyAHEHICTb CTasi HeMeTasieBUMU
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BK/THOUYEHHAMM B 6asiax LWKav TOro Y iHWoi cTaH-
aapty.

[bxepenom iHpopmauii npo napametpu Tpu-
BUMIPHOI CTPYKTYpX € ABOBMMIpPHA (NAOLWMHHA)
CTPYKTypa nepepisy cnnaasy, WO CnocTepiraeTbCs
Ha NAOLWWMHI Widhy. Y ubomy enemMeHTn NpocTopo-
BOI CTPYKTYpV NpeAcTassieHi ix cnigamu, a Mikpo-
YacTuHKa — Ti NepeTUHoM.

Tak, Ansi BCe6i4HOI OLiHKM 3abpyaHEeHOCTI cTani
HeMeTaNIEBMMIN BK/IKOYEHHAMWN HEOOXiAHO NpPOoBO-
ONTW KOMMNAEKCHUI aHani3, WO MICTUTb OLHKY iX
cknagy, mopdonorii, po3mipis Ta posnoginy. Ans
CTATUCTUYHOI OLHKMA PO3No4isly HemeTaneBux
BK/IIOYEHb 3@ PO3MipaMy Hamn Po3pPo6IEHO METO-
OVKY, WO Aa€e 3MOry 3peLUTor0 IMITyBaTu po3nogin
BE/INKMX BK/HOYEHb.

Metogn Ta MeTogMKu pocnigkeHHs. Meta
OOCiIKEHb:

1) po3pobuTn METOANKY CTEPEOONIUYHOI PEKOH-
CTPYKUIT po3nogisly HemeTasieBMX BK/IHOYEHb, LLO
BM3HAYaE HeBpaxoBaHi HeMeTasieBi BK/IHOYEHHS
pO3Mipy, LLO NEPEBULLYE KPUTUYHWIA;

2) NPOBECTU KiNIbKICHY OLIHKY 3abpyaHeHHs
6e3nepepBHOIUTUX  3arOTOBOK HeMeTaneBMMU
BK/TIOUYEHHSAMW 3 BUKOPUCTAHHAM METOAUKW CTe-
PeooriyHOl PEKOHCTPYKLiI TOTHOPMasTbHOTO PO3-
noAiny BKAKYEHb 3@ po3Mipamu.

Konu 3pa3ok cTani, WO MIiCTUTb HeMeTasieBi
BK/THOUEHHS, NepeTUHaE N/IOLWMHY, BiNbLICTb Yac-
TUHOK NPOXOAWTb HE Yepe3 MakCUMaslbHUIA Aja-
MeTp, TOMY BMAMMA YacT1HAa BKIHOYEHb Ma€e MeHLUI
po3mipn (Puc. 1). OTxe, BUMIpOBaHHA pPO3Mipy
4aCTMHOK HEeMEeTas/IeBUX BK/THOUEHb, L0 MICTATbLCS,
MaTUMyTb AesiKuii Nnepekic y 6iKk MeHLMX po3MipiB.

TVM 4acoOM MNEeBHUM HeAoMiKOM BigOMUX CTa-
TUCTUYHMX METOAIB OLiHKN 3abpyaHEeHOCTI cTasi
BBaXXaETbCS TOM (hakT, WO pPO3MNOAisl BK/IHUYEHb
OyayeTbCA TiNbKM Ha NigcTaBsi BidyasibHOro nigpa-
XYHKY BK/HOY€EHb [7]. TOMY KifIbKiCTb NEBHUX HEMe-
TaneBuX BKOYEHDb Oyae Ha 20—30 % HMKYOLO, HiX
€ Hacnpasgi.

Puc. 1. Yucno i po3mipn HemeTaneBux
BK/IOYEHb Ha 3pi3i wnidy

OTxe, B KiHLEeBOMY MiACYMKy OfepXyBaHa cTa-
TMUCTUYHA KpUBa po3nodiny Hece iHhopmalito nep-
BaXKHO NPO BUAMMY YACTUHY BK/OYEHD.

3a pgaHummn pobIT [8], BiAOMO, WO AOCUTL
[OOCTOBIPHOIO  MOXHa BBaxaTu TrinoTesy npo

norapumiyHo  HOpMasibHUA  (TOTHOPMasIbHNIA)
pPO3MN0A4iST eKBIBA/IEHTHUX AiaMeTPIB HEMETa/IEBUX
BK/IlOYEHb. B OCHOBI JIOTHOPMasibHOro po3noginy
NEeXUTb MYNbTUNAIKATUBHWIA NpoLec hopMyBaHHS
BMNAAKOBUX BesIMYMH, TOOGTO npouec, y sKomy
[is1 KOXHOro [OAAaTKOBOrO YMHHUKA Ha BUNagKoBYy
BENNYMHY NPONOpUiiHa AOCATHYTOMY pPiBHIO [9;
10]. DPyHKUIA TYCTUHM NOTHOPMasIbHOro po3noginy
OMUCYETLCA BUPA30OM:

1 1(nx-pY
f = . _=
(X) Glnx\/ﬂ exp 2( 6|HX } (1)

ge o« Ta In, — BiANOBIAHO cepefHe apupmeTnyHe
3HaYeHHs Ta cepefHbOKBaApaTUYHE BiAXWUIEHHS
norapudmis.

Mpu uboMy KiHUEBa iHhopMaLis Npo YUCTOTY
cTasli NoAAaEeTbCA Y BUTNALI KPUBOT pO3MOAiNY eKBi-
Ba&/IEHTHUX [JiaMeTpiB HeMeTasIeBUX BKJ/IHOYEHD,
OTPUMaHUX Ha nigcTasi CTAaTUCTUYHOT OLHKM.

Y po6oTi ouiHKa 3abpyaHeHOCTi npoBoAumiacs
Ha ONTUYHOMY MeTasiorpadiyHoMy  MiKpOCKOni
Neophot 3i 36inbLueHHsM x300. OujiHtouM 3a6pya-
HeHoCTi wnidpy pgiametpom 10 MM, nigpaxyHoOK
HemMeTasiIeBMX BK/IKOYEHb MNPOBOAMUTUCA AiSTbHUL
po3mipoM 4x4 mm. JocnigpKyBaHe none CTaHOBW/IO0
5 % nnowi nosepxHi wnidy. Bubip gocnigpkysa-
HOro nossi 3yMOBJSIEHUIA HEOOXIAHICTIO dikcyBaTK
AK ApiOHi, a 11 BinbLUi BKNOYEHHS, 3 METOO 3abes-
neyeHHs 06’eKTUBHOCTI aHaizy. 3a3HadeHa nsiowa
HabupaeTbca 64 MikpodpoTorpaduiss 500x500 MKMm.
[ani 3 BUKOPUCTaHHAM aHaslizaTopa 300paXeHHs
Thixomet PRO HeobxigHa nnowa, Lo Bignosigae
po3mipy nons 30py, BUAMMOrO B OKyNspv Mikpo-
ckona npu 36inbLeHHi x100, 36upanacsa nocnigos-
HVM MPELMIINHNM CKNENKOH «Ha /1bOTY» CYMDKHMX
nonis 30py. Tak, OTPUMaHO NaHOPaMHe 306PaKeHHS
CTPYKTYpU NAOLWi AocnimkysaHoro wnidy. Becb
UMK BUMIpHOBaHb MICTMB Taki Aii: BUTOTOB/IEHHS
naHopamu AiNaHK1 Wnidy; AeTeKTyBaHHA BKJIO-
YeHb; NOAiTY BK/IKYEHb 3a TMnamun Ta po3mipamu.

[ns oTpumaHHA KpUBOT PO3NOAiIY BCA BUSB-
JleHa CyKyMnHICTb HEMeTa/1eBUX BK/IOUYEHb (OKPEMO
AN cynbifis Ta oKcuaiB) Aisivnaca 3a po3mipamu
iHTepBanu. Pe3ynstaty aHanisy 3HauyHO 3anexanu
Bif, KINbKOCTI iIHTepBasiiB, TOGTO PO3MIPHUX TPy, 5K
YCTaHOB/IEHO B pob6oTax [7; 8]. BepxHsA mexa, K
i cepeflHE 3HAYEHHS KOXHOro HacTynHOro iHTep-
BaUly, BUXOAUTb MHOXEHHSAM MonepeaHbLoro 3Ha-
YeHHs Ha koediLieHT, piBHUIA V2 = 1,41 gns po3no-
[iny ekBiBa/IeHTHUX diameTpiB.

3a oTpUMaHUMK emnipuyHUMKU gaHumm  (Ys,)
BY3HAYAOTb TEOPETUYHi YacTtotu (Y;) JIOTHOp-
MasibHOro posnoginy. MNpy po3paxyHkax BUKOpUC-
TOBYIOTb He LeHTpY iHTepBaniB, (X;), a iX BepxHi
mexi (X) [8].
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MepeBipka BIAMNOBIAHUX BUXIOHUX €MMIPUYHUX
[aHnX SIOTHOPMasibHOMY 3aKOHY po3noginy 3aii-
CHIOBas1acs 3a kputepisMu X*, L Ta mMegiaHHOMY
KpuTepito Me [10].

Mpwn po3pobui MaTeMaTUYHOI MoAesi AN oTpu-
MaHHs [LO0MNOBHEHOI KPpMBOI NTOTHOPMasibHOro POo3-
noginy po3mipiB HemMeTasieBUX BK/IHOYEHb BUKO-
pUCTOBYETbLCA Taka cxema:

— YCi 3Ha4yeHHA 4acToT BIAMOBIAHMX €EKBiBa-
NEHTHUX diaMeTpiB HeMeTasleBUX BK/IIOYEHb 3MiBa
BiZ, MaKkCMMaU/IbHOTO 3HAYEHHS BUXIQHOT TeOpeTUY-
HOT KpMBOT 3a/INLLIAKTLCA HE3MIHHUMMW, OCKISTbKA L
BK/TOYEHHSA A0CUTL Nerko chikcysatu 3a A0nomMo-
rot0 OMTMYHOrO MIKpPOCKONa;

— PO3LUMPEHHS MOYMHAIN 3 TOYKM, WO Bigno-
BiJa€ MakCUMaUIbHI 4acTOTi BK/IHOYEHb 3a TaKO
dhopmynoto:

— PO3LWMPEHHA BUCXIAHOT YaCTUHW BUXIAHOI
KpUVBOI:
I _ !/
Y/ =¥l-zN,

4)
Ae Y/— yacToTa BK/IOYEHb Y [OMOBHEHIl KpuBili
po3noginy; Y,.— MakCMMa/lbHa 4actoTa BK/O-
YeHb y BUXIfHI TEOPETUYHIN KpUBI po3noginy; —
KPOK PO3LUMPEHHSA KPUBOT;, N,— KoeqilieHTN po3-
LUMPEHHSA KpYBOI, WO BMOMpaloTh BIAMNOBIAHO [0
matpuui LN-A n LN-G .

3 BUKOPUCTaHHAM po3p06/ieHOT METOAMKN HaMu
NpoBeneHO KiSIbKICHY OLiHKY 3abpyaHeHoCTi 6e3-
NepepBHONNTUX 3arOTOBOK HEMETasIEBUMM BKJIHO-
YEHHAMW cTani Mapkn 45 3 BUKOPUCTaHHAM Mpo-
[yBaHHSA Yepes KinbLueBy dypmy 11 6e3 Hel. MeTan
po3NuTKiA 6e3 NPOoAYyBaHHA aproHOM — AOCAIAHUIA,
a i3 3aCTOCYyBaHHAM NPOAYBaHHSA — NOPIBHANBHUIA.
Mig yac aHanizy BpaxoByBa/IM OKCUAW, LLO BUAj-

Y =Y, +ZN U e o
S mex v @) nmnucs B caMocTiiHOT ha3n. MiHimanbHuiA fia-
— PO3LUMPEHHS HU3XiAHOT YaCTUHN KPUBOI: METP BUSABMEHUX MPU BUKOPUCTaHHI Mikpockona
Y oY 2N 3) BK/TO4YEHb OKCU/IB AOPIBHIOE 2 MKM, & MakCUMasib-
peo ’ HWI1 He nepeBulyBaB 60—65 MkM. Ha puc. 2 a, 6
3
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Puc. 2. Po3nogin po3mipiB okcugiB y 3pa3kax 6e3nepepBHOMNTOI 3aroTOBKU:
a — NOpPiBHANbHUIA MeTan; 6 — gocnigHU MmeTan
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nokasaHi BUXiHi Ta JOMOBHEHI PO3MOAiNY Po3MipiB
oKcuaiB.

Tak, Npy BUKOPWCTaHHI METOAVIKM CTEPEOsIOoNYHOT
PEKOHCTPYKUII  po3rodily HeMeTasieBUX BK/IHOUEHb
BVSIB/IEHO, LLIO HEBPAaX0BaHVIMU 3a/IMLLWIINCA B Cepes-
HbOMY 6/1M3bK0 40 % BE/IMKMX BK/IHOUYEHb Y MOPIB-
HAMbHOMY MeTauli Ta 15 % y gocnigHomy. OTpuMaHo
3a/1XHOCTI PO3MOoAiNy OKCUAIB Y BiA/IMTOMY MeTasli
puc. 4 a, 6, gaHi SKMX ceBig4aThb, WO LUeid MeToa Aae
3MOry BUSIBUTW BEJIUKI BK/THOUYEHHS, SKi BUSIBNSAKOTLCA
TpaguUiiHuMy meTanorpadiyHIMn MeTogamu. |3 Lmx
puc. 4 a, 6, WO B gocnigHoMy MeTai 3a/TMLLNNCA
HeBpaxoBaHNMK B cepeaHbomy 6n13bko 40 % Benu-
KMX BK/THOUEHb, a B MOPIBHANIbHOMY — 15 %.

BucHoBKWU. Y pe3ynbraTi  NpoBeLeHux
OOCiIKeHb poO3p06/eHO METOAUKY CTepeosio-
rMYHOT PEKOHCTPYKLUIT po3noiny HemeTaneBux
BK/IIOUYEHb, WO BU3HA4Ya€e HeBpaxoBaHi Heme-
TasieBi BK/IIOYEHHA pPO3Mipy, WO nepeBuLlye

KPUTUYHWIA.
MpoBeAeHHS KifbKICHOT OLiHKW 3abpyAHEeHHSs
6e3nepepBHONINTUX  3arOTOBOK  HemeTasieBUMU

BK/TIOYEHHSAMW 3 BUKOPWUCTAHHAM METOAMKM CTe-
PEeOOriYHOI PEKOHCTPYKLiT TOrHOPMasiIbHOro po3-
noAiny BKKOYEHb 3a po3MipamMu nokasasno, Wwo i
BMKOPUCTaHHA Aa€ 3MOry NnporHo3yBaTu KislbKiCTb
BE/IMKMX HEMETa/IEBMX BK/HOYEHb Y MeTasieBil

NPOAYKLT.
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