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Y pobomi nokaszaHo, wjo npomixHuli kosw MBP3 € ocmaHHbOK EMHICMIO, 0e MOX/IUBO YPas/Isimu siKicmio cma-
Ji, & caMe BU/TyYEeHHAM HeMemasieBUX BK/IIOYEHb. BUCBIm/IeHo, Wo nepexio HeMemasiesux BK/IKHYEHb Ha MeXy Mooi-
1y ¢haz memast — w/iaK y npoMi>XKHOMY KOBWI Onucyembcsi a0copbyiliHUMU npoyecamu, wo siobysaromsCs 8 cuc-
memi MmemaJi — W/aK — BK/TIOYEHHS.

Noka3aHo, W0 0OHIED OCHOBHO SIKICMIO cmaJli € HU3bKUU BMICM HEMEMaAasIeBUX BK/IKOHEHb Y 20M0OBOMY MPOOYK-
mi. 3’sicosaHo, W0 00HUM i3 HalleheKmuBHIWUX Memooi8 KepyBaHHsI BMICMOM HEMemasieBUX BK/IOYEHb Ha OCMaH-
HbOMY emari po3/1UBKU € rpPodyBaHHs PiOKOI cmasii ap20HOM.

BusHaueHo, wo eghekmusHO HeMemasiesi BK/IIOYEHHST BUOAIAIOMBLCS M0 Yac MpodysaHHs Memasiesoi BaHHU
IHEPMHUM 2a30M 3aB05IKU MPUKPIN/IEHHIO iX 00 By/1b6awoK Ha Mexi nodisy ¢haz Memasi — 2as. [1pu YboMy rokasaHo,
W0 MexaHisM i Kisibkicmb BI00a/1eHUX BK/THOYEHb Y UbOMY BUNA0Ky 00Ci HeA0CMamHb0 BUBYEHO.

Bidomo, wjo npodysaHHs cmasii iIHEPMHUM 2a30M Mpu3so0UMb 00 YMBOPEHHS Memasiesoi eMy/ibCii 8 W/1aky,
wo 36in1bWye MaconepeHoc Mix 0soma piouHaMmu, Wo He 3MillyrombCS, B8 pPe3y/ibmami 4020 3pocmae WauoKicmb
acuminsyii HememasiiqHoi ¢hasu Wiakom.

lposedeHo dema/ibHUl Mamemamu4yHUll ma 2idpoduHamiyHuUll aHas1i3 MoBEAIHKU My3Upsi ap20Hy 3 MEMA/IEBOH
M/1iBKOK 8 Wiakosil ¢hasi.

3’sicoBaHo, WO Npoyec o4uWeHHs1 cmaJii Bi0 HeMemasieBux BK/IKOYEHb Mi0 Yac MpooyBaHHS IHEPMHUM 2a30M
MepesaXHo 3a/1eumsb BIi0 Pe3UOEHMHO20 Yacy nepebysaHHs Kparnai Memasly 8 w/akosil ¢hasi. BucsimieHo, wo
npoyec pachiHyBaHHs Ny3UpsiMuU apa20Hy o/isi2ae 8 PO3pUBI Memasesol M/iBKU Ha ry3upi apaoHy.

lNokazaHo, WO eemepo2eHHI peakyii acuminisayii HeMemasiesux BK/IHOHEHb BIObYBatOMbCS Ha Mexi nodiny a3
i Matomb 1-0i MopsidoK. BusedeHO PIBHAHHST WBUOKOCMI acuMIifiayil HeMemasiesux BK/IIOYEHb 3 BUKOPUCMAHHSIM
daHux 3a pe3udeHmMHUM 4YacoM. BusHaueHO pe3udeHmHul Yac rnepebysaHHs Kparnesibs Memasly 8 W/akosil ¢hasi
3a pI3HUX Bumpam iHepmHo20 2a3y ma diamempisg ny3ups. BcmaHos/ieHo, wo 36ibWeHHs1 diamempa ny3upsi
i Bumpam 2asy npu3sooums 00 36i/IbLEHHST PE3UOEHMHO20 Yacy rnepebysaHHs Kpar/i Memasy 8 W/akosil ghasi,
Wo crpusim/uBo rMo3Ha4aemMbCsi Ha rnpoyeci paghiHyBaHHs Memasly 8i0 HeMEMAa/IEBUX BK/IHOYEHb.

3’sicosaHo, Wjo 8 MPoyeci no3arniyHoi 06p06KU B8 MEXHO/I02IYHOMY r/1aHi IHMeHcubikayisi nepemiulysaHHsi Mema-
Jy B8 30HI, WO 6e3rnocepedHbOo npusisicae 00 W/aky, Mae Be/lUKe 3Ha4YeHHs! 3aB0sIKU 36i/IbWEHHI0 IHMeHCUBHOCMI
nepemiwysaHHsi cha3 ma niowi mosepxHi KoHmaxkmy. [lokazaHo, Wo nepemiulysaHHs crpusie bisibw nosHOMY nepe-
6i2y peakyili i d0380/155€ Cymmeso NidsuWUMU €heKMUBHICMb BUKOPUCMAHHST W/1aKY.

3'sicosaHo, Wo 36i/1bWEHHS M/0Wi MOBEPXHI KOHMakmy 8i06yBaemsCs W/ISIXOM YMBOPEHHS WiakoMemasnesol
eMy/IbCil Ha MexXi KOHmakmyrHux pas y Mpoyeci MPOXooXXeHHs 2a308UX By/Ib6AUIOK YEPE3 MKQDA3Hy MEXY.

Knro4osi cnosa: Hememarsesi BK/IHOHEHHS, MPOMIKHUU KiBW, MPOOYBaHHS ap20HOM, ad2es3isi.

Yefimova Veronika, Navolniev Igor. Formation of Metal Droplets in the Slag of a Tundish During Inert
Gas Purging

The study demonstrates that the tundish of a continuous casting machine is the final vessel where steel quality
can be controlled, specifically through the removal of non-metallic inclusions. It is highlighted that the transfer of non-
metallic inclusions to the metal-slag phase boundary in the tundish is governed by adsorption processes occurring
within the metal-slag-inclusion system.
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It is established that one of the primary quality attributes of the steel is a low content of non-metallic inclusions
in the final product. The research reveals that one of the most effective methods for controlling the content of non-
metallic inclusions at the final stage of casting is the purging of liquid steel with argon.

It is determined that non-metallic inclusions are efficiently removed during the purging of the metal bath with
an inert gas, due to their attachment to gas bubbles at the metal-gas phase boundary. However, it is noted that
the mechanism and extent of inclusion removal in this process remain insufficiently studied.

It is known that purging steel with an inert gas leads to the formation of a metal emulsion in the slag, which
enhances mass transfer between the two immiscible liquids, thereby increasing the rate of assimilation of the non-

metallic phase by the slag.

A detailed mathematical and hydrodynamic analysis of the behavior of an argon bubble with a metal film
in the slag phase was conducted. It was found that the steel purification process from non-metallic inclusions during
inert gas purging primarily depends on the residence time of metal droplets in the slag phase. It is emphasized that
the refining process by argon bubbles involves the rupture of the metal film on the argon bubble.

The study shows that heterogeneous assimilation reactions of non-metallic inclusions at the phase boundary
are of the first order. An equation for the assimilation rate of non-metallic inclusions was derived, utilizing data

on residence time.

The residence time of metal droplets in the slag phase was determined for varying inert gas flow rates and bubble
diameters. It was established that increasing the bubble diameter and gas flow rate leads to an extended residence
time of metal droplets in the slag phase, which positively impacts the metal refining process from non-metallic

inclusions.

It was clarified that, in the context of secondary steel treatment, the intensification of metal mixing in the zone
adjacent to the slag is technologically significant, as it enhances phase mixing intensity and the contact surface area.
It is demonstrated that mixing promotes more complete reaction progression and significantly improves slag
utilization efficiency. It was found that the increase in contact surface area results from the formation of a slag-metal
emulsion at the interface of contacting phases during the passage of gas bubbles through the phase boundary.
Keywords: non-metallic inclusions, tundish, argon purging, physical modeling.

BcTtyn. Ponb NpomikKHOro KoBLla B npoLecax
6e3nepepBHOro Po3IMBaHHA €BOJIOLiOHYBaa Bif,
NepeTovyHOI EMHOCTI MK CTa/lbKiBLLEM i KpUcTasli-
3aTOpoOM, WO PO3AiNAe HeMeTaNeBi BK/IHOYEHHS,
AKi nepemillanTbes, B METaNYPriiHUA peakTop,
[e 30iiCHI0ETbCS OCTaHHIl eTan Ix BuaganeHHs [1].
Mepexif, HeMeTasIeBNX BK/IOYEHb HA MeXy noginy
(a3 meTas — Wwnak y NnpoMiKHOMY KOBLUI 3HAYHOI)
MIpOK  YNPaBAETbCA MDKPasHMMU  ABULLLAMU
B CUCTEMI MeTas1 — LUMaK — BK/IIOYEHHS [2].

MokpalleHHA AKOCTI OKaTWLWIB LUMAXOM  3HW-
XEHHS BMICTY AoMiLLOK (S, P <0,02 %, SiO, <1 %)
Ta NigBULLEHHA MILHOCTI rpaHyn (>85 % dhpakuii
>5 MM) 3MEHLLYE KifIbKiCTb HEMETANEBMX BK/IHOUEHD
y pigkin ctani, cnpustoun edeKTMBHOCTI padiHy-
BaHHA, WO BiANoBigae ogHOMY 3 NOCTyNariB BUCO-
KOI SIKOCTi cTani y CBIiTi — Mannii BMICT HEMeTasle-
BMX BK/ItOYEHBb Y TOTOBOMY npoAyKTi [3]. Bigomo, wo
Oyxe edpeKTMBHO HEMETaUIEBI BKIIOYEHHSA BUAANS-
HOTbCSA NiJ Yac NPoAyBaHHA MeTasieBOi BaHHW iHEPT-
HAM ra3oM 3aBAsKW NPUKPINJIEHHIO X 40 6y/bba-
LWOK Ha Mexi noginy a3 metan — ras [4]. OgHak
MeXaHi3M i KiNIbKICTb BiAAaeHVX BKTHOYEHb Y LIbOMY
BMNAAKy i AoTenep HeAOCTaTHLO BUBYEHMWIA.

Bifomo, Lo NpoAyBaHHA CTasli iHEPTHUM rasom
npu3BOA4MTbL A0 YTBOPEHHA MeTasieBOi eMy/bCii
B LUMAKy, WO 306i/bllye MaconepeHoc MK ABoMa
pigvHamu, Lo He 3MILYTbCS, B pe3ybraTi 4oro
3pocTae LWBMAKICTb acuMiniauii  HemeTaniyHoi
hasn wnakom [5; 6].

3a gaHumuy poboTu [7], Npouec oUnLLLEHHSA CcTani
Bif, HEMETa/IeBUX BKJ/IOUEHb Nif Yac NpogyBaHHs
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IHEPTHMM Ta30M MepPeBaxHO 3a/1eXUTb Bif, pe3u-
OEHTHOro 4acy nepebyBaHHs Kpanni MeTasly
B LUM1AKOBI hasi. Y LubOMYy BinbLUICTb AOCAIAKEHD
[8-10] posrnagae nuwie MexaHi3aM 3axorn/jeHHs
MeTasieB/X KpamniuH y LWiak i BUCYBaE npumny-
LLIEHHS, LLO Lei Npouec 34iCHIOETLCS 3a A40NOMO-
rOK0 PO3pPMBY METANEBOI NIBKM HA My3MpPi aproHy.

MeTtoau Ta MeToAMKM AOCAigKEeHHA. MeToto
JocnipkeHb 6yno fetasibHe BUBYEHHS MOBELiHKM
MeTasIeBUX Kpanesb Y LWNakoBili goasi, BU3HaAYEHHS
X pe3naeHTHOro yacy, a Takox Macu Aucrneprosa-
HOro MeTasly 3 BUMKOPUCTaAHHAM 3aKOHIB XiMiYHOT
KIHETMKWN Ta PiAKOT MexaHikn. BukopucTaHHa BUCO-
KOSIKICHMX OKaTWLUIB i3 HU3bKMM BMICTOM [OMILLIOK
(S, P <0,02 %, SiO, <1 %) 3MeHLIye no4YaTkoBy
KINbKICTb HeMeTasIeBMX BK/IHOYEHb Y CcTani [0
0,01-0,015 Bara%, WO CKOpPO4YYE pPE3NAEHTHUIA
yac, HeoOXiaHMI Ana padiHyBaHHS, Ta MigBULLYE
e)eKTUBHICTb NPOAYBaHHS aproHOM.

[Ona BM3HAYEHHs TPAEKTOPIi pyxy OAMHUY-
HOT Kpanni 3asi3a B Luiaky, WO nepemMilaeTbes
B LUMAKoBIil ¢hasi, cCKopMCcTaeEMocs 6aniCTUYHUM
npuHUMNoMm pyxy. Leid npuHumn 6yno 3actoco-
BaHO B po60Ti [11] 4/19 po3paxyHKy pe3naeHTHOro
yacy nepebyBaHHS Kparn/iMH1 MeTasly B LUIAKOBIN
(pasi. CxemaTnyHWiA pyx Kpanni meTtany, Wo Mic-
TUTb HEeMeTasIeBi BK/IHOYEHHSA B LWIAKOBIN hasi,
npeacrtas/fieHo Ha puc. 1.

Mpunyckatoun, WO LWwiakosa as3a Hepyxoma,
TO 6asiaHC cu y BEPTUKA/IbHOMY (Z-KOOpAMHaTy)
i TOPU3OHTa/IbHOMY (r-KOOpAMHATY) HanpamKy
MoXe 6yTu npeacTaBneHuii sk [11]:
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Mexa oAty $a3 MeTal-IIaK

MCTal

Puc. 1. Cxema pyxy KpanivHu Metasly 3 NPpUKpinIeHnmmn
HemMeTasIeBUMU BKJTIOUEHHAMM Y LUAKOBI chasi

Z —Hanpamok p,V, —==F, -F -F,_—F,,, (1)
du
I — HanpsMoK p, V, d—’ =-F,-F,, (2)
T r

[e iHaeKc k BigHOCUTbLCA [0 KpanavHu MeTany;
F.. F. .F.CL F, - CI/I]'II./I, mo OIF0Tb Ha YaCTUHKY,
cuna Wwo nigiivae, rpasitalii, onopy Ta Macu, Lo
npuegHanacs, BignosigHo, H;
V_—06’em KpanmHu, m?,
U — LIBUAKICTb PYXY Kpan/vHW Bi4HOCHO LLU/IakKy,
—1.
M- CY
p, — TYCTVHA KpanivHn MeTasny, Kr - M-
BignosigHi cnnn MoxHa npeacTaBuTV Takum
YMHOM:

Fo=Vp.9: 3)
F.-=Vp9 (4)
Feo =2 AC. P ©)
1
F 2 A CK l’pLU r? (6)
1 du
F,==AVp, e
Az 2 k pr dT (7)
Fo=Lav,, du, 8)

Ar Ekkwd’l,'

Ae p,, — ryCTvHa Wwnaky, kr - m-3

g — NPUCKOPEHHS CUN TSXKIHHSA, M - C%;

A _—nnioua KpaninHu, m?;

U, N U — WBWAKICTb PyXy KpanjvuHu B z Ta r
HanpsiMKy, BignoBigHo, M - Cc%;

C, — KoedillieHT ornopy, sik1it Moxe 6yTn 06umc-
NeHuii 3a gaHuMn poboTu [5] SK:

Cy, = 24Nz, (Ng,, <1,0);

C,., =18,5Ng2% (1,0 < N, , <1000); )
C,,=0,44 (1000 < NReZ <10000),
Ta
ckr - 24NRer (NRer < 1’0)’
C,, =18,5N2% (1,0 < N,,, <1000);  (10)
C., =0,44(1000 < N, <10 000),
ae N, — uucno PeitHonbAca B HanpsaMkax z Ta r
Ta BUSHaAYaETbCA AK:
u,b,
NRez — pLU Z7K (11)
My
ub,
NRer - pw - (12)
My

ae D, — ,u,iameTp KpananHu, m;
K, ey — B'AASKICTD LWINAKY, Ma - .
O6’egHyeMo piBHAHHSA (3) Ta (8), oTpMMaeEMO:

du,
PV —= d Pud = VP -
1 ’ 1 d (13)
u
——A Cp, U?—=Vp, —Z,
k kpw z 2 kpw dT
du 1 du
vV, —- A Cp u>-=Vp, —=. 14
pK k d‘lf k w z 2 kpw dT ( )
Micns nepeTBOpeHb OTPMMAEMO:
2 - C
%: (pm pK)g _ pw k.z 'iuzz, (15)
dT pw + 2pK pLu +2pK Vk
C
% - _ Pu k.r .iu2. (16)

dr  p,+2p, Vi
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Mpuiimaemo Ao yBaru, Lo

1
A =D, (17)
1 s
V =—=nD,. (18)
6
Topi piBHSAHHA (15) Ta (16) npuiiMaloTb BUMIAA;
d 2(p, — 3p,C
i: (pw px)g_ ptu k,z 5, (19)
dt Py +2p, 2(p, +2p,)D,
3p,C,
% —_ pul k.r urz. (20)
dT 2(pu1 + 2pk )Dk
[Ona  cnpoweHHa piBHAHL  (19) Ta  (20)
06’eHYEMO CTasli BE/IMYNHW B KOHCTaHTU:
2 —
K - (Pu pK)gurz; 1)
Pu + 2P,
3p,.Cy
,=———=2— (aKkwo u, > 0); 22
2(pw + 2pK )Dk ( )
3p,.Cy
,=———f— (AKwo u, < 0); 23
2(puj + 2pK)Dk ( )
3p,C,
=g (24)
2(pLu + ZPK)Dk
Ae D, — piameTp KpanjvHu, M.
OTXe, OTPUMAEMO PIBHAHHS:
Ve K+ K, (25)
dt
du )
—L=Ku:. 26
=K (26)

PiBHAHHA (25) Ta (26) onucyoTb MOAEeNb pyxy
KpanavH. KoopguHaty Ta TpaekTopil pyxy KpansuvH
MOXYTb O6YTW BU3HAYEHI SAK:

L, = [u,dx, (27)
0

L, = [u,dz. (28)
0

Tomy 3 PIBHAHHA (27) pe3neHTHWUIA Yac Kpa-
NAVHN MeTasly B LUNaky Moxe 6yTu npepcrasne-
HUIA AK:

L, =[udc=0. (29)
0

PiweHHA piBHAHL (25) Ta (26) HaBefeHO
B poboTi [6] Ta Mae BUrNAL;

M:KO +K,(i-1)u,(i-1), (30)

M:Koug(i—l)u,(i—l)zy (31)

e | — WBNAKICTb B IHTEpBaUli Yacy Ta Moxe 6yTu
po3paxoBaHa fik:
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u(i) = u(i—1) + KAt +K, (i — 1)u,(i — 1)?At, (32)
u)=u(i-1)+K(@i-1ui-1)32At, (33)

ae u(t), u(i) — uicnose pilleHHs piBHSAHL (25) Ta
(26), WO [03BOMAKTL BU3HAUUTU pPe3UAEeHTHUN
yac i TPaeKTOPI Pyxy KpanjinHu.

TpaekTopis pyxy KpananH Moxe 6yTu po3paxo-
BaHa 3 BUKOPUCTAHHAM YMC/IOBUX 3HAYeHb U, 1 U,
AK:

(34)

L, (i) zzg[uz(f)wz(i_l)]m,
L (i)= Z%[ur(i)+u,(i—l)]m.

_ ﬂkqo L7 piBHO_ ab0o HabNMXYETbCA A0 HYNH,
BIAMNOBIAHMI NPOMIKOK 4Yacy BW3HAYAETLCA SK
pesnaeHTHWIA, TO6TO

T=ZA’L‘.

3a HaOXOMKeHHs Kpanenb MeTasly B LUiak
3 HemeTa/IeBUMM BKJ/IOUYEHHSAMMU, IO MICTATbCA
B HUX, MOYMHAETLCA npouec padiHyBaHHA. Konu
npouec pacpiHyBaHHS  3akKiHYyeTbCH,  Kpanis
mMeTasny 3anuwae asy wnaky. PesngeHTHuin yac
€ BiOpIi30K yacy, 3a AKOro kpanns mMetasly 3Haxo-
ONTbCA B LUMAKOBIN (haai.

Tak, BMKOPUCTOBYIOUM pPiBHSHHA (32) Ta (33),
6yno BU3HAYEHO Pe3nAeHTHUIA Yyac nepebyBaHHSA
Kpanenb MeTasly B LL1AKOoBIl dhasi 3a pisHMX BUTpaT
iHEPTHOrO rasy Ta fiaMmeTpis nysupsa (puc. 2). Ak
cBifyaTb faHi 3 puc. 2, 36inblUeHHA AiameTpa
ny3ups i BUTpaT rasy npu3BoanTb A0 36i/bLEeHHSA
pe3naeHTHOro Yyacy nepebyBaHHA Kpansi metasny
B LUMAKOBIl hasi, Wo cnpusaT/IMBO NO3HAYa€ETbCA
Ha npoueci padiHyBaHHA MeTasly Bif HemeTane-
BUX BK/THOUYEHb.

KinbKiCTb BK/IIOYEHb Y Kpamnisx MoXHa pospa-
XyBaTh AK KiJIbKICTb BKJ/IHOYEHb, aCUMiflbOBaHUX
LLSTAKOM Y Yaci:

[Bec% HB] = a(1 + e™), (37)

he [Bec% HB] — BMICT HemeTaslIeBMX BK/HOYEHb
Y KpanauvHi;

a Ta k — KOHCTaHTH, WO 3a AaHuMn poboTu [5]
ctaHoBNATh 1,47 Ta 0,313 BignosigHo.

OTxe, WBUAKICTL padiiHyBaHHA MOXHa npef-
CTaBUTU AK:

(35)

(36)

d[Bec%HB]
V =
pacp. dt

YpaxoBytoun TO (hakT, L0 reTeporeHHi peak-
Lii, Wwo BigbyBarTbCA Ha MexXi noginy as, matTb
1- nopsifoK, WBUAKICTb acuUMINALii HeMeTaneBux
BK/IIOYEHb 3 BUKOPUCTAHHAM [aHuX 3a pe3nieHT-
HVYM 4acOM MOXHa NpeacTaBUTU SAK:

= ake ™. (38)
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Puc. 2. BnnuB giameTpy ny3nps t1a BUTpaTu rasy
Ha pe3ugeHTHUIA Yac nepedyBaHHA KpaninuHu meTtany y Wnakosii ¢asi

d [Bec%HB] ~
dt a

= Kep, <~ ([BeC%HB] - [BeCc%HB], )

o)

Voap. =

ag.

(39)

<>

ae [Bec%HB]p — PIBHOBaXHWUI BMICT HeMeTasliy-

HUX BK/THOYEHD; keqb — e(peKkTMBHA KOHCTaHTa LWBua-
KOCTi peakuji, ¢, KOTpa BM3HA4Ya€eTbCs SK:

D, U,
keqx =2 He !
nD

K

(40)

Ae D, — koedilieHT Andysii HemeTaneBux BKtO-
YeHb Y PiAKOMY 3aisi, M? - C; U, — LUBW/IKICTb PyXy
KpanjuHm, m - ¢ 2.

Ha pwvc. 3. HaBeAeHO pe3ybTaTi PO3paxyHkis i3
BVKOPUCTAHHAM PiBHAHHA (39), AKi nokasasu, Lo
LWBMAKICTb pahiHyBaHHS, a O0Txe, i Bara % BMICTY
HeMeTaNeBMX BK/IHOYEHb 3HUXYETHLCA 3 YACOM i 3a
[OCATHEHHA pe3naeHTHoro vacy 0,4 ctae ctanoto.

Y npoueci nosaniyHoro 06pPO6MEHHS CTasb
nokputa pigkUM CUHTETUYHMM LUNAKOM, TOMY
B TEXHOJ/IOTIYHOMY M/aHi IHTeHcudikauis nepemi-
LyBaHHA MeTauly B 30Hi, W0 6e3nocepeHbo Npu-
narae o wWaky, Mae Benuke 3HadyeHHs. 36inb-
LLEHHS NOTYXXHOCTI NepemiwyBaHHA ¢has Ta naoLLi
NMOBEPXHi KOHTaKTYy NepeMillyBaHHsS Cnpuse GinbLu
NMoBHOMY nepebiry peakuiii i AO3BONSIE CYTTEBO
NiABULINTA e(EKTUBHICTb BUKOPUCTAHHSA LUIaKY.

Vpag., Bar.% |
0.6
0.5
0.4
0,3
0,2
0.1

0

306iblUEHHST MNNOLLi MOBEPXHi KOHTAKTy Bigby-
BAETLCA LUIAXOM YTBOPEHHA LUNaKkoMeTas1eBol
eMy/bCil Ha MeXi KOHTakTylunx a3 K pesy/ib-
TaT NPOXOM)KEHHSA ra3oBUX OyNbOALLOK Yepes Mix-
(hasHy rpaHuLto. Mpu LbOMY NepeHeceHHA MeTany
y (hasy wnaky i YHaCTUHOK Lwnaky B MeTas Bigbysa-
€TbCA LWSXOM MpAMOro abo HenpsMoro gucnep-
ryBaHHs. lNepeHeceHHs YaCTUHOK LUaky i metany
30iCHIOETbLCA 6e3nocepegHbo rasoBMMU  My3u-
pAMK, AKi, MPOXOAAUN Yepe3 MiXddasHy NOBEPXHIO,
nigHIMaTb 11 3 YTBOPEHHAM Kynoia MeTasieBol
NNiBKA B LWapi wWnaky, ska nig 4yac nogasibLioro
pyXy ny3upsi pyMHYETbLCA 3 YTBOPEHHSAM KOMOHU
piaKoi dhasn, WO BTATYETbCA B LUAP LWAAKY HUX-
HbOT NepudepiiHOT YaCTUHOK CNNBY.

3a BeNuKMX BUTPAT HEeNnTpasbHOro rasy Ha
NnpoAyBaHHA yepes3 AHMLLe KOBLUA Haf Npoays-
HAM NPUCTPOEM YTBOPKETLCA AMHaMiYHa raso-
piguHHa 06nacTb, SKa, KpiM CTBOPEHHS LUPKY-
JIIOK0YOro NOTOKY MeTasly B KOBLUi, NPU3BOLAMUTb
[0 YTBOPEHHA Tak 3BaHOi 06/1acTi «BigKpUTOro
oka». Lia o6nacTb € Ha g3epkasi metany, ge Bia-
CYTHI Wnak. YTBOpeHHs 06nacTi «BigKpUTOro
OKa» 3a BeNMKUX BUTpAT rasy nNpu3BoguTb A0
(popMyBaHHA NOGMM3Y HbLOFO LWapy, Wo ckna-
[AeTbCA 3 OKpeMUX Kpanesnb Luiaky, fki nerko
MOXYTb 3a/lyyaTucs B pPiAKy BaHHY MeTasly HU3-
XiGHUMW | TOPM3OHTANIbHUMKU NOTOKaMu i TUM
camum 6yTu 40AATKOBUM [)XepenomM HemeTaniy-
HUX BK/THOYEHb.

0,2 0.4

0,6

0.8 1,0 1.2 t.c

Puc. 3. 3anexHicTb WBUAKOCTI paciHyBaHHA MeTasIeBUX KPanJivH Yy WIAKOBIi (hasi
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BucHoBKWU. Y pesynbtarti nNpoBefeHuX pos-
paxyHKiB YCTaHOB/IEHO, WO 306i/IbLUEHHA pe3un-
[JEHTHOro 4acy nepebyBaHHS Kpanni MeTany
y hasi wWnaky CnpusT/IMBO MO3HAYaETbCA Ha
npoueci padiHyBaHHA MeTasy Bif HeEMeTasleBUX
BK/ItOYEHb. pK LbOMY BIH NEXUTb Yy AianasoHi

0,1-0,6 c, a cepefHs LWBUAKICTb padiHyBaHHSA
ctaHoBuTL 0,27-0,30 Bara% ct. BuUCOKOSAKICHI
OKaTuLi 3 HA3bKMM BMICTOM AOMILLOK MiABULLYIOTb
e(eKTUBHICTb NPOAYBAHHA aproHOM, 3HWXYHUU
MoYaTKOBY KOHLEHTpaLit0 BK/OYEHb | BUTPATK Ha
padyiHyBaHHS.
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