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Y pobomi noka3zaHo, Wo 8 NPoUeCi po3/iusaHHs1 cmasii yepes rnpomixHi koswi MBP3 3acmocosyembcsi POdyBaHHs
Memasy IHepmHuUM 2a30M Yyepe3 podysasibHi MPUCMPOI Pi3HOT KOHCMPYKYIl. Bucsim/eHo, wo Hamenep MpoMiKHUU
KiBW € ocmaHHbOK MemasiypailiHO EMHICMIO, 0e MOXHA Br1/luBamuU Ha siKicmb 20moBoi NPodyKyii 8 npoyeci besre-
PEPBHO20 Po3/1uBaHHS. 3’Ic0BaHO, WO B NPOMIKHOMY KOBWI HA OCMAaHHLOMY emarii po3/1uBaHHS MOXJIUBO Kepysa-
mu makumu napamempamu, sik MacorepeHoc, paiHysaHHs1, Wo 6yde 3abesnedysamu cmabi/ibHICMb PO3/IUBAHHS,
a makoX NMoKpauwjeHHs skocmi 20mosoi MPodyKYii W/ISIXOM BUOA/IEHHS] HEMeMa/IeBUX BK/IKOYEHb PI3HO20 PO3MIPY.

NokasaHo, Wjo 3acmocyBaHHs MPOOYBKU IHEPMHUM 2a30M MOKpaljye Xxapakmepucmuku rnomokig Memasty, 3Hu-
XKYE KifIbKicmb 3acmiliHuX 30H ma € 2aCHUKOM mypO6y/IeHMHOCMI.

Y po6omi po32/isitHymo meopemuyHi acrnekmu BUOa/IEHHSI HEMEMAasIeBUX BK/IIOYEHb 3@ 00MOMO20H 2a308UX
My3upis IHEPMHO20 2asy.

lpedcmasneHo MexaHi3Mm npoyecy hiomayii iHepmHUM 2a30M, SIKUU CKnadaembCs 3 makux emaris, K nio-
XI0 ny3upsi 00 BK/IOYEHHS, hOPMyBaHHSI MOHKOI 11/1iBKU PIOKO20 Memasly MK BK/TIOYEHHSIM Ma IMy3upeM, KOB3aHHS
BK/TIOYEHHST Ha MOBEPXHI My3Upsi, OPEHaX | PO3PUB MiBKU Memasiy 3 (hOpMyBaHHSIM CMIUKO20 KOHMAaKmMy mpbox
¢has: BK/IOYEHHSI — My3up — po3n/ias cmasi, cmabinizayisi azpeaamy ry3up — BK/IIOYEHHS, (hiomayis azpezamy
BK/TIOYEHHST — 1y3up.

lposedeHo demasibHUl aHasli3 NPUKPINIEHHsT BK/OYEHb OO0 My3upis ap2oHy. [okaszaHo, Wo criodamky siobysa-
€MbCSI MOMOHWEHHSI PIOKOI N/1iBKU Memasly Ha MosepxHi My3upsi 00 KpUMUYHUX PO3MIpIB, 3a SIKUX M/1iBKa pospusa-
EMbCS Ma YopMyembCsi IOPO KOHMakmy i3 mpbox ¢has, 3 YmBOopPeHHsIM KpUMUYHO20 padiycy 3MO4yBaHHS, a Mic/isi
BIOGYBaEMBCS PO3MSie /liHII KOHMAaKmy mpbox has i3 KPUMUYHO20 padiycy 00 cmabisibHO20 NEPUMEMPA 3MOYYBaHHSI.

3’5c0BaHO, W0 MExaHI3M MPUKPIN/IEHHS BK/IIOYEHb 3a/1eXUmb Bi0 YacoBUX napamempis, 00 SIKUX BIOHOCUMbLCS
yac 3imKHEHHSI, Hac KOB3aHHSI, Yac OpeHyBaHHS, Yac PO3WUPEHHS i Yac iHOyKyii. [poBedeHi meopemudyHi pospaxyH-
KU nokasa/iu, wo UMOBIPHICMb MPUKPIN/IEHHS BK/IHOYEHL 00 2a308020 My3Upsi 3a/1eXUMb B8i0 PO3MIPY 0CMaHHbO20.
NokasaHo, wo Halbinbwa UMOoBIpHICMb MPUKPINAEHHS crnocmepicaemacs, SKWo diamemp ry3upis 6yoe cmaHosu-
mu 1 ma 3,25 mm.

3 Memoto niomsepoXeHHs meopemuyHUX Po3paxyHKis 6y/10 MposedeHo hizudHe MOOesI0BaHHS 2i0p0OUHaMIYHUX
fpoyecis y NPOMiKHOMY KOBUWI 8 npoyeci (io2o npodysaHHs IHEPMHUM 2a30M. 3’1c08aHO, W0 MakcuMasibHUl pacbiHy-
BasibHUU eghekm docsicaembCsi B pasi BUKOPUCMAaHHST MPO0YBKU ap20HOM Yy MOEOHaHHI 3 peakyiliHO0 KaMeporo.

Knrouosi cnosa: Hememasesi BK/IHOHEHHS, MPOMDKHUU KiBW, MPOoOyBaHHs ap20HOM, ¢hi3u4YHEe MOOE/IHOBaHHS.

Yefimova Veronika, Skorobagatko Yuliya. Flotation of non-metallic inclusions during purge of liquid
steel with argon

The paper shows that in the process of pouring steel through the intermediate ladles of the MBRZ, inert gas
blowing is used through blowing devices of various designs. It is highlighted that today the intermediate ladle
is the last metallurgical container where it is possible to influence the quality of the finished product in the process
of continuous pouring. It is found that in the intermediate ladle at the last stage of pouring it is possible to control
such parameters as mass transfer, refining, which will ensure the stability of pouring, as well as improving the quality
of the finished product by removing non-metallic inclusions of various sizes.
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It is indicative that the use of inert gas blowing will improve the characteristics of metal flows, reduce the number
of stagnant zones and is a turbulence damper.

The paper considers theoretical aspects of removing non-metallic inclusions using inert gas bubbles.

The mechanism of the inert gas flotation process is presented, which consists of such stages as the approach
of the bubble to the inclusion, the formation of a thin film of liquid metal between the inclusion and the bubble,
the sliding of the inclusion on the surface of the bubble, drainage and rupture of the metal film with the formation
of a stable contact of three phases, inclusion — bubble — molten steel, stabilization of the bubble — inclusion unit,
flotation of the inclusion — bubble unit.

A detailed analysis of the attachment of inclusions to argon bubbles is carried out. It is shown that first there
is a thinning of the liquid metal film on the surface of the bubble to critical dimensions, at which the film is torn
and the core of the contact of 3 phases is formed, with the formation of a critical wetting radius, and then there is
a stretching of the contact line of three phases from the critical radius to a stable wetting perimeter.

It was found that the mechanism of attachment of inclusions depends on the time parameters, which include
the collision time, sliding time, drainage time, expansion time and induction time.

Theoretical calculations have shown that the probability of attachment of inclusions to a gas bubble depends
on the size of the latter. It is shown that the highest probability of attachment will be observed if the diameter
of the bubbles is 1 and 3.25 mm.

In order to confirm the theoretical calculations, physical modeling of hydrodynamic processes in the tundish
during its purging with an inert gas was carried out. It was found that the maximum refining effect is achieved when

using argon purging in combination with a reaction chamber.
Keywords: non-metallic inclusions, tundish, argon purging, physical modeling.

BcTyn. HuHi yHiBepcasibHUM MeTanypriniHum
arperatom 6e3nepepBHOT Ail Ha TEXHOOrIYHIN
NiHiTt MBP3 € npoMi>XXHWIA KiBLU, NpM3HaYeHnn ans
[00aTKOBOro padyiHyBaHHA ctasi, ycepefHeHHS
XiMiUHOrO cknagy Ta Temnepatypu metany. oro
KOHCTPYKLiS, @ TaKOX KOHCTPYKLS OKpeMux ene-
MEHTIB BU3Ha4alTb napameTpu Tedii cTani. Lle
[103BOJISIE€ KepyBaTu npouecamMu Tensao- Ta Maco-
nepeHocy B MPOMDKHOMY KOBLUi, WO 3ab6e3ne-
yye CTabifIbHICTb TEXHO/IOMNYHOro NpoLecy pos-
JNINBaHHSA, 3HAYHO 3HUXYE BMICT HeMeTasieBuX
BK/1OYEHb | MiABULLYE AKICTb JIMTOI 3aroTOBKU
[1-4].

Bigomo, WO npoAyBaHHA iHEPTHWM TasoMm
Yy MPOMDKHOMY KOBLUI NOKpaLLlye XapakTepucTukn
NOTOKY i € FaCHWKOM TYpPOYNEHTHOCTI, L0 CBOED
4eprow NPU3BOANUTbL 0 3MEHLLEHHS 3aCTINHUX 30H
Ta 36iNbLUEHHSA pe3nageHTHOro yacy [5].

OpgHak HaTenep BIiACYTHA lyHAAMeHTaslbHa
Teopis npouecy tnoTauii 6ynbballok i3 po3naaBy
cTani bynbbalikamm aproHy. Tomy MeTow pob6oTu
€ BM3HAYEHHA MeXaHi3My B3aeMOLii M ny3upem
aproHy i BK/IKOYEHHSIM, WO Halikpalle 6yae cnpu-
ATW padpiHyBaHHIO CTaJli.

MeToau Ta MeTOAMKU AOCHIOKEHHS.

3aBAaHHAMM HalWxX JOCiXeHb 6yno:

1) npoBeAeHHS TEOPETUYHOro aHaslily npoue-
CciB paiHyBaHHA HeEMeTas1IeBMX BK/IHOUEHb Mif, vac
NpOoAYBaHHS iHEPTHMM ra3omMm;

2) po3paxyHoK iMOBIPHOCTI
3ITKHEHHSA Ta agresii;

3) nepesipka TEOPETMYHOrO aHanily Ta mare-
MaTUYHUX PO3PaxyHKiB Ha XO/0dHin Mogeni npo-
MiXXHOTO KOBLLUA.

MexaHi3am donoTauii HemeTaneBuX BK/IHOYEHb
ny3svpssMKU aproHy 3 pigkoi ctani cknagaeTbes
3 Takux eTanis:

NPUKPINIEHHS,

1) nigxig ny3nps 40 BK/IHOUYEHHS;

2) thopmyBaHHS TOHKOT MIBKM PiLKOro MeTasly
MiX BK/THOYEHHSAM Ta My3UpeM;

3) KOB3aHHS BK/THOUEHHS Ha MOBEPXHI My3ups;

4) gpeHax Ta po3pvB MAiBKM MeTasly 3 dhop-
MYBaHHSIM CTIAKOTO KOHTaKTy TpbOX (has: BKJ/IO-
YeHHs1 — Ny3up — po3nnas CcTai;

5) cTabinizauia arperaty nysuvp — BK/IHOYEHHS;

6) chnoTauis arperarty BK/IOUYEHHS — My3up.

Y po6oTi [6] 6y/10 NpOBEAEHO AETa/IbHUI aHa-
Ni3 NPUKPINJIEHHS BK/IOYEHb A0 My3upsl, SKWi
nokasas, LLO YCNILWHICTb NPUKPINJEHHS 3a/1eXNUTb
B Takux cTagii, sK:

1) NOTOHLUEHHA PigKOI NAiBKM MeTanly Ha
NMOBEPXHi Ny3Mpsa 40 KPUTUYHMX PO3MIPIB, 3@ AKNX
nniBKa po3pMBaETbCS;

2) po3puB NNiBKN Ta (PopmMyBaHHA s4pa KOH-
TakTy TPbOX (has, 3 YTBOPEHHAM KPUTUYHOTO pagi-
yCYy 3MOUyBaHHS;

3) PO3TAr /liHIi KOHTaKTY TPbOX Pas i3 KPUTUYHOTO
pagjycy Ao cTabifibHoro nepumeTpa 3MovyBaHHS.

Lleit mexaHi3M 3anexuTb Bif, 4acoBuUX napame-
TpiB, SIK-OT:

— T, — Yac 3iTKHEeHHs, KM HeobXigHui ans
3ITKHEHHS My31Ps 3 BK/IHOUEHHSAM;

T, — Yac KOB3aHHS, L0 HeobXigHe BK/IO-
YEHHIO A/191 KOB3aHHS B3[10BX NMOBEPXHi NMy31ps;

T, — Yac [peHyBaHHs, L0 HeobXiaHWA ans
oopMyBaHHA pPigKOT MAIBKM, TOBLUWHOW, Kpu-
TUYHUX PO3MIPIB, MDK NY3MpPeM rasy i YaCTUHKO
BK/THOUYEHHS;

T,7e — YAC PO3LIMPEHHS, LLIO HEOOXiaHMIA ANs
PO3TAryBaHHS PigKOT MAIBKM 3 YTBOPEHHSM Kpu-
TUYHOTO pagiycy 3Mo4yBaHHSA Ta oro ctabinisadi;

— T,~ Yac iHAyKUii, WO HeobXiaHWi AN1a po3-
pUBY NAIBKN MDK NMYy3MPeM i BKIFOYEHHAM | (DopMy-
BaHHA arperaty ny3up — BK/IKOUYEHHS.
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fonoBHY posnb y npoueci taoTtauii BK/IHYEHb
BiAirpaloThb Taki TMM4YacoBi napameTpu, K T, t
i,

3 faHux poboTwn [7] BigOMO, WO AKLLO:

Te > T, — BKIOYEHHA MPUKPINIIOTLCA A0
ny3upsa 3a LOMNOMOTOK 3iTKHEHHS;

T < T, BK/IIO4EHHS BIACKAKYE BiA Ny31pst i KOB-
3a€ Mo 1oro NoBepxHi;

Ts > T, — aresia BK/IOYEHHS 30jliCHI0ETLCSA
B NPOLECi KOB3aHHS;

~ Ts < T, — BK/IIOYEHHA NpOC/In3ae n apresis He
BifOyBaEeTbCS.

AKLWO TpaekTopii ny3vps Ta BK/IOYEHHS 306i-
ratoTbCs, TO BiAOYBa€TbCA 3ITKHEHHSA, 3a SKOro
NOBEPXHS Ny3nps 4edPOPMYETLCA 3 BUHUKHEHHSM
PO3pPAMKEHHS, LLO CYNPOBOMAXYETLCHA OCLMUMIALIED
po3nsiaBy Ha A0ro NoBepxHi. Yac 3iTKHEHHS BK/HO-
yae gechopmMadito Ny3mpsa BKAKOYEHHAM i3 Nogasib-
WKMM BIOHOBMEHHSAM ioro dopmn. 3a AaHumMu
po60TH [7], BOHO BUP@XKAETLCA SK:

JZ ds% , 1)

Ae p, — ryCTviHa BK/IOHYEHb, K - M2,

G,y — NOBEPXHEBWIA HATAr po3nsjasy 3anisa,
AKWiA cTaHoBUTbL 1,6 H - m%;

d, — AiamMeTp BK/OYEHb, MKM.

OfHak fesiki YHaCTUHKN He NPUKPINAITLCS 40
NoBepXHi My3ups B MPOLECI 3ITKHEHHA, a noyu-
HaloTb KOB3aTW B30BX NMOBEPXHi. Y MpOLECi KOB-
3aHHS BKJ/IOYEHHSA MNJliBKA MeTasly Ha MNOBEpPXHI
ny3nps Po3puBaETLCA | YacTka NPUKPINIIETLCA
[0 A0ro noBepxHi. 3a gaHnmum pooiT [8; 9], yac Kos-
3aHHA MOXHa rnojaTtu fK:

_ (d,+d,) y
2u,(1-B2)A

S

T.= —TEZpB
¢ |126

cmani

Ts

()

xIn

ec
tan—° (cos ech,. +Bcoth, ]B

tan 8, | cosech, +Bcot,
2

Ae d. — po3mip nysups, M, WO 3Haxo4ATb 3i cnis-
1

6,828 0, ‘g%js’
T

Q, BuTparm rasy, m*- ¢,

g — NPUCKOPEHHS CUN TSXKIHHSA, M - C2;

U, - piBHOBaXHa LWBWUAKICTb CNIMBAHHSA
ny3ups, m - c;

B — KoHCTaHTa, WO 3HalifjeHa ekcrnepuMeH-
TaslbHO Ta AopisHioe 15 [3];

A — KOHCTaHTa, L0 BpaxoBye AuMcnepciiiHy
B3aEMO/it0 MK MOJIEKY/laMy MakKpOCKONiYHMX a3
Ta cTaHoBUTb 1,7 - 1072° [x;

BiAHOLEHHS d, =(

182

0, — KyT, 3a KOro 4yacTVHKa HemeTa/IeBOro
BK/TIOYEHHS MOYMHAE KOB3aTW B30BX MNOBEPXHI
ny3vps, ANs MeTanypriiHUX CUCTEM CTaHOBUTb
20°;

0. — KyT, 32 MeXammn sIKoro He BifbyBalOTbCs
3iTKHEHHS, BiH CTaHOBUTL 60°.

Mepiog, Konu niBka MeTauly B NPOLECi po3puBy
MiXX MY3VPEM i BK/TIOUEHHAM MOYMHAE CTiKaTu i Bid-
OyBa€ETLCA YTBOPEHHSA CTabiNIbHOI NiHII KOHTaKTy
TPbOX (Pas, XapakTepu3yeTbCA YacoM iHAYKLI T, [6]:

~(d,+d,) y
2u,(1-B%)A

Tn

1 1
+ ]
/Pnp_ P, +D" -

(1+8D)
xIn 5 1-D
1 1 *

+B 3
/Pnp_ P, +D -1

pe P — MMOBIPHICTb MPUKPINJEHHA HemeTase-
BOrO BKJ/IOYEHHS [0 My3ups, L0 BU3HAYaETbCA
PIBHSAHHSM:

®3)

p __ 2D (dﬁjx
" 9(U, +U,)Y \d,

( 8 n) n , (4)
x[ (X+C)2+3Y2+2(X+C)} :

Ae U, — WBUAKICTb CM/IMBAHHS BK/IOUYEHHS, M - C1,
X, Y, C, D — napavmetpun 6e3 ofuHULb

BMMIpY, WO BW3HAYalOTbCHA 3 TaKWX PiBHSHb:
3 9Re, 3Re,

X==+ ; =
2 32+9,888Re%™ 8+1,736Re>%

u,(d, 2_ b 1/(X+C)2+3Y2—(X+C)
U ld, )T 3y

n B
OCKINbKM NPUKPINAEHHS BK/IOUYEHHS A0 Ny3umps
30iACHIOETLCA LUNSAXOM 3iTKHEHHSA ab0 KOB3aHHS,
Hamu Oy npoBefeHi pPO3pPaxyHKM OCHOBHUX
YyacoBux NapameTpiB 4/ BU3HAYEHHS ONTUMaslb-
HMX YMOB npoAyBaHHs. [laHi po3paxyHKiB nogaHo
Ha puc. 1.
Mpn ubOMy piBHOBaXHA LIBUAKICTL MigoMy
razoBux Oy/ib6alLoK po3paxoByBasiaca sK:

2

—ana >1,3 mm

GCITI.

pcm.

U, = {2,14 +O,505gdn}

0,639 (5)
U, =0,138¢°% (p—mj db*% — pns <1,3 MM

cm

Po3paxyHku, WO NpoBeAeHi 3 BUKOPUCTaHHAM
piBHAHHSA 10, HagaHo B Tabnuui 1.

AHaniz puc. 1 cBiguuTb, WO ajaresis BK/IO-
YeHb y AaianasoHi Big 1 o 100 MKM Ha ny3upsax
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Puc. 1. 3anexHicTb YacoBUX NapameTpiB Bif po3MipiB BK/IIOUEHb,
Wwo oTYITLCA Ny3UPAMU iIHEPTHOIO rasy

Tabnuus 1
PiBHOBaXHa WBUAKICTb CM/IMBaHHA Ny3upA
d, Mmm U,m-c?
1 0,2
3,25 0,408
5 0,35
10 0,31

diameTpom 1 Ta 3,25 MM BigbyBa€eTbCA LUIAXOM
KOB3aHHsl, OCKi/IbkM 1. < 7, [Mpn LUbOMYy AKLIO
AiameTp nysups CTaHOBWUTb 5 MM, TO BK/IHOYEHHS
diametpom 6Gisibll 60 MKM  MPUKpPINaloBaTUCh
He OyayTb. [nA ny3upis giameTrpom 1 MM Ta
d, = 3,25 MM NPUKPINIEHHS BK/KOYEHb A0 Ny3npsi
BiAOYBA€ETbCS KOB3AHHAM, T, > T,, LLIO CBIAYNTL NP0
Te, WO 3YCTpiy Ny3ups 3 BKKOYEHHAM Oyab-KOro
po3Mipy 6yae 3akiH4yBaTWUCb MPUKPINJEHHAM.

Flp!/l LbOMY SIKLLO d =5 MM, TO 10 HbOTO 6ynyTb
NPUKPINIIOBATUCL  BKIKOYEHHA  PO3MIpOM A0
65 MKM, SKWo d =10 MM — 10 38 MKM.

3aranom, iMOBIPHICTb afresii BK/IHOYEHHS Ha
ny3vpi MOXHa BM3HAuYMTXM 3@ [ONOMOroH piB-
HAHHA [7]:

PAa. = Pnp. 'PCm.(l - POm,)’ (6)

Ae P, — AMOBIPHICTb Bif/liNeHHs BK/IOUYEHHS Bif,
nysumps, B H?LUOMy BUNaZAKY P.,=0;

P, — VMOBIPHICTb 3iTKHEHHs, WO BU3HA4a-
ETbCA SK:

P, =sen [2 arctan exp [_dZT_Cn:j b4 ﬂ (7)

Y UbOMy PiBHSIHHI T AB/ISIE COBOI Yac CTOKY
NNiBOK MeTasly B NPOLECi NPUKPINJIEHHS YaCTUHKN
Ta ny3ups Ta BU3HavyaeTbcs SK [8]:

3 o’
Tcm. - _ncmaﬂi —2d§-
64 ko h

cmai’ 'kp.

(8)

Ae M., — B'A3KICTb cTani, 7 - 10%kr-m* - ¢

o — KyT Nepexoay chepryHoi NoBepxHi ny3ups
00 aedopmoBaHoro ctaHy. 3a gaHumu pobotu [4],
o~ 12-22°%

k — KOHCTaHTa, WO Yy BUMAAKY My3ups, SKWi
pYyXaeTbCs, CTAHOBUTD 4;

th_ — KpUTU4YHa TOBLUMHA MAIBKM MeTasly Ha
MOBEPXHI Ny3Upsi B MOMEHT MPUKPINAEHHS BKHO-
YeHHs, WO 3a daHumn pobotu [1] cTaHoBUTb
0,015-452 HM. Y piBHAHHI (7) 6€3p03MipHUiA napa-
MeTp Z BU3Ha4YaeTbCA 5K [8]:

3 3 _ 1
4x.  4x:
Z= U -U, ], (9
Reg”[ 2 1 1] o] ©
+ —— St
15 X Xp X

dB
ae x.=1+k, k2=d—.

[ns BU3HaYeHHA MMOBIPHOCTI aaresii BK/II0YEHb
Ha ny3mpi, a oTXXe,  eOeKTUBHOCTI hoTauii Heme-
TasieBUX BKKOYEHb Hamu Byniv NpoBefeHi po3pa-
XYHKN AMOBIPHOCTEN MPUKPINAEHHS, 3iTKHEHHS Ta
ajaresii 3 BUKOpUCTaHHAM piBHAHBL (4), (7) Ta (6).
[JaHi po3paxyHkiB HaBefeHO Ha puc. 2, 3 Ta 4.
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Pnp_
] F
0,9
0.8
0,7
0,6f
05|
04|
03]
02|
01]

dp =1 mm
dn = 3,5 mum
dn =35 um
dn =10 mMm

0
20 40 60

80 100 d, mxm

Puc. 2. BiporigHicTb NpuKpinieHHsA

PCHI.
015 [
0,14 |
013 |
012
011 |
01 |
0,09 |
0,08
0,07
0,06 |
0,05
0,04 |
0,03 |
0,02
0,01

dn=1 mnm

h=3,25 MM
dn=35 mm
dn=10 amm

20 40 60

80 100 ds mxm

Puc. 3. BiporigHicTb 3iTKHEHHS

Py
0,11
01 |
0,09 |
0,08 |
0,07 |
0,06 |
0,05 |
0,04 |
0,03 |
0,02 |
0,01

=3,5 Mm
dn =35 mm
dn = 10 mm

20 40 60

80 100 ds, mxcm

Puc. 4. BiporigHicTb agresii

AK BMAHO 3 PO3paxyHKOBMX AaHUX, NMOBIp-
HICTb MPUKPINJIEHHA € (PYHKLIE PO3Mipy Ny3ups.
3a d, < 10 MKM iAMOBIpPHICTb NMPUKPIN/IEHHS 3asie-
XWTb Bif, PO3Mipy ny3ups. 3 iHWOro 60Ky, AKLO
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d, > 10 MKM, TO po3mip ny3vps B NPOLECi NpUKpi-
M/IEHHA Bifirpae ronosHy ponb. [aHi puc. 2 ceia-
yatb, WO Anda nysupie giametpom 1 1a 3,25 Mm
MMOBIPHICTb NpUKpineHHa Byae Hanbinbwoto. Ll
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Tabnuus 2

OuiHlOBaHHA e(heKTUBHOCTI BUOANEeHHA HeEMeTasIeBUX BK/1IOYEHb i3 MPOMIKHOIo KoBLua
3a pi3HMX BapiaHTiB opraHisauii pyxy LUpKyIAayiiHMX NOTOKIB

KOHCTpYKLUiliHI 0COG/IMBOCTI NPOMIDXKHOIO KOBLUA
= Aona pe4oBUHMU,
Ne MNeperopopgka B PeakuiiiHa kamepa 0 BUAASIETLCS
3/n Meperopoaka noepHaHHi PeakuiliHa kamepa B NOEAHaHHI u.|, A
B Wnak, %
3 NpoAyBaHHAM 3 NpoAyBaHHAM
1 — — — 60—65
2 ° — - 75-80
3 — — — 78-82
4 - — ° 84-89
pesynsratn Jobpe y3rogKytTbCs 3 AaHUMK PooiT M—m
[6; 7]. Mpwn ubOMy AaHi puc. 3 NOKasyTb, L0 MMO- E == -100 %, (10)

BIPHICTb 3iTKHEHHS CNabo 3aneXuTb Bif PO3Mipy
ny3upa Ta BKI0YeHHA. CBOEID Yepro po3paxyHkm
nokasasin HU3bke 3HAYEHHs MMOBIPHOCTI aaresii
BKJ/TIOYEHHSA Ha Ny3upi, puc. 4.

[nsa nigTBepoKeHHST TEOPETUYHMX PO3PaxyHKiB
Hamu 6y/10 NpoBeaeHO (Pi3nyHe MoAetoBaHHSA Mpo-
LLECIB NpoAyBaHHS MeTauly Yepes NpoTshkHy 6araTto-
KaHas1bHY doypMYy Y BaHHi NPOMKHOro KosLia. MeTo-
OVIKY MOAEeNtoBaHHs NpeacTas/ieHo B poborTi [9].

Ha ubomy eTani gocnigpkeHb Ha isnyHii mogeni
6yNo0 BMKOHAHO MOPIBHAHHS €(eKTUBHOCTI Pi3HUX
KOHCTPYKLUiiHUX NpuiioMiB Ha padpiHyBaHHA MeTauly
B MPOMKOBLUI. 151 LbOro B 3axucHy Tpyby BBOAU-
nocs 200 r cy6eTaHuil ans 3abpyaHeHHs CTasun
HEMETA/IEBUMWN  BK/IHOYEHHAMU. [loTiM  pignHa,
AKa BUTIKana 3 NPOMIKHOrO Koslla, 36upanacs
B CreuiasibHii EMHOCTI, BigcToloBasiacsi NPoTAroM
KiNIbKOX TOAMH, | PeYOBMHA, Lo IMITYE HEMETaUIEBI
BKJ/THOYEHHS, Ta 3BaxyBanacs. KoxXeH ekcnepumMeHT
MOBTOPOBABCA Tpuui. EQeKTUBHICTb BigAiNeHHA
BK/IHOYEHb BM3Ha4asiacs 3a Tako (hopMysioLo:

Ae M — maca peyoBuHU, sika BBOAUTHLCS B 3aXUCHY
TPYOY, WO IMITYE HEMETA/IEBI BK/THOUEHHS, T;

m —maca peyoBUHU, LLIO CNINBNA Ha NOBEPXHIO
piAVHM MPOMIXHOIO KOBLUA, T.

Y3araslbHEHHS OTPUMaHUX eKcnepuMeHTaslb-
HUX pe3ynbTaTiB (Tabn. 2) A03BOMSE aKLEHTYBaTK
yBary Ha TOMy hakTi, LLI0 3aCTOCYBaHHSA peakLiliHoi
KamMepu Mo CyKyMnHOCTI edpekTiB, L0 AOCATratoThCs,
MOXe po3rnsgaTtncs K ocuTb ePEKTUBHUN TeX-
HOJIOTIYHWIA MpUiloM ANnst 3a6e3neyeHHst donoTalii
HemMeTas1eBMX BK/IKOUEHb.

BucHOBKW. Y pe3ynbTaTi npoBefeHnx [ocni-
[KEHb:

1) BMKOHaAHO aHasli3 Ta TEOPETUYHI PO3PaXyHKNU
BUAANIEHHS HEMETasIeBMX BK/THOUEHb Y pasi Npoay-
BaHHA MeTasly iHepTHUM rasom;

2) 3 BUKOPUCTaHHAM (Pi3U4YHOro MOAE/0BaHHA
BCTAHOB/IEHO, L0 MaKCUMaslbHUIA padpiHyBasib-
HWI edpekT focAraeTbcsa 3a [OMOMOrol NpoayBKU
aproHoOM Y NO€HaHHI 3 peakLiiiHO KaMepoto.
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