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Arutupyembie MeAbHULbI TOHKOTO U CBEPXTOHKOIro U3MeAbUYEeHUS
ANAl MOCAEAYIOLUUX 060raTUTEAbHO-METANAYPrMUeCKUX onepauumn

I.U. BoinowHukos ™, A.10. YNKnH>

UPKYTCKUI HAyYHO-MCCAEAOBATEALCKMI UHCTUTYT BAGrOPOAHbIX M PEAKMX METAAA0B U aAMa30B, MpkyTck, Poccus
2UpKyTCKMI rocyaapCTBEHHbIN yHUBepcuTeT, MpKyTck, Poccus

Pe3rome: Lienb - NPoOBECTU KpaTKUii 0630p KOHCTPYKLMI, XapaKTEPUCTUK M NapaMeTpoB paboTbl arutmpyemMbix
MeAbHULL 3apyBeXHbIX MPOU3BOAUTEAEN, MPUMEHSEMbIX B HACTOsILLIEE BPEMS. AHAAU3 UHPOPMALMKU 06 aruTMpyeMblx
MeAbHULIAX, KOTOPbIE UCTIOAL3YHOTCSH AAS NMOBbILLEHWSA 3ODEKTUBHOCTA 060raTUTEABHBIX U METAAAYPrUUYECKMX Onepa-
UM, NPOBOAMACSA Ha OCHOBE 0630pa M3BECTHbLIX AUTEPATYPHbIX U UHGOPMALMOHHbIX MCTOYHUKOB. 0 pesyAsTatam
NpoBEAEHHOro 0630pa OnybBAMKOBAHHbIX MCTOYHWKOB MOKa3aHO, YTO MCMOAb30BaHWE TPAAMLMOHHbIX BapabaHHbIX
LLIAPOBbIX MEABHUL, B CXxeMax GAOTaLMK PYA U KOHLEHTPATOB C TOHKMM B3aMMHbIM NpopacTaHMeM MUHepPanoB Hele-
Aeco0bpasHo. Takxe NpUMEHEHWE TPAANLMOHHBIX MEABHWULL MPWU BCKPbITUKX YNOPHbIX K LUAHWMPOBAHUIO PYA U KOHLIEH-
TPaToB, rA€ 30A0TO TOHKO BKPAMNAEHO B CyAbOMAbI, OFPAaHUUYEHO BbICOKMM PACXOAOM IAEKTPOIHEPTUM HA U3MEAbYE-
HWE U COOTBETCTBYHOLLMMMU IKCMAyaTaLIMOHHBIMK 3aTpaTtaMiu. B paboTe paccMoTpeHbl pa3AnUHbIe THUMbl arMTUPYEMBbIX
MEAbHUL, — BEPTUKAAbHbIE W FOPU3OHTaAbHble. OTMEYEHbl MPEUMYLLECTBA arMTUPYEMbIX MEAbHUL, B CPaBHEHUU C
TPAAMLMOHHBIMU LIAPOBbIMU MEAbHULLAMMW, B YACTHOCTU MO 3HEProaddGeKTMBHOCTU. [peACTaBAEHbI KOHCTPYKLMK U
OCHOBHbIE XapPaKTePUCTUKKU arutMpyemblX MEAbHUL, MOAYYMBLUMX HaMboOAbLLee NMpumMeHeHue. Mo AaHHbIM 3apybex-
HbIX UCCAEAOBAHMI NPUBEAEHbBI OCHOBHbIE MapaMeTpbl, ONPeAeAstoLLIME NPOLIECC UBMEABYEHUS B YKa3aHHbIX MEAb-
HULAX (OTHOLWIEHWE pa3mepa bucepa K KPYNHOCTU NUTAHUA MEAbHULbI, MAOTHOCTb U3MEAbUALOLLEN CPEADI, MAOTHOCTb
nyAbnbl B MeAbHULE, 06beMHasi 3arpy3ka bucepa, CKOpoCTb NepemMellMBaH1s U T.M.). AHAAU3 AUTEPATYPHBIX AAHHbIX
CBUAETENBCTBYET O BbICOKOW 3ODEKTUBHOCTU MEABHUL, C MEPEMELLMBAHNEM MEAIOLLEN CPEABI AN TOHKOIO U CBEPX-
TOHKOIO U3MEABUYEHWS PYA Y KOHLLEHTPATOB B CPABHEHWU C TPAAULIMOHHBIMW LLIAPOBbIMU MEAbHULAMU. YUUTbIBAsA, UTO
06BbEM PYA M KOHLEHTPATOB, YMOPHLIX K nepepaboTke TPaAULMOHHBIMU cnocobamu, yBEAMUMBAETCS, NPUMEHEHWE
yKa3aHHoOro obopyaoBaHusa ByaeT paclunpaTbes, NoBbias 3GPEeKTMBHOCTb MOCAEAYHOLLIMX 0B0raTUTEAbHbIX U METAA-
AYPrUYECKMX onepaumi.

KaroueBble cAOBa: TOHKOE U CBEPXTOHKOE M3MEAbYEHUE, aruTUPyEMble MEAbHULbI, KOHCTPYKLMS, PACXOA IAEK-
TPO3HEPIUU, XapPaKTEPUCTUKKU, NapaMeTpbl paboTbl
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Abstract. This paper presents a brief review of the designs, characteristics, and operating parameters of Stirred
media mills supplied by foreign manufacturers. An analysis of information on Stirred media mills , which are used
to improve the efficiency of beneficiation and metallurgical operations, is carried out using available publications.
The obtained results indicate the inexpediency of using conventional drum ball mills for flotation separation of ores
and concentrates with a fine interpenetration of minerals. The application of conventional mills in extraction of
ores and concentrates resistant to cyanidation, where gold is finely disseminated in sulfides, is limited by their high
power consumption and the corresponding operating costs. In this work, different types of Stirred media mills are
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considered, including their vertical and horizontal types. The advantages of Stirred media mills over conventional
ball mills, particularly in terms of energy efficiency, are noted. The designs and main characteristics of Stirred
media mills , which have received wide application, are presented. According to the data presented in the reviewed
publications, the main parameters determining the grinding process in such mills are outlined, including the ratio
of bead size to mill feed size, density of grinding medium, density of pulp in the mill, volume loading of beads,
stirring speed, etc. The conducted analysis of literature data indicated high efficiency of mills based on agitation of
grinding media for fine and ultrafine grinding of ores and concentrates in comparison with conventional ball mills.
Given that the volume of ores and concentrates resistant to processing by conventional methods is increasing,
the application of Stirred media mills is expected become more widespread, thereby increasing the efficiency of

subsequent beneficiation and metallurgical operations.
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parameters
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BBEAEHUE

BoBaeueHne B NPOM3BOACTBO Cblpbs yNop-
HOro K nepepaboTke TPaAULMOHHBIMW CMOCO-
6amun TpebyeT NOCTOSIHHOIO COBEPLLEHCTBO-
BaHUA 060raTUTEAbHbIX WM TMAPOMETAAAYPIU-
YECKUX TEXHOAOTMIW M3BAEYEHUSA LIEEHHbIX KOM-
noHeHToB. [lpn 3TOM BO3pacTaeT 3HavyeHue
NPOLECCOB TOHKOrO U CBEPXTOHKOIO M3MEAb-
YeHUs, B YaCTHOCTH, NPpU GAOTALMKU PYA U KOH-
LLEeHTPaTOB C TOHKMM B3aUMHbIM NpopacTaHu-
€M MWHEpPaNOoB, a TakXe Mpu BCKPbITUK ynop-
HbIX K LUMaHMPOBAHMIO PYyA M KOHLEHTPATOB,
rA€ 30A0TO TOHKO BKpPanAeHO B CyAbOUAbI. YKa-
3aHHble NPOLLECChbl NMO3BOASIOT CYLLECTBEHHO
NOBbICUTb 3PDEKTUBHOCTb PA3AEAEHUA MUHE-
panoB npu dAOTaUMU, YAYULUUTb KUHETUKY U
MOAHOTY OKMCAEHUA CYAbOUAHBIX MUHEPANOB
B npoueccax atMochpepHOro, aBTOKAABHOIO
N BGaKTepUaAbHOrO BCKPbITUSA MepeaA LMaHK-
poBaHuem® [1-4]. OpHAKO WCNOAb30OBaHUE
ANA OTUX LIeAEeN TPaAMUMOHHBIX 6apabaHHbIX
LAPOBbIX MEAbHUL, OrPAaHUYEHO BbICOKUM
PaCXOAOM 3AEKTPOIHEPTMU HA M3MEAbYEHUE
M COOTBETCTBYHOLLMMWU 3KCMAyaTalMOHHbIMU
3aTpatamun. B cBfA3M ¢ atUM pa3paboTtka u
BHeaApeHne 3QPEKTUBHOIO N3MEABYUTEABHOTO
060pyAOBaHUA NPEACTABASETCS BECbMaA aKTy-
aAbHOWM 3apavent.

UEAb UICCAEAOBAHUA

LleAnbto  MCCAEAOBAHUA ABAAETCA KpaTKui
0630p XapaKTepUCTMK U napameTpoB pPaboTbl
arnTupyembix MeAbHUL, (0T aHrA. stirred mills
- MEAbHMULbI C NepemMellMBaHUEM MEAIOLLEN
cpeabl) 3apybexHbIX NPOU3BOAMTENEN, MPUME-
HAEMbIX B HACTOSILLLEE BPEMS.

MATEPUAADbI UCCAEAOBAHUA

OCHOBHbIM 0060pPYAOBaHMEM, WCMOAb3Yye-
MbIM B MPOLECCax M3MEAbUYEHUS, B TEUEHMUE
AOATOr0 BPEMEHU OCTAaBaAUCh LLIAPOBbLIE MEAb-
Huubl. OpaHako Bo3pacTatowas noTpebHOCTb
B TOHKOM W CBEPXTOHKOM M3MEAbYEHUU PYA U
KOHLEHTPATOB MOKa3aAa WX raBHbIM HEAOCTa-
TOK AASl OTUX LIEAEN — BbICOKUI PaCcXoA 3AEKTPO-
3Hepruun. B cBA3K ¢ 3TMM BO3pacTaeT 3Ha4YEeHUe
NPMMEHEHMS annapaToB, MO3BOASILLUUX CHU-
3UTb PACX0OA 3AEKTPO3HEPrun [5, 6]. BaxHbIiM
HarnpaBAEHUEM CHUXEHWA pacxoAa 3HEPTUK B
npoLecce U3MeAbYEHNS ABASIETCA UCMOAb30OBa-
HUE MPaBUAbHOW TEXHOAOTMM U 0HOPYAOBAHMSA
NU3MEABUEHUST AN KOHKPETHOIO NPUMEHEHMUS,
B YACTHOCTU NPUMEHEHUE aruTUPYEMBbIX MEAb-
HUU. ArMTUPYEMble MeAbHWLbI BoAee 3Hepro-
9PPEKTUBHbI, YEM OObIUHbIE TEXHOAOTUU W3-
MeAbYeHUsA (puc. 1.) [7, 8]. OHU He MeHee YeMm
Ha 50% 6onee 3HEProadDEKTUBHbBI AN TAKKX
NPUMEHEHWI, YEM OObIUYHbIE LLIAPOBbIE MEAb-
HULbI [9].

B Hacrofllee Bpems CyLLECTBYIOT pasAnu-
Hble TUMbl MEAbHUL, C NepeMellnBaEeM MEAKD-
LLIEV CPEAbI, KaK BEPTUKAAbHbIE, TaK U FOPU3OH-
TaAbHble. BepTMKaAbHblE MEAbHULbI BKAKOUAKOT
B cebsa balueHHyt0o MeAbHuuy Vertimill, meab-
HUUpl HIGmIll, SMD (Metso-Outotec) n VXPmill
(FLSmith). Mpumepamn ropnu3oHTaAbHbIX MEAb-
HUL, C NepeMELLMBaAHUEM MEAIOLLIEN CPeAbl B-
astotca menbHUUbl Netzsch/IsaMill n ALC (KHP).
MeAbHWLBI OCHALLEHbI LUTUGTAMU UAU AUCKAMM,
YCTAHOBAEHHbIMW Ha LEHTPaAbHOM Bpallato-
LLemMcs Bany. Baa pacnpeaenietr MexaHU4eCckyro
3HEepPruo OT ABUraTeAst K 3arpyske, Koraa AMCKM
WA WTUGTbI BpaLLaroTcs BMeECTe ¢ BaAOM. Aen-

32020 Compendium of Technical Papers // IsaKidd™. Pexum poctyna: https://www.glencoretechnology.com/.rest/api/vl/
documents/41037d647e29db4dch9932ac302a59d6,/2020+ISAKIDD+Compendium+of+Papers.pdf (aata obpalleHus:

20.02.2024).

505

https://ipolytech.elpub.ru



2024.T. 28. Ne 3. C. 504-512 ISSN 2782-4004 (print)
iPolytech Journal

2024;28(3):504-512 ISSN 2782-63441 (online)
Auepronorpednenune, kBr-u/T e T
P PE 2 MEABHMIA nepeMELINBAHNEM

1000 |

100 \ R
NN

TR

10 YnbTpaToHKO
4 H3MeNbYeHMe »
e
4 b \
Jlousmenpuenne
4Tpmuuuong~loe M3MeTbueHMe
1 1 10 100 1000

80% knacca npoAayKTa, MKM

Puc. 1. 3HepronotpebAeHne Ha U3MEABYEHHE B LIAPOBON MEABHULIE M MEAbHULIAX C NEPEMELLMBAHMEM MEAIOLLEN CPpeAb [8]
Fig. 1. Energy consumption for grinding in a ball mill and stirred media mills [8]
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Puc. 2. MeabHuua Vertimill-Metso-Outotec (BepTukanbHasi, nepeMeLunmBaTeb B BUAE LLUHEKA). KpYNHOCTb NUTaHUA A0 6 MM,
namenbyaet Ao 15-20 mMkM. Meawowas cpeaa - CTaAbHble Lapbl 5-38 MM, CKOPOCTb Ha KOoHLUe nepemelunBaterss 3 m/C.
MotuHocTb Ha eauHmnLy obbema - 20-40 kBr/m?
Fig. 2. Vertimill-Metso-Outotec mill (vertical, screw-type agitator). Feed size is up to 6 mm, grinds up to 15-20 um. Grinding
medium is steel balls of 5-38 mm, agitator tip speed is 3 m/s. Power per unit volume is 20-40 kW/m3
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Puc. 3. MenbHnua SMD (Stirred Media Detritor) Metso-Outotec (BepTukaAbHasi, nepemMelumMBaTeAb - BaA CO LUTUPTaMm).

KpynHoctb nutaHms ot 100 A0 15 MkmM, npoayKT A0 98% - 2 MKM, cTaHAapPTHO 80% MUHYC 6 MKM. KpynHoCTb bucepa 1-3 Mm.
MotuHocTb Ha eanHmLy ob6bema 50-100 kBt/m3

Fig. 3. SMD (Stirred Media Detritor) Metso-Outotec mill (vertical, a shaft with pins is an agitator). Feed size is from 100 to 15
um, up to 98% product is 2 um, usually 80% minus 6 um. The bead size is 1-3 mm. Power per unit volume is 50-100 kW/m?

CTBME M3MEABUYEHWUA MPOUCXOAUT MPU CTOAKHO-  OCHOBHbIE XapaKTePUCTUKW MPUMEHSIEMbIX B
BEHWM M3MEABUAIOLLIMX LLIAPUKOB M MUHEPAAb-  HacTosillee BPeMSs (MO AAHHbIM MPOWM3BOAMTE-
HbIX YacTuLl. Huxe nprBEAEHbl KOHCTPYKUMKM U Aer 060pyAOBaHMSA) MeAbHULL, (PUC. 2-6).

30Ha Hr3KX0- 30Ha saCOKO-
MHTEHCHEHOD WHTEH I BHOMO
IV ENSYEHNR HIMENLNEHN R
(rosxme (rpyGeie
vacTys) vacTnu)

(Outotos, 2013)

a b
Puc. 4. MeabHuua (a) HIGmIll Metso-Outotec (BepTrkaAbHasi, NepemMeLLlnBaTEAb — BaA C AMCKAMM); MPUHLMI PabOTbl MEAbHULbI

(b) Outotec HIGmill (1 - BpaLyatoLLMiCs BaA, 2 - UBMEAbYAIOLLME AMCKM, 3 — HEMOABUXXHbLIE KOHTDAMCKH,
4 - kamepa U3MeAbYEHHS)

Fig. 4. (a) HIGmill Metso-Outotec mill (vertical, a shaft with discs is an agitator); (b) Outotec HIGmiIll operating principle
(1 - rotating shaft, 2 - grinding discs, 3 - fixed counter discs, 4 - grinding chamber)
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Puc. 5. MeabHuua VXPmill - FLSmith, paHee Deswik (BepTukaabHasi, nepemMeLunBaTenb - Baa ¢ AUCKaMM), CKOPOCTb Ha KOHLE
nepemelumnBaters 10-12 m/c. MoiuHocTb Ha eanHuly obbema 240-765 kB1/M3: a - obLmMit BUA; b — BaA C AMCKaMM Npu
MOHTaxe

Fig. 5. VXPmill - FLSmith mill, former Deswik (vertical, a shaft with discs is an agitator), agitator tip speed is 10-12 m/s. Power
per unit volume is 240-765 kW/m?®: a - general assembly; b - a shaft with discs under installation

Puc. 6. MenbHuua Isamill - Glencore, paHee Netzsch/Isamill (ropu3oHTaAbHas, nepemMeluMBaTeAb — BaA C AMCKaMM) CKOPOCTb
Ha KoHLie nepemelunBatess: boree 15 m/c. MolHoCTb Ha eanHuLy 06bema 300-1000 kB/m?

Fig. 6. Isamill - Glencore mill, former Netzsch/Isamill (horizontal, a shaft with discs is an agitator), agitator tip speed is more
than 15 m/s. Power per unit volume is 300-1000 kW/m?
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Kpome 3HeproadGeKTMBHOCTU, MEAbHMU-
Ubl C NepemMelwMBaeMbiMU CpeAaMn B BUAE
bucepa NPOUIBOASIT UBMEABYEHHBIN NMPOAYKT,
KOTOPbIV HE COAEPXUT Xenelda braropapsa uUc-
NMOAb30BAHUIO MHEPTHbIX KEPAMMUUYECKUX W3-
mMeAbyarowmx cpep Ten [10]. Cpepa n3Menb-
YyeHusa B OTCYTCTBME XeAae3a noapasymeBaet
MeHbLUE 3KCMNAyaTaUMOHHbIX MpobAeM M3-3a
MeHbLUIEro NoTpebAeHUs uMaHnaa 1 GAoTaLM-
OHHbIX peareHToB NpuW MOCAeAytolen obpa-
6oTKe.

MeabHMUbl VXPmIll n Isamill ncnoAb3ytoT
TOHKYIO M3MEeAbYaloLLyto cpeay M paboTatoT
Ha BbICOKMX CKOPOCTSAX MepemMellnBaTenen,
YTO AEAAET MX MPUIOAHBIMWU AASI CBEPXTOHKO-
ro uameabuenun [11]. B paborte [12] npuBe-
A€Hbl OCHOBHble npenmywiectea VXPmill ne-
pep Isamill: HeT He0b6X0AMMOCTU YNAOTHEHUSA
NOALUMMHUKA BaAa (NyAbNa HE KOHTAKTUpyeT
C MOALIMMHUKOM), OTCYTCTBME KOHCTPYKTWUB-
HbIX CAOXHOCTEN U3-3@ BHYTPEHHUX MEXAHU3-
MOB pa3AeAeHUsA MPOAYKTa (MepenoAHeHUe
NPOAYKT@ 4epe3 3KpaH YAEPXaHUs CpPeAbl)
M MEHbLLUYIO 3aHMMaeMyto naowaab. OaHaKo
MeAbHULA Isamill 6oAee 3HeproHacbllEeH-
Has.

AHanM3 cneumanM3avpoBaHHOW AUTEpaTy-
Pbl MO3BOAMA OMPEAEAUTb OCHOBHbIE Napame-
TPbl, BAUSIIOLLIME HA MOKa3aTeAU U3MEAbYEHUS
B MeAbHMLAX C NnepemMellnBaHUEM MEAKLLEN
cpeabl. K HUM OTHOCSATCS:

OTHoweHne pasmepa bucepa K KpynHo-
CTHU MUTAHMUA: AN TOHKOTO NUTaHUS (MeHee
40 mKkm) - 20:1; ara 6oaee KPYMHOro NUTaHuA
(Fso= 166 mkm) - 12:1.

lNMAoTHOCTL M3MeAbYaroLLeHn cpeabl (buce-
pa) AOAKHa ObiTb Boaee uem B TPU pasa Bbllle
O0XMAQEMOM MAOTHOCTU MYAbMbl U3MEAbYAEMO-
ro NPOAYKTa, koTopas coctaBaseT ot 1,2 poo 1,5
kr/am® [12].

NMoMuMo nAOTHOCTM bBucepa, Apyrue coob-
paxeHus, KOTOpble CAEAYET yYUTbIBATb, BKAKO-
YyakT TBEPAOCTb, NPOYHOCTb U GOPMY U3MEAD-
yatowen cpeapbl. [poyHble K3MeAbyatowme
CPeAbl AOAXHbI ObITb XOPOLLO OKPYIAEHbI W
CBOOOAHbI OT AEPEKTOB U TPELLMH; HOCUTEAU C
AePEKTAMU U TPELLLMHAMU AETKO AOMAtOTCH, YTO
NPUBOAUT K HEMPUEMAEMO BbICOKOMY M3HOCY
NM3MeAbUaloLLEN cpeabl [6]. Ar 9PPEKTUBHOIO
M3MEAbUYEHUA M3MEAbYAKOLLAn Cpepa AOAXKHA
ObITb TBEPXE, YEM U3MEABYAEMbIN MUHEPAA,
[13, 14].

O6bemHan 3arpy3ka b6ucepa. YsennueHue
3arpy3ku 6ucepa yBEAMYMBAET 4YaCTOTY CTOA-
KHOBEHWM, T.€. CTPECCOBbIE COObLITUA B KAMepe
N3MEAbUYEHUA NPU 3aAaHHON CKOPOCTU MEAbHU-
Lbl. TO IBAEHWE YBEAMUMBAET MAOLLAAb MECT
paspyLleHUsa yacTul, B Kamepe M3MeAbUYEHUS,
HO pabounMit KPyTALWMK MOMEHT MU MOLLHOCTb
Takxe yBeAnumpatotca [7]. OpHako 3arpyska
bucepa He AOAXHA ObiTb Bbille 90%, MHaue
cXatue cpeabl NPUBEAET K HENPUEMAEMO Bbli-
COKOMY M3HOCY CpeAbl U GYTEPOBKM U3-3a Upes-
MEPHOro TPEHUA B U3MEABYMTEABHOW Kamepe
[15]. Avana3oH 3arpy3ku bucepa B MeAbHULY
coctaBasiet o1 50 po 83%.

Ckopocte nepemewmnBaHus. B cneuma-
AM3UPOBAHHbIX WMCTOYHUKAX MPUBOAUTCA WUAM
AMHENHan CKOPOCTb Ha KOHLE nepemellvBare-
ASl, AW YUCAO ero 060poToB. HanMmeHbLLasn 1H-
TEHCMBHOCTb MepeMellMBaHns HabAroAaeTcs
y MeAbHuUpbl Vertimill. TUNUUYHbIE AMANa30HbI
CKOpPOCTEM nepemMellnBaHuUs BEPTUKAAbHbIX
MEAbHUL, C UCMNOAb30BAHWEM LUTUPTOBLIX UM-
neanepoB: 200-330 06/muH [16], 200-1350
06/MuH [17], 260-1000 06/MmuH [18] 1 450,
1000-1500 06/MuH [19]. AnanasoHbl CKOPO-
CTEN rOPU3OHTAAbHbIX MEAbHWUL, C NepPPOpPHpPO-
BaHHbIMW AWCKOBbIMU MMMEAAEPAMU BblLLIE,
yeM Yy BEPTUKAAbHbIX MEAbHUL. TUMUYHbIE
CKOPOCTMU FOPU3OHTAAbHOM MepeMeLInBaEMONn
MeAbHUUbl: 2130-4370 06/MuH [14] n 1500-
2500 06/muH [20].

3AKAKOYEHUE

AHaAU3 AUTEpPaTYPHbIX AGHHbIX CBUAETEAD-
CTBYET O BbICOKON 3QPEKTUBHOCTU NPUMEHE-
HUA MEAbHUL, C NepeMeLLMBaHUEM MEAOLLEN
CpeAbl ANl TOHKOTO U CBEPXTOHKOIO U3MeAbYe-
HUA PYA M KOHUEHTpaToB. K npenmyliectBam
YyKa3aHHbIX MEAbHMWL, OTHOCWUTCA CYyLLECTBEH-
HOE CHMWXEHME pacxohAa INEKTPOIHEPrnu Ha
M3MEAbYEHME B CPABHEHUM C TPaAAULMOH-
HbIMW LIAPOBbIMU MeAbHULAMU. [poBeAeH
KpaTKMiM 0630p KOHCTPYKLIMIA U XapaKTEPUCTUK
NPOMBbILAEHHbIX aruTUpPyemMblX MEAbHUL, a
TakXe napamMmeTpoB, BAUAIOLMX Ha Nokasare-
AY UBMEAbYEHUS. YunTbiBas, UTo 06bEM PyA U
KOHLEHTPATOB, YNOPHbIX K nepepaboTke Tpa-
AMUMOHHBIMK  cnocobamu, yBeAM4YMBaETCH,
NPUMEHEHWE yKa3aHHOro obopypoBaHua Oy-
AET pacluMpsaTbes, nosbiwasa 3GGEKTUBHOCTb
MOCAEAYHOLLMX 06OraTUTEAbHbBIX U METAAAYPIU-
YeCcKMx onepaumi.
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