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Abstract

It is well known that the quality of fossil minerals ores, including Chiatura
manganese ores, is getting worse from year to year and it becomes necessary to
improve the deep concentration (beneficiation) of ores and production processes in
order to eliminate deficit of high-quality ores. In this regard we can consider as
topical the idea of introduction into raw material base of residuals originated
during carrying-out the complete production cycle (including raw materials and
waste) of ferroalloys receipt in Zestafoni or their targeted use. The importance of
this issue is determined by another one circumstance — residuals contain 10-25% of
manganese that at the same time is a reason of determination of ecological
problems in regions implementing raw material extraction and production
processes. More specifically, Chiatura manganese-containing ore beneficiation is
accompanied by sludge formation, and silicomanganese melting is followed by
formation of residuals accompanying current engineering processes at Zestafoni
ferro-alloy plant. Despite the technogenic nature of the mentioned residuals (more
than 15% content of metal manganese), their direct return to the melting furnace
is not managed that is caused by pure fraction composition. In this regard, we have
to bear in mind that ore losses reach almost 50% on its way from ore extraction to
commercial product receipt that is inadmissible from both economic and
ecological standpoint. Therefore, the engineering processes related to
silicomanganese production need improvement that directly requires targeted
processing of production waste — their transformation into profitable technogenic
and, at the same time, ecologically safe products.

This research was conducted in two directions. The subject of first research
was presented by a dust caught by the silicomanganese production filter, while the
second direction of study was associated with the use of a sludge — the waste
generated as a result of manganese-containing ore beneficiation. The opportunity
of briquette receipt from the dust was studied, and the determination of
possibilities of cast stone materials’ manufacture using the sludge was scheduled.

Dust-containing briquettes were obtained in large quantities from the “dust —
coke breeze” composition, where liquid glass was reasonably selected as a binding
material during furnace charge (batch) briquetting. Despite distinct difference in
fraction composition of the initial raw material, the experiment confirmed the
opportunity of high-quality briquettes’ receipt, in particular in case of mixtures
with maximum dust content (80 mass.%). Carried-out experiments showed, as well
that briquetting of furnace charge containing large quantities of dust is properly
provided by liquid glass having specific characteristics (density 1250 kg/m3,
module 3), when using its 10-12 mass. % as an additive to the furnace charge. The
impact of briquettes pressing force and drying conditions on its performance
properties was studied and it was established that the best properties are reached
in case of briquetting with a force more than 16 MPa and under artificial drying of
briquettes (70-100°C, 24-12 min). The mentioned conditions provide obtaining of
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briquettes with high strength (more than 7 MPa) and wear resistance (more than
70%), and low water absorption (less than 4%). Process flow diagram for obtaining
the briquettes with large quantity of respirator dust is developed based on carried
out experiments.

Proceeding from sludge composition generated during ore beneficiation, its
targeted use turned out to be impossible. That’s why, taking into account
recommendations for glass and slag glass-ceramic technologies and approaches,
another one residual, namely slag was selected as an additive to manganese-
containing sludge. Based on “sludge-slag” compositions formulation and estimation
of glass materials receipt using different methods (different approaches) an
experiment was scheduled that included the synthesis of glasses with maximum
content of sludge and opportunities of obtaining the vitro-crystalline materials
(cast stone material) from them.

Furnace charges composed on the basis of sludge and slag were synthesized
at 1320-1350°C and the opportunity of quality glass receipt from furnace charge
containing maximum quantity of sludge (75 mass.% of sludge and 25 mass.% of
slag) was identified. Through establishment of crystallization ability of obtained
glasses and based on the variation of characteristic properties indicator, as well as
taking into account the results of thermal and X-ray phase analyses, there were
determined those parameters, which provide glass conversion to vitro-crystalline
material: transformation of glass with optimum composition into polycrystalline
material is provided by its thermal processing in the temperature range of 600-
800°C for 1-2 hours.

Through study of vitrocrystalline material properties obtained from the
“sludge-slag” composition (water absorption — 0,1%, compression strength — 125
MPa, wear resistance — 1,2 kg/m?) it was established that a targeted crystallization
of glass containing 75% of sludge and 25% of slag makes it possible to obtain cast
stone materials and articles with polycrystalline phase composition. Process flow
diagram for receipt of vitrocrystalline material (cast stone material) from two-
component furnace charge was developed, recommended types of basic machinery
and equipment necessary for its implementation were selected and technological
parameters of manufacturing process were determined.
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LoFoMmmgdol d9dmbggzsdo bLmgol dgMMHbgmdsdo dsbas6do JoBbmdMOZ5
399009496905 80b9gMo M0 d03MMLOILMJgd0l Loboo [9 - 10].

95695680, 500530560l MmMYsboBIdo domwMyoHO MHMErol dobgz00,,
Dom0mogbl 9.§. gugbgosMo (Lomabeobsmgzol dbodgbgermgsbgls) do-
36O™9w9dgb@L. dolo 360369 mds LOWSE 933035 96EHWIM0S 30ESTobol
2BJ305L00D, BoaEsd ol MMYBOBITo J969IMID Fgo@sbgds (fysero, Uo-
33990). bbgs glgbEoseme 0360Mqwqdgb@gdmsb gMms (Fe, Mn, Se, Zn, Co,
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Mo s Ubg), 9569969990 dmbofioemgmdl mmsbobdol dg@Esdmewmo bobidg-
d900L > YYXM9IOOL 396N 535MOEHOL MYRW530580. JOBLOIMPOJdOM
3608369035600 3569569990L g0309bs B0@IMXMIM356 LoLEHYIYdBY s bo-
GOS0 30w gOHd0L (086030EHMJLMIGOOL 93399dEBWIOMIOL 25d0gMHdOL
bserxbg) BEGH0IMWOMYIL S MYHBOBEJLEGOMDL Ao6530MMBYOL. 51939, Ol
dmbsfoergmdl 303sd0bo C-U Fo®mdmddbsdo s 6 FodmzEsdo, EFOWSMS
30330, mMs60Bdol J0gM w030@YdoL sm30L9ds30, B39MTgbG I LolGgdol
Bodmyoer0dgdsdo s Lbg. dsbgyobmdls, MHmam®E dozhmgergdgb@dl, o3l oo
360093690mMd5 — 00 5906 3mbsfowgmdsli 0qdMEmdL MmEYBoHIdo dodwo-
6569 60300096930 (330l 3GIM(399dd0 s 0dMboGYBHBg [11 - 13].

0bgds80 FoOMM  2o3ME)Ego0oL  Jobgs35, Bsbyobmdol BE.-
LEOHMEWO 5sd0sBOL MEMYBOoBATo 9d339emds 12-20 3y-b F9o9bL, MHodgwms
00 bsfowo doMomss@ 939000 Yds d30m356 Jumz0egddo s S1939
©30d¢do, 0006033909080 ©s 3ol 3Mbmdo. 356969900 ymzge oGO
©983030GO0L 9931905 803MMLZM30w MBYOL T9oYIbL, o3 WsbEMgdoo 2
9y/@09d0 3560L5BM3M9ds, bmwm Eslsdz900, Boasd sGMLILMEM3go, dodlo-
om0 MH5Mmgbmds 11 33/mado 56 Mbs 5©0gdsEHgdMm®gl. 0oL Qom3o-
wolobgdom, MMI MmMsboBddo dmbgzgMowo Fobysbmdol, oligzg Hmyme3
Lbgo BoFoMm 80360M9w9996GH900L, 50030L905MdS LOIWO 56 sGOL. LobYIM39-
@05 55305685 MY-sdgdo doommlb 5 — 10 3y Fsbgsbwmdo. sl939 36MdoOY,
603 40 3 s 3930 MMmEIbMBOm 562564990l MEMRB0BITo IMb39ES deogH
06@™MJLo3o30sl 0fi3g3L. 99539 MML, ®IOLsmM3zoL ol GOl IYgbowo
9obgobmdols Lologgzowm 3MBEIBEGHMOE0s, FogMsd 3bmdowos MGMA 0f3539
06@™dLo35305 oMo 130dB0MEYdS 08 5530569830, HMIWgdom Fobs6Tol
3993390 6030009690505 0©Gd-25005899d53900L LofoMdMmgddo 50056 o35~
3909900 5 06@MJL035300L oMM [gsOrmE Fo00 MMA60DITo by obwa-
39933900 3339600l dmbggMs doohbggs [14 — 16].

65600330 LoFoMdom dmbzg®ol 8999y s6y6mBo w339 bsfoen-

@905 Y39ws mEMRQBMLs o Jumzomdo, bawmm BgdgBo ©g3mboMgds w300-
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©do, o 339000, gegbmsdo, d3wgddo, §3M0owo bsfersgzgdol 390wgddo o
05308 $306d0. Lolbewdo Fsbgsbmdo 30M3MEoMgdl d30Mg bLbso BML-

53M635535L JoMH0qdol Lobom, bmem MmGmYBoBT0oID godmoymas FoMHmMb,
39653500356 5 MBI gPms [17].

3bMd0w05, HMI 5530560l MGYI60BIJo Lbgsolbgs d03MMggdgbdg-
0L o 95360M9ge9gdgbBHJdol ©9385MH0LMdS 96 LoFoMdg, o TmEMOL OLdS-
sblido, bbgoslbgs @o9350gdsms s LobEGMMIgdOL gsdmdfizgo doBybo
390d9ds 49bgL. 50b0dbMeds A565300Mds sboeo Lobgmdol 535D
300960l B53MYser009ds, MMIgerbsi 903MMmgegdgb@mbo gfimqds. dozMmg-
9d96¢MmBgdoL sOGLGdMdOL HobsdoMmmdoms dooBbg3z9b &Hgdbmaabmeo Lo-
b933w0gdME BHIMOEGHMM09dL s 369303 (600, Jobgdo, fyswo) god-
AMOGOL GMIgOLsE dOMO0MOIP 39B30MMdYOID 5305630 s bb3s 3ms-
b mAH9609398d0 3500 MYosMs Bomm™ 139JGHOOL J9b30m56MgdsL [19-21].

5Q0580560L O BMPsI FMEbow MEMYBoHIGOTo gargdgb@gdols dmbgy-
©@6OOL JoMH0Ms© FYserm@ d0BbyMw0s 5GIMBGBgOHMo 35960, 9.5. GHOBLYMY-
LoMEO FoIEIBOLHL A3 LofoMmBmm 396@MdOL Foge FoBMBEMJIIGMEO
LodM9G)39m IBHZ9O0 HBgmddgEgdl 56O FoOEGHM  SOYOMOMH0Z Fmboberg-
0519, 505990 I9HMdGE MH9A0Mbgdbg s J3994bgdBY5. 39MYIS 3BMdOO,
60d 9OHmo 439960l gLsdsdobo 3MMBoEol LsfoMdmgdosb, Jodow®mo ds369
Bsgmm9gdo dgBMdg 439969080 25050GBYdS  9GHIMLGBIOMWOo  B5350gd00.
35250mMo©, 9390350006 359M0m go0B9BYds FMaoMEOL bog®omgdols 81 %,
600 9M@960 900056 - 80 %, bergom bmMz9a0096 - 76 % [22].

ALbmBEomb dM35¢ §309496580 sMLYdIMOL Mga0mbgdo, HMIgddois 5@dm-
bBIOML ©FMFY0s690s TguFogEowos s 3MHOGHOIMEsE SMHOL Jga3sligdeo.
0lgo 06EMLEHMOSWMMSE 29630005090 399sbsdo, MmymeE 530, x960-
009 Md0LIMNZ0L Fo3bg 359l Fgolmbodogl 100 db-Bg dgBo dmdoersdg.
390039000 S©0b0dbME RBoBMb ©s39300Mgd0m J399bol  ymz9gwfierom®o
BoMO0o, GMIGoE 99005690l 33MMbseMdOL sl s b3l
(860m30b bogmn096930L Mbol s939), 40 WM. MO s0Hg3L. 0xo39
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dobgbom, Igbozmdo sbosedmdowms 2/3-5 bobberdo s09gbodbgds GHyzool olg-
00 3mb6396¢ 530900, OMAd03 LEMIbMIESE 50gdoEgds AbLMBEOoM Kob-
5330 MER60Bs300L 0ge sAgbo B®IgdL [23, 24].

5Q0580560L X 9bAMY MDY 50965309d 393 gbsL sbgbgb 9.§. BHgdbm-
39699600 3EOHMYgMJ0doOHO BoJEMMJd0, HMIGWDoYsb 5993560 Gmero Lob-
39w 3562060  gerols ImbTsMgdsl 35305. 3BMBOW0S, MM ol BsGOWO,
MmIgoE  290mf39os  AmBobgmdols X sbdMmMg™dsHg MbsGolbm  Lo-
Ldgero Fywol dmddggdom, LMo TJgbo@yzolgds LEGHodoMo ¥ YIOY-
d0m, d0ddowom, 9307809000 @S BbZs MBS OHO BoJBHMOIO0m odM-
300w 3o02bHOMBIOL [25].

do{jold398s s 80bstmms Fywol sdsd0bdwmemgds dooBbg3zgb: bog-
0M36OMOYJ3HIOL, BgbmEgdl, Moo gwgdgb@ol Ly as@gdl, Jormmogdl
@5 dBMmEGH0d99;339 bogmgdL. [yargdol ©sd0bdMMgdsdo goblszMMgdom
0O {3000 d0dw30m obgo 3dodg wom™bgdol BogMHmMgdL, HMaMGOEs:
LB3ogbo, MMMos, Y309, 35I0wdo, bozgwro, 3sbs6do, 39MiEbeolfyswo
@5 Ubg. x9bs330L mawom MmMHsbobsgool dmbszgdgdom, dlmywromdo
5653mb030M0 {yeol dmbds®gdom 9350 bgds asbermgdoom 500 b
5Q0580560. 50b0dbmEoll JoBgBs© do0kbg396 To3MMaEgdgbEHgdoL, MMM
©IBROEOAL, 91939 B0 FoMdOL - Fyseo 0mM3zEgds LoLAYS, M) dobdo yzgwrs
9999630 HomMm9b00s B 3-5m BM3M9gddo.

90369 gdgb@mBgdo, GMmIgms 9MLYdIMOS 9i3mdbgds 0969dM03 o
399609696 29d0domE RodBHMEOIOL odmMA6535 FmJdggdl 39659
96535c0bobgMdsHY3 o Fsmdo 9.). BoBHMEIBEMBYdIOL Asbg30mMgdol doBgBo
bgds. BodMmEwmm 8990 3¢0bads Bmys d3bscmaddo s oo dm®ols
153390 360™MYJHJdd0 (bogro, dcmbBHbgMo, 3BM39gEmMs 11533900 d3EbYdO
5.0.) H™JLo3obEBHIOOL IYMM39d5T0. BHMJL03bEHJd0 Tgodergds FoMdmyg-
Bowo 0y3bgb GHmJuozmMo cwommbom (Ni, V, Mo s bbg.) s gbgbgoscryy®o
999963980 (Fe, Cu, Co, Cr, Mo, Mn s Ubg.). 53 993565136900l bossado,
095080 s 359030 oo 3:mb:396¢ (309830 (B3-U BgImm) sOLGdMdIOLSL
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3600369035605, G®MmI  BHMJLOIIBEHIOOL  BHOIBLYIOLOMEO  ASIBI(33WGdS
(390539Bs) s 153390 3MMEJBHJOdo (9;3965MgMo s (3bM3gEMOO [oo -
dm3mdoL) oaMM390s JOHMO0D 33900 X9F300 XIS S 5T0sbdo Tgxo-
dqqdo [26, 27].

9569968000 JOMb03MEo 0b3G™JLo3s300l OHML 50PRI396 35 gdOL 3
bGOEOSL - BMBJ30MO d30Mgd0 VIM0dO LOA3EMIE030m, )Ygdomo FHmJbo-
39960 963985 M350, J5bg969doldogMHo 36 30bLmbobdo [28 - 31].

35699630 MmMH560D3d0 J0M0MOIE 59OHMBMgdol Losboo Lolmbodo
LoL3H9YTJO0IB, begrm 30609 CoMmEIbMdOM - 3MF-bsfes30L GHMIEH0m b3wY-
0. mM560Hddo dolo Fgmfg3s dglodErgdgeos IHB0sBIdgo 35600905,
930mb3o OO MoMmEIbMdom FobsbMTol 33900, IBOPEMGOOL
9GO0 Fo6Mdmgdsdo godmygbgdols MMUL. 2sblszmmcmgdom 3609369-
@wm3560 BoJBHMEO0s Bobyobmdol Foboli dm3m3zgdols s dobo LofoMdmm
3990yggbgdol Mga0mbgdol IMLobErgmdol MmMsboBddo dolo s9MHMBMEgdOL
Loboo dmbgg®mol Ggbsdegdarmds [16, 35, 37].

956996aL sbsLOsMYGOL MMR60BIDY 3MmE0dMORMEo dmddggds. dobo
dmd0dggdol 89099, OH™amOE BMLEO 5EgMA9bols, Tgbodergdgeros mMys-
B0BAol LgblOdOEIOB30s s, TGLOdI5AOBOE, SWIMRONIO IMTSEHOEHOL do-
630056905; 030 HMJLo3MO dmgddggdsL sHIBL JoMHOMOIE (396G O
69630 LobBYdsBg, ol TgEIROIE Z30MIMEYOS Bsbyobmdoom godmfzgmwo
JO®bozMmo 3ehmxzqglomwo 0b@GmdlbogsEos - 3sbgsboBdo; IEH3MOL bobyMdwo-
30 9tmgd99d0l 890939 30005M9ds Lalybomdo LolGgdol dEH3MOLA0YOO WSS-
3500905 36930m3mbombo - Bsbgobmzmbombo, 3mbomygbm®o ddmbdodo s
Lb3s [5, 6].

95699630l Ho6rdmgdsdo ©slogddgdems Imemols sbasbdo ofj3g3l G-
amO3 93939, 0Ly JOMBo3M 0bEHMJLOIE0sL. 98539 MM, Bsbgobmals sbslo-
590l 3moGHOM3o dmddgrgds, HMIYEoE 3M(E3JIEIOs Y39ws LobEgdsls
@5 MmOobmby, 53653 0356 LYToBBYL HoeTMoEAIBL ™30l BH30b0, GMI-
ol sH056Yds 5@MJOL OB DoME bollosml, 390dm, o, Hmam®E dbsdo,
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89MB9g300 3:ddgegdl Jo®g39ds 3396d90bs s ©0IBEIBIWN® 5B, byPZ3Nw
LoLEGHYFoBY. 99 OML F0MMEYds Fobyobmdoo sdmfizgmwo JHmbozmwo
36MHmR9gLo0MEo 0bEMJL03E05-056560B80; 33Ol boby®dwogo dmddggdol
39009250 3000560905 Lolbmdo LobEGgdob 3E3MOLI0YGOHO 5350 JdS 36930m-
30b60mB30-056456m3mb0omMmDBa0, 3mbomygbmemo d@mbjodo [5, 16].

956996dol Fo6dmgdsdo olsgddgdems Imeols sbasbdo ofj3g3L G-
363 3939, 0Ly JOMbBoIME 0bFHMJLo3oEosl. Fsbgsbmdom 0bEHmdlozsgools
350magbgHdo 6s9gMm3g FoMdmagbom doMomso 860336gwmds gbo-
F905 39005@MMH9d0L - EMRsToboLs s 53930 obols 3300l s MIbsgs-
HOMOOL 3ol 25baw0q0do. 50dMbgboos IMM393900  LEBHYHOWMHO
3m63Mbgd0l s 580bMs153900L (33¢sd0g.

956996800 JOMbo3MEo 0b63mJlozszool EOHML s0BRG396 s350gdoL 3
1Go05L - BMBJ30IM0 I3MYOO WM0dO LOA3BHMISGH0I0M, Y00 GHmdlo-
39960 96398935305, Jbgo6doldogHo 3o 30Lmbobdo [5,26, 28].

6936OMmMa0mMm0  (33€0gd9d0L O 35 ™MR0gd0L LB 0b3MMHO
60369008 OHMMWsE 2odmzmgbsl OO 3ModGHozmwo 360dzbgumds 593
35MEMA0M0  3OM3EILOL 3OHMAbmBoMIdoL s 9R9JGIO0 Lsd3MObsEm-
3B 3H032IM0 mboldogdgdol Bolio@sMgdws.

056g96mdo X960 mdol 36033690 m356 Mol HomBmoygbl, G-
363 LoGoMImm, olig sMBLSFoMTMM 3OHM39LYddo dmddggdolsl. JoBbmdMm030
d9Lfogom, godmzwgbowos 6339990 (330 d900 sbyobmdoo dos-
60 M930mbgd0L (Fos0mMGs, BILEHIBMBO) BMbObEgMdOL K s6IMMIELMBLS o
656030l BMbJz0m®H0 dymIscmgmdol dsh3z96909edo [3]. 390dm, sbsero-
BmM0 93000930 MR0MOH0 3319308 9909, Aol doBIbL F0s0GMOL
3505MHML 390D 3O:MBILOMWO BogG™MMYgdol o369 BgAs3wgbols Fglfogems
9950996009, 399m3wobs — 3393580 330 MHgl3mYbEHo Imbsfogmdos: 165
89985, 5699 doMOMsO (9JU3MBOMYOME0) XJMBO s 165 LHIMBBHOMEM (s6ro-
99L3B0MHGIMOo) 3060. 5M59Ju3MBOMYPdIMWms FgMBg3s Fmbs FosmMOL
9090905609 BHJO0GHMM05Dg I3bMm3M900 33300, GMIGILSE 9GO~

25



bl 93953050 FoIMMI0 S 5FLMB, SBv3ZOL, LJglols s LogbmzMgdgwo
5000l dobgz0m d9qlsdsdgdm®bgb doMomo© XyMRBL. MO39 XyMBOL do-
dm30mb3s BoBHMS LEIBIMEHMWO 300b3500m, HMIgEwoE dmIBsEs KIb-
©5330L AbMBEoM MOHY60BIEo0L Jogh M93mIaboMgdwo 30mbgs6M9d0L
d9L50530b5q, IMbs39dms FMTS3905 bgdmes Epi Info-Us obdsdgdoom.

399m30mben Fos®mlb 37)doms 81 %-b 8595353900 9950029600696, 19 %-U
Joargdo; dwdgdol 68,5 % Lmgwmo Foabmzmgdgwos s 31,5 % EbmgzOH™dL
Josds, ©004dols s1sgm039 0gm Ls3MBEHMMM™ 30MdOL LJgbobs @S Logbm-
3699900 3H9HoGHMOo0l dobgz00m 2obsHogds.

33w930L 99093900l  dobgz0m, dMdsms MOl  Fopswros  3993-bs-
Parogol, 90037wodol, 30390EMbools, 3MmbJodol s 3693bmdools 990-
b3939%0. 31365530l 5350090900 doer0osb bdoMow 339008 Mg5030L
©9M3935b056 @S IMILHMEO  33905L0BsS 53930060 MO. 5dIDS©, o-
LEAOOGHOL S YOl FooEo Jo3M(3ggds §3994obsdo sGBYOIEO BMYSO
A96@9300L 53Lb3gW0s, MY IMMBIBONW BOJGHMOYIOMID ©s353806M0gdMO,
5951 565¢0BMEMO 330935 MB396gOL. Mo Tggbgds 3039MEHMbYI 99350 O,
ol 56 FomEGHMm 8d9gddo, 9599 UBodosMmzgwml dmger dmbobergmdsdo go-
MM 293MEILIOME0 O 53500MB0LS S 103Z30W06MdOL gH-9HMO
Mdm536M9L0 B0BgBos. 3MToms FmMol Fowswro oym 36938mbool, d3GMmbJo@ o,
06OHMbJmo sbmTol 4930 3gEgds. dsbs6w9dol omdbool s GHMomdloob
0b635o305 o 339080 56090000 3MM3gLYAL s Lolmbomdo aBgdol ss3zs-
©JB900L 393039 gdsL ofj393L.

399m30mbren dmdsms dmMol dooeo oym bsgMHmm LolmbGol, dogrol
©oMM3930L, doErMdOL, ™530MmLB3930L  A93MEIWYds.  FdMmIoMbYIEm
390569800 65309035 30M396@s (15 %) dommoms 3929393000 ©oLEBH6-
J300m 8090bstg 396@®scmMo BgMzmwo LolEGdol BMbJzom®o 33wo-
©90900L5M308 TobslosMGOgero B30l - bgegdls s ggbgddo Lo-
LYLEHOL 56 BMgOOL (20 %) Jglobgd.
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09939, 33¢93900 5060360 F0TsOMMEGOOm 5935M5@ 3E18153T5MOLOS
BoMHIMbm ©o336gdOL odMLOEbs. Yo, Lszombo, sds@gdomo 3ma-
39gdLmE0 330930l LoxgAz9ebBY, IBLLEHJISL BoFoMHMYdL.

MO 3905 5OOL dgufogarowo Fsbasbmdol Lofo®dmm dmddggdol
953993900, G156 gl 3OIMdYTs LodoGMZgEMmb IBMIol dgoEobols L3gsos-
wobE™S 33930l 9OH-9MHPO F0M0MSO F0TsOHMMEgdss [5,16].

530 Bo@HoMmgdmeo 33¢930L 8900900L d0bg300 FobAs6MAOL MmMys-
B0B3Bg Bgdmgdggdol bgmzmwo 9539939006 d0MOMOEI© Fodmoym 8gvy-
9393500 35630bmboBTo. FgBsLYdgdol dobgwozom Tgwgagdo doowmgl 500
530D 1,5 oErmombo 50530560l X 96O MdOL JMTsMgMdOL Tglfs-
3oL 99909y. dgLsdsToLOE  3MgdBH03MmLTs 9J0dgdds SEOWYOWHE MBS
390035¢0lHobmb  ©0gxgMHgb3z0MgdMo  EOsEbMLE030L OML FobsbTol
36x39b0ME0 Bgdmgdggds. OMB3SMMEMYIOL 9 0sm TgolierMEmb yo-
©599Y39G0 Mmoo 3s6396m3ol bgasBH0MMo Bgdmddggdol mMo30b SLsEo-
@O [42].

0sbg96wdo, MMy gugboMo 3030MMmgwgdgb@o, MHMIEOL bo3wrgdmds
589OHIIL MEORSBODBIOL dOMEMY0MMHO 3030l FoBLMME09WgdsL, sdEH0wWEs©
96O™M3905 (30¢09d0L, 69309060l 355539000, 5806MTz53900L, BgMIG6EHJdOL, 30-
&9806900U, 3mMHIMbgdol 99350ygbermdsdo 96 253 gbsl sbgbl dsm sg@o-
3M05D9, dmbsHoegmdl s 065MRM64dL 3mEFHYbE0sEL MX MOl s3BbgdOLS
00bgdol EHMIBLEMMEH0MGdOL O™ [5, 34, 38].

8609369035605 8569680l 293egbs H936HM©OMJ30IE X 6B M-

05b9. 3309390000 sAB0E0s Bobgobmdol ImJdggdom 9bgMsEgoo
2bJ300L s L3gMBoGMYgbgBOL sMM3935, 39MHIM®, 5JBH03MdOLS S Fobo-
4mx30960900L Mbsmol smMAb3s. 033egds FGuEHMWISEMMO (303X00. MOYS-
B0BdBg 95656990L F9bsgHNgd0L ImJdggds 03938 330 GOJIL, OMYMEO;
306390, 5939 89mMg MomdOL 8983300MYMdT0, Mo3 3dMObsEJdS 3330900
@5 39630569090 gddMHOMbdoL Moibzol AvBMOm, FmsdMmBogzwgdol
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LoMEbWOoLKYbsHOIBMdOL 903060900 s bgbmdMogzo dmdfoxrgdol T9z396-
bgdoom [3, 29, 33, 36].

51939 6o 500b0dbMl FobyobmBol gogwgbs 85853539008 BgMEGHOEIM-
05bg. Ubgoslbgs @Ml dOMIol dgoiobol gdudgmEgdol, 3MMmzB3smm-
@900l L3360 @s  gJudgOEGHETIPHY bMWD BoGGIOTO
33w930L 890093990  5sLEGMMJOID  FobAsbMTol  BgImJdggdsls  Bsds3o30S
BIOGOLMBBY. BoGoMIdo X350gobo 33eg30l g d98oLYdY
0965 300603580, ©830¢MdOL O0sbMmbom 200 3530963 0L Lolbedo Tsbys-
Bm3ol s bgargbols 3mbEIBEGHMSE0s. SBY39 0gbs 2obLIBPIOMWOS  3MOYSE0S
856256308 Mm@ gbmdsls s 1B3gMHTOL MoMmEYbMdIL TGO, sbg3g A903s-
obffobgder 0dbs Lbgoalibgs Gol3xsdE™MMdol Bgdmddgqds [41].

33193990l 89009390 0D, MM Bsbgobmdols Bowswro 3mbi39gbEMs-
30 ©53538060939)0 0ym dmd9Egd HoL3Mb B3GMTGHMBMOEIOOL IO~
oL b5l 930609056, 330930l 9Ys®E FooMal O33BgdO: TobYs-
Bm800 s dobo bsgHmMgdom HB0bAMEMGOMO A3MGIML BgOmddggds 35~
300609005 859535308 MmMHQ560DTdo 13gOHTGHMBMOEIOOL 3mbEgI6EGMSEOBS
@5 3dOSMOOL MbsGOl G9d;3060935Lmsb.

856256100 3530LMBESE  FOOL 3WH3EIBEBIOME BMOYOL, HMI -
530594 x30ml bogmagzol dmmbmgbowgds 8 doz3Mmgwgdgb@®y. Joerol Gdgdo
9569960l Mo gbmds dgMygmdL 3,4 — 10 93y/ RocRgddo s ITMI0EY-
M0 MHJol 39960 mdsls s 4oM9gaml 93mEMma0® LoYsEosbHY.

50396005, OHMI bsgmxzHg s Bs3d3Bg F9bAs6Tol I30609 MHYdOL
bsbaMdewogo Hgdmddggdol Jglodwgdermds sMLYdIMBL, 39MIME, ©IEOL
6256003006 ©35Y059Y, SB939 dmdmmo 33900L 56 bgermgbmMo 339000
36MHm3qLdo, 356569990L F56MHd0 MoMmEIbMBOL BsOMIZs 330000 X5F3d0, o69dMl
0099d3H900L (6050, 35960, §yseo) dsbas6mdol F9bogmmgdom ©d0bdvy-
69o0oL 250m, Jdbols d53d30L MMYIBOBIBY Fsbsbdol Fgbsg®mgdols dzocy
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mdlboggdols
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1. | 430b Lbdero 72 16 2 10
2. | 856996v90390339000 70 7 4 19
dwsdo  (oyzsboero
89039600 d)
Lbgomdos (+ A, %) -2 -9 +2 +9

50539 ©@MML, 960d3b69crmzs60 oBLL3Zs390s  FodLoMds  GHEH9Iofo
MJLoE®Ms s Bobyobmd-M306s mJloms xsdME F90339emdgddo. 39MIM,
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00 b53s5@0L dgmPg3s, MMAgwog 65300930 m©gbmdom J9oEo3ws 3m@H9bio-
M@ 95¢Mds© o0 3sbyebmdol mJlogdl, bmerm dsl8o oo
ME9YbMdom Mbs yngowonm HoMmdmnygbowo RO Godol mdbowgdo. 53539

©6OML, J9HBgIMwo bgEgMo B0 VOMJINYWIOOL s bgwrdolsfigmdo

Mbs ymxzowoym.
300 9. BaLEs8MboL BgMHMIgbsEbmdmMs JsMbBOL fowgdol gwagborrmds
(30658295 9d0)
doM0050 MmJLoYOHO BogMmgdol 9339 mds (3sL. %)
Sio,+AlLO, | Ca0+MgO | MnO+FeO bbgo bwEgdol X590
mdlboggdo 5653560
43,2+16,6 19,8+2,8 16,0+1,3 0,2 0,1 -
59,8 22,6 17,3 0,2 0,1 100,0

BoLEGHOBMbO - FosmMMOL MYu0mbTo sOLYGdMEO S 39YIbmagbm® bywrg-
MEs© 396ML39dGH0Mwo bgwdolsfizmdo dslioegdosb, B3gbo s®Bg3560 4939-
0> 093 BRJ-ol bs®RbBy - 39Mdm© HosBg. BuEBHIBMbOL BgBMTgbs-
©bMdMy JoMbbol fowgdo 8g@-bozargdo gemy35MM™369000m odmM0MmPBY3056
(E®®oo 11). borem 25bsdwsemgdyeo  39a960md0ELE 25dmdobstg
fosdo (Bgsdmsb 99oMgdom) oo MomEgbmdomss (22 %-bg dg@o)
Fo®dmygbowo RO(CaO + MgO), 8oa®53 bogergdos SiO, -l s Al,O,-0b Gom-
©96Md5 (ssbErmgdoom 60 dsb. %). 5d9ob godmdobstrg, Lodmerm Jgocgds
(Hool BoOrmngo-21s6myma3ols bygombo) Mbs 25sgfy30@s 00 30m33mboEogdols
dmbombger 990960mdgdL, GMI9d03 ,,fos-desdol” bstgzgodo do-
00905. 580@M™a B396 35300696089m Lsdo bsrg30L dMboErmbgwo JodorMo
99003960 Mds, G903 3000gds os/dwsdo BosM™dgd0o©sb: 3/1;1/1; 1/3.
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3b®oo 10. Bgd-ob ool s sbgsbwddgdszgero Bansdol bLagmadzgm by dgagboeo babgzgdo

35%dol 3093mbgbE0L Y%-meo Jodom®o 99960 mds, 3sls. %
3003mbgbEgdo 0965935600 SiO, Al,O, RO R,O MnO+Mn | FeO + Fe,O, R, O, b.o. | xsd0,
O2 %

foo 100 43,2 16,6 22,6 - 16,0 1,3 0,2 0,1 100,0
desdo -
X500 43,2 16,6 22,6 § 16,0 1,3 0,2 0,1 100,0
foo 75 32,4 12,5 16,9 - 12,0 1,1 0,2 -
9godo 25 13,4 2,6 1,6 0,8 3,9 0,6 0,2 1,9
X500 45,8 15,1 18,5 0,8 15,9 1,7 0,3 1,9 100,0
foo 50 21,6 8,3 11,3 - 8,0 0,7 0,1 -
Janodo 50 26,8 5,1 3,3 1,7 7,7 1,3 0,3 3,8
X590 48,4 13,4 14,6 1,7 15,7 2,0 0,4 3,8 100,0
foo 25 10,8 4,2 5,6 - 4,0 0,4 - -
danodo 75 40,2 7,7 4,9 2,5 11,6 1,9 0,5 5,7
X500 51,0 11,9 10,5 2,5 15,6 2,3 0,5 5,7 100,0
denodo 10,2 10,2 6,6 3,5 15,4 2,6 0,6 7,6

X500 100 53,5 10,2 6,6 3,5 15,4 2,6 0,6 7,6 100,0
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Lbdmols 999600Mmdd0LsYsb (gbGHowo 6) 0d bsfowdo, GMI B396L oy
390039600 3m33MmB0E30gd0 MbH350 9039396 b 6MAL (sbGoo 10).

50b03b60sb go8mdobstyg, 3sLbl ombmzs 30mbgs M) G5 o-
3@9bsl 8Mbgbs BsbyobmBol bogMmomgdo domgdvo  30md3MmBoEogdoL
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0930 Lobgmds) JoOHOMII© M93mT9I6EOMYOME0s BMdg Fogdo@demo Jobgdol
299myqbgds, MHMIGems dosbrmgdmwo dgagbomdss: 50 % 5i0,; 13 % CaO;
10 % MgO; 15 % Al;0; s 15 % (FeO +Fe;05). ©sbosdggdos Lbgs Lsbol
690w gm0l godmyggbgds, Bsasd Bsmysb dowgdmeo J3zob Lbdmeol bofomdo
65 bsliosmgdm©gl LobIM390o Bogdu3EwYsESE0M MZ0LYdYOOM. Mro3 -
95995 By gmEols 30bgMoEMa0E F9gboMdIL - sl sliggg 860d3z69wm-
3560 Mo 9603gds @EMdOL 3MMmEglol (oMmBsmmzsdo s bsbmdgdol
360LGHWOBE0MMO MbsMOL godmzwgbsdo. Logzombols LoMMIWOD Qodm-
9006569, 39GOMMHR0Mwo by gmmol dgxuoLgds s bmeMo dgmBgls dm-
ombmgl 9du39M0dgb@G e Tglfogesl, Moz bdoGo bobyMdwog 3MHmEgLL
Do60mo9bL. 58539 MML 5MLYdMIL by gmeEol 89351900l (Jobgsb Ls-
L3900 J9P0b0wmdol Jzol Lbdwwol dowgdol BOHMbggarymgzom)
Hobolfoo Tgz35L900L bgebgdo [83, 33. 76].

3OL9dME0 99535L9d0L bgebosb 396 s306MHhogm olgmo bgdbgdo, Hm-
9goLoG3 39M339E0 89ygbomdol dobsdo LolmMzgms doBbgmwo 3o-
Mmgdubgmo J9agbowmdols BsBgdol Focdmddbs dgmdwosm MBEOWb3g-
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d0-ff0s” 65693900006 Jogdol Tqlodegdermds dgxolis . 93960l JogM
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fos 3m33mBoool bymogg dg@bgmero d9wpqbowwmdolismazols, MHmdegdos
d9-10 3bGoErdos dmyzsbogo.

5. 53960l dobggom dobol LEMIGHwMOL IEYMHMOOL s Fglodsdols-
5@ 3060 Fo®dmgdbol MBa@ol Jgg3ebgds [, -3m953030g6EH0 (Fogd@mMoom)
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05359909905 BP0 bollosmols BeGOIMs:
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([Si05]x), fo= 0,4-L Bggboygzobgds mOysEbMB0Yd0s6 Bl ([F1%]x), f. =
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bm039 d909b0mdol (bMHowo 10) bsfoemdmog GEMmeblgm®mdomgdywwo
39099500 Mdg00, Mg obbMM309e©s F999a0 FMBsBOYIOOL Fom3z5oblfo-
Bgdoo:

— 9505 $993396M5GHM9gdBg dobols LobmgBo Fobs30MMdYOL FeO <> Fe,0;
©@> MnO & MnO; mbstfimdmdsms domEbbog 2oobmsl, Mog dg@o
5Ed500Md0”  dglodegdgwll bol  3mwogz3swgb@Mo  gwgdgb@gdol
36L9dMdsL FeO-bs oo MnO-b bLsbom;

—~ MnO-8o ©s FeO-8o Gomdmygbowo Mn*™ s Fe'™ 3o@ombgdo dobols
BAHOMIHNO80 Ubgs R*T 3o@ombgdols (8sp., CaO, BaO, ZnO s 5.3.)
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330930l M009JBI®© 5000 ,,d¢0d0-0os* 3MA3MBoEool 99wyg-
Boeomdsms (3bGoo 10) 4omgz5¢0obfiobgdom, f.; - BoJBHMMOL golsmzErges©

2409mygqbgdmo 0gbs 2odmbobmemgds:

nsio
fSi = —2 (4)
NR,0 + Nrp *+ 3nMe,0, * 20 Me0,

BoSE 89Lsds0LO MJLOWIdOL (5i0,, R,O, R;03 s RO;) 99933900mds
(n) HoM3my9bowos dmen. %-do.

1533093 99gbowMdsms  MmJloEgdol 90339 MdOL  Aol.%-sb
90.%-80 4505b594396500 godmYygbgd o odbs gomzarol 93mdgbocgdvy-
o dgomegdo [67, 86].

153309350 d9MPgME00 ,,d¢sd0-{fos* 3mA3MmBoool dgygbocmdsdo
Do6Imagboo mdlogdo, MJLOPWEO KAMYRBIO IYMROWO, TMmY3560E0s
99-11 gbG0odo, L3 FoMIMEYIBOE0s 31939 FIMZWOWO f; - BSJBHMMYVO.

gbMoo 11. f . - 35JEHMmoL LeE0EYJdO ,,demsdo-foEs* 3MI3MBogooL

d9039600s dgdolismzgols
d9c0- 3o%dob mdbooms 899339wmds | mJboos 990339 Mds fo-
3960- | 89agbowmds X3958390d0 (35b. %) (n) x319539030 (B, %) BB
@mds 560l
Ne | Gos | Beo- | 5i0, | Al,05 | RO | B;O | 5i0,| Al,0;| RO | B:0 | 36033-
9o Bgemds
100 - 43,4 | 16,8 | 39,8 | - 484 | 12,1 | 395 | - 0,35

75 25 469 | 15,7 372109 |503 | 10,7 |38,0 | 1,0 0,37

50 50 50,1 | 139 [341 |19 |529 | 93 |357 |21 0,39

25 75 55,1 12,6 |298 |25 |56,6 | 86 |32,0 |28 0,41

U WIN-

- 100 59,8 | 109 |255 |38 |591 | 73 |302 |34 0,43

5. 83960L dobgz00 f; - BodBMMGBOOL FoM3gdom odmgeobos, Mmd
LEBOHO bEAHOMIEHMOOL Bobol Jogds Jglodwgdgeos N4 (f,=0,41) o
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290004358 3560590, M [ _-530dBHmM9dol Jobgzom MO MmEbwos
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5000 5436 oBol LEHGNIEHMGOWo Bl Fo®dmddabgwmo Si*T s AT
3530mbB7d0L G5MmEgbmdOL BOEL (xsd80 Si0; + Al;03 60,5-@56 66,4 Iob. %-
909) 5 IMPOB03GHMMOL Q5mM3gdom Jorqdmwro dggaqdol (RO + R;0)
31939 o9bMgdom 6 %-560 Jengds. Pomzegdols dobgz0m ,,ffoo-desdo”
333mD030580 dmbowwmEbywos dobsfo®dmd]dbgwo bosbmdgdol domagds.

5. 306BdgMA0L doge 8900 935H90Mw0 89a9600MdOL F9dxzsligdgwo
90ymds  0035¢olHobgdl Tglsdsdolo gomzwgdom domgdmwo d609369-
©wMdgdoL 3MHMYJ30ME MDY @OEBL (Bob. 1). sbgmo osaGMsTol
0390mgd0 (A, B s C) 359mloboggb bbgowabbgs 53rbd30mMo ©sbodboyengdols
mdJbogdol xsdl: A-{gOGHowo (omdmoygbl 97935 bolosmol odoMgdgero
MgboEIdOL KoL (A = % Si0, + Al,03+ Ti0,;), B-g<99 xa9830L mgbogdo,
Mmgbsg B=%( FeO <> Fe,03) + % (MgO + CaO) + % MnO, bmwm C- &vég
mdloms XyMndo Mo mdboos fsmdmoygbowo (C = % NaO + % K,O).
36Gt19J30MO O0RMBd IYMFBO0s 1159301MbYYds©, HMIYEms bsdmdsm
509900 (K, L, M, N, G) 996bhgmer 99003960mdsms J30b bdxemols dowy-
00LoA0 B0EMY3009dSL FoBLEBOZMOZL: K s L Lsdzmombgwogdol 39endo
dmbggMomo d9agbommdgdo dqa3sligds Mmam®E Jaol bbdmeol dobs-
0905 bym39009Lbm J9gbowMdgd0; M-Usd3Mmbgdo Imbgg®mowo d9q-
3960cMdoL 53LIBZgo HoMEHoEo F9a9b0EMdOL Lodmsm bsdobbbg do-
omgdL, bmgm N s G bsd3mmbggddo dmbggodowo (ghEowo 0dol
LG5, O™ 903960 Md0EL Jgol LbBIMwol domgds Fgodegds 36rod-
A03NO©  obmbmM30909gd0go ogml. sbMowo 12-0b bowvydzgw by bgd-
ol foob s 3s6256999899339c0 desdols 45dmygbgdom dgagbowo bymo
3033mBoEooLsl Jobsliosmgdgwo §gHEowgdol 3mmmEobs@ms ogbols
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39092900 8myzs600s 39-12 sbMHowdo, bmwm (oM Eowgdol 3obarsggds o.

306D396M0L 360930 EO0sYMsDY HoMBm®ygbowos 1-e bsbsHby.

gbdowo 12.,,8emsd0-fos” 3mI3mbogool 9gwagbowmdsms

35bsl0smgdgo FghEHowrgdol 3s6539GM9d0

d9960- | 999(339e0mds 39300 3565993900 990093900"
agptelel (Qs0. %)
Ne fos | demsdo A B C 2396900 Ja3ob
(389@o0) | Lbdyerols
do0gds
1 100 - 60,0 40,0 0,0 K/L/G +(7)
2 75 25 62,0 37,0 1,0 L ++
3 50 50 64,0 34,0 2,0 L ++
4 25 75 66,0 31,0 3,0 L ++
5 - 100 68,0 28,0 4,0 M +7

* 456306 Egds ob. Bgdu@do

BobsBo 1. 5. 306%BdgMR0L 3HMYJ30ME OsYMT5BY ,,8¢sdo-fos* 3mI3mBbogool

byomno 39a960emdol sbsliosmgdgeo FgmEowgdol gabersggds

99600365: A - ©05gM530b (3503900 5609900l 306OHMB0MO FodmymBol s0bodgbs

369J30I0 ©0sgM30L byo 3JoOMd0m 3mb39bEHMmE0Me bydzmmbg-

©Jdo 99003960 Mdm {90 EH0g0o0L 396900l sbsEroBom dgodwgds Moyo

D90 3360L go39mgds. 39MIM®, J30l Lbmerol, MHmymeE dobs3Mol-
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GO0 ALl BoMgds 653w gds dgLodergdgeros ool Imbm3sHdosb
(090a9bomds N1), ©5yob ©0s3®M335Dg FIOGHOWOL  2obamoggds  Lodo
Joboliosmgdgeo Ledzmbgol (G, K, L) 996H9gdolb Fod@owdo (&m@Eggdo C=0
%, 05535 bsbosmol mdbowgdo A = 60 % s xgmdg mdbogdo B = 40%),
MHM39moyob ghomo (,G” «dsbo) — J30L LbIMol Fowgdsl OO SEdsMM-
000 25dmM0;3bogl.

31939 6530905 FMboErm©bgwos 30BbMdMmO30 3MMmEMIEOlL domgds
,UB0“ Jes80b, Mosb dolo Fgz35l9d0l sdbobggwo FodEowo (N5) gob-
WOoR0ME0s  QO0SRMIToL  L-ggawdo, Gog  dobogool  Lydowm  boGolbby
9090mgdL s JGLodsdoLO© LEMIME bEol EsLsbwo FoBboL gobbmem-
BOggdSL. o3 dggbgds ,,desdo-fool” d0bsermen 3mA3mbBoiosdo dg-
3960 b569390L, dscmo TglaByzoLo dgagbowmdgdol fodEowgdo (N 2-4)
396 3MM9d30Mwo oMol J-3gawdo, o3 2wolbdmdl, Gmd
50b0dbo  99ygbomdgd0 OO  SWBsMMO0m  Jog30wbo b
0y3b696 J3ol Lbdrol Ho6dmddbobowdo.

Mbs 500b0dbML, MM 06BBYMAOL OSYMETS 3960 0dgrg3s 35Bvbl
LobgEgMEMm FoLoEsms 89ab0EMdsdo 898535000 3500 T9doy9by-
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