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KHPHUI (ToxkTOpaHK quccepTauACUHUHT AHHOTALMSACH)

Juccepranmss MaB3yCHHUHI [0J3apOaurn Ba 3apyparu. Kaxonaa
72 naBIaT ONTHH Ka3u® OJMIN OWIAH IIyFyJUIaHCA, NIYJIAp MUMAa Y30eKHCTOH
9 VpuHHU 3rajyaiay Ba OJTHH Ka3uO oyl XaXmu iunura 103 ToHHAHW TaIIKui
atanu. 2015 vmnna nynéna ontun Ka3uo omumn 0,33% ra omau Ba 2678 TOHHAHU
TalKWi 3TaU. ByryHru kyHma ocoH Ka3uO OJMHAAWIraH Ba TapKUOUJa OJTHH
MUKJIOPH KYT OYIraH KOHJap COHU KUCKApUO KETraHJIUru Typailinu Ka3u0 OJMHMIIL
Ba KaiiTa WIuIam Mypakkad Oyiran konmap wmra TymupmiMokaa. [y cababnan
CYHITH MalTiapaa xaxoH Oo3opuaa MHUHEpad XOM ail€ TaHKUCIUTH SKKOJ
Ky3aTUJIMOK/IA.

PecnyOnukaMu3 MyCTaKWIIMKKA OJpUINTaHJaH OyE€H OJTUH aXpaTuo
OJIMIIIHUHT TEXHOJOTUSIIAPUHU TAKOMIUIAIITUPHUII Ba KOPUUA KUIUII OYiinda
qyopa-Tagoupiap amanra OomupuiInd, MyailsiH HaTHKanapra spumniad. by 6opana
Mypakka®  TapkuOIuM  MabJaHJapHU  KalTa  WOUlall  TEXHOJIOTHsUIapu
TaKOMWUIAIITUPUINO, KUMMaAT 0axo MeTaiap aXpaTHO OJMIIHUHT YMYyMHUN
JapaKacUHU OILITaHWHM, Tal€p MaxcyJaoT WIUIA0 YUKAPUII TaHHAPXUHU
nacaiiTaHMHU Ba MaBKy/Jl KailTa UIILIANI Xa)KMUHH CaKjIaraH XoJija WHUIMK MeTasll
UIUIa0 YMKAPUIITHY KYTaUTUPHUIITa SPUITIIITAHUHA alIOXU/a TabKUIalll MyMKHH.

byrynrn kyHpma kaxoHaa Mypakkad Ba yTa MypakkaOd OJTHH TapKuOJIU
KOHJIApHU Ka3u0 OJIMINTa Kaj0 STHUITaH Ba KUJIUPWITaH MUKIOPH YcHO OopwHIv
Ky3aTWIMOKJa. Mypakka0 Ba yTa Mypakkad TapkuOJIu OJNTHH pyAaJapHU KalTa
UIIanl camMapaJopiuTruHU OUIMPUITHUHT TEXHUK Ba TEXHOJIOTUK €YUMIIAPUHU
uiiad YUKW MacallaCMHM Xajd KWIMIL OpKaldu TapKuOuaa OJTHH OYirax
cynbpuagapaad  MakcuMmasl (oiJanaHuIll Ba KOMOWHAIIMOH KailTa WIIUIAII
TEXHOJOTUSACUHHU KY1ad KyIIMM4a OJITUH aXpaThO OJIMIIHM TabMHUHIAII XajK
XYKaJUTH Y4yH MYXHM axamusT KacO 3ThO, 3aMOHABUU OJITUH Ka3uO OJIMILI
CaHOATH OJIIMJIa TypraH J0J13ap0 WIMUNA MyaMMO XHCOOIaHa IH.

V36ekucron PecniyOonukacu Ilpesupentununr 2010 #wmnm 15 nexabpparu
[1K-1442-con «2011-2015 #ummapaa Y30exkucton PecnyOnukacu caHOaTUHU
PUBOKJIAHTUPUIITHUHT YCTYBOP WYHATUIIIApU» Kapopu Xamaa MasKyp Qaonustra
TEerunu OOIIKa MEbEPUN-XYKYKHI XyXoKaTiapja Oenruianrad BasudaiapHu
amajira OIIMpHUIITra ymoly IuccepTaus TaJKUKOTH MYyalsH Japaxkaaa Xu3Mar
KHJIaJIu.

TagkuKOTHUHT pecny0/jMKa (paH Ba TEXHOJOTHSJIAPH PUBONKJIAHUIIN-
HUHI YCTYBOP HyHajumIapura OOFJIUKJIUIU. Maskyp TaIKUKOT pecryOiuka
¢dan Ba TexHomorusmapHu puBoxiiantuputHUHT VI «Ep Tyrpucumaru danmap
(reonorusi, reodusnKa, CEMCMOJIOTHS Ba MUHEPAJI XOM alI&IapHy KalTa UIILIAI )y
YCTYBOp WyHaAIUIINTa MyBO(UK OaXkapuiIraH.

JAuccepranust MaB3ycH Oyiiu4a XOpHKMA MIMHA-TAIKHUKOT/IAP MIAPXU.

Mypakka0d Ba yTa MypakkaOd TapKuOJIM ONTHH pyAaJlapUHU KailTa HIUIall
caMapaJOpJIMTUHU  OLIMPHUINra  WYHAITUPWITaH  WIMMH  M3JIaHULIUIapra
OaruIIUIaHTaH WIMHH TaJKUKOTJAp *XAaXOHHUHT €TaK4Yd WIMHUN Mapkaszjiapu Ba
OJIMA TabJIUMM Myaccacanapy, >KymialaH: Mumid TaaKUKOT TEXHOJIOTHS
YHUBEPCUTETUHUHT «MoCKBa mynaT Ba KOTUIIMaiap HWHCTUTYTH» (Poccus),
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ByTyHpoccuss KUME-TEXHOJIOTHK WIMHAKW-TaAKUKOT MHCTUTYTH (Poccus), MpkyTck
naBnat Ho€O0 Ba Homup Metautap MHCTUTYTH (Poccust), GENCOR Process
Research (FKOAP), Queen’s University (Kananma), The University of Adelaide
(ABctpanust), Curtin University of Technology (Asctpanus), East China
University of Science and Technology (XuToit), Beijing University of Technology
(Kurait), Liaoning University of Science and Technology (Xwuroii), Minerals,
Metals and Materials Technology Centre, National University of Singapore
(Mamaiizus), University of Dodoma (Tauzanumsi), EKATO RMT (I'epmanus),
Tenova Bateman Technologies (Mcpown), Aalto University (Ournsamns),
«'mapomeramnypruss»  WIMHHA-TaOIKUKOT HMHCTATYTH  «[ ‘mapomerammyprus»
mapkasu (Poccus), Mintek (OKanyouii Adpuka PecnyOnmkacu)ma oiaud
OopmIMOK/Ia.

XKaxonna mypakka® Ba yTa Mypakkad TapKMOJIM ONTHH pyAaJIapUHU KaiTa
UIIAIl caMapaJopJIUTUHUA OLIUPHUII F03aCHIaH KaTOp WIMHUK-aMajuil HaTUXKaiap
OJIMHTaH, JXyMJaJaH: Mypakka0 Ba yTa Mypakka® TapkKuOIM OJATHUH pyJalapuHU
Kaiita unuiam ycyuiapu (Muuivii TaaKUKOT TEXHOJOTHUSI YHUBEPCUTCTUHHHT
«MockBa mymar Ba KotummMaimap wuHcTUTyTH», Mintek, GENCOR Process
Research); mypakkab TapkuOiu pynanapHu KalTa HIUIaa OMOJ0OrHK OKCHIIAIT
TexHosorusicu unwiad uukwirad (byTtyHpoccus KUME TEXHOJIOTMK —HWIJIMHMA-
TAIKUKOT WHCTUTYTH, WpKyTcK naBiat HOEO Ba HOAMP MeTaJIap WHCTUTYTH,
GENCOR Process Research); ¢hi1oTOKOHIICHTpaTIapHU KyWIUPHUIIT TEXHOJIOTUICH
unuiad gukwirad (MpkyTck gaBiaaT HOEO Ba HOIMP MeTajulap WHCTHTYTH, The
University of Adelaide, Queen’s University).

byrynru xynna nyHé muk€cuaa Mypakkad Ba yTa Mypakkad TapKuOIM ONTHH
pyJalapHu KalTa WIDIAll CcamMapaJopJIMTUHU OIIMPHUIN [03acHUJaH  KaTop,
KyMIlaJlaH, KyHuJard ycTyBOp WYHaIuIUIapAa TaAKUKOTIap oiaubd OopuiIMOKIa:
TapkuOua ONITUH OYNTaH py/aa Ba KOHIEHTPATIAPHU TaHIa0 SPUTHIIHUHT Xap XU
yCcyJulapu OujlaH KaiTa WILIAII; TapKUOWAA ONTHH OYnraH cyiabQuUIIM pyda Ba
KOHIIGHTPATJIADHU OKCHJIA0 KYWIUPHII, CyIb()HUAIN py/la Ba KOHIEHTpATIApHU
aBTOKJIABJIa OKCHUJJIAII, CYIb(GUIIN MUHEpAIAPHU OaKTepHall OKCUJIJIAIL, HOJIUD
METaJUIAPHUHT Mypakka®d Ba yTa MypakkaOd TapKuOIM XoMamélapuHH KaiTa
WIUTAIIHAHT HOAHbAHABUH YCYJUIAPUHU TaJAKUK KUJIHII Ba UIITA0 YUKHIIL

MyaMMOHHMHI YPraHwiraHjiuk jaapaskacu. TakpuOujga onTuH Oyiraxn
CynbQUIIN pyJdajapHU KalTa HILIalm Ba OOHWUTUIN OyinYa WIMUNA-TAAKUKOT
unutap onu® Oopran onumiap kymuacura AoaypaxmonoB C.A., Amamos D.B.,
AcmanykoB P.A., AxmenoB X.A., beneii A.B., I'pumun C.C., I'ynko C.C.,
3axapoB b.A., Kapasaiiko I'U., KongpateeBa T.D., Jlogenmmkos B.B.,
MeperykoB M.A., Ilanun B.B., ITuBoBapoB T.A., [lonbkun C.M., CarnneBa M.I'.,
CanakynoB K.C., Carrapos I'.C., Cenensnukona I'.B., Tycyn6aes H.K., Hantypus
B.A., Uyraes JI.B., FOcynxomkaeB A.A., Afenya P.M., Van Aswegen P.C., Brierly
C.L., Emmet R.C.lIr., Mason P.G. Ba Oomkanap kupagud. Yiaap TOMOHHUIAH
VIIEpONIu Ty3yiMa €K yTa Mypakkad TapkuOmm xomaménapiaH  OJITHHHU
aXpatu0 OJUII yCyJJIapuHU (aBTOKJIAB Ba OaKTepuall OKCHIJIAI, yTa MaWuH
STHUHMII OPKAJIN) UTIa0 YMKHUIIT O0pacuaa KOMIUIEKC TAIKUKOTIap 00 OOpuIIraH.
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Jyné amanuéruna Mypakkad Ba yTa Mypakkad TapKuOJIM OJTHH pPyAaiud
KOHJIapJaH YHymin GoifaiaHumaa cynbGUUH pyJatapHd OMOOKCHIAII SXIIN
camapa Oepau. Maskyp TexHoJorusg arpod-MyXUTHU HQPIOCIAaHTUPYBYH,
UKTUCOJMI TOMOHJIaH Makcajra MyBOpHUK Oyamarad Ba OOIIKa MablIyM ycCyJuiap
épramuia KalTa MILIAl KUHWH OYiaraH MypakkaOd TapKuOJIW OJTHH-MHIISKIN
py/la KOHJApHU Y3IAIITUPUILIA WKOOUN axaMusIT KacO ATajiu.

[y Ounan Oup BakTaa ¢aH Ba aMalMET, Xamaa KOH-METAJUTYpPIrusi CaHOATH
YIyH MYXHM aXaMmHsaT KacO ATyBUM OJTHH pyAacHuaa YIrJIEPOIId MOJIIaJapHUHT
ydpaiiy Ba yJIApHUHT OMOOKCHJIAIT TEXHOJIOTUSCHHU KYJUIall kapaHuaa TYIUK
OYMJIMACITUTH KaOW edryIMaral MyaMmMoJIap, Mypakka0 Ba yTa Mypakkad TapkuOIu
OJITUH pyJajapy YUyH STHTH-KOMOWHANFSUTAINTaH KalTa WIIANl TEXHOJIOTHSICUHU
MIU1ad YMKUII 3apypPaTUHU KEJIITUPUO YUKAPAJIH.

Juccepranuss MaB3yCHHHHI JHCCepPTalUsl 0asKapuwjraH oJMi TabJuM
MyaccacaCMHMHI MIMHUI-TAIKHUKOT MIIAPH OWJIaH OoFaMKauru. Juccepranus
TagkukoT HaBowii JaBnaT KOHYMIMK WHCTUTYTUHUHT — WJIMHUN-TAJIKUKOT
pexacuHuHr A13-020 — «Maxammii pearentiapaan (Qoigananud Mypaxkad
TapkuOan  Kusuikym  ONTHH — pylajapyuHH  paluMoHal  KaiTa  MIIJIaml
TEXHOJIOTUSICUHK MIuTa0d yukuimy (2015-2017 iiii.) Ba HaBowuii KOH-MeTayUTyprst
koMmOuHaTura kKapanuid Iumonuii koH-OomkapmacuHuHT Nel-2013 — «I'M3-3
YUKUHIM XYKaaurujaa xap Xuid GopMaid ONTHHHH XKMUNW TaKCUMIIAHUIIUHUA
taakuk Ky  (2014-2015  #id.), Ne2-2015 — «Tabumii cynmbhumm XoM-
alménapHy Ba CAHOAT MAaxCyJOTJIADHHA KalTa MIUIAII YCYJIWHU Ba T€3 KyWJIHPHII
CHHOB-CcaHoaT KypuimMacuau unuiad gukumn (2015 #.) Ba Nel133-15 —» Kokmarac
Ba Jlayrusray KOHJapwaard TYIPOKIN CylIbGUI pyJaTapuHA MHUHEPAJIOTHK
TaIKAK KWIKMII Ba TEXHOJOTHMK jkapaéHra TabCHUpWHU Oaxonjamny (2015 i)
MaB3yJiapuaaru Jouuxanap aoupacua 0axapuira.

TagKUKOTHHHI MaKCaJAM KYIIHMYa OJITHH aXpaTUO OJIMIIHM TahbMUHJIOBYHU
TEXHUK Ba TEXHOJOTWMK €YuMJapra acocliaHTaH, OJTHH CakjaraH cyiaduiapHU
TYIWK ~ OUMJIMINUTa HYHAATUPWITaH KOMOWHAIMSIAINTaH  KalTa  WIUIanI
TEXHOJIOTUSICUHY HIILIA0 YUKUIIIIaH noopar.

TaagKuKOTHUHT Basudaapu:

Mypakka0 Ba yTa MypakkaO TapkuOIu pyJajapHH Ba KOHIICHTpAlUSIIAPHU
KaliTa WIUIAINIHUHT ~ XO3UPTd  axXBOJWHU Ba TEXHOJOTHUK >KapacHIapHU
WHTEeHCHU(DHUKAINS yCYJUTAPUHA TaXJ VT KUJTHIIT;

Mypakkal Ba yTa mypakkad TapkuOaum KusuikyMm pypanapyuHu OMOKCHJIAII
OpKaJIM YaH Ba YIOMJIM BapHaHTJIApUa KalTa UIUIANTHN KOMITICKC TaIKUK KUJTHII,

Mypakka0 Ba yTa Mypakka0 TapKuOJIu OJTHH CaKjaraH pyJajlapHU KanTa
WIUTAIl  TEXHOJIOTHSCUHU TaKOMIIIAIITHPUITHU HWIIIA0 YMKWAII Ba amajjia
KYyJutant;

OMoOKCcHITIAIl MaXCYJIOTHUHH KYWJIMPHUIT TEXHOJOTHUACUHHM TaKpuOa-caHOAT
CHUHOBHAH YTKA3WIII,

Mypakka®d Ba VyTa Mypakkad TapkuOiau pyaaiap (KOHIICHTpATIap)HU
KOMOWHAIMSJIAIITaH KaiTa WIUIANl TEXHOJOTHSCUHU WIUIA0 YUKHUII Ba amaiia
KYJu1ant;



3aMOHABUN KOMIIBIOTED TEXHUKACH EpJamMuaa KOPPEISLMOH TaXJIWiI Ba
MaTeMaTHK CTaTUCTUKadaH ¢oiganannb, Mypakkad Ba yTa Mypakkald TapkuOv
pylamapHd KOMOMHAIMsUIAIITaH KalTa WIUIAlll TEXHOJOTHSCUHU  WIuI1ad
YUKUAIIHUHT KCIEPUMEHTAT MAbIyMOTIAPUHY TaXJIWJI KWJIMII Ba XUCOOIaII.

TaagkukoTHUHT 00bekTH cudatuaa Koknarac Ba Jlayrusray KOHJIapUHUHT
Mypakka0 Ba yTa Mypakkad TapKuOIM pyaanapu XHUCoOJaHa M.

TaagkukoTr npeaMeru: Mypakkad Ba yTa Mypakkad TapKUOIM OJITHH
cakJjaraH pyAajJapHi KOMOMHAIIMOH KaiTa UIIJIall TEXHOJIOTUSICH.

TankukoTHUHT ycyanapu. J[uccepranus wumuHu Oaxapuiga y3uaa
KOMIUIEKC TaJKUKOTIap YyCY/UIApUHH >KamjaraH, KOpXOHajapja Mypakkad
TapKUOJIM OJTHH CaKjIaraH pyJaJapHU KaWTa WIUIANl TaKpUOAcu WIMHA-TEXHUK
MaBJIYMOTIAPHUA TaXJIWJ KWJIUIIJIAH, aHAIUTUK, TpadoaHAIUTUK Ba CTATUCTHK
yCyJUlapHH ~ Kyimad — OakapwiraH — Haszapuil  TaaKUKOTIap, JlabopaTopwusi-
Taxpubanap, CHHOB-CAHOAT Ba WIUIA0 YHKWITAaH METOJUKAJApHUHT HILIa0
YUKAPUII KOpPXOHAJapW MIApOUTHAAru TEKIIUMpyBIapuaaH, pPH-meTpusiaas,
IPaHYJIOMETPUK TaXJWINaH, DJIEKTPOH MHUKPOCKOIHUA, MpoOUpKa, KUMEBHM Ba
dazanu Tax) i ycyJuiapuaaH, TaKpruOa HaTWKaJapuHU MAaTeMAaTHK KaiTa WIuianl
yciyonapaaH ¢oiinanaHuiIraH.

TagKMKOTHUHT WIMMIA SIHTWJINIH KyHugaruiapaad uoopar:

KapaMa-Kapiuim OKUM JeKaHTalusIcuaa Koyuona QopMana KoJaauraH
onTUHHUHT pH MyxXuTra OOFIMKINIY WIK OOpa aHUKJIAHWIIN Ba OMOKEKHH FOBHIII
KapaéHuIaru OJTHHHUHI HykoTwiaumM 50% ra KaMaWTHpuiIvIIra 3SpUILLIALI
acocuga OMOOKCHIIN OOMMTHUII TCXHOJOTHUSICH UIILIA0 YUKUIITaH;

apceHaT Ba TEMHUpP OKCUCYJIb(GATH KOJUIOUJ SPUTMACH XOCWI OYiub
OyTamaHuHr Cyiok (asacumarn Fe™ Tysmapummmmr rumponmsu (foBuma pH
y3rapub), Oy OVyTaHa cCywoK (a3acMHUHT KOBYIIKOKJIUTH OPTUIINTa Ba
OMoOKCcHUIIAIT KeKU TUIaM (DPaKIMsICH YYKUIIU TE3TUTMHUHT KaMaluimra ojiuo
KEeJIUIIM Ba  KapamMa-Kapiiy  OKUM  JIEKaHTAIMSICH  KYIOJITHPTHYJIapHuaa
TUHIUPWINIITHAHT EMOHJIAIIUIIN ca0a0u aHUKJIaHTaH,

OnookHcnan KapaCHUIard KYMUK XOCWJ OYJIWIl MEXaHW3MH acoCHa
peakTopiiapAard MyJbIaHUHT KYMUPJIA KUCMUHU (roTamus  ¢dakTopiapu
XUCOOWaH KOJUIOUUTM Ba Maiiia AMCHIEpPCIU OJTUH 3appajlapuHu (ppakiiusiiani
Wynmu OunaH oNTHUHHM OoMUTHIN ((IOTOKOHIIEHTpAT OWJIAH CONMUINTHUpraHga 6-8
MapTa) yCyJy TaBCHUs dTUJITaH,

OMOOKCHATIAIT MaXCYJIOTIApUHU [MAHIAIl JKapaCHUIa POJAHUATIAP XOCHI
OynMIIM KUHETHKAcCH Ba OJTUHHUHT IMAHIM KOMIUIEKCH OWiIaH paxoOaTiv
copOuMsIcCHIaTy WINTUPOKH aHWKJIAHTaH Ba BakKT MOOailHWIa poJaHUJIApHUHT
MUKJIOPJIAPUHN IIHAHWJ] HATPUH KOHIICHTPAIMSICH JHWHAMHKACUHU Y3TapHIINUTa
oormukuru (10-12 coar), BakT Tyramm OWaH 3ca >KapaéHHWHT Y3rapHIlura
TabCUP KYpCaTMACIUTH Xamja OJITMHHU ITUAHWIJIA TaHJIa0 SPUTHUIIIATHA TE3JIUTH
pOaHUITIap F03ara KeJIUII Te3JIUTUIaH KaTTa Ul aHWKJIaHTaH;

OMOOKCHIIAIl ~ MaxXCyJIOTJIADUHU ~ COPOIMSIIM  ITMAHIaml  KapaCHUIaru
MOHAJIMAIIyBYM  CMOJIAaHMHT  XOJaTH acocujia COpOEHTIap XOCCACHHHHT
poJaHuAsap OwWiaH 3axapjaHuIlM XucoOWra TmacaliMIly Ky3aTHIOd, Ba Oy
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copOIusl CyIOK YMKUHAWJIAPUAA OJITUH MHUKIOPWHHWHT OIIUINM Ba YHU aXpaTuO
OJIMIIIHK KaMaluImra cabad OyiIuim aHUKJIaHTaH;

OMOOKCHUITIAIT MaXCYJIOTUHUHT OKCUJITIU KYHIUPHII sKapaéHua XapopaTHUHT
OJIMHAJUTaH KyHuHAM cudatura TabCcup KypcaTyBUd acocuil oMms 53kaHu, 650-
743°C uccuk xapoparra kaparasja, 5/0-600°C na olTHHHU aXpaTHO OJUHUILIN
IOKOpH OViuIM aHUKIaHraH xamja Oy xomat 650-743°C wuccuk xapoparia
OJITMHHU IMAHJIAIIA XaJaKUT OepyBUM CKOPOAMT KOOWFH r03ara KeJlWIlu OuiiaH
nCcOOTIaHTaH.

TaagKMKOTHUHT aMaJIuii HATHKAJIAPH:

KapaMa-Kapimd OKUM JeKaHTalmoH roBumma PH kxypcarkmumawm 1,3 raua
TYIIAPATUTaH OMOOKCHIJIAIT MAaXCyJlIOTH OYyTaHACMHU KHUCIOTAJIAIl TEXHOJOTHUICH
unurad YuKWwiIrad, OyHWHT HaTWXKacuaa IOBUIIHUHT TO3a YCTKH MaXCyJOTH
ONIMHUO, HEUTPAJUIAITHUHT YUKWUHIWTA WYHAITUPWIAIUTAH KYIOJTHPUITAH
MaxCyJOTHIaru OJITUH MUKa0pH 50% kamaiiras;

KailTapuimMa  CyB  TabMHUHOTH  KOHTYypUJArd  HEUTpaau3anusiail
MaxCyJOTHJaH YUKUHAWTa MEBEPIAMITUPUIMATAH XOJiJa Talad OOpUIIUIIN
X0JIaTJIapuia OJTHHHU aKpaTHO OJIUII TEXHOJIOTHSCH MIIA0 YUKUITaH (HucOaTaH
82%);

OMOKEKHU KYIOKJAHUII KapaCHUJIard XapaXaTJIapHU KaMaWTUpHINTra OJIu0
Kelagural  Kapama-Kapiii  OKUM  JICKQHTAIUsCH  KYIOJTUPTHUUJIAPUHUHT
YHYMJIOPJINTUHYU OIIHAPUII YCYJIA UITa0 YUKUIITAH Ba CAHOAT/IAa KYJUTAaHHIITaH;

peakTopiiapAard KyNUKHA CYHAUPHIL YCYJIWJAH CaMapalvpoK Oyiran
[MaHWJ], HATPUUHUHT FOKOPH KOHIICHTpAaIMsUIapuaa ONTHHHH  COPOIMSIIN
[MAHJIAIra acoCJaHTraH KYMHUKIM MaxCyJOTHM KalTa WIUIAll YCyJau uIuiad
YUKWJITaH,

«OyTaHaga KymMHp» cxeMacu Oyinya COpPOLMOHIM ILMaHJIall >KapaéHuIaH
dbolimaHuauITa acociaHraH, OMOOKCHUIAII MaXCYJIOTHHHU JAeCyJIb(puau3arus
KWINII YYyH KYIIUMYa TaaOupiap Tajad J3THIMAaraH XOJja OJTHUHHH aXpaTHO
omuuHu 8-10% ra omwmpamurad, TaKOMWUIAIITHPWITAH TEXHOJIOTHS UIILIA0
YUKUJITaH Ba CAaHOAT/A YKOPUH ITHIITaH;

Koknarac Ba J[ayFru3Troy KOHIapU pyAacH MIMXTACUAH OJMHTAaH MaXCyJOTHH
60:40 nmcbatma 600°C xapoparma 2 coar [JaBOMUJA KH3TUPHIIL Ba KEHWUH
KYWMHAMHU COPOIMOH IMaHIAIlIa OJITUH axpaTuO omuHummuHu 73,3 nan 82,5%
radya OpTUIIMHU; HATPUA HUAHUAUHUHT capdu 2,5 Gapobap kamalummHu; OyTaHa
cytok (azacupga pomanuiap kouueHTtpamusicu 5000 nmanm 16 wMr/m raga
KaMalWIIMHN TabMHUHJIAWIUTAaH TEXHOJIOTHS HWNUIad YWKWITaH Ba caHoaT/aa
KYJUITAaHWITaH;

OKCUJIJIA0 KU3AUPHIIHM KYJU1al, KyMUp Moaianapu OyiaraH mypakkad Ba yTa
Mypakka® TapkuOIM pyJa Ba KOHUEHTPATIApHU KaiTa MWIUIAl KOMOWHAIIMOH
TEXHOJIOTHSIC WINUIA0 YMKWITaH Ba CaHOATra »KOPUW KWIMHTaH. boluiaHrud
O0ockuuma  (IOTOKOHIIEHTPAT OKCUJJIAHWIIM OWOOKCHJIANI cXxeMacu Oyinda
amajira OIMPWITAaH: Cylb()HUAIard OJITUH OYHMIITAH, MUIIBIKHUHT Ky KUCMHU
SPUTHIITAH, KATTHK Xosarra 3pumac ckopoaut (FeAsSO,) kypuHHIINAA YTKA3HITaH.
KeiiH Mumbsik MUKIOpH KaM OYyiraH OWOOKCHJIAIl MaxCyJIOTH OKCHJIa0
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KU3UpHITaH, OyHAa KyMUpPIard OJTHH OYMJITaH, KOJITaH CYIb(OUIITN OJTUHTYTYPT
OKCHUJUIAHTaH, MUKPOOPraHU3MJIap METa0O0JIM3MU MaxCyJOoTIapu HYK KUJIMHTaH.
Oxkcuanad Ku3aupuil MaxcyaoTd COpOLIMOH I[MaHIallra I000puiraH;

Koknarac kOHUHUHT OajaHCAAaH TallKapu CylbGUUH pydaiapuHd OUOIOTHK
YIOMJIM TaHjaad JpUTUII yCYIW MIUIA0 YUKWIIM Ba CHHOB-CAHOAT IIAPOUTHIA
KYu1a0 Kypuiiay Ba OyH1a OJITUH axkpaTuO ol gapaxkacu 50% HU TallKWI 3Trad
(TYFpunaH-TyFpu nuannammia 25,7%).

TagkuKOT HATHKATAPUHUHT MINOHYIMIUTU. VITHUHT WIOHYWIMIMTAHA
KYI XaxXMmaard JabopaTtopus, sSpUMCaHOAT Ba caHOAaT TakpuOanapu OwuinaH
UCOOTIAHTAaHJINTH; Mypakkad Ba yTa Mypakkad TapkuOnu pyJalapHH KailTa
UIUIANl camMapajoOpJIurd OIIMPHII YYyH acOCHM HAEATApHU CAHOKJIW TaCIUFu;
Ha3apHIll Ba aMaJiuil TAAKUKOTIIAp Ba XMCOO-KUTOOIAap HATWXKalapuHu Oup-Oupura
MOC KETUIIW;CyIbPUITN pyJalapHU OUYMIHIIMHU (PU3UKO-KUMEBUN acocCiall;
KOMOUMHAIMSIIAIITaH TEXHOJIOTUSHU WXKOOUW CHHOB HaTW)KAJIApUHU  CaHOAT
ampoOarusicura  MOCJIMTY; Takiu( KWIMHTAaH TaBCUSUIApDHU  CaHOAT/aru
anmpoOanuscyu, METOAMKAIap Ba HSPUIIUITAH TEXHUK-UKTUCOIUNA CaMapajopiuK
HaTWXalapy OMJIaH MOC KEJIUIITN OPKAJIA aCOCIIaHA/IH.

TaagKUKOT/Iap HATHKAJIAPMHUHT UMK Ba aMaJIui aXaMUATH.

TaaKUKOT HATIWKaJApUHUHT WIMHAM aXaMHUSATH TaJKUKOTIAp HaTWXKalapu
acocH/ia aHUKJIAHTAHJIMTUHU Ba OMOOKCHJIJIAIIIa KEKHHU IOBUII BAaKTHAAa OJTUHHU
HyKOTMIMIIK ~ cababimapy  YpraHWITaHJIWTMHUA Ba COPOLUMOHJIA  IMaHJaIla
pPOJaHU]JIApHU TMAi0 OYIuII MEXaHW3MH, XaMJa Mypakkad Ba yTa MypakkaO
TapKUOIM pyJallapHU KalTa WIUIAITHA KOMOWHAIIMOH TEXHOJOTHSICUHH KYIJUIaIl
Makcajra MyBO(UKIMHN Hazapuil acociaiil OuiiaH W30XJIaHAIH.

TagkUKOT HaTHXKAJAPUHUHT aMauil axaMUsSITH Mypakkad Ba yTa Mypakkad
TapKuOIM pyAajapHA KaWTa HWIUIANl CaMapaopJUTHHU OIIMPHUII MaKcaauaa
OMOOKCHUITIAII TEXHOJIOTUSICUHU KYII1a0, OMOOKCHIAI MaXCyJIOTHHU COPOIIUSITU
[MaHJal >KapaCHUHU TaKOMWUIAIITUPHII Ba Mypakkad TapKuOiIM pyaanapHu
Kydaupuigan (ongagaHuiarad KOMOWHAIIMOH TEXHOJIOTUSHM MIIIA0 YHKHII
acocH/ia OJITUHHM aKPaTHO OJIMIIHU KYTIAaWUTUPHUIITA XU3MAT KUJIA]IH.

TaagKUKOT HATHXKAJIAPUHUHT KOPUHA KUJITUHUILH.

Mypakka0d Ba yTa Mypakka® TapKuOJIM OJITUH CaKjaraH pyJajJlapuHy KailTa
UIIUTAII ACOCH/IA:

KHUCcToTanam épaamMuaa Cyib(QUIa ONTHHMHINBIKIA pyaajapiaH OJTHHHH
aXpaTH® ONHMII ycynaura Y30exumcToH Pecny6nmkacu MHTeIIeKTyan MyIK
areHTIMruHuHT uxtupora nmareHty (20.02.2012 i, IAP Ne04489) onunran. Mnvuii
HATKAHUHT aMaTHETTa KOPUH KUITHHHIINA YAKWUHINTA KeTaéTraH ONTHH XKMUHU
KaMalTUPHIII UMKOHUHH O€praH;

Kyidaupuin EpaamMuaa Mypakkad TapKuOIW CydbQUIIA  ONTHHMHIIBSIKIN
pylanapiaH OJTHHHH XpaTHO ONHIN YCyJdW  WNUIA0 YHKWITAH KyWJIAPHUII
TexHoJIormsicura ¥Y36ekucton PecryGnukacu MHTeIUIEKTyaT MyJIK areHTIATHHUHT
uxtupora nateHtu (17.11.2015 i. IAP Ne05134) onmuran. Wamuii HaTHKaHUHT
aMaaueTra KOpUi KWIMHUIIN CYIb(OUITN ONTHUHMUIIBSIKINA pyJaiapaH OJTHHHU
aXpaTud OJIUIII TapaKaCUHU OIIMPHUII UMKOHUHU OepraH;
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nyJblagard OWOOKCH] MaxCyJlOTJIapUHHU IOBUUIAH OJIIMH KHUCJIOTaIall
TexHoJorusgcu HaBouit koH-meTamyprusi kKoMOuHAaTUHUHT [llumonuii  KoH
6omkapmacura kapauuim ['M3-3 kopxonacuaa xopuii KunuHradn (HaBouit koH-
MeTaTyprus koMOuHaTHHUHT 2016 ¥wmn 7 oxraopmarm 02-02-10/10718-con
MabJIyMOTHOMAcH). Ma3Kyp TEXHOJIOTHUSHU aMaluETra >KOpuil KUIuIl HaTHUKacua
KapaMma-Kapliy OKMM JEKaHTAlUACH KYIOJITUPTAYKIa TO3a YCTKA OKUM MaxcCyJIOTH
OJIMHTaH;

OMOOKCHIIJIAI Ba YIIIEPOUIM MOAAIAp cakjaral, Mypakka0 Ba yTa Mypakkao
TapKUOJIM ONTUH Cakjarad pyJajapHu Ba KOHIEHTpaTIapHU KOMOWHAIIMOH KailTa
uuutam TexHosorusicu HaBouii koH-MeTamtyprus KoMOMHATUHUHT LnMonuii Kon
6omkapmacura Kapanut ['M3-3 kopxonacuaa xopuii KunuHTrad (HaBowit KoH-
MeTauryprust koMOMHaTWHUHT 2016 #mn 7 oxtsOpmarm 02-02-10/10718-con
MabJIyMOTHOMAcH). Ma3Kyp TEXHOJIOTHUSHU aMaluETra >KOpuil KUIuIl HaTHUKacua
aManjard KaiTa WIUIAaHAJWTaH pyJajapHu WWUIMK Xa)KMHHU CakjaraH XoJijia
Talép MaxcysaoTiap TAHHAPXUHU KaMaUTUPUIIT UMKOHUHU OepraH;

unuiad uyukwiran KCTK HeiTpanuzamuss MaxcyJloTHUAaH OJTHH aXXPaTHII
texHosorusick HaBouit koH-meTammyprusi kKoMOuHaTUHUHT [llumonuii  KoH
oomkapmacura kapaunuin ['M3-3 kopxonacuaa xopuii KunuHrad (HaBouit koH-
MeTauTyprusi KoMOMHaTHHUHT 2016 #mn 7 okrsopmarn 02-02-10/10718-con
MabIyMOTHOMAcH). MMHil HaTHKalapHU aMajauéTra >KOpHil KWW HaTH>KacKuaa
KCTK nenTpanuzanus MaxCyJlOTHIAH KyIIMMYa OJTHUH aXKpPaTUII Ba YUKUHIUIAP
OWIaH KUMMATJIU MaxCyJIOTHU YMKUO KETUILIH OJIAMHU OJIMHTAaH;

nniad uyumkuiaran KKOJ[ koHTypuaa OHMOOKCHIJIAI  MaxCyJIOTIapuHU
KYIOKJIAHUIII ~ YHYMJOPJWUTHHUA OmUpuIl ycynu HaBouii KOH-MeTamyprus
koMOuHaTuHUHr Illumonuii koH Oomkapmacura kKapauui ['M3-3 kopxoHacuia
xopuii kwiuHrad (HaBowit koH-meTamyprusi kKoMOWMHATHHUHT 2016 it
7 oktssopmaru 02-02-10/10718-con MmabiymoTHOMacH). Miamuii HaTvKalapHHA
amManuérra OKOpUM ~ KWIMII  HaTWKacujga OHOKEKHM  KYIOKJIaHUIIUAArd
XapakaTjJapHU KaMauTUPHUIIT UMKOHUHU Oepras;

unuiad YMKWITaH «Iylibaga KyMHp» cxemacuaaH doingananu0, KEKHH
copOIuMsiIM IMaHIam >kapa€Huaa ONTHHHU aXpaTuO OJIMIIHU KYMaWTUPHUII
texHosorusick HaBouit koH-meTammyprusi kKoMOuHaTUHUHT [llumonuii  KoH
oomkapmacura kapanui ['M3-3 kopxoHacuaa xopuit KuinHrad (HaBowii koH-
MeTautyprusi koMOMHaTWHUHT 2016 ¥#mn 7 okrsopmarn 02-02-10/10718-con
MabJIyMOTHOMAcH). MMuil HaTHKamapHU aMaiaueéTra >KOpUidl KWW HaTHKacuaa
oTiepalysiaH OJITHH aXpaTuO onuin gapaxacuHu 8-10% ra omupuin UMKOHUHU
Oepras.

TagKuKOT HATHKAJAPUHUHT anpodamusicd. TaaKuKOT HaTWXKadapu S5 Ta
WIMU-aManuil  aHxymannapaa, sxymianan, «ManoBauus» (Tomkent, 2001,
2011); «Pecypc unkapyB4H, KaM YHKMM Ba TaOHaTHU Myxo(da3a KUIMBUN TaOMHI
ooinknapuu  y3mamrupun  (MockBa-Hasowmit, 2005); «KoH-meramnyprus
CaHOATH MyaMMOJIap¥ Ba MHHOBALIMOH pUBOXJIaHUIIHK Hyiapu» (Tomkent, 2014)
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MaB3yJapuiard pecIyOiMKa Ba XaJlKapo WIMHH-aMannii KoH(pepeHIusapaa
Mabpy3a KypuHUIIuga 0a€H STUITaH XaM/a anpodanusal YTKa3uiraH.

TagkMKOT HATHXKAJAPUHUHI JbJOH KWIMHWIIM. J[uccepranus MaB3ycu
Oyin4a sxamu 28 Ta NIMHI WIUK YOIl STHIITAH, LIynapiaH, 1 ta monorpadus, 2 ta
V36exncton Pecry6nukacn maTeHTIapH, Y36ekucToH Pecrmy6nmkacu  Onmii
aTTecTalsi KOMHUCCUSCHUHMHI JOKTOPJUK JUCCEpTalMsiapd acoCUH  WIMHM
HATWKAJIAPUHU YOM STUII TaBCHUsl ATWITaH WIMHKM Hampiapaa 17 ta makonanap,
xymianad 11 Ta pecrmyOimka Ba 6 Ta 4eT 3J1 WIMUHN KypHaUIapa Halp dTHITaH.

JluccepTanMsiHUHT TY3WJIMIIM Ba Xa:kMM. J(uccepranus TapkuOW KUPUII,
Typrra 000, Xynoca, Qoigananuiran anabuétnap pyixatunadn uoOopar.
JucceprauustHUHT Xaxmu 200 O€THU TallIKWII 3TTaH.

JTNCCEPTAIIMSTHUHT ACOCHUN MA3ZMYHHU

Kupnm kuemmaa onub OopwiaraH TaJKUKOTHUHT J0J3apOJIMTM Ba YHra
Oynaran tanad, TAAKUKOT Makcaau Ba Ba3udanapu acociaHaau, TAAKUKOT 0ObEKTH
Ba MpeaMeTH TaBCcU(IaHaIu, TAAKUKOTHUHT peciyOanKa aH Ba TEXHOJOTUsIIApU
PUBOKJIAHUILIMHUHT  YCTYBOp  HYHaJIMIUIapUra OOFIMKJIWTM  KYpCaTWIITaH,
TaAKUKOTHUHI WIMHUI SHITUJIUTY Ba aMaliuil HaTHKajnapu 0aéH KUIIMHTaH, OJIMHTaH
HAaTWKAJTApPHUHT WIMHA Ba amaluil axamMusITH o4yuO OepwiraH, TaJaKUKOT
HAaTWKATAPUHUHT aMaluérra KYJUIAaHWIMILK, Hallp KWIMHIAH WIUIap Ba
JIUCCEPTALMS TY3WINIIN KEJITUPUIITaH.

«Mypakka0 Ba yTa Mypakka0 TapKu0Ju pyJajJapHi KaWTa HILIAIIHUHT
3aMOHAaBHiIl axBoJmW» 1e0 HOMJIaHraH OupuHuM 00012, Mypakkad Ba yTa
MYypaKkaO OJTUH TApKUOIW pyAallapHU KalTa MIIJIAIl aXBOJIHU KYpPUO YMKUJITAH Ba
yJIapHU UHTeCU(UKALMSIIAI YCYJUIapu TaJKUK KUJIMHTaH.

Mypakka® TapkuOau CynbQumaId OATUH-MUIISKIN pyJlajJapHA KaiTa
UILIAIIHAHT Tal€p MaxcyJjoT OJMIIHU TabMHUHJIAWAUraH, OOMUTHIIaJUIraH pyJa,
MaxcyJOT Ba YUKUHIWIAPDHUHT MUHEpajdl Ba MOPQOJOTrMK TapkuOura kypa
TEXHOJIOTUK, MKTUCOJIMUNA Ba DKOJOTHK >KMXATHaH pakobOarOapmomn Oynran ydra
ACOCHI TEXHOJIOTUCH HMKTHCOIWN acOCIaHTaH: OKCUIUIA0 KyWIUPHII, OUOJIOTHK
OKCHJUIAIl Ba aBTOKJIAB/1a OKCUIAII YKapaCHIIapy.

«HaBouii koH Metamnypruss KomOuHatw» JlaBnatr kopxonacu 3-I'M3
HIApOUTUAA ONTHUH-MUILBSIKIM  Cylb(U] pyJajlapuHd KadWTa MILJIAIIHUHT
KOHHMKApPCU3 TEXHOJIOTMK KYpCAaTKUUYJIApUHUHT acoCUil cababyiapu OenruiaHraH:

- TaHjnad oNMHraH OakTepuan OKCHJJIAIl TEXHOJIOTHSICH TajdaOlapuHUHT
(kaliTa WIUIAHAJWTAH PYAAJAPHUHT MOJIajap TAPKUOMHUHT JOUMUIIINTH) Ba
Koknarac Ba J[ayFru3roy KOHJIapy MaBxy]l OYJraH pyAaJlapuHUHT HOMYBO(UKIUTY
(1-pacwm);

— Koknmarac Ba [layru3Toy KOHJapw pyJajdapuga OMOOKCHIJIAII
TeXHOJIOTHsICH  Oyimua (cynmpbumiap Ba Kymup Oupukmanapu Oyiraxn
MOJJMANIAPHUHT  ¥3ap0o YHUO UWKHUINHM) axpaTud ONMHMANANTraH KYMHpP
Ooupukmanapu 6ynran ontus (15...20%) MaBxyanury;
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— (JIOTOKOHIIEHTpATAAr! CYIb()HUIIN OJITUHTYTYPTHUHT FOKOPA MUKIOPH.

buookcunnam cxeMacMHMHI aWTHO YTUATaH acoCUid KaMYMIMKIApU
TEXHOJIOTHK >kapaéHjia Oup KaTop cayiOuii OMUIApHU KENTUPUO YMKAPaIH:

—  (pJIIOTOKOHIIEHTPATHUHI MOJaJIap TApKUOWHUHT JOUMHUHN Y3rapuiiu
cababim MyHTa3aM paBHIIAa MUKpPOOpraHuU3MIap MHykoauO Oopamu, Oy
OMOOKCHIITAIl peakTopiiapuja Ba KEHUMHTH omepanusuiapia KYMUK XOCHI
Oynuivra oyiud Kenaau,

— OakTepuall OKCHJIAHMIIJIAaH KEWWH OWOOKCHIJIAIl MaxXCyJOTHAa OJITUH
IOTHWIMIIUTa (CopOmmsicura) XajakuT OepyBuM, NMHMAHHWIJAP OWJIaH SIXIIH Yy3apo
TabCUp KWINO, pPOJAHUT OWPUKMAIIAPUHU TANA0 KWIATUTaH, OJTUHTYTYpPT
(371eMeHTap OJNTUHTYTYPT, MOJUCYIb(PUAIAP Ba X.K.) MEKIOPH KYTI OYIaau.
lynnaii kunmb, caHoaT amManueéTuaa yMyMuid KaOyn KWIMHTAH OJUTUN yCyuiap
OwiaH KaiiTa MIUIAl MMKOHM OyJIMaraH TEXHOJOTMK MYypakkad TapKuOIu
Cynbpuanm pynanapiaH OJTHHHU aXXKpaTHO OJMII MyaMMOCH J0Ji3ap0 Macana
XUCOOJIaHa IH.
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1 — cynbunnm pynanapaaH OITHHHU aXpaTuO onuin napaxacu, %; 2 — Koknatac Ba [layrusray
XHUCcacu

1-pacm. Koknarac Ba Jlayruzray KOHJIapu pyaagaru XMHCCACHHUHT OJITHH
a:KpaTud OJIMII Japakacura OOFJINMKJINTH

HucceprauussHuar «bajancaaH TamiKapu CyJab(UAIH OJTHH PYyAAJIAPHU
OMOJIOTMK YIOMJM TalHjaa0 »HpUTHIN YCyJu OMIaH KailTa HILIAII
TEXHOJIOTHSICH UILIA0 YUKUIID 1e0 HOMJIAHTaH MKKUHYM 000muaa 1adbopartopust
Ba CHHOB-caHoaT ImapouTuaa  Kokmarac KoHumaru OajaHCAaH —TalIKapH
pynamapHud OWOJOTHMK VIOMJIM TaHmad DdPUTHINI WMKOHHUATIAPW Ba WIMUHN
HaTWKaJIapyuHu 0axosail 0aéH STUIITaH.

JlaGopatopusi mapouTHAa 4YaH PEeKUMHUAA pyJajapHU OHMOOKCHJJIAHUIITA
spokunuru (kmaccHuHT ¢Gpaknuscun — 0,074 mm — 80%, OMOOKCHITTAHUIITHIHT
napomuiiinrn — 10 cyt.). boumanfud HamyHajga acocuii KOMIOHEHTJIAPHUHT
MUKIOPH (%0): ASyyyy. — 0,684; Feyyyn — 5,025 Feeymp — 1,96; Syuyn. — 2,208; Seyng. —
2,018; CO, — 6,05. CopOuusuii 1MaHIANIIa OJTHHHA a)XXpaTHO OJIMIN Jlapakacu
onookcuranuiaan kenn 70-75% (25,7% OnookcuIaHuUIITaya).

Koknatac koHumarn OamaHclaH Tamkapu Cyiabpuamum  pyaanapHu
MEPKOJISIIIMOH YCyJT OmiaH OWOOKCHIUIANl TAAKWK JTUIAW. bommmanruda pynana
KapOoHaTIap OOpJAUTH OMOOKCHUJIAHUIIIAH OJIUH PYJaHU TYJIUK KACIOTAIANTHU
Tanad STUINM aHWKJIAHTaH. Pymanm nekapOOHU3AIMICHMHU Cyiab(arT KUCIOoTa
spuTMacuia, eurui pexxumaa PH=1,5 xonatuga 40-45 cyTtka naBp mobOaitHuIa
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Ooaxxapunau. Kucmoramap cappu 86,7 xr/t Hu Tamkun 3tad. 150 cytka
MOOaifHH/Ia OJITUHHU aXpaTuO® oMl Japakacu HUpukiurd —20 MM Oyirax
OakTepuan OKCHJIaHTaH pyaa yuyH 48,3% Hu Tamkuia KWiau (TYFpUaaH-TYFPU
nuananiaa 25,7%).

Koknarac xoHuparu cynbQuuid pynajapHd OHMOJOTHK YIOMIIM TaHJao
SPUTHILA SPUMCAHOAT CHUHOBUJA KyHuAard KUMEBHM TapkuOIM pynanap
nauatiaa  (%): Fegyyw. — 5,9; Fe?* — 2,55: As — 0,91; Syuym — 2,3; Seymg — 2,15
CO; — 4,4; Au — 3.4 /1. Yiomaaru pyna maccacu — 1200 1, yrom Oamasgmiura — 2
M, acoc MaugoHn— 450 M2, TOM MaugoH — 298 M-, Kapaéunu nexkapOoHU3aLUS
KHJIUII BakTH — 52 cyT. (cynbdar kucnora caphu — 21 Kr/T), OHOIIOTUK OKCHIIIAIIT
Baktu — 150 cyT. I'mapomeramnyprus >kapa€Huga COpOIMOH IUAHIANI YCylauaa
OJITUHHU axpatud oyt 47,2% HU TalIKuI STIU.

bormanrny  martepmangar  CynbGUUTH  ONTHHTYTYPT Ba  TEMHp
KOHIEHTPAIMSICHHU ~ OIIMIIKA  XUCOOMAAaH OaKTEpUSUIADHUHT  OKCHUJIAHUILIN
aKTUBJIMTMHU ommpuin Makcanuaa Koknarac konu pynacu (80-90%) Ba yHHHT
dnotokonnentparuaan (10-20%) ubopar IMMXTaHU MEPKOJSAIMOH YCYJ OWIaH
OMOJIOTUK OKCHJUIAIl >Kapa€HU TaAKUK KUJTUHIU. AHUKIaHaukd, 150 cyTka
JaBOMHUJA OJITMHHUA aXpaTUO OJUII Japakacu OakTepual OKCHJJIAHUII
KapaCHUHUHT Xap XWJI BapuaHTAarud Jadoparopusi Taxpubanapuga 46,7 nan
72,4% raua, (Yypraua 61,8%)uu, Tyrpuman — Tyrpu numammtamga 18,1-31,1%
TAIKUI KAJIJIH.

[ynnaii xkuauO, OWOJNIOTMK yIOMJa TaHiad »dpUTUILL YCYJIM CaHOaT
MacmTabuaa Y3UHUHT KYJUIAaHWIUIIWra sra Oynau. byHuHr acocuii ca®abu
OaJlaHCIIaH TallKapy OJTHMH CaKJIOBYM pyAaJlapHu OoHuTHIIAA CyJIbQuain
KOMIOHEHTJIAPHU MabJIyM MUKJIOPAA OUMIUIINTA SPUIIIHIIL.

«3-I'M3 na mypakkad Tapkud/M cyab(UIJIN OJTHH PyJaJapuHu KaiiTa
HILIAIL CAMAPAJOPJIUTMHA OIIUPHIDY 7e0 HOMIIAHTaH y4yWH4YH 00012 OJITHUH
QXpaTuO OJIMITHUHT KOPHUM TEXHOJIOTHSCUHU TaKOMUJUIAIITUPHIN Oyiirda uiuiap
MaXxMyacH KypuO YMKUJITaH.

Jloiinxara MyBo(MK OMOOKCHIJIAII KEKH dPUTAaH apaiaiiMainap/iaH — MUIIbSIK
Ba TEMUpPJIaH KapaMa-Kaplii OKUM JieKaHTalus ycynua osuwiaau. Kapama-kapmm
okuM nekanTtauusicu (KKOJI) TeXHONIOTHsSICUHU Y3NMalITUPHII KapaéHU1a KaTTHK
(haza YYKUIIMHUHAT TE3JTUTH KECKUH Macaiuilg Ba KyIOJITUPTUYIap OKUMHUIA KyHKa
naigo Oynaumm OuilaH Ky3aTWIaJWraH KYpCaTKUYWIAPHUHT  €MOHJIAIIMILIN
aHUKJIaHTaH (2-pacm). By oITMHHU UYKOTHII XOJUIapy KyMaluimra oud Kejau.
KKO/Ina KyroaTupuil KypcaTKUWIAPUHU AXIIWIALL YIYH ONTUMAI (PIIOKYJISTHTIIAp
TaHnam Oyiundya TaakukoTiaap onud Oopwiau. KyronTupuin KypcaTUKAYIapUHUA
anukigam 1,0 71 XaxMaard UWJIUHApPJApAa, pyJaHu KailTa WIUIail s>kapaéHuaH
OJIMHTaH, OKYBYM OyTaHanapaa ojJud OOpusIIy.

Ymby Taxkpubanap cepusich HaTwxkaizapura kypa omookcuanam mnexu KKO/I
Ja Xap XWJa Mapkaid (QIOKYJISHTIAD HaMYHaJapUHUHT WITUHU Ku€cuii Oaxocu
oeprIn.

Hatmxkana »ar sxmm kypcatkuunapra «lIpaecton 854-BC-S» wmapkanm
IOKOPU MOJIEKYJISIP, Ky4lIN KaTHOHJIW (DJIOKYJSHT 5ra SKAHIUTH MabiIyM OVIIIH.
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«IIpaecton 8§54-BC-S» mapkanu QroxkyasHT unuiad YukKapuiaa KyulaHWIa urad
«IIpaecton 2500» mMapkanu OuaaH CONMMIITUPUIITAHA;

— 1-xyrontupruy yuyH 90 r/1 capdnanranga («IIpaecron 2500» diokymsHT
capbu — 80 r/t) uykum Tte3nuru 3,05 Gapobap Ba KYHOJIUIITHUHT COJUIITHPMA
camapagopiuru 2,4 Oapobap kymaiimmu Oenrunanrad. K:C spummnaauran
kuitmatu 1,6 — 1,9 nuanazonuaa 6ynanu.

— 2-xkytonrtuprud yuyH 20 r/1 capdnanranna («IIpaecron 2500» daokyasHT
cappu — 40 r/1) uykum Tteznuru 2,0 Gapobap Ba KYIOJIWIIHUHT COJIMIITHPMA
camapagopymru 2,0 Oapobap kymavwmmm Oenrunanrad. K:C spummnanuran
kuiiMatu 1,7 nan 1,9 raua nuanazonga 0ynaau.

— 3-kyrontuprud yuyH 20 1/t capdmanranma («IIpaecron 2500» dhmoxynsHT
cappu — 40 r/1) uykum Tte3nuru 1,9 Gapobap Ba KYIOJIWIIHUHT COJIMIITHPMA
camapagopsmru 2,0 OGapobap kymaimmui Oenrunanrad. Mkkama HamyHa Y4yH
oxupru K:C spummunaguran kuitmatu 1,6 nan 1,9 raua quanasonja 6ymaau.

[Myngat  xkumu6d, «[lpaecton 854BC-S» wmapkanu  QIIOKYISTHTHUHT
nactinadku cappu I'M3-3 Ouookcmmmam 1exunuHr KKOJ[ kontypuma 1:2:3
Kyrontupruuiaap yuayH Moc pasumiga 90:20:20 r/T MUKIopHaa TaBCUS KATUHAH.

byrana cytok ¢pazacununr pH kypcatknuun KKO/I-1 Kyrontuprud OKUMUHUHT
TUHUIIUTA KypcaTaJuran Tabcupu Ypranud® umkuingu. [laccuB Taxpuba ycynuma
CTaTUCTUK  MabJIyMOTJIADHM  WHUFUII  HaTWkacuua, cyok (¢aszaga pH
kypcaTknuuHuHr Yyeumm Owian KKOJ-1 KyrodaTuprud OKMMHHHMHI THHHIL
*apa€Hyu EMOHJIAIIMINM aHUKJaHraH. Mkkuinamuu peaktopiapaa cyrok (aza pH
kypcatkuuu 1,40-1,45 Muknopraya KyTapuiranja, IOBUIITA TyIIAQAUTaH OHOKEK
OyTaHacu IOBWJIaAWTaH CyB OwiaH apanamu0, cyrok ¢aza pH xypcatkuum 1,80-
1,86 Muxknopraya kytapuiaaud. bynna, 6yTaHa THHUITMHUHT KECKUH EMOHJIAITUIITN
Ba KKO/I-1 ycTku okuMuaa Kyiika naiiao 0yammm Ky3atuinamy (1-xamasan).

TuHAIIHUHAT EMOHJIAIINIIN Ba KYWKa MMai10 Oy IMIIMHUHT cababu — KyHuaru
peakiusuiap TEHTJIaMajiapu Oyin4Ya CKOPOIUT-SIPO3UT KOJUIOUI IPUTMACH XOCHII
6116, 6y TaHaHKHT CyIOK (azacuaa Fe *° Tysnap rugpommsu Gopuum:

Fez(SO4)3 + 2H3As0O, + 8H,0 = 2FeAsO4*4H,0 + 3H,S0O,, (1)
Fez(SO4)3 + 2H,0 = 2F€(OH)SO4 + H,S0,. (2)

ApceHaT KOJUIOWJ SPUTMACH Ba TEMHUP OKCUCYJIb(aTH XOCWI OYiuim
HaTIWXKacHaa CyroK (Da3aHMHT EMUIITKOKJIMTHA OIMKO, 0y OMOOKCHIAIN KEKH IIJIaM
(bpakUMSICHHUHT YYKUII TE3JIMIYM KECKMH nacaiummra cabad oynau.

1-xanBan
byrana cyrok (azacu pH kypcaTKHUMHUHT FOKOPU OKUM TUHHUII TE3JUTH Ba
TUHUKJIUTHATA TabCUPH (ITACCUB TAKPHOA HATHKAJIApH)

Hamyna pH Te3§§§11f/11,HM o IOxopu okum xonatu
2,02 0,44 Uykuin yerapacu Myx
KKO/I-1 186 055 Uykuin yerapacu Myk, OKOpH OKUM
HHUHT ’ ’ KyWKaJIu
Oyranacu | 1,54 0,95 UYerapa aHHK, FOKOPH OKUM KyHKaJIu
1,33 1,16 Uerapa aHuk, 1okopu okuM maddod
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[lynnait kuiub, TaIKUKOTIAp HaTXacuaa ouokek O0yranacuau pH=1,3-1,4
raJya KAcJIoTajall TEXHOJOTHACH HIIa0d YMKUJIIM Ba CAaHOAT MacIuTabuaa >Kopui
kwmmHa, y KKOJI-1 nma To3a yCTKM OKWM OJIMIN, OJITMHHUHT OyTYHJIal
HYKOIUIITMHY KaMaUTHPUIITHY TAabMUHJIAUIM (2-KaBain).

2-KaaBall
byrana cyrok ¢azacu pH xypcatkuunauHT THHUII Aapaxkacu Ba KKO/I
Kapa€Hularu YUKUHAN MaxcyJIoTaap TapKUOUJaru OJTUH MUKJIOPHUTa TAbCUPH

Kalitapuima cys
pH OKIM K pHHHIIH OkuMzIa ONTHH | TABMUHOTH KOHTYPH
KYypcaTKU4u mukgopu, mr/a | (KCTK) kyiikacuma
OJITUH MUKJIOPH, T/T
1,65 Toiixa 0,220 1,0-1,2
1,50 0,190 0,9
1,45 bupo3 noiika 0,180 0,8
1,40 0,090 0,6
1,35 0,085 0,5
1,30 Hlabdod 0,085 0,5
1,20 0,085 0,5

Kaitta unuramra kenu® Tymaauran cyibGua pyJalapuHUHT TapKuOu OUp
KUHCIM OYynMaiinu Ba ynap (QU3MK-KUMEBHM XycycUATIapu OWJIaH KECKUH
dapxnanagu, Oy acocuil TEXHOJNOTMK KapaéHiapia Tanad KWIMHAIUTaH
KypcaTKA4wilapra >pulIuiiia Oup KaTtop KUMMHUMIUKIAp Tyraupanu. [llynnai
myammonapgan  O6upn  KKOJ[  koHTypupga  Ouookcuanam — MaxCyJlOTHHU
KYIOJTUPUIIHUHT macT  caMmapagopaurugaaup. Llynra yxmam  myamMmo
(IOTOKOHLEHTPATHUHT yXxiam KYIOJTUPTUYJIapHia Ky3aTHUJITaH.
@DIIOTOKOHIEHTPAT OYTaHACH 3UWIMTMHUHT KypcaTKU4jIapra TabCUpU aHUKJIaHTaH
(3-pacm).

MaxcynoTinap KyIOJUIIMHUHT ONTUMAall KypcaTkuwiapura 6yrananu 15-20 %
(R = 4,0u45,3) karTuK XojaTraya CyHJITHpWITaHIa spuinmirad. byHna Kyromwui
te3muru 0,32 m/coar man 0,9 4 1,2 M/coar rada, KyIOJWIIHHHT COJIMIITHPMA
camMapagopiIury cytkacura 4,29 man 6,5 TH/M® rada ourran. LyHucy anuk GyaraH-
K, (IIOTOKOHIICHTPAT KYIOJITUPTUYMHUHT WIIWHA ONTUMAUIAIITUPUI YIYH
OYyTaHaHU KYIOJITUPTMYHA TabMUHJIOBUM KyBypuaa R = 4,0 1 53 raua
CYIOJITHPHUINl Makcaara MyBopHK, OyHMHT Y4yH OYTaHaHM aBTOMATHK Tap3ja
CYIOJITUPUII TU3UMHU MIUTA0 YMKUIITaH Ba TaBCUSl KUJIMHTaH.
byrananu aBTOMaTHK Tap3Aa CYHOIATUPUII TU3UMUHHU xkopul Kuium yuyH KKO/I
KYIOJTUPTUUJIAPUHUHT TAabMHMHIJIOBYM KYBYpJIapuJa CyB CaTxXy Japaxkacuja
TOPU30HTAJ TEUIMKJIAp KECWUJIraH, yjlap OpKajlud TUHIUPHWIraH CyB KyBypJapra
TymuO, OYTaHAHU KYHOJITHUPTUWIAPHUHT TAbMUHJIOBUM KyAyKJapura TyIITyHYa
cytontuprad. bupok kartuk Maxcynotr Oyinua KKOJ[ KyroaTupradiapyuHUHT
camMapaJOpJIMTUHU  OIIMPHILI ce3wiapiud OyiMarad, Iy MyHocabar Ousal
KYIOJTUPTUYHUHT STHTY TAbMHUHIIOBYM y3€JIM UIUTA0 YUKWJIIA Ba TaBCUS KUJIHH]IH.

16



[1-28 KyIOATUPTrUYHUHT SHTM KaOya Kuiauim y3enu (4-pacMm) JauameTpu
JoWnxaaarura kypa 2 Oapobap KaTTajaliraH Ba 5 M HM TalIKWI KWIaJuraH
TabMHUHJIOBUM KYyAYK, AMaMeTpu 3 Oapobap KaTTajJallraH TabMUHJIOBYH KYBYD,
IIYHUHTJEK TabMHUHJIOBUM KyBYp KUPUTWITAH OYUK KaOyJ KWIMII TapHOBHJIAH
noopar, Oy TapHOB KYIOJITHPrHU4Y caTXUJaru TUHIMPWIraH CyB TapHOBra TYIIHO,
TabMHUHJIOBYM KyBYpAaH KyAyKKa TylIaJuraH OYyTaHaHU CYHOJITUpaJWraH KUIIUO
VPHATHUJIITaH.
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KyIOMMIIHKHT COMMTIUTAPMA CAMAPAAOPAHTH, TH/MCYTHa

1-KRKOJ-1; 2~ KKOJ-2; 3 — KKOJI-3; 3-pacm. DIOTOKOHIEHTPAT Gy TaHACH

4~ THMPHLIHHIT INIACCHK KYpCATKH LIapH SUYJIMTHHUHT KYPCATKHWIAPra TabCHPH
2-pacm. I'M3-3 KKO/I kKOHTYpUHHHT yp P P

XapakTepJid THHANPUIIHUHT KYPCATKUYJIAPH

DyHnmaili KOHCTPYKTHMB  KapopJlap aBTOCYIOJTHPHII THU3UMHU HIIJTAIIUHUHT
caMapaJiopJiurd  omupuoO, KaOydl KWIyBUM KYyAyK XXMM KaTTaJallUIId
HaTWXacuga KATTHUK MaxCyJOTHUHT (JIOKYJSHT OWJaH ajoKa KWIHII BaKTUHU
y3autupau. KyloJaTHpruwiapHUHT ypradya YHYMAOPJIUTH KYpPCAaTKUWIAPUHUHT
MOHUTOPUHTH (TaxmnM) IIyHW KypcaTaau-Ku, TabMUHIOBUM Y3E€JIMHUHT
KOHCTPYKUHUSICH SIHTM OYJIraH KyHOJITUPIWY, JIOMMXaBUA TabMUHJIOBYM Y3€JUIU
KYIOJITUPTHY YHYMJIOPJIMTUAAH HWKKH OapobOapjaH OpPTHUK YpTaya YHYMIAOPIHK
OunaH uIUIad, KYWOJITUPUIIHUHT SXIIMPOK KYPCATKUYJIAPUHU Ba TO3apPOK YCTKU
MaxCyJ0T YAKUIIUHU TAbMUHIIANIN.

KKOJl ycTku MaxcyloTH MUIIBIKHHA 3pUMac IHaKira YTKa3Wll Y4yH
HEeUTpaymamTupuin  kapaéHura iynantupwiand. Keiiun oxakrom  OwiaH
HeUTpaJUIallran MaxcyJioT Kaitapuiama cyB TabMUHOTH KOHTypuHHUHT (KCTK)
KylOJTUpruuura Oopaad, y €plaH YCTKM OKUM Takpopui QoiinanaHumira
woopunaan, KCTK KyrOATUPrMUMHUHT TACTKM  MaxCyJdOTH  YUKUHAWTa
nynantupunaan. Amanuér kypcatummya KCTK KyronTtuprud nacTku MaxcyioTH
HaMyHanapuja qoum yprava 0,6-0,8 r/T ontun Oynanu, Oy OyTyHiai WyKoTUIap
toudpacura kupagu. OntuHHn KCTK mnactkm MaxcynoTuaan ¢uibTpiial,
HeHTpudyranam, SKCTpakius, OuUprajivkKia YYKTUPHUII, [HMaHIall Ba OOIIKa
ycynapna axparu0d onum  Oyinda TagkukoTiap yTkazwian. Kyhugaru
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pexuMaaru coporuon muannam ycyau ontuMan ne6 tomwirad: NaCN gactimabku
koHueHTpanusicu — 200 mr/n, pH=11,0, katpon 0,5% (>kapaén Oommaa); BakT — 24
coar.

Oy 159 mm

JNornxagarM TaBMHUHAOBUYM KYAYK,

Ay 426 mm

TAaKOMMANAWTUPUATAH TAaEMUHAOBYM KYAYK,
-KYAYKHUHI AvameTpy KaTranaluTUpuaraH;
-TabMMHAOBYM KYBYP AWMamMmeTpu KaTTanaluTHUPUAraH;
-aBTOMAaTHMK apanaluTUpPULL YyUyH TAPHOB JPHaTHUANaH.

4-pacm. I1-28 KyIOJTHPrHYHUHT TABMUHIOBYHM KyTYKHHHHT KOHCTPYKIHSICH
(Ty3HIMIIIH)

2-xkanBanjga Oepruiran Hatwkanapra kypa, KCTK maxcymoTugaH OJTHHHH
copOumoH axxpatu6 oy 82,2% HU TAITKUI KUJITaH.

2-KaaBall
KCTK maxcynotugan coOpOIUsUIN [IMAHIIAIT OPKAJIA OJITUHHU aKPaTHO OJIMIII
HaTWOKaJIapu
K¥ypcarkununap Homu Y1408 K¥ypcarkuuiap
Oupsuru
bornuanrry HamyHana AU MUKIOPH r/T 0,56
CopObuust unkuHAmIapuaa Au MUKIOPU /T 0,10
ONTHUHHYM aXpaTUO OJUII JapakacH % 82,2
NaCN capdu KI/T 0,4

TagKUKOTIApHUHT MXKOOMN HaTWXKajJapu cxema HUIiad 4YukKuO, COpOIMOH
nuannam  Wynmum Ounan KCTK  maxcynoTugaH OJTHHHHM — @XpaTud — OJMII
TEXHOJIOTHSICUHY JKOPHHA KWJIAIIT UMKOHUHU Oepau. Nnnad YuKuiaran TeXHOJOTHS
xuMosi yopacu OYnumu Ba (akar KCTK wMaxcynotuaa OATHH MHUKIOPU
Kylanuranjaa KyJUIaHUJIUIIA MyMKHUH.

MabiayMku, pylaajdapHd, KOHIEHTpATiapHU Ba  (JIOTOKOHIICEHTpATIAp
OMOOKCUIITIAaHUTII  MaxCyJOTHHU(OMOKEK) IHaHjam OOCKUYMAA pPOJAHUIAP
XOCWJI OVIMIIM HATPUM NHAHUJAWHUHT IOKOpW capduianummra acocuii cabad
OynuO, ONTHMHHHWHT IIMAaHJIM KOMIUIEKCH OWiaH pakoOaTim copOuuscumaru
YJIIAPHUHT UITUPOKH KATPOHHUHT OJTHH OYiinya Xa)XMU KaMaluIIura Ba copOIus
YUKUHIUIApU CYIOK (ha3acuaa ONTUHHUHT FOKOPU KOJJIMKJIM KOHIIEHTPAIMSICUTa
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om0 kenmaau(5,6-pacm). Xap X1 acTiIaOKu MUKIOPAArH CyJIb(HI ONTHHTYTYPTH
OynraH OMOKEKHMHI MKKUTAa HAMYHACHHU I[MAHJIM TaHIa0 SPUTHUILI KUHETHUKACH
Oyiinuya TaaKUKOTIAap VTKazwiau. VMkkana HamyHalapHU LHMAHIANI [IApTIapH
yxmram OYnran (anmoHuT KymmacaaH): pH=10,5-11; NaCN wuHr nacriabku
koHneHTpamusicu 1000 wmr/nm ra tenr, K:C= 1:2/4. buokek HaMyHacuia
ONTHHTYTYPTHUHT (Sg) oxuprada okcuIaHMaras makutapuaunr 1,0 man 1,4%
rada omuiny 10 coaT TaHnad SpUTHIN AABOMUAA HATPUM LMaHUIUHUHT capdu 4,8
naH 6,9 kr/t rava ommmwura oimO Kemamud, OyHIa JSpUTMAIard poJaHuIap
KoHreHTparusicu 1457 man 2050 mr/n rava KyTapuiau.
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6-pacm. CopOuusi CyIOK YHKUHAM MAaXCYJI0TIAPUIA OJTHH
MHUKAOPUHHMHI y3rapHuIIu

[lynnai KUJIHO, [UaHJIaIIra 1000puITan MaxcCyJIoTJapJaru
OJITMHTYTYPTHUHT OXHprada OKCHJJIAaHMaraH MHIaKJUIAPUHUHT MUKIOPH HATpUi
nuaHuau  capduma Ba Xocun OymamuraH  poAAHUANAD KOHIICHTPAIUsCHIA
MIPOTIOPIIMOHAIT Tap3/1a aKC ATaIH.

/-pacmaa pomanumiap xocwsn Oymumm kuHeTHkacuHUHT NaCN nmactinabku
KOHIICHTpaIusicura OOFIMKJIUTH KYpCaTWUITaH, yHra Kypa pOJaHUIap TYIUK
xocunt Oymumm Bakth NaCN konuenTpamusicura 0orauk smac Ba 10-12 coathu
TAIIKUI KUIaIu.
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bynna Oenrunanummwya, OJTHHHM TMAHJIA TaHJIA0 DPUTHIN TE3JIUTH
polaHuIap XOCWUJ OynummaaH rokopu. PonaHujgnap KOHIEHTPALUSICHHUHT
copOeHTIIap  TYHWHHUIIWra KypcaTaJuraH TabCUPU  YPraHuO  YHKWIJIH.
Oxcuanianrad pyaajapHu KaiTa unuiam yuyyH xoc Oynaras (9,8 mr/m) spurmanaru
ponaHuuIap KoHieHTpauusacuaa, AM-2b Ba PuroGold anwonuTIapHU OJNTUH
Ownad TYyWuHTHpHUII 6,2 Ba 4,6 MI/T HU TAaIIKWJI KWIAK. BUOKEKHM KaiTa WIIUIAII
yayH Xxoc OVarad (4625 Mr/n) poaanuaiap KoHIEHTpaluscu omranaa, AM-2b Ba
PuroGold annonutnapuu ontuH Owinan TyduHTHpHII 3 Ba 2 6apobap KaMasiiu.
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7-pacM. Poranuaiap xocusa OYJIMIIMHAHT KHHETHKACH

[uannamman oOJOMH XOM AamI€HW KU3AUpUO KOHauIUMsIam  Oyitnda
TaIKUKOTIap Oaxapwinau (yHIard OJTHHTYTYPTHUHT OXHMprada OKCHJJIaHMaraH
MaKJJIapy  MUKIOPUHM KaMaTUpuIl Ba, HaTwxka cudaruga, poaaHujiap
KOHLIEHTPAUMsCUHUHT Kamaiiumun).  Taxpubanapaa cyiab(UIiIM OATUHTYTYPT
MUKJIOpHY IOKOpHU Oyiran Onokek unuatuirad, y pH = 4 raua rounran Ba W=50%
HamiMkkada  ¢uibTtpiaanrad.  Kwsmupumr — Carbolite CF-24  neuura
XKOWTAIITUPWITaH TyHyKa ToBadapaa (mpoTuBeHaa) Oaxapunau. JlacTinabku
HaMyHa OFUPJMIH KypyK Mojjara xucooOnaranga | Kr HM TallKWiI KUJJIH.
Apanamrupuin Ku3aupuinHuHr xap 10-15 makukacuaa Kyiaga amaira OmMpUIIIN.
Nkkm coar Ku3aupraHjaH KEeWMH HaMyHaJIap KyWHJaru pekuMaa COpOIMOH
nuannamra ooopuwiau: pH=10,5411,5; NaCN=500 wmr/m; karpon 0,5% (xapaéu
Oomuaa); copomoH uanIan Bakty 16 coat, C:K=2:1.

AHMK OVnuimmya, OUOKEKHU 600°C Ta WKKJA coaT JaBOMHUIAA OJIHUHIAH
KU3JIMPUII Ba KOJJIUKHUHT KEHHWHTHM COPOIMOH LMAHJIAHUINM KyWuAarwiapHu
tabMuHNauau: Sg HuHr 6,1 mam 0,08% raua, C,, aca 1,5 man 0,2% raua
kamanummnan; sputMmaaaru CNS konnentpanuscu 934 nmanm 1,3 wmr/m rada
KaMalMIIMHKW;, OJTHUH axXpatud onaumHUHT 15,1%ra opTummHu, copOus
YUKUHIWJIAPUHUHT CYIOK (ha3acuaaru ontuH KoHeHTpamusacu 1,07 man 0,04 mr/n
raJya KamalraH X0JIJ1a; HaTpui NHaHUAMHUHT capdu 4 O0apodap Ba OXaKTOIIHHHT
capdu 2 6apobap KaMalUIITUHY.

XoM améHu UIIKOPJIM MYXHUTAA OKCHIa0 WIUIOB Oepubd KOHIAMIIHSIIALI
Oyiinua TaaKUKOTIAp YTKazwinu. Mabiaym Oymumudya, 13 coaT maBomMuaa CyrOK

20



¢dazamaru koHueHTparusicuan 20 Mr/n mapaxacuaa cakiaad, OyTaHara KHCIOPOT
OWwIaH OJJMHJAH HWUUIOB O€puIl, HATPUN UMAHUJUHUHT POJAHUIJIAD XOCHII
oynumura capduanummHu kamatupaau. CopOIMOH TaHIa0 APUTHIN OOCKHYMIA
OJITUH aXpaTUO OJIUII ACSIPIU Y3rapMaiiiu.

Ponanumyiap KOHIEHTPALMSICUHU KaMaWTUPHUII Y4yH OKCHIJIArdd KYJLIaIl
iy Ounan OYTaHaHUHT CYyB (pa3acHHU KOHIULMSUIAIT OVinYa uiiap YTKa3uIIu.

TaakukoTnapna oxkcujuiarud cudartuaa Kaiuui nepcyibdarv KYJIaHUITaH.
Masbaym 6ymummaa, K, S,0g cappu 8 Kr/M® HE TALIKMI KWITAHIA OYTaHAHHHT
cyroK (azacumaru pomanumiaap KoHneHTpauuscu 1199 man 9 mr/n raga xamaimy,
YUKUHAWIN OYTaHaHUHT CYIOK (pazacuaaru oiTuH KoHueHrtpamusicu 0,16 nan 0,07
MT/11 rada kamaiian. OKCcHUIarnaapHUHT I0OKOPU HapXH Ba copOIusra 10opuiaran
OYyTaHaHWHT KaTTa XaXMJIApW XWUCOOTa OJWHTAaH/AA, KOHAWIMSUIAIIHUHT YIIOY
yCyJIM UIUTa0 YMKAPUIIT MAPOUTH]IA MABKYJT XUCOOITaHMAMIH.

bakrepuan MaXCyJOTHH COpOIIMOH [UaHJIaII TEXHOJIOTUSICH
MyKammanamtupwigd. CuHoBnapHu  yTkazum  yuyyH ['M3-3  TexHOIOTHK
xapaéaunan KEMUKC TabMUHOT MaxCyJOTHMHMHI SIHTM HaMyHalapu OJIMHJIH,
aBBaJl JabopaTopusi TaIKUKOTIIApU, KEWHWH SPUMCAHOAT CUHOBJIAPU YTKA3WIIH.
JlabGopaTopusi cHHOBIapW Kedaro KyHAy3 YTkaswigu. CHHOBIApHUHT acoCUi
Basupacu — I'M3-3 nga amanga KyJutaHwiagurad (JIOTOKOHIIEHTpATIapHU
ooduTUIl Ba  OMOOKCHJIAIl  TEXHOJIOTHSCHM  OwjaH  copOuMs  y3enu
PEKOHCTPYKIUSACUHU JIOMUXANTAIITUPUILL YYYH JNACTJIA0KH MabJIyMOTJIap OJIMII
OyJraH.

I'M3-3 pa onuHaguraH OMOOKCHJIAIN >KapaéHM MaxCyJOTJIapUHM KalTa
UIUIAITHUHT KYMUP-COPOIIMOH TEXHOJOTHUACH SIPUMCAHOAT CUHOBIIAPU YTKAZWIIIH.
MaxcynoTJIapHU Kapllid OKUM COPOLIMOH TaHJIa0 SpUTULIHUHT Y3IYKCU3 PEKUM/IA
MIUIOBYM CAHOAT >Kapa€HWHU MOJEIUIAIITUPAJUTaH KypuiMmanaH Qoiigananuo
CUHOBJIAp VTKA3WIIU. YOy >apaCHHUHT JMacTiIaOKu peXUM TapameTpiiapu
Kokmarac Ba JlayFu3roy KOHIapu pyAaJapuHUA KauTa HIUIALLAA OJIMHAJIWUTaH
HaMyHajap OwiaH aBBajd  yTKaswiraH Jiabopatopusi  TaAKUKOTIAPUHUHT
HaTWXanapyu Oyinuya onuHAW. buookcumiam MaxcyJOTIApUHUHT TEXHOJIOTHK
XYCyCUSTIApU YpraHu® YUKWIIU, Xap XWI HWIUIA0 YUKAPYBUMWJIAPHUHT KYMHP
copOeHTIIapu CcHUHA0 KYpUIIIU, OMOOKCHIAI MaXCYJOTHHH COPOIMOH TaHIab
DPUTHII Kapa€HUlA KYJUIalll YYyH TaBCHS KWJIMHTAH KYMHUp MapKacu TaHJIaH[IH,
acocuit pexxum mnapamerpiaapu Ba CIL TexHomoruss OViiMua OWOOKCHJIAII
MaxCyJIOTJIApUHU KaiTa WIlIala KyTUIaJurad HaTuxKauap aHUKJIaH U,

bapkapopnamran pexumaa KKOJl maxcynorura xucoOmaranma NaCN 15
KI/T commtupma capdu ounan 84,6% kymupra Au axkpatud onunran. «byranana
KaTpoH» cxemacu Oyiuya uiuiaiiaurad OMOOKCHUJJIAIl MaxCyJIOTHHU COPOIMOH
[UaHJIall y3enu «OyTtaHaga kymup» cxemacura yrtraswian. [llynmait kw6
TabKUUIal MyMKUHKH, ['M3-3 HU OMOKEKIapHU CyIb(PUACU3IAHTUPUIL OYHnYa
KyImuM4a Taa0upiap yTKa3MaclaaH KYyMHUP-COPOIIMOH TEXHOJOTHUACHUTA YTKA3HIII
Au axpatu6 omumHN 8410% ra kyrapum uMkonwHH Oepamu. by HaTmxkara
WIIKOPJIU IOBUII PEKUM MIAPTIAPUHU ONTUMAJUIAIITUPHUII Ba COOPIIUS XBOCTIIApH
cytoK ¢azacu ounan AU iykoTunuiapHu 6aprapad KUiauin XucoOuIaH SpUILAIIIN.

21



Baktu-BakTi OwiaH Kynuk Xocwi Oynmumm  kymuiab  Ouookcuiytani
KypuiMajaapu y9yH MyamMMO TyFAUpaau, Iy skymianan Kokmatac OMOOKCH AL
KypuiMaigapu yuyyH xaM. Kynuk pgapakaCHHUHT OPTHINM PEaKTOPJIAPHUHT
doligany UIuu XaXKMUHA KaMalTupaay, 0y OMOOKCH 1Al BaKTH KaMalUIIIUra Ba
KKO/I-3 na Koaaukiayd OJTUHTYTYPT Kynaiumura oauo kemaau. by 6umookcupiai
peakTopiapuaH KYIMUKHA YUKApHII Ba YHHM aJlOXUjJa KalTa WIUIAIl HYUTapuHH
TONHIIHM Taj1ad KHJIagu.

Ymly wMacamanu ypranu® 4YWKHII Yy4yH OuTra Oupinamuu Ba OuTTa
MKKWJIaM4d OWOOKCHJIalll PEeakTOpu CHHOBAAH yTKazwiau. Peaktopriap
O6opTnapuHUHT (EH IEBOPIAPUHUHT) TIepuMeTpu OYilnad KYIuKHU HUFUO, KeHUHTU
UIUJIOB YYYH MaxCyC KOHTEWHepra MaxcCyJOTHH I00OpaJural TapHOBIap
ypHaTUAU. TapHOBra KyMKHY YYHMPHUIL YUyH CyB y3aTHII Ha3apAa TYTHJITaH.

KailTa MIIIalIHUHT WIOKHU OYJIraH yCyJUIAPUHU YpraHWIIra KAPUIIUIIJIaH
onauH, 'M3-3 >xapaéHumad OMOOKCHJIAI PEAKTOPUJIaH KYMUK MaxCyJIOTHHHHT
HaMyHacu KUMEBUM TaXJWJ KWIMHAM Ba ONTHHHU (pa3a XOJaTUHU TOIUII y9yH
KUCKAPTUPWJITAH pallMoHall TaxXJuiau VTkasuiau. Kynumk MaxcyJIOTHHHHT
paloHall TaxXJIWIKM HaTHXKajJapura Kypa, YHAard Iuanjiamn MyMKUH OYJIraH OJITUH
MUKIOpu 52,2%, >KMHCTa 03-03 Koitamranu (aespiu ImaninanMaran) 13,7%,
KOJITaH OJITHHHU MaxcCyC MIIUIOB OepuIll ycyimapuaan (oiigananud axpaTuO OJIMII
MYMKHUH — KU3IUPUII; KyJaUTHPUITAH IIapouTIap/aa [HaHIall Ba I1L.y.

Nmkopnanran Kynuk MaxCyJOTHHU OKCHIA0 KU3AUPUINL Ba KEHUH
KOJITMKHU COPOLIMOH IHUAHJIAI KOJIIUKAAH OJTUHHUHT 83,4% napaxkana axpatud
OJIMHMIIIMHY TAbMUHIIANIN.

buTra MKkKkniIaMuu peakTOpHH CHHAII HATHXKajlapura Kypa, KYIUK MaxCyJoTH
XyIOu Iy peakTopaaru OyTaHara HucOataH Kydupgaruda Oodutwiaran: AU -
176,7r/1, S -5,06% 1 Copy. -14,74%. byHna OMTTa MKKMIIAMYN PEAKTOPAAH YMKKaH
KYIIMK MHUKJIOPH CHHAIIl BaKTHJIa KAaTTUK (pa3ara xucoOsaranaa 8,9 T/CyT TaIlIkui
Kwiau (OuTTa OMpiiaMyu PeakTOp/aH YMKKAH KYMUK MUKAOPH 2,1 T/CyT Tamikui
Kwiras 31u). Kynuknaru kartuk Gaza mukaopu 74,65 r/m éxu 0,07465 /M
HU TallIKWI KWiau. bup coatnaru ypraya KynuK YAKUMH S M>/d HM TAIIKQI KWJIJIH.
Bup cyTkamard yprada KYmuK 9uKAMH 5 M>/4 * 24coar = 120 M /CyT HM TaIIKHI
Kwian. KYDuKHUHT KaTTuK  (azacu OFUPIUTH OWTTa OWPUHYM HKKHJIAMYH
peakropaan P=120 m*/cyt * 0,07465 1/M° = 8,9 T/CyT HM TAIIKHIIT KHILIH.

CopOunoH nMaHIM TaHaad sputTHILAaH (oiganaHul® KYNMUK MaxCyJOTHIaH
OJITUHHU aXpaTuO® onuim Oyiuda taakukotiaap YyTkazuiaau. NaCN pactiabku
koHreHTparusacua 2000 gan 20000 mr/m raya OmMpUII KYMUK MaxCyJIOTHJIaH
OJITUHHU axkpaTuo® onuiHu 61,4% nan 84,8% rava ommmura onubd kenaau, Oy
copOLMs YMKUHIWIApUIard oJTuH Mukaopu 32,1 gan 12,9 r/t raua kamaiuiura
Moc kemaau. Ky#upgarm mapT OwiaH THOMOYEBHMHA JSPUTMACHHHM  KYJ1ao,
tapkubuna 105 r/t ontuH OYnAraH KYynukaH ONTHHHHU TaHJA0 »puUTHII OYinYa
taxxpubanap yrrazuwiau: TM kornerTpanuscu = 100 r/m; H,SO,4 koHIIEHTpanuscu
- 25 1/m;; Fe™ koHneHTparusicu = 30 /11, TaHIa0 SPUTHUIN BaKTH 2 COAT, Xapopar
60°C. Ymly mapouTaa OATHUHHUHT dpUTMara axxpaind yukumm 27,7% HYA Talmkul
KWIIU, Oy YMKUHIUAArd OITUH MUKIOpHU 76,4 T/T Ta TYFpu Kenaau.
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«YTa wmypakkaé Tapkubam pyJajapEd  KaiiTa  MILIAITHHHT
KOMOMHALIMOH TEXHOJOTWSICHHM WHLIA0 YUKUII Ba JKOpUHA 3THID» 110
HOMJIAHTaH TYPTUHYM 000/1a Mypakka® Ba yTa Mypakka® TapkuOiId pyJadapHH
KailTa HWOUlall TEXHOJOTHK >KApa€HWHUHT CcamMapaJOpWIIMTU OLIUPHINTa OJu0
KeNaJuran OHMOJIOTUK OKCHJUIAIl MaxXCyJOTH TapKuouaaru cyibGuj Ba KYMUD
OupukManapu UYKOTUIl OujaH Oupragukaa copOLMsUIM IHAHIIAIl MaXCyJIOTHHU
OOMUTHUIN MaKCcaau1a MIUTad YUKWITaH OKCUIa0 KyHaupHil Oyiinda TaqKuKoTIap
HaTWXKaJIapy KEJITUPUITaH.

bruookcunam MaxCyJIOTUHU KH3IUPHIIT TEXHOJOTUSCUHUHT
caMapajopjurura jgactiabku 0Oaxo Oepwiau. buookcumiam MaxCyJlOTHHU
KU3JUPHIL OYiin4a YTKa3WIraH TaAKUKOTIap HaTHXKalapura Kypa:

- Koknarac Ba JlayFu3toy KoOHIapu pyJaidapuHUHr mmxtacujgan 60:40
HECOAaTAa ONMHraH Omookcwmmram Maxcytoruan 600°C xapopartma 2 coar
JaBOMUa KU3AUPHUII, KEHUH KOJJAUKHUA COPOIMOH IMAHJIAI OJITUH aXXKPaIUIINHU
73,3 nan 82,5% rauya omwupanu; HaTpud HUAHUAMHUHT capdu 2,5 OGapoOap
Kamasiau; OYTaHaHUHT CYIOK (ha3acuaaru pojanuyiap konuentpamusicu 5000 nax
16 mr/n raya xamasian.

buookcunnam mMaxcyJlOTHUHHM KU3IUPHUII Ba KEHUH KOJJAMKJIAPHU COPOIIMOH
nuannam OVimya YTKa3wiraH CcaHoaT CHHOBJApU HATWXKacuJa, OJTUH
QKpATUIINTa KU3IMPUII XapopaTu KaTTa TabCUP KYPCATUIIN aHUKJIAHTaH(8-pacm).
Konmukaan ontuH axpatud omumn  Oyiimua 3HT sxmm Kypcatkuwiap (85-88%)
ku3aupun  xapopatn  570-600°C  6ynramma ommmran. [M3-3  maponTHza
OMOOKCHIJIAIl MaxCyJIOTUHU OKCUJIA0 KU3JUPUII TEXHOJIOTHSICUHU CAaHOAT
Japakacuja Y3MaIITUPHUII YUYyH KyHUJard acocHil TEXHOJIOTHK olepanusiap/iaH
nbopar cxema HILIad YMKWIIKW: OMOKEKHU (UIbTpJall, OMTTa KMU3AUPHUIL TEeYHIa
OMOKEKHM KYpPUTHII Ba KU3IUPHUII Ba KU3IUPHII MaxXCyJIOTIAPHUHH COPOIMOH
nuannamn. buookcummam MaxCyJlOTHHU OKCHUUTA0 KH3IUPUILI TEXHOJOTHUSICUHU
caHoaT Japakacuaa V3JMalTHUPUIN HaTWXacuia OMOOKCHIUIAIl MaXCyJIOTHHU
KU3JUPHIL TIeYnra FOOOpHINIAaH OJJUH KYpUTHII 3apypJIMrd aHUKJIAHTaH.
buookcupnam maxcymnorugary Hamiaukad 35-40% man Tana®d KuiauHaguraH 12-
16% raya kaMalTHpaJUran Cymmika (KypuTrud) TaBCHUsl KUITHH/IH.

Kyliuanunan onaTuH axpatum  Oyiinmda »HT MakOyn KypcaTKudiapra
KU3IUPUII TabMHHOTH 5,5-7,5 T/coaT OYynranma H>pUINWIWINA aHUKJIAHTaH
(9-pacm). Bynpaii roknmamanapjaa KH3IWPHIN HATMKACHIa YWKAIUTaH KOJJIHUK
tapkuouna S.=0,03-0,1% Ba C,,=0,1-0,3% O6ynanu, copOUMOH LMaHAII
XBOCTJIapu 3ca 4,4-6,1 r/T Hu Tamkui Kuiarad. Ku3aupuin caHoaT KypuiIMacHHUHT
acocuil TexHonoruk myammocu 30-40% HU TalIKWiI KAJITaH YaHT YUKW OYIIraH.

buookcuanam MaxcyaoTuaa KOJIUKIU CyJIb(Ua ONTUHTYTYPTH MHUKIOPUHU
KaMalTUpHUIL Y4yH COPOLIMOH I[UAHIAIIIAH OJAWMH YHU THIPOLMKIOHIANT TaKIU)
KWIWHTAH,  HaTWKaJa  ONTHHTYTYPTHHHT  OXHpUTrada  OKCHJJIAaHMaraH
(dbopMalapuHUHT acOCUW KUCMH OynraH KyMm (pakiusich axpanub, copOIroH
xKapaCHIa OJITMH aXpaTHO OJIMII KYPCATKUWIApUTa YHUHT HETaTUB TabCUPUHU
KaMaWuTUPaIH.
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9-pacm. BuoJioruk OKCHIJIAIT MAXCYJOTHHHHI CAHOAT/AA KOPUIl KUJIUIIT
HATHKAJIapH

ColMmTUpUIl y4yH TUAPOLUMKIOH OKUMH, KyYMHU Ba YHHUHI KU3JAUPUITaH
MaxcynoTu MaiknananMaraH Ba -0,044 MM cuH(braya maijgangaHraH XoJiaTna
copormon mwmannmanrad. NaCN pactmabkm  koHmeHtparmsick  1000mr/m Ba
MyBO3aHaTiIu KoHLeHTpauuscu 700 mr/m Oynranga OKMMHU COpOLMOH IMaHJIAIll,
ontuHHu  80%  nmapakaja  axpartuO® OJUIIHU  TabMUHJIAWAM, I[MaHJIAII
gyuKuHauIapuaa 6 v/t ontua mukaopu Omradn. NaCN mactiaOku KOHIIEHTpaInusIcu
1000mr/n Ba MyBo3aHatiu KoHieHTparusicu 400 wmr/nm Oynranaa macTiaOku
KyMJIapHHU (MaiianaryHya) copOIMoH Iuanam onTuHHu 61% napaxana axxpatud
OJIUIIIHYU TAbMUHJIANIM, [TUaHIal YMKUHAWIapyaa 3,7 /T ONTUH MUKIOPY OUJIaH.

Huanmampan omaua -0,044 MM cuH(raya KymjaapHd Maijgaiaml OJTHH
axparud omum  73,7% rava oprtumura onu0 Kenaaw, YMKUHAWIapuaa 2,5 r/t
OJITMH MUKIOpPW OujaH. ['paHynsuusUlaHTaH KyMJIapHM KU3JUPHII Ba KEHHH
KonaukHu -0,044 MM cuH(braya maiiganam KOJJIUKIAH OJTHH aXpaTHO OJIMIIHU
84u88% raua ommpaau, IUaHiam YdKuHAWIapuaa 1,2-1,6 /T oATHH MUKIOpH
OuJiaH.

OHr KyI OJTHUH aXpaTuO OJMIIHU THAPOLMKIOHJANI KyMJIAPUHUHT OUp
KUCMUHU KU3AUPUII (KU3IUPUII MEUYMHUHT YHyMIopauru 6-8 1/coatna 160 1/cyt
Ba OyHnma 136 T/cyr KyWMHIM oyvil OWIaH) XamJa KyMHUHT Ba KyWMHIU
JOHAJTApUHUHT KodaraH KucmMuHu -0,044Mm cuH(pradya wmaijganam cxemacu
TabMUHJIAIIM OCJITMIaHTaH.
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4-anBan

3-I'M3 mypakkad TapkuOau CyabPUIIN OJTUH PyAATAPUHHN KalTa UIIUIAII
camapaJOpJIMTHHU OIIMPHUIIT 0aX0CH

Taxnudunap Ba Kyhniaran
TOMIIUPHUKJIAP

Tonmmpukaapau 6akapuii
Hyinapu Ba ycyiapu

OnuHrad HaTHXKa

Bakrepuan Tannad SpUTHII KEKUHH
KapaMma-Kapiii OKUM JeKaHTaIUs
yCyJIu/a I0BUII TEXHOJIOTHACHHH

TaKOMMJUTAIITUPHIIL
1.1. Ontuman GIOKyJISHTIAPHA
TaHJIAIIL.
1.2.byrana cyrok daszacu pH
kypcarkuunauar KKO/J

OKMMHHUHT THHUIIIUTA TAbCUPUHU

Ypraauuu.
1.3.KKO/I kouTYypHn
KYIOJITUPTHYIAPHHUHT UIITYH
y3eJyIapu KOHCTPYKIHUSCHHH
TaKOMMJUIAIITUPHULII

1.1 ®nokynsHT TaHIAII.

1.2. buokekHH IOBHIIIA TEMUD Ba
MUILSKIAH TO3aJIall YIyH
KHUCJIOTANAIITHPWITaH CyB

WIIJIATUITHA )KOPUH KUJTUIIL
1.3. KyronTupruyHuHT TabMHUHIIAII
Y3EJIMHU PEKOHCTPYKIIHS KHJTHII

1.1. Kyronrupumr xxapaéau
KYpCaTKUWwiapy sSIXIIUIAH/H.
OnoxkynssHTHUHT capdu 1:2:3

KYIOJITHUPIHWIap YIyH MOC paBUILIA
OMOJIOTUK OKCHIIAII MaxXCyJI0THTa
90:20:20 r/T Muknopuga OenruianIu.
1.2. buokek 6yranacunu pH=1,3-1,4
raya KucJaO0TalallITHPHUII
TEXHOJIOTHSCH UILITA0 YUKUIIIH.
KKO/ kyrontupruunapuaa OyTyHian
WYKOTWIAAUTAH OJTUH MUKIOPH
KaMalTHPUIIIN.

1.3. KKO/I xyrontupruwiapu
ONTUMAJUIAIITHPHUIIIN.

Buonoruk oxcumia
KOMIUIEKCHIaTy KaiiTapuiMa CyB
tabMUHOTH KOHTYpU(KCTK)
IUKIUAard OyTyHiIan
UYKOTWIIAETTaH OJITUH MUKJIOPUHU
KaMaWTHPHIIL.

KCTK kyrontupuiran
MaxCyJOTH/IaH OJITUH aXpaTHO
OJIMII

KCTK maxcynotunan copOLusin
IIMAHJIAII OPKAJIM OJITUH aXXpaTHO
OJIMIL TEXHOJIOTUACH HUIILIA0
YUKWIAH.

OunTuHHY OMOKEKAAaH COPOLMSITI
[IMaHJIAIl YCYJINAA TaHIa0 SPUTHUIL
caMapalopJIMTUHU OLIMPHUII

Typnu xun S Tapku6au
OuoKeKIapaa poJaHuATIAp XOCHI
OYJIUII KUHETUKACH Ba YJIAPHUHT

pakobatgom copouusra

TabCUPUHU KaMaUTUPUIL HYIUIapu
Ypranwigu

Ponmanniap mapxyn Oyiaran
XoJu1ap/ia COpOIUSITN ITMaHIIAII
JKapa€HUHU 0110 OOpHII YCyTu

TaBCHUS KUJIUHIN

Maxcyc Kaiita niuiam
yCyJUIapUHM KYJUIaraH xosijaa
OMOJIOrMK OKCHJTIAII PEAKTOPIAPH
MaxCyJOTIapuJaH OJITUH aKpaTuo
OJIMIIHYU OIIUPUII

Buonoruk oxcumiant
peakTopiapuaaru KYmuKH!
WYKOTHII

Kyuaiitupunran uuasman Ba
KYWIUPUII [IAPOUTH/IA UITKOPJIAHTaH
KYNHUK MaxCyJUIOTUAAH OJITHH
axpaTud oy

buonoruk oxcuyian
MaxCyJIOTJIApUIAH OKCHIJIAaHMaraH
cynb(uuIapHy rpaBUTaLs YCyIUaa
QKpaTHO OJIHIII

buonoruk okcuana
MaxcyJnoTIapuIaru OKCHUTaHMaraH
CyNb(GUIApPHA THIPOLUKIIOH
€paaMua aXKPaTHIIL

I'ippouuknonnam KymiapuHu
KyHIUpPHUII CXeMacu TakIu( KUINHIN

Buronoruk okcuyiam MaxcynoTi
COpPOLIVSIIH TMaHJIAII JKapaéHUHU
TAKOMHUJITAIITAPHIIT

Buonoruk okcuamnam Maxcyao0THHI
KaliTa UIUIAIl CXEMacH XKOpHUM cxemMa
OWIaH CONUINIITUPTaH X0JAa cCuHa0
KYpWIIN.

Buonoruk okcuanam Maxcyja0THHI
COPOLIMSUT LIMAHJIAL y3€/IU/IaH
«OYyTaHana KYMUP» CXeMacura YTUIIH.
Maskyp oneparusizia OJITHH aKpaThHo
onun fapaxkacu 8-10% raua
OLUMPHIIAH.

buonoruk okcuan
MaxCyJIOTIIAPUHN KYHIAPHIIL

bronoruk oxcuasIant
MaxCyJnoTJIapHHHA OKCH a0
KyWIUpHII cXeMacH CUHa0
KYPWIIH.

Buonoruk okcuamnai MaxcyaoTIapuHA
Kyl upuiin OniaH KoMOUHAITUSIIAIITaH
CXEMACH HIIDIA0 YNKWIIH.
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Mynmait kwmb >xaxoH Oo30pu Taynabmapura >XaBoO OepaaWraH TOBap
MaxCyJIOTJIapUHU YMKApUO, TapKuOMIa OATHH OYiraH CcynbQUAJApHA MaKCHUMal
Japakaja O4ull, KOHIEHTpaUusjall Ba KalWTa MIUIAra WyHaITHPUITaH
TEXHOJOTMK MacalajapHd HIUIa0 YMKUII Ba peaau3alus KWIMII acoCuaa
Oounookcuanam TexHosorusacu Oyitnua Koknarac Ba JlayFu3roy KOHJIapu Mypakkad
TapkuOJIM Cynbdu pynajapuaH OJITHH aXpaTUO OJMILHUHI caMapajopiUrvMHU
omupuil Oyinua TaBcusmap ['M3-3 na unuia® yukapuin amManuéTura >KOpui
KWIAH]IN.

I'M3-3 wuma® YMKAPUIIMHUHT TEXHUK-UKTUCOAUN KYpCATKUWIAPUHUHT
TaxJIWJINra Kypa, TaBcusiapaH (pouJanaHuIl PETHOHHUHT XKTUMOHUM-UKTHUCOHIA
MaH(paaTIapuHu xucoOra onud Tabumii OOWIHMKIapAaH panuoHan (oimamaHuIn
MMKOHMHHM KeHratupaau. buookcumiam TtexHosorusicu Oyimya Koxmarac Ba
JlayFu3Toy KOHJIapH Mypakkald TapKuOmu cynbGua pynajiapuiaH OJITHH aXpaTuod
OJIMIIIHUHT  caMapaJopJiurMHU OWupHuIl Oyilnua TaBcusanap, BaszudasapHu
OakapHill HyJulapu Ba yCyJUlapH, SpUIIMITaH HaTHKa 4-)KajBanjia KypcaTuiraH.

I'M3-3 nma Oumookcummram TexHojorusicu OViimua Koxkmarac Ba Jlayrusroy
KOHJIApU Mypakkad TapkuOiu cynbPua pyaanapuiad OITHH aXKpaTHO OJMLIHUHT
camapaJOpJIMTMHU OIIMPUII Oyiinya UIIap HATHKaJapuHU >KOPUM KWIUII OJITUH
aXpaTUO OJMILHUHI YMyMHH AapaKaCUHM KyTapuilura, Tai€p MaxcyjoT HILIa0
YUKApULI TAHHAPXUHU TYLIMPHUILITra Ba MaBXyJ KalTa WIUIAl Xa)KMUHHU CaKjIaraH
X0JiAa, WAJUIMK OJTUH MILIA0 YMKAPUIIHU KyNauTupHIlra ojaud Kemaau Ba Oy
Hunura 222,2 MuipA CYMITUMK KYIIEMYa MaxCyJoT OJMILra UMKOH Oepaiu.

XVYJIO0CA

«Mypakkab Ba yTa Mypakkad TapkuOnIM ONATUH cakjarad Kusuikym
pyJQJIapUuHM KalTa WILIAll CaMapaJOpJIUTHHUHT UIMUM-TEXHUK acocaapuy»
MaB3yCHJIard JOKTOPJIMK JUCCEpTalUiIch Oyinda oaub OopuiaraH TaakKHKOTIap
HaTWKacuaa KyHujaaru xyjaocanap TaKIuM STUIIU:

1. Buookcuanam MaxcCyJIOTHHHM FOBHII >Kapa€HHIA OJTHUH Y3WHHU TYTHUILU
Vpranwiviig acocuja Kapama-Kaplid OKUM JIEKAHTalUUSICH YCTKH OKHUMHAA
KoJutony; ¢opMana ONTHUH MaBXKYJJIMTH Ba YHUHT pH MyXutra OOFIHKINTU WITK
Oopa aHUKJIAHraH Ba Yy MWYKOTUIUIAPHU KaMaUTUpHIL OWUOKCHJ OOMMTHUII
TEXHOJIOTUSICUHU UIILIA0 YUKHUIITa XU3MaT KUJIa u.

2. Kapama-kapiu OKUM JEKaHTaIUACH KYIOJITUpra4Iapuaa
TUHJAUPWIMIIHUHT EMOHJIAIIMINK ca0a0u aHWKJIAHAM — apceHaT Ba TEMUD
OKCUCYIb(ATH KOJUIOWJ 3PUTMACH XOCWJI OYnuO OyTaHaHUHT CyrOK (azacumaru
Fe*® Tysmapummer rugpommsu  (roBumma pH  y3rapu6), Gy OyTaHa CyOK
(ha3aCHHUHT KOBYIIKOKJIUTH OPTHUININIa Ba OMOOKCHJIAI KeKU HiaM (QpakiusIcu
YYKUIIW TE3TUTUHUHT KaMaluIIIra ojau0 Keau.

3. buonoruk oxcuanam >xkapa€Huga KYOUK XOCHJ OYJIMII MEXaHU3MHUHH
VpraHuiin HaTWKacuaa peakTopiaapaard OyYyTaHAHWHT KYyMUPIIA KUcMuIa (IoTaius
dakTopiapu xucobura KOJUIOMJ Ba Maiiia 3appaydaid ONTHHHU (pakiusiapra
aXparuiln Hynu OwiaHn OoWuTHIN )apa€HW aHUKIaHAW. Peakropiapma KYNHUKHU
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KaMaWTUPHIL YCYJIHAaH CaMapalupoK OYiraH, ONTUHHHU IOKOPH KOHIICHTPAIUSIIN
HATpUM 1MaHAa COpPOLMSUIM [MaHJall Kapa€HUra acoCJaHTaH KYMHKIH
MaxCyJOTHH KaiTa UIIAIl TEXHOJIOTUSCUHU UIIUTA0 YMKUILTA XU3MAT KUJIaIH.

4. buookcuiail MaxcyJIOTIapUHN [IUAHIAIN XKapaCHUAa pOAaHUATIAP XOCUIT
OYNMUIIM KUHETHKACU Ba OJITMHHUHI IMAHJIM KOMIUIEKCH OWIaH pakoOaTiv
copOnusicuiard UIITUPOKU aHWKJIaHAW. HaTpuil nuaHuau KOHIIEHTpaluscura Ba
BaKTra Kypa IHaHJIall kapaéHuia poJaHujIap MUKJIOPUHHUHT Y3rapuily Hazapui
acoCJIaHI¥ Ba SKCHEPUMEHTAJ aHUKIAHIW. PomaHuwmiap TYIUK XOocwi OYIHIIN
y4yH Kepak OYyJiraH BakT HATPUM IIMAHUIM KOHIIEHTpauuscura OOFIMK SMac, Ba
10-12 coaTHM TamIKWA KWJIAAW, YHJIAH KEHMH TapkuOu Y3rapuiu xapacH
naBomuiinurura Oofnuk Oynmaiau. IllyHuHTZHEK, ONTUHHM UMAHIA TaHIa0
SPUTHIL TE3JIUTHU POAAHUAJIAP XOCHII OYIIUIIN TE3TUTHIaH IOKOPUIUTH aHUKJIAIITa
épnam O6epaau.

5. buookcuiam MaxcyJoTIapuHU COPOLMOH I[MaHIall >kKapaéHuja HOH
aIMallyBUd KaTpOH y3WMHM TYTUIIMHU YPraHUIIl acocuja «TYHUHUII-
pereHepanus» UKIUAAH KEWWH poJaHujiap OWiliaH 3axapiaHuIl XHUCOOWIaH
COpOEHT  XyCycHATIapW TMacaluilyd  aHWKJaHTaH, Oy copOIus  CyIoK
YUKUHIAJIApPUIard OJTUH MUKJIOPHU OPTHIIN JUHAMUKACUTA OJTHO Kellau.

6. TaaxkukoTiap poAaHuJIap KOHLEHTPALMACH OJITUHHUHT Xap XHWI
copbeHTIapu (KaTpoH, KYMUpP) TYHUHUIINIAa KypcaTaJuraH TabCUPU aHUKJIAH]IU.
buookcuanam — MaxcyJlOTJIIApUHHA — TYFPUIAH-TYFpPU  LHMAHJIANl  [IApOMTHJA
poaHu]Iap KOHUEHTPALMICH 5 /11 rada etaau, Oy copOeHTIap OJTHH OWJIaH KaM
TyAuHUIMra acocuid cab6ad oynaau. UIyHUHTIEK OMOKEKHM KOHIWIUSIAIIHUHT
YHUBEpcal ycCyJmlapuaaH OWpH IUaHIAIIgA POJAHUIJIAp XOCHJI Oymummra uyn
KyHMaiiurad oKCuay1ad KM3AUPHUIL SKAHIUTH aHUKJIara épaam Oepaiu.

7. TepmoxknMmEBHW  Kapa€HIapHUHI  Ha3apuid Ba  OKCIEPUMEHTAI
TaIKUKOTIIAPU acoCHaa OMOOKCUTIAIT MaXCYJIOTUHH KU3AUPHII KapaCHHUIa XOCUI
Oynaauran KyWuHau cudaTura XapopaTHUHT KypcaTaauraH TahCUPH aHUKJIAHTaH.
570u600°C xapopatna ontuH axxkpatu6d oy 6504743°C ra Kkaparanja IOKOPUPOK
DKAHJIUTH  aHuKJaHrad. byHuHr ca6abum, 650u743°C xapopartma OJNTUH
[MaHJIAIIMIINATA XAJIaKUT KUJIaJUral CKOPOJIUT TUICHKaap mnaiao Oyiaau.

8. Okcuanad KU3AUPUIIHU KYIU1a0d, KyMUp Mojanapu OyiaraH Mypakkad Ba
yTa Mypakkab TapkuOJIv pyJa Ba KOHIEHTpPATIApHU KalTa MIILIAI KOMOWHAIIMOH
TEXHOJIOTHSICM MIUIA0 YMKWITaH Ba CaHOATra »KOpPUM KWIMHIaH. bolutaHFuy
O0ockuyza  (IOTOKOHIIEHTpAT OKCHUIAHUIIM OHOOKCHJIAIl cxXeMacu OVyiinya
amajira OoIMpUIaaAu: Cylb(UIAArd OJTUH OYMJIAAU, MHIUBbSIKHUHT KYyI KUCMHU
spuTHIaAM, KaTTUK xonarra ospumac ckopoauT (FeAsO,) kypunwuimaa
VTkazunaau. KeWnH MHUIIBSIK MUKIOPU KaMm OYyiraHn OMOOKCHIAIl MaXCyJIOTH
OKCUJIJIA0 KU3AupWiIaaun, OyHIa KYMUpJArd OJTUH OYWJIaJM, KOJTaH CyIb(OUmIIu
OJITUHTYTYPT OKCHIJIAHAIN, MUKPOOPTaHU3MIIAp METa00IM3MU MaXCyI0TIapH HYK
kruHau. Okennad Ku3IupuIln MaxcyaoTyd COpOITMOH ITMaHIIaIITa F000pUIaIn.

9. buookcupam MaxCyJOTHHU OKCHIJIA0 KU3TUPHIIHMA KyJu1ad, Mypakkao
TapkuOIM Ba yTa Mypakka®d TapkuOIM ONTHH pyJaajapy Ba KOHIIEHTpPATIApWHU
KaiiTa wWIoiam KOMOWHAIIMOH  TEXHOJOTHUACHHHM SKOpWM  KWiuml — Oyiinda

27



Kyvujarunap anukianrad: Kokmnarac Ba [layru3Toy KOHIIapu pynacu MIUXTaCHIaH
ofimHran wmaxcysnotau 60:40 nHucbatma 600°C xapoparna 2 coaT JaBOMUA
KU3AUPUIL Ba KEUMH KyHUMHAMHU COPOIMOH LMAaHJANIa OJTHH aXpaTuo
onuuuiuHu 73,3 nan 82,5% raya OpTUILMHM, HATPUW HMUAHUAMHUHT capdu 2,5
Oapobap kamaiiviivHu; OYTaHa CyloK (azacuga poJaHujjIap KOHUEHTPAIUsICH
5000 mau 16 mMr/n raya KaMalMIIMHA TABMHUHIAIITA XU3MaT KAJIaIu.

10. Acn MeTtamapHM aXKpaTHO OJIMIN TEXHOJIOTHSICH HILIA0 YUKWJIAM Ba
caHoaTra O KOpUM KWIMHAM, YyIIOy TEXHOJOTHUSHM CXEMacCHMHM CHHAI,
JOWMXANAIITUPUIIT  YIYH JAacTIa0KHM  MaBJIyMOTJIADHA  OJUII Ba KECWHH
OMOOKCcHIIAIl MaxCyJOTHHH COPOIMOH ITMAHIAIN Y3eIMHH «OYyTaHaga KYyMHDP»
cXeMacura yTKa3ulll acocuaa Oaxapuiau Ba Oy OakTepuana MaxCyJIOTHU COPOIMOH
[[AAHJIAII TEXHOJIOTUSACUHU TAKOMWIJTAIITHPUIITHU TAabMHUHJIAIITA XU3MaT KUJIa IH.

11. Kokmarac KOHMHUHT OajlaHCHaH TamKapu CyIbGUUTH PyIaJapuHU
OMOJIOTUK YIOMJIM TaHia0 SPUTUIN YCYyIM WIUIA0 YUMKWIIM Ba CHHOB-CAHOAT
mapouTuaa Kymiad Kypwiay Ba OyHaa OATHH axpatul onui gapaxkacu 50% Hu
TAIKWI dTaau (TYFpuaaH TYFpu nuannammia 25,7%).

12. MaBxyJi TEXHOJIOTUK CXEMaHH TaKOMUJUTAIITUPHUII Ba UILIA0 YMKUJITaH
KOMOUWHaMoH TtexHosorus «HaBouii koH-MeTamumyprust komOunatu» JlaBiat
kopxoHacu 3-I'M3pa xopuit kuauuaau. Hatwkaga odaTuH axpaTtu® OJMIIHUHT
YMYMHI JTapaXaCUHU KyTapuilra, Tan€p MaxcyJoT UILIA0 YMKApUIll TaHHAPXUHU
TYIIMPUIITa Ba MaBXKyJ KalTa MILIAll XaXMUHHU CakjiaraH XoJja WWILIUK OJITHH
MIU1ad YMKApUIIHU KyNauTHpUIITra SpUIIWIAM Ba Oy Hunura 222,2 MIpa CyMIHK
KYIIMMYa MaxcyJOT OJIMIITa UMKOH Oepajiu.
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HAYYHBIN COBET 14.07.2016.GM/T.10.01 IO MPUCYKJAEHUIO YYEHOI
CTENEHHU JOKTOPA HAYK ITPU HABOUMCKOM I'OCYJIAPCTBEHHOM
T'OPHOM MHCTUTYTE, HAYYHO-UCCJIEJOBATEJIHBCKOM HHCTUTYTE
MUMHEPAJIBHBIX PECYPCOB, TAIIKEHTCKOM I'OCYJAPCTBEHHOM
TEXHUYECKOM YHUBEPCUTETE U HAIITUOHAJIbBHOM
YHUBEPCUTETE Y3BEKUCTAHA

HABOMVICKHHA I'OCYJAPCTBEHHbBIV TOPHBIA NHCTUTYT

IPI'AHIEB YJIYI'BEK ABIYPACYJIOBUY

HAYYHO-TEXHUYECKHUE OCHOBbBI IOBBIIHTEHUSA
IOOEKTUBHOCTHU IEPEPABOTKHA YIIOPHBIX 1 OCOBO
YIIOPHBIX 30JIOTOCOLEPKAIIIUX PY/ KbI3BIVIKYMOB

04.00.14 — O6oranienye moae3HbLIX HCKOMAEMbIX
(TeXHMYeCKHe HAYKH)

ABTOPE®EPAT JJOKTOPCKOM TUCCEPTAIIUA

HABOMU - 2016



Tema JOKTOPCKOii qUCCEPTAIIMM 3aperHCTPUPOBaHa B Bpiciieil aTTecTAIMOHHONH KOMHUCCHH
npu Kaounere Munuctpo Pecnyoauku Y3oexkucran 3a Ne28.04.2016/B2016.2.T708

JlokTopckast quccepTalys BeIoJHeHa B HaBouiCKOM TOCY1apcTBEHHOM FOPHOM WHCTUTYTE.

ABropedepar muccepralii Ha TpeX sA3bIKax (y30CKCKHIA, PYCCKWH, aHIJIMICKHI) pa3MeIleH Ha
BeO-CTpaHumIle 1o aapecy WWW.NQQi.uz u Ha MudopmaiimonHo-o0paszoBarenbHoM mopTaie «ZiyoNety mo
anmpecy (Www.ziyonet.uz).

Hay4yHbIii KOHCYJIBTAHT: CanaxyjoB KyBanauk CanaxkyjaoBuu
JOKTOp TEXHUYECKUX HaYK, 3aCIIyKCHHBIH PaOOTHHUK
npoMblIieHHOCTH PecyOnuiku Y30ekuctan

O¢duunanbHble ONIOHEHTHI: KOcynxoxxaeB AuBap A0ay/uiaeBU4
JOKTOp TEXHUYECKHUX HayK, podeccop

HUcxangaposa Macrypa UckanaapoBHa
JOKTOpP XUMHUYECKHX HayK, Ipodeccop

AbnypaxmonoB Coiind A0aypaxMoHOBHY
JOKTOp TEXHUYECKUX HayK, podeccop

Benymasi opranuszanusi: AO «AIMAJIBIKCKHI TOPHO-METAJLTYPrudecKuii KOMOMHAT»

3ammTa AucCepTallid COCTOUTCS «_ » 2016 roma B «___ » HacoB Ha 3aceJaHUU
Hayunoro cosera 14.07.2016.GM/T.10.01. (Aapec: 210100, r. HaBou, yiu. ['anaba mox, 96. 3an 3acepanuit
HaBowiickoro rocynapcTBeHHOTo ropHoro uHcTuTyTa. Tei.: 0 (436) 223-77-11; daxc: 0 (436) 223-00-55;
e-mail: navggi@intal.uz, nsmi@gmail.com.

C IOKTOpPCKOW nuccepTamyiei MOXHO O3HAaKOMHUTHCS B MHQOpManmmoHHO-pecypCHOM IIEHTpe
HaBowmiickoro rocymapcTBEHHOTO TOPHOTO HWHCTHTYTa (3apermctpupoBad 3a Ne ). Ampec: 210100,
r. HaBowu, yn. Tama6a mox, 96. 3nanue pexkropara HI'TU, 1-ii atax, 8-it kab. Tem.: 0 (436) 223-56-90;
¢axc: 0 (436) 223-00-55.

ABTOpedepar qucceprauuu pa3ociaaH « » 2016 roaa.
(peectp mpoTokoa pacchUIKU Ne oT 2016 romga).

B.P.PaunmxaHoB
N.o. npencenarens HaydHoro cosera o MpUCy X IACHUIO
YUEHOH CTENeHHU IOKTOpa HayK, 1.T.H., Ipodeccop

9.9.Urambepaues
VYuenslii cekperaps Hayunoro cosera o
MPUCYKJICHUIO YIEHOM CTENEHH TOKTOpa HayK, K.I.-M.H., TOLIEHT

10./l.Hopos

IMpencenatens HaydyHOTO ceMuHapa npu HayuHom
COBETE I10 MPUCYKACHHUIO YICHO! CTEIEHH JOKTOpa
HayK, 1.T.H., mpodeccop


http://www.nggi.uz/
http://www.ziyonet.uz/
mailto:navggi@intal.uz
mailto:nsmi@gmail.com

BBE/IEHUE (aHHOTALMS AOKTOPCKOM JUCCEPTALMHI)

AKTYaJIbHOCTh M BOCTPE0OBAHHOCTb TeMBbI JHMCCEPTAllUM. 30JI0TO
n00bIBaeTCA B 72 CTpaHax MUpPa, CPEAN KOTOPHIX Y30EKUCTaH 3aHUMAET 9 MecTo C
oobemoM n100brun 103 1/roa. JloOsrya 30moTa B Mupe B 2015 r. yBenmuuuiach Ha
0,33% wu cocraBmwia 2678 T. MupoBble 3amacbl MECTOPOXAECHUH C JIETKO
U3BJIEKAEMBIM U BBICOKUM HCXOJHBIM COJIEP)KAHHEM 30JI0Ta B HACTOSIIEE BpeMs
IPAKTUYECKU HUCTOLIEHBI M B Ppa3pabOTKy BOBJIEKAIOTCS TPYAHOIOCTYIIHBIE IO
n00bIue U CIOXHBIE MO TepepaboTke pyasl. [lo3TomMy Ha CeroaHsIIHMNA JI€Hb
COBPEMEHHBII MHUPOBOW PBIHOK IEPEKUBAET SIBHBIM ACPUIUT MUHEPAIBHOIO
CBIPBA.

C oOperenuem He3zaBUCUMOCTH PecnyOnuku BBIIOJIHEH psj paboT 1o
BHEJIDEHUIO U COBEPIICHCTBOBAHUIO JACHCTBYIOIIMX TEXHOJOTUN W3BIICUEHUS
30s0Ta. OCHOBHBIE 337]a4d B PA3BUTHUU TEXHOJIOTUH MepepabOTKU YIIOPHOTO CHIPhS
HampaBlicHa Ha TMOBbIMIeHHE J(P(EKTUBHOCTH TEpepabOTKU H  CHIKEHHE
ce0ECTOMMOCTH  MOJYy4YaeMOM MPOAYKLMH, 3aKJIIOYaroluIMecss B pa3padoOTKe
NPUHIUINAIBGHO  HOBBIX  HANpaBJICHWH, HETPAAULMOHHBIX  CIOCOOOB U
YCOBEPILIEHCTBOBAHUM  CYHIECTBYIOIIMX  TEXHOJOTMH  METaJuIypruyecKoro
MIPOU3BOJICTBA, 00ECIIEUNBAIOIINE PACIIMPEHUE MUHEPAIBHO-CHIPHEBBIX PECYPCOB
CTpaHBbI.

Ha cerogusiiuamii JeHb BO BCEM MHUpPE HAOMIONAETCs POCT KOJIUYECTBA
pa3BeJaHHBIX U BOBJIECUEHHBIX B pa3pabOTKy MECTOPOXKIACHHIA YHOPHOTO U 0C000
YIIOPHOTO 30JI0Ta. B cBsi3u ¢ 3TMM moBbIIeHHE 3(PPEKTUBHOCTH NEPEepadOTKU
YVOOPHBIX U 0C000 YHOPHBIX 30JO0TOCOAECPXKAIIMX pyA IyTeM pa3padOTKu
TEXHOJOTMYECKUX U TEXHUUYECKUX PEIICHUH, OPUEHTHPOBAHHBIX HA MAaKCUMaJIbHOE
BCKPBITUE 30JI0TOCOACPKAIIMX CYIb(UI0B, U KOMOMHHUPOBAHHON TEXHOJOTUU HMX
nepepaboTKH, 00eCIeYnBAOIICH JOMOJHUTEIBHOE U3BJICUEHUE 30JI0Ta, SBISETCS
aKTyaJlbHOW  Hay4yHOM  mpoOsiemMoil,  cTosiled  mepell  COBPEMEHHOMU
30J10TOA00BIBAIOIIEH TPOMBIIUIEHHOCTBIO.

JlaHHOE IHCCEPTAMOHHOE MCCIIEJOBAaHUE B OINPEACIICHHON CTENEHU CIYKUT
BBIMIOJIHEHHUIO  3a7a4, mpeacyMoTpeHHblx B IloctanoBnennn Ilpe3unenra
PecniyOmuku Y30ekuctan NelIll-1442 ot 15 gexabps 2010 r. «O mpuoputeTax
pa3BuTUs TpomblnieHHOCTH PecnyOnmmkn Y36ekuctan B 2011-2015 romax», a
TaK)Ke B APYTUX HOPMATHBHO-TIPABOBBIX JOKYMEHTaX, IPUHATHIX B JaHHOHU cdepe.

CooTBercTBHE HCCIEAOBAHMS C NPHOPUTETHBIMM HANPAaBJICHUAMH
Pa3sBUTHSI HAYKH MW TexXHoJorui pecnyOauku. JlanHHoe wuccienoBaHue
BBITIOJTHEHO B COOTBETCTBUM C MPUOPUTETHBIM HAINpPABIEHUEM Pa3BUTUS HAYKU U
texnonornit pecnyonuku VI, «Hayku o 3emne (reonorusi, reodusuka,
cercMOIIOTHs U nepepadoTKa MUHEPAIBHOTO ChIPHS )».

O030p 3apy0esKHBIX HAYYHBIX HCCJIEIOBAHMU IO TeMe IMCCePTALMH.
Hayunble uccnenoBanus mo MoBbIIIEHUIO 3P(HEKTUBHOCTH MepepaboTKH yHOPHBIX
1 0c000 YMOPHBIX 30JI0TOCOACPKAIIUX Py BEAYTCA B BEyIIMX HAyYHBIX HEHTPAX
Y BBICIIMX 00pa30BaTENbHBIX YUPEXKICHUSIX MUPA, B TOM yucie B: HanuoHaibHOM
MCCJIEI0BATENIbCKOM TEXHOJIOTMUYECKOM YHUBepcutere «MOCKOBCKHM HHCTUTYT
ctaiu M cmiaBoB» (Poccust), BcepoccuiickoM Hay4YHO-HCCIIEIOBATENHCKOM
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MHCTUTYTE Xumuyecko texHonoruu (Poccus), MpkyTCckOM TrocyaapCTBEHHOM
UHCTUTYTE penkux u Onaropoanbix wmetamwioB (Poccusi), GENCOR Process
Research (FKOAP), Queen’s University (Kananma), The University of Adelaide
(ABctpanust), Curtin University of Technology (Asctpanus), East China
University of Science and Technology (Kwuraii), Beijing University of Technology
(Kurait), Liaoning University of Science and Technology (Kwurait), Minerals,
Metals and Materials Technology Centre, National University of Singapore
(Mamaiizus), University of Dodoma (Tauzanumsi), EKATO RMT (I'epmanus),
Tenova Bateman Technologies (M3pawnb), Aalto University (Ounrnsamus),
Hayuno-uccnenoBarensckom 1ieHTpe «lmapomerammyprus» (Poccus), Mintek
(FOAP).

B pesynbrarte uccienoBaHuii Mo moBbIIIEHUIO 3G (HEKTUBHOCTH MepepaboTKu
YHOOPHBIX M 0CO00 YHOPHBIX 30JI0TOCOJEPIKAIMUX PYyJa, MPOBEACHHBIX B MHUPE,
MOJIYYEH PsAJ HAyYHBIX pE3yJbTaTOB, B TOM YHUCJE: MCCIEIOBAaHbl CIOCOOBI
nepepaboOTKA  YHOPHBIX U 0CO00  YHNOPHBIX  30JI0TOCOJIEPXKAIIUX  PYI
(HarmmonanbHbIi UCCJIeI0BATEIhCKUI TEXHOJIOTUYECKUI YHUBEPCUTET
«MocKoBCKHI HHCTUTYT cTanu u ciiaBoBy, Mintek, GENCOR Process Research);
pa3paboOTaHbl TEXHOJOTUU OWUOOKUCICHUS MJIsi TEpepadOTKU YIOPHBIX PYI
(Bcepoccuiickmii Hay4YHO-HCCJIE0BATEIIbCKUI VHCTUTYT XUMHUYECKOU
TexHoJoTuu, MpKyTckuil rocygapCTBEHHBIM HHCTUTYT PEIKUX U OJIaropoHBIX
metaiioB, GENCOR Process Research); paspaborana TexHOJOTHsS 0OHUTa
¢dbnorokonneHTpaToB  (MpKyTCKUi TOCYyNapCTBEHHBIH HWHCTUTYT PEIKAX U
omaropoubix MeTaiuioB, The University of Adelaide, Queen’s University).

B nacTosiee BpeMs B MUpE BEIETCs Psijl HAyUYHO-HCCIEA0BATENbCKUX PaboT
[0 TMOBBIIIEHUIO 3(()EKTUBHOCTU NEPEepadOTKU YIOPHBIX M 0CO00 YIOPHBIX
30JI0TOCOACPXAIMUX PYyAd 1O CISAYIOIUM MPUOPUTETHBIM  HANpPaBICHUSIM:
nepepadoTKa 30JI0TOCOACPKATUX PYA UM KOHLEHTPATOB PA3IMYHBIMU METOJaMU
BBIIIEIAYNBAHNS; OKUCTUTEIBHBINA 00KUT CYJTb()UIHBIX 30JI0TOCOEPKAIIUX PYI U
KOHIICHTPATOB; ABTOKJIABHOE OKHUCJICHHE CYIb(OUIHBIX Pyd U KOHIICHTPATOB;
OakTepraNbHOE OKUCIIEHUE CYIb(PUIHBIX MUHEPAJIOB; UCCIIEIOBAHNUE U pa3padOTKa
HETPAUIIMOHHBIX METOJIOB MepepaboTKU YIMOPHOTO M OCO00 YIMOPHOTO CHIPhS
0JIaropoTHBIX METAJIJIOB.

CreneHb W3YYEHHOCTH MNPOOJeMbl. 3HAUUTENIbHBIA BKJIaJ B Pa3BUTHE
Hay4YHBIX pa3pabOTOK MO OOOrameHui0 U TepepaboTKe 30J0TOCOASPKAIINX
cylb(QUIHBIX Py BHeCTH yueHble AOmypaxmoHoB C.A., AnamoB 3.B., Acianykos
P.A., AxmenoB X.A., bensiit A.B., I'pumun C.C., I'ynxkoB C.C., 3axapoB b.A.,
Kapagaiixo I'.11., KonnpareeBa T.®., Jlogenmukos B.B., MepetykoB M. A., [1lanun
B.B., IIuBoBapoB T.A., Ilonskun C.M., CarmmeBa M.I'., CanakynoB K.C.,
Carrapos I'.C., CenenvuukoBa ['.B., Tycyn6aes H.K., Yantypus B.A., Uyraes
JL.B., FOcynxomxkaeB A.A., Afenya P.M., van Aswegen P.C., Brierly C.L., Emmet
R.C.Ir., Mason P.G. u nap. Mmu mnpoBeleHbl KOMIUIEKCHBIE HCCIEIOBaHUS H
pa3paboTaHbl CIOCOOBI M3BIICUEHUS 30JI0TA U3 YIOPHOTO MHUHEPAIBHOTO CBIPHS
(aBTOKITABHOE W OaKTEpUATBHOE OKHCICHHE, CBEPXTOHKOE HW3MEIbUCHHUE),
COJIepIKAIIero YIIIEPOAUCTYIO COCTABIISIONIYIO UM UHBIE YIIOPHBIE COCTMHEHUS .
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B wMwupoBoii mpakTHKe UIS PAIMOHAJIBLHOTO OCBOCHHS 30JI0TOPYIHBIX
MECTOPOXKACHUM C YHOPHBIMU M 0C000 YINOPHBIMH pyAamMd  XOPOIIO
3apEeKOMEHJI0OBajla ce0sl TEXHOJIOTHsI OMOOKHCIEeHUs cyabpuanbix pyn. JlanHas
TEXHOJIOTHSI ~ TIO3BOJISIET  BOBJEYh B MPOMBINUIICHHYIO  JKCILIyaTalUIo
MECTOPOXKICHHS YIOPHBIX 30JO0TOMBIIIBIKOBBIX Py, IepepadoTka KOTOPBIX
JIPYTUMHU METOJaMH HEBO3MOXHA WJIM YKOHOMHYECKH HEIeleco00pa3Ha, a TaKxKe
CBsI3aHA C 3arpsI3HEHUSMU OKPY>KAIOIICH CpeIbl.

Bmecte ¢ Tem, CylIecTBYIOT HEpEIIeHHbIE MPOoOIeMbl, O00yCIOBICHHBIE
HAJIMYUEM B PyJax 30J0Ta, CBSI3aHHOTO C YIJIEPOJUCTHIM BEIIECTBOM, KOTOPOE HE
BCKPBIBAETCSI 1O TEXHOJIOTUM OMOOKHUCICHHUS U HEOOXOJUMOCTBIO pa3pabOTKu
HOBOI KOMOMHHPOBAHHON TEXHOJIOTUU MEPEpPabOTKH YIOPHBIX U 0COO0 YIOPHBIX
30JI0TOCOACPKAIIUX Py, UMEIOIIEH Ba)KHOE 3HAUEHHUE ISl HAYKU U TMPAKTUKU
TOPHO-METAILTYPTUYECKOTO MPOU3BOJICTBA.

CBsi3b TeMbI JHCCEPTAIMM C HAYYHO-HUCCJIEI0BATENbCKMMH padoTamMu
BbICIIEr0 00Pa30BATEJLHOIO YYpe:KAeHHs, IJe BBINOJHEHA AuccepTalus.
JluccepTallMOHHOE HMCCIIEJOBAHUE BBIOJIHEHO B paMKax IUIaHA Hay4dHO-
UCCIIeI0BaTeNbCKUX paboT HaBomiickoro rocyaapcTBEHHOrO rOpPHOTO MHCTUTYTA
Ha TeMmK: Al3-020 — «Pa3paboTka palMoHaIbHON TEXHOJOTUM TEpPepabOTKU
30JI0TOCOAEpKAIIUX YHOpPHBIX pyd KbI3bUIKyMa C HCHOJB30BAaHUEM MECTHBIX
pearentoB» (2015-2017 rr.), Nel-2013 - «HMccaemoBanue 0OBEMHOTO
pacrpesielieHuss pa3IuvHbIX (opM 30510Ta B XBocToxpanwiume ['M3-3» (2014-
2015 rr.), Ne2-2015 — «Pa3paboTka crocoba u CO37aHHe ONBITHO-TIPOMBIIIICHHON
YCTAaHOBKH CKOPOCTHOTO O0O0XHra Mo mnepepaboTKe MNPUPOJHOIO CYIb(UIHOTO
Celpbd W mnpoMoponaykToB» (2015 r1.) m Nell33-15 — «MuHepanoruueckue
WCCJICIOBaHMs TJMHHUCTBIX MHHEPAIOB CYIbOUIHBIX PYyA MECTOPOXKICHUN
Kokmarac n Jlayrei3ray u OlleHKa UX BIMSHHUS HA TEXHOJOTMYECKHE MPOIECCH)
(2015 r.).

Leabo mucciaenoBaHusi sBIsIeTCsl  pa3padOTKa  TEXHOJIIOTHYECKUX U
TEXHUYECKUX PEIICHUH, OPHUEHTHUPOBAHHBIX HAa MAaKCHUMaJIbHOE BCKPBITHE
30JI0TOCOAEpKAIIUX  CyIbQHUAOB, U KOMOWHHUPOBAHHON TEXHOJOTUU MX
nepepaboTKU, o0ecreunBaroIIel JOMOIHUTENBHOE U3BICUEHUE 30J10TA.

3agaum nccjie0BaHuA:

aHaJIU3 COBPEMEHHOI'O COCTOSIHUS NEepepabOTKU YIOPHBIX U 0CO00 YIMOPHBIX
PYI, KOHIIEHTPATOB U METOJI0B MHTEHCU(UKALINN TEXHOJIOTUYECKUX MPOIIECCOB;

KOMIUIEKCHOE HCCIICJIOBAHME TEXHOJOTHH OHOOKHUCICHHS TepepadOTKH
YIOPHBIX U 0CO00 YHOPHBIX py KBI3bUIKYMOB B 4aHOBOM M KYYHOM BapHaHTaX;

pa3paboTKka ¥ BHEAPEHHE COBEPIICHCTBOBAHUS TEXHOJOTHH MEpepadOTKH
YIIOPHBIX U 0CO00 YIOPHBIX 30JI0TOCOAEPIKAIINX PY/I;

OTIBITHO-TIPOMBINIIJICHHBIE HCTBITAaHUSI TI0 TEXHOJOTHH OOXHra MpOIayKTa
OMOOKHUCIIEHHUS;

pa3paboTka ¥ BHEIPEHUS KOMOWHHPOBAHHON TEXHOJIOTHH TepepadboTKu
YIOPHBIX U 0CO00 YIOPHBIX Py (KOHIIEHTPATOB);

pacyeTsl, aHaIM3 U 00paboTKa SKCIEPUMEHTAIIBHBIX JIAHHBIX 10 pa3paboTKe
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KOMOWHHPOBAaHHOW TEXHOJIOTHHU MepepabOTKH yIMOPHBIX U 0CO00 YIOPHBIX PYI C
MOMOIIbI0  MATEMaTHYECKOM CTaTUCTUKA M KOPPEISIMOHHOIO aHallu3a C
NPUMEHEHUEM COBPEMEHHOU KOMITbIOTEPHOU TEXHUKH.

O0beKxTOM HCCJIeI0BaAHMS SIBISIIOTCS 30J10TOCOIEpKAINE YIIOPHBIE U 0C000
yrnopHbIe pyabl MecTopoxaeHnit Koknarac u Jlayrsizray.

IIpeaMer wucciaenoBaHus: KOMOWMHUPOBAHHAs TEXHOJOTUSI MEpepadOTKU
30JI0TOCO/IEPKAIINX YIOPHBIX U 0CO00 YITOPHBIX PYI.

Metoab! ucciienoBanuii. Pabota BeinonHeHa ¢ MpUMEHEHUEM KOMIUIEKCHBIX
METOJOB  MCCJIEAOBAaHWW,  BKIIOYAIOMMM  aHAIA3  HAYYHO-TEXHUYECKOU
uHpOpMallMd W ONbITa OHKCIUTyaTallMd 3aBOJOB IO MepepadOTKe YIMOPHBIX
30JI0TOCYNb(QUAHBIX PYyI; TEOPETUYECKUE HCCIECIOBAHUS C HCIOJIb30BaHUEM
aHAJIUTUYECKOr0,  rpadOoaHaJTUTHUYECKOTO U CTAaTUCTUYECKOTO  METOJIOB;
71a00paTOpHbIE SKCIEPUMEHTHI, OTBITHO-ITPOMBIIIJICHHBIE UCTIBITAHUS U MPOBEPKY
pa3pa0OTaHHBIX METOJUK B TPOU3BOJCTBEHHBIX YycioBusix; pH-metpuio,
IpaHyJIOMETPUYECKUI  aHaiau3, »dJEKTPOHHYI0 MMKPOCKONHUIO, MPOOHPHBIH,
XUMHUYECKUN M (Da30BBI METO/BI aHaIN3a, MaTeMaTHUYECKHE METOJbl 00pabOTKU
AKCIIEPUMEHTAILHBIX JJAHHBIX.

Hayunasi HOBH3HA MCC/IeI0BAHUSA 3aKII0YAETCS B CIETYIOIIEM:

Ha OCHOBE H3YYEHHs 3aKOHOMEpPHOCTEHW IIOBEIEHHUS 30JI0Ta B MpOIEcce
OTMBIBKHM NPOAYKTa OMOKHMCIICHHUS BIEPBbIE YCTAHOBJIEHO NPUCYTCTBHE 30JI0Ta B
CIIMBE MPOTUBOTOYHOW JCKAHTAIIMM B KOJUIOMAHON (OpME M 3aBHUCHMOCTBH €TO
noBefeHuss ot pH cpeabl, Ha OCHOBE KOTOpOW pa3paboTaHa OMOKCHUIHAsS
TEXHOJIOTHS OOOTallleHUs] MyTeM CHIKEHHMS O€3BO3BpAaTHOM MOTEpH 30j10Ta (Ha
50%) B mpoliecce OTMBIBKA OMOKEKA;

YCTaHOBJICHA  MPHUYMHA  YXYAIICHHUS  OCBETIEHUS B  CTYCTUTEIAX
MPOTHBOTOYHON  [EKAHTAIMH, KOTOPHIM SBUJICS THAPONTH3 comeil Fe™
(c m3menennemM pH mpu OTMBIBKE) B JKHUIKOWU (paze MyJbIbI ¢ 0O0pa3oBaHUEM
KOJUIOMJIHOTO pacTBOpa apceHaTta M OKCUCylb(dara jKejleza, 4ToO MPHUBEIO K
MOBBILICHUIO BSI3KOCTH KHUJAKOW (pa3bl MyJIbIbl M CHUKEHUIO CKOPOCTH OCAXKICHHUS
IUIaMOBOM (DpaKIMK MPOAYKTa OMOOKUCIICHHUS;

UCCIIEJOBAaHUEM MEXaHU3Ma IEeHOOOPa30BaHMsI B Ipolecce OHMOOKUCICHHS
oOHapykeH Tipoiiecc ooOoramieHuss 3o0i0ta (6-8 pa3 1Mo CpaBHEHUIO C
(IOTOKOHIIEHTPATOM) nyTeM b paknoOHUPOBAHUS KOJIJIOMTHOTO u
TOHKOJIMCIIEPCHOTO 30JI0Ta 3a CYeT (PIOTalMOHHBIX (PAKTOPOB YIIUCTON YaCTH
MyJBIBI B PEAKTOpax;

HCCIIeIOBaHa KMHETHKAa 00pa30BaHUs POJAHUAOB B MpoLiecce ITHAaHUPOBAHHUS
MPOAYKTOB OMOOKHUCIICHUS M €T0 Y4acTHe B KOHKYPEHTHON COPOIMH ¢ IMaHUIHBIM
KOMIUIEKCOM 30JI0Ta M YCTaHOBJEHA JWHAMHKA W3MEHEHUS COJep KaHUs
POJIAaHHUIOB B 3aBUCHMOCTH OT KOHIICHTpAIMH I[HaHuIa HaTpus u Bpemenu (10-12
4), MOCIEC HCTCYCHUS KOTOPOrO HM3MECHEHHE ero COJICPXKaHUS HE 3aBUCHT OT
NPOAOKUTEIBLHOCTH Tpoliecca. Takke yCTaHOBJIEHO, YTO CKOPOCTh ITUAHHUIHOTO
BBIIIIEJIAYMBAHUS 30J10Ta BBIILIE, YeM CKOPOCTh 00pa30BaHuUs POAAHUIOB;

HAa OCHOBE M3y4YeHHUS IMOBEACHUS HOHOOOMEHHOW CMOJBI B IpoIlecce
COpPOLIMOHHOTO ITUAaHUPOBAHUS MPOTYKTOB OMOOKHUCIIEHUSI YCTAHOBJIEHO CHH)KEHUE
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CBOMCTB COpOEHTa TMOC/e TMOCJENOBaTeNbHbIX LHUKIOB  «HACHIIICHHE —
pereHepanus» 3a CYET €ro OTpaBIEHUS POJAHUIAMHU, KOTOpPOE MPUBOIUT K
JUHAMUKE YBEJIMYECHMSI COJIEpP)KaHUA 30J0Ta B KHUAKUAX XBOCTaX COpOLUUU U
CHUKEHUIO €r0 U3BJICUCHUS,

HA  OCHOBE  PpE3yJIbTaTOB  TEOPETHUYECKMX M  DKCIEPUMEHTAIbHBIX
UCCJICIOBAHUM TI0 COCTOSTHUIO TEPMOXMMHYECKUX MPOIECCOB, MPOTEKAIOIINX B
MpOIIECCe OKUCITUTENBHOTO OO0XKHra NpPOAyKTa OHOOKUCIEHUS, YCTaHOBJIEHA
ONpENENIomas pojib TEMIIEpaTypbl Ha KadeCTBO IOJIy4aeMOro oOrapka — Mpu
temriepatype 570-600°C cTeneHp U3BIEUYEHHS 30J0Ta BbIle, yeM npu 650-743°C.
Ot0 OoOBsACHSETCS TeM, 4YTo mpu Temneparype 650-743°C  mpoucxoaut
00pa30BaHHE CKOPOJUTOBBIX INIEHOK, MPENSATCTBYIOIIUX [IMAHUPOBAHUIO 30JI0TA.

IIpakTH4eckue pe3yabTaThl HCCJIEIOBAHUSA

pa3paboTaHa TEXHOJOTWs MOAKUCIECHHS MyJbIbl MPOJAYKTOB OMOOKHCIIECHUS,
MOCTYMAIOIasi Ha MPOTUBOTOYHYIO JEKAHTAHIIMOHHYIO OTMBIBKY a0 pH<I1,3, B
pe3ynbTate KOTOPOTO IIOJYYEH YHMCTBI BEPXHUH CIUMB MPOTHBOTOYHOU
JEKAaHTAaHIIMOHHON OTMBIBKM M, KaK CJIEJICTBHE, CHHKEHO COJEpKaHHUE 30JI0Ta B
CTYIICHHOM MpoAyKTe HelTpanuzanuu Ha 50%, HanmpaBisieMblii Ha 0€3BO3BPATHBIM
cOpOC B XBOCTOXPAHWIHUIIIE,;

pa3zpaboTaHa M NPOMBIIUIEHHO BHEApPEHA TEXHOJIOTUS W3BJICUEHUS 30J10Ta
(otH. 82%) W3 TWpoayKTa HEWUTpaiu3anuu KoHTypa obopotHoi Bojasl (KOB),
HalnpaBJSIEMbII Ha cOpoC B ciydae OOHApYKEHUSI HEHOPMHUPOBAHHOIO cOpoca
30J10Ta;

pa3paboTaH W TOPOMBIIUIEHHO  BHEAPEH  CHoco0  yBEIMYEHHUSA
MIPOU3BOJAUTEIIBHOCTH  CTYCTUTENEH TPOAyKTa OHOOKHCIEHHS B KOHTYpE
npotuBoToyHOU aekanTauuu (I1T/]), KoTopblil MO3BOJIAET CYIIECTBEHHO CHU3UTH
3aTpaThl Ha MPOLIECC CTYIIEHHS OMOKEKa;

pa3paboran crmocod mnepepaboTKH TIEHHOTO TMPOAYKTa, OCHOBAaHHBIM Ha
COpOIIMOHHOM IIHAHUPOBAHUU 30JI0TA TIPH MOBBIIIEHHBIX KOHIICHTPALIUIX [TUAHU/A
HATpHs, U SBISIOUUicS Hanbosee 3(h(PEKTUBHBIM MO CPABHEHHIO CO CIIOCOOOM
MIEHOTAIIICHUS B PEaKTOpax;

pa3paboTaHa ¥ MPOMBIIIJIEHHO BHEAPEHA YCOBEPIICHCTBOBAHHAS TEXHOJIOTHUS
NOBBILICHUS] CTENEHM M3BJICUEHHUs 30J0Ta U3 KeKa OWOOKHCIEHHUS C
UCIIOJIb30BaHUEM B IIpoLEcCe COPOLMOHHOIO IMAaHUPOBAHUS CXEMY «Yyrojib B
MyJiblie», KOoTopas ©0e3 TMpOBEACHUS JOMOJHHUTEIbHBIX MEPONPUITHI IO
necynbuanzanuu NpoayKTa OMOOKHUCIEHHUS MO3BOJSET YBEJIMYUTh W3BJICUECHUE
30s10Ta Ha 8-10%:;

pa3paboTaH M TPOMBIIUICHHO BHEJIPEH CIMOCO0 OKHUCIUTEIBHOTO O00XHTra
npoaykTa ounookuciaenus npu remmneparype 600°C B TeueHue 2 4, MOJIYUYEHHOTO U3
muxTel pya MecropoxnaeHuil Kokmarac u Jlayreisray B cootHomenuu 60:40, u
nocieayrolee CcopOLUMOHHOE IIMAHUPOBAHHE Orapka, MO3BOJUBLIMM CHU3HUTH
pacxoj IuaHuaa HaTpus B 2,5 pa3a M KOHIICHTPAIMIO POJAHHUIOB B KUAKON (aze
myJbiel ¢ 5000 1o 16 mr/i1, a TakKe MOBBICUTh CTENEHB NIEPENeTbHOTO U3BJICUCHUS
3o10ta ¢ 73,3 1o 82,5%;
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pa3zpaboTaHa W MPOMBIIIJIEHHO OCBO€HAa KOMOMHHMpPOBAHHAs TEXHOJOTHS
nepepaboTKM  YIMOPHBIX W 0C000 YIOPHBIX 30JI0TOCOACPXKAIMUX Pyd |
KOHIIEHTPATOB, COJEPXKAIIUX YIJIUCThIE BEIIECTBA, C MOCIEAOBATEIbHBIM
NPUMEHEHUEM: TEXHOJIOTMH OMOOKUCIEHUSI (PIOTOKOHIIEHTpATa Jii OCHOBHOTO
paspyiieHus cyib()uuoB, yAaleHUs] MBIIIbIKA U Kejle3a B BUJE HEPACTBOPUMOIO
ckopoauta (FeAsQ,); oOkura mnpoaykTa OWOOKHCIAEHUS JUIS JIOOKHCIICHHS
OCTaBIIMXCA CYJIb(UIIOB U yJAJEHUS YIIIEPOJAUCTOrO BEHIECTBA C MOCIETYIOININM
MPUMEHEHHEM METO/1a COPOLIMOHHOTO [TUaHUPOBAHUS OrapKa,

pa3paboraHa W ompoOOBaHA B  ONBITHO-NPOMBIIIEHHOM  MacluTade
TEXHOJOTHsSl M3BJCUEHUS 305I0Ta U3 3a0ajaHCOBBIX  CyIb(OUIHBIX pYya
MecTopoxkaeHus: Kokmarac MeTooM Ky4HOro OaKTepHalbHOTO BhIIIEIAUYMBAHUS
CO CKBO3HbBIM wu3BieueHHuEM B mnopsake 50%, mporuB 25,7% mnpu npsmom

[IUAHUPOBAHUMU.
JloCTOBEPHOCTH Pe3yJbTATOB Mccaeq0BaHusl. J[0CTOBEPHOCTh PE3YNIHTATOB
HCCIIETIOBAHUS JI0Ka3aHa 3HAYUTEIbHBIM 00BeMOM 1a60paTOPHBIX,

IIOJIYIIPOMBIIUIEHHBIX W [POMBILUIEHHBIX 3KCIEPUMEHTOB, KOJIMYECTBEHHBIM
MOJITBEPXKJICHUEM OCHOBHOM HJieM paldOThl MO MOBBILEHUIO 3((HEKTUBHOCTU
nepepaboTKU  30JI0TOCOAEpXKAIIUX YHOPHBIX M 0cOo00 VYHOPHBIX pyad U
CXOAMMOCTBIO (DAKTHUECKUX PE3YyJIbTaTOB C TEOPETUYECKUMHU pacueTaMu M|
MeToJlaMu  (PU3UKO-XUMHUYECKMX OCHOB BCKPBITUSL CYJIb(PUIHBIX MHUHEPAJIOB;
YAOBJIETBOPUTENBHONW CXOJUMOCTBIO TEOPETUYECKUX PACUETOB U PE3YJIbTATOB
MOJYITPOMBILIUIECHHBIX UCIIBITaHU; MOJIOKUTETbHBIMH pe3ynbTaTamy,
MOJIyYEHHbIMH TIPU NPOBEPKE B MPOMBIIUICHHBIX YCJIOBHSIX pa3padOTaHHON
KOMOMHHPOBAaHHOW TEXHOJIOTMH; MPOMBIIUIEHHON anmpoOanueil MpeaioKeHHbIX
PEKOMEH 1A, METOIUK u JIOCTUTHYTOU TEXHUKO-DKOHOMUYECKOM
3¢ (PEKTUBHOCTEHIO.

HayuyHnasi m npakTHyecKasi 3HAYMMOCTD Pe3yJIbTATOB HCCJIeI0BAHUA:

Hayynas ~ 3HauuMOCTh  pe3yJbTaTOB  MCCIIEOBAHHUA  OIPEAEIAETCA
UCIIOJIb30BAaHUEM DE3YyJIbTaTOB, IIOJYYEHHBIX Ha OCHOBE MCCJIEIOBAHUS U
BBISIBJICHUS MPUYMH MOTEPH 30J0Ta B MPOLECCE OTMBIBKM KE€Ka OMOOKHUCIIECHUS U
MexaHu3Ma 00pa30BaHUs POJAHUAOB MPU COPOLIMOHHOM IIUAHUPOBAHUH, & TAKKE
TEOPETUUECKOM 00OCHOBAHUU 1I€JIECO00PA3HOCTH IPUMEHEHUSI KOMOMHUPOBAHHOMN
TEXHOJIOTMHU JUIsI TepepadOTKH YIOPHBIX U 0CO00 YIOPHBIX PY/I.

[IpakTueckass 3HAYMMOCTb pE3YyJbTATOB MCCIEIOBAHUS 3aKJIIOYaeTcs B
MOBBIIEHUH 3(P(HEKTUBHOCTH MEpPepadOTKU YHOPHBIX CYJIbPUAHBIX Py IO
TEXHOJIOTUM OWOOKHUCIICHHS, YCOBEPIICHCTBOBAHUU TEXHOJOTMU COPOIIMOHHOIO
[MaHUPOBAHUSl TMPOAYKTa OHOOKHUCIEHUS M pa3pabOTKe KOMOWHUPOBAHHOU
TEXHOJIOTMH C MPUMEHEHHEM 00XHUTa, 00eCIeUnBaIOICH MOBBIIICHUE W3BICUCHUS
30J10Ta U3 YIIOPHBIX PYA.

BHenpenune pe3yJbTaTOB HCCJIEI0BAHMS.

B pesynbrare moBbliieHust 3pPEKTUBHOCTH MepepabOTKH YIOPHBIX U 0C000
YIOPHBIX 30JI0TOCOAEPKAIUX PYA:

Ha Crnoco0 M3BIEYEHHUS 30J10Ta U3 CYIb(PUIHBIX 30JI0TOMBIIIBIKOBBIX PYA
NyTeM TMOJKHCIEHUS TIOJydyeH TMaTeHT Ha u300peTeHne ATreHTCTBa IO
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MHTEIUIEKTyallbHOU coOcTBeHHOCTH PecryOmuku Y36ekucran (AP Ne04489 ot
20.02.2012 r.). BHenpeHue pe3yiabTaTOB HAyYHBIX HCCICAOBAHUN ITO3BOJIHIN
CHHU3UTH MTOTEPH 30J10TA B XBOCTAX;

HA  crnoco®  W3BJIEYEHMs] ~ 30JI0Ta W3  YHOPHBIX  CYJIb(QUIHBIX
30JI0TOMBIIIBSIKOBBIX ~ PYyJl MyTeM OOXHUra MOJIy4eH MaTEeHT Ha H300peTeHue
ATEHTCTBa 10 MHTEIICKTYaIbHOM coOcTBeHHOCTH PecnyOnuku Y36ekuctan (IAP
Ne05134 ot 17.11.2015 r.). BHenpenue pe3yiabTaTOB HAyYHBIX HCCIICIOBAHHM
MTO3BOJIWIIH YBEJIUYHTh U3BJICUCHUE 30J10Ta u3 CYIb(OUTHBIX
30JI0TOMBIIIBbSIKOBUCTHIX PYI;

TE€XHOJIOTHSI TOJKHUCIEHUS IYyJbIbl MPOJYKTOB OHMOOKHUCIEHHSI MEpPEN €ro
oTMbIBKOW BHeapeHa Ha I'M3-3 CepepHoro pyaoymnpasiieHusi ['ocynapcTBeHHOTO
npennpusitist «HaBowiickuii TOpHO-METAIUTYprudeckuii komOuHaT» (cripaBka Ne
02-02-10/10718 ot 7 oxTsi6pst 2016 T.). JlaHHAs TEXHOJIOTHS MO3BOJIHJIA ITOJYIHTh
YUCTBI BEPXHUU CIHMB MPOTUBOTOYHON JEKAHTAHIMOHHOMW OTMBIBKM M CHU3HUTh
0€3B03BpaTHbBIE IOTEPH 30J10Ta;

KOMOMHUPOBaHHAsT TEXHOJOTHUSI MEpepadOTKU YMOPHBIX U 0CO0O0 YIOPHBIX
30JI0TOCOJIEPAKAIUX PYJd U KOHIIEHTPATOB, COJAEPKAIIMUX VYIJIUCTHIE BEIIECTBA,
BHeApeHa Ha ['M3-3  CeBepHoro pynoynpasieHus [oCymapcTBEHHOTO
npeanpusatis «HaBouiickuii ropHO-MeTaUTyprudeckuii komOuHaT» (crpaBka Ne
02-02-10/10718 ot 7 oxtsa0ps 2016 r1.). JlaHHass TEXHOJOTHS IO3BOJIMJIA
3HAUUTEIBHO YBEJIHMYUTHh CTENEHb CKBO3HOTO W3BJIEYEHHUS M  TOJOBOIO
MIPOMU3BOJCTBA 30JI0TA C COXPAHEHUEM CYILECTBYIOIIET0 O0BbEMa NEpPepadOTKU
PYIIbl, a TAK)KE CHU3UTh CE0ECTOUMOCTD MOJIy4aeéMOro rOTOBOTO MPOAYKTA,;

pa3paboTaHHAsI TEXHOJIOTHUS U3BJICUCHHUS 30JI0Ta U3 MPOAYKTA HEUTpaIu3aluu
KOB Bueapena Ha ['M3-3 CeBepHoro pynoynpabieHus ['ocymapCTBEHHOro
npeanpustisi «HaBowiickuii rOpHO-METAUTYprudeckuii komOuHaT» (cripaBka Ne
02-02-10/10718 ot 7 okta0ps 2016 r.). Pe3ynbraThl BHEAPEHHUS HAYYHBIX
pe3yJAbTaTOB MO3BOJWIM  JIONMOJIHUTEIBHO HW3BJIEYb 30JI0TO U3 IPOAYKTa
Hertpammzanuu KOB, Hanpasisiemoro Ha cOpoc;

pa3pabOTaHHBIA CMOCOO YBEIMYECHHS TPOU3BOJUTEIBLHOCTH CTYCTUTENEH
nponykra Oumookucienus B koHtype IITJ] BHempena na I'M3-3 CeBepnoro
pynoynpasieHuss l['ocymapctBeHHoro npeanpusitus «HaBOMMCKMA  TOpPHO-
MeTayuTypruueckuii komounat» (crpaBka Ne 02-02-10/10718 ot 7 oktsaops 2016
r.). PesynbraThl BHEIPEHUsS HAYYHBIX PE3YJbTATOB IO3BOJIMIM CYIIECTBEHHO
CHU3HTH 3aTPAThl HA MPOLECC CTYLIEHUS] OMOKEKa;

pa3paboTaHHAsl TEXHOJIOTHS TOBBIIMICHHUS CTEIEHH W3BJICUEHUS 30J0Ta B
npoliecce COPOIMOHHOTO ITUAaHUPOBAHUS KeKa OMOOKUCIIEHUS! C MCHOJIb30BAaHUEM
CXEMBI «yrojib B Iynbne» BHenpeHa Ha ['M3-3 CeepHOro pyaoynpaBieHUs
l'ocymapctBenHoro  npeamnpusituss  «HaBOWMHCKHM — TOpHO-METAIUTYPTrHYECKUA
komOuHaT» (cmpaBka Ne 02-02-10/10718 ot 7 oktsaops 2016 r.). PesynabTath
BHEJIPEHUS] HAyYHBIX PE3YyJIbTATOB IMO3BOJIMJIMA MOBBICUTH HU3BICYEHHE 30JI0TA OT
oneparuu Ha 8-10%.

Anpofauusi Ppe3yJbTaTOB HcCJIeN0BaHUsA. Pe3ynbTaThl HCCleI0BaHUS
W3JI0KEHBI B BHUJE JICKIIMM W TPOIUIM ampoOalydio B S5 MEXIYHAPOJHBIX U
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pecnyOIMKAaHCKUX ~ HAyYHO-TIPAKTUYECKUX KOH(PEpeHLIMSX, B TOM YHUCIE:
«IHHOBaLIUS» (Tamxkenr, 2001, 2011); «PecypcoBocnpon3BeieHUE,
MaJOOTXOJHBIE M TPHUPOJAOOXPAHHBIE TEXHOJOTUU OCBOeHUs Henp» (MockBa-
HaBou, 2005); «CoBpeMeHHblE TEXHOJOTMM ¥  HWHHOBAallUM  TOPHO-
Metajutyprudecko  orpaciauw»  (HaBow, 2012); «IIpoGmembl u  myTH
WHHOBAIMOHHOTO Pa3BUTHUS TOPHO-METauTypruueckod otpaciau» (TamkeHT,
2014).

Ony0JuKOBaAaHHOCTH pe3yJbTAaTOB HcciaenaoBanus. [lo Teme nuccepranum
oImyOJIMKOBaHbI Bcero 28 Hay4yHbIX pa®oT. M3 Hux 1 moHorpadwms, 2 mareHta Ha
nzobperenne Pecnybmmku Y30ekucrtan, 17 HaydHbIX cTaTeil, B ToM yucie 11 B
pecryOIMKaHCKUX U 6 B 3apyOeXHBIX KypHallax, peKOMEHJOBaHHBIX Briciei
aTTeCTAalMOHHOM Komuccued PecnyOnuku  Y30ekuctan Uil  MyOJIMKalvu
OCHOBHBIX HaYYHBIX PE3YJIBTATOB JOKTOPCKUX UCCEPTALUN.

Crpykrypa u 00bém guccepranmu. CTpykTypa IHUCCEPTALMM COCTOUT W3
BBEJCHUS, YEThIPEX TIJaB, 3aKIIOYCHHS, CIHCKA HCIOJIb30BAaHHON JIUTEPATYPHI.
O6bem nuccepraruu coctasisier 200 crpanui.

OCHOBHOE COJEPXAHUE JUCCEPTALIUUA

Bo BBeaeHum 0O0OCHOBBIBAETCS aKTYaJbHOCTh W  BOCTPEOOBAHHOCTH
MIPOBEICHHOT'O0 MCCJIC/IOBAHUA, 11€JIb M 3aJladyll HCCIIEAOBAHMS, XapaKTePU3YIOTCs
OOBEKT H TpEeaMET, TMOKa3aHO COOTBETCTBUE WCCIICJAOBAHUS TMPUOPHUTETHBHIM
HaIPaBJICHUSAM Pa3BUTHS HAYKW M TEXHOJIOTHHA PECIYOIMKH, H3JIararoTcs HaydHas
HOBH3HA W TMPAKTHYECKUE PE3yJIbTaThl MCCIACAOBAHMS, PACKPHIBAIOTCS HAaydHAs U
MpaKTUYECKass 3HAYMMOCTh TOJYYEHHBIX DPE3yJbTaTOB, BHEAPCHHE B TIPAKTHKY
PE3yNbTaTOB MCCIICIOBAHMS, CBEICHHUS 10 OIMyOJIMKOBAHHBIM pab0TaM B CTPYKTYpe
JVCCEepTAIIHH.

B mnepBoii rmaBe «CoBpeMeHHOE COCTOSIHME TMepepadoTKU YHOPHBIX U
0c000 YMOPHBIX PY/I» PACCMOTPEHO COCTOSIHUE PadoT 110 IepepadoTKe YIOPHBIX U
0cO00 YMOPHBIX 30J0TOCOJAEPXAIIUX PYd MW HCCIEAOBAHBI METOJBI HX
WHTEHCU(DUKAIUH.

st nepepadoTKu YIOPHBIX CYJb(PUIHO-MBITITBIKOBUCTHIX
30JI0TOCO/IEPKAIINX Py SKOHOMUYECKA OOOCHOBAHBI TPU OCHOBHBIC TEXHOJIOTHU:
OKUCJIUTENbHBIA  OOXWT, OHOOKHUCIIEHME W  aBTOKJIIABHOE  OKHUCIICHUE,
oOecIeuynBarIIKe MOJYyYCHHE TOTOBOM MPOAYKIIMH, KOHKYPEHTOCITOCOOHBIE Kak
M0 TEXHOJOTWYECKUM, SKOHOMHUYECKHM, TaK M JKOJOTHYECKUM KPHUTEPHUSIM B
3aBHCHUMOCTH OT MHHEPATbHOTO, BEIIECTBEHHOTO COCTaBa M MOP(OIOTHIECKHIX
CBOMCTB Py, IPOIYKTOB M OTXOJIOB 00OTAIIICHHMS.

OmnpeneneHsl OCHOBHBIC MIPUYHHBI HEYJIOBJICTBOPHUTEIILHBIX
TEXHOJOTHUECKHUX ToKazaTelieh nepepadoTKH 30710 TOMBIIIBSIKOBUCTBIX
cyabbuaHbx pyn B ycnousix ['M3-3 Hasowuiickoro I'MK:

— HECOOTBETCTBHE TpeOOBaHUN (MOCTOSHCTBO BEIIECTBEHHOTO COCTaBa
nepepadaTbIBa€MbIX Py/) BHIOPAHHOW TEXHOJIOTHH OaKTEPUATHHOTO OKUCIICHHS U
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peanbHO CYIIECTBYIOIIETO pa3HooOpasust pya MectopoxaeHuil Kokmarac u
Hayreiztay (puc. 1);

— Hanuyue B pynax mecropoxiaeHuit Kokmarac m Jlayrei3ray yrimcroro
3oi0ta (15-20%), KOTOpOE€ HE BCKPHIBAETCA IO TEXHOJOTMH OHOOKUCICHUS
(B3aumMoripopactanue cyJib(QUA0B U YTIUCTOTO BEUIECTBRA);

— BBICOKOE CoZiepKaHue BO (hJIOTOKOHIIEHTpATE CYIb(UTIHOMN Cephl.

OcCHOBHBIE HEJIOCTATKU CXEMbl OMOOKHUCIEHUS BIEKYT 3a COOOM LBl psij
OTPHUIIATETHHBIX (DAKTOPOB B TEXHOJIOTUYECKOM ITPOIIECCE:

—  u3-32  TIOCTOSHHO  MEHSAIOUIETOCS  BEIIECTBEHHOIO cocTaBa
(JIOTOKOHIIEHTpaTa CHCTEMATHYECKH HWIAET OTMUPAHWE MHUKPOOPTaHU3MOB,
KOTOpOE€ BEAET K OOMIBHOMY TIEHOOOpPA30BaHUIO B peakTOpax OMOOKUCICHUS U Ha
MOCJIETYIOUIUX ONEpalusx;

— mociie OaKTepUaIbHOTO OKUCICHUS B MPOIYKTE OMOOKUCICHUS COIACPIKUTCS
3HAUUTEIFHOE KOJMYECTBO CEPOCOJEpKAIIMX BEIIeCTB (cepa 3JIeMEHTapHasl,
noucyinbGuasl U T.J.), XOpPOIIO B3aUMOJCUCTBYIOIIMX C IMAHUJAMU C
00pa30BaHUEM POJIAHUCTHIX COSAUHEHUN MPEMSATCTBYIOMINX COPOLIUU 30J10Ta.

Takum oOpazom, mpoOiieMa U3BJICUCHHS OJIArOPOJHBIX METAIOB U3
TEXHOJIOTUYECKH YHOPHBIX PYJ M KOHIIGHTPATOB, HE MOJIAIOIIMUXCA 00paboTKe
MPOCTHIMU, OOIIECTIPUHSATHIMU B MPOMBIIIJICHHON MPaKTUKE METOJIaMH, SIBISETCS
OJIHOM U3 HanboJiee BaKHBIX B 30JI0TOI00BIBAOIIEH TPOMBIIIICHHOCTH.
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70 0,80 g
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1 — u3BneueHue 3010Ta U3 CyabPUIHBIX pya, %; 2 — cootHomeHne Koknarac — Jlayreisray, en.
Puc. 1. 3aBucumocTh U3BJI€YECHUS 30J10TA OT COOTHOLIEHUS Py
mecrTopo:kaeHuii Koxknarac u Jlayreisray

Bo Bropoii rnaBe «Pa3padoTka TeXHOJIOIHM NepepadoTKu 320aJ1aHCOBBIX
30JI0TOCO/AePKAIMNX CYJIb(UIHBIX pya MeTO010M KYYHOI'0
OMOBBINIEJAYMBAHUA) PACCMOTPEHBl PE3YJIbTAThl HUCCIEIOBAHUNA M0 OLICHKE
BO3MOKHOCTH TIepepa0dOTKH 3a0ajaHCoOBBIX pyd MecTopokaeHus Kokmarac
METOJIOM KY4YHOro OWOBBIIIENTAYMBaHUS B  J1A0OPAaTOPHBIX U ONBITHO-
IIPOMBIIUICHHBIX YCIOBHSX.

B naGopaTopHbIX YCIOBHUSX B YaHOBOM pEXHME HCCIEI0BaHa MPUTOJHOCTD
pynbl kK Onookucienuto (ppakuus kiacca — 0,074 mm — 80%, IPOJOIKUTETHHOCTD
ouookucnenus — 10 cyt.). Comep’kaHue OCHOBHBIX KOMIIOHEHTOB B HCXOJHOM
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npobe (%): ASesw, — 0,684; Feosw — 5,02; Feeymgp — 1,96; Sogu. — 2,208; Seyng. —
2,018; CO; — 6,05. U3BneueHue 30510Ta MpU COPOILIMOHHOM ITUAHUPOBAHUH TOCIIC
ounookucnenus coctaBuio 70-75% (npotus 25,7% 6e3 OMOOKUCIICHHUS).

HccnegoBana BO3MOXKHOCTh OMOOKHCIICHUS 3a0aJIaHCOBBIX CYIbGUIHBIX DY
MecTopoxaeHuss Kokmarac MNepKOISIMOHHBIM CIIOCOOOM. Y CTaHOBIIEHO, YTO
HaJM4ue KapOOHATOB B MCXOJHOW pyJe TpeOyeT mepea HayajioM OMOOKHUCIICHHS
IPOBEJICHUSI TIOJIHOTO 3aKucieHus pyabl. JlekapOoHM3aIUI0 pyAbl MPOBOAMIN B
«MSITKOM)» PEKHUME pacTBOPOM cepHou kuciotel ¢ PH=1,5 B Teuenue 40-45 cyr.
Pacxom «kwucinoter coctaBun 86,7 kr/t. M3Bmedenme 3o0mota 3a 150 cyr.
OaKTEepHABHOTO OKUCIICHUS Pyl KPYMHOCTHIO —20 MM coctaBmiio 48,3% (mpoTuB
25,7% 1nipu npsAMOM LIUAHUPOBAHUN ).

[TpoBenensl MOJTYTIPOMBIIICHHBIC WCIIBITAHUS 1o KY4YHOMY
OMOOBBIIIEIAYNBAHUIO CYIbPUAHBIX PYJ MeCTOpokaeHuss KoknaTtac cienyromniero
xumudeckoro coctana (%): Feygy. — 9,9; Fe** — 2,95; As —0,91; Soor — 2,3; Scymp —
2,1; CO, — 4,4; Au — 3,4 r/T. Macca pyasl, 3ay1oxeHHol B kyde — 1200 T, BeIcOTa
Kydd — 2 M, IUIOmaab ocHoBaHua — 450 M2, Iomanas KpoBid — 298 M2,
[Ipo1oKUTENLHOCT Tpollecca JekapOoHu3auuu — 52 cyT. (pacxoa cepHou
KUCIOTBI — 21 Kr/T), Bpemsi Ouookucnenuss — 150 cyr. M3Brneuenue 3070Ta
METOJIOM COPOIIMOHHOTO IMAHUPOBAHUA B THAPOMETAIUIYPTUYECKOM PEKUME
coctaBuio 47,2%.

J171s1 IOBBIIICHUS] OKUCIUTEILHON aKTUBHOCTH OAaKTEPHil 3a CUET YBEIMYCHUS
KOHIICHTpAIUH KeJie3a U CyJIb(GUIHON Cepbl B UCXOJJHOM MaTepHase UCCIeI0BaIn
mporiecc  Omookucienuss mwUxThl  pyasl  (80-90%) kapeepa  FOxHBIH
MectopoxaeHusi Koknarac u ero ¢guiorokoninentpara (10-20%) nepkoJssiiHOHHBIM
croco0OM. YCTaHOBJIEHO, YTO W3BJI€YEHHE 30510Ta 3a 150 cyT. GakTepuaibHOro
OKHUCJIEHUS] COCTaBUJIO B PA3JIMYHBIX BapHaHTaX JaOOPAaTOPHBIX OMBITOB OT 46,7 110
72,4%, (B cpennem 61,8%) mpotuB 18,1-31,1% npu npssMoM HUaHUPOBAHUH.

Takum o6pazom, meron KBbB Hamo mnpumeHeHHe B TPOMBIIUICHHOM
Macmrabe I oOoramieHus 3a0ajaHCOBBIX  30J0TOCYIbMHIHBIX PyI ¢
OJIHOBPEMEHHBIM BCKPBITHEM OIPEACICHHON YacTH CYIb(UIHBIX MUHEPAJIOB.

B tpertbeil rnae «IloBbimeHne 3(p(peKTUBHOCTH NMepPepadoTKH YIOPHBIX
30J10TOCYJbGUAHBIX pya Ha I['M3-3» paccMOTpeH KOMIUIEKC paboT 1o
YCOBEPUICHCTBOBAHUIO JICMCTBYIOIIEH TEXHOJIOTHH U3BIICUCHHS 30J10TA.

B cooTBercTBUM ¢ MPOEKTOM KEK OHOOKHUCIEHHS OTMBIBAlOT OT
pPacTBOPEHHBIX MpHUMECEd — MbIIIbIKAa M >Kelie3a METOJOM MPOTUBOTOYHOM
JNEKAHTAIMOHHOW OTMBIBKU. B mporiecce 0CBOCHUS TEXHOJIOTHH MPOTUBOTOYHOU
nexkantauu  (IITJ]) oTMedensl choydaum yXyAlleHUs pabOThl  Mepejena,
BBIPA3UBIIMECS B PE3KOM CHWIXKEHHM CKOPOCTH OCaXJeHus TBEpIoM (a3bl u
MOSIBJICHUS MYTH B clMBEe cryctuteneit (puc. 2). Ilocnennee Biekio 3a coboi
yYBEJIMYCHUE OCE3BO3BPATHBIX IMOTEPh 30JI0TA. BBIMOTHEHBI HCCIEIOBAHUS TI0
moA00py ONTUMATBHBIX (DIIOKYIISTHTOB JJI YIYUIICHUS MTOKa3aTeNIel CTyIaeMoCTH
Ha IIT/I. Onpenenenue mokaszarened CrymiaeMOCTH NPOBOJAWIOCH B IIMJIMHAPAX
€MKOCTBIO | J1 Ha TeKymux MmyjbllaX, OTOOpaHHBIX W3 MpoIecca MmepepadoTKH

pyAbL.
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[To pesynpraram AaHHOW CEpUM OIBITOB JaHa COTOCTABUTENIbHAS OIEHKA
paboThl 00pa3oB (IOKYISIHTOB pa3du4HBIX Mapok B koHtype IITJ] mexa
OHMOOKHCIICHHS.
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1-TITHA-1; 2 -TITA-2; 3 —IITA-3; 4 — kitaccuueckast KpUBasi CTyIICHHUS
Puc. 2. XapaktepHble kpuBble cryuenus kourypa [T/ 'M3-3

B pesynbrare yCTaHOBJIEHO, YTO HAWIYYIIMMH [OKa3aTeIsIMU oO0Janaer
BBICOKOMOJIEKYJISIPHBIN, CUIIbHO KaTUOHHBIN (PriokynstHT mapku [Tpaecton 854-BC-
S. Ilpm cpaBHennnm QuokymnsaTa wMapku IIpaecton 854-BC-S ¢ mapkoi,
UCToNIb3yeMoii Ha ipousBozcTBe [Ipaecton-2500:

— s 1 crycrurens npu pacxoje 90 r/t (pacxoxa ¢uokymnsiuta [Ipaecton-2500
— 80 1/T) yCTaHOBJIEHO YBEIMUYEHUE CKOPOCTU ocaxeHus B 3,05 pasza u yneiabHOU
IIPOU3BOAMUTENILHOCTH crymenns B 2,4 pasa. Jlocturaemoe 3Hauenue T:K
HaxoauTcs B nuanasone 1,6-1,9;

— st 2 crycrurens npu pacxoze 20 r/T (pacxoxa duokynsuta [Ipaecton-2500
— 40 1/T) yCTaHOBIEHO YBETUYCHUE CKOPOCTU OocakiaeHus B 2,0 paza u yJenbHOU
MPOM3BOAUTENBHOCTH crymeHus B 2,0 pasza. [octuraemoe 3Hauenue T:K
HaXoJUTCs U auanasone ot 1,7 no 1,9;

— s 3 crycrarens npu pacxozae 20 r/T (pacxoxn diokynsaTa [Ipaecton-2500
— 40 1/T) yCTaHOBJICHO YBEJIMYEHUE CKOPOCTH OCaxJeHus B 1,9 paza u ynenbHOU
MPOM3BOAUTENBHOCT crymeHus B 2,0 pasza. [ocruraemoe 3Hauenue T:0K
KOHEUHOE JIJ1s1 000UX 00pa3IoB HaXOAUTCS B quarna3one ot 1,6 1o 1,9.

Takum o0Opa3om, NEpBOHAYANBHBIN pacxod [  (DIOKYJISHTa MapKu
[Ipaecton-854-BC-S B xoutType IIT/] niexa 6nookucnenus I'M3-3 pexomenayercs
st crycrureneit 1:2:3, coorBercTBeHHO, B KonudectBe 90:20:20 1/T mpoaykTa
OMOOKUCIICHUS.

N3yueno BaussHue pH >xumkoii (a3el mynblbl HAa OCBETJICHHWE CIIMBA
crycrurenss IIT/l-1. B pesynbrate Habopa CTaTUCTHUECKUX TAHHBIX METOJIOM
MIACCUBHOI'O JKCIEPUMEHTA YCTAaHOBJEHA MpsMas 3aBUCUMOCTb YXYIUICHUS
ocsemiienust ciuBa IIT/-1 ¢ pocrom pH xuakoit ¢azel. Ilpu noswimenun pH
KUAKON (Pa3bl BO BTOPUUYHBIX peakTopax 10 3HaueHus 1,40-1,45 mynbna 6uokeka,
MOCTYMAOMIasi HA OTMBIBKY, pa30aBisieTcsi MpOMbIBHOM BoaoM U pH >kunkoi ¢azbl
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Bo3pactaet 1o 3HaueHuil 1,80-1,86. [Ipu 3ToM Habmromaercs pe3koe yXyIIIEHHE
OCBETJICHUS MYJIbITBI U 00pa3zoBaHue MyTu B BepxHeM ciause [IT/[-1 (Tabm. 1).
Tabmura 1
Brusitaue pH xunkoi ¢asel myJIbIbl HA CKOPOCTh OCAXKICHUS M UUCTOTY
BEPXHETo CIIMBa (JJaHHBIE TTACCHBHOTO YKCIIEPUMEHTA)

[IpoGa pH Cropocrs CocTosiHME BEPXHETO CIIMBa
OCaKJIEHHUS, M/4
ITynema — | 2,02 0,44 Her ¢ponTa ocaxnenus
nutanne | 1,86 0,55 Het ¢ponTa ocaxkieHusi, CinB MyTHBIN
crycrurens| 1,54 0,95 @pPOHT YETKUH, CIIUB MYTHBII
IITI 1 1,33 1,16 DPOHT YETKUM, CIUB MTPO3PAYHBIN

[IpuunHON yXynAllleHUs OCBETJICHHS U 0Opa30BaHUS MYTH SIBUICS THUAPOIH3
comeit Fe*® B xumkoil (ase myabmEl ¢ 06Pa3OBAHHEM KOIOWIHOTO PacTBOPA
CKOPOJUTA-SIPO3UTA 10 YPABHEHUSAM PEAKIUI:

FEZ(SO4)3 + 2H3As0O, + 8H,0 = 2FeAsO4+4H,0 + 3H,S0,, (1)
Fe,(SO,4); + 2H,0 = 2Fe(OH)SO, + H,SO,. 2)

B pesynpraTe o0Opa3oBaHMsS ~ KOJUJIOMJHOTO  pacTBOpa apceHara U
okcucylbdaTa Kene3a BA3KOCTb KUIAKOM (pa3pl BO3poOCia, YTO PE3KO CHU3HUIIO
CKOPOCTb OCaKJICHHMS IJJTAMOBOM (PpaKInU KeKa OMOOKHUCIIECHUS.

Takum oOpa3zoMm, pa3paboTaHa M TPOMBIIUICHHO BHEAPEHA TEXHOJIOTHS
MOIKUCIICHUS TTYJIbIIbl OMOKEKa, MOCTYNAlomas Ha MPOTUBOTOYHYIO JEKAHTAIIMIO,
no pH=1,3-1,4, no3BoJssAronas noay4utsb YUCThI BepxHuid ciuB [IT/-1 u cHU3UTH
0€3B0O3BpaTHBIC TOTEPH 30710Ta (TabII. 2).

Tabmuma 2
Bnusuaue pH noakucneHHon Kuakoi ¢asbl myJIblibl OMOKEKa Ha TTOKa3aTen
OCBETJICHMSI M COJIEpKaHus 30J10Ta B cOpocHbIX npoaykTax npu I1T]] oTMbIBKe

Konuenr- Conepxanue 30510Ta B
pH nonxuc-
IToka3zarens civBa parys 30J10Ta | CTYIICHHOM IPOAYKTE
JICHUS
B CJIMBE, MI/II KOB, r/T
1,65 M . 0,220 1,0-1,2
1,50 YTHRIH 0,190 0,9
1,45 MyTHOBaTHIN 0,180 0,8
1,40 0,090 0,6
1,35 [Tpo3paunsrii 0,085 0.5
1,30 posp 0,085 0,5
1,20 0,085 0,5

Cynbbugnsie  pyasl, TMOCTynaromme B mepepaboTky,  o0iagaroT
HEOJHOPOJIHBIM COCTaBOM M CHJIBHO pa3UYyaloTcs MO0 (DU3UKO-XUMUYECKUM
CBOWCTBaM, 4YTO TPHUBOAHWT K PAIY CIOKHOCTEH B OCTIXKCHHH TpPeOyeMbIX
MoKasaTesield B OCHOBHBIX TEXHOJIOTHYECKUX mnepesenax. OmaHa u3 Takux mpooaem
COCTOsIJIa B HU3KOW MPOU3BOIUTEIHFHOCTH CTYCTUTEIICH MPOAYKTa OMOOKHUCIICHHS B
koutype IITJI. Amnanornunas mnpoOiema HabmOAaTach Ha HIACHTUYHBIX
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CrycTUTEeNsX (PIOTOKOHIIEHTPATA. Y CTAHOBJIEHO BIMSHUE TUIOTHOCTH ITYJIBITBI
(bITOTOKOHIIEHTpATA Ha MOKAa3aTen CrylaeMocTH (puc. 3).
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Puc. 3. Biusinve JIOTHOCTH MYJIbIbI (JIOTOKOHIEHTPATA HA MOKA3aTeJ U
CryLIIaeMoCTH

OnTuManpHble TIOKA3aTeld CryIIaeMOCTH IPOAYKTOB IIOJYYEHBI IIpU
pa30aBiICHUH MYJIBIBI 0 cofepxkanus TBepaoro 15-20% (R=4,0-5,3). [Ipu stom
CKOpPOCTh crymieHus yBenuuuBaeTcs ot 0,32 m/gu mo 0,9-1,2 m/4, yaenbHas
TIPOM3BOAUTEIBHOCTD CTYIIEHHS — OT 4,29 110 6,5 T/M” B CyTKH. Y CTAaHOBJIEHO, 4TO
Ui ONTHUMM3alMM paboThl CrycTUTENs (DIOTOKOHIIEHTpaTa LeJIecoo0pa3Ho
pa3yOOXuBaTh MyJblly B MNHUTaHUM cryctutens Ao R=4,0-5,3, nana uyero
pa3paboTaHa U pEKOMEHJ0BaHa CUCTeEMa aBTOPa30aBICHHUS ITyJIbIIbI.

Jlnst BHeApeHHs] cUCTEMbl aBTOpa30aBiCHUS MYJbIbBI B MUTAIOLIUMX TpyoOax
crycrurenent IIT/] cnenanpl ropu30oHTaNBHBIE IPOPE3U HA YPOBHE 3€pKajia BOJBI,
yepe3 KOTOpble OCBETJEHHAas BOJa MocTynana B TpyObl, pa30aBisii TEM CaMbIM
MyJbplly 10 €€ TMONaJaHusd B TMHUTAIOMIHAE KOJOAUBI crycrurened. OmHako
yYBEIIMUEHHE TMpou3BoauTenbHOCTH crycturenerd 11T/ mo TBepmomy He
3HAYUTENIbHO, B CBA3M C YeM pa3paboTaH U PEKOMEHI0BaH HOBBIN MUTAIOIICH y3el
cryctutens 11-28 (puc. 4), KOTOpBI COCTOMT M3 MUTAIOUIETO KOJOJIA, TUAMETP
KOTOpPOI'O YBEJIMYEH B 2 pa3a M0 OTHOIICHHUIO K IPOEKTHOMY M COCTaBIIET S5 M,
nuTarone TpyObl, AMaMeTp KOTOpOHM yBeludeH B 3 pa3a, a TakKe OTKPBITOTO
NPUEMHOT0 kejlioba, B KOTOPYIO 3aBe/ieHa MUTarolias Tpyda U yCTaHOBJIEHHOTO
TakUM 00pa3oM, YTO OCBETJIEHHAs BOJIA B 3€pKaJie CTYCTUTENS MOMAaaeT B XKenob u
paz0aBiIsieT MyJibIly, NOCTYMAIOIIYIO C TUTAIOLIEH TPYObl B KOJIOEL.

Takve KOHCTPYKTHBHBIE PEIICHMS IMO3BOJWIM YBEIUMYUTHh 3(P(HEKTUBHOCTH
paboThl CUCTEMBI aBTOpa30aBIIEHHS M BpEeMsl KOHTaKTa TBEPJOTO MaTepuayia ¢
(bJIOKYJISHTOM  BCIIEICTBUE  YBEJIMYEHUS o00bemMa NPUEMHOr0  KOJOJUA.
MOHUTOPUHI MOKA3aTEJIE CPEAHEYaCOBOM NPOU3BOAUTEIBHOCTH CryCTUTEINIEH
MOKAa3bIBAET, YTO CTYCTUTENb C HOBOM KOHCTPYKIMEW MUTAIOLIEro y3ia, padoTas
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CO CpEIHEYaCOBOM MPOU3BOAUTEILHOCTHIO 0OO0J€e YeM BJBOE MPEBBIIIAIOIIYIO
POU3BOAUTENILHOCTh CTYCTUTENIS C MMPOEKTHBIM MUTAIOIIUM Y3JI0M, 00ECIIEYHBAET
Jy4IIUe oKa3aTeNu CrylaeMOCTH U MOTy4YyeHue 00Jiee YNCTOrO BEPXHETO CIIHUBA.

NMpoekTHbLIM NUTaLWMin KonoageLl

MuTalwmn Konogey, ycoBepLUeHCTBOBAHHOM KOHCTPYKLUMA
- yBEenu4eH gmameTp Konoaua;
- yBenu4eH gmnameTp nutarlwero Tpybonpoeoaa;
- ycTaHoBNneH »enob ana aestopastasneHums.

Puc. 4. KoHcTpyknusi nuTawinero kojaoaua crycruress I1-28

Caus I1T/] HanpaBiisieTcst B IpOLECC HEUTpaJIU3aluU JUIs IEPEBOJIa MBILIbSIKA
B HEpacTBOpUMBIE (QOpMBL. 3aTeM HEUTpaIM30BaHHBIA H3BECTHAKOM MPOAYKT
MOCTYIAeT Ha CTyCTUTENb KOHTypa o0opoTHoro BojocHaOxkeHus (KOB), otkyna
ClIMB HIAET Ha TIOBTOPHOE HCIIOJIb30BaHUE, pasrpy3ka crycturens KOB
HaIpaBJsieTcsl Ha XBOCThI. [IpakTHka noka3ana moCcTOSIHHOE MPUCYTCTBHUE 30JI0Ta B
npobax pasrpy3ku crycturesis KOB B cpennem 0,6-0,8 r/T, KOTOpoe OTHOCUTCS K
KaTeropuu Oe3BO3BPATHBIX MOTEPh. BHIOTHEHBI MCCIETOBAHUS TIO H3BJICUYCHUIO
3od0ota u3 npoaykra KOB wMerogamu dunbTpanuu, UeHTpUPYTrUpOBaHUS,
AKCTPAKINH, COOCAKACHUS, TMAaHUPOBaHUS U Ap. ONTUMAaTbHBIM SBISETCS METO
COpPOIIMOHHOTO IMAaHUPOBaHUS B pexume: mcxonHas kouneHTpanus NaCN=200
mr/n, pH=11,0, 3arpy3ka cmossl 0,5% (B rosioBy mpoiiecca), Bpems — 24 4. B Ta6:.
3 mpexacTaBieHbl pe3yJbTaThl COPOLMOHHOIO HU3BJIEUYEHHS 30J10Ta U3 MPOJIyKTa
KOB, kotopoe coctaBuio 82,2%.

Tabnuna 3
PesynbpTaThl o u3BneueHuto 30510ta u3 npoaykra KOB copOrimoHHBIM
[[UAaHUPOBAHUEM
HanmenoBaHue nokasaresnei 3HayeHue
Conepxanue AU B HICXOJHOM TIpoOe, I/T 0,56
Conepxanue AU B XBOoCcTax coOpOIuu, I/T 0,10
H3Bneuenue 305101a, % 82,2
Pacxox NaCN, kr/t 0,4
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[TonoxuTenpbHBIC PE3YIBTATHI UCCICIOBAHUMA MTO3BOJMIIN Pa3padoOTaTh CXEMY
U BHEIPUTh TEXHOJIOTHIO H3BJe4eHHs 30j0Ta u3 mnpoaykra KOB mnyrém ux
copOIIMOHHOTO IHaHWpoBaHUs. Pa3zpaboTaHHas TEXHOJOTUS SIBUJIACH 3alIUTHOU
MEpOii 1 UCIOJIb30BaHa MPH MOBBIIIEHUH COJEpKaHus 30710Ta B mpoaykTe KOB.

OOpa3oBaHue pOJAHUIIOB HA CTAJAMM IIUAHUPOBAHUS Py, KOHIEHTPATOB U
IPOJIYKTOB OMOOKHCEHUS (HJIOTOKOHIIEHTPATOB (OMOKEKOB) SIBISETCS OCHOBHOM
NPUYMHOM TOBBIIIEHHOTO pacxoja IMaHWJa HaTpusi, a HUX Y4yacTUe B
KOHKYPEHTHOW CcOpOmmMHM ¢ IMaHWTHBIM KOMIUIEKCOM 30JI0Ta TPUBOJUT K
CHUKEHUIO EMKOCTH CMOJIBI IO 30JI0TY U K BBICOKON OCTaTOYHOM KOHIICHTpAITUU
30J10Ta B KUJKOU (aze XBOCTOB copoOruu (puc. 5 u 6). [IpoBeneHsl uccieaoBaHus
M0 KWHETUKE IWAHWUIHOTO BBINIEIAYMBAHUSA IBYX MPoO OMOKEKa C pa3IMYHBIM
UCXOIHBIM COJIEpXKaHUEM CyIb(OUIHON cepbl. YcioBuA IHaHupoBaHus (6e3
BBEJICHUS aHMOHMUTA) 00eux npoO Obutm aHamorumunbiMu: pH=10,5-11; ucxonnas
koHueHTpamuss NaCN — 1000 mr/i; T : XK=1,0 : 2,4. TloBsimeHue B npode Omokeka
HEJI0OOKHCIIEHHBIX (hopM cepbl (S) ¢ 1,0 10 1,4% mpuBeso K MOBBIMICHUIO Pacxo/a
nuanuaa Hatpus 3a 10 u BeimenayuBanus ¢ 4,8 10 6,9 kr/t, npu STOM
KOHIICHTpAIUs POJAaHUIOB B pacTBOpe Bo3zpocia ¢ 1457 mo 2050 mr/m.
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Takum oOpa3omMm, cojepkaHue HETOOKHCICHHBIX (OpM cepbl B MPOAYKTAX,
MOCTYIAIOIINX Ha IMAaHUPOBAHUE, IMPOTOPIMOHAIBHO OTpPaKaeTCs Ha Pacxojie
IMaHua HATPUS U KOHIICHTPAIIMU 00pa3yIoNUXCs pOAaHUIOB.

Ha puc. 7 npencraBiieHa 3aBUCHMOCTh KHHETUKH 00pa30BaHUs POJAAHHUIOB OT
ucxoaHor koueHTparuu NaCN. YcTaHOBIEHO, 4TO BpeMs MMPAKTUYECKH TTIOJTHOTO
obOpazoBaHus pojaHu10B He 3aBUCUT OT KoHIleHTparuu NaCN u coctaBnser 10-12
q,

4500

4000 ///,,,./
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3000 / NaCN
2500 / / S 0.21/n
2000 ( ff« - 0,5r/n
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Puc. 7. Kuneruka o0pa3oBaHusi pOAaHH/I0B

%

cogeprkaHve pogaHvaoB, Mr/n

CKOpOCTh IMAHHUHOTO BBIIIEITAYMBAHUSA 30JI0Ta BBINIC, YeM OOpa30oBaHUE
ponaHusioB. M3ydyeHo BIMAHHME KOHIICHTPAIIMM POJAHUJIOB HA HACHIIMICHUE
copbentoB. [lpu KOHIEHTpaluu POJAHUIOB B PACTBOPE, XapaKTEPHOU IS
nepepaboOTKU OKHUCICHHBIX pyn (9,8 mr/im), HaceliieHue aHuoHUTOB AM-2b u
PuroGold 3010T0M cocTaBmiio, COOTBETCTBEHHO, 6,2 1 4,6 Mr/r. IIpn NOBBIIIEHHH
KOHIIGHTPAIlMU POJAHUIOB, XapaKTEePHOU Il mepepadoTku Ouokeka (4625 mr/n),
Hacelenne  apmoHutoB  AM-2b um PuroGold  3omorom  cHmbKaercs,
COOTBETCTBEHHO, B 3 U 2 pa3a.

BrImmomHEHB!I MCCIETOBaHUS 10 KOHAWIIMOHUPOBAHUIO CHIPbS (CHUKEHUE B
HEM colepKaHUsI HETOOKUCIECHHBIX ()OPM Cephl U, KaK CICJICTBHUEC, YMCHBIIICHHUE
KOHIICHTpAIlMd POJAHUJAOB) OOKWTOM Tiepe] I[HMAaHWpOBaHWEM. B  ombITax
WCITOJTB30BaI OMOKEK C BBICOKMM COJIEpKaHUEM CYIb(DHIHONW Cephl, KOTOPBIH
otMmbiBau 10 pH=4 u dunsrpoBamu 1o BiaaxHoctu W=50%. OOxur Benau B
NPOTBEHSIX, KoTopble momemanu B nieun Carbolite CF-24. Bec ucxomHol HaBecku
coctaBysul 1 Kr B mepecy€Te Ha cyXxoe BemecTBo. [lepemenivBanme oCyIiecTBISIIH
BpyuHyI0 uepe3 kaxpie 10-15 mun. obxwura. [locne aByx yacoB oOxkura mpoObl
HaIpaBWJIM Ha copOIMoHHOE ManupoBanue B pexume: pH=10,5-11,5; NaCN=500
Mmr/n; 3arpy3ka cmoiel — 0,5% (B TONOBY mporiecca); BpeMsi COPOIIMOHHOTO
nuuanupoBanusa — 16 4; XX:T=2:1.

VYcTaHOBIEHO, YTO MPEABAPUTENBHBIA OOXUT OMOKEKa MpU TeMmIepaType
600°C B TeueHHMe ABYX 4AcOB M MOCIEYIONIEE COPOLHOHHOE UAHUPOBAHHE
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orapka obecneunBaer cHuxkeHue: S ¢ 6,1 mo 0,08%, Cor — ¢ 1,5 mo 0,2%,
koHueHTpamu CNS™ B pactBope — ¢ 934 no 1,3 Mr/i; moBbIIIIEHHWE U3BJICYCHUS
3050Ta Ha 15,1% mnpu CHUKEHUM KOHIEHTPALMK 30JI0Ta B KUAKON (haze XBOCTOB
copouuu ¢ 1,07 mo 0,04 Mr/m; cHmKeHHE pacxoja IMaHWIA HAaTpusi B 4 pasza H
U3BECTH B 2 pasa.

[IpoBeneHbl UcClIETOBAHUS 110 KOHAUIMOHUPOBAHUIO CHIPbS OKUCIUTEIBHON
oOpaboTkoii B mienoyHoit cpene. IlokazaHo, 4Tto mnpeaBapuTelibHas 00paboTKa
MyJIBITBI KUCIIOPOJIOM TIPU TOJJEP)KaHUHM €r0 KOHIICHTPAIlMK B KUAKON (asze Ha
ypoBHe 20 mr/n B TeueHue 13 4 mpUBOIUT K CHIDKEHUIO pacxojia IIMaHua HaTpus
Ha oOpa3oBaHuE poAaHUIOB. M3BrnedyeHuwe 305I0Ta HA CTAgUU COPOIIMOHHOTO
BBIIIETIAYMBAHUS TPAKTUUECKU HE MEHSIETCHA.

JInsi CHUXKEHUSI KOHIEHTpPAllUU POJAHUIOB MPOBEACHBI HCCICIOBAHUS IO
KOHJUITMOHUPOBAHUIO BOJTHOW (ha3bl MyJIbIIBI MyTEM BBEICHUS OKUCIHUTENA. B
KaueCTBE OKHUCIIMTEISl MCIOJb30BAIM MepcyibdaT Kaius. Y CTaHOBJICHO, YTO MPH
pacxoge 8 kr/m° K,S,0g KOHIEHTpALHs POJAHUIOB B KUIAKOH (hase MyIbIIbI
cHuzmwiack ¢ 1199 no 9 Mr/n, KoHUEHTpalus 30JI0Ta B KUAKON (paze XBOCTOBOM
mynbnbl yMeHbiuiaack ¢ 0,16 mo 0,07 mr/a. Y4uTheiBas BBICOKYIO CTOMMOCTD
OKHUCIUTENeH U 00bIINe 00BEMBI MYJIbI, TOCTYIAIOIMIUX HA COPOLINIO, ITOT METO/
KOHJIMIIMOHUPOBAHUS B POU3BOACTBEHHBIX YCIOBHUSIX MAJOMPUEMIIEM.

CoBepIIeHCTBOBaHA TEXHOJIOTHSI COPOIMOHHOIO ITMAaHUPOBAHMS TPOIYKTA
OakTepualibHOrO  BbIIETauuMBaHus.  Jljisi  mpoBedeHUs]  UCHBITAHUM U3
TexHoJiornueckoro npouecca ['M3-3 oroOpanbl cBexkue MpoObl IPOAYKTa TUTAHUS
KEMUMKC, Ha KOTOpBIX ObUIM MPOBEEHBI CHavyana 1adopaToOpHbIe UCCIIEI0BaHNUS,
a 3aTeM TOJIYITPOMBIILJICHHBIC UCTIHITAHMUSI.

JlaGopaTtopHble HCHBITAHUS TPOBOAWINCH B KPYTJIOCYTOUYHOM PEXHUME.
HcnbiTana cxema nepepabOTKH MPOJIyKTa OWOOKUCIEHUS, OCHOBHOWM 3aiaueit
KOTOPOTO SIBISIOCH TOJIYYEHHWE UCXOJHBIX JAHHBIX JJISI MPOEKTHUPOBAHUS
PEKOHCTPYKIIMU y3/1a CcOpOmuM mpu (PAKTUYECKOM COCTOSHUM JIEHCTBYIOIIEH
TEXHOJIOTUM oOoramieHus: 1 ouookuciaeHus ¢paorokoHienTpato Ha 'M3-3.

[IpoBeneHbl  MOMYNMPOMBINIICHHBIE  WCIBITAHUS  YTOJBHO-COPOIIMOHHOMN
TEXHOJIOTUH TIepepabOTKU MPOIYKTOB MpoIriecca OMOOKUCIEHUS, MOTy4YaeMbIX Ha
I'M3-3, ¢ ucnoap30BaHUEM YCTAaHOBKHU, MOJEIUPYIOIIEH TPOMBIILIEHHBIN MTPOIECC
MIPOTUBOTOYHOTO COPOIIMOHHOTO BHIIIECIAYUBAHUS TPOAYKTOB B HEMPEPHIBHOM
pexume paboThl. VcXolHble peXUMHBIC MapaMeTpbl MpoIecca MNPUHSTHI IO
pe3ynbTaTaM MPEeAIIeCTBYIOMINX JIa00PATOPHBIX UCCIEAOBaHUM, BHIIOJIHEHHBIX Ha
ATUX K€ TNPOJAYKTaX, IMOJYyUYCHHBIX IMpU TMepepadoTKe pPyA MECTOPOKICHUN
Kokmarac w Jlayreizray. I3ydeHbl TEXHOJIOTUYECKHWE CBOMCTBA MPOAYKTOB
OMOOKHUCIIEHHUS, UCIIBITAHbl YTOJIbHBIE COPOCHTHI OT PA3IUYHBIX MPOU3BOIUTENIEH,
ceJlaH BbIOOp MapKH yIJig, PeKOMEHIOBaHHBIA JUIsl MCIOJIb30BaHUS B IpOIECCe
COpPOITMOHHOTO BBINIETAYMBAHUS TTPOYKTA OMOOKHCIICHHUS, OTIPEIETICHBI OCHOBHBIC
pEKUMHBIE TIapaMeTpbl W OXHUJAEMBbIE TMOKa3aTed TEpepadOTKU MPOIYKTa
ouookucnenus no CIL texHonmormu. B ycraHoBHBIIEMCS peXuMe MOTYyYEHO
u3Bnedenre Au Ha yronb 84,6% npu yaensHoMm pacxone NaCN 15 kr/T B pacuere
Ha miponykT [IT. V3en copOIMOHHOTO MMAHUPOBAHUS MPOAYKTa OMOOKUCIICHHUS,
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pabotatonmii mo cxeme «CMmona B MyJblie», MEPEBEAEH Ha CXEMY «yrojib B
YJIBIIEY.

Takum o6pazom, nepeBoa ['M3-3 Ha YrojibHO-COPOIMOHHYIO TEXHOJIOTHIO
0e3 MpoBeIeHNUs AOMOJHUTEIIbHBIX MEPONPUATHNA TI0 Jecybduan3anuu OMOKEKOB
MO3BOJIMJI TIOBBICUTH U3BJIeueHHe AU Ha 8-10% 3a cueT ONTUMU3ALMK PEKUMHBIX
YCIIOBUW BBIIIEIAYMBAHUS U UCKIIOUEHHS moTeph AU C KUIKON (a3oi XBOCTOB
copOLHH.

[Tepuonuueckoe meHOOOpa30BaHUE SBISACTCS MPOOJIEMOM NJisi OOJBITMHCTBA
YCTAaHOBOK OHMOOKHCIIEHHSI, KOTOpas TakKe HMMEET MECTO [UJIsi YCTaHOBKHU
ounookucnenus Kokmarac. [loBblieHre ypoBHS IEHBI CHUXKAET MOJIE3HBIN pabounit
00BEM pEaKTOpPOB, YTO MPHUBOJUT K CHUKCHHIO BPEMEHHM OHOOKHUCICHHUS H
noBbIleHUIO octaTouHoi cepbl Ha [IT/[-3. Tlocnennee  TpeOyer — W3bICKaHUSA
BO3MOXXHBIX IIyT€l BBIBOJA M OTICIBbHON TiepepaboOTKM TEHBI C PEaKTOPOB
OMOOKHCIICHUS.

JUis  u3ydeHuss JaHHOTO BOIpOCa IMPOBEJEHO ONpPOOOBaHUE OJHOTO
NEPBUYHOTO M OJHOIO BTOPUYHOrO peakrtopa Ouookucienus. [lo mepumerpy
OOpPTOB PEaKTOPOB YCTAaHOBJIEHBI jkejao0a A cOopa MEHbl C MOCIEAYIOIINM
HaIpaBJICHUEM MPOJYKTa B CIECHHUAJbHBIN KOHTEHHEDP IS JaibHeWIIel paboThl C
Hell. [IpegycMoTpena nojgava BoAbl B jkeno0a AJisl TalleHus IEeHBbI.

JUis u3ydeHus BO3MOXKHBIX CHOCOOOB mepepadOTKM Ha Mpode MEeHHOTo
NpoAyKTa C peakTtopa OuookucieHuss u3 npounecca ['M3-3 mnpoenén
COKpAIllCHHbI palMOHANbHBIA aHalIu3 Ha QOpMbl HaxoxaeHus 3oisota. [lo
pe3ynbTaTaM palMOHAJIBHOIO aHalu3a IEHHOTO NPOAYKTa YCTAHOBJIEHO, YTO
COAEpKaHUE LHMAHUPYEMOIO 30JI0Ta COCTAaBIsAECT 52,2%, TOHKOBKPAILUIEHHOTO B
nopoAy (mpakTuuecku HenuaHupyemoe) — 13,7%, ocTaibHOE KOJMYECTBO 30J10Ta
MOYHO H3BJIeYb C MPUMEHEHHEM CIEIHUATbHBIX METOJO0B 00paOOTKH — 00XKWura,
[IMaHUPOBAHUS B KECTKUX YCIOBUAX U T.II.

OKHCIAUTENBHBIM 00XKUT 3aILEI0YEHHOT0 TEHHOT0 MPOAYKTa U MOCIeyolIee
COpPOLIMOHHOE IIMAHUPOBAHKUE Orapka 00ecreurnBaeT U3BJICUEHUE 30J10Ta U3 orapka
83,4%.

Pe3ynbratel  onmpoOOBaHMS ~ OJHOTO MEPBOrO  BTOPUYHOIO  peakTopa
MOKa3bIBAIOT, YTO MEHHBIA NPOAYKT B CPAaBHEHUHU C IIYJIBIION B 3TOM K€ peakTope
oborameH: nmo Au — 176,7 r/t, Ss — 5,06% u Cg,r. — 14,74%. Ilpu 3TOM BBIXOA
MIEHbI C OJJHOTO MEPBOTO BTOPUYHOTO PEAKTOPA COCTABHII 3a MEPUO ONPOOOBAHUS
8,9 T/cyT. B nepecuére Ha TBEPJOE (BBIXOJ MEHBI C OJHOIO NEPBUYHOTO pEaKTOpa
coctaBun 2,1 1/cyt.). CoaepkaHue TBEpPJOro B MeHE cocTaBuio 74,65 r/n wumm
0,07465 1/m°. CpeaHedacoBOii BEIXOM IIEHBI COCTABHI 5 M/d (CPEAHECYTOUHBIH —
120 m%/cyT), Bec TBEpmOI hasbl mersr P=120 m%/cyt x 0,07465 T/M° = 8,9 T/cyT ¢
OJIHOTO MIEPBOT0 BTOPUYHOTO PEAKTOPA.

[IpoBeneHsl wHccaeAOBaHUS IO BBIIMIEIAUYMBAHUIO 30JI0TA M3 TEHHOTO
OPOAYKTa C HCIOJIb30BAHUEM COPOIMOHHOTO IMAHUIHOTO BBINIEIAUYUBAHUS.
[ToBermienne ucxoauoit konmentparuu NaCN ¢ 2000 mo 20000 mr/m mpuBeno
MOBBIIIEHUIO HM3BJIEUEHHUS 30JI0Ta M3 NEeHHOro mpoaykra ¢ 61,4 no 84,8%, uto
COOTBETCTBYET CHIDKCHHMIO 30JI0Ta B XBocTax copbmmm c¢ 32,1 mo 12,9 r/T.
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[IpoBeneHbl OMBITHI MO BBILMIEIAYMBAHUIO 30JI0Ta U3 MEHbI, coaepxkamei 105 r/t
30J10Ta, C MPUMEHEHUEM PAacTBOpPA THOMOYEBHHBI MPU YCIOBHUAX: KOHIICHTpAIUs
TM = 100 r/n; kornentparus H,SO4 = 25 1/11; KoHIIEHTpaLIHs Fe*=30 /1, Bpems
BbILIENaUMBaHus — 2 4 npu Temreparype 60°C. YCTaHOBJIEHO, UTO W3BJICYEHUE
30J10Ta B pacTBOp cocTaBisieT 27,7%, 4TO COOTBETCTBYET COACP)KAHHUIO 30J10Ta B
XBocTax 76,4 r/T.

B detBeproii rnaBe «Pa3padorka HW BHeApeHHE KOMOMHHMPOBAHHOM
TEXHOJIOTHMH TepepadoTKu 0Cc000 YNOPHBLIX PYA» MOPUBEIACHBI PE3yJIbTaThl
MCCJICIOBAHUM MO pa3pabOTKEe TEXHOJOTHH OKHCIHTEIBHOTO OOKHTa MPOIyKTa
OMOOKHCIICHUS C TEbI0 yIaJCHUs HEOKUCICHHBIX CYJIb()HIOB U YIIEPOIUCTOTO
BEIIIECTBA C OJIHOBPEMEHHBIM OOOTAaIIEHHEM 30J10Ta B MPOAYKTE COPOITMOHHOTO
[MaHUPOBAHUS, TIO3BOJIMBIIME CYIIECTBEHHO YBEIMYHTh A(H()EKTUBHOCTH
TEXHOJIOTHYECKOTO MpoIiecca mepepadoTKH YIIOPHBIX U 0CO00 YIOPHBIX PYI.

Jlana mnpenBapuTeiabHas oOIlleHKa 3(PGEeKTUBHOCTH TEXHOJOTHH OO0XKHra
MPOayKTa OMOOKHUCIICHHUS, B PE3yJIbTaTe KOTOPOH YCTaHOBJICHO:

— O0OXHI TpOAYyKTa OHOOKHCICHHUS, TMOJYYCHHOTO W3 IIHMXTHl PY.I
MecTopoxaeHuit Kokmnarac u Jlayrei3ray B cootHomeHnuu 60:40 npu temneparype
600°C B TeueHme 2 4 wm MOCJIEAYIONIee COPOIMOHHOE ITMAaHWPOBAHHUE Orapka,
obecrieunBaeT MOBBIIICHHUE MEPEICIBHOTO U3BJICUCHHS 30J10Ta ¢ 73,3 1o 82,5%;

— CHIDKEHHME pacxoja I[MaHu/1a HaTpus B 2,5 pasa;

— CHIDKEHHME KOHILICHTPAIIMK POJIAaHUJIOB B kuAKON (paze mymbibl ¢ 5000 qo 16
MT/]L.

B pesynbrare nmnpoBeneHHS MNPOMBIIUICHHBIX HWCHBITAHUN MO OOXUTY
MPOAYKTa OMOOKHUCIEHUS M TOCIEIYIOMEMY COPOIMOHHOMY ITMAHUPOBAHUIO
OTapKOB YCTaHOBJICHO, YTO OMNpEIEeNsAIoiee 3HAYCHUE HAa H3BJICUCHHUE 30J10Ta
OKa3bIBaeT TeMIieparypa obxura (puc. 8).

800 95,00.0
O750 190,00 g
gron \f-’\ 5
> 85,00 §
5650 )

=
o 180,00 T
D600 o
5 \ L\ 5008
o 175,00
{0550 E

500 I v 70,00

1 T 131 15 | I7T l97 llll 113T 1151 11)71 19I T211
1 — remnieparypa obxwura, °C; 2 — u3BIeueHue 3010ta, %
Puc. 8. 3aBucumMocTh U3BJIEYEHHS 30J10TA OT TeMIlePaTypbl 00:KUTA

Haunyumme mokasarend IO HW3BJICYCHHMIO 30j10Ta M3 orapka (85-88%)
TOJTy9eHBI Iy TeMmieparype ooskura 570-600°C. st IPOMBILLICHHOTO OCBOCHHMS
TEXHOJIOTHH OKUCIUTEIHHOTO 00KUTa MPOAYKTa OMOOKHUCIIeHUs B ychoBusx [ M3-
3 paspaboTaHa cxeMa, BKJIOUaromias: (UIbTpalUi0 OWOKEKa, CYIIKY U OOXHUT
Onokeka B OJHOW OOXKMTOBOHM TMEYW M COPOIMOHHOE IIMAaHWPOBAHHUE IMPOIYKTOB
oOxxura. YcTaHOBJIEHa HEOOXOJMMOCTh MPEIBAPUTENBHOM CYIIKH MPOIYKTa
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OMOOKHCIICHUS TIepE/ HAMpaBJIEHUEM €ro B OOKWTOBYIO ME€Yb W PEKOMEHIOBaHA
CYILLIWJIKA, KOTOpasi CHIXKAET BJIAXKHOCTH B MpoaykTe Ounookucienus ¢ 35-40% no
Tpedyemoit Baaxuoctu 12-16%.

VYcTaHOBJIEHO, YTO MpUEMIJIEMbIE IOKa3aTed IO HW3BJICUEHUIO 30JI0Ta W3
orapka (E=83-91%) nocruratorcs npu nutanuu oodxura 5,5-7,5 1/4 (puc. 9). Ilpu
ATUX Harpys3kax MoJiydaeMblil B pe3ysibTaTe oOkura orapok coaepxkan Sg=0,03-
0,1% un C,,=0,1-0,3%, a XBOCTBI COPOLIMOHHOTO MAHUPOBAHUS cOCTaBuH 4,4-6,1
r/T. OCHOBHO# TE€XHOJIOTMYECKOH MPOOIeMOil TPOMBIIIIICHHON YCTaHOBKH 00KHTra
SIBAJICS OOJIBIIION MBUIEBBIHOC, cocTaBuBInii 30-40%.

3BJICUEHIE U3 Orapka, %o
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Harpy3ka Ha 06U e NUTaHu, T/Y

Puc. 9. Pe3yabTaThl NPOMBIILJIEHHOT0 BHEAPEHNs 00:KHTa MPOAYKTA
OMOOKHCJICHUSA

JIJist CHYDKEHUs CoJiepKaHUsl OCTATOYHOM CyIb(UIHON cephl B MPOIYKTE
OMOOKHCIICHUS TPEUIOKEHO TPOU3BOJUTH €r0 THAPOIUKIOHUPOBAHUE TIEpe/]
COpOIMOHHBIM [TMAHUPOBAHUEM, YTO TMO3BOJIUT OTACIUTH IMECKOBYIO (DpaKIHIio,
COJIepKalllyl0 OCHOBHYIO YaCTh HEIOOKHUCIEHHBIX (OpPM Cepbl M CHUBUTH €&
HEraTUBHOE BJIMSHUE HA MOKAa3aTeIN U3BJICUCHUS B COPOIIMOHHOM IMPOIIECCE.

JIns cpaBHEHUSI MPOBOJUIN COPOIMOHHOE IIMAHUPOBAHUE CJIMBA, MECKOB U
orapka rmocljie OOXHra TIeCKOB THAPOIMKIOHA 0€3 JOU3MENIbYeHUs U C
nousMenpyeHrem 1o kiacca —0,044 mm. CopOLIMOHHOE LIMaHUPOBAHUE CIIMBA MPHU
ucxomaHo kouueHtpammu NaCN 1000 mr/m um  paBHOBecHor 700 wmr/n
obecrnieunBaeT M3BJICUYCHUE 30JI0Ta Ha ypoBHE 80% cC coaepkaHHMEM 30JI0Ta B
XBOCTax IuaHupoBanus 6 r/T. COpOIMOHHOE NMAHUPOBAHWE HCXOIHBIX IECKOB
(6e3 powsmenbuenus) npu ucxonHoi kouueHTparumu NaCN 1000 mr/n u
paBHOBecHOM 400 mr/m obecneymBaeT H3BJCUYCHHE 30J0Ta Ha ypoBHE 61% c
COJIEp>KaHMEM 30JI0Ta B XBOCTaX [IMaHUpOBaHus 3,7 1/T.

Jlou3MenpueHne MNECKOB TMepea UuaHupoBanueM a0 kiacca —0,044 mm
MIPUBEJIO K MOBBIIIEHUIO M3BJIEYEHUs 30510Ta 10 73,7% ¢ coaepkaHuUEM 30J10Ta B
XBOCTax 2,5 1/T. OOKUT TpaHyJIMPOBAHHBIX TIECKOB M TOCIICIYIOIIEE U3METhUCHUE
orapka no kiacca —0,044 MM mpuBeNO K MOBBIIIEHUIO HW3BJICUEHHS 30J10Ta W3
orapka 10 84-88% ¢ comep)kaHueM 30JI0Ta B XBOCTax IuanupoBanus 1,2-1,6 r/T.

VYcTaHOBI€HO, 4YTO HAWMOOJBIIMI MPUPOCT B MU3BJICUEHUH  30J10Ta
oOecreynBaeT cxema ¢ 00KUTOM YacTH MECKOB ruapouukionuposanus (160 t/cyt
¢ nosiyueHueM 136 T/cyT orapka mpu Npou3BOAUTEILHOCTH Medr 00xura 6-8 1/4)

n C JOU3MCJIIbYCHUCM OCTaBIIICHCS YacTH IMECKOB U rpaHyJl Oorapka 10 Kjacca

—0,044 mm.
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Taomuna 4

OreHka noBbIIeHUS Y(PPEKTUBHOCTH
nepepabOTKU YIOPHBIX 30710TOCYIbGuanbIX pya Ha [M3-3

Pexomennanuu u
IIOCTaHOBKa 3a]a4

[TIytu u npuembl
penieHus 3a1a4y

JloCcTUTHYTBII
pe3ysbTaT

CoBeplLIEHCTBOBAHUE TEXHOJIOTUU
IIPOTUBOTOYHOM JIEKAHTALIMOHHON
OTMBIBKH KeKa 0aKTepHuaIbHOTO
BBIILIEIAUNBAHUSA:

1.1. ITonGop onTUMaILHON MapKu
boKynsHTA.

1.2. N3yuenue BnusHusa pH

1.1 TTon6op dmokymsiHTA.
1.2. BHenpenue nonauu
MOJIKUCIIEHHOM BOJIbI HA
OTMBIBKY OMOKEKa OT
JKelle3a U MBILIbSKA.

1.3. PexoHcTpykius
MUTAIOLIETO Y371

1.1. Yny4iienue nokazaresnei
CryLIEHUs. Y CTAaHOBJIEH PACXOJl
baokynsHTa U crycTuTeneit 1:2:3
COOTBETCTBEHHO B KonuuecTBe 90:20:20
/T IpOyKTa OMOOKHUCIICHUS.

1.2. Pa3zpaboTaHa TeXHOJIOTHS
MOJIKUCIICHUS MYJIbIIbI OMOKEKa 10

KHUJIKOH (pa3pl MyNbIIbl HA CI'yCTUTEIIS pH=1,3-1,4. CuuxeHa O0e3Bo3BpaTHas
ocBetienue caupa 1T/, noreps 3oJi0ta B nukie [T/,
1.3.CoBepiiieHCTBOBaHUE 1.3. OntumusupoBana pabora
KOHCTPYKITUU Pab04YuX y3JI0B cryctutenei [TT]]
crycrurenet konrypa IIT]]
CHmxenue KOJIMYECTBA
W3Bneuenne 3omota  u3 | Paspaborana TeXHONOTHS WU3BICYCHUS
0e3BO3BpaTHBIX MOTEPh 30JI0Ta B
N CI'YLLIEHHOTO npoaykra | 3oim0ota u3 npoaykra KOB nyrem ux
UKIIE KOHTYpa OOOpPOTHOW BOIbBI
KOB COpOIIMOHHOTO ITUAHUPOBAHUS
(KOB) xommiekca 6MOOKHUCTICHUS
Nzyyena KHHETHKA
oOpa3oBaHUs OJIaHU]IOB
[ToBbIIeHNE ¢ exTuBHOCTH p PONAMHI PexomennoBan croco0 BEJICHUS
st mpod  OWoKeka ¢
IUAHUIHO-COPOLIMOHHOTO mporecca COpPOLIMOHHOTO
pa3IMYHBIM  COZACPKAHUEM
BBITIICIIAYUBAHUS 30J10Ta u3 [IHaHUPOBAHUS B MPUCYTCTBUH
Ss U TNyTH CHIDKEHUS UX
OHnokeka POJIaHUIOB

BIIUSHUS B KOHKYPCHTHOMN
copOIuH.

[oBbIIEeHNE M3BIICUEHHS 30J10TA U3
IPOIYKTOB pEaKTopoB
OMOOKHCIIEHU C MpPUMEHEHHEM
CHEIMAJIbHBIX METOJIOB 00pabOTKHI

Vnanenue MEHEI C
peaKTopoB OMOOKHUCIICHUS

H3BiedeHne 3010Ta U3 3alIeI0YSHHOIO
MEHHOI'0 NPOAYKTAa B YCJIOBHAX HMHTCH-
CHUBHOTI'O IMAHUPOBAHHA U o0xura

I'paBuTanmonHnoe BBIJICIICHUE
HEJIOOKHUCJICHHBIX CYIb(QHIOB U3
IPOJYKTOB OMOOKUCIEHHUS

Pasnenenue
HETOOKHCIICHHBIX
Cynb(pUI0B
THIIPOIUKIIOHHPOBAHUEM
POAYKTa OMOOKUCIICHUS

PCKOMCH,I[OBaHa cxeMa ¢ OO0XKHIoOM
MECKOB TMAPOLUKIOHUPOBAHUSA

VYcoBepiIeHCTBOBaHHE TEXHOJIOTUU
COpOLIMOHHOTO LIUAaHUPOBAHUS
POAYKTa OMOOKUCIEHHUS

HcnbiTana cxema
nepepadboTKu MPOIyKTa
OMOOKHCIIEHUs] B CPAaBHEHUH
C IeUCTBYIOLIEH

V3en CcoOpOLMOHHOTO IIMAHWPOBAHUS
poAyKTa OMOOKHUCIIEHUsI MEePEBEeH Ha
CXeMy «yroib B myibne». [loBbimenne
U3BJICUEHUS 30JI0Ta OT ONepalnuu Ha §-
10%

OOGXUT MPOTYKTOB OMOOKHUCIICHUS

HcnblTana cxema OKHUCIH-
TEJBHOI0 00KUTa MPOAYKTa
OMOOKHCIICHUS

Pazpabotana KOMOWHUpPOBaHHAs
TEXHOJIOTHYECKasi cXeMa C O0XKUToM
OMOOKHCIICHUS

Takum  oOpazom,

pPEKOMEHJAMU 1O

ITOBBIIICHUIO

3 peKTUBHOCTH

M3BJICUCHHUS 30J10Ta U3 YIOPHBIX CYyJIbPUAHBIX pya MecTopoxkaeHuit Kokmarac u
Jlayrbi3Tay 1O TEXHOJOTUU OMOOKUCICHHS Ha OCHOBE Pa3pabOTKH M peau3aiuu
TEXHOJIOTHYECKUX PELICHUM, OPHUEHTHPOBAHHBIX HAa MAaKCHUMAJIbHOE BCKPBITHE,
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KOHIEHTPUPOBaHHE U  MepepaboTKy  30JI0TOCOAEpKAIUX  CYIb(UIOB C
MOJIyYCeHHEM KOHEYHOW TOBAapHOW MPOJIYKLHH, YAOBIETBOPSIOUIEH TpeOOBaHUAM
MHUPOBOT'O PhIHKA, BHEJPEHBI B TPOU3BOACTBEHHYIO IPAKTUKY HAa ['M3-3.

AHanu3 TeXHUKO-IPKOHOMHUYECKHUX IMOKa3aTese padoThl npousBojctea ['M3-
3 moka3blBaeT, YTO NPUMEHEHUE PEKOMEHJAIMi IMO3BOJSET TMEeperTH K
palMOHAIIBHOMY TPHUPOAOIOIB30BAHUIO C YYETOM COLUATBHO-DPKOHOMHYECKUX
MHTEPECOB pernoHa. PekoMeHjanuu 1no noBbIIeHUIO 3)PEKTUBHOCTH U3BIICUEHUS
30J10Ta U3 YIOPHBIX CYIbPUIAHBIX Pya MecTopoxacHu Kokmarac u Jlayreizray 1mo
TEXHOJOTUH OWOOKHCIIEHUS, TyTH U TPHUEMbl pEIICHUs 3aJad, a TaKKe
JOCTUTHYTBIN pe3yNbTaT MpUBEACHBI B Ta0. 4.

Brenpenue pesynpTaToB  pabOTBI MO  MOBHIMICHHIO 3()(PEKTUBHOCTH
U3BIICYCHHSI 30J10Ta W3 YMOPHBIX CYIbQUAHBIX PyA MecTopoxkaeHuit Kokmarac u
Jlayrbi3Tay 1Mo TexHOJoruu OmookucieHuss Ha ['M3-3 mo3BOISET CyIEeCTBEHHO
MOBBICUTh CKBO3HO€ H3BJICUYECHHE, YBEJIMYUTH T'OJIOBOE IPOM3BOJICTBO 30JI0TA C
COXpaHEHUEM  CYIIECTBYIOUIEr0 oObeMa  mepepadOTKH  Pynbl, CHU3UTH
ce0EeCTOMMOCTh MPOU3BOJUMOTO MPOJYKTA U JIOMOJHUTEIHHO MOJYYUTh TOTOBBIM
IPOJYKT Ha cymMmy 222,2 Mipa. cyM B 1o (B meHax 2016 r.).

SAK/TIOYEHHUE

Ha ocHoBe mpoBeNeHHBIX MCCIENOBAHUN IO TOKTOPCKOM IUCCEpTaluu Ha
TeMy «Hay4yHO-TeXHMUYECKHE OCHOBBI MOBBILIEHUS 3PPEKTUBHOCTH MEPEpadOTKU
YIOPHBIX U 0CO00 YHOPHBIX 30JI0TOCOAEpKauX pya KbI3bUIKYyMOB» MOJIy4YeHBI
CJIEYIOIINE BbIBOJIBI:

1. B pesynbrare u3ydeHHUs 3aKOHOMEPHOCTEN MTOBEACHUS 30J10Ta B MIPOLIECCE
OTMBIBKHA TPOAYKTa OMOKHMCIICHHUS BIIEPBBIE YCTAHOBIEHO MPUCYTCTBHE 30JI0Ta B
CIIMBE MPOTUBOTOYHOW JEKAHTAIlMM B KOJUIOMAHON (OpME M 3aBUCHMOCTH €TO
noBefeHuss ot pH cpeabl, Ha OCHOBE KOTOpoW pa3paboTaHa OMOKCUAHAsS
TEXHOJIOTHUS O0OTAaIlleHUs] MyTeM CHIKEHHS OE€3BO3BpAaTHOM MOTEpH 30j0Ta (Ha
50%) B mpoliecce OTMBIBKU OHMOKEKaA.

2. YcTaHOBJEHAa TpPUYMHA YXYAIICHUS OCBETJICHHWS B  CTYCTHTENSX
IPOTHBOTOYHON JCKAHTALIMM, KOTOPHIM SBWICS ruapomms comeil Fe™ (c
u3MeHeHueM pH mnpu oOTMBIBKE) B XKUAKON ¢haze Mmynblbl ¢ 00pa3oBaHUEM
KOJUIOMJIHOTO PAacTBOpa apceHaTa M OKCUCYJb(arTa keine3a, KOTOpoe MPHUBENIO K
MOBBILICHUIO BSI3KOCTH XKHUAKOW (pa3bl MyJIbIbl U CHUKEHUIO CKOPOCTU OCaXIECHUS
[IUIaMOBOM (DpaKIMK KeKa OMOOKHUCIICHHUS.

3. B pesynbpraTe ucciemnoBaHus MexaHW3Ma MEHOOOPA30BaHUS B MPOIECCE
OMOOKHCIIeHNs 00HApYKEeH Tpoliecc oborameHus 3010ta (6-8 pa3 mo cCpaBHEHUIO C
(hJTOTOKOHIIEHTPATOM) yTeM (bpakImoOHUPOBaHUS KOJIJIOU THOTO u
TOHKOJIMCIIEPCHOTO 30JI0Ta 3a CYeT (PIOTAIMOHHBIX (PAKTOPOB YIIUCTOW YacTh
nyJblbl B peakTtopax. Pa3paboran crnoco® mnepepabOTKM MNEHHOTO MPOIYKTa,
OCHOBaHHBII Ha COPOIMOHHOM ITMAHMPOBAHUHM 30JI0TAa TPHU TMOBBIIICHHBIX
KOHIIEHTPAIUAX [THaHK1a HATPHsI, KOTOPBIN sIBIIsieTCs Hanbosee 3PPEeKTUBHBIM TI0
CPaBHEHHIO CO CIIOCOOOM MEHOTAIIEHUS B PEaKTOPaXx.
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4. HccnemoBaHa KWHETHKAa 00pa3oBaHUs  POJNAHUAOB B  IpOLECCE
[IUAHUPOBAHUS TPOAYKTOB OHMOOKHCIIEHHS W €ro ydacThe B KOHKYPEHTHOM
copOIMu C IUAHUIHBIM KOMIUIEKCOM 30JI0Ta. TeopeTuyecku OOOCHOBAHO W
HKCIIEPUMEHTAJILHO YCTAaHOBJIICHO U3MEHEHUE COJIepKaHUsI POJTAHKU]IOB B MPOIECCE
[IUAHUPOBAHUS B 3aBUCUMOCTH OT KOHIEHTpAIMM IMAHWJA HATPUS U BPEMEHHU.
Bpemst nis monmHOro o0pa3oBaHUsi POJAHUIOB HE 3aBUCUT OT KOHIEHTpAIUH
uaHuga HaTpus, U coctaBisieT 10-12 y, mociie UCTeueHUss KOTOPOTO U3MEHEHHUE
€ro COAEp)KaHWA HE 3aBUCUT OT NPOAODKUTEIBHOCTH IIpoliecca. Takxke
YCTaHOBJICHO, YTO CKOPOCTh ILHAHUAHOTO BBHIIICTAYMBAHMS 30JI0Ta BBILIE, YEeM
CKOPOCTh 00pa30BaHus POJAHHIOB.

5. Ha ocHoBe u3ydeHus TNOBEACHHS HOHOOOMEHHOW CMOJBI B TpoIlecce
COpPOLIMOHHOTO ITUAHUPOBAHUS MPOIYKTa OMOOKUCICHHSI YCTAHOBJICHO CHIKCHHE
CBOMCTB COpOEHTa TOCTE LUKIOB «HACBHIIICHHE — pPEreHepanus» 3a CYET ero
OTpaBJICHUs POJIAHUJAMHU, KOTOpPOE TMPUBOAUT K JUHAMHUKE YBEIHMYCHHUS
COJIEpKaHus 30JI0Ta B )KUIKUX XBOCTaX COPOLIUU.

6. VccrnenoBaHWsAMM YCTAHOBJIEHO BIUSHUE KOHUEHTpPALMU POJAHUIOB HA
HACBILEHUE Pa3IMYHbIX COPOEHTOB 30JI0Ta (CMOJIa, Yrojib). B ycioBusx npsmMoro
LUAHUPOBAHUS MPOJYKTOB OMOOKHUCIIEHUS KOHLIEHTPALUS POJAHUIOB JOCTUTAET
10 5 I/, 4TO SIBISIETCS OCHOBHOM MPUYMHON HU3KOTO HACBIIIEHUS COPOECHTOB
3010TOM. Takke YCTaHOBJIEHO, 4YTO OJHMM U3 YHUBEPCAJIbHBIX CIOCOOOB
KOHAUIIMOHUPOBAHUS Onokeka SIBIISICTCS OKHCIIUTEIbHBIN 00XWuT,
MPEIOTBPALIAIONINI 00pa30BaHUE POJTAHUIOB MPH [IMAHUPOBAHUH.

7. Ha ocHOBe pe3yabTaTOB TEOPETUYECKUX M IKCIEPUMEHTAIBHBIX
WCCIIEIOBAaHUHN TEPMOXUMHUYECKUX MPOIIECCOB, MPOTEKAIOIIUX MPU OKUCIUTEIHHOM
0o0XHUre TPOAYKTa OHOOKHCICHHS, YCTAaHOBJCHA  OMPEACNAIomas  pojb
TEMIIEpaTypbl Ha KadyecTBO ToiyyaemMoro orapka. OmpeaeneHo, 4YTO TMIpH
temneparype 570-600°C wuzBinedenue 3050Ta Bbeilie, yeM mnpu 650-743°C. Oto
oObsicHsieTcst TeM, uto npu 650-743°C npoucxoaut oOpa3oBaHUE CKOPOIUTOBBIX
IUICHOK, IPENATCTBYIOIIMX [IUaHUPOBAHUIO 30JI0TA.

8. Pa3zpabGorana u TPOMBIIICHHO OCBO€HAa KOMOMHHPOBAHHASI TEXHOJOTHS
nepepaboTKU  YMOPHBIX K 0CO00  YIOPHBIX 30JI0TOCOAEpXKAIIUX pyx H
KOHIEHTPAaTOB,  COAEpXallUX  YIJIHCThble  BEUIecTBa, C  MPUMEHEHHEM
OKHCIIUTENbHOTO OOkura. Ha HauyanmpHOM »Tame OKHUCIIEHHE (IOTOKOHLIEHTpATa
OCYIIECTBIISIETCSI MO CXeMe OHMOOKMCICHHS: BCKPBIBACTCS CYIb(UIHOE 30JI0TO,
3HAYUTENIbHAs 9acTh MBINIbIKA PACTBOPSETCS, MIEPEBOJUTCS B TBEPJIOE COCTOSIHUE
B BHJie HepacTBopuMoro ckoponauta (FeAsQ,). 3areM mpoayKT OMOOKHCIEHHUS C
HU3KUM COJCPKAHHEM MBIIIbIKA MOABEPTacTCsl OKUCIUTEILHOMY OOXUTY, MpHU
KOTOPOM BCKPBIBAETCSl YTIIMCTOE 30JI0TO, OKUCISIETCS OCTaBIIAsCS CylbhuaHas
cepa, YHHYTOXKAIOTCS TPOAYKTHI MeTaboim3mMa MHKpOOpraHu3MmoB. [IpomykT
OKHUCJIUTEIBHOTO O0XHUTa HAmpaBJIsieTCs Ha COpPOLMOHHOE IIMAaHWPOBAHME 30J10Ta
U3 Orapka.

9. Tlo BHeapEeHNIO KOMOMHUPOBAHHOW TEXHOJIOTUU MEPEPaOOTKN YIOPHBIX U
0Cc000 YIMOPHBIX 30J0TOCOAEPKAIIMX PYA M KOHLEHTPATOB C NPUMEHEHUEM
OKHUCJIUTEIBHOTO O0XKHMra MpOayKTa OMOOKHUCICHHSI YCTAHOBJIEHO, YTO OOMKHT
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IIPOAYKTA, MOJIYYEHHOTO U3 IIMXTHI pya MecTopoxaeHui Kokmnarac u /layreisray B
cootHomienun 60:40 nmpu temneparype 600°C B TedueHue 2 4 U MOCIEAYIOLIEE
COpOIIMOHHOE I[MAaHUPOBAHHE OTapKa, 00ECIEYMBAET MOBBILICHUE MEPEEILHOTO
u3BIeueHus1 3oso0ta ¢ 73,3 no 82,5%, CHWXKEHHME pacxoja LMaHWUJAa HATpus B
2,5 pa3a, CHI>KEHHE KOHIIEHTPALMK pOJaHUAO0B B KUJIKOM (paze mynbnbl ¢ S000 10
16 mr/m.

10. Pa3paborana W TPOMBIIUIEHHO OCBOEHAa TEXHOJIOTHS HW3BJICUCHHUS
OJIarOpOTHBIX METAJIOB MyTEM yCOBEPIIEHCTBOBAHUS TEXHOJIOTHH COPOIIMOHHOTO
[IMAaHUPOBAHUS TMPOAYKTa OaKTepHUAIbHOTO  BBIIICIAYMBAHUS Ha  OCHOBE
UCIIBITAHUI CXEMbI, MOJYYEHHUS HCXOJIHBIX JaHHBIX Il HPOCKTUPOBAHHS U
MOCJIEIYIOIEr0 MEepeBoJa y3jJa COPOLMOHHOIO [MAHWUPOBAHMS  IPOJIYKTa
OMOOKHUCIICHUS HA CXEMY «YTOJIb B ITYJIBIIEY.

11. Pazpabotana u omnpoOoBaHa B OMNBITHO-NIPOMBIIUICHHBIX YCIOBHSIX
TEXHOJIOTHSI ~ M3BJICUCHHUS 30J0Ta U3 3a0alaHCOBBIX  CYJIb(UIHBIX  PyI
MecTopoxkaeHus: Koknatac MeTogoM Ky4HOro OaKkTEepHabHOTO BBILLEIAYUBAHUS
CO CKBO3HBIM u3BJeueHueM B mopsiake 50% (mportuB 25,7% mipu mpsiMoMm
[IUAaHUPOBAHUHN ).

12. CoBepuieHCTBOBaHHE  JACHUCTBYIOUIEH  cXeMbl U pa3paboTaHHas
KOMOMHHMpPOBAHHAsl TEXHOJOTHS MepepadOTKH YIOPHBIX M 0c000 YHOPHBIX
30J10TOCOIEpKAMX PyX BHeapeHel Ha ['M3-3 ['ocymapcTBEHHOro mpearnpusTus
«HaBowuiickuii ropHO-MeTaITyprudeckuii KoMOuHat». B pe3ynbrare BHenpeHus
CYILLIECTBEHHO IMOBBIIIEHO CKBO3HOE M3BJICYEHUE U T'OJOBOE MPOU3BOJCTBO 30J10Ta
C COXpAaHEHHEM CYIIECTBYIOIIEr0 o0O0beMa mepepaboTKU pyAbl, CHUXKEHa
ce0EeCTOMMOCTh MPOU3BOAUMOrO MPOAYKTa U AOMOIHUTEIBHO MOJY4YEeH TOTOBBIM
MPOJYKT Ha cymMmy 222.2 miuipA. cyM B rof (B neHax 2016 r.).

54



SCIENTIFIC COUNCIL No 14.07.2016.GM/T.10.01
ON AWARD OF SCIENTIFIC DEGREE OF DOCTOR OF SCIENCES AT
THE NAVOI STATE MINING INSTITUTE, RESEARCH INSTITUTE OF
MINERAL RESOURCES, TASHKENT STATE TECHNICAL
UNIVERSITY AND UZBEKISTAN NATIONAL UNIVERSITY

NAVOI STATE MINING INSTITUTE

ERGASHEV ULUGBEK ABDURASULOVICH

SCIENTIFIC AND TECHNICAL EFFICIENCY PRINCIPLES FOR
REFINING OF REFRACTORY AND HIGHLY REFRACTORY OF
AURIFEROUS ORES KIZILKUM

04.00.14 — Mineral processing
(technical sciences)

ABSTRACT OF DOCTORAL DISSERTATION

NAVOI - 2016



The Theme of doctoral dissertation is registered at the Supreme Attestation Commission of
the Cabinet of Ministers in the Republic of Uzbekistan under number Ne28.04.2016/B2016.2.T708

The doctoral dissertation has been prepared at the Navoi state mining Institute.

The abstract of the dissertation is posted in three (Uzbek, Russian, English) languages on the
website of the Scientific Council www.nggi.uz and on the website of «ZiyoNet» information and
educational portal (www.ziyonet.uz).

Scientific consultant: Sanakulov Kuvandik
Doctor of technical sciences, Honored Worker of Industry of
Uzbekistan Republic

Official opponents: Yusuphodjaev Anvar Abdullaevich
Doctor of technical sciences, Professor

Iskandarova Mastura Iskandarovna
Doctor of chemistry science, Professor

Abdurahmonov Soyib Abdurachmonovich
Doctor of technical sciences, Professor

Leading organization: SC «Almalyk Mining and Metallurgical Combinat»

The defense of the dissertation will be held at on«  « 2016 at the meeting
of scientific council 14.07.2016.GM/T.10.01 at Navoi State Mining Institute: 210100, Navoi, 96 Victory
street; telephone: 0 (436) 223-77-11; fax: 0 (436) 223-00-55; e-mail: navggi@intal.uz, nsmi@gmail.com.

The doctoral dissertation has been registered at the Information Resource Centre of the Navoi State
Mining Institute under No __ (Adress: 210100, Navoi, 96 Victory street; tel.: 0 (436) 223-56-90).

The abstract of the dissertation is distributed on «___ » 2016.
Protocol at the register No dated « _ » 2016).

B.R.Raimjanov

Chairman of the Doctoral Degree
Awarding Scientific Council,

Doctor of technical sciences, professor

E.E.lgamberdiev

Secretary of the Doctoral Degree

Awarding Scientific Council,

Candidate of Geology-mineralogy Sciences

Yu.D.Norov

Chairperson of a Scientific

Seminar at the Doctoral Degree
Awarding Scientific Council,

Doctor of technical sciences, professor


http://www.nggi.uz/
http://www.ziyonet.uz/
mailto:navggi@intal.uz
mailto:nsmi@gmail.com

INTRODUCTION (abstract of doctoral dissertation)

The urgency and relevance of the theme of dissertation. Gold is mined in
72 countries, among which Uzbekistan occupies the 9th place with 103 production
capacity tonnes/year. Gold mining in the world in 2015 increased by 0.33% and
amounted to 2678 tons. Global stocks of deposits to easily extract and a high initial
content of gold is now almost depleted and the development involved the
extraction of difficult and complex ore processing. Therefore, to date, the current
world market is experiencing a clear shortage of minerals.

High gold prices have created favorable conditions for the expansion of the
mineral resource base and involvement in the testing of complex treatment of
refractory gold sulfide-ore. The main reason for gold strength associated with fine
particulate association with ferric sulfide gold (gold particle size is from tens to
less than one micron) and therefore it is not dissolved by cyanidation conventional
technology, even when grinding without the use of ultra-thin preparatory
operations prior to cyanidation. Thin association of fine gold with iron sulphides in
the ore and the presence of significant amounts of carbonaceous substances may
occur simultaneously (especially persistent ore), which is particularly complicates
processing technology.

In this regard, increasing the efficiency of processing of persistent and highly
refractory gold ores through the development of technological and technical
solutions aimed at maximum opening auriferous sulfides, and the combined
technology of their processing, providing additional recovery of gold is an actual
scientific problem facing modern gold mining industry and has great economic
Importance.

This thesis research is oriented on realization of the decree of the President of
the Republic Uzbekistan PD-1442, December 15, 2010 «Priority on development
of industry of the Republic Uzbekistan in 2011-2015», as well as in other legal
documents adopted in this area.

Relevant research priority areas of science and developing technology of
the republic. Thesis research was conduct in accordance with the priority
directions in developing of science and technology: VIII. Earth Sciences (Geology,
Geophysics, seismology and mineral processing).

A review of international research on the topic of dissertation. Research
to improve the efficiency of processing of persistent and highly refractory gold
ores are conducted at leading research centers and higher educational institutions
of the world, including: the National Research Technological University «Moscow
Institute of Steel and Alloys» (Russia), Russian Research Institute of Chemical
Technology (Russia), Irkutsk state Institute of rare and precious metals (Russia),
GENCOR Process Research (South Africa), Queen's University (Canada), The
University of Adelaide (Australia), Curtin University of Technology (Australia),
East China University of Science and Technology (China), Beijing University of
Technology (China), Liaoning University of Science and Technology (China),
Minerals, Metals and Materials Technology Centre, National University of
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Singapore (Malaysia), University of Dodoma (Tanzania), EKATO RMT
(Germany), Tenova Bateman Technologies (Israel), Aalto University (Finland), the
Research center «Hydrometallurgy» (Russia), Mintek (South Africa).

As a result of research to improve the efficiency of processing of refractory
and highly refractory gold ores, conducted in the world, received a number of
research results, including ways of processing of refractory and highly refractory
gold ores (National Research Technological University «Moscow Institute of Steel
and Alloys», Mintek , GENCOR Process Research); developed bio-oxidation
technology for processing refractory ores (All-Russian Research Institute of
Chemical Technology, Irkutsk State Institute of rare and precious metals,
GENCOR Process Research); We investigated firing technology flotation
concentrate (Irkutsk State Institute of rare and precious metals, The University of
Adelaide, Queen's University).

Currently, there a number of research projects in the world to improve the
efficiency of processing and highly resistant refractory gold ores in the following
areas: processing of gold ores and concentrates, various leaching methods;
oxidizing roasting of sulphide gold ores and concentrates; autoclave oxidation of
sulphide ores and concentrates; bacterial oxidation of sulphide minerals; research
and development of non-traditional methods of processing of hard and very hard
materials of precious metals.

The degree of study of the problem. A significant contribution to the
development of scientific research on the enrichment and processing of gold-
bearing sulfide ores has been made by scientists Abdurahmonov SA, Adamov EV,
Aslanukov RA, HA Akhmedov, White AV Grishin SS , Gudkov SS, BA
Zakharov, Karavaiko GI Kondratieff TF, Lodeyschikov VV Meretukov MA, Panin
VV Pivovarov TA Polkin Sl, Sagdieva MG, Sanakulov KS, Sattorov GS,
Sedelnikova GV Tusupbaev NK, Chanturia VA, Chugai LV, Yusuphodzhaev A.
A., Afenya PM, van Aswegen PC, Brierly CL, Emmet RCIr., Mason PG and
others. They have carried out comprehensive research and developed methods to
extract gold from refractory minerals (autoclave and bacterial oxidation, ultrafine
grinding) containing carbon component or other complex compounds.

Bio-oxidation technology, in world practice for the sustainable development
of gold deposits with refractory and highly resistant ores, has been proved as the
better technology for bio-oxidation of sulphide ores. This technology allows to
engage in the industrial exploitation of the refractory gold-arsenic ore deposits
where the processing by other methods is not possible or economically feasible,
and is also linked to environmental pollution.

However, there are unresolved problems caused by the presence in the ore of
gold associated with carbonaceous matter, which is not revealed by the technology
of bio-oxidation and the need to develop a new combined technology for the
processing of refractory and highly refractory gold ores, which is of great
importance for the science and practice of mining and metallurgical production .
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Communication of the theme of dissertation with the scientific-research
works of higher educational institution, which is the dissertation conducted in.
The dissertation is carried out within the framework of the plan of scientific
research investigation projects of Navoi State Mining Institute on the topic: A13-
020 - «Development of rational technology of processing for gold-containing
refractory ores of Kizilkum with the application of local reagents» (2015-2017.)
and innovative projects of the Northern Mining Administration of Navoi mining
and metallurgical combine on the theme: No1-2013 - «The study of the volume
allocation of the various forms of gold in the tailing stores of HMP-3» (2014-
2015.), Ne2-2015 - «Fashion design and creation of a pilot plant for the fast
calcination for processing of natural sulphurous materials and industrial products
«(2015) and Nel133-15 -» Mineralogical studies of clay minerals of sulfide row
deposits in Kokpatas and Daugyztau, and assessment of their impact on the
processes «(2015).

The aim of the research work is the development of technological and
technical solutions aimed at maximum opening gold sulphides, and development
of combined processing technology, providing additional recovery of gold.

The tasks of research work:

analysis of the current state of processing of refractory and highly refractory
ores, concentrates and methods of an intensification of technological processes;

a comprehensive study of bio-oxidation technology processing of refractory
and highly refractory ores of Kyzylkum in vat and heap variants;

development and implementation of improvement of processing technology
of refractory and highly refractory gold ore;

pilot tests for calcination of bio-oxidation technology products;

development and implementation of the combined technologies of processing
for refractory and highly refractory ores (concentrates);

calculations, analysis and processing of the experimental data to develop

the combined technology of processing of refractory and highly refractory
ores with the help of mathematical statistics and correlation analysis with the
application of modern computer technology.

The object of the research work are gold-resistant and highly resistant ore
deposits of Kokpatas and Daugyztau.

The subject of the research work: combined technology of refractory and
highly refractory gold ores.

Methods of research work. The work is carried out with the application of
complex methods of research, including the analysis of scientific and technical
information and experience in operating processing plants refractory gold-ore;
Theoretical studies using analytical, graphic-analytical and statistical methods;
laboratory experiments, pilot testing and validation of the developed techniques in
a production environment; pH-meters, particle size analysis, electron microscopy,
assaying, chemical and phase analysis methods, mathematical methods of
experimental data processing.
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Scientific novelty of the research work lies in the following:

Based on the study of behavior of gold in the process of washing bio
oxidation product, it was first established presence of gold in the sink counter
current decantation in colloidal form and the dependence of their behavior on the
pH of the medium. That case developed bio oxide technology of enrichment by
reducing the irretrievable loss of gold (50%) during washing biological pulp;

The cause of the deterioration in clarifying thickeners CCD, which was the
salt hydrolysis of Fe*™

(Variation with pH by washing) in the liquid phase slurry to form a colloidal
solution of ferric arsenate and oxysulfate, leading to an increase in viscosity of the
liquid phase of the slurry and decreasing the deposition rate of biooxidation
product slurry fraction;

study foaming mechanism during biooxidation detected gold enrichment
process (6-8 times compared with the flotation concentrate) by fractionating fine
and colloidal gold by flotation factors parts carbonaceous slurry in the reactors;

investigated the Kinetics of cyanide thiocyanates during biooxidation product
and its participation in competitive adsorption with a cyanide complex of gold and
the dynamics thiocyanates content changes depending on the concentration of
sodium cyanide and time (10-12 hours), after which the change of its content does
not depend on the length process. It is also found that the rate of cyanide leaching
of gold is higher than the rate of thiocyanates;

based on the study of the behavior of ion exchange resin in the process of
sorption cyanidation products bio-oxidation reduction set sorbent properties after
successive cycles of «saturation - regeneration» by poisoning his thiocyanates,
which leads to a dynamic increase in the gold content in the liquid tails sorption
and reduction of its extraction;

based on the results of theoretical and experimental studies on the state of
thermo-chemical processes occurring in the process of bio-oxidation product of
oxidizing roasting, set the temperature which determines the role of the quality of
the resulting calcine - at a temperature of 570-600°C the degree of extraction of
gold is higher than at 650-743°C. This is because at 650-743°C results in the
formation of fast films preventing cyanidation of gold.

Practical results of the work consist in the following:

developed and implemented industrial bio-oxidation products of the pulp
acidification technology coming on decanter washing up to pH <1,3, the result will
be a net overflow decanter washing and as a result, reduced gold content of the
condensed product of neutralization of 50% directed to irrevocable discharge to the
tailing ponds;

developed and commercially introduced the technology of extraction of gold
(82% rel.) from the product of the neutralization of the circulating water loop
(RGB), directed to reset in case of detection of irregular relief of gold,;

developed and industrially implemented method for increasing the
performance of thickeners bio-oxidation product in the loop counter current
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decantation (CCD), which can significantly reduce the cost of the process of
condensation biological pulp;

It developed a method for processing the foam product, based on the sorption
cyanidation gold at higher concentrations of sodium cyanide, and is the most
efficient in comparison with the defoaming process in reactors;

developed and commercially introduced advanced technology to increase the
degree of extraction of gold from the cake using a bio-oxidation in the process of
sorption cyanidation circuit «carbon in pulp» that without additional measures on
desulfurization bio-oxidation product allows to increase gold recovery by 8-10%;

developed and commercially introduced biooxidation process for the
oxidative calcination of the product at a temperature of 600 ° C for 2 hours, the
resulting batch of ore deposits Kokpatas and Daugyztau and 60:40, and the
subsequent sorption calcine cyanidation, allowed to reduce the consumption of
sodium cyanide and 2.5 times thiocyanate concentration in the liquid pulp phase
with 16 to 5000 mg / I, and also to increase the degree of pig gold recovery from
73.3 to 82.5%;

developed and industrialized mastered the combined technology of persistent
and highly refractory gold ores and concentrates containing carbonaceous material,
with consistent use of: flotation concentrate bio-oxidation technology for the
destruction of the main sulphides, removal of arsenic and iron in the form of
insoluble scorodite (FeAsO4); bio-oxidation product burning for final oxidation of
sulphides and the remaining remove carbonaceous material and then applying the
method of sorption cyanidation cinder, which increased the degree of pass-through
gold extraction, reduce the cost of the resulting finished product and increase
annual gold production to preservation of the existing volume of ore processing;

developed and tested in a pilot industrial scale of off-balance sheet deposits of
sulfide ores of gold extraction by heap technology Kokpatas bacterial leaching
with continuous extraction in the order of 50%, against 25.7% in direct
cyanidation.

The reliability of the results. The reliability of the results of the study
proved a significant amount of laboratory, semi-industrial and industrial
experiments, quantitative evidence of the basic idea of the work to improve the
efficiency of processing of gold-containing refractory and high-refractory ores and
the convergence of actual results with theoretical calculations and methods of
physical and chemical bases of opening sulfide minerals; satisfactory convergence
of theoretical calculations and pilot test results; positive results obtained when
testing in industrial environments developed combined technology; industrial
approbation of the proposed recommendations, methodologies and achieved
technical and economic efficiency.

Theoretical and practical significance of the study:

The scientific significance of the research results is determined using the
results derived from the research and identify the causes of the loss of gold in the
process of washing the cake of bio-oxidation and the formation mechanism of
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thiocyanates with sorption cyanidation and theoretical substantiation of expediency
of combined technology for the processing of refractory and highly refractory ores.

The practical significance of the results of the study is to improve the
efficiency of processing refractory sulfide ore biooxidation technology, improving
product technology sorption cyanidation of bio-oxidation and the development of
technology combined with calcination, providing high recovery of gold from
refractory ores.

Implementation of the research results. The developed technology of the
acidification of the pulp of bio-oxidation products prior to washing introduced at
HMP-3 Northern mining Administration of the State Enterprise «Navoi mining and
metallurgical plant» (reference number 02-02-10/10718 dated October 7, 2016).
Results of implementation of research results yielded a net overflow counter-
decanter washing further. On the base of developed technology have got patent of
Agency of intellectual property of Republic of Uzbekistan («The way of gold
extraction from refractory sulphide gold-arsenic ores», UZ Ne 1AP 04489 from
20.02.2012 y);

combined technology processing and highly resistant refractory gold ores and
concentrates containing carbonaceous material introduced at HMP-3 Northern
mining Administration of the State Enterprise «Navoi mining and metallurgical
plant» (reference number 02-02-10/10718 dated October 7, 2016). Results of
implementation of research results yielded significantly increase the degree of
pass-through extraction annual gold production while maintaining the existing
volume of ore processing, and also reduce the cost of the finished product
obtained. On the base of developed technology have got patent of Agency of
intellectual property of Republic of Uzbekistan («The way of gold extraction from
refractory sulphide gold-arsenic ores», UZ Ne IAP 05134 from 17.11.2015 y);

the technology to extract gold from the product of the neutralization of RGB
introduced at HMP-3 Northern mining Administration of the State Enterprise
«Navoi mining and metallurgical plant» (reference number 02-02-10/10718 dated
October 7, 2016). Results of implementation of research results yielded extract
gold from the product of the neutralization of RGB directed to discharge
significantly;

a method of increasing the performance of thickeners bio-oxidation product in
the CCD introduced at HMP-3 Northern mining Administration of the State
Enterprise «Navoi mining and metallurgical plant» (reference number 02-02-
10/10718 dated October 7, 2016). Results of implementation of research results
yielded reduce the cost of the process of condensation biological pulp;

circuit technology to increase the degree of extraction of gold in the process
of sorption cyanidation cake bio-oxidation with the use of schemes «carbon in
pulp» introduced at HMP-3 Northern mining Administration of the State
Enterprise «Navoi mining and metallurgical plant» (reference number 02-02-
10/10718 dated October 7, 2016) Results of implementation of research results
yielded significantly increase the degree of extraction of gold 8-10 %.
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Approbation of the research results.The findings are set out in the form of
lectures and 5 were tested in international and national scientific conferences,
including: «Innovationy» (Tashkent, 2001, 2011); «Resource recovery, low-waste
and environmental technology development of mineral resources» (Moscow-
Navoi, 2005); «Modern technologies and innovations of mining industry» (Navoi,
2012); «Problems and ways of innovative development of the mining industry»
(Tashkent, 2014).

Publication of the research results. A total number of published scientific
papers in accordance with research work is 28. of 28 scientific papers . Out of them
1 monograph, 2 patents for invention of the Republic of Uzbekistan, 17 scientific
papers, including 11 national and 6 international journals recommended by the
Higher Attestation Commission of the Republic of Uzbekistan for the publication
of basic scientific results of doctoral theses.

The structure and volume of the thesis. Structure of the research work
consists of an introduction, four chapters, conclusions, list of literature. The
volume of the work is 200 pages.

THE MAIN CONTENT OF THE RESEARCH PAPER

In the introduction of the dissertation, the topicality and relevance of the
research are substantiated, the aim and objectives of the research, its object and
subject are formulated, its conformity with the priorities of development of science
and technology of the Republic of Uzbekistan is shown, the scientific novelty and
practical results of the study are described, the theoretical and practical
significance of the obtained results are revealed, a list of introducing the research
results into practice, published works and information on the structure of the
dissertation are provided.

In the first chapter, «The current state of processing of refractory and
highly refractory ores» reviews the status of work on the processing of refractory
and highly refractory gold ores and methods for their intensification.

For processing refractory sulphide-arsenic gold ores economically three core
technologies have been justified of ready products and waste treatment: oxidizing
burning and processing waste oxidizing burning, bio-oxidation and autoclave
oxidation, providing reception of the finished products, competitive both in
technological, economic and environmental criteria, depending on the mineral,
material composition and morphological properties of ores three core technologies.

The main reasons for the unsatisfactory performance of technological
processing of sulfide ores of arsenical gold sulfide in a HMP-3 Navoi MMC:

— inappropriate requirements (consistency of the material composition of
processed ores) selected bacterial oxidation technology and real-life diversity of
ore deposits and Kokpatas and Daugyztau (Figure 1.);

— The presence in the ore deposits and Kokpatas Daugyztau carbonaceous
gold (15-20%), which is not revealed by bio-oxidation technology (mutually
germination of sulfides and carbonaceous substances);
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— A high content of sulfide sulfur in the flotation concentrate.

The main disadvantages of bio-oxidation circuit entails a number of negative
factors in the process:

— Because of the ever-changing material composition of the flotation
concentrate systematically leads to death of microorganisms, which leads to
abundant foam in the bio-oxidation reactors and subsequent operations;

— After bio oxidation bacterial oxidation product contains a significant
amount of sulfur-containing compounds (elemental sulfur, polysulfide, etc.)
interacting with good cyanide to form gold thiocyanate compounds preventing
sorption.

Thus, the problem of extracting precious metals from refractory ores and
technologically concentrates, cannot be easily processed by conventional methods
in industrial practice, it is one of the most important in the gold mining industry.

In the second chapter, «The development of technologies for processing off-

balance sheet gold sulfide ores by heap bioleachingy it was reviewed the results
of the evaluation of processing possibilities of off-balance ore deposit research
Kokpatas by heap bioleaching in laboratory and pilot environments.
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Fig. 1. Dependence of the ratio of gold recovery and Kokpatas and
Daugyztau ore deposits

In laboratory mode in vat investigated ore suitability for biooxidation (class
fraction - 0.074 mm - 80% bio-oxidation duration - 10 days.). The main
components in the original sample (%): ASita. - 0.684; Fey - 5.02; Fegys - 1.96;
Stotar - 2,208; Squir. - 2,018; CO2 - 6.05. Gold recovery at sorption cyanidation after
biooxidation was 70-75% (vs. 25.7% without bio-oxidation).

The study of the possibility of bio-oxidation of sulphide off-balance ore
deposits in Kokpatas by percolation method. It is found that the presence of
carbonate in the initial ore biooxidation requires a complete acidification of ore.
Ore decarbonization was carried out in a «soft» mode sulfuric acid solution with
pH = 1,5 for 40-45 days. Acid consumption was 86.7 kg / t. Gold recovery for 150
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days of bacterial oxidation of ore particle size -20 mm amounted to 48.3% (vs
25.7% in direct cyanidation).

Conducted pilot tests on heap bio-leaching sulfide ore deposits of Kokpatas,
the following chemical composition (%): Feia - 5.9; Fe? + - 2,55: As - 0,91; Syl
- 2.3; Squs - 2.1; CO; - 4.4; Au - 3.4 g/t. The mass of ore, laid down in a heap -
1200, the height of the heap - 2 m, the base area - 450 m’ of roof area - 298 m?.
The duration of the process of decarbonisation - 52 days. (Sulfuric acid
consumption - 21 kg/t), while bio-oxidation - 150 days. Gold recovery by sorption
cyanide leaching in a hydrometallurgical operation was 47.2%.

To improve the oxidation activity of bacteria by increasing the concentration
of iron and sulfide sulfur in the raw material, bio-oxidation process of the charge
of ore (80-90%) in South deposit of Kokpatas and flotation concentrate (10-20%)
have been investigated by percolation method. It is found that the extraction of
gold for 150 days bacterial oxidation made in various embodiments of laboratory
experiments from 46.7 to 72.4% (average 61.8%) against the 18,1-31,1% by direct
cyanidation.

Thus, the method of IPM has been used on an industrial scale for the off-
balance gold-ore beneficiation with simultaneous opening of a certain part of the
sulphide minerals.

In the third chapter, «Improving the efficiency of treating refractory gold-

ore in HMP-3» is considered a complex of works on the improvement of existing
gold recovery technology.

According to the project bio-oxidation cake of dissolved contaminants,
arsenic and iron by counter-current decanter washing, is realized by washing. In
the course of development of countercurrent decontation technology (CCD) there
were cases deterioration of redistribution expressed in a sharp decrease in the rate
of deposition of the solid phase and the appearance of turbidity in the sink
thickeners (Fig. 2). The latter entailed an increase in the deadweight loss of gold.
The studies on the selection of optimal flocculants to improve performance
condensability in the CCD. Determining parameters condensability conducted in a
1 liter cylinders in current pulps taken from the process of ore processing.

As a result of this series of experiments evaluation of samples of flocculants
of different brands in the circuit CCD bio-oxidation plant are given.

As a result, it was found out that the best performance has a high, strongly
cationic flocculant brand-Praestol 854-BC-S when comparing the brand flocculant
Praestol 854-BC-S with the mark used in the production of Praestol-2500:

- for the thickener 1 at a rate of 90 g / m (flow flocculant Praestol 2500 - 80 g
/ 1) is set to increase the deposition rate of 3.05 times and a specific thickening
capacity by 2.4 times. Reaches a value of S: L is in the range 1.6-1.9;

- thickener 2 at a rate of 20 g / m (flow flocculant Praestol 2500 - 40 g / t) is
set to increase the deposition rate of 2.0 times and a specific thickening capacity by
2.0 times. Reaches a value of T: M is and the range of 1.7 to 1.9;

- for the thickener 3 at a rate of 20 g / m (flow flocculant Praestol 2500 - 40 g
/ t) is set to increase the deposition speed of 1.9 times and a specific thickening
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capacity by 2.0 times. Reaches the value T: F for the final two samples is in the
range from 1.6 to 1.9.
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Fig. 2. Peculiar curves of circuit thickening CCD HMP-3

Thus, the initial expense for the brand flocculant Praestol-854-BC-S in the
circuit CCD of bio-oxidation plant HMP-3 is recommended for thickeners 1: 2: 3,
respectively, in the amount of 90:20:20 g / t bio-oxidation product.

The effect of the pH of the slurry liquid phase at lightening drain thickener
CCD-1 has been studied. As a result, a set of statistical data by passive experiment
a direct correlation between the deterioration of lightening discharge of CCD-1
with increasing pH of the liquid phase. By increasing the pH of the liquid phase in
the secondary reactor to a value of 1,40-1,45 biological pulp entering rinse, diluted
with wash water and the pH of the liquid phase rises to values of 1.80-1.86. At the
same time, a sharp deterioration in the clarification of the pulp and the formation of
haze in the upper draining CCD-1 (Table. 1).

Table 1
Effect of pH on the pulp liquid phase deposition rate and purity of the
overflow (data of passive experiment)

Testing pH DeDOSr'rf/'ﬁ nrate Status of sink
Pulp — 2,02 0,44 No deposition front
supply of | 1,86 0,55 No deposition front, muddy sink
thickener | 1,54 0,95 Clear front, muddy sink
CCD1 1,33 1,16 Clear front, pure sink
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The reason for the deterioration of clarification and formation of turbidity was
hydrolysis of Fe®™ salts in the pulp liquid phase to form a colloidal solution
scorodite-jarosite on the reaction equations:

Feg(SO4)3 + 2H;AsO, + 8H,0 = 2FeAsO,+4H,0 + 3H,S0, (1)
Fez(SO4)3 + 2H,0 = 2F€(OH)SO4 + H,S0O, (2)

As a result of the formation of a colloidal solution of iron arsenate and
oxysulfate viscosity of the liquid phase increased, which dramatically reduced the
rate of deposition of the slurry fraction of cake bio-oxidation.

Thus, the developed and industrially implemented technology acidification of
pulp biological pulp coming to countercurrent decantation, to pH 1.3-1.4, allowing
us to obtain a pure overflow CCD-1 and reduce the deadweight losses of gold
(Table. 2).

Sulfide ore in the processing, have a nonuniform composition and differ
widely in physical and chemical properties, which leads to a number of difficulties
in achieving the required performance in the basic technological stages. One of
these problems was low productivity thickeners bio-oxidation product in the CCD
circuit. A similar problem was observed in the flotation concentrate thickeners
identical. The effect of density on the flotation concentrate indicators
condensability (Fig. 3) has been identified.

Optimal performance of products condensability obtained by diluting the pulp
to a solid 15-20% (R = 4,0-5,3). Thus, the condensation rate is increased from 0.32
m/h to 0.9-1.2 m/h, the specific thickening capacity - from 4.29 to 6.5 t / m2 per
day. It was found that to optimize the flotation concentrate thickener advisable
diluting the pulp in a food thickener to R = 4,0-5,3, for which developed and
recommended auto diluting pulp system.

Table 2
Effect of pH of the liquid phase on the acidified pulp biological pulp on
performance lighting and gold content in waste products when washing of the

CCD
Concentration
g of gold The gold content in
aC|d|f||:at|on Sink ratio in the sink, the condensed

P mg/I product RGB, g/t
1,65 mudd 0,220 1,0-1,2
1,50 y 0,190 0,9

1,45 Slightly muddy 0,180 0,8

1,40 0,090 0,6

1,35 PUre 0,085 0,5

1,30 0,085 0,5

1,20 0,085 0,5
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Fig. 3. The impact of pulp density on the flotation concentrate of
condensability indicators

Project of thickener supply of well

Developed thickener supply of well

Fig. 4. The design of the thickener supply of well C -28

For the implementation of the system in the pulp auto diluting in supply tubes
of thickeners CCD (countercurrent decantation) horizontal slits made at the level of
the water table, through which the clarified water to the tube, thereby diluting the
pulp prior to its entering the supply wells thickeners. However, increasing the
productivity of CCD thickeners on hard is not significant in connection with the
development and recommend new supply node thickener C -28 (Fig. 4). It consists
of the supply of the well, the diameter of which increased by a factor of 2 in
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relation to the project and is 5 m feeding tube, the diameter of which is increased
by 3 times, and open the hopper, which wound up feeding tube and installed in
such a way that the clarified water in the mirror thickener falls into the trough, and
dilutes the pulp coming from the feed tube into the well.

Such designs allow increasing the efficiency of auto dilution system and the
contact time of the solid material with the flocculant due to increased suction well.
Monitoring indicators of hourly productivity thickeners shows that a thickener with
a new design of the supply unit working at a weight capacity of more than twice
the performance of the thickener to the project supply unit provides the best
performance and obtaining condensability cleaner overflow.

Draining CCD is directed to a process for neutralizing the transfer of arsenic
to insoluble forms. Then neutralized with limestone product supplied to the
thickener circuit water recycling (WRC), where there is a drain on the re-use,
discharge thickener RGB sent to tailings. Practice has shown the constant presence
of gold in the thickener discharge samples WRC on average 0.6-0.8 g / t, which is
classified as irrecoverable losses. . The studies on the extraction of gold from the
product RGB filtration methods, centrifugation, extraction, coprecipitation, etc.
cyanidation method is optimal sorption cyanidation mode: NaCN = initial
concentration of 200 mg / I, pH = 11.0, resin loading 0.5% (process in the head),
time - 24 h Table.. 3 shows the results of sorption extraction of gold from the WRC
product, which amounted to 82.2%.

Table 3
The results on the extraction of gold from the product to sorption cyanidation (WRC)
Name of indicators Meaning

The content of Au in the original sample, 0,56
g/m

Au content in the sorption tails g/m 0,10
Gold recovery, % 82,2
Consumption NaCN, kg/t 0,4

Positive findings have allowed developing the scheme and introducing the
technology of gold extraction from the WRC product by their sorption cyanidation.
The developed technology was a protective measure, and used with increasing gold
content of the product.

Thiocyanates formation on the step of cyanide leaching of ores, concentrates
and products bio oxidation flotation concentrate (biological pulps) is a major cause
of increased amount of sodium cyanide, and their participation in competitive
adsorption with cyanide gold complex reduces capacitance resin for gold and a
high residual concentration of gold in the liquid tails phase sorption (Figs. 5 and 6).
Studies on the kinetics of cyanide leaching biological pulp two samples with
different initial content of sulphide sulfur. Cyanidation conditions (without the
introduction of the anion exchanger), both samples were similar: pH = 10.5-11;
initial concentration of NaCN - 1000 mg/l; T: F = 1.0: 2.4. Increasing the sample
biological pulp oxidized forms of sulfur (Ss) from 1.0 to 1.4% has increased the
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amount of sodium cyanide leaching for 10 h with 4.8 to 6.9 kg / ton, with
Thiocyanate concentration in the solution increased from 1457 to 2050 mg/I.
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Thus, the content of oxidized forms of sulfur in the products entering the
cyanidation proportionally affects the flow rate and the concentration of sodium
cyanide formed thiocyanates.

Fig. 7 shows the dependence of the kinetics of formation of thiocyanates of
the initial concentration of NaCN. It is found that practically the complete
formation of thiocyanates is not dependent on the concentration of NaCN and is
10-12 hours.
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Fig. 7. Kinetics of Cyanide

The rate of cyanide leaching of gold is higher than the formation of
thiocyanates. The effect of the concentration of thiocyanates saturation sorbents.
When Thiocyanate concentration in solution, characteristic of oxidized ores (9.8
mg/l), the saturation anion exchangers and AM-2B PuroGold gold was
respectively 6.2 and 4.6 mg/g. When the concentration thiocyanates characteristic
processing biological pulp (4625 mg/l), the saturation anion exchangers and AM-
2B PuroGold gold decreases, respectively, in 2 and 3 times.

70



The studies on the conditioning of raw materials (reduction in its oxidized
forms of sulfur content and, consequently, a decrease in the concentration of
thiocyanates) by calcination before cyanidation. In experiments using high
biological pulp sulfide sulfur, which was washed to pH = 4 and filtered up to
humidity W = 50%. The firing led to protven, which was placed in a furnace
Carbolite CF-24. Initial sample weight was 1 kg in terms of dry matter. Mixing
was carried out by hand every 10-15 minutes. Calcination. After two hours a
sample was sent to the firing sorption cyanidation at: pH = 10.5-11.5; NaCN = 500
mg/l; Resin loading - 0.5% (in process head); sorption cyanidation time - 16 hours;
L:S=2:1.

It is established that during calcination of biological pulp at 600°C
temperature for two hours and the subsequent sorption reduces calcine cyanidation:
Ss from 6.1 to 0.08%, S, - from 1,5 to 0,2%, CNS- concentration in solution -
from 1.3 to 934 mg/l; improving gold recovery to 15.1% while the concentration of
gold in the liquid phase sorption tailings from 1.07 to 0.04 mg/l; reduction in
consumption of sodium cyanide 4 times and lime 2 times.

Studies on the raw material conditioning oxidative treatment under alkaline
conditions. It is shown that pretreatment of pulp, while maintaining the oxygen
concentration in the liquid phase at 20 mg / | for 13 hours results in reduced
amount of sodium cyanide to the formation of thiocyanates. Extract gold leaching
at the stage of sorption is practically unchanged.

To reduce the concentration of thiocyanates conducted research on the
conditioning of the aqueous phase of the pulp through the introduction of the
oxidant. As used potassium persulfate oxidant. It is found that at a flow rate of 8 kg
/ m3 K25208 Thiocyanate concentration in the liquid phase of the pulp decreased
from 9 to 1199 mg / I, the concentration of gold in the liquid phase tailings slurry
decreased from 0.16 to 0.07 mg / I. Given the high cost of oxidants and large
volumes of pulp entering the sorption of this conditioning method in the
production of such conditions is less acceptable.

Improvement of sorption cyanidation leaching bacterial product technology
has been carried out. For testing of the process HMP-3 selected sample KEMIX
fresh food product, which were conducted laboratory tests first, and then the pilot
tests.

Laboratory tests were carried out within 24 hours. Tested bio-oxidation
product processing scheme, that main task was to obtain baseline data for the
design of the reconstruction of the sorption unit with the actual state of the existing
enrichment technology and bio-oxidation flotation concentrates in HMP-3.

Conducted pilot tests of coal-sorption technology of processing bio-oxidation
process, the products obtained in HMP-3, using the apparatus as an industrial
process modeling countercurrent sorption leaching products in continuous
operation. Initial operating parameters of the process adopted by the results of
previous laboratory tests carried out on these same products obtained from the
processing of ore deposits and Kokpatas and Daugyztau. Studied the technological
properties of bio-oxidation products, carbon sorbents are tested from different
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manufacturers, the choice is made coal brand recommended for use in the process
of sorption leaching bio-oxidation product, the basic operating parameters and
expected performance bio-oxidation product of processing on the CIL technology.
At steady state, obtained by extraction of Au coal 84.6% at a specific flow rate of
15 kg NaCN/ton, calculated as the product of the CCD. Node sorption cyanidation
product biooxidation working on a «resin-in-pulp», translated into the scheme of
«carbon in pulpy.

Thus, turning HMP-3 into coal-sorption technology without additional
measures on desulfurization of biological pulps enhanced the recovery of Au by 8-
10% due to optimization of regime leaching conditions and exceptions Au loss
with a liquid phase sorption tailings.

Periodic foaming is a problem for most of the bio-oxidation systems, which
also has space for a bio-oxidation Kokpatas. Increasing the level of foam reduces
the useful working volume reactors, which reduces the time and improve the bio-
oxidation of the residual sulfur in the CCD-3. The latter requires finding possible
ways to display and separate processing of foam with bio-oxidation reactors.

To study this issue conducted testing of one primary and one secondary
reactor bio-oxidation. Along the perimeter bead reactors installed gutters for
collecting the foam followed by the direction of the product in a special container
for further work with it. Provided water supply to the trough to foaming has been
carried out.

In order to study possible ways of recycling on the foam sample of the
product from the reactor of the bio-oxidation process, HMP-3 carried out a rational
analysis on the reduced form of finding gold. As a result of rational analysis of the
foam product it is established that the content cyanided gold is 52.2% finely
disseminated in the rock (almost non- cyanided) - 13.7%, the remaining amount of
gold can be extracted with the use of special methods of processing - roasting,
cyanide leaching in harsh environments, etc.

Oxidative calcination of leaching foam product and the subsequent sorption
cyanidation recovery of gold provides gold from cinder of 83.4%.

The results of testing of the first secondary reactor show that the foam product
in comparison with the pulp in the same reactor enriched: by Au — 176,7 g/t, S -
5,06% and C,rg. - 14.74%. At the same time the foam output from one of the first
reactor was recycled during the period of testing 8.9 tons/day in terms of solid
(foam with a primary reactor was 2.1 t/d.). The solids content of the foam was
74.65 g/l or 0,07465 t/m>. Hourly average foam yield of 5 m*h (average - 120
m?*/d), the solid phase weight foam R = 120 m®/day x 0.07465 t/m* = 8.9 t/day from
one of the first reactor to the second one.

Studies on the leaching of gold from the foam product using sorption cyanide
leaching have been carried out. The initial concentration of NaCN from 2000 to
20,000 mg/I resulted in an increase of gold extraction from the froth product from
61.4 to 84.8%, which corresponds to a reduction in gold tailings adsorption from
32.1 to 12.9 g/t. Experiments were performed on the gold leaching foam
comprising 105 g/t gold, with a solution of thiourea under conditions of HM
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concentration = 100 g / I; H,SO, concentration = 25 g / I; the concentration of Fe +
3 =30 g/l, leaching time - 2 hours at a temperature of 60 ° C. It is found out that
the recovery of gold in solution was 27.7%, which corresponds to the content of
gold in the tails of 76.4 g/t.

In the fourth chapter, «Development and introduction of the combined
technologies of processing of special refractory ores» are the results of research
on the development of bio-oxidation product of oxidative calcination technology to
remove non-oxidized sulphides and carbonaceous material. It simultaneously leads
to enrichment of gold in the product sorption cyanidation, which significantly
increases the efficiency of the technological process of processing persistent and
especially refractory ores.

Preliminary assessment of the effectiveness of the product sintering
technology bio-oxidation, as a result of:

— Calcination of bio oxidation product obtained from the batch and ores
Kokpatas and Daugyztau 60:40 6000S temperature for 2 hours and then calcine
cyanidation sorption provides increased gold recovery pig from 73.3 to 82.5%;

— Reducing the amount of sodium cyanide in 2.5 times;

— Reduction Thiocyanate concentration in the liquid pulp phase with 16 to
5000 mg/I.

As a result of industrial tests on the firing product bio-oxidation and
subsequent sorption cyanidation cinders found that crucial to the recovery of gold
has a firing temperature (Fig. 8).

The best indicators for gold recovery from pyrite cinders (85-88%) were
obtained at 570-600°C of calcination. For industrial development technology of
oxidative firing bio-oxidation product in a HMP-3 developed the scheme,
including: biological pulp filtering, drying and biological pulp calcination in a kiln
and sorption cyanidation calcine. The necessity of pre-drying bio-oxidation
product before being sent to the kiln and the dryer is recommended, which reduces
the humidity in the bio-oxidation product with 35-40% to the required moisture
content of 12-16%.

It is found that suitable indicators to extract gold from the calcine (E=83-
91%) are achieved by feeding firing 5.5-7.5 t / h (Fig. 9). Under these loads, the
resulting burning candle contained S, = 0,03-0,1% and 0.1-0.3% = S, and
sorption cyanidation tailings made 4,4-6,1 g / t. The main technological problem of
industrial firing installations was a big dust removal, amounting to 30-40%.
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Evaluation on efficiency

Table 4

process of refractory gold sulfide ores in HMP-3

Recommendations and tasks
settings

Ways and approaches of
tasks solutions

Achieved results

Improving the technology of
countercurrent washing decanter of
bacterial leaching cake washing:
1.1. Selection of the optimum
grade flocculant.
1.2. The study of the influence of
pH on the liquid pulp phase
discharge lighting of CCD.
1.3.Improvement of worker nodes
construction thickeners of CCD
circuit.

1.1 Selection of flocculant.
1.2. The introduction of
acidified water supply for
biological pulp washing
from iron and arsenic.

1.3. Reconstruction of the
feeding unit thickener

1.1. The improvement in the thickening.
Flocculant consumption is set for
thickeners 1: 2: 3, respectively, in an
amount of 90:20:20 g/m of bio
oxidation product.

1.2. A pulp acidification technology of
biological pulp up to pH 1.3-1.4 has
been worked out. Permanent loss of
gold in the CCD cycle has been
reduced.

1.3. The function of CDD thickeners
has been optimized.

Reducing the amount of
irrecoverable losses of gold in the
cycle of circulating water loop

Gold recovery from the

condensed product WRC

A gold recovery technology from RGB
product by their sorption cyanidation

(RGB) of the complex bio- has been worked out
oxidation
The Kinetics of formation of
thiocyanates biological pulp
Improving the efficiency of | for samples with different | The way of doing sorption cyanidation

sorption cyanide leaching of gold
from biological pulp

content Sg and ways to
reduce their impact in the
competitive adsorption has
been studied.

process in the presence of cyanide has
been recommended

Increasing gold recovery of the
products  bio-oxidation reactors
with special processing methods

Removing the foam from
bio-oxidation reactor

Gold recovery from the soaked foam
product under the conditions of
intensive cyanidation and firing has
been carried out

Gravitational allocation of | Separation of unoxidized N
- : . . . . Recommended scheme of calcination
unoxidized sulfides from bio- | sulfides of bio-oxidation
o for hydrocyclone sands
oxidation products product by hydrocyclone
. . Node sorption cyanidation of bio-
. Bio-oxidation product s : .
Improving the technology of . . | oxidation product is translated into the
) - .~ | processing  scheme in .
sorption  cyanidation of bio- . . scheme of «carbon in pulp». Gold
R comparison with the current : .
oxidation product recovery operation has been increased
has been tested
up to 8-10%
Calcination of bio-oxidation The scheme for oxidative A combined scheme of bio-oxidation

products

calcination  bio-oxidation
product has been tested

calcination has been worked out

To reduce the residual content of sulfide sulfur in the bio-oxidation product it
is offered to produce it before the hydrocyclone sorption cyanidation, which will
separate a sand fraction containing the bulk of the oxidized forms of sulfur and
reduce its negative impact on recoveries in the sorption process.
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For comparison, a sorption cyanidation plum, sand and cinder after
calcination of hydrocyclone sands without regrinding and re-grinding to class of
—0,044 mm have been conducted. Sorption cyanidation drain NaCN at an initial
concentration of 1000 mg/liter and the equilibrium of 700 mg/l provides gold
recovery at 80% from the gold content in the cyanidation tailings 6g/t. Sorption of
initial cyanidation sands (without regrinding) NaCN at an initial concentration of
1000 mg / liter and the equilibrium of 400 mg/I provides recovery of gold at 61%
of the gold content in the cyanidation tailings 3.7 g / t. Regrinding sands before
cyanidation to class -0,044 mm led to an increase in gold recovery to 73.7% of the
gold content in the tails of 2,5 g/t. Firing granular sand and then grinding to a
cinder class -0,044 mm led to an increase in gold recovery from pyrite cinders up
to 84-88% of the gold content in the tailings cyanidation 1.2-1.6 g/t.

It was established that the greatest increase in the gold recovery circuit
provides the calcination portion sands hydrocyclone (160 t/d to yield 136
tonnes/day with calcine kiln productivity 6.8 t/h) and the remainder of the
regrinding and sand granules to calcine class -0.044 Mm.

Therefore, recommendations for improving the recovery of gold from
refractory sulfide ores Kokpatas and Daugyztau on bio-oxidation based on
technology development and implementation of technological solutions aimed at
maximum opening, concentration and processing of gold-bearing sulphides to give
a final marketable product that meet global market requirements, introduced in
practice at HMP-3.

Analysis of technical and economic indices of production of HMP-3 shows
that the application of the recommendations allows rational consumption of the
Environmental Management taking into account the socio-economic interests in
the region. Recommendations to improve the efficiency of extraction of gold from
refractory sulfide ores and Kokpatas Daugyztau on bio-oxidation technology, the
ways and methods of solving problems, as well as the achieved results are given in
Table. 4.

Implementation of the results of the work to improve the efficiency of gold
extraction from refractory sulfide ores in Kokpatas and Daugyztau by bio-
oxidation technology in HMP-3 can significantly improve through the extraction,
that increases annual gold production to preservation of the existing volume of ore
processing and reduces the cost of the manufactured product.

The actual total economic effect from the introduction of technology and the
recommendations made up 222.2 billion sums per year (at prices of 2016).

CONCLUSION

On the basis of the research on a doctoral thesis on «Scientific and technical
efficiency principles for refining of refractory and highly refractory of auriferous
ores» provided the following conclusions:

1. According to the study, gold properties in the process of washing, the bio
oxidation product is first established the presence of gold in the sink of counter
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current decantation in colloidal form. The dependence of behavior on the pH of the
medium on which developed bio oxide enrichment technology by reducing the
irretrievable loss of gold (50%) in biological pulp during washing.

2. The reason of deterioration of clarification countercurrent decantation
thickeners with salts of Fe™ hydrolysis (with a change in pH by washing) in the
liquid phase slurry with the formation of colloidal solution of ferric arsenate and
oxy sulfate, which led to an increase in viscosity of the liquid phase of the pulp and
reducing the deposition rate sludge of bio-oxidation cake fractions has been found
out.

3. A study of the mechanism of foaming has been observed during the bio
oxidation, the process of gold enrichment (6-8 times compared with the flotation
concentrate) by fractionating fine and colloidal gold by flotation factors parts
carbonaceous slurry reactors has been noticed. A method for processing the foam
product, based on the sorption cyanidation gold at higher concentrations of sodium
cyanide, which is the most effective compared to defoaming process in reactors.

4. The kinetics of formation of thiocyanates in the process of bio-oxidation
cyanidation of products and its participation in the competitive adsorption of gold
from the cyanide complex have been studied. Theoretically and experimentally
substantiated set content change of thiocyanates cyanidation process depending on
the concentration of sodium cyanide and time have been proven. Time for
complete formation of thiocyanates is not dependent on the concentration of
sodium cyanide, and is 10-12 hours, after which no change in its content depends
on the process time. It is also found that the rate of cyanide leaching of gold is
higher than the rate of formation thiocyanates.

5. On the basis of studying the behavior of ion exchange of resin in the
process of sorption cyanidation of bio-oxidation product is installed after the
reduction of the sorbent properties of cycles «saturation - regeneration» by
poisoning his thiocyanates, which leads to a dynamic increase in the gold content
in the liquid tails sorption.

6. Research has shown the influence of the concentration of thiocyanates
saturation of different gold sorbent (resin, coal). In terms of direct cyanide leaching
bio-oxidation products concentration of thiocyanates is up to 5 g/l, which is the
main reason for the low saturation gold sorbents. Also found that one of the
universal ways biological pulp conditioning is oxidative roasting, prevents the
formation of thiocyanates cyanidation.

7. On the basis of theoretical and experimental research of thermochemical
processes occurring under oxidative firing bio-oxidation product, set temperature
determining role in the quality of the cinder. It was determined that at a
temperature of 570-600°C extraction of gold higher than 650-743 ° C. This is
explained by the fact that at 650-743°C results in the formation of fast films
preventing cyanidation gold.

8. Developed and industrialized the combined technology of refractory and
highly refractory gold ores and concentrates containing carbonaceous material,
using oxidizing roasting. At the initial stage of oxidation of flotation concentrate
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bio-oxidation is carried out under the scheme: opened sulfide gold, a significant
part of the arsenic dissolved, transferred to the solid state in the form of insoluble
scorodite (FeAsQ,). Then bio-oxidation product with a low content of arsenic is
exposed to oxidizing roasting, in which the carbonaceous gold opened, oxidized
remaining sulfide sulfur, destroyed products of metabolism of microorganisms.
oxidizing roasting product is directed to sorption cyanidation of gold from pyrite
cinders.

9. In introducing the combined technologies of processing and highly
resistant refractory gold ores and concentrates, with the use of bio-oxidation
product of oxidizing roasting is established that the firing of the product of the
charge and Daugyztau and Kokpatas ore deposits in the ratio of 60:40 at a
temperature of 600°C for 2 hours and subsequent sorption cyanidation cinder
enhances extraction of gold from 73.3 to 82.5%, decrease in consumption of
sodium cyanide 2.5 times, reduction Thiocyanate concentration in the liquid pulp
phase from 5000 mg/I to 16.

10. The industrial precious metals recovery technology by improving the
technology of sorption cyanidation leaching bacterial product on the basis of
circuit testing have been developed and acquired which provide input for the
design and subsequent transfer node sorption cyanidation of bio-oxidation product
in the scheme of «carbon in pulp».

11. In experimental-industrial conditions of the off-balance sulphide ore gold
extraction technology in Kokpatas by heap leaching with continuous bacterial
extraction in the order of 50% (versus 25.7% in direct cyanidation) have been
developed and tested.

12. The existing scheme and combined technology of processing of refractory
and highly refractory gold ores are introduced at HMP-3 of the State Enterprise
«Navoi Mining and Metallurgical Combine» have been developed and improved.
As a result of significantly increase of through extraction and annual gold
production while maintaining the existing volume of ore processing, reduced the
cost of the manufactured product and get the actual total economic impact of 222.2
billion sums per year (prices of 2016).

77



3bJIOH KWJINHT AH ULIJIAP PYUXATH
CIIMCOK ONIYBJIMKOBAHHBIX PABOT
LIST of PUBLISHED WORKS

| 6yaum (I wacre; part I)

1. CanakynoB K.C., DOprameB VY.A. Teopus u npakTUKa OCBOCHHUS
nepepaboTKU 30J0TOCOAEPKAINX YHOPHBIX pya KeibuikymoB. — Monorpadus.
— Tamxkent: I'TT «HUMMP», 2014. — 297 c.

2. DOprameB Y.A., Hab6oituenko C.C., barcaitxan 1I. Hcnerranus
ABTOKJIABHOTI'O CEPHOKHCIIOTHOI'O BBILIEIAYUBAHUS METHOIO MOJIUMETAITIIMYECKOTO
KOHIIEHTpaTa MecTopoxaeHus «Acxar» // lIBetHsie Metamisl. — MockBa, 1994.
— Nel10. — C. 18-20 (05.00.00; Ne91).

3. OprameB VY.A., Hab6oiiuenko C.C., barcaiixan III. Wcnbeitanue
ABTOKJIABHOTO BBICOKOTEMIIEPATYPHOTO BBINIEIAYUBAHUS MEIHOTO INTeHHa //
[{BeTHBIC MeTauTbl. — MockBa, 1995. — Ne3. — C. 12-14 (05.00.00; Ne91).

4, DOprame Y.A., Muxun O.A., HoBukoB B.B. PabGoTel 1o ocBoeHHIO
TE€XHOJOTMH COBMECTHOM MepepabOoTKU 30JI0TOCOAEPKAIIUX PYA MECTOPOKACHUN
Koknarac u layrezray // I'opubiii Bectauk Y36ekucrana. — HaBou, 2002. — Ne4.
—C. 4-6 (05.00.00; No7).

5. OprameB Y.A., BeknoB B.A., IleryxoB O.®. OnsIT 3KCIulyaTaluu
XBOCTOXpaHWININA rujpomeTauryprudeckoro 3aBoga Ne3 HI'MK // Topnbiii
BecTHUK Y30ekucTana. — HaBou, 2003. — Nel. — C. 63-66 (05.00.00; Ne7).

6. Oprames Y.A., lllamua B.}JO., IleryxoB O.®. CoBepiieHCTBOBaHHE
COpOLIMOHHONM TEXHOJIOTUU W3BJIEUYEHHUS 30J10Ta U3 YIIEPOIUCThIX pyA // 'opHbIi
BecTHUK Y30ekucTana. — HaBou, 2004, — Ne3. — C. 80-81 (05.00.00; Ne7).

7. OprameBY.A., ToanctoB E.A., KykanmoBa C.HU., MurpakoB O.E.
JlaGopaTopHbie  WcCleAOBaHHS MO  OWOOKUCICHUIO  CYIbMUIHBIX  PYI
MectopoxaeHus: Kokmarac nepKoIsSIuOHHBIM criocoboM // ['OpHBI BECTHHK
V36ekucrtana. — HaBou, 2005. — No2. — C. 25-27 (05.00.00; No7).

8. Oprames Y.A., KpuBomees I'.C. MccnenoBanue mo rpaBUTaIuOHHOMY
U3BJICUCHUIO  30JIOTOCOJAEPXKAIIUMX  CYIb(UAOB M3  CMEIIAHHBIX  PYI
MecropoxaeHnii Kokmarac u Jlayreiztay // ['opHbIii BecTHUK Y30ekucTaHa. —
Hasown, 2005. — Ne2. — C. 82-84 (05.00.00; No7).

9. Orpame VY.A., BexmoB B.A., MurpakoB O.E. JlaboparopHusie
HCCIIeIOBaHUS IO OMOOKHUCIICHUIO CYIb(OUIHON PYAbl MEPKOJISIIMOHHBIM CIIOCOOOM
B mmxte ¢ (aotokoHnenTpaToM // ['opHbiii BecTHuk Y30ekucrana. — Hasou, 2006.
Ne3. — C. 50-52 (05.00.00; Ne7).

10. Dprames Y.A., Iutep B.A., Pammnos W.III., Omeep M.B. YcraHoska
BIOX Koxkmarac // I'opabiii BecTHUK Y30ekucrtana. — HaBou, 2008. — Ne3. — C. 12-
14 (05.00.00; Ne7).

11. DOprameB VY.A., Illamun B.IO., Mopo3zos M.IL., MurtpakoB O.E.
bakrepuanbHoe OKHCJIEHUE 30JI0TOCOEPHKAIIETO (bI0TOKOHIIEHTpaTa

MEPKOJSIITMOHHBIM criocoOom // TIBeTHbie MeTaimbsl. — MockBa, 2008. — Ne8. — C.
68-70 (05.00.00; Ne91).

78



12. Dprames Y.A., 3unpko H.A.,Mopo3os M.II., Murpakos O.E., Kykanosa
C.U. TonynpoMBIILIEHHBIE UCTIBITAHUSI 0AKTEPUATILHOTO OKHUCIICHUS CYJIb(DUIHBIX
30JI0TOCOJIEpKAITUX Py Ky4dHbIM criocooom // I'opHbIit sxypHain. — Mocksa, 2008.
— Ne8. — C. 79-82 (05.00.00; Ne28).

13. DprameB VY.A., IleryxoB O.®., MycrakumoB O.M., Konsuos B.H.
CoBepIICHCTBOBAHUE TEXHOJIOTMU TMPOTUBOTOYHOM JEKAHTAIIMOHHON OTMBIBKH
keka BMUOKC // T'opubiit BecTHuK Y30ekuctana. — Hasou, 2010. — Ne2. — C. 79-83
(05.00.00; Ne7).

14. CanakynoB K.C., OprameB VY.A., CoBpeMEHHOE COCTOSHHE H
HalpaBJICHUS  PA3BUTHUS  TEXHOJOTMH OWOOKHCICHHS Il  TepepabOTKu
cynbumnapx pya Ha 'M3-3 // T'opHbiii BecTHUK Y30ekuctana. — Haowm, 2012. —
Nel. - C. 48-54 (05.00.00; Ne7).

15. CanakynoB K.C., AxaroB H.A., DOprames Y.A., YcoBepilleHCTBOBaHUE
TEXHOJIOTUM COPOIMOHHOTO ITUAaHUPOBAHMS MPOJIYKTOB OnookucieHus Ha I'M3-3
// TopubIlii BecTHUK Y30ekucrana. — HaBown, 2013. — Ne3. —C 20-25 (05.00.00; Ne7).

16. DprameB Y.A., XampoeB U.O., Pynues C.B., Carrapos I'.C., Hazapos
3.C. Onenka BO3MOXXHOCTH CEJEKTUBHOW JTOOBIYM W 0OOTallleHHs] CMEIIaHHBIX
TUIIOB F€OTEXHOJIOTMUECKUX pya MecTopoxkaeHus [layreizray // ['OpHBIi BECTHHUK
V36ekucrana. — Hasou, 2014. — Nel. — C. 13-17 (05.00.00; No7).

17. Sanakulov K.S., Mustakimov O.M., Ahatov N.A., Hasanov A.S.,
Ergashev U.A. Improving technology countercurrent decanter washing BIOX
slurry in NMMC // European Applied Sciences. — Germany, 2015. — Nell. — C.
57-61 (05.00.00; Ne2).

18. CanakynoB K.C., MycrakumoB O.M., AxatoB H.A..Dprames Y.A. O
IIEJICCOO0PAa3HOCTH  MPUMEHCHHS  KOMOWMHHPOBAHHBIX  TEXHOJIOTHHA IS
nepepaboTKu 0co00 YMOPHBIX 30J0TOCYIbPUAHBIX pyx // LIBeTHbIE MeTayIbl. —
Mocksa, 2016. — Ne2. — C. 9-14 (05.00.00; Ne91).

19. ITarent PY3 Ne IAP 04489. Crioco0 u3BieueHUs 30JI0Ta U3 YIOPHBIX
cynbuanbx 3010ToMBIIBEAKOBRIX pyn / CanakyinoB K.C., KonsioB B.H., 3unbsko
H.A., Mopozos M.IL., Oprames VY.A., Coitn6o @.5., bazapor Y.M., Kopmun
A.B., IleryxoB O.®. // 3apeructpupoBaH B TOCYyIapCTBEHHOM peecTpe
n3obperennit Pecriyommku Y36ekucran 20.02.2012 r.

20. Tlarent PY3 No IAP 05134. Crioco0 u3Bj€YEHHs 30J10Ta U3 YIOPHBIX
Cynb(pUIHBIX 30J0TOMBIIBAKOBEIX pyn / Canakynos K.C., Mycrakumos O.M.,
ITeryxoB O.®., Jlakkau H.D., XBan A.b., 3omorape IO.I1., Opramer VY.A.,
AxatoB H.A., Xommyponos b.O., Bacunenok O.I1., XKymaes M.U., Hap6aganos
I.1., XacanoB A.C. // 3apeructpupoBaH B T'OCYAapCTBEHHOM peecTpe
n3o0perennit Pecriyonuku Y36ekucran 17.11.2015 r.

Il 6§aum (11 wacTn; part 11)

21. OprameBY.A., PomamoB B.A., Beknor B.A. Paznoxenue cynbQpuaHbix
30JI0TO-MBIIIBSIKOBBIX PyZ MecTopoxkaeHus «Kokmaracy MHUKpOOHOTOTHYECKUM
criocobom // Matepuanbl MexayHapoIHON HAayYHO-TIPAKTHUYECKOW KOH(MEpPEHIUU
«Huanosanus — 2001y». — Tamxkent, 2001. — C. 191-192.

79



22. OprameBY.A., PomamoB B.A., BexnoB B.A. U3yuyenue Bo3MOXHOCTU
HOBBIIICHHUS TPOU3BOAMTEILHOCTH MeJbHUYHOro Onoka Ha I'M3-3 HI'MK //
Marepuansl MexayHapoHON HaydHO-TIpakTHYecKo kKoHdepeHnuun « HHOBaINS
—2001». — TamxkenT, 2001. — C. 191-192.

23. Oprame  Y.A., Kopmun A.B., Pysue ['.'M. JlaGopaTopHbie
UCCJICIOBAHUS. TI0 HU3KOTEMIIEpATypHOMY OOXury (iroTokoHIeHTpaTta //
Marepuaibl IV-MexayHapoiHoi KOH(epeHIIun Ha TEMY:
«PecypcoBocnipon3BeicHIE, MaJOOTXOJHbIE W TMPUPOJOOXPAHHBIC TEXHOJIOTHUHU
ocBOeHH Henp». — MockBa, 18-25 centsadps 2005 r. — C. 226-228.

24. OprameB Y.A., MutpakoB O.E., Kykanosa C.U., 3aiitnutaunosa JI.U.
bakTepuanbHOe OKUCICHHE CYIbPUAHBIX (PIOTOKOHIIEHTPATOB MEPKOJISIIMOHHBIM
cmocobom //  Marepuansl |1V-MexaynapoaHoli KOH(PEpPEHIIMM Ha TEMY:
«PecypcoBocipon3BeicHIE, MaJOOTXOIHbIE W TPHUPOAOOXPAHHBIE TEXHOJOTHH
ocBoeHMs Heipy». — MockBa, 18-25 centadps 2005 r. — C. 228-229.

25. Oprame  Y.A., AxaroB H.A., Bacunenok O.Il. Omnpenenenue
COpOIIMOHHONW aKTUBHOCTU XBOCTOB (otanuu // Marepuansl MexayHapoHOM
HayuyHo KoH(pepenuuu «unoBanus — 2011y». — Tamkent, 25-27 oktsi6ps, 2011 .
—C. 165-166.

26. CanakynoB K.C., OprameB VY.A. IloBbimenne 3¢hHEKTUBHOCTH
M3BJICUCHHUS 30JI0Ta U3 YMOPHBIX CylbdumHbix pyn Ke3wsuikymoB // Marepuaib
PecnyOnnkaHCKOl HayYHO-TEXHUYECKOM KOH(pepeHIHH Ha TeMmy: «COBpeMEHHbBIE
TEXHOJIOTMM W WHHOBALlMM TOPHO-METAJUTypruuecko orpacinu». — Hasowu, 14-15
utons 2012 r. — C. 89.

27. CanaxkynoB K.C., OprameB VY.A. CoBpeMeHHOE COCTOSIHHE U
HalpaBJICHUS  PA3BUTHUS  TEXHOJOTMH  OWOOKHCICHHS Ui  TepepabOTKu
cynbpuanubix pya Ha ['M3-3 // Marepuansl PecnyOnuKkaHCKONW Hay4HO-
TeXHUYECKON KoH(pepeHnun Ha TeMy: «COBpEMEHHbIE TEXHOJIOTMH M WHHOBAIIUU
TOPHO-METAJTypruueckoi orpacian». — HaBowu, 14-15 urons 2012 r. — C. 91-92.

28. Pynuer C.B., XampaeB M.0O., Carrapos I'.C., Hazapos 3.C., Dpramies
V.A. OueHka BO3MOXHOCTH CEJIEKTUBHOM JOOBIUM  CMEIIAHHBIX  PYI
MecTOpOXKaeHUs Jlayrpi3Tay 1o reoTeXHOJoTnIecKuM ThiaM // COOpHHUK Hay4YHBIX
craren  MexayHapogHou HAyYHO-TEXHUYECKOW KOH(PEPEHIIMM Ha TEMY:
«IIpobnemMbl W TyTH WHHOBAIMOHHOTO PAa3BUTHSA TOPHO-METAJUTypPrUdeCcKon
orpaciu». — Tamkent, 2014. — T. 1. — C. 45-46.

80



ABTopedepaT MaTHM «Y30CKHCTOH KOHUMIIMK XabapHOMAacw» >KypHaIUaa
Taxpup KWJIUHWUO, YHUHT ¥30€K, pyCc Ba WHIVIA3 TWUIApJAard MaTHU
MYBOGUKJTAMMTAPIIITAH («__ » 2016 ium).

bocumra pyxcar stunau: . 2016 itun
Buuumu 60x84 /16, «Times New Romany
rapHUTYpaaa pakamiii bocma ycynua O0CHIIN.
[Taptau 6ocma Taboru 5. Agaau: 100. byroptma: Ne

V36ekucron Pecniybnukacu B Akanemusicu,
100197, Tomxkent, UutH30p kyvacu, 68

«AKAJJEMIUA HOIINPJIMK MAPKA3M» IVK



