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by state structures. Such coercion on the part of the state is necessary due to the fact that the in-
terests of subsoil users and the state differ in their approach to the question of the rationality of
development, the completeness of the development of reservoirs.

Even exploratory drilling data is not informative enough to build detailed geological and
filtration models. According to the core data (even with its good removal) and GIS of good qual-
ity, only a negligible part of the volume is illuminated, insufficient to describe the entire depos-
it [3].

The inter-well space covering the main volume of the deposit remains without reliable
information. Meanwhile, within this space, from cell to cell, changes in the characteristics of the
filtration parameters of the layers occur that defy strict mathematical description, knowledge of
which is necessary to control the extraction process.

Modern geological and filtration models based on low-resolution information methods
for studying deep-lying formations are suitable only for qualitative relative assessment of possi-
ble development scenarios at an early stage of field development. Objects that are in the mature
stage of development need filtration models that allow calculating the dynamics of indicators
with great accuracy for a long period (sometimes for 100 years or more) until the final oil recov-
ery is achieved). This is necessary in order to assess the economic efficiency with satisfactory
accuracy and choose the most preferred among the technologies and methods of impact on the
reservoir.

The observed slowdown in the process of oil production is also due to the lag of applied
science in the field of underground hydrodynamics and field development. Despite the extensive
practical experience and the volume of experimental and theoretical research, topical issues for
practice remain debatable. For many years, the issues of dependence of oil recovery on the rate
of development, on the acceleration of fluid extraction, on the density of the grid of wells have
been discussed. There is no unity on the issue of the impact of hydraulic fracturing on oil recov-

ery.
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xkomnaexca «Teppa» 6vinonHeHvl pacuemvl napamempos paeHOBECHO20 COCHIOSHUS NPOYECcCcOo8 80CCMAHOGNEHUs
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Knroueevte cnosa. K06a]lbm, 60CCMAHOBJIEHUE, mepMoc)uHaMulteCKoe MO()e/zupoeaHue, coeOunenus
Kobanema.

Abstract. Calculations of equilibrium state parameters of cobalt reduction processes from its oxides with
carbon were performed using thermodynamic modeling using Terra software complex. Dependencies of process
parameters on reducing agent consumption are built. Analysis of the results.

Keywords: cobalt, reduction, thermodynamic modeling, cobalt compounds.

B nocnennue nBa necarunerust B Poccun [1-4] ynensercst 6onpiioe BHUMaHHE TTOUCKAM
HOBBIX XMMUYECKHMX M THAPOMETAILTYPrU4eCKUX METOJ0B OOOrameHus OelHbIX pya B CBA3M C
pemieHreM npobaeMsl pecypcocOepexenns. [Ipu KoMIIeKCHOM 00OTaleH!H MOJMMEeTaTye-
CKUX Maprasencojepxamux pyn Kys0acca no TexHonoruu, npemiokKeHHoW aBTOpaMu, HapsLy
C BBICOKOKAUYECTBEHHBIM MapraHLEBbIM U JKEJIE€30COAEpKAIUM KOHLIEHTpaTaMH I0JIy4aroTcs
KOHIIEHTPAThI LIBETHBIX METAJJIOB, B YACTHOCTH, HUKEJIEBbII KOHLIEHTPAT, a TAKXKE HUKEJb - KO-
0aJIbTOBBII, KOTOPBIE MOTYT OBITH HCIIOJIB30BaHbI IS IIPSMOTO JIETUpoBaHus [5, 6].

AHanu3 TOCTOMHCTB U HEJOCTATKOB MPSIMOTO JIETUPOBAHMS CTAIM ITOKA3bIBAET, YTO MEp-
CIHEKTUBHOCTb TOW WM MHOW TEXHOJOTUH OINPEAENAETCS TAaKUMU TEXHUKO-3KOHOMHYECKHUMHU
NOKa3aTessIMM, KaK JJIUTEIbHOCTh MJIABKU U PACXOJ] BOCCTAHOBUTEIISL.

B npomniecce nccrnenoBanuii OplIa TIOCTaBlIeHA 33aa4a U3YYCHUSI MAKCUMAIbHON 3aMEHbBI
KPEMHHUSI — OCHOBHOI'O BOCCTaHOBUTEJIS JIETUPYIOIIUX JIEMEHTOB M3 KOHLEHTPATOB, OoJee Je-
IIEBBIM BOCCTAHOBUTEJIEM — YIJIEPOJIOM, M MOJYyUYEHUE CTAOMJIBHOTO M3BJICUEHMSI KOOAJIbTa U3
OKCHJIOB, BXOJSIINX B COCTaB KOHIIEHTPATOB, MOJIYYEHHBIX MIPU THAPOMETAIIIyprudeckomM 000-
raiieHuy NOJUMETAIUIMYECKUX MapraHelcoAepKalluxX pya.

Ha nepBomM 3Tane ObUI0 pacCCMOTPEHO BOCCTAaHOBJIEHUE KOOAJIbTa U3 €ro OKCHIOB yIJe-
POJIOM B 3JIEMEHTAPHBIX CUCTEMAX.

Jlnis onpesieneHus: ycloBUI BOCCTaHOBIIEHUS KOOAIbTa U3 €r0 OKCUI0B UCIOJIb30BAIKChH
METO/Ibl TEPMOAMHAMUYECKOTO MOJEIMPOBAHNS HA OCHOBE pacyeTa paBHOBECHBIX COCTOSIHUI B
MOJIETBHBIX TEPMOJAMHAMUYECKUX cUcTeMax [7, 8].

TepMonnHaMuyeckue pacueTsl OKa3aiM, YTO JUCCOLMALIMS BBICIIETO OKCHJA KoOanbTa
IIPOXOJUT M0 clenyrolei cxeme (pucyHok 1):

1) C0203 oTCcyTCTBYET B cUCTeMe yxe mpu Temreparype 473K;

2) xonnuectBo C0304 ocTaeTcst HeM3MeHHBIM 110 Temrepatypsl 1173K, npu nasipHeiinem
yBenuueHuu remnepatypst A0 1223K nagaer o 0;

3) CoO mnosBisiercst B cucteMe npu temmneparype 1173K, npu temneparype 1223K ero
KOJIMYECTBO CTAHOBUTCSI MAKCUMAJIbHBIM U B JJAJIbHEUIIIEM OT TEMIIEPATypbl HE 3aBUCUT.
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3aBHUCUMOCTD mpoiiecca BocctaHoBiIeHUs Co30s4 OT TemIepaTypbl COOTBETCTBYET MOBE-
JEHUIO OKCHJIa TIPU AMCCOIUAINK MpH pacxoxae yriaepoaa 0,02 kr/kr okcuaa (pUCyHOK 2), IpU
YBEJIMUYEHUH pacxoia cBbiiie 3Toi BenuurHbl Co304 B CUCTEME OTCYTCTBYET.
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Pucynoxk 2 — 3aBucumocts konuuectBa Co304 0T TEMIIEPATYPHI

CoO npucyTcTByeT B CUCTEME MPHU BCEX TeMIIepaTypax U pacxoaax BOCCTAHOBUTEIS Me-
Hee 0,14 kr/kr Co203, mpuuem mpu pacxoje 0,2 kr/kr Co203 ero KOIMYECTBO B CUCTEME OCTALT-
cst Hem3MeHHBIM 710 Temnepatypsl 1173K (pucynok 3).
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Pucynok 3 — 3aBucumocts konudectBa CoO oT Temmnepatypsl ipu BocctaHoBieHnn Co203

B cBsi3M ¢ NONy4eHHBIMU JAHHBIMHU B JAJIBHEHUIIEM PaccMaTpUBAJIOCh BOCCTAHOBJICHHUE
ko0anbTa TONbKO 13 okcuaa CoO.

Pacuets! npoBenens! B uHTEpBase temnepatyp ot 473 no 1873K u npu pacxone Boccra-
Hosutens (yriepoxa) ot 0,02 mo 0,1 kr/kr CoO.

MogenupoBaHue MOKa3ajo, YTO BOCCTAHOBJIIEHHME OKCHAA KOOaJabTa HAuMHAETCA MNpPU
temneparype npumepHo 513K npu mro6s1x pacxogax yriaepoaa. C pocToM TeMrepaTyphl CBbIIIE
573K nporecc BOCCTaHOBIIEHHS 3aBUCUT TOJBKO OT pacxoja BOCCTAHOBUTENS (PUCYHKHU 4 U 5).
B ykazaHHOM amanasoHe TemIepaTyp BOCCTAHOBJIEHHBIM KOOanbT HAaXOAUTCS B KOHJIEHCHPO-
BaHHOM (a3ze.
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3aBUCUMOCTH JUIsl TIpOLiEcca BOCCTAHOBJIEHUS OKCHJIa KOOaslbTa YIJepoaoM ObLIM IO-
ctpoensl g temneparyp 1073K, 1473K u 1873K (pucynku 6 u 7).
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I"a3oBas da3za mpeacraBiieHa OKCHIOM M TMOKCUIOM yriieposia (pUCyHKH 8 u 9).
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BriBoabI:

1) okcuabr kobanbTa C203 1 C304 auccormupyroT npu temmeparypax meHee 473K u
1173K cootBerctBenHo. [Ipu temneparypax Beime 1173K B cucreme mpuCyTCTBYET TOJBKO
Co0, He3aBUCHMO OT BHJIa HCXOJHOM (ha3bl U KOJTMUYECTBA BOCCTAHOBUTEIS;

2) IPOYKThI BOCCTAHOBJICHUSI HAXOISTCS B BUJC KOHICHCHPOBAHHOW M Tra30BOW (as3.
BoccranoBneHHblit KOOAIBT MPUCYTCTBYET TOJIBKO B KOHJIEGHCHpOBaHHOW (aze. ['a3oBas daza
COCTOMT M3 OKCHUJIA M TMOKCH/IA YTIIepO/a;

3) BoccranoBieHue kobanpra u3 CoO HaumHaeTcs npu temneparype 513K;

4) kobanbT HaunHaeT BoccTaHaBiuBaThes 3 CoO um Co304 mpu pacxoje yriepona
0,02 kr/kr okcuaa, uz Co203 — npu pacxone yriepona 0,04 Kr/kr okcuaa;

5) BoccTaHOBJICHHE KOOAIbTa M3 €ro OKCHIOB 3aKaHYMBACTCS MPH pacxoje yriepoja
0,1 kr/kr okcuga s CoO, npu pacxoxe yriepoaa 0,12kr/kr okenga st Co304 u Co20s;

6) u3BIeUEeHUE KOOAIbTA IPH OJTHOM M TOM K€ PACX0/I¢ BOCCTAHOBUTEISI HE3HAYMTEIBHO
YMEHBIIAETCS C POCTOM TEMIIEPATYPHI.
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