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Study of gold-bearing ores using gravity enrichment methods
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Abstract. The article discusses issues related to increasing the efficiency of extracting gold-bearing ores from poor ores us-
ing the gravity enrichment method. Gold is a metal whose production and consumption are least susceptible to high fluctua-
tions in the global and domestic markets. Global gold production faces certain challenges, including the depletion of rich and
easily enrichable ores and shallow deposits suitable for open-pit mining. However, the simultaneous sharp increase in energy
resources and transportation costs has reduced the profitability of domestic mining and technological production. The high
variability in content, mineral composition, the presence of a large number of impurities, and differences in the forms and
nature of deposits place gold among the most challenging raw materials to process. This requires the integration of various
methods of enrichment and processing. The author presents the impact of the centrifugal concentrator Nelson (Knelson) on
increasing the gold recovery from gold-bearing poor ores under high climatic conditions. The increase in extraction is achieved
through the disruption of ore structure, substantial density reduction, and enhanced mineral liberation through gravity, reaching
up to 63%. Thus, the optimization is classified as fine and medium-grained gold.

Keywords: raw materials, mineral processing, technological schemes, mineral, concentrate.

1. Kipicne

ANTBIH — TalWgansl Ka30amapAblH  IIIHICTI  achLl
MeTanaap TypJepiHiH Oipi. EmiMi3mgiH 3KOHOMHKACHIHBIH
TYpaKThl JaMyblHA OAiJIaHBICTHI, JAFIapbiCc MEH OHAIPICTIH
KYJIIBIPpAybl JKarJaiiblHIa dKOHOMHKAJBIK KAyilCi3miK YIIiH
KOKETTI MEMJICKCTTIH  BaJIOTaJbIK  pe3epBi  peTiHze
ANTBIHHBIH aJaThlH MaHbBI3Bl eTe 30p. KaszakcraH aymarsbl
O3IHIH MHHEPAJIBIK pecypcTapeiHa oTe 0Oaif, OachIM
OarpITTapAbIH  Oipi  aNTHIHHBIH MUHEPAIIBIK  IIHKI3aT
0a3achIH HBIFAWTy OOJBIT TaOBUTAHI [1].

Enimi3giH anteiH OaibiTy (pabpuKkanapsl MEH OHIIpICIHIH
anaplHAa anThlH  eHmipyai [IpesumeHTtneH  OenrinereH
JeHrelire — >kputbiHAa 70 TOHHara JEWIH YIFaNTy MaHBI3IBI
MiHeT 00JbI Typ. Byl MiHAETTI anThIH KE€H OpBIHAAPHIHBIH
HEFYpJIBIM Kenemreri Oap TyprepiH maigamaHyFa apKbUIBI
ece0iHEeH IIemIiTyi MYMKiH, OJapislH OipiHe KypaMbIHAA
ITHIHHBI 0ap KUBIH OaWBITHUIATHIH KEH OPBIHAAPBIH 3€PTTEY
JKOHE WTepy JKaTaibl, COHIAM-aK KCHAII KCIICHII MainanaHy.
MyHpiali KeH OpBIHIAPBIHBIH OOJaIIaFbl 30p, CH alIbIMEH
Ka3ipri TaHIa ONapblH KOIIIUTri YJKEH JKOHE eTe YIIKEH
KCHOPBIH OOJbIm  TaObUIagpl. BacWIbKOB KEH  OpHBI
KazakcTanmarel ¢H ipi anTbIH KEH OpPHBI OOJIBIN TaOBLIAIEI,
oHBbI Kazipri yakeiTra «Altyntay Kokshetau» AK xommnanusicer
azipieyne. Amnaiima, OCBl YaKbITKa JeHiH KeH JeHeJepiHiH
KaJbITacy MEXaHU3MiHE, Tay >KBIHBICTAPBIHBIH ANTHIH KEH
JICHENepiHiH Tapaly TepeHHIriHe jkoHe T.0. OyI aTaiMbIm
KeH/Iepre KaTbICTHI KONTEreH Maceseliep TONBIK MICIIiIMEreH.
TaOuFy aNTBIHHBIH THIFBI3IBIFEI KOFApHl - 15.5-Ten 19.7 /M3
neitin [2].

AJNTBIH MUHepangapbl Ja >KOFapbl THIFBI3JIBIKKA M.
YnkeHpiriHe Kapail TaOWFH anThIH OipHele Typre OesiHemi:
omap ipi (2 mm-re), ycak (0.05-2 mm), man Topizmi (5-
© 2023. G.E. Askarova, A.B. Begalinov, M.R. Shautenov, K. Amantaiuly

50 MkM) koHe kyKa (5 MKM-eH a3) OOJIBINl JKiKTeJesi.
BaiibiTy ynepicrepiHmeri Jkakcel JKYpyl KeH, COHJai-ax
KypambIHIa TaOWFM call anThlH MEH KEHJErl anTblH Oap
MHHEpAIIap/AbIH TY31L1y TaOMFaThl MEH OJIApIbIH KypaMblHa
KIipeTiH KipMeJepaiH >KoHe KeHJEeri MUHepangap/AblH e3apa
OaiimaHpIcTapbiHa OaimaHbICTE. KypaMblHIAa anTeIHEI Oap
KeHZIEpIETi call anTeIHIBI, COHal-aK ipi )KoHe ycak TaOur:
call  aiThlH TIPaBUTAlMSUIBIK YpIicTepi apKbUIBI JKaKChI
anpiHanel. KeHmi, OHBIH immiHAE KypaMBIHAA anTHIHBI Oap
OaifbITy MpoLEeCiH IyphIC TaHIAy, COHAai-aK MHUHEepaIapIbl
ally YLIH KaKETTI ycakray H9peXeciH TaHmay Haiaalsl
Ka30aHbIH 3aTTHIK Kypambl MEH KYpPBUIBIMBIH erKeii-
TErKEHIIi  3epTTey HOTHIKEJEpPiH ecKepe OTBIPBIT KaHa
JKYPri3ilyl jKOHE CEHIMII Heri3lenyl MyMKiH. 3epTTeneTiH
KEHJIeP/IiH 3aTThIK KypaMbl MEH eKe epeKILIeIKTepi Typabl
JKETKUTIKTI HETi3[e/ITeH JKOHE CEHIM/I KOPBITHIHBI OJIapJIbI
Oipkatap ofiCTepai KOJJaHAa OTBIPHIT TEPEeH 3epTTey
HOTWKECIHJIC FaHa ABIHYBl MYMKIH: XUMUSIIBIK (IHUCIIEPCTIK,
(bazanbiK XAMUSITBIK-MAHEPATIOT HSLTBIK Tannaysap),
PEHTTCHKYPBUIBIMIBIK, PEHTICHOCIEKTPIIK, MUHEPAJIONeTPo-
rpadusIIBIK JKOHE TUCIIEPCTIK T.0 Tanmaynap sxyprizimi [1, 3].

Kecme 1. 3epmmenemin Kenoezi anmuiHHbBIH DPAUUOHAIOb
Kypamol

No AnTHIHHEIH Oipiecy baransl 3aTThIH Bemimn ary
B HBICAHBI yJieci, /T nopexeci, %

1 Cam anTeH 6.6 68.75

2 Cynbduarep MeH Tay 21 21.87

JKBIHBICTaphI Oipre
3 CynbdmnTepMEH . 0.64 6.67
GaiisTaHBICKaH TYpi
Tayu)KbleICTapblMe.H 0.26 2.71
OaiiTaHbICKaH TYpi
bapiibirsl 9.6 100
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Kenni panuonanapl Tajmgay HOTH)Keci OOWBIHINA inecte
QITBIHHBIH ~ Memuiepi:  cyiabduarepmen  7-20%, Ttay
KBIHBICTApbIMEH,  MHMHepangapMmeH  2.7-7.11%.  Can
QITBIHHBIH MeJmepi 2.4-3.8 r/T Kypanipl.

Kecme 2. 3epmmenemin anmoln Kypamovl KeHHIH XUMUATbIK
Kypamoi

Baranbl 3aTThIH

Ne DreMeHT, OaiaHbIc CuMBOJIBI .
yaeci, %
1 Kpemnwuii okcust SiO, 64.62
2 AITFOMHHHIA OKCHIBI Al,O; 12.99
3 Kaspluii oxcuipi CaOo 4.2
4 MarHui OKCHIbI MgO 1.43
5 Temip xanmst Fesxan 4.7
6 KykipT xanmsl San 1.22
7 Cynbuari Kykipt Seymiun 1.18
8 TUTaH OKCUIBI TiO, 0.43
9 Mpic Cu 0.005
10 = Kopraceia Pb 0.05
11 | Mspipsiu Zn 0.01
12 MBIIIbSIK As 2.22
13 ANTBIH Au 9.6
14 | Kywmic Ag 15

MUHEPOJIOTHSIIBIK TajjlayFa CoWKec 3epTTey CYIbQHUATI
MUHEpaJJ]aHybl OpTalla TPAHOJAUOPUTTCPMEH YCHIHBUIFAH.
Herisri keH MuHEpalbl — apCEHONMUPHT. IMHUPUT, MTUPPOTHH
JKOHE OTe a3 MeJIIIEep/e XalbKOIHUPHT, XKOHEe Oackamapsl a3
MeJepae kesneceni. MUHEpaIoTHsUIBIK Taiaay OOMbIHIIA
BacunbkoB ~ KEHOPBIHOApbIHAA  caml  &NThIH  [HPHT,
ApCEHONHUPUT, a3 MOJIIIEP/C XAIbKOIUPUT JKOHE BUCMYTHH,
COH/Iaii-aK KeH/Ie a3 MOJIIEP/Ie MBIIIBSIK Ke3/1eCe .

Kecme 3. Op mypai knacc ooitbinma aimsluHblY OUCHEPCMIK
manoayst

Kuaccer, AnNTBHIHBIH Oarabl

UIbreM, % Tapanys,%
MKM 3aTThIH KYPaMBbI, F/T
+60 24.63 1.8 41.7
-60+40 19.18 11 19.85
-40+20 18.6 0.065 11.37
-20+0 37.59 0.50 27.08
Bapbirsl 100 1.0 100.0
MyHpait  3epTTeymiH Tikeneil MakcaTtbl  MBIHaJal
MIHACTTepAl WIeNry OOJIbIT TaObUIANbI: - KCHHIH TOJBIK

MUHEpaJJbl KYPaMbIH aHBIKTAy;, - QJITBIHHBIH MUHEPAJIbI
(hopmanap GOUBIHIIIA TApATYBIH 3€PTTEY; - aTHIHHBIH KCHHIH
MUHEpaJJbl KOMIIOHCHTTEPIMCH OalJIaHBICHIH aHBIKTAY,
OHJA OJ JKyKa JHMCHEPCTi KOCBIHABLIAD MEH H30MOP(THI
Kocmanmap TypiHzme Oomamel. Ochl cypakrapra skayam Oepe
OTBIPBIN, JKYKa JHMCHEPCTi, MHKPO JKOHE HAHO aly
TYPFBICBIHAH KypaMbIHAa QJITBIH Oap KeHJepaAli OHAeYyIiH
JKOFapel ~ THIMAI ~ TEXHOJIOTHSICHIH  jKacayra  OoOlajbl.
Kypambiaga antbiHbl 6ap KeHIEP/Ii TEXHOJIOTUSUIBIK 3epPTTey
HETI31HeH KEeHJEPJiH HaKThl KYpaMblH XKQHE OJlapAaH achul
Metangap MeH Oacka Ja KYHAbl KOMIIOHEHTTEpAi aiy
TEXHOJIOTHSICHIH aHBIKTAy YIIIH KaKETTI Tangayiap MeH
9KCIIEPUMEHTTEpP XKYPridyeH Typaabl. KypamblHna anTbiHbI
Oap KeHIepai TeXHOJOTUSUIBIK 3ePTTey HETi3iHEeH KeHACPIiH
HAKThl KYPaMbIH JXOHE OJlapaH achul METajjap MeH 0acka
Ja KYHIIbl KOMIIOHEHTTEPJI aly TEXHOJOTHSCHIH aHBIKTAY
YLIH KaXETTI Tanjgaynap MeH SKCHEepHUMEHTTep KYpridynueH
TYpabl.

2. Herisri 6eaim

3epTreymiH TYNKI MaKCaTBI-KAyillCI3OiK TallamTapbiH
CaKTail OTBIPHII, YKOHOMHKAIBIK THIMILJIIT JKOFapbl OapIIbIK
OHEPKACINTIK KYH/IbI KOMIIOHEHTTEP/Ii KEeHJIep/IeH
MaKCHMaJIIbl TYpIE ally TEXHOJIOTHSCHIH jkacay. baibiTy
YAepici-OyI1 jKeKe dJIeMEHTTEp e3apa OalmaHbICTBl 0OJIATHIH
GiptyTac xyiie [4].

JyHue OKy3UliK eHEpKocinTik ToxipuOene  aiTHIH
OHJIPYIIi KOCIMOPBIHAAPABIH HETI3ri 3aMaHayW Moceielepi
KCHOPBIHIAFbl KEHHIH CANachIHBIH HalIapiayblHa Kapai
COHBIMEH KaTap INWKi3aT 0a3achbHBIH ©3TrepyiMeH >KoHe
3aMaHayd  Tajanrtapra = call  KeJIMEHTIH  AScTypdi
TEXHOJIOTHSUIAp/Abl  KOJIZaHyMeH  OainaHbICTBL.  COHFBI
JKBULAAPHI ANTHIH KEH MIMKI3aThIH TPaBUTALMSUIBIK OaifbITy
TEXHOJIOTHACBHIH/A YIIKEH JKETiCTIKTepTe KO KETKI3 .

By, e anneiMeH, adTHIHHBIH YJIKCH FaHA €MeC, COHBIMEH
Katap eTe ycak TyHipmikrepiH nme Oexinm  amyna
KOJJaHBUIATHIH JKaHa KYPBUIFBUIAD KOJTAHBUTYA. AJTHIH
KypaMIsl KEHIEp MBICAIbI, OTCaJKalay MallMHaJapbIHIA,
BUHTTIK CeTaparopiapia, KOHIEHTpAIWsIay CTOJaphIHIa
Oesly, OHIAa cam anTBIHAApAbl THIFBI3ABIFEl TOMEH Oacka
MUHEpaJJIapAbIH 06eJIil ay THIMJUIr OipHele ece apTThI.

ANTBIH KeHJEpiH anjbiH ana OaiibiTyra Ooja Ma JereH
Cypakka d>kayarn Oepy YVIIiH (pPakIMsUIBIK Tallgay oJIiCiH
Kyprizuteni. OpakUsUIBIK Taljay KeH IMIHACTI Maiaisl
MUHepaNJapIblH ©3TepMEHTIH KacHeTTepiHe Heri3/IeNreH.
Omapra >KaTaTBIHAAP, MBICAJBI, THIFBI3IBIK JKOHE MAarHHUTTI
Kacuer [5].

DpaKIUSIIBIK
KYprizineni:

1) xeHni anapIH ana 0aifbITY MYMKIHZITIH aHBIKTAY;

2) KeHJAlI TpaBUTALMSUIBIK J>KOHE MAarHHUTTIK oJiCIieH
0aiibITy/la alubIHATBIH TEXHOJOTMSUIBIK ~ KOpCETKIllTepre
Ooipkam kacay. KeH keelieHreH caiblH TEXHOJOTHSUIBIK
KOpPCeTKIIITepAiH ToMeHaelH OepeTini Oenrimi. OchiFan
OaillaHbICTBl OHBI QJIABIH ana OalTynblH alWTapibIKTai
MaHBI3HI 0ap.

OHbIH THIMIUTTIHIY OipiHmI ceGebi- OalbITy anmsHaa
YHTaKTay >KYpri3iiMeimi, KeH Oenrisi ipiikke meHiH Tek
ycaTbuafpl ma, OaiipITyFa Tycemi. bymaii OafipiTyma KeHHEH
€Ki OHIM aJBIHA/BL: aybIp JKOHE KeHUT Qpakuusuiap. Keiinri
(¢pakuus akbIpFBl KANIBIK TYpiHAE anblHYyBl THic. OHBIH
UIBIFBIMBI KEHHIH KacHUeTiHe OailIaHBICThI KEH IIEKTE 03repyl
MYMKiH, MbIcajbl, 15-40% mamaceiaga. JKeHin GhpakiuusHbl
KIIBIK TYpiHIAE alyAblH IIapThl — OHJArbl Oaralibl
KOMIIOHEHTTIH Mai3AbIK YyJeci erep KeH alAblH aia
0albITYChI3, JOCTYpJdi Typae OalbIThUIFaH/AA aNbIHATHIH
KalIBIKTaFl KOMIIOHCHTTIH TIaW3IBIK YJIECIHCH JKOFaphI
0onMay Kepek.

OpakIUAIBIK TalfayAa ChlHAMa KCHII OCNTi ipillikke

Tangay — HeTi3iHme eki  MakcaTIeH

NeWiH  yYcaTKaHHAaH KeWiH  alblHAZBl  Ja, opTYpIi
¢pakiusmapra  OenmiHin  Oaraibl  KOMIIOHEHTTIH — 9p
¢pakiusmapra  OeniHyi  JkoHEe — oJapiarbl  Oaraisl

KOMIOHEHTTIH MalbI3IbIK YIeCTepi aHBIKTaTaIbI.

OcCBl  [IepeKTepleH aJbIHFaH HOTIKENep HeTi3iHAe
OaBITBITY CHI3BIKTApPBI CHI3BUIBIM, OJaH JKEHiN (PpaKIMsHBIH
IIBIFBIMBI TaOBIIanEL. TOJNBIFBIPAK HEMECE JAITIPEK JAEpeK amy
YUIiH QpaknusuIbIK Tangay KeHi OipHelne YCaKThIKKa JACHiH
JKETKI3iM, op BapHaHTTa AJBIHFAH HOTWIKENEPIi CalBICTBIPY
JKOH.
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OpuHe, (QpaKIMUIBIK TangayFa HEFYpPJIBIM YCaKTalFaH
KEH TYCKEH CabIH aJbIHATHIH KEHIJ (QPAKIIMAHBIH IIBIFBIMBI
apra tycemi. Cebebi maiimambl KOMIIOHEHTCI3 KeceKTep
HEMece oTe KeJiel KeCeKTep caHbl keOelie OacTaiabl.

OpakUsUbIK  Tajmayga KeHIi Hemie Qpakiusra Oeiry
KEepPEeKTIri KEH KACHETIHE JKOHE KOWBUIFAH MaKcaTKa
0aliIaHBICTHI.

Kemminik sxarmaiina Tept ¢pakiusra Oemineni. Erep
(pakuMsIIBIK  Tajgay THIFBI3IBIKKA HETi3Iernce, OacTarKsl
CBIHAMA OpPTYPJi THIFBI3ABIKTEL CYHBIKTapJaH OTKi3iIesmdi.
Tangay angsIMeH He a3 THIFBI3ABIKTHI (MbIcaibl, 2700 Kr/M3),
He eH-YIKEH THIFBI3ABIKTEI (Mbicansl, 3500 kr/m®) cyifbikran
OTKI3UIiN, OIpTiHAEeN OJaH KEeWiHri TYPFaH THIFBI3IBIKTHI
CYMBIKTBIKTAH OTKi3Ieni. AJBIHFAaH op  (QpPaKIUsHBIH
IIBIFBIMBI  €CETTENIMN, OHAAFbl KOMIIOHCHTTIH HaibI3/IbIK
yJieci aHBIKTaNBII, 3p (pakiusiIapra OeniHysepi ecenTenesi
[3,4].

OpakuysiblK  Tangay OKYprisydiH eKiHII MakcaTbl —
TpaBUTAlMSIIBIK OaibITy oaicTepiMeH Ioctypii OaifbiTyna
AJBIHATBIH TEXHOJIOTUSIIBIK KOPCETKIMITepre 0omKaM Kacay.
By makcar xoWpUIFaHAa KeH (QPaKUMsUIBIK Talmayra Tycep
aNpIHAA TMalgamsl MHUHEpaImap SKETKUTIKTI aKbIparaHIa
ycaThlTaNlbl, JEMEK OIaH aKBIPFBl OHIMIEp — KOHIIEHTPAT
JKOHE KaJJBIK ally MakcaThl KoWbsianel. Ocbl MakcaTKa caid
KeHIl KaHmail ¢pakuusutapra 0eiy KaKeTTiri aHBIKTalaibl.
AJIBIHFaH JIEpeKTep HOTIKECIH/IE KOHIEHTpAT Calachl, OFaH
KOMIIOHCHTTIH O06iHy JIopekeci >KOHE aKbIPFhI KaJIbIKTa
JKOFaJIBIM Meuuiepi aikpiHaanaabl. KeHHiH (pakiusibiK
KypaMbl TYpajibl MOJIIMETTEp 0i3re MeTaamap/IblH ThIFbI3IbIK
(dpakuusIapsl MEH OJIleM KJIacTapbl OOMbIHINA Tapaiysbl

Typayiel akmapart Oepmi. Byn >kymbicta OafBITy CBI3BIKTapHI
Anpu-PeitHxapn Tumi OOWBIHIIA CANBIHFaH, OYJ CBHI3BIKTAp
Oacramkpl KeHAE e, OalfbITy eHIMIepiHAe Ie¢ MaKCaTTHI
OHIMHIH OaFalibl 3aTThIH KYpaMbl MEH IIBIFBIM apachIHIAFb
0aliJIaHBICTBI KOpYyre KOMeKTecedi. AJIbIH ajia OabITy
ypaicTepi KeHHIH KaCHETTePiHIH albIpMAIbLIBIFBI HETI31HIe
xyprizineni. Kennig cenkingiri 6aiibITy 91iCiH TaHIayna eTe
YJIKeH poiib aTkapaabl. KeH ycak cemkimai 0ojica, MbICaJIbI
MUHepan TyHipmikTepiHig auwametpi 0.2 MM-IIeH aprmaca,
OHBI 0alBITY TeK (PIOTAIMSUIBIK OABITY oNiCiH KOJMAaHYMEH
Kyprizieni, an 1.0 MM-IeH >koFaphl 00Jica TPaBUTAIHSIBIK,
oMlic KOJAaHBLIABI, erep MaiJansl MUHEPAIAAP THIFBI3IBIFEI
00C KBIHBIC MUHEpalJapblHAH alTapibIKTall YJIKEeH OoJca.
BaiipiTyma  ymkeH ~ poib  aTKapaThlH  Oip  xKail -
MUHEpaIJapAblH  e3apa  OailaHpicy  cHIaTTamaliaphbl.
[Mafimaner MuHEpangapAbIH JKaKchl OeniHyiHIH Oip IIapThI-
ojapiblH 00C KBIHBIC MHHEpaJIapblHAH KOHE e3apa
HEFYPJIBIM IKaKChl @XKbIpaybl. BipchInbipa KeHAEp/e oyapbl
0ailbITy aJ/IbIH/A TOJIBIK QXKBIPATY YIIIH 6TE YHTAKTay Kepek,
al O KeHHIH NUIaMJaHyblHa OKeJIll COFajbl, JeMEeK
KalnablKTa KOranmbiM — ecefi. COHABIKTAH MUHEPAIIBIK
TaJayaa OChl all HAKTBUIBI aHBIKTATYBI Kepek. Erep misiH
MOHIHJIE OJNapabl KEHZII YHTaKTayJa aXbIpaTy MYMKiH
OonMaca, oHza Oip FaHAa KOPBITBIHABI IIBIFAPBLUIANBL: KCHII
ipizey  yHTakranm  Oip-OipiMeH  TBIFBI3  OaiJIaHBICTHI
IIOFBIPJIApABI  TOJBIFBIpAK OeJIim, camachl3 KOHIIEHTPAT
TypiHne Oemin amy. Herisri OaiieiTy omicTepi peTiHIe
TpaBUTaNMSIIBIK  (OTCaAKajay  CTOJAAphIHIA,  BUHTTI
cemaparopiapia KOHICHTpalusuIay CTONIApHIHIA) OabITy
KaTazpl.

Kecme 4. Op knaccmazor -40+20, -20+10 scone -10+5 mm Bacunbkoeck KeHOpHBIHBIH (PAKYUATBIK MANOAY

I biren, Baranbt KoGeii- XKenin dppaxuus S Aysip dpakuus §
0 % SaTTF;IH Tifnici Msrene % Baraner 3aT- KeOetitinai 1b1FeIM, Baranel 3aTThIH KeOeii-
yxeci, % ' TBIH YJ1eci, % ci % yueci, % TiHgici
kiace -40+20 mm
+3000 8.23 0.24 197 8.23 0.24 1.97 100 0.65 65
-3000+2900 3.52 0.41 1.44 11.75 0.39 4,58 91.77 0.66 60.57
-2900+2800 10.75 0.59 6.34 22.5 0.95 21,4 88.25 0.70 61.78
-2800+2700 16.50 0.55 9.07 39 0.54 21.06 775 0.77 59.7
-2700+2600 38.0 1.62 61.56 77 0.61 46.97 61 0.20 12.2
-2600 23.0 291 66.93 100.0 0.65 65 23 291 66.93
Bapnbirsl 100 1.47 147.31 - - - - -
kiace -20+10 mm
+3000 3.99 0.24 0.96 3.99 0.24 0.98 100,0 0.69 69
-3000+2900 11.64 0.41 4,77 15.63 0.30 4.7 96.01 0.70 67.21
-2900+2800 35.30 0.59 20.83 51.93 0.53 27.52 84.37 0.75 63.28
-2800+2700 37.11 0.55 20.41 90.04 0.57 51.32 49.07 0.86 42.20
-2700+2600 8.57 1.62 13.88 95.61 0.63 60.23 11.96 1.75 20.93
-2600 3.39 291 9.86 100.0 0.69 69 3.39 2.03 6.88
Bapeirer 100 0.65 65 - - - - -
Kinacc -10+5 mm
+3000 6.98 0.17 1.19 6.98 0.17 1.19 100.0 0.71 71
-3000+2900 14.64 0.42 6.15 21.62 0.35 7.6 94.02 0.75 70.52
-2900+2800 26.73 0.64 17.11 48.35 0.53 25.63 78.38 0.81 63.5
-2800+2700 40.50 0.59 23.9 88.85 0.56 49.76 41.65 0.96 39.9
-2700+2600 5.45 131 7.14 94.3 0.60 56.58 11.15 1.97 21.96
-2600 5.70 2.60 14.82 100.0 0.71 71 5.70 2.60 14.82
Bapbirsr 100.0 0.71 71 - - - - -
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Tersisabik, kriv’

4

barans saTTein yeci Au, 1/T

Cypem 1. -40+20 mm Knacmolyy anmoln OOUbIHWA Oailblmy
CbI3bI2bl

THIFBIIBIK, KI/M

barane! 3aTTRI Y.'IE!L'i Au, it

Cypem 2. -20+10mm knacmoly anmoin OoibiHWa Oailblmy
CbI3bIebl

TBIFBIZOBIK, %0

Barams! 3aTTEIH yeci, I/'T

Cypem 3. -10+5mm Knacmoiy anmuln 0oliiHwa Oaitbimy
corzvizol: 1 — Kankpin wvlkKkan paxyus; 2 — bamran  paxyus;
3 — anemenmapnul ppakyun;d — mol2oi3061K CbI36I2b

-40+20, -20+10 wm -10+5 MM ipimik Kjacel
TPaBUTAIMSIIBIK OAWbITHUTBIM/IBUIBIFBI €CETTEII.

ANTBIH KypamJbl KeHAI ajjiblH—ana OalblITy YIIiH ipi
yCaKTaJFaH KeHliH KojmaHbuTansl. Kasipri kesne kemnTereH
OaiibITy (habprKanapelHAa AITHIHKYPaMAbI KEHAl OTCaIKanay
MaIllMHACKIH 1A OAHBITHIN 06Ty 9J1ici KeHIHCH KOJITaHBLIAIbI.

Byn omicti KoimaHyAbIH Oojamiarkl 30p, Oy OiCTIH
APTHIKIIBUIBIKTAPBI TOMEHJIC CUITATTAIIFAH:

- THIMAI TEXHOJIOTHSUIBIK OHIMAUIIKTI CAaKTall OTBHIPHII,
1000 1/car neifiHri KeHHIH emoyip YIKEH KOJIEeMiH Hrepyre
MyMKiHIik Oepeni. by perre eHmeyre kememi 300 MM-IeH
6-re meiiHTi KeHJep KOJMAaHBIIa b

- YJAKEeH KypAedi IUBIFBIHAAP/AbI MBICAIBL:  3JEKTP
SHEPrUsiChl MEH IKYMBIC MAaTE€pPHAIAPbIHA IIBIFBIHIAPIBI
Ka)eT eTIeHIi.

- YPAIC ic )KY3iHJE TOJNBIFBIMEH aBTOMATTAH/IBIPBLIFaH.

YIIH

- TEXHOJIOTHSUIBIK ammapaTTapia MHHEPAJIIbl MINKI3aTThI
OeymiH DM )KOFapHI.

ANBIHFaH aNThIH KypaMmasl BacuibpkoB KEHOPHBIHBIH
KeHiHIH (PaKUUsUIBIK TaIAaybIHbIH KOPBITHIHABICH OOWBIHIIA

oTCagKajay MaIllMHACBIHAA OailbITy OHTAaWiIbIl  OOJIBII
Ta61)1nam)1. Anbiarad TpaBUTALUAJIBIK KOHICHTPATTBIH
OHTAWIBI  TEXHOJOTHSNIBIK  KOPCETKIMITEpPiH  aHBIKTAY.

Otcaakanay MalIMHAChIHA dCep €TeTiH (akTopiap: CYABIH
KO3FaJIbIC JKUUIITI, quadparMaHblH KO3FAJIbIC aMILTUTYIACH,
TaOaIBIPBIKTHIH OUIKTITI, CYABIH Meiepi [5,6].

Bipkarap Oactamkbl KeHal oTcaakanay (Weriuimipy)
anmapaTTapbiHaa OalblTy Ke3iHAe Oail KOHIEHTpaTTapbl
aly YUIH CYAbIH KO3FIBIC OJKUUIITIH apTThIPY JKOHE

nuadparMaHblH — KO3FANBICHIH  a3aliTy  apKbUIbl  KOJ
JKETKIZTe . AJBIHFaH OacTtarkpl KOHIIEHTpATTap
KOHLEHTpaLMsIay ~ CTOJIapblHIAa €Ki  perT  Ta3apry
oTiepalusChIHAH oTei. [ paBUTAIMSITBIK OaibITy

omicTepiHiH (BHHTTIK cemapaTop, OakpUIay OIEparusChl
peTiHAe Meriurmiprim MalldHaJapblHOa >JKOHE Taszajay

OMepanusIChl  PETIHAEC  KOHICHTPANHUAIdy  CTOJIBIHBIH)
KepceTkilTepi 5-7 kectene Kearipiared [5,6].
Kecme 5. Bunmmix  cenapamopoazvl  OaiiblmyouiH
mMexHoN02UANbIK, KOpcemKiumepi
. [Hbtrbim baram: AnteiHHbIH |~ Tapanysl,
OHIM aTTapbl 0 3aTTBhIH o
% . caJaMarbl, T %
yueci, /T
Ikonnentpar =~ 43.0 2.15 215 0.4622 13.39
2-xoHUeHTpatr =~ 65.0 3.15 7,6 0.2470 7.15
Kannsik 1892.0 946 2.9 2.7434 79.46
Ken 2000 100 35 3.4526 100
Kecme 6. Omcaokanay mawunacelnoazel 0aibinmyowiy

MexXHONO2UANBIK, KOpCemKiumepi

. IHbiFpiv baram: AnteiHHbIH | Tapaiysl,

OHiM artapsl 0 3aTTHIH o
0% . caJaMarbl, T %
yJeci, T/t

| KOHLIEHTpaT 32 1.6 77 0.1232 5.76
2-KOHLICHTPAT 51 2.55 5.7 0.1454 6.8

Kanapik 1917 | 95.85 1.95 1.8690 87.44

Ken 2000 100 2.3 2.1376 100

Kecme 7. Konuyemmpauyusanay cmonavinoazol O0aiblmyosly
mMexHOoN02UANbIK, KOpcemKiumepi

LIpFeiM Bbaranet A T
OHiM aTTapbl 3aTTBIH TRIHHEH apaye,
% . CaJIMarbl, T' %
yuteci, /T
IkoHuentpar = 29.0 1.45 11 0.1595 457
2-xoHuentpar = 48.0 24 45 0.1080 3.1
Kanapik 1923  96.15 3.35 3.2210 92.33
Ken 2000 100 35 3.4885 100

6-xecrene KeNTIPUIreH 3epTTey HOTHXKeNlepi cylieHe
OTBIPBINT JuadparMaHblH TepOeNic KUUIrIMEH MHHYTHIHA
295, cy arbIHBIHBIH OKbUIIAMIBIFBL 5.22 IMS/MHH  SKOHE
nuadparManby Kypici 10 MM OoFaH Ke3Jie aJlbIH/IbL.

bacTankel KOHIEHTPATTBHIH MIBIFBIMABIIBIFEIH APTTHIPY
YIIiH PeXXUMi ©3TepTiIi:

- muadparMaHbIH TepOeTic KUUTiri MUHYTIHA 224;

Cymel TYTBIHY e3repicci3 Kalmslpsuiafsl. Tazamay
OTIepanysACHl KOHIIEHTPAIHSIIAY CTONBIH/A JKYPTi3iii.
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Kecme 8. baiwimy  yoepicmepiniy,  mexnonozuanvik  Ocbl MAKCATKA KETY YIIIH KelieCi MIHIETTep KOHBLIIbI:
KopcemKiuimept - KeHJETH KYpaMblHAA alThIH Oap MHUHEpaIaapbel MeH
OapabplK MUHEpATAAPIbIH XUMUSIBIK JKOHE MHHEPAJIBIK

Tep§ e.n.ic OHiMHIH LIbIFBIMBL ANTBIHBIR AHT.HHHH .
JKULIIIT, % ’ KYpaMmbl, Oein a'ny KYpPaMbIH 3€PTTCY,
mua aTTapel /T nopexeci, % - (pakuusUIBIK Tanmay oAiCiMEH YCaThUIFaH KEHHIH
295 Konuentpar 711 22.1 41.58 TPaBUTALMSIIBIK OAWBITBUTYBIH 3€PTTEY;
KE;?HLIK 912(')%9 23.389 5f(';(1)2 - KeHHIH (pakUUsIBIK KYPaMBIH  €CEeNTey JKOHE
224 KOHueeII{{TpaT 6.07 25.2 40.21 TPAaBUTALMAIEIK GaHBITY rpaduKTEpiH KypY;
Kasuik 93.93 24 59.71 - Herisri GaipITy KOpCeTKILUTEpiH ecenTey, MallnHa
Ken 100 3.8 100 KJIaChIH JKOHE TpPaBUTAIMSHBI aJIbIH aja OalbITy YIIiH
KaXeTTi 0eJTy THIFbI3/IBIFBIH aHBIKTAY;
8-xecreeri JepeKTep cyitencek GaCTAIKI - QJIJIBIH aJa TPaBUTALMSIIBIK OalibITy cyI0achIH XKacay.
KOHIIEHTPATThIH  LIBIFBIMBI  OTCajKanay MalldHAChIHAA Ipi ycakranraH KCHHIH TIPaBUTALMAIBIK GaibIThUTYbIH
TasapTy 6-7%-Fa [cifiH anTHIHHBIN Garanb 3aTThiH Kypampr  (40-60 MM JieifiH) QPaKUMATEIK TaNIay/Ibl KOIIAHY apKBUII
22-25 1/t xoHe Oemin amy gopexeci 41.58-40.21% xypaiiasl. Oaranay KeHaI ayblp jKOHE JKEHIT (pakimsiapra Oeiy
MYMKIHZIMIH aHBIKTagsl. THIFEBABEE +2900 kr/M®  aybIp
3. KopbIThIHABI ¢bpakumsna 10.2% eHaipyMeH 0apIbIK anThIHHBIH 25% aeiin

aybIp (pakiysaaa KEHMEH CallbICTBIpFaH/ia, O aThIHMEH 2.4
Onebuerrepai  mwony HOTIKeNepi OOMBIHINA KeIeCl  ece GaifbITbLIFAH KOPIHL.

KOPBITBIHABLIIAP KacCaJIAbl:
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3epTrey

I'.E. Ackapoal’, A.b. Beranunos?, M.P. Illayrenos?, K. AmManTaitysis®

Satbayev University, Anmamor, Kazaxcman
2an-Dapabu ameimoaser Kasax yimmulx ynueepcumemi, Aamamot, Kasaxcman

*Koppecnonoenyus ywin asmop: askarova_guljan@mail.ru

Angarna. Makanajia TpaBUTAlUUIBIK OaifbITY OMICIMEH Kelel KeHICPACH KYpaMblHAa aNThIH Oap KCHICPAI OHIIPYHiH
TUIMJUITIH apTTHIPY Macesesepl KapacThIpbuFaH. AJTHIH-OYJI oJIeMIIK KoHE OTaHABIK HApBIKTap/a CYPaHBICHl MEH TYTHIHYBI
JKOFapbl aybITKyJlapFa a3 YIIBIPAHTBIH MeTal. OJEMJIK alThIH OHAIpY 0all >oHe KeHUI OalbIThUIaTBIH KEHIEPIiH
CapKbUIYBIMEH >XOHE KEH OpPHBIH alllbIK OHJIPY YIIIH KOJ JKeTIMIl Tas3 >KaTKaH KopiapMeH OaiimaHeicTbl Oenrir Oip
KUBIH/BIKTApFa Tan Oonajpl. bipak coHbIMEH Oipre sHeprusi pecypcrapbl MeH KOJIKTiH KYpT KbIMOaTTaybl OTaHABIK Tay-KeH-
TEXHOJIOTHSUTBIK ~ OHAIPICTepAiH pEeHTaOeNpIUTriH TeMeHIeTTi. KypaMbBIHOaFrsl MUHEpaNIbl KypaMBIHAAFBl IKOFapHI
©3reprillTiK, KeNTereH KocnajaapIblH 60Iybl, ceKpenusuiapaAsly hopManapbl MEH CHIIATBIHAAFB! albIPMAIIBUIBIKTAp AJITHIHIBI
0alipITy MEH OHACYAIH OpTYpJNi omicTepiH OIipiKTipymi KakKeT eTeTiH IMIMKIi3aTTHIH €H KWBIH TypJepiHe Kosmbl. ABTOp
Henbconnpie (Knelson) opTanmblkTaH TenKim XaOBIHBIH JKOFaphl KIMMATTHIK JKarmaiapia KypaMbIHIa aJTHIHBI Oap Kemen
KeHIEpIACH alThlH ajly JOPEXeCiHiH J>KOFapbUIayblHa ocepiH YCblHaIbl. KeH KYpBUIBIMBIH Oy3y JKOHE TBHIFBI3IBIKTEI
aifiTapibIKTall TOMEHJIETY, COHJAM-aK aybIPJIBIK KYLIl apKbUIbl MUHEpaJapAblH allbulyblH 63%-Fa JNeiiH apTThIpy apKbLIbl
eHAipicTi apTThIpy. OchUlaiilia OHTalIaHABIPY YCaK XKoHE OpTalla TYHIPIIIKTI alnThlH PETiH/AE KIKTeIe .

Hezizei co3dep: wukizam, nauoanwl Kaz6aiapovl 6ativlimy, MeXHONOSUSILIK CYL0a, MUHePAl, 2pasumayusiivl Oauvlmy
20ici, KOHYeHmpam, KaioblK.
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AnHoTanus. B cratee paccMOTpeHBb! BOIIPOCHI MOBBIIECHHS () (EKTUBHOCTH JOOBIUM 30JI0TOCOAEPIKALIMX Pyl U3 OCTHBIX
PYA C TIOMOIIBIO TPAaBUTAIMOHHBIA MeTozna oOoramieHus. 30J0TO SBISIETCSI METAJUIOM, CIIPOC M MOTpeOIeHHe KOTOPOTo Ha
MHPOBOM ¥ OTE€YECTBEHHOM PBIHKaX B HAaNMEHBIIEH CTEMEHH MOIBEPKCHBI BBICOKMM KoyebaHMsIM. MupoBast 1o0bIua 3051012
UCTIBITBIBAET ONPE/EIEHHBIE TPYAHOCTH, CBA3aHHBIE C NCTOIICHHEM 3aI1acoB OOTaThIX M JIETKOOOOTaTUMBIX PYA M HETITyOOKO
3aJIEraloMNX, JOCTYIHBIX A1 OTKPBITON JOOBIYM MECTOpOKAeHHs. HO OHOBPEMEHHO pe3Koe yIOopOKaHUE SHEPIOPECYPCOB U
TPaHCIIOPTa CHU3WIO PEHTA0ENbHOCTh OTCYECTBEHHBIX T'OPHO-TEXHOJIOTHYECKUX MIPOM3BOACTB. BBICOKAs M3MEHUYHBOCTBH CO-
Jiep KaHHH, MUHEPaJILHOTO COCTaBa, HaJMUUe OOJIBIIOT0 KOJIMYECTBa MpUMeceH, pa3inuus B opMax M Xapakrepe BbIICICHUH
CTaBAT 30JI0TO B psiJi Hauboyee TPyJHO NepepadaTbIBaAEMBIX BHIOB CHIPbs, TPEOYIOIIUX MHTErpaluyl paziIMYHBIX CIHOCOOOB
oborareHus 1 nepepaboTKU. ABTOPOM IIPEACTABICHO BIMSHHUE LEHTpoOexxHoro koHueHTparopa Henbcona (Knelson) Ha mo-
BBIIIICHUE CTENEHH H3BJICUEHUS 30JI0TA U3 30JI0TOCOAEPIKAIIUX OCIHBIX PYJ MPU BBICOKUX KIMMAaTHYECKUX YCJIOBHUsX. [I0BBI-
HIeHHEe J0OBIYM 3a CYET pa3pyIICHHs CTPYKTYpPbl PY/bl M CYLIECTBEHHOMY YMEHBIICHHUIO IUNIOTHOCTH, @ TAKXKe YBEIHMYCHUIO
PacKpbIBAaEMOCTH MUHEPAJIOB C IIOMOIIbIO rpaBUTaliK 10 63%. Takum oOpa3oM, onTuMH3anus KiaccupUIUpyeTCs Kak Mellb-
KO€ ¥ CPEIHEe-KPYITHO3EPHUCTOE 30JI0TO.

Kniwouegvie cnoga: cvipve, obocawjenue noae3Hvix UCKONAEMbIX, MEXHOIOSUYECKUE CXeMbl, MUHEPAl, 2PasUumayuoHHble
0bozawenus, KOHYeHmMpam, X60Cbl.
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Abstract. The article presents the results of a study of the interaction of phosphorites from the Chulaktau deposit of the
Karatau basin with coke and steel shavings. The studies were carried out by computer thermodynamic modeling using the
HSC-10 software package, together with mathematical planning of experiments, as well as by electric phosphorite melting in
an electric arc furnace. On the basis of the conducted studies it was established that the joint formation of intermediate prod-
ucts from the systems Cas(PQ.)2-SiO2-C-Fe is possible at the temperature > 1635-1702°C. Based on the obtained volumetric
and planar images of the coke and steel shavings effect on the technological parameters of the phosphorite’s electric smelting,
it was found that in order to produce FS25 grade ferrosilicon containing 20-30% of Si and calcium carbide with a capacity of
245.1-248.1 dm®/kg (2" grade), the process should be carried out in the presence of 52-58% of coke and 24.4-38% of steel
shavings. In this case, the extraction degree of silicon into the ferroalloy was 70-80%, and calcium into calcium carbide — 60-

70%.

Keywords: phosphorite, thermodynamic modeling, electrical melting, calcium carbide, ferroalloy.

1. Introduction

Producing fertilizers from phosphate raw materials is
possible not only on the basis of wet and dry phosphoric
acid, but also directly from phosphorites [1-6]. The bulk of
fertilizers, however, is produced using phosphoric acid.

The average P,Os content in Karatau phosphorites is
24.5%. To obtain wet phosphoric acid, phosphorite must
contain >28% of P,Os [1]. Therefore, the phosphorites are
concentrated using usually flotation or chemical methods.
So, flotation of nodular phosphorites containing 9-18% of
P»0s makes it possible to produce a 25-35% P,Os concen-
trate [7], and flotation of shell phosphorites containing 4-7%
of P05 — a 28.5-35% P,0s concentrate [8-10]. A phosphate
concentrates with 26-27.9% of P,Os was obtained from
phosphorite containing 16.2% of P2Os by nitric acid concen-
tration [11], and when using acetic and formic acids, it is
possible to obtain a 30-35% P.Os phosphate concentrate
[12]. The chemical concentration of phosphorites based on
the extraction of calcium into solution was shown in [13].
Production of phosphoric acid from phosphate concentrates
is carried out using sulfuric, nitric, hydrochloric, fluorosilic-
ic, and hydrofluoric acids [14-17]. Despite the fact that the
nitric acid extraction makes it possible to obtain 27-35%
P»0s phosphoric acid, hydrochloric acid extraction — 55-58%
P»0s phosphoric acid, and fluorosilicic acid one — 25-30%
P20s phosphoric acid, the main method for producing wet
phosphoric acid is decomposition of phosphate concentrates
with a mixture of aqueous solutions of sulfuric and phos-
phoric acids according to the equation:

Cas(PO4)3F+2H2$O4+H3PO4+mH20=(n+3)H3PO4+5CaSO4-
mH,0+HF 1)
© 2023. R. Uteyeva, V. Shevko, D. Aitkulov, A. Badikova, S. Tleuova

Disadvantages of this method are the high sulfuric acid
consumption and formation of a large amount of waste —
phosphogypsum (4.27-6.58 tonnes per 1 tonne of P2Os in
terms of dry dihydrate) [18]. Less stringent requirements for
P20s content (>21%) are imposed on phosphorites used for
producing yellow phosphorus by the electrothermal method
[1]. However, electric smelting of these phosphorites is ac-
companied by the formation of waste slag (10-12 tonnes per
1 tonne of phosphorus), which not only occupies land, but
also has a limited demand in the construction industry be-
cause it contains 2-2.5% of P,Os, which, in the presence of
moisture, emits a poisonous gas — phosphine.

2. Materials and methods

The main components of Karatau and Aktobe phospho-
rites are P2Os (16-27%), and, in addition, CaO (20-44%) and
SiO2 (14-55%). Therefore, the phosphorites are a potential
source for obtaining products containing calcium and silicon.
In this regard, we have developed a technology for the pro-
cessing of phosphorites by electric smelting with the simul-
taneous production of siliceous ferroalloy, calcium carbide
and stripping of phosphorus into the gas phase.

The proposed method for processing phosphorites is
based on the following reactions:

Cas(POy)+2Si0,+Fe+16C=FeSiy+Py+3CaC2+12C0;  (2)
Cas(POy)+SiOz+Fe+16C=FeSi+Pyq+3CaC+10C0q  (3)
Cas(PO4);+3Si0,+5Fe+20C=Fe5Si3+P+3CaCo+14C0¢) (4)
Caz(PO4)s+Si0z+3Fe+16C=FesSi+P2q)+3CaC,+10C0O( (5)

Engineering Journal of Sathayev University. eISSN 2959-2348. Published by Satbayev University
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From a thermodynamic point of view, these reactions be-
come possible at temperatures of above 1702.8; 1692.4;
1635.1 and 1639.2, respectively (Table 1, shaded area).

We have previously shown [20] that at the interaction of
Cas(PO4), with silicon dioxide, carbon, and iron under equi-
librium conditions, at a temperature of 1850-1950°C, it is
possible to obtain calcium carbide with a capacity of 300-

360 dm®/kg and FS45 ferrosilicon (39-42% of Si) and to
achieve the complete sublimation of phosphorus into gas.

This article examines the results of electric smelting of
Chulaktau phosphorites (Karatau basin) with production of a
ferroalloy, calcium carbide and sublimation of phosphorus
into the gas phase.

Table 1. Effect of temperature on AG(kJ)*of Cas(POs)2, SiOz, Fe and C interaction

Reaction #

1000 1200 1400 1600 1635.1
2 2022.4 1437.5 860.9 290.6 280.7
3 1777.9 1259.3 748.4 235.2 221.8
4 2059.3 1401.7 752.1 110.9 0
5 1748.8 1225.9 713.3 219.2 140.4

Temperature, °C

1692.4 1693.2 1702.8 1800 2000 2200
29.4 27.1 0 -272.9 -544.9 815.0
0 -2.0 -26.4 -272.8 -759.9 -1235.5
-180.6 -183.1 -213.0 -518.8 -1126.8 -1722.7
1.9 0 -13.6 -241.4 -638.8 -960.7

*- AGo was calculated using the Reactions Equation module of the HSC-10.0 software package [19]

The differential thermal analysis of the Chulaktau phos-
phorite used for the electric smelting is shown in Figure 1.

7702 DA< |

toc|

10033 TG, mr | 551 DTG, sarfsnn |

01:31:35,0

Figure 1. DTA of Chulaktau phosphorite

It can be seen that the heating is accompanied by two en-
dothermic effects at temperatures of 674 and 838°C, which are
associated with the decarbonization of MgCO3z; and CaCOs.
The phosphorite weight loss was 11.6%. The phosphorite after
calcination at 950-960°C contained, wt %: 51.1 Caz(POas);
25.59 SiOy; 12.9 CaO; 1.8 MgO; 1.3 FeO; 0.91 Fe,03; 1.7
A|203; 0.4 C&SO4; 0.4 Nazo; 0.6 Kzo; 0.1 TiOz; 0.1 MnO; 2.7
CaFy; 0.5 CO2; 0.2 HO. The composition of steel shavings,
wt %: Fe-97.6%, C-1.7%, Si-0.3%, Mn-0.2%, Cr-0.1, others-
0.1%. The composition of coke, wt %: C-86.0; SiO,-4.9;
Fe;03-2.2; CaO-1.5; Al,0s-1.8; MgO-0.4; S-0.8; H,O-1.1;
others-1.3. The composition of quartzite, wt %: SiO,-97; CaO-
0.7; Al03-0.8; Fe»03-0.8; H,0-0.1; others-0.3.

The studies included the process’ computer thermody-
namic modeling combined with mathematical planning of
experiments, as well as the electric smelting of the phospho-
rite in an electric arc furnace.

The thermodynamic modeling was carried out using the
HSC-10.0 Chemistry software package developed by Ou-
tokumpu Research Oy (Finland) [19]. The developers of the
software package were based on the ideology of the SGTE
(Scientific Group Thermodata Europe) consortium, which is
engaged in the creation, support and distribution of high-
quality databases designed to calculate the equilibrium com-
position of chemically reacting systems, as well as combin-
ing the efforts of researchers from different countries in order

12

to unify thermodynamic data and methods for obtaining
them. The SGTE includes specialized research centers in
Germany, Canada, France, Sweden, the UK and the USA. To
calculate the equilibrium, we used in our work the Equilibri-
um Compositions subprogram of the HSC-10.0 software
package, which is based on the minimum Gibbs energy prin-
ciple. The equilibrium parameters of a thermodynamic sys-
tem are determined by solving the mathematical problem of
finding the extremum, considering all restrictions, using the
Langrange functions and Newton's method of successive
approximations. The calculation of the equilibrium distribu-
tion of elements was implemented according to the algorithm
developed in M. Auezov South Kazakhstan University
(Shymkent, Kazakhstan) [21]. The experiments were carried
out at the installation shown in Figure 2.

The electric smelting of the charge was carried out in a
single-electrode arc furnace (up to 15 kVA power) lined with
chromium magnesite bricks. The bottom electrode was made
of a graphite block. A graphite crucible (d=6 cm, h=12 cm)
was placed on the hearth. The upper part of the furnace was
closed with a removable cover with holes for the graphite
electrode with diameter of 3 cm and gas outlet. The crucible
was preliminarily heated by an arc for 20-25 min. After that,
the first portion of the charge (200-250 g) was loaded into
the crucible and melted for 3-6 minutes. Then, every 4-6
minutes, 100-150 g portions of the charge were added to the
crucible. The total charge weight for 1 experiment was 700-
1000 g. During the melting period, the current strength was
350-400A,; the voltage was 30-35V. Electricity was supplied
to the furnace from a TDZhF-1002 transformer. The required
power was maintained by a thyristor regulator. After the end
of the melting process, the furnace was cooled for 6-7 hours.
The graphite crucible was removed from the furnace and
broken. The resulting ferroalloy was weighed and analyzed
to determine metals by the atomic absorption method using
an AAS-1 instrument (Germany), as well as a JSSM-6490LV
scanning electron microscope with an INSA Energy energy-
dispersive microanalysis system (Japan).

In addition, the silicon content in the alloy (Si(alloy), %)
was determined on the basis of its density (D, g/cm3), which
was found by the pycnometric method. Then the silicon
content in the alloy was also calculated using the expression
[22]:

Sialioy) = 252.405-101.848-D+18.209-D?-1.243-D? (6)
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I-sketch

IT — general appearance

Figure 2. Electrothermal installation for the phosphorite’s
electric smelting: 1 — furnace casing, 2 — chromium magnesite
lining, 3 — carbon graphite hearth, 4 — graphite crucible, 5 — car-
bon graphite layer, 6 — transformer TDZhF-1002, 7 — graphite
electrode, 8 — lower current supply, 9-12 — control ammeters and
voltmeters, 13 — electrode movement mechanism, 14 — flexible part
of the short network, 15 — furnace cover

The quality of the resulting calcium carbide and the con-
tent of the main substance (CaC) in it were determined by
measuring its capacity — the volume of acetylene (dmd) that
is released during the interaction of 1 kg of calcium carbide
with water.

To determine the optimal values of temperature and
amount of iron, which ensure the maximum extraction of
silicon from the phosphorite into the alloy, calcium into
calcium carbide and phosphorus into the gas phase and pro-
duction of commercial products, further studies included
planning the experiments using the second-order rotatable
designs (Box-Hunter plans) [23] with the construction of
volumetric and planar images of the process parameters [24]
followed by their geometric optimization. The independent
factors in the study were the amount of steel shavings and the
amount of coke (% of the phosphorite mass).

3. Results and discussion

Figures 3 and 4 show the effect of coke and steel shav-
ings on the extraction degree (o, %) of silicon into the alloy,
calcium into calcium carbide, and the concentration (C, %)
of these metals in the resulting alloy and calcium carbide.
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Figure 3. Effect of coke (a) and steel shavings (b) on the ex-
traction degrees of silicon into the alloy and calcium into calcium
carbide: 1-asi(ailoy), %; 2-@ca(cacz), %

It can be seen that at a constant amount of steel shavings
(28%), an increase in the amount of coke leads to a decrease in
aSiglloy) and a marked growth in aCacac) (from 40.3% at 42%
of coke to 68.8% at 58% of coke). The decrease in aSi(alloy)
is associated with the development of the processes of for-
mation of SiC and SiOgas, that is, with the loss of part of the
silicon. The effect of the amount of steel shavings on the ex-
traction degrees of silicon into the alloy and calcium into the
calcium carbide is opposite: aSigaioy) increases with an increase
in the amount of steel shavings, and aCacacz) decreases.

The positive influence of steel shavings on aSiaiy) iS €x-
plained by an increase in the solubility of silicon in iron with
formation of liquid iron silicides. This increases the equilib-
rium shift of the reduction of silicon from silicon dioxide
with carbon (SiO; + 2C = Si + 2CO) to the right.
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Figure 4. Effect of coke (A) and steel shavings (B) on the con-
centration of silicon in the alloy, calcium in the carbide and its
capacity: 1-CSi(atioy), %; 2-Ccarcac), %

The decrease in the extraction level of calcium into CaC;
with the increase in the amount of steel shavings is due to
by-reactions in the bath, in particular, the reaction:

CaC; + 2Si0g= CaSiz + 2COq @

This exothermic reaction is possible over a wide tempera-
ture range (Table 2).

The decrease in the thermodynamic probability of the re-
action with increasing temperature, in accordance with the
expression AG = AH — T-AS, is due to the fact that AH and
AS become less negative (AG, AH and AS of the reaction
were calculated using the Reactions Equation module of the
HSC-10 software package [19]).
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Table 2. Effect of temperature on AG, AH and AS of reaction 7

Reaction Equation
CaC,+2Si0O(g)=CaSi,+2C0(g)
T AH AS AG

°C kJ JK kJ K Log K
300  -107.085 = -47.925 = -79.617  1.805E+007 = 7.257
500 -112979  -56.198 = -69.529  4.987E+004  4.698
700  -111.969  -55.053 = -58.394  1363E+003  3.135
900 = -110.145 -53.361 = -47.544  1309E+002 2117
1100 -107.476  -51269 = -37.076  2.573E+001  1.410
1300 -103971  -48.893 = -27.056  7.915E+000  0.898
1500  -99.653 = -46.314 = -17.532  3.285E+000  0.517
1700 94552 | -43592 = -8540  1.683E+000  0.226
1800 91719 | -42191 = -4250  1.280E+000  0.107

The silicon concentration in the ferroalloy decreases with
an increase in coke in the charge, while the calcium concen-
tration in CaC; increases (Figure 4). At an increase in the
amount of steel shavings in the charge at a constant amount
of coke (50%) the silicon concentration in the alloy, calcium
concentration in the calcium carbide and calcium carbide
capacity decrease, and most noticeably, the silicon concen-
tration in the alloy (Figure 4).

Bearing in mind the opposite influence of steel shavings
and coke on the extraction degrees of silicon and calcium
into the target products and concentration of the metals in
them, further studies were carried out by the experiment
planning method with subsequent geometric optimization.
Table 3 provides a matrix of the studies and their results.

Based on the results given in Table 3 according to [23],
the following regression equations were obtained:

Usialloy) =104.9+3.23-5t-2.91-C-27.63-103-St?+

+24.93-103-C-10.84-103St.C (8)
0Olca(Cac2)=-64.03+0.22-St+2.96-C+8.68- 103.St%-
-4.68-103.C2+2.32-103St-C 9)
CSi(a||oy)=35.16-0.76-St+0.65-C+6.97 -103-St2-
-8.92.102.C2-2.23-10%st-C (10)
Cca(cac2=59.37-0.45-St+4.83-C+13.77- 10°5.St?-
-45.5-103-C2+7.01-103St-C (11)
L=-301.25-1.80-St+21.19.C+3.57-10°-St2-0.20-C2+
+2.86-103St-C (12)

Table 3. Effect of coke and steel shavings on the technological parameters of the phosphorite’s electric smelting

Variables ,

# Coded appearance Natural appearance Sy, % aCaycac,% CSialioy, % Ceacacr %o L, Ifm )
X X2 St, % C.% g
1 -1 -1 14 44.4 56.0 49.2 34 64 238
2 +1 -1 42 44.4 90.2 42 22.6 59.4 220
3 -1 +1 14 55.6 51.7 72.3 318 68 253
4 +1 +1 42 55.6 82.5 58.1 19.7 65.6 244
5 +1.414 0 48 50 88.2 49.6 18.9 63.3 237
6 -1.414 0 8 50 43.3 66.8 41.1 67 249
7 0 +1.414 28 58 71 70.3 23.8 66.3 246
8 0 -1.414 28 42 85.3 38.7 29.6 58.4 215
9 0 0 28 50 74 53.6 26.8 65.5 244

10 0 0 28 50 76 55 26 65.6 2455
11 0 0 28 50 76.2 54.3 27 65.15 243

12 0 0 28 50 75.8 54.8 25.6 65.3 2432
13 0 0 28 50 76.3 53.9 27.6 65.72 245

Values of the tabular Fisher criterion (Fwp) for the confi-
dence level >95% and the calculated Fisher criteria (Fcaic) are
shown in Table 4.

Table 4. Tabular and calculated Fisher criterion values for
equations 8-12

Fiab 6.59 6.59 6.59 6.59 6.59
E Equation 8 = Equation9 = Equation 10 = Equation 11 = Equation 12
cale =5.78 =6.38 =6.52 =6.39 =6.54

It follows from Table 4 that Fiap>Fcac for all regression
equations. Therefore, in accordance with [23], all these equa-
tions are adequate. Based on equations 8-12 according to
[24], we built volumetric and planar images of changing the
process parameters depending on the amount of steel shav-
ings and coke (Figure 5, 6).

The highest extraction degree of silicon into the alloy
(92%) was achieved in the presence of the maximum amount
of steel shavings (48%) and the minimum amount of coke
(42%). On the contrary, the maximum Cca(cac2) (84.2%) was
achieved when the smelting of the charge containing the
minimum amount of steel shavings (8%) and maximum
amount of coke (58.0%). The silicon concentration in the

alloy varied from 18.8 to 40.6% (8% of steel shavings and
42% of coke). The resulting alloy in terms of silicon content
is FS15 ferrosilicon (tpf area in Figure 5-11I), FS25 ferrosili-
con (tfzor area in Figure 5-111) and FS45 ferrosilicon (kxd
area in Figure 5-111). The 3rd grade calcium carbide was
formed in the Ighd area (Figure 6), and the 2nd grade one —
in the jygl region (Figure 6).

One of the effective and efficient methods for determin-
ing the optimal parameters for processes with a large number
of output parameters is the geometric optimization method,
which we have used repeatedly for various systems [25,26].
The method consists in superimposing the patterns of output
parameters on top of each other; and, taking into account the
accepted assumptions, the optimal values of the independent
factors (in our case, the amount of coke and steel shavings)
are determined, that provide the accepted levels of output
parameters: dsilloy), OCaalloy), Csialloy), Cca(cac2), Lcaco. Com-
bining the output parameters with the condition that
Ossialloy) =70-80%, 0caalioy) = 60%, Csiglloy) < 20% is shown in
Figure 7 and Table 5. The abcde area corresponds to the set
conditions regarding Osialloy), OCacalioy) a1d Csialloy)-
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It follows from Table 5 and Figure 8 that in order to pro-
duce FS25 grade ferrosilicon containing 20-30% of silicon
and calcium carbide with a capacity of 245.1-248.1 dm3/kg
(2" grade), the smelting process should be carried out in the
presence of 52-58% of coke and 24.4-38% of steel shavings.
In this case, the extraction degree of silicon into the ferroal-
loy was 70-80%, and calcium into calcium carbide — 60-
70%.

15

w 48
Steel shavings, %

A B

Figure 6. Effect of coke and steel shavings on L=f(C, St) dur-
ing the phosphorite’s electrosmelting. A — Volumetric image, B —
Planar image
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Figure 7. Combined information on the effect of coke and
steel shavings on the technological parameters of phosphorite’s
electric smelting. Lines: ab-asialloy)=70%; ed- asilloy)=80%; ae -
acacac2)> 65%; cd - Csilloy>20%

Table 5. Values of variables and output parameters in the
abcde area of Figure 7

Point Variables Output process parameters

in Steel . .

Fig. shavings Coke, aSigioy),  0Caicac2), | CSigiioy), Ccaccaca), L,

' % % % % % dm3kg

7 %

a 24.4 52.0 @ 70.0 60.0 30.0 66.7 = 248.1
b 26.6 58.0  70.0 70.0 24.4 66.6 = 247.7
c 35.9 58.0 778 65.0 20.0 659 | 245.1
d 38.0 56.6 = 80.0 61.9 20.0 66.0 = 2455
e 36.6 55.2 = 80.0 60.0 24.1 66.0 = 2455

4. Conclusions

Based on the electric smelting of Chulaktau phosphorite
mixed with coke and steel shavings in an arc furnace, the
following conclusions can be drawn:

1. From the thermodynamic point of view, the joint for-
mation of iron silicides, gaseous phosphorus and calcium
carbide from Caz(PO4)2-Si02-C-Fe systems is possible at a
temperature of above 1635-1702°C.

2. With a constant amount of coke, an increase in the
amount of steel shavings in the charge increases the extrac-
tion degree of silicon into the alloy and decreases the extrac-
tion degree of calcium into calcium carbide. An increase in
the amount of coke in the charge at a constant amount of
steel shavings leads to an increase in the extraction degree of
calcium into CaC; and silicon into the alloy.

3. Based on the obtained volumetric and planar images of
the coke and steel shavings effect on the technological pa-
rameters of the phosphorite’s electric smelting, it was found
that in order to produce FS25 grade ferrosilicon containing
20-30% of Si and calcium carbide with a capacity of 245.1-
248.1 dm®/kg (2" grade), the process should be carried out in
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the presence of 52-58% of coke and 24.4-38% of steel shav-
ings. In this case, the extraction degree of silicon into the
ferroalloy was 70-80%, and calcium into calcium carbide —
60-70%.
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@eppoKopbITHAJIAP, KAJBIMHA KApOHUIi skHe docopabiH
cyOumManuscobl eHaIpiciMeH pochopuTTEepaiH FIEKTPIIK 0AIKYBI

P. Yreyosa'®, B. IlleBko?, JI. Aiitkynos?, A. Bagukosal, C. Tneyosal

M. Oyez06 amvindasvr Oymycmix Kazaxcman ynueepcumemi, Ilvivxenm, Kazaxcman
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Anparnma. Makanazna Kaparay Oacceininig Uynakray KeH OpHBIHAAFBI (OCHOPUTTEPIiH KOKC IIeH 0oiaT XKOHKaJlapbIMEH
e3apa OpeKeTTeCyiH 3epTTey HoTIKesepi kentipinren. 3eprreynep HSC-10 GarmapmamanblK KemleHIH MaiifaiaHa OTHIPHII,
KOMIIBIOTEPIIIK TEPMOIMHAMUKAIIBIK MOJEIbICY 9liCTepiMeH IKCIIEPUMEHTTEPAI MaTeMaTHKAJIBIK XKOclapilayMeH, COHIai-aK
9IIEKTp JoFaisl memre (ochopu GankpiTy omiciMen skyprizinmi. XKyprisinren seprreynep uerisinge Cas(POa)2-SiO,-C-Fe
KyienepiHiH apanblk oHIMIepiHiH Oipiecken Ty3inyi 1635-1702°C temneparypana MyMKiH eKeHIIr1 aHbIKTanapl. DocopuTri
3JIEKTPMEH OaNKBITYIBIH TEXHOJOTHIIBIK MapaMeTpiepiHe KOKC MeH OoyiaT KOHKATAPBIHBIH dcepi HOTIDKECIHAE allbIHFaH
KeIeMJIi KOHE Ka3bIKTHIK OeliHenep Herisinae kypambiama 20-30% Si sxone kambuumii kapbuai 6ap, eximaimiri 245.1-248.1
am3/kr (2-mi copr) Gomatein FS25 mapkansl ¢eppocunuumiini any yuin nporeccti 52-58% kokc xone 24.4-38% Gonat
JKOHKaJIapsl 0ap OoiraHza >Xyprizy Kepek. by xarnmaiina deppoxopbiTiara KpeMHuUin any nopexeci 70-80%, an kanpiuid
KapOutiHe KanbIuii anmy popexeci 60-70% xypaspl.

Hezizzi co30ep: pocpopum, mepmoouHamurxaniviy Mooenvoey, 31eKkmp 6aiKsimy, Kaibyul Kapouoi, peppoxopvimnanap.

dileKTpU4YecKoe miiaBjaeHue GocGopuroB ¢ MPOU3BOIACTBOM
deppocmiiaBa, kapouaa kajabumusa u cyosmumanueii gocdopa

P. Yreyosa'®, B. IlleBko?, JI. Aiitkynos?, A. Bagukosa!, C. Tneyosal

YOxcno-Kasaxemanckuii yuueepcumem umenu M. Aysszosa, Ulvivmxenm, Kasaxcman
2Hayuonansuwiil yeHmp no KOMRIEKCHOL nepepabomKu MUHEpanbHo20 coipba, Aimamet, Kasaxcman

*Aemop 051 koppecnondenyuy raisa.uteyeva@mail.ru

AHHOTanusi. B craThe mpencTaBICHBI pPE3yJbTaThl HKCCICIAOBAaHUS B3auMmojeiictBus Qocdopuror Yymakrayckoro
MeCTOpOXKJcHUs: OacceiiHa Kapartay ¢ KOKCOM M CTalbHOW CTPYXKOW. lccnemoBaHus MPOBOIWINCH METOAAMHU
KOMITBIOTEPHOTO TEPMOJUHAMUYIECCKOTO MOJICIIMPOBAHMS C UCIIOJIb30BaHHEM MporpaMmmHuoro komriekca HSC-10 coBmecTHO ¢
MaTeMaTHYECKUM TUIAHKPOBAHUEM 3KCIIEPUMEHTOB, a TaK)KE METOIOM JJICKTPOIUIaBKU (hocdopuTa B IIEKTPOAYrOBON MEUH.
Ha ocHOBaHMM TPOBEICHHBIX KCCIICOBAHUI YCTAHOBJCHO, YTO COBMECTHOC OOpa30BaHHE MPOMEKYTOUYHBIX IPOIYKTOB
cucteM Ca3(PO4)2-SiO2-C-Fe Bo3MoxHO mpu Temmeparype > 1635-1702°C. Ha ocHOBaHMHM IOJIYYEHHBIX OOBEMHBIX U
IUIOCKOCTHBIX HM300pa)KEHUI BIUSHUS KOKCA M CTAJIbHOW CTPYXKKH Ha TEXHOJOTMYECKHE IapaMeTpbl JIIEKTPOILUIABKU
(ocdopuTa ycTaHOBICHO, YTO JUISA MONTydeHHs (Geppocmmuims Mapku FS25, conepxkamero 20-30% Si n xapOuaga Kanbnus,
IPOU3BOMTENLHOCTBIO 245.1-248.1 nm%/kr (2-# copT), mpowece cieayeT NPOBOAUTE U Hamuuuu 52-58% kokca u 24.4-38%
CTaNBbHOH CTPYXKH. [Ipy 3TOM cTeneHs u3BIedeH KpeMHIs B peppoctuia coctaBmia 70-80%, a KambIusa B KapOH KambIusa
— 60-70%.

Knroueswie cnosa: gpocopum, mepmoounamuueckoe Mooeruposanue, 31eKmponiaskd, Kapouo Kauvyus, Geppocniassl.
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Thermodynamic modeling of the process of reduction of nickel
and iron by a silicothermal process

B. Kelamanov, D. Yessengaliyev®, O. Sariev, A. Nurzhanov
Aktobe regional university named after K. Zhubanov, Axtobe, Kazakhstan

*Corresponding author: dauralga@mail.ru

Abstract. The results of studying the effect of silicon concentration of ferrosilicon: FeSi5 (5% Si), FeSi20 (20% Si),
FeSi35 (35% Si), FeSi50 (50% Si), FeSi65 (65% Si) on the degree of nickel (nNi) and iron (nFe) reduction of the CaO-SiO,-
MgO-Al,03-FeO-NiO-P,0s multicomponent oxide system at a temperature of 1500°C by thermodynamic simulation are giv-
en. The HSC Chemistry 6.12 software package developed by Outokumpu (Finland) was used for the simulation. The chemical
compounds NisSi and NisSi, with the corresponding thermodynamic characteristics are entered into the database. The calcula-
tions were performed by the “Equilibrium Compositions” subroutine at a gas pressure of 1 atm, containing 2.24 m® N; as a
neutral additive. The obtained modeling results indicate the thermodynamic possibility of nickel and iron reduction from the
Ca0-Si0,-MgO-Al,03-FeO-NiO-P,05 oxide system by silicon of ferrosilicon. The degree of iron reduction increases from
88.8 to 91.4% with an increase in the silicon concentration of ferrosilicon [Si]resi from 5 to 65%. The degree of nickel reduc-
tion with an increase in the silicon concentration of ferrosilicon remains almost unchanged and amounts to 99.8-99.7%. The
degree of use of silicon is 92.1-94.5%. The chemical composition of the complex alloy - ferrosiliconickel is determined. The
obtained simulation results can be used to develop the technology for producing ferrosiliconickel from nickel ore by silico-

thermic method.

Keywords: oxide system, thermodynamic simulations, nickel ore, ferrosilicon, degree of reduction, complex alloy.

1. Kipicne

Metamryprus  eHEpKoCciOiHIe  (QeppOKOPHITIANAPIBIH
(deppoxpom, depporutan, GeppoBaHanuii, peppoMapraHer
KoHE T.0.) TOMEH KOMIPTEKTi CYPBINTApBIH OHIIPYIeTi
Heri3ri TOTBIKCHI3JaH IBIPFBIIITAPABIH 6ipi 6oJtbIn
TaOBUIATBIH ~ KPEMHUH  TOTHIKTapbIHAH  DJIIEMEHTTEPIiH
METAJIOTEPMUSUIBIK  TOTHIKCHI3ZaHYbl KeH Tapaiabl [1].
XpoM jKoHE HHKENIb TOT OacmalThIH OONIATThl ajy YIIiH
MaHBI3]IbI JIETIPJICYILi KOMIIOHEHTTEP PETiHE KOJIaHbLIAIbI,
oJapJbIH ANEeMIIK eHipici YHemi ecim kenerdi xkone 2018
>kbpUIbl 50.7 MIIH.TOHHAHBI Kypansl [2, 3].

OrneMaeri HHKeNbAiH kaiumbl KopeiH — AKII-HBIH
Teonornsanblk Kpi3MeTi 160 MWIIIMOH TOHHAara Oarayiaiilbl.
Bipereii keH opsiHAapsl (20 MWUIMOH TOHHAJaH acTaMm)
ABctpanus (25 MWDIHOH TOHHA) *xoHe Kyba (23 mMmumon
ToHHa), eTe yikeH (10-15 wmwumon ToHHa) - XKama
Kanenonuns xone Kanana (15 munnon TonHa), MHI0HE3UA
(13 mummon TonHa), OHryctik Adpuka (12 MuLHOH
tonHa), Guymnmuaaep (11 Muunon Touna) [4].

Kazaxcran PecniyOnnkacsiHIa HUKEh KEHACPIHIH enoyip
KOopJapel 0ap, oJapasl OHIIPYIi JXy3ere achelpajbl, Oipak
KypambIHJa HUKeNb 0ap IMIMKi3aTTbl OacTamnkbl eHAEyre Je
KyaTTBUIBIFBI ~MCH  TEXHOJIOTHSICBHIHBIH  YKETICHEYIILIiri
cesinyne. Kazipri yakeirta Kazakcran PecmyOnmkacbranma
CUIIUKATTBl TOTHIKTBI HUKENb KCHICPIHIH OHEPKICINTIK
KBI3BIFYIIBUTBIFEL 0ap 40-Ka jKYBIK K€H OpBIHIAPHI TaOBLIIEL.
Kennepne opra ecenmen 1.4% Hukenb 0ap, an KeHICPHiH
JKekesrereH aimakTapsiaaa 1.5-3.0%-ra neiiin. Kebinece ken
OpBIHAApPBI 0OC JKBIHBICTAp alMaKTapMeH OOJIIHIeH KEeH

© 2023. B. Kelamanov, D. Yessengaliyev, O. Sariev, A. Nurzhanov

OpBIHJAPBIHBIH Ti30ekTepiHeH Typaabl. Kenaepni eHuipy
ap3aH ambIK OJICIEH JKY3ere achlpbuiajbl, Oipak Oy
Karjaiga kemTereH 00OC  JKBIHBICTAp — KapbepiepieH
LIBIFApbUTAEI [S].

Kazipri yaxpiTTa AKTe0e o00mbIcBIHAa batamimsl keH
OpPBIHAAPHl TOOBIHIA IIOFBIPIAHFAH HHUKENb KEHIEPIiHIH €H
ipi KEH OpBIHIAPHI o3ipreHyzae: Hukenpray,
PoxnectBenckoe, Kexnekri xone T.0. OapmanraH OamaHCTHIK
Kopiapel 423.5 MuH.TOHHara AediH, mbIFeIc KasakctaHma
Bbenoropck, Kapaysin-te0e, Kp13pu1THIp, Bykopck,
I'opHocraes keH opeiHzapsl. bypanoBck, PoxnecTBeHckoe,
Hoso-Ca3ppik, [lepb6axos, Crapo-TaiikeTeHckoe,
Kamennbiii KoOuuk KeH OpBIHIAApPBI OHIIPYre YCHIHBUIFAH.
Kasipri yakpITTa oJeMIiK TOXipuOeIe oAeTTe KypaMbIHIa
1.4%-nan actaM HHUKeJb Oap KeHIEp OHIIpiie i, Oipak Keaei
KeHJepJl KOJIJaHy TeHIACHUMACH OalKananbl. TOTBHIKKAH
HUKENb KCHIEPiHIH epeKIIeNiri - XUMUSIIBIK JKOHE 3aTTHIK
KypamaapAblH TYPaKChI3AbIFbI [6].

Huxkens GonaTka MeTaIbIK HHUKENb KoHE (DEeppPOHHKEID
TypiHae eHrizinemi. OeppoHUKENBAI aly OpPTYpl HHUKEIBII
IIMKI3aTTaH QPTYPJ TOCUIAEpPMEH JKy3ere achIpbIIajbl.
DeppoHUKeNbIl alyIblH 9MicTepiHiH Oipi - KapOOTEPMHUSIBIK
KOHE METAJUIOTEPMHUSIIBIK OIICTEPMEH Kelel TOThIKKaH
aukens keuaepinen (0.8-1.5% NiO, 20-40% FeO) temipmen
Oipre HHUKENBJI TOTHIKCHI3TAHIABIPY OOJBIN TaOBITambl. By

MpOLIECTEP/Il  3epTTey YINH  KOJJAHOAIB  XUMHSUIBIK
TePMOJMHAMUKAHBIH KapaMJbl JKOHE THUIMII OICTEPiH
KOJIIaHa OTBIPBIII, oJlapabl Ky3ere achIpyIbIH

TEPMOMHAMUKAIBIK MYMKIHAITH 01Ty KaxkeT Oonasl [7].
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JKaHa mporiecTep Typajbl MATIMETTEp Ty YIIiH OJIap IbIH,
OTYiHIH TEPMOIWHAMHUKAJIBIK MYMKIHAITIH OiTy KaXerT.
TepmonnHamMuKanbIK — ecenTeyiaepain — Oenrimi  amictepi
Oipkarap ©3eKTi QHE IEePCHEeKTHBTI MIHAETTEpIi Keaenl
JKOHE camajbl [enyre MyMKinaik 6epeni [8-10].

ABTopnap HUKEJIbI TOTBIKTaH KeMipTeriMeH
TOTBIKCBI3JIAHABIPY MYMKIHIITIH pacTaiiThlH KapamaibiM
Kylenepreri TepMOJMHAMHKAIBIK MOJEIbICY HOTHXKeIepi
kenripinred [11]. AnbIHFaH HOTIXKeNep HETI3iHAE HHUKEIBII
0omaTka KOCYy apKBUIBI TiKeNeH JeTipiiey TEeXHOJIOTHSICHIH
JKacayra MYMKIHAIK Oep/i.

ABTOpIap YCBIHFAaH JXYMBICTAa IIOJUMETaUl MapraHer
KEH/IEpiH THUAPOMETAJUTypPTHSUIBIK OalbITY ’KOHE CEJIEKTUBTI
TYHABIPY  apKbUIbl ~ ajblHFAaH HHUKEIb  KOHLEHTPATHIH
naijanany Ke3iHIE HUKENbAI KOMIpPTeri  TOTHIFbIHAH
TOTHIKCBI3JAHIBIPY ~ Mocenenepi  KapacTeipbuiabl  [12].
«Terra» OargapnaMaiblK KEIIEHIH KOJJaHa  OTBIPHII,
0onaTThl  JIeTIpJCY Ke3iHOe KOHIIGHTPATTaH HHUKEIbII
TOTBIKCBI3JAHABIPYJBIH ~ TEXHOJIOTHSJIBIK  Mapamerpiepi
aHbIKTANAbl.  JloFanmbl  BJIeKTp menliHige OaJKBITBUIFaH
OoylaTThl JIeTipiey Ke3iHJe HHUKeNIb KOHLEHTPAThl MeEH
KOKCTaH JjKacajfaH OpWKETTepZl maiiianaHraH Xarjaaiina
KOHIICHTPATTaH HUKENbI1 aimy - 92-95% Gopl.

TOTBIKTBI OanKpIManapan MeTaJgapabl
TOTBIKCBI3IAHABIPY GoiipIHmIa 3epTTeyNIepIiH
MaHBI3JIBUIBIFBI, €H aJIILIMEH, Kapa )KoHe TYCTI MeTajapIblH
KEHJIepIH MHPOMETAJUTYPTHSUIBIK OHJIEYMEH OaillIaHBICThI
6ompim  kememi. TOTHIKKAH HHKENh KEHAEPIH OHAiIpy.eri
HeTi3ri MIHIeT - (EeppOHUKENbICTI HHUKENBIIH KaXKeTTi
mommepia  (10-20%) xoHe KocHaJapAblH MUHHUMAJIBI
MeJepi Ke3iHae KYHJbl METaIAAp/blH ajbIHYBIH apTThIPY
Oospim  TabbuTambl.  TepMOAMHAMUKAIBIK  MOJEINBACY
ONICTEpiH KOJJaHa OTBIPBIN, aBTOPJIAPMEH  TOTBHIKTHI
OaJKpIMAachlHAH TEeMIp MEH HHUKEJbAlI TOTBHIKCHI3JaHIBIPY
Ke3iHAe KOJI JKeTKI3UITeH KepceTkimrepre Oara Oepiimi.
Si02-Ca0-MgO-Al;03-FeO-NiO  xyiieci KyYMBIC JaeHeCi
perinie anblHABIL, OHBIH Kypambl NiO-HBIH Ma3MyHBI
ooiipiama 1-gen 2.5%-ra neiiin, an FeO 17.4-ten 35.2%-ra
Jedin esrepii. TOTBIKCHI3NAHIBIPFBIN peTiHAe | TOHHA
GankpiMara 3.7m3-ke TeH GoIiKTep/E EHTI3UIETIH KoMipTeri
MOHOTOTBIFBI KOJIaHbU1Abl. CO-HBI )KYMBIC JIEHECIHE €HTI3y
NPOLIECTIH HEeri3ri IapamerpiepiH Oaranayra MYMKIHIIK
Oepami, HHUKENbIl TOTHIKCBHI3OAHIABIPY HAopekeci 98%-mpl
Kypazs! [13].

[14] xyMmBIC aBTOpIapbIMEH KEHACPIEH HHUKENbIi axy
MPOIECiH  MOJENpACYy VINIH TaijanaHyFa  OOJaThIH
TEPMOJWHAMHUKAJIBIK MoniMerTep Oa3acwl skacamabl. MgO-
NiO-SiO; xylieciHaeri TepMOIUHAMHUKAJIBIK KACHETTEP MEH
(asayblK  Tere-TEeHJIKTep/AiH €H JKaKChl CHIAaTTaMachlH
KamMTamacel3 ereriH [MOOCTiH e3iH-e31  yiecTipeTiH
9HEPreTUKANIBIK ()yHKIUSIIAPBIHBIH KUBIHTHIFBI aJIBIH/IBL.

Fe-Ni-O xyifecinmeri kochutbicTapasl  (NiO, Fe O3,
NiFe,Os, Fe O3+NiO, FeyO3tNi)  TOTBIKCHI3IAHIBIPY
nporieci H2 TOTBIKCHI3TaHIBIPFBIIIBIH KOHE OCICeHIipiIreH
KOMIPTEKTI KOJIIaHy apKbuibl 3eptreini koHe NiFeyOg
TOTBIKCHI3MaHy  MexaHm3Mmi  Tammauael  [15].  He-Hi
TOTBHIKCBI3JAHABIPFINI PETIHAE NalmananraH Ke3zue Oy
Kydenepne ~— OelceHmipinreH — KemipTerire — KaparaHaa
0acTamKpl peaknus TeMIEpaTypachl JKOHE  PEaKIHs
JKBUIIAMIBIFBI TOMEH 00JIaTBIHBI AHBIKTAJIJIBI.
TemneparypansiH xorapbutaybiMeH NiFe,Os TOTBIKCHI3IaHy
eHimepi Keneci peTneH naiina Gonabl:
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NiFe2O4—>FegO4+Ni0—>Fe304+Ni—>FeO+FexNiy—>FexNiy+
Fe(FemCn).

Astopnap qumonutten (> 35% Fe, ~ 1% Ni) Hukensai
woibIHAB! (2-5% Ni) any TEXHOJOTHSICHIH arjloMeparysiIbiK
MalllMHa/ia arjJoMepanusiay apKbuisl, conan keitin 1500°C
TeMIepaTypajia JOMHa IeliHae OanKbITy apKbLIbl jKacaibl
[16]. Hukenbain TOTBHIKCHI3AaHy aeHreiti ~ 80% Kypaiiasl.
Bbyn mpoumecc Kpitadina Te3 nmamblnel, OipaKk HUKEIb
0aracelHBIH TOMEHJCYiHE IKOHE KaTaH OKOJIOTHSUIBIK
CasiCaTTBIH JKY3€re¢ achIpbUTyblHa OalIaHBICTEI Ol KEH
JaMBbIMa/Ibl.

Krupp-Renn (Nipon Yakin Oheyama) mnpouecinge
CaTIpOJIUT-TaTePUT KEHiHAeT1 (eppOHUKENb OOIIIeKTepiHiH
OanKy IpOIIeCiHe KOHE ecyiHe HETI3IUTIKTIH
(Ca0+MgO)/(Al,03+Si07) acepi 3eprrenai [17]. Kymrbicta
1300-1350°C-ne  aliHanmmainbel  peakTopia  OalKbITBLUIFaH
KeHJepaeH GpeppoHukens xacay yuria Krupp-Renn npouecin
KOJIaHY/IbIH apThIKWBUIBIKTaphl KkepceriireH. CaO kocy
xoHe HerizaimiktiH 0.5-ren 0.8-re geitiH jkorapbuIaybl
JaTepuT KeHiHiH OanKy TeMmIepaTypacklH TOMEHACTETiHi
aHbIKTaNapl, an oHblH 0.9-mam 1.8-re meiiiH KorapbLIayBI
kypambiHga 100% CO 6Gap armocdepana KorapbUIaibl.
CyitpIk  (a3aHbIH TY3UIyi (eppoHHKENs OOJIIeKTepiHiH
ecyiHe BIKMam eredi, ail (eppOHUKENs OOJIMeKTepiHiH
MeJIIIEPiH JATePUT KEHEPiH TOTHIKCHI3aHAbIPY MTPONECiHIe
HETI3A1IIKTI OHTalJIaHABIPY apKbUIbl apTTHIpyFa 00JIa/IbL.

[18] sxymbIcTa aBTOp Kenmepri pexuMiHIe KaObIK
KOJIOIIHUKIIEH JKYMBIC ICTEHTIH KEHIITEPMUSUIBIK TMElITe
METANAAHABIPBUIFAaH [IEKeMTacTapAbl Y3IIKCi3 OalKbITy
NpOLECIHAEC  XPOMHHKEJbIl  JKapThUlall  eHIMIOI  aiy
MYMKIHIITIH AHBIKTAbI. Bacranker MIAKIKYpam
Matepuangapsl petiane HosomuxaitmoBckuit KBK-HbeIH
MeTaJJaHbIPbIIFaH IEKeMTAcTapbl, KOKC JKaHFarbl, HUKEIhb
TOTBIFBI, JI6H KEH OpHBIHBIH XpOM KE€HI NaliJataHbUIIBI.
Mertangarsl XpoM MEH HHKENBIIH MeJepi colikeciHIne
7.78-19.3 xome  5.6-10.8%-mp1  kypamel.  XpOMHBIH
TOTBIKCHI3IaHy JAeHreri 92%-1b1 Kypasbl.

Tor GacmaiiTelH 00aT eHIipiciHAE KypaMBIHIAa HUKEJb
Oap KpIMOAT Jeripieyin MaTepuanaap Kojamaanbuiaasl. OHBIH
KYHBIH TOMEHJIETY YUIH OOJaTThl JeTipjiey NpoueciHae
METAaJIbIK HUKEJIbl OHBIH TOTBIKTAPBIMEH aYBICTHIPY ©3€KTI
Oonpim  TaObutamel  [19].  JKyMmbIcTa HHKENbIi  OHBIH
TOTBIFBIHAH  TOTBIKCHI3AHABIPYAbIH  TE€PMOJUHAMHKAIBIK
JKOHE IKCIICPUMEHTTIK 3€PTTEYJICPiHIH HOTIKEIEPiH Tanaay
HOTWKEJNEepi, KypaMblHAa MapraHeny 0ap MOJIMMETaI
[IMKI3aThIH OAalBITY Ke3iHJEe HHUKEIb TOTHIFBIH aly ojicTepi
kenripinred. KypambiHna wmapranen 0ap  nonmMmeTant
LIMKI3aThIH MapraHel, HHUKEJlb, TEMip, KOOAIbT »QHE MBbIC
CHSIKTBI KYHIBI KOMITOHEHTTEPIiH epiTiHIiCiHeH
mraifManay bl KOHE CEIEKTHBTI alyabl KaMTHTBHIH KCIIECHI1
OHJICYy TEXHOJIOTHACHI KapacThIPBUIIABL. TEOpHsUIBIK JKOHE
SKCIEPUMEHTTIK 3epTTeyJiep HETi3iHAe METaJAbIK HHUKEIbIi

THAPOMETAUIYPIHSUIBIK ~ OalBITY HOTHDKECIHIE albIHFaH
KOHIIEHTPATTapMEeH aJIMacThIpy MYMKIHIITT  pacTaijpl.
TepmonnHaMUKaNbIK  MOJIENbICY HOTHIKeNepl OoibIHIIa

HUKENbJI OHbIH TOThIFbIHAH Ni-O-C kyiieciHie TONBIK
TOTHIKCBI3JIAHBIPYIBIH ~ OHTaiasl mapamerpiiepi  1073K
temrnieparypanbl  koHe Ni-O-C-Fe kyitecinme 1873K
TeMIlepaTypaHbl KapacThlpy KepeK eKEeHJIrl aHBIKTaJIbl.
BonatTel Tikenei neripyiey yiIiH HUKeNIb KOHIIGHTPAThI MEH
KOKC YCaK-TYWEriHeH TYpaThlH NIEKEeMTAaCcTapAbl CHII3reH
xkoH, Oynm Hukempai 90% mOeHrediHAe aidyFa MYMKIHIIK
Oepei.
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[20] »xympicta [ereic KazakcTannmarsl ['opHOCTaeB KeH
OpHBIHBIH, TOTBHIKKaH KoOanbT-HHKeNb KeHaepin (THK)
(deppoHnKenbre OaJKbITY HPOLECIH TXKIPUOETIK 3epTrey
HOTWKEJIEpl KENTIpUIreH. AJIBIHFAH METaul JKOHE TOTBIK
OHIMJIEpIHIH KypaMbl aBTopiiapMeH 3epTresii. Kyiinipinren
3epTTey KCHIHIH XMMHUSIBIK KypaMbl Kenecimeidl O0ommbl,%:
Nisx., - 0.87; Fex. - 13.48; SiO,, - 65.39; CaO - 2.63; Al,Os -
3.93; P - 0.0045. Ocbl KeHHEH, KalbIWil TOTHLIFBIHAH KOHE
KOKCTaH TYPaThIH MIUKIKypam 1470-1600°C
Temmeparypaiblk uHTepBanmga 10 xome 15% Ni 0Oap
(deppoHMKeNbOiH €Ki ~ KypaMBIH  anyFa  apHAJFaH.
Toxipubenik OankpIMamapablH —TeMiepatypackl  1600°C
OosraHma JKOHE CaJIMaKThIH 2.0-12.0% LIETIHIE
TOTBIKCBHI3JAHABIPFBINI - METAJUTYPTHSUIBIK KOKC MOJIIIEPiHiH
e3repyl Ke3iHJe KEHJACP KOphITHANApIarbl METALT KYpambl
keneci wekrepae o3repai, %: Ni — 6.45-41.0 xone Co —
0.74-3.4. TopHOCTaeB KEH OPHBIHBIH KOOAJbT-HUKEIb KEHIH
3epTXaHAJBIK  TUTeNbAl  OankpiTy €Ki  KOHJBIPFbIIA
xyprizingi. Toxipubenik OankpITyIapAbIH OIpiHII CEpUSICH
TOXiIpHOEHIH OHTAMIIBI TEMIIePaTypachlH JKoHE KOXKJaMaHBIH
- KaIbIU TOTHIFBIHBIH OHTAMIIBI IIGIFBIHBIH aHBIKTAY
MakcaTeiHAa "TammaH" TIemIiHIH KeMeTiMeH >KYPTi3ifimi.
ToxipuOenik OankbITymapaslH ekiHmi cepusicsl 120/600/C
40 «Nabertherm» (I'epmanusi) >KOFapbl TeMIIEPATypasbl
KYOBIPJIBI TISNIiH Maiiianany apKbUTBI KXYpri3ingi. by nemre
BaKyyMmjay HeMece HHEepTTI ra30eH ypiiey MyMKIiHAiri Gap
THIFBI3JANIFAH JKBUIBITKRI Oap. JKyprizinren toxipubenep
HOTWXKECIHEC, HHUKENIb KeHiH (eppoHUKenasre OanKbITy
Ke3iHJe KOXKIBIH OHTAWIBI KypaMbl Kenecimed O0ommbl,%:
Si02-40, Ca0-25, Fe-14. MyHnpaaii Kox GalKyIblH opTaiia
Temrieparypacbid mamamet 1500°C kaMTamachI3 eTei.

[21] sxymbicTa aBTOp KazakcTaHHBIH TOTHIKTHI KCHICPIHEH,
aran aiftkaHga, «bereTkeyn» KeH OpPHBIHBIH KEHJEPIHEH
(eppoHMKeNBII aly MakKcaThlHIa «HHUKENIb KEH-KOMIpTEK»
KyHecine TEepMOJUHAMUKATIBIK 3eprTey JKYPIri3ai.
TepMoauHAMUKAIBIK MOAENBACY S/IICIMEH KYHEHI TCOPHSIIBIK
seprrey  1000-1700K  temmeparypama wmen P =0.1 MIla
KBICBIM  apaJIbIFBIHAA  KYpri3unmi.  Mertangapasl — amy
MIPOIIECTEPiH CAHABIK TEPMOJMHAMHKAJIBIK MOJENBICY YIIiH,
aTam aWTKaHAa, TeMipZi, HUKEIbAI JKOHE KOOAIBTTHI
MaKCHMAJIJbl SHTPONHSI MPUHITUITIHE HeTi3AenTeH «Actpa-4»
OaFmapiamMaliblK ~ KemieHi — maimamaHeuiabl.  JKyprizireH
TEPMOJMHAMUKAIBIK ~ 3epTTey  (EepPpOHMKENBII  allyMeH
NIEKTPOTEPMHSUIBIK OaNKBITYIBIH TEXHOJOTHSJIBIK IPOLECiH
MoJIeNbAey apKpUIbl «bereTken» KeH OpHBIHBIH KypaMblH/a
HUKENTb Oap TOTHIKTBI KEHAEPIH OHACYMIH TEOPHUSUIBIK
MYMKiHAIrH kepcerTi. Nik-Fa HukensaiH (Ni) aybicy qopeskeci
1100-1300K  temmeparypanbik — uHTepBanga  100%-msi
Kypaiinel ckoHe 1700K-re meifin »KoFapbliaraH CalblH Tra3
(azaceiHa aybica Oacraranga 99.97%-ra neiiH TeMeHIEHI.
Kyviene temipnin (Fe) aypicy mopexeci FesCk KOCBUIBICHI
ymin Makcumangel T = 1200K-ne 64.3%-ra neitin, FeSiOasx
KOochUIbICHI ~ ymniH — 92.5%-ra  pmeitin, T=1100K xoHe
temriepatypasbry 1700K-re nefiin sxorapsiiaysiMeH 43.7%-ra
netiin azasapl. KobanetTeiy (Co) aypicy mopeskeci HHKEIbIe
ykcac, 1100-1300K Ttemmeparypansik apamsikra COg-nma
Gemineni >xoHe 100%-mpI  Kypaiimel oHE TeMIeEpaTypaHBIH
1700K-re neiiin >xorapsUIaybIMEH Ta3 (pazacpiHa aypica
Oacraiiasl 1a, 99.69%-ra neliiH TOMEHIEH/II.

[22] >xymBIC aBTOpIIApBIMEH KEHJI KeMip OpHKeTTepiHeH
HUKEJNBAIH  KaTThl  CYHBIK  (aszamsl  KapOOTEPMHSIIBIK
TOTBIKCHI3IaHybl 3epTTeidi. Kemell TOTHIKKAH HUKENb KEHi
YUIH KEeHAI KeMipyli OpHKeTTEepIiH KaTTbl CYHBIK (ha3aibl
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KapOOTepMIITBIK TOTHIKCHI3TaHy TIPOIECIHIH KOJIIAHBLTYBIH
3epTITey VIIiH 3epPTXaHAIBIK TKipHOenepae OHEepKICilKe
OapbIHIIA ENIKTEHTIH JKarnainap TaHIalIbl - ©HEPKSCINTIK
enmemyeri Opukerti (amamerpi 24 mm, Owmiktiri 30-35 MM,
cammarbsl 20-30 1) Temmeparypacbl 1500°C memrTiH BICTBIK
aifimarpiHa Tactayabl. Toxipubenepae Kypambiaa 1.1%
HUKeTb JkoHe 32% Temip Oap Peceii demepanusiChIHbIH
«bypyKTanp» KeH OpHBIHBIH Kelel TOTBIKKAaH HHKeNb KeHi
A analbUIAbL. OPTYPIli OpUKETTEpAiH TOFBI3 TYPi JKacaisl.
OpTYplli PEaKTHBTLNI Oap TOTHIKCHI3IAHIBIPFBIIITAPIBIH
Typi (aramr kemip, IllyOapker kemipi jkoHE KapThUIAH KOKC)
skoHe 3.5 xoHe 10% apasblFblHAA TOTHIKCHI3IAHABIPFBIITHIH
MeJIepi KOJIJaHbUIIbl. ABTOPIIAp TOTHIKKAH HUKEIb KEHIHIH
KaTThl Cy#bIK (ha3anbl KapOOTEPMUSJIBIK TOTBHIKCHI3AHY

MPOIECIH  JKYPTi3y[iH OHTAWIBl INApPTTapbIH  OeNriiei:
TOTBIKCBI3JAHIBIPFBINI  TYPi-KapThlIal KOKC, OpHKeTTeri
TOTBIKCHI3IAHABIPF I THIH KOHIICHTPALIUSCHI 5%;

KOMIIOHEHTTEPiH (pakmusiapel - 1 MM-ZIeH a3; MPOIECTiH
temriepatypacsl 1500°C; TOTBIKCHI3IaHy yakKbITHI - 12 MuH.
Gonympl.  BpukeTTeri  TOTBIKCHI3AAHABIPFBINI  KYpaMbIHBIH
e3repyiHe OalilaHBICTBI HUKEJbIIH KOHIEHTPALMACH S5-TeH
22%-ra neitin OonaThIH GpeppOHUKENH allyFa 00Ia/Ibl.

[23, 24] xymbIc aBTOpJIapbIMEH (QEeppPOCHUITMKOHUKEIb I
TOTBIKCBI3JAHABIPFBINI peTiHAe KojimaHa oTbeIpbi, Cr20s-

FeO-Al;03-Si02-MgO-CaO  kyiecineH  2JIeMEHTTEPi
TOTBIKCBI3IAHBIPY nporecin TEPMO/TMHAMUKAJIBIK
Monenpaeym okyprizmi  (28% Fe, 65% Si, 7% Ni).

TOTBIKCHI3AAHIBIPFBIIITHIH, OHTalIbl WBIFBIHEL 105% >xoHe
KokapiH  Herizaimiri (CaQ)/ (Si02)=1.86-1.9 anbIKTaNIBI.
XpOMHBIH TOTHIKCHI3/IaHy TPOIECIHIH TEPMOIUHAMUKAIIBIK
ecemnTeyJepiH KYPTi3y YIIiH TOTBHIKTHI XKyieci peTiHae XpoM
KEHiHIH KOHIIEHTPAIUSAChIHA JKaKbIH, KeJIeCi TYpAeTi Kypambl
KonmaueLiabl, %: 40Cr03, 21Fe0, 5Si0,, 16Al,03, 16MgO,
2Ca0, 0.006P20s xoHE TOTBHIKCHI3MAHABIPFBINI PETIHIC
KeJeci KypaMaarbsl (peppOCHIMKOHUKENb KOIIAaHBUIAH, %o:
65 Si, 28 Fe, 7 Ni. KoxaelH Herizgimiri MeH
TOTBHIKCHI3JJAH IBIPFBIII IIBIFEIHBIHBIH )KOFAPBUIAYBl XPOMHBIH
TOTBHIKCBI3JIAHY JIOPEKECIH JKOFApPBhLIATATHIHBI AHBIKTAIIBL.
1973K Temneparypana XpOMHBIH TOTBIKCHI3/IaHy Jopeskeci
95.1%- 161 Kypabl.

[25, 26] xymeictapga PC45 xone DCOS xpemHHH
tdeppocmmuruitimer CrzO3-TeH XpOMIIBI TOTBHIKCHI3JIaHIBIPY
MPOIECIH TEPMOJMHAMUKANBIK MOJENBACY HOTIDKEJIepi
kenripinren. Herispimikri (Ca0)/(SiOz) 1-men 3-ke neitin
apTTBIPY XPOMHBIH TOTHIKCHI3ZaHy JAdpexkeciH 74.4-teH
86.7%-ra nmeiin xoHe coiikecinme PC45 xome DC6HS
KpEeMHHUI TOTHIKCHI3NAHIABIPFRINI pETiHAE MaiiianaHFaH
ke3ne 77-neH 88%-ra meiiiH apTThIpyFa MyMKIH/IK Oepei.

Oncouerrepae Cr-Fe-Ni OankpIMaHBIH 3IIEMEHTTEPIHIH
OHBIH TBIFBI3JIBIFBI MEH TYTKBIpJIBIFBIHA [27], conpaii-ak Fe-
Ni OGanKbIMaHBIH TYTKBIPJIBIFBIHA 9CEpi Typajbl MaJliMETTEp
O6ap [28]. bBankpiMamgarsl TEeMipIiH JKOFapbulaybl OHBIH
TYTKBIPJIBIFBIH aPTTHIPATHIHBI AHBIKTAJIJIBL.

Ocruraiiiia, YCHIHBUIFaH JKYMBICTApFa aHAJIUTHKAIBIK
IOy HOTHDKENIEpi HUKEJbI TOTHIKCHI3NAHIBIPY IPOIECiHe
TEPMOJNHAMHUKAJIBIK MOJENBICY JXKYPTi3yre, (eppOHUKENb
alyra apHaJraH MonliMeTTep 0a3achkl 0ap €KeHiH KepceTTi,
Oipak  (eppocHnuIUil  KPEMHHIiHIH  KOHIICHTPAIUACH
HUKENb MEH TEMIpJi TOTHIKCHI3JAHIBIPY IPOIECiHE JCepiH
3epTTEy Typasibl MOIIMETTEP JKOK.

Merautyprusi ©HepkaciOi YUIIH HHUKEJIbIIH, TeMipIiH
JKOHE HMKEeNb KEHAepi MEH KOHIECHTpPATTapbIHBIH Oacka
JJIEMEHTTEPiHIH METaIIIOTEPMHUSIIBIK TOTBIKCBI3JIAHY
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napametpiepin  Oimy MaHpBRABL. OchkiFaH  OaHIaHBICTHI
dbeppocmnii  KpeMHHUHIHIH KOHIEHTpasIChiHbIH: DCS5
(5% Si), @C20 (20% Si), PC35 (35% Si), DC50 (50% Si),
DC65 (65% Si) CaO-Si0-MgO-Al,03-FeO-NiO-P,05 ke
KOMIIOHCHTTI TOTBIK JKYMECIHCH HHKEIb MEH TEeMIpJiH
TOTBIKCBI3JIaHy Jopexecine acepin 1500°C rtemmeparypana
3epTTey YIUIIH TePMOJUHAMUKAIBIK MOJECIBICY KaKETTUIIr
AHBIKTAJIJIBL.

2. 3epTTey auicTepi

TepMoIUHAMUKANIBIK ~ MOJENBACYAlI  JKYPTi3y  YIIiH
OacTankpl TOTBHIKTBIK JKYHe PETiHIIe TOTHIKKAH HUKEIh KEHi,
al  TOTBIKCBI3NAHMABIPFHIN  peTiHae  (eppoCHIHIHiiNiH
KpemHuiti maimamaseuiael: @CS5, ®C20, DPC35, DC50,

®C65. KeHHIH XUMHSUIBIK Kypambl 1-mi  kecteze
KEJITIpLIreH.
Kecme 1. Kenniny xumuanvlx Kypamot, %
CaO Si0, MgO Al,O; FeO NiO P,Os SO;
15 53.6 18.4 48 20 15 0.005 0.15

TepmoauHaMuKabIK Mozenbey ecenteynepi Outokumpu
(OuansaHIN) o3ipiereH xoHe ['MOOC SHEpPTHACHIH a3alTyFa
JKOHE TEPMOAMHAMHKAHBIH BapHUALMSUIBIK MPUHIHUITEPIHE
HerisgenreH HSC  6.12 Chemistry BK (6armapmamansik
KeIlIeH1) KOIaHy apKbUIBI XKy3ere aceipeuiaasl [8]. HSC 6.12
Chemistry BK mpornectiH n300apiblK KoHE HW30TEPMISUTBIK
JKar[ainapeiHIa XUMHUSITBIK peaKIusIapAbIH
TEPMOJIMHAMUKAJIBIK KOHCTAHTAJIAPBIH aHBIKTAyFa MYMKIHIIK
Oepeni (AHp-cbi, ASp-cer, AGp-cbi, Kp). CaO-SiO-MgO-
Aly03-FeO-NiO-P;05 ke KOMIOHEHTTI TOTHIKTBI JKYHeCiHiH
tene-TeHAik Kypambl «Equilibrium Compositions» (tere-
TeHAIK  Kypamzaapel)  kimn  OargapiaamaceiH  1500°C
TeMIepaTypaja JoHe | aTtM-re TeH Ta3 (Da3achIHBIH
KBICBIMBIHIA KONaHy apKeUibl aHeIKTamael. HSC Chemistry
6.12 BK  1epekkopplHa  COMKeC  TEPMOTMHAMHKAJIBIK
cunarramanapsl  6ap NizSi  sxoHe NisSiy  XHMHUSIIBIK
KOCBUIBICTAPHI EHTI31JITeH. NisSi JKOHE NisSi
KOCBUTBICTAPBIHBIH Ty3iny SHTAIBITUSICBIHBIH MOHI
(AH0298.15) ipreyi  aHBIKTAMAIBIKTaH ayblHFaH [29].
JKapThutaii SMIHMPHKANBIK €CENTEey OJiCTepiHEe CyiieHe
OTBIPBIN, JKETICIICHTIH TEPMOJMHAMHKAJBIK TYpPaKThUIAP
anpiktanael  [30].  Ecenrey vymin I'm66crin  «GIBBS»
NOTEHIMANBIH  a3alTy  OaFlapilaMachlHBIH  AIrOPHUTMI
KoJaHeLIbL. JKyieHiH ra3 ¢a3acbiHaa Terne-TeHIiK KypamMbIH
I37eyniH ecentey MpoIeaypachkiH JKeAeNIeTy YIIiH OedTapart
KocIia peTiHze kememi 2.24 M3 N ra3er 6OJIBI.

1-mi cyperre HUKENBIIH TOTHIKCBI3NAHY IOPEKECIHIH
(mNi) xome Temipaid (mFe), kopeiTmamarel TeMmipmid [Fe]
(heppocHHIIHIfIET] KPEMHUH KOHIEHTPAIMACHIHA TOYEIITITI
kenTipinredn. KpeMmHHI KOHIEHTPALMSCHIHBIH JKOFapbLIaybl
1500°C Temnepatypana TemipaiH oHbIH ToThIFbIHaH (FeO)
TOTBIKCBI3JIAHY JIOPSIKECIHIH JKOFapbuiaybiHa (-1 KHCHIK)
JKOHE KOPBITIAIAFBl TEMIP/IiH a3afoblHa (2-I1i KUCHIK) BIKIAT
ereTiHi aHbIKTAABL. COHBIMEH, TEMIPIIH TOTHIKCHI3IAHY
JIOpEeKeCi KPEMHUI KOHIIEHTPAIUSICBIHBIH 5-TeH 20%-Fa aeiiin
xorapbutaybiMeH 2.3%-ra (88.8-nmen 90.8%-ra neifiH) sxoHE
20-mam  65%-ra geiin xorapbutaybiMeH 0.7%-fa  ocTi.
Oeppocununuiiieri KpeMHUIOIH S5-teH 65%-Fa  neifiH
JKOFapbUIAyBIMEH TEMIpAiH TOTBIKCHI3NAHY IOPEKECiHIH
JKOFaphUIAYbl OCBI KOPBITIANAP/AAFEl KPEMHHUMIIH 9pTYpIii
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XUMUSUTBIK, ~ OCJICeHIUTITIMEH  XOHe  «0oc»  KpeMHHM
KOHIICHTPALMACHIHBIH JKOFapbUIaybIMEH TYCIHAIPITIC .

Merannars! TeMip memepi 6.7%-ra Temenaeni (98.3-ten
91.7%-ra peiiiH), OyJl KpEeMHMIAIH KOFapbuiaybl Ke3iHIe
OHBIH (beppocHUIHs IaFsl KOHIICHTPAIUSICHIHBIH
TOMEH/ICYIMEH TYCIHAIpLIe].

KpeMHuit KOHIICHTPAIUACBHIHBIH 5-TeH 65%-ra neiin
JKOFapbUIAybIMCH HUKENIBIIH TOTHIKCBHI3MAHY JOpEKeci ic
KY3iHIE e3repreH koK >xoHe 1500°C temmeparypama 99.8-
99.74%-np1 Kypamel (l-mmi cyper, KHUCBIK 3) KOHE OHBIH
KopeITHamarsl Memmepi 5.3 ece ecrti (1.24-teH 6.55%-Fa
neiiin) (2-mi kecre), myHbl FeO-men (AH0298.15 = -244.299
k/I>K/MOJB) JKOHE KPEMHHUIIH XHUMILUIBIK OCJICeHIUTIrIMEeH
CaJIBICTBIPFaH/Ia NiO-HbIH (AH0298.15 = -211.957
k/[>X/MOJB) TePMOIMHAMHUKAIBIK OCpIiKTIriHIH TOMEHJITIMEH
Tyciaaipyre 6omaasl [20].
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Cypem 1. 1500°C memnepamypada  ¢heppocunuyuii

Kkpemuuitiniy, [Siloc Konyenmpayusacvinan HuKeIb MeH memipoin
momulKco130any 0apexceciniyy  (1NiFe) JHCIHEe KOPbIMNAoazol
memipoiy, [Fe] KYpamolHbIH, o32epyi: 1-Hukenvoiny
momuiKcoi30any Oapedceci (4ni),%; 2-Kopeumnaoazel memip
xypamot [Fel,%; 3-memipdiny momuikcoi3oany oapexceci (fre), %

3. 3epTTey HATHIKeIEPi KIHE 0JIApPIbI TAIKBLIAY

TepMoIUHAMUKAIBIK MOJICIBICY ecenTeyepiHiy
HOTHXKECIHJIC KOPBITIAMAFbl KPEMHHA KOHIICHTPAIIUSICHI
0.35-ten 1.28%-ra neiiin apTaThIHBI aHBIKTAIIBI, €rep OHBIH
(beppocmunusiiarel Meepi S-teH 65%-ra neiiH apTaThlH
Oosica. Deppocwnuiuii KPEeMHUIIHIH KOJJaHYy Jopeskeci

ecernreni, o1 deppocunummiiaeri KPEMHUUNTIH
JKorapeUiaybiMeH 92.1-men  94.5%-ra  gedin  apTanbl.
Kopertmagarsr  kykiptr  meH  ¢GochopAblH  3USHIBI
KocnanmapeiHblH ~ KoHIeHTpanuscel  0.063-0.334%  >xoHe
coiikeciame 0.023-0.122%-np1 kypaiiner (kecte 2). 1500°C
TeMIreparypana (heppOoCHITHKOHIKEIH KeIeH i
KOPBITIIAaCBIHBIH ~ XUMISUIBIK ~ KYpambl  2-T0i  KecTene
KEJTipireH.
Kecme 2. Kopvimnanoty xumuanwik, Kypamul, %
DieMeHT DdC5 DdC20 DdC35 DdC50 DC65
Fe 98.3 95.3 93.6 92.5 91.7
Ni 124 3.63 5.0 5.91 6.55
Si 0.35 0.80 1.04 1.19 1.28
0.063 0.185 0.256 0.302 0.334
0.023 0.067 0.093 0.110 0.122
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DeppocrTuITri KpeMHUHIMeH 3JIEMEHTTEP i
TOTBIKCBI3MAHABIPY  TPOIECIHAE  TY3UIETIH  TOTBIKTHI
6ankpivaceina CaO, SiOz, FeO, NiO, AlOs, MgO, P,0s
xoHe SOz Gap. KoxknapiH dazanbik Kypambl TeMip, KallblIuH,
MarHuii CHJIMKATTapbl MEH AJIOMHHATTapbIHAH >KOHE Ta3a
OKCH/ITEpAEH TYPaJbl.

TepmoanHaMHUKaIIBIK MOJIENbICY HOTHXKEJEPiH
¢deppocwmnimii  kpemuuidin: O®CS5, dC20, DC35, DCS0,
@®C65 TOTHIKCHI3OAHIBIPFHINI pETiHAE MaiifansaHa OTHIPHII,
HUKENb KEHIHEH KeIIeHAlI KOpHITHa - (heppOCHIMKOHUKENb
aly TEXHOJIOTHSCHIH 93ipJey YVINiH Maipasanyra OOJalbl.
DeppocCTHIHATIH TOMEH KYHBIH/IAFbI TEeMipIiH
TOTHIKCHI3TIaHY Jdpeskeci OOMBIHIIA eH >KaKChl HOTIDKEIepi
30-40% xpeMHMH Oap KOpBITHAJIAPBIH NalaigaHy apKbUIbI
anyra Oomanpl. HukenpaiH TOTBIKCHI3aHy JSpexeciHe
(deppocunuMAgaFrsl  KpeMHHH — KOHIECHTPALMSCHL  9cep
eTnei. KopsiTnagarst HHKEJIb KOHLICHTPAIUSICHI
(dbeppocunuimiineri KpEeMHUHIIH JKOFapbuiaybiMeH 1.24-TeH
6.55%-ra nmeitin apTajpl.

TepMoIUHAMUKAIBIK MOICTBACY HOTIDKENIEpiHE CYHeHe
OTHIPHIT, (heppOCHIHINI KpeMHUHIHIH MapkamapbiH: DCS,
@C20, ®C35, O®C50, DCO65 TOTHIKCHI3AAHIBIPFBINI PETiHIIE

kommana oteIpein,  CaO-Si0,-MgO-Al;O3-FeO-NiO-P20s
KOIl KOMIIOHEHTTI TOTBHIKTBI KYHECIHEeH HUKEIb MEH TeMipi
1500°C  temmepaTypaga  TOTBIKCBI3NAHABIPY  apKBLIBI
KEIIEHJ[I  KOPBITIAHBl -  (EPPOCWIMKOHHUKENbII  alry

MYMKIHIITIH KepceTTi. KOpBITIIaHbIH XUMHSUIBIK KypaMbl

Kenecizeit Gonapl, % (mac.): 1.24-6.55 Ni; 98.3-91.7 Fe;

0.35-1.28 Si; 0.063-0.334 S; 0.023-0.122 P.
deppocunmiumiineri kpemHuit koHUeHTpanusicsl [Si]dC

5-ten 65%-ra eHin YKOFapbUIaFaHAa, TeMipaiH
TOTHIKCHI3TaHy neHreili 88.8-men 91.4%-ra neifin apranabl.
DeppocHnuimii KpEeMHHUIHIH KOHLEHTPALUSACHIHBIH

KOFApbUIAYBIMEH HHKEJB/IH TOTHIKCHI3AaHy Jdpexeci ic
KysiHge esrepmeiini okoHe 99.8-99.74%-mp1  Kypaiimbl.
Kpemuniini maiimamany pexrerti 92.1-94.5%-np1 xypaiiner.
Kopeitnagarer  kykipr  meH  (ochopAblH  3HUSHABI
KocmajapelHelH ~ KoHieHTpaiwsicel  0.063-0.334%  »xone
coiikecinmie 0.023-0.122%-x1b1 Kypaiiast

KopsIThiH BTN Kee, TEPMOMHAMUKAIIBIK
MOJICNBICYIIH HOTHXKEIEPl HHUKEIbIl TOTHIKKAH HHKENb
keHiHeH (1.5% NiO) TOTBIKCHI3AHIBIPY MPOLECIHIH Heri3ri
MYMKIHIITIH KOpPCeTTi. AJNBIHFAaH MOJCIBICY HOTHKCIEPiH
CHJIMKOTEPMHUSLUIBIK, o/licieH HUKEIb KeHiHEeH
(eppOCUITNKOHUKEIBI ally TEXHOJOTHSICHIH jKacay YIIiH
naiananyra 6oaibl.

Kapxblianasipy

Byn xymeic Kaszakcran PecmyOnmkackl FrumbIM koHE
KOFapel  OUTIM  MHHHCTpHiriHiH  FhUTBIM ~ KOMHTETI
KApXKBbUIAHABIPATBIH ~ 3€pTTEY NICHOEPiHJE  OPBIHIANIBI.
(rpant Ne AP19679501).
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TepmMoguHAMUKAJBIK MO/IeJIb/iey AaPKbLIbI HUKeEJIb MEeH TeMip/ai
TOTHIKCBHI3IAHABIPYIbIH CUJINKOTEPMUSUIBIK MPOIECIH 3epTTey

b.C. Kenamanos, JI.A. Ecenramues”, O.P. Capues, A.A. Hypsxanos
K. JKybanos amuvinoaser Axkmebe enipaik ynusepcumemi, Akmobe, Kazaxcman
*Koppecnonoenyus ywin asmop: dauralga@mail.ru

Anmarma. CaO-SiO-MgO-Al;03-FeO-NiO-P,05 kem KOMIIOHEHTTI TOTHIKTBIK KyieciHiH HuKenb (MNi) jkoHE TeMipIiH
(nFe) ToTpIKCEI3IAHY AopeskeciHe deppocrmHunii KpeMHUHiIHIH KOHIEeHTparsiceiHbH PCS (5% Si), C20 (20% Si), DC35
(35% Si), @C50 (50% Si), DC65 (65% Si) acepin 1500°C Temmneparypaia TEpPMOIUHAMHUKAIBIK MOJICIIbIIEY AICIMEH 3epPTTEeY
HOTIXKelepi kenTipinreH. Moaenpaey ymin Outokumpu (Ounnsanms) a3ipnerer HSC Chemistry 6.12 BK (6armapmamaisix
KellleHi) maiaananeiasl. Jlepekrep 0a3achlHa COMKeC TEPMOJUHAMMKAJIBIK, cunaTramaiapbl 0ap NisSi skone NisSiy XUMUSIIBIK
KOCBLIBICTApHI eHrisinai. Ecenreynep Geiirapan kocma perinae koememi 2.24 M3 Ny 6ap 1 atm ras ¢a3achlHbIH KbICHIMBIHIA
«Tene-rexnix kypamuaape» (Equilibrium Compositions) ki OaraapiamMachlH KOJJaHa OTBIPBII OPBIHAAJABL. AJIBIHFaH
Mozenbaey HoTmkenepi ¢deppocuwuiumii kpemuuidimer CaO-SiO2-MgO-Al;03-FeO-NiO-P20s TOTBIKTBI KYileciHeH HUKEIb
MEH TEeMip/i TOTBIKCHI3AAHABIPYbIH TEPMOJIMHAMHKAIBIK MYMKIHAIrH Kepcereai. ®eppocwmmunii kpemuuitinin [Si]®C
KOHLIEHTpaLMsICHl 5-TeH 65%-Fa Neiiin keOelreH e, TeMip/IiH TOTHIKChI3Aany aeHreiti 88.8-nen 91.4%-ra neifin sxorapbLiaiiibl.
deppocuninuii  KpeMHHMHIHIH KOHIEHTPALMACHIHBIH JKOFapbUIaybIMEH HUKENBAIH TOTBIKCBI3JAHy JAdpexkeci ic xKy3iHue
esrepmeiini xoHe 99.8-99.7% kypaiinsl. Kpemumiini maiinanany mexreiti 92.1-94.5% xypaiinel. ®eppOoCHINKOHUKEND -
KCIICHl KOPBITIIAHBIH XUMHSUIBIK KYpaMbl aHBIKTANZBL. AJIBIHFAH MOJCINBICY HOTHIKEIEPIH CHIIMKOTEPMIBLIBIK dIicIeH
HUKeNb KeHiHeH (DeppOCHIMKOHUKEINBI1 aTy TEXHOJIOTHACHIH jKacay YIIiH maiinananyra Oomambl.

Hezizzi co30ep: momuikmol dcylie, MepMOOUHAMUKATBIK MOOeNboey, (eppocunuyuil, momsiKCbi30aHy 0apedxiceci, KeuleHoi
Kopvlmna.

TepMozmHaMqucxoe MOAC/IHPOBAHUE IIPOoLECCA BOCCTAHOBJICHUSA
HUKEIA U 2KEJI€3a CHWINKOTEPMHUYICCKUM IIPOLHECCOM

B.C. Kenamanos, JI.A. Ecenramues”, O.P. Capues, A.A. Hyp:xanos
Axmiobunckuil pecuonanvhvlil yHueepcumem umenu KIKybanosa, Akmobe, Kazaxcman
*Aemop o5 koppecnonoenyuu dauralga@mail.ru

AnHoTauus. [IpuBeeHs! pe3ynbTaThl H3YUCHUS BIUSHUSA KOHIEHTpaunu kpeMuus ¢eppocummmus: OCS5 (5% Si), C20
(20% Si), @C35 (35% Si), PC50 (50% Si), PCO65 (65% Si) Ha creneHp BoccTaHoBIeHU HuKens (NNi) u sxeneza (nFe) mHO-
TFOKOMITOHEHTHOM OKcuaHOM cucTeMbl Ca0-Si02-MgO-Al;03-FeO-NiO-P20s npu Temneparype 1500°C MeTo10M TepMOIHHA-
MHYECKOTO MOJCIUpOBaHus. J{Js1 MOAeTMpOBaHUs UCTIONB30BaH nporpamMubiii koMmruieke HSC Chemistry 6.12, paspaboTan-
weiii Outokumpu (Ounnsuaus). B 6a3y maHHBIX BBeAEHBI xuMuueckue coequneHus NizSi u NisSiz ¢ COOTBETCTBYOIUMU
TEPMOJIMHAMHYCCKIMH XapPaKTEPUCTUKaMU. PacyeThl BBIMOIHEHBI ¢ IPUMEHEHUEM OIIPOrpaMMbl «PaBHOBECHBIE COCTABEI»
(Equilibrium Compositions) npu nasienun razosoit ¢passl 1 atM, cogepxaiieii 2.24 M3 N, B kauecTBe HEWTPAILHOM JOOABKH.
[onmyuyeHHBIE pPe3yNbTATHl MOACIHPOBAHUS CBUJCTEIBCTBYIOT O TEPMOJIUHAMUYECCKON BO3MOKHOCTH BOCCTAHOBJIICHUS HHUKEIS
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u xenesa u3 okeuauoi cucteMbl Ca0-Si02-MgO-AlzO3-FeO-NiO-P20s kpemunem deppocunuims. CTeneHb BOCCTAHOBIEHUS
Kene3a yBennunBaercs ¢ 88.8 mo 91.4% npu noBeimernn KoHIEHTpanuu kpemaus dpeppocumuiys [Si]@C ¢ 5 mo 65%. Cre-
NeHb BOCCTAHOBJICHHS HUKENS C YBEIHYCHHEM KOHLCHTPALUK KPeMHHUs (HeppOCHIHIHS MPAKTUIECKH HE MEHSETCS U COCTAB-
astet 99.8-99.7%. Crenenp ucnonb30BaHus KpeMHHs cocTaBisieT 92.1-94.5%. OnpeneneH XMMUYECKUH COCTaB KOMIJIEKCHOTO
criaBa - GeppocuukoHuKenst. [lonydeHHbIe pe3yIbTaThl MOJCIUPOBAHHS MOTYT OBITh HCIIOJB30BAHbBI I pa3paboTKu TeX-
HOJIOTHH MOTyYeHHs (PePPOCHITHKOHHUKEIS U3 HUKEIECBOU PYbl CHIIMKOTCPMHUYCCKAM METOIOM.

Knrwouesvie cnoea: oxcuonas cucmema, mepmoouHamuieckoe Mooeauposanue, Geppocuruyuil, Cmenetb 60CCMAHOBLCHUS,
KOMNJIEKCHbIL CHIAS.
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characteristics of uranium mining enterprises of Karatau LLP
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Abstract. This article discusses the conduct of geoecological research, the need for which depends on the process of urani-
um mining by underground well leaching, the relevance of environmental problems. As a result of geoecological studies, data
on soil, vegetation cover, underground water and atmospheric air pollution will be obtained, which characterize the state of the
environment. The high concentration of chemical elements and their compounds allows us to identify the causes and sources of
contamination. Research methods necessary for conducting research are determined considering specific natural-territorial
complexes (NTC), geomorphological, geochemical and other conditions. They may include the results of previously conducted
geological, engineering-geological, hydrogeological and geochemical studies.

Keywords: ground water, environmental problems, the method of leaching, geoecology, soil, the concentration.

1. Kipicne 1) OHIIPY YHFBIMaJIapbl TEOTEXHOJIOTHSUTBIK

- MTOJIMTOHBIHA YpaHIBl KYKIPT KBIIKBUIBI €piTiHIUIepiMeH
Kazipri TaHza MeTauTyprusiHbIH JaMybl MHHEpaJIbI s
JKepacThl YHFBIMANBIK maiimanay (OK¥1II);

JKOHE OHEPreTHKalbIK UIMKI3aTThl OHIIpYy MEH TYThIHY 9) copy yEFEMATApHHAH oHiMmE  epiTiEmizepm
ayKbIMBIHBIH KapKbIHIBI ©cyiMeH epekiueneHni. Kazakcran L
. . COpAITHIK EPiTiHII KeTepy;

OHEPKaCiOl JaMybIHBIH 0aCThl OAFBITHI — Ka30a OalIbIKTapIbl 3)TeXHOMOTHATHIK KAOLULIAY KoHe TapaTy TyHiHepine
urepy. CoHbBIH IIIHAC ypaH OHIIPICIHIH ©3iHIIK epeKiie (KTT), oimtix epitininepsi (OF) sumay:

L s ;
OPHEI Qap ) KaS?KCTaHHa Ta6HF.H P aﬂH?K.THBTImKTlH mOFaPH 4) OF Maructpajbsl KYObIp ©TKi3rili GOHBIHINA YpaHbI
JeHreiiH OepeTiH ypaH OepyIi anThl ipi TeOJOTHSIIBIK OHIp, Gap epirinninepxi JKYII pymuri anamsmen OF kym
KONTEreH MIaFbIH KCH OPBIHAApHl MEH ypaH OalKaJaThIH

TYHJIBIPFBIIIBIHA TaChIMAIIAY;

KCHIIITe aH eH/I 1 KOCINOpBIHAAp MEH SIPOJIBI .. .
xa HHHE ’Tayp macﬁf}e’i{[ e nz é[ P LLOFbI I{J'II:’aHFaﬁ 5) TeXHOMOTHSJIBIK KaObLIIAY JKOHE TapaTy TYHiHAepiHae
P P pIIepae, P (KTT) xaliTelMImel epiTiHOUTEpHi KYKIPT —KBIIIKBUIBIMEH

KanaeikTap Oap [1]. . o
oE KBILIKBUIIAHABIPY, ONAp KYKIPT KBILIKBUIBI KOMMaChIHBIH
Heri3ri KbI3MET KepceTy CeKTOpJiapbl — MeTauTyprus . L
L. PYAHHT1 OHAIPICTIK aaHpIHIAa OpHANacaasl [2].
OHEepKaCiOi, JHepreTHKa, aToM, TEIEKOMMYHHKAIHSIIAP JKOHE

FBUIBIMH-3€PTTEY KbI3METI. MusepanabIK KOHE
SHEPreTUKANBIK IIHKI3aTThl JKOHE OHBI KalTa OHICYHiH : ; T e o e
MaHbI3/Ibl OHIMEPIH ANEMIIK TYTBIHY YHEMi ecim Keneni I A
JKoHE opOip 15 JKbIT calfbIH €Ki eceeHe .

2. 3epTTey dnicTepi

Makanaga  ypan  eHmiperin  «Kapartay»  XKIIC
KOCIMOPHBIHBIH ~ OHMIPICTIK  KbI3METI  KeHIEpAi KYKIpT
KBIIIKBUIABl ~ YHFBIMANBl  [IaliMaiayra HeTi3/IereH.
Typkicran o0mbicel  Co3ak — ayJqaHblHAA  OpHANACKaH
«Kaparay» JKIIC kocimopHBIHBIH KOpILaraH OpTara 3UsSH/IBI
3aTTapbIH IIBIFAPYBIHBIH oCepiH Oaranay OOJBIN TaObIIaabI.
JKepacTsl maiiManay oficiMeH eHAIPIITeH Ke3eH IeTi OHIMHIH
SKaJIIIbI KoIeMi 2021 KBTI KOJIIAHBICTAFBI
MHQPAKYpbUIBIMAAPABl  JKAHFBIPTYFa  KAapiKbl  CaJIyJblH
yiIFatobiHa OaifmansicTel 4.6 MumnoH ¢yarka U308 ecTi [2]. Cypem 1. HKepacmoi ynzvinan waiimanay maciniven ypan

Ypaus 1-cyperte KepceTireHaen JKE€pacThI oHOipy cxemacyl
YHFBIMAIIBIK ~ [IaliMajay  TEXHOJOTHSUIBIK  CXEMachIHAH
TYpaJbl:
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VYpaHabl OHIMIIK KOKXKHEKTE KOJJIEHEH Hemece 9JICi3
Kenbey KaTaTblH IuTacTTapsl Oap, OOpHMBUITAK TYHOAIBI
CyJlaHFaH WIeTiHJIep/e KaTKaH pyAaaH ypaHIbl KepacThl
YHFBIMAIIBIK [IaliMajiay YIIiH, ep OeTiHeH OyprblIaHfaH
aiiay JkoHe copy YHFbIMaapbl XKyieaepid KojaaHaas! [2].

Pynanblk  KOK)KMEKTEH OTKEHJE, KYKIPT KbIIIKbUIBI
epITIHALIEp] ypaHIBIK MHHEPAITAPMEH OPCKETTECIN, OHBI
maiMananubpl — pUTIH Kyire alHaIIbIPa b

Copy yHFBIMajlapblHaH ©HIMAIK epiTiHAiIep xep OeTiHe
OaTBIPBUIATEIH YHFBIMAJBIK COpanTapMeH KeTepiieni ne,
TEXHOJIOTHSUTBIK KaOpUiay xone Tapary tydiagepine (KTT)
Oapampl, COHaH  JKMHAYIIBI  KOJJIGKTOp  OOMBIHINIA
(maructpanmbsabl Kyobipetkisrim) JXXYII pynauTi eHmipicTik
aNmaHBIHAA  OpHAJACKAH  OHIMAIK  epiTiHmirep  KyM
TYH/BIPFBILIBIHA TaChIMaJIIaHa bl

«Kaparay» KocCiNOpBIHBIH/IA ypaH OHIIpy 2-CyperTe
KepceTirenaen KazakcranublH ~ Oapiblk  Oacka
KOCIMOPBIHAAPBIHAAFB  CHSKTBI  JKEpacThl  YHFBUIBIK
CUITICI3ICHTIPY TOCLTI apKBUIBI JKYy3ere achIpbuiaasl [3].

By Tocinm 3KOJOTHSIBIK Ta3a OOJbIN caHanmamel. Ken
OpHBIHIAFBl PAJAMALMSUIIBIK JKaFdaid YJIKeH Kajajaplarsl
panuanvsUIBIK JKaFJaliaaH enIKaaai alblpMaIlblIbIFbI )KOK.

Cypem 2. «Kapamay» Kacinopvinvinoa ypan eHoipy

OE TyHABIPFBIIITAH aFapThIIFaH EPITIHIIIED OPTAIBIK
copantelk cTanmus (OCC) copanrapsIMeH epiTiHAUIep I
OHJICY IIEXBIHBIH COPOISITBIK OeJiMiHe Keei.

VYpaunsl 1maiiManay OepiireH KOHLEHTpalusra IediH
KYKIipT KBIIIKBUIBIMEH HBIFAUTBHIIATHIH COPOLINS aHAJIBIFBIMCH
kacananel. KeIIKBUITAHABIPY JKOHE OeJiceHai Inaimanay
CaTBICBIH/IA THAPOJUHAMUKAIBIK JKCKe OJOoKTap OOMbIHINIA
JKOHE JKaJINbl aliMaKTapia Tere-TeHAIKTI (aiiiasaThiH XKoHe
COPBUIATBIH EPITIHIUIEP KOJIEMIHIH Teme-TeHIITIH) caKTay
kepek. bepimrern maprt cakramca, OmokTtap (aiimMaxrap)
YHFBIMJIAp XKYHeci Cy3yaiH CTallMOHApIIBl PeKIMIHIE KYMEIC
icTelai, comaii epiTiHOUIEpHIiH pyAa CBIATHIH KOKXKHEK
KAMachlHAAa afHaNBIM alMarblHBIH  OONiHyi, OHIMIIK
epITIHAUIepIiH MUHAMAIBl CYUBITYBl KOHE JKAJIIBl KAKCHI
Oackapy KamTamachI3 etineni [4].

YHFpIManapAbl ~ PEarceHTTIK — OHICY YHFbIMAaTap
OHIMJIUIITIH KaJIBIH KEeJITPYAIH XUMHMSUIBIK JKOJIbI, apHaubl
XUMUSUIBIK ~ €PITIHIIEp Cy3y KOJIOHHAChIHA JKOHE CY3y
IABIHAAFBl aliMaKKa KOJIbMAaTUpJICYLIl TY3UIyJlepai epity
ylIiH Oepineni. ¥HFpIMaIapabl MEXaHUKAIBIK KOocHajiap MeH
HIeTIHIEpICH Ta3anay. ¥HFbIMAaTap/bl Ta3anay KaKeTTIIK
OOWMBIHINIA OTKI3IeAl, JKYMBIC KOJEeMi arbIMIBIK JKbLIFa
TEXHHUKAJIBIK TAIICBIPMAMEH aHBIKTAJIA IbI.

TexXHONOTHSIIBIK YHFBIMAIAP bl PEAreHTTIK OHACY KYMJIbI
TBIFBIH/IAP/IBI IKOIO, Cy3y KOJIOHHACBIH JKOHE
TYHABIPFBILITAP/IBI XKYY, YHFBIMAHBI SpIu@TTi aiiiay CUSKTHI
KOHJIEY-KAIIbIHA KeNTipy )KYMbICTAPbIHAH KeHiH jKacasapl.
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KKK peareHTTik omicTepi Keneci JXOJIMEH JKy3ere
acelpblIazbl [5]:

a) CY3TILITEp KOHE CY3y JKaHbIHAarbl aiiMakTel 10-20%
TY3 KBIIIKBUIBIMEH OHJICY;

0) cysrimTep JXoHE Cy3y JKaHbIHIArel aiiMakTel 50-98%
KYKIPT KbIIIKBUIBIMEH OHJICY;

KpIIKpUIIB! CY3TimTepai opHaTy aifMarsiHa Oepy JKy3ere
aCBIPBUIAIbIL:

a) YHFbIMara epKiH KYIO JKOHE apbl Kapail oHbI Oydepii
CYWBIKTHIKICH(IIIANMANIAYIIBl  ePITIHIIMEH,  TEXHUKAIBIK
CYMCH) CYWBIKTBHIKTBIH ep OCTIHEH TOMEH CTaTUKAJbIK
JICHT el Ke3iH/Ie cy3y allMarbIHa KBICY;

0) copamnreH IUIaHT apKbUIbI €pikci3 Oepy, CYHBIKTHIKTHIH
Kep OCTIHEH KOFaphl CTATUKAJBIK JICHIeill Ke3iHIe YHFhIMa
METTEePiH TepMeTH3ausIIay (e3IiriHeH ary).

Byprouay arperatblHbIH KOH/IBIPFBICHI MeH
MEeXaHM3MZEpi Kejeci J>KYMBICTapIbl OpBIHIAyFa pyKcaT
Oepeni:

1) KocBIMIIIA KOHIBIPFBI MEH TEXHOJIOTHSUIBIK acrarrap
TIpKeNTeH OYPFhIIAy arperaThlHbIH JKOJIMEH JKOHE JKOJCHI3
JKEPMEH aBTOHOM/JIbI KO3FaIyHI;

2) OyprbiIay CHAPSIbIH YHFBIMaFra OeJIrisli TEXHOJIOTHSICHI

Oap  omepauusuiapra  TEXHOJIOTHSUIBIK — aclanTapMeH
(>kbIHBICTApP/BI OY3aThIH YIITAp, Makepayiep, cBaOTap >koHE
T.0.) TYCipY;

3) TeXHOJOTHSUIBIK ~ acIanTapMeH  Oy3y JKOHE  KYy

CYWBIKTBIFBIMEH JXKep OeTiHe Cy3y KOJOHHACH MEH OyTaJarsl
KOJIbMATallMsUIBIK KHHAJIBIMAAP/BI IIBIFApY;

4) yHFpIMaHBI CyMEH JKOHE OHBl  KOJBMaTaHTTapAaH
Tazasay/Ibl ’KaKCapTAThIH apHAMBI XKyy CYHBIKTBIKTApBIMEH XKYY;

5) cy3ritn  meH cy3y ailiMarpiHa Oeiri  aybICHIMIIbI,
THIPOJMHAMMKAJIBIK ~ ocep,  OypFbulay  CHapsiibIMEH
OTBIPFBI3BIITY KOJIOHHACHIH XKYPTi3Yy;

6) yHFBIMaHBI PEareHTTIK OHACY/IC XUMPEAreHTTeP/i Cy3y
aiiMarbIHa xi0epy;

Onpipy OjoreiH (aiiMak) KOJIIaHYJaH COHFbI HIBIFApy
XKep KOWHayhl IIaifMallaHATBIH aiMaKTbl <CKyy» OOJIBII
Tabbaasl. XKyMbIC icTeNreH >KOWBUIATBHIH aiiMakTapja xep
OeTi epexxeriep OOMBIHINA PEKYIHTHBALIUS OTCII.

BnoKTBIH JKYMBICBIH asKTay KepceTKiluTepi - xKep
KOMHaybIHaH ypaH[bl IIBIFApy >KOOANBIK JEHrelre xeryi -
30 Mr/mM®  TeMeH MHMHUMAJIBI-pEHTA0ENbAI  AEHTelmeH
TOMEH/ICYI.

Konmany OnoKTapeiH (aliMakTapasl) ONIipy alablHAA
OaxpuTay YHFBIMalapbl OypFBUIIaHAIBI, OJlap JKeKe OIIoKTap
GoifbIHIIA TaHJAJIATBIH alMaKTapbsl TEKCEPy HOTHXKEICPiH
Tangay HeriziHme OenrineHexi, Oip yakpITTa reo(pH3UKaIbIK,
THPOTEONIOTHSIIBIK XKOHE 3€PTXaHAJBIK 3ePTTEYNep KeIIeHIH
OTKi3eIl, OHBIH MaKcaThl Keneci [6-7]:

1) Kongany — aiiMafrbIHBIH  ypaH
TOJIBIKTHIFBIH OCKITY;

2) XKep «KoliHaybIlHIa OHIMJIK €pITIHALIEP] CcaKTajIFraH
JIaHJAp/Ibl EpeKILeIiey;

3) ApamblKk  Cy  TacymIbl  KOKKHEKTepre
epITIHJINIep MEH YPaHHBIH €HY J9pEXKeCiH aHbIKTaY.

4) TexHONOTUSUIBIK EPITIHALIEPAIH KYMBICTHIK OHIMIIK
Cy TacyIlIbl KOKXXHEKTE aFy JOPEKECIH KepacThl CyJIapbIHbIH
TaOWFH aFbIHBI OCEPIHEH OILIIPIICTIH aiiMaK MIEKTEePiHeH THIC
aHbIKTay. KapacTelppilFaH miapamap oOJapAbl  OpBIHAAY
Mep3iMi KoHEe (PU3UKAIBIK KOJIEMiHe COHKEC KOCITIOPHIHHHBIH
HETI3T1 )KYMBICBIHBIH JKbUIIBIK jK00aTapbiHa Kipesi.

Temenne T€OTEXHOJIOT HSUTBIK TIOJIUTOHJIAFbI
TEXHOJIOTHSUIBIK ~ YPHICTEPIIH  eCeNnTIK  KepceTKimTepi
kenripinren (1-kecte) [8-9].

KOpPBIH  OHJEY

KbIIIKBIJT
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Kecme 1. I'TII mexnonozuanvlx, ypoicmepinin ecenmik kopcemkiwimepi

Ne p/ec CunaTrama 2013

1 OHnpuipicTik 6armapiama, T 2030

2 JKyMbIC iCTEHTIH OJIOKTAp CaHbl, IH 39

3 JKbL1 GackIHIAFBI KOP KYHi, COHBIH iIIiHae

4 AlbUFaH, T 4167

5 JlaiipiHanraH, T 3347

6 OHuipyre AaibH, T 2933

7 Kop ecyi, T -

7.1 Amsurrad, T 2634

7.2 JlaiipiHanraH, T 2687

7.3 OHipyre Aaibid, T 2118

8 Kopiap/IpIH 5KbUT COHBIHIAFBI KYHi

9 AlbuFaH, T 4542

10 JlaiipiHganras, T 3775

11 OHipyre Aaibid, T 2792

12 KpIKbUTIaHABIDY

13 KpIKbUIIaHABIPY OpTallla Y3aKThIFbI, KYH 45-55
KpIIKpITIaHabIpy Ke3iHACTT KBILIKBUIIBIH

14 3 18-20
opTaiia KOHICHTPAIHSCHI, T/ M

15 Kpuikeunnaneipyra - 1177
OepiireH epitinainep, M

16 92.5%KYKipT KbIILIKBUIBI IIBIFBIHBL, T 21193

161 92.5%_ KYKipT KBIIIKBUIBIHBIH 1KT ypaHFa 10.0
MEHIIIKTI IIBIFBIHBI, KI/KT

16.2 92.5% KykipT KpIUKBUIBIHBIH 1T I'PM 35

’ MEHILIKTI IIBIFBIHBI, KI/KT ’

17 Bencenni maiimanay MeH niaiimanay

18 OHIMIIK epiTiHiIep KeneMi, MbIH M 12528.7

19 OE ypan memmiepi, T 2059.6

20 OE ypaH oprailia KOHIEHTPALHUSICHI, I/J1 164

VYpaunsr JKYII XuMUSUIBIK YpAICIH cHUMaTTay. KEpacThl
maiiManay YpIiCTEpiHIH XHMHACHl KYKIPT  KBIIKBIIIBI
KyMbICTBIK  epitinainepaiy U (IV)  okemp  xoHe
CHJIMKAaTTapMeH opekerTecyl peakuus (3) TeHueynepiMeH
CHIATTANA/IbL:

02,25(k)+so42-(epi'r)+ H +(epiT)+02(r)+ HZO(C): U 02804(epiT)0+ H ZO(C) (1)

USiOa(y+SO4? (epiny+Hepin+ Ot H20=UO2S O epin ™+
H4Si04(epiT)

Kpimkeur opraga 6ac ToteikTeipreimTad U (IV) ypaamen
CHHTCHETHKAJIBIK YII BaJCHTTI TEeMIpIiH THIPOIU3IACHTEH
Typnepi merager: FeOH*?, Fe(OH)*, Fe2(OH)** xome a3
mommepae Fe'S. KplIKbLI opTajga ypaH OKCHUATEPiHiH
TOTBIFY ~ YpAiCI caTbuIBl ~ CHIIATTa  OOJNBIN,  pEeaKLUs
TeHJICYJIepIMEH cunarTanaisl (2):

UOzq* Fe(OH)2" epiry = UOx(epiny+ FE(OH)2  epin)
UOxepin+Fe(OH)2" (epir) = UO2(epin) + FE(OH)2  epin) )
Fe(OH)2" epin+2H" epin) = 2Fe** pin+ 2H20()

KpImkpr  oprasa ypaHAsl KOCBIMIIA TOTBIKTBIPFBILI
OGosmaT Marepuanzap MeH >KaOJBIKTapiAbl ITacCHBAIMAIAY
VIIH KYKIPT KBIIIKBUIBIMEH OEpiieTiH a30T KBIIIKBIIBI
Oonpim  TaOBIIAmBL. ANTHI BaJCHTTI YpaH KOCBUIBICTAPHI
pyIamaH TOTBIKTBIPFBINICEI3 OeiiHendi, KapOOHATTHI OpTama
Za CoJIam.

VYpaugs! 1maiiManay Ttemmeparypacbin 50°C sxorapiary
25°C GaiikanaThIH KaTThl )KoHE CYHBIK (azanap oOIbICTapbIH
e3reprreini, on tek JK¥II ypaiciHiH KMHTEMKachblHAa FaHa
OH ocep eTefi.

KyKIpT ~ KBILKBUIBI  €pITIHAUIEpPIHAE ypPaHWI HOHBI
cynbpar xkoHe OuocynbhaT HOHAAPHIMEH KaWTBIMJIBI
peakIsIMEH aHHOH/IbI YPaHUI-CyIb(aTThl KemeHaep Ty3emi:
U022++ HSO4. « [UOzSO4]+ H*

2014 2015 2016 2017 Bapnbirsr
2030 2030 2030 2030 10150
48 49 52 41
4542 4562 4869 5436
3775 3700 4478 4011
2792 3008 3684 2353
2276 2563 2873 509 10855
2181 3034 1789 1746 11437
2472 2932 925 2881 11328
4562 4869 5486 3739
3700 4478 4011 3501
3008 3684 2353 2978
45-55 45-55 45-55 45-55 45-55
18-20 18-20 18-20 18-20 18-20
1240,1 2283 1217 532 6449
24129 41100 21906 9578 117906
9.8 14.0 23.7 33 10.4
35 35 35 35 35
13161.4 13601.7 13601.7 13601.7 66495
2059.3 2059.3 2059.3 2059.3 10296.8
156 151 151 151 155
U022++SO42'<—>[UOZSO4] (3)

U022++ 2XSO42' g [UOz(SO4)2]2'
U022++ 3XSO42' g [UOz(SO4)3]4'

KpImKpu1 opTaga ypaHHBIH 0acTbl opMachl ypaHWIIBIH
yucynbpatrel kemeni [UO2(SO04)3]* Gonbin Tabbutamst. Con
TYpAe ypaH aHHOHAIMacy LIafibIpIapbIMEH >KYThUIabL.
YpaHungslH yocyiab(arTel KemleHi YII Typi A€ epiTiHmige
Tere-TeHIIKTEe OpHAIacaIbl.

Pyna mMeH »kbpIHBICTap/a KYKIPT KBIIIKBUIBIMEH IHaiMaiay
Ke3iHIe KOCTaJTapAblH OJPEKeTTeCy peaKknmsIapsl Kejeci
peakuus TeHACYIePIMEH CUIIaTTala bl

Si0; + H,S04 + H,0 = H,SiOs

CaSiO; + 3xH,S0s = CaS0, + 3xH20

Al,O3 + 3xH2S04 = Alo(SO4)3 + 3xH20

Fe;0s + 3xH2S04=Fe5(SO4)s +3xH,0 (4)
FeO + H2S0, = FeSO4 + H,0

CaCOs + HoSO4 = CaSO4 + H,COs

MgCOs + H2SO4 = MgSO4 + HCOs

FeCOs + H2S04 = FeSO, + HyCOs

CaPO, + 3xH,S04 = 3xCaS0, + 2xH3PO,

Cas(PO4)2F + 5xH2S04 = 3x HsPO, + 5xCaSO4+HF

3. 3epTTey HATHIKeIEPi KIHE 0JIAPIbI TAIKBLIAY

[ajimanayaplH KbIIIKBUIABIK SICIHAC PEarcHT IIbIFbIHBI
HETI3IHEH pYJaHbIH YPaHIBIK €MeC MHUHEepaIIapbIMEH
aHbIKTanazbl. KeIIIKBUIABIH HETI3ri 06JIiri Kaabllui, MarHHiM,
TeMip KapOOHATTApBIH epIiTyre IBIFBIHIANABI,  OJlap
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CYWBUITBUIFAH  KBIOIKBUIIAPDMEH  OHal  OpeKeTTecesi.
Kapbonarrap wmemmepi xorapel 0Oonca (2%  aca),
nraiManaylH KBIIKBUIIBIK OJiCI 3KOHOMHKAJBIK THIMCI3
Ooaabl.

3epTreynep Kyprisy YVIIIH KaXeTTi 3epTrey oficTepi,
HaKTBI TaOUFU-ayMaKThIK KeIIeHaep/Ii (KBID),
reoMop(OJIOTHSIIBIK, TEOXMMMSUIBIK — JKoHe Oacka  J1a
JKaFaimap/apl eckepe OTHIPBIN aiikpiHAanaael. Oxap OypbiH
KYPTI3UITEH  TEONOTHSUIBIK,  WH)KCHEPIIK-TEOJOTHSIIBIK,
THIPOTCOJIOTHSUTBIK  KOHE TECOXUMUSUIBIK — 3epTTEYJICpHAiH
HOTIKEINIEPiH KAMTYBI MYMKIH.

I'eoxuMUSITBIK 3epTTeyNIepaiy HOTIDKENepi
KOCITOPBIHHBIH, d9Cep €Ty aliMarblH aHBIKTayFa JKOHE OCHI
OHJIpICKE TOH  XUMHUSUIBIK  DJIEMEHTTEpIiH  Ti30eciH
Oenrizeyre MyMKIiHIIK Oepei.

YHrbIMaNbl IMafiManay oficiMeH maiiianbl Kaz0aiapIbiH
KEH OPBIHJAPBIH UTEePy KOpIIaFraH OpTaFa a3 dcep eTCTIHIIrI
KOPCETUITeH, JKOHE Je epacThl IlaiManay mNpoLeciHe
JKBIHBICTap MEH KalAblK KoWMaiapbl mTaiina OoiMaibl,
TEOJOTHSIIBIK  KYPBUIBIMAAPIBIH TYTACTHIFBI OY3BUIMAaHIbI.
Aya OacceliHiHIH XKoHEe ep OCTiHIH JacTaHybl, IOCTYpIIi
Tay-KeH 9JIicTepiHe KapaFaH/a diIeKaia as.

3epTreyne JTacTaydplH HETisri Ke3depi aHBIKTAaIIbI.
KacimopsIHHBIH 0apIbIK OHIIIPICTIK aliMaKTapaarsl
[IBIFAPBUTATEIH  IIBIFBIHIBUIAPBIHAA  aTMOc(epara KYKipT
KBIIIKBIIBI, a30T TUOKCHUJII, a30T KOHE KOMIPTETi OKCHITEDI,
KOMIPTEKTiH O6TiHETiHI aHBIKTAJI/IbI.

Byriane ypaH Tek TamcheIpbiciieH FaHa eHpipineni. JKaHa
KEH OPBIHAAPBIH WIepy OTiHIMZAEP MakKeTiH KaJBIITacThIPy
mapTEIMeH Oacrajampl. Exi KEH backapmacsl
«Kazaromenepkaocim» ¥AK AK-na tuecinmi CtemHOe XoHE
OpTaJbIK, XbUT CalibIH JKBUIBIHA €Ki MBIH TOHHAFa JICHIH ypaH

eHmipeni. Enmi Co3ak aymaHblHOa ypaH ©HAIpyMEH
alfHaNBICATBIH CKi IICTENIK KOMITAaHUS Ja aifHaJbICaJlbl.
«KATKO» ypan eHuipy >XeHiHAeri Ka3akcTaH-(QpaHITy3
OipiTeckeH KOCIIOPHBI MIUKi3aT eHIIpyTe KipicTi.
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Ypan enaipymi «Kaparay» KIIC KkacinOpbIHBIHBIH KOPIIAFAH
OpTara dcepiH 0araJiay KoHe TAOMFU-KJIUMATTBIK, F€0IKOJOTHSJIBIK
CHIIATTAMACHI
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AnaaTna. bynm Makanajga TEOdKOJOTHSIIBIK 3€pTTEYyJepi JKYPri3ymi KapacThIPabl,0lapAblH KaKETTUTr JKep acThl
YHFBIIAN ImaiiMalnay SIiCiMeH ypaH eHJIIpY MpOIeciHe, KOJOTHIBIK MpoOiIeManapablH ©3eKTiTirine OalIaHbICTEL. 3epTTey

00BEKTiCI KYpambIHIA T€OIKOJOTHSIIBIK 3EPTTEY

HOTW)KECIHJIE KOpIIaFaH OpPTaHBIH KaW-KYWiH CHITATTAHTBIH TOIBIPAK,

©CIMIIK KaMBUIFBICBIHBIH, JKEP acTHI CYJIapbl MeH aTMoc(hepalblK ayaHbIH JacTaHybl TYPajibl MOJTIMETTEep aJbIHATHIH OOIajbl.
XUMUSAJIBIK 3JEMEHTTEp MEH OJapIblH KOCBUIBICTAPBIHBIH JKOFapbl KOHIEHTPALMACH! JlacTaHy cedenrtepi MeH Ke3IepiH
aHBIKTayFa MYMKIHIIK Oepeni. 3epTTeynep >KYpridy YLIH KaXXETTi 3epTTey oAiCTepi, HaKThl TaOWMFU-ayMaKTHIK KeUIeHAEp.Ii
(KBII), reoMopdosorusiiblK, reOXUMUSUIBIK JKoHE Oacka na >Karnaiimapibl eckepe OTHIpHIN alKplHAananbl. Onap OypbiH
JKYPTi3UITeH TeOJOTHSIIBIK, HHKEHEPITiK-Te0JIOTHsIIBIK, THIPOTEOJIOTHSIIBIK KOHE T€OXUMUSUIBIK 3ePTTEYNIEP/iH HOTHKEIEPiH

KaMTybl MYMKIH.

Hezizzi co30ep: scep acmul cyrapul, 9KOAOSUAILIK NPOOAEMANAp, WatlmManay 20ici, KOHYeHmpayus.
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OueHka BO31eHCTBUS HA OKPYKAKLIYIO CPeAy U NPUPOIHO-
KJIMMATHYEeCKHE, T€0IKOJIOTHYeCKIEe XaPAKTEPUCTHKH
ypanonoObiBawmux npeanpusatuii TOO «Kaparay»

A.C. Bepkun6aepal, b. Cobutkber, K.M. Cembek?

YA nmamuncxuii mexnonozcuueckuil yHugepcumem, Anmamut, Kazaxcman
2Sathayev University, Amvamot, Kazaxcman
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AHHOTauusA. B nanHO# cTaThe paccMaTpuBaeTCsl MPOBEACHUE T'€0IKOJOTHIECKUX HCCIeI0BaHUN, HEOOXOIMMOCTh KOTO-
PBIX 3aBHCHT OT Ipolecca JOOBYHM ypaHa METOJIOM ITOJI3€MHOTO CKBKMHHOTO BBIIIECIAYWBAHUS, aKTYaTbHOCTH 3KOJIOTHYE-
ckux mpobsemM. OOBEKTOM HCCIICAOBAHHUS SIBISCTCS B PE3YJIbTATE BBIIOJIHECHUS T'€0IKOJIOTUYCCKAX HMCCIIECOBaHUI OyIyT MO-
JYYEHBI CBEICHUS 00 3arps3HCHHUU IMOYBEHHOTO, PACTUTEIHFHOIO MOKPOBA, MOJ3EMHBIX BOJ M aTMOC(EPHOTrO BO3IyXa, XapaK-
TEepU3YIOIINE COCTOSIHUE OKpY Karollei cpepl. Bricokas KOHIEHTpaIUsl XUMUYECKUX 3JIEMEHTOB M UX COEIMHEHUH MO3BOJIAET
BBISIBUThH MIPUYMHBI M HICTOUYHUKH 3arpsi3HeHUsI. METOIbI UCCIeIOBaHUs, HCOOXOUMBIE IS IPOBEICHUS UCCIICIOBAHNUI, OIpe-
JICIISAIOTCS C YIETOM KOHKPETHBIX MPUPOTHO-TeppuTopraibHbiXx komiuiekcoB (KBIT), reoMmopdoorudecknx, reOXuMHUECKUX U
Ipyrux ycinoBuil. OHM MOTYT BKJIIOYATh PE3YJIbTAThl paHee MPOBEACHHBIX T'€0JIOTHUECKUX, HHKEHEPHO-TEOJIOTMYECKUX, TH/-
POTEOIOTUIECKUX W TEOXUMHUIECKUX UCCIICTOBAHHM.

Knroueevie cnoea: noozemmule 8600bl, IK0102U4eCKUe NPOOLEMbl, MEMOO 8bIUENAYUBAHUS, KOHYESHMPAYUS.
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Abstract. This research study's overarching goal is to assess the effects of industrial (chemical components) and agricultur-
al (Pesticide residues) activities on the Syr-Darya. This study has the following specific goals: 1. Assess the current state of
Syr-Darya's water quality; 2. Examining the agricultural and industrial activities in the Syr-Darya (Kazakhstan) downstream
portion. In this study we aimed to assess the current state of water quality in the downstream portion of Syr-Darya using the
Water Quality Index (WQI) arithmetic method. The study specifically focuses on the effects of industrial and agricultural ac-
tivities on water pollution, including metallic and non-metallic chemical components, PH, TDS, other minerals, and pesticide
residues. The importance of this research lies in the lack of up-to-date evaluations of water quality classification and the poten-
tial impact of pollutants (industrial and agricultural activities) over the Syr-Darya. The literature review highlights the high
levels of pollution in the river due to industries and agricultural activities. Both upstream and downstream countries contribute
to the pollution, with upstream countries adding pesticides and downstream countries polluting the water through industrial
activities. The research will involve collecting secondary data from existing studies on water pollution and indicators of water
quality in the region. The methodology involves calculating the WQI using the Weighted Arithmetic Index Method, which
provides an overall index humber representing the water quality. This research is important for understanding and managing
water pollution in the Syr-Darya river basin.

Keywords: water quality assessment, WQI, Water Quality Index, arithmetic method, chemical compounds, water pollution,

the concentration of minerals, water quality index.

1. Introduction

Despite the Syr-Darya River’s significance and its long
history of agricultural production, few researches have exam-
ined the effects of agricultural and industrial pollutants in the
present day [5]. Although, water contamination in the Syr-
Darya is a major cause for concern, there are few research
papers on the subject, which emphasizes the significance of
this work.

Water pollution in Kazakhstan is more important than
water scarcity. Water contamination closely linked to agri-
culture in the irrigated regions along the Syr-Darya. Soviet
initiatives to boost agricultural output in the Syr-Darya basin
led to a dramatic increase in water diversion, which had a
substantial negative impact on the water's suitability for
irrigation, fisheries, and other uses [8]. There are various
older research studies that rated the Syr-Darya's water quali-
ty, for example according to [1]: the Syr-Darya River is clas-
sified over its whole course as a moderately contaminated
water body (Il class water quality) by the water pollution
index. Though, in this study, we tend to provide an update.

According to a comprehensive report produced as a result
of joint work between the United Nations Economic Com-
mission for Europe (UNECE), and the International Water
Assessment Centre (IWAC), during 2021 - 2023, the major
source of pollution in the basin is agricultural activities ac-
counts for 90% pollution of water volume. Although indus-

© 2023. F. Salehi, M. Kussainova

trial pollutants have a significantly smaller volume it is more
poisonous, making them more harmful [9].

When the polluted water is released into the rivers un-
treated or poorly treated, it is difficult to restore its previous
status. The issue of water quality is more important than
climate change, water availability, and other issues because
water quality can have major impacts on urban but also agri-
cultural water use. There should be stricter rules for compa-
nies to take water treatment precautions. If other countries
are capable of good regulations on industrial water use, then
Kazakhstan can also do so. Then we can conclude that one
important source of pollution in Kazakhstan is industrial use.

In general, water volume in Kazakhstan is not such a crit-
ical problem, there is not so little water overall in the coun-
try, but, it is unequally distributed. Kazakhstan is an econom-
ically powerful country, and it has a huge potential for im-
proving water management by also showing a good para-
digm for the neighboring countries. This management is also
applicable to water quality issues in the same way [3]

Both upstream (Tajikistan and Kyrkyzstan) and down-
stream countries (Uzbekistan and Kazakhstan) are responsi-
ble for the river’s pollution. Upstream countries mainly pol-
lute the water by adding pesticides, which residues return to
the water because flooding irrigation is usually common in
Central Asian countries and downstream countries by mining
and quarrying that pollute the water and use water to dilute
by everyday activities.
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Industrial accidents at hazardous chemical facilities, in-
cluding at tailings management facilities, as well as other
industrial activities can cause water pollution and can have a
significant transboundary impact when they occur in a trans-
boundary river basin. The integration of industrial risks, nota-
bly tailings risks, in river basin management plans, as well as
the enhancement of cooperation between industrial safety and
water experts are key for effectively preventing water pollu-
tion and its negative impact in the Syr-Darya river basin [4].

2. Materials and methods

In this study, we adopted a secondary data collection ap-
proach to gather and analyze data. This approach allowed us
to leverage previously collected information and focus on
analyzing, interpreting, and drawing meaningful conclusions
from the available data. For analyzing purpose, it is im-
portant to understand the extent of water pollution in the
basin. Some (few) researches has already stated the amount
of water pollution in the river. For example, in all the sam-
pling events for Syr-Darya, residues of lindane (y-HCH)
which is ranged from 0.014 to 0.24 pg/L detected in water
samples, are among the highest concentrations reported for
rivers globally. Lindane is a chemical compound that is used
both as an agricultural insecticide and as a pharmaceutical
treatment for lice and scabies [5]. Hence, literature review
was an effective tool for data collection procedure.

According to [1], as presented in table 1, water quality
indicators for Syr-Darya is indicated. MAC 1 and 2 is for
fisheries and agriculture, and MAC 3 is for drinking uses in
open water bodies. These indications served as the basis for
each parameter's standard values in our analysis. The param-
eters' indicators and mean concentration values described in
the following tables and paragraphs.

Table 1. Priority indicators of water quality in Syr-Darya
River Basin Ref [1]

No. Indicator Unit MAC1 MAC?2 MAC3
1 Oxygen mg/l 6 - 0.005
2 BOD mgO?/I 3 - 6
3 COoD mgO¥/I 15 - -
4 Nitrite Nitrogen mg/l 0.02 - 3
5 Salinity mg/l 1000 - up to 1000
6 Chlorides mg/l 300 350 350
7 Sulphates mg/l 100 - 500
8 Magnesium mg/l 40 - <40
9 Sodium mg/l 120 - 120
10 | Total hardness mi/l 7 7 7
11 | Copper ua/l 1 1 1
12 | Zinc ug/l 10 5 1
13 | Chrome VI ug/l 1 - 0.5
No more
14 | Phenol mg/l 0.001 - than 0.01
. No more
15 | Oil products mg/l 0.05 - than 0.05
16 | Fluoride mg/l 0.75 15 15

Furthermore, the most recent study, which was published
in 2023 by [6], also examined the amount of metallic, non-
metallic chemical compounds, other minerals, and total dis-
solved solids on three different bases: minimum, average,
and maximum as shown in Table 2. In this study we used the
mean values. In this research the approach is calculation of
WQI (Water Quality Index) using Weighted Arithmetic Index
Method [11], which indicates the extent of water pollution or
quality of water.
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Table 2. Major ions and TDS (in mg L™) collected for Syr
Darya waters in August 2021 [6]

Mineral ' TDS HCO; CO% CL S0% Ca* Mg* Na" K*
Metal/

Non-metal NA = NA N N N M M M M
ions

Average 1359 140 - 125 737 130 95 175 4.1
Maximum 1502 247 9 147 804 170 109 213 438
Minimum 1257 98 ND | 113 661 116 89 158 24

This unique parameter will help us better understand the
current water quality of Syr-Darya in terms of an index num-
ber, which represents overall quality of water for any intend-
ed use. It defined as a rating that reflects the composite influ-
ence of different water quality parameters taken into consid-
eration for the calculation of water Quality index (WQI). The
indices are among the most effective ways to communicate
the information on water quality trends to the public or to the
policy makers and in water quality management. In formula-
tion of water quality index, the relative importance of various
parameters depends on intended use of water. Arithmetic
index method [11] used to calculate WQI (Table 3):

Step 1: In the present study, the unit weight (Wn) values
for each parameter calculated by using the following formula
taken from [12].

k
W, =—,
Sn
where, K = 1 = ! ;
1 1 1 1 1
—t—+—+.t—
S S 33 Sh Sh

Sy — standard permissible value for the nth parameters;

W, — unit weight for nth parameter;

k — proportionality constant.

Step 2: Calculation of Sub index (Qn) value by using the
formula:

(Vn _Vo)

=-"1__97x100,
(Sn _Vo)

Qn

Qn — quality rating;

n — water quality parameter;

Vi — mean concentration of observed value;

Vs — standard value;

V, — ideal value, in most cases V, =0 except in certain
parameters like PH, dissolved oxygen, etc.

Vpu -7) :
=-—2__-x100;
QpH 85-7) X
Therefore,
(8.21-7) _
=———=x100;
PH ="55-7)
1.2
=——-x100=0.8.
rH =15
Step 3: Calculation of WQI, by combining step 1 and step 2:
WQl _ ZWaQn ;
2Wy
89.25

wQl :T=89.25.
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Table 3. Calculation of WQI

. IDEAL
Parameters Stzzgg;ird 1/Sn | = 1/Sn | /(PZ<17Sn) \liV/'S; \(\a;lg)e %732 ((i;):) Vn/Sn Qn;igrg)/Sn WnQn
PH 8.5 0.118 0.259 3.861 0.454 7 8.21 0.8 80.000 36.342
EC 300 0.003 0.259 3.861 0.013 0 318.4 1.0613 106.133 1.366
TDS 500 0.002 0.259 3.861 0.008 0 1359 2.718 271.800 2.099
Ca2+ 75 0.013 0.259 3.861 0.051 0 130 1.7333 173.333 8.924
Mg2+ <40 0.025 0.259 3.861 0.097 0 95 2.375 237.500 22.926
CL- 250 0.004 0.259 3.861 0.015 0 125 0.5 50.000 0.772
Na+ 120 0.008 0.259 3.861 0.032 0 175 1.4583 145.833 4.693
K+ 12 0.083 0.259 3.861 0.322 0 4.1 0.3417 34.167 10.994
SO(4) 2- 500 0.002 0.259 3.861 0.008 0 737 1.474 147.400 1.138
Sum 0.259 1.000002 89.254

3. Results and discussion

In 2011, a UNECE report conducted by Gapparov B.Kh.
and Beglov L.F. provided a numerical analysis of the priority
indicators of water quality in Syr-Darya for fisheries, agricul-
ture, and drinking water. These indicators were evaluated
based on the maximum acceptable concentration, as shown
in Table 1.

Our study determined that the median value for pH in
Syr-Darya was 8.21, the median value for electrical conduc-
tivity (EC) was 318.4 uS cm™?, and the median value for total
organic carbon (TOC) was 2.75 mg/I.

Table 1 and Table 2, which are included in our study, serve
as the foundation for calculating the Water Quality Index
(WQI) and provide a description of the current water quality
status in Syr-Darya. To estimate the WQI, we took the average
values from nine different sites, focusing on the concentrations
of minerals in the river, as presented in Table 2.

Furthermore, we evaluated the suitability of the WQI
values for human consumption according to Mishra and
Patel's (2001) study [7]. The ratings for the WQI values are
as follows:

Table 4. Classification of Surface Water quality according to
Mishra and Patel

. WQI Yadav et WOI Rama-
Category Water Quality al. krichnaiah et al.
| Excellent 0-25 <50
1 Good 26-50 50-100
11 Poor 51-75 100-200
\Y Very Poor 76-100 200-300
V Unsuitable Above 100 >300

Our calculations and literature analysis revealed that the
water quality of the Syr-Darya falls under Mishra & Patel's
(2001) IV category, as indicated in Table 4, which is «Very
Poor» and unfit for drinking purposes.

4, Conclusions

In conclusion, this research study aimed to assess the wa-
ter quality in the downstream portion of the Syr-Darya River
using the Water Quality Index (WQI) arithmetic method. The
study focused on the effects of industrial and agricultural
activities on water pollution, specifically metallic, and non-
metallic chemical components, and pesticide residues. The
findings from the literature review emphasized the high lev-
els of pollution in the river due to agricultural and industrial
activities. Both upstream and downstream countries contrib-
ute to the pollution, with upstream countries adding pesti-
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cides and downstream countries polluting the water through
industrial activities.

The research utilized the Weighted Arithmetic Index
Method to calculate the WQI, which provides an overall
index number representing the water quality. The results
showed that the water quality of the Syr-Darya falls under
the «IV» Mishra and Patel rating, of the «Very Poor» catego-
ry, rendering it unfit for drinking purposes, but suitable for
agriculture and fisheries.

This research is significant as it provides a modern evalu-
ation of water quality and highlights the potential impact of
agricultural and industrial pollutants in the Syr-Darya. It also
sheds light on the lack of research studies in this area, em-
phasizing the importance of further research and the need for
stricter regulations to address water pollution in the region.
By understanding, monitoring, and managing water pollution
in the Syr-Darya River basin, steps should be taken to protect
the ecosystem, ensure safe drinking water, and support sus-
tainable agricultural practices.
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Anpatna. Byn 3epTrey *KYMBICBIHBIH HETIi3ri MakcaTbl @HEPKACINTIK (XMMUSUIBIK KypaMaac OeJIiKTep) jKoHE aybuIapy-
aIIBUIBIK (MeCTHLUATEP KaJIbIKTaphl) apekeTTepiniy Chlpaapusira acepid Oaranay 0oJbln TaObutaabl. byt 3eprreyniy keneci
HaKThl MakcarTapsl 06ap: 1. Cplpaapust CybIHBIH Ka3ipri xaraaiibiHa 6ara Oepini3; 2. Ceipaapusiabiy (KazakcTaH) TOMEHT! arbic
Oeutirineri aypUIIapyallblIbIK JKOHE OHEpKacil KbI3MeTiH 3eprrey. byn 3eprreyne 6i3 ChIplapUsHBIH TOMEHTI arbIC
Oeutirinzeri Cy camachlHbIH arbIMarsl sxaraaibin Cy canacklHbslH nHAekcl (WQI) apudmerukansik oJ1ici apKblUIbl Oaranay/ipl
Makcar eTTiK. 3epTTey MeTaJul )aHe MeTajlul eMec XUMUSIIBIK Kypamnacrapabl, PH, TDS, 6acka MuHepangap jkoHe MeCTULHI-
TepIiH KaJIIBIKTapbIH KOCa alFaH/a, CyIbIH JIaCTaHybIHA OHEPKICINTIK KOHE ayBUIIIApyalIbUIBIK KBI3METIHIH 9CepiHe epeKIe
Hazap ayzaapansl. by 3epTTeyniH MaHBI3ABUIBIFEI CY CATTACHIHBIH KIIACCH(UKAIIMACH MEH JIAaCTAyIIBI 3aTTapblH (6HEPKICIITIK
JKOHE ayBUIIIapyamrbUIbIK KeI3MeTi) ChIpaapusiFa BIKTHMAJ 9CEPiHiH Ka3ipri 3aMaHFbl OaranayiapbIHBIH OOoJMaybIHIA. One0H-
eTTepre IOy OHEPKACINTep MEH aybUINIapyallbUIBIK KbI3METiHe OaiJIaHBICTBl ©3CHHIH JIACTaHYBIHBIH JKOFapbl JACHIeHiH
KepceTeli. AFBICTBIH )KOFapFbl KaFbIHAAFBI CJIep JIe, TOMEHI1 aFbICTaFbl eJep JA¢ JacTaHyFa YJIeC KOCalbl, JXOFAapBbLIaFhl eil-
Jep HEeCTULMATEPAl KOCAIbl, ajl TOMEHII arbIHJIArbl eJIep OHEPKACINTIK OpEeKeTTep apKbLIbl CYABI JIaCTaWAbl. 3epTrey aii-
MaKTarbl CyJIbIH JIACTAHYbl MEH CY CallaChbIHBIH KOPCETKIIITepi OOMBIHIIA 0ap 3epTTeysepAeH Kaitanama qepeKTepl )KHHaY bl
KaMTUABl. ONICTEME CyIbIH CanachlH KOPCETETiH jKaJlbl MHAEKC HeMipiH Oeperin CanmaianraH apu()METHKAIBIK HHACKC
onmicin maimananein WQI ecenteyni kamtuabl. by 3eprrey Chipaapust e3eHi OaccelHIHACT CYIbIH JTACTAHYBIH TYCIHY JKOHE
0ackapy YIIiH MaHBI3IbL.

Heeizei co30ep: cy canacwin 6azanay, WQI, cy canaculibiy UHOEKCI, apupMemukaivik 20ic, Memanioblk HcaHe MEemaill emec
XUMUSLTBIK KOCBLIBICIAP, CYObIH JACMAHYbL, Nauatbl Ka36aniapobly KOHYEHMpayusacyl, ¢y canacyl UHOEKCiHiK bacvim Kopcem-
Kiwi.

O1eHKa COCTOSIHUS Ka4eCcTBA BOAbI B OTOKe ChIpaapbu ¢
HCNO0JIb30BaHNEeM apu(pMeTHIECKOT0 MEeTO1a HHIEKCA Ka4eCTBA BOAbI

®.Canexu?", M.JI. Kycaunosa®

Kasaxckuil nayuonansHuiil azpaphulil ucciedosamenvekuil yuusepcumen, Aimamst, Kaszaxcman
2Herat University, I'epam, Ageanucman

*Aemop onsn koppecnondenyuu: fahimehsalehil219@gmail.com

AnHotanusi. OCHOBHOW LENBI0 JTAaHHOTO HCCICIOBAHMS SIBISICTCS OICHKA BO3JICHCTBHS MPOMBINUICHHON (XHMHYCCKHE
KOMIIOHECHTBI) U CEIIbCKOXO3SHCTBEHHON (OCTAaTKM MECTHIHIOB) AesTebHocTH Ha Chipaapbio. JJaHHOe MccienoBanue npecie-
JIyeT cieayrouie KOHKpeTHble nenu: 1. OueHuTh TeKyllee cCocTosiHue kauecTBa Boabl Cripaaphu; 2. 3yueHne ceabCKOX03sii-
CTBEHHOW W MPOMBIIUICHHOH NesTenbHOCTH B HIDkKHeM TeueHnn Cripaapen (Kazaxcran). B manHOM MccienoBaHWN MBI CTpe-
MWJIACH OICHHUTH TEKYyIee COCTOSHHE KadecTBa BOJABI B HIDKHeM TeueHHH CHIpAapbH, UCIONB3YS apu(pMETHIEeCKUH MEeTO[
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nHaekca kadectBa Boabl (MIKB). B uccienoBannm oco60e BHUMaHUE YISISIETCS BIUSHUIO MIPOMBIIIJICHHONR M CEITbCKOXO03STi-
CTBEHHOW JEATEIHHOCTH Ha 3arPsS3HEHHE BOJBI, BKIIIOYAs METALUTMYECKUE I HEMETAJUINIECKHE XUMUIecKre KOMIIOHeHThI, PH,
TDS, apyrue MuHepaibl U OCTaTKH MECTULUAOB. BaXXHOCTH 3TOr0 MCCIIEJOBaHUS 3aKII0YAETCA B OTCYTCTBUM COBPEMEHHBIX
OIICHOK KJIACCH(HMKAIMU KAYeCTBA BOJABI M MOTEHIMATBHOTO BO3JEHCTBUS 3arps3HAIONIMX BEHICCTB (TIPOMBIIUICHHAS H CEllb-
CKOXO3sficTBEHHAasl NesaTenbHOCTh) Ha Chipmapblo. B 0030pe uTeparyphl MOTYCPKUBACTCS BBICOKUN YPOBCHB 3arpsi3HCHUS
peKH B pe3yabTaTe MPOMBIIIICHHON U CEIbCKOXO03IUCTBEHHOU AesTenbHOCTH. CTpaHbl BEPXHETr0 U HIXKHErO TEUYEHHUS BHOCST
CBO BKIIaJ] B 3arpsI3HCHUE: CTPaHBI BEPXHETO TCUCHHUS JOOABISIOT TIECTUIIMIBI, @ CTPAHBI HIDKHETO TEUCHUS 3arPs3HSIOT BOIY
B pe3yJIbTaTe MPOMBIILICHHON AeaTenbHOCTH. VccnenoBanue OyaeT BKIIOYATh COOP BTOPUYHBIX AHHBIX M3 CYIIECTBYIOIIMX
HCCIIEIOBAaHHH I10 3arpsi3HEHUIO BOJBI U MTOKA3aTelsIM KadecTBa BOAKI B pernoHe. Meroanka BkiodaeT pacaeT WQI ¢ ncnons-
30BaHMEM METO/Ia B3BEIICHHOTO apu(METHICCKOTO MHICKCA, KOTOPHIA JaeT o0IIee YMUCIIO WHACKCOB, OTPaKalolIee KadecTBO
BOJIBL. DTO HCCIIEIOBAHNE BKHO U IOHUMAHWS M YIIPaBICHUS 3arps3HeHNEM BObI B Oacceiine peku CrIprapbs.

Knroueswie cnosa: oyenxa kavecmsa 600vt, WQI, unoexc kavecmsa 800vl, apugpmemuueckuti Memoo, XumuyecKue coeou-
HeHuUsl, 3a2psA3HeHUe 800bl, KOHYESHMPAYUsi MUHePAlo8, UHOeKCa Kayecmad 800bl.
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