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NCCIIEJOBAHUE COPBIINU 30J10TA
AKTUBUPOBAHHDBIM YIUIEM ¥
B IIPUCYTCTBUU METAJIJIOB ITIPUMECEN

Annoranus. Llenbio HacTosimiel paboThl SBISIETCS MCCIENOBAHIE COPOLMOHHBIX CBOWCTB COPOCHTOB, MOJY4YEHHBIX Ha OCHOBE akTUBHpoBaHHOTO yris (NoritRO,
AKBACOPB) 1 myHrura. DKCHepUMEHTHI 10 OMPEISICHUI0 ONTHMAIBHOTO COPOSHTA IPOBOIMIMCH C IUAHUCTBIM PAacTBOPOM cocTaBa, Mr/i: Au — 11,66; Ag —2,16; Fe —
0,68; Cu — 8,45, Zn — 8,12. YcraHOBIIEHO, YTO NMpH cOpOIMHK 30510Ta ¢ Hcnoab3oBaHueM copoenToB NoritRO, AKBACOPB u copOeHTa Ha OCHOBE IIYHIUTa, HAHOOIBIINM
3HaYEHHEM eMKocTu o0nagaer noHuT Mapku NoritRO. OnrumanbHeivM 3HaueHreM pH cpenpt 1us ussnedenus 3omora ¢ NoritRO 1 AKBACOPB sBuincs 10, nist copbenTa
Ha ocHoBe mryHruta pH = 6. [Ipu npoBenennn copOLuK 30J0Ta U3 MHOTOKOMITOHEHTHOTO pactBopa ¢ NoritRO Habmogaercst coussieueHne npumeceit meramios. [lpu
copOIMK 30J10Ta U3 PeaJbHOTO [IMAHUCTOTO POIYKTHBHOIO pactBopa ¢ copbenToM NoritRO B 6 craauii crerneHb U3BIeUeHHUs 3010Ta focTuraet 96-99 %.

Knrouesvie cnosa: 3010mo, c60600H0€ 3010m0, YUAHUOHOE BblUeIaUUEAHUE, COPOEHM, AKMUBUPOBAHHDBIU Y2Oib, uzsieyenue, pH, npumecu memannos.

MeTajaaapabiH KocnajJapiblH KaTbICybIMeH OesIceHIipiiireH KoMipMeH aJIThIHHBIH COPOIUSICHIH 3epTTey

Anpmarna. byn sxymbicTeiH Makcatbl Oencenaipinred kemip (NoritRO, AKBACOPB) oHe LIyHIUT Heri3iHle ajblHFaH COPOCHTTEpPAIH COPOLMSIIBIK KaCHETTepiH
3eprrey 60sabl. OHTaiIBl COPOCHTTI aHbIKTay OOWBIHINA YKCIEPHMEHTTEP KYPaMHBIH LMAHHU] epiTiHAiciMeH xKyprisinai, mr/m: Au — 11,66; Ag — 2,16; Fe — 0,68; Cu —
8,45, Zn — 8,12. Noritro copoenrrepin, AKBACOPBTBI oHe LyHrHT Heri3iHAeri COpOeHTTi KOlAaHa OTBIPBII, alThIHAbI cOpOLMsIay Ke3inae Noritro MapKaibl HOHHT
CBIMBIM/IBIIBIKTBIH €H YIKEeH MOHIHE ue ekeHJiri anbikramisl. Noritro skone AKBACOPE 6ap antbinasl any ymid opranbsiH oHTaiiisl pH moni 10, miyHruT Herisingeri
copbent yurin pH = 6 60ip1. NoritRO copOeHTiMeH HaKThI MaHU/TI OHIMJI epiTiHAIASH aNThIH/bI 6 caThlia cOpOLMsIAY Ke3iH/Ie anThIH/IbI aiTy Jopexeci 96-99% xeteni.

Tyitinoi coszdep: armoin, 60C anmvit, YuaHuOmi waumaiay, copbenm, 6eicendipineen komip, sxkcmpaxyus, PH, memann Kocnanapbl.

Investigation of gold sorption by activated carbon in the presence of impurity metals

Abstract. The purpose of this work was to study the sorption properties of sorbents obtained on the basis of activated carbon (NoritRO, AQUASORB) and shungite.
Experiments to determine the optimal sorbent were carried out with a cyanide solution of the composition, mg/l: Au — 11.66; Ag —2.16; Fe —0.68; Cu —8.45, Zn — 8.12. 1t
was found that when gold is sorbed using NoritRO sorbents, AQUASORB and a sorbent based on shungite, the ionite of the NoritRO brand has the highest capacity value.
The optimal pH value of the medium for extracting gold from NoritRO and AQUASORB was 10, for a sorbent based on shungite, pH = 6.When gold is sorbed from a real

cyanide productive solution with NoritRO sorbent in 6 stages, the degree of gold extraction reaches 96-99%.
Key words: gold, free gold, cyanide leaching, sorbent, activated carbon, extraction, pH, metal impurities.

Beenenne

301010 OMarofapsi yHUKaJIbHBIM CBOMCTBAM HaXOAUT IIH-
pOKOe IpPUMEHEHHE B D3JIEKTPOHHON TEXHMKE, IOBEIHMPHOM
MIPOMU3BOJICTBE, MEAWIMHE, HAHOTEXHOJIOTHAX M T.J., KPOME
9TOTO, €TO AKTUBHO NPHUMEHSIOT KaK aKTHB BO BCEX CTpaHax
MHpa.

B Hacrosiee Bpemsi ¢ OypHBIM pa3BHTHEM SIIEKTPOHHOMN
MIPOMBIIIIEHHOCTH, HAHOTEXHOJIOTUI U MHUPOBOH HECTAOMIIb-
HOCTBIO PE3K0O BO3POC CIIPOC Ha 301070 [1].

Kazaxcran oOmagaer KpyIHBIMH 3amacaMy 30J10Ta, IO
maaaeiM World Gold Council, sa 1 urons 2022 roga 3amachl
3omota B Kaszaxcrane cocrasmanu 373,4 1. [IpumepHo 60%
3010Ta B CTPAaHE COCPEAOTOUYEHO B MEPBUYHBIX MECTOPOXKIIE-
HusX 1 38% 30710Ta — B MOTMMETAIUTHYECKUX pynax. OmHako,
MHOTH€ Ka3aXCTaHCKHE MECTOPOXKICHNSI OTHOCATCS K OSTHBIM
YIOPHBIM 30JI0TOCOAEPKAIIMM MECTOPOXKICHUSAM C HU3KUMHU
coziepKaHusIMHU 30110Ta. JIist mopep kanust o0beMa IMPOU3BOA-
CTBa 30JI10Ta B MIPOIIECC BCE Yallle BOBIECKAETCS HU3KOCOPTHOE
30J10TOCOZIEpIKallee ChIphbe. VI3BIeueHne 3010Ta U3 TakuX pysa
MIPOM3BOIUTCS, IIABHBIM 00pa3oM, C HCIIOIb30BAaHHUEM IIPO-
1[ecca IMaHUPOBAHMS C OJHOBPEMEHHBIM H/MIHM MOCIEAYIO-
IIUM CEJIEKTHBHBIM pa)MHUPOBAHUEM U KOHIICHTPUPOBAHUEM
30JI0Ta MPOIIECCOM HOHHOTO oOMeHa (copbommeit) [2, 3]. Anb-
TEPHATUBHBIMU PEAreHTaMM BbINIEIAINBAHNS SIBISIFOTCS] THO-
MOYEBHHA, THOCYIb(AT, TAIOTEHUTHBIE PACTBOPEI U 1Ip. [4, 5].

[Ipn BBIIIETaYNBAHUE 30JI0TOCOMAEPIKAIIETO KOHIIEHTpAaTa
LUAHUIHBIM PACTBOPOM IPOTEKAIOT CIAEAYIOIINE XUMHUECKHIE
peaKnny, U3BECTHBIE KaK ypaBHEHHs DIIbCHEpA!

24u +4CN - + 2H20 + 02 — 2[Au(CN)2] —
+20N -+ H202 (1)

24u + 4CN — + 2H202 — 2[Au(CN)2] — + 20H — (2)

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025

[Ipyn B3auMOnIEWCTBUM C LMAHUIHBIM PACTBOPOM 30JI0TO
OKHCIISIETCSI KHCJIIOPOIOM BO3JyXa M 00pa3yeT KOMILIEKCHBIN
aHuoH [Au (CN),] co cTeneHblo okuciaeHus +1.

HoBbIMU pa3HOBHAHOCTSIMM LIMAHWIHOTO HpOLEcca SIBIISI-
I0TCSI CIIOCOO M3BJICUYEHHS 30JI0Ta HEMOCPEICTBEHHO M3 LHa-
HUCTBIX PYAHBIX ITYJIBI C UCIIOJB30BAHUEM CIICLUAIBHO pa3-
paboTaHHBIX HOHUTOB. HackIIEHHBII 30J10TOM COPOEHT 3aTeM
OT/ZICJISIIOT OT IIYJIBIIBI U IIEPEepadaThIBAIOT B OTAEIBHOM LIUKIIE
C IOJIy4YEeHHEM 30JI0TOCOEpIKaIlero Npoaykra. B 3aBucumo-
CTH OT Xapakrepa nepepadarbiBaeMoil pyabl copOIHs 3010Ta
U3 MyJBI OCYIIECTBISIETCS ABYMsI METOJIaMHU — IOCJE MPEe-
BapUTEJIBHOTO BBIIIEIAYMBAHNS («COPOCHT B MYIBIIE» WA
sorbent-in pulp, CIP) wiu oqHOBpeMeHHast COPOIHSI C BhIIIe-
JIaYMBaHUEM PY/Ibl («COPOSHT — B BBILIEIaYMBAHUIY, sorbent-
in leach, CIL). [Ipu Ky4HOM IIHAHWCTOM BBIIICIAYUBAHUH,
JITAaHHBIN METOJI Ha3bIBAIOT «COPOCHT B pacTBOpax», sorbent-in-
solution, CIS). Ha npeanpusaTHsIX 4acTO HCIOIB3YIOT /Ba Ba-
puanTa copboumu: «myiabnoBoi» (CIP, CIL) u «pacTBOpHBIN
(CIS) [6, 7, 8].

JIJIsl CeTIEKTUBHOTO M3BJICUSHHUS 30JI0Ta M3 PACTBOPOB BbI-
IIETaYUBaHUsl TIPUMEHSIOTCS IPOLECChl HMOHHOTO OOMeEHa,
JKMJIKOCTHASI 9KCTPAKIINS, OCAXKICHUE [IMHKOM H T.JI.

Cpenu BceX 3(D(QEKTHBHBIM M IIHPOKO HCIIOIH3YEMbIM
MIPOIIECCOM CEJIEKTHBHOIO U3BJICYCHUS 30J10Ta U3 PACTBOPOB
SIBIISIETCS COPOIMSI 30JI0Ta aKTUBUPOBAHHBIM YIVIEM. AKTH-
BUPOBAHHBIM yrojib MOJXYYalOT M3 Pa3IMYHBIX YIIEPOACO-
JiepKaliX IPEeKypcopoB (M3 IPEBECHUHBI, PA3IHYHBIX yIIIEH,
KOCTHBIX OCTaTKOB JKUBOTHBIX, CKOPJIYIIbI KOKOCOBOTO Opexa
W T.J.) KapOOHHM3aIMel NpU BBICOKOH Temieparype (B WH-
tepBanie Temneparypbl 800-900 °C) ¢ mocneayromnei akTu-
BalMell XMMUYECKHM CIIOCOOOM HIIM 00pabOTKOM BOASHBIM
napoM. [Ipu sTomM (opmMupyercsi BBICOKOIOPUCTAs IPOYHAs
CTPYKTypa, KOTOpast 00ECIEeYnBaET €ro BHICOKHE COPOIMOH-
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HBIE CBOMCTBA, B 32aBUCMOCTH OT TEMIIEPATypHOI0 peKHUMa
00paboTku. OOpa3oBaHHE pPa3IMYHBIX (DYHKIIMOHAIBHBIX
IPYII IO3BOJSIET YIVIIO MPOSIBISATH aHUOHO- M KaTHOHOO-
OmenHble cBoiicTBa [9, 10, 11]. [Ipn Hanuyum npuMecen B
pacTBOpe BBILIECIAYMBAHNUS, COIEPIKAIIUX PA3IMIHBIC AaKTHUB-
HbIe MOHBI, Y(Q(PEKTUBHOCTD MpoLEecca COPOLUU aKTUBUPO-
BaHHBIM YIJIEM MOKET 3HAYMTEIbHO CHU3HUTHCS, YTO, B CBOIO
o4epesib, MOXKET CYIIECTBEHHO IOHHU3UTH MPOU3BOJUTEIb-
HOCTB Bcero npeanpustusi. [1oaToMy Ha KaXXJ0M NpEANpHsi-
THH 30JI0TA aKTyaJIbHOU MPOOJIEMOH SBISIETCS HCCIIEJOBaHUE
COpOLIMOHHBIX CBOWCTB COPOEHTOB, & TAKIKE BIUSHUE IIPUME-
Cel Ha U3BJICUYECHUE 30J10Ta.

Llenpro HACTOSIIIETO MCCIIEIOBAHMS SIBISIETCS HCCIIEI0Ba-
HUE COpOIMH 30JI0Ta ¥ IPUMECEH aKTUBUPOBAHHBIM YIJIEM U3
PacTBOPOB BhINIEIAYNBAHNS MECTOPOXKICHNsT AKOaKai.

Marepuajibl 1 METOIUKA

OOBEKTOM HCCIICIOBAHUS SIBIISIOTCS MPOAYKTHBHBIN pac-
TBOD, l'[OJ'ly'-{CHHbeI BbIIICIAYMBAHUEM 30JI0TOCOACPIKAIIUX
npod MecTtopoxiaeHus: AkOakaii U COPOEHThI Ha OCHOBE
aKTUBHUpOBaHHOTO yriusi Mapok NoritRO, momydenHbie u3
KOKOoca, AKBacopO M aKTUBHPOBAaHHBIM YroJib Ha OCHOBE
LIYHTHUTA.

ATOMHO-OMUCCHUOHHEIN aHAIN3 MMPOBOAUJICA C IPUMCHEHU-
€M CIIEKTPOMETpa C MH/IyKTUBHO-CBSI3aHHOM T1a3moii Optima
5100 DV, Perkin Elmer, pentrenha3oBbiii aHaIu3 — 3J1€KTPOH-
HO-30HJIOBBIM MHKPOAHAJIM3aTOPOM Mapku Superprobe 733
¢upmbr JEOL, SInonusi, peHTreH(1yopecieHTHbI aHaau3 —
HHEProUCIIEPCUOHHOM  PEHTTEeHO(IYOPECIIEHTHOM  CIEK-
tpomerpe X-Calibur SDD LE Xenemetrix. Conepxanue Me-
TaJUIOB B PAaCTBOPE ONPEIEATIOCh aTOMHO-a0COPOLUOHHBIM
crekTpoMeTpoM SavantAA ¢ IulaMeHHBIM aroMu3aTopomM, pH
PacTBOPOB — C MOMOLIBIO JIaOOpaTopHOro noHomepa «pH-150
M» co cTaHIapTHBIMH DJIEKTPOJIAMH.

Memoouka copoyuu 6 cmamuueckom pexcume

CopOuuto 30510Ta OCYIIECTBISUIM [0 METOJMKE: HMOHUT C
Maccoil 1 r nepememuBany ¢ 500 M1 IPOJYKTUBHOTO PacTBO-
pa, IPOJIOJIKUTENLHOCTh COCTaBHIIA CYTKH, T.€. 24 uaca. [locine
WCTEUEHHs] BpEMEHH COPOLIMKM MOHKUTA OTIEIISUIN OT pacTBOpa
W ero 3aJIMBaJI HOBOH MOPIMEH MCXOIHOTO IMAHUIHOTO pac-
TBOpA U B TeUeHHE 24 4yacoB MPOJOIDKAIN TIePEMEIINBATh.

HVccnenoBanus BIMsSHUS NPUMECE METAIUIOB Ha U3BIICUE-
HUE 30JI0Ta IPOBOAMWINCH B 6 1HKiIax. [locie kaxoro nukia
HACBIIICHUS] COPOCHTa METAJIIOM PACTBOP OBLI MPOAHAIN3U-
pOBaH Ha COZAEP)KAHUE 30JI0Ta U METAJIOB-IIPUMECEH MEeTO-
JTaMH XMMHUYESCKOTO aHAJIM3a U aTOMHO-a0COPOIIMOHHOMN CIIeK-
TPOMETpHE.

B craruueckux YCIOBUAX O6MeHHaﬂ €MKOCThb Bbl6paHH])IX
COpPOEHTOB OIPEeIsIACh 110 (hopMyJIe:

Cucx_cpaBH v
E(COE), % = === —, (D
CPICX m
rae C,.. — UCXOHast KOHIIEHTPAIMs METalla B pacTBoOpe, Mr/
M MM MMOJIB/IM?;
C,. — PABHOBECHAs KOHIIEHTPAIMs METaja B PacTBOPE,
MTI/IAM® WIIA MMOJIB/IM;
m — Macca copOeHTa, T;

V — oGbem pactBopa, am>.

Pe3yabTaThl 0 THCKYCCHS

OH3MKO-XUMUYECKUMH  HCCIIEJOBAaHUSIMH IPOO MECTO-
poxaeHusi AkOakail yCTaHOBJIGHO, YTO COAEPKaHUE 30J10Ta B
pyze cocrapisieT 3,73 r/T. OCHOBHBIMH KOMIIOHEHTaMH PYJIbI
ABISIIOTCA  KpeMHeseM 64,7%; tmHozem 14,00%; oxcumbl
Kanbus 5,73%, maraus 5,61%, xanus 3,41%, natpus 2,93%.
Pynoo0pasyronmu (azamu sSBISIOTCSI TUPHUT, APCEHOITUPUT.

VccnenoBanus o copOIuK MPOBOAMIIUCH C POAYKTHBHbI-
MU pacTBOPaMH, IOJy4YE€HHBIMH BBIIIEIa4MBaHUEM ITPOO 30J10-
TOCOJIEPIKAILET0 MECTOPOXKICHHSI C COIEPYKAHUEM OCHOBHBIX
KOMIIOHEHTOB, Mr/1: Au — 11,66; Ag —2,16; Fe — 0,68; Cu —
8,45, Zn — 8,12, nmanun Harpus — 811; pH 10,18.

DH3MKO-XUMUYECKUMH UCCIIEJOBAHUSIMH YCTaHOBIICH CJIe-
JYIOIINI XMMUYECKUI cocTaB pyabl (Tadmuna 1).

Tabnuya 1
Xumuueckuii cocmae pyovt mecmopodxcoenusn Axoaxaii
Kecme 1
Kenoepoin xumuanvlx Kypamol AKGaxai Ken opHbl
Table 1
Chemical composition of the ore Akbakay deposit

Jnemenr, MaccoBasi Jement, MaccoBasi
KOMIIOHEHT 0731 B KOMIIOHEHT A0/ B
npooe, % npooe, %
Si0, 68,70 Zn 0,00445
AL, 13,70 Cu 0,0054
CaO 5,38 As 0,241
MgO 2,47 Sbh <0,005
MnO 0,0071 Ba 0,036
P,0; 0,18 Bi <0,005
K20 3,68 Cd <0,0002
Na,0 2,21 Cr 0,0096
Tio, 0,73 Co 0,0012
Coom 0,9 Mo <0,0005
co, 2,71 Ni <0,005
Fe,, 3,06 Sr 0,015
Feyen 2,55 Sn <0,005
Feyg 0,51 4 <0,01
S o 0,5 Hg <0,003
S eymnpar <0,25 Au, T/T 5,73
Pb 0,0044 Ag, T/t 1,22

Pe3ynbrarhl XUMHYECKOTO aHAH3a MOKA3bIBAKOT, 4TO pyaa
Ha 94,27% coctout u3 JIMTOGWIBHBIX MUHEepasioB. Coepixa-
HUe OJIarOpOJHBIX METAJUIOB 30JI0TAa U cepedpa COCTaBIISIOT
5,73 u 1,22 r/t coorBercTBeHHO. COMEpKAHUE MBIIIbSIKA —
0,241.

PeHTreHandpakiimoHHBIM METOIOM aHAIN3a yCTAHOBJICHO
(Tabamua 2), 4TO OCHOBHBIMM PYAHBIMHU (ha3aMu SIBISIFOTCS
[TUPUT, aPCEHONMUPHUT U JIMMOHHUTHI, a TIOPOJ000Pa3yOIIUMH
MHHEpaJIaMHi ABJIAIOTCSA KPEMHE3EM, IIOJIEBLIC IHINAThI, KaJlb-
LIUT, MYCKOBHT, XJIOPUTHI U JIp. JKene3o B OKHCIEHHOH (opme
npeodnanaer Haj cynbhunHoN Gopmoii. B pyne takxke npu-
CYTCTBYIOT aKIICCCOPHBLIC MUHECPAJIbl TUTAHA TUIIA allaTUT.
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Tabnuua 2
Munepanwvhutit cocmas npoé pyosvt mecmopoxcoenusn Akoaxai
Kecme 2
AKobaxaii KeH OpHBIHbIH PYOd CHIHAMAIAPLIHBIY MUHEPATLObL KYPAMbL
Table 2

Mineral composition of ore samples from the Akbakai deposit

Munepail, rpynna MUHEpAIOB Maccosast nons, % Musepail, rpymnna MUHEPAJIOB Maccosas nons, %
[TopomooOpasyromiye MUHEpabl Pynoo6pazyromnire MuHepabl
Ksapn 44,0 [Mupur 0,8
IToneBble mnarel 30,5 ApceHonupuT 0,5
Kampiut 6,1 Oxcunpl/runpokcusisl Fe 0,9
MyckoBUT 9,0 Axueccopubie (Munepais! Ti, araTuT) 1,5
Xnoput 6,7 HUroro: 100

B pyne B COTBIX U THICSYHBIX JOJAX MPHUCYTCTBYIOT OKHC-
JICHHBIE U CYIb(GUIHBIC MU, IUHK. [1071€3HPIM KOMIOHEHTOM
B IIpo0e pyabl MECTOPOKACHUS AKOaKall SBISETCS 30JI0TO.

W3BecTHO, YTO /IS BBIIETAYNBAHUS 30JI0TA U3 TAKOTO BHIA
CeIpbsl d(H(HEKTHBHO MPUMEHITh TPAaBUTAIMOHHOE oborare-
HHUE C TOCIEAYIONMM IPOIECCOM IIMAaHUIHOTO BBIIETAYNBa-
HUSL.

Jis M3BNEYEHNS 30710Ta U3 MPOAYKTUBHBIX PACTBOPOB, IO-
JyYSHHBIX BBIIIENauuBaHuEeM, 3()(HEKTHBHO MPUMEHSTH COpO-
[UIO C aKTUBHPOBAHHBIMH YIJISIMH, BEIOOP KOTOPOH SBIAETCS
BXHOU MPOOJIEMOM Ha Ka)KIOM MECTOPOXKICHUHN 30JI0TA.

Jlnst BBIOOpa 3(h(PEeKTHBHOTO MOHUTA TIPOBEACHBI SKCIIEPH-
MEHTHI 110 COPOLIMHU W3 MOAETHHBIX PACTBOPOB C aKTHBHPO-
BaHHBIMH yrsiMu NoritRO, AxBacop0 u copbeHTa Ha OCHOBE
ITYHTHUTA.

H3BiieueHre METaIIoB COPOIHEH TPOBOIMUIOCH U3 MOJICITh-
HOTO pacTBOpa ITMaHWIa HATPUS C COAEp)KaHUuEM MT/I: Au —
11,66; Ag — 22,16; Fe — 0,68; Cu — 8,45, Zn — 8,12, unanung
Hatpus — 811; pH 10,18. TIpu copOIMM MHAHUCTHIX KOMITIEK-
COB METAJUIOB M3 PAaCTBOPOB MOHUTAMH W/WIA aKTHBHPOBAH-
HBIMHU YIJISIMH TIPOTEKAIOT PEaKI[Ni aHHOHHOTO 0OMeHa, KOTO-
PBI€ OMHUCHIBAIOTCS HIDKECIEAYIOMUMHI YPABHEHUSIMHU:

R - OH + [Au(CN)2] - - R— Au(CN)2 + OH—  (3)
2R - OH + [Cu(CN)4]2 — — R2 — Cu(CN)4 + 20H — (4)
2R - OH + [Zn(CN)4]2 — — R2 — Zn(CN)4 + 20H — (5)

4R — OH + [Fe(CN)6]4 — — R4 — Fe(CN)6 + 40H — (6)

IIpu copbmmy MeTayuIoB HEOOXOAMMO Y4YEeCTh YCTOHYH-
BOCTb [JHAHHUCTBHIX KOMIUIEKCOB LIEJICBBIX METAJIOB U METaJl-
JIOB IpHMecel, COpasMepHOCTh MOHHBIX PAINYCOB AaHHOHOB
U 1I0p copOeHTa, B3aNMOACHCTBHE MEX Y LUAHUCTHIMU KOM-
IUICKCAMU METAJUIOB ¢ ()YHKIMOHAIEHBIMU IPYIIIAMHU COPOCH-
TOB, SHEPTHUIO MPUTSHKEHUS MKy HOHAMHU U T.1. B 3aBrcHMO-
CTH OT TaKUX (haKTOPOB OIpeeIsIeTCs KOHEYHOS KOTHIECTBO
COpOMPOBAaHHBIX HOHOB B AHMOHUTE W/HJIM B AKTHBUPOBAHHOM
yrie.

B pesynbrare mpoBeneHUs] SKCIIEPUMEHTOB [0 COPOLUH B
CTaTUYECKOM DPEXUME OIIPEACNICHBl CTaTHYecKash OOMEHHas
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E€MKOCTh COPOCHTOB-aKTUBHPOBAHHBIX yIiierd Mapok NoritRO,
akBacop0 u copbeHTa Ha OCHOBE mIyHrHTa. [lomydeHHbIe pe-
3yIBTaTHl PUBEICHBI B TaOIHIIE 3.

Tabnuua 3
Pezynomamut copoyuu 3010ma ¢ Cmamu4eckom pejpcume
Kecme 3
CmamuKanvlx pexrcumoe anmoii cOpOYUACHIHBLY,
Hamuicenepi
Table 3
Results of gold sorption in static mode
CopOeHThI COE, mr/t
AxTHBHpOBaHHBIH yroibs NoritRO 0,88
AxBacopb 0,63
AKTUBUPOBAHHBIA yroJib HA OCHOBE 0,32
mryaruta (CI)

W3 nonyyueHHbIX JAaHHBIX BUIHO, YTO CaMbIM HaHOOJIBIINM
s3HageHueM COE ob6namaer akTUBHUPOBAHHBIA YTONb MapKd
NoritRO, 3atem mocnenyeT aKTHBHPOBAHHBIA yroib AKBa-
cop6. Hamxynmme pesynasrarsl mo COE moxaszam akTHBHPO-
BaHHBI Yrojib Ha OCHOBE LIYHTHTa: €r0 3HAYCHHE MOYTH B
2,75 pa3a HIKe, yeM y copoerTa NoritRO, u B HECKOIBKO pa3
HIDKE, 4eM y AKBacopba.

Jlanee ObUIM HMCCIIEIOBAHBI BIUSIHUE MPOIODKUTEILHOCTH
npotiecca copbuun U 3Hauenus: pH Ha u3BIEYeHHE 30I10Ta C
copbentamu NoritRO, Axsacop6 u CIII. Pesynsratsr mpuse-
JleHbl Ha puc. | u 2.

Wzyuenne copOIMOHHON aKTUBHOCTH COPOEHTOB OT MpO-
JIOJDKUTEILHOCTH Tpoliecca copomuu nmokazanu (puc. 1), 91o
CTaTHCTHYECKass OOMEHHAsi €MKOCTh aKTHBHPOBAHHOTO YIJIs
Mapku NoritRO mo cpaBHEHHIO COpOSHTOM Mapku AKBacopO
Obina BeImre. [ToHOE HACBIIIEHHE COPOCHTa MOHAMU 30JI0Ta
B konmmdectBe 99% mis copOentra NoritRO pocturaercs 3a
120 MuHYT, TOTAAa Kak COpOEHT AKBacopd 3a 3TO BpeMs aJco-
poupyet Bcero 85% 3010Ta. AKTHBHPOBAHHBIN YTOJIb HA OC-
HOBE IIIYHTUTa YCTYIAeT MO CTaTHYeCKOW 0OOMEHHOH eMKOCTH
BBIIICHA3BAHHBIM COPOEHTaM MoYTH B 2 pa3za u 3a 60 MUHYT
COpOIIMOHHOE M3BIICUCHHE 30JI0Ta cocTaBmuio 51%, a 3a 160
MHHYT Bcero 52%.
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Puc. 1. KuHeTH4YecKHe KpUBbIe N3BJI€YeHHs 30JI0TA U3
NHAHUIHBIX PACTBOPOB Pa3JIMYHBIMH COPOEHTAMH.
Cyper 1. Op TypJi copéeHTTEepMeH IMAHUATI
epiTiHaijiepaeH aaThIHABI 061N aJTyIbIH KHHETHKAIBIK
KHCBIKTAapBhI.

Figure 1. Kinetic curves of gold extraction from cyanide
solutions by various sorbents.

Pesynbrarel mccnenoBanus BausiHuA pH Ha moxasarenn
nporecca copbuuu copdenTamu NoritRO, AxBacop6 u CIII
moka3anu (puc. 2), uro copoerTsl NoritRO m AxBacop0 xo-
POIIO M3BJIEKAIOT 30JI0TO IPH BCexX 3HadeHus pH pactBopa.
MaxkcuMaabHOE 3HAYCHHE CTETICHN M3BICYCHUS JOCTUTACT-
cst mpu pH paBaom 10 m cocrasmstor 100 u 85% coorset-
ctBenHo. C yBemmuennem pH ot 10 mo 14 mokasarenm co-
poumm AxBacop0d um NoritRO cHmkatorcs u coctaBimsror 90
n 70% coorBeTcTBeHHO. M3MeHenne pH cuiibHO BimseT Ha
COpOLMOHHBIE CBOWCTBA aKTMBMPOBAHHOTO YIVISI HA OCHOBE
IIYHTUTa — €T0 COPOIIMOHHBIE CBOWCTBA YIYUINAIOTCS IMPU
CHJIPHOKHCIIOTHOW oOmactw, mpu pH 2 m3BIedeHHe 30110Ta
coctaBmino 64%, 3areM ¢ moBeImeHneM pH ot 2 1o 6 moka-
3aTesl cOpOIMM Pe3Ko MaaloT, T.e. B cpene ¢ pH, paBHOM 6,
copOnus 30J0Ta U3 PAacTBOpA MPAKTUYECKH HE MAET. Jlanb-
Helmee nosbimenue pH pactBopa or 6 1o 14 mpuBoauT K
YIAYHIICHUIO COPOLMOHHBIX CBOWCTB M CTETICHb M3BJICUCHHS
3omoTa yBenmanBaercs ¢ 0 1o 52%.

Ha ocHoOBe MONyYeHHBIX PE3yNIbTaTOB HKCIIEPUMEHTOB MO
M3YYCHUIO BIVSIHUS PA3IMYHBIX MApaMEeTpPOB VIS AajbHEH-
IIAX UCCIIEAOBAHUM B Ka4€CTBE ONTHMAJIBLHOTO COpPOCHTa 30-
sota ObwT BEIOpaH copOeHT NoritRO.

HccnenoBannsi BIMSHUS TIPUMECE METAJUIOB Ha M3BIIE-
yeHne 30710Ta copOeHTaMu Mapku NoritRO mpoBomwmmich ¢
UCIIONIb30BAaHNEM PACTBOPA BBIMICTIPUBEICHHOTO cocTasa. Pe-
3yJBTaTHI IPUBE/ICHBI HA Tadnue 4.

Kak 1mokasbIBaloT pe3ysbTaThl, BCE IPUMECH COPOUPYIOTCS
AKTHBHPOBAHHBIM YITIEM H3-32 €r0 BBICOKOH COPOIIMOHHON
emrocTd. OHAKO, IPU YBEJIMYEHUN TPOIOIDKUTEIBHOCTH CO-
pOIMH 110 2-X CyTOK conep kaHie NPUMECEH METaJlIOB B COp-
OeHTe CHIDKAETCs. DTO MOATBEPIKAACT BBIBOZ O TOM, YTO HOHBI
IIpUMECEl METaJIOB 3aMEIal0TCsl HOHAMM 30J10Ta M U3BJICKa-
foTcs B pactBop [11].
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Puc. 2. Biussnue pH cpeabl Ha n3BJje4eHue 30J10Ta U3
NHAHUIHBIX PACTBOPOB Pa3IMYHbIMHU COPOEHTAMH.
Cyper 2. Op TYpJii copOeHTTepMeH MAHKU/ epiTiHaiepiHeH
aJITHIH aJIyFa KopiaraH opranbin pH acepi.

Figure 2. The effect of the pH of the medium on the
extraction of gold from cyanide solutions by various
sorbents.

Tabnuua 4
Pe3ynomamut uzeneuenus Memainoe copoeHmamu Ha
0CHOGE AKMUBUPOBGAHHDIX y2llell
Kecme 4
bBencendipinzen komip necizinoezi copoenmmepmen
Memanoapovl 60in any Homudicenepi
Table 4
Results of metal extraction by sorbents based on activated
carbons

IIponomxku- M3B/eueHe METAIIOB PUMEcei, %

TeIBHOCTh
COpOLIH, MIH Au Ag Fe Cu Zn
30 752 | 66.1 | 124 | 92 75
60 90,3 | 85,2 14,8 114 9,2
90 92,1 | 88,2 | 15,6 13,2 10,1
120 96,8 | 89,3 | 16,2 15,1 12,1
150 9.7 | 904 | 187 | 132 | 97
180 97,6 | 91,5 | 26,3 10,3 5,6
1440 98,7 | 97,5 14,7 7,4 42
2880 99,5 | 98,6 | 10,2 5,1 4,0

Jlanee ObUIO M3YYEHO BIMSHUE YMCIIA CTAJUU COPOLMH Ha
COpPOIMOHHYIO crtocoOHOCTh noHKuTa NoritRO mpumeceii ce-
pebpa, Menu, *xene3a ¥ UHKA M3 IUAHUCTOrO pacTBopa. Pe-
3yJbTaTHI IPUBECHBI HUXKE Ha pHC. 3-4.

OmnpeneneHue CoJaepKaHHusi METANIOB B PACTBOPE II0-
CJIe KaXkJIOTO 3Tara CopOLMK MPOBOAMIOCH XUMHUYECKUM U
aTOMHO-a0COPOIMOHHBIM CIIEKTPOMETPUYECKUM METOJ1a-
MU aHaiu3a. Pe3ynpTaThl 9KCIIEPUMEHTOB IPUBEICHBI Ha
puc. 5-6.
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Puc. 3. 3aBucHMOCTH KOHIIEHTPALUHU cepedpa B pacTBope
OT HHKJIA COPOLUH.
Cyper 3. Epitingigeri kymic KOHIeHTPamusiCbIHbIH
copouusi HMKJIiHe TIyeJIijIiri.
Figure 3. Dependence of the silver concentration in
solution on the sorption cycle.

C(Fe),mr/a
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Puc. 5. 3aBucuMOCTh KOHIIEHTPAIUH 7KeJie3a B pacTBOpe
OT IMKJIA COPOIUH.
Cyper 5. Epitingizeri TeMip KOHIEHTPAUUACHIHBIH
copouus HUKJIiHE TIyeJIiJIiri.
Figure 5. Dependence of the concentration of iron in
solution on the sorption cycle.

Kak moka3zanu pes3yssTaTsl HallliX MCCIICIOBAHUM, BRIOpAH-
HBII aKTWBHUPOBAHHBIM YTONb XOPOIIO H3BIEKAET HAPSAY C
HMOHAMH 30JI0Ta MOHBI IIPAMECEH METaJuIoB — cepedpa, Mew,
JKeJe3a W IMHKa. B mociemyromue cTamud, T.e. HaYMHAS CO
BTOPOM CTaIH COPOITNH HAOMIONACTCSI BBITECHEHHE TIPUMECEH
METAaJUIOB M 3aMEIeHHe HOHAMH 30JI0Ta U3 CTPYKTYPHI aKTHBH-
POBAaHHOTO YIS, YTO 3aMETHO IPH ONPENeNICHHH KOHIIEHTpa-
[UH IIpuMeceld B pactBope. Cpean BCeX HOHOB MPUMECEH IUI0-
XO BBITECHSIOTCS HOHBI MEI U cepedpa, UTO IMOATBEPKIACTCS
BEIBOJIAMH TIPUBEACHHBIX HccienoBanuit [12]. Ho, mecmoTps
Ha 9TO, ACTIOJIb30BAaHHBIA B AKCIIEPUMEHTAX aKTHBHPOBAHHBIN
YTOJIb TIOKA3aJT BRICOKYFO CEIIEKTUBHOCTD K 30JI0TYy U Cepedpy.

3onoTocomepkamas pyga cocraBa (tabmmma 1) mecto-
poxneHns AxOakall TOCTyHmaeT Ha TPAaBUTAMOHHOE 000-
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n, YHC.10 CTATHH COPONHH

Puc. 4. 3aBHCHMOCTH KOHIIEHTPALMH MU B PACTBOpE OT
HHMKJIA COPOLMH.
Cyper 4. Epitinaigeri Mbic KOHIEHTPAUMACHIHBIH
copousi HMKJIiHEe TIyeJIiJIiri.
Figure 4. Dependence of the copper concentration in
solution on the sorption cycle.
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Puc. 6. 3aBHcHMOCTh KOHIIEHTPAIMY IUHKA B PACTBOPE
OT NHMKJIA COPOLHH.
Cyper 6. Epitingigeri MbIpbIlll KOHIEHTPAIMUSCbIHbIH
copOuMs NMKJIiHe TIyeaimiri.
Figure 6. Dependence of zinc concentration in solution on
the sorption cycle.

raimieHne, Irie CTENeHb oOorameHus cocTaBiasieT 53-56%.
KoHueHTpar nanee HampaBiIseTcss Ha [UAaHUIHOE BBIIIEIA-
YUBaHUE, B PE3yIbTaTe KOTOPOTO M3BIEKaeTcs oT 69,42 mo
78,33% 3omota. [Ipu mmaHuIHOM BEIIETAYNBAHUH PYI Me-
CTOpOXICHN AKOaKail MOJMydYaloT MPOIYKTHBHEIN PacTBOpP
cocraBa, mr/i: 3o01moto 500-600 mr/n, xenezo 80-90 mr/i,
menb — 0,40-0,50 mr/m, cepedpo — 100-150 mr/n. Ilpomuece
COpOIIH MMPOBOANTCS C MCIIONBb30BaHUEM copOernTa NoritRO
¢ copepkaHueM TBepaoi (aser 40%, MPOLOIHKUTEIEHOCTHIO
IIUKJIa 8 9acoB.

[ukn npomecca cOpOLMM MPOUCXOTUT HAa yCTaHOBKE
Pumpcell Plant kommaann Kemix, re mo060ii 9aH MOXKET OBITh
MePBBIM WM mocieqanM. CrcTeMa THTaHus COPOIMH CIIPOEK-
THPOBAHA C PACYETOM IOJa4H ITYJIbIIBI B JIFOOOH U3 YAHOB COP-
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61mu. To ecTh TOJIOBHOM YaH COPOIMU OTCEKASTCsI IS BRIBOZIA
30JI0TOCOZEPIKAIIETO YIS, ¥ MUTaHHE COPOLMM MEePEBOANUTCS
B cieayromuii yaH. [locne BbIBOA 30510TOCOIEPIKALIETO YIVIS
C TOJIOBHOTO YaHa U MEPEKaYKH B HEr0 00€330JI04EHHOTO YIJIs
HOCJIe JIeCOpOLH, TaHHBIH YaH CTAHOBUTCS XBOCTOBBIM (TIO-
cienauMm). B cucteme Pumpcell MexxkackaaHbIl TPOXOT, HACOC
JUIA YTUIA U aruTartop MyJibIlbl BCTPOCHBI B OIMH MEXaHNU3M TOJIb-
KO C OJTHMM NEPBUYHBIM NPUBOJIOM. Bcero ycraHOBIEHO 11ecTh
pe3epByapoB Pumpcell, kKaxaplii 13 KOTOPHIX UMEET MOJIE3HBIN
ob6beM 78 M* 1 00w 00beM cocTaBisieT 468 M3, obliee Bpe-
Msi COpOIMM WJIM KOHTakTa cocTapisieT 1,5 wacoB. Kaxmprit
pe3epByap COIEP)KUT 2 TOHHBI AKTUBHUPOBAHHOTO YIJIS, YTO
COCTAaBIISIET OAHY MOPIHIO AronpoBaHusi. C b0 KOMIIEHCH-
POBaTh COKpAIIEHHOE BPEMsI KOHTAKTa C YIJIEM, €ro KOHIIEHTpa-
LS B K&XKJOM pe3epByape yBeanuuBaercs 10 S0 r/m. Ilynbmna,
BBIXOJISIIIAst ¢ ycTaHOBKK Pumpcell, xapakTepusyercs comepxa-
HHEM 30510Ta B pactBope He Bbiie 0,02 mr/i, cepedpa — 0,2-0,3
mr/i, meau — 10-15 mr/mn, sxenesa — 50-65 mr/i. 1o mOKa3bIBaeT
BBICOKYIO CTEIICHb COPOLIMH 30JI0Ta U COPOLMOHHON aKTHBHO-
ctu copbenTa NoritRo.

HacpimenHbli yroab cobupaercst u3 pesepyapos Pumpcell
JUIs JalibHeMIIero anoupoBaHus. M3 mepBoro pesepByapa
Pumpcell u3Bnekaercst 2 TOHHbI HACBIIEHHOTO YIJIsl, KOTOPBIN
nocie coopa OyieT HampasieH JUlsl JalbHEHIINX ATaloB 00-
pabotku. Korja HackIEHHBIH Yroib N3BJIEKAETCS, €r0 3aMe-
HAIOT BOCCTAHOBJICHHBIM YIJIEM M3 HHKJIA 3JIFOMPOBAHUA WIN
13 ey JUIsl TEePMHUYECKOM pereHepauuu ymis. XBOCTOBast
IyJIbIIa TIpOLecca IO/ JEHCTBUEM CHIIbI TSXKECTH CTEKaeT Ha
KOHTPOJIbHBINM IpoXoT 11 yris. I[logpemeTHsiid MpoayKT rpo-

CIIUCOK UCIIOJIB3OBAHHbIX UCTOYHHUKOB

X0Ta OTKAYUBACTCs B ITUKIJI O6e3Bpe)KI/IBaHI/IH OT IMaHU 0B JIA
CIIEAYIOIICH CTaqul 00PaOOTKH.

3akjroueHue

Jlyist mepepaboTKH 30710Ta U3 Py MECTOPOXKICHHsT AkOakai 3¢-
(l)eI(Tl/IBHO TNPUMCHATL HUAHUTHOC BLIIICIIAYBAHNC. DuznKo-xXu-
MHYECKUMH HCCIICIOBAHUSIMU YCTAHOBIICHO, YTO Py/Ia COMCPIKHT
CBOOOJIHOE 30JI0TO U OCHOBHBIE 30JIOTOCOZEPIKAIIE MHUHEPAJIbI,
TaKue KaK IMAPUT, apCEHOMMPHT, TMMOHUTBL. Comep:KaHne 30710Ta
1 cepebpa cocTaBisitoT 5,73 u 1,22 1/ cootBercTBeHHO. Comeprka-
HHE MBIIIbSKA B pyA€ OueHb HU3Koe U cocTaisieT Beero 0,043%.
OCHOBHBIMH MHHEpaJaMH ITyCTOH MOPOIBI B PYAC SBISFOTCS
KpEMHE3eM, TTIMHO3EM, TTOJIEBOH IIITIAT, CIFOMIbI, XJIOPHUTHI 1 JIp.

CopOLMOHHOE M3BJIEYEHHUE 30JI0Ta C Pa3IMUHBIMHU COPOCH-
TaMH (aKTUBHPOBAaHHBIMM YIVISIMU Pa3lIWYHBIX Mapok) MOKa-
3ai, 4T0 3((HEKTUBHOCTH COPOEHTA MagaeT B CICAYIOIIEM
nopsake NoritRO>Aksacopo>ClIl, cTeneHp U3BICUEHUS 30-
sota ¢ copoenToB NoritRO cocrasiser 99%. Ha nokazarenu
CTEIICHU U3BJICUYEHUS 30J10Ta BiusgeT pH cpeabl U IponoiKu-
TEMBHOCTH COPOIMU. DKCIEPUMEHTHI TT0 H3BJICUCHUIO 3010Ta
¢ akTMBUpOBaHHBIM yriieM NoritRO u3 1imanuHOTO pacTBopa,
COJIepIKAaIIero MPUMECH METaJUIOB, TaKUe Kak cepedpo, Meab,
JKeJe30, IIMHK TI0Ka3aJd, 94TO MPU COPOLUK BCE TIPUMECH Me-
TAJUTOB M3BJICKAIOTCS COPOCHTOM, HO B MOCIEAYOIINX IUKIAX
OHHU BBITECCHAKTCA HIUAHHUAHBIM KOMIIJICKCOM 30JI0Ta.

[Ipu copOuum 3050Ta W3 MPOAYKTUBHBIX PACTBOPOB Ha
MeCTOpokaAeHHH AkOakani copoerTom NoritRO crenenp us-
BJIeueHUs cocTaBisier 95-96%. Conepixanue B MmylbIie Mocie
copbuuu He npessbimaet 0,02 mr/i.
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OEPPOKOPLBITITIA OHAIPICIH
IKO-BAT1APJIAHTAH JAMBITY:
AKTOBE OBJIBICBIHBIH TOXIPUBECI

Anjarna. Makasa heppoKopbITIia OH/IipiCiMeH aiHaIbICAThIH KOCIMOPBHIHAAP KbI3METiHiH KOJIOTHSUIBIK aCIIEKTLICPiH 3ePTTeyre, KaJIbIITaCKaH MACEIeNePIi aHbIKTay-
Fa )KOHE OJIAPJIbIH KOPIIAFaH OPTaFa TEPic bIKIAIBIH TOMEHICTY YIiH THiMAI merniMaepai Tabyra OarpiTranran. Makanaga AKTe0e 00IbICBIHBIH SKOIOTUSIIBIK JKaFAalibIHA
epeKIle Ha3ap ayaapa OTBIPIN, GeppOKOpbITHaIap eHAIpiciHe OailIaHbICTBI SKOJIOTUSIIBIK Macenesepre Tanaay xacainibl. KP CKPA ¥nTThIK craTHcTHKa OOPOCBHIHBIH
JiepekTepi Herizinae armocdepara MIbIFAPbIHIBUIAP MEH Cy OOBEKTiNIepiHe JacTayIibl 32 OHAIPICTIH KOpIIaraH opTara Tepic dCepiH a3aiiTy MakcaTbIHAA KajbIKTapabl
KaiTa OH/IeY JKOHE IKOIOTHUIBIK OaFapiaaHFaH TeXHOIOrHsuIapabl eHridy cusikTsl «Kazxpom» TYK» AK duunans — Akrede GheppoKophITIa 3aybIThIHIA KOJIAAHBUIATHIH
MHHOBALMSNIBIK IIENTIMIEP KapacThIPbUIIBITTAPABIH TOTIHALIEPIH KOCA alFaH/a, aFbIMIAFbl SKOJIOTUSIIBIK KOPCETKIIITEP 3ePTTEN L.

Tyiiinoi cesoep: gheppoxopvimna oHOIpici, IKONOSUATBIK Macenenep, Axkmobe gpeppokopbimna 3ayvimsl, ayanvly 1ACMAHYbl, 3UAHObL 3aMMAP WbI2APLIHOBLLAPGI, IKO-
JO2USANBIK 3UAHObL A3ATNTY.

Eco-oriented development of ferroalloy production: the experience of Aktobe region

Abstract. The article is devoted to the analysis of environmental aspects of ferroalloy production enterprises, consideration of existing problems and search for possible
solutions to reduce the negative impact. The article analyzes the environmental problems associated with the production of ferroalloys, with a special focus on the environ-
mental situation of the Aktobe region. Current environmental indicators, including emissions into the atmosphere and discharges of pollutants into water bodies, are being
investigated based on data from the Bureau of National Statistics of the Republic of Kazakhstan. The article considers innovative solutions used at the Aktobe Ferroalloy
Plant, a branch of TNK Kazchrome JSC, such as waste recycling and the introduction of environmentally oriented technologies in order to minimize the negative impact
of production on the environment.

Key words: ferroalloy production, environmental problems, Aktobe ferroalloy plant, air pollution, emissions of harmful substances, reduction of environmental damage.

JKOOPHEHTHPOBAHHOE pPa3BUTHe (epPOCINIABHOIO NMPOU3BOACTBA: ONBIT AKTIOOMHCKOMH 00/1acTH

Annotanus. CTaThs NOCBAIICHA aHAIM3Y YKOJOTHMYECKHUX aCIEKTOB JCSTEIbHOCTU MPEANPUITHIA 10 POU3BOACTBY (hEPPOCILIABOB, PACCMOTPEHHUIO CYIECTBYIOMINX
pobIIeM U MOMCKY BO3MOYKHBIX PEIICHHMN ISl CHIJKCHUSI HEraTHBHOTO BO3/ICHCTBHS. B cTaThe MPOBE/ICH aHAIN3 YKOJIOIHYECKUX MPOOIIeM, CBS3aHHBIX C IPOM3BOJCTBOM
(heppocIuIaBoB, ¢ 0COOBIM aKIIEHTOM Ha IKOJIOTHIECKYI0 00cTaHOBKY AKTIOOMHCKOH oOnactu. Ha ocHoBe manHbIx bropo HamuonansHoi cratuctuku ACIIP PK ncceneny-
I0TCS TEKYIIUE SKOJIOTMYECKHE TTIOKa3aTelIH, BKII0Yast BEIOPOCH B aTMoc(hepy U cOPOCHI 3arps3HSIOIIMX BEIIECTB B BOAHBIC 00BEKThI. PaccMarpyBaroTCsi HHHOBALIMOHHbBIE
pelieHus1, npUMeHseMble Ha AKTIOOMHCKOM 3aBoze deppociiaBoB — ¢puanane AO « THK «Ka3xpomy», Takue kak nepepaboTka OTXOIO0B M BHEJIPEHUE YKOJIOTHYESCKU OpH-
CHTHPOBAHHBIX TEXHOJIOTHA, C LEIbI0 MUHUMH3AINK HeTATHBHOTO BO3ACHCTBHS MPOU3BOACTBA HA OKPYIKAOILYIO CPELY.

Kntouesvle cnosa: eppocniasnoe npoussoocmeo, skoio2udeckue npooiemot, AkKmoOUHCKUIl 3a600 (Peppocniasos, 3azpasHenue 6030YXd, 8blOpPOChL 8PEOHbIX Ge-

wecmse, CHUINCEHUe IKON02U1UeCKO2o ymepﬁa.

Kipicne

DeppoKOpHITIIA OHIIPICI-KOFAPHI camaibl 0oJarTap MEH
KOPBITITATApAbl OHIIPY VIIH IIHKi3aT KOPBIH KaMTamachl3
€TeTiH METaJUTypIys CalaChIHBIH HET13T1 2JIEMEHTTEepiHiH Oipi.
CrpaTerusuiblK MaHBI3bUIBIFbIHA KapamMacTaH ©HEPKACINTIH
OyJ1 Typl KOpIaraH opTara alTapibIKTal acep eTyiMEH CUIIaT-
Tanazsl [1, 2].

Canazars! arbIMIarbl kargaid. COHFBI JKbUIIApAarbl MoJIi-
METTepre ColKec, aNeMIIK (PeppOKOPBITIIA OHMIPICi KBUT ca-
WbIH T1aMamMeH 35-37 MUIH TOHHAHBI Kypauibl. OHmipiIeTiH
(beppoKophITHATIAP/BIH HEri3ri cerMeHTi — deppoxpom, 2021
JKBUTBI QNIeMJIIK (eppoxpoM eHipici 13,91 MiIH TOHHAHBI Ky-
paapl. Onemaik deppoxpom HapbiFbl 2021 xputer 18,52 Mu-
JHapI JoIDTapra OaramaHmbl xkoHe 2027 JKpUTFa Kapai opraria
ecerrreH 5,55%-ra ecim, 25,61 Mummapa Koiutapra sKeTei Ien
kytinyzae [3]. @eppoxopeitia caiacsl — Ka3akcTaHHBIH OTaH-
JIBIK METaJUTYPrHsIChIHBIH MaHbI3/Ibl CaJlaJIAPbIHBIH Oipi. OH-
JipuieTiH (GeppoKOpBITIANAP/ABIH KOJIEMi, CYPBINITAIBIMBI MEH
carachkl >keHiHEeH KazaKcTaHABIK ©HEpKacil oieM OOMBIHIIA
KOIIIOACIIIBI JKOHE €H ipi AKCIOPTTAayIbUIAPABIH Oipi peTiHme
TEXHUKAJIBIK JaMbIFAaH MEMIIEKETTEP KaTapblHaH OPBIH aJajbl
[4, 5]. KP-marsr MeTamuTyprusiiblK ©HIIPIC KOMIIOHEHTTEPIHIH
Heri3ri enaipymrici — «Kasxpom» TYK» AK. «Kazxpom» T¥K»
AK xypambiagarel Jlen KBK, Akcy ¢eppokopbITiia 3aybIThI
skoHe AKTe0€e (peppOKOPHITIIA 3ayBITHI TEXHOJIOTUSUTBIK KaFnaaT
OOMBIHIIIA COHFBI OHIMHIH AJIBIHYBIMEH YHBIMIACTBIPBIIFaH.

AxTe0e (peppOoKOPHITIIA 3aYBITH TYPIi MapKaJarsl (peppox-
pOM, COHBIMEH Oipre, OTKa TO3iMIl OYHBIMIAP, KOMipKBIIII-
KbUI Ta3bIKUBIPUIBIK TAC, CYWBIK MIBIHBI, ()eppOIIaH CeKiIi
KOCBIMIIIA OHIMJEp OHAIpEl, KOXKAapAbl Kaita exHaeiai. JloxH
Tay-KeH 0albITy KOMOMHATBIHBIH XpoM KeHi (45-50% Cr,0;) —
(heppOoKOpHITITaTapAbl OHIIpy O0ACTHI MIMKi3aTHI [6].

3eprreyiep. Heri3ri 3koJ10rusiIbIK MaceJieliep

DeppoKOpHITIIa OHIIPICIHIH KOpIIaFaH OpTara anTapIIbIK-
Tait Kepi BIKMaisl ga 6ap. Herisri Mmocemenepniy imiHae Keie-
cimepzi aram eTyre 0oaabL:

1. Ammocgepanvik ayanviy 1ACmMaHybvl:

- IIBIFapbIHABUIAP, ce0edl (eppoKOpHITHATIApIbl OHIIPY
Ke3iHzae arMocdepara 3WSHIBI 3aTTap LIBIFapbLIagbl: Kypa-
MBIH/Ia aMOp(THI MIBIHEI azacsl, Si0,, A1,0;Ca0, K,0, MgO,
xpommmmHenb (Mg, Fe) (Cr, Fe, Al),0, MgO+Al,0;+Cr,0;
JkoHe T.0. 6ap OelopraHuKaIbIK II1aH;

- ra3 Topi3/ec WbIFAPBIHIBUIAP — KYKIPT KOCTOTBIFHI (SO,),
keMipreri ToTeIKTaphl (CO, CO,), a3ot ToThIKTaphl (NO,) [7].

AtmocdepanbIk ayara JIacTayIllbl 3aTTap/IblH 65-1 IIBIFapbI-
JaIbl, OHBIH iMIiHIE 8 MapKepiik 3aT 0ap: KypaMbIHIAa KPeM-
HUH KOCTOTBIFBI Oap Oeffopranukaisik maH (2909), KypaMbIH-
Jla KpeMHUH AWOKcHIi Oap OeiopraHukanblk mmaH (2908),
KypaMbIHIa KPEMHUH KOCTOTBIFBI 0ap OCHOpPraHUKAIbIK IIaH
(2907), azor koctoteiFsl (0301); azor ToreiFsl (0304); KyKipT
koctoThiFbl (0330); kykipreyTek (muruapocyiabdum) (0333),
kemipreri ToToIFEI (0337). Kanran 3aTrTap MaHBI3IBL emMec [6].

l-cyperte AKTo0Oe OOIBICHIHBIH arMOC(epalblK ayachblHa
HETi3T1 JlacTaymIbl 3aTTap MIBFapeIHABUIApBIHBH 2020-2023
JKBIIIAPIAFhl JHHAMHUKACH KOpCceTiareH [8].

2. Cy pecypcmapbiHbly 1ACMAHYbL:

- CAJIKBIH/IATKBIII CY/BIH €/19yip KOJIeMiH IaiianaHy;

- KYpaMblH/Ia CYCIICH3MsJIAHFAH OJILIEKTep MEH MeTajll
KOCBUIBICTaphl Oap aFbIHABI CyJIap/ibl aFbI3y.

DeppoKopHITIIAa OHIPICIHAC MalIaTaHBUIATHIH Cy HETi31H-
JIe TYUBIK ITUKJIMEH alHAJIBII TYPAIbI )KOHE OHEPKICII KACIIO-
PBIHIAPBIHBIH 9p TYPIIi Cy KO37epiHe OHAIPICTIK aFbIHAAPIAbIH
arbI3BUTYBI ejeyci3. MyHJal Cy arbi3yiap Ke3iHJE arbIHJIbI
Cy KypaMbIHIa TeMip, Kalaibl, KOPFAChIH, MBIPBIII KaJMHH,

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025
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KeMipTeri TOTHIFB KATTEI 3aTTap

Cypet 1. AKT00€ 00JBICBIHBIH ATMOC(EPAJIBIK ayachblHA
2020-2023 xpu1gapAaFbl HEri3ri JacTaymbl 3aTTapAbIH
HIBLIFAPBIHABLIAPBI, MBIH TOHHA.

Figure 1. Emissions of major pollutants into
the atmospheric air of Aktobe region in 2020-2023,
thousand tons.

Puc. 1. BoIOpochbl 0CHOBHBIX 3arpsI3HAIONINX BelIeCTB
B aTMOC(epHBIi BO31yX AKTIOOMHCKOH 00/1acTH
3a 2020-2023 roapl, THIC. TOHH.

MBIC, HUKEJIb, CHSKTBI METaJIapAbIH HOHIAPBI O0Iybl MYMKIH.
1-kecrene Akre0e 00bICHIHBIH 2022-2023 KbUTIapBI AFBIHIBI
CyJIlapMeH JIaCTayIIbl 3aTTapIbIH TOTIHIUICPiHIH KeJeMi Kell-
TipinreH [§].

Kecme 1
2022-2023 scvinoapoazel Enek o3eninin canacst
Table 1
The quality of the Ilek River in 2022-2023
Tabnuua 1
Kauecmeo pexu HUnex 3a 2022-2023 200061

Cy carnachIHbIH KJIaCChI 2023 x.
ITapamerp-
KOHI[CHTPAIIUACHI,

2022 xput | 2023 kKbt lep 3
MT/ M

AMMOHMIA- 1,108

4 4 HOH

forace HCC 1 Denonpi 0,0016
Xpom (+6) 0,059

3. Ounoipic kanovikmapwi:

- KOXKJIap/IbIH, IIJTaMAap/IbIH )K9HE 0acka Jia KaTThl KaJlJIbIK-
TappbIH TY311yi;

- KoliMalap/ia )KaHe MaTepHaigap/bl KaiTa eHuey Ke3iHae
naiia 60aThlH YHBIMIACTRIPHUIMAFaH IIBIFAPBIH/IBLIAD.

Kasnaplkrapabl yakbITIIA JKOHE TYPAKThl JKHHAFaH Ke3Ze
KeJecimeil pakTopiapaslH KOpIIaFaH OpTaFra BIKMAIbl OOy
MYMKIH LITAMAP, KaJIbIK KOHMasiap, apIibliFaH KbIHBICTAP
YHiHAIIEepiHiH OSTIHEeH MaHAaHy Ke31H/e; KaABIKTap aJlaH/ia-
PBI JIaCTAHFAaH/A aTMOC(EPABIK JKaybIH-IIAIIBIH OapbICIHIA
JIACTAHFAaH aFbIHBLIAP aFybl BIKTUMAIT, KOKBICTBIH YHIH/ILIEpi
callIapbIHaH TOIBIPAKTHIH JIACTAHYBI, COH/Ial-aK KaJIbIKTap-
JIbl KOMETIH OpbIHFa TaChIMAN/IAy YaKbITHIH/IQ; KaJIbIKTap/Ibl
TYPAKChI3 IIBIFAPY Me3eTiHAe OyJl OpbIHJAp MILIOBIHAAPIBIH
JICPHOCUIACPIHIH 6Cy OpPHBIHA aliHaJa/Ibl, CalIapblHAH CaHU-
TapIIbIK-0aKTEPUSUIBIK JIACTAHy KayIiHIH apTybl MYMKIH.

TOPHBIN ) KYPHAJI KABAXCTAHA Nel’ 2025

2023 xbutbl AKTO0O€ 00aBICHIHIA 68 628,62 MBIH TOHHA
OHEPKACIINTIK KaJIBIKTAp Maiaa O0JIbl: Tay-KeH OHIIPY caia-
¢l — 68 160 410 TonHa (99%), xumns enepkacidi — 311 800
(0,5%), mynaii camacsr — 156 410 (0,2%). ©OHEpKacinTIK Kall-
IBIKTapbI KalTa exnaey yrueci 18% — 12 291 660 MbIH TOHHA-
HBI Kypazs! [6].

Kanapikrapapl 0ackapy Kyieci OapiblK Tay-KeH KOCiIo-
PBIHAAPBIHAA Oap, 0N KaJIBIKTapIbIH TEXHOJIOTUSUIBIK ITHKITi-
HiH 0apIIbIK Ke3eHICPIH KaMTHIIBL: KaJABIKTAPIBIH TY31LTyiHIH
ANJIBIH ATy JKOHE a3aiTy, OaKpUIay jKOHE €CEIKe alry, )KIHAY,
JKUHAKTAY, KaWTaJdaH eHJeY, KOJIeTe achIpy, TaChIMalay, CaK-
Tay jkoHe xor0. MaceneH, «Kazxpom» TYK» AK dunmansr —
Jen KBK-HbIH apHibuiFaH JKbIHBICTApbIH KOpIIAaFaH OpTara
TEpiC oCepiH a3alTy YIIIH Ka3bUIFaH Kapbep MaHbIHAA Op-
HAJIACTBIPAIBI, OYJI KaJABIKTApAbIH YHIHIUIEpIES >KHHAITYBIH
azaiTyra ceben Oomampl.

AxTe0e (heppOKOpHITIIA 3ayBITIHAA KATThI JKOHE TTacTa To-
pi3ni MyHaii 6ap KaJAbIKTap/bl, OHBIH IIIiH/Ie TAOUFU HEri3/e
naiijajaHblIFaH COPOSHTTEeP/Il, MyHalHMEH JIACTaHFaH CYPTiJi-
TeH MIyOepeKTep i xoHe T.0. Kojere skapary ymiiH «Kocrep-
1M>» KOHABIPFBLIAPHI Hai1adaHbLIa bl

CoHBIMEH Karap, KOFapbl KOMIPTEKTi (heppoXpoMIbI Oaj-
KBITY KE31HZIE allbIHFaH JKOFaphl KOMIPTEKTI KOXIaH OHICY
apKBUIBI TYTBIHYIIBIHBIH CYpaHbIChIHA calikec 0-5, 5-20, 20-
40 nemece 20-70 Qpaxumsibl KUBIPIIBIK TAcTap ajbIHAIbL.
Kupipmibik Tactsl mbirapy makcarbinga CT 8618-1904-A0-
06-2015 «Tazapreurran (heppOXPOMHBIH TYpPaKTAHABIPHUIFaH
KOKIaphIHAH KHBIPIIBIK Tac MEH KYM aiy» YHUBIMAACTBIPY
CTaHIAPTHI JaWbIHAAIAH [8].

OKOJIOTHSUTBIK 3USIH/IBI a3alTy YIIIH KOcCImOpbIHAAp Oip-
KaTap HMHHOBALMSUIBIK TEXHOJIOTHsUIAp MEH ic-LIapajiapiibl
enrizyne. Kypambina «Kazxpom» T¥K» AK kiperin ERG-ze
KOCITOPBIHAAD OHMIPICIHIH KaJIBIKTAphIMEH OailyIaHBICTHI
KBI3METTEep NUKIIiH OpbiHAayFa Mamarganrad ERG Recycling
’kaHa KommaHusacsl Kypsuinel. ERG Recycling Tikenel KaThI-
CybIMEH OipKarap KaiWTa eHJEY >KOHE SKOJOTHSUIBIK Oarmap-
JaHFaH jxobamap ikyzere acelpbuiabl. 2021 xbutel AD3-ma
ICKe KOCBUIFaH Ta3 Ta3apTy MIaHbIH OPUKETTEY JKOHIH/IET KO-
Fapbl TEXHOJOTHSUTBIK, II€X JKAPKBIH MBICAIT QOB Ta0BLIA IBL.
IlexThIH camacel )KOFapbl XpOM OPUKETTEPiH OHIIPY OHIMIiTI-
ri aipiHa 4 MBIH TOHHaFa xereni. CoHmai-aK KOCIOPHIH 63
K@XKETTUTIKTEpI YIIIH LJIecne OH/Aipic peTiHie KYpbUIbIC MaTe-
puanuapeiH (iprerac *oHe KaObIpFa OJIOKTApbIH) IIbIFApabl.
Koutbiaa 200 000 ToHHa TYpaKTaHIBIPBUIFAH KOXKAAp KanTa
eHJeNeal. Makcumaabl eHaipic kexeMi — 656 860 ToHHa, eH
TOMEHT1 eHipic kemeMmi — 378 558 ToHHa [6].

2023 >xputel AKTO0E KaTaChIHBIH TOMBIPAKTHIH JKai-KyHiHe
«Kasrunpomer» PMK 6akpuiay xyprizai. Kexrewm, ka3 jxoHe
KY3 ME3TiUIJepiHjie ayblp METalJapMeH JIACTaHYbIH aHBIKTAY
YILIiH TONBIPAK ChIHaMaJapbl albiHbI (kecte 2) [8, 9].

4. @usukaneix acep. uLy, Oipii, uic.

OHipicTeri qipija MEH IIyIbIH €H MaHbI3/IbI KO3Iepi: IIHKi-
KypaM MEH OHMIPICTIH ©HIMJIEpiH TachIMajiay >KOHE OHIEY;
MarepuaiapAbl YHTaKTay-ycakray yAepictepi MEH MUpoMe-
TALTYPrUsIIBbIK YAEpicTep; JKeIAETKIITEp MEH COpPFbUIAp/bI
KOJJIaHy; aBTOMATThl Aa0bUI JKYHenepiH icke Kocy. Merai-
JyprUsJarsl HICTIH Ke31epi: MeTasl Oybl, OpraHUKaIbIK Maii-
Jap MEH epiTKIITep, aFbIH/BI CYTapIbl Ta3apTy KOHE KOXKIBI
CAJIKBIHAATY HOTIDKECIHIE OOTIHETIH, KBIIIKBII Ta3aap MeH
cyneduarep [10].

5. bIkmuman paduayusnvi Kayin.

Kypambiaga TaOWFu pamguoOHYKIUATED Oap IIUKi3aTThI
nariganany. Kasakcran PecmyOnuKachIHBIH KalTanraMa IId-
Ki3aTThl KaWTa eHACWTiH Eypoma enmepiHeH aiblpMaribi-
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Kecme 2
AKmeooe K. monvipazvlnoazol ayvlp memanoapovity 2023 jncovligbl KOHYEHMPAUUACHL, M2 / K2
Table 2
Concentrations of heavy metals in the soils of Aktobe in 2023, mg/kg
Taonuuya 2
Konuenmpauuu masicenvix memannos 6 nousax 2. Akmooe 3a 2023 200, me/ke
. AybIp MeTannap
Mesrin
Meic Kopracen Kanmuit Hunk Xpom

Kexkrem mesrimi 0,22-0,34 0,07-0,12 0,09-0,12 1,71-2,49 0,06-0,1

a3 wmesrim 0,26-0,35 0,1-0,24 0,1-0,19 1,82-2,22 0,09-0,16

Ky3 mesrimi 0,31-0,46 0,16-0,25 0,1-0,2 1,87-2,37 0,1-0,15

JBIFBI — OacTamKbl MIMKi3aT NaiJanaHybl, Oy Karmad e3 KopbIThIHABI

Ke3eTiH[e PaAMOAKTUBTLIIKTIH Ke3i 0onbim TaObuTamsl. [le-
TeHMEH, OTHIH MEH Ka30a IIMKi3aThIHBIH KOITEreH TYpiepi-
HIH KYpaMbIHIa TaOWFU OOJAThIH PaJHOAKTHBTI 3aTTapIbIH
LIBIFAPBIH/IBIIAPBI HET13T1 9KOJIOTHSIIBIK MAcellep KaTapblHa
JKaTIanugbl.

AKTe0e 00JBICH aTMOC(EepaChIHBIH OeTKi KaOaThIHIAFHI
PAAMOAKTUBTI TYCYICpAiH OpTamia TOYIIKTIK THIFBI3IBIFBI
1,1-2,7 Bx/M? 1ierine aybITKbBIT OTBIpazbl. JKaybIH-IanbH-
MEH TYCYJIep ThIFBI3ABIFBIHBIH OpTaiia MoHi 1,7 Br/M? Kypaii-
JIbl, OYJI IIamMa pyKcaTr eTUITeH HICKTI JeHIeHIeH acraiibl.
2023 XbUIbI O0JIBIC ayMaFbIHIAFBl PAIUAIUSUIIBIK YKAF A IbI
Oaramay MakcarbiHna CaHUTAPUSIIBIK-ITHICMHAOIOTHSITBIK
JlemapTaMeHTI MOHUTOPHHT MIEHOepiHAe eI MEKCHISPIiH
KOHBICTaHY ayMaFbIHAA TaMMa-CoyJIeNeHyiH OamaMaisl 10-
3achIHbIH KyaTsiH 6000 pet euniey xKyprizii, *KaybIH-IalIbIH
MeH arMochepalibik ayara 408 paguoMeTpHsUIBIK 3€pTTeYIIep
JKYprizinai. beirineHren geHreiieH achlll KeTKeH IaMalap
AHBIKTAJIFaH KOK. AKTe0e 0OJBICE OOWBIHINA PaTHaIHSITBIK
JKarmai TypaxThI [8].

MAHUJATIAHBIJIFAH OJJEFUETTEP TI3IMI

DeppoKOpBITIIA OHAIPICI — OJIEMIIIK YKOHOMHUKAHBIH Ma-
HBI3JIBI Calachl, OipaK OHBIH KOpIIaraH OpTara 9Ccepi MYKHUST
TaJIay MEH Iapanapiasl KaKeT eTeli. 3aMaHayH TeXHOJIOTHS-
JapAbI €HT13Y, YAepiCTep i OHTAWIaHABIPY JKOHE SKOIOT USITBIK
0aKpLUIay JTACTaHy JCHICHIH €Ioyip TOMEHAETYTe YKOHE OH/Ii-
pICTi TYpakThl eTyre MYMKIHAIK Oepezi. ©OHepKacilTi KOJI0-
THSITaHABIPY — OYJI K&XKETTLIIIK KaHa eMec, COHBIMEH KaTap 00-
JaIIaK YpIIaK YIIiH TAOWFN pecypcTap/bl cakTayFa MYMKIH/IIK
OepeTiH JaMyIbIH CTPATEeTHSUIBIK OaFbITHI.
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E.I. Kuldeyev, A.A. Ashimova, E.A. Bek, *M.B. Nurpeisova
Satbayev University (Almaty, Kazakhstan)

HIGH LAG FOR THE «GREEN KAZAKHSTAN»
PROJECT

Abstract. Article examines key trends in implementation of the Green Kazakhstan project and the Concept for country’s transition to a green economy. It provides
overview of current situation regarding solid industrial waste management, with a focus on large industrial centers, which are the main sources of this waste. As potential
solutions for closing waste loops, recovering secondary material resources, and developing industrial waste management system, article proposes establishment of pro-
duction and technical complexes for waste processing. It also summarizes preliminary results of research conducted by Satbayev University on resource conservation and
development of new technologies for producing in-demand materials. Utilization of waste from mining and metallurgical complexes is highlighted as a means of reducing
environmental impact and ensuring efficient use of secondary raw materials.

Key words: green Kazakhstan, sustainable development, mining and metallurgical complex, production waste, processing, resource saving, new technologies, building
materials.

«KacpL Ka3aKCTaH)) )KOﬁaC])IHbIH KOFaphbl KOJIAFbI

Anjarna. Makanaga «Kaceur Kazakcran» jk00achIH iCke achIpyIbIH HETi3ri TeHACHIMSUIAPhI HKOHE MEMIICKeTIMi3/IiH OChl SKOHOMMKara Koy TyKbIpbIMAaMachl
KapacThIpbuFad. KarTbl TYPMBICTBIK KaIABIKTap/bl 0acKapy calachlHIAFbI Ka3ipri Karaai YChIHBLIFAH, OJapAblH Ke3/iepi ipi OHepKICINTIK OpTaIbIKTap/ia MIOFbIPIaHFaH.
Kaapikrap arbIHIapbIHBIH Ka0bLTybIH KAMTAMAChl3 TY/AIH MEPCHEKTHBAJIBIK IIapanaphl PeTiHAe KalTalaMa MaTepHalIIbIK PEeCypCTapibl aly, KalAbIKTap/bl Kaiita oH-
JIeyIiH OHIPICTIK-TeXHUKAIIBIK KEIICHAePiH KYpy apKbUIbl OHIIPICTIK KaJbIKTap/Ibl 0acKkapy cXeMachlH a3ipiey yChbIHbUIaabl. CaTrnaeB YHHBEPCHTETIHIH pecypcTapibl
YHEMJIEY JKOHE CYpPaHbICKA He KYPBUIbIC MaTepHaIapbIH ally/IbIH jKaHa TEXHOIOTHsIApbIH d3ipiiey OOMBIHIIA XKYPIi3reH JKyMbICTApbIHbIH aJIJIbIH ajla HOTHKeIepl JKMHAK-
Tanrad. Tay-KeH MeTalulyprusi KeHmeHIEpiHiH KaaIbIKTapblH KalTa eHey KOpPIIaFraH OpTaFa aHTPOIOIeH/IK KYKTEMEHI a3aiiTyFa jkoHe KaliTaJaMa HIMKi3aTThl YThIMIbI
naiiianaHybl KAMTaMachl3 €Tyre MyMKiHIIK Oepezi.

Tyiiinoi ce3dep: scacvin Kazaxcman, mypakmul 0amy, may-KeH MEmaiiypeus Keuiehi, oHOIpic Kai0blKmapbl, Kauma eHoey, pecypc YHemoey, Hcana MexHoI02us,
KYPbLIbLC MAMeEPUanoapbL.

Bbicokas nnanka npoekrta «3enenblii Kazaxcram»

AHHOTa[IMSl. B cratpe PacMOTPEHBI OCHOBHBIC TCHACHINH peajlu3alliy IIPOCKTa «3enenpiii Kazaxcran» u KOHHGHHHH Iepexo/ia Halero rocyrapcTsa K 3TOH KO-
Homuke. [IpuBeaeHa TeKkylas cutyauus B cepe oOpaiieHus ¢ TBEPABIMU IPOMBIIIICHHBIMH OTXOIaMH, HCTOYHUKH 00pa30BaHMUs KOTOPBIX COCPEIOTOUCHBI B KPYITHBIX
MPOMBIIUICHHBIX EHTpaX. B KauecTBe MepCHeKTUBHBIX Mep, 00eCIeUHBAOIINX 3aMbIKaHHE TOTOKOB OTXOI0B, IIOTyYE€HNE BTOPUYHBIX MaTePHAIbHBIX PECYPCOB U IIpeuia-
TarTCsA pa3BUTHE CXCMBIL 06paH_ICHI/I$l C IPOMBIINIICHHBIMH OTXOAAaMH 3a CYCT CO3AaHUsI MPOU3BOACTBECHHO-TCXHUICCKHUX KOMIICKCOB I10 nepepa60TKe OTXOO0B. HO[[B@Z[CHI)I
TIPEeABapUTEIBHBIC PE3YJIETaThI pa60T, IIPOBOAUMBIE CarrmaeB YHUBEPCUTETOM I10 pecypcoc6epe>l<eHmo u pa3pa60Tl<e HOBBIX TEXHOJIOTHH 1O TIOJIyYCHHU IO BOCTpeﬁOBaHHBIX
MarepHaioB. Y TUIN3ALUs OTXOJ0B TOPHO-METAIUTYPIrHYECKIX KOMIUICKCOB TTO3BOJISIET CHU3UTh TEXHOTCHHYIO HArpPy3Ky Ha OKPYIKAIOIIYIO CPely M 00ECIeUUTh palfo-
HaJIbHOE MCII0JIb30BaHUE BTOPUYHOTO ChIPH.

Kniouesvte cnosa: senenviti Kazaxcman, ycmouiuugoe pasgumue, 20pHO-MeMALIyPRULECKULl KOMNIEKC, OMX00bl NPOU3800CM8, nepepabomia, pecypcocoepedrcenue,

HOBASl MEXHON02Us, CMpOoumenbHble Mamepuaisl.

Introduction

«Green» does not mean the spring color of awakening na-
ture, «green» is not a reminder of the national currency of the
United States, casually called «green» by the people. Here, it
seems, everything comes together — it means young. In fact,
the «green» economy deserves other definitions, more respon-
sible and balanced in spiritual and moral terms: clean, like a
newborn child, wise, like a mature and useful scientist for so-
ciety, and finally, its main advantage is seen in the fact that it is
the most reliable friend and partner of the environment.

Maybe you will say that such miracle in the totality of all
above qualities does not exist in nature. Maybe we have real-
ly raised the bar for «Green Kazakhstan», but introduced the
National Projects of the Republic, such as «Quality and afford-
able healthcare for every citizen «Healthy Nation», «Quality
education», «Educated Nation», «Technological breakthrough
through digitalization, science and innovationy», «Strong re-
gions are the driver of the country’s developmenty, «Sustain-
able economic growth aimed at improving the well-being of
Kazakhstanis», «Green Kazakhstany», «Quality education «Ed-
ucated nation», and you will understand what these projects
represent.

«Green Kazakhstany basically raises issues of efficient use
of natural resources and improving the well-being of citizens
through diversifying economy, creating new jobs, including:
improving air quality, effective management of production
and consumption waste, increasing the area of green spac-
es, instilling careful attitudes towards nature and wildlife,
as well as modernization of ecological consciousness of the
population [1].
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The main content

By destroying the environment, modern society is destroy-
ing its own future. To ensure environmentally sustainable fu-
ture, we first need:

- monitoring the state of the natural environment;

- regulation and prevention of industrial emissions;

- development and implementation of waste-free and re-
source-saving technologies.

According to the «Green Kazakhstan» Project, the key
direction of economic development in the republic is to im-
prove management system of technogenic mineral formations
(TMF).

On the territory of the Republic, according to the State Ca-
dastre, about 30 billion tons are stored in dumps, tailings ponds
and storage tanks of mining enterprises. Industrial waste, in-
cluding: 72% — dump rocks of overburden and substandard
ores, 20% — dump tailings, 8% — other waste. With annual out-
put of industrial waste of 1 billion tons no more than 100 mil-
lion tons are usefully used. The rest pollutes the environment,
gradually accumulating in it [2].

According to the bodies of State Control and Supervision
of Natural Resources, share of waste used in the republic
is 18-20%. For example, in 2007, the percentage of waste
utilization was 16%, in 2008 — 18.98%, and in 2009 — 20%.
However, this figure in the recent past in the industry of the
former USSR was 29%. It remains extremely low compared
to world practice. In Western Europe (France, Germany, It-
aly, England) this figure is up to 58%, in North America
(USA, Canada) — up to 63%, in Japan — up to 87%, China —
up to 37% [3].
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Thus, accumulated waste is, on the one hand, the main envi-
ronmental pollutant, and on the other hand, it represents valu-
able products that are potentially suitable for processing and
reuse to produce commercial products with high added value.
The main reason for progressive accumulation of waste in the
country is the raw material orientation of our economy.

Currently, more than 22 billion tons of solid waste have
been accumulated at 450 landfills in the country (Figure 1).

§

Extraction of fuel and energy minerals

Manufacturing industry

Mining industry

Production and distribution of electricity, gas and water
Construction waste (products of destruction, demolition,
Restoration and repair, etc.

ON OO mE

Figure 1. Main indicators of solid waste accumulated
in the Republic by 2023.
Cyper 1. 2023 kbliIbl pecny0IuKaga KaTThl KAJIBIKTAP
JKMHAKTAJIYbIHBIH Heri3ri kepcerkimrepi.
Puc. 1. OcHoBHBIE OKA3aTeJIH HAKOILUIEHHBIX TBEPABIX
0TX010B B pecnyOiauke k 2023 roxay.

Most of the technogenic mineral formations (TMF) are
in Karaganda (29,4%), East Kazakhstan (25,7%), Kostanay
(17%) and Pavlodar (14,6%) regions. Every year, the republic
generates up to 20 million m* of domestic waste, about one bil-
lion tons of industrial waste, including more than 150 million
tons of toxic waste.

Technogenic mineral formations (TMF) are accumulations
of mineral substances on the surface of the Earth or in mine
workings, formed as a result of their separation from natural
massif and storage in the form of waste from mining, process-
ing and metallurgical industries. The constant increase in the
volumes of various types of waste generated in mining and
processing industries and their storage in storage facilities and
experience of using such objects in industry allows us to con-
sider them as sources for obtaining secondary raw materials
and building materials.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials. Integrated
use of raw materials and industrial products progress of met-
allurgical, mining and construction enterprises is pressing
problem not only in Kazakhstan, but also in any econom-
ically developed state. As practice has shown, waste from
these particular industries is produced in small quantities and

poses a serious economic threat. In these conditions, problem
of environmentally rational use of industrial waste as second-
ary raw materials and development of scientific principles in
the creation of new technological regulations for production
of marketable products from industrial household waste be-
comes particularly acute. Thus, the introduction of environ-
mentally friendly technology to produce building materials
based on waste from mining and metallurgical complex is
relevant for Kazakhstan.

To develop and implement effective environmental pro-
tection measures for waste management, it is necessary to
have reliable information about their impact on natural eco-
systems: surface, groundwater, air and land disturbance on
an industry scale with increasing production volumes. The
summarized materials will make it possible to obtain ob-
jective information about state of ecosystems in the region
under study and to outline priority environmental protection
measures, implementation of which will help reduce harmful
impact on environment.

Intensification in this direction involves use of industrial
waste instead of primary natural resources to reduce cost of
building materials Project [4, 5]. In this direction, KazNRTU
employees are conducting a large amount of research on pro-
duction of building materials based on ash and slag waste.

Purpose of the work is to consider possibility of integrated
use of TMF in areas where mining waste is located based on
their integrated use as secondary raw materials.

Job objectives:

v’ surveying of solid waste to create cadastral maps and
determine their actual volumes,

v’ sampling of solid waste to study their composition with
the participation of the customer;

v’ conducting research on solid waste in order to determine
the direction of their disposal;

v’ improvement and implementation of technologies for the
development of solid waste with complex extraction of valu-
able components.

v’ development of technology for producing effective build-
ing materials, such as: obtaining a silica component to pro-
duce portland cement; production of cinder blocks, production
of cellular concrete; obtaining decorative and facing building
materials; creation of foundations for highways.

By burning coal, thermal power plants receive thermal
energy and generate electricity. Negative side of this pro-
cess is formation of by-products of coal combustion — fly
ash and slag.

Composition of ash and slag material was determined by
quantitative ratio of its constituent minerals, which depend on
mineralogical composition of original part of fuel.

On the X-ray diffractometer DRON-3, X-ray diffraction
pattern of the CHP-3 ash was obtained, which is shown in Fig-
ure 2.

As a result of the interpretation of this X-ray diffraction
pattern, the following minerals were identified in the follow-
ing amounts, in % of the crystalline phase: hematite Fe,0; —
12.1%, quartz SiO, — 32.4%, sillimanite ALSi05 — 25.9%,
mullite Al 4587, 5 — 29.6%.

Results of chemical analysis of ashes of TPP dumps from
combustion of Ekibastuz coal are presented in Table. 1.
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Figure 2. X-ray ash CHP-3.
Cypert 2. )KI0-3 peHTreH Ky.JIi.
Puc. 2. PentrenoBckas 3oJa TIII-3.

Table 1 clearly shows that main component contained in the
ash is silicon and aluminum oxide (from 57.7 to 63.9%), there
is also a high content of iron oxide, calcium oxide in sam-
ples from the ash dump is much less than in samples from the
electrostatic precipitator. Most likely, free calcium oxide was
converted into calcium carbonate by reaction with carbon di-
oxide dissolved in water, which washes away the ash through
the slurry pipeline.

On figure 3 shows electromicroscopic image of fly ash,
from which one can see:

* that particles are spherical, vitreous and hollow, ranging
in size from 1 um to 50 um;

e that large particles contain smaller spherical particles in
their cavities (shown by arrow);

e that on the surface of large particles there are, as a rule,
tightly «gluedy tiny granular balls.

One of the main indicators of raw materials is their granu-
lometric composition.

Granulometric composition of the Ekibastuz SDPP by
fractions is distributed as follows: up to 0.5 mm — 0.14%;
0.45 mm — 2.26%; 0.25 mm — 3.6%; 0.1 mm — 25.8%;
0.09 mm — 0.84%; 0.08 mm — 12.12%; 0.06 mm — 4.5%;
0.05 mm — 21.46%; 0.045 mm — 21.38%; 0.04 mm — 7.9%. In
this case, piercing loss (LPP) is about 3% [6]. Table 2 shows
distribution of phase composition of fly ash depending on its
fractional composition.

G0MEM 3nekTpoHHoe naolpaxeHue 1

Figure 3. Microphotograph of ash fractions in
a scanning electron microscope.

Cyper 3. Kya ¢ppakuusijiapbIHbIH 3JICKTPOH/bI
MHUKPOCKONTAarbl MUKpodoTorpadusicol.
Puc. 3. Mukpodororpadus 30, 1bHbIX ppakumii
B 2JIeKTPOHHOM MHKPOCKOIIE.

Knowledge of chemical composition of ASW is necessary
condition for judging its properties and resolving issue of pos-
sibility of using it in various sectors of national economy. To
determine chemical composition of ASW, ash samples were
taken from electrostatic precipitators and ash disposal sites ac-
cording to the methodology RD 34.09.603-88 «Guidelines for
organizing control of the composition and properties of ash
and slag sold to consumers by thermal power plants». Anal-
ysis of chemical composition of Ekibastuz ash gives idea of
composition of mineral substances of coal, which is necessary
to resolve issue of possibility of using it in various sectors of
national economy. Data obtained indicate that ash and slag
wastes belong to acidic type of ash. Acid ash has unstable
chemical composition. They also do not have independent as-
tringent properties, but when hardening intensifiers are added,
they become astringent. Conducted studies confirmed produc-
tion of ash-containing binder in the following content of in-
gredients, wt. %: Portland cement — 70-30, fly ash — 30-70,
NeoLit-400 superplasticizer (top) — 0.3%.

Table 1
Results of chemical analysis of TPP ash dumps
Kecme 1
ZKIC Kyn yitinodinepine XumMuanvik, manoay Hamuoicenepi
Tabnuua 1
Pezynomamul xumuyecxkozo ananuza 30100meanoe TOC
Name of TPP, ash dumps content, %
and their elements Sio, ALO, Ca0O Fe,0, | MgO K,0 Tio, SO,
Ekibastuz TPP 56,6 23,64 3,41 4,73 1,54 1,22 0,79 3,05
Ekibastuz State District 63,9 25,50 0,80 5,70 0,10 0,90 1,20 0,20
Power Plant ( SDPP)
Pavlodar CHPP 57,7 25,26 2,48 10,1 1,66 0,50 0,02 0,07
Almaty CHPP-3 57,7 29,6 1,1 6,24 0,35 0,03 - 1,3
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Table 2
Distribution of phase composition of fly ash depending on its fractional composition
Kecme 2
Kynoin ¢ppaxuusanvik Kypamovina oaiinansicmol azansik KypamolHblH MAPALybl
Tabauua 2
Pacnpedenenue pazosozo cocmasa 30161-yHOCA 6 3A6UCUMOCIU OM €€ PAKUUOHHO20 cocmasa
. . Distribution of phase composition depending on fraction, %
Grid . . Fraction
number Particle size, maintenance ) o ) glass phase
sieves pm on a sieve, % Mullit | a- quartz Sillimanite Carbon (occuple;i
area, cm?®)
0,5 500 0,14 28 54 - 18 6
045 450 2,26 44 21 24 11 14
025 250 3,36
01 100 25,8 46 18 28 8 14,5
009 90 0,84
008 80 12,12 42 20 31 7 18
0063 63 4,5 47 17 29 7 20
005 50 21,46 50 21 29 - 22
0045 45 21,38 47 25 28 - 23
004 40 7.9 51 14 35 - 23

Invention relates to building materials and can be used
as inorganic binder with a mineral additive in production of
Portland ash cement from acid ash from thermal power plants
[7, 8].

Thus, the processing and disposal of mining and metal-
lurgical waste into construction materials is aimed at solving
technological, environmental, social and economic problems
in regions with developed mining and metallurgical industries.
The development of technologies for the production of build-
ing materials based on technogenic waste, contributing to the
development of the industrial and innovative potential of the
state, careful attitude towards natural resources and the envi-
ronment, should be considered as the most important scientif-
ic and practical task, the solution of which is directly related
to environmental safety when disposing of billions of tons of
waste in industrial regions [9, 10].

Expected effect (technological, economic, social and envi-
ronmental):

Technological effect. As part of the implementation of the
state program for industrial and innovative development of the
Republic of Kazakhstan in the field of environmental protec-
tion, various methods of processing industrial waste through
the introduction of waste-free technology are being consid-
ered.

The economic effect is the production of additional building
materials and products.

REFERENCES

Social effect: creation of new jobs in the vicinity of existing
mining and metallurgical complexes due to the work of newly
created solid waste recycling facilities; improvement of working
conditions, since solid waste is located on the surface of the Earth.

Environmental effect — improvement of the environmental
situation; reduction of new land areas allocated for dumps; re-
duction or elimination of costs associated with eliminating the
environmental consequences of waste storage.

Conclusions

Thus, it can be argued that utilization of technogenic waste
from mining and metallurgical industries into construction
materials is aimed at solving environmental and social prob-
lems in regions with developed mining and metallurgical in-
dustries. Rational organization of waste recycling process in
combination with efficient modern equipment makes it possi-
ble to obtain products from secondary raw materials at a cost
2-2,5 times lower than for similar products from primary raw
materials, with comparable product quality.
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHSI IPEJOCTABJIEHUS CTATEN
B PeIaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «Lopubiii :xxypHaa Kazaxcrana»

1. «TopHblii :xypHaj Ka3zaxcrana)» NPpHHUMAET K NYyOJIMKAIIMY OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yIbTAaThl HCCIEI0BATEILCKO M HAay4YHOH /esiTeJIbHOCTH, HMMeEIOLIHEe PEKOMEHJAANMH K
NPAKTHYeCKOMY NPHMEHEHHIO pelIaeMbIX BOINPOCOB, a TaKKe CTATbH 0030PHOr0 XapakKTepa, OTBeYAKOIIHE KPUTEPUSIM
NepBUYHOI HAY4YHOH MyOauKanuu (TIOJIHBIN NIepeueHb pyOpUK yKa3aH Ha calte minmag.kz).

2. OcHOBHBbIE TPe0OBAHMS K CTAThAM, PeACTABICHHBIM I MYOJHKANMH B )KypHAaJie:

= HA0Op CTaThH MPOU3BOAUTCS B TeKCTOBOM pernakrope Word mpudrom Times New Roman 12 keriem ¢ IOIyTOPHBIM HHTEPBAJIOM;

= 001 00bEM CTaThH, BKIOYAsi PUCYHKH, TaOJIMIIbI, METaIaHHbIC HE JOJDKEH MIPEBBINIATh 8 eYaTHBIX CTPAHUI;

= cTaThy (32 UCKIFOYCHNUEM 0030pOB), JOIDKHBI COIEPKaTh HOBBIC HAy4YHBIC PE3YIIbTaThL;

* CTaThs JOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO KypHAJIA;

* CTaThs AOJDKHA OBITH 0)OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKEHHBIMU B II. 3;

= CTaThsi MOXKET OBITH IPE/ICTaBIICHA HA Ka3aXCKOM, PyCCKOM HIIM aHITIMACKOM SI3BIKE;

* B PCAKLHUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPUAHT CTAaTbU, UCKIIIOYAIOUIMNA HEOOXOIUMOCTh
IIOCTOSIHHBIX 10Pa0OTOK TEKCTa Ha STaax M3IaTeIbCKOro IpoLecca;

= [Iepel OTIIPABKOM CTaThU B PENAKIIMIO JKypHAJIa aBTOPaM HEOOXOIUMO IPOBEPHUTH TEKCT Ha MPEAMET OTCYTCTBHS IUIaruara.

3. CTpyKTYypa CTAThH JOJDKHA COACPIKATH CIEAYIOIINE Pa3Ieibl:

= xog MPHTW (I'PHTWY http://grnti.ru/?pl1=52) — miecTU3HAYHBIN;

* Ha3BaHHWE CTAThH (COKPAIIECHUS HE NOIYCKAIOTCS, HE NOIYCKAeTCsS HCIIONb30BaHHE a0OpeBHATYp M (HOPMYI; MaKCHMaIbHOE
KommuecTBO cioB 10-12) mOmMKHO OBITH WH()OPMATHUBHBIM, COOTBETCTBOBATH HAyYHOMY CTHIIIO TEKCTa, COIEPKaTh OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3YIOLMe TeMy (IpeIMeT) HCCICJOBAaHUS W COIep)KaHHWEe padOThI, MPEIOCTABISETCS Ha Ka3aXCKOM,
PYCCKOM M aHIVIMICKOM SI3bIKAX;

* MHULMAJIBI 1 (HPaMUIINU aBTOPOB; CTAThs IOJDKHA MMETh He Ooiiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBAETCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)KI0M aBTOpe (Y4eHas CTCIICHb, yU4eHOE 3BaHNE, JOJKHOCTh, MECTO OCHOBHOI PabOThI, FOPO/I, CTPaHa, KOHTAaKTHBIC
nmaHHbIe (agpec snekTpoHHOo# nouTer), ORCID ID) mpenocTaBisroTCsl Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* [IOJTHOE Ha3BaHHWE OpraHu3anuu (-ii), TAe padoTaroT aBTOPHI (C yKa3aHWEM BEIOMCTBEHHOW MPUHAIICKHOCTH);

= aHHOTALIMS B COOTBETCTBUU C TPEOOBAHUSIMH MEKAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JI0CTATOYHO HOJIHO PACKPBIBATH COJCPIKAHNE
CTaThbu, BKIIIOYAs XapAaKTEPUCTUKY OCHOBHOW TEMBI, NMPOOJIEMbl OOBEKTA, LEIH HCCICIOBAHHUS, OCHOBHBIC METOMBI, PE3yJIbTaThl
HCCIIC/IOBAHMS M IVIABHBIC BBIBOJBL. B aHHOTAI[MM HEOOXOAMMO yKa3aTh, YTO HOBOTO HECET B ce0c CTaThsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE U IEJICBOMY HA3HAUYCHHUIO MarepuaiaMu. AHHOTALUS MPEIOCTABISETCS Ha Ka3aXCKOM, PYCCKOM
W aHIJIMKACKOM si3bIKax 00beMoM He MeHee 700 u He 6omee 900 cumBonoB (mpumepHo 150...200 cnos);

= KJIFOYEBBIC CJIOBA B KOJIMYECTBE 6...10 yCTOWYHMBBIX CIIOBOCOYETAHHI, 10 KOTOPHIM B AaJbHEHIIEM OyIeT BBIIOIHATHCS ITOUCK
cTarbd (COKpalmeHus u abOpeBHATypbl HE IOOIYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAXKAIOT CHEHU(DHUKY TEMBbI, OOBEKT U PE3yJabTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMICKOM SI3bIKAX;

= TEKCT CTaTbU, COIEPIKAILUIl CICIYIOLINE pa3/elibl (BBEACHUE, METOIBI/UCCICA0BAHNS, PE3YIbTAThI, OOCYKICHHE PE3YJIbTaTOB,
3aKJIFOYCHNE/ BBIBOIBI);

* CIIMCOK HMCIIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He panee 2015 rona, mpemocrapisercs Ha
Ka3aXCKOM, PYCCKOM U aHIJIMICKOM SI3bIKAX.

PUCYHKM nomxHBI UMETh pacmupenue rpadguaeckux penakropoB CorelDraw, Photoshop, Illustrator u T. m.). @ororpaduu
JIOJDKHBI OBITH MpeaenbHo YeTKkuMu B rpaduaeckom popmare (TIFF, JPEG, CDR) ¢ pa3pemenunem He meHee 300 dpi. Bce OykBeHHBIE
u 1udpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOIMMO IOSCHHUTh B OCHOBHOM MJIM HOAPHUCYHOYHOM TeKcTax. Haamwcu u Ipyrue
0003HaUYeHMsI Ha rpaduKax ¥ pUCYyHKaX TOJDKHBI ObITh 4eTKMH U JieTko ynTtaeMbiMi. IOAINNNUCU K PUCYHKAM u 3AT'OJIOBKH
TABJINL OBSI3ATEJIbHBI. OdopMitsitoTcst OTACIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVJIbI cienyer Habupars B popmynbHOM pemaktope MathTypes Equation wimm MS Equation,
rpeuecKue U pycckre OyKBEI B popMyiax HAOMPATh MPSMBIM MIPUGTOM (OIIIHS TEKCT), TATHHCKUE — KYPCUBOM. O003HaueHUsA 6eIUYUH
u npocmule Gopmynvl 6 meKcnme U MAdIUYAX HAOUPAMb KAK Jjlemenmyl mekcma (a He Kak 00BEKTHl (HOPMYIHHOTO PEOAKTOPa).
HymepoBarts ciieryer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CCHUIKH B MOCIEIYONeM n3nmkeHnn. Hymeparust GopmyI1 CKBO3HAS.

CIIUCOK HUCIIOJb30BAHHBIX UCTOYHUKOB cocrapnsercss B MOPSAKE MUTHPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBeTcTBHH ¢ ['OCT P 7.05-2008. CchUIKH Ha IUTEPATYpPy B TEKCTE OTMEYAIOTCS IO MEPE UX IMOSBICHUS MOPSIAKOBBIMA HOMEPaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPUBOAMUTCS HA Ka3axCKOM, PYCCKOM M aHIVIMMCKOM SI3bIKaX C yKa3aHHEM B CKOOKaxX OpHIHHAaJa
myonukamuu. O6pasen opopMIICHUS TUTEPATYPHI U TPAHCIUTEPALNH pa3MEIIeH Ha caiTe minmag.kz.

4. YciioBusi NpuoOpeTeHNsl KYPHAJI0B aBTOPaAMU.

C aBrOpoM(aMH) 3aKJIIOYAETCsT JOroBOp O mpuoOpereHHH 10 (mecsATH) SK3EMIUIIPOB JKypHAlda COMIACHO YCTAHOBJICHHBIM paclEHKAM
Ha TEKYIIUH TOJI, KOTOpbIe OH(OHM) UMEIOT MPABO PACIPOCTPAHSTH CPEIH IOPHOI 06mecTBeHHOCTH. ITocie OIUIaThl CTaThst MyOIHKYeTCs
B HOMeEpe KypHalla CONIACHO O4epeJHOCTH. EciM CylIecTBYeT HEOOXOAMMOCTh ONyOIHKOBATh CTAThIO B OJHOM U3 ONIIKAHIINX HOMEPOB
JKypHaJIa, aBTOPHI OIIaYMBAIOT yckopeHue B pazmepe 50000 (mATbaeCST THICSY) TEHTE.
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