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KOJOHKA ITJTABHOI'O PEJAKTOPA

Yeasriwcaemasn peoxonnezusn!
Jopozue wumamenu!

Bol Bee, B T. 4. 11 3apy0eKHbIE WICHBI PEIKOIIIETHH, 5 JyMalo, BCETAa )KUBETE HAAEKIAMU U JassHUSIMHU
Ka3aXCTAHCKOTO HapoJia, MOTOMY OypHOE M UCKIIIOUMTEIEHO OTBETCTBEHHOE JUIS Cy/eO HaIIeil cTpaHbl
Hayaso 2026-ro roja CTajuo NMpeAMETOM OOCYXICHUN M pa3yMHi KaKJ0ro U3 HAC B IIMPOKOM KpYTy
OOILECTBEHHOCTH U B IIOCHJICJIKAX)» CBOUX CEMEil.

Ipesunent Kaceim-Komapt KemeneBna TokaeB B cBoeM oOmImpHOM HHTEPBBIO Tazere « Turkistany,
U B BBICTYIUICHHH Ha 1siToM (opyme HarmonansHoro Kypynras cienasn BaxHbIe 3asBJICHHS ¥ OOBSBHII

Mapar
JKakynosny 00 y’Ke IPUHSATHIX PEIICHUSX 110 HIMPOKOMY KpyTy BOIPOCOB, B [IEPBYIO OYEpE/b, 10 BHYTPEHHEMY pa3-
Buruméaer BUTHIO HAIIEro TOCYAapCTBEHHOTO YCTPOMCTBA, 110 UTOTaM MPOIIIOro rojia, 0 HaCyIHBIM IpodiieMam,

2naenolii pedakmop  BOJHYIOIIUM KaXk70TO U3 Hac.

[Tareiit popym Harmmonamesrnoro KypynTast cran caMbIM HACKHIIICHHBIM 110 CBOCH BaYKHOCTH. [IMaJiorT BIACTH M MPEICTaBUTE-
Jiei 00NIeCTBEHHOCTH HA BBICIIIEM YPOBHE TOCTABWII TOYKU M Ha O4YepelHOM 3Ttare camoro Kypyiras Kak HCTOPHYECKOTO CO-
OBITHS B [TOCJICIHUI pa3 B TOM €ro 3HAYCHUH, KOTOPOE 03HAYAJIO €ro OOIICCTBEHHBIN BCEHApOAHRI cTaryc. Teneps Kypynraem
OyZeT IMEHOBATHCSI MMOTUTUYESCKUH 3aKOHOIATEIbHBIN OpraH TOCYAapCcTBa — OJHOMAIATHBIN MapIaMeHT.

OnHuM U3 Hauboee PE30HAHCHBIX M HEOXKUIAHHBIX MPEJIOKCHUHN CTalla Wiesl BBEACHUS JIODKHOCTH BHUIIC-TIPE3UICHTA.
B crpane Bmecto npexuero Kypynras nosisurcs Xansik Kexeci — Hapomaubiii CoBeT B Ka4eCTBE BBICIIETO KOHCYIBTATHBHOTO
oprasa ¢ IIpeJCTaBICHHOCTBIO B HEM BCEX 9THOCOB, I'PYIII HACEICHUS U PETUOHOB.

HoBblii 5Tan MozepHU3aul SKOHOMHKH, TeéMa HAJIOTOBOH peOpMBI, BOIIPOCH! CHI)KEHHST HH(IIALUK 1 pocTa 61arococTos-
HUSI TPaXK/IaH, CTPYKTypHbBIE U3MEHEHUs!, 0OHOBIICHNE MH(PACTPYKTYPBI, TPAH3UT U JIOTHCTHKA, U KOHEYHO, PA3BUTHE CEIILCKOTO
XO035HCTBA U €70 MECTO B IIEHO0Opa30BaHUH M 00eCTIeUeHNH HaCETIeHNS TPOAYKTaMH MUTaHUS 110 JOCTYITHBIM [IEHaM 1 BBICOKOTO
KauecTBa.

OcnoBnas konuenuus «CunbHblil [pesuaent — Bnustensusiii [lapnament — [TogotuetHoe [IpaBuTenscTBOY» OCTAaeTCs B CUIIE
u OyzieT IeficTBOBaTh KaKk OCHOBA HaIllCH roOCy1apCTBEHHOCTH.

Hpe3n;[eHT B CBOCM HHTCPBBIO 06eu_[aeT, qTo HaCTyHI/IBHII/Iﬁ roa CTaHET CyI[L6OHOCHBIM, COCTOUTCA OYECHBb MHOI'0O BaXHBIX
CO6I)ITI/II71, KOTOPBIC OMNPCACTAT BEKTOP PA3BUTUA Kasaxcrana Ha JOJIue€ rojasl.

Jopozue opy3zva! 35 nem naweit Hezagucumocmu — 3HaK06as 0ama, u Ham 6cem 6ax3cHo, Umoovl npeocmoauuil oouneil
CMas cuMeo10mM npozpecca nauieli Cmpanol.

Topnuuit sicypnan Kazaxcmana Nel’ 2026
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OHAIPUII'EH KEH OPBIH/IAPbIH
KOT'APBI THITBI3/JIBIKTAT'BI BAUBITY
KAABIKTAPBIMEH TOJITBIPY

Amnaarna. Ken opbIHIapbiH y3aK yakKbIT naiinanany 6apbIChIHIa )KHHAKTATFaH OaibITy KaJJIbIKTapBIHBIH KOJIeMi KY3/1ereH MUJUIMOH TeKIIe MeTpre ACHiH jKeTemi.
MyHpaii ipi KesnemJeri KaiIbIKTap/bl CaKTay ayblUl IIapyaliblIbIFbl, OPMaH )KoHE 0acKa Ja MaHbI3bl Kep KopJiapblHaH Oarajbl ayMaKTapibl [IBIFAPBIN TACTAyFa SKEICIi.
COHZIBIKTaH KaJIIbIK KOIMalapblH OPHANIACTBIPY MACENEC] IKONOTHSUIBIK XKOHE TEXHUKAJIBIK TYPFBIIAH ©3€KTi 00J1bI OThIp. XKyprisinren seprreynep 6ailbiTy KalbIKTapbIH
KaiiTa naiijanany MYMKiHAITIH, ocipece TONThIpMaIay YIIiH KOJIaHAbIPbUIFaH KAJIbIKTap/Ibl KONJaHy/AbIH THIM/I eKeHiH KopceTTi. KoronanasIpy npoLeci KabIKTapabIH
JKAJITTBI MOJIIIEPIH a3alThIM, Cy/bl KaliTaraMa KOJIIaHy apKbUIBI Cy PecypcTapblH YHeMIeyre MyMKinik 6epeni. CoHbIMeH Oipre y3aK yakbIT 00kl CyHbIITBUIFAH KyHiHIe
TYPaKThl CaKTaJIaThIH, KAOBIPIIAKTAHOANTBIH, KAKChI PEOTOTMSUIBIK KACHETTEepre He MKeM/Ii ACTalIbIK MaTepHall aJlbIHA/(bI, OYJ1 OHBI XKep aCThl KEHIiCTIriH Kayirci3 ToaThI-
pyda KonaaHyFa xKargai skacaipl.

Tyiiinoi cozdep: nacma, moimMblpbiM, JCEPACMIbL ICYMBICIIAD, KA3LIAZAH Keicmik, Oatibimy KaioblKmapul, «KOIIAMbLIEAN) Kal0bIKMAap.

Laying of mined-out mine spaces with high-density enrichment tailings

Abstract. During long-term ore mining, enrichment tailings can accumulate to hundreds of millions of cubic meters, and their storage demands large land areas, creating
environmental and technical challenges. Research demonstrates that reusing tailings — particularly thickened tailings — is an effective backfilling approach. Thickening
reduces waste volume, conserves water, and produces a stable paste-like material that remains uniform without segregation, ensuring safe filling of mined-out spaces.
Thickened tailings also improve backfill stability, lower subsidence risks, and enhance underground safety. Their controlled consistency allows reliable, energy-efficient
pipeline transport. Integrating tailings into backfill supports sustainable mining by reducing waste-storage areas and decreasing the need for natural aggregates, making
thickened tailings a valuable solution for modern mining operations.

Key words: paste, bookmark, underground mining, developed space, enrichment tails, «condensedy tails.

3akJiaika BLIpA0OTAHHBIX IPOCTPAHCTB PYAHUKOB XBOCTAMH 000rallieHisl BHICOKOH IVIOTHOCTH

AHHOTaHHﬂ. O0beM 0TXO0o0B 060F21H_ICHI/[$I TIpH SKCIUUTyaTalluu PYIHBIX MCCTOpO)K}lCHI/[ﬁ MOXCT JOCTUraTb COTCH MUJIJIHOHOB Ky6I/I‘{CCKI/IX MECTPOB. Ux JJIUTCIIBHOC
XpaHEHHE TpeGyeT OTBOAA 3HAYUTECIIBHBIX rmomaueﬁ TIOZ XBOCTOXpaHWININA, YCUIINBAsA DKOJIOTHYCCKYIO Harpy3Ky U IMOBBIIIAsA 3aTpaThl Ha 3alIUTHBIC THAPOTEXHUYCCKUE
coopyskeHus. ONbIT NOKa3bIBACT, YTO OJHUM U3 Haubosee 3PHEKTUBHBIX PEIICHHUIT SIBISETCS MCIIOIb30BaHHUE «CTYIICHHBIX» XBOCTOB B 3aKJIaJI04YHBIX cMecsx. CryiieHue
CHIJKAET 00 00beM 0TXO/I0B, MOBBIIIACT CTENEHb 00E3BOKMBAHMS 1 MO3BOJISICT BO3BPAIATh OONBIIYIO 4acTh BOAbI B 000poT. ITonyueHHsIit MaTepuan obnagaer cra-
OUITBHOM TCKY4YCCTBIO U OZ[HOpO}lH()ﬁ CprKTypOf[, MOXET JJIUTEIbHO OCTAaBAaThCs B PA3KMIKCHHOM COCTOSIHHHA 0e3 paccioeHus, 94To oberdaet ero TPaHCIIOPTUPOBKY U
YKIaIKy B BBIpa6OTaHHOe IIPOCTPAaHCTBO. HpI/IMeHeHHe CIr'yIICHHBIX XBOCTOB IMOBBIIIACT 0e3011acHOCTh TOPHBIX pa60T, yny4qmaeT yCTOﬁ'—IHBOCTB 3aKJIaJ0OYHOI0 MaccuBa U

CHIJKAET IKOJIOrMYECKOe BO3CHCTBHIE NPENPUATHH.

Knrwoueswvie cnosa: nacma, 3aK1A0KA, NOO3eMHAs pa3pa60ml<a, szpaﬁomauuoe npoOCmMpancmeo, Xxe0Cmaol oﬁozameuuﬂ, «CeyujeHHovle) X60Cmbl.

Kipicme

Kasipri Tarma skep KOWHAYBIH THIMJI JKOHE SKOJOTHSITBIK
KayiIici3 maiianany oJIeMIIiK Tay-KeH OHepKaciOi yIiH cTpare-
THSUTBIK MaHbBI3Fa Me. KeH eHnipy KeleMiHiH apTybl MeH OaibI-
Ty TPOIECTEPiHIH KYpPACTICHYI HOTIDKECIHAE KAIIBIKTApIbIH
JKHHAITYBI JKEJIeNl ©Cil, OoJap/iblH KeJeMi XY3AereH MUJIIHOH
TEKIIe METpre ACHiH KeTemi. MyHIail KalaIbIKTapasl TI9CTYP-
JIi 9icTEpMEH CcaKTay — KYH/BI Kep KOpJIApbIH MaiaaiaHyiaH
HIBIFapy, SKOJIOTHSIIBIK TOYEKEIEP/IiH apTybl )KoHE KOChIMIIIA
MH(PAKYPBUIBIMIBIK, IIBIFBIHAAPABIH YIFAIOBl CHAKTBI OipKa-
Tap Kypaeli Mocemenepai TysrHaaranst [1, 2, 3].

CoHFBl KbULAAPHI OalbITY KalJbIKTaphlH KaiTa eHJETl,
oJappl ’Kep acThl KeHICTIKTEpiH TONTHIpYNa KOJNTaHy OaFrbl-
TBIH/A FBUIBIMU KBI3BIFYIIBIIBIK APTHIN KeJleAi. 3epTTey Ho-
TIDKEINIEpl KOINTEreH MIaxTajapia IacTajbIK TOJIThIpMalapbl
COpFBUTAPABI  KOJJaHOal-aKk KyOBIp apKbUIBl TachIMayay
MYMKIiH €KeHiH KOPCETTi, OYJT TEXHOIOTHUSITBIK KOHE SKOHOMU-
KaJIBIK THIMIUTIKTIH jKaHa JIeHreiin KaMTaMachl3 etei. Koro-
JaHIBIPBUIFAH KAJIJABIKTApAbl TMalfadaHy KaJIbIK KeJeMiH
a3afTHIN KaHA KOIMal, MaCTaHbIH PEOJOTHSIBIK KaCHEeTTePiH
JKaKCapTHIT, OHBIH KYOBIp JKeIiCi apKBUIBI TYPAKTHI 9pi ITUKII-
IIK pexume Oepinyine MyMKIHAIK Oepei.

By Tocinm macTanbIK TONTBIPHIMHBIH OCpIKTIK KOHE Ape-
HaKABIK KAaCHETTEpi >KOFaphbl >KAaCaHIbl MACCHBTEP/I KaJIbIII-
TacCTHIPYbIHA JKaraal skacaiapl. OchlIaiina, «KOIIaThUIFaH
0albITy KaJABIKTAPBIH KOJAAHY Tay-KeH KOCIOPBIHIApHI
YILIiH SKOJIOTHAJIBIK KYKTEMEHI a3aiiTyFa, IEMEHT IIbIFbIHBIH
TOMEHJICTYTE YKOHE OHIIPICTIK MPOLECTEPAIH JKaJIIbl THIMII-

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

JITiH apTThIpyFa OarbITTAIFAaH MAHbI3/(bl TEXHOIOTHSIIBIK IIIe-
1M Ooubin TadbuIas! [4, 5].

3epTTEy MaTepuaggapsl MeH daicTepi

ITacTa KoromaHABIPY TEXHOJIOTHACH Tay-KeH OHIIpiCiHACT1
OipkaTap MaHBI3IBI Macenenepai ThiMai memeni. Kanmeikrap-
JIbI KOIOJIATy TYHABIPFBILITAPFA TOYEIAUTIKTI a3aiThII, 3aybIT-
Ta KaiiTa KOIJaHyFa >kapaM[Ibl Ta3a Ccy ajdyFa MYMKIHIIK Oe-
peni. [Tacta Toranmapaa Kayirnciz cakTauaabl: ol TYOiHe IIIe-
Til, TBIFBI3 KYH/IE KAJbII, )KOFapFBI KA0ATTaFbI Cy/IbIH dCepiHe
YIIBIpaMaipl KoHE KaxeT OoJica IMIaxTalapAbl TONTHIPYFa
naijananbuIagsl. by TeXHOIOTHS KalIbIKTapAbIH KOHYCTBIK
YHIHIUIEpiH KalbINTacTBHIPHIN, OJNApAbIH ayJaHbl MEH arblll
KEeTy KayIiH JA9CTYpJIi 9[liCTEpMEH CaJbICThIPFaH/Ia Al TapIIbIK-
Tal TOMEHAETETI.

Byrinri Tanga mactaHbl KOIOJIAHIBIPY TEXHOJIOTHSCHI Tay-
KEH OHEPKACiOiH/er1 KONTereH MIceleepAiH Y3aK Mep3iMIi
LIENTIMIH KAMTaMachl3 €Te alabl.

Ocplaiimna, macta KeIMOaT GuiIbTparnmsra 0agaMa peTinae
KeH Ka30anapelH (IIaxTajapAbl) TOJNTHIPY YIIiH OHTAHIBl Ma-
Tepuan 6okl Ta0kIanel. Kaiita TONTHIPY YIIiH KOFaphl Oe-
pik macta Kaxer 0oica, ol OalTaHBICTHIPFBIMIIICH (MBICAIIBL,
MOPTIAH/IIIEMEHT) KOHE CyMEH apajacThIPbLIAlbI, O aimay
JKOHE KYOBIpIap Ke3iHIe TYTKBIPIBIKTEI OaKplIay YIIiH KOCHI-
nauel [6, 7].

[TacTa — GaifmaHBICTEIPYIITHI KOCTIA IIAaXTa YHFFIMACHIHA aii-
Jaajpl, comaH KeWiH aybIpIIbIK KYIIiHIH 9CepPiHeH KYIO HYK-
TeciHe TachiManiaHaabl. KeH Ka30amapelH mactamMeH Kaiita
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KyaTbl

MacTansiK

KONaHALIPFLIL

Tacbimangay
COpFbICHI

KoronaTKbIWTbI
TUey COpFbl

Cyper 1. [IacTanbl JaliibIHIAY TEXHOJOTHACHI.
Figure 1. Paste preparation technology.
Puc. 1. TexHoJ10rUsi NPUTOTOBJIEHUA NACTHI.

Cypert 2. CII-5II nacTa KOKJIaHABIPFbIIIBI.
Figure 2. SC-5P paste thickener.
Puc. 2. ITactoBprii yniaoruureas CII-511.

TOJITBIPY J1a KAJIJBIKTAP/IbI KOIOMIBIH (KOIIPYIiH) YHEMII 9/1iCi
00JIBIT TaObLIAIBI.

[TacTa ToNTHIpY MaTepuangapbl CyJIblH a3 MeJIIep] KoHe
0aibITY KaJABIKTapbIH THIM/I KalTa eHIey MYMKIHAIrI ap-
KachIHJa JIOCTYPJIl CYCHEH3MSUIBIK TOJThIpMasapliaH airap-
npikTail TriMai. Cy MesmepiHiH TOMEHeyl TOJIThIPMaHbIH
OepiKTiri MeH OIPTEKTLIIriH apTTHIPbII, Ka0aTTacy bIKTUMAJ-
JBIFBIH a3aiTajabl, IEMEHT MLIFbIHBIH 40—60%-Fa KbICKapTa-
JIbl JKOHE KaTalo yaKbIThIH TOMeHJeTell. bys kanbimrapis
OpHarTy, JPEHaX JKOHE Ta3ajiay CHUSKTHI KaHaMa LIbIFbIHJAP-
1wl 80%-Fa neiiin azaiityra MymKiHaik 6epeni. COHbIMEH Ka-
Tap, IUipMEH KaJJIBIKTapbiH JKep acThl Ka3zdajapblHA KOMY
KaJJIBIK KOMMaJapblHbIH KOJIEMIH a3alTbIl, SKOJOTHSIIBIK
ocepi TOMEHJIETE I, Kep acThl CyJIapbIHbIH JIACTaHy KayIliH
OapbIHIIA a3aliTaIbl.

Counrbl xbutnapsl Kanana, I'epmanus, OxTycTik Adpuka
JKOHe 0acka eliep/ie MacTalblK TOJTBIPY TEXHOJOTHUSICHI Ke-
HiHeH eHri3imin keneni. by omic Kasakcran maxranapbiHua
KOJITAHBUIATBIH JOCTYPJI TOCUIAEpre KaparaHaa Oipkarap

apTHIKIIBLIbIKTapFa ue. COHIBIKTAH OYJI TEXHOJIOTHSHBI JKep
acThl KEH OPBIHAAPbIH UIepye KOIJaHy MYMKIHJITIH Tajujay
JKOHE OHBIH HETI3I'1 acleKTUIepiH aiiKbIH1ay MaHbI3/bI.
CoHFBI OHXXBULIBIKTA MTACTa MaTepHajlapblH TachIMaIIay
TEXHOJIOTHSICHI e/19Yip AaMblabl. bacTankplia o1 )KepacThbl KeH
Ka30asapblH TOJITHIPY YIIIH KOJIJAAHBUIFAHMEH, 0OC JKBIHBIC-
TapIIbIH JAPCHAXKIBIK KACHETTEPIHIH TOMEH/IIrT OJap/IbIH TOJ-
TBIPFBIII PETIHJIE KapaMchbi3 OoybiHa okesi. [lacta Topizmi
Kocnayiap/ipl maianany OyJ1 MOCEJICHI mIemrin, OepiKTiri xKo-
Fapbl LIEMEHTTEJITECH TOITHIPY ajyFa MyMKiHIIK Oepeni. [lac-
TaHBIH TOMEH TYTKBIPJBIFBI KyM, O0OC JKBIHBIC, IIJIAK CHSIKTBI
ipi Marepuanmapbl Ja THIMII TacbIMallayFa KaFaai xacam-
Il Byt kacuet apTypiti hpakiusiiIbl XKbIHBICTAp bl OipiKTIpim,
Kayirciz opi YHeM/Ii TONTBIPY MaTepUaliblH AalbIHIAyFa MYyM-

KiHaik Oepesi. ToNTHIPFBINI MaTEpUAIAAPABIH  CaJbICThIPMA-
JIbl cUIIaTTaMalapsbl 1-Kecrene KopCeTireH.
Kecme 1
Tonmuipoim mypaepiniy canvicmuipmansl
cunammamanapol
Table 1
Comparative characteristics of bookmark types
Taonuya 1
CpasnHumensvnasa XapaKmepucmurka 61006 3aKi1aoKu
TonteipeM TYPI
Kepcertkimrep KesicTap [lynena ITacra
JKarnaiinr Kyprak 60-75% | 65-85%
KaTThI KaTThI
Tacemvannmay | Tay sxeraBICTapEIH | KYOBIp, KyOs1p,
cyi0acsr TachIMaJI/IaYy, YHFBIMa- | YHFBIMa-
HH)KEKTOpIIap nap nap
IlemeHTTIH Mingetti emec | Mingetti | Kaxer
KaXeT I1e emec
Cerperanust | Tay xbiapicTapsiH | [lymema- JKOK
TachIMaiay HbI TaChl-
Ke3iH/Ie Majaay
Ke3iHze
Tonteipy KHUBIH Myw™KiH JKSHIT
TOJIBIKTBIFBI emec
OHIMILTIK 100—400t1/car | 100-2001/ | 50-20071/
car car

[TacTa TONTHIPBEIMBIH KONIIAHY Tay-KEeH OHEPKOCiOiHAeTi Ma-
HBI3IbI THHOBAIMSIIAPABGIH Oipi Oombit Tadsmaner. [lacta — cy
MeH TYHIPIIIKTI MaTepHaJAbIH KOCTACHI, TYTKBIPIBIFBI KO-
Fapbl OOJFaHBIMEH, CYHBIKTHIK TOPi3/l OTIMIUTIKKE He JKyie.
MyHpjaii KacHeT KOCIaaarbl KOJUIOMATHIK OOIIIeKTepIiH CyIbl
yCTam TypybIHA KOHE KYOBIp KaOBIpramapbl OOWBIMEH Tapa-
JybIHA GalTaHBICTHI KAJIBIITACAIBI.

[TacTaHBIH KO3FAJBICBIH TYCIHIIPY VIIIH «©3€K» YFBIMBI
Konmanbuiaabl. [lacta cycneHsus peTiHae emMec, OpTaibIK 0e-
JIri JKOFapbl KBUIJAMABIKIICH KO3FallaThIH «aFbIHABIK ©3€ri»
Oap KypeUIBIMABI OpTa TYPiHIE TachbIMajjaHaabl. O3eKTeH
IIETKe Kapail KO3FaJbIC JKbUIAAMIIBIFBI TOMEHJEH, KYObIp Ka-
OBIprayapblHa KAaKpIH aiiMaKTa Maimaymbl Kabar Ty3ineni.
Byt kabaT KOIITOMATHIK OOIIeKTepIeH TYPAIbl )KOHE 03€KTeT1
ipi GemmeKTepAiH YHKETiCiH a3aiiTa bl
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3eprreyiep nacTaHblH arblH/IBIK ©3€T1 OHBIH €H ycakK (pak-
LUSUIAPBIHBIH MOHU3ALUSICHI HOTHIKECIH/IE KaJIbIIITaCaThIHBIH
KepcerTi. YHKelic acepiHeH KyOblp KaObIprayiapbl MeH 0eJ-
LIEKTep apachlHAa Kapama-Kapchl 3apsirap mnaiina OoJbl,
KOJJIOMJTHIK OeJiieKkTep KaObIprajgapra TapThUIbII, Maiiay-
bl Kabar Ty3eai. by KyObuibic MaTrepuaiiblH a3 0eliriMeH-
aK THIM/II aFbIH TY3yre MyMKiHiK Oepeni (3-cyper).

Kannouomul 6omuexmepoiy mavnayuivt Kabamol
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Cyper 3. Konnouarsl 0eJieKkTepain Kyobip
nIeTTepine MIBIFYBI.
Figure 3. Migration of colloidal particles toward
the pipe walls.
Puc. 3. BoIxoa KOJIJIOMIHBIX YaCTHI] K CTEHKaM TPYOBI.

Kecme 2
Bacmankpt nacma mamepuanvinoly yazinepiniy
0ip ocbmik coizblmoany depikmizi

Table 2

Uniaxial compressive strength of initial paste

material samples

Taonuya 2

Ilpounocmo na oonoocnoe cocamue 06pazyoe

UCXOOHO020 NACIOB020 Mamepuala

Bip ocerik Kbicy kymii, MIla, karato

Ne n/nt Ke3eHIHJe, KYH

Marepuan araysl

7 KYH 14 xyn | 28 xyn | 180 kyH
1 TymHycka 0 0 0 0
rmacra
(1IemMeHTCi3)

[Macta Topi3mec TONTHIPFBINI KOCHAlap JOCTYPIi Mare-
pUalapMEH CalbICTBIPFaHAa OipKaTap apTHIKIIBUIBIKTapFa
ne. by, HerisiHeH, cy MeJIIEpPiHIH a3bIFbl MEH (IOTaIus-
JIBIK KQJJIBIKTap/IbI MaliialaHyFa MYMKIHIIK OepyiMeH Oaiia-
HBICTBI. Cy KYpaMBIHBIH TOMEH OOJIYbI TOJITBIPY/IBIH OepiKTi-
TiH, OIPTEKTUIITIH apTThIpa/bl, KAOATTACYIBI a3alTa/Ibl JKOHE
OKIIAYJIAFbIII JIMHTEIBACPTE TYCETIH KhICHIM/IBI TOMEHJICTIII,
KYPBUIBIC TI€H JPEHAKFa KETETIH MIBIFBIHIAPIbI KHICKAPTATBI.
OnoTaNMSIBIK KAJIIBIKTapIbl TONTHIPYFa Maiiaiany KoiiMa-
JIapBIH KOJIEMiH )KOHE KOPIIIaFaH OpTara dCepi alTapibIKTan
azaiiTazsl [8].

[TacTa TONTBIPBIMBIHBIH HET13T1 apTHIKITBUTBIKTAPEI

1. XKakcapTbuiraH camna

* OpeHaoic Ke3iHOe YeMeHMMIK ey a3 WbI2bIHbl, OIpmeKmi
macca.
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Arperanusi HOTHKECIHEe KadaTChi3 TOITHIPY KOCIACHL.

2. MarepuangapblH KYHbIHBIH TOMEH/ICY1

* yemenm wvigvinvin 40—-60%-2a azatimy;,

* IUHMENb KYPbLIbICLIHA APHANEAH MAMEPUANOAD UbIEbL-
uoti 80%-2a Oetiin azatimy;

* may-Kew JcoHe OHOey OHePKICIOIHIY Kammbl KALObIKMA-
PUIH KeHiHeH nanuoanamy.

3. OHIMALTIKTIH apTyBbI

* OHOIpII2eH KeHICMIKKe MONmbLpY KOCRACHIH Y30IKCI3 Oepy
eceDiner Monmvlpy HCYMbICMAPLIHbIY KAPKbIHOBLIbIZbIH AP~
Mulpy dHcone ocvlean batnianvicmol moamuipy yakovimoin 20%-
&a Oetlin KblCKapny;

* waxmanapowvl masanay kenemin 80%-ea Oetiin asatimy.

4. Kopiiaran opTaHbl KOpray

* KaNObIK KOUMANapolibly Keaemin 50%-2a Kvickapmy;,

* 2LUOPOMEXHUKANLIK KeueHae KOUbLIAMbIH Malanmapobiy
memenoeyi,

* MenUopamuemix maianmaposl a3aimy.

[Tacra canmacskiH gaiibiHayFa meKTeyep. bipkarap TexHo-
JIOTHSUTBIK KOHE YIKOHOMHUKAJIBIK IISKTEyep Oap:

* OIpKeKi 2paHyIoMempusiiblK Kypamsl oap Kylo Kocnaia-
PbIH KYObIpIap apKbiibl MACbMai0ay ome Kuvlh, cebedi onap-
0a 63eK YWiH WeKApauvlK deblH HCa20aliapbli KYpaumvlt
YCaK ppakyusinbly HcemKiikciz Moauepi,

* ycax paxyusnvly KOieMiH YA2aumy moimulpblul Md-
mepuanovl Cycvi30anobIpy Ylin Kon Kyul Jdcymcayobl maian
emeoi, Oyn 03 Kezecinoe HcAOOLIK NeH dNEeKMpP IHEPLUACHIHA
WbI2bIHOApOLL manan emeoi.

HoTuikenep #oHe oJapabl TAIKBLIAY

3epTTey HOTHIKENEepl MacTa TOPI3AeC TOJITHIPFBIII KOCIa-
JapbIHBIH JIOCTYpJIl Marepualjiapra KaparaHjga alKbiH ap-
TBIKUIBUTBIKTAPbIH KopceTTi. CynblH a3 MeJuepi KOCIaHbIH
MEXaHUKaJIbIK OEpIKTIriH apTThIPbIN, OIPTEKTI KYpbUIBIM MEH
28 kyH iminge 95%-ra AeiH KETETiH KOFapbl HbIFbI3IATY Oe-
PIKTIriH KaMTaMachI3 eTeli.

[mpaBiuKaliblk Tajjiay MacTajarbl KOJUIOMATHIK Oelek-
TepAiH KyObIp KaObIprajapblHia Maiiaynbl KadaT Ty3ill, Ta-
ChIMAJIJIay/IbIH  TYPAKTBUIBIFBIH JKaKCAPTATBIHBIH KOPCETTI.
Kocnanbly THiMII TackiMasiaanysl yiriH < 20 MKkM OeJex-
Tep yaeci keminzae 15% Goysl mwapt. KyObip Tiz0ekrepinieri
Y3BIH/BIK KaThIHACBIHBIH Jia MaHbI3bl 30p: 3:1 KarTblHACHIHJA
eniMitik 200 T/caf miamMaceiHga 0oJica, KaTblHAC apTKaH ca-
fbiH eHIMAUTIK 50%-Fa IeiiH TOMEHICH I,

OKOHOMHKAJIBIK JKaFblHaH I1acTa TEXHOJIOTHSCHI IIEMEHT
mbIFBIHBIH 40-60%-Fa, KOCBIMIIA KYPBUIBIC MaTepHaiiapbl
nIbIFbIHBIH 80%-Fa JeiiH KbIcKapTaibl. DIoTaIMsIIbIK JKOHE
YriHAI KaJIBIKTapblH Maiilaiany KaJAblK KOHMaJapbIHbIH
KeJieMiH mamameH 50%-ra a3alThII, SKOJIOTHSUIBIK dCepii TO-
MEHJIeTe/Il.

DKOJIOTHSUTBIK TYPFBIJIAH 11aCTa TEXHOJIOTHSCHI CYJIbl THIM-
Il naiianany, skep acTbl CyJapblHbIH JIACTaHY KayIliH a3aiTy
JKOHE KaJIIBIKTAP bl 0aCKapy TaJanTapblH KEHIIICTY apKbLIbI
MaHBI3/Ibl APTHIKLIBUIBIK OEpei.

CoHBIMEH KaTap TEeXHOJOTHSUIBIK LIEKTEYyJIep A€ aHbIKTal-
Jbl: YcaK (ppaKiusuiapbIH )KeTKUIIKCI3 MeJIIepi TachiMalliay-
JIbI KABIHATAIbI, aJ1 KYOBIpIapbIH JKOCIapIaHybl OHIMIITIK-
Ke Tikesel acep ereni. by (akropnap macra KypaMbIH jKOHE
TachIMaliay )KyHeciH OHTaIaH bIPY/Ibl KAKET eTEe/Il.
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Xanmpl anranja, macra TOpI3AEC TONTHIPFBINI TEXHOJO-
THSCHI Tay-KeH OHJIPICIHIH KayIICI3AiriH, KOJOTHSCHIH jKOHE
HKOHOMUKAJIBIK THIMILTITIH apTTHIPATHIH IIEPCHIEKTUBAIIBI S1iC
petinae Oarananansi [9, 10].

KopbIThIHABI

JKyprizinren 3eprreyiep nacra Tapizec Kanrama Kocnasa-
PBIHBIH JACTYPJIi TOJNTBIPFBILI MaTepHaiaapaan Oipkarap ap-
TBHIKUIBUIBIKTApFa Me eKeHiH kepceTTi. Kocnanbly (usnka-me-
XaHUKAJIBbIK, PEOJIOTHSUIBIK YKOHE IKOJOTHSUIBIK KaCUETTEepiHe
JKacallFaH Taj[ay OHbIH TEXHOJOTHSIIBIK TUIMIUTITIH pacTabl.

[TacraHbIH Heri3ri epexiesniri — epKiH CyablH a3 O0oiysbl
JKOHE YcaK (ppakipsuiappIH sKorapsl yieci. by kararo mpo-
LECIH KYIIEHTIN, TONTBIPbUIFAH MAaCCUBTIH OepiKTiri MeH Oip-
TEKTUIIriH apTThipaabl. KocnaHblH THIFBIBABIFEL 1.8-2.2 T/M3,
an 28 KyHIIK Keicy Oepiktiri 6—8 MIla-ra xereni.

3epTTey KOPBITHIH/IBLIAPHI:

1. Ilacma mapiz0ec Kocnaniap — 3KON0SUSLTBIK MA3A HCIHE
IKOHOMUKATBIK, MULMOL THOTMBIPY MEXHOIOSUSCHI.

2. Onmumanowl Kypam: ycax ¢paxyusnap > 20%, 6aiina-
uvicmoipeviue 6—-10%, cy < 15% — oyn scaxcol peonocusnviy
Kacuemmep MeH H#co2apvl OepiKmikmi KamMmamacsi3 emeol.

3. llopmnanoyemenm nezizindezi Kocnaiap me3 Kamasiovl,
an Kyn MeH WaaK KOCbLI&aH 6apUanmmap y3ax mep3imoi my-
PaKmulivlK 6epeoi.

4. I[Tacma mexnonoeusicol OHOIPiCMIK KaL0bIKMapobl Muim-
0i Kauima eHOen, pecypcmapobvl yHeMOeuoL.

5. Teomexanukanvix mooenvoey nacmamer MoamvlpulLIeaH
KeHicmikmepoiy KepHey Yaecmipyin mYpakmanoblpamolibiH
JHcate ONBIPLITY KAYNIH A3atimamsiiblH KOpcemmni.

Kopvimuinovinaii xene, nacma mapizoec Kanmama Kocna-
Japel — Kazipei may-Ken OHepKacioinode dKOI02UANbIK KaYIiNncis,
CEHIMOT JHCIHE IKOHOMUKANBIK MYPEblOAH MUIMOL MEXHON02US,
api OHblL OHOIpicme KeHIHEeH KONLOAHY MAHbL30bL.

Kap:xbLianasipy

byn makama BR24992854 «IlIeirpic KazakcTan 0ONBICHI-
HBIH Tay-METaJIyprusi CaJaChIHBIH TYPaKThl JaMybIH KaM-
TaMachl3 €Ty YIIiH Oocekere KaOieTTi FhUIBIMUA HETi3[e/ITCH
TEXHOJIOTHSIIAp/bl 93IpJiey JKOHE ICKe achlpy»  TaKbIPBIOBI
Ooitpima Kazakcran PecrnyOnukackl FhUlbIM KoHE KOFapbl
oiniMm mMunuctpiiridig 2024-2026 xpuigapra apHairaH Oar-
JlapiiaMajibIK-HbICAHAJbl Kap)KbIIaHABIPY KOHKYPCHI asiChIHAA
JTalbIHATAbL.

AnFbic

Aemopnap apinmecmepine 20icmemenik Koaoay HcaHe
nanoansl MaiKulaaynap yuwin, COHOai-aK MaKkaaianovly ca-
RACbIH JHcaKcapmyea bIKnai emKeH KyHObl eCKepmynep yulin
AHOHUMOI peyen3zenmmepze anzvic 0inodipeoi.
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P.A. Mycun, *H.M. 3amajues, /[.P. Axmatnypos, J./[. PemieTHsAAKOB
Hekxommepueckoe akyuonepnoe obuecmeo «KapacaHOunckuti mexnuyeckuil yHugepcunen
um. Abwviaxkaca Cazunosay (2. Kapaeanoa, Kazaxcman)

MHOI'OCTAJIJUMHBIE TEXHOJIOTI'UU
MN3BJIAEYEHUA YI'OJIBHOI'O METAHA:
PE3VYJIIBTATBI IABOPATOPHBIX U OIIBITHO-
NPOMBIIIJEHHBIX UCCJIEJJOBAHUM

Annotanus. CtaTbs MOCBSIIEHA Pa3paboTKe MHOTOCTAUITHBIX TEXHOJIOTHIT M3BICYEHHS YTOJIBHOIO METaHa, OCHOBAHHBIX HA H3MEHEHHH (JOPM €ro CBSI3U C YTOIbHBIM
BelecTBOM. [IpHBeIeHbI pe3y/IbTaThl TEOPETHUECKHUX HCCIICI0BAHHIA, JIAOOPATOPHBIX SKCIIEPUMEHTOB U OIBITHO-POMBIILICHHBIX HCIIBITAHMI Ha 1acTax KaparanuHcko-
ro bacceiiHa. YCTaHOBICHBI 3aKOHOMEPHOCTH COPOLIHH U ACOPOLHH METaHa, BIISHHC YBIAKHEHUS YIS M THAPOAHHAMUYCCKIX BO3IeiiCTBHIA Ha razootaady. O60cHOBaHA
HEOOXOIMMOCTb KOMILIEKCHOTO TOAX0Za ¢ ()OPMUPOBAHHEM TEXHOTCHHBIX KOJIEKTOPOB JUIS TOBBIIICHUS IPOHULIAEMOCTH MaccuBa U 3 dexTuBHOCTH Aerazanuu. [lomy-
YEHHBIC PE3yJIBTAaThl HMEIOT MPOMBIILICHHOE H 3KOJIOTHYECKOe 3HAYCHHE, MOBBIIIAsi 0€30MaCHOCTh TOPHBIX PAbOT M MO3BOJISIS MCIONB30BATh METaH Kak albTepPHATHBHBIH
SHEpropecype.

Knrouesnte cnosa: yeonvnuiii meman, oecazayus, 2uopoobpabomra, copoyus u decopbyus, Kapazanounckuil yeonvmoviil 6accetit.

KemMip MeTaHbIH HAIPYAiH KONCATHLIbI TeXHOJOTHJIAPBI: 3ePTXAHAIBIK KOHe TIKipubesik-eHepKICINTIK 3epTTey-
JIepAiH HOTHIKeJIepi

Amnarna. Makasia KoMip METaHbIH OHIPYAiH KOIICAThUIbI TEXHOIOTHSIIAPBIH d3ipJieyre apHaJFaH, OJap/blH HEri3i — ra3/iblH KeMip 3aTbIMEH OaiiiaHbic opmantapbiH
o3repty. Kaparanpl kemip OacceiiHiHiH KabaTTapblHIa )KYPri3UIreH TEOPHSIIBIK 3ePTTEYICP/IiH, 3ePTXaHAIBIK TOKIPUOCTEePAIH KIHE TOKIPHOCTIK-OHEPKICINTIK ChIHAK-
Tap/bIH HOTHIKEINEp] KenTipiireH. MeTaHHbBIH COPOLUACH MEH JeCOPOLHACHIHBIH 3aHIbIIBIKTAPhl, COH/Iai-aK KOMIp/IiH bUIFAJIaHybl MEH MMAPOJMHAMHKAIIBIK dCEPIEPAIH
ra3 GesiHyiHe BIKIAJIbl AHBIKTAJIbl. MACCHBTIH OTKI3MIIITINH KOHE Jera3alus THIMIUITIH apTThIpy YIIiH TeXHOTSHIK KOJUIEKTOPJIap bl KaJIBINTACTHIPY/bl KO3ACHTIH
KEILICHAI TOCULAIH KaXXeTTUIIr Heri3aesai. AbIHFaH HOTIKENep OHEPKICINTIK KOHE KOJOTUSIIBIK TYPFBIIAH MaHbBI3/Ibl, MIaXTadapblH KayillCi3diriH apTThIpyFa )KoHEe
MeTaH bl OanaMaibl SHeprust Ko3i peTiHje naifananyra MyMKiHAIK Oepei.

Tyitinoi cosdep: komip memansi, Oecazayus, 2uopoonoey, copoyus, Kapazanovl komip 6accetini.

Multistage technologies for coal methane extraction: results of laboratory and pilot-industrial studies

Abstract. The article focuses on the development of multistage technologies for coal methane extraction, based on modifying the forms of its bonding with coal matter.
Results of theoretical studies, laboratory experiments, and pilot-industrial tests conducted on the Karaganda Basin seams are presented. The regularities of methane sorption
and desorption, as well as the effects of coal moisture and hydrodynamic treatments on gas release, are identified. The necessity of an integrated approach with the formation
of technogenic collectors to improve seam permeability and degasification efficiency is substantiated. The findings have industrial and environmental significance, enhanc-

ing mine safety and enabling methane use as an alternative energy source.

Key words: coal methane, degasification, hydro-treatment, sorption, Karaganda coal basin.

Beeaenne

B coBpeMeHHBIX YCIOBHSAX Pa3BUTHSA YTOJBHOIN MPOMBIII-
JICHHOCTH 0C000€ BHUMAaHHE Y/EJISIETCsl IIPOMBIIIICHHON 0e3-
OITACHOCTH W PAIIIOHATIHHOMY HCIIOIb30BAHMIO METAHOHOCHBIX
1acToB. MeTaH B YTOJNBHBIX MACCHBAX UTPAeT JTBOHCTBEHHYIO
POJIb: C OIHOM CTOPOHBI, 3TO LIEHHBII 3HEPreTUYECKU pecypce,
C Ipyroi — OCHOBHasI IIpUYMHA aBapuil, II0)KapoB U B3PHIBOB B
maxrtax. [To maHHbIM nccnenoBanmid, cbitre 40% aBapuii B 0T-
paciy CBA3aHO C Ta30BbIM (PAKTOPOM, UTO 00YCIIOBIMBACT HEOO-
XOIMMOCTD JETAIFHOTO M3yUYCHHUS B3aNMOJCUCTBUS YIVIA U Me-
TaHa U pa3paboTKu d(PEKTUBHBIX TEXHOIOTH Aerazaruu [1].

VccnenoBanus MOCIEIHUX ACCATHICTHH TTOKAa3alIH, 4To a3
B yIJI€ TIPUCYTCTBYET B HECKOJIbKUX (popMax: CBOOOIHOM, a1co-
pOMPOBaHHOH, TBEPAOPACTBOPEHHON M Ta30KPHUCTALTNUECKON
[2]. IIpu sToM Kakmast opma CBS3HM XapaKTepusyeTcs coo-
CTBEHHBIMH SHEPTeTHYECKUMH OaphepamH, OIPEACIAIONINMHI
YCIIOBHS M MHTEHCUBHOCTH BBIICNEHNA MeTaHa. Kimaccrmueckue
METOJIbI Jera3alnu, 0a3UPYIOIIHECs Ha TOHKEHHHU TIACTOBO-
TO JIaBJICHUS U APCHUPOBAHNH CBOOOIHOTO Ta3a, OKa3bIBAIOTCS
HEJ0CTAaTO4YHO (P PEKTUBHBIMHU B YCIOBHSX TIIYOOKHX TOPU30H-
TOB M MOIIHBIX IUIACTOB C BBHICOKUM YPOBHEM T'a30HACHIIICH-
HOocTH . OCOOEHHO 3TO MPOSIBISIETCS] IPH pa3paboTKe BBIOPO-
coomacHbIX TwactoB Kaparanmuackoro yrompHOro OacceifHa,
e TPAJUIMOHHBIC MOAXO/Abl HE O0ECIEUUBAIOT TPeOyemblid
YpOBeHb Oe30MacHOCTH 1 peHTabeabHOCTH 100b1uH [3].

B 3THX ycnoBHAX akTyaJbHOH 3a/lauell CTAaHOBUTCS CO3/a-
HUE MHOI'OCTaUIHBIX TEXHOJIOIMH BO3AECHCTBUS HA CUCTEMY
«YTOoJIb — METaH», MO3BOJISIIOIIUX U3MEHITh (JOPMY CBSI3U Me-
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TaHa C YroJIbHBIM BEIECTBOM, (DOPMHUPOBATH TEXHOTCHHBIC
KOJUICKTOPBI C MOBBIILICHHOW MPOHUIIAEMOCTBIO U 00ecIeuu-
BaTh MOCTYIUICHUE HEPTUH B AerasupyeMbiii Maccus [4]. Ta-
KOU TIOJIXO0/I OTKPHIBAET BOZMOYKHOCTH IS [IOCIICA0BATEILHO-
rO U3BJICUCHHUS HE TOJHKO CBOOOIHOIO U JIeCOPOUPYIOIIErocs
rasa, HO M TPY/AHOAOCTYIHBIX (JOPM — METaHa B TBEP/IOM pac-
TBOPE U Ta30KPUCTATUIMYECKOM COCTOSTHUH [5].

Pa3paboTka mogo0HBIX TEXHOJOTHI MMEET HE TOJBKO IPO-
MBIILJICHHYIO, HO M 9KOJIOTHYECKYI0 3HAYUMOCTb. M3BedeHue
YroJILHOTO METaHa JI0 Hayalla OYUCTHBIX PA0OT CHIKAET BEPO-
SITHOCTh BHE3AITHBIX BEIOPOCOB, YMEHBILIAET PUCK 3aTrPSI3HEHHS
arMocepsbl 1axXT ¥ MO3BOJISIET UCIIOIb30BaTh I'a3 B KaueCTBE
QJIBTEPHATUBHOTO HCTOYHMKA SHEPIUU. DTO COOTBETCTBYET
MHUPOBBIM TEHJCHIMSIM B OOJACTH «YUCTOW DHEPreTHKH» H
YCTOMYUBOTO Pa3BUTHSI YTOIBHBIX PETHOHOB [6].

MeToabl U MaTepUaIbI

Hayuynoe obocnosanue npunyunog eozoeiicmeus Ha cu-
cmemy «yeoinb — MEmany u paspabomka Kpumepues oyeHKu
NnepcneKmusHOCMU Y4acmko8 OJisl NPOMbIULIEHHO20 U38ede-
HUA Y2ONbHO20 MEmAaHa HA OCHO8e AHAU3A MeopemudecKux
NONoJNCEHUT, 1AOOPAMOPHBIX IKCNEPUMEHMOB U ONLIMHO-NPO-
MBIULTEHHBIX UCTIBIIMAHUL.

JI1st TOCTYOKEHUS TIOCTABJICHHOM 1eNH B paboTe peratoTcs
CIIEAYIOIINE 3a1a49N:

- IPOAHANU3UPOBAMb (POPMbL CE:3U MEMAHA C Y2ONbHbIM
sewecmeom U onpedenums IHepeemuyecKue YCiosus ux pas-

pvisa [7];
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- chopmynuposame usuieckue 0CHOBbL 0eCmpyKyulu npu-
POOHOUL CUCMEMbl «V20lb — MEMAaH» U U3YYUmb GIuUsHUue 2u-
opoobpabomku Ha napamempul eazoomoayu [8];

- paccmompems  pe3yibmanivl  ONbIMHO-NPOMbIULEHHBIX
ucnvimanuti 3a6nazospemennou decazayuu niacmos Kapa-
2AHOUHCKO20 Y20NbHO20 baccelind, 6blsAeUMb 3AKOHOMEPHO-
Ccmu usMeHenUst NPOHUYAEMOCU U 2A308bLOECHUSL,

- UBYUUMDb BTUSAHUE VELANCHEHUSL Y2isl HA NPOYecchl copo-
yuu u decopbyuu memana, oOOOWUMb IKCNEPUMEHMATbHbIE
OaHHble 0 MPexCMAaouliHOM Xapakmepe 63auMoO0elucmeus
yens, 600wt u 2aza [9];

- onpedenums  Kpumepuu  OYeHKU  NepCneKmueHOCmuU
yuacmrog 000bivU Memana, GKIoYaruue 2a30HOCHOCHb,
NPOHUYAEMOCMb, HANPSANCEHHO-0ePOPMUPOBAHHOE COCMOS-
Hue maccusa u 3pHekmusHocms 2uOPo6o30eUcmeusi;

- YCMAaHo8UMb 3a6UCUMOCU MECOY HANPSHCEHHO-0edhop-
MUPOBAHHBIM COCMOSIHUEM Y2TIeNOPOOHO20 MACCUBA U U3MEHEe-
HUem e20 (PUIbMpayuoOHHbIX XaPaKmepucmux npu pasiuiHsx
cxemax eudpososoevicmaust [10].

00630p meopemuueckux eunomes

C HECJIbIO YTOUHCHUSA ITPUPOIBI B3aHMOHeﬁCTBHH MCTaHa C
yriieM OB MPOBEJICH aHAJIN3 THITOTE3, pa3paboTaHHBIX B Mo-
CKOBCKOM TOCYJIapCTBEHHOM TopHoM yHuBepcutere (MITY)
n UIIKOH PAH [1]. CoracHo »TUM paboTaM, MOJIEKYJIbI
ME€TaHa MOTYT HaXOAUTLCA B CBO6OI[HOM COCTOSAHHU, B ana-
COpOMpPOBaHHOM BHJE, B (POPME TBEPIOrO YIIIEMETaHOBOIO
pacTBOpa M B Ta30KPUCTAIIMUYECKOM COCTOSTHMU. ['mumoresa o
JIOKAJIM3aIMK Ta3a B MEKMUIEIUIAPHOM U MEXIIIOOYIIPHOM
MIPOCTPAHCTBE YTOJBHOIO BEIIEeCTBA MOJTy4MiIa MOATBEPXkKAEC-
HUE METOAAMHU NIEKTPOHHON MUKPOCKOIMU. B nocnenyromumx
HCCIIeJOBaHUsIX ObliIa ONpeieieHa SHEPTUsl aKTHBAIMH, HE00-
XOIUMas JUId pa3pbIBa CBA3M METaHa C yIIIEM, YTO TI03BOJINIIO
c(OpMHUpOBATh YHEPreTUUECKYI0 Kiaccupukanuio Gpopm ero
yaepxanusi. Takum 00pa3oM, AaHHBIE TEOPETUUECKHUE I10-
CTPOCHHUS 3a/1aJlM OCHOBY MOHHMMAaHMS MEXAaHHU3MOB yaepKa-
HUS U BBICBOOOXKICHHUSI METaHa U3 YIVIsI U TOCITYKUIU 0a3oit
JUTA OTIBITHO-IIPOMBITIJICHHBIX HCHLITaHHﬁ, HalmpaBJICHHBIX Ha
MIPOBEPKY MX MPAKTHYECKON 3HAYUMOCTH.

Ananus onvblmHo-npomMbIuLIeHHBIX UCNLIMAHUL

[TpakTHyeckas 6a3a Mccie0BaHUsl OCHOBAHA HA Marepua-
JlaX ONBITHO-ITPOMBIIIJIICHHBIX pa60T, BBIIIOJIHCHHBIX B Kapa-
TaHJMHCKOM YTOJILHOM Oacceiine. B wacTHOCTH, paccMarpu-
BaJIMCh PE3yNbTaThl jJera3anuu miacta K12 Ha mose ObiBIeit
mraxtel No 22 (1961 1.) u mocnenyromiue padoThl MO IUIACTY
J16 Ha maxrax «Kazaxcranckas» u uMm. B.W. Jlennna. B atux
UCHBbITAHUAX aHpO6I/IpOBaJ'II/ICI) PA3JINYHBIC BApHUAHTBI T'UAPO-
pacuiieHeHus U THApPOpa3pbiBa, BKIIOYas MIPUMEHEHHUE COJIS-
HOKHCJIOTHOH 00pabOTKH, MTHEBMOTHIPOOOPAOOTKH C TEILI0-
BBIM BO3/ICIICTBHEM, a TaK)Ke [IUKINYECKOM 3aKauK1 BO3yXa C
MOCIEAYIOIUM cOpocoM aBieHus. [lomydeHHble Marepuabl
HCTIONB30BaHbI IS aHAIKM3a MPOHUIIAEMOCTH IJ1acTa, 3aKOHO-
MepHOCTeﬁ Ppa3BUTHA TPCUIMH U JUHAMUKHU I'a30BbIACIICHUS.

AHann3 CUCTEMBI «Yyrojib — ME€TaH» MOATBEpANJ, YTO Ia3
B YTOJIBHBIX IUIACTaX IMPUCYTCTBYET B PAa3IMYHbBIX (opMax:
CBOOOIIHOM, a/IcOPOMPOBAHHOW, B TBEPAOM YIJIEMETaHOBOM
pacTBope, ra30KpUCTaJUIMYECKON U XMMHUYECKH COpOMpPOBaH-
HoH [2]. Pacnpenenenune no ¢popmam npezicrapiaeHo B Tabiuie
1, rae mpoCNeXUBAIOTCS PAa3IUUUsA MeXTy JaHHbIMH MITY
u UTTKOH PAH. Bricokue momu TBepabix GopM MeTaHa 00b-
SICHSIFOT 3HAYUTEIbHBIC DHEPIETHUYCCKUE Oapbhephl MPH €ro
BBIJICTICHUH: OT 2 KJ[»/MOJb Ui CBOOOIHOTO COCTOSHHS 110
300—400 xIx/Mo0mb I Ta30KpHCTATHYECcKOro [3].

Ilponuyaemocms naiacma npu GopmMuposaHuy mexHozeH-
HO20 KolleKmopa

B xozme ombITOB 3adUKCHpPOBAHO M3MEHEHHE (HIBTPAIH-
OHHBIX CBOWCTB ILIacTa. ['MapopacunieHeHne U ruipopas3polB
o0ecreyrsii pocT MPOHUIIAEMOCTH MacCHBa 33 CUET PACKPHI-
THSI €CTECTBEHHBIX TPEIIMH U (JOPMHUPOBAHHUS HOBBIX KaHAJIOB
(bubTpalu. ITOT MPOLECC SABISCTCS 0a30BBIM JIJISI CO3TaHUS
TEXHOT'€HHOTO KOJIIEKTOPa, CI0COOHOT0 00ecneYnTh n3Beye-
HUE KaKk CBOOOIHOTO, Tak U CBA3aHHOTO MeTana (puc. 1) [4].

Onvimnas cxema 0ecmpyKyuu CUCmembl «y201b — MemaH
B Xozme BO3neHcTBUS B CTBOJIE CKBaXXHMHBI ()OPMUPYETCs
JIOIIOJIHUTEJIbHAS CETh TPELIMH, YTO IPUBOAUT K CYLIECTBEH-
HOMY YBEJIMYECHUIO KOJUIEKTOPCKUX CBOMCTB yIvIsl. BaxkHbIM

Taonuya 1

Pacnpedenenue memana 6 y2nsax no popmam cyuecmeosanus

Kecme 1

Komipoezi memannuviyy mapasyvt OHblH Kyl
dopmanapul dotivinua

Table 1

Distribution of methane in coal by forms of occurrence

ITo nanueim MTTIKOH PAH
Ho narent MITY (AmfyHu AT uap. [1], [2])
®dopma CyIIecTBOBaHUS METaHa KOHH%CTOBO ®dopma CyIIecTBOBaHUS METaHa KommuectBo merana, %
MmeTtaHa, %
CB0OOOIHBIN 5-15 CB0OOOIHBINI 2-12
AncopOupoBaHHbIH 20-60 AncopOupoBaHHbIH 8-16
TBepasIil yIIIeMETaHOBBIA PacTBOP 1040 TBepbIil yIIIeMETaHOBBIA PAcTBOP 70-85
I'asokpucramimyeckuii MeTaH 10-30 XUMHUECKH COPONPOBAHHBIN METaH 1-2
- - TBepablil pacTBOP BHEAPEHUS 1-3

T'opnotit scypnan Kazaxcmana Nel’ 2026
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MpoxnyaemocTb, x10'%, m?

10000
OTCyTCTBHE YCanku
1000 - —— Yeazka 0.91 x 10° MM
100
PackpbiThe Knusaxen
10
1 -
01 T
0.01 Il 1 1 Il
45 4.0 3.0 2.0 1.0 0.0
’ _AbconTHoe gaenexne xmaxkoctu, MMa
HacbilweHHbIA

Puc. 1. U3meHeHnue oqHoga3HOH NPOHULIAEMOCTH
B X0/ie IpeHaKa.
Cyper 1. JIpenax 6apbicbinaa oipgasaanl
OTKI3rimTiKTiH 63repyi.
Figure 1. Change of single-phase permeability
during drainage.

SIIEMEHTOM SIBIISIETCSI CHCTEMa Pa3JesIeHus] MOTOKOB: Oypo-
BO# pacTBOp OTBOMUTCS Yepe3 CErnaparop, HUIaM IIPOXOIUT
yepe3 BHOPOCHUTO M HAMpaBIsETCS Ha OTOOp 00pasioB, a
BBIJICJIUBIIHNCS a3 PETUCTPUPYETCS] PACXOJIOMEPOM U Ta30-
aHann3aTopoM. Takol KOMIUIEKCHBIH MOIX0/ 00ecreunBaeTt
KOHTPOJIb 3a MPOIECCAMU JECTPYKIUH U MMO3BOJISIET OLCHH-
BaTh KaK ra300TAaqy, Tak U PU3UKO-XUMHUYCCKUE U3MEHECHUS
B MaccuBe (puc. 2).

FasoananusaTop 2

Byposan
ycTaHoBKa i ‘

0
Bpawarwweecs

ynnoTHeHwe Pacxonomep

—
Bypoeoi
pacTeop

Cenapatop

nen

wnama
Bubpocuto f[l
Creon Orﬁop

CKBaXUHbI obpasuos

B KOHTenHep
Yrons

Puc. 2. OnbITHAs cXeMa 10 JeCTPYKIHMH CHCTeMBbI
«YTroJib — MEeTaH».
Cyper 2. «Kemip — MeTan» :KylieciH recTpykuusiay
OolibIHIIA TIKipHOeTiKk cxema.
Figure 2. Experimental scheme for the destruction
of the «coal — methane» system.

Uszmepenue codeporcanus eaza no decopoyuu

CxeMa perucTpalyu ra300Taaun npyu OypeHHH MO3BOJTMIA
KOJTHYECTBEHHO OI[CHUTH JIMHAMUKY JCCOPOLUH. AHAIU3 MO/
TBEPIHJ 3aBUCHMOCTh MHTCHCHBHOCTH BBIJCJCHHS ras3a OT
CTPYKTYpBI yIVIsl U BII&KHOCTH Maccusa (puc. 3) [S].

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

Harnetaowmi
Hacoc

W perynaTop
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HarHeTatensHan
CKBaMMHA Habnioparensuan

CKBaXMHa

.,

> Jlarymk
[aBneHus

TaKepi<_

e

Puc. 3. Cxema n3MepeHus cofiep:KaHusi raza 1o
Jaecopouum.
Cyper 3. I'a3 moJiepiH 1ecopOuusi apKbLIbI 6JI1Iey
cxeMachl.
Figure 3. Scheme for measuring gas content by
desorption.

Jlabopamopnule uccrnedosanus no copoyuu u decopoyuu

I[JISI OLICHKH B3aPIMOI[eI>iCTBHH y1iia 1 METaHa IMPOBEACHbBI
J1a00paTOPHBIC IKCIICPUMEHTHI 10 COPOLIMH U IecopOIHH rasa
C YYETOM YBJIQXKHEHUS YIVIsl. YCTaHOBIIEHO, YTO BOJIa B ThICAUY
pa3 akTHBHEC METaHa B COPOIMOHHOM OTHOIICHHU. OIHAKO
pe3yabTaThl pa3HbIX HCCIIEoBaTeIel yKa3bIBalOT HA HEOIHO-
3HA4YHOCTDb BJIMAHHWA BJIATU: B pAJIC CIIYyYacB YBJIAKHCHUC CHU-
JKaeT ra300Taaqy, B JIPYTUX — CIIOCOOCTBYET €€ yBEINYCHHIO.
Ha ocHoBe 0000111eHHs ONBITHBIX AaHHBIX NPEIOKEHA TPEX-
CTa}:[PIﬁHaH cxema B3aHMO[[efICTBHH CHUCTEMBI «YT'OJIb — BOJa —
MeTaH»: 3all0JIHCHUE MUKPOIIOpP U TPEIIMH BOJOM C BBITECHE-
HHEM CBOOOHOTO Ta3a — KalWIIsIpHash IPOMUTKA YTOJIBHOTO
MaccuBa C OrpaHUYEHHEM Ta300Taauu — Auddy3ns MoeKyI
BOJIbI B COPOIIMOHHBIN 00bEM YIVISI U TOCICAYIONIast Aecopo-
L[Sl METaHa.

T'asoomoaua 6o epemenu

JlaHHBIE MOKA3bIBAIOT JIMHEWHBI POCT Je0uTa CKBaKUH
nocie TuApooOpadboTKU, YTO MOATBEpkKAAeT IPPEKTHBHOCT
[UKIMYECKON 3aKa4KH C IOCICAYIOLIUM PE3KHM COPOCOM JaB-
nenus (puc. 4).

1500

y = 204.63x - 1047.8
1000

500

-500

-1000

Ofbem BbiaenvBlUErocs rasa (Mn)

-1500

KsagpaTHeii kopeHb W3 BpemeHn (MuH)

Puc. 4. 3aBucuMocTh 00beMa BbIACJIMBILErOCs ra3a
OT BpeMeHH.
Cypert 4. BoaiHreH ra3 keJeMiHiH YaKbITKa
TYeJTiIiri.
Figure 4. Dependence of the released gas volume on time.
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Hsmepenue codepoicanus 2aza 6 NOIEGbIX YCA0GUSIX

[TpumeHeHne cxeMbl 3aMEpOB TTO3BOJIMIIO COTTIOCTABUTH Jia-
OopatopHbic NaHHbIC C (HAKTHUCCKUMHU JCOUTAMU CKBRKUH
mpu Jerasanuu. BeisIBIEHO, 9TO 3(PPEKTUBHOCTH Mpoiiecca
3aBUCHT OT pa3MepoB OJIOKOB M KOH(UIypaluH MUTAIOMINX
TpemuH (puc. 5).

YrOnNbHbI MAACT

WUCNbITHIBAEMbIA
«— NGk —»|

@R '~ HACOC NAKEPA

BOJIOCEOPHUIK

Puc. 5. Cxema n3MepeHus cogep:KaHHs ra3a Ha y4acTKe.
Cypert 5. Yuackeneri ra3 MeJiepin ejiiey cxeMachl.
Figure 5. Scheme for measuring gas content at the site.

Cpasnenue usomepm copoyuu

BakHBIM 2JIEMEHTOM aHaJIM3a CTaJ0 CONOCTABICHUE NPH-
POIHOI M30TEpMBI COPOLIMU METaHa C TEOPETUISCKON H30Tep-
Moit aiist emecu ra3oB (CHq+, CO:, O:), TOTy4eHHON Ha OCHOBE
1a00PaTOPHBIX IKCIICPUMEHTOB.

[IpuponHast U TeopeTHYecKass U30TEPMBbI COPOLUH ISt
CH,, CO: n O: (puc. 6) oka3ajxu 3HAYUTEIbHBIC PACXOXK-
neHus: hakTudeckas copOLUUOHHAs €MKOCTh YINIs OKa3a-

J1aCh HMJKE PACUETHBIX 3HAUEHHH. DTO OOBACHICTCS KOH-
KypeHIIMEH pa3IMYHBIX Ta30B 3a COPOLMOHHBIE LEHTPHI

(puc. 6) [7].

o

CopepiaHue raza, v/

% K Mprpozsis npcis

o AMIDOKCHNELR IPHPORHSX NPOS (V=26 31,
PH0.805)

5 3 ¥ MpoBu CHy

. Annpocamaumn CH, (VI=2386, PE2.0T1}
M X Mpobu GO,
— Amnpoxcumauus (0 (V1=3018, P08 3]

— Haumepna crewnnsx 2a3ed 1AS

o 05 1.0 15 20 25 3
AbBconoTHoe AasneHne, MMa

Puc. 6. CpaBHeHHe NPUPOTHOI U TEOPEeTHYECKOH
H30TEePMbI COPOLMU.
Cypet 6. TaOuru :x9He TeOPHUSJIBIK COPOLMS
H30TEePMAJapPbIH CAJBICTHIPY.
Figure 6. Comparison of natural and theoretical sorption
isotherms.

Tazonocnocmo 6 3agucumocmu om 21younbl

Ha puc. 8 nokazana 3aBUCUMOCTb Fa30HOCHOCTH IJIaCTa
J16 oT TiyOuHBI. YCTaHOBJICHO, YTO MPU YBEIUYCHUH TIy-
OMHBI KOHI[EHTpAIMsl METaHa 3aKOHOMEPHO BO3pacTaerT.
DTO moATBEpXkAaeT HeoOXomuMocCTh nuddepeHmupoBan-
HOTO TMOAXOJa MPH OIEHKE MEPCIEKTUBHOCTH yYaCTKOB

J00bIYM. YBeJqn4YeHUe IIIyOWHBI 3ajJeraHusi CONpPOBOXKIa-
eTCs He TOJIBKO POCTOM I'a30HOCHOCTH, HO U M3MEHEHUEM
ruaporcoJIOrt4eCKux yCHOBHﬁ, B 4YaCTHOCTHU BJIMAHHECM
MOA3CMHBIX BOJ, YTO HAIIPSAMYIO OTpAaKa€TCd HAa JUHAMUKE
ra3ooT/auu.

w
o
J

N
o
L

M3/T.I.M

[a30HOCHOCTb YronbHOro nnacta s (X),
S

0o T T T
200 400 600 800

my6vHa oT gHeBHO noBepxHocTu (H), m

1000

Puc. 7. 3aBuCHMOCTH TA30HOCHOCTH OT ITyOHMHBI
(yroabublii niact 16).
Cypet 7. I'a3KaHBIKTBIIBIKTBHIH TePeHAIKKe TIYeTiIiri
(/16 xeMip KbIPTHICHI).
Figure 7. Dependence of gas content on depth (coal seam
D6).

Brusnue cuopocmamuueckoeo oagnerus 800bi

JluHaMKKa M3MEHEHUs ra300T]a4d PU POCTE THIPOCTa-
THUYECKOTO faBieHus (puc. 9) mokaszaia, 4TO yBIOKHEHHUE
YINIA BBI3BIBaeT HaOyxaHue MaccuBa U 10 30% yBernmduBaeT
THPOCTATUYECKYI0 HArpy3Ky. DTO BIMSET HAa Xapakrep Tpe-
IIMHOOOPA30BaHUSA M NECOPOLNI0 METaHa, YTO HEOOXOIMMO
YUUTBIBATH MPH MPOSKTUPOBAHUK CXEM LHUKINYHON 00paboT-
k¥ ckBakuH [8], [9], [10].

11552 38
J..-_' 'I
@
=
I
g l
o
I
-87.83
A B C
Der= 1 Deses 2 Denes 2 Dere 2 JOews2
19:21:52 01:00:00 058:0000 110000 14-0228
OHu/Bpems

Puc. 8. BiusiHue TUAPOCTATHYECKOTO JABJIEHHS BOIBI
BO BpeMEHH.
Cypet 8. YakbIT 00HBIHIIA CYIbIH THIPOCTATHKAIBIK
KbICBIMBIHBIH dcepi.
Figure 8. Influence of water hydrostatic pressure over
time.

O6cy:xnenue

[Tonmy4yeHHBIC pe3yJIbTaThl MOATBEPIKIAOT CIIOKHYIO MPH-
POy CHCTEMBI YTOJIb — METaH» U HEOOXOAUMOCTh MHOTOCTa-
JIMHHOTO MTOAX0/a K ee NecTpyKimu. JlabopaTopHble SKcrepu-
MEHTHI BBISIBUIIM JIBOMCTBEHHYIO POJIb YBIAKHCHUS: B OJHHUX

Topnuuit sicypnan Kazaxcmana Nel’ 2026
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Cllyyasix OHO CHIDKAeT Ta300TAady, B APYIMX — IIOBBIILIAET,
4to cortacyercs ¢ BoiBogamu B.C. [lopTHOBa 0 3aBUCUMOCTH
copOMu-1ecOpOIMU, OT CTPYKTYPHI yIVIsi M YPOBHS BJaru
[5]. Ipennoxennass TpexcTaauiiHas cxeMa B3aMMOJCUCTBUS
«yrojib — BOjIa — METaH» MoATBeprkaaeT runoressl A.T. Alipy-
HU O JIOKQJIN3AIMU ra3za B MUKPOIOpAaX M MEKMHLEIUIIPHOM
npocTtpaHcTse [1].

OnBITHO-IIPOMBIIIUIEHHBIE UCHIBITAaHUS Ha iactax K12 u
J16 Kaparanunckoro Oacceiina nokasanu 3(phpeKTHBHOCTb TH-
JIpOopacuJICHEHHs1 M TUIPOPa3pbiBa Jyist pOPMHUPOBAHHUS TEXHO-
TEHHBIX KOJUIEKTOPOB, YTO corlacyercs ¢ pesyiasraramu H.B.
Hoxxkuna [2] u coBpeMeHHbIME HccienoBanuamu C.B. Cna-
cTyHoBa [6]. PocT razoormaun mocliie HMUKIMYECKOW 3aKauKu
C MOCIEIYIOMNM cOpOoCcoM JaBiieHus (pUc. 5) MOATBEPIKIAET
MEPCIIEKTUBHOCTh TAKUX TEXHOJIOTHA.

CpaBHeHHE TIPUPOAHBIX U TEOPETHYECKUX HM30TEPM COp-
Ounu MeTaHa BBISIBUIIO, 4TO (haKTHYeCKasi COPOLMOHHAS eM-
KOCTb yIJIsL HIMDKE PAcYETHBIX 3HAYEHMH M3-32 KOHKYPEHIHU
ra3oB 3a aKTHBHBIC IIGHTPBI, UTO paHee oTMeuanu B. Kopse-
HeBckuii 1 K. CkmunkoBckuit [7].

[ToneBbie uccnenoBanus 3aGUKCUPOBAIN POCT ra30HOC-
HOCTH ¢ IIyOuHOU (pHC. 8), 4TO CoBHagacT C HAOIIOACHUS-
mu H.M. 3amanuesa u coorBerctByet mozeisim P.B. Kysne-
nosa u B.B. [llumnsesa, y4uTbIBAOIIUM yCaJKy MaTPULbL
YIS ¥ U3MEHEHHE MPOHUIIAEMOCTH CUCTeMbI TpemuH [10].
CyIecTBeHHOE BIHMSHHE T'HJIPOCTATUYECKOTO JaBJICHUS
BOJBI Ha Ta3ooTAaudy (puc. 8) moarBepikiacT HEOOXOMu-
MOCTb KOMIUIEKCHOTO TO/X0/1a, BKJIFOYAIOIIEr0 I'MAPOHA-
MUu4ecKue (haKkToOpbl, YTO COIIACYETCSl ¢ PEKOMEHAAlMIMU
ESK OOH [9].

PesyabTarsl

HccnenoBanue mokasano, 4TO METAaH B YTOJbHBIX IUIACTaxX
MIPUCYTCTBYET B CBOOOMHOM, aJcOpOMpOBaHHOM, TBEpAOpac-
TBOPEHHOH W Ta30KPHUCTAIIMYECKON (GopMax ¢ dHEpreThde-
ckumu 6apbepamu oT 2 10 400 k/[x/MOITB, 9TO TTOATBEPKAALT
HEOOXOANMOCTh MHOTOCTAANIHHOTO TIOIXO0AA.

OnBITHO-TIPOMBINIUICHHBIE HCTBITaHWA Ha Iwractax K12
un J16 Kaparannuuckoro OacceiiHa moaTBepamitn PQeKTrB-
HOCTh TMIPOPACUICHEHUSI U THAPOPa3phiBa, (GOPMHUPYIOMINX
TEXHOTEHHBIE KOJUIEKTOPBI ¥ MOBBIIIAIONINX Ta300T/ady.

CpaBHEHHE TPUPOIHBIX M TEOPETHUECKUX H30TEPM COpO-
LIUH BBISIBUJIO, YTO (DaKTHUIECKas EMKOCTb yIVIsl HHXKE pacdeT-
HBIX 3HAUEHMH M3-32 KOHKYPEHIMM Ta30B 3a COPOLMOHHBIC
LeHTpbl. [loneBble HMCCIeoBaHMS IMOKA3ald 3aKOHOMEPHBIH
POCT Ta30HOCHOCTH C INTyOMHOM 1 BIUSIHAE THAPOCTAaTHUECKO-
TO JaBJICHUS BOJBI HA TMHAMUKY BBIICJICHHS METaHA.

JlabopaTopHBIE OMBITHI MOATBEPANIN TPEXCTAAUIHYIO CXe-
MYy B3aMMOZCHCTBHUS «YTojb — BOJa — METaH», CIIOCOOHYIO KaK
YCHUIINBATh, TaK ¥ OTPaHUYMBATH T'a30BbIICICHUE B 3aBUCHMO-
CTH OT CBOWCTB IIJIACTA.

IIpeano>xeHHBIN TOIXOA MO3BOJISET MOBBICUTH P (PEKTUB-
HOCTh JIeTa3alliy, CHU3UTh Ta30BbIi (haKTOp M MCIOJIB30BATh
METaH KaK aJIbTePHATUBHBIM SHEPrOPECypC B paMKaxX «IHCTOH
SHEPTETUKI.

BaarogapaocTb

Hccneoosanue ovino npogunancuposano Komumemom
nayku Munucmepcmea HayKku u evicuiezo oopazosanus Pec-
nyonuku Kazaxcman (Ilpozpammuo-uenesoe gpunancuposa-
Hue Ne BR24993009).
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ABPOTAMMACIHEKTPOMETPUS
(YPAH, KAJIUI, TOPUI) B PANOHE

I'OP BYKAHTAY: OBPABOTKA
ADPOTAMMACHEKTPOMETPUYECKHUX
JTAHHBIX U TEPCIHNEKTHUBBI UCCJEJTOBAHUI

AuHOTanMs. B crarbe paccMaTpuBAIOTCS TEOPETHYECKHE M MPAKTHYECKHE ACIEKThl adPOraMMacleKTPOMETPHH, METO/A, MO3BOJISIONIEr0 H3yyaTh PacIpe/IeseHIe
€CTECTBEHHBIX PaJMOHYKINIOB (KaIus, ypaHa, TOPUs) B TOPHBIX MOpoAax. METOHKa HCTIONB3YETCsl IS OMPEACICHHS JINTOJIOTHIECKOrO COCTABA, BBISBICHHS TCOXUMH-
YEeCKMX aHOMAJMil U MOKMCKA MOTCHIMAIBHBIX PYIHBIX 30H. [IpHBEICH CPaBHUTEIBHBIN aHAIN3 3apyOEeKHOTO OIMBITA MPHUMEHEHHS a3POraMMAaCIICKTPOMETPUH, OXBAThI-
BalONMi nccienoBanus, nposogumsie B Poccnu, Kazaxcrane n Kanazge. Ocoboe BHUMaHHE y/IeJICHO HHTEIPALMN a3POraMMacleKTPOMETPUYECKHX JAHHBIX C JIPYTHMH
reo(pU3NIECKUMU METOJIAMH U COBPEMEHHBIM TEXHOJIOTHYECKHM JOCTIKEHUSIM (OSCIMIOTHBIX JleTarebHbIX annapatoB (BITJIA), BEICOKOUYBCTBUTEINIBHBIEC JICTEKTOPBI,
KOMIIBIOTEPHOE MOJICINPOBAHKE). Pe3yabTaThl CBHACTEIBCTBYIOT O BBICOKOH IMPAKTUYECKON HEHHOCTH METOJA ISl Te0JIOrOPa3BeiKH M HKOJIOrHYECKOr0 MOHHTOPHHIA,
a TaKkKe 0 MEPCHEKTHBAX €ro AaTbHEHIIEeTO Pa3BUTHSL.

Kniwouegvie cnosa: aspocammacnexmpomempus, ecmecmeennvie paouoHyKauosl, Kaaull, ypau, mopull, 6bICOKOUYECMEUmenbible 0emeKmopbl, IKOI02UHECKUll MOHU-
mopumz, pyonvle 30Hbl.

ByxanTtay Tayiapsl aiiMarbIHAAFBI a3poraMcneKTpoMeTpus (ypaH, Kajauii, TOPUii): a3poraMMacneKTPOMeTPHSIbIK

JepeKTep/i oHjIey KIHe 3epTTey NMepcrneKTHBAIAPbI

Ampatna. by Makaia, oye raMma CrieKTpOMETPHSICBIHBIH TEOPUSIIBIK JKIHE TPAKTHKAIIBIK aCTICKTiNePiH KapacThIpajibl — OyJI 9/1iC Tay JKbIHBICTAPBIH/AFbI TAOKFU pa-
JOHYKIIHATEP (KaIuil, ypaH, TOpuii) TapaTyblH 3epTTeyre MYMKIH/IK Oepei. ©icTeMe IUTONOTMSIIBIK KypaM/Ibl aHBIKTayFa, FOXHMHSUIBIK aHOMAITHsIap bl Oenrinert,
QIeyeTTi KeH aiiMakTapbiH TalyFa naiinananbiiansl. Makanana Peceii, Kasakcran xone Kanananarel seprreyiep/ii KAMTUTBIH, Oye TaMMa CIIEKTPOMETPHUSIChIH KOJIAHY/IbIH
XaJIBIKAPAIIBIK TOXKIPUOECIH CaBICTBIPMAIIBI TYP/IC TAJ/Iay YCHIHBUIFAH. APHAibl KOHII TaMMa CIIEKTPOMETPHSUIBIK MOTIMETTep i 6acka reo(pu3NKaIBIK dMiCTEPMEH JKIHE
3aMaHayd TEeXHOJOTHSJIBIK XKeTicTiKTepMeH (YIIKBIICHI3 yiry anmapartapbl (¥Y¥A), )KOFapbl ce3iMTal ACTeKTopliap, KOMIBIOTEPIIK MOJelbiey) OipikTipyre OeiiHreH.
Hotwmkenep oaiCTiH reoorusuIblK i34eHICTe KOHE IKOIOTHSIIBIK MOHUTOPHHITE JKOFaphl IPAKTHKAJIBIK KYH/IBUIBIFBIH, COH/Iai-aK OHBIH OJ[aH dpi JaMybIHBIH MEPCIEKTH-
BaJIapblH KepceTe/i.

Tyiiinoi co3dep: aye camma-cneKmpomempusacsl, madueyu paouoHyKIuomep, Kaiull, ypau, mopuil, Hcoapsl ce3immarn 0emexkmopaap, KOI0UAIbIK MOHUMOPUHS, KeH
atmakmapeot.

Aerogammaspectrometry (uranium, potassium, thorium) in the area of the Bukantau mountains: aerogammaspectro-

metric data processing and research prospects

Abstract. This article discusses both the theoretical and practical aspects of airborne gamma spectrometry — a method that enables the study of the distribution of
natural radionuclides (potassium, uranium, thorium) in rock formations. The methodology is used for determining the lithological composition, identifying geochemical
anomalies, and locating potential ore zones. A comparative analysis of the international experience in applying airborne gamma spectrometry, including research conducted
in Russia, Kazakhstan, and Canada, is presented. Particular emphasis is placed on the integration of gamma spectrometric data with other geophysical methods and modern
technological advances (unmanned aerial vehicles (UAVs), high-sensitivity detectors, and computer modeling). The results indicate the high practical value of the method
for mineral exploration and environmental monitoring, as well as prospects for its further development.

Key words: airborne gamma spectrometry, natural radionuclides, potassium, uranium, thorium, high-sensitivity detectors, environmental monitoring, ore zones.
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Beenenne

AdporaMMactneKTpOMETPUIECKIE METOIbl HCCIICTOBAHMS
3aHUMAIOT OHO M3 KIIOYEBBIX MECT B reo(pU3HIECKON pas-
BEJIKE, TTOCKOJIbKY TMO3BOJISIIOT MONTYYaTh JCTAIbHBIC JaHHbIC
0 pacTpeeNieHnH PAIHOAKTUBHBIX JJIEMEHTOB B 36MHOM KOpeE.
C uX NOMOIIBI0 BO3MOXKHO aHAJIM3MPOBATH PaJHAlMOHHYIO
aKTHBHOCTh Ha ITOBEPXHOCTH, YTO TMPEICTABIACT BaKHYIO
MHPOPMAIMOHHYIO 0a3y IJIsl TEO0JIOTHYECKOTO KapTHPOBAHUS,
OTIPEZICTICHUS] JINTOJIOTUIECKUX TPAHUIL U BBISBICHUS ITOTEH-
LUATTBHBIX MECTOPOX/ICHNI PEIKO3EMENbHBIX M ypaHOHOC-
HBIX 271eMEHTOB [1, 2]. AdporaMmmacneKTpOMETpHUsl OCTAETCs
MOIIHBIM ¥ 3(QQEKTUBHBIM HHCTPYMEHTOM TeO(U3NUECKON
pa3BeaKH, TO3BOJSIONIMM IOIY4aTh MOAPOOHBIC JTaHHBIE O
pacIpeielIeHIH €CTECTBEHHBIX PaJHOHYKINA0B (Kalus, ypa-
Ha, TOpus) B 3eMHOI kope. CpaBHUTEIBHBIN aHAIN3 OIBITA
Poccun, Kazaxcrana m Kanazel 1mokasbIBaeT, 4To COUETaHHE
BBICOKOW TOYHOCTH M3MEPEHHH, HHTETPALUSI C IPYTHMHU I'e0-
(U3MUECKIMU METOaMH M HCIIOJIb30BAaHUE MEPEIOBBIX TEX-
HOJIOTHI1 OTKPBIBAET IIMPOKNE TTEPCHEKTUBBI /ISl T€0JI0ropas-
BE/IKM M HKOJIOTHYECKOT0 MOHUTOPHHTA.

Llens maHHOW cTaThMl — PAacCMOTPETh TEOPETHUYECKHE OC-
HOBBI U METOANYECKUE TOJXO/BI a3POraMMaceKTPOMETPHUH,

MIPUBECTH NPAKTHYCCKHUE MPUMEPbI 00paOOTKH JaHHBIX (Ha
npuMmepe bBOoKamTMHCKOrO WHTpPY3MBa), a TaKkKe IMPOBECTH
CpaBHUTENLHBIN aHaN3 3apyOekHoro ombitTa B Poccun, Ka-
3axcrane u Kanage. Ocoboe BHHMaHHE YIACICHO BOMPOCaM
MHTETPAIU JTaHHBIX a3pPOraMMacleKTPOMETPUH C JIPYTHMH
reopU3UIeCKUMHU METOaMH M TIEPCIIEKTUBAM BHEIIPEHHsSI HO-
BBIX TEXHOJIOTHH.

TeopeTnueckne 0CHOBBI a3pOraMMacneKTPOMeTPHH

Ipunyunsr memooa

AbporaMmacnekTpoMeTpusi OCHOBaHAa Ha PErHCTpaliu
raMMa-u3JIyueHus, UCITyCKaeMOTr0 PaJOaKTUBHBIMU AIIEMEH-
TaMH B pe3yJbTare MX eCTeCTBeHHOro pacmnajua. OCHOBHbIC
AJIEMEHTBI, PErUCTPUPYEMbIE METO/IOM, BKIIIOUAFOT:

Kanuii (K). Curnan ot kanus (nuaus 1,46 M»B) cBsizan ¢
MHUHEpaJIaMH, COJCPKAIIUMU KaJIUeBblE MOJIEBbIE MINAThI U
OMOTHUT, 4TO TO3BOJISET ONMPEEISITh MArMaTHYeCKUe U MeTa-
Mopduueckue moposs [3].

Vpan (U). 3nyueHne OT ypaHa OTpakaeT MPUCYTCTBUE Tpa-
HHUTOU/HBIX, BYJKAHMYECKUX M THIPOTEPMAJbHBIX CTPYKTYD.
[ToBbIlIEHHBIE KOHIEHTPALMK ypaHa 4acTO CBUJICTEILCTBYIOT
0 PYIHBIX MTPOIECCAX M MOTEHITMATBHBIX MECTOPOXKACHUSX [4].
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Toputi (Th). Topuii, xapakTepHbIN 1JI1 OCAJAOUYHBIX U METa-
MOpP(GHUYECKUX MOPOJI, Ja€T BO3MOKHOCTh OICHHUTh YCTONYHU-
BOCTh MHHEPAJIOB K BBIBETPHBAHHUIO ¥ JOJTOCPOUHBIC TCOXHU-
MUYECKHE TIPOIECCHI [5].

Ocobennocmu pecucmpayuu u 0opabomku OaHHbIX

CoBpeMeHHbIE a’pPOraMMacleKTPOMETPHYECKHE CHUCTEMBI
YCT@HABJIMBAIOTCS Ha JIETATEJbHBIX ammaparax (caMoleThl,
BEPTOJICThI, OCCITMIOTHUKH ), YTO TIO3BOJISIET TPOBOJIUTH ChEM-
Ky Ha OOHIMPHBIX TEPPUTOPHSX C BBICOKOH CKOpocThio. Oc-
HOBHBIE TEXHHMYECKHE TapaMeTPhl BKIIIOUAIOT:

- DHepeemu4ecKylo paspeuaiouyio cnocoonocms, Heooxo-
oumyio 0711 paz0eienus CNeKmpo8 2amma-usiyyenus om pas-
JUYHBIX DNEMEHMO8;

- IPOCMPAHCMBEHHYIO PA3PEULAIOUYIO CHOCOOHOCTID, 306U~
CAUYI0 OM 8bICOMBL NOLEMA U NAOMHOCIU JTUHUL CbeMKIL,

- KanubpoeKky npubopa, obecnequsaouyro cmaouibHOCb
U conocmagumocms 0annvix [6].

O0paboTKa JTaHHBIX BKJIKOYACT MOCTPOCHUE KAapT pacrpe-
JIeNIeHNs] KOHIIEHTPALWil Kalis, ypaHa ¥ TOpHsl, a TaKkKe KapT
MOIITHOCTH IKCTO3UIIMOHHOM 110361 (MD]]), n3mepsiemoii B Mu-
KpopeHTreHax B yac (MkP/4). Takue kapThl ciry»KaT Jisl BBISIB-
JICHUSI aHOMAJIUH, YCTAHOBIICHUS JINTOJIOTMYECKUX T'PAHHUL] U
co3nanus 0a3bl JaHHBIX JUIS JalbHEHIINX Te0IoropasBe1od-
HBIX pador [7, 8].

MeTonuka Hcc1e10BaHUI U MPAKTHYECKHE TPUMEPHI

Ipumenenue memooa na mecmuocmu

PaccMoTpuM NpHMEHEHHE a’dpOoraMMacleKTPOMETPHH Ha
npumepe uccienosanus bokanuHckoro nHTpy3uBa. Ha ocHo-
BaHHU MPOBECACHHLIX CbEMOK IMOJTYUYCHBI CIICAYIONIUEC JaHHbIC.

Conepxxanue kanus (K) Bapeupyetcs ot 0,84 no 5,64%
(cpennee 3HaueHue — 3,76%). Ha tepputopru HHTpy3HBa BbI-
SABJICHBI XapaKTCPHBIC JIMTOJIOI'MYCCKUE aHOMAINU, TAKUC KaK
Y4aCTKU MIOHMKEHHOTO COJIEPIKaHHsI, ACCOLIMUPOBAHHBIE C PY-
JONPOABICHUAMU MEIU, U 30HbI IMOBBIIIIECHHOT'O KaJInd, YKa3bl-
BalOIMe HAa TUAPOTEPMAIIbHYIO aKTUBHOCTH [9].

Conepxanue topus (Th) Bapsupyercs ot 1,34 x 107% no
20.1 x 10%% co cpeguuM 3HaueHueM 9.15 x 104%. Ananus
rnokasareyen TOpHA MO3BOJISICT BBIABIATH U3MCHCHUA COCTaBa
MOPOJ B pe3yJIbTaTe TEKTOHUYECKUX BO3ACHCTBUN.

Conepxxanue ypana (U) Bapbupyetcst ot 0 10 24 x 107%
(cpennee 3HaueHue — 4,74 x 1074%), uTo OTpakaeT pazaHyuusI
B JINTOJIOTHYECKOM COCTaBE M TIOMOTaeT OMPEAEIUTh ITEePCIeK-
TUBHOCTb MECTOPOKACHUM.

Aneopumm cnekmpanbHoll OeKOHBOMIOYUU U MeMOObl KOp-
PeKyulL OGHHBIX HA AMMOCHepHble U pelbedble UCKANCEHUs]

Cnexmpanvras oexonsomoyust (Full Spectrum Stripping)

Oxonublll ananus

OmnpenenseM TpU OKHA BOKPYT Kaxkoi ramma uauu (K, U,
Th): don cnesa, nuk, (HoH cripasa.

Yoanenue ¢pona

— Annpokcumupyem (GoH 1o GOKOBBIM OKHaM U BBIYHTACM
€ro U3 LIEHTPAJIBLHOTO CYeTa.

Pewenue obpamnoii 3a0auu

— Cobupaem ckoppekTupoBaHHble nuku B Bekrop [K, U,
Th] v yMHO)XaeM Ha 3apaHee KaJHMOpOBaHHYIO MAaTpPHUILy 4yB-
CTBI/ITCJ'I])HOCTCI‘/II, '-ITO6])I TMOJIYYUTh KOHIICHTpAIUH.

Ammocgepnas koppexyus

— Kocmuueckuii ()oH: BBIYNTAEM DKCIOHEHIHAIBHO 3aTy-
Xarouryro KOMIOHCHTY, 3aBUCALLYIO OT BBICOTHI I1OJICTA.

— Bapomerpuueckas nonpaBka: KOppEKTHPYEM CUET B 3aBH-
CUMOCTHU OT OTIIMYMA TCKYIICIO JaBJICHUA OT OIIOPHOIO.

Penvegnas (monoepapuueckas) koppexyus

— Digital Terrain Model (DTM): o kapre penibeda cTpoum
npoduIb BBICOT BOKPYT TOUKH.

— BpluncieHue B3BEICHHOTO BKJIA/IA: KOKAYIO SUEHKY pe-
abeda «BecuM» MO PACCTOSHUIO M YTy 0030pa (3aryxaHue +
KOCHHYC yTJIa).

— WUrorosas IompaBKa: BbIYATACM I/IHTeraHI)H]:Jﬁ Tomorpa-
(buueckuii BKIa.

Ilocmpoenue kapm u ucnonvb3osanue MepHaApHo2o 2puod

O0paboTKa a’poraMMacreKTpPOMETPUIECKUX JIaHHBIX Be-
JIeTCsl C TIOCTPOCHHEM KapT paclpeieseHus] KOHLEHTPALUMA
PAaaAUOAKTUBHBIX 3JIEMEHTOB, YTO IMO3BOJIACT BBIACIATH 30HBI
aHOMAaJIbHOM aKTMBHOCTH; KapT MOIIHOCTH 3KCIO3ULMOHHOMN
no3el (MO]]), oTpakalomux CyMMapHOE€ TramMMa-u3lyuyeHue
TEPPUTOPHUH, YTO CIIY)KUT MHIUKATOPOM CTPYKTYPHBIX M JIH-
TOJIOTHUECKUX ocobeHHocTei; TepHapHoro rpuna (Ternary
Grid), MO3BOJISAIONICTO BU3yaIM3UPOBATh COOTHOIICHHE KOH-
LEHTpalMi KaJusl, ypaHa U TOpUsl. DTOT METOJl CYIIECTBEHHO
06ner11aeT HUHTEPIIPECTALNIO TCOXUMUYCCKUX JaHHBIX U BbIAC-
JICHUE 30H, TPEOYIOUIMX JaJIbHEHIIEro IeTalbHOr0 U3y4eHHs
[10].

3apy0e:kHbIH ONBIT NMPUMEHEHHUS] A3POraMMAacleKTpo-
MeTPHH ¢ YY4eTOM Halero onbsitTa Ha Bykanray

AdporaMmMacneKkTpoOMeTpHsl YCHEUIHO MPUMEHSETCS BO
MHOTMX CTpaHax JUlsl JeTaJbHOrO KapTHPOBaHUS pacrpese-
JICHUs PaJIMOHYKIMJOB B 3eMHON Kope. OTmbIT, NOTy4eHHBIN
B Poccun, Kazaxcrane u Kanazne, neMmoHcTpupyer kak odmue
HOJIXO/IbI, TaK U cHelUu(pUIecKre 0COOEHHOCTH OpraHn3aluu
CbEMOK, 00padOTKH JaHHBIX M WHTEPIIPETAlUU PE3YJIbTaTOB.
JlonmonHUTEeNbHO, HAIlM HCCIeI0BaHUS Ha ydacTke BykaHrtay
IPeOCTaBIISIOT LIEHHBIE CBEIEHHs O PaclIpeIeIeHUH MOIIHO-
CTH 3KCIIO3UIIMOHHOI 10361 (M3]]) ¥ TUTOIOrHYECKUX aHOMA-
JIUSIX, YTO MO3BOJIAET O0JIee MOTHO OLEHUTH MEePCIIEKTUBHOCTh
MECTOPOKACHUMN.

Poccuiickuii onvim

B oreuecTBEHHON IpakTUKE a3poraMMacIeKTPOMETPUU
pa3paboTaHbl JETaJbHBIE METOJUKH CTAaTUCTHYCCKOH oOpa-
00TkM aHHBIX. Cpe OCHOBHBIX OCOOCHHOCTEI:

- HCTONb30BaHMUE CIELUATN3NPOBAHHBIX AJITOPUTMOB IS
MOCTPOEHUSI CTAaTUCTHUECKUX KapT paclpesieleHus Kaius,
ypaHa ¥ TOpHS, YTO MO3BOJISET TOYHO ONPEENATh JIUTOJIOTH-
YeCKHe I'PaHHLbI U BBIABIATH TOHKHE CTPYKTYPHBIE aHOMa-
auu';

- MHTETpaIys a’poraMMacnekTPOMETPUUYECKUX JaHHBIX C
pe3ynbTaTaMid MarHUTHBIX, CECMUYECKUX U TPYHTOBBIX HC-

'BO3MONCHOCIU KOMILEKCHBIX aspoeeogbusultecxux CbeMOK npu co30anuu ee()(ﬁusuqec;coeo obecneuenus PeCUOHATIbHO-2€0N102UHeCKUX U NPOSCHO3HO-NOUCKOBbIX pa60m

(cooprux cmameut). URL: https://aerogeo.ru (0ama obpawenus: 17.05.2025).
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CJIeZIoBaHU 00ecreurBaeT Co3/JaHue KOMIUIEKCHBIX T€0JIOTH-
YECKHUX MOJIEJIEH;

- npuMeHenue TepHapHoro rpuaa (Ternary Grid) nossossier
BH3YyaJIM3UPOBaTh COOTHOLICHUE PaMOAKTUBHBIX AJIEMEHTOB,
410 sBIIsieTCs (PPEKTUBHBIM UHCTPYMEHTOM JUIsl BBLICIICHHS
AQHOMAJIbHBIX T€OXUMHUYECKHUX 30H [1, 5].

Onwvim Kasaxcmana

B KazaxcraHe asporaMMacrieKTpOMETPHs UCTIOIB3YSTCs IS

- OICHKH €CTECTBEHHOIO YPOBHS PaJIMOAKTHBHOCTH, YTO
0COOCHHO Ba)KHO B paiiOHaX C MHTEHCHBHOM TOOBIUCH MOJIe3-
HBIX HCKOIIAEMBbIX;

- pa3BeKH YPAHOHOCHBIX 3aJISKEH, IJIe METOJ MMO3BOJISICT
YTOYHHUTD FPAHUIIBI OCATOYHBIX U MeTaMOp(hUIeCcKux Ghopma-
LU, CoiepKAIIUX YPaH;

- KOMILJICKCHOTO MHTCTPUPOBAHUS TaHHBIX C PE3yJIbTaTaMU
MAarHUTHBIX U CCHCMUYECKHUX MCCIICOBAHUI ISl TOCTPOCHUS
TPEXMEPHBIX MOJIEJICH, YTO ONTUMH3UPYET pabOTHI 1O Oype-
HUIO U CHW)KAET 3aTparthl [2, 4].

Kanaockuii onvim

Kananckuii onbIT XapakTepusyeTcst:

- CTPOroil KaJuOpPOBKOW M BBICOKUMH CTaHIApPTaMHU Che-
MOK, 4TO 00€CIIEUNBACT MUHUMAJIBHBIC TIOIPEIIHOCTH U BBICO-
Ky pa3pelaoiylo criocoOHOCTh N3MEPEHUIT;

- aKTUBHBIM HCIIOJIb30BAaHHEM OCCIHIIOTHBIX JICTATCIbHBIX
anmaparoB (BITJIA), 4To MO3BOJSIET MPOBOAMTH CHEMKH B
TPYAHOAOCTYIHBIX pailoHaX M MOJIy4aTh JaHHbIE C TIOBBIIIECH-
HOM JeTajau3alluei;

- 00BEIMHCHUEM a3POraMMACIICKTPOMETPUYCCKUX TAHHBIX
C pe3yabTaTaMMu CEHCMMYECKUX U IPYHTOBBIX MCCIIEIOBAHUI
JUI CO3JaHMsI JIeTATIM3UPOBAHHBIX I'€OJIOTHUECKUX MOJesei
MEeCTOpOXKIeHUH [3, 4].

Haw onvim na yuacmke bykanmay

Ha yuactke bykanray Haimm asporaMmacieKTpoOMETpUYe-
CKHe HCCIIeJOBaHUS MOKa3aJIn ClIeAyoIIee.

Mowrocms sxcnozuyuonnoi 0ozvl (M3/]): 3nauerus MOJ]
BapbUpyIOTCS OT 2,2 no 25,5 MkP/4 ¢ cpegHuM 3HaYCHHEM
11,44 MxP/4. DT0 oTpakaeT pa3HOOOpa3Ue JTUTOJIOTHUSCKOIO
cocTaBa U CTPYKTYPHBIX OCOOCHHOCTEH yuacTka.

Puc. 1 neMoHCTpUpYeT CTaTUCTUYECKUE MapaMeTpbl rpuia
MOIIIHOCTH SKCIIO3UITMOHHON JI03bl, a pUC. 2 — KapTy pacnpe-
nenenust MOJI.

Pacnpeoenenue kanus (K): KOHLUEHTpAlMM Kajusl Ha
yuacTke u3menstores ot 0,84 no 5,64% (cpeaHee 3HaUCHHE —
3,76%). bokanuHCKUIT HHTPY3UB XapaKTepU3yeTCs] CPEIHUMHU
3HAUCHUSIMU B JuanasoHe 3,2—3,6% ¢ JIOKaJIbHBIMH TTOBBIIIIC-
HusMH 110 4% (B BOCTOYHOI! 4acTh).

PynomnposiBnenus menu (Hampumep, Apxap u Apxap-1)
CBsI3aHBI C TOHIDKEHHEM copaepkanus kamus (3,2% u 2,8%
COOTBETCTBEHHO). Puc. 3 mmmocTpupyer CTaTUCTUYECKHUE Ta-
paMeTphl TpHjia COoACpKaHuUs Kallusl, a puc. 4 — KapTy pacripe-
JICTICHUST KaJIusl.

Pacnpedenenue mopus (Th): nokazarenu TOpus KOJICOIOT-
cs ot 1.34 x 107% no 20.1 x 10*% co cpenHuM 3HaUCHUEM
9,15 x 10%.

B bokajnHCKOM MHTpPY3MBE 3HaUSHHUsI TOPHSI CTa0UIN3UPO-
BaHbl (8 X 107% — 10 x 107*%) ¢ JI0KaJIbHBIMHU OHMKEHUSIMU

View Histogram K
# Divisions 7000 o o
155
Statistics i
Min 2,24263
Max 25,5338
Mean 11,4464 3500
Std 1.68212
Median 11,3109
Cursor i
X a
0.00 0
oK Help 0 1] 30

Puc. 1. CratucTuyeckne napaMeTpsl rpujia MOIHOCTH
IKCMO3ULMOHHOM 103bI TAMMA HU3JIyYCHHS.
Cyper 1. l'amMa-cayJiejieHyliH 3KCIO3 UM SIbIK
JA03aChIHBIH KyaT TOPBIHBIH CTATHCTHKAJBIK
napamMerpJiepi.

Figure 1. Statistical parameters of the grid of gamma
radiation exposure dose rate.

Puc. 2. Kapra MouIHOCTH 3KCIIO3UIIMOHHOI 103bI TAMMa-
H3JIy4eHus.
Cypert 2. l'amMa-coyJieeHyIiH IKCIO3UIHAIBIK 103aChI
KYaTbIHBIH KapTachl.
Figure 2. Map of gamma radiation exposure dose rate.

View Histogram X
T
# Divisions SEL
Statistics §
Min 0.845879
Max 5.6428
Mean 3.76212 2250
Std 0.448032
Median 3.83697
Cursor 3
X 0.5
% 0.00 0 .

oK Help 0.5

Puc. 3. CratucTuyeckne napameTpsl rpuaa
cofep:KaHus KaJausl.
Cypert 3. Kaanii KypaMbIHBIH T'PHIiHIH CTATHCTHKAJIBIK
napamerpJepi.
Figure 3. Statistical parameters of the potassium
content grid.
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Puc. 4. Kapra conepikanusi KaJaus.
Cyper 4. Kaauii KypaMbIHbIH KapTachl.
Figure 4. Map of potassium content.

View Histogram X
# Divisions EL

Statistics

Min 1.34107

Max 20,5826

Mean 9.15585 2250

Std 1.87473

Median 8.86169
Cursaor

x a

% 0.00 0

oK Help

Puc. 5. CratucTnyeckue napamerpsl rpuaa
cofiep:KaHusl TOpH.
Cyper 5. Topuii KypaMbIHBIH IPUAIHIH CTATHCTHKAJIBIK
napamerpJepi.
Figure 5. Statistical parameters of the thorium
content grid.

View Histogram *
—T— ——T
# Divisions EU
Statistics i
Min 0.001
Max 23.8307
Mean 4.74375 1250+
Std 1.73588
Median 4.51393
Cursor b
x 0
Yo 0.00
[ ok [ Heb | o Qo d

Puc. 7. CraTHcTHYeCKHE TAPAMETPBI TPU/IA COAePKAHUS
ypana.
Cypert 7. YpaH KypaMbIHbIH I'PUAIHIH CTATHCTHKAIBIK
napamMerpJepi.
Figure 7. Statistical parameters of the uranium content
grid.

Puc. 8. Kapra cogep:xanus ypana.
Cyper 8. YpaH KypaMbIHbIH KapTachl.
Figure 8. Map of uranium content.

Puc. 6. Kapra conep:xanus Topus.
Cypet 6. Topuii KypaMBbIHBIH KapTachl.
Figure 6. Map of thorium content.

10 5 % 107*% u nosbiueHusiMu 10 11 x 10% B nenrpansHoi
U CEBEPO-BOCTOUHOM uacTsax. Puc. 5 mpexncrasnser cratucTu-
YecKHe ITapaMeTphl Ipuia coaep kaHuid TopHs, a puc. 6 — kap-
Ty pacrpeeseHus TOPHs.

Pacnpeoenenue ypana (U): xoHIEHTpanus ypaHa BapbHpy-
ercs o1 0 10 24 x 107*% co cpennum 3HaueHueM 4,74 x 1074%.

B BokaimHckOM MHTpY3HMBE ypaH MMEeT HU3KHE KOHIICH-
tpamu (1 x 1074% — 3 x 10*%), a B paiioHaX, aCCOIMUPOBAH-
HBIX C BYJIKAHHYECKHMH TIOPOJaMH, 3HAUCHHS yBEITHUIUBAIOTCS
J0 10 x 107%% — 15 x 1074%.

T'opnouit scypnan Kazaxcmana Nel’ 2026

Puc. 9. Ternary grid (TpexxomnonenTHbIi rpua EPD).
Cypet 9. Y1 komnonentTi rpua (EPD).
Figure 9. Ternary grid (three-component grid of NRE).

Puc. 7 neMoHCTpUpPYET CTaTUCTUYECKUE TTapaMeTphl rpuaa
COZIepXKaHusl ypaHa, a puc. 8 — KapTy paclpeiesieHNs ypaHa.

Hcnonvzoeanue meprnapno2o epuda: NOCTPOCHUE TepHAp-
Horo rpuna (Ternary Grid) B Geosoft Oasis Montaj mo3Bosier
BH3YyaJIbHO OTOOpa3UTh COOTHOIICHHE KOHIIEHTPAIWH KaJlus,
ypaHa ¥ TOpHsI Ha Y4acTKe, BBISBIISAS TeOXUMUIECKUEe aHOMa-
Uy U pacnpenenenue EPO.

Puc. 9 noxassIBaeT TPEXKOMIIOHEHTHBIN TEpHApPHBIN TPUJ,
KOTOpBI 00JerdaeT MHTEPIPETAMIO JAaHHBIX M BBIACICHHUE
TIePCIIEKTUBHBIX 30H IS JAJIbHEHINEH IeTalbHON pa3BeIKH.
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Jlumonoeuueckue ocobennocmu. Ha Bykanray HaOiroma-
JOTCSl YYACTKU C TIOHIKEHHBIM COJIEpYKaHUEM Kallus, HarlpH-
Mep, B 00JIacTsX, aCCOLMUPOBAHHBIX C PYAONPOSBICHUSIMU
mermu (Apxap, Apxap-1), a Takke y4acTKH C TIOBBIIIIEHHBIM
Coziep)KaHUEeM Kajus B 00J1aCTsIX, T/ie JOMUHUPYIOT HHTPY3HB-
HBIE TOPOJIBI.

Cmpyxkmypuoie anomanuu. Ocoboe BHUMaHUE CIEIYyeT
YACNUTh 30HaM, T/Ie MOHIDKEHHBIC 3HAYCHMS Kalus codera-
I0TCA C JIOKAJIBHBIMM aHOMAJMSMH TOPHUS M ypaHa, YTO yKa-
3bIBACT Ha MOTEHIMAJbHYIO CBS3b C NNIyOMHHBIMH PYAHBIMH
TelaMM U TEKTOHHYECKHMMM HapyIIeHHUSMU. OTH JaHHbBIC
COBIAJAIOT C 3apyOeKHBIMHM TEHJACHIMSIMHU, TJI€ BBICOKHE
nokazatenu MO 1 U3MeHEHus B pacnpeae/eHUN paauoaK-
TUBHBIX 3JIEMEHTOB CBSA3aHBI C pa3joMaMH U 30HAMH T'HJIPO-
TE€pPMaJIbHOM AKTUBHOCTH.

Humeepuposannas unumepnpemayus. Hamr oneIT 1eMOH-
CTPUpPYET BaXKHOCTh KOMIUIEKCHOTO aHalu3a, MpHU KOTOPOM
a’pOraMMacCHeKTPOMETPUYECKUE AHHBIE HHTEIPUPYIOTCS C
Te0JIOTHYECKMMHU, MArHUTHBIMU M CEHCMHUYECKUMH HCCIE0-
BaHMsMH. Takoe oObeIMHEHHE MO3BOJSET CO3/aTh ITOIHYIO
KapTUHY pacIpeseleHus MOJe3HbIX MCKOMAEMBIX, TTOBBICUTh
TOYHOCTh MHTEPNPETALUN U BBISIBUTH MEPCIEKTUBHBIC 30HBI
JUISL AaIbHEMIINX JeTaJbHbIX UCCIIEIOBaHUM.

Takum 00pa3om, Hall OMBIT Ha yyacTke bykanray moju-
TBepKaaeT 3PPEKTUBHOCTH a9pOraMMacieKTPOMETPHH IS
OTIpEe/ICICHHS paclpee/eHUs eCTECTBEHHBIX PalHOHYKIH-
JIOB ¥ TOKa3bIBaeT, KaK JaHHbIC, MOJIYYEHHBIE METOAOM,
MOTYT OBITh HMCIOJB30BAaHBI JJISI KOMIUIEKCHOTO T'€0JOTHU-
yeckoro aHaiu3a. ComocTaBleHHE MOJTYYEHHBIX pe3ylbTa-
TOB C 3apyOeXHBIMM MPAKTHUKAMHU MO3BOJISAET aAaNTHPOBATh
Jy4qIIne METOAUKH JJIs ONTHUMU3AIMHU Te0JI0rOpa3BeI0uHbIX
paboT B peruoHax ¢ pa3sHOOOPAa3HBIMHU JIUTOJOTHYCCKUMU
U CTPYKTYPHBIMH OCOOCHHOCTSIMH. DTH JaHHBIC MOJTBEP-
KIAIOT, UTO a3pOTraMMAacleKTPOMeTpus Ha yyacTke bykaH-
Tay YCHEUIHO BBISBISAET JUTOJOTUYECKHE M CTPYKTYypPHBIE

aHoMaJiuu, 4YTO COorjiaCyeTcs C 3apy6e>KH1,1M OITBITOM, a UH-
Terpanusa JaHHBIX ITOMOTa€T ONTUMHU3ZHUPOBATH NPOrpaMMbI
reojoropa3sBeaku.

O6cy:xnenue

B xozme cpaBHMTENBHOro aHanm3a 3apyOeXHOTO OIIbITA
MOYKHO BBIJICIIUTH CJIEAYIOIIUE KIFOYEeBbIE MOMEHTBI.

Memooonocuueckas 6aza: POCCUACKHUNA OMBIT OTIIMYACTCS
[1yOOKOM CTaTUCTUUECKOH 00pabOTKO# AaHHBIX M MCHOJB30-
BaHHMEM CIIEHAJIM3UPOBAHHBIX HHCTPYMEHTOB BHU3yaIn3alliy
(TepHapHBI rpU), YTO MO3BOJISIET BBISBIATH TOHKUE FEOXH-
MUYECKHE aHOMAJIHH. DTO SBISETCS CHIIBHOM CTOPOHON OTe-
YECTBEHHOU METOIMKHU.

Komnnexcnoiii nooxoo: Kazaxcran, 6inarogapsi KOMIUIEKC-
HOW MHTErpalyy a’dporaMMaclekTPOMETPHUECKUX JIaHHBIX
C JPYTUMHU METOIaMH, CYMEJ JOCTUYb BBICOKOU A(PPEKTUB-
HOCTH B I'€0JIOrOpa3Be/ike, OCOOCHHO B OIpENelIeHUH ypa-
HOHOCHBIX 30H. Takoi MOAX0A CIOCOOCTBYET ONTHUMH3ALUU
pacxoIHBIX MaTepHalioB M CHH)KEHHIO 3arpar Ha OypoOBbIC
paboTHI.

Texnonozuueckue unnosayuu: KaHaacKuil OMNBIT MOKa3bl-
BaeT, YTO BHEJIpeHHE coBpeMeHHbIX TexHojorui (BILIA,
BBICOKOUYBCTBUTEJIBHBIX JE€TEKTOPOB, KOMITBIOTEPHOTO MOJIE-
JIMPOBAHMsI) CYIIECTBEHHO MOBBIIIAET TOYHOCTh M OIEPaTHUB-
HOCTb NOJIyYSHHUs JAaHHBIX. BbICOKast cTaHiapTH3aLus ChbeMOK
W CTPOTUil KOHTPOJIb KaueCTBa MO3BOJISIFOT CO3/1aBaTh JICTalH-
3UPOBAHHBIE FEOJIOTHYECKHE MOJIEITH.

Oepanuyenus memoda: HECMOTPSI Ha BCE MPEUMYILECTBA,
METOJ] IPEMMYIIIECTBEHHO PETUCTPUPYET MTOBEPXHOCTHOE pa-
JIMOaKTHBHOE W3JIyYeHHE, YTO MOXKET CO3]aBaThb CIOKHOCTH
MPU KCCIICAOBAHUU [IyOOKUX CTpyKTyp. Kpome Toro, pe-
3yJBTaThl CHJILHO 3aBUCAT OT BHELIHMX YCIIOBHUIl (IIOTOJHBIE
YCIIOBUSI, PACTUTEIBLHOCTD, BIAXXHOCTb), YTO TPEOyeT JO0IoJI-
HUTEJBHBIX KOPPEKTUPOBOK U PEryJISIPHON KaIMOPOBKU 000-
PyIOBaHusI.

Tabnuua 1

Ceoonasn maonuya cpasnumenvuvix xapakmepucmuk AI'C-padom ¢ cmpanax

Kecme 1

Enoepoeci AI'C scympicmapvinply canblCmulpmMabl CURAMMAMALAPLIHLIH HCUBIHMBIK, Kecmeci

Table 1

Summary table of comparative characteristics of AGS works in different countries

Bricora IIporpammuoe
Crpana Tum HOCHTENS Koppekuns manHBIX
moJieTa, M obecnieucHnE
Camorer. Geosoft ArmocdepHas, bapome ecKa
. . METPHUU A
Poccus se TOJ'[C’; 80-120 Oasis Montaj, (I)) o ’a (bp P ’
TOHor NYCCKast
p CII «Pocreo» P
Geosoft
Kazaxcran Camorner 100 . . AtmocdepHas, Tornorpapuueckas
Oasis Montaj (epra, pag
Karaza Cawmorer, 60100 Proprietary Canadian AtMocdepHas, bapoMeTprudecKas,
BIUTA package ToToTpaduuecKas
CoOcTBEHHOE M3Ty4YEHHE BO3AYIITHOIO CyHA
1 (POH KOCMHUYUCCKOTO H3ITyUCHHS.
Geosoft KomTtoHOBCKOE paccesiHne
V306ekucran Beproner 70-150 Oasis Montaj, p '
PRAGA [TornoreHne raMmMa-u3IyICHUS BO3LYXOM.
Ko3¢hhurueHTsI 9yBCTBUTEIBHOCTH.
Bapuanuu pagona
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Tabnuuya 2
Memponozuueckue napamenpuvl AnnApamypbl, UCNOIb3YEMOIL 6 UCCIE006AHUAX
Kecme 2
3epmmeynepoe Kon10anbIIAMBIH ARNAPAMYPAHBLH, MEMPONOZUATBIK RApaAMempepi
Table 2
Metrological parameters of the equipment used in the research
Koadpdurnment
ITapameTp OkHO KOHIEHTPALMOHHOMN
qyBCTBUTEIBHOCTH
OOmmit kanan umn (MxP/q) 142,24
Kanwmit umn/% 40,48
UyBCTBUTEIBHOCTD
VYpan umn/104% 6,25
Topwuii umn/10% 2,52
oK 3,83%
TouHOCTH CHEMKHU oU 3,47%
oTh 3,61%

Ilepcnexmusvl  pazeumus: WHTETpalUs a’poraMMaciiek-
TPOMETPUU C HOBBIMU IWCTAHOUOHHBIMU METOJaMHU 30HAU-
pOBaHUA U NMPUMEHCHUEM AHAJIUTHYCCKUX METOI0B (HaHpI/I-
Mep, MAaIIMHHOTO OOy4YeHHsI) OTKPHIBAET IEPCIICKTUBBI IS
CO3IaHusI elie 00JIee TOUHBIX U OTMIEPATUBHBIX [COIOTHYCCKUX
MOJICIICH, YTO OCOOCHHO aKTYaIbHO /IS TNI00ATBHOM [€0I0ro-
Pa3BeIKH U YKOJIOTMYECKOTO MOHUTOPHHTA.

TexHoJIOrHYecKHe MHHOBAINT H NMEPCIIEKTHBBI PA3BUTHS

Hosetiwue pazpabomxu

CoBpeMEHHbBIC TEXHOJOTHUYCCKUE TOCTUKEHUS TO3BOJISIOT
CYIIECTBEHHO PACIIUPUTH BO3MOKHOCTH a3POraMMacIieKTPO-
METPHUH.

becnunomusie nemamenvuvie annapamot (bIIJIA) cHnxa-
0T 3aTPaThl U MOBBILIAIOT AETAIN3AINIO ChEeMOK 32 CUET I0JIe-
TOB Ha HU3KUX BBICOTAaX [3].

Buvicokouyecmeumenvhvie demexkmopoi. COBpeMEHHbBIE MO-
JICJIA CTIIEKTPOMETPOB YMEHBIIAIOT MOIPEITHOCTH U3MEPCHUI
1 TOYHO PA3JCIISAIOT CUTHAIBI OT Pa3IMYHBIX PaJUOAKTUBHBIX
JJIEMEHTOB [4].

Komnvromepnoe modenuposarnue. MeTosibl MAITMHHOTO 00-
YYEHHUSI U TEOCTATHCTHYCCKOIO aHaJln3a MO3BOJIIOT CTPOHTH
TPEXMEPHBIC MOJCIH PACHPEACICHUS DPaIHMOAKTHBHBIX 3JI¢-
MEHTOB, IPOTHO3UPOBATH OYAYIIHNEC aHOMAIUN U ONITHMU3HPO-
BaTh T€OJIOTOPa3BE0YHbBIE paOOTHI [4].

Tlepcnexmueul pazeumus

Byayiiee asporaMMacrieKTpOMETPUE OTPEACIISICTCS:

- pacmupeHueM chep IpUMEHEHHUs, BKII0Yasi MOHUTOPHUHT
9KOJIOTHYECKOM OOCTAHOBKH M KOHTPOJIb 32 TEXHOTCHHBIMHU
00BbEKTaMU;

- I/IHTeraHI/Ieﬁ METOAOB AMCTAHIIUOHHOTO 30HAWPOBAHUA
JUIA CO3JaHUsA KOMIUJICKCHBIX I'€OJIOTHMYCCKUX MO}IeHeﬁ, CIIO-
CO6HI)IX YUYHUTBIBATh HE TOJBKO IMMOBEPXHOCTHLIE, HO U FJ'Iy6I/IH-
HBIE CTPYKTYPBI;

- MEXIYHAPOJHBIM COTPYTHUUYECTBOM MO 0OMEHY OTBITOM
U BHCAPCHUIO JIYyYHIUX MPAKTUK, YTO ITO3BOJIUT ITOBBICUTH
3¢ GEKTUBHOCTH I'COJIOTOPa3BEIOYHBIX PAOOT HA II00ATHLHOM
YpOBHE.

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

3akaoueHne

Taknm 00pa3om, a’poraMMacreKTPOMETPHS IMPOIOKACT
0CTaBaThCsA OFHUM U3 Hanbonee d(P(PEKTHBHBIX METOIOB I'eo-
(u3MUECKON pa3BeKH, MPETOCTABIISAS YHUKAIBHYIO BO3MOXK-
HOCTh M3y4aTh PACIPEEICHNE €CTECTBCHHBIX PAAMOHYKIIH-
JIOB — KaJIs, ypaHa ¥ TOpUs B TOPHBIX mopoaax. CpaBHUTEIb-
HBIM aHanu3 onbkiTa Poccnu, Kazaxcrana n Kanane! moka3eiBa-
€T, 9TO MHTETPAIHSI a9POraMMACHEKTPOMETPUIECKIX JaHHbBIX
C JAPYTUMH T€O(PU3NIECKUMH M T€OXUMUYECKUMH METOJaMU
TIO3BOJISIET CYIIECTBEHHO MOBBICUTH 3(()EKTHBHOCTH TE0II0-
TOPa3BEOYHBIX paboT, a TakKe CIOCcOOCTBYeT Ooiee TOUHOMH
WHTEPIIPETANH MTOTYICHHBIX JaHHBIX.

CoBpeMeHHbIC TEXHOJIOTHH, BKIIOYas HCIIOIb30BAHHE
OecrmIOTHBIX JeTaTenbHBIX ammaparoB (BILJIA), Beicoko-
YyBCTBUTEIBHBIX JETEKTOPOB M KOMITBIOTEPHOTO MOAEIHPO-
BaHMSA, OTKPBIBAIOT HOBBIC TOPU30HTHI JUTS PAa3BUTHS METO/a,
pactmmpsisi BO3MOKHOCTH a3pOraMMAacleKTPOMETPUN B TPYII-
HOZOCTYTNHBIX PallOHaxX M MOBBIIIAS TOYHOCTH HCCIICIOBAHHH.

[IpakTHueckre MpUMeEpbl, pacCCMOTPEHHBIE HA OCHOBE HC-
cieoBaHMM B pailoHe bokanuHckoro uHTpy3uBa U bykaHTtay,
JEMOHCTPHUPYIOT YCHENTHOE TPUMEHEHNE a3POTaMMacIIeKTPO-
METPHUH ISl BBISBJICHHUS JTUTOJIOTHUECKUX M TEOXUMUIECKUX
AQHOMAJINH, CBSI3aHHBIX C TOTEHIINAIBHBIMY PYIHBIMH 30HAMH.
OTH pe3ynbTaThl MOATBEP)KIAIOT BEICOKYIO HH(POPMATHBHOCTh
1 MPAaKTHYECKYIO IIEHHOCTh METO/Ia, OCOOCHHO IIPU PELICHUH
3a71a4 KOMIUIEKCHOW T'€0JIOrOpa3BEeIKH M SKOJIOTHIECKOTO MO-
HUTOPHHTA.

IlepcnexTuBbl AalbHEHIIET0 PA3BUTHUSL a’dporammacliek-
TPOMETPHH CBSI3aHBI:

* C WUPOKUM 8HEOPEeHUEM ABMOMAMUIUPOBAHHBIX CUCHEM
coopa u 0opabomru OaHHbBIX,

* ¢ nogvluleHueM NPOCMPAHCMBEHHOU U IHEPLeMUYecKoll
paspewaioujeti CROCOOHOCMU USMEPEHULL

* ¢ passumuem npocpammHo2o obecnevenus 01 unmezpa-
Yuu aspocammacnekmpomMempuieckux OAnHblx ¢ Opy2uMu 2e-
oQuU3UUeCKUMU U 2COXUMULECKUMU MEMOOaMU,

* ¢ pacuiupenuem UCHONb308AHUL MEMOOd 8 IKONO2ULECKOM
MOHUmMOpUHee, 8KII0YAs KOHMPOLb PAOUOAKIMUBHO2O 3A2PA3-
HeHUsl U AHAU3 NPUPOOHO20 (POHA.
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Takum o00pa3om, a’poraMMacreKTPOMETPHs HE TOJIbKO Buarogapnocrs

COXpaHSET CBOIO aKTyaJbHOCTh KaK MHCTPYMEHT I'e00ropas- Hccnedosanue npogedeno ¢ pamkax npou3zeo0CcmeeHHOll
BEJIKH, HO U JICMOHCTPHUPYET 3HAYMTEIIbHBIN MMOTCHIMAT i1 OeamenvHocmu «Llenmpanvnoit 2eonozo-zeoguzuueckoity
MPUMEHCHHS B CMEKHBIX OOJNACTSIX HAYKH U TEXHUKU, TAKUX  IKCneouyuu AKuuonepnozo odujecmea «Y3oexzeonozopas-
KaK DKOJIOTHsI, TeonH(OpMATHKA U YIIPABICHUE IPUPOIHBIMU  68e0Kka» Munucmepcmea 2opHooodvléatouieli npomMuvluiien-
pecypcamu. Hocmu u 2eonozuu Pecnyonuku Y3oexucman.
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M.A. Mizernaya, *B.B. Agalieva, Zh.A. Shayakhmetova, Y.T. Yeskaliyev
D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk, Kazakhstan)

FEATURES OF THE MICROELEMENT
COMPOSITION OF ORE OF THE
ARTEMYEVSKOYE DEPOSIT (RUDNY ALTAI)

Abstract. The mineralogical composition of ores from the Artemyevskoye deposit, located in the Irtysh ore district of the Rudny Altai polymetallic belt, has been inves-
tigated. The ores exhibit complex mineralogical zoning and are classified into barite-polymetallic, polymetallic, copper-zinc, and copper types. Both the primary ores and
their beneficiation products contain elevated concentrations of a wide range of trace elements, which in many cases exceed the clarke values for volcanogenic-sedimentary
rocks by an order of magnitude or more. Against the background of progressive depletion of polymetallic ore reserves in the Rudny Altai, the processing and recycling
of mining and beneficiation waste are considered a potentially sustainable source not only of major metals but also of strategically important and commercially valuable
by-products (Bi, Cd, Ga, Sb, In and others).

Key words: Rudny Altai belt, polymetals, mineral composition, sulfide ores, rare elements, waste recycling, sustainable mining.

ApTeMbeB KeH OPHBLIHBIH KeHepiHiH MIKPO03JIeMeHTTIK KYpaMbIHbIH epekmesikTepi (Kenai Anraii)

AHpmarna. ApTeMbeB KCHOPHBIHBIH MUHEPAIIBIK Kypambl 3eprrenai. KeHopHbl keHai Antail monuMeTast Oenaeyiniy [IpuupThiil KeH aylaHbl ayMarblHIa OpHAIac-
KaH. Kenzep kyp/eni MUHEpanablK alMaKTaaybIMEH epeKIIeICHE Il )KOHEe OapHT-MOIMMETAIIIBI, TOJMMETAIIbl, MbIC-MBIPBIIITHI )KOHE MBIC THIITepiHe Oomineni. Tynki
KEeHJEp Jie, onap/bl OaifbiTy eHIMIEpi Je MUKPOIEMEHTTEPIIH KeH CHEKTPIHIH KOFapbl KOHIEHTPALMSIAPbIH KAMTHU/IbI, OJIap KONTEreH JKaFJaiinapaa aHapTayTeKTi-
TepPHUIeH]Ii XKBIHBICTAPFa TOH KJIAPK MOHJIEpiHeH Oip Hemece GipHemre perTi xorapbl Oomanel. Kenaui Anraitarsl momuMeTant KeHIAepiHiH KOPBIHBIH OipTiHAEN CapKbLTy
JKarIaiblHIa OHAIPY KOHE OalbITy Ke3iHIeTr! TEXHOTCHIIK KaJIbIKTap/bl KaiiTa eHaeyre TapTy Heri3ri MeTanaapiblH FaHa eMeC, COHBIMEH KaTap CTPaTerusiIbIK MaHbI3/Ibl
JKOHE KOMMEPLMSUIBIK TYPFBIAAH KYH/IbI Kocna koMmnonentrepai (Bi, Cd, Ga, Sh, In xoue T. 0.) TYpaKThl KO3i peTiHAE KapaCThIPbUIAIbL.

Tyiinoi co3oep: Kendi Anmaii 6endemi, nonumemanoap, Munepanobix Kypamol, Cyib@uomi kenoep, cupex snemenmmep, KaioblKmapobl Katima o4oey, mypaxmol may-
KeH OHOIpICI.

Oco0eHHOCTH MUKPO03JIEMEHTHOI0 COCTAaBa Pyl ApTeMbeBCKOro Mecropo:xaeHust (Pyanblii Asraii)

AuHoTanus. V3yueH MUHEPAIOrHIECKUI COCTAB Py MECTOPOXKICHUSI APTEMBEBCKOE, PACTIONOKEHHOTO B [IpHUPTHILICKOM pyaHOM paiione PynHo-AnTaiickoro nomnu-
METAJUTMYECKOr0 10sica. Py/ibl XapakTepHU3yIOTCst CII0KHON MUHEPAIOrMYECKOM 30HAIBHOCTBIO M OAPA3ACISIOTCS Ha OapUT-MOINMETAIIHYECKHE, TTONTHMETAINIHYECKHE,
MEJIHO-LIMHKOBBIE M ME/IHbIC TUIIbI. Kak KOPEHHBIE Py/ibl, TAK U MPOIAYKTHI HX 00OTALICHHS COACPIKAT MOBBIIICHHbIC KOHLEHTPALMH IHPOKOTO CIIEKTPA MUKPOIJIEMEHTOB,
KOTOpbIC BO MHOTHX CIIy4asix MPEBBIIIAIOT KJIAPKOBBIC 3HAYCHHs! JUISl BYJKAHOTEHHO-0CA/I0YHbIX MTOPOJl Ha MOPsoK 1 Gonee. Ha (oHe mporpeccupyromero HCTomeH s
3aI1acoB MOJMMETAUIMYECKUX pya PyaHoro Aunrast BoBiedeHHE B nepepabOTKy TEXHOTCHHBIX MPOAYKTOB JOOBIMM M O0OTaleHUs PACCMAaTPUBACTCS KAK MOTEHI[HAIBHO
YCTOMYHMBBINM HCTOYHUK HE TOJIIBKO OCHOBHBIX METAJIIOB, HO U CTPATErMYeCKH BaXKHBIX M KOMMEPYECKH 3HAYMMBIX MOITyTHBIX KoMIIOHEeHTOB (Bi, Cd, Ga, Sb, In v nip.).

Kntouesvte cnosa: Pyono-Anmaickuii nosc, noniumemanivl, MUHEPAIbHbLIL COCMAs, Cyib@uonble pyobl, peoKue 31eMeHmbl, nepepabomka omxo008, YCmouuusas 0o-
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OblYa NONE3HBIX UCKONACMBILX.

Introduction

In recent years, due to rising global prices for non-ferrous
metals, the problem of replenishing the mineral resource base
for strategically important rare and non-ferrous metals has be-
come particularly acute in Kazakhstan. The main constraints to
the development of the mining industry in the republic include
limited geological exploration and a declining supply of raw
materials, largely due to the lack of comprehensive extraction
of useful ore components.

One illustrative example of the complex composition of
ores is the Artemyevskoye polymetallic deposit, located in the
East Kazakhstan region. It is one of the major deposits in the
Rudny Altai region and is distinguished by significant volumes
of both mined and accumulated man-made formations, which
can be considered a promising source of non-ferrous and rare
metals.

The purpose of this article is to clarify the mineral and el-
emental composition of various commercial ore types at the
Artemyevskoye polymetallic deposit, identifying associated
rare metal mineralization.

The main objectives are to study the mineral and trace el-
ement composition of primary ores and man-made mineral
formations (dumps and beneficiation tailings); using modern,
high-precision laboratory research methods (ICP-MS, scan-
ning electron microscopy), to clarify the composition and
contents of commercially attractive by-products in ores and
beneficiation products.

The study examines the geological structure and mineral
composition of the Artemyevsky deposit, assesses the rare
metal resources in its ores, and examines the potential of the

beneficiation plant’s tailings ponds as a source of secondary
metals.

Material and methods

The research methodology was based on a comprehensive
analysis of geological data from prospecting and exploration
work conducted at various times. Samples were collected from
various ore types at the Artemyevskoye deposit (50 speci-
mens). The mineral and elemental composition of the ores was
studied using modern analytical methods: inductively coupled
plasma mass spectrometry (ICP-MS) to determine the weight
content of trace elements, and scanning electron microscopy
with energy-dispersive analysis to study the mineral compo-
sition [1].

Geological structure of the Artemyevsky deposit. The Ar-
temyevskoye deposit is located 9 km from the town of Shem-
onaikha in the East Kazakhstan region. It was discovered in
1984 and is currently developed by Kazakhmys JSC. The
deposit is located in the Priirtyshsky ore district of the Ka-
zakh part of Rudny Altai (Fig. 1) and is part of the Artem-
yevsko-Kamyshinskaya ore zone. In plan view, the ore zone
is traced between the Kamyshinsky and Artemyevsky blocks;
the Kamyshinskoye deposit (discovered in 1958) was devel-
oped earlier, while the Artemyevskoye deposit was explored
between 1985 and 1993 and commissioned in 2005 (according
to other sources, pilot production since 1994, and full-scale
production since 2005) [2, 3].

The Kamyshin-Artemyevsk ore zone extends for approx-
imately 4 km, is approximately 600 m wide, and is up to
200 m thick. Its structures are nearly flat, dipping northeast-
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1 — boundaries of the Rudny-Altai belt; 2 — boundaries of ore
regions (1, II, Il — Bukhtarma, 1V — Rubtsovsky,

V- Zmeinogorsk, VI — Leninogorsk, VII — Zyryanovsky, VIII,
IX — Priirtyshsky),; 3 — Irtysh shear zone; 4 — ore regions,
8-12 — deposits: 8 — copper,; 9 — copper-zinc; 10 — pyrite-

polymetallic; 11 — lead-zinc; 12 — zinc-lead

Figure 1. Layout of the Rudnoaltai pyrite-polymetallic belt.
Cyper 1. Kenpiaaraii komadegan-noauMertas oeseyin
OpHAJACTBIPY CXeMAaChI.

Puc. 1. Cxema pasmenienusi Pynnoanraiickoro
KOJTY€eIaHHO-TI0JIUMETAINYECKOTO Tosica.

ward. The ore depth increases from southwest to northeast:
while in the Kamyshinsky area (southwestern flank of the
zone), ores were exposed at the surface (depths from 0 to
50 m), in the area of the Artemyevskoye deposit itself (north-
eastern flank), mineralization descends to a depth of ~900 m
(Fig. 2). The main ore deposits of the Artemyevsky deposit
are located in the depth range of 600—1600 m (Main depos-
it) and 800—1000 m (Western deposit), while smaller lens-
shaped bodies are located at average depths of approximate-
ly 640-950 m. The thickness of individual ore bodies varies
from a few meters to tens of meters (usually 6—-17 m, maxi-
mum up to 40 m).

Ore mineralization is confined to volcanogenic-sedimenta-
ry rocks of the middle devonian (D,). The main ore bodies are
concentrated within the contact of siltstones and basalts of the
Gerikhovskaya Formation (lower frasnian D,fi substage) with
the overlying tuffs and lava breccias of the rhyolites of the
Talovskaya Formation (middle Devonian Datl). The ore field
is complicated by intrusions of dacitic and diabase dikes as-
sociated with Late Devonian magmatism; however, the main
contrasting granitoid intrusions are absent [4].

The formation of ore bodies was accompanied by intense
hydrothermal-metasomatic alteration of the host rocks. At the
base of the ore deposits, the rock section is heavily perme-
ated with vein-disseminated sulfide mineralization: the host
siltstones are observed to grow into zones of microquartzite,
sericitolite, chloritolite, and quartz-sericite-chlorite metaso-
matites. Roof (hanging wall) rocks near the contact with the
ore body are silicified and sericitized, reflecting the influence
of post-ore hydrothermal solutions [5].
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A fairly consistent vertical zonation is observed in the spatial
distribution of the identified natural varieties of all the main ore
bodies of the deposit. In the generalized ore intersection, the nat-
ural varieties are separated in the following sequence (from top
to bottom): silver-polymetallic (lean, low-sulfide); barite-poly-
metallic (rich and ultra-rich); polymetallic; copper-zinc; copper.

|"-'|6 l"—"|7 |"'—'|8 |‘:Q?|9 | ° ‘10

1 — lava breccias of porphyry of the Talovskaya suite; 2 —
siltstones -a and diabases b of the Gerikhovskaya suite;

3 — porphyry; 4 — porphyrites; 5 — plagiogranite-porphyry;
6 — copper-pyrite ores; 7 — copper-zinc ores, 8 — polymetallic
ores; 9 — disseminated polymetallic mineralization; 10 —
veinlet-disseminated copper mineralization

Figure 2. Longitudinal geological section
of the Artemyevsky deposit.
Cypert 2. ApTeMbeB KeH OPHBIHBIH 00MIBIK
reoJIOTUsIIbIK 00J1iMi.
Puc. 2. IIponoJibHbIii reoornyeckuii paspes
ApTeMbeBCKOT0 MeCTOPOKIeHHSI.

Features of the mineral composition of the ores of the Arte-
myevsky deposit. Main ore minerals. The ores of the Artemye-
vsky deposit are characterized by a complex polymineral com-
position. The total number of minerals exceeds 60, including
44 ore minerals. The main ore minerals are sphalerite (ZnS),
galena (PbS), chalcopyrite (CuFeS,), and pyrite (FeS,). Mi-
nor ore minerals include fahlore, pyrrhotite, marcasite, borni-
te, chalcocite, arsenopyrite, magnetite, and minerals of gold,
silver, germanium, bismuth, and others.

«Fahlores» — a finely crystalline mixture of complex sul-
fosalts of silver, copper, antimony, and arsenic (phases such
as freibergite, tetrahedrite, and tennantine) — play a significant
role. The aforementioned sulfosalts (tetrahedrite-freibergite),
as well as arsenopyrite (FeAssS), marcasite (FeS2, a paramet-
ric modification of pyrite), and other minerals are present as
minor minerals. Rare and precious metals are noted among the
rare minerals in the ores: native gold, electrum (4u-Ag alloy),
native silver and silver sulfides (acanthite A4g,S, stephanite
AgSbS,, polybasite (4g,Cu),;Sb,S,;, etc.), as well as sulfosalts
of bismuth (bismuthinite Bi2S3), lead, and antimony (bourno-
nite PhShS;, geocronite Pb,,(Sb,As),S, aikinite PbCuBiS;, co-
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salite Ph,Bi,S;, etc.). Thus, in addition to the main sulfides,
the ores contain a wide range of rare metal minerals and noble
elements in the form of finely dispersed inclusions [6, 7, 8].
The main rock-forming (non-metallic) minerals in the ore
are quartz, chalcedony, sericite, chlorite, calcite, barite, and
other minerals typical of hydrothermally altered effusive
rocks. The presence of significant amounts of barite (BaSO,)
in the upper parts of the ore zone correlates with elevated bar-
ium concentrations in the ores and classifies the upper ores
as belonging to the barite-polymetallic subtype of pyrite ores.
Minerals of the main and noble metals. The ores of the Ar-
temyevsky deposit are classified as high-grade complex sul-
fide ores. The average grade of the main metals in the balance
reserves is quite high: copper ~2.2%, lead ~2.2%, zinc ~7.6%
(Fig. 3). In addition, the ores contain precious metals: gold
~0.17 g/t and silver ~13 g/t on average. According to the tech-
nological data of the processing plant, the gold content in the
original ore can be about 0.6 g/t, and silver-up to 50-60 g/t
(in the enriched mass, which depends on sampling and enrich-
ment of high-grade areas). Thus, the ore composition contains
industrial concentrations of Au and Ag, which are extracted as
a by-product during flotation enrichment (into copper and lead
concentrate, or gravity concentrates are concentrated) [9, 10].

Sphalerite]

pyrite

53
e —

— Sowm ]

a — 1 is the fluid dispersion of galena in sphalerite 3;

b — barite crystals in sphalerite; ¢ — 1, 3, 4 — galena,

2 — chalcopyrite in a large grain of pyrite; d — 1, 2, 3
chalcopyrite in pyrite

Figure 3. The ratio of the main ore minerals.
Cyper 3. Herisri keH MUHepaJ1apbIHbIH KATbIHACKI.
Puc. 3. CooTHOIICHHE OCHOBHBIX PYIHBIX MUHEPAJIOB.

Trace and rare elements. Along with the main sulfide miner-
als, gold and silver, the ores of the Artemyevsky deposit contain
a whole complex of associated elements or rare metals. These
include: cadmium (Cd), selenium (Se), indium (In), bismuth
(Bi), antimony (Sh), mercury (Hg), arsenic (A4s), etc. The aver-
age contents of some of these elements in the ores of the Arte-
myevsky deposit, according to the State Reserves Committee,
are: Cd from 80.0 to 480.0 g/t; Se from 40 to 70 g/t; Bi up to
80 g/t; Sbup to 470.0 g/t; As — 830.0 g/t; In up to 1.0 g/t; Se up
to 45.4 g/t; Te up to 10.0 g/t; T1 33.0 g/t; Ga — 15.4 g/t (Fig. 4).

a — large grain of arsenopyrite, gray-fahlore (freibergite
Cu,,As,S,;(Ag); b — bismuthinite with increased selenium
content in chalcopyrite; ¢ — fahlore in chalcopyrite; d — 3 —
fahlore (tennantite Cu;AsS) in a sphalerite grain

Figure 4. Microelement composition of ores of the
Artemyovskoye deposit.
Cypet 4. ApTeMbeB KeH OPHBI KeHAepiHiH
MHKPO0JIEMEHTTIK KYpaMmbl.
Puc. 4. Mukpos/1eMeHTHBIH COCTaB Pyl APTeMbeBCKOI0
MeCTOPOK/IeHMSI.

The figure below (Fig. 5) presents the average concen-
trations of trace and minor elements (Pb-/Vi, log scale) in
Cu-pyrite, pyrite, Cu-pyrite-polymetallic, polymetallic,
and barite-polymetallic ores of the Artemyevskoye deposit,
based on ICP-MS analysis performed at the VERITAS lab-
oratory of D. Serikbayev East Kazakhstan Technical Uni-
versity. The dashed black line indicates Clarke values for
comparison [11].

Average concentrations of trace and minor elements in ores of different types

Ore type
—e— Cupyrite ores
—o Barite-polymetallic ores
—e— Pyrite ores

etallic ores

Element concentration, g/t (log scale)
-
i

Pb Zn Cu Ag Sb Bi Cd Ga Mo w Co Ni

In
Elements

Figure 5. Average concentrations of trace and minor
elements in the different types of ores of Artemyevsky
deposit.

Cypert 5. ApTeMbeB KeH OPHBIHBIH 9P TYPJIi KeHAepinaeri
CHpeK k9He KOChIMIIA 3JIeMEeHTTep/AiH opTamia
KOHIEHTPALHUSIChI.

Puc. 5. Cpennne KOHIEHTPAIUH PEIKUX U
BTOPOCTENEeHHbIX 371eMEHTOB B Pa3JTUYHbBIX THIAX Py
ApTeMbeBCKOr0 MeCTOPOK/ICHHS.
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Man-made mineral formations of ores of the Artemyevsky
deposits. Modern technologies for the extraction and process-
ing of mineral raw materials ensure, on average, the utilization
of only about 3% of the rock mass extracted from the subsoil;
the remainder ends up in waste heaps and tailings dams. Up to
50% of non-ferrous metals are lost during the enrichment of
complex ores, and the production of 1 ton of finished non-fer-
rous metal is accompanied by the formation of 1,000-3,000
tons of host and overburden rock and up to 100 tons of enrich-
ment tailings.

Thus, with mineral resources becoming depleted, rational
subsoil use and the inclusion of man-made formations in pro-
cessing are becoming increasingly important. Ores from the
Artemyevsky and neighboring deposits are processed at the
Nikolayevskaya processing plant. Tailings from the Artemy-
evsky and other deposits primarily consist of gangue (quartz,
sericite, chlorite, feldspar material) and pyrite remaining after
the extraction of copper, lead, and zinc.

Metals in the tailings are present in trace amounts: zinc,
copper, and lead together typically do not exceed fractions of
a percent (e.g., Zn ~0.3-0.5%, Cu ~0.1-0.2%, Pb ~0.1% in
final tailings), depending on the degree of extraction. When
processing high-grade ores, some of the valuable component
is always lost with tailings: for example, flotation recovery of
zinc and lead is ~85-90%, copper ~70—80%, and gold ~60—
70%, with the remainder ending up in tailings. Thus, signif-
icant metal resources accumulate in tailings dams. Estimates
indicate that waste tailings may contain hundreds of thousands
of tons of pyrite sulfur, tens of thousands of tons of zinc and
copper, thousands of tons of lead, significant amounts of bar-
ium (as barite), as well as gold and silver distributed between
the pyrite and silicate mass [12].

Furthermore, man-made tailings concentrate rare metals:
the aforementioned indium, selenium, bismuth, and cadmium
are almost entirely lost in tailings, as they are not specifically
extracted. For example, with an average indium grade of ~1
g/t in ore, approximately 1 ton of indium accumulates in the
annually generated tailings (volume > 1 million tons); Simi-
larly, cadmium (approximately 50-80 g/t in ore) accumulates
in tailings in tens of tons annually. A significant portion of se-
lenium and tellurium associates with pyrite and also remains
in the tailings.

From the analysis of this graph, it can be concluded that
the tailings of the Nikolaev processing plant are an addition-
al source of mineral resources for the additional extraction of
non-ferrous, precious and rare metals.
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Elements
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Artemyevskoye: Ore —+— Nikolaevskaya: Tailings

Figure 6. The contents of the main elements in ores and
tailings of the Artemyevskoye deposit.
Cyper 6. ApreMbeBcKO€e KEH OPHBIHBIH KeH/iepi MeH
KaJIbIKTAPbIHAAFbI HETi3Ti JJIeMeHTTePAiH KYpaMbl.
Puc. 6. Coaep:xaHusi OCHOBHBIX 3J1€MEHTOB B py1ax u
XBOCTaX MECTOPOK/IEHUS] APTEMbEBCKOE.

Conclusion

According to the research results, it was established that the
Artemyevskoye deposit, in addition to the main components
(copper, zinc, lead), its ores and processed products contain
a number of rare and trace elements. Significant volumes of
already accumulated man-made waste dumps and enrichment
tailings can be considered as secondary sources of valuable
metals. Based on the obtained data, it is possible to recom-
mend: (1) when processing the ores of the Artemyevskoye
deposit, paying more attention to monitoring the distribution
of indium, selenium, bismuth, etc. in the products, with the
possibility of their selective concentration; (2) conducting pi-
lot tests to extract Au and Ag from old tailings (for example,
by heap leaching or gravity) — given that a significant portion
of the gold remains in the tailings, this may be economically
justified; (3) monitor the condition of the tailings storage facil-
ity and the quality of filtration waters, since the high content of
sulphides (pyrite) in the tailings can lead to acid drainage and
migration of elements such as As, Cd, Se — this requires envi-
ronmental measures in parallel with the extraction of valuable
components.
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HABJIIOAEHUS 3A COCTOSIHUEM 3JIAHUA
U COOPYIKEHUM B PAMOHAX MOA3EMHOM _
PABPABOTKH YT'OJIBHBIX MECTOPOXJIEHUI

AnHOTanus. B cratbe paccMaTpuBalOTCs BOIPOCHI BPEHOTO BJIMSHUSI OYHCTHBIX BBIPAOOTOK Ha MO/padaTbiBaeMble 0OBEKTHI (31aHHs, COOPYKEHUS, KOMMYHHKALUH),
KOTOPOE MPOSBIIAETCS B MEPEMEILIEHUAX U 1e(OopMaLMAX IPYHTA B UX OCHOBAHUM, NIEPEMELIIEHHH COOPY/KEHHUH, B M3MEHEHNH HANPSKEHUH U HecyIlel ciocOOHOCTH KOH-
CTPYKILHIA, B HOSBICHHN TPEIIMH B CTEHAX 37aHUi U T. A. [l obecredeHnst COXpaHHOCTH COOPYKEHMIT 1 Oe30MacHOCTH HACEICHUS B PaifoHaX MOJ3eMHON pa3paboTku
YTOJIBHBIX MECTOPOXKICHUN HEOOX0AMMO, YTOOBI IIepeMeIICHHS 1 Je(hOPMALIIU 3eMHOM OBEPXHOCTH HE NPEBBIIIAIIH TIPEICIbHbIX, BEI3bIBAIOLINX HPEICIbHOE COCTOSHIE
1 paspyiueHue oobekra. [IpaBuIbHbII BBIOOP METO0B OXPaHbl COOPY/KEHHI HEMBICIIUM 03 H3y4eHHs B3aUMOCBsI3H AedopMalinii rpyHTa U cOopyeHuid. MccnenoBanus
COCTOSIHHsI 0OBEKTOB JIOJIKHO IPOBOIMTHCS B KOMILJIEKCE C M3yYEHHEM TOPHOTEXHUUYECKUX YCIIOBUH Pa3pabOTKH M HATyPaIbHBIMU HHCTPYMEHTANILHBIMU HAOMIOIEHUAMU
3a nosipabaTbIBACMbIMU 00BEKTAMU.

Kniouesvie cnosa: mynvoa cosusicenus, 3eMHas noepxHocms, bGe3onachas noopabomra, noosemuvie 2opHble paspabdomKu, yeon nadeHus niacma, 2e00e3udecKul
MOHUMOpUHE, OKIOHeHue om gepmuxanu, onopul JIDII, donycmumvle degpopmayuu, npedenvhuvie depopmayuu.

KeMip KeH opbIHIAPBIH KePaCcThl UTepy ayIaHAAPBIHAAFbI FUMAPATTAP MeH KYPbLIbICTAPAbIH #XKaii-KYiliH 0aKkbliay

AmnpaTna. Makanaja Ta3apTy Ka30ajapblHbIH ©HIEICTIH 00bEKTiIepre (FUMaparTapra, KYpbUIbICTapFa, KOMMYHHKALMSIIAPFA) 3USHIBI 9CePi KapacThIPbLIabl, Oy
OJIapJIbIH, HETi31H/E TOIBIPAKTHIH OPBIH AyBICTHIPYBI MEH Je(hOPMALHSACHIHA, KYPbUIBICTAP/BIH OPBIH AyBICTHIPYBIH/A, KYPBUIBIMAAP/bIH KEPHEYI MEH KOTePrillTiriHIH
e3repyiH/ie, FUMapaTTap/IblH KaObIpralapbIH/1a )KapbIKTap/IbIH Taii/1a 00MybIH/a KOHE T. 0. )KEPACThl UTEPY ay/laHIapbIH/Ia KYPhUIBICTAP/IbIH CAKTAILYbIH KOHE XaJIbIKThIH
Kayilci3irin KaMTamMachl3 eTy YIIiH KOMip KeH OPbIHAApbI jKkep OCTiHiH KO3FasbIChl MeH AedopMarusichl 00beKTiHIH MEeKTi Kyii MEH Oy3bUTybIH TYABIPATBIH IICKTI ICH-
relizieH acnaysl kepek. KypblibicTapibl KOpFay 9[iCTepiH AypbIC TaHIAy TOMBIPAK MEH KYPbUIBICTApAbIH Ae)OpMALMsIapbIHbIH ©3apa OalllIaHbIChIH 3ePTTeMel-aK MYMKIiH
emec. OOBEKTIIEp/IiH Kail KYHiH 3epTTey MrepyliH Tay KeH TeXHHKAJBIK jKardailapblH 3epAeJICyMEeH KoHEe jKalgaMaiibl 0ObeKTUIep/l TaOUFN acHanThIK OaKbUIayMeH
KeILeH I Typ/ie Kyprizinyi THic.

Tyitinoi co30ep: sicvlidicy MynbOacsl, drcep bemi, Kayincis jcymvic, jcepacmol may-Kex Kazoanapvl, Kabammoly Kyaay OYpolutbl, 2e00€3uslblK MOHUMOPUHS, Mi2iHeH
aybimky, anekmp drceninepiniy mipekmepi, pykcam emineen oegpopmayusaap, wiekmi dedopmayusiap.

Monitoring the condition of buildings and structures in areas of underground mining of coal deposits

Abstract. The article discusses the harmful effects of sewage treatment plants on workable facilities, which is manifested in movements and deformations of the soil
at their base, displacement of structures, changes in stresses and bearing capacity of structures, cracks in the walls of buildings, etc. To ensure the safety of structures and
the safety of the population in areas of underground mining of coal deposits, it is necessary that the movement and the deformations of the Earth’s surface did not exceed
the limits, causing the ultimate condition and destruction of the object. The correct choice of methods for protecting structures is unthinkable without studying the defor-
mations of the soil and structures. Research on the condition of facilities should be carried out in conjunction with the study of mining conditions and natural instrumental
observations of the facilities being worked on.

Key words: displacement range, the Earth’s surface, safe part-time work, underground mining, angle of incidence of the formation, geodetic monitoring, deviation from

the vertical, transmission line supports, permissible deformations, marginal deformations.

BBenenne

IIpu mom3emHO# pa3paboTKe YTOMBHBIX MECTOPOKICHUI
BOTIpOCAM OXpaHE OKpYKaloIIeld cpenbl yaensercs 0codoe
BHUMaHHE, TaK KaK OHH IPEJCTABISAIOT €000 KOMILIEKC
CTETMATBHBIX MEPOTPHUSATHH, KOTOPBIE B TIEPBYIO OUYEpEIb
HATIpaBJIICHBl HA YBEIMYCHHE MOJTHOTHI BBIEMKH ITOJIE3HBIX
HCKOTIAeMBIX M3 HEOp, a TakKe YMEHBIICHHE BPEIHOTO BO3-
JEHCTBUS TEOMEXaHWYECKHUX IMPOIECCOB, MPOHUCXOIIINX B
MaCCHBE TOPHBIX ITOPOJ, HA COCTOSHUE 36MHOM MTOBEPXHOCTH.
Hapsmy ¢ 5TuM Bo3HUKAaeT HEOOXOMUMOCTh CHIDKCHHS Hera-
THUBHOTO BIIUSHUS YPOBHSI MOA3EMHBIX BOI M KOHTPOJIS HAJI UX
XIMHYECKUM COCTABOM, TaK KaK JaHHBIC TOKA3aTeN Hampsi-
MYI0 BO3JICHCTBYIOT Ha 3arpsi3HEHHE ITOYBBI, OTKPBITHIC BOJO-
€MBI B YBETHMYUBAIOT 00bEM BHIOPOCA TOKCHYHBIX ITPUMEceii B
arMocdepy. CormacHO yTBEp KIICHHBIM CaHUTAPHBIM HOpMaM
U TIpaBWJIaM YPOBEHB JOMYCTHMOTO TIOKa3aTelsl Ha MPUPOJ-
HBIC ¥ MH)KCHEPHBIC 00BEKTHI, MTOUICKAIIIEC OXPaHe, 3aBUCAT
oT psma (pakTopoB, HampUMep, TAKUX Kak Ha3HA4YCHUE, KOH-
CTPYKTHBHOE pelIeHHe, 0COOCHHOCTH PACTIONIOKECHUS U YCIIO-
BHS DKCILTyaTallly.

B cBs131 ¢ BhIIIEyKa3aHHBIM, TIPU Pa3pabOTKe TTOJIE3HBIX HC-
KOITaeMBIX B 00s3aTEITFHOM TMOPSAKE HEOOXOAMMO TIPOBOAUTH
TeoNIe3NICCKI MOHUTOPHHT 32 COCTOSHHEM TozpadarbiBae-
MO TeppUTOPHUU TOPHOIOOBIBAIOIIETO MIPEAIPUSATHS U TIPHIIC-
TafoIIuX K HUM TePPUTOpUI. Pe3ymsraTsl cHCTEMaTHIECKOTO
MOHHTOPHHTA TIO3BOJIAIOT MPOU3BOIUTH TIPOTHO3UPOBAHHE 32
CUCT CO3IaHWs MOACTHPOBAHUS IMOBEPXHOCTH M HA OCHOBA-
HUU TIOTYYCHHBIX JTaHHBIX CBOEBPEMEHHO BEIIBUTH HanOoee

OTIacHBIC YYACTKH M NPUHATH COOTBETCTBYIOIINE Mepshl. [Ipo-
BEJICHHE TEOAE3MUECKOr0 MOHUTOPWHTA SIBISAETCS OAHON W3
MEPBOCTETICHHBIX 33]a4d Ha MPOTSHKEHUH BCETO MEepHojia pas-
pabOTKH MECTOPOXK/ICHHUH MOJNE3HBIX HCKOTIAEMBbIX.

B nocnennee BpeMs 3a CUET yBEIUYCHUS 0OBEMOB BEICHHS
TOPHBIX PabOT KaK MOI3EMHBIM, TaK U OTKPBITHIM CIIOCOOAMHU
B PecnyOnmke Kaszaxcran Ha 3aKOHOJATEIbHOM ypOBHE MpHU-
HATHI K UCTIOJTHEHUIO HOPMAaTUBHBIE TOKYMEHTHI, HalIPaBJICH-
HBIE HAa MCCIEJOBAaHNE T'€OMEXaHHYECKOTO COCTOSHHS HEAp,
W JUIs pealin3alyy JaHHO! 3a/1a91 €KeroIHO BbLienseTcs Gu-
HaHcupoBaHue [1].

[Ipobnemoii u3ydeHns mporecca CABMKEHHS TOPHBIX I10-
pon u nedopmanuii 3eMHOH TOBEPXHOCTH HEMOCPEACTBEHHO
Ha TeppuTtoprn KaparanamHCKoro yroasHOTO OacceiiHa W Ha
JIPYTUX MECTOPOXKACHUHN Ha MPOTSHKEHUH MHOTHX JIET B paM-
KaxX BBITTOJIHEHHUS XO3IOTOBOPHBIX TEM 3aHUMAIOTCS yUYCHBIC
BeAymux By30B PecmyOmmku Kaszaxcran.

Jist obecrieyeHns: 0E30IACHOTO BEACHHUS TOPHBIX PabOT
HEOOXOIMMO H3yuarh (PU3MKO-MEXaHUYEeCKHUEe CBOWCTBA TOp-
HBIX ITOPOJI, ¥ B 3aBHCUMOCTH OT WX XapPaKTEPUCTHUK, TITyOHHBI
pa3paboTKN MECTOPOXKACHNUS, HATMYNS TEOJIOTHIECKUX Hapy-
[ICHUH, TPEITMHOBATOCTH MAaCCHBA, TCOMETPUIECKHX ITapaMe-
TPOB MOJIE3HOTO NCKOMAeMOT0 (MOIIHOCTH YTOJIBHOTO TIJIACTa,
yIila MaJeHus U a3uMyTa MPOCTUPAHUS) I BBIOOpa Hambo-
Jiee ONTUMANIFHON CHCTEMBI pa3padOTKH ¢ yYETOM BBIIETIepe-
YUCJIEHHBIX (hakTopoB [2].

[lens oxpaHBI 3aCTPOCHHON TEPPUTOPUU — OOECIICUCHHE
9KCIUTYaTallUOHHOW HAJEKHOCTU COOPYKEHMM NpU MUHHU-
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MaJbHBIX pacxojax Ha 3aIllUTHbIE MEPONPUATHs. DTO TOCTHU-
raercs B TOM Cilydyae, €clii BIHMsSHUE TOpHOro (akropa co-
BMECTHO C BIIUSIHUEM JAPYTUX OOBIYHBIX (PAKTOPOB HE BHI3OBET
MIPEEIBHOTO COCTOSIHUS COOPYKEHHUS.

XapakTep U MHTEHCUBHOCTD CABUKCHUH 3aBUCST OT LIEJIOT0
psizia TeOJIOTUYECKUX U TOPHO-IKCILTYaTallMOHHBIX (PaKTOPOB,
OT crtoco0a 1 pexrMa BeICHHsI TOPHBIX paboT, U3MEHSIST KOTO-
pBI€, MOXHO B ONIPEEICHHBIX MPe/ieNax CO3HATENbHO BO3/CH-
CTBOBATh Ha TEUEHHE MPOIIECCa, TO €CTh YNPaBIATh UM [3, 4].

[IpoBenenne mporHo3a U CBOEBPEMEHHOE BHISIBIICHHE HeTa-
TUBHBIX IIPOIIECCOB, MPOTEKAIONINX B MACCUBE TOPHBIX OPOJI,
a TaKKe IPEeJOTBPALICHUE ABAPUNHBIX CUTYaLUil SBJISHOTCS
OJIHOM M3 Ba)KHBIX 33]1a4 B TOPHOA0OBIBAIOIIEH OTpaciy.

[Ipu nnaBHOM OceJaHMU HaJ MECTOPOXKJEHHEM BO3HUKA-
eT ynIyOsieHue B 3éMHON MOBEPXHOCTH — MYJbJla OCEJaHMUs.
VIibl CIBHXKEHHUSI 3aBHCSAT OT MHOTHX (DaKTOPOB: CTPOCHHMS
MOpOJ1, YIVIOB NaJIeHNUs TIJIaCTOB, IIyOWHBI paloT, Mopsijika OT-
paboTKK MECTOpOXKICHUS [3, 4].

MeToabl

MOHUTOPUHT 30aHUIM U COOPYKEHUH IIPOBOAUTCS C LIEIIbIO
obecrieueHnsi OE30MACHOCTH U SKCIUTyaTallMOHHOW HaJeXKHO-
cTH 00BEKTOB IpH MX moapadortke. [lo pesynbraram npose-
JICHHOTO MOHHMTOPHMHIA OIPEIEISIeTCSl CTEIEeHb OTKIOHEHHUS
BBISIBJICHHBIX Jie(opMaluii OT AOMYyCTUMBIX 3HaU€HHH; MpPO-
BOJIMTCS aHAJIN3 B3aUMOCBSI3H MEXKY CIBIIKCHUSIMU MacCHBa
TOPHBIX MOPOJ U iehOopMalUsIMHU 00bEKTOB HHPPACTPYKTYPBIL.
MOHHTOPHHT MO3BOJISIET MTPOBECTH aHAJIN3 BBISIBJICHHBIX JIe-
(dopmanmii u pazpaboTKy MEPONPUSTHH 10 TIPEYIPEXKICHUIO
W CHMYKEHHIO HEJIONYCTHUMBIX OTKJIIOHEHHH Y HEraTHBHBIX I10-
CJIE/ICTBUI C 0053aTeJIbHBIM KOHTPOJIEM Haj BBINOJHEHUEM
IPUHATBIX PELICHUN.

[IpoBeneHne MOHUTOPUHTA 32 CIBUKEHUEM 3€MHOU NTOBEPX-
HOCTH 0a3upyercsi Ha NMPHUHIMUIAX MMOCTOSIHHOTO HaOIOIeHHs
3a N3MEHEHHSIMH, KOTOPbIe HEOOXOIUMBI [UIsi CBOEBPEMEHHOTO
BBISIBIICHUSI, OLICHKU M IIPOrHO3UPOBAHMSI OIIACHBIX Te0JI0rnuye-
CKHX IIPOILIECCOB, YTO TO3BOJISIET NPUHUMATh OOOCHOBAHHBIC
YIIpaBIICHYECKUE PELLICHUs ISl 0OecrieueHust 0e3011acHOCTH.

KiroueBbIMU aclieKTaMH SIBIISTIOTCS:

- NPUHYUN NOCMOAHHO20 HAOMOOEHUA: MOHUMOPUHE OC-
HOBAH HA CUCMEMAMUYECKUX HAONI0OEHUAX 3a NPUpOOHbIMU
npoyeccamu, NO36ONAIOWUL OMCIEHCUSAMb UX OUHAMUKY U
BbLABIAMb 3AKOHOMEPHOCIU,

- UHGOPMAYUOHHAS OCHOBA: MOHUMOPUHZS ONUPAEMCs Ha
cbop, obodujenue u ananuz OaHHLIX 0 COCMOAHUU 3eMHOU NO-
eepxnocmu. [lonyuennvle 0anHvle nO360NAI0M He MOIbKO KOH-
cmamuposams usMeHenus, Ho U 0enams NPocHO3bl;

- OCHO6a O]l NPUHAMUS PEUEeHUL: Pe3ylbmamol MOHUMO-
puHea CuyxHcam HAy4Ho 000CHO8AHNOU OA30U 015 NPUHAMUSA
YIpasnenyeckux peuenull, CéA3aHHblx ¢ obecneuenuem 6e3o-
nacHocmu a00el i 06beKmos IKOHOMUKU, a MaKdxice ¢ MUHu-
Musayueli HeeamueHbIX NOCIeOCMEUL COBUNCEHUA,

- UCNONbL306AHUE COBPEMEHHBIX MEXHOIO2ULL: COBPEMEHHbIE
Memoobl, makue Kax 1azepHoe cKaHuposauue, OUCMAaHYUuoH-
HOe 30HOUpOBanue 3eMiu, 6bICOKOMOYHOEe HUGETUPOBAHUE, ad-
pogomocvemka ¢ UCNONb306aHUEM NA3EPHO-YUPPOSHIX NpU-
00p08 N0380AAIOM NOYYAMb MOYHBIE U AKNYATbHBIE OAHHbIE
0 Oepopmayusax 3emMHol NOBEPXHOCMU, YMO denaem MOHUMO-
pune bonee 3QhGexmuenvim;

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

- KOMNJEKCHbIll NOOX00: MOHUMOPUHZS OX8AMbleaAen 6ce
CMOPOHBL NPUPOOHOLL Cpedbl, BKII0UAS 2e0N02UI0, YTHO NO360-
JIslem OYeHU6amy He MolbKo meKyujee COCmosHue, Ho u npo-
2HO3UPO6AMb PA36UMUE ONACHBIX NPOYECCOB.

Pa3paboTka OONBIIMHCTBA IIAXT, BXOMAMIUX B coctaB AO
«Qarmety, B TOM 4Hciie U axThl UMeHH KOCTeHKO 110 100bIue
KaMEHHOTI'0 yIiist BeeTcs: Ha npotsbkenuu oonee 80 net. Oc-
HOBHBIMM BMEIIAIOLINMHU NOPOJAMU B paiioHE BEIEHUS Top-
HBIX pabOT IPEUMYIIECTBEHHO SIBJISIFOTCS apTUILIUTHI, AJIEBPO-
JIUTHI U IECYAHUKH.

Cuctema pa3paboTKu BIMSIET Ha MPOLIECC CIBMKEHUS pa3-
MepaMy OYHCTHBIX BBIPAOOTOK, BETMUYMHOM OCTaBIISIEMbIX 1Ie-
JIMKOB, CIIOCOOOB ympaBieHus kposneil. CrioniHas cucrema
pa3paboTku B coyeTaHnH ¢ OOJNBIIMMHU pazMepaMy OYMCTHOI
BBIEMKH CIOCOOCTBYET MPOSBICHHUIO CIBIKEHHS ITOPOJ B
BUJIC MJIABHOTO Mporuda. YCTaHOBJIEHO, YTO MpPU paBHOMEp-
HOM IIOJIBUTAHUU OYUCTHOTO 320051 OCElaHHe HaJlerarolux
CJIOEB MPOUCXOAUT paBHOMEpHO. OHAKO B Clyyae OCTaHOB-
KM pabOThl OYMCTHOTO 3a00s IUIABHOCThH TIpoliecca CIABIKE-
HUS TOPHBIX MOPOJ HapyIIaeTCsl, YTO MOXKET MPUBECTH K UX
pasjoMy ¥ 00pa30BaHHUIO MPOBAJIOB C BBIXOJOM Ha JTHEBHYIO
MOBEPXHOCTH [5].

Mertonuka HCClIeIOBaHUS CABMKCHUS 3€MHOH IOBEPXHO-
CTH BKJIIOYAET KOMIUIEKC:

- UHCMPYMEHMATbHBIX HAOII00eHULL;

- pacuemos mynivOvl COBUICEHUS U NPOU3BOOHLIX depopma-
yuii;

- conocmasnenus Gakmuieckux napamempos ¢ Hopmamu-
eamu;

- AHAIU3A GIUSIHUSL 20PHOMEXHUYECKUX (DaAKMOPO8.

Ha ocHoBaHum pacuetHbIX aedopmanuii 3eMHOU MOBEpX-
HOCTH U JlaJbHEHIIEM UX CPaBHEHUH C JOMYCTUMBIMHU U TIpe-
JeNBHBIME Ie(OpPMalMsIMUA yCTAHABIMBAIOT TpaBuiia 0e30-
NAacHOM JOOBIYM YIS 1TOJ1 00ObEKTaMHU (34aHUsl, COOPYIKEHHUS,
JKeJIe3HbIE JOPOTH), MOANIeKAIIUMH oXxpaHe. Pacuet mapame-
TPOB MYIIBJbI CABM)KEHHS M OXKHAAEMbIX JIeopMmanuii 3em-
HOMW MOBEPXHOCTH BBIIIOIHEH B COOTBETCTBUU ¢ «IIpaBumamu
OXpaHbl COOPYXEHUH M MPUPOAHBIX OOBEKTOB OT BPEIHOIO
BIIMSHUS TOA3€MHBIX TOPHBIX pa3zpaboTok B KaparananHckom
yroiasHOM Oacceltne» (Kaparanna, KasBHUMMU, 1997 ) [6].

Jlst pacyera mapaMeTpoB 3eMHOM MOBEPXHOCTU ObLIM HC-
NOJIb30BaHbI 3aBUCUMOCTH (DYHKIMH OCelaHusi 3eMHOM MO-
BEPXHOCTH U MYNbJIbl CIBUKECHUSA:

W(x) = Whax f(X) 1)

rae W,,..— MakCUMaJbHOE OCEIaHKe B LICHTPE MYIIb/IbI;

f(x) — dynkuus hopmbl MysbbI (Hanpumep, o teopun Jlo-
ceBa — JiorapupMuUecKasi WM CHHYCOUAIbHAs).

Pacyersl ObLTM BBINOJHEHBI 110 METOAHMKaM, pa3paboTaH-
HeiM Ka3HMMU, a Taxoke Ha OCHOBaHUU HAy4YHBIX paboT poc-
cuiickux yueHbix Mycraguna M.T"., Opiosa ['B.

B 30HE aKTHBHOTO BIMSHHS TOPHBIX PaOOT PACIIOJIOKEHBI
00BEKThI, HAXOMSIIUECS HEMOCPEACTBCHHO HaJ BhIpaOOTaH-
HBIM TIPOCTPAHCTBOM: IYHKTBI F'OCYJapCTBEHHOW reoje3nye-
CKOH CeTH, HECKOJBKO yYacTKOB aBTOMOOMIIBHBIX JIOPOT, yya-
CTOK JKeJIe3HOU JJoporu 1 yacTh onop JIDII.

['opHOTEXHUYECKUE YCIIOBHS IJIAHUPYEMOM OTpabOTKHU 3a-
NacoB yIJIsl IPUBEJICHBI B Ta0muIe 1.
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Tabnuya 1
Topnomexnuueckue ycinosus ompadomxu i1ae
Kecme 1
Kenoicapnapowt en0eyoiny may-ken mexHuKaiblK wiapmmapol
Table 1
Mining and technical conditions of lava mining
Hanvenosanne JTapa 45 K, -3 Jlasa 44 K,-3 Jlaa 48 K,,-1-B
rokasaresei :
Cpennsist myOuHa pa3paboTKu, M 620 480 310
BriHnMaemast MOIIHOCTb I11aCTa, 5.6 1.9 27
M
VYron nagenus miaacra, rpaj 9° 7° 6°
Jnuna, m 1100 1350 840
CKOpOCTb NOJIBUTAHHSI OYUCTHOTO 62 192 ’1
320051, M/MeC
Crioco0 ynpaBiieHus: KpOBIeH MOJIHOE OOpYIIIEHHE MOJIHOE O0pyIIIeHUE MOJIHOE O0pYIIIeHHUE

PaccmarpuBaemast 3eMHas IIOBEPXHOCTH paHee rnoapabdora-
Ha ropHbIMH padotamu 1o wiactam K, u K.

Taonuuya 2
Iloopabomannwie yuacmku JISI1
Kecme 2
IBJK scymuic icmenzen donikmepi
Table 2
Damaged sections of power lines
HasBanue BbICOKOBOJILTHOM JIMHUU Ne omop

BJI - 110 kB «Kaparanga — Hosstit Topony» Ne 34-49

BJI - 110 kB «Hogsrii ['opog —
CaHTexHHUYeCcKasD

BJI - 35 kB «Hosslii I'opog — Koctenko» Ne 13-26

BJI - 35 kB «Hossiii ['opon —
BeprukanpHasn»

Ne 12-20

Ne 18-27

OtpaboTKa yroJIbHBIX IJIACTOB HEIIOCPEICTBEHHO IO OI10-
paMul TMHUA 31ekTporepenad (puc. 1) nomkHa o0s3aTenbHO
OCYIIECTBISATHCS Ha TIIyOWHE He MeHee 0e30MacHOM TITyOUHBI
BeZIcHUsI TOPHBIX paboT. Koaddummenter OezomacHoctn K6
NPUBEICHBI B TabnuLe 3.

Taonuya 3
Koapdpuyuenm oezonacnocmu Ko ona onop JIIIT
Kecme 3
IBK mipexkmepi ywin Kx Kayincizoik koagpgpuyuenmi
Table 3
Fs safety factor for power transmission poles

Omnopsr JIDIT Hanpsokenue JIDII, kB Ko
AHKepHBIE 220400 100
ITpomexxyTOUHbIE 220-400 75
AHKEpHBIE 6-110 75
ITpomexyToUHbIC 6-110 20

Ha nccnenyemom y4acTke ropHble paboThl BEIyTCs Ha TTy-
6une nopsiika 310 M, 94TO COIIACHO YCTaHOBJIEHHBIM HpPaBH-
JlaM, COOTBETCTBYET PACCUMTAHHOW Oe30I1acHoi IiryOuHe.

leone3nyeckuil MOHUTOPUHT 3a BEPTHKAIBHOCTBIO OIOP
JIDII BhImonHsIeTCs criocobamMy HaNpaBICHUH, MaJIbIX YIJIOB
U BEPTUKAJIBHOI'O IPOEKTUPOBAHUS, TO €CTh sl ONPEIEIICHUS
KpEHa KOHCTPYKLHUI Ha MPOTSHKEHUH BCEro NEpUOAA IKCILTY-
arauuu coopyxeHust. OmnpeneneHus BEIUYUH OTKJIOHEHUS
orop JISIT OoT BepTHKAIBLHOTO IOJNOKEHHSI OBUIO OCYIIECT-
BJICHO JIEKTPOHHBIM TaxeomerpoM Leica TPS 416 ciocobom
HAaIpaBJICHHH, IPH ATOM M3MEPEHHs IPON3BE/ICHBI B Oe30Tpa-
JKaTEIbHOM PEXHIME.

CyTb criocoba HampaBJIeHUI 3aKIIOYAaETCs B CIICTYIOLIEM:
ONpENEeNAIOT CMELICHHE LEHTpa BEPXHEr0 CErMEHTa OTHO-
CHUTEJIFHO LIEHTpPA, PACIIOIOKEHHOTO Ha 0a30BOM CErMEHTe,
OT O/IHOM U3 TOYEK, TO €CTh COCTABIIAIONIAs KPEHA YBEINYHUBa-
eTcs B/I0JIb OCH OOBIYHOM CHCTEMbI KOOPAMHAT, Hauallo ee KO-
OpJIMHAT COBIAIACT C IEHTPOM «HIDKHHH 0a30BBII CErMEHTY,
a 0Ch X BBIPOBHEHA C HANpAaBJICHUEM «TOYKA HAOJIONEHUS —
HeHTp 6a30Boro cerMeHTa». OCOOEHHO BaXXHBIM MTapaMeTpOM
B OTOM CIIy4yae SIBJISIETCSl CMELIEHUE LIEHTPa BEepXHEH ceKuuu
OTHOCHTEJIBHO IIeHTpa 0a30BOM CEKIMM MEXIy LMKIaMH Ha-
OmroneHU.

Kpen onop JIDII onpenensercss METOAOM HalpaBJICHUI:

=4 )

rae Ax — CMEIIeHHe 1IEHTPa BEpPXHEH CEKIMH OTHOCHTEIBHO
0a30BOM,

h — BbICOTa KOHCTPYKTUBHOM CEKIIMU OMOPHI.

Mapkuieiiepcko-reofe3ndeckue padoTsl Ha TEPPUTO-
PHUH YTOJNBHBIX 0ACCEHHOB JIOJKHBI BBITIOJIHATHCS C Y4ETOM
0COOBIX YCIIOBHMH, BO3HHMKAIOIIUX B pe3ynbrare naedop-
Maluil 36MHON IOBEPXHOCTHU IIPU 3KCILIyaTalUH MECTO-
poxaenuit [9].

Bennuuna xpena onop JIOII, Haxondmuxcs B 30He BIUS-
HUsSI TOPHBIX PadoT, MO pe3yibraTaM HaOIIOJCHUH MPeICTaB-
neHa B Tabnuiie 4.

Topnuuit sicypnan Kazaxcmana Nel’ 2026
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Taonuua 4
Pesynomamut cvemku Kkpena onop JI3I1
Kecme 4
IBK mipekmepinin opamuin mycipy Homusicenepi
Table 4
The results of the survey of the roll of the power poles
i | ™| Kpew w | T N ke, w | oI Ne Kperm | JOI | 2 | Kpen, m
orop orop orop orop
34 0,011 12 0,001 13 0,005 18 0,002
35 0,001 % 13 0,002 14 0,015 N 19 0,005
% 36 0,027 § 14 0,033 é 15 0,016 § 20 0,007
§ 37 0,023 E 15 0,029 q:) 16 0,011 E 21 0,010
= 38 0,003 3:) 16 0,009 é 17 0,010 i 22 0,020
é 39 0,003 5 17 0,008 | 18 0,014 e 23 0,032
i 40 0,031 :\( 18 0,005 é 19 0,023 :‘[ 24 0,026
= 41 0,020 g 19 0,005 o 20 0,017 ga 25 0,025
% 42 | 0,007 E 20 0,005 E 21 0,026 = 26 0,015
%‘ 43 0,008 2 5 22 0,033 é 27 0,001
- 44 | 0,004 = - 23 0,003 | I
S | 45 | 0,003 o " 24 0005 | &
n 46 0,003 — [:\ 25 0,011 A
= 47 0,003 n = 26 0,015 ~
48 | 0,003 = =
49 0,002

Mertoaunka 0OclenoBaHUs 3MaHUN M COOPYKEHUI B 30HAX
BIMSHUA Je(opManuii 3eMHONH TOBEPXHOCTH, BBI3BAHHBIX
MoAPabOTKOM 3eMHOM MTOBEPXHOCTH, 3aKII0YAETCS B CHCTEMa-
TUYECKUX HAOIIONECHUSX 3a COCTOSIHHEM OOBEKTOB, HaXOJsd-

mmxcs B 30He noapadortku [7, §].

Puc. 3. [1nan pacno/ioskeHHs] OUMCTHBIX J1aB U
onop JIDII Ha TeppUTOPUHN MIAXTHOTO MOJIS.

Cypet 3. TazapTy KeH/KapbIH OPHAJIACTBIPY IJIAHBI JKIHE

IaKTa
ajaHbIHbIH aymarbinaarel JbBK TipekTepi.

Figure 3. A plan of the location of sewage treatment plants

and power transmission
poles on the territory of the mine field.
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Mapxkeiinepcko-reoqesndeckne paboTel Ha TEPPUTOPUH
YTOJNBHBIX 0AcCeHOB MOJKHBI BBIONHATHCS C yUETOM OCO-
OBIX yCTIOBHUI, BOZHUKAIOIINX B pe3yabTare Ae(popMariuii 3eM-
HOM TTOBEPXHOCTH TIPH IKCILTyaTaIlid MECTOPOXKACHUIT [9].

B mporpammy HaOrofeHni TakkKe BKITIOUEHBI M3MEPEHUS
paccrosHuil Mo BepTHKamm OT mpoBopoB JIDII, mepecexaro-
IIUX aBTOAOPOTH, JI0 TIOBEPXHOCTH 3E€MJIH, PE3YyJIbTaThl KOTO-
PBIX TIPE/ICTABIEHBI B TAOMHUIE 5.

Taonuua 5
Peszynomamul cvemku npoeodos JIII1
Kecme 5
IBK coimoapuvin mycipy hamuosicenepi
Table 5
The results of the survey of the roll of the power poles
Hassanne JIDII Ne onop Paccrosinue 1o
3eMIIH, M
BJI — 110 xB Kaparanga — | Ne 34 — 6,1
Hossrit T'opon Ne 35
BJI - 35 xB Hosslii [opog —| Ne 16 — 7,1
Kocrenko Ne 17

3nradenus kperoB omnop JIDII cormacHo mpaBmiIam dKCIITya-
TaIH 3JIEKTPOYCTAHOBOK HE JOJDKHBI MPEBbIIIATh BETHIUHBI
8 x 107 M. Paccrosinue mo BepTHKaau oT TpoBoxos JIDII 1o
MOBEPXHOCTH 3€MJIM B HACEJICHHON U HEHACEJIEHHOM MECTHO-
CTH /IO 3eMJIH H TIPOEKEH YaCTH YIHUIl JOJDKHO OBITH HE MEHEe
S5wm[10].
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Pesyabrarhl Hcc/e10BaAHUI

Br16op Mep oxpaHBI COOPYKEHUH TPH pa3padOTKE yroib-
HBIX MECTOPOXKJCHUI B HACTOAIIEE BPEMsI PETTIAMEHTUPYETCS
«IIpaBuiiaMu OXpaHbl COOPYXEHUH M MPUPOIHBIX OOBEKTOB
OT BPEIHOTO BIMSHUS TOI3EMHBIX pa3paboTok B Kaparanaua-
ckoM OacceitHe». OHH OIPEAENSAIOT: 30HBI BIHMSHUS TOPHBIX
pa3paboTok, crocoOBl OXpaHBl COOPYXKEHHUH, ycIoBHSA 0e3-
OIMacHOW TOAPAOOTKH COOPYKEHHUH, BEITHMYUHBI MapaMeTpPOB
mporuecca CIABMKEHHSI, CIIOCOObI MOCTPOCHMS TPEIOXPAHU-
TEJBHBIX IIEJMKOB TIOJ] COOPYXXEHHSIMH Pa3IMYHOIO Ha3Ha-
YEHUSI, METOJBI PacueTa OXKHUIAEMBIX U BEPOSTHBIX BEIHMUUH
CABIDKCHHS TOPHBIX TIOPOJ M AepOpMAITIif 3eMHON TTOBEPXHO-
CTH, 5KOHOMHUECKYIO 3 (PEKTUBHOCTD N3BJICUCHHS 3aM1acoB U3
MIPEOXPAHUTEIBHBIX LIEJIUKOB C TPUMEHEHHEM MEpP OXPaHBI U
JpYTHe TOSCHSIOIINE TTO0KEHHS.

Xapakrep pacrpeneneHus GpakTudaeckux nedopmanuii co-
OTBETCTBYET KJIACCHYECKUM MOCISIM MYJIbJbl CABMKEHHMS.
MaxcuManbHbIe 3HAYSHUS KPpeHa HaOIroaaroTces B iepudepmii-
HOW 30HE MYJIBABI M COBNAAAIOT C YYaCTKaMH ITOBBIIICHHON
KPHBH3HBI TOBEPXHOCTH. V3-3a OTCYTCTBHS TOTHOTO MacCH-
Ba MCXOAHBIX JaHHBIX (PETEPHBIX HAOMIOACHUN M TUHAMHKH
OCEIaHMsI) YUCIICHHBIC PACUYCTHBIC 3HAYEHHS IPUBEICHBI B
o0o0menHo# (opme. Tem He MeHee, pacueTHBIC TEHACHIIUN
COMIACYIOTCSI C MHCTPYMEHTAIbHBIMU U3MEPEHUSMH, UTO MOA-
TBEPXK/JIAET KOPPEKTHOCTH MCIONB30BAHHON METOMKHU U 1a€T
BO3MOYKHOCTb BBIJICIIUTH JIOKAJbHBIC 30HBI KOHIIEHTPALINH JIC-
(dopmanuii.

IIpoBeneHHbIC HAOMIOACHUS TTOKa3alH, YTO ATl OHOp JIH-
Huit snexrpornepenad BJI — 110 kB «Kaparanma — Hoserif [o-
pom» Ne 36,37, 40,41, 43; BJI - 110 kB «Hossrit ['opon — Can-

texauueckasi» Ne 14, 15,16, 17; BJI — 35 kB «Hoswsiit [opon —
Koctenko» Ne 14, 15, 16, 17, 18, 19, 20, 21, 25; BJI — 35 kB
«Hossi#t Topon — Beprukansnas» Ne 21, 22, 23, 24, 25, 26,
TpeOOBaHUS MPABUIT IKCILIyaTalUH HE BBITOTHSFOTCS.

Ha ocHOBaHMM IPOBEICHHBIX [COIC3MYCCKUX U3bICKAHUN U
MOJIyYSHHBIX PE3yJIbTaToOB B LEJIsIX oOecrieueHus Oe30macHon
SKCIUTyaTanuu JuHui cBsa3u u JIDIT pekomenyercs:

— maprwenoepckou cayxcoe waxmol Kocmenko coemecm-
Ho ¢ akcenayamupyrowen JIOII opeanuzayueii npouzsooums
cucmemamuueckue HaOMOOEHUst 3a ONOPAMU, PACNOLONCEH-
HbILMU HeNnocpeOCmEeHHO 6 30He NOOPAOOMKIL,

— 6 cayuae HeoOXOOUMOCMU NPOUBECHIU MPACCUPOBKY
nPOB0006 U YEHMPUPOBAHUE 2UPISHO U3OTAMOPOS,

— YCUNUMb YACTNOMY MOHUMOPUHSA HA YUACMKAX MAKCU-
Manvbublx dehopmayuil U paccmompens Meponpusimust no no-
8bIUEHUIO YCINOUYUBOCU ONOP.

BriBoabI

1. BoinonHeHHbIE HCCIe0BaHUS MTOJHOCTBIO TOATBEPIK1a-
10T Hay4ue ehopMannii 3eMHOU TOBEPXHOCTH, CBS3aHHBIX C
BJIMSIHAEM TTOJ[36MHOU pa3pabOTKH ILIACTOB.

2. Ha uccrnenyemoMm yuacTke y otaenbHbIX onop JIOIT 3a-
(buKcHpOBaHbI 3HAYECHUS KPEHA, MPEBBILIAIONINE IOy CTHMbIE
HOPMAaTHBHbIE BEJTMYUHBEI.

3. BepruxanpHbIil TPOCBET MPOBOJOB HAXOAUTCS B Mpejie-
Jlax HOPMbI, HO TpeOyeT MPOBEJCHUS TTOCTOSIHHOIO MOHHUTO-
puHra.

3. Pe3ynbrarhl COMOCTaBICHHST PACUETHBIX M (PAKTHUECKHX
JTAaHHBIX MOJTBEP)KJAI0T KOPPEKTHOCTh MCIONb30BaHHOIN Me-
TOJUKH.
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ASSESSMENT OF THE POTENTIAL OF
SUSTAINABLE WATER RESOURCES
MANAGEMENT IN KAZAKHSTAN’S MINING
REGIONS

Abstract. The article presents an assessment of the potential for sustainable management of water resources in the mining regions of southern Kazakhstan, including
the basins of the Syrdarya, Arys, and Keles rivers, as well as the Shardarinsk and Koksaray reservoirs. Hydrochemical methods were applied, including determination of
pH, electrical conductivity, mineralization, major ions, and heavy metals, along with statistical analysis of water balance and consumption. The average annual flow of the
Syrdarya was 38.5 km?, with average mineralization ranging from 0.45 to 1.2 g/L. Exceedances of MAC were detected downstream for Fe (up to 1.8 mg/L) and Mn (up
to 0.12 mg/L). The results provide a basis for recommendations for rational use and sustainable management of water resources in southern Kazakhstan’s mining regions.

Key words: water resources, mining regions, southern Kazakhstan, water balance, sustainable management, water quality, mineralization.

Ka3akcTaHHbIH Tay-KeH OHipJIepiHiH cy pecypcTapbiH TYPaKThl 0acKapy dJeyeTin 0arajay

Annarna. Makanazia Ka3akcTaHHBIH OHTYCTIK Tay-KeH OHIpJIEpiHJIerl Cy pecypcTapbiH TYpaKThl OacKapy aieyeri Oaranan/bl, oHbIH imiHge Ceiprapus, ApbIC XKoHE
Kenec e3ennepinin Oacceitnaepi, connaii-ak [llapnapa sxone Kekcapait cy koiimanapel. Kongansutran opictep: pH, aMeKTpeTKI3rilTiK, MUHEpATU3alis, Heri3ri HoHaap
MEH aybIp MeTa{ap/bl aHBIKTAY, COHBIMEH KaTap cy OajaHChl MEH TYTBIHY/IbI CTATHCTHKAIBIK Tajaay. ChIpAapHsHbIH OpTAalla )bUIBIK aFbIHBI 38,5 KM?, OpTaria MUHepa-
nmzanusicst 0,45-1,2 v/ apansirbiaaa 60msl. O3ennepain tomenri arbicsinga Fe (1,8 mr/n peiiin) sxone Mn (0,12 mr/n aeitin) 6oiibirma [IJIM achln KeTKeHI aHBIKTa/IbL.
Hotwxkenep oHryctik KazakcTaHHBIH Tay-KeH OHIpIEpIHACTT Cy pecypcTapblH THIMI Maiilaiany jKoHEe TYPaKThl OacKapyFa YChIHBIC jKacayFa Heri3 Oepei.

Tyiiinoi ce30ep: cy pecypcmapul, may-ker oxipiepi, Oymycmik Kasakcman, cy 6anancol, mypakmel 6ackapy, cy canacol, MUHepAIu3ayusl.

Ouemca nmoTreHumagia yCTOﬁqHBOFO YupaBjeHUusi BOAHBIMU PECypCaMH N'OPHONPOMBIIIVIEHHBIX PETTMOHOB Ka3axcrana
Annoranusi. B crarbe npoBejieHa OLEHKa OTEHIMAa YCTOHYMBOIO yIpaBieHts BOAHBIMU PECYyPCaMi N'OPHOIPOMBIIIIEHHBIX PErMOHOB fora Kasaxcrana, BKiouas
Gacceitnbl pex Ceipaapbs, Apsic, Kenec, a Taxke Bogoxpanminiia [aprapa u Kokcapaii. Mcronb30Banick rHAPOXMMUYECKUAE METO/IBI, OnpeaeaeHie pH, anekTpomnpoBo-
JJHOCTH, MHHEPAJIU3aLliH, COACPKAHHSA OCHOBHBIX HOHOB H TSDKEJIBIX METAJLIOB, @ TAK)KE CTATUCTUYECKUI aHAIIM3 BOAHOTO OallaHca 1 BononoTpebienus. CpenHuii ronoBoi
pacxoz Bozbl ChIpaapbu cocTaBiil 38,5 kM?, cpesist MuHepanu3aius Bapbuposana ot 0,45 1o 1,2 r/in. B HmkHeM TeueHun pek BbisiBieHo npesbimenue [1/IK o Fe (1o 1,8
mr/in) u Mn (10 0,12 mr/i). TTosydeHHbIe pe3ysbTaThl 103BOJIAI0T GOPMUPOBATH PEKOMEH/IALIMH /ISl PALIMOHAJILHOTO MCIIOIb30BaHHs M YCTOHUMBOTO yIIPaBIeH s BOIHBIMU

pecypcamu rOpHOIPOMBIIUICHHBIX PErHOHOB fora KazaxcraHa.

Knioueswte cnosa: soonvie pecypcsl, 2OpHONPOMbLULTICHHbIE PeCUOHbL, 600HbILL 5[1.7ILZHC, ycmmltmeoe ynpasienue, kaiecmeo 60()1)1, MUHEPAIU3ayusl.

Introduction

The water resources of the Republic of Kazakhstan form
one of the most vulnerable components of the country’s natu-
ral resource potential, due to a combination of climatic, geo-
graphical, and socio-economic factors. According to cumula-
tive estimates, the average annual volume of renewable water
resources in Kazakhstan is about 90-100 km?® per year, while
its own internal runoff does not exceed 55-60 km?, and the rest
is formed by cross-border inflow. This structure of water avail-
ability determines the high dependence of the national econo-
my on external water sources and increases the sensitivity of
the water sector to climatic fluctuations and changes in water
use regimes. An analysis of the dynamics of water consump-
tion over the past decades shows a steady upward trend in the
burden on water resources. Thus, the total water intake in the
Republic of Kazakhstan has increased by more than 20% since
the early 2000 y, with industry and energy making the larg-
est contribution to the growth of water consumption. At the
same time, there is a decrease in specific water resources per
inhabitant, which is an indicator of increasing water scarci-
ty. Forward-looking estimates made within the framework of
strategic documents and scientific research indicate the likeli-
hood of an increase in water scarcity to 10—15 km? per year by
2030-2040, while maintaining existing trends in water use. In
the context of these dynamics, the mining industry occupies a
special place, which is one of the basic sectors of the economy
of Kazakhstan. Mining and processing of minerals are accom-
panied by significant amounts of water consumption associat-
ed with the processes of stripping, drainage, ore processing,
pulp transportation and provision of sanitary and technical
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needs of enterprises. According to generalized estimates, the
share of mining and metallurgical complexes in the structure
of industrial water consumption reaches 30—40%, and in some
mining regions this indicator is dominant [1-3].

The share of groundwater involved in economic turnover is
increasing, the volume of man-made waters formed during the
exploitation of deposits is increasing, as well as the volume of
return and drainage waters affecting the quality of surface wa-
ter bodies. In a number of regions, a decrease in groundwater
levels and a change in the hydrochemical composition of wa-
ter systems are recorded, which indicates the long-term conse-
quences of intensive mining activities. Domestic research on
Kazakhstan’s water resources is largely focused on macro-lev-
el assessments of water availability, analysis of transboundary
water flows and the impact of climate change on river flow.
Recent studies have shown that during the period 1960-2020,
anumber of basins in the country experienced a decrease in av-
erage annual runoff by 10-25%, accompanied by an increase
in interannual variability and an increase in the frequency of
low-water years. The southern regions of the country, includ-
ing Turkestan, Zhambyl and Kyzylorda regions, demonstrate
particular vulnerability in the structure of water resources of
the Republic of Kazakhstan. These territories are character-
ized by arid climatic conditions, limited water resources, and
high dependence on transboundary runoff. The Syrdarya River
basin forms the basis of the region’s water supply, as well as
its tributaries, the Arys and Keles, while seasonal and inter-
annual runoff is regulated by the Shardara reservoir and the
Koksarai counterregulator. The combination of natural water
limitations, climatic variability and intensive economic devel-
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opment makes the southern region one of the most sensitive
to water scarcity in the country. At the same time, an analysis
of scientific publications shows that research on water use in
the mining industry of Kazakhstan is mainly applied or local
in nature and does not form a holistic picture of the industry’s
impact on regional water balances [4—6].

The issues of integrating mining water flows into the over-
all water resources management system, as well as assessing
potential scenarios for changing the water balance under var-
ious industry development strategies, remain insufficiently
developed. Foreign scientific experience demonstrates a high-
er level of elaboration of these problems. Scenario modeling
methods are widely used in studies on water use in the mining
industry of Australia, Canada, Chile and the European Union,
which make it possible to assess changes in the water balance
over the horizons of 2040 years. It has been established that
the introduction of closed and semi-closed water circulation
systems can reduce fresh water intake by 25-60%, however,
the effectiveness of such solutions varies significantly de-
pending on the hydrogeological conditions and technological
specifics of the deposits [7]. At the same time, it is empha-
sized that technical measures without systematic manage-
ment do not ensure the long-term sustainability of water use.
This approach makes it possible to move from local technical
solutions to strategic water resources management at the re-
gional level. For Kazakhstan, with its high concentration of
mining enterprises in water-deficient regions, the adaptation
of such concepts is of particular scientific and practical val-
ue. Despite the availability of a significant amount of data on
water resources and the development of the mining industry,
there remains a shortage of research in the scientific literature
aimed at a comprehensive assessment of the potential for sus-
tainable water management in Kazakhstan’s mining regions,
taking into account the dynamics of water consumption, cli-
mate change and man-made transformation of water systems
[8]. The lack of such generalizing works limits the possibili-
ties of scientifically based forecasting and strategic planning in
the field of water use. In the southern regions of Kazakhstan,
the shortage of water resources is exacerbated by the sectoral
structure of the economy, which includes both water-inten-
sive agriculture and mining and processing enterprises. The
development of deposits of uranium, phosphorites, polymetal-
lic ores and building materials is accompanied by significant
volumes of water intake, as well as the formation of man-made
and drainage waters, which affect the quantitative and qualita-
tive characteristics of surface and underground water bodies
[9]. Under the conditions of climate change, these processes
acquire a systemic character. For the Syrdarya basin and its
tributaries, a further decrease in flow stability, an increase in
the frequency of low-water periods and an increase in uncer-
tainty of water supply are predicted. This significantly com-
plicates water use planning in mining regions and requires a
transition from fragmented industry solutions to integrated
water resources management at the regional level, taking into
account the interaction of rivers, reservoirs, groundwater and
man-made waters [10]. The scientific value of this study lies
in the formation of a conceptual model for analyzing the water
resources of mining regions, based on a comparison of long-
term dynamics of water consumption, structural changes in

water flows and possible scenarios for the development of the
industry.

The proposed approach makes it possible to assess poten-
tial areas for optimizing water use and identify the factors that
have the greatest impact on the sustainability of water systems
in conditions of resource scarcity. The purpose of the study is
to assess the possibilities of sustainable water resources man-
agement in the mining regions of the Republic of Kazakhstan
based on an analytical analysis of the dynamics of water use
and scenario modeling of changes in the water balance. The
implementation of this goal involves the generalization of do-
mestic and foreign experience, the analysis of industry-spe-
cific water consumption and the development of conceptual
scenarios reflecting the prospects for the rational use of water
resources in the long term.

Materials and methods

The object of the study is the water resources of the min-
ing regions of the Republic of Kazakhstan, including surface
waters, groundwater, as well as man-made water flows formed
during the operation of mining enterprises. In this study, special
attention is paid to the southern mining regions of Kazakhstan,
including Turkestan, Zhambyl and Kyzylorda regions. These
territories are characterized by an arid climate, high interan-
nual variability of runoff and dependence on transboundary
water resources. The main surface water bodies in the region
include the Syrdarya River and its tributaries, the Arys and Ke-
les, as well as the regulating reservoirs Shardara and Koksarai,
which play a key role in providing water supply and smoothing
seasonal fluctuations in runoff. The subject of the study is the
quantitative and qualitative characteristics of water resources,
the dynamics of water consumption and sanitation, as well as
factors determining the sustainability of water use in conditions
of water scarcity and climate change. The study analyzed typ-
ical mining territories characterized by a high concentration of
mining enterprises, a well-developed drainage system and a sig-
nificant impact on the regional water balance. Generalized data
on surface and groundwater, as well as on return and drainage
waters formed during mining operations were considered. This
approach made it possible to assess the specifics of water use
without reference to a specific enterprise, which ensures the uni-
versality of the conclusions. The methodological basis of the
study was the systematic and analytical approaches that allow us
to consider the water resources of mining regions as a complex
natural and man-made system. The study was performed using
a set of general scientific, laboratory, computational and mathe-
matical statistical methods.

At the first stage, an analytical review of domestic and for-
eign scientific publications, regulatory documents and report-
ing materials on the problems of water resources, water use in
the mining industry and water system management was con-
ducted. For the southern regions, data on water resources were
collected from official sources, including information from
Kazhydromet, regional basin inspections, and reports from
water management organizations. Long-term observations for
the period 2015-2024 were used, covering the average annual
river flow, minimum and maximum flow values, as well as
data on water consumption of industrial and agricultural en-
terprises in the region. This information allowed us to form
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a generalized picture of the hydrological dynamics and water
use for the Syrdarya basin and its key tributaries. The review
made it possible to form a list of key indicators used to assess
water balance and sustainability of water use, as well as to de-
termine ranges of characteristic values of water consumption
and sanitation for mining enterprises. Laboratory studies were
focused on analyzing the quality characteristics of waters typ-
ical of mining regions. Laboratory studies were carried out on
water samples from the Syrdarya, Arys, Keles rivers, as well
as from the Shardara and Koksarai reservoirs, which made it
possible to assess the physico-chemical and microbiological
parameters of the water bodies of the southern region. The
same methods were used as for the central region, including
potentiometric determination of pH, conductometric measure-
ment of electrical conductivity, titrimetric and colorimetric
methods for basic ions, as well as spectrophotometric anal-
ysis of heavy metals (Fe, Mn, Pb, Cd, Hg). Standard meth-
ods used in the practice of hydrochemical laboratories were
used to assess the physico-chemical parameters of water. The
hydrogen index (pH) was determined using a potentiomet-
ric method using a laboratory pH meter. Mineralization and
electrical conductivity were evaluated by the conductometric
method. The suspended solids content was determined by the
gravimetric method after filtration and drying of the sediment
to a constant mass. Determination of major ions (Ca?*, Mg*,
Na*, K*, Cl, SO/°, HCOs") was carried out photometric and
titrimetric methods in accordance with the applicable methods
of analytical control of water. The concentrations of iron and
manganese were determined by the spectrophotometric meth-
od, which makes it possible to identify the influence of min-
ing and drainage waters on the quality of water resources. The
choice of these methods is determined by their accessibility,
reproducibility, and the ability to perform in a standard labora-
tory without the use of high-tech equipment.

Quantitative assessment of water resources and water use
was carried out using calculated methods of water balance.
The water balance of the mining region was considered as a set
of inflows (surface and underground inflow, precipitation) and
outflows (water intake, drainage, evaporation, infiltration). The
calculations were performed on the basis of generalized statis-
tical data and normative coefficients used in water manage-
ment practice. To assess possible changes in the water balance,
a scenario approach was used, which involves modeling vari-
ous levels of water consumption and reuse of water. The anal-
ysis of the dynamics of water consumption and sanitation was
carried out on the basis of time series using descriptive statis-
tics methods. Averages, medians, standard deviations, and co-
efficients of variation were calculated, which made it possible
to assess the stability of the indicators over time. To identify
trends in water use, the method of linear approximation of time
series was used, as well as the analysis of growth and decline
rates. Correlation analysis was used to assess the relationship
between water consumption volumes, water resource charac-
teristics, and external factors. Pearson correlation coefficients
were used to evaluate linear relationships between indicators,
and, if necessary, Spearman coefficients to analyze rank rela-
tionships. The reliability of statistical estimates was checked at
a significance level of p < 0,05. A comparative analysis of var-
ious water use options in mining regions was carried out using
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the method of normalization of indicators and calculation of
integral indices. This made it possible to compare scenarios
according to criteria of water efficiency, environmental impact
and sustainability of resource use. The share of water reuse
and specific water consumption per unit of production were
taken into account as additional criteria. The calculation and
statistical data were processed using standard software tools,
including spreadsheets and statistical analysis packages.

The study of the southern region focused on the basin of the
Syrdarya River and its tributaries, the Arys and Keles, as well
as the regulating reservoirs of Shardara and Koksarai. The
total area of the Syrdarya drainage basin within the southern
region is about 100 thousand km?. The subject of the study
included the quantitative and qualitative characteristics of
surface and groundwater, the dynamics of water consumption
and sanitation, as well as the impact of mining and agricultural
enterprises on water bodies. To analyze the hydrological indi-
cators, long-term observations for the period 2015-2024 were
used, including the average annual, minimum and maximum
water consumption, which made it possible to identify spatial
and temporal trends in water resources in the southern region.
Microbiological control was carried out for the waters of the
Syrdarya, Arys, Keles, as well as the Shardara and Koksarai
reservoirs, using the method of quantitative seeding and count-
ing colonies of microorganisms in accordance with ST RK
3468-2019 [11]. To visually present the geographical coverage
of the study, a map of key water bodies in the southern re-
gion of Kazakhstan was prepared. The basins of the Syrdarya
River and its tributaries Arys and Keles, regulating reservoirs
Shardara and Koksarai, as well as areas of concentration of
mining enterprises are highlighted on the map (figure 1). The
display of these objects makes it possible to visualize spatial
connections between water sources, industrial zones, and reg-
ulatory infrastructures, which is important for further analysis
of water use and the sustainability of water systems.

Figure 1. Study area map of the Syrdarya River basin
with major reservoirs and mining activity zones.
Cypert 1. Ipi cy Koiimanapbl MeH naiigajasl Ka3doaaapasl
eHipy alimakTapbl 0ap Ceipaapus e3eHi 0accelHiHiH
3epTTeJIeTiH ayMaFbIHbIH KapTachl.

Puc. 1. Kapra uzyuyaemoii Tepputopuu 6acceiina pexu
Chipaapbs ¢ KPYNHbIMH BOAOXPAHMJIMIIAMH U 30HAMHU
A00BIYH MO/Ie3HBIX HCKOMAEMbIX.
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The map shows the spatial distribution of key water bodies
and industrial impact zones in the southern region of Kazakh-
stan. It can be seen that the main tributaries of the Syrdarya, the
Arys and Keles, provide local water needs, while the Shardara
and Koksarai reservoirs play a critical role in regulating flow
and mitigating seasonal fluctuations. Mining enterprises locat-
ed near rivers and reservoirs have a direct impact on the water
balance and water quality. These visualizations provide the ba-
sis for further quantitative and qualitative analyses, including
calculations of water balance, assessment of water use, and
scenario modeling of the sustainability of water systems.

The analysis of the facilities was carried out using multi-year
data covering the period from 1960 to 2024, including the val-
ues of average annual runoff, minimum and maximum water
consumption, groundwater parameters, as well as indicators of
return and drainage waters. To clarify the spatial distribution
of objects and impact zones of mining enterprises, methods of
geoinformation analysis were used to visualize the boundaries
of basins, river flow directions, location of reservoirs and indus-
trial facilities. As part of the analysis, maps were created reflect-
ing hydrography, water management facilities and zones of in-
fluence of man-made flows, which made it possible to integrate
the data into the overall water balance system of the region.

To quantify water resources, calculated methods of water
balance were used, taking into account inflows (surface and
underground), precipitation, water intake, drainage, evapora-
tion and infiltration. The calculations were carried out on the
basis of statistical data, official water management reports and
satellite observations, using standard data processing tools,
including spreadsheets and specialized hydrological models.
Descriptive statistical methods were used to analyze trends in
water use: averages, medians, standard deviations, coefficients
of variation, as well as linear approximation of time series and
correlation analysis to identify the relationship between water
resources and external factors. To analyze scenarios of chang-
es in the water balance, an approach was used that involves
modeling various levels of water consumption, including an
increase in industrial water intake, a change in precipitation

patterns, and the introduction of water reuse systems. The share
of reuse, specific water consumption per unit of production
and the water stress index were taken into account as criteria
for the sustainability of water use. Spatial analysis using GIS
made it possible to identify the zones of the greatest impact of
industrial facilities on water systems, conduct a buffer analysis
and identify potential areas for optimizing water use. Thus,
an integrated approach, including spatial analysis, laboratory
studies, statistical and scenario analysis, as well as modeling
of the water balance, allows for a comprehensive assessment
of the state and dynamics of water resources in the southern
region of Kazakhstan and the formation of recommendations
for sustainable management of water use in mining areas.

Results and discussion

This study provides a comprehensive analysis of the wa-
ter resources of the southern region of Kazakhstan, including
the basins of the Syrdarya, Arys and Keles rivers, as well as
key reservoirs — Shardara and Koksarai. The analysis covers
the period from 1960 to 2024 and is aimed at assessing the
quantitative and qualitative characteristics of water bodies, the
dynamics of water use, the impact of the mining industry and
scenario modeling of the stability of water systems. The av-
erage annual discharge of rivers and reservoirs in the region
varies significantly, due to a combination of climatic factors,
features of watersheds and human activities. For the Syrdarya
River, the average annual discharge over the past ten years has
ranged from 1100-1250 million m3, with maximum values in
years characterized by high precipitation and minimum values
in low-water periods. The tributaries of the river, Arys and Ke-
les, show similar dynamics, but their flow is more susceptible
to seasonal fluctuations and local anthropogenic influences.
The Shardara and Koksarai reservoirs regulate river flow and
accumulate water for industrial and agricultural needs, while
their levels vary between 250-380 million m?®, depending on
the inflow and discharge regime.

An analysis of the average annual runoff shows that in
the period 2015-2024, there was a moderate increase in wa-

Table 1
Average annual discharge of rivers and reservoirs in the southern region of Kazakhstan (2015-2024)
Kecme 1
Kazakcmanuuviy oymycmik onipinoezi 03enoep men cy KOUManapyluolH opmauia x#evliovlk azvtiol (2015-2024 scc.)
Tabnuya 1
Cpeonez00080ii cmok pek u 6000Xpanununy 6 10xicuom pezuone Kazaxcmana (2015-2024 2z.)
Year Syrdarya, million m? Arys, million m? Keles, million m* | Shardara, million m* | Koksarai, million m?
2015 1200 210 95 350 290
2016 1185 200 100 360 295
2017 1220 205 98 365 300
2018 1250 220 105 380 310
2019 1190 195 92 340 285
2020 1150 180 88 330 275
2021 1210 210 97 355 295
2022 1230 215 100 365 305
2023 1225 212 99 360 300
2024 1240 218 102 370 310
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ter consumption associated with an increase in industrial and
agricultural water intake (table 1). The calculated coefficients
of river flow variation range from 0,18 to 0,25, which indi-
cates significant interannual variability. Comparison of these
data with the results of previous studies shows that the average
annual consumption of water bodies in the region decreased
by 5-10% compared to 1960—-1990, which is associated with
increased water use and changing climatic conditions.

Analysis of the table shows that the highest runoff values
occur in 2018 and 2024, which may be due to increased pre-
cipitation and seasonal snowmelt in the upper reaches of the
basin. The minimum values are observed in 2020, which co-
incides with the period of dry years and increased water in-
take by industrial enterprises. The impact of climate change
on the water resources of the southern region of Kazakhstan
is manifested in changes in the annual flow of rivers, the fre-
quency of low-water and flood years, the level of reservoirs
and the intensity of evaporation. According to Kazhydromet
data (2023), over the past 30 years, there has been a tendency
to increase the average annual temperature by 1,2—1,5 °C and
reduce precipitation by 5-10% in summer. These processes
have a direct impact on river flow and reservoir regime, as
well as on the availability of water for agriculture and indus-
trial needs. Below is a summary table reflecting the impact
of climate change on key water bodies in the southern region
of Kazakhstan (the Syrdarya, Arys, Keles rivers, the Shardara
and Koksarai reservoirs) based on statistical data from Kazhy-
dromet and calculations of the water balance.

The table 2 shows that temperature rise and precipitation
fluctuations have a noticeable effect on the average annual

flow of rivers and reservoir levels. In low-water years (for
example, 2020), there is a decrease in river flow to 1150 mil-
lion m? for the Syrdarya and up to 88 million m* for Keles,
which is accompanied by an increase in water scarcity and
an increase in the frequency of low-water years. The analy-
sis shows that the greatest vulnerability occurs in the periods
20152020, when the combination of high temperatures and
low precipitation leads to a significant reduction in the avail-
able volume of water.

A comparison of data from different years shows that the
water resources of the southern region of Kazakhstan remain
sensitive to climate change. Even a moderate increase in tem-
perature by 1-2 °C and a reduction in summer precipitation
by 5-10% can lead to significant fluctuations in river flow and
reservoir levels. Forecast data for 2022-2024 indicate a grad-
ual recovery of runoff after an extremely low-water year in
2020, but the risk of water scarcity remains. The results ob-
tained allow us to draw conclusions about the need for inte-
grated measures to regulate the water balance, including the
modernization of reservoirs, the introduction of closed water
circulation systems in industrial enterprises and the optimi-
zation of agricultural irrigation. To analyze the impact of cli-
mate change on the water resources of the southern region of
Kazakhstan, an integrated graph was built combining histor-
ical data (2000-2024) and forecast indicators for the period
2025-2030. The upper part of the graph shows average annu-
al temperatures and precipitation, while the lower part shows
key water indicators: total river flow (Syrdarya, Arys, Keles),
water scarcity, and the proportion of low-water years. Using
two graphs allows you to simultaneously visualize climate and

Table 2

The dynamics of climatic parameters, river flow, reservoir volumes and indicators of water scarcity
in the Syrdarya River basin (2000-2024)

Kecme 2

Coipoapus e3eni dacceiinindezi Knumammolx napamempnepoin, 63eH a2blHbIHbIH, CY KOUMANAPbIHbIH, KOJIEMOEPIHIH
JHCIHE Cy MaAnubLIbIZbIHbIH KopcemKiuimepinin ounamuracot (2000-2024 scorc.)

Tabnuuya 2

Hunamuxa Knumamuueckux napamempos, peunozo cmokd, 006emo8 6000Xpanuiuuy u nokazamenei depuyuma
600u1 6 bacceiine pexu Coipoapoa (2000-2024 22.)

o o e 8 § L e =L Lo

= |2527| BE | 22 | 2F | g5 | EE2 | 22 | D15 |fZ:=

<75 g o E z 3 % E ¥E | 28> |F°FE
2000 12,8 430 1250 215 102 370 310 10 50
2005 13,0 425 1235 210 100 365 305 12 55
2010 13,3 420 1210 205 98 360 300 15 65
2015 13,5 415 1200 210 95 350 290 18 70
2018 13,7 420 1250 220 105 380 310 8 45
2020 14,0 400 1150 180 88 330 275 25 85
2021 14,1 405 1210 210 97 355 295 15 60
2022 14,2 410 1230 215 100 365 305 12 55
2023 14,3 408 1225 212 99 360 300 14 58
2024 14,4 412 1240 218 102 370 310 10 50
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water trends, identify the relationship between changes in tem-
perature, precipitation and availability of water resources, as
well as highlight extreme years and forecast scenarios.

Inclusion of the forecast period 2025-2030 It is based on
linear trends identified using the least squares method and
reflects the possible further impact of climate change on the
water balance of the region (figure 2). Annotations on critical
points (for example, the extremely low-water year 2020) allow
us to focus on key events that have a significant impact on the
sustainability of water use.

Climate Trends with Forecast (2000-2030)

S

8 8

fon (mm)

Temperature (°C) / recipitati

Exttemely hat 2020

ear
Water Resources Indicators with Forecast (2000-2030)

Severe low-flow 2020

o e

ear

Figure 2. Trends in climate conditions, river flow, and
water deficit in the Syrdarya River basin (2000-2030).
Cyper 2. Coipaapust e3eni 0acceiininaeri KimmmMarTbik
JKaF/aiiapaAbIH, 03¢eH aFbIHBIHBIH JKIHE CY
TanbLIBLIFBIHBIH O3repy TeHaeHuusaaapsl (2000-2030).
Puc. 2. TenneHIINA U3MeHEHUsI KIIMMATHYECKUX YCJIOBHIA,
PeYHOro cToKa M 1eUIUTA BOABI B 6acceiiHe peKH
Coipaapbs (2000-2030 roabr).

The analysis of the presented data shows that the increase
in average annual temperature and fluctuations in precipitation
have a direct impact on the dynamics of water resources in the
southern region. The largest decrease in runoff was observed
in 2020, which coincides with extremely high temperatures
and low precipitation, which confirms the high sensitivity of
the basin to climatic fluctuations. Water scarcity and the pro-
portion of low-water years also show a tendency to increase
during periods of extremely high temperatures and low precip-
itation, which highlights the need for adaptive water resources
management.

The forecast for 2025-2030 indicates a gradual restoration
of river flow while maintaining a moderate increase in tem-
perature and precipitation stabilization, but water scarcity
remains at a relatively high level. The combined analysis of
climate and water indicators makes it possible to identify crit-
ical periods, assess the potential for sustainable water use, and
formulate recommendations for adapting hydraulic systems to
changing conditions. This approach demonstrates the novelty
of the study by combining historical observations, quantita-
tive indicators and forecast scenarios in a single visual model

suitable for strategic planning of water resources in mining
regions.

Laboratory studies of the physico-chemical and microbio-
logical characteristics of the water have shown that the water
in the Syrdarya basin and its tributaries meets sanitary stan-
dards for most indicators, however, there are local excess con-
centrations of iron and manganese near mining areas. The av-
erage pH values range from 7,1 to 7,8, electrical conductivity
from 400 to 680 ps/cm, and mineralization from 0,6 to 1,2 g/1.
The main anions and cations are within the MPC, but there is
a tendency to increase concentrations of sulfates and chlorides
in reservoirs, which is associated with the accumulation of
man-made waters and the influence of irrigation.

For a comprehensive assessment of the quality of water re-
sources in the southern region of Kazakhstan, a comparative
study of the main chemical parameters of water in five key
reservoirs was conducted: Syrdarya, Arys, Keles, Shardara
and Koksarai. Measurements included pH, salinity, hardness,
content of basic cations (Ca?*, Mg?*, Na*, K*) and anions (CI,
S0/, HCOs") and the concentration of heavy metals (Fe, Mn,
Pb) (figure 3). These indicators make it possible to assess the
impact of mining and agricultural activities on the chemical
composition of water, as well as identify areas of potential en-
vironmental risk. To visualize the results, a grouped histogram
was constructed with background zones of MPC (maximum
permissible concentrations) reflecting safe, marginal and ex-
ceeding values, which provides a visual comparison of water
quality across all study sites.

Comparative Water Quality Analysis of Southern Kazakhstan Water Bodies

Figure 3. Comparative analysis of hydrochemical
parameters of major water bodies in Southern
Kazakhstan.

Cyper 3. Onrycrik KazakcranHbIH Herisri cy
00beKTiJIepiHiH THAPOXMMHSIIBIK AapaMeTpJiepin
CAJIBICTBIPMAJIbI TAJIIAY.

Puc. 3. CpaBHUTe/IbHBIH AHAJM3 THAPOXUMHUYECKUX
NapamMeTpoB OCHOBHBIX BOAHBIX 00beKTOB FO:KHOTO
Kasaxcrana.

An analysis of the presented histogram shows that most of
the reservoirs studied are within the safe range of basic phys-
ico-chemical parameters, including pH, mineralization, and
hardness. However, for certain indicators, such as Ca?*, Mg**
and Fe, there are exceedances of MPC in some reservoirs,
which may indicate the local impact of anthropogenic factors,
including mining activities and drainage waters of agricultur-
al origin. A comparison with previous Kazhydromet studies
(2015-2021) shows a steady trend towards an increase in iron
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mineralization and concentration in a number of reservoirs,
which is consistent with the observed change in the hydrolog-
ical regime under climatic conditions.

The peculiarity of the work done lies in a comprehensive
comparative approach: at the same time, all key chemical indi-
cators for five water bodies are analyzed, MPC data is integrat-
ed and excess trends are visualized through color gradation.
This makes it possible to identify problematic reservoirs and
identify priority areas for monitoring and adapting water man-
agement systems. The results obtained are highly applicable
for the development of regional strategies for sustainable wa-
ter use, including measures to reduce pollution and optimize
water use in mining and agricultural areas of southern Kazakh-
stan. A comparison with the data from previous studies shows
that the indicators of mineralization and water hardness have
a stable upward trend, especially in the area of the Koksarai
reservoir, which requires the introduction of water purification
and reuse systems in industrial processes.

Calculations of the water balance have shown that the total
inflow of water bodies in the region exceeds the total water
intake of industry and agriculture by about 20-25%, however,
when evaporation, infiltration and drainage losses are taken
into account, the available volume of water is reduced to a
level close to scarcity in dry years. The share of return water in
the system averages 12—15%, while the efficiency of its reuse
depends on local engineering solutions in industrial enterpris-
es. Statistical analysis of the time series of water consumption
showed coefficients of variation in the range of 0,15-0,28, re-
flecting moderate variability of indicators in different years. To
quantify the water resources of the southern region of Kazakh-
stan and analyze the features of water use, the water balance
of the main water bodies — rivers and reservoirs, including the
Syrdarya, Arys, Keles, Shardara and Koksarai reservoirs — was
calculated. The water balance was a combination of all inflows
and outflows, as well as internal transformations of water
masses within the basin. The calculation of the water balance
was carried out according to the classical formula:

M=P+Rin+Gin_E_Raut_Guut_W’ (1)

where:

A4S — change in water reserves in the reservoir over the pe-
riod under review (mm/m?);

P — precipitation per catchment area;

R,,— surface inflow from the catchment area;

G,, — underground inflow (recharge of the reservoir with
groundwater);

E — evaporation from the water surface;

R,,, — natural flow through rivers and canals;

G, filtration and leakage into underground horizons;

W — water intake for household needs, industry, agriculture
and mining.

All values were calculated on the basis of generalized long-
term data from Kazhydromet (1960-2024), as well as statis-
tics from regional water farms and hydrometeorological sta-
tions. Precipitation was taken into account with reference to
the catchment areas of reservoirs, evaporation — according to
direct measurements and calculations using the Penman-Mon-
teith method, groundwater flows — according to hydrogeolog-
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ical models, taking into account the saturation and gradients
of groundwater. Surface runoff (R;,) was calculated as the dif-
ference between precipitation and surface evaporation within
the basin, adjusted for anthropogenic changes, including water
intake and drainage flows. Underground tributaries (G;,) and
leaks (G,,,) they were taken into account through infiltration
coefficients obtained from hydrogeological studies and mea-
surements of the groundwater level. Water use (W) analyzed
by functional division:

1. Industrial water consumption, including mining and met-
allurgy;

2. Agricultural water use, including irrigation and pastures;

3. Domestic water consumption;

4. Return and drainage waters that flow back into the reser-
voir after economic use.

Time series methods and statistical approximation were
used to assess the dynamics of water consumption and its
impact on the water balance. The average annual flow rate,
minimum and maximum runoff values, and interannual vari-
ability were calculated. Linear regression and moving average
methods were used to identify trends. Additionally, a scenario
analysis of possible changes in water use under the conditions
of projected climatic changes was carried out, including:

- temperature rise and evaporation;

- decrease and fluctuations in annual runoff;

- changes in the intensity of water intake by industry and
agriculture.

All calculations were performed using spreadsheets and
statistical analysis packages that provide accuracy of up to
1-2%. The results obtained made it possible to quantify the
balance of water resources, identify scarce areas, and identi-
fy the potential for rational use of water and increasing the
sustainability of water use in the southern regions of Kazakh-
stan. Scenario modeling has shown that the introduction of
water reuse systems and optimization of water intake, taking
into account seasonal variability, can reduce water scarcity
by up to 10-12% during the period 2025-2035. The greatest
effect is achieved with a combined approach: modernization
of reservoirs, introduction of closed water circulation systems
at industrial facilities and optimization of agricultural irriga-
tion. Unlike previous studies, where the analysis was limited
to individual basins or hydrochemical characteristics of wa-
ter, this study uses an integrated approach: quantitative runoff
calculations, laboratory analysis of water quality, GIS spatial
analysis and scenario modeling of water resource sustainabili-
ty are combined. This makes it possible not only to identify the
current state of water bodies, but also to assess the potential for
rational water use in the long term. The novelty of the study
is a comprehensive assessment of several water bodies in the
southern region of Kazakhstan at once, taking into account the
impact of mining activities, climate change and return waters.
The results of the study have direct practical application for
water use planning in mining and agricultural regions. The re-
ceived data can be used for:

- optimization of water intake and reservoir management;

- development of measures for reuse and purification of water;

- forecasting water scarcity in the long term;

- assessment of the impact of new industrial facilities on
water systems.
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The use of GIS analysis makes it possible to identify areas
of the greatest anthropogenic impact and predict the distribu-
tion of water resources, taking into account various scenarios
of climate change. This approach provides an opportunity for
strategic planning and minimizing the risks of water scarcity
in the southern region of Kazakhstan.

Conclusion

As a result of the study of the water resources of the south-
ern region of the Republic of Kazakhstan, including the main
rivers and reservoirs — the Syrdarya, Arys, Keles, Shardara and
Koksarai, quantitative and qualitative characteristics of water
bodies were obtained, as well as the dynamics of water use and
changes in the water balance under anthropogenic stress and
climatic changes. An analysis of the physico-chemical param-
eters of the water showed that most of the studied reservoirs
are within safe values for the main indicators, including pH,
mineralization and hardness, however, some indicators, such
as the content of calcium, magnesium and iron, in a number
of reservoirs exceed the maximum permissible concentration,
which indicates the local impact of mining and agricultural
activities on water quality. The calculation of the water bal-
ance made it possible to determine inflows, drains, precipi-
tation, evaporation, water intake and return drainage waters,
which provided a quantitative assessment of water reserves in
reservoirs and rivers in the region. It has been revealed that
the largest runoff is formed in the Syrdarya River, while mini-
mal changes in reserves are observed in the Shardara reservoir.
Forecast calculations up to 2024 show a moderate increase in
water reserves in most reservoirs, reflecting the potential effect
of adaptation measures for water use and return water after
economic activity. Analysis of the dynamics of water con-
sumption revealed a steady trend towards increasing the load
on water resources, which is especially pronounced in mining

areas and agricultural zones, where return and drainage waters
play a significant role in maintaining the local water balance.
A comprehensive assessment of water quality and water
balance has shown the importance of integrating various
indicators in developing strategies for sustainable water
resources management. A comparison of the data obtained
with historical observations by Kazhydromet revealed a
tendency towards an increase in iron mineralization and
concentration in a number of reservoirs, which is consistent
with the predicted changes in the hydrological regime and
elevated air temperature. At the same time, the results of the
analysis confirm the need to implement a scenario-based
approach to water management, including optimization of
water intake, reuse of water and control over the quality of
water resources. The scientific and practical value of the
conducted research lies in a comprehensive comparative
approach to the assessment of water resources, combining
quantitative indicators of the water balance, the chemical
composition of water, the dynamics of water consumption
and the influence of climatic factors. The results obtained
make it possible to identify problematic water bodies, iden-
tify areas of potential environmental risk and form recom-
mendations for rational and sustainable use of water in the
mining and agricultural regions of southern Kazakhstan.
Thus, the proposed approach demonstrates the possibility
of moving from local technical measures to strategic water
resources management at the regional level, which helps to
increase the sustainability of water use and minimize nega-
tive impacts on the aquatic environment while maintaining
intensive economic development. In the future, the results
of the study can be used to model various scenarios of water
consumption, develop adaptation strategies and plan mea-
sures for the rational use of water resources, taking into
account climate change and anthropogenic pressure.
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Kox MPHTH 52.45.19

*E.M. KapmanoB, M.b. Bapmenmunosa, P.B. Illapumnos
Kasaxcxuil nayuonansvnwiii uccniedosamenvckuii ynusepcumem umenu K.M. Camnaesa (2. Aamamol, Kazaxcman)

K BOITPOCY KOMIIVIEKCHOI'O U3YYEHMUA
QJIIEMEHTHOI'O 1 ®A30BOI'O COCTABA
MEJAHOI'O ®JIOTAIIMOHHOI'O KOHLHEHTPATA

Annoranus. [IpeicTaBieHs! pe3ynbTaThl KOMIZIGKCHOTO MCCIICIOBAHMS JIEMEHTHOrO 1 (ha30Boro cocrara MeaHoro ¢uoranuonnoro konuenTpara TOO «Ke3puity»
(AxkMonuHckast 06actb, Kasaxcran). [IpuMeHsIMCh peHTIeHO(ITyOPECHEHTHBIN U PEeHTTeHOMU(PAKIIMOHHBIH aHAITN3, MUKPOCKOIIHS M XUMUYECKHH aHaian3. OCHOBHBIMU
2JIEMEHTAaMH KOHIIeHTpara BeisiBieHsl Cu, Fe, O, Si u S, ¢ npumecsimu Al, K, Mg, Ca u As. Meib B KOHIEHTPATE MPECTABICHA PEUMYIIECTBEHHO CYIb(OHIHBIMU COE-
JMHEHUSAMH: XalIbKonupuToM (42,7%), 6opuurtom (23,7%), cyasdunom mean CuzS (7,6%) u cdhanepurom (6,3%), a Takxke BTOPUYHBIMU MUHEpanamu 6ormutoM (2,7%) u
ATFOMUHUIT-rHAPOKCH cuinkatoM (2,0%). TTokasaHbl pacrpeneIeHie Mel MexKIy CyTbOHIHBIMA U OKHCICHHBIMH (OPMaMU U OCOOCHHOCTH COBMEILECHHSI MUHEPAIIOB,
4T0 00OCHOBBIBAET JlaIbHENIIINE HATIPABJIEHHS HCCIIEI0BAHNS HEKOHIMIIMOHHOTO KOHIIEHTpara.

Kniwouesnle cnosa: meonviil KOHYEHMPAmM, MUHEPANOLUYECKUL AHANU3, (PA306bIIL COCMAB, SeMEHMHbLI COCMAG, CYIbOUObL, OKUCIEHHbIE MUHEPAb], NepepabomKa.

Mpbic GuoTanMsIIBIK KOHIEHTPATHIHBIH 3JIeMEHTTIK #JHe (a3ajibIK KypPaMbIH 3epTTeyAiH 63eKTi Maceseiepi

Annarna. «Kpisuiry» JKIIC (Axmona o6nbickl, KazakcTan) (uoTanusiblK MbIC KOHLEHTPATBIHBIH MIEMEHTTIK koHe (a3aiblk KypaMblH 3epPTTEY/AIH HOTHKeIepi
YCBIHBUIFaH. 3epTTeye PEeHTreHO(IyOPECUEHTTIK KOHE PEHTIeHOAN(DPAKIHIBIK Tajllay, MUKPOCKOIHMS JKOHE XMMUSUIBIK Tallay oficTepi KonuaHbliraH. KoHueHnTpar-
THIH Herisri anementrepi perinae Cu, Fe, O, Si xoue S anbikrangsl, Kocna petinge Al K, Mg, Ca xone As 6ap. MbIc KOHLIEHTPATTA HEri3iHeH Cylb(UATIK KOCBLIBICTAP
TYpiHZAE Ke3aecei: Xanbkomupurt (42,7%), 6opaut (23,7%), Mbic cyabduni CusS (7,6%) xone chanepur (6,3%), connaii-ak exiHm perTik MuHepaiaap — 6ormur (2,7%)
JKOHE aJFOMHHUNA-THAPOKCH cuiKar (2,0%). MbIc aJeMeHTiHIH CyTbQUATIK jKoHE OKCUATIK Gopmanapra 0esiHyi MEeH MUHEpaIAap/blH 63apa OpHaIacy epeKLIeniKTepi
KOPCETLIIN, HeKOHANLHSIBIK KOHLIGHTPATTBI 9pi Kapaii 3epTTey/iH OarbITTapbl HEri3/IereH.

Tyitinoi co30ep: Mmbic KOHYEHMPAmbl, MUHEPATOUANBIK MANOAY, (a3anblk KYpam, dNemMeHmmix Kypam, cyibpuomep, momvlKKaH MUnepanoap, Kaima oyoey.

To the question of comprehensive study of the elemental and phase composition of copper flotation concentrate

Abstract. The results of a comprehensive study of the elemental and phase composition of copper flotation concentrate from «Kyzyltu» LLC (Akmola Region, Ka-
zakhstan) are presented. X-ray fluorescence and X-ray diffraction analysis, microscopy, and chemical analysis were used. The main elements of the concentrate were Cu,
Fe, 0, Si, and S, with minor amounts of A/, K, Mg, Ca, and As. Copper in the concentrate is represented primarily by sulfide compounds: chalcopyrite (42,7%), bornite
(23,7%), copper sulfide CusS (7,6%), and sphalerite (6,3%), as well as the secondary minerals bogmite (2,7%) and aluminum hydroxide silicate (2,0%). The distribution
of copper between sulfide and oxidized forms and the specific features of mineral compatibility are demonstrated, which substantiates further directions for studying the

substandard concentrate.

Key words: copper concentrate, mineralogical analysis, phase composition, elemental composition, sulfides, oxidized minerals, processing.

BBenenue

KomriekcHas mepepaOoTKa MEIHBIX MECTOPOXKACHHUH SIB-
JSieTCsl BaXKHEHIIIMM aclieKTOM COBPEMEHHOM TOpHOA00bIBa-
IOMIEH MPOMBIIIICHHOCTH, COYeTasi pa3jIndHble METOIBI LIS
MOBBIIIEHUS YPPEKTUBHOCTU M YCTOHYUBOCTH. DTOT MpOIEce
O0OBIYHO BKIIOYAET B ceOsi m3MenbueHHue-(IoTanumo, KyqHoe
BBIIIEIaYNBAHNE, IKCTPAKIUIO PACTBOPUTEIEM — 3JIEKTPOIIH-
tuyeckoe usBneuenue (HBL-SX-EW) u ocaxnenue menu.
Hcnionb3yst 3TH METOJIbI, TOPHO00BIBAIOIINE KOMITAHUU MOTYT
ONTHUMHU3UPOBATh M3BICYCHUE PECYPCOB, MUHUMHU3UPYS BO3-
JIeiCTBHE Ha OKpYXKarollyro cpexy. Ilocnennne n0CTHKEeHUs
B TEXHOJIOTHSIX NEepepaboTKu Meau O0emaroT 3HauYUTEIbHOE
NOBBIIIEHUE 3()(PEKTUBHOCTH: TPOTHO3UPYETCS] TIOBBIIICHHE
sdpdexrrBrOoCTH 10 30% IO CpPAaBHEHHIO C TPAJUIMOHHBIMUA
Metogami [1]. Bonee Toro, BHeApeHue NMEpeOBbIX TEXHOIO-
TMi B JIOOBIYY MEIU OTPa’KacT COBMECTHBIC YCHIIUSI YUEHBIX
METaJUTyproB ¥ TOPHOPY/IAHBIX KOMITAaHHH, YTO BHOCST BKJIaJ B
JIOCTIDKEHUE OoJiee MIMPOKUX IIeJIeH yCTOWYNBOTO Pa3BUTHSL.

MupoBoe noTpediieHre MEAH HENPEephIBHO POCIIO B Teue-
HUE TocIieiHero JecsitiiieTrs. OHaKo pecypchl BBICOKOKaye-
CTBEHHOH MeJ{ UCTOLIAIOTCS U ISl YIOBIETBOPEHUS CIIpoCca
KpaiiHe BayKHO pa3pabarbiBaTh pecypchbl HU3KOCOPTHOM U KOM-
TUIEKCHOW MeJiM, a TaK)Ke€ HEKOHIHMIMOHHBIX ()IOTAIMOHHBIX
MeIHbIX KoHIeHTparoB. Conepikanue Mean Ha pynHukax Ka-
3axctaHa Bapbupyercs ot 0,5% 110 6% , HO B CpeJiHEM COCTaB-
ns10T okosto 1%, mosTomy Bce 0osiee BasKHBIM CTAHOBUTCS
UCIIOJIb30BaHNE HEKOHIUIIMOHHBIX PECYPCOB MEJIH.

CynbhunHble MEIHbIE PYAbl TIepepadaThIBaOTCsl, INIABHBIM
00pazoM, ¢ MOMOIIBI0 MUPOMETAILTYPIHYECKUX TEXHOJIOTHH.

TexHOMOTHYECKHAE CXEMBI TEePepadOTKU CyIb(QHUIHBIX Py
BKITIOYAIOT CTAIUI0 (DIOTAIIMOHHOTO OOOTAIICHUS VIS IONY-
YeHHs KOHIICHTPATOB U MEepepadOTKy KOHIICHTPATOB C TIOMO-
IbI0 OOKUTA, TUTABKH M KOHBEPTHPOBaHUS [2]. B HacTosIIMiz
MOMEHT MeTaurypru KaszaxcraHa cTalKuBalOTCs ¢ Tpolie-
MO CHIDKEHHS COICP KaHUs [IBETHBIX METAIUIOB, B TOM YHUCIIE
MEIH B py/e W UCUEPIIaHUs OOTaThIX JIETKOOOOTATHMBIX PYII,
YTO BEIHY)XKJAC€T BOBJCKATh B TEPEPAOOTKY pYIBI, HEIPH-
TONHBIC JUISI TIOTYYCHUS KOHIUIIMOHHBIX KOHIICHTPATOB, YTO
MIPUBOMIUT K MOBHIIICHUIO YIEIBHBIX 3aTPaT Ha IPOU3BOJICTBO
MetaimioB [3]. Takum oOpa3oM, moirydeHHe KOHIUIIMOHHBIX
KOHIICHTPATOB U3 PyI MHOTHUX METHBIX M MEIHO-MOJIHOICHO-
BBIX MECTOPOXKICHHI CTAHOBHUTCS Bce O0Jiee TPYIHOM 3a1a4eit
W3-32 UCUCPIIaHHS JIETKOOOOTaTUMOTO CHIPhS, YTO BBIHYKIAET
pa3pabarbIBaTh HOBBIC TEXHOJIOTHUECKUE ITOIXOIbI, TO3BOIIS-
FOIIUE PEIIUTh ITH MPOOIEMEL.

W3BecTHO, YTO THAPOMETAIUTYPTHUSCKUAE TEXHOIOTHH MO-
TYT OBITh IEPCIICKTUBHBIMU TS ITepepaboTKi HEKOHIUIINOH-
HOTO MUHEPATBHOTO CHIPBS. BBIIO MOKa3aHo, 9TO aBTOKIIABHOE
BEIIIIETAYMBAHIE MOYKET ITO3BOJHTH YIAIUThH HEXKEIaTeIbHBIC
KOMITOHEHTBI M3 MEIHOTO KOHIICHTpATa IIyTeM CEJICKTUBHOIO
BBIIIIEITAYNBAHIISI FITH OCAXKICHUS U TAKIM 00pa30oM, TIOTYIHTh
KOHJIMLMOHHBIA MeAHbIA KOHLIeHTpaT [4]. [Ipouecc ruapome-
TaJUTyPTUICCKON OIICHKH HEKOHAWIMOHHBIX (DIOTOKOHIICH-
TpaToB MecTopokIeHus «KBI3BUITY» Ha MpeaMeT Meau, MO-
nubeHa  KeJe3a, KOTOPBIH BKIIFOYAaeT B ceOs ompenesicHrue
AIIEMEHTHOTO U (pa3oBOro cocraBa B oOpas3nax (pIoTOKOHIICH-
Tpara, IMeeT pemraromniee 3HadeHue. [IouCcK eneBhIX KOMIIO-
HEHTOB B 00pasnax TpeOyeT pa3InIHbIX aHATHTUICCKIX IO/~

IMHA «Kasungopmy: caiim. Asepuenxo . JKesrazean — cepoye meonou undycmpuu Kasaxcmana: xax udem 0obviua memanna. URL:  https://www.inform.kz/
preview/2f13d3a2-6alb-498e-9f0d-146ed6f13db2?ysclid=mkcfulin5y816560600 (0ama obpawenus: 06.09.2025).
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XOJIOB, ITO3TOMY aHaJIMTHUYECKas JadOpaTopusl OJDKHA OBITh
B KypcCe IMOMCKa U KayeCcTBa mepenaBacMbiXx 00pasios [5].

Hcrnonb3ys aHaIUTUYECKHE METOJbl, HCCIEIOBATENHN
MOTYT TOYHO ONPEJIEIUTh JIEMEHTHYIO XMMHIO 3THX 00-
pa3ioB. ['coxuMHUUEeCKHEe METOABI AOJKHBI OBITH CIIOCOO-
HBI pa0boTaTh C IHUPOKUM JAMANA30HOM KOHIICHTPALMH dJ1e-
MEHTOB B LIMPOKOM JHanazoHe 00pa3lloB MaTepHaloB C
Pa3IMYHBIMH U CIOKHBIMU MaTpuiiaMu [6]. Takoit mogxon
obOecrieunBaeT TOYHbIE JAaHHbIE, HEOOXOAMMbIE ISl OLICH-
KM DKOHOMHYECKOr0 MOTEHIMaja HEeKOHJAMIMOHHBIX (io-
TOKOHIIEHTPATOB.

Hame nccienoBanue moguepkuBaeT 3HAYEHHE KOMILIEKC-
HOTO TO/IX0/a, KOTOPBIIl HHTErpUpPyeT Te0JOrMYeCKUil U reo-
XUMHUuecKuit anaausbl [7]. [loHumMast anemMeHTHbIH 1 (a30BbIii
COCTaB, PYKOBOJICTBO T'OPHOPYIHON KOMITAHHH CMOXKET IPH-
HSTh OOOCHOBaHHOE pEIleHHE OTHOCHTENILHO JAajibHeiIei
pa3paboTKK W yNpaBJieHUs pecypcamu, uTo, B UTOre, Oyner
CIOCOOCTBOBAaTh YCTOMYMBBIM MeToAaM J1o0bun. B aT0ii pa-
00Te onKcaHbl HECKOJIBKO (PU3NKO-XMMUYECKUX METO/IOB aHa-
JM3a psiaa npoo, MOIHOICHOBO-MEIHOTO (hIOTOKOHIIEHTpATa,
HOJIy4EHHOIO B Ipouecce o0OoraieHust MoIHOIeHOBO-Me/l-
HBIX Py MECTOPOXKACHUS «KBI3bUITY».

JKCNepUMEHTANILHASI YACTh

Onpedenenue 31eMEHMHO20 COCMABA C UCHOTIL3OGAHU-
eM  IHep2OOUCHEPCUOHH20  PeHM2eHOpyopecUeHmHoz0
(EDXRF) cnekmpomempa Rigaku NEX CG I1

s mpoBeseHusT UCCenOoBaHUN ObUT OTOOpaH oOpaser|
MeIHOTO (oTarioHHOro Kouienrpara «kKM® 25-58» mac-
coit 500 r (puc. 1).

DJIeMEHTHBII COCTaB KOHIIEHTpATa MPOBe/IcH B Tadiuue 1.
AHanu3bl JIEMEHTHOTO COCTaBa 00pPa3OB BBINOIHSUIA C UC-
0JIb30BAHUEM JHEPrOAMCIIEPCUOHHOIO peHTreHodyopec-
uentHoro (EDXRF) cniekrpomerpa Rigaku NEX CG II, koto-
PpBIi TIpe/icTaBlIeH Ha puc. 2.

KM® 2558

Puc. 1. BHemnuii Bua uccijienyeMoro ioTokoHmeHTpara.
Cyper 1. 3eprreseTin GproTanusIbIK KOHIEHTPATTHIH
CBIPTKBI KOpiHici.

Figure 1. Appearance of the studied flotation concentrate.

Puc. 2. Cnexrpomerp Rigaku NEX CG II.
Cyper 2. Rigaku NEX CG II cnektpomerpi.
Figure 2. Rigaku NEX CG II - energy-dispersive X-ray
fluorescence (EDXRF) spectrometer.

DJIEKTPOHHBIE M300paXKEHUsI MOJTY4YEHbl B CUTHAJE JIETCK-
TOpa OTPAKEHHBIX AJICKTPOHOB. M IeHTU(HKAIHS TTHKOB CIICK-
Tpa, pacCUIMPEHHBIN KaueCTBEHHBIN U KOJIMUECTBEHHBIN aHATU3
OCHOBaH Ha rnporpamMmmHoM obecnedenun Rigaku RPF-SQX

Tabnuya 1

Dnemenmmuuiit cocmas pnomoxonyenmpama «KM® 25 — 58»

Kecme 1

«KM® 25 — 58» promayuanslx KoHueHmpammolH 31emMeHmMmiK Kypamol

Table 1

Elemental composition of the flotation concentrate KMF 25 — 58

DnemMeHT Conepxanue, % DneMeHT Conepxanue, %

Cu 33,0000 Ba 0,0806
S 19,2000 Bi 0,0780
Si0, 18,2000 P,O; 0,0725
Fe 13,3000 Sh 0,0636
Zn 3,4000 Ag 0,0537
ALO;, 5,8400 Co 0,0479
Ca0O 1,7900 Sn 0,0297
K 1,3400 Sr 0,0200
Mo 1,2600 Se 0,0185
As 0,1900 Te 0,0166
Pb 0,1830 Rb 0,0118
MnO 0,1210 Au 0,0023
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Fundamental Parameters (FP), ucnonb3yrorieM TeXHOJIOTHIO
Rigaku Profile Fitting (RPF) u Scattering FP. 310 nHanexnoe
WHTErPUPOBAHHOE IPOrPaMMHOE OOECIeYeHHe I03BOJISIET
IIPOBOAUTH HOHyKOHH‘{eCTBeHHI:Jﬁ aHaJIU3 MPAKTUYECKHU BCEX
TUIIOB 00pa3IoB 03 CTaHIAPTOB, a TAKXKE CTPOTUH KOJIHUYe-
CTBEHHBIN aHAJIU3 CO CTaHlapTaMHu.

Ha puc. 3 npencrasienbl WACHTH(UIMPOBAHHBIE IHKU
CIICKTpa, MOJYYCHHOTO MpU aHaiu3e odpasua mpodsr «KMD
25 — 58». CornacHO HpeACTaBIEHHBIM CIIEKTPAIbHBIM JTHHU-
SIM BHJTHO, YTO Me/lb, KUCJIOPO/I, )KeJIe30, KPEMHUH, cepa U He-
0O0JIBIIIOE KOJMUYECTBO AIIOMHHUS, MOJIIMO/IEHA, IIMHKA 30J10Ta
u cepebpa SIBISIFOTCSI OCHOBHBIMH COCTABIISIFOIMMU 00pasiia.
[lepen »HEProgMCrIEpCHOHHBIM PEHTTEHO(ITYOPECIIEHTHBIM
(EDXREF), perrrenomudpaxunonssiM (XRD) u MuUKkpockomu-
YECKUM aHaJlM3aMHU HAaBECKY KOHLIEHTPATa MPOMBIBAJIA IOpsi-
guM pacTBopoM 30% U30TPONMIOBOTO CIHUPTA YIS YAaJEHHS
(hyroTopeareHTOB U Mace U CyIni rnpu temreparype 120 °C
B TeueHue 2 yacoB. OCyIIeHHBIN KOHIIEHTPAT UMEN TPaHyio-
METPUYECKHI COCTaB C pa3MepaMiu 3epeH B OCHOBHOM OT 45
110 75 MKM.
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Puc. 3. Cnextp dnoroxonuenrpara « KM® 25 — 58».
Cypert 3. «KKM® 25 — 58» (pu1oTanusjibIK KOHIEHTPATTBIH
CIEeKTPI.

Figure 3. Spectrum of the flotation concentrate
KMF 25 - 58.

Onpeoenenue ¢hazoeo2o cocmasa ¢ UCNONLIOBANHU-
em penmezenoougppakyuonnvin (XRD) cnekmpomempom
Bruker D8 Advance

Bruker D8 Advance — BBICOKOTEXHOIIOTHYHBIH PEHTTCHO-
J(paKToMeTp, UCIOIb3YEMBIH Ul OnpenesieHus: (pa3oBoro
COCTaBa, KPUCTAININIECKON CTPYKTYpPBI, pa3MEpOB U CTEIICHN
KPHCTAJUIMYHOCTH MAaTepHajoB C BCTPOEHHOH NIporpamMMoin
naeHTnuKanuu (a3, mpeaAcTaBiIeH Ha puc. 4.

W3 mpuBeseHHOro Ha pHC. 5 PEHTTEHOAM(PAKIMOHHOTO
CIEKTpa TAKKe BUJIHO, YTO IIIABHOH cynbduaHol (a3oil KoH-
LeHTpara siBisiercs: xaubkonuput (CuFesS,), 9eTKO BBIIEITHIB-
MIMHCS U3 OCTAJIBHBIX ()a3 10 CBOMM XapaKTEpHBIM Judpax-
IIMOHHBIM OTPAKEHHSAM C MEXKIIJIOCKOCTHBIMHU PacCTOSIHUSIMA
do.=10,3020 um; 0,1868 um; 0,1850 um; 0,1827 um; 0,1574 uMm;
0,1341 am u 0,1590 aM. Bropas o konmudectBy dasza — 6op-
uut (CusFeS,) npencrasnenHa smausamu ¢ d = 0,1933 HM;
0,2695 uM. 3arem cienyror kBapi (Si0,) (da = 0,3340 uMm;
0,3106 u™m), momomutr — Ca(Mg,Fe)(CO;), (do = 0,303 HM
), cymbdpun memu — Cu,S (do = 0,3406 uM; 0,2955 HM;
0,2092 um), 6ormut — AIO(OH) (do = 0,2955 uM™M; 0,2092 HM)

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

U adroMuHuil ruapookcun cunukar — A1,S8i,0,,(OH), c xoM-
riekcamMu udpakunonHbix orpaxenud (do = 0,3406 HM;
0,2049 um; 0,1626 um; 0,1238 1Mm).

Puc. 4. Pentrenosckuii nugpaxromerp Bruker D8
Advance.
Cyper 4. Bruker D8 Advance peHtrenjik
audpaxTomerpi.
Figure 4. Bruker D8 Advance X-ray diffractometer.

1 Cu concir KM
| FOF 01.074-1757 Gralcopyrite CuFes2 - 42.7 %
| POF 00.042.0586 Bornite CuSFeS4- 23,7 %
| POF 01.078.2315 Quartz 5102 - 13,1 %
| PDF 00-034.0617 Dolomite, Fe+2bearing Ca(Mg,Fe)(CO3)2 - 8,1 %
| PDF 00.003-1071 Gopper Sulfide Cu2S - 7,6 %
PDF 01.083.2384 Bofmite, syn AO(CH) -2.7 %
POF
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Puc. 5. ®a3oBblii aHa U3 GIOTOKOHIIEHTPATA
«KM® 25 — 58».
Cypert 5. «KKM® 25 — 58» ¢poTauusabIK KOHIEHTPaT
(azanbIk Tangaybl.
Figure 5. Phase analysis of the flotation concentrate
KMF 25 - 58.

Munepanozuueckoe uccinedosanue 00pazyoé Ha MUKpO-
ckone Leica DM 2500 P

Munepanornieckoe M3y4eHHe 00pas3lloB MPOBOAMIOCH B
MPSIMOM OTPaKCHHOM CBETE Ha TOISIPU3AITHOHHOM MHUKPOCKO-
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e Leica DM 2500 P, xoTopsrii nipejictaieH Ha puc. 6. Mu-
KPOCKOI JIaeT BO3MOXKHOCTH ITOJHOLICHHO pEajn30BaTh BCE
MeTo/bl KoHTpacTa. HactpamBaemas Oj0kupoBka (hokyca u
MOIIHBIA OCBETUTEIIb MO3BOJISIFOT KOM(OPTHO paboTarth ¢ a-
30BbIM KOHTPACTOM U HOJISIpU3aLUEi.

Puc. 6. JIaboparopublii Mmukpockon Leica DM 2500 P
¢ MOIIIHBIM OCBeTHTeJIeM.

Cypet 6. KyaTTsl :kapbIKTAHABIPFBINILI 6ap
3eprxa”aJjbIK Leica DM 2500 P mukpockomn.
Figure 6. Laboratory microscope Leica DM 2500 P with a
powerful illuminator.

YcioBHBIE MHJIEKCHI PYAHBIX MHUHEPAJIOB HAa MUKPO(OTO-
CHMMKax: OOpHHMTHT bo, KOBEIWH CV, KYHpPHUT Cp, THPHT D,
coanepur spl, xaapkomuput chp, xambko3uH ch.

MukpodoTrocheMKa MCKYCCTBEHHOTO aHIUIM(a Ha 3IOK-
CHJIHOH CBSI3KE M3 MEIHOPYAHOTO KOHILIEHTPATa, COCTOSIIETO
13 MOHOMMHEpAJIbHBIX OOJOMKOB XaJbKOIUPHUTA, OOpHHMTA,
KBapla, I0JIOMHUTA, Cylb(puIa MEIU, a TakKe X CPOCTKOB,
CTPYKTYP BKpAIJICHUI OOrMHTa B HEPYIHBIX MUHEpaJiax, Ipo-
n3BeneHa udposoit kamepoii Canon D 70.

Juist mpoBeieHUs] KOMIUIEKCA MUHEPAJIOTHYECKUX U aHa-
JUTHYECKUX HUCCIENOBaHUN TpoOBI  (IOTOKOHIIEHTpaTa
MIpeBapUTEIbHO OBIIM IOJBEPrHYTHI IOCIIEI0BATEIBHOM
00paboTKe — N3MEJIBICHHUS/ IPOOIICHNUS, KBAPTOBAHUS/COKpa-
LIeHUs, TpocenBaHusi U (Qpakuumonuposanus [3]. Tlpomren-

Puc. 7. UckyccrBennbiii anming 0946. O6muii Buji.
Pasmep 3epen.
Cyper 7. Kacanab! anmandg 0946. Kannsl kepinici.
Jonaepinin enemi.
Figure 7. Artificial thin section 0946. General view.
Grain size.

1K€ BBIIICIIEPCUUCIICHHYI0 00pabOTKY HCXOIHBIC MPOOBI
(hIIOTOKOHIIEHTpATa WUCTHPAIIUCH Ui TONydeHUs (paxkiuu
¢ tpedbyembim pasmepom (0,074 + 0,080 MM) ¢ HeabIO 1MO-
CJIEAYIOIIETO IPOBEICHUSI PEHTICHOAU(DPAKIIMOHHOTIO aHa-
nu3a (azoBoro cocraBa (XRD), omperneneHus: JOKaaIbHOIO
9JIEMEHTHOTO COCTaBa C MCIOJIb30BAHUEM CKaHHPYIOILIETO
MHUKPOCKOIIAa C JHEProAMCIepCHOHHBIM aHanu3oM (DJA),
IpaHyJIOMETPUYECKOr0, MUHEPAJIOrHYeCKOT0 M aTOMHO-a0-
copOuunonHoro ananusza (AAA).

[TpuBenennsie Ha puc. 7-12 muxpodororpaduu, cHsThIC
C OTIIOJIMPOBAHHBIX aHI_HJ'II/Iq)OB Ha 3HOKCI/I[[HOI>1 CBA3KEC, I10-
Ka3bIBAIOT XapakTep paclpeieseHUs] OTACNbHBIX MEeTalIo-
Cyﬂb(i)I/I,Z[OB B KOHIEHTpATC, UX IMPOLUCHTHLIC COOTHONICHUA,
a TaKKe MPOCTPAHCTBEHHBIE CBSI3H MEX/y COOOMU U C IpyruMu
muHepaitamu. CorlacHO MUHEPAJOrM4eCKUM pacyeram, OC-
HOBHBIMH Cyﬂb(i)I/I,Z[HbIMI/I MHHEpaJIaM1 KOHIICHTpaTa ABJIAIOT-
cs1 xanpkonuput CuFesS, (42,7%), 6opuur CuFeS, (23,7%),
cthanepur ZnS (6,3%) u cynedun meau Cu,S (7,6%), a Takxe
BTOpHUYHbBIC MUHepabl 6ormut AIO(OH) (2,7%) v aqroMUHUI
rugpoxcun cuimkar A1,Si,0,,(0H);(2,0%), ennH4YHbIE 3epHa
METaJUTMYECKOTO 30JI0Ta ¥ cepedpa B HE3HAYUTEIILHOM KOJIH-
yecTBe U 0KoJio 13,1% mycThIX OpoJ — KBapIia.

XanbKOMMPHUT TPEJCTaBIEH B OCHOBHOM MO CBOOOJHOM
dbopme 3epeH ¢ pasmepamu 70 50 MkM. B xanbkomuputo-
BbIX 3€pHAax HWHOTIa Ha6J'IIO)IalOTC§I IapoBUAHBIE BKJIIOYEC-
HUs 30J10Ta U cepedpa pasmepom okosio 10 mrm. Chaneput
MMpEACTaBJICH B OCHOBHOM B BUIC CB06OHHI)IX 3€pECH, a TAK¥KE
B KOMOMHALMSAX C APYTUMH Cyib(uaHbIMU MUHepasiamu. Ha-
OnromaroTcs Mecta KOMOMHAIMKM OOpPHHUTA C XaJbKOITUPUTOM
1 KOBEJUIMHOM.

3aki04eHue

[Tpu uccnenoBanun Hamu QiorokoHuentpara «kKM® 25 —
58» mpencTaBieH CHEKTp ¢ MACHTH(UKAIMEH Onpe/ieIeHHbIX
9JIEMEHTOB, B PE3YJIbTATE YEro BBISIBICHO, YTO OCHOBHBIMHU CO-
CTaBJISIFOLIMMH 3JIEMEHTAaMU SIBIISIIOTCS AJIeMeHThl Menb (Cu),
kuciopon (0), cepa (S), xxeneso (Fe) u kpemuuii (S7).

Takum 00pa3om, Kak BHIIHO 110 MEKpOQoTOrpadusim, cdarie-
PHT BCerzia MpUCYTCTBYET B IIPOMBIIIIIEHHOM ME/IHOM KOHIICH-
Tpare, Tak KaK MEJKHE YaCTUYKH ITHX CY/Ib(HUI0B HACTOIBKO
B3aUMOCBSI3aHbI C TAKOBBIMHU K€ 3€PHAMH XaJbKOITUPUTA, YTO

Puc. 8. UckycerBennslii anumiug 0947. @parment
(0OpHMT, XaIbKO3HH, CPOCTKH).
Cypet 8. Kacanasl anuriug 0947. ®parment (00pHHUT,
XaJIbKO3HUT, KOCBLIbICTAP).
Figure 8. Artificial thin section 0947. Fragment (bornite,
chalcocite, aggregates).
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Puc. 9. UckycerBennblii anming 0948 (xoBesiuH,
MUPHUT, GOPHUT, XaJIbKOIUPHUT).
Cypet 9. Kacanap! anuiug 0948 (koBe1uH, MUPHT,
OOpHUT, XaJIbKOIIUPHUT).
Figure 9. Artificial polished section 0948 (covellite, pyrite,
bornite, chalcopyrite).

Puc. 11. UckycerBennblii anmaug 0950 (koBesiuH,
OOpPHUT, KYNPHUT, chaiepur).
Cypert 11. Kacanap! anuiug 0950 (koBesinH, G0pHUT,
KYIIpMT, cajiepur).
Figure 11. Artificial polished section 0950 (covellite,
bornite, cuprite, sphalerite).

Puc. 10. UckyccrBennnlii anmaudg 0949 (kosesinH,
NHUPUT, OOPHUT, XaTbKOMUPUT).
Cyper 10. Kacanabl anmang 0949 (koBeJJIUH, TUPUT,
OOPHHUT, XaJIbKOMUPHUT).
Figure 10. Artificial polished section 0949 (covellite,
pyrite, bornite, chalcopyrite).

WX TIPAKTHYCCKU HUKAK HE YIACTCs Pa3/ICIIUTh ITyTeM 00BIYHO-
TO IpOOJIEHUS U pa3Moiia B 000TaTHTEIEHBIX POU3BOACTBAX.
CrnemoBaTenbHO, MEIHBIC KOHIICHTPATHI, CONICPIKAIIUE IIUHK,
HE PEKOMEHIYIOTCS [T TepepabOTKU TPaTUIIHOHHBIM ITHPO-
METAJLTYyPTHYCCKAM METOJIOM JIJIS TIOJTyYCHHSI MEJIH, TaK Kak
00a MeTamta OyayT 6e3BO3BpaTHO MOTepsiHBI [8]. Bo m30exka-
HUE MTOTEPb MEIIU U JIPYTHUX MMOMYTHBIX IICHHBIX KOMITIOHCHTOB,
pu TepepadboTKe JAHHOTO KOHIIEHTPATa MBI MOKEM PECKOMEH-
JIOBaTh THIIPOMETAJUTYPTHYCCKUE METOMIBI C ITOCIICAYIOIINM
CCJICKTUBHBIM U3BJICUYCHUEM M3 PACTBOPOB BCEX IIEHHBIX KOM-
TIOHEHTOB, B TOM YHCJIE MEJIH, IIMHKA, Jkere3a [9].

Puc. 12. UckyccrBennblii anmudg 0951 (koBesinH,
KYNPHT, chaaepur).
Cyper 12. Kacanab! anmumg 0951 (xoBe/JIMH, KYIPHT,
chasaepur).
Figure 12. Artificial polished section 0951 (covellite,
cuprite, sphalerite).

[IpoBenennast pabora mokasajia, Kak KOMIUIEKCHBIH aHa-
JUTUYECKUHA TIOIXOA MOXKET 00ecreduTh OOJBIIYIO MPOH3-
BOJIUTENBHOCTh, UHTErPUPYs IC€ONOTMYECKUHM M TeoXuMue-
CKUI aHanmu3bl A yinyumieHus crpareruu [10], a 3aunTepe-
COBaHHBIC CTOPOHBI, TOJIYYNUB HA PYKU KOHKPETHBIE JaHHBIE
10 2JIEMEHTHOMY M ()a30BOMY COCTaBy Ha JIaHHOM ydacTKe,
CMOTYT NPHHUMATh OOOCHOBAHHBIC PEIICHHS OTHOCHTEIHLHO
JambHEHIeH pa3padoTKH M yNpaBieHUsl pecypcamMu, 4YTo, B
utore, Oy/IeT CiocoOCTBOBATH YCTOHYMBBIM METOIaM JI0OBIUH,
rapaHTHpYsl MaKCUMaJbHOE 00ecledYeHHe COBPEMEHHBIX Tpe-
OoBaHMi1 0 OXpaHe okpyxaromieit cpenpl [11].

CIITUCOK UCITOJTB3OBAHHBIX HCTOYHUKOB
1. Yen Houc. X., I'o C. I]3., JIu X. C. (Aseycm 2020). Pearuzayus u npakxmuka unmezpuposanno2o npoyecca
U381eUeHUsT MeOU U3 HUZKOKAYeCMEEeHHOU pyobl Ha pyoHuke L{3uysunvwans. l'uopomemaniypeus. https://
www.sciencedirect.com/science/article/abs/pii/S0304386X19309831 (na anenuiickom si3vixe)
2. Mapuenrxo H.B., Bepwununa E.Il., I'urvoebopanom 3.M. Memannypeus msdicesvix y8emHnolx Memanios.
yueb.-memod. nocobue: Kpacnospcerx: UIIK COY, 2009. 394 c. (ha pycckom szvike)
3. Kpoycon @. Hexomopwvie Habnoderus no 8blx00am medu u cooepicanuto pyosl // Pecypcnas norumuka.

2012. T. 37. C. 59-72 (na aunenutickom s3vixe)

4. Ueanos b.B., Fooysn A.A., Heyouna FO.P. Bo3modcHocms 2udpomemaiiypeuiecko20 KOHOUYUOHUPOBAHUS
HU3KOCOPMHBIX KOHYEHMPAN OB, NOAVUEHHbIX NpU nepepadbomke MeoHo-Kondyedanuvlx pyo // Lleemuvie
memannvt. 2014. Ne 11 (863). C. 42—46 (na pyccxom sazvike)

Topnwiir srcyprnan Kazaxcmana Nel’ 2026



Oborateryte moMe3HbIX MCKOMAEMBIX

S3

10.

11.

10.

11.

Hypanu C., Kpuwnaxymap M., Camvsanapasna K. Pazdenenue meepoou ¢pasvl u onpeodenenue npumecei
PEOKO3EMENbHBLX INEeMEHMO8 8 YpaHosom okcude memooom ICP-OES/ICP-MS // Kypuan paduoxumuueckozo
u si0eprnoeo ananuza. 2012. Ne 294. C. 215-222 (na anenuiickom si3vike)
Memoowr ceoxumuu u ceogpusuxu. I'n. 7 — [looeomoexa rabopamopunou npoow, 1972. T. 6. C. 57-70
(Ha aneautickom sa3vixe)
Yen JI., Ban X., Cyn C., Yane X., Jun B. (2 utons 2025). [Ipumenenue unmecpupo8annozo
2€0XUMUYECKO20 U 2e0PU3ULECKO20 UCCIed068aNUs O NPOCHOZUPOBAHUSL NOMEHYUATbHBIX MEOHO-3010 MbLX
NONUMEMANIUYECKUX MeCmOopodcOeHull 8 patione « Dyoutunvy3vl — bauenuy, nposunyus « XouayHy3samy.
Munepanwt. https://www.mdpi.com/2075-163X/15/6/597 (na anenuiickom s3vixe)
Capecsan JLE., Ocanecan A.M., Bapoausn /[.I. Hccnedosanue ¢paz06020 u MuhepaibH020 COCMasa MeoH020
KOHYEHmpama ¢ noGbleHHbIM codepicanuem yunka u ceunya // Hayka u coepemennocme. 2013. C. 140—
145 (na pycckom sa3vixe)
Hexomopevie cospemennvie cnocobvl nepepabomru medeniasuivnozo uiiaxka / bexkumbaesa I.C. [u op.] //
Tpyowr ynueepcumema. 2024. Ne 2 (95). C. 32-37 (na pycckom s3vike)
Moxameo U. A60env-@ammax, Xamoan A. Xamoan, Aonan K. Maxou, 3axapus M. A6o-Annax, Hesap
A. Xammypu, Capa M. Aby3ud. (26 nosops 2025). Komniekchoitl n00X00 U HO8ble NPedCmMAasieHUsl O
nomeHyuale Cianyeso20 2asd: 2e0l02udeckds, nempo@puauieckas, 2eoXuMudecKkas U 2eomMexanuiecKkas
oyenka gpopmayuu Xamamoa (3anaonas nycmoeins, Ecunem). Hegpmsnvie ucciedosanus. https://www.
sciencedirect.com/science/article/pii/S2096249525001127 (na anenutickom s3vike)
Ilpoosudicenue Kk ycmoudugomy pazeumuio. nosgileHue mexuoioeull U npakmuk «3ei1eHouy» 000bluy NoJe3HbIX
uckonaemolx / Onugade M. [u op.] // 3enenas u ymuas copuas unscenepus. 2024. T. 1. Ne 2. C. 157-174
(Ha aneautickom s3vixe)

MAWJAJAHBLJIFAH OJEBUETTEPIIH TI3IMI
Yen Jlowc. X., To C. [J3., Jlu X. C. (Tamwiz 2020). «[[3uy3unvuiansy keniwinoezsi momer canaivl KeHHeH
MblC any ywin Oipikmipiieen npoyecmi icke acwipy dcane madcipube. l'uopomemannypeus. https://www.
sciencedirect.com/science/article/abs/pii/S0304386X19309831 (azvinuivin mininoe)
Mapuenrxo H.B., Bepwununa E.Il., 'urtvoebpanom 3.M. Ayvip mycmi memanoapovly Memaiiypeusicol. OKy-
20icmemenik kypan: Kpacunoapcrk: UIIK COY, 2009. 394 6. (opvic mininde)
Kpoycon @. Mvic wwi2bimObinbiasl Jcone Ken Kypamvlna Kamuelcmol Kellbip 6atigayrap // Cascam
pecypcmap. 2012. T. 37. 5. 59-72 (agvlnwbin mininoe)
Usanoe b.B., Fooysn A.A., Heyouna FO.P. Meic-Kopeacwin Konuedan kenoepin oyoey 6apvlcblHOA AJIbIHEAH
MoOMeH cananvl KOHYeHmpammapovl u0pOMemaiiypeusivik Konouyusiay mymkinoiei // Tycmi memanoap
arcypranvt. 2014. Ne 11 (863). B. 42—46 (opvic mininoe)
IHypanu C., Kpuwnaxymap M., Camvsanapasna K. ICP-OES/ICP-MS 20icimen ypan okcuodinoezi cupex
aneMmenmmepi KOCnaiapvli kammol pazadan 661y dcone anvlkmay // Paouoxumusnvlk jdcane soponvik
manoay xcypuanei. 2012. Ne 294. . 215-222 (agviiwvin mininoe)
Teoxumus scone eeogpusura aodicmepi. 7-mapay — Jlabopamopusnvlx yreini oauvinoay, 1972. T. 6. 5. 57-70
(azbiiutoln mininoe)
Yen JI., Ban X., Cyn C., Yane X., Jun B. (2 maycovim 2025). « @youtiunvyszet — bauenruy ayoanvinoazel,
« XOUNYHY3AH» NPOBUHYUACBIHOARbL MbLC-ATIMbIH NOJUMEM AL KeH OPbIHOAPbIHbLY dJleyemin 601cay Yulin
UHMe2PAYUSLIAHAH 2eOXUMUSIIBIK JHCIHE 2e0u3uKaivlk sepmmeyoi Konoany. Munepanoap. https://www.
mdpi.com/2075-163X/15/6/597 (azvinuoin mininoe)
Capecan JI.LE., Ocanecan A.M., Bapoanan J[.I'. Mvicmuly KOHYeHMPAYUusAIaAHEaH KOHYEeHMPAMbIHbIY YUHK
JHCIHE KOPEACLIH KYPAMbIH apmmblpeanoagsvl ha3aivlk JcoHe MUHepaiovlk Kypameln zepmmey // Folivim
orcone saman dcypHanel. 2013. B. 140—145 (opvic mininoe)
Mbuvic 6ankvimy wnakmapvin eH0eyoiy keubip zamanayu 20icmepi / bexumbaesa I.C. [scone m. 6.] //
Vuusepcumem enybexmepi scypnanvi. 2024. Ne 2 (95). B. 32—37 (opvic mininoe)
Moxameo U. A60env-@ammax, Xamoan A. Xamoan, Aonan K. Maxou, 3axapus M. A6o-Annax, Hesap
A. Xammypu, Capa M. (26 kapawa 2025). lllervgpmik eaz aneyemin unmeepayusianzan 6aeaiay:
Xamamba popmayusicoinviy (bamoic won, Muvicvlp) ceonocusinvli, nempo@u3uKaivly, eoXUMUIbIK JHCIHE
eeomexanurkanvik sepmmeyi. Mynai sepmmeynepi acypuansi. https://www.sciencedirect.com/science/article/
pii/S2096249525001127 (azvbinwoin mininoe)
TypakmuinvlKKa scemy: JHcacvli may-KeH mexuoio2usiapbl MeH npakmuKaiapulisly namuoa 6oiyvl /
Onugaoe M. [ocone m. 6.] // Kacvin ocone akoriovt may-xen undcenepusicol. 2024. T. 1. Ne 2. 5. 157-174
(azbiiutoln mininoe)

REFERENCES

Chen J.H., Guo X.J., Li HX. (August 2020). Implementation and practice of an integrated process to
recover copper from low grade ore at Zijinshan mine. https://www.sciencedirect.com/science/article/abs/
pii/S0304386X19309831 (in English)

T'opnotit scypnan Kazaxcmana Nel’ 2026



54
Oborarmerte Mome3HbIX MCKOMAEMBIX

2. Marchenko N.V., Vershinina E.P., Hildebrandt E.M. Metallurgiya tyazhelykh tsvetnykh metallov: ucheb.
metod. posobie [Metallurgy of Heavy Non-Ferrous Metals: Textbook and Methodological Guide].
Krasnoyarsk: IPK SFU, 2009. 394 p. (in Russian)

3. Crowson P. Some Observations on Copper Yields and Ore Grades // Resources Policy. 2012. V. 37 (1).
59-72 pp. (in English)

4. vanov B.V., Boduen A.Ya., Yagudina Yu.R. Vozmozhnost’ gidrometallurgicheskogo konditsionirovaniya
nizkosortnykh kontsentratov, poluchennykh pri pererabotke medno-kolchedannykh rud [Possibility of
hydrometallurgical conditioning of low-grade concentrates obtained from the processing of copper-pyrite
ores], svetnye metally [Non-Ferrous Metals]. 2014. No. 11 (863). 42—46 pp. (in Russian)

5. Durani S., Krishnakumar M., Satyanarayana K. Solid phase separation and ICP-OES/ICP-MS
determination of rare earth impurities in nuclear grade uranium oxide // Journal of Radioanalytical and
Nuclear Chemistry. 2012. No. 294. 215-222 pp. (in English)

6. Methods in Geochemistry and Geophysics. Chapter 7 — Preparation of the Laboratory Sample, 1972. V. 6.
57-70 pp. (in English)

7. Chen L., Wang H., Sun C, Chang X., Ding W. (June 2, 2025). The Application of Integrated Geochemical
and Geophysical Exploration for Prospecting Potential Prediction of Copper and Gold Polymetallic
Deposits in the Fudiyingzi — Bacheli Area, Heilongjiang Province. Minerals. https.:// www.mdpi.com/2075-
163X/15/6/597 (in English)

8. Sargsyan L.E., Oganesyan A.M., Vardanyan D.G. Issledovanie fazovogo i mineral 'nogo sostava mednogo
kontsentrata s povyshennym soderzhaniem tsinka i svintsa [Study of the Phase and Mineral Composition
of Copper Concentrate with Increased Zinc and Lead Content], Nauka i sovremennost’ [Science and
Modernity]. 2013. 140-145 pp. (in Russian)

9. Nekotorye sovremennye sposoby pererabotki medeplavil 'nogo shlaka [Some Modern Methods of
Processing Copper Smelting Slag], Bekimbaeva G.S. [et al.], Trudy universiteta [Proceedings of the
University]. 2024. No. 2 (95). 32-37 pp. (in Russian)

10. Mohamed I. Abdel-Fattah, Hamdan A. Hamdan, Adnan Q. Mahdi, Zakaria M. Abd-Allah, Nezar A.
Hammouri, Sara M. Abuzied. (November 26, 2025). Integrated Approach and Insights into Shale Gas
Potential: Geological, Petrophysical, Geochemical, and Geomechanical Evaluation of the Khatatba
Formation (Western Desert, Egypt). Petroleum Research. https://www.sciencedirect.com/science/article/
pii/§2096249525001127 (in English)

11. Advancing toward sustainability: The emergence of green mining technologies and practices / Onifade M.
[et al.] // Green and Smart Mining Engineering. 2024. V. 1. No. 2. 157—174 pp. (in English)

HNudopmanus 06 aBTopax:

Kapmanoe E.M., noxropant xadenpsl « Metauryprust 1 o0orarieHne Imoje3HbIX HCKOITaeMbIX», Kazaxckuil HallMOHAJIBHBIH UCCIIEI0BATEIb-
ckuit yausepcutet uM. K.W. Carmaesa (1. Anmarsl, Kasaxcran), yerposhock@gmail.com; https://orcid.org/0009-0005-0555-9078
Bapmenwunosa M.b., xann. TexH. HayK, acCOLMUPOBAHHBIN mpodeccop, 3aBenyromas kadpenpoit «Metamtyprusi u oboraiieHue Io-
JIE3HBIX HCKONaeMbIX», Ka3axckuil HalMOHANBHBIM HccinenoBarenbckuit ynuBepcuter um. K. CarmaeBa (. Anmarbl, Kasaxcran),
m.barmenshinova@satbayev.university; https://orcid.org/0000-0003-0534-2387

Hlapunog P.B., maructp, nmxenep kadeapbl « XMMUYECKHE MPOLECCHl U IPOMBIIIICHHAsT YKOJIOTHsD, Ka3axckuil HalMOHAIBHBIH HCCIIeJ0BaTeN b
ckuii yausepeuteT uM. K.M. Carmaesa (r. Anmarsl, Kasaxcran), rustem.sharipov@satbayev.university, https://orcid.org/0009-0001-2911-5026

ABTOpJIap Typajbl MaJliMeTTep:

Kapmanoe E.M., K.J1. CotbaeB atbiHnarsl Ka3ak YITTHIK 3epTTey yHUBEPCUTETI «MeTasutyprust jxKaHe Haiiiaiibl Kazoanap/s! 0aibITy» Kade-
PpachIHBIH JOKTOpaHTHI (AJIMaThI K., Kazakcran)

Bapmenwunosa M.b., TexH. FbUIBIM. KaH]I., KaybIMaacTeIpbuIran npodeccop, K.M. Carbaes arbinnars! Kazak yiTThIK 3epTTey YHHUBEPCHTETI
«MeraJutyprust )koHe Taiiansl Kazoanap/s! 6albITy» kadenpacbiHbIH MeHrepymrici (Anmarsr K., Kasakcran)

Hlapunoe P.B., maructp, K.1. CorbaeB arbinnarsl Ka3ak YITTBIK 3epTTeY YHUBEPCUTETIHIH « XMMHUSUIBIK TIPOLIECTEP )KOHE OHEPKACINTIK IKO-
norusi» kadeapackIHbIH HHXKeHepi (AnMarsl K., Kazakcran)

Information about the authors:

Karmanov Ye.M., doctoral student at the «Department of Metallurgy and Mineral Processing», Kazakh National Research University named
after K.I. Satpayev (Almaty, Kazakhstan)

Barmenshinova M.B., Candidate of Technical Sciences, Associate Professor, Head of the «Department of Metallurgy and Mineral Processing»
at Kazakh National Research University named after K.I. Satpayev (Almaty, Kazakhstan)

Sharipov R.V., MS, Engineer at the «Department of Chemical Processes and Industrial Ecology», Kazakh National Research Technical Uni-
versity named after K.I. Satbayev (Almaty, Kazakhstan)

Topnwiir srcyprnan Kazaxcmana Nel’ 2026



Meramnyprig

Kox MPHTH 53.37.13

*A.T. Mamutova!, T.A. Chepushtanova?, B. Mishra?

1Ust-Kamenogorsk Titanium and Magnesium Plant JSC (Ust-Kamenogorsk, Kazakhstan),
’Department of «Metallurgy and mineral processing», Satbayev University (Almaty, Kazakhstan),
SWorcester Polytechnic Institute (Worcester, USA)

THERMODYNAMIC PREDICTION

OF THE TECHNOLOGICAL CONDITIONS

FOR PRODUCING THE TI-10V-2FE-3AL ALLOY
BY VACUUM ARC REMELTING

Abstract. This paper presents the results of a thermodynamic analysis of equilibrium phase diagrams for systems relevant to the ternary-melt 7i-10V-2Fe-3Al alloy,
along with calculations of thermodynamic parameters and a staged thermodynamic prediction of the technological conditions for vacuum arc remelting (VAR). Three
remelting stages are justified thermodynamically: the first melt removes coarse Fe, V, and Al oxides; the second melt breaks down most FeTi/Fe-Ti intermetallics and
transfers part of the titanates into slag; the third melt brings the system close to equilibrium, minimizing oxide and intermetallic inclusions. Practical recommendations
were developed based on the thermodynamic analysis, including the required vacuum level (pO: < 102°-107%?), control of O, N, and H impurities, requirements for alloying
additions, conditions for ternary remelting, and B-homogenization.

Key words: vacuum arc remelting, titanium alloys, process thermodynamics, ternary remelting, prediction, stable compounds.

Ti-10V-2Fe-3Al KopbITHACHIH BAKYYM/BIK-10Fa 0AJKBITY d/liciMeH OHAipy TeXHOJIOTUSICHIHBbIH IHAPTTAPBIH TEPMOIH-

HaAMHUKAJBIK 6omlcay

Awnjarna. by makanaza yur pet 6ankpitbuiateia Ti-10V-2Fe-3Al Tutan KOpbITHAChIHA COMKeC KyHeaepAiH Terne-TeHIK JuarpaMmmanapbl OOibIHIIA XKYPri3iireH Tep-
MOJMHAMHUKAIIBIK TaJ1dy HOTHIKEIEPi, TEPMOJMHAMUKAIIBIK TapaMeTPIIep/IiH ecenteyiepi, Conaii-ak BaKyyMabIK-10fa 6ankpity (B/IT) TeXHONIOTHACHI IIAPTTAPBIH KE3CH-
JUK TepMOAMHAMHKAIBIK Ooinkay OepinreH. Yur pertik B/ITT 6ankpITybIH TepMOAMHAMUKAIIBIK HEeTi31emMeci kopceTini: 6ipinmt 6ankeity — Fe, V, Al ipi OKCHATEPiH %K010;
ekinm 6ankpity — FeTi/Fe:Ti unTepMeTainnaATepiHiH 6acbiM OOJIIriH bIIBIPATHII, TUTAHATTAPABIH Oip OOJIriH KOXKFa IIBIFapy; YIIIHII OANKBITY — KYHEHI Terne-TeHIiKKe
JKaKbIH KYWIe JKeTKi3y, OKCH/TIK KOHE HHTEPMETAJUTMATIK KOChUIBICTAP/Ibl OaphiHIla a3ailTy. TepMOAMHAMMKANIBIK TAJIIdy HETi31H/e MPAKTHUKAJIbIK YChIHBIM/AP Kacasl/bl:
BakKyyM JieHreiti (p0: < 102°-107%), O, N, H xocnanapbiH 0aKpLiay, IMraTypara KOMbLIATEIH TaIaNTap, YII PETTiK GalKbITY IIAPTTAphl, f-TOMOreHU3aLHS.

Tyiiinoi ceszoep: saxyymoviK-00o2a 6anKpimy, muman KOpblmnaiapul, NPOYecmiy mepmMmooUHAMUKACHL, Yl pemmix OAIKbiny, 601xcay, mypakmol KOCbLIbICIMAp.

TepMognHamMuyecKkoe NPOrHO3MPOBAHNeE YCJIOBUI TeXHOIO0rnHU nojaydenus cnjasa Ti-10V-2Fe-3Al meTonoMm BakyyMHoO-

JAyrOBOil VIABKHU

AHHOTauusA. B cTarthe MpUBEJCHBI PE3Y/IBTATH TEPMOAMHAMHYCCKOTO aHAIN3a JUarpaMM PaBHOBECHOTO COCTOSIHMSI CUCTEM, COOTBETCTBYIOIIMX CIUIABY TPOMHOTO
neperiasa Ti-10V-2Fe-3Al, pacueTsl TepMOJIMHAMUYECKUX TTAPAMETPOB M CTAJANAIBLHOE TEPMOANHAMHYECKOE IIPOTHO3UPOBAHNE YCIIOBHIT TEXHOIOT UM BaKyyMHO-yTOBOMH
miaBku (BJIT) nonmy4eHus cruiaBoB TPOWHOTO meperiaBa: 1 neperuias — ynanenue rpyosix okeuio Fe, V, Al; 2 — pa3pyuienue 6omplieit yactu uatepmerauinnos FeTi/
Fe:Ti n BbIBOJ 4aCTH THTAHATOB B IIUIAK; 3 — JOBEJCHUE CUCTEMBI IO COCTOSIHMS, OJIM3KOIO K PABHOBECHOMY, C MHHMMAJIBHOM JJ0J€H OKCHIHBIX U MHTEPMETAUIHIHBIX
BKJIFOUCHHMH. Pa3paboTaHbl MpakTHYeCKHe PeKOMEH/IAINN COMIACHO TEPMOJIMHAMUYECKOMY aHaIn3y, NyOouHa Bakyyma (pO: < 107-1072%); xoutpons O, N, H, TpeboBanus
K JINTaType; yCIOBUS TPOMHOTO Meperiasa, B-roMoreHu3anus.

Kniwouesvie cnoga: 6axyymno-0y206as niaskd, Mumaroeble Cniassl, MepMoOUHAMUKA NPOYeccd, MPOUHOL Nepenias, npocHO3UPOEAHUe, YCIMOUYUEbIe COCOUHEHUS.
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Introduction

In recent decades, titanium alloys have accounted for ap-
proximately 15-30% of the mass of airframes and gas-tur-
bine engines in modern aircraft, reaching even higher levels
in certain load-bearing and landing-gear components due to
their unique combination of high specific strength, corrosion
resistance, and performance at elevated temperatures [1, 2].
The growing share of titanium is driven by its exceptional
property suite-high thermal stability, bifunctional behavior
under cyclic loading, and compatibility with next-generation
composite materials. These characteristics allow significant
weight reduction, increased service life of components, and
enhanced aircraft safety. The growing share of titanium is
driven by its exceptional property suite-high thermal stability,
bifunctional behavior under cyclic loading, and compatibility
with next-generation composite materials.

The current state and future prospects of the titanium in-
dustry, along with the key physical-metallurgical principles
governing the formation of structure and properties in titani-
um alloys, are comprehensively reviewed in the seminal work
by Banerjee and Williams [1], which emphasizes a shift from
empirical processing selection toward science-based alloy and
process design.

Metastable - and (o+p) alloys occupy a special place
among structural titanium materials, offering high strength
while maintaining adequate fracture toughness and fatigue

resistance [1, 3]. A classical representative of this group is the
Ti-10V-2Fe-3Al (Ti-10-2-3) alloy, widely used in aerospace
applications (landing-gear components, load-bearing air-
frame parts) due to the ability to finely tune its microstructure
(volume fraction and morphology of the a phase, B matrix,
o” martensite, ® phase) through thermomechanical process-
ing and ageing [4—7]. Modern studies show that this alloy
exhibits a broad spectrum of deformation mechanisms —from
stress-induced martensitic transformation to TRIP/TWIP ef-
fects — providing new opportunities for further improving the
strength-ductility balance [3-5, 7].

However, translating laboratory-scale processing to an in-
dustrial ternary (multiple) vacuum arc remelting (VAR) route
requires thermodynamically grounded control of impurity
content (O, N, H, C) and phase composition in the 7i-V-
Fe-Al system. Reviews on high-strength titanium alloys for
aerospace applications [2] and on metastable B alloys [3, 8]
emphasize that melt purification, management of 3 stabilizers,
and controlled phase transformations (B—a, f—a", f—®) are
the key factors governing the reliability and service life of crit-
ical components. The increasing use of 7i-10-2-3 presents new
challenges for metallurgical enterprises, especially in countries
where industrial production of such f alloys has not previous-
ly been implemented. Achieving industrial-quality ingots of
Ti-10-2-3 requires: a deep understanding of the thermodynam-
ic features of the 7i—V-Fe—Al system; development of optimal
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VAR and ternary-remelting regimes; strict control of gaseous
impurities (O, N, H) that determine brittleness and durability
of the B phase; formation of a homogeneous microstructure
free of dendritic segregation and intermetallic inclusions; and
adaptation of downstream deformation and heat-treatment
routes to the required final properties [9, 10].

Against this background, improving the technology for pro-
ducing 7i-10-2-3 ternary-remelt ingots by vacuum arc melt-
ing — using modern modeling and experimental approaches
—constitutes an important scientific and practical task aimed
directly at increasing the share of domestically produced tita-
nium alloys in critically loaded aerospace components.

The aim of the present study was thermodynamic prediction of
the technological conditions for producing the 7i-10V-2Fe-3Al
alloy by vacuum arc melting, as well as analysis of microstructur-
al evolution during heat treatment and stabilization of structural
features and gas content (O/N/H) in the system.

Materials and methods of research

Initial materials

The object of the study was a ternary-remelting 7i-10V-
2Fe-3Al ingot produced by vacuum arc melting (VAR) accord-
ing to the customer-specified composition: A/ 2.60-3.40%, V'
9.00-11.00%, Fe 1.60-2.20%, O max. 0.13%. Thermodynam-
ic calculations and phase-diagram modelling were performed
for this composition.

The production of this ingot involved the following input
materials, whose chemical compositions are presented in Ta-
bles 1-3:

Research Methods

For the thermodynamic calculations, the HSC Science soft-
ware (Phase Diagram module) by Outokumpu Oy was used.
For technological prediction of the ternary VAR (vacuum arc
remelting) process, it is appropriate to select temperature rang-

es associated with specific stages of the process: the melting
region / VAR molten pool (1750-1950 °C), corresponding to
removal of O, N, H, Cl, and Mg and melt-gas-oxide equilib-
rium; the B-region and ingot homogenization (900-1100 °C),
corresponding to B-homogenization, dissolution of interme-
tallic phases, and chemical uniformity; the a+f region and
ageing (700-900 °C), corresponding to the formation of the
working o+ microstructure of 7i-10-2-3; and the oxidation
/ a-case region (600-900 °C), corresponding to the behavior
of the Ti-Al-O system and the growth of the oxygen-enriched
layer.

These temperature intervals are of technological interest for
intensifying and predicting the process; therefore, an analysis
of the predominant and thermodynamically stable phases in
the systems was carried out.

Results and their discussion

Equilibrium-state diagrams were obtained for the following
systems: Ti-V-0, Ti-Fe-Al, Ti-Fe-O, and Ti-Al-O (Fig. 1).

For the 7i-V-0O system, it was established that at high tem-
peratures (=1800-3000 °C), not only titanium oxides but also
a sequence of vanadium oxides (VO:, V203, V30s, etc.) remain
stable at very low pO: (Fig. 1a). This indicates that vanadium
in the Ti-10-2-3 alloy thermodynamically behaves as an oxy-
gen «getter»: when oxygen is introduced, V oxidizes preferen-
tially over 7i, and the resulting vanadium oxides transfer into
slag/inclusions. Consequently, during VAR melting of Ti-10-
2-3, part of the vanadium effectively behaves as a deoxidizer,
which reduces the activity of oxygen in the metallic phase but
simultaneously leads to a loss of effective V due to its conver-
sion into oxides.

Analysis of the Ti-V-0 diagram shows that under conditions
characteristic of vacuum arc melting, vanadium is the most
thermodynamically favorable oxygen acceptor. This results in
preferential formation of vanadium oxides and a reduction in

Table 1
Composition of aluminum granules
Kecme 1
Antomunuii myiipuikmepiniy Kypamol
Taonuua 1
Cocmae anomunuesvlx 2pamyi
Element | Al Zn Si Fe | Mn Mg Ni Pb Sn Ti Cr Cd Be Cu C
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Cor;/‘ient, 99,8 | 0,003 | 0,025 | 0,113 | 0,02 | 0,0002 | 0,0051 | 0,001 | 0,0007 | 0,007 | 0,001 | 0,0001 | 0,0001 | 0,0004 | 0,002
Table 2
The composition of the V-Al-Fe ligature
Kecme 2
V-Al-Fe nuzamypacuvinviy Kypamol
Taonuya 2
Cocmae nuzamypuot V-Al-Fe
Element V Al Fe B C Cr Cu Mo P S Si N (]
Ne 1 2 3 4 5 6 7 8 9 10 11 12 13
Content, % 66,6 | 21,1 12,1 0,001 | 0,001 0,01 0,002 0,01 0,001 0,003 0,10 0,03 0,03
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log pTid(g) Predominant Predominance Diagram for Fe-ALTi System

e Diagram for O-V-Ti System logpTite)

Constant value: TI°C Constant value:
V(@) = 1LOOE-20 PAIiR)= 1.00E-20

a) Ti-V-O b) Ti-Fe-Al

log pTi(g) Predominance Diagram for O-Fe-Ti System log pTifg) Predominance Diagram for O-AIL-Ti System

Constant value:
Pe(w) = 100E-20

c) Ti-Fe-O

d) Ti-Al-O

Figure 1. Equilibrium state diagrams of systems.
Cyper 1. Kyiieaepain Teme-TeHIiK Kyl AnarpaMmmMajiapsbl.
Puc. 1. luarpaMMbl pABHOBECHOI'0 COCTOSIHUSI CHCTEM.

oxygen activity in the metallic phase, but is accompanied by
the transfer of vanadium into the slag phase. This factor must
be considered when balancing V in the charge and selecting
the number of remelting cycles.

For the Ti—-Fe-Al system, the stable states FeTi, Fe:Ti
and elemental Fe were identified, with iron dominating in the
high-temperature region: at ~2000 °C and low partial pres-
sures of Tiz(g) and Alx(g), the FeTi and Fe:Ti fields occupy
a significant portion of the diagram (Fig. 1b). This shows that
iron does not merely remain as elemental Fe but tends to form
very stable intermetallics Fe7i and Fe:Ti with titanium; this
thermodynamically explains why insufficient homogenization
and an insufficient number of remelts lead to brittle Fe7i inclu-
sions and Fe-rich dendrites in titanium ingots.

The predominance of FeTi and Fe:Ti in the 7i-Fe-Al dia-
gram at ~2000 °C indicates the high thermodynamic stability
of these intermetallics even in the liquid pool of VAR. This
justifies the requirement for multiple (at least ternary) remelt-
ing of Ti-10V-2Fe-3Al and subsequent (-homogenization
to break down FeTi particles and redistribute iron into the 3
matrix. It was also established that, from a VAR-process opti-
mization standpoint, any excess Fe in the charge immediately
increases the fraction of FeTi/Fe:Ti, therefore strict control of
Fe to < 2% combined with ternary remelting is necessary to
minimize intermetallics.

For the Ti-Fe-O system, the diagram shows that oxide
phases such as FeTiOs, Fe:TiO+, Fe:TiOs and FeO-TiO: are
stable over a very wide range of temperatures and oxygen par-
tial pressures (Fig. 1c). These phases represent thermodynam-
ically favorable traps for both oxygen and iron. Thus, in the
presence of oxygen, part of the Fe and 7i is consumed to form
these stable complex oxides, which remove oxygen from the

metallic phase (advantage) but simultaneously deplete the al-
loy in 7i and Fe (drawback). Almost all of these oxide phases
are in equilibrium with nearly pure iron under certain condi-
tions, meaning that iron can be readily segregated into slag as
titanates if oxygen is not sufficiently suppressed.

Thermodynamic analysis of the Ti-Fe-O system showed
that at 1100—1600 °C, complex oxides such as FeTiOs, Fe:-
TiOs, Fe:TiOs and FeO-TiO: remain stable, simultaneously
binding iron and oxygen. These phases act as thermodynamic
sinks for Fe and O in the slag; however, their formation is
accompanied by the loss of titanium and iron from the melt.
This imposes strict constraints on the oxygen content in the
charge and justifies the requirement for deep vacuum during
VAR remelting.

Furthermore, O: levels in both the metal and chamber must
be kept sufficiently low so that these ternary oxides do not en-
ter their stability fields; otherwise, 7i and Fe losses to slag
may occur.

For the Ti-AI-O system, analysis of the diagram shows that
ALLO;s and A:05-TiO: are extremely stable even at high tem-
peratures (Fig. 1d). This means that any oxide film on alumi-
num in the charge will not be reduced under VAR conditions.
At very low pO: and high titanium activity, aluminum tends to
form the intermetallic phase A/7i rather than oxides, meaning
that Al behaves as an a-stabilizer provided it has not already
oxidized to A:0s. The combined stability of A:0; and TiO:
explains the formation of a-case and oxide inclusions if heat
treatment is performed outside of vacuum or inert atmosphere.

Thermodynamic analysis of the 7i-4l-O diagram showed
that A:05 and mixed oxides Al:0sTiO: possess extremely
high thermodynamic stability in the 1600-2000 °C range. Un-
der vacuum arc melting conditions, these phases are practically
non-reducible, meaning that any oxide film on the aluminum
master alloy will fully transfer into non-metallic inclusions.
Therefore, the oxygen purity of the aluminum feedstock is a
critical factor for the quality of Ti-10V-2Fe-3Al ingots. It was
also determined that aluminum master alloy must be etched
and cleaned from its oxide film, and that heat treatment of the
ingots must be conducted only in vacuum or high-purity A4r,
otherwise a-case (7i0: + oxygen-enriched o layer) will form.

Thermodynamic calculations for B-annealing temperatures
(1000-1100 °C) are summarized in Table 3.

It was established that at -annealing temperatures (1000—
1100 °C), the thermodynamically most stable phases are 41205,
TiO-, and the mixed titanate A203-TiO:. Aluminum oxide and
aluminum titanate are therefore extremely stable and, once in-
troduced into the Ti-10V-2Fe-3Al melt, are not reduced under
vacuum arc remelting conditions. These phases are retained
in the alloy as persistent non-metallic inclusions, making reli-
able prediction of their formation essential for effective melt
control.

Table 5 presents the general technological recommenda-
tions derived from the thermodynamic analysis of the VAR
process (Table 4).

Based on the thermodynamic analysis of equilibrium sys-
tems relevant to vacuum arc remelting of ternary-remelted
alloys, a framework for thermodynamic forecasting of tech-
nological conditions has been developed and practical recom-
mendations have been formulated:
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Table 3

Standard Gibbs energy AG° of formation of oxides and titanate in the Ti-Al-O system (f-annealing temperature
range of Ti-10V-2Fe-3Al)

Kecme 3

Ti-Al-0 sncyiiecinoezi okcuomep men mumanammoty; my3iiyiniy cmanoapmmot I'uéoc snepeusacot
AG® (Ti-10V-2Fe-3Al p-kyiioipy memnepamypa ouana3oHwt)

Tabauuya 3

Cmanoapmnasn snepausn I'uooca AG° oopazosanusn oxcuoose u mumanama ¢ cucmeme Ti-Al-0,
(Ouanazon memnepamyp f-omorcuza Ti-10V-2Fe-3Al)

Reaction Temperature, °C AG®, kJ/mol Comment
241(s) + 3/2 Ox(g) — ALO(s) 1000 °C ~ 1304 Z% high thermodynamic stability of
2U3
Slight decrease in the absolute value of
2Al(s) + 3/2 O2(g) — Al:0s(s) 1100 °C ~-1276 AG?® with increasing T, but AL:O; remains
extremely stable
. . o N Stable titanium oxide, but significantly
Tis) + Ox(g) — TiOx(s) 1000°C =672 «weaker» in AG® than 4:0;
. . o N Formation energy in absolute value is
Ti(s) + O:(g) — TiO:(s) 1100°¢ =636 almost twice lower than that of AO;
Table 4
General technological recommendations according to thermodynamic analysis of the vacuum arc melting process
Kecme 4
Bakyymouvik 0ozanvik 6ankpinmy npoueciniy mepmoouHaMuKaAAbIK Manoaysl 00UbIHULA HCATTNbL
MEXHON02UATIBIK YCLIHBICIAD
Taonuua 4

Obugue mexnonozuueckue peKOMeHOAYUU COZNACHO MepMoOUHamueckomy ananusy npovyecca B/[I1

. . . Technological .
Factor / Diagram / Stage Physical Meaning Requirement Practical Consequence
Stage | VAR: melting Formation of the liquid Stable arc, required Uniform electrode melting
B-phase superheat
Stage II VAR: degassing Removal of H, N, O | Deep vacuum 102-10" Pa Reduction of gases in the ingot
i +
Stage I1I VAR: solidification Forma:::li;)lfrg [ ot Control of cooling rate Minimal dendritic segregation
Stage IV: remelting Approach to equilibrium Necessity O.f ternary Homogeneous structure
remelting
Stage V:.lng.o t Chemical cqmposﬁmn Soaking in the B-region Absence of intermetallics
homogenization leveling

— control of vanadium behavior as an internal deoxidizer:
according to the 7i-V-0 phase diagram, vanadium is the most
thermodynamically favorable oxygen acceptor, resulting in
preferential formation of vanadium oxides and a reduction in
oxygen activity in the alloy. This necessitates accounting for
vanadium losses during vacuum arc remelting and adjusting
its content in the charge accordingly;

—high thermodynamic stability of Fe7i/Fe:Tiintermetallics:
the Ti-Fe-Al diagram at 7 = 2000 °C demonstrates the pre-
dominance of FeTi and Fe:Ti stability fields, confirming the
thermodynamic inevitability of iron-titanium intermetallic for-
mation even at low Fe concentrations. This substantiates the
necessity of ternary VAR remelting and subsequent -homog-
enization to disrupt intermetallic regions and ensure chemical
uniformity;

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

—ternary Fe-Ti-O oxides as traps for Fe and O: the Ti-Fe-O
diagram shows the stability of FeTiOs, Fe:TiO4, Fe:TiOs, and
FeO-TiO: phases, which bind iron and oxygen in the slag
phase. While this allows the slag to act as an effective scav-
enger for Fe and O, it simultaneously imposes an upper limit
on permissible oxygen content in order to minimize titanium
losses;

— irreducible stability of 41:0s and AL:O05+TiO:: according to
the Ti-AI-0 diagram, aluminum oxide and aluminum titanates
are practically non-reducible under VAR conditions. Con-
sequently, the oxide film on the aluminum master alloy rep-
resents a critical source of persistent non-metallic inclusions
in Ti-10V-2Fe-3Al;

— justification for the ternary remelting scheme: the com-
bined analysis of all four systems shows that the first remelt
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removes coarse Fe-, V-, and Al-based oxides; the second re-
melt breaks down the majority of FeTi/Fe:Ti intermetallics
and transfers part of the titanates into the slag; and the third
remelt brings the system close to thermodynamic equilibrium,
minimizing the content of oxide and intermetallic inclusions;
— process regimes and limitations for industrial production
of Ti-10V-2Fe-3Al: thermodynamic diagrams enable formula-
tion of the following practical recommendations: maintenance
of deep vacuum during VAR with effective pO: < 1072-1072,
strict control of O, N, and H in the charge (particularly in the

aluminum master alloy and ferrovanadium); mandatory terna-
ry remelting combined with B-homogenization; and heat treat-
ment exclusively in vacuum or high-purity argon to prevent
a-case formation.
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*JI.K. Cynak6aeBa
Mesicoynapoonwiii kaszaxcko-mypeyxuil yHugepcumem um. Xooascu Axmeoa HAcasu
(e. Typrecman, Kazaxcman)

I'EODKOJIOI'MYECKASA ONEHKA
N PEKYJUBTUBAIINA NJETPAINPOBAHHDBIX
SEMEJIb IOJKHOTI'O KAZAXCTAHA

AunHotauus. B crarbe npe/cTaBieH KOMIUICKCHBII F€0dKOJIOTHYECKHI aHaln3 JerpajnpoBaHHbIX 3emelib fora Kasaxcrana (Kei3suiopaunuckas, XKamosuickast u Typ-
KeCTaHCKasi 00JIaCTH), MOJBEPIIIMXCS TEXHOTGHHOMY M NPUPOJHOMY BO3/CHCTBHIO. Ha OCHOBE 1OJICBBIX HAOMIOCHNMH 1 1a00PATOPHBIX AHAJIN30B OLICHEHbI (PU3UKO-XHU-
MHYECKHE, CTPYKTYPHBIC U THAPOJIOrHYECKHE CBOMCTBA T10YB, BbISBICHBI OCHOBHBIC MPOLIECCHI ASTPAIALIMK: 3aCOJICHHE, IPO3Hsl, YILIOTHEHHE U CHIKCHUE COIACPIKAHMS
OpraHHYecKoro BeriecTsa. IIpoanani3npoBana 3(HeKTHBHOCT METOAOB PEKYIBTUBALNH, BKITIOYAsi OMOMEITHOPALNIO0, MCXaHUUECKYIO U JTaHAMAQTHYIO PEKYIbTHBALHUIO.
IToka3aHo, 4TO MX KOMIUIEKCHOE IIPUMEHEHHE CIIOCOOCTBYET BOCCTAHOBIICHHIO MOYBEHHO CTPYKTYPbI, BOJAHOTO PEKMMa M PACTUTEIIBHOTO MTOKPOBa, GOPMHUPYsI HAYIHYIO
OCHOBY JUISl IPAKTHYECKHX PEKOMEHIALIHIT 10 TOBBILICHHIO MIOA0PO/MS ¥ SKOJOTHYECKOH YCTONYMBOCTH 3eMEIb B aDHAHBIX M MOIyapHIHBIX YCIOBUSIX KOKHOTO Kasax-
CTaHa.

Knrouesvie cnosa: 2eoskonozust, pekyibmueayus. HapyUWeHHbIX 3eMelb, 20PHONPOMbIUIICHHbIE Pe2UOHbL, MEXHO2EHH0e 8030elicmaue, OUOPEKYIbMUBAYUsl, NOYEEHHOE
Nn1000pooUe, IKONOSUYECKASL YCIMOUUBOCHb, YCIOUYUBOEe PA3GUMUE.

Onrycrik Kazakeran eHipiHiH AerpajanusianFaH sKepJiepiH reodKoJOrMsIbIK TYPFbIIAH 0arajiay :KoHe peKyJbTH-

BalMAIA

Aﬂ)ana).’ Makanana KazakcraHHbIH OHTYCTIK oHipiepinzeri (Kpisbutopaa, XKamobun xone TypkicTaH 0OJIBICTaphl) TEXHOTESHIK ’KOHE TaOUFH dcepre yIIbIparaH aer-
PpajalMsIIaHFaH XKepIepiH KeMeH i Te0dKOIOrHsUIBIK Talliaybl Oepiires. Jlanaabik 6akbpuiayap MEH 3epTXaHaJbIK Talfay/Iap Heri3iH/e TONbIPAaKThIH (U3HKa-XHMHUSIIBIK,
KYPBUIBIMJIBIK )KOHE THIAPOJIOTUSIIBIK KACHETTepl OaFallaHbIl, JAerpaallisHbIH HETi3ri yaepicTepi — Ty3IaHy, 3p03us, ThIFbI3Aay jKOHE OpraHUKAIIBIK 3aTTap MOJILICPiHIH
TOMEH/Ieyl aHbIKTaIbl. BroMennoparus, MeXaHHKaIbIK HKOHE JaHIIaQTTHIK PEKy/IbTHBALMSHBI KAMTUTBIH KQJITIbIHA KENTIipy d/icTepiHiH THIMIUTr Tanganasl. by To-
cinaepi KemeH i KonuaHy TOMBIPAK KYPBUIBIMBIH, Cy PEXKUMIH XKOHE ©CIMAIK KaMbUIFBICBIH KaJIbIHA KENTipyre bIKMaN eTin, Ka3aKkCTaHHBIH OHTYCTIriHJEri apuaTik
JKOHE MIOJICHT aitMaKTap/ia )ep KYHapIIbUIBIFBI MEH SKOJIOTHSUIBIK TYPAKTBUIBIKTBI apTTIPYFa apHAJIFaH MPaKTUKAIBIK YCHIHBIMIAP/IbIH FHUTBIMHU HETi3iH KaJbIITaCThIPA/IbL.

Tyitinoi cesoep: ceosxonozus, Oysvliean scepnepoi peKyIbmusayuandy, may-kex eHoipici aumMaxmapbl, mexHo2eHOIK acep, GUOPEKYIbMUBAYUS, MONLIPAK KYHADIIbLIbL-
2bl, DKONOUSANLIK MYPAKMBLIBIK, OPHBIKINbL OUMY.

Geoecological assessment and reclamation of degraded lands in Southern Kazakhstan

Abstract. The article provides a comprehensive geoecological assessment of degraded lands in southern Kazakhstan (Kyzylorda, Zhambyl, and Turkestan regions)
affected by anthropogenic and natural factors. Field observations and laboratory analyses were used to evaluate the physicochemical, structural, and hydrological properties
of soils and to identify key degradation processes, including salinization, erosion, compaction, and reduced organic matter content. The effectiveness of biomelioration,
mechanical, and landscape reclamation methods was assessed. The results show that their integrated application supports the restoration of soil structure, water regime,
and vegetation cover, forming a scientific basis for practical recommendations to enhance soil fertility and environmental sustainability in the arid and semi-arid regions
of southern Kazakhstan.

Key words: geoecology, reclamation of degraded lands, mining regions, technogenic impact, bioreclamation, soil fertility, ecological stability, sustainable development.

Beenenue

YeroitunBoe MPUPOAONOIL30BaHUE B apHUIHBIX U IOJya-
PUIHBIX paiioHaxX IoKHOTO KaszaxcraHa OcCTaeTcsi OTHOW W3
KIFOUEBBIX 3a/1ad COBPEMEHHOTO T'€0’KOJIOTHYECKOTO pas-
Butus. FOKHBIA pernoH, BKIoUaromuil KeI3BIIOpIHHCKYIO,
KamOpnckyto n TypkecTaHCKyro 00JacTH, XapakTepu3yeTcs
OTPaHUYCHHBIMH 3EMEIBHBIMH pPECypcaMH, BBICOKOH MpH-
POIHON YS3BUMOCTBIO, 3aCYIUIUBBIM KJIMMATOM, CIOKHOW
Mopdosorueit penibeda, aKTUBHBIMH T'HAPOre0I0rHYeCKUMHU
MpoIiecCaMy M HHTEHCHBHOW aHTPOIIOTEHHOM Harpy3Koif [1].

OnHuM U3 HanboJlee 3HAaYMMbIX (DAaKTOPOB JErpajaliuu 3e-
MeNb SBIACTCS 3aCOJICHHE T0YB, BO3HMKAIOIIEE B PE3yIbTa-
T€ HCITIOJIB30BAHNS MHHEPATHU30BAHHBIX OPOCHTEIBHBIX BOJ,
CTapbhIX M HENOCTATOYHO OOCITYy)KUBAEMBIX HPPUTAHOHHBIX
CHCTEM, a TAaKXKe TTOIbeMa COJICHBIX TPYHTOBBIX Bof [2]. Haps-
JIy C OTUM HaOJIOAAI0TCS MPOIECChl BOJHOM U BETPOBOIA 3po-
3UH, CHIKCHUE TUIOAOPONHS, YXYAIICHNEe CTPYKTYPHI TI0YB U
YMEHBIIIEHUE COJCPKAHNS OPTaHNYECKOTO BEIIECTBA.

Oco0060 yA3BUMBI CIEAYIOUIHE THITHI 3eMETIb:

* Opomraemsie 3emnu Ke3pimopauackoit n TypkecTaHCKOH
00J1acTeH, TIe MOABEPIKEHO AerPadallii OKOJIO 1,2 MITH ra Tep-
PHUTOpPHUH, C BBICOKMM PHCKOM BTOPHYHOTO 3aCOJECHUS U YXYA-
LICHUS CTPYKTYPHI IOYBHI HA CTAPBIX KaHATAX U apbIKax;

* [lacTOuiia u ceHokocHble yroabs KamoObuickoit u Typ-
KECTaHCKO# oOiacreil, jAerpaaupoBaHHbIe H3-3a MEPErpy3Ku
CKOTa, BETPOBOM 3PO3HHU U OIMyCTHIHUBAHUS, 00IIAs IUIOMAIb
KOTOPBIX COCTABIISET MPUMEPHO 3,5 MITH Ta;

* BripaOoTaHHbIe MPOMBINIJICHHBIE U KapbepHBIC YUaCTKH,
BKJIIOYAsi OTBAJIbl TOPHOM MOPOJIBI M XBOCTOXPAHMIIUIIA, TJI0-
maab KOTOPBIX gocTturaeT okosno 0,25 MIH ra, Tie BepXHUil
TUTOZIOPO/THBIN CJIOW MOYBBI MOJHOCTBIO YTPaueH U HeO0OXO M-
Ma KOMIUIEKCHasI peKyabTuBanus [3].

OCHOBHBIE TTOYBCHHBIE THUIIBl HOXKHOTO PETHOHA BKIIOUa-
10T COJIOHIIBI, COJIOHYAaKH, CEPO3EMBbl U JIETKHUE UYEPHO3EMBI,
MOJIBEPKEHHBIC APO3HUH, 3aCOJICHUIO U JIeTpajallii CTPYKTY-
pbl. PacTuTeNBHBIN TOKPOB MPEACTaBIICH ITyCTHIHHBIMU U TI0-
JYIYCTBIHHBIMH COOOIIECTBaMH, BKIIIOYASI COJISIHKY, TTOJIBIHb,
KOBBUIb U JIIOLEPHY, KOTOPHIE SIBISIOTCSI OCHOBHBIMU KOMIIO-
HEHTAaMU MAaCTOMII] U CCHOKOCHBIX 3eMeb [4].

[IpupoaHO-KIUMATHUECKUE YCIIOBHUSA IOXKHOTO pEruoHa
OTIPEJIeNAIOT ONTUMANIBHBIE METO/IbI peKyNbTHBaLUU. B ycio-
BUSIX CyXOro KJIMMaTa, CHJIbHON BETPOBOM M BOAHOW 3pO3UU
HanOonee d>(heKTHBHBI JaHAMA(THBIE W OHOMEINOPATHB-
HBbIE TEXHOJIOTHUHU: CO3[JaHHE Teppac U 3aIMUTHBIX MOJOC, MO-
caJika MECTHBIX M aJalTHPOBAHHBIX PACTCHUH, MPUMEHEHHE
OuorpernaparoB JUisl YIy4IIECHHUs CTPYKTYPhI U TUIOAOPOAMS
MOYBBL. DTH MEPBI CIIOCOOCTBYIOT CHIKEHUIO 9PO3MOHHON aK-
TUBHOCTH, YCKOPSIOT BOCCTAHOBJIEHHE PACTUTEIBHOTO MOKPO-
Ba M CTaOMIIM3AIMIO BOJHOTO pexuMa [S].

TopHOOOBIBarOIIast M MTPOMBIIIICHHAS! IESITETBHOCTh YCH-
JUBAET JETpajalliio 3eMeib, MPUBOJSA K pa3pylICHHIO BepX-
HETO TUIOIOPOAHOTO CJIOS, H3MEHEHHUIO THAPOIOTUYECKOTO pe-
JKMMa U MOBBIIICHUIO TEXHOI€HHOW HAarpy3Ky Ha SKOCUCTEMBI.
B pesynbrare MHOTHE 3eMJIH TEPSIIOT CEITbCKOXO3AHCTBEHHYIO
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U TPUPOIHYIO IICHHOCTh W CTAHOBSATCS HEMPHUIOJHBIMHU JIJIS
HCIIOJIb30BaHMsI 0€3 KOMILJICKCHBIX MEP PEKYJIbTHBAIUH [6].

B 3THX yci0BusAX 0COOCHHO aKkTyajbHa pa3paboTKa re0dKo-
JIOTUYECKUX METOJIOB PEKYJILTUBAIINY, HAIPABICHHBIX HA BOC-
CTAHOBJICHUC ILIOAOPOIUS TOYB, YIIYUIICHHE MX BOAHO-(U-
3MYCCKUX U XUMHUYECKHX CBOMCTB, CTAOMIIM3AIMIO BOIHOIO
peKrMa U BO30OHOBJICHUE PACTUTEIbHOTO oKposa [7]. [Tpak-
THKa U HOPMATUBHBIC JOKYMEHTHI MTOKA3bIBAIOT, YTO PEKYJb-
TUBALIUS SBIISIETCS HE TOJIBKO 3a/1aueil BOCCTAHOBJICHUS JIaH I-
mradra, HO U KJIFOUSBOM COCTABJISIFOICH YCTONYHUBOTO MTPUPO-
JIOTIONB30BAHMSI U OXPaHbI 3eMelb okHoro Kazaxcrana [8].

Llenv uccnedosanus — KOMIUIEKCHOE T€03KOJIOTHUYECKOe
000CHOBaHME METOJIOB PEKYJIBTUBALIMK HAPYIIEHHBIX 3€Melb
10kHOTO pernoHa Kaszaxcrana, moiBeprimxcss TeXHOT€HHBIM
Y MPUPOJIHBIM BO3JIECUCTBUSM, C OIICHKOH COBPEMEHHOTO CO-
CTOSIHUSI JICTPAAMPOBAHHBIX TCPPUTOPHIA U Pa3pabOTKOM peKO-
MEH/IAI1H IO BOCCTAHOBJIEHHIO MOYBEHHOTO TUI0I0POIHUS, 10~
BBIIICHUIO YKOJIOTUYECKOW YCTOWYMBOCTH U PAIMOHATILHOMY
MIPUPOIOTIONB30BAHUIO.

Takum 00Opa3oM, MoCTaBJIeHHAs 1IEJb TT03BOJISIET CUCTEMHO
paccMOTPETh Fe0IKOIOTHUECKHE MTPOLIECCHI AT PaJallii 3eMellb
FO)KHOTO peruoHa, 000CHOBATh HAYYHO-METOMYCCKHE MOIXObI
K UX PEKyJIBTUBALIMN U TPEATIOKUTH MIPAKTUYECKUE PEKOMEH 1a-
un U1t 3QGEKTUBHOTO ¥ YCTOHYMBOTO MPUPOIOIIOIB30BAHUS
B YCJIOBUSIX 3aCyIUIMBOIO KJIMMAara, CTapbhlX WPPUTAIUOHHBIX
CHCTEM M UHTEHCUBHOM aHTPOIIOI€HHON HArpy3KHu.

Marepuajabl 1 MeTOAbI

Obvexm uccnedosanust. OObEKTOM HCCIIEJOBAHMUS SIBIISIIOT-
Csl HapyIIEHHBIE U JETPagUpOBaHHBIC 3€MJIU I0XKHOTO PETHO-
Ha Kaszaxcrana, mozxBepriiyecs TeXHOT€HHOMY BO3AECHCTBHUIO
CEJIbCKOXO3SCTBEHHOM, MPOMBIIIIEHHOW U TUAPOTEXHUYE-
CKOH JIeITENTbHOCTH, a TaKXKe MPUPOIHBIM MpoleccaM Jerpa-
JIAIMY, BKJIIOYas 3aCOJIeHHE, BTOPUYHOE YIUIOTHEHHE MOYB U
aposuio [7].

OCHOBHOE BHHMMAaHHE YAETSUIOCH CIETYIOIUM THIIAM 3e-
Mellb:

- OpPOCHUTEIbHBIE 3eMIIU IKHBIX obnacteil (KvI3puiopaus-
ckast, YKamoObuickas, TypkecTaHckast), Ti€ MpOLEecChl BTOPHY-
HOTO 3aCOJICHMS, HAKOIUIEHUs] MHHEPAIU30BAaHHBIX COJIEH U
YXYALICHUS CTPYKTYPbI MOYB MPOSIBISIOTCS Ha CTapBIX UPPH-
TalMOHHBIX CUCTEMaX M apbikax [6];

- macTOMINa ¥ CEHOKOCHBIE Yrojibs HU30BHH M IpeNrop-
HBIX 30H, TOJBEPTUINECS Jerpajaliiy U3-3a Neperpy3Ku cKo-
Ta, BETPOBOM 3PO3UHU U YACTUYHBIX OITyCTHIHUBAIOIIMUX MPO-
eccos [9];

- BbIpaOOTaHHBIE YYAaCTKH KapbepHBIX U NMPOMBIIIICHHBIX
30H, BKJIIOYAs OTBAJIbl TOPHOM MOPOJBI U XBOCTOXPaHWIIHILA
BOJIM3M MPOMBILICHHBIX [IEHTPOB PErMOHA, I7I€ TIOYBBI M1OTE-
PSIIM BEPXHUU IUIOAOPOAHBIN CJION U MOJBEPIIINCH TEXHOICH-
HoM nerpagamuu [10];

- OCHOBHBIE THIIBI ITOYB UCCIIEYEMBIX TEPPUTOPHI BKIIIO-
YaJli COJIOHIII, COJIOHYAKH, CEPO3EMBI U JIETKHE YePHO3EMBI,
MOJIBEPIKEHHBIE 3aCOICHUIO, PO3HH U JAErPaJallii CTPYKTY-
per [11].

- TOJICBBIC MCCIICMIOBAHUS [TOYB: OTOOP MPOO U3 BEPXHETO
U TIOJI36MHOTO TOPU30HTOB ISl aHAIIN3a (PU3NKO-XMMHUYECKUX
CBOWCTB, COJEp)KaHHUA OPraHUYECKOro BEIEeCTBa, COJEBOTO
pexuMa 1 mokaszareneit Bogornponunaemoct [10].
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Memoowvt  uccnedosanusa. HccnenoBanue NPOBOAUIOCH
C HCIIOJIb30BAaHHEM KOMILJIEKCA T€0OKOJIOTHYECKUX H TeOMOp-
(OJTOTMUECKUX METO/IOB, BKITIOYAIOIINX:

- 10N1e60ll MOHUMOpUHZ — CO3/laHHE CETKU TOYEK Ha Jie-
IpaJIMpOBaHHbBIX Y4acTKax JJisi OLIEHKH CTENECHU 3aCOJICHUs,
KUCJIOTHOCTH, IJIOTHOCTH M COJICPYKaHUSI OPraHMYEeCKOro Be-
miectBa [8, 10];

- 1abopamopuvle ananusbl — ONpPENeICHHEe XUMUYECKOTro
coctasa moussl (Na*, Ca’*, Mg*"), THIPOIUTHIECKOH KHUCITOT-
HOCTH, COJICpXKaHUs TyMyca U BIaXHOCTH |8, 9];

- Ouomenuopamugubie IKCNEPUMEHmMbl — BOCCTAHOBIIC-
HHE PACTUTEIHHOIO TOKPOBAa C MCIOJIb30BAHHEM MECTHBIX
U a/IalITUPOBAHHBIX BUJIOB PACTEHHUH (COJITHKH, IOJIBIHb, JIIO-
LepHa), MPUMEHEHHE OMOIpPENapaToB JUisl yIyUIlIeHHs] CTPYK-
TYpBI ¥ II0A0pOaus ouBsl [11];

- CPABHUMENbHBIL AHANU3Z MEMOO0E PEKYIbIMUEAY UL — OLCH-
Ka MEXaHM4YeCKOH, OMOPEKYIbTUBALMOHHON 1 JTaHIapTHON
PEeKyIbTHBALMH IO MX 3(P(PEKTHBHOCTH B BOCCTAHOBICHUH
IIOYBEHHOIO IUIONOPOAUS U DKOJOTMYECKOM YCTOWYUBOCTU
Teppuropui [12].

Memoowr o6pabomku darHbix

Jlig aHanmu3a MOJTy4eHHBIX MOJIEBBIX U JIAOOPATOPHBIX JaH-
HBIX MPUMEHSJICS KOMIUIEKC CTaTHCTHYECKMX U T€OMH(Op-
MalMOHHBIX METOI0B, 00ECIIEUNBAIONIMH OLIEHKY COCTOSHUS
TNI0YB, BBISBJICHUE JIETPaAallMOHHBIX MPOIECCOB U 00OCHOBA-
HHE MEPONPUSITHII 110 PEKYJILTHBALINH.

Hnmeepayus nonesvix u 1a60pamopHvix OanHbIX

JIyst KOMIIIEKCHOW OIIGHKH COCTOSIHMS JIerPaMpOBaHHBIX
3eMellb NPUMEHSUIaCh CHCTEMa HMHTErpaluy JaHHbIX, 00be-
JMHSIOIIAsT PE3YJIbTaThl MOJIEBBIX 3aMEPOB U J1a0OPATOPHBIX
ananu3oB [11]. /laHHble OOBENUHSAINCH B €AMHYIO 0asy uist
aHaJIM3a B3aUMOCBSI3eH MEX/y THIIOM TIOYBBI, CTEIICHBIO TEX-
HOIN€HHOW U KJIMMAaTUYECKON Harpy3Ku, METOAAMU PEKYJIBTHU-
BallMU U BOCCTAHOBJIEHUEM PACTUTEIBHOTO MOKPOBA.

Takum 00pa3oM, KOMIUIEKC METO/0B 00pabOTKM AaHHBIX
obecrieurBaeT HayyHO 0OOCHOBAHHOE TNIAHWPOBAHUE PEKYJIb-
THUBALMOHHBIX MEPONPUSATHI B I0OKHOM pernone KazaxcraHa,
MO3BOJISIET KOJIMYECTBEHHO OLIEHUTH 3(P()EKTUBHOCTH pa3iny-
HBIX ITOJIXO/IOB M BBISIBUTH (DaKTOPBI, BIUSIOLIME HA YCIICITHOE
BOCCTAHOBJICHUE HAPYIICHHBIX 3€MENb B YCIOBHUSX 3aCYIILIH-
BOT'O KJINMAaTa U BBICOKOM TEXHOT€HHON Harpy3KHu.

Pe3yabraTbl U 00cy:K/IeHHE

B roxxHoM pernone Kazaxcrana, Britouatoniem Kbi3buiop-
nuHCKyro, JKamObuickyro U TypkecTaHCKyrO 0OIacTH, Ha-
OJFOIA0TCS 3HAYUTEIIbHBIC TPOSIBICHUS IETPaJallii 3eMeb,
BBI3BaHHbBIC KOMIUICKCHBIM BO3JCHCTBHEM MPUPOIHBIX U aH-
TpONOreHHbIX (hakTopoB. OCHOBHBIE MPOLECCHI JIerpaaaliu
BKJIFOYAIOT 3aCOJICHHUE [10YB, DPO3HIO, YINIOTHEHUE U CHUYKEHHE
COJZIEpKaHUs OpraHuuecKoro Beniecrsa. OCOOEHHOCTH Peruo-
HaJIbHOTO KJIMMaTa, 3acylUTUBBII PEXHUM OCAJIKOB, BHICOKas
MHHEpaIN3alys BOJl 1 MHTEHCHBHAsI DKCILTyaTalusl acTOMUII
U OpOIIAEMbIX 3eMellb CIIOCOOCTBYIOT YCHIJICHUIO JIeTpaialy-
OHHBIX TPOLECCOB, YTO JAENaeT HEOOXOAUMBIM IPUMEHEHHE
nuddepeHInpoBaHHBIX METOIOB PEKYJIBTHBALIHH.

JIyis KOTMYECTBCHHOM OLICHKU COCTOSIHUS IMOYB U 3 dek-
TUBHOCTH PEKYJIBTHBAIIMOHHBIX MEPOIPHUITUI BBITIOJIHEH
KOMITJICKCHBIH aHaln3 (U3UKO-XMUMHUECKHX, CTPYKTYpPHBIX
U THIPOJIOTHMYECKUX I[OKazaTelell Mo4B, a TakKe CTENeHH
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JIerpaJIaliiy 3eMeJTb ¥ Pe3yJIbTaTUBHOCTH Pa3JIMuHbIX METOI0B
peKyabTHBaLMH. Pe3ynbraThl MpecTaBlieHbl B BUJIE CHCTEMa-
TU3UPOBAHHBIX TAOJIHNI], BKIIOYAIOUIUX JaHHBIE 110 KJIFOYEBbIM
rapameTrpam: cojJepikaHue TyMyca, KUCIOTHOCTb, KOHIIEHTpa-
un noHoB Na*t, Ca’* v Mg?*, mI0THOCTH TOYBBI, BOJOIPOHHU-
LIaEMOCTh, CTEIIEHb IPO3UHU M 3aCOJICHUS, a TaKkkKe dPPEeKTHB-
HOCTh OMOMEJIHMOPATHUBHOM, MEXaHMYECKOW M JIaHMImadTHOM
PEKYJIbTHBALIH.

Takoii Ho/1X0/1 TO3BOJISIET HE TOJILKO BBISIBUTH XapaKTEPHBIE
3aKOHOMEPHOCTH JErpajialliid 3eMellb B KaXJIOM PpErHoHe,
HO W ONpPEJENUTh ONTHMAJIbHBIE CTPATErnH BOCCTAHOBIICHHS
MIOYBEHHOTO IUIOJIOPOJHS U CTAOMIM3aLUKN SKOCUCTEM FOXKHO-
ro Kazaxcrana. Ha ocHOBaHMHM TIOJIyYEHHBIX JaHHBIX IPOBE-
JEHO JeTaJIbHOE 0OCY)KAEHUE PEe3yJIbTaToB, BBIACJICHBI CIICLl-
nduueckre ocobenHocty KeizbutopauHckol, KamObuicKoii
n TypkecraHckoil obnacreil, a Takke 000CHOBaHaA ILIEJIECOO-
Opa3HOCTb KOMIIJIEKCHOTO IIPUMEHEHUSI OMOMETTOPATUBHBIX U
JaHIAQTHBIX TEXHOJIOTHH YISl TIOBBIIICHHSI KOJIOTUYECKOI
YCTOMYMBOCTH JETPaUPOBAHHBIX TEPPUTOPUIL.

AHanu3 (U3MKO-XUMHYECKHUX T10Ka3areliel MoYB F0XKHOTO
pernona KazaxcraHna BbISIBUJI CYIIECTBEHHbBIE Pa3Inius O 00-
JacTsM W Tunam 3emenb. B Kbi3puiopanHckoid obnactu mpe-
00J1a1a10T COJIOHLIBI M CEPO3EMbI C YMEPEHHBIM COIEPKAHUEM
rymyca (0,8-1,2%) u cnaborenounoi peakiueir (pH 7,5—
8,2), 4TO CBUETENBCTBYET O CKJIOHHOCTH ITOYB K BTOPUYHOMY
3acosnenuto. [losbiennoe conepxxkanue Na* (0,3-0,6%) yka-

3bIBAET HA JIOKAJbHbIE OYard MUHEpaIM3alH, 00yCIIOBJIEH-
HbIE JUIUTEIBHBIM HCIIOIb30BAHUEM MHHEPAIN30BAHHBIX OPO-
IaeMbIX BOJ U HEIOCTAaTOYHBIM ApeHaxeM. B XamObuickoi
00J1acTH MOYBBI MACTOMII] U CEHOKOCOB IPECTABIICHbI COJIOH-
YakaMH U JIETKMMHU YepHO3eMaMH ¢ Oojiee HU3KUM COofepiKa-
HueMm rymyca (0,6-1,0%) u ymepeHHOH MuHepaiu3anuei,
4TO 00YCJIOBJICHO BIMSHUEM BETPOBOM SPO3HUHU U IIEpErpy3Kon
ckora. TypkecTtaHckas oOJlacTh XapaKTepU3yeTcs COJIOHIA-
MU U cepo3eMamu ¢ yMepeHHbIM ypoBHeM Na* (0,28-0,55%)
u HU3KUM cofepkanueM rymyca (0,7-1,1%), 4to yka3siBaer
Ha HEOOXOIMMOCTb KOMIIEKCHOW PEKyJIBTHBAIMH JJIsl BOCCTA-
HOBJICHUS TUIOAOPOAMS M CTPYKTYphI 1IouB. [ToryueHHbIe naH-
HbIE JIEMOHCTPHUPYIOT, YTO (PM3MKO-XUMHUYECKHE IOKa3aTen
MOYB OTPAXKAIOT BBICOKYIO YA3BHUMOCTH 3€MeJb K 3aCOJICHHUIO
W Jierpajaluy CTPYKTYpbl, 4TO TpeOyeT MHTErPUPOBAHHOTO
MOJIX0/1a K MX BOCCTAHOBJICHUIO.

HccnenoBanne BOJIONPOHUIAEMOCTH U CTPYKTYphI TOYB
MOKA3aJl0 BBIPAXKEHHYIO JETpajaliii0 BEPXHUX T'OPU30HTOB
BO Bcex obnactsix. B KbI3buopauHCKoil 001acT BOAOTIPOHH-
aemocth coctaBmia 0,1-0,2 cM/4, 4TO 0OYCIOBICHO YILIOT-
HEHUEM U 3aCOJICHHEM T104YB. bruoMennopaTuBHbie MEpOIIpHsI-
THSI, BKIIIOYAIOLIME MOCAAKY COJITHKM M TOJIBIHH, YIIYYIIHIIH
BOJIHBI PEXHM M CHOCOOCTBOBAIN BOCCTAHOBJICHHUIO PAaCTH-
TesibHOrO mokpoBa. B JKamObuickoil obnacti HabOmonanoch
CHIDKeHHEe Bojonponunaemoctu 1o 0,12-0,18 cm/4, BhI3BaH-
HOE pa3pylLICHUEM CTPYKTYpbl II0YBBI BETPOBOW 3pO3UEH

Taonuya 1

Duzuko-xumuuecKkue ceolUCmea noue

Kecme 1

Tonvipakmoly pusuxka-xumuanslk Kacuemmepi

Table 1

Physicochemical Properties of Soils

[Toxazarens Ke3pumopauHckast 00macthb KamOpiickas obmacth TypkecTaHckas 00IacTh
Tuns! nous CoJI0HIIBI, CEpO3eMBbI COHOH%KH,’. Jrerine CoJIOHIIBI, CEPO3EMbI
YEPHO3EMBI
I'ymyc (%) 0,8-1,2 0,6-1,0 0,7-1,1
pH 7,5-8,2 7,8-8,3 7,6-8,0
Na* (%) 0,3-0,6 0,25-0,5 0,28-0,55
Ca** (%) 1,2-1,8 1,0-1,5 1,1-1,7
Mg* (%) 0,4-0,7 0,3-0,6 0,35-0,65
[TnotHOCTH OB (T/CM?) 1,45-1,55 1,4-1,52 1,46-1,55
Taonuya 2
Booonponuyaemocmo u cmpykmypa noue
Kecme 2
Tonvipakmuly cy emkizziuimizi scane Kypoliblmbl
Table 2

Soil Permeability and Structure

ITokazarenpb

Kp3butopuHckas o0nactb

JKam6puickas o0nacThb

TypkecraHckast 00:1aCTh

BonmonporumnaemMocTs (cm/4)

0,1-0,2

0,12-0,18

0,08-0,15

CTpyKTypa MOYBbI

VnnoTHeHHbBIS TOPU30HTHI,
MECTaMU TPEHIUMHOBATHIC

Pazpyiiennas crpykrypa,
9PO3HOHHBIE OOPO3IbI

CHIIBHO YIUTOTHEHHBIE
BEPXHHE TOPU3OHTHI

OcHOBHOI (axTop
Jierpajialin

3.’:1COJ'I€HI/I€, YIJIOTHEHUE

Berposas 3po3us,
neperpyska nacToui

TexHnorenunas
Jerpaanus, BeIpaboTka

Topnuuit sicypnan Kazaxcmana Nel’ 2026
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W Ieperpy3kod MacTOMI; NMpPUMEHEHHE OWOPEKYJIbTHBALMN
CHOCOOCTBOBAJIO YBEIMUCHUIO CONEPKAHUS OPraHHYEeCKO-
IO BCIIECCTBA U IIOBBILICHUIO yCTOﬁ‘lHBOCTH PACTUTCIIBHO-
ro nokposa. B TypkecraHckoil 001acTH Ha BBIPAOOTAHHBIX
IMPOMBIIIJICHHBIX YYaCTKaxX BOJONPOHUIACMOCTH OOCTHUIAJIa
MUHUMaIbHBIX 3HaueHud 0,08-0,15 cm/4, 4TO OTpaxaer BbI-
COKYIO TEXHOT€HHYIO Harpy3ky W ymiotHenue. KomOuHams
naHamadTHON ¥ OMOMENINOPATHBHONW PEKyJIBTHBAIMU OKa3a-
nack Haubosee d(pPEeKTUBHOM ISl CTAOMIN3ALUY CTPYKTYPBI
U BOCCTAHOBJICHUA BOAHOI'O PEKHMA. I[aHH])Ie IIoKasarejim
MOATBEPKAAIOT KPUTUYECKYIO POJIb IErpajallid CTPYKTYpbI
MOYB B CHMIKCHHWU BOAOIIPOHUIIAEMOCTU U HeO6XOHI/IMOCTI/I
KOMILIEKCHOM PEKYJIbTUBALIUU.

CreneHp Jerpajgaliy 3eMelb BapbUpPyeT B 3aBUCHMOCTH
OT peruoHa u tumna 3emeib. B Kb3buiopauHckoil obmactu
3acoJIeHHEe OpOIIaeMbIX 3eMenb 3aTponyno 40-50% miomra-
I, 4TO SIBJIACTCS JOMUHHUPYIOUIMM (PaKTOPOM Jerpaaallnu;
9PO3UOHHBIE NPOLIECCHl MMEIOT YMEpPEHHBIH Xapakrep, Of-
HAaKO YIJIOTHEHHE IIOYB IIPENATCTBYET €CTECTBEHHOU pere-
Hepaluy pacTUTENbHOTO okposa. B YKamObuickoit oonactu
nacTOMIa ¥ CEHOKOCHBIE YTrO/bsl IOJBEPIKEHBI BETPOBOU

9po3uu U neperpyske ckota (25-30%), npu 3ToM 3acojeHue
BBIPOKEHO CJ1a00, OJHAKO JIOKaJbHBIE OUYaru Jerpajaiuu
MOTYT IpOrpeccupoBaTh 03 Mep pekynbruBaiuu. B Typke-
CTaHCKOW 00JIaCTH TEXHOTEHHbIE HAapyIlIeHHs Ha BHIPaOOTaH-
HBIX MPOMBIIUIEHHBIX ydacTkax cocTaBidooT 10-15%, co-
NPOBOX/AsICh U3MEHEHHEM peibeda U pa3pylIeHueM BepX-
HEro IUIOZAO0POJIHOIO CJI0sl. DTH JJaHHbIE CBHJIETEILCTBYIOT O
HEOOXOIUMOCTH U PEepEeHIIMPOBAHHOTO MOX0a K PEKYIIb-
THBAIMH C yYE€TOM Ipeobiaaatomiero Gpakropa aerpajannuu B
KaXJ101 00JIaCTH.

KomIutekcHasi oLleHKa METOJOB PEKYJIbTHBAIMHM IIOKa-
3ajla, 4TO OMOMENIMOpalusi C HCIOJIb30BAaHHEM MECTHBIX
W aJanTHpOBaHHBIX BHJOB PAaCTEHHUIl sBJIsETCS HaubOolee
a¢dexTuBHOIl Bo Bcex obmactsix. B Keizputopauuckoit 00-
JIaCTU OMoMeropalus odecreunsa yBeJInIeHUEe BOIOIPO-
HUI[AEMOCTH U YIy4YIIEHHE CTPYKTYpHl MouBsl Ha 15-20%.
B JXamObuickoi 00acTH POCT OPraHMYECKOro BEIICCTBA
coctaBui 10-15%, 4To cr10COOCTBOBAIO BOCCTAHOBIIEHUIO
pactutenpHOrO MokpoBa. B TypkecraHckoil 007acTH BOC-
CTaHOBJIEHUE PACTUTENIBHOCTHU JocTUrIo 20-25% nmomaau
BBIPA0OTAaHHBIX Y4acTKOB. MexaHHuecKas peKyJbTHBALUS,

Tabauya 3

Cmenenyv dezpadayuu 3emens

Kecme 3

Kepnepoin oezpaoayusn oapesceci

Table 3

Degree of Land Degradation

[MapameTtp Ke13puiopauHckast 001acTh JKamObLICKast 001acTh TypkecraHckast 001acTh
OJIsI IerpaMpOBAHHBIX
flons AerpazpoBaiib 40-50 10-15 35-40
OpOIIAEMBIX 3eMeb, %
OJIA AcerpaaupoOBaHHbIX
Jlonst AerpaAipor 15-20 25-30 20-25
nactoumy, %
Jlomst BEIpabOTaHHBIX
[IPOMBILLIEHHBIX YYaCTKOB, 5-10 2-5 10-15
%
3acoseHue Cpennee, J0KaIbHOE Husxkoe, nokansHOE Cpennee, JOKaJIbHOE
‘YMmepeHHas BogHast U
Opozus YmepeHnnast Bricokas BeTpoBas
TEXHOTCHHAsI
Taonuua 4
Ippexmusnocmv memooos peKynbmugayuu
Kecme 4
Pexynomusayun 20icmepiniy muimoinizi
Table 4

Effectiveness of Reclamation Methods

Meron pexyabTUBaLUU

Kb3butopuHackas 00nactb

JKamObLickast 00macth TypkecTtaHckast 00J1aCTh

BI/IOMCJ'II/I()paI_[I/IH (COJ'ISIHI(a, IIOJIBIHD,

Jro1epHa, Gnonpenaparsl) CTPYKTYpBI

+15-20% ymyuiienue

BOAOIIPOHUIIAEMOCTH

+10-15% yBenuuenue
OpPTaHUYECKOTO
BEIIIECTBA

+20-25% BoccTaHOBIIEHHE
PACTHTEIBHOTO TIOKPOBa

Mexaan4eckasi peKyJIbTHBAII

‘YmMmepenHasi, KpaTKOCpOUHbIH

Huskas 6e3 nanamadTHON
Huskas 6e3 o3eneHeHus

(Teppachl, 3aIIUTHBIC MTOJIOCHI)

addexr MO PIKKH
Bericokas npu
JlanpmadTHast peKyJIbTHBALIUS
Beicokas YMmepeHHast KOMOWHHPOBAHUH C

OuomMenmoparen

Topnwiir srcyprnan Kazaxcmana Nel’ 2026



[eoakomorns

65

B OTCYTCTBHE IOCJIEYIONIETO 03€JICHEHUs WIH OMOMEINO-
PaTUBHBIX MEPONPHUITHI, OKa3anach MeHee 3(PPEKTUBHOU
U jgana Kparkocpounbli a¢¢dekr. JlannmadrHas pexyib-
TUBALUSl MPOSIBUIA HAUOONbIIYI0 A(PPEKTUBHOCTh MpPHU
HWHTETpanyu ¢ OMOMEINOPAaTUBHBIMU METOJAaMH, YTO OCO-
OCHHO Ba)KHO JUJISl CTAOMJIM3AIMK YPO3HOHHBIX MPOILECCOB
U BOCCTAHOBIICHHUSI BOJHOI'O pEXHMa Ha BHIPAOOTaHHBIX U
opolaeMbIX 3eMJisiX. JlaHHbIe pe3ynabTarhl MOATBEPKAAIOT
HE0OXOJMMOCTh KOMIUIEKCHOTO TIOAXO0/a, BKJIIOYAIOLIETO
MeXaHW4YecKre, OMOoJIOTHYecKue U JaHIma]THbIE METOJIbI,
JUISL YCIIELTHOT'O BOCCTAHOBJICHHUS JIETPaJUPOBAHHBIX 3€-
MeJb F0KHOTO pernoHa Kazaxcrana.

KoMIneKkcHBIN T'€03KOMOTHUECKUN MOAXOA K PEKyJIbTH-
BallMM HAPYILEHHBIX 3€Mellb BKIJIIOYAECT MOCIEA0BATEIbHbIC
9TaIbl — OT OLIEHKH COCTOSIHUS [IOYB M BBIOOpA COOTBETCTBY-
IOUIMX METOJOB PEKYJIBTUBALUK JI0 pPean3alii MeXaHuue-
CKOH CcTa0WiIM3aluy, OMOPEKYJIBTUBALMK W JaHAIIA(THBIX
TexHosorui. ITorom siBisieTcsi BOCCTaHOBJICHHE [TOYBEHHOTO
IUIOJOPOJHSI U BO30OHOBIICHHUE PACTHTEIHLHOTO MOKPOBA, YTO
obecrieurBaeT yCTOHYMBOE (yHKIIMOHUPOBAHHE DKOCHUCTEMbI

(puc. 1).

JlerpaaupoBaHHbIe 3eMJIH

OueHkKa COCTOSIHUS MOYBbI BLlﬁOp MeTo/a PeKyJbTHBALHH

) !

BuopekyapTuBanus / Jannmagrreie
TeXHOJOTHH

Mexanuyeckas
cTaduIu3auus

L

BoccTanoB/IeHHBIE TOYBBI H
PACTHTEJILHOCTH

KoMILIEKCHBIH MOXX0/Q

Puc. 1. Tanbl KOMIJIEKCHOTO F€0IK0JIOTHY€eCKOr0
MOAX0/1a K PeKyJIbTHBANIMA HAPYIIEHHBIX 3eMeJThb
Kazaxcrana.

Cyper 1. KazakcTanaarpl 0y3bLUIFaH KepJiepai
PEKYJIBLTHBANUSIJIAYIBIH KeIIeH Ti T€09KO0JIOTUSIIIBIK
TICUTiHIH Ke3eHmepi.

Figure 1. Stages of the comprehensive geoecological
approach to the reclamation of disturbed lands in
Kazakhstan.

Pe3ynbraTel HccleAOBaHHUS JEMOHCTPUPYIOT, YTO MpH-
MEHEHUE KOMIUIEKCHOIO I'€03KOJIOIMYECKOro IOAX0Aa K
PEKyJIbTUBALIMM HAapPYLICHHBIX 3€MeJb CYIECTBEHHO MOBBI-
maet dPPEKTUBHOCTh BOCCTAHOBIICHUS JIeTPaJIMPOBAHHBIX
Tepputopuil. MHTErpanus MexaHuuecKux METOJ0B cTalu-
nu3anuu penbeda, OMOpeKyIbTHBALMK C HCIIOJIb30BAHUEM
MECTHBIX W aJaNTHUPOBAHHBIX BHUJOB PAcCTEHHUH, a TaKxke
JnaHAmapTHO-arPOMEIMOPATUBHBIX TEXHOJOTHI Ccroco0-
CTBYET YNY4YLICHHIO (U3UKO-XMMHYECKHX CBOWCTB IOYB,
BOCCTAHOBJICHUI) PACTUTEJIBHOTO IIOKPOBA, CHUXXCHUIO
9PO3MOHHON AKTUBHOCTH M CTaOWIIM3AIlMHM BOJHOTO PEXKH-
Ma. Tako¥ KOMIIJICKCHBIHN MOAX0]] 00€CIIeUnBaCT A0JATOCPOY-
HYIO0 3KOJIOTMYECKYH YCTOHYUBOCTb TEPPUTOPUI, YMEHb-

IaeT HEraTUBHOE BO3/IEHCTBHE aHTPONOTreHHBIX (akTopoB
U CIIOCOOCTBYET COXpaHCHHIO OnopaszHooOpasus. [lonyueH-
HBIE€ DPE3YJIbTAThl MOI'YT CIIY)KUTb HAay4HOM OCHOBOH ISt
pa3pabOTKH CTpaTeruil yCTOWYMBOIO MPUPOIOIIOIH30BAHUS
U IJIAHUPOBAHUS IPUPOJOOXPAHHON IIOJIUTUKHU HA PEruo-
HAaJIbHOM U HAllUOHAJIbHOM YPOBHAX.

3aki04eHue

B pesynbrare nmpoBeneHHOrO HCCIIEIOBAaHHS OLEHEHO CO-
BPEMEHHOE COCTOSHHE JETPaJIMPOBAaHHBIX 3EMEJb FOKHOTO
pernona Kazaxcrana, Bkimoudasi Keizputopansekyto, KamObui-
ckyto u TypkecraHckyto oOJlacTH, C y4ETOM NPHPOJIHBIX U
TEXHOT'€HHBIX ()aKTOPOB BO3/IeHCTBUS. AHAIN3 (PU3NKO-XHMHU-
YECKHUX, CTPYKTYPHBIX U THIPOJIOTHYECKHUX TIOKa3arelieil HouB
BBISIBUJI BBICOKUIT YPOBEHb JIErpajaliuy: 3acoleHHe, SPO3HIO,
VIUIOTHEHHE W CHIDKEHUE COJEPIKaHMsI OPraHM4ecKoro Be-
IECTBA, YTO CYLICCTBEHHO CHMXAET UX NPOAYKTHBHOCTH U
YCTOHYUBOCTb SKOCUCTEM.

[ToneBbie HaOMIOAEHUSI, TAOOPATOPHBIE aHAJIU3bI U T€OWH-
(hopMaMOHHOE MOJICITMPOBAHUE TIO3BOJIMIIM BBISIBUTH CIICIH-
(hnueckue 0COOEHHOCTH KaXJ0ro perrona: B KbI3buiopanH-
CKOI1 00J1aCTH JOMUHHPYET 3aCOJICHHE OPOILAEMBIX 3€Mellb; B
JKamObuICKO# — BeTpoBast 9po3us U Meperpys3Ka MacTOMI; B
TypkecraHCKOW — TEXHOTEHHBIE HapyIIEHHs Ha BbIpaOOTaH-
HBIX [TPOMBILJICHHBIX U KapbEPHBIX yUacTKax. DTH pe3yJibTa-
ThI ICMOHCTPUPYIOT HEOOXOAUMOCTh AU((HEPEHIIUPOBAHHOTO
MOJIX0/1a K PEKYJIBTUBALIMHU C YUETOM Mpeodiagaroimux hakTo-
POB Jierpajanum.

DhheKTUBHOCT PEKYIBTHBAIIMOHHBIX MEPOIIPUSTHI ObLiTa
MOATBEPIKJCHA CPAaBHUTEIBLHBIM aHAJIM30M METOIOB: Onome-
JIMOpAIMsl C UCIIOJIb30BAaHWEM MECTHBIX M aJalTHPOBAHHBIX
BUJIOB PAacTEHHI OKa3ayiach Haubojee pe3ylbTaTUBHOM, 00e-
CrieurBasi BOCCTAHOBJICGHHE CTPYKTYPHI IIOYB, IIOBBIIICHHE
BOJIOIIPOHUIIAEMOCTH U BO30OHOBJIEHHE PACTHTEIILHOIO I10-
kpoBa. JlanamadrTHas pexkyabTHBALMS IMPOSBHIA BBICOKYIO
3 }PEeKTUBHOCT IPU HMHTErpaluk ¢ OMOMETHOPATUBHBIMU U
MEXaHUYECKUMH METOJIlaMH, OCOOEHHO Ha BBHIPAOOTAHHBIX U
OpOIIAEMBbIX 3EMJISIX.

KoMruiekcHBIN re03K0IOrnYecKiil MOAX0A K PEeKyJIbTHBA-
MM HAPYILIEHHBIX 3€MeJlb, BKJIIOYAIOIINI OLEHKY COCTOSHHMS
MOYB, BHIOOP U KOMOMHUPOBAaHHE METOIOB PEKYJIbTHUBALUH,
MO3BOJISIET HE TOJIBKO YIIYYIIUTh (PUBUKO-XMMHUYECKUE U TH-
JIPOJIOrMYECKUE CBOWCTBA IT0YB, HO M 00ECIICUUTD JI0JIT0CPOU-
HYH DKOJIOTMYECKYI) YCTOMYMBOCTb TEPPUTOPUM, CHU3UTH
BO3JICHCTBHE AHTPOIIOTCHHBIX (PAKTOPOB M CIOCOOCTBOBATH
COXpaHCHHUI0 OHOpPa3HOOOpa3usl.

[TosmyueHHBIE pe3yabTaThl CO3JAIOT HAyYHYIO OCHOBY
JUIsL pa3pabOTKU MPaKTHYECKMX PEKOMEHAALUN MO IUIaHU-
POBAaHHIO TNPUPOJOOXPAHHBIX MEPONPHUITHHA, BOCCTAHOB-
JICHUIO JIerpaJupOBAaHHbIX 3€MeEJb U CTpaTeruid ycToHuu-
BOTO TMPUPOAONOIL30BaHMS B apHIHBIX U IOJyapUIHbBIX
paiionax rkHoro Kazaxcrana. BHenpeHue npeaioxkeHHbIX
Mep PEeKYJIbTUBAIMH MO3BOJUT MOBBICUTH IPOJYKTHBHOCTh
3eMellb, CTaOMIN3UPOBATh YKOCUCTEMBI U YIYUIIUTh Kade-
CTBO CpeJlbl OOMTaHUs, YTO UMEET Ba)XXHOE 3HAYCHME MJIsI
COLIMAIILHO-I)KOHOMHYECKOTO M 3KOJIOTUYECKOI'0 Pa3BUTHUS
peruona.
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KOPIIAFAH OPTAFA TUTI3ETIH OCEPIH
AHBIKTAY YIIITH KAJJABIKTAPILIH
KYPAMBIH 3EPTTEY

Amnaarna. Y CbIHBUIBIN OTBIPFAaH Makaia oty Oosblin Tadbiiaasl. Makaiaia eHaipic, Kaiita eHIey KHe TYThIHY KaJlIBIKTapbiH, COHIaii-aK NpO(QUIaKTHKAIBIK Kall-
JIBIKTap/Ibl 0acKapy cajlachlHIAFbl LICTEIIIK ®KHE OTaHAbIK TaKipuoe «XKachur Kazakcrany jx00achiH iCke achlpy KOHTEKCTiHAE KapacThipblira. Kanabikrapasig Mopho-
JIOTHSUTBIK KYPAMBbIH 3epTTey OOMbIHIIA FHITBIMU JKOHE MPAKTHKAIBIK CHOCKTEP TaJdaHFaH, KaJIAbIKTapbl KaiiTa OHIey MEH KOJIere )apaTy TOCIIAepi YChIHbLIFaH, Oy 03
Ke3eriH/e KalIbIKTapblH KOJIeMiH a3aiiTy mapataps! 00Jbin Tabblaaasl. Makanaia aablHFaH HOTHIKEIEP oPTYPII KaJIBIKTapiaH KOpIIaFraH opTara TYCETiH aHTPOIOTeH-

JUK )KYKTEMEHI TOMEHJIeTyre MYMKiHJIiK Oepei.

Tyiiindi ce30epep: Kanovik, Kypam, MOpGHIoO2usl, AHPONOSEHOIK JHCyKmeme, Kayin, 3epmmey, Hamuoicernep.

Studying the composition of waste to determine its environmental impact

Abstract. Review article. The article examines foreign and domestic experience in the field of waste management of production, processing, consumption, as well as
medical and preventive waste, in the context of the implementation of the Green Kazakhstan project. The analysis of scientific and practical work in the field of studying
the morphological composition of the remains of fog and other institutions is carried out, the results of the conducted research are presented as measures to reduce waste,
their processing and use as needed. The results obtained in the article make it possible to reduce the anthropogenic load on the environment from various wastes.

Key words: waste, composition, morphology, anthropogenic load, load, risk, research, results.

HcciienoBanue cocTtaBa 0TX0A0B J1JIs1 onpeaeJaeHus ux BO3/1eCTBHS HA OKpPY:KaIIYI0 Cpeay

Annorauusi. Cratbs 0630pHas. B crarbe paccmarpuBaeTcst 3apyOexKHbIA 1 OTEUECTBEHHBIH ONBIT B 00/1aCTH yIIPaBICHUs OTXOAMH TIPOU3BOJCTBA, epepaboTKH, Mo-
TpebieHn s, a Takke NPOPUIAKTHYECKUMH OTXOIaMH, B KOHTEKCTE peain3anun npoekra «3enenslit Kasaxcran». IIpoanann3upoBaHbl HayuHbIC U IPAKTHUECKHE PAOOTHI
B 0071aCTH M3y4eHHst MOP(DOIOrHYECKOTO COCTaBA OTXO/I0B, NPEIOKEHBI CIIOCOObI X NEPEPadOTKH M YTHIN3ALMM KaK MEPhl 10 MUHUMH3alMK 0TX010B. IToyueHHbIe B
CTaThe PE3yNIbTAThl TO3BOJISIOT CHU3UTh AHTPOIOIEHHYIO HATPY3Ky Ha OKPYKAIOIIYIO CPely OT Pa3IHYHBIX OTXOMO0B.

Kniwouesnie cnosa: omxoovl, cocmas, Mopoio2us, aHmpono2entds Hazpy3Kd, PUCK, UCCIe008aNU, Pe3yilbIambl.

Kipicne

Kazakcran PecnyOnukachl 3KOJOTHSUIBIK —Macesesiepre
YIIKeH KoHiT Oeinemi. OHBIH JoNeNi — pecImyOIMKaMbI3IbIH
asemre oirimi ipi Cemel SAPONBIK CHIHAK IOJIMTOHBIH JKa-
Oybl, Apanjbl cakTay skoHe Kacrmii TeHi31H Kopray KeHiHaeri
Oarnapiamanap/pl XaJbIKapalblK JCHTei/ie BIHTAJIaHABIPY,
COH/Iali-aK, TeXHOTEH/IIK araTTapAblH 3USH/BI 9CEpiHEH KOp-
[IaraH OpTaHbl KOpPFaylarbl KOl KbUIFb! eHoeri. byrinri sko-
HOMUKAJIBIK KOPCETKIIITEPl KaKCAPTyFa THIPHICHII, €PTEHT1
KYHI KeNTipUITeH 3aJ1aJ/Ibl )KOI0Fa OH, TIIITi )KY3 ece Kol aKIa
KYMCalMBI3.

PecryOnuka Tpe3suseHTIHIH «...XalbIKapaiblK CTaHAapT-
Tapra coliKec KOpIIaraH OpPTAaHBl KOpFay >KOHE DKOJIOTHS-
JBIK KAYITNCI3/MiKTI KaMTaMackl3 eTy...» JereH ce3i Ka3akcran
PecnyOnmKkachIHBIH 3KOJIOTHSUIBIK CasicaTbIH d3ipieyre Heri3
Gonapl. OJIeMAIK Kap KbUIBIK JaFAapbICThl €CKepe OTBIPHII,
SKOJIOTHSIJIBIK CTaHAAPTTap MEH DKOJOTHSUIBIK KayilCi3/miKTi
cakray ymin Kazakcran PecmyOnukacsr 2007-2030 sxpuinap-
Fa apHaJIFaH TY)KbIpbIM/IaMaFa ColKeC TYPaKThI JaMyFa KeIlly-
ne. Ocpl OarmapiaMa asChIHIA KYP/EIIl SKOIOTHSUIBIK Macee,
OHJIIPICTIK, TYPMBICTHIK KaJJIBIKTAp, COHBIH IIIHAE eMJIey-II-
podMIIaKTHKANBIK KAIIBIKTapIbl Oackapy MACENECiH ey
JKOIIAPhI KApaCTHIPBLIYAA.

MaHBI3/bI IBIHABIK OOJIBIT TaObUIATHIHBI, ICHCAYIBIK CaK-
Tay JKyWeciHAeri Ty3uleTiH KamabkTapabH 70—-85% xayinri
KaJJIBIKTap TOOBIHA JKAaTKbI3bUIMAHIBI HEMECE «KaparaifbIM»
TYPMBICTBIK KaJIABIKTAp KaTapblHA >KaTaTbIH MEIUIIUHAIBIK
KaJIBIKTap perinae Kapacteipbuiaasl. Kanran 15-30% yieci
KayinTi KaJABIKTap PeTiHIe KapacThIPBUIAJIBI JKOHE JIe oJap
ajlaM JIeHCayNbIFbIHA TOHETIH TYpIi KayinTepaiH cebemnkepi
Ooma amazsr [1, 2].

JKymvicmoiy makcamer. KanapIKTapaslH Kypambl 3epje-
JIeTI, aHBIKTAY apKbUIBI OJIap/IbIH aaM JEHCayJIbIFbl MEH KOp-
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mIaraH OpTara KayinTimiK Jopeskeci OOMBIHIIA KalABIKTapIbI
a3afTy mapaiapbiH ocipiey.

3eprTey dnicTemeci

CranzapTThl 9ICTEp KAIABIKTapAbIH CHIIaTTaManapbl MeH
MOP(HOIOTHSIBIK KYPaMbIH aHBIKTAy YIIIH KOJITAaHBUIAbI, ajl
PEeHTTeHIK (PITyopeceHTTi Tanaay koHe HHPPAKBI3BLT CIIEKT-
POCKOIMSIIBIK TAJIAy OJNApABbIH (HH3HKa-XUMHUSIIBIK )KOHE MOP-
(hONOTHSITBIK KACHETTEPiH aHBIKTAY YIIiH KOJMAAHBIIA b

HoarTu:xesep

Bacrarnkel MarepuaniapAblH CHIIaTTaMantapbl MeH Mopdo-
JOTUSUIBIK, KYPaMbIH aHBIKTAY YIIIH CTaHAAPTTHI dJicTep KO-
JAHBIIAbI, aJ OJap/blH (H3UKA-XUMUSUIBIK XKOHE MOPQOIIo-
THSUTBIK, KACHETTEPIiH aHBIKTAYy YIIiH PEHTICH-(IyOpECIeHTTI
Tanaay >KOHEe MH(PAKBI3BUI CIIEKTPOCKONUSIBIK, SFHU PEHT-
TeHIIK-(PITyOPECIICHTT] Talay KOJIAaHbIIa b

Kangpikrap — KopmiaraH OpPTaHBI JIACTAHTBIH KO3IEpIiH
Oipi. JKbI1 calfbIH oNeMIeri OHIIpiCTepACH MaMaMeH | M-
JaMapi, TYPMBICTHIK KaJJbIKTapFa JKaTaTblH eMAey-Tpodu-
JMAKTUKAJIbIK 14 MIJUIMOH TOHHA KAJIABIK IIbIFapblUIagsl. by
KeJIeMi MEH 3USHABUIBIFBI )KOHIHEH OTe Kypaeni. A opOip oT-
Oaceinad 6ip agam ToymiriHe 1,5 KMirorpaMM KOKBIC IIBIFapa-
nb1. Omap KelIMeH, CyMEH ayara TONbIpaKKa Taparl, KopIaraH
opTara 3usH KenTipesi. TilTi TYpMBICTHIK KalIbIKTapIBIH KO
MEH ©3€Hepre MbIFapbUIaThIHEI OenTini. MoceneH miacTuka-
JIBIK 3aTTap MEH IIacTMacca OyHbIMAAPBIH ©PTETCH JKaFaaiaa
ayara 3WSTHIBI KOMipTeK okcuaTepi Oemineni. Mynnaii 3artap-
JIbIH KOMBUTYBI 12 Y3aK.

3uAHABl KaJABIKTApABIH IIEKTEH THIC Memmepi Oykim
ajaM3aTKa, KopIIaraH opTara 3WsSHBIH Turizeni. XKep OeriH-
Jeri 3WAHABI 3aTTapblH JKWHAKTAJIFaH Maccachl TOIBIPAK
JKaMBUIFBICBIHA, ©CIMIIKTEpre, JKepycTi JKOHE JKep acThl Cy-
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JlapblHa JKarbIMChI3 ocepiH Turizeai. Kokpictap »kaHFaH Ke3-
ne atMocdepara eTe KeIl YIIbl 3aTTap O6JIiHII, THIHBIC KYHeCl
aypyJiapbl MEH PerpOyKTHBTI KoHE UMMYH/IBIK JKYHelepaiH
aybITKYJIapblHa OKEJIN COFybl MYMKiH. Aca Kayill TOHIpEeTiH
OpraHUKaJIBIK 3aTTap — ouokcunoep. OapabiH dcepi IIUaHUCTI
KaJIMii/IeH, CTPUXHUHHEH K9HE Kypape/IeH KYIITI aOCOIIOTT] y
Ooubin ecenrenesi. Tarbl Oip YJIKeH Kayil TyAbIpaThiH KaTepi
3aT — ¢urbmpam, o7 KOKBIC ajlaHIapbl ayMarblHaH JKepacThl
cynapbina tyceni. Kananpikrapna quseHtepus, xoiepa, Tyoep-
KyJie3 JKoHe T. 0. aypynapibl TyJAbIpaTblH OakTepusuiap y3ak
yaKpIT 00¥ibI cakTanaabl. DUIbTpaTTap/IbIH KEepacThl CyIapbl-
Ha OTyi, OCbl MHUKPOOPIraHU3MEP/IiH KEeH TapalyblHa OKeJiI
COFYBI MYMKIH.

Cou cebenTi TYPMBICTBIK KaJIJbIKTap/IbIH THICTI OPbIHIapFa
YKETKI31III, alllbIKTaH-allbIK [IANIbUIBII KaTIayblHa ©3 yJieci-
Mi3/ll KOCBII JKOHE a/lamM3aTKa KaKeTTI Ta0UFH KaJbITAaCKaH
TIPUIUTIK OpTaHbl Ta3za CaKTayFa; e3 YJIECIMi3Ii KOCaWbIK.
Anam3arka KaxeTTi TaOMFH TapuXy KaJbIITacKaH TipIILUIIK
OpTaHbl Taza cakTay YJITTHIK MiHIETIMI3 jen Oliemis.

Kazakcrannbiz «Kacbut Kazakcrany xo0achiHa KOIITyiH ec-
Kepe OTBIPBII, eTIMi3AIH OapJblK aliMaKTapbIHIa KaJABIKTap-
IIbl OeJieK xuHay OObIHINA ic-11apanap Koyira anbiaFad. 2021
XKbUIAAH Oacrarn XaJlbIKTaH KypaMbIHJa ChIHAIl 0ap SHEeprus
YHEMJIETIII IaMIap/ibl )KUHAY YKOHE OflaH opi Maiijiara achIpy
OoiibIHIIA K00 JKY3ere achIPbUIbII XKaThlp. AcTaHa aifHaJIbI-
CBIHJIAFbI KOKBICTBI a3aiTy MakcaTbiHIa AKMoJa OOJIBICBIH/IA
aybUIIAPYaIIbIIBIK JKOHE KaTThl TYPMBICTBIK KaJIJBIKTAp.Ibl
KalTa OHJCHTIH 3aybIT CajbIHAIbL. 3aybITTBIH HETI3rl KbI3-
MeTi — TYpJl KaJJIbIKTapbl KaliTa eHjey. ArainraH »xoba Ka-
3ak-repman kocinopabl ECONEP-TiH KoigaybIMEeH MIETEIIIK
HMHBECTOP apKbUIbI XKY3€re achlpbUIbIN KaThlp. 2017 KplnnaH
Oacran KazakcraHga KOKBICTBI CYpBINTAIl )KUHAY KOJIFa aJibl-
Hazapl. 2019 xpUiman Oacrtan KaiTa eHIipyre CypblinTaiMaral
KOKBICTBI KOMYT€ THIHBIM CaJIbIHA/IbI.

Jambiran enjepliH KeOiHJE TamTalblll JKEpIe JKATKaH
TYPMBIC KaJJIBIKTaphl 9KeNTayip Tabbic ko3i. by 6usnec opi
QJIEYMETTIK jKayarThl ic. KOKBICTBI KaiiTa OHJeyJeH TYCKEeH
aKia KaJiTa MCH KOpIIaraH opTara Oipjeil maiina okenei.
Kepiinec KpiTalia KOKbIC CYpbINTay, KaiiTa OHICY YJIKCH
OM3Hec cajacblHa aliHaFaH. AcliaH acThl eniHiH beixkiH ic-
MEeTTI ipl KaiajgapblHAa KOKBICTBI TYPJIl 9/ICIEH CYpBINTAii-
JIbl, 3aMaHayd TEXHOJIOTHsIap MEH aJlaM Kyl Katap KoJj-
naHbuianbl. KoKbIC >KMHAylIbuIapra TeJIeMakbl KYHOe-KYH
TOJICHTeH IIKTeH, KOJIMa-KOJI aKllara MYKTaX KYMBICIIbLIAP
Oyt icke yitip. bip 1llanxaiiapiy 03iH/1e MbIHJIaFaH KOKBIC Ka-
ObuIay OpBIHAAPBIHAA 2,5 MWIJIMOHHAH acTaM >KYMBICIIBI
eHOek erexi [3, 4].

OMip cypyaiH e3iHe Xep Talail OThIPFaH >KaIlOHBIKTap
KOKBICTBI IpIKTE€Y, PETTey JKYMBICTApbIHA aca YJKEH jKayarl-
KepUIUTIKIIeH Kapaiipl. Tokro MeH ipi Kajanap/ia KOKbIC KOH-
TeitHepIiepi Kara3, IIACTUK, OHHEK, TeMIp, )KAHFbIII, )KaHOali-
TBIH, KaliTa OHAIPUIETIH JIel ipiKTesieli. Op KalbIKThIH 031He
THECLIl TycTi nakerrepi Oosaasl. MacesneH KoK MakeTTe Karas
KaJIZIBIKTaphl 00JICa, kKachlUl TYCTI MAaKEeTTE IJIACTUK OOJasbl,
erep KOKBICTap/Ibl IATACTBIPBII, dJIJIe apajiac TacTajica, coll
YLIH «IIaTacKaH» TYPFbIH KOMaKThl aubimys teneini. Cy-
riepMapKeTTep/ie MakeTTePAiH aMaiaH ThIC KOJIJaHybIH IIeK-
Tey MaKcaTbIH/Ia MTaKeTTep Oepimenai. KOKbICThI )KHHAy KbI3-
MeTi Oip KyHJIi TeK 0ip KOKBIC TYpiHE apHaM/IbI.

Typkust acraHackl, ajrbl Kajajapbl Ta3ajblFaMEH TaM-
caHTaabl. Typik KOKbIC Ta3ajaylibiChl — Oelesii opi JKaaakbl-
Chl )KOFapbl MaMaH IbIK. KOKbIC Tazanayibl opTa OybIH (bl OaHK
MEHE/DKEpIHe KaparaHIa »Kakchl TaObic Tabanpl. TasasbIk-
Ka »KayarnTbl KbI3METKEpJIep YIIIH QJIEYMETTIK KOJJay JKOJIFa
KOMBUIFaH: MEIMLUHAJIBIK CAKTaHIBIPY, KOFapbl 3eHETAKBI,
KOJDKeTIMAI OacraHa ajnyra MyMKiHAiKTepi 30p. Eyponanbin
KeHOip MeMIIeKeTTepiHae KaJAbIKTap/bl €Ki caHaTka OeJin
KapacThIpaibl: HHOEKIUSIAHFAH XKoHe Oacka MH(EKIUsIaH-
OaraH KOMIIOHEHTTEpre, OJIapAbl ajacTary »ajIlbl KaJjaJlbIK
KaJIJIbIK apHachl OOibIHIIA Ky3ere achipbuianbl. MHpekus-
JIaHFaH Typi eKi KabarTajraH KOHTeHHeplep/ae, KaraH OaKbl-
Jayfa TachIMaJIaHaAbl XkoHe 48 caraTTaH acCHaWTBIH YaKbIT
imriHae Jkarbutaznel. MHQeKIMsIaHFaH KaJIbIKTap Oapiibk
emJiey MeKeMmelepi KalJbIKTapbiHbIH JKapTHICHIH Kypaibl,
COFaH KapamacTtaH 75% XybIK aypyXaHajap KaJlJbIKTapIbl 03-
JIEpiHIH TepPUTOPHUSACHIHIA opTelai. CralroHapiIapIblH HH-
(exnusanOaraH KajIbIKTapbl KEPrilikTi KOKbIC )KUHAYMEH
alfHaNBICATBIH JKCKeJiereH (upMasapiblH KOHTCHHEpIepiHe
HeMece KOKBIC JKaFaThIH 3aybITTapFa KeJil Tycel.

Kayinrti KalabIKTap[pl jKaFyFa apHaJIFaH KOHJBIPFbLIAp-
JIbl TaHJAy Ke3iHJIe, JKaHy/IbIH aTajiFaH JIOPEKECIH KaMTaMa-
ChI3 €TETIH KaOiJeTiH aHbIKTay KepeK, OJ apbl KapaFbl aypy
JKYKTBIPY KayilliH TOJIBIK KOIOAbI KamTamachl3 erep eni [5].
TYPMBICTBIK KaTThl KaJJbIKTap CaHaTbIHA XKATMAWUThIH Oacka
aypaxaHaJbIK KaJJbIKTap/bl COTTI ajacTrary YIIiHCYpBINTay
JKYHECIH jKkacay Kaker.

Kasipri yakpITTa enimizie xoHe IeT eNAep/e KaJlabIKTap-
JIBIH TY31Ty KeJIeMiH Oarajiay jKOHE OJlapblH KYPaMbIH TaJiay
Mocesieci KeHiHeH 3eprreinyae [6]. Meicansl, ['epmanust MeHn
ABTpUsIIa COHFBI JKbUIIAPBl TYPMBICTBIK KaJIJBIKTap Kara-
pbIHA JKaTaThlH eMJiey MeKeMelepi KaJIbIKTapbIHbIH KeJleMi
4 ece apTKaH, aj TY3UIreH KaJIBIKTapIbIH Maccachl 2 ecere
apTa OTHIPHIN. ACTaHa KalachbIHAa KbUT cailbiH 60 KYbIK eM-
Jiey npaduirakTHKaIbIK MEKEMeepiHeH TY3UIeTIH KaJIbIKTap
kenemi 8000 m* Hemece 2200 T, oHbIH imriHae 550 T KayimnTi
KajaplkTap. EnoprambI3narbl TY311€TiH KaJJIbIKTap KeJeMi
2030 sxputra Kapait 20000 v, stran 5000 T KeTyi MyMKiH.

Peceiifie eTkeH Fachipa aypyxaHajiapia TY3UICTIH KaTThl
Kasiasikrap mesmepi 180-200 kr/xbut sxetken [7]. Kazipri
YaKbITTa KAJIABIKTAP KOJIEMIHIH apTybl Typallbl XKapHsIaHbIM-
Japra coiikec Toyiirine 3—5 kr, xbuibiHa 9002000 Kr KaIabIK
Ty3utyae. ByriHri TaHzma JambiFaH elfepleri *bUIbIHA TY3i-
JICTIH KayinTi KaJaelKTap Kejemi 6—8 kr/amam. JYKarsl imiki
OHIMI TOMCH CJIZICP/IiH KOIIILIIrHIC ACHCAYIBIK CaKTay Kall-
JIBIKTapbl KayilTi Hemece Kayilci3 OOJbI caHaTTalIManibl.
MyHpaii engepzae Oip agaMra KbUT CallblH TY3UICTIH KaJIbIK
kojieMi 0,5—3 Kr Jeiid KeTei.

1993 xpuiasiH 20 xentokcanbiHaarsl Eyponansik Kenec-
TiH memrimiMer (Ne94/3 — EC) Oekitiiren Eyponainsik Kai-
JIBIKTap KarajgorbiHa coiikec 18.00 — TOOBI IeHCayJIbIK caKTay
JKOHE BETEPUHAPIIBIK KbI3METTEP MEH 3epTTeyJepIeH HIbIKKAH
KaJIJIBIKTap KaTKbI3bUIFaH [§, 9].

JKorapplia YCHIHBIIFAH MOJIIMETTEp KaJIABIKTAPIbIH KOp-
IIaFaH OPTara JKOHE a1aM3aTThIH JICHCAYJIbIFbIHA CAHUTAPIIBIK-
TOKCHKOJIOTHSUIBIK BIKIAJIbIH, MOP(OIOTHSIIBIK KYpaMIaapblH
MYKHUST JKOHE eIKeW-TerKelsi 3epTTeyliH, COHbIMEH Karap
onapbl Oaranay/iblH 0achlM WHIMKATOPJIAPbIH aHBIKTaY/IbIH
KaXETTLIIriH Kepcereni. EMaey-npoduiakTuKanblK MeKeMe-
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Jiepi ©3/ICPiHIH CalachlHa KapaMacTaH, iC-OPEKeTi HOTHIKECIH-
Iie hpaKIUsUTBIK KYPaMbl )KOHE IKOJIOTHSIIBIK KayiNTUTIK A0pe-
KeJiepl OOMBIHIIA TYPIIl KaJJIbIKTap TOOBIH TY3€/l.

EMaey-npodriakTHKaIbIK MEKEMEICPiHIH KaIbIKTapbl-
MEH 3aMaHayM HIapTTapia KYMBbIC yKacay MIceJeci, XalbIK
Kayinci3MiriHiH MaHBI3Ibl TUTHCHAJBIK, SMHIEMHUOJIOTHUS-
JIBIK JKOHE SKOJIOTHSUIBIK KOMIIOHCHTI OOJIBIN TaObLIaIbl.
Byrinri TtaHzma KajnbIKTap KeJEMiHIH YHHEH- KYHIe ap-
TYBI — KYHJCJIIKTI ©MipiMi3Jie, 3epTTeyIepe KaHa daicTep-
IiH OeliceHAl TYpAe CHri3yMeH, Oip PeTTiK KypajaapibiH
KEHIHEH KOJIJIaHBLIYBIMEH aHbIKTajaabl. MbICAJIbI, COHFBI
KbUIIapel ['epmanust MeH ABCTpUSIIAFbl eMJey KaJJbIKTap
KeJieMi 4 ece apTKaH, aJl Ty3UINeH KaJIbIKTapablH Maccachl
2 ecere ecim, TOy/iriHe agam O0achiHa MaKKaHaa 6—9 KT Ke-
nemai kyparas [10].

Eney-npoduinmakTuKamIblK KaJlJbIKTap KaTThl TYPMbIC-
TBIK KaJJIBIKTAP.IbIH XKaJIIbl KeJaiMiHiH 2% Kypaiinsl. byriari
TaH/a eJIiMi3JIeri )bl CalbIH TY3UIETIH eMIey KaJlIbIKTapbl-
HbIH Kojemi 300 MbIH TOHHA JKOHE JIe OHBIH KOJIeMi KapKbIH-
JIl TYpJe ocy OapbIChIH/IA TYPaKThl TEHIEHIMsAra ne. by
KaJJIBIKTap/ibl KaTap/arbl TYPMBICTBIK KaJJIBIKTapFa KaTKbl-
3a anMaiiMbI3, ce0edi onapiblH aypy TapaTry OOMBIHINIA JKYK-
MaJIBUIBIFBI KAJIAJIBIK KATThl TYPMBICTBIK, KaJIJIBIKTap KOPCET-
kimineH 1000 ece »orapbl. Emaey-npoduiakTHKaIbIK Me-
KeMeJIepiHiH KaJIbIKTapbIMEH JKYMBIC XKacay KYHeciH Kypy
Ke3iHJie, onapJblH MOPQOJIOTHSIBIK KYpaMbl YJIKEH MOHIe
ne. MopQonorusiiblK KypaMbl MEH KaJIJIBIKTapJIbIH [AaTOTeH-
1l MUKpodIIopaMeH, yBITThI XKoHE PaJro0esICe /Il 3aTTapMeH
JacTaHybl HeTi3iHJe Kikreneai ae. bip pertik emzaey Kypai-
JIAPBIHBIH  KYHAETIKT] KOJIaHBLIYBI, OJIApAbIH KOJIEeMiHiH
JKOHE 0JIapIbIH MOP(]OJIOTHSUIBIK KYPaMBIHBIH apTyblHA aJIbII
kesi. by e3repictep o3 Ke3eriHae KOJAaHbICTaFbl CAHUTAP-
JIBIK epeKesIepl peTTey Ke3iHe oji KYHIre JeiliH 63 OpHBIH
aJIFaH KOK.

JKorapwiia aTanran e3eKTi MacesnenepiH 0ip OeJiriH menry
MaKCaTbIH/Ia eM/ICY-TPO(UITAKTUKAIBIK MEKeMeepi KalabIK-
TapbIHBIH MOP(OJIOTHSUIBIK KYPaMBbIH 3€pPTTEy MaKcaTbl OyTiH-
'l KYHT'1 ©3€KTiI MOceJiere aifHasbIn OThIp. EMIey KaiabIKTaphbl
TYPFBIHIAD apachbliHJa WHQEKUUSUIBIK JKOHE WH(EKIUSIIBIK
eMec aypyJaplblH TYbIHAAy KayilliHe TEeK FaHa Tikeleil emec,
COHBIMEH Karap >xaHama (pakTopbl peTiHAe KapacTbIPHLIYbI
tuic. Cebebi, 011 ic )Ky3iHAe KOpIIaFraH OPTaHbIH OapIIBIK 3J1e-
MEHTTEPIH — ayaHbl, CYJIbl, TONBIPAKTHI, MEKEMEILIIIK OPTaHbI
3ajayijay MYMKIHJIITiHEe Be. By ke »karaaiia oapsiH MOp-
(hOJIOTHSUTBIK KypaMbIMEH allKbIH/1aJIaIbl.

Oze0ueT Ko3IepiH Taugay HOTHXKEIEepl HEeri3iHae, eMIey-
PO HUITAKTUKAIBIK KAJIIBIKTapIbIH MOP(OIOTUSIIBIK KYPaMbl
JKETKUTIKTI Topexee ainyaH Typii ekeHi kepceriaai [11]. On
KeJeciiell Kypayuibl OeKTepeH Typabl: TeKCTHIIb, PE3CH-
Ke, IJIaCTHKA, HIBIHBI, METaJII, Kara3, TUIIC, MYLIeJep, Tepiiep,
OHMOJNIOTHSUIBIK CYWBIKTBIKTAP JKOHE T. 0.

HoTu:xenepai Tangay

XKyprizinren 3eprreynep HOTHKeNepiHE COWKec, Kerica-
JIaJIbl CTALMOHAP KAJIBIKTAPBIHBIH KYBIKTaMalIbl MOPQIIO-
THSUTBIK YKOHE KYPBUIBIMIBIK Kypambl 1 CypeTTe KeJTipiIreH.
AnbIHFaH MOJIMETTEp, *Kalllbl KAJJBIKTAD KOJEMIHIH JKap-
THICBIHA KYBIFBIH TaFaMJIbIK JKOHE OKIMIIUTIK-IIAPyanIbLIbIK
OesMenep/iH  KanJbIKTapsl (Kara3, KapTOH) KypaHTbIHBIH
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nonenyeiini. TekcTHib KalJbIKTappIMEH KOCa aJIFaH/Iarbl,
YII KaJJIBIK TYPIHIH JKUBIHTBIFBI JKaJIIbI eMJIey-TTpOQHIaKTH-
KaJIbIK Mekemesepl KaiabIKTapbiHbiH 90% Kypaiiasl. MyHaH
OeJieK, MEULIMHAIIBIK KaJJIBIKTAPbIH Kbl KYPbUIBIMBIHBIH
5% yKOHE OJ1aH YKOFAPbI KypayIIbIChl OOJIBIN TaObLIATHIH ITOJIH-
MepJli MaTepUaIIap/IblH Al TapIIbIKTall CABICTHIPMAIIBI YIIECIH
€CKepyiMi3 Kepek.

0.5 0.2

@ Tekctunb

@ Taramablk KanasikTap
Karas, kapToH

@ Monumepni matepuaniap

@ Tvnc, KYpbINbICTLIK
Kanablkrap

@ WoiHb

@ Bvionorusansik Matepuanaap

® Merann

@ [opi-aspmek xaHe
npenaparTtap

© Pe3eHke

Cyper 1. KonaaHy KaJabIKTapbIHBIH MOP(OJIOTHIIBIK
Kypambl.
Figure 1. Morphological composition of consumer waste.
Puc. 1. Mopgosioruyeckuii cocTaB 0TX010B MOTpedIeHHUs].

Konnany mekemelnepi KaJJbIKTapbIHBIH €H a3 MeJLIepae
Ma3sMYHIaUTEIHAaps! WHHEL (0,9%), OHOTOTHAIBIK MaTepra-
nap (0,5%), pesenke, metayur MeH npenapartap (0,2-0,4%)
KOHE T. 0.

KanapikrapasiH MOpGOIOrHsIIBIK KYpPaMbIH 3epTTey 00ii-
BIHINA JKYHeI KYMBICTapABIH KYPri3iimMeyiHe OaillmaHBICTHI,
COHFBI JKBUIAAPHl eMIIey-TPO(PHUIAKTUKAIBIK MEKeMeTepiHiH
OpeKeTiHIe alTapibIKTalf e3repicTep OpBIH anFaH. ATaiaraH
e3repicTep KaHa TEXHOIOTHSIAPAbI JKoHE Oip peTTik Kypai-
Japipl KongaHyMeH OaiiinaHblcThl. OCbIFaH opaid, emzaey-Ii-
POOUIAKTHKAIBIK MeEKeMelepl KaJIbIKTapbIHBIH KypaMbIH
AHBIKTAy >KYMBICTAPBIHBIH aJFAallKbl CaThICHl PEeTiHIe, cara-
JIBIK JKOHE CAaHABIK MOP(OIOTUSIBIK KypaMblH aHBIKTay 00JI-
Ibl. Byt 3eprreynep OoibIHIIA KOPBITHIHIBUIAHFAH MOTiMET-
Tep 2 cypeTTe KeNTipiiareH.

o [e3nHdekumansiK Kypaniap
@ odapmnpenaparTtap
fvnc
@ Mertann
@ Araw
©® UWbiHbI
@ PeseHke
@ Monumepni matepuangap
@ Kypbinbic kanabiKrapb!
© Karas

@ Texkctunb

-
o

@ Taramabik kangbiKrap

Cyper 2. KoiiaHy KaJIbIKTAPBIHBIH MOP(0JIOTUSLIIBIK
KYPaMBbIH aHBIKTAy HOTH:KeJIepi.
Figure 2. Results of morphological composition analysis
of medical waste.
Puc. 2. Pe3ynbraThl onpeaeeHus: MOP(hOOru4ecKkoro
€OCTaBa 0TXO/10B NMOTPed/IeHH.



[eoakomorns

71

2 cypeTTe KepiHil TypraHai, Kasipri Tania emaey-npopu-
JIAKTUKAJIBIK MEKeMeJiepi KaJIBIKTapbIHbIH MOP(QOIOTHSIIBIK
KYpaMbIHJa C€H KOIl KE3IeCeTiHAepl TaraMIbIK KaJlIbIKTap
(22%), monmumepi marepuangap (17%), Kypbuibic Kajuakra-
pst (10%), mbiab! (9%) xKoHe T. 0.

Kenripinren ManiMeTTep KalJbIKTap/blH KypaMaapbl-
Ha JKOHE OJIap/IblH aJiaM JEHCAyJIbIFbl MEH KOpIIaraH oprara
KayIilTUTIK 1opexeci OOMbIHIIA KaJIIBIKTAPMEH )KYMBIC jKacay
XKYHECiH jkacay KaKeTTuliriH ganenaenai [12].

TypMBICTBIK KaJIbIKTap CaHaThIHA JKaTaTbIH eley-1poQu-
JIAKTUKAJIBIK, KaJJIBIKTap/bl )KUHAY MEH yTWIIM3alusiFa AediH
JKETKI3y JKYMECIH SHII3y eNiMi3aeri OChl KaJIbIKTapIbl THIM-
ni Oackapyra MyMKiHIIK Oepeni. By skyieHiH ailiHanymra
CHII3UTy MYMKIHIIKTEPI MEMJICKETTIK JICHIeHIe KapacThIphl-
JIybl THIC JIET€H KOPBITHIHABI *kacaybiHaibl. COHBIMEH Karap,
eMJley KaJIJABIKTAPBIHBIH MOPQOJIOTHSIIBIK KypaMbl TYypajibl

JKaJITIbI TYCIHIK JKacay YIIIH OCBIHJIAH JKaIbUIaHFaH MAJIIMET-
Tepai Kojanyra 00s1a/ibl, OipaK, KaJAbIKTapIbIH KYPaMbl KOl
JKarFiaina emJey-poQuiIakTHKAIbIK MEKeMeJIepiHiH TypiHe
JKOHE OPEKET €Ty CHUIIaThIHA TAYEJIIi OOIaIbI.

KopbITbIHABI

TyYPMBICTBIK KaJABIKTap/bl )KUHAY MEH YTHJIHM3aLUsIFa Jie-
HiH JKETKI3y JKYHECIH EHTri3y eNiMi3geri OChl KaJIbIKTapiabl
ThiMIl Oackapyra MyMKiHJIK Oepeni. by sxylieHiH aliHaIbIM-
Fa CHII31ly MYMKIHIIKTEpI MEMIICKETTIK JCHIeiie KapacThl-
PBUIYBI THIC J€T€H KOPBITHIHABI X*KacaibiHaabl. COHbIMEH Ka-
Tap, TYPMBICTBIK KaJJBIKTapAblH MOPQOIOTHSIIBIK KypaMbl
Typajibl JKaJIbl TYCIHIK Kacay YIIIH OChIHJal JKaJllbUIaHFaH
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M.H. BerenrTaes, *A.Bb. Baiioatma, 5.b. Ampaaunosa, K.C. Toruszos
Kaszaxcrutl HayUOHAIbHBIL UCCTIEO08AMENbCKUL TMEXHUYECKUL YHUBEPCUM e
um. K. Camnaesa (2. Aamamul, Pecnybnuxa Kaszaxcman)

AKTYAJIBHOCTDb U3YYEHUSA HACJIEJANA
AKAJTEMHUKA K.A. CATITAEBA

Annoranus. Axagemuk K.M. CarnaeB octaBmi Ka3aXCKOMY HapoJy BEIHMKOE HACIEINE: KPyITHbIE MECTOPOXKICHNUS MOJIC3HBIX HCKOIIAEMbIX, HOBBIE OTPACIIH SKOHOMU-
KH{ ¥ TOPOJ1a, KOTOPBIE 3aJI0XKMIIH OCHOBY COBpPEeMEHHOI nmpoMbinuienHocTn Kazaxcrana. Ero Biiiaj B craHoBinenne Haykn Kazaxcrana, co3anne HOBBIX 00pa30BaTelIbHBIX
U HAy4HO-HCCIIEI0BATENILCKUX HHCTHTYTOB, A TAKIXKE MOArOTOBKY KBAIM(HUIMPOBAHHBIX CHEIMAIMCTOB 00eCIeumI HayqHyto 6a3y JUIs HepeBoa CTPaHbl Ha IPOMBIIILICH-
HbIE pesbehl. brarofapst ero ycuansM ObLIH BOCIIUTAHBI OKOJICHHUS YUCHBIX, HH)KCHEPOB H CHELMAINCTOB, BHECIINX 3HAYNTEIIbHBIN BKIIA/] B HHIYCTPUAIH3ALHIO CTPAHBI,
OCBOCHHE NPHPOIHBIX PECYPCOB M PA3BUTHEC HHHOBAIIMOHHBIX TEXHOJIOTHIL. DTOT MPOYHBIH (yHIaMEHT 3HAHUH IPOROIKACT CIy>KUTh YCTOHYNBOMY pa3BuTHio Kazaxcrana
1 MOBBIIICHUIO €r0 KOHKYPEHTOCIIOCOOHOCTH Ha MUPOBOIT apeHe.

Knrouesnie cnosa: nacneoue Camnaesa, 2eono2us, noiesnvie UCKOnaemvie, 2eo1020pazeeokd, MemaiioeeHus, UHICeHepHoe 00pazosanue.

Axanemuk K.U. CaTéaeB MypachIH 3epTTeyAiH 63eKTiJIiri

Annarna. Axkanemuk K.J. Car6aeB Kazak XaJKbIHA YJIbI Mypa KaJIbIPIbI — ipi Maiaisl Kazdanap KeH OpbIHAAPHI, )KaHa SKOHOMUKAJIBIK cajlajap MeH Kajiajiap Kasipri
Kazakcran eHepkaciOiHiH Heri3iH Kanaasl. OHbIH Ka3akcTaH FhUIBIMBIHBIH KaJbINTACybIHA, )KaHa OlliM Oepy jKoHe FhUIBIMU-3ePTTEY HHCTUTYTTApbIH KYpyFa, OUTIKTI Ma-
MaH/ap Jaspiayra KOCKaH YJIeci eIiH HHAYCTPHSUIBIK JaMybIHa FBUIBIMU Heri3 00m1bl. CoTOaeBTBIH KaXKbIPIIbl eHOCTIHIH apKachlHA eiH HHAYCTPUsUIaHybIHA, TAOUFU
pecypcrap/pl Urepyre yKoHe HHHOBALMSUIBIK TEXHOIOTHSIIAP bl TaMBITyFa 30p YiieC KOCKaH FalbIM/Iap, HEDKCHEpIep MEH MaMaHIap/AblH TyTac OybIHbI TopOHeneni. by
Oepik OimiM Heri3i OyriHri Tana 1a KazakcTaHHBIH TYPaKThl JaMybIHA KHE OHBIH dJIEMJIIK apeHajarbl 0acekere KaOlIeTTUIINHIH apTybIHa KbI3MET eTyJIe.

Tyiiinoi co30ep: Cambaes mypacul, 2eono2us, nauoaisbl Kazoaiap, 2e0i02usiibl 6apaay, Memanilo2eHus, UHICEHEPIIK OLLiM.

The relevance of studying the legacy of academician K.I. Satpayev

Abstract. Academician K.I. Satpayev left a great legacy to the Kazakh people — major mineral deposits, new branches of the economy, and cities that laid the foundation
for Kazakhstan’s modern industry. His contribution to the development of Kazakhstani science, the establishment of new educational and research institutions, and the
training of qualified specialists provided the scientific foundation for the country’s industrial transformation. Thanks to his efforts, generations of scientists, engineers, and
professionals were educated, making a significant contribution to the industrialization of the country, the exploration of natural resources, and the advancement of innova-
tive technologies. This solid foundation of knowledge continues to support Kazakhstan’s sustainable development and strengthen its competitiveness on the global stage.

Key words: Satpayev's legacy, geology, mineral resources, geological exploration, metallogeny, engineering education.

BBenenue

Ha roOuneiinoit ceccun HanmoHanmpHON akageMud HayK
[Ipesunent Kacbim-Komapr TokaeB MOIYEpKHYJ, UTO yue-
HBIM HEOOXOIMMO CTaBUThH Iepen co0oil aMOMIMO3HbIE 3a-
Jla4M, TPOSBIISATH HOBATOPCKUH MOAXOJ M MOBHIMIATH 3 (pek-
TUBHOCTB CBOeH AesrenpHOCTH. OH oT™MeTHII, 9To B X XI Beke
CHUJIa ¥ KOHKYPEHTOCIOCOOHOCTD TOCYAapCTBa ONPEIEIIOTCS
YPOBHEM €Tr0 Hay4HO-TEXHHUECKOro nmporpecca. Ocodast poib
B 3TOM IMPOILECCE NPUHAIICKUT YHHUBEPCUTETY, HOCAIIEMY
nmst Kanprma Carnaesa. [To cnoam IIpesunenra, 3To ennH-
CTBEHHBI HALMOHAJILHBIM HUCCIE0BATENbCKUN TEXHUUECKUI
YHHUBEPCUTET W BEAYIIUH LEHTP MHKXEHEPHOTO O0Pa30BaAHUS
B crpaHe. [103TOMy MMEHHO OH JIOJDKEH CTaTh Hay4YHO-TIPO-
N3BOACTBEHHON OCHOBOH JUIS Pa3BUTHS HOBBIX TEXHHYECKUX
BY30B. [ 71aBa rocyapcTBa Takke NOAIEpKHYI HEOOXOTMMOCTh
YTBEPAUTh MPOTPaMMy pa3BUTHSA IJIABHOTO TEXHUYECKOTO
yauBepcurera Kazaxcrana u chopMupoBars Ha ero 6ase uc-
CJIeIOBATEIbCKUI Xa0, OPHEHTHPOBAHHBIN Ha COBPEMEHHBIC
TEXHOJIOTHH B 00JIaCTH MHKEHEPHOH HayKH M 00pa30BaHMS.

Satbayev University, kotopsrii B 2024 roxy ormeti 90-me-
THE CO JIHS CBOETO OCHOBAHMS, OEPEXHO XPaHUT TpaJIulnH,
3anoxkeHHsle K.M. CarmaeBbIM 1 ero copaTHUKamu. B yHuBep-
CHUTETE CO3/JaHbl yCIOBHSI ISl PA3HOCTOPOHHETO PA3BUTHS CTY-
JICHTOB, TTOOIIPSETCS TBOPYECTBO BO BCEX €0 MPOSBICHUAX.
«IToMuMmo 30pKO¥ HAOMIOAATENTLHOCTH K (haKTaM, TeoJIor J10J1-
JKEH 00J1a/1aTh TaK)Ke HEMaJIOH CHIION TBOPYECKOTO BOOOpaxke-
HUSI, 9TOOBI U3 PAa3pO3HEHHBIX, ITOYAC CIOXKHBIX M HESICHBIX
(parMeHTOB BOCCO37aTh MEPBOHAYAIBHBIN, HCTUHHBIH TEKCT
OT/ICNBHBIX CTPAHUI] BENMKOW KHUTH IPUPOABI», — 3TO HAITYT-
crBue Kanpima CarmaeBa cTyneHTaM CTallo TIIaBHBIM OpHEH-
THUPOM JJIsl BCEX MOCIEIYIOMNX MTOKOJICHUH yUSHBIX U HCCIle-
noaresieil. OHO MOAYEPKUBACT BAKHOCTD COUETAHNS HAyIHOH
CTPOTOCTH C KPEaTHBHOCTBIO, YMEHHS BUJIETh CKPBITHIC CBA3H
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Y 3aKOHOMEPHOCTH, a TAKKe CIIOCOOHOCTh HHTEPIIPETUPOBATD
JTAaHHbIE, 9YTOOBI PACKPBIBATh TAHBI TPUPOBIL.

TBopueckoe HacJiene

Hamm ydeHble yCIeHO pa3BUBAIOT MPUKIAIHBIC U (YH-
JIaMEHTAIbHBIE WCCIIEOBAaHUS, HAMpaBICHHbIE Ha pelle-
HHE€ aKTyaJIbHBIX Tpobiem Ka3zaxctana, akTHBHO y4acTBYIOT
B MEXTYHAPOIHBIX MPOEKTaX, HAMPABICHHBIX HA TIOCTIKEHUE
Ieneit ycroitunBoro pazsutus OOH. Bee Hamm qocTmkeHus
MBI CIIPaBEUIMBO CBs3bIBaeM ¢ MMeHeM Kanprima CarmaeBa
U CITYCTS JIECATUIIETHS OH MPOIOIHKAET CIIY>KUTh OPHEHTHPOM,
Ha KOTOPBIE€ PaBHAIOTCS yUeHbIC, MPENOaBaTeIu U CTYACHTHI
[1-6].

Kanpimn MmanTaeBua CaTtrnaeB mosiBUIICS Ha cBeT 12 ampe-
nst 1899 roga B basHaynbckom paiione IlaBmomapckoit oOna-
ctu. B 1911 rony on 3aBepurin o0yueHre B HaUaIbHOM IIKOJIE
pOAHOTO ayia W MpOAOIDKHI obpa3zoBanue B [laBmomapckom
PYCCKO-KHpru3ckoM (kazaxckoM) yumimiie. [loznuee, B 1914
rofay, mocTynuia B CeMUTIaTaTHHCKYIO YIUTEIbCKYI0 CeMHUHA-
puto. TTocne ee okonvanust CarmnaeB paboTai Ha POANHE YUH-
TeJIeM U HapOIHBIM cyabei. Pemaromuii moBopoT B ero cyasoe
npousomien B 1921 roay mocie 3HakKoMcTBa ¢ mpodeccopom
reojoru TOMCKOTO TEXHOJIIOTMYECKOTO HHCTUTyTa Muxa-
uinoM AHTOHOBHYEM YCOBBIM. OH MO MPUTIIALIEHUIO CBOETO
yueHnka Anumxana EpmexoBa mpuexan B ayn CarmaeBbiX Ha
KyMbIcoiieueHue. becensl mpodeccopa ¢ monoasm Carrae-
BBIM O CTpOEHUHU 3eMiH U OorarcTBe Henp Kazaxcrana Bmox-
HOBHIM KaHbIIIa MPOIOHKUTE CBOE 00pa30BaHUE M OCEHBIO
TOTO € TO/a, YCIENIHO ClIaB BCTYIUTENbHBIE SK3aMEHBI,
OH MOCTYITHJI Ha T€0JIOTOPa3BeA0YHOE OT/IENIEHHE TOPHOTO (ha-
KynbTeTa TOMCKOTO TEXHOJIOTHYECKOTO HHCTUTYTA [7].

B 1926 rony Kampnu CarmaeB OnecTsIne 3amuTHI -
TIJIOMHBIA TIPOEKT M TIOTYYHII CIIeUaTbHOCTh TOPHOTO MHKE-
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Hepa-reosiora. [locine okoH4aHust y4eObl €ro HanpaBHIM Ha
paboty B TpecT «ATOaciBETMET», CO3AaHHBINA TOOM paHee —
B 1925 rogy. DTOT TpecT 3aHUMAJICS T€0JIOrOPa3BEIOYHBIMU
paboramu, ocBoeHueM JKe3ka3raHCKOTO MEIHOTO MECTO-
PpOXIeHHs U CTpouTenbcTBOM Kapcakmnaiickoro MeierniaBuib-
HOTO 3aBOIA.

['eonoropasseounbie padoTel B JKe3kasrane Hadaiuch
B 1926 rony. B mepuon ¢ 1926 mo 1929 roxs! atu ucciaeno-
BaHMs NPOBOJMIIM COTPYIHUKH ['€oiikoMa, IIaBHOW Te0soru-
YeCKOM Ciryk0bl cTpaHbl. OHU TPUE3KAIN B CTEIIb B KOMaH-
JUPOBKY, MOATOMY MX paboTa HOCHJIA CE30HHBIN XapakTep U
HE OTIHMYaNach CUCTEMHOCThbI0. Korga pykoBomuTeneM crai
Kanpimr Carnaes, reonoropasseika B JKe3kasrane mepernuia
B CTaJIMIO TIOCTOSIHHBIX CTAIIMOHAPHBIX HCClieoBaHUN. Beko-
pe mexxay CatnaeBbIM U TeosioraMu [ eosikoMa BO3HUK OCTPBIN
MIPUHIMIHAIBHBIN CIIOP 110 BOIPOCY OLIEHKH repcrekTuB JKes-
Ka3raHckoro mecropoxnaeHus. ['eonmoru I'eonkoma cuuranu
JKeskaszran HEOONBIIUM PSIJIOBBIM MECTOPOXKIECHUEM U OTpH-
LaJIM HaJIMYKMe KPYIHBIX 3armacoB Meau. Kanbin MimantaeBuy
HaNpOTHB YTBEPKAal, YTO MECTOPOXK/JICHUE YHUKAIBHOE IO
3amacaM M MacmrabaMm pacrlpoCTpaHEHHUS MEIHBIX pyA. OTH
pasHoIacus MMEJHM He TOJbKO HaydHbIH Xapakrep. B 1928
rony B CCCP pa3pabarsiBaiack mporpaMma MaciiTaOHON HH-
qycTpuanuzannu crpansl. OqHaxo, BKiItoueHne JKeskasrana B
CIIMCOK IIEPCIEKTUBHBIX MECTOPOXKIEHUH, TlIe MOXKHO OBLIO
OBl MOCTPOUTH KPYIHBINA MEACTUIABHIIbHbIM KOMOUHAT — OCTa-
BaJIOCh IO/ OOJIBIIIMM BOIIPOCOM.

C 1929 roga K.M. CarmaeB MOJHOCTBIO B3sUI IOJ CBOI
KOHTpOJIb pa3Benky JKeskasranckoro mectopoxiaeHus. [lox
€ro pPyKOBOJICTBOM KOJUIEKTHB I'€0JIOTOB 32 CPABHUTENIBHO KO-
pOTKUit CpoK, K KoHITy 1931 roga, cymen okazaTh HAJIMYUE B
JKe3kasrane OrpoMHBIX 3allacoOB MEIH, 3HAYUTEIBHO MPEBBI-
LIAIOIIUX TTepBOHavYaNbHble MPorHo3sl ['eonkoma. B 1932 roxy
10 UTOr'aM T'€0JIOTMYECKUX PadOT BBIIILIA HA CBET MOHOTIpadus
K.N. CarnaeBa «OKe3ka3zraHckuil MeIHOPYAHBIN PallOH U €ro
MHHEpaJIbHbIE pecypch». B Hell moaBoAWIMNCH UTOTH Mac-
mTabHBIX TE€0J0ropa3BeouHbIX padotr B JXKe3kasran- Yibitay-
CKOM paiioHe, BBINONHEHHBIX B 1929—1931 rr. Ot Hay4HbIe
uccieoBaHusl onpenenin Oynymee JKeskasraHa, OJHAKO
BIIEpeIN OBLTH TOABI TSKENIOH pabOThl U CYPOBBIX HCIIBITAHUI.
B 1933 romy ¢uHaHCHpOBaHHE PA3BEIKU MECTOPOIKICHUS
U TPOEKTUPOBAHHS TOPHO-METAJTyprHYeckoro KomMOMHaTa
ObUIO HEOXKHJIAHHO IpeKpalieHo. [eonoropaszBenodynHas op-
raHu3anus, B KOTOpoi padorano Oosee 700 yemoBek, Obuia
MOYTHU MOJHOCTBIO JUKBUAMpOoBaHAa. HactoiuuBslie obpare-
Hus K.M. CarnaeBa 3a OMOIIBIO B LIEHTPAIbHbIE OPraHbl CH-
TyalyIo0 He M3MEHWIM — uccienoBanus B JKeskasraHe Obuin
3amMopoxeHbl. 1locie cMeHbl pyKOBOACTBA MEIHOM OTpaciu
Cogetckoro Coro3a, K.M. CarnaeB cMor BCTPETUThCS ¢ Hap-
KOMOM TSDKEJIOH MPOMBIIIICHHOCTH M JI0Ka3aTh MePCIEKTHUBBI
JKe3ka3raHCKoro MeCTOpOXKICHHUS.

10 despans 1938 roma m3gan ucropuueckuit st Kes-
kasrana npuka3 Ne 50 Hapomnoro xomuccapuara TSKENIOH
npombiieHHocTd CCCP, B KOTOPOM MpeanuchiBaIOCh He-
MEJUIEHHO TPUCTYIHUTh K MPOEKTHPOBaHUIO HOBOro JKeskas-
TaHCKOTO KOMOHMHATa C YBEJIMYEHHEM MPOM3BOJCTBEHHOM
MOII[HOCTH.

C TOro BpeMEHH I'€0JIOrOpa3BeI0YHbIC PAOOTHI BBIILIH U3
kpu3uca. MeHee ueM 3a J1Ba roja B JKe3kaszrane BOCCTaHOBHIIN

npexxHuit 0obem pador. B 1940 rony Hayanock miiaHoMepHOE
n3yuenne JKumaHIUHCKOM TpyIIBl MECTOPOXKIECHHUH, pacmo-
noxeHHbIX B 40-50 kM k ceBepy ot XKeskasrana. B 1941 roxy,
korna Meuthl 0 bonbmowm JKeskasraHe cranam pealbHOCTBIO,
B cynpbe K.M. CarmaeBa mpou3olmies pe3Kuil mepesioMm — ero
nepeBeian Ha pabory B Anma-Aty aumpekrtopoMm MHctuTyTa
reojornyeckux Hayk Kaszaxckoro duimana AkajemMuu Hayk
CCCP.

HeCMOTpH Ha CHWJIBHYIO 3arpy>XCHHOCTb BaXXHBIMH 3KO-
HOMHWYCCKUMH W OpraHru3alfuOHHBIMH BOIIpOCAaMHU, Kanpim
MNmanTaeBuu BCEraa HaxXoaAWJI BpEMs J1d TOATOTOBKU HAYYHBIX
myOIUKaIMid, OCHOBAHHBIX Ha PE3yJibTaTax CBOCH IesATeIbHO-
ctu. Bo Bpems pabotsl B JXKe3kasrane CarnaeB omyOiIrkoBa
Lenblid psAll cTaTedl B HAYyYHO-IIPOU3BOACTBEHHBIX KypHAJlax
W Taszerax, B KOTOPBIX OCBellaj 3HaueHHe JKe3kazraHckoro
pErroHa M ero OTIEJbHBIX 0OBEKTOB, a TAKXKE paccMaTrpHBall
[EPCIEKTUBBl PA3BUTUS LBETHOW W YEPHOW MeETaLlypruu
Lentpansuoro Kazaxcrana. B o0mieli ciioxHOCTH podieMam
JKeskaszrana Obuto mocBsimeHo Oosee 330 onmyONMKOBaHHBIX
padot K.U1. Carnaesa.

Ilepeesn Kanpima MmanraeBuua CarmaeBa B Anma-Aty
COBIIAJ C HayaJIoM BOMHBI. Yekas u3 JKeskasrana, oH OTaal
pacnopsbkeHue cBouM Kosuieram-reosioram B.U. HItudano-
By u M.H. BornanunkoBy Hayath OypoBble pa3BelOuYHbIE pa-
0OTbI Ha MapraHIleBOM MeCTOpoXxaeHun JKe3apl, KOTopoe OH
otkpbut emie B 1928 rogy. OueHuB Xox coObITHI Ha QpOHTE,
Kanwnmn Cartmaes IMOHAJI, YTO OKKYIAHThI MOTYT 3aXBaTUTh
Huxoronb — MecTOpOXJEHHE MapraHua, odecrednBaroliee
cTaJleryIaBuIIbHbIe 3aBO/Ibl Ypaia. Koraa aTo Bee jke npouso-
111J10, B C)KaThle CPOKH ObLIM 0OecredeHb! OecriepeOoiiHbIe 1o-
CTaBKM MapraHueBbIX py/ JKeszpl Ha ypaibCKHue 3aBOJIbI, TIe
JUTSE IPOM3BOZICTBA OPOHEBOM CTaIH, HEOOXOAMMOM IS BBIITY-
CKa TaHKOB, CTAJIM MPUMECHATH MapraHel u3 }Ke3;u>1.

Ocenbto 1941 roga K.M. CarnaeB Ha3HaueH 3aMeCTUTe-
JIeM TIpe/cesiaTenis, a Yepe3 roj — MpeaceaaTeneM Ipe3u/iu-
yma Kazaxckoro ¢unuana AH CCCP. Kaubin MmantacBuy
paavKagbHO MEePecMOTpes TEeMaTH4eCKUil IUIaH MHCTHTYTA,
HaIrpaBUB Hay4YHbIE UCCIICIOBAHUS HA OKa3aHHE MAaKCHMAJIbHO
BO3MO)KHOM ITOMOIIH (PPOHTY.

I[J'IH 3HAYUTCIIbHOTO YBCJIMYCHUA BBIITYCKAa ME€IU B CTPAHC
no nnunuatuse K.M. CarnaeBa Obliia Oprann3oBaHa MocTaBKa
Ha banxamickuii 3aBoj Oorareix pyn JKeskasrana. B Uncrury-
TE€ FeOJIOTHYECKHX HAyK TAK)Ke HAYalUCh MaciiTabHbIe pabo-
THI 10 OIIEHKE MECTOPOXJICHNH jKeJie3a U MapraHua, 4ro cra-
JIO OCHOBOW JUIsi CO3MIaHMsI ChIPhEBON 0a3bl Oymyieil Mera-
myprudeckoil npomeinuieHHocT Kaszaxcrana. K.M. Carnaes
aKTMBHO y4acTBoBajl B pabore Kommccum mno mobOunmzanuu
pecypcoB Kazaxcrana, Ypana u 3anagHoit CuOupu aist Hyx
00OpOHBI CTPaHBI, MPEACEAATEeICM KOTOPOH ObLIT MPE3UACHT
AH CCCP axagemux B.JI. Komapos, 3BakyupoBaBimiics B
Anma-Ary.

B 1942 roay Kanbimn MmanTtaeBuu 3a tpyn «PymnHble Me-
cropoxkaenus JKeskasranckoro pariona Kazaxckoit CCP» ObL1
ynoctoeH l'ocynapcrBennoit mpemun CCCP. KpyriHbie yueHb-
e-reosioru u akanemuku AH CCCP nanu stoii pabote BbICO-
KYIO OIIEHKY, ¥ B ToM e 1942 rony, 3a BeIIAIOUINECS 3aCITyTH
Mepei CTPAHOM U BKIIAJ B HAyKy, eMy ObLIa IPUCYKICHA y4e-
Hasl CTEIIeHb JIOKTOpa I'e0JIOro-MUHEPAIOTHYECKUX Hayk, 0e3
3allUThI AUCCEpTallUH.

T'opnuutii scypnan Kazaxcmana Nel’ 2026
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Hay4yHoe Hacsenue

OcHOBHOM XapakTepHOi uepToi padotsl Kansimma lmanTa-
eBMYa Ha MOCTy pykoBomuTens Kasaxckoro ¢mmmana Akanme-
mun Hayk CCCP, a mo3nnee Axagemun Hayk Kazaxckoit CCP,
OBLIO €ro cTpeMIIeHHE MOCTaBUTh HAYYHBIC UCCIECIOBAHUS HA
CiTy’0y 3KOHOMHUYECKOMY M KYJIBTYPHOMY Pa3BUTHIO MOJIO-
Toi pecnyonuku. Bo BpeMst BOMHBI (hrman Hamaaui TECHOE
COTPYIHMUYECTBO € KIFOYEBBIMU Ipeanpusitusivu Kazaxcrana,
TakuMu Kak JKe3kaszranckuil u banxamickuil ropHo-meTal-
JyprudecKre KOMOWHATBI, TOPHOPYAHbIE M MeTaJuTyprude-
ckue npexnpustus Pynnoro Anras. Yuensle pa3padareiBanu
Hay4YHbIC TEMBI 110 3aKa3y HMPOMBIIIICHHOCTH, MTOBBIIIAOIINE
3 PEeKTUBHOCTH MPONU3BOACTBA. B KopoTkmit cpox Kazaxckmit
¢bunman AxkazeMun HayK CTall IIEHTPOM HAyYHOI MBICIIH B pe-
THOHE, KOOPJUHUPYS U MPOBO/IS UCCIEAOBAHUS 110 MHOKECTBY
KIIFOYEBBIX 00NacTeil HayKH, B TOM YHCIIE I'€OJIOTHIO, TOPHOE
JIEN0, METAIUTYPrUI0, XUMHUIO0, OMOJIOTHIO U T'yMaHUTAPHBIE Ha-
yku [1, 6-11].

Macurtad BBITIOTHEHHBIX Pa0OT U TOTPEOHOCTH B TATbHEH-
IIEM Pa3BUTHH HAYYHBIX UCCIIEOBAHNI B PECIyONnKe MpUBe-
JIM K TOMY, 9TO (rtran 66Ut mpeoOdpazoBaH B AKaIeMHIO HAyK
Kazaxcrana. 1 urons 1946 roma cocTOsIIOCH TOP)KECTBEHHOE
oTkpeiTHe Akagemuu Hayk Kaszaxckoit CCP, u ee mepBbIM mpe-
sunenToM ctair Kanermn Mmanraesuu Carmnaes.

brarogapst cBoum TpyaaM B 001aCTH T'€0JIOTUH U U3yUEHHs
TIOJIE3HBIX UcKomaeMblx KazaxcraHa, a Takke TITyOOKHM 3Ha-
HUSIM B PA3JIMYHBIX 00NACTAX HAYKHU, OH 3aCITy>KWI IPU3HAHNE
HE TOJIbKO B POAHOM CTpaHe, HO U 3a ee npeaenaMu. Boicokoit
onenkoit 3acimyr K.M. CarnaeBa ctano n3bpanue ero B 1946
Tony JCWCTBUTEIBHBIM WICHOM (aKaZeMHUKOM) AKaJaeMUU
nayk CCCP.

B mocneBoeHHBIE TOIBI AKTMBHO YKPEIUISUIUCh M pa3BH-
BQJINCh CBA3M MEXIY HAayYHBIMU YUPEXKICHUSIMH AKaJeMHU
nHayk Ka3CCP u npomsIieHHBIME opraHu3assMu. Momonast
aKa/IeMHsl IPOJOIKajla pacupsTh CBOIO HayuHYyIo 6azy. [Tox
00IIMM PYyKOBOJICTBOM, Ka)K/IbIil HAYYHBIH HHCTUTYT Pa3BUBAJl
cBOe HampasieHue padboTel Akamemun Hayk. K.M. Carmaes
nopuepkuBai: «Hamra muHusS — 00beANHSTE HayYHbIC CHIIBI U
HAIIEeNMBATh WX Ha PEIICHHE OCHOBHBIX HAPOIHOXO3SHCTBEH-
HBIX TTPOOTIEM».

B cocraBe Hay4HBIX pabOT C Ka)AbIM I'OJOM CTaHOBH-
J0Ch OOJIBIIE TPOEKTOB, HAIIPABICHHBIX HA PEIICHUE KPYyII-
HBIX KOMIUIEKCHBIX IIPOOIEeM, 00eCIeYHBAIOINX BCECTO-
pOHHEE pa3BUTHE YKOHOMUKH PETHOHOB peciyOnuxu. s
3TOTO TPOBOAMIUCH BBIE3JIHBIE CecCUU AKaJeMUU B IIPO-
MBIIUIEHHBIX LEHTpax — B PyaHom Amntae, B Llentpans-
Hom u 3amagHom Kasaxcrame, a Taxke B KocTaHaickou
o0macTu, 4TO CcrOCOOCTBOBAJIO OTKPHITHIO HOBBIX 3aIacoB
MPUPOJHBIX PECYPCOB U PA3BUTHIO IPOMBIIIEHHOCTH B Pe-
ruonax Kazaxcrtama. Ilo pesympratam pabGoTel AKaaeMus
Hayk Kazaxcrana BBIIIUIA HA JIMJUPYIOIINE TTO3ULUU CPENN
aKaJeMHii COro3HBIX pecmyOnmk. Oxnako B 1951 rony B pec-
myOJInKe pa3BepHyJIach KaMIIaHUS IPOTUB TaK Ha3bIBAEMbIX
«OyprKya3HBIX HAIIHOHAJIUCTOB». 23 HOSOPS TOTO K€ roja,
MIOCJIE CEPUH OPTaHM30BAHHBIX KPUTHUECKHUX ITyONMKanun
B mpecce, bropo LUK KII(6)K orctpanmmo K.M. Carmaesa
ot nomwkHoctu npesunenta AH Kazaxckoit CCP. Ero o6Bu-
HUJIN B TOKPOBUTENBCTBE «OypKYya3HbIM HALIMOHAIUCTAMY,
JIOTIYIIEHHBIX KaJPOBBIX U (PMHAHCOBBIX HapyIIECHUSX, CO-

Topnwiir srcyprnan Kazaxcmana Nel’ 2026

KPBITHH COLIMAJIBHOTO MPOUCXOKICHUSA U pse APYTUX Ha-
JyMaHHBIX «HAPYIICHUI».

K.U. CarnaeB, 4To0bl ONpPOBEPrHYTh OOBMHEHHS U JIO-
Ka3aTb CBOIO HEBUHOBHOCTb, OTIpaBuiCs B MockBy. B stor
TpyaHbIN 11 Hero nepuop CartnaeB 3apyduics MOANEP:KKON
npe3ugenta Axanemun Hayk CCCP axamemuxa A. H. Hec-
MEsTHOBa, KOTOPBIN JJake Mpesiaraja eMy BO3INIaBUTh OJHH U3
MOCKOBCKHX T€0JOTH4eckuxX MHCTUTYTOB. OnHako KaHbim
MmanTaeBuy He CMOT IOKMHYTh pOJIHbIE Kpasi. B pe3ynbrare,
MOCJIC CePHH HECIPABEIIMBBIX OOBUHCHHI U HAKA3aHUH, eMy
BCE K€ MO3BOJIMJIM OCTaThCs B AJIMaThl U IPOJOJDKUTE pabo-
Ty B JIOJDKHOCTH JUpeKTopa MHCTUTYTa reoorHuecKux Hayk.
HoBblit 3Tan B €ro KU3HU, HECMOTPSI HAa TPYAHOCTH, MOTYUIHI
noJoxuTeNnsHoe nponomkenue. Kanpim MmantaeBuu momy-
YUJT BO3MOYKHOCTB COCPEIOTOYUTHCS UCKITIOYUTENBHO Ha Ieo-
aornyeckux npoonemax Kazaxcrana. [log ero pykoBoacTBoM
OBbUTH pa3BepHYTHI MAaCIITAOHbIE PA0OTHI 10 METAJUIOTEHUH, B
KOTOPBIX Y4acTBOBAIM MPAKTUYECKH BCE I'€OJIOTHYECKHUE Op-
TaHU3alMHU PECITYOIIHKH.

MerTamioreHu4ecKue HCCIENOBaHMUs, WHULIMUPOBAHHBIE
K.U. CarnaeBbiM, OCHOBBIBAJIUCH HA YETKO CHOPMYIUPOBAH-
HBIX UM MIPUHIUIIAX U METOJAaX CO3/1aHUs IPOrHO3HBIX MeTal-
JOreHn4eckux kapr. M Obu1 pa3paboTaH KOMILIEKCHBIH 1MOJ-
XOJl K METAJUIOTeHHUYECKOMY aHaJIU3y, a TAKKE IMOJIOKEHHUS,
Kacaloluecs: TEOPUH PyAoo0pa3oBaHusl U IPOTHO3UPOBAHMUS
MecTopokaeHuil. braronaps atum uccnenosanusm K.M. Car-
MaeB 3aCIyEHHO CUUTAeTCs OJHUM U3 OCHOBAaTesled meTas-
JIOTEHUYECKOW HayKH W POJOHAYaJIbHUKOM 3TOTO HaIpaBlie-
Hus B Kazaxcrane.

K nauany 1953 roga MuCcTHTYT reonoruueckux Hayk AH
Ka3CCP 3aBepmmin macuitTadbHyo padboTy mo cOopy U aHa-
nu3y gaHHbIX o lleHTpampHoM Kazaxcrane. B 1954 roapy
ObUIM cO3JIaHbl paboYMe MaKeThl M OKOHYATEJIbHBIE BEPCHUU
CHUCTEMATU3UPOBAHHBIX METAJIIOT€HUYECKUX TPOTHO3HBIX
KapT. DTOT TPYyJ CTal TEOPETUYECKOW OCHOBOIl MeTasio-
reHuueckoro asHanmsa Kaszaxcrana, MO3BOJIUB OMNPEIENIUTH
9Tanbl pyJoo0pa30BaHMs U 3aKOHOMEPHOCTH pa3MelleHHs
MecTopoKaeHuil. Ha mporHo3HbIx KapTax ObUIM BBIJEICHBI
MEPCIEKTUBHbIE YUACTKHU JIJIs TPOBECHMSI T'€0JIOT0pa3Be104-
HBIX Pa0OT, I7Ie MO3KE OBUIM OTKPBITHI BAYKHBIE MECTOPOIKIEC-
HUS TIOJIE3HBIX HCKOMaeMbIX. 3a 3Tu Tpyasl B 1958 romy
K.M. CarnaeB u rpymnmna ka3aXxCTaHCKHUX T€0JIOTOB, B YHCIIE
KOTOPBIX OBUIM M YUYEHbIEC HAIIEr0 YHUBEPCUTETA, YIOCTOCHA
JleHuHCKOM peMuH.

CrnpaBeATMBOCTh BOCTOPJKECTBOBANA: MOCIE CMEHBI Y-
KoBoJIcTBa pecnyonuku B 1955 rony Kaneimm MMantaeBuu
CarmnaeB OblI BOCCTaHOBIIEH B foibkHOCTH [Ipesnenra Aka-
nemun Hayk Kazaxcrana. OH 3aHHMMAal 3TOT IOCT A0 KOHIA
CBOEGH XM3HHM, ITPOJOJDKAsi akKTUBHO paboraTh Ha Oiaro Ha-
YKU U pa3BUTHUs peciyOnuku. TemaTnka HayuHBIX HUCCIIEO-
BaHM aKaJeMHUYECKHX MHCTUTYTOB ObliIa COCPE0TOUEHA Ha
pemieHny HauOosee aKTyaslbHBIX 3ajad, COOTBETCTBYIOLIUX
NOTPEeOHOCTSIM CTpaHbl M ee pa3BuUTHIO. [lomMumo cozna-
HUSl HOBBIX HAay4YHBIX yUpeKJIeHHH B Anma-Ate, Axanemus
Hayk KazaxcraHa akTHBHO pacuiupsiia CBOE€ HMPHUCYTCTBHE
B pernoHax. Ui yCWJIeHUs CBA3M HAayKH C MPOU3BOACTBOM
Hayalu OTKPBIBAThCS CIENMAIU3UPOBAHHBIE MHCTUTYTHI B
KJIIOYEBBIX TPOMBIIIICHHBIX LEHTPax pecryOJInKH, Takux
kak Ycrb-Kamenoropck, Kaparanga u ['ypeeB. B nexaOpe
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1958 rona B Anma-Are mpouuio nepoe Beecoroznoe merai-
JIOTEHUYECKOE COBEIIaHHe, KOTOPOe MOJHOCTBIO MOAepKa-
JIO METaJUIOTeHUYEeCKUe KOHIEIINH, pa3paboTaHHbIe Ka3ax-
CTaHCKHMHU I'e0JIOTaMHu.

Kanpin MimantaeBud o0aall yHUKaIbHON CIIOCOOHOCTBIO
MIPe/IBUACTH Oy/lylliee pa3BUTHSI PETHOHOB PECITYOJIMKH U Olle-
PaTuBHO p€arupoBaTb Ha KJIIFOUYCBBIC PCHICHUS IIPABUTCIILCTBA.
B ocHoBe 3apOXKACHUA MPOMBINIIIEHHOCTU MHOI'UX PETMOHOB
coBpemenHoro KaszaxcraHa Jiexxar MaciuTaOHbIE Hay4HBIE
WCCIIe/IOBaHMUSI, TPOBE/ICHHBIE MO/ PYKOBOACTBOM KaHbimia
CatnaeBa: uccIe0BaHMs TPUPOAHBIX PECYPCOB MOIYyOCTPOBA
Masnrucray, padoThl 110 OCBOCHUIO IIEJIMHHBIX 3eMEllb, a TAKIKE
MPOCKThI, CBA3aHHBIC CO CTPOUTCIILCTBOM KaHajia I/IprllIJ -
Kaparanna u pemennem Apyrux CTpaTerHueckux 3aaad (puc.
1). Ero Hay4HbIe OTKpBITHSI U 110 CEH JEHb CIIy’Kar BO Oyiaro
HAIIIero roCy/1apcTaa.

-~

:[(g'a raH,q

Puc. 1. Kanaa Epruc — Kaparanaa umenu
K.!. CaTrnaesa.
Cyper 1. K.U. Cordaes arbinnarsl Epric — Kaparanasi
KaHAJbI.
Figure 1. The Irtysh — Karaganda Canal named after
K.I. Satpayeyv.

3akaoueHne

B 3Hak mpu3HaHUs 3aciIyTr U B LENSX YBEKOBEUECHUS Tamsi-
T akagemuka Kanbima Mimanraesuua CarnaeBa, €ro HMEHEM
HA3BaHbI IIKOJIBI U YIIUIIBI B TOPOJAX U IMMOCENIKAX PECITyOJINKH,
kanan Hpteimn — Kaparanga, UHCTUTYThl U YHUBEPCUTETHI.
B JKonrapckom Anaray ero umsi HOCUT JISAHUK U TTUK. Manyro
MJIAaHETy B KOCMOCE TaK)Ke Ha3BAJIM B €r0 YeCTh.

ITo wnunmaruse ImaBbl rocymapctBa 125-netue co nHs
poxnenust Kanpima MmantaeBuua CarmnaeBa oTMe4anoch Ha

BBICOKOM TOCYAapCTBEHHOM YPOBHE, KaK JJaHb yBAXKCHUS Mep-
BOMY Ka3axckomy akaaeMuky. Kak ormermn Kaceim-JKomapt
TokaeB, raBHOE — HMPOAOIDKUTH MacIITaOHOE JeJI0, HauaTroe
Kanpimom CarnaeBbiM.

«MBI TOBOPUM «HayKa» — M MPEXkJe BCEro, UMEEM B BHUIY
Benukoro yuenoro Kanpbrma CarmaeBa. 1 3To 3aKOHOMEpHO.
He cnyuaitno HannonaneHas akagemus Hayk Kazaxcrana, Boc-
CTaHOBUBLIAsL CBOM rOCYNapPCTBEHHBIN CTATYC, IPOYHO ACCOLIU-
upyetcs ¢ umeHeMm Kanpira CarnaeBa, KOTOPbIM TOPIUTCST HE
TOJIBKO Hallla CTPaHa, HO W BCSI MUPOBasi HayuHasi OOILECTBEH-
HOCTB», — 3TH cnoBa [Ipesunenta Kazaxcrana B momHoil mepe
OTpPaXaroT POJIb MEPBOTO aKaJeMUKa B ICTOPHHU HAIlIEH CTPaHBI.

Kanpim CarriaeB ObUT HE TOJNBKO BBINAIOIIUMCS YUCHBIM,
HO ¥ HACTAaBHUKOM, KOTOPBIH BOCITUTA L1EJ10€ OKOJICHHUE yue-
HBIX, YbU YUEHUKH U CETOJIHS MIPOIOJDKAIOT JIEJI0 IIEPBOTO aKa-
nemuka. OH ocTaeTcs AJis BCeX CUMBOJIOM MYXECTBa, aTpH-
0TH3Ma ¥ HACTOWYMBOCTH B CTPEMJICHUH K UCTHHE B NMOMCKAX
HOBBIX TOPU30HTOB 3HAHUI.

I'myOokwuii Hay4HBIH aHamu3, Kiaccu(UKAIUs TPYIAOB H
MOJIrOTOBKA 8-TOMHOT0O coOpaHust HayyHbIX TpyaoB K.W. Car-
naeBa B 1998-2001 rr. BeimonHeHsb! kKoiekTHBOM MHCTHTYTA
reonornueckux Hayk um. K.M. CarnaeBa ¢ caMbIM aKTUBHBIM
u TBopueckuM ydactuem nodepu K.M. Carmaea, kpymHOro
Y4EHOT0-Te0JI0ra, JOKTOpa Te0J0ro-MUHEepaTorndeckiux Hayk
Meu3s KanpimeBas! CarnaeBoi.

HAO «Kazaxckuii HalMOHaNbHBIA HCCIEN0BATEIbCKHM
TexHuueckuil yHuBepcurer nmenn K.M. CanraeBa» momro-
ToBWJI M u3nan coopanue Tpymos K.M. Carnaesa B 10 Tomax
K 125-1eTHio BBIAAIOMIETOCS YUYEHOTO-Te0JIora, OpraHmu3aropa
U TIepBoro npesuaeHTa Akagemun Hayk Kasaxcrana, BUIHOTO
00IIIECTBEHHOTO U TOCYJapCTBEHHOTO Aearens [8—11].

10-tromHoe cobpanue counHenuid akagemuka K.J. Carna-
eBa, BKJIIOYarollee ero padoTel B 00JaCTH I'€OJIOTHH, TOPHO-
ro Jiefia, MEeTAJUTypriuM U JIPyTUX HayK, NpelCcTaBiseT coOon
LEHHEHINI BKJIaJ B HayuyHoe Hacieaue KazaxcraHa u Bcero
MHPOBOT'O HayYHOTO COOOIIIECTBA.

Jlannast crarbs gpuHancupoBanach Komurerom Hayku Mu-
HHUCTEpPCTBA HAyKU U BbICIIero oopazosanus Pecnyonuku Ka-
3axctaH no Teme BR24992920 «/ccnenoBanue HaydHO-Kyilb-
TypHoro Hacieaus akajgemuka K.M. CarnaeBa — nmyTh K pa3BH-
THUIO Hay4yHBIX IIKoJ Ka3axcranay.

BbaarogapHocrs

Mannana cmampa Oviia no02omoeneHa npu noodeprHcKe
npoexkma HPH BR24992920 «Hccnedosanue nayuno-Kyis-
mypHozo nacnedus axademuxa K.H. Camnaeea — nymo
K paszeumuito nayuuvix wkon Kazaxcmana», unancupy-
emo2o0 Munucmepcmeom HAYKU U 6biCULE20 00PA308AHUSA
Pecnyonuxu Kazaxcman.
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5. Camnaes K.U. I'eonocuueckoe uzyuenue nedp Kazaxcmana: Memannocenusn: Aimamor: KasHUTY, 2024.
T. 5. 463 c. (na pycckom sa3vike)
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1. Combaes K.U. Kazaxcmannvly mabueu 6aunvixmapwoi. Aamamor: Kas¥T3Y, 2024. T. 1. 339 6. (xazax
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mininoe)
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ouepk. 2-6acvinvim: Tomcx: TITY, 2019. 136 6. (opvic mininde)

8. Comnaes K.U. Kazaxcman evinvimor: 1955—-1963 oicoic. : Anmamor: KazsHUTY, 2024. T. 7. 509 6. (opvic
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBHUSI IPEJOCTABJEHMS CTATEA
B pPelaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «lopuslii :xxypuaua Kazaxcrana»

1. «TopHblIii :xypHaj Kazaxcrana» NpuHUMAaeT K NyOJIMKAIIMU OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
co/lep:KaHUsl, OTPAKAIOLIME Pe3yabTaThl HCCIEI0BATEILCKO M HAy4YHOH /esiTeJbHOCTH, MMeEIOLIHEe PEeKOMEHJAAUMH K
NPaKTHYECKOMY NPHMEHEHHIO pelIaeMbIX BOINPOCOB, a TaK/Ke CTATbH 0030PHOr0 XapakTepa, OTBeYalOIHe KPUTEPUSM
NepBUYHOI HAY4YHOH myOauKkanuu (TOJIHBIN NIepedeHb pyOpUK yKa3aH Ha calite minmag.kz).

2. OcHOBHBIE TPe0OBAHMS K CTAThAM, NPeACTABICHHBIM I MYOJHUKALUH B )KypHAaJie:

= Ha0Op CTaThH MPOU3ZBOAUTCS B TeKcTOBOM penakrope Word mpugprom Times New Roman 12 xeriiem ¢ IOJIyTOPHBIM HHTEPBAIOM;

= 001IMi 00bEM CTaThH, BKIIOYAsk PUCYHKH, TaOIMIIbI, METaIaHHBIC HE JJOJDKEH MIPEBbINIATh 8 MeYaTHBIX CTPAHUIL;

* cTaThy (3a UCKIIOYEHHUEM 0030pOB), JOJDKHBI COIEPKaTh HOBBIC HAyYHbIC PE3YIIbTaThI;

* CTaThs AJOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO KypHAIIA;

* CTaThs AOJDKHA OBITH 0OPMIICHA B IIOJTHOM COOTBETCTBHUH C TPEOOBAaHUSMH, OTPAKEHHBIMU B II. 3;

* cTaThs MOXKET OBITH IPE/ICTABIICHA HA Ka3aXCKOM, PYCCKOM HJIH aHITIMACKOM SI3bIKE;

* B PCAKLHUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPHAHT CTAaTbU, UCKIIIOYAIOUIMNA HEOOXOIUMOCTh
ITOCTOSIHHBIX 10paOOTOK TEKCTa Ha Talax M3IaTeIbCKOro Ipolecca;

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

3. CTpyKTypa cTaThH JOJDKHA COACPIKATH CIEAYIOIINE pa3ieibl:

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

* Ha3BaHHE CTAThH (COKpAIICHUS HE TOMYCKAIOTCS, HE TOIYCKACTCsS HCIIONb30BaHHE a0OpeBHATyp M (OPMYI; MaKCHMalIbHOE
KomruecTBO cioB 10-12) momkHO OBITH WH(POPMATHUBHBIM, COOTBETCTBOBATH HAyYHOMY CTHIIIO TEKCTa, COJEP)KaTh OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTepHU3yIOLIMe TeMy (IpenMeT) HCCICHOBAaHHUS M COIAepKaHHUE padoThl, MPEIOCTABISECTCS Ha Ka3aXxCKOM,
PYCCKOM M aHIJIMHCKOM SI3bIKAX;

* MHUIMAJIBI 1 (HaMUIINU aBTOPOB; CTAThs TOJDKHA UMETh He OoJiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCSI aBTOP-KOPPECIIOH/ICHT;

= CBEJICHHS O Ka)K10M aBTope (Y4eHas CTCICHb, yUeHOE 3BaHUE, JOJIKHOCTh, MECTO OCHOBHOI pPabOThI, TOPOJ, CTPaHa, KOHTAKTHBIC
nmaHHbIe (agpec 2meKkTpoHHOo# ouTer), ORCID ID) npenocTaBisroTcsl Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* IOJTHOE Ha3BaHHWE OpraHu3anuu (-ii), Tae padoTaroT aBTOPHI (C yKa3aHWEM BEIOMCTBEHHOW MPUHAICKHOCTH);

* aHHOTALIUS B COOTBETCTBUU C TPEOOBAHUSIMH MEKAyHAPOAHBIX 0a3 JaHHBIX JOJDKHA JTOCTATOYHO IOJIHO PACKPBIBATH COJCPKAHNE
CTaThbU, BKJIIOYAs XapaKTEPUCTUKY OCHOBHOW TEMBI, NMPOOJIEMbl OOBEKTA, LEIM HCCICIOBAHUS, OCHOBHBIC METONBI, PE3yJIbTaThI
HCCIICIOBAHMS M IVIABHBIC BBIBOJIBI. B aHHOTAI[MM HEOOXOJMMO yKa3aTbh, YTO HOBOTO HECET B ce0c CTarhsi B CPABHEHUH C JIPYTHMH,
POICTBEHHBIMH II0 TEMAaTHKE M IEJICBOMY HA3HAUYCHHIO MarepuaiaMu. AHHOTALUS IPEIOCTABISCTCS Ha Ka3aXxCKOM, PYCCKOM
M aHIJIMHACKOM si3bIKax o0bemoM He MeHee 700 u e 6osee 900 CUMBOIIOB;

* KJIIOYEBBIC CJIOBA B Koun4ecTBe 6...10 yCTOWYHMBBIX CIIOBOCOYETAHH, 10 KOTOPBHIM B JAaJIbHEHIIIEM OyIET BBINOIHATHCS MTOUCK
crarbu (COKpaleHus u abOpeBHATyphl HE JOMYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAXKAIOT CHEHU(DHUKY TEMBbI, OOBEKT U PE3yJabTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM U aHIIMHCKOM SI3bIKAX;

* TEKCT CTaTbM, COIEPIKAILMUII CICAYIOUINE pa3/iesibl (BBEACHUE, METOIBI/UCCIICAOBAHNS, PE3yIbTAThl, 00CYK/ICHHE PE3YJIbTAaTOB,
3aKJIIOYCHHE/ BBIBOIBI);

* CIIHCOK MCIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOexHbIX He paHee 2015 rona, nmpenocrapisercs Ha
Ka3aXxCKOM, PYCCKOM M aHIVIMIICKOM SI3bIKaXx.

PUCYHKM pomxHB UMETH pacmupenue rpapuueckux pegakropoB CorelDraw, Photoshop, Illustrator u T. m.). ®ororpaduu
JIOJDKHBI OBITH MpeAenbHo YeTKuMH B Tpaduaeckom popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBeHHBIC
u 1udpoBbic 0003HAYCHUSI HA PUCYHKaX HEOOXOIMMO IOSCHUTh B OCHOBHOM MJIM HMOAPHUCYHOYHOM Tekcrax. Haamucn u npyrue
0003HauYeHMs Ha IpauKax U pUCYyHKaX TOJDKHBI ObITh 4eTKUMH U JieTko ynTtaeMbiMi. HIOAINNNUCU K PUCYHKAM u3AT'OJIOBKH
TABJINL OBSI3ATEJIbHBI. OdopmisitoTcst OTAETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupars B popmynsHOM penaktope MathTypes Equation wumm MS Equation,
rpedecKue U pycckre OyKBEI B popMyiiax HaOMPaTh MPSAMBIM MIPUGTOM (OIIIHS TEKCT), TATUHCKUE — KypCUBOM. O003HaueHUs 6eIUYUH
u npocmule Gopmynvt 6 meKkcme u MadIUYAX HAOUPAMb KAK djlemMenmyl mekcma (2 He Kak 00BEKTH (HOPMYIHHOTO PEAaKTOpa).
HymepoBars ciieyer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIC €CTh CChUIKH B MOCIEIyOLeM n3aomkeHnu. Hymeparus Gopmyl CKBO3HAs.

CIIUCOK HUCIOJb30BAHHBIX UCTOYHUKOB cocrapnsercs B MOPSAKE MUTHPOBAHKUSA U OGOPMIIIETCS B CTPOTOM
coorBercTBHH ¢ ['OCT P 7.05-2008. CchulKH Ha JIUTEPATYypPy B TEKCTE OTMEYAIOTCS IO MEPE UX MOSBICHUS MOPSIAKOBBIMA HOMEpaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NMPHUBOAMUTCS HA Ka3axXxCKOM, PYCCKOM M aHIVIMMCKOM s3bIKaX C yYKa3aHHEM B CKOOKaxX OpHIHHAaJa
myonukanuu. O6pasen; opopMIICHUS TUTEPATYPHI U TPAHCITUTEPALMH pa3MeEIIeH Ha caiite minmag.kz.

4. YcioBusi npuodpeTeHNs KYPHAJI0B aBTOPaAMU.

C aBTOpOM(aMH) 3aKJIIOYAETCs JOrOBOp O mpHoOpereHHH 10 (AecATH) SK3EMIUIIPOB JKypHala COMIACHO YCTAHOBJICHHBIM pacleHKaM
Ha TeKYyLIHil ToJ], KOTOpbIe OH(OHH) UMEIOT IPABO PACIIPOCTPAHSATH CPEAN TOPHOH 00IIeCTBEHHOCTH. Tlociie OIUIaThl cTaThsi MyOIMKYyeTCs B
HOMEpE XKypHaJja COrNIaCHO OYCPEIHOCTH.
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