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KOJIOHKA TJTABHOI'O PEJAKTOPA

Jopozue uumamenu!
Yeaotcaemure unenwvt peokonnezuu!

B nmHM, KOTZIA MBI, KOJJIETH 10 MPO(ECCHU — Te0JIOTH, TOPHSIKH, 000TaTUTEINHN, METALTypIy, CTPOUTE-
JIM, TPUOOIIEHHBIE K KOTOPTE JIFOZICH, OTBEUYAIOMNX TIepel CBOMM HapoO/IOM 32 OCBOSHHE Heqp, odecre-
YMBast €T0 HEOOXOAMMBIM KOJIMYECTBOM, BUIOBBIM HAO0OPOM M SKOHOMHUYECKH 3()(PEKTHBHBIM KaueCTBOM
METaJUIOB M IPYTUX IOJNE3HBIX UCKOIAEMbIX, TOTOBIIIMCH OTIIPA3IHOBATh HAII OONMit pa3aHuK — [leHs
MeTaurypra, B «Komcomombckoit mpase» 3a 15-22 urons 2026 1. 6p11a ommyOIMKoBaHA BayKHAS TI0 SKOHO-
MHYECKOH U IKOJIOTHYECKOH IIEHHOCTH ¥ CBOEBPEMEHHOCTH CTaThsl «Mycop Kak pecypc A HHHOBALHID.

MOXHO CTIOPUTH O MIPHOPUTETAX B CO3JAHUH TEXHOJOTHH M ITPOU3BOJCTBEHHBIX IPEIIPUATHH 110

Mapar cOopy, XpaHCHHUIO U IepepaboTKe 0TXOAaMHU B yIpasisieMoM (opMmare, HO BOIpoc peanusanud KoH-
Kakynosu4 HETIAY 9TOH TpobIeMsl, HamedeHHOH Ha 2026—2030 IT., eCTECTBEHHO, HA3pe, U CBOEBPEMEHHOCTH
Butumbaes MPUHATHIX PEIICHUH IUKTYETCS HE TEM, YTO OHHM SIBIIIOTCSI PECYpCOM ISl HHHOBAIMH, a HEOOXOIH-

2N1A6HbBLI PEOAKMOpP

MOCTBIO CO3JIaHUS NEHCTBYIONICH U yIIpaBIsIeMO BCEOObEMITIONICH CHCTEMBI HOBOTO BHIa POU3BO/I-
CTBa, BCTPOCHHOTO B YKOHOMHUYECKHE MOJICIIH.

B ny6mukarmu oz aBropctBoM E. KocTeHKO 0XBaveH Bech KPyT BOIMPOCOB (OOJBIIMHCTBO U3 KOTOPHIX MPHXOIHUTCS paccMa-
TPHBaTh, K COXKAJICHHUIO, C KHYIISD), TOATOMY MHE XOTEIIOCh OBI CKa3aTh erie 00 OHOH 00hEKTHBHOM PEeaTbHOCTH, HAMIPSMYO CBSI-
3aHHOI C OCBOCHHEM HEJIp — HAIlTIM OCHOBHBIM 3aHSATHEM, KOTOpasi TOKE CBA3aHa C CO3JJAHUEM OYIyIIHX OTXOAOB ITPOHM3BOICTBA.

AHTpoTIOTeHHOE TIpeoOpa3oBaHKe PUPOIBI B TIEPBYIO OYEPEIh 0 00BEeMaM JAC3HHTET PAIIHOHHOTO MITH XUMHUKO-arperaTHoro
BMEIIATEITLCTBA B €€ IIPHPOJHOE COCTOSIHHE TPeOyeT, YTOORI YeT0BEK M3MEHSIT U ITepeIeNIbIBajl IPUPOIY B )KEITaeMOM HaIpaBie-
HUU, PYKOBOJCTBYSCH 00sI3aTEIbHON HEOOXOIUMOCTHIO COXPAHEHISI MACCHBA HEIIP.

UenoBek e, TOCTaBUB CBOU TOTPEOUTETHCKIE HHTEPECH! a0COTIOTHBIM MIPUOPUTETOM, CIUTAS TIPU ITOM, YTO MUHEPAIIbHBIC
pecypchl uTocdepsl HercueprnaeMbl, OKa3acs JUIIOM K JIAIY ¢ MPOOJIeMOoii TIT00aTbHOTO SKOHOMIYECKOTO U AKOJIOTHIECKOTO
Kkpu3suca. TeHACHINSI ero HeoOpaTHMOCTH MOKET MIPUBECTH K IIOTHOMY MCUEPIIaHUIO SKOHOMUYECKH BEITOIHOTO U 0€30IIacHOTO
HCTOYHUKA TIPOU3BOICTBA METAIUIOB JI0 TIIYOMHBI aHTPOIOTeHHO-TEXHHYSCKUX BO3MOXKHOCTEH B 5 kM B TeueHue 30-150 yet
B 3aBHCHMOCTH OT BHJIa METAaJIJIOB.

B T0 ke BpeMs CyIIeCTBYIOT HICTOYHUKH HAKOIUICHHUS METAJUIOB, CO3JJAHHBIC TEXHOTCHHO, KOTOPBIC B CBOCH CYIIHOCTH CyM-
MapHO TIPEICTABIAIOT COO0H YacTh MPUPOTHON HECOTBOPUMON U HEYHHITOKUMOH, BEYHOI BO BPEMEHH M OCECKOHEYHOH B TIPO-
CTpaHCTBE (hOPMBI MaTCPUH, HAXOASAIICHCS B TEXHOTEHHO OPTaHN30BaHHOM JIBUKCHUH.

Ho, k coxxaneHuro, 3TO IBIKCHHE B 3HAUUTEIFHON CBOCH YaCTH 3aKaHYMBACTCS B TIPEBPALICHAN OTPAOOTABIINX CBOM aMop-
TH3aIMOHHBIA CPOK METAIIOKOHCTPYKIIHA, 000OPYIOBAaHHUS, arpeTaToB, MEXaHU3MOB B OTXOJbI, 3aHUMAIOIINX CBOE MECTO Ha
000pYIOBaHHBIX MM HEKOHTPOIUPYEMBIX CBalIkaX. ECIIF TOBOPUTH O CTaJH, TO €€ JBIKCHIE BHE HEJP B TEXHOTCHHOM 00beMe
repepabOTaHHOM JKENe3HOH PyIBl BEINIANT TaK: MHPOBOE IPOU3BOACTBO B ron cocraBiseT 1,9-2,0 Mipa TOHH, W3 HUX Kak
METaJIIONIOM BO3BpaIaeTcs B HoBoe yrorpedinenue 760—800 MITH TOHH, OCTAaeTCs B KaIIUTATBHBIX KOHCTPYKITUSAX HETPOHYTHIMU
B Te4eHHUe «Be4HOCTH» 650—700 MITH TOHH (TUTOTHHBI, MOCTHI, TPYOOTIPOBOJIBL, JKEJIC3HBIC TOPOTH, 000PYIOBaHHUE UTHTEIFHON
AKCIUTyaTaluy U T. 11.) 1 500 MJTH TOHH €KETOTHO TIEPEXOIUT B TE CAMBIE CBAJIKH, KOTOPHIC Ha CAMOM JIEJIE SBIISIOTCS HICTOTHHKOM
BOCIIPOHM3BOICTBA CHIPHEBON 0a3bI B HEApax.

[Ipocroii pacyet, HCXOAMINIT N3 TAKOW CTaTHCTUKH, TOKA3BIBACT, YTO KaXKIBIH TO IIPH 00s3aTeTbHOM Bo3BpaTe 3TuX 500 MiTH
TOHH B HOBBIH (TEOPETHUCCKU B OCCKOHEUHBIH U C €KETOIHBIM YBEIHMUCHHEM, PaBHBIM POCTY MUPOBOU TIOTPEOHOCTH), KOTOpPBIE
C YYETOM W3BJICUCHUS TIPH JOOBIUE PYIBI (TOTepH) U epepadoTke OyayT yBenndeHs! Ha 25—30% MHUHUMAIBEHO, 000pOT B HEIpax
OymeT SKOHOMHTHCS Ha 625—650 MITH TOHH jkele3a B pyze.

CHa0xxast 9eJI0BeYeCTBO HEOOXOMUMBIM KOJIHMUSCTBOM CTaH OecrepeOoiftHo, eKeroIHO NCKYCCTBEHHO YBEIHUUBATEH CHIPhE-
ByI0 0a3y, co3maBas TaKUM OOpa30M HOBYIO HMHCTHTYIHOHAJIHHYIO MOJAETH MPHPOIHO-TEXHOTEHHOH CHIPhEBOU 0a3bl BCEX Me-
TauioB. [Ipu 3TOM TIPOM3BOACTBEHHO-BO3BPATHEINA IIUKJI B3aUMOACHCTBHSI IIPUPOTHOH (TEOIOTHIESCKOM) CHIPHEBOI CpeIbl HEIp
C TEXHOTCHHOM CBIPHEBOI CpeIIbl «BTOPOI IPUPOABI» BHE HEIp co3aacT MpuHIHI « CO3UIaTeIFHOTO OCBOCHNUS Heapy. OH OyneT
JIecTBOBATH B (popMaTe pecypcoBOCIIPOU3BOICTBA, PecypcocOepeKeH!s i COXpAaHCHUS KaueCTBECHHOW IPUPOIHON CPEIb.

HznoxxeHHOE HaydIHOE OTKPHITHE Ka3aXCTAHCKUX YUCHBIX, IIOATBEPKICHHOE MEeKTyHAPOIHBIMI TUTTIOMAMH, SIBISICTCS TIPEIMe-
TOM TIO3HAHHUS SBJICHUH U CYIITHOCTH MIPUPOIIBI, CYIIECTBYIOIIEH, HO HEM3BECTHOM JI0 CHX TIOP U JOCTYITHOU ITPOBEPKE, TIPEICTABIIS-
OIIETO JOCTIKCHUE Ha YPOBHE HAYYHO-TEXHUIECKOM PEBOJIOINHI OJJHOBPEMEHHO B 00JIACTH T'€0JIOTH, TOPHBIX HAYK W SKOHOMHUKH.

Ecnmu 00beqMHUTE CYIIHOCTH MPOOJIEMEI, ¢ OTKJIMKA Ha pPEIICHHEe KOTOPOW MBI HAYaH ITyONHKAIIMIO 3TOW KOJIOHKH, C W3-
JIOKCHHBIM HayYHBIM IIPOPBIBOM B OONACTH OCBOCHHS HEJp, MOMYUYUTCS KaK pa3 To, O 4eM MpaBmibHO roBopmi E. KocteHko:
«Mycop Toxe SBISCTCS PeCypCOM JJIsi HHHOBAIIHID.

Mer obemiaem, 9To TeMa OyleT IPOJODKEHA, T. K. CISAyeT OMMUCATh HAIly TOYKY 3PSHHUS M0 Peau3alliy CYyITHOCTH HAYIHOMH
paboTHI U OPTaHU3AIMOHHBIC YPOBHH €€ PEIICHUS.

C [Inem memannypea, opy3va! Bnepeou y nac 6 aszycme /lenv waxmepa.

T'opnotit scypnan Kazaxcmana Ne7’ 2026



«OJIOTEHT KEMUKAJIC» — 10 JIET
CTABUJIBHOTI'O KAHECTBA 1 HOBbIX
PEIIEHNUU B MUPE PEATEHTOB

[TosnHast nWHEHKa peareHToB ISl TOPHOMOOBIBAIOIICH OT-
pacim, mpou3BocTBeHHbIe momanaku B Poccun, CIIA, Ku-
Tae u Y30ekucTane, COOCTBEHHBIE Pa3pabOTKU U OPUEHTHUD Ha
BBICOKOE KaueCTBO — C TAKUM HACBHIICHHBIM 0ara)xoM KOMIIa-
us «Pnorenr Kemukanc» B 2026 romy momomnuia K CBOEMY
10-neTwro. 3a 3TH TOIBI IPOM3BOAMUTENb 3aBOCBAJT PEITY TAIIIO
HA/ICKHOTO pa3padoTIrKa U TMPOU3BOANTEINS XUMUIECKHIX pe-
areHTOB UL JOOBIYM, 00OTAIIEeHHs, METAJUTyPTHH W OYHUCTKH
MIPOMBIIIJICHHBIX CTOYHBIX BOJI.

Ceromust «@norent Kemukanc» mnpemyaraer MIHPOKHMA
CHEKTp pemeHuH I (IOTAINH, BBIIIEIAYUBAHAS U BOI0O-
YUCTKH, COMPOBOXK/IAS IPOEKTHI OT JTa0OPAaTOPHBIX HCIIBITA-
HUH 10 TIPOMBIIIJICHHOTO BHEIpeHus. B mpomykToBOM TOpPT-
(hene — cobmparenu, BCIICHUBATENH, JETIPECCOPHI, CYIbOUAN-
3aTOpHl, (PIOKYISHTHI U TPOAYKTHI JJIST BOTOOYHCTKH.

B uncne 3aka3zuMkoB — MPEeaNPUSITHS LBETHOW METAJLIYp-
THH, 30JIOTOJOOBIYH, PEIKUX M PEIKO3EMEIBHBIX METaJUIOB
Poccun u Lentpanbuoit A3un. ITo uroram 2025 roga oobem
nmocTaBok Ha peiHOK cTpaH CHI' coctaBmi 4 ThIC. TOHH TIPO-
JTYKITAH.

CBomM KJIHEHTaM KOMITaHHS TIpEIaraeT He MPOCTO pe-
IIeHUE, HO ¥ TEeXHOJOTUYECKOE COMPOBOXKICHHE TPHU BHE-
npeHuu B mpousBonacTBo. Cneruanuctel «Protent Kemn-
KaJIc» y49acTBYIOT B MOAOOpE PEareHTHHIX PEKHUMOB, MPO-
BOJISIT MCTIBITAHUA B COOCTBEHHBIX JabOpaTOpusIX, alanTH-
PYIOT COCTaBBI TOJ KOHKPETHBIH THN PYyIObl U YCIOBHUSA
oboratuTebHON (aOpuKu. DTO TO3BOJSIET TAPAHTHUPOBATH
CTaOMIBPHOCTH MPOAYKTA U TOCTHIKCHHUE 3asIBICHHBIX MOKa-
3arelieil n3BJICUCHUS.

B 2026 romy xoMmaHHs BBITyCKAaeT Ha PHIHOK HOBBIM MPO-
IYKT — TUAPOKCAMaTbl. JTO peareHTHl Ui OKHUCICHHBIX U

T'opuotit scypnan Kazaxcmana Ne7’ 2026

cMelIaHHbIX pyd. 1o JaHHBIM UCIIBITAaHUH, UX MTPUMEHEHHE
Ha CMEUIaHHbBIX PyJax [03BOJISIET MOBBIIIATH U3BJICUCHHE 1ICH-
HBIX KOMIIOHEHTOB Ha 15-20% 1o cpaBHEHHIO C aHAJOTaMU.
OTO aeT BO3MOXKHOCTH BOBJICKAaTh B IIEPepabOTKy OTpOMHEIE
00BbEMbI OKUCIIEHHOM MACChl M pa3BUBATH IIPOCKTHI 110 I00bIUE
PEIKHX METAIUIOB.

B sTOM rony pacuupsercs qMHeNRKa AeNnpeccopoB, KOTOPbIE
I03BOJISIFOT ITOBBICHUTH CENIEKTHBHOCTH (IIOTALIMH CYITb(UIHBIX
muHepanoB. Tak, nenpeccopsl nuputa Flotent DP-1 AGMA
u Flotent DCDM — y»ke npouuti 1abopaTopHble UCTIBITaHHS
Y TOTOBSITCSI K ITPOMBIILIIIEHHOMY BHeApeHuto. Ha npennpusi-
tusix Kazaxcrana u Kuprusun paboTaroT yCIielHo JAenpecco-
pBI yIIiepo/ia, KOTOphIe PELIaloT MPOOIeMy CHIKEHHUS TIO0TEPh
LIEHHBIX KOMITOHEHTOB ITPHU IIepepadoTKe YIIEPOIUCTHIX PYI.

Takoke HapallMBaeTCsl MPOU3BOJACTBO M BBIMYCK Oeciua-
HUJIHBIX PEAareHTOB JUIsl BbllleiaunBaHus — jnHeliku Flotent
GL3G. Oum mO3BOMNAIOT OTKa-
3aThCsl OT HMCIHOJIb30BAHUS IHa-
HUJIOB TIPH W3BJICUEHHUH 30JI0Ta
U JPYTUX METaNIOB M CHHU3UTh
TEXHOICHHYI0 ~ Harpy3Ky Ha
OKPYKAIOIIYIO CPELy.

«3a 10 nem mvl coz0anu uc-
UEPNLIBAIOWYIO IUHEKY pedzen-
MO8 0/l 20PHBIX NPEONnPUSMULL.
B ceoeii pabome mvt pykosoo-
cmeyemcsi 8blcOKUMU mpebosa-
HUSIMU K COCMAagy, CmabuibHo-
cmu napmuu U 9KOHOMUYECKOT
appexmuenocmu  npeonpusi-
mus. B noeoe Odecsmunemue
Mbl 6XOOUM C HOBBIMU NILAHAMU,
HOCNe008AMENLHO — PACULUPSISL
NPOOYKMOGbIIL  nopm@envy,
ommemun Anekceit Mappuyun,
eenepanvuvll oupexkmop « Pno-
menm Kemuxancy.
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[eoTexHoMOIIA

Kox MPHTH 52.01.85

A. A. bossnaunnoBa, *7K. A. AqujixaHoBa
Quauan PI'TI «HL] KIIMC PK» «Hncmumym copnozo oena um. /. A. Kynaesa» (2. Anmamet, Kazaxcman)

METOJdOJOI'N OBOCHOBAHMUIAA BBIBOPA
N YCJIOBUU DKCIIVIYATAIIUUN KAPBEPHOI' O
ABTOTPAHCIIOPTA

AuHoTanus. B crarbe npejcrasieHa METO0JIOTHs 000CHOBaHHS BHIOOPA M yCIIOBHIT OKCILTyaTallii KapbepPHOTO aBTOMOOMIIBHOTO TPAHCIIOPTa, OCHOBAHHAs HA MPH-
MEHEHHH METO/Ia BAPUAHTOB, HMUTALIMOHHOTO MOJIEJIMPOBAHMUSI, CHCTEMHOIO aHAJIM3a M TEXHUKO-DKOHOMUYECKON OLIEHKH. B OTIIMYHe OT CYIIECTBYIONIMX ITOAXO0/0B OHA
ofecrieynBaeT KOMILIGKCHOE NIPHHSATHE PEIICHUH C Y4eTOM FOPHOTEXHHYECKHX, TEXHOIOIMYECKUX, OPraHU3aIMOHHbIX, IKCIUTYaTallHOHHBIX, JKOHOMUYECKHUX M SKOJIOTH-
4eCKHUX (pakTOpOB. METOMONOTUsI yIUTBIBACT HE TOJIIBKO TEXHUYECKHE XapaKTEPUCTHKH CAMOCBAJIOB, HO U MX (haKTHYECKOE COCTOSHHUE, OCTATOYHYIO CTOMMOCTD, 3aTPaThl
Ha TeX00CIy)KUBaHUE U PEMOHT, a TAK)KE BJIMSHHUE 1apAMETPOB TPAHCIIOPTHOM CETH Ha UTOTOBbIE TEXHHUKO-IKOHOMHYECKHE MOKa3arein. Ee OCHOBHBIM IPEHMYIIECTBOM
SIBJISIETCS BBICOKASI a/[alITHBHOCTh K M3MEHEHHIO yCIIOBHI AKCIUIyaTalldi U 4yBCTBUTEILHOCTD K IIapaMeTpaM, OlpeAessiionm 3QGpeKTHBHOCTh PabOThl IKCKaBATOPHO-aB-
TOMOOMIIBHOTO KOMIIEKCA.

Kntouegnie cnosa: asmomoduibiblilt mpancnopm, yciogus IKCRIyamayui, Kapoep, Memooono2us, IPHekmusnocms, OnmumMu3ayis.

KapbepJik aBrokeJiikTep/i TaH/aay ’KoHe NaiijajiaHy AaPTTapbIH HETi3ey MeTO10JI0T HsIChI

Amnjaarna. Makanaza Kapbepiiik aBTOMOOWIIb TaChIMAJIbIHBIH TAaH/Ay JKOHE MalJaiaHy IIapTTapblH HETi3ACyAiH METOJOIOTHSCHl YChIHBUIFAH, O HYCKaJIap OiCiH,
UMHTALUAIBIK MOJCIBACY/, XKYHEIIK Taiay bl )oHE TEXHUKO-3KOHOMHKAIBIK Oaraliay/ibl KOlIaHyFa HerisjenreH. KonganbicTarbl TOCUIEPACH ailblpMALIBUIBIFbI OJ1 Tay-
KEeH TEXHUKAJIBIK, TEXHOJIOTHSIIBIK, YIBIMAACTBIPYILIBUIBIK, MaiiaaHy, SKOHOMHKAJIBIK JKOHE SKOJOTHSUIBIK (haKTOPIap/Ibl €CKePe OTBIPHII KeIICH ] MIeliM KaObLiiayibl
KaMTaMackI3 etejii. MeToonorus Tek KaHa caMOCBaIap/IbIH TEXHUKAJIBIK CUMIATTAMAIAPbIH eMeC, COHBIMEH Oipre Onap/IblH HAKTBI JKAFIaiibIH, KAJIIbIK KYHBIH, TEXHUKA-
JIBIK KBI3MET KOPCETY JKOHE JKOH/ICY IIbIFbIHAPbIH, COH/Iali-aK KeJIiK JKeJIiCIHIH napaMeTpiepiHiH COHFbl TEXHHKO-3KOHOMUKAIIBIK KepCceTKilTepre acepin eckepeni. OHbIH
HETI3ri apTHIKLIBUIBIFbI — [afi1a/IaHy [aPTTAPbIHBIH ©3repyiHe JKOFapbl OeHIMAEITIIITIK XKOHE IKCKABATOPIIBIK-aBTOMOOHIIBIK KEIICHHIH JKYMBIC THIM/IITIrH aHBIKTAl ThIH
rapaMeTpiepre ce3iMTaIIbIK OOJIBIT TaObUIaIBI.

Tyiinoi ce30ep: asmomobuns Keici, natoalany wapmmapbl, Kapvep, a0icmeme, MUIMOLILIK, OHMALIAHObIDY.

Methodology for substantiation of the selection and operating conditions of open-pit’s automobile transport

Abstract. This article presents a methodology for substantiating the selection and operating conditions of open-pit’s automobile transport, based on the use of the
options method, simulation modeling, systems analysis, and technical and economic assessment. Unlike existing approaches, it enables comprehensive decision-making,
taking into account mining, technological, organizational, operational, economic, and environmental factors. The methodology takes into account not only the technical
characteristics of trucks but also their actual condition, residual value, maintenance and repair costs, and the impact of transportation network parameters on the final tech-
nical and economic indicators. Its main advantage is its high adaptability to changing operating conditions and sensitivity to the parameters determining the performance

of the excavator-truck system.

Key words: automobile transport, operating conditions, open-pit, methodology, efficiency, optimization.

Beenenne

D(hheKTUBHOCTh OTKPHITONW pa3pabOTKH MECTOPOXKACHHIA
TMOJIE3HBIX KMCKOIIAEMBIX BO MHOI'OM OIPEACISIETCSl Palto-
HaJbHOW OpraHM3alueil TPaHCIOPTHBIX IIPOLECCOB, B KOTO-
PBIX KapbepHbIil aBTOMOOMIIbHBIII TPAHCIIOPT UIPaeT KItoue-
BYIO pOJib. YBEIIMUEHHE ITyOUHBI KAPbEPOB, YCIOKHEHHE TOP-
HO-TEOJIOTHYECKMX M T'OPHOTEXHHUYECKHX YCJIOBHH, a Takke
MOBBILICHUE TPeOOBaHUH K I(P(PEKTUBHOCTU IKCILTyaTal[N
00yCIIOB/IMBAIOT HEOOXOAMMOCTh COBEPIIEHCTBOBAHUSI METO-
JIOB BBIOOpA KapbepHBIX CAMOCBAJIOB 1 000CHOBAHMSI yCIOBUIA
UX DKCIUTyaTal|H.

CoBpeMEHHOE Pa3BUTHE CHCTEM YIPABIICHUS KapbEPHBIM
ABTOTPAHCIIOPTOM CBSI3aHO C BHEJIPEHHEM METOJ0B MHOIO-
KPUTEPUAILHOTO aHaJi3a, MaTeMaTH4YeCKON ONTUMH3ALUHN U
U (pPOBOTO MOJICITUPOBAHHUS JJIsl OBBIIICHHS Y(PPEKTUBHOCTH
HIPUHATHS YIIpaBJIeHYECKUX pelieHuil. Hecmorps Ha cyiue-
CTBEHHBII BKJIaJ] PACCMOTPEHHBIX MCCIIEIOBAaHHUN B Pa3BUTHE
CHCTEM YHpaBJICHUS! KapbepHBIM aBTOTPAHCIIOPTOM, aHAJIN3
MIPOBEACHHBIX HCCIIEIOBAHUN MTOKA3bIBALT, YTO OOJIBIIUHCTBO
MPE/IIOKEHHBIX MO/IXOJ0B OPUEHTUPOBAHO HA pEIICHHE OT-
JIeNIbHBIX 33/1au, TAKUX KakK: BHIOOp 00OpYHOBaHMs, ONTHMH-
3alusi MapLIpyTOB, paclpeeIeHe caMOCBaJIOB WA MPOTHO-
3UpOBaHUE OTKA30B. [Ip1 3TOM BOIPOCH KOMILIEKCHOTO yueTa
B3aUMOCBSI3M TOPHOTEXHUYECKUX, TEXHOJIOTHYECKHX, IKCILTY-
aTalOHHBIX, YKOHOMUYECKUX W DKOJOTHYECKUX (HaKTOpOB
IIpU BBIOOPE KapbepHOT'o aBTOTPAHCIIOPTA OCTAIOTCS HEJJOCTa-
TOYHO mpopabdoTaHHbIMU. B wacTtHOCTH, B padorax [1-2] oc-
HOBHO€ BHHUMAaHHE YJEJICHO MHOTOKPUTEPHAIbLHOMY BBHIOODY
TEXHUKH U BapUAHTOB Pa3pabOTKH MECTOPOXJIECHHH, OIHAKO
HEJI0CTaTOYHO YYUTHIBAIOTCS TUHAMUYECKHE H3MEHEHHUSI [TPO-
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W3BOJICTBEHHOW OOCTaHOBKH, BO3HUKAIOIIME B IPOLIECCE IKC-
Iyatanuu kapsepa. Mccnenosanus [3—5], HecMOTps Ha IpU-
MEHEHHE COBPEMEHHBIX METOJ0B ONTUMH3ALMU, B OCHOBHOM
OpPUEHTUPOBAHbI Ha PELICHUE 331a4 TPAHCIIOPTHOMN JTOTUCTUKHI
1 TpeOYyIOT 3HAUYNTEIBHBIX BEIYUCIUTEIBHBIX PECYPCOB, a TaK-
)K€ HaJIW4usi OONIBIIOro 00beMa JOCTOBEPHBIX ONEPaTHBHBIX
JIAaHHBIX, YTO OrpaHMYUBAET UX MPAKTHUECKOE BHEIPEHUE HA
TIPEATIPUSTHSX C HEBBICOKMM YPOBHEM LU(POBU3AINH.

Bwmecre ¢ Tem uccnenoBaHus CBHIETEILCTBYIOT O BO3pac-
Tarome poiau nM(ppPOBU3ALNHM M HHTEIUICKTYaJIbHBIX TEXHO-
JOTWH B YIpPaBIEHUU KapbepHBIM TpaHcmoptoM [6—7]. Tak,
pabora [6] HanpaBieHa Ha NPOTHO3MPOBAHHE TEXHUYECKOTO
COCTOSIHUSI KapbePHBIX CaMOCBAaJlOB, OJHAKO HE paccMaTpu-
BaeT MHTErPALUIO PE3YJIbTaTOB JUATHOCTUKU C alTOPUTMAMU
OIEPATUBHOIO PACHpeAeIeHNs TPAaHCIIOPTHBIX cpencTs. Kpo-
M€ TOro, CYIIECTBYIOIIME HCCIENOBAHUS B HEJOCTATOUHOMN
CTENEHU YUYHUTHIBAIOT HEONPENEIEHHOCTh POU3BOACTBEHHOMN
CpeJibl, BIMSIHUE YEJIOBEUECKOro (PaKTOpa, ClyvaiHble OTKa3bl
000pyIOBaHUs M N3MECHEHHE BHEITHUX YCIOBUH B PEXKHME pe-
aJIbHOTO BPEMEHH.

Taknm 00pa3oM, akTyaabHOW OocTaeTcs 3aj1ada pa3paboTku
METOJI0JIOTHH, 00ecTeunBaronieli KOMIUIEKCHOE 000CHOBaHHE
BBIOOpA KapbepPHOTO aBTOTPAHCIIOPTA U YCIOBUH €ro IKCILTY-
aTalluy C y4eTOM H3MEHSIOLIUXCS MapaMeTpoB TOPHBIX pa-
00T, TEXHUYECKOTO COCTOSIHHSI 000py0BaHMSI U TpeOOBaHUN
K 9 ($EeKTUBHOCTH TPaHCIIOPTHOTO Tporecca. [Ipearaemplii
TIOAXO] JIOJDKEH 00ecTeunBaTh BO3MOXKHOCTD aJIaNTaluy IpH-
HUMAEMBbIX PEIIEHUH K YCIOBUSIM U3MEHSIOIUXCS FTOPHOTEX-
HUYECKUX M MPOU3BOJICTBCHHBIX YCJIOBHH M CHOCOOCTBOBATH
MOBBIIEHUIO TPOU3BOAUTENIEHOCTU TPAHCIOPTHON CHCTEMBI,
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CHIDKEHMIO 3KCIUTYaTaIl[IOHHBIX 3aTpaT U YBEJIINYCHUIO HAEK-
HOCTH pabOTHI KAPbEPHOTO ABTOTPAHCIIOPTA.

MeTonbl Hccae10BaHUS

Mertonosiorust BIOOpa THIIA, PEKMMA M YCIIOBUH JKCILTY-
arany KapbepHOIO aBTOMOOMJILHOTO TPAHCIIOPTa OCHOBaHa
Ha METOJIe BapUaHTOB, MpeycMaTpuBatonieM (GopMUpOBaHHEe
U CPaBHHUTEIILHYIO OLICHKY aJbTEPHATHBHBIX PEIICHUH C yue-
TOM KOHKPETHBIX TOPHOTEXHHYECKHX M IPOU3BOJACTBEHHBIX
YCIIOBHU pa3pabOTKU MECTOPOKICHUs. JlaHHBINA MOIXO0J] MO-
3BOJISIET OIPEACINThH PAlMOHAIBHBIN BapuaHT OpraHU3allu
TOPHO-TPAHCIIOPTHOTO TIpOllecca IyTeM KOMIUIEKCHOTO aHa-
n3a (GakTopoB, BIMSIOMINX Ha 3()(PEKTUBHOCTh IKCKaBATOP-
HO-aBTOMOOMIJIBHOTO KOMILIEKCa.

Merton BbIOOpa Oa3upyercsi Ha COYeTaHUU UMHUTAIIOHHOTO
MOJICJIMPOBAHUS, CUCTEMHOTO IOJX0Jla M KOMIUIEKCHOTO Me-
TO/Ia SKOHOMHYECKOW OLEHKH 3(P(HEeKTHBHOCTH PabOTHI JKC-
KaBaTOPHO-aBTOMOOMIbHOTO Komiuiekca [8]. MMutarmonsoe
MOJIEJIMPOBaHUE 00ECIIEUYMBACT BO3MOXKHOCTh HCCIIEIOBAHHS
paboThl TPAHCIIOPTHOM CHCTEMBI IPU U3MEHEHWH OCHOBHBIX
rapamMeTpoB FOPHBIX PadOT: 00bEMOB IIEPEBO3KH, PACCTOSHHS
TPaHCIIOPTUPOBAHUS, IPOU3BOAUTEIBHOCTH 00OPYIOBAHUS,
PEKUMOB PadOThl U MPOCTOEB MPOM3BOICTBEHHOIN TEXHUKH.
CucTeMHBIN TTOX0/ TO3BOJISIET PacCMaTpHBaTh HKCKABATOP-
HO-aBTOMOOMJIBHBI KOMIUIEKC KaK €AMHYI0 B3aMMOCBSI3aH-
HYIO CUCTEMY C YY€TOM B3aMMOJEHCTBHUSI TOPHOTO U TPAHC-
MTOPTHOTO 00OPYIOBAHUSI.

DKOHOMHYECKasi OIIEHKa MPeyCMaTpuBaeT CpaBHEHHE Ba-
PHAHTOB JKCILTyaTallMy IO TOKa3aTelisiM MPOU3BOJUTEIILHO-
CTH, DKCIUTyaTallMOHHBIX 3aTpart, pacxoja TOIUINBA, 3aTpaT Ha
TEXHUYECKOE 00CITy)KMBaHHE U PeMOHT. KoMIlIeKkcHOe rpuMe-
HEHHE yKa3aHHBIX METO/IOB 00ECIIEUNBACT yUeT BIUSHUS BHY-
TPEHHHMX U BHEIIHHMX ()aKTOPOB, MOBbINIAET 00OCHOBAHHOCTD
BBIOOpa KapbepHOr0 aBTOTPAHCIOPTA M IO3BOJISIET OIpelie-
JIUTh PAllMOHANIBHBIE YCIOBUS €r0 IKCILUTyaTallnuy.

Pesyabrarhl

B paspabarpiBaeMOii METOJOJIOTHH IMOPSIIOK BbIOOpa Ka-
PBEPHOTO aBTOTPAHCIIOPTA ONPEEISIETCS yYCIOBUSIMU IKCILITY-
araly M MOXKET OCYILECTBIISTHCS B TPEX CIy4asx: IPH BOC-
MIPOM3BOJICTBE MPOU3BOJCTBEHHBIX MOIIHOCTEH TOPHO-TPAHC-
MOPTHOTO KOMIUIEKCA, Ha JTale PeKOHCTPYKLUH Kapbepa C
MIePEOCHAIICHUEM HITH IIPU CTPOUTENILCTBE HOBOTO Kapbepa.

IIpun BOCHPOU3BOACTBE IPOU3BOACTBEHHBIX MOLIHOCTEH
OCHOBHOU 3aj1aueil siBisieTcsl He BEIOOP HOBOT'O THIIA MJIM MO-
JIeM TEXHUKH, @ 00OCHOBaHME 3aMEHBI yCTapeBIINX aBTO-
camocBaJIoB. JlaHHas 3aMeHa MOXKET IpeaycMarpuBarTh Kak
puoOpeTeHre HOBOM €AMHHIIBI TEXHUKH, TaK W 3aMEHy Ha
000py/I0BaHUE C MEHBLIMM CPOKOM OJKCIUTyaTalluH IPHU yC-
JIOBUM OOecIiedeHus] TpeOyeMbIX JKCILTyaTallMOHHBIX Xapak-
TepucTUK. KIIFOYeBbIM acleKTOM IaHHOIO METOJa SIBIISETCS
00BEKTHBHASI OLICHKA (PaKTHYECKOI'0 TEXHMYECKOTO COCTOSIHUS
000py/I0BaHMsI, OCHOBaHHAsI Ha yueTe 3aTpar Ha TEXHUYECKOe
o0CIy’)KMBaHHE W PEMOHT, a TakXe OleHKe Kod((uumeHra
TIOJIE3HOTO JICHCTBUS JIBUrarelisi, ONPEeIsieMbIX [0 METO-
JIUKE TIPEIJIOKEHHON U anpoOupoBaHHO# B padorax [9—10].
Pemienne o 3aMeHe TEXHMKHM HPUHAMAETCSI HA OCHOBE METO-
JMKH YIIPaBJICHUS MPOLECCOM BOCIIPOM3BOJICTBA MPOU3BOJI-
CTBEHHBIX MOIIHOCTEH TOPHO-TPAHCHOPTHBIX CHUCTEM Kaphe-

POB, MpeaycMaTpHBarolieii npuMeHeHune auddepeHnnanTbHoM
KOMITBIOTEPHOM JAMAarHOCTHUKH TEXHUYECKOI'0 COCTOSIHUSI 000-
PYIOBaHUS C UCIIOIb30BAHUEM HH(POPMAIIMOHHOTO IPOrPaMM-
HO-METO/IMYECKOT0 KOMILJIEKCa UMUTAIIMOHHOTO MOJIEIMPOBa-
Hus [8].

Cpennecraructuueckue 3HaueHus KIIJ| Tpancmuccun
aBTocamocBaiioB (Hampumep, benA3-7512) npunumarorces ¢
Y4ETOM CpOKa IKCILTyaTallu, BO3pacTa u HapabOTKH TEXHH-
KU 10 YCTaHOBJICHHBIM 3aBUCHMOCTSIM MJIM PAaCYETHBIM JlaH-
HBIM [9].

B mporecce TeXHMKO-DKOHOMHUYECKOTO aHajiu3a COCTOS-
HUSI IapKa MaIlMH ONPEEIISIFOTCSl OCHOBHBIE XapaKTePUCTHKU
000pynoBaHUs: KOIPPHUIIMEHT MMOJC3HOTO JCHUCTBHSI aBTOCA-
MOCBaJIa, FKCIUTyaTallMOHHbBIE U KallUTAIbHBIE 3aTPaThl, a TaK-
)K€ HEoOXoaMMoe JUIsl MPUOOPETEHHs KOJIMYECTBO TEXHHUKH.
[TonyueHHble mapamMeTpbl UCIOJIB3YIOTCS B Ka4eCTBE MCXO-
HBIX JJAHHBIX JUIsS MOJICIMPOBAHUs pabOThl TOPHO-TPAHCIIOPT-
HOMW CHUCTEMBI M OLIEHKH BAPHAHTOB €€ Pa3BUTHSL.

Onperenenne yCiIoBUN IKCIUTyaTalliid KapbepHbIX aBTOCa-
MOCBAJIOB OCHOBBIBAETCSl HA yUeTe KOMILUIEKCA BHYTPEHHUX U
BHEIIHHUX (haKTOPOB, OKA3bIBAIOIIUX BIMsSHHE HA Y(PQEKTHB-
HOCTb Pa0OThI OTJEIILHBIX MAIIHMH U TPAHCIIOPTHOTO KOMITJICK-
ca B 11eJI0M. B kauecTBe BHYTPEHHUX YCIOBHUI SKCILTyaTalliu
paccMaTpuBaloOTCs MapamMeTpbl OpraHU3alUH TPaHCIOPTa |
COCTOSIHUE TEXHOJOTMYECKUX JIOPOI. YUeT BHEUIHUX YCIOBUI
9KCIUTyaTalluy UMEET MPUHIMITHNAIBHOE 3HAYCHUE, TIOCKOJIBKY
MO3BOJISICT OILIGHUTh COOTBETCTBUE BHIOPAHHOIO 00OPYIOBa-
HUsI KOHKPETHBIM T1apaMeTpaM FOPHOTO MPEINPHATHS YKe Ha
JTarne ero NpuoOpeTeHHs.

[Tpu yuere opranusaiuu TpaHcnopra GopMHUPYIOTCs 1aH-
HBIE O CTPYKType M T'€OMETPHU aBTOTPacChl (OHOIOIOCHAS
WIN JIBYXIIOJIOCHAsI, YKJIOH JIOPOTM IO Y4acTKaM TpPacchl),
MapIIpyTax aBTOCaMOCBAaJOB, BBOISTCS CKOPOCTHBIE Orpa-
HUYEHUS], IPAKTUKYEMbIe Ha JIaHHOM Kapbepe B I'PY30BOM U
MOPO’KHSIKOBOM HAaIPaBJICHHSIX, BBOANUTCS BEIMUMHA HHTEPBa-
JIa JIBMDKEHUSI 110 YCIIOBHUSIM O€30MaCHOCTH JIBU)KSHHUSI MallInH,
YCTaHaBJIMBAIOTCS TIOPOAOIIOTOKH, 32 KOTOPBIMHU 3aKPEILISIOT-
Csl T€ WJIN UHbIE MapUIPYThl, (GPUKCUPYETCsI IIPUHSTAsE OpraHu-
3ausl B3aUMOJICHCTBHSI OCHOBHOT'O TOPHOTO M TPAHCIIOPTHOT'O
000pyIOBaHUs U Jpyrue OpraHn3alMOHHbIE MEPbI, NUMEOLIHe
CYIIECTBEHHOE BIMAHUE Ha 3(P(EKTHBHOCTH pPadOTBI TOp-
HO-TPAHCIOPTHOTO KOMILJIEKCa B LIeJIOM. B cTpyKType Tpaccsl
BBIJICIISIFOTCSI TEXHOJIOTHYECKH CIIEMAIM3UPOBAHHbBIE U NMe-
IOIIME TEOMETPUYECKUE OCOOEHHOCTH YYacTKH (ILIOIIAJKU
NIPUMBIKaHUs, IPU3a00IHbIe, B MyHKTaX Pa3rpy3KH, IUIOMIA-
KM JJIS IEPECMEHKHU U T. 11.)

BennunHa ocTaTOuHOI CTOMMOCTH MAIlIMHBI TaK )K€, KaK 1
BesimunHa KITJ[ Tpancmuccuu, yunThiBaeT B cede M 3aTparsl
Ha PEMOHTHI 332 BECh IEPHOJ IKCILIyaTalllu, MOITOMY y4er
JIlaHHOTO (haKTOpa MMEET NMPHUHIMITHAIILHOE 3HAYCHUE B pa3pa-
0OTaHHOM METOJIe YIPABJIEHHs IIPOLIECCOM BOCIIPOM3BOICTBA
TOPHO-TPAHCIIOPTHBIX CHUCTEM KaphepoB [9].

[To yyery mapamerpa «COCTOSIHUE TEXHOJIOTHYECKHUX JI0-
por» B ciydae 3aMEHbl YCTapeBILIEro 00OpPYIOBaHHS MOKPbI-
THE 110 KaueCTBY NPUHHMMAETCS CyLIECTBYIOIIEE, OJHAKO MO-
r'yT ObITh IPOPaOOTaHbl ¥ BAPUAHTHI C YACTUYHOMN WIIN MOJHOU
3aMEHOIl MOKpBITUs Jopor. KadecTBeHHbIE XapaKTepHUCTHKH
JIOPO’KHOTO MOJIOTHA BBIPAXKAIOTCSI TPAIUIIMOHHO Yepe3 BeJlu-
YHHY YJIEIbHOTO COIPOTHBIICHUS KaueHHUIO.

T'opnuutii scypnan Kazaxcmana Ne7’ 2026
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BriOop ckopocTH JBMXKEHMs aBTOcaMmocBaja Oaszupyercs
Ha TATOBBIX XapaKTEPHCTHUKAX aBTOCAMOCBAJIOB M alITOPUTME
BOCIIPOM3BOJCTBA Ha MOJIEIM MalIMH IIPOLEecca yyeTa U pac-
4yeTa CKOPOCTEH B 3aBUCUMOCTH OT CTEIIEHU 3arpy3KH, HallpaB-
neHus (MOpPOXKHEE WM TPy30BOE) JBHIKEHHUS, CKOPOCTHBIX
OTpaHUYEHUI, TEXHUYECKOTO COCTOSHHSL, Ka4eCTBa MOKPHITHUS,
YKJIOHA U CTPYKTYpHI Aopor. [Ipu ontumuszanuu BapsupyroTcs
TOJIBKO CKOPOCTHBIE OIpPaHMUYCHHS MPU JBUKESHUU aBTOCAMO-
CBaJla P MOCTOSHHBIX MPOYUX MapaMeTpax U OpraHu3aluy.

Beibop pexnma 3arpy3kd aBrocamocBalla HNpPaKTHYEeCKH
HUJCHTUYEH, OJHAKO OCHOBHOM IIEPEMEHHOM SIBISAETCS I10-
Jie3Hasi Macca aBrocamocBana. [Ipu 3ToM yuuTthiBatoTcs (u-
3UKO-MEXaHUYECKUE XapAaKTEPUCTHKU TPAHCIIOPTUPYEMBIX
MOpOJl — IUIOTHOCTh, KOA(DQUIMEHT pa3pbIXieHHs U KOd(]-
(GULMEeHT HaroJHEHHs Ky30Ba. B pamkax 3Tod mpouenypbl
MOTYT OBITH PAacCMOTPEHBI BapHaHThI MOAW(DHUINPOBAHHBIX
aBTOCaMOCBAJIOB IIyT€M HapaluBaHusi OOpTOB Ky3oBa. Ha
JTanax PeKOHCTPYKLUU U CTPOUTENIBCTBA KAPHEPOB BO3MOXK-
HBI [TPOpabOTKM BapUAHTOB MCIIOJHEHUS] MAlllMH Ha 3aKa3 C
W3MEHEHHBIMU rabapuTaMy, YTO MOXET I103BOJIUTH paboTarh
Ha 00Jiee HU3KUX FTOPU30HTAX C 3ay’KEHHBIMH TPAHCIOPTHBIMU
OepMaMM U TEM CaMbIM YBEJIWYUTb CPOK DKCILTyaTalluud Me-
CTOPOXK/ICHUI U CHI)KEHHE 00BbEMOB BCKPBILIIH.

Pacuer pacxoga TomIMBa OCYLIECTBIIIETCS Ha OCHOBE
CMEHHBIX [I0Ka3aTelleld 110 aBTOCAMOCBalaM, IIOIYYEHHBIX
B pe3y/bTaTe MOJAEIMPOBAHUs, B 0a3e BBIXOAHBIX [aHHBIX B
ABTOMATH3UPOBAHHOM PEXHUME MPOU3BOJUTCA pacueT oOIe-
rO ¥ YJEJIBHOIO MoKasareiell 00beMOB pacxo/ia TOIUIMBa, YTO
[I03BOJISIET UCIIOJIB30BATh 3TU II0KA3aTEIU B KAY€CTBE BCIIOMO-
raTejbHbIX KpuTepueB 3(p(HEeKTUBHOCTH PaObOThI aBTOCAMOCBA-
JIOB B OTJEJIBHOCTU U MapKa MAllIMH B IEJIOM, a TAKKe YUH-
TBHIBaTh 3aTPaThl Ha TOIUIMBO IPH IMOJCYETE YIACIbHBIX U 00-
IIMX TEKYIIHUX 3aTpar 10 TOPHO-TPAHCIIOPTHOMY KOMILIEKCY.
CMeHHBIH pacxo/] TOIJIMBA 110 KaXKA0H MallliHe ONpe/eNIaeTCs
HEIOCPEJCTBEHHO B IPOLECCUM UMHUTALMOHHOIO MOAEIUPO-
BaHUsl CONIACHO aJrOPUTMY pacyeTa CKOPOCTEH IBHKCHMS
ABTOCAMOCBAJIOB UCXOAA U3 UX TATOBBIX XapaKTEPHUCTHUK, pe-
JKUMa U yCJIOBUH 3KCILTyaTaluu.

VYyer napamerpa pacxona IIUH IPOLEAYPHO IPAKTUYECKU
AHAJIOTMYEH, OJIHAKO B 9TOM CJIy4ae UCIIOJIb3YOTCSI U3BECTHBIE
HOPMBI pacxojia IMH B 3aBHCUMOCTH OT HapaOOTKW MallllH
32 CMEHY U CTOMMOCTHBIE MOKa3aTenu caMux IHMH. CMeHHas
HapaOOTKa MalluH ONpeNelsieTcss CyMMapHBIX MPOOeromM as-
TOCAaMOCBaJIa, KOTOPBI YCTAaHABIUBACTCS IO pe3yabraraM
HMMHUTALMOHHOTO MOAEIHPOBAHUS.

OpHUM U3 BaXXHBIX 3JIEMEHTOB B COBPEMEHHBIX YCIOBHAX U
UCXO0As U3 TPeOOBaHUHN MOJUTHUKU YCTOWYHUBOTO Pa3BUTHSI, SIB-
JIIETCsl y4eT CTEIEHU 3ara30BaHHOCTU U 3allbLJICHHOCTH B Ka-
PBEPHOM IIPOCTPAHCTBE OT PEKOMEHAYEMOIO K IKCILIyaTalluu
aBrocamocBaia. 1109ToMy OCYIIECTBISETCS PacyeT JKOJIOIU-
YEeCKUX BBIOPOCOB IPU PACCMOTPEHUH BApUAHTOB HAa OCHOBE
HCTIONB3YEMbIX HOPM 3allblICHUS] U 3arpsi3HEHHUs] OT OpraHu-
30BAHHBIX MCTOYHUKOB, KAKOBBIMH SIBIISIOTCS aBTOCAMOCBAJIBL.
O0beM BbIOPOCOB B arMoc(epy yCTaHAaBIMBACTCS MO 00bEMY
TPaHCHOPTHBIX PadOT, CKOPOCTEH ABMKEHUSI TPAaHCHOPTHBIX
CpEJICTB, Ka4ecTBa IOKPBITHSI, 00beMa U KauecTBa MPUHUMAae-
MBIX MEp Ha YIIy4lIeHHE YKOJIOTHYECKOIl 0OCTaHOBKH B Kapbep-
HOM IPOCTPaHCTBE. 3Hasg COBPEMEHHbIE HOPMbI OTUHCIICHUS
3a JKOJIOTHIO U 00bEM 3arpar Ha Peajm3altio AKOJIOTHYECKUX

T'opnutii sicypnan Kazaxcmana Ne7’ 2026

MEpPOIIPUSITHH, yCTaHABIMBAETCS 00beM 3aTpar OOLIMX U yIIelb-
HBIX 3aTpar Ha SKOJIOTHIO, KOTOPhIE TaK)Ke YUUTHIBAIOTCS ITPU
pacuere ce0ecTOMMOCTH TOPHO-TPaHCIOPTHBIX padoT. [ToMmumo
9TOTO0, 3Hasi HOPMBI 3arPSI3HEHUSI B KAPHEPHOM MPOCTPAHCTBE U
CPOK Ha BOCCTAHOBIICHHE JKOJIOIMYECKOH CHUTYyalllH, pacCuu-
TBHIBAETCSl KOJIMYECTBO pabOouuX JHEH B paccMaTrpuBaeMOM Iie-
pHo/ie, YTO OTPAXKASTCs HA TIPOM3BOJUTEIBHOCTH TOPHO-TPaHC-
IIOPTHOIO KOMIUIEKCA 3a paccMarpuBaeMblid nepuoj. Takum
00pa3omM, B mpoiiecce 000CHOBAHUS BBIOOPA THIIOB M MOJIEIICH
MallIiH YYUTHIBACTCS CYIIECTBEHHBIH SKOIOTHYECKHUA (akTop.

Bce paccmoTpenHbie Mponeaypbl He SIBISIIOTCS H30JIUPO-
BaHHBIMH dTallaMH, & PEaIU3YI0TCS BO B3AaUMOCBSI3H C yYETOM
KOHKPETHBIX YCJIIOBHH DKCIUTyaTalliH U PE3yJIbTaTOB aHaJIM3a,
NOJYYSHHBIX Ha KaXJOM JTarne uccienoBanus. [locnenosa-
TEJILHOCTh WX BBINOJHEHHSI OINPEACNISIETCS TeKyIlei Mpou3-
BOJICTBCHHOW CHTyaIleil ¥ HampaBiicHa Ha (HOPMHPOBAHHE
ONTHMAJILHOTO BapuaHTa (QYyHKIMOHUPOBAHMS DKCKABATOP-
HO-aBTOMOOWJILHOTO KOMIUIEKca. MTOroBbIMH Iapamerpamu
SIBJISIIOTCSI 3HAUYEHMS XapaKTEPUCTUK 000PY/I0OBaHHS U yCIOBHIA
€ro AKCIUTyaTaliH, COOTBETCTBYIOLIME JOCTHKEHHUIO OOILIETO
KPUTEPUsI ONTHUMAIBHOCTH — MHHHUMAJIBHOH Ce0ECTOMMOCTH
TOPHO-TPAHCIOPTHBIX padoT mpu obecrieueHUH TpeOyeMoii
HPOU3BOJUTEIILHOCTH KOMIUIEKCA.

OnTrMalibHbIA BapHaHT MTOABEPIaeTCsl TEXHUKO-OKOHOMHYE-
CKOMY aHaJlu3y JUIsl BBISIBJICHHS] PE3€PBOB ITOBBILICHHS TIPOH3-
BOJIMTEJILHOCTH TOPHO-TPAHCIIOPTHOIO KOMILIEKCA ¥ CHHKEHHMST
cebecTonMocTH ero paboTsl. [Ipu 5TOM OlleHHBaKOTCsI 3arpy3Ka
U DHEPrOEMKOCTh YYacTKOB BHYTPUKApbEPHBIX JOpPOI, MOKa-
3aTeNM IKCIUTyaTallik KaXKJ0ro TPAHCIOPTHOTO CpEICTBa, a
TaKOKe MPUYMHBI TIPOCTOEB M HEIPPEKTUBHOTO HCIIOIb30BAHHS
OCHOBHOI'O TOPHOTO U TPAHCIIOPTHOTO 000pyoBanust. [1pu BbI-
SIBJICHUY OTPaHUYEHHI B pab0Te CHCTEMbI IPUHUMAIOTCS MEPBI
0 X YCTPAHEHHUIO WIIM YMEHBIICHNIO CTETICHU UX BIMSHUS Ha
9 }eKTUBHOCTh PabOThl TEXHOJIOTHYECKOTO KOMILIEKCa, KOp-
PEKTHPYIOTCSI TIapaMeTpbl MOJIENH, TIOCIIE YEero BBINOIHSIETCS
HOBTOpHAst OlleHKa A (PEeKTUBHOCTH KOMILIEKCA.

[Tpu oxoHYaTEIHLHOM BapUaHTe, Ha MOCJIECAHEM YPOBHE pac-
CMOTpEHUS BApHAHTA 10 IEPBOMY 3Tally 000CHOBaHUsI BHIOO-
pa TPaHCIIOPTHBIX CPEJACTB, OINPEAEISIETCSI IKOHOMUYECKHUIt
93¢ deKT B Bujie pa3HUIBI B CEOECTOMMOCTH FOPHO-TPAHCIIOPT-
HBIX padoT.

[Tpu 060ocHOBaHUM BBIOOpAa 00OPYIOBAaHUS HA BTOPOM 3Ta-
e aHajaM3a U OlLeHKU IP(EKTUBHOCTH PabOTHI HIKCKABATOP-
HO-aBTOMOOMJILHOTO KOMIUIEKCA BaYKHBIM MOMEHTOM SIBIISIETCS
yueT 3arpar Ha CepBHCHOE OOCIy)KMBaHHE aBTOCAMOCBAJIOB.
Tak kak sTa 1Mdpa N0 KAKAOMY THUILYy ¥ MOJIEIH aBTOCAMO-
CBaJIOB pa3Hasi, TO ATO €CTECTBEHHO JOJDKHO OBITh OTPaXKEHO
B crcTeMe 000CHOBaHMSI IPUHATHS perieHus. B nanHom ciry-
yae, JUIsl YCTAaHOBJICHUSI 3aTPaT Ha CEPBUCHOE 00CITy)KMBaHHE,
PEKOMEHJIyeTCsl TOJIb30BaThCsl TIOIXOAOM, IIPEUIOKEHHBIM
B pabore [11]. ABTOpPBI MpeIarar0T 3TO AEIaTh UCXOIS W3
YCTAQHOBJICHHOW 3aBUCHMOCTH MEXIY CTEIEHbIO M 3arpara-
MM Ha CEpBHCHOE 00CITy)KMBaHHE aBTOCAMOCBaJIa 3a MEPUOI.
K npumepy, coracHO NPHHSATOMY IPH JOBOJILHO XOPOILIEM
ypoBHe oOciryxuBanus 82% (Juisl MOJIIUITHUKOB) O0LIHe 3a-
TpaThl Ha NPUOOpETEeHHE, XPaHEHHE 3aIm4acTeil U B CBS3U C
MPOCTOSIMH OT UX OTCYTCTBHUSI COCTABISIOT okojo 4400 mom.
CHIA. IIpu BeIcOKOM ypoBHE 00ciyxuBanus (99,99%) crou-
MOCTB BO3pAcTaeT NouTH B 3 pa3a. Tak Kak Kaxabli U3 TUIIOB U
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Mojiesiel aBTOCaMOCBaJIOB KIMEET CBOIO 3aBUCUMOCTb BPEMEHH
[IPOCTOSI MAIIMHBI OT BBIXOAA U3 CTPOSI MALIMHHBIX y3JIOB, TO
B Ipoliecce 000CHOBaHMsI HEOOXOMMO ITPOCYUTHIBATH 00K
3aTparsl 10 Ka)XJ0MY M3 BHJOB U MOJIeJieil aBTocaMocBaa 3a
paccmarprBaeMblil IEPUOJ U JlaJiee BBIUUTATH OTH 3aTPaThl U3
[IPEII0IaraeMoro JoxXoa.

Pacyer sxkoHOMHMYecKOW 3((PEKTUBHOCTH BAPHAHTOB BbI-
TIOJIHSIETCSL JIByMsI croco0aMu 1Mo OOHOBJICHHOW METO/IMKE,
npeacTasicHHOM B padoTte [8]. [IepBrlit ciocob mpexycmarpu-
BAaeT OLIEHKY PE3YyJIbTAaTOB B IIPE/IeiaX pacCMaTpruBaeMoro rojia
IIpY 3aJ]JaHHOW TPOU3BOAUTEIBHOCTH TOPHO-TPAHCIIOPTHOTO
KOMILIeKca. B kauecTBe HCXO/IHBIX JIaHHBIX UCTIONb3YIOTCS pe-
3yJIBTaThl IMUTALIMOHHOTO MOJIEIIMPOBAHUS, BKIIIOYAs Y/IEIIb-
HBIE DKCIUTyaTallMOHHBIE 3aTpaThl, TOJAOBOH 00BEM J100BIYM
TOPHOM Macchl, pacxo/ibl Ha MIPUOOPETEHNE IINH, KOIPPHIIH-
€HT BCKPBILIH, [IEHY TOBAPHOH MPOIYKIIUH, BBIXOJ MOJIE3HOTO
KOMIIOHEHTA U IUIOTHOCTh FTOPHON MacChl.

Bo BrOopoM cityyae OCHOBHBIM MOKa3aTelleM sIBJISIETCS I1j1a-
HOBBIW IOKa3aTelb, AEMOHCTPUPYIOIIMH HEOOXOAUMBIH 00b-
€M M3BJIEKaeMON TOPHOI MaccChl, KOTOPBIH HEOOXOIUMO BbI-
MIOJIHUTh C HAUMEHBIIUMH 3aTparamu. B pamkax storo srana
[IPOM3BOIUTENLHOCTh TOPHO-TPAHCIIOPTHOTO KOMIUIEKCa 3a
paccmarpuBaeMblii iepro] GopMUpyeTcs Ha 0aze CMEHHOTO
oKazaress, MOJy4YeHHOrO B IPOLECCe MMUTALMOHHOTO MO-
nenupoBanusi. Crioco0 NpUBEAEHHUsT CMEHHOTO NOKa3arelisi K
AQHAJOTMYHOMY I10Ka3aTeJI0 32 MEePHOJl JOCTATOYHO XOPOLIO
anpoOupoBaH B padote [12]. OH obecrieunBaceT BHICOKOH cTe-
[IEHN YYBCTBUTEIILHOCT OCHOBHOT'O KPUTEPHAIBHOTO MIOKa3a-
Tenst 3 hexkTHBHOCTH pabOThI IKCKABATOPHO-aBTOMOOMIILHOTO
KOMILJIEKCa B PaCCMaTpHBaeMOM HIEPHOJIE K BIUSIHUIO BCEX CY-
LIECTBEHHBIX (DAKTOPOB, ONMPEAEISIOUINX BHIOOP KapbepHOTO
TPaHCIIOPTHOrO O0OPYIOBAaHMS, TAKUX KaK TEXHHYECKOE CO-
CTOSIHUE MAIIMHBI, EMKOCTh KOBIIIA, CKOPOCTb IEPEIBMKEHHS,
pacxofi TOIUIMBA, YHCIEHHOCTh MAllMH B TEXHOJOI'MYECKOM
KOMILJIEKCE, PEXKHUMBI M YCIOBHSI X IKCIUTyaTalHH.

Taxoii I0AXO0/ O3BOJISET OLEHUTD HE TOJILKO U3MEHEHHE Ce-
0eCTOMMOCTH TOPHO-TPAHCIIOPTHBIX PA0OT, HO U BIUSIHUE TIPH-
HSTBIX PELICHUH HAa S9KOHOMUYECKHE PE3YJIBTAThI TPEIIPHSTHS
1 MOTEHIMAIIBHBIN JJOXOJ] OT pean3aluy IPOYKIHH.

OO0cy:xkneHue pe3yJibTaTOB

[TonyueHHbIe pe3ysnbTaThl MOATBEPKAAIOT, YTO dPPEKTUB-
HBI BBIOOpP KapbepHOI'O aBTOTPAHCIIOPTa BO3MOXKEH TOJIBKO
IIPYU KOMIUIEKCHOM Y4YeTe TEeXHHYECKHX, TEeXHOJIOIMYECKHX,
9KCILTyaTallMOHHBIX U SKOHOMUYECKUX (pakTopoB. B ornmune
OT UCCJICZIOBAHU, B KOTOPBIX PacCMaTPHBAIOTCS OTAEIbHBIC
3ajlauu, TaKue Kak: BHIOOp 00OpYIOBaHMsI, ONTUMH3ALUS T1a-
paMeTpoB, MOHHMTOPHHI TEXHOJOTHYECKOTO IIpoLecca HIIH
[IPOTHO3UPOBAHNE TEXHUUECKOTO COCTOSHHS MAllIWH, Mpe.-
JIO)KEHHAs! METONIOJIOTHSI OOBEMHSET ITH ACIEKThl B paMKax
€IMHOTO TI0JIX0/1a K 000CHOBAHHUIO BHIOOPA TEXHUKH U YCIIO-
BMI ee 3KCIUTyaTaluu.

Hcnonp3oBaHue MeTosa BapUaHTOB B COYETAHUM C MMHU-
TAIlMOHHBIM MOJICJIMPOBAHUEM I103BOJISIET PaccMaTpHBaTh
9KCKaBaTOPHO-aBTOMOOMIIBHBIN KOMILJIEKC KaK €IMHYIO B3au-
MOCBSI3aHHYIO ITPOM3BOJICTBEHHYIO CUCTEMY, d(PPEKTUBHOCTD
KOTOPO# OIpeAessieTcsi B3anMOICHICTBUEM TOPHOTO M TPaHC-
MIOPTHOTO O0OPYJOBaHMsI, IMapaMeTPOB TPAHCIOPTHOM CETH,
OpraHM3aly TEXHOJIOTHYECKUX IPOLECCOB M YCIOBUH 3IKC-

IIyaTaluuy TEeXHUKU. Takoil MoaXo[ MCKIIIOYAET JIOKAJIbHYIO
ONTHUMU3AIMIO OT/IEJIBHBIX 3JIEMEHTOB U 00ECIIeunBaeT coria-
COBAaHHOCTb MPUHUMAEMBbIX PELICHUH Ha YPOBHE BCEIO TEXHO-
JIOTHYECKOT0 KOMILIEeKCa.

CpaBHeHHE aJIbTEpPHATHBHBIX BapUAHTOB OSKCIUTyaTalluu
BBITIOJIHSACTCS C y4YETOM IPOM3BOAMTEIBHOCTH 000pyI0Ba-
HUsI, SKCIUTyaTallMOHHBIX 3aTpart, pacxoJa TOILUIMBA, 3aTpaT Ha
TEXHHYECKOE 00CITy)KMBaHHE U PEMOHT, a TaKKe JIPyTruX TeX-
HHUKO-D)KOHOMHYECKUX MOKa3aTesel, ONpeaesIonnX 1e1eco-
00pa3HOCTh NPUMEHEHHUS BEIOPAHHOTO BapHaHTa. DTO MO3BO-
JSIET BBIABIIATH PE3EPBbI IOBBILICHHS MPOU3BOJUTEILHOCTH
U CHIDKCHHS CE€0ECTOMMOCTH TOPHO-TPAHCIOPTHBIX PaboOT
0e3 yBelMueHHMsI KOIMYeCcTBa TeXHUKH. Bmecte ¢ TeM addek-
TUBHOCTb MPEIJIOKEHHOW METOOJIOTUH 3aBUCHUT OT ITOJHOTBI
W JIOCTOBEPHOCTH MCXOJHBIX JAHHBIX, YTO OIpEIENSET Iep-
CIIEKTUBHOCTD €€ JaJIbHEHILIEro pa3BUTHUS 32 CUET HHTEerpaliin
U (pPOBOr0 MOHUTOPHHIA, NMPEJAUKTUBHONW aHAJIUTUKU W WH-
TEJUIEKTYJIbHBIX CUCTEM IOJJICPKKH IPUHSATHSI PELICHHH.

3aki04eHue

Pa3paboranHasi MeTOI0JIOTHSI 0OOCHOBAaHUS BHIOOpA U yC-
JIOBUH 3KCILTyaTaluy KapbepHOIo aBTOTPAHCIIOPTA MIPEICTaB-
JIeT cO00 KOMIUIEKCHBIN MOAXO0/, 00BhEeIUHIIONIUN METOIBI
MMUTALMOHHOI'O MOJEIIMPOBAHUS, CACTEMHOI'O aHAJIN3A U TEX-
HUKO-DKOHOMHYECKOH OLIEHKHU. B oTimume oT CylecTByOMNUX
peleHni MpeanokKeHHasi METO0JIOTHS 00ecIIeunBaeT cora-
COBAaHHOE MPUHATHE PEUICHUH C y4eTOM TFOPHOTEXHHYECKHX,
TEXHOJIOTHUECKUX, OPraHU3allMOHHBIX, HKCIUTyaTalluOHHBIX 1
SKOHOMHUYECKUX (PAaKTOPOB.

OCHOBHBIM ITPEUMYILECTBOM pa3pabOTaHHOTO MOIX0AA
SIBIISIETCS €T0 BBICOKAs aJJalTUBHOCTh K M3MEHEHUIO yCIIOBUI
9KCIULyaTallUd U YyBCTBUTEIIBHOCTh K IIapaMeTpam, Olpele-
nsroM - 3 dexTuBHOCT  paboThl  IKCKaBATOPHO-aBTOMO-
OMJIIBHOTO KOMILIEKCa. METONONIOTHUs TI03BOJISIET YYUTHIBATh
HE TOJBKO TEXHHYECKHE XapaKTEPUCTHKH KapbepHBIX CaMo-
CBAJIOB, HO U MX (PAKTHYECKOE TEXHUYECKOE COCTOSIHUE, OCTa-
TOYHYIO CTOMMOCTb, 3aTpaThl HA TEXHUYECKOE 00CITy>KUBaHHE
1 PEMOHT, a TaKke BIMAHUE MapaMeTPOB TPAHCIOPTHON CEeTH
1 OpraHM3alluH NePEeBO30K Ha KOHEYHbIE TEXHUKO-IKOHOMHUYE-
CKHE [10Ka3aTelIu.

[pennaraemplii MOIXOA MOXET OBITH HCIOJIB30BAH MPH
MIPOEKTUPOBAHUHU, PEKOHCTPYKLIUH U IKCIUTyaTallul Kaphepos,
a TaKke NpH OOOCHOBAaHMM BHIOOPA HOBBIX TPAHCIIOPTHBIX
CPEACTB WM MOJCPHU3ALMU CYLIECTBYIOLIEIO IapKa TEXHU-
ku. [Ipumenenne pa3paboTaHHON METOJOJIOIUH 00ECIIeunBaeT
MOBBIIIEHHE 000CHOBAaHHOCTH NPUHUMAEMBIX PELICHHH, ajan-
TaLUI0 PEXUMA IKCILLYaTallud KapbEePHOIO aBTOTPAHCIOpTa K
KOHKPETHBIM YCJIOBUSM IIPOM3BOACTBA U CO3JACT OCHOBY IS
JlaNbHeHIIei HHTerpatuy IU(PPOBBIX TEXHOJIOIMH U MHTEJLIEK-
TyaJbHBIX CUCTEM MOIICPKKU IPUHATHS PELLICHUH B ITPOLIECCHI
YIpaBJIeHUS] TOPHO-TPAHCIIOPTHBIMU KOMIUIEKCAMH.

baaroxapHocTh
Mannana cmamoa unancuposanacy Komumemom npo-
MbIUIEHHOCMU Munucmepcmea RPOMBIWLIIEHHOCIU

u cmpoumenvcmea Pecnyonuku Kazaxcman no III[®
BR23991563 «Co30anue unnosayuoHHvlx pecypcocoepeza-
IOWUX MEXHON02UTl 000bIUU U KOMNJIEKCHOU nepepadomiu
MUHEPATILHOZ0 U MEXHOZEHHO20 CHIPbAN.

T'opnuutii scypnan Kazaxcmana Ne7’ 2026
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7K. M. AcanoBa!, ®. Mypra3zuna', H. HemoBa?, *P. A. Mycun!
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Uncmumym 2oprozo deara Cubupcroe omoenenue Poccuiickoil akademuu nayx (2. Hosocubupck, Poccus)

TEXHOJIOI'UYUA IMTOBBIHNIEHNUA KAYECTBA
YA INYBAPKOJUIBCKOI'O MECTOPOXKAEHUA

AunHoTauus. B crarbe paccMaTpHBaiOTCs pe3y/IbTaThl HCCIICIOBAHMUIA 110 YIIPABICHHUIO Ka9eCTBOM yIiist MectoposkaeHust Llly6apkosns. O6bext paboTs — miactsl 2V u
1V, xapakTepu3yronuecs HU3K0i 30IbHOCTBIO U BEICOKOH TEIUIOTBOPHOM CIIOCOOHOCTHI0. OCHOBHOE BHUMAHHUE Y/IEJICHO IIPUMEHEHUIO [TUKIMYHO-TIOTOYHOH TEXHOJIOTUH,
CEJICKTUBHOW BBIEMKH M ITHEBMOCEIApallii. YCTAHOBJICHO, YTO BHEJPCHUE JAaHHBIX TEXHOJIOTHMH MO3BOJISET CHU3UTh BapUAIlMIO 30JIbHOCTH, 00CCIICUUTh Oosiee paBHO-
MEpHOE YCPEJHCHHE YTOIbHOM MacChl M MOBBICHTH KOI(OHUIIMEHT n3BIeueHus. VICIbITaHus YCTAaHOBOK CyXOif MHEBMOCEMApAIliy TOATBEPIHIN BO3MOKHOCTh CHIKCHHS
30516HOCTH 110 9—-11% 1pu BbIxOze KOHIIEHTpaTa 10 60%. J[OMOIHUTEIEHBIM TPEUMYIIECTBOM SIBISCTCS. OPUKETHPOBAHHIE YTOIBHOM MEIOYH, YTO 00ECIIeUHBACT MOIHOE
HCIIOIB30BaHNE CHIPBS M YIY4IIaeT 3KOJIOTHIO. JKOHOMHKA TIOKAa3bIBACT, YTO BHEAPEHHE KOMILIEKCA TEXHOIOTHI YBEINYMBACT PHIHOYHYIO CTOMMOCTD YIuIsi Gosiee 4eM B 2
paza u cHIDKaeT cebecTonMOoCTh Ha 15-20%.

Knrouesvie cnosa: yeonv, Illy6apronsckoe mecmopodicoenie, 301bHOCHb, YUKIUYHO-NOMOUHAS! MEXHON02UA, CEeLeKMUBHAS BbleMKA, NHEEMOCENapayusl, yeoibHas me-
J104b, OpuKemuposanue, IKOHOMUYECKAs P GexmusHocmp.

[Iy6apkes KeH OPHBIHAAFBI KOMIP CaMachIH KAKCAPTY TEXHOJIOTHSACHI

Awnjarna. Maxkanaza [llyGapkes keH OpHBIHIAFbl KOMIp carachlH Oackapy 3epTTeyNepiHiH HOTHKeIepi KapacThIPbUIFaH. 3epTTey HbICAHBI — TOMEH KYJIALIIT )KOHE JKO-
Fapbl JKbUTy CHIMBIMIBUIBIFBIMCH epeKiIenieHeTin 2V sxane 1V kabarrapsl. Herisri Ha3ap HUKIIIK-aFbIH TEXHOJIOTHACHIH, CEICKTUBTI OH/IPY/Ii KOHE ITHEBMOCETAPALHSHBI
KOJIJIaHyFa ayfapbUIFaH. byl TeXHONOTUsIIap/bl €HTi3y KYJIIiK KOPCeTKIIITi a3aiiTyra, KoMip MaccachlHbIH OipKeNIKiIiriHe KO XKeTKi3yre ixoHe oHIipy KodpdHuiueHTin
apTThIpyFa MYMKIiHJIIK OepeTini anbIKTa bl Kyprak ImHeBMOocenaparms KOHABIPFbUIAPBIH ChIHAY Ke3iH/ie KOHIIEHTPATThIH TyciMi 60%-Fa neiiin Gonranaa kyaaik 9-11%-ra
JIeiiiH TOMeHACHTIHI pacTanabl. THIMALTIKTI apTTRIPY/bIH KOCBIMIIIA XKOJIBI — KOMIP YHTAFbIH OpHKeTTeY, OYJI MIMKi3aTThl TOJBIK MaiilaaHyFa MEH SKOJIOTHSHBI XKaKcap-
TyFa MYMKIHIIK Gepesii. DKOHOMHKAJIBIK ecenTeyiep OOibIHIIA, TEXHONOTHSIIAP KELICHIH eHIi3y KeMip/iH KYHbIH 2 €CeIeH acTaM apTTBIPbII, ©3iHIiK KyHbIH 15-20%-Fa
TOMEHJICTE/II.

Tyitinoi cesoep: kemip, Lllybapken ken opHel, KYAOLNIK, YUKIOIK-AbIH MEXHOLOUACHL, CeNLeKMUEMI eHOIPY, NHeGMOCeNnapayus, KoMip YHmazol, Opukemmey, 3KOHOMuU-
KaIblK MUiMOLTIK.

Technology for improving the quality of coal at the Shubarkol deposit

Abstract. The article presents research results on coal quality management at the Shubarkol deposit. The study focuses on seams 2V and 1V, characterized by low ash
content and high calorific value. Main attention is given to the application of cyclic-flow technology, selective mining, and pneumatic separation. It was found that imple-
menting these technologies reduces ash variability, ensures more uniform coal mass homogenization, and increases the recovery rate. Tests of dry pneumatic separation
units confirmed the possibility of reducing ash content to 9-11% with a concentrate yield of up to 60%. An additional advantage is briquetting fine coal, which ensures full
raw material utilization and improves environmental performance. Economic analysis shows that introducing the technology complex more than doubles the coal’s market
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value and reduces production costs by 15-20%.

Key words: coal, Shubarkol deposit, ash content, cyclic-flow technology, selective mining, pneumo-separation, coal fines, briquetting, economic efficiency.

Beenenne

YronpHasi TPOMBIIIIEHHOCT OCTAeTCsl OJHUM M3 KIIoue-
BBIX 3JIEMEHTOB TOIUIMBHO-’HEPreTUYECKOro komIuiekca Pec-
nmyonukn Kazaxcran. Jlons yronsHoO# reHepanuu B 3Heproda-
JaHce cTpasbl npesslmaet 70%, 4To onpeaenseT BBICOKYHO 3a-
BHCHMOCTB SKOHOMHKH OT 100N M niepepadoTku yruis [1]. B
TO 7K€ BpeMs pa3BUTHE MUPOBON SHEPreTUKHU XapaKTepU3yeTCs
TEHJCHIUEH K COKPAIEHUIO JONU YISl B TONb3Y «3EIEHBIX»
HCTOYHUKOB JHEPrHH, YTO CONPOBONKAAETCS YKECTOUCHHEM
TpeOOBaHMI K Ka4eCTBY M HKOJIOTMYECKUM XapaKTEepUCTUKaM
YTOJBHOTO CBIPbs [2-3].

Juis Kazaxcrana nanHas npoOieMa MMEeT TBOMCTBEHHBIHN
xapakrep. C OTHOI CTOpOHBI, yrojib ocTaercsi Haubosee 10-
CTYyIIHBIM M IIUPOKO HMCHOJIb3YEMBIM TOIIMBOM B 3JIEKTPO-
sHepretuke u Mmeramryprud. C JIpyroil CTOPOHBI, HHU3KOE
KauecTBO YacTH JIOOBIBAEMBIX YIUIEH, mpexae Bcero Dkuba-
CTy3CKOro OacceiiHa ¢ MX BBICOKOW 30JbHOCTBIO (35-45%),
OTPaHUYMBAET BO3MOXHOCTH SKCIOPTA U CHUXKAET KOHKYpPEH-
TOCIIOCOOHOCTh Tponykiuu [4]. B 3THX ycnoBUSX 0COOBIiA
nuntepec mpexacrasisier 1llybapkoiabckoe MeCTOpOXICHHUE,
YIJIX KOTOPOTO OTAMYAOTCS HU3KOM 30JIBHOCTBIO U BBICOKOM
TEIUIOTBOPHOW CIIOCOOHOCTBIO, UTO JIENAeT MX IEPCHEeKTHB-
HBIMU JJIs1 METaJTyprudecKux nemnei [5].

B MHpoBOIi mpakTHKe KadyecTBO YNl 00ECTICUMBACTCS TPH-
MEHEHHEM CEEKTUBHOM BBIEMKH, CUCTEM YCPEHEHNUS B IOTOKE,
CyXOi1 1 MOKpO# cenapanuu [6—7]. B mociemaue ropl Bee 00Ib-
11ee pacpOCTPAHEHUE TOMY4a0T TEXHOIOIUH THEBMAaTUUECKON
cernapaiuu, Mo3BOJISIIOIINE CHIXKATh 30JbHOCTD YIS 710 9-11%
0e3 MCI0JIb30BaHNs BOJHBIX PECYPCOB, YTO OCOOEHHO aKTyaJbHO

JUTSL PETHOHOB C OTpaHWICHHBIMH 3artacaMu Bozb! [8-9].

B Kazaxcrane BOnpoChl COBEPIIEHCTBOBAHUS TEXHOJIOTHM
OOBIYH U TIEPepabOTKH YIS MPHOOPETAIOT CTpaTeTHIeCKUN
xapakrep. [ yronpHbIX npennpusTHii BaXKHA HE TOIBKO 0-
ObIya B HEOOXOIUMBIX 00BbEMaX, HO M CTAOMIM3aIlMs KaueCcTBa
MPOIYKIMH B COOTBETCTBHHU C TPEOOBAHUSIMHU MOTPEOUTEINEH,
BKJIIOYasi METAJUTypTUYecKrue KOMOMHATHI M 3HEPreTHYECKHE
npemmpustas [10].

Llens uccaemoBaHms 3aKII09aeTCsl B KOMIDICKCHON OIICHKE
BIIMSTHUSA IpUMEHsieMbIX Ha l1lyDapkonbCckoM MecTOpOXKAeHIN
TEXHOJIOTHHA — IUKINYHO-TIOTOYHON CXEeMBI pa3paboTKh, ce-
JIEKTUBHOH BBIEMKH, THEBMaTHUECKON CeMapariy U OpuKeTH-
POBaHMS YTOIHHOM MEJIOYH — Ha MOKAa3aTesI Ka9ecTBa yIIIs U
SKOHOMHUYECKYIO 3(p(peKTHBHOCTE €T0 UCTIOE30BAHHS.

JIIst TOCTIKEHNS IeNN PeTaiich CIeIyIOMNe 3aJaqu:

— aHanU3 2e01020-MexXHUYecKUx ycao8ull paspabomxu me-
CMOPOACOCHUS U OCOOEHHOCMEN Y2ONbHBIX NAACMO8;

— uccredo8anue AUAHUA YUKAULHO-NOMOYHOU MEXHON0UU
U CeneKMuUBHOU BbleMKU HA KA4eCmeo Vs,

— oyenKa dPpexmueHocmuy NHEBMAMULECKOU cenapayuu u
ee GIUAHUSL HA CHUJICEHUE 30bHOCIU,

— usyueHue NepCneKmus KOMIIEKCHO20 UCHOAb308AHUS
V2ONbHOU MeNouU nymem ee OpUKemuposanus;

— npogedenue IKOHOMUUECKOU OYEHKU GHEOPAEMbIX MEXHO-
J02Ul.

O0BeKThI 1 METObI HCCJIEOBAHUS
OOBeKTOM HcciIenoBaHus sBiserca yroib Lllybapkors-
CKOTO MECTOPOJKAEHUS, PacIOIOKeHHOro B LleHTpambHOM
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Puc. 1. MuposBbIe Juepbl Mo A06bI4e U NOTPedJeHNI0 YIuIst (MJIH T). a — dodvbiua, 6 — nompeobnenue.
Cyper 1. Kemip enaipici MeH TyThIHY 00libIHIIA dJIeMIIK KoIGacmbLIaAp (MIH T). d — OHOIPY;, O — MYMbLH).
Figure 1. World leaders in coal production and consumption (million tons). a — production; b — consumption.

Kazaxcrane. MecTtopokaeHHe XapakTepusyeTcs ILIacTaMu
Pa3IMuHONM MOUIIHOCTH W BBIJCPIKAHHOCTH, CPEIU KOTOPBIX
OCHOBHBIMHU NPOMBIIIJICHHBIMH SIBJSIFOTCS TiacTel 2V u 1V.
OTH IJIaCThl OTIIMYAIOTCSI CPABHUTEIILHO HU3KOW 30JIbHOCTBIO
(5—8% mpu ceneKTHUBHOI BbIEMKE) M BBICOKOI TEMJIOTBOPHOI
CHOCOOHOCTBIO, UTO JIeJIaeT UX MEPCIEKTUBHBIMU ISl UCTIONb-
30BaHMA B METAJUTyprUUeCKOi npomsbiiieHHoCTH [11].

HccenenoBanus NpoBOAWINCH B HECKOJIBKO 3TanoB. Ha nep-
BOM 3Tare ObUI BBIIOJIHEH aHAJIM3 T'e0J0Tr0-TEXHUUECKUX YC-
JIOBUIT pa3pabOTKH, BKJIIOYAs CTPOSHHME YTOJBbHBIX ILUIACTOB,
MOIIHOCTh TPOCJIOEB MYCTHIX MOPOJ M CTEICHb WX BBIAEP-
»kaHHocTU [12]. BTopoi#l aTam BKJIIOUad MU3yuyeHUE BIUSTHHS
nuKIMyHo-notouHoi TexHonoruu (ILIIIT) Ha coxpaHeHue
kayectBa yrist. OneHuBaiach 3PQEeKTHBHOCTb MPUMEHEHHMS
JPOOMIILHO-COPTUPOBOYHBIX KOMIUIEKCOB M TPaHCIIOPTHBIX
cXeM B 00eCIeYeHNH YCPEIHEHNSI U MUHUMHU3AIUN TTI0TEPb.

Ocoboe BHUMaHKE YJIeIISUIOCh CENIEKTUBHOM BbIEMKE, KOTO-
past IPUMEHSETCSI Ha y4acTKaxX ¢ TOHKMMH MPOCIIOSMHU ITyCThIX
nopox. JIist OLleHKH ee BIMSHUSL Ha KaueCTBO YIVIsl IPOBOJIH-
JIUCh pacyeThl KO3 (GUIUCHTOB MOTEPh U 3arpsi3HCHUS, a TaK-
K€ aHAJIU3 PE3yJIbTaTOB COPTUPOBKH MPOIYKIUH 110 (HpaKIH-
s [11].

Ha TtperbeM sTame ucciIeAoBallCh BO3MOXKHOCTH ITHEB-
MaTHUYEeCKOH cenapanuu yris. VcnbITaHusi NpOBOIMINCH Ha
onbITHBIX ycTaHoBkax Ttuma CEITAUP, rne ompenemnsuiach
3G PCKTUBHOCTh CHIDKCHHS 30JIbHOCTH B 3aBHCUMOCTU OT
IUIOTHOCTH YTOJIbHBIX 4acTull. J{OMOIHUTENLHO BBIOIHIIACH
OLICHKA pacIpe/ielieHus KJIACCOB YIUISl MO TUIOTHOCTSIM C Iie-
JIbE0 000CHOBaHMS BBIOOpA PEIKUMOB ceraparuu [8-9].

YeTBepThld 3Tan BKJIIOYAT JIaDOpAaTOPHBIC HCIBITAHMS
yrieil Ha W3MEeJIb4acMOCTh, Pa3MOKaeMOCTh M TEPMOCTOM-
KOCTb. JTH IMOKa3aTeIN PacCMaTPUBAINCh KaK BaXKHbIC (hak-
TOPBI IIPU ONPEJIEIICHUH MEPCIIEKTHB UX MCII0JIb30BaHUS B Me-
TaJuTypruu u sHepreruke [11].

Ha 3akimounrtesibHOM 3Tarie ObUla IPOBEICHA 3KOHOMHUYE-
CKasl OLIEHKa BHEJPEHUs TEXHOJIOTWH YINpaBICHHs] KadeCTBOM
yrst. CpaBHHBAIUCH BapUaHThI TPAJULIIMOHHON 100BIYM U 00-
PabOTKH C TEXHOJIOTUSIMH, BKITIOUAIOLIMMH [THEBMOCETIAPALIHIO
1 OpUKETHPOBAHUE YrOJIBHON MENIOUH. AHAIM3 BBITIOIHSLICS 110
MOKa3aTe/siM Ce0eCTOMMOCTH, PHIHOYHOW CTOMMOCTH YIVISL U
K03((PULIMEHTY UCTIONB30BaHUs! JOOBITOrO ChIpbs [12].
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Puc. 2. Cxema BekpoiTus LHlydapkoabckoro
MeCTOPOKIEeHHUS.
Cyper 2. llly0apke.,1 KeH OPHbIH ally cy/10achl.
Figure 2. Scheme of Shubarkol deposit development.
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Puc. 3. [IpuHuunuansHas cxeMa BeJleHHsI TOPHBIX PadoT
Ha lly6apkoibckoM MecTOPOKIEHUH.
Cyper 3. LlIy6apkoJ1 KeH OPHbIHAA Tay-KeH KYMBICTapbIH
JKYPri3yaiH NPUHIUITIK cXeMachl.
Figure 3. Principal scheme of mining operations
at the Shubarkol deposit.

Bausanue yuxknuuno-nomounoi mexmonozuu Ha Kaue-
cmeo yznsa

AHanu3 paboTsl APOOHIEHO-COPTUPOBOYHBIX KOMILIEKCOB
MOKa3aJ, YTO BHEIPEHHE LUKIMYHO-NIOTOYHON TEXHOIOTHH
(LITIT) crmocobCTBYET CHUKEHUIO MOTEPh U MOBBIMICHUIO Of1-
HOPOAHOCTH JOOBIBAEMOT0 YIJIsL. 32 CUET COKPAICHUS TPaHC-
MOPTHBIX 1€ ¥ ONTHMH3ALUN YCPEAHEHHUS YAaI0Ch YMEHb-
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LIUTh BapUAIMIO 30JIbHOCTH B MapTuu ¢ +4% 1o £2%. Jlomnosn-
HUTEIBHBIM 3()PEKTOM CTAJIO CHIDKCHHUE Pa3yO0KUBaHUS YIS
IIPY TPAHCIIOPTHPOBKE U TIOTPY3KE.

13 » 3 79
i

Puc. 4. IlponoanHslii pazpes Llydapkoabckoro
MeCTOPOKICHHSI.
Cyper 4. llly0apke.1 KeH OPHbIHBIH Y3bIHABIFbIHA 00HbI
KHMACBI.
Figure 4. Longitudinal section of the Shubarkol deposit.

Pe3ynomamul npumeHenus ceneKmueHoll 6blemMKu

B ycnoBusix 1Ly0apKoIbCKOrO MECTOPOXKACHHS CENEKTHB-
Has 0TpaboTKa ITaCTOB MOIIHOCTBIO Oonee 0,3 M mo3BoimIiIa
CYLIECTBEHHO IOBBICUTh Ka4€CTBO yIVIA. YCTAQHOBJICHO, YTO
IIPU Pa3AeIbHON BBIEMKE YIS M IIyCTBIX ITOPOJ CPEIHss 30-
JBHOCTH CHWKaercsi Ha 5—8%, a Ko3(HUINEHT HM3BICUCHHS
yBenmmuuBaeTcs Ha 6—-9%. OTu pes3yabTaThl MOATBEPKAAIOT
3¢ PEKTHBHOCTH METONIA B 00CCTICUCHNH CTAOMITHHBIX ITapaMe-
TPOB TOBAPHOT'O YIJIS VISl METAJLTYPTHH.

Puc. 5. Pazpadorka mectopo:xaenus Llyoapkosnb.
Cypert 5. llly6apke.1 KeH OPHBIH Hrepy.
Figure 5. Development of the Shubarkol deposit.

Ipghexkmusnocmy nnesmamuueckoii cenapayuu

VcnbITanus ycTaHOBOK cyXoii mHeBMocenaparuu tuna CE-
[TAWP nokazanu BeICOKYIO d((GEKTUBHOCTD pa3IesIeHUs YIIIs
T10 TJIOTHOCTH. 30JIbHOCTh KOHIIEHTpATa CHUKAJIACh C UCXO/-
HbIX 22-32% 1o 9—11% npu BeIxoae 10 60%, uTo coracyer-
Csl ¢ pe3yNbTaTaMy aHAJIOTHYHBIX MCCIIEI0BAHUHA. 30JIbHOCTh
xBocTOB jocturana 70-80%, 4TO MOATBEPHKIAET BO3MOXK-

HOCTb UX HCHOJIB30BAHUA B KQYCCTBC OTXOA0B I PEKYJIbTU-
Bally UJIW BTOPUYHOT'O ChIPbA.
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Puc. 6. Kpusbie 3ppeKTUBHOCTH IPUMEHEHHS CyX0i
cenapauun CEITAWP.
Cypet 6. CEITAUP kyprak cenapanusicblHbIH THIMITiK

KHCBIKTapBI.
Figure 6. Efficiency curves of dry separation using
SEPAIR.

Puc. 7. Texnonoruveckas cxeMa IpoM3BO/ICTBA
YIOJILHBIX OPUKeTOB: [ — npuemnwitl OynKep, 2 — numameis
ANMEKMPOBUOPAYUOHHDILL; 3 — 2PY30N00BEMHbLIL MASHUM,

4 — Kongetiep n1enmounsbli,; 5 — epoxom, 6 — KoHgelep
JNeHmoynwlll; 7 — opobuika éankosas, 8 — opoouika
Mmonomxkosas, 9 — kougetiep nenmounviii; 10 — cmecumens,
11 — 6ynxep co winexosvim numamenem,; 12 — npecc
6anxogwlll, 13 — epoxom.

Cyper 7. Kemip OpukeTTepin 6HAIpYAiH TEXHOJIOTUAIBIK
cxemMachl: | — kabwvLnioay OyHkepi; 2 — 31eKmposudpayusiivli
bepeiut; 3 — kemepeiw macnum, 4 — macna Kousetiepi,

5 — cuma (epoxom); 6 — macna xoueetiepi, 7 — poruxmi
yeamgwiut, 8 — banza ycamxviui, 9 — macna kousetiepi;
10 — apanacmoipeviui; 11 — winexknen 6epinemin OyHKep,;
12 — ponuxmi npecc, 13 — cuma (epoxom,).

Figure 7. Technological scheme of coal briquette
production: / — receiving bunker, 2 — electro-vibratory
feeder; 3 — lifting magnet; 4 — belt conveyor; 5 — screen
(grizzly); 6 — belt conveyor, 7 — roller crusher; 8 — hammer
crusher; 9 — belt conveyor, 10— mixer; 11 — bunker with
screw feeder; 12 — roller press; 13 — screen (grizzly).
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O0cy:xneHue

[TpyMeHeHre aBTOMATH3UPOBAHHBIX CHCTEM YIPABICHUSA
MIO3BOJIMJIO COKPATUTH IOTPEOHOCTH B PyYHOM KOHTPOJIE M
cTabnm3upoBaTh paboTy CemapallOHHBIX YCTaHOBOK, 00e-
CIIeuHBasi HENPEPLIBHOCTD ITOTOKA YIVIA.

Hcnonv3osanue yzonvrnoit menouu u opuxemuposanue

OmHrM W3 HANpaBiICHUH TOBBIMICHUS S(PPEKTUBHOCTH
nepepaboTKH YIS SBISCTCS KOMIUIEKCHOE HCIIONB30BaHUE
YrobHOW Melioun. [IpoBeaeHHbIe HCIBITAHUS TIOKA3aJIHd, 4TO
MPECCOBAaHUE YTOJBHOM MEJIOYH B TOIUIMBHBIE OpUKETHI MO-
3BOJIACT TIOJYYUTh IIPOAYKT ¢ GoJiee BHICOKOH TEIIOTBOPHOI
CITOCOOHOCTHIO M HU3KOW BIAKHOCTHIO [7].

[Ipu cxxuranny OPUKETOB OTMEYEHO CHIDKCHHE BHIOPOCOB
80: n TBepabIX yacThIl Ha 15-20%, 9TO COOTBETCTBYET MHUPO-
BBIM TEHJICHIIMSM 3KOJIOTH3alMU TOIUIMBHO-?HEPTEeTHYESCKOTO
Komruiekca [8].

DKkonomuueckan rgppekmuenocmso

DKOHOMHYECKasi OIEHKA BHEAPCHUS TEXHOJOTHIl IOKa-
3aja, YTO CHIDKCHHE 30JIbHOCTH YIVISl IPUBOIMUT K POCTY €T0
PBIHOYHOI CTOMMOCTH Oojiee 4eM B ABa pasa. JlomomHuTeb-
HBIH P dexT odecriednBaeTcs 3a CYET COKpameHns 00heMOB
TPAHCTIOPTUPOBKH HEKOHAWIMOHHOTO CBIPbS M TOBBIIICHUS
K03((HHUITHEHTA UCITOIB30BAHUS YTOIBHON MACCHI.
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Puc. 8. lunaMuka 1eH Ha Ka3aXCTAHCKHIi yroib
HAa MMPOBOM pPBbIHKe.
Cypert 8. KazakcTaH KeMipiHiH djieMIiKk HAPBIKTAFbI 0ara
AMHAMHMKACBHI.
Figure 8. Price dynamics of Kazakhstan coal
in the global market.

[Tpu nepepaboTKe YroabHOM Menoun B OpUKETHI cebecTo-
HUMOCTb YCJIIOBHOM TOHHBI TOIUIMBA CHUXkaeTcs Ha 15-20%, a
o01mast peHTabeNbHOCTh PEANPHUITHS Bo3pacTaeT Ha 8§—12%.
OTH NMOKa3aTeiq MOATBEPIKIAIOT BBICOKYIO IKOHOMHYECKYIO

1es1ecoo0pa3sHOCTh BHEAPEHUS THEBMOCENapalul 1 OpUKeTH-
PpoOBaHus B IPOU3BOACTBEHHBIC CXCMBI.

3aki04eHune

[TpoBeneHHbIE MCCIIEAOBAHUS MOATBEPIUIIN, YTO Ka4e€CTBO
yrust 11ly0apkosibCKOro MeCTOpOXKICHUSI BO MHOTOM OIpeie-
JSIETCSl IPUMEHSIEMBIMU TEXHOJIOTHSMH A00BIYH 1 TIepepaboT-
KU. BHenpenue NUKIMYHO-II0TOYHON TEXHOJIOTUU [103BOJIMIIO
CHM3UTh BapHalLMIO TOKa3arelieil 30JIbHOCTH M 00eCHeYuTh
Oosiee paBHOMEpHOE ycpeqHeHue npoaykiuu. CejekTUBHAs
BBIEMKa I1JIACTOB MOIIHOCTHIO Oosee 0,3 M 10Ka3asia CBOO -
(DEeKTUBHOCTH B CHIIKEHUH 30JIbHOCTH Ha 5—8% ¥ TIOBBILICHUN
koa(uIeHTa U3BIICUSHHUS YIIISI.

HcnbiTanus yCcTaHOBOK CyXOM ITHEBMOCEIAapaluu Ipo-
JIEMOHCTPUPOBAIM BO3MOXXHOCTH IOJIYYEHHs] KOHIICHTpara
¢ 3oapHOCTBIO 9-11% mpu BeIXOAE 10 60%, YTO MO3BOJSIET
3HAUUTENLHO PACIIUPUTH Chepbl TPUMEHEHHS YIS, BKIIOYast
METaJIyprUYecKylo IPOMBILIIEHHOCTh. [lonyueHHble JaH-
HBIE COIOCTABUMBI C pe3yJIbTaTaMl MUPOBBIX HCCIIEIOBAHUN
U TIOTBEPKAAIOT MEPCIEKTUBHOCTh BHEAPEHUSI METO/IA B yC-
nosusix Lentpansnoro Kazaxcrana.

bpukerupoBaHue yroJbHON MEJIOUU pacCMaTpUBAETCS Kak
JIOTIOJIHUTENIBHOE HAIpaBJICHUE KOMIUIEKCHOTO HCIIOIb30Ba-
HUSI MUHEPAJILHOTO ChIPbsl. DKCIIEPUMEHTAJIBHO YCTaHOBJICHO,
YTO IPECCOBAHHbIE YrOJbHBIE OpPUKETHI 00JaJat0T Oosee Bbl-
COKOM TEIJIOTBOPHOM CIIOCOOHOCTHIO, TOHUKCHHOW BIIAYKHO-
CTBIO M 00ECIHEUYMBAIOT CHMKEHHE BHIOPOCOB 3arpsi3HSIOIINX
BEILECTB IPU CYKUTAHHH.

DKOHOMHMYECKasi OLIEHKa MOKa3aJjia, YTO COBMEILCHHE TeX-
Hosoruil L{IIT, cenexTuBHOW BBIEMKH, ITHEBMOCENApalMU U
OpHKeTHpOBaHUsI 00ECIIeUnBAET POCT PHIHOYHOW CTOMMOCTH
NpOAYKIMHK OoJiee YeM B JIBa pa3a U CHUXKAET Ce0eCTOMMOCTh
yCIIOBHO TOHHBI ToruMBa Ha 15-20%.

Takum 06pazom, MpeIoKEHHBIH KOMIUIEKC TEXHOIOTHUYECKUX
peleHHil TO3BOJISIET HE TOJILKO IMOBBICHTH KOHKYPEHTOCIIOCO0-
HocThb yruist LIy0apkoibCkoro MECTOpPOXKIEHHST HA BHYTPEHHEM 1
BHEIIIHEM DBIHKaX, HO M YJIYHILIHTh SKOJOTHYECKUE MOKA3aTesn
npon3BozACTBa. [loiyueHHble pe3ysbTaTbl MOTYT OBbITh HUCIIONB30-
BaHbI TIpU pa3pabOTKe PEKOMEHIALMI ISl YTOJNBHBIX MPEANPHUS-
Trit KazaxcraHna, OpueHTHPOBaHHBIX Ha MOJIEPHU3ALMIO TEXHOJIO-
TMYECKHMX CXEM M TOBBIIICHHE KaueCTBA YTOIBHOM POy KIIUH.
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Kpernerte ropHBIX BEIPab0TOK

Kox MPHTH 52.13.23

T. M. Aumenos!, P. K. ’Kanakosa', *B. A. CeiiTka3binoBa', Atac Bascetin?
ISatbayev University (Aamamol 5., Kazaxcman),
’blcmanbyn mexnuxanvix ynusepcumemi (blemanoyn k., Typkus)

KEPACTDBI TAY-KEH KA3BAJIAPBIH BEKITYTE
KOJJAHBIJIATBIH TOPKPETBETOH
KOCHACBIHBIH PAIIMOHAJ JIbI KYPAMJIAPBI

Anparna. 3epTTey JKYMBICBIH/IA KEepacThl Tay-KeH Ka30alapblHbIH OCKiTIeNepiHiH TeXHUKAJbIK, SKCILTYaTaHsIIbIK, SKOJOTHSIIBIK KOHEe SKOHOMUKAIBIK THIMIUTINH
apTTBIPY MAKCAThIH/IA MOJMMEPMEH MOAM(UKALMAIAHFAH TOPKPETOETOH TEXHOJIOTUACHIHBIH ’KaHa HYCKAChl YCBIHBIIA/bI. ¥ CBIHBUIFAH TOCII KOCIIAHBIH, KYPaMbIH OHTaii-
JIAH/IBIPY/IBI, OHBI KOJIAHY 9IICTEPiH JKETUIAIPYy/Ai jKoHE OPTYPIIi TeoOrusUIbIK XKaFAainapaa THIMALIINH apTTeIpyasl ke3aeiiai. KeueHai nmkeHepiik-MarepuantaHyIblk
onicHaMa asichlHa (PU3MKA-XUMUSUIBIK CHIIATTaMajlap 3epTTEIill, SKCIIEPUMEHTTIK MOZEIbCY, 36PTXaHAIBIK XKOHE TaOMFH OpTaJaFbl JAIalbIK ChIHAKTap skyprizineni. Co-
HBIMEH Karap, aJlbIHFaH HOTIKeNep/li 1o Oarasiay YIIiH 3aMaHayd CTAaTHCTHKAJIBIK TaJliay 9/icTepi Koanbliaasl. by 3eprrey TopkpeTOeTOHHBIH OepiKTIriH, aare3uschbH
JKOHE Y3aK MEP3IM/LTITiH apTThIPyFa, COHBIMEH Oipre MIBIFBIHAAPABI a3alThIIN, KOPILIAFaH OpTaFa dCepiH TOMEHICTYre MYMKIHIIK Oepei.

Tyitinoi ce3oep: dicepacmol may-Ken Kasoanapbvl, mopKkpemoemon, mopkpemoemon Kypamol, Oeximne, GeKimy mextHoio2UsACsl, MopKpemoOemoHHblY payuoHanObl
KYpamot.

Rational compositions of shotcrete mixtures used for reinforcing underground mine excavations

Abstract. This study proposes a new polymer-modified shotcrete technology aimed at improving the technical, operational, environmental, and economic efficiency of
underground mine support systems. The approach includes optimizing the mixture composition, improving application methods, and increasing efficiency under various
geological conditions. The research is based on an integrated engineering and materials science methodology, including physicochemical analysis, experimental modeling,
laboratory and field testing, and modern statistical evaluation methods. The proposed technology is expected to improve the strength, adhesion, and durability of shotcrete
while reducing costs and minimizing environmental impact.

Key words: underground mine workings, shotcrete, shotcrete mix composition, ground support, support technology, rational compositions.

PanmonajibHbI€ COCTABBI TOpreTﬁeTOHl—[Oﬁ CcMeCH, HpﬂMeHﬂeMOﬁ AJIS KpelvieHUusl NMOA3€MHBIX 'OPHBIX BblpaﬁOTOK

AuHotanus. B pabore npeanaraercst HOBast TEXHOJIOTHS OIMMEPMOAN(PUINPOBAHHOTO TOPKPETOCTOHA [JIsl MOBBILICHNS] TEXHHYECKOM, IKCIUTyaTallHOHHOMN, 9KOJI0-
THYECKOH M SKOHOMUYECKOi 3(()EKTUBHOCTH Kpereil Mog3eMHbIX TOPHBIX BbIpaboToK. IToaxon mpeaycMaTpuBaeT ONTUMH3ALMIO COCTaBAa CMECH, COBEPLICHCTBOBAHUE
METOJIOB HAHECEHHs M MOBbIIIEeHHE YQPEKTUBHOCTH NPUMEHEHNUS B PA3JIMYHBIX I'€0JIOTUYECKHX ycloBUsX. MccienoBanie 0CHOBAaHO Ha KOMILIEKCHOW MH)KEHEPHO-MaTe-
pHAIOBEUECKOI METOJI0JIOTHH U BKJIFOUAeT M3yueHne QHU3MKO-XMMHYECKNX CBOWCTB, 9KCIIEPUMEHTAILHOE MOJICINPOBAHNUE, J1Ta00PaTOPHBIC U MOJICBBIC HCIIBITAHUS, @ TaK-
K€ COBPEMEHHbIC METO/IbI CTATUCTHYECKOTO aHanu3a. [Ipeanaraemast TEXHOIOTHS TI03BOJISIET TOBBICUTH TIPOYHOCTb, aJIrE3UI0 U JOJITOBEYHOCTh TOPKPETOCTOHA, CHU3UTh
3aTpaThl U yMEHBIINThH HEraTUBHOE BO3/ICHCTBIE HA OKPYKAIONILYIO CPEJLy.

Knrouesvie cnosa: 2opuvie 6bipabomxu, mopKpemoemon, cocmas mopKkpemoemond, Kpenv, mexnoni02us KpenieHus, payuoHaibHblil Cocmas mopkpemoemonno cmecu.
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Kipicne

Op MEMIJICKETTIH QJIEyMETTiK-9KOHOMUKAIIBIK JaMybIHBIH
HETi3Ti CTPaTEeTHSUIBIK MiHACTTEPiHIH Oipi — SKOHOMHUKAIBIK
©CiM KapKBIHBIH JKEJIENICTY JKOHE OHBIH THIMILTITIH apTTBIPY
601 TadbUTaaEL. OCBI MaKCaTKA O3BIK FBIIBIMA-TEX HUKATIBIK,
JKETICTIKTep/l CHTI3y, OHIIPICTIK KyaTTapasl KEUICHI KaH-
FBIPTY KOHE OHEPKACIMTIK QNIeyeTTi OaphIHIIA THIMII Maiiia-
JIaHy apKbLIbI KOJT XKETKi3e ajgaMbi3. by nmporiecre kemip, Tay-
KEH JKOHE Tay-KeH XMMUSIChI CalalapblH JaMbITy aipbIKIIa
MaHpI3Fa ue 007 oThip. OChIHAAN MIapanapibl iCKe achIpy
naaansl Kazoanap/ipl OHIIpy KeJIeMiH apTThIpyMeH Karap, ca-
JIAHBIH TEXHOJIOTHSUIBIK JICHIeHIH KOTEpyre, OHIPIC MIBIFbIH-
JIapbIH a3alTyFa XKOHE KOpIIAaFaH OpTara Kepi acep/ii TOMEeH/ie-
Tyre MyMKIiHAIK anans [1-3].

3eprreylniH MaTepuaiapbl MeH dicTemeci

3epTxXaHaiblK HOTWKEICpAI HAKTHl OHIIPICTIK JKarmai-
na pacray makcareiHna KP «KombapreicTey kenimminig Ne 4
IITOJBHSACHIH/IAFBI KEPACTHI TAY-KEH Ka30aChIHAAFbl TOPKPET-
0eTOH OEKITIIeciHeH aJbIHFaH YJTLIepre JajlallblK ChIHAKTap
OTKi3mi. JKanmel manmanmblk 3epTTeyinep eKi peT >Kypri3iimi.
Onparpl MTONBHSHBIH JkKaTy TepeHmairi 230m Gomamsl. JKbI-
HBICTAp KOJEMIIK THIFBBALIFEI — 2,7 T/M>. Kepumep VAJI-3
KOHJIBIPFBICHIH Taliajana OTBHIPBIN, aJMacThl OYpFbUIAY To-
cimimer anprHamsl. duametp 100 MM xone Omiktiri 100 MM
KepHIEpl alry TOPKpeTOSTOH OeKITiNreHHeH KeliH 28 Toy-
JIKTEH COH, Ka30aHBIH Y3BIH/BIFBI OOHBIHINA 9p 5 M cailblH
xyprizineni. Kocma 6epy ymian BM-60 TopkpeT MammHach!
Konmaneutansl. Kepaai amy apansirsl — | KyH. Bapmbrst 5 kepH
JaWbIHAANBIHIBL. JKyMBICTapaBIH KYPri3iireH ke3eH e Ka3oa-

Jarpl aya Temreparypackl +16...+20°C, caibICTBIpMalbl bUI-
FanabuIbIK — 60—70% Kypapl. YITUIepaiH IIEMEHT Maccachl-
Ha makkauaars! 2%, 4%, 6%, 8% xone 10% marekc Meriepi
KOJIIAHBUIFaH €Ki KOMIIOHCHTTI TOPKPeTOeTOH OekiTmeci 6ap
yuacKelepaeH 5 YIIri abIHIbI.

Exi KOMIIOHEHTTI KypaMmaapaarbl LeMeHT Merrepi 280—
570 xr/mM® apajbiFbliHIA ©3rep/ai. ballTaHbICTBIPFBIINI PETIHIC
OCKeMeH IIeMEHT 3aybIThiHAa eHmipiuireH M400 mapkaibi
MOPTIIAH/IIEMEHT KOJJaHbULIbL. EKI KOMIIOHEHTTI Kocmaap
YIIiH YTRIMBI Cy-TieMeHT KaTbiHachl 0,35-0,45. BepikTik cu-
narramayiapbid anpikTay yurg 100 x 100 x 100 mm esnmreMi
TEKIIE YJITiIep JaibiHaanasl. BypikineOeToH yiriiepidin oe-
pikTirin anbikTay ceiHakTapbl K. 1. CorbaeB arsiHgarsl Ka-
3¥T3Y 3eprxanaceinga 'OCT 10180 tamanTtapbiHa coiikec
THIPABIUKAIIBIK [IPECTIH KOMETIMEH XKYpri3iimi. Yriaep Ka-
JIBITITHI JKaFAaiia yCTalnsl JKoHe chiHakTap 1, 3, 7 xoHe 28
Toymikre opbiHaanabl. KoceiMina Typae Oepikrik Karkapos-
TBIH ATAJIOHBIK OaJFAChIH KOJIIaHY apKbUIbl aHBIKTAIIBI (1-2

Cyper).

Hoartu:kenep

ParmoHanasl €Ki KOMIIOHCHTTI JOCTYpJi TOPKPETOCTOH
KOCTIAChIHBIH HOCTHXKEJIepiHe CYHeHe OTBIPBIN, OyJI Kocma
IIEMEHT MaccachiHblH 2—10% Memepinae apHaibl Keae-
JIETKIII KOCHaHbl €HTi3y apKbUIbl MOIU(pUKAIMIaHAbL. Te3
KaTaWTKBIII PETIHIE )KAKCAPTHUIFAH aJre3usuTbIK )KOHE TUIac-
tudukamsiaynsl Kacuerrepre ue «b» mapkaner CKC-65
I'TI narexc momubuKaropsl KougaHbuiabl. [lomumepmonudu-
KalMsUTaHFaH TOPKPETOCTOHHBIH JKOFapbUIAThbUIFaH (DU3MKa-
MEXaHHUKAJIBIK KOPCETKIIITEPI Tay-KeH OCKITIeIepiHiH CeHIM-
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Cypert 1. bBypiknedeToH y.rijepinin Kbicy 0epikTiri 00fbIHIIIA CHIHAK HITHKeIepi.
Figure 1. Results of compressive strength tests of shotcrete specimens.
Puc. 1. Pe3yabTarsl HCIBLITAHMIT 06Pa3110B TOPKPETOETOHA HA POYHOCTH NP CHKATHH.

Nol-5 yirinepin csiHay GapbICEIHIA TOPKPETOETOHHBIH GepIKTINIHIH YaKBITKa
(TayTiKKe) GailTaHBICTHI &Cy THHAMHKACH!
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Cyper 2. Ne 1-5 yarizepinaeri uement moJimepi (280—
570 kr/m?) apTypJti OypikneGeTOHHBIH YaKbIT 00ibIHIIIA
OepikTik eciMiHiH TMHAMHMKACHI.

Figure 2. Strength development dynamics of shotcrete
specimens No. 1-5 over time at different cement contents
(280-570 kg/m®).

Puc. 2. /lunamMuka pocTa NpoYHOCTH TOPKPeTOETOHA
o0pa3uoB Ne 1-5 Bo BpeMeHH NPH pa3TuaHOM
coaepxxkanum uementa (280-570 kr/m?).

JIUTIrD MEH y3aK Mep3iMALTITIH apTThIpyFa bIKIal eTe/i, Oy
03 Ke3eriH/Ie JKepacThl JKYMBICTAPbIHIA KayIlCI3AiK ACHIeiiH
JKOHE Tay-KeH OHAIpiCiHIH eHIMALIriH >xorapbuiaranbl. Chl-
HaKTap KOPBITBHIHIbUIAPEI TOPKPETOSTOHHBIH MEXaHUKAIIBIK
JKOHE MaiilaiaHy KacUeTTepiH eldyip ’KakcapTaTblH KOMIIO-
HEHTTEPJIIH YThIMJIbl apaKaTbIHACTAPBIH aHBIKTAyFa MYMKiH-

T'opnutit scypnan Kazaxcmana Ne7’ 2026

nik Oepni. Jlateke meH MoauUKAIMsUIAaHFAH KypaMapaaH
JabIHAaIFal yarizepain oepikrik kacuerrepi K. M. Corbaes
arbingarel Kas¥ TV 3eprxanaiblk skargainapbiHaa dKCIepu-
MEHTaJIIBI TYpJIE 3ePTTEIIHI.

JlarekcTi Kocma Oap €Ki KOMITOHEHTTI MOJUMEPIICMEHTTI
TOPKPETOCTOHHBIH OCPIKTIK CHIIaTTaMalapblH Tajaay. by xky-
MBIC asICBIH/A [IEMCHT MacCachIHA IAKKAH/a JIATEKC MOJIIepi
2—10% apaJbIFbIHIA ©3TSPTLITCH MOTMMEPIIEMEHTTI HEeTi3/er1
€Ki KOMITOHCHTTI TOPKPETOCTOH KYpaMIapbIHaH JaiibIHIaFaH
yurinepain OepikTik cunarTaManapsl TaajaibHabl (kecte 1).
CriHakTap OypbIH OasHIaIFaH oicTeMe OOMBIHINA 3epTXaHa-
JIBIK JKaFIaia OpbIHIAIBIHIBL (CypeT 3).

28 TAYNIKTIK KaTy Mep3imiHae NoIMMEepLLEMEHTTI
TOPKPETOETOHHBIH, CbifblNyFa BEpiKTIriHiH NaTeKc
MeslepiHe Tayenginiri
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Cyper 3. 28 Toynik KaTy Mep3iminjae JaTeKkc MoJIepine
OailuIaHBICTHI OepiKTik e3repici.
Figure 3. Strength variation depending on latex content at
a curing period of 28 days.
Puc. 3. U3menenne nNpo4HOCTH B 3aBUCHMOCTH OT
cofiep;KaHusl JaTeKca IPH CpoKe TBepaeHust 28 cyTok.

3-cyperreri 28 TOyNiKTIK KaTy Mep3iMiHJe JIaTeKC Mell-
mepiHe OailJIaHBICTBI €Ki KOMIIOHCHTTI TIOJMMEPLEMEHTTI
TOPKPETOCTOHHBIH CHIFBIIyFa OCPIKTIriHIH ToyeNlaiiKTepi
kepcetinni. Toxipubenik aepekTepi Tajjay JaTekc MeJIlie-
pin 2-nen 4%-ra JIeiiH apTThIPy €Ki KOMIIOHEHTTI KypaMm Typi
YIIiH OepiKTIKTIH alTapibIKTal ecyiMeH KaTrap *YpPeTiHiH aH-
rapTThl. JlarekcTin memmepin 4-teH 10%-ra neifiH omaH opi
apTTBIPy Ke3[e OEpiKTIK CHIaTTaMajapblHbIH TYPaKTaHYbI
JKOHE KOPCETKIIITEp/IiH 1Iamalsl FaHa ecyi Oaikanasl (1-cy-
per). Mbicanra, exi KOMIIOHEHTTI KypaM YIIiH JiaTeKc MeJl-
mepi 8% Oonranna Oepikrik 39,2 MIla, an 10% — 39,5 MIla
Kypaiinsl, Oy Oap-xorbel 0,77% ecimre colikec kenai. Erep
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Kecme 1
EKi komnonenmmi nonumepyemenmmi 1amexcmi mopKpemoemoHHsly PayuoHanIobl
KYpambiH anblKmay 6oibiHuia IKOHOMUKAIBIK, MaAn0day Hamuoicenepi
Table 1
Results of the economic analysis to determine the optimal composition of a two-component polymer-cement latex shotcrete
Tabnuuya 1
Pezynvmamul IKOHOMUUECKO20 AHAIU3A RO ORPEOEICHUI0 ONMUMATLHOZ0 COCMABA 0GYXKOMNOHEHNHO20
ROIUMEPHO-UEMEHMHO20 JIAMEKCHO20 MOPKPemoenmona
HBI, TT
beton xocnachiHbR IlemenT, Kym, Kupipuibikrac, CH.FyF.a K(¥USD)
Ne KypaMbl r o T Jlarexc,n | Cy, n 6ep1KT1K (1 v Geton
1-5 (I:K:C:JD) meri, MIla Kocnacs)
Eki KOMIIOHEHTTI MOMMEPIIEMEHTTI Kypam (KoMIIOHEHTTep AiH apakarbiHachl: [lemenT:Kym:Jlarekc:Cy)
1 1:2,4:0,43:0,02 400 997 - 5,1 112 24,5 56,3
2 1:2,4:0,43:0,04 400 992 - 10,3 111 37,5 64,1
3 1:2,4:0,43:0,06 400 986 - 15,4 110,5 38,1 72,6
4 1:2,4:0,43:0,08 400 982 - 20,4 109,9 39,2 80,8
5 1:2,4:0,43:0,10 400 977 - 25,4 1094 39,5 88,9

ne narexc memrepi 4% (37,5 MIla, 2-cer ceiHAK) xkoHE 10%
(39,5 Mlla, 5-cbI cbiHaK) Ke3iHzeri OepiKTIKTI calbICTBIPCaK,
ecim 5,33% 6onabl. Exi komnonenTTi (L:K:JI:C) nonmmmepiie-
MEHTTI TOPKPETOCTOH KypaMbIHJIa JIATEKC MOJIIEepi [eMEHT 05
MaccacblHa makkaHaa 2—10% apaiblFblHIa ©3TepTUIreHHEH
KeiliH, aTaiFaH KOCIAHBIH KYHBI OOMBIHIIA SKOHOMHKAIIBIK
Tanjay XKypriziares. by Tanpay OepikTik/KyH apakaTbIHAChIH
€CKepe OTBIPBII JKY3€Tre achIpbULAbI, OyJ1 MarepuaiablH (Qu- 2
3MKa-MEXaHUKAJIBIK >KOHE 3KOHOMHKAJBIK KOPCETKIIITEpPiHIH
YTBIMIBI YHJICCIMIH KAMTaMaChI3 €TETIH OIUMEPITi KOCIIAHBIH
THIMZI J03aJIapblH aHBIKTAayFa MYMKIHIIK Oepemi (cypet 4-5).

BepikTik/KyH apakaTbIHachbl
0,58

10

4 6
NaTtekc menwepi, %

Cyper 5. Jlatekc moiepine 0ailJIaHbICTBI €Ki
KOMIIOHEHTTi TOPKPETOeTOHHBIH PAIIHOHAJIIBI
KYPaM/JIapbIHbIH 0epikTiK/KYH KepceTKilli 0oibIHIIA
CaNBICTBIPMAJIBI THIMALTIK Taa1aybl.

Figure 5. Analysis of the relative performance of the
«strength-to-cost» ratio for optimal mixtures of two-

Natekc menwepi (2-10 %) e3repreH Ke3ae
NoJIMMEPLEMEHTTI TOPKPETOETOHHBIH, €Ki KOMMOHEHTTI
KypamaapbiHbiH 1 M* KyHbIHbIH, Tayenainik rpadwuri

A 1‘;‘; component shotcrete, as a function of latex content.
£ Puc. 5. AHann3 oTHOCHTENbHOM 3(pheKTHBHOCTH
3 I I I I I MOKA3aTeJIs KITPOYHOCTH/CTOUMOCTH /LISl ONTHMAJIbHBIX
Z 20 COCTABOB IBYXKOMIIOHEHTHOT0 TOPKPeTOETOHA B
0 5 . . . 10 3aBHCHMOCTH OT COJepP:KaHUs JIaTeKca.

Natekc Menwwepi, % . . .
TalbIHABL. Byl €Kl KOMIOHEHTTI Kypamaap YUIiH KyH 56,3-

teH 88,9 USD-ka neftin geifin esrepai. Ochl eKi KOMITOHEHT-
Ti KypaMIapIslH SKOHOMUKAJIBIK THIMILUTITIH Talaay JaTeKc
medmmepin 2-aeH 10%-ra neftin apTTeIpy (OipiHII CHIHAKTAaH
OeciHmrire meiiH) KOCAHBIH KYHBIH 58%-Fa KeIMOATTaTaTHI-
HBIH, aJ OepikTikTiH 61,2%-Fa apraTbiHbIH KepceTeni. Exin-
11l koHe OSCIHII CRIHAKTAapIBl CANBICThIpFanIa KYH 38%-Fa
eceni, an OepikTik eciMi HeOapi 5,3% Oommpl. CoHmaii-ax,
reptiami (80,8 USD/M?) xone Oecinmi (88,9 USD/m?) ky-
pamapabiy aisipmammsiibiEsl 10,1% 6Gonca, GepikTik ecimi
Oap-xorel 0,77% xypamel. OCBl HOTIDKE IIEMEHT Maccachl-
HBIH 4%-bIHaH KOFaPHI JIATEKC KOCYIBIH Y9KOHOMUKAJIBIK TYP-
FBITAH THIMCI3 eKeHIH KepcerTTi. JIaTekc TOpKpeTOeTOHHBIH
THIMIUTITiH OaFanay ChIFBITYFa OepikTik merinig (MIla) 1 m3

Cyper 4. Jlatexc moamepi 2—10% apajbiFbiHaa
0oJIFaH Karaaiija TOPKPeTOEeTOHHBIH €Ki KOMIIOHEHTTI
KYPaMbIHBIH 1 M* KYHBIHBIH €3repy rpadguri.
Figure 4. A graph showing the change in the cost per
cubic meter of a two-component spray-coating mixture
with a latex content ranging from 2% to 10%.
Puc. 4. I'paduk, oTpakaromuii u3SMeHeHHe CTOMMOCTH
0/THOT0 KyOH4eCKOIro MeTpa ABYXKOMIIOHEHTHOMH cMecH
JJISl TOPKPETHPOBAHUS C COAeP:KAHMEM JIaTeKca
ot 2 10 10%.

2-xectene JepekTepre CoWKec, COHbIMEH Karap 4 >KoHe

S-cypertepae keatipuiren rpadukrep Herizinge 1 m* mo-
JIMMEPIIEMEHTTI TOPKPETOCTOH KOCIHAChIHBIH KYHBI JIATEKC
MOJIIIEPiHIH apTybIMEH Oipre ChI3bIKTHI TYP/IE ©CETIHI aHbIK-

kKocraubelH KyHbIHAa (USD) KaThIHACH! apKBUIBI J]a JKYPTi3ii-
reH (3-cyper). Xorapsl THIMIUTIK J1aTeke Meumiepi 4% 0oi-
rannaa Oaiikamansl — 0,58 MIla.
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JacanplHFaH MOJIMMEPIEMEHTTI JAaTEKCTI TOPKPETOETOH-
HBIH OEpIKTIK CHUIIaTTaMallapblH 3€PTTEY KOHE OHBIH SKOHOMH-
KaJIbIK THIMIUTITIH Talaay HOTHXKECIH/IE €Ki KOMITOHCHTTI Ma-
TepUaJIbIH PAlIMOHAJ/IbI KYPaMbl aHBIKTANIBIHBL. OChl Kypam
OKCIUTYaTalUSUIBIK, KACHETTEp MEH O31H/IK KYHHBIH YTHIMJIbI
apakaTblHAChIH KaMTamachl3 eteli (cyper 6). Ilaiinananyra
panMoHaIAbl JIeNl TaHbUIFAaH €Ki KOMIIOHEHTTI IoJIMMeplie-
MEHTTI JIaTeKCTI TOPKPETOETOH Kypambl:

HemenT:Kym:Cy:Jlatexc = 1:2,4:0,43:0,04.

EKi KOMNOHeHTTI noAMMepUeMeHTTi naTeKCTi
TOPKPETOETOHHbIH, PaLUOHanbl Kypambl
(L:K:C:1=1:2,4:0,43:0,04)

0,04

2,4!'

mCy ®mlemeHT Kym M naTekc
Cypet 6. Exi KOMIIOHeHTTi MOJTUMepLEeMeHTTi JaTeKCTi
TOPKPETOETOHHBIH PALHOHAN/IbI KYPaMbl.
Figure 6. Rational composition of two-component
polymer-cement latex shotcrete.
Puc. 6. PannonajbHbIi cOCTaB ABYXKOMIIOHEHTHOTO
MOJTMMepPLeMeHTHOI0 JIATEeKCHOI0 TOPKpeTOeTOHA.

3epTTeEy HITH:KeJIepiH Taiaay

JKacanpiaran 3eprreynep KaHa KypaMaarbl, OSpIKTiri ora-
PbI MTOJMMEPLIEMEHTTI TOPKPETOCTOHIbI KOJIJIaHy KarTaMa Ka-
JIBIHIBIFBIH 4—5 CM-Te JIeHiH a3aiiTa OTBIPHIT, OCKITIIEHIH Tata
eTiJIeTiH OepIKTIri MEH CEHIMJIUTITIH TOJNBIK KaMTaMachl3 eTeTi-
HiH KepceTeni. OChIHIai KOHCTPYKTHBTIK IICIIiM Tay-KeH Ka3-
GanapsIH TYPFBIZY Ke3iH/Ie MaTepHal IIbIFBIHBIH, CHOCK IIBIFbI-
HBIH ’KOHE YKaJIIThI )KYMBIC KYHBIH TOMEHICTYTE OCEPiH TUTI3ei.
OchI aHa KYpaMIaFbl TOJIMMEPIIEMEHTT] JIATEKCTI TOPKpETOe-
TOHBI KOJTaHYIBIH YKOHOMUKAITBIK KOPCETKIIITEPIHIH 3epTTeY
HOTHKENEpi aHBIKTAJIBI (KecTe 2, Cyper 7).

JlocTypimi OypikneOeTOH MEH aHa TOJTMMEPIEMEHTT] K-
pamMIbl KOJIAAHY/IBIH CaIbICTBIPMAIIbl TEXHUKA-IKOHOMHUKAIIBIK
TUIMAUTITIH Tanaay TOMEHETi KOPBITHIHABLIAPABI TYKBIPHIM-
Jayra MYMKiHIIK Oepeni: XKana moamMepneMeHTTi KypaMIsl
Kongany OypikmeOeToH KaOaThIHBIH KaJbIHIBIFBIH § CM-IeH
4 cMm-re meiiH a3alTyra MYMKIHZIIK Oepai. by marepnanasi
OEpIKTIriHIH MKOFaphl CKeHIH JKOHE aAre3UsIIbIK KAaCHUETTepi-
HIH >KaKcapFaHbIH KOpCeTeli, SFHU OEKITIeHIH KOTEepPTillTiK
’KOHE KOPFaHBILITBIK CHUIIATTaMajapblH TOMEHJETIIeH-aK Ka-
JILHJIBIFRI a3 OOJIFaH JKaraalaa Ja Tajarl eTIIeTiH TYPaKThI-
JBIKTBI KamTamacki3 erefi. COHbIMEH Karap, )aHa Kypamjibl
KOJIJIaHy Tay-KeH Ka30aChIHbIH JKapbIKTaFbl KAUMACBIHBIH ay-
maneH 13,8 M?-neH 14,4 m-re meiiiH yIFaiTyFa bIKHal eTe-
TiHI aHBIKTAJABL. ByJ *KenmeTy kargaimapeiHa OH ocep eTenl
YKOHE JK00AJBIK Ta0apUTTEP CaKTaJFaH JKaraaia Ka3oa imiH-
JIeTi KOJIKIEeH KaThIHAY KOJDKETIMALIITIH xaKkcapTansl. Kabar
KaJIBIHJIBIFBIHBIH a3ai0bl OYpIKIMeOeTOH KOCTAChIHBIH KaJIIThI
IIBIFBIHBIH €Ki €ce KhICKApTThl — 552 M3-TeH 276 M3-ke NeiiH,
6y 50% Temenmaeyre colikec kemenmi. by Gexitinerin mare-
pHaj KeJeMiHiH a3alobIMEeH Karap, KOCIaHbIH LIbIFbIHIAPBIH
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Cypet 7. 400 M Ka30aHbI 0eKiTy Ke3iHIe TICTYPII KIHE
NMOJIMMEPIEeMeHTTi JIaTeKCTi TOPKPeTOeTOHHBIH KYHBIH
CaJILICTBIPY.

Figure 7. Cost comparison of supporting a 400 m
excavation using conventional and polymer-cement latex
shotcrete.

Puc. 7. CpaBHenue croumoctu Kpemiaenus 400 m
BbIPA0OTKH TPAAUIHUOHHBIM U MOJUMepPLEeMeHTHBIM
JIATeKCHBIM TOPKPETOETOHOM.

10%-¥a nmeiiiH TOMEHICTYMCH CHITATTANIaThIH OHBI OCKITYIIH
AHAFypIIBIM THIM1 TEXHOJIOTHSACBIMEH e OaitanbIcThl. YKaHa
KypamHbIH 1 M® KyHBI 65,2 USD 0o0bI, 1ocTYpili KypaMMeH
(53,48 USD) canbicteipranga 22% »orapbl OoJFaHbIHA Ka-
pamactaH, y3biHIbIFEI 400 M Tay-keH Kaz0acklH OekiTyre
KETKEH JKaJIlbl MIBIFBIH XKaHa Kypamabsl Konjganranaa 17 995
USD kypapl, a1 qocTypiti MaTepual Koganeuiranga 29 521
USD o6ommer. Yremaey 11 526 USD, srau 39%-nmaH actam.
Ocpunaiiina, skaHa KypaMaarbl MOJMMEPHEMEHTTI JIaTeKCTi
OypikeOeTOHIBI KONJaHy TEXHHMKANbIK JKarblHaH 1a, SKOHO-
MUKAJIBIK KarbIHaH J1a eJieysl apThIKIIBUIBIKTApFa ne eKeHiH
kepcereni. Kabar KanbIHIBIFBI MEH KOCIIA IIBIFBIHBI KOJIEMi-
HIH alTapibIKTall KbICKApybl SKCIUTyaTallMsUIbIK cHUIaTTaMa-
napAbIH Oip Me3riize apTybIMEH Karap JKypyl MarepualiablH
JKOFapBI THIMALTITIH qonenaeii. JKana moamMepieMeHTTi Ky-
pamusbIH | M* KyHBI 22% *OFapbl OONFaHbIMEH, Tay-KeH Ka30a-
CBIH OEKITyTe >KYMCaJIaThIH >KUBIHTHIK IbIFbIHIap (Kazakcran
Pecnybnukacer, «XKonbapeicTe»y keHimi) mamameH 39%-nan
actaMm TeMeHjeii. by atanraH TeXHOIOTUSHBI KOJIJaHyIbIH
9KOHOMHMKAJIBIK MAKCaTKa COMKECTITiH KHE YKOFaphl THIMIi-
JITIH KepceTeli, 9pi OHbI Tay-KeH OHEPKaciOiHae KeHIHeH eH-
ri3yai Herizaenai.

KopbIThIHABI

Byn sxymbIc OOMBIHIIA KYPri3UIreH 3epTTeyliepie JaTekc-
NeH Moau(UKalMsUIaHFaH KOCHajap HeTi3IHAeri TOpKpeT-
OCTOHHBIH KETUIIIPUITeH KYpaMblH 33ipley J>KOHE aTajFaH
KOCTiaJlapMeH Tay-KeH Ka30anapblH OCKITy TEeXHOJOTHSCH Ka-
pacTeIpsuIbl. HakTeinan aiTKaHma eKi KOMIOHEHTTI TOPKpeT-
OETOH KOCIMACHIHBIH THIMJII KypaMbl )KacaJiFaH, OHJA LEMEHT
wbFeHEL — 400 Kr/M® OonFaHIa, KOCHallapIblH OHTAIIBI apa
KaTbIHACTBIK KypaMmbl Kellecifiel OOJFaHAbIFbl aHBIKTaJIbL:
L:K:C:JT = 1:2,4:0,43:0,04. YKana kypamza MoinmMepLUeMeHTTi
TOPKPETOETOH/IBI KOJJIaHbIN, OCKiTy mapaMeTpiepiH OHTai-
JAHJBIPY OCKiTIEe KaOaThIHBIH KATBIHABIFEIH 50%-Fa azaiiTyra,
Ka30a KuMachlH 5%-Fa yJIFaiiTyFa j)koHe MIbFbIHAApAbl 39%-Fa
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Kecme 2

Kana Kypamoazvl nonumepuyemenmmi namexcmi mopKpemoemonovl Konoanyoly

MEXHUKA-IKOHOMUKAJIbIK Kopcemkimmepi

Table 2

Technical and economic indicators for the use of a new formulation of polymer-cement latex shotcrete

Tabnuua 2

Texnuko-IKoHomuueckue nokazamenu RpUMEHEHUA ROJITUMEPHO-UEMEHMH020 1ameKCH020

mopxpemﬁemona HO06020 cocmaea

Tay-keH Ka30aChIHBIH Tay-keH Ka30achIHBIH OCKITIECIH
Kepcertkimrep OeKiTIeCiH 1oCTYpIli Kypam/Iarbl JKaHa MMOJIMMEPIEMEHTTI KypaM/Iarbl
OYpiKIeOETOHMEH TYPFBI3Y Ke3iHje OYpiKIIeOCTOHMEH TYPFBI3Y Ke3iH/e
Kaz0aHbIH 6Ty Ke3iHAer1 KeIIeHeH
KHMACBIHBIH ayJaHbl (aJ/blH aja), (;ko0abIK 15 15
KUMa), M>
Kas30aHbIH Y3BIHBIFBI, M 400 400
Bypikme6eToH KaOaThIHBIH KaJIbIHIBIFbI 3 4
(GekiTmeHiH opTaIia KaJIbIHJBIFbI), CM
Kaz0aHbIH kapbIKTarsl (OCKITIITCHHEH 138 14.4
KEHiHT1) KOJIICHCH KNMACBIHBIH ayJIaHbl, M? ’ ’
15% 1IbIFBIHAB! (MaTepHAIIbIH KaWTYBIH)
€CKepe OTBIPBIN OYPIKIIeOeTOH KOCTIAChIHBIH, 552 276
MIBIFBIHBI, M>
BypikmebeTon KocnachHbIH | M* KYHBI, 53.48 652
USD ($)
400 M Tay-KeH Ka30achIH OEKITyTe YKaJIbI 29571 17995
mieirbid, USD (§)

TOMEHZIETY MYMKIHJIITIHE KOJI JKeTKi3i. XKacanran Kypamaarsl
MOJIMMEPIICMEHTTI JIATEKCTI TOPKPETOCTOHMEH Tay-KeH Ka3z0a-
JIapbl MEH KepacThbl FUMaparTapblH OeKiTyre THIMI1 00JaThIH-
JIBIFBI TOKIPUOCNIK CHIHAKTAD APKbUIBI JTONICIACHUIII. BYHBIH
triMainiri «Kondapeicten keniminge (400 M 6onarein) Ne 4

IITOJILHSIHBI XKYPTi3y Ke3iHJIe CHIHAIBIH/IBI. JKOHOMHKA JKarbl-
HaH tuimaitri 5 763 000 Terreni (11 526 USD) kypambl, Oy
JIETeHIMI3 ITOJIMMEPIIEMEHTTI JIATEKCTi TOPKPETOSTOHHBIH, JKaHa
KYpaMbIH Kypzeli IapTrapiia oTUIETIH Tay-KeH Ka30ajapblH
OexiTyre KeHIHEH KOJIJaHyFa OOJaThIH/IBIFBIH KOPCETE/I].
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A. L. Ibyrkhanova!, *V. S. Portnov', G. Zh. Dosetova?, A. A. Tretyakov?
'Abylkas Saginov Karaganda Technical University (Karaganda, Kazakhstan),
’0.A. Baikonurov Zhezkazgan University (Zhezkazgan, Kazakhstan),
3Geological Institute of the Russian Academy of Sciences (Moscow, Russia)

ORE POTENTIAL OF EARLY DEVONIAN
INTRUSIONS IN THE SARYSU-TENIZ UPLIFT

Abstract. The article assesses the ore potential of the Terekty and Kokkuduktobe Early Devonian intrusive complexes in the southeastern part of the Sarysu-Teniz
uplift, Central Kazakhstan. The study is based on geological, structural and geophysical data, as well as comparison with a known copper-gold deposit associated with
the Karamendy intrusive complex. The focus is on studying the contacts between intrusive and effusive rocks, as well as zones of deep faults and intense crushing, which
likely served as pathways for the migration of hydrothermal fluids and the localization of mineralization. The data obtained allows us to identify several promising areas
of copper-gold mineralization, confined to zones of interaction between intrusions and Upper Ordovician effusive rocks. The identified geological and geophysical features
confirm the prospectivity of the studied complexes and define priority targets for further exploration.

Key words: intrusive magmatism, Early Devonian intrusions, ore potential, geophysical methods, deep faults, Sarysu-Teniz uplift, Central Kazakhstan.

Capsicy-Teni3 keTepinimi epre 1eBOH HHTPY3UBTI KellleHePiHIH KeHik ds1eyeTi

Amnparna. Makanana Opransik Kasakcrannarsl Capbicy-TeHi3 KoTepimiMiHiH OHTYCTIK-IIBIFBIC OeIirinae opHanackal Tepekri sxone KokKyablkroOe epreieBOH HHT-
PY3HBTIK KEIICH/ICPiHIH KEHIIK dJeyeTi OaranaHaibl. 3epTTey reoJorusUIbIK, KYPhUIBIMIIBIK )KOHE Teo(hH3UKaIbIK AepeKTepre, coniai-ak KapaMeHi HHTPY3UBTIK Kelle-
HIMeH OailJIaHbICTBI GENTiNi MbIC-aNThIH KEH OPHBIHA CAJBICTHIPMAJIb TasiayFa HeriznenreH. Herisri Ha3ap HHTPY3UBTI skoHe 2¢(y3HBTI KBIHBICTAP/BIH JKaHACY aiiMaKTa-
PbIHa, TEPEH XKapbUIbIMAAP MEH KapKbIHbI YCAKTAIly 30HAIapbIiHa ayIapbuiraH. by aiiMakTap rufpoTepManiblk (IIONITEPAIH KOy XKOIIaphl )IHE MUHEPAIIaHY IbIH
HIOFBIPJIaHY OPBIHAAPBI 60Hyfﬂ MYMKiH. AJbIHFaH HOTHMIKEJIEP MEPCIEKTUBAJIBI MBIC-AJITBIH MUHEpAJITaHY yqacxenepin AHBIKTayra MYMKiHJIiK Gepez[i.

Tyiinoi co30ep: uHmpy3ugmix mazmamusm, epme 0e60H UHMPY3USILAPSL, PYOALbIK dleyem, 2e0pu3uKanblK a0icmep, mepen sxcapvlivimoap, Capvicy-Teniz komepinimi,
Opmanwix Kasaxcman.

Py}lOHOCHBIﬁ NMOTEHIHUAJ PAHHEACBOHCKUX HHTPY3UBHBIX KOMIIJICKCOB Capl,lcy-TeHn3c1c0r0 NMOAHATUSA

AHHOTanMs1. B crarbe OLEHMBACTCS PYIHBINA MOTCHIMAN PAHHEACBOHCKUX TepeKTHHCKOTo U KOKKYITyKTFOOHMHCKOTO MHTPY3UBHBIX KOMIUICKCOB, PACIIOJIOKEHHBIX B
10ro-BoctouHoi yactu Capbicy-Tenusckoro nopusatus Lentpansroro Kasaxcrana. MccienoBanue OCHOBAHO Ha F€0IOTHYECKHX, CTPYKTYPHBIX M Fe0(pU3MICCKUX TaHHbIX,
a TaK)Ke Ha COIIOCTABJICHHHU C H3BECTHBIM MEIHO-30JI0TBIM MECTOPOKICHHEM, CBA3aHHBIM ¢ KapaMeHIMHCKIM HHTPY3HBHBIM KOMIIIeKCOM. OCHOBHOE BHUMAHHE Y/ICTICHO
KOHTAaKTaM MHTPY3HBHBIX M 2 (y3MBHBIX OPOJL, 30HAM IIyOUHHBIX Pa3JIOMOB M MHTECHCHBHOTO JPOOJICHHSI, KOTOPBIE MOIVIN CIIY’KHTB Iy TSIMH MUTPAaLlMH THAPOTEPMaIib-
HbIX ()IIOMI0B M JIOKIN3allMi MUHepain3aluu. [ToydeHHbIe pe3yabTaThl HO3BOJISIOT BbIJCINTh NIEPCIIEKTUBHbIE YYaCTKH MEIHO-30JI0TOH MUHEPAIN3allu1 ¥ OLPEJIENUTh
MPUOPHTETHBIC HANIPABICHHS JAIbHEHIINX MOMCKOBBIX PAabOT.

Kniouesvie cnosa: unmpysusnuiii Mazmamusm, panHe0egoHcKuUe UHMpPY3ull, PyOOHOCHbLI NOMeHYUaJ, 2eousuieckie memoost, 2nyounnsle pasiomsl, Capwicy-Tenusc-
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Koe noousimue, L{enmpanvnwiti Kazaxcman.

Introduction

The Sarysu-Teniz segment of the Devonian volcanic-plu-
tonic belt is one of the key geological structures of Central
Kazakhstan. Its tectonic-magmatic evolution was accompa-
nied by the formation of granitoid intrusive complexes and
volcanogenic-sedimentary strata, which created favorable
conditions for the development of ore-bearing systems [1, 2].

The aim of this study is to assess the prospects for hydro-
thermal-plutogenic copper-gold mineralization within the
Terekty and Kokkuduktobe Early Devonian intrusive com-
plexes in the southeastern part of the Sarysu-Teniz uplift. The
assessment is based on a comparative analysis of geological,
geophysical and geochronological data with the Karamendy
intrusive complex, where the Zhaltyrbulak gold-copper ore
occurrence has been identified [3, 4].

The Karamendy, Terekty and Kokkuduktobe intrusive com-
plexes are considered as elements of a single Early Devonian
magmatic system. The Zhaltyrbulak mineralization associat-
ed with the Karamendy complex is used as an analog mod-
el. Its main ore-controlling features include intrusive-effusive
contacts, exo- and endocontact alteration zones, crushing and
fracturing zones, deep faults, quartz-sulfide mineralization
and local geophysical anomalies. These criteria were applied
to evaluate the ore potential of the Terekty and Kokkuduktobe
complexes.

Geophysical and geological evidence indicates similar min-
eralogical composition and close age values of the studied in-
trusive complexes within the analytical error [5]. Therefore,
the Terekty and Kokkuduktobe complexes are considered
promising objects for comparative geological and geophysical

assessment using the analogy method and expert ranking of
diagnostic ore-controlling features.

Analysis of the results of previous studies

Geological and geophysical data on the exploration of the
Sarysu-Teniz segment of the Devonian volcano plutonic belt
were collected primarily during regional and detailed explora-
tion work conducted in the second half of the 20th century. The
bulk of the research was concentrated within the Karamendy
intrusive complex, where, from 1967 to 1972, K. 1. Maricheyv,
V. T. Kazimir, and V. A. Bogach conducted a series of geolog-
ical, geophysical, and mining surveys that identified the Zhal-
tyrbulak gold deposit and several associated ore occurrences
within the Zhaltyrbulak ore field.

The manifestations of gold-sulfide mineralization at the
Zhaltyrbulak site are confined to the endocontact zone of gran-
ites and granodiorites of the Karamendy intrusive complex
with Ordovician (0,) effusive formations. This contact area is
the main mining control zone, which is confirmed by the to-
tality of geological observations and the results of geophysical
work carried out in 1967-1968 (Figure 1) [6, 7].

Mineralization at the Zhaltyrbulak site is confined to the
endocontact zone of granites and granodiorites with Upper
Ordovician effusive rocks. Ore-bearing structures are main-
ly represented by northwest-trending crushed and fractured
zones associated with quartz-sulfide veins. The mineralization
includes pyrite, chalcopyrite, molybdenite and hematite, while
the oxidation zone contains iron hydroxides and copper ox-
ides. Magnetometry data show that ore-bearing and hydrother-
mally altered zones are marked by local magnetic field minima
of up to 200-300 y and bends in the AZa isolines, indicating
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Figure 1. Geological map of the Zhaltyrbulak site (sheet
M-42- XXXIII).
Cyper 1. KaarpipOy/iak yyackeciHiH reoJIorusijibIK
kaprachbl (M-42- XXXIII napa¥gbI).
Puc. 1. l'eosnnornyeckas kapra yuacrka Kaarpipoyiak
(muer M-42-XXXIII).
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tectonic disturbances and reduced magnetic susceptibility of
altered rocks. These geological, mineralogical and geophysi-
cal features confirm the high prospectivity of the Zhaltyrbulak
site and can be used as criteria for further exploration and eval-
uation work [8, 9].

Materials and Methods

Exploratory work was conducted within each intrusive
complex to identify promising areas for expanding the min-
eral resource base of the region. The studies included geolog-
ical, geophysical, geochemical and geochronological inves-
tigations, absolute age determination, drilling, well logging
and integrated data interpretation. Geophysical surveys were
carried out along extended submeridional and sublatitudinal
profiles crossing intrusive bodies, contact zones, regional and
local faults, and structural-formation boundaries. The profile
layout was aimed at revealing the deep structure of intrusive
bodies and potential ore-controlling zones (Figure 2).

The geophysical complex included magnetic, gravity, elec-
trical, seismic and gamma-ray surveys. Magnetic measure-
ments were performed using a GSM-19W proton magnetome-
ter, gravity data were obtained with a Scintrex CG-5 Autograv
gravimeter, and VES-IP data were interpreted in ZondRes2D.
Seismic profiling was carried out by the 2D common depth
point method. Integrated interpretation made it possible to
identify intrusive contacts, fault zones and areas favorable for
hydrothermal mineralization.

Results and Discussion

As a result of the interpretation of new geological and geo-
physical data obtained from a system of extended profiles in-
tersecting the Terekty and Kokkuduktobe intrusive complexes,
stable patterns of spatial distribution of magnetic, gravitational
and electrical anomalies have been established. The revealed
anomalous fields reflect the structural features of intrusive
bodies, their contact zones and associated fault structures,
which are interpreted as deep structural elements potentially
controlling ore mineralization.

The Terekty intrusive complex, previously treated as Mid-
dle Devonian, is considered in this work as Early Devonian
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Figure 2. Geological maps. a) Karamendy and Terekty
intrusive complexes, profiles L03, L04, L0S5, L10 (sheet M-42-
XXXIII); b) Kokkuduktobe intrusive complex, profiles LO1,
L14 (sheet M-42-XXXIV).

Cyper 2. T'eosiorusiibIK KapTanap: a) Kapavenoi scone
Tepexmi unmpysuemi keutenoep, L03, L04, L0S5, L10
npogunvoepi (M-42-XXXIII napazot); b) Kexkyovikmebe
unmpysuemi xeweni, LO1, L14 npoghunvoepi (M-42-XXXIV
napaewi).

Puc. 2. T'eonornueckne kaptol: @) Kapamenouncxkui u
Tepexmunckuil unmpy3uervle komniexcol, npogunu L03,
L04, LO5, L10 (nucm M-42-XXXIII); 6) KokkyOykmioounckutl
unmpysuerwlil komniekc, npoguau LO1, L14 (nucm M-42-
XXXIV).

and is represented by leucogranites of normal and moderate
alkalinity embedded in Devonian volcanogenic-sedimentary
strata [5]. According to the geological survey and geophysical
surveys of 2020-2022, intrusive bodies can be traced within
the profiles L03, L04, LOS5, L10 and L13, where pronounced
contact and exocontact zones are formed (Figure 2a).

The exocontact zones of the Terekty intrusive complex have
a thickness of 10-50 m, which is confirmed by geological obser-
vations and geophysical interpretation of the profiles. Hydrother-
mally altered rocks are developed within these zones, confined to
the contacts of intrusive bodies with the host Devonian strata. Ac-
cording to geological features, exocontacts are estimated as zones
of high probability of mineralization, while the central parts of the
intrusive without pronounced structural disturbances correspond
to a medium-high probability (Figure 3).

Structurally, the Terekty intrusive complex is confined to
discontinuous disturbances. The marginal parts of the massif
are complicated by zones of crushing and increased fracturing
with a width of 10-40 m, which coincide with the exocontacts
of intrusive bodies and are considered as the main channels of
migration of ore-bearing hydrothermal fluids. The intersection
points of faults and contacts, most clearly expressed on pro-
files LO5 and L10, are the main ore-controlling structures and
are estimated as zones of high probability of mineralization.

The mineralogical features of the Terekty complex cor-
respond to the intrusive hydrothermal type of mineraliza-
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tion. Pyrite and chalcopyrite were found in the exocontact
zones, which indicates the presence of primary sulfide
mineralization. Secondary copper minerals malachite and
azurite, which are associated with cracks and decompres-
sion zones, are widely developed in the oxidation zone.
The association of Cu with Ag and Mo has a local char-
acter and is considered as a supporting sign of medium to
high significance.
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Figure 3. Geological and geophysical section along the
LO03 profile.
Cypet 3. L03 npodu.ti 60ibIHIIA reoJJOTHSIBIK KIHEe
reoU3uKaJbIK KHMA.
Puc. 3. I'eosioro-reopusnyeckuii pazpe3 npopuas L03.

The geophysical data provide a quantitative justification for
the ore prospects of the Terekty complex. According to magne-
tometry data, stable local minima of the anomalous magnetic
field AZ with an amplitude of 100-200 NT are recorded on
profiles L03, L04, LOS5, and L10, confined to exocontacts and
crushing zones; these anomalies are interpreted as the result of
rock demagnetization due to hydrothermal processing (Figure
4) [10, 11].

Figure 4. Geological and geophysical section along the
L04 profile.
Cypet 4. L04 npoduti 60ibIHIIA Te0JOTHSIBIK KIHE
reou3UKaJbIK KUMA.
Puc. 4. I'eostoro-reopusuyeckuii paspes npopuis L04.

According to the data of gravity exploration, local decreas-
es in the gravitational field have been revealed in the same in-
tervals, coinciding with magnetic minima; when they coincide
with AZ = 100-200 NT, their prognostic significance increases
(Figure 5) [12].

Electrical exploration revealed anomalies in the exocontact
zones of apparent resistance Ry = 300-600 Ohms - m, corre-
sponding to quarried and fractured rocks. At the same time,
anomalies of induced polarization n = 4-6% exceeding the
background values are recorded here. The combination of re-
sistances of 300-600 Ohms-m and a polarizability of 4—6% is
a reliable indicator of latent sulfide mineralization.

The gamma-ray survey data shows the variability of the
radiation background associated with the lithological compo-
sition of granites and host rocks. Numerical values of gamma
activity do not correlate with the AZ = 100-200 NT and n =
4-6% zones, which is why the gamma radiometric feature is
assessed as low in prognostic significance.

To compare the Karamendy (model), Terekty, and Kok-
kuduktobe intrusive complexes, diagnostic geological, struc-
tural, mineralogical, and geophysical features were summa-
rized and ranked according to their prognostic significance,
which were determined by expert assessments (Table 1).

In general, the Terekty intrusive complex is characterized
by moderate ore prospects, realized in exocontact zones with
a capacity of 10-50 m with a coincidence of crushing zones of
10-40 m, magnetic minima AZ = 100-200 NT, anomalies of
resistance Rx = 300—-600 ohms - m and increased polarizability
n = 4-6%. Sites with this combination of features should be
considered as the primary objects of further search and eval-
uation work.

For the Kokkuduktobe intrusive complex, the highest con-
centration of diagnostic features was established along profile
LO1, which features converging intrusive contacts, fault zones,
increased fracturing, sulfide mineralization, and coordinated
magnetic-gravity anomalies. This combination of features
indicates favorable conditions for the development of hydro-
thermal mineralization. Profile L14 is assessed as moderately
promising due to weaker manifestations of gravity-magnet-
ic indicators and the remote influence of the intrusive body.
Therefore, profile LO1 should be considered a priority area for
further exploration and appraisal work.

Conclusion

A comprehensive interpretation of new seismic, gravimag-
netic, and electrical exploration data based on a system of
extended profiles clarified the deep structure of the Terek-
ty and Kokkuduktobe intrusive complexes and showed their
close structural association with the system of regional and
local faults in the southeastern part of the Sarysu-Teniz uplift.
Intrusive bodies are characterized by a block structure, con-
trasting differentiation of magnetic and gravitational fields,
and the presence of zones of increased electrical conductivity,
reflecting tectonic disturbance and increased rock permeabil-
ity, which are key conditions for the migration of hydrother-
mal fluids and the formation of ore mineralization. The most
ore-favorable areas are associated with endo- and exocontacts
of intrusions, crushing zones, and fault junctions of various
kinematics, where consistent magnetic minima, local gravity
depressions, and resistance/IP anomalies are recorded, inter-
preted as signs of hydrothermal processing and possible la-
tent sulfide mineralization. Taking into account the previously
established U-Pb geochronology of the Karamendy, Terekty
and Kokkuduktobe complexes of the same age (418 + 3-412
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Figure 5. Geological and geophysical sections by profiles: a) L05, b) L10 (fragments within the Terekty intrusive massif).
Cypert 5. I[Ipodpuabaep 6oiibIHIIA Te0TOTHSIIIBIK KIHE reoGU3NKANBIK Kumauap: a) L05; 6) L10 (Tepexmi unmpysusmi
Maccusinoezi ColHbIKmap).

Puc. 5. l'eostornueckne u reopuznveckue paspessl no npoduiasam: a) L05; 6) L10 (ppaemenmol 6 npedenax

Tepekmuncko2o UHMpPY3U8HO20 MACCUBA).

Diagnostic features and their significance for assessing the ore prospects of intrusive complexes

Table 1

Kecme 1

Juacnocmukanslx epekuieniikmepi y3eane o1apovly UHMPY3uemi KeuleHoep KeHiHiH 001auazoln 6a2anay0azol Mawbl3vl
Tabnuua 1
Jluacnocmuueckue npu3HaKu u ux 3nauenue 0yt OUeHKU NePCReKmue py0ooodpazo6anus 6 UHMPY3UGHBIX KOMNIEKCAX

Karamendy (model) Terekty Kokkuduktobe
Criteri e Py =
riteria Sign Signifi Sign Signifi Sign Signifi
cance cance cance
. . . . Endo-/exocontacts of
Contact granites/granodiorites Exocontacts of intrusion . ) .
Contact area . 5 5 intrusion (marginal parts of 5
> effusive O; 10-50 m
the array)
Crushing anf fracturmg zones . Proximity to discontinuous
(315-345°); quartz veins Crushing/ . .
Structural . o 5 . 5 faults; areas of increased 5
(subparallel/spiral), 75-85° drop fracturing zones 10—40 m . .
fracturing/ crushing
to the northeast
Local minimum AZa 200-300 Minimum AZ = 100-200 Local mlnlmum/klnks pf AZa
. v (above vein zones); bends of . and contrasting gradients
Magnetic L. ) . 5 NT in contacts/ 3,5 . . 3,5
the isolines AZa (faults); mosaic faults in the marginal part of the
field -250...4+2310 ¢y intrusive
Local decreases in g, Local decreases in the
Gravity - - coinciding with AZ- 5 gravitational field consistent 5
minimum with magnetic signs
. p, 1000-1300 P = 300-600 Ohms - m
Electric (p,) ohms - m (quartz zones and 3,5 3 - -
g . (contact areas)
dense bodies)
Sulfide mineralization(direct) Pyrite and chalcopyrite
. Pyrite — chalcopyrite — in the contact area . o
Mlniiraallog- molybdenum + hematite 5 Oxidized forms of copper 4 Oiiudliﬁz(ifi ?;negilzl?:;;zls 3,5
Gold is associated with pyrite Association of copper with PP
(secondary) silver and molybdenum
Combination: contact O.- Combination: contact +
. . o 3 Combination: contact + d the fault zone + consistent
Comprehen- | intrusions + crushing zones + . . L
. . g 5+ crushing + AZ + py+n (£ 5+ magnetic and gravitational 5
sive (key) quartz veins + AZa-minima + L . . .
. . g- minimum) anomalies (+ mineralogical
high NP (+ EP-anomalies) features)

T'opuotit scypnan Kazaxcmana Ne7’ 2026




[eonorus

31

+3 million years) and their material and mineralogical similar-
ity, the Terekty and Kokkuduktobe complexes are reasonably
considered as products of a single Early Devonian magmatic
stage and as potentially ore-bearing objects comparable in ge-
netic terms with the Karamendy complex (Zhaltyrbulak site).

Analysis of rating indicators (Table 1) indicates that the
proximity of the average criterion of the Terekty complex is
more significant, 91.7% relative to the model (Karamendy

complex) versus Kokkuduktobe, which is 90%. Thus, the Ter-
ekty intrusive complex is preferable for conducting geological
and geophysical studies at the stage of exploration of struc-
tures, for assessing the resources of gold-sulfide mineraliza-
tion. The results obtained form a system of criteria and justify
the priority of further predictive prospecting and prospecting
and evaluation work on copper-gold mineralization within the
contact fault zones of these intrusive massifs.
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2«Peceti Foivim akademusicoinoiy Kuoip Lllbl2blc 2€0102UsLIIE UHCTRUMY M bLY
(Bnaousocmok x., Pecetl)

OPTAJIBIK KASAKCTAHHDBIH KOMIPIHJAETI'1
AKIOHE KOMIP KYJITHAEI'l MUHEPAJIL/IBI
KOCITAJIAP

Amnnarna. Maxanaza Illybapken ken opusl Mmen Kaparanisl kemip 6acceiini kemipiepi jkoHe oIap/blH KYJIJIEPiHiH MUHEPATOTHSIIBIK )KOHE TEOXHMHSIIBIK epeKIe-
JIKTEpl KapacThIpbUIaIbl. 3ePTTEYIH MaKcaThl — KOMIp MEH iJiectie JKbIHBICTapAarbl cUpek xep dneMenTTepi (CXKD) MeH MUKPOIIEMEHTTEPAIH Tapaly 3aHIbUIBIKTapbIH
AHBIKTAY JKOHE OJIapJIblH KasbinTacy (axropnapbiH 6aranay. 3eprrey 6apbichinna COM, ICP-MS xone MHHA cHAKTBI 3aMaHayH aHAJIUTHKAJIBIK 9iCTEP KOJIIaHbUIIbL.
Hotmxecinae KaOIHHUT, KBApL, IINPHUT, CHACPUT MUHEPAIIAPbIHBIH KeH Tapatysl xkone CIKD oprypii aAeHreiine »uHaKTaIybl aHBIKTaAbl. KoMip KypaMbIHBIH KaJlbITa-
CybIHA TEPPHUIEH/II MaTepHal, MarMajbIK XoHE IMAPOTEPMAIIBIK TPOLECTEP, COHAAM-aK TeHI3MIK )KaFaaiap acep eTKeHi KepceTiai. 3epTTey/iH KaHaIbIFbl — €Ki KOMip
OaccelHiHIerT MUKPOIJIEMEHTTEPAIH TapalyblH CalILICTBIPMAIbl Oarasay KoHe KeMip KyJIiH CHPEK MeTaJlJap/blH dJIeyeTTi Ko31 peTiHae KapacThIpy.

Tyitinoi co3ep: KoMmip 2eOXUMUACHL, CUPEK Jicep deMeHmmepi, MUKpOdLeMeHmmep, Ky, Munepanio2usnvi Kypamel, Lllybapron ken opuul, Kapazanowvl komip dac-
cetii.

Mineral impurities in coals and coal ash from Central Kazakhstan

Abstract. This article examines the mineralogical and geochemical characteristics of coals and their ash from the Shubarkol deposit and the Karaganda Coal Basin.
The aim of the study is to identify the distribution patterns of rare earth elements (REE) and trace elements in coal and associated rocks, as well as to assess the factors con-
trolling their formation. Analytical methods including SEM, ICP-MS, and INNA were applied. The results reveal the widespread occurrence of minerals such as kaolinite,
quartz, pyrite, and siderite, along with variable levels of REE accumulation. It is shown that coal composition was influenced by terrigenous input, as well as magmatic,
hydrothermal, and marine processes. The novelty of the study lies in the comparative evaluation of trace element distribution in two coal basins and in considering coal ash
as a potential source of rare metals.

Key words: coal geochemistry, rare earth elements, trace elements, ash, mineralogical composition, Shubarkol deposit, Karaganda Coal Basin.

MuHepaJibHble IPUMeCcH B YIUISIX M YroJibHoii 30i1e LlenTpanbnoro Kazaxcrana

AHHOTaHl/lﬂ. B crarbe PpacCMOTPEHBI MUHEPATTOTUICCKUC U TCOXUMHUICCKUE 0COBCHHOCTH yI‘J'ICﬁ 1 UX 30J1 MECTOPOXKICHU H_[y6ap1<om> u KaparaHnMchoro yromab-
Horo Gacceiina. Llenb ncciieoBanys — BBISIBIICHHE 3aKOHOMEPHOCTEH pacpe/iesieHHst peiIko3eMeNIbHBIX 2ieMeHTOB (P3D) 1 MHKPOIIIEMEHTOB B YIVISAX M COITYTCTBYIOMINX
NOpO/Iax, a TaKke oleHKa (akTopoB MX (GopMupoBaHus. B pabore MCrONb30BaHBI COBPEMEHHBIE aHAIMTUYECKUE METO/IbI: CKAHMPYIOIIAs JIEKTPOHHAsS MHKPOCKOIHS
(COM), mMacc-CHeKTpOMETPHsI ¢ HHAYKTUBHO cBsi3aHHOM ru1a3moii (ICP-MS) n uHCTpyMeHTaIbHbIH HeiiTpoHHO-akTHBanHOHHbIH ananu3 (MHHA). YeranoBiieHO mupokoe
pacnpoCTpaHCHUE KAOJIUHHUTA, KBapla, MMpUTa U CHACPUTA, 4 TAKIKE Pa3InInsI B YPOBHAX HAKOIIJICHUS P33. INokazano BiusiHHE TCPPUTCHHOTO MaTeprala, MarMaTHIeCKux
U THAPOTEPMAJIBHBIX ITPOLIECCOB, a TAKKE MOPCKUX yCJ'[OBPIﬁ. Housna WCCJICIOBAHUSA 3aKJIIO4YaCTCA B CpaBHHTeHBHOﬁ OLICHKE pacnpeeiCHusI MUKPODJIEMEHTOB B JIBYX
YrOJIbHBIX OacceifHax M pacCMOTPEHHH yroJIbHOMN 30JIbI KaK MOTSHIMAIBHOTO HCTOYHHKA PEAKUX METAJLIOB.

Kniwoueswvie cnosa: ceoxumus yeas, pe()KOSe.M@.’leble S/leMeHmbl, MUKPO3JleMenmbl, 30/1d, MuHepanaeuquKuﬁ cocmas, .’LI@CmOpOJIC()EHME luy6(lpl€0flb, KapazaHduHCKmZ

yeonbHblil 6acceiin.

Kipicne

DHEprusHbIH HEri3ri ko3l peTiH/e JKoHE dPTYpil eHEepKa-
cin cajajapsl YLIIH HIMKI3aTThIH Oipi peTiHae KoMip FhUIBIMUA
3epTTeyNepiH 0acThl HbICAHBI OOJIBIN TaObUIa(bl. COHFBI OH-
JKBUIJBIKTAp/ia OHBIH 3JIEMEHTTIK KypaMblIH, aran alTKaHIa,
KocTaiap/ e OOJIybIH 3€pTTeyre epeKile Ha3ap aylapbliy/a.
Kemipyeri »oHe ofaH TYBIHAAUTBIH KYJI KaJIABIKTAPBIH/AFbI
KOcCTajap TeK KOpIIaraH OpTaHbl JIACTAyIIbIIap FaHa eMec, CO-
HBIMEH Karap reoJIOTHsIIbIK TPOIeCTepIiH KYH bl HHANKATOP-
JIaphbl, COHAAN-aK CUPEK XoHe Oaralibl BJIEMEHTTEep/IiH Ko3epi
Ooubin TadbuTamE 1, 2, 3].

Opacan 30p kemip Oaccelinnepine ue Opransik Kazakcran
MYH/Iall 3epTTeyep XKyprisy YIIiH NepcreKTHBalbl aiiMak 00-
JbI TaObUTabl. Byl aliMakTBIH opTYpIIi TeOJIOTHSIIBIK JKaF-
Jlaiiiapia KajiblTackaH KeMipiepi JIMTONIOTHs, Majleoreorpa-
(usUTBIK JKaFai )KOHE TEKTOHUKAIIBIK TAPUX €PEKIIEIKTEepiH
KOPCETETIH KOCHANap/blH E€PEeKIIe >KUBIHTBIFBIH KaMTYBbI
myMKiH [1]. Opransik Kazakcran kemipiepi MeH KyiJaepiHiH
9JIEMEHTTIK KypaMbIH TYCIHY T€K KOMipJli OHAIpYy jKoHEe KaliTta
OHJICY TIPOLIECTEPiH OHTAWIAHABIPY YIIIH FaHa €MeC, COHbI-
MEH Karap OHbIH SKOJIOTHSUIBIK KayilCi3AiriH 6arasnay, CoHlai-
aK ’kaHa rnaiyayel Kaz0anap KeH OpbIHJApBIH 13/1ey YLIIH Je
oTe MaHbI3/IBL.

COHFBI JKbUTIAPBI KOMIPIH CUPEK KE3/1€CETIH DIIeMEHTTep I
OHJIIpY/IIH KaliTanama Ke3i peTiH/eri epekiie pesine keOipek
keHia Oeninai [2]. Kazipri 3amMaHfbl )KOFapbl TEXHOIOTHSUIBIK
caJsiaiap YIIiH MaHbI3/1bl OOJIBIT TaOBUIATBIH OYJI HJIEeMEHTTEP
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kebOiHece KoMip KabaTTaphsl MCH KYJIepTre MIOFbIpIIaHaabl, Oy
OJIapbl aTyIbIH jKaHa MYMKIHIIKTEpIH amiaibl )KoHE TOCTYPIL
OHJIIPY dIiCTepiHe TOYENIITIKTI a3aifTa bl

Bbyn makana Opransik KaszakcTaHHBIH KeMip KeH OpbIHIA-
PBIHBIH KOMipi MEH KYJIiHJAET1 KOcCIa 3IEMEHTTepiH KeIIeH i
3epTTeyre XKoHe CHUpeK kep anemeHTTepiHiH (CXKD) xypamsl
MEH Tapally 3aHIbUIBIKTapbiHa Gaca Ha3ap aygapbuiapl. 3ept-
TEyIIH MAKCaThl XUMUSIIBIK KYPAMHBIH ePEKIICIIKTePiH aHbIK-
Tay, KOCHAJapIblH TCHETHKAIBIK TYPJIEPIH aHBIKTAy >KOHE
KOpILaraH OpTara JXKOHE OHEPKICIIIKe BIKTUMAJl ocepai Oara-
nay, CoHmai-aK aifMaKkThIH KeMip keH opsiHaapsiH CXKD kesi
petiame Oaramay Oompin TaObuIanbel. HoTmkenep aiiMakTHIH
KOMIp KeH OPBIHIAPBIHBIH I'€OJOTHICHIH TEPEHIPEK TYCiHyre
BIKIIAJ €Te/li )KOHE OHBIH KOMIp pecypCcTapblH, COHBIH iMTiHIE
KYHJIBI CHPEK JKep MeTaJlapbIHbIH K031 PEeTiH/Ie YThIMIIBI Maii-
JlaJIaHy/IbIH JKaHA MePCIICKTUBAIAPbIH aIla/ibl.

3epTTEy HBICAHBI

3eprrey Hblcabl peTinge Opraasik Kasakcran aymarbiHa
kipetin llybapker kemip keH opHBI MeH KaparaaHsr kemip
OacceliHiHIH KoMip Kabarrapsl TaHmannabl. lllyGapken keH
opubl Capeicy-TeHi3 KeTepiTiMiHiH opTanblK Oeririnme, ka-
JCIOHABIK aKKPEUMSIIBIK-KATHapiIbl KYPbUIBIMIAP HeriziHue
Kameimtackad. O eHIiK OaFBITTa CO3BUTFAaH, TOMCHT] FOPAIIBIK
KOHTHHEHTTIK IOTiHIIePMEH TONTHIPBUIFaH aCHMMETPHUSIIBIK
MylnbJa OoNbIl Tabbutagsl. KuMacelHaa skaimbl KajdbIHIbIFbI
5-47 M GomaTeIH YII KeMip KadaTsl (3KOFapFbl, OPTaHFBI, TO-



[eonorus

35

MeHri) 0ap. Herisri skbIHBICTAp — KYMTacTap, ajJeBpPOIMUTTED,
ApTIUIMTTED JKOHE KoMipIiep.

Kaparaupl kemip 0acceiiHi KaJIeAOH/IBIK KOHE TePLIUH/IIK
KYPBUIBIM/IAP/IbIH ILIOBTHI allMarbIH/a OpPHAJIACKaH CUHKIIMHO-
puiiniy 0areic Oesirid KaMmTuabl. O )KapbUIBIMIAPMEH OOTiH-
reH OJIOKTapiaH TypaJibl xoHe yuI ipi cunkinHanbmen (Iepy-
0aii-Hypa, Kaparaunsi, XKoraprer Cokpip) cunarranaisl. [eo-
JIOTHSUIBIK KYPBUIBICHI Tac KOMIp JKOHE I0pa HIeTiHAIepiHeH
TYpaJbl, iprerackl KeMOpPHI-CHITYp KacTarbl MeTaMop(TaiFan
KEIIICHMEH OepiJIreH.

gjicremesiep

3eprrey kymbicTapbl OapbicbiHga lllyOapken keH OpHBI
men Kaparanpl keMip OacceliHineri komip Kabarrapsl )KoHe
oJlapMeH OalIaHbICThI ca3/ibl XKbIHbICTAp 3epTTeni. ChiHama-
J1ap KOMIpJIeH, KOMIp/li ChIMBICTBIPYIIBI Ca3/ibl )KbIHBICTAp/IaH
JKOHE KOMIp MeH ca3/ipl KabaTTapiblH JKaHacy alMakTapbl-
HaH ipikTenai. CeiHaMamappl any 00pO3MabIK 9/IIC aPKbLIBI
xyprizuni. CelHamasay KeMip KaOaTTapbiHBIH KaObIHbIHAH
TabaHbIHA Kapail KUbUIBICY OaFbIThl OOWBIHIIIA OPBIHIAJIBI,
OyJ1 KeMip KabaThl MEH LJICCIIC KBIHBICTAPIBIH JTUTOJOTHSUIBIK
e3repicTepiH TOJBIK KaMTyFa MYMKIiHAIK Oepai. bopo3naHsiH
keaaeHeH KuMachl mamamer 0,05 x 0,03 M 0onabl.

[1y6apke:n keH opHBIHBIH barbic xoHe OpTaliblK yuackese-
pineH 2B, 1B2, 1B1 kemip, ca3zibl *KbIHBICTAp KIHE OJIAPABIH
JKaHacy aitMakTapbiHaH OapibiFbl 120 chiHaMa anbIHAbL.

Kaparanpl kemip OacceliHiHlie OpHalackaH K, KaOaThIHBIH
LIETiHIE YII JKYMBIC iCTEINl TypFaH MIaxTajllapiaH ChlHaMajap
xuHanael — Capan, Akrac xoHe T. Ky3embaeB arbiHzarsl. by
yuackenepae kemip Kadarrapbl xoHe KaibiHAbFb! 0,05-0,20 M
apaJIbIFbIH/IAFBI 1iecne XbiHbicTap 3eprrenui. Cexuusiiap apa-
CBIH/IFbl KAIIBIKTHIK 1amamer 500-800 M apanbibiHa e3repim
OTBIP/bL, aJl OIPIHIII )KOHE COHFBI CEKIMSUIAP aApAChIH/IAFbI JKaJj-
IIbl apaKaLIbIKTHIK IamMameH 2,9 kM Kypassl. Kaparanpl kemip
OacceliHi OolibIHIIIA KOMIp, ca3/ibl Kabarimanap jKoHe OJlapiblH
yKaHacy aliMaKTapblHaH OapibIFbl 175 chlHaMa JKHHAIIBL.

Xanmpl anranna, eki KeH OpHbI OOMBIHIIA 3€pTTEy YIIIH
295 cplHama IpiKTedin, oJap/blH MUHEPAJIBIK JKOHE IeOXH-
MUSUTBIK KYPaMbIH aHBIKTayFa OarbITTajIFaH 3epTXaHalIbIK Tajl-
Jaysap Kyprizuiii.

[I1y0Oapkes keH OpHbIHAH aJIbIHFAaH ChIHAMalapFa TeOXUMHUSI-
JIBIK TaJlIayfiap JKYprizy MakcarbiHaa TOMCK YITTBIK 3epTTey
TIOJINTEXHUKAJIBIK YHUBEPCHTETI PaJnalMsuIbIK OaKpuiay 3epT-
XaHaChIH/Ia aCTIANTHIK HEUTPOHABIK-aKTUBTEHIIPY TaJay Sici
(MHHA) xonnansuias! (aHamutuk — A. @. Cyzapixo). CoHbIMEH
Karap, OCbl 3epTXaHaja KOMIpIiH MUHEPAIIBIK KYPaMbIH JKOHE
MHHEpaIIAp/IbIH KaTbiC (POPMaAJIApbIH aHBIKTAY YIIIH CKaHep-
JIeyIi 3MeKTPoH bl MUKpockorust (COM) omici maiiianaHbuiIbl.

Kaparanpl kemip 0acCeiHIHCH aJIbIHFaH KOMIp KOHE OHBIH
KYJIHJIEr] ChIHamMasap/ibl 3epTTey OapbIChIHIAa XUMHUSUIBIK Kypa-
Mmbl ICP-OES, ICP-MS onicrepimMeH xoHe MUHEpaJIbl KOCIa-
JIapIIbl aHBIKTAY YIIIH HET13r1 3epTTey afici perinne AZtecFeature
OarapIamMasbIK MOMYITi Oap aHATMTUKAJIBIK CKAHEPIICYIIli AJICKT-
ponbl Mukpockonust (COM) konnansuiasl. by 3eprreynep Pe-
ceil Frubiv akanemusicbl Kubip Lbirbic Gemimirecinin Kubip
HIbIFBIC TeONOrUsUTBIK MHCTUTYThI 38PTXaHACHIHA KYPTi3UII.

AJIBIHFaH ChIHAMAJAPJABIH KYJJIEPIHEe 3EpTTey IKYpPrizy
YLIIH KeMip CbhIHaMaJlapblH 3epTXaHANbIK JKaraaiaa KyJieH-
nipy 650 rpagyc Temmneparypaia xKypriziiui.

3epTTey KOPTHIHABLIAPHI

IOpa nayipinzeri (la-cyper) xoHe Tac KeMip AdyipiHaeri
(16-cyper) merinaiiepain CXD OaitbIThiTy IopeKeciH 0a-
ranay, [Ketris M. P., Yudovich Ya. E. 2009] GoiibiHina, MUk-
PO3JICMEHTTEP/IIH KOHIEHTPALHUSACH JJIEMIIK KOMIpICpIiH
oprama manjepine (0,5 < CC < 2) xakblH €KEHIH KopceT-
ti. lllyGapkes keH OpHBIHAAFBI KOMIp YJTijepiHaeri Kocra
AJIEMEHTTEpiHIH TapaiyblH Tannay (la-cyper) ipi HMOHJBI
nutoduibai aneMmentrepaiy (Ba, Sr, Sc, Zr, V) eH xoFapbl
KOHIICHTpaIusiFa ue ekeHin, an kanran CXKD-nepaiy opra-
a JeHrele eKeHiH KepceTTi. Al Tac Kemip JoyipiHjeri
(16-cyper) kemip yurinepinge nonasl sutodpunsai (Li, Sc,
V, Zr, Hf, Y) xxone xanskoduibii (Ag, Cu, Co) snemMeHTTep
€H ’KOFaphl KOHIIEHTpAaIUsIFa ue, couaaii-ax onap As, Sb, Hg
AJIEMEHTTEpIMEH OalbIThUIFaH.

3eprTey HbICAHIApBIHBIH Ca3/ibl KBIHBICTAPBIHAAFbI KOCIIA
AJIEMEHTTEPIHIH TapalybIH TaJIdy KOPCETKEH IEH, €H KOFaphl
KOHIIEHTpauusira ipi nonasl suropuinsai (Sc, Ba, Sr) xone
Tpau3uTTik (Cr, Zn) 31eMEeHTTEp ue, aj KaJFaH dJIEMEHTTEp
(As, Ca, Fe, Sb) canbicThIpMalbl TYp/e OpTalia 0oJIbII Tadbl-
nanel. JKyprisiired Tajuaay HOTHXKeJIepi OOMBIHIIA opa KOHE
Tac kemip adyipnepinin kemipiuepinneri CXKD koHUeHTparus
koadduirenti (CC) Ooiibinma Tapanysl LREE: La-Nd sne-
MeHTTepiHiH ai1ci3 kepcerkimrepin; MREE: Sm-Dy snement-
TepiHiH a3naraH memuepiH xoHe HREE: Ho-Lu snementre-
pimMeH aszgan OaiibiThutraHblH KepceTTi. Kemipnepueri CXKD
Tapay epeKlIeTiKTepiH aHbIKTay YIIiH dJIeMIIK KOMipJepiH,
conyaii-ak Opranbik KazakcTaHHBIH 10pa JKoHE Tac KeMipJe-
pinig CXKD wmonnepinin KKK (Koraprbl KOHTHHEHTAJIb/IbI
Kabar) Ooiibiamia [Taylor S. R., McLennan S. M.,1985] Hop-
MaJlaHFaH TaJJaybl XKYPri3iil. AJNbIHFaH JepeKkTepre cyleHe
OTBIPBII, KOMIP TY3UIy JKachl MEH JKarJailIapbIHbIH aiblpMa-
WbUIbIFbIHA KapamacTaH, CXKD Tapally CHUIATBIHBIH COMKeC
KeJly TeHACHIUCH Oaiikanas (< 1,0).

Onemik xoHe OpTanbik KazakcTaHHBIH opTYpIIi KaCTarbl
kemipaepingeri CXD Tapany cunarbiHblH ykcacTbirbl COKO
COMACBIMEH JIe¢ pacTaliajbl, o opa kemipiepinae 13,3-90,6
apanbIFbIHIA, opTaiia MoHI 56,38 Gonca, Tac kemipiepinae
28,2—65,4 apanbirbiHia, opramia MoHi 42,50 Gosael. AHBIK-
TaJIFaH MeJlepiep djaeMeri kemip OOWbIHIIA OpTaila MoH-
HeH a3 [4] xone JKKK-HbIH Tek yiuteH Oip OeuiriH raHa Ky-
panbl.
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Cyper 1. (a) 2B, 1B2, 1B1 xdHe (6) Kk, KabaTTAPBIHBIH
KkeMipinaeri mukpodiementrepain CC.
Figure 1. CC of trace elements in the coals (@) of layers
2B, 1B2, 1B1 and (b) k;.
Puc. 1. CC Mukpo3ieMeHTOB B YIUISIX (a) njiacToB 2B,
1B2, 1B1 u (6) nnacra K;.
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[eoxuMUSIIBIK XKIKTEyre colikec, [2] yChIHFaH KoHE OpTa-
ma CXKD 1worbIpianybiHa Kapail HopMaianraH [5] kemip keH
opeiHAapeiHAarel CXKD GallbIThUTy 3aHIBUIBIKTAphl YII TOII-
ka Oexinmi: sxeHin (L-tun) (Lay / Luy> 1), oprama (M-tum)
(Lay / Smy> 1 <1, Gdy / Luy > I) xone ayelp (H-Tum)
(Lay / Luy < I). byn %yMbICTa YCBIHBUIFaH KE€H OPBIHIAPHI
Ooiibiama oprawmananran CXKD, Lay / Luy~1 KaTbIHACBIHBIH
MOHJIepl OipieH alTapibIKTail achaiiibl. 3epTTENreH KeH
OpBIHJIAPBIHAAFBI €Ki TYpIi xacTarbl kKemipnepaeri Lay / Luy,
katbiHachl 0,09—man 2,74-ke NeifiH aybITKBIT OTBHIPAJIBI, OVJI
aybIp JIAHTAHOUTAP/IbIH JKEHIJIIepAeH OachM eKeHIH Kepce-
teni. Kemipnep CXKD TeMeH MIOFbIpIaHybIMEH CHIIATTAJIA/IbI
JKoHE aiikpiH M rxoHe H-Tumnti 0ailbIThUTybIMEH epeKIeicHe-
ni. FOpa xone Tac xkemip nayipinzeri kemipnepaeri CXKD ra-
paiy rpaduxrepi, onapasl oprama CXXD HopMmanarania, KeH
opbIHIapbIHBIH KeMmipiepi H sxone M-H-Tumke sxaraTbIHbIH
JKoHe Tepic Eu-aHOMaNusIChIHBIH KOKTHIFBIMEH CUIIaTTasaThl-
HbIH pacraiinel. Conpaii-ak, [1ly0apkois KeH OpHBIHBIH FOpa
KeMipJiepiHe ToH, KeH opHbIHbIH 2B, 1B2, 1B1 kabarrapsinaa
tepic uepuit anomanusicel dCe (0,1-0,8 apasbiFbIHIA ayBITKH-
JIbl) Maiia 6oybl OaliKanaibl.

Bacceiitn kemipiHaeri MUKPO3JIEMEHTTEPIIH Tapaay epek-
HIETIKTEpPl 9pTYpJli MaciuTaOTarbl reosIOTHsIIBIK (akTopiap-
JIBIH 9CEPIMEH aHbIKTaNIabl. byt hakTopiap KeMipIiH Kabl
TeOXMMUSUIBIK CIIEKTPIHIH KaJIbITaCybIHA, COHJA-aK JKeKe
KabarTap MEH IIeriHjauiepae Oeirii 3JIeMEHTTePMEH Oaiibl-
TBUIFAH KOMIpIiH maiaa OonyblHa bIKOan eremi. Kemipmaix
MHUKDPOJIEMEHTTEPMEH OaibITBUTYbIH AHBIKTAWTBIH HEri3ri
(axropnapabiH 0ipi — OaiibITy Ke3iHIH Kypambl. baiibiTy aii-
MarblH/IaFbl Tay JKbIHBICTAPBIHBIH T'€OXUMISUIBIK EpeKIie-
JIKTEepi KeMip OacCEeHIHIH KaJIbl TEOXUMHUSIIBIK (POHBIHBIH
KaJIbIIITaCyblHA OCep eTelli. AJIbIHFAaH MOJIMETTep OacTamKbl
allMaKThlH METAJJIOTCHUSUIBIK JKOHE TE€OXMMUSUIBIK EpeKIie-
JIKTEpl DJEMEHTTEepiH Kadar INIHAe OpKeJKi TapaityblHa
BIKNaN ereTiHiH kepcereai. COM 3eprrey HoTHKenepi 00ii-
pimia 1lybapkes KeH OpHBI KOMIPIHIH KypaMbIHAa OPTYpPIIi
MUHEPaJIIBIK KOocTaaap aHbIKTasabl. OnapabIH Heri3ri Oemirin
AJIFOMOCHIINKATTAP, CYJIbQHUITEP HKOHE CUPEK KEep dIIEMEHTTe-
piHiH MUKpoOemeKTepi 0ap cynbdarrap Kypaiast (2-cyper).
MunepaiplK Kocrajap OapiiblK TOpH30HTTapaa KeliHece
aTTPUT aiiMarbIH/a OPHAJIACKAH MTEJIMTOMOP(THI CITFO/Ia-Ca3 bl
arperartap TypiHje Ke3aece/i.

Cyper 2. (a) — Se KocbLIBICTAPBI Hap MbIC cyabduai,
(b) — tumannuT (HgSe) Kocmacel 6ap aToMoOCHIAKATTAP.
Figure 2. (a) — copper sulfide with Se compounds,

(b) — aluminosilicates with an admixture of timannite (HgSe).
Puc. 2. (@) — cyabdua menn ¢ coenuHennsimu Se, (b) —
ATIOMOCHJIUKATHI €0 cMechio TuManuuTa (HgSe).

[Tuput xkemipje KeH TapajFraH MUHepaJIAapAbH O0ipi G0k
TaObUIAJIBI: OJI )KAPBIKTAP/IbI TOITHIPATHIH arperarrap TYpiHe
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JKOHE renr(pUKalUsIIaHFaH OPTaHUKAaJIbIK 3aTIIeH HICKTEIreH
oonutTep Typinje 6alikanaabl. COHbIMEH Karap Kemip/iH 0ap-
JBIK THUITEPIHJIE OpPraHuKalbIK Maccaja OipKesKi TapajFaH
JKEKE CEMHOKATOH/IbI KBapIl TYHIpIIIKTEpi Ke3aece .

[Ily6apkesn KeH OPHBIHBIH JKOFAPFbl JKOHE TOMEHI1 TOpH-
30HTTap/IbIH KOMIpJepi cuaepuT cdepyauTTepinin 00aybIMeH
epeKIesneHe i, Oy KeMip/iH TYHIPIIIKTI KYpbUIBIMBIHBIH Ka-
JBIITAcyblHA bIKIAI eTeli. XKapbikrap O0MbIH/A KU1 THIIC TIeH
KAOJMHUT KaObIKIIaTaphl OalKasabl, ajl ©CIMIIK TiHACPIHIH
YKACYLIAJBIK KYBICTAPBIH TOJNTBHIPATBIH KAJIBIUT CUPEK Ke3Jie-
ceni. YKoraprbl TOpU30HT KabaTTapkl yiuiH meepi 2—-30 MM
apaJbIFbIH/IAFBl OOJUTTEP/ICH TYPAThIH €PeKIIe MHUHEPAJIbIK
accouuanysi ToH. by Tysimimuep onerte Kapa-KOHbBIP TYCTI,
OOpHbUIIAK KYPBUIBIMIBI KOHE MEXaHUKAJbIK dcepre OHal
bIBIpaiiibl. Ca3/ibl KBIHBICTAP MEH OJIAPABIH KYpaMbIHIaFbl
KaoJNMHUTTEP koHe Oacka aa CXKD rxuHaKTaylIbl MHHEpa-
Jlap, TPAaHUTOUITHI JKbIHBICTAP/IbIH [AWBLIYbl MEH JKEpP aCThI
CyJIapbIHBI apKbLIbI, Ca3/bl )KbIHBICTAP KYpaMblHa €HreH 0o-
Jybl MYMKIH. ByJI Typabl TEKTOHUKAIIBIK KO3FaJIBICTAPBIH CHU-
narTaraHia Ja TOJBIFBIPAK aWThUIBIN ©TTi. MUHEepangapabiH
KOHIIEHTPALIMSICHl MEH OJIap/IbIH KOMIp KOHE OHBI CHIHBICTBI-
pyUIbI KBIHBICTap/a Ke3aecy ¢dopmanapbl OFaH adjen Oosia
anapl.

Ken opubIHbIH baTbic KUMaChIHBIH 1 0OIIMIIICCIHEH aJbIH-
FaH ChIHaMaJlapra Tajjiay jkacajiblHIbl. HoTmxkecinne apOip
chlHaMa OoiibIHIIA OipHele KeCKIHAEpP MEH OJapJIblH XUMHsI-
JBIK KYPaMbl KOPCETUITeH CIEKTporpamMMaap ipiKTeliHim
anbIHAbl (3-cyper). ApruutiTTep KypambiHaa OapuT, IIMPKOH,
MOHAIIUT, FaJICHUT, aHTUMOHHT KOHE TUTAHUT (CEeH) MUHE-
pasiaapbl aHbIKTaIIbL. Byt MuHepanaap xeIHbIcTapaa kediHe-
ce yCaK LIalIbIpaH/ibl TYHIpIIKTep, IpU3Ma Tpi3/l )KoHE HHE
TOpI3Ml KpUCTANAAP, PaAHalIbl-COyJIeIl arperarrap Hemece
JIMH3a TOPIi3/Ii OKIIAyTaHyIap TypiHAe Ke3Aece .

MusnepanaapabiH MOPGOJOTHSUIBIK CPEKIICTIKTepl MEH
XUMUSUIBIK Kypambl OJIApJAbIH OPTYPJi I'€HETHKAIBIK UIBIFY
TEriH KepceTeli. bapuT, raJieHUT XoHEe aHTHMOHHT CHSIKTHI
MHHEpaIJapAblH OO0Jybl aprUUIMTTEPIIH KaJbIITACYbIH/IA
THPOTEPMAJIIBIK TIPOLIECTEPIH bIKIAIBIH OaliKaTca, UPKOH,
MOHAIIUT KOHE THTAHUT MHUHEpaJiapbl KeOiHece MarMajbIK
JKBIHBICTAPMEH OalIaHBICThI OOJIBII KeJie . by Munepanmap-
JIbIH, alKbIH KPUCTAJIBIK MIMIIHAEPIHIH CaKTalybl OJIApAbIH
GacTarikbl MarMajbIK KbIHBICTApJIaH YTy, HIaldbUTy JKOHE Ta-
ChIMAJIJITaHy HOTIDKECIHJIC MIOTIH/II OpTara TYCKeHIH Kepcere-
1. MuHepas bk KelleH KypaMbIH/a CUPEK Kep JIeMEeHTTEePIiH
JKMHAKTal ajaThlH MOHALUT CHSKThI MUHEPAJAAP/bIH OOIYbI
ApTHJUTUTTEP/IIH CUPEK DJIEMEHTTEPre KaThICThI TEOXUMHSIIBIK
epeKIIeNIKTepiH TyciHaipyre MyMkiHgik Oepeni. CoHbIMEH
Katap Cyab(GUATI MUHEPAIAAP/bIH, dCipece raJeHUTTIH, Ke3-
Jecyl KkeMip KadarTapbIMeH 0alJIaHBICThI KbIHBICTAP/IA Xallb-
KOUIIB/II IIEMEHTTEP/IIH KHUHATYBIMEH OalIaHbICThI FCOXH-
MUSUTBIK, TIPOLIECTEP/IiH KYPIeHIH KOPCETE/I.

Conpnaii-ax Kaparanip1 kemip 6acceliHiHEeH aJIbIHFaH MAJTiIMET-
Tepre CoMKec, YII IIaxTa/iarbl KOCIa JIEeMEHTTep KypaMbl 3epT-
TeJreH Kabar ilIiHAeri ca3/ibl )KbIHBICTAPAA JKaJIITbl OIpKeNKi Ta-
paityMeH ycbiHbUFaH. KeiOip 37eMeHTTep/IiH KOHIICHTPAIUSIChI
(Li, Ga) >xahannpIK 1IOriH/1 )KbIHBICTAP/IBIH OpTAallla MOHJIEPiHEe
xakpiH (2 < CC <5), conbimeH Karap Se (5 < CC < 10) GaiibITysbI
6ap. Az Li, Be, Ga, Se, Ag, Bi xone Th 31neMeHTTepi KIapKThIH
MeJepiHeH ackin Tycesi. Kemipaeri 6ipeit aneMeHTTepiiH Ky-
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CypeT 3. ApruJiiiuT KYpamMbIHIAFbI MHHEPAJIbI
KocnaJap: (a) — 6apur, (b) — HUPKOH, (¢) — MOHAIIHUT,
(d) — rajneHuT, (¢) — aHTUMOHMT, (f) — THTAHHUT.
Figure 3. Mineral inclusions in argyllite: (@) — barite,
(b) — zircon, (c) — monacite, (d) galenite, — (e¢) antimonite,
(f) — titanite.

Puc. 3. MunepanbHble BKJIIOYEHHS B APTHILINTE:

(a) — 6apur, (b) — MHPKOH, (C) — MOHALHT, () — TAJICHUT,
(e) — aAHTUMOHWUT, (f) — THATAHUT.

paMBIMeH caJbICTBIpFaHIa ca3apl Kabarrapna Be, Ga, Bi xoHe
Th KypaMbIHBIH KOFapbLUIaysl Oaiikamamgsl. COM 3eprreynep Ho-
TIDKeCiHIe ca3pl KabarTapaa Se memmiepi kiapk (5 < CC < 10)
JICHTeHiHEeH alTapIIBIKTal YKOFapbl eKeHi aHBIKTAJIIBI )KOHE OHBIH
(Se) xeiibip MuHEpanIaps! aHBIKTAIAEL. KOpFacklH ceIeHIIiHIH
Gipreme TyHipnepi — knaycranut (PbSe) (4-cyper), KypaMbIHIa
ceneH Oap rajenut (PbS +Se) (Sa-cyper) xxone PbS (Se, Bi) (56-
CypeT) TYHipiiepi aHbIKTaIIIbL.

B Spectrum 23

Cyper 4. Ca3abl Ka0aT CHIHAMACBIHAAFBI KJIAYCTAJIMT.
Figure 4. Clausthalite in clay layer sample.
Puc. 4. Knaycraaur B 00pa3ue rNiMHUCTOIO CJIOSI.

CeneHHIH oJIeMJIK Tac Kemipiepreri oprama MoHi (1.0 +
0.15 /1), lllybapken KeH OpHBIHBIH YTITUITEH KOMipIepiHae
CEJICHHIH KOHIICHTPALUSChl KIAPKTHIK MOHI'€ XKYBIK JICHIei e
Oatikananpl. On kebiHece MBIC TTeH TeMip CyTb(GUATEepIMEH He-
Mece alOMOCHIIMKATTHI MIOFBIpIIapMeH Oipre kesneceni (6-cy-
peT a, b). CeneHHiH HETi3Ti MUHEPAIABIK (opMackl — THMaH-
HUT, OJ1 YCaK TYHIpIIIKTep TYPiHIC TapaaFaH.
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Cyper 5. Se TyiiipJepi 0ap rajenur, (¢) — ca3abl Kadat
cbIHAMAachl, (b) — KeMip MeH ca3/bl KadaT skaHacy
aiiMaFbIHBIH CHIHAMACHI.

Figure 5. Galena with Se grains, (@) — sample of the clay
layer, (b) — sample of the coal-clay layer contact zone.
Puc. 5. I'anenur ¢ 3epuamu Se, (@) — npoda INIMHUCTOTO
¢J10s1, (b) — Mpo0a 30HbI KOHTAKTA YTrOJbLHOIO0 U
IJIMHHCTOTO CJI051.

Ckanpuii Oyringe aiaeMaiK SKOHOMHMKAIarbl MaHbI3bI Kap-
KBIHJIBI apTHIIT KeJIe JKaTKaH aca MaHbI3/Ibl CTPATETHsIIBIK Me-
TaNgapblH KaTapbiHa skaraapl. OckiraH OaiiaHbICTBI OJ1 3€pT-
TEJITEH ChIHaMajap KypaMbIHAH i3/1eCTipiin, apHaiibl Kapac-
TeIpbULABL. Kaparanabl kemip 6acceliHiHEH allbIHFaH YITiiep-
Te JKYPTi3LIreH 3epTreyiep HOTHKEeCIHIe CKaHaAuiIiH nepoec
MHUHEPAJIJIBIK HBICAHAAPbI AHBIKTAIIFAH XKOK.
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Cypert 6. (@) — Se KOCBIHABLIAPBI 6ap MbIC cyabduarepi,
(b) — TumannuT (HgSe) KochbIHABLIApPBI Oap
AJIIOMOCHJIMKATTAP.

Figure 6. (a) — copper sulfides with Se inclusions,

(b) — aluminosilicates with thymannite (HgSe) inclusions.
Puc. 6. (a) — cyabduabl Meau ¢ BKJIIOYEHUSIMHU Se,

(b) — aJIFIOMOCHIINKATHI ¢ BKJIIOUYeHnsiMi TuMaHanTa (HgSe).

Sc-ThIH Oipiik MeJepaeri KochiHabuapsl (< 1%) xemip
YIITUIepiHICTI IUPKOH AoHAepiHeH (7a-CypeT), COHIan-aK Ke-
Mip MeH ca3jibl KabarTap/bIH KaHACy aliMaKTapbIHAH ajbIH-
FaH yariiepaeH (76-cypet) TadbUIIbL. [6] JepeKTepiHe coikec,
KeMipJie Jiepbec MHUHepanapAblH OoJMaybl jKOHE COHBIMEH
KaTap CKaHIMUIIH CalbICTBIPMAIbl TYPHAE KOFaphl MOJIIIEPIC
Ke3/IeCyl OHBIH OpPTaHHUKAIBIK acCOIMAIUSIMEH OaiIaHBICThI
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CKCHIH KOpCeTe/Il )KoHe 0acCeilH KoMIpIHAerl CKaH UM IIH KU~
HaJTybIHJIa CYTEKTIK (THIPOTeH/Il) MEXaHU3MHIH PeJl aTKapysbl
MYMKiH €KeHiH OOJDKaiIbl.

M Spectrum 19

2 M Spectrum 3
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Cyper 7. Th :xone Sc (a) Kocnanapsl 6ap KeMip
chIHAMAa/IaFbl UPKOH TYHipi kone (h) Sc Kocnanapbl 6ap
KOMIp MeH ca3 Ka0aThbl apachIH/IAFbI KAHACY aliMaFbl
coiHamacel (KH-53).

Figure 7. Zircon grain with Th and Sc impurities (a) in
the coal sample and () in the contact zone between the
coal layer and the clay with Sc impurities (KH-53).
Puc. 7. 3epno nuupxona ¢ npumecsimu Th u Sc (a) B
YIoJIbHOI po6e 1 (D) Mpode 30HbI KOHTAKTA MEKAY
cJI0eM yIiisi ¥ IMHBI ¢ npuMecsimu Sc (KH-53).

AJIbIHFaH CKaHepJeylll MHUKPOCKOIMS HOTHXKeNepi OoH-
piamna [lybapken keH opHbIHIA Kypret Kypamisl Si-Al-Ca-
Zr-Sc-Ti-0 (~0,66% Sc) aHbIKTaJIMaraH CKaHANIIII MUHepall-
bl Oettiex (8-cyper) TabbutraH. by marepuaniap xKekesiereH
ayTHUTEHli MUHepalabl TY3liMaep Oounbln Tadbbuiaabl, Oipak
OJIapJIbIH YJIEC] OTe a3 YKOHE YITiIep/ie aHbIKTaIFaH S¢ JKaJIIbl
MeJIIIepiH KaMThiMaliapl. Kemipiiepae oHbIH Zr aHaorsl 0ap
Kkypaeni kypamasl (AI-Si-Zr-K-Ca-Sc-Ti) muHepainabl Kocna-
nap OeIHIN aJbIHABI, COHNIAN-aK IUPKOHUHA MEH radHUiIiH
HETi3rl KOHIEHTPATOpJIapbl PETiH/E KapacThIPbLIYbl MYMKIH
yCakK IUPKOH JIOHJICPI MEH TUTaH OKCUATEPIHIH OOJIYBI aHBIK-
Tl

Cypert 8. UnenTudukanusjaHOAFaH CKAHIMILIi MUHepaJl.
Figure 8. Unidentified scandium-bearing mineral.
Puc. 8. HemnentnpuuupoBaHHbIli CKaHIUIHOCHBIH
MHHepaJI.

Kemipae ckaHaMiAIH XKUHAKTATY IIapTTapbl JKETKUIIKTI
3epTTeIMereH: Koija 0ap aepekrep (parMeHTTI jKoHE Ka-
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pama-KaiIbl, OHbIH OpHaJjiacy (opmaapbl MEH LIOFBIPJIAHY
MeXaHU3M/IEpi Typasbl OipbIHFall TYCiHIK )OK. CKaHIUNIIH
JKUHAKTATybl HETI31HCH KOMIpP/iH MUHEpPAAbl KypaMmaac 0e-
JITIHIH MaHbI3Abl POJIIMEH CHMHT€HETHKAJBbIK cunarra Oosa-
JIbl, OYJ1 KeMIp MeH KYJIiH S¢ Kypambl apachblHIaFbl TiKeJeH
KoppensiuusiMeH pacraiajisl. COHbIMEH Karap, Kyjll TOMeH 0a-
HBITBUIFAH KOMIpJ/Ie OPTaHUKAJIBIK OalTaHbICKAH CKaHIUHIIH
yJieci apTajibl, al KyJIi )Korapbl KeMip/ie KiiacToreHaik Gopma
6ackiM Oostabl. CKaHAMNAIH SMUTeHETHKAIBIK KUHAKTAIYbI
HICKTEYJIi )KOHE HET131HEH IIBIFBIC OOJIIriHIH TOTHIKKAH KOMi-
pIMEH IIeKTeNreH, OyJI KeMip KadaTrTapbIHbIH aTMOCchepaibik
JKOHE TOTBIFY IpolecTepiMen OaiiaHbicThl [7]. K, KabaTbl-
HBIH KOMIpi MEH ca3/bpl KabaTTapbIH/a TUPUTTIH KOIl MeJIlIe-
Pl HETi31HEH MaCCHBTI )KOHE KaHKa TOPI3/i JoHAEep MCH MUPH-
TU3alUsJIaHFaH yInajiap Typinae kesaeceni. Kaparansl ke-
Mip OacceifHiHIH KeMipiHe Ke3/leCeTiH S KoFapbl Meuepi
OaxTepusIapAbIH OeJICeHIITITIHIH HOTHKECT O0IyBbl MYMKIH,
OFaH TEHI3 CYBIHJArbl Cyab(ar HOHIAPBIHBIH KOOewi acep
ereni [8]. CHHreHeTHKAIIBIK MUPUTTIH O0Iybl KoOiHeCe TeHI3
CYBIHBIH KOMip KalaTTapblHa eHill, Cyab(puATI MUHEpaigap
TY3y YLIH KYKIPT K31 peTiHJe KbI3MET eTeTiHMIriH Kepce-
teni [9]. Byn OacceiinHiH naneoreorpadusCchblH aHbIKTAyFa
OaiinanbicThl OypbIHFBI 3epTTeysiepmed [10] pactanansl. by
3epTTeyJiep ayMaKTarbl PErPECCHUBTI JKOHE TPAHCIPECCHUBTI
JKaFJaiiap OJMUrolCHre JAciiH Oip-OipiH amMacThIPIAbI eI
MoJliMACH .

Kewmip Ty3iny ke3eHiHze (BHU3eii jkachl) OacceilH ayMarbiH-
Jla TeHi3 JAeHreiiHiH aybITKybl 0ackiM Oombl. [11] caiikec k;
KabaTbIHAaH aJIbIHFaH KeMip yJriiepi yuiH > 1,0 Gonarsiz S/
Ba xarbinacel (opramia ~2,38) Herisri meriHauiepiH naijia
00sybl MEH OalbITYBIH/IAFb! TEHI3 CYBIHBIH 9CEPIH KOpCeTe .

KemipaiH MuUHEpangaHy JOPEKECIH aHBIKTAHTBIH HETI3ri
KOPCETKIII — OYJI KYJIIUTIK OOJIBbIN TaObLIA b, aJl OJ1 63 iIliH-
Jie 1IKI KYJIIUTK (SIPHE KOMIpAiH TaOUFH KYJTi) )KOHE ChIPTKBI
KYJIUTIK (00C JKBIHBICTAPBIH apajiacyblHaH) Ooubin OeliHe-
ai [12]. Kyanig Kypambl Kypledi api op Typili T€HEeTHKaJIbIK
THIIKE XKaTaTblH MUHEPAJIbl KOclajapaan typassl. Kaparan-
JIbl KeMip OacceifHiHIH KOMIpiHIH KYJIIUIIr opTama ecernreH
1040 %, an lllybapkes keH OpHBIHBIH KyJizitiri 4-20% apa-
ChIHJIA aybITKUABL. Kynaiiiri skorapbl OosFaH caiiblH ap Typii
MHHEpaIIbl KOCTANAP/IbIH KOOIPEK IIOFBIPIaHybl 3aH/IbLIBIK
0O0JIBIIT TaObLIA/IBI.

COM rangaysr [lybapken keH opHbiHaH xoHe KaparaH-
JIbI 0acCeWHIHIH KOMIPJICH, Ca3/bl JKbIHBICTAP/IaH KOHE oJIap-
JIbIH JKaHACy aiMaKTapbIHBIH KYJIIHEH aJIbIHFaH ChIHaMaJap-
ra xacanbiHabl. ChiHaManay 0apbIChIH/Ia KYJ/IIH KypaMblHaH
OuoreH i TeHETHKAJBIK THIKE jxararblH Co TyHipuiikTepi
keOinece W ixoHe Ni KOCBUIBICTAPBIMEH Karap >YpeTiHi
Oaiikanapl. Keneci copOUMSIBIK THIIKE >KaTaTblH MUHEpa-
JlapAaH TeMaTHT, KaJbLUT )KOHE AJTIOMUHHI KOCBUIBICTApBI,
KOHKPELHMSUIBIK TUIITEH CUJEPUT, TUPUT, KAOJUHUT MUHEpaJI-
Jlapbl, TEPPUTEH/II KJIaCKa JKaTaThlH KBapll, IUPKOH COHJIAki-
-aK MeJIILepi MOeriHAl KbIHBICTAp KJIAPKIHEH achlll TYCETiH
CXKD (Ce, La, Nd, Y, Dy, Er, Yb) Sr xocriaCbIMEH KeIl Ke3-
necetini 0alikanapl. Tarbl Oip THIT HHQUIBTPALUSUIIBIK MUHE-
pannapaan cdaiepuT, raJCHUT, apCCHOMMUPHUT KOHE OacKa 1a
MeTall Cyab(QUITepi COHBIMEH KaTap Oaraibl MeTanjgap Kara-
pBIHA KaTaThIH alThIH MEH KyMic TyHipuepi (AuAg smekr-
pym?) anbIkTanusl (9 cyper).
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Cyper 9. Kemip xoHe ca3ibl KadaTrTap KyJiHeH ajbIHFaH
ChIHAMAJIAPABIH CIIEKTPOrpaMMaJiapbl, MYHIAFBI (a)
kaoauHuT C)KI KocnanapsiveH, (8) Y (Dy,Gd,Er)PO

TydipuikTepi, (¢) 3nekTpyM (AuAg), (d) raaenut Se
KOCBIH/bLIAPbIMEH.

Figure 9. Spectrograms of coal ash and clay shale ash
samples, where (a) kaolinite with REE impurities, (b) Y
(Dy,Gd,Er)PO granules, (c) electrum (AuAg), (d) galena

with Se impurity.

Puc. 9. CnekTporpaMmmbl po0 30.1bI YIJieil U INIMHUCTBIX
CJIAHIEB, I1e (@) — KAOMUHHT ¢ npumecsvu P39, (8) —
rpanyibl Y (Dy,Gd,Er)PO, (c) — rnexTpym (AuAg), (d) —
rajeHMT ¢ NpuMechbio Se.

KopbIThIHABI

Kyprizinren 3eprreynep Lllybapken ke opHbl MeH Kapa-
FaH[IBI KOMip OacceifHi KeMipIepiHiH, Olapbl CEIHBICTHIPYIITHI
KBIHBICTAD MEH KYJIIEPIHIH MHHEPAJIOTHSUIBIK YKOHE T'COXH-
MUSUTBIK epeKIICTIKTepiH KeeH i Typae Oaramayra MYMKiH-
Ik Oepmi. 3epTTey HOTIKENepi KOMIp MEH Ca3/bl )KBIHBICTAP
KYpaMbIHa MUKPOIJIEMEHTTEP MEH CHPEK XKep 3JIEMEHTTepi-
HIH Tapayybl T€OJOTHSUIBIK OPTAHBIH KYPJEIi BOIFOLUSCHI-
MEH OHE JpTYpJi TeHETHKANBIK (PaKTOPIAPIBIH dcepiMEeH
KaJIBINTACKaHbIH KOPCETTI.

Kemipnep MeH aprummTTepiiH MUHEPANAbIK KypaMbIHAA
KAOJIMHUT, KBApL, INPUT, CUICPHT, OAPUT )KOHE IUPKOH CHSIKTHI

MUHepalJIap/iblH KeH TapasFaHbl aHbIKTas(bl. COHBIMEH Karap
KeiOip yIrinepae MOHALMT, FAJICHUT, aHTUMOHHT jKOHE TUTaHUT
CHSIKTBI CHPEK MUHEPAIIAPBIH OOJIYbI CUPEK Kep AIEeMEHTTEpI
MeH 0acKa J1a MUKPOJIEMEHTTEP/IIH MUHEPAIIIBIK TaChIMaJIay-
HIBLIAPBI PETiH/IE MaHbI3AbI PO aTKaparbiHbIH Kepcereni. Cka-
HepJIeyIIi AIEKTPOHBIK MUKPOCKOIIHSI HOTHIKENIEPl KOMIp MEH
iJ1ecrie KbIHBICTapAarbl MHHEPaJIap IiblH OPTYPIIi TeHETHKAIIBIK
THUIITEPTe JKaTaTbIHbIH KOHE OJIapbIH KOMIp TY31Iy IporecTte-
PIMEH ThIFbI3 OaliJIaHBICTHI EKSHIH IO Ie .

3eprrey OapbIChIHIa KOMIpJEri MUKPOIJIEMEHTTEPIIH Ta-
paJtyblHa 9cep eTeTiH Heri3ri (akropiap aHbikTamabl. Onapra
TEPPUTeH/II MaTepHaJIblH TYCYyi, MarMaJiblK )KOHE T'MIpOTep-
MaJIbIK NpOLECTep, COHJal-aK TEHI3MIK opra acepi xkara-
Jibl. MuHepaiblK KypaMaarbl IUPKOH, OapuT »oHe Oacka jaa
MarmajblK FeHe3UCKe M€ MUHepayiapiblH 00ybl OacTamKsl
JKBIHBICTAP/IBIH IAWBUTYBI MEH TaChIMalIaHybl HOTHIKECIH/IE
KeMip Ty3iny OacceliHzepine TyckeHiH kepcereni. COHbIMEH
KaTrap NMUPUTTIH KeH Tapaslybl KOMIp Ty3ily Ke3eHiH/e TeHI3
CyJIapbIHBIH BIKIAJIbI MEH OaKTEPHUSUIBIK IPOLIECTEPAIH MaHbI3-
JIbl POJI aTKAPFaHbIH JQJIEIICH/II.

Kemip KyJ1iHiH MUHEPaJIIbIK KYPaMbIH 3epTTEY HOTHKEIIEpi
OHJIa 9PTYPJIi TEHETUKAJIBIK THUIIKE JKaTaThlH MUHEPaJIap/blH
Ke3zneceTiHiH kepcerti. Kyl KypamblHla KaOJIMHHT, KBapil,
LUPKOH, ITUPHUT, CUJIEPUT, COHJAN-aK CHPEK JKep DJIeMEHTTe-
pimeH OaiibiThuiran (ocdarrap MeH MeTamn Cyiabpuarepi
aHbpIKTaIbl. Keitbip yirinepae antelH MEH KYMICTiH MHKpO-
OesmiekTepi 0Oyl KOMIp KYJIIHIH JIeyeTTi MUHEPAJIIBIK 1K~
Ki3aT peTiHJie MaHbI3bIH apPTThIPAJIbI.

Kanme! anranja, aneiHrad HoTHOKenep Opranbik Kazakcran
KOMIpJIepiHiH T€OXUMUSIIBIK EPEKIICTIKTePiH TePEHIpeK TyCi-
Hyre MYMKIHJIIK Oepesii )KoHe KeMip MEH OHBIH KYJIiH CHPEK
JKep ANIEMEHTTepi MeH Oacka ja Oarajbl MUKPOIJIEMEHTTEPIIH
BIKTUMaJI KOCBIMILIA KO31 PETIH/Ie KapacThIpyFa Heri3 0oJaibl.
CoHbIMeH Karap OyJ1 3epTTeyiep KoMip KeH OpbIHAAPbIH THIM-
Il naiaanany, ojapiblH SKOJOTHSUIIBIK oCepiH Oaranay jKoHE
KOMIpJli KeLIeHl OHJIeY TEXHOJIOTHSIIAPbIH JaMbITY YIIIH Ma-
HBI3/IBI FHUTBIMH HET13 KAJIBIITACTBIPA/IBL.
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ACYBYJIAK KEH OPICIHIH I'EOJIOT' UAJIBIK
JAEPEKTEPIH MAIHINHAJIBIK OKbBITY
OJAICTEPIMEH TAJUIAAY

Awnpnarna. byn 3seprreyne Kanba-Hapein ken 6enzeyingeri AcyOyiak KeH opiciHiH TapUXH Fe0JIOTHSIBIK AepeKTepi (TeoIorusIbIK, Fe0(pU3HKaIbIK KOHE FeOXHMHUSITBIK
KapTajap) uudpIblK GopMaTKa aybICTHIPBUIBII, TYPAKThl HYKTENIep HEri3iH/Ie JePEeKTep KUBIHTHIFbI KYpbULIbL. MallMHABIK OKBITY 9ICTEPiH KOJIaHy apKbLIbl KEHICTiK-
TIK-KOPPEIALMSUIBIK KOHE Te0CTATUCTUKAIBIK Tajlayiap JKyprisiai. 3epTTeyain MakcaTbl — Fe0JOTHsUIBIK HBICAHIAP MEH OJap/IbIH OPTYPJIi KOPCETKIIITEPi apachiHAAFbl
TCOKEHICTIKTIK OaiinaHbICTap/bl aHbIKTay. [ eOXUMHSIIBIK Aepektep ITupcon koppensuuscel MeH k-opraiia Kiactepiik Tannay apkbuibl Oarananisl. Hotmxecinge Be—Nb
sxoHe Li—Cs aineMeHTTepi apachiHaa aiikKbIH CHI3BIKTHIK OaiTaHbIc aHbIKTANAbL. [ eodu3uKabIK koHe reonorusuiblk kaprainap IDW (Inverse Distance Weighted) axicimen
MHTEPONALMAIAHbII, F€OCTATUCTUKAIBIK TaJlay Kacallbl.

Tyitinoi cosoep: Acybynak Ken epici, cupex Memanoap, MAWUHAIbIK OKbIMY, KIACmepney, 2e0aKknapammslx jcyiienep, 6acnbl KOMIOHEHMMmep maidaybl, 2e0Cmanmic-
MUKATBIK MANOAY.

Analysis of geolo%ical data of the Asubulak deposit by machine learning methods

Abstract. In this study, historical geological data of the Asubulak ore field within the Kalba-Naryn metallogenic belt (geological, geophysical, and geochemical maps)
were digitized, and a dataset was created based on reference points. Spatial-correlation and geostatistical analyses were carried out using machine learning methods. The
aim of the study was to identify geospatial relationships between geological objects and their various indicators. Geochemical data were evaluated using Pearson correlation
and k-means cluster analysis. As a result, clear linear relationships were identified between Be—Nb and Li—Cs elements. Geophysical and geological maps were interpolated
using the IDW (Inverse Distance Weighted) method, followed by geostatistical analysis.

Key words: geoinformation systems, remote sensing, rare metals, database, geological maps, geoportal.

AHaJIM3 reoJIOrH4eCcKUX JaHHbIX MECTOPOKIACHUSA Acyﬁy.ﬂalc METOJAaMH MAIIMHHOI'0 06yqeﬂml

AHHOTaNMsA. B 1aHHOM MCCIIEZIOBAaHUM HCTOPHYECKHE IeONOrHYecKie JaHHble pyaHoro noms AcyOynak Kanba-HapeiMckoro pyaHoro mosica (reogoruyeckue, reo-
(hu3MUeCcKUe ¥ FeOXUMHYECKHE KapThl) ObUIM MepeBeneHbl B U(pPOBOii (hopMat, a Ha OCHOBE OMOPHBIX TOYEK chOpMHUPOBaH HAOOP HaHHBIX. C NPUMEHEHHEM METOLOB
MAIIMHHOTO 00yUeHHs POBE/ICHBI MPOCTPAHCTBEHHO-KOPPEIISIIMOHHBII M Te0CTaTUCTHUSCKUI aHanu3bl. Llenbio uceie[oBaHus SBIISIOCH BBISABICHHE N€ONPOCTPAHCTBEH-
HbIX CBAA3€H MEXly reoJornyecKuMM 0ObEKTaMH M MX Pa3IMYHBIMM MOKa3aTeIsMHU. [ €0OXMMHUUECKHE JIaHHbIE OLEHUBAIMCH C MCHOJIB30BAHUEM Koppessauun ITupcona n
KJacTepHoro aHanusa k-cpesHux. B pesynbrare BbISIBICHBI BRIPOKSHHbBIC JIMHEHHBIC CBA3H MExK Ly nemeHTaMu Be-Nb n Li—Cs. I'eodusudeckue u reosoru4eckue Kaprbl
ObLIM MHTEPIONMPOBaHbI MeTOOM IDW (00paTHOB3BEILICHHBIX PACCTOSHHIA), IIOCIIE YEro BBIIOIHEH Fe0CTATUCTUYCCKUI aHaIIN3.

Kniwouesvie cnosa: 2eoungpopmayuonnvle cucmemvlt, OUCMAHYUOHHOE 30HOUPOSAHUE, PeOKUe Memabl, 0a3a OAHHbIX, 2e0102UYeCKUe Kapmbl, 2e0N0PMal.
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Kipicne

T'eonorus skoHE Tay-KeH iCi calachblHIa MAalIMHAIBIK OKbI-
Ty JKOHE CTATHCTHKAJIBIK OHIEY MBICAIIAPHI KETKUTIKTI. MbI-
canpl, Zuo xxoHe Carranza [1] o3 )yMBICTapbIH/Ia Ke3/IeHCOK
opMan (random forest), KOHBONIOIMSUIBIK HEHUPOHMBIK >KeJi
(convolutional neural network) maiigans! Ka3dagapabl Oapiay
MaKcaThlH/Ia KapTajap/bl KYpyabl KepceTesi. Perpeccusiibik
Tangay oficiH KosnmaHa oteipbin, Chen sxone Wu [2] reoso-
THSUJIBIK, METAJUIOTCHHUSUIBIK JKOHE CTATHCTUKAIIBIK TaJlay He-
ri3zepinjie MoJMMEeTalT KeH OPBIHIAPbIHBIH MEPCIEKTHBAIIBIK
KapTachlH jKaca/ibl.

MainuHaJIbIK OKBITYIBIH KOITETCH OMIiCTePIHIH Oipi jKoHE
OCHl FBUIBIMH MakKajaJga KOJIaHBUIFaH OJIiC — KJacTepley.
Hepextepai Kaactepiey — aTpuOyTHBTI MAIIMETTEpi yKcac
HYKTeJep/i, 0aKbUIayChl3 OKBITY HETIi3iHIe, TomTay ofici [3].
AranFaH 9lic TeoJIOTHSIIBIK MAIIIMETTEP/II OHICY/IE KeH Tapajl-
FaH: TEOXUMUSIIBIK MOJIMETTEP/IIH JIUTOJOTUSUIBIK BapHallHs
MEH THIPOTepMalbli ©3repyJepMeH OailJIbIHBICHIH aHBIKTAY
[4]; TeonoTHsIIBIK aybICTIANBIIAD HETi31H/Ie KeH OPBIHAPBIHBIH
YKCaCTBIKTapbIH Ta0y [5]; T€0NIOTHsUIBIK, Fe0(pU3NKAIIBIK KIHE
TEOXMMHUSUTBIK MaFJIyMaTTap apKbUIbl MBIC KEH OPBIHIAAPBIHBIH
KapTaJapblH xacay [6].

Ochbl FRUIBIME MaKaja 0apbIChIHJAa MAIIMHAJBIK OKBITY,
OHBIH IMIIHIE KJAcTepsey JKOHE I'€OCTATHCTHKA JIicTe-
pi HEri3iHae BEKTOpH3alMsIaHFaH TapUXH I'€OJIOTHSIIBIK,
TEOXUMUSUIBIK JKOHE TeO0(pU3UKAIBIK (IPaBUMETPHSIIBIK
YKOHE MArHUTTIK) KapTajapAaH ajblHFaH MAJIMETTep OH-
neninmi. 3eprrey aiimarbl petinae Kanba-Hapera ken Oen-
NeyiHIH inriHe KipeTiH cupek MeTanabl AcyOyiak KeH epi-
Cl aJIBIHIBI.

Bacrankpl MaJTiMeTTep KIHe 3epTTey daicTepi

3epmmey atimazvl. 3eprrey aiimarbl periHme IIIbiFbic
KazakcTan oONbICHI TeppUTOpUSICHIHIA OpHajackan Kamba-
Hapbin keH OenjeyiHiH OpTaHFbl 06Tl peTiHae caHalaThiH,
AcyOyiak keH epici kaObuigauabl. Kanda-Hapein ken Oein-
neyi Kenmi Anraiimen, JXapma-Caysip xone Barbic-Kai-
0a keH aliMakTapeIMeH Oipre YJKeH ANTaiablH KypamblHa
kipexi [7]. Aramran Oeigey COJTYCTIK-OAThic OarbITBIHIA
Kpitaiinan 6acram Peceiire nefiin 500 KM CO3BUIBIT XKaTbIp

(cyper 1).

[PECEV OEEPALIACH]

Cyper 1. Kan6a-Hapbin keH OeJiieyi ;koHe OHBIH
Kypamaac 6eJiiri Acy0yJiak KeH epici.
Figure 1. Kalba-Narym ore belt and its component
Asubulak ore field.

Puc. 1. Kanoa-HapbeivMckuii pyaHblii mosic u ero
COCTABJISIOINAS MeCTOpPOKAeHUe AcyOyrak.
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AcyOyiak KeH epici, keiie AcyOysiak nerMaTut epici, KeH
OenneyiHiH opTalbIK Oeirinae opHanackaH. [lermarur epici
3 ’KapbUIYJbIH KUBUIBICBIHA OpHallacKaH xoHe [lepmb nepuo-
JbIHbIH Kanba KoMInIeKCiHIH IpaHUTTIK MHTPY3USICBIHAH TY-
pazbl. ATanFaH KeH alMarbl CUPEK Ke3/1eCeTiH MeTasll aiiMarbl
perinae cunarrananist (Ta, Nb, Be, Li, Cs, Sn).

bacmanul monimemmep. bacrankpl MaliMeTTep pETIHJE
3epTTey aiiMarbIHbIH TapuxH (MyparaTThIK) KapTajapbl ajbH-
JIbl: TEOJIOTHSUIBIK, T'PaBUMETPHUSIIBIK (aHOMaJb/bl MarHUT
epici), rpaBUMETPUSUIBIK (KaJABIK Ag aybITKYyJap) )KOHE reo-
XUMUSUIBIK (SKIHIII MIAIIbIpay Opeosibl) KapTanapel. Kapramtap
M-45-95 A xone B 6errepin kamtuthiH 1: 50 000 maciaOra-
PBIHIIA KYPBUIFaH.

3eprrey OapwichiHna «TypakThl HYKTeJIep» arThl (yHK-
LUSCHl apKbLIbl KE3EHCOK TYpAE HYKTenep canbiHabl. Hyk-
tenepain canbl 1100 — 1 km? aynanra 1 HYKTe COMKeC KeJei.
Keszeiicok HykTenep shp (GopMaTbiHaa KYPBUIBII, OJapbIH
TeOJIOTHSUIBIK KapTajapra COUKEeC KeJreH JKepiHAeri MOHI ar-
PUOYTHBTIK KECTEre 5Ka3blIJIbl.

Koppenayusnvix manoay. TeoOXUMHUSIIBIK MaJIMETTEpre,
SIFHU CHPEK MEeTaJIapiblH CKIiHIII IIalibipay OpeosIapbiHa
(emmem GipikTepi — ceiHamMagarbl Meaiep* 10°%) ipreTacTsl
CTaTHUCTHKAJIBIK 9/1ic — [TUPCOH KOppeNsIIUsICHI JKacabIH/IbI.

Teocmamucmuxaneix manoay. Typmi aepekrepuiy (OaraHa-
JIapbIH) ©3apa 0aiIaHBICHIH KEHICTIKTIK KaThbIHACTA aHBIKTAY
YILIH jKoHE KOpyre bIHFaHIbI Typ/ie KOPCETy YIIiH reocTaTHc-
TUKAJBIK Tajiay skacanaabl. Tangay OapbIChbIHAAa MarHHMTTIK
KapTa MeH IPaBUMETPHUSUIBIK KapTajiap )KOHE re0JIOTHsIIbIK Kap-
Ta MEH I'PaBUMETPHSUIBIK KapTa ChIHApJIapbIHA KO bIHBUI/BL.

Knacmepney. Bacmwi komnonenmmepoi manoay. bactel
komroneHTTep Tannaysl (BKT) kiactepneyuin noctypiii xoHe
KEH TaparaH TypJeHiH 0ipi ooubin keneni. BKT — kemesnemi
JIEPEKTEePIl OJIIIeMiH a3aiTy YIIIiH KOJIAHBUIATHIH CTATUCTH-
kanblK ozic [8]. BKT-ra cupek merangap/ablH eKiHIII HIanibl-
pay opeoJiapbl KaTbicapbl.

Knacmepney. k-opmawa 20ici. k-oprama (k-means) — je-
pekTepi k Tonka (kiacrepre) O6JeTiH KeH TapaiFaH KiacTep-
ney anroputmi [9]. Aranran oxic BKT HotmxkenepiHiy nepek-
TEp TONTaMaChlHA KOJIIAHBUIIbI.

Hoatuikenep

AcyOyI1aK mermMarut ajJaHblHAaFbl CHPEK METaIap/IbIH I1a-
LIbIpay J€PEKTEepiHe KaThICThl KOPPEISIMSUIIBIK TAJIAAY JKacaj-
Jibl. KoppernsiusuiblK MaTpyiia Cyper 2 KopceTiireH.

Tannay HoTHKeNepi OOMBIHILIA CUPEK MeTalJap/blH eKiHIIi
HIAIIBIPAYbl OOMBIHINA CHI3BIKTHIK OaiJIaHBIC ACHIeH1 HKOFaPhI
JIOpexeIc eMec eKeHIH Kepyre 0oajpl. ANTapibiKTai, opTa-
1IaJ1aH JKOFaphl ChI3BIKTHIK OaitianbicThl Be sxone Nb apachi-
na xkepyre oonazpl ([Tupcon ko3 duuenti — 0,54), COHbIMEH
karap Li men Cs apachlHIarbl KOPPEJALHs, CAIbICThIPMAIIbI
Typae, sxorapsi (0,59).

IDW opuici OoiibIHIIIA TPABUMETPUSIIBIK JKOHE MAarHUTTIK
QHOMAJIMSUIAP/IBIH KOPCETKIIITEPi, COHBIMEH Karap IeoJio-
THSJIBIK  KapTa apajapblHIarbl KEHICTIKTIK OaiaHbicTap
KypbuLnbl (cyper 3). Kamablk Ag aybITKyJapIblH KapKbIH-
JIBUTBIFBI MEH aHOMAJIbJIbl MATHUT ©PICIHIH KAPKBIHBLIBIFbI
apachIHJaFrbl MHTEPIIOJSIMS HOTHIKEIEPiH CabICTBIPY Oa-
PBICBIHA YKCACTBIK XKoHE Oaiianbic 0ap ekeHl Ke3re Tyce/i.
CoHbIMEH Karap, I'pPaBUMETPHSJIBIK KapTa MEH Tay JKbIHBIC-
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TapBIHBIH TYPJICP] apachIHIAFbl OalIaHBICTBI KOpYyTre 00JIaIbl
(cypet 3 a, 2, 6).
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Cypert 2. Cupek MeTaJAAPJIbIH KOPPeIS IHSIBIK
MaTpHIachl.
Figure 2. Correlation matrix of rare metals.
Puc. 2. KoppeassuuoHHass MAaTPHIA PeIKHX MeTAJLJIOB.
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Cyper 3. I'eocTaTnKaabIK TAJ1ay HITHKeNEPi: a) kanovik Ag
AybImMKYIapobly KApKbIHObLIbIEbL, ML, 3) AHOMATbObL MACHUN
epiciniy Kapkvinoviiwizvl ATa, AZ, uT,; 6) may scvinvicmapbi.

Koopaunarrap :kyiieci — WGS-84/ UTM 44N.
Figure 3. Geostatic analysis results: a) the intensity of
fluctuations in residual Ag, mgal; 2) the intensity of the

anomalous magnetic field ATa, AZ, nT; 6) rocks. Coordinate
system — WGS-84/ UTM 44N.

Puc. 3. Pe3ysibTarhl reocTaTHue€CKOro aHaIM3a: a)
ocmamoyHas Ag uHmeHcusHOCMs Konebanuil, Mai, )
UHMEHCUBHOCTb AHOMATLHO20 Mazhumno2o nois ATa, AZ,
1uTn, 6) eopusie nopoosi. Cucrema koopaunat — WGS-84/
UTM 44N.

Tay KBIHBICTAPBIHBIH TYPIEPIH «TYPAKTBI HYKTEIep» OOii-
BIHILIA KYPBUIFaH KapTorpammara (cyper 4 6) Tycinikreme oepe-
TiH 00JICa: MAJIIMET JKOK — KeJljiep, ¢y Koiimasapsr; vi1P — Kanba
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kemeHiHiH 1 ¢asa rpanutrepi; y1, Y0P — Kanba keweninin 1
(aza rpaHOIMOPUTTEPI MEH MEJAHOKPATThI IpaHuTTEpi; V2P —
Kanba kemreniniy 2 ¢azansiy 0MOTUTTI rpanutTepi; v;P — Kan-
0a keuleHiHiH 3 (a3achIHbIH IErMaTH3alMsUIaHFaH JICHKOKpar
rpanutTepi; D3-Citk — TakpIp TacTOMIIACHIHBIH aJIEBPOIUTTEPI
MeH Kymaakrapbl; Cotb — Tay0a TacTormachIHbIH 9KTaCThl KYM-
JlaKTap KOHKpeuusichl 0ap TYHIPIIIKTI KyMIaKrap.

Kypbuiran nepexTep JKUBIHTHIFBI OOMBIHIIA CHpPEK Me-
TaJIAPJbIH KEHICTIKTIK TapalyblH TONTACTHIPY MaKCaTbIH/a
k-means kiactepiik Tanmaybl KogaHbuiasl. Kiactepiey ai-
JIbIHJIA JIEPEKTep KYPbUIBIMbIH OHTAMIAHIBIPY JKOHE aifHbIMa-
JIbLIAp apachIHIAFbl ©3apa OaiIaHBICTBI a3alTy YIIiH 0AaCThI
KOMIIOHeHTTepAl Tanaay xkyprizingl. BKT Hotmxkecinne kom-
MIOHEHTTEP CaHbl, TYCIHIIpUIETIH aucnepcus yneci (cyper 4)
YKOHE alHBIMAIBLIAP/BIH JKYKTEylepi (kecte 1) aHBIKTaJbII,
KJIacTepIIiK TajjlayFa eH MaHbI3/bl Oenriiep ipikTes.

1.0 1 =@- XKuUbIHTbIK
XKeke

0.8 -

0.6 »

0.4+ 7

TyciHgipinren ancnepcus
N

0.2 A

0.0 T T T T T T T
1 2 3 4 5 6 7

bacTbl KOMMOHEHTTEp CaHbl

Cyper 4. BacTbl KOMIIOHEHTTEP TAJIAYBIHbIH
TyciHAipiiren gucnepcusicol.
Figure 4. Explained variance of the principal component
analysis.
Puc. 4. O0bsicHeHHas1 AUCTIEPCUS AHAJIU3A INIABHBIX
KOMIIOHEHT.

Tyciugipinren nucnepcust rpaduri cyper 4-Te Kepcerin-
reH: OaraHmap — opOip JKEKe KOMIIOHCHTTIH YJIECi; KHCBHIK
CBI3BIK (KyMYJSITUBTI YyJec) — KOMIOHEHTTEP/IH JKHUBIHTHIK
yJjieciHn kepcereni. KOMIOHEHTTEp CaHBIH aHBIKTayna, S/ET-
Te, 75-90% TYCIHIIPIIreH TUCIICPCUSIHBI KaMTaMachl3 CTETIiH
6actel komrnoneHTTep (BK) canbin KaObuInaiiabl. HakTel oChl
Karaaiaa TepT 6acTbl KOMIOHEHT 75—77% AucnepcusiHbl TYCiH-
Jipen, SIFHH KeJleci ecerTeyliep YIIiH aJiFalikbl TOPT 0acThl KOM-
IIOHCHT KOJIAAaHbUIATbIH 60.]13[[]:1.

Keneci ke3exre op BK-ke op xeke aliHbIManbuapabiH (0a-
FaHAApIbIH) KOCAThIH YJIECTEepl *OHE OJaplblH TaHOallapbl
aHbIKTanmagel. Erep tanOa «+» Oosica koHE OaraHHBIH MOHI
OackanapblHaH CaJBICTBIPMAJIBI TYPAE KOFapbl Oolca, oHja
con Oaran bK-ke ken yiec Kocajpl, aji erep «-» 0ojca, oHjia
CoMKeciHIIe Tepic yiec Kocabl (kecte 1).

Kecte 1 op OaraHHBIH (MeTaj/iblH) KOMIOHEHTTEpre Ty-
cipetin ynecin kepcereni. bipinmi BK-Te eq xemn yiecri ox
taHOameH oepmunii (0,54) xone aroduit (0,51) Kocaabl, coii-
kecinme, BK ocinig »oraps! Oeirinae ocbl Metangapra Oaii
HYKTenep opHayacateiH Oomanbl. Exinmn BK-te Be (-0,32)
xone Nb (-0,40) Tepic ynec kocansl, an Li (0,56)° men Cs

(0,56) oH TaHOaMEH KYKTEH 11, SIFHH KOMIIOHCHT 0Ci OOMBIHIIIA
JKOFapbUIaFaH CailblH JINTUN MEH LIE3UH 11aMachl KOIl HYKTe-
JIep OpHajiacajibl, ajl TOMCHTI OeliriHae OepUIIHii MEH HHO-
Ouii 1mamackl Kol HYKTeNep Kaliracajbl. YIIiHII KOMIIOHEHT
Bosb(pam (0,71) men monubneH (0,65) enmricinae, an bK-4
Tepic TanbameH Kanaiibl (-0,58) men Bonbppam (-0,42) xoHe
oH TaHOamen MmomuoaeH (0,61) yiec Kocaabl.

Kecme 1
Komnonenmmepoin scyxkmeyi
Table 1
Component loading
Taonuya 1
3azpyzka Komnonenmos

BK-1 | BK-2 | BK-3 | BK-4 | BK-5 | BK-6 | BK-7
Be | 0,54 1-0,32|-0,09| 0,24 | -0,24 | -0,66 | -0,20
Nb | 0,51 |-0,40|-0,07 | 0,19 | -0,16 | 0,68 | 0,21
Sn | 0,32 | -0,28 | 0,14 | -0,58 | 0,67 | -0,06 | -0,03
w | 0,11 | 0,05 | 0,71 |-0,42 | -0,54 | 0,01 | 0,04
Mo | 0,12 | 0,16 | 0,65 | 0,61 | 0,41 | 0,01 | -0,02
Li | 039 | 0,56 |-0,15|-0,07 | 0,03 | -0,17 | 0,68
Cs | 041 | 0,56 | -0,14|-0,09 | -0,01 | 0,24 | -0,66

Keneci ke3ekre BKT HoTikeciHIe alblHFAH jKaHA JCPCK-
Tep JKUBIHThIFaHa k-opTaria ojici OOMbIHIIA KIIACTEpIIiK Tall-
Jay OKYprisuimi. k-opramia ajaropuTMiH KOJJIaHFaHIA Kiac-
tep canbl (k) angpiH-ana Gesnriciz Oomazapl, con yumin Elbow
Method xane Silhouette (Cuiyat) anicrepi k-HbIH OHTalIBI
MoHIH Taly yumiH Konganeiaasl. Elbow Method (IlIbrarak
gziici) — 9Jic KiacTepliep CaHbIH aHBIKTay YIIiH k-opramra-
HBIH KJIacTep IIIHJer AUCIepcusiChIH (inertia) Tanaaiasl, an
Silhouette ko3duinenti KracTepiepaiy canacblH Oaraaii-
Jbl. O opOip HYKTEHIH KiacTep IHNIHJIETI THIFBI3IBIFEI MEH
Oacka KilacTepiep/ICH alllIaKThIFbIH omeiimi [10].

[IeiHTaK 9Mici OOMBIHIIA KIIACTEp INIHJCTI KBaapaTTap-
nbiH, KockiHabuiapsl (WSFC) kinactepiin caHbl 3-Ke KeJlreH-
Je Kyaiasl. CUimysT Tanjaybl OOMBIHIIA CHITYST YIHaubl
9 xmacTepjae MakCUMaJIbl MOHIre keTenl, Oipak ajraiukel 4
KOMIIOHCHT JKETKLUTIKTI JuCHepcust kepcereTiaikTen (77%),
3 kjactep ajblHaIbl. AJIFAIIKel 4 KOMIIOHCHT IIIIHAE CHITY3T
ynaiiel 3-11i KiacTepie eH Kem MoHre ue. Jlemek eki omicti
KOJIJIaHa OTBIPBII, aJJ{bIH-aJIa KJIACTepiiep CaHbl aHBIKTAJIJIBL.
Out 3-Ke TeH Jien KaObUIaH bl

Knacrepnep canbl aHblKTanranHan keifin (3), k-opramra
onici BKT nepexkkopbiHa KoaIaHbULABL Ojic OeplireH Kiac-
TepJep CaHbIHA COWKeC, HYKTENepHAi OacThl KOMIIOHCHTTED
KOOpJIMHATTAp XKyHeciHie opHaTTHI (CypeT 5).

CyperT 5 anmeMeHTTepiHe TYCIHAIpME: KiIacTepiep — Typii Tyc-
TepIIe KOPCETUICH, CHITaTTaMalaphbl 0ip-0ipiHe JKaKbIH HYKTEIep-
JUH TONTapbl; IEHTPOU]] — KJIaCTePIiH OpTaJbIFbl. bacTsl Komrio-
HEHTTEP/IiH 6CTEPIHIH IIaMajiapbl HAKThI KEPriTiKTi xKeperi, Gpu-
3UKaJIBIK MarblHara M€ eMec I1ama, ojlap KOMIOHEHTTEp Talljiaybl
aJJIBIHIA KYPBUFaH, MaciiTadTay (OyHKIMSICHIHBIH MOHIEPI.

HoTu:xenepai Tajakbliay
Koppensiiusiiblk Tangay HOTUKECIHIC KEeHOip IeMeHTTEep
apacelHJa OailiaHbic aHbIKTayra Oonaabl. Be men Nb apa-
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ceiHarbl Oainanbic kodpuuuenti 0,54, an Li men Cs apa-
ceIHAarel Koppesinus ko3 duimenti 0,59 Ten. Koppensius
k03 (OUIMEHTIHIH amMackl OailJIaHBIC KYIITEPIH KOpCeTel.
Yemmok mikanacel OoibiHIma 0,5-0,7 apachlHIaFbl IIaMaHbBI
«KOPHEKTI» Jien Oaranaipl. backa cupek meTangapibiH Chi-
3BIKTHIK OaiiiaHbIChl ToMeH Oouibin keseai. COHbIMEH Katap,
KOPPEJSIIUSIIBIK MaTpuUIla Tepic TaHOaIbl OaliIaHbICTAP/IbI 1A
kepcerneni (cyper 3).

» ® Knactep 0
6 P _ ® Knactepl
»  KnacTep 2
x LleHTpoua
4 ¢ (]
i
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Cypert 5. BKT monaepinin k-oprama aaici oolibiHIa
KkJactepiaey HoTuxkenepinin BK-1 :xone BK-2
KOOPAMHATTAP KYiieciHae opHAIaCybl.

Figure 5. The location of the clustering results according
to the k-mean PCA method of PC-1 and PC-2 values in
the coordinate system.

Puc. 5. PacnoJiokeHue pe3y/ibTaTOB KJIaCTePU3aLUA
no k-cpennemy merony AI'K 3nauenmii I'K-1 u I'K-2 B
cucTreMe KOOpPAMHAT.

AJIBIHFaH HOTIDKENEPAiH CTAaTUCTUKAJIBIK CEeHIMIUIITIH
Oaramay MakcaThIHAA KOPPEIAus KOA(PPHUIHMCHTTEPIHIH
MOHJIIJIIK MaTpHIlachl KOCBIMINA ecenTenai. HoTmxkecinme
Be—Nb xone Li—Cs »neMeHTTepi apachblHAarbl OaliaHbIC-
TapaeiH p-MoHaepi 0,01-1eH TOMEH eKeHl aHBIKTNJIbI, SFHU
Oyt Koppersusiap Ke3AeiCOK eMec KOHE CTaTUCTHKAJIBIK
TYPFBIZIAH MOH T O0JBIN TaObLIa el OChUTalIa, AaHBIKTAIFAH
oH OaitmanpicTap TeK KOA(PHUIIMEHT MaMachiIMEH FaHa eMec,
ONApIBIH CTATHCTUKAIBIK CEHIMIITITIMEH Je pacTanisl (Cy-
pert 6).

leocTaTucTUKANBIK Tangay HOTHIKECIHIC TeO(PH3MKAIBIK
KapTalap/blH 63apa jKoHe IeoIOTUSITBIK KapTaMeH OailiaHbic-
Tapbl aHBIKTAN/bI. [ PABUMETPUSIIBIK KOPCETKIIITEp MarHuT-
TIK KOPCETKIITEPMEH Typa MpPOTOPIHUOHANBI OaiIaHBICTHI
Kepceresi. [paBUMETPHSIIBIK aybITKY/IbIH MOHAEP] HEFYPIIbIM
JKOFapbl 00Jica COFYPJIBIM MAarHUT OpPICiHIH KapKbIHIBUIBIFBI
oceni. OHBI, KapTanapAbIH OPTaHFbI Oemirinaeri bemorop nHT-
Py3HBTI MaccuBi (KOO KBI3BII TYCIEH) jkoHE TakKbIp TacTor-
IIACHIHBIH MIOTTH/II )KBIHBICTAPHI (AIIBIK TYC), apachiHa Oai-
Kayra Oomansl (cyper 3, a, 2).

['paBUMETPHSUIBIK AyBITKYIbI Tay >KbIHBICTAPBIHBIH Typiepi-
MeH Oaifnansic cyper 3, a, 0 kepcerinreH. Kannpik Ag aysITKymap-
JIBIH, KAPKBIH/IBUTHIFBI TOMEH JKOHE TePiC MOHAEP/E MIOTIH I HKbI-
HBIcTapra caif kenemi: Catb — 2 Mt kepcereni, an Ds-Citk — 6 M
IramMackeIHa Jieiin Tycemi. KepiciHime, HHTPY3UBTI Tay JKBIHBICTA-
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P OH TaHOaMeH OOJIbII Kelei, acipece y1P + 4 M 1iamachiHaH
J1a KOFapbl MOHJIEPIE HE.
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Cypert 6. CTaTHCTHKAJBIK MIHAILTIK MAaTPULIACHI.
Figure 6. Statistical significance matrix.
Puc. 6. MaTpuua craTuCTHYECKOH 3HAYMMOCTH.

BKT notmxkenepine k-oprama omici OoiibIHIIIA, CHPEK Me-
TaJIAPAbIH TEOXHMMUSJIBIK KOPCETKIIITEPiHEe KIIaCTepU3alus
xacanapl. Kinactepusanusi HOTHXKEJIEpiH cyper 5 kepyre 6o-
nagsl. Cyperte kinactep 0 BK-2 eci 6oifbIHIa opranFs! 0eik-
te, BK-1 eci OoiipiHmIa TOMEH MoHIepre ue 6onnel. Kitactep
1 BK-1 eci OofibIHIIAa CO3BUTHIHKBI OpHANIacKaH, ain bK-2 6oii-
BIHILIA TOMEH MoHAepAe. Kanbinracka 3 kiacteplid oprama
MOHJICPIH 2-IIi KecTene Kopyre 0onamsl (MOHACPIIH OIIIeM
Oipairi — ceiHamMaaarsl Memep*102%).

Knactep (tom) 0 — GapiblK 31eMEHTTEpIiH (CHpeK Me-
TaJlIapAbIH) MOHIEPI TOMEH JKOHE apajiac HYKTelep TOOBL
Kiactep 1-ne Be (opra moni 0,91) xxone Nb (opta moHi 1,08)
9JIEMEHTTEpI IIOFBIpJIAHFaH HYKTenep. byn kiacrepne Sn
(0,74) men Li (1,41) eckepyre Oonap emi, Oipak ojapabH Makx-
CUMaIIIBI MOHJIEPi 5 jkoHe 25 coiikecinmie. Jlemek Oy TomTa
(xnacrep 1) Be men Vb xorapsl MaHzAEpi, a1 Sk MeH Li ToMeH
MoHJIepi opHanackaH. Conrbl kiacrepai (kiaacrep 2) Li meH
Cs TOOBI Jier, mapTThl TypAe arayra Oomansl. Ocbulaiima, k-
opTaIma dici CHpEeK MEeTaJIap/Ibl, CKIiHIII IAIIbIpay Opeoa-
PBIHIAFBI CHIHAMAJIAFbl MeJIepliepiHe OaillaHbICThl, 3 TONKA
Oenmi: 1) ToeMeH MOHIEPICTI apaiac; 2) *KOFapbl MOHICPACT1
Be—Nb; 3) xorapsl Mmonaepaeri Li—Cs.

Kecme 2
Knacmepnepoin, opmawa manoepi
Taonuuya 2
Cpednue 3nauenus Kiacmepos
Table 2

Average values of clusters

Knacrep| Be | Nb | Sn W | Mo | Li Cs

0 0,01 | 0,01 | 0,11 | 0,03 | 0,01 | 0,29 | 0,06
1 0,91 | 1,08 | 0,74 | 0,07 | 0,01 | 1,41 | 0,21
2 0,07 | 0,04 | 0,21 | 0,14 | 0,08 | 11,38 2,79
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KopbIThIHABI

AcyOyJlaKk KeH OpiCiHiH KapTorpadHsuiblK MaJliMETTepiHe
MAIlIMHAJIBIK OKBITY HETi31HE CTAaTUCTUKAJIBIK Tajaayliap *a-
caiipl. JlaraceTke KOPpeJSIMSUIBIK Taljay jKacay HOTHXKECIH-
ne Be men Nb xone Li men Cs apanapblHia e3apa KOPHEKTI
CBI3BIKTBIK Oaiiylanpic Oap exeHniri aHbIKTanipl. [eocraruc-
THKaJIBIK Tajjgay HOTHXKECIHJAE, KaBIK Ag aybITKyJIap/blH
KapKBIHIBLIBIFEI MCH aHOMAJIbJbl MArHUT OPICIHIH KapKbIH-
JBUTBIFBI apachlH/ia UICi3 OainaHbic OpHaThbULIbl. COHBIMEH
Karap, reoJOrHsUIbIK Tay >KbIHBICTAPBIHBIH TPABUMETPHSUIBIK
KepceTKimTepi aHblKTanapl. Kanda kemieniniy Oipinmn dasa
IPaHUTTEPIHIH IPABUMETPHSIIBIK aybITKy MOHI €H JKOFaphbl, all
TakpIp TaCTONIIACHIHBIH LIOTIH/ )KbIHBICTAPBI €H TOMEHT1 00-

nbin kenesi. Kimacrepriey of1ici reOXMMHUSIIBIK KapTaFa Kacasjibl.
Tannmay HOTHKECIHIIC AIIeMEHTTep (MeTasmap) 3 Tomnka OestiHmi:
apaniac, Be—Nb xoHe Li—Cs >XynTapblHBIH JKOFapbl MOHJEPI.
OchbI TaKbIPBIIITHI KEJEC] 3epTTeyiIepae MAIINHAIBIK OKBITYAbIH
Oacka j1a opic-Tocepi Heri3iH/e JamMbITyFa Oona/ibl.
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3epmmey BR24992854 «lllvizvic Kazakcman o0nvicolHblH
may-KeH Memauiypzus OHEPKICIOIHIH MmYpaKmsl 0aMyblH
Kammamacol3 emy ywin 0acexeze Kaodinemmi 2olilmu Hezi3-
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REMOTE SENSING OF INDUSTRIAL
STOCKPILES UNDER SNOW COVER:
METHODS AND SCIENTIFIC CHALLENGES

Abstract. Determining the volumes of stockpiled materials at industrial sites during the winter period is complicated by the presence of snow cover, which distorts
surface geometry and reduces calculation accuracy. The aim of the study is to evaluate the effectiveness of remote sensing methods for mine surveying and geodetic support.
The research is based on the analysis and comparison of laser scanning, satellite, radar, ground-penetrating radar, and photogrammetric methods. It is established that the
integration of UAV-based photogrammetry and GNSS provides the highest efficiency. The scientific novelty lies in assessing the impact of snow cover on digital model
accuracy and substantiating an integrated approach to their application.

Key words: remote sensing, digital surface model, mine surveying and geodetic measurements, snow cover, industrial stockpiles, volume calculations.

Kap kaMbLIFBICHI sKaFAalibIHIa OHEPKICINTIK KoliMatap 0eTiHiH KalIbIKTHIKTAH 30HATAJIYbI: J/licTepre MIONY KoHE

FBIJIBIMH MaCeJIeIiep

AmnpaTna. OHepKacinTIK KoiiManap/a cakranarblH MaTepuasIap/iblH KeJIeMICPiH aHbIKTay KbICKbI KE3CH/E Kap JKaMBUIFBICHIHBIH O0JTybIHa OaillIaHBICTBI KYPACICHE
Tyceni, ce6ebi o OeTTepIiH reOMeTPHSCHIH OypMalar, ecenTeyaepIiH IoJIIriH TOMeHAeTeNi. 3epTTeyAiH MaKcaThl -MapKIIeHAepPIIiK-Te0Ae3UsUTBIK KAMTaMachl3 €Ty YIIiH
KaIIbIKTHIKTAH 30HATAy OMIiCTEPiHIH THIMZUIriH Oaraay. Jlazepiik CKaHepIey, CIYTHUKTIK, PaJHOIOKALMSIBIK, TeOPafapibK jKkoHe (POTOrPaMMETPHSUIIBIK dicTep 00ii-
BIHILIA JIEPEKTEP/Ii TaJIIay XKOHE CANBICTBIPY KOIAaHbULIbl. EH koraps! TriMainikti BIJIA-dotorpammerpusicsl Men T'HCC uHTErpanusachl KAMTaMachl3 €TETiHI aHbIKTa-
Jibl. FBUIBIMHU JKaHAJIBIFBI Kap jKaMBUIFBICBIHBIH LIU(PIIBIK MOZEIBACPAIH JANAIriHe acepin Oarasay/ia skaHe OJIapibl KOJIaHy/IbIH KeIIeH i TaCiTiH Heri3aeyae xatsip. Kap
Ka0aThl OJIIeY HOTHKEJICPiHIH AANAIriHEe dcep eTeTiHi aHBIKTAaNIbI.

Tyutinoi co3oep: Kawwikmoikman 30H0may, 6emmix yugpivix Mooensb, MapKuetioepiik-2e00e3usiblK, oaueyiep, Kap ACamblicbliCbl, MEXHOLeHOIK 00bexminep, Koiem-
0epoi ecenmey.

Ill/lCTaHIII/IOHHOC 30HIUPOBAHNEC MMOBEPXHOCTH NMPOMBINIJICHHBIX CKJIA/I0B B YCJIOBUAX CHEKHOTO MMOKPOBa: 0630p METO-

JA0B M HAYYHbIX Po0semM

Annorauus. Onpezenenne 00beMOB CKIIaUPYEMbIX MAaTEPHAIIOB HA IPOMBIIUICHHBIX CKIIAJaX B 3UMHUI IIEPHOJ] OCIOXKHSACTCS HAMYHEM CHEKHOTO TIOKPOBA, HCKa-
JKAIOIIEr0 TEOMETPHIO MOBEPXHOCTEH M CHIDKAIOLIETO TOYHOCTH pacdeToB. Llenb uccienoBanus — oneHka 3(QGEeKTHBHOCTH METOA0B AUCTAHIIHOHHOTO 30H/HPOBAHHS JUIS
MapKIIeHIePCKO-Te0Ie3nYecKoro odecredeHus. [IpUMEHeHBI aHAJIN3 M COMOCTABIICHHE JAQHHBIX 110 JIA3EPHOMY CKAaHUPOBAHMUIO, CITYTHUKOBBIM, Pa/IHOIOKAIIHOHHBIM, T€0-
panapHbiM U GOTOrpaMMETPHICCKUM METOaM. YCTaHOBICHO, YTO HAaHOOIbIYI0 3¢ deKTuBHOCTL 0OecneunBaeT uuTerpaius BITIA-dororpammerpun u THCC. Hayunas
HOBH3HA 3aKIIOYACTCS B OLICHKE BIIMSAHKS CHEXKHOTO MOKPOBA HA TOYHOCTH LIU(POBBIX MOJIENEl 1 000CHOBAHNH KOMILICKCHOTO MOJX0/@ K X IPHUMEHCHHUIO.

Kniouesvie cnosa: oucmanyuonnoe 30H0Uposanue, yugposas Mooeib no6epxXHOCMu, MAPKUe0epCKo-2e00e3utecKue UsMepPenls, CHeXCHbII NOKPO8, MEeXHOZEeHHble

06veKkmbl, pacuemol 06beMo8.

Introduction

Determining the volume of stockpiled materials is an im-
portant task in mine surveying and geodetic support for mining
and industrial enterprises. The reliability of volume calcula-
tions affects inventory accounting, production planning, and
economic assessment. In open storage areas, this task is com-
plicated by the complex geometry of stockpiles, steep slopes,
sharp elevation differences, and continuous changes in the
shape of the stored material.

In winter, volume determination becomes less accurate be-
cause snow cover partially or completely conceals the actual
material surface. As a result, the digital surface model obtained
from survey data may represent the snow surface rather than
the real geometry of the stockpiled material. This leads to the
inclusion of snow mass in the calculated volume and causes
systematic errors.

Traditional ground-based methods, including total station
surveying, geometric leveling, and GNSS measurements, pro-
vide high accuracy for individual points. However, their use in
winter is limited by labor intensity, safety requirements, and
the difficulty of covering the entire surface. Therefore, remote
sensing methods, including UAV photogrammetry, laser scan-
ning, satellite imagery, and radar technologies, are increasing-
ly used. Nevertheless, most of these methods record the upper
visible or reflecting surface, which often corresponds to snow
cover rather than the stockpiled material.

Most existing studies on snow cover remote sensing fo-
cus on natural landscapes, mountainous areas, snow depth, or
snow water equivalent. Industrial stockpiles differ significant-
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ly due to their artificial and rapidly changing geometry, shaded
zones, low textural informativeness of snow, and continuous
material movement. Therefore, direct application of existing
approaches to winter mine-surveying volume accounting re-
mains limited.

The scientific problem of this study is the lack of an adapt-
ed approach for assessing the applicability of remote sensing
and geodetic methods to reliable volume determination under
snow-covered conditions. The purpose of this article is to an-
alyze existing methods for surveying snow-covered surfaces,
identify their limitations for industrial stockpiles, and substan-
tiate directions for developing an adaptive methodology for
determining stockpiled material volumes in winter.

Characteristics of snow cover and its influence on the ac-
curacy of volume determination of stockpiled materials

Snow cover exhibits complex physical, structural, and op-
tical properties that significantly complicate remote sensing
and distort digital surface models of stockpiled materials. Its
structure is formed under the combined influence of multiple
factors, including atmospheric conditions, solar radiation, heat
fluxes, wind loading, settling, and internal metamorphic pro-
cesses [1, 2].

One of the key factors affecting the accuracy of mine sur-
veying and geodetic measurements during the winter peri-
od is the optical properties of the snow cover. The absence
of stable surface texture significantly limits the capabilities
of photogrammetric modeling [3, 4]. Structure-from-Motion
algorithms rely on detecting and matching image key points
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to establish correspondences between images. However, in
snow-covered areas, the number of such features is often
insufficient, especially when surveys are conducted under
bright solar illumination. This results in sparse point clouds,
increased matching errors, and local distortions in the digital
surface model that do not correspond to the actual geometry of
the stockpiled material [4].

[llumination conditions significantly impact modeling re-
sults. The reduced solar elevation during the winter period
leads to the formation of elongated shadows, in which up to
60-70% of key points may be lost [4, 5]. At the same time,
illuminated areas are often characterized by overexposure and
a lack of contrast features. The sharp contrast between shad-
owed and overexposed zones generates false brightness gradi-
ents that processing algorithms interpret as terrain elements,
resulting in additional distortions of the digital surface model
and a decrease in the accuracy of volume determination [5, 6].

The heterogeneity of the snow cover is particularly pro-
nounced at industrial stockpiles, where the interaction of wind
flows with the artificial relief of stockpiles leads to the for-
mation of scoured zones, local snow accumulations, cornices,
and erosional depressions. These elements do not correspond
to the actual geometry of the stockpiled materials and form
false relief features [6, 7], resulting in local anomalies in the
digital surface model and complicating the accuracy of vol-
ume calculations.

Additional complexity is introduced by metamorphic pro-
cesses in snow cover, driven by changes in the structure of
snow crystals under the influence of temperature fluctuations,
pressure, and moisture. As shown by previous studies [7, 8],
even the presence of a thin ice layer or crust significantly re-
duces image textural information, complicates photogrammet-
ric processing, and adversely affects the accuracy of digital
surface models. Moreover, surface models obtained at dif-
ferent times may differ substantially even with a short time
interval between surveys, which increases uncertainty when
comparing snow-on and snow-off data and complicates the as-
sessment of actual changes in material volumes.

Thus, snow cover is one of the main factors distorting the
surface geometry of industrial stockpiles and reducing the ac-
curacy of volume determination for stockpiled materials. Its
high variability, low textural expression, and sensitivity to
external conditions necessitate the application of specialized
methodological approaches to account for and compensate for
the influence of snow cover when performing mine surveying
and geodetic works during the winter period.

Remote sensing methods for snow-covered surfaces

Contemporary approaches to remote sensing of snow-cov-
ered terrain encompass diverse technologies designed to cap-
ture spatial information with different degrees of precision,
resolution, and operational effectiveness. Their development
is driven by the need to improve the accuracy and safety of
mine surveying operations under conditions where ground-
based methods are limited. During the winter period, this is
associated with restricted site accessibility, hazards related to
movement across snow-covered stockpile areas, and high sur-
face variability, all of which significantly reduce the reliability
of results in determining the volumes of stockpiled materials.

In the scientific literature, several key remote sensing ap-
proaches are distinguished for snow cover analysis, includ-
ing laser scanning, satellite imagery, radar-based methods,
ground-penetrating radar technologies, and photogrammetric
approaches implemented using unmanned aerial vehicles.
Each of these methods has specific advantages and limitations
that must be considered when modeling the surface of techno-
genic objects under snow-covered conditions [1, 2].

Laser scanning (LiDAR) ranks among the leading remote
sensing technologies due to its high accuracy, independence
from illumination conditions, and ability to generate dense point
clouds. Research results indicate that terrestrial laser scanning
(TLS) enables detection of changes in snow cover height with
an accuracy of up to several millimeters [3], making this method
a reference standard for assessing the accuracy of other technol-
ogies. However, its application at industrial stockpiles is signifi-
cantly limited: the considerable height of stockpiles, the pres-
ence of technological equipment, and continuous production
activity hinder the placement of scanners in optimal positions
and the acquisition of complete surface coverage. In addition,
conducting surveys during the winter period increases risks to
personnel and extends survey duration.

Airborne laser scanning (ALS) enables data acquisition
over large areas; however, its application to industrial stock-
piles is constrained by difficulties in capturing steep slopes
and small-scale relief elements, variability in the geometry of
stockpiled materials, and challenges in data interpretation un-
der snow cover [4].

Satellite sensing methods provide regular observations and
coverage of large areas, which makes them effective for ana-
lyzing snow cover dynamics at a regional scale. Modern satel-
lite platforms enable the assessment of snow cover extent, melt
boundaries, and snow water equivalent (SWE) parameters [5].
At the same time, the spatial resolution of even high-resolu-
tion satellite imagery typically ranges from several tens of
centimeters to meters, which does not meet the requirements
of mine surveying support, where an accuracy of 1-3 cm is
required. For this reason, satellite imagery should be consid-
ered only an auxiliary source of information that complements
data from ground-based and aerial survey methods. Additional
limitations include cloud cover, insufficient illumination, and
atmospheric distortions, which significantly reduce data avail-
ability during the winter period.

Radar-based methods, including SAR imaging, exhibit high
sensitivity to the physical parameters of snow cover, particu-
larly moisture content and density. The interpretation of radar
data is complicated by the dependence of snow backscattering
characteristics on crystal structure, degree of compaction, and
the presence of ice inclusions. This makes the use of SAR data
for accurate reconstruction of the surface geometry of techno-
genic stockpiles challenging [6]. As a result, radar methods are
mainly applied in scientific studies focused on snow cover dy-
namics and metamorphism and are much less frequently used
for applied mine surveying and geodetic tasks

Ground-penetrating radar (GPR) methods enable investiga-
tion of the internal structure of the snow cover and determi-
nation of its thickness and stratification, which are important
for estimating snow water equivalent (SWE). However, in the
presence of technogenic objects, the effectiveness of GPR is
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significantly reduced. Metallic structures, density-heteroge-
neous rock mass fragments, ice crusts, and technogenic materi-
als cause multiple false signal reflections, leading to decreased
accuracy of the results [7]. Under industrial stockpile condi-
tions, GPR methods do not provide the reliability required for
volume calculations. Studies show that, despite GPR’s ability
to measure snow thickness, sharp relief variations and medium
heterogeneities result in significant measurement errors and
false signals, thereby limiting the reliability of these methods
for practical tasks of accurate volume determination.

GNSS measurements remain one of the most accurate meth-
ods for determining the coordinates of individual points and
serve as the basis for geospatial referencing of digital models.
The application of RTK and PPK technologies enables centi-
meter-level coordinate accuracy, making GNSS a key element
in the formation of a geodetic control network. GNSS measure-
ments are used both to determine the coordinates of control
points for georeferencing and calibration of UAV-based aerial
survey data, and to survey characteristic points on snow-cov-
ered stockpile surfaces. Determining the coordinates of such
points enables refinement of the object’s geometric parameters
and improves the accuracy of digital surface model generation
under snow-covered conditions [8, 9]. However, at industrial
stockpiles, GNSS accuracy may decrease due to signal obstruc-
tion by high stockpiles, metallic structures, and equipment.

The most universal and practice-oriented remote sensing
method for investigating stockpile surfaces under snow cover
conditions is UAV-based aerial photogrammetry. This meth-
od provides an optimal balance among accuracy, detail, and
data-acquisition efficiency. The flexibility of flight planning,
including the selection of flight altitude, survey trajectory
configuration, camera tilt angle, and image overlap, enables
the acquisition of high-quality data even over surfaces with
low textural contrast [9]. Research results show that the use
of oblique imagery increases the number of identifiable key
points and enhances the robustness of photogrammetric mod-
eling, enabling the generation of digital surface models with
high accuracy and point cloud density comparable to TLS re-
sults, but at significantly lower costs [10].

An important advantage of UAVs is their ability to conduct
regular surveys in environments with high temporal variability
in snow cover. The generation of multi-temporal digital sur-
face models enables minimizing errors in volume calculations
and enhances personnel safety by eliminating the need to work
in potentially hazardous areas [11].

At the same time, photogrammetric methods have several
limitations related to the optical properties of the snow cover.
Low textural informativeness, overexposure, shadows, and
surface heterogeneity complicate terrain reconstruction and
reduce the accuracy of digital surface models. Studies con-
firm that quality depends directly on illumination conditions
and survey parameters [10, 12]. To improve processing ro-
bustness, high-precision georeferencing based on RTK/PPK
data is applied, followed by point cloud registration with ref-
erence snow-off surface models using ICP algorithms, which
has demonstrated high efficiency in modeling technogenic
objects [7].

At the same time, photogrammetric methods have several
limitations related to the optical properties of the snow cov-
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er. Low textural informativeness, overexposure, shadows,
and surface heterogeneity complicate terrain reconstruction
and reduce the accuracy of digital surface models. Studies
confirm that quality depends directly on illumination condi-
tions and survey parameters. To improve processing robust-
ness, high-precision georeferencing based on RTK/PPK data
is applied, followed by point cloud registration with reference
snow-off surface models using ICP algorithms, which has
demonstrated high efficiency in modeling technogenic objects.

At the same time, it should be noted that the application
of UAVs under snow-covered conditions is associated with
several limitations. The main methodological drawback is that
the photogrammetric model reflects the geometry of the snow
cover surface rather than the actual shape of the stockpiled
material. Under industrial stockpile conditions, this leads to
the inclusion of snow volumes in volume calculations, whose
magnitude and distribution exhibit high spatial heterogeneity
[12]. This, in turn, introduces an additional error that cannot
be eliminated solely by increasing survey resolution or point
cloud density. Thus, the use of UAV-based photogrammetry
during the winter period provides high accuracy in reconstruct-
ing the current surface but does not allow for the direct sepa-
ration of the volumes of stockpiled material and snow cover.

An analysis of existing remote sensing methods shows that,
for determining the volumes of stockpiled materials under
snow-covered conditions, the highest efficiency is achieved by
integrating GNSS measurements with UAV-based photogram-
metric aerial surveys. This approach enables compensation for
the limitations of individual methods, ensures continuous spa-
tial coverage, achieves high modeling accuracy, improves the
reliability of volume calculations, and enhances the safety of
mine surveying operations.

Photogrammetry and surface modeling of stockpiles un-
der snow-covered conditions using UAV's

During the winter period, the accuracy of surface modeling
of stockpiled materials can be improved through the applica-
tion of a combined approach that integrates UAV-based aerial
photogrammetry and ground-based GNSS measurements [8,
9]. This approach makes it possible to account for the specific
characteristics of snow cover formation and to reduce its im-
pact on spatial modeling results and subsequent volume cal-
culations.

Aerial photogrammetry is primarily used to obtain contin-
uous coverage of the study area and to reconstruct the geome-
try of those parts of the stockpiles where the material surface
is partially or fully exposed. These areas generally provide
sufficient texture information for reliable photogrammetric
reconstruction of stockpile shapes and operational platforms.
Snow-covered areas, where the photogrammetric model main-
ly represents the snow surface, are supplemented and refined
using ground-based GNSS measurements [8].

GNSS receivers operating in RTK and PPK modes are used
to determine the coordinates of control points required for geo-
referencing and calibration of photogrammetric data, as well
as to measure characteristic points such as edges, crests, and
slopes. This makes it possible to refine the geometry of the ob-
ject and improve the reliability of digital surface models under
snow-covered conditions [8].
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Aerial surveys are conducted according to a pre-designed
flight scheme that is adapted to the characteristics of the object
and survey conditions. Due to the low textural expression of
snow surfaces, acquisition parameters are adjusted: longitudinal
overlap is typically not less than 80-90%, transverse overlap is
70-80%, and flight altitude is selected to ensure higher spatial
resolution and compensate for the loss of key points [9, 10].

To improve model quality, a combination of nadir and
oblique imagery is applied. Nadir images are used to generate
orthophotos and digital surface models, while oblique images
with camera tilt angles of approximately 20—35° improve the
accuracy of reconstructing steep slopes, edges, and low-tex-
ture areas [10]. Illumination conditions are also taken into ac-
count, as overexposure and shadows can significantly reduce
processing quality [12].

The metric accuracy of photogrammetric models is largely
determined by the accuracy of exterior orientation. The use of
RTK/PPK technologies allows precise determination of camera
positions and reduces georeferencing errors [8]. The integration
of UAV-derived data with GNSS measurements of characteris-
tic points ensures better agreement between the digital surface
model and the actual geometry of the stockpiled material.

Thus, the combined method, based on the use of aerial pho-
togrammetry for exposed areas and GNSS measurements for
refining snow-covered zones, enables improved accuracy of
spatial modeling and provides more reliable volume estima-
tion of stockpiled materials under winter conditions [9, 11].

Scientific gaps and directions for further research

An analysis of published studies shows that existing remote
sensing methods for snow cover are primarily focused on natural
landscapes, mountainous areas, glacial environments, and tasks
related to estimating snow depth or snow water equivalent [1-5,
9, 10]. However, determining the volumes of stockpiled materi-
als at industrial storage sites during winter has a fundamentally
different methodological nature, as it requires reconstruction not
only of the snow surface but also of the actual geometry of the
material partially or completely covered by snow.

One of the key scientific and methodological gaps is the
lack of robust procedures for separating the snow surface from
the surface of the stored material. UAV-based photogramme-
try, laser scanning, and other remote sensing methods capture
the upper visible or reflective surface of an object [6, 8, 11].
Under winter conditions, this surface is often snow, which
forms drifts, cornices, local accumulations, and wind-eroded
zones. As a result, digital models may include elements that
do not belong to the actual geometry of the material, leading to
systematic errors in volume estimation [6, 7].

A significant limitation is the insufficient adaptation of
existing approaches to technogenic (man-made) terrain con-
ditions. Most studies on UAV photogrammetry and laser scan-
ning of snow cover have been conducted for natural slopes,
mountainous regions, forested areas, or open terrain [3, 4, 7,
9]. In contrast, industrial storage sites are characterized by arti-
ficial geometry, steep slopes, sharp elevation changes, contin-
uous material movement, and the impact of heavy machinery,
which limits the direct transfer of existing methodologies.

Another issue is the insufficient reproducibility of digital
models obtained from multi-temporal surveys. Even when

maintaining similar acquisition parameters, differences be-
tween snow surface models can be significant due to variations
in snow structure, illumination conditions, wind redistribution,
and metamorphic processes [2, 6, 10, 12]. For industrial stock-
piles, this problem is exacerbated by changes in the surface of
the stored material itself due to loading, unloading, and ma-
terial displacement, which limits direct comparison between
snow-on and snow-off models [3, 7].

The optimization of aerial survey parameters for techno-
genic objects in winter conditions remains insufficiently stud-
ied. It is known that the accuracy of photogrammetric model-
ing of snow surfaces depends on flight altitude, image overlap,
spatial resolution, lighting conditions, shadows, and the use of
oblique imagery [4, 6, 9]. However, there are no universal rec-
ommendations for selecting camera tilt angles, flight altitude,
flight planning schemes, and overlap parameters specifically
for industrial storage sites.

An additional limitation is the ambiguity in applying radar
and ground-penetrating radar (GPR) methods for volumet-
ric assessment tasks. SAR data are sensitive to the physical
properties of snow cover; however, their use for accurate re-
construction of stockpile geometry is complicated by the com-
plexity of interpreting the reflected signal [1, 2]. GPR methods
allow determination of snow thickness and internal structure,
but their effectiveness at industrial sites is reduced due to the
heterogeneity of stored materials, metallic structures, ice lay-
ers, and false reflections [2].

Thus, the research gap lies not in the absence of technol-
ogies for acquiring spatial data, but in the lack of an adapted
methodology for their application to accurately determine the
volumes of stockpiled materials under snow cover conditions.
Future research should focus on the development of a com-
bined approach integrating UAV photogrammetry, high-pre-
cision GNSS measurements, the use of multi-temporal digital
surface models, and procedures for compensating the influ-
ence of snow cover [6, 7, 10, 12].

Conclusion

The conducted review has shown that the problem of de-
termining the volumes of stockpiled materials in winter con-
ditions cannot be solved solely by increasing the accuracy or
level of detail of remote sensing data. The main methodologi-
cal limitation lies in the fact that, in the presence of snow cov-
er, the digital surface model reflects not the actual geometry
of the stored material, but the upper surface of the snow. As a
result, the calculated volume includes snow masses, the distri-
bution of which is characterized by high spatial heterogeneity
and temporal variability.

It has been established that most existing studies on UAV
photogrammetry, LIDAR, SAR, and GPR are focused on nat-
ural snow-covered surfaces, tasks related to snow depth es-
timation, or the assessment of snow water equivalent. Their
direct application to industrial storage sites is limited, since
technogenic objects are characterized by complex artificial ge-
ometry, steep slopes, shadowed areas, low-texture zones, and a
constantly changing surface of the stored material.

The most promising direction for solving this problem
in practice is the integration of UAV photogrammetry with
high-precision GNSS measurements and the use of multi-tem-
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poral surface models. Such an approach makes it possible to
ensure continuous spatial coverage of the object, improve the
reliability of georeferencing, and partially compensate for the
influence of snow cover on volumetric calculations.

The scientific significance of this review lies in the sys-
tematization of sources of uncertainty arising in the model-
ing of industrial stockpiles under winter conditions, as well as

in substantiating the need for the development of an adaptive
methodology for accounting for snow cover. The practical sig-
nificance consists in the possibility of applying the obtained
results in planning winter mine surveying and geodetic oper-
ations, selecting UAV survey parameters, organizing GNSS
control, and assessing the reliability of volume calculations
for stockpiled materials.
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HU®PIBIK TEXHOJOTUSJIAPIBIH
UHTETPAHUSICBIMEH UH)KEHEPIIK
KYPBIJBICTAPABIH TEOJJUHAMMUKAJBIK
NPOLUECTEPIHIH TrEQOJAE3USIJIBIK
MOHUTOPHUHTI

Amnparna. XXywmbicra ka3ipri 3amanrbl GNSS-TeXHOIOrusuIap/isl )oHe ASPeKTepAi OHACYIIH HUMPIbIK dAiCTepiH KONaHa OTHIPBII, AJIMAThl OHIpi JKaFaibIHIa Te0-
JIMHAMUKAJIBIK MIPOLECTEP MEH HHXKCHEPIIK KYPbUIBICTAP/IbIH MOHUTOPHHII YINIH IUIAHABIK-OHIKTIKTIK I€0e3MsUIbIK HEeTi3AeMe XkKacay epeKIIeTiKTepi KapacThIpbUIaIb.
ITRF2014 xansikapaibslK KOOpAUHATTAP XKYiiecl, xkahaH/pIK yKoHe OHipiiK aeHreiaeri 6a3ansik GNSS-craHumsIIapsl HETi3iHAe Teofe3HsUIBIK JKeNiHi Kypy KaFuaarTapsl,
connaii-ak BERNESE 5.2 sxone AUSPOS 6arnapnamainsik opranapbiaa ALMA 6a3aiblk CTaHIUACBIHBIH CTATHKAJIBIK OaKblIaylapblH OHJICY HOTHKEIEpPl YChIHBUIFaH.
AJIBIHFaH HOTIKeNep AJIMaThl OHIPiHIH CeiiCMOaKTUBTI KaFAaiibIH/a )Kep KbIPTHICHIHBIH Ka3ipri 3aMaHFbl KO3FAIBICTAPhbl MEH JIe(OPMAIIMSITBIK IPOLIECTEPIIH MOHUTOPHH-
TiH reofie3HsUIbIK KaMTaMachl3 ety Herisi petinge GNSS-TexHOIorusIapab! KoaaHyAblH THIMALTITH pacTaii bl

Tyiiinoi co30ep: GNSS-onuwemoepi, cmamuxanwix 20ic, ceoounamuxanvix o6axviiay, GNSS-0epexmepin onoey, koopounam 02.10iei, 2e00e3usnblK mop.

Geodetic monitoring of geodynamic processes of engineering structures with integration of digital technologies

Abstract. The paper considers the features of creating a planned high-altitude geodetic justification for monitoring geodynamic processes and engineering structures in
the Almaty region using modern GNSS technologies and digital data processing methods. The principles of constructing a geodetic network based on the international coor-
dinate system ITRF2014, GNSS base stations at global and regional levels, as well as the results of processing static observations of the ALMA base station in BERNESE
5.2 and AUSPOS software environments are presented. The results obtained confirm the effectiveness of using GNSS technologies as the basis for geodetic monitoring of
modern movements of the Earth’s crust and deformation processes in the seismically active conditions of the Almaty region.

Key words: GNSS measurements, static method, geodynamic monitoring, GNSS data processing, coordinate accuracy, geodetic network.

I'eope3snyecknii MOHUTOPHHT TeOAMHAMHYECKHX MPOLECCOB MHKEHEPHBIX COOPYXKeHUH ¢ mHTerpanuei nugpoBbIX

TeXHOJIOT Ui

Annorauusi. B pabore paccMarpHBaioTCs 0COOCHHOCTH CO3[AHMS UIAHOBO-BBICOTHOTO TEOJE3MYECKOTO OOOCHOBAHMS JUII MOHHTOPHHIA T'€OJMHAMHYCCKUX
IIPOLIECCOB M MH)KCHEPHBIX COOPYXKEHHH B YCIOBHAX AJMaTHHCKOTO PErnoHa ¢ MpHMEHEHHEeM coBpeMeHHbIX GNSS-texnomormit n mudpoBbIX METOROB 00pabOTKH
JaHHbIX. [IpesicTaBlieHbl IPUHIMIIBI TOCTPOCHUS T€0C3HYECKON CeTH Ha OCHOBE MEXTyHapoaHOi cicteMsl koopauHat ITRF2014, 6a3oBeix GNSS-crannuit iodaasHOro
U PErHOHAJIBLHOTO YPOBHEH, a TaKKe pe3ylbTaThl 00paboTKH cTaTHuecKuX HalmrofeHuit 6a3oBoii craniun ALMA B nporpammubix cpenax BERNESE 5.2 u AUSPOS.
TlonyueHHbIe pe3ynbTaThl HOATBEPKAAIOT 3¢ dekTrBHOCTS puMeHeHst GNSS-TeXHOIOTHi B Ka9e€CTBE OCHOBBI TEOAE3HIECKOr0 00CCIICUCHISI MOHHTOPHHIAa COBPEMEHHBIX
JIBHYKCHHI 36MHOM KOPBI U Ie(hOPMAIIOHHBIX TIPOLIECCOB B CEHCMOAKTUBHBIX YCIOBHSX AJIMATHHCKOTO PErHOHA.

Knrouesnie cnosa: GNSS-uzmepenus, cmamuyeckuil Memoo, 2e00UHAMU4ecKuti MoHumopute, oopabomra GNSS-0annvix, mouHocms KOOpOUHANM, 2e00e3udecKas ceno.

Kipicne

WHxKeHepiiK KypbUIBICTApAbIH MOHHTOPHHIIH T€ONe3Ms-
JBIK KaMTaMachl3 eTyAiH Ka3ipri TokipuOeciHae TocTypii ac-
TanTap MeH dJicTep MUPPIBIK TEXHOIOTUIIapFa KoOipeK sK0J
Oepeni, omapaslH apachiHaa skahaHIBIK HABUTAIMSUIBIK CITyT-
HuKTIK xyienepain (QKHCXK) anmaparypacsl epexiine MaHbI3-
ra ue. leomesmsmpik GNSS KaObugarsITapelH TalganaHy
MHXEHEPIIK KYphUIBIMAAPABIH AehOopMalsIapbl MCH OpPBIH
ayBICTBIPYJApPBIH 3EPTTEYAE MAHBI3IBI OO TaOBUIATHIH Oa-
KBUTAHATHIH HYKTEJIEP/iH KOCTIAPIIBI JKOHE OMIKTIK JKaFTaiflbIH
JKOFaphl AOJIIKIICH aHBIKTayFa MYMKIHIIK Oepemi. Ludpisik
TEXHOJOTUSIIApAbl MHTETpalysiay HeTi3iHge IeoIMHaMUKa-
JBIK TIPOLIECTEPAiH T€ONS3UsIIBIK MOHUTOPHHT] 9ICTEMECiH
KOJIJaHy HIeHOepiHAe MyHAal Kypaaaap KEHICTIKTIK Jepek-
Tepai almy Kypainapsl 00iem Tabsutagst [ 1, 2].

CIyTHUKTIK TEXHOJIOTHSUIAPIBl KCHIHEH €HTI3y Teoe3us-
JBIK MOHHUTOPHUHT MYMKIHIIKTEpiH €loyip KeHEHTTI jkoHe ic
JKY3IHIE MH)XSHEpIIK T'eOe3WsHBl JaMBITYIbIH JKaHa Ke3e-
Hi 6ommer. GNSS omicTepiHiH HEri3Ti apTHIKIIBUIBIKTapBIHA
OaxpUIay HYKTEJIEpi apachlHIa e3apa KepiHy KaKeTTiTITiHiH
OonMaysl, enmeyaepai OpBIHAAYIBIH JKOFAphl KeaenIiri, Oi-
pBIHFall KOOPAMHATAJNBIK JKYHeAe JKYMBIC iCTEy MYMKIHIITI,
COHJaif-aK KOINTeTeH MOCTYPIi ofiCTEpHiH KOPCETKIITEpiHeH
emoyip acaThlH JANIIK kataabl. bym Anmatel eHipiHIH HH-
JKEHEPITIK KYPBUIBICTAPBIH MOHUTOPHHTLICY Ke3iH/Ae epeKIe
MaHBI3IBI, MYH/Ia TAOUFH-peaseTi Karaainap, ypobansaaran
OpTa JKOHE ayMaKTBIH T€OANMHAMUKAIBIK OSICEHINITT KOFaphI
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JQJIIIKTET], OPHBIKTHI JKOHE TEXHOJIOTHSUIBIK HHTETpalnsIIaH-
FaH OaKpUIAY O/TiCTEPiH KOJIIAHYIBI TAAIl €TEe/Ii.

JKepcepikTik TeXHOTOTHSIAP HETI31HAC HHKEHEPIiK KYPHI-
JBICTapABl MOHUTOPUHTIICY YIIiH TEOAE3MUIBIK HeTi3IeMeH1
KaIBINITACTRIPY Ke3iHAe, SfeTTe, TYOeTeWsl jKaHa IKHUIIETY
TOpJIAPBIH Kypy Tajall eTiIMeW[i, efTKeHi Ka3ipri 3aMaHFBI
GNSS-6akpuiaymapMeH TONBIKTHIPBUIFAH MEMIICKETTIK JKOHE
JKEPTUTIKTI TEOAE3MSUIBIK TOPIApABIH KOJIAHBICTAFhl ITyHKT-
Tepi GacTamKpl HETi3 peTiHae maiganaHsuTysl MyMKiH. [udp-
JIBIK TEXHOJIOTHsUTap bl HHTErpalisiIay HEeri31Hae reoAnHaMHt-
KaJIBIK TIPOIIECTEPiH Te0Ae3UsIIBIK MOHITOPHHT] 9TiICTEMECIH
KONJaHy IIeHOepiHae MyHIal Tociin OyphIH KYPBUIFaH Teofe-
3HSUTBIK, HET13/1H cabaKTaCTHIFBIH KaMTaMachl3 eTyTe JKoHe Oip
Me3ringe Oakputayaapabl KOOPAWHATTHIK KaMTaMachl3 eTYIIH
TONIITIH apTThIpyFa MYMKIiHIIK Oeperi [3, 4].

GNSS kommanraH ke3ne OaifKamaThIH HYKTEHIH OpPHBIH
a0COMIOTTI JKOHE CAaJBICTBIPMANBI TIO3UIUSIIAY OiCTepiMEH
aHbIKTayra Oosajxbl. Anaiifa, MHXCHEPJIK KYpPBUIBICTAPABI
JKOFapBI TQJIIKIIEH MOHUTOPUHTTEY MiHICTTEpi YIIiH AMa-
THI OHIP1 JKaFJalbIHIa TeOANHAMUKAIBIK XKoHE Jedopmarnms-
JBIK TIPOIECTePre TOH MIAFBIH KEeHICTIKTIK KO3FalbICTapIbl
AHBIKTAYJBIH HEFYPIBIM SKOFaphl IONAINT MEH CeHIMILTITiH
KaMTaMachI3 €TeTiH CaBICTRIPMAIIBI 9ICTEPIiH MaHBI3HI 30P.

GNSS tepmuHi Oakpuiay OOBEKTINEPIH >KOFAPBI TANIIK-
[IeH OPHAJIACTBIPY YILIiH KaXXETTi KOOPAMHATTAP, YaKbIT JKOHE
HaBHTAIMS NapaMeTpiepi Typasbl FaJaMIBIK aKnapar ajlyra
MYMKIHIiK O€peTiH CITyTHUKTIK HABUTAlIMsIIBIK JKyHenepai Oi-
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pikripeni. GNSS orbaceina GPS, GLONASS, Galileo xoHe
0acka CIYTHHKTIK TONTap CHSKTBI KYHeliep Kipeli, oiap/bl
Oeuticy reosie3usuIbIK OaKkblUIay MYMKIHAIKTEPIH €19yip KeHeH-
Teni. [eoquHaMUKaIBIK POIIECTEP/I 3ePTTEY KOHE UHIKEHEP-
JIK KYpBUIBICTAPbIH JKai-KyHiH Oakpuiay skaraaibiaaa GNSS
TEXHOJIOTHSIAPBl OOBEKTUIEP/IH OpPBbIH aYBICTBIPYbI MEH Jie-
(opManMsChl Typajbl KeHICTIKTIK-yaKbITTBIK aKIapaTThl ay-
JIbIH HET13r'1 KypaJlAapbIHbIH 0ipi OoJibin Tadbu1a sl [S].

GNSS-Ti MHTEerpanysaHFaH reofe3UsUIbIK OaKblIay XY-
riecinge kommany Ileirsic — Bateic, Conrtyctik — OHTYCTIK
JKOHE JKOFapbl — TOMEH OarbITTap OOWBIHIIA YII OJIIeM/i
KOOpJAMHATTAp JKyHeciHueri 0aKpuiay HYKTEJIEPiHIH KeHICTIK-
TIK OPHBIH JKOFaphl JQJIIKIICH aHBIKTayFa MYMKIHIIK Oepeni,
Oyt Kazipri 3amManFbl 1ehopMaNUsIIBIK IpoIecTepai Oaranay
Ke3iHze epekile MaHbI3/bl. JKOFapbl JOIJIIKTEri CITyTHUKTIK
OakpuIayJlap [IAFBIH KO3FAJIBICTApIbl, OHBIH IIIHIC MUJUIU-
METpIIIK JIMara3olia Tipkey MyMKIHJIrH KaMTaMachl3 eTell,
OyJ1 9IICTI TeOAMHAMHKAIIBIK JKOHE TEXHOTCHIIK (hakTopiap-
JIbIH 9CepiHe YIIbIparaH MHKEHEPIIiK KYPbUIBICTap/IbIH TYpaK-
TBUIBIFBIH MOHUTOPUHITEY/IE THIMIL eTei [6].

leonesusibik MoHuTOpHHT 1eHOepingeri GNSS texHouo-
THSJTAPBIHBIH HET13I1 apThIKIIBUIBIKTApbIHA MbIHAJIAP HKATa [bl:
KOOPJMHATTAP bl aHBIKTAY/IbIH JKOFapbl JQJIT1, aBTOMATTaH-
JBIPBUIFAH PEXUMIE Y3IIKCi3 Oakpuiay MYMKIHIITI, JepeK-
Tep/i alyJblH CEHIMIUIr, coHaai-ak OaKbplIaHATBIH HYKTE-
JIep JKaraadbIHIAFbl aybITKYJIapbl aHBIKTAyAbIH JKEIEJIIIri.
CIyTHUKTIK €JIIIeMICPl 3JICKTPOHIBIK TaXCOMETpPUs, Ja3ep-
JiK ckaHepiey, JKepai KallbIKTBIKTaH 30H/TAy, HHEPLHUSIIBIK
naruukrep, [AXK-mardopmanap xoHe HepeKTepal eHACYIIH
aBTOMAaTTaHBIPBUIFAH XKYHenepl CUSIKThI 0acKka HU(PIIBIK TeX-
HOJIOTHSUIAPMEH OIpIKTIpDy MOHHUTOPUHITIH aKHIapaTTbUIbIFbIH
elIoyip apTThIpaibl XKIHE MHKEHEPIIIK KYPbUIBIMAAP OpHaJIac-
KaH aiiMakTarbl '€0JJMHAMHKAJIBIK MPOLECTEPIIH JaMybIHbIH
KEIlIeH Il KOPIHICIH KaJbITacThIpyFa MyMKiHAIK Oepeni [7].

ConbimeH karap, GNSS aiiMakThIK )oHE aiiMaKThIK CHUTIAT-
Tarbl JeopMalMsIIap/bl, COHBIH IIIiH/Ie TEKTOHUKAIBIK KO3-
FaJIbICTAP/Ibl, T€OJMHAMUKAIIBIK KO3FaJIbICTAP/bl KoHE Oasty
neopMaIUsUIBIK MIPOIeCTepai THIMAI KepceTei. by perre
KYPBUIBICTBIH JKEKEJIEreH KYPbUIBIM/IBIK 3JIEMEHTTEP] HICT1He
HeMece IIaFblH y4acKeseple TYbIHAAUTBIH KepriliKTi e3re-
picrepai TEK CHYTHMKTIK JepeKTep OOMbIHINA FaHa aHBIKTAy
MYMKIiH emec, OyJ1 Oakpliay CTaHIMSUIAPBIHBIH OpHAaJacy Thl-
FBI3/IBIFBIHBIH LIEKTeNyiHe OaiiianbicThl. OchlFaH OaiiaHbic-
ThI, Kazipri Toxipubene GNSS-Ti Keprimikri reone3usuibik
JKOHE TE€OTEXHMKAJBIK OJICTEPMEH HMHTErpalusiay epekiie
MaHbI3Fa He, Oy 1eOpPMAIUSUIBIK KOPIHICTI erKei-TerKei-
JIi KOHE OPBIH aybICTBIPY CHIIATHIH HAKThUIAYAbl KAMTaMachl3
ereni [8, 9].

Teone3usiibiKk MOHUTOPHHT 9/IiICTEMECIH KYpY YIIIH ayMaK-
TBIH Ka3ipri jkai-Kyii n1amy/IblH albliIK Ke3eHiMeH Oaiina-
HBICTBI HEOTEKTOHUKAJIBIK OEJICEHAUIIKIICH aHBIKTaJaThiH-
JIBIFBI, OHBIH OapbIChIHIA Ipi KypbUIBIMIAPABIH OJOKTapra
OeuiHyi, Tay apajblK OHIATTapAbIH KaJbIITACYbl JKOHE TEPEH
aKayaapabl OeJICeHIipy (akTici epekiie MaHbI3Fa He. OHIp
mieriyje sxep oerinaeri nedopMausuIapIbiH KeHICTIKTE Tapa-
JIYBIH YKOHE KayilTi reoJJMHaMHKAJIBIK TPOLECTEPIiH JTaMybIH
OakputaliThiH Asmathl, Lie, Bopannaii, Kackener sxone I1i-
nik-KemuH akaysnapbl, 0acka TEKTOHHMKAaJIBIK Oy3bUTyJIapMeH
karap epekmiencuesi [10, 11]. Ipi akayablk afiMakrap *akblH

OpHaJIaCKaH MapajJielb JKOHe jKelesl Oy3burynap xyitenepi-
MEH YCBIHBUIFaH, ajl SpTYPJi BEPTUKAJIbl KO3FAJIbICTap/IbIH
aMILIMTY/Iachkl 0ap KaJbIITaCKaH yCcakK OJIOKThI KYPBUIBIM JKep
KBIPTBICBIHBIH Ka3ipri KO3FaJILICTApbIH JKOFApbl JSJIIKICH
JKOHE KOl KOMIIOHEHTTI OaKbliay KaKeTTUIIrH KopceTei.

Marepuangap MeH dicrep

OjicTeMelik TYPFbIIaH anFanaa, AJMaTbl eHipi yuriH 0i-
pBIHFall TEOAE3MSUIBIK JKeJire OIpIKTipUIreH 0a3aliblK CTaH-
LUsUIap/ibl, TIPEK jKoHe Oakbulay IMyHKTTEPIH KAMTHTBIH KOIl
JICHI'eiJII MOHMTOPHMHI JKYHECIH KaJbIITACThIPy OpPBIHIBIL.
MyHzail skeniHi KEHICTIKTIK YHBIMAACTHIPY OaKblIaHAThIH
ydackeJepaiy OeliceHai akKayjgap aiMaKTapblHa, ayMaKThIH
OJIOKTBIK KYPBUIBIMBIHA, Ty apaJsiblK OHIarrtap MeH Tay Oer-
KCHJIEPIHIH CepPEeKIIeIIKTepiHe COHKEeC KeIyiH €CKepyl Kepek.
Jlepexrepal eHjaey MeH HHTepIpeTanusayIbH HH(PIbIK
iaTpopMaapbit KoaHy OaKbLiay HOTHKEICPIH KUHAKTAY-
JIbl, CaJIBICTBIPY/IbI JKOHE BU3yaIM3alusIIay/ibl aBTOMATTaH/ [bl-
pyIbl KaMTaMachl3 erei, Oy Ae(opMaIsUIbIK TCHICHIIHS-
JIapbl aHBIKTAY/IbIH KECIIITH Al TapiIbIKTall apTThIpaisl [7].
Ocpuiaiiiina, 3aMaHayH UQPPIIBIK TEXHOIOTHsUIAPIbI [COIE3UsI-
JIBIK MOHUTOPHHT JKYHeciHe OipiKTipy apTypil eJmemMepieH
reoIMHaMUKAIIBIK TIPOLECTepAl KelleHai Oaranayra Keuryre
MYMKIHJIK Oepe/ll JKoHEe KOFapbl TEKTOHUKAJIBIK )KOHE Ceic-
MUKAJIBIK OCJICEHIUTIK KaFaalblHIa 3ePTTEYJIepPre FhLIBIMU
HETI3/IeNIeH cyiemMeriey il KaMTaMachl3 eTel.

CelicMUKaJIBIK O€JICEH I aiiMaKTapIarbl reOINHAMHUKAIIBIK
MOHHUTOPHHI' CEHCMHKaJbIK KayinTi Oaranayna >koHe TaOuru
JKOHE TEXHOTCH/IIK arnarTap KayIiH a3alTy/a eIyl pes aT-
Kapazbl. JKep KbIPTHICBIHBIH 3aMaHayH KO3FaJIbICTaphl JINTOC-
(dhepaga cepriimMIi KepHEYICPIiH )KUHAKTATYBIHBIH HHIUKATOP-
JapbIHBIH Oipl peTiHne KapacThIpbLIabl, OJapJIblH pa3psiyibl
OPTYPJIi KApKbIHIBLUIBIKTAFbl CEHCMHUKAIIBIK OKHFaIapFa dKelyi
MYMKiH. ¥3aK yakbIT 00ibI nedhopManusiapabl Te0e3UsIIbIK
3epTTeymiH Heri3i )KOFapbl MAJIIIKTEr HUBEIHPIICYIIH JKOHE
CBI3BIKTBIK-OYPBIIITBIK OJIICYIIH IOCTYPJl 91icTepi OOJIbI.
JlereumeH, xahaHIbIK HABUTANMSIBIK CIYTHHUKTIK JKyiie-
nepain (GNSS) gaMybl Kep KbIPTHICBIHBIH 3aMaHayd KO3fFa-
JBICTApbIH 3€PTTEY MYMKIHIIKTEPIH alTapibIKTail KEHEWTTI
JKOHE Te0IMHAMUKAIIBIK 3epPTTEyJIep/Ii caralibl JKaHa AeHreire
wbirapael [8]. Kasipri jkarjgaiija MOHUTOPHHT Macelelepin
TUIMJI HIEITy CITyTHHKTIK, )KepJeri )KoHe HUQPIIBIK TEXHOJIO-
THsUIapbl IepeKTepli OaKplIay, OHJIEY JKOHE UHTepIpeTaIus-
naynelH, OipbIHFal sKyleciHne OIpIKTIpy[l KO3IeHTiH KeleHal
TOCLI HEri3iH/e FaHa MyMKiH Oonaabl. TaOuru — TeXHOTCHIIK
JKaFJaiapapl TanAayIaH jKOHE TeOIe3HsIIbIK JKEIIHI KabII-
TaCTBhIPyZaH OacTam eJIIeMICpAl OpbIHAAyFa, JCPEeKTepIl
MHTerpauusiiayFa, oapabl HUQPIbIK OHJIeyTe, BU3yaTH3aLisi-
Jayra yoHe OoJpKayFa JISHIHTT KYMBICTapIbl YHBIMIACTHIPY-
JIbIH OCBIHJIall PETTLIIrT MHKEHEPIIIK KYPBUIBICTap (bl MOHUTO-
PHUHITEY Ke31HJIC TCOAMHAMUKAIIBIK ITPOIICCTEP/II [COIC3USIIBIK
MOHHUTOPHHITEY 9JICTEMECIHIH 93IpJICHIeH CXeMachIHa KOp-
cerinreH (cyper 1).

AyMaxThl T€0/Ie3USUIBIK KAMTAMaChI3 €TY/li )KaHFBIPTY XKaF-
JaibIHA XKeprulikTi skarnainapra Oeitimuenren ITRF koop-
JUHATTAp KYHECIH KOJJaHy KCHICTIKTIK ACPEKTEePIiH IOJIi-
IiH apTTHIPYIbIH YKOHE MOHUTOPUHITIH 3aMaHayd LHU(PIBIK
TEXHOJIOTHsIIApbIHA KOIIY/IiH Heri3ri OarbITTapbIHbIH Oipi 00-
JbI TaObUTAaAbl. AJIMaThl OHIPIHAETT Te0IMHAMUKAIIBIK MPO-
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LEeCTEPIH Ie0Ae3HsIIbIK MOHUTOPUHIT MIHJETTEp1 YIIiH MYH-
JTail TOCUT OPTYPJIl YaKbIT HUKIIICPIH/IC OPBIHAIFAH CITy THUK-
TiK OaKpUIayJIap HOTHIKEIEPIHIH CAJIBICTHIPMAJIBUIBIFBIH )KOHE
oJIapibl Taaay IbIH O1pbIHFal M PIBIK OpTachiHa OipiKTIpyi
KaMTaMachl3 €TETiH YKOFapbl TAJIIIKTET KOOPAMHATTHIK HETi3-
Ji caJBICTBIPMAIIbl KbICKAa Mep3iMJie KallbIITACTBIPyFa MYM-
KiHIIK Oeperi.

[eone3usiIbIK KYMBICTAP/IbIH 3aMaHayd MMPaKTUKACHI J1OC-
TYpJIi acrantap MeH oIiCTepAl jKaHa CIYTHHKTIK TEXHOJIO-
rusjlapMeH OeJICeH]Ii aJIMacThIpyMEH CHIaTTalajbl, oJap-
JIBIH apachlH/Ia FallaMJIbIK HaBUTALUSUIBIK CITyTHUKTIK XKYle-
JIepAiH annaparypachl epeKile OpblH anaibl. [eone3usibK
GNSS kaObuinarsluTapblH naijanany OakbUIaHATBIH HYK-
TeJepJliH KeHICTIKTIK OpHaJacyblH jKOCIapna Ja, OUIKTIKTe
Jie KJIACCHKAIIBIK diCTEpPMEH CaJIbICTBIPFaHa alTapIIbIKTal
JKOFaphl JIQJIIKIICH aHbIKTayFa MyMKiHIiK Oepeni. CryTHHK-
TIK TEXHOJIOTUSUIAP/IBIH MaHBI3]bl apTHIKIIBUIBIFBI ITYHKTTEP
apachlH/Ia e3apa KepiHy KaKETTUIIrHIH 00JIMaybl OOJIBIIT Ta-
ObL1aB1, OYI1 O6IIIeKTENTeH pelibedIieH, Tay OeTKeHnepiMeH
JKOHE TEKTOHHMKAJIBIK OCJICCHIIIIK yJacKeJIepiMeH CUIaTTa-
narelH AJIMarhl OHIpIHIH Kypleni TaOWFH jKaraaiiaapbiHaa
epeKIle MaHbI3IbI.

AJmatel OHIpi KarJalblHIAFbl T€OAMHAMUKAIBIK IPO-
1ecTepi MOHUTOPHUHT1IICY Ke31H/e XaJbIKapasiblK 0a3ajibiK
CTaHIMsUIapFa OalJaHbICTBIPA OTBIPHIN, IUIAH/BIK-OUIK-
TIKTIK TEOJIE3UsJIBIK HEri3[eMEHI TEHECTIPYIiH >KOFaphlia
OasiHIAIFaH dJ(icTeMeci Ka3ipri yaKbITTa T'€OLEHTPIIK ca-
HaK JKYMeCiH HEFypJbIM JQJ1 iCKe achIpyablH Oipi OOk
TaOBIJIAThIH KOHE KOIITEreH eNJIep/ie YITTHIK KOOPAUHATTAP
JKYHECIH KaJbIITaCThIPY YIIIH Heri3 OOJbIll TaObLIaThIH
ITRF >xanmsl sxepycTi KOOpAMHATTAP KYHECiH nmaiaanany-
Fa Heriszgeneni.
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Cyper 1. l'eonmHaMUKAJBIK YpAicTepAiH reoae3usijibIK
MOHUTOPHHII d/1icTeMeciHiH aJropuTmi.
Figure 1. The algorithm of the methodology of geodetic
monitoring of geodynamic processes.
Puc. 1. AJIropuT™M METOTUKH Ireoe3ndecKkoro
MOHHMTOPUHIA Fe0JUHAMHYECKHX MPOLECCOB.

I'eonesusmeik MoruTopuHT MiHAeTTepinae ITRF xonmany
0axpUIay IMyHKTTEPiHIH JKOFAPBI TONIIKTETi KEHICTIKTIK Oaii-
JIAHBICHIH, XalBIKAPANIBIK JEHTei/ie alblHFaH KOOPIUHATTHIK
IICTTIMACPIIH CaNbICTRIPMATBUIBIFEIH, COHNAl-aK Oakpuiay
HOTIDKeINepiH kahaHIbBIK KOHE OHIPIIK TeOAMHAMHUKAIBIK MO-
JeNbJepMeH OipiKTipy MYMKIHZITIH KaMTaMachl3 eTei. 2-Cy-
peTTe TeOnNWHAMHKAJBIK MPOIECTEPAIH TEONC3UIBIK MOHH-
TOPHHTI XyHeciHae mainanansuiateiH Kammarait aynansiaaa
opHateuTFaH 6a3anslk GNSS-cTaHIIICH KOpCeTiIIreH.

CraHIus FUMapaTTBIH KYPBUIBIMIBIK JJeMEHTIHE Oe-
KITINTEH KaTThl OEKIiTiNITeH METalll TipeKKe OpHaJacCThI-
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pBUIFaH, OYJ aHTCHHAHBIH TYPAKTBUIBIFBIH KOHE HEri3-
JH SKepPrimikTi AepopManusiapblHbIH oCEpiH a3alTalbl.
CraHIusi Kep KbIPTHICBIHBIH 3aMaHayd KO3FajbICTapbiH
Tayay KoHe nehopMaIUAIIBbIK PolecTep i Oaranay yuriH
KOJIJIaHbUIATBIH KOOPAMHATTAPABIH YaKbIT KaTapblH Kypa
OTBIPBIN, TYPaKThl 0aKpuIdy PEXKUMIHJIE KYMBIC iCTEHII.
AJBIHFAH MAJIIMETTEp OHJIEYy OpTallbIFbiHA Oepiyiesni, oHla
osiap OipbIHFall TIpEK T'€0NE3UsIIBIK JKEIiHI Kypa OTBIPHIIL,
aliMaKThIH 0acka 0a3asibIK CTaHIMSUIAPBIHBIH HOTHKENIepi-
MeH Oipikripiyieni.

Cyper 2. bBazaabik GNSS-Kanmmaraii aynansinaa
OPHATBLIFaH CTAHINA.
Figure 2. The base GNSS station installed in Kapshagai
district.
Puc. 2. BazoBass GNSS-cTaHuus, ycTAHOBJICHHAS B
Kammaraiickom paiione.

AJnMarsl eHIpiHAe OChIHAAN 0a3aiblK CTaHIMsIIAP/bI Maii-
JayiaHy O0aKpUIay MyHKTTCPIHIH KOFAPhI TOJIIKTET] KCHICTIK-
TiK OaiJIaHBICBIH KaMTaMachl3 €Tyre, MOHUTOPUHI HOTHIKelle-
PIiHIH TYPBICTBIFBIH apTTHIPyFa JKOHE JKepPTiTIKTI eJmemMaepai
»kahaHIBIK Te0IMHAMHUKAIIBIK MOJICJIbAEPMEH HHTErpalusuIay-
JIbl iICKe achIpyFa MYMKIHAIK Oepei.

OHIpIIIK EPEeKIICTIKTEPli CSCKEePEe OTBIPHIN, IUIAHIIBIK-
OMIKTIKTIK T€OJC3MSUIBIK HETI3JICMCHI KYPYIBbIH YChIHBUIFaH
9/licTEMECIH ChIHAKTAH OTKi3y MaKCaThIH/a SKCIIEPUMEHTTIK
00BbeKT periHae AiMarhl KajacklHaa TallkeHT Keuleci MeH
Baybipxan MOMBIIIYIJIBI JaHFBUIBIHBIH KHBUIBICBIH/A OpHa-
JIaCKaH kemip aitpipOackl Tanmanasl [10]. by uHxeHepiik
KYpPBUIBICTBI TaHJay OHBIH KOJIKTIK MaHBI3JbLIBIFBIHA, Kap-
KBIH/II KaJlaJbIK KYPBUIBIC >KarJaiblHlla OpHAllacy epek-
LICNIKTEePIHE KOHE TaOWUFH JKOHE TEXHOTCHIIK (hakTopiap-
JIBIH 9CEpiHEH OOBEKTIJIepAl Ieoe3HUsIBIK MOHUTOPHHITEY
Ke31HJe 93IpJICHIeH TACUIAIH KOJIaHBUIYBIH MPAaKTUKAJIBIK
Oarasiay MyYMKiHJiriHe OaitnanbicTbl. Ocbl 00beKTIAeTT d/1ic-
TEMEHI ChIHAKTaH OTKi3y I'€0JI€3UsUIBIK HET13/IeMeH1 KYPY/IbIH
TaHJaJIFaH CXCMAaChIHBIH THIMAUIIrH, XalblKapaislk baza-
JIBIK CTaHIMsJIapra OailylaHyablH JQIIK MYMKIHAIKTEpiH
YKOHE aJIBIHFaH HOTWIKEJIEPIiH Je(OopMalUsUIbIK MpoIecTep-
Il KeHiIHT1 MOHUTOPHHITEY YIIiH )KapaM/IbUIBIFBIH Oarajiayra
MYMKIiHIK 6epaui (cyper 3).
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Cypet 3. Kemip KypbLIbICTAPBIH 3epTTEyre apHAJIFaH
GNSS skeqicinin opHasacybl.
Puc. 3. Pacnono:xkenue cetu GNSS 17151 ucciieqoBaHusi
MOCTOBBIX COOPY KeHHUIA.
Figure 3. Location of the GNSS network for bridge
research.

Cypertre 3. K. CopcemOekoBaHbIH TUIaHABIK-OUIKTIKTIK He-
ri3nemMecin Kypy Ke3iHJeri 3eprreyiiepi aschlHAa KypbUIFaH
reone3nsiiblk GNSS skenicinig cb30ackl kepcerinareH. JKeii-
re 0a3MCTIK CHI3BIKTAp )KyHeciMeH e3apa OailaHBICTHI TipeK
nynkrrepi (RPO1-RPOS), connaii-ak BipbiHrait koopanHart-
Tap Kylecine 6acTarnksl IyHKT peuiH atkaparsiH KazNU oa-
3aJIBIK CTAHIUSACHIHA OafTaHbICTHIPY Kipemi [10].

JKeninig KoHGUTrypanusicbl HYKTeJep apachlHia >KaObIK
JKOHE JIMaroHajbJbl OailylaHelcTap/blH OOJMyBIMEH CHIIATTa-
naJiel, OYJ1 OHBIH T€OMETPHSUIBIK TYPAKTBIIBIFBIH KAMTaMachl3
eTe/ll J)KOHE TCHECTIPY HOTHXKEJIEPiHIH CeHIMAUIITIH apTThIpa-

JIbl. APTBIK eteyinepiH 00iybl Oakbliay carnachiH OaKbLiay-
Fa, BIKTUMaJ KaTeJeplli aHbIKTayFa jKOHE KeJl HYKTEeJIepiHiH
KOOPJIMHATTAPbIH aHBIKTAy IOJIITH apTThIPyFa MYMKIHIIK
oepeni.

KazNU 0a3ajiplK cTaHUMsICbIHA OalJIaHBICTBIPY IKEJiHi
XaJbIKapaJIbIK KOOPJIUHATTAp JKyHeciHe KOCyIbl KaMTaMachl3
eTTi, OYJI JKOFaphl JJIIKTErl KEHICTIKTIK OaiaHbICTBIPY/IbI
JKOHE HOTIKEJep/i kahaHIbIK JKOHE OHIPJIIK reoJMHAMUKa-
JIBIK MOZIEJIBJIEPMEH CaJIBICTBIPY/Ibl ICKE achIpyFa MYMKIHJIK
Oepeni. GNSS sxeniciHiH MyHAal YHBIMBI MH)XEHEPIIK Ky-
pbUIBICTap/bl OaKbLIay MKOHE I'€OAMHAMHUKAIIBIK IPOLECTepAl
3epTTey Ke3iHje reoJe3HusIbIK HerizieMe KypyFra KOWbLIaThIH
3aMaHay¥ TaJanTapra COUKec Keyei.

Hatioananyuwer depexmepi. bapibik OUIKTIK ONrisiepi xep
OenriciHeH aHTeHHaHBIH Tipek HykTteciHe (ARP) neifinri Tik
KaIIBIKTRIKTHI Oinaipeni (1-kecte).

Hotm:kenep ’oHe oJ1apAbl TAJIKBLIAY.

AnneiaFel 3eprreyaepaerigeii, ALMA 6a3anbik cTaH-
IUSCBIHBIH CTaTHKANBIK MmuKi gaepekrepi BADG, CHUM,
KIT3, POL2, TASH, URUM xone ZECK onemMaik 6a3aibik
cranuusuiapsina Kareictel BERNESE Version 5.2 6arnap-
JlaMaJIblK JKacaKTaMachlHJa OHJEeNi. OHlley HOTHIXKECIHAE
ITRF2014 xyiiecinaeri cTaHIUAHBIH reoTpadUusIbIK KOHE
TIKOYPBIIITHl KOOPAMHATTAPHI aHBIKTAJbI, COHBIMEH KaTap
EGM2008 mozeni OOWBbIHINA DIUITMIICOMATHIK OMIKTIK MEH
TeOUATHIK OMIKTIK MoHuepi ecentenai. Ansinran ALMA
pernepi oiaH 9pi reoe3UsIIbIK 3epPTTEYJIepAl OpbIHAAY YIIIH
IUTaH/IBIK-OMIKTIK HETi3/IeMeCiHIH HEeri3ri MyHKTI peTiH-
ne xaosurnanasl. AUSPOS GPS nepekrepni enuey Typa-
nel ecer, Haypbi3 13, 2026, AUSPOS onnaiiH pexuMiHIe
)ypriziiren GPS nepekrepin eHziey Typajbl ecen (HyckKa:
AUSPOS 2.4).

Tycipy npoueciniH KpIcKalia curnarramacsl (2-kecre, 3-cy-
per). bazaibIk cTaHnusaarsl Karelik (3-kecre).

Kecme 1

Iaiioananyuivl depexmepi
User Data

Ilonv3oeamenvckue oarnnvie

Table 1

Taonuuya 1

Crannus (c)

JKibepinren daiin

AHTeHHa TYpi AHTeHHa OmiKTIri (M)

Bacrany yakpIThI

ASIKTay YaKbITHI

2026/03/12 2026/03/12
ALMA ALMA0710.260 STHCR3-G3 STHC 0.0000 08:00-00 13:59:30
Kecme 2
Tycipy npoueci
Table 2
The shooting process
Taonuua 2
Ilpoyecc cvemxu
. [Nalinananatein .
Kyni P AHBIKTaNIaThIH CTAaHLIUAIAP Op6ura Typi
BADG BIK0 CHUM KIT3 POL2
2026/03/12 08:00:00 ALMA TASH ULAB URUM ZECK IGS ynprpa xbUTIAM
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GNSS skeniciniH 0a3aJbIK )KEJNIEPIH €Ki Heri3r KOpPCeTKII
OoiibIHIIA OHJCY HOTHKENEpl OoibIHIIA: (ha3albIK TYCIHIKCI3-
JIKTEPIIH MICHITY AOPEKECi KOHE 0a3aliblK BEKTOPIJIAP/IbIH
Y3bIHABIFHI [11].

eni OolibIHIIA EKIYINTHUIBIKTHI LICHIYAIH OpTamia MoHi
71,1%, an 6a3anbIK JKeiHIH opTaiia y3eHIbFb — 704,912 kM.
TyTacTail anranja, OyJ1 *eji KaHaraTTaHApJIbIK OHJCY cara-
CBIMEH CHIIATTalIa/ibl IET€H KOPBITHIH/IBI )Kacayra MYMKIHJIIK
Oepeni, Oipak IICHIIMICPAIH CEHIMAUIIN Oa3abIK JKeIiiep-
IIH Y3BIHJIBIFbIHA alTapIIbIKTall OallaHbICThL. AJIMAThl OHIPI
JKaFIaibIHIaFbl TEOJIMHAMUKAIBIK MOHHMTOPUHI MiHAETTEpi
YIIIiH Ka3ipri 3aMaHfbl eOPMALUSUIBIK POICCTep i KeHiHT1
Tanay Ke3iHje KOOpAnHATaIbIK aHbBIKTaMaJIapAblH HEFYPIIbIM
YKOFapBbI JIQJIITIH YKOHE HOTHIXKEJIEP/iH OPHBIKTBUIBIFBIH KaM-
TaMachl3 €TETIH KbICKA JKOHE opTaiia 0a3aiblK ChI3bIKTAp He-
FYPJIBIM KOJIaWJIbl OOJIBIT TaObLIa/IbL.

Cyper 3. Alma ripek nynkri men CHIL, ESIK,
FABR xone KGAI :xyMbI¢ IyHKTTepiH KAMTUTBIH
AJIMaThl KaJIacbIHbIH aymMarbiHAarbl GNSS-xeninig
KOH(UTypauuschl.

Figure 3. The configuration of the GNSS network in the
territory of Almaty, including the ALMA base and the
work stations of CHIL, ESIK, FABR and KGALI.
Puc. 3. Kondurypanuss GNSS-ceTru Ha TeppuTopnu
ropoaa AiMarhbl, BKJIKOYAOLIasi ONOPHbIA MyHKT ALMA
u padoune nynkrsl CHIL, ESIK, FABR n KGAI.

Kecme 3
Bazanvik cmanuusoazol Kamesnik
Table 3
Error at the base station
Tabauuya 3

Ilozpewtnocme na 6a3o6o0it cmanyuu

Bazansik cbi3blK | EKiyIITBUTBIKTEI | Ba3aiblk CBI3BIKTHIH
wenty, % Y3bIH/BIFbI, KM
KIT3 - TASH 82.6 318.371
TASH — ZECK 0.0 2270.975
BIKO — URUM 63.6 1062.861
BADG - ULAB 80.0 555.376
BIKO — POL2 100.0 23.461
CHUM - TASH 77.3 487.331
BIKO - ALMA 90.0 199.741
BIKO0 - CHUM 78.3 23.951
BADG - URUM 68.5 1402.142
Opraila MoH 71.1 704.912

KopsIThiHABLIAD

CryTHHKTEp/IiH OpOHMTAJIBIK aKNaparhl )KOHE JKepiH Oarnap-
JaHy TapaMerpIiepl XaiblkapajblK jxorapsl ganaikreri GNSS
OHJIey CTaHJapTTapblHA COMKECTITIH KAMTaMachl3 €TETIH eH 1l
Ko sxeriMai IGS enimzepi OolibiHIIA KaObunaHaabl. bipikTi-
PUITCH aJJIbIH ajla OHICY AITOPUTMIICPI, KAaTe MOICIBICPI KOHE
TY3eTy KyHesnepi auspos 3.0-/1¢ aJTbIHFaH HOTIIKEIICPIi Fe0IC3HsI-
JIBIK JKEJTHI TEHECTIpy, HYKTeep/AiH KOOpIHMHATTAPbIH aHBIKTay
JKoHE Kep OeTiHiH 3aMaHayH JaedopMarysuiapblH KeHiHHEH Tall-
Jiay YIIiH CeHIMI HeTi3 peTiHe KapacThIpyFa MyMKIH/IK Oepeti.

Ocpuraiiiia, reoiMHaMUKAIBIK NPOLECTEP/l Ieoe3HsUIbIK
6akputay mendepinge AUSPOS 3.0 naitnanany HoTHXeJIepaiH
JIOJIJIIT, JOUEKTUIIr MEH KalTaJlaHYbIHBIH JKOFaphl JICHICHIH
KaMTaMachl3 eTyre MyYMKiHAiK Oepexi. bys marblH KeHICTIK-
TIK KO3FaJIBICTAap/Ibl aHBIKTAY YKOHE Ka3ipri IeonHAMHUKAIIBIK
OenceHIUTIKTI Oaranay Tajar eTiIeTiH AJIMaThl OHIpI XKaFaa-
Heraa cratukanbik GNSS-0akpuiaynapibl OHICY KE31HIE OChI
OarapiamMalbIK-9JiCTeMEeNIK Kypasiibl KOJIJJaHyAbIH OPbIHIbI-
JIBIFBIH PacTai/ibl.
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FORMATION OF METHANE COLLECTORS
IN THE PROCESS OF UNDERMINING
AND OVERMINING COAL SEAMS

Abstract. Mine methane, once viewed mainly as a safety concern, is now recognized as both a valuable energy resource and a significant greenhouse gas, particularly
in regions such as the Karaganda Coal Basin. This study uses an integrated approach combining analysis of global methane drainage practices, rock mass movement and
subsidence, gas emission modeling, and in-situ observations. Void volumes formed by bedding separation are estimated as the difference between theoretical and actual
subsidence trough volumes and are considered potential methane reservoirs. The proposed model enables spatial assessment of void distribution and supports optimal
placement of methane drainage boreholes in abandoned panels, improving methane recovery, reducing emissions, and enhancing environmental sustainability.

Key words: coal seam, mine methane, goaf voids, bedding separation, abandoned panel, gas content, degasification, methane reservoir, gas accumulation, gas capture.

Kemip Ka0aTTapblH aCTBIHFBI K9HE YCTIHTI 6HAIPY IMpoueciHie MeTaH KOJUIEKTOPJIAPBIHBIH KAIBIITACYBI

Awnnarna. lllaxra MmeTanbl OypbIH Heri3iHeH Kayinci3mik (GakTopbl peTinie KapacThIpblica, Ka3ipri yakpITTa OJ1 KYH/IbI SHEPreTHKAIIBIK Pecypc KoHEe MaHBI3JIbI Tap-
HUKTIK ra3 peTiHjae TaHbuiaasl, ocipece Kaparanabl kemip OacceifHi CHAKTBI OHIpiIepae. Byl skymMbpicTa KelIeH i TOCT KOJIaHbLIIbl: METaHIbl erasanusiiay OoibIHIIa
neMIiK TOKipuOeHi Tanzay, Tay KbIHBICTAPBIHBIH KO3FAJIBICHI MEH ILIOTYiH 3epTTey, ra3 OeniHyiH MOJEIbACY JKOHE HaTypaiablK Oakpuiaymap xkyprizy. Kabarrapabia
a)KbIpaybIHaH aiifia 60IaThIH KybICTAp KOJIEMi IIeTy MyJIbIAChIHBIH TEOPHSUIBIK XKOHE HAKTBI KOJIEMICPIHIH alibIPMAChl PETiH/E aHBIKTAJIbII, METAHHBIH bIKTUMAJI XKUHAITY
aiiMarbl peTiHAe KapacThIpblia/bl. ¥ ChIHBUIFAH MOJIENb KybICTAP/BIH KeHICTIKTIK TapalyblH OarajiayFa sKaHE MIePIIreH MaHenbIep/e Aera3alysuiblK YHFbIMAIap/Ibl OH-
TaiJIbl OPHANIACTBIPY/IBI HETi3/Ieyre MyMKIHIIK Oepesi. byt MeTanabl oHIIpy/Ii apTThIpyFa, IIBIFAPBIHIBUIAP/BI a3aiTYFa JKOHE KOMIp OHAIPY aliMaKTapbIHBIH IKOJIOT USUTBIK
TYPAKTBUIBIFbIH )KAKCAPTYFa bIKMAJ €TE/I.

Tyitinoi co30ep: komip Kabamvl, WAXmanbly Meman, OHOIpiieen KeHICMIK Kyblcmapbl, KAGAMAapanbly axcolpay, macmaiean namenb, 2a3 Moawepi, 0e2asayus, Meman
DICUHATY Pe3ePBYapbl, 243 HCUHALY, 2a30bl HCUHAY.

®opMHUpOBaHNEe METAHOBBIX KOJIJIEKTOPOB IIPH MOAPadoTKe M HAAPAOOTKe YroJabHbIX IJIACTOB

AH]—[OTal.ll/lSl. Meran [IaxT, paHee paCCManPIBaBHIP[fICS{ TIPEUMYIICCTBCHHO KaK Q)HKTOP 6630HaCHOCTI/I, B HACTOALIECC BPEMsI IPU3HAH LICHHBIM SHEPIreTHYCCKUM pe-
CYpCOM ¥ 3HAYUTEIIBHBIM ITAPHUKOBBIM I'a30M, 0COOEHHO B TaKHUX peruoHax, Kaxk KaparaH;[uchnﬁ yl"OJ’leBIﬁ Oacceiin. B paGOTe TIPUMEHACTCA KOMITJICKCHBIN noaxon,
BKJIlO‘laK)LLlI/lFl aHaJIu3 MUPOBOI'O OMNbITA JI€ra3aluu, U3y4YE€HNE ABUKECHHUS TOPHBIX IIOPOA U OCEeNaHus, MOJACIIMPOBAHUE Ira30BbIJICIICHNUA U HATYPHbBIC Ha6ﬂ}0,£leﬂldﬂ. O0BbeMbI
MyCTOT, 00Pa3yIOLINXCs IPH PACCIOCHUH TTIOPO, OMPEEISIOTCS KaK PA3HOCTh MEXK/Y TEOPETHUCCKHM U (PAKTHYECKUM 00beMaMU MYJIb/Ibl OCEAAHHUS M PACCMATPUBAIOTCS
KakK MOTCHIHAJIBHBIC PE3CPBYapbl METaHa. HpCLlJ'IO)KCHHaSI MOZCIIb ITO3BOJISICT OLICHUBATH NIPOCTPAHCTBECHHOC PACIPEACIICHUE ITyCTOT U 000CHOBBIBATH ONTUMAIBHOE pas-
MECIICHHUEC JICra3alluOHHBIX CKBAXKHUH B OTpaGOTaHHBIX TIaHeJIAX, 9TO CHOCO6CTByeT TIOBBILICHUIO N3BJICYCHUSA METaHa, CHUXKCHUIO BBI6POCOB U YITy4YIICHUIO 9KOJIOTUYECKOI
YCTOIYMBOCTH YIIIeI0OBIBAIOIIMX PETHOHOB.

Knirouesvle cnosa: yZO,’Zbell; nuiacm, waxmHuolitl Memand, nycmomal 6blpll60maHH020 npocmpancmed, mesxccioesoe paccioenue, 3a6pomeHHaﬂ nawneib, 2A30HOCHOCMb,

()eza*jauuﬂ, MemaHoswlil KOJUleKmop, HaKkonjienue 2dasda, yiasiueanue 2asd.

Introduction

Coal mine methane (CMM) represents both a potential
hazard and a valuable energy resource. During the undermin-
ing and overmining of coal seams, natural methane collectors
form in the rock mass, including bedding separation voids,
boundary cracks, and residual workings. These voids serve as
primary sites for gas accumulation and provide promising tar-
gets for methane extraction. Accurate quantification of these
void volumes is critical for improving mining safety, optimiz-
ing coal production, and developing effective strategies for in-
dustrial and domestic utilization of methane [1].

In recent decades, global attention to methane extraction
from abandoned or partially mined areas has intensified due
to environmental, economic, and energy considerations. Re-
sidual and abandoned coal seams, as well as worked-out mine
sections, are major sources of methane accumulation and mi-
gration, posing risks to surface infrastructure and atmospheric
balance. On average, one tonne of abandoned coal can contain
5-10 m* or more of methane, highlighting the potential energy
value of these otherwise inaccessible resources.

Modern methane recovery strategies integrate safety im-
provement, emission reduction, and energy utilization. They
include extraction during mining, pre-drainage of coal seams,
and recovery from abandoned workings. This study focuses
on methane collector formation during undermining and over-
mining, proposing a dynamic model to estimate bedding sep-
aration volumes and gas accumulation based on mining and
geological parameters [2].

This modeling approach provides a scientifically grounded
framework for planning safe and efficient methane extraction,
enabling better resource management in both active and aban-
doned coal mines while addressing ecological concerns and
promoting sustainable energy use.

Analysis of rock mass movement and surface deformation
processes during coal seam mining

Coal seam extraction disrupts the natural equilibrium of the
rock mass, resulting in its deformation and displacement. Im-
mediately above the goaf of the coal seam, a caving zone is
formed.

The portion of the rock mass subjected to deformations
and movements under the influence of mining operations is
referred to as the rock mass movement zone, while the section
of the Earth’s surface exhibiting subsidence and deformation
is termed the subsidence trough. The boundary of the subsid-
ence trough on the surface is defined by boundary angles [3].

Surface subsidence and deformation depend on mining and
geological factors such as seam thickness, depth, dip angle,
rock strength, overburden thickness, mining method, and ex-
traction size.

The undermining coefficient is the ratio of the actual mined
area to that required for full subsidence. Two types are dis-
tinguished: full undermining, where subsidence no longer in-
creases, and partial undermining, where subsidence continues
to grow with mining area expansion.

Ensuring methane extraction from abandoned mine panels
through surface vertical boreholes requires determining opti-
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mal borehole locations based on the intersection of the most
probable gas collectors. A model of void and fracture forma-
tion filled with gas can be constructed by analyzing patterns
of rock mass movement during longwall mining in conjunc-
tion with variations in gas-dynamic parameters of coal seams.
Based on established scientific data, at least four zones can be
distinguished (Figure 1): caving zone, fractured zone, contin-
uous bending zone (without loss of continuity), and abutment
pressure zones [4].

<

—19

NE]
o
-1
=

1 — caving zone (disordered collapse); 2 — fractured zone, 3 —
continuous bending zone (no loss of continuity); 4 — NB and
AK — abutment pressure zones; AOB — zone of full normal
displacements; w1, w2 — full subsidence angles; MNKL —
movement zone, DP and QC — surface sections most prone to
tensile fractures; o.— seam dip angle
1 — onvipbiny atimazvl (may HCbIHbICMAPBIHbIY PEMCi3
ONvIPLLIYBL), 2 — AHCAPLIKUAKMAHY atiMagsl, 3 — MYMAacmviabl
oysvumMatimein uiny aumazwl, 4 — NB oicone AK — mipexmix
Koicoim aumaxmapwvl, AOB — monvix Kanvinmul vi2bicyiap
aumagwvl, Wi, W2 — MobIK W2y OYpbluimapbl;

MNKL — may sicoinvlcmapsl Ko32anblcbibly, atimazwl; DP ocone
QC — dicep beminir cO3bLILY AHCAPLIKUAKMAPLIHLIY MY3LTYiHe eH
betlim yuackenepi, o.— Komip KabamviHbly KYAdy OYpbluibl
1 — 30na obpywenus (xaomuunoe oopyuteHue nopoo);

2 — 30Ha MpewuHo00PA308aHSL
3 — 30na cnaownoeo useuba (6e3 Hapyuenus CnIOWHOCIU
maccusa); 4 — NB u AK — 30uw1 onopnoeco daenenus, AOB —
30HA NONHBIX HOPMATILHBIX CMEWeHUL, W1, W2 — Yelbl NOTHbIX
ocedanuti;, MNKL — 301a cO8udicenis 20pHuIX NOpoo;

DP u QC — yuacmxu 3emHoll nogepxnocmu, Haubonee
noosepiceHnvle 00PA308AHUI0 MPEUJUH PACTIAACEHUA,; O, —
V2ol nadenus y201bH020 naacma

Figure 1. Zones of influence of a longwall face on the
surrounding rock mass under full caving roof control.
Cyper 1. Toebeci TONBIK KYJIaThLIbIN 0aCKAPbLIATHIH
Y3bIH JIaBa JKaF/IaiibIHAa KOPLIAFAaH TAY *KbIHBICTAPbI
MaccuBiHe Y3bIH JJABaHBIH dCEP €Ty aiiMaKTaphl.
Puc. 1. 30HbI BIUSHUSI OUUCTHOTO 320051 HA OKPY KAIOLIUI
TOPHBII MACCUB MPH IOJTHOM O0OPYIIEHHH KPOBJIH.

Based on concepts of rock mass movement mechanisms
and coal seam gas dynamics, an analysis was performed of
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potential gas collector formation under conditions of mining
seam K- at the Industrial section of the Karaganda Basin. The
scenario considered involved extraction of the lower seam Ky,
with coal pillars left in seams Kio and Ki2 (Figure 2). Calcu-
lations and analysis indicate that the height of the disordered
caving zone for seam K- is 6.0 m, and it does not encompass
any coal seams or interbeds.

1 — disordered caving zone, ho = 6 m; 2 — fracture formation
zone, ho = 40 m; 3 — continuous bending zone of rock layers;
4 — bedding separation voids
1 — pemciz onvipviny aiimaewl, ho = 6 m;

2 — orcapuikuakmapoviy mysiny avimazel, ho = 40 m;

3 — may srcviHbicmapsl KAbammapulubly mymac uiny
atimazel; 4 — KAbamapanslk axculpay Kyblcmapbl
1 — 30na becnopadounozo obpyuienus, ho = 6 m; 2 — 30na
obpasosanua mpewjut, ho = 40 m;

3 — 30Ha cniowno20 uzeuda cioes 20pHLIX NOPoO;

4 — nonocmu mMexnccio0es020 paccioeHsl

Figure 2. Schematic diagrams of rock mass movement.
Cyper 2. Tay :KbIHBICTAPbI KO3FAJIbICHIHBIH ChI30aJIBIK
cxeMaJjiaphbl.

Puc. 2. CxemaTuuecKue cXeMbl JIBH:KEHHsI TOPHOTO
MaccuBa.

Seams Ks and Ko fall within the 40-m-high fracture zone and
release methane into the goaf of the K7 longwall. Seams Kio,
K1, and K2 lie in the continuous bending zone without loss of
continuity. The maximum subsidence in the region of full sub-
sidence angles is concentrated toward the center of the longwall.
The undermined seams Kio and K, entering the movement
zone, experience unloading from mining pressure and deflect
toward the goaf. Since the roof rock strength of seams Kio and
Ki2 (5.2 and 4.5, respectively) is substantially higher than that
of the coal seams, bedding separation voids may form at coal-
rock contacts during layer deflection. These voids become filled
with methane desorbing from the unloaded coal seams [5]. This
desorption process continues until a new equilibrium is estab-
lished in the coal-methane dynamic system following cessation
of movement and restoration of mining pressure.

During overmining, underlying rocks bend toward the goaf
and separate at lithological contacts, forming voids that fill
with methane from the fractured seam. When stresses exceed
rock strength, fractures develop, creating pathways that con-
nect to the goaf and lead to gas release into the workings.
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Mathematical Model of Dynamic Subsidence Trough for
Undermined Rock Layers

Analysis of the movement mechanisms in undermined and
overmined coal seams has revealed that the most probable gas
collectors, from the perspective of potential extraction from
abandoned panels, include:

- bedding separation voids at coal-rock contacts located
within the continuous bending zone (without loss of continu-
ity) of the rock mass, positioned beneath the center of the ex-
traction panel;

- boundary voids formed at the edges of extraction panels
within the movement zone bounded by boundary and full sub-
sidence angles;

- stopped development workings and other unfilled mine
workings.

Consider a plane problem of rock mass movement in the
vertical xOz plane, perpendicular to the longwall face and
passing through its center. The longwall is oriented parallel to
the Oy axis. The subsidence of point 4 in the upper half-plane
is analyzed under conditions of full undermining and complete
roof caving.

The longwall moves from point O along the x-axis at veloc-
ity v, reaching point C after time t, covering distance v¢. Each
extracted seam element causes a small surface subsidence, and
total subsidence is the sum of all contributions. In Figure 3,
segment Oa shows roof hanging over a stationary face, while
bC shows hanging over the advancing face, corresponding to
the horizontal displacement of the trough’s inflection point rel-
ative to the extraction boundary or moving face.

The final subsidence value for a point located in the xOy
plane can be determined according to Equation (1):

no g
f e L7 . (1)

Z

n(x.z) =

Performing variable substitution and integration using the
Newton-Leibniz formula yields Equation (2):

5,013

n(x,2,6) = ""{ —(t—d—x)]—

5,013 _ } )

where 1o is the maximum surface subsidence under full un-
dermining (m);

L z is the half-length of the subsidence trough at horizon
z (m);

x and y are coordinates of the point on the surface or within
the rock mass where movement parameters are determined (m);

v is the longwall advance rate (m/month); t is the time at
which the movement parameters at the point are evaluated
(months; time zero corresponds to the start of the setup entry);

da is the main roof hanging at the advancing face over the
extraction panel boundaries (m); d is the main roof hanging
over the fixed boundary of the extraction panel (e. g., on the
setup entry side) (m);

erfis the standard Gaussian error function [7].

¥ A
=1
Z b
4 o vt-d-d. 4,
n z =
A A
o
o
vt
©) z A
A
=
S’/’/
1, = flzkdx N

a — plan view; b — vertical cross-section
a — Jicocnapoazel KepiHic; 6 — mik Kuma
a — 6ud g naaue, 6 — BePMUKANLHBII PA3PE3

Figure 3. Schematic of dynamic subsidence trough
formation.
Cypet 3. JIMHAMUKAJIBIK OTY MYJIbIACHIHBIH
KAJIBINTACY ChI30achl.
Puc. 3. Cxema ¢popMupoBaHUS THHAMHYECKOH MYJIb/IbI
oceraHmsl.

This expression represents the mathematical model of the
dynamic subsidence trough formed on the Earth’s surface or
at horizon z at a given time instant. It enables determination of
the subsidence magnitude at a point with coordinates x, y, z on
the surface or within the rock mass at time # during longwall
advance at velocity v.

Determination of Bedding Separation Volumes under Un-
dermining Conditions

Assume that a longwall panel 4:B: has been extracted at
depth H (Figure 4) (the problem is solved for gently dipping
seam conditions). Full undermining occurs along the y-axis.
It is known that main roof hanging occurs over the bound-
aries of the extraction panel, with the hanging magnitude d
being a function of depth: d = f(H), expressed according to
Equation (3):

ctqy — ctqéd, 3)
—

Since the surface movement zone along the principal
cross-sections of the trough is bounded by boundary angles,
the infinite limits in the latter expression can be replaced with
finite ones. Thus, integration of Equation (3) is performed over
the extraction boundaries extended by half the half-trough
length, using the standard Gaussian integral function and

d=H
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Figure 4. Schematic of bedding separation void formation
above the boundaries of the longwall extraction panel.
CypeT 4. ¥3bIH J1aBaHbIH OHIpY NaHeJi HIeKkapaJjapbl

yeTinae KadaTapajblK KybICTAPABbIH KAJBINTACY
cbI30achl.
Puc. 4. Cxema 00pa3oBaHusl MeKCJI0€BBIX MYCTOT HAJL
rpaHUIIAMU OYUCTHOI MaHeJH AJIMHHOTO0 320051,

introducing boundary conditions S:. After transformations,
Equation (3) takes the form of Equation (4):

Consequently, the area of the surface subsidence trough (in
vertical cross-section) equals twice the product of the relative
surface subsidence factor, the extracted seam thickness, and
the calculated half-length of the extraction panel.

At contacts between undermined layers of different phys-
ico-mechanical properties, when a stronger, thicker layer (e.
g., sandstone) overlies a weaker one (e. g., argillite or coal
interbed), the most favorable conditions arise for bedding sep-
aration void formation and gas filling. The sandstone layer
exhibits greater hanging d, than the weaker layer d,. In other
words, the inequality holds (5):

dg > d,. )

The subsidence curve equation for the upper line of the
weaker layer is written as Equation (6):

= [E55 (a)
S )

The subsidence curve equation for the lower line of the up-
per layer (sandstone) is written as Equation (7):

P )
5,013 (1)1 g x)]} 7

Since the hanging magnitude equals the horizontal dis-
placement of the subsidence curve inflection point relative to
the longwall face, and considering condition (5), it is evident

nx), =
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(Figure 4) that the curve described by Equation (6) is horizon-
tally shifted relative to the curve in Equation (7) by the dis-
tance d, between the upper and lower planes of the bedding
separation void at the inflection point, calculated according to
Equation (8):

dsep =d;—d;. (8

The difference in subsidence is calculated according to
Equation (9):

Nx)y —Nx); = n(x)sep, )
where 1(x), B is the subsidence of a point on the upper line of
the weaker layer (m);

N(x), is the subsidence of a point on the lower line of the
sandstone layer (m);

An(x) represents the vertical dimension of the void in a
cross-section at distance z from the origin.

Substituting the values of n(x), and n(x), into Equation (9)
yields Equation (10):

q,,m{e”r 5?%(%_‘1 +x)]+erf[5 0,13(D1 = )] }(10)

Ny == —erf [5 013 (%_ i+ x)] —erf [5 013 (&_ d, - X)]

LZ

From Equation (6) it follows that the shape of bedding sep-
aration voids is determined by the bending pattern of layers
above the extraction panel boundaries. Graphical construc-
tion of subsidence curves for the two layers using Equations
(6) and (7) outlines the bedding separation void contour and
shows that it has an S-shaped form in vertical cross-section.

The spatial problem is reduced to determining the volume
of bedding separation voids as the difference between the sub-
sidence trough volume without roof hanging and the actual
trough volume with hanging, according to Equation (11):

Vsep =V a=0—Vers (11)
where V, _,is the surface subsidence trough volume without
hanging (m?);

V,. is the actual surface subsidence trough volume (m?).

The subsidence trough volume without hanging can be rep-
resented as a double integral of the subsidence trough equation
for the spatial problem according to Equation (12):

DL Dy L

v qu fT*i { 5,013(D1+ >]+
=0 = Gk ) By erf|—p (7 %

e[ ) [ )
5,013(02

3~ y)]} dxdy. (12)

+erf

Performing integration of Equation (12) analogously to the
plane problem yields the surface subsidence trough volume
without hanging according to Equation (13):

Vi-o = qomD4D;, (13)
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i. e., the subsidence trough volume without hanging equals
the extracted mineral volume multiplied by the relative surface
subsidence factor, since not the entire extracted seam portion
participates in rock movement, but a reduced portion account-
ing for hanging by magnitude d.

In this case, the actual subsidence trough volume is deter-
mined according to Equation (14):

L L
51+7 Sz+i

q,m 5,013
Vt,.=—4 f L L{erf[ I (Sl+x)]+
=(S1+3) 7=(S1+3)
5,013 5,013
+ erf[ (81— x)]} X {erf[ i (8, + y)] +
5,013
+ erf[ T (52— y)]}dxdy. (14)
After integration, Equation (15) is obtained:
Vir = 4qomS;S;. (15)

Taking into account Equations (11) and (15), the sought bed-
ding separation volume is written according to Equation (16):

Vi = 2qomd(Dq + Dy + 24d). (16)
The derived relationship shows that the volume of bedding
separation voids formed in the rock mass at a stationary long-
wall face depends on the extraction panel dimensions, seam
thickness, and main roof hanging magnitude. Under full un-
dermining along the x- and y-axes, bedding separation voids
are distributed along the perimeter of the extraction panel [8].
Performing integration analogously to the plane problem
with respect to variable x, after variable substitution and im-
position of boundary conditions, Equation (17) is obtained:
Vi = 2qomS, (vt +d, — d). (17)
To determine bedding separation void volume above the
extraction panel with an advancing face, the surface subsid-
ence trough volume without hanging is calculated by integrat-
ing Equation (5) along the x- and y-axes within the surface
movement zone. The subsidence trough volume in this case is
calculated according to Equation (18):
Vgi—o = qomvtD,. (18)
From Equations (17) and (18) it is evident that the sur-
face subsidence trough volume above the advancing face is
time-variable and depends on the geometric dimensions of the
extracted space. The latter, besides longwall length, depend on
face advance rate and time elapsed since setup entry excava-
tion. Accordingly, bedding separation void volume must also
be time-variable. Representing bedding separation void vol-
ume as the difference between two subsidence trough volumes
(without hanging and with hanging) yields Equation (19):

sep = tr vtD, a
Since 2 Sz = D> — 2d (see Figure 4), V_p is expressed ac-

cording to Equation (20):

Vsep = qom(D; — 2d)(d, + d) + 2dvyt, (20)

or according to Equation (21):
. L 21
AN R @V

Thus, bedding separation void volume depends on longwall
length (size S:), main roof hanging magnitudes, face position,
and seam thickness [9]. Void volume for an advancing face
increases over time due to progressive extension of extraction
boundaries over gate roads (haulage and ventilation). Equation
(21) enables a differentiated approach to establishing the spa-
tial distribution of void volumes relative to extraction panel
boundaries, namely:

Vair = 2q0S2d, — above the advancing longwall face (m?);

Vase = 2q9S,d — above the setup entry (installation road-
way) (m?);

Vaa = qomdvt — above haulage and ventilation drift (m?).

In the presence of numerous gas-bearing satellite seams,
the void and bedding separation volumes considered in this
section constitute powerful collectors into which gas migrates
from unloaded coal seams.

Conclusion

The study of rock mass behavior during undermining and
overmining of coal seams has demonstrated that the formation
of methane collectors is primarily controlled by the creation of
bedding separation voids, boundary voids, and residual work-
ings within the rock mass. These structures represent the most
significant sites for potential methane accumulation in aban-
doned and partially mined panels.

A dynamic mathematical approach was developed to de-
scribe the temporal evolution of the subsidence trough and as-
sociated void volumes. By employing Gaussian integral-based
representations of vertical displacements, the model enables
quantitative assessment of bedding separation volumes as
functions of longwall advance, seam thickness, and main roof
hanging magnitudes. This methodology provides a robust
framework for estimating the spatial distribution and capacity
of methane collectors under complex mining conditions.

The results indicate that void formation and methane ac-
cumulation are highly sensitive to both the geometry of ex-
traction panels and the dynamics of mining operations. In par-
ticular, the time-dependent advancement of the longwall face
significantly influences the development and enlargement of
voids, emphasizing the necessity of incorporating dynamic
factors in planning methane recovery strategies.

Overall, the proposed approach bridges theoretical mod-
eling of rock mass deformation with practical applications
in methane resource management, offering a scientifically
grounded basis for predicting gas storage capacity, optimizing
extraction from abandoned panels, and ensuring safe and effi-
cient utilization of coal mine methane.
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STawkenmeKusl UHCMUMY M UHIICEHEPO8 UPPUSAYUL U MEXAHUZAYUU CELbCKO20 XO35UCMEA

(2. Tawxenm, Yzbexucman)

OIHEHKA COCTOAHUA OI'PAKJTAIOIIIUX
AAMDBb OBOTATUTEJIBHBIX ®PABPUK

HA OCHOBE UHCTPYMEHTAJUIBHOTI' O
KOHTPOJIA

AuHotanus. B crarbe npeacTaBieH NpaKTHYECKU OMBIT UCIIOIb30BaHUS aBTOMATH3UPOBAHHOM CHCTEMBI TEOMOHUTOPHHTA 32 1e()OPMAMOHHBIMK [IPOLIECCAMH Ha-
CBHIIHBIX OrpauTelbHbIX 1aM0 Hukonaesckoii o6oraturenbHoii Gpadpuku. OeHKa MPOCTPAHCTBEHHOTO MOJNIOKEHHUS COOPYKEHHI Pealln3yeTcst IIOCPEIACTBOM BBICOKOTOY-
HOTO OTCIIC)KMBAHUS KOOPJMHAT KOHTPOJIBHBIX PENEPOB, OCHAIICHHBIX ONTUYECKUMH OTPAKATEISIMH, YCTAHOBICHHBIE 110 NPOMHIBHBIM JIHHUAM B Tele AaMObl. B kaue-
CTBE M3MEPHUTEIbHBIX CTAHINI BBICTYIIAIOT ONOPHBIC IMIOHBI, Ha KOTOPBIX YCTAHOBJICHBI POOOTH3UPOBAHHBIC JICKTPOHHBIE TaXeOMEeTpbl. Maremarndeckast 00paboTka
PEe3yJIbTaTOB CMEIIEHHH Telia MOJy4aeMOr0 MacCHBa JaHHBIX OCYLIECTBILSIIOTCS B porpaMMHoii cpeze Leica GeoMoS. Ha 0CHOBE MOJIyYEeHHBIX SMIIMPHYECKUX JAHHBIX
MOJTBEPIKIACTCS COXPAHCHHE YCTOWUMBOCTU U OOLIEH IKCIUTYaTallMOHHOM HA/IeKHOCTH OrPaXKIA0IHX 1aM0 000raTuTenbHOM (hadpuKu.

Kniouegnle cnosa: naceinnas 0amoa, asmomMamusupOSaHHslil 2eOMOHUMOPUHS, OePOPMAYUOHHAS MAPKA, ONOPHBIL NUTLOH, POOOMUSUPOSAHHBII MAXEOMEMp, CPAGHIU-
MenbHbII AHAU3, NPOCMPAHCIBEHHbIE cMewjenus, npocpammuoe obecnevenue GeoMoS.

AcnanThIK 0aKbLIay Heriinjae 0aiibiTy padpuKanapbIHbIH KOpUIAy 0ereTTepinin sKaraaiibin 0aranay

Amnparna. Maxanaga HukomnaeB 0aiibiTy (aOpuKachIHBIH YillHAI Kopinay OereTtepiHiH ae(OpManmsuIblK IponecTepiHe apHaIFaH aBTOMATTAHABIPBUIFAH TCOMOHHU-
TOPMHT JKYHECiH KOJIIaHy/IbIH MPAKTHKAIBIK TaKIpHOeci kenripinreH. KypbulbicTapAbIH KCHICTIKTIK sKaFraiiblH Oaranay Oerer neHecinje OeifiHai cbI3bIKTap OOiibIHIIA
OPHATBUIFAH ONTUKAJIBIK IIAFbUILICTBIPFBIITAPMEH JKaO/bIKTaFaH OaKblIay perepiepiHiH KOOpIMHATTapbIH JKOFapbl IQJUIKIEH Kajaranay apKblibl iCKE achIpbliajibl.
Ouiiey CTaHIMsUIapbl POOOTTAIFAH IEKTPOH/IBI TAXCOMETPIICP OPHATHUIFAH TiPEK MMUIOHJAPBI OOJIBII TabbUIaAbl. AJIBIHFAH MIIMETTEP MACCHBIHIH JCHE JKbUDKYJIAphI
HOTHIKEIEpiH MaTeMaTHKalbIK eniey Leica GeoMoS GarmapiamMalblK OPTaChIHIA JKY3€re achIPbUIa/ibl. AJIBIHFAH SMIIMPHKAJIBIK AEPEKTEP HeTi3iHae OaiibiTy habpukachl-
HBIH KOpIIay GereTTepiHiH TypaKThUIBIFBI MEH JKAJIIbI MakiiaaHy CeHIMJIUTINHIH CaKTaIybl pacTaajbl.

Tyiinoi cesoep: yiiinoi bocemi, a6moMammanoObIPbLIZAH 2COMOHUMOPUHS, 0ehOPMAYUATBIK MAPKACHI, MIPEK NULOHbI, POOOMMANLAH MAXEOMEMp, CATbICMbIPMALbL
manoay, keyicmikmik srcoLixcynap, GeoMoS 6azoapramansi KaMmamacwis emy.

Assessment of the condition of the enclosing dams of processing plants based on instrumental control

Abstract. The article presents the practical experience of using an automated geomonitoring system for the deformation processes of bulk barrier dams of the Niko-
laevskaya processing plant. The spatial position of the structures is estimated by means of high-precision tracking of the coordinates of control reference points equipped
with optical reflectors installed along profile lines in the body of the dam. The measuring stations are support pylons on which robotic electronic total stations are installed.
Mathematical processing of the results of body displacements of the received data array is carried out in the Leica GeoMoS software environment. Based on the empirical
data obtained, the preservation of the stability and overall operational reliability of the enclosing dams of the enrichment plant is confirmed.

Key words: bulk dam, automated geomonitoring, deformation mark, support pylon, robotic total station, comparative analysis, spatial displacements, GeoMoS sofiware.

BBenenue

ObecriedueHne IKCIDTyaTallHOHHONW HAZEKHOCTH W IKOIO-
THYeCKol Oe30MacCHOCTH OTPAAHMTENBHBIX TaMO XBOCTOXpa-
HWJIHI] TOPHOIOOBIBAIONINX TPEANPHUIATHH TpeOyeT Hempe-
PBIBHOTO T€OMEXaHUUECKOTO KOHTpOJIs. [lepBoHava bHbIC HH-
JKEHEPHO-TEOJIOTHYECKUE PACUEThl yCTOHYMBOCTH OTKOCHBIX
COOpPYKCHHI HYKIAIOTCS B 0043aTEIIbHOM (PaKTHIECKOM TIOJT-
TBEPKJCHUU TIOCPEICTBOM BBICOKOTOUYHBIX T'€O/IE3NYECKUX
HaOJIOICHNH, MO3BOJLIONINX CBOEBPEMEHHO JIOKAJIN30BaTh
ocrabJIeHHBIC yYaCTKH OCHOBAHMA U Teda namosr [1].

ITo pe3yabTaTram NMpEAbIIYIINX MCCIIEIOBAHUN BBITOIHEH-
HbI KOMIUJIEKCHBIA MPOCTPAHCTBEHHO-BPEMEHHOW aHaIN3
PEe3yabTaTOB MHCTPYMEHTAIBHBIX HM3MEPEHHH, ITOIyICHHBIH
ABTOMAaTU3UPOBAHHOM CUCTEMOH 3a SKCIUTyaTallMOHHBIN Nepu-
011, TO3BOJISIET HE TOJIBKO OLEHNUTH IE(OPMUPOBAHHS OTKOCOB
aMOBI ¥ TIPOBEPUTH IIEPBOHAYAIBHBIC TPOCKTHBIC PEICHUS,
HO ¥ BBITTOJTHUTH JOCTOBEPHBIN TPOTHO3 Pa3BUTHS CMEIICHHUH.
Berasnenue xapakrepa qe(opManuOHHBIX MTPOLIECCOB 0 MO-
MEHTa JOCTHKEHHS MU KPUTHUECKUX 3HAYCHUH MPENOCTaB-
JSIET BO3MOXKHOCTh CBOEBPEMEHHO pPa3padoTaTh KOMILIEKC
Mep 1o CTaOMIH3aIu JaMOBI.

Henpro HAacTOSIIEH pabOTHI ABISAETCS TEPEXOA OT dTara
KOHCTPYMPOBAaHUSI M BHEAPEHUs HAONIOAATENbHON CETH K
MIPOCTPAaHCTBEHHO-BPEMEHHOMY aHau3y. MccienoBanue Ha-

Topnwiir srcyprnan Kazaxcmana Ne7’ 2026

NPaBJICHO HA KOMIUIEKCHOE CpaBHEHHE CABMKCHUH 1 nedop-
Maruit Teaa namosl 3a nepuon ¢ 2023 mo 2026 roasr. Ilpo-
CTPAaHCTBEHHO-BPEMEHHON aHallM3 HAKOIUICHHBIX JaHHBIX
TIO3BOJISIET HE TOJILKO OLEHUTh TEKYIYIO TMHAMHUKY CJIBHXKE-
HUSI TeJla aMOBbl, HO U CIIPOTHO3MPOBATh AABHEHIIIMN TPEH]T
reOMEXaHNYeCKOTO TMOBeJeHHs 1aMObl. BrisBiaenue nedop-
MAaIlMOHHBIX MPOIIECCOB A0 MOMEHTA JIOCTHKEHUSI UM KpH-
THYECKHMX 3HAUCHHH MPEeI0CTaBIsIeT BOSMOXHOCTh CBOEBpE-
MEHHO pa3paboTaTh U BHEJAPUTH WHXEHEPHBIC MEPOIIPHUSITHUS
N0 CTaOWJIM3alMK JIOKAJBHBIX YYacTKOB OIpaJNTEelIbHON
namoOsI [2, 3, 4].

MeToabl HCcIeT0BAHMI

Meronuka aBTOMaTH3UPOBAHHOIO HMHCTPYMEHTAJIbHOIO
KOHTPOJISL 3aKJTIOUACTCS B HEITPEPBIBHOM COOPE IICKTPOHHBIM
TaXeoOMETPOM M JIMCTAHIIMOHHOH Iepesade, a 3aTeM aHaJH3e
TCOTCXHUYCCKHUX U DKOJIOTHUYCCKUX JTaHHBIX B PEKUME pealib-
HOT'O BPEMCHHU C MCIOJIB30BAHUEM COBPEMEHHBIX TeXHOJ’IOFHfI,
CIICHHUAIU3UPOBAHHBIX IMTPOTpaMM Ha6HIOI[eHI/Iﬁ U JUCTaHIu-
OHHOI'0O 30HAUPOBAHHsA, YTO IMO3BOJISACT BBIABJIATH CKPBITBHIC
yrpo3ssi [5].

CyTh peaii30BaHHOW METOAWKHA CBOJHUTCS K TMOCIIEI0Ba-
TENBHOIM peann3anuu CJICAYIOIEro KOMIUIEKCa U3MEPUTEIhb-
HO-aHAJTUTHYCCKUX TPOLICAYP:
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- NPOCMPAHCMBEHHO-KOOPOUHAMHASL (DUKCAYUsi NOL0JICe-
HUSL 3A7I0JICEHHBIX PENEPos8 ¢ NePUOOUEeCKOU BblCOKOMOYHOU
peeucmpayuu mpexmepuvix koopounam (X, Y, H) cemu xon-
MPONLHBIX 0ePOPMAYUOHHBIX Penepos HA meie 02PAOUmeib-
HOU 0amMOblL NO 3ALOACEHHBIM NPOPUILHLIM TUHUSIM NEPREeHOU-
KVIIAPHO NPOCMUPAHUIO OTKOCA,

- obecneuenue cmabuIbHO2O OA3UCA CO CMPO2OT NPUBH3-
KOU 8CeX UMepUmMenbHbIX cepuil K aOCOIIOMHO HenoOGUNCHOU
ONOPHOU 2€00e3UulecKoll cemu (NUOHAM,), 6bIHECEHHOU 30 KOH-
Mypul 301 ROMEHYUATLHBIX COBUICEHUTI 2DYHIMOBO20 MACCUBA,

- asmomMamu3ayusl USMEPUMeIbHO20 NPOYECcd ¢ UCNONb306d-
Huem pooOmusUPOBAHHBIX ALEKMPOHHBIX MAXEOMEMPOE Oist OUC-
MAHYUOHHO20 cOOPA IMNUPUYECKUX OAHHBIX 6 AGIOMAMUYECKOM
pevcume Co2NAcHO 3a0aHHOMY BDEMEHHOMY PeAMEHY;

- KoMneHncayus GAUsHUs cpedbl, NOGbIULEHUE MOYHOCMU PA-
Oombl OanbHOMEPA 30 CHEm CUCIEMAMUYECKO20 Yuemd meKy-
WUX ammMOoc@epHbIX YCI08Ull (memMnepamypul, GLA’CHOCMU U
oasneHust) OJisk NOGBIULEHUsL MOYHOCIU Pabombl OalbHOMePa
U 6HeCceHUs: COOMBENCMBYIOWUX MAMEMAMULECKUX NONPABOK
nepeo kaxcootl cepuetl HAbMOOeHUll,

- 2COKUHEMAMUYECKULl AHANU3 NYmeM MaAmeMamuiecko2o
CONOCMABIeHUsl NPOCMPAHCNEEHHBIX KOOPOUHAM MEKYUIUX
9NOX HAOIOOEHUSI C UCXOOHBIM (HYILEGbIM) YUKIOM OISl GbIULUC-
JIeHUsl BEKMOPO8 AOCOTIOMHBIX U OMHOCUMETbHBIX CMeUeHull,
a makoice onpedenenusi ckopocmell 0ehopmuposanusi meia
oamowl.

Hane)xxHoe mNpOrHO3MpOBaHHE COCTOSHHMSI OTKOCOB Tell
JnaM0 mpeutaraeTcs OCyIIeCTBISITh IIyTeM BHEAPECHUS CHCTe-
MBI aBTOMaTU3UPOBAHHOTO KOHTPOJIsI, OCHOBAHHOI Ha UCTIOJb-
30BaHUM POOOTH3MPOBAHHOTO JIIEKTPOHHOIO TaxeoMeTpa,
YCTAQHOBJICHHOTO Ha CTAI[MOHAPHOM ITHJIOHE B CIELHUAIbLHOM
KOHTEWHepe, pacrojOKeHHOM BHE 30HBI BOBMOXKHBIX J1ehop-
Manui, ¥ padouux METaJUIMYECKUX PErepoB C ONTHYCCKUMHU
MOHHUTOPHHIOBBIMU OTPAKATCIISIMUA, 3aJI0KCHHBIMH  HEIIO-
CPEICTBEHHO B TeJi¢ JaMObl Ha HAUOOJIEee OMACHBIX HAlpaBJic-
HUSX BO3MOXKHOTO aeopmupoBanus [5].

Ha HukonaeBckoii jambe HaONIOICHNST BELYTCS 110 ICCSTH
NpOGUIBHBIM JIMHUSM C HAJIMYHEM COPOKa METaUTMYCCKHX
pEernepoB ¢ ONTHYECKHUMHU OTPAKATEISIMHU C KOKIOH CTOPOHBI
(BoctouHo# — 40 1wT. ¥ 3anaaHoN — 40 IIT.) ¥ IO OTHOMY OpH-
E€HTUPHOMY ITUJIOHY C ONTHYECKUM OTPAKATENIEeM C BOCTOUHON
U 3amajiHoN CTOPOHBI [5].

ABTOMAaTHU3UPOBAHHAS CHUCTEMa MOHHTOPUHIA OIpaju-
TEJIBHBIX 1aM0 XBOCTOXPAHUIIMIIA COCTOUT U3 JIBYX OMOPHBIX
MTUJIOHOB C POOOTH3MPOBAHHBIMH JJICKTPOHHBIMU TaxeoMe-
TpamH, JBYX OPUCHTHPHBIX MUAJIOHOB C KPYIJIBIMU PU3MaMH,
COpOKa MOHUTOPUHIOBBIX PENEPOB C MPU3MAMHU U OJJHOTO LIEH-
Tpa yIpaBJiIeHHSI.

Jlyis opraHu3anuyd MHCTPYMCHTAIBHBIX HAONIONCHUI Ha
OrpaJuTENbHBIX JaM0aX XBOCTOXPAHWIIMINA, OMUPAsACH Ha
TIepeIOBbIe MEXKIyHAPOIHbIC CTaHAAPTHI U PYKOBOJACTBA IO
reOMEeXaHN4eCKOMY MOHMTOPHUHTY OOBEKTOB Pa3MEIICHHUS OT-
X0J10B oOoraieHus [6], He0OOXOAMMO BBITTOIHHUTH CIIEYOLICE:

- 8blOpAMb NOMEHYUANbHO HEYCMOUUUGble UMY ONOA3HEe-
6ble YUACMKU HA OCHOBE AHANU3A UHIHCEHEPHO-2CON0SUYECKUX
U 2OPHOMEXHUYECKUX YCL08UL pazpabomku st onpeoenenus
Mecm 3aKAA0KU penepos nPOQUIbHBIX TUHUL,

- paspabomamuv npoexkmuvl HAONIOOAMENbHBIX CIMAHYUL 3d
deghopmayusimu OMKOCco8 HOPMOE Kapbepos U OMeaLos;

- BbIHECIU NPOEKMbL HAOTIOOAMENbHBIX CIMAHYULL 8 HAMYPY
U 3071026CUMb penepa;

- ocywecmeums nPUBA3KY UCXOOHBIX U ONOPHLIX Penepos
(onpedenenue koopounam X, Y, Z) k onudcaviuium nyHKmam
MapKuetoepckoll ONOPHOU 2e00e3UteCKoll Cemu,

- npousgecmu UHCMPYMEHMAlbHble HAOII00eHUs NO pene-
Pam npoQuIbHbIX TUHUL HAOTIOOAMEIbHBIX CIMAHYULL,

- ocywecmeums 0OpaboOmMKy pe3Vibmamos UHCIMpYMeH-
MAbHBIX HAOMIOO0EHUTl U NPOU38eCmu Ux anaius [7].

OmnopHelil nyHKT Ne 2 pacrionaraercsi y OCHOBaHHUS I0KHOM
94aCcTH OrpaJUTe/IbHON 1aMObl XBOCTOXpaHuuIia (puc. 1).

Puc. 1. CxeMa MOHMTOPUHIa ABTOMATHU3UPOBAHHOM
cuctembl GeoMoS Ha Hukos1aeBckoii 1amoe.
Cyper 1. Huxonaes 6ereringeri GeoMoS
aBTOMATTAHbIPbLIFAH. KYHeCiHiH MOHUTOPHHITIK
cXeMachl.

Figure 1. Automated system monitoring scheme GeoMoS
at Nikolaevskaya dam.

C MOHUTOPUHIOBOM cTaHuMM N 2 TUIaHUPYETCS BECTH
HaONFONCHUS 10 MPOPMIEHEIM JTHHHAM Ne 6—9 ¢ HMCmonb30-
BaHWEM BBICOKOTOYHOTO JJICKTPOHHOTO TaxeoMeTpa, ycTa-
HOBJICHHOTO Ha TBepaoM IyHkTe Station2 T1, momemeHHOTO
B MOHHTOPHWHTOBYIO KaOmHY. OpHEeHTHUPHBIA MYHKT No 2 st
UIEKTPOHHOTO TaXeoMeTpa HaxoAuTcs Ha pacctostanu 200 Me-
TPOB B MpPSIMOM BUIUMOCTH U siBisieTcs myHkToM OR2. Ilpu-
3MBI YCTaHABIUBAIOTCS Ha OepMax Mo MPOQMILHBIM JIMHHUSAM B
KOJM4ecTBe 25 ITYyK, MaKCHMaJIbHAsl JAaJbHOCTh M3MEPEHHUH
700 metpos [8, 9].

JlanHast cucteMa HaOMIOEHNH TIO3BOJIMT JaTh KAY€CTBEHHYTO
W TIOJTHYO OIIEHKY COCTOSIHHS yCTOWYHMBOCTH OTKOCOB XBOCTOXpa-
HWINIIA U BOBPEMs HAMETUTh MEPONPHUSATHS IO YCTPAHEHHIO
npudrH pa3Butus gedopmarmii [10]. Crucrema mepemadn naH-
HBIX M3MEPHUTEBHOTO KOMIUIEKCa 00ECTIeYnBaET BO3SMOXKHOCTB
YIQJICHHOTO YTPAaBICHHUSI KOHTPOJIBHO-N3MEPHUTEILHON armmapa-
TYpOi B aBTOHOMHOM PEXHME, BHE 3aBUCHMOCTHU OT IPOCTpaH-
CTBEHHOH YIAIICHHOCTH y3J1a 00pabOTKH TaHHBIX (pHC. 2).

OYHKIIMOHNPOBAHNE CHCTEMBI 110 3aJaHHBIM aJTOPUTMaM
HE TOJIbKO T'apaHTHPYET BBICOKYIO ONEPATHBHOCTH MPOBEJE-
HUSI I3MEPUTEIBHBIX CEPHi, HO M MTOJTHOCTHIO HUBEIHPYET I10-
TPEITHOCTH, O0YCIIOBIICHHBIC CyObEKTUBHBIM (UCITOBEYECKIIM)
(haxTopom. [IpoMe)yTKH MEXTy IUKIAMH U3MEPEHUI MOTYT
COCTaBIISITh OT HECKOJIBKUX MUHYT Win 9acoB. Cucremarmye-
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Puc. 2. ABTOMaTH3HpPOBaHHAsI cCHCTEeMA C
MOHUTOPUHTIOBOI1 kabuHoif 1 TIO GeoMos.
Cypert 2. MOHUTOPHHITIK Ka0uHachl kdHe GeoMos BK
0ap aBTOMATTAH/BIPBLIFAH Kyiie.

Figure 2. Automated system with monitoring cabin and
GeoMosS software.

CKasl aKTyaJM3alisi TPOCTPAHCTBECHHBIX IapaMeTpoB 1amMOBbI
(hopMupyeT HaJeKHYIO aHAJIUTHYECKYl0 0a3y Ui BBICOKO-
TOYHOTO MPOTHO3UPOBAHUS €0 T€OMEXaHMUYECKOTO COCTOS-
HUSl, YTO SABISIETCA KPUTUYECKH BAaXKHBIM MHCTPYMEHTOM IS
MPEeIOTBPALIEHHS] BO3MOXKHBIX aBapUiHbIX cuTyanuit [10, 11].
WudopmMainoHHO-BEIYHCIUTENBHBIM SIIPOM CHCTEMBI BBICTY-
MaeT CHenUalN3UPOBAHHOE MPOTPaMMHOE OOecIieyeHue, co-
CTOSIIIIEE U3 JBYX KIIIOUEBBIX CETMEHTOB: MOAY/Ib ABTOMAaTU3U-
POBaHHOMN PErUCTpalK SMIUPUUECKUX JAHHBIX U MOACUCTE-
MY HX TTOCIIeTyIoIIel MaTeMaTindeckoi oopadoTku [12].

AnanmuTndeckoil 00paboTKe MOXKET TIOJBEprarbesl Kak
BECh MAacCHB HaKOIJICHHON HW3MEpHUTENBFHON WH(OpMAaINH,
TaK U OTJEJIbHBIE MX CETMEHTHI, BBIACICHHBIE 33 ONpPEICICH-
HBIE XPOHOJIOTHYECKHE MNepuoisl. Mcmonb3oBaHuMe DaHHBIX
HaOoIeHnii, CPOPMHUPOBAHHBIX B X0/ T'€OMOHUTOPHHIA,
TIO3BOJISIET C BBICOKOH TOYHOCTBIO HACHTH(UIMPOBATH Kak
KpaTKOCPOYHBIE JIe(OPMAIMOHHBIC C/IBUTH, TaK 1 KHHEMAaTH-
YecKHe TpeH[bl. Pe3ynbrarsl moJoOHOro KOMIUIEKCHOTO aHa-
JM3a CIy’KaT Ha/Ie)KHOW OCHOBOM UIsi OOBEKTHBHOW OLICHKH
TEKYIIEro AKCILTyaTallHOHHOTO COCTOSIHUSL OrpaJuTeNIbHON
JaMOBI ¥ pa3pabOTKH MPOTHO3HOW MOJIENN €€ reoMexXaHude-
CKOTO ToBefieH!s. JIONOTHUTENBHBIM MTPEUMYIIECTBOM aBTO-
MaTHU3MPOBAHHOTO KOMILIEKCA SIBISICTCS] (DYHKITHS HETIPEPhIB-
HOTO KOHTPOJIsI 0€30MacHOCTH: HEMOCPEICTBEHHO B TIpoIiecce
cOopa nH(MOpPMAIMK CHCTeMa CIIOCOOHA B PEXXUME peatbHOTO
BPEMEHU 3apaHee MPeayNpexkaaTb O KPUTHUECKUX CMELIEHU-
SIX KOHTPOJBHBIX penepos [12].

Maremarnueckast 00paboTKa, a Tak)Ke HaKOIUICHHE H 00be-
JIMHEHUE JaHHBIX 0CYIIECTBII0TCS ¢ moMotibio [10 GeoMoS.
JlanHas cpefa MO3BOJISET HAMVISAHO BU3YalM3HPOBAaTh IMOITY-
YeHHBIC 3HAYEHUs], BBICTpaWBas rpauKy MPOIOJIBHBIX, IO-
TIEPEYHbIX M BEPTHKAIBHBIX CABMKEHHH, a Takke (HopMupys
3HAUEHUs IJIAHOBO-BBICOTHBIX CMEIIIECHUII.

PesyabTarsl
Ha ocHoBe comnocTaBienus pe3ylbTaToB UHCTPYMEHTAb-
HBIX HaOMroneHu 3a mepuoxa 2023—2026 TT. BBITOTHECH aHATH3
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JMHAMMKH IIPOCTPAHCTBEHHBIX cMelieHnid. Heobxoanmo mox-
YEepKHYTb, YTO Ul TOCTPOCHHS TIpadUKOB HCIOIb30BAIHCH
periepa, KOTopble H300pakeHbI Ha PUC. 2 10 Y4acTKy mpoduiis
Ne 2. I'pachmueckast nHTEpIIpETALINS BEIUUCICHHBIX CKOPOCTEH
CMEIICHUH I 9TUX PEerepoB MpecTaBieHa Ha puc. 3, 4, 5.
Ha puc. 3 mpencrasiieH rpaduk MPOAOJIBHBIX CMEIICHHIA
(Longitudinal Displacement) nedopMallMOHHBIX pEICPOB
(Stv2_P222 tlg—Stv2_P227 tlg), ycTaHOBJICHHBIX B Telle Ha-
CBIITHOM 1aMObI. /laHHBIE TTOyYEeHBI HA OCHOBE HENPEPhIBHO-
ro aBToMaruzupoBaHHoro Monuropunra B [10 Leica GeoMoS
W OXBaThIBAIOT Nepuon Hadmronenuit ¢ amnpens 2023 roxa no
¢despans 2026 roma. IlpepcraBieHHbIE BPEMEHHBIC PSiIbI
MPOILIH MPOLEAYPY CIIAXHUBaHUs (smoothed) mist GuibTpa-
LUK aIIapaTHOTO UIyMa U BbIJEJICHUS [10JIE3HOT0 CUIHAA.

Longiudinal Displacement Profie2
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> Stz p224 tlg (smoothed)
“  sw20227_uig (smothea)

Puc. 3. 'padux BeJMUHH NPOTOJTbHBIX CMelleHUii
neopMaIMOHHBIX PerepoB Ha JaMoe.

Cyper 3. boererreri 1edopManusijibIK penepiaepain
DOIIBIK KBLKYJIAP MIAMAJIAPBIHBIH rpaduri.
Figure 3. Graph of the longitudinal displacements of the
deformation reference points on the dam.

Ilpu sToM aHagu3 TpapUKOB JECMOHCTPHPYET BBICOKYIO
CTEICHb KOPPEJSIMKA B MOBCACHUH BCEX HAOIIOIACMBIX pe-
nepoB. CHHXPOHHOCTh KOJICOAHUH CBHICTEIBCTBYET O TOM,
YTO PacCMAaTPUBAECMBIN yYaCTOK HACBHITHON JaMOBI HCIIBITBI-
BacT KOMIUICKCHBIC, CHCTEMHBIC 1e(hopMaliiy Tejia HAChINH, a
HE JIOKaJIbHBIC CIBUTU OTICIIBbHBIX deMeHTOB. Habmromaercs
SIPKO BBIPAXKCHHBIN LUKINYECKUN XapaKTep CMELICHUH Tela
JaMOBI, KOTOPBII HAIIPSMYIO KOPPEIUPYET ¢ CE30HHBIMU (haK-
topamu. OCoOBIN MHTEPEC MPEACTABISLCT cpaBHEHHUE aedop-
MAaIMOHHBIX [UKJI0B 3a 2024 u 2025 roasr:

- yuxn 2024 200a: 6 nepeoil nonrosune 200a (ghespans —
anpeiv) 3aurcuposan abconOmMHbli MAKCUMYM NPOOOILHBIX
cmeuyeHull 3a 8ech nepuod Habodenull, 20e HaudoIvLLILUe 3HA-
yenus demoncmpupyem penep Stv2_P227 tlg, 0ocmuenye nu-
xogou ommemxu nopsoxa 0.025 m (25 mm);

- yuxn 2025 2o0a: 6 ananocuynwviil gecennuil nepuood 2025
200a makace HAONOOAemcs NnosvluleHue 3HAYeHull cmeye-
nuit (0o 0.015 — 0.018 m), oonaxo amniumyoa cmeujeHul
3amemno Hudice no cpasuenuio ¢ 2024 2ooom. Jlannoe cru-
JHcene amnaumyOobl MOd#Cem c8udemenbCmaeosams 0 nPoooJ-
Jrcarouemcs npoyecce YyniomHeHUus 2pyHmo8 Hacvlnu, 1ubo o
PA3IUNUAX 8 IKCHIYAMAYUOHHBIX HAZPY3KAX HA Melo 0amObl
8 3Mu 2000bl.
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OtMeuaercsi yeTKass HEPaBHOMEPHOCTb BEJIMYHMH CMelle-
HUH MKy Pa3iIMuHBIMU periepaMu:

- penep Stv2 P227 tlg cmabuivno nokaszvieaem HauboNb-
wyo amnaumyoy oegopmayuil, YKazuleaiowyio Ha pacnoio-
JiceHUe 30Hbl MAKCUMANLHO2O OUHAMUUECKO20 B030€UCmEUs]
(6eposimHo, 6 yeHmpaIbHOU Yacmu epedHs Ul 6 30He MAKCU-
MANHOU MOWHOCTNU HACHINU),

- penepol Stv2 P222 tlg u Stv2 P226 tlg oemoncmpupy-
10M MUHUMATIbHbIE OMKIOHEHUS, KONeOmowuecs 6 npedendax
om -0.005 m 0o 0.010 m, umo xapaxmepno Oisi boree cma-
OUNLHBIX YHACTKO8 OAMObL, MAKUX KAK NPUMBIKAHUS K NPUON-
KACHOU 30He OaMObl.

Hakoruienuss mporpeccupyrommx IUIACTHYECKUX (He-
o0OparumeIx) aepopmanuid, criocoOHBIX MPUBECTH K Hapy-
LICHHIO O0MLIeH YCTOWYMBOCTH JaMOBbI, 32 aHAJIU3UPYEMBbIid
nepuos He BeisiBiieHO. COCTOSIHME HACBIITHOW JJaMObI B 30HE
KOHTPOJISl MPOQHIIST MOXHO OXapaKTepH30BaTh KakK CTa-
OmIBHO-padouce.

Hapsiny ¢ aHanu30M TPOIOJIbHBIX CMELICHUH, KOMIUIEKC-
Hasl OLICHKA COCTOSIHUSI 1aMObl TpeOyeT pacCMOTPEHUs -
HaMHKHU BBICOTHBIX Aedopmarmii (ocanok). Ha crnenyromem
rpaduke TpeACTaBICHbl aHAJOTHYHBIN MEPUO]] HAOTOICHUN
BEPTUKAIbHBIX cMmeteHuil (Height Displacement) 1iis TOH e
rpynibsl Mapok npoguiist Ne 2 (Stv2-P222-tlg — Stv2-P227-tlg)
(puc. 4).

B nepuon 2025-2026 rr. BbIsABIEHa MPOCTPAHCTBEHHAS
HEpaBHOMEPHOCTh BBICOTHBIX Jieopmanuii. Ecin ocHoBHas
rpynia Mapok, Bkirodas Stv2-P227-tlg, crabunmusupoBanachk
Ha otMmeTkax ot -0,010 g0 -0,020 M, To ocaaka penepa Stv2-
P222-tlg nocrurna makcumyma -0,03-0,035 M. D10 ykasbiBaer
Ha JIOKaJIbHYIO CKMMAeMOCTh T'PYHTOB MJIM ITOBBIIICHHYIO CTa-
THUYECKYIO Harpy3Ky B 30HE €ro yCTaHOBKHU. 3a(MKCUPOBaH-
HbIi nepenan BoicoT B 0,015-0,02 M siBAsIeTCS 1OMYCTUMBIM
Ha TEKYIEeM JTare dKCIUTyaTaluy U MOATBEPIKAAET YIUIOTHE-
HHe MaccuBa. Tem He MeHee, JJIsl KOHTPOJIs Iepepacipe/ere-
HUsI BHYTPEHHHUX HAIpPsOKEHUH HEOOXOANM JalbHEHIIMN He-
MPEPHIBHBIA MOHUTOPUHT COOPYKEHHUSL.

Jlnist 0OBbEKTHBHOM OLIEHKH W ITOJYYeHUs! MOJHOW KapTHUHBI
MPOCTPAHCTBEHHO-/1e(OPMAIIMOHHOIO COCTOSIHHSI 1aMOBbl pac-
CMOTpEHBI NonepeuHslie cMetenust (Transverse Displacement),
UX JIMHAMHUKa OTpakeHa Ha rpaduke 3 (puc. 5).
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Puc. 4. I'padux ocenanmii 1epopMaALMOHHBIX penepoB.
Cyper 4. lepopmanmsibIK penepiiepain mwery rpadguri.
Figure 4. Graph of subsidence of deformation reference

points.

I'pacduk BBICOTHBIX nmedopmanuii (ocemaHuii) TEMOHCTPH-
pYeT YeTKHUU OJITOCPOUYHBIA TPEHJ, HANPaBJICHHBIM B OTpH-
[ATeIbHYI0 00MacTh. DTO SBIACTCS OTPaKEHHEM IIpolecca
YIUIOTHEHUsI TPYHTOB B Tele AaMObl. B HawampHOM mepuone
HabOroneHnit 1o cepeannsl 2024 rona, ocagku OBUTH OTHOCH-
TeJIbHO cTaOWIbHEL. B Becennuit nepnox 2024 roma, CHHXPOH-
HO ¢ 3a()UKCHPOBAHHBIM PaHEE ITUKOM IMPOJOIBHBIX CMEIIe-
HUH, HA TpaduKe OCeTaHWH OTMEUAeTCs JOKATBHOE «IOIHS-
THE» PENEPOB, KOTOPBIM Moka3biBaeT oTMeTKy A0 +0,005 M.
VYkazaHHBIH dPPEKT 00BSICHACTCS MAaBOAKOBBIM THAPOCTATH-
YECKHUM MOATIOPOM JTHO0 MOPO3HBIM ITydeHneM rpyHTa. OnHa-
KO cO BTOpPO#t mooBuHBI 2024 1mo 2025 o/ BIUSIHNE CE30HHBIX
(haxTOpOB HUBETUPYETCS, U HUKCUPYETCS CTAOMIbHAS PaBHO-
MepHas 0CajKa BCEX KOHTPOJIBHBIX MapoK.

owsaz  iBGAZ 302 2 B2 100820 e
Epoch

© Sw2 223 e1y (smeoraee)
Stva_paze v1y (smoosies)

Sev2_p222_c1g (smooched)
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Puc. 5. I'paduk nonepeyHbIx cMenieHuii
JAe(opMalHOHHBIX penepos.
Cyper 5. lepopmanusiibIK penepiiepain KoJiqeHeH
JKBLLKYJIap rpaduri.
Figure 5. Graph of transverse displacements of
deformation reference points.

I'paduk momnepeyHbIX CMEIIEHHH, TaK ke, KaKk M rpaduk
NPOJOJIBHBIX (pUC. 3) JEMOHCTPHUPYET SIPKO BBIPAKEHHBIN
LUKJIMYECKUH XapaKkTep, 3aBUCAIINN OT CE30HHBIX (PaKTOPOB.
OpHaKo aMIUIMTY/la U HAPaBJIEHHOCThb TUX JBIKEHUH MMe-
10T CBOU OCOOEHHOCTH.

[TukoBeie Harpy3ku 2024 rona: B 3MMHE-BECEHHUHN MEPHUO]L
2024 rona (siHBapb — MapT) HAOJIFOMACTCS PE3KOE OTKIIOHCHUE
MapoK B OTpHLATENbHYIO 00s1acTh. MaKkCHMallbHbIE 3HAUCHHMS
¢uxcupyrorcst 'y penepoB Stv2 P223 tlg u Stv2 P224 tlg,
nocrurast ormetku -0.030 M (30 Mm). BaskHO OoTMETHTB, YTO
9TOT BCIUIECK MONEPEUHBIX CMEILEHHH COBIAAAET 10 BPEMEHU
€ MaKCUMYMOM IIPOJIOJIBHBIX Aedopmaruii (10 25 MM), 3auK-
CHpOBaHHBIM Ha mepBoM rpaduxe (puc. 3). DTo cBUACTEIb-
CTBYET O TOM, YTO B JIaHHBIH IIEPHOJ TEJO 1aMOBl HCIBITAIIO
HauOOoJIbIIIee IPOCTPAHCTBEHHOE (JIMarOHaJIbHOE) CMEIIEeHHE,
BEPOSITHEE BCETO, MOJ] BO3AEHCTBHEM MAKCUMAJIBHOTO JIaBJIe-
HUS CO CTOPOHBI XBOCTOXPaHUIIHIIA.

CHuxeHue akTUBHOCTH B 2025 rofy: B aHaJIOTMYHBIN CE€30H
2025 roga momepeyHble CMEIICHUS TaKXkKe yXOIAT B OTpHLa-
TENbHYIO 30HY, OIHAKO UX MAaKCHMaJIbHAsl aMIUTUTY[a CHUXKa-
eTcs POBHO B JiBa pasza — 10 -0.015 m (15 mMm). Dta TenaeHms
MOJTHOCTBIO 3€pKaJbHO OTPAKAeT MOBEJAECHHUE INPOAOJIBHBIX
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cMmernenuit, rae B 2025 roay Taxke HaOMONATOCh CHUXKCHUE
Je(hOPMALIMOHHOW AKTHBHOCTH.

B nerHe-oceHHuit nepuoabl rpaKy NONEPEYHBIX CMelle-
HUH BO3BPAIIAIOTCS K OKOJIOHYJIEBBIM HIIH CIIA00TIONI0KNTEIb-
HeIM oTMeTKaM (1o +0.010 M), uyTo MoATBEp:KIAeT YHmpyruit
Xapakrep paboTbl COOPYKEHHUS B TOPU3OHTAIBLHOM IJIOCKOCTH.

3aki04eHue

Ha ocHOBe TpexjieTHEro MOHUTOPUHTA MPOAOJIbHBIX, TOTIE-
PCUYHBIX M BBICOTHBIX Je(hopMaiuii CACIaHbl CICAYIOIINE BbI-
BOJIbI O COCTOSTHMH HACBIITHOM JaMObI 110 TPOPUILHON JTHHUU
Ne 2:

- pasoenenue O0eQopMAYUOHHBIX NPOYECCOB: NOBEOEHUe
HacvinHou 0ambvl onpedensemcs 0eyms gaxmopamu. Ilep-
8blll — NOCMOSIHHASL BEPMUKATbHASL 0CAOKA BCle0CmBUe ecme-
CMBEHH020 YNIOMHeHUusi epyHmos. Bmopoil — ynpyeue eopu-
30HMANbHBIE CMeweHUsl (NPOJoIbHble U NOnepeyHvle), UMe-
Iowue Ce30HMbILIL Xapakmep U 3agucsiuue om ypoGHs 600bl 6
X8OCMOXpanunuwe u nepenacos memnepamyp,

- CpasHumMenbHas OyeHKa nepuodos Havmooenus. 2024 200
Xapaxkmepu306aacs HAUOOILUWUMU OUHAMULECKUMU B030€ll-
cmeusmu. Becnoil 3aghuxcuposanvl Makcumymuvl npoOOIbHbIX
(0o 0,025 m) u nonepeunvix (0o -0,030 m) cmewenuii npu
JIOKAbHOM 3AMeONeHUU npoyecca KoHconuoayuu epynma. B
2025 200y eopusonmainvhbie cmeujeHust CMmaduIU3uposaIuch
(amnaumyoa cHuzunacy noumu 6 08a pasa) Ha ¢one pagHo-
MEPHO20 YNIOMHENUS OMCINAHHBIX NOPOO,

- HEePABHOMEPHOCb pAcnpedeneHus. Hazpy30K: KOMNIEeKC-
HbLIL MOHUMOPUHE BbISIGUT, YO PA3IUYHbIE YUACMKU NPOPUS
NO-pasHOMy peazupyiom Ha nazpysku. Penepvl yenmpanvnou
epynnot (P223, P224, P227) naubonee noosepiceHvl Ce30H-
HbLM  20PUBOHMATbHBIM CO8UAM (NPOOOIbHBIM U NONepey-
HbiM). B mo oice spemst penep P222 evidensemcs naubonvutet
UHMEHCUBHOCTNBIO 8EPMUKATLHOU YCAOKU OMCHINHBIX NOPOO
(00 -35 mm k 2026 200y);

- OYeHKa YCmoudusocmu 0amovl: HeCMOmpsl Ha 3aUKCU-
posanHble Konebanus U 10KAIbHble OMKIOHEHUS! 8 GbLCOMHbIX
cMeujenusix OmoenbHblX penepos, deopmayuu HOCIm npo-
CHOZUPYeMbIUL U NPEUMYUIeCBEHHO 3amyXalowuil xapakmep.
Harxonnenus kpumuyeckux, Heobpamumbvix cO8u2os, cnocoo-
HbIX npueecmu K paspyuwenuio meia 0amobl, 3a aHaiusupye-
mbttl nepuoo ¢ 2023 no 2026 200, ne svissnerno. Ocpadumens-
Hasi damba QyHKYUOHUpyem 6 wmamnom pexcume, OOHAKO
8bISIBNICHHAS CREYUPUKA 0CAOKU OMOETbHBIX Penepos (8 yacm-
Hocmu, P222) mpebyem npooondicenust Henpepbi6HblX asmo-
MAMUUPOBAHHBIX 2€00E3UYECKUX HADII0OEHUL.

BroiBoabl

COBMECTHBIN aHAJIHN3 TPEX KOMIIOHEHTOB CMEIICHHUH (ITpo-
JONIBHBIX, BBICOTHBIX W IIONEPEYHBIX) IO3BOJSET CHENaTh
cleyrone 000CHOBaHHBIE BBIBOJBI O COCTOSHUY HACHITHOM
naMOBI Ha ydacTke popums Ne 2:

1. Cosmecmuulii ananuz cmeujeHuil vloenun 08a Qusu-
ueckux npoyecca 6 mene 0amovl: NOCHMOAHHYIO BEPIMUKATL-
HYI0 ycaoky (YhiomHeHue OMCbINAHHBIX NOPOO) U Ce30HHbIe
ynpyaue 20pU3OHMmMAanbHble KONeOaHUs, UHMEHCUBHOCb KO-
MOPYIX HANPAMYIO 3A6UCUN O USMEHEHUs YPOBHS 600bl 8
xeocmoxpanunuuje u nepenaoos memnepamyp. Coeracro
CPAGHUMETLHOU OYeHKe, MAKCUMYM OUHAMUYECKUX HASPY30K
Ha coopydcenue 3agurcuposan eecroui 2024 200a: nuxkoswvie
eopuzonmanvuvle cogueu (0o 0,025 m npodonsro u -0,030 m
nonepeyHo) conpogoAHcOAIUCh 3amednenuem ycaoxku u k 2025
200y mpoyecc cmabunU3UposAIcs, NOKA3A8, YMO 20PU30H-
manvHvle cMeweHus YMEeHbUUIUCH 8 08a pA3d NPU pasHomep-
HOM YRIAOMHEHUU MACCUBA.

2. B x00e uccnedosanus YCmaHo81eHa 8blpAHCEHHASA NPO-
CMPAHCIMBEHHAS, HEPABHOMEPHOCYb pacnpedeienus dedhop-
MayuouHvlx Haepy3ok. Haubonvwias uyscmeumenbHocms K
CE30HHBIM KOTEOAHUAM XapaKmepHa 01 KOHMPOTbHBIX MAPOK
yeumpanvuot epynnol (P223, P224, P227), moeda kak makcu-
MATbHASL UHMEHCUBHOCHTb 6EPMUKATLHOLU OCAOKU IOKAIUZ06A-
Ha 6 30He penepa P222, 20e snauenus x 2026 200y docmuenu
ommemxu -0,035 m.

Pesromupysi TONydeHHBIC IaHHBIE, MOXKHO YTBEpI)KIATh,
41O 3a()MKCHPOBAHHBIE Je(hOPMALMK HOCAT IPOTHO3UPYEMBIi
U TIPEHMYIIECTBEHHO 3aTyXaIOIIMH Xapakrep. AKKyMYJIALHA
KPUTHUYECKUX, HEOOPaTHUMBIX CIIBHIOB, CIIOCOOHBIX CIIPOBOLH-
poBarh paspylIeHHe Tena JaMObl, 32 BECh aHAIM3UPYEMbIH Te-
pHox He BBIABICHO. B HacTosIee BpeMs orpaauTebHast 1amMmoa
COXpaHseT OOLIYIO0 KCILTYaTallIOHHYIO HaISKHOCTD ¥ (DYHKIIH-
OHHpYET B IITaTHOM peXuMe. BmecTe ¢ TeM, BBIBICHHAS ClIeH-
nduKa reOMeXaHHIECKOTr0 MOBEICHUS JTOKAIBHBIX y4acTKOB (B
YaCTHOCTH, aHOMAIMU OCAJKW Mapku P222) moarBepikmaet
a0COMIOTHYI0 HEOOXOIMMOCTH IPONIOIDKCHUST HEMPEPHIBHOTO
ABTOMATH3MPOBAHHOTO TE€OMOHUTOPHHIA VISl CBOEBPEMEHHOM
pa3paboTKH NPeayPEUTENBHBIX HHKEHEPHBIX MEPOIIPHSATHIA.
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APAJI OHIPIHIH COPJIAPbBI MEH TABUT'H
CYJIAPBIHBIH JINTUUWJIUIIT'T

Amnparna. KasakcTaHHBIH Apall OHipiHIET] COpIapMeH, TY3/Ibl KOJIIEPMEH jKoHE XKEePaCThl CyIapbIMEH 0alIaHbICTBI JIMTUIII THAPOMUHEPAIIBIK 00BEKTIIEpre Cabic-
TBIPMAJTBI IOy kacaisl. Herisri Hazap cop panaiapblHIarsl, paccoiiaparsl, COHAAN-aK dpTYPIIi TePEHIIKTEPICH allbIHFaH IPYHT YITiIEPIHACT] INTHH KOHIGHTPAIUs-
ChIHA ay/apbULIbl. ATaFaH aiiMaKTa JUTHIIH OHEPKICINTIK KOHLICHTPALMSCHI TEK COpJIapMEH FaHa OaiTaHbICThl €KCHIr aHBIKTAII/IbI, aJ1 ©3/irIHEH araThlH YHFbIMAJIap-
JIBIH XKEPACThI Cy/apbl JIUTHIIAIH KIAPKTHIK Ma3MyHBIMEH cHIarTanansl. EH nepcrekTuBans o0bexriep petinge Mowmslikesn copsl (panagarsl Li — 53,976 mr/n), XKax-
coikpubI Ko (11,01 mr/m) sxone bipitaban Kapacy ypounmecinzeri araycsis cop (13,062 mr/i) aiikslHIanasl. Pacconnapaarsl TUTHIIH )KHUHAKTaTybIHBIH HOHAIMACY
MEXaHU3Mi TypaJibl — CHIHBICTBIPYIIBI CA3/aK JKBIHBICTAP/AH IANBLIBII HIBIFY eceOiHeH — O0KaM YCBIHBIIIbL.

Tyuinoi co30ep: rumuil, pana, copnap, Apan enipi, Kazaxcman, 2udpozeoxumusi, 2eOXUMUSIbIK i30€CMIpY, OHEPKICINMIK KOHYEHMPayusiap.

Lithium content of salt soils and natural waters in the Aral Sea region

Abstract. A comparative review of lithium-bearing hydromineral objects of the Aral Sea region (Kazakhstan) associated with salt marshes, salt lakes and groundwater
was carried out. It focuses on lithium concentrations in brines and brines of salt marshes, as well as in soils at various extraction depths. It has been established that indus-
trial concentrations of lithium in this region are associated exclusively with salt marshes, while groundwater from self-overflowing wells is characterized by clark content.
The most promising objects are the Momyshkol salt marsh (53.976 mg/I Li in rapa), Lake Zhaksykylysh (11.01 mg/l) and the unnamed salt marsh of the Birtaban Karasu
tract (13.062 mg/1). A hypothesis has been put forward about the ion exchange mechanism of lithium accumulation in brines due to leaching from the host clayey rocks.

Key words: lithium, rapa, salt marshes, Aral Sea region, Kazakhstan, hydrogeochemistry, geochemical prospecting, industrial concentrations.

JINTHEHOCHOCTH COJIOHYAKOB M NIPHPoAHLIX BoA Ilpuapanbs

Aunnotanus. [IpoBe/ieH CpaBHUTEINBHBIH 0030p IMTHEHOCHBIX THAPOMHHEPATHBIX 00beKTOB [Iprapanbs (Kazaxcran), CBS3aHHBIX C COJIOHYAKAMH, COJICHBIMH 03€pa-
MM U IOJ3eMHBIMHU BoZlaMH. OCHOBHOE BHMMaHHE YJIEIEHO KOHLIEHTPALMAM JINTHS B Pariax M paccojax COJOHYAKOB, a TAKXKE B IPYHTaX Ha Pa3iNyHbIX ITyOHHaX oTOopa.
YCTaHOB/IEHO, YTO NPOMBINITIEHHBIE KOHIIEHTPAIMH JINTHS B JAHHOM PETHOHE aCCOIMHUPYIOTCS HCKIIIOUUTENBHO € COIOHYAKaMM, TOTIA Kak TO3EMHbIE BOJIbI CAMOM3/IMBA-
JOILMXCSE CKBAKUH XapaKTEPU3YIOTCS KIAPKOBBIMU coaepkanusaMu. Hanbosee nepcrnekTMBHBIMU 00bEKTaMH OIPE/IEIICHBI CONOHYaK MoMBIIIKOIIb (53,976 Mr/n Li B pare),
o3epo JKakcrbikbuibin (11,01 mr/im) u 6e3pIMIHHBII cooHyYak ypounina bupradan Kapacy (13,062 mr/i). BeraBunyta runoresa 06 HOHOOOMEHHOM MEXaHU3ME HAKOTUICHHS
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JIMTHUA B paccoiiax 3a CYET BbIMbIBaAHUA U3 BMEIIAKOIINX TNIMHUCTHIX MTOPO/I.

Kniouesvie cnosa: numuil, pana, coloH4axu, Hpuapa:lbe, Kaszaxcman, 214()[70260){14,1414}1, 2eoxumuyecKue NOUCKU, nPpoMbludileHHble KOHYeHmpayuu.

Kipicme

XXI racelpneiH OachlHaH OacTam JUTHN OJeM SKOHOMHU-
KacbIHBIH CTPATETrMsUIBIK IIMKI3aThIHA aiHAIBI. DJIEKTPOMO-
Ombaepre >KoHE SHEpPIusHBI CakTay >KyielepiHe apHayFaH
JIUTUI-UOH/IBI aKKYMYJISITOpIIap OHAIPICIHIH ©Cyi OCBI MeTaFa
JIETeH CYPaHBICTHIH KYPT apTybiHa ansin kenai. AKII Teono-
THSUTBIK, KBI3METIHIH MOJTIMETTepi OOWBIHIIA JTUTUHIIH dJIeM-
JIK pecypcTapbl 98 MiH T Jen OaranaHa/bl, OHBIH IIaMaMeH
60%-bI TY3/1bI KOJIJIEP PaccoiapblHa MOFbIpiIanFaH [1].

Jactypni Typre THAPOMHHEPANIBIK JMTHHIIH HEri3ri Kesi
PpeTiH/ie «IMTHI YIIOYPHINIBIHBIEY — Unimn, ApreHTrHa xaHe bo-
JIMBUSHBIH — TayJIbl cananapbl, connai-ak Keiraiieie Tuber ye-
TipTiHAET TY316I Keep ecenteneni. COHbIMEH Oipre JIMTHIIIH
MYMKIiH OOJIaThIH JI9CTYPIIl €Mec Ke3/epi, arar alTKaHaa apuaTi
oHIarTap/arsl copiiap, eTe )KeTKUTIKCI3 3epTTenreH [2].

Apai eHipiHiH aymarbl Oipereit Taburu oObekTiHI Olipe-
Ii: Keyill KaJiFaH Apall TeHi3iHiH TyOl ayKeIMIBI COpJIapMEH
YKOHE TEHI3IIK 2BaNlOpUTTEp KabarTapbIMEH XaObUIFaH, TEo-
PYSUIBIK TYPFBIIAH JIMTUI Ma3MyHBI Oap MIMKI3aTThIH aiTap-
JIBIKTali KOPBIH CaKTaybl MYMKIH. Apall eHIpiHIH ©HEPKICINTIK
CyJapbl MEH TY3/1apbl JJUTHIH Ma3MyHbIHA iC XKY31H/E 3epTTe-
MereH. CHpeK Ke3leceTiH 9/1e0u JepeKTep OOMbIHIIA JTUTHI-
JIH aliMaKTHIH TY3/1bI KOJIIepi MEH paranapbiH/a 00Iybl MyM-
KiH Jien OoipkanraH [3].

2023 >KpUIIBIH KY3 Me3rulinne Apal eHIpiHIH JIMTHH KeH
OpHbIHA MHHEpAreHAiK IOTEHIMAIbIH 3epTTeyre apHaJFaH
XKYHenl 131ecTipy JKYMBICTAaphl ajFam per xyprizimai. Ocsl
MaKasla ajbIHFaH HOTWKENEpP/l KMHAKTAy/(bl KHE Tajlay/ibl
KaMTH/IbI.

3eprTey aynaHbl
OKIMIIUTIK TYPFBIIAaH allFaHia 3epITelreH aymMak Kasak-
cran PecmyOmukaceiabiy Kei3putopaa oOnbIckHBIH Kazasr

JKOHE Apan aylaHJapblH, COHIai-ak AKTeOe OOIBICHIHBIH
[Mankap aymaHelH KaMTHIBL. Ipi enai MekeHaepi: Apan Kaa-
cbl (tmamamer 30 MbIH TyprbIH) xaHe [lankap kanacer (mama-
MeH 28 MBIH TYPFBIH).

leorpadusuibIK TYpFBIIAH ayaaH aOCcooTTiK Oenriepi 45-
TeH 250 M-re feliiH e3repeTiH, Heri3iHeH Keyil KayraH Apai
TEHi3iHIH TYOiH/Ie OpHalaCKaH KEH ajlaca a3bIKThI OUTIpei.
OnbIH n1eHOepiHAe pesibeTiH YII HETi3r1 AJIeMeHTI Oeineni:
Apan manel KapakyMbIHBIH KyMAAph! (30J1BIK penbed MilliH-
nepi, abcomorTik Oenriep 70—-100 M), TeHI3 Ka3bIFbl (Keyil
KaliFaH ApaJiJblH TEric, a3iamn eHKeireH OeTi, oenrinep 45-56
M) JKQHE COJITYCTIK OeJIiriHeri ycTenai THIl octanenTepi oap
Te0eII Ka3bIK.

Knumar KypT KOHTHHEHTTI, apUATI: )KBULABIK JKaybIH-11a-
wbH Menmiepi 100-150 MM-z1eH acmaiijbl, JKa3bIK TeMIle-
parypa +40-45 °C-xa sxereni, OynaHy jkayblH-IIAIIBIHHAH
OipHemre ece aceinm keteni. bys skarnmaitiap TpyHTTapIbIH
KapKbIHABl TY3/IaHYBIH JKOHE peibe]TiH OHbICTaphIHAA —
copyiap MEH TY3/bl KeJJiepAe — TY3JapAblH IIOFBIPIAHYbIH
TYFBI3aJIbl.

Kymbic dgicremeci

Jamaneik skympeicTap Oacranmac OYpBIH KaMepasbIK
KE3eHJIe JKepJli KalIbIKTHIKTaH 30HATAy MaTepuaslaapbl Jie-
nrrdpIIeH Il XKOHE aNFaIKpl ChIHAMAJIayFa H MEePCIICKTUBAIBI
yJackenep auKbIHIaIIbl. JlanambelK >KymbICTap OapbhIChIHIA
©3/IirHCH araThIH apTC3UAHIIBIK YHFBIMAIAP, OyJIaKTap, TY3I6I
KeJIJIep JKOHE copIap Tekcepinmi [4, 5, 6].

O3qiriHeH araThlH YHFBIMAaJapiaa ACOUT, MHHCPATH3AIHs
(TDS), cy Temmeparypachl aHBIKTAJIBII, XUMHSIIBIK TaJIayFa
apHaJsiraH ynrinep ipikrenai. Copiapna cy (parma) skoHe TpyHT
yuiritepi 6erreH, connaii-ak 0,15 m; 0,30 m; 0,45 M TepeHiK-
TEpICH, JKeKelereH ydackenepne — 0,9 M TepeHmikke AcHiH
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Cypet 1a. Cop OetineH Ty3 yJriciH ipikrey.
Figure 1a. Taking salt samples from the surface
of the salt marsh.
Puc. 1a. OT60p n1po6 coJiv ¢ MOBEPXHOCTH COJIOHYAKA.

Cyper 1B. [lanajasIk xKypHaJaapAabl :KYpPrisy.
Figure 1c. Keeping field journals.
Puc. 1B. Beienue mojieBbIX KypHAJI0B.

Cyper 16. Konymr oTki3y.
Figure 1b. Passage of the kopusha.
Puc. 16. ITpoxoaka Komyuiu.

anbIHABl. bapiblk Oakplay HYKTENEpiHIE MalaiblK TipKey
JKoHE (hOTOCYpeTKe TYCipy KYPTi3iii.

2023 SKBUTFBI JANalbIK JKYMBICTAp OapbICHIHIA Oapiibl-
reI 80-HEH actaMm Cy yirici skoHe 232 TpyHT YITici ipikTen-
ni. Cy ynrinepi AnMarel KanacekiHIarel Y. M. Axmencadux
aTBIHAAFBl | MAPOTeONIOTHs KOHE TEOIKOJIOTHS WHCTHUTY-
TBIHBIH, XUMISUIBIK-aHAINTHKANIBIK 3€pTTEYy oficTepi 3epT-
xaHaceiHga MCII-ADC omicimen (CT PK I'OCT P 51309-
2003) Tammarmer. [pyHT yarinepi Kaparanmpl KamachkIHIaFbI
ALS Kazgeochemistry 3eprxanaceiuma ME-ICP41 xone
ME-ICP61 amictepimen 3eprrenmi [7, 8].

I'uaporeoxumMusIbIK 3epTTEy HITHIKeJIepi

lunporeoxuMusuTbIK, 3epTTeyiaepMer | perti ym rua-
pPOTEONOTHANBIK OacceitH KaMThULABL: Y CTipT, Ceipmapus
)koHe Apanmansl-Topraii-1lly-Capsicy. bapasirer 36 e31i-
TiHCH aFaThIH YHFBIMA, 9 OyJaK jKoHe 25 Ty3/bI KOJ ChIHa-
MajaHbl.

XKepactel cymapbel. ©O3[iriHEH araThIH YHFBIMAaJIapMEH
alIbUTFaH JKEPacThl CymapblHaarel jautuit Memmrepi 0,031-
0,133 mr/n apaneirpiHAa. YHFBIMATApIbIH CHIKAHCHICHIHIIA
OHEepKACINTIK KoHIeHTpanus (10 Mr/I-1eH )KOFaphl) aHBIKTaII-
Maabpl. ¥HFeIMamapaeiH neouti 0,12-ner 20 qm®/c-ka mediH,
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Cyper 1r. O31irineH aFraTblH YHFBIMaHbI TEKCEPY.
Figure 1d. Examination of a self-flowing well.
Puc. 1r. O6ciieoBanue caMOM3JIMBAIOIIEIC CKBAasKHHbI.

MuHepanmzanus — 1,4-ten 9,6 r/n-re neiin, cy Temreparypa-
cwl — 16-nman 48 °C-Kka feiiiH e3repei.

Bynakrap. CriHamananran OyJiaKTap/iarbl TUTHH KOHIICHT-
pammsicer 0,083—1,602 mr/n apansiFrbiHaa. bateic Aparn eHipiH-
ne (338 6.1., Tympibac msiFanarel) 3,729 Mr/m gedidri xo-
FapeiIaraH MoH OenrineHzi. JKanmel anranna OyJIaKTapaarsl
JUTHAR MOJIIepi OHEPKICIMITIK MOHCPACH TOMEH.

Kemmep MeH cop pamanapsl. JIMTHIAIIH €H KOFaphl KOH-
LEHTpALSIIApBl COP parnaIapblHAH JKOHE TY3/1bI KeJAep Cyla-
pBIHaH aHBIKTaNABL. Kenaep cybIHaarbl INTHI KOHIIEHTpAIIHs-
cor 0,466-man 53,976 mr/n-re nefiin esrepeni [9, 10].

TeoxuMHAIBIK 3epTTEY HOTHIKEJIepi

JanansIk >xymbicTap Oapeiceinaa 82 yuyackene cop OeTiHeH
xoue 0,15-0,45 M TepenumikrepaeH 232 rpyHT yITici ipikTen-
Ji. 3epTXaHalbIK 3epTTey JIepeKTepi OONBIHIIA TPYHTTapIAFbI
nuTri KoHIeHTparwsicel 10-ran 170 Mr/kr (T/T) neftin e3repe-
ni. KornenTparust MoHI OOMBIHINA YIII Jopeske OeliHemi: To-
MeH eHepkacinTik — 10-20 Mr/kT, sxorapsl — 20-50 Mr/kT, Te
JKOFapsl — 50 MI/Kr-HaH acTaMm.

leoxuMusUTBIK  AepekTep OOMBIHIIA €H MepCIeKTHBAJIBI
anTel yvacke adkeiHAAnAbsl. CopOysiak amkaObIHAAFBl coOp
(36 6.1., Apan eHipiHIH conTycTik-mbIFbIcE): 0,15-0,45 M
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Kecme 1

Apan enipindezi numuii monuiepi yseo2apel 06veKminep

Table 1

Objects with high lithium content in the Aral Sea region

Taonuuya 1

Oo0bexmpl ¢ ROGLIUEHHBIM cooepofcanum Jaumus 6 Hpuapaﬂbe

OobekTisiep Koopmunarrap Li, mr/a Eckeprne
Mowmsimikedn copsl (325 6.1.) | 46°30'33" c.e., 61°39'55" m.6. | 53,976/ 11,658 Pama (0,15 M) / xepacTsl cymapsr;
OTe JKOFapbl OHEPKICIITIK
KOHIICHTpAIHsIaP
Artaycei3 cop (48 0.H.) 46°49'50" c.e., 59°20'56" ur.6. 13,062 EH TeMeHT1 eHepKoCInTiK
KoHIIeHTparws (> 10 mr/m)
JKaxcor Kpiapimn kei 46°51'47" c.e., 61°54'13" m.6. 11,01 EH TeMeHT1 eHepKICIITIK
(326 6.1.) KOHIICHTPAITHS
Kamanner a. magsiagars: cop | 46°04'11" c.e., 59°30'04" m1.0. 11,474 Pama, eH TOMEHT1 ©HEPKICIIITIK
(341 6.1.) KOHIICHTPAITHS
Axkoerer keuti (34 0.H.) 45°59'38" c.e., 61°18'24" u1.6. 7,187 JKorappliaran KOHIICHTpanusiiap
TaxpipTebe ypounieci 45°02"22" c.e., 61°47'21" m1.6. 8,368 JKorapslnaran KOHIICHTpanusiap
(18 6.1.)
Komkapara copst 46°35'44-54" c.e., 58°22-31" m.0.| 4,122-4,267 JKorapslnaran KOHIEHTpaLusIap
(350/351 6.H.)

Cyper 2. Kakcen! Kpuibim copbl — Li mesmiepi 11,01 mr/in.
Figure 2. Salt marsh Zhaksy Kylysh — Li content 11.01 mg/l.
Puc. 2. Cononuak Kakcebl Kplibim — conep:kanue
Li 11,01 mr/a.

Cypet 3. Cop panajapblHaH CbIHAMa aJIy.
Figure 3. Sampling from salt marsh brines.
Puc. 3. OT60p npod u3 pan coJIOHYAKOB.

apasbirbiHIarel Li-niH oprama mesmepi 156 Mr/kr, Makcu-
myM — 0,30 M Tepenaikre 170 mr/kr. By MoHzep eTe »orapsbl
OHEPKICINTIK KOHIICHTpaIusuiapra xaraabl [11].

bepuikon kesminiH copbl (39 0.H., Apasl eHipiHIH COJTYC-
Tiri):; OapyibIK ChlHAMA TEPCHAIKTEPIHIAC JUTUNA MeJepi

80-90 mr/kr, oprama — 87,5 mr/kr. Kimi bapcykun kympma-
pBIHAH LIBIFBICKA Kapail opHanackaH araycei3 cop (41 6.H.):
ot KoHUeHTpauusicel 50-70 Mr/kr. JKerikancop copsl
(51 6.1.): 20—80 mr/kT, opTamia MoH 55 Mr/kr. bacmiancop copbt
(70 6.1.): 3epTTenreH OYKiI apasibIKTa JIUTUI MeJIIIepi Typak-
Th1 70—80 Mr/kT, Oopramia — 77,5 Mr/kr.

Cyper 4. Cop0y.1aK ajJIKa0bIHAAFbI COP — F€OXMMUSIBIK
JKYMBICTAP/IBIH €H NepPCcHeKTHBAJbI yuackeci, Li Mmesmepi
170 mr/kr-ra neiin.

Figure 4. Solonchak of the Sorbulak site is the most
promising area for geochemical work, Li content is 170 mg/l.
Puc. 4. Cosionuak yuyactka CopOyjak — Hanbosiee
NEePCNEeKTHBHBIN YUYaCTOK re0OXHMHYECKHX padoT,
conepxxanue Li 170 mr/a.

HoTu:xenepai Tajakbliay

Aunpiaran nepexrep JlarbiH AMepHKachIHBIH «JIUTHH YIIOY-
phIbIiHaaY xkoHe Kpiraiiapiy TubeT yCTipTiHae iCKe achIpblI-
FaH KJIACCUKAJIBIK TUTUMIILIIK YJITICIHEH TyOerein epexiiese-
Heni. by alfiMakTapna JIMTHH jKac BYJIKaHU3M aiiMaKTapbIMEH
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TaMaKTaHATBIH BICTHIK JKOHE XKbUIbI OYJIaKTapMEH OailaHbIC-
1o [4, 5]. EH ipi cananapabsiH — Arakama (Uunm) sxoHe YioHH
(bonuBust) — pananapeiaarsl Jutuii mestmepi  1000-7000
MI/JI-T€ JKEeTe/.

Apan eHipiHIe jkarmail TyOereii esremie: XepacTbl Cy-
JIapbl JKOFaphbl IeOUTKE JKOHE aiTapibIKTaik MUHEepalu3alusi-
ra (9,6 r/n-re geiiiH) KapamacTaH, JUTHNIIH TCK KIAPKTHIK
meuepin Fana (0,031-0,133 mr/n) kamTuael. byn Apan aii-
MaFbIH/IaFbl BYJIKAHIIBIK OCJICCHIUIIKTIH JKOHE ICOTePMAIIbIK
Ke37epIiH 00JIMaybIMEH TYCIHAIPLIC/I.

Bactel Oakpiiay — JIMTHHIIH TEPEHIIK OOWBIHIIA Tapaiy
CHIIaThl: paccojapAarbl KOHLIEHTpaLus ChIHaAMa TEpeHJIiri-
HE iC KY31HJIE TAYell/ll eMeC KOHEe TaMaKTaHAbIPYIIbl YHFbIMA
CyJlapbIH/IaFbl KOHLIEHTpALUsIMEH Koppersiuusiianoanapl. by
JUTHUIJIIH OacTarnkblga ca3/iak JKbIHbICTapaa OOJIaThIH/IBIFbIH,
oJlapJiaH PacCOoIAp/IbIH HATPUN XJIOPHUIIHIH dCEPIHEH HOHAJI-
Macy HOTHIKECIHJE JKepacThl CyJlapblHA OTETIHAIrH KyaJlaH-
neipas [8]. Ockutaiiiia, OyJ1 KeH maiiaa 00y TypiH HOHaIMa-
CYJIBI-3JIIOBUAIIBI JIETI CHIIATTayFa OOJIa/ibl.

bypabait maccusiniy (Ilvizvic Kazakcman) numuiininizi-
MeH canvlcmulpy

KazakcTaHHBIH JINTHH MMOTEHLIHUANBIH TOJIBIK TYCIHY YIIIH
Apai eHipiHJIe albIHFaH HOTIKeENepl bypabaii rpaHUTOMTEI
maccuBiniH (Ierpic Kazakcran obOmbickl, Kypiuim aynaHsl,
3aiicaH OHMBICHI) ayMarbIHIAFbl KOJACP JUTUMILIINIHE KaThIC-
Tb1 2020 sx6u161 UCTI-MC of1iciMEH ablHFaH JSPEKTSPMEH Cca-
JIBICTBIPY €PEKIIE FHUIBIMH KbI3BIFYIIBUIBIK TYIBIPAIbI.

Bypabaii yuackeci Kanba-HapbiM 0aronuThiHBIH Kypa-
MBIH/IAFbl €PTE MEPMJIIK )KACTarbl arTac TPaHUTThl MaCCHBKE
TipKenreH. Apail eHIpiHeH ailbIpMallbUIBIFBI — MYHJQ JIU-
TUI apuATI KIMMAT JKaraaiblHIa KapKblHIbl OylaHy Ke3iHJe
copJiapIblH panajapbl MEH pPaccoJiapblHIa ILOFbIpIaHOaii-
Jbl, — Bypabaii MmaccuBiHIH ayaaHbIHAA JTUTHIA K31 Oombin Li
meuepi 19,1 1/t 6onarein Kanba kemieHHiH OMOTUTTIK rpa-
HUTTEPI, ayt ke TyOinaeri merinauiep 0,98 1/t neitin auruit
KamTuIbl. bypaOaii yyackeciHiH TYHBIK KeOJJIEpiHIH CyJapbl
(8-10 xenaep) muruiini 366,20 mxr/a (0,366 mr/in) Mesepid-
Jie KaMTuIbl. byJl MOHJIEp CHIHBICTBIPYIIBI TPAHUTTEP/CH JIU-
TUHAIH Oasy MARBUIBII HIBIFYBIH — TPAHUTOTCHIIK JTUTHIIILIIK
THIIL JIeTl aTaJlaThIH/Ibl — KyQJIaH/IbIPaIbl.

Ocpbunaiiina, Kasakcran meHOepiHe ruipOMUHEPAIIIBIK JIU-
TUITUTIKTIH €Ki TyOereiii e3relie TUITi alKbIHAAIbI (2-KecTe).
BipiHuIi THII — HOHAIIMACYJIBI-3BATIOPHUTTIK (Apast OHIpi): JTUTHIA
ME30-KallHO30M »KACBIHJAFbl ChIMBICTBIPYILbl CA31aK KbIHBIC-
TapMeH KOHIIEHTPJICHIeH XJIOPUATIK-HATPUIIIIK Ty3/IbIKTapMEH
03apa OpeKeTTeCyl HOTMKECIHAE MOHAIMAcy apKbLIbl TYHBIK
COopJIap/bIH pariajiapbl MEH pacCoNapblHaa )KUHAKTAIA/IbL; JIU-
THI KOHIICHTpAIMACH 53,976 Mr/i-re sxeteii, Oy OHepKICiI-
TiK eHAipy werineH 147 ece sxorapbl. EKiHIII THIT — TPaHUTO-
renjik (Bypa0bait maccusi): nutuit Kanoa-HapbiM 11y TOHBIHBIH
JIMTHIANI TPAHUTTTEPIHEH XUMUSUIBIK LIAHbUTY Ke3iHJe TYHBIK
KeJJiep CyJapblHa TYCe/l; MaKCHMaJJibl KOHIIEHTpalHsiap
0,366 Mr/in Kypaiiibl, OyJI OHEPKACINTIK MOHIEP/ICH alTapiIbIK-
Tail TOMEH, ajaija ChIABICTBIPYILBI IPAHUTOUATAPABIH, CUPEK
METaJIJIBIK MAMaHIAaHYBIMCH TiKeJICH OaliIaHbICTHI.

AVKbIHIAIFaH aiiblpMalIbUIbIKTap TYOereilsi esreuie reo-
JIOTHSUIBIK JKOHE KIMMATTBIK JKarJaiiapMeH OalIaHBICTBI:
Apai eHipiHAe apuITi KIMMaT, KAPKbIHJIbI OyJIaHy )KoHE Keyil
KaJraH Apas TEHI3iHIH KyaTTbl 9BallOPHUTTI IIOTiHAUIEPIHIH
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Oonysl memymr pesn arkapanel, an Lleireic Kazakcranma
KOJJICP/IH JIMTHIIUII TayKalHapibl TPaHUTOUATApFa Ka-
KbIHBIFBIMEH aWKbIHAAJIa bl — OJIAPABIH MUHEpall Kypaii-
TBIH MUHEpajapbiHaa (OMOTUT NEH MYCKOBHUTTE) JIMTHHIIH
JKOFapblJIaraH KOHLEHTpalMsapbl 0ap. AJIBIHFaH JiepeKTep
Kasakcranaarsl apuaTi 30HalapiblH COpJiiapblHaa J1a, CUPEK
METaJIJIbIK TPAHUTOUITHl MACCUBTEPIe TIPKEJITeH TYHBIK KOJI-
JepAe e TUAPOMUHEPAIIBIK JTUTHITE OaFbITTAIFaH 131€CTipy
JKYPri3y/iH HepCIeKTHBAIBIIBIFBIHA J19JIeT OOJbIN TaObUIaIbL.

Kecme 2

Kazaxkcman maoueu cynapolHblH 1umuilininik
munmepin canvicmuipy

Table 2

Comparison of lithium types in natural waters

of Kazakhstan

Tabnuuya 2

CpasneHnue munog iumus 6 NPUPOOHBIX
séooax Kazaxcmana

Bypabaii maccusi

Kepcerkim Apau eHipi (LIKO)
Jlunitninik Honanmacymnsl- L .
. . PaHUTOTCHTIK
THUII HBAMIOPUTTIK
Me30-KkaitHo30i1 Kauba-Hapeim
. | ca3mak KBIHBICTapHI [ULYTOHBIHBIR
Jlutnit xe3i OMOTHUTTIK
(paccommapmen roa .
paHuTTEpi
HOHAJIMacy) (waitbury)
Cynapnarsl | 0,466-53,976 (Makc. ..
Li, mr/n 53,976) 0,366 neiiin
JKemaprcrap/ 10-170 (coprapabIn 19,1 (rpaH?ITTep');
IPYyHTTAPAAFbI HITApH) 0,98 (Tybingeri
Li, t/t Py P LIeT1HIIED)
CynapasiH
MUHEpan3a- 10 r/n-nex sxorapsl 0,5-9 /oM
(pamamap)
LUSICHI

Kimmar xone

ApunTi XKa3bIK, KEYII

TaynbI-Talranasik
penbed, TPaHUTTHI

emsed KaJIFaH TeHi3 TYO1, MacCHUBTED
P COPITBI OMBICTAP apachIHIAFEl TYUBIK
KeJIep
, OHEPKICINTIKTEH
. XKorapsr: Li > 10 P
OHepKacinTiK tomeH; CM
MEePCIEKTHUBA MI/11 GonaThIH 4 KEHJIEHYIHIH
p 00beKT; Oapnay y
Japel WHAUKATOPEI

JKYPri3y YCHIHBUIA/IbI

peTiHae MaHBI3IBI

Tannay omici

HCII-ADC (CT PK
I'OCT P 51309-
2003); ME-ICP41/61

HCTI-MC (ICP-MS
Agilent 7500cx)

KopbIThIHABI

Apai eHipiHiH 36 ©3iriHeH araThlH YHFBIMACBIHBIH )Kepac-
ThI cyaapeiHaarel gutuid memrepi 0,031-0,133 mr/n Kypaii-
IIbl, OYJI €H TOMEHT1 eHepkacinTik MoHHEH (10 mr/m) eki ece
ToMeH. JIaTbiH AMEPHUKACBIHBIH «JIUTHI YIIOYPBIIIBIHAY» TOH
THIPOMHHEPAIABIK JTUTHHIIH F€OTEPMAIIBIK OCICCHIUTIKIICH
TeHETHKAJIBIK OailTaHBICH OCHI alfMaKTa KOK.

JlutuiifiH eHepKaCINTIK KOHIUEHTpamusiapsl (> 10 mr/m)
TOPT OOBCKTIHIH parangapbl MCH CyJIapblHAH aHBIKTAJIbI: Mo-
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MBIIIKOJT copbl — 53,976 mr/1 (0,15 M TepeHIIIKTET1 paria) )KoHe
11,658 mr/n (xkepactsi cynapbl); bipitadan Kapacy MaHbiH1a-
rbI cop — 13,062 mr/m; XKakcwikpuibii ket — 11,01 mr/im; Ka-
JIaH[BI 8. MaHBIHAAFBI cop — 11,474 mr/n. Aranran oObeKTiiep
eIKEH-TerKENITl TeOJOrHsIIBIK Oapiay JKYMBICTApBIH KYPrizy
YILIH YChIHBIIAbI.

['pyHTTap/Ibl FEOXMMUSUIBIK ChIHAMAIAY JIepeKTepi OONbIHIIA
(232 yuri, 82 y4acke) @HEPKOCINTIK CaHATKA JKATAThIH JIUTHUI
KOHIIGHTPAIMACHI Oap alIThl EPCIIEKTUBANIBI COP allKbIH IAJI/IbI:
CopOyuax — oprama 156 mr/kr (Mmakcumym 170 mr/kr), bepai-
kon—87,5 mr/kr, bactiancop—77,5 mr/kr, XKetikaucop — 55 Mr/xr,
oy JI. C. banaruos xikremeci OOMbIHILIA OTE XKOFaPhI )KOHE KO-
Fapbl OHEPKACINTIK Ma3MyH/IapFa COMKEC Kele/i.

CopnapaplH paccojiapblHIa JUTHUAIIH TEPEeHIIK OOWi-
BIHIIIA TapaJybIHbIH CaJbICTHIPMAJIbI TYpje OIpKeNKi eKeHi
JKOHE OHBIH KOHI[CHTPALHUSICH KOPEKTECHIIPYIIIi )KEPACThI CY-
JIApbIHBIH KOHLIEHTPALMSICBIMEH alKbIH KOPPEJSILIUs KOpCeT-
MEUTIHI aHBIKTAIABI. Bys1 TUTHIII paccoimapablH KaabITa-
CYBIHBIH MOHAJIMACYJIbI-2JII0OBHAJI/IbI MEXaHU3MIH KyoJlaH][bl-
paJibl: JINTHH KO31 O0JIBINT ME30-KaiftHO30M YKaCchIHJIAFbI Ca3/laK
XKBIHBICTAp TaOBUIABI, OJapiaH MeTaul KOHIIEHTPJICHICH
XJIOPUITIK-HATPUIIIIK PAcCOIIapPMEH ©3apa dPEKETTeCy Ke-
3iHje OeriHen.
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Li 53,976 mr/n neitin) sxone rpanurorenaiktiy (bypabaii, Li
0,366 Mr/n neiin) — apachlHAArbl AKbIH allbIPMaILbUIBIKTAP-
JIbl KepceTei. Apajl eHipi alTapIbIKTail )KoFapbl OHEPKACiIl-
TIK HOTEHIMAJIFa M€ JKOHE TMAPOMHHEPAIBIK JIMTUHTE OJlaH
opi i3aecTipy-0apiay JKYMBICTApbIH JKYPri3yre MmepCreKTHBa-
JIbI 00BEKT OOJIBINT TaOBLIA B
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AP22682812 «Ilwizvic Kazakcmannvly maouzu cyiapoii-
0a cupexk Ke3zoecemiHn rNeMeHmmepoiy 2eoXUMUAIbIK Mma-
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3epmmeyy ncodacwvl oouvinua Kazaxcman Pecnyonukacol
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AnFbIC

Aemopnap apinmecmepine 20icmemenik Koa0ay HcaHe
namuoanvl ManKulaaynap yuwin, COHOA-aK MaKkaaianoly ca-
RACBIH JHCAKCAPNY2a bIKNAJI eMKeH KYHObL eCKepmynep yulin
AHOHUMOI peyeH3zenmmepze anzvic 0indipeoi.
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1. Yaskula B. V. Jlumuu // Yearbook of Minerals of the US Geological Survey. — 2022. — b. 44.1-44.10

(agvliwibin mininoe)
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7. Kammol naiioaner ka36anapoviy ket opblHOAPbIHLIY KOPAAPbIH HCIKMeYOi HcaHne 60aHcaMObl pecypCcmapbiH
Konoawuy botivinuia a0icmemenik ycovinvicmap. Kon myzoapuvl. — Mackey: Ilaiioanvl kasbanap Kopiapbi
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REFERENCES
1. Yaskula B.V. Lithium // Yearbook of Minerals of the US Geological Survey. — 2022. — P. 44.1-44.10

(in English)

2. Litievye solyanye ozera Yuzhnoi Ameriki i Tsentral 'noi Azii [Lithium Salt Lakes of South America and
Central Asia] N. I. Volkova et al. Khimiya v interesakh ustoichivogo razvitiya [Chemistry for Sustainable
Development]. — 2012. — Vol. 20. — P. 21-26 (in Russian)

T'opnwiit scypnan Kazaxcmana Ne7’° 2026



82
Teoxmmng

3. Atlas gidrogeologicheskikh kart Respubliki Kazakhstan [Atlas of Hydrogeological Maps of the Republic
of Kazakhstan]. — Almaty: Institut gidrogeologii i geoekologii imeni U. M. Akhmedsafina, 2022. — 180 p.
(in Russian)

4.  Garrett D. Handbook of Lithium and Natural Calcium Chloride: Their Deposits, Processing, Use, and
Properties. — Amsterdam: Elsevier Academic Press, 2004. — 476 p. (in English)

5. Metodicheskie rekomendatsii po geokhimicheskoi otsenke i kartirovaniyu podzemnykh redkometall 'nykh
vod [Methodical Recommendations for Geochemical Assessment and Mapping of Underground Rare-Metal
Waters] L. S. Balashov, M.S. Golitsyn, Efremochkin N.V. et al. — Moscow: VSEGINGEO, 1977. — 87 p.

(in Russian)

6. Perspektivy litienosnosti pripoverkhnostnykh vod solonchakov Chu-Sarysuiskoi vpadiny [Prospects for
Lithium Content of Surface Waters of the Chu-Sarysu Depression Solonchaks] R. T. Ratov et al. Gornyi
zhurnal Kazakhstana [Mining Journal of Kazakhstan]. — 2023. — No. 11. — P. 5—13 (in Russian)

7. Metodicheskie rekomendatsii po primeneniyu klassifikatsii zapasov mestorozhdenii i prognoznykh resursov
tverdykh poleznykh iskopaemykh. Ozernye soli [Guidelines for the Application of the Classification of
Mineral Reserves and Prognostic Resources of Solid Minerals. Lake Salts]. — Moscow.: Gosudarstvennaya
komissiya po zapasam poleznykh iskopaemykh, 2007 (in Russian)

8. Chensizbaev D. B. Litievyi potentsial mineral 'no-syr’evoi bazy Respubliki Kazakhstan [Lithium Potential
of the Mineral Resource Base of the Republic of Kazakhstan], Bulletin of the Tomsk Polytechnic
University. Geo Assets Engineering [Izvestiya Tomskogo politekhnicheskogo universiteta. Inzhiniring
georesursov]. — 2024. — Vol. 335. — No. 7. — P. 120-133 (in Russian)

9. Lithium concentrations in saline brines of the Shu-Sarysu depression / R. T. Ratov et al. // Applied
sciences. — 2024. — Vol. 14 (12). — Article 5351 (in English)

10. Study of the process of lithium chloride extraction from the brine of salt lakes of the Aral Sea /

A. A. Anarbayev et al. // Izhevsk Institute of Hydrometeorology and Electrification. — 2019. — Vol. 8 (7).
P 2235-2238 (in English)

11. Mathematical Modeling of Sorptive Extraction of Lithium Chloride from Lithium-Containing Brine of the
Aral Sea Region / M. M. Ulbekova et al. // Separation and Purification Technology. — 2024. — Vol. 358. —
Article 118756 (in English)

CIIUCOK UCHTOJB30BAHHBIX NCTOYHHUKOB

1. Yaskula B. V. Jlumuu // Yearbook of Minerals of the US Geological Survey. — 2022. — C. 44.1-44.10 (na
AHSIULCKOM 513bLKE)

2. Jlumuesvie coasnvie ozepa lOxcnou Amepuku u [Jenmpanovnoi Asuu / H. U. Boakosa [u Op.] // Xumus 6
unmepecax ycmouuugoeo pazeumus. — 2012. — T. 20. — C. 21-26 (na pycckom sa3vike)

3. Amnac euopoeeonoeuueckux kapm Pecnyonuxu Kazaxcman. — Aamamor: HHcmumym 2udpoeeonozuu u
ceoskonoeuu um. Y. M. Axmeocaguna, 2022. — 180 c. (na pycckom sa3vike)

4. Garrett D. CnpagouHuk no iumuio u npupoOHOMy XJ10pUOY KAlbYus. UX MeCmopoucoeHus, nepepabomxd,
ucnonvzoeanue u ceovcmea. — Amcmepoam: Elsevier Academic Press, 2004. — 476 c. (ha anenutickom
A3blKe)

5. Memoouueckue pexomendayuu no 2eOXUMUYECKOU OYeHKe U KApMupoBaHUI0 NOO3ZEMHBIX PEOKOMEM ALlbHbLX
600 /JI. C. Barawos, M. C. I'onuyvin, H. B. E¢ppemouxun [u op.]. — M.: BCETHHT'EO, 1977. — 87 c.

(Ha pycckom A3viKe)

6. Ilepcnexmugvl IUMUEHOCHOCMU NPUNOBEPXHOCMHBLX 800 cOLOHYaKk08 Yy-Capwvicyickoi 6nadumsl /

P. T. Fapamos [u 0p.] // Topuutii ocypran Kazaxcmana. — 2023. — Ne 11. — C. 5-13 (na pycckom a3vike)

7. Memoouueckue pexomendayuu no NPUMEHEeHUIO KIACCUPUKAYUU 3ARACOE MEeCTOPONCOCHUT U NPOSHOZHBIX
pecypcoe meepovlx noiesnvix uckonaemvix. Ozepuvie conu. — M.: F'ocyoapcmeennas komuccus no 3anacam
noaesnovlx uckonaemvix, 2007 (na pycckom szvike)

8. UYencuszbaeeg /. b. Jlumuegwiti nomenyuan munepaivHo-coipbesoll bazvl Pecnyonuku Kazaxcman // Uzeecmus
Tomckozo nonumexnuyecxkoeo ynugepcumema. Uuocunupune ceopecypcos. — 2024. — T. 335. — Ne 7. —

C. 120-133 (na pycckom sa3vixe)

9. Konyemmpayuu numus 6 conenvix paccoiax Llly-Capvicyckoti denpeccuu / R. T. Baratov [u op.] // Applied
sciences. — 2024. — T. 14 (12). — Cm. 5351 (na anenutickom s3vixe)

10. Hccrnedosanue npoyecca uzgieyenus Xa0puoa 1umus u3 paccoia coienvlx ozep Apaivbckozco mops /

A. A. Anarbayev [u op.] // MVDKUTED. — 2019. — T. 8 (7). — C. 2235-2238 (nha aneauiickom A3viKe)

11. Mamemamuueckoe mooenupoganue cOpoOyUOHHO20 U3BAEUEHUA XA0PUOA TUMUA U3 TUMULCOOePHCAL 20
paccona Apanvckozo mopsa / M. M. Ulbekova [u op.] // Separation and Purification Technology. — 2024. —
T. 358. — Cm. 118756 (na anenuiickom s3vike)

Topnwiir srcyprnan Kazaxcmana Ne7’ 2026



I 83
e0XVMIIA

ABTOpPJIAp TypaJibl MAJIiMeTTep:

Aezanuesa b. b., Ph.D noxropsl, IFK, XKep Typans! FeutbiMaap MekTeOiHiH ara oKpITymbIchl, J{. CepikOaes arbiagars! Lsreic Kasakcran Tex-
HUKAJIBIK yHUBEpCHUTETI (OckeMeH K., Kazakcran), agalieva 00@mail.ru; https://orcid.org/0000-0002-5682-8451

Mycaxanosa C. A., XXep Typainsl FeUIbIMAAP MEKTEO1HIH aFa OKbITYIIBICH, J[. CepikOaeB atsiaaarsl LLbirpic Ka3akcTaH TeXHUKATIBIK YHUBEP-
cuteti (OckeMeH K., Kasakcran), sava_22.01@mail.ru, https://orcid.org/0009-0001-7386-135X

Mamaiioaesa H. E., Ph.D noxropsl, XKep Typaiisl FeiIbIMIap MEKTeOiHIH KaybIMIACTEIpbUTFaH npogeccopsl, [. CepikObaes arsiaaars! LIbFbic
Kazakcran TexHHKaNbIK YHHBEpcUTeTI (OckeMeH K., Kazakcran), indi.mataybaeva@mail.ru; https://orcid.org/0000-0003-0550-7591

Kanues E. A., XXep Typansl FeutbiMaap MekTeOiHiH MaructpanThl, Jl. CepikbaeB atpinars! [Isrpic KazakcTan TeXHUKANBIK YHUBEPCHTETI
(OckemeH K., Kazakcran), era_grk@mail.ru; https://orcid.org/0009-0007-9241-4516

Information about the authors:
Agalieva B. B., Ph.D, Senior Lecturer, School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk,

Kazakhstan)
Musakanova S. A., Senior Lecturer, School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk,
Kazakhstan)
Mataibaeva 1. E., Ph.D, Professor, School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk,
Kazakhstan)

Kaliev E. A., Master’s student, School of Earth Sciences, D. Serikbayev East Kazakhstan Technical University (Ust-Kamenogorsk, Kazakhstan)

Caeienusi 00 aBTOpax:

Aeanuesa b. b., noxrop Ph.D, BHC, ct. mpenomaBarens mxoiasl Hayk o 3emuie, Bocrouno-KazaxcTaHCKMH TEeXHHYECKHH YHHUBEPCHTET
um. J1. Cepukbaena (1. Yerp-Kamenoropcek, Kazaxcran)

Mpycaxanosa C. A., cT. IpenofaBaTenb MKOIBI HayK 0 3emiie, Boctouno-Kazaxcranckuii Texanueckuii yausepceuteT umenn [l. Cepukbaesa
(r. Yerp-Kamenoropek, Kazaxcran)

Mamaiioaesa HU. E., noxrop Ph.D, mpoeccop mkonsr Hayk o 3emie, Boctouno-Kazaxcranckuii Texandeckuid yauBepcureT um. /1. Cepuk-
Oaesa (1. Yerp-Kamenoropcek, Kazaxcran)

Kanues E. A., MarucTpaHT MIKOJBI HayK 0 3emie, BocTouno-Kaszaxcranckuii rexandeckuii yausepcutet um. 1. Cepuxbaesa (r. Yerp-Kame-
HOropcK, Kazaxcran)

T'opnotit scypnan Kazaxcmana Ne7’ 2026



34

TPEBOBAHUS K O®OPMJIEHHUIO U YCJIOBUS IIPEJOCTABJEHUS CTATER
B PelaKIUI0 NePUOANYECKOro neyaTtnoro u3aanus «lopubii xxypHaja Kazaxcrana»

1. «T'opHblii :kypHaa Kazaxcrana» NpMHUMAaeT K NyOJIMKAIMU OPUTHHAJIbHbIE CTAThbU HAYYHOI'0 U HAYYHO-TEXHUYECKOI0
CO/lep:KaHusl, OTPAKAIOLIME Pe3y/abTaThl HCCIeJ0BATENbCKO M HAy4YHOH JesiTeJbHOCTH, HMeEIOLIUE PEeKOMEeHJAUHH K
NPaKTHYeCKOMY NPHMEHEHHMIO pelaeMbIX BOINPOCOB, a TAK:Ke CTATHM 0030PHOI0 XapakTepa, OTBeYalolHe KPHTEPUSM
NepBUYHOI HAYYHO# myOauKkanuu (OJHBIN IepedeHb pyOpUK yKa3aH Ha caiite minmag.kz).

2. OcHOBHBbIE TPeOOBAHUS K CTAThAM, IPEACTABJIECHHBIM /Il MyOJHMKALMH B KypHaJie:

= Ha0Op CTaThU MPOU3BOIUTCS B TEKCTOBOM penakrope Word mpudrom Times New Roman 12 kernem ¢ oy TOpHBIM HHTEPBAIOM;

= 001IHiT 00bEM CTATBhH, BKIIOYAsi PUCYHKH, TAOIMIIbI, METAaJaHHBIC HE TOJDKCH IIPEBBIIIATh 8 EYaTHBIX CTPAHUILL;

* cTaThH (32 UCKIIIOYCHHEM 0030pOB), TOIKHBI COIEPKATh HOBBIC HAyUHBIC PE3y/IbTaThI;

* cTaThs JOJDKHA COOTBETCTBOBATh TeMaTHKE (CM. 1. 1), HAy4YHOMY YPOBHIO )KypHaJa;

* CTaThs JOJDKHA OBITH 0()OPMIICHA B IIOJTHOM COOTBETCTBHH C TPEOOBAHUSMH, OTPAKCHHBIMH B 1. 3

* cTaThs MOXKET OBITh IIPE/ICTABICHA Ha Ka3aXCKOM, PYCCKOM HJIM aHITIMHCKOM SI3BIKE;

* B PEIAKLHUIO MPEACTABISICTCS OKOHYATENIbHBIN, TIIATEJbHO BbIBEPEHHbINI BAPMAHT CTAaTbhH, UCKIIIOYAIONINH HEOOXOIUMOCTh
MOCTOSIHHBIX JOPaOOTOK TEKCTa Ha JTAlax M34aTeIbCKOr0 IIPOLEcca;

* r1epe] OTIPABKOil CTAaTbU B PEIAKLHUIO JKypHaJIa aBTOpaM HEOOXO0IMMO HPOBEPUTH TEKCT Ha MPEIMET OTCYTCTBHSI IUIaruara.

3. CTpyKTypa cTaThH JOJDKHA COICPIKATh CICAYIONINE Pa3aCIIbl:

= xon MPHTU (I'PHTU http.//grnti.ru/?pl=>52) — mieCTU3HAYHBIN;

* Ha3BaHHUE CTAThbU (COKPAIICHUS HE TOIYCKAIOTCS, HE MOIYCKACTCs HCIIONb30BaHHWE a0OpeBHATYp M (OpMYI; MaKCHMalIbHOE
komuecTBo cioB 10-12) nmomkHO OBITH WH(OPMATHBHBIM, COOTBETCTBOBAaTH HAyYHOMY CTHIJIIO TEKCTa, COACP)KATH OCHOBHEIC
KIIIOUCBBIC CJIOBA, XapaKTepH3yloliue TeMy (IpeaMeT) HMCCIICAOBaHUS U COJepKaHue paboThl, NMPEIOCTABISICTCS Ha Ka3aXxCKOM,
PYCCKOM U aHIIMMCKOM SI3bIKaX;

* MHUIMAJIBI 1 (paMUIINK aBTOPOB; CTaThs JI0JDKHA UMETh He Oosiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCsl aBTOP-KOPPECIIOH/ICHT;

* CBEJICHHSI O Ka)KIOM aBTOpe (Y4eHasi CTCIICHb, yUCHOE 3BaHHE, JOJDKHOCTh, MECTO OCHOBHOM pabOThI, FOPOJI, CTPaHa, KOHTAKTHBIC
naHHbIe (aapec 2nekTpoHHOM mouTer), ORCID ID) npenocTaBisroTcs Ha Ka3aXCKOM, pyCCKOM U aHTJIMHCKOM SI3BIKAX;

* IOJTHOE HA3BaHUE OpraHU3aIuu (-if), Tae paboTaroT aBTOPHI (C YKa3aHHEM BEIOMCTBEHHOW NMPUHAJIC)KHOCTH);

* QaHHOTALIMS B COOTBETCTBHUHU C TPEOOBAHUSMH MEKIYHAPOAHbBIX 6a3 TaHHBIX JOJDKHA JOCTATOYHO MOJIHO PACKPBIBATH COJICPIKAHNE
CTaThH, BKIIOYAS XapaKTCPUCTUKY OCHOBHOH TEMbI, NMPOOJeMbl OOBEKTa, LEIHM HCCICJOBAHHS, OCHOBHBIC METOJbI, PE3yJIbTaThl
HCCIICIOBAHUS | IVIaBHBIC BBIBOJbI. B aHHOTAIMKM HEOOXOAMMO yKas3aTh, YTO HOBOI'O HECET B ce0e CTaThsi B CPABHEHHUH C JIPYTUMH,
POACTBEHHBIMHM 10 TEMATHKE M IICJICBOMY HA3HAUCHHIO MarepuasaMi. AHHOTALUS NPEAOCTABISACTCS Ha Ka3aXCKOM, PYCCKOM
M aHIJIMICKOM s13bIKax 00bemoM He MeHee 700 u He 6osee 900 CMMBOIIOB;

* KJIFOUCBBIC CJIOBA B KOJIMYeCTBE 6...10 yCTOMYMBBIX CIIOBOCOYETAHUIL, 110 KOTOPHIM B JajibHEHIIEM Oy/IeT BBIIOJIHATHCS HOUCK
cratbu (COKpamleHUss U aO0peBUATyphl HE IOIYCKAIOTCS): KJIIOUEBBIC CIIOBA OTPAXKAIOT CHEHU(MHUKY TEMBbI, OOBEKT M PE3yIbTaThl
HCCIICIOBAHUS H ITPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMHCKOM SI3bIKaX;

* TEKCT CTaThM, COCPIKAILUI CIeIyIoNe pa3ieibl (BBEACHNUE, METOIbI/MCCIIC0BAHMS, PE3YIbTaThl, 00CYKICHHE PE3YIIBTATOB,
3aKJII0YCHHUE/ BBIBOJIBI);

* CIIMICOK MCTIOJIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocraBisercs: Ha
Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKAX.

PUCYHKM nomxHE UMETh pacmupeHue rpapudeckux penakropo CorelDraw, Photoshop, Illustrator u T. m.). @otorpaduun
JIOJDKHBI OBITH MpeaesibHO YeTKuMHE B TpaduaeckoMm popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBennbie
u uudpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOAMMO IOSCHUTh B OCHOBHOM WJIM HOAPHCYHOYHOM TekcTaxX. Haiamucu u apyrue
0003HaueHHs Ha TpadUKax ¥ PUCYHKAX TOJDKHBI ObITh 4eTKuMU U Jierko yntaeMbpiMu. [IOAMNUCU K PUCYHKAM u 3ATOJTOBKHA
TABJUL OBSI3ATEJIbHBI. OhopMIIstoTcst OTIETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHITTHICKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVIJIbI cienyer Habupats B popmyiasHOM pempaktope MathTypes Equation wnmun MS Equation,
rpedecKue u pycckue OyKBbI B popMyiax HaOUpaTh NPSIMBIM IPUGTOM (OMIIHS TEKCT), JATHHCKNE — KypPCUBOM. Q003HaueHus 6e1udun
u npocmole Popmynvl 6 meKcme u MAdGIUUAX HAOUPAMb KAK neMenmbl mekcma (a2 He KaKk 00beKThl (OPMYIBHOTO PEIaKTopa).
HymepoBars ciiesyeT TONbKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CCHUIKH B MOCIEyoNeM n3noxeHun. Hymeparust popmyn ckBo3Hast.

CIIMCOK UCITOJb30BAHHBIX UCTOYHUKOB cocraBnsercss B MOPSAKE HUTHPOBAHUS U OPOPMISIETCS B CTPOTOM
coorBercTBUH ¢ [[OCT P 7.05-2008. CcpuTKH Ha TUTEPATypy B TEKCTE OTMEYAIOTCS 110 MEPE UX MOSIBICHUS MOPSIKOBEIMA HOMEpaMu
B KBaJpaTHbIX CKOOKax. CHMCOK NPHBOAMTCS Ha Ka3aXCKOM, PyCCKOM M aHIVIMMCKOM sI3bIKaX C yKa3aHHEM B CKOOKaxX OpHUI'MHaja
myonukanuu. O6paser] opopMIICHUS TUTEPATYPHl U TPAHCIUTEPALMH Pa3MEIICH Ha caiite minmag.kz.

4. YcaoBusi npuodpeTeHus JKYPHAI0B ABTOPaAMHU.

C aBrOopoM(aMH) 3aKIIOYaeTCs AOTOBOp O mproOpereHHH 10 (mecsATH) SK3EMIUIIPOB XKypHAlIa COIIACHO YCTaHOBJICHHBIM PAaCLEHKaM
Ha TEKYLIMil TOJI, KOTOpble OH(OHH) UMEIOT MPABO PACIIPOCTPAHSATH CPEAN TOPHOI oOImecTBeHHOCTH. TToce omaThl crarbs MyOIHKyeTcst B
HOMeEpE KypHaja COIIaCHO O4YCPEIHOCTH.

Topnwiir srcyprnan Kazaxcmana Ne7’ 2026



