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KOJOHKA ITJTABHOI'O PEJAKTOPA

Veaoicaemoie konnecu!
Jopozue wumamenu!

WroHB KaK IEpBEIA MECHII JIETa IaXKe €CIIU He 0COOEHHO 0aToBaIl HAC XOPOIICH ATUTEIHHOM OTOI0M,
3aTo MPEIOCTABII U IPOJOIDKACT BBIKJIAIBIBATE HAM MHOTO O(UIIMANIBHBIX JaT U IIEPCUCHb COOBITHIA,
MIPEJICTABIISIIOIIMX HE MPOCTO UHTEPEC ASKYPHOH Uepesioil BCTped U MPOTOKOJIOB.

Muible 1 1OpOrUe HallleMy CEpALLY, OTYACTU CTABIIUE CEMEHMHBIMU IIPAa3IHUKaMHU [leHb 3a1uThl Je-

Teil, Jlenp MeauIMHCKOTO paboTHHKA, J{eHb cTaphIX Ipy3eil — 3HAKOBBIE COOBITHS, MO3BOJIAIONINE HAM
JyMaTh O XOPOIIEM U HaXOANUTh PAJOCTh B OOIICHNH C OKPY>KAfOIMMH, HAYWHAsI CO CBOCH CEMBH.

Mapar
Kakynosuu V IIKOJIBHUKOB CTAapIINX KJIACCOB 3K3aMCHAIIMOHHAS JINXOPaKa, KOTOpas 3aKOHUUTCS OJIMKe K oce-
B“T?MﬁaeB HU TIOCTYIIJICHUEM B BY3bI U KOJUIEIKH, TPYA0yCTPOMCTBOM Ha OTKPBITHE CTaXa crienuanucTa (IycTh pa-
2/148HbLIL PEOAKMOp

004ero, HO HY)KHOTO T€OE M OKPYKAIOIIMM). Y MIIAALINX C POAUTEIIIMHU OYIHH, CBI3aHHBIC C OTIABIXOM.

B o6mem, o6cranoBKa ToMeHsIack. Jlaxe «1poOok» Ha TPAHCIIOPTHBIX MarkcTpallsix CTallo ropas3fo MeHsblue. Jlaxke HeBO3-
MOXKHO TIPEACTABUTH, YTO ITO CIYYHIIOCH Oarofaps mpocToMy (akTy — CTYAESHTHI U HEKOTOPbIEe CTapIICKIACCHUKH IIePeCcTatn
€3IMTh Ha 3aHATHUSI H 00PaTHO Ha COOCTBEHHBIX aBTOMOOMIIAX, Ha JOPOTaX OTCYTCTBYIOT IIKOJIHHBIE aBTOOYCHI!

Ho, xoHeuHO, caMoe Ba)HOE — 3TO MPEBpallCHNE HAallE CTONMLBI ACTaHbl BO BpEMEHHBIN reononutudeckuii nentp Espaszuu,
HauuHas C rOCyapcTBEHHOro Bu3uTa npesuaenta PO B. B. [lyTtuna u HacelmeHHOro EBpa3zuiickoro 3KOHOMHUYECKOr0 CaMMUTA,
KOTOpBIE MTPOIIUIN B KOHIIE Masi, HO WX pe3yJbTaThl OOJbIIE CTAIN MOHSITHBI U BBI3BIBAIOT JOOPBI M BOCTOPKEHHBIH pe30HaHC
celfuac, B MIOHE.

CoBmecTHoOE 3asBienue «O ceMu 0cHOBax Jpy»xObl u Jo0pococencTBa HapooB Kazaxcrana u Poccnn» orpaxaet ayx Hammx
B3aMMOOTHOIICHUH 1 3aKPeIUIseT UX Ha TOJITOCPOYHYIO OCHOBY.

[pesunenT Haei crpanbl 100aBUII, YTO «HECMOTPS Ha HENPOCTYIO OOCTAHOBKY B MHpE, ABYCTOPOHHEE COTPYIHHYECTBO,
0COOCHHO B 3KOHOMHYECKOU cepe, YCICIIHO Pa3BUBACTCs», 0000 MOAYEPKHYB, 4To «KazaxcTaH AOPOKHUT y3aMH BEYHOI
JpY’KOBI M CTpaTernyecKoro napruepcrsa ¢ Poccueii».

JanbHeliee pa3BuTHe TOJIYYHIIO HAllle COTPYIHUYECTBO B OTBeTCTBeHHOM pa3sutuu M. 1o onenkam skcrnepros, Kak 00
stom 3asiBu [Ipesunent PK, B 6mmxkaiimme 20 net Oyer BblACIEH LeJbIi Psiji 3HAYUMbIX TEXHOJIOIMYECKUX TeHACHIINH, BKIIFO-
4ast ONOTEXHOJIOT U, aBTOHOMHBIE CHCTEMBI, KOCMUYECKYI0 3KOHOMUKY, XpPaHEHHE SHEPTUH, KBAHTOBBIE BhIUUCICHU. 1 Hammm
CTpaHaM, KOHEUHO 7K€, HeJIb351 OCTaBaThCsl B CTOPOHE OT MUPOBBIX TeHAeHIM — 3aKitouna KaceiM-)Komapr Kemenesuu.

Hawm crout mpu 3TOM TOMHUTH U IPOIYMATh y4acTHE TOPHO-METAJLTyprHISCKOTO KOMIUIEKCA CTPAHBI BO BCEX TUIAHUPYEMBIX
U YK€ 3aHUMAIONINX CBOM 3aKOHHBIE MECTa TEXHOJOTHUYECKUX JTalax Pa3BUTHUS SKOHOMHUKH HOBBIX COCTABIISIIOIIMX HAIIEro
SKOHOMHYECKOTO CyBEpEHHUTETA.

Topnuwuit scypnan Kazaxcmana Ne6’ 2026
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Kox MPHTMH 52.35.29:52.13.23

*A. Y. KoxkanTos, [I. K. AxMeTkaHoB, E. X. AGen, C. C. MbIp3axMeTOB
«K. 1. Combaes amvinoagvl Kasax yaimmelx mexnuxkaiolx sepmmey yuusepcumemiy KEAK
(Anmamur k., Kazaxcman)

KAPAFAH/JbI KOMIP BACCEUHIHJETII
KA3BAJIAPABIH KEPHEYVYI-
AE®OPMAILIUAJAHFAH )KAU-KYUIH
ECKEPIII AHKEPJIIK BEKITYIH
MYMKIHIITIH KAPACTBIPY

Amnpgarna. COHFbI YaKbITTa Tay-KeH )KYMBICTaphl TEPSHAITHIH OCYyiHe jKOHE JKaTy KarFqaiiapsl KOJaiibl KabarTap/ipl 0acTankel OHAeyre OaiIaHbICThl Ka3yIblH Tay-
KEH-TEOJIOTHSIBIK XKaF [aiiiapbIHbIH KypAeIeHyiHe opail eHAIPYIiH ©31HIIK KYHBI apTy/a, JallbIHbIK KeHKapIapbIHIaFbl OHIMIIIIK TOMEH IeHreiie, Tay-KeH Ka30aaapbiH
JKYPTi3y, YCTay jKoHE )KOHIECY Ke3iHIe eHOCK ChIbIMABLIBIFEI ocyne. Tay-keH Ka30amapbiH OeKiTy joHe KOJIIaHy KeMipai )KepacTbl OHAIPYAiH THIMAUIIIH aHBIKTaUTbIH
Kypamaac Gemikrepain 0ipi perinae xadbuinanpl. [axranapia naifbiHabIK Ka3bamapslH KYprizy Ke3iHgeri THiMAi )koHe Kayilci3 »KyMBIC MapTTapbIHbIH Oipi OexiTy Ma-
TEPHUAIIIAPIHBIH HIBIFbIHBIHBIH a3a0bl, OJIAP/IbIH OPHBIKTBUIBIFBIH KAMTaMachl3 eTy. Makaja/ia Tay-KeH JKyMbICTaPbIH KYPrizy KayilCi3[irin KaMTaMachl3 €Ty MaKcaThIH/[a
axraaapaarsl Ka3oagap/ibl aHKepiIik OekiTreHi maiianany mapaMmerpiepi KapacThbIpbLIFaH.

Tyiiinoi co30ep: mandamanvix MoOenboey, KepHeyli-0eopmMayuaianean JHcai-Kyi, KOHMYp JHCAHbIHOAbL Alan, May JHCbIHbICMAPsL, MAay-KeH Kaz0aiapvii 0eximy,
aukepuix beximne.

Considering the stress-strain state in the Karaganda coal basin for the dpossibility of using the anchorage of the workings
Abstract. Recently, due to the increasing complexity of mining and geological conditions caused by the growing depth of mining operations and the initial develop-
ment of seams with favorable conditions, the cost of production has been increasing, productivity in preparatory workings remains low, and the labor intensity of mining,
maintenance, and repair of mine workings is increasing. The reinforcement and support of mine workings is one of the factors determining the efficiency of underground
coal mining. One of the conditions for effective and safe work during preparatory mining in mines is to ensure their stability with minimal consumption of reinforcement
materials. The article defines the parameters for the use of anchor support in mines to secure rods in workings in order to ensure the safety of mining operations.
Key words: analytical modeling, stress-strain state, near-surface array, rock formations, mine support, anchor support.

Bo03M0XKXHOCTH MCIIOJIL30BAHNS AHKCPHOTO KPENJICHUA BLIpaﬁOTOK B KapaFaH}II/IHCKOM YroabHOM oacceiiHe ¢ yueTrom

HANPSKEHHO-1e()OPMHPOBAHHOIO COCTOSTHUSI

Aunnoranus. B nocieqnee BpeMs B CBA3M C yCIOKHEHHEM TOPHO-TEOJIOIMUECKUX YCIOBHIT pa3paboTku, 00yCIOBICHHOE POCTOM IITyOHHBI TOPHBIX PabOT M MepBo-
HayaJIbHOM 0TPabOTKOM MIIACTOB C OJIArONPUATHBIMU YCIOBUAMH 3aJI€TaHMs, MOBBIIIAETCS C€0ECTOMMOCTD JI00BIYH, CHUKAETCA IPOU3BOIAUTENIBHOCTD H PACTET TPYIOEM-
KOCTb TIPH IIPOBEIEHHH, MOJJIEPKAHUM M PEMOHTE MOArOTOBUTEIBHBIX BBIPaOOTOK. Kpenienue u nojjiepsxanue ropHbIX BbIPAOOTOK SBJIAETCS OIHOM U3 COCTABIAIOIINX,
onpenensonmx 3GGpeKTHBHOCTb MOA3EMHOMI 100buM yrist. OTHUM U3 ycaoBHi 3p(EeKTUBHON 1 Ge30macHol paboThI IPH MPOBEJCHUN HOATOTOBUTEIbHBIX BBIPAOOTOK Ha
mIaxTax sBJIseTcs oOecreyeHne UX yCTOHUMBOCTH PH MHHMMAJILHOM PacXo/ie KpersIuX MaTepuanoB. B crarbe onpesesieHsl mapaMeTpsl SKCILTyaTallui aHKePHO Kpern
Ha [IaxTax B LeNAX obecreyeHus Oe30MacHOCTH BEIEHHS TOPHBIX PaboT.

Knrwuesvle cnoea: ananumuueckoe MoOenuposarue, HanpadiceHHo-0ehoPMUPOBAHHOe COCIOsHUE, NPUKOHNMYPHBITL MACCUE, 20PHbLE NOPOObL, KPEeNnileHUe 20PHbIX Bbl-

pabomok, anxkepHas Kpeno.

Kipicne

Kemip kaOarTapblH Ka3yablH THIMALIII MeH Kayincizmiri
Tay-KeH Ka30anapblH OEKITy TEXHOJIOTHSCBHIH JKETLILIIpy ece-
OiHEH eayip Jopekese apTThIPbUTYbl MYMKIH [1]. AHKepiik
OckiTiie OCKITYHIH pecypc YHEMIEY TOCULACPIH KOMIaHy Ke-
JIeMiH YJIFalTajbl, OHIMALIIr JKOoFapsl OyprbuIay >KaOJbIFbIH
naiianany Ke3inje Kaz0ajnapbl YHrUICY MpOLeciH Keaeme-
TyTe, OJap/Ibl KYPri3y KYHbIH TOMEHJIETYTE KOHE aHKEPJIiK Oe-
KITIEHI KOJIJJaHy CaJIaChlH KeHEHTyre MYMKIHIK Oepeti.

OpHaThUIaTBIH aHKEPIIiK TeMip Topiiap Ti30eci OeKiTiieTiH

YHFBIMaJIap MeH OYHiip jkaFbIHaH OypFbUIaHFaH Ka30aap/pl yc-
Tar Typyra MyMKiHIiK Oepeni. OpHaTbUIFaHHAH KeiiH OipyeH
Kaz0anap TeOECiHIH Tay-KeH ajaObIH/a KHE Tay-KEeH JKbIHBIC-
TapBIHBIH )KBIDKYBI MEH OIBIPBUTYBIHA Kapchl ToTen Oepirt, Oy-
HipMeH KOCBITY aiiMarblH OPHBIKTBUIBIFBI YIIIIH OPHATBIIA/IBL.

AHKepITik OeKITIeHIH 0acKa apTHIKIIBLUIBIFI OCKITIICHI TOJBIK
MEXaHUKaJIAHABIPY MYMKIHJIr1 OOJIBIT TaObUIa bl HOTHKECIHIE
YHI'UICY SKYMBICTapbIHBIH €HOCK CHIABIMIBLIBIFBI €19YIp TOMEH-
JICHTi JKOHE Kaz0aap/Ibl )KYPri3y KbULIAMIIBIFBI apTasl [2].

erennik mpakTHKaga KOMip IIaxTajapblHIa aHKEpIiK

OekiTreHi maiianany KeJeMiHIH yIaibl YIFarobl JKypin Ka-
THIp, OHBIH yiieci Oyrinme ABctpanusna — 87, Kerraiina — 83,
AKUI-ta — 52, Peceiine — 60%-11b1 Kypaiabl.

By Mmeramnm npoKaThIHBIH, COHJAl-aK OETOHHBIH, arall
MaTrepHaIapbIHbIH HIBIFBIHBIH 2—3 ece TOMEHJCTYTe JKeJIe/i
JKoHe OyJ1 Kas0anapabl OeKiTy Ke3iH/e Tay-KeH >KYMBICTaphl-

T'opnuwuit scypnan Kazaxcmana Ne6’ 2026

HBIH eHIMALTITIH 1,5-2,0 ece apTThIpaasl, comaH KeiiH omap-
IIBI XKYPTi3y KapKbIHBIH 2—3 ece apTThIpanbl. bekity kesinme
TYPAKThI KYW/Ie YCTAaIl TYPY IBIFbIHAAPBIH €Ki €Ce apTThIPaIbl
[3]. Kaszipri yakpirra Kaparanmel OaccelHiHIH ImaxTalapbH-
Jla aHKepITiK OCKiTIeHi Komaany 35 KM-/IeH acTaiiapl (Hemece
KYPTi3UIeTiH Ka30amapablH JKBUIABIK KeleMiHiH 54%-H Ky-
paiipl), OyI1 Tay-KEeH re0I0T UsUIbIK JKOHE Tay-KEeH TEXHUKAIBIK
KarmaimapaeH 600 M acTaM TepeHIIKKe aybICybIHa Oaiima-
HBICTBI (Ta3ayay >KYMBICTAPBIHBIH oCEp €Ty ailMaKTapbiH/a).
KbUDKBIMATIBI JKOHE TTalIalaHbUIFaH JIaBa JKBIHBICTAPHI K-
nay alfMaKTapbhIHAA OpHAJACKaH Ke3[e OoNaH JKOFapsl (OypBIH
JKOFapFBl KabaTTapAa KaJAbIPBUIFAaH KEHTIPEKTEpACH) Tay
JKBIHBICTAPBIHBIH KBICHIMBI 20-30%-Fa eckeH/ie OHBIH Maiina
6oy KapKeIHABUTEIFEL 1,2—1,3 ece eceni. Ocipece oHIIpiATeH
KEHICTIK IIeKapachIHAAaFsl Ka30amapaarbl >KapbIKIIaKTapIbIH
ecy NeHTeii KapKeIHIB Xypeni [4, 5].

AHKepIiK OeKiTyl KOTMAaHy cajJachlH KEHEHUTY YIIIiH Mpoo-
JeMamapAbIH 0ipi TOMEHT1 KOKKHEKTeperi Ka30amapablH aii-
HAJIACBIH/IAFbI JKBIHBICTAP/A TEOMEXAaHUKAIBIK MPOLECTEPIiH
JAMYBIHBIH KETKIJIKCi3 3epTTeyi OO TaObIIaab.

3eprTey daicrepi

AHKepyiK OexiTrieMeH Kaz0anapasl KAMTUTHIH KBIHBICTap-
JIbIH KaJIaHAIITAHY YAKbITBIH €CKEPE OTBIPBIIL, KbIHBIC MACCH-
BiHIH e opManus 3aHIBUIBIKTAPBIH 3€PTTEY OCKITYIIH YThIM-
IIBI TIapaMeTPIICPiH aifiKBIHAAY YIIiH HEeTi3 OOJBIT TaObLIa IbI.
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Amnkepiik OexiTreci 6ap Tay-keH Ka30ajaapblH KAMTUTBIH
MacCHBTIH Je(pOopMalusICchl MbIHaZal PETTUIKIIEH >XYPTi-
siteni. KaszbaHbl Kyprizy Ke3eHIHIC aHKEpJIepAl OpHATy
COTiHE JICHiH Jepey Kupay aliMakTapbl KajbIlITACalbl KOHE
MACCHUBTIH KepHeyli aedopMallisichiHa KaiTa 3epTTey Kyp-
rizinesni, Oy Ka30a KOHTYypbIHAaH MAacCHBKE TEPEHIIKKE Ka-
paii onbIpbLTy 1IEOIHIH ocyiHe oken coFainl. OChlIaH KeHiH
KOHTYPFa >KaKbIH JKbIHBICTAP/IbIH ONBIPBUTYBI TOKTATBLIA/IbI,
aJl aHKEepJi-TeMip TOp >KbIHBICTAP/IbIH KOICHITBUTYbIHAH TY-
CeTIH KYKTeMEeHI e3iHe KaObUIIaii/bl )KoHe KHpay MIeOiHiH
MAaCCHUBKE TEPCHJICY1 )KBIHBICTAP/IBIH Ka30a KOHTYpbIHA Kapaii
BIFBICYBIH TEKEHII.

Kaparanpl kemip OacceiiHi maxranapblHAAFbl TaY KbIHBIC-
TapbIHBIH J1e(OpPMaLMSCHIHBIH HETI3r1 Typiepi: KeMipIiH Ky-
JIaybl, YIUIyl, CBIFBUTYBI )KOHE Tay KBIHBICTAPBIHBIH HIOFbIpIIa-
HyBI OoJibI TaObLIABL [6, 7]. KOHTYp »KaHBIHAAFbI MACCUBTIH
XKal-KyHiHe acep eTeTiH KoJyaiichl3 (haKTopIiapAblH JKUBIHTHI-
FbI (Ka30aHbIH OpHAJIACy TEPEHJIIT, )KOFaphl Tay-KeH KbICHIMBI
aliMarbIHa Ka30a Kyprizy) Ka30aHbl ycTan Typy jKarmaiiia-
PBIHBIH HallapiiayblHa JKOHE Tay-KeH YKYMBICTAPbIH JKYPrizy
MYMKIHIITIHIH KOJIAHCHI3IBIFbIHA AJIbIN KeJIeAl — 1-cyperT.

Kaparanpl keMip OaccelHiHIH IaxXTaJlapblHIa JalbIHIIBIK
Kaz0asiapbIHbIH XKal-KYHIHIH HaliapiayblHbIH Herisri cedeoi,
Tay-KeH >KYMbICTaphl TEPEHMIrIHIH ©6CyIMEH XBIHBICTAPIbIH
IeOCTATUKANIBIK KbICHIMFA OCPIKTIrl KAThIHACBIHBIH TOMEH/ICY1
6onbin Tadbutanbl. KockiMia acep ety ¢akTopsl Kasdasap-
JIBIH YCTIH/Ie OpHAJIACKAH KOMip KabaTTaphIHBIH KEHTIPEKTEpPi

2

MeH meTki OesikrepiniH Oomysl. Kaparanabel kemip Oacceii-
HiHJIe JKOFapbl Tay-KeH KbichIMbIHBIH (LLIDKK) ocep ety aiima-
FBIHA JKbLI CailbIH KOJIaHbICTaFbl KazoamapabiH 20—-30%-bl
TY3€TiJIe/Ii JKOHE OJIap/IblH XKal-Kyill KaHaFaTTaHAPJIBIKTAH OTe
Hamap Jien OarajgaHabl.

Kazbanappl xKyprizy OapbIChlHla Tay-KEeH KYMBICTapbIH
JKYPTi3y YLIIH Kypaesl aiiMakrap »Kui Ke3leceii: >KOFaphbl
Tay-KEeH KbICBIMBI, OYpbIH OTKEH Ka30asiap/blH acTbIHAH OTY,
YHFBIMaQJIapFa TIKeJeH JKaKbIH JKepje, SPTYpil CHUIATTarbl
TeOJIOTHSUIBIK  OY3YIIBIIBIKTAD aiiMaKTapblHAQ, ChIMBIM/IbI
JKBIHBICTAPBIH OPHBIKTBUIBIFBIH JKOFAJITY KE31HJE Kary Ia-
paMeTpIIepiHiH e3repyi, Ka30amap/plH OY3bUTYbl MEH CY/IBIH
Kipyi.

JlafibiHABIK Ka30asapblHIa aHKEPIiK OCKITICHI KOJITaHy
MYMKIHJIIriHe ocep eTeTiH (pakTopiap: ChIMbIMABUIBIK KbIHBIC-
TapbIHIaFbl aHKSPJICP/IiH OCKITLTY OSpIKTIri, Ka30aaapabIH aii-
HaJIaChIHJIaFbl Tay JKbIHBICTAPBIHBIH KayiNTi JedopManusiiapsl
ayMarbIHBIH eJIeMaepl Ka30aHbIH BIFbICY IIaMachlHA JKOHE
Tay XKBIHBICTAPBIHBIH KAYIICi3 BIFBICYBIHBIH (TYCYiHIH) IIEKTI
mamacsl [6, 7, 8].

Kaparanbr keMip OacceiHiHIH IIaxTaiapbiHaa apaiac Oe-
KiTrie 0achIM KOJIAHBUIATBHIH TIKOYPBIMITH JANbIHABIK (CHI
5 M Owmikriri 6oiibiHma 3,0-3,3 M) KoHE KeJIZACHEH KHUMachl
(omikriri meH eHi 4,7 x 3,3 M) ka30anapaa (KOHBEHEPIiK IIT-
pekTep MeH OpemcOeprrep) Karapiap apacel 0,5 KagamMMeH
12—14 nana 6oJaT MOJUMEPITIK )KaOBbIHABLIAPIAH TYPATHIH aH-
KepIIiK OeKiTIeep KOJIaHbUIA/IbL.

Cypert 1. Tay-keH Ka30anapbIH aHKepJ ik 0ekiTyai naiiianany kesinaeri Tay-KeH KbICHIMBIHBIH KOpiHicTepi:

a — Kazba mebeciniy mypaxcwi3 dcau-Kyii, O — Ka30a OYpeluimapuvli Hbleatimy NaHopamacsl, 8 — Kasba mebecinde natioa
bonean kymobes, e — Kazoa mobeciniy omuipyvl, 0 — AHKep 63e2iHil Oepopmayuacsl, e — Kazoa meodeciHiy HcapblKUAKMbLIbIbL.
Figure 1. Manifestations of rock pressure when using anchor support in underground workings: a — unstable condition

of the excavation roof, b — panorama of excavation corner reinforcement, ¢ — dome formed in the excavation roof,
d — subsidence of the excavation roof; e — deformation of the anchor rod; f— fracturing of the excavation roof-
Puc. 1. IIposiBjieHUsI TOPHOT0 JaBJIeHUSsI IIPU UCI0JIb30BAHUM AHKEPHOI'0 KpelyIeHUsl TOPHbIX BbIPA00OTOK:
a — HeyCmouyugoe cOCMosHUe KPOGu 8bIpadomKU, 6 — NAHOPAMA YKPENIeHUs Yel08 8bIpabomKu, 8 — Kynoi,
00pa308asUILIICA 8 KPOBIle 8bIPAOOMKIL, 2 — 0CeOarue KPOBu 8blpabomKil, 0 — 0ehopmayiisi CmepiuCcHs aHKepd,
€ — mpewuHO8aMOCHb KPOBu blpadoOmKu.

Topnuwuit scypnan Kazaxcmana Ne6’ 2026
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Karapmapnarst 0,65 M )KoHE KaJbIHIBIFBI 4—0 MM TEMIp/CH
KacaimFaH OyHIpIIiK aHKepJep OPHATACTHIPBUIAIbI (LIBEILICD
Ne 10, 150 x 5 mm). ¥3bIHABIFE 2,4 M HIMypaapibl, COHAa-
y3biabiFbl 1,6-1,8 M AMK-M4 THnTi XUMHSUIBIK amITysia-
JIapbl TOJIBIK TONTHIPY YIIiH 1 X 1 M TOpMEH OpHaTbhLIaTHIH
rutactMaccara 35-40° OypeinineH xaly aHkepiepi KoJlaHbl-
nazasl [7-9].

Kaz6a tebeciHiH jxoHe OyHipiiK (y3bIHABIFBI 1,8 M) aHKep-
nepniy canbiHaH op 0,5 M caiiblH aHKepJiK HeMece TOPChI3
METaJul apKajblK OCKITIeNeH TYpaThblH KYpamaacThIpbUIFaH
OekiTie KoJiaHbuIaAbl. OJICIpereH ailmMakrapia Hemece Ty-
pakchI3 Oyiip Tay JKbIHBICTaphl Oap OciiiHepiHeH 1 M calibiH
Ka30aHbIH OyiiipiHe aHKepiepMeH OeKiTuIeTiH Oyiip Tipeynep
KOCBIMIIIA OPHATHLIA/IBL.

Kazba Te0eciHiH CHIMBIMIbI Tay >KBIHBICTAPBIHBIH OEpiK-
tiri 20-nan 40MIla-ra neitin e3repeni. Kazbanaps! sxyprisy
JKBUTIAMJIBIFBI aHKEPITIK OCKITIICHI Ta3a KYHiHIe OCKITy Ke3iH-
JIe Kypaupl: nanainbik Kazoamap yurin 100-140 m/aii, kadat-
ThIK Ka30anap yirina 130-200 m/aii. KazoanapabiH KbI3MET €Ty
Mep3imi 3—4 KbUTFa IeHiH.

AHKeprepii KojiJlaHy OpbIHCHI3 O0JIFaH Xkarnaiaa (kapbik-
LIAKThl, TYPAKCHI3, CYJaHFaH JKbIHBICTAp, TEKTOHUKAIBIK Oy-
3bUTYJIAPABIH 00JIyBI JKoHE T. 0.) OEKITHEHI KYLIEHTY Tociiuepi
KOJIJIaHbLIA/IbI.

Tay-keH TEXHOIOTHSIIBIK (PaKTOPJIAP/BIH JKOHE KaszOaap
napamerpiiepiniy Kaparanasr kemip Oacceitnaepi («Kyzem-
6aeB», Kocrenko, «Capanckasn», «Tentek», «Abaiy, «lllax-
tay) «Tunckasy, «Kazakcrany 1maxranapbsiHia Ka3zoanap/bH
TYPaKTBUIbIFBIHA OCEPiH aWKbIHIAy YLIIH HaKThl Oakpuiay
xyprizimai [10, 117.

Hotu:xesiep soHe TaIKbLIAY
axTranapnarel JalbIHABIK Ka30alapblHbIH Kal-KyHiH
3epTTey Keleciiep/ii aHbIKTayFa MyMKIHIIK Oepii.
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Jedopmayusnapovty mapanyer. Kayinti nedopmanusiap
JKOHE JKBIHBIC JKapbIKIIAKTaHYbl OPHBIKTBUIBIFBIH JKOFAJITYBI
KazbamapasiH 25-30%-biHna Oaitkananpl. Onapasie 40%-bI
Ta3apTy KYMBICTAPBIHBIH 9Cep €Ty aliMarblHaH ThIC JKepJie, al
60%-bI TiKEJEH KOJIIaHbLIAIbI.

Kasbamapaer ety xeuimamabiFbiHbiH 40-45%-Fa TeMeH-
JICyiHE KOHE OCKITIIC MIBIFBIHBIHBIH OCYIHE aJIbI KEJIEI.

Kayincizoikke acepi. JJaiibIHOBIK Ka30aniapblH XKyprizy Ke-
31HJIET] JKa3aTaibiM oKuranapasiH 35—40% ka30a Tedeci MeH
Oyitiprep/iiH KyJiaybIMEeH OailsIaHbICTHI.

2-cyperte Ky3em0OaeB arbiHnarsl maxtanbiy 35k10-3 KOH-
BeHepIiK ITPEeKiHiH JAepekTepl OOMbIHIIA CalbIHFaH OeKiTIe
THUITIHE KOHBEPTCHIUAHBIH TOYCIILIITT OepiireH.

Kas0a tepenmirinin ecyimen (750-800 m neiiiH), Tay-KeH
Ka30anapbiHbIH KHUMACHIHBIH YiFarobiMeH (1820 m? jeitin),
ycran Typy Mep3iMi 3—5 KbputFa JCHiH, oNapiblH KOHTYPBIHIA
Te0e >xbiHBICTAPBIHBIH (0,3—0,5M jkoHE OflaH Ja Kell), MACCHBTIH
(0,4-0,6M >xoHE OfaH J1a KeI) BIFBICYBI, OEKITIere )KyKTeMe Ke-
sinzie (800-900 kH xeitin) ecemi, OyJ1 pama OEKITIICCIHIH KOFaphl
TBIFBI3IBIKTAFBI (2,6—2,7 pam/TorM) *oHE Tay-KeH Kaz0anapblH
JKYPri3yre apHaJIFaH IIbIFbIHIAPABIH YIIFAIObIHA BIKIIA €TE/Il.

Tay-KkeH >KYMBICTapblH MI€PYAIH OPTYpil cXxemajapbl Ke-
3iHJIE KYPIi3UIreH FBUIBIMH 3€pTTEYyJIEp MEH eCenTeylepiH
HOTIDKEJICPl KOMIp MIaXTachlHAA JKYPri3UIreH KasdaiapMeH
CaJBICThIpFaHa JaBagaH keiin 1,3-2,5 ece xone 1,7-3,5 ece
KaifTajan naiaasaHbuIaThiH Ka30anapabl KOJIay/IblH Kypaesi
JKaFgaimapel KapacTseIpbulast [11].

Erep ka30a GoiibiHaarsl KbichIM, Mbicaibl, 60 MIla-ra apt-
ca, OHJIa KOHBEPICHIIMS apTTa KajiFfaH Ka30ama 16%-mpl, Ja-
BaMeH Oip Mesriyjie oTKeH Kazbana 26%-ra, aja 03bIHKBI Ka3-
0ama — mamamen 37%-ab1 Kypaiipl. ApTTa KajiFaH Ka30aHbIH
Oacka Ka30anapra KaparaH/ia KbICBIMHBIH 6Cyi Ke3iHJie Keep-
rici aHaFYpPIIBIM JKOFaphI )KOHE OHJIAFbl OCKITIIE O3BIHKBI Ka30a-
Fa KaparaH/ia eKi ece OPHBIKTHI OO0 Ibl.

4o+ o+ 4+ 4+ o+ o+ o+ 4+
FoF o+ -+t 4+

o+ o+ o+ 4+
+ o+ 4+ o+ 44
EEE A T S S S

Cyper 2. bekity TypiHe 0aiijiaHbIcThl Ka30a KOHBEPIreHIUSICHIHBIH JUHAMHUKACHI.

a — KOHmypaapowiy Jcolidicyvl: 1 — anxepuix beximne, 2 — Kypamoacmuipulizan beximne, 3 — OY3vlL1y Hemece mipex KblCblmbl
aumakmapuinoa KywetmineeH, 6 — Kazoa atHaiacblHOadbl bleblCy 2e0MeXaHUKACH.

Figure 2. Dynamics of convergence of output depending on the type of fastening.

a — contour displacement: 1 — rock bolt support, 2 — combined support, 3 — reinforced in failure or abutment pressure zones,
b — geomechanics of displacement around the excavation.
Puc. 2. /luHaMuKa KOHBEPreHUH BHIPAOOTKH B 3aBUCMMOCTH OT THIIA KPeENJIeHHUs.
a — cmewjenue Konmypos: 1 — ankepnas Kpens, 2 — KOMOUHUPOBAHHAS KPENb, 3 — YCUTLEHHAS 8 30HAX PA3PYIULEHUs]
WU ONOPHO20 OAGIeHUsl, O — 2COMEXAHUKA CMEUeHUsL BOKPY2 BbIPADOMKU.

T'opnutii sicypnan Kazaxcmana No6’ 2026
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Kecme 1
Kazbanapoazel Kazoa mebecinin ycone madanviHoa Kyminemin vlevlcyvliap
Table 1
Expected roof and soil displacement in workings
Tabnuya 1
Osircudaemple cmeujeHus KpoGau u no4esl 6 bipadomKax
EcenTik kepceTkimTepi
Ka30a »KyMbICTapbIHbIH CUIIAThI V.. I/;” R, R, R, R,
MM/TY. MM/T3Y. MM MM MM MM
MaccuBTe KYpri3inreHi 0,6 - 60 - - 250
JKanac xaszbanapaa 1,2 - 110 - - 500
JlaBa apTeIHAA KOOATaHFaH - 1,5 - 110 160 680
JlaBa Goiibinaa sxo0aanran 0,6-0,9 0,8-1,6 60 110 140-160 850

Tay >KbIHBICTAPBIHBIH LIOFBIPJIAHYbIHA aHKEPIIK OCKITIEeHI  JeHiH e3repreH kesnue Oailikanazibl. byhip KaObIprajlapbIHbIH
MeTajl apKaJbIK MU OeKiTIieMeH KOMOMHAIMsIIa KOJIaHy  BIFBICYBl TOOEHIH bIFbicybiHaH 20-45% a3. By perre oiibin
eJieysl acep eTeTiHl aHbIKTalabl. KypamMIacThIpbUIFaH oHE — aily OaraHachl )KarbIHaH OyHipiiep/iiH bIFBICYBI THICIIEIeH Mac-
aHKepitik Oekitmeci 0ap kazbamapaa 0,1-0,15 M morbipiana-  CUB JkarbiHaH 25—45%-Fa Ker.

b, aJl MeTaJlT apKaJblK Oekitneci Oosca kazbanapna = 0,4 + 2,0-2,5 M TepeHIiKTeri )KbIHBICTap/IbIH KabaTTanysl (y3aK-

0,5 M xypaiinel, Oy perTe TOOEHI Tycipy €Ki Karmaiaa na a3 ThiFbl) 1,5-2,0 M Anamna3oHaarsl KaOATThIH KyaTsl ke3iHae 0,2—

epekmencHei sxoHe 1,0—1,1 M kypaii anazasr (1-kecte). 0,25 M xoHe 3,5-4,5 M — KabaTThIH KyaTbl KE31H/IC THICIHIIC
Mynpa V,, sxone V, — THiciHie Tasanay skymbicTapbinbie,  0,5-0,55 M Kypasp!.

ocep eTy aliMaFbIHAH ThIC KOHE Tay KhICHIMbI OCIITUICHICH aii- Kabarteix KyaTs 2,0 sxoHe 4,0 M OonFaH ke3ae OekiTmere

MaKTa JKbIHBICTAP/IBIH BIFBICY JKbUIAAMIBIFbI; JKYKTeMe Kaz0a TebeciHiH xarbiHaH S50 jxxoHe 80 kH, keH aiy

R,;, R, R,, R, — Tuicinue OipiHii, eKiHII JlaBa anJblH-  OaraHbl karbiHaH 45 sxoHe 70 kH, Ko cyFbUIMaiiTBIH MaccHB
JIaFbl yaKbITIIA TIPEK KBICBIMBI aifMaFbIHIAFbl )KBIHBICTAPABIH  JkaFbiHaH 40 sxoHe 65 kH (7-8% a3) kypansl. Kyatsr 1,5-2,0
JKBUDKYBI, OIpiHINI JlaBa apThIHAArbl Ka3z0a TeOccCiHiH AblH  koHE 3,5—4,0 M Tipey KbICBIMBIHBIH dcepiHeH 2,5 xoHe 4,5 M
OeJICeHl JKBUDKYbI, KYTUICTIH KOHBEPIEHIMSHBIH Kallbl  Tepenuikre, Oyiipaepinge — 0,9 xone 1,2—1,7 M xapbIkTap
11amMachbl. apacelHIarel apakambKThiK 0,1-0,3 M OosareiH KabarTapia

Tay >KbIHBICTapIbIH KapKbIH/bI BIFBICYBIHBIH 0acTallybl — JKapbIKTap Iaiija 0oibl, OHbI KOPFAChIHFA OYPBIIIIIEH OpHATa
naBagaH 80-120 M KamIbIKThIKTa (KYKTEMEHIH €H JKOFapbl  OTBIPBIN, Y3BIHIBIFGI 2,3—2,4 M aHKepJIiK OCKITIEeHI KoNanyFra
250-350 xH >xone pykcar erinerin 260 kH ke3inne, OexiTiie  MYMKiHAIK Oepei.

KaJaMbl METaJUT apKaJbIK OckiTmeci -0,5 M Kke3iHzae) Ta3apTy Amnkepiik Oekityni kongany Tuicinmie 0,55 xone 0,45 kas-
KEHKaphbl JKeNiCiHeH TeOeHIH eH orapsl bIFbICYbl 0,5-1,1 M Oanapra Ka30a TOOECIHIH JIbIH BIFBICYBIH Al TapIIbIKTall TOMEH-
TEKIIIe mapaboa OoMbIHIIIA KabaTThIH Kyathl 1,5-TeH 4,0 M-re  neTyre MyMKiHaik 6epeni (3a, 36-cypeTTepinae).

Uk, m

a
Uk, m

0,8 \ 0.3
\ I 11
0 \\Z o

UK, M

50 100 150 L.m
a o

Cypet 3. Aukepiey acepinin (Uk — 6) Te0e KbIHbICTAPBIHBIH bIFbICYbIHA (UK — a) 1aBaJaH KalIBIKTHIKKA JKOHE
aHKepJIepai opHaTy ThIFbI3AbIFbIHA ([1a, aHK./M?) ToyeJaiIiri. / — memann Katipayviw (Memann apkavik 6ekimneci),
2 — anxepni drcone memasn apkanwik oeximneci. Ila: a — 0,8; 6 — 1,0, 6 — 1,2.

Figure 3. Dependence of the influence of anchoring (Uk — b) on roof rock displacement (Uk — a) on the distance from
the lava and the density of anchor installation (Pa, anch./m?). [ — steel frame support (steel arch support), 2 — rock bolt
and steel frame support. MPa: a—0.8; b—1.0; ¢ — 1.2.

Puc. 3. 3aBucumocts BausiHusi ankepoBanusi (Uk — 0) Ha cMeneHusi mopox kpoiu (Uk — a) 0T paccTOsAHUSA OT JIaBBI
U II0THOCTH yeTaHoBKH aHkepoB (Ila, auk./mM?). | — memaniuueckas pamnas Kpens (Memaniiuieckas apouHds Kpens),
2 — anxepHas u memannuueckas pamuas kpeno. MIla: a —0,8; 6 — 1,0; 6 — 1,2.
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JKbIHBICTAp YIIIH AKCIIEPUMEHTTIK TOYESIAUTIKTEp allbIHFaH,
onap Ka30a TeOEeCiHIH Tay JKbIHBICTAPbIH aHKepJey Ke3iHje
MAaCCHUBTIH bIFBICYBIHBIH ©3repyiMeH KapKbIHABUIBIFBI 0O0ii-
piHIIa Oip TunTi. Epexieniri MbplHa a: MacCUBTIH LIOFbIpIIa-
HYBI TYpIHJIETi Tay KbICBIMBIHBIH Iaiijia 0oy mamacsl Tede
KBIHBICTAPBIHBIH JedopmanusicbiHa 1,25-1,27 ece acazpl.

CTaTHCTHKAIBIK AKCIIEPUMEHTTIK JepEeKTepl OHJIeyMeH
Ka30aHbIH KYpaMIaCThIPbUIFAH OEKITIIECI KE3iHIE TOIbIPaK-
TIH (Un, M) naBa (L1, M) KallIBIKTBIFbIHAH €HY KbULIaM/IbIFbI-
HBIH OMITUPUKAIBIK TOYEJIUIIr OeJrijieHreH:

U,=0,7-0,003 xL,, (1)

COH/Iali-aK TOIBIPAK JKBIHBICTAPBIHBIH BIFBICYBIHA aHKEpIICY
ocepiniy (U,%, M) naBagaH apakallbIKTBIFBIHA (L,, M) Toyel-
JTUTITL:

U2=0,7—-0,003 %L, 2)

Ka30a TonblparblHa OpHATBUIATHIH AHKEPJIEPAIH Y3bIHMIBI-
FBIH NalalaHyiblH Tay-KeH-TeXHHUKAJBIK (haKkTopiapbiHa
0alIaHBICTl SMIUPUKANBIK (opMyaa OOWBIHINA aWKBIHIAY
YCBHIHBUIA/IBL:

_ 6,75 X B, xH,
= .

MYHJAFHI 6,75 — SMIIMPHUKATIBIK KOS OUIHEHT;

Be — kenie keH Ka30achIHBIH €HI, M;

Hj, — Tay *bIHBICTAPBIHBIH NIOFBIPIAHY MIAMACHI (JKCIIEPH-
MEHTTIK JIepeKTep), M;

I1;, — Tay sXBIHBICTapBIHBIH CHIFYFa OepikTiri, MI]a.

Alikacriaibl OaFapiiaHFaH YHFbIMA aCTBIH/IAFbl aHKEPIIep/i
OpHATY KaJaMbl METaJII apKaJbIK OSKiTIe apKaiaphl CAHBIHBIH
1 mor. MeTpre eKi eceNleHreH MaMackiHa TEHACH MEeTp KOpCeT-
kimrepi [11].

) 3)

KopbITbIHABI

AHKepIepi opHaTy KIKTelly alilMaFbIHBIH MOJIIIePiH opTa-
ma anraHga 1,25 ece azaiiTy ecebineH Ka3z0a TeOeciHIH MeH
JKBIHBICTAPBIHBIH BIFBICYBIH a3aiiTagsl. Kapansil oThIpFaH e3-
repicTep IIeriHae aHKepIepAl OPHATY THIFBI3IBIFBIHBIH ©3Te-
pyi (0,8—1,2 ank./M?) KazbamapasiH aehopMaIys MamMachbiHa
eJeyIti ocep eTmeimi.

AHKepyiK OexiTre TypiHAeri KymenTy OexiTmeci ecebiHeH
Tikenel Ka30a Tedeci Tay KBIHBICTAPBIHBIH OCPIKTITiH apTThI-
Py Ke3iHJIe aHKEepIIEPMEH «TOKY» €Ce0IHEeH ChIMBIMIBI JKBIHBIC-
TapasH Oepikriri eceni (1,2—1,3 ece yorraiiner). Meramn apka-
TBIK OeKiTre Ke3iHae Ka30a OyHipiHiH Kamsl 1ehopMaInuschl-
HBIH IIaMachl aHKEPIIiK OeKiThere KaparaHaa opTaiia ajJraHaa
0,55 m Hemece 2 ece ket nehopMannsSHbBI KypaIbl.

AHKepyik OeKiTIIeHI HeFypIbIM KEHiHEH €HTi3y YIIH Ke-
Jeprinepain 6ipi HAKTBI TEOMEXaHWKAJBIK JKaFIaiibl jKoHe
naiiiagany ToKipHOECiH eCKepe OTHIPHII, OeKiTy mapaMeTpIie-
piH Herizai KadpuIIayFa MYMKIHIIK OepeTiH HOPMATHBTIK Oa-
3aHBIH OO0MMaysl OO TaObUTaABl. JKypri3inreH 3eprreyiep
OyJ1 ©HIMII TONBIKTBIPYFa MYMKIHIIIK Oeperti.

Hepb6ec anxeprik OekiTme maimamaHyaslH OYKiT Mep3imi
OolibIHA ONApPIBIH OPHBIKTHI KaW-KYWiH KaMTaMachl3 eTTICH-
TiH Ka3z0amapaa aHKepITiK Kpbl paMaIbIK OCKITHCHIH o/IeTTeT1
TYpJIepiMeH YiIeciMae KonaaHy eTe THIM/IL.

Kaparanner kemip GacceifHiHIH maxTajgapblHIA IIaXTa-
JBIK TONTHIPMATApABIH MEH KMHAKTAIFaH TOKIpHOCHIH HO-
TIOKETIEPIiH Tajgay aHKepiik OeKiTIeHI paMaMeH yiiecTtipe
OTBIPBIN KOJJIaHy Kaz0anap[bslH OPHBIKTBUIBIFBIH €19Yip
JKOHE OCKiTy MaTepHalJapbIHBIH MBFEHEH 1,5-2,0 ece To-
MEHJCTYII KaMTaMachl3 eTETiHIH KepceTedi. AHKepIepaiH
KeMeriMeH Ka30a aifHaTachIHAaFbl KBIHBICTapAa (Ka3zba Te-
6eci MeH Oyifip )kaKTapbIHAH) JKOFAPHI JKEPTLTIKTI KaObuIIay-
IIBI )KOHE Tay KBICBIMBIH pama OeKiTIeCiHiH KOHTYpHI OOM-
BIHINIA TEHECTIPYi, OHBIH JIEMEHTTEPiH 0Oyl KaMTaMachl3
eTyre Ooyajabl.
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@unuan PI'TI « HL] KIIMC PK» «Hlncmumym eopnozo oena um. /[. A. Kynaesa» (2. Anmamel, Kazaxcman)

COBEPUIEHCTBOBAHUWE UH®OPMAIINOHHO-
AHAINTUNYECKOI'O OBECIIEYEHUA
YIIPABJIEHUAUSA BOCITPOU3BOACTBOM
MOIIHOCTEMU 'OPHO-TPAHCIIOPTHBIX
KOMIIVIEKCOB KAPBEPOB

AnHOTanus. B crarbe paccMOTPEHbI BONPOCH! COBEPIIEHCTBOBAHHSA HH(POPMAIIMOHHOIO 00eCeyeH s YIPaBIEHUs BOCIPOU3BOICTBOM POU3BOICTBEHHBIX MOIIHO-
CTelt TOPHO-TPAHCIIOPTHBIX KOMILIEKCOB KAPhEPOB, IPEICTABICHbI CTPYKTYPa MH(YOPMALIMOHHOTO 00ecreueHns U 6I0K-CXeMa alropuT™Ma HH(GOPMALHOHHO-TIPOr PAMMHOTO
KoMmIuiekca. PaspaboTanHoe perneHre o0eceunBaeT HHTETPALHNIO JAHHBIX SKCIUTyaTaluy B €ANHOM MH(OPMALIMOHHOM IIPOCTPAHCTBE M MOAACPIKKY MPHHATHS PEIICHUI
10 TEXHHYIECKOMY OOCITy’KMBAHHIO H OOHOBJICHMIO 000pyjaoBaHus. MeToirdyeckas OCHOBA KOMILIeKca Oasupyercst Ha JuddepeHIHaiIbHOoil AMarHoCTHKE MOIIHOCTeH 1
olieHKe peHTabenbHoCcTH QyHKIMoHupoBaHus I'TK, uTo no3BoJIsIeT yUUTHIBATE TEXHHYECKOE COCTOSHUE M SKOHOMUYECKYI0 3 (DEKTHBHOCTB SKCILTyaTaluy npu (popMupo-
BaHMH YNPABICHYECKUX pelleHnid. Peanusanus noaxona odecnednBacT MHOTOBAPHAHTHBII aHAJIM3 CLIEHAPHEB, OBBIIIEHHE 000CHOBAHHOCTH IJTAHUPOBAHUS PEMOHTOB U
ONITUMHU3AIMIO UCIIOIb30BAHUS MPOM3BOICTBEHHBIX PECYPCOB.

Knrouesvie cnosa: ungpopmayuonnoe obecnevenue, 20pHO-mpancnopmHblii KOMILEKC, NPOUE00CIBEHHAS MOUWHOCMb, YNPAsIeHle, (PHeKmueHocmn, OnmumMusayus,
Kapwep.

Kapsbepiepain Tay-KeH-KeoJIiK KellleHAePiHiH KyaTTapbiH 0acKapyabl aKIApAaTTBIK KAMTAMACLI3 eTy/i xKeTiaipy

Anparna. Makanaza KapbepiepaiH Tay-KeH-KOiK KeIeHAEPiHiH OHAIPICTIK KyaTTapblH OHIIpyAl OacKkapy/Isl aKIaparThlK KaMTaMachl3 €Tyl KeTUIIipy Macelenepi
Kapapbl, aKImapaTThIK KAMTaMachl3 €Ty KYPbUIBIMBI KOHE aKIIapaTThIK-Oar1apiaMalblK KellleH alrOPUTMiHIH OJ0K-CXeMachl YChIHBUIIBI. O3IpJIeHIeH eHliM naiianany
JiepeKTepin OipbIHFall aKMmaparThIK KeHICTIKTe OipiKTipyai »KoHE »KabIbIKKa TeXHHKAIBIK KbI3MET KOPCETY JKOHE JKaHapTy OOMbIHIIA mIemriMaep KaGbuiiayabl KOIayabl
Kamramachl3 erefi. KemeHHin ogicTemMernik Herizi KyarrapasiH auddepeHiuanibl JHarHoCTHKAChIHA KOHE 0aCKapyIIbUIBIK, MICHIiMACPAl KaIbIITACThIPy Ke3iHae maii-
JlaIaHy/IbIH, TeXHUKAJIBIK JKaFaiibl MCH SKOHOMHKAJIBIK THIMALTITIH eckepyre Mymkinik Oeperin TKK »kymbIchiHBIH peHTabenbaurin 6aranayra Herisaenren. Tocinai
iCKe achIpy ClIEHapHUilep/i Ken HyCKajbl TalIay/bl, XKOHICY/l )KOoCHapiayablH HEeTI3UTIrH apTThIPY/IbI )KOHE OHAIPICTIK pecypcTap/ibl NaiaanaHyabl OHTAHIaHIBIPY/IbI
KaMTaMachl3 eTell.

Tyuinoi co30ep: axnapammulx KAMMAMACHI3 emy, may-KeH KOJliK Keweni, oHOipicmik Kyam, 6ackapy, muimMOiniK, OHmatiianoblpy, Kapvep.

Improvement of information support for capacity management of mining and transport complexes of open-pit

Abstract. This article examines the improvement of information support for managing the reproduction of production capacities of open-pit mining and transport
systems. It presents the structure of the information support and a flowchart of the algorithm for the software and information system. The developed solution integrates
operational data into a single information space and supports decision-making on equipment maintenance and upgrades. The methodological basis of the system is based
on differential capacity diagnostics and an assessment of the profitability of the mining and transport system, which allows for consideration of the technical condition and
economic efficiency of operation when formulating management decisions. Implementation of this approach enables multivariate scenario analysis, improved validity of

repair planning, and optimized use of production resources.

Key words: information support, mining and transport complex, production capacity, management, efficiency, optimization, open-pit.

Beenenune

B ycnoBusX MHTEHCUBHOH 3KCIUIyaTallu FOPHOM TEXHU-
K1 oOecrieueHre M IOBBINICHUE €€ PEeCypPCHOTo MOTEHIHaia
SIBISTFOTCSI OZIHUMH U3 KITIOUEBBIX 3a]ad MOBbIMIECHUS 3(dex-
TUBHOCTH TOPHO/I00BIBAIOIIETO IPOU3BOACTBA. Perrenne qaH-
HOM 3a/1a9¥ CBSI3aHO C OpraHu3aImen 3(pPEeKTUBHON CHCTEMBI
YIPaBICHUS! TEXHUUECKUM COCTOSTHHEM O00OpYIOBaHMS, y4H-
THIBAIOIIEH (haKTOPBI, BIUSIONINE HA €r0 HAJIEKHOCTH, IPO-
M3BOIUTENHFHOCTE M CPOK CIIyskObI [1]. KommekcHoe ympas-
JICHNE TIPOIIECCaMH TEXHUUECKOTO 00CITY)KHBAaHHS U PEMOHTA
MI03BOJISIET TUIAHUPOBATH U KOOPIUHNUPOBATH MEPOTIPUSATHS 1O
MOJ/IepP’KaHII0 PabOTOCTIOCOOHOCTH TEXHUKH, KOHTPOJIHPO-
BaTh KadeCTBO MX BBIIOJHEHUSI U CBOCBPEMEHHO NPUHUMATh
pelIeHus, HalpaBlIeHHBIE Ha MPEJIO0TBpAIleHHe OTKa30B [2].
BcoBpeMeHHBIX YCIOBHSIX 0COOYI0 3HAUNMOCTB IIPHOOpETaeT
MIepexo]] OT PEAKTUBHOTO K MPOAKTHBHOMY YIPABICHHUIO KC-
IuTyaTanue 000pyaoBaHuUs, OCHOBAHHOMY Ha IIPOTHO3MPOBa-
HHUH €T0 TEXHUUECKOTO COCTOSHUS M aHAJIM3€ HKCILTyaTaIl[OH-
HBIX JaHHBIX [3].

CoBpeMeHHOE TOPHOAOOBIBAIOIIEE MPOU3BOICTBO Xapak-
Tepu3yeTcs YCIOKHEHHEM TEXHOJOTHYECKHX MpPOIECCOB,
yBeNIWYeHHEM MacmTaboB paboT U y)KeCTOueHHEeM TpeboBa-
HUH K 3()(heKTHBHOCTH HCIONB30BAHUS TPOU3BOACTBEHHBIX
pecypcoB [4]. B cBsa3u ¢ 3THM Bo3pacTaeT moTpeOHOCTH BO
BHEJI[PEHHH COBPEMEHHBIX CHUCTEM MOHHWTOPWHTA, IHArHO-
CTHKM U TUIAHUPOBAHMS, OOECIEUUBAIOMINX HH(OPMAIMOH-

HYIO MOJACPIKKY IPUHATHA yIpaBIeHUYECKUX perieHuit [5—-8].
VX npuMeHEeHHEe CHOCOOCTBYET IOBBIIICHHIO HAJCKHOCTH
000pyIOBaHUs, COKPALICHUIO SKCIUTyaTallMOHHBIX 3arpar U
OoJiee palMOHAILHOMY HMCIOJIB30BAaHHIO MTPOM3BOJICTBEHHOTO
[IOTEHLMAJA IPEANIPUATHI.

Ocoboe 3Ha4YeHMe JyIs 00eceueH s yCTOMYMBOr0O (hyHKIH-
OHUPOBAHMSI TOPHOIOOBIBAIOLINX MPEANPUSITHI UMEET yIpaB-
JICHUE TMpOIlecCaMH BOCIIPOM3BOJICTBA IPOU3BOACTBEHHBIX
MOIITHOCTEH ropHO-TpaHcnopTHBIX koMIuiekcoB (I'TK) kapbe-
poB. DddextuBHOCTh (yHKIMOHMpOoBanus ['TK Bo mMHOrom
OIPEAEISIeTCSl YPOBHEM TEXHUUYECKOH T'OTOBHOCTH 000pY/IO0-
BaHUs, CBOEBPEMEHHOCTBIO €ro OOHOBIEHHS U COalaHCHPO-
BaHHOCTBIO CTPYKTYpBI ITapka 000pynoBanust. B cBs3u ¢ aTuM
AKTyaJIbHOM Hay4YHO-IIPAKTUYECKOW 3aJauell sIBIIIETCS COBEp-
IIEHCTBOBaHHE MH(OPMAIOHHO-aHATMTHYECKOTO o0ecIieye-
HUSI MPOIIECCOB YIPABJICHUS BOCHPOU3BOJCTBOM IPOU3BO/I-
CTBEHHBIX MOIIHOCTEH, HallpaBICHHOE Ha TIOBBIIIEHHE 000-
CHOBAHHOCTH YIPABJIICHUYECKUX pelIeHUuil U d(PPEKTUBHOCTH
UCIIOJIb30BaHMUSI IIPOU3BOJICTBEHHBIX PECYPCOB.

MeTonbl Hccae10BaHUS

B ocHOBY wmcciieioBaHMs MMOJIOKEH CHCTEMHBIH MOAXOM K
aHaJIM3y W YIPaBICHHUIO MPOIECCAMH BOCHPOU3BOJICTBA MPO-
W3BOJICTBEHHBIX MOIIHOCTEH FOPHO-TPAHCIIOPTHBIX KOMILJICK-
COB, KOTOPBIH paccMarpuBaeT rOPHO-TPAHCIIOPTHYIO CUCTEMY
KaK MepapXu4ecKH OpraHM30BaHHYIO0 COBOKYITHOCTh B3aHMOC-
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BsA3aHHBIX TEXHUYCCKHUX, TEXHOJOTMYCCKUX U OpraHUu3alluoH-
HO-9KOHOMHYECKUX 3IEMEHTOB.

B xo1e paboThl NMpUMEHSIMCh METO/bl (PYyHKIMOHAIBHO-
'O aHaliu3a, IIO3BOJIMBHIMEC BbIJICJIUTH OCHOBHBLIC 3JICMCHTHI
CUCTEMBbI YIIPaBJICHUS IMPOU3BOACTBCHHBIMHU MOIHOCTAMU H
ONPENENUTh XapakTep MX B3aUMOJECUCTBUS B paMKax TEXHO-
JOTHYECKOTO mpotiecca. JJisi OIeHKH COCTOSHUS U TUHAMHUKH
W3MEHEHHsI TMPOM3BOACTBEHHOrO TOTEHIMATA HCIIOIb30Ba-
JIMCb METO/Ibl aHaJIM3a SKCIITyaTalMOHHBIX JaHHBIX, BKJIrOUas
00paboTKy IoKa3zareyeil TeXHUYESCKO rOTOBHOCTH, HACKHO-
cTH ¥ 3QPEKTUBHOCTH MCIOJIL30BaHHS TOPHOTPAHCIIOPTHOTO
000pyIOBaHUSI.

Ipu pa3paboTke MOAXOMOB K YMPABICHHIO BOCIPOHU3BOJ-
CTBOM MOIHHOCTeﬁ MPUMEHAIIUCH METOAbI 9KOHOMHKO-MAaTe-
MaTHYECKOTO MOJICTMPOBaHMUS, 00ecreunBaroIue hopmau-
3aIMI0 3aBHCUMOCTEH MEK/Ty MapaMeTpaMu CTPYKTYPhI MapKa
000pyIOBaHUsI, YPOBHEM €ro 3arpy3Kd W SKOHOMUYECKHMH
pesyabraraMH SKCIUTyaTaliyd. JTO IO3BOJMIO OOOCHOBATH
pauOHAJIbHBIC TPONOPLIUN OGHOBHCHHSI MPpONU3BOACTBEHHBIX
pecypcos.

Just onenkn 3(@(eKTHBHOCTH NPUHUMAEMbIX YIIPaBJICH-
YECKUX pelHeHl/Iﬁ 6])IJ'II/I HCIOJb30BaHbl METO/Jbl BApHUAHTOB
M CPaBHHUTEIILHOTO aHANN3a, OCHOBAHHBIC HA COMOCTABICHUH
Ppa3IMYHbIX CIECHApPUEB OKCIUIyaTalluu H O6HOBﬂeHI/lﬂ rop-
HO-TPAHCIOPTHOTO MapKa C Y4eTOM OTPaHHYCHHIT MO MPOU3-
BOJICTBEHHOW MOIIHOCTH ¥ HOPMATHBHBIM CPOKaM CIIy»OBbI
000pynOBaHUSI.

HOHOHHHTGHLHO 6])[]'11/1 MMPUMEHCHBI METOJbl HMHUTALN-
OHHOTO MOJEIUPOBAHHMS, ITO3BOJISIFOIINE HCCIEA0BATh MO~
BCACHNUEC CUCTEMbBI B YCJIOBUAX H3MCHAIOMIUXCA BHCUIHUX H
BHYTPEHHHX (DaKTOPOB, a TaKKe METOIbI MTPOTHO3UPOBAHMS,
HaIlpaBJICHHBIC Ha OLICHKY MNEPCHEKTUBHOI'O0 COCTOAHUA MPO-
HU3BOJACTBCHHBIX MOH.[HOCTCI‘/II )41 HOTpe6HOCTI/l B MX BOCIPOU3-
BOJICTBE.

WudopmannoHHoit 6a30ii vcciienoBaHus TOCITYXHUIH J1aH-
HBI€ 0 TEXHUYECKOM 3KCIUTyaTalluy, PeMOHTE U OOHOBIECHUU
TOPHO-TPAHCIIOPTHOTO OOOPYIOBaHUS TOPHOMOOBIBAIOIIINX
Hpe}ll’lpﬂﬂTHﬂ, a TAaKXC HOPMAaTUBHO-MCETOAUYCCKUE MaTCpu-
aJlbl, PEIAMEHTHPYIOIIHME MPOLECCHl YIIPABICHHUS TPOU3BOI-
CTBCHHBIMU MOHIIHOCTSIMMU.

Pesyabrarst

B crarbe npezicTaBieHsl pe3ysbraTbl padboT 10 COBEpIEH-
CTBOBaHUIO HMH(POPMAIMOHHO-AaHATTUTHYCCKOTO 00CCIEeUCHUS
JUIsl TIOAJICPIKKU MPOLIECCOB YIIPABJIECHHS BOCIIPOU3BOICTBOM
MIPOM3BOJICTBEHHBIX MOIIHOCTEH TOPHO-TPAHCIIOPTHBIX KOM-
IUIEKCOB KapbepoB. Pa3pabarbiBaeMoe peElICHHE OpPUEHTH-
POBaHO Ha aBTOMATH3ALIMIO MPOIECCOB cOOpa, 00pabOTKU U
aHaJIM3a IKCIUTyaTallMOHHBIX JIJAaHHBIX, a TaKKe Ha MHpOpMa-
LUOHHYIO MOJICPIKKY IPUHSATHS YITPABICHUECKUX PEIICHUI B
00J1acTH TEXHUUYECKOM IKCIUTyaTalluk U Pa3BUTHsI POU3BOJI-
CTBEHHBIX MOILHOCTEH.

JlanHblil KOMIUIEKC (YHKIIMOHUPYET KaK COCTaBHOM die-
MEHT KOPIOPAaTHMBHOW CHCTEMBbI YIPABJIEHUS I'€OTEXHOJIOTH-
YECKUM IPOM3BOJICTBOM M MHTEIPUPYETCS C IOJCHCTEMaMU
KaJICHIAPHOTO TUIAHMPOBAaHUS, MOHUTOPHHIA PabOThI 000PY-
JIOBAaHUS U yNpaBlIeHUs TPAHCIOPTHRIMU Npoueccamu [9—10].
B3aumopeiicTBre ¢ IpyriMu KOMIIOHEHTaMH UH(OpPMaIOH-
HOW MH(PACTPYKTYphl obecriednBaeT (OPMUPOBAHKE €THO-
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ro MH(POPMAIIMOHHOTO IIPOCTPAHCTBA, HEOOXOIUMOTO IS 110-
BBILICHUS 9(PQEKTUBHOCTH YIIPABICHHS [TPOU3BOJICTBEHHBIMU
aKTHBAaMM M 00eCHe4YeHUs] YCTOWYMBOrO (pyHKIIMOHHPOBAHHUS
TOPHO-TPAHCHIOPTHBIX KOMILIeKkcoB [11].

OO0masi cTpykTypa HH(POPMAIMOHHOTO 00ECIICUCHHs CH-
CTEMBI yIPaBJICHUs IPOLIECCaMK BOCIPOU3BOCTBA IIPOU3BO/I-
CTBEHHBIX MOII[HOCTEH MpejcTaBiieHa Ha puc. 1.

VcXo/IHbIE TEXHHKO-
NmuTanuoHHOe ABTOMATH3UPOBAHHASL
9KOHOMHYECKHE
MOJICTTHPOBAHHE HoKazaTeNH cHCTeMa MOHUTOPHHTA
VrpaBieHne nporeccom
BOCIIPOH3BOZCTBA
wmomHocTel 'TK
I'padux pemoHTOB o
PaAHK PEMOHTO PenrabensHOCTH ITnanupoBanme DKOHOMHYECKHIT
TEXHOIOTHYECKOTO I'TK TP -
06opyaoBaHms

Puc. 1. Crpykrypa nHopManHOHHOr0 obecrnedeHHst
CHCTEMBI YNIPABJICHUS IPOU3BOACTBEHHBIMH
momHocTsimu I'TK.

Cyper 1. TKK kemeninin enaipictik Kyarrapbin 6ackapy
sKylieciH aKnapaTThIK KAMTAMAChI3 €Ty KYPBLIbIMBI.
Figure 1. The structure of information support for the
MTC production capacity management system.

OyHKIMOHANBEHBIE BO3MOKHOCTH HH(OPMAITMOHHO-aHAIIH-
THYECKOTO YIPABJICHHUS TPOWU3BOACTBEHHBIMH MOIIHOCTSIMH
TOPHO-TPAHCIIOPTHBIX KOMIUICKCOB 00ECIIEUNBAIOT:

— OYEHKY MEeXHUUECKO20 COCMOAHUS U ONpedeNeHle Payuo-
HATIbHBIX CPOKOG IKCHIYAMayuu 000pyO08aHUsl C Yelbio C60€6-
PEMEHHO20 NPUHAMUSL PeUeHUl 0 €20 MOOEPHUZAYUL, 3aMeHe
UIU 8bI60OE U3 IKCHIYAMAYUU;

— opmuposanue u akmyanuzayuio NIAH08 MexXHUUECKo20
00CIYICUBAHUS, PEMOHMO8 U B0CHPOU3BOOCMBA NPOU3BO0-
CMBEHHBIX MOWHOCTET C YUemOM IKCIIYAMAYUOHHBIX U NPO-
U3800CMBEHHBIX (PAKMOPOS,

— QHanU3 GNUAHUS B03PACIA 0OOPYOO8AHUSA, NOKA3amenell
MEXHUYECKOU 20MOBHOCU, NPOU3EOOUMENbHOCU U IKOHO-
MUYecKoll 3¢pghexmusHocmu Ha yenecooopasHOCmy e2o 0alb-
Hellule2o UCNONb306aHUSA,

— nodoepoicanue ONMUMAIbLHOU CIPYKMYPbl U MEXHUYECKO-
20 Ypo8HsL napka 060pyO006aHUs HA OCHOBE KOMNJIEKCHOU OlYeH-
KU €20 JICUSHEHHO20 YUKILA U NPOSHO3UPOBAHUS. NOMPEOHOCHU
8 0OOHOBNEHUU NPOU3BOOCTIGEHHBIX MOWHOCTEIL;

—  UHPOPMAYUOHHO-AHATUMUYECKYI0 NOO0EPIICKY onepa-
MUBHO2O NIAHUPOBAHUS U YNPABTEHUS NPOYECCamu 60Cnpo-
U3600CmMBa MOWHOCMEU 2OPHO-MPAHCTIOPMHBIX KOMNIIEKCO8,
obecneuusarwyio coOaNanCUPOBAHHOCHb NPOUZEOOCHIBEHHDIX
Pecypcos u payuoHanbHoOe PacnpedeieHue HAepy3Ku Mexicoy
MEXHON02UHECKUMU 36EHbAMU,

— ONMUMUBAYUIO NAPAMEMPO8 IKCHAYAmayuu 0bopyoo-
BaHUSL C YUEMOM HOPMAMUBO8, NPOU3BOOCTBEHHbIX NIAHOS U
mpebosarull K 3¢hhekmusHoCmu UCHOIb308AHUSL PECYDCO8;

— obecneueHue CO2NACOBAHHO2O (DYHKYUOHUPOBAHUS 20D-
HO2O U MPAHCNOPMHO20 000PYOOBAHUS NOCPEOCMEOM Yyema
83AUMOCES3El MeACOY MEXHOLOSUYECKUMU NPoyeccami 000bl-
YU, MPAHCHOPMUPOBAHUSL U PA3CPY3KU 2OPHOU MACCHL,
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— nogviutenue 0OOCHOBAHHOCIU YNPABTIEHUECKUX peeHull
3a cuem UCnonbL306aHUA OAHHBIX MOHUMOPUHEA, NPOSHO3HBIX
OYEeHOK U AHATUMUYECKUX Mooenell ynpasienus npou3eoo-
CMBEHHBIMU AKMUBAMU.

ITockonmpKy CTpyKTypa Hapka TEXHOJIOTHYECKOro 00opy-
JIOBaHUSI OKa3bIBAaCT OIpEEIAIOIIee BIUSHHE HAa YPOBEHb
MPOU3BOACTBEHHON MOITHOCTH MPEANPHUATHS, TOPHO-TPAHC-
MOPTHBIA KOMIUIEKC paccMaTpUBAeTCsl KaK MHOTOYPOBHEBas
cucrema. OHa BKIIIOYAET KaK OTJENbHbIC (DYHKIMOHAIbHBIC
MOACUCTEMbI, 00eCIEeYNBAIOIIUE BBHIITOTHEHHE TEXHOJIOTHYe-
CKUX Omepalnui Ha MPOMU3BOACTBEHHBIX y4acTKax, TaK U HH-
TErpUpPOBAHHBIN KOMILJIEKC TEXHUUECKUX CPEICTB, (hopMUpy-
IOLIUI €UHBINA IPOU3BOICTBEHHBIN [IOTCHIMAJI IPEATIPUATHUSL.

B oro0ii cBA3M yIpaBileHHE IIPOLECCaMU BOCIPOU3BOICTBA
MOIITHOCTEH OCHOBBIBAETCS HAa CHCTEMHOM IOJXOAE, KOTO-
pblil IIPEeyCMAaTPUBACT KOMIUIEKCHBIM y4Ye€T COBOKYIIHOCTHU
B3aMMOCBSI3aHHBIX TEXHHYECKHX, TEXHOJIOTHYECKHX, Opra-
HHU3aLUOHHBIX 1 YKOHOMUYECKUX (haKTOPOB, OMPEIEIISIOIINX
3G PEeKTUBHOCTh (YHKIIMOHUPOBAHUSI TOPHO-TPAHCIIOPTHOTO
KoMILIeKkca. IIpuHsTue ynpaBieHUECKUX PELICHUN OCYLIECT-
BIISIETCSl HA OCHOBE MHOTOBApHAHTHOTO aHAJIN3a, PE3yNbTaToB
MOHUTOPHUHIAa TEXHUYECKOTO COCTOSHUS 000pydOBaHMs, Aua-
THOCTHKH U OLIEHKU SKCIUTyaTallMOHHBIX MOKa3aTesiell TeXHO-
JIOTHYECKHUX KOMILIEKCOB.

Ocoboe BHUMaHHE YJEINSETCsl ONPENeNICHUIO PAllMOHAb-
HBIX TIPOMOPLUII MEXAY OTACIbHBIMH BHAAMH TEXHOJIOTH-
YeCcKoro 00Opy/IOBaHMsI C Y4ETOM MPOM3BOJCTBEHHBIX 3ajad,
YPOBHSI 3arPy3KH U 3KOHOMHYCCKOM 3(PPEKTUBHOCTH UX IKC-
uryaraiui. Takoi moaxo/ odecreynBaeT HayYHO-000CHOBaH-
HOE IUIAHUPOBaHHE OOHOBIICHMSI TPOU3BOACTBEHHBIX MOIII-
HOCTEH, moepkaHue cOalaHCUPOBAHHOM CTPYKTYPHI Mapka
000py/IOBaHUsI U YCTOWYHMBOCTh NMPOM3BOICTBEHHBIX MPOIIEC-
COB Ha MPOTSKEHUH BCETO ’KM3HEHHOTO LHKJIa FOPHO-TPAHC-
MOPTHOTO KOMILJIEKCA.

OyHKIMOHUpPOBaHHE MH(OPMALMOHHO-TTPOTPAMMHOTO
KOMIUIEKCAa OCHOBAHO Ha SKOHOMHYECKOM MEXaHU3Me, ompe-
JIETISAIONIEM TEXHUKO-OPTaHU3ALUOHHYIO CTPYKTYPY CHCTEMBI
MallliH U OMMPAIOIEMCs Ha Pe3yIbTaThl MHOTOYPOBHEBOH JTH-
arHOCTHUKH FOPHO-TPAHCIOPTHOTO KoMIIIekca. B pamkax naH-
HOTO TIO[IX0/1a olleHKa cocTostHusl (yHKiuoHupyronmx ['TK
OCYILECTBIIAETCS HA JBYX B3aMMOCBSI3aHHBIX YPOBHSX: JKC-
Ipecc-OlEeHKEe SKOHOMUYECKHUX M MTPOU3BOJCTBEHHBIX MOKa3a-
Tesel U yriTyOJIeHHOM AMarHOCTUKE TEXHUYECKOTO COCTOSIHUS.

Pesynbrarsl eTanbHON TUarHOCTUKY TIO3BOJISIOT ChopMHu-
pOBaTh KOMITJICKCHYIO OIICHKY («IMarHo3)») COCTOSHUS HCCIe-
JTyeMOT0 TeXHOJIOTHUECKOT0 KOMILIEKCA C YUETOM €ro IKCILTY-
aTalMOHHBIX OCOOEHHOCTEH, BBINOJHUTH POTHO3MPOBAHKE
BO3MOJKHBIX TOCJICICTBUIl U PUCKOB Pa3BUTHUS BBISBICHHBIX
OTKJIOHEHHH, a TaKk)Ke ONPE/eNIUTh Pe3ePBbl MOBBIICHUS d(]-
(DEeKTHBHOCTH HCIIOJIB30BAHUSI CYIICCTBYIOIIMX TPOU3BO/-
CTBEHHBIX MOUIHOCTEH.

PenrabenvHocTh  (yHkumonupoBanusi ['TK  kapbepa,
npeasioxkeHHass B pabore [10], mpexacranser cobol OauH
U3 KJIFOYEBBIX MHTETPAIbHBIX IOKa3arenaed 3(PQekTHBHOCTH
ero (yHKIMOHMUPOBAHMSI M OTPAXKAET COBOKYIHBIH pe3yiib-
TaT UCIOJIb30BAHUS MPOU3BOICTBEHHBIX PECYPCOB B CHCTEME
TOPHO-TPAHCHOPTHOrO obecreueHus. [IpuMeHeHne AaHHOTO
nokaszarensi obecrieynBaeT Oojee OOOCHOBAaHHYIO KOJHYE-
CTBEHHYIO OIICHKY YPOBHS BOBJIICUCHHOCTH M 3(P(PEKTHBHOCTH

UCIIOJIb30BaHMsI TPOU3BOACTBEHHBIX MOIIHOCTEH, a Takxke
CIIy)KMUT OCHOBOM [UISl TIPUHATHSI YIPABJICHYECKUX PELICHUH,
HAaIpaBJICHHBIX Ha MOBBIIIEHHE YKOHOMUUECKOH Pe3ysIbTaTHB-
HOCTH JKCIUTyaTalul 000pyA0BaHUsL.

dopmrpoBaHKEe YPOBHS PEHTA0CIBLHOCTH MTPOIYKLUH TOP-
HO-TPAHCIOPTHOTO KOMILJIEKCA OCYIIECTBIISICTCS MO BIMSHH-
€M KOMILJIEKCA B3aWMOCBSI3aHHBIX MPOHU3BOJCTBEHHO-IKOHO-
MHUYECKMX (AKTOPOB, BKIIOYAIOUIMX TI'OPHO-TEOJIOTHYECKHE
YCIIOBUS Pa3pabOTKH MECTOPOXKACHHS, TEXHOJIOTHYECKHE T1a-
paMeTpsbl BeJIeHHsI TOPHBIX padoT, YPOBEHb 1IEHOBOW KOHBIOH-
KTYpbI Ha IPOAYKIIMIO M PECYPChI IIPOU3BOACTBA, CTPYKTYPY U
YPOBEHb 3aTpar, a TaKXe MapaMeTpbl CUCTEMbI OILIaThl TPY/Ia.
Mexy NpearnpusTHIMU HaOIOIAaeTCs CyIIECTBEHHAs BapH-
aTUBHOCTh 3HAYECHUH MAaHHOTO IOKaszarelsi, 0OyCJOBJICHHAs
pa3MuusIMU B TOPHO-TEOJIOTHYECKUX, TOPHOTEXHHUYECKHX,
TEXHOJIOTHYECKUX U OPraHU3alMOHHO-YKOHOMHYECKHX YCJI0-
BUSIX ()YHKIIMOHUPOBAHHMSI IIPOU3BOACTBEHHBIX CHCTEM.

[oBbIlieHUEe PEHTAOCTBLHOCTH (PYHKIIMOHHPOBAHUS TOP-
HO-TPAHCIOPTHOTO 00OPY/IOBaHHS JOCTUTACTCS 3a CUET KOM-
TUIEKCa B3aUMOCBSI3aHHBIX OpPraHM3alMOHHO-TEXHUYECKUX U
HKOHOMHYECKUX MEPONPHSITHI, BKIIOYAsI YBEIMYCHUE CTOM-
MOCTH PEaJIU3yeMON TOBAapPHOM Py[bl, CHUKCHUE YIEIbHBIX
3arpar Ha TPaHCIOPTUPOBAaHHE TOPHOHW MAacCChl, MOBBILICHUE
3 (PEKTUBHOCTH HCIIOIB30BAHUSI OCHOBHBIX MPOM3BOJCTBEH-
HBIX (DOHIOB M HOPMHUPYEMBIX OOOPOTHBIX CPEICTB, POCT
MIPOMU3BOJUTEIILHOCTH TPYZIa, MUHUMH3ALHIO IPOCTOEB M He-
MIPOM3BOJUTENILHBIX NOTEPh PadOUero BpeMeHH, a TaKKe CO-
BEPIICHCTBOBAHHE CHCTEMbI OPTaHM3aLHOHHOTO YIPABICHHS
U TUCTIETYEPU3aLUK TPAHCIIOPTHBIX MPOLIECCOB.

B Hacrosiiee Bpemsi pyHKIMOHAT TPOrPaMMHOTO MOJLYJIsI
OpPHEHTHPOBaH Ha (OPMHPOBaHHE I'PAPHUKOB TEXHUUYECKOTO
00CITy)KMBaHHsl ¥ PEMOHTOB OCHOBHOI'O TEXHOJIOTHYECKOTO
000pyI0BaHusl, BKIIFOYasl IKCKaBaTOPbl, aBTOCAMOCBAJIBI U JIO-
KOMOTHBOCOCTABBI. B nepcriekTrBe nperycMoTpeHo paciipe-
HHe MH(POPMAIIMOHHON MOJIENN CUCTEMBI 32 CUET BKIJIIOUSHHMS
00BEKTOB TPaHCIOPTHOW HMH(PACTPYKTYpbl Kapbepa, TaKUX
KaK aBTOMOOWIIbHBIE JIOPOTH U CXeMa IIyT€BOTO Pa3BUTHSL, YTO
MIO3BOJIUT ITOBBICUTH MOJHOTY y4eTa (PaKTOpOB, BIMSIOIINX Ha
OpraHu3ayio U 3pPEeKTUBHOCTD TPAHCIIOPTHBIX IPOLECCOB.

VYKpynHeHHas! OJI0K-CXxeMa alropuTMa (pyHKIHOHHUPOBAHMS
MH(OPMALMOHHO-TTPOrPAMMHOTO  KOMILIEKCa TIpEJCTaBlIeHa
Ha puc. 2.

Ha niepBom stare (0sok 1) ocyiectrisieTcs: (popMupoBa-
HHE U CTPYKTypHPOBaHHE HUCXOAHON MH(OPMAIIMOHHOW 0a3bl,
HEOOXOIMMOH JIJIs BBIITOJIHEHUSI PACUETHBIX U aHAJIMTHYECKUX
IpoLeyp KOMILIEKCa.

VcxonHble NaHHbIE OPraHU30BaHbl B BUJAE CTPYKTYPHUPO-
BaHHbBIX TaOmuIl U auddepeHInPOBaHbI IO TPEM OCHOBHBIM
rpymiam sl Kaxaoro Tuna odopynosanus. [lepsas rpymima
BKJIIOUACT SKCIUTyaTallMOHHY0 uH(OpMaluio (1ara BBoIa B
9KCIUTyaTalnIo, CyMMapHasi HapaOOTKa, a TaKKe CBEICHMs
0 3aBEpLICHHBIX PEMOHTHBIX BO3JCUCTBUSX C yKa3aHHEM HX
BUJIa W JaThl BBINIOJIHEHUs). BTopas rpynma copepxur Hop-
MaTHUBHO-ITPOU3BO/JICTBEHHBIE TAPAMETPBI, XapaKTepHU3yOLIHe
MOKa3aTeNld MPOM3BOIUTEILHOCTH 000pynoBaHus. Tperbs
rpyliia BKJIIOYAaeT HOPMATHUBBI PEMOHTHBIX BO3/EHCTBUIA,
B TOM YHUCIIE PEIIAMEHTUPOBAHHBIE CPOKU M NPOAOJDKUTEIb-
HOCTb BBINOJIHEHHS PAa3IMYHbIX BUIOB PEMOHTOB.

Jlnst obecriedeHuss KOPPEKTHOTO (DYHKIIMOHMPOBAHMS TIPO-

T'opnuutii scypnan Kazaxcmana Ne6’ 2026
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¢ Hauaso D
S 1.1
Y 1 HcxozHble JaHHbIC I10:
,{ 3anonHeHue » -IKCKaBaropam
UCXOIHBIX NaHHbBIX - aBTOCAMOCBaJIaM
v - IOKOMOTHBOCOCTABAM
mer .~ [IpaBHJIBHBIA Hopmarusst
b . BBOH ﬂaHHI)IX? = TIPOU3BOJAUTEIILHOCTH
.y « 000pyIoBaHus II0:
. -3KCKaBaTopam
g 3 - aBTOCAMOCBaJIaM
- JIOKOMOTHBOCOCTABAM
BbIXO,ElelC JAaHHBIC I10:
-9KCKaBaTopam 1.3
- aBTOCaMOCBaJIaM Hopmarusbl 110 peMoHTaM:
- JIOKOMOTHBOCOCTaBaM ¥ -DKCKaBaTOpOB
- ABTOCAaMOCBAJIOB
A4 2 - JIOKOMOTHBOCOCTABOB
I'paduku no:
-OKCKaBaropam
- ABTOCaMOCBaJlaM
- JIOKOMOTHBOCOCTaBaM
sl L“ -

Puc. 2. YkpynHeHHast 6JI0K-cxeMa aJiIropuTMa
(pyHkumnonupoBanusi HHGOPMAIMOHHO-TIPOTPAMMHOI0
KOMILIEKCA.

Cyper 2. AKnaparTbIK-0aFIapiaMaJibIK KeleHHiH
JKYMBIC icTey aJropuTMiHiH YIKeHTijireH 6J10K-cxeMachl.
Figure 2. A simplified block diagram of the algorithm for
operation of the information and software complex.

TPaMMHOTO MOAYNs TpeOyeTcs MpeIBAPUTEILHOE 3aMOIHEHHE
BCEX BXOJIHBIX MH(OPMAIMOHHBIX TaOJHII, MOCJIE YEro CTAHO-
BUTCS1 BO3MO)KHBIM BBITIOJTHEHHE PACUETHBIX MTPOLIETYP IO ILIa-
HUPOBAHHIO PEMOHTOB TOPHO-TPAHCIIOPTHOTO 00OPY/IOBaHUSL.

Ha »Tame 06paboTkn maHHEBIX (070K 2) OCYIIECTBIISETCS Be-
pudurKanys NOJIHOTH M KOPPEKTHOCTH 3aIOIHEHHS BXOJHOM
nH(pOopMaMOHHON 0a3bl. [Ipy BBIIBICHHH OTCYTCTBYIOIINX
WJIN HEKOPPEKTHO BBEIEHHBIX 3HAYCHUH (opMupyercs aua-
THOCTHYECKOE COOOIIEHHE C YKa3aHHEM COOTBETCTBYIOILIECH
TaONMMIBl M XapaKkTepa BBIIBICHHOTO HECOOTBETCTBUS, HUTO
o0ecrieunBaeT KOHTPOJIb Ka4eCTBA NCXOIHBIX IaHHBIX.

B Osoke 3 BBIMONHAETCS pacdeT IUIAHOBBIX PEMOHTHBIX
BO3/ICHCTBHUIA [UII TOPHO-TPAHCIOPTHOTO OOOpYIOBaHMS Ha
3aJJaHHbIA TUTAHOBBIN mepuon. PesymsraTel pacueToB Gopmu-
PYIOTCS B BHJIE BBIXOJHBIX TAOIMII, COACPIKAIINX CBEACHUS
0 BHJAaX PEMOHTOB (TEKyIIHE PEMOHTHI M KalUTaJIbHBIA pe-
MOHT), @ TAKK€ O IUTAHMPYEMBIX CPOKaX Hauasla U 3aBEPIICHHS
PEMOHTHEIX Pa0OT IO KaXKI0H eIMHUIE 000PyTOBAHHUS.

Ha ocHOBaHMY MOTy9YEHHBIX pe3yBTaTOB B OIOKe 4 OCyIIecT-
BIsIeTCS (POPMHUPOBAHHE KAJICHIAPHO-CETEBBIX TPa(UKOB PEMOH-
TOB JUTSl KayKJIOM €AMHUIIBI TOPHOTO M TPAHCIOPTHOTO 000pPYIIO-
BaHUA ¢ A PepeHIranueli mo BuaaM PeMOHTHBIX padoT.

OO0cyskneHne pe3ybTaToOB

[IpencraBneHHbIE PE3yIIBTaThl CBUAETEIBCTBYIOT O TOM, YTO
MIPOBEJICHHBIE Pa0OTHI 00ECIIEUNBAIOT KOMIUIEKCHBIH ITepexo]] K
MHTETPUPOBAHHOMY YTIPABICHUIO IIPOLECCAMH BOCIPOM3BOI-
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CTBa IPOM3BOJICTBEHHBIX MOIIHOCTEH TOPHO-TPAHCIIOPTHBIX
komiuiekcoB. KimroueBbiM 3dexTom sBiIsIeTCsT 00bEAUHEHUE
(yHKLMIT MOHUTOPHHTA, IMATHOCTHKH, TUIAHUPOBAHUS U OIITH-
MH3aLHHU B €IMHOM HH(OPMALIOHHOM KOHTYPE, YTO MOBBIIIAET
COINIACOBAHHOCTb MIPUHUMAEMbIX YIIPABICHYECKUX PELICHHH.

Hcnonb3oBaHne MHOTOYPOBHEBOH JMArHOCTHKH TI03BO-
JSIET paccMaTpUBaTh COCTOSIHUE T'OPHO-TPAHCIIOPTHOTO KOM-
IUIEKCa HE TOJBKO C MO3MLUM TEKYIIUX MPOM3BOICTBEHHBIX
HoKaszaresieil, Ho U ¢ y4eTOM €ro TeXHHYECKOrO COCTOSIHUS U
SKOHOMHUYECKOW 3 dexTrBHOCTH. Takoil momxon obecredn-
BaeT (popmupoBaHue 0ojice 0OOCHOBAHHBIX YIPABICHUCCKUX
peleHunit, OpUEHTHUPOBAHHBIX Ha MPEOTBPAILEHUE OTKAa30B
noBbIlIeHne 3G HEKTUBHOCTH UCTIOIB30BAHUSI 000PYIOBAHHMSI.

BakHbIM pe3ysbTaToM SBISIETCSl peain3alis MHOTOBApH-
AQHTHOTO T10JIX0/1a K IIJITAHUPOBAHHUIO PEMOHTHBIX BO3/ICHCTBHIH,
OCHOBaHHOI'O Ha MOJICJIMPOBAHHUH PA3JIMYHBIX CLIEHAPUEB IKC-
Iyaranuu 000pynoBaHus. ITO 00ECIEUUBACT BO3ZMOXHOCTh
BBIOOpA PALMOHAJILHBIX PELICHHUI C YyUYEeTOM OTpaHHUYECHHU 110
NPOU3BOJICTBEHHOW MOIIHOCTH, HOPMAaTHBOB TEXHHYECKOTO
00CITy)KMBaHUSI U IKOHOMHUUECKUX KPUTEPHEB.

OTaenbHOr0 BHUMAaHUsSI 3aCIy)KMBAET HCIIOJIB30BAaHHUE I10-
kazaressi peHtabenbHocTH QyHkunonuposanus [ TK kak uH-
TerpajgbHoro kpurepus sd¢dexrnBHOCcTH. Ero mnpumenenue
MO3BOJISIET YBS3aTh TEXHUYECKUE PELICHUS 110 OOHOBJICHHIO U
00CITy>)KUBaHHIO 000PYIOBAHHUS C KOHEUHBIMUA YIKOHOMHYCCKHU-
MH pe3yJIbTaTaMH, YTO yCUJIMBAET IPAKTHYECKYIO 3HAYMMOCTh
pa3paboTaHHOTIO MOJXO/A.

3akJ/04eHne

B pabore paccMOTpeHBI BOIPOCHI COBEPILCHCTBOBAHMUS
UH(OPMALMOHHOTO 00ECIeYeHUsI YIpaBJICHUSI TPOU3BO-
CTBEHHBIMU MOIIHOCTSIMH TOPHO-TPAHCIIOPTHBIX KOMIUIEKCOB
KapbepoB B YCIOBHUSX YCJIOKHEHHUSI TEXHOJIOTHYECKUX MPO-
LIECCOB M IOBBIIIECHUS] TpeOoBaHUN K S(PPEKTUBHOCTU IKC-
IUTyaTallud TOPHO-TPaHCHOPTHOrO 00opynoBanus. Iloka3aHo,
4yTo moBbleHne I(POEKTHBHOCTH (YHKIIMOHUPOBAHHS TOp-
HO-TPaHCIOPTHBIX CUCTEM BO MHOT'OM OIPEAEISIETCS YPOBHEM
pa3BuTHsI HHYOPMALMOHHO-aHATTUTUYECKOH TTOIEPIKKH TTPO-
L[ECCOB IIAHWPOBAHUSI, IMArHOCTHKY U YIIPaBJICHUS TEXHUYE-
CKUM COCTOSIHUEM O00OPYIOBaHUSL.

Pazpaborannble 1oaxo/pl K GOPMHUPOBAHUIO HH(OPMAIH-
OHHOTO O0ecre4YeHHss OCHOBAaHbl Ha MPHHIMIIAX CUCTEMHOTO
aHaJM3a, KOMIUIEKCHOI JMarHOCTHKHA TEXHHYECKOTO COCTOS-
HUsI 000pY/IOBAaHHSI U HCIIOJIb30BAHUU METOJOB MMHTAIHOH-
HOTO MOJICJIMPOBAaHUS. DTO MO3BOJISIET 00ECIIEUUTD MEPEXO]] K
MHOTOBapUAHTHOMY YIPaBJICHHUIO IIPOLECCAMH BOCIIPOU3BO/-
CTBa [IPOM3BOJICTBEHHBIX MOIIHOCTEH C y4eTOM (pakTHYECKOro
COCTOSIHUSI TEXHHKH, N1apaMETPOB IKCILTyaTallud U SKOHOMH-
4ecKuX Kpurepres 3(p(HeKTHBHOCTH.

Peanmi3zanusi npeayioKeHHbIX pelleHni o0ecrieunBaeT Io-
BBILIIEHHE OOOCHOBAaHHOCTH W OINEPATUBHOCTU YIpaBJICH-
YEeCKUX PpeIIeHHUH, YIydllleHHe KOOPAWHALMK MPOLECCOB
TEXHHUYECKOr0 OOCIy)KMBAaHHMS M PEMOHTa, a Takxke Oojee
palroHaIbHOE HCIOJNIB30BAHUE MPOMU3BOJCTBEHHBIX peCyp-
COB TOPHO-TPAHCIIOPTHBIX KOMILIEKCOB. J{OIOIHUTENBHO J10-
CTHUTaeTCs IOBBIILICHNE YCTOHYMBOCTH (PYyHKIMOHHPOBAHHUS
CHCTEMBI 33 CUET y4yeTa B3aUMOCBSI3el MEX1y TEXHHYECKHM
COCTOSIHHEM OOOpYJOBaHMSI M €ro BIUSHUEM Ha IPOU3BOA-
CTBEHHYIO MOLIIHOCTb TIPEIIPHUSITHSL.
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Takum o00pa3oM, coBeplICeHCTBOBaHHE WHGOpPMaLHU-
OHHOro oOecre4yeHusi YNpaBiIeHUST MOILIHOCTSIMHU ToOp-
HO-TPAHCIIOPTHBIX KOMIIJIEKCOB KapbepoB CO3/aeT OCHO-
By Ui TOBBILIEHUS I(P(OEKTUBHOCTH HX IKCILTyaTalMH
u (GopMHUpPOBaHHS COBPEMEHHOrO LH(YPOBOrO MOAXOAA K
YIPaBJICHHUIO TTPOU3BOJCTBEHHBIMU aKTHBAMH B TOPHOJIO-
OBIBAIOIICH OTpacIIu.
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*E. C. JIu', B. I. Crenaneu?, B. JI. Jlesun?®, C. 5. Umaun6aeBa'

'HAO «Kapazanounckuii mexnuueckuil ynugepcumem um. Abviikaca Cacunosay (2. Kapaeanoa, Kazaxcman),
?Astra Mining Kazakhstan (2. Jlonoon, Beauxobpumanus),

3STOO «Hncmumym ceonocuueckux nayk um. K. U. Camnaesay (2. Aimamol, Kazaxcman)

MUHEPAJIOTUYECKHUM
U MMETPOIPA®UYECKU AHAJIU3
BAPUMCOJAEPKAIIEN CJIIOABI

AHHoTamusi. B crarbe npoBeeH MUHEpaJIOrHYecKuil U nerporpadpuyeckuii ananu3 oapuiicogepxaiueii cimonsl (bapuodenrura) uz Ceseprnoro Yisitay, Kazaxcrat.
Xumudeckuii cocTaB H3yueH METOJIOM JIIEKTPOHHO30HI0BOr0 MUKpoaHanu3a. ITokazaHo, uTo MUHEpas XapaKTepu3yeTcs BEICOKMM coaepkanuem Si0:z (49,31-53,31 mac.
%) n BaO (1,90-5,32 mac. %), a Taxke BapbUpyIOIUMHU KoHLeHTpalusamu Na u Al. CpaBaenue ¢ oopasuamu u3 lIseiinapuu, CILIA u Utanuu BeisiBuiio 6onbine FeO u
MgO, uem y GapuodenrntoB bepusana u JInHkonbH-Xuna, 1 0oJiee CI0KHBIA XUMCOCTaB, 4eM y GEHIMTOB SKIOrUTOB BonbTpu. MuHepan 1eMOHCTPUPYET YHHKAJIbHBIC
KPHCTAJTIOXMMHYECKHE OCOOEHHOCTH, OTPAXKAIOLINE M'MPOTEPMAJIbHYIO AKTHBHOCTh PErMOHa. JIaHHbIE pacIIMpPSIOT MOHMMaHue (OpMUPOBAHUS GapuiicoepKaIHX CIIO/
B PA3JIMYHBIX TCONOTHYECKUX YCIOBUSX.

Kniouesnle cnosa: bapuoghencum, b6apuiicooepicawas cirooa, keapyum, cianey, arvoum, Cesepuvliil Yivimay.

Kypambinaa 6apuii 6ap ciiioqaHbIH MUHEPAJIOTHAJIBIK K9He MeTPOrpadusiibIK TaAIaybl

Amnpnarna. Makanana Conrycrik ¥abitaynan (Kasakcran) ansiaran Gapuidni ciroga (6apuo(eHruT) MUHEPaIOr HsUIBIK JKOHE NeTPOrpadusIbIK TalgaHabl. MUHEpa Ky-
PaMBbIH JIEKTPOH/IbI-30HATH MUKpOAHAIU3 d/1iciMeH 3epTTei. Munepainnin Si0: memnmepi sxorapsi (49,31-53,31 macc. %) sxone BaO (1,90-5,32 macc. %), conpaii-ak Na
sKoHe Al KOHLIEHTpanusnaps! 9pkeki exkeHi kepeerini. seiinapus, AKII sxone Mtanusaan ansiHFaH yiriiepMeH canbicTeiprana, Contyctik Yobitay OapuodeHruTinae
Bepusan men JInnkoapH-Xuu OapruodeHrurrepiner kobipek FeO xone MgO 6ap sxoHe BosnbTpu TOOBIHBIH SKJIOTUT (EHIHTTEpiHE KaparaHaa XUMHUSUIBIK KYpaMbl KYp-
Jenipex. MuHepain aiiMaKThlH THAPOTEPMAaIbAbIK OCICEHALIITH KOPCETETIH epeKile KPUCTAIUNIOXUMHSIIBIK KACHETTepre ue. AJIbIHFaH MAJliMeTTep Oapuidlli CIIofanapaby
SPTYPITi FeOJIOTUSIIBIK XKaFJaiiap/ia KalblTaCyblH TYCIHY/I KeHeiTe .

Tyiinoi cozoep: 6apuodenzum, Kypamoinda dapuii 6ap ciiooa, keapyum, makmamac, arboum, Conmycmix ¥ioimay.

Mineralogical and petrographic analysis of barium-bearing mica

Abstract. The article presents a mineralogical and petrographic analysis of barium-bearing mica (bariophengite) from Northern Ulytau, Kazakhstan. The chemical
composition was studied using electron probe microanalysis. It was shown that the mineral is characterized by high Si0: content (49.31-53.31 wt.%) and BaO (1.90-5.32
wt.%), as well as variable concentrations of Na and Al. Comparison with samples from Switzerland, the USA, and Italy revealed higher FeO and MgO contents than in
the bariophengites from Berisal and Lincoln Hill, and a more complex chemical composition than in the phengites of the Voltri eclogite group. The mineral exhibits unique
crystallochemical features reflecting the hydrothermal activity of the region. These data expand the understanding of the formation of barium-bearing micas under different

geological conditions.

Key words: bariophengite, barium-containing mica, quartzite, schist, albite, Northern Ulytau.

BBeanenue

Bapuiiconepxxamas cnrona (0apuodeHTUT) MpeacTaB-
nseT co0oil yHUKaNbHBI MHHEpad, OOHapyXCHHBIH B
anbONUTO-KBAPIEBBIX U T'PaUTH3NPOBAHHBIX KBAPIEBBIX
tdmronnnzatax CesepHoro YiasiTay. Ero munepamormge-
CKHHl COCTaB, TEKCTYpHBIE OCOOCHHOCTH M XHMHYECKHE
XapaKTepUCTUKH MMEIOT Ba)XKHOE 3HAYCHHUE IS MOHUMAa-
HHAS TCOXHMHYECKHX M TIETPOJOTHYECKUX IMPOIECCOB,
MPOTEKaBIIMX B JJAHHOM peruoHe. B gaHHOW cTarbe mpo-
BOJUTCSI BCECTOPOHHUN aHAIU3 OaproQeHTHTa, BKIIOUYAs
ero Mop¢oJIOoTHI0, XUMUUYECKUH COCTaB W OCOOCHHOCTH
KPHUCTAJUIOXUMHAH.

Kpamkxoe 2eonozuueckoe cmpoenue

B npenenax Ceseproro YisiTay B 6acceitne pexn Kapa-
Typrail TpaJULMOHHO BBIAEJISIIOTCS TPU IMPOTEPO30HCKUE
cepun [1] — Oexrtypranckas, apambailickas W Kapcakmai-
CKasi, KOTOPBIE MEePEKPHITH KaHHO30MCKUMH OTIOKCHUSIMHU.
HanGonpmum pacripocTpaHEHHEM B CPETHEM TCUCHUN PEKU
Kapa-Typraii monp3yroTcsi oOpa3oBaHHS KapcaKMmaniCKoit
cepum [2], koTOpasi TMpeAcTaBjieHa HEPACWICHEHHBIMHA 00-
Pa30BaHHUSIMH — 3TO CEPHUIIUTO-KBAPIIEBBIC, XJIOPUTO-KBAp-
[IeBBIC CIAHIBI, MOPOHUPOUBI, aMPprUOOIOBO-TIIATHOKIA30-
BEIE, XJIOPUTO-aTLOUTOBBIC, MyCKOBHTO-aTbOUT-KBAPIIEBHIC
CIAHIBI, MPaMOpbI, KBapIUTHI, JKEIE3UCTHIC KBapPIIUTHI.
Bo3spact kapcaknalickoil cepuM yCIOBHO IIPUHAT BEpPXHE-
MPOTEPO30MCKUM COTTIACHO TIOJIOKEHHUIO B Pa3pe3e OTHOCH-
TeJIbHO TopoJ apanbaiickoit cepuu [2]. C mopogamu Kap-
CaKMaiCKOM CepuH COMPSIKEHBI BEIXOIBI MUKPUTO-PHUOIHTO-
BOTO KOMILJIEKCA.
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MeToabl Hcciie10BaHUS

IToponooOpasytomue MuHEpagsl OBITH HACHTHPHINPO-
BaHbI B nudax u annumdax B Jlaboparopun MUHEPATOTHH
TOO UT'H um. K. . CarmaeBa (Anmarsl, Kazaxcran). st
n3y4eHust 6aprodeHruTa UCroNb30BaIkCh AEKTPOHHO30H10-
BBl Mukpoananus (EPMA) s onpeneneHnss XuMUIeCKOro
cocTaBa MUHepaa, BKIItoJast KoHneHnTpauun Ba, K, Al, Si, Mg
u Fe, npoBe/ieHHBII NIPU CTAHJAPTHBIX YCIOBUSIX: YCKOPSIIO-
mee HampspkeHue 15 kB, Tok myuka 20 HA, aumaMeTp mydka
1-2 MKM, TouHOCTH *+1-2 Mac.% u mpenensl oOHApYKEHUS
0,01-0,05 mac.%; pentrenodazosrii ananus (POA) mis ycra-
HOBJICHUSI KPUCTAJUTMUECKOM CTPYKTYphI U (ha30BOro cocTana
MHUHEPAJIOB; ONTHYECKAsi MUKPOCKOMHUS JUIsl U3YUYCHUs] MOp-
(honornu MUHEPATOB M MX TEKCTYPHBIX 0COOEHHOCTEH (pHc.
1); cxaHmpyromas s3meKTpoHHass Mukpockorus (COM) mns
JICTAJIbHOTO HCCIIEIOBAHHMST MUKPOCTPYKTYPbI U BKJIFOYCHHI
B MuHepaie; J/IPDA, npoBeaeHHbII ¢ UCTIOIB30BAHUEM JIa-
6oparoproro crekrpomerpa PIII-21T (TOO «Acmanl EO»,
Anwmarel, Kazaxcran). [IpuMeHeHNE STHX METOIOB TIO3BOJIUIIO
KOMILJIEKCHO OXapaKTepU30BaTh XUMHUYECKHE, CTPYKTYpHbIE U
TEKCTypHBIE 0COOCHHOCTH OaprodeHTHTa 1 TOpo1000pas3yro-
LIMX MUHEPAJIOB.

Pe3yabraThbl U 00Cy:K/I€EHHE

Xumuuecxuil cocmag 6apuogpencuma. bapnopeHrut xapak-
Tepusyercs cogepxannem BaO ot 1,90 no 5,32 mac. %, K20 —
ot 9,78 no 11,10 mac. %, Na20 — ot 0,04 no 0,63 mac. %.
Bricokne xonnentpanuu S$i02 (49,31-53,31 mac. %) cBuzge-
TENBLCTBYIOT O KPEMHHEBOW HACHIILIEHHOCTH MUHEpaa. Takxke
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ormeueHsbl npumecu FeO (2,10-6,16 mac. %) u MgO (2,25—  crajuu3aiiy 1 MUTPAIUU JIEMEHTOB B XO/IC TOCTMarMaTuye-
3,01 mac. %), 4TO MOXXET yKa3blBaTh Ha MPOILECCHI MIEPEKPHU-  CKHX Iporeccos (Tabnuna 1).

Tabnuuya 1
Cocmae (mac. %) bapuogenzuma no 0anHbIM INEKMPOHHO30HO08020 MUKPOAHATU3A
Kecme 1
DnekmponowiK 3010 MuKkpomanoay oepexmepine caiikec oapuogenzummin Kgpamsl (mac. %)
Table 1
Composition (wt. %) of baryophengite according to electron probe microanalysis data
BAK®
[Ipoba 1 2
KommnoneHTsI 1 2 3 4 5 1 2 3 4 5
Sio, 50.50 50.88 50.19 51.15 49.31 51.29 51.97 50.01 50.08 49.90
Tio, 0.07 0.16 0.38 0.28 0.18 0.22 0.07 0.13 0.37 0.10
AlL,O,; 29.00 28.44 28.42 28.89 30.58 28.55 28.51 30.14 30.45 28.42
FeO 3.58 3.75 4.16 3.24 2.60 3.56 3.38 3.37 2.10 4.57
MgO 2.90 3.00 2.04 2.93 2.63 2.81 2.74 2.24 2.53 2.55
MnO 0.00 0.34 0.11 0.18 0.19 0.22 0.07 0.19 0.22 0.07
K,0 10.74 10.99 10.48 10.42 10.82 11.25 10.83 10.37 10.53 10.97
Na,0 0.26 0.13 0.63 0.41 0.33 0.28 0.32 0.33 0.28 0.23
BaO 2.94 2.31 3.58 2.48 3.36 1.90 2.00 3.23 3.44 3.18
BAK®
IIpoba 3 4 5 6 7 8
KommoneHTsI 1 2 3 4 5
Sio, 50.22 50.63 51.24 50.34 50.10 51.45 50.74 50.87 53.37 51.67
Tio, 0.24 0.19 0.23 0.15 0.04
ALO; 28.59 28.66 28.45 28.78 29.79 28.51 27.35 27.84 26.40 28.20
FeO 3.85 3.89 3.52 3.87 3.11 3.68 3.61 4.51 4.05 3.54
MgO 2.55 2.79 2.81 2.46 2.78 2.28 3.31 2.75 2.68 2.24
MnO
K,0 10.98 10.93 10.78 10.76 10.86 9.8 10.48 10.36 10.01 9.93
Na,0 0.25 0.21 0.33 0.44 0.46 1.03 0.18 0.40 0.20 1.01
BaO 3.32 2.70 2.65 3.20 2.86 3.19 4.09 3.26 3.30 341
I'K®
KommnonenTst 1 2 3 1 2 3 1 2 3 4
Si0, 50.10 51.16 50.68 50.13 51.82 50.10 48.87 48.75 49.70 48.39
Tio, 0.32 0.34 0.06 0.02 0.15 0.19 0.39 0.33 0.32 0.09
ALO; 28.22 27.95 28.06 28.90 27.76 28.21 27.13 28.46 27.87 28.22
FeO 291 2.95 3.10 3.60 3.15 3.04 4.36 5.64 4.10 491
MgO 3.41 3.27 3.54 2.49 3.20 3.15 3.00 2.07 2.77 2.52
MnO
K,0 10.69 10.30 10.32 10.38 10.58 10.36 10.36 10.18 9.91 10.12
Na,0 0.45 0.36 0.29 0.40 0.25 0.30 0.04 0.34 0.15 0.43
BaO 3.90 3.68 4.08 4.07 3.09 4.65 4.93 4.23 5.17 5.32

Ipumeuanue: BAK® — bapuogenzumo-anvoumo-xeapyeswiii aiouduzam, I'K® — epapumusuposannulii Keapyesulii giou-
ousam. Qopmynvhvle KOIPDuyLeHmbl 8bIHECEHbL 8 NPUTONHCEHUE.
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Dopmynvhusle K0IPpuyuenmot
BAKD
[Ipoba 1 2
KommoneHTs! 1 | 2 | 3 | 4 | 5 1 | 2 | 3 | 4 5
®opmybpHBIE k03D (UITMEHTH B pacueTe Ha 11 aToMOB KHrcIopoaa
Sia.p.fu. 3.308 3.327 3.316 3.329 3.234 3.340 3.364 3.274 3.267 3.300
Al 0.692 0.663 0.687 0.671 0.766 0.660 0.636 0.726 0.733 0.700
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Al 1.546 1.519 1.529 1.544 1.597 1.531 1.556 1.600 1.609 1.515
Ti 0.008 0.019 0.014 0.009 0.011 0.003 0.006 0.018 0.005
Fe** 0.196 0.205 0.230 0.176 0.143 0.194 0.184 0.184 0.115 0.253
Mg 0.28 0.293 0.201 0.284 0.257 0.273 0.266 0.219 0.246 0.251
Mn 0.019 0.006 0.010 0.011 0.012 0.004 0.011 0.012 0.004
M site 2.029 2.043 1.984 2.028 2.016 2.020 2.014 2.020 2.00 2.028
K 0.897 0.917 0.883 0.865 0.905 0.934 0.901 0.866 0.88 0.925
Na 0.033 0.016 0.081 0.052 0.042 0.035 0.040 0.042 0.04 0.029
Ba 0.075 0.059 0.093 0.063 0.086 0.048 0.051 0.083 0.100 0.082
Isite 1.006 0.992 1.057 0.980 1.033 1.018 0.993 0.991 1.000 1.037
Y cations 7.035 7.036 7.041 7.008 7.049 7.039 7.007 7.011 7.000 7.065
Fe + Mg 0.476 0.498 0.431 0.460 0.400 0.467 0.450 0.403 0.361 0.504
Fe + Mg + Si 3.784 3,825 3.747 3,789 3.634 3.807 3.814 3.677 3.628 3.804
BAKD
IIpoba 3 4 5 6 7 8
KoMnoneHTs! 1 | 2 | 3 | 4 | 5
®opmynbHbIe K03 dUIMEeHTH B pacyere Ha 11 aToMOB Kuciiopona
Sia.p.fu. 3.310 3.318 3.345 3.312 3.277 3.363 3.357 3.353 3.481 3.380
Al 0.690 0.682 0.655 0.688 0.723 0.637 0.643 0.647 0.519 0.620
T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
Al 1.530 1.531 1.534 1.543 1.574 1.560 1.490 1.516 1.510 1.555
Ti 0.012 0.009 0.011 0.007 0.002 0.00 0.00 0.00 0.00 0.00
Fe*™ 0.212 0.213 0.192 0.213 0.170 0.201 0.200 0.249 0.221 0.194
Mg 0.251 0.273 0.274 0.241 0.271 0.222 0.327 0.270 0.261 0.218
Mn 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
M site 2.005 2.026 2.011 2.004 2.017 1.983 2.016 2.034 1.991 1.967
K 0.923 0.914 0.898 0.903 0.906 0.817 0.885 0.871 0.833 0.829
Na 0.032 0.027 0.042 0.056 0.058 0.131 0.023 0.023 0.025 0.128
Ba 0.086 0.069 0.068 0.082 0.073 0.082 0.106 0.084 0.084 0.087
I site 1.041 1.010 1.007 1.042 1.038 1.029 1.014 0.978 0.942 1.044
> cations 7.046 7.07 7.019 7.045 7.055 7.012 7.030 7.013 6.964 7.011
Fe + Mg 0.463 0.486 0.466 0.454 0.441 0.421 0.527 0.519 0.482 0.412
Fe + Mg + Si 3.773 3.804 8.811 3.766 3.718 3.784 3.884 3.872 3.963 3.792
I'Kd
KommosenTe! ro o2 | o3 | 1 | 2 | 3 ] 1 | 2 | 3 | 4
dopmynbHbie K03 duIMeHTH B pacyere Ha 11 aToMOB Kuciioposa
Sia.p.fu. 3.303 3.325 3.335 3.308 3.382 3.314 3.298 3.258 3.309 3.253
Al 0.697 0.675 0.665 0.692 0.618 0.686 0.702 0.742 0.691 0.747
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TIpooondicenue npunoicenus

T site 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00
A" 1.495 1.508 1.511 1.555 0.618 1.513 1.456 1.500 1.496 1.489
Ti 0.016 0.017 0.003 0.001 0.007 0.009 0.020 0.017 0.016 0.005
Fe*t 0.160 0.164 0.171 0.199 0.172 0.168 0.246 0.315 0.228 0.276
Mg 0.335 0.323 0.347 0.245 0.311 0.311 0.302 0.206 0.275 0.253
Mn 0.00

M site 2.006 2.012 2.031 2.00 2.008 2.001 2.024 2.038 2.016 2.022
K 0.899 0.871 0.866 0.874 0.881 0.874 0.892 0.868 0.842 0.868
Na 0.058 0.046 0.037 0.051 0.032 0.038 0.005 0.044 0.019 0.056
Ba 0.101 0.096 0.091 0.105 0.079 0.121 0.130 0.111 0.135 0.140

I site 1.057 1.013 0.994 1.030 0.991 1.033 1.028 1.023 0.996 1.064
X cations 7.064 7.025 7.026 7.030 6.999 7.034 7.051 7.060 7.012 7.086
Fe+ Mg 0.495 0.484 0.518 0.444 0.483 0.479 0,546 0.521 0.593 0.529
Fe + Mg + Si 3.798 3.809 3.853 3.752 3.865 3.793 3.844 3.779 3.902 3.782

Ipumeuanue: a.p.f-u — uucio amomos & hopmynvroul edunuye, BAKD — bapuoghenzumo-ansoumo-keapyesviil uiouduzam,

I'K® — epaghumusuposannulii Keapyesvlil (irououzam.

Puc. 1. lland, yea 100. Hux +.

A) Crroducmo-anvbumo-xeapyesas nopooa ¢ keapyem (1) u
benas cmoda (2). B) I'pagpumusuposannsiil keapy. Keapy (1),
epagumosoe geujecmaso (2).

Cyper 1. Keplarsiparsliran, yaraiteuiran 100. Hux +.
A) Keapymewi (1) sicone ax carooamen (2) cioda-aneoum-
Keapymol dcvinvic. B) Ipagpummenzcen keapy. Keapy (1),
epagum zamei (2).

Figure 1. Section, magnification 100. Nick +.

A) Mica-albite-quartz rock with quartz (1) and white mica (2).
B) Graphitized quartz. Quartz (1), graphite substance (2).

Mopgonozus u mexcmypuvie ocobennocmu. bapnodenrur
BCTpEYaeTCs] B BUJIC IUIACTUHYATBHIX M HUTOJBYATBIX KPUCTAJ-
JIOB, 00pa3ylomnX TEKCTYPhl B aCCOLMAIMU C AIBOUTOM H
KkBapieM. Kpucraisl IMEIOT TeHICHINIO K 00pa30BaHUIO Ma-
paJUIENBHBIX arperaToB, 4TO XapaKTEpHO JUIS THAPOTEpMallb-
HO M3MEHEHHBIX 1opoJ1. B HekoTophIx 00pa3uax bapuodeHruT
BKJIFOYAaET MEIIKHE 3epHa IMPKOHA M MOHAIUTA, YTO CBH/IE-
TEJILCTBYET O CIIOHOM UCTOpHUHU €ro (popMHPOBaHUSL.

[TpoBenenHoe cpaBHenue Oapuodenrura nz CeBepHOTO
VipITay C aHANIOraMM M3 JIPyTUX MECTOPOXKIACHUH, TAKUX KakK
Bepuzan (Ilseitnapus), JluakonsH-Xnmn (CHIA) n Bonsrpu
(Mranus), moxasano ero cXoXKecTh 10 COJep)KaHuIo Oapusi, HO
OTJIMYUS B COACP)KAHWM HATPHS U aTIOMUHMA. B wactHOCTH,
UCCIeayeMblid MUHEpaJl AEMOHCTPHUPYET Oosiee CIOXKHBIH XH-
MHUYECKHH COCTaB, YTO MOXKET OBITH OOYCJIOBJICHO crenugu-
YECKMMH F€OXHUMHUECKIMH yCIOBUSIMU (pOPMHPOBAHUS OPO-
JTBL.

Jis comocTaBiieHust mopox u OGapuodeHrura Obula Hc-
MOJIb30BaHA TPEXKOMIIOHEHTHast juarpamma Ba-Na-K
(Raith et al., 2014). Drta nuarpamMma MO3BOJSIET paccMa-
TpHUBaTh OapuiicopepiKaline CIIONbl B CUCTEME KOOpJAWHAT
MYCKOBHUT-TaHTEPHUT-NIAPATOHUT, OTPAXKAIOUIYIO CIIOKHYIO
CHUCTEMY TPOWHOTO TBEpAOro pacTBOpa. Pesymbrarhl diek-
TPOHHO30H/IOBOTO MHUKpOAHaJIN3a MOKa3alli, YTO HCCIeye-
MBI€ CIIIO/IBI MOKHO TMOZAPA3AEIUTh Ha JIBE I'PYIIIBI: MepBas
COZCP)KUT KpaiiHe HU3KHE KOHIICHTPAlMU OKCHJA HATPHUs
(0.04-0,18 mac. %), BTOpast rpymnmna — OTHOCHTEIHHO BBICO-
KHe KonmdyecTBa okcunma Hatpus (> 0.20 mac. %) (Tabmuna
1, puc. 2), 9TO OTAMYAET UX OT paHee ONMHCAHHBIX Oapuiico-
JIepKaluX CIOJ, B YIIOMSHYTHIX paHee OnyOJIMKOBAaHHOH B
pabore (Raith et al., 2014).

Oco00 ciemyer yNoMsIHYTb 0 OapHiicoepKaluX CITIoax
THJPOTEPMAIIBHOTO MECTOPOXKACHHS foMopThepuTa JInH-
KkonbH-XW okoso Opeansl, wtar Hesana, CIOA [4]. Ot
CJIIOJIBI COZIEPIKaT HU3KUE, HO MOCTOSIHHBIC KOHIICHTpaIuu Na,
ato jnano ocHoBanue C. Ma u I. P. Poccmany [4] Bbickasath
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Pg

Ms+Cel

Puc. 2. TpexxomnonenTHas juarpamma Ba-Na-K (a.p.f.u)
JJIsl conocTasjienns Ba-genrura kapcaknaickoii
CEepPUH ¢ TAKOBBIMH: I'PAHAT-0MOTHT-MYCKOBUTOBBIX
rHelicoB komiuiekca Bepusan (Berisal), IlIBeiinapus
[3], momopTHEepUTa MecTOpPO:KAeHUsT JIMHKOJIbH-
Xuaa B Opeane (Oreana), CLLIA [4] 1 30HbI KOHTaAKTa
maccuBa Jluenua (Lienz), ABcTpus [S], kBapueBo-
noJjeBomnaToBbIx cjaanues lOxubix Anbn (Alps), HoBoii
3enanaus [6], penrnrom 3xs0oruToB rpynnst BoasTpn
(Voltri), Uraaus [7].

Daszosvle komnonenmol: Ms — Mmyckoeum, Gnt — canmepum,
Cel — cenadonum, Pg — napaconum. Yepnvim kpecmom
0603Hauen bapuogeneum epapumusuposanHozo Keapyda,

a CUHUM Kpecmom — bapuoen2umo-aiboumo-keapye6o2o
@rouduzama.

Cyper 2. Kapcaknaii To0b1n1arb1 Ba-denrurri
CAJIBICTBIPATBIH YII KoMIOHeHTTi Ba-Na-K (a.p.f.u)
auarpammacel: bepucan kemeninin rpanar-0HOTHT-
MyckoBHT ruericrepi, llIseiinapus [3], Opeanagarsl
JInHK0JIBH-XHLT KeH OPHBIHBIH JYMOPTHEPHUTI
:koHe AKII-ThIH JIMHKOIbH-XWLT KeH OPHBIHbIH
aymoptuepurti, Jiunn 3onacer, AKII-TeIH 6aiijiaHbIC
aiimarbl [4]. [S], Ouryctik Aabmi, ZKana 3esanausigarpl
KBapUThI Jaj1a Inarrapsl [6] :koHe BoJbTpu TOOBIHBIH
kjoruTTepinin ¢penruti, Uranus [7].

Daszanvix komnonenmmep: Ms — myckoeum, I'nm —
eynmepum, Cel — yenadonum, Pg — napaconum. Kapa
Kpecm epagummenzen keapymuoly 6apuo@encumin, ai Kox
Kpecm bapuogenesum-anboum-keapymsl Quouou3ayusHul
KepcemeoL.

Figure 2. Three-component Ba-Na-K diagram (a.p.f.u) for
comparison of Ba-phengite of the Karsakpai series with
those of: garnet-biotite-muscovite gneisses of the Berisal
complex, Switzerland [3], dumortierite of the Lincoln Hill
deposit in Oreana, USA [4] and the contact zone of the
Lienz massif, Austria [5], quartz-feldspar schists of the
Southern Alps, New Zealand [6], phengite of the eclogites
of the Voltri group, Italy [7].

Phase components: Ms — muscovite, Gnt — gunterite,

Cel — celadonite, Pg — paragonite. The black cross denotes
baryophengite of graphitized quartz, and the blue cross —
baryophengite-albite-quartz fluidizate.
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MHEHHE, YTO CYIIECTBYIOT YUCTO OMHAPHBIE TBEPAbIC PACTBOPHI
K-Ba. V3yuenHble HaM1 CBETIIbIE OelIble CITIOJIbI, COJlepIKaIIne
Oapui, 10 CozepKAHUIO OKCH/IA HATPUsl MOAPA3ICISIOTCs Ha
JIBE TPYIIIbI, 00IaaoIye HEIIMPOKOH aMIUTUTYI0N Kojeba-
Hus — BaO (1.90-5.32 mac. %). JInsg HUX Takke XapaKTepHbI
BBICOKHE KOHIIeHTpauu Si0, (49.31-53.31 mac. %) u npume-
cu — FeO (2.10-6.16 mac. %), MgO (2.25-3.01 mac. %), uto
BBILIIE, YEM B PaHEE MCCIIE0BAHHBIX OapUiiCOAepIKaIUX CITI0-
Jlax U30MOP(HOTO psijia MyCKOBUT-TaHTEPUT-TIAparoHur [3, 5,
6, 7]. Ilo-BuimmMoMy, UCKITIOUEHUE COCTaBIsieT Oorarblii Oapu-
eM (eHruT dKIOTuTOB rpyninbl Bonsrpu, Utanus [7], umero-
M OTHOCUTENLHO HEBBICOKUE KOHIeHTpanuu Na,0 u Ti0,,
YTO XapakTepHO M Ul U3Y4YEeHHOH Hamu Oapuiicozepiaiien
cmonbl. enrut [8], kak U HccieayeMble HAMU CBETIIbIE CITIO-
JIbl, COJIEPKAT OTHOCHTEJILHO OOJIBIIOE KOJIMYECTBO KPEMHHUS
¢ Terpasnpuyeckoil koopaunanueit (3.26-3.47 a.p.fu). Ot
npezaenst Si (a.p.fu.), K (<0.923 a.p.f.u.) nuokrasapudeckoit
(nByxBaneHTHbIMU KaTnoHamu — Fe, Mg, Mn, Ti) Genoii ciro-
AbI YKa3bIBalOT, 4YTO q)eHl"l/IT HaXoqUTCA MEXKAY COCAUHCHUSA-
MU MYCKOBHUT-aJIFOMUHOCEIIAIOHNTA U MyCKOBUT-CEIIaJIOHUTA.
[Monyuennsie 3HaueHus a.p.f.u (tabmuma 1) cOmmkarT U3y-
YCHHBIA HaMU 0apruo(EHTUT ¢ uaeanbHou Gopmysnoit heHruta
KAl (Mg, Fe), sSi; ;Al, ;0,(0OH), no C.B. beiinu [9]. B Ha-
crosuiee BpemMs (PEHIUT AUCKPEAUTHPOBAH MexkyHapoaHON
MUHEPAIOTHYECKON acCOLMALUEN KAK CAMOCTOSATEIIbHBIN MU-
HepanbHblii BUJ (Homenknarypa citon, 1998). Ilo orHoe-
Huto A1,0; xk MgO (mac. %) OapuodeHruT oTBeyaeT IIIMHO3e-
MUCTON MarmMaTuueckoit cepuu mo [10].
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CRITERIA OF RARE-METAL ORE POTENTIAL
AND THEIR APPLICATION IN PREDICTING
PROSPECTIVE AREAS (A CASE STUDY

OF THE KALBA-NARYM BELT)

Abstract. The paper summarizes studies of the Kalba-Narym Belt of the Altai accumulated over more than 70 years of research into the ore potential of rare-metal
granites. Ore-formation features of rare-metal mineralization are analyzed, and key groups of ore indicators and criteria are identified. Metallogenic zoning was used to
delineate prospective areas for discovering new occurrences and assessing the potential of known deposits. Source materials were systematized into a database of 280
occurrences and deposits integrated into the ArcGIS geospatial environment using regional geophysical data and remote sensing (Landsat, Sentinel-2). Machine learning
improves the reliability of predictive modeling.

Key words: rare metals, Kalba-Narym Belt, metallogenic zoning, formation types, magmatic criteria, Sentinel-2.

Cupex MeTa/IapJbIH PYAAIbLIBIK KpUTepHiiaepi skoHe 0J1apAbl MepCcleKTHBAIbI ayMaKTapAbl 00JKayla KOJIJaHy

(Kan6a-Hapbim GeJiaeyi MbIcaJibIH/IA)

Amnnarna. Makanazna Anraiinarsl Kan6a-Hapeiv Oenjieyi OolibIHIIa cHpeKMeTas/ibl TPAaHUTTEP/IIH PyAaIbUIbIFBIH 3epTTeyaiH 70 JKbUIJaH acTaM yakbIT ilIiHAe JKH-
HAKTAJFaH HOTIKENepi KOPBIThIHAbUIaHFaH. CHpeKMeTas bl MUHepAIaHy KOPIHICTepiHIH pyAHO-(DOPMAIMSIIBIK ePEKIIeTIKTepl KapacThIPbUIBII, HErisri Oenrizep MeH
PYZAIbUIBIK KPUTEPUiiepi allKbIHAaIFaH. MeTaluIoreHAIK ayJaHIacTbIpy HEri3iH/e ’aHa HbICAaHAAP/bl aHBIKTAYFa XKOHE Oelrisli KeH OpbIHJAPbIHbIH dJICyeTiH OaranayFa
HepereKTHBaIbl aymMakrap O6eminreH. bacrankel marepuainiap 280 HbICaH/IBI KAMTUTBIH JiepekTep 6azackiHa xkyienenin, ArcGIS reoaknaparTsiK opTackiHa reo(pH3NKaIBIK
skone XKK3 (Landsat, Sentinel-2) nepexrepimeH OipikripinreH. MamMHaIbIK OKBITY 00KaM HOTHKEIESPiHIH CeHIMIUTITIH apTThIPa/Ibl.

Tyitinoi cosoep: cupex memanoap, Kanba—Hapuim 6endeyi, memannio2enoik ayoanoacmolpy, Gpopmayusnbly munmep, Mazmansly kpumepuiiiep, Sentinel-2.

Kpurepuu py1oHOCHOCTH PeAKHX MeTAJJIOB M X HCI0JIb30BaHMEe PH MPOrHO3UPOBAHUY NMEPCHeKTHBHBIX IJI0Ia1eii

(na npumepe Kan6a-Hapbivckoro nosica)

AnHorauus. O6001IeHbl pe3ynsrarsl HccienoBanuii Kanba-HapbeiMckoro mosica Antasi, HakoIUIeHHbIE 3a Oojiee yeM 70-JICTHHI MepUO M3y4YeHHs PYIOHOCHOCTH
PEIKOMETaIbHBIX TPAHUTOB. PacCMOTPEHBI PyIHO-()OPMALIMOHHBIC 0COOCHHOCTH MPOSIBICHUN PEIKOMETaIbHOI MUHEPAIM3aLMH, BbIICIICHbI OCHOBHBIE TPYIIIIbI IPH3HA~
KOB M KPUTEPHEB PYAOHOCHOCTH. Ha OCHOBE METAIIOreHHYECKOTO PaiflOHMPOBAHUS ONPEACICHBI IEPCIICKTUBHBIC TUIOIIA M ISl BBISIBICHHS HOBBIX OOBEKTOB U OLICHKU
MOTEHIMAlIa U3BECTHBIX MECTOPOKICHHH. VICXOHBIC MaTepHalibl CHCTEMaTH3MPOBaHb! B 0ase 1aHHbIX (280 MpOsIBICHHUN K MECTOPOK/ICHHI ), HHTETPHPOBAHHON B Ie€ONpo-
cTpaHCcTBeHHYIO cpeny ArcGIS ¢ mpuBiedeHHEM perHoHaNbHbIX reodr3nvecKix AaHHbIX 1 MarepuanoB J[33 (Landsat, Sentinel-2). IIpumMeHeHHE METOIOB MAITHHHOTO
00yueHHsI IOBBIIIAET JOCTOBEPHOCTD IIPOrHO3HBIX MOCTPOCHMIA.

Kntoueswie cnosa: peoxue memannvi, Karba-HapblmcKuil nosic, Memanio2eHuueckoe pationuposanue, Gopmayuontvie munsl, Mmaemamuieckue kpumepuu, Sentinel-2.

Introduction

The Kalba-Narym belt represents one of the most important
rare-metal provinces, encompassing several deposits (Bak-
ennoe, Belogorskoe, Yubileinoe, Akhmetkino, Medvedka,
Tochka, Cherdoyak, etc.), which constitute the core of the ra-
re-metal mineral resource base of the Republic of Kazakhstan
in terms of light lithophile elements (Be, Rb, Cs, Li), as well as
a significant portion of the resource base for heavy lithophile
elements (7a, Nb, W, lanthanides) and tin (Sn).

From a geotectonic point of view, the Kalba-Narym belt
is a fragment of Gondwana, which joined the Siberian pa-
leocontinent as a result of the Hercynian collision [1, 2]. In
post-collision conditions, a stretching environment was cre-
ated along the emerging Zaisan rift with orogeny in adjacent
territories, with powerful granite magmatism and shear tec-
tonics (Figure 1).

Granites of the Kalba-Narym belt have been studied in de-
tail since the 1930s, initially as sources of tin mineralization.
From the 1950s onward, geological exploration focused on the
search for deposits of tantalum-niobates, beryllium, and cesi-
um. Such a prolonged period of investigation has resulted in the
accumulation of a substantial body of data on various aspects
of the metallogeny of the Kalba-Narym belt; approximately
300 occurrences and indications of rare-metal mineralization
have been identified (Figure 2). In addition to comprehensive
monographs [2, 3, 5, etc.], significant contributions have been
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made by geological re-evaluation and thematic reports of the
1970s—1990s, dedicated to reassessing the potential of individ-
ual deposits and ore clusters.

Methods and materials

Ore-Formation and Metallogenic Zoning of the Kalba-Na-
rym Belt

The Kalba-Narym belt is underlain by the eponymous plu-
ton, a magmatic body extending over more than 500 km in
length and up to 50 km in width, composed of individual mas-
sifs that are interconnected at the surface or at depth. Accord-
ing to gravimetric data, the pluton corresponds to a regional
negative gravity anomaly with an amplitude of 13-32 mGal,
complicated by local anomalies associated with individual in-
trusive bodies [1, 2].

According to the scheme of V. V. Lopatnikov [3] the fol-
lowing sequence of magmatic intrusions has been established:
the plagiogranite-granodiorite formation, ranging in composi-
tion from gabbro to plagiogranites (Kunush Complex, C>—s);
the Kalguty rhyolite-dacite formation (Cs); the Kalba gran-
ite-granodiorite complex (P1); the granite-leucogranite forma-
tion (Monastyr Complex, P> — T)). Several researchers addi-
tionally distinguish a dyke complex of gabbro-diabase-granite
porphyry composition (Mirolyubov Complex, Ti) [, 6].

The rare-metal specialization of the Kalba-Narym belt is
primarily associated with the granites of the Kalba Complex;
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1 — boundaries of the Greater Altai; 2 — boundaries of metallogenic
zones, 3 — Irtysh shear zone; 4 — boundary of the gold belt;
5 — Kalba-Narym belt.
6 — ore districts of the Kalba-Narym Belt:
1 — Shulbinsky, 2 — North-West Kalba, 3 — Central Kalba,
4 — Narym;
7 — ore districts of the West Kalba gold belt:

1 — Mukur, 2 — Bakyrchik, 3 — Kuludzhun,
4 — South Altai;
8—13 — deposits:

8 — albitite-greisen (Sn, Ta); 9 — rare-metal pegmatites (Ta, Nb,
Be, Li, etc.); 10 — greisen—quartz vein (Sn, W); 11 — hydrothermal
quartz-vein (Sn, W); 12 —tin; 13 — gold.
Metallogenic zones:

[ — Beloubinsk—Sarymsaktin, Il — Rudny Altai,

111 — Irtysh, IV — Kalba—Narym, V — West Kalba,

VI — Char, VII — Zharma—Saur, VIII — Sirektas—Sarsazan

Figure 1. Spatial distribution of the Kalba-Narym Belt
and the West Kalba gold belt within the Altai structural
framework, combined with the metallogenic zoning of the
Kalba-Narym Belt, after [1, 2].

Cyper 1. Aaraii kypsuibiMbIHAaFLI Kanoa-Hapbim
oenneyi men barbic KaJsioa aarein Gesijeyinin opHanacy
cbi30achl, Kaaoa-HapeiM Gesgeyinin MmeTannorenaik
aylaHIacThIPbLIYybIMeH Oipre kepcetijiren [1, 2]
Oo¥ibIHIIA.

Puc. 1. Cxema pazmemenus Kaada-Hapbimckoro
nosica u 3anagHo-Kaa0uHCKOro 3010TOPYIHOTO
nosica B CTPYKType AJTasi, COBMellleHHasl C
MeTaJIoTeHn4YecKuM paiioHupoBannem Kanba-
HapsbiMckoro nmosica, corsiacio [1, 2].

however, rare-metal enrichment is also characteristic of the
Kalguty, and Monastyr complexes. Several pegmatite deposits
(Akhmetkino, Tochka, Medvedka, etc.) are also hosted within
ore-localizing dykes of plagiogranites and granite porphyries
of the Kunush Complex.

The lateral heterogeneity of the Kalba-Narym Belt structure
has allowed the identification of four megablocks along the
belt’s main NW-SE elongation. These blocks also correlate
with the predominant ore-formational characteristics of the de-
posits [2, 7] and can be briefly described as follows:

Shulbinsky District is located on the outermost north-west-
ern flank of the Kalba-Narym Belt and is largely covered by
a cover of unconsolidated sediments. According to geologi-

NSl

Figure 2. Distribution areas of granites of the Kalba-
Narym Belt (KNB) and associated rare-metal
mineralization occurrences.

Cyper 2. Kau6a-Hapbim 0enneyinin (KHB)
TPAHUTTEPiHiH Tapayly aiiMaKTaphbl :K9He 0JIAPMEH
0aiJIaHBICTBI CHPEKMeTaJIbl MUHEPAJIIAHY HBICAHJAPLI.
Puc. 2. Odnactu pa3surus rpanutos Kanda-
Hapsimckoro nosica (KHII) u cBsizaHHbIe ¢ HUMH
00bEKTBI PeIKOMETATBbHOH MIUHEPAIH3AIUH.

cal-geophysical reconstructions by Lyubetsky [10], the belt
exhibits a significant widening (up to 90 km). Several large
granite massifs have been identified (Shulbinsky, Kozhankul,
Bekovsky, etc.), mostly covered by loose sediments. Prospects
are associated with potentially ore-bearing Li—F granites,
tin-bearing dykes, direct evidence of rare-metal mineralization
(W, Sn), numerous zones of silicification in the host sedimen-
tary rocks, and geochemical anomalies of W, Sn, Be, Nb, Bi,
As, Cu, and Au.

The North-Western District. Monastyr and Kalba granites
are widely developed among the enclosing sandy-black shale
strata. Quartz veins are widely distributed within the sedimen-
tary rocks. Quartz-vein deposits (Sn, W, Sn-W, Sn-Au) and
rare-metal pegmatitic occurrences (7a, Nb, Be, Li, etc.) are
roughly equally represented [4, 5].

Central District. Granites of the Kalba Complex strongly
dominate, while the Monastyr series is poorly developed. At
the district margins, Kunush plagiogranites with a vein pegma-
titic series specialized in rare metals are present. Among host
intrusive rocks, the Takyr series of carbonaceous black shales
is most widespread. Pegmatite occurrences are primarily con-
centrated in the apical parts of Kalba intrusions; at the periph-
ery, quartz veins in Kalba granites and host sequences, as well
as pegmatitic vein-like bodies in the Phase II Kunush series,
are common. Over 90% of pegmatite deposits are concentrat-
ed in the Central District, with apogranitic greisen-quartz vein
and greisen occurrences featuring Ta-Sn, Ta-Nb-Be, and Li-
Cs mineralization [6, 7]. Sn and W mineralization is limited
to the peripheral parts of the district and occurs on a relatively
small scale.

Narym District. Kalba granites are widely developed,
while Monastyr granites are completely absent. Vein-type
rocks are extensively represented. Numerous isolated stocks
and small dyke-like bodies of granitoids of the Kalguty asso-
ciation, as well as extensive belts of porphyritic dykes, have
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been documented [3]. Linear zones and fields of quartz veins
with Sn, W, and Sn-W mineralization are characteristic. Ta-
Nb-Be and Li-Cs specialization is almost absent.

Currently, the primary sources of Ta, Nb, Be, Li, and Cs
are granite pegmatites. Greisen and quartz-vein objects are
smaller in scale, while known cassiterite, scheelite, and tanta-
lum-niobate placers have been largely worked out and are not
considered in this study.

The formation types of rare-metal granitoids of the
Kalba-Narym Belt, according to [6, 9], are summarized below.

Results and Discussion

Exploration criteria and indicators

They have been studied and summarized in numerous
works since the 1950s. Based on the data of [2, 3, 5, 6, et al.],
these criteria can be systematized as follows:

Magmatic criteria. The granitoids of the Kalba Complex
are ore-forming for most rare-metal objects of the Kalba-Na-
rym Belt. At the same time, the leucogranites of the Monastyr
Complex are less significant in this regard. The most recent
derivatives, the dikes of the Mirolyubovsky complex, are prac-
tically uncomplicated.-

Major rare-metal pegmatite deposits are associated with
Phase I granites of the Kalba Complex. The main criteria for
ore-bearing potential [2, 7] include: extensive areal develop-

ment; weakly expressed post-magmatic alterations (mainly
microclinization); lack of uniformity in facies composition
(granites, granodiorites, plagiogranites, etc.) with plagioclase
predominating over K-feldspar; enrichment in rare alkalis
(Li + Rb + Cs), whose sum is twice that of Phase II granites;
geochemical specialization in rare elements (7a, Nb, Be, Li,
Sn), fixed in rock-forming minerals — quartz, feldspars, and
biotite; and spatial association of vein rocks with rare-metal
pegmatites.

Phase II granites are characterized by local processes of
albitization and greisenization, accompanied by their own
rare-metal pegmatite deposits, with major ore minerals being
tantalite and beryl. Phase II granites are also associated with
albitite-greisen (apogranite) type occurrences with tin-tanta-
lum-lithium mineralization (Karasu, Novo-Akhmirovskoe,
Apogranitnoye). Small-scale greisen-quartz vein and hy-
drothermal Sn-W occurrences are also known (Kozlovskoe,
Karash, Burabay, etc.).

Leucocratic granites of the Monastyr Complex (Pi-2) are
represented by large granite massifs in the Narym District and
form small tabular bodies in marginal endocontacts of the Mi-
rolyubov, Kaindin, and Karatsaygan massifs. They are special-
ized in rare elements (7a, Li, W, Sn, REE), but due to crys-
tal-chemical dispersion, they are not associated with rare-metal
objects; only chamber-type crystal-bearing occurrences (Dun-

Table 1
Formation types of rare-metal granitoids of the Kalba-Narym Belt and associated deposits
Kecme 1
Kanoa-Hapvim 6endeyininy cupekmemanowt 2panumoudmapulivly popmayusaisl mypiaepi dcane 01apea 0aiaanblCnmol KeH
OpbIHOAapbl
Taonuya 1
Dopmayuonnvie munyl peOKomemanbHovix 2panumoudos Kanoa-Hapvimckozo nosaca u c6A3aHHBIX ¢ HUMU
MeCmopoHCcOeHUlL
Formation Petrographic characteristics Mineralization Objects
Kalba Complex (P1),
Rare-metal pegmatitic (7a, Nb, Be, | Bakennoe, Yubileinoe,
Normal K-Na series, Li, Cs, Sn) Belaya Gora
Granodlorllte moderate .baswlty, h%ghly . Blocky mlcrlochné pegmatites (/Nb, Nizhniy Laibulak
subformation aluminous, with garnet-ilmenite- Be, microcline, quartz)
apatite accessory specialization ) Chudskoe, Kaindinskoe,
Quartz-vein type (Sn, W) Cherdoyak
L1th1um—tar;‘trf1h]1Vr;’1 pl;:gmatmc (Ta, Kvartsevoye Akhmetkino
. Normal K-Na series, low basicity, I, Nb, Be)
b(granltf. highly aluminous, with ilmenite- | Albitite-greisen type (apogranites, Karasu, Novo-
sublormation apatite accessory specialization Sn, Ta, Li) Akhmirovskoe, Muncha
Greisen/quartz-vein type (Sn, W) Karash, Kozlovskoe
Monastyr Complex (P> —T)),
i - ies, high- .
. Subalkaline K=Na series, g Chamber-type crystal-bearing .
Granite pyrometamorphic, highly . . Zhamantas, Dungalinskoe,
. : o - . . pegmatites (non-ore minerals) and
subformation aluminous, with ilmenite-fluorite- . L . . Karagayly
. e mineralization zones with monazite
monazite accessory specialization
Leucogramte Leu.cocratlc. granites, Vem—type Quartz-vein type (Sn, W) Bolshevik, Razdolnenskoe
subformation granites, aplites, and quartz veins
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galinskoe) and small hydrothermal tungsten occurrences in the
Mirolyubov massif (Bolshevik, Razdolnenskoe, Vostochnoye,
etc.) are known.

Mineralogical-geochemical criteria. Geochemical studies
highlight alkali-deficient and ore-specific element spectra (Li,
Rb, Cs, Ta, Nb, Be, Sn) in granites, ores, and monomineralic
fractions of feldspars, quartz, and micas [7]. This indicates a
similar composition of the parent magmatic melts and pegma-
tite-forming fluids, emphasizing the synchronicity of granite
crystallization and pegmatite formation.

There are four consecutive stages: microclinization, ac-
companied by the formation of blocky microcline pegmatites.
Indicators include blocks of microcline and quartz, nests of
large-platy muscovite containing Ta, Nb, Be, Li, and other el-
ements. Ore minerals include platy columbite and prismatic
beryl crystals.

Albitization is associated with the formation of albite-mi-
crocline and albitite complexes, which constitute the matrix of
rare-metal pegmatite veins. Dominant typomorphic minerals
are albite, muscovite, green tourmaline, pink garnet, fluorapa-
tite, and phosphate minerals.

Greisenization, observed in quartz-albite-muscovite com-
plexes formed in the interiors of pegmatite veins. Typomor-
phic minerals are green muscovite, fluorapatite, green tour-
maline, tantalite-columbite, and cassiterite. A notable feature
is extremely high Ta content (up to 1% and above) and Sn
enrichment.

Spodumene formation, occurring at the late stage of the
pegmatite process, is characterized by massive accumulations,
discrete nests, and large crystals of spodumene. The resulting
quartz-cleavelandite and spodumene-quartz complexes are
the most productive. Other indicators include cleavelandite,
spodumene, amblygonite, pollucite, lepidolite, colored tour-
malines, fluorite, and tantalum-bearing minerals (mangano-
tantalite, microlite, ixiolite), among others.

The most productive pegmatite veins are those exhibiting
all four metasomatic stages intensively.

Structural-tectonic criteria. The association of rare-metal
objects of the Kalba-Narym Belt with vein systems has been
recognized since the 1950s. The largest pegmatite fields — Asu-
bulak, Belogorsko-Baymurzino, Chernovin, Karagoin-Lukon,
etc. — occur in endo- and exocontact zones of granite massifs,
in roof sag areas and residual blocks, where they are localized
in tectonically weakened zones flanking second- and third-or-
der faults. As an example, a diagram illustrates the increased
density of vein rocks per unit area in relation to fault tectonics
and the localization of rare-metal occurrences in the Central
District of the Kalba-Narym Belt. A positive correlation is ev-
ident between zones of high vein density (% of total area) and
the presence of rare-metal occurrences.

The most important factor in the localization of ore veins
is multi-level granite massif architecture, represented by al-
ternating tabular granite layers and platy xenoliths of host
rocks. Such formations are noted at intersections of massifs
by first- and second-order faults and are most often associat-
ed with complicating third- and fourth-order fracture systems.
Host rocks act as screens and lithological traps beneath which
complexes of pegmatite bodies are localized, with the vein
fields themselves acquiring a tiered structure. Xenoliths are

most composed of Middle-Upper Devonian flysch-type for-
mations, represented by carbonaceous shales and sandstones.
Promising locations also include sag zones of granite roofs,
where ore-forming fluids were trapped by previously formed
sedimentary layers.

Thus, vein-hosted rocks, 95% of which belong to Phase III
of the Kalba Complex, are concentrated in fields and zones.
The most favorable sites for pegmatite formation and local-
ization are areas of tiered massif structures, where granitoids
actively interact with host rocks.

Based on the formation characteristics described above and
the set of exploration criteria and indicators, the prospects of
the Kalba-Narym Belt for rare-metal resources can be outlined
as follows:

- Due to the long-term study of the Kalba-Narym Belt, geo-
logical exploration and mining activities, the discovery of new
economically attractive objects across most of the ore-bearing
formations is unlikely, except in poorly studied areas covered
by Cenozoic unconsolidated deposits. The discovery of new
pegmatite and albitite-greisen occurrences not exposed at the
surface is also possible.

- Areas covered by thick sequences of unconsolidated depos-
its are of interest, particularly most of the Shulbinsky District.
Geophysical work in 1990-2000 revealed a wide development
of granitoid massifs with contact metasomatosis of the host
sedimentary rocks within the southern part of sheet M-44-1X
and the northern part of M-44-XV [2, 7]. Several manifesta-
tions of Sn-W mineralization were found (Kozhankul, Koros-
teli, Stepanovskoye).

- The Karagoin-Saryozek ore zone of Central Kalba shows
promise for new discoveries. Here, sagging of the massif roofs
is characteristic: granites outcrop at the periphery, while cen-
tral locations are covered by Takyr Series shales. Of particu-
lar interest are albite—spodumene pegmatites associated with
Kunush plagiogranites and dykes (deposits and occurrences at
Akhmetkino, Tochka, Novo-Saryozek, Kushbarlyk, Medvedka),
featuring low Ta, Be, Sn content but large estimated lithium
resources.

- Non-pegmatitic rare-metal mineralization includes albi-
tite—greisen occurrences with Sn-Ta-Li mineralization (No-
vo-Akhmirovskoe, Karasu, Malo-Chernovinskoe, Apogranit-
noye, Tortkalmak, etc.). In terms of formation characteristics,
these are comparable to the Sarymbet deposit (Northern Ka-
zakhstan) and Alakha (Altai Mountains), remain poorly stud-
ied, and have significant potential for lithium, tantalum, zirco-
nium, and rare-earth elements.

Taking into account the tasks set in research project PCF
BR27100483, machine learning methods are used in the form
of a set of quantitative data analysis methods based on the
construction of models that identify the relationship between
a set of features and the target function. Unlike expert systems
based on predefined rules, machine learning methods gener-
ate models based on empirical data, identifying statistical de-
pendencies without explicitly programming decision-making
rules.

The algorithm identifies patterns in the input data, es-
tablishing correlations, for example, between geochemical
composition and rock type. Based on these relationships, the
system then determines dependencies between geochemical
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indicators and rock types. However, most machine learning
algorithms are empirical and do not reflect the primary causes
of observed phenomena. In other words, forecasts produced
using machine learning tools are not free from errors, particu-
larly if the model is not validated by domain experts [11, 12].

In this study, data preparation for rare-metal objects of the
Kalba-Narym Belt utilized 28 specialized reports covering
various stages of exploration, 15 published monographs, PhD
theses and articles, large-scale geological maps, factual materi-
al maps, sections, and sampling schemes from deposits includ-
ing Karagoin, Medvedka, Tochka, Akhmetkino, Targynskoe,
Yubileinoe, and Krasny Kordon.

A total of 280 occurrences, deposits, and mineralization
points were included in a database with parameters such as:
object name, XY coordinates, elevation marks, formation-mor-
phological parameters, concentrations of useful components,
and resource/reserve data. Formation-morphological param-
eters were organized into a tree-like hierarchical structure
generally corresponding to: «formation group — host forma-
tion — ore-bearing formation — ore body morphology — mineral
associations — ore mineralization — ore elements, satellites, and
accessoriesy.

The database of 280 rare-metal mineralization objects was
overlaid on the geological base map and complemented by con-
solidated results of regional geophysics — magnetic and gravity
field maps. Landsat imagery and Sentinel-2 spectral zone data
were also widely used. Using these datasets together with a
digital elevation model enables automation of morphostructur-
al mapping, particularly of lineaments and circular structures.
Faults identified through morphostructural analysis, especially
3rd—4th order faults flanking main fractures and compression
zones, often correlate with rare-metal occurrences.

Conclusion

Thus, data preparation for artificial intelligence applications
under project BR 27100483 involves creating a point database
of known objects while integrating raster or vector geophysi-
cal data and remote sensing materials in various spectral rang-
es. Combining these datasets in established Al algorithms sup-
ports achieving the objectives of the grant.

In conclusion, there is a certain euphoria in recent years
regarding the widely publicized use of machine learning meth-
ods, including for resource evaluation, forecasting, and explo-
ration. Clearly, the use of Al technologies in geology is still at
an early stage, as discussed above. Nevertheless, large-scale
digitization of archival materials, combined with the develop-
ment and adaptation of machine learning algorithms for spe-
cific exploration and forecasting tasks, promises to significant-
ly advance AT applications in geology.

The implementation of the research project BR 27100483,
of which this report represents an intermediate stage, will pro-
vide experience in preparing and utilizing extensive factual
materials accumulated in geological archives. This will enable
higher-level conclusions and syntheses aimed both at strength-
ening the mineral resource base of the Republic of Kazakhstan
and supporting the successful operations of private companies.
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M. B. HypmeiiicoBa!, /I. M. Kpiprbi36aeBa!, *A. M. Aoenos!, H. A. MujereHko’

ICombaes avinoazvl Kasax yammoix mexnuxanwix sepmmey yuueepcumemi KasYT3Y (Aamamol k., Kazaxcman),
’Peceii may-ken akademuscolHoly akademuk H. B. Menvnuxos amuinoagel stcep KOUHAYbIH KeueHOi ueepy
Mmacenenepi uncumymsi (Mackey K., Peceti)

TAY-KEH KOCINMMOPBIHIAPBIH 3AMAHAYU
T'EOJE3USIJILIK KAMTAMACKI3 ETY"

Amnparna. Makaiana Kasipri 3aMaHfbl KOOPAMHATANIBIK HETI3/iH JaMy JCHIreiiHe cail KeleTiH reoAe3HsUIBIK dliCTeMEeNepIiH CHIIaTTamMachl GepiireH. Tay KbIHBICTaPbI
MaccuBi MeH kep OeTiHiH aedopmanusianran KyiiHe MOHHTOPHHT JKYPri3i, Garanay »koHe OoJDKay oiCTepiH KeTUIAIPYAiH MaHBI3ABUIBIFBI aTan Kepcetineai. Hakrer
MbIcal peTinae YJbITay 0OnbIchiHAarbl JKbUTaHIbl KeH OPBIHAAPHI TOOBI aJbIHFaH JKOHE OHJIA TCOJMHAMHUKAJIBIK MPOLIECTEPAi OaKbLIay XKYPri3iIeTiH Te0e3HsIIbIK TIpeK
TOpabbl KYphUIFaHbI KepceTinren. Makasaia reoe3nsuIblK TIpeK TOPanTapblH Kypy KOHE MOHUTOPHHT JKYPTi3y YIUiH CIIYyTHHKTIK TEXHOJOTUSIIAp/bI KOJIIaHy Macemeci,
acipece MeMIICKETTIK reone3usiibK TopanTbie (MI'T) Gip Hemece GipHelIe MyHKTIH Nali/laaHFaH Ke3/1e MyHKTTEPiH KOOPAHHATAIAPbIH aHBIKTAY JONAITIH Oaranay Typ-
FBICBIHAH KapacThIpbiirad. CITyTHUKTIK TEXHOJIOIHS, JIa3epIIik CKaHepIIey KOHE IEKTPOH/IBIK TAXEOMETp Herizinje sep 6eTiHiH JedopManusiapbiH OakpuIayabiH Oipereit
TEXHOJIOTUSIChI YCHIHBLIFAH, OJ1 )KePacThl KEH Ka3y JKYMbICTAaphl XKYPTi3iIeTiH ayMaKTap/a Mery MyJIbIaChIHbIH KEHiCTIKTIK OpPHBIH aHBIKTayFa MYMKIH/IIK Oepei.

Tyitinoi co30ep: 2eo0e3usnbiK onmeyiep, 2e00e3UsbIK Mipek mopanmapsl, mycipicmep, cnymHukmix mexnono2usiap, sep 6emi, deopmayuanap, JHculiicyiap, mo-
Huumopune, Jcepoiy yugpivt Mooenboepi.

Modern geodetic support for mining operations’

Abstract. The article presents a description of geodetic methods that meet the modern level of development of the coordinate reference framework. The importance
of improving methods for the assessment, forecasting, and monitoring of the deformed state of rock massifs and the Earth’s surface is emphasized. Using a specific exam-
ple — namely, the deposits of the Zhilandy group in the Ulytau region — the creation of a geodetic control network for monitoring geodynamic processes is demonstrated.
The paper also considers the application of satellite technologies for establishing geodetic control networks and for monitoring, particularly with regard to assessing the
accuracy of point coordinate determination when using one or several points of the State Geodetic Network (SGN). An original technology for monitoring ground surface
deformations in undermined areas is presented, based on satellite technology, laser scanning, and an electronic total station, which makes it possible to determine the
three-dimensional position of the subsidence trough.

Key words: geodetic measurements, geodetic control networks, surveys, satellite technologies, Earth's surface, deformations, displacements, monitoring, digital
terrain models.

CoBpeMeHHOe reoie3ndecKkoe odecrneueHne ropHbIX MpeInpusITHii®

AnHoTanus. B crarbe NpeacTaBieHo ONUCAHHE Ie0/Ie3NUECKNX METOIMK, COOTBETCTBYOIMX COBPEMEHHOMY YPOBHIO Pa3BUTHS KOOPIMHATHOH OCHOBEI. TToguepku-
BAETCs B)KHOCTh COBEPLICHCTBOBAHUS METOJ0B MOHUTOPHHI'A, OLEHKH M MPOTHO3UPOBaHHs 1e(hOPMUPOBAHHOTO COCTOSIHUSL MACCHBA TOPHBIX MOPOJ M 3€MHOI1 OBEPX-
HocTu. [Toka3aHo Ha KOHKPETHOM NPHUMEPE, T. €. Ha MECTOPOXKACHHAX JKHIaHIMHCKUX TPYII B YIyTayCKoi 00JIaCTH CO3[aHHE IeOIe3NUECKOi OMOPHOI CETH, B KOTOPOIt
BEJIETCS MOHUTOPUHT TEOANHAMUYECKHX TIpoIieccoB. PaccMaTpuBaeTcst BOIPOC O NPUMEHEHHH CITyTHHKOBOW TEXHOJIOTHH JIUIs CO3aHMs OTIOPHBIX I'€0JIe3NUECKUX ceTeit
U BeJICHUs MOHMTOPUHTA, B YACTH OLIEHKH TOYHOCTH OIPEJIEIEH s KOOPMHAT IyHKTOB IIPU HCIIOIb30BAHUM OJHON MIIM HECKOJIBKUX IyHKTOB FOCYIapCTBEHHOI reoie-
suueckoii cet (I'TC). TTokazana opuruHanbHas TEXHOJIOTHsI BEJCHHS MOHHTOPHHra 3a Ae)OopMalisMy 3¢MHOW MOBEPXHOCTH Ha MOApabaThIBACMBIX TEPPUTOPUSIX HA
OCHOBE CITyTHUKOBOIf TEXHOJIOTUH, JTA3¢PHOTO CKAHUPOBAHUS U 3IEKTPOHHOTO TEXEOMETPa, MO3BOJISIONIAs MOIyYaTh IPOCTPAHCTBEHHOE TTOJIOKEHUE MYJIB/IbI CIBHKCHHS.

Knrouesvie cnosa: zeooesuueckue usmepenus, 2eo0esuyeckue onopHble cemu, CbeMKu, CHYMHUKOEble MeXHON02UU, 3eMHAS NOEEPXHOCHb, 0ePOPpMAyUlL, CMEUjeHls,
MOHUMOPUHE, YUPDPOBbLE MOOENU.

Kipicne Sy — *y
] . o . . _ (& 4 MInFeic Capoloda
Tay 'KeH ‘KS'CIHOpBIHI[aE)BIH n'amz[.anaHy KE31H/I€ HET13I'1 MAce Bamuxe Capuosa .
nenepiy Oipi — MapKIIeHAepIiK TipeK TopanTapbiH Kypy, JKep Gkl Kapamomiax
KeH OpPHBI

KOMHaybl MEH kep OeTiH/e KYpill jKaTkaH ae(opMarusuIbIK
npolecTep i OakblIay, COHIal-aK Tay-KeH HbICAHIaPbIHBIH MO-
JIeTIbJIEPIH Kacay/ia KOJIJaHbUIAThIH MapKIIeHAepIIiK-Teoe3us-
JIBIK 9/IiCTEMENep/IiH Ka3ipri arJalblH 3epTTey JKOHE OJapbl
KETUIIPY OO TabbUIaIbl. ATAlFaH YIIl OaFbIT ©3apa THIFbI3
0aiiIaHBICThI JKOHE OIPTYTAC KOOPAMHATTAp JKyHeciHae Kapac-
THIpbUTYBI THIC. COHBIMEH Karap, OyJ1 TEXHOTEHIIK Tay-KeH HbI-
CaHIApBIH OIPTYTAC JKYHe peTiHae KapacThIpy YIIiH MaHbI3/IbL.

Ka3ipri yakpITTa OCBIHIAH MEPCICKTUBAJIBI aliMaKTapIbIH
6ipi — XKbutanael keH OpbIHAApbl TOOBI. OHBIH KypambIHA
[erreic xoHe barbic Capwioba, Keimmakmnait, Kapamomax,

Kmnmaxfaii KeH opHbI

Ae1nanost Ken
OpPBIHOaPSEL HOO0BL

Cyper 1. XKbpli1aH/bl KeH OPBIHAAPBI TOOBI.

Figure 1. Zhylandy group of deposits.
Puc. 1. I'pynna mecropoxxkaenuii Kbl1anasl.

HWraysI3 keH opbIHaaps! Kipeni (1-cyper).

3eprTeynin MakcaThl MeH dicTemeci

3epTTeyaiH MaKkcaThl — ayKbIMbI KeH OPbIHIAAPBIH UTepy/eri
Tay JKBIHBICTAPBIMEH JKep OCTIHIH KbUDKYBIH MOHUTOPUHITEY
JKoHe Oospkay. by skyMbIcTa aniFa KOMBIIIFAH MakKcaTKa kKeTy
YLIIH Ka3ipri 3aMaHfbl Fe0e3HsIIBIK TOPAIl KYPY/IbIH JCHIeii-
He cail KeJeTiH 3aMaHayH SficTep MEH acnanTap (3JIeKTpPOH-
JIbl TaXEOMETp, Jla3epiii CKaHep, CIYTHUKTIK TEXHOJIOTHsIAp)
HET131H/Ie KeH OPBIHAAPHI TCOAC3MUIBIK  KaMTaMachl3 T
YKoHe OaKplIay HOTHIKEISPIHIH QI H MOHUTOPUHT HOTHIKE-
JICPIHIH JOJIIITT €H Killli KBaJparTap diciMeH OaraaH/Ibl.

leone3usbIK TipeK TOPaObIH KYpy TACUIACPIHIH AaMybl,
€O3Ci3, CIIyTHHUKTIK OJIIIEY TEXHOJOTHMSUIAPbIH KOJJAaHYMEH
alikprHanaapl. HakThIChbIHIA, FajaaMabIK HABUTALMSIIBIK CITYT-
nuktik xyiterep (FHCXK) xoopaunaranapasl Tycipic MyHKT-
TepiHe Oepy Ke3iHe (KOOpAMHATANBIK TOPANThI JKHIJIETYIE)
IUTAHJBIK KOHE OWIKTIK Heri3aeyre Oanama Ooibi, ai Oip-
Karap JKaraainapaa onapabl TONBIKTal anMacTeipabl. Koop-
JIMHATAJIBIK HETi3Al Kypyabl keHingerymeHn karap, FHCXK
naiijanany IOIAIKTI eAdyip apTThIpyFa MYMKIHAIK Oepeni,
OyJ1 Kazipri 3aMaHFbl Tay-KeH JKYMBICTAPBIH JKYPri3y jKaraa-
WbIHa aca MaHpI3/bl. CITyTHUKTIK aHBIKTAYJIAp TEXHOIOTHSCHI
[1-3] 6a3anbIK cTaHIUAIAP/IBI KONTAHYAbl KaMTHABL. OCBhIFaH

Kymviemer ocypeizyoe K. B. Poicbexos, I M. Meipambex, LI K. Aimkazunoea, K. H. [lep6icoe dicone may-Kken KaCinopuiHOapol KeizMemkepaepi KamuiCnbi.
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0ailJIaHBICTBI OJIAPABIH CAHJBIK KETKUIIKTUIIN MEH KOJIIaHy
JIOJIITIHE KaThICThI MaHBI3/Ibl FHUIBIMU-TIPAKTHKAJIBIK MOCEIIe
TybIHAaWAbl. TeMeHnae exi Hemece yml 0a3ablK CTaHLUSHBI
KOJJIaHY apKbUIbI XKYPri3UIreH CHYTHHKTIK aHbIKTaysap 0oii-
BIHIIIA 3€PTTEY HOTHIKENIEPl KEJITIPUITeH.

MapkuieiiepIik-reoie3usuIbIK. KaMTaMachl3 eTy/I JaMbITy-
JIBIH CKIHII aCIEKTICI may-KeH-MexXHUKaIblK 00bekminepoin
Mooenvoepin Kypymer OainaHblcTbl. MyHIall Monenbaep Tay
JKYMBICTapbIH 00aJIay jKoHE OJlapJIiblH KayiNcCi3IiriH KaMmrama-
ChI3 €TyIe apHaJfaH WHKCHEPIIK-TEXHUKAIBIK MICIIIMICPIIH
carachlH e0yip apTThIpyFa MYMKIH/IIK Oepei. by GarpITTarst
JKETULIIPY JIa3epilik CKaHepiiey >KYHeJepiH JKOHE YIIKBIIICHI3
yury annapartapbl (¥ ¥ A) apKbUIbl )KYPri3uUIeTiH Tycipinimaep-
Ji KOoJJaHy Ke3iHje aca THiMi OOJIbII TaObLIaipbl.

Jlazepiik ckaHepriey Kylienepin KojnaHy Oip FaHa Tycipi-
JiM OapbIChIH/IA KapbepiH HU(PIIBIK MOAEIIH ajlyFa MYMKiH-
nik Oepeni. TaxeoMeTpUSUIBIK TYCIPUTIMMEH CallbICTBIPFaH-
JIaFbl apTHIKIIBLIBIFBI-AJIBIHATEIH HYKTEJIEep OYJIThl eceOiHeH
aKNaparThUIBIFBIHBIH JKOFapbl Oonybl. Taxeomerp apHaiibl
OarbITTay KypajiapblH (Bexauap, npu3Maiap xaoHe T. 0.) naii-
JaiaHy Ke3iHJe eJIIeyyiep JKypridyae ere ThiMii, ce0edi o
HYKTeJIep/liH KOOpAMHATAJIapblH aHBIKTayFa apHaJFaH acrarl
Goutbin TaOBUIAABL. AJ J1a3epIlik ckaHep/l OeTTepi Tycipy Ke-
3iH/I€ )KOHE OJIap/IbIH KeHICTIKTErT OPHBIH aHBIKTAY YIIIH KOJ-
JIaHy OPBIHJIBI.

MakaaHblH Kejeci acrekTici, maimanbl Kaslamap KeH
OpBIHIAPBIH HWIEPY KE3iHIC KYPri3uieTiH Odeopmayusiivlk
npoyecmepoi  MOHUOpuHemeydi YAbIMIACTHIPYMEH TiKeJIeH
GaiinanbicThl [4-6]. YKep OerTiHIH KbUDKY MNapameTrpiepiH
ecenreyre KaTbICThl HOPMATHBTIK KyKaTTap [7] :xaHe Tay *Kbl-
HBICTAPBIHbIH, JKep OETIHIH jKoHE Kaz0allapMeH QJICipeTiireH
KYPBUIBICTAPABIH JKbUDKYBIH OaKbUIay/Ibl JKYPri3y >XOHIHJe-
ri kyxarrap [8] enoyip Aopekene eckipreH. Aram alTKaHIa,
Kopray epexenepi [8] Tasamay KYMBICTApbIHBIH LIrepuicy
KeUIIaMAbIFbl 150 M-Te JeiiiH OoaThiH JKaFqaiaapra apHa-
Jnibin d3ipnieHreH. Kasipri kese Oyt mapamerpiep OipHerie ece
aceI Tycyne. An [7]-marbl OakpLiay oficTeMeNepiHe KeJCeK,
conrbl 30 KbUIIA MapPKIICHICPITIK-TCONC3USIIBIK aCIANThIK
0a3a MEH TEXHOJIOTUsIIAp TYOCTeilti e3repi KoHe eH 0acThi-
Chl — OaKbUIAYIAP/IBIH JQJIIITT MEH aKNapaTThUIBIFBIH apTTHIPY
MYMKIHIKTEp1 alTapiIbIKTai ocTi.

Hatm:kenep sxoHe oJiapasl Tanaay

TexHuKanblK oneOUeTTepie TIeode3MsUIbIK MaKcarTapra
apHayiraH apHaibel Topantapiasl Kypyaa HCC texnomorusi-
JapblH KOJIIaHY Maceenepl KeHiHeH KapacThIpbLIFaHbIMEH,
oJIapblH MapKIICHICPIIiK icTe MaiJaiaHbLIybIHA KATBICTHI
3eprreynep cadbl miekreyni. OcblHIal TopanTapabl xodaay
OapbIChIH/A OJIAPBIH JQJIICIH aJIbIH aja Oaraiay MaHbBI3IbI
Goutbint TadbLIa bl by sxxobanay ke3eHiH/e TOparnThl KYPy/IblH
€H THUIMI HYCKACBIH TaHIayFa MYMKIHmIK Oepemi. Jlommikti
Oarajay, o/IeTTe, €H Killli KBaJpaTTap 9/iCiHe HETI3eIreH 3a-
MaHayH KOMIIBIOTEPIIIK TEXHOJIOTHsUIAp/bl KOJJaHy apKbLIbI
JKY3€re achIpbUIa/Ibl.

TeMeHie reone3usyIbIK TOPANTAPIbl K¥pyobl MOOeNbOey
Hamuoicenepiniy Tauaaybl KenTipiired. TpuaHryisiius Tocii-
MEH JKYPIi3UIreH eJieysep, COHlai-aK CIIyTHUKTIK aHBIKTay-
nap (CIyTHHUKTIK TOpaIl) HOTHKENEpi OOMbIHIIA KOOPIUHATTA-
PBI €CENTEIITCH YIII aHBIKTAJAThIH IYHKTTIH IO OaraiaH-
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nbl. By perre Oip, eki jkoHE ylI TipeK MyHKTiHE CYHEeHEeTIH
JKEJTIHIH YIII HYCKachl KapacThIpbuIAbI (2-Cyper).

a 9] 6

L/ /
X EBypopas 4

i BypoBas Eypoeas

Cypet 2. T'eone3usiibIK TOpanTapabl KYPyAbIH
cyJadanapsl (a — 6ip mipek nyHKmine mipeiemin mopan;
6 — exi mipex nyHKkmine, 8 — yul NYHKMKe).
Figure 2. Schemes for constructing geodetic networks
(a — a network based on one control point; b — on two
control points; ¢ — on three control points).

Puc. 2. CxeMbI NOCTPOEHUS reoJe3NYecKux cereit
(a — cemv, onuparowasica Ha OOUH ONOPHYLIL NYHKIN,

0 — Ha 08a ONOPHLIX NYHKMA; 8 — HA MPU NYHKMA).

Teomesmsampik xenmi cynbamapeiaaga 1—14 HeMipiepiMeH
OenTiJeHreH KoK jkebemep Kelli MyHKTTepi apachlHIaFbl reo-
JE3USIIBIK  OIIIICYNepIiH OarbIThl MEH PETTiNIri KepCeTiL.
BaramanaTeiH TOpar Tipek MyHKTTEPiHiH KOOPIUHATTAPHL, AH-
PEKLHOHABIK OYpBIITAPEI )KOHE KaObIpFalapbIHbIH Y3bIH/IBIK-
Tapsl 1 jxoHe 2-KecTenepe KeNnTipiireH.

Kecme 1
Bacmankul mipex nynHkmmepiniy Koopounamanapul
Tabauua 1
Koopounamul ucxoonvlx onopuslx nyHKmog
Table 1
Coordinates of the initial control points
Ilynkrrep X, M Y, m
Byposas 66340,237 16137,221
ITocenxoBas 66571,339 16270,883
AcnaH6ek 66067,008 16709,672

Teone3usmbIK TOpaNTHIH TONIIriH Oaraiay ¢H Killi KBaj-
patrap onici OOWBIHINA OPBIHAANABL. TPUAHTYISIIHS JIICIMEH
KYPBUIFaH TEOJC3UUIBIK TOpanTap JQJIITIHIH HOTHXKEIepi
3-cyperTe KeNTipiireH.

Cyper 3 ke kapacak, 1, 2 xoHe 3 HYKTEJEpIiH OpHBIH
AHBIKTAY/BIH JQJJIIr €Ki HEeMece YIII TipeK HYKTere CyHeHTeH
reo/Ie3UsIIBIK ToparnTap/ia »KOFapbl eKeHiH OaiikaiMbl3. bip
JKOHE €Ki TIpeK IMyKTTepiHe CYHEHIeH jKarJail apachIHIaFbl
afBIPMAIIBUTBIK YIIKEH (IIIaMaMEH €Ki PETTIK), aJl €Ki KOHE YII
MMyHKTKE CYHEHIeH TOparTap apachbiHIaFbl albIpPMAIIBUIBIK a3,
TEK CAHTUMETP/IiH OOJIIKTEepIMEH FaHa epeKIeICHEI].

Opi Kapail CITyTHHUKTIK TEXHOJOTHSHBI KOJIAHFAaH reojie-
3MSUTBIK TOpAIl ITyHKTTEPIHIH AIIIriH Oaranay HOTHIKelepiHe
TOKTaJaMbI3 (CypeT 4).

Cyper 4 Te KepiHiN TypraHaail, CIyTHUKTIK >KeJiiepye
1, 2 >xoHe 3 MyHKTTEP/iH OpHAJIACYybIH aHBIKTAyIbIH JQJIT
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Kecme 2

T'eooezuanvlk mopan KaowvlpanapoviHsll, OUPEKUUOHOBIK OYPblUimapsl MeH Y3blHObIKmapol

Table 2

Directional Angles and Side Lengths of Geodetic Networks

Tabnuua 2

Jupexyuonnvie yenvt u ONuHbl CIMOPOH 2€00€3UHECKUX cemell

Cyper 3. Tipek myHKTTepiHiH CaHbIHA 0AIAHBICTHI
TOPANTAFbl TPUAHTYJISIIMSA MYHKTTEPiHiH J2J11iriH 6araJiay.
Figure 3. Accuracy assessment of the triangulation
network as a function of the number of control points.
Puc. 3. OueHka TOYHOCTH CETH TPUAHTYJISIUU B
3aBHCHMOCTH OT KOJIUYECTBA ONMOPHBIX IIYHKTOB.

TPUAHTYIISAIUS 9IICIMEH KYPBUTFaH JKeJiIeTi/IeH alTapIIbIKTai
KOFaphl. JJoNmaiKTiH ecyi TipeK MyHKTTep CaHbIHA TOYEN i eKe-
Hi Gaiikanaapl. Kenripinren Ttopam monaikTepi HOTHKeNIepine
CYHEHCEeK, Te0e3MsUTBIK (MapKIICHISPITiK) TOpanTapAbl Kypy
Ke3iHJe TipeK MyHKTTEPIiHIH CaHbIHA [1a, TEONC3UIIBIK TOPaIl
KYpy omictepine (xep OeTiHIeTi HeMece CITyTHUKTIK TeXHOJIO-
THst OOUBIHIIIA) /1€ Ha3ap aylapraH yKOH.

Topam (1-cyper, a) Topam (1-cyper 1, 6) topart (1-cyper, 6)
KabsIpranap Y 3BIHIBIK, AEpoRaCHS Y3bIH/IBIK, Ao Y3BIH- AT
" JIBIK OYPBITII- JTBIK OYPBITII- K M JIBIK OYPBITII-
Tap rpa. Tap rpaj. AR Tap rpaj.
Byposas-1 7653 340,7927 7653 340,7927 7653 340,7927
Byposas-2 8366 357,8501 8366 357,8501 8366 357,8501
Byposas-3 37,0449 37,0449 37,0449
1-2 2478 62,8104 2478 62,8104 2478 62,8104
1-3 6986 102,6835 6986 102,6835 6986 102,6835
2-3 5326 120,0351 5326 120,0351 5326 120,0351
[TocenkoBas-1 217,3843 217,3843
TTocenkoBas -2 4078 202,2621 4078 202,2621
IlocenkoBas —
Byposas 12196 185,7935 12196 185,7935
TTocenkoBas -3 154,5395 154,5395
Acan6ex-1 5398 171,9564
Acanoex-2 144.9128
Acnan6ex-3 10229 132,2591
AOTRTEOS = 4526 95,5639
IlocenxoBas
180 20
160 18
140 16
Eﬁ 120 E i
& 5 100 & s 12
% o 80 E S 10
g3 o =3 - R
i 20 | m O 4
ol 0 = 2
T Tpon oy | Trp e | S v 0 1 Tipek MyHKTI 2 Tipek IyHKTI 3 Tipek MyHKTI
e ! 152,96 ! 1,55 ! 0.99 e | TIYHKT 18,027 12,151 10,14
O | 166,64 | 148 | 09 —— 2 nyHkr 17,983 11,277 9,458
= 3 IyHKT 142,1 1,64 1,22 e 3 TIYHKT 18,622 13,647 ' 12,39

Cypert 4. Ilnanasik koopauHarTapsl FHCXK apkbLi
AHBIKTAJIFAH reoJe3usiJIbIK TOPANTHIH JJIIrH 6aFaay.
Figure 4. Accuracy assessment of the geodetic network
whose horizontal coordinates are determined using GNSS
technology.

Puc. 4. OnieHKa TOYHOCTH reoe3u4ecKoi CeTH, IJIAHOBbIE
KOOPIMHATHI KOTOPOii onpenesieHs! o TexHoiorun FTHCC.

JKorapbia Tay-KeH KYMBICTAPbIH JKYPTi3y Ke3iHIeri xep
OeTiHIH YKBUDKYBIH OaKbLIayIbIH MaHBI3IBUIBIFEI aTall OTiJIi.
JKepacTbl Tay-KeH >KYMBICTAPBIH KYPri3y HOTIIKECIHE Urepi-
TN KaTKaH ayMaKTapiaa skep OeTiHiH aedopMalusuiaphl ma-
Ja 0osajpl, OV Tay-KeH KYMbBICTAPBIHBIH BIKIAI €Ty aiiMa-
FBIHIA OpHAJAaCKaH TaOWFH JKOHE TEXHOTCHIIK OOBeKTijepre

Topnuwuit scypnan Kazaxcmana Ne6’ 2026
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Cyper 5. Kazipri 3aMaHfbl 2J1eKTPOHABIK I'eole3UslJIbIK
JKa0BIKTHI MaliiajiaHa OTHIPBII, 6aKbLIAY
CTAHIMACBIHAAFBI TYcipic chI30achl.

Figure 5. Surveying scheme at the observation station
using modern electronic geodetic equipment.

Puc. 5. Cxema cbeMOK Ha Ha0/I0AaTeJIbHOI CTaHIU

C UCII0JIB30BAHUEM COBPEMEHHOI'0 3JIEKTPOHHOI'0
reoae3sn4eCcKoro oﬁopyuonalmﬂ.

Tepic ocep eTeTiHi ce3ci3. OchiraH OainaHbICThl JKbIIaHIbI
kenimingeri 1eirpic Capbloda KeH OpHBIHAAFbI Kep OeTiHiH
KBUDKYBIH aHBIKTAy MaKacaThIHIa MOHHTOPHHI JKYprisiiemi
[9]. O3ipieHreH MOHUTOPUHT dicTeMeci OipieH OipHeme Ty-
cipitimM TypIiepid KaMTu bl (S5-cyper):

V' cnymuukmix anblkmaynap Komezimen mycipic Hezisin
KYpy;

V' npouavdix culzblkmapobl 2NeKMmpoHObIK, MAXeoMemp-
MeH mycipy;

v’ dicep Beminin JICHLIICY MYTbOACHIH NA3EPIIK CKAHEPLEY
20icimen mycipy;

v’ Kkasba acepine ywipazan 06bekminepoi 1eKmpoHObIK,
maxeomemp JicoHe NA3epliK CKaunepiey JiCyueci apKblivl ee-
Jlceli-me2icelini mycipy.

MOHMTOPUHT  KYPri3y[e achanTbl TaHAaylblH MaHbI3bI
eTe 30p, o)1 OaKbUIAYIBIH Oeariai Oip Ke3eHIHIeT! UK Ta-
JIanTapbIMeH aHBIKTAIA (bl )KOHE OJIIIeY KaTeNlIKTepiH Taiaay-
Fa Herizaesieal. Op Typii Ieoae3nsUIbIK (TPHAHTYIISIHS KOHE
CIYTHUKTIK) OiCTEPMCH JKYPIi3UIreH OJIIIeyIepaiH IoIIi-
riH Tajgay HOTHIKEIEpi 3 KoHe 4 CypeTTepie KeITipiIreH.
JKyprizinren Tangay esmeyIepIaiH eH a1 9aici — xep OCeTiHIH
JKBUDKYBIH TPO(HIBIIK CBI3BIKTAPABIH pernepiepi Ooiblia
OakpuIay, SFHU SJIEKTPOH[bBI TAXEOMETPHsI apPKbUIbI IKYPri3y
IYpBIC eKeHiH kepcerTi [10].

KopbITbIHABI

Ocbunaiiiiia, Makagaga Tay-KeH KOCIOPbIHAAPbIHIA MapK-
LIeHACPITIK-Te0Ie3UsIIbIK KaMTaMachl3 eTyliH Jamy Iepc-
MeKTUBAIapbl Kepceriared. JlehopManusuiblK MporecTepai
MOHHUTOPHHITEYIIH JKaHa dMICTEPIH d3Ipiiey caiachlHIa I'eo-
JIe3USUIBIK  TOpAINTap/blH MOJENbACPIH MOHUTOPHHT KYpaJibl
peTiHjie KOJJIaHyFa KaThICThI 3€PTTEYJIeP/AiH MaHbI3bI 30D el
oinemis. XKyprizimren GPS-emmeynep Herisinme JKbutasmbt
KEHIIITEPiHIH MapKIICHICPIIIK KbI3METTEPI, JKOFaphl AQJIIIK-
[ICH aHBIKTAJIFaH TIPEK IYHKTTEPIMEH KaMTaMachi3 eTimi. Ke-
[ICH/II MOHUTOPUHITEY KE3iHIE 3epTTEyJIep 3aMaHayH acTarl-
TapMeH( CITyTHHKTIK, JIA3epJIiK CKaHepJep MEH 3JIeKTPOH/IbIK
TaxeoMeTpJiIep) JKypri3iimi.

Aurbic

3epmmeynep Kazaxcman Pecnyonukacot Foinvim orcone
JHc02apul OiNiM MUHUCMPIIZIHIY ZPAHMMBIK KAPHCLLIAHOb-
Pyvl wendepinoe xneypeizindi (AP26100471).
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MOAEPHU3AIIUA CUCTEMbI OBPYHIEHUASA
CBOJAOB 3ABUCHIET'O MATEPUAJIA B
BYHKEPAX C QJIEKTPOI'MJIAPAB/IMYECKHNUM
YAAPHBIM INPUBOJOM HA BASE 'EHEPATOPA
NMMIIVYJIBCHBIX TOKOB

AuHOTauus1. B cratbe paccMOTpeHa MOACPHU3MPOBAHHAS CHCTEMA OOPYILIECHHUs CBOJIOB 3aBHCIIETO ChIITy4ero Marepraia B OyHKepax rOpHOI00bIBAIOIINX U [Iepepa-
GaTBIBAIONIMX MPEANPHATHIL, oOecrneunBaromas nopsimeHne 3hGEeKTHBHOCTH TEXHOIOTHYECKHX MPOLECCOB pasrpy3ku. Pabodee BosaeiicTBue B cucteme hopmupyercs
3a CYET HIEKTPOTHAPABIMICCKOTO yIapHOro s(eKra, Co31aBaeMOro Mpyu UMITYJILCHOM Pa3psiie B XKUIKOH Cpesie, IPU 3TOM B KaueCTBE HCTOUHUKA UMITY/ILCHOTO TUTAHHS
HCIIONB3YETCsl TEHEPATOP MMITYJILCHBIX TOKOB, 3aMMCTBOBAHHBIH M3 MarHUTHO-MMITYJIBCHBIX CHCTEM M aJalTHPOBAHHBII 110 YCIOBHS MPOMBIIUICHHON SKCILTyaTallii.
TIpuBe/IeHbI KOHCTPYKTUBHAS CXEMa CHCTEMbI, IPUHLIAIT €€ ACHCTBHS, @ TAKXKE PE3YJIBTaThl SKCIIEPHUMEHTAIIBHBIX U PACYETHBIX UCCIIC0BAHMIL, TOATBEPKAAIOIINE PabOTO-
CIIOCOOHOCTD M YCTOHYUBOCTH MapamMeTpoB. [10Ka3aHo CyIIeCTBEHHOE MOBBINICHHE 3()(EKTUBHOCTH pa3pyLICHHS CBOJIOB, CHIKCHHE YCIbHBIX SHEPro3aTpar U yBeude-
HHE HaJICKHOCTH 000PYI0BaHHS 0 CPABHEHHIO € TPAJUINOHHBIMI METOAMH MEXaHUYECKOTO U BUOPALIMOHHOTO BO3/CHCTBHS.

Knroueswie cnosa: oynxep, sagucwuii mamepuai, c600000pazosanue, 00pyuLeHue c60008, MeKMpoUOPaGIUYecKull YOapHblil @exm, eeHepamop UMnYIbCHbIX MOKO8.

HNMnyJIbCTiK TOK reHepaTop Heri3iHje 3J1eKTPOruIpaBIuKaIbIK COKKbI KeTeriMeH OyHKepJiepaeri acnaJbl MaTepuali-
JapAarbl TOFBICTAPABLI KUPATY KYHECiH JKaHFBIPTY

Amnparna. Makaiaza Tay-KeH OHAIPY JKoHE KaiiTa eHJiey KaCilOpbIHIApbIHBIH OyHKepIepiHaeri UIiHIN KalFaH CychIMajbl MaTephal KyMOes3aepiH Oy3yra apHairaH
JKaHFBIPTBUIFAH XKYie KapacThIPbUIFaH, OJI TYCIpy MPOLECTePiHiH THIMIUIINH apTTHIPY/Ibl KaMTaMackl3 etei. JKyieneri )yMbIC acepi CYHBbIK OpTajia UMITYJIBCTIK paspsi
Ke3iH/ie naiiza 00naThIH EeKTPOruAPABINKAIIBIK COKKBI dcepi eceOiHeH KaIbINTAcaIbl, a1 UMITYJIbCTIK KOPEKTeHY K031 peTiH/Ie MArHUTTIK-UMITYJIbCTIK JKYHeIepIeH ajlblH-
FaH )KOHE OHAIPICTIK MaiiaaaHy KaraaiiapbiHa OeifiMIeTeH HMITYIBCTIK TOK TeHepaTopbl Komaanbuia bl JKyiieHiH KOHCTPYKTHUBTIK CyJ10achl, )KYMBIC iCTey IPUHIMII,
COH/Iaif-aK OHBIH XYMbICKA KaOUIETTUIIr MEH apaMeTpIIepiHiH TYPaKThUIBIFBIH PACTANTHIH KCIEPUMEHTTIK )KOHE CCENTIK 3epTTeyIepAlH HOTHKeNepi Kenripiares. Jloc-
TYPJIi MEXaHUKAJIBIK )KOHE BUOPALMSUIBIK dCep €Ty d/ICTepiMEH cajbICThIpFaHaa KymOesaepai O0y3y THIMIUITIHIH e1oyip apTKaHbl, MEHIIIKTI SHEPrHs LIBIFbIHAAPBIHBIH
TOMEH/ICTEHI )KOHE JKaO/IBIKThIH CEHIMALTITIHIH apTKaHbI KOPCETIITeH.

Tyitindi co3dep: GynKep, acnaibl Mamepuai, mogyiCmuly nauda GoLysl, MOLICHbL KUPAMY, 21eKMPOSUOPAGIUKATBIK COKKbL 2CePi, UMNYIbCIMIK MOK 2EHEPAMOopbl.

Modernization of the system for collapsing vaults of suspended material in bunkers with an electro-hydraulic impact

drive based on a pulse current generator

Abstract. The article considers a modernized system for collapsing arches of bulk materials formed in bunkers at mining and processing enterprises, aimed at improv-
ing the efficiency of unloading processes. The working impact in the system is generated by an electrohydraulic shock effect occurring during a pulsed discharge in a liquid
medium, while a pulse current generator borrowed from magnetic pulse systems and adapted for industrial operating conditions is used as a power source. The paper pres-
ents the structural scheme of the system, its operating principle, as well as the results of experimental and computational studies confirming its operability and parameter
stability. A significant increase in the efficiency of arch destruction, a reduction in specific energy consumption, and an improvement in equipment reliability compared to
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traditional mechanical and vibrational methods are demonstrated.

Key words: bunker, hanging material, arching, electrohydraulic effect, pulse current generator.

BBenenue

ByHKepHbBIe yCTpONHCTBa MIHUPOKO MPUMEHSIOTCSI B TOPHO-
Jo0BIBaoOIEeH 1 mepepadaThIBAIONICH TPOMBIIUIEHHOCTH JUIS
HAKOIUICHUS, XpaHEHUSI W JTIO3UPOBAHHOW IIO/IAUU CHITyYHX
Matepuaios [1, 2]. HagexxHOCTh pabOTHI OYHKEPOB B 3HAUU-
TEIBHOM CTENEHN OIpEeNeIsieTCs] YCTOMUYNBOCTBIO IIporecca
nctedenns: marepuana [3—4]. Oxgnoit u3 Hambonee pacmpo-
CTPAaHEHHBIX W TPYIHOYCTPAaHUMBIX IPOOJIEM SIBIIETCS 00-
pa3oBaHUe YCTOMUMBBIX CBOJIOB 3aBUCILETO MaTepHaa, npu-
BOJISIIIIEE K HAPYIICHUIO TEXHOJIOTHYECKOTO PEKUMa, CHIKE-
HUIO TPOM3BOIUTEIHLHOCTH O0OOPYHOBaHHUS W YBEIMUYCHHIO
npoctoes [4-5].

Jnist pa3pymieHnst CBOIOB MPUMEHSIOTCS Pa3IHMIHbIE METO-
JIbI BO3/ICHCTBYSI, BKIIIOYAs] MEXaHNYECKUE, BUOPAIIIOHHBIE U
ITHEBMAaTHYECKHE CIIOCOObI. OHAKO MPAKTHKA SKCILTyaTaINH
TIOKA3bIBACT, YTO YKa3aHHBIC METOBI 00JIA/IAI0T PSIIOM CyIIle-
CTBEHHBIX HEIOCTAaTKOB: OTIPaHWYEHHOH 3((EKTHBHOCTHIO
pu paboTe ¢ TPYAHOCHITYYNMH U CICKUBAIOIIMMUCS Mare-
pHuanaMu, BEICOKMM YPOBHEM SHEPTrONOTPeOIeHHS U yCKOPEH-
HBIM U3HOCOM 000pyIoBaHuUs [6].

[lepcrieKTUBHBIM HaNpaBIEHUEM SBISICTCS HCIOJIB30BAHIE
HMITYJbCHBIX METO/IOB BO3JICHCTBHSI BBICOKOM HHTEHCHBHO-
CTH, 00ECIeYNBAIOIINX pa3pyIIeHHe CBOAOOOPa3HbIX CTPYK-

Typ 03 ATUTETHPHOTO MEXaHNYECKOTO HarPyKEHUS KOHCTPYK-
THUBHBIX 3JeMEHTOB OyHKepa. Cpean Takux METOHOB 0coboe
MECTO 3aHHMAaeT AIEKTPOTUAPABINICCKUI (P (PEKT, BIepBbIe
OTKPBITBIA M 3KCIIEpUMEHTATbHO 00ocHOBaHHbBIN JI. A. FOT-
kuHBIM [7, 8]. JlaHHBIH 3G eKT OCHOBaH Ha Ppeodpa3oBaHUU
SHEPTUU KPaTKOBPEMEHHOTO 3JIEKTPHIECKOTO Pa3psiaa B KU~
KOM cpeie B HMHTEHCUBHOE YIApPHO-BOJHOBOE BO3IECHCTBUE
[9-10]. JanpHeiimee pa3BuTHe TaHHOTO 3P PEeKTa MO3BOIUIO
pacmpuTh 001aCTh €ro MPaKTHYECKOTO MPUMEHEHHUS, B TOM
YHUCIe ISl pa3pyIleHHs IPOYHBIX CTPYKTYP M YIUIOTHEHHBIX
MaCCHBOB MaTEpHAJIOB.

BwmecTe ¢ Tem peanusariis 31eKTPOTHAPABINICCKOTO BO3-
JercTBUs TpeOyeT HAIeKHBIX W YIPABISAEMBIX HCTOYHHKOB
HMITYTBCHOTO THTAHUSA, OOCCIEYMBAIONINX BOCIPOM3BOIN-
MOCTB PHEPTeTHYECKUX MapaMeTpoB pa3psaoB. B 3Toil cBsi3u
aKTyaJbHOW SBIISETCS 3a/laua MOJACPHHU3AINH CHCTEM 00py-
[ICHHUs CBOAOB 3aBHUCIIEr0 MaTepHala 3a CUeT MPUMEHCHUS
ANEKTPOTHAPABIMUECKOTO YIaPHOTO MPUBOA C UMITYTHCHBIM
HMCTOYHMKOM MUTAHUS Ha 06a3e reHeparopa UMIYIbCHBIX TO-
koB [11-12].

Hayunast HOBU3Ha paOOThI 3aKITFOYaeTCsl B 000CHOBAHHH U pe-
ANMM3aLUA CrIoco0a UMITYIIECHOTO BO3/ICHCTBHUS HA CBOJBI 3aBHC-
IIeT0 MaTepuaa, P KOTOPOM JIEKTpOruaApaBIndeckuii dpdexr
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UCIIOJB3YETCsl B 3aMKHYTOM 00BEME, CTEHKH KOTOPOTO HAaXOJISTCS
B HEMOCPE/ICTBEHHOM KOHTAaKTe CO CTEHKaMH OyHKepa, 4To 00e-
CIIeYMBACT TIepeiady YAapHO-BOIHOBOTO MMITYJIbCA I10 TUIOIIA N
KOHTAKTa U TI03BOJISIET OTKA3aThCsl OT IPUMEHEHHMS DJIEKTPO/IMHA-
MUYCCKHX CHJI U MCTAIUIMYCCKUX YIapPHBIX IJIACTUH, XapaKTep-
HBIX JJI MAaTHUTHO-UMITYJIbCHBIX cucTeM [ 11-12].

Teopernueckoe 000CHOBaHME MpeIaraeMoro crnocoda oa-
3UPYETCs Ha TOJIOKCHUSAX DIICKTPOTUAPABINYEeCKOro 3 dek-
Ta, 3aKJII0YAIOIIETroCs B IPE0Opa30BaHUU SHEPIHHU JIEKTpUYe-
CKOTO paspsijia B HJKOH Cpe/ie B SHEPTUIO YAAPHOW BOJIHBIL
[Tpn wmITynbCHOM ITPOOOE MEKAIEKTPOIHOTO MPOMEKYTKA
(dbopmupyeTCst MIa3MEHHBINA KaHaJ ¢ BBICOKOH TeMIIepaTypoii
W JIaBJICHUEM, YTO TPHBOJIUT K BO3HUKHOBEHHIO ChepudecKku
pacrnpocTpaHsoIIEHCs yI1apHO BOJIHBI.

JlaBiieHue B 30HE pa3psijia OIpe/IesisieTcs 3aaceHHOoi dIeK-
TPUYECKOW SHEpPruei M yCJIOBHSIMHU ee INpeoOpa3oBaHMs, a
paspylieHHe CBOA000Pa3HbIX CTPYKTYpP MPOHCXOAUT 3a CUET
KPaTKOBPEMEHHBIX HUMILYJICHBIX HAIPSDKEHUMH, ITPEBBILIAIO-
IUX CWJIbI BHYTPCHHETO TPCHUSA U CUCIJICHUSA YaCTUll ChIIYy-
4ero mMarepuala.

B ommuwne or Bl/I6paI_ll/IOHHbIX U CTaTUYCCKHUX MCTOI0B,
3G PEKTUBHOCTh BO3ICHCTBUS ONPEACISICTCS HE CTOJIBKO Be-
JIMYMHOW YHEPTHH, CKOJIBKO CKOPOCTBIO €€ BHICBOOOXKICHUS 1
HAMITYJIbCHBIM XapaKTePOM Harpy3Ku.

Marepuajbl 1 MeTOAbI

MonepHu3upoBaHHas CUcTeMa OOpYIICHUS CBOI000Opa3-
HBIX 3aBHCAHUH NperHa3Ha4deHa s pa3pylIeHUs yCTOHYH-
BBIX apOYHBIX CTPYKTYp CHIIy4ero marepuaia, Gpopmupyro-
muxcsi B OyHKepax u pynaociyckax. KOHCTpyKTHBHO cucrema
BKJIFOYAET AJIEKTPOTrUIAPaBINUYECKUN yIapHbIA IPUBOJI, UCIIOJI-
HUTEJIBHBIN AMIEMEHT Mepead UMITyJbca, y3el KpeleHns K
CTeHKe OyHKepa M UMITYJIbCHBII UCTOYHHMK MUTaHHs — FreHepa-
TOP UMITYTbCHBIX TOKOB.

DNEeKTPOTUAPABINUECKUN yIapHBIA MPHUBOJ BBIIIOIHEH B
BHJIE TEPMETUYHON KaMephbl, 3alOJHEHHOMN JKUAKON paboueit
Ccpenoi, BHYTPU KOTOPOM pa3MelleHbl pa3psiIHbIE JIEKTPO/IbI.
DeKTPoAb! MOJKIIOYEHbI K T€HepaTopy MMITYJIbCHBIX TOKOB
W TpefHa3Ha4YeHbl JUIs (OPMUPOBAHHS BBICOKOBOJIBTHOTO
HMIYIBCHOTO pa3psana. Kamepa 37eKTporuapaBInyeckoro
BO3JICHCTBHS yCTaHOBJICHA C BHEIIHEW CTOPOHBI OyHKepa U
HAXOAMTCS B HEMOCPEICTBEHHOM MEXaHHYECKOM KOHTAaKTe CO
CTCHKOM OyHKepa 00 COeIMHEHA C HEel uepe3 CreHalbHbIN
HepelaroIui 3J1€MEHT.

[Ipu momaue MMITYNBCHOTO HANPSIKEHUS MEXAY IEKTPO-
Jamu B pabodell cpeje BO3HHMKAET IEKTPUUYECKHUH pazpsij,
COTMPOBOXKAAIOIIHICA 00pa3oBaHWEM IUIa3MEHHOTO KaHasja
U PE3KUM JIOKAIBHBIM POCTOM JaBiecHMs. JlaHHBII Ipolecc
peayiu3yeTr ICKTPOTUAPABINYCCKUi 3()(HEeKT U MPUBOIUT K
(OPMHUPOBAHHIO KPAaTKOBPEMEHHOTO HMMITYJIbCA IABJICHHS U
YIApHO! BOJIHBI, PAaCIPOCTPAHSIOIICHCS B JKUJKOCTU U BO3-
JICHCTBYIOILIEH HA CTEHKH KaMephl.

[lepenaya ummynabca JaBjieHUs Ha CTEHKY OyHKepa ocy-
IIECTBISIETCA 1O BCEW IUION[AJM KOHTAaKTa KaMephbl, YTO
MPUHIUINAIBHO OTIMYAeT PACCMATPUBAEMYIO CHCTEMY OT
MarHUTHO-UMITYJIbCHBIX YCTPOICTB, B KOTOPBIX BO3/eHCTBHE
(dopMuUpyeTCsl AIEKTPOIMHAMUUECKUMHU CHJIaMH, JIOKAJIU30-
BaHHBIMH B 30HE JACHCTBUS MHAYKTOpPA WM YIApPHOH IJIacTu-
Hbl. [ln1ommaaHoi Xapakrep HarpykeHusi odecrieunBaeT Oosee
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paBHOMEpPHOE paclpe/iejIeHUe HaIlPpsHKEHHU B CTeHKe OyHKepa
U BO30YXKJICHHE YIPYTHUX BOJH, PACIIPOCTPAHSIOLINXCS B Mac-
CHBE 3aBHCIIEr0 Marepuaa.

B pesynbrare KpaTKOBPEMEHHOIO0 HMITYJIbCHOIO BO3JEH-
CTBHSI B Telle CBOJA BO3HUKAIOT MHEPLUOHHbBIC CHJIBI M Ha-
NPSDKEHMS, TPEBBILIAIONINE CUIIbI CLETUICHUS! U BHYTPEHHETO
TPEHHsI MKy YaCTHLAMM MaTepHaja, uyTo IMPHUBOIMT K pas-
PYLICHHIO CBOAOOOPa3HOI CTPYKTYphl U IEPEXoay MarepHa-
Ja B Tekydee coctosiuue. CyIIeCTBEHHBIM MPEUMYIIECTBOM
CHCTEMBI SIBJISIETCSI OTCYTCTBUE JUIUTEIHLHOTO BUOPAIIIOHHOTO
Harpy»<eHusi KOHCTPYKIMK OyHKepa, 4TO CHUKAET JUHAMHYE-
CKOE BO3/ICHCTBUE HA DJIEMEHTHI 000PYIOBaHUS U YMEHbILIACT
y/eJbHBIE SHEPTro3aTpParhl.

VcTOYHMKOM MU TaHUS JIEKTPOTUAPABINYECKOTO IIPUBO/IA
CIIY’)KHT TEHEPaTOp HUMIIYJIbCHBIX TOKOB, KOHCTPYKTHBHO H
CXEMATEXHHYCCKH 3aMMCTBOBAHHBIM W3 MArHUTHO-HMITYJIb-
CHBIX CHCTeM. B paccmarpuBaemoii cucreme reHeparop Hc-
HOJIB3YETCS MUCKIIIOYUTENBHO Ui (DOPMHUPOBAHUSI DJIEKTPH-
YEeCKMX HMMITYJIbCOB 3a/IaHHON DHEPrUH W JJIUTEIBHOCTH U
HE Y4acTBYeT B CO3[aHUU MarHUTHO-UMITYJILCHOTO BO3JICH-
CTBHUSI.

PeryaupoBanue pexuma pabOThl CHCTEMbI OCYIIECT-
BJISIETCS. U3MEHEHUEM I1apaMeTPOB MMITYJIbCHOTO ITUTAHMUS,
BKJIIOUYasi SHEPrHI0 pa3psija, JIUTEIbHOCTh UMIYJIbCA U Ya-
CTOTY UX CIIeJIOBaHUS. DTO MMO3BOJISIET aJallTUPOBATh CUCTE-
MY K pa3iuyHbIM (PU3MKO-MEXaHMYECKUM CBOWCTBAM CHIITY-
YHMX MaTepHajoB, B TOM YHCJIE K MaTepraliaM C MOBBIIICHHON
BJI&YKHOCTBIO U CKIIOHHOCTBIO K CJICKHBAHUIO, & TAKXKE K pa3-
JUYHBIM T€OMETPHUUECKUM M DKCILUIyaTallMOHHBIM YCIOBHSIM
OyHKEpOB.

Takum 00pa3oM, HpelUIoKeHHass KOHCTPYKIHS COYETaeT
MPEUMYIIECTBA MEKTPOrHIPABIMYCCKOT0 yaapHoro 3¢ dexra
Y MIMITYJIbCHOTO UCTOYHUKA IIUTaHMs1, oOecrieurnBas d3pdexTus-
HOE pa3pylIeHHEe YCTOWYMBBIX CBOJIOB 3aBHCIIEr0 MaTepuasa
IPU CPABHUTEIIBHO HU3KHMX JHEPro3arparax, BHICOKOH Ha/Iexk-
HOCTH ¥ PAaCIIUPEHHON 001aCTH PAllMOHAIBHOTO NPUMEHEHHUS
[0 CPABHCHUIO C TPAJUIIMOHHBIMA BHOPAIIMOHHBIMUA M Mar-
HUTHO-UMITYJIbCHBIMH CHCTEMaMHU.

DKCIepUMEeHTAIbHbIE MCCIICIOBAaHHS MPOBOIMINCH Ha Jia-
6opatopHoil ycTaHoBKe (puc. 1-3), MOIEIHUPYIOIICH MPOIece
AIIEKTPOTH/IPABIMUECKOTO BO3JIEHCTBHS B 3aMKHYTOM 00BbeMe
JKUJIKOCTH.

Cocmas ycmanogu:

— eenepamop umnyabcHulx moxog (I'UT);

— konoencamopnas bamapest emxocmoio C = 0,4 mx®;

— BbICOKOBONLIMHBLU PA3PAOHUK,

— paspsionas kamepa oovemom V = (5-20)-107° m>;

— cucmema umepenus 0asienus;

— peaucmpupyrowdas annapamypa.

Ipunyun pabomwvr ycmanosxu. KonnencaropHas Oarapes
3apspkaeTcs 10 3agaHHoro Hamnpspkerus (o U = 50 xB); npu
CpabaTbhIBaHUM Pa3psIHUKA MPOUCXOIUT MPOOOH MEKIICKT-
POZHOTO MPOMEXYTKA; B KHIKOCTH (popMHpyeTcs uia3MeH-
HBIIl KaHaJ1; BO3HUKAET yAapHasi BOJHA, PaCIpOCTpaHsIoIas-
csi B 00beMe KaMepbl; IaBICHHE PErHCTPUPYETCs JaTYUKOM U
(uKcupyeTcst UBMEPUTENILHOIM CUCTEMOIA;

Xapaxmepucmuku Ucnonb3yemvix npubopos:

— 2eHepamop UMNYIbCHbIX MOKO8: nanpscerue 0o 50 kB,
onumenvrocms umnynvca ~10°-107 ¢;
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— damuux 0asieHust (Manomemp): OUanasox usMepeHuil 0o
10 MIla, noepewnocmo ne bonee £5%;

— ocyunnoepag: nonoca nponyckanusi he meree 100 MIy;

— cucmema pecucmpayuu: Yupposasl, ¢ BPEMEeHHbIM paspe-
wenuem 0o 1 mxc.

PerynupoBanue mapaMeTpoB 3KCICPUMEHTa OCYIICCTBIIS-
JIOCh M3MCHCHHEM HAIIPSKCHUS 3apsiia, CMKOCTH U MEXKIJICK-

TPOAHOI'O 3a30pa.

Puc. 1. O0mmii B yCTAHOBKH.
Cypet 1. OpHaTyIbIH KaJIIbI KepiHici.
Figure 1. General view of the installation.

Puc. 2. Pa3psignas kamepa yCTAaHOBKH.
Cypet 2. OpHATyIbIH IIBIFAPY KaMepachl.
Figure 2. Discharge chamber of the installation.

Pacuer sueprum paspsna cozgaBaemoii [ UT mabopatopHoit
YCTaHOBKH TIPH eMKOCTH KoHeHcaTtopoB 0,4 Mk u 3apsiaHO-
ro HanpspkeHus 50 kB.

OHeprus, 3anacaeMasi B KOHICHCATOPHO OaTapee, ompere-
nseTcst hopmyoi 1:

1
— 2
E, = 5CU%, 0
rae, E,, — snekrpudeckas sueprus, JIx;
C — eMKOCTh KOHZIeHcaTopa, D;
U — nanpsixenue, B.
IToncraHoBKa YUCIICHHBIX 3HAYCHUN:

E, = 0,5-0,4-105-(5-102 = 500 [Ic.

C yuerom ko3¢ duirenta npeodpazoBanus sHeprun (Gpop-
Myna 2):

EHMH = rl'Eag’ (2)
rne, E,,, — Heprus yaapHOro uMityisca, Jx;

5 — ko3 urrent npeodpasosanus (0,01-0,05).
Torna:

E,,.= 5-25 e
MakcumasbHOe 1aBieHHe onpenensiercs Gopmyou 3:

El/lMl'[
= D 3)
pmax V

TIE, Pouae — MAKCUMaNIBHOE J1aBlIcHNE, [a;

V — o0beM kamepsbl, M.

[pu V = (5-20)-10"m>:

Puax = 0,25-5 MIla.

[Tpu npunsTeIX Mapamerpax 'Y ObIIO JOCTUTHYTO J1aBiie-
Hue nopsiaka 0,9 MIla (puc. 3).

BoJIE
w

paspsAa SMeKTp!

20 25 30 35 40 45 50 55
PacCcToAHHE BO3AYIIHOTO 3a30pa MEKIAY PaspANHHKAMH

60 A MM
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pe3yJibTare pa3psijia 3JIeKTPHYEeCKOro UMITYJIbCa B BOjie
OT PacCTOSIHUSI BO3AYIIHOI0 3230Pa B BLICOKOBOJILHOM

pa3psiIHUKe.

Cypert 3. Cyaarbl 2J1eKTPp UMNYJIbCIHIH pa3psaaTaIybl
HOTHIKeCiH/Ie Mmaii/1a 00/IFaH KbICHIMHBIH JKOFAPbI
BOJILTTHI Pa3psiITaFbl aya CaHbLJIaybIHBIH
KAIIBIKTBHIFbIHA TIYeJAiiri.

Figure 3. Dependence of the pressure formed as a result of
the discharge of an electric pulse in water on the distance
of the air gap in a high-voltage arrester.

[Tonmy4yeHHBIE 3HAYCHHS COTIACYIOTCS C pacyeTaMu HM-
MYJIBCHOTO BO3/ICHCTBUSI M TIOATBEPKAAIOT IPPEKTHBHOCTH
OI'Y mj1st paspyIieHns: CBOI000Opa3HbIX 3aBUCAHHUN CBHITyYero
Marepuaia.

Pazpymienue cBoia B JaHHOM ciiy4dae OyneT 00yCIIOBJIEHO
8bICOKOU CKOPOCMbIO HAPACMAHUA OA8NeHUS U UMNYIbCHbIM
Xapakmepom Haepy3Ku, a He BETHYUHON CyMMapHOH SHEpPTUH,
YTO MPUHIUIHATIBHO oTInyaeT 1Y oT craTudecKux u BUOpa-
IIHOHHBIX METO/IOB BO3JCHCTBUS.

YBenuueHue TIonaad KoHTaKkTa S nmpu 3alaHHON SHEPTHH
UMITyJIbCa TOBBIMAET I(P(PEKTUBHOCTh Iepefadyl MeXaHH-
YECKOTO BO3JCHCTBUS M CHIKAET JOKAIbHBIC HANPSIKCHUS B
KOHCTPYKITUH OyHKepa.
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OO0cyskneHne pe3yJibTaToOB

ITpoBeneHHBIE pacueTHBIC NCCIIEOBAHNS OBIIM HampaBiIe-
HBl Ha aHAJIM3 MapaMeTPOB YAAPHOH BONHBI, (HOPMHUPYEMOIt
B PE3ysbTaTe 3ICKTPOTUAPABINIECKOTO pas3psizia, a TakkKe Ha
OLIEHKY MMITYJIbCa JIaBJICHNUS, IEPEIaBacMOI0 MAaCCHBY 3aBHC-
IIET0 CHIITy4Yero Marepuaia. PacdeTs! BBITOIHSINCH HA OCHO-
B€ MOJZIEJIEH pacpOCTPAHEHNUS YIapHBIX BOJIH B )KHMJIKOM cpene
C Y4ETOM HMX OTPaKCHMS M 3aTyXaHHs IIPU B3aUMOJCHCTBUU
co creHKkamu OyHkepa. IlomyueHHBIE pacueTHBIC 3HAUCHMS
YPOBHSI IaBICHUS U ATUTEILHOCTH UMITYJIbCA TTOKA3aJIN YI0B-
JIETBOPHUTENILHOE COMNIACOBAHUE C PE3YIbTaTaMU HKCIICPUMEH-
TaJIbHBIX UCCICAOBAHUM.

AHanu3 SHEpPreTUYecKuX MoKas3arenel nokasal, 4To HpH-
MEHEHHE TeHepaTopa UMITYIbCHBIX TOKOB B Ka4e€CTBE MCTOY-
HUKA MUTAHUS 3JIEKTPOTUAPABIMYECKOTO MPUBO/IA MO3BOISET
CYIIECTBEHHO CHU3UTh Y/IEbHbBIC SHEPTO3aTPaThl HA Pa3pyIIe-
HHUE CBOJ000OPA3HBIX 3aBUCAHHUN 110 CPABHEHHIO C HETIPEPhIB-
HBIMH METOJIaMH BO3JCHCTBHA. DTO OOYCIOBIEHO BBICOKOM
KOHIIEHTpAIKel SHEPrur B KOPOTKOM BPEMEHHOM HMHTEpBase
U OTCYTCTBHEM HEOOXOJMMOCTH JUINTEIBHOTO HArpyKECHHs
KOHCTPYKITNH OyHKepa.

B xome »KcnepuMEHTalbHBIX HCTBITAHWN OblTa MOA-
TBEPKAECHA BO3MOXKHOCTH PETyJIHPOBAHUS PEKUMOB pado-
THI CHCTEMBI 33 CUET N3MEHEHHUs MapaMeTPOB UMITYIbCHOTO
nuTaHus. JlaHHBIA moaxox oOecTednBaeT aJaNnTaluio IeK-
TPOTHIPABIMYECKOTO YCTPOWCTBA K PA3IMUYHBIM YCIOBHIM
9KCIUTyaTallud W THUIIAM CBHIIyYHX MAaTepUasoB, BKIIOYas
MaTepHabl ¢ TOBBIIIEHHOW BIaXXHOCTHIO U CKIIOHHOCTBIO K
CIIEKHUBAHUIO.

VYCTaHOBICHO, YTO NPHU SHEPTUM HMITyJIbca B IHMAIA30HE
1-3 x> obecrmeunBaeTcsi HaCKHOE pa3pyIICHUE YCTOHYN-
BBIX CBOJOB. PacueTHble OLIEHKM IapaMeTpoB yAAPHOM BOII-
HBbl B YKa3aHHOM JHEPreTHUECKOM JHara30HE HaXOISTCS B
YAOBIETBOPUTEIBHOM COOTBETCTBUH C SKCIIEPUMEHTAIBHBIMH
JAHHBIMH TI0 MAaKCHMAJIbHOMY JAaBJICHHIO M JIHUTEIbHOCTH
UMITYJIbCA.

Pe3ynbraTbl 3KCIEPUMEHTOB IOKA3aiM, YTO NMPUMEHEHHE
3MEKTPOTUAPABIMUECKOTO YIApPHOTO TPHBOJAA O0ECHEeIHBACT
paspyliieHre cOpMHPOBAHHBIX CBOJOB IPHU CYIIECTBEHHO
MEHBIIEM BPEMEHH BO3/ICHCTBUS 110 CPABHEHUIO C TPAIAMIH-
OHHBIMH BHOPAaMOHHBIMH MeTomamu. IIpu sTom 3ddexTns-
HOCTb OOpYIIEHHS OIPEICISETCS] HE TONBKO JHEPrUed HM-
MyJIbCa, HO M PACCTOSIHUEM OT 30HBI pa3psija J0 MOBEPXHO-
CTH B3aUMOJEHCTBUS ¢ MAacCHBOM Marepuana. MmmynbcHbIi
XapakTep Harpy3Kd CIOCOOCTBYET JIOKAIBHOMY Pa3pyIICHHIO

CBOZI0O0OPA3HBIX CTPYKTYp 0e3 (OpPMUPOBAHMS OCTATOUHBIX
YIUIOTHEHUH B IIPWJIEratolIUX 30HaX.

CpaBHUTENBHBIN aHAIU3 [M0KA3ajl, YTO [0 OTHOIIECHHIO K
BUOPALMOHHBIM METO/IAM YJIeJIbHBIE DHEPro3arparbl Ha pas-
pylieHne cBooB cHuxkaroTca Ha 25-30 %, uto 00ycroBIeHO
BBICOKOHW IIJIOTHOCTBIO SHEPIUU M KPATKOBPEMEHHOCTBIO M-
MyJIbCHOTO BO3JIEHCTBHUS.

[TonyueHHbIe pe3yNbTaThl CONIACYIOTCS C (yHIaMEHTab-
HBIMH [IPEJICTABICHUAMH 00 3JICKTPOrHIPABIHNUCCKOM P PeK-
te, chopmynupoBanabiMu JI. A. KOTKHHBIM, U TIOATBEPIKAAIOT
ero 3G (eKTUBHOCTH NPH PELICHUH 33]1a4 Pa3pyLIEHHsI CBOJIO-
00pa3HbIX 3aBHCaHM B OyHKEpax U pyJ0CIyCcKax.

Ciemayer OTMETHTh, YTO pacCMaTpUBAEMbIH IOAXOJ HE
HpeNbsIBISIET TPEOOBAHUIT K JIEKTPOIIPOBOIHOCTH M MaTepH-
aJly CTEHOK OyHKepa, uTo 1M03BOJIsIeT PPEKTUBHO NPUMEHSThH
ANIEKTPOTH/IPABIMUYECKHE CUCTEMbI B KOHCTPYKLHUSIX C METal-
JMYECKUMH, (PyTEepOBaHHBIMH U KOMOMHUPOBAaHHBIMH CTEH-
kamMH. TeM caMbIM yCTpaHSIOTCS MPUHIMIHAIBHBIE OTPaHH-
YEHUsI, XapaKTepPHbIC JUISi MarHUTHO-UMITYJIbCHBIX CHUCTEM, U
paciumpsiercst 001acTb paMoOHaIbLHOTO NPUMEHEHUST UMITYJIb-
CHBIX METOJIOB OOPYIIEHUSI CBOJ000OPA3HBIX CTPYKTYP.

[TonyueHHble 3aBHCUMOCTH TOATBEPIKAAIOT, YTO KIFOYE-
BbIM (DaKTOPOM paspyLICHUs] CBOJOOOPA3HBIX CTPYKTYp SIB-
JSIETCsl BBICOKAs! CKOPOCTh HapacTaHWs JaBiieHus (IpagueHT
JIaBJICHUS), a HE TOJILKO €ro MakCHMMallbHOE 3HaueHHe. JTO
COIVIACyeTCsl C TEOpHEH UMITYJIbCHOTO pa3pyLICHHs], COIIACHO
KOTOpOW KpaTKOBPEMEHHBIE AMHAMUYECKUE HAIpspKeHus: 00-
nee 3(p(HEeKTUBHO MPEOIOICBAOT CHJIBI CICIUICHHS YACTHIL 10
CPaBHEHUIO C KBa3UCTATHUECKHUMH HArPy3KaMH.

3akiio4eHune

1. Obocnosana yenecoobpasHocme npumeHeHust 2NeKmpo-
2UOPABIUYECKO20 YOAPHO20 dPpekma Onsi paspyuerus c6o-
008 3a8uUcuie20 Mamepuand 6 OYHKepax.

2. Paspabomana mMoOepHUUPOSAHHAsSL cucmema oopyuie-
HUSL C60008 € DNEKMPOLUOPABTULECKUM YOAPHBIM NPUSOOOM U
UMRYIbCHBIM UCHOYHUKOM NUMAHUSL.

3. Hoxasano, umo ucnonv3oeauue 2eHepamopa UMnYib-
CHbIX MOK08 obecneyusaem yCmouuugoCms U 60CHPOU3E00U-
MOCmb IHEPeemU4ecKUx napamempos paspsi0os.

4. DKcnepumeHmanbHo NOOMEEPHCOEHO CHUNCEHUE YOCTbHBIX
IHEP2O3AMPAM NO CPASHEHUIO C MPAOUYUOHHIMU MENMOOUMU.

5. Cucmema modcem 6vimb pekoOMeHO08aHa OJisi MOOEPHU-
3ayuu 0eticmayiowux OYHKepos 20pHoO000bIBAIOWUX NPEONpU-
amuil.
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ENHANCING THE SERVICE LIFE
OF FERROCHROME CASTING LADLES USING
PROTECTIVE REFRACTORY COATINGS

Abstract. Lining wear of casting ladles is a key challenge in high-carbon ferrochrome production, leading to reduced service life and increased operating costs. This
study presents a laboratory and pilot-industrial evaluation of protective refractory coatings during tapping of FeCr 800-850 ferrochrome. Coatings based on chamotte,
quartzite, and secondary materials with various binders were investigated. Liquid glass was found to exhibit poor adhesion, whereas a combined binder system (cement —
bentonite — organic additive) demonstrated the highest stability. Chamotte-based coatings increased ladle service life to 13—18 heats (compared to 10 in the baseline regime),
quartzite coatings showed a moderate effect, while slag-based coatings were ineffective.
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®eppoxpoMabI KYI0 I6MILITEePiHiH KbI3MeT eTy Mep3iMiH KOpFraylibl 0TKA Te3imM/i KanTaMauapibl KOJIIaHy apKbLIbI
y3apry

Angarna. Kyio memimTepinii KanraMaaapbiHbIH TO3YBI )KOFapbl KOMIPTEKTi (heppoxpoM eHJIipiciHeri Heri3ri Macenenepin 6ipi OombIn TabbLTa kI, OYIT KAOABIKTBIH
KbI3MET €Ty Mep3iMiHiH KbICKapybIHA jKOHE LIBIFBIHIAPABIH apTybiHa okerei. XKymbicta FeCr 800-850 heppoxpoMbIH KYIO Ke3iH/e KOPFaHbIII OTKa TO3IM/Ii KartaMmaap-
JIBIH THIMIIJTIT 3epPTXaHAIIBIK )KOHE TOKIpHOeTiK-0HepKACINTIK AeHreiiae Oarananasl. [IlaMoT, KBapIyT XoHE KaliTallaMa MaTepraiaap HerisiHaeri opTypiti GailiaHbICThIP-
FhIIITaphl Oap sxa0biaap 3eprreiii. CyibIK MIBIHBIHBIH aJIre3HsChl TOMEH CKCHi aHBIKTAIbI, aJl LIEMEHT — OCHTOHHUT — OpPraHUKAJIBIK KOCIIa HEeTi3iH/eri Kemeni Oaiina-
HBICTBIPFBIII €H XKOFapbl TYPAKTBUILIKTEI KopceTTi. [1laMoTThI KanTamanap meMilTiH KbI3MeT ety Mep3imin 13—18 GankpiTyFa Jeitin apTThipazns! (6a3anbik pexumzaeri 10
GaJKpITyFa Kapchl), KBapIUTTI KarramMaap opraiia acep Oepei, aj KoK Heri3iHjeri KanraMaaap THiMCi3 O0JbI TabblIaibl.

Tyitinoi co3oep: sicozapoi KoMipmexmi peppoxpom, Kyio wiomiuii, 0mka mo3imoi Kanmama, Kel3men emy Mep3imMin apmmoipy, eKinwi pemmix wuKizam, madxcipubenix-
OHEPKICINMIK ColHAKMap.

IloBbImIeHne cpoka cay:0bl Pa3JIMBOYHBIX KOBIIEH /Il (hpeppoxpoMa ¢ HCIOJbL30BAHHEM 3AIHUTHBIX OTHEYNOPHBIX

MNOKPBITHU

AEHOTalllHl. W3HOC (hyTEpOBKHM Pa3IMBOYHBIX KOBIIEH SIBISCTCS KIFOYEBOM MPOOIEMOiT IPOU3BOACTBA BHICOKOYIIIEPOAUCTOrO (heppoxpoma, IIPUBOJISILEH K CHIKCHUIO
cpoKa CitysKObI 1 pocTy 3aTpar. B paGore BbInosiHeHa 1abopaTopHas U OIBITHO-IIPOMBIIUICHHAs! OL[CHKA 3aIHUTHBIX OTHEYIIOPHBIX MOKPBITHI IPH pas3inBke Geppoxpoma
FeCr 800-850. McceaoBaHb! MOKPHITHS HA OCHOBE IIAMOTA, KBAPI[UTA U BTOPHYHBIX MaTEPUAJIOB C PA3IMYHBIMU CBSI3YIOIIMMH. YCTaHOBIICHO, YTO )KHIKOE CTEKIIO 00e-
CIEYNBACT HU3KYIO a/IIe3HI0, TOT/Ia KaKk KOMOMHUPOBAHHOE CBA3yHoMIee (IEMEHT — OEHTOHHUT — OpPraHu4ecKas 100aBKa) IeMOHCTPUPYET HAMITYHIIyIO CTadmibHOCTh. [1la-
MOTHBIE OKPBITHSI YBEINUHMBAIOT CPOK CIIy’KObI KoBIIA 10 13—18 m1aBok (mpotus 10 B 6a30BOM pexuMe), KBAPLUTOBbIE 00ECIIEUNBAIOT YMEPEHHBIH 3((EKT, a IITaKoBbIe
TOKPBITHUSL SIBISIFOTCS HEAPHEKTHBHBIMA.

Knrouesvie cnosa: gvicokoyenepooucmolii (heppoxpom, pasiueouHblil KOBUL, OZHEYROPHAS ()yMepPOsKa, Y8erudeHue cpoKa CLyHcobl, 6MOPUYHOE Cbipbe, ONbIMHO-NPO-
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MBIULTICHHbLE UCNbIMAHUA.

Introduction

Degradation and wear of refractory linings exposed to met-
al-slag melts remain a significant technological issue in mod-
ern metallurgical processes. Premature damage of ladle linings
and casting equipment can result in unexpected production
interruptions, higher maintenance expenditures, and a decline
in operational reliability and safety [1-3]. Consequently, im-
proving the durability of refractory materials has become an
important objective in the context of increasing demands for
energy efficiency and cost optimization.

The production of high-carbon ferrochrome is associated
with elevated melt temperatures, chemically aggressive met-
al-slag systems, and severe thermomechanical stresses acting
on refractory materials. Interaction between ferrochrome slags
and refractory linings involves processes such as chemical
dissolution, slag infiltration, and thermochemical corrosion,
all of which contribute to accelerated lining wear and reduced
service life [4-6]. Additional deterioration occurs during the
mechanical removal of metal-slag accretions, which damages
the lining surface and intensifies wear processes [7].

Conventional methods for extending ladle lining lifetime in-
clude increasing the thickness of refractory masonry or apply-
ing monolithic refractory materials. However, a thicker lining
decreases the effective ladle capacity and increases the overall
weight of the structure, which negatively affects technological
performance and increases the load on lifting equipment.

An alternative approach involves the application of protec-
tive refractory coatings to the working surface of ladle linings.

Such coatings, typically composed of finely dispersed refrac-
tory materials combined with inorganic binders, can reduce
both chemical and mechanical interaction with the primary
lining, as reported in several review and industrial studies [8].
This approach is widely applied in steelmaking, where the ef-
fectiveness of protective coatings for ladles and intermediate
vessels has been confirmed in both laboratory and industrial
conditions [9].

Recently, increasing attention has been given to the use
of secondary refractory and metallurgical materials, such as
ferroalloy slags and industrial dusts, in coating compositions.
Their use corresponds to resource-efficiency and circular
economy principles but requires experimental verification of
thermal stability, chemical compatibility, and resistance to ag-
gressive metal-slag melts [10]. For high-carbon ferrochrome
production, systematic studies in this area remain limited.

In this context, the present study provides a comparative
laboratory evaluation of several protective refractory coating
compositions, followed by pilot-industrial validation under
ferrochrome casting conditions. Unlike steelmaking process-
es, ferrochrome production is characterized by higher tem-
peratures and increased chemical aggressiveness of chromi-
um-containing slags, which intensifies refractory wear and
necessitates adaptation of protective coatings to ferroalloy
conditions.

The novelty of the work lies in the systematic laborato-
ry and pilot-industrial assessment of coatings based on both
primary and secondary refractory materials, including ferro-
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chrome slags and industrial dusts, as well as in the application
of a combined binder system providing enhanced adhesion
and thermal stability.

Methods

Industrial Context and Description of Casting Ladles

The production of high-carbon ferrochrome at the Aktobe
Ferroalloy Plant is carried out under conditions of high met-
al-slag temperatures and increased chemical aggressiveness to-
ward refractory materials. Ferrochrome smelting is performed
in two production units: Smelting Shop No. 4 and Smelting
Shop No. 1, equipped with direct-current and alternating-cur-
rent electric arc furnaces, respectively.

The main volume of ferrochrome is produced in Smelting
Shop No. 4, where casting is performed without intermediate
equipment. The remaining production is smelted in Smelting
Shop No. 1, where the casting process involves the use of ded-
icated casting ladles.

Although identical grades of high-carbon ferrochrome are
produced in both shops, the casting conditions and auxiliary
equipment differ, which affects the operating conditions of re-
fractory linings. In Smelting Shop No. 1, casting ladles are a
key element of the technological process and are subjected to
intense thermochemical and mechanical loads.

The casting ladle is a steel structure with a flat bottom,
equipped with side trunnions for transportation and tilting
(Figure 1). Its inner surface is lined with chamotte refractory
bricks of grade ShB-5.

Figure 1. General view of the casting ladle used in
Smelting Shop No. 1.
Cypet 1. Ne 1 BaJakpITy 1eXbIHIa KOJAAHBLIATHIH KYIO
0KayBIHBIH JKAJIMbI KOpiHici.
Puc. 1. O0mmii B pa3jiMBOYHOI0 KOBIIA,
HCI0JIb3YeMOI0 B IJIABUJIBLHOM 1exe Ne 1.

The lining of casting ladles is constructed in one or two
layers depending on the grade of the cast ferrochrome and
its chemical composition. During the casting of ferrochrome
grades FeCr 800-950 with a carbon content of 8.01-9.49 wt.
%, a single-layer lining is applied, in which chamotte bricks
are installed on edge with a radial orientation relative to the
vertical axis of the ladle. The average service life of such a
lining reaches up to ten heats.
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When casting ferrochrome grades FeCr 600—650 with a re-
duced carbon content (6.01-6.49 wt. %), a two-layer lining
configuration is used, in which the bricks are laid flat (Figure
2). This configuration facilitates replacement of the working
lining layer; however, its service life typically does not exceed
six heats, which is attributed to the increased chemical aggres-
siveness of the melt toward chamotte refractory materials.

Thus, the operating conditions of casting ladles in Smelt-
ing Shop No. 1 are characterized by intense thermochemical
interaction between the metal-slag melt and the refractory lin-
ing, as well as additional mechanical loads during the removal
of metal-slag accretions after casting. Therefore, the limited
service life of the lining, even with a two-layer configuration,
requires additional protection methods, including the applica-
tion of protective refractory coatings to the working surface.

Figure 2. Lining of the ladle for casting ferrochrome
grades FeCr 600—-650.
Cypert 2. FeCr 600-650 mapkajbl ¢peppoxpoMIabl KYIOFa
apHaJFaH 0KayIbIH KanTaMachl.
Puc. 2. ®yTepoBKa KoBIIA JIs1 pa3IuBKHU peppoxpoma
mapku FeCr 600-650.

Materials for Protective Refractory Coatings

Protective refractory coatings intended for application to
the working surface of casting ladle linings were studied. The
selection of coating components was based on their refracto-
ry properties, thermal resistance, and suitability for use under
high-carbon ferrochrome casting conditions.

Both primary refractory materials and secondary metallur-
gical raw materials from ferrochrome production were used
as fillers. Primary materials included ground chamotte, mi-
crosilica, quartzite, and corundum, while secondary materials
consisted of processed ferrochrome slags and industrial dust
generated in plant units.

To ensure coating formation and adhesion to the refracto-
ry substrate, inorganic binders and plasticizing additives were
used. Sodium silicate and sodium aluminate were used as
binding agents, while bentonite clay was incorporated in sev-
eral compositions to enhance mixture plasticity and improve
structural stability of the coating layer.

The coating formulations were designed with consideration
of their applicability under industrial ladle operating condi-
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tions and their ability to retain structural integrity during ther-
mal loading and contact with metal-slag melts. The investigat-
ed compositions together with their approximate refractoriness
values obtained in laboratory experiments are summarized in
Table 1.

Sample Preparation and Thermal Treatment

Protective refractory coatings were prepared under labo-
ratory conditions using a standardized procedure. Dry com-
ponents were weighed in the required proportions and mixed
in a laboratory mixer until a homogeneous mixture was ob-
tained. The binder was then gradually added under contin-
uous stirring to form a plastic mass. For mixtures with low
wettability, plasticizers such as refractory or bentonite clay
were introduced. When bentonite acted as the binder, water
was added after dry mixing until the required consistency
was achieved.

Table 1
Compositions of protective refractory coatings and their
refractoriness
Kecme 1

Kopzanvtu omxa mo3imoi ycadvlHoapovly KYpamol yHcone
011apObIH, OMKA MO3IMOLNI2l
Tabnuua 1
Cocmagst 3auumHbIX 0ZHEYNOPHBIX NOKPLIMUIL U UX
0ZHeynopHoCcmb

Refractori-

Remarks
ness*, °C

Mixture composition

Ground chamotte — 85%
Bentonite (refractory clay) —
8-10%

Sodium silicate — 10-20%
Microsilica — 75%
Ferrochrome slag — 5%
Sodium silicate — 20%
Quartzite
Sodium silicate — 20%
High-carbon ferrochrome slag —
80%

Sodium silicate — 20%
Baghouse dust — 90%
Bentonite — 5%
Sodium silicate (as required)

Bentonite
used as a
plasticizer

1730

1750 -

1750 -

1730 -

Bentonite
used as a
plasticizer

1890

Ground corundum from
launders
Sodium silicate / sodium
aluminate

1800 -

*the refractoriness of the listed mixtures was determined by
laboratory testing

The prepared mixtures were applied to refractory substrates
or molded into specimens and dried in an oven at temperatures
up to 200 °C for 15 min to remove excess moisture. After cool-
ing, the samples were visually inspected for cracks, deforma-
tion, or binder degradation.

To evaluate high-temperature behavior, the specimens were
heated in a muffle furnace at 1000 °C for 15 min, followed
by air cooling. The selected temperature corresponds to the
onset of intensive thermochemical interaction between refrac-
tory materials and ferrochrome slags and allows evaluation of
coating stability under conditions close to industrial practice.
The holding time represents short-term thermal exposure typi-
cal of casting operations and is used for rapid comparative as-
sessment of thermal stability, structural integrity, and adhesion
without reproducing the full operating cycle of the ladle.

After heating, the samples were re-examined for dimen-
sional changes and coating shrinkage. Only compositions that
retained structural integrity without visible defects were se-
lected for further testing with metal-slag melts.

Tests on Interaction with Metal-Slag Melts

The resistance of protective refractory coatings to met-
al-slag melts was investigated using previously prepared spec-
imens that had undergone thermal treatment and showed no
visible defects. The experiments were carried out under lab-
oratory conditions in a Tammann furnace. High-carbon ferro-
chrome or the corresponding slag was melted in a refractory
crucible until a stable liquid phase was obtained. After that,
samples with the applied coatings on chamotte brick frag-
ments were immersed into the melt. The exposure time was 30
min, simulating the direct interaction between the protective
lining layer and liquid metal-slag melts during casting opera-
tions. After the test period, the specimens were removed and
allowed to cool in air.

Following cooling, the interaction between the coatings and
the melts was analyzed. The evaluation included visual assess-
ment of wetting behavior and adhesion of metal or slag to the
coating surface, as well as determination of the melt penetra-
tion depth into the protective layer. The obtained results were
used to compare the resistance of the investigated composi-
tions and to identify the most promising coatings for further
pilot-industrial testing.

Criteria for Evaluating the Effectiveness of Protective
Coatings

The performance of protective refractory coatings was as-
sessed using a set of qualitative indicators describing their
behavior during thermal treatment and interaction with met-
al-slag melts. The evaluation relied on the results obtained
from laboratory experiments.

The key assessment parameters included the ability of
the coating to maintain structural integrity after heating and
cooling without through-thickness damage, the absence of
pronounced cracking, delamination, or degradation, and the
nature of the interaction between the coating and the metal—
slag melt under direct contact conditions. Additional factors
considered were the visually observed wetting and adhesion
of the melt, the degree of melt penetration into the coating
structure, and the technological suitability of the composi-
tions, including ease of preparation and application. Coating
compositions that met these requirements were regarded as
the most promising candidates for further investigation and
subsequent pilot-industrial testing under ferroalloy produc-
tion conditions.
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Pilot-Industrial Trials of Casting Ladles

Pilot-industrial testing of protective refractory coatings was
performed during the production of high-carbon ferrochrome
grades FeCr 800-850 at Smelting Shop No. 1. using a casting
ladle with the worn refractory lining completely removed.

After installation of a chamotte brick lining according to
technological regulations, protective coatings were applied to
separate areas of the lining surface. The mixtures were based
on ground chamotte scrap, quartzite, and ground high-carbon
ferrochrome slag, using sodium silicate as the binder. During
transportation of the ladle to the drying station, all coatings
delaminated from the lining surface. Increasing the binder
content did not improve adhesion; therefore, further trials with
sodium silicate binders were discontinued.

A combined binder system consisting of cement, bentonite,
and lignosulfonate (Ligno) was subsequently applied, provid-
ing stable adhesion regardless of filler type. At the first stage,
the ladle was coated with a mixture containing ground cha-
motte (85%), cement (6%), Ligno (3%), and bentonite (6%)
with a moisture content of about 20%. The appearance of the
ladle with the chamotte-based protective coating before pi-
lot-industrial operation is shown in Figure 3.

Figure 3. Appearance of the casting ladle with a chamotte-
based protective refractory coating prior to pilot-
industrial operation.

Cyper 3. Toxipuoeik-eHepKacinTik naiganany ajaabiHIa
IIAMOT Heri3iHjeri KOpraHbIII 0TKA TO3iMAi :ka0bIHbI Oap
KYIO0 0:KaybIHBIH CBIPTKBI KOPiHici.

Puc. 3. BHeminnii BUJ pa3jiMBOYHOI0 KOBIIA C 3allIUTHBIM
OTHEYNOPHBIM IOKPBLITHEM HA OCHOBE IIAMOTA Iepe]
ONBITHO-NIPOMBINLICHHOMH IKCILIyaTalue.

After application of the coating, the ladle was filled with
sand and placed at the drying station for 3040 min in accor-
dance with standard operating procedures. Visual inspection
showed no cracking or delamination of the protective layer,
after which the ladle was put into operation without changes
to the standard casting practice. Similar trials were performed
for coatings based on ground quartzite and ground high-car-
bon ferrochrome slag using the same combined binder system.
Three ladles were tested for each coating type. During opera-
tion, the number of heats until ladle withdrawal from service
was recorded, and the average service life values are presented
in Table 2.

T'opnuwuit scypnan Kazaxcmana Ne6’ 2026

A significant influence on the performance of protective
coatings is exerted by the binder composition. The combined
system based on cement, bentonite, and lignosulfonate pro-
vides a synergistic effect through the formation of a rigid
framework, improved plasticity and adhesion, and reduced
cracking.

In contrast, sodium silicate-based binders exhibit insuffi-
cient adhesion and a tendency to crack, leading to coating de-
lamination. Thus, not only the filler composition but also the
binder type plays a decisive role.

Results and Discussion

Results of Laboratory Testing of Protective Refractory
Coatings

A comparative laboratory study was performed for six
compositions of protective refractory coatings differing in
filler materials and binder systems. The preliminary screen-
ing considered mixture plasticity, adhesion to the chamotte
substrate, resistance to drying at 200 °C, and thermal stabil-
ity at 1000 °C.

Several compositions demonstrated unsatisfactory char-
acteristics. The corundum-based mixture showed insufficient
plasticity and weak adhesion to the refractory substrate. Coat-
ings containing microsilica required a higher water addition
(up to about 40 wt. % of the filler), which resulted in reduced
adhesion and delamination after drying. Mixtures incorpo-
rating chromite dust exhibited good plasticity and adhesion
but lacked thermal stability, as drying at 200 °C caused deep
cracking and partial separation of the coating layer.

The best performance was observed for coatings based on
ground chamotte, quartzite, and high-carbon ferrochrome slag.
These compositions maintained structural integrity after dry-
ing and subsequent heating to 1000 °C, showed no significant
cracking, and adhered satisfactorily to the chamotte substrate.
Consequently, these mixtures were selected for further investi-
gation of their interaction with metal-slag melts.

Interaction of Protective Coatings with Metal-Slag Melts

Tests of metal-slag resistance revealed differences in the
interaction of coatings with molten high-carbon ferrochrome,
including wetting, infiltration, and adhesion layer formation.

Chamotte-based coatings showed the lowest melt infiltra-
tion and weak adhesion, indicating good chemical compati-
bility and thermal stability. Quartzite-based coatings exhibited
moderate wetting and infiltration without significant penetra-
tion, whereas coatings based on high-carbon ferrochrome slag
showed increased wetting and infiltration due to chemical af-
finity with the melt.

These results indicate that coating performance is governed
by wettability and chemical compatibility with slag: alumino-
silicate compositions provide higher resistance to melt pen-
etration, while slag-based coatings are less effective. Thus,
despite the advantages of secondary materials, their use under
ferrochrome casting conditions is limited by thermochemical
compatibility.

Results of Pilot-Industrial Trials of Casting Ladles
Pilot-industrial evaluation of protective refractory coatings
was conducted during the production of high-carbon ferro-



Meramnyprig

49

chrome (FeCr 800-850) in Smelting Shop No. 1. Ladle du-
rability was assessed by the number of heats until withdrawal
from service, with uncoated ladles used as a reference.

The results showed a clear influence of coating composi-
tion on service life. Chamotte-based coatings demonstrated
the highest performance, increasing ladle lifetime to about 15
heats compared to 10 in the baseline regime. Quartzite-based
coatings provided moderate improvement (11 heats), while
coatings based on high-carbon ferrochrome slag were ineffec-
tive, reducing ladle life to 8 heats. The results are summarized
in Table 2.

Table 2
Results of pilot-industrial trials of protective refractory
coatings during FeCr 800-850 production in Smelting Shop
No. 1
Kecme 2
Ne 1 bankvimy yexvinoa FeCr 800—850 onoipy kezinoe
KOp2aHblul OmKa mo3imoi Kanmamanapovl maxycipuodenik-
OHEPKACINMIK CbIHAKMAaH omKi3y Hamudicenepi
Tabnuua 2
Pe3ynvmamut 0nblmMHO-RPOMBILUTIEHHBIX UCHBIMAHUIL
3AUUMHBIX OZHEYROPHBIX NOKPLIMUIL RPU RPOU3EO0CHIGE
FeCr 800-850 ¢ nnasunvnom yexe Ne 1

Coating type Number of heats
No coating (baseline) 10
Chamotte-based coating 15
Quartzite-based coating 11
High-carbon ferrochrome slag-based 3
coating

It should be noted that the number of pilot-industrial trials
was limited (n = 3) due to production constraints; therefore,

the obtained results should be considered as preliminary in-
dustrial validation. At the same time, the observed differences
in ladle service life are pronounced and reproducible, con-
firming the influence of coating composition, although further
studies with a larger number of trials are required for a more
comprehensive statistical assessment.

Conclusions

A combined laboratory and pilot-industrial investigation of
protective refractory coatings was carried out under conditions
close to industrial operation of casting ladles in high-carbon
ferrochrome production (FeCr 800-850).

The results show that coating performance is governed not
only by refractoriness, but also by adhesion, thermal stability, and
resistance to metal-slag interaction. Chamotte-based coatings
with a combined binder system (cement — bentonite — organic
additive) demonstrated the highest efficiency, increasing ladle
service life to 13—18 heats compared to 10 in the baseline regime.

Quartzite-based coatings provided only moderate improve-
ment, while coatings based on high-carbon ferrochrome slag
were ineffective. The results also highlight the decisive role of
the binder system: sodium silicate led to coating delamination,
whereas the combined binder ensured stable adhesion.

Overall, protective coatings represent an effective and eco-
nomically viable method for extending ladle service life with-
out modifying ladle design. The observed increase in durabil-
ity (by approximately 30-80%) reduces maintenance frequen-
cy and associated costs, while requiring no additional capital
investment.
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YHFBIMAJIAPABI BYPFBIJIAYFA APHAJIFAH
METAJLJIYPIrUSIJIBIK OHJIPICTEPIIH
KAJJABIKTAPBI HET3IHJ/IE AYVBIPJIATBIJIFAH
BYPI'BIJIAY EPITIHALJIEPI

Amnarna. Makanaza MaKra MaiflbIHBIH CaOBbIHIAJIFaH TYPOHBIHAH AJIBIHFAH MOAN(UKANMSIaHFaH YHTAK Topi3ai pearent (¥ P) Herisinzeri Oyprbuiay epitinjici 3ept-
Teneni. Mogudukaisuianran ¥P KoJiaHa OTBIPBIN, Cy HEri3iHAeri epiTiHAiCiHIH KacHeTTepiH 3epTTey/iH IKCICPHUMEHTTIK HoTIKenepi cunarraurad. Cyna eputin ¥P
KOJIIaHy OHBI SKOJIOTMSUIBIK Ta3a aHAIOITap PETIH/E KOJIAHYAbIH KeH IEePCICKTHBACHIH aIuaabl. Byprbuiay epiTiHIiCiHIH KYpBUIBIMIBIK-PEOIOTHSUIBIK, CY3y KaCHETTEPiH
’KaKCapTy YIIiH METaTyprusuIbK OHIIPiC KaIJbIKTaPbIH KOJIAAaHY MYMKIH/Ir aHbIKTai bl OchiFaH OaillIaHBICTBI OYJ1 3ePTTEY/IiH 03¢KTINIr aliKbIH, OHTKEHI OHBI XKy3ere
achIpy HOTHIKECIHJIE ePITIHAIHIH TYTKBIPJIBIFBI MEH THKCOTPOIITHI KYPBUIBIMBIH PETTErILITEp, CY3yai (Cy Oepiiici) TOMEeHACTKIMITEP YIIiH 6CIMAIK MaiIapbIHbIH KaJAbIKTa-
PBIHAH SKOJOTHSIIBIK KAyilCi3 peareHTTep aabIHabI.

Tyiinoi cosoep: 6ypevinay, Oypeoiiay epimindici, yumax mapizoi peazenm, peoio2usiivli Kacuemmep, MEmaiiypeUsibli OHOIpIc Kanowizvl, cy 6epinici.

Weighted drilling fluids based on metallurgical waste for drilling wells

Abstract. The paper examines a drilling fluid based on a modified powdered reagent (PR) obtained from saponified cottonseed oil tar. Experimental results of studying
the properties of a water-based drilling fluid using the modified PR are described. The use of water-soluble PR opens up broad prospects for its application as an environ-
mentally friendly alternative. The possibility of using metallurgical slag additives to improve the structural, rheological, and filtration properties of the drilling fluid has
been established. Therefore, the relevance of this study is obvious, as its implementation will lead to the production of environmentally safe reagents from waste vegetable
oils for viscosity regulators, thixotropic structure regulators, and filtration (fluid loss) reducers.

Key words: drilling, drilling mud, powdered reagent, rheological properties, metallurgical slag, water recovery.

YTsKe/IeHHbIE 6yp0131>le PacTBOpPbI HA OCHOBE 0TXOA0B METAJIIYPIrUI€CKHUX NPOU3BOACTB /1151 Gypemm CKBAaKHH

Annorauusi. B pabote ucciemyercs OypoBoi pacTBOp Ha OCHOBE MOAU(UIMPOBAHHOTO MOpoIIKoodpasHoro pearenta (IIP), momyueHHOro U3 OMBUICHHOTO I'yAPOHA
XJIOMKOBOTrO Maciia. OIHCaHbl 9KCIIEPUMEHTAJIBHBIE PE3YJIBTAThl HCCIEI0OBAHMs CBOCTB GypPOBOTO PacTBOPA HA BOAHOW OCHOBE C MCIMOIb30BaHHEM MOAU(UIMPOBAHHOTO
ITP. Vicrionb30oBanue BOAOPacTBOPUMOTro ITP OTKpBIBAET MIMPOKYIO MIEPCIICKTHBY €ro MPUMEHEHHS B Ka4eCTBE KOJOTHIECKU YHCTHIX aHAJIOTOB. YCTaHOBJICHA BO3MOXKHOCTh
HPUMEHEHHUsI T00ABKH METAJUTYPrH4ecKOro IUIaKa Ulsl YiIy4qIIeHUs CTPYKTYPHO-PEOIOrHYECKUX, (UIBTPALIMOHHBIX CBOICTB OypoBOro pactBopa. B CBsi3H ¢ 3THM akTy-
IBHOCTB JIAHHOTO UCCIICI0BAHMS OYEBU/IHA TIOTOMY, YTO B PE3YJIBTATE €r0 Peau3alii OyLyT MOTyYeHbI SKOJIOTHYECKU Oe30IIaCHbIe PEareHThl U3 OTXOJ0B PACTUTEIBHBIX

Macel ISl PErysiTOPOB BA3KOCTH U TUKCOTPOIIHOM CTPYKTYpPBI pPacTBOPa, MOHKU3UTENEH (GuiabTparuu (BOAOOTAAYH).
Kntouesvie cnosa: dypenue, 6ypo6oii pacmeop, nopoutkooodpasHbvlil peazenm, peoiocuieckie c60Ucmsed, Memailypeuieckull wiak, 60000moayd.

Kipicne

Byrinri tanma MyHail jkoHE ra3 YHFbIMaJapblH OyprblIay
Ke3iH/Ie JKaHa XMMUSUIBIK PEareHTTep/iH, aral aiTkaHua cy
Heri3iHzeri Oyprbuiay epiTiHziepi yiiH GipHeme (yHKIHO-
HAJIIBI KaCUETTepi Oap peareHTTEpHiH OTAHIBIK MIUKi3aThIH
naijanany HeTri3iHAe CHHTE3JICyAiH OoJyamarbl YJIKEH JKoHE
CYpaHBICKA He OAFBIT OOJIBIT TAOBLIAIBI.

YHrpIMaNap/pl caly Kesinae Oyprbuiay epiTiHaiiepi Ma-
HBI3/IbI PO aTKapaabl. Byprbutay epiTiHaiaepiHiH KaCHeTTepiH
JKaKcapTy YIIIH oJapFa YHFbIMa OKITaHBIHBIH Tay-KEeH-Ie0J0-
THSUIBIK JKaFJaiaapblHa, COHMai-aKk oJapiblH arMmocdepara,
TOIIBIPAKKA JKHE JKEp acThl CyJlapblHa €H a3 Tepic acepiHe
HETI3/IeIreH YHFbIMaJIapAbl OYpFrbUIay MPOLECTePiHiH TEXHO-
JIOTHSUTBUIBIFBIH KaHAFaTTaH (BIPATHIH 9PTYPIIi XUMUSUIBIK pea-
TEHTTEP KOChUIa/IbI.

Byprounay epiTiHiIepl SKOJIOTHSIIBIK Ta3a JKOHE JIACTAYIIbI
3aTTapblH €H a3 MeJIIepiH KaMTybl kepek. byt macenere yi-
KEH Haszap ay/lapbliajibl, SKOJIOTHSIBIK Ta3a, ONOBIIBIPANTHIH
OyprbuIay epiTiHAIIepiHIH KOCTIaTaphbIH KacayFa OarbITTalFaH
Ganama memmimaep 3eprrenyne. Ocbliaiia, enimisie Kyprisi-
JIIT )KaTKaH 3KOJOTUSUIBIK CasicaTKa TOJIBIK COMKECTIK OpHATHI-
najsl. Byt cascarThiy Herisri npuHIMNTEpi Kenecinei [1-3]:

- MEXHONOSUSANLIK KblzMemmily KONOAHbICMagbl madueu
9KodICYleNepee acepin OapblHA A3atnmy,

- mabu2ammol yHemMOeumin mexHoI02UANapObl KONOAHY;

- JHCYMBICMAPObL  OPLIHOAY Ke3iHoe KOpuiazaH opmazd
CHIPMEKDL Jicane iwKi acepnepdi azaiimy;

- JlcymMblcmap aAKmanean Kezoe mabusu opmanvly Ky-
pamoac benikmepin Jdcayapmy.

COHFBI OHXXBULIBIKTA PeareHTTEpAl YTHIM/IBI TaHay, 9/1eT-
Te, OCIMIIK Heri3iHieri Oyprbuiay epiTiHAUIepl YHIH YBIT-
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TBUTBIKTHIH 4 KJIachkl OapraH caifbiH Oocekere KabinerTi Oona
OacTajpl, OMTKEeHI onapipl KOJJIaHy apKbUIbI YHFBIMalapibl
OypreUIay KOHE OCKiTy SKOHOMHKAJBIK JKOHE AKOJOTHSIIBIK
TYpFBIIaH THIMAIpeK [4, 5].

KocinmminikTen anbHFaH MaTepransl Tangay [6] Tay *Kbl-
HBICTAPBIHBIH TYPAKCBI3ABIFBIHBIH HETi3ri cebebi omapasiH
KYy CYHBIKTBIFBIHBIH CY3TIiCIMEH (PH3MKAIBIK-XHUMHUSITBIK
opekeTTecyi ekeHiH KepceTTi. bypreiiay epiTiHmiciHIH CY3Ti-
Ci ’apBIKTap MEH KEyeKTep apKbUIBI KabaTKa TepeH CHill, Tay
JKBIHBICTAPBIHBIH ICIHYiHE oKeJe/li, HOTIKECIH/IE YIIKEH Kapy
KymITepi maiina 6omamsl.

YHFpIManap KaObIpFaJapbIHBIH TYPAKCBI3ABIFBIMEH Kype-
CyIiH eH KONailyel 9Jici-cy HeTi3iHAeTi ca3mbl epiTiHmimepIl
KOJNJaHy TEXHOJOTHSACHIH JKETinaipy. bypreumay epitivmici-
He (YHKIMOHAIIBl MAaKCAaTTaFbl KEIICHAl peareHTTepIi KOCy
TBIFBI3/BIK, MAPTTHl TYTKBIPJBIK, Cy Oepy KOHE CTaTHKaJbIK
BIFBICY KEPHEYIHIH KOPCETKIITepiH KakcapTaabl. bypreuray
epITIHAICIHIH JKOFaphl Cy OCpTilITiri oNapAablH ca3asl MHHE-
panmapel 6ap KOJJICKTOpJIapna iciHyiHe OKeJleli *KOHE HOTH-
XKECIHJe YHFbIMa KaObIpFalapbIHbIH TYPAKCHI3AbIFBIHA JKOHE
KHUBIHIIBIKTapFa oKeneni [5, 6].

Byriane enimizne CHE naitpramay ymria kemenzi acep ere-
TiH YHTaKTHI peareHTTep Al KOCTaFraH/a, epiTiHal KacCHeTTepiH
TYpaKTaHABIpyFa apHaJFaH OipKarap XMMHSUIBIK peareHTTep
6ap. ABTOpIapAbIH 3epTTeynepi [7] ocel camama eciMIiK Heri-
31HJIET] XUMUSIIBIK peareHTTep Il KoagaHy 0ocexere KabineTTi
Oora 6acTaraHBIH KOPCETEl, OUTKEHI oappl KOJTaHy apKbI-
JIbI YHFBIMAJIAP/BI OYPFbIIay SKOHOMHUKAJIBIK JKOHE HKOJIOTHS-
JIBIK TYPFBIIAH THIMIPEK.

TypxkicTan oONBICEIHIA MaKTa-TOKBIMA KJIaCTEPi KYPHUFaH
apHaiibl 5KOHOMUKAJIBIK aliMaK JKYMbIC icTeiimi. 2024 KbUTabIH
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Jepekrepi OoiibiHIIa MakTa eric ankadbl 111,4 MbIH ra Kypaii-
JIbl, MaKTa MaiblH eHIIpy Kejemi 19,5 MbIH TOHHara JeifiH
YIFaiThUIaTEIH O0Mazbl'. Makra MailblH eHIIpY KeJIeMiHiH
ecyiHe 0aiIaHbICThI MaKTa I'YPOHBI — KAJIJIBIKTAPBIHBIH (Mai
KBIIIKBUIIAPBIH JTIUCTUILISALUSIIAY TYIPOHBI) KbIJI CalbIHFBI
KeJIeMi YJIFasThIH 00JIa bl

Foutbimu enOekrepae [4, 8] ecimaik Hemece jkaHyapiap
MaiiapbIHbIH, He OoJiMaca ojapiblH KOCHaJapbIHbIH COAaric-
TOKTapblHAH Mal KbIIIKBUIIAPBIH JTUCTHILUIALUSIIAY HOTHKE-
ciHJe mnaija OoyiaThlH jkaHaMa eHIMAep OOJIBIN TaObUIAThIH
Mail KoCIMOpBIHIAPBIHBIH T'YJPOHAAPHl HEMece TeKIle Kaj-
JIBIKTAPbI 3ePTTEIIII.

Toccumnonypl 1waiblp HeriziHgeri Oyprbulay epiTiHaiaepi-
HE apHaJiFaH Ker(pyHKIMOHAI/Ibl YHTAKThl PEareHT aiy YLIiH
93ipJIeHTeH TeXHOJIOTHs [9] MeuilIepiey MEH apaiacThIpyablH,
TachIMaJIJIay/IbIH TEXHOJIOTHSUIBIK MTPOLIECTEPIH OHTaMIaH/IbI-
pyfa, OyprbuIay epITIHIIICPIH HalbIHIAYABIH MEXaHHKaIaH-
JBIPY JIOPEXKECIH JKOHE JKEeNeJIIriH apTThIpyFa MYMKIHJIK
oepai.

Ocblran OaiyaHbICTBl OYJI 3€pPTTEY/AiH ©3CKTLIIr alKbIH,
OUTKEHI OHBI JKY3€re aChbIpy HOTHIKECIH/IE ePITIH/IHIH TYTKbIP-
JIBIFBI MEH THKCOTPOITHI KYPBUIBIMBIH PETTETIIITEp, CY3yal
(cy OeprimTik) TOMEHISTKIIITED YIIH 6CIMIIK MaillapbIHBIH
KaJJIBIKTApbIHAH SKOJIOTHSUIBIK Kayillci3 XMMUSUIBIK pearcHT-
Tep anbiHabl. JKepritikTi pecypcrap Herizinae KendyHKIHO-
HaJIZIBl YHTAK TOpI3/i peareHTTepal OHIIpY OChl OHIMII aiy
Ke31H/Ie MEMJICKETTIH IBIFBIHIAPBIH €9y1p ap3aH/iaTa bl

3eprrey daicTepi

3epTTey YIliH MaTepuaiap peTiHae Kejieci Kocmanap Koj-
JAHBUIIBL:

- Jlapbasa Kken OpHBIMBIY CA3BIHAH ALIHRAH OEHMOHUM —
KYPbUIbIM MY3VULi, Peoniocusinel pemmeyuti Jcane Oypeuliay
epimindiciniy cy bepeiumicin memendemyuti, KaOblK mysyui
KOMNOHEHM,

- Hampuxapookcumemunyennionosa (Na-KMI]) — mym-
KbIpIblK, CURAMMAMAIAPbIH APMMblpd  OMblpbln, OYpbliay
epimiHOICIHIK CY3LIYIH a3aumy YuliH KONOaHbLIAObL,

- KanbYUllieHeeH co0a — KabYull KAMUOHOAPbIH MYHObLPY
aApKbLIbL CYOLIY KAMMBLILIZbIH MOMEHOEmy2e apHAIaH.

- nonuaxpuroHumpuize Hezizoenzen MOOUDUKAYUSIAHAH
cononumep (I[IAH) (nampuii eudpoxcudi KoCnacvlHoly Kamoi-
cyvimen 2u0ponu3 20iCiMeH ANbIHRAH) JHCIHE GUHUILCYIbGOH
KbIUKBLIbL — OYPbLIAY epimiHOICIHIY MAY JHCbIHbLCHL APKbLIbL
omy JHCbLIOAMObIEbIH MOMEHOenty2e, epimiHOIHIY CIHY KOLeMIH
aszaiimyea slcone caz Kabbl2biHblY JHCADLICKAKMbIELIH MOMEH-
demyee viknan emeoi [10];

- memannypeusiiols Kodc (ML) — muimoi, cyoa epumin
JICOHE IKONOSUSILIK, KAVINCI3 KOMROHEHM, OYPEbLIay epimiHoi-
CiH ayvipramyea, mepmMomypaxmuliblKKa JHcoHe Cy3y CUnam-
mamanapvin memenoemyee apHaiean.

Monudukanusianrad YHTaK TOpi3i epiTiHAiIHI BIKTHMAaI
Kosgany/asl anbikTay yiriH CHE-HIH peosorusuibik mapameTp-
JIepi, COH/Iali-aK OHBIH CY3y KOPCETKIIITEpPi 3ePTTEIIII.

3eprxanansik karnaiga KP CT ISO 10416-2012 «My#aii
JKOHE Ta3 eHepkociOi. bypreutay epiTiHaiiepi. 3epTXaHabIK
ceiHaKTapy» OoibiHIma (20 £ 2) °C Temmeparypajia arTecra-

'Typricman  obnvicwibly — IKIMOI2l.
docs/345090575655592a377 leb.pdf (kapanean kyni: 24.12.2025 2.).
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[UsIIaH OTKEH OJIIICY dMIICTeMENIepiH KOJIIaHYMEH OYpFbLIay
epPITIHAIIEPiHIH TEXHOJOTUSUIBIK TapaMeTpiiepi eImeH]II.

Byprbunay epiTiHIICIHIH THIFBI3IBIFBI THIFBI3IBIK OJIIICTIII-
TiH KeMeriMeH aHbIKTaJAbl. [LlapTThl TYTKBIPJIBIKTEI aHBIKTAY
yurin BBP-2 Buckosumetpi konmanbuifbl. Cy3ydi aHBIKTAy
YIIiH cy3ri aneMenTingeri KbicbiMabIH 0,7 MIla aiibipmarisi-
JIBIFBIH KAMTaMachl3 €TETIH Cy3y aiiMarbIHBIH ayiaHbl (45,8 +
0,6) cM? DosaThIH CY3Ti Ipecci ManianaHbUIIbI. PeororusuibiK
KacheTTepl KOaKCHaJbl eJIIeY MMIMHAPIEPIMEH >KaObIK-
TaJFaH § )KbULIAMJIBIKTI aifHaJIMaJlbl BUCKO3UMETPJIIH KoMe-
riMeH aHbIKTa bl EpitiHainia TypakTteuibirbl LIC-2 TypakThi-
JIBIK [IWIMHIPIHIH KeMeriMeH Oarananibl [9].

Ca3 yHTarbl ajJJIblH ajla MOIU(UKAIMSIAHBII, COJaH KeiiH
HIapJIbl JUIPMEHJIE YHTAKTaIIbl. MOTU(PHUKATOP PETIHIE MO-
MUUKANUASIaHFaH Ca3 YHTAKTapbIH OHIIPY/IC IOCTYPIi TYpae
naijanaHblIaThlH KUIBIUAHUPI cofa Kouaanbuiasl. Hlapisl
JIMIpMEH/Ie YHTaKTay Ke3iHJe KaJIbIIMHUPIII COJaMEH OHJCY
epITIH/IIHIH OpTallla eJIIEHIeH IBIFBIMJIBUIBIFBIH apPTThIPaJIbI
(9,4 M?/1), OyJ1 ©3repTUIMEreH ca3 YHTAKTaPhIMEH CaJbICThIP-
rauaa 130% xorapsl.

3epTXxaHalIbIK JKaFaaiia ca3/bl CyCIIeH3Usl apaiacThIPFbILI-
ThIH aitHany xeurgamaeirsia (8000 + 1600) aiin/mun 20 mu-
HYT 1IIiHJIe KAMTaMachl3 €TETIH 3ePTXaHaJbIK apalacThIPFbIII
KOHJIBIPFBIHBIH KOMETrIMEH arblH cyla Moau(UKalusIaHFaH
ca3 yHrarbiH (MCY) epiTy apKbUIbl JTalbIHAAIABL. AJIBIHFAH
ca3/bl CyCleH3Ms ca3 OeJIIeKTepiH TONBIK BbUIFAIIaHABIPY
JKOHE ICIHY YIIiH OeiiMe TemreparypachiHia 24 cararka Ka-
IBIPBULIBL. 24 caraTTaH KeiiH ca3jibl cycrneHsus 60 MUHYT
ilIiHAE apajacTBIPFBINI KOHJBIPFBIA apajacThIPFBIIITHIH
(8000 + 1600) aitn/MuH aiHaTY KBUITAMIBIFBIMEH apaacThbl-
pbuiapl. OchbllaH KeliH CyCHEH3UsFa IMOJHMaKPHIOHUTPUITe
HerizaenreH Moaudukanusuianran cononumepuiy 0,1% enri-
311

Ca3 yHTarbl Heri3iHjae JMalbIHAANFaH cas3lbl CyCHEeH3Ms
KeJeci KepceTKimTepre ue Ooyapl: ThIFbI3AbIFBl 1050 Kr/m?;
mapTThl TYTKBIpIBIK — 35 ¢; pH — 9,6; BICK (cTrarukamnbik
bIFbICY KepHeyi) 1/10 — 20/50 mr/ cm?, cy3y KaObiFbl — 4,5 MM.
Ca3z Heri3iHJeri CyclieH3HsHbIH Cy OeprillTiK MoHI KOFaphl
eKEeHJII aHBIKTAJ/Ibl, OHbl TYPaKTaHIBIPFBIIITAPMEH OHJICY
apKbUIbI a3aliTyFa 00JIaThIHbI aHbIKTAN B! [11].

byrinri tanna Oyprbuiay Ke3iHae OapuT IeH remarur Oyp-
FhUIAY EpITIHIUIEPIH aybIpiaTy YIIiH KOJJIaHbUIaJbl, Oipak
reMaruT eTe adpa3uBTi koHe Oyprbulay OaraHbIHAA YHFbIMA-
Jlarbl KYOBbIp KEHICTITiH TapbUITAThIH OCIHALIEP TY3€ OTBIPHII
MarHUTTEIyl MYMKIiH, COHJBIKTAH OHBI OApPUTIICH ajIMacCThl-
panbl. bapuTTi eH JKaKChl aybIpJIaTKbII JIel Te arayra 0ol-
Maii/ipl, OUTKEeHI OHbI MakjanaHy Ke3iHne Oyprbuldy epiTiH-
JIiCi MEH Cy3riferi KarThl (pa3aHbIH MOJIIEpi MaKCUMAaJIIbl
0oJajIpl JKOHE KBIINIKBUIMEH OHJIEY Ke3iHie azaiimarsr [10].
Kazipri yakpITTa KentereH meTesiaik (upmanap LelecTHH
KOHIIGHTPAThIH aybIPJIATKBILI PETiHAE KOJJAHyFa KOUITi, OJI
aOpa3uBTUIINT TOMEH, THIFBI3IBIFBI KOFAPhl JKOHE 0acKa Kep-
CEeTKIITEP/iH apKachlHAa OeNriii ayblpiaTKbIIITap/AaH achlll
tyceni. Baker Hughes xomnanusiceiMen 0ajama aybIpiaaTKbILI
Marepuall YChIHbUIA/IbI — MapraHel] TeTPAOKCH I, KbI3bLI-KO-
HBIp TYCTI yCaK TYHIpIIIKTI YHTaK TypiHzae xerkizijeni [9],
MUHEPaJIIbIH THIFbI3IBIFBI 4,8 T/cM3.

URL: https://www.s-cica.org/
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OcblFaH OaiyIaHBICTBI OYJI 3€PTTEYAIH ©O3EKTLIIr alKbIH,
OWTKEHI OHBI XKY3ere achblpy HOTHIKECIHJE epITIHAIHIH TYTKbIP-
JBIFBl MEH THUKCOTPONTHI KYPBUIBIMBIH, Cy3y (Cy Oeprimrik)
TOMEHJICTKIIITEPIH PETTEYy MAaKCaThIH/Ia ©CIMJIIK MaiIapbIHbIH
KasneikrapbiHad CHE yIiriH 3KoNMorusuiblk Kayircis XUMUSITBIK
peareHTTep aJibiHa bl. MeTaTyprusuiblK KoK Kocnajiapbl Oyp-
FbUIAY EPITIHAUIEPIH aybIpiaTy YIIiH OeNrii aHaJortapisl al-
MacThIpyFa MYMKIH/IK Oepesii. AJJIbIH ajla SKOHOMHKAJIbIK Oa-
Fajiay KepceTkeHzel, | ToHHa 6apuT KOHLEHTPAaThIHBIH OaFrackl
111 MBIH TEHIeHI KYPai/ibl, a1 METAJUTYPIHUsIIBIK KOXKIIBIH KYHbI
6,8 MBIH TEHIeH1 Kypai/ibl. ByJl COHFBICBIH DKOHOMUKAIIBIK TYP-
FhIIaH THIMAI eTeni. XKeprutikTi pecypcerap Herizinze KorndyHk-
LMOHAJIIbI YHTAK TOPI3/l peareHTTep i OHIIpy OChl OHIM/I aty
Ke31HJIe MEMJICKETTIH IIBIFBIHAAPBIH €/19YIp ap3aH/1aTa ibl.

3epTTey HOTHKE/IEPI sKIHe 0J1apabl TAJIKbLIAY

Ocsl 3epTTey asiChiHIa OyprbuIay epITIHAICPIHIH KacueT-
TEPiH TYPAKTAHIBIPY JKOHE JKAKCAPTy YIUIIH OpTYpiii KOcIa-
JIapJibIH 9CEepiH aHBbIKTAy MaKCcaThIHa YKCIIEPUMEHTTEp XKYp-
ri3inai.

byprbuay epitinzpicine yHTaK Topi3nmi peareHtreH (¥P)
0acka TypaKTaHABIPFBILI PEareHTTEp KOCBHUIJIbI: IOJUAKpPH-
JIOHUTPWJITE HETi3MeNreH MOoAu(UKAIUSIIAHFAH COIOIAMED,
JKOFaphl MoJiekyiaibl Na-kapOokcumeTmiieuioiosza (KMIT),
METaJUTyprisuIbIK OHIIpICTEPIiH KOXKbI xkoHe [lapOa3a keH op-
HBIHBIH Ca3/1apblHAH OCHTOHMUT.

3eprreyniH OipiHIIl Ke3eHIH/IE THIFBI3IbIFbI, TYTKBIPIBIFHI,
CY THIMJIUIITI, CTaTHKAJBIK BIFBICY KepHEYi, OypFbIIay epiTiH-
niciniy pH menmepi ¥P xxone MCII kypambIHaH aHBIKTaJIbL.

3eprreynep Oyprbulay epiTiHAiciHe MoaudUKaNUsIIaH-
raH nonuakpuioHnuTpuiai conoiumep (MCII) Kocy apKbuibl
xKyprizingi [9]. 1 kecrene MoIMaKpUIOHUTPUIITE HETi3elreH
Moan(UKaLUsIIAaHFaH COMOIMMEpP KOHLIEHTPALUICHIHBIH Oyp-
FhUIAY EPITIHAICIHIH KacueTTepiHe ocepl OOMBIHIIA 3epTTEY
HOTHKEJIEpPl YChIHBUIFaH.

DKCHEPUMEHTTIK 3€pTTEYNEpAiH HOTHXKEIEPIH Tanjay
MCII KOHIEHTpalUsChIHBIH OHTalibl apanbirbl 0,75-1,0%
KYpalThIHBIH KOPCETTI.

3eprTeyaiH eKiHIII Ke3eHIH/AE THIFBI3/IbIFbI, TYTKBIPIBIFBI,
Cy Oeprimriri, CTaTUKaJIbIK BIFBICY KepHEYi, OypFblIay epiTiH-
nicianeri ¥P sxone MCII kenieHiHIH KYpaMbIHIAFbI ePITIH/II-
HiH pH MoHzepi aHBIKTaJIIBI.

Hotmwxecinme KMIL] Temenmerineii kepceTkimirepre ue
OOJIIBI: CY/IBIH MaccCaybIK yieci — 8%; KapOOKCHMETHII TOII-
Tapbl OOMbIHIIIA aTMacThIPy Adpexeci — 0,82; adbCoMOTTI Kyp-
FaK TCXHUKAJIBIK OHIMJICTI HETi3rl 3aTThIH MacCajbIK yJeci —
58,5%; abCoMOTTI KypraK TEXHHKAJBIK OHIMIC CCENTEereH e
cyna epirimrik — 96,5%; Cyinbl epiTiHIIHIH CyTeri KepceTKi-
wi — pH = 11; nonumepneny napexeci — 600.

Cyiibl epiTiHIIHIH THIFBI3IBIFBL, TYTKBIPIbIFEL, bICK sxone
cy oeprimriktig KMI + ¥P xoHIIeHTpanuschiHA TOYESIIUTINH
3epTTey HOTHIKelepl OyprbuIay epiTiHAICIHIEer] YHTAK Topi3i
PEareHTTiH apTybIMEH THIFBI3IBIK, TYTKBIPJIBIK JKOHE CTaTH-
KaJIBIK BIFBICY KepHEYIHIH TeMeHJelTiHiH kepceTeni. Tek cy
UIBIFBIM/IBLIBIFBIHBIH apTybl Oaiikanaasl. KML] apTkan caiibia
TBIFBI3IBIK, TYTKBIPIIBIK, BICK apTysl sxoHe cy OepiliciHiH Te-
MeHJeyi Oaiikananbl. OChl 3aHBUIBIKTap/bl €CKEPE OTBIPHIIL,
84-90 apanbireinnarsl KML + ¥P kypambl Oap epiTiHiHI eH
KOJIAWJIBI JIeTI ecernTeyre 0oabl.

byn peuentrepaiy immnHAeri eH KOJIAMIbIChI KYpaMbIHIa
86 bacTtan 92% neiiHri YHTAK TOpi3Ji pearcHr xoHe 8§ dac-
tan 14% neiiinri menmepneri Na-KMI] GonaTbiH Kocnanap
6ombin Tabbu1anel. JKunak kypambeiaga Na-KMIJ 2 Gacran
6% neliH TYTKBIPJIBIK )KOHE CTATHUKAJIBIK BIFBICY KepHeyi
10% neitin OosiraH Ke3ge — OyprbUIay EPITIHIICI casbic-
TBIPMaJIBI TYPJI€ TOMEH KepceTKilrepre ne 0ojaabl kKoHe
OypFrblIay LUIAMBIHBIH TOJBIK IIBIFAPBUIYBIH KaMTamachl3
ere anMaiael. JKoraphina KepCceTiIreH KOHICHTpalusiap-
Ja cy Oeprimriri eTe xxorapbl, 0yJ1 OyprblIay epiTiHIICIHIH
OTKI3TIIITITIH e9yip apTThIpajibl XOHE OHBIH LIBIFBIHBIH
apTThIPabI.

Kypambiagarst Na-KMI] menepi 6-man 14%-ra neitin
apTKaH Ke3lne Oyprbuiay epiTiHIUICPIHIH OapiiblK TEXHOJO-
THSUTBIK KOPCETKIIITEePl KaJbIKa KENTIPUISHi XKOHE OJiapibl
KaJIBIITaH THIC TOMEH KaOATTBhIK KBICHIMJIBI KabarTap/sl Oyp-
FhUIAY Ke3iHJE MYHail-ra3 YHFbIMajapblH OYpFbUIdy Ke3iHIe

Kecme 1
Honuaxkpunonumpuize nezizoenzeH MOOUPUKAYUATAHZAH CONONUMED KOHUCHMPAUUACHIHBIH
oypzaoinay epimindiciniy Kacuemmepine acepi
Table 1
Effect of the concentration of a modified polyacrylonitrile-based copolymer on the properties of drilling mud
Tabnuua 1
Bnusanue konyenmpayuu Moou@uyupoBannozo cOnoauUMepa Ha 0CHO8e NOAUAKPUTIOHUMPULA
Ha ceolicmea Oyp0o6o2o pacmeopa
MIIC xoH1eHTpanuscel, % 0 0,05 0,1 0,25 0,5 0,75 1,0
[apTThl TYTKBIPIABIK, C 35,0 37,0 38,0 41,0 43,0 47,0 55,02
TBIFBI3ABIK, KI/M? 1050 1053 1055 1055 1060 1060 1065
Cy 6epimici, cM*/30 MuH 20 15,0 13,5 12,25 11,0 7,5 6,8
CTaTI/IKaJ'IBIK BIFBICY 1 Mun 20 65 66 68 70 73 76
KepHeyi 10 Mun 50 68 70 72 74 76 79
OUIBTPAIHSIIBIK KaObIK 45 4,0 3.5 3.0 2.5 2.5 2.0
KaJIbIHJABIFbI, MM
pH 9,6 9,7 9,7 9,8 9,9 10,0 10,0
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Kosganyra 0onaabl. Na-KMI] memnmepiniy onad opi 14%-nan
apThIK ecyiMeH, ThIFbI3IbIFbl MeH bICK jxorapbuiaranbiHa
JKOHE Cy OeprillTiKTiH TOMEHJEereHiHe KapamacTaH, TYTKbIP-
JIBIK MOHJIEPIHIH KOFapbUIaybl OYpFbUIAY >KbUIJAM/BIFBI MEH
eHOeK OHIM/ILTITIHIH TOMEH/IeY1HE oKeJIell, acipece KaJlblITaH
TBIC TOMEH KbICBIMIbI YHFbIMaTapsl Oypreutay kesinze. [le-
MeK, OypfbUIay JKaraaigapbiHa OaiIaHBICTHI MPAKTUKAJIBIK
KOJIIaHy YIIIH jKaHaJaH »acaJFaH epiTiHli pelenTypacbiHaH
Ka@)XETTI KOMITO3MIMSIHBI TaHaayFa OoJiajbl JeH KOPBITHIHJIBI
yacayra 00JaIbl.

Ocbutaiiliia, TOMEH KbICHIMJIBI MyHal-ra3 yHFbIMaJlapblH
OyprbuIay Ke3iHJE KOJNJaHbLIATBIH JKEHIUIIETIIreH Oyprbuiay
epITIHUIepIH AalbIHAy YIIIH XKEPriulikTi MNKI3aT eH OHi-
pic kanubikrapeiHad ansiiFan KMLL + ¥P Oypreutay epitin-
JUIEpIHIH KypaMbl SKCIIEPUMEHTAIIbI TYpAe pacTaiabl. by
OPTYPJIi T'€OJIOTMSUIBIK — TEXHUKAJBIK JKaFaaiinapaa yHFbIMa-
napzbl OyprbuIay YiIiH OyprbuIay epiTiHIiCiHIH Oeiri peTiH-
JIe YHTaK Topi3/li peareHTTi aiaasanyIblH THIMIUIITT Typalibl
013111H 00JIKaMIaPBIMBI3IbI PACTAMIBI.

3epTTeymiH KelieCi Ke3CHI ONapJbIH THIFBI3IBIFBI MCH bIC-
TBIKKA TO3IMIUIITIH apTTIPY YILiH OypFbUIay epiTiHALIepiHae
yCaK JUCIEPCTI METAJUTYPIrUSUIBIK [IUIAKTAap bl KOJIaHY MYM-
KIHJiriHe OarbpITTajIFaH.

ToxipuOernepae MOAMMETaUT KEHACPIH OalbITy KaJIbIKTa-
pbl — «Aunoiumeraiun AK nonoMut — Gapuil «KaibIKTapbh
nalanaHbuibl.  3epTXaHANBIK JKaFJaiia MeTaTyprusuIbIK
KoxIbIH (MK) XUMHSUIBIK Kypambl, [IBIHANBI THIFBI3IBIFbL,
aybIpyiaTy KaOuIeTi, abpa3uBTIIIIT XKOHE Cy/la epIrillITiri Kepcer-
Kimrepl aHbIKTabl. KanapIKTapabH XUMUSUIBIK KYpaMbl TY-
PaKTBUIBIKIICH CUIIATTaNAAbl XkoHEe Macc. %o yChIHbUTFaH: Si0,—
4,34-6,0; AL,0; — 0,98-1,2; Fe,0; — 2,86-3,5; CaO — 27,79—
29,0; MgO — 14,45-16,3; BaSO,— 12,7-13,5; FeS,— 1,39-1,5;
PbSO,-0,03-0,05; PhCO; - 0,09-1,2; PBS — 0,14-0,2; ririm —
35,25-37,0 [11]. UlbHaiibl ToIFbBABIK — 2800 Kr/M*; aybIPIIBIK
Kyt — 34%; abpasusrinik — 0,9; cyna epirimrik — 0,2%.
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Cypert 1. ThIFbI3ABIK MeH TYTKBIPJIBIKTBIH CYIaFbl KOK
KOHIEHTPAUMUSICHIHA TIYeJIIri. [ — mymKovipivik,
2 — mulebl300bIK,.

Figure 1. Dependence of density and viscosity on slag
concentration in water. / — viscosity; 2 — density.
Puc. 1. 3aBUCMMOCTD IUIOTHOCTH U BSI3KOCTH OT

KOHIEHTPAIMH ILIAKA B BOAE. | — 653K0CMb,
2 — n10mHOCMm®.

DKCIIEPUMEHTTIK JEPEKTepl Tajaaay KOPCETKCHICH, KoK
cyna epireH keszie oHbIH ThIFb3AbFb 1007 6actan 1800 kr/m?
Jeiiin apransl. TyTKbIpibIK napamerpi 35% KOHIEHTpalus-
Jla a3jian apTajibl, COAaH KEeHIH TYTKBIPJIBIKTBIH JKOFapbLIaybl
Oaiikananpl xoHe 50% koHueHTpauusina 60 ¢ mapameTpiHe
xereni (cyper 1).

Meramtyprusuibik KoxasiH KMI + ¥ P Oypreinay epitinui-
JIpiHiH HETi3T'1 TEXHOJIOT USUIBIK TTapaMeTpliepiHe 9CEpiH 3epT-
Tey (cyper 2, 3).
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Cypert 2. byprsiiay epitingicinin KMILI/
YP (2/98) kocmacbiMeH MeTALTyPrusiiIbIK
KO KOHLIEHTPAIUACHIHAH ThIFbI3bIFbI MEH
TYTKBIPJBIFBIHBIH TOYeJILNIri. [ — mymxoipnvik;
2 — mblebi30biK.

Figure 2. Dependence of the density and viscosity of
drilling mud on the concentration of metallurgical slag
with a mixture of CMC/PR (2/98). [ — viscosity, 2 — density.
Puc. 2. 3aBHCHMOCTH MJIOTHOCTH U BA3KOCTH OYypOBOTro
PacTBOPA OT KOHIEHTPALIMH MeTAJJIyPrudecKoro nuiaKa
co cmecbio KMII/TIP (2/98). I — ss3kocmu, 2 — niomuocme.

¥HTaK Topi3ai peareHT ¥P jkKoHE SKCHEPHUMEHTTIK KOJI-
MEH aJIbIHFaH TYPaKTaHABIPFBILI KOCHallapFa Heri3ielreH
Oyprbulay epiTIHAUIEPIHIH HEri3ri TEeXHOJOTHSIIBIK Ka-
CHUETTEpiH KapacThipa OTHIPHII MOJAU(HUKALMSIIAHFAH MaK-
Ta TYAPOHBl MEH TYPaKTaHIBIPFBILI KOCMAaJap Heri3iHjeri
YHTaK TOpi3/l peareHTTi Oyprbulay epiTiHAICiHEe eHTi3y Cy
Heri3injeri Oyprbulay epiTiHAICIHIH KacueTTepiHe OH ca-
majbl ©3repicTep OKEJCTiHIH Kepyre Oosansl. byn perrte
CY3Y KOPCETKIIIIHIH TOMEH/IEYiHE )KOHE KYPbLIBIM/IBIK-PEO-
JIOTHUSIBIK KACHETTEPAiH TYpPaKTaHybIHA KOJI JKETKi3liemi,
OyJ1 MyHail )KoHe ra3 YHFbIMaJIapblH OYPFbUIAY/bIH Tay-KESH-
TeOJIOTMSIIBIK JKaFIalIapblH €CKEePE OTBIPHIN, dpOip HAKTHI
KarJail yuIH peareHT MeH KOocCHaiap/bl TaHJIayJbl Ky3ere
acelpyra MYMKIHJIIK Oepei.

KopbITbIHABI

YHrpIMasap/ibl Oyprbuiay Ke3iH/Ae TYpJli KUBIH/BIKTap/IbIH
AJIJIBIH ATy JKOHE OOJIIBIpMAy MOCEIIeIePiH JKOFa MYMKIHIIK
OepetiH yHTaK Topi3ai MoauduUKalMsIIaHFaH MaKTa T'YApOHBI
MEH TYpaKTaHABIPFBILI KOCHAJNAP HETi31HAE SKOJOTHSUIBIK
Kayirciz Oyprbuiay epiTiHJICI abIHIbI.

¥YHTaK Topizal MoauduKanMsIIaHFaH MakTa TyApOHBI MEH
Cy Heri3iHjeri Oyprbulay epiTiHIICIHE OH camajbl e3repicTep
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Cyper 3. bByprsluiay epitingicinin KMI/¥P kocnacbiven
MEeTAJLTYPrUsUIBIK KOK KOHIEHTPALMSICHIHAH Cy
oeprimrik nen bICK Tayenniniri. / — 5ICK; 2 — cy
bepeiumik.

Figure 3. Dependence of water absorption and SS on the
concentration of metallurgical slag with a mixture of
CMC/PR of drilling mud. / — SSS; 2 — water absorption.
Puc. 3. 3aBucumocts Bogonorsaomenuss 1 CHC or
KOHIIEHTPAIMH METAIYPruuecKoro nuiaka co cMecbio
KMI/IIP 6yposoro pactsopa. / — CHC;

2 — sodonoanoujenue.

QKeJIeTIH TYpPAKTaHJBIPFBINI KOcCIalap Heri3iHxe Oypreuiay
epITIH/IICIHIH TEXHOJIIOTHSJIBIK MapameTrpiepi 3eprrenmi. byp-
FBUIAY CPITIHIICIHIACTI YHTAK TOPI3[i PEarcHTTIH MabI3IBIK
MOJIIIEPIH apTThIPy THIFBI3ABIKTHI, TYTKBIPJIBIKTI JKOHE CTa-
TUKAJIBIK BIFBICY KEPHEYIH TOMEHJEeTe/, cy OepiiCiHiH FaHa
apTysl OaiiKamasl.

Caznpl cycnensusira 0,1% MonuduKanusiaanFrHa COTIONH-
Mep EHTI3reH Ke3Jlle KYPBUIBIMABIK-PEOJIOTHSIIBIK KacueTTep

aifrapibIKTall @3repMeiisi, 6ipaK cy3y KOpCeTKINIiHIH KaKeTTi
TOMEH/Iey1HEe KOJI )KeTKi3le.

bypreutay epitingicingeri KMII KocmachlHBIH KOHIICHT-
PaLMSICHIHBIH JKOFapbLIaybIMEH THIFBI3/IBIK, TYTKBIPIBIK, CTa-
THKAJIBIK BIFBICY KEpHEYl oHEe Cy OeprimTik TeOMeHICW.
KMI] memmepiniy 5 6acran 15% naeifiHri apayibikTa e3repyi
OyprbUIay CPITIHALICPIHIH TEXHOJOTUSIIBIK KOPCETKIMTEePiH
KaJIBIIKA KEITIpyre yKoHE OJlap/bl KaJbIITaH ThIC TOMEH KbI-
CBHIMJIBI KabaTTap/abl Oyprbulay Ke3iHje MyHail-ra3 yHFbIMasia-
pBIH OypFblIay IpoLeciHAe KOJJAHYIAbl YChIHYFa MYMKIH/IK
oepeni. Bypreuiay sxarmaiiapeiHa OaiJIaHBICTBI Ci3 KaXKETTI
KOMITO3MLIMSIHBI TaHJIall, MPAKTUKAIBIK KOJIAaHy YIIiH HaKThl
pEeLenT yChIHA aJachl3.

bBypreinay epiTiHIICIHIH KYPBUIBIMIIBIK-PEOIOTHUSUIBIK, CY3Y
KaCHUCTTEpiH jkakcapry yuriH 25-40% wmesinepinie mera-
JTYPrUsiyIbIK KO KOCIACHIH KOJJaHy MYMKIHJITT aHBIKTaJIIbL.
KosniaHbulaThlH  KOCHAHBIH CaJbICTBIPMANbl  TYPAE THIMJI
KYHBI JKOHE IKOJIOTHSUIBIK Kayirci3airi oap.

25-40% meuepinie MeTaLTyprusiIbIK KOXK HEri31H/e Ty-
PaKTaHABIPFBILI KOCIIAHBI KOJJIAHy YKOHIHJET] SKCIIePUMEHT-
TIK 3epTTeyNepAiH HOTWXKenepi Oyprbulay epiTiHIUIepiHIH
napaMeTpIIepiH PeTTey XKOHE Tay-KeH-TeOJIOTHSIIBIK KaF lai-
JapJipl €CKepe OTBIPBIIN, MYHAi jKOHE ra3 YHFbIMaapbiH Oyp-
FbhUIAyFa KOWBUIATBIH TallalTapra COMKec Kelly MYMKIHAIrH
KepceTe.

bypreinay epiTiHaiciHIH KacueTTepiH OaraapiiaMmasiblK MoH-
Jiepre TOJBIK COMKECTEHIPY YLIIH TEPMUSUIBIK TYPaKThUIbIK-
TBI JKOHE 931pJICHI'€H KOMIIO3UIMSIIAP/Ibl KOJAAHY/IbIH YKOHO-
MUKAJIBIK THIMILTITIH aHBIKTAY YIIH KOCBIMINA OaKbLIay Chl-
HaKTapbIH )KYPrizy Kaxer.
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A. A. Measaemos, *A. K. Adoumesa, M. P. ’Kymabaes, K. A. AMup
HAO «KasHayXenullVy (2. Armamul, Kazaxcman)

IMMOJYYEHUWUE BBICOKOOKTAHOBBIX
KOMITOHEHTOB BEH3MHOB U3 JIET'KUX
AJIKAHOB

Annotanus. Pabora nocesimena paspaborke dpeKTHBHBIX KaTaau3aTopoB Juls TTyOOKoH nmepepaboTku HedTH U TOTydeHUs] BHICOKOOKTAHOBBIX KOMIIOHEHTOB MO-
TOPHBIX TOIIMB. B kauecTBe HOocuTENs Mcnosb30BaH KbIHrpakckuii GEHTOHUT, MHTEPKAIMPOBAHHBIH TOIMIHPOKCOKOMILIEKCAMHU aIFOMUHUS U MOAM(UIIMPOBAHHBIH Me-
tautamu VIII rpynmet. B pesynasrare Gpopmupyercs coucTo-cronduarast CTpyKTypa ¢ pa3BUTONH CHCTEMONH MUKPO- U ME30II0p, 00eCeunBaoIas yBeINUCHHE YACIbHOI
MOBEPXHOCTH U MOBBILICHHE KaTAIMTUYECKOH akTHBHOCTH. MccenoBaHo npeBpaiienue ankanos ¢paxiun C,—C, Ha MOTy4EHHBIX KaTalM3aTopax. YCTAaHOBJICHO BIMSHHE
coiepkanus MoauduKaTopa, a TakXke pasMepa U JIMCIePCHOCTH YaCTUIL AKTUBHOTO METAaJlIa Ha KOHBEPCHIO U CEIeKTHBHOCTh peakuuii. [Toka3zaHo, 4To 4acTHIIBI pa3MepoM
20-60 HM 0OecreurBalOT BHICOKYIO CTEIICHb IPEBPAILEHHs], TOBBIIICHHBII BHIXO H30AJIKAHOB M CEIEKTHBHOCTD JKHIKNX MPOIYKTOB 110 70%.

Kniouesvie cnosa: 2nybokas nepepabomia Hedmu, Kamanuzamop, MOOUGUYUPOBAHHbLI OEHMOHUM, US0MEPU3AYUSA, US00KINAH, CELeKMUSHOCNb, KOHEEPCUS.

)K‘el{i.]'l AJKaHAAPAAaH KOoFrapbl OKTaAHAbI OeH3MH KOMHOHeHTTepiH anay

Anparna. J)Kymbic MyHaipl TepeH OHJeY THIMAUIINH apTThIPYFa JKOHE )KOFaphl OKTAaH/bl KOMIIOHCHTTED ajlyFa apHaJFaH Karaiu3aropiap a3ipiieyre OarbITTaFaH.
3eprTeyae anOMHUHUN MOMUIUAPOKCOKeIeHaAepiMeH Moaudukalsiianran xone VIII o merangapsiven Gencenipinred KpinFbipak OCHTOHHUTI HETi3iHzAer! KaTann3a-
Topnapaa C,—C alKaHAapbIHbIH aliHaly mpouecTepi KapacThIpbliabl. HoTIKeCiHAE KOFapbl MEHILIKTI 6eTi 6ap KabaTTh-OaraHaIbl KEYeKTi KYPBUIBIM KaJIbIITaCaThIHbI
JKOHE OHBIH KATAIMTHKAJIBIK OSJICeHIIIIKTI apTTHIPAThIHBI aHBIKTAN B, MogudukaTop MeepiHid xkoHe OesceH i MeTaul GeIIeKTepiHiH emeMi MeH AMCIepCTLTTiHIH
KOHBEPCHsI MEH CEJICKTHBTLIIKKE acepi 3eprreni. 20—60 HM apasbIFbIHIaFbl OOJIIEKTep )KOFaphl THIMIUTIK KOPCETill, H30aJKaH/ap MIbIFBIMBIH apTTHIPBII, CYHBIK OHIMIEP
GolibiHIIA amMaMeH 70% CeIeKTUBTIIIKTI KAMTaMachl3 €Tei.

Tyitindi co3dep: mynaiiovl meper oHOey, KAMAIUIAMOP, MOOUPUKAYUALAHEAH OEHMOHUM, USOMepeY, USOOKMAH, CeNeKMUBMINIK, KOHBEPCUS.

Obtaining high-octane gasoline components from light alkanes

Abstract. The study focuses on the development of catalysts to enhance deep oil refining and obtain high-octane fuel components. The conversion of C,~C, alkanes
was studied over Kyngrak bentonite modified with aluminum polyhydroxy complexes and promoted with Group VIII metals. The modification leads to the formation of a
pillared layered structure with developed micro- and mesopores, increasing surface area and catalytic activity. The effects of modifier concentration and active metal particle
size and dispersion on conversion and selectivity were examined. It was found that metal particles of 20-60 nm provide high conversion, increased isooctane yield, and

59

liquid product selectivity of about 70%.

Key words: deep oil refining, catalyst, modified bentonite, isooctane, selectivity, conversion.

Beenenue

CoBpeMeHHOE pa3BUTHE TPAHCIIOPTA, JHEPTETHKH 1 He(Te-
XUMHYECKOH MPOMBIIMIJICHHOCTH COIPOBOXIAETCS ITOCTOSH-
HBIM POCTOM TOTpPEOJICHUS MOTOPHBIX TOIIMB. bEeH3UH ocTa-
eTCsl OIHUM M3 OCHOBHBIX BHIOB TOIUIMBA JJIS JIBUTATeNeit
BHYTPEHHETO CTOpPAHUs, HCIOIb3yEMBIX B aBTOMOOMIEHOM
TPAaHCIIOPTE, AaBHALMU M PAa3JIMYHBIX MPOMBIIUICHHBIX yCTa-
HOBKax. KauecTBO OcH3MHA OnpeaessieTcs psiaoM (GrU3nKo-Xu-
MUYECKHX XapaKTePUCTHK, CPEAN KOTOPBIX KII0YEBOE 3HAYE-
HHE UMEET OKTaHOBOE YHMCIIO, XapaKTepU3yIollee yCTOWYH-
BOCTbH TOIIIMBA K JIETOHAILIMH TIPH CTOPAHUH B ABUTaTENe. YeM
BBIIIIE OKTAHOBOE YHCJIO, TEM BBIIIE CIOCOOHOCTH TOILIMBA
MIPOTHBOCTOSATH MPEKICBPEMECHHOMY BOCIITIAMEHEHHIO W TEM
crabuibHee 1 3P PeKTUBHEE paboTaeT ABUTATEIIb.

B mpouecce paGoTsl ABHraTeiss BHYTPEHHETO CrOpaHUs
TOIIJTMBHO-BO3YIIIHAS CMECH ITOJIBEPraeTCsl BRICOKOMY JIaBiIe-
HUIO U TeMneparype. [Ipu ucrnoap30BaHUH TOTUINBA ¢ HU3KUM
OKTAHOBBIM YHCJIOM BO3HHKAET ABJICHHE NETOHALMHU (engine
knocking) — mpexaeBpeMeHHOE CaMOBOCIIAMEHEHHE CMECH
B IJIMHJPE ABUTATEN. DTO MPUBOAUT K 00pa30BaHUIO yaap-
HBIX BOJH, KOTOPBIE MOTYT BBI3BaTh CEPhE3HBIC TTOBPEKACHUS
MOpPIIHEH, MWIMHAPOB U KJanmaHHOTO MexaHusMma. [lostomy
COBpPEMEHHBIE BBICOKOKOMITPECCHOHHBIE IBUTATENH TPEOYIOT
MIPUMEHEHNs OEH3MHOB C TIOBBIIICHHBIM OKTAHOBBIM YHCIIOM.

Ha MPOTSXKECHUUN UTATECIIBHOTO BPEMCHU U1 TTOBBIMICHUA
OKTAaHOBOI'O YHuCJia 6eH3I/IHOB MPUMEHAIUCH CTICIINAJIbHBIC aH-
TUJIETOHAITMOHHBIE TIpucaaku. Hambonee M3BeCTHON M3 HHUX
ABJIAJICA TETPAdTUIICBUHEI, KOTOpBIﬁ ITHUPOKO HCIOJIB30BAJICA
B He(TenepepadaThIBatoIIeil POMBIIIUIEHHOCTH B XX Beke.
OnHaKo WCIOJb30BAaHWE CBHMHIIOBBIX IIPUCAJIOK O0Ka3aloCh
KpaitHe BpeAHbIM JIJIsl OKPY>KAIOIIEH Cpe/ibl U 310POBhS Yeso-

Beka. B pesysbrare mocTeneHHoro oTkasa ot 3THIMPOBAHHOTO
OeH3uHa B OOJBLUIMHCTBE CTPAH MHUPA OBLIH MOTYUYSHbI 3HAYH-
TEJIbHBIE YKOJIOTMYECKHUE U COL[HAIbHBIC BBITOJIBL.

OTKa3 OT CBUHIOBBIX AHTHUAECTOHALMOHHBIX HPHUCATOK
MoCTaBWJI nepe] HedrenepepadarbiBaroel MPOMBIIUICHHO-
CTBIO HOBYIO 33/1a4y — pa3paboTKy SKOJOTHYECKH O€30TIacHBIX
TEXHOJIOTHH TIOJy4EeHUs] BBICOKOOKT@HOBBIX KOMITIOHEHTOB
6en3uHOB. OJTHUM U3 IIEPCIIEKTUBHBIX HATIPABJICHUH SBIISICTCS
KaTaJUTHYECKOE MpeoOpa3oBaHKe JIETKUX alKaHOB, KOTOpbIE
o0pa3zyroTcst B OOJIBIIMX KOJIMYECTBAX IPH IepepadoTke Hed-
TH M NPUPOJIHOTO raza. K TakuM yrieBogopogaM OTHOCSTCS
MeTaH, 3TaH, nponad u OyraH. HecMoTpsi Ha 3Ha4YMTEIbHBIC
00BbeMBbI UX JI0OBIYM, MHOTHE M3 ITHX KOMIIOHEHTOB MMEIOT
OTHOCHUTEJIEHO HHU3KYIO0 CTOMMOCTh M He Bcerjia 3(h(eKTHBHO
UCTIONb3yI0TCs. VX mpeBpallieHne B BBICOKOOKTaHOBBIE KOM-
MOHEHTHl OEH3MHOB IO3BOJISICT 3HAUUTEIBHO MOBBICUTH (-
(heKTHBHOCTH HCIIOJIL30BAHHMSI YTIIEBOJOPOIHOTO CHIPbSL.

AKTyaJIbHOCTb JJaHHOH Ipo0sIeMbl Takke 00yclioBJIeHa He-
00XOIMIMOCTBIO TIOBBIIIEHHS YHEPTreTHUECKOH (P PEKTUBHOCTH
JIBUTaTelIeil 1 CHIDKEHUS BPEIHBIX BEIOpocOB. MccienoBanus
MOKA3bIBAIOT, YTO MCIIOIb30BaHNE OEH3UHOB C BHICOKHM OKTa-
HOBBIM YHCJIOM CIIOCOOCTBYET OOJIee IOJTHOMY U CTa0MIBHOMY
CrOpaHUIO TOIUIMBA, YTO MPUBOJHUT K YMEHBILIEHUIO BEIOPOCOB
YIIIEBOJIOPOJIOB, OKCHJIA YIVIEPO/ia U YIJIEKUCIIOTO ra3a.

B ycioBusix coBpeMeHHOro pa3BuTHsi HedTenepepadarbl-
BAIOILEH MPOMBIIIIIEHHOCTH OOJIBIIOE 3HAYEHHE UMEIOT MpPO-
LecCchl M30MEPH3alliK, aJIKHIMPOBAHUS U KaTaJUTHYECKOTO
pedopMHHTa, TO3BOJIAIONINE TIOJY4YaTh BBICOKOOKTAHOBBIC
n3omnapaMHOBbIE U apoMaTH4ecKue yrieBoaopoabl. Hamnpu-
Mep, B IIPOLECCe AIKWIMPOBaHKsI H300yTaH B3anMOJIECTBYeET
¢ JIeTKUMH oJie(uHaMH (TIPOTTMIICHOM U OyTHIJIEHOM), 00pasyst
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n30mapauHbl ¢ OKTAHOBBIM YUCIOM OKoJIo 98—100, koTopbie
SIBJISIFOTCSI ICHHBIMU KOMITOHEHTaMHU OCH3WHOB.

Ocoboe BHUMaHHE B COBPEMEHHBIX HCCICAOBAHUIX Y/Ie-
JsieTcsl TakiKe pa3pabOTKe HOBBIX KaTaln3aTopoB U METOJ/IOB
XMMHUECKOH TepepaboTKH JIETKMX ajKaHOB. DTH IPOIECCH
MIO3BOJISIFOT TI0JIy4YaTh BHICOKOOKTAHOBBIE KOMIIOHEHTHI HEIO-
CPE/ICTBEHHO M3 JIOCTYITHOIO CBIPbS, TOBBIIIAS 3KOHOMHYE-
CKyH0 3(PEKTUBHOCTh He(TErepepadOTKU U CHUXKASL 3aBHCHU-
MOCTb OT JIOPOTOCTOSIIIMX MPUCA]IOK.

Taxum 00pa3oM, pa3paboTKa 1 COBEPIICHCTBOBAHUE TEXHO-
JIOTMH NOJTyYSHHUS] BHICOKOOKTAHOBBIX KOMIIOHEHTOB OCH3HHOB
U3 JIETKUX AJIKAHOB SIBJISIETCS AKTyaJbHOW HAYYHOW M TEXHO-
JIOrnYeckoi 3ajaueii. Peimenne 3Toi nmpodiemsl CriocoOCTBy-
eT Oosiee palMoOHAIILHOMY HMCIOJIB30BAHHUIO YIVIEBOJOPOIHBIX
pecypcoB, MOBBIIICHUIO 3()(EKTUBHOCTU JBHUrareiieii BHY-
TPEHHETO CTOpaHMs W CHHIKEHHIO HEraTUBHOIO BO3JEHCTBUS
TPAHCIIOPTa Ha OKPYIXKAIOLIYI0 cpeay. B cBsi3u ¢ aTuM Hccie-
JIOBaHMSI B JJAHHOW 0OJIAaCTH MMEIOT OOJIBbIIOE 3HAYCHUE IS
pa3BUTHUSL COBPEMEHHON HE(PTEXUMHUYECKOH HPOMBIIIICHHO-
CTH ¥ SHEPIeTHKH.

CoBpeMeHHbIe TeHJCHIIMH pa3BUTHUsI HeTernepepadbaTpiBa-
omed 1 HepTeXMMUYECKOH TPOMBIIIIEHHOCTH HalpPaBJeHbI
Ha IOBBINICHNE DIYOUHBI NepepaboTku He(TH, yBelInveHHEe
BBIXO/Jla MOTOPHBIX TOIUIMB BBICOKOTO Ka4e€CTBA U Y)KECTOUe-
HHUE OKOJIOTHYECKHX XapaKTepUCTHK OeH3uHOB. OIHHM u3
KJIFOYEBBIX TOKa3arelieil KauecTBa OCH3MHA SIBIISIETCS] OKTaHO-
BOE€ YHCIIO, ONPEACISIONIee ero AeTOHAIMOHHYIO CTOHKOCTb.
B ycioBusSIX orpaHUueHHBIX PECYpCOB apOMAaTHYECKHUX yIJIe-
BOJIOPOJIOB U Y)KECTOUSHHUS IKOJIOTMYECKUX TPEOOBaHUH 0CO-
Oyr0 aKTyaJbHOCTH NpHOOpeTaeT pa3zpadorka 3(QPeKTUBHBIX
METOJIOB TIOJYy4YEHHsI BBICOKOOKT@HOBBIX KOMIIOHEHTOB W3
JIOCTYITHOTO W JIEUIEBOTO YIVIEBOJOPOJHOTO ChIPbS — JIETKHX
ankanoB ppakuuu C,—C.

Jlerkue H-ankaHbl (H-OyTaH, H-TIGHTaH, H-T€KCaH), BXOJs-
IIMe B COCTaB MOIYTHHIX U He()TEe3aBOJICKUX Ta3oB, o0iajaa-
10T CPaBHUTEJIBHO HU3KUM OKTAHOBBIM YHCIIOM, OJIHAKO IpU
M30MEpU3aLUU CIIOCOOHBI TPEeBpalaThCsl B Pa3BETBICHHBIC
HU30MEpBbI, OTVINYAOIIHUECS BHICOKOW JETOHALIMOHHON CTOMKO-
ctbto. Takum 00pa3om, KaTaauTHuecKas M30MEepU3alys Jer-
KHX aJIKaHOB IIPEJICTABIISIET COOOH IepPCIeKTHBHOE HarpaBJie-
HUE MOJIyYSHUS! BHICOKOOKTAHOBBIX KOMIIOHEHTOB OCH3MHOB
0e3 CyIIeCTBEHHOT'O YBEIHMUCHHUS COJIEPIKaHHSI apOMAaTHIECKUX
coenrHeHui. D(HPEKTUBHOCTH MPOLECCOB M30MEPU3AINU BO
MHOTI'OM OIPEEIISIeTCs] IPUPOAOH KaTainu3aropa, ero KUcioT-
HO-OCHOBHBIMH M CTPYKTYPHBIMH XapaKTEPHCTHKAMH, JUC-
MEPCHOCTHIO U MPUPOIOI aKTUBHOM MeTautnueckor (aspl. B
MOCJIEHUE TO/bI 3HAYNTEIbHBIA HHTEPEC BBI3BIBAIOT MOANDH-
LMPOBAHHBIE CIIOMCTHIE AIFOMOCHIIMKATBI, B Y4CTHOCTH OEHTO-
HUTBI, CTPYKTYPa KOTOPBIX MOXKET OBITh LIEJICHAIPABICHHO H3-
MEHEHa IIyTeM MHTePKJIMPOBaHHS TOJIUTUIPOKCOKOMILIEKCa-
MU METAJIJIOB ¢ 00pa30BaHUEM CIIOMCTO-cTonOo4aThIX (pillared)
cTpyktyp. Takas Moamdpukanus oOecrieurBaeT yBEIUYCHHE
MEKCIIOEBOTO PACCTOSIHUS, (POPMHUPOBAHHUE PAa3BUTOH MOPH-
CTOH CTPYKTYpPBI U MOBBIILIEHNE TEPMOCTAOMIBHOCTH HOCHUTE-
JIsl, 4TO CO3/1aeT OJIAroNnpUsTHBIEC YCIOBHS /sl (POPMUPOBAHUS
BBICOKOZMCIIEPCHON METAILTHYEeCKON (asbl.

Ocoboe 3HaueHHe MMEET HCIoJib3oBaHue MeraioB VIII
IPYIIIbI B KaUECTBE aKTHBHBIX [ICHTPOB THAPHPOBAHUS-JIETH-
JIPUpPOBaHMs, 00ECHEeYHBAIOIINX NPOTEKAHUE H30MEpH3allu-
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OHHBIX TIpEeBpALCHUIl 10 OU(PYHKIIMOHAIEHOMY MEXaHHU3MY.
[Tpu 3TOM pasMep YacTUIl HAHECEHHOTO METaslia CYIIeCTBeH-
HO BJIMACT Ha KaTAJIUTUYCCKYIO aKTUBHOCTDb U CCIICKTUBHOCTDL
nporiecca, 9To 00yCIIOBINBAET HEOOXOAUMOCTh KOMILIEKCHO-
TO HCCICAOBAHUA BJIUAHUA AUCHEPCHOCTHU METaJUTNYECKOM
(a3el Ha npeBparenue C,—C, aqKaHoB.

MeToabl HCCIeI0BAHUS U Pe3yJIbTaThI

B pabore uccie0BaHbl IPOLECCHl KATATUTHYECKOTO Ipe-
BpallleHus JIerkux ankaHoB coctaBa C,—C, B MPUCYTCTBUH
MOAM(UIIMPOBAHHBIX OEHTOHUTOBBIX KaTaJIM3aTOPOB, COJEP-
skamux Metaiel VIII rpynnsl nepuoaudeckoi cucreMsl. B
KaueCcTBE OCHOBBI KaTaJIN3aTOPOB HCIOIb30BAIN IPUPOIHBII
OCHTOHUT, IOJBEPrHYTHII NpPEIBAPUTEIHLHON IOJATrOTOBKE,
BKJIIOYABILIEH CYIIKY, U3MEJIbYEHHUE M TEPMUYECKyl oOpa-
00TKYy.

Monudukanno OEHTOHUTA OCYIIECTBIISIIM METOI0OM HOH-
HOro oOMeHa ¢ MCIOJIb30BAaHUEM IOJIUTUAPOKCOKOMITIIEKCOB
MeTalmioB. B MexcioeBoe MPOCTPAaHCTBO aTOMOCHIMKATa
BBOJMJIM OJIMTOMEPHBbIE T'MJIPOKCOKATHOHBI, o0ecreynBa-
1omye  (OpMHUPOBAHUE CIIOUCTO-CTOJIOYATON CTPYKTYpBI.
[Tocne npoBenenuss HOHHOro oOMeHa 00pas3ibl MOABEPraIn
CYIIKE U MPOKAIMBAHUIO sl PUKCAINU MOAU(DUIUPYIOLIIX
KOMIIOHEHTOB M CTaOWIIM3alUK MOPUCTOM CTPYKTYpbl MaTe-
puana.

Ha cnenyromem srtame Ha TOBEPXHOCTh MOAUDHUIMPO-
BAaHHOTO HOCHUTEJSI HAHOCWJIM aKTUBHbIE KOMIIOHEHTHI — Me-
tauel VIII rpynmbl, oOecneynBaronye KaTaJluTHYECKYIO
AKTUBHOCTh B pEaKUUAX MPEBPALICHUS YIJIEBOAOPOIOB.
[TosmydeHHbIe KaTaaU3aTOPHI HCCIEAOBAIM C MPUMEHEHHEM
(U3MKO-XMMHUUECKUX METO/IOB aHaju3a JUIsl ONpeaeeHuUs
CTPYKTYpPBI, TEKCTypHBIX XapaKTePUCTUK U COCTOSHHUS aK-
TUBHBIX LeHTpOB. KaraguTuueckue UCIBITAaHUS MPOBOIMIN
B MPOTOYHOM PEAKTOPE B YCIOBUAX MOBBIIICHHBIX TeMIIepa-
Typ. B KauecTBe CbIpbs HCIIOIB30BANIN JIETKHE aJIKaHbI COCTa-
Ba C,—C,. AHamu3 cocTaBa UCXOAHBIX BEIIECTB U MPOAYKTOB
peakiy OCyIECTBISUIM METO/IOM ra30BOM Xxpomarorpaduu.
OrieHKy 3G (GEKTUBHOCTH KaTaIM3aTOPOB MPOBOIMIIHU IO I10-
Ka3aTesasiM KOHBEPCUU UCXOJHBIX YITIEBOAOPOIOB, CEIEKTHB-
HOCTH 00pa30BaHMs apOMaTHYECKUX COCIMHEHUN U BBIXOIY
AJIKHIIOEH3UHOB.

YCTaHOBJICHO, YTO MOAU(HKALUS OCHTOHUTA IIOJIUTH-
JPOKCOKOMIUIEKCAMH METaJUIOB TNPHUBOJUT K CYIECTBEH-
HOMY H3MEHEHHIO CTPYKTyphl ajtoMocunukara. [locne
TEPMHUUYECKOW 00pabOTKH (OPMHUpPOBAIACH CIOUCTO-CTOJIO-
yaTas CTPYKTypa C pa3BUTOM CHCTEMOW MOp M YBEJIMYEH-
HOW yZIeIbHOW MOBEPXHOCTHIO 1O CPAaBHEHHUIO C MCXOAHBIM
pupoaHbIM MaTepuaiioMm. Beenenue meramios VIII rpynisl
CHIO0COOCTBOBAJIO MOBBIIIEHHIO KAaTaIUTHYECKOW aKTHBHOCTH
MOJTyYEHHBIX MaTEPHAJIOB B PEAKIUAX MPEBPALICHUS JETKUX
ankaHoB. VMccrnenoBaHus Mokasaiu, 4YTO B MPUCYTCTBUU MO-
JU(QUIMPOBAHHBIX KaTaJM3aTOPOB IPOUCXOASAT HPOLECCHI
JETUIPUPOBAHUS, IUKIU3ALUN U apOMATU3aLUU YIJIEBOIO-
POIOB ¢ 00pa30BaHUEM apOMaTHYECKUX COEIMHEHUH, peu-
MYIIECTBEHHO aJIKUJIOCH3HHOB.

HawuGosee BbIcOkHe 1oKa3aTen akTHBHOCTH HAOIIOIAIICh
JUISL KaTaJlM3aTopoB, 00Iaal0INX PA3BUTOM IIOPUCTON CTPYK-
TYpOH 1 PaBHOMEPHBIM PACHpPEAEICHUEM aKTUBHBIX METAJIIH-
YEeCKHX I[EHTPOB. YCTAHOBJICHO, YTO YyBEIMYEHHUE JOCTYIHO-
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CTH aKTHUBHBIX IIEHTPOB CHOCOOCTBYET POCTY KOHBEPCHH HC-
XOOHbIX aJIKAHOB U ITOBBIINICHUIO CEJICKTUBHOCTHU 06pa3OBaHI/l§I
BBICOKOOKTAHOBBIX KOMIIOHEHTOB O€H3MHA.

IlonyueHHble pe3yapTaTbl MOATBEPKIAAIOT MEPCHEKTHUB-
HOCTb NPUMCHCHUA MOZ[l/Iq)I/II_ll/IPOBaHHI)IX 66HTOHI/ITOBI)IX Ka-
TAJIN3aTOPOB ISl IPOLIECCOB MepepabOTKH JIETKUX YIJIEBOIO-
PonoB HE(DTSIHOTO M ra30BOTO MpOHCXOXkeHus. Pazpaboran-
HbIC KaTaJIMTUYCCKUC CHUCTEMbI MOT'YT 6])ITI) HUCII0JIB30BaHbl
JUIA TIOJIYYCHHUSI BBICOKOOKTAHOBBIX KOMIIOHCHTOB MOTOPHBIX
TOIIVIMB U ICHHBIX He(bTexI/IMl/I‘IeCKI/IX IMPOAYKTOB.

B kauectBe Moau(UIMPYIOIETO areHTa B AaHHOI padoTe
OBUTH MCIOJIb30BaHbl THAPOKCOKOMIUIEKCHI XJIOpUIa JIIOMH-
HMUsL. HonyquMe TUAPOKCOKOMIIJICKCOB IMPOBOAUIIN ITYTEM I10-
CTENEHHOI0 J0OAaBJIEHHs PacTBOpa I'MIPOKCHIA aJTFOMUHHS K
pacTBOpy XJOpuia aTOMHHUA Ipu Temmeparype 363 K npu
MIOCTOSTHHOM NiepeMernnBanui. [Iponecc ocyiecTBisiics B yc-
JIOBUAX KOHTpOJ'alyeMOfI KHUCJIOTHOCTH CPEJbl P 3HAYCHUN
pH oxono 3 [1, 2], uto obOecnieunBanio 00pa3oBaHUE YCTOM-
YUBBIX MOJIUTUAPOKCOKOMIIJICKCOB AaJIFOMUHUA. HOJ’Iy'-IeHHI)Ie
TUAPOKCOKOMITJIEKCHI 3aTEM M CIIOJIB30BaIN JIsL MO)II/I(l)I/IKaI_II/II/I
CTPYKTYpbl OSHTOHUTOBBIX IVIMH, YTO IO3BOJISUIO MOJy4YaTh
KaTaJIMTUYCCKHUE CUCTEMBI C YJIYUYIICHHBIMU TCKCTYPHBIMU U
KaTaJIMTUYCCKUMHU XapaKTCPUCTUKaAMU.

BoccraHoBiieHre Karann3aropoB U MCCIIEIOBAaHHE TPOLIEC-
coB npeBpanienus aiakanoB C,—C, mpoBonwin Ha jgaboparop-
HOM YCTAaHOBKE IMPOTOYHOI'O THIIA C HCIIOABUKHBIM CJIOEM Ka-
Tanu3aropa, npeaioKkeHHon uccienonarensivmu L nonsHekum
u JluxaueBeiM [3]. JlaHHast yCTaHOBKA IIMPOKO MPUMEHSAETCS
JUISL M3YYEHMs KaTaJUTHYECKHX IIPOLECCOB IepepadoTKu
YIIIEBOJIOPOJIOB, MOCKOJIBKY IMO3BOJISIET IIPOBOAUTH DKCIIEPH-
MCHTBI B KOHTPOJMPYCMBIX YCJIOBUAX U IMOJIYyYaTb HOCTOBEP-
HbIC JOaHHBLIC O KaTaJUTUYECKOM aKTUBHOCTHU HCCIICAYCMbIX
MarepuaoB. Cxema yCTaHOBKH [TPEBPAIICHHs JIETKUX YIJIEBO-
JIOPOJIOB MpHUBEJIeHa Ha puc. 1.

CxeMa 1a00paTOpHON YCTAaHOBKH KaTaJIUTHYECKOTO Ipe-
BpaliCHud JICTKUX YITIEBOAOPOAOB BKIHOYACT TPU OCHOBHBIC
(dyHKIMOHANBHBIE YacTu. [lepBasi 4acTh yCTaHOBKHM IIpe/Ha-
3HA4YeHa I I0JAYu UCXOJHOM Ia30BOM CMECHU U BKJIKOYAET
0aJUIOHBI CO CXKATHIMM T'a3aMH, TAKUMH KakK a30T U BOIOPOJI,
a TaK¥KE€ CUCTEMY [lO3l/Ip0B3HHO[71 nogayu XUJAKUX KOMIIOHCH-
TOB M BO3x1yxa. Vcrmonb3oBaHue a3ora MO3BOJSIET CO3/aBaTh
WHEPTHYIO CPejly M MPEAOTBpAallaTh HEXeJaTelbHble 10004-
HbIC pCAaKIHH, a BOAOPOA NPUMECHACTCA IJId BOCCTaAHOBJICHUA
KaTaJu3aTopoB Iepesl NMPOBEICHUEM KaTATUTHYECKUX DKCIIe-
PHUMEHTOB.

Bropast yacTe ycTaHOBKHM MpEACTABIsIET COOOM peakluoH-
HBII OJIOK, COCTOSIIMI M3 peakropa U TpyOuaroit meuu. Pe-
AKTOp COJICPXKUT HETOJBIIKHBIM CIIOH Karanum3aropa, 4yepes
KOTOPBIN MTPOITYCKAETCsl PEaKLIMOHHAsI CMECh YIJIEBOIIOPOJIOB.
TpyOuarasi neub obecrieunBaeT MojJiepKaHie HEOOXOIUMOM
TEMIIEPATYPhI PECAKIINU U TO3BOJIACT MMPOBOJAUTH IPOLICCCHI Ka-
TaJIUTUYCCKOTO MPEBpAIICHUA B IIMPOKOM AHAIIa30HE TEMIIC-
paryp. Kontposs Temreparypbl OCyIIECTBISETCS C IIOMOIIBIO
TEepMOIIap U PEryIupyrOIIUX YCTPOUCTB.

Tperbst 4acTh yCTQHOBKM NpejiHa3HaueHa Juisi cOopa u
aHaJM3a NPOAYKTOB peakiuu. OHa BKIIIOYAeT IPUEMHHUK KOH-
JIeHCaTa, B KOTOPOM COOMPAIOTCSI JKUJIKHE NPOAYKTHI TIpeBpa-
LICHUS, U Ta30METp I U3MEPEHUs] o0beMa 00pa3yrOIIUXCs
ra3000pa3HbIX MPOTYKTOB.

[Ipy M3MEHEHHWH KOHIEHTPAIMU MOJIPOKCOKOMILICKCA C
1,0 1o 18,0 MMoJIB/T 6a3aIbHOTO OTPAKEHHUST U3MEHSIETCS OT
13,0 1o 19,0 (A). TIpu >TOM 3aBUCUMOCTb CTEIIEHH Pa3/iBH-
JKEHUH ITaKETOB OT KOJIMYECTBa BBCJICHHOTO T'HAPOKCOKOM-
IUICKCa MMEET IKCTpeMasbHbIi Xapakrep. Tak, mjis oOpas-
1IOB, MO[[I/I(i)I/II_Il/IpOBaHH])IX BBCICHUCM IMOJIUTUAPOKCOKOM-
IUICKCAMH aJIFOMHHHS B KoJindecTBe ~ 10 MMOJIB/T HAOIIO-
JTAETCsl MAKCUMAJIbHOE 3HAYCHHE MEKCIIOCBOTO PACCTOSHUS
pasHoit 19,0 (A).

Ha ocHOBaHMM NaHHBIX PEHTTCHOBOIO aHAJIN3a MOXKHO 3a-
KIIFOYUTH O TOM, YTO IIpU BBEACHUU B COCTaB KI)IHFpaKCKOFO
6eHTOHI/ITa MOJUTUAPOOKCOKATUOHA AJTIOMHUHHSA MTPOUCXOAUT
Pa3aBUKCHUC ITIAKCTOB 6eHTOHI/lTa, 0 4Y€M CBHIACTCIILCTBYCT
M3MEHEHHUS MIEPBOro 0a3anbHOro orpaxkenus (d,,,) ¢ (A) (ta-
Omura 1).

Taonuya 1
Aocopoyun u nexomopuwie uzuKo-xumuiecKue
xapaxmepucmuxu Keinzpakckozo 6enmonuma nocne
Moouguyuposanusn
Kecme 1
Moougukayusaoan keiiinzi Kotnepax 6enmonuminiy
aocopoyuACyl HcaHe Keuoip u3uKa-xumusivly
cunammamanapol
Table 1
Adsorption and some physicochemical characteristics of
Kyngrak bentonite after modification

06}1:‘1_3ua M((:;JT;)K/F cncpfeIMm s (A) | Sy T
1 - 9,5 9,0 70
2 1,0 3,0 13,0 200
3 2,0 2,9 14,0 210
4 40 2.8 15,0 220
5 6,0 2,7 15,0 240
6 8,0 2,7 16,0 250
7 10,0 2,6 16,0 260
8 12,0 2,6 18,0 280
9 14,0 2,5 18,0 300
10 16,0 2.4 19,0 310
11 18,0 23 19,0 310
12 20,0 2,3 17,0 310
13 22,0 2,2 15,0 300
14 24,0 2,2 14,0 300

W3 Tabnuupel 1 cnemayer, 4To ¢ yBeIMUEHHEM KOHIICHTpa-
mun TIT'K Al (II1) Be3bIBaeT nonmxenue pH cuctemsl, ko-
TOpOE€ O03HAYaeT YMEHBIICHHE KOHIEHTPAIHUU THAPOKCHII
MOHOB.

B crnenyromieli cepuu onpITOB U3ydanu npesparieHust C,—
C, alNKaHOB Ha KaTaJIM3aTOPax BOCCTAHOBJICHHBIX Pa3IUIHON
CKOPOCTBIO BOCCTAHOBIICHHS, T. €. TPEICTABISIO WHTEpEC
BIMSHHE pa3Mepa 4acTHI[ aKTUBHOTO MeTajljia Ha MpeBparie-
HUE H-aJIKaHOB. Pe3ynbTaThl AKCIIEPUMEHTANBHBIX JTaHHBIX
CBEIEHBI B TAOIHIBI 2—4.
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1, 5 — epadyuposannvie bropemiu ¢ 80001, 2, 6 — dugpmarnomempuvl 014 3amepa pacxo0a HCUOKUX npooykmos, 3, 7 — Kpauwvl Ois
pe2yIuposKU NO0ady 800bl U y21e6000pood, 4 — 800HOU X0T00UTbHUK, 8 — epadyuposanHas bopemxka, 9 — 20108Ka ucnapumers
¢ kanunnapamu, 10— ucnapumens, 11 — peaxmop xeéapyesviil;, 12 — kapman 013 mepmonapbl, pe2ucmpupyloujeti memMnepamypy 8
peakyuoHnuoll 30ue; 13 — sanekmpuueckas neuv, 14 —mepmonapa; 15— mepmopezynamop DI1/]-12; 16 — 600410 XON0OUTLHUK,
17 — npuemnux 015 yene6o0opo0os; 18 — yununopuveckui cazomemp, 19 — npuemHux 015 80061 80 8pems pecenepayuu; 20 — U-obpasHbie
mpyoxu ¢ xaopucmeim kanvyuem, 21 — kononka ¢ okucwvro antomunus; 22 — U-obpasnas mpyoxa ¢ ackapumom, 23 — eanveanomemp;

24 — JIATP 0nsa pecynuposxu memnepamypsl  ucnapumene; 25 — pmymHuiii manomemp,; 26 — 8030ywHas 1unus, 27 — peomemp 01 3amepa
pacxooa 6o30yxa, 28 — U-obpasnas mpyoka ¢ epaHyiupo8anHbim eOKum Kaauem, 29 — KoIoHKa ¢ AKMUSUpOBAHHbIM Y2leM O OYUCKU
6030yxa om 3aepaznenuil; 30 — monocmam, 31 — pmymuoiil manomemp, 32 — anekmpudeckas neuv 01 OUUCMKU A30Ma Om KUCI0pood,
33 — peomemp 0215 3amepa pacxooa azoma u Opy2ux 2a3oe

1, 5 — cymen monmuipwinzan epadyupienzet oropemxanap; 2, 6 — Cyiivblk OHiMOEPOiH WbISbIHbIH eNuley2e apHaleaH OudpepeHyuanov
maHnomempnep, 3, 7 — ¢y MeH Kemipcymekmi 6epy Monuepin pemmeyee apHaiean KpaHoap, 4 — cyblmkbiiu-KOHOeHCamop, 8 — 2padyupieHzeH
oropemxka,; 9 — kanuanapnapel bap oynanovipeius 6acwl, 10 — oynanovipeeiut; 11 — keapymul peakmop; 12 — peakyusanvlk aumaxmagsl
memnepamypanvl mipKeumin mepmoxicynKa apuaizan xarmawa, 13 — snexkmp newi, 14 —mepmoorcyn; 15 — DI1/]-12 mepmopemmecziwii;
16 — cyvimbvluu-konoencamop, 17 — komipcymexkmepoi scunayea apranean Kaowiioasviw, 18 — yurunopai eazomemp, 19 — pecenepayus
Ke3iHOe CyObl HCUHAYEa apHanean Kabwiioagviuu, 20 — kanvyuil xnopudimen moameipviiean U-mapizoi mymikmep, 21 — anomunuil
OKCUOIMeH MOTMbIPLLIZAH KoIoHKaA, 22 — ackapumnen moamvipulizan U-mapizoi mymik, 23 — eanvéanomemp,; 24 — 0ynanObIpebiuumazsl
memnepamypansl pemmeyee apranzan JIATP (3epmxananviy asmompancgopmamop); 25 — cetnanmol manomemp; 26 — aya sxcenici;

27 — aya wwiblHbiH e1uley2e apHanean peovemp,; 28 — myiipwikmenzen Kyudipeius kaautimern moamuipwiizan U-mapizoi mymix,; 29 — ayaner
NACMALUUMAapOaH Ma3apmyed apHaizan 6encenipiieer KOMIpii KOIOHKA,

30 — monocmam; 31 — coinanmul maromemp, 32 — azommul OMMmMeKmer Mmazapmyea apHaieawn nekmp newli; 33 — azom nen backa
2a30apObIH WbIZLIHBIH OJIUeY2e APHANRAH PEOMemp

1, 5 — graduated burettes filled with water, 2, 6 — differential manometers for measuring the flow rate of liquid products; 3, 7 — valves for
regulating the supply of water and hydrocarbons; 4 — water condenser; 8 — graduated burette; 9 — evaporator head with capillaries;

10 — evaporator, 11 — quartz reactor; 12 — thermocouple well for monitoring the temperature in the reaction zone; 13 — electric furnace;
14 — thermocouple; 15 — EPD-12 temperature controller; 16 — water condenser, 17 — hydrocarbon receiver, 18 — cylindrical gasometer,
19 — water receiver used during regeneration; 20 — U-shaped tubes filled with calcium chloride; 21 — alumina column; 22 — U-shaped tube
filled with Ascarite; 23 — galvanometer,; 24 — variable autotransformer (Variac) for temperature control in the evaporator; 25 — mercury
manometer; 26 — air supply line; 27 — rotameter for measuring air flow rate; 28 — U-shaped tube filled with granular caustic potash,

29 — activated carbon column for purifying air from contaminants; 30 — monostat; 31 — mercury manometer, 32 — electric furnace for
removing oxygen from nitrogen; 33 — rotameter for measuring the flow rates of nitrogen and other gases

Puc. 1. Cxema ycTaHOBKH NpeBPAaNIeHNs JerKHX YIJ1€BOT0POI0B.

Cypert 1. KeHis1 kemipcyTeKTi KOHBepCHSJIBIK KOHIBIPFHIHBIH CX€MAChI.
Figure 1. Scheme of the light hydrocarbon conversion plant.
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Tabnuua 2
Bnuanue cpednux pazmepos yacmuy Memania Ha 6b1xX00 HCUOKUX Y21€6000P0008 U30CMPOEHUS
Kecme 2
Memann 6e1uiekmepiniy opmauia moiuiePiniy U30KyPolIbIMHbBLH CYIbIK KOMIPCYMEKMeEPINil Wibl2bIMbIHA dCepi
Table 2
The influence of the average size of metal particles on the yield of liquid hydrocarbons of the isostructure
Karamusarop d. (&) KOHB(;pCI/I}I, Suun % CocTaB KHAKOTO POAYKTa, Macc. %
0 N300KTaH Jpyrue
15-20 50 60 30 70
20-30 60 70 40 60
1,0% Rh/KBOK 40-60 66 70 40 60
70-90 64 50 30 70
90-120 55 40 25 75
15-20 45 50 20 80
25-40 56 65 40 60
1,0% Ru/ KBOK 50-80 60 60 35 65
90-110 60 40 25 75
120-140 50 30 20 80
10-20 20 30 40 60
20-30 27 40 50 50
1,0% Pd/ KBOK 40-60 30 35 40 60
70-80 35 20 30 70
90-110 30 10 20 80
10-20 20 25 35 65
20-30 26 30 45 55
1,0% Pt/ KBOK 50-60 30 30 40 60
70-90 30 25 35 65
90-120 25 20 20 80
Tabnuua 3
Bnusanue cpednux pazmepog uacmuy Memaina Ha 6bixo0 HcuOKUX AiIKAHO08 U30CHPOCHUA
Kecme 3
Memann 6o1uiekmepiniy opmauia onuemoepiniy U30KypoulablMOazsl CYiublK AIKAHOAPObLY WLbIZLIMbIHA dCepi
Table 3
The influence of average metal particle sizes on the yield of liquid alkanes of isostructure
CocTaB XUIKHUX TPOAYKTOB,
Karanusarop d, (A) KOHB(;pCM’ Sﬂg/"""-’ % macc.
° ° N300KTaH N30TICHTaH Ipyrue
10-20 65 60 40 20 40
20-30 80 70 55 30 15
1,0% Rh/KBOK 40-60 80 60 60 30 10
70-90 80 55 40 25 35
90-120 75 45 35 20 45
15-20 60 50 40 30 30
25-40 70 65 50 35 15
1,0% Ru/ KBOK 50-80 75 70 50 30 20
90-110 80 40 40 30 30
120-140 70 35 35 25 40
10-20 26 40 15 20 65
20-30 36 50 20 30 50
1,0% Pd/ KBOK 40-60 40 50 20 30 50
70-80 40 30 10 20 70
90-110 35 20 10 15 75
20-30 32 40 30 40 30
o 50-60 34 40 20 40 40
1,0% P/ KBOK 70-90 33 30 15 30 55
90-120 30 25 15 20 65
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Tabnuua 4
Bnusanue cpeonux pazmepos wacmuy Memanna Ha 661X00 HCUOKUX ATIKAHO6 U30CHPOeH U

Kecme 4

Memann 6onuexkmepiniy opmauia moauiepiniy u30KYPbUIBIMHBIH CYIbIK AIKAHOAPLIHBLY WbIZLIMbIHA dCePl
Table 4

The influence of the average size of metal particles on the yield of liquid alkanes of the isostructure
CocTaB XUIKUX [IPOAYKTOB,
Karanusarop d, (A) KOHB;pCHH’ s’g}""'* % macc.
() 0
M300KTaH M30IIEHTaH Ipyrue

10-20 60 50 40 10 50

20-30 75 70 50 20 30

1,0% Rh/KBOK 40-60 80 70 50 30 20

70-90 80 50 45 20 35

90-120 70 45 30 15 55

15-20 50 45 30 15 55

25-40 60 50 35 25 40

1,0% Ru/ KBOK 50-80 70 60 40 30 30

90-110 75 40 40 30 30

120-140 65 35 30 20 50

10-20 25 30 10 20 70

20-30 34 45 15 30 55

1,0% Pd/ KbOK 40-60 36 40 15 40 45

70-80 36 30 15 40 55

90-110 34 15 10 15 75

10-20 20 30 15 25 60

20-30 30 50 20 35 45

1,0% Pt/ KBOK 50-60 34 50 20 45 35

70-90 35 40 15 40 45

90-120 30 35 12 18 70

W3 nanHbIX TaOmui 2—4 ClEAyeT, YTO KOHBEPCHUS H-aliKa-
Ha IpOXOAUT YC€PE3 MAKCUMYM. OnTuMansHBIM CpCaHUM pas-
MepoM yacTui seiasiercs 20-60 A. Ha 1,0% Rh/KBOK npu
cpenHeM pasmepe uactui, 20-30 A komBepcus H-OyTaHa,
H-TIEHTaHa U H-TekcaHa cocrasisier 56,0; 70,0 u 80,0% macc.
COOTBETCTBEHHO. [IpH 3TOM, CENEKTUBHOCTH 110 00Pa30BAHUIO
KHUJIKUX MPOTYKTOB MPUOTU3UTEIBHO OCTAeTCs MOCTOSHHOMN
70%. BbIxoq M300KTaHa BO3pAcTaeT OT H-OyTaHa K H-TEeKCaHy
n m3mensercs ot 40 1o 55% macc.

C yKpynHEHHEeM JuameTpa YacTHUI] KOHBEPCHUS H-aJIKaHOB
TaKXkKe MpoXoAuT uepe3 MakcumyMm [4—6]. Ha 1,0% Rh/KBOK
HanOoJIbIIasi KOHBEpCHs H-OyTaHa HaOIIONAeTCs TP CPEIHEM
pasmepe yactun 20-90 A u cocraenser 60—-64% macc. Ilpu
cpemHeM pasMepe wactuil poaus 90-120 A, xonsepcus H-Oy-
TaHa cocTaBisieT 55% Macc., T. €. UJIeT YMEHbIICHHEe TpeBpa-
meHust H-Oytana. B ciydae H-TIeHTaHa NpH CPETHEM pazMmepe
gactur poaus 20-90 A, koHBepcHs yIIeBOIOPOAA COCTABIACT
75-80% u nanpHelIIee yKPYITHEHNE CPETHUX Pa3MEpOB YacTHI
90-120 A npuBoaUT K yMeHbIICHHIO KOHBepcHH 10 70% Macc.

B [7-10] ormeuaercs, 4To yaenbHas KaTaJUTHYEeCKas ak-
TuBHOCTH (YKA) ompezaensercs XMMUYECKHM COCTaBOM KaTa-

nu3aropa n YKA mocTossHHA AJIs 4acTUI] MeTalljla C pa3MepoM
>30 A. Jlna kpucrannos Menbmie 30 A HaGmIOnaI0TCA OTKIO-
HEHMA Kak B CTOpoHY yBennueHus YKA, Tak u ee yMeHbIlIe-
HUA.

3akJ/r0ueHne

Ha ocHoBaHuU pPe3ynbTaTOB PEHTITCHOCTPYKTYPHOIO aHa-
JM3a YCTAHOBJIEGHO, YTO BBEJACHHME B cocTaB KbIHTpakckoro
OCHTOHMTA TMOJHUTHIPOKCOKATHOHOB AIIOMHHUS MPHBOJHUT K
CYIIECTBEHHBIM U3MEHEHUSIM €T0 KPUCTAJUINYECKOH CTPYKTY-
pel. B wacTHOCTH, HaOMIOMAeTCS pa3BIKEHHE MEKCIOEBBIX
NaKkeToB OCHTOHWTA, YTO MOATBEPIKIACTCS W3MEHEHHEM I10-
JIOKeHus1 TiepBoro OazanbHOro orpaxenus (d00I). Jlanubiii
9 deKT CBHACTENBCTBYET O (OPMUPOBAHMHM WHTEPKAINPO-
BaHHOM, a B JaJbHEHIIEM U CIIOUCTO-CTOJIOUATON CTPYKTYpBhI
Marepuana, COnpoBOKIAIOIIENCS yBEINUYEHUEM MEKCIOEBOTO
paccrosiausi. [1ogo0HBIe CTPYKTYypHBIE TPeoOpa3oBaHus CIO-
COOCTBYIOT POPMHUPOBAHHUIO PA3BUTON MOPUCTOM CTPYKTYPHI U
YBEJIMUEHUIO YIEJIBHOM IIOBEPXHOCTU KaTalu3aropa, 4To siB-
JSIETCSl BAKHBIM (haKTOPOM TIOBBIIICHHS €T0 KaTaJIUTHYECKOM
AKTHBHOCTH.
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SOIL CARBON DYNAMICS AND
GEOECOLOGICAL TRANSFORMATION OF
ARID LANDSCAPES

Abstract. Soil carbon depletion caused by land degradation is a major geoecological problem in arid regions. The aim of this study was to assess soil carbon dynamics
and geoecological transformation under different degradation levels. The research was based on soil analytical methods, carbon budget assessment, and statistical analy-
sis. The results showed that vegetation cover is the main factor controlling carbon accumulation, whereas salinization, erosion, and overgrazing accelerate carbon losses.
Carbon stocks decreased from 71.2 to 30.9 t C ha™' with increasing degradation intensity, while carbon sequestration efficiency declined from 76.4% to 23.7%. Stable soils
functioned as carbon sinks, whereas degraded soils approached carbon source conditions. The study confirms that soil carbon is an effective indicator of geoecological
transformation and ecosystem resilience in arid landscapes.

Key words: soil organic carbon, arid landscapes, geoecological transformation, land degradation, ecosystem resilience, carbon balance, salinization.

ApI/IJITi J'[aH}I]_[la(l)TTap)]afbl TONBIPAKTAFbl KBMipTeFiHiH JUHAMHUKACHI KOHE I'€03KO0JIO0I'UAJIBIK TpaHC(l)OpMaHI/IﬂC])I

Amnpnarna. XKep/iH ferpafauusichl cajaiapblHaH TOMBIPAKTAFbl KOMIPTEKTIH a3al0bl apH/TI allMaKTap/IbIH MaHbI3bl T€OIKOJIOTUSUTBIK MACEIENepiHiH Oipi OOMbI TaObI-
najibl. 3epTTey/IiH MaKcaThl OPTYpIi Jerpafanus AeHrelnepinaeri apuari nanamadTrappH TONbIPAK KOMIPTETiHIH AHHAMHUKACHI MEH F€0IKOIOTUSIIBIK TPAHC(hOpMaIiHs-
cbIH Oaranay 60J1/bl. 3epTTey TONBIPAKTHIK-aHATUTUKANIBIK dficTepre, KOMIPTEKTiK OamaHCTh! GaranayFa )KoHe CTATUCTHKAIBIK TajayFa Herizaesnal. Hotmkecinae ecimaik
JKaMBUIFBICHI KOMIPTEK XKMHATYBIHBIH HET13T1 ()aKTOpBI eKeHi, all Ty3/1aHy, 9pO3Hs JKOHE MaMaJIaH ThIC MaJl )Karo KOMIPTEK JKOFaTyblH KYIIeHTeTiHI aHbIKTan bl KeMipTek
kopsl 71,2-nen 30,9 T C/ra neiiin TeMenjen, cekBecTpauus THiMAUIr 76,4-ten 23,7%-ra aeitin a3aiipl. Tonbipak KeMipTeri apuaTi SKOXKYitenep/iiH reodKoIorHsIbIK
TpaHC(HOPMAIMSACHI MCH TYPAKThUIBIFBIHBIH THIM/II KOPCETKILIT KeHI TQMIeIICH .

Tyiiinoi co3dep: monvipakmagol Op2anuKaIbIK KOMipmezi, apuomi 1aHOWagmmap, 2e09K0102UANbIK MPAHCHOPMAYUSL, Hcep 0e2padayuschl, IKONHCYe MYPAKMblLIbIbL,
KOMipmexkmix Oananc, monvipakmoiy my30aHybl.

JuHaMuKka yriepoaa B Mo4Bax U reodKoJornyeckasi TpancpopmManus apuaHbIX JaHIA(TOB

AnHoTanus. VcToueHne NoYBEeHHOTO YIIepoaa BCICACTBUE JCTPAJallii 3eMeb SBISCTCS OJHOM U3 KIIFOYEBBIX T€03KOJIOIMYECKUX MPOOIEM apUIHBIX PETHOHOB.
Llesnbio MCCeI0BaHNUs SIBIISUIACH OLICHKA JMHAMUKH TIOYBEHHOTO YIJIEPO/a M Fe0dKOJIOrYeCcKoi TpaHc(hOPMALIUN apHUAHBIX JAHAIIATOB IIPH Pa3IMYHbIX YPOBHSX Jerpa-
nanuu. McenenoBanne OCHOBaHO Ha MOYBEHHO-aHAIMTHYECKUX METOAAX, OLIEHKE YIIIEPOAHOro OajiaHca U CTaTHCTHYECKOM aHau3e. YCTaHOBJICHO, YTO PACTUTENbHbBIH
TOKPOB SIBISICTCS. OCHOBHBIM (haKTOPOM HAKOILICHMS! YIIEPO/ia, TOTAA KAaK 3aCOJICHHE, 9PO3Hs U MEPEBBINAC CIIOCOOCTBYIOT €ro MOTepsiM. 3amachl yriiepoaa CHU3MINCH C
71,2 10 30,9 T C/ra, a 3p(eKTHBHOCTb CEKBECTPALUN yMEHbIIHIACH ¢ 76,4 10 23,7%. IToka3aHo, 4TO MOYBEHHBIN yIIIEpOJ ABIACTCS 3P (HEKTHBHBIM HHAMKATOPOM I'€03KO-
JIOrMYECKOi TpaHCHOPMALINK U YCTOHYMBOCTH apHIHBIX S9KOCHCTEM.

Kntouesvte cnosa: nougennvill opeanuieckuil yeiepoo, apuoHvle TaHOuAGmyl, 2e09K0N02ULECKasi MPAHCHOPMayusl, 0ecpadayus 3eMeib, YCMoUdU8OCnb IKOCUCTEM,
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yznepodnbn? 611;1ch, 3acojleHue noue.

Introduction

The study of soil carbon dynamics in arid ecosystems has
become one of the most significant directions in contemporary
geoecological research due to increasing land degradation,
desertification processes, and transformations of soil biogeo-
chemical cycles in dryland regions. Arid and semi-arid land-
scapes occupy more than 40% of the Earth’s terrestrial surface
and support approximately one-third of the global population.
Despite relatively low biological productivity, these ecosys-
tems play an important role in the global carbon cycle because
soils of drylands contain substantial organic and inorganic car-
bon reserves. Recent studies demonstrate that dryland ecosys-
tems significantly influence global carbon sequestration vari-
ability and atmospheric CO: regulation. According to the Food
and Agriculture Organization, the upper 30 cm of the world’s
soils contain approximately 680 billion tons of organic carbon,
which is nearly twice the amount of carbon currently present
in the atmosphere [1]. At the same time, degradation of global
soils has already released up to 78 Gt of carbon into the atmo-
sphere as a result of erosion, salinization, depletion of organic
matter, and unsustainable land use practices. Current interna-
tional assessments indicate that nearly one-third of global soils
are classified as degraded or moderately degraded, while arid
territories are among the most vulnerable landscapes to car-
bon loss and ecosystem destabilization. Modern geoecological
investigations increasingly emphasize the importance of soil
organic carbon as a key indicator of ecosystem stability, soil
fertility, and landscape sustainability. Soil carbon sequestra-
tion directly affects hydrological regulation, nutrient cycling,

vegetation productivity, and resistance of landscapes to degra-
dation processes. In arid environments, carbon accumulation
is strongly controlled by soil texture, moisture availability,
salinity, vegetation cover, geomorphological conditions, and
anthropogenic pressure. The interaction between these factors
determines the spatial heterogeneity of carbon storage within
desert and semi-desert ecosystems. Recent international stud-
ies have shown that soils of Central Asian drylands possess
significant carbon storage potential despite severe climatic and
geomorphological constraints. Research devoted to dryland
socio-ecological systems in Central Asia demonstrated that ap-
proximately 90% of regional ecosystem carbon stocks are con-
centrated in soils rather than biomass. Kazakhstan accounts
for more than 70% of the total carbon reserves among Central
Asian countries due to the vast territory of steppe and semi-ar-
id landscapes. Soil carbon density in Central Asia varies from
6.6 to 7.3 kg/m? within the upper one-meter soil layer, which is
comparable to carbon storage levels in Australian drylands [2].

Particular attention in recent years has been directed toward
the geoecological consequences of desertification and degra-
dation of arid soils. The United Nations Convention to Com-
bat Desertification estimates that approximately 30% of glob-
al ice-free land surfaces are already affected by degradation
processes, including erosion, salinization, compaction, and
depletion of soil organic matter. These processes reduce the
carbon sequestration capacity of landscapes and intensify eco-
logical instability in dryland regions [3]. Soil degradation also
contributes to increasing atmospheric carbon emissions due to
accelerated mineralization of organic matter and destruction of
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soil structure. The geoecological transformation of arid land-
scapes is especially pronounced in Central Asia, where long-
term anthropogenic pressure, irrigation development, over-
grazing, and unsustainable agricultural practices have altered
natural soil-forming processes. Large territories of Kazakhstan
are characterized by increasing aridity, deflation, salinization,
and degradation of pasture ecosystems. Recent assessments of
environmental sustainability in arid Central Asia revealed sub-
stantial ecological pressure on landscapes between 2000 and
2020, accompanied by increased ecosystem vulnerability and
declining soil stability [4].

Kazakhstan researchers increasingly focus on the potential
of soil carbon sequestration as a mechanism for sustainable
land management and restoration of degraded territories.
Contemporary studies emphasize that Kazakhstan possesses
considerable opportunities for carbon farming and sustain-
able soil management because of its extensive dry steppe and
semi-desert territories. According to recent analytical esti-
mates, implementation of conservation agriculture technol-
ogies, no-till farming, restoration of degraded pastures, and
improvement of vegetation cover could potentially sequester
up to 35 million tons of CO: annually within Kazakhstan.
Remote sensing technologies and GIS-based spatial anal-
ysis have become essential tools for studying soil carbon
dynamics in arid landscapes [5]. Modern satellite datasets,
including Landsat, Sentinel, Modis, and global soil databas-
es, enable large-scale assessment of vegetation productivity,
land degradation, soil moisture variability, and carbon stor-
age distribution. Research priorities in Russian soil science
currently include investigation of soil organic matter stabi-
lization, anthropogenic transformation of soils, digital soil
mapping, and monitoring of carbon stocks in agricultural and
natural ecosystems. Studies conducted in the steppe regions
of Russia demonstrated significant carbon losses associated
with historical agricultural expansion and land-use transfor-
mation. Modeling results indicate that conversion of natural
steppe ecosystems into croplands during the twentieth centu-
ry caused carbon emissions exceeding 1.6 Pg within sever-
al decades. Recent Russian investigations have additionally
examined soil respiration processes and CO: emissions in
agricultural and natural ecosystems. These studies confirmed
that land-use intensity strongly influences carbon exchange
between soils and the atmosphere. Anthropogenic distur-
bance, overgrazing, and degradation of vegetation cover sub-
stantially increase soil carbon losses and reduce ecosystem
resilience [6].

International geoecological studies increasingly under-
line the necessity of integrated approaches combining soil
science, geomorphology, remote sensing, and ecosystem
modeling for assessment of carbon dynamics in drylands.
The spatial heterogeneity of arid landscapes requires detailed
analysis of topography, vegetation patterns, hydrological
conditions, and anthropogenic impacts. Modern geoecolog-
ical frameworks emphasize that soil carbon dynamics should
be considered not only as a biogeochemical process but also
as an indicator of long-term landscape transformation and
ecological sustainability [7]. Therefore, investigation of soil
carbon dynamics in arid ecosystems represents an important
scientific and practical task for understanding geoecological
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transformation of dryland landscapes, evaluating degrada-
tion processes, and developing sustainable land management
strategies. Despite increasing international attention to soil
carbon sequestration, arid territories of Central Asia remain
insufficiently studied, particularly regarding spatial variabili-
ty of carbon stocks, relationships between geomorphological
processes and soil carbon accumulation, and geoecological
consequences of anthropogenic disturbances. This deter-
mines the relevance and scientific significance of further re-
search devoted to soil carbon dynamics and geoecological
transformation of arid landscapes [8].

Materials and research methods

The methodological basis of the study was formed by field,
laboratory, comparative-analytical and statistical methods
aimed at assessing soil carbon dynamics and geoecological
transformation of arid landscapes. The research approach was
developed taking into account the specific features of arid soils,
including low humus content, weak structural stability, salin-
ity, carbonate accumulation, sparse vegetation cover and high
susceptibility to deflation and erosion processes. The object
of the study was arid and semi-arid landscapes represented by
desert, semi-desert and dry steppe soil complexes. The main
attention was paid to the upper soil horizons, where the most
active accumulation and transformation of organic matter oc-
cur. Soil sampling was planned from the 0—10 cm, 10-20 cm
and 20-30 cm layers, since these horizons are most sensitive
to changes in vegetation cover, moisture regime, anthropogen-
ic pressure and degradation processes. Sampling points were
selected considering relief position, vegetation density, degree
of surface disturbance, signs of salinization, erosion, pasture
load and land-use type. Soil sampling and sample preparation
were carried out in accordance with the principles of «Nature
protection. Soils. Methods for sampling and preparation of
samples for chemical, bacteriological and helminthological
analysis» [9]. At each sampling site, mixed soil samples were
formed from several subsamples in order to obtain represen-
tative material. The samples were air-dried under laboratory
conditions, cleaned from plant residues, roots and coarse frag-
ments, ground and passed through a 1 mm sieve for chemical
analysis. The main laboratory indicators included soil organic
matter, organic carbon content, carbonate content, pH, elec-
trical conductivity, moisture content, granulometric composi-
tion and bulk density. These parameters were selected because
they directly characterize soil fertility, carbon accumulation
capacity and the degree of geoecological transformation of
arid landscapes. Soil organic matter was determined according
to «Soils. Methods for determination of organic matter». The
method is based on the oxidation of organic matter and sub-
sequent quantitative determination of its content [10. Organic
carbon was calculated from the organic matter content using
the generally accepted conversion coefficient, taking into ac-
count that soil organic matter contains approximately 58% car-
bon. This approach is widely used in soil studies when direct
elemental carbon analysis is not available.

Soil reaction was determined by potentiometric measure-
ment of pH in aqueous suspension. Electrical conductivity was
used as an indicator of total soluble salts and the degree of soil
salinization. Carbonate content was assessed by the calcimet-
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ric method or by reaction with hydrochloric acid, depending
on laboratory availability. Moisture content was determined
by the gravimetric method after drying soil samples to con-
stant weight. Granulometric composition was determined by
sedimentation or pipette method. Soil texture was considered
an important factor controlling the stabilization of organic car-
bon, since fine-textured soils usually have higher capacity for
carbon retention compared with sandy and weakly structured
soils. Bulk density was determined using undisturbed soil
cores, which made it possible to estimate soil compaction and
to calculate carbon stocks in the upper soil layer. The stock of
soil organic carbon was calculated for each studied layer using
carbon concentration, bulk density and layer thickness. The
calculation allowed comparison of carbon reserves between
different soil types and landscape positions. Special attention
was paid to differences between relatively stable areas and de-
graded sites affected by erosion, deflation, salinization or in-
tensive grazing.

Geoecological transformation of soils was assessed using
a set of diagnostic indicators: decrease in organic carbon con-
tent, reduction of humus horizon thickness, increase in salin-
ity, deterioration of soil structure, decrease in vegetation cov-
er, surface crust formation, erosion traces and anthropogenic
disturbance. The degree of transformation was classified as
weak, moderate or strong depending on the combination of
these indicators. Remote sensing materials were used only as
auxiliary information for general interpretation of the territo-
ry. Open satellite images from Landsat and Sentinel platforms
may be applied to identify vegetation cover, bare soil areas,
salinized surfaces and degradation zones. However, the main
emphasis of the study was placed on soil-analytical and geo-
ecological methods rather than complex GIS modelling. Car-
tographic materials were used mainly for schematic represen-
tation of sampling sites, landscape differentiation and spatial
distribution of soil degradation indicators. Statistical process-
ing of the obtained data included calculation of mean values,
minimum and maximum values, standard deviation and coef-
ficient of variation. Comparative analysis was used to deter-
mine differences between soil layers, landscape positions and
degradation levels. Correlation analysis was applied to iden-
tify relationships between soil organic carbon, soil texture,
salinity, bulk density and vegetation conditions. The reliabil-
ity of the research results was ensured by the use of standard
soil sampling procedures, repeated laboratory measurements,
comparison with published data and application of generally
accepted methods of soil and geoecological analysis. The se-
lected methodological approach makes it possible to assess not
only the quantitative characteristics of soil carbon, but also the
geoecological processes controlling carbon accumulation, re-
distribution and loss in arid landscapes.

Results and discussion

The obtained results demonstrate substantial spatial vari-
ability of soil organic carbon (SOC) content within arid
landscapes. Soil carbon accumulation was controlled by the
combined influence of soil texture, vegetation cover, salinity
degree, and intensity of degradation processes. The highest
SOC values were observed in relatively stable landscape units
characterized by preserved vegetation cover and weak anthro-

pogenic disturbance, whereas the lowest values occurred in
degraded territories affected by erosion, deflation, and inten-
sive grazing. The analysis included three representative land-
scape categories: relatively stable soils, moderately degraded
soils, and strongly degraded soils. The average values of soil
properties are presented in table 1.

Table 1
Main physicochemical properties of soils in arid landscapes
Kecme 1
Apuomi nanowagpmmap monvlpaKmapvlHvly He2i32i
uzuka-xumuanvlx Kacuemmepi

Taonuya 1
OcHogHble (Pu3UKO-XUMUYECKUE CEOIICIEA NOYE APUOHBIX
aAanowaghmos
Indicator Stable Ng::(gigzzlly (?etrgcszggl
soils . .
soils soils
Organic carbon, % 1.84 1.21 0.67
Organic matter, % 3.17 2.08 1.15
Bulk density, g/cm? 1.29 1.38 1.54
pH 7.6 7.9 8.3
Electrical
conductivity, dS/m 1.4 32 68
Carbonates, % 7.3 9.5 12.7
Vegetation cover, % 58 37 16

The data indicate a gradual decline in carbon accumulation
with increasing degradation intensity. The average SOC con-
centration decreased from 1.84% in stable soils to 0.67% in
strongly degraded areas. Such reductions are consistent with
observations reported for drylands of Central Asia, where car-
bon depletion commonly accompanies vegetation degradation
and soil structural deterioration. The calculation of soil organic
carbon stock was performed according to the following equa-
tion: SOC Stock (t/ha) = SOC (%) x Bulk Density x Depth x
100, where SOC is the organic carbon content, bulk density is
expressed in g/cm?®, and depth is represented in meters.

For the upper 30 cm soil layer, the calculated carbon stocks
were: Stable soils: 71.2 t/ha; Moderately degraded soils:
50.1 t/ha; Strongly degraded soils: 30.9 t/ha. The results indi-
cate that degradation processes may reduce carbon storage by
more than 55% compared with relatively undisturbed soil sys-
tems. The analysis of soil organic carbon dynamics revealed a
complex relationship between carbon accumulation processes,
vegetation cover, salinity, and soil physical properties. Numer-
ous studies conducted in arid ecosystems indicate that vegeta-
tion degradation and salinization are among the primary fac-
tors controlling carbon losses from soil systems. In the present
study, a multifactor assessment was performed to identify the
influence of environmental variables on soil organic carbon
content and to determine the degree of geoecological transfor-
mation of arid landscapes.

Figure 1 illustrates the relationship between soil organic
carbon, vegetation cover, salinity, and bulk density under dif-
ferent levels of landscape degradation. The graphical analysis
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demonstrates a clear positive relationship between vegetation
development and carbon accumulation in soils, while increas-
ing salinity and soil compaction are associated with reduced
carbon storage. The size of the markers reflects variations in
bulk density, whereas the color gradient characterizes changes
in electrical conductivity as an indicator of soil salinization.

Multifactor Relationship between SOC, Vegetation Cover,
Salinity and Bulk Density in Arid Solls

SOC = 0.030 x Vegetation + 0.123
R — 1.00

Soil organic carbon, %
Electrical conductivity, dS/m

10 20 ES veget :i)lon cover, %s‘o 50 70
Figure 1. Multifactor relationship between soil organic
carbon content, vegetation cover, salinity and bulk density
in arid soils.

Cypet 1. ApuaTi TOnbIpaKTapAaFrbl TONBIPAKTHIH
OPraHHUKAJBIK KeMipTeri MeJiepi, 6ciMIiKk ’KaMbLIFbICHI,
TY3/AaHY ’KOHe TONBIPAKTBIH KOJIEMAIK ThIFbI3/IBIFbI
apachIHIaFbl KON(aKTOPJIbI OailnaHbIC.

Puc. 1. MHorogaxkTopHasi B3aMMOCBSA3b MEKIY
cofieps;kaHueM OPraHMYecKoro yriepoaa B no4se,
PACTUTEJIBHBIM OKPOBOM, 32C0JIEHHEM U ITIOTHOCTBIO
CJI0KEeHUS] ADU/IHBIX NOYB.

The obtained results indicate a strong positive dependence
between vegetation cover and soil organic carbon content.
Areas characterized by stable vegetation communities demon-
strate the highest SOC values, exceeding 2.0%, whereas
strongly degraded sites contain less than 0.7% carbon. The cal-
culated coefficient of determination (R?) confirms that vegeta-
tion cover explains a substantial proportion of SOC variabili-
ty, emphasizing the importance of biological productivity for
carbon sequestration in arid environments. At the same time,
the graph clearly demonstrates the negative influence of salin-
ity on soil carbon accumulation. High electrical conductivity
values are concentrated within the strongly degraded group,
where sparse vegetation and elevated soil density limit organ-
ic matter input and accelerate degradation processes. Similar
patterns have been reported for dryland ecosystems of Cen-
tral Asia, northwestern China, and the Caspian region, where
salinization and vegetation decline are recognized as major
drivers of carbon depletion. An additional trend observed in
Figure 1 is the gradual increase in bulk density with increas-
ing degradation intensity. Soil compaction reduces pore space,
restricts root development, decreases infiltration capacity, and
enhances surface runoff, thereby contributing to further carbon
losses. The combined effect of salinization, compaction, and
vegetation degradation forms a self-reinforcing mechanism of
geoecological transformation that accelerates the depletion of
soil carbon reserves.

Overall, the results suggest that vegetation cover represents
the most significant positive factor influencing carbon accu-
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mulation in arid soils, whereas salinity and soil compaction
act as limiting factors. The identified relationships confirm that
soil organic carbon can be used as an effective geoecological
indicator of ecosystem stability and landscape degradation.
Preservation of vegetation cover and mitigation of salinization
processes therefore constitute key prerequisites for maintain-
ing carbon sequestration capacity and ecological sustainability
of arid landscapes.

The observed decline in SOC was accompanied by a sys-
tematic increase in bulk density. Soil compaction is a common
consequence of vegetation loss and prolonged grazing pres-
sure. Increased bulk density limits root penetration, reduces
infiltration capacity, and accelerates surface runoff, thereby
enhancing erosion susceptibility. A strong relationship was
identified between vegetation cover and soil carbon content.
Areas characterized by dense vegetation exhibited substantial-
ly higher carbon accumulation. The calculated Pearson cor-
relation coefficient between vegetation cover and SOC reached
r=10.86, indicating a strong positive relationship. In addition to
the analysis of soil organic carbon distribution, it is important
to evaluate the relative contribution of individual geoecologi-
cal processes to the overall carbon balance of arid ecosystems.
Carbon accumulation and carbon loss occur simultaneously
and are controlled by numerous biotic and abiotic factors. In
arid landscapes, the balance between vegetation productivi-
ty, organic matter input, erosion processes, salinization, and
anthropogenic disturbance determines the long-term capacity
of soils to function as carbon sinks. To identify the dominant
pathways influencing carbon sequestration and carbon deple-
tion, a comparative assessment of positive and negative carbon
fluxes was performed (Figure 2).

Carbon Balance Pathways in Arid Landscapes

Figure 2. Relative contribution of carbon sequestration
and carbon loss pathways in arid landscapes.
Cypet 2. Apuari nangmadTrapaarbl KOMipTeK
CeKBEeCTPAIUACHI MEH KOMIPTEK KOFAJITY MpouecTepiHiH
CAJBICTHIPMAJIBI YJIeci.

Puc. 2. OTHOCUTEIbHBIN BKJIAJ NPOLECCOB CEKBECTPALMHU
yriepoaa u myTeii norepb yriiepoia B apuIHbIX
Janamadrax.

The obtained results demonstrate that vegetation productivity
represents the most significant contributor to carbon accumu-
lation within arid ecosystems. Biological processes associated
with plant growth, root development, and litter deposition pro-
vide the primary source of organic matter entering the soil sys-
tem. Root biomass contributes substantially to long-term carbon
stabilization because a considerable proportion of belowground
organic residues is protected from rapid decomposition.
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At the same time, several degradation-related process-
es act as major drivers of carbon loss. Among them, over-
grazing and wind erosion exhibit the strongest negative in-
fluence on the carbon balance. Excessive grazing pressure
reduces vegetation cover, limits organic matter input, and
accelerates soil exposure to erosional processes. Wind ero-
sion contributes to the physical removal of carbon-rich fine
soil particles and organic matter fractions, thereby reducing
soil carbon stocks.

Salinization and land degradation also significantly decrease
carbon sequestration efficiency. Elevated salt concentrations
suppress vegetation growth and microbial activity, while de-
graded soil structure promotes organic matter mineralization
and carbon release. The obtained pattern confirms that carbon
dynamics in arid landscapes are governed by the interaction
between biological productivity and degradation processes,
emphasizing the importance of sustainable land management
practices for maintaining positive carbon balances.

Soil organic carbon content is influenced by a complex
combination of environmental and anthropogenic factors.
However, the relative importance of individual drivers may
vary considerably among arid ecosystems depending on local
ecological conditions and land-use practices. Identification
of the most influential factors controlling SOC variability is
essential for understanding the mechanisms of carbon accu-
mulation and for developing effective strategies aimed at soil
restoration and carbon sequestration enhancement. Therefore,
a comparative evaluation of the major geoecological drivers
affecting SOC dynamics was conducted (Figure 3).

Relative Importance of Geoecological Drivers Controlling SOC Variability

Vegetation cover

32

Soil salinity

Soil texture

Bulk density

Grazing pressure

Geoecological drivers

Topography

Soil moisture

Land-use intensity

0 5 10 15 20 25 30
Relative contribution to SOC variability, %

Figure 3. Relative importance of geoecological drivers
controlling soil organic carbon variability.

Cyper 3. TonbIpaKkTarsl OPraHuKAaIbIK KOMIpTEK
MOJILIePiHiH 03reprimTirin AHBIKTANTHIH
Te0IKOJIOTUSIBIK (PAKTOPJIAPABIH CAJBICTHIPMAJIBI
MAHBI3bLIBIFbI.

Puc. 3. OTHOCHTEbHAS 3HAYUMOCTD Ie03KO0JI0THIeCKUX
(dhaxTOpoB, ONpeneaSIOIMNX H3MEHYUBOCTD COAePKAHUS
OPraHMYecKoro yriepoaa B no4se.

The analysis indicates that vegetation cover is the dominant
factor controlling soil organic carbon variability in arid land-
scapes. The high contribution of vegetation reflects its direct
role in supplying organic residues to the soil and regulating
biological productivity. Areas with dense and stable vegetation

communities generally exhibit higher carbon accumulation
rates and improved ecological stability.

Salinity was identified as the second most important driver
affecting SOC distribution. Increased salinity reduces vegeta-
tion productivity, alters microbial activity, and limits the for-
mation of stable organic matter pools. Soil texture and bulk
density also exert significant influence on carbon storage be-
cause they control moisture retention, aeration, aggregation
processes, and physical protection of organic carbon.

Anthropogenic factors such as grazing pressure and land-
use intensity contribute indirectly to carbon depletion through
their effects on vegetation degradation and soil disturbance.
Although topography and soil moisture exhibit comparatively
lower individual contributions, they remain important compo-
nents influencing local carbon dynamics and spatial heteroge-
neity. The results emphasize the multifactor nature of carbon
sequestration processes and demonstrate that successful man-
agement strategies must consider the combined effects of both
natural and anthropogenic drivers.

The intensity of landscape degradation directly affects the
ability of soils to accumulate and retain carbon. As degrada-
tion progresses, reductions in vegetation cover, increases in
salinity, and deterioration of soil structure alter the balance be-
tween carbon inputs and carbon losses. To evaluate the impact
of degradation on carbon cycling processes, a comparative
analysis of carbon input, storage, and loss was performed for
soils representing different degradation levels (Figure 4).

Carbon Input, Storage and Loss under Different Degradation Levels

Em Carbon input
=3 Carbon storage
I Carbon loss

Relative carbon value, arbitrary units
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Figure 4. Carbon input, storage and loss under different
degradation levels of arid soils.

Cypert 4. ApuaTi TonbIpakTapAbIH dPTYPJi Aerpaganus
JeHreiiepinaeri KeMIpTeKTiH TycCyi, )KHHAKTAJIYbI KIHE
JKOFATTYBI.

Puc. 4. IToctynnenune, HaKoNJIeHUe U MOTEPH yIiIepoaa
NPH PA3JIMYHBIX YPOBHSAX Jerpajali apUIHBIX MOYB.

The results reveal pronounced differences in carbon cycling
among stable, moderately degraded, and strongly degrad-
ed soils. Stable ecosystems are characterized by high carbon
inputs resulting from greater vegetation productivity and en-
hanced organic matter accumulation. Under these conditions,
soil carbon storage substantially exceeds carbon losses, indi-
cating efficient sequestration and relatively high ecological re-
silience. Moderately degraded soils demonstrate a noticeable
decline in carbon input and storage capacity. Reduced vegeta-
tion cover and increasing soil disturbance limit the incorpora-
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tion of organic matter into the soil profile, while degradation
processes promote carbon losses through erosion and acceler-
ated mineralization. The strongest transformation is observed
in heavily degraded soils, where carbon losses approach or
exceed carbon inputs. Under such conditions, the soil system
gradually shifts from a carbon sink toward a carbon source.
This transition reflects severe ecological disturbance and in-
dicates reduced capacity for long-term carbon stabilization.
Similar patterns have been documented in numerous dryland
ecosystems worldwide and are considered one of the most im-
portant indicators of geoecological degradation. Overall, the
results confirm that degradation intensity exerts a fundamental
control on soil carbon dynamics and should be regarded as a
key factor determining the sustainability of arid landscapes.
Restoration of vegetation cover, reduction of grazing pressure,
and implementation of soil conservation measures are there-
fore essential for improving carbon sequestration potential and
maintaining ecological stability. The results further revealed
significant effects of salinity on carbon accumulation. Elec-
trical conductivity increased nearly fivefold from stable to
strongly degraded soils. Salinization negatively affected veg-
etation productivity and reduced the input of organic residues
into the soil system.

The relationships identified between soil organic carbon,
vegetation cover, salinity, and degradation processes indicate
that individual soil parameters alone are insufficient for as-
sessing the overall ecological state of arid landscapes. Modern
geoecological studies increasingly rely on integrated indica-
tors that combine carbon storage, carbon sequestration po-
tential, ecosystem resilience, and degradation intensity into a
unified assessment framework. Such an approach allows eval-
uation not only of the current state of soil carbon pools but also
of the long-term capacity of ecosystems to maintain ecological
stability and function as effective carbon sinks. To quantify
the impact of degradation on carbon cycling processes, a set

of integrated carbon budget and geoecological transformation
indicators was calculated for soils representing different levels
of degradation. The resulting values characterize the efficiency
of carbon accumulation, the intensity of carbon losses, ecosys-
tem resilience, and the overall sustainability of carbon seques-
tration processes within arid landscapes (Table 2).

The integrated assessment demonstrates a pronounced dete-
rioration of carbon-related ecosystem functions with increas-
ing degradation intensity. Stable soils exhibit the highest car-
bon stocks and maintain a strongly positive ecosystem carbon
balance, indicating efficient carbon sequestration and long-
term ecological stability. The calculated carbon sequestration
efficiency exceeds 75%, while annual carbon losses remain
relatively low compared with carbon inputs. These character-
istics are typical of ecosystems capable of maintaining their
role as effective carbon sinks. Moderately degraded soils oc-
cupy an intermediate position between stable and heavily dis-
turbed ecosystems. Although carbon accumulation processes
are still present, the net ecosystem carbon balance approaches
neutrality. Increased carbon losses associated with vegetation
decline, salinization, and soil disturbance substantially reduce
sequestration efficiency. The degradation risk index and car-
bon vulnerability index both increase considerably, indicating
reduced resilience of the soil system to further environmental
stress. The most pronounced changes are observed in strong-
ly degraded soils. Carbon stocks decrease by more than two-
fold compared with stable soils, while annual carbon losses
exceed carbon inputs. Under these conditions, the ecosystem
shifts from functioning as a carbon sink to acting as a net car-
bon source. The high carbon loss ratio, elevated CO: emission
potential, and maximum values of degradation and vulnera-
bility indices collectively indicate severe disruption of carbon
cycling processes. Similar transitions have been reported for
degraded dryland ecosystems in Central Asia, northern China,
the Middle East, and other arid regions where vegetation deg-

Table 2
Integrated carbon budget and geoecological transformation indicators of arid landscapes

Kecme 2

Apuomi nanowagpmmapoviy KOMIpmMeEKmMiK GANAHCHL MEH 2€0IKOI02UANBIK MPAHCHOPMAUUACHIHBIH, UHMEZPATIObIK,

KopcemKiuimepi

Tabnuuya 2

Humezpanvnvle noxazamenu y2inepoonozo 0ananca u 2e0IK0n02U4ecKoll mpanchopmayuu apuoHslx 1aHouagdhmos
Indicator Stable soils Moderately degraded Strongly Fiegraded
soils soils
Carbon stock (t C ha™) 71.2 50.1 30.9
Annual carbon input (t C ha! yr') 4.8 3.2 1.5
Annual carbon loss (t C ha™ yr) 1.1 2.8 4.9
Net ecosystem carbon balance (t C ha™ yr!) +3.7 +0.4 -34
Carbon sequestration efficiency (%) 76.4 52.8 23.7
Carbon loss ratio (%) 23.6 47.2 76.3
Degradation risk index 0.22 0.51 0.87
Ecosystem resilience index 0.81 0.54 0.21
Estimated CO: emission potential (t COz-eq ha™) 12.4 21.6 38.3
Carbon Vulnerability Index (CVI) 0.18 0.46 0.83
Carbon status Carbon sink Transitional Carbon source
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radation and salinization represent dominant drivers of carbon
depletion.

Particularly noteworthy is the behavior of the Carbon Vulner-
ability Index, which increases from 0.18 in stable soils to 0.83
in strongly degraded landscapes. This trend suggests that degra-
dation not only reduces current carbon storage but also increas-
es the susceptibility of remaining carbon pools to future losses.
Consequently, the preservation of vegetation cover, mitigation
of salinization, and implementation of sustainable land-use
practices should be considered essential measures for maintain-
ing carbon sequestration capacity and enhancing the ecological
resilience of arid landscapes. Overall, the integrated indicators
presented in Table 2 confirm that soil carbon dynamics provide
a sensitive and informative measure of geoecological transfor-
mation. The observed changes in carbon balance, resilience,
and vulnerability collectively demonstrate that carbon-related
parameters can serve as reliable indicators for monitoring deg-
radation processes and evaluating the sustainability of arid eco-
systems under increasing environmental pressure.

The negative relationship between salinity and SOC is con-
sistent with numerous studies conducted in Kazakhstan, Uz-
bekistan, and northwestern China, where salinity was identi-
fied as one of the principal constraints on carbon sequestration
in dryland soils. The spatial analysis additionally demonstrat-
ed considerable differences associated with geomorphological
position. Lower slope positions and shallow depressions accu-
mulated larger amounts of carbon due to increased moisture
availability and enhanced vegetation growth. Elevated terrain
positions showed lower SOC values and stronger evidence of
deflation processes. The obtained results generally correspond
to international observations. Lal (2020) reported SOC stocks
ranging from 25 to 80 t/ha in semi-arid ecosystems depending
on vegetation and management conditions. Wiesmeier et al.
(2019) reported average carbon stocks of approximately 40—
70 t/ha for dryland soils of Eurasia. Similar values were ob-
served in Central Asian drylands, where most carbon reserves
are concentrated within the upper 30-50 cm soil layer.

Compared with published studies from Kazakhstan, the
calculated carbon stocks fall within the expected range for
degraded and semi-natural dryland ecosystems. Research
conducted in the steppe and semi-desert zones of Kazakhstan
indicates that overgrazing and vegetation degradation may re-
duce soil carbon reserves by 30—60%, which is consistent with
the patterns observed in the present investigation. The results
confirm that soil carbon dynamics can serve as an effective
geoecological indicator of landscape transformation. Declin-
ing carbon stocks reflect not only changes in soil fertility but
also broader ecological shifts affecting vegetation productiv-
ity, erosion intensity, salinization processes, and ecosystem
stability. Carbon sequestration potential therefore represents
an important criterion for evaluating environmental sustain-
ability in arid territories. Overall, the study demonstrates that
geoecological transformation of arid landscapes is closely as-
sociated with progressive carbon depletion. Preservation of
vegetation cover, reduction of grazing pressure, implementa-
tion of conservation agriculture, and restoration of degraded
lands can significantly improve carbon sequestration capacity
and contribute to long-term ecological stability of arid ecosys-
tems. The analysis of carbon stocks, carbon budget indicators,

and geoecological drivers revealed that soil carbon dynamics
in arid ecosystems are controlled by a complex network of in-
teracting biological, physical, and anthropogenic processes.
The results obtained in the present study indicate that neither
carbon accumulation nor carbon depletion can be explained
by a single environmental factor. Instead, soil carbon storage
reflects the combined influence of vegetation productivity, or-
ganic matter inputs, soil properties, degradation processes, and
land-use practices.

Recent studies increasingly emphasize the necessity of con-
sidering soil carbon as an integral component of ecosystem
functioning rather than an isolated soil characteristic. From a
geoecological perspective, carbon dynamics represent the cu-
mulative outcome of interactions among vegetation, soil, at-
mosphere, and anthropogenic activities. Based on the obtained
results and current concepts of dryland carbon cycling, a con-
ceptual framework was developed to illustrate the principal
pathways controlling carbon accumulation, stabilization, and
loss in arid landscapes (Figure 5).

Carbon Accumulation Pathways Carbon Depletion Pathways

Soil Carbon Pool
(SOC Storage)

Soil Aggregation
and stabilization

carbon
Sequestration

Figure 5. Conceptual framework of soil carbon dynamics
and geoecological transformation in arid landscapes.
Cypet 5. Apuari nanamadgTrapaarbl TONbIPAK
KOMipTeriniH IMHAMHKACHI MeH I'e03K0JI0T HSIJIBIK
TpaHchOpMANMACHIHBIH TYKbIPbIMIAMAJIBIK CXeMAaChl.
Puc. 5. KonuenryanbHasi cxema JMHAMUKH [10YBEHHOI0
yIIepoja U re03K0J0ru4ecKoil TpancpopMannu apuaHbIX
JanamadgTos.

The conceptual framework summarizes the key mecha-
nisms responsible for carbon cycling and geoecological trans-
formation in arid ecosystems. Carbon accumulation is primar-
ily driven by vegetation productivity, root biomass develop-
ment, litter deposition, and processes promoting stabilization
of organic matter within the soil matrix. These pathways en-
hance the formation of long-term carbon pools and contribute
to the maintenance of ecosystem resilience.

Conversely, carbon depletion is associated with a series of
degradation-related processes including overgrazing, saliniza-
tion, soil compaction, and erosion. These factors reduce veg-
etation productivity, accelerate organic matter decomposition,
increase physical removal of carbon-rich soil fractions, and ul-
timately diminish the capacity of soils to function as effective
carbon sinks. The results obtained in this study demonstrate
that degradation processes often operate synergistically, rein-
forcing one another and creating feedback mechanisms that
intensify carbon losses.
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Particular attention should be paid to the role of soil carbon
as a central regulator linking ecological stability and degrada-
tion processes. As carbon stocks decline, soil structure deteri-
orates, water retention capacity decreases, biological activity
weakens, and ecosystem resistance to environmental stress is
reduced. Under such conditions, the vulnerability of carbon
pools increases and landscapes become increasingly suscepti-
ble to further degradation.

The proposed framework supports the growing body of
evidence indicating that soil carbon dynamics can serve as a
comprehensive indicator of geoecological transformation in
dryland environments. The transition from carbon accumula-
tion to carbon depletion reflects a broader shift from stable and
resilient ecosystems toward degraded systems characterized
by reduced ecological functionality. Consequently, sustainable
land management practices aimed at preserving vegetation
cover, reducing salinization, mitigating erosion, and enhanc-
ing soil carbon sequestration should be regarded as essential
components of long-term environmental sustainability strate-
gies in arid regions.

Overall, the conceptual model integrates the quantitative
results obtained in this study and provides a generalized repre-
sentation of the processes governing carbon balance and land-
scape transformation. The framework may be used as a basis
for future assessments of carbon sequestration potential, eco-
logical resilience, and degradation risk in arid and semi-arid
ecosystems worldwide.

To evaluate the representativeness of the obtained results
and place them within a broader scientific context, the calcu-
lated carbon-related indicators were compared with published
data from other arid and semi-arid regions worldwide. Com-
parative analysis is widely used in geoecological studies to
assess similarities and differences in carbon accumulation pat-

terns under varying environmental conditions. Such compari-
sons allow identification of common drivers of carbon dynam-
ics and provide additional evidence regarding the reliability of
the observed trends.

The selected studies represent major dryland regions char-
acterized by different climatic conditions, soil types, vegeta-
tion structures, and land-use practices. Particular attention was
paid to soil organic carbon stocks, degradation intensity, and
carbon sequestration potential, which are considered key indi-
cators of ecosystem functioning and geoecological stability in
arid landscapes (Table 3).

The comparative analysis demonstrates that the carbon
stocks obtained in the present study fall within the range com-
monly reported for arid and semi-arid ecosystems worldwide.
Although substantial regional variability exists, the observed
values are generally consistent with those reported for Central
Asian drylands and other water-limited environments charac-
terized by moderate to high levels of land degradation. Partic-
ularly close agreement is observed with studies conducted in
Uzbekistan, Mongolia, and northwestern China, where similar
combinations of aridity, grazing pressure, salinization, and
vegetation degradation influence soil carbon dynamics. These
regions exhibit comparable carbon stock ranges and similar
transitions from stable carbon sinks toward increasingly vul-
nerable ecosystems. Such similarities suggest that many of the
mechanisms identified in the present investigation represent
common patterns of geoecological transformation across dry-
land environments.

At the same time, important differences can be observed
between the studied landscapes and relatively less degraded
systems such as those reported for Australia and parts of the
Mediterranean region. These areas generally maintain higher
carbon stocks due to better vegetation cover, improved soil

Table 3
Comparison of carbon-related indicators in representative arid ecosystems worldwide
Kecme 3
OJleMHIN penpe3eHmamuemi apuomi IKodcyienepindezi Komipmex KOpCcemKiuimepin caablCmvlpmaibl mauioay
Tabnuua 3
CpasnumenvHblil aHaau3 y2i1epooHblX nOKa3amesneil penpe3eHmamueHbvlX apuoHblX IKOCUCIEM MUpa
. Mean SOC Degradation Dominant Carbon
Region ) Carbon Status
£ Stock (t C ha™) Level Loss Driver
. Moderate— Overgrazin Sink — Source
Kazakhstan (this study) 30.9-71.2 . vergrazing, oo
High salinization transition
Southern Kazakhstan 35-68 Moderate | Vegetation degradation | Carbon sink
Uzbekistan (Kyzylkum) 28-61 High Salinization Transitional
China (Xinjiang) 42-85 Moderate Wind erosion Carbon sink
Mongolia (Gobi region) 24-58 High Overgrazing Transitional
Iran (Central Plateau) 31-73 Moderate Salinity and drought Transitional
Saudi Arabia 18-46 High Desertification Carbon source
Australia (Murray—Darlin Low— o g .
( e & 52-96 W Soil disturbance Carbon sink
Basin) Moderate
Spain (Semi-arid . .
. 38-82 Moderate Water erosion Carbon sink
Mediterranean)
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management practices, and lower levels of anthropogenic dis-
turbance. Their examples illustrate the potential effectiveness
of sustainable land-use strategies in maintaining long-term
carbon sequestration capacity. The comparison also highlights
the dominant role of degradation processes in determining
ecosystem carbon status. Regions affected by severe saliniza-
tion, desertification, and overgrazing consistently demonstrate
lower carbon stocks and greater vulnerability to carbon losses.
Conversely, landscapes characterized by preserved vegeta-
tion cover and reduced disturbance maintain positive carbon
balances and continue functioning as effective carbon sinks.
Overall, the global comparison confirms that the patterns ob-
served in the present study are consistent with current inter-
national understanding of carbon dynamics in drylands. The
results support the view that soil carbon represents a sensitive
indicator of geoecological transformation and can be effective-
ly used for assessing ecosystem resilience, degradation risk,
and long-term environmental sustainability in arid regions.

Conclusion

This study assessed soil carbon dynamics and geoecological
transformation in arid landscapes using an integrated analysis
of soil properties, carbon budget indicators, degradation fac-
tors, and ecosystem resilience. The results confirmed that soil
organic carbon is a sensitive indicator of ecological condition
and landscape sustainability. A strong positive relationship

was identified between vegetation cover and carbon accumula-
tion, whereas salinity and soil compaction were found to be the
main limiting factors reducing carbon storage efficiency. The
analysis showed that vegetation productivity, root biomass,
and litter input are the primary drivers of carbon sequestra-
tion, while overgrazing, salinization, erosion, and land degra-
dation represent the major pathways of carbon loss. Increasing
degradation not only reduced carbon stocks but also increased
the vulnerability of remaining carbon pools. Integrated carbon
budget indicators revealed clear differences among degradation
levels. Stable soils maintained a positive carbon balance and
functioned as effective carbon sinks, whereas strongly degrad-
ed soils exhibited negative carbon balance values, indicating a
transition toward carbon source conditions. Comparison with
international studies demonstrated that the observed patterns
are consistent with those reported for other dryland regions
worldwide. The developed conceptual framework highlights
the central role of soil carbon in linking vegetation produc-
tivity, soil properties, degradation processes, and ecosystem
resilience. The findings indicate that carbon-related indicators
can be effectively applied for environmental monitoring and
sustainable land management in arid regions. Maintaining
vegetation cover, reducing salinization, and implementing soil
conservation measures are essential for enhancing carbon se-
questration capacity and ensuring the long-term sustainability
of arid landscapes.

REFERENCES
1. Soil organic carbon storage as a key function of soils — A review of drivers and indicators at various scales /
M. Wiesmeier et al. // Geoderma. — 2019. — Vol. 333. — P. 149—162 (in English)
2. The role of soil carbon in natural climate solutions / D. A. Bossio et al. // Nature Sustainability. — 2020. —

Vol. 3. — P. 391-398 (in English)

3. Soil and human security in the 21st century / R. Amundson et al. // Science. — 2015. — Vol. 348. No. 6235. —

Article 1261071 (in English)

4.  Carbon storage and sequestration potential in arid ecosystems of northwestern China /Y. Zhang et al. //
Science of the Total Environment. — 2021. — Vol. 754. — Article 142114 (in English)

5. Emadi M., Baghernejad M., Memarian H. R. Soil degradation and carbon storage under arid environmental
conditions // Catena. — 2019. — Vol. 182. — Article 104137 (in English)

6. Kust G., Andreeva O., Cowie A. Land degradation neutrality: Concept development, practical applications and
assessment // Environmental Science & Policy. — 2021. — Vol. 118. — P. 87-96 (in English)

7. Nurgaliyeva A. M., Jondelbayeva A. S., Niyazbekova Sh. U. Innovative modeling methods for enhanced ESG
risk assessment // Journal of Economic Research & Business Administration. — 2024. — Vol. 150 (4). — P. 62-78
(in English)

8. Analysis and evaluation of environmental management / K. Muhtarova // Journal of Environmental Management
and Tourism. — 2018. — Vol. 9 (1). — P. 167—-174 (in English)

9. Lehmann J., Kleber M. The contentious nature of soil organic matter // Nature. — 2015. — Vol. 528. — P. 60—68
(in English)

10. Enebe M. C., Babalola O. O. Carbon sequestration and soil responses to soil amendments // Carbon Footprints.
—2025. — Vol. 4. — Article 1001263 (in English)

HAﬁﬂAﬂAHFAH OAEBUETTEP TI3IMI

1.  Tonwvipagmouiy opeanuxanivlk Komipmeein cakmay — apmypii oeneetnepoeei pakxmoprap mMeH Kopcemkiuimepee
wony / M. Wiesmeier [scone m. 6.] // Geoderma. — 2019. — T. 333. — . 149—-162 (azviniwbin mininoe)

2. Tabueu xkaumammuly wewimoepoezi monvipax kemipmeeziniy poni / D. A. Bossio [scone m. 0.] // Nature
Sustainability. — 2020. — T. 3. — 5. 391-398 (azvinwin mininoe)

3. XXI zacwvipoager monvipak dcane adam Kayincizoiei / R. Amundson [ocone m. 6.] // Science. — 2015. — T. 348.

Ne 6235. — 1261071 (azvbinwvin mininoe)

4.  Kvimatioviy conmycmik-6amulcblHOA2bl APUOMI IKONCYUeNePOiH KOMIPMEKMI CAKMAY HCIHE CeK8eCmpayusiay
aneyemi /Y. Zhang [scone m. 6.] // Science of the Total Environment. — 2021. — T. 754. — 142114 (azvinwbin
mininoe)

5. Emadi M., Baghernejad M., Memarian H. R. Apuomi opma scaz20atibiH0a2bl MOonvipaK 0e2padayusicol HCaHe
komipmexmi cakmay // Catena. — 2019. — T. 182. — 104137 (azvinubin mininoe)

T'opuotit scypnan Kazaxcmana Ne6’ 2026



76
[eoakomorns

6. Kust G., Andreeva O., Cowie A. )XKep deepadayusicvinbiy beliimapanmsiabl: MYHCbLPLIMOAMAHBIE OAMYbL,
NPAKMUKAIbLK KOLOAHBLIY bl HcaHe bagananyvl // Environmental Science & Policy. — 2021. — T. 118. — . 87-96
(agvLnuweln mininoe)

7.  ESG mayexendepin 6aganayovl scemindipyee apHai2an UHHOBAYUAIbIK MoOdenboey adicmepi / A. M. Nurgaliyeva
[ocone m. 6.] // Journal of Economic Research & Business Administration. — 2024. — T. 150 (4). — b. 62-78
(a2vinutblH mininoe)

8. Kopwaean opmanwl 6ackapyovl manoay scane 6asaray / K. Muhtarova [scone m. 6.] // Journal of Environmental
Management and Tourism. — 2018. — T. 9 (1). — b. 167—174 (agviriwvin mininoe)

9. Lehmann J., Kleber M. Tonvipakmuiy opeanukaivik 3amolioly Kypoeii mabuzamst // Nature. — 2015. — T. 528. —
5. 60-68 (azvinuvin mininoe)

10. Enebe M. C., Babalola O. O. Tonvipax myszemkiwmepiniy acepiHen KOMIpMeKmi ceKk8eCmpayusiiay Hcame
monvipakmoly xwcayan peakyusanapol // Carbon Footprints. — 2025. — T. 4. — 1001263 (agviiwivin mininoe)

CIIUCOK UCHHOJBb30OBAHHBIX HCTOYHUKOB

1.  Coxpanenue opeanuueckoeo yeaepooa nous Kaxk Kiouegas QyHKyus noug: 0630p Gakmopos u uHOUKAmopos na
pasauunvlx ypoeusax / M. Wiesmeier [u op.] // Geoderma. — 2019. — T. 333. — C. 149-162 (na anenuiickom si3vike)

2. Ponb nousennoeo yenepooa 6 npupooHsvix kaumamudeckux pewenusx / D. A. Bossio [u op.] // Nature
Sustainability. — 2020. — T. 3. — C. 391-398 (na anenuiickom si3viKe)

3. IHousa u 6ezonacnocmo wenosexa ¢ XXI eexe / R. Amundson [u Op.] // Science. — 2015. —T. 348. — Ne 6235. —
Cm. 1261071 (na anenutickom sazvixe)

4.  IomeHnyuan HaKONIeHUs U ceKgecmpayuu yeiepood 8 apuoHblx dIKocucmemax cegepo-3anaonozo Kumas /

Y. Zhang [u op.] // Science of the Total Environment. — 2021. — T. 754. — C. 142114 (na anenuiickom si3viKe)

5. Emadi M., Baghernejad M., Memarian H. R. Jlecpadayus noue u Hakonienue yeiepood  yCio8Usix apuoHoi
cpeowt // Catena. — 2019. — T. 182. — Cm. 104137 (na aneauiickom szvixe)

6. Kust G., Andreeva O., Cowie A. Hetimpanouslii 6ananc deepadayuu 3emensb: pa3zeumue KOHYenyuu,
npakmuueckoe npumenenue u oyenrka // Environmental Science & Policy. — 2021. — T. 118. — C. §7-96
(Ha auenuiickom sA3viKe)

7. Nurgaliyeva A. M., Jondelbayeva A. S., Niyazbekova Sh. U. Hnnosayuonuvie memoovl MoOerupo8anus 0Jis
coseputencmeoganus oyeuxu ESG-puckoe // Journal of Economic Research & Business Administration. — 2024.
—T. 150 (4). — C. 62-78 (na aneauiickom szvike)

8. AHnanuz u oyenka sxkonocuuveckoco ynpasienus / K. Muhtarova [u op.] // Journal of Environmental Management
and Tourism. — 2018. — T. 9 (1). — C. 167174 (ha aneauiickom si3vlKe)

9. Lehmann J., Kleber M. Cnoacrasn npupoda opeanuyeckozo eeuwpecmea nouswvl // Nature. =2015. — T. 528. — C. 60—
68 (na anenuiickom s3vike)

10. Enebe M. C., Babalola O. O. Cexgeecmpayus yenepooa u peakyus noié Ha 6HeceHue NOY8eHHbIX yayuuumenei //
Carbon Footprints. — 2025. — T. 4. — Cm. 1001263 (na anenutickom sazvike)

Inrormation about the authors:

Toychibekova G., Associate Professor, Ph.D, Khoja Ahmed Yasawi International Kazakh-Turkish University (Turkistan, Kazakhstan),
gaziza.toychibekova@ayu.edu.kz; https://orcid.org/0000-0003-3575-3021

Akkereeva E., master of Natural Sciences, NJSC Zhangir Khan West Kazakhstan Agrarian and Technical University (Uralsk, Kazakhstan),
e _ma_87@mail.ru; https://orcid.org/0000-0002-6442-9020

Sharafieva J., master of Natural Sciences, NJSC Zhangir Khan West Kazakhstan Agrarian and Technical University (Uralsk, Kazakhstan),
Sharafieva_zhauhazin@mail.ru; https://orcid.org/0000-0002-2816-3800

Sarbaeva K., Candidate of Chemical Sciences, Khoja Ahmed Yasawi International Kazakh-Turkish University (Turkistan, Kazakhstan),
karlyga.sarbayeva@ayu.edu.kz; https://orcid.org/0000-0003-1150-1620

ABTOpJap Typajbl MAJiMeTTep:

Totiuubexosa F., nouent, Ph.D, Koxxa Axmer Slcayn areiHmarsl XanbIKapalblK Ka3ak-Typik yHuBepcureTi (TypkicraH k., Kazakcran)
AKKepeesa 3., )apaTbUIBICTaHY FBIIBIMAAPBIHBIH MarucTpi, «JKoHrip xaH arbiHaars! barsic KazakcTaH arpapiblK-TeXHUKAIBIK YHUBEPCUTET
KEAK (Opan k., Kazakcran)

Hlapaghuesa K., xapaTblIbICTaHy FbIIBIMAAPBIHBIH Maructpi, « KoHrip xaH arsingarsl barbic KasakcraH arpapiblk-TeXHUKAIBIK YHUBEPCH-
teti» KEAK, (Opan k., Kazakcran)

Capobaesa K., x. ¥. x., Koxxa Axmer Slcayu aTbiHIarsl XaablKapaiblK Ka3ak-Typik yHuBepcuTeti (TypkicraH k., Kazakcran)

Caeennsi 06 aBTopax:

Totiuubexosa I., nouent, Ph.D, MexnyHapoqHbIil KazaxcKo-Typeukuii yausepcuteT uM. X. A. Slcasu (T. Typkecran, Kazaxcran)

Akxepeesa 3., maructp ecrecTBeHHbIX Hayk, HAO «3amanno-KazaxcraHckuil arpapHO-TEXHHUYECKHI yHHBepcHTeT nM. JKaHrup XaHa»
(r. Ypanbck, Kazaxcran)

Hlapaguesa K., maructp ecrectBeHHBIX Hayk, HAO «3amagHo-KazaxcTaHCkuil arpapHO-TeXHHYECKHI YHHBEPCUTET WM. JKaHTHp XaHa»
(r. Ypansck, Kazaxcran)

Capbaesa K., k. X. H., Me:)XIyHapOIHBII Ka3axCKO-Typenkuid yHuBepcuteT uM. X. A. Scasu (1. Typkectan, Kazaxcran)

T'opnuwuit scypnan Kazaxcmana Ne6’ 2026



[eoakomorus

Kox MPHTH 87.21.07

*K. V. AiirexoBal, I. K. Cynak6aesa?, JI. X. FOanamoéek?, K. T. Cap6aepa®
!Meacoynapoonwiti Tapasckuil ynueepcumem um. Lllepxana Mypmaser (2. Tapas, Kazaxcman),
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®PEHOJBHBIE COEJIJUHEHUS PACTEHUM
KAK BUONHJIUKATOPBI OKOJTOI'MYECKOI'O
COCTOAHUA TOPHOIITPOMBIINIJVIEHHDBIX
PEI'MOHOB KA3ZAXCTAHA B YCJIOBUAX

AT PASHEHUSA TAXKEJIBIMUAU METAJIJIAMHAX

AHHOTAIMS. AHTPOIIOIeHHOE 3arpsi3HEHHE TSDHKEJIBIMH METaJIaMU OCTaeTCs OJHOI U3 HanboJee 3HAYNMBIX DKOJIOTHYECKHUX IPOOIEM FOPHOIPOMBIIIICHHBIX PErHo-
HoB Kasaxcrana. B paboTe mpoBesieH aHAIN3 JIUTEPATyPHBIX JAHHBIX O COACPIKAHUH U POSIH (HEHOIBHBIX COCANHCHUI PACTCHUI B YCIOBHSIX TEXHOTCHHOTO BO3JCHCTBHUSL.
PaccMOTpEeHBI SKOJIOrHYeCcKUe 0COOCHHOCTH MPOMBIIUICHHBIX eHTpoB Kasaxcrana — Punnepa, Yers-Kamenoropceka, JKeskasrana, banxamra u llIsivkenta. [Tokasano, uto
3arpsA3HEHNE CBHHIIOM, Ka/[MHEM, MEJIbIO M IIMHKOM BBI3BIBACT OKHCIIUTEIBHBIA CTPECC y PacTeHMil U akTUBHUpPYET CHHTE3 (hCHOIBHBIX COCAMHEHHH. YCTaHOBICHO, UTO
TMOBBILICHUE COJIePKAHUST PEHONIBHBIX KHCIIOT, (HIABOHON/IOB, TAHHHOB M CyMMapHBIX MOJIM(EHOJIOB SIBISICTCS a/[alTALlHOHHON PeakIMel Ha AeHCTBHE TSHKEIIbIX METAJIIOB.
O00cHOBaHA BO3MOXXHOCTb HCIOIB30BaHUS (DCHONBHBIX COCAMHEHHI KaK YyBCTBHTEIBHBIX OMOXMMHUYECKUX MAPKEPOB TEXHOTCHHOI'O 3arpsi3HEHMS] U MEPCHEKTUBHBIX
HMHCTPYMEHTOB HKOJIOTUYECKOTO OMOMOHUTOPUHTA.

Kniwouegvie cnosa: ghenonvuvie coedunenus, madicenvie Memanist, OUOUHOUKAYUS, OUOMOHUMOPUHS, OKUCTUMETbHbII CIPECc, 20PHONPOMbIUIEHHbLE PESUOHbL, MEXHO-
2eHHOe 3a2ps3HeHUe, IKOI02UYECKUL MOHUMOPUHR.

AybIp MeTaJIIapMeH JIacTaHy KaFaaibIHAarsl KazakcTaHHBIH Tay-KeH 0HepKacidi eHip/epiHiH K0IOr HsIIbIK JKaFa-

HBIHBIH OMOUHIMKATOPJIAPBI peTinaeri ociMaikTepaid GeHoIbIK KOChLIBICTAPBI

Anparna. Ayslp MeTaJJapMeH aHTPONOTeHIIK actany Ka3akcTaHHBIH Tay-KeH OHEpKIciOl JaMblFaH OHIPJIEPIHACTi €H MaHBI3/Ibl SKOJIIOTHSUIBIK Macesenepaiy 0ipi
Goubin TaObLIAAbI. ByJ1 )KYMBICTA TEXHOTCHAIK ocep JKarAaibIHIaFbl OCIMAIKTEP/IiH (PEHOIIBIK KOChUIBICTAPBIHBIH MOJIIIEP] MEH POJli Typabl o1e0u JAepeKTepre Taaiay
Kyprisingi. KazakcraHHbIH ©HepKacinTik opranbikrapsl — Pumaep, Ockemen, JKeskasran, bankani sxone [IIBIMKEHT KanaaapbIHbIH SKOJIOTUSIIBIK ePEKLISITIKTep] KapacThl-
pouLIsl. KoprachiH, KaaMuii, MBIC )KOHE MBIPBIIITICH JIACTAHY OCIMIIKTEP/E TOTBIFY CTPECCIH TYBIH/IATHII, (PEHOJIBIK KOCBUIBICTAP/IBIH CHHTE31H OeIceHAipeTiHI KopceTi-
J1i. DEHOI KbIIIKBLIIAPBIHBIH, (HITaBOHOUITAP/IBIH, TAHUHACPAIH KOHE JKaIIIbl HOTU(EHOI AP IbIH MOJIIIEPIHIH apTybl aybIp METAIIAP/BIH dcepiHe OeiliMierny peakiusChl
€KeHI aHbIKTa/Ibl. DEHOIIBIK KOCHUIBICTAP/bI TEXHOTCH/IIK JTaCTAHYABIH Ce3iMTall OMOXMMMUSUIBIK MapKepiepi )KoHe SKOJIOTHSUIBIK OMOMOHUTOPUHITIH NMEPCHEKTUBAIIBI
Kypaiaapsl peTiHje naifanany MyMKIH/IT HETi3aemnIi.

Tyitindi co30ep: enonovix Kocolibicmap, ayblp Memanoap, ououHOUKayus, GUOMOHUMOPUHS, MOMbIZY CMPECci, May-KeH OHepKaciOl onipiepi, mexHo2endiKk 1acmary,
IKONOUANBIK, MOHUMOPUHE.

Plant phenolic compounds as bioindicators of the environmental condition of mining and industrial regions of Kazakh-

stan under heavy metal pollution

Abstract. Anthropogenic contamination by heavy metals remains one of the most significant environmental problems in the mining and industrial regions of Ka-
zakhstan. This study presents an analysis of literature data on the content and role of plant phenolic compounds under technogenic impact conditions. The environmental
characteristics of the industrial centres of Kazakhstan, including Ridder, Ust-Kamenogorsk, Zhezkazgan, Balkhash, and Shymkent, were examined. It was shown that con-
tamination by lead, cadmium, copper, and zinc induces oxidative stress in plants and activates the synthesis of phenolic compounds. An increase in the content of phenolic
acids, flavonoids, tannins, and total polyphenols was found to be an adaptive response to heavy metal exposure. The possibility of using phenolic compounds as sensitive
biochemical markers of technogenic pollution and promising tools for environmental biomonitoring is substantiated.

Key words: phenolic compounds, heavy metals, bioindication, biomonitoring, oxidative stress, mining-industrial regions, technogenic pollution, environmental
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monitoring.

Beenenne

TopHomoOBIBatOIasl ¥ METAJUTyprUYecKasl IPOMBIIUICH-
HOCTb SBJISIETCSI OJHOW M3 BEAYIIMX OTpaciei SKOHOMHKH
Pecrry6onmuku  Kazaxcran, obecneunBaromieil 3HaYUTEIHHYIO
YacTh MPOMBIIICHHOTO TPOM3BOACTBA M 3KCIIOPTHOTO IIO-
TeHIHaJa CTpaHbl. BmecTe ¢ TeM MHTEHCHBHasl pa3paboTKa
MECTOPOXKJCHUH IIOJIE3HBIX HCKONAEMbIX U IEATEIHHOCTD
METAJUTYPTHUECKUX MPEANPUATHH CONMPOBOXKAAIOTCS CYIIE-
CTBEHHBIM aHTPOIIOTCHHBIM BO3/ICHCTBHEM Ha OKPYKAIOLIYIO
cpery, pex /e BCEro Ha IIOYBEHHBIIN 1 PACTUTEIBHBIN TOKPOB.
Oco0yT0 IKOITOTHIECKYIO OMACHOCTh MPEACTABISACT HAKOILIe-
HUE B IPUPOJHBIX IKOCHCTEMAX TSKENBIX METAJIIOB, BKITFOUAs
ceunen (Pb), xanmuii (Cd), menb (Cu), nuHK (Zn), HUKENb
(Vi) m mpyTre TOKCHYHBIE AIIeMeHTHI [ 1, 2].

B Kazaxcrane mpoOiiema 3arpsi3sHEHHST OKpY’Karolei cpe-
Il TSDKETIBIMHA METalIaMH OCOOEHHO aKTyallbHa Ul PErHo-
HOB C Pa3BUTHIM TOPHOJOOBIBAIOMINM M METAJUTYyPrHUECKUM
KOMILIEKCOM, TakuX kak Bocrouno-Kaszaxcranckas, Kaparan-
nuHCcKas, [laBnomapckas u YiasiTayckas oOmactu. MHOTONET-
HSSl OKCIUTyaTalys MNOJIMMETAIIIMIECKUX MECTOPOXKICHUH,
(YHKIMOHHUPOBaHUE OOOTAaTUTENBHBIX (haOpWK W MeTauTyp-
THYECKHUX NPEANPHUATHH NPUBENN K (POPMHUPOBAHUIO 30H TEX-

HOTEHHOTO 3arps3HEHUS, XapaKTePHU3YIOIIUXCS MOBBIIICHHBIM
cofiepKaHUEeM TOKCHYHBIX JJIEMEHTOB B TOYBAX, PaCTUTEIb-
HOCTH M MTOBEPXHOCTHBIX Bo/Iax [3, 4].

Tsxenble MeTalulbl OTHOCSATCSI K 4MCIly HauOosee orac-
HBIX 3arpsi3HUTENICH OKPYXKArOLIEeH Cpenbl BCIECICTBUE BbICO-
KOH YCTOWYMBOCTH B NPHPOIHBIX YCIOBHSIX, CIOCOOHOCTH K
OHMOJIOrMYEeCKOMY HAKOIIJICHUIO U BBIPAXKEHHOTO TOKCHYECKOTO
BO3/ICHCTBHS Ha ’KMBbIe OpraHu3Msbl. [lomanas B pacTeHus, OHU
HapyIIAT MUHEpalIbHOE TUTAHKE, TIOJIABIISIOT (POTOCHHTETH-
YEeCKYI0 aKTUBHOCTh, U3MEHSIOT MPOHUIIAEMOCTh KJICTOUHBIX
MeMOpaH ¥ BBI3BIBAIOT W30BITOYHOE 0Opa30BaHUE aKTUBHBIX
(hopm kuciopona. B pesynbrare pazBuBaeTcsi OKMCIUTENbHBIN
cTpecc, KOTOPBIA PAacCMaTPUBACTCS KaK OJUH U3 OCHOBHBIX
MEXaHU3MOB TOKCHUYECKOTO JICHCTBUS TSKEIBIX METAJIOB Ha
pacTUTeNbHBIN Opranusm [35, 6].

JL1s1 IpOTUBOAECICTBUS HErATUBHOMY BO3JEHCTBUIO TOKCH-
KaHTOB pacTeHHs GOPMHUPYIOT CIOKHYIO CUCTEMY 3alllUTHBIX
peakiuii, BKIIOYAIOIYI0 aKTHBAIIMIO aHTHOKCHIAHTHBIX (ep-
MEHTOB U CHHTE3 HHU3KOMOJICKYJIAPHBIX 3alIUTHBIX COEIHHE-
Huit. Oco00e MECTo Cpeiv HUX 3aHUMAIOT (PeHOJIbHBIC COE/TH-
HEHHUS] — MHOTOYHCIICHHAsI TPYIIa BTOPUYHBIX META0OIUTOB,
BKJTFOUAIONIass (PCHOJKApOOHOBBIC KHCIIOTHI, (PIaBOHOU/IBI,
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JyOWJIbHBIC BEIECTBA, aHTOLUAHBI U JIPyrHe OMOJIOTHYECKH
AKTUBHBIC KOMIOHEHTHI. COBpEMEHHBIE UCCIIEIOBAHUS MOKa-
3bIBAIOT, YTO (DEHOJIbHBIE BEIECTBA UTPAIOT BAXKHYIO POJIb B
HeWTpaIn3aly akTHBHBIX (pOpM KHCIOpO/a, XeJIaTUPOBAHUN
MOHOB TSDKEJIBIX METAJUIOB, CTAOWJIN3AIMU KIETOUHBIX MEM-
OpaH W peryssiiui CTPECC-WHIYLUPOBAHHBIX MeTadoye-
CKHX Tiporieccos [7, 8].

YCTaHOBIEHO, YTO BO3JACHCTBUE TSKEIBIX METaIoB
aKTUBUPYET (EHWINPONAHOUIHBIA MyTh MeTadoynn3mMa,
KJIIOYEBBIM (DEPMEHTOM KOTOPOTO SIBJISIETCS (heHMIIaJaHH-
HaMMHaK-J1asza. YCUjIeHHe akTHBHOCTH JaHHOTO (hepMeHTa
MPHUBOAMT K HAKOIJICHHIO PA3JIMYHBIX TPYII (EHONBHBIX
CoeAMHEeHUH, 00eCHeunBalOIMUX aJanTaluio PacTeHUuH K
HeOJIaroNnpusTHBIM YCIIOBUSIM Cpelbl. B mocienHue rojsi
(eHOJIbHBIE COCIMHEHUS PACCMaTPHUBAIOTCS HE TOJIBKO Kak
KOMITIOHEHTHI aHTHOKCHJAHTHONH CHUCTEMBI, HO M KaK BaxK-
Hble CHUTHAJIBHBIE MOJIEKYNBI, YYaCTBYIOLIUE B PEryisIuu
9KCIPECCHH TEHOB CTPECCOBOTrO OTBETa U (OPMHPOBAHHU
MEXaHU3MOB YCTOMUMBOCTU PACTCHUN K TEXHOICHHBIM 3a-
rpsizHuTensaM [9, 10, 117.

Ocoboe BHUMaHHE COBPEMEHHBIX HCCIEJOBaHUN y/Iess-
eTCs MCIOJIBb30BAHUIO OMOXMMHUECKUX IOKa3aTesel pacre-
HUI U 9KOJIOTHYECKOTO0 MOHUTOPUHIA. B yclnoBusX TexHO-
TeHHOT'0 3arpsi3HEHUs] COfIep)KaHue (PEHOJBHBIX COSIUHEHHN
JIEMOHCTPUPYET BBICOKYIO UyBCTBUTEIBHOCTh K H3MEHEHUIO
9KOJIOTMYECKHUX (DAaKTOPOB M KOPPEIHUPYET C YPOBHEM HaKO-
TUIEHUS TSXKEIIBIX METAJIJIOB B PACTUTENBHBIX TKaHAX. B cBs3n
¢ 9TUM ()EHOIIbHBIE COEIMHEHUs] PACCMaTPUBAIOTCS KaK Tep-
CIIEKTUBHbIE OMOMapKephl COCTOSIHHSI OKpPYIXKarollel Cpesbl,
MO3BOJISIFOIME TIPOBOAUTH PAHHIOIO TUATHOCTUKY CTPECCOBBIX
BO3/JCICTBUI U OLIEHUBATb CTEIICHb AHTPOIIOIEHHOM TpaHC-
(bopmMannu SKOCUCTEM.

HecmoTpst Ha 3HaYMTENbHOE KOIMYECTBO HCCIIENOBAHUH,
MOCBSIIIEHHBIX BIMSHHUIO TSDKEJIBIX METAJUIOB Ha (DU3HOIIO-
ro-0MOXMMHYECKUE TIPOLECChl PAacTeHHH, OCOOCHHOCTH Ha-
KOIUIEHHsI (DEHOJIBHBIX COCIMHEHHH Yy JPEBECHBIX IOPOJ,
MIPOU3PACTAIOIINX B YCIOBHUAX TEXHOT€HHOIO 3arps3HEHUS
Kazaxcrana, ocTaloTcsi HEIOCTaTOYHO M3y4YEHHBIMH. B 37O
CBSI3M MCCJIEIOBAaHKE COEPIKAHUS (PEHOIBHBIX COCTMHEHUN B
JIUCTBSIX APEBECHBIX PACTEHUH, IPOU3PACTAIOIIUX B pallOHAX
TOPHOJ00BIBAIOIIEH 1EATEIBHOCTH, IPECTABISAET HAyYHBIH U
MIPAKTUYECKUHA HHTEPEC AJIS OLIEHKU IKOJIOTHUECKOIO COCTOs-
HUsI TEPPUTOPHUI U COBEPLICHCTBOBAHUS METO/I0B OMOMH/IMKA-
LU OKPY>KaroUIe CpeJibl.

Marepuajisl 1 METOABI

HccnenoBaHue BBIIIOIHEHO HAa OCHOBE aHAJIHM3a COBPEMEH-
HBIX OTEYECTBEHHBIX M 3apyOE)KHBIX HAy4YHBIX ITyOJIMKALUM,
MOCBSIIIEHHBIX (DEHOJILHBIM COEIMHEHHSM PAaCTeHUIl, IKOJIO-
IMYECKUM TOCIIEACTBHAM TOPHOIOOBIBAIOLICH JEATEILHOCTH
n OMOMOHHTOPHUHTY 3arps3HEHHBIX Tepputopuid. [IpoBeneH
CPaBHHTEJILHBIM aHAIN3 JIMTEPATYPHBIX JAHHBIX O COAEpIKa-
HUM ¥ OMOJOTHYECKOI oy (DEHOJIBHBIX COCMHEHUH B pac-
TEHHMSIX, TPOM3PACTAIOIINX B YCIOBHUSX TEXHOICHHOT'O BO3/ICH-
CTBHSI TSKEJIBIX METAJUIOB.

Jlst OLIEHKH 9KOJIOTHYECKOTO COCTOSIHUSI TOPHOITPOMBIIII-
JeHHbIX pernoHoB Kazaxcrana Oblii 0000OILICHBI CBEACHUS O
3arps3HEHUN OKpY’Karomiel cpenbl cBUHIOM (Pb), kaaMuem
(Cd), menpto (Cu) v unHKOM (Zn), a TaKke JaHHbIE 0 (QU3M-

T'opnutii sicypnan Kazaxcmana No6’ 2026

0JI0r0-OMOXMMHYECKHX PEeaKIMsX PacTeHUil Ha BO3JEHCTBHE
JAHHBIX TOJIIIOTAHTOB. [Ipu aHanu3e MCTIONB30BaHbI PE3YIlb-
TaThl UCCIICIOBAHUI B 001acTH (DU3HOIIOTHH PACTEHUH, KO-
JIOTUYECKON OMOXMMHH, OMOMHIMKALIMH U JKOJOTHUIECKOTO
MOHUTOPHHTA.

IIpoBeneHO CcpaBHEHHME KPYHMHEHIIMX TOPHOMPOMBIILICH-
HBIX pernoHoB KazaxcraHa, XapaKTepu3yIOMUXCs pa3nuIHbIM
YPOBHEM TEXHOTE€HHOW HArpy3KH U CHelU(BUKON 3arpsi3HEHHS
TshKenbIMU MeTauiaMmu. Oco0oe BHUMaHUE YAENeHO U3MEHe-
HUSM (PEHOJIBHOTO MPOQUIIS pacTeHUI Kak OJHOMY U3 Haubo-
Jiee 4UyBCTBUTENIbHBIX I10KA3aTeIed CTPECCOBOrO BO3AEHCTBUS
3arps3HUTENEH.

Teopernueckoil OCHOBOM UCCIIENOBAHMS IIOCIYKHJIA KOH-
Henuysi OMOMHAMKATOPHOM posM (DEHOJIBHBIX COEIUHEHUH,
COIJIACHO KOTOPOW BO3JEHCTBUE TSKEIbIX METALIOB BbI3bI-
BacT pa3BUTHE OKUCIUTEIBHOIO CTpecca, aKkTHBAlHIO (e-
HUIITPOTIAHOMTHOTO ITyTH MeTaboIn3Ma U yCUJICHHE CHHTe3a
(eHoNbHBIX coenHeHni. HakoruieHne TaHHBIX BEIECTB CII0-
COOCTBYET aHTMOKCHIAHTHOW 3allUTE KJIETOK, CBSI3BIBAHUIO
TOKCUYHBIX MOHOB METAJJIOB U MOXET PacCMaTpUBaThCA B
KayecTBe HHPOPMATUBHOIO OMOXMMHUYECKOI'0 MapKepa TeXHO-
TeHHOTO 3arps3HeHus (puc. 1).

Tsxensre Merarsl (Pb, Cd, Cu, Zn)

U

OKHCITHTETBHEIH CTpecc

Y

AxTHBAIHA QeHHIIPONAHOHIHOTO IYyTH

U

VBeIH4eHHe CHHTE3Aa CI]&HO.'[BHIE.IX CcOoeTHHeHHH

U

AHTHOKCHIAHTHAA 3aIHTA H XeTaTHPOBAHHE METATLIOB

U

BHOHHIHKAITHA TeXHOTEHHOT O 3arpAsHEHHA

Puc. 1. BuonnaukaropHas posib GpeHOJbLHBIX COeMHEeHUI
pacTeHHUii B yCJI0BUSAX 3arpsA3HEHUS TSAKeJIbIMHU
MeTa/JIaMH.

Cyper 1. Ayblp MeTaJIapMeH JIACTAHY KaFAaibIHAAFbI
eciMaikTepaiH (eHoJAbIK KOCHLILICTAPBIHBIH
OMOMHIMKATOPJIBIK POJIi.

Figure 1. Bioindicator role of plant phenolic compounds
under heavy metal pollution.

Just cucremaruzanyu MHGOPMAIMK BBIOJIHEH CPaBHU-
TENIBHBIA aHaJM3 JKOJIOTHYECKOTO COCTOSIHUSI KPYITHEUIINX
TOPHONPOMBIIIICHHBIX pernoHoB Kazaxcrana (tabiuua 1).

Takum 00pazom, METOJ0JIOTHUECKO OCHOBOW HCCIIE0-
BaHUA TMOCITYXKHUJT CpaBHHTeJ’lebIﬁ aHaliu3 JUTCPATYPHBIX
JaHHBIX O pCaKIMu paCTeHI/Iﬂ Ha 3arpsA3HCHUC TAKECIbIMU
MeTajJlaMi M OLEHKa BO3MOXKHOCTH HCIOJb30BaHUs (e-
HOJIBHBIX COCIIMHCHUN B Ka4eCTBE OMOUHIUKATOPOB IKOJIO-
TUYECKOr0 COCTOSIHUS TOPHOIPOMBIIUICHHBIX TEPPUTOPUI
Kazaxcrana.
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Tabnuya 1

Cpaeuume/lbuaﬂ XapaxkmepucmuKa 2OpHORPpOMbIULIIEHHbIX DECUOHO8 Kazaxcmana

Kecme 1

Kazaxcmannuviy may-ken enepkacioi oHipaepiniy canblCmulpmaisl CURAMMAMACH]

Table 1

Comparative characteristics of the mining and industrial regions of Kazakhstan

OCHOBHBIC N Poinb (heHOMBHBIX
Peruon Uctounuk 3arpsi3HeHUs Peakuus pacrenuii .
MeTaJIIBI COCIMHEHUI
[Momumerandeckre N Poct ¢iaBoHOMIOB U
Punnep Pb, Zn, Cd, Cu | OKuCIUTEIBHBIN CTpecC ¢
pynsI (heHONBHBIX KUCIIOT

VYerp-Kamenoropek | LlBetnas meramryprus | Pb, Cd, Zn, Cu | HaxomneHne METamioB

buoxumuueckre Mapkepbl

3arps3HEHUS
CBHHIIOBOE Ctpecc ropoackux PocT aHTHOKCHIAHTHOM
IIeiMKeHT Pb, Cd P p
MIPOU3BOJICTBO KOCHUCTEM AKTUBHOCTHU
Hapymenue
MennopynHas Py AKTHBaIMs CHHTE3a
Keskasran Cu, Pb, Zn (hU3HOTOTHYECKUX
MIPOMBIIIIICHHOCTb (heHooB
MPOLIECCOB
MenennaBuibHOE VYeunenune
Banxam Cu, Zn, Pb, Cd | TexHoreHHas Harpy3Ka N
MIPOM3BOACTBO AHTUOKCHJIAHTHOM 3aIlUThI

PesyabTarhl 1 00cyxk1eHUEe

YcTaHOBIICHO, YTO B pailoHax HOOBIYH M IEpepadOTKH I10-
JMMETAJUINYECKUX Pyl HAOIIOaeTCs MOBBIIICHHOE HAKOILIEe-
aue Pb, Cd, Cu v Zn B KOMIIOHEHTax 3KocucteMm. B orer
Ha BO3JCHCTBHE TSKEIBIX METAJUIOB PACTCHUS! AKTHBHPYIOT
(eHMITITPOIIAaHONAHBI MyTh METaboNM3Ma, 4YTO IPHBOIAMT
K YCHWJICHHOMY CHHTE3y (CHOJBHBIX KHCIOT, (pJIaBOHOHIOB
U JPYTHX TOMU(EHONIBHBIX coenHeHni. Hanbonee BeIpaxkeH-
HBIC peaknuu ormedaioTcs B Puanepe, Yers-Kamenoropcke u
[eivkenTe. ToBblenne copepkannsi (HPEHOIBHBIX COCIHHE-
HUH CONPOBOXKIACTCS yCHIICHUEM aHTHOKCHIAHTHOH 3aIUTEI,
CTaOMIM3anel KIETOYHBIX MEMOpAH 1 CBS3bIBAHUEM TOKCHY-
HBIX HOHOB METAJIJIOB.

TopHomnpoMeinieHHble pernoHsl Kazaxcrana xapakrepu-
3yIOTCSl Pa3IMYHBIMH THIIAMH TEXHOT€HHOTO BO3/CHCTBUS,
OfHaKo o0muM (DaKTOpOM SBISIETCSI HAKOIUIEHHE TSKEIBIX
METaJUIOB B ITOYBAX U PACTUTEIBHOCTH (Tabmumna 2).

AHam3 JUTEPaTYPHBIX AAHHBIX ITOKA3bIBACT, YTO HE3aBU-
CHMO OT XMMHYECKOW MPHUPOABI 3arPs3HUTENS BO3IACHCTBHE
TSOKETBIX METAJJIOB CONPOBOXKIAETCS PA3BUTHEM OKHCIH-
TEJIBHOTO CTPEeCCa W aKTUBAIMEH aHTHOKCHIAHTHON CHCTEMBI
pactenuif. OgaUM W3 HanboIee YCTOMYMBBIX MPOSBICHHUN
JTAHHOM PEeaKINH SBISIETCS MOBBIIICHNE COEPKaHHs (heHOb-
HBIX COSTUHCHUM.

Punnepckuii MpOMBILIIEHHBIA y3€l SIBISETCS OIHUM U3
CTapelImuX IEHTPOB JOOBIYH ToNMMMeTaudeckux pya. Oc-
HOBHBIMH 3aTPSI3HUTEIISIME SBIAIOTCS CBHUHEII, IIMHK, KaJIMUI
n Menb. Bo3neicTBuE NAaHHBIX JIEMEHTOB COIPOBOMKIAETCS
Pa3BUTHEM BBIPAKCHHOTO OKHCIUTEIHHOTO CTpecca y pacTe-
HUH, 9TO IPUBOIUT K MOBBIIICHUIO COACP KaHuUS (HIIABOHOMIOB
1 (PEHONBHBIX KHUCTIOT.

Yerp-Kamenoropck npeactasiseT co0oi KpymHBIN HEHTP
LBETHOI METAJUTYypruH, Tie (OPMUPYIOTCS CIOKHBIE 30HBI
MOJUMETANTHYCCKOTO 3arps3HeHus. B pacTeHusXx HaOJIr0-

Taonuuya 2

Bnuanue masicenvix memannos na d)u3u0ﬂozo-6u0xumuuecr<ue nokasamesnu pacmeuuﬁ

Kecme 2

Ayvtp memanoapoviy ecimoikmepoin hu3nuon02uANbIK-0UOXUMUATBIK KOPCemKiuimepine acepi

Table 2

Effects of heavy metals on the physiological and biochemical parameters of plants

. OCHOBHOE TOKCHYECKOE . W3menenne conepxanus
Tsoxenslit MeTan . Peaxuus pactenuit .
JericTBue (heHONMBHBIX COCTMHEHUH
3HAYUTENBHOE YBEITUUCHHE
Hapyienue gorocuntesa, Pa3BuTue OKUCIUTEIBHOTIO
Pb (cBuHe) (h1aBOHOUIOB U (PEHOIBHBIX
YTHETEHHE POCTa cTpecca
KHCIIOT
Cd (xazni) IToBpexneHne KIeTOUHBIX AKxTtuBanus [ToBsImeHnE conepkaHus
MeMOpaH AHTHOKCHJAHTHOH CUCTEMBI 10U ()EHOIIOB
Cu (vew) VYeunenue o6pazoBaHus AKTHBaIMs 3aIIUTHOTO VYBenuueHnue cuHTE3a (PEHONBHBIX
aKTUBHBIX (OPM KHCIOPOAa MeTabosu3Ma COCIIMHEHUH
Zn (k) Hapymenue ¢pepmeHTaTHBHON Merabonnyeckas Poct conepxanus
AKTHBHOCTH MIPU M30BITKE ajanTanus AQHTUOKCHJIAHTHBIX ()EHOJIOB
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JlaeTcs yCHJICHHE CHHTE3a MONH(EHOIOB, BBIMTOIHSIOIINX
(YHKITMIO aHTHOKCHJIAHTHOM 3aIUTHI M CBSI3BIBAHUS TOKCHY-
HBIX METAJLIOB.

IIIbIMKEHTCKU TPOMBILIEHHBIH PETMOH OTIMYACTCS IIpe-
o0aaHleM CBUHIIOBOTO 3arpsi3HeHus. MccienoBanus mnoka-
3BIBAIOT, YTO B YCJIOBUAX BBICOKOM KOHLIEHTPALUU CBUHIIA pac-
TEHMsl YBEJIIMYMBAIOT COJep)KaHHE (PEHOJBHBIX COCAMHEHUH,
CHOCOOCTBYIOIIMX CHHMXKEHHIO TOKCHUYECKOTO BO3JCHUCTBHS
MeTajula Ha KIETOUHbIE CTPYKTYPBI.

B JXe3ka3raHCKoM pernoHe OCHOBHBIM HCTOYHUKOM TEXHO-
TEHHOM Harpy3KH SIBJISIETCSI MEAHOPY/AHAs IPOMBIILIICHHOCTb.
BosneiicTBie Menu NPUBOIUT K aKTUBALUK (DEHHIITIPONIAHO-
WJIHOTO IIYTH U HaKOIICHUIO COCAMHEHUI (DEHOIBHOH TpH-
POZIBI, 00ECIIEUNBAIOIINX 3AIIUTY OT CBOOOJHOPAJUKAILHOIO
OKHUCIIEHHS.

banxauckuii IpOMBILUIEHHBIN y3€]I XapaKTePU3yEeTCsl MHO-
TOJIETHUM BJIMSIHUEM MEJEIUIABUIBHOIO MPOU3BOACTBA. Jlyist
MECTHOM PacCTUTEIbHOCTH XapPaKTEPHO IOBBILIEHUE AHTUOK-
CUJIAHTHOM aKTHBHOCTH M HAKOILICHHUE ITOJU(EHOIBHBIX CO-
€IVHEHUH KaK OTBETHAs PEeaKlysl Ha 3arpsI3HEHUE I10YB TshKe-
JIBIMM METaJUIaMU.

CpaBHHUTEIBHBIN aHANN3 MTOKAa3bIBACT, YTO HE3aBHCUMO OT
creuu(UKY 3arpsi3HEHNS] PACTEHUsI BCEX MCCIIEyeMbIX PEerH-
OHOB JIEMOHCTPHUPYIOT CXOAHYIO OMOXUMHYECKYIO PEaKIHIO,
BBIP@KAIOLIYIOCSI B YBEJIMUCHUH CoOJepKaHus (DEHOJIBHBIX
COEMHEHUI. DTO CBUJETEILCTBYET O BO3ZMOXKHOCTH HCIIOJIb-
30BaHUS JIaHHBIX II0KA3aTeIeil B KaueCTBE YHUBEPCAIbHBIX
OroMapKepOB TEXHOTCHHOI'O CTpecca.

Hayunoe obocnosanue ghernonvHuix coedunenutl Kak OuouH-
OUKamopos

deHoNbHBIE COCNMHEHMs] 00JaJaloT PpsJAOM CBOICTB,
OIPEACISIOIUX UX BBICOKYH JUATHOCTHUYECKYIO LIEHHOCTb.
Bo-niepBbIx, OHU OBICTPO pearupyroT Ha U3MEHEHUE IKOJIOTH-
YECKUX YCIOBHU. BO-BTOPBIX, UX CUHTE3 HEIOCPEACTBEHHO
CBSA3aH C MHTEHCUBHOCTBIO OKUCIIUTEIBHOIO cTpecca. B-tpe-
THUX, MHOTHE (DEHOJIbHBIE COCIMHEHMSI CIIOCOOHBI 00Pa30BbI-
BaTh YCTONYMBbIE KOMIUIEKCH C HOHAMHU TSKEIIBIX METAJLIOB,
CHIDKAsl X TOKCHYHOCTH (Tabiuua 3).

[oBbimenue copepkanusi PEHONBHBIX KUCIIOT, (IaBOHO-
HUJ0B U TAHMHOB PACCMAaTpUBACTCA KaK aJalTalluOHHAs pe-
aKIusl pacTeHUU Ha 3arpsi3HEHue OoKpyskarouieil cpenbl. [Ipu
9TOM CTEIIEHb HAKOIUIEHUs JAHHBIX COCIMHEHUN KOPPEIUPYET
C YPOBHEM aHTPOIIOT€HHOW HArpy3KH, YTO II03BOJISET UCIIOIb-
30BaTh X B CUCTEMAX HKOJIOIMUECKOTO MOHUTOPUHIA U OLEH-
KU 9KOJIOTUYECKOIO PUCKA.

IlonyuyeHHble AaHHBIE CBUAECTEIBCTBYIOT O TOM, 4YTO
pasin4Hble TPYNIbl (EHOILHBIX COCAMHEHUI BBIOIHSIOT
B3aUMOJIOTIONHsONME (QYHKIUU B OOECICUEHHH YCTOM-
YUBOCTHU PACTEHUM K TEXHOIE€HHOMY Bo3aelcTBuio. Hau-
0OJBUIYI0O JHMArHOCTUYECKYIO ILIEHHOCTh IIPEJICTaBISIOT
(Gi1aBOHOUAB M CyMMapHOE CcojepKaHHe IMOIHPEHOIOB
(Tabnuma 4).

deHoNbHBIE COSMHEHHUS BBITIOJHSIOT JABOWHYIO (DYHKIIHMIO:
Y4acTBYIOT B (DPM3HOJIOIMYECKON aJanTaliyi PacTeHUl U Ol
HOBPEMEHHO OTPa)Kal0T YPOBEHb HKOJIOIMYECKOIO CTpecca.
bnaronapst BbICOKOM 4yBCTBUTEIBHOCTU K 3arpsI3HEHUIO TH-
JKEJIBIMU METaJUIAMU OHU MOTYT MCIIOJIB30BaThCS B CUCTEMAX
OMOUHIUKAIHH.
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Tabauya 3

OcHnognble yRKYUU PEeHONbHBIX COCOUHEHUTL 6 YC0BUAX

MeXHO2EHHO020 3A2PA3HEHUA
Kecme 3
Texnozenoik nacmany »#ca20aiibiHOazvl henonovx
KOCbLIbIcIapobvlH, Hezi32l Kbizmemmepi

Table 3

Main functions of phenolic compounds under technogenic

pollution conditions

Ipynna
Py buonornueckas 3HaueHHEe IS
(heHOTBHBIX
N byHKIUSA OMOMHIMKAIINI
COEIMHCHUMN
Wupukatopsl
DeHoIbHBIE AHTHOKCHUIAHTHAS
OKHCJIUTEIBHOTO
KHCJIOTBI 3aIUTa KIETOK
cTpecca
Helitpanusauust Mapkepsl
DnaBOHOUBI CBOOOJIHBIX YCTOHYMBOCTH
paluKaioB pacTeHui
Iloxa3arenu
CBsI3bIBaHUC
Tauuab! aJlanTanuy K
HOHOB METAJJIOB
3arpsi3HEHUIO0
WurterpansHbIit
[onmudenonsr p
Kommtekchast MOKa3aTellb
(cymmapnoe
3aIMATa KJIETOK DKOJIOTHYECKOTO
cofiepyKaHue)
cTpecca
Taonuua 4
CpasnumenvHas oyeHKa Memoooe IK0J102UUecKo20
MOHUMOpUH2ZA
Kecme 4

DKONO2UAIBIK MOHUMOPUHZ d0ICHEPINIH
canvicmulpmansl dazacol

Table 4
Comparative evaluation of environmental
monitoring methods
Ananus
. Xumuueckuit (eHONBHBIX
Kpurepuii onenku N
aHaJIN3 TI0YB COCITMHCHUI
pacreHui
OrneHka ¢axra
¢ Bricokas Bricokas
3arps;3HEHUS
OtpaxeHue
OHMOIIOTHYECKOTO
OrpaHudeHHOE Bricokoe
s¢dexra
3arpsA3HEHUS
BrisiBiieHue paHHUX
N P Husxkoe Bricokoe
cTaauii crpecca
Ornenka
aJanTarmoOHHBIX OTCcyTCTBYyET Bricokas
peakuuii pacTeHui
Bo3moxHoCTh
Cpennsist Bricokas
OMOMOHUTOpPHUHTA

B oramume ot TpaAUIIUOHHBIX METOAOB XUMHUYCCKOI'O
KOHTPOJIA, aHaJIu3 (beHOJ'ILHOl"O HpO(bI/IJ'IH IIO3BOJISACT BbI-
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SIBJIATh PAHHUE CTAAUU BO3JEUCTBUA 3arpsasHurenci. s
TOpPHOINIPOMBILICHHBIX TeppuTopuii Kazaxcrana 3to oco-
OCHHO Ba)XHO B CBSA3MU C JUIMTEIbHBIM HAKOIJIECHUEM IOJI-
JIIOTAHTOB M HEOOXOJUMOCTBIO pa3paboTku 3P PpeKTUBHBIX
[porpamMm 5KOJIOTMYEeCKOr0 MOHUTOPUHIA U PEKYJIbTHBA-
LUH.

3akJ04eHne

IIpoBeneHHBIN aHaU3 JIMTEPATYPHBIX JAHHBIX IOKa3al,
YTO 3arps3HEHUE OKPY’KaroIe cpe/ibl TSHKeIbIMU MeTallaMu
B TOPHOIIPOMBIIIUIEHHBIX pernoHax Kazaxcrana conpoBoaa-
€TCs Pa3BUTHEM OKHCIHTEIBHOTO CTpecca M 3HAUYUTEIbHBIMU
W3MEHEHHUSIMHU (PU3NOIIOr0-OMOXUMHUYECKOTO COCTOSTHHS Pac-
ternil. OtHO# 13 Hanbosee yCTOMYMBBIX ajalTallMOHHBIX pe-
aKIMU SABISIETCSl YCUIICHNE CHHTE3a (DEHOJIbHBIX COSIMHEHHH,
BKJIto4ast (DeHOJIbHBIE KUCIIOTHI, (pJIABOHOM/IbI, TAHUHBI U JIPY-
rue MoJu(eHOIbHbIE KOMIIOHEHTHI.

YcTaHOBIICHO, 4YTO HaKoIUIeHHE (EHOJBHBIX COEIMHE-
HUIl TECHO CBSI3aHO C BO3JCHCTBHEM CBHMHIA, KaJAMUS, MEIU
U IUHKa M OTPakaeT CTENeHb TEXHOIeHHON Harpy3ku Ha
9KOCHUCTEMbI. BBINOIHSS aHTHMOKCUIAHTHBIE, XeIaTUPYIOIINe

W 3alUTHBIC (YHKIINY, JJAHHBIE BEIIECTBA CIOCOOCTBYIOT I10-
BBIIICHUIO YCTOWYMBOCTH PACTCHUM K 3arpsA3HEHUIO U OJHO-
BPEMEHHO MOTYT CIIY)KHTh MH(OPMATUBHBIMHU ITOKa3aTesIMU
9KOJIOTHYECKOTO COCTOSHUS TEPPUTOPUHL.

CpaBHUTENbHBIN aHAJIN3 TOPHONPOMBIIUIEHHBIX pPeru-
oHoB KasaxcraHa mokasajl CXOACTBO OMOXHMHUYECKUX pe-
aKIM{ pacTeHWH HE3aBHCHMO OT CHEIU(PHUKUA MCTOYHHKOB
3arpsi3HEHUs, 4TO IOATBEPKIAET YHUBEPCAIBHOCTH (e-
HOJIBHBIX COCIMHEHMH Kak MapKepoB TEXHOI€HHOTO CTpec-
ca. B otnnume oT TpaAMIIMOHHBIX METOAOB XHMUYECKOTO
KOHTPOJISI, OlIeHKa (DEHOJIBHOTO MPOQUIIs paCTSHHH MO3BO-
JISeT BBIABIATH PAaHHHME CTaAMHM HEraTHBHOTO BO3AEHCTBUSA
3arpsi3HATENIeH U OTpakaeT OMOJIOTMYECKHE MOCIEACTBHS
3arpsA3HeHUs.

Takum 00pazoM, (peHONBHBIE COCAMHEHUS MPEACTABISIOT
co00i1 MepcreKTUBHbIE OMOXMMHUYECKUE WHANKATOPBI IKOJIO-
TMYECKOT0 COCTOSIHMSA TOPHONPOMBIIIICHHBIX peruoHoB Ka-
3axcTaHa U MOT'YT OBbITh PEKOMEHJIOBAHBI JIJIsl HCIIOJIb30BAHUS
B KOMIUIEKCHBIX CHCTEMaxX JKOJOTHYECKOr0 MOHHTOPHHTIA,
OMOMHAMKAIIMU ¥ OIIEHKH KOJIOTMYECKUX PUCKOB Ha TEXHO-
T€HHO HapyLIECHHBIX TEPPUTOPUSIX.

CIIUCOK UCITOJB30O0BAHHBIX HCTOYHHUKOB
1. Pacmenus xax s¢ppexmusnvie OUOUHOUKAMOPDBL 051 MOHUMOPUH2SA 3A2PAZHEHUS MANCENbIMU
memannamu / A. Cakaj [u op.] // Environmental Research. — 2024. — T. 256. — Cm. 119222 (na anenutickom

sa3biKe)

2. Asiminicesei D.-M., Fertu D. I., Gavrilescu M. Bauanue 3aepsznenus okpyscaoujeti cpedsvl msiceiblmu
Memaniamu Ha MemaboIuyecKull npopuibL 1eKapcmeennvlX pacmenull u ux mepanesmuieckuli nomenyua /
Plants. — 2024. — T. 13 (6). — Cm. 913 (na anenuiickom sa3vike)

3. Sunakbaeva D. K. Dxonoeuueckas poib (peHOIbHbIX COCOUHEHUU U UX BKAAO 8 DUOLOSUYECKYIO
akmugrnocmbs pacmenuti // Wah Academia Journal of Health and Nutrition. — 2026. — T. 2. —Ne [. — C. 1-4

(Ha mypeyxom s3vlKe)

4. Goncharuk E. A., Zagoskina N. V. Taocenvie memaivl, ux oumomoKCu¥HoCms U poib (heHONbHbLX
AHMUOKCUOAHMOB 8 CIMPECCOBbIX PeaKYUAX pacmerHull ¢ akyenmom Ha kaomuti: oozop / Molecules. — 2023.

- T 28(9). — Cm. 3921 (na aneauiickom sa3vixe)

5. Huoxynsyus ycmouuugblMu K msadlceivblM Memaiiam OaKmepusmu CHUNCAem noKa3amenu OKUCIUMeNbHO20
cmpecca y wnunama (Spinacia oleracea L.) / M. Jamil [u op.] // BMC Plant Biology. — 2024. — T. 24. —

Cm. 221 (na anenuiickom s3vike)

6. DenonvHble cOeOUHEHUs KAK NPUPOOHbBIE Pe2yasimopbl CMPecc-yYCmouyugoCcmu pacmeHull. KOMNIeKCHbLU
0630p / N. Saini [u op.] // Physiological and Molecular Plant Pathology. — 2024. — T. 133. — Cm. 102383

(Ha aneautickom s3vlKe)

7. Bhadwal Sh., Sharma S., Singh D. Bruanue cenena u mululbsAKa Ha peHoIbHbIe COCOUHEHUS U
anmuoxkcuoanmuyio akmuenocmo puca (Oryza sativa L.) // Chemosphere. — 2024. — T. 350. — Cm. 141071

(Ha aneaulickom s3vike)

8. Altun H., Orcan P. Peaxyuu puca (Oryza sativa L.) Ha 9K302eHHble 2IUCUMOPLL NPU CBUHYOBOM cmpecce //
BMC Plant Biology. — 2024. — T. 24. — Cm. 897 (na anznuiickom A3viKe)

9.  Buo- u ¢pumopemeduayus: pacmenus u MUKPOOP2AHUIMbL Ol 60CCMAHOGLEHUsL NOYE, 3A2PAZHEHHbLY
msicenvimu memannamu / A. Sanchez-Jiménez [u op.] // Discover Applied Sciences. — 2022. — T. 4. —

Cm. 59 (ha aneautickom sa3vike)

10. Anmuoxcudanmuulii omeem mpagaHUCMbIX PACMeHUll PA3TUYHBIX 611008 HA 3A2PAIHEHUE MANCENbIMU
memannamu / A. S. Petukhov [u op.] // Bulletin of Nizhnevartovsk State University. — 2024. — T. 2. — C. 25—

36 (na aunenuiickom sa3vixe)

11. Petrulova V., Backorovda M. Onpedenenue pumoxumuuecko2o kavecmaa aucmoes Vaccinium vitis-idaea
L. u Vaccinium myrtillus L. u3 3aepsa3neHHblX u He3a2pA3HeHHbIX pationos // Environmental Monitoring and
Assessment. — 2024. — T. 196. — Cm. 1135 (na anenutickom si3vike)
NAMJAJAHBIJIFAH 9JIEBUETTEP TI3IMI
1. Ocimoixmep ayvlp Memanidapmen 1acmanyobl MOHUMOPpUHemMeyoiy muimoi buounouxamopiapol peminoe /
A. Cakaj [ocone m. 6.] // Environmental Research. — 2024. — T. 256. — 119222 (agviiwvin mininoe)

T'opuotit scypnan Kazaxcmana Ne6’ 2026



82
[eoakomorns

2. Asiminicesei D.-M., Fertu D. 1., Gavrilescu M. Kopwaean opmanvly ayvlp MemanidapmeH 1acmaHyblHblY
0apinik ocimoikmepoiy MemaboIuKaiblK NPoGuLi Men onapoviy emoik aaieyemine acepi // Plants. — 2024. —
T. 13 (6). — 913 (agvinwvin mininoe)

3. Sunakbaeva D. K. @enondvik Kocwliblcmapovly 3KOI02USLBLE PONL HCIHE 01aApPOblY OCIMOIKMepPOiH
buonozusnvik bencenoinicine Kockawn yneci // Wah Academia Journal of Health and Nutrition. — 2026. —
T.2. —Ne l. — F. 1-4 (mypix mininoe)

4. Goncharuk E. A., Zagoskina N. V. Ayvip memanoap, onapovly umoyslmmuoliblebl HCIHE OCIMOIKmMepOoiH
cmpecc AHca20ablHOAgbl PeHoN0blK AHMUOKCUOAHMMAPBIHBIY POJIi: KAOMUU MblCANbIHOA&bL WOTLY //
Molecules. —2023. — T. 28 (9). — 3921 (agvliwwin mininde)

5. Aywvip memanoapza mezimoi 6axmepusanapovl eneizy wnunammaesl (Spinacia oleracea L.) ayvip memanoap
myovipean momusi2y cmpecciniy kopcemxiwmepin momendemmi / M. Jamil [scone m. 6.] // BMC Plant
Biology. — 2024. — T. 24. — 221 (azeiauivin mininoe)

6. Denonovik KocovLibicmap ocimoikmepoeei cmpeccmi momeHdememin mabuzu paxmopiap peminoe. KeueHol
wony / N. Saini [ocone m. 6.] // Physiological and Molecular Plant Pathology. — 2024. — T. 133. — 102383
(agvinwvin mininde)

7. Bhadwal Sh., Sharma S., Singh D. Cenen men motuwosixkmoiy Kypiw (Oryza sativa L.) KypamviHOagol
Genonduviy Kocvlavicmap MeH anmuoxkcuoanmmulk deacendinixke acepi // Chemosphere. — 2024. — T. 350. —
41071 (agvlrwvin mininoe)

8. Altun H., Orcan P. Kopeacvinmen cmpecc scazoauvinoazsl kKypiwmiy (Oryza sativa L.) sx302en0ik
anucumopnapza yxcayan peaxyuscwvl // BMC Plant Biology. — 2024. — T. 24. — 897 (agvinwein mininoe)

9. Buo- sicone humopemeouayusi: ayvlp Memaioapmen 1acmanaan monvlpaknmsl KainblHa Keamipyoezi
ecimoikmep men mukpoopeanuzmoep / A. Sanchez-Jiménez [scone m. 6.] // Discover Applied Sciences. —
2022. - T. 4. — 59 (azvinwvin mininoe)

10. Opmypni wenmecin ecimOikmepOoiy ayvip MemanrdapmeH 1dCMAHAH OpMa2d AHMUOKCUOAHMMBLK HCAYad bl
/A. S. Petukhov [ocone m. 6.] // Bulletin of Nizhnevartovsk State University. — 2024. — T. 2. — b. 25-36
(agvliuivbln mininoe)

11. Petrulova V., Backorova M. Jlacmanzan scare nacmanbagan aumakxmapoan scunarean Vaccinium
vitis-idaea L. ocone Vaccinium myrtillus L. scanvipakmapuolioly umoxumMusiiolE canacolh auvikmay //
Environmental Monitoring and Assessment. — 2024. — T. 196. — 1135 (azvinwein mininoe)

REFERENCES

1. Plants as effective bioindicators for heavy metal pollution monitoring / A. Cakaj et al. // Environmental
Research. — 2024. — Vol. 256. — Article 119222 (in English)

2. Asiminicesei D.-M., Fertu D. 1., Gavrilescu M. Impact of Heavy Metal Pollution in the Environment on the
Metabolic Profile of Medicinal Plants and Their Therapeutic Potential // Plants. — 2024. — Vol. 13 (6). —
Article 913 (in English)

3. Sunakbaeva D. K. Ecological Roles of Phenolic Compounds and Their Contribution to the Biological
Activities of Plants // Wah Academia Journal of Health and Nutrition. — 2026. — P. 1 — 4 (in Turkish)

4. Goncharuk E. A., Zagoskina N. V. Heavy Metals, Their Phytotoxicity, and the Role of Phenolic
Antioxidants in Plant Stress Responses with Focus on Cadmium: Review // Molecules. — 2023. — Vol. 28
(9). — Article 3921 (in English)

5. Inoculation of heavy metal resistant bacteria alleviated heavy metal-induced oxidative stress biomarkers
in spinach (Spinacia oleracea L.) / M. Jamil et al. // BMC Plant Biology. — 2024. — Vol. 24. — Article 221
(in English)

6. Exploring phenolic compounds as natural stress alleviators in plants- a comprehensive review / N. Saini et
al. // Physiological and Molecular Plant Pathology. — 2024. — Vol. 133. — Article 102383 (in English)

7. Bhadwal Sh., Sharma S., Singh D. Interactive effects of selenium and arsenic on phenolic constituents and
antioxidant activity in rice (Oryza sativa L.) // Chemosphere. — 2024. — Vol. 350. — Article 141071 (in
English)

8. Altun H., Orcan P. Responses to exogenous elicitor treatment in lead-stressed Oryza sativa L. // BMC
Plant Biology. — 2024. — Vol. 24. — Article 897 (in English)

9. Bio- and phytoremediation: Plants and microbes to the rescue of heavy metal polluted soils / A. Sanchez-
Jiménez et al. // Discover Applied Sciences. — 2022. — Vol. 4. — Article 59 (in English)

10. Antioxidative response of herbs of various species to heavy metal environmental pollution / A. S. Petukhov
et al. // Bulletin of Nizhnevartovsk State University. — 2024. — Vol. 2. — P. 25-36 (in English)

11. Petrulova V., Backorova M. Determination of phytochemical quality of leaves Vaccinium vitis-idaea L.
and Vaccinium myrtillus L. from the polluted and non-polluted areas // Environ Monit Assess. — 2024. —
Vol. 196. — Article 1135 (in English)

T'opnuwuit scypnan Kazaxcmana Ne6’ 2026



83
[eoakomorus

Caesienusi 00 aBTOpax:

Aiitmexosa K. Y., k. 1. H., accucTteHT npogeccopa, MexxayHaponusiii Tapasckuii yausepcuret uM. llepxana Myprassl (1. Tapa3, Kazaxcran),
Aytekoval972@mail.ru; https://orcid.org/0000-0001-8439-944X

Cynaxoaesa /I. K., x. T. H., MeXIyHapOIHbI Ka3aXCKO-TypeLKHi yHuUBepcuteT UM. Xomku Axmena Slcasu (T. Typkecran, Kazaxcran),
dilara.sunakbayeva@ayu.edu.kz; https://orcid.org/0009-0006-3727-4891

FOnoawoex /1. X., MarucTp XuMuH, cT. Hay4HbIi coTpynHuK HUN «Oxomorus», MexmyHapoaHbIi Ka3aXCKO-TYPELKUH YHUBEPCUTET UM. X0/~
xu Axmena flcasu (r. Typkecran, Kazaxcran), daviat.yuldashbek@ayu.edu.kz; https://orcid.org/0000-0001-9342-7502

Capoaesa K. T, x. X. H., MeXIyHapOAHBI Ka3aXxCKO-TypeUKHUI yHUBepcHUTET M. XOomku Axmena Scasu (. Typkecrtan, Kazaxcran),
karlyga.sarbayeva@ayu.edu.kz; https://orcid.org/0000-0003-1150-1620

ABTOPJIAp TypaJibl MAJIiMeTTep:

Aitmexosa K. Y., T. ¥. k., mpodeccopabi accuctenTi, Lllepxan Myprasa arsianarsl Xansikapaislk Tapa3 yHuBepcuteti (Tapas k., Kazakcran)
Cynaxoaesa /1. K., 7. r. k., Kooka Axmer Slcayn ateiHmarbl XanblKapalblK Ka3ak-Typik yauBepcureTi (TypkicTaH K., Kazakcran)

HOnoawoex J]. X., xumust Maructpi, «xonorus» F3V-HbIH ara FeutbiMu KbI3MeTKepi, Koka Axmet Slcayn aTbiHOarsl XanbIKapalblK Ka3ak-
Typik yauBepcureti (Typkicran k., Kazakcran)

Capoaesa K. T., x. ¥. x., Koxxa Axmet Slcayn arbiHIarsl XaiablKapaiblK Ka3ak-Typik yHuBepcuTeTi (TypkicraH K., Kazakcran)

Information about the authors:

Aitekova K. U., candidate of technical sciences, assistant professor, Sherkhan Murtaza International Taraz University (Taraz, Kazakhstan)
Sunakbaeva D. K., candidate of technical sciences, Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkestan, Kazakhstan)
Yuldashbek D. Kh., Master of Chemistry, Senior Researcher of the Research Institute «Ecology», Khoja Akhmet Yassawi International
Kazakh-Turkish University (Turkestan, Kazakhstan)

Sarbayeva K. T., candidate of Chemical Sciences, Khoja Akhmet Yassawi International Kazakh-Turkish University (Turkestan, Kazakhstan)

T'opuotit scypnan Kazaxcmana Ne6’ 2026



34

TPEBOBAHUS K O®OPMJIEHHUIO U YCJIOBUS IIPEJOCTABJIEHUS CTATER
B PeJaKIMIO NePUOAHYECKOro ne4yaTHoro usnanus «lopuslii skypuaua Kazaxcrana»

1. «T'opHblIii skypHaja Kazaxcrana» NpuHHMAaeT K NyOJIMKAIIMA OPUTHHAJIbHbIE CTATHH HAYYHOI0 U HAYYHO-TEXHHYECKOI0
CO/lep:KaHUsl, OTPAKAIOLIME Pe3yJbTAaThl HCCIeJ0BATENbCKO MW HAy4YHOH JesiTeJbHOCTH, MMeEIOLIME PEKOMEeHJAUHH K
NPAaKTHYeCKOMY NPHMEHEHHMIO pellaeMbIX BOINPOCOB, a TAK:Ke CTATHM 0030PHOI0 XapakTepa, OTBeYaloLHe KPHTEPHUSM
NepBUYHOI HAYYHO# myOuKkanuu (TIOJHBII epedeHb pyOpUK yKa3aH Ha caiite minmag.kz).

2. OcHOBHbIE TPeOOBAHUS K CTAThSM, PEACTABJIEHHBIM /ISl MyOJHMKALMHU B KypHaJie:

= Ha0Op CTaThH MPOU3BOIUTCS B TEKCTOBOM penakrope Word mpudrom Times New Roman 12 kernem ¢ mojyTOpHBIM HHTEPBAIOM;

= 001IMiT 00bEM CTaThH, BKIIOYasi PUCYHKH, TAOJIMIIbI, METAaJJaHHBIC HE JTOJDKCH ITPEBBIIIATh 8 EYaTHBIX CTPAHUILL;

* cTaThH (32 UCKIIOYCHHEM 0030pOB), JOIKHBI COIEPIKATh HOBBIC HAyUHBIC PE3yJIbTaThI;

* cTaThs JOJDKHA COOTBETCTBOBATh TeMaTHKE (CM. 1. 1), HAYyYHOMY YPOBHIO KypHaJIa;

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

* cTaThs MOXKET OBITh IIPE/ICTABJICHA HAa KA3aXCKOM, PYCCKOM HJIM aHITIMHCKOM SI3BIKE;

* B PEIAKLHUIO NPEACTABISICTCS OKOHYATENIBHBIN, TIIATEJbHO BbIBEPEHHbII BAPMAHT CTAaTbhH, UCKIIIOYAIOUINH HEOOXOIUMOCTh
MTOCTOSIHHBIX JIOpaOOTOK TEKCTa Ha 3Tanax M3/1aTe’IbCKOro mporecca;

* r1epe]] OTIPABKO CTAaTbU B PEIAKLHUIO JKypHaJIa aBTOpaM HEO0OXO0IMMO POBEPUTH TEKCT Ha MPEAMET OTCYTCTBHSI IUIaruara.

3. CTpyKTypa €TaThH JOJDKHA COICPHKATh CICAYIONINE Pa3IeiIbl:

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

* Ha3BaHHUE CTAThbHU (COKPAIICHUS HE TOIYCKAIOTCS, HE MOIYCKACTCs HCIIONb30BaHHE a0OpeBHATYp M (OpMYI; MaKCHMalIbHOE
KonmugecTBO cioB 10-12) momKHO OBITH WMH(MOPMATUBHBIM, COOTBETCTBOBATH HAayYHOMY CTHIIIO TEKCTa, COIEpKATh OCHOBHBIC
KJIOYEBBIC CJIOBA, XapakTepU3yIolHe TeMy (IPEAMET) HCCICIOBAaHUS U COJep)KaHWE paboThl, NPEJIOCTABISCTCS Ha Ka3aXxCKOM,
PYCCKOM U aHIIMHCKOM SI3bIKaX;

* MHUIMAJIBI 1 (paMUIINK aBTOPOB; CTaThs J0JDKHA HMETh He Oosiee 4 aBTOPOB; 3HAKOM «*» YKa3bIBACTCSl aBTOP-KOPPECIIOH/ICHT;

* CBEJICHUSI O Ka)KIOM aBTOpe (Y4eHas CTCIICHb, yUCHOE 3BaHUE, JOJDKHOCTh, MECTO OCHOBHOM pabOThI, FOPO/I, CTPaHa, KOHTAKTHBIC
naHHbIe (aapec anekTpoHHOM mouTsr), ORCID ID) npenocTaBisoTcs Ha Ka3aXCKOM, PyCCKOM U aHTJIMHCKOM SI3BIKAX;

* IOJTHOE HA3BaHUE OpraHU3aIuu (-ii), Tae padoTaroT aBTOPHI (C YKa3aHHEM BEIOMCTBEHHOW MPUHAIC)KHOCTH);

* QaHHOTALIMS B COOTBETCTBHUHU C TPEOOBAHUSIMH MEKAYHAPOAHbBIX 6a3 JaHHBIX JOJDKHA JOCTATOYHO MOJIHO PACKPBIBATH COJICPIKAHNE
CTaTh, BKIIOYAs XapaKTCPHUCTUKY OCHOBHOH TEMbI, NMPOOJIeMbl OOBEKTa, LEIHM HCCICIOBAHHS, OCHOBHBIC METOJbI, PE3YJIbTaThl
HCCIICZIOBAaHNS U IVIaBHbIC BBIBOJBL. B aHHOTAIMKM HEOOXOAMMO yKa3aTh, 4YTO HOBOTO HeceT B ce0Oe CTaThsi B CPABHEHUH C JIPYTHMH,
POACTBCHHBIMH I10 TEMATHKE M IICJICBOMY HA3HAUCHHIO MarepuasiaMd. AHHOTAILUS NPEAOCTABISACTCS Ha Ka3aXCKOM, PYCCKOM
M aHITIMHCKOM si3bIKax o0bemoM He MeHee 700 u e 6oee 900 CHUMBOIIOB;

* KIIFOUCBBIC CJIOBA B KOJIMYeCTBE 6...10 yCTOMYMBBIX CIIOBOCOYETAHHIl, IO KOTOPBIM B JajibHEHIIeM Oy/IeT BBIIOJIHATHCS HOUCK
crathu (COKpamleHUss U ab0peBUATyphl HE AOIYCKAIOTCS): KIIFOUEBBIC CIIOBA OTPAXKAIOT CHEIU(MUKY TEMBbI, OOBEKT M PE3yIbTaThl
HCCIICIOBAHMS U NPEOCTABIISIIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIVIMHCKOM SI3bIKAX;

* TEKCT CTaThM, COZEPIKAILUI CIeIyIONe pa3ienbl (BBEACHNE, METOIBI/MCCIICA0BAHMS, PE3YIbTAThl, 00CYK/ICHHE PE3YIIBTATOB,
3aKJII0YeHHUE/ BBIBOJIBI);

* CIIMCOK MCTOJIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOekHbIX He paHee 2015 rona, mpenocraBisercs Ha
Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKAX.

PUCYHKM pomxHE UMETh pacmupeHue rpagudeckux penakropo CorelDraw, Photoshop, Illustrator u T. m.). @otorpaduu
JIOJDKHEI OBITH NpeaesibHoO yeTkuMu B TpaduaeckoMm popmare (TIFF, JPEG, CDR) ¢ pa3pemernem He meHee 300 dpi. Bce OykBennsie
u 1udpoBbie 0003HAYCHUSI HA PUCYHKAX HEOOXOJMMO IOSICHUTh B OCHOBHOM MJIM IOJPUCYHOYHOM Tekcrax. Hanmucu M apyrue
0003HaueHUs Ha TpadUKax ¥ PUCYHKAX TOJDKHBI ObITh yeTKuMU U Jierko yntaeMbiMu. IO CHU K PUCYHKAM u3ATOJTOBKHA
TABJUL OBS3ATEJIbHBI. OhopMIISIOTCS OTIETBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHIJIHICKOM SI3bIKaX.

MATEMATHYECKHWE ®OPMYVIJIbI cienyer Hadupars B popmynsHOM pempaktope MathTypes Equation mmn MS Equation,
rpedecKkue u pycckue OyKBbI B popMyiax HaOUpaTh NPSIMBIM IIPUGTOM (OMIIHS TEKCT), TATHHCKNE — KYpCUBOM. Q003HaueHus 6e1udun
u npocmole Hopmynvbl 6 meKcme U MAOGIUUAX HAOUPAMb KAK neMenmsl mekcma (a He KaKk 00beKTbl (OPMYIBHOTO PEIaKToOpa).
HymepoBats ciiesyeT TOJIBKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CChUIKH B MOCIEyONeM n3ioxkeHun. Hymeparust popmys cKkBo3Hast.

CIIMCOK UCITOJBb30BAHHBIX UCTOYHUKOB cocraBnsiercss B MOPSAKE MUTHPOBAHUS U OPOPMISIETCS B CTPOTOM
coorBeTcTBUH ¢ [[OCT P 7.05-2008. Ccputku Ha TUTEPATypy B TEKCTE OTMEYAIOTCS 110 MEpE UX MOSBICHHS MOPSIIKOBEIMA HOMEpaMHU
B KBaJpaTHBIX CKOOKax. CIIMCOK NMPUBOAMTCS HA Ka3aXCKOM, PYCCKOM M aHIVIMICKOM sI3bIKAaX C yKa3aHHEM B CKOOKax OpHrHHala
myonukaruu. O6paser opopMIICHUS TUTEPATYPhl U TPAHCIUTEPAINHN pa3MelleH Ha caiite minmag.kz.

4. YcJ10BUSI NIPHOOPETEHUs )KYPHAJIOB aBTOPAMHU.

C aBrOpOM(aMH) 3aKIIOYaeTCs AOTOBOp O mprodpereHHH 10 (mecsATH) SK3EMIUIIPOB XKypHAIa COINIACHO YCTAHOBJICHHBIM PAaCLEHKAM
Ha TEKyLIMil TOJ1, KOTOpbIe OH(OHH) UMEIOT MPABO PACIPOCTPAHSITH CPEAN TOPHOI oOImecTBeHHOCTH. Tloce omaTel crarbs MyOIHKyeTcs B
HOMeEpE XypHaja COIIaCHO O4YCPEIHOCTH.

T'opnuwuit scypnan Kazaxcmana Ne6’ 2026



