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KOJIOHKA TUVIABHOI'O PEJAAKTOPA
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‘ S | MapT MECHAL, ABJIAOIMUNUCA ¢ JPCBHCUIINX BPEMECH Yy TIOPKCKUX HAapoAOB W INEPCOB Ha-
gyajaoMm HoBoro orcuera BPEMCHHU, U B HACTOAIIECC BpEM IJId MHOTUX TroCyJapCTB HACBIIICH
NaMSITHBEIMH COOLITHSIMH.

ConHeYHBIH KaJeHAapb MOKa3bIBA€T HaM, UYTO AC€Hb U HOYb CPABHUBAKOTCA IO MPOIOJIKHU-
TCIBHOCTH, 3eMiisa — Hala KOopMuUuJjnga — AbIIIIUT pa}.‘lOCTHeﬁ, TOTOBsCH IPUHATH HA cebs1 3a00ThI
00 Ypoixkae, B ce€jiaX U ropoaax JOAU roTOBATCSA 3aHOBO HA4YaTh CﬂeHyIOIIII/Iﬁ LUKJ CBOCH KU3HU

Mapar B 00CTAHOBKE 0JIarONOJIyUHs U OKMJIaHUW TUIOJOB CBOETO OOIIEHUs ¢ 3eMIIeH.
KakynoBu4

burtumobaen
2N1AGHBLI PEOAKMOP

Y npaBoClIaBHBIX TOJABKO OTHPA3JHOBAJIHN TOXKE APEBHUH SI3bIY€CKUN pa3JHUK MacieHu-
1y 4 HacTynuia Benukuit mocr.

Bce MY>XYUHBI TOTOBATCA K MNPasaHUKY XCHIIWH, qTO0BI CKa3aTh BIIEPBBIC WU IMOBTOPHUTH C JII000BBIO CaMBbIC
3aBE€THBIC CJIOBA, C KOTOPBIX HAYMHACTCA «CHACTHE BABOCM». HaI[O CKa3aTb, 4YTO CHACThA B OAWUHOYKY, A AyMaro, B
HAaCTOAIIECM YCIIOBCYCCKOM IIOHUMMAaHHUHU HE owiBaeT. OHO OIIYyUIA€TCA U 3aBJIAACBACT HAMH, KOTJa PAAOM €CTh JOJITO-
XKIaHHas, CO3JaHHasn Z[aBHHH.IHCﬁ MEUYTOM TBOS IIOJIOBHHA.

Y reonoroB ToXxe HaCTymmaeT mopa €1e pa3 mpoOBEPUTH CBOIO TOTOBHOCTH K BCTPEYEC C HpHpOﬂOﬁ. OHM HAMETH-
JIU CBOMU IIJIaHBI, qdTOOBI €€ pa3 MOJIYyYUTh BO3ZMOXKHOCTH CO3/1aTh HOBBIE PE3C€PBBI A 0e30CTaHOBOYHOTO pocTa
OPOU3BOACTBA MUHCPAJIBHOI'O ChIPbA.

Mp1 — TOPHAKH, 00oraTuTeiiu u METAJTYPTH — KIAEM, HAACEMCA U YBEPECHBI, YTO Y T€OJIOTOB BCE MOJIYYHUTCA, ITOTO-
MY 4YTO OT UX YCII€EXOB HAYWHAIOTCS HOBBIC CTpOﬁKH, 3apOXKAaCTCA HOBAs )XU3Hb BO UM IMPOLUBETAHUA UBUIIU3AI[UH.

B mamem Ka3zaxcTtane B cepequHe MapTa MBI HAEM Ha BBIOOPHI AeNyTaTOB Ma)XHIHWCa U perHOHAIBHBIX Mac-
muxatoB. CoOBITHE 3TO BakHEWIIee A HOBOrO (popmMaTa HAImIEro roCyIapCcTBa, OMPEASIICHHOTO MOCICIHUMUA
n3MeHeHUSIMA B KOHCTHTYIIHU CTpaHBl M MOJUTHUKOW CO3MaHUsS HOBOTO M CIIpaBeMimBoro KaszaxcraHa, mMpoOBO-
numoro HamuMm IIpesugentom K.-2K. K. TokaeBbiM.

HOH,Z[CP)KI/IBaSI Ha4YWHaHUA Hpe31/1,ueHTa, €ro HporpaMMy 3KOHOMHYCCKHUX pC(I)OpM W HAIIOJJTHCHHA UX COIIMAJIBbHO
3HAYUMBIM COACPIKAHUEM, MBI TOJPKHBI, KOHEYHO XK€, I/I36paTL 3aKOHOAATEJIbHYIO BETBb BJIACTH, CHOCO6HyIO OpraHu-
30BaTh BBIIIOJTHCHHUEC HAMCUYCHHBIX ITJIAHOB.

BypHaﬂ, KakK BC€raa, B€CHa, Ha4YaBIIKUCh B MapTe, pa36yzu/ma OTAOXHYBIIYIO 3€MJ'IIO, n TCIICPb BCC B HAIIUX
pyKax, 4TOOBI OCEHBb MBI BCTPCTHUIIN C ITOJIHBIMU 3aKpOMaMHU.

Hy, a ceifuac maBaiiTe Apy>XHO XOPOM IO3APABUM HAIIUX JIFOOMMBIX )KCHIIUH — 0a0yIIeK, MaTepe, )KeH, cecTep
7 BHYYEK — C OJHHUM W3 JyYIIUX MPA3THUKOB Ha 3emile, IPUIyMaHHBIX 4eI0BEKOM. JKemaem BceM )KEHIUHAM MHUpa
YyBCTBOBATh C€0sI CHACTINBBIMU, OBITH 3/I0POBBIMH U KPACHUBBIMH M IOMHHTH, YTO OKPY>KaIOIIWI MHUP IBETET 1 OJa-
royxaer B Ballly Y€CTh M TOJbKO TOT/a, KOT/1a BbI OTMETHUJIN €T0 CBOMM IIPUCYTCTBHEM.

BcnmomuHas o TOM, 4TO M paHbIIE, W celdYac JIyYNIMMHU IO CBOEH aKKypaTHOCTH, TOYHOCTH, BAYMYHBOCTH
reoJIoraMy M MapkKmeiepaMyu Ha TOPHOM MPOM3BOJACTBE OBLIM M OCTAIOTCS >KEHIIWHBI, X049y A00aBUTH K CBO-
UM TI03JPABJICHUAM U TEIJbIE CIIOBA B aJpEC MAJIEHBKOTO W TPYAOITIOOMBOrO KOJJIEKTHBA XCHIIMH PEIaKInu
«lopuoro xypnama Kazaxcrana» — bouaposoit I0.A. u Jomuwao#t T.C. [lo3npaBieHUss UM H C MPa3gHUKOM
8 Mapra, u ¢ 20-seTHUM OOMIeeM Hamero xypHaia. OHH BJBOEM C y4acTHEM HECKOJBbKHUX MYKYHH CYyMeEIH
MIPEBPATUTH )KypHAJ B PyHOp TOPHO-METAJLUIYPrUUeCKOM OTpaciIy Halleld CTPAHBI, MOJIYYHB IPU3HAHUE U Y TIPO-
HW3BOJICTBEHHUKOB, M B HAYYHBIX Kpyrax, 1 B KypuUpyInX MHUHHCTEPCTBAX.
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CBAPKA HACTOALEI'O: IN®POBBIE PEINIEHU A
KOMITIAHHAUU ESAB

Cez00ns uemeepmasn NPOMbIUIACHHAA PEGOIOYUS UOEH NOJIHBIM X000M RO 6CeMy Mupy. Imo 2100a1bHblil mMpeno,
3a102 KOHKYPEHMOCROCOOHOCIU RPeOnpuamuil U eax)cHeuuwiuil opaiigep nNPOMbluiIennol r8o0a0uyuu. Bo mnozom
onazooapsa npumMeHeHUul0 UUPPOGbIX MEXHOI02UIl KOMRAHUU ABMOMAMUSUPYION RPOUECChl pPYyUHO20 mpyod,
Hapawuearom nPoOU3600CMEEHNHbIE MOUWHOCIU, CHUICAS UHEECIMUWUOHHbLE U IKCNIIYAMAUUOHHbBLE PACXOObL.

B crpanax LlenTpanbuoit Azuu nudposas tpanchop-
Manus — KJIIUYEBOE HAINpaBJIEHUE TEXHOJOTMYECKOro
pa3BuTus npomsinneHHoctu. B 2022 roay IIpaButens-
ctBo Kazaxcrana coBmecTHO ¢ Ka3zaxcTaHCKUM LIEHTPOM
HHAYCTpUHN U dKcnopra «Qazlndustry» Havano nmposese-
HHE CHeLUaIbHBIX CEMUHAPOB s npeanpuatuii. Kpome
TOrO, B MPOIIJIOM roly ObUIM BHECEHBI JOMOJIHEHHS I10
ocHoBomnosararomum HopmaMm Munyctpum 4.0 B neit-
CTBYIOHIUH 3aKOH «O NPOMBIIIIEHHOCTUY.

Yceroum m nepen oyaymmum?

Kak 1 OOJBITUHCTBO PYYHBIX MPOHU3BOJCTBCHHBIX MPO-
[IECCOB B ITU(POBYIO 310Xy, 3a IOCJIEJIHHUE T'OJbI CBapKa
ObLIa 3HAYNTEIHLHO YCOBEPIIICHCTBOBAaHA. DTH TpaHChopMa-
[IMH TIPOU3OIILTH, BO MHOTOM OJIarogapsi TAKUM TEXHOJIOTH-
YECKUM KOHIICTIIUSM, KaK aBTOMATH3allus MPOU3BOJICTBA.

Hecmotpss Ha TO, 4TO Ha
CBapOYHOM MMPOU3BOJICTBEC
BCE ellle BCTPEYaloTCs aria-
partel ctaporo oopasua, B Ipo-
(dbeccur cBapIMKa IPUXOAST
HE TOJBKO TMPOU3BOIUTECIH-
HOE TIOJIlyaBTOMaTHYECKOe

T'opnwtii sicypnan Kazaxcmana Ne3’ 2023

B 2018 roaxy umHBecTHHUM B MHPO-
BOH PBIHOK POOOTH3HPOBAHHOI CBAapKH
cocTaBliIn 5,45 MUIIMApAOB [10JLIAPOB
CIIIA. A k 2026 roxy 3Tta nudpa 10JKHA
BbIpacTu 10 10,78 Munanapaos.

W aBTOMaTH4Yeckoe oOOpyJIoBaHHWE, HO U IUPPOBHIC
TEXHOJIOTUH JUIsl cOOpa M aHAJM3a JaHHBIX.

OCHOBHOE TPEHMYIIECTBO HUPPOBBIX IMPOIYKTOB —
OInepaTUBHOE MOJyYeHUE MPOU3BOJACTBEHHOW CTATHCTH-
KH, 9YTO MO3BOJISIET MIT'HOBEHHO pearnupoBaTh Ha MEHSIO-
IIYIOCSI CUTYaIlHIO, B TOM YHCJIE Y1aJICHHBIH MOHUTOPHHT
paboThl 00OPYIOBaHUS U CBAPIIUKOB.

uppoBu3anus HAUMHAETCH CErOIHS

OaHHUM M3 TJIABHBIX TPEHJOB MHHOBALIMOHHBIX TEX-
HOJIOTHUH SIBISIOTCSI «00JadHbIe» CUCTEMBI, Oiarona-
ps KOTOpPBIM 00OpabaThiBaTh JaHHBIC M pelIaTh pas-
HOOOpa3HbIe NMPOU3BOJICTBEHHBIC 3aJa4d CTAHOBUTCS
3HAYNUTENIBHO Jierde. BHenpeHWe cucTeMbl aHajin3a B
MIPOM3BOJICTBEHHBIE MPOIIECCHI CIIOCOOCTBYET BBIBEC-
HUIO NPENNpUSITHH Ha COBEPIICHHO HOBBIH yPOBCHB.

Tak, mporpaMMHasi OHJIalH-
miatdpopma ESAB WeldCloud —
nudpoBoe peueHue s coopa
noOpabOTKU JAHHBIX CBAPOYHO-
ro npoiecca 1 CBapoOYHbIX JaH-
HbIX. Cucrema obseryaer Hemnpe-
PBIBHOE COBEpPIICHCTBOBAaHUE
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CBAapOYHBIX Oomeparnuii 3a cueT 3PHEKTUBHOTO OTCICKH-
BaHMsI OCHOBHBIX MapaMeTPOB KaXKOT'O0 BBHIIIOJHEHHOTO
cBapHOTo mBa. He3aBHCHUMO OT KOJIMYECTBA CBAPOUYHBIX
HCTOYHUKOB, Bce nanuble moctynamoT B WeldCloud, kxo-
TOpbIE, B JaJbHEHIIEM, MOXHO IPOAHAIN3UPOBATH H
MIEPECTPOUTH IPOIIECC TPOU3BOICTBA.

Ilepenada naHHBIX MPAKTUYECKH B PEaTbHOM Bpe-
MEHHM OCYHIECTBISIETCS C HCIOJb30BaHHMEM Oecmpo-
BOIHBIX WM TPOBOAHBIX kKaHamoB: Wi-Fi mou LAN.
Bce coBpemenHoe obGopynoBanme kommanunm ESAB
M0 yMOJYAaHUIO OCHameHo (yHKumeir mis paboTH
¢ nimatpopmoit WeldCloud. [Jns meHee COBpeMEHHBIX
Mozenel NpedyCMOTPEHBl CIeLUuallbHblE «anrpeuna-
KHATBI», YTO TIO3BOJSAET HMHTETPUPOBATH B CHUCTEMY
AMEIOIHNNCS MapK cBApOYHOT0 000PyJ0BaAHUS.

Ilepsrie nBe Bepcun ESAB WeldCloud mosBunuce
OKOJIO TpeX JIET Ha3aj] W ObIIN YCIEIIHO BHEAPEHBI HA
HECKONBKUX mpenmpusatusx B Kazaxcrtane m Y30exu-
craHe. CerojnHs 3aka3dMKaM JOCTYIHAa TPEThs BEp-
cus nupoOBOTO MPOAYKTa KOMIIAaHWH. B Heil mosBui-
cs yauBepcanbpHBI KoHHEeKTOp WeldCloud Universal
Connector, KOTOpPBIM MO3BOJSIET MOAKIIOUYUTH K
WeldCloud mpaktudecku 110001 MCTOYHHUK MHUTAHHUS.
OTa Bepcus Hanboiee MoJHas U HMeeT OOIbIIe TEXHO-
JIOTHYECKUX BO3MOXXHOCTEH MO KaCTOMM3AaLMU ISl MH-
IUBUAYAJNbHBIX 3a7ad MPEANPUATHSI. AHAIN3 JaHHBIX
MO>KHO BBIMOJIHATE € JIIOOOTO KOMMBIOTEpA, MJIAHIIETA
I cMapT@oHa ¢ JOCTynmoM K HHTepHeTy. Ilpm sTom
mporpaMma 3allHIeHa CUCTEMONW C OJOKMPOBKON He-
CaHKIMOHUPOBAHHOTO JOCTYIA.

bnaronapss ucnonb30BaHUIO MPOrPAaMMHOM OHJIAMH-
mratpopmel WeldCloud Bce ydYacTHHKH CBapoOdHO-
ro IpoIecca MOTyT KOHTPOJHMPOBATH XOJ BBIIOIHE-
HHUsl paboOT Ha BCEX JTamax IMPOW3BOJACTBA. B dacTHO-
CTH, WCIOJIb30BAHNE OHJANH-IIIATGOPMBI OTKPBIBAECT

OnepenuB 0ojee 160 MHHOBALIMOHHBIX MPO-
AYKTOB, CHCTeMa OHJIAiH yNpaBJIeHHs] JaHHBI-
mu ESAB WeldCloud moayuuiaa narpany «WH-
HoBauun» B kateropuu «lludpoBbie HMHCTpPY-
MeHThI» B pamMkax BbicTaBku Industrie 2017.

B 2021 roay npou3BOACTBEHHAsi KOMIAHUS
U3 Y30eKHCTaHa CTaja NePBbIM 3aKA3YHKOM
000pyIOBAHUSI CO BCTPOEHHBIM O0O0JaYHBIM
pelmieHMEeM B HEHTPAJbHOA3HMATCKOM permoHe.

BO3MOYXHOCTH CIEI[HATUCTaM ISl TUCTaHIIMOHHOTO MO-
HUTOPUHTA U THATHOCTUKH 000PYyAOBaHMS KaK JJIsI TOTO,
4TOOBI OMPEACTUTh MPUUMHY IOJIOMKH O00OPYyIAOBaHHUS,
TaK U JJIs1 TOTO, 9TOOBI €€ yCTPAHUTh.

Eme omuuM mudpoBBEIM pelIeHneM KOMIIaHUH, KO-
TOpOE MEPEHOCUT NPOU3BOACTBO B XXI BEK U onnTUMHU-
3UPYET MPOILECcC Pe3KU METATINIECKUX KOHCTPYKIIUI,
siasietcst ounaH-cuctema CutCloud. Ona mo3BoJisieT
caenaTth MOPOIecC PEe3KH IMOJIHOCTHIO YIPaBIsIEMBIM:
YCKOPHUTH 00pabOTKy 3aKa30B, aBTOMATHYECKHU Tepe-
Meliasi TaHHbIe 3aka3a B cuctemy ERP u u3 Hee, ObI-
cTpo mMmmoptupoBath dyeprexu n3 CAIIP, mpousBo-
JUTH TEXHOJOTHUYECKNE HACTPONKHU 1y BEIOOpaA ONTH-
MaJIbHOW TEXHOJIOTHH PE3KH M 0OecredyeHus] HauBbIC-
IIero KayecTna aeTajaeld Mpu MaKCUMalbHOU THOKOCTH
3a CYeT BO3MOYKHOCTHU HCIIOJH30BATh JAETAIM HA pas-
JUYHBIX JTUCTaX U pexumax. Kpome sToro, mporpamma
IIOMOTAaeT aBTOMAaTUYECKH CO37aBaTh U MepeaaBaTh Ha
MIPOU3BOACTBO (haiiabl, pacmedaTkyd, OTUYETHl O PacIo-
JIO)KEHUU U MapKHUPOBKE JeTalIei.

Ananoruudo WeldCloud — CutCloud nomoraert
KOHTPOJIUPOBATH 000pPyAOBaHHE PE3KU B pEXKUME pe-
aIBHOTO BPEMEHH, NPOTHO3UPYS BpeMs IMPOBEICHUS
TEXHUYECKOTO OOCHTYyXHWBAaHHUS, YTO CBOAUT K MHHU-
MyMy He3allJIaHUPOBAaHHBIE MHPOCTOM OO0OPYIOBAHUS
1, KaK CJIEJCTBUE, CPHIB BHIMOJIHECHUS 3aKa30B.
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YHUBEPCAJIBHASI 3ABOMHASI KOMIIOHOBKA
I'MAPOCTPYHUHOI'O BYPEHUS CKBAYXKHUH

Annortanus. ITpu reosoropa3seake riy00K03aleralIinX MECTOPOXKICHUIN MMOJIE3HBIX NCKONAEMBIX MPOOIEMbl OypeHHs CKBaKUH — COXPAHHOCTD 3a/1aHHO-
rO HANpaBJICHUS, CHIDKCHUE YHEPro3aTpar U MOJIYYeHHE CTPYKTYPHO LEIHHOTO KEePHA — PEHIAIOTCSl BHECCHUEM B KOHCTPYKIIHIO 3a00HHOM KOMIOHOBKH HOBBIX
(hu3NUECKUX NMPHUHIMIIOB M PecypcoB. Pecypc — rupocTpyitHoe OypeHHe, M03BOISIONIee MAKCHMAaIbHO HCIIOJIb30BATh MOTCHIHAIBHYIO DHEPTUIO TPOMBIBOYHOM
JKUJIKOCTH. Pa3paboTansl yHHBepcallbHbIC 3200/ HbIE KOMIIOHOBKH THAPOCTPYHHOro OypeHus ckBakuH. HoBH3HA — ruipopacipeienTelib, aaMas3Has OypuibHas
rOJI0BKa C MHOTOCTYIICHYATOW MaTpHIeii U pa3[esibHast CHCTeMa IPOMBIBOYHBIX KaHAaBOK. [Ipu OypeHHN CKBa)KMH IMOTOK IIPOMBIBOYHOM JKUIKOCTH HAIIPABIISIETCS
Ha CTYIEHBKHU 320051 CKBaKHH, 00Pa3yrOTCsl 30HBI Pa3phIXJICHHSI X CHIYKAs COMPOTHBISIEMOCTh TOPHBIX IMMOPOJ K Pa3pyIICHHIO. YHUBEpCaIbHas 3a00iHast KOMIIO-
HOBKa UMEET IIPEHMYIIECTBO 10 CPABHEHHIO C CEPUITHBIMU KOJIOHKOBBIMU Habopamu NQ u HQ mo MexaHH4YecKoi CKOpOCTH, SHepro3arpaTaM U IEeJIbHOCTH KEepHA.

Knrouesvie cnosa: cxeadicuna, 3a60unas KOMNOHOBKA, OYPULbHbIE 20JI06KU, MAMPUYA, PE3Ybl, PA3PLIXIEHUE, Nopood, cUOPOCMPYIUHOe paspyuleHue, KepH,
NPOMBIBOUHAS HCUOKOCTb.

¥YHFBIHBI KBICBIM/IbI CYHBIKTBIKIICH OYPFBLIAHTBIH 9M0e0an KyYpbLIbIM

AnpaTna. TepeH ipreniec naiaansl Kazdanap KeH OpbIHAAPBIH MeOJOTHSUIBIK Oapiiay Ke3iHJe YHFbIMalap sl Oypreiiay npobiemanapbl — OepiireH OarbITThIH
CaKTalybl, SHEPIUs IIBIFBIHBIH a3aiiTy JKOHE KYPBUIBIMABIK TYTac ©3€K aiy. Byl KeHkap KypbUIbIMBIHA jKaHa (U3MKAIBIK MPHHIMITED MEH PeCypCTapibl
EHTi3reH Ke3/1e MyMKiH 6omazbl. Pecype — xKyy CYHBIKTBIFBIHBIH TOTCHINAIIBIK YHEPTHSCHIH OapbIHIIA MaijalaHyFa MYMKIHIIK OepeTiH THAPOXKAPBIK OypFbLIay.
¥YHFbIMaNapAbl OypFbUIay/IbIH oMOeOar KeHkapiapsl skacanbl. JKaHaIbIK-rHAPAaBIMKAIBIK AUCTPUOBIOTOP, KOIl caThulbl MaTpuuackl 6ap I'ayhap Oyprbuiay
Gacsl )KoHE O6JIeK 5KYy OMBIFBI JKYiieci. ¥YHFbIManap/bl Oyprbulay Ke3iHIe Kyy CYMBIKTBIFBIHBIH aFbIHbI YHFbIMAIAP/Ibl COIO CaThlIAPbIHA OAFBITTANA/IbI, KOIICHITY
alimMaKTapbl maijga O0osabl, Tay KBIHBICTAPBIHBIH Oy3bUTyFa TO3IMILIINT TOMeHAeWi. OMOeban KeHKapAblH OpHAIACYbl MEXaHMUKAJbIK MKbUILAM/BIK, YHEPTUs
LIBIFBIHBI )KOHE HETi3ri TyTacThIK GoiibiHIma NQ xone HQ cepusiiblk GaraH KUbIHTHIKTaPbIMEH CAJBICTBHIPFAH/A apTHIKIIBLIBIKKA HE.

Tyiiinoi ceszoep: ynevima, yYHbl Kypacmulpy, Oypeviiay bacmuexmepi, Mampuyd, KecKiumep, KONCbUMY, MAy JHCbIHbICbL, 2UOpoazpe2am, KepH, Oypavliay
CYUbIKMbIEDI.

Universal bottomhole assembly for hydrojet drilling of wells

Abstract. In geological exploration of deep-lying mineral deposits, the problems of drilling wells are the preservation of a given direction, reducing energy
consumption and obtaining a structurally solid core. This is possible when new physical principles and resources are introduced into the design of the downhole
layout. The resource is hydrojet drilling, which makes it possible to maximize the potential energy of the washing liquid. Universal downhole layouts of hydraulic
well drilling have been developed. The novelty is a hydraulic distributor, a diamond drill head with a multi-stage matrix and a separate system of flushing grooves.
When drilling wells, the flow of flushing fluid is directed to the steps of the well face, loosening zones are formed, reducing the resistance of rocks to destruction.

The universal downhole layout has an advantage over the serial NQ and HQ column sets in terms of mechanical speed, energy consumption and core integrity.

Key words: well, downhole assembly, drilling heads, matrix, cutters, loosening, rock, hydrojet, core, drilling fluid.

Beenenue

OcHOBHOM croco0 reosioropas-
BEJKH — OypeHHE CKBAXXHH — IIpel-
Ha3Ha4YeH JUIsi BCKPBITHS DPYIHBIX
TEJI, UJ, MPOJYKTHBHBIX IJIACTOB
C LIEJIBIO MOJyYEHHS] UCTOYHHMKA MH-
(hopmanuu — KkepHa.

[IpoBonka CKBa)XXWH B IIyOb HeAp
3eMJIM CO CJIO)KHBIMU ITOCTPOEHUSI-
MH I'€OJIOTHYECKHX Pa3pe3oB, POCTOM
TEMIIepaTypbl M JaBJIICHHSI C TIyOu-
HOH NIPEIBSBISET BBICOKHME TpeOOBa-
HHS K KOHCTPYKLIHU U TEXHOJIOTHYE-
CKMM BO3MOJKHOCTSIM IIPUMEHSIEMBIX
CPEJICTB UX COBMECTUMOCTH C YCIJIO-
BUSIMU TOPHOM CPEbL.

OcHOBHBIE TIpOOJIEMBbI  OypeHHs
IIyOOKMX CKBAaXHUH — COXPAaHHOCTH
33/IaHHOTO HAIPABJICHUS CKBAXKUH,
CHIDKEHUE SHEPro3arpar 1 MoJrydeHue
CTPYKTYPHO LIEJIEHOTO KEpHa.

Pemienne mnpobiieM coopyKeHUs
IIyOOKMX CKBa)KMH Ha KadyeCTBEHHO
BBICOKOM ypPOBHE IIPEICTaBISICTCS
BO3MOJKHBIM IIPH NIPUBJIICYCHUH (PU3H-
YECKHMX IPUHIUIIOB, PECYPCOB, paHee
MaJIOU3BECTHBIX, B 00JIACTH TEXHHUKHU
OypeHust ckBaxuH. OTHUM M3 TaKHUX

pecypcoB SIBISIETCS. THAPOCTPYHHOE
paspylmIeHHe TOPHBIX IOPOJA, OCHO-
BAaHHOE HA WCIIOJIb30BAHMH SHEPTUHU
BBICOKOCKOPOCTHBIX ~ CTPYH  BOZBI,
KOTOpPBIE, BBIPHIBAsICH M3 CTpyehop-
MHPYIOIIUX KaHAJIOB IOA OOJIBIINM
JTaBIeHUEM, 00EeCTICINBAIOT paboTy MO
pa3pyIIeHHIO MaTepHaa.

[To TemaTmke mpPOAHAIN3UPOBAHBI
pe3yJIbTaThl HAYYHBIX HCCICIOBAHUN
W OIBITHO-KOHCTPYKTOPCKHX pa3pa-
OOTOK, MEPCHEKTUBHBIC HAIPABICHUS
pa3BUTHS THUAPOCTPYWHOTO CIOCO0a
paspylieHusi MOpoXa. Y CTaHOBIICHBI
KOHCTPYKTHBHBIE TPEOOBAaHUS K Cpe-
cTBaM OypEeHUsI CKBAYKWH JUTS CO3/IaHUS
YCIIOBUM NIPOSIBJIEHUSI TUAPOCTPYHHOTO
paspyLeHusi opoJ, OIaronpusTHOrO
KEpHOOOPAa30BaHUs U OPTaHN30BAHHO-
r'0 BBIHOCA IIIJIaMa € 320051 CKBa)KHH.

Obwvexm pazpabomku u ucciedosa-
HUY — yHUBEpPCAJIbHAsI 3a00HHasT KOM-
IIOHOBKA THAPOCTPYWHOTO OypeHus
CKBa)XMH, PE3yJbTaThl €€ ampodanuu
Ha MIPaKTHKE.

B paborte [1] mpemnoxeHa cxema
SKCIEPUMEHTAJIBHONH YCTAaHOBKH IS
MTOIYYEHHUsI CBEPXBBICOKOTO aBIICHUS
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IO CITOCOOY IBYXCTYIIEHUATOTO CIKATHSL.
B Hell npakTuyecKkuid MHTEpEC Mpem-
CTaBJISIIOT TTAPAMETPHI: TaBJICHNE BOJBI,
100-500 MIla; pmmameTp OTBEPCTHS
crpyedopmupyromeit Hacagku 0,2...0,8
MM, PAcCTOSTHUE MEXIy CPE30M CTpye-
(hopmupyromeli HacaAKuM U MOBEPXHO-
CTBIO TOPHOH TIOPOEI 2...200 MM.

VHTEHCMBHO pAa3BUBAETCS TEXHO-
JIOTHSI yJAapHOTO OypeHHsI C HCIIONb-
30BaHUEM T'HAPOYAApHBIX YACTHIl IIPH
OypeHHN TIyOOKHMX CKBaXHH Ha Me-
CTOPOXKIIEHUSAX yIiIsd. MexaHu3M pas-
PYIIEHUS IOPOIBI 3aKII0YACTCS B TOM,
YTO BBICOKOCKOPOCTHBIE YacCTHIBI H
BOZIOCTPYHHBIE yAapbl O TIOPOLy 00pa-
3YIOT KOJIBLIEBYIO 30HY DPa3pbIXJICHUS
nopoasl. [1o Mepe Toro, Kak MpOYHOCTH
IIOPOJ YMEHBIIAeTCs ¢ 00pa30BaHUEM
KaHaBOK, TBEP/1asi IIOPOJIa MOXKET OBITh
3¢ PeKkTHBHO pa3pylIeHa ¢ MOMOIIBIO
peXyIero AercTBusi OypoBOro [o-
sota [2]. TexHONMOTHS yIapHO-CTPYH-
HOTO OypeHMs YacTHIl NPEACTABISET
c000#1 MeToJ OECKOHTAKTHOTO pa3py-
IICHUS TOPHBIX TIOPO/I, HCIIOJIb3Yy MBI
JUIsl YBEIMYEHUSI CKOPOCTH MPOXOIKH
r1yOOKHX CKBaXKUH [3].
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B cratee [4] mpuBeneHbI pe3yib-
TaTbl NPUMCEHCHHUA TEXHOJIOTUU pa-
JIMAJIBLHOTO BOJOCTPYHHOr0 OypeHus
OATU TOPU3OHTAJIbHBIX CKBaXXMH B
CTEHKE Kapbepa. YCTaHOBIIEHO BIIU-
SIHUE TEeOMETPHHM COIUIa THAPOMO-
HHUTOPHBIX YCTPOMCTB Ha CKOPOCTh
MPOXOJAKN CKBAXKHH. 3aMEUYeHO, 4YTO
BBIOPDOLIEHHBIE M3 OTBEPCTHIl CTpyH
MOTr'yT HNEpECCKaTb TPCIOUHBI IMOPOJ
o4 pasHbIMU  yrjlaMH, 4YTO CKa3bl-
BaeTCsl Ha CKOPOCTH MPOXOJKH. BbI-
OypeHHYIO MOpOaYy, M3BICUCHHYIO W3
CKBa)XHHBI, MOXKHO HCIIOJIb30BATh ISl
OIICHKHU ITPOHHUIIAEMOCTH MTOPOJ.

HccnenoBanus [5] mokazanu, 4To
TUIPOCTPYWHOE OYpPEHHE MOXKET yBe-
JIMYUTH CKOPOCTH NMPOXOAKH, IO CPAB-
HEHUIO ¢ POTOpOM, 110 40% CHUKEHH-
€M MEXaHHYECKOr0 YCHIIUS Ha JI0JI0TO
PDC ot 30% no 52%.

Cy1iecTByeT MHOXECTBO (DaKTOpOB,
BJIMSAIOIIMX Ha pa3pyllaloniee BO3AeH-
CTBHE BOJSHBIX CTPYH, CPEIU KOTOPHIX
HEeJb35 HE YUUTBIBATh CUITY yaapa. s
W3Y4YEeHHsI BIIMSHUS (DOPMBI KOHTAKT-
HOI IOBEPXHOCTH Ha XapakTep Tede-
HUSI CTPYU U CHJIy yZapa ObUIM IIpO-
BCACHBI SKCIICPUMCHTBI 11O U3Yy4YCHUIO
IUIOCKOCTEH  COYIApeHUsl CKBaKUH
U CTPpyH BOIBI IIPU PA3IUYHBIX 3HAa-
YeHUsX JnaBicHus [6]. OOHapyKeHO,
4TO IpU CTOJKHOBCHHH CTPYU BOJbI C
pa3HbIMH (OpMaMH KOHTAKTHBIX II0O-
BEPXHOCTEH MaTepuaioB BO3HUKAET
OTPAXCHHBIM IOTOK, OKa3bIBAIOIIUI
BIIMSIHEE ()OPMBI Ha CHITY yaapa.

HNmeetcs uccnegoBanue [7] mexa-
HH3Ma pa3pylaiero OypeHus ¢ uc-
M0JIb30BAHNEM CTPYHHOTO JI0JIOTA BbI-
COKOIO JaBJIcHUs. B HEM M3II05KEHBI
pe3yabpTaThl OypeHHss OOKOBBIX CTBO-
JIOB C WCIIOJIb30BAaHUEM CKBA)KMHHBIX
BBICOKOCKOPOCTHBIX CTPYHHBIX Haca-
JOK. BrinmonHeHsbI pacueThl IO OIpe-
JIEJICHUIO 3HAYEHUH KOHCTPYKTHUBHBIX
rapamMeTpoB HAacaJlo0K.

Oco0oe MecTo cpelr pa3HOBHIHO-
CTel TUAPOCTPYHHBIX TEXHOJIOTUM, UC-
TOJIb3YEMbIX B TOPHOM A€JI€, 3aHUMACT
TUAPOMEXAaHUYCCKUNM CITOCO0 pas3py-
IIEHUs TOpHBIX mopona [8], ocHOBaH-
HBIA Ha KOM6I/IH3HHI/I MEXaHHUYCCKOI'O
Pe3LOBOro M MIAPOLIEYHOT'O HHCTPY-
MEHTa C BBICOKOCKOPOCTHOM CTpyeu
Bozbl. CyHIHOCTH CIoco0a 3akirova-
€ICsl B TOM, YTO CTPYsl BOIBI, OPUEH-
TUpPOBaHHasA OTHOCUTCIIbBHO MEXaHU-
YEeCKOro MHCTPYMEHTa, OOEeCIeunBaeT

CHIDKEHHE €ro Harpy»XeHHOCTH, pac-
IMUPEeHUEC O6JIaCTI/I UX TPHUMCHCHUA
JUISL pa3pyLIEHUs] KPENKUX IOPOLI.
'mapoaOpa3uBHOE pe3aHue rop-
HBIX IIOPOJ OCHOBBIBAETCS Ha CO-
BMeCTHOMBOS[LeﬁCTBHHHaMaTepI/IaH

BBICOKOCKOPOCTHBIX CTPYH BOIBI U
aOpa3uMBHBIX YaCTHIl, HaXOISAMIHX-
csi BHYTpU 3THX cTpyd [9, 10]. B
pe3yjabTaTe TaKoro BO3JEUCTBUSA B
OPOJE MpOpe3acrcs ILIelb OIpe-
JICJICHHOW TJIYOUHBI ¥ IIIUPHUHBIL.

1 — MHOTOCTYIICHUAaTas
OypHIIbHAS TOJIOBKA;

2 — Hapy»kHas TpyOa;

3 — MepEeXOTHHK;

4 — BHyTpeHHsIA TpyOa;

5 — ruznpopacIpeeIuTels;
6 — IIOIIIUITHUKOBBIN y3€IT;

7 — KepHOIIPUEMHHUK
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Puc. 1. YuuBepcanbHas 3a00iiHasi KOMIIOHOBKa AuamMeTpom 215,9 mm.
Cyper 1. Iuametpi 215,9 MM 60J1aThIH 9M0e0all YHFbIMA KUHAFbI.
Figure 1. Universal bottomhole assembly with a diameter of 215.9 mm.

¢ 0TO0pOM KepHa

Ui OypeHrs CKBa)XUH CO CILTOLIHBIM 3a00eM

Puc. 2. Anma3Hble OypHJibHbIE TOJIOBKH € THAPOCTPYHHBIM 3¢ derToM
pa3pylueHus nopoja guamerpom 215,9 mm.

Cypert 2. luametpi 215,9 MM Tay KBIHBICTAPBIHBIH 0Y3bLIYBIHBIH
THAPOAFBIHABI 3cepi 6ap aaMac OYpFbLIAPBIHBIH 0acTHEKTEPI.
Figure 2. Diamond drill heads with hydrojet effect of rock destruction
with a diameter of 215.9 mm.
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Taonuua 1

Cpasnumenshsle OanHble OYPEeHUA CKEAXHCUH YHUBEPCAIbHOU 3A00UHOI KOMNOHOBKOI, OCHAWEHHOU MHO20CHYREeHUAmMOll
OypUNBHOIL 207108K0U Ouamempom 75,6 mm u 95,6 mm u cepuitnvimu Konoukosvimu navopamu NQ u HQ

Kecme 1

Huamempi 75,6 mm stcone 95,6 mm kon camolinst oypuinay o6acmuezimen scone NQ scone HQ cepuanvix kepn
HCUHAKINAPBIMEH HCADOLIKMATIZAH IMOeOan YH2bIMA HCUHAZL Oap OYpuliay YHbIMALAPLIHbIH CATILICINbIPMATbL OepeKmepi

Table 1

Comparative data on drilling wells with a universal downhole assembly equipped with a multi-stage drill head
with a diameter of 75.6 mm and 95.6 mm, and serial core sets NQ and HQ

PexxumMbl OypeHHsi CKBaKUH
Buabl MexaHnuyeckas
Pacxon Beixon | 3arparsl
KOMIIOHOBKH, IIpodypeno, Yacrora . CKOpOCTH
OceBasn NPOMBIBOYHOI KepHa, | JHepTruH,
KOJIOHKOBBIX M BpallleHusl, Oypenus, o, Bre
HaGopoB Harpy3ka, H 00/MuH JKMKOCTH, M/ (0 KBT4
JI/MUH

1. Cepuitnvie
KO10HKO0Gble
HabopovL:
NQ (75,6 Mmm) 300 18000-20000 600-700 60-70 3,1-3,3 93 1,6-1,8
HQ (95,6 mm) 242 2200-2500 500-600 80-90 2,8-3,0 93 2,1-2,4
2.Ynueepcanvnas
3aboinasn
KOMNOHOBKA:
TaMEeTPOM OypeHHs
75,6 MM 275 4000-6000 400-500 35-40 2,7-3,0 95 0,7-0,9
TaMEeTPOM OypeHHs
95,6 MM 181 7000-9000 300-400 60-70 2,5-2,7 95 1,2-1,5

[Ipuuem, rmyOnHA MIETH B 9TOM CITY-
gae B 3-8 pa3 mpeBHINIaCT TIyOHHY
IIEJIA, TOJy4YaeMyl0 IpH pE3aHuu
OOBIYHBIMHA BBICOKOCKOPOCTHBI-
MU CTPYSIMH BOIBI 0e3 J0OaBIICHUS
a0pa3suBHOTO KOMIIOHEHTA.
WccnemoBanmsivu [11] Obuta ciae-
JIaHa TIONBITKA HMHUIMUPOBAHUS W
pacupocTpaHeHHs] TPEIHWH B TOp-
HBIX ITOpPOJaxX MPH COBMECTHOM BO3-
JNEUCTBUM MEXaHWYECKHUX W THAPaB-
IUYecKnX croco6oB. IIpoBeneHsr
SKCIIEPUMEHTH TI0 HCCIEAOBAHHIO
MEXaHU3Ma pa3pyHICHUs IMOPOJ IO
BBICOKHM JaBJICHUEM CTPYH KHUIKO-
CTH TPH NPUMEHEHWH IIapOMICYHBIX
JIOJIOT, OCHAIIEHHBIX KapOWI-BOJb-
(hpamMoBoii BcTaBKO#. BBIsICHEHO, 9TO
pa3Mepsl 1 (GOpMBI BCTABKH CyIIle-
CTBEHHO BJIMSIIOT Ha MHTEHCHUBHOCTH
pacupocTpaHeHus ceTu TpemuH. [lo
BBIBOJIAaM aBTOPOB, HAJIMYHE Tpe-
IIMH Ha KOHTAaKTE B3aMMOJCHCTBUS
HAIlOPHOW CTPYH U TOPHOU MOPOABI
CITOCOOCTBYIOT PacHIMpPEHHIO U yBe-
JIMYECHUIO TIIYOWHBI NMPOHUKHOBEHUS

JKAJIKOCTH B MAaTEPHHCKYIO IMOPOIY
Ha 3200€¢ CKBOXXHH. DTO BO3MOXHO U
npu OypeHHH CKBAXXUH I10 IIOTHBIM
opojaM, €Ciii Ha UX MOBEPXHOCTIX
MIPEIBAPUTEIBHO TOSBISIOTCS CETH
TpemuH, 60po3abl U KaHaBKH [12].

Lleny nacmoaweii padomvr —
CO3[IaHVE YHUBEPCATBHOMN 3a00HHOM
KOMITOHOBKH THJIPOCTPYHHOTO Oy-
peHUS CKBa)XXHUH, B TOM YHCJIE C BO3-
MO’KHOCTBIO TIOJIyYCHHSI KepHa yBe-
JUYEHHOTO JTHaMeTpa.

3aoauu:

1) pazpaboTtka KOHCTPYKTHBHBIX
CXEM YHHBEPCAIIbHOU 3a00HHOI KOM-
IIOHOBKH THAPOCTPYHHOTO OypeHus
CKB&XKMH C 0TOOPOM BBICOKOMH(OpMa-
THBHOTO KE€pHa M CIUIOIIHBIM 3a00€M,
HM3TOTOBJICHHUE OIBITHBIX 00Pa3IIOB;

2) OIlEHKa TPOMBINIICHHON TpH-
MEHUMOCTH U () (PEKTUBHOCTU YHU-
BepCcaIbHON 3a00WHONW KOMIIOHOBKH
THJIPOCTPYWHOTO OypeHHS! CKBaXKHH
B CPaBHEHHMH C CEpPUHHBIMH KOJIOH-
KOBBIMHM HaOOpaMH B COITOCTaBUMBIX
YCIIOBHSIX TOPHOM CPEJIBI.
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MeToabl Hcce0BaAHNS

Ha ocHOBaHMM MCXOIHBIX IPEAIO-
CBUIOK, H3JI0O)KEHHBIX BO BBEICHUHU,
pa3paboTaHbl KOHCTPYKIIMH YHHBEP-
CaJbHBIX 3a00HHBIX KOMIIOHOBOK,
NpeHa3HAYCHHBIX [UISl pealn3alun
3¢ dexTa THIPOCTPYHHOTO pas3pyIie-
HUS TOPHBIX IOPOJ. YHHBEpCalb-
HOCTb 32001HON KOMIIOHOBKH 3aKJIIO-
YaeTcsi B TOM, YTO IIOBapUaHTHO OHa
MOXXET OBITh HCIIOJIb30BaHA KakK IpHU
OypeHNU CKBa)XMH C OTOOPOM KepHa,
TaK ¥ CO CIUIOIIHBIM 3200€M.

Pa3paboTka yHHMBEpCalbHBIX 3a-
OOIHBIX KOMIIOHOBOK COTJIACHO CTaH-
JIapTHBIM pa3MepaM TOpHOTO 000py-
JIOBAaHUsI BeJach IO METOAHMKE KOH-
CTPYMPOBAHUSI MAallWH, NPUHATONH B
o0slacTi  OOIIEro MalIMHOCTPOESHUSI,
a MMEHHO: KOHCTPYKTHBHAasl IpeeM-
CTBEHHOCTH, c(hepa MpUMEHEHUsI, Me-
TOJ, HHBEPCUH M KOMIIOHOBaHHUE.

Mertoa MHBEpPCHH OBLT HCIOJIB30-
BaH IpU pa3pabOTKe KOHCTPYKIUU
MHOTOKaMepHOW 3a00iHOHM ruapoma-
IUHBL. B y3/max MamvH, yCTaHOBOK
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HHOraa OBIBaET BBII'OJIHBIM ITOMCHSTH

JIETAIN POJISIMH, BEAYLIYIO JIeTallb
cleNnarh BEJOMOM, HAIPaBISIONIYIO —
HaHpaBJ’lﬂeMOﬁ, HETIOABWKHYIO —
noaBmwkHOM. CoriacHoO MeTOoy HH-
BEpCUU, CO CMEHOM BBIINOJIHAEMOMN
(YHKIIMM HEMOJBW)XHBIH POTOpP pac-
MOJIOXKEH B IOJIOCTH BPalIarOIIerocs
craropa. OTO MO3BOJUIIO YBEJIMYUTHh
JJIMHY I1JIe4a MOMCHTOB CUJIbI MEXKIY
COCTABJISIFOLIUMU DJIEMEHTaMHU MHOTO-
KaMepHOW 3a00MHOM TUAPOMANINHBI,
YIOPOCTUTh KOHCTPYKUMU M MaKCH-
MaJIbHO HCIIOJIb30BaTh IOTECHIIHAIIb-
HYIO DHEPrUI0 paboyero areHra — mpo-
MBIBOYHOMU KHUJIKOCTH.

IIpu mpoextupoBanuun 3D moge-
JIE MHOTOCTYIIEHYAaTOW aJIMa3HOMU
OYpHIILHOM I'OJIOBKH CO CMEHSIEMBIMHU
pe3lamMu U TEXHOJIOTHYECKO OCHACT-
KM B BUle rpauToBOil npecc-hopmabl,
HEOOXOMUMOM JJIsi UX H3TOTOBJICHHS,
HCIIOJIB30BAJICS BAPUAHT IPOrPaMMBbI
CAIIP Kompas 3DV 14 Home, coot-
BeTcTBYyIomIel cranmapram EBPA-
39C. I1o Hel ObLTH pa3pabOTaHbI Yep-
TEXU KOPOHOYHOM 3arOTOBKH U JI€Ta-
nu npecc-popm. Pabouasi mporpamma
ARTCAM Obla WCHONB30BaHA st
HN3TOTOBJICHUA 3TUX aeTaneixi Ha CTaH-
ke 4ITYREMAX40302.

YHuBepcaibHasi OypuIbHAs TOJI0B-
Ka MOXeET OBbITh BCTPOEHA B KOHCTPYK-
MO CEPUUHBIX KOJIOHKOBBIX HA0OPOB
NQ u HQ. IIpu OypeHun x€ CKBaKUH
CO CIUIOIIHBIM 3aboeMm, BpyOoOBas
4aCTb B BUAC KOPOHKU CMCHICTCS Ha
OypOBOE J10JI0TO.

I[Ipu OypeHHH CKBaXXHH Ba)KHO
MOJy4YUTh MH(OPMATUBHBIN TE€0JIO-
TMYECKUM MaTepuall B BHUJIE CTPYK-
TYpHO LIEJBHOTO KepHa, HEOOXOIH-
MOTO JJIsl ONpENIeJICHUsI HHTEPBaIOB
pacronoXeHus pPYyAHBIX TeJ, IIpo-
AYKTHUBHBIX TOPHU3O0HTOB, HJOCTOBEP-
HOCTH OIICHKU COJIEp)KaHUs I10JIe3-
HBIX KOMIIOHCHTOB, IIPOHUIAEMOCTHU
U KOJIJIEKTOPCKUX CBOMCTB.

HNHdpopMaTHBHOCTh U CTPYKTYpHAas
LIEJIbHOCTh KEpHa JIOCTUTaeTCsl yBe-
JIMYCHHEM JIHamMeTpa KepHa, OoJjee
CTOMKOI'0 K pa3pyLICHUIO U Pa3MbIBY
MPOMBIBOYHOM JKUIAKOCTH. Becomblit
pecypc Iuisl TOJy4YeHHUsi KepHa yBe-
JIMYCHHOI'o auaMeTpa W CHUIKCHUA
SHEpro3arpar Ipolecca pa3pylieHus
MOpOJI — aJiIMa3Hble KOPOHKH C TOH-
KOCTEHHOM Marpuuel. YcTaHOBIE-
HO, YTO YMCHBIUICHHUEC HNIMPHUHBI TOpLA

Y

1 — xopmyC anMa3HON KOPOHKH;
2 — TOHKOCTEHHas MaTpuLa,

7 3 — IPOZOJIBbHBIE KaHATbI;

fd

=

4 — KOJIOHKOBas TPYOa;
5 — cTaTOp MHOTOKaMepHOM

9 3a00IHOI IHAPOMALINHBI;
6 — BepXHsA 4aCTh POTOPA,
7 — xaHaJBl IOJAYU
IPOMBIBOYHOM KMIKOCTH;
8 — HIKHSAS YacTh pOTOPA;
9 — MOALIMITHUKOBBIN y3€I1;
10 — xepHONPUEMHUK;

|
I
|

11 — xepHOpBaTEIH

1

[TOTITOTTHIITOTITOTI
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Puc. 3. YuuBepcanbHas 3a00liHasi KOMIIOHOBKA JMaMeTPOM OypeHus
CKBaKUH 215,9 MM, npeAHa3HAYEeHHAsI JJIA 0TOOPA KEPHA YBEeJIMYEHHOI 0
AuaMeTpa.

Cyper 3. luaMeTpi YIFaiiTbLIFAH KEPH/I CbIHAMAJIAYFa aPHAJIFaH OyprbuIay
CaHbLIAYyJIapbIHA APHAJIFAH AuaMeTpi 215,9 MM omM0edan TYNTIK KMHAK.
Figure 3. Universal bottomhole assembly with a diameter of 215.9 mm
for drilling holes, designed for sampling a core of increased diameter.

marpuiel no3Bossier Ha 20-30% mo-
BBICUTH KOHIICHTPALIMIO HANPSDKCHHS
Ha 3a00€ CKBa)kKMH.
[Ipon3BOACTBEHHBIE  WCIBITAHUS
ONBITHBIX OOPAa3OB YHHBEPCAIBLHOMN
3a001fHOIl KOMITOHOBKH THIAPOCTPYH-
HOTO OypeHMsI MPOXOAMJIN HA MECTO-
POKJIEHNN IOJIMMETAIIIOB [EHTPallb-
Horo Ka3zaxcrana. I'eonormyeckuit
paspe3 MECTOPOXACHHS CIOXKEH U3
TOPHBIX MOPOJ (AJIEBPOJIATHI C MHOTO-
YUCICHHBIMA MPOXXMUIKAMH KBapua,
KaJbIATHI U OAPHUTHI), KU OKPEMHEH-
HBIX M3BECTHSIKOB U KPEMHHCTBIX ap-
THJUIATOB, BCTPEYAIOTCS KPEMHHCTHIC
cnaHipl. CpenHsAss KaTeropus IMOPOJ
mo OypumocTty — 8.5. Yrom HakiIoHa
ckBaxxnH — 70°. Bypenme ocymiect-
BIUIOCHE OypoBo#t ycrtanoBkoir CDH-
100, racoc Hb-3-120/40. [TpombIBOY-
Hasl )KHJIKOCTh — TEXHUYECKasl BOJIA.
3a 6a3y CpaBHEHHS B COIIOCTABH-
MBIX YCJIOBHSIX OYpEHHS CKBAKHUH
NPUHATHI MTOKA3aTEIN CEPUHHBIX aJl-
Ma3HBIX KOpoHOK Thma Kb-U3-12AT
75,6 MM KOJIOHKOBOTO Habopa NQ u
KBb-U3-12AT ©95,6 mm (HQ).
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[ImaampoBanne 0OBEMOB DJKCIIe-
PUMEHTAIbHOTO OYypeHHs CKBAKHUH
YHUBEPCAJIbHBIMH 3a00MHBIMUA KOM-
IIOHOBKaMH W 00OpaboTKa pe3yibTa-
TOB XPOHOMETPAKHBIX HaOIIIOIEHUN
OCYIIECTBISIIIUCh  COIVIACHO OCHOB-
HBIM IOHATHSIM TEOPUH BEPOATHOCTEH
(MaTeMaTHYECKOE OXXHIAaHHUE, BEPO-
SITHOCTH COOBITHSI, AUCTIEPCHUSI U TOY-
HOCTb OIIPEECIICHHSI OLIEHKH).

PesyabTaTsl

Ha puc. 1 npencraBieHa KOHCTPYK-
TUBHAsl CX€Ma YHHBEPCAILHON 3a00ii-
HOM KOMITOHOBKH JuaMeTpom 215,9 mm
TUAPOCTPYHHOTO OypeHHUs] CKBa)kKMH
¢ orOopoM HH(GOPMATHBHOTO KEpHA;
Ha puc. 2 — ajMa3Hble OypHIbHBIS
TOJIOBKH C THIAPOCTPYHHBIM 3(]dek-
TOM pa3pyLICHHs] MOPOJa IHAMETPOM
215,9 mm: ¢ oTOopoM KepHa U 1 Oy-
PEHUSI CKBAKUH CO CIUIOIIHBIM 3200€M.
Ha puc. 3 moxaszaHa yHHMBEpcasIbHas
3a001HasT KOMIIOHOBKAa THIAPOCTPYM-
HOTO OypeHHsS CKBAXHH IHaMETPOM
215,9 MM ¢ 0TOOPOM KEepHA yBEIIHMYEH-
HOT'O JUaMeTpa; Ha puc. 4 — anmaszHas
OypmiIbHasi TOJIOBKa CO CTYIEHYATOH




bypenue cxkBaxuH

[

1 — ocHOBaHuE; 2 — BpyOOBas 4acCTh;
3 — NPOJONBHEIC KAHABI;

4 — KOHLCHTPHIECKHE KAHABKH;

5 — panuanbHeIE a3kl

Puc. 4. Anma3znas OypuibHasi
TOJIOBKA €O CTYNEHYATOMH
MaTpuuel 1uamerpom 215,9 mm
¢ pa3JeJbHOM cCHCTEeMOI
NPOMBIBOYHBIX KAHAJIOB U
THAPOCTPYHHBIM 3¢ PhexToM
pa3pylieHnsi TOPHBIX MOPOJI.
Cyper 4. lnameTtpi 215,9 mm
caThLIbl MAaTPHLIACKHI 0ap ajama3s
OYpFBICBIHBIH O0acTHeri 0e/1ex
JKYFBILI apHaJIap Kyieci :k9He Tay
JKBIHBICTAPBIH 0Y3y/IbIH
THAPOAFbIH/BI Jcepi.

Figure 4. Diamond drill head with
a stepped matrix with a diameter
of 215.9 mm with a separate system
of flushing channels and a hydro-jet
effect of rock destruction.

MaTpunei nuamerpom 2159 MM, ¢
pa3enbHON CUCTEMOM MPOMBIBOY-
HBIX KaHAJIOB U TUAPOCTPYHHBIM (-
(hexTOM paspyuieHus IOPOJ.
IIpumenenne u 3pPpexkTHBHOCTH
YHHBepCAJbHOM 32001iHOI
KOMIIOHOBKH C THAPOCTPYHHBIM
3¢ dexToM paspylieHHs OPOJ
Ha puc. 5 mnoka3zaHo cocrosHHE
OTOOpaHHBIX KEPHOBBIX MPOO CEepUii-
HBIM KOJIOHKOBBIM HabOopom HQ wu
YHUBEpCAIbHON 3a00HHOI KOMIIOHOB-
KOM C MHOTOCTYNEHUYAaTOW ajJIMa3HOH
OypHIIbHOM TOJ0BKOM. [1o cocTosTHUIO
YAEIbHOM KYCKOBAaTOCTH KepHa Ha
IOTOHHBI MeETp OypeHHs CKBa)KUH
B CONOCTaBUMBIX TI€0JOTO-TeXHUYE-
CKUX YCJIOBHUSIX BHUJHO, HACKOJBKO
9 peKTHBHBI  yHUBEpCaJIbHBIE 3a-
OOlfHbIC KOMIIOHOBKH B OOECIICYCHUH
CTPYKTYpPHOH LIEJIBHOCTH KepHa. B
Tabn. | mpuBeneHBI CpPaBHUTEILHBIC
JlaHHbIe OypEeHMsI CKBaXUH YHHBED-
CalbHOM 3a00MHOW KOMITOHOBKOW,

OCHALCHHOU MHOI'OCTYIIEHYaTO!
OypHJIBHOW TOJOBKOW JHaMETPOM
75,6 MM B 95,6 MM CO CMEHSIEMBIMU
aJIMa3HbIMU pEe3laMu U CepHﬁHbIMH
KOJIOHKOBBIMHU Habopamu NQ u HQ.
[To pesynbraram OTpabOTKH YHU-
BEpCAIbHOM 3a00WHOW KOMITOHOBKO#
U CEpUHHBIMH KOJIOHKOBBIMH HabO-
pamu (NQ u HQ) ycraHOBjIEHO, YTO
pecypcHble BO3MOXHOCTH yHHUBEp-
CaJbHOM 3a00WHON KOMIIOHOBKM Ha
180-220 M Oosblie, YeM y CEpPHIHBIX
KOJIOHKOBBIX HaOOpOB.
OO0cy:k1eHue pe3yJibTaToOB
ITosryueHHble pe3yJIbTaThl — CHUXKE-
HUE DHEpro3arpar mpoiiecca pa3pyuie-
HUS II0POJ, IOJIYYEHUE CTPYKTYPHO
LEJIBHOTO KEPHA — OOBSICHSIIOTCS KOH-
CTPYKTUBHBIMU OCO6CHHOCTHMI/I YHU-
BEpCAIbHON 3a00MHON KOMIIOHOBKH,
B CHJIy Yero MEHSIOTCs dopma 3a00s
CKB&XUH, BHJ pa3pylleHus IOpOI,
cucrema nogadyu l'[pOMbIBO'-IHOﬁ KUI-
KOCTH M BBIHOCA IIUIaMa, yCIIOBUS Kep-
HOOOpa30BaHUs, MOSIBIISIETCSI BO3MOXK-
HOCTh II€pex0Jia Ha HU3KHE 3HAYCHUS
1apaMeTpOB PEKUMOB OypEHUSI.
Pe3yanaT1>1 MOATBCPIKAAOTCA KOH-
CTPYKIIMEH yHUBEpCAIbHBIX 3a00M-
HBIX KOMIIOHOBOK, BUJAaMHU aJIMa3HbIX
OypHIIBHBIX TOJIOBOK (puc. 1-4).
KoHCTpyKTHBHBIC OCOOCHHOCTH YHH-
BEPCATBHBIX 3a0OMHBIX KOMITOHOBOK
3aKJIIOYAIOTCSl B WCIOJIB30BAaHUU Ha-
[IPaBJICHHOW IOTCHLUAJIBLHON 3HEPIUU
HpOMLIBO‘{HOﬁ KUOKOCTHU UJId ITIOBBI-
IIEHHS MTHTCHCUBHOCTH paspylICHUSA 110~
POl M CHIDKEHMS dHEeprosarpar yriyo-
KN CKBaXXWH, COXPAHCHHWH LCIbHOCTH

KEpHa U NPUMEHEHHUU COCTaBHBIX all-
Ma3HbIX OYPHIIHHBIX TOJIOBOK.

HanpaBieHHBIM HOOTOKOM IIPO-
MBIBOYHOM KHUJAKOCTHM IO IIPO-
JIOJIbHBIM KaHallaM Ha CTYIEeHbKax
320051 CKBa)XXHUH 00Pa3yloTCsl 30HBI
pa3pBIXJICHUsS, IOBBIIIAETCS MPO-
HULAEMOCTb TOPHOM IMOPOJBI.

Peanusyrorcsi KOHCTPYKTHUBHBIE
0COOEHHOCTH MOCPECTBOM:

* [IOSIBJICHHSI OIEPEKAIOUIEH 30HBI
TPEIIMH Ha CTYINEHbKax 3a00si CKBa-
JKHH — MCXOIHOM MPEINOChUIKA 00b-
€MHOI'0 pa3pylIeHUs IOpPOJ, YeMy
CIIOCOOCTBYET M CMEIIEHUE KOHLIEHT-
pUYECKHUX KaHABOK I10 TOPH30HTAIN
MEXKJy CEKTOpaMU MaTpHIIbL;

* BBIMIOJIHEHUS KOHLEHTPUYECKUX
KaHaBOK Ha TOPIIE MaTPHIIbI, Iepece-
YEHHBIX pPaJUaIbHBIMU I1a3aMH, HC-
KJIFOYAIOIIMX IONaJaHue IIJIaMa BbI-
OypEeHHO¥ MOPOJIbI U3 OJHOTO CEKTOpa
B JIPYroil; yCTpaHEHHUs TUIpaBiIHye-
CKOH IIOJIIOPKH I10J MaTpPULIEH aimas-
HOI OypHJIBHOW TOJIOBKH;

* IpeI0XpaHeHus] KEpHa OT BO3/EHi-
CTBHSI TIOTOKA HAIlOPHOM IPOMBIBOY-
HOM JKMIKOCTH, IIOSIBJICHMS YCIOBUM
JUIS1 )KUJIKOCTHOM CMa3Ku MEXIy Kep-
HOM ¥ K€PHOIIPUEMHHKOM;

* CHIDKCHMsI 3HAYeHUH pPEXHMOB
OypeHHUs CKBa)XUH, OCEBOM Harpy3Ku
Ha 3a00¥ ¥ YaCTOTHI BpaLCHUSI.

COBOKYITHOCTBIO KOHCTPYKTHBHBIX
OCOOGHHOCTEH M IOCIEJICTBUSIMH HX
IIPUMEHEHUs] YHHUBEpPCaJbHbIE 3a00M-
Hble KOMIIOHOBKH T'HAPOCTPYHHOTO
OypeHHUsI CKBa)KMH, OCHAIEHHBIE CO-
CTaBHBIMU aJIMa3HbIMH OypPHJIBHBIMU

Puc. 5. CocTtosinne 0TOOPAHHBIX KEPHOBBIX NMP00: @ — YHUBEPCAJIbHOM
3200iiHOIi KOMIIOHOBKOIi, THAaMeTPOM BPYy00Boii yacTu 95,6 Mm;
0 — cepHHHBIM KOJOHKOBHIM HaGopom HQ 95,6 mm.
Cypert 5. TanaaaraH KepH YJrijepiHin maprrapbl:
a — IM0ebdan YHFbIMA )KHHAFBI, Kecy auamMeTpi 95,6 mm;
b — cepusabIK 0araH KUBIHTBIFBI HQ 95,6 MMm.

Figure 5. Conditions of selected core samples: @ — universal bottomhole
assembly, cut-in diameter 95.6 mm; b — serial column set HQ 95.6 mm.
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TOJIOBKAMH CO CTYIEHYaTOW MaTpH-
11eil, TPUHIUITHAIEHO OTIHYA0TCS OT
CEPHUITHBIX KOJIOHKOBBIX HAOOPOB.
Henocrarok — npu OypeHuu CKBa-
JKUH IO MJIOTHBIM TIIHHAM, CYTJIIMHKAM

BO3MOKHBI 3aKYMOPKHU MPOJIOJIbHBIX
OTBEPCTHI MAaTPHUIIBI aJIMa3HbIX Oy-
PWIBHBIX TOJIOBOK, MEPEKPHITUE JIBU-
’KEHHUSI HATOPHOT'O MOTOKA MPOMBIBOY-
HOM x)uakoctu. Hemoctatoxk MoxkeT
OBITH yCTpaHEH I[OJ00POM MOIepeU-
HBIX pPa3MEPOB MPOJOJBbHBIX OTBEP-
CTUH, COOTBETCTBYIOIIMX CBONCTBAM
MOPOJI, U TIOBBIIIEHUEM pacxoja Mpo-
MBIBOUYHOM JKUJKOCTH.
[TepcieKTUBHBIM HAampaBIEHUEM B
pacuiupeHuu cepbl IPUMEHEHUS YHHU-
BepCAIbHON 3a00HHONH KOMIIOHOBKH
MOXET OBITh MPUMEHEHHE €€ TIPH TPO-
XOJIKE CTBOJIOB IIIAXT, IIyP(OB, BCKPHI-
TUM U OCBOEHMHM 3aJIe)KEH MOA3EM-
HBIX BOJ U TE€PMaJbHBIX MCTOYHHUKOB,

HU3BJICYCHUHN IIOJIC3HBIX MCKOIIA€MbIX
CII0OCOOOM CKBa)KMHHOM TUAPOIOOBIUH.
3akJoueHue
1. PazpaboTana KOHCTPYKIHS YHU-
BEpCAIbHON 3a00HHOW KOMIIOHOBKH
TUPOCTPYWHOTO OYpeHHs CKBaXKHH,
coJepKallel COCTaBHBIE aJjiIMa3HbIE
OypHIIbHBIC TOJIOBKH CO CTYICHYATOMN
ManM].Ieﬁ, OCHAIIICHHBbIC CMCHSICEMBbI-
MH pe3laMH HIIH BPYyOOBOI Y4acThIO.
TexHOnOrM4eCKUe BO3MOKHOCTH:
00BEMHOE THAPOMEXAHUYECKOE pas-
pyIIEHHE TIOPOJl, pa3/elibHas cucTtemMa
rnogadyu HpOMLIBO‘{HOﬁ KUAKOCTU H
yAaTIeHus IIaMa ¢ 320051 CKBaKUH, YH-
CTOTa 00PabOTKM TOBEPXHOCTH CTEHKHU
CKBa)KHH, CHH)KCHHE DHEpPro3aTpar.
Pa3paboTaHa KOHCTPYKLHMSI YHU-
BEpCAIIbHON 3a00HHONW KOMIIOHOBKH
TUPOCTPYWHOTO OYypeHHs CKBa)KHH,
MpeaHa3HAYCHHOW ISl 0TOOpa KepHa
YBEJIIMYEHHBIM AuaMeTpoM 165 MMm.
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OH/IIPY I YHF BIMAJIAPJIBIH TYIIMAHBI
KbICBIMBIHBIH OHTAMJIBI IIIAMACBHIH
HET'I3JIEY

AnjgaTna. ¥YHfbIMaNapbl MaiganaHyAblH HEFYPIIBIM OHTAMIIbl TEXHOJOIMSUIBIK PEXUMICPIHE KOJI KETKi3UIeTiH jKoHe MyHail KEH OpBIHIApbIH YTHIMJIbI
Urepy MeH IaiiIanaHyZIblH HETi3ri KaruaaTTapbl OY3bUIMAMTBHIH YHFBIMA TYIMAaHBI KbICHIMIBI KaHBIFY KBICBIMBIHAH TOMEH TOMEHICTYIIH MYMKiH OOIaThIH
LICKTEPiH Heri3uey e3eKTi MiHaeT Ooibin TaObuTagbl. By KYHIEHIKTI MyHal eHAIPYAiH ecyiHe OGaillaHBICTBI JKAFbIMIbBI JKaKTaH Oacka, Tepic jkarbl Ja Oap —
KEH)Kap KbICBIMBIHBIH IIAMaJiaH ThIC TOMEHJCYi, Oy YHFbIMa TYIIMAHbI aiiMarblHIa MYHAHJIbIH I'a3JaHyblH TyIbIPaJbl, OJ ©3 Ke3eTiHAe OHAIPYILI YHFbIMa XKe-
pacTbl KOH/BIPFBIIAPBIHBIH )KYMBIChIHA alTapiIbIKTal acep ereli. Bys MoceneHi menry yiriH KocilTik 3epTTeyJiep/AiH HOTHKEICPiH ersKel-TerKeilili Taaybl,
AHAJIUTHKAIIBIK €CENTeyIepIi )KOHE YHFbIMAIap bl THICT] YHFHIMA TYTIIMAHbI KbICHIMBIMCH.

Tyiiinodi co30ep: manoay, YHevima, naudaiany, KeHMCap KblCblMbl, KAHLIKMBIPY KbICbIMbL, MYHAU, YHELIMA, UHOUKAMOP OUASDAMMACHL.

Justification of the optimal downhole pressure values of producing wells

Abstract. Justification of the possible limits of reducing the bottom-hole pressure below the saturation pressure, at which the most optimal technological modes
of well operation are achieved and the basic principles of rational development and operation of oil fields are not violated, is an urgent task. This is due to the fact
that due to the increase in daily oil production, in addition to the positive side, there is also a negative side — an excessive decrease in downhole pressure, which
causes oil to decompose in the bottom-hole zone, which, in turn, significantly affects the operation of underground well equipment. To solve this problem, it is
necessary to use an integrated approach, including a detailed analysis of the results of professional research, analytical calculations and hydrodynamic modeling of
well operation at the appropriate bottom-hole pressure.

Key words: analysis, well, operation, downhole pressure, saturation pressure, oil, well, indicator diagram.

O0o0ocHOBAHHE ONITHMAJIBLHON BeJITHYHUHBI 3200iHOT0 JABJCHUSA T00BIYHBIX CKBAKHH

AnnoTanus. OG0CHOBAHHE BO3MOXKHBIX IPEJIEIIOB CHUKECHHS 3a00MHOT0 AaBICHHS HUXKE JAABJICHUS HACKHIIEHUs, IPH KOTOPOM JOCTUTAIOTCS Hanboiee
ONTHUMAJIbHBIE TEXHOJIOIMYECKHE PEXKHMMbI SKCIUTyaTallil CKBAaXKMH M HE HAPYyIIAIOTCS OCHOBHBIE MPHUHIUIIBI PAllMOHAIBHON pa3pabOTKM M HKCIUTyaTallul
HEe(TSIHBIX MECTOPOXKACHHUMN, SBIISICTCS aKTyalbHOH 3amadeil. B cBsI3M ¢ pOCTOM €XEIHEBHON HOOBIYM He(TH, IOMUMO MOJOKUTEIHHOW, €CTh U OTPHUIA-
TEIbHAs CTOPOHA — YPE3MEPHOE CHIKCHME 3a00WHOTO JaBJICHUS, YTO BBI3BIBACT Pasra3upoBaHHE He()TH B NPU3a0OMHON 30HE, a 3TO, B CBOIO OYEpElb,
CYIIECTBEHHO BIHSET HAa paboTy MOA3EMHOT0 000pYyMOBaHUs CKBaXKMHBI. JIJIsl penieHus 9Toi 3agaun HeoOXOIUMO HCIIOJIB30BATh KOMIUIEKCHBIN TOJXO/I,
BKJIIOYAIOIIUH JI€TalbHbIi aHAIN3 PE3yIbTaTOB NPO(GECCHOHANBHBIX HCCIE0BAHNMN, AHATUTUYECKUE PACYETHl U THPOJINHAMUYECKOE MOJIEIMPOBAHUE DKC-

MJIyaTaluy CKBaXXHH IIPU COOTBETCTBYIOIIEM 3a00HHOM /IaBICHUN.

Knrueswie cnosa: ananus, ckeasxcuna, skcniyamayus, 3a00tHoe dagienue, 0agieHue HaCblWeHus, Hemyb, CKEANCUHA, UHOUKAMOPHASL OUACPAMMA.

Kipicne

YHFpIMaIapI6l TalJaJaHyabl TAIIAY MYHAUIBIH ra30eH
KaHBIFY KBICHIMBIHA KATBICTHl OHTAMIBI YHFBIMA TYIIMaHBI
KBICBIMBI 0ap OHIIpyIIi YHFBIMAHBIH TEXHOJIOTHSIIBIK
JKYMBIC PEXHMIH Oenrijiey MoceJeciH TyTacTall ajaraHia
MYHail K€H OPHBIHBIH JKYMBIC PeXHMIH 3epTTeyre Oaiina-
HBICCHI3 KapacThIpyFa OOIMalThIHBIH KopceTemi' [1].

Byn, OipiHmiineH, YHFbIMaHBIH TYIMaHBIHIAFbl aima-
FBIHBIH T€OJIOTHSJIBIK — KOCIMTIK epeKIeNnikTepine Oaina-
HBICTHI, YHFBIMA TYIIMaHBI KBICEIMBIH TOMEHIECTY eceOiHeH
JIETIPECCUSHBIH YJIFAIObl YHFBIMA MaHBIHJAFbl aiMaKTHIH
JKBIHBICTAPBIHBIH KOWBUTYBIHA JKOHE MYHAUABIH (HU3U-
Ka-XUMUSJIBIK KacHeTTEpiHIH e3repyiHe, OHBIH InIiHae
KaWTBIMCBHI3 ©3TrepyiHe FaHa eMeC, COHBIMEH KaTap OYKiT
KabaT-CYHBIKTBIK JKYMECiHIH CY3y-ChIMBIMIBUIBIK Iapa-
METpJICpPiHIH TOMEHCYIHE dKeIyl MyMKiH.

ExiHmiies, oHTaWabl (CBIHM) COMKEC KeNeTiH KAaHBIFY
KBICBIMBIHAH TOMEH YHFBIMA TYIIMaHBI KBICHIMBI Oap
OHIIPYII YHFBIMaJapAbl MaigalaHy MyHall (CYHBIKTHIK)
OOMBIHIITA )KYWEHIH OTKI3TMITITiHIH KOCHIMIIIAa TOMEH/ICYi1HE
HET13/IeJITeH MYHa# IeOUTIHIH [ITaMachlHa TEPIiC ocep eTel,
01 MyHau OoubIHINA (a3aiablK OTKI3TIMTIKTIH KaOaTThIH
ra3 KaHBIKTBUIBIFBIHA TOYEJIUTITIMEH aHBIKTAIaIbl JKOHE

ra3JblH THICTI HETi3ci3 OesiHyl COPFBI KaOIBIKTAPBIHBIH
6epiny Kor(PHUIINESHTIH TOMEHIETYTe BIKITAJ ETEIi.

KaHBIKTBIpY KbICBIMBIHBIH MOJIIIEP] Op K€H OPHBI, KEHXap
HeMece KeJlbey ydJacKeci YIIiH FaHa eMec, O JKeKe YHFbIMa
VIIiH JIe KeKe OOJIbI TaOblIaIbl, OMTKEHI YHFbIMA TYII-
MaHbI KbICBIMBIH 0TIl Oip Jopekeae TOMEHACTY apKbLIbI
naianany YHFbIMQJIAPbIHBIH CYWBIKTHIK JCOUTIH pETTey
KaHBIKTBIPY KBICBIMBIHBIH MOJIIIIEPIMEH ¢ MEKTEIe i .

JKympicta [2] ©3eH MyHail K€H OPHBIHIAFBI KONTEreH
OHIIPYII YHFBIMaNapasl OpHATBUIFaH ipikTey (MYO) omi-
CiMEH JXYPTi31JIreH 3epTTeyepre Colkec, MyHal OHIMIIIT]
KO3 (UIMEHTIHIH TOMEHACYiHIH KaHBIFy KbICBIMBIHAH
TOMEH YHFbIMa TYIIMaHbl KbICBIMBIHBIH TOMEHJICYiHE Oel-
Tiji Gip TOYeNmUTiri aHBIKTaIABI, all ©3eH KeH OPHBIHBIH
VHFBIMaJIapblHIa OaiikanraH eHIMAUIIK KOd(pdUITUEHTIHIH
TOMEH/Iey Aopekeci POMalIKuH KeH OpHbI YHFbIMAJIapbIHA
KaparaHaa 0ec ece »KOrapbl OOJIIbI.

XKymeicra® Genrinmi Oip ¢a3anblK apakaTblHACTA MY-
HaWJbIH (a3aiblK OTKI3TIIITIIT TOMEHACH I, OYJI OipiHIIi-
JICH, CYy3y KeIepricCiHiH >KOFapbUIayblHA, CKIHIIIJICH, Je-
OWTTIH TOMEHICYiHE oKeJedl. OpHHe, YHFbIMa TYIIMaHbI
KBICBIMBIH KaHBIFY KbICBIMBIHAH TOMEH TOMEHJIETY/IiH
OHIIpYyIIi YHFBIMaJap MEH KabaTTapAblH >XYMBICHIHA

'Kopnaesa J[.A. Kanvlgy KvicblMblHan MOMEH KEHIUCAD KbICLIMbIHOA JHCYMbLC icmeumin ¥neoimanapovl u0poOuHAMUKAIbIK 3epmmey 20ICmepin Jceminoipy.
/ TexHUKa 2bL16IMOAPLIHBIH KAHOUOAMbL 6LILIMU 02PEHCECTH ANY2A APHANEAH duccepmayusHbiy asmopegepamol. — Mackey, 2015. — 22 6. (opvic mininde)
Muwenxo U.T., Bpasuuesa T.b., Epmonaes A.U. Any Kuvin Koprapsl 6ap MyHAll KeH OPbIHOAPbIHbIY YHELIMALAPLIN NAUOAIAHY macinin manoay. — M.: Mynail

orcone 2az, 2005. — 448 6. (opvic mininde)

SMuwenxo U.T. ¥nevimanvii Mynaii oHOIpY: 4co2apbl 0Ky OPbIHOAPLING APHANRAH OKY Kypaisl. — M.: Mynail scone 2az, 2007. — 826 6. (opvic mininde)
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Kecme 1
bypkaxmul 20icimen naiioananslilamsli YHbIMAIAPObLH HCYMbIC Rapamempiepi
Table 1
Operating parameters of wells used by the fountain method
Taonuua 1
Pabouue napamempui CK6a}CUH, IKCRIIYAMUDPYEMBIX (POHMAHHBIM MEMOOOM
Ken0ey OoiibiHIIa opTama MIHep KaHbIFy KbICHIMBI,
YHrbIMaiap » : .
Keuoey canbl, (%) CyiibIKThIK 1e0uTi, | KadaT KbicbIMbl, | YHFbIMA TynMaHbl | [lenpeccus, PW opTama MJHi,
0., M/eyT., (%) ey MTI2 | KBICBIMBL P, MIIa | 4P, . MIla MlIla
XII 26 (52) 83 (87) 10,3 9,6 0,7 5,9
X1V 9 (18) 82 (73) 11,1 9,2 1,9 6,8
XV 4 (8) 75 (91) 12,3 8,3 4 7,5
XVI 2(4) 23 (80) 12,5 - - 7,59
XVII 7(14) 81 (90) 12,6 10,1 2,5 7,59
XVIII 2(4) 20 (35) 12,3 7,8 4,5 8,2
Bapmerrsr 50 77 (85) 11,1 9.4 1,68
acepi Typalibl KENISH/ 11 KQCINTIK 3epTTeyIep XKYprizy KeH Kecme 2

OpPHBIH Wrepy IMpOLEciH camaibl OakplIayra >KOHE
Oackapyra MyMKiHAIK Oepeni. JKorapblia alTeuFangapra
CYHEHE OTBIPHIN, KaHBIFY KbICBIMBIHA KaTBICTHl Oei-
TIJICHI'eH YHFBbIMa TYIIMaHBl KbICBIMBIHBIH I'DaallHsIChIH
€CKepe OTBIPHIN, OHAIPYIIl YHFBIMAJIAPABIH >KYMBICHIH
Tanaay KbI3bIFYIIBIIBIK TYAbIPAIbL.

Matepuanaap MeH daicrep

KapacTeIpblabiin oThIpFaH ©3eH KeH OpHBI, OHBIH KECiH-
niciage 20-Fa KybIK KOJIOCy aHBIKTAJIFaH, HET13T1 ai 1ana-
sHbutaThiH XIII-X VIII kenOeynep OoibIHIIA YHFBIMAJIAPABIH
JKaJIlbl CaHbl KEH OPHBIHBIH >Kalnbl KOPbIHBIH 94,4% Ky-
paiiael. ¥YHFbIMANIAapbIH )KYMBIC ICTEN TYpFaH ©HJIIPY KO-
PBI OHIIPYII YHFBIMAIAP/IBIH JKaJIbl CAHBIHBIH 96,2% Ky-
paiiabl. Jlon ockiHAal KaThIHAC KOJJAHBICTAFbI aiijiay KOpbI
OoitpiHITa Oaiikamanel. [lalimamaHy Ke3iHIE TapaThbUIFaH
OHJIIpY JKOHE aiijlay YHFbIMaJapbIHBIH KOpPJIApHl THICIHIIE
JKaJIIbl TapaTbUIFaH KOpAbIH 38,2% xoHe 61,8% — Kypanbl.

MexaHuKalaHABIPBUIFAH TOCIJIMEH MMaiaaiaHbIIaThIH
OHJIIpYIII YHFbIMaJIap KOPHI HETri31HEH »KajIbl OHIpyIIi
KOPJBIH €/19yip 06JIiTriH Kypaiabl )koHe oJIapAbIH ©3repyi
96,9-99,4% mierinne.

JKympIc icTen TypraH OHJIIpyHIl YHFbIMajdapibl Haii-
JTaJIaHYIBIH HET13T1 TOCII ITAaHTaIbIK TePEHIIK COPFBI —
91,9%, MexaHWKaJlaHABIPBUIFAH MNaWJajlaHyIbIH Oacka
Tocinmaepi (PIeKTpopTajaH TENKim copan, OypaHmaibl
copan) — 7,4% sxoHe Oypkaktel — 0,7% Kypaimsl.
BypkakTsl YHFBIMalapblHBIH Heri3ri yiaeci 55,6%
XIII xkenbeyre; 14,2% — XV-XVI kenbeynepre; 30,2% —
XVII xone XVIII kenbeynepre Tuecii.

JKyMmpbIC icTeMEHTIH YHFbIMajiap KOPBIHBIH >KapThICHI-
HaH K601 (U3UKAJIBIK )KOIIbI KYTYyA€, KAIFaHAaphl anat-
THI JKOIO JKOHE IMaijanany OaraHbIHBIH arblll KETY1H KO0
OoMBIHIIA KYpPAEi )KOHIEeYyJIepIi KYTyIe.

OHnipymi  yHFBIMaJap  JKYMBICTAPBIHBIH ~ HAKTHI
JIEPEKTEPiHIH >Kal-KYHiH TaJljay KOPABIH HETI3T1l Kypambl
Toyairine 5 T aeiin (64,7%) MyHaHIbIH TOMEH JeOUTIMCH
CUIIATTANATBIHBIH Kepcereni. MyHal neburti ToyJirine
20-man 50 ToHHara ACHIHT1 YHFbIMAIAp/IbIH CaHbI IaMaJlbl
JKOHEe opTamia ecenneH 5,3% Kypaiiasl. by perre onapabig

Kabammapowviy, yHeoima mynmansl ycane Kanvlay
KbICHIMOAPBIHBIH, OPMAULA MIHOEPIH Konbeyep
oouibinwa 601y
Table 2
Distribution of average values of layers, well head
and saturation pressure by slopes
Taonuya 2
Pacnpeoenenue cpednux 3nauenuil cioes, Hanopa
CK8ANCUHDBL U 0ABICHUS HACLIWEHUS NO HAKIOHAM

Ken0ey Ooiibinmia oprama p
Keubey KbicbiM, MIIa 1\:;,;, ‘;5’;;‘11_[“:
Kotcoun oxnan opmaw
XIII 10,3 6,3 4,0 5,9
X1V 11,1 6,6 4,5 6,8
XV 12,3 7,3 5,0 7,5
XVI 12,5 7,7 4,8 7,59
XVII 12,6 8,4 4,2 7,59
XVIII 12,3 7,1 5,2 8,20
Oprama 11,85 7,2 4,65 7,3

CylaHyBhl JCOUTTEPAIH ©3TepyiHiH OapiblK IHama3OHEI
merinae 75,8-neH 82,4%-¥a neiiH aybITKAIEL.

BypkakThl 9MiCiMEH CYHBIKTBIKTBIH CaJBICTBIPMAIIBI
TYpIE JKOFaphl IeOuTi oprarmra Tayiirine 77 m> (3KOFaprbl
mieri Toymirine 170 m° nmeitin), cynanysl 35-teH 99%-ra
JIeliH KoHe KabaTKa a3/iam JSnpeccHsl Ke3iHJe KOFaphbl
YHFBIMA TYIIMaHbI KbICHIMbBI Oap YHFbIMAap naiaaianpuia-
I61. Bys1 YHFRIMAITapIbIH 9ASTTE OHIMILTIITT )KOFapHI.

BypkakThl o/iciMeH NaiganaHbUIaThIH YHFBIMAJIAP/IbIH
JKYMBIC TTapaMeTpiiepi 1 KecTene KenTipijireH.

1 KecTee KeATIPIITeH MATIMETTePACH KOPIHIN TypFaHaai
OYPKaKThl KOPBIHBIH YHFbIMAJIAphl, dJETTE, JJIEYEeTTI MYM-
KIHZIKTEpai iCKe achIpMaiiIbl (APopmm“ = 1,68 MIIa) »xoHe
OJIap bl MEXaHUKAJIAH/IBIPBUTFAH OH/IIPYTe aYbICTBIPFAH YKOH.

YHFbIMATApAbl [ITAHTAIBIK-TEPEH COPFbl KOH/IBIPFbI-
mapeiveH (¥YUITCK) maiinanany ofici eH a3 eHIMI jKoHE

T'opnutii scyprnan Kazaxcmana Ne3’ 2023




byperne ckBaKuH

Kecme 3

¥uevimanap Kopvin naiioanany Konoey 60UbIHUA HCIHE YHROIMA MYRMAHbL KbICHIMbL UIAMATAPLIHBLY MIHOEDT
Ootivinwa 661y

Distribution of well reserves by operational

Table 3
slope and by values of well pressure values
Taonuua 3

Pacnpedeﬂeuue 3anacoe CKeajliCuH no IKCni1yamayuOnHOMY HAK/IIOHY U 3HAYCHUAM 6€/IUYHUH 0aB/1IeHUS CKEANHCUHDL

YHFBIMA TYIMAHbI Copﬂ‘,l Keuibey 0olibIHIIA YHFBIMAJIAP CAHBI BapabiesI
KBICBIMBI HHTEPBAJIbI | fuaMeTpi, MM | XIII | XIV | XV | XVI | XVII | XVIII | XITI-XIV | XV-XVI
Baprmerrst 743 826 364 | 270 155 56 48 16 2478
44 37 19 8 6 9 1 1 - 81
P> 12P 57 184 126 53 44 34 6 17 8 472
70 66 60 19 19 15 2 11 1 193
Bapinbirst 287 | 205 80 69 58 9 29 9 746
44 106 127 50 42 27 14 1 - 367
57 192 | 295 148 97 45 8 12 5 802
08P <P <]2P
g T osnan K 70 23 35 18 14 12 2 4 2 110
Bapnbirst 321 457 | 216 153 84 24 17 7 1279
44 62 96 43 28 6 15 4 — 254
57 71 61 23 20 7 8 2 — 192
P <08P
oman s 70 2 2 2 - — — - — 6
Bapneirst 135 159 68 48 13 23 6 - 452
Kecme 4
¥nevimanapoot PWM-OaH PW 032epy uiezine KamulCmvl monmapza 6oy
Table 4
Distribution of wells by groups relative to the threshold of change in the PW from the Pmm”
Taonuua 4
Pacnpedenenue ckgasxcun no cpynnam omnocumensno nopoza usmenenua P, om P,
P -nan P_ e3repy meKTepi
ATaybl —— R
P,..= (0,2-0,4)PW P,..= (0,4-0, 65)PW P”W" =(0,65 ofcozapbl)PW
YHFpIManap caHbl 29 64 44

Kem eHOEKTI KaxKeT erenmi. by omicTi anmemaik Toxipuoeae
KCHIHCH KOJITaHy KEH OpPBIHAAPBIHIA CaIBICTBIPMAIIBI
TYpae TOMEH AcOUTTepi Oap YHFBIManapAblH KO OoJry-
BIMEH TYCIHIipiUJIeNi, OJlap YIIiH IMMOPIICHB/I IITaHTAIBIK
COPFBUIAPABI TamalaHy OacKa NalIajaHy oHiCTepiMeH
CaJBICTBIPFAaH/Ia TEXHHUKAJBIK HETI3ICITCH JKOHE JKOHO-
MUKAJIBIK TYPFBIIaH THIMTI OOJBIN Kajla Oepei.

KeH opHBIH urepy ToxipuOeci YHFpIMAIap bl Takaana-
HYIbl MYHaWIBIH Ta30€H KaHBIFY KBICHIMBI IICTiHC YHFbIMA
TYIIMaHbl KBICBIMBI KE3iHJIC, YHFBIMAJIarbl €H OHTAIIBI
YHFBIMa TYIIMaHBI KBICBIMBIH KaHBIFy KbICBIMBIHAH 0,85-
K€ TEH eTil Oenruiey apKbUIbI JKY3ere achlpy KEpeKTiriH
kepceTTi. Conpmbikrad, YIIITCK >xaOnpIKTaFaH YHFBI-
MaJTapJIbIH JKYMBIC PeXHMACPIH Talgay Ke3iHAe YHFbIMa
TYIIMaHbI KBICEIMBIHBIH MOHIHE YIIKSH MOH Oepiymi.

¥YUITCK-MeH >xaOnpIKTaFaH KOJIAHBICTAFBl KOPIBIH
2897 yHrpIMackiHaH 2478 yHFbIMa OOWBIHINA TEXHOJIOTHSI-
JIBIK PEKUM JepPEKTepi OOMBIHIIA HAKTHI OpTaIla KaOaTTHIK
JKOHE YHFBIMa TYIIMaHBI KBICBIMAApP, COHAAH-aK KAaHBIFY
KBICBIMBIHBIH aFBIMIAFbl OpTAaIlla OJIIICHIN aHBIKTaJFaH
MOHEpi 2 KecTene KOpCeTiITreH.

2 kecrtene KexaripinreHn oprama gepekrepaeH ¥IIITCK
JKaOABIKTANIFaH YHFBIMAJIAP OHTAMIBI )KYMBIC PeKUMIMEH
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cunartanansl, srau X111 kembeyre ToH eH TOMEH Iernpec-
cust (4P =4,0 MIla) P ~0,94 P_ xe3iHIE, €H KOFa-
opmam. OKnaH . KaH
pot kepcetkim X VIII kendey yurin (4P = 4,65 MIla)
R opmaut
e 0,86§ .PW KE31HE. ¥HFLIMaJ'Iap,Z[BIH. .HaKTLI

J)KYMBIC PEXUMIHIH OHTAWJIBI PEKUMIE COMKECTITl KeH-
J)Kap KBICBIMBIHBIH MOHIEpi OoWbIHImIA OaramaHIbl. by
perte 0, SPW < POWH </ ,ZPW YHFbIMa TYHMaHbI. KBICBIMBI
JIaa30HBIHIAF bl YHFBIMAIap IbIH KYMBIC PEKAMI OHTANITBI
0o0JIbI TaObLIAbI, OHTKEHI P =(0,8P_ ...P_ ) Kke3iHme

R . . . o - OKnaH . K{JHu Kau o
OHIMIUTIKTIH aWTapIbIKTall TOMEHICYi OalKaIMaWIbl, aj
p.omq = (Pﬁ““ A, .21.”“1” ) Ke31HIe ¥HFI>IMa.HLIH QJIEYETTI MYM-
KIHIIKTEP1 )KETKUTIKTI TOJBIK KOJIEMIC ICKEe aChIPhIIaIbI.

YurpIMaap KOpBI KeOeynepre OeriHIN, YHFbIMa
TYIIMaHbI KbICBIMBIHBIH MOHIEPi OOMBIHIIA KeJIeCinen TOI-
TAaCTBIPBUIIBIL:

®* YHFbIMA TYIIMaHbI KbICBIMBbI POWH > ] ,ZPW;

* YHFbIMa TYIIMaHbI KbICBIMBI (), SPW < POWH <] ,2PW N

= PGWH <0, SPW YHFbIMa TYIIMaHbl KbICHIMBIMEH.

YHrpIMaap KOPHIH NalajaHy Keaoey OOHBIHIIA jKOHE
YHFBIMa TYIIMaHbI KBICHIMBI [IaMaJIApBIHBIH MOHIEpi OOM-
BIHIIIA 0Oy 3 KecTeae KOPCETIITeH.

3 xecTeae KeNTIPUIreH KOCIMIIIIK JSPEKTEePIiH CTATHC-

THKAJBIK TAJIIaybl HETi31HAe YHFbIMA TYIIMaHbI KbICBIMMCH
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Kecme 5
XIII koKcueKkmin Keuoip YHoIManapolHblH HCYMbLC pexcumoepi
Table 5
Operating modes of some wells of the XIII horizon
Tabauua 5
Pesrcumovr pavomur nekomopuvix ckeasxcun XIII zopuzonma
£ — =
T HakTbl pe:xxum ‘s | Kyrinerin napamerpJiep 2
=z g = 3 z |2
s | EL|E = N ERS = 5 o SEIE-N
2 = = 2 ~ = 9 s - ~ ~ Ql [ .| S E-n
Elgglg 2| | E ¢ X | 2| % 2| 3 |F g5 8 |ZE[28
2| 2E(2%)| 2| S| &2 | 5| 2| % & | 5|35 |&ExE=| 5 |2E|EE
= = < 5 = S | ¥ 2 “ S < 2 E | S Q| a 2 |E2I TS
= ] Q: 1 5 = = 2 Al = g X "’E = = t 2 Q = ] % >
e = < | o= | E = A g = S P - I =
§ = § = | ¥ = g - s | = > = = &
s t oz | 3 > & 2 £ E o=l & |© 5
= & 2 | oE o < | | F SRS H
= E 5" 2 = Q:
3729 | 98,6 | 790 | 0,7 |35,76| 2 5 48 | 59,8 |47,84| 12,08 | 0,07 |47,84| 1,65 | 3,79 |48,25|1000 | 0,60
2550 | 94,8 | 436 3 15345| 4 43 | 59,8 |47,84| —5,61 | 0,19 [47,84| 4,28 | 8,95 |43,00| 944 | 0,89
3026 | 104,6| 985 2 13,33 2 4 36 | 59,8 [47,84| 34,51 | 0,06 [47,84| 1,71 | 3,19 |36,00| 1040 | 0,22
6589 | 117,8| 657 | 3,8 [37,54| 13 | 21 31 | 59,8 [47,84| 10,30 | 0,28 (47,84 |11,09|19,26|31,33|1064 | 0,63
8418 |117,7| 989 | 1,7 [10,31| O 6 91 | 59,8 [47,84| 37,53 | 0,06 [47,84| 0,34 | 4,51 |91,00| 1000 | 0,17
2619 | 89,4 | 389 0 (60,68 4 22 80 | 59,8 (47,84 —12,84| 0,76 47,84 | 5,45 [31,69(79,50| 872 | 1,01
Kecme 6
¥Hevimanapovt 2uopoouHamuKaiIblK 3epmmey Homuicenepi
Table 6
The results of the hydrodynamic study of wells
Taonuua 6
Pesynomamul 2u0poOuHaMuiecKo20 uccie008anHus CKeAMNCUHbL
YT I3 norukeci
¥“;:'Ma KeaGey | Biok | KK YII3 e | Prpa | Cromu- | Jevi(crelent
) kr/em? | kr/em? | pakrop, 6ip. | o’ (w/eyr)/(ere/en)
3729 X1 1 17.11.2011 01.07.2014 . HKK.K
— 3epITey/e Karelik
2550 XTI 2 123.09.2005 -
01-10.04.2014 x.
3026 X1 2 13.11.2017 o 104,6 | 63,34 12,9 0,55
JAKKK
6589 X1 6 15.08.2014 -
07-08.04.2017 .
8418 X1 7 o 108 23,6 -3,39 0,0033
JAKKK
20.05.-01.06.2016 x.
2619 XIII 2 [26.06.2006 a 89,4 | 60,3 0,14 0,86
AKKK
"KIOK — Kabammul 2udpo scapy
“NIKKK — /lenzetioi kainvina keimipy Kucoleol
KaHBIKTHIPY KBICEIMBIHAH OHTAMIBI aybITKy IIeriHae 1279  pexxuMiH yiIFaldTy HeMmMece MeXaHWKaJaHIBIPBUIFaH

YHFBIMA, SIFHU KOPJIBIH JKapTHICEIHAH acTaMsbl (~52%) Tai-
JTaHATBIH KOPIBIH 2478 YHFBIMACHIHBIH JKaJIIBl CaHBIHAH
naigananpuiaasl. byn yHFbIManapibl OHTAWJIBI PEXUMIE
JKYMBIC 1ICTEHTIH KOpFa KATKbI3yFa O0JIasl.

KaHbIFy KbICHIMBIHAH JKOFAapbl YHFbIMa TYIMaHbI
KBICBIMMEH 746 YHFBIMA JKYMBIC iCTEHdi, SIFHU KOPIBIH
yminmi OGemiri (~30%). byn yHreiManapma Ttaburm
9JIEyeTTI MYMKIHIIKTEP TOJBIK iCKe aChIPBIIIMaFaH, OChIFaH
0alIaHBICThl OPHATBUIFAH COPFBI YKAOIBIFBIHBIH JKYMBIC

OHIIPYIiH HEFYPIBIM OHIMII KOHIABIPFBUIAPHIH, MBICATIEI,
9JIEKTP OpTaJaH TEIKIII COPFbI KOHIABIPFBIIAPBIH KOJIa-
HY apKbLIbl OHTAWJIIBI IEKTEP/Ie YHFBIMA TYIIMaHbI KbICBIMBIH
KaHBIKTBIPY KBICEIMBIHA NeiiH TOMCHACTY eceOiHeH n1e0nT-
Ti yrFaiiTyra 0omaasl. OHOIpyIIi YHFBIMAIApI6l OYpFRUIAY,
Wrepy SKOHE TNaiijanaHy MpOLECiHAE YHFbIMaJIapIblH
yHFBIMa TynMaHbl aitMarbiHaa (¥ TA) cy3y-ChIMBIMIBIIBIK
kacuertepiniH (CCK) HamapraypiHa 6aitaHBICTBI ©HIM/TI-
JKTIH TOMEHCyi OaiKaras’.
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Kecme 7
XIII kenbey Kadbamvlnoazvl MYHAUObIH, MeEPEH HCIHE PEKOMOUHAUUATIAHZAH COHIHAMAIAPLIH 3epmmey Hamudicenepi
Table 7
Results of studies of deep and recombined oil samples in the XIII slope layer
Taonuua 7
Pesynomamal uccnedosanus 2nyo0Kux u peKoOMOUHUPOBAHHBIX NPOO Hepmu 6 naknonuom cinoe XIIT
CpiHama Kabar . | Eceresren P -nau
P Ta3zmemepi oKnan = Kau
¥rrpiva Kenbey | anbinran Hepgopauusn KepceTKIII an’ P 5 I;aﬁblgilbm
Ne HMHTEpPBAJIbl, M MIla oKman.Kp. .
KYH P,MIla | T, °C M | MR MIla MeJIepi
6731 pek XIII 29.12.15 1198-1200.6 10,41 57 | 5,50 |37,00| 31,19 4,8 0,85
1217.2-1219;
6801 XTI 26.02.16 1220.7-1224; 10,41 57 | 6,50 | 43,87 | 36,89 5,3 0,81
1227.5-1228,5
1262-1263.6,
6937 XTI 27.04.16 1279-1280 10,41 57 | 5,60 |3523 | 29,98 4,8 0,85
1201.2-1202,
6948 XTI 03.06.15 | 1206.2-1207.2, 10,41 57 | 5,20 | 35,951 30,71 4,7 0,9
1218-1218.8
1131.5-1135,
1136-1137,
1142.5-1144,
1148.5-1150,
9571 X1 27.04.17 1151-1152.5, 10,41 57 | 7,33 | 60,53 | 51,49 6,4 0,87
1155-1156,
1158-1159,
1168-1172
XIII xenbey OoiibIHIIIA OpTaIia KOPCETKIII 6,02 | 42,5 | 36,05 52 0,85

JKympicTa [2] yHFBIMaIap IbIH OHIMALTIK KO3 QuITneH-
TiHIH KOCINIIUTIK 3epTTeyJiep HOTHIKeIepl OOWBIHIIA
OCTUICHIeH KEH)Kap KbICBIMBIHA TOYCIIAUTITIHE apHaIFaH
JKYMBICTAPIbIH HOTHIKEIEePl KeITIPiIreH.

JKymbicta® [3-6] myHaii GOHBIHINA YHFBIMAHBIH JeOUTI
OapbIHIIIa MYMKIH (QJIeyeTTi 1e0UT) OOJATHIH KBICHIM P ain
CBIHU KbICBIMBIHBIH aHBIKTAMACHI KEITIPUITeH. Y HFbIMaaFbl
TYNIMaHBI KBICBIMBI P~ TOMEH TOMCHJICICH Ke3Je My-
HaWJaH ra3blH KapKbIH/bI 06JI1HY1 OaliKaiaibl, OHBIH KeJie-
Mi alTapibIKTai 0onaapl, Oy YHFbIMara MYHal aFbIHBIHBIH

6eunriai Oip mekrenyiHe okeseai. OHBIH Keleci Typi 6ap:
P =3,5+6833x10°T, x PW/PWM,

oKnan.Kp.

()

MYH/IaFbI:
I', — yHrbIMaHbIH ra3 GpaKkTopbl, M/T;
P_ xone P — COHKECIHIIe KaHBIKTBHIPY KBICBIMBI )KOHE YHFbIMaJaFbl

Kan KbicoLm

arbIMIarbl Kabat KeIchiMbl, MITa.

Kympicta [3-9] KaHBIFy KbBICBIMBIHAH TOMEH KBICHIMJIA
JKYMBIC ICTEHTIH YHFBIMaJIap OOMBIHIIA KEH ayKbIMJIbI 3ePT-
TeyJIep JKYPTri3UIreHiHe KOHe Ielpeccusira OaiIaHbICThI J1e-
OHUTTIH CBI3BIKTHIK eMec e3repy (hakTuIepiHe KapamacTaH, ic
JKY31H/I€ OCBHI MTapaMeTpiiep apachIH/IaFbl ChI3BIKTBIK Oaiiina-
HBIC KOJIJIAHBLIA/IbI, OYJI )KYMBIC PEKUMIIEPIH OpHATYAA, 9Ci-
pece YHFbIMa KaOJIbIKTAPbIH TaHIAay/(a KOHE OHBIH HKYMBbI-
ChIH OHTalWJIaHABIPY/1a alTAPJIBIKTal KATCIIKTEPre OKeIe/I.

¥ HFbIManapabl PUWH—;:IaH PW e3repy MIeTiHe KaThICThI
Tontapra Oeminmi. HoTmwxkenep 4 kecreme KeEITIPUITCH.
4 KecTelleH KOpill OThIpFaHbIMBI3Jal, YHFbIMallapblH
68% (0,2-0,65)PW MIeTIHAC KEH ayKbIMJa ©3TepeTiH
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KaHBIKTBIPY KbICBIMBIHAH TOMEH YHFbIMA TYIIMaHbI
KBICBIMBIMEH JKYMBIC 1CTEH/II.

Biz KochIMIIIa HAKTBl KOCINTIK  MaTepHaIIapIbl
KOPBITBIH/IBIIAYBIMBI3 KEPEK KOHE MYMKIHJIITIHIIE KAHBIFY
KBICBIMBIHAH TOMEH YHFbIMA TYIIMaHbl KbICHIMBIHBIH
OHTAWJbI (CBIHHM) IIaMaChlH aHBIKTAY YIIIH TOYCIUTIKTI
KOJIZIaHYIbI YCBIHYBIMBI3 KEpPeK.

OcpbifaH 0alIaHBICTHI aJbIHFAH HOTHIKEJICPIl TYCIHIIPY
JKOHIHJETI KOPBITHIH/ABIFA COMKEC KEJIETIH YHFBIHBI
TUAPOIUHAMHUKATBIK 3epTTey (¥ 1 /13), MHAUKATOPIIBIK THa-
rpamma (MJI) marepuaigapblH eHKEH-TEKEHIl Tamnay
JKOHE 3epTTey YUIIH 9p TONTaH 2 YHFbIMaJaH S5-KecTeleH
KOPCETIIreH KeJieci 6 YHFbIMa TaHIaJI/Ibl.

Tanmanran yHFpIMasiap Ootibiamma ¥1'J13 3epTreysepitin
HOTIDKEJIepIMEH Oipre S5-KecTele KEATIPUITeH KOCIIIIIIIK
JIEPEKTEP aJbIHBIN, 6-KECTeme KEeNTIPUIreH MAIiMEeTTepre
Tanjay Kacajibl.

CoHbIMeH Katap KapacTwIpblll oThIpFaH XIII kexxuek
OOMBIHIIIA YHFBIMAHBIH ChIHAMAJIAPhI 1PIKTEIII, 3€PTTEIIII.
7 xecTene ChIHamaigap KaObulIaHOaraH VHFBIMAIApIbl
KOCIIaFaH/a, YHFbIMaJIap/blH Ka0aTThIK MYHall ChIHAMAIIa-
PBIH 3epTTCY HOTHXKEJIEPl KeITIPIIreH.

HoTuxkesepin Tajigay kKoHe KOPBITHIHABI

6 KecTeHIH aepekTepiHeH 8418 yHrbIMachl OOWMBIHIIIA
Pokman 23,6 Kr/cM?-re TE€H >XKOHE TEPIC CKUH (PaKTOPHI —
3,39-ra TeH, OHIMIUIKTIH 6Te TeMeH K03(h(HUIMeHTi
©__ = 0,0033 (M*/roymik)/(krc/cm?) kepcerim, an 2619 yH-

HCK

FeIMackl OoiibiHma Poxknan 60,3 kr/cm>-re TeH (ic Ky3iHae
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[IaMachlHa TEH KAHBIKTBIPY KbBICHIMBI) JKOHE OH CKHH
dakroper 0,14-ke TeH, OHIMIUIIKTIH >KETKITIKTI >KOFaphl
ko> puuuenti O 0,86 (M*/Toymik)/(krc/cm?)  6o-
nbin aHbIKTaabl. by 3026 yHFeIMachiHaH na Oaiika-
JIafbl, OHBIH OHIMIUIK KO3()QHuIUeHTI 0. = 0,55
(m*/Toymik)/(krc/cm?), ckuH hakTops! 12,9-Fa TeH.

byn 8418 yHFbIMa MaHbBI aliMarblHBIH JKaKChl CYy3Yy-
CBIMBIMABUIBIK CUIIaTTaMallapbIH1a POWH = 23,6 kr/cm? ma-
Machbl PW KaTBICTBI ©TC TOMEH KOPCETKIIII €KeH1 aHbIK. Erep
XII xenbeynin P oprama MoHi 59,8 Kr/cm? TeH Oosica,
OHJIa OChbl YHFBIMaHBbIH TYNMaHbl KbICbIMBbI 0,39 PW OoJ1a-
Jbl. Bysr yHFbIMa MaHbI aiMarbIH/ia 00C ra3zblH OeiHyiHe
OKEJIIIT COKTBIPABI, COJI CEOENTEeH YHFbIMAHBIH OHIMJILIIK

KO3 () PUIIMEHTIHIH TOMEH IeYyiHE OKEJII].

HAUJAJIAHBIIFAH OJEEUETTEP TI3IMI

01.07.2017 »x. »xarmad OoiibiHma 2015 — 1 >xapThI-
JKBULABIK Ke3eHiHme 2017 k. 71 yHFpIMaA ipiKTeJIiIl,
3eprrenai, OHbIH immnHne 81 TepeHIiKk ChIHAMAChl JKOHE
9 pekoMOuHanusUIaHFaH cbhlHaMa. | Qopmyna Oou-
BIHIIA 7 KecTexe KEeNTIpUIreH [mapTTapMeH OHIIpyLIl
YHFBIMANapibH P CBIHM KCHKAP KbICBIMBIH aHBIKTAY
eceOin xyprizemi3. Ecenrey HoTmkenepi 7 kecteHiH 10
»koHe 11 OarannmapeiHzga OepinreH. Ecentey HoTmkenepi
ooiipiaIa 1 hopmyira XIII kenbey OoibIHIIIA OpTallla CHIHU
KEHJKap KbICHIMBIH €CEIITeY YIIIH KOJIAWJIbI )KOHE KOJIJaHyFa
YCBIHBLIA/IbI, COHBIMEH KaTap KbIchiM 5,2 MIla Ten Oosirania
YHFBIMaHBIH MaKCHMaJibl MYMKIH JIeOWTi KyTiieni, Oy
YHFBIMAJIaFbl €H OHTAMJIbI KEHXap KBICBIMBIH KaHBIKTBIPY
KbIChIMBIHAH 0,85-Ke TeH OpHATyFa COMKEC KeJIeIi.
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Kpennenue ropHeIx Bhpa0OTOK

Kox MPHTH 52.13.23

*A.G. Akpanbayeva, T.K. Isabek
Non-profit Joint-Stock Company «Karaganda Technical University named after Abylkas Saginovy (Karaganda, Kazakhstan)

RECOMMENDATIONS FOR SUPPORTS OF MINE
WORKINGS IN UNDERGROUND MINING

Abstract. The exploration of mine workings and analysis of the underground mining documentation have been resulted that the maximal volume of inrush was
observed during the roadway driving along the strike with impact angle of A = 0°, and the minimal volume of inrush was found during the crosscutting with impact
angle of A =+90°. By reason of the insufficient efficiency of the applied shotcrete supports, the rock inrush in the working area could lead to the high risks of injury
to the miners in the breakage and drifting faces, the detachment of rock slabs from the side walls or roof of the workings during the gadding, support and loading.
In order to reduce the high risks, the pilot tests of MasterRoc STS 1510 shotcrete mix have been performed. The results have demonstrated that this mix is suitable
and recommended to use in the mining as an independent support and as part of the anchor structure and metal mesh.

Key words: underground development, occurrence, tectonic disturbance, inrush, strength, support, tests, mining and geological conditions,
shotcrete, mix, anchoring, setting.

7Kep acThl KeHiH OHAIpY MbICAJIBIHAA OYPFHIPYJIapAbl OeKiTy 00 BbIHIIA YCHIHBICTAP

Annarna. Tay-keH Ka30anapbIHbIH Kali-KYiiH 3epTTey )KOHE JKep aCThl KEHIIIIHIH KY>KaTTaMachlH Tallay HOTHXKenepi 6oiibiHIa A = 0° ke3aecy OypbImbl 6ap
Tay JKbIHBICTAPBIHBIH COFYbI OOMBIMEH ApeitdTepi xKyprizy Ke3iHae KyiayJblH eH YIKeH KojeMi OaifKalaThIHbI aHBIKTAIbl; KYJayIblH eH a3 KeJIeMi — Ke3/1ecy
Oypsimbl A = +£90° 6onatbiH opTTapabl 6aTy kesinne. KongaHpuiaTbiH KyiiMa-0eTOH bl OSKITYTiH )KETKUTIKCI3 THIMALIITiHEe OailyIaHbICThI TYNTIK KEHICTIKTET1 Tay-
KEH MacCCaChIHBIH KYJIaybl )KOFaphl TOyCSKEIIepre dKeei: KeHIIIep i TOKTay KOHe 0aThIn O0apa xKaTkaH OeTKeIep/IiH )KapaKkaTTaHybl, TOOeIeri Tay MacCachlHbIH
GomikTepiHiH KaObIpIIaKTaHybl, CaHbUIAyIapAbl OYprbuIay, OCKiTy JXKoHE THey Ke3iHAe IaxTaHblH Oyiipiepi. JKorapsl Toyekenmepai a3ailTy MakcaThbIHIA
MasterRoc STS 1510 6ypikkinn 6€TOH KOCTIaCBIHBIH TOKipHOEIiK ChIHAKTAPhI KYPrizinai. HoTmkenep KocrnaHbIH IaxTa jKaF(aibIH/1a TOYENICi3 TOCEM peTiHae Je,
SIKOPb TOCEMIHIH ’KOHE MeTaJll TOP/bIH OOJIIri peTiH/e e KOJJIaHyFa jKapam/ibl )KOHE YChIHBUIFAaHBIH KOPCETT.

Tyitinoi co3dep: scep acmol Ka36anapwvl, KeH OpHuL, MEKMOHUKALbIK OY3blAYIAp, KYAAy, 6epikmik, OeKimy, CblHay, may-KeH-2e0n02UsiblK Aca20aiiap,
OypikKiw Oemon, Kocna, aoee3us, Kamy.

Pexomenaanum mno KpenJieHUu10 ropHbIX BblpaﬁOTOK Ha mpuMepe 1nmoA3eMHOro pyaiHuka

Annortanus. [To pezyiapratam 00CIeI0OBaHUS COCTOSIHUS TOPHBIX BBEIPA0OTOK M aHAIN3a JOKYMEHTAINH [I03EMHOTO PyAHUKA yCTAHOBJICHO, YTO HAHOOIBIINIT
00BEeM BBIBAJIOB HAOIIOJAETCS IIPH [IPOXOJIKE MITPEKOB 10 IPOCTUPAHHIO ITOPOJ] ¢ YIIIOM BCTpeun A = 0°; HANMEHBIINH 00BEM BBIBAJIOB — IIPU IIPOXOIKE OPTOB C
yriiom Betpeur A =+90°. BbIBasbl TOPHO# Macchl B TPU3a00HHOM POCTPAHCTBE BCIICACTBUE HETOCTATOYHOM 3 (HEKTHBHOCTH PUMEHSIEMOT0 TOPKPET-0ETOHHOTO
KPCIUICHHS TIPUBOJST K BOBHUKHOBCHHUIO BBICOKMX PHCKOB: TPABMHUPOBAHUIO TOPHOPAOOUMX OYMCTHOTO M IIPOXOAYECKOro 3a00eB, OTCIAMBAHUIO KYCKOB FOPHOI
MAacCHI C KPOBJIH U OOPTOB BBIPAOOTKH MPH OYPEHUH LIITyPOB, KPEIICHUH 1 3apspkaHuu. C [ebI0 CHIKEHHUS BRICOKUX PUCKOB ITPOBE/ICHBI OIBITHO-IIPOMBIIITICH-
HbIe UCIBITaHus TOpKpeT cmecn MasterRoc STS 1510. PesysbraTsl mokasajid, 4TO CMECh IPUTOAHA M PEKOMEHIOBAHA JUISl IPUMEHEHHUS B YCIOBUAX PYAHHKA
KaK B Ka4e€CTBE CAMOCTOSITEIIbHOM KPEITH, TaK M B COCTABE aHKSPHOM KPEIN 1 METAJIHNYECKON CETKH.

Knrwouessie cnosa: noozemnas pa3pa50mka, Mecmopoofcdeuue, MmeKmoHu4ecKkue HapyuteHus, 6ovléajl, NPOHYHOCMb, Kpenjienue, UCNblMAaHUus, 2OPpHO-2ceolocuye-
CKue ycno8usl, mUprem—GemOH, cmecsy, cyenjienue, cxeamoléarue.

Introduction

The Abyz occurrence is located in the Central Kazakhstan
fault zone. Therefore, its rocks had the significant processes
of the dynamic metamorphism (foliation, grinding,
mylonitization) and the intense hydrothermal-metasomatic
changes. These changes have been referred to the tectonic
regional formations with the propylitic, propylite-beresite
and beresite statistically stable associations. The sequence
of hydrothermal and metasomatic formations has been
directed from propylites (chlorites) to bresites (sericites).
The hydrothermally processed metasomatites are
unstable, and they can lose strength during flooding'. The
peculiarity of this occurrence is an ore zone with some lens
of ore bodies and zones of the disseminated mineralization,
and frequent alternation of rocks in the ore zone differing
in strength, soaking and strength.

The underground developments of this occurrence
are made with a sublevel caving system at a sub-level
of 540 m under the sides and bottom of the waste mine
which has been flooded with water for some time.
Results of exploration of mine workings and analysis of
documentation have been found as follows:

1. The tectonic disturbance, fractures and rock
contacts have a steep rock-fall and strike relevant to
the strike of ore bodies.

2. The enclosing rocks outside the ore zone are strong,
very strong and less fractured. Thus, their competence
category can be estimated in the range from the above-
average to stable constant.

3. The ore zone has the individual ore bodies (lens) and a
frequent alternativeness of various types of hydrothermally
altered rocks which differing in strength and competence.

4. The mine workings passed in the cross strike of ore
bodies (roadways) are estimated as stable in the strong
rocks, and as medium stable in the weak rocks.

5. The roof and sides of the mine workings passed in the
cross strike of ore bodies (roadways) with the contour blasting
operation are caved by systems of steeply dipping fissures.
In some places, inrushes are observed between anchors and
with bare anchors. Their length is about 0.7-1.0 m.

6. The development working and break-off conducted
within the near-ore zone can lose the competence during
the direction of the mine workings along strike of rocks?.

7. The maximal volume of inrush is observed during
the roadway driving along the strike with impact angle of
A = 0°, and the minimal volume of inrush is found during
the crosscutting with impact angle of A = +90° (Figure 1).

8. The applied anchor Monomatic cannot install a
support with the admissible installation angle of the
support (Figure 2). Measurement of the overall length of

!Instructions for the selection and use of lining at the Abyz field. — Karaganda: Kazakhmys Corporation LLP, 2021 (in Russian)
’The practical guide for mining engineer. — Karaganda: Kazakhmys Corporation LLP, 2019. — 365 p. (in Russian)
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Table 1
The technical characteristics of MasterRoc STS 1510
Kecme 1
Texnuxanvik cunammamanap MasterRoc STS 1510
Taonuua 1
Texnuueckue xapaxmepucmuku MasterRoc STS 1510
Form Powder (dry mix)
Color Gray
Density 1700 kg/m? in dry condition
. . . After spraying
Maximum particle size of 2200-2400 kg/m’
Maximum particle size Upto3 mm

At least 2 MPa

At least 3.5 MPa
At least 15 MPa
More than 35 MPa

Tensile strength after 1 hour

Tensile strength after 6 hours

Tensile strength after 24 hours

Tensile strength after 28 days

the beam of the Monomatic Ne71 drilling machine is 5.40
m. The drilling of a roof support of the actual length of the
beam is 4.30 m. The design height of the mine workings is
4.20 m, and width is 3.8 m. To construct the design height
of the mine workings and the length of the drilling machine
boom?, the maximum anchoring angle is 700.

9. The mine workings have the areas with the difficult
mining and geological conditions.

10. The low efficiency of the shotcrete support used at
the Abyz mine leads to the safety problems. Therefore, rock
inrush in the working area can have the high risks of injury
to miners in the breakage and drifting faces, the detachment
of rock slabs from roof or the side walls of the workings
during the gadding, support and loading.

Thus, in order to reduce the high risks, the mine tests of
MasterRoc STS 1510 shotcrete mix have been performed.
The pilot tests have been done in compliance with the
current wet shotcrete process.

The test objective was to detect the probability and
practicability to apply MasterRoc STS 1510 shotcrete mix in
order to accelerate the shotcrete support process of the mine
workings at the Abyz mine of Kazakhmys Corporation LLP.

In order to introduce the advanced technological
solutions in the mining operations at the Kazakhmys
Corporation LLP, the pilot tests of the shotcrete mix using
the AC-1 rotating machine (Tornado Torcrete LLC) have
been conducted at the Abyz underground mine. These tests
have been performed in the airway of the transport slope
(horizon of +490).

The basic three objectives have been applied as part of
the exploration:

1) the rebound value should be measured;

2) the average thickness of the sprayed shotcrete layer
during one drift should be defined;

3) the maximum layer thickness should be determined [1].

Research methods

Literary sources have been reviewed. The scientific

and technical documentation on shotcrete supports of the
mine workings have been studied. Pilot tests have been
made at the Abyz mine. Research results with their critical
estimation to substantiate the further development and
improvement of the studied object have been analyzed and
generalized. The basic applied technical characteristics of
the materials have been studied and described* [2, 3].

The mine tests of the MasterRoc STS 1510 shotcrete mix
in compliance with the current dry shotcrete process using
the AC-1 rotating machine (Tornado Torcrete LLC) have
been performed.

The basic technical characteristics of the used materials
have been studied and described.

MasterRoc STS 1510 is a ready-to-use, cement-based dry
mix modified with a dry setting accelerator and microsilica
powder. This mix has been developed for the dry concrete
spraying of the mine workings. During the concrete
spraying this dry mix can give the previous strength forces,
the less rebound of particles and the thickest possible layers
of the spraying (Table 1).

Results and discussion

All stages of these tests have been performed on the
AC-1 shotcrete machine (Figure 3). The shotcrete mix
has been sprayed with using the current dry shotcrete
process. All rules of shotcrete spraying, i.e. washing

1 —with a positive impact angle;
2 —with a negative impact angle.

Figure 1. Scheme to determine an impact angle A
between the strike of steep rock-fall and direction
of roadway driving.

Cyper 1. Tike 0aTKaH Tay KbIHBICTAPbI
Ka0aTTapbIHBIH COFYbI MEH KbLIKY 0AFBITHI
apacbIHJaFbI TYHicy OypbIlibl A TYPFbICBIHAH
aHBIKTAay CXeMacChl.

Puc. 1. Cxema 1Ji91 onpejesieHUs B IJIaHe yrJia
BCTPeYH A MeKIy MPOCTHPAHHEM TOJIIIH
KPYTONAJAI0IIHNX OPO/ ¥ HANIPABJIEHNEM
NPOXOJIKH IITPEKa.

SRecommendations for fixing mine workings at the Abyz mine. — Karaganda: Kazakhmys Corporation LLP, 2019. (in Russian)
“Alejano R., Perucho Au., Olalla C., Jiménez R. Rock engineering and rock mechanics: structures in and on rock masses. — CRC Press, 2014. — 372 p. (in English)
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of the surface before spraying, keeping of the nozzle
angle of 90 degrees relative to the mine workings,
distance of the nozzle of 1-1.5 m to surface of the side or
roof of the mine workings have been kept.

During these tests, 12 m? of mine workings have been
shotcreted along the sides. Thickness of spraying was 50-
120 mm. In the area of beacons, the thickness of spraying
was 300 mm depending on the mine working relief.

The roof has not been shotcreted by reason of the air
supply interruptions (compressor shutdown at Abyz mine).
During the concrete spraying the rebound was no more than
10%. 42 Packages of 25 kg have been loaded.

Thus, the results of tests have been found as follows:

= MasterRoc STS 1510 shotcrete mix had the good
glutiness, adhesion to rocks, high setting rate and strength
in the first hours of curing. Its composition has been laid
without the falling or slumping of the applied layers;

= adhesion and setting time of the mix could create the
shotcrete with a thickness of 50 to 300 mm in the places of
beacons on sides and roof of the mine workings for one cycle;

= during the exploration of mine workings the
rebound loss of material after spraying has amounted
no more than 10% (Table 2).

The main factors affect quality, cost and labor
capacity as follows:

= there is no need to prepare the mix, i.e. it takes up a
considerable amount of the working time;

= there is no need for double and triple passage of the
same mine workings, i.e. to achieve the design thickness
during one drift;

= the loading rates of the receiving bunker of the shotcrete
machine and the continuous, non-stop operation.

Also important factor is that the manufacturer of this
mix gives a guarantee for the technical requirements of
the finished mix and its further operation in compliance
with permissible standards.

The practice has noted that the spraying of shotcrete
mix without additives and modifiers in the composition of
concrete is able to apply a layer of not more than 10-30
mm in one drift with a rebound of 50-70%. Thickness of
a sprayed layer, capacity and the amount of rebound are
the main indicators to calculate the economic evaluation for
using of a particular method of shotcreting in the mine. Thus,
it significantly affects the cost of shotcrete operations™ °.

Conclusion

Based on the obtained results, MasterRoc STS 1510 mix
is suitable and recommended to apply at the Abyz mine of
Kazakhmys Corporation LLC as an independent support
and as part of the anchor structure and metal mesh.

It is recommended to examine the probability to
purchase one carload (64 tons) of MasterRoc STS 1510
mix and the AC-2 shotcrete rotating machine in order
to continue the spraying of this mix with the technical
support of Optimus kz LLP for the partial introduction
of the dry shotcrete process in the production cycles of

the mine. Thus, it should significantly increase labor
capacity and improve the quality characteristics of the
applied concrete. As a result, the cost of the work in
progress should be reduced.

Material of MasterRoc STS 1510 can have the early
setting (2-3 min) and strength of shotcrete (after 60 min —
more 2.0 MPa). Thus, the design thickness of shotcrete mix
of 50-120 mm or more for one spraying can be used.

The shotcrete layer with a thickness of 3-5 cm has
the role to protect the mined rocks from breaking due to
weathering process and access of water and oxygen, and
its secondary role is a support in view of thickness of a
layer of shotcrete. Therefore, the rock pressure can exceed

Figure 2. Installation angle of Monomatic drilling
machine.
Cypert 2. MoHOMATTHI OYPFBLIAY KA0ABIFBIH OPHATY
OypBbILIBI.
Puc. 2. Yroa ycranoBku 0ypoBoro o00pyaoBaHus
MoHoMAaTHK.

Figure 3. AC-1 shotcrete machine.
Cyper 3. AC-1 mrencejbaik 0eTOHABI OPHATY.
Puc. 3. Topkpert yctanoBka AC-1.

*Amanzholov E.A. Mounting of mine workings. / Presentation on the course of training of mountain masters. — 2016 (in Russian)
°ACT of test testing of the finished dry shotcrete mix MasterRoc STS 1510 manufactured by Master Builders Solutiond Central Asia LLP (BASF Central
Asia) and shotcrete plant AS-1 manufactured by Tornado Shotcrete LLC. — 2021 (in Russian)
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Table 2
Test results
Kecme 2
Tecm nomuosicenepi anvinovl
Taonuya 2
Ilonyuennvie pezynomamot UCnbIMAHUIL
Material Setting time of mix, min | Thickness per one spraying | Rebound losses, % Strength, MPa

Concrete sprayed
with the wet shotcrete

After 24 hours — up to

process without >180 min 5-10 mm More 50% 5 MPa
MasterRoc STS 1510

additives

MasterRoc STS 1510 Up to 10 min 50-120 mm and more No more than 10% After 24 hours —up to

15 MPa

the tensile strength of sprayed concrete for bending and
compression, i.e. it directly depends on thickness of the
layer and armoring. As a result, it is recommended to
apply the anchor-mesh-sprayed concrete system of the
reinforced-combined supports.

MasterRoc STS 1510 is recommended to apply in
the difficult mining and geological conditions. Also
it can be used in conditions of water drip and thus,
the drainage boreholes, troughs and other methods of
water flow control should be applied.

As a result, in order to prevent detachment of rocks from
the sides, the roof and sides of the mine workings should be
anchored during the driving of the field roadways along the
strike of the ore zone in all types of rocks.

In order drive the mine workings in the difficult
mining and geological conditions, the changes should,
if necessary, be made in passports of supports by the
geological and geotechnical service and should be
approved by a chief engineer of the mine.

In the future, the geological and technical departments of
the mine should examine the geology of the site in plan to
design the mine workings. The changes should be added to
the local projects in terms of direction of the mine workings
during the crossing of faults and contacts.

It is recommended to add the Sandvik DS211L-M
rock bolter machine to the investment plan for the quality
anchoring of the mine workings. Now, the drilling equip-
ment at the mine does not properly install the anchors’.

Before purchasing of the Sandvik DS211L-M rock
bolter machine, the design parameters of the mine
workings should be reviewed to ensure the quality
anchoring with the Monomatic drilling machine.

In order to prevent shifts on contour of solid mass
and sudden inrushes, the mine supports should not
lag behind in conformity with requirements of the
«Instructions to select and use of supports at the
Abyz mine». The high-quality ventilation of the mine
workings should be constantly established.

"Yun A.B. Development and substantiation of the parameters of the mining and technical system for the integrated development of the Zhezkazgan deposit
in the conditions of replenishment of the retiring capacities of mines. / Dissertation for the degree of PhD. — M.: NUST «MISiS». — 2016 (in Russian)
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STUDY ON EFFECT OF SINTERING CONDITIONS
ON EXPLORATION OF BARITE RAW MATERIALS

Abstract. The object of works has been the barite-bearing technogenic wastes. These wastes have been not recycled yet. A promising solution to the issue
is to explore the raw materials with the chemical methods, in particular, by a method of ammonium fluorosulfate desiliconization. The partial dependences of
the raw material exploration on temperature, sintering time and consumption of the exploring reagents have been obtained. Based on the partial dependencies, a
mathematical model of the sintering as a generalized multifactor equation has been created. This equation has determined the optimal conditions to explore the
barite raw materials. A scheme of ammonium fluorinesulfate exploration of the barite raw materials has been developed.

Key words: technogenic wastes, final tailings, concentration, leaching, desiliconization, barite raw materials, exploration of raw materials, silicon-bearing
minerals, barite-polymetallic ore, sintering.

BapuT muKi3aTHIHBIH alIBLIYBIHA OIpiry skaraaiiapbIHbIH dCepiH 3epTTey

Amnnarna. Xywmbic o6bexrici — Kaparaiinsl keH 6alibiTy (paOpHKachIHBIH KypaMbIHAa 6apuT 6ap TEXHOTCHIIK KaJAbIKTap. MUHEPaNIOrHsIblK KypaMbl KYpaesi
OoJsrFaHJIBIKTaH KypamblHAa OapHT 0ap KaJAbIKTapIbl eHJAey Macelieci Kypzeni Ooibi TaObutajgsl. MaceleH] IIenryiH MepcreKTHBAIBI JKOJIBI — IIMKI3aTThI
XUMHMSUIBIK OICTEPMEH ally. ANIyJbIH MaTEeMaTHKAJIBIK MOJEIIH KYpy JKOHE HMPOLECTiH OHTAiIbl MIAPTTApbIH aHBIKTAYy MaKCaThbIHIA (TOPUAIEH JKOHE aMMO-
Huil cynbdaTbiMeH OipiKTipy apKpLIbl OapuUT MIMKIi3aThIH alry OOHbIHIIA 3epTTeyiep kyprisinai. IIHKi3aTTel amryaslH TeMiepaTypara, OipiKTipy yaKbIThIHA
JKOHE allly PeareHTTEPiHiH IIBIFBIHBIHA SPEKIIe TOyeIIUIiKTepi anbiHFaH. JKapTeunail TOyenaimiKTep HEri3iHae JKallbUIaHFaH KeN(paKTOpIbl TeHJCY TypiHIeri
OipiKTipy MpoLeciHiH MaTeMaTHKAIBIK MOEII aJbIHbI, OFaH ColiKec OapHT MIMKI3aThIH allyAbIH OHTAWIIBI IapTTaphl aHBIKTAIABL. baput mukizaTsiH Gropeynbdar
aMMOHHIAII allly CXeMachl d31pJICH/II.

Tyitindi co3zdep: mexnoeenOik Karovblkmap, yuiHoinik Kaiovikmap, baivimy, ciimicizoeHoipy, KpemMHuticizoeHoipy, 6apummix wuKizam, wukizammaol auLy,
KPEeMHUILIL MUHepanoap, 6apum-noaumemaii Keui, Oipikmipy.

Hccnenopanne BJIMSIHUS YCIOBHI CIIEKAHHUS HA BCKPBITHE 0APUTOBOIO ChIPbS

AnHoTanus. O0beKTOM padoT SIBISIFOTCST OapUTCOAepIKaIe TeXHOTeHHbIe 0TX0bl KaparaitimHckoit o6oraturensHol (adpuku. [Ipobiema nepepaboTku
GapuTCOIEPIKAIMX OTXOI0B COCTOUT B CIIOKHOM MUHEPAIIOTHYECKOM cOCTaBe. [[epCHeKTHBHBIM PEleHHEM IIPOOIEMBI SIBISIETCSI BCKPBITHE ChIPhsSI XHMUYECKIMH
MeTofaMu. IIpoBeeHbl NCCIeI0BAHMUS BCKPBITHSI OAPUTOBOTO CBHIPhsI CIIEKaHHEM ¢ (TOPUAOM M CyIb()aToM aMMOHHS C LEJIbI0 IMOCTPOCHHS MaTeMaTHYSCKOI
MOJIEJI BCKPBITHSI U OTIPE/ICIICHHSI ONITHMAIIbHBIX YCIOBHUIT IPOBEeHMs mporecca. [1oaydeHbl YacTHbIE 3aBHCUMOCTH BCKPBITHS CBIPBSI OT TEMIIEpATypbl, BDEMEHU
CIIEKaHHsl M pacXo/ia BCKPBIBAIOLINX peareHToB. Ha OCHOBaHMHM Y4aCTHBIX 3aBUCHMOCTEH IOJIydeHa MaTeMaTHYecKasi MOJEIb Mpolecca CIeKaHus B BHIE 0000-
LIEHHOTO MHOTO()AaKTOPHOTO yPaBHEHHUsI, TI0 KOTOPOMY OIIPEIENICHbI ONITUMAJbHBIC YCIIOBUSI BCKPITHsI 0apUTOBOTO ChIpbsi. PaspaboTana cxema (hTopo-cyibharo-
AMMOHHUIHOTO BCKPBITHSI GAPUTOBOTO CHIPHSL.

Kniouesvle cnosa: mexnozenHvie 0mxoobl, OMEANIbHbIE X60CMbL, 0bo2aueHue, 6bliyenaiueanue, 00eckpeMHusanue, 6apumosoe coipve, 6CKpbimie Colpbs,
KpeMHuticodepaicaujie MUHepanbl, Oapumo-noiumMemaniuieckds pyod, cnekanue.

Introduction

The object of works has been the barite-bearing
technogenic wastes. The wastes include the final tailings
of the Karagaily mining and processing plant. They are
stored in the tailing dumps, and they have been formed
during the flotation concentration of the barite-polymetallic
ores of the Karagaily deposit [1, 2]. These tailing dumps
occupy a huge territory. Thus, the dumps are pollution
sources of soil, air and water by the heavy metals and
barite dust. These wastes have been not recycled yet, i.e.
there is no effective technology that would allow the cost-
effective production of the quality commercial products.
The issue with the barite-bearing waste recycling is its
complex mineralogical composition. Thus, it leads to the
inefficiency of the traditional recycling methods such as
the acid leaching and flotation. In order to solve these
issues on this raw material recycling, some methods
should be found to explore the ore mineral aggregates
with the silicon-bearing gangue minerals [3, 4].

The recycling wastes of the barite-polymetallic ores
from the Karagaily deposit have a great economic potential.
Their composition includes BaSO, up to 40%; Cu — 0.4%;
Zn — 0.8% and Pb — 0.6%. Thus, these wastes can be
classified as the industrial polymetallic barite raw materials.

Their advantage over the mineral raw materials is
that they do not require the expenditures connected with
extraction from the subsurface resources and grinding.
The waste reserves are significant. There are up to two
tens of millions of tons.

The problem of processing this type of raw materials
is the disclosure of clusters of ore minerals with silicon-
containing minerals in the waste rock.

The issue on this raw material recycling is to explore
the ore mineral aggregates with the silicon-bearing
gangue minerals. An innovative solution [5-7] to the
issue is to explore the raw materials with using the
chemical methods, namely, by a method of ammonium
fluorosulfate desiliconization.

Studies to explore barite raw materials by sintering
with ammonium fluorosulfate have been made to create
a mathematical model of exploration and to define the
optimal conditions for this process.

Research methods

The studies have been performed with using the
probabilistic and deterministic method of an experiment
planning® 2. The experiments have included the barite raw
materials, composition in wt. %: SiO, — 40.9; BaSO, — 32.6;
AL,0,~53; Fe—4.6,5—-6.8; Zn—0.6; Pb—0.5 and Cu—0.2.

'Malyshev V.P. Probabilistic-deterministic planning of experiment. — Alma-Ata: Science, 1981. — 116 p. (in Russian)
’Malyshev V.P. Mathematical planning of metallurgical and chemical experiment. — Alma-Ata: Science, 1977. — 37 p. (in Russian)

T'opnwtii sicypnan Kazaxcmana Ne3’ 2023




[TepepaOoTka MmOME3HBIX HCKOMAEMBIX

Table I  under Table 1 have been selected. As a result, the average

Effect of sintering factors on exploration of barite raw experimental values of the functions have been found.
materials The experimental values of the partial functions and their
Kecme I  average values are presented in Table 2.
bapum wiukizamein auiyea 6ipikmipy ¢paxkmopnapuoinuly Based on data in Table 2, the dot diagrams of the partial
acepi dependences to explore raw materials on the studied factors
Taonuya 1  have been plotted. They are illustrated in Figure 1.
Bruanue paxmopoe cnexkanus na 6ckpvimue Referring to the point data, the approximating
0apumoeozo colpvs functions have been selected to describe the
Exnl - dependences of exploration of raw materials on the
i Xploration | gintering factors under study:
Experiment T,°C | 7,min | C, % | C,, % | of materials, £ Y
Ne. ‘ / “. % a,=-6.36 x 10-* x T> + 0.558T — 33.30. a
1 350 30 50 50 55.2 a,= —3.38x 10~ x 2+ 0.1037 + 81.42. )
2 350 90 100 | 100 91.69 a,=8.65%x107°xC?-0,003C,+ 86.60. 3)
3 350 60 75 75 75.9 a,=-4.7% 107 x C? + 1.287C_+ 11.34. “)
4 350 180 150 150 99.32 By equations (1-4), values of the partial functions and
5 350 | 120 125 | 125 97.99 their average values have been calculated. Results on
6 400 30 100 75 80.07 calculation are demonstrated in Table 3. The insignificant
7 400 30 75 150 99 85 deviation in the average calculated values of functions
g 200 0 150 125 98.40 from an overall experlmgntal average ha.s proved the close
correspondence of equations to the dot diagrams.
9 400 180 125 50 67.05 By equation (5), a coefficient of the nonlinear
10 400 120 50 100 96.38 multivariable correlation has been determined. Thus,
11 375 30 75 125 96.38 by equation 6, the signification of the obtained
12 375 90 150 50 65.85 partial dependencies has been calculated. Results are
13 375 | 60 | 125 | 100 89.08 presented in Table 4.
14 375 180 50 75 83.03 R={1-[(N-DZ}*(a,, ~a, 2/
15 375 120 100 | 150 98.48 )
16 450 | 30 | 150 | 100 92.12 A(N-K-DX)x (@, —a, )I}0,5.
17 450 90 125 75 88.10 ¢ = RON— K- 1)V5/(I - R? .
18 450 | 60 | 50 | 150 99.74 o = ROV =K =D/ - K. ©
19 450 | 180 100 | 125 99.38
a, 90 o, 100
20 450 | 120 75 50 66.38 o o0 o
21 425 30 125 150 99.26 8 52/ 0
o ] T
22 425 90 50 125 99.08 86 o
23 425 | 60 | 100 | 50 63.59 o d %
24 425 180 75 100 96.64 o 70
25 425 | 120 | 150 | 75 84.57 W B0 w0 a0 50 oo
. T, 0C 7, min.
Overall average 87.34
a, 95 a, 110
. % %
The effect of four factors on the exploration of the raw " " )g,/eFG
materials has been studied such as the sintering temperature (06 //
T, sintering time 7z, consumption of ammonium sulfate 8 ) : =
relative to stoichiometry of reaction with aluminum oxide G
C and consumption of ammonium bifluoride relative to 80 50
stoichiometry of reaction with silicon oxide C. o 1050 % 20 o 0w Cls‘i/ 20
The sintering of the barite raw materials with ammonium : i
fluorosulfate has been studied with the method described in Figure 1. Dependences of exploration of barite raw
[8]. The exploration of materials has been estimated with materials
the degree of desiliconization of raw materials. Results of on sintering factors.
the experiments are demonstrated in Table 1. Cyper 1. bBapuTt muKi3aThIH anryaarbl OipikTipyaiH
Exploration of the barite raw materials relative to the ¢akTopaapra Toyeaaitikrepi.
degree of desiliconization has been used as a function of Puc. 1. 3aBUCHMOCTb BCKPBITHS 0APUTOBOIO ChIPbSI
this study. Thus the experimental data on levels of factors oT (paKTOpPOB CHIEKAHUSI.
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Table 2
Experimental values of partial functions on exploration
of the barite raw materials
Kecme 2
bapum wiukizamoln auiyoa rxnceke YHKUUARAPObIH,
madxcipubenik manoepi
Taoauuya 2
DKcnepumenmanvuvle 3HAUEHUA YACMHBIX QYHKUUIL
N0 8CKPLIMUIO OAPUMOB020 CHIPHA

Function ’ 5 Le\;els 4 s A::;?ege

a, 84.02 | 86.56 | 88.35 | 88.63 | 89.14 | 87.34

a, 84.606 | 85.34 | 88.91 | 88.76 | 89.08 | 87.34

a, 86.69 | 87.03 | 86.64 | 88.30 | 88.05 | 87.34

a, 63.61 | 82.33193.18 98.25]99.33 | 87.34
Table 3

The calculated values of partial functions on exploration
of barite raw materials

Kecme 3
bapum wiukizamoln autyoa rynceke yHKUuANapovly
ecenmik mMaHnoepi
Taonuua 3

Pacuemmnuvle 3nauenus 4acmuovix QyHKyuii
O 6CKPBLIMUIO OAPUMOB0O20 CbIPbS

Function ’ ) Le;fels 4 5 A:zlrjege

a, 84.09 | 86.51 | 88.14 | 88.97 | 89.01 | 87.34

a, 84.21 | 86.38 | 87.95 | 88.91 | 89.01 | 87.29

a, 86.67 | 86.86 | 87.16 | 87.58 | 88.10 | 87.27

a, 63.94 | 81.43 | 93.04 | 98.78 | 98.64 | 87.17
Table 4

Correlation coefficient and its signification for private
functions on exploration of barite raw materials
Kecme 4
Koppenauyus koagpgpuyuenmi scone onviyy oapum
WUKI3amblH auiyoa jceke YynKyuanap yuiin
ManbI30b17161261
Taonuua 4
Kosghpuuyuenm xoppenayuu u e2o snauumocms 01
YACMHBIX QYHKYUIL RO 6CKPLIMUIO 0aAPUMOE020 CHIPbA

Function R t, Signification of function
a, 0.99 | 122.48 significant
a, 0.92 10.35 significant
a, 0.74 4.93 significant
a, 0.999 | 576.76 significant

T'opnwtii sicypnan Kazaxcmana Ne3’ 2023

Analysis of the partial dependencies has demonstrated
that in the matrix experiments, the high effect on degree of
exploration of barite raw materials relative to silicon has
been made by consumption of ammonium bifluoride. Thus,
desiliconization of raw materials has scaled upaverage by
35% during the increase in consumption of ammonium
bifluoride from 50% to 125%. Moreover the increase
in exploration has been observed in the entire studied
interval. All dependencies have been significant.

The generalized multifactor equation (8) to explore
barite raw materials has been made under (7) on the basis
of the significant partial dependences, and it is presented as

xa/fa!! (7)

av

a=1,5% 105 % (— 6,36 x 10~T? + 0,558T — 33,30) x
X (3,38 x 10-'2 + 0,10°7 + 81,42) x
x (8,65 x 10-5C? — 0,003C, + 86,60) X ®

X (—4,7 % 10‘3Cf2 +1,287C_ + 11,34).

This equation is a mathematical model of the sintering
of the barite raw materials with ammonium fluorosulfate
in relation to the exploration in terms of silicon. Thus,
it has significantly correlated with the experimental data
(R=0.989, ¢, = 195.95).

Based on this equation, the optimal conditions
can be determined to explore the studied barite raw
material in terms of silicon. In particular, to make 100%

— n
an i=1

Barite raw materials

NH;F,

i

(NH4)>SOq

Sintering

200°C, 3 hours

Sintering

400°C, 1.5 hours

l @ ()~ l

(NH4)2SiFs

Sintering
product

Figure 2. Technological scheme of exploration of barite
raw materials.
Cyper 2. BapuT IINKIi3aThIH AIIYbIH TeXHOJIOTUSJIBIK
cXeMachbl.
Puc. 2. Texnonoruvyeckas cxeMa BCKPBITHSI
0apUTOBOIO CHIPbSI.
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desiliconization of raw materials at the specified sintering
conditions such as temperature 400 O0C, time 90 min,
consumption of ammonium bifluoride 100%, the optimum
rate of ammonium sulfate should be 277%.

The recommended technological scheme of the
ammonium fluorosulfate exploration of barite raw
materials is illustrated in Figure 2.

Results and conclusion

As a result, the study on sintering of the barite raw
materials with the exploring reagents such as bifluoride
and ammonium sulfate has determined the essential
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Satbayev University (2. Aimamoi, Kazaxcman)

OB30P U AHAJIN3 OTKA30B CKBAYKNHHbBIX
HITAHI'OBbBIX HACOCHBIX YCTAHOBOK

Annoranus. C POCTOM CpOKa SKCITyaTalluHd BCE OompIIee YUCIO HCQJTS{HHX MCCTOpO)KZ[CHI/Iﬁ IIEPEXOAUT HA HACOCHYIO HO6LI‘Iy YTJIE€BOAOPOAHOTO
CBIPBA. Boiee mosioBUHBI (1)0H£[a I[eﬁcTBy}OI].IPIX CKBa’>XWH B MUPE OCHANICHO CKBA)XUHHBIMH NITAHI'OBBIMH HACOCHBIMH YCTaHOBKaMH. B nanHoli craTbe npo-
BCJICH aHAJIU3 paGOTBI CKBa’>XMHHBIX IITAHTOBBIX HACOCHBIX YCTaAaHOBOK, KOTOpLIﬁ IIOKasaj, 4TO Ha NEPBOM MECTE HaAXOAATCA OTKa3bl, CBA3aHHBIC C OGpLIBOM
KOJIOHHBI LITAHT, HA BTOPOM — OTKa3bl, CBA3AaHHBIE C HEUCIPABHOCTHIO KJIAIIAHHBIX Y3JIOB U HAa TPETHEM MECTE OTKa3bl M3-3a HET€PMETUIHOCTH ITApPbl KU~
JIAHAP — IUTYHXEP». HpI/I HACOCHOM CIT0C00€e 100bIIu HG¢)TH C IPUMCEHCHHUCM CKBAXXHWHHBIX HITAHTOBBIX HACOCHBIX YCTAHOBOK IIOPsIKA 15-30% ocTtaHOBOK
He(i)TS{HBIX CKBa*XvuH Ha TeKyU_IHﬁ PEMOHT CBsA3aHBI C UX 3aMEHOM.

Knrouesvie cnoea: ckeadiCunnas wiman206as HACOCHAS YCMAHOBKA, pecypc pabombl, MeJICPEMOHMHbLI NePUoo, AHAIU3 OMKA308, KIANAHHbII Y3e, ua-
PUKOBbLU KIANAH, 3ANOPHbLIL dlleMeHm, YerybieHHas nocadkd, cedno, Wapux.

¥Hf]>lMaJ'lbIK IITAHTAJBIK COPFbl KOHABIPFbIJIAPbIHBIH icTeH IIBIFYBIHA HIOJY K9H€ TaJ1aay

Anaarna. ¥YHFbIMaHbl NaiijanaHy Mep3iMiHiH ecyiMeH KONTereH MyHail KeH OpBIHIapbl, KOMIPCYTEK IIMKI3aThIH COPANTHIK OHIIpyre Kellyae. OleM/e
JKYMBIC iCTEIl TYPFaH YHFbIMAJIap KOPbIHBIH KaPTHICHIHAH aCTaMbl INTAHTaIbIK YHFBIMAJIBIK COPFbI KOHJIBIPFbLIAPbIMEH JKa0 bIKTaFaH. byl Makaiaia mTaHraiblK
YHFBIMAJIBIK COPFBI KOH/IBIPFBIIAPBIHBIH JKYMBICHI TaJI1aHa (bl )KOHE 0J1 OIPiHIIII Ke3eKTe MTaHranap GaraHbIHBIH Y31TyiHe OailIaHbICThI iICTEH IIBIFYIIap, eKiHIII OPbIH-
Jla — KJIanaH TYWiHIEPiHiH AypBIC )KYMBIC ICTeMeyiHe OailJIaHbICThI iCTEH LIBIFYJIAP KOHE YIIIHII OPbIHAA IMIHHAP — IUTyHXKEP» *KYOBIHBIH ThIFbI3IbIFbIHA Oaiina-
HBICTBI JIYPBIC JKYMBIC icTeMeyi eKeHiH kopceTe li. MyHaii (bl IITaHralIbIK YHFBIMAIIBIK COPFBI apKBIIBI OHAIpY Ke3injae mamamen 15-30% myHaii YHFbIMaTapbIHbIH
arbIMJIaFbl J)KOHJIEYT'€ apHAJIFaH TOKTAyJap MITAHIaIbIK YHFBIMAJIBIK COPFBIHBI aYbICTBIPYMEH OailIaHbICThI O0J1a/Ibl.

Tyiinoi co30ep: wman2anlk YHoIMANbIK COPANMBIK KOHOBIPEbICYL, KbI3Mem eny Mep3imi, HCOHOeY apanblk Mep3iM, iCIeH wbleyosl manoay, Kianam mopaost,
wapuxkmi Kianau, Oexkimy snemenmi, mepey Omvipvl3y, epulix, uap.

Review and analysis of failures of borehole rod pumping units

Abstract. With the increase in the service life, an increasing number of oil fields are switching to pumping production of hydrocarbons. More than half of the
fund of operating wells in the world is equipped with downhole rod pumping units. This article analyzes the work of downhole rod pumping units, and it shows that
in the first place there are failures associated with the breakage of the column of rods, in the second place there are failures associated with the malfunction of valve
assemblies and in the third place there are failures due to the non-tightness of the cylinder — plunger pair. During pumping oil production with the use of downhole

rod pumping units, about 15-30% of oil well shutdowns for routine repairs are associated with the replacement of downhole rod pumping units.

Key words: downhole rod pumping unit, service life, overhaul period, failure analysis, valve assembly, ball valve, shut-off element, deep fit, saddle, ball.

BBenenue

B mocienamne ronsr B PecrryOmmke
Kazaxctan n Mupe OpUYMHONW CHH-
JKeHUSI TMOKa3aTeled MoO0brYu HeTu
SIBIISIETCSL TO, YTO HUMCIOIIHMECS B Ha-
CTOsIIee BPEeMsI MOITHOCTH W TIPHUME-
HsieMble He(TeIOOBIBAIOIUMH TIPEI-
MPUSITUSIMH TEXHOJIOTHHA HE COOTBET-
CTBYIOT H3MCHUBIICHCS CTPYKType
pa3BeTaHHBIX 3aI1aCOB.

Bo3pocino uYwncimo wmecTopoxie-
HUH C BBICOKOW BBHIPAOOTAaHHOCTHIO
1 OOBOJHEHHOCTHIO 3amacoB. Ome-
pexaromasi  BBEIpabOTKa  BBICOKO-
MPOJYKTUBHEIX 3aJie’)Kel MpuBena K
HAKOIICHUIO Ha OallaHCEe HHU3KOJE-
OUTHBIX 00BeKTOB. CeOECTOMMOCTh
oOpaM HEe(TH W3 MaIOACOUTHBIX
CKBQXHH 3HAYUTEIHHO NPEBHIMIACT
CpeaHETIPOMBICIOBYIO cebecTou-
MOCTB TOOBIBaEMOW HEPTH, TOITOMY
mpoOiieMa TIOBBIIICHUS TEXHUKO-
9KOHOMHUYECKHX II0Ka3aTejaeld DKC-
IUTyaTaid MaJIOICOUTHBIX CKBAKHH
OCTaeTCsd AaKTYaJIbHOW W SBISACTCS
BaKHOW B 0O0JIACTH TECXHHKH U TEX-
HOJIOTHU TOOBIYH HEPTH.

XapakTepHO OCOOEHHOCTHIO CO-
BpeMeHHON He(Teno0bIYn SIBIISETCS
YBEJIMUYCHHUE B MHUPOBOH CTPYKTYype
CBIPBEBBIX PECYPCOB JOIU TPYTHOM3-
BJIEKAa€MBbIX 3a11acoB. KOMIIOHEHTHBIN
COCTaB MMEIOIIHUXCS B HACTOsIIee
BpeMs CKB&KMHHBIX TBEPJABIX U JKU/I-
KHUX OTJOXXEHUH XapaKTepu3yeTcs
PE3KHM YBEIMYCHHEM COJEpIKaHUS
TBEPABIX COCTABJISIOIINX, THIPATOB,
CoJIEN U MPOJAYKTOB KOPPO3HH'.

OCHOBHBIE TIOKa3aTelu padOThI
CKBQ)KMHHBIX [ITAHTOBBIX HACOCHBIX
ycrtanoBok (CIIHY) — koaddu-
LMEHT HAIOJHEHHs, CPOK CIIY>KObI
LITAHT U TIIyOMHHOTO Hacoca, MexX-
PEMOHTHBIN MEPUOJ — yIy4IIAIOTCS
MpH YBEJIWYCHUH JJIMHBI X012 TUTyH-
kepa Hacoca. [Tostomy mepen pas-
padoTYMKaMH HOBOW TEXHHKH JJIS
AKCILTYyaTallMu CKBa)XMH KaK B HOP-
MaJbHBIX  TEXHHUKO-TEXHOJOTHYE-
CKHX YCJOBHSIX, TaK M IPH T00bIYE
Hed)TH C aHOMAaJbHBIMH CBOWCTBA-
MH CTOUT OTBETCTBEHHAs 3a7aya Io
cozgannto CIHIHY, cmocoOHBIX pa-
6otaTh OoJiee 3 PEKTUBHO.

O0mue cBeAeHus 0 J00bIUe
HedTH ¢ npumeHenuem CIITHY
Jnst OONBIIMHCTBA MECTOPOIK/IC-
HUIl B MHpE XapakTepHa IMO3/HsIs
CTaJus IKCILTYaTallUuH, IPU KOTOPO#
MPOBOJUTCS KOMIUIEKC TEXHOJIO-
THYECKUX M TEOJOTHYECKUX MEepo-
MNPUSITAN JUI TOAACPKAHUS YPOBHS
noObran HeTH. [ms mommepskaHUs
IIACTOBOTO JaBIIEHHUS 3aKaUMBAETCS
MOJITOBapHasi BOJA, MOATOMY 3HAYH-
TelbHas JIOJI CKBAXWH Ha JTaHHBIX
MECTOPOXKACHUSIX MPOJAYIIUPYET BbI-
COKOOOBOOHEHHYIO HEe(PTh C COIep-
»kaHueM Boasl 6oxee 90%. I1pu sTom
3HAYUTEIbHAS YaCTh CKBAKUH Iepe-
XOJHUT B KATETOPUIO MaJIOIeOUTHBIX.
Crparerusi pa3pabOTKH MECTOPOIK-
JICHUH, HATIPABIICHHASI HA HHTEHCU(DU-
KAy JO0O0bIYM He(TH, MPUBOIHUT K
HEOOXOAUMOCTH YBEIUYCHHS TIIyOu-
HBI CITyCKa HACOCOB. B Takux yciioBu-
SIX 3HAYUTEJHPHO BO3pacTaeT Nepernaj
JIaBJICHUsI HA PabOYMX OpraHax Haco-
COB, YTO OTPHIIATEIIBHO CKa3bIBACTCS
Ha KO3 (UIIMEHTEe MOJIEe3HOTO IeH-
CTBUSI HACOCOB 0OBEMHOI0 MPHUHITUIIA

'Ymounenue memoouxu unmepnpemayuu I'UC ons mecmopooicoenus Vzenw (13-18 copuszonmut). — Axkmay. KazHUIIHmynatizas, 2016.
2Hwmyxamemos B.X. Cosepuencmaosanue wmanz08020 CK8ANCUHHO20 HACOCA 015 00ObIULU 0OB0OHEHHOU Hedmu u3 21yO0KuX CKeaxcut. / Jfucc... Kano.

mexH. Hayk. — Yepa, 2018.
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Puc. 1. CkBaxxMHHasl ITAHIOBAsi HACOCHASI YCTAHOBKA.
Cyper 1. lITaHranblK YHFIMAJBIK COPFbI KOHABIPFHICHI.
Figure 1. Downhole rod pumping unit.

JNEeHCTBYSI, B KOTOPBIX yBEJINYHBACTCS
yTedKa IKHAKOCTH dYepe3 IUIyHXKep-
HYIO ITapy. Y TEYKH BO3PACTAIOT TAKXKe
C YMEHBIICHUEM BSI3KOCTH KHIKOCTH.
B oTaenpHbBIX Citydasx® BS3KOCTH BbI-
COKOOOBOJTHEHHOW HEPTH MOKET CHHU-
xateest 1o 1 MlIla-c.

HawnGonpmryro pacmpocTpaHeH-
HOCTb JUISI OKCIUIyaTallMH TaKUX
CKBOXUH TMOJYYHUI CIIOCOO ITOOBIIH
He(TH C MPUMEHEHHEM CKBa)KHHHBIX
[ITAHTOBBIX HACOCHBIX YCTaHOBOK, B
KOTOPBIX pabouyne opraHbel — ILTyH-
JKEp M LHIUHADP — HOJBEPKEHBI W3-
HOCY, 4TO TaKXe MPUBOAHUT K POCTY
YTEUYeK KHUAKOCTH B IIPOLECCE IKC-
miyaranud. Bce 3TO Bemer K He-
O0OXOIMMOCTH IIOHMCKA PEIICHHH IO
COBEPIICHCTBOBAHHIO  IITAHT'OBOI'O
Hacoca, 4YTO MO3BOJHUT MOBBICUTH IO-
Ja4y Hacoca ¥ MEeXPEMOHTHBIH MepH-
01 pabOTHI CKBaXKHH B OCJIOKHEHHBIX
YCIOBHSX dKcIUTyaTanuu. bonee mo-
JIOBUHBI ()OHAA JCHCTBYIOIINX CKBa-
»xxuH ocHamensl CIITHY? (puc. 1).

PasHooOpasue mpoduieii ckBa-
JKHUH, COCTaBa MPOXYKIIMH O0YyCIIOB-
JIMBaeT HEOOXOIMMOCTh HMMETh He-
CKOJIBKO KOHCTPYKTHBHBIX BapHaH-
TOB BHYTPH CKBaKHHHBIX 2JICMCHTOB
00opynoBaHHs, HamOoJee MPUCIIO-
COOJICHHBIX K YCIIOBHSIM JKCIUTyaTa-
MM, ¥ BapUaHTHl UCIIOJHCHHS DTUX
9JIEMEHTOB 000pyAOBaHUS, COIPH-
KacalIINUXCs ¢ MPOAYKIHUEH, TaKXKe

W 10 TPUMEHSEMBIM MaTepHaiam,
C TeM, 4TOOBI OOECIEYUTh HUX HaHW-
60JIBITYI0 U3HOCOCTOWKOCTH, KOPPO-
3MOHHYIO CTOHKOCTH W KOPPO3MOH-
HO-YCTaJIOCTHYIO IIPOYHOCTH B YCIIO-
BUSAX BO3/CHCTBUS PA3IUIHBIX CPE.
Bcee Bumpr CIIIHY BkIfoUaroT Tpu
TJIaBHBIC B3aMMOCBSI3AHHBIC YACTHU:
MIPUBOJ, yCTAHABIMBAEMBIH y YCThS
CKBa)XKHHBI; IIyH)KEPHBIM Hacoc, pac-
rojaraéMplii B TIyOWHE CKBa)KHHBI,
W KOJIOHHY HACOCHBIX IITAHT, IIPHCO-
eIUHSEMYI0 K TPHBOIY, COOOMIaro-
meMy MOABMKHOW YacTH HAacoca BO3-
BPATHO-TIOCTYATEIbHOE ABHKECHHUE, 1
3THM MPHUBOISIIIYIO €TO B ICHCTBHE.
B xagectBe npuBoga CIIIHY B nHa-
el cTpaHe W 3a pyOexom Hamboiee
IIUPOKO TPHUMEHSIIOTCSI OaTaHCUPHbBIS
CTaHKH-Ka4aJIKh, COCTOSIINE M3 pe-
JIyKTOPa M CABOCHHOTO YETHIPEX3BEH-
HOTO IaPHUPHOTO MEXaHNU3Ma, ITPe00-
Pa3yIoIIero BpamaTebHOE IBIKEHNE
KPHBOIIUIIOB B TIOCTYNATEIHHOE IBU-
JKeHne OanaHCUpa, K TyTe TOJIOBKHU KO-
TOPOTO C IMOMOIIBIO THOKOTO 3BEHA —
KaHaTHOW IOABECKH — IOACOEINHEH
YCTBEBOM IWITOK C MPUKPEIUIEHHON K
HEMY KOJIOHHOW HAaCOCHBIX IITAHT.
IlpuHIun JOelCTBUS MOTPYKHO-
ro IITaHTOBOTO Hacoca (puc. 2) 3a-
KJIFOYAETCsI B CIEAYIOMEM: IIPH XOJIe
MOpIIHA 3 B IMUWIHMHAPE 6 BBEpPX OT-
KpBIBAE€TCS  BCACHIBAIOIIWNA  MIapHh-
KOBBIM KJIarmlaH [ ©W 3aKpbhIBAeTCs

IIapUKOBBIM KJIanaH 2, 4To obecrie-
YUBacT IMOCTYIUICHUE XHAKOCTU B
HHJIMHAP Hacoca, a TaKke MOIbeM
JKUJIKOCTM Ha IOBEepXHOCTh. [Ipu
X0JA€ NOopmHA BHHU3 3aKpPbIBACTCA
KjamaH / U OTKpbIBaeTcs KiamaH 2.
HpOI/ICXOZ[I/IT mogadya XHUJIKOCTH B
HaJIUTyH>KEpHOE IIPOCTpaHCTBO. Jla-
Jiee TpoIecc MOBTOpsieTCs .

OcHOBHBIE IPUYMHBI,

BJIMAIOIIME HA dPPEeKTUBHOCTH

padoThl CKBaKMHHBIX

IITAHTOBBIX HACOCOB

D¢dheKTUBHOCTh HACOCHOW [10-
ObIYM BO MHOTOM OOYCJIOBJICHA yC-
JIOBUSIMM COKpAILlEHUsI PAacXOJIOB Ha
O6CHy)KI/IBaHI/Ie, NpaBUJIbHBIM IO~
00poM M TPUOOpETEeHUEM MPOMBIC-
JIOBOTO 00OpYJOBaHMs, B IIEPBYIO
ouyepenpb, TIyOMHHBIX HACOCOB, Ha-
COCHO-KOMIIPECCOPHBIX TPyO, Haco-
CHBIX IITAHI', T. K. OHHU MMOJABECPIKCHBI
HauOOJILIIEMY U3HOCY, OT UX COCTO-
SAHUS 3aBHCUT IIoJayda IITAHTOBOM
HAaCOCHOM YCTaHOBKH®.

B 1menom psime paboT oTMedaeTcs
TEHACHIYS K CHUKEHUIO CPOKA CIIYXK-
OBl HACOCOB, O00YCIIOBIICHHOMY YXYJ-
IMECHUCM yCJ'IOBI/Iﬁ X DKCIUTyaTauuu,

1 — BcachIBarONIM IMAPUKOBBIN KIIallaH;

2 — HarHeTaTeJbHBIH MApUKOBHIN KIallaH;

3 — IyHxep; 4 — ITOK;

5 — KaHAJI COeJUHEHUS ¢ HAAIUTYHXKEPHOM MOIOCTHIO;
6 — numHAp; 7 — xomonHa HKT

Puc. 2. YeTpoiicTBO CKBAKMHHOTO
IITAHTOBOI0 HACOCA.
Cyper 2. llITaHranbiK YHFBIMAJIBIK,
COP¥FbI KYPBLIFBICHI.
Figure 2. The device of the borehole
rod pump.
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YTO CBSI3aHO C yBEJIMYECHUEM IIyOHH
CIIyCKa CKB@)XMHHBIX IITaHTOBBIX
HacOCOB, IIpOTrpeccupyoleii 00BoI-
HEHHOCTBIO MPOJYKIUU CKBaXXUH,
YCUIIEHUEM KOPPO3UHHBIX CBOWCTB
OTKAQYMBAEMOW KUJKOCTU U IIEIBIM
psiaoM Apyrux GakTopoB.

OCHOBHBIE NPHYUHBI OTKa30B
MOA3€MHOTO O00OpymOBaHHUS Ha
MpUMEpPE MECTOPOXKJICHHSI Y3EHb
MIpUBEJEHBI HA pUC. 3.

OCHOBHBIMU TIPHUYMHAMH OTKa3a
SIBJISIIOTCSL HET€PMETHYHBIE HAaCOCHO-
KomrpeccopHbie TpyObr — 33% (3113
peM.), MexaHuueckue npumecu — 28%

Corne Omopot
OTIOXKEHUS; 2 mTanTy; 7
O6prB
IITaHTH; 9.

s
ACIIO; 8

T

HerepmeTianbIit
HKT; 33

(2641 pem.), 3aKJIMHHBAaHUE HACO-
coB — 12% (1101 pem.), oOpsIB — 9%
(887 pemM.) W OTBOPOT HACOCHBIX
mranr — 7% (694 pem.). Dkcnya-
Talusl CKBAXXHH TaKXe OCIOKHEHa
OPYTUMH IIPUYUHAMHU I1OA3EMHOIO
PEMOHTa CKBa)XHWH, IOJSI KOTOPBIX
OT o0beMa OOILIMX OCJIIOKHEHUH CO-
craBuia 12%: 3to BiausiHue acdalib-
TOCMOJIOTIapa()MHOBBIX OTJIOKCHHUI
— 8% (724 peM.), OTIIO)KEHUE COJICH
— 2% (201 pem.) m u3HOC Hacoca —
2% (182 pem.). Becero 3a 2020 r.
Obuto TmpoBeaeHo 9543 pemonTa
IMOJI3€MHOTO 000PYI0BAHUS.

WHoc 3axmn
Hacoca; 2 IITH; 12

‘/_
Mex.
npumMecy; 28

Puc. 3. OcHOBHBIE NIPUYUHBI 0TKA30B I03¢MHOI0 000Py10BaAHUS.
Cyper 3. ’KepacTbl ka0ABIKTAPBIHBIH iCTeH IIBIFYBIHBIH Heri3ri cedenrepi.
Figure 3. The main causes of underground equipment failures.
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Puc. 4. IIpu4uHbI 0TKA30B HITAHTOBBIX YCTAHOBOK.
Cypert 4. llITanranblK KOHABIPFBLJIAPABIH icTeH HIBIFY cebenTepi.
Figure 4. Reasons for failures of rod installations.

Haubosiee sd¢dexTuBHbIM CIO-
CcOOOM YBEJIMYEHHSI CPOKa CIIyKObI
IIITAaHTOBBIX FJIy6I/IHHI)IX HaCOCOB sIB-
JISIETCS TOBBIIIEHUE WX M3HOCOCTOM-
KOCTHU, 4YTO IO3BOJIACT COXPAaHUTH
NepBOHAYAJIbHBIN, MOTYyYEeHHBIN MPHU
M3TOTOBJIICHUH 3a30p MEXAY IUIyH-
J)KEpOM M LMJIMHAPOM Hacoca, Kiia-
[MIaHHOW maphl M, TEM CaMbIM, HU30e-
JKaTh pOCTa yTEeYEK MPOJYKIMU CKBa-
JKMH B IIpolecce dKcruryatanud. Ho
Il YBCJIIMYCHUA U3HOCOCTOMKOCTH
HEOOXO0JAMMO HCII0JIb30BaTh BHICOKO-
NPOYHBIC CIJIaBbl AJII U3TOTOBJICHUA
TPYILIUXCs JeTajell HacoCOB, a MX
IIPUMEHEHHE MOJXKET OKa3aThCsl KO-
HOMHWYECKH HEBBII'OJAHBIM H3-3a BbI-
cokoii croumoctu. CrenoBaTenbHO,
OCHOBHBIM HaIllpaBJICHUECM CHUKCHUA
OKCILUTYaTalMOHHBIX 3aTpaT ABJIACTCA
omnpe/eJeHHe U TIOUCK HeTPaJUIMOH-
HBIX IIyTE€H CHUXKEHUS YTEUYEK B IOJ-
3€MHOH 4aCcTU TPAAULMOHHOIO HACO-
CHOT'O 000PYIOBAHHUS CKBAKUH®.

OCHOBHOM NPUYMHON yTE€YeK B
IUIYH)XEPHOU Mape MW KJIalaHHOM
y3J1€ CKBaXUHHBIX ITAHTOBBLIX Ha-
COCOB SIBJISIETCSI U3HOC, 00YCIIOBIICH-
HBIN COoJACpKallUMHUCSA B TIE€pCKadu-
BaeMOM KHUAKOCTHU MEXAaHUYECCKHUMU
IIpUMECSIMHU, B MEPBYI oOuYepenb,
neckoM. OCHOBHBIMH (aKTOpam,
OMmpeACTIAIOIIUMU BEJINYNHY YTCUYKH
OTKa4MBa€MOM >XUJAKOCTH 4Yepe3 3a-
30D, SBISIFOTCS Ieperna JaBIeHUs Ha
TOpLAxX IUIyHXXepa U BeJIUYMHA 3230-
pa. Ilepenan naBiieHUs yBeaW4MBa-
€TCsl C POCTOM TJIyOHWHBI IOJBECKH
HacoCa WU YMCHBLIICHUEM JaBJICHHUA
Ha MpUeMe Hacoca, YTO XapaKTEepHO
JUTSL TIIyOOKUX MaJioJAeOUTHBIX CKBa-
JKUH WJIA CKBaXXHH C HU3KHAM KO3(-
(unreHTOM NMPOyKTHBHOCTH.

AHaJIN3 0TKA30B MOI3eMHOI0

000py/IOBaHMS IITAHTOBBIX

YCTAaHOBOK

B pa6ore’ mpuBoAsSTCS pe3yibTa-
Thl aHaJin3a MPHUYUH OTKA30B IOJ-
3emHOro obopynosanusi CIIIHY nHa
OoCHOBE BbIOOPKH 13 10 ThIC. OTKA30B,
[OKa3aHHBIX Ha pHC. 4, HA KOTOPOM
BHUJHO, YTO O6pI)IB KOJIOHHBIX IITAaHT
3aHMMAaeT IEepBOE MECTO KaK IpH-
YHMHA OTKa30B, HA BTOPOM — OTKa3bl,
CBSI3aHHBIE C HEHCIIPABHOCTHIO Kia-
MaHHbIX Y3JI0B 1 HA TPETHEM — OTKA3bI

°3ybaupos C.I'. IIpoekmuposanue wman208bix HACOCHbIX YCMAHOBOK OJisl OCIOACHEHHbIX YCa08uil sxcnayamayuu. — Yepa: VIHTY, 1999. — 157 c.
"onog T.P. Hccnedosarue pabomol KIANAHHBIX V31108 CKEANCUHHBIX UUMAHS0BbIX HACOCHBIX YCMAHOB0K. / Jucc... Kano.mexH.Hayk. — Mockea, 2017.
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1 — cenno;

2 — nocazio4Has NOBEPXHOCTD CeLIa;
3 — rpasgy;
4 — 3anopHLIH OpraH B BHAE IIapa

Puc. 5. Illaposoii ki1anan
Yriy0JieHHOM MmocaaKu.
Cyper 5. TepeH KOHIABIPbLIFaH
ap KJianaHbl.

Figure 5. Deep seat ball valve.

M3-32 HETEPMETHYHOCTH Haphl
CUHIHHAP — TTYyHKEP».

Kak yxe oTmeuanock, u3-3a 60Jb-
IOr0  KOJUYECTBA MEXaHHYCCKUX
MpUMecel B HaCOCe Mapa «IHINHAP —
IUIYHXKep» M KJIalaHbl TaKXKe OBICTPO
MPUXOSIT B HErOMHOCTb. AOpa3uB-
HBIC YaCTHUII IOMAaJarT B 3a30p
Mapbl «IWIHHAP — IUIYHXEP» H MO-
CyT BBI3BaTh HCTHPAaHHE MOBEPXHO-
CTH, YBEJIMYEHHE YTEUEK 4Yepe3 3a-
30p ¥ 3aKJIMHUBAHHUE TAPBI.

Kinananel [ITaHrOBBIX HAcCOCOB
SIBJISIFOTCS. OCHOBHBIM Y3JIOM, OT KO-
TOPOTO 3aBUCHUT PabOTOCIIOCOOHOCTH
Bcero Hacoca. Knmamanbl moaBepike-
HBI OJTHOBPEMECHHO MEXaHHYECKOMY,
KOPPO3MOHHOMY U 3PO3HOHHOMY
HM3HOCY. B KiIamaHHBIX y37ax OTKJa-
IbIBAaeTCsl MECOK, mapaduH, CMOJIBI,
COJIM U JpYrue MNPOAYKTHl BBIHOCA
u3 1iacta. Bee 3TO MpUBOIMT K 4Ya-
CTBIM MOJBEMaM HACOCOB ISl 3aMe-
HBI WJIM PEBU3HH KJIANaHHBIX Y3JIOB.
CrouMocTh CITYCKO-TObEMHBIX
omepanuii Ha TMOPSJOK IPEBbIIIA-
€T CTOMMOCTh Hacoca, K 9TOMY elle
HEo0X0aAUMO 100aBUTh CTOMMOCTH
HEeI0O0BITOW HE(PTHU MO MPUYMHE MPO-
cTtoeB. Majble IPOXO/HBIE CEYCHHUS

B KJIaIlaHaX CepHﬁHbIX OTC€YECTBCH-
HbIX W HUMIOPTHBIX HACOCOB SABJIA-
OTCA le/l‘-{HHOﬁ O4YE€Hb BBICOKHUX
TUAPABIMYECKUX  COIPOTUBIICHUMN
1, KaK CIICICTBHE, YaCThIX OOPBHIBOB
W 3aBHCAaHHUs IITAHT, 3aKJIIMHWUBaHUA
minyHxepa, cHmwxkeHuss KIIJ[ nacoca
1 BBIXOJIa €ro U3 CTPOS.
Hlapuxoeslii Knanam y2nyoneH-
HOUl nocadku. B yCIOBUSAX IOBBI-
IIEHHOTO COJIEpXKaHUsI B IKUIKOCTH
MEXaHWYECKHUX M[pUMECEH yaapHble
Harpys3ku npuBOJAT K IMOBBIIICHHOMY
HU3HOCY IIPUTUPOYHOMN IOBEPXHOCTU U
IOTEPE TEPMETUYHOCTH.
Texnuuecko 3agadei, pemia-
€MOM KJIallaHHOW mapou ¢ yriay-
OJIEHHOM ITOCaJKOM®, M3roTOBIICH-
HOM M3 TBEPJOrO CILIaBa, SBIISICTCS
obecrieyeHne YCTOWYUBOCTU I1O-
cajJKy 3allOPHOTO OpraHa B CEHIJIo,
IIOBBIINIEHHUE €I0 HAaACXKXHOCTH H
JOJITOBCYHOCTH B YCJIOBUAX IMOBBI-
HIEHHOTO COJEePKaHUS B KHUIKOCTHU
MEXaHUYECKUX IIPUMECEH.
TexHuueckud pe3yiabTar J0-
CTUTAETCs YIJIyOJICHHEM IMOCaIKH
mapa B CeUIO, 4YTO MNPUBOJUT K
YBCJIHWYCHHUIO AuUaMeTpa U, COOT-
BCTCTBCHHO, Imjoniaau KOHTAKT-
HOU KOJIBLIEBOM IOBEPXHOCTHU HapPbI
«map — Cemio» IMpPU COXpPaHEHHU
HEU3MEHHOM IMHUPUHBI KOHTAaKTa
(ue menee 0,6MM) myTeM yBeJH-
YEHUS pajuyca 3akpyrjieHus R u
BXOJHOM KPOMKHU celja KJalaHa,
MOBBIIIEHUIO YCTOMYUBOCTH I1OCA-
KU IIapa B ceJJjio, Ojarogaps cMme-
IICHUIO LEHTPa ero TSKECTU OTHO-
CHTEJIBHO CeJJla, COOTBETCTBEHHO,
MOBBIMICHUIO TCPMETUYHOCTHU U pa-
bouero pecypca KJIalaHHOW Maphl.
VBenuuyeHue ke MiIolagu IpHu-
THUpa NPHU YBEIWYEHUH AUAMETpa
KOHTAaKTHON IMOBEPXHOCTHU Iaphbl
«map — CeIJIo» IO03BOJSIET CHH-
3UTHh YACJIbHBIC HAarpy3km MU KOH-
TAKTHBIC HANPAKCHUA, TOBBICUTH
pecypc paboThl kianaHa. Mcnoiab-
30BaHUE KJAIlaHHBIX Hap C yriy-
OJIeHHOU mocaJkol oOecrnednBaeT

NPUHIUIIHATbHBIN IMoKa3aTeib
FepMETUYHOCTH Hapbl M [AOJIO-
BpEMEHHOW paboThl KiamaHa 3a
CUYET B3aMMHOW Tr€OMETpPUUECKOU
bopMBI compsKEHUs mapa K Io-
BEPXHOCTH MPUTHUPA ceaia.

Knanannas nmapa ¢ yriayOJeHHOH
IOCaaKoil obecrneynBaeT yCTOWYH-
BOCTh 3allOPHOTO OpraHa B ceilie,
YTO, COOTBETCTBEHHO, YJIy4lIaeT
€T0 FrepMETUYHOCTh, MOBBIIIAET pa-
Oounii pecypc KJIalmaHHOW Mmapbl U
H3HOCOCTOUKOCTD.

Knaman B 3amepToM COCTOSIHUM,
KaK TTOKa3aHO Ha pHC. 5, MpeJcTaB-
JseT coboi: cemo / ¢ mocaJoYyHOU
MMOBEPXHOCTHIO 2 (¢ mpoduiem BoO-
THYTON Ayru) W 3akpyrieHuem R
BEpXHEH rpaHu 3; 3amOpHBIA OpraH
4 B BUJE LIapa C HPUTEPTON KOH-
TAKTHOM I[OBEPXHOCTHIO LIMPUHOU
He meHee 0,6 MM K MOCAJI0YHOM I10-
BEPXHOCTHU CeJJIa.

PabGora 1miapoBoro kiamaHa yriy-
OJeHHOM TOCaIKH 3aKIIYaeTcs B
TOM, YTO Ce€JJI0 / C MOCaJOYHOU I10-
BEpPXHOCTBbIO 2 M 3aKpyrieHuem R
BEpXHEU rpaHu 3, U 3alOPHBIA OpraH
4 KOHTaKTUPYIOT APYT C APYTrOM B 3a-
MIEPTOM COCTOSIHUU IO MOCaJ0YHBIM
MIOBEPXHOCTAM MIUpUHOH 0,6 MM.

JlaHHasg KOHCTPYKILMs KJallaHa
OTJINYAEeTCs TEM, YTO CEeIJI0 HUMe-
€T NPUTEPTYI MOCaJO0YHYI0 IO-
BEPXHOCTH, IO3BOJIAIONIYIO IE€H-
TPy TSAXKECTH 3allOPHOTO OpraHa
CMECTUTHCSI B CTOPOHY HHXKHEH
FpaHU [0 IOJOXEHUs CTaTude-
CKOI'O YCTOWYHUBOIO DPAaBHOBECHUS
IpU ILIHPUHE KOHTAKTHOW IO-
BEPXHOCTH CONPHUKOCHOBEHHUS HE
MeHee 0,6 MM, ¢ paIuycoM 3aKpy-
IJIEHUs] BEpXHEW TIpaHu, 3aBHUCA-
meM oT rayouHsl mocanku. Ilpu-
TEPTOCTh pabOYMX IMOBEPXHOCTEU
ceana u pabouyero opraHa Jaer
Ka4eCTBEHHOE YIJOTHEHHE, YIIIy-
OneHHas 1mocajaka obOecnedyuBaeT
YCTOMYMBOCTH 3alOPHOTO OpraHa,
TEM CaMbIM CIOCOOCTBYET repMe-
TUYHOCTH KJIamaHHOW mapsl [1, 2].

Sl Iapuroseiti kianan yenyonennou nocaoxku (KZ). / Iamenm Ne34268 MIIK F16K 15/00.
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A. Shakenov!, I. Stolpovskih!, A. Iskak?

ISatbayev University (Almaty, Kazakhstan),
’Borusan Makina Kazakhstan (Almaty, Kazakhstan)

TROLLEY TRUCK SIMULATION ON KACHAR
MINE HAUL ROAD

Abstract. Transportation costs in open pit mining may take 50 to 70% of overall open pit mining cost. Diesel fuel consumption takes more than 25% of owning
and operating costs of large mining haul trucks and represents about 50% of carbon emissions at open pit sites. Modern software uses built-in characteristics of
machine as rimpull and breaking performance, fuel, and electricity consumption rates. Computer simulation of CAT 794AC with trolley assist on conditions of
Kachar mine 3068-meter haul road with 1100-meter trolley line section demonstrated 22% fuel consumption reduction and 10,9% higher production compare with
conventional CAT 794AC. Study shown possible future efficiencies and practical recommendations for trolley assist application. During the study the real haul
road condition’s data taken from mine site and used for simulation of future operational performance indicators.

Key words: mining hauling truck; mine haul road; trolley assist; carbon emission, fuel efficiency, computer simulation, hydraulic front shovel, cost analyses,
operator efficiency, lithium battery.

Kauap keHi ’0/1bIHIa TPOJLIel TachbIMaJIIAY KYHYCiHIH KOJIAaHy MoJeabaeyi

Annarna. Tay-KeH alIblK d/IiCIIEH OHIIpYTre apHAIFaH TaChIMANay MIBIFBIHAAPbI, OAETTE, AllbIK OJICIICH OHAIPY/iH JKaJIlbl MIbIFbIHAAPbIHBIH 50-1eH 70%-Fa
Jeiiin Gonazbl. JIM3enbai OTBIHIIBI TYTBIHY ipl Tay-KEH jKYK KOIIKTEPiH MeJIeHY KOHE MalianaHy IIbIFbIHIAPBIHBIH 25%-1aH acTaMbIH Kypal/Ibl )KaHE Kapbepiep-
JICH HIBIFATBIH KOMIpPTEri MIBIFapbIHBUIAPEIHEIH mamMaMeH 50%-bH Kypaiiael. Kasipri 3aManri KoMIobTepilik memiMaep MallnHaHbIH KIPIKTIpUIreH cunarrama-
JIapblH NaiianaHabl, MbICAIIbI, TAPTY )KOHE TEXKEY OHIMILIIT, OTBIH MEH JISKTP SHEPIrUschiH TyThiHy. KoMmbrepiik cumysuus 1100 M TposuteiiOyc xeici 6ap
3068 MeTpItik Kok »oibHbH Kadap KeHiHbIH opTachiHaa Tposuieii xkyiteci 6ap CAT 794AC yuriciniyg cumyssinusics! kogimri CAT 794 AC-nieH canbICThIpFaHIa
OTBIH IIBIFBIHBIHBIH 22%-Fa TOMCHCYH KoHE oHIMALTIKTIH 10,9%-Fa apTKaHbIH KepceTTi. 3epTTey OonamaKTa MyMKiH 00IaThIH THIMIIIIKTI KoHE TPOILIEH TapTy
JKY#eciH maiiianany GOMBIHIIA MPAKTUKAIIBIK YCBIHBICTAP/IbI KOPCETTI. 3epiTTey ie Kapbepep TachIMallayFa apHaFaH HaKThI )KOJI JKaFJaiiiiapbl ailiaaHblIbl.

Tyitinoi co30ep: may-Kex agmocamoceaibl; MeXHOIOSUSIbLK JHCOI; MPOJILEl MAPMKbIUL HCYUEC, KOMIPMeE2] WbleapbiHObLIAPL, OMbIH YHEMOEY, KOMNbIOMEPIIK
MoOenvoey, 2UOPABIUKANBIK IKCKABAMOP, WbI2LIHOAPObL MAN0AY, ONepamopobly muimoiniel, iumul 6amapescuol.

MOJIe.]IHpOBaHI/Ie NPUMEHEHUHA TEXHOJOIUH TpOJIJIeﬁHOﬁ TATH B YCJHOBHAX TEXHOJOTHYECKHX AOpor

Kauyapckoro pyanuka

AnHoTanusi. TpaHCIOPTHBIC PACXO/bl IPHU JOOBIYE OTKPBITHIM CIIOCOOOM MOTYT cocTaBiisiTh 0T 50% 10 70% ot obmux 3arpar Ha A00bI4y. [loTpedaeHue
JIM3€IbHOTO TOIUIMBA COCTAaBISIET Oosee 25% pacXo10B Ha BIAJECHNUE U SKCILTYaTaIMI0 KaphEPHBIX CAMOCBAJIOB M COCTABIISAET 0KOJIO 50% BBIOPOCOB yriiepoaa Ha
kapbepax. COBpeMEHHBIE IPOrPAMMHBIC PEIICHUS HCIIOIb3YIOT BCTPOCHHBIC XapaKTEPUCTUKH MAIlIMHbBI, TAKHE KAaK TSATOBOE yCHIIHE U TOPMO3HbIE XaPAKTEPHCTHUKHY,
pacxo] ToIuMBa M AIeKTpo3Hepruu. [Iporpammuoe MoxenupoBanue skciuryatanuu camocBaia CAT 794AC ¢ cucremoii TposuteiiHoM Tsru B ycioBusax Kadap-
ckoro pyaHuka 3068-MeTpoBoil TeXHOJIOTHYECKOH 1oporu ¢ 1100-MeTpOBBIM y4aCTKOM TPOJUICHHOM JTUHHUEH MPOJIEMOHCTPUPOBAIIO CHIKEHHE PACcX0/1a TOILTUBA
Ha 22% ¥ NOBBILIEHUE TPOU3BOANTENBbHOCTH Ha 10,9% 10 cpaBaennto ¢ CAT 794AC B 00bIYHOM HCTIOTHEHUH. Mccne10BaHNE TOKA3aI0 BO3MOKHYIO () dheKTnB-
HOCTb B OyyIlIeM U IPAKTHYECKUE PEKOMEHIAIMN 110 IPUMEHEHHIO CUCTEMBbI TPOJIICHHON TATH.

Knroueeswie cnosa: Kapbepru? camoceai; mexHoaocu4ecKkasd t)opoea; cucmema mpOJl/ZGIZHOIZ mseu,; 6bl6p0c yZﬂZpO()(l, MONJIUBHAA IKOHOMUYHOCb, KOMNbIO-

mepHoe CUMYIUPOBaHUe, 2UOPABIULECKULL IKCKABAMOP, AHAIU3 3ampam, s(gexmusHocms onepamopa, 1umuessle bamapeu.

Introduction

According to International Energy Agency mining
companies should reduce their carbon emissions by
58% by 2050 compared with 2010. Meeting this target
is going to be the big challenge considering that demand
for minerals is growing as population is growing and
mining is getting harder. Globe is running out high grade
deposits and mining low grade ore means task to move
more tonnage to longer distances!.

Diesel-electric drive mining hauling trucks are widely
used in mining industry and demonstrate efficient cost
per ton parameters within a range 140-tonn payload up to
400-tonn. Already run electric motor drive components
are opening opportunity to upgrade those trucks to hybrid
or fully electric drive considering recent development of
lithium battery technology become cost effective and safe
energy storage. However, there is a treat regarding the
shortage of lithium for battery production. The treat of
lithium shortage shifted focus on recycling of batteries to
ensure a continues supply of material and eliminating risk
of lithium battery elements pollute the environment [1].

Nowadays there are solutions for significant
reduction of diesel fuel consumption on large mining

haul trucks from global original equipment manufactu-
rers (OEM) are available.

Trolley assist solution

Caterpillar as a leading mining equipment manufacturer
have available retrofit kit for CAT 794AC, 795AC, 796AC,
798AC trucks. With payload range from 291 to 372 metric
tons. Trolley assist offers miners opportunity between 20 to
60% to reduce CO, emissions from diesel engine for more
environmentally friendly sustainable mining operation.
While trolley assist applied more than 90% fuel consumption
and average wear of engine is reduced up to 25%. Trolley
assist system? required wiring and pantograph equipment
of trucks and significant mine site infrastructure investment
such as AC substation, DC substations, support poles,
catenary lines, and the load height check points (Figure 1, 2).

Boliden started trolley assist application project as trial
to test potential of technology in weather conditions of the
region where temperature can go down to minus 40 degree
on Celsius. Trial 700 meters long trolley line was extended
by 3000 meters to cover more mine haul road. As project was
successful Boliden is planning to implement it Boliden’s
Kevitsa nickel mine in Finland. Target is overall diesel fuel
saving by 5,5 million liters per year when implemented?.

'Muralidharan R., Kirk T., Koch Blank T. Pulling the weight of heavy truck decarbonization. Exploring Pathways to Decarbonize Bulk Material Hauling

in Mining. — Basalt (USA): Rocky Mountain Institute®, 2019. — 19 p.

’Cat® Trolley Asisst. Caterpillar global mining. / An overview. — 2021 [electronic resource]. https://cat.com/mining

SMining with principles at Boliden’s Aitik mine in Sweden. — 2021 [electronic resource]. htips://www.icmm.com/en-gb/case-studies/202 1/icsv/boliden-electric-trolley
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are critical part of dust control in order to prevent dust build
up on pantograph and trolley line. Mine haul road grade
should be as per gradeability performance chart of mine
haul truck manufacturers (Figure 3). Ambient temperature
30°C; E — Empty operating weight 217419 kg; L — Target
GMW 521631 kg.

To determine gradeability performance: read from
gross weight down to the percent of total resistance. Total
resistance equals actual percent grade plus 1% for each
10 kg/t of rolling resistance’.

Recommendations of off-the-road (OTR) tire
manufacturers also must be taken into consideration
while designing mine haul road grade and profile. Most
of OTR manufacturers recommend 8% grade as optimal
to reach target life of OTR tires.

Methodology

ot N 2O : PRI Preliminary modeling and simulation of various equipment
Figure 1. Trolley Assist truck run in Aitik and technology is important part of decision making in
iron ore mine of Boliden in Sweden. mining industry. Fleet Production and Cost Analysis
Cyper 1. Boanaen pupmaceinbig HIBenusinarel AWTIK  (FPC) software designed by Caterpillar Inc. for estimation
TeMip KeHilIiHeTi TPOILIeii JKyiieci 6ap camocBall. of productivity and costs for different combinations of earth

Puc. 1. CamocBai ¢ TPOLI€iiHOM cHCTEMO Ha moving equipment models and site conditions.
JKeJ1e30PYAHOM pyAHHKe ANTHK KoMnanuu boanien FPC takes as inputs such as: speed limits, grades, rolling
B IlIBenuu. resistance, distance, waiting time, loading time, dumping

time, machine availability, bucket fill factor, material
density, operator efficiency and costs data. FPC use rimpull
and retarding capabilities of mining dump trucks and cycle
time of loading tool and provides accurate prediction
of current and future productivity. Miners can identify
bottle necks as truck spotting, operator efficiency or road
conditions as well as safety aspects of operations.
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Figure 2. Mine site infrastructure in Aitik iron ore = "B
mine of Boliden in Sweden. “ Qs
Cypert 2. boauaennin LlIBenusinarel AiTik Temip = § %
KeHiminaeri TposuIei sKemicinin HHPPaKYpHLILIMBI. =" Z25
Puc. 1. MudpacTpyKTypa TPOJIJIEHHON JIMHUN HA e el
JKeJIe30Py/THOM pyAHHKe AHTHK KoMnanuu boiunen " & é
B IlIBenun. B
45
Recommendations for haul roads 15
Trolley assist truck request significant improvement o
in mine road building and maintenance culture. Well- oo ZPEEI;S om0 e
kept constant grade is mandatory for trolley assist section
of the road. Reducing dust on trolley-assisted haul roads Figure 3. Gradeability performance chart of CAT
involves processes like evaluating haul road design, traffic 794AC at sea level.
flow management, inspection for structural failures such us Cyper 3. CAT 794AC camocBaJILIHBIH TEeHI3
rutting, analyses the upper layer and material selection and JeHreiiinaeri TapTy cunarraMaJapbIHbIH rpadguri.
per site constrains*. Selection of appropriate water tank and Puc. 3. I'paduk TAroBhIX XapaKTePHCTHK CaMOCBAJIa
water spaying equipment and dust suppression management CAT 794AC na ypoBHe MOpsl.

‘Adams T. Trolley-assisted haul roads construction and maintenance. / Industry articles. — 2022 [electronic resource]. https://globalroadtechnology.
com/trolley-assisted-haul-roads-construction-and-maintenance/

SCAT 794AC Mining Truck Specifications. Caterpillar. AEHQ7160-03 (05-2016). — 2016 [electronic resource]. https://caterpillar.scene7.com/is/
content/Caterpillar/CM20200930-dba70-c067f
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¢ — Trolley line

Figure 4. Kachar iron ore mine haul road for overburden removal.
Cyper 4. Kauap TeMip KeHilli KeHilIiHIH YCTiHIi Ka0aTBhIH TachIMAJayFa aPHAJIFAH TEXHOJIOTUSJIBIK 2KO0J1.
Puc. 4. TexHoJiorn4yeckasi 10pora 1no TpaHCIOPTHPOBKe BCKPHILIHON MOPOABI :Kejie30pyAHoro pyaHuka Kauap.

Speed vs. Distance on HAUL
794 + 6060F SD: 3 km (794_Configurator)

IR
A |
IR ll

2500 3000

Fvi

1.0
Distance (meters)

Figure 5. Speed vs Distance graph of conventional CAT
794AC truck. Average speed up-hill is 13 km/h.
Cyper 5. Koaimri nu3zaiinagarsl CAT 794AC KoJIBIHBIH
KAIIBIKTBIFBIHA KBLIAaAMIABIKTBIH 63repy rpadguri.
Oprama KeLU1IaMABIKTBIH KOFapbLIaybl 13 km/car.
Puc. 5. I'paduk 3aBucumoctu ckopoctu CAT 794AC
OOBIYHOT0 MCIIOJTHEHHSI OT NPOTSAKEHHOCTH TOPOTH.
CpenHsisi CKOpPOCTh HA moaAbeM — 13 km/4.

Speed vs. Distance on HAUL
794 Trolley + 6060F SD: 3 km (794_Trolley)

Speed (kph) *

o %0 1,000 1.200 2000 250 3000
Distance (meters)

Figure 6. Speed vs distance graph of CAT 794AC with
trolley assist. Average speed on route with 1100 meters
trolley line is 23 km/h.

Cyper 6. TpoJuaeii :kyiieci 6ap CAT 794AC xK0JIbIHBIH
KAIIBIKTBIFBIHA KBLIAAMABIKTBIH 03repy rpaduri.
1100 meTp TOpOJIeH JUHHACHI Hap K0Ja OpTalIa
JKbLIIAMBIKTBIH KOFapbLIaybl 23 KM/car.

Puc. 6. I'padpuk 3aBucumoctu ckopoctu CAT 794AC
€ TPOJIeIiHO¥ CHCTeMOI 0T IPOTAKEHHOCTH IOPOrH.
Ha anajiormyHoM y4acTke ¢ TpoJieiiHOM JIMHUel
B 1100 M cpeaHsisi CKOPOCTH HA MOAbeM 23 KM/4.
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Table 1
Estimated cost inputs used for FPC study
Kecme 1
FPC 6azoapnamacvinoazel ecenmeynep yutin
naiioananzan Kipic oepexmep

Tabnuua 1
Beoonwvie oannwvie, ucnonv3osannvie 011 pacuemos
6 npozpamme FPC
Parameter Value
6060FSD | 794AC | 794AC Trolley
Ownership period, year 10 10 10
Operator cost, $/h 6 6 6
Fuel cost, $/h 217 173.13 141.12
Tires, $/h - 50 50
Cost of trolley line, $/h - - 13

Notes: Owning costs of 794AC Trolley is higher than 794AC
because of higher capital cost of machine equipped with
pantograph. Cost of trolley line includes costs per 20 trucks and 20
years depreciation. All costs information is given for study purpose
only as per life cycle cost calculation methodology of OEM based
on recommended preventive maintenance and repair periods.

Table 2
Operational, fuel and electricity cost information inputs
for FPC study
Kecme 2

Onepayuanvik 0epexmep, OMbIH HCIHE ITNEKmp
anepzuacol wvizeinoapol FPC 6azoapnamaceina
encizineoi
Tab6auuya 2
OKcnayamayuonnvle 0annvle, 3ampamol HA MONAUGO
u 3n1eKkmpuyecmaeo, eéedennvie 6 FPC

Parameter Value
Operator efficiency, % 90
Annual effective operational time, hours/year 5500
Diesel fuel price, $/liter 0.56
Electricity tariff, $/kWt-h 0.06

Note: Diesel fuel price and Electricity tariffs are taken as average
on open market in Republic of Kazakhstan valid in June 2022.
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Table 3
Key outcomes of FPC simulation study
Kecme 3
FPC ooubinua nezizei mooenvoey Hamusicenepi
Taonuua 3
Knrwoueevie pezynomamor cumynayuu na FPC
Parameter Value
794AC 794AC Trolley
Quantity required to reach annual production target of 100 mln. tonnes, Pcs 20 20
Total trip cycle time, min 21.11 19.77
Cycles per hour, c/h 2.84 3.08
Hourly productivity of fleet, t/h 14988 15791
Hourly fuel consumption, liter/h 343.52 215.49
Hourly electricity consumption, kWt-h - 198.34
Fuel consumption per total cycle, leters 120.88 70.99
Diesel fuel consumption for course, leters 41254632 24563278
Electricity consumption per course, kWt-h - 68630552
Total diesel fuel equivalent consumption per course, leters 41254632 31916552
Tonnes per liter, t/1 2.42 3.13

Simulation of Trolley assisted CAT 794AC
operation was done on FBC with bellow inputs. Figure
4 shows the real mine haul road of Kachar iron ore in
the North Kazakhstan was used.

GPS datais taken 10th of May 2022 with the permission
of mine management. Length of road 3068 meters. For
FPC simulation purposes trolley line for 1100 meters
are modeled for acceptable straight parts of the haul
road. Average grade of trolley line in is 11% which is
on acceptable recommended level. Rolling resistance is
2% for dry compacted gravel haul road. Speed limit of
40 km/h is applied as per Safety regulations for mining
operation in Republic of Kazakhstan.

Simulation was done for production target of 100
million metric tonnes for year. Material bank density
is 2320 kg per bank cubic meter (BCM) and material
loosen density 1750 kg per loosen cubic meter (LCM).

CAT 6060FSD — hydraulic front shovel with 34 cubic
meter bucket as per SAE 2:1 and CAT 794AC — mining
haul truck with nominal payload 291 metric tonnes with
trolley assist and without it. This combination is considered
as the most optimal with 4-5 bucket pass match.

a) b)

0.7
41254632
31916552

794ACTrolley +
6060FSD

50000000 0.68

0.66

0.64

794AC+

6060FSD 062

794ACTrolley +
6060FSD

Table 1 and 2 shows number of inputs entered to FPC
software to study performance of trolley assist.

Results

FPC taking to algorithm all inputs generated two
scenarios of reaching target production and costs
for each. Figure 4 and 5 shows how up-hill direction
speed over the haul road on conventional 794AC
and 794AC with Trolley assist higher for 13 km/h
on 1100-meter trolley line.

Advantage of higher speed on trolley line let 794AC
with Trolley assist make 3,08 trips per hour vs 2.84
trips for conventional 794AC truck.

Discussion

Fuel efficiency of CAT 794AC with trolley is 40%
lower, FPC considers 60 630 552 kWt-h electricity
consumption and convert it to equivalent fuel. Thus, total
fuel equivalent consumption over the 10 year course is
31 916 552 liters for fleet of 20 trucks.

Figure 7a shows equivalent fuel consumption per
course (fleet of CAT 794AC with trolley consumes 22%
less fuel that fleet of conventional CAT 794AC); 7b —
cost per tonnes of CAT 794AC with trolley 6,6% lower

0.696

891

¢

900

850

803

750
794AC + 6060FSD 794AC Trolley +

6060FSD

794AC + 6060FSD

Figure 7. Graphical comparison of a — fuel consumption; b — cost per tonnes and ¢ — production data.
Cypet 7. I'padukaapIK caJbICTHIPY: @ — OTHIH IIBIFBIHBI; b — TOHHAFA KeTeTiH MIBIFBIH; ¢ — OHIMALTIK.
Puc. 7. 'padpuyeckoe cpaBHeHHE: @ — pacXoj] TOMJINBA; b — ceGecTOUMOCTD 32 TOHHY; ¢ — MPOU3BOAUTETbHOCTD.
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than conventional CAT 794AC; 7¢ shows that production
of each CAT 797AC with trolley can be higher 10.9%
than conventional CAT 794AC.

Difference in CO, emission between CAT 794AC
with Trolley assist and conventional CAT 794AC
can be calculated® by below formula:

CO (1) =X VK.

CO,t) = (41254632 — 31916552) *x 2,65 =
= 24745912 liters,

Where:
K — Diesel fuel burn CO, emission coefficient CO, EF kg CO,/1—2.65;
V — difference in fuel consumption.

Conclusion
Regulations to reduce carbon footprint for mining
companies will grow year by year and designing of expansion

and existing and mine mines should be done considering
effective technologies on reducing CO, emissions by most
economical effective way. Individual mine conditions
should be considered during feasibility study of technology
applications. Analyses of trolley assist use at mine sites
are proven way to reduce diesel fuel consumption and
dust, improve air quality at minesite and extend diesel
engine overhaul intervals [2]. Road construction materials
of higher strength and less cohesion improves the general
properties of the road in terms of its carrying capacity and
durability and can reduce the need for maintenance [3].
A dump truck operators can have a significant effect on the
energy efficiency of material handling operations [4].

Using 1100 meter trolley line on CAT 794AC with
trolley assist on conditions of 3068 meters haul of Kachar
iron ore mine showed 22% fuel efficiency and 6,6% cost
per tonnes efficiency.

°Breisinger M. Greenhouse gas assessment emissions methodology. / Inter-American development bank. — 2012. — VPSS8/ESG Technical note

NeIDB-TN-455. — 10 p. [electronic resource]. https://www.iadb.org/en

REFERENCES

1. Rahman A. Lithium battery recycling management and policy. // International Journal
of Energy Technology and Policy. — 2017. — Nel3(3). — P. 278-291 (in English)

2. Nuri¢ S., Nuri¢ A., Bréaninovi¢ M. Haulage Solutions with trolley assist diesel-electric
AC trucks on the pit RMU Banovic. // Journal of Mining and Metallurgy. — 2009.

— Ned5A(1). — P. 78-87 (in English)

3. Nuri¢ A., Nuri¢ S. Numerical modeling of transport roads in open pit mines. // Journal
of Sustainable Mining. — 2019. — Vol. 18. — Issue 1. — P. 25-30 (in English)

4.  Awuah-Offei K. Energy efficiency in mining: a review with emphasis on the role
of operators in loading and hauling operations. // Journal of Cleaner Production.

—2016. — Vol. 117.— P. 89-97 (in English)

HAUTAJIAHBIIIFAH OAEBUETTEP TI3IMI

1. Rahman A. Jlumuu bamapesnapein 6ackapy sxcane Kauma eHOey cascanul.

// Xanvlkapanvlx JcypHal dHepeemuKailvlk mexuoaoauaniap socane caicam. — 2017.
—M13(3). — b. 278-291 (azvliwsin mininoe)

2. Nuri¢ S., Nuri¢ A., Bréaninovi¢ M. Taceimanoay wewimdepi RMU Banovic kapvepoagul
0U3eNbOI-2NeKMPIIK AUHBIMALLL MOK mpoanell komexui Kypan. // Tay-xken scone
memannypeus scypuanvl. — 2009. — Ne45A4(1). — P. 78-87 (azvinwvin mininoe)

3. Nuri¢ A., Nuri¢ S. Kapvepnepoezi konik dconoapvin canovlx mooeavoey. // Typaxmul
may-kern ocypuanvt. — 2019. — T. 18. — lwviz. 1. — b. 25-30 (agvinwein mininoe)

4. Awuah-Offei K. Tay-xen onepxacibindeei onepeusi muimoinici: muey-xKoik
onepayusanapevlHoagvl ONepamoprapovly peiine baca Hazap ayoapa omvlpoln wouy. //
Taza enoipic acypnanvl. — 2016. — lvi. 117.— b. 89-97 (in English)

CIIUCOK HUCIIOJIB30OBAHHbBIX HCTOYHHUKOB

1. Rahman A. llonumuxa u ynpagienue 6mopuiHol nepepabomxu 1umueblx
axKymyaamopos. // Meaxcoynapoonuvii scypuan « Texnonoeus snepeemuku U NOAUMUKAY.
—2017. — Nel3(3). — C. 278-291 (na anenuiickom s3viKe)

2. Nuri¢ S., Nuri¢ A., Bréaninovi¢ M. Pewenus no mpancnopmupogxke ¢ mpoaeuHou
nepedaueil msaeu Ha OU3ENb-IAEKMPUUECKUX CAMOCEANAX C NEePEeMEHHbIM HANPAICCHUEM
na xkapvepe RMU Banovic. // I'opno-memannypeuveckuti scypuan. — 2009. — Ne45A4(1).

— P. 78-87 (na aneauiickom sizvixe)

3. Nuri¢ A., Nuri¢ S. HQugposoe moodeauposanue mpancnopmmuulx 0opoe 8 kapvepax. // XKypuan
no ycmouuugou 006vive none3nvix uckonaemvix. — 2019. — T. 18. — Buin. 1.

— C. 25-30 (Ha anenutickom s3viKe)

4.  Awuah-Offei K. Dnepeosgphexmuenocmov 6 2opnodobwigarueli npOMulUIEeHHOCU: 0030D
C AKYeHmom Ha poau Onepamopos 6 nO2Py304HO-MpPaAHCROPMHBIX ONePaAYUX.
// Kypnan yuucmoeo npouszsoocmea. — 2016. — Vol. 117.— P. 89-97 (na aneautickom s3vike)

T'opnwtii sicypnan Kazaxcmana Ne3’ 2023




[opHBIe MaLIHHEI

Information about authors:

Shakenov A.T., Master of Technical Science, Doctoral Student at the Department «Mining» of the Institute
of Mining and Metallurgy of the Satbaev University (Almaty, Kazakhstan), a.shakenov@satbayev.university,
https://orcid.org/0000-0002-1336-4140

Stolpovskikh I.N., Doctor of Technical Science, Professor at the Department «Technological Machines and
Transport» of the Institute of Energy and Mechanical Engineering of the Satbaev University (Almaty, Kazakhstan),
i.stolpovskikh@satbayev.university, https://orcid.org/0000-0003-2893-5070

Iskak A.B., Master of Technical Science, Mining Application Manager of the Limited Liability Company Foreign Enterprise
«Borusan Makina Kazakhstan» (Almaty, Kazakhstan), aiskak@borusan.com, https://orcid.org/0000-0002-4023-9222

ABTOpJIap TypaJbl MdJdiMeTTep:

Illaxkenoe A.T., TexHWKa FBUIBIMIAAPBIHBIH Maructpi, Satbaev University, Mertamnyprus >kKoHE ©OHEPKICINTIK
WHXCHEPHSI MHCTUTYTHIHBIH, «Tay-KeH ici» KadeapachlHBIH TOKTOPAHTH (AIMaTH K., Kazakcram)

Cmonnoeéckux HM.H., TeXHWKa FHUIBIMIAPBIHBIH JOKTOpHI, Satbaev University, DHepreTnka >koHE MaIIWHa Kacay
WHCTUTYTHI, « TeXHOIOTHSIIBIK MaITiHAJIAp KoHEe KOJiK» KadeapackHbIH npodeccops! (AnMarsl K., Kazakcran)

blIckak A.b., TeXHUKA FRUIBIMAAPBIHBIH Maructpi, «bopycan Makuna Kazakcrany» Lllerenaik Kocimopsma XKayamkeprmriniri
IIEKTEeYi cepikTecTik, Tay-KeH TeXHHUKa KoJIaHy OemimiHiH Oacmibici (AnMaTs K., KaszakcTan)

CgBenenusi 00 aBTOpax:

Illaxenog A.T., MarucTp TEXHUUECKUX HAYK, JOKTOPAHT Kadenaps! «I'opHOE 1e110» I'0pHO-MeTaTyprudeckoro HHCTUTYTa
Satbaev University (r. Anmatsr, KazaxcTtan)

Cmonnoeéckux U.H., n-p TexH. HayK, npodeccop kadeapsl «TexHOIOrHdeckne MamMHBI U TpaHcmopT» MHCTHTyTa
SHEpPreTUKH N MamuHocTpoeHus Satbaev University (r. Anmatsr, Kasaxcramn)

blckak A.b., MarucTp TEXHHYECKHX HAyK, MEHEKEp OTAela IO MNPUMEHEHHWIO TOPHBIX MAamInH ToBapHIecTBa
C OTpaHUYEHHOH O0TBETCTBEHHOCTHIO MHOCTpanHoe [Ipennpusarue «bopycan Maknna Kazakctan» (T. AnmmaTtsl, Kazaxcran)

Authors are gratitude management of Kachar mine for provided haul road data and cooperation during the study.

KAZAKHSTAN KAZAKHSTAN 2Ufi
INDUSTRY WEEK MACHINERY FAIR inefnafon!

MEXOYHAPO[IHAA BbICTABKA MEXIYHAPOHAS BbICTABKA
OBPABATbIBAIOLLIEV NMPOMBILLINIEHHOCTU MO MALLUMHOCTPOEHWIO 1 METATNTOOBPAEOTKE

MexayHapOoaHbIv BbICTaBOYHbIN LeHTp «EXPO»
r. ActaHa, KasaxctaH

!%)

promweek.kz

OpraHusaTtopb!:

ALy
MVHICTEPCTBO MHAYCTPN C N
@ 9N
&Q’?‘ W MHEPPACTPYKTYPHOrO pasBuUTUs M K

=% Pecnybnuku Kasaxcran

KoHTakTbl:

BbicTaBouHas KoMnaHua
«AcTaHa-3kcno KC»
+7 (7172) 64 23 23




P

L, 6-9 viona 2023

—t HOBORY3HEUK

XXXI MexayHapoaHas cneudanu3MpoBaHHan
BbICTaBKa TEXHOAOTUH FOPHBIX pa3paboTok

Yronb u MAUMHUHT

Poccuu

Xlll MexayHapoaHas cneuvManM3MpoBaHHan BbiCTaBKa

OXPAHA, BE3OIACHOCTDb TPYAA
U XXUSHEAEATEABHOCTU

VIll MexayHapoaHas cneuyManM3MpoBaHHas BbiCTaBKa

HEAPA POCCUU

Il CneunanmsupoBaHHas BbiCTaBKa

n PO¥!]EX3 KCNoO
§ oy

LLUINPE, YEM KY3BACC! TAYBXE, YEM YTOAb!

)'-::‘.w i

OXpaHa 1 6e30MacHOCTb TpyAa

MPOMBbILL/IEHHbIE MMHEPa/Ibl

>, MECTO NPOBEAEHUA:
BbicTaBouHbI KoMnAeKe «Ky3bacckas spmapka»,
¥ yA. ABTOTpaHcnopTHas, 51, r. HoBOKy3HeLK,

7/¢: 8 (3843) 32-22-22, 32-11-89, 32-11-18

oo . . G ORI .
MR R oty ey ) Y
" i i B fic s pu 0



Oxpana Tpya 1 0€30MacHOCTb B TOPHOM MPOMBIIITCHHOCTH

MPHTMH 86.40.00
N.B. Ermukhanova, D.B. Nurzhanova, A.A. Tashimova, S.E.Aliyaskar*

Korkyt Ata Kyzylorda University (Kyzylorda, Kazakhstan)

ANALYSIS MODELING OF THE HAZARDOUS
SUBSTANCES IMPACT AFFECTING THE SHIFT
TOWN OF THE KUMKOL FIELD

Abstract. The article analyzes and simulates the impact of hazardous substances affecting the shift camp of the Kumkol field. The probability of the main
explosive gases and vapors accumulation at the field occurs in pipelines with oil and gas wells, in the factory for complex oil preparation and injection, oil and gas
separators. The article describes on the basis of accident performance models in the zone of damaging factors influence: thermal radiation due to fire, excessive
explosion pressure and toxic effects of hydrogen sulfide. The initial data on the main scenarios of forecast accidents are based on weather, including wind speed,
when the oil and gas mixture in the well ignites from a fire and is exposed to thermal radiation from accidents in the oil and gas separator, equipment is destroyed,
people are damaged and poisoned with hydrogen sulfide.

Key words: Kumkol field, hazardous factors, accident scenarios, well, oil and gas separator, weather, thermal radiation, overpressure, fire, fireball, toxic
effects of hydrogen sulfide.

KyMKe./1 KeH OpHBI BAXTAJIBIK KAJTAIIBIFBIHA 3CepP eTeTiH KayillTi 3aTTap dcepiH Tanjay Mojaelbaey

Annarna. Makanana KyMKes KeH OpHbBI BaXTaJIbIK KaJIAIIBIFBIHA 9CEP €TETiH KayilTi 3aTTap acepi TajlaHblll, MOJEIbCY KapacThIpbuiabl. KeH OpHBIHIAFbl
6acThl KapbUIFBIII ra3gap MeH OyJaapblH KUHAIY BIKTHMAIIBIFBI MYHAll JKOHE a3 YHFbIMaJapbIMCH, MYHAW/Ibl KEIICHIl JaibIHIAy jKOHE aiijlay IeXbIH/a,
MYHaii-ra3 cernapaTropiapbIMeH KyObIpiiap/ia OpbIH anajbl. Makanana aBapusi KOMbUIBIMIAPBIHBIH MOJEIbAEPI HETi3iHAe 3aKbIMIayIbl (JaKTOPIAp/AbIH dCEp €Ty
allMarbIH/Ia: OPT 9CEPIHCH KBUIYJIBIK COYJICIICHY, KAPBUIBICTHIH apTHIK KbICHIMBI )KOHE KYKIPTTI CyTEriHIH YBITTHI 9cepi cHmaTTaia bsl. BoinkaMIbIK armaTTap sy
HETI3rl clieHapHiiiepi OOMbIHIIA GacTaIKbl IEPEKTEp aya paibl, OHBIH IIITHAE XKEIAIH KbIIIaM/IbIFbl HET131H/1e, OPTTEH YHFBIMAAaFbl MYHal-Ta3 KOCIAChI TYTAHBII
JKOHE MyHali-ra3 CerepaTopbIHIAFhl allaTTapAaH KbULYJIbIK COyJICICHYTe YIIbIPAIL, kabAbIKTap KUpall, afaMaap 3aKbIM allblll, KYKipTCYTEeriMeH yiiaHa bl.

Tyuinoi cosoep: Kymxon ken opuvl, Kayinmi gpakmopiap, agapusi KOUbLIbIMbL, YHbIMA, MYHAL-2A3 CEnapamopbl, aya paiibl, JCLLIYIbIK CIVICIEHY, aApmblK
KblCbIM, OPM, OMMbl Wap, KYKIpMCYmeKmiy yolmmol acepi.

AHanmns MOae/JIUpPOBaHUA BO3/IeliCTBHSI ONMACHBIX BEIlIeCTB HA BAXTOBBIN IMMOCETOK MECTOPOKICHUSA KyMKO.T[l)

AHHoOTanms. B cTaThe aHATM3UPYETCS U PACCMATPUBAETCS MOACINPOBAHNE BO3ICHCTBYS OIIACHBIX BELIECTB, BIUIOMINX HA BAXTOBBIN roponok Kymkonbckoro
MECTOPOKACHUS. BEpOsATHOCTH HAKOTIIIEHHUSI OCHOBHBIX B3PBIBOOIIACHBIX T'a30B M NTaPOB HA MECTOPOIKACHHH BOSHUKACT B HE(TSIHBIX U Fa30BBIX CKBAXKHHAX, B I[EXE
KOMIIJICKCHOM MOJrOTOBKH U IE€peKadKu HeTH, B TpyOOrpoBogax ¢ HedTerazooTAenuTeNIsIMi. B cTaThe Ha OCHOBE Mojeeil aBapuii ONMHMCHIBAIOTCSI 30HBI BO3-
JielicTBUS nopakaromuX (HaKkTopoB (TEMI0BOE M3Iy4YeHHUE OT BO3/IEHCTBHS MOKapa, H30bITOYHOE JaBJICHHE B3PhIBA M TOKCHYECKOE BO3JIEHCTBUE CEPOBOJIOPOJIA).
HcxonHble JaHHBIE TI0 OCHOBHBIM CLIEHAPUSIM IIPOTHO3HBIX KaTacTPO(d OCHOBAHbBI HA MOTOJHBIX YCIOBHAX, B TOM YHCIIE HA CKOpOcTH BeTpa. IIpu moxape Bocmia-
MeHseTCsl He(hTerazoBasi CMECh B CKBayKHMHE M OT aBapHil Ha HE()TEra30HOCHOM CEIapaTope IOABEPTacTCs TSIIIOBOMY H3JIy4EHHMIO, pa3pyIiacTcsi 000pynoBaHue,
JIIOJTM TIOJTYYaloT IMOBPEXKIACHUS M OTPABIISIOTCS CEPOBOIOPOJIOM.

Kniouesnle cnosa: Kymronsckoe mecmopodicoenue, onacHoie pakmopol, CyeHapuu agaputl, CK8ANCUHA, Hehme2azosblil cenapamop, no2ood, meniogoe u3-
Jyuenue, uzbbimoyunoe 0asneHue, noJicap, OSHEHHbIN Wap, MOKCUUECKoe 8030eliCmaue cepogooopood.

Introduction

At the Kumkol field, 6 shift
settlements operating on a rotational
basis work in 2 shifts. Its number of
workers per shift: in Kumkol — 350
people, Aryskum — 120, Kyzylkiya —
70, South-Western Kyzylkiya — 12,
Maibulak — 8, Karabulak — 32. The
distance of the shift settlement from
the mines and from the place of work is
different, from 3 km to 15 km. Control
points (operator) were organized to
monitor and manage technological

processes for oil production and
processing at the Kumkol field:
central operator (dispatching) — in

shift settlement and factory operator
(dispatching) — in each department.
Operators are equipped with a
technological process control system
at each stage of oil and gas movement,
an emergency disconnection system
in case of exceeding the process
parameters, a fire detection system,
turning on automatic fire extinguishing,

an emergency alarm system. The
operator’s premises are built of
fire-resistant  materials, equipped
with heating, ventilation systems,
fluorescent lighting, and personal
protective equipment. The magnitude
of the risk to which employees are
exposed at field facilities is determined
by the method of quantitative risk
assessment. The resulting level of risk
is assessed according to eligibility
criteria, after which the necessary mea-
sures to reduce it are developed [1].

Materials and research methods

The process of production,
transportation, processing and
storage of oil and gas products at
the Kumkol field is characterized
as extremely hazardous production.
This is associated with explosive and
fire hazardous products and the risk
of technological processes occurring
under high pressure.

Potential damaging factors in the
oil and gas industry, resulting from

non-compliance with safety
measures, injury to personnel in this
industry, and even death:

= thermal radiation from a combus-
tible oil and gas mixture of gas or oil;

= poisoning with toxic hydrocarbon
combustion products;

= exposure to excess pressure from
the explosion of vapors of petroleum
products;

* poisoning with gas
containing hydrogen sulfide.

The main hazardous substances
involved in the technological process
at the field are oil production products:
reservoir oil, oil gas, degassed oil,
demulsifiers used to separate water
from oil in the process of oil emulsion
decomposition and oil separation,
inhibitors used to prevent corrosion
and salt scale, as well as other chemical
reagents and substances'2.

Hydrogen sulfide is present in
many operations related to oil and
gas. If safety measures are constantly

vapors

'Davydova S.L., Teplyakov V.V. Hydrocarbon fuel and its impact on the environment. — M.: RUDN, 2012. — 136 p. (in Russian
iy pLy Y D p

’Priymak V.V. Methodology of complex technological listening for fire safety management of petroleum products storage facilities. — SPb., 2017. — 146 p. (in Russian)
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observed, work with it can be safely
carried out. Many fatal cases are
caused by poisoning from it. The
consequences of an accident are
likely to be different. It depends on
the number, volume of discarded
materials, duration of disposal, speed,
non-combustion combustion. The
severity of the consequences of an
accident is influenced by the stability
of atmospheric phenomena, wind
speed and direction [2, 3]. Therefore,
in models of accident performances to
identify the main damaging factor:

= in case of fire — distance to beam
acquisition level 37,5kWm?;

= the distance of the gas-air mixture
cloud to the shock wave when it
explodes 35 KPa;

= toxic effects of spills is
determined by the distance to the
maximum impact level.

The effects of spilled hydrogen sulfi-
de are determined in these parameters:

= the content of hydrogen sulfide
in the air (MES) in the working area
of oil, which belongs to hazardous
substances, mg/m*: H,S — 3,0, R-SH —
0,8 (GOST 12.1.011);

= maximum allowable amount in
the air, mg/m*: H,S — 0,008; R-SH —
9 x 10°¢ (RK SanRaN.3.02.036.99);

= lethal dose LCt,, dose H,S — 750
— 100 mg/m?;

threshold sensing toxic dose PCt,,
H,§ —200-280 mg/m’;

= lethal concentration JIK50: H,S —
227mg/l, R-SH — 20 mg/1.

Results and their discussion

The main scenarios of predicted
accidents are a well fire, a pipe
explosion, a drop in pressure at
the joints, a failure of shut-off
equipment, the formation of excess
pressure in the tanks [4].

1. Ignition of the oil and gas
mixture in the well. In Figures 2-3
the horizontal flow of fire from the
well in the diagram of the ellipses of
thermal radiation 4 kW/m?, 12 kW/m?,
37,5 kW/m?, the ignition of the oil
and gas mixture in the well was
considered. The simulation predicted
the formation of a horizontal flare (jet)
fire. At a wind speed of 1/A, 105,2 m,
and at a distance of 5/D — 85,0 m, all
technological equipment from the fire
center will be damaged, and under the
influence of thermal radiation there

50°

will be 100% mortality. At a distance
of 345.0 m at 1/A and at a distance
of 192.2 m at 5/D, metal structures
are destroyed under the influence of
explosion wave overpressure.

In Figure 2, the thermal radiation
flows from the well fire at 4 kW/m?,
12 kW/m?, 37,5 kW/m?> move only
slightly at a wind speed of 1 meter

per second, and the effect of the
heat flow from the fire increases, in
Figure 3 although the flows of thermal
radiation flare up due to the wind at a
wind speed of 5 meters per second, the
effect of thermal radiation weakens.
The effect of hydrogen sulfide on the
human body when the wind speed is
5 meters per second, the concentration

Oil and gas mixture Decomposed oil
: '

Demulsifier, corrosion

Oil gas
: inhibitor and salt

Physical data

deposition
i

A mixture of oil and
gas, a dark or
yellowishrbrown liquid

Viscous oily, dark
brown liquid. Lighter
than water

Alcohol — like

aroma:tic liquids
'

Colorless gas with a
characteristic odor.
Lighter than air
'

Impact on people

Vapors Bave a strong

It has a narcotic effect,
causes acute and
chronic poisoning

T
It has a narcotic effect,
causes acute and
chronic poisoning

irritating and general
toxic effect. Ingestion of
more than 100 ml causes
blindnegs and death
'

It has a naycotic effect,
causes acute and chronic
poi§oning

'

Data on fire hazard and toxicity
'

Explosive and fire-
hazardohs mixture.
MPC (mg/m?) - 300

Flammable liquid
MPC (mg/m?) - 300

Hazarddus, highly
flammable gas.
MPC (mg/m?) - 5

Flammable liquids.
MPC (mg/m3) -5

Figure 1. Characteristics of hazardous substances in the production,
preparation and transportation of oil at the field of JSC «PKKR».
Cyper. 1. «(IIKKP»AK keH opHBIHAa MYHali 6HIIPY, JaHBIHIAY 2KIHE
TacbIMaJIiay Ke3iHJeri KayinTi 3aTTapAbIH CHIIATTAMACHL.

Puc. 1. XapakTepucTHKH OIIACHBIX BelIeCTB NMPH 100bIYe, HOATOTOBKE U
TPAHCIOPTHPOBKe He(pTH HA MecTopoxkAeHNN AO «ITKKP».
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Figure 2. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of jet fire with horizontal discharge from a well
(weather category 1/A).

Cyper 2. YHFbIMaJaH KOJJICHEH HIbIFAPBLIATHIH aFbIHIBI 6PTTIH 4 KB/M?,
12 kB/M?, 37,5 kB/M? 3KbLIYJBIK CayJIeJIeHY 3JIITHINCTEPiHiH chbI30achI
(aya paiibl canatsl 1/A).

Puc. 2. I'paduk 3/UIMICOB TEMJIOBOro uiaydenus 4 kB/m?, 12 kB/m?,
37,5 kB/M? cTpyiHOT0 MoKapa Mpu rOPU30HTAIHLHOM BhIOpoOCe
M3 CKBAKMHBI (KaTeropus noroasl 1/A).
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dissipates and the effect is small. And
the effect on the human body is felt
from a distance of 9 meters, when the
wind speed is 1 meter per second [4, 5].

The level of thermal radiation
emanating from the flame in the well:
= at 4 kW/m? in case of emergency
actions, people without protective
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Figure 3. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of jet fire with horizontal discharge from a well
(weather category 5/D).

Cypert 3. YHFbIMA/IaH KOJIJI€HEH LIbI

FApbLIATHIH aFBIHABI OPTTIH 4 KB/M?,

12 kB/m?, 37,5 kKB/M? KbLUIYJIBIK CIyJleIeHYy JUINNICTEPiHIH ChI30aChl
(aya paiibl canatsl 5/D).
Puc. 3. I'paduk 3JUTUICOB Tem1oBoOro usiaydenust 4 kB/m?, 12,5 kB/m?,

37,5 kB/M? cTpyiiHOTO moKapa

NP TOPU30HTAJIBHOM BhIOpOCE

H3 CKBAXKMHBI (KaTeropus nmoroasl 5/D).
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Figure 4. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of a fireball during a catastrophic rupture of an oil and gas
separator (weather category 1/A).

Cypert 4. MyHaii-ra3 cenapaTopbiHb

IH allaTThI KaAPbIJIYbI Ke3in[eri OTThbI

mapabiH 4 kB/m?, 12 kB/m?, 37,5 kB/M? :KbLi1y coyJiesieHy 3JIMICTEePiHiH

rpadguri (aya pa

#ibl caHathl 1/A).

Puc. 4. I'paduk 3JUITHIICOB TEIJIOBOro udiayvenus 4 kB/m?, 12 kB/m?,
37,5 kB/M? OrHEHHOT0 IApa MPU KATACTPO(PUIECKOM pa3pbiBe

He(l)TeFa30BOF0 cenapartop

a (kaTeropus noroasl 1/A).
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equipment can walk for a duration of
up to 1 minute, but the second degree
burns can get. Fatal outcome — 0%;

=at 12,5 kW/m? with prolonged
exposure to thermal radiation, the
number of cases of ignition of
surrounding objects and fatal outcome
in 1 minute is likely to be 1%;

=at 37,5 kW/m? in the absence of
protection of technological equipment
in thermal radiation, its damage and
«exacerbation» of the situation in a
matter of minutes can occur. Fatal
outcome in 1 minute 100%.

The toxic hazard of oil depends
on the composition and amount of
impurities, oil with a high hydrogen
sulfide content is the most dangerous.
But compared to marine oil, Kumkol
oil contains a much smaller percentage
of hydrogen sulfide, carbon dioxide
than marine oil. In a gas separator
accident, the effect of hydrogen
sulfide on the human body is observed
at a distance of 3-5 meters, and in 15
minutes fainting begins. Collector of
the oil and gas mixture the effect of
hydrogen sulfide on the human body
occurs at a distance of 28-30 meters.
The smell of hydrogen sulfide is felt at
a distance of 1100-1230 meters.

2. In an oil and gas separator
accident, the effect of hydrogen
sulfide on the human body can
occur at a distance of 30-35 meters.
The possibility of a catastrophic
explosion of an oil and gas separator,
followed by ignition and explosion,
was considered. As a result of the
catastrophic explosion, a fireball was
formed. At wind speeds of 1/A and
5/D the radius of the fireball was
138.31 m, the action time was 17.99
seconds. All technological equipment
at a distance of 312.97 meters from the
fire center will be damaged, and under
the influence of thermal radiation there
will be 100% mortality. In figures 4-5,
the radius of action is 921.1 m at wind
speeds of 1/A and 5 /D with thermal
radiation of 4 kW/m?; at 12 kW/m? —
543.3 m; at 37,5 kW/m? the radius of
action is 312.97 meters. As thermal

radiation increases, the exposure
distance becomes closer.
Conclusion

The development of emergency
situations for equipment and pipelines
of oil and gas mixture, gas and oil and
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their localization during equipment
depressurization corresponds to
the following general sequence:
depressurization of equipment or
pipeline — release of oil and gas mixture,
gas, oil under pressure — distribution of
gaseous and liquid fractions of emission
products — environmental pollution
— possible ignition and explosion —
sealing of the damaged area, equipment
or pipeline by means of valves and
pressure relief valves — turning off
compressors and pumps — localization
and elimination of bottling (fires).

An effective tool for reducing
the risks of exposure to personnel
is the reduction of personnel to the
minimum required number, especially
at particularly dangerous facilities
and primarily due to complex
mechanization and automation of
production  processes. The work
area requires only a small number
of employees who enter to check
technologies that work without people,
to provide technological services [5, 6].

Poisoning, burns, wounds, skin
charring, which occurs in a well,
compressor station, oil refining plant,
can occur due to improper handling
of alkalis, acids, polymers, surfactants
during well processing and with
improper handling of containers for
storing toxic substances.

In order to prevent the release
of hazardous substances into the
environment, liquid substances are
stored in containers, solid chemicals
are stored in storage pockets, and
strong chemicals are stored in steel
containers. When transporting and
storing items and materials, they
should not interact with each other.
This is because effects such as
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Figure 5. Graph of ellipses of thermal radiation of 4 kW/m?, 12 kW/m?,
37,5 kW/m? of a fireball during a catastrophic rupture of an oil and gas
separator (weather category 5/D).

Cypert 5. MyHaii-ra3 cenapaTopbIHbIH allaTThl KAPbLIYbI Ke3iHAeri OTThI
mapabin 4 kB/m2, 12 kB/m2, 37,5 kB/M? 3KblLi1y coyjieleHy dJUITHIICTEPiHiH
rpaduri (aya paiisl canatbl 5/D).

Puc. 5. I'paduk 3JUTHICOB TEMJIOBOro u3ayueHust 4 kB/m?, 12 kB/m?,
37,5 kB/M?> OrTHEHHOT0 IIapa MPHU KaTacTPO(PHIECKOM pa3pbiBe
He(pTerazoBoro cenaparopa (kareropusi noroasi 5/D).

combustion, eruption, and explosion
occur. Hazardous waste is stored
in containers and barrels of special
brands that meet special standards of
the Republic of Kazakhstan and the
international standard. Measures to
reduce losses in the event of a spill of
chemical and hazardous substances
are carried out using equipment
and reagents in accordance with the
methods of stopping with a specially
developed plan.

For a significant reduction in the
risk of accidents, impacts on personnel
and equipment:

= conducting
accident exercises

anti-
accident

systematic
and

response exercises in the field
workshops;

= organization, equipment and trai-
ning of volunteer firefighters, fountain
and gas rescue teams at the facilities;

= preparation of funds for the rescue
of people and the elimination of
accidents, implementation of constant
control over their condition;

= creation of reserves of material
reserves, reserve fund of financial
resources.

The implementation of these
measures will reduce the risk of
accidents at the Kumkol field, and if
they occur, reduce the severity of the

consequences® [7, 8].

3Guidelines for Chemical Process Quantitative Risk Analysis (second edition). — New York: Center for Chemical Process Safety of the American Institute

of Chemical Engineers, 2000. — 756 p. (in English)
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Hayunou kongepenyuu. — llpaca: Coyuocpepa-CZ, 2015. — C. 96-99 (ha xazaxckom sa3vike)

6. Cynetimenosa I'.K. Ananus ycnoguii 603HUKHOGEHUS U PA3BUMUS AGAPU Hedhmeea308020
mecmopoaucoenus [ynam TOO «Cazuz [lemponeym Komnanuy. // Becmuux
Kazaxcko-Pycckoeco Meoxcoynapoonoeo ynugepcumema. — 2017. — Ne2(19).

— C. 456-464 (na pycckom s3vike)

7.  Kostyuk A., Tumanov A., Tumanov V., Zybina O. CogepuieHcmeo8anue cucmem
peazuposanus Ha Upe3svluaiinble CUMYayuu 6 Hepmezazo6ou Oompaciu 015 CHUINCCHUS
6030elicmausi Ha oxkpyadrcarowyio cpeoy. // E3S Beb-koupepenyuu. — 2020. — 221.

—b. 01008 (na anenuiickom s3vixe)

8. IKykoe O.B. [lokazamenu 3¢phexmuenocmu ynpagienus puckamu He@pmeza3osulx
npoexmos. // [lpobremvl 9KOHOMUKY U YIPABLEHUSI Hedhme2a308blM KOMNILEKCOM.
—2013. — Boin. 4. — C. 17-24 (na pycckom sa3vike)
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Onuackap C.E., Maructpant kKadeapbl «DJIEKTpO’HEpreTHKa, TeXHOc(epHas Oe30IacHOCTh W IKOJOTHs» KbI3bUIOPANHCKOTO
ynusepcurera M. Kopkeit Ata (1. Kesemopaa, Kasaxcran)
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MexayHapoAHas cneLuaAu3upoBaHHas BbiCTaBKa
TEXHOAOT i FOPHbIX Pa3paboTok

YIronb u MAUHUHT

Poccumn

LUNPE, YEM KY3BACC!

TAYB)XE, YEM YIOAb!

6-9 vionsa 2023 r.

Me)KAYHaDOAH ble CneunarM3upoBaHHbIE BbICTaBKU

OXPAHA, BE3OIACHOCTb TPYAA
U XXUSHEAEATEABHOCTU

HEAPA POCCUU Sp—
NPOMTEX3KCNO b (G

2 88005004042
www. ugolmining.ru
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«YTOJb POCCUU U MAVMHUHT-2023»:
«IIUPE, YEM KY3BACC! ITJIYBXE, YEM YI'OJIb!»

3a 2022 200 6 Pecnyonuke Kazaxcman o0v110 peanuzosano oonvute 50 npoekmoes ¢ uHOCHMPAHHBIM yuacmuem
6 obnacmu 000bIYU RONE3HBIX UCKONAEMBIX, MAUWUHOCMPOCHUS, MEMALAYPZUU U OPY2UX OMPACTell RPOMbLUL-
nennocmu. B ceoro ouepeds, mecmuvie npouzsooumenu Ilenmpanvnoit A3uu akmueHo pa3zeuealomcsa u uuiym
HOGble PLIHKU 071 ceoux pazpadomok. Ilnouiadkoit, 2oe moricHo npedcmasums nPOOYKMbl U YCAYZU KOMRAHUU,
a makodice HAllMu aKmyaibHble peuienus 0Jis C60e20 du3neca u NOMEeHYUANbHBIX nompeoumeneil, mpaouyuoHHo

ébicmynarom npohunbHbvle MeHCOYHAPOOHbBIE GbICIAGKU.

C 6 mo 9 mrons 2023 1. B BRICTABOYHOM KOMILJICK-
ce «Ky3bacckas aspmapka» BHOBb OTKPOET IBEPH IS
noceTuresiel n d3kcnoHeHToB XXX MexayHapoaHas
CTHeNMaln3upOBaHHAs BBHICTABKAa TEXHOJOTHH TOPHBIX
pa3paboTok — «Yroms Poccum m MatHUHTY.

«Yroap Poccum m MallHUHI» — 3TO TJaBHOE €XKe-
TOJIHOE OTpaciieBoe COOBITHE, MOCBSIIIEHHOE TEXHO-
JIOTHUSIM TOPHBIX pa3paboTok, koTopoe yxe 31 rox sB-
JSIETCSI MECTOM NPUTSIKEHUS BEAYIINX POCCUUCKHX H
3apyOeKHBIX MPOU3BOAUTEINEH B «YTOJBHOM CEPIIIE)»
Poccunm — r. HoBoky3nemnke. Mepomnpustine oO0Bbeau-
HSIE€T BCE€ OTPACIM TOPHOPYIAHON NPOMBINIICHHOCTH
1 SIBASETCA yHHKAJIbHOW IUIOIIAAKON IJIsI JE€MOHCTpa-
UM HOBEHIIMX TEXHOJIOTHH, OpTaHU3aIUH podeccH-
OHAJbHBIX AUCKYCCUH U OOMEHA OMBITOM, YKPCIIJICHUS
CTapbIX U HAJAXXMBAHUS HOBBIX JEJIOBBIX CBS3CH.

3a BpeMs paOOTHI BBICTaBKa BBIPOCIIA B COBPEMEHHBIN
KpOCC-OTPAacIeBOM MPOEKT, KOTOPBIH OKa3bIBaeT OOJBIIOE

T'opnwtii sicypnan Kazaxcmana Ne3’ 2023

BJIMSTHUE Ha Pa3BUTHE JOOBIBAIOMINX M IPOU3BOJICTBEH-
HBIX NPEeANpUsITUA HE TOIbKO B Poccuu, HO U Mo BCcemMy
mupy. Tak, B 2022 roay B BBICTaBKE NPHHSIN yJacTHE
cBrime 450 kommaauit u3 12 crpan, nocetunu 44398 dge-
JIOBEK, OOJIBbIIAS YaCTh U3 KOTOPHIX — TEXHUYECKHUE CIIe-
OHUATUCTHI, PYKOBOJUTENN MPEANPUITHH, MPEICTABUTE-
JIM HayYHBIX KPYTOB M TOCYTapCTBEHHBIX CTPYKTYD.

B 2023 roxny r. HoBoky3Henk ormedaeT cBoe 405-me-
THE. 3a YETBIPE CTOJETHS TOPOJ MPOIIET MyTh OT He-
OONBIION KPEmoCTH [JO IeHTpPa TSKEIOH IPOMBIII-
JieHHocTH Bcel Poccuu, mostoMy He ciiydyailHO, 4TO
XXXI BricTaBKa OyAeT mpuypodeHa K I00MIeI0 Topoa.

«Yrous Poccnn m MaliHuHT» 00BbEeIMHAET KOMITAHNH,
paboTaromnire BO BCEX OTPACIISIX MPOMBIIIICHHOCTH, CBSI-
3aHHBIX C JOOBIBAIOIINM CEKTOPOM SKOHOMHUKH. [Ipoms-
BOJMTEIN OOOpPYIOBAHMUs, CHENTEXHUKH, WHCTPYMEHTA
W OCHACTKM, CEpPBUCHBIC OpPTaHU3ALHH, JOOBIBAIONINE
MPEeANPHUATHS U METaJUTypTHUYeCKHe KOMOMHATBI TIpEJ-
craBieHBI B Ooiee uem 30 TeMaTHIECKUX pa3ieliax.




B stom rony B r. HoBOoky3Helke cOOEpyTCsl KaK Mpo-
MBIIICHHBIC MCIIOJIWHBI, Takue kak Komnedckui Mari-
3aBos, Mnbema, benA3, Xwuraun, Kamonuu IIneBmaruk,
Jlykoiin, PocuedTh, 3aBOI MOAYJIBHBIX Jera3aliiOHHBIX
YCTAHOBOK, YpaJibCKUM 3aBOJ| KOHBeHepHbIX JeHT, CMT
[lapp, CYDK, YETPA, TANGSHAN SHENZHOU
MANUFACUTING CO, Tomckuii KaOeJIbHBIH 3aBOJI,
Kamckuii kabenb, SANYI, Kypranckuii mammHocTpoun-
TeJbHBIN 3aBoA, ['aznmpom, MarHuToropckuii MeTamnyp-
ruyeckuii komouHat, Muxenepusiit nentp « ACH», tak n
HaYMHAIOLIKNE TPOU3BOUTENN U IPYTHUE JUIEPHI OTPACIIH.

«Bvicmasxa «Yeono Poccuu u Maitinuney yoice bonee
30 nem nomozaem npouz800UmMenim, NOCMABUWUKAM, 00~
ObLBATOWUM U CEPEUCHBIM NPEONPUIMUIM HAUMU Opye
opyea u pewums akmydajibhosle 3a0a4u. B npouiiom 200y
6 omeem Ha 8bl308bl PbIHKA Mbl 3HAYUMEIbHO PACUUDU-
AU COCMAB YUACMHUKOE NPOU3BOOUMENAMU CMENCHBIX
C Y2ONbHOU OMPACAAMU, 8 HUCLe KOMOPbIX MEmAaiiyp-
2usl, Memanioobpabomra, MawuHocmpoeHue u opyaue.

Takoice mvl npooondicaem NOOOEPHCUBAMb LOKATbHBIX
npouzeooumeneil, Komopvlie NIAHOMEPHO 3AHUMAIOM
8b1C60000UBWIUECS HUWU U NPEOCMABTISAION OMPACLEBO-
MY pbIHKY omedecmeentbvle paspabomku.

U smom mpeno 6ydem moavko ycuauseamocs. B
amom 200y evlcmaska npoudem noo oesusom «lllupe,
uem Kyszbacc! I'nyboice, uem Yeonv!». Tax mor xomum
nOKA3amv, 4mo RnpoooaNCAeM pPACUIUPIMb HANDAG-
JIeHUsl BbICMABKU KAK NO OMPACIAM, MAK U NO O0JAM
Komnanuu-yyacmuuxog uz Poccuu, Typyuu, Kumas u
HUnouu. Bvicmaska omkpvieaem Oonbuie 03MONCHO-
cmu 0 pazeumus U pacuupeHuss 10KAAbHbIX NPOU3-
600cma. Takoil no0xXo0 nO3601UM GCeM YUACMHUKAM
PUIHKA Y3HAMb camble aKmyaibHble OMpaciesvie meH-
OeHyuu, Haumu NOMeHYUalbHblX NAPMHEePO8 U 3aKdA3-
YUKOG, NONOJIHUMb 6A3Y C8OUX OCN08bIX KOHMAKMOS U,
Kak credcmeue, 3a10A4CUMb NPOUHYIO OCHOBY Ol Oy-
oyueeco 9KOHOMUKU», — OTMeThIIa Albonna byHeeBa,
nupextop OO0 «Kysbacckas sspmapkay.

«Yeonv Poccuu u Maiinunzy — KpynHeuuwlds 6bICMABKA MEXHONO2Ull 2OPHBIX paA3paboOmox, enHce200Ho
npoxoosiwas 6 . Hogoxysneyxe.

3a 30 nem pabomsr 6 evicmaske npunsio yuacmue donee 6720 npeonpusmuii uz 30 cmpan Esponel, CesepHotl
u FOoxcnoti Amepuru, Asuu, Agpuxu, Ascmpanuu. Iloumu MUIIUOH CREYUANUCO8 PAZIUYHLIX CPep IKOHOMUKU
u npouszeoocmea nocemunu vicmasky 6 Hosokysneyxe.

Accopmumenm pewienuti st 20pHOU OMPACIU NPeOCmasien 6 34 memamuieckux pazoendx, 6 Yucie Komopbvix:
2nybokoe Oypenue, obocamumenbHble YCMAHOBKU, KOHCANMUHS/UHICUHUPUHS, OMKAMKA, MPAHCNOPN U TO2UCUKA,
apmamypHroe 000py0osanue, NHeBMAMUYecKue U 2uOPasiIudecKue UHCMpymMeHmsl, U MHo2ue opyaue.

B pamkax oenoeoii npoepammel «Yeonv Poccuu u Maiinuney obcyscoaromes Haubonee akmyaibHble 80NPOChL
PA36UMUST POCCUTICKO20 20pHO20 pulHKa. B 2022 200y Ha Oessamu KOMMYHUKAUUOHHBIX NIOWAOKAX COCMOSNOCDH
61 nayuno-oenosoe meponpusimue.

Buvicmaska npoxooum npu noooepowcrke Munucmepcmea suepeemuxu P®, Munucmepcmea npomuludienHocmu
u mopeoenu P®, Munucmepcmea npupoonvix pecypcos u sxonocuu P®, Munucmepcmea P® no denam epasxcoanckou
000pOHbL, UPE3BLIYATHBIM CUMYAYUIM U JTUKEUOAYUU NOCIeOCMEUL CIUXutinblx 6eocmeuti, Munucmepcmea mpyoa
u coyuanvnou sawumsl P®, Poccuitickoeo Coroza npomvluieHHUKo8 u npeonpunumamenei, Ilpasumenvcmea
Kyszbacca u aomunucmpayuu copooa Hosoxysueyka, a maxace AO «Hayunoui yenmp BocmHUHU no npomsiuiiennou
U IKOJI02UHECKOU OE30NaACHOCIU 8 20PHOU OMPACTUY.

«Yeono Poccuu u Maiinuney 0Ovinia npusnama camol KpynHou evicmagkou 6 Poccuu 6 nomumayusx
«Bvicmasounas nnowaowvy, «Ilpogeccuonanvuoiii unmepecy, «Meocoynapoonoe npusnanue» u « Oxeam poiHKa»
no memamuxke «Ilpupoonvie pecypcol. I opnodobdwieaowas npoMebiUIeHHOCHLb ».

T'opnutii scyprnan Kazaxcmana Ne3’ 2023
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TPEBOBAHUSI K O®OPMJIEHUIO U YCJIOBUS NNPEJOCTABJIEHUSI CTATEN
B pPeJaKIUI0 ePUOAUYECKOro neyaTHoro usganus «'opHbiii ;kypHan Kazaxcrana»

1. «CopHplii :kypHaa Ka3zaxcTraHa» NpUHAMAaeT K MyOJIUKAIUUA OPUTHHAJIbHbIE CTATHH HAYYHOT0 H HAYYHO-TEXHUYECKOT 0
co/Iep:KaHUsl, 0TPAKAKIINE Pe3yJabTAThI HCCJIEA0BATEIbCKOI U HAYYHOM JAesITeJIbHOCTH, HMEKIINe PEKOMEHIANH K MPAKTH-
YeCKOMY NMPUMEHEHHK) PelaeMbIX BONMPOCOB, a TaKKe CTAaThH 0030PHOr0 XapaKTepa, OTBeYalolie KPUTEPUsIM MePBUYHOM
HAYYHOI My0JuKannm (MOJTHBIN epeueHb pyOpPUK yYKa3aH Ha caiite minmag. kz).

2. OcHOBHBIE TPEOOBAHUS K CTATHSIM, MPeACTABJICHHBIM AJIsI MyOJIUKAIHYU B )KypHAaJIe:

= HabOp CTaThbH MPOU3BOAUTCS B TEKCTOBOM penaktope Word mpudrom Times New Roman 12 kersiem ¢ 1oty TOpHBIM HHTEPBAJIOM;

= 00t 00beM CTaThH, BKIIOYAsl PUCYHKH, TaOIULBI, METAaJaHHbBIC HE TOJDKEH IMPEBBIIIAThH 8 NeYaTHBIX CTPAHMII;

= cTaThH (32 UCKJIIOYeHUEM 0030pOB), TOJKHBI COIEPKATh HOBbIC HAYUHBIC PE3YJIbTATHI;

= CTaThs JOJKHA COOTBETCTBOBATh TeMAaTUKE (CM. II. 1), HAyUHOMY YpPOBHIO XXypHaJa;

= cTaThs JOJDKHA OBITH O(pOpMIICHA B IIOJTHOM COOTBETCTBUH C TPEOOBAHUSIMHU, OTPAXKCHHBIMHU B II. 3;

= CTAThs MOXKET OBITh IIPEICTaBICHA Ha Ka3aXCKOM, PYCCKOM HJIU aHTJIMICKOM SI3bIKE;

* B pEIAKIMIO MPECTABIISICTCS OKOHYATENbHbBIN, THIATEJbHO BbIBEPEHHBIH BAPHAHT CTAaTbH, UCKJIFOYAIOIINIT HEOOXOIUMOCTh
HOCTOSIHHBIX J0Pa0OTOK TEKCTa Ha ITAlax U31aTeabCKOro MpoLecca;

= riepe]i OTIPaBKON CTAThU B PEIAaKLIHMIO )KypHAaJIa aBTOpaM HEOOXOMMO IIPOBEPUTH TEKCT Ha MPEIMET OTCYTCTBUS IJlaruara.

3. CTpyKTYypa €TAaThH J0JKHA COAEPXKATh CJICNYIOLIUE pa3ebl:

= xon MPHTU (I'PHTU http://grati.ru/?pl=52) — mecTU3HAYHbIN;

= Ha3BaHHUE CTAaThbU (COKPAILEHHMS HE JOIMYCKAIOTCs, HE JOMYCKaeTCsl MCIIOJIb30BaHHe abOpeBuaTyp U (GopmyIr; MaKCHMaJIbHOE
Kosr4ecTBO ciioB 10-12) 1omKHO O6bITh HHYOPMATUBHBIM, COOTBETCTBOBATh HAYYHOMY CTHIIIO TEKCTA, COJEPIKATh OCHOBHBIC KJIFO-
YeBbIC CJIOBA, XapaKTepU3yIoLue TeMy (IpeIMeT) UCCIeIOBaHUS U coAep)kaHue paboThl, IPELOCTAaBIISAETCS HAa Ka3aXCKOM, PyCCKOM
1 aHTJIMHUCKOM sI3bIKaX;

* HHULHAJIBI U (PaMHIJIMU aBTOPOB; CTAThsI JIOJDKHA UMETh He OoJjiee 4 aBTOPOB; 3HAKOM «*» yKa3bIBA€TCsl aBTOP-KOPPECIIOHACHT;

= CBEJICHUSI O KaXXJIOM aBTOpe (yueHas CTeIeHb, yYeHOe 3BaHHe, JOJIKHOCTh, MECTO OCHOBHOW paboThI, rOpo, cTpaHa, KOHTAKT-
HbIC JaHHbIE (agpec A1eKTPoHHOH nouTsl), ORCID ID) nperocTaBiIsiIOTCA Ha Ka3aXCKOM, PyCCKOM U aHTJIMHCKOM S3bIKaXx;

* [I0JIHOE Ha3BaHUe opraHusanui (-i), rae padboTarT aBTOPHI (C yKa3aHHEM BEJOMCTBEHHON MPHUHAJICKHOCTH);

* QHHOTALMs B COOTBETCTBUU C TPEOOBAHUSIMH MEXAYHAPOAHBIX 0a3 TaHHBIX AOJKHA JOCTATOYHO IOJTHO PACKPBIBATH COAEpIKA-
HUE CTaThH, BKJIFOUAsi XapaKTEPUCTHUKY OCHOBHOI TEMBbI, IPOOIeMbl 00BEKTa, LEJIH UCCIICOBAHMU ST, OCHOBHBIC METO/IbI, PE3yJIbTATHI
UCCJICIOBAHMS U IVIaBHbIC BBIBOJBI. B aHHOTanMM HEOOXOIMMO yKa3aThk, YTO HOBOI'O HECET B cebe CTaThsi B CPABHEHHUU C JPYTHMHU,
POACTBEHHBIMH 10 TEMATUKE U LIEJICBOMY Ha3HAUYCHHUIO MaTepuajaMu. AHHOTAaLMs NPEAOCTaBIsACTCS Ha Ka3aXCKOM, PYCCKOM U aH-
TIIHHACKOM si3bikax o0bemoM He MeHee 700 u He 6osiee 900 cumBosioB (mpumepro 150...200 cioB);

= KJIIOYEBBIC CJI0Ba B KoinuecTBe 6...10 yCTOWYMBBIX CIIOBOCOYETAHHH, [0 KOTOPBIM B JajibHEHIIEM Oy/JeT BBIINOJIHITHCS MOUCK
cTaThi (COKpAICHUS U a00peBHUATYPBI HE TOMYCKAIOTCSA): KJIFOUYEBBIC CIIOBA OTPAXKAIOT CIICHU(PUKY TEMbI, 00BEKT M PE3yJIbTAThI UC-
CIICIOBAHUS U NPEIOCTABIISIOTCS Ha Ka3aXCKOM, PyCCKOM U aHIJIMHCKOM S3bIKaXx;

* TeKCT CTaThH, COASPIKAILMI CIeNyIOIIHe pa3aeibl (BBeIeHNEe, METObI/UCCIICIOBAHUS, PE3yIbTaThl, 00CYXKISHHE PE3yJIbTaTOB,
3aKJIFOYCHUE/ BBIBOJIBI);

* CIIMCOK HCITOJIb30BaHHBIX UCTOYHUKOB (10...12), B TOM yncie He MeHee 3 3apyOexHbIX He panee 2015 roga, mperocTaBisieTcs Ha
Ka3aXCKOM, PYCCKOM M aHIVIMHCKOM SI3bIKaX.

PUCYHKM nommxHbl HMETh paciupenne rpapudeckux pegakropos CorelDraw, Photoshop, Illustrator u T. 11.). ®oTorpaduu 10mk-
HBI OBITH NpeebHo YeTkuMHu B rpaduueckoM popmate (TIFF, JPEG, CDR) ¢ paspemenuem He menee 300 dpi. Bece GykBenHbIe 1 iud-
poBbIe 0003HAYCHHSI HA PUCYHKAX HEOOXOAMMO IOSICHUTh B OCHOBHOM HJIM MOPUCYHOYHOM TekcTax. Hanmucu u apyrue o003HaueHUs
Ha rpaduKkax U pUCYHKaxX JAOKHBI ObITh yeTKUMU U Jierko yntaeMbiMi. [IOJAIMUCHU K PUCYHKAM u 3AT'OJIOBKU TABJINUILL
OBSA3ATEJBHBI. OdpopMisioTcs OTACIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHIJIMICKOM SI3bIKaX.

MATEMATHUYECKHUE ®OPMYVYJIbI cienyet Habupats B hopmysbHOM peaakrope MathTypes Equation win MS Equation, rpe-
YecKue U pycckue OykBbl B hopMyliax HaOUpaTh MPSIMBbIM MIPHU(TOM (OMIHKS TEKCT), JATUHCKUE — KypCcUBOM. Q00o3nauenus eeautun
u npocmule hopmynvt 6 mexKcme u madauyax Hadbupamo Kax nemenmst mexcma (a He Kak 00BEKTHI (OPMYIBHOIO pelaKkTopa).
HymepoBaThb ciiefiyer ToiabKo Te (GopMyIibl, Ha KOTOPbIE €CTh CChIJIKU B MOCIEAYIoLeM u3noxeHnn. Hymepanust ¢popmyst CKBO3Has.

CIIMCOK UCHOJIBb30BAHHBIX HCTOYHMKOB cocrapnsieTcst B MOPsIIKE UTHPOBAHUS U OPOPMIISIETCS. B CTPOTOM COOT-
BercTtBUM ¢ ['OCT P 7.05-2008. Ccbuiku Ha JUTEpATypy B TEKCTE OTMEUAIOTCS IO MEpPE MX IOSBJICHUS MOPSAKOBBIMH HOMEpaMU B
KBaJpaTHBIX cCKOOKax. CIIMCOK MPUBOIUTCS HA Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKaX.

4. Ycj0BHs NIPUOOPETEHUS )KYPHAJIOB aBTOPaAMU.

C aBTopom(amH) 3aKirOUYacTCs JOrOBOp O mpuoOpereHHH 8 (BOCBMH) SK3eMIUIAPOB >KypHaima ¢ 50% CKHIKOH, KOTOpbIC
OH(OHHM) UMEIOT IIPaBO PACIPOCTPAHSITH CPEIU IOPHOU 0O0IIecTBEeHHOCTH. [[JIs1 aBTOPOB, MPOXKHUBAIOLIMX B APYTHX ropojax (Kpome
Ir. AJ'[MaT])I) N HC UMCHOIITUX l'lpe)lCTaBI/lTeJ'lei;l BT. AJ'lMaTbI, B CUET BKJIFOYAKOTCA IMOYTOBBIC YCIIYT'U. ITocne onnaTel CTAaThs l'[y6J'[l/leeTCH
B O4YEpPEIHOM HOMEpE JKypHaJla, a aBTOpY(aBTOpaM) MPEAOCTABIISIIOTCS SK3EMILIAPHI )KypHala, COIVIACHO CUETY.

T'opnutii scyprnan Kazaxcmana Ne3’ 2023
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XVII MexayHapoaHas Hay4YHO-npakTuyeckasa KoHpepeHUMA

[MEPELIOBbIE TEXHOJ10I N
B TNOPHOM AOEIJIE

MecTo: O3epo Wcebik-Kynb, Kbiprbi3cTaH
OpraHunzaTop: VIHCTUTYT KOMMYHUKaLNA
1 MHPOPMALMOHHbIX TexHoornn KPCY

Mpurnawaem Bac NpUHATb ydacTue B eXerogHom
XVII MexxayHapoaHOW Hay4YHO-NMPaKTUYeCKOoM KOoHMepeHLm
«[lepeoBble TEXHONMOrMW B FOPHOM [Aefe», MPUYPOYEHHON K
tobuneto komnaHum «Blast Maker».

20 BLAST MAKER

KoHdepeHuns npoBoantca exerogHo ¢ 2006 roga wu
nocesAlleHa 0630py MepeaoOBbIX TEXHONOIUMI
Ha Kapbepax M NOA3EeMHbIX FTOPHbIX BblpaboTKax,
0606lWEHNID NMPAKTUYECKOro onbliTa BHEAPEHUS U
aKkcnnyaTauMm aBTOMAaTU3MPOBAHHOW MOATOTOBKM
NMPON3BOACTBA, PACLUIMPEHNID N YINYyONeHUIO Hay4YHO-
NPOM3BOACTBEHHbIX CBSA3eN Mexay ydeHbiMu CHI™ 1 ganbHero
3apybexbs, a TakxXe COKpalleHWto pasdpbiBa Mexnay
(byHAaMeHTanbHbIMU UCCNEAOBAHMSAMU U NPOU3BOACTBOM.

CTOMMOCTb OpraHmnsaLmoHHoro B3Hoca: 500 S,
npun onnate 4o 1 noHa 2023 1. - ckmaka 20%.

OpraHusaTopbl 06ecneynBaloT:

BcTpeyy 1 NpoBOAbl Y4aCTHUKOB KOHMEPEHLMN
BpoHMpoBaHme rocTUHNL B bulkeke n Ha Mcebik-Kyne
TpaHCNOpPT Ha BeCb Nepunoa NPoBeAeHNSA KOHDepPeH LK
OduumanbHbI NpUem

OKCKypCum




JET I'OPHOMY KYPHAJIY KA3AXCTAHA!
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