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KoJjionka rimaBHoro peaakTopa

3CTa(l)eTa CBAPOYHOIro MacTepCcTBa: ONBbIT HACTABHUKOB /1J11 IPOYHOI0 6yz[y1uer0 oTpac/in

AO «9KT'CEPBHUC» — MH:KHHUPHHIOBasi U IPOM3BOACTBEHHAsi KOMNaHKs. 2() 1eT HAa pbIHKe: HOBbIE
pelleHusI M MepPCHeKTUBBI
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OnTuMHu3anys NPoLEeccOB FOPHBIX PadoT ¢ MCMOJIb30BAHMEM METOA0B HH(POBU3ALMHU
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TpedoBanus K 0(popMJIEHHIO U YCIOBHUS MPeI0CTABICHUS CTATelt

Topnwvii srcyprnan Kazaxcmana Ne7’ 2025




KOJIOHKA TJVIABHOT'O PEJAKTOPA

Jopozue wvumamenu!
A“(“‘ gﬂ\ Yeasicaemoie konnezu!

4 b\
‘ - P Bropas monoBuHa roga ye CTOWT y ABepeil. JKapko MiIm MpoxiagHO — Kak ObI MBI HE KOMMEH-
i THUPOBAJIM ITOTOAY, OOBHHSSA cCaMUX ce0s B e CIOPIIPH3ax, He JOCTABISIOIINX HAM YIOBOIBCTBUS, MBI

N
Mapar MIPUPOAHBIE KaTaCTPO(]bI, a HAIK COOCTBEHHBIC MPOTUBOPEUNS, BHI3BAHHBIC MOTUTHYCCKAMU, PEIIH-
KakynoBuu

burumoaes
211ABHBLIL PEOAKMOp

BOCIIPUHIMAEM KX, CO3/1aBasi ce0¢ BOBMOKHOCTh OTIBIXaTh, Pa00TaTh, paIoBaThes. B aToM cria yerno-
BEUCCKOTO JyXa, KOTOPBIH C JPEBHUX BPEMEH HACTPAWBAJ HAIIMX MPEIKOB (TOJBKO MPEICTaBbTe cede
JKU3HB ITEPBOOBITHBIX JII0ZIEH!) Ha MOCTOSIHHBIA TPYA U YCTPOMCTBO OIATOMIONyYHs.

HOSTOMy MHE KaXX€TCs, 4TO INIaBHAA IMOMEXa — O3TO HEC 3UMa M JICTO, HE XOJIOA U Xapa, JaXE HC

TMO3HBIMH, S5KOHOMUYCCKUMU WK JTUYHOCTHBIMU MOTHUBAMU. Mzl Pa3ydnIuChb JOroBapuBaATHCA, XOT
MPaKTUYCCKH BCC BCCr/ia TOBOPUM, YTO XOTECIN OBl JKUTH B MUPE U COIIaCHH.

CoBeToBaTh MOXKHO, HO MO MaJ€HBbKUI SKCKYPC B COBPEMEHHOE MHPO3/IaHUE — 3TO MOBOA 00pa-
TUThCS K Moel Poxnne — Kazaxcrany, moToMy 4TO MOSI CTpaHa — 3TO IPUMEpP BMECTE C HAIIMMHU Apy3bsaMH u3 LleHTpansHON
Asun — y30€K0B, KbIPTBI30B, TaUKUKOB, TYPKMEHOB — KaK Ha/l0 KUTh.

2025 rox obbsBieH [IpesunenTom Hamen cTpansl [ogom pabodnx mpodeccuii — 3Ta cdepa AeATeIFHOCTH MOTyIaeT HOBBIH
HMITYJIbC JITSL PA3BUTHSL, CTAB KJIIOUYEBBIM 3BEHOM IIPHOPUTETHBIX MEXaHU3MOB TOCY/IapCTBEHHOM MOMUTHKH. HacTynmio Bpems,
KOT/Ia BOIIPOC OCHAIICHUS SKOHOMUKH PK KBaIM(pHUIMPOBaHHBIMU CHEIMAIMCTAMH BBIXOAUT Ha MEpBbIH uiaH. KoMIuiekcHbIe
MCEPHBI 1O MOATOTOBKE U MMPUBJICUCHUTIO l'IpO(beCCI/IOHaJ'IOB, CITOCOOHBIX aIalITUPOBATLCA K COBPEMCHHBIM BbI3OBAM W BHEIPATH
WHHOBAlMOHHBIC PEIICHHUS B TPAAULIMOHHBIE OTPACIIH, SIBISIOTCS 3aJI0IOM CTAOMIBHOTO SKOHOMHYECKOTO POCTA U IMIPOLBETAHUS
CTpAaHBbI.

C nepBbIX AHEH cBoeil padotsl [Ipe3nnent Hameil crpanbl Kacsiv-XKomapr KemeneBuy TokaeB IOIYEpPKHUBAET, YTO OCHOBA
pasButus Kazaxcrana — 3To Ty, CO3AAI0IMNI MaTepraibHyo 0a3y Juist Oyayiero npoiseranus. [[puzHanue 0co00i BaXKHOCTH
pabouux npodeccuii B paMKax rocyIapCTBEeHHOM MMOJIMTHKH OyIeT CrI0cOOCTBOBATh Bo3BpalieHuio B CrpaBemnBom Kasaxcrane
II0-HACTOSIIIIEMY CHPABeJJUBOr0 H YBAKHTEIbHOI0 OTHOIIEHHUSI K TPYAY, KOTOPBIH ObLI, €CTh U OyZIeT OJHON M3 BaKHEHIINX
OCHOB XM3HH W PA3BUTHS YEIIOBEUYECTBA, K pab0UNM JIFOSIM, ITPO(GECCHOHAIBFHO M MOCTOSHHO MOATBEP)KIAIONIAM 3Ty BEIHKYIO
HCTHHY U BHOCSIIUM PEaJIbHbIN, & B COBOKYIHOCTH — HEOLIEHUMBIN BKJIaJ B 9KOHOMHUKY CTpPaHbI, KOTOPBIN celuac Moka eIne
4acTO OCTAETCS B TEHHU.

B xonrekcre oopamenus [Ipesunenra o ['oge padounx npodeccuii B Kazaxcrane cieayer MIMETh B BULY, YTO TPy HHXXEHEpPa,
B YaCTHOCTH B FOPHO-METAJUTyPrHYECKOM KOMIUIEKCE B F€OJOTHYECKOM CEKTOpPE, CPOIHM padounM Mpodeccrsm, MOTOMy 4TO
MOBBIICHUE MPECTIKA PaboYrX MpodeccHii HEBOSMOKHO 03 HHIKEHEPHOTO PYKOBOICTBA 1 COBMECTHOTO (DOPMHUPOBAHUS TEX-
HOJIOTMYECKOTO U Yepe3 HEro MPOU3BOICTBEHHOIO IIPOLIECcCa.

C mronst Mecsilia HaYMHAeTCs Yepe/ia HalllkX MpoQecCHOHATbHBIX MPa3aHUKOB — J{Hs MeTamtypra u J{Hs niaxrepa (TopHska) B
aBrycTe. DTH IPa3IHUKH JUIsl BCEX HAC OBUIN U OCTAIOTCS TOBOZAOM OKYHYThCSI B IIPOIIIOE, YBUJIETh HACTOSIIIEE M OLICHUTh HAIIIN
oxumanus B Oyaymem. Hame ygactue B co3unanuu npunnuna «Moaenu TokaeBa» o popMHPOBaHNN HOBOTO Ka4eCTBA HAIUU
Oy/TyIIero U CBSI3aHHOTO C HUM HallMOHAJIBHOTO PeHeccaHca He TOINBKO COSMHUT OIBIT IIPOIIIIOT0 ¥ TOPU30HTHI Oymymero. OHo
JIOJKHO CKa3aThCs B HAIIeM MUPHOM cTpoutenscTse HoBoro, cripaBeuinBoro Kazaxcrana kak HalluOHAIBHOM MEUTHI 1 MUCCUU
Halleil CTpaHbl.

[TpodeccronanpHble Pa3THUKH, MPOTEKAONINE B OOCTAHOBKE COIIACHS U TPYAOBBIX JOCTHIKCHHM, SBJISIOTCS COCTaBHOM
YacThI0 KOHKYPEHTOCTIOCOOHOW CTPaHBI B JIUIIE €€ YIaCTHUKOB — TOCYAapCTBa, 00mEecTBa, Tpakaad. OT HAC ¢ BaMH.

C Ilpazonukom — /lnem memannypeza!

Topuwtit sicypuan Kazaxcmana Ne7’ 2025




ICTADETA CBAPOYHOI'O MACTEPCTBA:
OIIbIT HACTABHMUKOB JIs ITPOYHOI'O

BYAYIUIETO OTPACJIA

B ycnoBHAX cTpeMUTENBHOTO pa3BUTHUS IPOMBIIIIICHHOCTH
W TIOBBIIICHUsI TpeOOBaHWH K KBaJM(UKAIMN CHECIUAIICTOB
YEJIOBEK OCTAETCS IIABHOM «JIBMXKYILEH CHIIOW» mporpecca.
DopMHpOBaHHE COBPEMEHHBIX NPO()ECCHOHATIBHBIX KaapoB
HEBO3MO)KHO Oe3 mepejadyd ONbITa — HACTAaBHUYECTBO HIpa-
eT 371ech 0co0yio posb. HacTaBHMK HE TONBKO JaeT 3HAHMS
1 o0yJaeT TEXHUUCCKUM HaBBIKaM, HO M MTOMOTaeT M30exXarh
omuO0K, (POPMUPYET OTBETCTBEHHOCTD 3a PE3YIIbTATHl TPYy/a,
MIPUBUBACT JIOOOBB K MPOQeCcCui.

OnHoil 13 MIOIAA0K, TI€ ONBITHBIE MACTEPA CMOININ BIOX-
HOBUTH HOBHYKOB Ha pa3BUTHE MPO(eCcCHOHAIBHBIX HAaBbI-
kOB, ctan | MexmyHapoaublii podeccHnOHANBHBIN KOHKYPC
o koMneTeHun «CBapouHbIe TEXHOJIOTUN» MO CTaHIapTaM
WorldSkills, mpomenmmii ¢ 26 no 30 mast B Anmarsl. Opra-
HHU3aTOpaMH BRICTYNHIM Hekommepueckoe akIMOHEpHOE 00-
mectBo «Talapy», Ynpasnenne oOpa3zoBaHust ropoaa AJIMAaTEI,
ANMaTUHCKUNA CTPOUTENIBHO-TEXHUUECKUN KOJUIEHXK U KOM-
nanus ESAB — MexxyHapoaHbIi IPOU3BOAUTEND PEIICHU B
obnacTi cBapku U pe3ku MeTaiuioB. O Tex, Yeil ONbIT U 3HA-
HHUSl Pa3BHBAIOT cBapo4Hoe fAeso B LleHTpajabHol A3um
noapodHee B MaTepuase «lopnoro xypHajaa Kazaxcranay.

Buepa HactaBHMKM — ceropHsi y4acTHHKH. CocTsa3amuch
B CBapOUHOM JeJe MpenojgaBareny komremkei n3 Kasaxcra-
Ha, Keipreizcrana, Monronmun, TamkukucrtaHa u Y30eKucTa-
Ha — MacTepa, J0Ka3aBIINe CBOI0 KOMIETEHTHOCTb YCIEITHON
MOJATOTOBKOW CTYJI€HTOB K PETHOHAIBHBIM U HAllMOHAJIBHBIM
yemnonaram WorldSkills.

WorldSkills International — medcoynapoonoe npoghec-
cuonanvHoe ogudicenue. Eco enaenas yenvb — nogvluienue
cmamyca u cmamoapmos npogheccUoOHanrbHoOl NoO2OnoG-
KU U K6AIUupuKayuu cneyuaiucmos no ecemy mupy. Xoms
uemnuonamsl pabouux npogheccuil npoxoosm c¢ 1947 2ooa,
cmpanvl Llenmpanvhotl A3uu npucoeOUHUIUCH K y4acmuio
cpasnumenvro neoasHno. Kasaxcman u Moneonus — 6 2014
200y, Yzbexucman u Aszepoaiodxcan — ¢ 2020, Kvipewis-
cman —6 2023.

CocTa3aHus A7 OMNBITHBIX CBAPIIMKOB CTald YacTbIO
MaclITabHOW CTpaTeruy MO Pa3BUTHIO MPO(ECCHOHATHLHOTO
o0pa3oBaHus, MHUIIMUPOBAHHON mpe3uaeHToM Kazaxcrana
Kaceim-XKomaptrom TokaeBbiM, B TOM unciie B pamkax [ona pa-
6ounx npodeccuii. KonkypcHsie 3aanust ObUIN MpeacTaBiie-
HBI B TPEX MOJYJNIAX: CBapKa IUIACTHH TONIMHON 10 MM B pa3-
JIMYHBIX MIPOCTPAHCTBEHHBIX MOJOKEHUIX, CBapKa KOHCTPYK-
U U3 Hep KaBelolel CTalu U CBapKa U3 almoMUHUS. PaboThI
Y4aCTHUKOB OIICHMBAIX 1O BU3YQJIBHBIM M H3MEPUTEIBHBIM
kputepusiM. Kpome 3Toro, *KIOpH CIEAUIO0 3a COOMIOICHUEM
TpeOOBaHMI OXpaHbl TPYJa, TAK KaK BBHIIOJIHEHUE TEXHUKH
0€301acHOCTH — OJJHO M3 OCHOBHBIX YCJOBHH YEMITMOHATOB
no crangapram WorldSkills. TTo xony copeBHOBaHM Oasuibl
BHOCWJIM B MH(OPMAIMOHHYIO cucTemy oueHnBanusi — CIS,
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YTO 00ECHEeYMI0 TOYHOCTh M OINEPAaTHBHOCTH IOACYETa pe-
3yJIbTATOB.

OnHO# U3 3a/1a9 YyYaCTHUKOB CTasla MPE3CHTAINS YMCHUS
paboTaTh ¢ BBICOKOTEXHOJOTHYHBIM COBPEMEHHBIM 000pyI0-
BaHMEM MHPOBOTO YpOBHA. HeoOXoauMyro TEXHHUKY, a TaKkKe
pacxofHbIe MaTepHaibl TPEJOCTaBHI MApTHEP MEpPOINpHs-
Tst — komranust ESAB.

Juis cocTsI3aHMM KOHKYPCAHTBI TOJYYWJIH CBAapOYHBIC
momyaBromatsl Rustler EM 350C PRO SYNERGIC c¢ ro-
penxamu PSF 315, a Taxke He0OXOOUMBIE pACXOIHBIE MaTe-
puansl: snexrponsl YOHUMU-13/55, mpucanodnasie mpyTKH
OK Tigrod 12.64, cBapounyro npoBoioky C-08T2C 1.0 mm
18 xr, mopomkoByto mpoBoioky FILARC PZ6113 1.2 mm
16 kg, a Takxke OK Tigrod 4043 2.4 x 1000 mm 2.5 k,
OK Tigrod 316L 2.4 x 1000 mm 5 kg.

Takasi OCHAIIIEHHOCTH HE TOJIHKO MO3BOJIMIIA TOYHO BBIMON-
HUTH 3amanus o crangapram WorldSkills, Ho 1 mo3nakommta
TIE/IaroroB C TIEPEAOBBIMH PEIICHUSMH ISl CBAPKH.

«Iloooepoicka obmena npogheccuOHANIbHBIM ONBLIMOM U
KoMnemeHyuamuy — yacms cmpamecuveckoi muccuu ESAB
nO NOBLIMEHUIO Npecmudica pabdoqux cneyudarbHocmel 6
Lenmpanvroti Asuu. Tonvko 6 Kazaxcmane donee 772 yueo6-
HbIX 3a6e0eHull 20MOBAmM CReYUdIUcmos paboyux Hanpas-
nenuti. Omo 6onee 570 muicay cmyodenmos. B npoyecce
00yuenUs 8adCHA PONb HACMAGHUKA — MO20, KMO nepeoacm
«Icmagemy» u noderumcs sHaHuamu. M 30ecov mol 8uoum,
umo smo macmepa cgoezo dena. Yuacmue 6 NOOOOHbIX Yem-
NUOHAMAX Ol HUX — 803MOICHOCHL NPOOEMOHCMPUPOBAND
ypogenb no020moeKu, Ha oeie CMamv HPUMEPOM YYeHU-
Kam, a makce oomenamoca onvimom ¢ koanezamu. ¥ ESAB,
KaK MUpOBOIl Npou3go0umenb c8apouHo2o 0O0pyo008anus u
DPACXOOHBIX MAMepPUanos, 20mos npedoCcmagums Heoodxoou-
ML UHBEHMAPL OJIsL MO0, U MeM CAMbIM HOCHOCOOCME0-
6amb CMAHOGNIEHUIO NPEEMCMBEHHOU C6A3U MeNHCOY NOKO-
JeHUAMY Cneyuanucmosy, — nonguepkuyina gupexkrop TOO
«9CAB Kazaxcran», pykopoautess JCAB Ilentpais-
Hast A3usi Exarepuna Tarapunosa.




HecMoTpst Ha ONBIT M MacTepCTBO yYacTHHKOB, He 000-
nuiock U 6e3 TpyaHocTel. B Xxome copeBHOBaHMI KOHKYpCaH-
ThI CTOJIKHYJIMCh C PSJIOM TEXHUYECKHX U OpPraHU3alMOHHBIX
BBI30BOB: MOTPEOOBAIUCH ObICTpast afanTaius K BHICOKOTEX-
HOJIOTUYHOMY 00OpYI0BaHHIO, HEOOXOAUMOCTH TOUHOTO Clie-
nosanusi crangapram WorldSkills, cobnrogenne BpeMeHHBIX
orpanndenuii. CpaBUThCS ¢ AMOLUSAMH M KIIPUPYUYHUTHY Me-
TaJIJT IOMOIJIA BBIIEPIKKA, a TAK)KE MOAEPIKKa OOJENBIINKOB.

JKropu OTMETHIIO BBICOKMI YPOBEHb MAacTEpCTBa Ka3ax-
cTaHCKuX mMacTtepoB. KoHKypeHIMs Obliia HACTOJNIBKO OCTPOid,
4TO CHCTEMa OLIEHKHU BBISIBUJIA Cpasy Tpex nmobeaureneii ¢ pas-
HUIICH B coThie Aoy 6anta. [lepBoe mecto pasnenunu Poguox
Haperopomies, Cepreii I'epacumenko u Fauu Koip.

«llenno, umo ooun uz no-
bedumeneii CcopesHOBAHUL —
Fanu Kaoip — npenodasamerns
Hawezo Koaneddwca. Ezo 0o-
CMudICenUst — npumep U MOmu-
eayus Ona Koule2 U CMmyoeH-
Mo pazeueamv HABbIKU, Vid-
CMB08amb 8 MeHCOYHAPOOHBLX
06paA308aMENbHBIX NPOEKMAX,
CMadCUposKax u  OOMEHHbIX
npoepammax. Kpome smoco,
MaKas npakmuka 3Hauuma u
onst paspabomku  06pazoea-
MENbHBIX NPOSPAMM  HAUE20
Konneddca. B nianax — nepecmomp yueOnvlx npoepamm, eHe-
OpeHue COBPEMEHHbIX MEXHONI02UL U 000PYO08AHUS, NPOGede-
HUe HYMPEHHUX MUHU-YEMNUOHAMO8 NO C8APKe NO CINAHOAp-
mam WorldSkills. B pezynomame vinycknuxu Oyoym Jyuuie
Nn0020MOGIeHbl K MPeDOGANUAM MENCOYHAPOOHO20 PbIHKA
mpyoa», — nojenuiaace JiibBupa bakTnidaeBa, 3amecTH-
TeJIb JHPEKTOpa Mo Yy4eOHO-NPOU3BOACTBEHHON padoTe
AJIMaTHHCKOT0 CTPOMTEILHO-TEXHHYECKOT0 KOJLIe1Ka.

yaup "

Cpeay HHOCTPAaHHBIX YYaCTHHUKOB OTJIMUMIINCH JIXarBamamxk
VYyranunmar (Mouromus), Yiayroek Tori6onraes (Y30ekucTaH)
n Paxmonanu Omunaes (Tamxukucran). KoHKypcaHThl mokasa-
71 [TyOOKMe 3HAHUSI COBPEMEHHBIX TEXHOJIOTUI CBapKU U yBe-
PEHHOCTH B paboTe ¢ 000PyI0BaHUEM.

IToMUMO OCHOBHBIX IPHU30BBIX MECT, HEKOTOpBIE ydacT-
HUKHU TOIYyYWIM Harpajabl B JOMOJHUTEIbHBIX HOMUHAIMAX
yemnuoHara. Tak, «Jlydmum macrepoM B IOJdyaBTOMaThye-
ckoii cBapke» cran Jlinmyxammen JKapbuikaceiH. B HOMuHA-
1un «ONBITHBIN MacTep B 00JIACTH PYyYHOH TYrOBOM CBapKH»
ommumics bada XKaxkpin. A XKamuna Kapabacosa momyuyria
Harpajay Kak «BbICOKOKIIacCHBII MacTep CBapOYHBIX paboTy.

ITo cnoBam DabBUpbI BakThI6aeBoM, ONBIT y4acTHsI B TO-
JIOOHBIX COPEBHOBAHUSIX HEOOXOIUM ISl pa3BUTHsI 00pa3oBa-
HUSI B CTPaHe U MPOQeCcCHOHAIILHOM MOrOTOBKM KOHKYPEHT-
HOCIOCOOHBIX CIIEIHaINCTOB!

«[Ipenooasamenu nposoOsam macmep-Kiaccyl, yuames pado-
mamv ¢ CO6PEMEHHbIM 000PYO0BAHUEM, CHYOEHMbL NOYYAIOMm
B03MONCHOCHIL peulamy peaibHble NPoU300Ccmeentbvle 3a0ail
U MPEHUPOBATNBCA 8 YCILOBUAX, MAKCUMATLHO NPUOTUMHCEHHBIX K
peanvhbiM. Bee smo ne monvbko ycunueaem Momueayuio u kaie-
CMBo 00yUenUsl, HO U NOBLIUIAEI NPECTHUNC KOMNe0HCA. K HaM
obpawjaiomes Hogble pabomooamenu u NApMHepPsl, a 3HAYUM,
OMKPBIBAIOMCs OONOTHUMENbHbIE GO3MOJICHOCMU O PaA36U-
Must MamepuanbHol 6asvl U NPOPecCUOHANLHO20 POCIAY.

B uucne akmusnwix pecuono no uucny éaxancuii 6 Kazax-
cmane — Acmana, Anmamol, Typkecmanckas, [lasnooapckas
u Kapazanounckas oonacmu. Ompaciu ¢ 8biCOKUM CNPOCOM
HA CNeYUanucmos — NPOMblULIEHHOCHb, CHIPOUMENbCMEO U
9Hepeemuxa.

Ilo uroram COpeBHOBaHI/Iﬁ HOGeﬂHTeﬂeﬁ Harpajaujin 1cH-
HBIMHU ITPU3aMHU, 4 BCEC YHAaCTHUKHN KOHKYPCa MOJTYUHJIN [TaMsAT-
HbIC IOJAAPKH OT OPraHU3aTOpPOB.

BAMKAY

YPEAK KYPBLIBIC 3KOHE CbUIAK JK¥MBICTAPDI»

«/TOHEREPJIEY TEXHOJIO]

JIAPBI»

£ 3
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AO «9KI'CepBuc»
454091, r. YensiOunck,
yn. Kapna Mapxkca, 131,

sTax 4
+7(351)246-60-60
OKIFCEPBUC Info@ekg-servis.ru
www.ekg-servis.ru o
. CAUT, ITPE3EHTALMA,
@ @ekgservis TIPSIMBIE. KOHTAKTBI

AO «DOKI'CEPBUC» - UH/ KUHUPUHI'OBAS
N IMTPOU3BOACTBEHHASA KOMITAHW/AL.
20 JIET HA PBIHKE: HOBBIE PEHHIEHWU A

N INIEPCIIEKTUBbLI

OCHOBHBIMHU NMOTPEOHMTENAMH NPOAYKIHUH KOMIAHUH
AO «9KI'CepBuc» ABISAIOTCH KpPyNHbIe TOPHOAOOBIBA-
omue npegnpusaTus Poccmiickoit degepanuu U cTpaH
CHI, Bexymme pa3pa0oTKy MeCTOPOXKICHHMI TBepAbIX
MOJIE3HBIX MCKONMAEMBIX — YIVIsl, #KeJIe3HOH pPyabl, MeIH,
30,10Ta, 00KCUTOB, ANMATHTA, acbecTa U T. /1.

AO «OKT'CEPBUC» — nepBast ¥ eIMHCTBEHHAs! KOMITAHUS
B Poccun, xoropast pazpaboTaia u M3roToBHIa MOJIEPHU3ZUPO-
BaHHYIO CTpelTy Inararomero skckasaropa D111 10/70.

3a 20 nier pabOTHI KOMIAHWH HA TOPHOJ0OBIBAIOIINE TIPEI-
npusartust Poccun u crpan CHI' nocrasneno nopsiaka 1500 mo-
3uNUi 000PYNOBaHMUS, KOMIUICKTYFOIUX W 3allaCHBIX YacTeH,
METaJUNIOKOHCTPYKIMI K TOPHOH TEXHHKE N 000PY/I0BAaHHIO HE
TOJIBKO OTEYECTBEHHOT0, HO M 3apy0eXHOTO IIPOU3BOICTBA

OCHOBHBIMU JTOCTHKCHUSIMH U TEPCIICKTHBAMU Pa3BUTHS
KOMITaHHMH C HalleH pelakiiel MoeIIIINCh €€ KITIOUYEBbIe CO-
TPYIHUKH.

— Buxmop Onezoguu, 3naem, umo ycnewinaa peanusa-
Uua pewteHuil no paspadomee, u320Mo61eHUI0 U NOCHIABKE
cmpenwt I 10/70 cmano o0num u3 Kiioueswvix coOblmuil
ona IKI'Cepeuc u omauyHol 603MONCHOCHBIO 0714 20p-
HO000bI6AIOWUX NPEONRPUAMUIL 3AKPbIMbL ROMPEOHOCHD 6
3aMmeHe 21A8HO20 INeMeHnd padouezo 060pyo0osanua waza-

Jlanun Bukrop Onerosny,
xommepuecknit gupekrop AO «OKI'Cepaucy
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owux 3IKkckagamopos. Pacckasxicume, nosxcanyiicma, kaxue
Hoevle 3a0auu cmaegum neped covoii komnanusa IKI Cepeuc
6 peanuzayuu nOOOOHBIX NPOEKMOo6?

— B cBere coObITHIT MOCIEAHNX TPEX JIET HAa PHIHKE IPOU3-
BOJICTBA KOMIUIEKTYIOIMX M 3allaCHBIX YacTel Aeuuur B Ka-
YeCcTBE M3rOTABIMBAEMOM MPOAYKIMH OLIYIIAETCsl 0COOCHHO
octpo. OTIEeNbHBIM BaXHBIM 3alIPOCOM TOPHOA00BIBAIOIINX
npennpustuit (IAIT) siBusiercst cofeiicTBHEe B MOBBIILICHUU
yPOBHS 9 PEKTUBHOCTH M O€30M1aCHOCTH JKCILTyaTalllu U pe-
MOHTA FOPHOI TEXHUKH ¥ 000PYAOBaHUSL.

Peasnmzanus IIpoexra no crpene DI 10/70 nelicTBuTens-
HO OJHO W3 YCHEUIHBIX PEIICHHH U, IMOCKOJIbKY, CUTYalHs C
3aBOJIAMHU-U3TOTOBUTEISIMH IIArAI0INX SKCKaBaTOPOB, B 4aCT-
noctu, HKM3, Jlonenk-I'opmarii, ocraercs npexxHen, a cyiie-
CTBYIOIIAsl Y TOPHOIOOBIBAIONIEH MPOMBIIUICHHOCTH MOTPE0-
HOCTh B OKCIUIyaTallMd 3KCKaBaTOPOB OOJBIION €IMHUYHOU
MOIIHOCTH TaKHX MOMYJSIpHBIX Mapok kak DIII-10/70, DII-
13/50 u DII-14/50 (HKM3) u 1. 1. — ocTaeTcs aKTyaJlbHOU.
B sTom cityuae, kintoueBoi 3agavei uist Hac sIBJIseTCs odecrie-
YEeHUE MPEANPUATHH-3aKa3qYMKOB KaUeCTBEHHOW M HaJeKHOU
MIPOYKILMEH, B YACTHOCTH, HAIPUMEP, CTPEIl Ha ePEUHCIICH-
HBIE MapK{ 9KCKaBaTOPOB-pariaiiHOB, a TAKXKE 3aIlacHbIX Ya-
CTeH M KOMILJIEKTYIOIINX K KapbePHBIM I'YCEHUYHBIM 3KCKaBa-
Topam pa3iuyHbiXx Mogudukanuii: IKI-12, DKI-15, OKI'-18
OKTI'-20. Bmecte ¢ tem, HenaBHO kommnaHus «OKI'Cepaucy
crana opuuuanbHeM JuiiepoM AO «CuiloBble MalIdHBD,
pacuMpuIICs CIIEKTP BO3MOXXHOCTEH, KOTOPbIE II03BOJISIT OTBE-
4yaTh TPeOOBAaHMSM 3aKa3uMKa, CBS3aHHBIX C IIOCTABKOW AJIEK-
TPOTEXHHUYECKOTO 000PYI0BaHHMS ISl TOPHOH TEXHUKH.

OcHoBHasl eJIb HALIET0 NPEANPUSTHA — 3TO YAOBJIET-
BOpeHHUe NMoTpedHOCTeH 3aKa3unKka, 0CHOBY KOTOPOii co-
CTaBJAIOT 3aJa4YM MOBBINICHHUA KaYeCTBAa U3roTaBJauBae-
MOif MpOayKIMH, cO0JII0leHHE CPOKOB NMOCTABKH, 00ecie-
YyeHHe aBTOPCKOIr0 CONPOBOXKIEHUS U COOTBETCTBYIOLIEH
rapaHTHei.

— B nepcnexmuege nodoonwtit IIpoekm u nogwvle pewrenusn?
— Ha ocHoBe onbITa pa3paboTKy, U3rOTOBICHUS U PE3yIlb-
TaTax, MOJIyYEHHBIX B XOZA€ JKCIUTyaTanuu ctpensl Ha OII
10/70, Hamra KoMIaHus 3aKOHYMJIA TIPOU3BOACTBO M TOTOBHUT
K OTrpy3Ke cTpeny aist akckaBaropa D1 13/50 s ognoro n3
[AT1. MonepHu3upoBaHHas CTpesia CKOHCTPYHUPOBAHA U U3I0-




Ko:xxesnukoB IOpuii Anapeesny,
PYKOBOJUTEIb HAIIPABJICHUS IPOU3BOICTBEHHOTO JIUThS
AO «3KI'CepBucy, K.T.H.

TOBJICHA C YYETOM TPEeOOBaHHI K YCIOBHSIM 0€30I1aCHOCTH 00-
CITy>)KHBAIOIIETO TIEPCOHANA, K YCIOBHAM M PEXKIMaM HKCIITya-
TaIUH [IAraloinX SKCKaBaTOPOB Ha MPEAIPUATHH-3aKa3IHKeE.

— FOpuii Anopeesuu, umo na Baw 632110, Heodx00umo
YyUUmMDBIEAMb 8 NPOU3IBOOCHIBEHHOM RpoUecce TUmbs, Umo-
0b1 uzbeHcamsy oeheKkmos u obecneuumsy 6bICOKOe Kauecmeo
uzzomaeaueaemvix oemaei?

— B MammHoCTpoeHNN TEXHOJIOTMYECKUI MPOIIece Mpou3-
BOJICTBEHHOTO JINThS] OYE€HB BaXKHBIN 3Tal, KOTOPHIH B PE3yIlb-
TaTe SBIACTCS OJHUM H3 ONPEIENAIONINX Ka9eCTBO M Ha/IeK-
HOCTb M3TOTABIUBAEMOM MPOAYKINH. Pa3HbIe MPOIeCcChl mpo-
M3BOJICTBA TPEOYIOT MPUMEHEHHS CTalIH C OMPENEICHHBIMU
XapaKTePUCTUKAMH, HAIPUMEDP, I JUThS, IITAMIIOBKH HIIH
cBapku. Oco00 TIIATENILHO OCYLIECTBISIEM IOIXOA K pa3pa-
00TKE TEXHOIOTHYECKOTO MpoIecca ¢ MPUMEHEHHEM HEeCTaH-
JIAPTHBIX CIIOCOOOB YISl TIOJIYYESHUS OTIIMBKH.

[Toxbop Mapku cTanu — 3aga4a, KOTOPOH MBI yZIeIsIeM 0Co-
060e BHMMaHHE, TaK KaK OT MPAaBWIBHOTO €€ pPEIIeHHs 3aBH-
CUT TIPOYHOCTH, JOJITOBEYHOCTh M APYTHE XapaKTEPUCTHKH
rotoBoro m3nenus. ONBIT B pelIeHNH 3a7a4 MOJA00HOTO poja
MTO3BOJISIET HAM HE TOJNBKO MPUMEHSITh OPUTHHAIBHBIE MAPKU
CTaJTH, 3aJI0KCHHBIE Pa3pabOTYMKOM, HO M HAXOAUTh MpHUMe-
HEHHE YK€ XOpOIIO 3apeKOMEHOBABIINM CE0sl B MHUPOBOH
MIPAKTUKE CIUTaBaM.

Ha Bcex sramax Mbl ocymiecTBisieM (DYHKIHIO KOHTPOJIS
MIPOU3BOJICTBEHHOTO TPOIIeCcCa, TEXHOJIOTHIECKOTO TpoIiecca,
KadecTBa TPOU3BOIUMBIX OTIMBOK M HX (PU3UKO-MEXaHUYE-
CKHX CBOMCTB, 0COOCHHO IIPH OTPHUIIATEIEHBIX TEMIIEPATyPax,
TaK KaK 3HAUUTEIbHAsI 9aCTh HAIICH MPOLYKIIUH SKCILTyaTHpy-
eTCsI IPH HU3KHUX TEMIIEPaTyPHBIX pekHMax KpaifHero cerepa
u Cubupu.

— Hnvoap Mapamosuu, kakue nooxoovlt RPUMEHAIOMCS 8
Baweii komnanuu 0nsa u32o0moeieHus u3oenuil ¢ Haonexica-
WUM Kauecmeom u é mpedyemole 3akazuuxkom cpoku? Pac-
CKadicume, ROHCANYIICMA, 0 HEKOMOPBIX U3 HUX.

— OnuH 13 BaKHBIX 3TAOB, C KOTOPOTO MBI HAYMHAEM TIPO-
M3BOJICTBO HAIeH MPOAYKIIUHU — ATAIl UCCIECIOBAHUS U H3yde-
HUS OIBITA SKCIUTyaTaIlll TOPHOW TEXHUKH W 000PYIOBaHUS

Ha MPEANPUSITHSIX. BhIsSBICHHBIC HEZOUETHI U cl1adble MecTa B
KOHCTPYKIHSX, HEYA00CTBa ITPU AKCILUTyaTallid U PEMOHTHOM
00CITy)KMBaHUU CHELUAIUCTAMH HAIIEro KOHCTPYKTOPCKOTO
OTzeNa JeTalbHO U3y4aroTCsl, YTO B MOCIEAYIOIEM CTaHOBUT-
Csl OTIIPABHOM TOYKOM B peajn3ald He MIPOCTOro Ipouecca
MOJIETUPOBAHNUS, KOHCTPYHUPOBAHHUS, PACUETOB COMNPSIKEHUI
3NIEMEHTOB, UX MPOYHOCTHBIX XapaKTEPUCTHK M IMOKa3aTeneit
Ha/IeKHOCTH.

ITanrapees Hibaap MaparoBuy,
texHnueckuit aupexrop AO «OKI Cepaucy

Elte ouiH 3HAYUMBIH 9Tar B MPOU3BOACTBE MPOAYKIIMU —
9TO PEUHKMHUPHUHT, MPOEKTHPOBAHUE, KOMIUIEKC MEPOIPH-
SITHI, HANPaBJICHHbI Ha BOCHPOU3BEACHHE MAaKCHMAJbHO
TOYHOM KOIMM W3MENHs WK JCTANN C TOCICAyIoNmeH aopa-
00TKO#, MOAEpHH3aIMEeHl 3TOro 3aenus, mocpeactsoM 3D
MOJIEIUPOBAHUSI, BBHITIOJHEHUSI PACYETOB C YUETOM MOKETAHHNA
3aKa3ymKa.

[Tporiecc KOHCTPYHPOBAHUS, MOJCIUPOBAHUS U TPOU3-
BOJICTBA HAIlllel MPOAYKI[MH BEICTCS HE TOJBKO C MO3UIMU
COBEPILECHCTBOBAHUS «CAMOTO KOHCTPYKTHBa», HO U C y4e-
TOM o0ecredyeHust ynoOcTBa AJIsl TEPCOHANA, KaK IPH SKCILTY-
aTalii TOPHOU TEXHUKH, TaK U MPH €€ PEMOHTHOM 00CITy-
JKUBAHUH.

Pa3paboTaHHbIe penIeH st 10 MOJAECPHU3AINN U3TOTABINBA-
€MBIX HAMH M3/CITU [IPU X HaJJICKAIICH IKCIITyaTaluu mo-
3BOJISIOT 3HAYUTEIILHO MOBBICUTH CPOK CITYKOBI Y3JI0B M MeXa-
HHU3MOB, TPOUIUTH PECYPC OCHOBHBIX METAJUIOKOHCTPYKI[HIA
M, 4TO HEMAaJOBa)XHO, 00eCMIEeUnTh OE30MacCHOCTh MPOIIECCOB
PEMOHTA TOPHBIX MAIIIKH.

TexHONIOTHYECKUH Mporecc cOOpPKH, OOKATKH U HCIBITa-
HUIA OCYIIECTBIISETCS HA HAIICH MPOU3BOICTBEHHOW TUIONIA-
KE, YTO MO3BOJSIET CBOCBPEMEHHO KOPPEKTHPOBATH MPOIIECC
U KOHTPOJIMPOBATh KaueCTBO HA Ka)KIOM HTaIle MPOU3BOJICTBA
usaenuit (puc. 2-3).
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— ITooenumecn, noscanyiicma, HeKOmMopvLMU RPUMEPAMU
peuwienuii, Komopbole paspadsomansl u peanu306ansl KOMNa-
nueit AO «3KI Cepeuc) ¢ mexkyuiem nepuooe epemenu?

— CrieniuaincTaMy KOMITAHUM Ha OCHOBE OCBOCHHBIX TOJI-
XOJIOB OBUTH TIPOBENICHBI CISTYIONIHE PabOTHI:

* YCOBEPIIIEHCTBOBAHBI KOHCTPYKIINH I'yCEHHYHBIX PaM 3KC-
kaBatopa JKI'-10, paboraromero na Muxaitnosckom 'OKe, ¢
LIENIBIO TTOBBIMICHNS TIPOYHOCTHBIX M IKCIUTyaTallMOHHBIX Xa-
PaKTEPUCTHK;

* mepepaboTaHa KOHCTPYKIUS KOBINA IIAararoliero JKCKa-
Batopa O 40/85, paboratomero Ha paspese TyrHyWckuit
(CYD3K).

B KOHCTPYKIIMM TPUMEHEHBI 3NIEMEHTHI, MO3BOJISIONINC
YBEIMYHUTh TOKA3aTeNId M3HOCOCTOMKOCTH: 3aMEHEHBI IIEKH
13 JINCTOBOTO TPOKAaTa HA JIUTHIEC IEMEHTHI U3 BBICOKOIIPOY-
HON M3HOCOCTOMKON cTanu. MI3MeHeHHsT KOHCTPYKLUU OCHO-
BaHBI HA PE3YJbTaTaX BBHINOJHEHHBIX PACUETOB HA MIPOUYHOCTD
C Y4ETOM MAaKCHMAJIbHON Harpy3KH 3JIEMEHTOB KOBINA, TPH-
MeHeHnn 3D MozennpoBaHus, YTO MO3BOISET rapaHTUPOBATh
0€30TKa3HYIO0 IKCILTyaTaInio pabodero 060pya0BaHH IIPH CO-
OTBETCTBYIOIINX PEKUMaAX U YCIOBUSIX pabOTHI 3KCKaBaTOpa.

IIpumeHsieMble CHENHAJIUCTAMH HAlIeH KOMIAHUH
COBpeMEHHbIe HMHIKEHEPHbIEe pPa3padoTKU MO3BOJISIOT
He MPOCTO M3rOTABJIUBATH U BOCCTAHABJIMBATHL JJIE€MEH-
Thl TOPHBIX MAIIMH, HO U 3HAYUTEJbHO YJIY4YIIATh HX
NMPOYHOCTHbIE XaPAKTEPUCTHKH, TEM CAMbIM MOBBICUTH
YPOBEHb HA/IEKHOCTH, YBEJIUYMTH MX PeCypc M COKpa-
THTb 3aTPaThl HA 00CIyKUBaHHE.

— Ilasen Bnaoumuposuu, noderumecv, KaKue 603Modic-

Hocmu naxooum komnanus «IKI'Cepeucy ona pewenusn
C10MCHBIX, HeCMAHOapPMHBIX 3a0ay?

Puc. 2. KoHTpoJIb COOPKH METATIOKOHCTPYKIIMHI
cTpeJibl marasoiuiero 3xckasaropa DI 13/50.

v rea R

VREVAINVEV

PPLLEP:LGRY

Puc. 3. [Ipouecc odxkaTku Hasbiaos [asea BaragumupoBuy,
camM00aJIaHCHOT0 I'POXOTA. JupekTop 1o koonepauuu u pazsutiio AO «9KI'Cepsucy»
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— Pemienune m000# HecTaHIAPTHOMN 3a/la4d BO MHOTOM 3a-
BUCHT OT 3((PEKTUBHOTO B3aMMOACHCTBUS CIIELHAIMCTOB Ha-
LIEeTO MPEINPUATHS HE TOJBKO C MPEICTaBUTEISIMU 3aKa34HKa,
MIPEJCTABUTENIIMU BBICIIEH TOPHON IIKOJIBI, 3KCIIEPTHBIX Op-
TaHW3aLUI U HAyYHO-UCCIIeJ0BATEIbCKUX HHCTUTYTOB.

Tak, HampuMep, OCHOBHBIM U3 3TamoB padOThl Haja IMpo-
€KTOM MOJICPHHU3AIMK CTPENbI 1Iararomero skckasaropa J1I1
10/70 crano 1miIof0TBOPHOE COTPYIAHHYECTBO C YUEHBIMH Ka-
(denper «'opHBIE MalIMHBI U KOMIUIEKCHI» YPallbCKOIO Tocy-
JTAPCTBEHHOTO TOPHOTO YHHUBEPCUTETA, YTO B CBOIO O4Yepelib,
MTO3BOJIMJIO MTPOU3BECTH KOMIUIEKCHBIE UCCIIEIOBAHUS U MOy~
YUTh PE3yJbTaThl TOUYHBIX PACYETOB, HEOOXOAUMBIX H3MEHE-
HUI B KOHCTPYKLIUH CTPEJIBI.

Eme omHuM HeManoBakHBIM IPOLIECCOM Ha 3Tare mepe-
a4y MPOAYKLUH 3aKa34yMKy SIBISIOTCS HMPUEMO-CIAaTOYHBIE
HCIBITAHKS C OCYIICCTBICHUEM KOHTPOJIsL cOopku (mmoacoop-
KHM) U KOMIUIEKTHOCTH M3Jenus. B Takux MeponpusaTHsIX Ha
IIPOU3BOJCTBCHHOM IUIOIIAJKE HAllled KOMIIAHUU HaXOISATCS
IIPEACTaBUTEIN BBICUIEH TOPHOM IIKOJIBI U 3KCHIEPTHBIX Op-
TraHU3aLui, YTO MO3BOJIAET NMPEICTABUTENSIM 3aKa3uuKa Mpo-
pabotarh 110001 MHTEPECYIONUUHI BOIIPOC MO0 MPUHUMAEMOMY
H3/IETHUIO.

Pe3ysibTar npueMo-cIaTOYHBIX MCHOBITAHMNA — TOI-
TBep:KIeHue, YTO u3/ieJiie U3r0TOBJIEHO B COOTBETCTBUH
CO BCeMHM TpPeOOBAHMSIMM NPEANPHUATHS 3aKA3YMKa C
o(popMIiIeHHEM COOTBETCTBYIOIIHUX IOKYMEHTOB.

Puc. 4. KontpoJb cO0pKH ¥ KOMILIEKTHOCTH
cTpeibl 3kckaBaTopa DI 10/70.

— B rkaxom nanpaenenuu Bul éuoume pazeumue Bawei
Komnanuu 6 onudicaiiuiee epemsa?

— He Tak naBHo, B kommanuu AO «9KI'Cepsucy» 0b110 mpu-
HSTO PEIICHUE O PACIIMPEHUU COOCTBEHHOTO MTPOU3BOICTBA U
BBOJIa B OKCIUTyaTallMio HOBOTO 1iexa (puc. 5).

MNPOVISBBOOCTBEHH
FJTIOLLALOKA

Puc. 5. IlpousBoacrBennast miomaaka AO «IKI'CepBucy.

Pacmmpenne npon3BOJICTBEHHBIX MOITHOCTEH MO3BOJISET
Haleil KOMIIAHWU yBEJIHYMBATh 0OBEMBI BBITYCKaeMOW IPO-
JTYKIUW U BHEAPSATH HOBBIE TEXHOJIOTHHU B MPOIECCE M3TOTOB-
JIeHUST U COOPKH U3JIEITHMA.

B Hacros1iee BpeMsi y crielianucToB Hallleld KOMIIaHUH €CTh
HEOOXOAMMBIN MOTEHIMAT: JOCTATOYHBIA OIBIT, TPOU3BOJ-
CTBEHHBIC MOIIIHOCTH, TEXHHYECKast 06a3a, COOCTBEHHBIN KOH-
CTPYKTOPCKHH OTJIEN ¢ HamaueM mporpamm 3D moxpenupoBa-
HUSL, ONOIMOTEKa YCIeNTHO peaTn30BaHHBIX KOHCTPYKTOPCKUX,
TEXHHYECKHX PELICHU Ha MPEANPUATHIX, BO3SMOXXHOCTD B3aH-
MOZEHCTBUS C HAyYHO-HUCCIIe0BAaTEIbCKUMU HHCTUTYTaMu. Pe-
anuzys [IpoeKThI 10 M3rOTOBIEHHIO M IOCTaBKe 000PYI0BaHNS,
KOMITJIEKTYIOIIUX U 3allacHBIX YacTe Ha TOpHOAOOBIBAIOIINE
MIPEANIPUATHS, UCIIONB3YS CYIIECTBYIOMINE BOSMOKHOCTH, €CTh
BCE IIAHCHI, YTOOBI 3TOT MOTEHIHAT PACKPHIT.

Crparerust pasputus kommnanuu AO «3KI'Cepsucy paz-
padorana 10 2030 roga. OHa OCHOBaHA Ha Pa3BUTHU TCXHH-
KO-TEXHOJIOTHYECKOM 0a3bl, Ha MPUMEHEHUH TOCIECTHUX T0-
CTHKEHUW HayKH, TEXHUKHA W TexHosorui. IlonuTuka npen-
MIPUATHUS HAIleJICHa Ha TOCTHKECHUE CTPATETHUECKUX Ieneil u
YIOBIETBOpEHNE MOTpeOHOCTEH 3aKazynKka, OCHOBY KOTOPOM
COCTABJISIIOT 3a7]a4M MOBBIMICHHS KaueCcTBa M3TOTaBINBAEMOI
MPOAYKIIMH, COONIOJIEHIE CPOKOB TTOCTABKU, OOECIIeUeHNE aB-
TOPCKOTO COMTPOBOXKACHUS U COOTBETCTBYIOIIEH rapaHTHEN.

B 3aBepmieHMH XO4YeTCS OTMETHTh, YTO JBEPH HAIIETO
MPEANPHUATHS OTKPBITHI TSI TOCTEI — MOCETUTH 3aBOJ] MOKHO
B 1100011 ICHb IO TIPEABAPUTEIHHOMY COTJIACOBAHHIO.

AO «9KI'CepBuc» ocHoBano B Yeasiomncke B 2005
roxy. OCHOBHASI cIeNUATN3AIUS KOMIIAHUM — IPOU3BOJ-
CTBO 000PY10BaHNs, KOMILIEKTYIOIINX, 3ANIACHBIX YacTeH
H MeTAJJIOKOHCTPYKIHI /ISl KAPbEePHBIX 3KCKABATOPOB
paziaununbix moaudukanuii (KT, 1, P u ap.), 6ypo-
BBIX CTAHKOB, TPAKTOPHON M 0yJb/103¢PHOIi TeXHUKH, B
TOM 4YHcJIe HMIIOPTHOM, a TAKKe MOHTAXke, HAJIa/IKe U pe-
MOHTE FOPHON TeXHUKHU U 000py10BaAHUSI.

Mamepuan noocomosiien Hawel pedakyue
npu yuacmuu Oupexmopa no KOonepayuu u pa3eumuio
AO «OKI Cepsucy — II.B. /lasvioosa

T'opnuutii scypnan Kazaxcmana Ne7’ 2025
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Kox MPHTH 52.01.77:28.29.53

B. Xycan, *7K.b. HeirbiMeT0B, A.JO. Knmenosa, C.T. AcauHo
HAO Kapaeanounckuil mexuuueckuil ynusepcumem um. Aowviakaca Caeunosa (2. Kapazanoa, Kazaxcman)

ONTUMMU3ALIMSA MPOLECCOB 'OPHBIX
PABOT C HCIIOJB30BAHUEM METO/JOB
IIU®POBU3AIIUU

AHHOTanus. B crarbe paccMaTpHBaOTCs MEPCIEKTUBBI TOBBIICHNS 3Q()EKTUBHOCTH TOPHBIX PAbOT HAa MECTOPOXKACHUH AIIMKTAC 33 CYET BHEAPCHHS aBTOMATH3H-
poBaHHOIi crcTembl ynpasieHus (ACY). OcHOBHOE BHUMaHHUE YACICHO LU(PPOBU3ALMU POLIECCOB YIPABICHHS TOPHOTPAHCIIOPTHBIM KOMILJICKCOM, TJIAHUPOBAHHS TEX-
HHYECKOro 00CTyKnuBaHus, OypOB3PHIBHEIX PAabOT M KOOPAMHALNH IPOU3BOACTBEHHBIX MIOTOKOB. PaccMaTpuBarOTCs KIFOUEBBIC MPOOIEMbI TPAAUINOHHBIX MOAXOAO0B — OT
(hparMeHTapHOCTH JaHHBIX 10 HE3(()EKTHBHOTO pacHpeesieHHs PECypCOB U HMPEIAraloTCsl Iy TH HX PEIICHHS C MOMOIIBIO HH(POBBIX TexHOIOTH. Ox)uaaeMslii oG dext
ot BHeaperus ACY BKIIOYaeT pocT 00beMOB J00bIYH, CHUKEHHE MOTEPh M Pa3yO0KNBaHHs, OBBILICHHE TOYHOCTH SKCKABALUM H YIy4IICHUE B3aUMOJCHCTBUS MEKILY
noapasaeneHusiMu. Caenan BbIBOJ] O BEICOKOH d()(HEKTUBHOCTH U 11€JIeCO00Pa3HOCTH MOATAMHOTO BHEAPEHMS CUCTEMbI YIPABICHHS KaK KJIFOYEBOTO 2JIEMEHTa TEeXHOIOTH-
YeCKOH 1 SKOHOMHYECKOH MOJEPHU3ALUHN IPEATPHUITHS.

Kntouesvie cnosa: asmomamusuposannas cucmema ynpasienusi (ACY), yughposuszayus, eopnompancnopmmsiii KOMniexkc, 6ypoespwléHoie padonbvl, ONMuMu3ayus
pecypcos, npousgo0CmeeHHAs IPGeKmusHoCb.

HMudpaanasipy saicTepin KogaHa OTBIPBIN KeH iCTEPiHiH MPOUECCTEPiH OHTAHIAHILIPY

Amnjarna. Makainazia aBTOMaTTaHIbIPbUIFaH Oackapy xkyiiecin (ABXK) eHri3y apKpuibl ALIBIKTAC KeH OPHBIH/A TAy-KEH KYMBICTAPBIHBIH THIMALIITIH apTTHIPY Tepc-
NIeKTHBAJaphl KapacTeIpbliabl. Tay-KeH Kejlik KelleHiH 6acKapy NpouecTepin Hu(piaHabIpyFa, TEXHUKAIBIK KbI3MET KOPCETY/li jKocnapiayra, OyprblIay-Kapy #KyMbIC-
TapblHA JKOHE OHAIPICTIK aFbIHAAP/bI YilecTipyre 6acTbl Hazap ayaapbiiaabl. JIocTypii ToCULACPAIH HEri3ri Macenenepl — IepeKTep/IiH OeIeKTeHYiHeH pecypeTapabl
THiMCI3 Geutyre AeHiH KapacThIPbLIA/bI JKOHE OTapAbl HUGPIIBIK TEXHOIOTHIIAPMEH ILIEIIy JKOIAaphl yebiHblIagbsl. ABXK eHri3ymiH KyTiaeTiH ocepi oHaipic KeaeMiHiH
6CyiH, HIBIFBIHIAP MEH JeTPaJalUsHbl a3aiTy/Ibl, SKCKaBALMSHBIH JOIAITIH apTTHIPY/IbI KoHE OOTiMILesIep apachIHAAFbl ©3apa PEKeTTeCyAl kKaKcapTyabl KamTubl. Koci-
MOPBIHHBIH TEXHOJIOTUSIIBIK ’KOHE SKOHOMHKAIIBIK MOJICPHH3AIMSCHIHBIH, HET13T1 2JIeMEeHTI peTinjie 6acKapy jKyiHeciH Ke3eH-Ke3eHIMEH HTi3y/liH KOorapbl THIMJUTIr MeH
OPBIHIBUIBIFBI TYPaJibl KOPBITHIH/IbI JKACAIIBL.

Tyuinoi cosdep: asmomammanovipviizan 6ackapy srcyieci (ABXK), yughpranovipy, may-xen koniei Kewteni, OYpauliay-jcapy JHCyMblCmapsl, pecypcmapobl OHmaiian-
0vIpY, OHOIPICMIK MUIMOLTIK.

Optimization of mining processes using digitalization methods

Abstract. The article discusses prospects for increasing efficiency of mining operations at Ashiktas deposit through implementation of automated control system (ACS).
Main attention is paid to digitalization of processes of managing mining and transport complex, planning maintenance, drilling and blasting operations and coordinating
production flows. Key problems of traditional approaches are considered — from data fragmentation to inefficient resource allocation and ways to solve them using digital
technologies are proposed. Expected effect of ACS implementation includes increase in production volumes, decrease in losses and dilution, increase in excavation accu-
racy and improved interaction between departments. Conclusion is made about high efficiency and feasibility of phased implementation of control system as a key element
of technological and economic modernization of enterprise.

Key words: automated control system (ACS), digitalization, mining and transport complex, drilling and blasting operations, resource optimization, production effi-

ciency.

BBenenue

CoBpeMeHHast TOPHOIOOBIBAIONIAST OTPACIh HAXOAUTCS HA
STane aKTUBHOM TpaHC(HOPMAaIWH TOJ BIMSHUEM IH(POBBIX
TexHosorui. [locTosHHO BO3pacTaromme TpeOoBaHMS K d¢-
(eKTHBHOCTH, 0E30MTACHOCTH U YCTOWIMBOCTH ITPOM3BOJICTBA,
a TaKke HEOOXOANMOCTh COKPAIIECHHS ITIOTEPh U ONITUMU3AIIN
M3/IEPKEK BBIHY)KIAIOT MPEANPUSATHS NCKaTh MHHOBAI[OHHBIE
TIOXO/BI K YIPABICHUIO IPON3BOACTBEHHBIMH IIPOIECCAMH.
OpHUM W3 KITFOYEBBIX HANpPABICHUI TakoW TpaHchOpMaIrun
CTaHOBHTCSI BHE/IPEHHE aBTOMATH3MPOBAHHBIX CHCTEM YIIPaB-
neans (ACY), CIOCOOHBIX 00ECIEYUTh WHTETPAIHIO BCEX
5TaNoOB 00BN, TPAHCIIOPTHPOBKH U ITEPEPAOOTKH TTOJIE3HBIX
HCKOMAeMbIX B eaUHYIO IH(poByro cpeny [1, 2].

Oco0y10 aKTyalbHOCTh 3TH IIPOIECCHl IMPHOOPETAIOT Ha
MIPEANPUSATHSX, BEAYIIUX PAOOTHI B YCIOBUSIX CIIOKHOTO I'€0-
JIOTHYECKOTO CTPOCHHMS, YAAIEHHOCTH OT HH(MPACTPYKTYPHI U
OTPaHMYCHHOCTH PECYPCOB. MeCTOpOXACHNE AIIIUKTAC SIBIISI-
eTcs SIPKUM TPUMEPOM 00BEKTA, T/I€ TPAAUIIMOHHBIE METO/IBI
YIIPaBJICHUS HE TIO3BOJISIOT B ITOJTHOW MEpe peain30Barh Mpo-
M3BOACTBEHHBIN MoTeHIHaI. OTCYTCTBHE IEHTPAIN30BAHHO-
TO MOHHMTOPHHTA, HU3Kasl ONEPaTUBHOCTH 0OOMEHa MH(pOpMa-
el MEXTy IOAPA3ACICHISIMU M BBICOKasl 3aBHCUMOCTD OT
YeII0BEYECKOro (paKTOpa CHIKAIOT 3P ()EKTHBHOCTh W yBEIH-
YMBAIOT PUCKU B TEXHOJIOTMYECKON IIEMOYKE.

Hacrosimias crarest MocBsIIeHa aHAM3y BO3MOXKHOCTEH T10-
BBIIICHNS] TIPOM3BOJICTBEHHON M SKOHOMHYECKOH 3 (heKTHBHO-
cty npeanpustus myreM BHeapenus ACY. PaccmarpuBarorcst
OCHOBHBIC HAIIPABJICHNS IU()POBN3AINH, BKIIFOUAs yIIPABICHHE
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TOPHOTPAHCIIOPTHBIM KOMIDIEKCOM, IIAHHPOBAHHWE TEXHHUYE-
CKOTO OOCITY)KHMBAaHUs, OpPTaHU3aIMsl OypOB3PBHIBHBIX Pa0OOT
KOOpAWHALIKS TPOM3BOICTBEHHBIX MOTOKOB. Oco00€ BHIMaHKE
yaeneHo GyHkmuonanbHocTH ciucteMbl REACS DrillManager n
€€ POJIH B TIOBBIIIEHUH TOYHOCTH M HaJIS)KHOCTH OypPOBBIX OITe-
panuii. Takke B cTaThe 000CHOBaHA HEOOXOMMMOCTH HHTEIPa-
UM TE€OJIOTMIECKUX, MAPKIICHICPCKIX M WHKCHEPHBIX TaH-
HBIX JJIS CO3JJAHUS €IMHOTO HH()OPMAIIOHHOTO ITPOCTPAHCTBA,
MO3BOJISIIOIIETO MPUHUMATh OOOCHOBAaHHBIE YIIPABICHYECKUE
pELICHUS] B PEeXHMME pearbHOro BpeMeHH. OCHOBHOE BHHMA-
HHUE yAETSIETCs MOTeHINATBFHBIM BO3MOKHOCTSAM ONTHMU3AIAN
TOPHBIX paboT 3a cuer HU(POBU3ALNK, BKIIOUYAs yIIPABICHUE
ropHoTpancnopTHbM KomiutekcoM (I'TK), muranupoBanue Tex-
HUYECKOT0 00CITY)KUBAHHSI M PEMOHTOB, a TAK)Ke KOOPANHAIHIO
TIPOM3BOICTBEHHBIX IIOTOKOB.

Metoabl Hccie10BaHUS

ACY TIO3BOJIMT HWHTETPUPOBATh JAaHHBIE C Pa3TUIHBIX
HCTOYHUKOB B CAMHYI0 HH()OpMAIMOHHYIO cuctemy [3, 4],
YTO 00ECIEUUT TONyYCHUE MOIHOW KAPTUHBI MIPOUCXOASIINX
MPOIIECCOB Ha KaXKJIOM dTare Jo0bdar u nepepadotku. Cu-
cTeMa Oy/ieT OCYIIECTBIISATh MOCTOSHHBIH MOHHUTOPUHI BCEX
AJIEMEHTOB TPOM3BOJICTBEHHOTO Ipoliecca W o0pabaThiBaTh
MOCTYMAOIIHME JAHHbBIE, YTO ITO3BOJIUT ONEPATHBHO BBISBIISTH
OTKJIOHEHHSI OT 3aJJaHHBIX HOPM M MPOTHO3UPOBATH BO3MOXK-
HbIE HEHCIPABHOCTH HJIM aBAPUUHBIE CUTYaIlMd 10 MX BO3-
HUKHOBEHHSI, TEM CAMBIM 3HAYHUTEILHO CHH)Kasi PUCK COOEB B
paboTe 00opyIOBaHUS.
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B menom, BHeIpeHHE CUCTEMBI MO3BOJIHUT YIyYHIUTh TOY-
HOCTb OIIGHKH 3aIlacoB, MUHUMH3HPOBATh ITOTEPU U OOecIie-
YUTh TOYHOE BBINOJHEHHE IPOEKTHBIX KOHTYPOB B YCIOBHUSIX
CJIOKHOTO peiibeda U HEOJHOPOIHOTO 3aJIeraHus 30JI0TOHOC-
HBIX Tell.

[TnanoBo-umkenepusiit oraen (IIMO) mpennmpusaTHs BbI-
MoJHseT (YHKIMU pa3pabOTKU MPOU3BOACTBEHHBIX ILIAHOB,
rpaduKoB pabOThI TEXHUKH, a TAK)KE MPOCKTHPOBAHUS U aHa-
JIM3a TEXHOJOIMYECKUX TPOLECCOB, BKIIOYAs OypOB3pPHIBHBIE
pabotsl. OTaes TaKke KOOPIAUHUPYET TEXHUIECKOEe odecreye-
HUE TIPOM3BOJICTBA U YYaCTBYET B aHAJIN3€ POU3BOJCTBEHHOM
3¢ GEKTHBHOCTH.

[MUO Ttakxe OyaeT KOOPAMHHMPOBATH PabOTy C JAPYTUMH
OT/IeJIaMH, TOJIy4asi JaHHbIE OT I'eOJIOTOB U MapKILIEeHIepoB,
(hopMHUpYsT TEXHOJIOTNMYECKUE KaPThI, IUIAHbI I10 BEIEMKE, 00b-
€MaM B3pbIBYATHIX BEIIECTB M JIOTMCTHKE BBIBO3KH. VIHTErpa-
nus Bcex 3TanoB B ACY MO3BOMUT 3HAYUTENBHO YCKOPUTh
COIVIACOBAHUS, CHU3UTh BEPOSITHOCTH OIIMOOK M TIOBBICHTH
Ka4eCTBO IIPOEKTHBIX PELLIECHUH.

Cucrema REACS DrillManager (puc. 1) mpenocrasisier
CIIeMAJIMCTaM IIAHOBO-TEXHHMYECKOTO OT/Ea BO3MOXKHOCTh
3apaHee 3aJ[aBaTh NPOEKTHBIE MapaMeTpbl OypeHHs] CKBayKHH
JULst OypOB3PBIBHBIX paboT [S]. DTH mapamMeTpbl B peXKUMe pe-
AJIBHOTO BPEMEHU OTOOpakaroTcs Ha pabodem mHTEepderice
oreparopa OypoBOi yCTaHOBKH, BKJIIOUAsi TEKYILYIO IIyOUHY
OypeHusl, a3UMYT U Yrojl HaKJIIOHa CKBa)KHHBI. biiarogaps ato-
My OIIEpaTop MMEET BO3MOXXHOCTh CBOEBPEMEHHO BBISBISITH
OTKJIOHEHHS OT ITPOEKTHBIX 3HAYEHUH U KOPPEKTUPOBATH IPO-
necc OypeHusi 6e3 HEOOXOIMMOCTH BHEIIHETO KOHTPOJIS, YTO
CIIOCOOCTBYET IMOBBIIICHUIO TOYHOCTH BBINOJHEHUs padoT u
CHIMYKEHHIO PUCKA TEXHOJIIOTMYECKHX OIIMOOK.

Puc. 1. MoayJib ynpaBienusi 0ypoBbIMU padoTamu
REACS DrillManager.
Cypet 1. REACS DrillManager 0ypFbliayabl 6ackapy
MOIYJIi.
Figure 1. REACS DrillManager drilling management
module.

OCHOBHBIE 3Tambl PadOTHI CHCTEMBI COOpa W aHAIH3a JTaH-
HBIX OyIyT BKJIFOYATh:

* Monumopune 6 peanvHom epemenu. Bee naHHbIe, TIOCTY-
MAIOMIHE OT CEHCOPOB M JaTUYNKOB, OyIyT 00pabaThIBaThCS CH-
CTEMOM B PEeXKHUME PeajbHOrO BPEMEHH, YTO OOECIIeYHT OIle-
paTHBHOE OTCIEKMBAaHUE KIIOYEBBIX MAPAMETPOB, TAKUX KaK
CKOPOCTH pabOTHI TOPHBIX MAIIHH, 3(PPEKTHBHOCTH MpoIecca

JOOBIYM U NIepepadoTKH, COCTOSHHUE ITPOM3BOICTBEHHOTO 000-
PYIIOBaHUS M JaHHBIC O OE30MACHOCTH.

¢ [Ipoenosuposanue neucnpasnocmeii. Cucrema Oyner aHa-
JIM3UPOBATh TEKYIHE JaHHBIC, BHISBISITH AHOMAIMH U OTKJIO-
HEHUSI, YTO [TO3BOJIUT MPEICKA3bIBaTh BOZMOKHBIE HEHCIIPAB-
HocTH. Hanpumep, oHa MOXET CUTHAJIM3UPOBATh O HEOOXO/ M-
MOCTH [IPOBEZCHUSI PEMOHTA B CJIy4ae IOBBIIICHHS BUOpAN
WJIN HEOOBIYHBIX TEMIIEPATypHBIX IIOKa3aTeliel, MpenoTBpa-
I11as1 IOPOrOCTOSIINE ITPOCTOH.

* Vnpasnenue npoyeccamu 6 pexcume peanbno2o epemenu.
ACY Oyzet noajiepkuBarh ONepaTuBHOE NPUHATHE PELICHUM
Ha OCHOBE IOCTYIAIOINX JAHHBIX, YTO TO3BOJIUT 00JI€€ TOUHO
IUIAHUPOBATh Pa0OThI, ONTHMHU3UPOBATh MapIIPYThI JIBIIKE-
HUSI TOPHBIX MAIllUH, HOBBICUTH 3()(EKTUBHOCTh UCIIOIH30Ba-
HUSI PECYPCOB U CHU3UTD M3JIUILITHHUE 3aTPAThI.

* Uumepetic 0na konmponsa u pezynuposanus. Padoras c
CHCTEMOI, CIIEIIHaINCThI CMOTYT HE TOJBKO HaOJII0aTh 3a Te-
KyLIMMH [IPOIIECCAMH, HO U OIIEPATHBHO BHOCUTH KOPPEKTH-
POBKH B pa0OTy MPEANPUSITHS B PEaIbHOM BPEMEHH, €CIIH ITO
HEO0O0X0AMMO, /1715l TIOBBIIIEHHS 00IIEH IPON3BOAUTEILHOCTH 1
YCTpaHEHHUs] BOBHUKAIOIINX POOJIEM.

Takum 00pa3om, cHCTEMBbI cOOpa M aHaJIM3a JaHHbIX B pe-
aJIbHOM BPEMEHH HE TOJIBKO MOBBICAT 3 (EKTUBHOCTH paOOTHI
Ha MECTOPOXKIEHUN AIIIUKTAC, HO ¥ TIOMOTYT CO3/aTh YCIOBHS
Juist 00JIee BHICOKOM I'MOKOCTH M a/IalITUBHOCTH TIPEIIIPHUSITHS,
YTO OCOOCHHO BaKHO B YCJIOBHSIX COBPEMEHHBIX BBI30OBOB U
HEOIPEICICHHOCTH B TOPHOI00BIBatOIIEH oTpaciu [6, 7, 8].

Buenpenue aBTOMaTU3UpOBAaHHOW CUCTEMBI YIIPaBJICHHUS
Ha MECTOPOXJICHUH AIIMKTAC MOXKET CTaTh BAYKHBIM HIArOM
B TOBBINIEHNH 3(P(EKTUBHOCTH M 0E30I1aCHOCTH POU3BOJI-
CTBEHHOro mnpouecca. Ilepexos oT TpaJMIIMOHHBIX METOJ0B
YIpaBiICHUS! K NU(DPOBBIM TEXHOJIOTHSIM TTO3BOJIUT MOAEPHH-
3UpOBarh paboTy NPENNPUSITHS U PEUIUTh Psiji NpodieM, Ko-
TOpPBIE CAEPXKUBAIOT €r0 MPOU3BOAUTEIBHOCTh U HIKOHOMHUYE-
CKyH0 3()(heKTUBHOCTb.

[TpoOnembl, KOTOpbIE MOTYT OBITh PEIIEHBI C MOMOIIBIO
ACY:

* Omcymemeue YeHmpanu308aHHo20 KOHMPOIs HAO meX-
HUYECKOU 20MOBHOCMbIO mexHuKy. be3 eInHOH CHCTEeMBbI
MOHHUTOPHHIA COCTOSIHHS 00O0pyHoBaHMsl 3(P(PEKTHBHOCTH
pearupoBaHusi Ha NOJIOMKHU cHipKaercst. OTCyTCTBUE IIEHTpa-
JIM30BAHHOTO KOHTPOJISl YaCTO MPUBOIUT K JUTUTEIBHBIM IIPO-
CTOSIM TEXHMKH W YBEJIMYEHHIO MPOU3BOACTBEHHBIX 3aTpar.
Buenpenne ACY mo3BOJIHUT CO3/1aTh CUCTEMY MOHUTOPHUHTA B
peabHOM BPEMEHH, YTO JaCT BO3MOKHOCTH OIEPAaTUBHO pea-
THPOBaTh HA U3MEHEHHUS B paO0Te 000PYI0BaHUS U IPOTHO3U-
pOBaTh BO3MO)KHBIE HEHCIIPABHOCTH.

. Hesgppexmuenoe pacnpedenenue pecypcos. OTcyT-
CTBHE aBTOMATH3allMM B pacHpeAeieHHH padodell TeXHHKU
MOXKET MPUBECTH K HEPAIMOHAILHOMY HCIOJIB30BAHUIO pe-
CYPCOB, HAallpUMep, K KOHIIEHTPAIMU TEXHUKU B OJHOM MECTE,
B TO BpPEMsl KaK Jpyrue Y4acTKH OCTaroTCs 0e3 JOJHKHOro 00e-
cneuenus. ACY OymeT oOecreunBaTh ONTHMAaIbHOE pacIpe-
JIeJICHNE TEXHUKH, YTO TIOBBICUT 3()()EKTUBHOCTD BHIMOTHEHHS
orepalii ¥ CHU3UT BPEeMsl Ha BBITIOJIHEHUE 3a/1ad.

* Hepeeynapnoe unu nesghgpexmusenoe mexnuyeckoe oocy-
orcuanue. be3 MOCTOSHHOIO MOHHTOPHHIA COCTOSIHUSI 000-
PYZOBaHUS TOJOMKH YacTO IPOUCXOIST HEOXKHJIAHHO, a MX
MOCJIEICTBYSI OKa3bIBAIOTCS 00JIee 3aTPaTHBIMM, YE€M €CIIH Obl
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MOJIOMKHU ObLIH mpeaoTBpalieHsl 3apanee [9]. Cuctema ACY
MI03BOJIUT 3apaHee IUIAHUPOBATh TEXHUUECKOE 00CITy)KIBaHHE
1 3aMeHy KOMIIOHEHTOB 00OPYIOBaHMUS, MUHUMH3UPYS KOJIH-
YEeCTBO BHE3AIMHBIX MOJIOMOK M CHMXasl 3aTpaThl Ha 3KCTPEH-
HBIE PEMOHTHI.

* Omcymcmeue CK803H020 MOHUMOPUH2A NPOU3BOOCIBEH-
HO20 npoyecca 6 peanvbHom epemeHu. B cTapbIX cucTeMax
yIpaBJieHus] THPOPMALIUS O COCTOSIHUU 000PYIOBaHUS U MPO-
L[ECCOB MOCTYyMaja ¢ 3aJAepP)KKaMu, YTO 3aTPYIHSIIO ONepaTuB-
Hoe npuHsThe pemennid. Cuctema ACY 00ecreduT peaabHbIi
MOHUTOPHHT BCEX MPOIECCOB, YTO IMO3BOJIUT ONEPATUBHO pPe-
arupoBaTh Ha JIOObIE OTKIOHEHUS M ITOBBICHT TOYHOCTbH ILIa-
HupoBanus [10].

* 3adepoicku 6 nepedaue 2e0102UHeCcKUX U MapKuletioepCKux
Oannwvix. OTCYTCTBHE aBTOMAaTHYECKOW IEpeaadd reosiornye-
CKHX M MapKIIeHIepCKUX JaHHBIX MOXET MPUBOAMUTH K 3a-
JIep)KKaM B KOPPEKTHPOBKE IIaHA Pa3pabOTKU MECTOPOK/ie-
Hust. Buenpenne ACY ycTpaHHUT 9TH 3a/I€pXKKH, 00ecIeunB
ABTOMATHYECKYIO Mepeaady JaHHBIX B cucTemy [9], uTo ycko-
PHUT MpOIeCC MPUHATHS PEIIeHUH U MOBBICUT TOYHOCTH IJIa-
HUPOBAHUS.

PesyibTarhl

Oxugaemble pe3ynbrarsl BHeaApeHus ACY:

o [Jenmpanuzo6annblii KOHMPOIb HAO MEXHUYECKUM COCO-
sHuem 0060opydosanusi. C TIOMOIBIO CHCTEMbI MOHUTOPUHTA B
peajbHOM BPEMEHH BCE €MHUIIBI TEXHUKU OyIyT CHaOKEeHBI
JlaTYMKaMHM, OTCIIC)KUBAIOIIMMH KJIFOYEBbIE MapaMeTphl pado-
ThI. DTO OOECIIEYUT ONEPATUBHOE BBISBICHUE W3MEHEHUM B
COCTOSIHUM O0OpYIOBaHMSI ¥ IPOTHO3UPOBAHHE HEHCIIPABHO-
CTEH, YTO CHU3HUT KOJMYECTBO aBAPUMHBIX OCTAHOBOK U YIIyd-
IIXAT KCILTyaTallMOHHYIO TOTOBHOCTh TEXHUKH.

* Onmumusayus pacnpeoenenus pecypcos. ACY obecriednr
0oJiee TOYHOE pacipeiecHue padoUeii TEXHUKH [0 y4acTKaM,
YTO MO3BOJHUT UCKIIOYUTH TIEPEIIOIHEHHE OTIENIbHBIX Y4acT-
KOB TEXHHKH HJIM €€ HEJOCTaTOK B JIPyTMX MECTaXx, OBBICHUB
TEM CaMbIM OOIIYIO IIPOU3BOANUTEILHOCTh U COKpAIasi BPeMsI
Ha BBIIIOJIHEHUE OTIEepalIUi.

* PecynsapHoe u c60e8pemeHHoe mexHUueckoe 00CIYICUBA-
Hue. Cucrema OyIeT OTCIIC)KUBATh TEXHHUUYECKOE COCTOSHHE
BCEX EIMHUIl TEXHUKH M MPOTHO3UPOBATh BO3SMOKHBIE HEUC-
MPAaBHOCTH, YTO IO3BOJIUT 3apaHee IUIAHWPOBATH TEXOOCIIy-
KMBaHHE M 3aMEHY KOMIIOHEHTOB. JTO CHHU3UT KOJIMYECTBO
BHE3AITHBIX [TOJIOMOK M YJIyYIIUT IUIAHUPOBAHNE TEXHUYECKO-
ro 00CTY)KHBaHUSI.

» PeanvHulii MOHUMOpUHZ U YNpasieHue npoyeccamu 8
peanvrom epemenu [10]. ACY oOecrieduT CKBO3HOH MOHH-
TOPHMHI' BCEX TEXHOJIOTMYECKUX IPOLECCOB B PEAJIbHOM Bpe-
MEHH, YTO JaCT BO3MO)KHOCTH OIEPAaTHBHO pearupoBarh Ha
JFOOBIE OTKIIOHEHHSI OT HOPMbI, CHU3HMB BEPOSTHOCTH OLIMOOK
IIPYU [IPUHATUY PELICHUMN.

o Unmeepayus 2eonocuteckux U MapKileuoepckux OdaH-
Huix. Cructema OyeT aBTOMarn4ecKd MHTETPUPOBATh T'E0JIO-
rHYecKHe ¥ MapKIIelaepCcKue IaHHbIe, YTO YCKOPUT MPOIece
MPUHATHS PEIICHUN W MTO3BOJIAT ONIEPATUBHO KOPPEKTHPOBAThH
IUTaH pa3pabOTKU MECTOPOXKICHUS.

BHenpeHre aBToMaTn3upoBaHHOM CHCTEMBI YIIPABICHUS Ha
MECTOPOKJCHUH ALIMKTAC II0O3BOJIUT CYIIECTBEHHO OBBICUTh
3G GEKTUBHOCTh KIIFOYCBBIX IPOIIECCOB, CBS3aHHBIX C MOOBI-
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Yell TI0JIE3HBIX MCKOIAEMBbIX, PEIIUB PsiJl IIPOOJIeM, XapaKTep-
HBIX JUIsI TPAIUIIUOHHBIX MeTONI0B yrpasienus [ 11]. [ToBsie-
HHE [POM3BOIUTEIBHOCTH TPY/a, CHIKCHUE OIepallMOHHBIX
3arpar, yly4iieHne 0e30MacHOCTH U TOBBIIICHHE SKOHOMHUYE-
CKOH 3((EeKTUBHOCTH PaOOTHI TIPEIPHUITUS — ITO T€ PE3YJIb-
TaThl, KOTOPbIE MOXeT oOecreunTs BHeApeHne ACY.

Ooicudaemutii Ighghpexm om enedpenus ACY

Ha ocHoBe BbllI€yKa3aHHBIX U3MEHEHUN IIPOTHO3UPYIOTCS
CJICJTyIOLIHE PE3YIIBTATHI:

* Pocm 06we2o obvema 000bluu — 024cudaemcst yeenudenue
00 6,1%, obycnosnennoe cokpawjenuem npocmoes 0bopyoo-
BAHUSL U ONMUMU3AYUE NPOU3BOOCTNEEHHBIX NPOUECCOB.

* Veenuuenue uzsneuenus nonesHoul pyoslt — NPUpoCm npo-
eHozupyemcs Ha yposue 10,1%, 3a cuem nogvluienus mouno-
cmu pabom u CHUNCeHUsL pa3yo0HCUBAHUSL.

* Cruoicenue abconomno2o oovema pazyboxicusanus — Ha
23,4%, umo obecneuum 6ojee 8bICOKYIO KOHYEHMPAYUro no-
J1€3H020 KOMNOHEHMA 6 U36]IeHeHHOM MamepudJe.

o Cnuorcenue nomepv — na 10,6% 3a cuem uckuouenus
OWUDOK 8 NOZUYUOHUPOBAHUL MEXHUKU, A MAaKice brazodaps
BO3MOINCHOCHISIM CUCTEMbL CB0EBPEMEHHO NPEOYNPENCOantd O
HEeUCTPAGHOCMSX 000PYO0BAHUSL.

» Obwee crudicenue yOenbHblX nomepb U pazyoodcUusanus —
coomeemcmeenno Ha 0,2% u 1,1%, umo nenocpedcmeenHo
BNUSEIN HA IKOHOMUYECKYIO PEHMADENIbHOCMb NPEONPUSINUSL

3akjroueHue

IIpencraBieHHbI  aHAIU3 JAEMOHCTPUPYET 3HAUUTEIIb-
HBIN MOTCHIIMAJI BHCAPCHUSA aBTOMaTId3HpOBaHHOI>i CHUCTEMBI
YIPAaBIEHUS Ha MPEANPUATUH. YIIyUIIEHUE IIPOU3BOJICTBEH-
HBIX noka3areneit, B Tom unciie KO u KTT, a Takke cHuke-
HHE IOTepPh U pa3yO0KMBaHMSI, CBUIETEIBCTBYIOT O BBICOKOH
BEPOSITHOCTH MOBBIIICHUSI 3()(EKTUBHOCTH OSKCILTyaTalluu
FOpHOfI TEXHUKN W PalMOHAJIBHOT'O HCIIOJIb30BAHUSI MUHE-
PaJBLHOIO CHIPhS.

Buenpenne ACY npencrapisieTcs 11e1ecoo0pa3HbIM € TOYU-
KU 3pEHUs] KaK TEXHOJIOIMYECKOM MOICPHU3ALUU MPEANIPU-
THs, TaK U OIITUMH3AIMU €0 3KOHOMHWYCCKHUX OoKa3aTeyeH.
YunTeiBas NpencTaBICHHbIE JaHHbIE, PEKOMEH]yeTCsl pac-
CMOTPETh PEATU3AIMI0 MHJIOTHOTO MIPOEKTa C MOCIIETYIOIUM
IMO3TAllHbIM BHEAPECHUEM CUCTEMBI B ITIOJTHOM 061)eMe.

OCO0EHHO Ba)XHBIM SIBJISICTCS YJIY4IICHHE PYAOKOHTPOJIS
U TOYHOCTH BBINIOJITHECHHUA MNPOCKTHBLIX IIJIAHOB. I/IHTeraHI/Iﬂ
JaHHBIX I'€OJIOIOB, Mapkmeﬁ,uepOB U IIJIAHOBO-TEXHUYECKOI'O
oraena yepe3 cuctemy ACY MO3BOJUT MOBBICUTH TOYHOCTh
OKCKaBalluu W YMCHBLIIUTH OLHI/I6KI/I B NO3MIHUOHHUPOBAHUU
TEXHUKHU. DTO, B CBOIO OUYEPE/Ib, IPUBEAET K COKPAILEHUIO MO~
TCPb MOJIC3HBIX UCKOIIaCMbIX U pa3y6o>1<nBaHMa, 4YTO OTpa3uT-
Csl Ha yNy4IlIeHHM KadecTBa M3BJIEUEHHOIO Marepuana U ero
KOHICHTpalHH.

ACY Takke OyaeT criocoO0CTBOBAaTh ONTHMHU3AIUH B3aHMO-
ﬂeﬁCTBMH MCXKIAY Pa3JINYHBIMHU NOAPA3ZACICHUAMU MIPCATTIPUsI-
tust. Jlucnerdepbl cMOryT 3(peKTHBHO pacipeieNsiTh TEXHU-
Ky, OICPAaTUBHO OTCJICKUBAA COCTOAHUE U IPONU3BOACTBEHHBIC
NoKa3arenu B peajbHoM BpeMeHu. [ITO nomy4ut nuHCTpyMeH-
TBI JIJIsl @aBTOMaTU3UPOBAHHOTO NPOEKTUPOBAHMS OypPOB3PHIB-
HBIX pa60T C YUYE€TOM T'€OJIOTMYCCKUX JaHHBbIX W IMapaMeETpOB
MECTHOCTHU, YTO MNOBBICUT TOYHOCTH IJIAHUPOBAHUA U YIIy4-
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LIUT IIPOU3BOACTBEHHBIE IIOKa3aTeau. MapKIeiaepsl CMOIyT
C IIOMOULIbXO CUCTEMBI OIIEPATUBHO KOHTPOJIUPOBATh COOTBET-
CTBHE ITPOEKTHBIX IIAPAMETPOB (haKTUUECKUM JaHHBIM, MUHH-
MU3UPYSl HEOOXOAMMOCTh MX IOCTOSHHOTO IIPHCYTCTBHSI Ha
320051X 9KCKaBaTOPOB.

OcoOyio poinb B HIpoOLEcCe BHEAPEHHs ChIIpaeT HHTe-
rpanus reoJJOrMYeCKUX JaHHBIX B PEaJbHOM BPEMEHH, YTO
II03BOJIUT I€0JI0raM OIEPaTUBHO KOPPEKTUPOBATH ILIAHBI
pa3paboTKN MECTOPOXKICHHS M TOYHEE YIPABIATH BHIEMKOM
pyasl. l'eonoru u MapKuenaepsl CMOTYT B PEXUME peallb-
HOTO BPEMEHH Iepe/aBaTh aKTyalbHYI HH(POPMAIHUIO, YTO
3HAYUTEIbHO CHU3UT BEPOSITHOCTh OMIMOOK M YCKOPUT IpHU-
HATHE PELICHUMN.

Kpome Toro, aBromarnzanusi ¥ MOHUTOPUHI B PEajbHOM
BpPEMEHH 3HAYMTEINILHO YIyUIIaT TEXHUYECKOE 00CITy)KUBAHHE
obopynoBanust. [Iporuo3upoBaHre BO3MOKHBIX HEUCIIPABHO-
CTEH Ha OCHOBE aHaJIM3a TEKYLIUX JAHHBIX [103BOJIAT CBOECB-

PEMEHHO IJIAHUPOBATh TEXHUYECKOE 00CITy)KUBAHKE, TIPEIOT-
Bpalasi JOpOroCTOSIINE TOJTOMKH U TPOCTOH.

B pesynbrate, BHempenue ACY Ha MeCTOPOXKICHUH
AIIMKTaC TIO3BOJIUT MPEANPHUATHIO HE TOJHKO MMOBBICUTH
CBOIO OIEPAMOHHYIO 3()()EKTUBHOCTh U YMEHBUIUTH 3aTpa-
ThI, HO ¥ 00€CIeYUTh 00JIee BHICOKYIO TMOKOCTh U aarTHB-
HOCTh B YCJIOBHUSX OBICTPO MEHSOIIUXCS PHIHOYHBIX YCIIO-
Buii. Cuctema obOecrieyuT Oojiee TOYHOE IUIAHHPOBAHUE,
COKpaIlleHUE TIOTePh M Pa3yOOKMBaHUS, a TAKKE IacCT BO3-
MOXKHOCTh OINEPaTHBHO PearupoBaTh Ha OTKJIOHEHHS OT Ha-
MEUYEHHBIX MTapaMeTPOB.

Takum 00pa3oM, Mmepexoln K IU(PPOBBIM TEXHOJIOTHIM H
ABTOMATH3AIUH SIBJISIETCS HE TOJIBKO TEXHOJIOTUYECKH OIpaB-
JIaHHBIM 11arOM, HO U BaXKHOM CTpaTerunuecKkol MHUIIMATUBOM,
HAIPABJIICHHOH Ha TOBBINICHHE KOHKYPEHTOCIIOCOOHOCTH,
YCTOMYUBOCTU M MPUOBUIBHOCTH TPEANPHUITUS B IOITOCPOY-
HOM NEPCIIEKTUBE.
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Paspy1uenyie TOPHBIX TTOPOT

Kox MPHTH 52.13.07

M.K. Tatbi0aeB, O.0. /lyiicendexoBa, B.B. [loBeTkuH, *A.A. Kenoaii
KasHUTY um. K.U. Camnaesa (2. Aamamsi, Kazaxcman)

YCTAHOBJIEHUE DHEPITOEMKOCTH
PASPYIIEHMUS TPAHUTA 11O ITAPAMETPAM
YIAPHOMW CUCTEMBI DKCITEPUMEHTAJbHBIM
METOJ10OM

Aunoranus. B 1anHOi paboTe nccieayercs BAMSHUE Pa3IMYHbIX TUIIOB HHCTPYMEHTOB Ha YACNIBbHYIO SHEPrOeMKOCTh Pa3pyIlIeHHs IpaHnTa. DKCIEPUMEHTAIbHbIC
HCCIIEI0BAHMS IPOBOAMIIUCH ¢ ucmoib3oBanueM 0oiikos (C1, C2, C3, C4) u 1010T4aToi KOPOHKH MPU Pa3IMYHBIX YIIIaXx HOBOPOTA HHCTPYMEHTA. PaccMarpuBaeTcs 3aBu-
CHMOCTb H3MEHEHHS YIeIbHON Y9HEPTOEMKOCTH Pa3pyLICHUs TPAHUTA OT SHEPIUH SANHUYHOTO yAapa U yIjia moBopoTa. 1{eabi0 paboTh! SIBISIETCS ONPEICICHHE 3aBUCHMO-
CTH SHEPTOEMKOCTH IIPH Pa3pyIICHUH TOPHBIX IIOPOJL OT PA3INYHBIX (JaKTOPOB, TAKHMX, KaK BUJI HHCTPYMEHTA, YTroJI II0BOPOTA, CBOMCTBA OPOABI M YCIOBHS SKCILTyaTalllH.
IMomyueHHbIe pe3yIbTaThl OKA3aJIM, YTO C YBEIMYCHHEM YHEPIUU yapa HaOII0NaeTCsl CHIKEHNUE YeIbHON SHEPrOeMKOCTH Pa3pyIIeHHs A BCEX THIIOB OOHKOB. DTH
JIaHHBIE MOTYT OBITh MOJIE3HBI ISl ONTUMHU3ALMH TIpoLiecca OypeHus U pa3pyLIeHUs TOPHBIX TIOPOJ B TOPHOM M CTPOUTEILHON MPOMBIIUICHHOCTH.

Kntouesnle cnosa: yoenvnas sHep2oemMkocmy, epanum, yoap, 60ek, npedyoapHas CKopocms 60UKA, Y201 NOBOPOMA UHCIMPYMEHMA, 6YPos8asl KOPOHKA.

CoKKpl xKyiie mapaMeTpJepi Herisinae rpaHuT 0y3y Heprusi CblbIMABLIBIFBIH IKCIIEPUMEHTTIK JiclieH aHBIKTAY

Amnparna. byi s)KkyMbIC TpaHHUT Oy3y MEHIIIKTI SHEPIUs ChIABIMIBUIBIFBIHA O TYPJIi KYpallIapAblH dCEPiH 3epTTeii. DKCIIEPUMEHTTIK 3epTTeyiep KYPalIblH opTypii
aifHary Oypsimrrapeingarsl cokkpimrap (C1, C2, C3, C4) jxoHe Kamray TOXXKiH KOJIIaHy apKbUIbl XKYPri3ini. IpaHut Oy3y MEHIIIKTI S9HEPrHs ChIbIMIBUIBIFBI ©3TepyIHiH
6ip COKKBIHBIH YHEPTHACHIHA JKOHE aifHaTy OYpbIIIbIHA TOYEIIUIIri KapacThIpbuIasl. JKyMBICTEIH MaKCaThl - Tay JKbIHBICTAPBIHBIH OY3bUTYBI Ke31HIeT] 9HEPIHs ChIITBIM/IBI-
JIBIFBIHBIH KYPall TypiHe, aifHaly OypBINIbIHA, Tay HKBIHBICTAPBIHBIH KACHETTEPiHe JKOHE KYMBIC XKaFaailapbiHa OaiIaHbICTBI OPTYPIIi (haKTOpIapFa TOYEIIUIIriH aHBIKTaY.
ATIBIHFaH HOTHIKEJIEP COKKBI SHEPIHSCHIHBIH JKOFAPbLIAYBIMEH COKKBIIITAPIABIH OApIIbIK TYpIepi YIIiH Oy3bUTYIABIH MEHIIIKTI DHEprus KapKbIHIBLIBIFBIHBIH TOMEHICY1
GallKaIaThIHBIH KOPCETTi. Byt nepexrep Tay-KeH jKoHe KYPBUIBIC CalalapbIHAars! OYpFbLIAY XKOHE Tay JKbIHBICTAPBIH O3y MPOLECIH OHTAMIAHABIPY YIIiH Maifais! 60Iysl
MYMKIH.

Tyiiinoi ce30ep: menwixmi sHepaus CollibIMObLIbIZb, SPAHUM, COKKbL, COKKbIUL, COKKbIEA OCUIH2I COKKbIUL HCHLIOAMObIZbL, KYPAIObIY AUHALY OYpblulbl, OYpebliay.

Determination of the granite destruction energy capacity according to the impact system parameters by the experi-

mental method

Abstract. This paper examines the effect of different tool types on the specific energy capacity of granite destruction. Experimental studies were conducted using strik-
ers (C1, C2, C3, C4) and a chisel crown at different tool rotation angles. The dependence of the change in the specific energy capacity of granite destruction on the energy of
a single impact and the rotation angle is considered. The aim of the work is to determine the dependence of the energy capacity during rock destruction on various factors,
such as the type of tool, rotation angle, rock properties and operating conditions. The results obtained showed that with an increase in the impact energy, a decrease in the
specific energy capacity of destruction is observed for all types of strikers. These data can be useful for optimizing the drilling and rock destruction process in the mining

and construction industries.

Key words: specific energy capacity, granite, impact, striker, pre-impact speed of the striker, angle of rotation of the tool, drill bit.

BBenenue

OnmHUM M3 KJIFOYEBBIX DTAIlOB B IPOCKTHPOBAHWU U OII-
TUMH3AIUA JOOBIYM U MEepepaboTKH MaTephalioB SBISETCS
OLICHKAa HEPrOEMKOCTH IIPH PA3pyIICHUH TOPHBIX IMOPOI.
JlaHHas BeNIMYMHA IIOKa3bIBACT HEOOXOOMMOE KOJUYECTBO
SHEPruH, TpeOyeMOH sl pa3pyIleHUs eANHHULBI 00beMa HITH
MacChl MOPOJIBI, U MOXKET ONPENSNIATHCS MHOXKECTBOM (haKTo-
POB, BKIIOYast (PU3HKO-MEXaHHYECKHE CBOWCTBA MaTepHaa,
XapaKTePUCTUKH HHCTPYMEHTA U YCIOBUS €r0 SKCILTyaTalllnu
[1-4].

OCHOBHasI LIeJIb JAHHOTO HCCIIEHOBAHMS 3aKIIOYaeTcs B
BBISIBIICHUH 3aBHCHMOCTH YISIBHBIX YHEPrOEMKOCTEeH Ha pas-
PYLICHUE IIOPOJT OT Pa3IMYHBIX (JaKTOPOB, TAKUX KaK:

- MU U 2e0MEMpUs PaspyuumenbHo20 UHCMpymMeHma (Ha-
npumep, OOUKY PA3TUYHBIX MUNOB);

- yeon nogopoma uncmpymenma (Hanpumep, yeaot 20°, 30°,
40°);

- uBUKO-MeXaHuuecKue CEOUCMBA 20PHBIX NOPOO (HANpu-
Mep, NPOUHOCMY, MEEPOOCb, NOPUCTHOCHID);

- YC08UsL SKCNAYAMAayuu, maxKue KaKk CKOpoCms 8paueHus
uUHCmMpymMenma, dasneHue u memnepamypa.

MeToauka uccjae10BaHus

[Ipu mpoBeeHNH OIICHUBAHUS W OTIPEIEIICHUS] SHEPrOeM-
KOCTH pa3pylIeHHUs] TOPHBIX TOPON TMPHMEHSIOTCS KaK JKC-
MEPUMEHTATBHBIC, TAK U TEOPETUIECKHE MOmXonsl [5]. Dkc-
MIEPUMEHTHI TIPOBOAATCS C WCIIOIB30BAHMEM HHCTPYMEHTOB
pa3HBIX THITOB, TAKUX KaK JOJOTYAThIE KOPOHKH W OOWKH, B
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71a00paTOPHBIX YCIOBHIX U Ha MPOU3BOACTBEHHBIX O0BEKTaX.
Teopernueckue HCCIeIOBaHKUS K€ MOTYT 0a3MpoBaThcs Ha
MaTeMaTH4YeCKUX MOJEIAX, OMHCHIBAIOIINX IIPOLECCH pa3py-
IIEHUS ¥ B3aUMOCBA3b MapaMeTPOB HHCTPYMEHTA U MaTepua-
na [6-7].

OKCIepUMEHTAIbHBIE MCCIEIOBAaHMS OCHOBAaHBI Ha OIpe-
JICICHUH KOJINYECTBEHHBIX XapaKTEePUCTHK, KOTOphIe HE00XO-
JUMBI JUI pa3pylIeHUs MaTepHalia B Pa3iMYHBIX YCIOBHSIX.
B mporiecce SKCIEpUMEHTOB HUCCIIEAYIOTCS TapaMeTphl, BIIH-
AIOIIME HA yAIbHBIC YHEPTOEMKOCTH, BKJIIOYasi TUIT U T€OMe-
TPHIO HHCTPYMEHTA, YIJIbI TIOBOPOTA, MEXaHUYECKHE CBOMCTRA
MIOPOJ U YCIIOBUSI SKCILTyaTalllu.

Jis mpoBeieHNs SKCIIEPIMEHTOB B JAHHOM HCCIIEIOBAHUH
HCTIOJIF30BAJIaCh YCTAHOBKA, OCHAIIECHHAS PETyIHPYEeMBIMHU
yIJIaMH TIOBOPOTAa MHCTPYMEHTA M CHUCTEMOM KOHTPOJS CKO-
pocTH BpamieHus. B kauyecTBe MHCTPYMEHTOB MPHUMEHSIINCH
6otiku paznuunabix TUNOB (C1, C2, C3, C4) u nonoryarsie Ko-
POHKH, MCIOJIb30BaHHbIC JUIS pa3pylIeHUs] 00pa3IOB rOPHBIX
TIOPOJ.

Onucanue smanog sKkcnepumenma

[ToaroroBka o6pa3ios. [loAroToBneHbl 00pasibl TPaHUTA,
M3BECTHsKA, 0a3abTa U IPYyTUX TOPHBIX MOPOJI C PA3TUIHBIMU
(hU3UKO-MEXaHUUECKUMHU CBOMCTBAMH.

Br16op mapameTpoB MHCTpyMEHTa. (i Kaxgoro Tuma
ooiika (C1, C2, C3, C4) Obutu 3amanbl mapameTpsl (dhop-
Ma, pa3Mepsbl, MaTepua). Takke I J0JI0TIaTOH KOPOHKHI
ObUTH BBHIOPAHBI MapaMeTpPhl PEXYIIUX JJIEMEHTOB (Tabyu-
na 1).




Paspy1uenyie ropHbIX TOPOT

Tabnuua 1
Iapamempur 6011K06
Kecme 1
Cokkbluumap napamempnepi
Table 1
Parameters of strikers
O6o3nauenune | Jlnwaa, MM | JInamerp, MM | Macca, KT
Cl 350 35 2,50
C2 450 45 5,49
(OX] 700 35 5,47
C4 253 75 8,32

W3mepenus yroB IoBOpoTa. YIIbI IOBOPOTA HMHCTPYMEHTA
OpuH ycTaHoBieHb! Ha 3HadeHus 20°, 30° u 40° ¢ TOYHOCTHIO
1o 1°.

[IpoBenenune wucmeiTaHuii. HCTpYMEHT (QHU3WYECKH BO3-
JIEHCTBOBAII HAa 00PA3Ibl TOPHBIX TOPOJ, IIPH 3TOM (HUKCUPYS
SHEPTHI0, KOTOpasi HEOOX0AMMa ISl Pa3pyIICHUS KasKA0TO U3
HUX.

COop maHHBIX. YCTAHABIMBAIWCH IIOKA3aTEIH BPEMEHH
pa3pymeHus], CHIbl BO3ICHCTBUS U MOTPEOICHHON SHEPTHH.
Ha ocHOBe 3THX JaHHBIX PAaCCUUTHIBANACH YIENIbHAS JHEP-
TOEMKOCTh Pa3pylICHUs], MPeJHa3HAYCHHAs Ul Pa3IMuHbIX
YIJIOB TIOBOPOTA M THUIIOB HHCTPYMEHTA.

OKecnepumenmanbHas 4acmo

OKCIIEPUMEHTHI 110 Pa3pyIICHHIO TPAHNUTA TIPOBOAMINCH HA
CIIETIMATIbHO Pa3paboTaHHON KOMPOBOW yCTAHOBKE, TIO3BOJIS-
IOMIEH PEryIrpoBaTh yIIbl IOBOPOTA HHCTPYMEHTA C BEICOKOM
TOYHOCTBIO ¥ KOHTPOJHMPOBATH €TO B3aHMMOJCHCTBHE C Mare-
puamoM. K ycTtaHOBKE KpemmiInCh MIIHHIPHYSCKHE OOWKH,
obecneynBaronie CTA0MIFHBIN KOHTAKT C TOPHOW IIOPOOH BO
BpeMs paszpymenus. Ha ycTaHOBKE MOXKHO HAaCTPOUTDH YIJIBI
moBopota mHCTpyMeHTa (20°, 30°, 40°) u cropocTH Bparie-
HUSI, @ TaKKe PETUCTPUPOBATH BPEMs Pa3pyIICHHs U IOTpE-
OIIsIEMYIO YPHEPTHIO.

Viapsl HAHOCHJIMCH IO IUTAHIE C 3aKPEIUIEHHOM ILIThIpE-
Bo# (Al), kpecToBo# (A2) WM ZOIOTYATOH KOPOHKOH (A3).
VYrmapHoe BO3IEHCTBHE HAMPABIIOCh HA TPAHUTHBIA OJOK.
[Tpu perymupoBaHUN BBICOTHI COpachIBaHMsI OOWKOB, NX IIpe-
JTyTapHbIe CKOPOCTH JoCTHTaNy 5 U 7 M/c. BricoTa, mpu Ko-
TOPOM COPACHIBAIUCH OOWKH M3MEPSIIACh C MCIOIb30BaHIEM
pEHKH, a SHEPT U yIapa BappHpoBaach B nuama3oHe ot 31,25
10 207,35 JIxx. DHEproeMKOCTh pa3pyIICHUs] TOPHON ITOPOIBI
MOKET OBITh YCTAHOBIICHA YEPE3 3aBUCUMOCTD:

Ph.n
A3H=—Qc y)
z

rine P — macca ynapHuka, Kr;

h,— BIcOTa cOpachIBaHUs, M;

1 — YHCII0 COpachIBAHUI;

y — yIeJbHas Macca MOopOIbl, T/M;

0. — Macca pa3pymaeMon opoabl, K.

B mporecce maHHBIX SKCIEPUMEHTOB W3y4YalOCh BIUSHUE
(hOopMBI KOPOHKH, HapsiLy C MPEeayIapHOil CKOPOCThIO OOFKa,
€ro pa3MepoB M MacChl, a TAKXKE yIlIa TIOBOPOTA HHCTPYMEH-
Ta Ha 00BEM DPa3pyLICHHON MOPOIBI, IIyOMHY CKBaKHHBI U
VIENBbHYIO SHEPrOEMKOCTh pa3pymieHus [8].

(D

KiroueByro posib mpu pa3pylleHHH I'PaHUTA C ITOMOIIBIO
OOMKOB M I0JIOTYATHIX KOPOHOK MIPaJl YToJI [I0BOPOTA HHCTPY-
MEHTa. DTOT HapaMeTp CYLIECTBEHHO BIHUSI Ha YAENbHYIO
HHEProeMKOCTh Pa3pyILEHHUsl, KOTOpasi IPEJCTaBIsieT co0ou
KOJIMYECTBO JHEPrUH, KOTOPOE HEOOXOIUMO 3aTpaTHTh JUis
paspylieHus enHUIBl 00beMa Marepuaina. V3meHeHue aaH-
HOTO MapaMeTpa BIMAJIO HA CHJIYy KOHTaKTa MHCTPYMEHTa C
MarepuajioM, a TAK)KEe U Ha CIOCO0 BO3/CHCTBUS HA TPAHMUT,
YTO NPHUBOJAMIO K 3HAYUTEIBHBIM KOJEOAHWSM YAEIbHOU
SHEPrOEMKOCTH.

Pe3yabTaThbl 1 00Cy:KIEHUE

BaxHbIM TpeOOBaHHEM HCCIICOBAHIS 3aBHCHMOCTH SHEP-
TOEMKOCTH pa3pyIICHUs] TPaHUTA OT BEJIUYHHBI YIACTBHOI
SHEPTUH yapa MpH PasHbIX yIiiax MOBOPOTA M MPELyIapHbIX
cKopocTsix Oolika 5 M/c 1 7 M/C SIBJISIETCSI HEOOXOIMMOCTb pac-
CMOTpPEHHSI HECKOJBKHX OCHOBHBIX M KIFOUEBBIX (haKTOPOB,
TaKHWX, KaK SHEPTHIO, CHJIBI yAapa, a TaKKe TO, KaK 3TH Ma-
paMeTphl BIUSAIOT Ha IPOLIECC pa3pyIIeHus Moposl (puc. 1).

DHeproéMKOCTE paspymenus, Jix/cy’
npeJyiapHas CKOPOCTE Dofka 5 v/c:
¥roJ DOEOpOTA HHCTpYMeHTa 20°

470,000
A2
420,000 -
T\
370,000 A2 ,;.._..-,(AB c1
Al Al
-
320,000 A3 =
A2 =
Aly/TA3 ca
& e
270,000 AT
A3
220000 — 0T —T—T—T T T T T T
35 7 9 1113151719 212325
VnenbHas SHepTHA yrapa, Ji/cu
. 3
BHBPTOE:LH(OCTBpapr]I[e nfb A :ﬁ)lgnﬂ CKOpOCTE Oofika 7 m/cs
470,000 ¥roJ N0BOPOTA HHCTPYMenTa 20°
’ A2
e
420,000 NB
A2
370,000 A3
——C1
Az'\ P A3 -C2
320,000 &}
C3
270,000 Al Al -
A2 ¥A3
220,000

9 14 19 24 29 34 39 44 49
VenbHas 3HepTHA yaapa, Jx/cM
Puc. 1. DHeproeMkocT pa3pylieHusi TPaHATA U
BeJIMYMHBI YIeJIbHOMH 3HEePIUH yiapa NpH YKa3aHHbIX
napameTpax.

Cypet 1. I'paHUTTiH KO BLTYbIHBIH YHEPT U
ChIBIMABLIBIFBI 7K9HE KOPCETiIreH napamMerpJepaeri
MEHIIIKTi 3cep eTy IJHePrusChIHBIH MIHI.
Figure 1. Energy capacity of granite destruction and
values of specific impact energy for the specified

parameters.
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ImeproéMrocTs paspymenns, Tx/cv®

420,000

370,000

320,000

270,000 :
-z ?
220,000 * : . .

Cl1 [ C3 C4
31,25 % 68,5 Tk 685 Lk 103,7 Lk (DHeprua yzapa, Tx)

Obo3Hagenne 60HKOB

a

JueproémMkocTs paspymenns, Tx/cy’

420,000
370,000 //’/4//_
320,000
270,000 - —

' f/ 40

220,000 T : : :
Cl C2 C3 c4 OGo3Havenne GoiikoB
61,25 x 13426 Tk 13426 Tx 203,35 [z (Omeprus ynapa, Jix)
(7]

Puc. 2. 3aBucuMocTH U3MEHEHHs YAeJIbHOH SHEProeMKOCTH NPU Pa3pylIeHUH FOPHBIX NOPOoJ (TPAHUTA) Pa3HBIMHU
THNIAMHU 00 KOB NMPH HCIOJIb30BAHUH 1010TYATOH KOPOHKHU: a — CKOpOCmb O0UKa 5 M/c; 6 — ckopocmbs Ootika 7 m/c.
Cypert 2. Tay KbIHBICTAPBIH (TPAHUTTEPAI) KalIay TRKiH NaiIaIaHFAH Ke3[e COFYIIBLIAPABIH dPTYPJIi TypiepiveH
0y3y Ke3iHJeri MeHIIIKTi 3HePrus ChIbIMIBLIBIFBIHBIH 63repyiHiH TIyeqIIiKTepi: a — coKKbI ocbLI0amovizbl 5 m/c;
b — coxKbIHbIY JHCLLIOAMObIEbL 7 M/C.

Figure 2. Dependencies of the change in specific energy capacity during the destruction of rocks (granite) by different
types of strikers when using a chisel crown: a — striker speed 5 m/s; b — striker speed 7 m/s.

[Tpn 00BsICHEHNN 3aBUCHMOCTH YAEIGHON SHEPTOEMKOCTH
pa3pylIeHHs TPAaHUTA U IPYTUX TOPHBIX TIOPOJ OT THIA OOH-
koB (C1-C4), yroB moBopora uacrpymenra (20°, 30°, 40°)
W WCIIOJIb30BAHMS JI0JI0TYATONH KOPOHKH HEOOXOIMMO YUUTHI-
BaTh CIeAyIomue (haKTOPHI:

- mun 6ouxoe (C1—C4). Paznuuus ¢ ceomempuu u macce
00UKO8 ONPedensIom Ux GIUAHUE HA CULY KOHMAKMA C SPaHU-
MOM U, COOMEEMCMBEHHO, HA YOEIbHYIO IHEP2OEMKOCb PA3-
pywenus;

- yenvl n0gopoma uHcmpymenma. Mzmenenue yana nosopo-
ma (20°, 30°, 40°) enusem Ha Xxapakmep KOHMAKMA UHCIPY-
MeHma ¢ Mamepuaiom, pacnpeoeneHue YCUIutl u 21youny 603-
Oeticmaus, 4mo ompasicaemcsi Ha IHEP2OeMKOCIU,

- ucnonvzoganue doromuamou kopouku. Kopomka omau-
yaemcesi om OOUKO8 cBoell (OpMOL U NPUHYUNOM pA3pyuie-
HUSL MAmMepuand, 4mo OKasvléaen 3HAUUmenbHoe 6lusiHue Ha
VOEIbHYI0 IHEP2OEMKOCHIb.

JlaHHBIC TApaMETPHI SIBISIFOTCS] BAKHBIMH COCTaBIISIOIINMHE
IIPY CO3JIaHNH MTOJTHOW KapTUHBI 3aBUCHMOCTH, TIO3BOJISIFOIIEH
BBIIBUTH HanOoiee SHeprodGeKTUBHEIE YCIOBUS pa3pylie-
HUSI TPAaHUTA.

Ha puc. 2 mokazaHbl 3aBUCHIMOCTH W3MEHEHHS YAEITbHOU
SHEProeMKOCTH Pa3pyIICHHs TPAHUTA PA3IHMYHBIMUA OOHKaMu
(C1-C4) npm yrnax nmoBopota, paBHbIX 20°, 30° n 40°, monoT-
yarasi KOpOHKa.

Jlyist OOWKOB W JOJIOTYATOW KOPOHKH BBICTPOCHA 3aBHCH-
MOCTb YJCIBHOM JHEPTOEMKOCTH pPa3pyIICHHs T'PaHUTA OT
yIila IOBOPOTa HMHCTPYMEHTa. JlaHHbBIE HIDKE OTOOpakaroT
M3MEHEHHSI Y/IENbHONH DHEProeMKOCTH IPH yIax IOBOPOTa
nHcrpymenTa 20°, 30° u 40° (Tabnuma 2).

Jlist TIpezicTaBIeHUs] 3aBUCUMOCTH M3MEHEHUsS YIeIbHOM
SHEPrOeMKOCTH DPa3pyIICHHs TpaHUTa IPH OSKCIUTyaTaI[ln
0OIKOB, a TakXKe IPH MPUMEHEHHN KPECTOBOH KOPOHKH, He-
00XOIMMO YUHTBIBaTh HECKOJBKO (PAKTOPOB, BKIJIIOYASI OCO-
OEHHOCTH MHCTPYMEHTA, YTOJI €ro MOBOPOTa M METOJ BO3/ICH-
CTBHWS Ha TpaHUT (pHc. 3).
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Tabnuua 2
Benuuunut yoenvnoii snepzoémrocmu papyuieHus
2PAHUMA 6 3A6UCUMOCIU OM Y2Id NOGOPOMA
UHCIPYMEHMA U €20 muna
Kecme 2
Kypanowviy aitnany oypoluivina jcone OHblH mypine
oaiianvicmul 2paHummi Hcol00blH MEHUIKMI IHeP2Uus
CHLIBIMOBLTBIZbIHBIH, MIHOEDT
Table 2
Values of specific energy intensity of granite
destruction depending on the angle of rotation

of the tool and its type
Tu VYron VYron VYron
uHeTpyMenTa | TOBOPOTA OBOPOTA OBOPOTa
124 200 30° 400
Boiixu C1 8000 10000 12000
Jox/v3 Jx/m3 Jox/m?
N 8500 10500 12500
Botiar C2 Jox/m? Jox/m? Jox/m?
oiixu C3 9000 11000 13000
Jox/m3 JIx/m3 Jhox/m3
. 9500 11500 13500
boiiiu C4 Jox/m? Jhx/m3 Jhox/m3
JlonoTuaras 10000 12000 14000
KOpOHKa Jox/v? Jox/m? Jox/v?

J1J1s1 KpecToBOW KOPOHKH BBICTPOEHA 3aBUCHMOCTh U3MEHE-
HUSI y/IEIbHON SHEPrOEMKOCTH pa3pyIIeHHs TPaHUTaA OT yIia
MIOBOPOTa, MpecTaBleHHas B Tadiuie 3. MokHO momdep-
KHYTb, 4TO C YBEIMYCHUEM YIJIa IIOBOPOTA YAEIbHAS SHEPTO-
€MKOCTb pa3pyLICHUsI TAK)Ke BO3PACTALT.
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JueprotMrocTs paspymenns, Tx/cv’

520,000
470,000
420,000 /74—///..
370,000 —+20
320,000 //, -&-30
270,000 40
220,000 - ‘ ‘ .
C1 Cc2 C3 C4 O603HaYeHHE DOHKOE,
31,25k 68,5 ik 68,5 ik 103,7 Jk (3meprus ynapa, %)

a

DreproémxocTs paspymenns, [Tx/cy’

470,000
420,000 /
370,000 '
320,000 : -3
270,000 40
220,000 ; : ]
C1 C2 C3 C4 00o38a4ecHHE D0HKOB
61,25 JTx 134,26 Jlx 134,26 ik 20335 ik (Smeprus yoapa, Jx)
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Puc. 3. laHHbIe 1JIsl KPECTOBOM KOPOHKHU: a — cCKOpocmb bouka 5 m/c; 6 — ckopocms 6ouka 7 m/c.
Cypet 3. Kpocc OMTKe apHAJIFaH IePEKTeP: d — COKKbIUMbLY HCHLIOAMObIZbL 5 M/C; b — COKKbIHbIY HCOLIOAMObIZbL 7 M/C.
Figure 3. Data for a cross-shaped crown: a — striker speed 5 m/s; b — striker speed 7 m/s.

Tabauua 3
Yoenvnan snepzoemrxocms ona kpecmoeoit Kopouku
Kecme 3
AtiKac masre yuiin epexute IHepus MamyHbl
Table 3
Specific energy consumption for a cross-shaped crown

Tu VYron Vron Vron
nHCTOYMeHTa | TOBOPOTa 20° | moBopora 30° | moBopoTta 40°
Py (/M) (/M) (/M)
Kpecrosas 10000 12000 14000

KOpOHKa

IlomydenHble pe3yabTaTsl IIPU U3YYEHUH DPa3pyLLIEHHs Ipa-
HHUTa B paMKax JaHHOI'O UCCIICA0BaHUA ITOKA3bIBAIOT, YTO TOT KE
00bEM Pa3pyIICHHON MOPOIbI PA3HUTCS VISl PA3ITHYHBIX THIIOB
OOWKOB, a TaKkKe YIIOB TIOBOPOTA MHCTPYMEHTOB. V3 HMaHHBIX
BBIINIC MOXXHO CACJarb BBIBOJ, YTO B OCHOBHOM HauMEHBIIIeH
VACIBHOW YHEPrOEMKOCTBIO paspyieHus oomamaer 6oek Cl,
KOTOPBIM UMEET HauMEHbIINE Maccy U pasMep, a ONTUMaIIbHBIN
yroi moBopota — 20°. bosiee aeTanbHbIi pa300p pe3ysIbTaroB Bbl-
TIOJTHEH B pa3Jielie 3aKIF0YEeHHS HIDKE.

3aki04ueHue

JIuHeliHass 3aBUCUMOCTb M3MEHEHHUS Y/IEIbHOM 3HEproem-
KOCTH pa3pyIICHUS TPAHUTA PA3THYHBIMU THIIAMHA OOWKOB MPH
yrax noBopota 20°, 30° u 40°, a Takke J0I0TIaTON KOPOHKOH
MOYKHO MOCTPOUTH C MOMOIIBIO SKCIICPUMEHTAIBHBIX JTAHHBIX,
TOKa3bIBAIOIINX, YTO:

- npu yeenuueHuy y2ia nogopoma dHepeoemMKoCb paspyule-
HUA Y8enUUUBAETNC;

- pasnuumvle munvl OOUKO8 OKA3bIBAION pA3HOe GIUAHUE HA
9HEP20EeMKOCIb 8 3ABUCUMOCTIU O UX 2e0MeMPUlU, CPOEHUS U
83aUMOO0CLUICMBUSL C MATNEPUATIOM.

ITpu mocTostHHOM Macce U TpeIyIapHON CKOPOCTH O0EK C Hau-
6ospieit mmHoH (C3) maet 6osee MPOIOIDKUTEIBHBIN TI0 Mepe/i-
HeMy ()POHTY CHIIOBOM MMITYJIbC, HO HAMMEHbIIIEH CHIIBI [9)].

UYto KacaeTcs MITHIPEBOI KOPOHKH, TO COIVIACHO PE3yNbraram
CTaTUCTUYECKON 0OpabOTKH MONYYEHHBIX SKCIIEPHMEHTATBHBIX
JI@HHBIX BpeMsi JUIMTEIBHOCTH MEpenHero (poHTa CHIIOBOTO

HMITYJIbCa HE BIIUSIET HA SHEPrOEMKOCTh pa3pyIleHUs] TPaHUTa,
YTO HEJIb3sI CKa3aTh OTHOCUTENILHO KPECTOBOM U A0JIOTYATON. 3a-
POKAAETCs MPETOIOKEeHHE, YTOo HA yaapHuka 700 MM SBIIs-
€Tcsl Ype3MEpHOI! 0 aHAJIOTHHU C SKCIIEPUMEHTaMU.

JlaHHas KapTHHA IPUBOAUT K YBEJIMYEHHUIO 10 OTPAsKEHHOU
SHEPruM yjapa, Ipy HEUCIIOIb30BaHHOM XBOCTOBOM YaCTH CUJIO-
BOTO UMITYJIbCA U, COOTBETCTBEHHO, K TTOBBIIIIEHHIO YHEPrOEMKO-
CTU pa3pyLLEHUS TOPHOU IIOPOJIBI.

Hara1H0 BuiHO, 4TO MPOSIBIIEHNE TaHHBIX 3aKOHOMEPHOCTEH
00YCIIOBIICHO Pa3IMYHBIMU YCJIOBUSIMU CKasibiBaHus. J{is kpe-
CTOBOI KOPOHKH IPAKTUYECKH ISl BCEX OOMKOB, TIPU YIJIE OBO-
pota 40° cOOTBETCTBYET HAUMEHBIIIEE 3HAYEHUE SHEPTOEMKOCTH
pazpyieHus. Yto kacaercs A0JI0TYaTOW KOPOHKH, TO IIPY MaJIOW
QHEPruy yaapa caMmbiM d(P(EKTHBHBIM SIBIISIETCS YTOJ TOBOPOTA
nociie ynapa B 20°. OObIYHO yBEJIMUCHUE SHEPTUH Yapa MPHUBO-
JTAT K YBEIMYCHHIO 3 (HEKTUBHOTO yIiia MOBOPOTA MOCIE yaapa.
JUIs IITBIPEBOM KOPOHKHU Pe3yJIbTaT BO3ACHCTBUS JaHHOIO I1apa-
MeTpa YCTaHOBUTH HE YIAJIOCh.

[TomyueHHbIe 3Ha4EeHNs SHEPrOEMKOCTH pa3pyIleHNUs TpaHUTa
KOPPENUPYIOT C JaHHBIMH APYTHX aBTOpoB [10].

Boszeiicteue akropa mpemynapHOil CKOPOCTH Oo¥Ka 5 u
7 m/c naer B SKCHEPUMEHTE IPAKTUYECKH OJIMHAKOBBIA pe-
3yJIbTaT.

Pe3ynbTaThl, MOKa3aHHBIE HA pUC. 1, TO3BOJIAIOT YTBEP)KAATS,
YTO TEHJECHIMS YMEHBIIEHUS SHEPrOEMKOCTH pa3pylleHus Ipa-
HUTA TIPY YBEIUYEHUH SHEPTHU €IUHUYHOTO yapa COXPaHIETCs.
Jis kaxoro 6oiika (ot C1 — camoro Jierkoro g0 C4 — camoro
TSDKEJIOr0) KPECTOBOM KOPOHKE COOTBETCTBYET OOJIbIlEe 3HAYe-
HHE 3HEProeMKOCTH pa3pylIeHHs, B TO BpeMs Kak JI0I0TYaTon
KOpOHKe — MeHbInee. OHaKo MOKHO 3aMETUTh, YTO MapaMeTphl
001iKOB 1 (hOPMUPYEMBIX UM CHIIOBBIX UMITYJIECOB BHOCSIT B 3TY
3aKOHOMEPHOCTb CBOU KOPPEKTHUBBL.

Takum 00pazoM, pe3yabTarbl JAHHOTO MCCIIEIOBAHMS MT03BO-
JISTIOT YCTAHOBUTh U PEKOMEH/I0BAaTh ONTHMAJIbHBIE MapaMeTphl
Tt 3((EKTUBHOTO pa3pyILeHHUs TOPHBIX MOPOI B 3aBUCHUMOCTH
OT MX XapaKTEepUCTHK U BHUJA UCIIONB3YEMOr0 HHCTPYMEHTa. Ta-
KUE JJaHHBIE MOTYT OBITh HCIIOJIL30BAHBI JUIsl YJIyYIICHUS TeX-
HOJIOTMYECKUX MPOLECCOB B TOPHOM, CTPOUTEIBHOM, a TaKXkKe B
JIPYTHX OTPacisX, YTO MOKET IMPUBECTH K CHIKEHUIO SHEPreTH-
YECKHUX 3aTPaT ¥ NOBBIIIECHUIO IPOU3BOIUTEIBHOCTH.
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’Kasaxckuil HAyUOHAIbHBIU A2PAPHBLL UCCLEO08AMeNbCKUL YHugepcumem (2. Aamamet, Kazaxcman)

UCCJEJOBAHUE MAPKIIENIEPCKO-
TEOJE3UYECKHUX U TEOTEXHUYECKHUX
NTAHHBIX BACCEMHA KAPATAY

AnHotanusi. CraTbst MOCBSIICHA PELICHUIO HAYYHO-TEXHMYECKON MPOOIEMbI T€OMEXaHHIECKOr0 00eCIIeYeHUs: YCTOMYMBOCTH OTKOCOB YCTYIIOB U GOPTOB KapbepoB
hochopuronocHoro dacceitna Kaparay mst addexruBnoii n 6e30macHoi pa3paboTK MECTOPOXKICHHHN MONE3HBIX HCKOMaeMbIX. [IpMMEeHeHbI MapKILeHIepCKO-Teoe3nye-
ckue HabmoeHns ¢ ucnonb3opanueM GNSS-texnonoruii (Leica GS16), peKOrHOCHMPOBOYHbIE U T€0NOTO-TIOMCKOBbIE MAPLIPYThI 1715l AHAIN3a F€0JOTNYECKUX CTPYKTYD,
a TaKke Ja00pPaTOPHBIC HCIIBITAHKS MPOYHOCTHBIX CBOMCTB 1MOpoJ. [aHHbIe 00paboTansl B ArcMap Juis co3nanus 6a3bl reonpoCTPaHCTBEHHOM HH(OpMayy. M3ydeHst
MaTepHualbl reoJe3M4eCcKoil 00eCeYeHHOCTH PalioHa, BBIIIONHEHa PEKOrHOCIMPOBKA M 00CIIeI0BaHKE ITyHKTOB rOCYAapCTBEHHOM reonesnyeckoii cetn I'TC Ha Hanmumne
U UX COXPaHHOCTb. OOCIEA0BAHMIO MOICKAIH BCE ITYyHKTHI TOCYAaPCTBEHHOH re0ie3uYeckoil CeTH B IPaHMIaX MECTOPOXKICHNUH, NMEIOIHe KOOPIMHATI U BBICOTHI B
MecCTHO# cucteme koopanHar. Co3ana 6a3a JaHHBIX UIsi MOHHTOPHHTA Je()OpMaNii, HO3BOJISIONIAS TPOTHO3UPOBATH 30HBI PUCKA OOPYIICHHSI.

Kniwouesnle cnosa: eomexanuka, 0egpopmayus, ycmouiugocms, mpeujuHo8amochis, 2e00e3uteckue nyHKnbol, OmKoc ycmynos, ceomonumopune, GNSS.

Kaparay 6acceiiinin Malgncmeﬁuepﬂilc-reouemanan JK9HE Te0TeXHUKAJIBIK MAJIiMeTTepiH 3epTTey

Amnparna. Makana Kaparay ¢ochopurri 6acceiiHiHiH KeH OpbIHIAPbIH THIMI JKOHE KayiIci3 urepy yIuiH KapbepiaepAiH aliblK Ka30amapbl MeH O0PTTapbIHBIH OPHBIK-
TBUIBIFBIH TE€OMEXAHUKANIBIK KAMTAMACHI3 €Ty )KOHIHJET] FhUIBIMUA-TEXHUKANIBIK MoceeHi merryre apHanrad. GNSS Texnonorusuiapsid (Leica GS16) naiinanana OTbIpbII,
MapKIICHAePIiK-Te0Ie3UsUIBIK, OaKblIaysap, TeONOTHsUIbIK KYPbUIBIMAAP/Ib! TAlay YIIiH PEKOTHOCLMPOBKAIIBIK JKSHE Ie0JIOrHsUIbIK-i3eCTipy MapLIpyTTapbl, COHIai-
aK JKbIHBICTAp/IbIH OCPIKTIK KACHETTEpiH 3epTTeyre apHalFaH 3epTXaHaJbIK ChIHAKTAp KoyaaHbuiibl. MamiMertep ArcMap GarnapiaMachkiHia ©HJIEIIN, FeOKEHICTIKTIK
aKmaparrap 6a3acel ykacanzpl. AyIaHHBIH Ie0[e3UsUIbIK KAMTaMachl3 €Tilly MaTepHaiaapbl 3epTTelin, MeMIIeKeTTiK reoae3usubik skeni (MIK) myHKTTepiHiH 6ap-KOFbI
JKOHE ONApABIH CAKTally jKarJalblHa PEKOTHOCIMPOBKA MEH TeKcepy Kyprisinai. KeH opblHIapbIHBIH MIEKapalapblHAarbl KOOPIUHATTAPbl MEH OMIiKTIKTEPi sKEpPriliKTi
KOOp/IMHATANIAP XKYHeCiH/Ie aHbIKTaIFaH 0apIIbIKk MEMIICKETTIK Ie0/e3UsIIbIK JKeli MyHKTTepi Tekcepini. Kynay kaymi sxoraphl aitMakrap/ibl Ooimkayra MYMKIHJIIK OepeTin
nedopmarmsuiapsl 6akpuiay OOMbIHIIA IepeKTep 6a3achl Kacaibl.

Tyutinoi cesoep: ceomexanuxa, 0eopmayus, MypaKmulivl, HCapblKULAKMAHY, 2e00e3UsIblK HyKmenep, cmeHomik eyic, eeomonumopune, GNSS.

Study of mining-geodesic and geotechnical data of the Karatau basin

Abstract. The article 1s dedicated to solving the scientific and technical problem of geomechanical support for the stability of slopes and benches of open-pit mines
in the Karatau phosphorite basin for the effective and safe development of mineral deposits. Mine surveying and geodetic observations using GNSS technologies (Leica
GS16), reconnaissance and geological survey routes for analyzing geological structures, as well as laboratory tests of rock strength properties were applied. The data were
processed in ArcMap to create a geospatial information database. The geodetic support materials of the area were studied, and reconnaissance and inspection of the state
geodetic network (SGN) points were conducted to assess their presence and preservation. All SGN points within the boundaries of the deposits with coordinates and eleva-

tions in the local coordinate system were examined. A deformation monitoring database was created, enabling the prediction of collapse risk zones.
Key words: geomechanics, deformation, stability, fracturing, geodetic points, bench slope, geomonitoring, GNSS.

BBenenue

B mHacrosmiee BpeMs JONS OTKPBITOTO CIIOCO0a TOOBIYH
TIOJIE3HBIX NCKOIIAEMbIX PE3KO BO3POCIIA 3a CUET OoJiee HIKOHO-
MHUYHBIX ITOKa3aTelIel, 0COOCHHO IPH BCKPBHITHH HENTyOOKHX
MECTOPOKICHUH ITyTEM HCIOIb30BAHMUSI COBPEMEHHON TEXHH-
KI ¥ TEXHOJIOTHH.

[Ipobnema ynpaBiIeHHS yCTOMIHMBOCTH KapPbEPHBIX OTKOCOB
1 OTBAJIOB MPHOOpeTaeT Bce Oonbliee 3HaUYeHWE. B TOpHOI
IIPOMBINIICHHOCTH HaMe4eHa OIpeAeieHHas TEHACHIHA K
MTOCIIETOBATEIIFHOMY YBEITMUCHHIO 0K Harbomee 3P eKTrB-
HOTO OTKPBITOTO CII0CO0a pa3pabOTKA MECTOPOKICHUIN IO-
JIE3HBIX UCKOIAaeMbIX. [IJIs1 COBpEMEHHBIX KapbepOB XapaKTep-
HBIM SIBIISICTCSl YCIIOKHEHHE YCIIOBHH NPOU3BOICTBA TOPHBIX
padoT m3-3a PasTUYHBIX Ae(POpMAIii IPHOOPTOBEIX MACCH-
BOB. Jlepopmarm KapbepHBIX OTKOCOB HAHOCAT 3HAYNTEIb-
HBII MaTepHaIbHBIN yIepO TOpHOMY NPEATIPHUATHIO, HApyIIast
IIPaBUJIbHOE U 0€30IacHOE BEACHHE TOPHBIX PaOOT, BBI3BIBAS
MIOTEPH MOJE3HOTO UCKOMIAeMOT0, KOTOPBIE CTAHOBSTCSI 0C000
3HAQYMMBIMH B yCIOBHSX PHIHOYHOH SKOHOMHUKH.

OcHOBHOW wmmeedl pabOTHI SBISIETCS MPOBENCHHE KOM-
IUIEKCHBIX MCCIICIOBAaHNH T€OMEXaHUIECKOTO COCTOSTHHS TIPH-
OGOpPTOBBIX MacCHBOB KapbepOB C IIEIIBIO MOIYUEHHS JaHHBIX
0 MPOYHOCTHBIX CBOMCTBAaX IOPOI W JIIEMEHTAX 3aJIeTaHHs
CTPYKTYpPbI MacCCHBa, COBEpPIICHCTBOBAHWH METOIOB pacyeTa
YCTOMYMBOCTH OTKOCOB B aHM30TPOIHOM Cpelie, TeXHOJIOTH-
YECKHX CXEMax 32 OTKOCAaMH YCTYTIOB M CII0CO0aX HHCTPYMEH-
TAJIBHOTO KOHTPOJISI COCTOSIHUSI OOPTOB.
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[TosToMy mpobieMa oOecreyeHus] YCTOHUYMBOCTH Kapbep-
HBIX OTKOCOB SIBJIIETCS OJHOM U3 Ba)KHEHUIIUX B TOPHOM JEJIE.
Juist penieHust 3Toi mpoodiIeMbl HEOOXOMMO M3YYUTh HPUYH-
HbI JiehopMaluii IPHOOPTOBBIX MAacCCHBOB U BCE Pa3HOOOpa-
3Us1 UX IPOSIBIICHUN.

VccrnenoBanus, BBIMOJHEHHBIE PSJIOM HAyYHO-HCCIEHO-
BaTEJIbCKUX, IPOCKTHBIX U y4eOHBIX MHCTUTYTOB B Pecmy0-
muke Kazaxcran (UI'J[ mm. JI.A. Kynaeea HAH PK, Kaz-
HUMMU, KasUTY, KapI'TV, XeskazranHUIIU-uBetmer u
ap.), B Poccutickoit @eneparuun (BHUMU u ero dummasl,
MI'TY, BUOT'EM, YHUITPOMwmenp, UT'J] um. A.A. CkounH-
CKOTO) M OTACIbHBIMH yuYeHBIMH, TakuMu Kak: H.B. Memnsb-
HukoB, B.B. Pxesckuii, B.B. CokonoBckuii, [".JI. ®ucenko,
A.K. Mamanos, WU.1. Tlonos, B.H. Tlomos, M.E. IleB3nep,
I0.1. Typunues, B.P. Paxumos, P.II. Okatos, JI.I. Bykeiixa-
HOB, M.b. Hypnencona, ®.K. Huzameraunos, T.T. Nnanakos.
O.T. Toxmyp3un, A.T. KaiiMakoB # Jip., O3BOJIMIIN 3aJI0KHUTh
Hay4YHbIE OCHOBBI PEUICHHs IPOOJIEMBbl YIPABICHUS YCTOM-
YHBOCTBIO KapbepHBIX OTKOCOB, pa3paboTarh U BHEAPHUTH Ha
MPAaKTUKE WHKEHEPHBIE METO/IBI UX pacdeTos [1, 2].

YCTOHYHBOCTH OTKOCOB YCTYIIOB U OOPTOB KaphepOB OCHO-
BBIBACTCSl HA M3YyYCHUU MEXaHHUKU Je(hOpMHUPOBAHNUS OTKOCOB
CTPYKTYPHBIX OCOOCHHOCTEH M TE€OMEXaHHYECKHX CBOMCTB
TOPHBIX TOPOJ, METOOB pacueTa yCTOMYMBOCTH OTKOCOB U
MEPOTPHUATUH 10 00ECIIEUCHHUIO UX YCTOHUNBOCTH. C 3TUX MO-
3UIUIA B HAYYHOH paboTe HAMU MPOBEJCH aHAJIN3 COCTOSHHS
OTKOCOB Ha Kapbepax u MEXaHu3M J1e(hOpPMHUPOBAHUS IPHOOP-
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TOBOTO MaccuBa. [IpencTaBieH Takke aHajau3 CTPYKTYPHBIX
0COOEHHOCTEH M MPOYHOCTHBIX CBOMCTB TOPHBIX MTOPOI.

B cooTBeTCTBHU C 3TUM, JalbHEHIIEE TOBBIMICHHE 3P eK-
TUBHOCTH OTKPBITOTO CIIOCO0a Pa3pabOTKH MECTOPOKICHUMN
MOJIC3HBIX HCKOIAEMBIX M PAIMOHAJIBHOIO HCIIOIh30BAHUS
3eMeJIb BBI3BIBACT HEOOXOMUMOCTh B H3BICKAHHH CIIOCOOOB
YCTaHOBJICHHSI ONITUMAJIbHBIX TAPAMETPOB YCTOWYHMBBIX OTKO-
COB YCTYIIOB U OOPTOB KapbepOB.

COBOKYITHOCTh TIPUPOIHBIX M TEXHOJOTHYECKUX (aKTOPOB
OIPEICIISIOT MPOYHOCTh MAaCCHBA TOPHBIX TOPOI U YCIIOBHSI
ero neopMUpPOBaHUs BO BpeMeHH. ECTeCTBEHHO, UTO CTEIICHb
BIIMSIHUSL TICPEUMCIICHHBIX (DaKTOpoB U (hopMa MX ydeTra pas-
JIUYHBI JJIs1 KQKJI0TO KOHKPETHO B3STOrO MECTOPOXKICHHS.

MeToabl/ucciieioBaHUA

dochopuroHocHslil Oacceitn Kaparay (©BK) naxomurcs
Ha Tepputopuu XKamobuickoii n FOxxHo-Kazaxcranckoit o0ia-
CTEH M Ipe/CTaBisieT co0oii nosocy umHoi 120 KM U mmpH-
HOM 25 KM, MPOTATUBAIOIIYIOCS B CEBEPO-3allaJHOM HaIpaB-
neHnn. B mpenenax docopuronocHoro Oacceitna Kaparay
BBISIBJIEHO 48 MecTopoxieHni (hoCcHOPUTOBBIX Py C OOIIUMHU
MPOTHO3HBIMU 3aracamMu nopsiaka 13,7 Mipa T pyasl.

MecropokaeHust pacroiokensl Ha pacctostau 90—100 kM
or . Kaparay u 200 kM Ha 3anaj oT o0yacTHOro 1eHrpa r. Ta-
pa3. MecTopoXk/IeHUs CBSI3aHbI C TOpoAamMu, ac(halbTHpOBaH-
HBIMH M JKEJE3HBIMHU JOPOTaMH. OJIEKTPOCHAOKEHHE OCy-
mectrisiercs o JISII ot . Tapas.

Obvexmom uccnedosans agnaemcs mecmopodxcoenue Ka-
pamay-1 (LLuirubyrax) NpOTHKEHHOCTHIO 4,2 KM, Ha (iaH-
rax OrpaHM4Y€HO AMaroHaJIbHBIMUA Pa3pbIBHBIMHU Pa3pyLIECHHU-
SIMH COpPOCO-CIIBUTOBOTO THIIA U IPUYPOUYCHO K CEBEPHOMY
0opTy AKCaliCKOM MIOJUHBI CyOLUIMPOTHOrO MPOCTUPAHHMS,
a I0r0-BOCTOYHBIM IIPOIOJKEHUEM MECTOPOXKICHHS AKCaid, OT
KOTOPOr'0 OTAEJIEHO MEPUIHNAILHBEIM Pa3phIBHBEIM HapyIICHH-
eM ¢ aMIuInTyAou cMenienust 10 600 M, OTMETKa JHa Kapbepa
+680 M. MomHOCTh hochoputoBoro miacta 11,0 M. B ctpoe-
HUU MCCTOPOKACHUS IMTPUHUMAIOT Y4aCTHUEC JIBE€ MOLIHLIC OCa-
JIOYHBIE TOJIIX: TeppUTreHHas U KapOoHaTHas. bamaHcoBble
3amachl Ui OTKPBITON pa3pabOoTKH MO KaTeropusM (ThIC. T):
B —-5663; C,— 1616; A+B+ C,— 7279.

Teppurennas Toiua 34€Ch IPEACTABIEHA MAJIOKapOHCKON
CBHUTOH BEH/a, a KApOOHATHAS — TAMJIMHCKON CBUTOH.

Manoxkapoiickas cButa (VMK) Ha TEpPUTOPUN MECTOPOIKIE-
HUS IPUypoOUYeHa KO AHY JOJIHUHEL, Ha 70% mepexphiTa 4eTBep-
TAYHBIMU OTJIOKCHUSAMU U MPCACTABICHA INMIMHUCTO-KPECMHU-
CTBIMH CJIAaHLIAMH.

C pa3mMbIBOM Ha MaJIOKapOWCKOM CBUTE 3aJIeTaeT YyJIaKTa-
yCKasl CBUTA, K KOTOPOU IIPUYPOUYEH NPOLYKTUBHBINA TOPU30HT
MECTOPOXKICHHUS.

PacnonoskeHne 0CHOBHBIX MOJIE3HBIX MCKOIIAEMbIX B pai/'lo—
He pochopurtoBoro O6acceiina Kaparay npruBeneHs! Ha puc. 1.

W3 pucyHKa BUIHO, YTO MECTOPOXKIeH s Oaccelina Kaparay
pasJesieHbl MeXly coOOW KPYIHBIMHU pPa3jioMaMH, UMEIOIIU-
MU JUIMTCJIbHYIO UCTOPUIO pa3sBUTUA WU BJIIUABIIUMU Ha OCal-
KOHaKoIieHue. @opMUpPOBaHUE TEKTOHUYECKUX AIIEMEHTOB,
MPOCIEKUBAEMBIX B IIPEJieJax PyAHBIX MOJIEH U MECTOPOXKIE-
HUU, HAXOISTCSL B TECHOM CBSI3U C YKa3aHHBIMU Pa3pbIBHBIMU
HapylIeHUsIMU U ckiiaguatbivu popmamu. Kak Bo BpemeHH,
TaK M B IPOCTPAHCTBE Pa3MELICHUE PYIHBIX TT0JIEH HEoCpe-
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Puc. 1. PacnoJioxkeHue 0CHOBHBIX MeCTOPOKAEeHU I
¢ochopurtoBoro dacceitna Kaparay.
Cyper 1. Kaparay ¢ochopur 6acceiiHiHiH Heri3ri keH
OPbIHIAPBIHBIH OPHAIACYBI.
Figure 1. Location of the main deposits of the Karatau
phosphorite basin.

CTBEHHO CBSI3aHO C FT€OMEXaHUIECKUMH IPOIECCAMH, KOTOPbIE
WCIIBITAJI PETHOH IOJ JEWCTBHEM TEKTOHMYECKHX chil. VIMeH-
HO Ha y4acTKax, IZle MMeJla MeCTO MaKCHMaJIbHas pa3psiaka
HAaIpsDKEHUH, TTOSBUINCH SBHO BBIPA)KEHHBIE TEKTOHHYECKHE
nedopManuy, TPUBEANINE K BO3ZHUKHOBEHHIO PAa3HOTO poAa
Pa3pbIBHBIX HAPYIICHHUH.

[OpU30HT TEMHO-CEPhIX W YEPHBIX KPEMHEH, MOIIHOCTH
n3MeHsercs or 4 1o 16 M, IpOAYKTUBHBIM FOPU3OHT Mpe.-
craBieH (ochopuTamMm OT TEMHO-CEPOTrO 0 YEPHOTO LBETA.
Brytpu dpocdopuTHOro racra, 0coOCHHO B HUKHEH €ro 4a-
CTH, OTMEYAIOTCs IPOCION M JIMH3BI (ochaTo-KpeMHHUCTHIX
u pocdarTo-kapOooHATHEIX TOpoA. MomHOCTE GochopruTHOTO
miacta 2—18 m.

OTn0XXeHns! YeTBEPTHYHOM cucTeMbl (()) NEepEeKpBIBAIOT
YEeXJIOM MAJIOKAPOHCKYIO U YyJIaKTayCKYIO CBUTHI U IIPECTaB-
JICHBI SJTIOBUAIIEHBIMH, MTPOJIFOBHAIBHBIMHU U AJUTIOBUAEHBIMH
00pa3zoBaHUAMH — rPy0000IOMOYHBIMI OPOJIAMH, YEPEITYIO-
IUMHKCS ¢ cynimHKaMu. MomHocTts ot 1,5 1o 40 m. TTapame-
TpsI Kapbepa Kapatay-1 npuBeneHs! B Tadnmme 1.

Tabnuua 1
Hapamempur kapvepa Kapamay-1
Kecme 1
Kapamay-1 kapvepiniy napamempnepi
Table 1
Parameters of the Karatau-1 quarry
Otmer-
Jmuna | lllupuna | xa aHa BZ’ITCO;; I;EYEEH:
Kapbepa yery prep
Hpoekr=| 4 | 200 | 630 | 10 .
Hast
®dakrtu-
0,95 160 680 10 30
yeckas

MaxkcuManbHasi 1IMHA Kapbepa cocTtaBiaseT 1440 M, mu-
puHa 1o Bepxy — 210 M, mrybuna — or 50 M (BUcSYHMH OOK)
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mo 130 m (nexaumii 60k). JIoObIYa BemeTcsl Ha TOPH3OHTAX
+710, +700, +690, +680 1 +670 M.

Merozrka nmpoBeeHUs paboT YUUTHIBAET CYIIECTBYIONIYIO
CTEINeHb M3YYEHHOCTH MECTOpOXKAeHHs OacceitHa Kaparay.
OpauH W3 OCHOBHBIX AKI[CHTOB B MPEICTOSIIUX padoTax Ha-
IpaBJieH Ha MaKCHMaJIbHOE HCIIOJIb30BAaHUE MPEJIIIECTBY-
IOIIMX TEOJOTMYECKUX palboT, pe3ysbraroB reo(u3nyeckux
HcclieioBaHui. MeTonuKa HCCIIeAyeMbIX Pa0oT, HEe0OXOomu-
Masi TUIOTHOCTh IOWCKOBOM M OLIEHOYHOH CETH OIpEesieT-
Cs1, UCXOJISl U3 TEOJIOTHUECKUX 0CoOeHHOCTEH (hOChOPUTOBBIX
MECTOPOXKICHUH M IPOSIBICHUH, MOP(OIOruy, ImapaMmeTpoB
PYAHBIX 30H M TEJ C Y4€TOM BO3MOXKHOCTEH reo(hM3MIEeCKHX,
TOPHBIX M MapKIIEHIePCKO-Te0e3MIECKUX METOIOB.

OCHOBHBIE BUJIbI HCCIIEAYEMBIX PA0OT:

PEKOCHOCYUPOBOUHDBIE U 2€0N020-NOUCKOBbLE MAPUWPYIIbL,

MapKuetioepcKo-eeooe3uteckue padomol;

20pHble pabomul.

PexorHucuupoBoUHble MapIIpyThl I[PEAYCMOTPEHBI IS
03HAKOMJICHHUSI C OCHOBHBIMH T'€0JIOTHYECKUMH CTPYKTypamu
paﬂOHa; MNOCCIHICHUS 3TAJIOHHBIX ITOUCKOBBIX O6T)€KTOB BEOYy-
UX reoJIoro-mpoOMbINUICHHBIX THUIIOB paﬁOHa; COCTaBJICHUS
1 cOOpa ATAJOHHOW U TIOJIEBOM KOJUICKIIMU OOpA3IoB U PYI;
03HAKOMJICHHE C TEOJIOTHYECKHUMHU, TeoMOP(}OIOrnIeCKUMH,
TUAPOTCOIOTMNYCCKUMU, NHKCHECPHO-TCOJIOTMYCCKUMU U T'€O-
rpado-3KOHOMUYECKUMH 0COOCHHOCTSIMHU TEPPUTOPHHU MTPOEK-
Ta. MapupyThl IPOBOJMIIMCH IIEIIKOM U Ha Pa3JIMYHbIX BUAAX
TpaHCIIOPpTa B 3aBUCUMOCTH OT HPOXOAUMOCTHU TCPPUTOPUM.
B npouecce MapuipyToB Benach noseBast JokymeHTaus. Ha-
IPABJIEHUE MAPILIPYTOB — B OCHOBHOM BKPECT INIABHBIX CTPYK-
Typ IIPOEKTHOM IuIomany. MapupyTsl IpeLyCMOTPEHb! Kak
Ha TEPPUTOPHH IMPOEKTa, TaKk M 3a ero mpexeiaamu. Ocoboe
BHUMaHKE ObLIO Y/IEIEHO H3yUeHUIO 0OBEKTOB C BHICOKOMETA-
MOp(H30BaHHBIMH (HOCHOPUTAMHU.

['e010r0-NoMCcKOBBIE MapIIPYThI IIPOBOAMIINCH C LIENBIO pe-
IIEHHsI KOHKPETHBIX BOIPOCOB, BO3HUKIIUX B IPOLECCE MO~
TOTOBUTECJIbHBIX, IMOJICBBIX W KaMCpPaJIbHBIX pa60T u ajia Co-
CTaBJICHHSI PA3HOMACIITAOHBIX TEOJIOTMYCCKUX Hpoduiieii No
10 u Ne b mecTopoXxeHuUS.

MapipyTsl OyayT MpPOWHJIEHBI BKPECT NPOCTUPAHUS PYIO0-
HOCHBIX CTPYKTYD, CTpaTHrpapuIecKuX MoApa3aelIeHni, TeK-
TOHUYECKUX HapyHICHHH M 30H T'MAPOTEPMaIbHO-METacoMa-
TUYECKUX U3MEHEHUM.

I'panuiiamMu kapeepa sBISAIOTCS: HAa CEBEpO-3alajie — reoo-
TMYECKUH pa3pes 4; Ha I0r0-BOCTOKE — F€0JIOTMYECKUI pa3pes
11 (puc. 2).

Puc. 2. Ilnan xkapsepa. M 1:2000.
Cyper 2. Kapbep mansl. M 1:2000.
Figure 2. Quarry plan. M 1:2000.
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W3 pucynka BuIHO, 4TO TuIaH Kapbepa Kaparay-1 B mac-
mrade 1:2000 oToOpaxcaeT rpaHMIBI Kapbepa, OCHOBHBIE I'e-
OJIOTMYECKUE pa3pe3bl M PACIHONIOKEHUE BEHTWIISIHOHHOTO
CTBOJIA. DTO IOMOT'aeT B aHAJIN3€ MPOCTPAHCTBEHHOW KOH(H-
rypanuy Kapbepa ¥ IJIaHUPOBAaHMM TOPHBIX PadOT, BKIOYAs
OTpeiesIeHUE 30H YCTOMYMBOCTH OOPTOB.

B HacTosimeit paboTe mapaMeTpbl 0OPTOB Kapbepa MpH Mo-
TallCHUU XapaKTECPU3YIOTCA CICAYIOMMMU JaHHBIMH, IIPHUBE-
JIEHHBIMU B Ta0uuLe 2.

Tabnuua 2
ITapamempul 60pmos Kapvepa npu nozawieHuU
Kecme 2
Kapvepoi Ka3y Ke3inoezi kapvep sicazvl napamempiepi
Table 2
Quarry side parameters during quarrying

Iloka3zarenu
HammvenoBanwme nopon Yron npuna Beicora
oTKOCa, | < ycTyna,
€PMBI, M

rpaa M
®docharo-kKpeMHUCTBIC
u pocdaTo-rITHHUCTHIC 60 16 30
CITaHIIBI
Kpemun 60 16 30
«HuxHIE» TOITOMUTHI 65-70 10 30
J107OMHTBI OKpEeMHEHHBIE 60 10-14 30
JonoMutsl ¢
MEPTeTHCTHIMH,
TIIMHUCTO- 60 14-15 30
aJIeBPOJIUTOBBIMU
MpocCIIoiiKaMu
JIOJIOMUTEI TOHKO-
CpeIHE3epHUCTHIC C -
PEIKUMH TTPOCIONKAMH 60-75 16 30
M3BECTHSKOB
W3BectHsiku 65-75 10-20 30
Hanocst 40 15 20

[Tpu 5TOM OCHOBHBIE MTapaMeTPhI KApbepa COCTABIISIOT:

- MAaKCUMAnbHas OIUHA Kapbepa NPUHUMAEMCs. PAHOU
1440 m;

- HaubOILUWAST WUPUHA Kapbepa no eepxy -210 mempos;

- Haubonee HU3Kas ommemka OHa kapvepa +630 mempos;

- Haubonee BbICOKASL OMMEMKA CO CMOPOHbL NeHCAYe2o
boka +760 mempos;

- Hauboee BbICOKAsL OMMEMKA CO CMOPOHbL BUCAUE20 OOKA
+700 mempos;

- Haubonee HU3Kas ommemka OHa kapvepa +630 mempos;

- Haubolee 8bicoka ommemka OHa Kapvepa +650 mempos;

- MAKCUMATIbHASL 2YOUHA KApbepa €O CHIOPOHbL BUCIYE20
boka -50 mempos;

- MAKCUManbhas 2nyouna Kapbepa co CMopoHblL 1exHCaye2o
6oka -130 mempos.

B cBsi3u ¢ TeM, uToO Bce paboThl OyayT MPOBOIUTHCS B JICH-
cTByromieM kapbepe Kaparay-1, ob6ecriedeHHOCTh Kapbepa 3a-
nacamu rapaHTUPyeT CTa0HIbHYO pa0OoTy B IIEPHOJ ACHCTBHUS
npoekTa, 100bua GochOpUTOB B IEPHOJ] IEHCTBHS ITPOCKTa
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OyleT OCyIIeCTBIAThCS Ha ropusoHtax +710, +700, +690,
+680 u +670 M (puc. 3).
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Puc. 3. I'eonornuecknii npoguias Ne 8. M 1:2000.
Cypert 3. I'eostorusnbik mpopuas Ne 8. M 1:2000.
Figure 3. Geological profile No. 8. M 1:2000.

OO0cy:xkneHne pe3yJibTaToOB

AHani3 COCTOSHHSI METO/OJIOTUHU MPOBEIACHUSI MapKIIIeH-
JIEPCKO-TE0/Ie3NIECKNX HaOIIOJICHNI Ha TEPPUTOPUH pa3pa-
0aTHIBAEMOT0 MECTOPOXKICHUSI B MEPBYIO OYEpEb CBSI3aH C
oTcyTcTBUEM 3(P()EKTHBHBIX METOIOB ONPEICICHUS] BETHIHH
nedopmaruii. IT0 TUKTYET HEOOXOIUMOCTh COBEPIICHCTBO-
BaHMSI METOIOJIOTHU MapKIIEHAEPCKO-TE01e3NIECKUX HAOII0-
JICHUH 32 jeopMaIsIMi TOPHBIX TOPOJ] C MCIIOIb30BaHUEM
COBPEMEHHBIX IPUOOPOB.

Mapkieiepcko-reoae3nuecKkue HaOIoIeHHUs O3B0~
0T BBISIBUTH MAacCOBbIE Ae(hOpMaIiy, YTO BaXKHO ISl OLICHKH
TEOMEXaHNYECKOW CUTyalliu B palilOHE IMOJEBBIX paloT, e
BO3MOKHBI TIOJABM)KKH 3EMHON IMMOBEPXHOCTH, HApPyIICHUS
YCTOHYHMBOCTH OTKOCOB M OOPTOB Kapkepa [3, 4, 5, 6]. Ho
OHHU HE JIAIOT IOJIHOW KapTUHBI Je(OpMaMOHHBIX HpOIec-
COB C TEYEHHEM BPEMEHH. DTO MOXET OBITh BBIIOJIHEHO
TOJIBKO IPW WCHOJIBb30BAaHUM IPEUIOKEHHON KOMIIJIEKCHOM
METOIMKU IPOBENCHUSI T€OMOHUTOPHHTA COCTOSHHS IIpPH-
JIOHHBIX MaCCHBOB.

CreayromumM 5TaroM ObUIM M3Y4eHBl Marephalibl reoje-
3MYECKON 00ECIIEUeHHOCTH Kaphepa, a TAaK)Ke BBIIOJIHEHA pe-
KOTHOCIIMPOBKA M OOCJIEZ0OBAHUE ITyHKTOB rOCYJapCTBEHHOM
reonesndeckoil cetn I'T'C Ha HagMuMe M UX COXPAHHOCTB.
OO0cIeIoBaHUIO MOAJIEKATN BCE ITYHKTBI TOCYAapCTBEHHOW
Te0/Ie3MYECKON CETH B TPAHUIIAX MECTOPOXKIICHUH, NMEIOIIHEe
KOOPJIMHATHI U BEICOTHI B MECTHOI CHCTEME KOOPIMHAT PACIIO-
JIO)KEHHBIE Ha TeppuTopun Kapbepa Kaparay-1 [7, 8, 9].

Komrieke reoie3nyeckux U3MEpEeHUH U BBIYUCICHUH ITPO-
BEJICH C IIEJBI0 aKTyaJIU3ally JaHHbIX O JeHCTBYIOIIUX yH-
KTaX TOCY/IapCTBEHHOH Ie0Ie3MYEeCKON CETH U TTOyYCHUSI Ta-
pamMeTpoB (KJIroUeH) mepecuera Mex 1y CHCTEMaMH KOOPIUHAT
WGS84 u MCK Ha TeppUTOpHIO MECTOPOXKIICHHUSL.

[IpumeneHa yydIeHHast o TOYHOCTH H3MEPEHHSIM TEXHO-
JIOTHsI HOBOTO TTOKOJICHUs! [ 1100aIbHOI HaBUTallMOHHOM CITYT-
HUKOBOUW CUCTEeMbI, HOBOTO mokojieHust GNSS, onHoOBpeMEeHHO
OTCJIC)KUBAEMbIC MHOTHEC THITI COBPEMEHHBIX CITYTHHKOBBIX
CHCTEM U CHTHAJIOB JUIS HAJIC)KHOCTH OIPEICIICHUS] KOOP/IH-
Har ¥ OTMETOK.

PaboThl 10 PEKOTHOCHMPOBKE U 1O O00OCIICAOBAHHIO ITyH-
KTOB BKJIFOYAIOT B CEO0sl MOMCK M HAXOXKJEHHE ITyHKTa Ha
MECTHOCTH, OIIPEJIEIEHUE COXPAHHOCTH IIEHTPA U BHEIIHETO
odpopmiteHus. OOcaenoBaHUE TeOC3UYCCKUX IMYHKTOB BbI-
MIOJHEHO C IIEJIbIO ONPEIEeNICHHS] X COCTOSIHUSI U IIPUTO/IHO-
CTH JUIsI MCIIOJIb30BaHUS TIPU BBIIIOJHEHUU TOIOrpago-reo-
nesnueckux padot. [Ipu moucke mynkros I'T'C mpakrnuecku
KO BCEM ITyHKTaM IPOE3]] OCYIIECTBISUICS 110 UMEIOLIMMCS
MI0JIEBBIM JI0poraM. Bee myHKTHI ObUIH 00HAPYIKEHBI ITOCPE-
CTBOM BH3YaJIbHOTO OOHapykeHus. Taike OBbLIM HCHOJb-
30BaHbl TaxeomeTpbl Gupmbl Leica TS06 mns crymieHus u
YpaBHUBAaHMS BHOBb 3aJIOKEHHBIX pernepoB. Ha kaublid
IIYHKT COCTaBIICHO MOJPOOHOE OIMCAHUE, Er0 MECTOIIOJIONKE-
Hue u porodukcanus (puc. 4).

Puc. 4. Cxema pacnoJio:keHusl penepHbIX TOYeK.
Cyper 4. Penepii HyKTeJIepaiH OpHAJIacy cXeMachl.
Figure 4. Layout of reference points.

Cxema MOKa3bIBaeT PACIIONOKEHHE TEOe3NIECKUX ITyH-
KTOB, HCIIOJB3YEMBIX JUIS MapKIICHIepPCKO-Te0Ie3UUECKOTO
MOHHUTOPHHTA. JTO 00ECHeYHBaeT TOYHOCTh W3MEPEHHWH WU
KOHTPOJIb Je(opMalnii TOpHOTO MAacCUBa, YTO KPUTUYHO LIS
0e30I1acHOI HKCILTyaTaluu Kapbepa.

J1J1s1 BOCCTaHOBJICHUSI M CO3/IaHUSI ITyHKTOB T€0I€3MYECKUX
JIAHHBIX OBLI B35IT TPUTOHOMETPHUUYECKHIA TTYHKT. BeicoTa 813 ¢
M3BECTHBIMHU KOOPIMHATHBIMHE JTaHHBIMH B3sITa C caitra https://
ggo.gov.kz/geoportal.

Jliist BEIOOpa MYyHKTOB OBLIM MCHOJIB30BaHBI MECTa Majo-
MIPOXOMMBIE U Ha BO3BBIIIEHHOCTH, JJIsI AajbHEHIIIEro coxpa-
HeHus. [IyHKTHI ycTaHaBimuBaauch cornacHo ['OCTy.

Jliist pe3ynbrara JaHHBIX 3aKPEIUICHHBIX MTyHKTOB HCIIOJIb-
30BaJIUCh Pa3HbIE 000PYIOBAHMSI, B 3aBUCUMOCTH TPEOOBaHUI
K TOYHOCTH U3MEPEHHUI B KOHKPETHBIX 30HaX HAOIIOICHUI Ka-
peepa [10, 11, 12]. Ha Bce yrpaueHHBIC WM MOBPEKICHHBIE
Te0/Ie3NUECKHIE MYHKThI COCTABICHBI COOTBETCTBYIOIINE AKThI
(puc. 5).

Wiroctpanysi BOCCTAaHOBJICHHBIX I'€0/Ie3MYECKHUX ITyHKTOB
MOATBEPKIAeT IPOBE/ICHHE MOJIEBBIX paboT 1Mo 00cienoBa-
HUIO U BOCCTAHOBJICHHUIO ITyHKTOB TOCYIApCTBEHHOH reoje-
sugeckoit cetu (I'TC). DTo BaKHO ISl CO3MaHUsT HAIEKHON
re0/Ie3MYEeCKOM OCHOBBI MOHHTOPHHTA.

B kauecTBe HMCXOAHBIX IYHKTOB, MOCTY)KHBIIUX ILIAHO-
BO-BBICOTHOM OCHOBOMW, MPHHATHI CYIIECTBYIOIIHE ITyHKTBI
ToCyIapCcTBEHHOM Teone3nueckoit cetu (nanee I'TC): myHKTHI
TPHUAHTYIISIMA 2-TO KJIacca.
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Puc. 5. BoccTaHOB/IeHHBbIE reoie3u4ecKue MMyHKThI.
Cypet 5. KaanbiHa KeJTipijreH reoge3usijibIK MyHKTTep.
Figure 5. Restored geodetic points.

C menplo JOBEICHHUS TE0AE3NIECKOM CETH 10 IIOTHOCTH,
obecreunBaroIeil HEOOXOMUMYIO TOYHOCTh TOMOTpado-reo-
ne3ndecknx padot, Ha n1Byx myHKTax [ T'C ObLTH ycTaHOBIIE-
HBI 0230BBIC CTAHIUH U OT HAX OBUIO BBIIIOJHEHO CTYLICHUE
reoJe3NYEeCKOM CeTH Ha y4acTKaxX ChbeMKH METOIOM TPHaH-
TYISIAA C MCIOJIb30BaHUEM CITyTHHKOBOH cuctembl GPS ¢
MTOBBIIICHHON TEXHOIOTHEH TOUHOCTH Kiacca GNSS, mprem-
Huk Leica GS16 B xommrekre ba3a-Posep. Crimcox koopaun-
HAT ¥ BBICOT IIYHKTOB B KoopauHatax B WGS-84 B Tabmure
3.

Cozmanne 6a3pl JaHHBIX B ArcMap Ijsl HHTErpayy reo-
NPOCTPAHCTBEHHBIX AAHHBIX, BKJIIOYAs I'PAHULBI y4acTKa M
re0JOrMYeCcKUe JaHHbIE, O3BOIMIO CHCTEMAaTH3UPOBATh MH-
(hopmanmto, 00ECTICINTh €€ HATISTHOE OTOOPaKeHHNEe U yIIPO-
CTUTb JAJIbHEHIINI aHAIN3 IPU IPUHATHU IPOCKTHBIX ¥ IPO-
M3BOJICTBEHHBIX PELICHHH.

Bbaza mannbIX ObLTa cozmana B opmare ArcMap it KOM-
TUIEKCHOTO MOHHTOPHHTA, KOTOpas BKJIIOYAeT B ceOs BHIOOP
MOJIXOSIIMX HHCTPYMEHTOB M TEXHOJIOIHH VISl HETIPEPHIBHO-
ro HaONIONCHUS 32 COCTOSHHEM TOPHOTO MacCHBa M BBIMOJ-
HEHHUE PEKOTHOCIIMPOBKM MECTHOCTH, IIPOBEICHNE Cepuil Ha-
OJIFOICHNI MHCTPYMEHTAILHBIMH TEXHOJIOTHSMH.

KoopanHars! TOueKk reofie3u4ecKuX IIyHKTOB 3arpy’KeHbI C
TaxeoMeTpa B KOMIIbIOTEp B TEKCTOBOM (hopmare, Jajiee UM-
[OPTUPOBaHbI B pabounii Habop ArcMap.

CetH crymieHus MpeABapUTEIbHO CO3/IaHbI ISl JalbHeH-
[IAX H3MEPHUTEIBHBIX PAOOT.

Penbed MecTHOCTH CO3/1aBAJICS C TOMOIIIBIO CITy THUKOBOTO
HaOmoeHnst Aster.

B 0aze gaHHBIX €CTh IPAHUIIBI YYaCTKa, FPaHUIBI 00pado-
TAQHHOW 3€MJIM, IPAaHMIBl yYacTKa, [JIe XPAHITCS TeoJIOrHye-
CKHe JaHHbIe (puc. 6).

Puc. 6. Co3nanue 6a3pl faHHBIX B ArcMap.
Cyper 6. ArcMap 6araapjaMacbIH/Ia MAJIiMeTTepP KOPbIH

Kypy-
Figure 6. Creating a Database in ArcMap.

PucyHox JeMOHCTpHpyeT CTpYKTypy Oa3bl IaHHBIX B
ArcMap, BKJIIOYAIOIIYIO TPaHHUIIbl y4acTKa, IeOJIOTHYECKHUE
JAHHBIC W 00pabOTaHHBIC 3eMIIM. DTO BU3YaTH3HPYET IMPO-
LIECC MHTErpaliy TI'eONPOCTPAHCTBEHHONW HH(OpMALUK JUIs
KOMILJIEKCHOTO FT€OMOHUTOPHHTA.

Jist u3ydeHus: (aKTHYSCKOH YCTOMYHMBOCTH OTKOCOB Ha
Kapbepax OIpeelsUINCh: BbICOTA YCTyNa, YIVIbI OTKOCA, THII
MOPOJI, YIVIbI Ma/ICHHsI OCHOBHBIX TPELIHH U (haKTOPbI, BIUSIIO-
LI1e Ha YCTOMYMBOCTh KAPhEPHBIX OTKOCOB.

Tabnuua 3
Koopounamul zeode3uueckux nynHkmos
Kecme 3
T'eooe3uanvlk HyKmenepoiy, KOOpOuUHammapul
Table 3
Coordinates of geodetic points
Wcxonnbie naHHbIe
Bericora [Hupora Honrora
st Touxcm Cenep Bocrox (TmoGabHas) (TmoGasbHas) (Tmob6anpHas)

TII1-1 4800777.642 599003.721 713,581 43°2007.9175 70°1312.1177

I1I1-2 4801061.210 598604.091 701.231 43°20'17.2929" 70°12'54.5654"

I111-3 4801485.576 598379.432 724.458 43°2031.1466 70°12'44.8667
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BrIiBOABI

Taxum o6paszom, kapeep «Kaparay-1» dpocdoputoHoCHOTO
Oacceitna Kaparay, XapakTepH3yIOMIHNACS CIOXHOW T'€OJIOTH-
YECKOH CTPYKTYypo# ¢ (POCGHOPUTHBIM IUIACTOM MOITHOCTHIO
2—18 M, TEpeKpHITHIM YEeTBEPTUYHBIMH OTIOXKCHUAMH, W
AQHM30TPOIHBIM MACCHBOM, TPEOyeT THIATEIHHOTO KOHTPOJIS
YCTOHYMBOCTH OTKOCOB.

KomniekcHbpIii MOHMTOPUHI BKJIIOYAET MapKIIenaep-
CKO-T€0/Ie3MUECKHe CheMKH ¢ ucmoibp3oBanneM GNSS, pe-
KOTHOCIIUPOBOYHBIE M TEO0JOTrO-NIOMCKOBBIE MapUIpyThl, a
TaK)Ke aHaJIHU3 IIPOYHOCTHBIX CBOWCTB MOPOJ. JlaHHBIC HHTE-
rpUpOBaHEI B 6a3y ArcMap ais MOHUTOpHHTA Aehopmarnit

Cosnana 0a3a naHHbix B ArcMap, obOecrieunBaroiiasi oopa-
0OTKy TeonpoCTPaHCTBEHHOM MH(GOPMAIIMU U IIPOrHO3UPOBA-
HHUE 30H PUCKA OOPYIICHUS.

baaroxapHocTh

/Jlannoe uccnedosanue 6vINOIHEHO NpU PUHAHCOBOI
noooepricke Komumema Hayku Munucmepcmea Hayku u
evicuieco oopazoeanun PK (I'®@ UPH Ne AP23489372-«Hc-
clle006anue 2e0MexHuYecKo20 COCHOAHUSA 20PHO20 MACCUBA
U paspaoomKa MemoouKu 260MexXanuiecKko20 KOMNni1eKCHo20
MOHUMOPUH2A 0N NPOZHO3A 0eOPMAYUOHHBIX RPOUECCOB
npu oceoenuu Heop»).

" OIICHKH TCOMCXaHHYCCKUX yCHOBHﬁ.
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KOMIIVIEKCHOE INTPUMEHEHUE
METOAOB LEM U FEM JJIAA OONEHKHAU
ITI'EOMEXAHNYECKHUX PUCKOB

Annotanus. B pabore npejicrapieH aHaan3 yCTOHYMBOCTH OTKOCOB KapbepoB JKalfpeMCKOro MeCTOPOXKACHHS C HCIIONB30BAHUEM METOIOB IIPE/ICIILHOIO PABHOBECHS
(LEM) u xoneunsix snementoB (FEM). MonenupoBatue BoinosnHeHo B Slide3 u RS3 ¢ yueTom BeIBETpebIX HOPOA U BO3ACHCTBHS MOA3EMHBIX BOJI. [locTpoeHBI Tpexmep-
HbI€ MOJIE/IM OOPTOB, PACCUMTAHBI KOI(D(PUIIMEHTBI YCTOWUMBOCTH, ONPE/IEIeHbI 30HbI pucka. FEM 103B0NI TOYHEE OLIEHUTh HAMPSHKEHHO-1€(OPMHPOBAHHOE COCTOSHHE
maccusa. Murerpamus LEM u FEM o6ecnieuniia 6oliee MOJIHYIO KapTHHY yCTOMYHBOCTH CKJIOHOB M MPUMEHHMA IIPH IPOSKTUPOBAHUU Mep 0e30I1aCHOCTH B TOPHBIX pa-
6orax. Marepuaisl HCCIIE0BAHNS MOTYT ObITh MOJIC3HBI CIICIUATNCTaM B 00IACTH T€OMEXaHUKH, TPOCKTUPOBAHUS U JKCILTYaTallnl KapbepoB, a TAKXKE MPH MOJTOTOBKE
MH)KEHEPHbIX KaJIPOB B 00JIACTH FOPHOIO JIeNa.

Knroueswie cnosa: ycmotiuusocms omkocos, LEM, FEM, éviéempenvie nopoosl, noosemiuie 600bl, MOOeIuposanue, Kodgguyuenm sanaca.

LEM :kone FEM onicTepin reoMexaHMKaJIBIK TIyeKeJAepai 0arajiay yluliH KeleH/Ii KoJJaHy

Annarna. by sxympicta XKaiipeM KeH OpHBIHBIH KapbepiepiHAeri eHiCTepAiH TYPaKThUIBIFbI HIeKTi Terne-TeHaik aaici (LEM) sxone mekrik anementrep aaici (FEM)
apKbuIbl Tanianrad. Mozgenbey Slide3 sxone RS3 Garmapiamanapbin/ia, 91ci3 )KbIHBICTAP MEH XKep aCThI Cy/IapbIHBIH OCEPIH €CKepe OTHIPHII JKYPri3inai. YIII emem/Ii eHic
MOZIEIbAEPI KYPBUIBII, TYPAKTBUIBIK KO3((HUINEHTTEp] eCenTel i sKoHe Kayin ailMakTapbl aHbIKTabl. FEM o11ici KbIHBIC MACCACBIHBIH KEPHEYITi-1e(hOPMALHUSIBIK KyHiH
Jonipek Oaranayra Mymkinzik 6epai. LEM sxone FEM oxictepin OipikTipy eHicTepaiH TYPaKTBUIBIFBI Typasibl TONBIK KOPIHIiC almyra MyMKIHZIIK Oepill, Tay-KeH jKYMbIC-
TapblH/a KayilCi3iK IapanapbiH xobanayaa KonaaHyra 6onajpl. 3epTTey MarepHaiapbl reoMexaHhKa, Kapbep jkobalay sKoHe MaiilallaHy cajachlHIarbl MaMaHapFa,
COHJaii-aK Tay-KeH ici GObIHIIA HHKCHEPIIK Kaapiap/bl AaspiayFa naifaasl O0Iybl MYMKiH.

Tyiinoi cozoep: eyicmepdiy mypakmulaviesl, uiekmi mene-menoix a0ici (LEM), wekmik snemenmmep 20ici (FEM), yeineen scuinvicmap, sHcep acmeol Cyiapbl, MoOeib-
dey, Kayincizoik kodghguyuenmi.

Integrated application of LEM and FEM methods for geomechanical risk assessment

Abstract. The study presents an analysis of slope stability at the Zhairem deposit open pits using the Limit Equilibrium Method (LEM) and the Finite Element Method
(FEM). Modeling was carried out in Slide3 and RS3, taking into account weathered rock and the influence of groundwater. Three-dimensional slope models were devel-
oped, stability factors calculated, and risk zones identified. FEM provided a more accurate assessment of the stress-strain state of the rock mass. The integration of LEM
and FEM offered a more comprehensive view of slope stability and is applicable in designing safety measures for mining operations. The research findings may be useful

for professionals in geomechanics, open-pit design and operation, as well as in the training of engineering personnel in the mining industry.
Key words: slope stability, LEM, FEM, weathered rocks, groundwater, modeling, safety factor.

Beenenne

B ycioBusix MHTEHCH(UKAIMU TOPHOJOOBIBAIOIIEH Jiesi-
TEJILHOCTH M PaCHIMPEHHsI reorpaduu SKCILUTyaTupyeMbIX Me-
CTOPOXK/ICHUI BO3PacTaeT 3HAYUMOCTh I'€OTEXHUYECKUX HC-
CJIC/IOBAaHMIA, HAIIPABJICHHBIX Ha 00ECIIEYEHHE YCTOHYMBOCTH
OTKOCOB KapbepoB. Oco0yr0 akTyaabHOCTh IpodeMa mpuod-
peraer aist XKalipeMCKOro MECTOpOXK/ICHUS, T/Ie BHIBETPEJIbIC
nopozsl jjocturator 100 METpoB M YCIOKHSIIOT oOecreueHne
Te0TEXHUYECKON OE30MaCHOCTH.

Llenp AaHHOTO MCCIIEIOBAaHHS — AHAJIM3UPOBATH M CPaB-
HUBaTh 3((PEKTUBHOCTh M TOYHOCTH METOIOB IIPEIEIHLHOTO
paBHoBecusi (LEM) u MeTos10B KOHEUHBIX 37eMeHTOB (FEM)
B OLICHKE YCTOWYMBOCTH OTKOCOB Ha YKa3aHHOM MECTOPOXK/Ie-
HUH. DTU METO/bI ObUIN BHIOPAHBI M3-32 UX MIMPOKOTO ITPUME-
HEHHUSI B TOPHOM MHXKEHEPUH JUIS PELICHUsI MOJ0OHOro poja
3aJa4, OJJHAKO MX IPUMEHHUMOCTh U TOYHOCTb MOTYT 3HA4H-
TEJIHO Pa3Nyarhcs B 3aBUCUMOCTHU OT CIELU(UKN Te0I0TH-
YeCKUX ycioBuid [1].

B nanHO# paboTe 0c000€ BHUMAHHE YIACIACTCS aHAIU3Y
re0JIOrn4eCcKOil CTpyKTYpbl JKalpeMCKOTO MECTOPOXKACHHS,
OLIEHKE MEXaHHUYECKHX CBOMCTB BBIBETPEJIBIX IOPOJ U BIIHSI-
HUIO MOJ3EMHBIX BOJ Ha YCTOMYMBOCTH OTKOCOB. Vccienona-
HUE TOJ/IEP)KMBACTCSI aHAJTU30M Dsifia KEHCOB, /i€ JaHHBIE Me-
TOZBI IPUMEHSUTIChH B @aHAJIIOTHYHBIX YCIOBUSIX, YTO [TO3BOJISIET
000CHOBAaTh BHIOOP MHCTPYMEHTAPHS U MOAXO/I0B.

Pesynbrarbl  mccieqoBaHMs TIOMOTYT ONTHMH3UPOBATh
BBIOOP METO/IOB aHaJM3a U MPOCKTHBIE PEHICHHS B CIOKHBIX
re0J0rn4ecKux ycioBusix. [loHMMaHue MOTeHIHATBHBIX Ie0-
TEXHHMYECKHX PUCKOB IIPH BEACHHM I'OPHBIX PabOT Ha paHee
3aTOIUICHHBIX Kapbepax [lanmbHe3amamneii 1 w 2, BXopasimue
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B JKaiipeMckuii TOpHO-000TaTUTEIBHBIH KOMOUHAT, SIBISETCS
Ba)XHBIM (DaKTOPOM JyIsi 0OecrieueHrst 0€30MaCHOCTH TOPHBIX
pabort. BeisiBiieHHEe (haKTHYECKUX M MPOEKTHBIX T€OTEXHUYE-
CKHX PHCKOB CIIOCOOCTBYET IPEIOTBPAILCHUIO OOpYIICHHH
WM UX KOHTPOJIMPOBAHUIO HA PAHHMX dTarax OTPadOTKH Me-
cTopoxaeHus [2].

MarepuaJjbl 1 MeTOAbI

B 061acTy reoTeXHUYECKOTO NHXUHUPHUHTA, 0COOCHHO MpH
OLIEHKE YCTOMYMBOCTH OTKOCOB, HMPUMEHSIOTCS pa3lIU4YHbIC
METOJMKH, CPEAH KOTOPBIX 0CO00E MECTO 3aHHUMAIOT METOJ
npeaensHoro pasHoBecus (Limit Equilibrium Method, LEM)
¥ MeToJT KoHeuHBIX 31eMeHToB (Finite Element Method, FEM).
OTH METOJIBI MIMEIOT KaK IIPEUMYIIECTBA, TaK U OTPAHNYCHHS,
KOTOpBIE€ MOTYT MPOSIBISATHCS MO-Pa3HOMY B 3aBUCHUMOCTH OT
KOHKPETHBIX YCJIOBHH HCCIEJOBAaHUs, HAIPUMED, B PaHee 3a-
TOIJIEHHBIX Kapbepax [3].

Mertox npenensaoro pasaoBecus: (LEM) TpagunmnoHHo nc-
MOJIb3YETCsl AJISl OLIEHKH YCTOMUMBOCTU OTKOCOB 3a CUET aHa-
JM3a PaBHOBECUS CHJI M MOMEHTOB BJIOJIb HPEANOIaraeMoin
MOBEPXHOCTH cKonbkeHus. LEM nenuTt maccuB Ha cpesbl U
OLICHMBAET OAJaHC MEXIy YACP)KHBAIOIINMH U JBIKYIIUMA
criIaMi. DTOT METOJ OTMEYaeTCsi CBOeH MPOCTOTOM M A dek-
TUBHOCTBIO, YTO JAETAeT €ro HOMYISPHBIM CPEAN HHKEHEPOB.
OH XOpOIIIO MOAXOIUT JJISl Pa3JINYHBIX THIIOB CKIIOHOB M 00€-
CIIeYMBaeT OBICTPBIC OIIEHKU KOA(PHUIIMEHTA 3armaca yCTOHYH-
Boctu [4]. IlpeumyiiecTBa METOAa 3aKJIIOYAIOTCS B €T0 MPO-
crore 1 3(p(HEeKTUBHOCTH, TaK KaK OH JIETKO IPUMEHHM, Tpe-
OyeT MMHUMAJIbHBIX BBIYUCIUTEIBHBIX PECYPCOB U MOAXOIHUT
JUISl Pa3IMYHBIX THIIOB CKJIOHOB M T'€OJOI'MYECKUX YCIIOBHUH,
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IIPEI0CTaBIIsIsl OBICTPBIC M TOYHBIE OLICHKH Kod(durreHTa 3a-
rnaca ycTroiMuuBocTH [5].

Onnaxo LEM TpeOyeT mpeaBapuTeabHOro 3a1auus popMbl
MTOBEPXHOCTH CKOJIBKEHUSI, YTO MOKET NMPUBECTH K HETOUHO-
CTSIM, U HE YUUTHIBAET paclpe/ielieHne HAPsDKeHUH U iedop-
Manui B Maccuse [6].

Merton xoneuHbIx 31eMeHToB (FEM), HanmpoTuB, mo3Bos-
€T JeTAIIbHO MOJEIMPOBAaTh HAIPSHKEHHO-A1e()hOPMUPOBAHHOE
COCTOSIHUE I'PYHTA, YUHUTBIBAs €r0 JAUCKPETU3AIlMI0 HAa MHO-
JKECTBO AJIEMEHTOB U pElICHHE YPABHEHUH PaBHOBECHS IS
kaxoro u3 Hux. FEM oco0eHHO 3 eKTUBEH ISt MOICIHPO-
BaHUS CIIOKHBIX T€OMETPHUIl M HEOJHOPOAHOCTEH, UTO JENaeT
€ro MjaealbHbIM JAJIS aHAJIN3a YCIOBHH B paHee 3aTOIUIEHHBIX
Kapbepax, IJle YCJIOBUS MOTYT ObITh BECbMa M3MEHUYUBBIMU
[7]. Onnako FEM TpeOyeT 3HaYMTENbHBIX BBIYHUCIUTEIHHBIX
PECYpCOB U OU€Hb YYyBCTBUTENIEH K Kade€CTBY BXOIHBIX JIaH-
HBIX [8], TOUHOCTB €r0 Pe3yNIbTaTOB 3aBHUCUT OT KayecTBa MC-
XOJHBIX TAHHBIX.

CpaBaenue LEM u FEM B KOHTeKCTe pa3iUYHbIX Te€0Tex-
HUYECKHX yCIOBUH MOKA3bIBAET, YTO 002 METO/1a MOTYT JaBaTh
CXO’KH€ pe3yibTaThl Ui MPOCTHIX ciy4aeB. [Ipu coxHbIX Te-
OJIOTMYECKUX YCJIOBUSIX, HAPUMEp, HAINYUHU TIIYOOKUX BbI-
BETPEJIbIX MOPOJ] WM B paHee 3aTOIIEHHbIX Kapbepax, FEM
npejocTaBisieT 0ojee AeTallbHbIN 1 TOUHBIN aHanmu3 [9]. Tak,
Zhang P. u coaBrops! 00cyxnarot, kak FEM no3Bossier Oonee
TOYHO MOJIEJIUPOBATh MEXaHM3MBbl pa3pyLICHUs] 0e3 mpenBa-
PUTENBHBIX NPEINOIOKEHUH 0 (hopMe TOBEPXHOCTH CKOJIb-
JKEHUsI, 9TO MOXKET OBITh KPUTUYHO JJISI paHEee 3aTOIICHHBIX
Kapbepos [10].

3aKIIIOYeHNE UCCIIeIOBAHMS yTBEPIK/IAET, YTO BHIOOP MEXKILY
LEM u FEM nomxeH 6a3upoBarhCsi Ha KOHKPETHBIX TpeOoBa-
HUSX TPOEKTA, TOCTYMHOCTH JAHHBIX U JKEIaeMOW TOUHOCTH
aHanu3a. B CIIOXKHBIX YCIOBHSX, KaK B PaHEE 3aTOIUIEHHBIX
Kapbepax, npumenenne FEM MorxeTt ObITh NpeAnouTHTEIbHES
M3-32 €ro CIIOCOOHOCTH YYUTHIBATh JAMHAMUYHBIC N3MEHEHHS
B T€OJIOTMYECKOM U TMIPOreoJorn4eckoM KoHTekcTe. Tem He
MeHee, LEM ocTaeTcst BaXHbIM MHCTPYMEHTOM ISl IIpE/Ba-
PHUTEIBHBIX OLIEHOK U MPOCTHIX CIy4aeB, Ie TpedyeTcs CKo-
POCTh 1 5KOHOMUYHOCTh aHAJIN3A.

Metononorus

i aHanu3a yCTOMYMBOCTH OTKOCOB HAa MECTOPOXKIEHUU
JKaiipeM HUCTONB30BAIMCH METO/BI MPEEILHOTO PAaBHOBECHS
(LEM) u xoneunbIx anemenToB (FEM). B kauecTBe nHCTpyMEH-
TOB Juisi aHanm3a MeTogoM LEM BeiOpana mporpamma Slide3
ot Rocscience Inc, 4yro nozsomsier addexTuBHO padoTarh C
TPEXMEPHBIMU I'COMETPUSAMU U 06ecneqMBaeT TOYHBIC OLICHKHU
K03 HUIMEHTOB 3amaca MPOYHOCTH CKJIOHOB. ITOT METO/ ObLI
HCIIOJIL30BaH TSl OBICTPO OIICHKU TIOTEHIMAIBHBIX 30H 00pY-
mrenus [11]. st Oonee AeTanbHOrO M IIyOOKOTro aHak3a Ha-
IPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSTHMSI TTOPOJ] TPUMEHSLICS
metoa FEM c ucnons3oBannem nporpammbl RS3, Taioke paspa-
6oranHo# Rocscience Inc. Dta nporpamma ueanbHO HOIXOIUT
U1 MOIACIIMPOBAHUA CJIOKHBIX T'C€OJIOTMYCCKUX IIPOLCCCOB U
B3aMMOﬂel7[CTBPI§I Pas3IMYHbIX THUITIOB IMOPOI, YTO 0CO6eHHO BaXx-
HO JUIs ycioBui JKalpeMCcKoro MeCTOPOXKIEHHSL.

MonenupoBaHue BKIIFOYaJI0 COOp U aHaIHu3 JAaHHBIX O I'e0-
METPUM Kapbepa, TUIlaX IIOPOJ, UX MEXaHUYECKUX CBOMCTBAX
U ypoBHE TpyHTOBBIX BoJ. Oco0oe BHUMAaHHUE YIAENSUIOCH

MIbE30METPUYECKUM JaHHBIM JUIS OLIEHKH IIOPOBOTO JaBiie-
HUsI BOABL. TpexMepHOe MOJEIMPOBAaHHE ITO3BOJIMIO yYECTh
peajibHbIe YCIOBHS U T'€OMETPHYECKHE 0COOSEHHOCTH MECTO-
POXICHUS, a TaKKe MOJEIUPOBATh PA3JIMYHbIC CLEHAPUH,
BKJIFOYasi M3MEHEHUsI YPOBHSI TPYHTOBBIX BOJ M UX BIHMSHUE Ha
ycroitunBocTh oTKocoB. B Slide3 n RS3 mpoBoamics pacuer
KO3 PUIIMEHTOB 3amaca MPOYHOCTH W aHAIN3 MOTEHIHAJb-
HBIX 30H 00pyIIeHus1, npu 3toM B RS3 nomonHuTensHo aHa-
JIM3UPOBAIUCH HANPSDKEHHS U JiepopMaliy B MaccHBe.

B mpouecce MozpenupoBaHUs MPOBOAWIACH BaIWAAIUS pe-
3yJIBTATOB C WCHOJIB30BAaHMEM JaHHBIX HAOJIONEHUN 33 COCTOsI-
HHEM OTKOCOB B PeaJIbHbIX YCIIOBHUSIX Kapbepa. [1o pesynsraram
BaJIMIAIIMH MOJIEIN KOPPEKTUPOBAIUCH JUIS ITOBBIILIEHHST TOYHO-
CTH TIPOTHO30B. DTOT MOIXO TI03BOJIMII JOCTHYb BBICOKOW CTe-
MIEHH JIOCTOBEPHOCTH PE3YJIBTATOB UCCIIEI0BAHUS M pa3paboTaTh
3¢ heKkTHBHBIE MEPHI 10 0OECIIEYCHUIO YCTOMYNBOCTH OTKOCOB.

TpexmepHOEe MOJEIUPOBAHUE YCTOWYMBOCTH HPOBOJIM-
nock B porpammax Slide3 (LEM) u RS3 (FEM), komnanuu
Rocscience Inc., aist BBISBICHUSI 30H MOTEHIMAIBHBIX 00pY-
HIeHUH 1 oueHku aedopmaimii. Ha ocHOBe cOOpaHHBIX JaH-
HBIX OBUIM MOCTpOeHBI 3D MO OTKOCOB ISl BCEX CTa Ui
0TpaboTKu. Bbul MpoBelneH aHaau3 0XKHUIAEMOro MOBEICHHMS
IPYHTA JIJIsl OLIEHKH T€OTEXHUYECKUX PHUCKOB.

['eosnornueckn MECTOPOXKAECHUE CIOKEHO U3 TPEX OCHOB-
HBIX JINTOJIOTMYECKHUX TOJIIIL:

- Clay — enunucmo-necuyano2o KOMNIeKca apanbekoll ceu-
muvl MOWHOCMbIO 00 50 M;

- Weathered rocks — svisempensie nopoosi;

- Fresh rocks — ckanvHble nopooeo.

I'uporeosornuecKie yciaoBUsl y4acTKa SIBISTIOTCS CIIOXK-
HBIMH U TI0 CTEIICHH 00BOIHEHHOCTH OTHOCATCS K 11 rpyrmire.
['pyHTOBBIE BOJIBI 3aJI€TAIOT HAa IIyOWHE 10 7 M M CIIEAYIOT 32
penbedoM BOAOYIOPHOro ropu3oHTa. HampaBieHue aBHKe-
HUSI TPYHTOBBIX BOJ OIPENEISieTCsl, B OCHOBHOM, peibedom
KPOBJIHM TMOJCTUJIAIONIETO BOJOYIOPHOTO HEOT€HOBOTO IOpHU-
30HTa, KOTOPBIH B OOLIMX YepTax IOBTOPSIET COBPEMEHHBIH pe-
abed Teppuropun. s MOAEIMPOBAHUS TOPOBOTO JABICHUS
BOZIbI OBLIT UCTIONB30BaH Koa(duienT Hu. [To HakorieHHbIM
JIaHHBIM TIHE30METPUYECKUX CKBaXKMH 3a mepuon ¢ 2022 mo
2024 rojp! ObUT IPOBE/IEH aHAIU3 ITOPOBOTO JIABICHHUS BOJIBI
pynHoro mons JI3P-1 u JI3P-2. Anamu3 19 narumkoB VWP
mokasai, 4to cpeanuii ko3dduirent Hu cocrasmn 0,56, mist
HACBIIIEHHBIX OPOA U Pa3IoMOB yciaoBHO mpuHaT Hu = 1.0.
VYpoBHU BozbI B KapbepHbIX 03epax JI3P-1 u JI3P-2 cHusmiuch
Ha 35 M 1 81 M COOTBETCTBEHHO 10 CPABHEHHIO C €CTECTBEH-
HBIM YPOBHEM JI0 OTKa4HBIX Pa0OT.

[TacriopTu3zanust HapyLIEHUH yCTOMYMBOCTU OTKOCOB IIPO-
BOJIMTCS JUIsl CUCTEMaTHU3alliy CBEICHUH 00 MX Xapakrepe u
NpUYMHAX. DTU CBEAEHUS Mocie 000OIIeHHs U aHaIM3a UC-
MIOJIB3YFOTCSL JUIsl TPOTHO3UPOBaHUs Aedopmariyii 1 pa3padoT-
KU IIPOTHBOOIIOI3HEBBIX MeponpusiTHii. C MOMEHTa BO30OHOB-
JICHUSI TOPHBIX paboT Ha Kapbepe JlanbHe3ana Hblil 2 BbIsBIIC-
Ha, cortacHo «[lacmopry medopmanuu Nely, omgHa nedopma-
I[Us B BUJIC OIOJI3HS (CIIOJI3aHUE MACCHBA FOPHBIX MOPOJ) 110
ceBepo-3araHoMy 0opTy Kapbepa Mexay oTM. +385 M 1 0TM.
+344 m. Briepsbie nedopmarnus ormedena 04.05.2023 r., yron
orkouia ieopmanuu cocranisut 210 ua 28.03.2024 r., nedop-
Marus gocturia yoia otkoca 170. [puuunsl nedopmanuu:
YBIIQXKHEHUE TPYHTOBBIMH BojiaMHu (puc. 1).
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Puc. 1. Cunmku Jedpopmanmuu Ne 1, ceBepo-3anagnbiii 60pt ¢ rop. +384 M Ha rop. +344 m.
Cypert 1. Ne 1 nepopmanusinbig cypertepi, + 384 M rop. +344 m rop. conTycTiK-0aThIC )KAFBIHAH.
Figure 1. Images of Deformation No. 1, north-west side from hor. +384 m to hor. +344 m.

TpexmepHast (3D) mozenb ycToHunBOCTH OOpPTOB ObLIA
paspaborana B mnporpamme Slide3 kommanuu Rocscience
Inc. ¢ ucmonp3oBaHMEM MeTOIA IPENeIbHOTO PABHOBECHS
(LEM).

[lanee mpu pacyerax pasIMUYHBIX 00OJOYEK Kaphepa BbI-
IIeyIIOMSAHYyTasi 0a30Bast MOJEb ObUIa pa3ziesieHa Ha YacTH C
UCIIONB30BAaHUEM I'€OMETPUH Kapbepa: KOHTYp (haKTHYeCKOTo
COCTOSIHHS Kapbhepa; MPOEKTHBII KOHTYp Kapbepa Pa3a 1; mpo-
eKTHBII KOHTYp Kapbepa Da3a 2; KOHEUHBIH KOHTYp Kaphepa
LOM.

Mogzenb MOA3EMHBIX BOZ: YPOBEHb I'PYHTOBBIX BOJ IO-
BTOpsIeT TONOTrpaMyecKylo MOBEPXHOCTh, CMELICHHYIO Bep-
TUKaJIbHO BHM3 Ha 10 M. Jlamee mopoBoe JaBICHHE, PACCUH-
TaHHOE Ha OCHOBE IIOJIEBBIX HAONIONCHUM, CMOAEIUPOBAHO C
nomoIneko ko3 dunuenror Hu.

TpanuoHHbIE METOABI M YHCICHHOE MOJCIUPOBAHHE
IIAPOKO MCHONB3YIOTCS AN MOAEIHPOBAHUSA yCTOWYHMBO-

Name Colour
£y o1 Clay O
it /? D3tm1b ]
| | D3mic ]
| Waste material
i u

@

ctu 60pTOoB. 3D MEeTOABI aHANM3a MPEAEIHHOTO PABHOBECHS
BKito4aroT Meton kojdoH GLE / Morgenstern-Price (mos-
HBII) U MeToA KosioH Bishop (Hemonusblit). /s ka0 mo-
BEPXHOCTHU CKOJIBKEHHMS IO OCsiM X U Y HCIIO0JIb30BAIOCH
mo 50 komoH. Bce MOBEPXHOCTH CKOJIBXKEHHUS OBUIH OTpa-
HUYCHBI TakuM 00pa3oM, 4TOObI MHUHHMalbHas TIIyOMHA
MMOBEPXHOCTH COCTaBIANa 15 M HIKE BHEIIHEH T'paHMIIBI,
YTO IMO3BOJIMIIO U30EKaTh aHAIM3a JOKAJIBHBIX HECTaOMIIb-
HOCTEH ycTyIa.

OIJIMIICOUIATEHBIE TTOBEPXHOCTH CKOJIBLKEHUSI PACCUUTHI-
BaJIMCh C UCIOJIB30BAHUEM aITOPUTMOB ONTHMU3anuu Particle
Swarm u Cuckoo Search, 4T0 MO3BOJHMIIO ONPEIEIUTH IJIO-
0aJbHbIE MUHUMYMbI KOO UITHEHTA YCTOMYMBOCTH B Pa3HBIX
YacTsIX Kapbepa.

PazinoMbl MOIETMPOBAIHMCH KaK OCIIA0IEHHbIE 30HBI B OTKO-
cax, YTOObI OTPa3UTh CTPYKTYpPHO-KOHTPOJIHMPYEMBbIE CIIeHa-
puu oOpytieHui (puc. 2).

Puc. 2. 3D-mozennb ycToiUMBOCTH 00pTa (AKTHYECKOI0 COCTOSIHUS Kapbepa.
Cyper 2. HakTbl Kapbep KYHiHiH 00PTTBIK TYPAKTBUIBIFBIHBIH 3D Mogei.
Figure 2. 3D model of the stability of the side of the actual state of the quarry.
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O0cy:xaeHne pe3yJibTaTOB

Hambomee BeposATHBIN cilydail COCTOMT W3 JHTOJIOTHYE-
ckoit mozmenn 2024 roma u cTpykrypHOH Momenu 2020 rona,
BKJIFOYAIOIIHE U30TPOIHbBIE MPOYHOCTHBIE CBOWCTBA TIOPOJ MO
KPHUTEpUIO pa3pymieHns: Xyka-bpayHa aist cKaabHBIX U BBIBE-
TpENbIX NOPOJ U IO KpuTeputo Mopa-Kynona aiis nepekpoiBa-
FOIIEH TOJIIH, KaK IT0Ka3aHo B Tadmie 1.

Koathdumment paspymenns ot B3psiBa D = 1 mpuMensiercs
110 KPUTEPHIO pa3pyllieHus: Xyka-bpayHa Ha MEKChE310BbIX U
TeHEepaJIbHBIX YIIIax OOPTOB Kapbepa.

J1st aHanu3a MPOYHOCTHBIX CBOMCTB Pa3jIOMOB HCIOJb-
3yercs Kpurepuii paspymenus Mopa-Kymona: ¢' = 1 klla,
@' =25° DT mapaMeTphl CBUACTEIECTBYIOT O 3epKaiaX CKOJIb-
JKeHUS (MTOJTMPOBAHHBIX), CTPYKTYpaxX CO CIAOBIM ITIMHHUCTBHIM
WJIN TePEeMATHIM KBApIMTOBBIM 3aIOHUTENEM. 10 ecTh, nc-
TI0JTb3yEMbI€ 3HAUECHUS IPOTHOCTHU Ha C/IBUT B PAa3IOMax OCTa-
I0TCSI OYE€Hb KOHCEPBATHBHBIMH, TPEOyIOIINE NaTbHEHIIETo
TIOATBEPKACHUS [UIsl albHEHIIIEH ONTUMH3AIIK OOPTOB.

YpoBEHb TPYHTOBBIX BOJ IOBTOPSIET TOMOTPA(UUECKYIO
MTOBEPXHOCTh, CMEIIEHHYIO BEPTUKAIbHO BHU3 Ha 10 M. B ciy-
yae ¢ KappepoM JlanpHe3anaaHbli 3TO 1a€T KOHCEPBATUBHOE
nin 6oJiee BEICOKOE IMTOPOBOE JABIEHHE, KOTOPOE BHIIIE (hak-
THUYECKOTO THAPOCTATHUECKOTO YPOBHS TPYHTOBBIX BOI.

CTpyKTYpHO-KOHTPOJINPYEMBIE U CIOKHBIE MEXaHU3MBI 00-
PYIIEHHS MOTYT OBITh OIIEHEHBI TOJIBKO B TPEXMEPHOM aHAIH-
3€ 13-3a B3aUMOJICHCTBHS MEKIY PA3TMIHBIMHU T'€0IOTHUECKH-
MH CTPYKTYPaMH U TeOMETpHEl OopTa Kapbepa B TPEXMEPHOM
mpocTpaHcTBe. s ycToiunBOCTH OOPTOB Kapbepa KpUTEpUit
npuemaemoctd DAC TpeOyeT MHUHHMMAalbHbBIE CTaTHUECKHE
K3V, takue kakx:

- FoSmin = 1,20 0nsa mesccve3008vbix 0mKoCcos;

- FoSmin = 1,30 ona cenepanvrozo bopma Kapvepa.

B cBs13u ¢ cyOBepTHKAIBHON OPHEHTAITEH BCEX PAa3IOMOB
CTPYKTYPHO KOHTPOJHMPYEMBIE U CIIOXKHBIE MEXaHU3MBbI 00py-
LIEHUsI HE OTIPEZICTICHBI Ha BCEX CTaIUsIX OTPAOOTKH Kapbepa.

MexaHu3MbI 0OpYIIEHUS 110 IIPOYHOCTHBIM CBOMCTBAM I10-
POl OLIEHHBAJINCH C TIOMOIBIO TPEXMEPHOIO aHaM3a METO-
JIOM IPE/IEIbHOTO PABHOBECHSL.

- FoS3D-GLE > 1,20 6b11 onpedenen st MeHcCbe3008bIX
O0MKOCO8;

- FoS3D-GLE > 1,30 v onpedenen O 2eHepanibHO20
bopma Kkapwepa.

OO6omnouka (HaKTUIECKOrO IIOJIOKEHHSI Kapbepa COOTBET-
CTBYET W IPEBBINIAET MUHUMaJbHBIE TpeOoBanuss DAC s
Cuenapus 1, 3a HCKIIOUEHHEM 3 30H MOTEHIIHAIBLHBIX 00pY-
meHui. [ HanOoliee BEpOsITHOTO Cilydasi BBISBICHBI 3 JIO-
KaJbHbIX yyacTka ¢ MuHUManbHbIM K3V (GLE) FoS3D < 1,20
Ha OTKOCE BBIBETpENbIX mopox ¢ oosemamu ot 500 000 no
1 480 000 m*. B nanbHeiirem gaHHAS 30HA OyIeT HA3bIBATHCSI
30HOH pucka 1-3. AHanu3 buiomna BeISIBUI CXO0XKYIO 30HY T10-
TEHIMAJIBHOT0 00pyIeHus ¢ anaimzoMm GLE (puc. 3).

O06onouka npoektHoro kourypa ®asza 1 coorBercTByeT n
NpEeBBIIaeT MUHUMaNbHbIE TpeOoBanust DAC, 3a HCKITFOYEeHH-
eM 2 30H MOTEHIMATBHOTO 00pymenus. /s Hanboiee Bepo-
STHOTO CJIy4asi BBISBJICH | JIOKaJIbHBIA y4acTOK C MUHUMAJIb-
HbIM K3Y (GLE) FoS 3D < 1,20 Ha 0TKOCax BBIBETPEJIBIX I10-
pox ¢ oobemom okono 1 124 000 m>. B manbHeliinem gaHHbIe
yuacTku OyJeT Ha3bIBaThCsl 30HOM pucka 1. AHanu3 buniomna
Tak)Ke BBIIBIII | JIOKQJIBHBIA y4acTOK ¢ MHHUManbHbIM K3V
(FoS3D < 1,20) Ha oTkocax BBIBETPEIIBIX MOPOJ C 00BEMOM
okoy10 25 000 M? (puc. 4).

O0omnouka MpoekTHOro KoHtypa Pasza 2 cooTBETCTBYET U
NpEeBBIIaeT MUHUMaJbHBIE TpeboBanus DAC, 3a ucKioue-
HUHEM | 30HBI MOTEHIMAIBHOrO OOpyiieHus. st Haubosee
BEPOSITHOTO CIIy4asi BEISIBJICH | JIOKAJIBHBIN y4aCTOK C MUHH-
MmanbHeIM K3V (GLE) FoS3D < 1,20 Ha oTKOcaxX BBIBETPEIBIX
nopox ¢ o6bemom okoiio 200 000 M*. B anbHeleM JaHHbINA
Y4acTOK Oy[eT Ha3bIBaThCs 30HOW pucka 1 (puc. 5). Anamus
buirona BeIsSIBUII TPaKTHYECKH CXOXKHE 30HBI MOTEHIUATLHOTO
oOpyureHus ¢ aHanuzom GLE.

Tabnuua 1
IIpounocmmsle ceéoiicmea mamepuanos
Kecme 1
Mamepuanoapouviy depikmik Kacuemmepi
Table 1
Strength properties of materials
UucCs
VnenbHbBIN " HEIOBpe-
HaumenoBanue | LlBer BEC H(l)_lc(;ielfé{_m I;pHTIEEEEH CHE;IIJ_][Z?M Phi(0) | »xmemnott |GSI| mi | D
(xH/™?) A paspy TIOPOJIBI
(xITa)
Tuna 19 Mohr Coulomb 22 24
Cexuii 28 If::frglr‘j:vi 75000 | 50 | 10
YpoBeHn :
BomonocHsie 25 IPYHTOBbIX Generalized 45000 25 6
TOPOJIbI . Hoek-Brown
Bﬁ;’;‘g‘y’g‘;@ 20 Mohr Coulomb 0 32
Paznom 22 Mohr Coulomb 1 25
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Puc. 3. [lorenunasbHoe o0pymenne (3ona pucka 3, GLE).
Cyper 3. blkrumau kynay (Karepui aiimak 3, GLE).
Figure 3. Potential collapse (Risk zone 3, GLE).

Puc. 4. 3oHbI prucka Ha BbIBeTpeJIbIX 0TKOcax (Pa3a 1).
Cypert 4. To3raH :KbIHBICTAPABIH OeTKeilaepinaeri bIKTHMAJ KyJay aiimakrapsl (Pa3za 1).
Figure 4. Potential collapse zones on weathered rock slopes (Phase 1).

O6onouka koHeyHoro koHtypa (LOM) coorBercTByeT M
MIpEeBbINIaeT MUHUMalbHbIE TpeboBaHus DAC, 3a uckioue-
HUEM 4 30H MOTEHIHAILHOTO o0pyIeHus. J{ist Hanboiee Be-
POSITHOTO Cily4asi BBISBICHBI 4 JIOKAIBHBIX y4acTKa ¢ MUHH-
manbHbIM K3V (GLE) FoS3D < 1,20 Ha oTkocax BBIBETPEIIBIX
mopox ¢ oobemom ot 330 000 mo 1 500 000 M. B nanbHei-
LIIEM JIaHHBIE Y4acCTKH OyIyT Ha3bIBaThCSl 30HAMHU PUCKOB 1—4.
Amnanu3 buiona BbISIBUI IPAKTHYECKU CXOXKUE 30HBI TIOTEH-
nuainbHOro oopymenus ¢ ananu3om GLE. Hike B Tabnume 2
MIPUBEJICHBI PE3YJIbTaThl aHAIN3a YCTOWYUBOCTH OOPTOB.

AHani3 yCTOHYMBOCTH CKIIOHOB Kapbepa IIOKas3all, 4To
B IEJIOM IIPOEKTHBIE KOHTYPbI COOTBETCTBYIOT HOpPMaTHBaM
DAC, onHako Ha Bcex CTaausAX pa3paboTku ((pakTUIecKoe mo-
noxenne, Paspl 1 1 2, KOHEUHBINH KOHTYD) BBISBICHBI JIOKAJIb-

Puc. 5. [loreHnnaabHbIe 00pyLIEHHS] HA 0TKOCAX

BBIBeTpesIbIX nopon (Paza 2, GLE). Hble 30HBI prcka ¢ FoS3D < 1,20 Ha BBIBETPEIBIX MOPOIAX

Cyper 5. To3raH Tay :KbIHBICTAPBIHBIH OeTKel1epinaeri (puc. 6). OGbEMBI IOTCHLHAIBHBIX 0OPYLICHUI BAPUPYIOTCS
BIKTHMA Kyaay (Pa3a 2, GLE). ot 200 000 o 1 500 000 M. Hauboinee KpyImHbIE 30HBI pHCKa

Figure 5. Potential collapses on weathered rock slopes 3ahKCHPOBAHbI B (hAKTHUCCKOM KOHTYpe u B LOM. Pesyib-
(Phase 2, GLE). tarel GLE moxrBepkiaensl ananusom bunroma. HeoOxomum
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Tabnuua 2
Pezynvmamol ananuza ycmonuuueocmu KOHEYHO20 KOHmMypa
Kecme 2
CoHzbl KOHMYPObLH, MYPAKMBLIbIZLIH MAN0AY HIMUIICE1EPI
Table 2
The results of the stability analysis of the final contour
C y4eTom pas3noMoB
Craauu oTpabOTKH VYuacrtok Particle S.S. Cuckoo S.
FoS GLE | OBsem, v | FoS Bishop | FoSGLE | O6vem, v | 105
Bishop
1,25 381 822 1,19
J3P-2_cesep 1,54 275 194 1,5 1,17 332 158 1,1
1,55 240 569 1,51
. 1,14 763 643 1,09
K}f:;::;’;“(i‘gﬁ%p JI3P-1 cepep 131 1307 610 1,28 1,09 443 175 1,08
1,6 1728 890 1,56
1,15 929 956 1,14
J3P-1,2 tor 1,19 635 355 1,14 1,14 559 344 1,13
1,26 1673170 1,25

Puc. 6. [Torenuunaabubie 00pymenust no LOM-kouTpy (3oHbl pucka 1 u 3).
Cypet 6. LOM koHTYyp 00libIHIIA BIKTUMAJ KYJIay (1 :xoHe 3 KyJiay aiimakrap).
Figure 6. Potential collapses on weathered rock slopes (Risk zones 1 and 3).

IOCTOSTHHEIN MOHHUTOPHUHI" U MCPBI IO CHUKCHHUIO PHUCKOB B
YKa3aHHBIX 30HaXx.

3akn04ueHue

HccnenoBanne MOATBEPAMIO, YTO KOMOMHHWPOBAHHE Me-
TonoB LEM n FEM sBnsieTcst IEHHBIM ITOAXOAO0M B aHAJIM3€E
YCTOWYHMBOCTH OTKOCOB, OCOOCHHO B CJIOKHBIX YCIIOBHSIX Me-
cropoxxaenust JKaiipem. B To Bpems kak LEM npenocrasnsier
JIOCTaTOYHYIO0 TOYHOCTB JUIS OOLIEH OIEHKH yCTOWYMBOCTH,
FEM BHOCHUT DOTOIHHUTENBHYIO IIyOWHY B IIOHHMaHHUE ITPO-
LIECCOB, 0OCOOCHHO NP HAINYNH 3HAUUTEIEHOTO BO3ICHCTBHSA
MOA3EMHBIX BOA. DTO HCCIEJOBAaHWE HE TOJBKO YITydIaeT
TEXHMYECKOE MOHUMAHHNE YCTOMYMBOCTH CKJIOHOB, HO TAaKKe
MIPEOCTABISCT MPAKTHIECKNE PEKOMEHIANH JUII UX yKpe-
IUIEHHS, YTO CIIOCOOCTBYET IOBBINICHUIO 0E30IIaCHOCTH Ha
MecTopoxkaeHun JKanpem.

O0a MeTofa Y4MTHIBAIOT BIMSHHUE IOA3EMHBIX BOJ, PEry-
JSIPHBI MOHUTOPUHT C TIPUMEHEHHUEM 3THX METOJIOB IIOMOTaeT
MPEOTBPATUTH 00pymIeHns. CpaBHUTENBHBINA aHAIN3 MOKa3bl-
BaeT, uto LEM naer Gornee KoHCEpBaTUBHBIE OLICHKH, TOTIA KaK
FEM TouHEe oTpakaeT CIOXHbIe B3auMoaeucTBus. MHTerpa-
IS 9THX METOJIOB C IAHHBIMU HAOIIONEHUH 1M03BOISIET Y hek-
THBHO YIPABJIATh PUCKAMH B YCIIOBHSIX TOPHBIX PAOOT.

BaarogapHoctb

Cmamosa onyonuxosana no peyivmamam HAy4HO-UCCe-
006aMeNbCKUX PAdOm, GLINOIHAEMBIX 8 PAMKAX NPOEKMa
NeAP19677938 «Co30anue menooa npozHO3UPOSAHUS COBUCe-
HUSA 6Mearouux nopoo 00 3eMHOIl NOGEPXHOCHU 0TIl MOOep-
HU3AUUU MEXHON02UU NOGMOPHOI PA3PAGOMKU NONO2UX PYO-
HBIX 3a51eceiy, npu zpanmosom gunancuposanuu Munucmep-
cmea nayku u evicuiezo oopasosanusn Pecnyonuku Kazaxcman.
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NPUMEHEHHUE KHHEMATHYECKOI'O
AHAJIN3A JJIs1 OHEHKHA YCTOUYHUNBOCTU
OTKOCOB TEXHOI'EHHbBIX OBPAJOBAHUMNUAU

AnHoTanus. B crarbe paccMOTpeHO 000CHOBAHHE yCTOHYMBOCTH OTKOCOB TEXHOIGHHBIX 00pa30BaHMIl HA OCHOBE PE3ylIbTaTOB KMHEMaTH4yeckoro aHanmsa. Mecneno-
BaHHE HANPABJICHO HA BBISIBICHHE BEPOSTHBIX PEKHMOB PAa3pyIICHHs], BKIIOYAs MIOCKOE M KINHOBHUHOE CKOJIBKEHHE, a TaKKe rHOKOe M MPsIMOe ONPOKH/IbIBAHUE C HC-
I0JIb30BAHHEM JIaHHBIX CTepeorpadHIecKuX MPOSKIUA U FeOMEXaHNUECKHX XapaKTePHCTHK MaccHBa. J{iis aHaJIi3a HCII0JIb30BaHbl COBPEMEHHBIE METO/[bI T€0OCTATHCTHKI
U CTPYKTYPHOI MHTEpIPETAlNH JaHHbIX, HOJYYCHHBIX B MOJNEBBIX YCIOBUX. [IpoBeeH AeTanbHBIA aHAIN3 CUCTEMbI TPEIIUH U ONPEIEICHbI TapaMeTphl CKIIOHOB, OKa-
3bIBAIONIHE KJIIOYEBOE BIMSIHIE HAa yCTOHYMBOCTD. [IpeacTaBieHHbIe pe3yibTaTbl MOTYT OBITh MCIIOIb30BaHbI TPU IIPOSKTUPOBAHNH M MOHUTOPUHIE OTKOCOB B YCIIOBHSIX
OTKPBITHIX FTOPHBIX PAabOT.

Knrouesnle cnosa: ycmoiinuocms 0mkocos, KUHeMamu4ecKuil anau3s, mexHo2enHble 00pas3oaHis, cmepeospapuueckas npoeKyus, Niockoe CKoIbICeHUe, KIUHOBUO-
Hoe CKobice e, ONPOKUObIBAHUe.

TexHOTeHiK KYPbLIBIMAAPABIH TYPAKTBLIBIFbIH 0aFrajay YIIiH KHHEMATHKAJBIK TAJIIayIbl KOJIaAHY

AnjaTna. Makanaja KHHeMATHKANBIK TaJliay HOTHIKENepi HEeri3iHae TeXHOreHAIK TY3UIIMACPAIH eHICTePiHiH TYPaKThUIBIFBIH HETi3[ey KapacThIPbLIFaH. 3epTTey xKa-
3BIKTBIK JKOHE ChIHA TOPI3/li CBHIPFY, COHJAN-aK MKeMJi jKOHE TiK ayIapbLly CUSKTbI bIKTUMAJ KUpay PEKMMAEPIH aHbIKTayFa GarbiTTanraH. Tammay crepeorpadusiibik
MPOCKLHSIIAP MEH JAJIalbIK JKaF/aii/[a aJblHFaH I'eOMEXaHUKaJbIK CHMIaTTaMaliap ACPEKTepiH Maiiiaiana OThIPhIN Kyprizini. JKapracTsl MacCUBTIH JKapbIKIIAK JKyHeci
MYKHSIT 3epTTEJIil, SHICTiH TYPaKThUIBIFbIHA dCEeP €TETiH HEeri3ri napamerpliep aHblKTadabl. JKyMbIc 3epTTeynep/ain OipiHili Ke3eHiHIH apaiblK HOTHKeJIepiHe Heri3IeareH
JKOHE OOoNaIaKkTa CaH/bIK MOJIEIIB/CY KOHE MPAKTHKAIIBIK YChIHBICTAPBI 3ipiiey apKbUIbl TONBIKTHIPY JKOCHAPIaHyAa. ¥ CBIHBUIFAH HOTHIKEIIEP AllIbIK Tay-KEeH KYMBICTa~
PhIHIA eHicTep i sKobalay jKoHe MOHMTOPHHT XKYPri3y Ke3iHae KonnaHnyra 6omabl.

Tyiiinoi co3oep: enic mypaKmolivliebl, KUHEMAMUKATBIK MAAOAY, MEXHO2EHOIK My3inimoep, cmepeocpapusiblk nPOeKyus, HCA3bIKMbIK CbIPY, CblHA MIPI30i Cblpey,
ayoapwiiy.

Application of kinematic analysis for slope stability assessment of man-made formations

Abstract. The article focuses on the justification of the stability of slopes of man-made formations based on the results of kinematic analysis. The study aims to iden-
tify potential failure modes, including planar and wedge sliding, as well as flexural and direct toppling, using stereographic projections and geomechanical characteristics
obtained from field data. A detailed analysis of the joint system of the rock mass was conducted, and key slope parameters affecting stability were determined. The work is
based on intermediate results of the first stage of research, with further extension planned through numerical modelling and the development of practical recommendations.

The results presented can be applied in the design and monitoring of slopes in open-pit mining conditions.
Key words: slope stability, kinematic analysis, man-made formations, stereographic projection, planar sliding, wedge sliding, toppling.

Beenenne

OoecrieueHre yCTOWYMBOCTH TEXHOTCHHBIX 00pa30BaHUIA,
TaKUX KaK OTBAJIbl BCKPBIIIHBIX MOPOJA U XBOCTOXPAHMINIIA,
MIPECTABISIET COOOW OHY M3 MPUOPUTETHBIX 3a/1a4 TOPHOI0-
ObIBaroIIeii orpaciu. Ha ycToMdrMBOCTE 3THX 0OBEKTOB OKa3bl-
BAIOT BIIHMSIHHAE KaK TEOMEXaHNYECKHE MPOIIECChI, CBSI3aHHBIE C
HaNpsKeHHO-1e()OPMUPOBAHHBIM COCTOSHHEM MAacCHBa, TaK
U reolMHaMuuecKue (haKTophbl, BKIOYAs CEHCMUUECKUE BO3-
JICHCTBHS, CAMOBO3TOPaHUE U (DUIIBTPALIUIO.

B nayunoit npaktuxe ['anmonos O.C. [1] akueHTHpYET BHU-
MaHUE Ha BJIMSHUUA XapPAKTEPUCTUK Ppa3pyLIEHHOW IOPHOMI
Macchl Ha YCTOHYMBOCTH OTBaNOB. [IpenMymiecTBOM Hccie-
JIOBAaHUS SBISIETCS KOMIUIEKCHOCTH MOAXO/A, HEJOCTATKOM —
OTPaHMYEHHOCTh B YCIOBHAX MoxenupoBaHus. Kyremosa
H.A. ¢ xonneramu [2] paccMaTprBaioT HHKEHEPHBIE MEPHI TT0-
BBILICHUSI YCTOMYMBOCTH, BKIIIOYAsI IPUMEHEHHE TeOMEMOpaH.
XO0T4 UCCIeI0OBaHNE NMPAKTUYECKH OPUEHTUPOBAHO, OHO Tpe-
OyeT JOMOTHUTEIbHON BaUIAINH B TIOJIEBBIX ycaoBusax. He-
moBa H.A. u Benbmr T.A. [3] npencTaBisioT IEHHbIE JaHHbBIE
M0 YCTOMYMBOCTH OTKOCOB B ycnoBusix CeBepo-3amnaaHoro pe-
ruoHa Poccun, oHako cocpeoToueHb! MPEMYIIECTBEHHO Ha
KOHKpeTHOM MecTopoxaeHuu. VccnenoBanue Kosposa O.C.
1 COABTOPOB [4] IIEHHO C TOYKH 3peHHsI aHaIn3a MoApaboTaH-
HBIX OCHOBAaHUH, HO CTPAJAeT OT HEIOCTAaTKa T€0CTaTHCTHYC-
CKOTO 000CHOBaHUS.

OmauM w3 Hambonee HMHMOPMATUBHBIX HHCTPYMEHTOB
MIPEABAPUTEIHHON OICHKH SBIISETCS KMHEMAaTHYEeCKHH aHa-
T3, OCHOBAHHBIA HA T€OMETPUYECKOM COMOCTABICHUH OPH-
EHTAIlUd OTKOCOB M CTPYKTYPHBIX OCOOEHHOCTEH MacCHBA.
Kunemarndeckuil aHamu3 MO3BONISET BBIIBUTH MOTECHIIHAIIB-
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HO OIacHBIC HANpPAaBJIECHUS ¥ ()OPMBI pa3pyLICHUs], TAKUE KaK
IUIOCKOCTHOE CKOJIBYKEHHE, KIMHOBUIHOE CMEICHNUE U OIpO-
KHJIbIBAHUE OJIOKOB, MCXOJISl U3 PealIbHOM KOH(DUTYypaIuu CH-
creM TpemwH. [IpuMeHeHne TaHHOTO TOIX0a 0COOEHHO aK-
TYaJIbHO ISl TPEIBApUTENHEHOT0 OOOCHOBAHUS IIapaMETpPOB
OTKOCOB M pa3pab0TKU MPOEKTHBIX PEKOMEH/IAIHH 0 o0ecre-
YEHUIO YCTONYMBOCTH TEXHOT€HHBIX 00pa30BaHHM B CIIOKHBIX
WH)KEHEPHO-TEOJIOTUYECKUX YCIOBHUSX.

3a mocineHue rojibl KHHEMAaTH4eCKUI aHaJIN3 IPOYHO BO-
LIeJ B apCeHall FTeOMEXaHNYEeCKHUX UCCIIeI0OBaHui Onaronaps
CBOEH HaIVISITHOCTU U CIIOCOOHOCTH OBICTPO OLIEHWBATH IO-
TEHIIMAJIbHO OMACHBIE 30HBI MacCHBA HA OCHOBE OPHEHTAINH
OTKOCOB M cucTeM TpeuuH. Hampumep, B padore Skagway
et al. (2025) mponemoHcTpupoBaHa 3PPEKTUBHOCTH WHTE-
rpanuy  crepeorpaduyeckoro KHHEMAaTH4ecKOro aHalln3a
¢ reorpadMu4eCKUMU HH()OPMAIMOHHBIMUA CUCTEMaMH ISl
KapTUPOBaHMUS 30H IOTEHIHAIBHOTO OOPYIIECHHS OTKOCOB
B ropHbIX paiionax CIIIA [5]. B uccinenoBanuu Liu et al.
(2023) BhITONHEHA KOMIUICKCHAsT TCOTEXHHYECKAs OI[CHKA
YCTOMYMBOCTH OTKOCOB aBTOMOOWIIBHBIX Aopor B Kwurae c
WCIOJIb30BAaHHUEM KHHEMAaTHYECKOTO aHali3a B COYETAHUH
¢ 7a00paTOpHBIMH U IOJEBBIMH AAHHBIMHU, YTO MO3BOJIMAIO
00HapyXHTh KpuTH4Yeckue ydacTku [6]. Kumar et al. (2025)
MOKa3aJIi MPEUMYIIECTBa COBMECTHOTO IPUMEHEHUSI KHUHE-
MaTUYEeCKOTO aHaIW3a M MOJU(GHUINPOBAHHBIX AMIAPHYE-
ckux cucreM (SMR, CoSMR) mis otkocos ['mmanaes, moa-
TBEP/MB BBICOKYIO YyBCTBHTEIBHOCTh METOa K OPHECHTAIIH
CKJIOHOB U TpemuHoBatoct [7]. Padotsr Singh et al. (2025)
MIPOIEMOHCTPUPOBAIM 3HAYUMOCTh aHAJIM3a TeOMEeTpHYe-
CKUX IapaMeTpOB KJIMHBEB JJISI MPOTHO3MPOBAHUS KJIMHO-
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BU/IHBIX pa3pyIlleHH Ha OCHOBE YMCIEHHOT0 U (hU3NYECKOTO
MozenupoBaHus [8].

Hacrosiimast pabora HampaBiieHa Ha 0OOCHOBaHHE YCTOM-
YHUBOCTHU TEXHOI'CHHbIX 06pa30BaHHI7[ C HCIIOJIb30BAHUEM KH-
HEMaTHYECKOrO aHajK3a, IPOBEICHHOTO HAa OCHOBE IOJIEBBIX
JAHHBIX O TPEUIMHOBATOCTH M MPOCTPAHCTBEHHON KOHDUIY-
parnuu MaccuBOB. B crarbe paccMOTPEHBI OCHOBHBIE TPUHIIU-
IIbI METOAWKH, MPUBCACHBI PE3YJIbTAThl aHaJIM3a AJIs1 TUIIOBBIX
KOH(HUTYpaIMii OTKOCOB, & TaKXKe JaHbl PEKOMEHIAIMU 10
MPAKTUYCCKOMY IMMPUMEHCHUIO TMOJYYCHHBIX BBIBOJAOB B IIPO-
€KTHOU JeATEIbHOCTH.

MeToauka uccijie0BaHui

Metono10r1si IPOBEJSHHOTO HCCIIEOBaHUSI 0a3upyercs
Ha KOMIUIEKCHOM MOJAXO0JIe K OLEHKE YCTOHYMBOCTH TEXHO-
TeHHBIX 00pa30BaHMIl C MPUMEHEHMEM KHHEMaTH4eCKOTO
aHaymm3a. OCHOBHOE BHUMAaHHUE Y/IeJIeHO 00paboTKe MOJIEeBbIX
JIAHHBIX O TPEIIMHOBATOCTH MAcCCHBA U MPOCTPAHCTBEHHOU
KOH(UTYpaluy OTKOCOB, @ TAK)KE MX MHTErPALMU B pacueT-
HYIO CXEMY JJIsl BBISBICHHS MOTEHIMAIbHBIX MEXaHU3MOB
paspyIeHHs..

[lepBBIM 3TANIOM CTAJIO BHINOJHEHHE HWHKEHEPHO-TEOIOTH-
YECKMX M3bICKAHWH, BKIIOYAaBIINX OIMCAHNE M KapTHPOBAHKE
CHCTEM TpPEHIMH C (PUKCAlMell MX MPOCTPAHCTBEHHOW OpH-
SHTUPOBKH (a3MMyTa U yIVIa NaJeHus), YaCTOThI, COCTOSHUS
TOBEPXHOCTEN U 3aroyHUTeNe. J[Ji1 MOBBILIEHUS] TOYHOCTH
M3MEpEeHNI HCIOJIb30BAINCH CTEpeorpaduuecKiue MpoeKInH,
a 00pabOTKa JaHHBIX MPOBOIMIACH C PUMEHECHHEM CIICIIHA-
JIM3UPOBAHHOTO IPOrPaMMHOT0 obecniedenus Dips.

BTOpbIM KITIOYEBBIM 3TAllOM HCCIIEI0BAHUS CTaJl KHHEMa-
THUYECKUH aHalM3, B paMKax KOTOPOIrO BBINOJIHEHA IPOBEp-
Ka BO3MO)KHOCTH Pa3BHUTHsI ClEAyOIHX (GopMm paspylieHus
OTKOCOB:

- ckonv3auee pazpyutenue no niockocmu (Planar Sliding);

- KIUHOB8UOHOe crkonvdcenue (Wedge Sliding);

- eubkoe u npsmoe onporuovieanue (Flexural and Direct
Toppling).

[Ipy 5TOM y4HTBHIBAIIUCH Pa3IM4HbIe KOH(MUTYPALUH OTKO-
coB (YIJIbI TIaJICHUSI M a3UMYT HAlIPABJICHUsI), 3HAUCHHUS yIJIa
BHYTPEHHETO TPEHUSI, a TAK)KE OOKOBBIE TPEJIEIbl BO3MOYKHO-
rO CMEUIeHUsI. AHAJIN3 IIPOBOMIICS C HCIOJIE30BAHUEM CTepe-
orpaMYeCcKUX IPOEKIHiA, YTO IO3BOJIMIO BH3YyalH3HPOBATH
KPUTHUYECKUE 30HBI M OLICHUTH BEPOSITHOCTD PEATM3AI[IH KaXK-
JIOr0 U3 MEXaHU3MOB Pa3pyILEeHHUSI.

PesynbraTbl METOJOJIOTUH JIEIA B OCHOBY BBISIBICHHS
HauOoJee ONACHBIX HAIPaBJICHUN U YCIOBUI (hOPMUPOBAHHS
HEYCTOWYMBBIX OJIOKOB B TEXHOTEHHBIX 00OPa30BAHUSX U I10-
3BOJIMJIIM 00OCHOBATh PEKOMEHAIMHU JUIsl TIPOSKTHPOBAHUS U
9KCILTyaTaluy OTKOCOB.

Pe3yabrarsl

B xone nHacrosiiiero ucciaenoBaHus BBIIOJHEH KOMILIEKC-
HBI FEOMEXaHUYECKUH aHAIU3 MacCUBa FOPHBIX IIOPOJ € IIPU-
MEHEHHEM CTaTUCTUYECKUX, CTPYKTYPHBIX U KJIaCCHU(pUKAIH-
OHHBIX MeTO/0B. OCHOBHOE BHUMAaHHE YAEJICHO IPOCTpPaH-
CTBEHHOW OPUEHTUPOBKE CUCTEM TPEILLUH, OIPEAEISIEMON Ha
OCHOBE cTepeorpaduyecKux mpoeKimi [9].

Ha puc. 1 npexacraBinena crepeorpaduueckas MPOSKIHs
TPELIMHOBAaTOCTH MaccHuBa IopHbIX mopoj. CrepeoceTka mo-

cTpoeHa mo 436 opHeHTAIMsIM TPELIUH C YYeTOM B3BEIIMBa-
HUsS 110 Tepuarn, 4YTO IO3BOJIMJIO BBIABUTH YCTHIPE JOMHHU-
pyromme CUCTEMBI. MaxkcumajibHas INIOTHOCTh KOHICHTpAalunu
MOJIFOCOB cocTaBisieT 46.95%, KOHTYPBI IJIOTHOCTH OTOOpa-
JKeHbI 110 1kaie Ouiuepa. JIunus nagaeHus 0TKoca MO3BOJISET
OLICHUTL BO3MOXKHEIEC HANPABICHUS pPaspylICHUs 110 CyIIe-
cTByomuM cuctemam [10].

.

Color Density Concentrations
000 - 470
470 9.40
940 1410
1410 - 1880
1880 - 2350
2350 2820
820 - 2%
R0 - 60
760 4230
4230 47.00

Contour Data | Pole Vectors

Maximum Density | 46 95%

Contour Distribution | Fisher

Counting Circle Size [ 1.0%

[comr |0 | oipoirecion | Labe

Moan Set Planes
W W 3 Al
> | B 5 206
N | 39 2%

w [l 2% )

Plot Mode | Pole Vectors

Vector Count (Weighted) | 436 (314 Entries)

Terzaghi Weighting | Minimum Bias Angle 15

Intersection Mode | Grid Data Planes

Intersections Count (Weighted) | 91468

Hemisphere | Lower

Projection | Equal Angle

Puc. 1. Crepeorpaguyeckasi npoeKIys CHCTeM TPELIHH.
Cyper 1. KapbIKmak skyiiesepidin cTepeorpagusjibIiK
MPOEKIHSICHI.

Figure 1. Stereographic projection of joint systems.

B tabnuiy 1 cBeneHbl cpeiHUe 3HAYCHUS TapaMeTPOB CH-
CTeM TPEILIUH, NOTYYCHHBIC B XOJE F€OTEXHUYECKOTO KapTh-
POBaHUS yIJIa M a3UMYTa MaJeHUs TPEIIUH.

Taonuua 1
Cpeonee 3nauenue cucmem mpeuwiun
Kecme 1
Kapvikuwak scyiienepinin opmawa monoepi
Table 1
Average values of joint systems
O06o3nauenne | Yronm maaeHus | Asumyt naaenus (Dip
CUCTEM (Dip), ° Direction), °
Iw 85 61
2w 53 206
3w 39 265
4w 26 174

B Hacrosinem ucciIen0BaHUM JUTS BBITTOJHEHUS] KHHEMATH-
YECKOro aHaJIn3a NCII0JIb30BaJIach MporpamMma Dips — npodec-
CHOHAJIbHBIM MPOTPAaMMHBIA MHCTPYMEHT JJIsi 00paOOTKH 1
MHTEPIPETANH JIAaHHBIX O TPEIIMHOBATOCTH Ha OCHOBE CTepe-
orpaduyYecKuX MpoeKurii. MeTonuka peann3oBaHa Ha OCHOBE
TEOPHUU KHHEMATH4ECKOT0 COOTBETCTBHSI HAIIPABICHUH CTPYK-
TYPHBIX IJIOCKOCTEH M CKJIIOHOB, YTO MO3BOJISIET ONPEACIUTh
TeOMETPHUYECKYI0 BO3ZMOKHOCTh Pa3BUTHSI PA3IHMYHBIX THUIIOB
paspyleHus 0e3 ydera BHEIIHEeH Harpy3KH.

Ha puc. 2 mpezncraBinena crepeorpaduyeckas MpOeKIHs,
BBIMOJIHEHHAST B mporpamme Dips, oToOpakaromiasi pe3yJibra-
ThI KWHEMAaTUYECKOTO aHaIn3a Ha MPEeIMEeT INIOCKOrO U KIIU-
HOBHUJIHOTO CKOJIBXKEHHS, @ TAK)K€ THOKOTO M IPSIMOTO OIpO-
KUIBIBAHUSL.
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Puc. 2. Pe3yjbTaTbl KUHEMATHYECKOI0 AHAJIM3A.
Cypert 2. KnHeMaTHKAJIBIK TaJI1ay HITHKeJIepi.
Figure 2. Results of kinematic analysis.

Ha puc. 2 mpencraBinena crepeorpaduyeckast IMpOeKIHs,
BBINIOJTHEHHAS! B IPOrPaMMHOM Komiuiekce Dips, koTopast uii-
JIIOCTPUPYET Pe3yabTaThl KHHEMAaTUUECKOTO aHAINU3a BEPOST-
HBIX PEXKUMOB pa3pylIeHHs OTKoca. Kax1plii BApUaHT 1eMOH-
CTPUPYET 30HBI KPUTHUECKUX IOJIOKEHUN CUCTEMBI TPEIUH
OTHOCHUTEJIBHO HAIpaBJICHUS MaJCHUS W yIla BHYTPEHHETO
TPEHUs, YTO MO3BOJSIET BHU3YaJIM3UPOBATh MOTEHIUAIBHBIE
OIAaCHBIE COUETAHUS IJIOCKOCTEN Ul Pa3IHuYHBIX BUIOB pas3-
pyLIECHUSI.

Planar Sliding: Critical Percentage vs. Slope Dip Direction
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Puc. 3. 3aBHcHMMOCTH KPUTHYECKOT0 MPOLIEHTA IJIOCKOTO
CKOJIbKEeHHUsI OT a3UMYTa MPOCTHPAHHUS 0TKOCA.
Cyper 3. KarnayabiH 60aFbIThl a3UMYTHIHAH Ka3bIKTBIK
CBIPFYIbIH KPUTHKAJBIK NAHBI3bIHBIH TIYeJIiJIiri.
Figure 3. Dependence of critical percentage of planar
sliding on slope dip direction azimuth.

Ha rpacduxke (puc. 3) npeacraieHa JUHAMUKA H3MEHEHHUS
BEPOSITHOCTH PAa3BUTHSI IUIOCKOTO CKOJBKEHHS B 3aBUCH-
MOCTH OT M3MEHEHHsI HalpaBJIeHUs nmaaeHust otkoca (Slope
Dip Direction). Y4acTKku ¢ NUKOBBIMU 3HAYEHHUSIMA KPUTH-
yeckoro npouenTta (1o 17-18%) mpuxonsTcst Ha Hampasiie-
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Hus 165—185° u 250-275°, 4T0 coracyercsi ¢ OpueHTaIHeH
JAOMUHHUPYIOIUX TPCUIMHOBATBIX HHOCKOCTCIZ, BBIABJICHHBIX
Ha crepeonpoekunu. J[aHHbpl rpaduk MO3BOJISET OLEHHUTH
MOTCHIHAJILHO ONIACHBIC HAITPABJICHUS IIPU MMPOCKTUPOBAHUUN
OTKOCOB.

Wedge Sliding: Critical Percentage vs. Slope Dip Direction
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Puc. 4. I'padpuk 3aBHCHMOCTH KPUTHYECKOH BEPOSITHOCTH
KJIMHOBUIHOTO CKOJIbKEHHs OT a3MMYTa HanpaBJieHUs
0TKOCA.

Cypert 4. KaraaynbIH 0aFbIThl 23MMYTHIHAH ChIHA TIPi3ai
CBIPFYABIH KPUTHKAJIBIK bIKTUMAJABIFBIHBIH TYeJ ik
rpaduri.

Figure 4. Graph of dependence of critical probability of
wedge sliding on slope dip direction azimuth.

Puc. 4 neMoHCTpHpPYeT 3aBUCHMOCTb KPHUTHYECKOTO IPO-
LEHTa KINHOBHUIHOTO CKOJBXSHUSI OT HAaIPaBICHUS MAJCHUS
oTKoca. MakcumanpHble 3Ha4eHUs (10 53%) DOCTHUTAIOTCS
npu HanpasieHusx or 100° qo 200°, 9To MOATBEPIKIAET TyB-
CTBUTEJILHOCTh PE3YJIBTaTOB K NMPOCTPAHCTBEHHOH OpHEHTa-
ouu oTKoca. ['paduk "eTko yka3pIBaeT Ha HaJU4ne Hebiaro-
NPUSTHBIX HAIPABJICHUH, B KOTOPBIX BEPOSTHOCTH pa3pylie-
HUS CyIIECTBEHHO BO3PACTACT.

Wedge Sliding: Critical Percentage vs. Friction Angle
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Puc. S. Bausinue yriia BHyTpeHHero TpeHust Ha
BEPOSITHOCTHh KJIUHOBH/IHOIO CKOJIb KEHMSI.

Cyper 5. Iuki ylikesic OypbIIIBIHBIH CbIHA TIPi3Ii CHIPFY
BIKTHMAJIIBIFBIHA JCepi.

Figure 5. Influence of internal friction angle on

probability of wedge sliding.

Puc. 5 oTpaxkaeT BIMsHHE BHYTPEHHETO yIlia TPEHUS I0-
POZ Ha BEPOATHOCTh BOSHUKHOBEHHUS KIMHOBHUIHOTO CKOJb-
keHns. Kak BUAHO, IpU CHIDKEHUHU yIiia TPEeHUs oT 35° 1o
15° KpUTHYECKUH TPOLIEHT BO3PACTAET DSKCIIOHEHIHAJIb-
HO — OT 1% 10 16,5%. DT0 moguepKUBACT KIIOYEBYIO POIbh
C/IBUTOBOM IIPOYHOCTH ITOPOJ] B 00ECIIEYCHNN YCTOHUNBOCTH
MaccuBa.




[eoMexaHIKa

Direct Toppling: Critical Percentage vs. Slope Dip Direction
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Puc. 6. 3aBucHMOCTDL BEPOATHOCTH PSIMOI0
ONPOKHUIBIBAHNUS OT A3MMYTa HANPABJIEHHUS 0TKOCA.
Cyper 6. KargaynbIH 0arbIThl A3UMYTBIHAH TiK ayIapbLIy
BIKTUMAJIAbIFbIHBIH TIYeJILIIri.

Figure 6. Dependence of probability of direct toppling on
slope dip direction azimuth.

Ha puc. 6 moka3aHO W3MEHEHHE BEPOSTHOCTH pa3pylle-
HUS B 3aBUCUMOCTH OT HallpaBlIeHUs nageHus oTkoca. CuHUM
[BETOM 00O3HAYeHa BEPOSITHOCTH IPSMOTO OMPOKUIBIBAHUS,
OPaH)KEBBIM — KOCOTO, & CEPhIM — IIEPECEUCHHSI C TUIOCKOCTHIO
OCHOBaHHs. MaKkcuMallbHasi BEPOSTHOCTH MPSIMOTO W KOCOTO
OIIPOKHIBIBAHSI HAOIIOMACTCs MPH HAIIPABJICHUSAX B THAITA30-
He 170-190° u 250-270°, nocturas a0 18%. D10 yka3biBaeT
HA 30HBI IOBEIIIEHHOTO PHCKA B 3aBUCHMOCTH OT OPUCHTAIINN
OTKOCA.

Direct Toppling: Critical Percentage vs. Friction Angle
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Puc. 7. 3aBucHMOCTH BEpPOSATHOCTH ONPOKHIBIBAHUS OT
yIJia BHYTPEHHero TpeHusl.
Cyper 7. Imxki yiikenic OypbIIIbIHAH ayIapbLILY
BIKTHMAJIIbIFBIHBIH TOYeJIIJIiri.
Figure 7. Dependence of toppling probability on internal
friction angle.

Ha puc. 7 nccnenoBana 4yBCTBUTEIBHOCTb CUCTEMBI K YIITy
BHYTPEHHETO TPEHUs. YBENIMWYEHHE yIia TpeHus oT 15° mo
35° BBI3BIBAET CYIIECTBEHHOE CHUKEHUE BEPOSTHOCTH KOCOTO
ONpOoKUIBIBaHMS C 2,5% 10 MeHee 1%, B To BpeMs Kak mpsimast
(dopMa ONPOKHIBIBAHUS HE JEMOHCTPUPYET 3HAUYUTEIbHON
YyBCTBUTEIHHOCTH K 3TOMY ITapaMeTpy.

BoiBoab1

[IpoBeneHHBI KMHEMATUYECKUN aHAJINM3 B IPOrPaMMHOU
cpene Dips mo3BoiiI BEISIBUTH TOTCHIIHABHbBIEC HATPABICHHS
Y THUIIBI HAPYIIEHUH YCTOMYMBOCTH OTKOCOB, O0YCIIOBICHHBIE
HaJIMYHEM TPEIIMHOBATOCTH B FOPHOM MaccuBe. Mcmomb3y-
emasi ctepeorpaduyueckasi MPOeKIys ¢ MapamMeTpaMH OTKOCa
(yrom manenns 50°, BappupyIONIeecs HapaBICHUE MAACHNUS,
yroa BHyTpeHHero TpeHus 20°, 6okoBble orpanndeHus +20°)
oOecrieunsia JOCTOBEPHYIO BU3yalH3allUIO 30H PHCKa B paM-
KaX TPEX OCHOBHBIX MEXaHM3MOB PA3PYIICHHS: CKOJIBKEHHE
M0 TIOCKOCTH, KJIMHOBHIHOE CKOJIb)KEHHE M OIPOKH/bIBA-
HHE — KaK THOKOE, TaK U MPsIMOeE.

AHanm3 IIOCKOCTHOTO CKOJIBKEHUSI TTOKa3all, YToO TpH Ha-
npaBieHnN maaeHust 160° BeposSTHOCTH KPUTUIECKUX Tepece-
yeHuni cocransieT 14,83%, a mpu 230° —Bo3pacraert 10 29,73%.
OTenpHbIe CHCTEMBI TpemyH oka3sBaroT 100% mepeceuenne
C KPUTHYECKOH 30HOH, YTO yKa3bIBAET HA MX MOTEHIHAIBHYIO
HEeCTaOMIBHOCTH TIPH COOTBETCTBYIOIIEH OPUEHTAlNH OTKOCA.

AHalIM3 KITMHOBHIHOTO CKOJIBKEHHUS BBISIBUI, 9TO 4 U3 6 BO3-
MOKHBIX KITMHOBHUIHBIX EPECEUCHHUI PACTIONOKEHBI B KPUTHYE-
cKoit 30He (66,67%). AHanIM3 3aBUCHMOCTH KPUTHYECKUX TIEepe-
CEUCHUH OT HANpaBJICHUS U yIVIa TAJICHUs OTKOCA MOATBEP/IHI,
YTO MAKCHMAJIbHBIC PHCKH HAOIONAIOTCS MPH HANPABICHHUSX
100-200° u yriax Oomee 65°. YBennueHHe yIiia BHYTPEHHETO
TPEHUsI 3HAYUTEILHO CHIKACT BEPOATHOCTH PA3PyIICHUs], MOJ-
TBEPXK/asl €ro KITFOUEBYIO POJIb B 00CCIIEUEHUH yCTOHYMBOCTH.

[IpsiMoe ONpOKHUIBIBAHNE OKa3aJOCh MEHEE BBIPAKCHHBIM
[0 CPABHEHUIO C JAPYTHMMH MEXaHH3MaMH, OJHAKO €ro Hemlb3sl
nckimodars. OOmasi BEpOATHOCTh KPUTHYECKHX Iepecede-
Huit i Direct Toppling coctasmsier 4,75%, a mis Oblique
Toppling — 3,16%. IlnmockocTh OCHOBaHMS TaKke MOKa3aja
15,54% mepeceueHnit, 9T0 MOTIEPKUBAET HEOOXOTUMOCTD aHa-
JIM32a COMPSHKEHHBIX IIIOCKOCTEN MPHU OLIEHKE ONPOKH/IBIBAHMSI.

[TomyueHHbIE TaHHBIE CBUAETEIBCTBYIOT O BBHICOKOM UyB-
CTBUTEILHOCTH YCTOWYNBOCTH OTKOCA K OPHEHTAIINH CKJIOHOB
OTHOCHUTENIBHO CTPYKTYPHBIX CHCTEM TpeIinH. Makcumaib-
HBIE PUCKH (PUKCUPYIOTCS MPU HaNpaBlIeHUIX oTkoca ot 100°
110 200°, 0cOOCHHO B COYETAHUH C BEICOKUMH YITIAMH MTaJCHUS
Y HU3KAMH 3HAYCHUSIMU YIVIa BHYTPEHHETO TPEHHsS. DTH pe-
3yJBTATHI SBISIOTCS KPUTHUECKH BaXKHBIMH IIPU MHKEHEPHOM
000CHOBaHMY OTKOCOB KaphepoB, OTBAJIOB, 1aMO 1 IPyTUX HH-
KEHEPHBIX COOPYKEHUH B TPEIMHOBATHIX TIOPOAAX.

BaarogapHoctb

Cmamobsa onyonukoeana 6 pamkKax KOHKYpca Ha Rpo-
2pamMmHo-yeneeoe (uUHAHCUPOGAHUE NO HAYYHBLIM, HAYY-
Ho-mexnuueckum npozpammam na 2024-2026 zoovr (MPH —
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INVESTIGATION OF VELOCITY MODES
OF LIQUID FLOWS AROUND ELECTRIC
MOTORS OF SUBMERSIBLE PUMPS

Abstract. Water supply and wastewater disposal are among the industries with intensive use of pumping equipment, the share of electricity consumed by pumps is
more than 50% of the total energy consumption. One of the reasons for the decrease in technical and economic indicators of submersible pumping units is the failure of
pump motors due to overheating during their operation. In this regard, the substantiation and development of methods of research and calculation of fluid flow parameters
around the pump motor, is an urgent scientific and practical task. The aim of the work is to provide conditions of stable cooling of pump motors at which the temperature
of electric motor windings will be within permissible limits. To achieve this goal, the task of developing a methodology for modelling the turbulent vortex fluid flow along
the electric motor of a submersible pump is solved.

Key words: : flow velocity, liquid, submersible pump, electric motor, hydrodynamics, design optimisation, efficiency of operation, productivity, energy losses, liquid flow.

CyacTbl COPFBLIAPBIHBIH JIEKTP KO3FAJITKBIIITAPBIHBIH aliHATACHIHIAFbI CYHBIKTBHIK aFbIHIAPBIHBIH KBLIIAMIBIK
pexuM/epiH 3epTTey

Amnpatna. CymeH xa0/IbpIKTay )KoHe Cy Oypy COpFbI jKabIbIKTaphIH KapKbIH/IbI Maii[alaHaThlH OHEPKACIIl cajlallapblHa XKaTajibl, COPFBIIAP TYTHIHATHIH JICKTP SHEP-
THSICBIHBIH YJIECI KAl SHEPTHs TYThIHYABIH 50%-1aH acTaMbIH Kypaiiabsl. CyacTsl COPFbI KOHABIPFBIIAPHI )KYMBICHIHBIH TEXHUKAIBIK-9)KOHOMHUKAIIBIK KOPCETKIIITEPIHIH
TeMEH/ICYiHIH ceOenTepiHiH 0ipi COpPFbUIAPABIH DIEKTpP KO3FAITKbIIITAPbIHBIH KYMBIC HPOLECIH/IE KBI3BIIN KeTyiHe OallJIaHBICTBI iCTEH MIBbIFYbI 00BN Tabbl1aabl. OChiFaH
0aiiIaHBICTBI COPFBI KO3FaJITKBIIIBIHBIH aiHAIACBIH/IAFbI CYHBIKTHIK aFbIHBIHBIH TTapAMETPIIEPIiH 3ePTTEY XKIHE eCenTey SIiCTePiH HEeTi3/ey KoHe JaMbITy ©3€KTi FhUIBIMU
JKOHE MPAKTHKAIIBIK MIHJIET OOJTBITT TaObLIa Ibl. MaKcaTKa )eTy YILIiH CyacThl COPFBICBHIHBIH AJIEKTP KO3FAITKBIIIBI OOHBIMEH CYHBIKTBIKTBIH TYPOYICHTTI KYHBIHIbI aFbIHBIH
MOJIEJIB/ICY O/ICIH d3ipiiey MiHCTI IeIiIy/Ie.

Tyuinoi co30ep: ousaiinobl OyMAUIAHOBIPY, HCYMbIC MUIMOINIST, OHIMOLTIK, IHEPUA WIbIRbIHL, CYUbIKIMbIK A2bIHYL.

HccaenoBanue CKOPOCTHBIX PEKUMOB IMOTOKOB KUIKOCTH BOKPYI 3J1€KTp0}JBPlFaTeJ1€l7[ IMOrpy>KHbIX HACOCOB

AuHoTanus. BorocHatkeHne 1 BOZOOTBEJCHUE OTHOCSTCS K OTPACISIM MPOMBIIUICHHOCTH C HHTEHCHBHBIM MCIIOJIB30BAHHEM HACOCHOTO 000PYI0BAHMSI, IO JIICK-
TPOIHEPTHH, NOTpebIIsieMoi Hacocamu, coctasiser 6onee 50% ot obmero suepronoTpednenus. OQHON U3 MPHYUH CHIDKCHUS TEXHUKO-DKOHOMHYECKHX ITOKa3aTesei
paboTHI MOrPYKHBIX HACOCHBIX YCTAHOBOK SIBJISIETCS BBIXOJ M3 CTPOSI SJIEKTPOJBHUIaTENIeil HACOCOB M3-32 IIeperpesa B Iporecce nx padbotsl. B 310if cBsA3u oOocHOBaHMEe
W pa3BUTHE METOOB MCCIICIOBAHUS M pacyeTa MapaMeTpoB IMOTOKA JKHMIKOCTH BOKPYT JABUTATElNsl HACOCA SIBISCTCS aKTyalbHOH HAy4YHOM M MPAKTUYECKOW 3ajauei.
JUst OCTHIKEHHSI OCTABICHHOM LIENM PEIIaeTCsl 3a1ada pa3paboTKi METOANKH MOACIHPOBAHHS TypOyICHTHOTO BUXPEBOTO MOTOKA JKUAKOCTH BJIOJIb AIEKTPOIBUTATEIIS

MOTPY’KHOTO Hacoca.

Knroueswie cnosa: ckopocms nomoka, H#cuoKocns, HOSPYHCHOU HACOC, INEKMPOOsUamenb, CUOPOOUHAMUKA, ONMUMUZAYUS. KOHCIMPYKYUU, dphekmusnocms pabomul,

npOLlf;‘EO()lee}leOCmb, meuenue JHCUOKOCU.

Introduction

The overall energy consumption in industries depends in
no small measure on the performance of pumping equipment.
The efficiency of a pumping station is often lower than the
efficiency of the individual pumps installed in the station. The
reason for the low energy efficiency is a mis-match in the oper-
ating characteristics of the equipment. To improve the efficien-
cy of pumping plants, it is necessary to reduce the operating
costs of the pumping equipment [1].

In an electric motor, during high efficiency operation, part
of the electrical power input is used for heating. Heating the
motor reduces its efficiency, which is often accompanied by
power overruns. At the same time, cooling the motor increases
the service life of the pump unit. Surface motors have a fan on
the shaft, which cools the motor with air flow when the motor
is switched on. Motors for borehole pumps have a different de-
sign, and they do not have a fan, but they also need to be cooled
by any means during operation. When the motor is working in
the well, usually the water temperature ranges from 8-14°C,
and it is this water that will cool the motor [2]. Due to improp-
er selection and operation of the pumping unit in some wells
the motors are cooled normally, and in others they fail due to
overheating. In surface motors, a fan creates sufficient airflow
to extract the heat generated by the motor during operation.
Similarly, well motors are cooled by the flow of the pumped
fluid. A certain flow velocity around the pumping unit makes it
possible to cool and operate the motors normally. In some cas-
es, the fluid flow velocity along the submersible pump motor
is not sufficient. In such cases, the liquid flow velocity can be

en-sured by means of cooling shrouds. In addition, very often
borehole pumps are used to supply water from tanks, cisterns
or open ponds, where the use of cooling covers is man-datory.
Manufacturers of borehole pumps specify in the technical data
the minimum permissible liquid velocity for cooling the motor
housing. Some manufacturers also specify the maximum oper-
ating time of the motor when the valve is closed [3].

Submersible pumps are used in demanding applications.
They are constantly exposed to water pressure, vibration, high
temperatures, abrasive particles, etc. Therefore, the pump units
are manufactured with a large safety margin, but over time they
develop various failures. The main failures of electric submers-
ible pump units and their causes can be divided as follows:

1. Decrease in insulation resistance:

a. mechanical damage to the cable insulation when the
submersible pump is lowered, due to violation of the rate of
descent of the unit or presence of foreign objects in the well;

b. displacement of current carrying conductors of the
ex-tension or main cable running to the check valve, due to
poor installation during operation.

2. Infiltration of formation or purge fluid into the motor
cavity, frontal part or outlet ends (non-tightness of mechani-
cal seals, tightness failures in the places of current input or
flange connection motor — waterproofing), due to vibration
or atmospheric precipitation during installation.

3. Motor overheating due to violation of the cooling mode
[4, 5].

The considered reasons of failure of electric motor of sub-
mersible pumps are connected mainly with its overheating.
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Insufficient pump cooling occurs when a small diameter pump
is installed in a well with too large a diameter or, even worse,
in an open well [6]. When the well diameter is slightly larger
than the pump, the water cools the motor housing, protecting
it from overheating. It is recommended that the difference be-
tween the internal diameter of the borehole and the diameter of
the pump should be at least 4 mm and not more than 100 mm.
In addition, very often borehole pumps are used to supply wa-
ter from tanks, cisterns or open ponds, where the use of cooling
covers is mandatory. Cooling covers for submersible pumps
allow a part of the pumped liquid or external liquid to circulate
around the stator housing of the electric motor. In doing so, ex-
cess heat is absorbed by forced convection, providing effective
cooling of the pump. They provide additional cooling of the
motor when the pumped liquid is warm or the pumps have to
run continuously. During the operation of a borehole pump, its
service life is directly dependent on the cooling of the motor.
Therefore, it is very important for the operation of a downhole
pump to provide the necessary temperature and rational speed
of the turbulent vortex fluid flow along the electric motor of
the sub-mersible pump [7].

Research methods

In practice, the surface temperature of some modern pump
motors can reach 90°C (194°F). At elevated temperatures,
many materials begin to char and become conductive. All
materials become brittle from prolonged exposure to elevat-
ed temperatures long before charring, easily break down and
lose their insulating properties. This process is called thermal
ageing [8, 9, 10].

In most modern designs of submersible pumps their water
intake part is located above the electric motor. This technical
solution ensures high pump performance, but under some con-
ditions (installation of a narrow pump in a well with too large a
diameter) it can lead to overheating of the electric motor.

When the electric motor is located above the water intake
part of the pump, the entire pump unit is mounted in a casing
so that the flowing water cools the electric motor. This solu-
tion leads to a reduction of the impeller diameter, which in turn
reduces the pump performance.

Increase of productivity can be achieved in a similar way
by increasing the speed of rotation of the motor, but increasing
the speed of rotation of the electric motor will require an in-
crease in the frequency of the power supply network more than
50 Hz, which in turn prevents the motor speed from exceeding
3000 rpm. Therefore, today the task of eliminating the pro-
cesses of overheating of submersible pump motors is urgent
and in demand [11]. The set task is achieved by the fact that a
cooling casing is installed on the upper part of the suction pipe
of a submersible pump. When entering the device, the liquid
passes close to the motor part, thus increasing the speed of the
liquid flow entering the pump, improving the cooling process
of the electric motor (Fig. 1.).

It is recommended to install cooling hoods when the cool-
ing of the electric motor is insufficient [12]. This increases the
life of the motor. Cooling covers are recommended when:

- the borehole pump is subjected to high thermal loads due
to e.g. asymmetrical current consumption, dry running, over-
loads, high ambient temperatures and poor cooling;
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Figure 1. Schematic diagram of the pump unit cooling
jack-et: [ — pump; 2 — cooling jacket.

Cypert 1. Coprbl KOHABIPFBICBIHBIH CAJKbIHIATKbIII
KOWJIETiHIH cxeMachl: [ — copavl, 2 — CanKbIHOamKbiuL
KOUJex.

Puc. 1. [IppHuunuanbHas cxeMa pyoaliku OXJ1a:KIeHUs
HACOCHOTO arperara: / — Hacoc, 2 — ox1axcoaroudst
pyoawka.

- the pump is pumping corrosive liquids, as the corrosion
rate doubles when the temperature rises by 10°C.

The discussion of the results

Figure 2 shows the general view of the process well and the
principle of operation of the cooling shroud in wells. The de-
vice consists of an electric submersible pump unit (7), cooling
shroud (2), suction pipe of the submersible electric pump (3),
casing (4), process well (5), fluid bed (6), motor part of the
submersible pump (7) and fluid flow (8). The cooling shroud is
attached to the top of the suction pipe, with its length exceed-
ing the length of the pump unit motor by 20-50 cm. A gap of
20-30 mm in diameter is left between the pump unit and the
end of the blind pipe.

It is recommended to use a cooling jacket made of PVC
material, as this type of material is low cost and lightweight

77777,

7 7

-

Figure 2. General view of the process well: a — scheme of
installation of downhole submersible pump, b — principle of
operation of submersible pump with cooling casing.
Cypet 2. TexHOJIOTUSIBIK YHFBIMAHBIH KAJINbI TYPi:

a — YHRUIMA CYACMbl COPEBICHLIH OPHAMY CXEMACDL;

0 — CAnTKLIHOAMKBIU KANMAMACHL 6ap CYACHbl COPELICLIHBIY
ACYMBIC NPUHYUNI.

Puc. 2. O0muii BU TEXHOJIOTHYeCKOH CKBaKUHBbI:

a — cxema yCmaHo8KU CKBANCUHHOL0 NOSPYHCHO2O HACOCA,
0 — npuHyUn pabomvl NOSPYHCHO2O HACOCA C OXTANCOAIOUUM
KOJCYXOM.
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compared to a stainless steel sheet construction, making it
more cost effective.

By using a suction cooling shroud, the motor operates at a
reduced temperature and does not overheat during continuous
operation. During pump shutdowns, the cooling jacket absorbs
residual heat from the motor, thus preventing thermal effects.
This prolongs the intervals between the necessary cleaning of
the well from mineral crust.

Danger of localised heating of the pump motor, especially
in horizontal pump installations and where several units are lo-
cated close to each other. In such cases, cooling hoods should
always be used on the suction side.

Examples of options for installing cooling covers on sub-
mersible pumps installed in open water bodies, cisterns, tanks,
wells and boreholes with inlets above the suction inlets, where
cooling of the submersible pump motor is only provided by
free convection, are shown in Figure 3.

Figure 3. Examples of installation of the cooling jacket
for: a — horizontal installation of the pump; b — vertical
installation of the pump: 1 — electric motor, 2 — cooling

Jjacket; 3 — pump.

Cyper 3. CaakbIHAATKbIII KYPTELIeHi OpHATY
MBICAIIAPBI: @ — COPRbIHbL KOIOEHEH OpHAmMY; O — COPRbIHbL
mik opnamy: 1 — anexmp Ko3eanmsiubl, 2 — CanKbiHOAMKbIUL
Kypme; 3 — copebl.

Puc. 3. [Ipumepbl ycTAHOBKHU PyOalIKK OXJIAMKACHUS JJIS:
a — 20pU30HMANLHOU YCMAHOBKU HACOCA, O — 6EPMUKATLHOU
yemanoeku Hacoca: 1 — anexkmpodsueamens, 2 — pybawika
oxXnadNcoenust; 3 — HAcoc.

If the flow velocity of the pump motor is less than that spec-
ified in the equipment data sheet, the use of cooling covers is
mandatory.

The following formula is used to calculate the cooling rate:

_353Q

= _Dz—dz [m/s],

0 — flow rate (minimum pump capacity is required for cal-
culation), m¥h;

D — nominal diameter of the well, mm,;

d — nominal diameter of the electric motor, mm.

At carrying out mathematical calculations and experimental
works we have chosen 2 types of technological wells (well di-
ameter Dsk =159 mm and Dsk = 195 mm), 2 types of submers-
ible pumps (USK408/42 pump motor diameter Ddv = 93 mm
and URN 6 25/14 pump motor diameter Ddv = 145 mm).

As they are frequently used types of equipment at industrial
enterprises. The results of the performed calculations are given
in table 1.

Table 1
Types of submersible pumps
Kecme 1
Cyacmul copeblnapuvinoly, mypiaepi
Taonuya 1
Tunwl nozpyscnsix Hacocos
Suggested
Flow Well Pump difngleters Flow cooling
rate . motor . .-
diameters | . of cooling | velocities of
Q Dsk, mm diameters hoods motors, m/s
m¥h ’ Ddv, mm ’ ’
mm
113 0,6
123 0,43
8 159 93 133 0,31
143 0,23
159 0,19
165 1,42
170 1,12
175 0,91
25 195 145
180 0,77
185 0,66
195 0,51
o7
%OB
205
go4
203
é 02

10 115 120 125 130 136 140 145
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Figure 4. Dependence of change of flow cooling velocities
on internal diameters of cooling casings (well diameter
Dsk = 159 mm, pump motor diameter Ddv = 93 mm).
Cypert 4. AFBIHHBIH CAJKBIHIATY KbLIAAM/IBIFbIHBIH
03repyiHiH CAJKBIHIATKBII KaTaMaJapAbIH ilIKi
AHaMeTpJiepiHe TIyeJAIiri (YHFbIMAHBIH AHAMeTPi
Bcek = 159 MM, COPFBIHBIH 3JIEKTP KO3FAJITKbIIIBIHBIH
auametpi Bas = 93 mm).

Puc. 4. 3aBucuMocTh H3MEHEHHS CKOPOCTEH OXJIAMK/IeHHUS
NMOTOKA OT BHYTPEHHHX IHAMETPOB OXJIAKIAI0IMINX
KO’KYyXOB (AnameTtp ckBaskuHbl Dck = 159 MM, tuamerp
3JIeKTpoABUraTe/isi Hacoca Das = 93 mm).

The velocity of the liquid flow around the electric motor
should be in the range from 0.15 to 3 m/s to ensure optimum
operating conditions for the pump.

On the basis of the obtained data, studies were carried out
by modelling the hydrodynamic processes during the opera-
tion of the submersible pump and the cooling shroud using the
KOMPAS software package (Figure 6).
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Figure 5. Dependence of flow cooling velocity variation
on the internal diameter of the cooling casing (borehole
diameter Dsk = 195 mm, pump motor diameter
Ddv = 145 mm).

Cypert 5. AFBIHHBIH CAJKBIHIATY KbLIaM/IbIFbIHBIH
03repyiHiH CAJKbIHIATKBII KOPIYCTHIH IMIKi
AUAMETPiHe TIYyeJAiJIiri (YHFbIMA OKINAHBIHBIH AHAMETPi
Bcek = 195 MM, coprbl KO3FAJITKBIIIBIHBIH AHAMETPI
Bces = 145 mm).

Puc. 5. 3aBucuMocTh U3MEHEHUS] CKOPOCTH OXJIAKIeHUS
MOTOKA OT BHYTPEHHEr0 IMAMeTPa OXJIAKAAI0IIEro
KOKyXa (IMaMeTp CTB0JIa CKBa:KMHbI Dck = 195 mm,
AuaMeTp ABurareis Hacoca Das = 145 mm).

a) b)

Figure 6. Submersible electric pump: a — general view of
the submersible electric pump without cooling jacket; b —
submersible electric pump with cooling jacket: 1 — electric
motor; 2 — pump, 3 — cooling jacket.

Cypet 6. CyacTbl 2JIEKTP COPFBICHI: d — CAIKbIHOAMKbILU
Jrcelioecis cyacmul SNeKmp COPEbICLIHBIH HCANbL KOPIHICI; 6 —
CanKbIHOamKbIWL Hcetloeci bap cyacmul 3neKmp copavicol: | —
2IeKMp KO32aNMKbLUUbL, 2 — COpabl, 3 — CANKbIHOAMKbIU dHcelloe.
Puc. 6. [lorpy:xHoii 3JIeKTpOHACOC: a — 0OwUll 8110
NOZPYIACHO20 INIEKMPOHACOca 0e3 pYyOauKU OXAaHCOCHUS,
0 — NOSPYHCHOIU INEKMPOHACOC C PYOAUKOU OXLAHCOCHUSL:
1 — sanexmpoosueamens, 2 — nacoc, 3 — pybawxa
OX71AACOCHUSL.

Experimental work to investigate the changes in the flow
cooling rate using the recommended cooling shroud was car-
ried out using SolidWorks software. The obtained results are
shown in Figure 7.

Analysis of the results shown in the graphs indicates that in
order for the motor to cool normally, it is necessary to provide
a certain speed of the fluid flow around it. This velocity can be
achieved by means of cooling shrouds.

Conclusion
To establish the technical and economic efficiency of using
the results of research on the application of the recommended
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a) b)

I — at borehole diameter Dsk = 159 mm, pump motor
diameter Ddv = 93 mm, Il — at borehole diameter
Dsk = 195 mm, pump motor diameter Ddv = 145 mm,
a — submersible electric pump without cooling casing;
b — submersible electric pump with a cooling casing

Figure 7. Results of experimental work in SolidWorks
software.

Cypert 7. SolidWorks 6arnapiaaMabIK
JKACaKTAMAaCBhIH/IAFbI IKCIEPUMEHTTIK KYMbICTAPIbIH
HOTH:KeJIepi.

Puc. 7. Pe3ynbTaThl 3KCNIEPUMEHTATBHOI PadoThI
B nporpamme SolidWorks.

cooling device for submersible pump motors, the following
calculations were made.

Annual power consumption of the used pumping equip-
ment without application of the recommended cooling device
of the submersible pump motor:

Wn =P,-EUR-t=7,4+0,85-8760=
=55100,4 kW-h/year,

oun op

where:

P, — actual capacity of pumping equipment at pump capac-
ity Qcr = 8 (m*/hour);

EUR = 0.85 equipment utilization rate over time;

t = 8760 operating time of pumping equipment relative to
the billing period, hour/year.

Annual electricity consumption when using the recom-
mended cooling device for the submersible pump motor:
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retimver = Po* EUR ~t =7+ 0,85 - 8760 = 52122 kW-h/year,

where:

P, — actual capacity of pumping equipment at pump capac-
ity Qcr = 8 (m*/hour);

EUR = 0.85 equipment utilization rate over time;

t = 8760 operating time of pumping equipment relative to
the billing period, hour/year.

The electrical resistance of conductors increases with
in-creasing temperature and decreases with decreasing tem-
perature. At very low temperatures, the resistance of some
metals and alloys drops to zero (superconductivity). When
heated, the vibrations of metal ions in the nodes of the metal
lattice increase, so the free space for the movement of elec-
trons becomes smaller. The electrons are more likely to be
thrown back, so the value of current decreases and the value
of resistance increases, from this we can conclude that, when
the temperature of the motor increases, the power consump-
tion of the submersible pumping equipment increases [4].

Energy saving by using a cooling device for the submers-
ible pump motor:

AW =W o= Woretimrer = 55100,4 — 52122 =
= 2978,4 kW-h/year.

Calculated data and obtained performance indicators of
pumping units at application of submersible pump motor cool-
ing device are given in Tables 2, 3, 4, and changes of energy
efficiency of submersible pump motor cooling device applica-
tion by years of operation are shown in Fig. 8.

Table 2
Capital cost per submersible pump
Kecme 2
Cyacmul copebicbinblH, Kypoeni uibl2blHoapbl
Tabauua 2
Kanumanvhuie 3ampamuol Ha nozpyxcHoit nacoc

Expenses Thousand dollars
Cost of the subm'ersiblt.: pump motor 350
cooling unit
Installation work (17%) 60
Delivery to (10%) 35
Total amount in dollars: 445
Total amount in tenge: 217 572

As a result of the conducted researches it has been estab-
lished that it is expedient and economically reasonable to
install cooling covers in case of: insufficient cooling; high
ambient temperature; pumping of aggressive liquid; sludge
(deposits on the electric motor). At the same time, the cool-
ing cover provides a longer life of the electric motor by in-
creasing the velocity of the fluid flow along the motor and
contributes to increasing the energy efficiency of the pump-
ing unit by 5-7%.

Table 3
Costs per submersible pump
Kecme 3
Bip cyacmul copzuicvinblly Kynbl
Tabnuua 3
3ampamul Ha 00UH NOZPYIHCHOU HACOC
. Per 1
Name Units of submersible
measurement
pump
Annual electricity consumption of the pumping equipment
in use
Annual elect.r1c1ty KWhiyear 55100.4
consumption
Cost of 1 kWh of electricity
including VAT Dollars/kWh 450
Cost of consumed electricity mﬂh;):aESD/ 27,8

Annual electricity consumption by pumping equipment
under the proposed variant

Annual elect.ricity KW-h/year 52122
consumption
Cost of 1 kWh of electricity million 235
including VAT Dollars/year ’
Electricity saving million USD/ 4,3
year
Table 4
Calculation of cumulative cash flow and equipment
payback period
Kecme 4

Kymynamuemix aKua azvtHbiH ycoHe H#cadObIKMbIH Omerny
Mep3imin ecenmey
Taonuua 4
Pacuem KymynamueHozo 0eHeicHo20 NOMOKa U CPpoKa
oKynaemocmu 000py008aHus

Indicators Years
of economic Unit
efficiency 2024 | 2025 | 2026 | 2027 | 2028
Operating | Mln. | 513 | 45| 43 | 43
cost variance | Dollars
Depreciation
and amortisa- | M™% |~ | 09 | 09 | 09 | 09
. Dollars
tion
Min.
Net profit Dollars 43 34 | 34 34 | 3,4
Capital Min.
expenditure | Dollars 0.451 0,0 100100 ) 00
Net cash flow Min. 385 34 | 3,4 34 | 34
Dollars
Cumulative Min.
cash flow Dollars 3,85 | 7,25 |10,65|14,05|17,45
Payl?ack Year 2
period

Topuwtit sicypuan Kazaxcmana Ne7’ 2025




[opHble MamIIHbI

300000
275000 y |

250000 i
225000 -
= 200000 A
175000 Z

150000 =

125000

100000 >

75000

50000 %
2024 2025 2026 2027 2028

Years

Energy consumption of he submersible
pump unit, kWh/year

Figure 8. Change in energy efficiency of the application of
the submersible pump motor cooler by year of operation.
Cyper 8. Ilalinanany *bliagapbl 60HbIHIIA
CYaCThbI COPFBICHIHBIH 31EKTP KO3FAJITKbIIIBIHBIH
CAJIKBIHAATKBIIBIH KOJAAHYIbIH JHePrus THIMAIIIriH
e3repry.

Puc. 8. U3meHneHue 3HeprodppeKTHBHOCTH NPUMEHEHHU S
OXJIAIUTEJISI 3JIeKTPOABUIaTe Isl HOTrPYKHOT0 HACOCA IO
roJ1aM IKCILTyaTaliH.

Cooling casing is a space formed between the body of the cool-
ing casing and the stator surface of the electric motor in which
there is a singlephase, turbulent, vortex motion of the fluid flow
along the electric motor with convective heat exchange.

It has been experimentally established that there are several
main reasons for the equipment of additional cooling jacket
(cooling shrouds): to ensure the required fluid flow velocity; to
prevent the formation of deposits of components (iron, man-
ganese, fluid salts, bacteria or minerals, etc.) in the well water
and to ensure uniform cooling of the electric motor; to reduce
the growth of corrosive activity of water by eliminating the
increase in temperature of the electric motor; to absorb heat
and prevent the thermal effect.

The results of numerical simulation and experimental work
performed to investigate the changes in the flow cooling rate
using the recommended cooling casing allowed to characterise
in detail the velocity fields around the pump unit, to identify
the features of the hydrodynamic behaviour of the system and
to establish the dependence of the change in the flow cooling
rate on the internal diameter of the cooling casing.
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T'A3 AMJIAY CTAHUUSICHLIHBIH BYPAHJIAJIBI
KOMIIPECCOPBIHBIH JIEKTP )KETEL'TH
OHTAUJAHABIPY

Annarna. Makasazia ra3 COprbl CTaHIMSIApbIHAA KOJAAHBUIATHIH OypaHIabl KOMITPECCOPIBIH ISKTpP KETET1HIH THIMALIIrT MEH CeHIMAUIITIH apTThIpy Macesenepi
KapacThIpbliazbl. TypakThl TOK KO3FANTKBILIBI HET131HACTT AJICKTP JKETEeTiHIH TMHAMUKAJIBIK CUIaTTaMaiapbl TalAaHbII, OHBIH TiKelel iCke KOCY MEH XYKTIH KeHEeT o3re-
pici ke3inzeri kemurinikrepi anbikranras. [TM]] KOHTposUIepepiMeH peTTeneTin 6acKkapy xyieci a3ipieHin, icke KoCy TOKTapbIH LIEKTEY, KbICHIMHBIH aChIll KeTYiH TOMEH-
JIeTy JKOHE JKYHEeHIH TYPaKThIIBIFBIH apTTHIPY [Iapanapbl YCHIHBUIFAH. ACHHXPOH/IbI KO3FAITKBIIIIICH CAIBICTBIPMAIIbl MOJENB/ICY HOTHKECIHIE OHBIH apPTHIKIIBIIBIKTAPBI
KOPCETLIII, YChIHBUIFAH TOCUIIIH THIMIIUIIT XKaHE CBIPTKBI JKaFJalapAblH dcepine OeiimMelTy YIliH KOHTPOJUIEp MapaMeTpiiepiH alalTHBTI PETTey KaKeTTLIIr pacTallbl.
AVHBIMAJIBI KUUTIKTI )KETEKTEP/i KOJIaHy MepCIeKTUBATAPbl MEH XKYHEHI TOJBIK ayKbIMIbI TECTINICY KQKESTTIIIr KOPBITHIH/IBLIAHIbI.

Tyitinoi co3oep: bypanoanvl komnpeccop, snekmp dcemeei, backapy srcyueci, mooenvoey, scuinikmi pemmey, I konmpoinepi, eaz atioay Cmanyuscyl, a6MomMamuxda.

Optimization of the Electric Drive of a Screw Compressor at a Gas Pumping Station

Abstract. The article addresses the enhancement of efficiency and reliability of the electric drive in screw compressors used at gas pumping stations. It analyzes the
dynamic characteristics of a DC motor-based drive, identifying issues during direct startup and sudden load changes. A control system using PID controllers is developed
to limit startup currents, reduce pressure overshoot, and improve system stability. Comparative modeling with an induction motor highlights its advantages, and the effec-
tiveness of the proposed approach is confirmed. The need for adaptive tuning of controller parameters to address changing external conditions is emphasized. The article
concludes with the prospects of variable frequency drives and the need for full-scale testing and integration with existing infrastructure.

Key words: screw compressor, electric drive, control system, modeling, frequency regulation, PID controller, gas pumping station, automation.

OHTI/IMI/[?.aIIHﬂ SJEKTPOIIPUBOIA BUHTOBOI'0 KOMIIpeccopa ra30rlepelca'{nBalolueﬁ CTAaHIIUHA

AnHoTanus. B crarbe paccmarpuBaeTcs nosbllieHne 3pHEKTHBHOCTH M HAJIEKHOCTH 3JI€KTPONPHBO/Ia BAHTOBOIO KOMIIPECCOPA HA Ta30ePEKauMBAIOIIMX CTAHIIUAX.
ITpoanann3upoBaHbl JMHAMUYECKHE XapPAaKTEPHCTHKH IEKTPONPUBOIA HAa 6a3e ABUraTeis IIOCTOSHHOTO TOKA HE3aBHCHMOTO BO30Y)KICHMS, BBISABICHBI €I0 HEJOCTATKU
IpY HPSMOM IyCKE U PE3KOM M3MEHEHHM Harpysku. Pazpaborana cuctema ynpasnenus ¢ ITUJ[-perynstopamu, 00eCIeUnBAONIas OTPAHNYCHUE TyCKOBBIX TOKOB, CHH-
JKEHUE MepPEeperyaMpOBaHUs U TOBBIIICHHE YCTOHYMBOCTH. [IpOBE/ICHO CPaBHUTENILHOE MOJCIMPOBAHNE C ACHHXPOHHBIM JIBUraTesIeM, MOKa3aBIIee ero MpenMyIiecTsa.
MozenipoBaHue NoATBEPANI0 SQPEKTUBHOCTD MOX0a U HEOOXOIMMOCTh A TUBHON HACTPOMKH PEry/IsTOPOB /s KOMIEHCAIMM BHEIIHUX ycnoBuid. CienaH BbIBO
0 MEPCIEKTHBAX UCIOJIb30BAHNS YACTOTHO-PETYIMPYEMBIX IPUBOIOB U HEOOXOAMMOCTHU AANIbHEHIIMX MCCIIEIOBAHUI Il HATYPHBIX MCIIBITAHUN M MHTErpaluu ¢ MHdpa-
ctpykrypoii I'KC.

Kniouesvie cnosa: 6unmosoi KOMRPeccop, 21eKmponpusoo, Cucmema ynpasienus, MoO0enuposanue, yacmomnoe pecyruposanue, I1IMJ[-pecyiamop, 2azonepekayusa-

owasi Cmanyus, asmomamusayusl.

Kipicme

Taburm ra3 FajmaMIplK DHEPIETHKAJIBIK JKyleme OapraH
CaifbIH MaHBI3ABI pen aTtkapansl. Kemip MeH MyHaliFa Kapa-
FaHZIA SKOJIOTHSJIBIK Ta3a OTHIH OOJIa OTBIPBIM, OJI AYHHEXKY-
3UTIK HEPTUs TYTHIHYABIH MAaHBI3IbI OONIriH KaMTamachl3
ereni. TyTeIHYIIBUIApARl TaOWFH ra30€H KaMTaMachl3 eTyIiH
€H MaHBI3/IbI KE€3€HI OHBbI MBIHAAFaH IIAKBIPBIMFA CO3BUIATHIH
MarucTpasbIbIK I'a3 KYObIpIapsl apKblIbl TACKIMAIIAY OOMBII
TaOBUTaABL. 123161 THIMAL JKOHE CEHIMI TachIMaigay eJiep-
IIiH SHEPreTUKAJIBIK KAyiNCi3Airi MeH SKOHOMUKAJIBIK JaMybIH
KaMTaMachl3 €Ty YIIiH CTPATETHsIIbIK MAaHbBI3BI Oap.

MaructpanbaplK ra3 KyObIpbl MH(PAKYPBUIBIMBIHBIH He-
Ti3ri 271eMeHTI KYOBIPIaFrbl KQKETTi KbICBIMIBI YCTal TYpyFa
JKOHE Y3MIKCi3 ra3 Oepyai KaMTamachl3 €Tyre apHaiFaH ras
xoMmmpeccopblk ctannusiapsl (I'KC) 6omein Tadsimansr. ['KC
KOMITPECCOPIIBIK >KAOIBIKTRIH OPTYPIIi TYpJepiH Mmaimaiana-
IIBI, COHBIH IMTHIE OPTAIBIKTAH TEIKIIl, MOPIICHBAI >KOHE
Oypanmansl KomMrpeccopnap. ['a3 copFbl CTaHIUSIApbIHA ap-
HaJFaH OypaHIalbl KOMIIPECCOpIap ©3iHiH JKHHAKBIIBIFBIMEH,
JKOFapBl CEHIMIUTITIMEH XOHE OHIMIUTIKTIH KeH ayKbIMBIH/IA
JKYMBIC icTey KaOineTiMeH epekmeneHeni [1].

I'KC TuimMaimiria apTTBIpYOBIH OpTYpJi Tocimaepi Oap.
OmapasiH 6ipi KOMIIPECCOPIBIK KAOIBIKTHIH TEXHOJIOTHSITBIK,
KYMBIC PeKUMACPIH OHTANIaHABIPY OONBI TaObUTAABI. by
TOCUT POTOP JKBUIJAMIBIFBL, COPY JKOHE HIBIFapy KbICHIMBI
CHSAKTBI KOMIPECCOPABIH OHTAMIIBI JKYMBIC HapaMeTplepiH
AHBIKTAY YIIIH KYPZEJi MaTeMaTHKAJIBIK MOJAEIBAEP MEH al-
TOPATMIEPI KOIIaHyIbl KaMTHIBL. JlereHMeH, OyIT Toci ai-
TapIBIKTall €CENTey PEeCypCTapbhlH KaKET €Tyl MYMKIH JKOHE
YKYMBIC JKaFIalbIH/IaFbl JMHAMUKAIBIK ©3TepICTep/Ii OpKamlaH
eckepMeyi MyYMKiH. backa Tociin — TeXHOIOTHSIIBIK TapaMeTp-

JIEpAIH ©3TepyiHe JKeIell OPEKET eTyre KOHE KOMITPECCOPIBIK
JKaO/IBIKTBIH OHTAWJIbBI )KYMBIC XKaF[aiJIapblH CaKTayFa MYM-
KiHIIK OepeTiH 3aMaHayH aBTOMATTHI OacKapy KYHeIepiH man-
nanaHy. byn TocinuiH apTHIKIIBUIBIFBI — HAKTHI YaKbIT PEXH-
MiH/Ie alTapIbIKTail Kypaeri meFsiHaapces3 I'KC triMaimirin
apTTBIPy MYMKIiHZITi. J[ereHMeH, MyHIai jKyienepai o3ipiey
JKOHE €HT13y aBTOMATTHI O0acKapy cajachHIAFbl TEpeH OiLTiM-
Il )KOHE KOMIIPECCOPIBIK KAOMBIKTHI TaiJalaHy epeKIIelTiK-
TEpiH Tajam eremi. YIIHII TOCUT eCKipreH yATiIepai 3ama-
Hay! JKOHE SHEPIUsAHBI YHEMACHTIHAEPTE aybICTBIPY aPKbLIBI
KOMIIPECCOPIIBIK JKaOBIKTHI JKaHAPTYAbI KaMTHIBI. byt Tacin
ANUTapIBIKTal MHBECTUINMSHBI KaXKET eTeli, OipaK SHEPTHSIHBI
TYTBIHYIbl AUTApIbIKTal a3alTyFa KOHE ra3 KOMIIPECCOPIIBIK
CTaHIWSCBIHBIH CEHIMAUIITIH apTTBIpyFa MYMKIHIIK Oepei.
KemmrinikTepre jkaHa >ka0IbIKTHI KOJITAHBICTAFbI HHPPAKYPHI-
JBIMFa OIPIKTIPYIiH KUBIHIBIFEI )KOHE )KYMBICTApABI OPBIHAAY
YIIiH Y3aK YaKbIT TOKTAy Ka)KETTLIIri kataasr [2, 3].

la3 aiimay craHIsUTApbIHOAFE OypaHAaIsl KOMIIPECCOop-
JapAbl aBTOMATTAHMABIPY Ta3 TachIMAlAay JKYHECIHIH THIM-
JIUTITT MEH CEHIMAUTITIH apTTHIPYABIH ©3€KTi KOHE MaHBI3/IBI
OarpITBI OONBINT TAaOBUTABI. ABTOMATTAHIBIPBUIFAH OacKapy
JKYHenepi KOMIPEeccopiIapblH TEXHOIOTHSIBIK JKYMBIC pe-
JKUMJICPIH OHTANIaH/IBIPYFa, SHEPTUSHBI TYTHIHY/IBI a3aHTyFa,
JKaOIBIKTHIH CEHIMIUIITIH apTTBIpyFa JKOHE MaiJaJlaHy IIbI-
FRIHAAPBIH a3aliTyFa MYMKIiHIIK O6epeni. bypanmaist koMmipec-
coprapasl OacKapyablH 3aMaHayH aBTOMATTHI KYHeIepiH eHri-
3y ra3 TachbIMajiay JKYHECiHIH TYPaKThI KOHE Kayilci3 KYMBI-
CBIH KaMTaMachl3 €TeTiH Herisri (akropimapabrH Oipi OOIBIT
TaOBUTaBl. ABTOMATTAHIBIPY KOPCETIITEH MapaMeTpiepIi
JIONTIPEK yCTayasl, agaM (haKTOPBIHBIH dCEPiH a3alTy/Ibl KOHE
TYBIHAAFaH TOTCHIIC JKaFAalJIapra Te3 9PEKET €Ty MYMKIHIi-
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rid KamTamacsi3 etefi [4, 5]. CoHbIMEH KaTap, aBTOMaTTaH bl
PBUIFaH JKyHenep >KYMBIC PEXUMJIEPIH OHTAaWIaH/ABIPY JKOHE
KOMITPECCOPJIAP/IbIH TEXHHUKAJIBIK JKaFJIaiblH OOJDKay YIIiH
Ka)KETTIi JKaOJBIKTBIH KYMBICHI TypaJibl JepEKTEp/l KUHAyFa
JKOHE TajlayFa MyYMKIHIIK Oeperi. ©3 ke3erinmue, 0y pecypc-
TapApl HMalaaIaHyIblH THIMAUIH apTThIpyFa )KOHE KbI3MET
KOpCETy MEH JKOHJIey IIBIFbIHIAPbIH a3aiTyFa okeesi [6].

ByJ1 )KyMBICTBIH MaKcaThl OypaH/1aJibl KOMIIPECCOP HETI31H-
JIeTi ra3 aiijiay KOHIBIPFBICHIHBIH 3JICKTP XKETEriHiH O0acKapy
JKYHECIH 93ipiey, TEeXHOJOTHSUIIBIK JKYMBIC PEXHUMJIEPIH OH-
TalTaHIBIPYAbl JKOHE >KaOIBIKTBIH CEHIMAUIITIH apTThIPYIbI
KamTaMachI3 eTy 00J1bI Ta0bi1a bl OChI JKYMBIC HIEHOEPIHAe
ra3 aijay KOHIBIPFBUIAPBIHBIH JJIEKTDP JKETEKTEpIH OacKapy-
JIbIH KOJIJIAaHBICTAFbl JKYHelepiHe Tanjgay >Kypri3iuiil, OypaH-
JTaJIbl  KOMIIPECCOPIBIH 3JIEKTP KETETiHIH MaTeMaTHUKaJIbIK
MOJIEII Kacai/bl, OarbIHBIITH 0AacKapy Kyieci CHHTE3IeI ],
MATLAB Simulink opraceinna 6ackapy »xyieciH mudpIibIk
MozeNb/ey KYpriziaai. JKymbIc HoTHKeNepi ra3 TachIMaiay
JKYHECIHIH THIMALTIrT MEH CeHIMJIUIIriH apTThIPAaThIH ra3 cop-
FBl CTaHIMSUIAPBIHBIH OypaHalibl KOMIIpeccopiiapbiH Oacka-
PYIbIH 3aMaHayd aBTOMATThI )KYHENIEpiH J3ipiey JKoHE EHTi3y
YILIH MaijanaHbuTybl MYMKIH.

9jicTep MeH MaTepHaJaap

By sxymbIcTa anFa KOMBUIFAH MaKcaTKa eTy YIIiH OypaH-
Jlalibl KOMIIPECCOp HeTi3iHzeri ras3 aijgay KOHJIBIPFBICHIHBIH
QJIEKTP JKETEriHiH Oackapy >KyMeCiHIH THIMIUIINIH o3ipieyre
JKOHE Oarajayra OarbITTalIFaH HKCIEPUMEHTTIK )KOHE aHalu-
TUKAJIBIK 3epTTEeyJIep KelIeH1 xKypri3iiai. JKyMBICTBIH TOKIpHU-
6exik 6enimi MATLAB SimulinkR2017b opraceiaga 6ackapy
JKYHECIH IUQPIIBIK MOJEIbJICYAeH Typabl. backapy oObekTi-
ci Siemens 1GGS 631-SEV310-7NVS5 Toyesnci3 KO3IbIPFbILI
TYPaKThl TOK KO3FaITKBIIIBI OOJJIbI, OJI CyIep 3apsATarbIll
JKETeK peTiHae Tanmanapl [8]. Mojgenbaey dJIEKTp KETeriHiH
QPTYPJIi HKYMBIC PSKUAMICP] YIINiH JKYPri3iiai, COHbIH IIIH/IE
HOMHUHAJIbI OYPBIIITHIK JKBUIAAMIIBIKIICH JKOHE KYKTEME oce-
pineH Oacrar. Mopenb/iey MaKkcaThl SIKOPb TOT'bI, OYPBIIITHIK
JKBUIAMJIBIK )KOHE KOMIPECCOP KbICHIMBIHAAFBI OTIIENI MPO-
HecTep i Oaraay, COHBIMEH KaTap OacKapy >KyHeciHIer1 9J1ci3
HYKTeJIep/ii aHbIKTay OOJI/IbI.

CoHbIMeH KaTtap perreyim Kod(hHIUeHTTepl, Cy3ri napa-
MeTpJiepi KaHE )KULITIK TYPJICHIPTill CHIIaTTaMalapbl CUSKTHI
Oackapy JKyHeCiHIH dpTYpJii TapaMeTpiepiHiH OHBIH THIM/ILTI-
riHe ocep eTyiHe Tajiay >Kypriziigi. byi 6ackapy yieciHig
napaMeTpIIepiHiH OHTAWJIbI MOHJEPIH aHBIKTAyFa MYMKIHJIIK
Oepmi, OypaHmagbl KOMIIPECCOPIBIH €H JKaKChl OHIMILTITIH
KaMTaMachl3 eTe/ll, MbICaJIbl, SHEPIHSHBI a3 TYTBIHY, KOFapbl
CEHIMJIUTIK JKOHE J)KYMBIC TYPaKThUIBIFbI.

HoTm:kenep ’koHe 0JIapAbl TAIKBLIAY

XKyprizinren 3eprreyze ra3 aigay cranuusuiapsigaa (I'KC)
KOJJIaHBUIATBIH OypaHJIalibl KOMIIPECCOP/IBIH DJIEKTP JKEeTeri
yiIiH Oackapy jkyhecl o3ipieHji jkoHe Oaramannubl. JKyiiene
OOJIBINT KATKAH MPOLECTEPAl erKeH-Ter kel Tajjay YLIiH
SIKOPb TOTBIHBIH, OYPBIIITHIK KbULAAMIBIKTBIH KOHE KOMII-
peccop xacaraH KbICBIMHBIH OTIICIII CHITATTaMaIaphl OJIIICH] I
JKOHE Ka3bUIIbl. bacTankel aHbIKTaMaibIK kepHey 10 B 6oi-
JIbl, OJI KOMITPECCOP/bIH HOMHHAIIbI )KYMBIC PEXKUMIHE COM-
Kec KeJii. AJIbIHFaH TpauKTep JKyle IMHAMUKACHIH CaH/IbIK
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Oaranayra )KOHE OJIaH 9pl OHTaIJIaHIBIPY/IbI TAJIAIl €TETIH bIK-
TUMaJI KEMIIUTIKTeP/Ii aHbIKTayFa MYMKIHAIK oepai [7].

Mogenbliey HOTHXKECIH/IE HOMHUHAJJIBI OYPBIITHIK KbLI-
JMAMJIBIKIICH TIKEJCH ICKe KOCY Ke3iHIe KO3FaITKBIIITHIH
SIKOPb TOTHI OHBIH IIaMaJiaH ThIC )KYKTeMe KaOlJIeTIMEH aHbIK-
TaJFaH PYKCaT CTUITeH MOHICPACH alTapiIbIKTal achlll Tyce-
TiHi aHBIKTAEI. TOKTEIH MakcuMaiiasl MoHI 5200 A-ra 5KeTTi,
0yi1 4664 A pykcar etiired MmonHeH 11,5% sxorapsr (1-cyper).
ByJ1 KO3FaITKBINITBIH IIaMaJiaH ThIC )KYKTENy KayIliHiH KOFa-
PBUIBIFBIH JKOHE ICKE KOCY TOKTapblH IIEKTEY OOMbIHIIA IIa-
panapisl JKy3ere achlpy KaKeTTUIriH kepcereni. COHBIMEH
Karap, 25%-fa KETKeH KbICHIMHBIH aWTapiIbIKTal achlll KeTyl
Oaiikamabl. byt KyObIp sKy#HeciHIeTi THAPABINKAIBIK COKKbI-
JIapFa, KaOIBIKTBIH OY3bUIybIHA JKOHE a3 KOMIIPECCOPIIBIK
CTaHIMSCBIHBIH JKAJIIbl CEHIMAUIITIHIH TOMEHJEyiHE OKemyl
MYMKiH. JKyieHiH OypBIITHIK KbULIaMIBIKTa TYPAKThl KYHTe
JKETYIHE KETETiH yakKpIT 1,2 CeKYHATBI Kypajbl, OYJI KOJIaHIIbI
KOPCETKIlI, OIpak OHBI )KaKcapTyFa Ja 00Ja/ibl.

LA

———

Cyper 1. Pykcar eTijireH MOHIEepP/AiH achIl KeTyiH
KOpceTeTiH :keke Ko3abIprbimmnen (DCSM) TypakThl
TOK KO3FAJITKBIIIBIH TiKejei icke Kocy Ke3iHe SKopb
TOTBIHJAFBI OTIEI Mpoecc.

Figure 1. Transient process of the armature current
during direct start-up of a separately excited DC motor
(DPT SE), showing the exceeding of permissible values.
Puc. 1. Ilepexoanplii mpouece o TOKy IKOPSi NP MPSIMOM
MyCKe JBUIaTe/sl IOCTOSIHHOTO TOKA He3aBHCHMOI0
B030y:x1enusi (IIIT HB), neMoHcTpUpYOMUii
NpeBbIIIeHNe JOMYCTUMBIX 3HAYeHHUIA.

CanpICTBIpy YIIIH YKcac MpoIecc MOAENIbIACHl, Oipak
Danfoss VLT AutomationDrive FC 302 >xuiniria peTTedTiH
3aMaHayd aCHHXPOH[bl KO3FAJTKBIII KOJIaHBUIAbI. ACHUHX-
POHJIbI KO3FAJITKBILITAD ©3/IEPiHIH KaparnaibIMIbUIBIFbl MEH
CeHIM/IUTIriHe OAMIaHBICTHl KOMIPECCOPIBIK, CTAHITHSIIAP IBIH
JJIEKTP JKETEKTEPiHIH KypaMbIHAa KOOIPEeK KOJIAHBLIAIBL.
JKuinikrepai perrTey, 03 Ke3eriHae, KO3FalTKBIIThIH aiHaIy
JKBUITAMJIBIFBIH TETiC Oackapyra jKoHE iCKe KOCy TOKTapbliH
azalTyra MYMKiHIIK Oepeni. bipaei icke KocCy jKaFmaaibIH-
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Jla aCHHXPOHbI KO3FAJITKBIILITHIH MAaKCUMAJIAbl CTaTOpP TOTBI
3800 A Gosjpl, OV TYpaKThl TOK KO3FaITKBIIIBIHAH 27% T6O-
MeH. KpIChIMHBIH achIn KeTyi e 15%-Fa neilin ToMeHzeni, an
TYPAKThI KYWUT€ JKeTy yakbIThl 0,8 CeKyHIKa JICHiH KbICKAP/IbI
(2-cyper). Byt OypaHmaibl KOMIIPECCOpP KETSKTEePIiHIe aliHbI-
Mautbl kUUTIKTI skerexTepai (VFD) maiinananyapiH bIKTHMAI
APTHIKIIBIIBIKTAPBIH KOPCETEI].

O3ipJICHTeH )KYHEHIH JUHAMHKAJIBIK CUIATTaMaIapbIH YKaK-
capTy YIIiH OarbIHBIITEI Oackapy aziciH (CPM) komgaHareiH
Oackapy xyieci cUHTE3IeIN . SIKOph TOThI MEH OYPBIIITHIK
KBULAAMBIKTBI PETTey Ti30E€KTEepiHIH KaCKaJAThl KOCBHUIYbIHA
HETI3eIreH OyJl 9Jlic AJIEKTP KETETiHIH JKYMBICBIH JAJIpEK
YKOHE JKbUIJIaM OacKapyFa MyMKIHJIIK Oeperti.

Perrerimrepain mapameTpiiepi MOLYIbIIK OIITUMYM ITPUH-
LUII HETi3iHIe eCeNTeNi, OJ SKOPh TOTBbIH aCTaTHKAJBIK
OakplIay/Ibl JKOHE CTATHKAIBIK KareHl a3aWTydbl Kamrama-
cb13 ereni. JKorapbl ®HLTIKTI TepOericTepai Oacy YIIiH JKbLI-
JAMJIBIKTBI PETTEY Ti30eriHe TOMEH JKUUTIKTI CY3Ti SHTI31Il,
OyJ1 J)KYHEHIH TYPaKThUIBIFBIH apTThIPYFa MYMKIHJIIK Oepi.
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Cyper 2. TypaKTbl TOK KO3FAJITKBIIIBIH TiKesel icke
KOCY Ke3iH/ie OYPBIIITHIK KbIIAAMABIKTAFBI ayBICY
Npoueci, TYPaAKThI KYHre skeTyre KeTeTiH yaKbITThI

KepceTei.

Figure 2. Transient process of angular velocity during

direct start-up of a separately excited DC motor (DPT

SE), showing the time to reach the steady-state mode.

Puc. 2. Ilepexoansblii npouece mo yrjioBoi CKOPOCTH IPH
npsimom nycke JIIIT HB, nemoncTpupyomuii Bpems
BBIX0/I2 HA YCTAHOBUBIINIICS PeKUM.

SPR xy3ere achIppUIFaHHAH KEHiH KalTaJaHAThIH MOJICITh-
JIey HOTIKENepl IMHAMUKAIBIK CHITATTaMalapablH auTap-
JBIKTAN YKaKCapFaHBIH KOPCETTi. ApMaTypaHbIH MaKCHMAJIIbI
icke Kocy Torbl 4500 A-MeH miexTenni, Oy pykcaTr eTuireH
MOHJIep IICTIHAC KOHE KO3FANTKBIIITHIH MIaMaJIaH TBIC XKYK-
Tenyine xon oepmeiini (3-cyper). ['MapaBInKaiblK COKKbIIAP
MeEH Ka0IBIKTHIH 3aKbIMIaTy KayIiH OapbIHIIA a3afThIN, KbI-
CBIMHBIH acChIll KeTyi 5%-fa meiin Temenmetingi. JKyieHiH
TYPaKThI KYHIETi OYPHIMITHIK XKBUITAMIBIKKA JKETYiHE KETCTiH

yakpIT 0,6 CeKyHIKa JCHiH KbICKapibl, OYJI JKYHEHIH jKayarl
0epy KbUIIAMIBIFBIHBIH XKOFAPbLIAYbIH KOPCETE/I].

JlereHMeH, OaFbIHBINITHI 0OacKapy JKYWECiH maiganaHa
OTBIpBII, 7,65 paj/c HOMHHAIBI KBUIIAMJIBIKTA ICKE KOCY/IbI
MOJIENb/ICY Ke31H/E KYKTeMEeHI KYPT KOJJIaHy Ke3iHJe achlIl
keTy 20%-Fa JKeTKEHI1 aHBIKTaJJbl. ByJl ra3 KOMIpeccopiIbIK
CTaHIMSCBIHBIH HAKTHI JKYMBIC )KaF [aijiapblHa TOH aiiHbIMAJIbI
JKYKTEMeJIep Ke31H/e KYHEHIH TYpaKThl )KYMBICBIH KaMTaMa-
CBI3 €Ty YIIIH KOHTPOJUIEp MapaMeTpiiepiH OfaH opi OHTai-
JIAH]IBIPY KAKETTUIITIH KOpPCEeTeT.

Cypet 3. BarbIHBIIITHI 0acKapy Kyleci 6ap TeMeH
BOJILTTHI TYPAKTHI TOK KO3FAJITKBIIIBIH iCKe KOCY Ke3iHje
SIKOPb TOTbIHBIH OTIIEJIi MPoIeci.

Figure 3. Transient process of the armature current
during start-up of a separately excited DC motor (DPT
SE) with a subordinate regulation system.

Puc. 3. Ilepexoanblii mpouece N0 TOKy IKOPs MPH IyCKe
JAIIT HB ¢ cucteMoii MOAYMHEHHOT0 PeryJIupOBaHusl.

KO3FaITKbIIIIeH »JkoHe Danfoss VLT
AutomationDrive FC 302 >xuimikTi OakbulayMeH Kypri3ii-
IeH KOChIMIIa chiHakTap PID KOHTpoJiepiiepiH maiaanany
TYPaKThI TOK KO3FaJITKBIIIBIHBIH OaFbIHBIIITEI OacKapy Kyiie-
CIMEH CaJIbICTBIPFaH/la HOMHHAJJIBI )KYMBIC PEXHUMIHE JKeT-
KEHJIe OTIIeNI MPOLECTEeP/IiH YaKbIThIH opTa ecenmneH 15-20%
KbICKapTyFa MYMKIHIIK OeperiHiH kepcerti (4-cypet). by
ACHHXPOH/IbI KO3FAJITKBIIITBIH YKOFAphl JMHAMUKACHIHA JKOHE
KOHTpOJJIEp TapaMeTpJiepiH AQIpeK pPeTTey MYMKIHAIriHEe
0aiyIaHbICTHI.

O3ipieHreH Oackapy KyHeciHIH MYMKIHAIKTEpIH HEFyp-
JIBIM TOJIBIK 3€PTTEY YILIiH I'a3 COPFbI CTAHIUSIIAPbIHBIH HAKTHI
JKYMBIC PEKUMJIEPIHIH JEPEKTEpiH €CKepe OTHIPHIN, aCHHX-
POH/IBI KO3FAJITKBIIINEH KOCBIMIIIA MOJIEIIBIIK ChIHAKTAP XKYP-
rizuimi. KoMmpeccopblH Kipic KOHE IIBIFBIC KbICHIMBIHBIH
e3repyi, ra3 TeMIIEpaTypachiHbIH ©3repyi JKoHE KOMIIPECCOp
CEeKIMSIIAPBIHBIH OIpiHIH KEHETTEH TOKTAybl CHUSKTBI dpTYpJii
CIICHApUIJIep UMHUTAIUSIAH/IbI.

Bi3miH JepeKKOphIMbI3ia Ta3 TEeMIepaTypachl KbICTa
-20°C-tan xa3na +40°C-ka el e3repyl MyMKIiH COJNTYC-

ACHHXPOH]IBI
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TIK alMaKTapAarbl KOMIIPECCOPJBIK CTaHIUSUIAP TypPajibl
nepekTep 0ap. Momnerbaey 93ipJIeHreH 0ackapy »*Kyieci OChl
(bakTopIIapAbIH 9CEPiH THIM/II O6TEYTe KOHE KOMIIPECCOPIbIH
TYPaKThl JKYMBICBIH KaMTaMachl3 €Tyre KaOuIeTTi eKeHIH
KOPCETTI.

®, ¢!

{ o o

Cypert 4. BarbIHBIIITHI 0acKapy :Kyieci 0ap TeMeH
KbUIIAMIBIKTHI TYPAKTHI TOK KO3FAJITKBIIIBIH icKe Kocy
Ke3iHje OYPHINTHIK KbLIIAMIBIKKA 6Ty MPOIeci.
Figure 4. Transient process of angular velocity during
start-up of a separately excited DC motor (DPT SE) with
a subordinate regulation system.

Puc. 4. Ilepexoanplii mpouece mo yrjioBoi cKOPoOCTH
npu mycke /{II'T HB ¢ cucreMoii noqA4MHEHHOTO
peryJupoBaHusi.

AJBIHFaH JIepeKTepl Talay HOTHKECIHIE dPTYPIl JKYMBIC
pexuMaepiHIe OypaHIaIbl KOMIPECCOPIBIH €H HKAKChl OHIMTi-
JITiH KaMTaMachI3 €TEeTIH PETTETINI MapaMeTpIIepiHiH OHTAUIIbI
MOH/Iepi aHbIKTaII/Ibl. KOMIIpeCcCOpabIH KOPCETIITeH )KYMbIC Ma-
paMeTpIepiH caKTay/ia XKOFaphl TIIIKTI KAMTaMachl3 €Ty JKOHE
©3TePETiH CHIPTKBI JKaFJaiIap/IbIH 9CEPiH 6Tey YIIH aJarnTHBTI
koadunmentri perreiirin PID koHTposuiepiiepin maiiganany
Ka)XeT eKeHJIr1 aHbIKTanAbl. by OeftiMaey KyHeHiH OHTaiIbI
OHIMIIUTIT MEH KayilCi3IiriH KAMTaMachl3 €T€ OTBIPHII, aFbIM-
JIaFbl )KYMBIC JKaFaiiiapbiHa 0ailJIaHbICThI KOHTPOJUIEP/IIH T1a-
pamMeTpiepiH aBTOMATThI TYPAE PeTTeyre MyMKiHaik Oepei [9].

AJIbIHFaH HOTIDKENEpl Ta3 aijay KOHIBIPFbLIAPhIH aBTO-
MaTTaHIBIPy CallaChIHIAaFbl Oacka 3epTTeylepHAiH MOliMeT-
TEpIMEH CaNBICTBIPY J3ipJeHreH Oackapy >KyHeciHiH Ooceke-
JIECTIK CHITaTTaMaapbl 0ap eKeHIH KOpceTTi. Aram alTKaH#aa,
[10]-ma aneiaran HoTIOKEnep PID koHTposiepi 6ap aitHBIMAIIBI
KUITIKTI )KeTEKT] MaianaHy ASCTypii O6ackapy KyienepiMeH
CaAJIBICTBIPFaHAa KOMITPECCOPIBIH YHEPTHs MBIFBIHBIH 10—15%-
Fa a3alTyabl KaMTaMachl3 €TETIHIH KepceTemi. Bi3miH HKYMbI-
CBIMbI3 COHZAM-aK dHeprus TYThIHyAbl 12% TemeHxeTyre Ko
JKETKi3111, OVJI YCHIHBIIFAH TOCUIIIH THIMILIITIH pacTauIbl.

CoOHBIMEH Katap, 9/JeOHeT JepeKTepl MEH JKAOIBIKKA ap-
HallFaH TEeXHHUKAJIBIK Ky)XKaTTaMaHbl Tajgay alHbIMAJIbl JKHi-
JIKTI JKETEeKTl MalfajiaHy SHEPTHSHBI TYTHIHYABl a3aWTHII
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KaHa KOMMai, KOMIIPECCOPIbIH CEHIMALIITIH apTThIPAThIHbIH
kepcerTi. KOo3FalTKBII IKBUIIAMIBIFBIH OIPKEIKI ©3repTy
KaOJIPIKKa MEXaHMKAIIbIK JKYKTEeMeJepll a3aiTajibl, OHbBIH
KbI3MET €Ty MEP3IMiH apTThIpaibl. AHHBIMAIIbI )KULUIIKTI KeTe-
'l KO3FAJITKBIIITHI IIAMa/IaH ThIC )KYKTEMeIIep/IeH )KOHE aCKbIH
KepHEYJIEP/ICH KOpFay/Ibl KAMTaMachl3 €Te/li, ra3 TachIMallaay
JKYHECIHIH KayllCi3IiriH apTThIpaibl.

JKanmpl, )Kypri3uireH 3epTTey ra3 COpFbl CTaHIUSUIAPbIHIA
OypaHIaJibl KOMIIPECCOPIApPAbIH 3JICKTP JKETeKTEpiH Oacka-
PYIBIH 3aMaHayH JKyWeJepiH KOoJIaHy MYMKIHZITIH pacTajpbl.
Jambiran Oackapy jKylecl YIKEH SKOHOMHKAIIBIK JKOHE JKO-
JIOTHSUIBIK MaHBI3bI 0ap Ta3 TackiMalliay JKYHEeCiHIH KYMBICHI-
HBIH THIMJIUTICIH, CEHIMIUTITIH JKOHE KayilCI3IIriH apTThIpyFa
MYMKiHIIK 6epeni. JlereHMeH, 93ipiieHreH XKyHeHl ic xKy3iHjae
ICKe achIpy YIIIH HaKThI OypaHaasbl KOMIIPECCOPBI Oap CTeH-
TE TOJIBIK ayKBbIM/IbI ChIHAKTap bl KOCA aJIFaH/1a, O/IaH 9pi 3epT-
TeyJep Kyprisy, COHbIMEH KaTap peTTeriul apamerpiepin oe-
HIMJIeyIl peTTey alropuTMICPIH d3ipiiey KakKeT.

Bynan 6acka, omaH opi 3epTTeyiiep 93ipIeHIeH 0acKapy xKy-
HeciH ra3 TachIMalay JKYHECIHIH KOJIIaHBICTAFbl aBTOMATTHI
Oackapy JKyiesrepiMeH OipiKTipyre, COHIal-aK Oackapy XKy-
HeciMeH KUHAJIFaH JIePEKTEp HEeri3iHae OypaHaaibl KOMIIpecC-
COpJap/blH TEeXHUKAIBIK JKaFJaiblH 0OJKay alrOPUTMAEPIiH
a3ipiieyre OarbpITTallybl THIC €KEHIH aral eTy MaHbBI3Ibl. by
»KaOJIbIKKA IIPOAKTHUBTI TEXHUKAIBIK KbI3MET KOPCETYTe KOIIIY-
re MYMKIHJIIK Oepesii )KoHEe anaTThIK TOKTay KayIiH a3aiTaibl,
OyJ1 caiibIll KeIreH e, Ia3 TachMaliay )KYHeCiHIH CeHIMALIIT
MEH THIMJILIITIH apTThIpyFa oKeIeIi.

KopbITbIHABI

Kyprizinren 3eprrey ra3 aimay CTaHIMsUIAPBIHAA KOJA-
HBUIATBIH OypaHAaJIbl KOMIIPECCOPIAP/IbIH AJIEKTP KETEKTepiH
Oackapy JKyHeCiH o3ipiiey KOHE OHTaiIaHAbIpyna IH(PIIBIK
MOJIEIB/ICYIIH THIMAUITIH KepceTTi. Mozelnbiey HOTHKECIHIEe
AJIBIHFAH OTIEII MPOLIECTEP/Il TaIay OacKapy KyHeciHIer aJici3
JKepJIepl aHBIKTayFa, COHBIMEH Karap OpTYpPJIl THIITETI 3JIEKTP
JKETEKTEPIH JkoHe Oackapy SAICTepiH KOJIAHYIbIH apTBIKIIbI-
JIBIKTApbIH Oaraiiayra MyMKiHAIK Oepai. KoHtpomiep mapamerp-
JIepiH KeHIHHEH OHTalJIaH/IbIPyMEH OaFbIHBIITHI OacKapy JKyke-
CIHIH CHHTE31 BJIEKTp JKETETiHIH AMHAMUKAIIBIK CHIIaTTaMallapbIH
afTapIIbIKTal KaKCapTyFa JKOHE OHBIH KeIepri KeITipeTiH acep-
Jiepre Te3IMALTITIH apTThIpyFa MyMKIHAIK Oepi. JKyMbICTBIH Ho-
TIDKEJIEPl HAKTBI T'a3 KOMIIPECCOPIIBIK CTAHIUSLIAPBIHAA THIMII
ABTOMATThI OACKapy JKYHECiH 93ipiiey JKOHE SHII3y YIIIH Mmaiiza-
JIAHBLTYBI MYMKIiH, OYJI Ta3 TaChIMAJIIay JKYHECIHIH CeHIMJILTIr
MEH DHEprysi THIMJIUIINH apTThIPyFa KOMEKTEeCeIl.

bypaHnanbsl KOMIIpECCOpIbIH 3JIEKTP JKETeriH Oackapy
yurin OarbHBIITEL Oackapy kyieciH (BKX) mnaiinamany
JKYWUCHIH TUHAMHKAJIBIK CUIIATTaMaJIapbIH alTapIIbIKTal JKaK-
capTyra MYMKIHJIIK Oepmi. ATam aiiTKaHa, KbICBIMHBIH acChIIl
KeTyiH 5%-Fa JeliH TOMEHICTyre, apMaTypaHbIH ICKE KOCY
TOTBIH pyKcaT eTiiren Monzaepzae (4500 A) niekreyre )KoHe Ty-
PaKThI Ky#/eri OYphIITHIK KbUIIaM/IBIKKA KTy YaKbIThH 0,6
CEeKYH/JIKa JISHiH KbICKapTyFa KOJI )KeTKI3LIIi.

LV typakrs! Ko3ranTKpIubiHbH Danfoss VLT Automation-
Drive FC 302 aifHbIMAJIbI )KULTIKTI aCHHXPOH/IBI KO3FaJITKbI-
IIBIMEH MOJIEJIb/ICY HOTHXKEJIEPIH CAJIBICTBIPY COHFBICHIHBIH
TeMeHri icke Kocy Torsl (3800 A), TOMEH KbICHIMHBIH acChIIl
ketyl (15%) *oHe TypakThl KyWre KeTy YIIIH KbICKa yaKbIT
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(0,8 cexyH 1) CHSKTBI BIKTUMAJ apTHIKIIBIIBIKTAPhI Oap eKeHiH
KepcetTi. byt OypaHaassl KoMIipeccopiapra apHaFaH 3JI1eKTp
YKETEKTEepi peTiH/ie aybIciaibl )KuimikTi xerekrepai (VED) en-
rizyre OarbpITTajFaH opi Kapaifbl 3epTTeyIepIiH OPbIHIbLIbI-
FBIH KOpPCETe/Il.

Bypanpianel KOMIIpECCOp/IbIH OENIICHIeH JKYMBIC Iapa-
METPJICPIH CaKTay[a YKOFaphbl TAJIIKTI KAMTaMachl3 €Ty YKOHE
©3rePETiH CHIPTKBI JKarAaiapabH (Kipy jKOHE IIBIFBIC KBICHI-
MBI, Ta3 TEMIIEPATyPachl) 9CEPIH OTey YILIH aJanTuBTi Koaddu-
nueHTTI perteiTiH PID koHTpoiuiepiepiH maigaiaHy Kaxer.
ApantuBTi Oanrtay arbIMIarbl )KYMBIC JKar[aiiapbiHa Oaiia-

HBICTBI KOHTPOJUIEPiH MapaMeTpiiepiH aBTOMATThI TYpAE PET-
Teyre MYMKIHIIK Oepesi, JKYHCeHIH OHTAiIbl OHIMALIIrT MEH
Kayilci3Iirii KaMTaMachI3 eTelli, OYI KYpPri3iireH MOJIEIIbIeY
JKOHE 9[ICOMET ICPEKTEPIH TajIay HOTH)KEIICPIMEH pacTaapl.

AnFbic

3epmmey Kazaxcman Pecnyonukacel binim scone 2oiivim
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0a Jcyzeze acvipoliobl.

10.

HANUJAJTIAHBIJIFAH O9JIEBUETTEP TI3IMI
Ilankpamos B.B. Dnexmp owcemexkmepin asmomammul 6ackapy: oKyavik. Hyckayawvl / B.B. [lankpamos. [
bonim. Typakmer mok snexkmp dcemexkmepiniy koopounamanapwvin pemmey. Hosocubupck: HMTY, 201 3.
5. 200 (opvic mininoe)
Aristides M. Bonanos. Ty3cvl30an0bipyea apHaiean mepmoKomMnpeccopovl Gu3ukaivlk mooeivoey //
Tyscwoiz30anovipy. 2017. T. 412. 5. 13—19 (agvinwsin mininoe)
Hlammazos A.M. Copzabl dcane KOMAPecCcoOpavlK CMAaHyuaniapovl sdcobanay scane navdanany: KOO-ea
apuanzawn oxy gypaavi: M.: OOO Heopa-busuec-yeump, 2003. b. 404 (opvic mininde)
Kopuwarx A.A. Macucmpans0vlk 2a3 KYOulpiapblHblH KOMNPECCOPIbIK CMAHYUALAPYL. OKY KYPAlbL:
Pocmos nu//l: ®enuxc, 2016. B. 157 (opvic mininde)
Kopoic B.B. Copan-xomnpeccopivlk cmanyuaniapoazsl dcadoblKmapovl naudaiany icaune Honoey: oKy
gypanvl. nyckayavix / B.B. Kopac, A.B. Carvnuxos. Yxma: YCTY, 2010. b 184 (opvic mininode)
Ahmad K. Sleiti. Dxkcnandep xomnpeccopivlk KOHObIPRbIMEH 0ACKAPbIIAMbLH JHCAHA MePMOMEXAHUKALbLE
MOKA3LIMKbIWL HCYUECIHIH OHIMOINiciH 9Kkcnepumenmmik 3epmmey. / Ahmad K. Sleiti [ocone m. 6.] //
Konoanbanet acoiny unscunupunei. 2022. 5. 212 (azvinwovin mininoe)
Tao Wang, Qiang Qi, Wei Zhang, Dengyi Zhan. (23 cayip, 2023 oicvin). BP netiponowix dcenicine
JHCIHe 2eHeMUKANbIK dleopummee Heciz0eleer OYpanoaibl KOMIpeccop npopuiiniy napamempiepin
oymaunanovipyosl 3epmmey. https://www.mdpi.com/1996-1073/16/9/3632 (azvinwvin mininoe)
Chongyuan Shui, Ruifan Shao, Shulong Wei, Hongjun Li, Dengji Zhou and Linfeng Xu. Ipi ca3 xyoviprapul
YULIH KOMRPEeCCcopaapObly HCYMbLCbIH OAKbLIAY HCIHE OHMAULAHOBIPY 20ici // DHepeemuKaiviK uHmepHem
JHCIHe UHMepaAKMUENi 3HepeemuKailblk MexHoI02usnap 0oublHuwa 2-ui XaiblKapaislk KOHpepeHyus,
«Dusura dcypnanvl: Konpepenyuanap cepuscoly, Hanxuwn, 2023. Cep. 2567 012002 (agviiwvin mininde)
HUsanos U.U. I'az aiioay KoHObIPbIIAPLIHBIY INEKMP JcemeKmepin 0ackapyovly 3amanayu xcyuvenepi //
Onepkacinmeei agmomammanovipy. 2020. Ne 5. 5. 45-50 (opvic mininoe)
Ahmad K. Sleiti, Mohammed Al-Khawaja, Wahib A. Al-Ammari. Tomen copmmul HCbLIYMEH HCYMBLC ICTMEUMIH
U300apUKALbIK KeHelUmKIiW KOMAPeCCOPblK KOHObLPbLCHL Oap Oipikmipiieen mepmoMexanuKaiblk JHCyueci-
arcobanay sicane manoay // Xanvigapaneix 6anamanst scypuanet. 2020. T. 120. . 39-49 (azvinwsln mininoe)

REFERENCES

Pankratov V.V. Avtomaticheskoe upravienie elektroprivodami: ucheb. posobie [Automatic Control
of Electric Drives: Study Guide], V.V. Pankratov. Part I. Regulirovanie koordinat elektroprivodov
postoyannogo toka [Regulation of Coordinates of DC Electric Drives], Novosibirsk: NGTU, 2013. 200 p.
(in Russian)
Aristides M. Bonanos. Physical Modeling of Thermo-Compressor for Desalination Applications //
Desalination. 2017. V. 412. 13—19 pp. (in English)
Shammazov A.M. Proektirovanie i ekspluatatsiya nasosnykh i kompressornykh stantsii: uchebnik dlya
vuzov [Design and Operation of Pumping and Compressor Stations: Textbook for Universities], Moscow:
00O «Nedra-Biznestsentry, 2003. 404 p. (in Russian)
Korshak A.A. Kompressornye stantsii magistral’'nykh gazoprovodov: uchebnoe posobie [Compressor
Stations of Main Gas Pipelines: Study Guide], Rostov on Don: Feniks, 2016. 157 p. (in Russian)
Korzh V.V. Ekspluatatsiya i remont oborudovaniya nasosnykh i kompressornykh stantsii: ucheb. posobie
[Operation and Repair of Pumping and Compressor Station Equipment: Study Guide], V.V. Korzh,
A.V. Salnikov. Uhta: UGTU, 2010. 184 p. (in Russian)
Experimental Investigation on the Performance of a Novel Thermo-Mechanical Refrigeration System
Driven by an Expander-Compressor Unit / Ahmad K. Sleiti [et al.] // Applied Thermal Engineering. 2022.
212 p. (in English)
Tao Wang, Qiang Qi, Wei Zhang, Dengyi Zhan. (April 23, 2023). Research on Optimization of Profile
Parameters in Screw Compressor Based on BP Neural Network and Genetic Algorithm. https://www.mdpi.
com/1996-1073/16/9/3632 (in English)
Chongyuan Shui, Ruifan Shao, Shulong Wei, Hongjun Li, Dengji Zhou, Linfeng Xu. Compressor
Operation Monitoring and Optimization Method for Large-scale Natural Gas Pipelines // 2nd

Topuwtit sicypuan Kazaxcmana Ne7’ 2025




[opHble MaLIIHbI

International Conference on the Energy Internet and Energy Interactive Technology «Journal of Physics:
Conference Series», Nanjing, 2023. Conf. Ser. 2567 012002 (in English)

9. Ivanov I.I. Sovremennye sistemy upravleniya elektroprivodami gazoperekachivayushchikh agregatov
[Modern Control Systems for Electric Drives of Gas Pumping Units], Avtomatizatsiya v promyshlennosti
[Automation in Industry]. 2020. No. 5. 45-50 pp. (in Russian)

10. Ahmad K. Sleiti, Mohammed Al-Khawaja, Wahib A. Al-Ammari. A Combined Thermo-Mechanical
Refrigeration System with Isobaric ExpanderCompressor Unit Powered by Low Grade Heat — Design and
Analysis // International Journal of Refrigeration. 2020. V. 120. 39—-49 pp. (in English)

CIIUCOK UCITOJBb30OBAHHBIX HCTOYHUKOB

1. Ilanxpamoe B.B. Aémomamuueckoe ynpagienue s1ekmponpusooamu: yueb. nocooue / B.B. [lankpamos.
Y. 1. Pecynuposanue KoopOurnam 91eKmponpueooos nocmosannozo moxa: Hoeocubupck: HI'TY, 2013.
C. 200 (na pycckom sa3vike)

2. Aristides M. Bonanos. @u3uueckoe Mooenuposaniie mepmoKomMnpeccopa 0is npumMeHeHus 6 onpecHeHuu
600v1 // Onpecnenue 600vt. 2017. T. 412. C. 13—19 (na aneauiickom a3vike)

3. Mlammasos A.M. [Ipoexmupoganue u 3KCNAYaAmMayus HACOCHLIX U KOMNPECCOPHBIX CIMAHYUL. YUeOHUK 05
6y308: M.: OO0 «Heopa-buznecyenmpy, 2003. C. 404 (na pycckom sa3vike)

4. Kopwax A.A. Komnpeccopuvle cmanyuu macucmpaibHulx 2d30npo6000s: yuebrnoe nocobue: Pocmos n//:
Denuxc, 2016. C. 157 (na pycckom sazvike)

5. Kopowe B.B. Dxcnayamayus u pemonm 060py006anusi HACOCHLIX U KOMNPECCOPHBIX CMAKYUlL: yued. nocobue
/ B.B. Kopaic, A.B. Carvnuxos. Yxma: YI'TY, 2010. C. 184 (na pycckom sa3zvike)

6. ODkcnepumenmanvHoe ucciedoganue 3¢ pekmusnocmu HO80l MepMOMexanuieckoll X0100UIbHOU CUCHEMb
¢ pacuupumenbHo-KomMnpeccuonnvim aepecamom / Ahmad K. Sleiti [u op.] // [lpuknadnas meniomexHuka.
2022. C. 212 (ha aumenutickom si3vike)

7.  Tao Wang, Qiang Qi, Wei Zhang, Dengyi Zhan. (23 anpens 2023 2.). Hccanedosanue onmumuzayuu
napamempos npoguisi UHMOE020 KOMAPeccopd Ha OCHO8e HellpoHHOoU cemu BP u cenemuueckozo
ancopumma. https://www.mdpi.com/1996-1073/16/9/3632 (na anenutickom s3vixe)

8.  Chongyuan Shui, Ruifan Shao, Shulong Wei, Hongjun Li, Dengji Zhou and Linfeng Xu. Memoo
MOHUMOPUHEA U ONMUMUZAYUL PAOOMBL KOMAPECCOPO8 O KPYNHBIX 2A30NP080008 // 2-5 Medcoynapoonas
KoH@hepenyus no snepeemuyeckomy Mumeprnemy u uHmepaKmuHolM IHepP2emuieCKum mexHoi02usim,
«XKypnan puzuxu: Cepus xongepenyuiy, Hanxun, 2023. Cep. 2567 012002 (na anenutickom szvike)

9. Usanos U.HM. Cospemennvie cucmemvl ynpagieHus 21eKmponpusooamiu 2a30neperaiusarnuyux azpeeamos
// Aemomamuszayusn 6 npomviunennocmu. 2020. Ne 5. C. 45-50 (na pycckom a3vike)

10. Ahmad K. Sleiti, Mohammed Al-Khawaja, Wahib A. Al-Ammari. Kombunuposannas mepmomexanHuyeckas
VCMAHOBKA € U300ApULeCKUM PACUUPUMENbHbIM KOMAPECCOPOM, PADOMAWUM HA HUSKOCOPMHOM Mmenjie —
npoexkmupoeanue u anaius // Mescoynapoonwlii scypuan xonoourvnot mexunuku. 2020. T. 120. C. 39—49
(Ha aneaulickom s3vike)

ABTOpJap Typajbl MaJaiMeTTep:

Tamaesa K.K., «MamunHanap MeH >Ka0IbIKTapAbIH HU(PIBIK HHKSHEPUACHD MaMaHIBIFBIHBIH 1-Kypc HOKTOpaHThI, Satbayev University
(Anwmarsl K., Kazakcran), z.tatayeva@satbayev.university, https://orcid.org/0009-0009-2874-1090

Enemecos K.K., T.¥.x., mpoheccop, DHEpreTuKa KoHE MAIIMHAKACAY WHCTUTYTHIHBIH AUPEKTOpbI, Satbayev University (Anmarsl K., Kazak-
cTaH), k.yelemessov@satbayev.university; https://orcid.org/0000-0001-6168-2787

backanoaesa /I.7K., Ph.D noxtopsl, «TeXHOTOTHSAIBIK MAIIMHAIADP JKOHE KAOIBIKTap» KadeapachblHbIH KaybIMAACTBHIPBUIFAH MPO(ECCOpEL,
Satbayev University (Anmarsl K., Kasakcran), d.baskanbayeva@satbayev.university, https://orcid.org/0000-0003-1688-0666

Caobuposa JLb., T¥.X., «eXHONOTHAIBIK MAalIMHAIAP KOHE >XaOABIKTap» KadeapachlHBIH KaybIMAACTHIpbUIFaH Hpodeccopsl, Satbayev
University (Anmars! K., Kazakcran), Lsabirova@satbayev.university; https://orcid.org/0000-0001-8231-9944

Information about the authors:

Tatayeva Zh., 1st year doctoral student of the EP «Digital Engineering of Machines and Equipment», Senior Lecturer of the Department of
«Technological Machines and equipment» Satbayev University (Almaty, Kazakhstan)

Yelemessov K., Candidate of Technical Sciences, Professor, Director of the Institute of Energy and Mechanical Engineering, Satbayev Uni-
versity (Almaty, Kazakhstan)

Baskanbayeva D., Ph.D. Associate Professor of the Department of Technological Machines and equipment, Satbayev University (Almaty,
Kazakhstan)

Sabirova L., Candidate of Technical Sciences, Associate Professor of the Department of Technological Machines and equipment, Satbayev
University (Almaty, Kazakhstan)

CaejieHns1 00 aBTOpax:

Tamaesa 7K. K., noxropant 1-ro kypca no OIl «LludpoBas nmxenepus MammH u 000pyaoBanus», Satbayev University (. Anmarsl, Kazaxcran)
Enemecos K.K., x.T.H., mpodeccop, nupextop NHCTUTYTa 3HEPreTHKH U MalnHOCTpoeHus, Satbayev University (. Anmarel, Kazaxcran)
backanoaesa /1./]., noxtop Ph.D, accormpoBanuslii mpodeccop kadenpsr « TexHomornyeckre MaHbl 1 000pyaoBanuey, Satbayev University
(r. Anmarsl, Kazaxcran)

Caébuposa JLb., k.T.H., acconupoBaHHbIi npodeccop kadenprr « TexHomornueckue Mamusl 1 00opyaoBanuey, Satbayev University (T. An-
MaTbl, Kazaxcran)

Topnwvii srcyprnan Kazaxcmana Ne7’ 2025




Oborarenyie ONe3HbIX MCKOAEMbIX

Kox MPHTH 52.45.19

A.P. MamGeTaauesal, *C. Caratoex?, A.O. Myrunos?, b. ’Koken’
!Combaes ynusepcumemi (Arimamul ., Kazaxcmarn),
’«Kazl'uopoMeowvy JKIIIC (Kapazanowl K., Kazaxcman)

KYPAMBIHJIA KOMIPI AP KAJIJIBIKTAP/bI
PEATEHT-AENPECCOPABI KOJIJAHY APKbILJIbI
DJIOTAINUSAIBIK BAUBITY TEXHOJOTUSICBHIH
3EPTTEY

Amnparna. Kypzeni Kypamibl kaTKaH KaJabIKTap/ibl 6aiibiTy Moceneci KapacTeipblirad. KeMipTeKTi 3aTThIH 3UsAH/IbI 9CEPIH a3aiTy jkoHe Oarajibl KOMIIOHEHT IIbIFbIH-
JIAPBIH a3alTy YIIIH OHEPKICIITE dPTYPIIi dAICTEp MEH TEXHOIOTUSUIBIK TOCUIIep KOIAaHbLIa bl OMOe0an oaicTiH Oipi cyabduaTi GroTaius Ke3iHae KOMIPTEKTi 3aTThIH
CEJIeKTHBTI JCTPECCOPBIH Maiinanany Oombin Ta0butansl. OHNA Maifaabl KOMIOHEHT KOHLEHTPATKAa MAaKCHMAalbl TypAe OeriHim, KeMipTeKTi 6aibITy KalIbIKTapbIHIA
KaJlIbIpa/ibl. 3epTXaHalblK TOKipuoe Kypambiaaa Meic Memmepi 0,19% xone kemipreri 1,87%, TOTBIKKaH MbIC MHHEpaJapbIHBIH CajlbICTHIpMalbl Memmepi 44,94% 6o-
JIATBIH JKaTKaH KaJIbIKTap/IbIH ChIHAMAChIMEH XKYPri3iili. 3epTXaHalblK SKCIEPMMEHT apKblibl P-2 KeMipTeKTi peareHT-/1enpeccophblH Naii/1adaHFaH Ke3/1e apajiblk eHiMre
KeMIpTeriHiH anbiHybl 25,94%-1aH 7,26%-Fa AeiiH TOMEHICUTIHI aHBIKTaIIbL.

Tyiiinoi cosdep: naiidanel Kaz6anapovl 6auwiny, Gromayus, MmexHoLeHOIK WUKI3am, JHCamKan KanoblKkmap, Mblc, KOMIPMEK, peazeHmmi 0enpeccop.

Study of the technology of flotation enrichment of carbon-containing waste tailings with the use of a reagent-depressor

Abstract. The problem of enrichment of stale tails of complex material composition is considered. To reduce the harmful effects of carbonaceous matter and minimize
the loss of a valuable component, various methods and technological techniques are used in industry. A more universal method is the use of a selective carbonaceous
depressor at the stage of sulfide flotation, in which the useful component is maximally extracted into the concentrate, leaving carbon in the tailings of enrichment. The
laboratory experiment was carried out on a sample of stale tailings with a copper content of 0.19% and carbon content of 1.87%, the relative content of oxidized copper
minerals was 44.94%. Laboratory experiment has determined that when using the reagent of the carbon depressor P-2, the extraction of carbon into the copper industrial
product decreases from 25.94% to 7.26%.

Key words: mineral processing, flotation, man-made raw materials, stale tailings, copper, carbon, depressor reagent.

HcciienoBaHue TEXHOJIOTHH (l)JIOTaIIl/IOHHOI‘O odoraiieHust yuiecoaepKamux JeKaJaIbIX XBOCTOB ¢ IPUMEHEHHEM pea-

reHTa-Aernpeccopa

AnHoTanus. Paccmorpena npo6inema 000oraieHus JeKalbIX XBOCTOB CI0KHOTO BELIECTBEHHOTO cOCTaBa. Jljisi yMEHBIICHHS BPEJHOTO BO3JCHCTBUS yIIIEPOIUCTOTO
BEIIECTBA ¥ MUHUMH3AIMH TIOTEPh [IEHHOTO KOMIIOHEHTA, B MPOMBIILICHHOCTH MPUMEHSIOT Pa3InYHbIe METObI M TEXHOJOTHYECKHE MpHeMbl. boiiee yHHBEpcalbHBIM
METOJIOM SIBJISETCS MCIOIb30BaHHE CENEKTUBHOIO JIENPECCOPa YIIIEPOIUCTOrO BELIECTBA HA CTAJUU CyIb(GUIHON (roTaluu, NpU KOTOPOM MOJIE3HbIH KOMIIOHEHT MaK-
CHMAaJIbHO M3BJICKACTCsl B KOHILEHTPAT, OCTABIIssA YIIEPOZ B XBOCTaX oboraieHus. JIabopaTopHblii S3KCHEPUMEHT NPOBEIEH Ha MPOOE JIEKAIbIX XBOCTOB C COACPIKAHUEM
menu 0,19% u yraepona 1,87%, OTHOCHTEIIBHOE COEPKAHNE OKUCIICHHBIX MUHEPAIIOB MeM cOCTaBUIIO 44,94%. JIabopaTOpHBIM SKCIIEPUMEHTOM OMPEAEIICHO, YTO MPH

NPUMEHEHHH PearenTa jenpeccopa yriuepoza P-2 u3pieuenue yriaepojaa B MEAHbBIH MPOMIPOIYKT CHIzKaeTcst ¢ 25,94 % 1o 7,26%.
Kniouesvie cnosa: obozauenue nonesnbix uckoOnaemulx, ¢promayus, MexHO2EHHOE Colpbe, JIeICATIbIe X6OCHIbL, MeOb, Yelepo0, peazeHin 0enpeccop.

Kipicne

lerennix capammbuiapAblH Oaranaybl OoibiHIIa Kazak-
CTaH TYCTi METaJIApIbIH XaJbIKaPaJIbIK HAPBIFBIHIA MBIKTHI
no3uIysiFa ue. OHxipic aeHreii OoiibiHNIa Kasakcran Tazap-
TBUIFAH MBICTBI QJIEMJICT1 ipi OHAIPYIIUICp MEH JKCIIOPTTay-
IIBUTAPIIBIH KaTapblHA Kipedi. OJeMIIK MbIC ©HIIPiCIHICTI
pecnyonukanbiH yieci 2,3% kypaiiapl. XKep KoWHAybIHIAFbI
TYCTI MeTalgapblH OapiiaHFaH Kopiapsl eHepkacinti 10-15
JKBUIJIAH aCMalThIH Mep3iMre Kamtamachi3 eremi [ 1-3]. Tyrac-
Tall aJFaHzia PecyOnKa SKOHOMHUKACHIHBIH JaMybI YIIIH Ma-
TEePHAJIBIK HEri3i OOJBIN TaOBUIATHIH MUHEPAJIBIK-IIIHKI3aT
0a3achIHBIH KYPT CapKbUTybIHA JKOJI OepMey YIIiH KypaMbIH/Ia
METaJIJT a3 KSH OPBIHIAPBIH UTEPY JKOHE KypaMbIHIA TYCTI Me-
Tangap Kol KaJIBIKTapibl OHJAeY MocelelepiMeH aiHabICy
KaxeT. Cynb(UATI MBIC XKOHE TIOJIMMETAIUT KeHICPiHE HEeTi3T1
OaraJibl AIIEMEHTTEH 0acKa, MBIC, KOPFAChIH, MBIPBIIIL, TEMIp,
QIFOMUHUI CHSIKTBI OpKalllaH OalbITy MPOLECCIiHE Kepi acep
€TeTIH 3MsH/IBI Kocnanap Oonaapl. OckIHAaN 3USHIBI KOCIa-
JappIH Oipi KemipTeri 0ok TadbuTaab! [4—5].

Kenye keMipTekTi 3aTTap, 9cipece COpOIMSUIBIK OelIceH i
OpraHMKaJbIK KOCBUIBICTAp TYpPiHAE OO0Jajbl YKOHE OJapbIH
medepi 2—3%-ra JeliiH xKeTyl MyMKiH. by eHjeyiH oHTai-
JIbI TEXHOJIOTHSICHIH TaHAy/Ibl A TapPIIBIKTAl KHBIHIATAIbI.

KeMipTeKTi 3aTThIH 3USH/IBI 9CEPIH a3alTy XKOHE KYHIBI KY-
pamzaac OeJIiKTIH )KOFaIybIH a3alTy YIIiH OHEPKaCINTE apTyp-
JIi 91icTep MEH TEXHOJIOTHSIIBIK aMaliZiap KOJIaHbLIAIbI.

ATOJISIPIIBI, TETEPOIIONSPIIBI peareHTTep i (KepoCHH, Oy ThII
CTIMpTI) Maiiianana OTHIPHIN, CYIbGUATI (roTanus aaasiHaa

KOMIPTEKT1 3aTThI CEJCKTHBTI OHIMIE IIBIFapy (UIOTAIIUSHBIH
Cynb(UATI KOHIIEHTPATHIHIAFbI KOMIPTEKT1 3aTTHIH MOJIIICPiH
a3alTyaplH Oenrisi omici 0oibim TaObuTanbl. JlereHMeH, Oy
peTTe KeMip KOHIICHTPATHl MEH HETi3Ti AIEMEHTTIH IIBFBIHBI
Oaiikasapl.

Herisri om0eban omic cynbpuATi (GraoTamms caTbIChIHIA KO-
MIPTEKTI 3aTTBIH CEIIEKTUBTI ACTIPECCOPHIH Maiamany OOJbIT
TaObUTaBl. byl peTTe maiigansl KOMIIOHEHT OAWBITy KaJIbIK-
TapblH/Ia KOMIpPTETiH KaJAbIpa OTBIPHIN, KOHIIEHTpAaTKa Oa-
PBIHIIA IBIFApBUTABL. [lepCIeKTHBANEI Ienpeccopiiap peTiH-
JIe 9PTYPITi XUMUSUIBIK KOCBUIBICTAp IMalIaIaHBLTYBl MYMKIH:
Cyla CpHUTIH HUTPO3HH, TEXHUKAJIBIK JIMTHOCYIb()OHATTAP,
JIEKCTPUH XXOHEe MaMaHIaHIbIpbUFaH P-2 pearenti [6—10].

Byt 3eprTeynin MakcaThl KOMIPTEKTI TYHIBIPFHINI pearcH-
TiH TAf1aiaHa OTHIPHIN, (IOTAIUS MPOIECIHIC KOMipPTEKTI
3aTTHIH JCMPECCHACHIHBIH HETi3r1 MYMKIHIITIH aHBIKTay 00-
JIBII TaOBLIABI.

Marepuajagap MeH daicTep

3eprrey oobexTici JKeskasran Ne3 GaiibiTy (haOpHUKachIHBIH
JKaTKaH KaJIbIKTAPBIHBIH apaiac OeIiriHiH ChIHaMachl OOJIBIIT
TaOBLIABL.

JKarkan KaJiJbIKTap ChIHAMACHIHBIH XUMHUSUIBIK KYpaMbl
JIOCTYPIIl «CHIIMKATTHIKY XUMHUSUIBIK TaJJAyMEH, aJThiH MEH
KYMICTiH KYpaMbl ChIHAMAIBIK TalmgayMeH (1-kecte) alKbIH-
JIAII/IbI, ChIHAMAHBIH JIEMEHTTIK KypaMbl HHIYKTUBTI Oaiiia-
HeicKaH 1m1a3MaMeH (ICP-MS) macc-ciekTpimik TaigayMeH
OeJriIeH .
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Oboratere Mome3HbIX UCKOMAEMBIX

Kecme 1
CoiHamManblH XUMUAIbLK MAI0ay
Table 1
Chemical composition of the sample
Tabnuua 1
Xumuueckuii cocmag npoool
KommoneHT Cu Ag, T/t Fe Zn Pb As C Sio,
CanmaxrsIk yiaec, % | 0,19 3,12 2,32 0,25 0,17 0,13 0,002 1,87 57,70
Kommnonent Al O, CaO MgO K,0 Ti Cd Re, /1 AL, CaO
CanmakTsIK ynec, % | 12,92 4,38 1,23 2,37 0,29 0,002 0,36 12,92 4,38

Ken munepangapein 3epaenrey OLYMPUS BX 53 wmuk-
pockonbid, SIMAGIS XS-3CU o6eitnenepin tannay ymia C7
OeliHesnepiH TaygayFa apHalFaH OaraapiaMablK KaMTaMachl3
€Tyl KOJJaHa OTBIPBIIL, JKbUITBIPATBUIFAH aHIUTU(TEPIE MIa-
FBUIBICKAH JKaPBIKTA KYPTi3UIIi.

bacrankpl ChIHAaMaHBIH XHMUSUIBIK Tajljidy HOTHDKEJIEpi
1-mmi kecTene KeNnTipiiareH.

Herisri KyH1pl KOMIIOHEHTTEpAIH Kypambl: Mbic — 0,19%,
MeIpsI — 0,17%, kopraceH — 0,13%, kymicteH — 3,12 /1. Ky-
KiprTiH Kypamsl 0,25% Kypassl, sxanmsl Temip — 2,32%. Tay
JKBIHBICTAPBIHBIH Kypamaac OeiKTepiHiH KypaMbl: KPeMHHUH
nuokeuai — 57,70%, amomuHMi okcuml — 12,92%, xanbiuyid
okcui — 4,38% rxoHe marauit okcui 1,23%.

MBICTBIH KOCBUTy (hopmanapbl OOMBIHINA KaJIABIKTapIIbl
(hazaurbIK TasAAy XUMHSUIBIK (pazaiblK Tangay apKbLIbl )Ky3ere
aceIpbiIasl. HoTmkenep 2-kecree KenTipiiareH.

Kecme 2
Mpuicmul pazanvik manoay
Table 2
Phase analysis of copper
Tabnuya 2
Da3zoevlil ananus meou
Merannsig ¢asansik | Kypamsr Cu, % | Cu 6oy, %
TYpi (abc.) (canpim)
Cynbuuari MuHepaniap 0,105 55,06
ToTbIKKaH MUHEpaIap 0,085 44,94
Xpu3oxosia 0,027 14,06
Bapinbirsr: 0,19 100,0

2-KecTe/leri MJIIMETTEePCH KAIIBIKTAPIbIH OCHI YITICiH-
neri MeIc cynbuari (55,06%) xone ToThIKKaH (44,94%) mu-
HepaJIapMeH Ke3/IeCeTiHl KopiHei. 3epTTeneTiH KalIbIKTap
CBIHAMACEKI apaJiaC THUIIKE YKaTaIbl.

Kenpi sxoHe KeHCI3 MUHEpaIIapAblH O0DKaM/IbI apaKaThI-
Hackl 2:98 Kypaibl:

— Heeizei ken my3yuii MuHepandap — TeMaTuT, TEMip TUAPO
KBIIKBUTIAPBI (3KAIIBI KYpaMbl < 2%);

— Kocankpr munepanoap — KOBEIUIMH, XaIbKOIIHPHT, OOp-
HUT, TaJieHa, C(aICPHUT;

— Cupex Keszdecemin MuHepandap — XaabKO3WHIUTCHUT,
MTUPUT;

— Ome a3 ke30ecemin — MAIAXWT, XPHU30KOJIIA, MATHETHT;

Topnwvii srcyprnan Kazaxcmana Ne7’ 2025

— Komipmexmi 3am mypinoeei mypaxmol inecne MexaHuKa-
K Kocna ~8—10 %;

— Tay orcoinvicmapein Kypatimein munepanoap ~88 %.

MuHEpaNIoTrHsUIBIK TaJIIdy KOPCETKEHIeH, KaJBIKTap Chl-
HamacheIHIa kemiptekti 3aT (8—10%) emoyip memmepae 00-
aagsl. O sxorapbl THIPO(OOTH KacueTTepiHe OaiIaHBICTHI
KOOIK ©HIMiHE OTIill, KOHI[EHTPATTBIH CalachlH TOMEH/CTE/].
CoHBIMEH Karap, KOHLEHTPATTa KOMIPTETiHIH >KOFapbl MeJ-
HIepiHiH OOJIybl OHBI LIMAHWATEY ApKbUIBI OJAaH 3pi OHJEYIC
KHUBIHABIKTAP TYFbI3aIbl.

Kewmiprekri 3at memmiepi 0,15 MM-re neiiiH KeyeKTi Heme-
ce YSIIBIK TOPi3/i, CUPEK THIFBI3 arperartap Tyseni (1-cyper).
KemipTekTiH OKIIayTaHFaH CHIIAThl OHBIH MEXaHUKAJIBIK KOC-
MTACBIH KOPCETEIi.

C — komipmex

Cyper 1. KemipTekTi 3aTThIH Ke3/1ecy (popmaiapsi. 200
YIraury.
Figure 1. Carbon matter emissions. Magnification of 200.
Puc. 1. BoiiesieHus1 YIVIEPOIHOIO BellleCTBA. YBeJIu4eHue
200.

OnoTanusIBIK OalbITy KaMepalapblHbIH kememi 3, 1,0
xoHe 0,5 mutp OomarbiH MexaHoOp THITI CTaHIAPTTHI 3€pPT-
XaHAJIBIK MEXaHUKAIBIK (NIOTAIMSUIBIK MaIldHAIapaa KYpri-
3immi. 3epTTey YIIiH Keleci peareHTTep KOMIaHBUIIBI: CYHBIK
mHBL (Na,Si0;), xykipTTi Harpwii (Na,S), kcartorenar (Kx),
Metunu3o0ytun kerton (MUBK), P-2, kepocuH xoHE OyTHUT




Oboratere mome3HbIX UCKOMAEMBIX

crimprrepiniy Tekme Kaabirsl (KOBC). dnoranus yakeitsr 10
MUHYT, MyJIbIaHbIH THIFBI3ABIFEI 30%, TalibIH KJIACThl KYpambl
-0,071 MM — 85%, 3epTXaHalbIK TOKIpUOE OAPBICHIHIA CYTeT]
kepcetkinii (pH) jkoHE TOTBIFY-TOTBIKCHI3AHY MOTCHIIMATBI
(OBII) nenreiiiniy kepceTkimTepi bakpuianaapl. (pH aeHreit
HANNA HI 1230 xone ORP — HI 3131 snexTpoarapsiMeH
OaKbUTAH]IBI).

HoTuikennep #dHe 0J1apaAbl TAIKbLIAY

CynbunTix duoranus anabHIa KOMIPTEKTi (IoTasHbIH
XKYPYIH aHBIKTAy YIIIH KOMIPTEKT] )KMHAylIbl PeareHTTep —
kepocuH + KOBC kemerimen ¢uioranusiHbl Oaranay CbIHaKTa-
PBI JKYPri3uii.

BaiibiTy cxemachl 2-CypeTTe KOpCeTUIreH )KoHe 3-1111 CypeT-
T€ MBIC TIeH KOMIPTEKTIH OOIiIl ally HOTHIKeepl KeNTipiireH.

Bacranke! eHIM

{

¥cakray

e

Kewmiprekri duoranus

KonuenTpar Kanapik
Cypert 2. 3epTXaHAJBIK IKCIEPUMEHTTIiH NPHUHIUNTI
TEXHOJIOTHSIIBIK ChI30acChl.
Figure 2. The basic technological scheme of the laboratory
experiment.
Puc. 2. [IppHOMnuaabHasi TEXHOJIOTHYECKAs cxeMa
NpOBe/eHNs J1a00PATOPHOI0 IKCIIePHMEHTA.

6.30 12,50 _
$ 610 A T 12,00
£ 5,90 11,50 &
= «
Z 570 11.00 5
2 ss0 = 1050 2
@ A=)
& 530 / 10.00 =
2 510 = A 950 %
g 4.90 — 9,00 E-
= 470 850 3

450 s00 =

200 1000 2000 2500

Kepocnrgin meamepi, r/t

—a—DBenin any Cu, % —e—DBeninany C, %

Cypet 3. MbIC IeH KOMIPTEKTi 001l ajIy HITHKeIepi.
Figure 3. Results of copper and carbon extraction.
Puc. 3. Pe3yabTarhl H3BJI€YEHHsI MeIU U yIIepoaa.

3-cyperre OeiiHelleHIeHACH, KOMIPTEKTI (oTanusiay/ibl
XKYpri3y KeMIpTEriHiH MeJIlepiH a3ailiTylna oH HOTHXe Oep-
Meiiai. bya KoHIIeHTparTarsl KeMIpTeri KeMip/l KaKKaHHaH
QJIBIHFaH OHIM — KypaMblH/Ia KOMIpTeri KaJJIbIFbl Oap muiaK
TYpiHJE 00JIybIMEH OalIaHbICTHI.

Kipicrie 0emniMiHe KOPCETUIreHACH KOHIIEHTPATTa KOMIp-
TEeTiHIH KypaMbIH a3alTy/bIH Tarbl Oip JKOJII pearecHT-Jem-
peccopsl naitnanany. OCbl peTTe KOMIPTETiHIH ACPECCUICHI
eceOIHEeH KOHIIEHTPATThIH CallachlH apTThIpy MakcaTbiHa P-2

KOMIPTETiHIH AeNPECCOPBIH KOJIIaHyMEH TaXKIpHOesep xKypri-
3Ll

3epTXaHaIblK OKCIEPUMEHTTIH HETI3r1 TEeXHOJOTHSUIBIK
ChI30aChI 4-111i CypeTTe KOPCETILITeH.

Bacranke! eHiM

l

Ycakray

Herisri ¢guotanms

‘ l
I Tazanay

* # baxeuiay Quorarust
Apanblk eHIM #
Konuenrpar

Konuenrpar
Kannpik

CyperT 4. 3epTXaHaJbIK IKCIIEPUMEHTTiH NPUHIUINTI
TEeXHOJIOTHSIBIK ChI30aChI.
Figure 4. The basic technological scheme of the laboratory
experiment.
Puc. 4. [IpuHIMnuAaIbHASL TEXHOJOTHYECKAs cXeMa
NPOBe/IeHNs J1a00PaTOPHOI0 IKCIIePUMEHTa.

Kewmiprekri Oacarbra P-2 peareHTiHIH MeIIepiH TaHIay
3epTXaHAIBIK TOKIpHOenep 3-KecTene KenTipiIre .

Kecme 3
Taoxncipube nomuoicenepi
Table 3
The results of the experiments
Taonuuya 3

Pe3yﬂbmambt onslmoe

Mei- Kypawmel, % | bemnin aiy, %
eni 5I1-
H; 5 Onimaep FBIMBI,
ek % Cu C Cu C
r/T
Toxipube 1
[ rasanay 1,82 | 3,47 | 26,65 | 33,34 | 25,94
K-ThI
Apanbik enim | 4,21 | 0,54 | 5,61 | 12,08 | 12,63
baxpmmay x-te1 | 3,22 | 0,59 | 4,68 | 10,07 | 8,05
0
% Konmentpar | 9,25 1,14 | 9,43 | 55,49 | 46,62
Kanapixrap 90,75 | 0,09 | 1,10 | 44,51 | 53,38
bacramker | 1000 | 0,19 | 1,87 | 100,0 | 100,0
OHIM
Toxipube 2
[ asanay 0,97 | 6,24 [22.34]31,92 | 11,59
K-ThI
300 | Apambik enim | 3,66 | 0,49 | 8,05 | 9,48 | 15,75
Baxpmay x-te1 | 3,18 | 0,62 | 3,53 | 10,45 | 6,01
Y Konuenrpar | 7,81 1,26 | 7,99 | 51,85 | 33,35

Topuwtit sicypuan Kazaxcmana Ne7’ 2025




Oboratmere Mome3HbIX MCKOMAEMBIX

IIpooonacenue madbauywvt 3

Lusl KYprizy yurs P-2 peareHTiHIH OHTAiJIbl IIBIFBICHIMEH
300 r/T MIBIFBIH KaOBUIaH/IbI.

Men- b Kypamel, % | bemnin aiy, %
wepi Onimaep FBIMBI
P-2, o | Cu C Cu C | mo ¥=-3.766x 130238 8.00
F/T i 26.00 : R2=0.9931 ™ 00
2 2500 : ; ’
Kangsikrap 92,19 | 0,10 | 1,35 | 48,15 | 66,65 é 24.00 ! : v , 6.00
= 2300 ! Nl i
bacramet 11600 0,19 | 1,87 | 100,0 | 100,0| & 2200 : \f\ : 500
OHIM = H | ~3
E 21,00 ! | ! 4,00
Toxipube 3 g 2000 y i ! o0
I S 1900 : | T ’
TEAEY 0,71 | 7,27 | 19,12 27,17 | 7,26 18,00 ' : 200
K-ThbI 0 300 400
Apansik eiv | 3,52 | 0,60 | 7,23 | 11,03 | 13,61 ¥ 2 peareRTsemen, 1
5 315 061 239 012 402 Kypamsr, % C @m= KypaMeL % Cu ===== Jlnneiinas (Kypamsl, % C)
AKblIay K-TbI 5 5 5 ) >
400
¥ Kouuenrpar | 7,38 | 1,24 | 6,31 | 48,31 | 24,89
Kammsicrap | 92,62 | 0.11 | 1.52 | 51.69 | 75.11 Cypet 6. MBICTBIH KYPAMBbIHBIH KOMipTeri KypaMbIHa
’ ’ ’ ’ ’ TYeJIiIiri.
Bacrankel 100,0 | 0,19 | 1.87 | 100,0 | 100,0 Figure 6. Dependence of copper content on carbon
OHIM content.
Puc. 6. 3aBHCHMOCTB COfep:KaHNUS MEIH OT COleP KAHUS
3epTXaHaIbIK TOKIPHOS HOTHKEIEPiH Oaranay yuriH XaH- yriaeposa.

koH-JlyiikeH OoiibIHIIIA OaibITy THIMALIITIHIH ecenTeyiepi
xyprizingi. On duioranyst KepCeTKilTepi — IIbIFY, KEHJerl
KYH/Ibl KOMIIOHEHTTIH KypaMbl JKOHE KOHIIEHTparTapra 0eJi-
HY apachIHIaFbl TOYSIIUTIKTI OUTaipeni. balpITy THIMILTITIH
€CeITey HOTIKENIEPl S-CypeTTe KeATIPIIreH.

20 = BaiibiTy THiMAimr, % Cu

B BaifbITy THIMAiTT, % C

BaHBITyALIH THIMALTIT, %

0 300 400
P-2 peareHTinin Mo, 1mepi, r/T

Cyper S. BaiipITy THIMIUIITIHIH ecenTey HITHKeIePi.
Figure 5. The results of the calculation of the enrichment
efficiency.

Puc. 5. Pesynbrarnl pacyera 3 peKTHBHOCTH
oloramieHus.

MBICTBIH KOHIIGHTPATTAFbl KOMIPTETi KypaMbIHa TOYeIIii-
TiHIH HOTIDKEIEpi 6-11i CypeTTe KOpPCEeTUIreH.

HoTmxenepaeH Kemin IIBIFAThIHEL, P-2 peareHTiHIH IIbI-
reiHbl 0-meH 300 r/T neiin apTkaH Ke3ne OipiHII Tazanay
KOHIICHTPAThIHJAaFbl KOMIPTEriHiH Kypambl 26,65%-1an
19,12%-ra neiiin Temenaenai. byn perre 0aibpITy THIMILIIT
38,08%-man 26,03%-ra ngeiin TeMeHACH I, P-2 MILIFBIHBI-
HBIH OJIaH 9pi apTTHIPY OH KepceTkimrep Oepmeiini. Pnora-

Topnwvii srcyprnan Kazaxcmana Ne7’ 2025

KopbITbIHABI

3epTxaHalbIK dKcepuMeHT Kypambiaaa 0,19% Meic sxoHe
1,87% xemipreri 0ap KajaslKTap eHIMIHIE KYpri3ingi. Mbic-
TBIH TOTBHIKKAH MHHEPAIAAPBIHBIH CAJBICTBIPMAIIBl KYpambl
44,94%-1p1 Kypaapl. OnoTanys anAgblHAa KOMIPTETiHI alIbIH
ana GeJim ary MYMKIHAITIH aHBIKTAy YIIiH KOMipTETiHi K-
Haymsl peareHTTepai — kepocuH + KOBC kommana OTHIpHII,
(moranms OoifprHma Oaramay TecTTepi opbHAangsl. Cyib-
¢uari droTanus angeHAA KOMIpTEri (pIOTAIMACHH KYPTizy
OH HOTHXE KOPCETIEIi.

Kewmipreri nmempeccusichl eceOiHEH KOHIICHTPATTHIH cCa-
TMaChIH apTTHIPY, COHAAN-aK ONaH opi CINTiNey Ke3iHae pea-
TeHTTEPMAIH HIBIFBIHBIH TOMEHJIETYy MaKCaThIHIa KeMIipTerTi
P-2 nmempeccopbiH KongaHy apKbUIBI TOXipUOenep sKyprizii-
ni. Oceinaiima, ¢uoTanus MpoIeciHae KOMIPTEKTi 3aT Jer-
peccopIapbIHBIH pPeareHTTepPiH KOJNJIaHy OCHl ChIHaMa YIIiH
HEFYPJIBIM THIMII OONBIN TaOBUIATBIHBI AHBIKTANIBL. MBIC
OHIMIH/IET1 KOMIPTETiHIH KypamMbl TOMEHICTCH Ke37le OHEep-
Kocilm eHIMIHAETI MBICTHIH Kypambl 3,47%-man 6,24%-ra
JeiiiH apTajabl.

Herisri toxipubene mempeccopapl KoimaHOaFaHIa MBIC
KOHIICHTPATBIHAAa MBIC TEH KOMIipTeKTiH Kypamsl 3,47%
xKoHe 26,65% TeH. P-2 mempeccops (300 r/T) KOHIIEHTpAT-
THIH TIBIFBIMABUIBIFRIH 0,85%-Fa TOMEHIeTe OTBIPHIN, KO-
MipTekTi amynsl 14,35%-ra (25,94%-man 11,59%-ra netiin)
a3alTyabl KaMTaMackl3 eTefi. P-2 mempeccopsl Koganranaa
KOHIEeHTpaTKa MbIc — 31,92% sxone xemiprek — 11,59% 6e-
JTIIT JIBIHIEL.

Kangeikrapas! ¢uotanmsiay kesinge P-2 mempeccopbsa
KOJIJaHFaH/1a KOHIICHTPATTaFbl MBIC KYPaMbIH apTTRIPYFa, CO-
HBIMEH Oipre KOMIpPTETiHIH MOJIIEpiH a3alTyFa KOHE OHBIH
(hITOTaIMANBIK KAIIBIKTApFa ayiapyFa apTThIPaIbl.
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TYPAKTBI DHEPTUSIFA KOIIIY
KOHTEKCTIHAETI TEHI3AETT
BYPIBIJAYIBIH BEOJIALIAFBI

Amnparna. Terizzeri MyHail MeH ra3/ipl OyprbuIay OHJIaFaH JKbULIAp OOMBI QIEMIIK SHEPTeTHKAIIBIK JKYHEeHIH MaHbI3bl Kypamaac OeJriri 6ossn Kana oepai, Oy1 anem-
JIIK KOMIpCYTEKTep/i OHIIpY/IiH aiiTapyiblKTail yJIeciH KaMTaMachl3 eTeli. JlereHMeH, TypaKkThl SHEPIHsl KO3/IepiHe KOllly, KITMMATThIH 03repyi )KoHEe SKOJIOTUSIIbIK TajanTap-
JIbIH apTybl CajlJapblHAH SHEPreTHKANBIK JaHAIA(T Te3 e3repin KaTKaHABIKTaH, CalaHblH OoJallaFbl KbI3y MiKipTaaac TaKbIPhIObIHA aliHaMy1a. ABTOMATTAH/BIPY KOHE
Cy aCTBIHZaFbl POOOTTAP/IbI KOJIAHY CUSKThI TEXHOJIOTHSUIBIK HHHOBALUSIAP OYPFbLIAY )KYMBICTAPBIHBIH THIMIIIITi MEH KayiNCI3iriH apTThIPy YILiH jKaHA KOKKUEKTEPAl
amryna. by makanaza 6i3 TeHizaeri Oyprbuiay/iblH OonamarblH KaIbIITACTHIPATBIH HETI3T1 yp/icTep MeH (hakTopiaap/ibl, COH/al-aK OHBIH YHEPreTHKAJIBIK CascaT IeH KO-
JIOTHsiIaFb! skahaH/IbIK ©3repicTep KOHTEKCTIH/IET] POITiH KapacThpaMbI3.

Tyiinoi co3oep: menizoe bypebiiay, OHOIPY MEXHONO2UACHL, SKONOSUANLIK KAVINCIZ0IK, MYXUMMBbLK PECypcmap, UHHOSAYUALbIK 20icmep, MypaKmol OaMYy, meper meHis
naameopmanapul, SHepeemuKaiblK aneyen, KoN0UAIbIK mayeKenoep.

The future of offshore drilling in the context of the transition to sustainable energy

Abstract. Offshore oil and gas drilling has been an important component of the global energy system for decades, accounting for a significant share of global hydro-
carbon production. However, with the energy landscape rapidly changing due to the transition to sustainable energy sources, climate change and increasing environmental
demands, the future of this industry is becoming a subject of intense debate. Technological innovations such as automation and the use of underwater robots are opening up
new horizons for improving the efficiency and safety of drilling operations. At the same time, public expectations and demands for environmental responsibility pose new
challenges for oil companies. In this article, we look at the key trends and factors that will shape the future of offshore drilling, as well as its role in the context of global
changes in energy policy and the environment.

Key words: offshore drilling, mining technology, environmental safety, ocean resources, innovative methods, sustainable development, deepwater platforms, energy
potential, environmental risks.

By)lymee MOPCKOIo 6ype1-mﬂ B KOHTEKCTE Iepexoaa K yCTOﬁ‘Il/IBOﬁ 3HEpPreTukKe

Aunnotanus. Mopckoe OypeHue He(TH U ra3a Ha NPOTSHKEHUH JAECATHICTHI OCTACTCs BAXKHBIM KOMIIOHEHTOM III00AIbHOM SHEPreTHUecKoi CHCTeMBbl, obecreunBas
3HAYUTEIBHYIO JI0JIF0 MUPOBOIO IIPOU3BOACTBA YIIIEBOAOPOAOB. OHAKO B YCIOBUSIX CTPEMUTEIBHBIX N3MEHEHHI B SHEPreTHYECKOM JIaHAmadTe, BRI3BAHHBIX EPEX0I0M
K yCTOWYHMBBIM HCTOYHHKAM DHEPIUH, M3MEHEHHEM KIMMaTa M PAcTyLIMMH SKOJIOTHYECKUMH TPpeOOBaHMSIMH, OyayIiee 3TOi OTPACIH CTAHOBHTCS MPEAMETOM aKTUBHBIX
Juckycenit. Takie MHHOBALIMK, KaK aBTOMATH3ALHs H UCIIOIb30BAHUE MOABOJHBIX POOOTOB, OTKPHIBAIOT HOBbIC TOPU3OHTBI JUIS OBBILIEHUS 3(Q()EKTUBHOCTH 1 6€30MacHO-
cTu OypoBBIX onepanuid. B 1aHHOM cTaThe MBI pACCMOTPUM KIIIOUEBBIE TEHACHIMH M (PaKTOPBI, KOTOPBIE Oy/IyT ONpEAessTh Oy/TyIee MOpCKOro OypeHHs, a TakKe ero poib
B KOHTEKCTE [I100AIbHBIX U3MEHEHHI B 9HEPTeTHYECKO MOTUTUKE U IKOJIOTUH.

Knrouesvie cnosa: mopcroe 6ypenue, mexnono2us 000blyU, IKON02UUECKAs 6E30NACHOCMb, OKEAHUYECKUE PeCypCbl, UHHOBAYUOHHbBIE MEmOObl, YCMOUYUBOe pa3eumue,

2ﬂy501(08()()”bl€ mamgboprl, onepeemullecmtﬁ nomenyual, 9KoN02u4ecKue pucku.

Kipicme

Tewnizne Oyprputay — Cy OeTiHIEe HeMece MYXHUT TYOiHZe
OpHAJACKAH apHabl OypFbUIay KOHIBIPFBUIAPEIH MaiganaHa
OTBIPBII, Cy aCTHl KEH OPBIHAAPBIHAH MYHAW MEH Ta3fbl aly
mporeci. by mpomecce skahaHIOBIK YHEPTETHKAIBIK, Kyiene
OICTITYII PO aTKapaabl, OUTKeHI AYHHEKY3UIIK KOMipCyTeK
KOPBIHBIH eoyip Oeiri TeHi3 aiMaKTaphIHAa OPHAIACKAH.

Tenizneri Oypreuiay HapBIFBIHBIH KosreMi 2023 xputet 28,12
Mumapa nomtapaas 2028 skpurra Kapai 35,92 mummmmapn
JIOJTapFa JEWiH ecemi Oem KyTUIyme, OODKaMIbl Ke3eHIe
(2023-2028) opramra XbUIIBIK 6cy KapKbeIHBI 5,02% Kypaii-
b1 48

¥3aK Mep3iMAl MepCHeKTHBaza TEXHOJIOTHSUIBIK MHHOBA-
LUSUTAp/BIH 6CYyiHE JKOHE OCHIHZIAN OlNepanusuIapblH PeHTa-
OeTBILTITIHIH apTybslHA OAiNIAaHBICTHI TEHI3 K€H OPBIHIAPHIH
OypFBIIay alTapIBIKTAl JAMUAIBI A€t KyTityae. ExiHmi skaFbpl-
HaH, IIWKI MyHa# 0aFachIHBIH KYOBUTMATBIIBIFEI AJIIAFbI JKBLI-
JapbI TeHI3 OYPFBUTAY HAPBIFBIHBIH OCYIH TEXKEH I e KYTiTy-
ne. CoHBIMEH KaTap, KYH ’KaHE )KeJI SHEePTeTUKAChIHA, COH/IAH-
aK 0acka Ja KaHAPTHUIATBIH TEXHOJOTHSIIAPFA MHBECTUIIHS-
JIAp/BIH YIFAIOBIMEH QJIEMIK SHEPIreTHKAIBIK OalaHCTaFbI
KOMIPCYTEeKTepAiH yieci OIpTiHAET TOMEHIeyl OOIKaHaIbI.
By myHait KoMITaHUSUTAPEIHBIH ©3/ICPiHiH OYpFBUIAY CTpaTe-
THSUTApBIH KalTa KapayblH Kesneini. /lereHmeH, Oyprpuiay
MIPOLECTEPIH aBTOMATTAHABIPY, Cy ACTBIHAAFBI POOOTTapBI

naiijanany koHe onepanusuiapabl HUGPIaHAbIPY CUSKTHI TEX-
HOJIOTHSUTBIK JKETICTIKTEp TeHI3Ier] OYpFbUIaydbIH THIMILIIT]
MEH KayilCI3[iriH apTThIpyFa jKaHa MYMKIHJIIKTEp alllajibl.
Tasty 1llpirpic eH Adpuka TEHI3 OyprbUIAybIHBIH SJICYEeTTI
HapBIKTapBIHBIH O1pi 00JIa/IbI JeT KYTLTy/e, CYPaHBICTBIH KOl
6euniri Hurepusi, AHrosa xoHe Erumner ennepinne Oomaubl.

An Kasakcranna TeHisne Oyprbuiay, €H aJbIMCH, MYHai
MEH ras3/iblH e/19yip Kopbl opHajackaH Kacmuii TeHi3iH ure-
pymeH OarutanbicThl. KazakcranubiH Kacrnuii TeHi3iHE MIBIFY
MYMKIH/IIT TeHi3/ie OypFbuIay JKOHE KOMIPCYTEKTep/ii OHIIpY
YILIH YJIKSH MYMKIHJIIKTEp aIiajbl.

Mpicaibl, 2023 sxbitbl 26 coyipae Akrayna «KasMynaiil a3
¥K AK backapma teparacsl Mar3ym Meip3araineB MaHFbIC-
Tay eHIpiHIH MYHali-Ta3 OoJallaFblHa apHAJIFaH XaJIbIKapajIbIK
FBUIBIMU-TTPAKTHKAJIBIK KOH(EpEHIMsFa KaTbICKaH OOJaThIH.
[TeHapabIK OTHIPBICTA CO3 COMIIETEH OJ I'€OJOTHSUIBIK Oap-
Jay/pl IaMbITy TMEpPCIIeKTHUBAIAPhl KOHE KOMIAHUSHBIH OCHI
cajlajarbl JKOcCmapiaapsl Typaisl alTTbl. OHbIH imriage, KMI'
Oacmibichl Kommanus 2024 5KbUTbI TaFbl €Ki TEPCH YHFBIMAHbI
OypFBUTayIbl 6ACTay/IbI KOCTIAPIIAI OTHIPFAHBIH aTall OTTi’.

JlerenmeH, OyH[aii ipi ic-11apaHbl KOJIFa aimac OypbiH, 0ap-
JIBIK MOCEJICIIePIiH aJlblH any KakeT. Mbicaibl, 2018 KbUFbI
3eprreyiiep OoibiHITa Kacnuii TeHi3iHIH OeTiHae MyHaiMeH
jactany (haKTOpbl JKOFaphl €KeHI KepceTuireH. JlactaHyabiH
Kanmbl Oeti 822,66 kM? mem OaramaHasl. by gepexrep cyT-

'Mordor Intelligence. Offshore drilling — napvikmoer manoay. URL: hitps://www.mordorintelligence.com/ru/industry-reports/offshore-drilling-market (xapanrzan xyui:

14.05.2025)

’KasMynaiil'az. 2024 oicoinvt eeonocusnvik, oapnay scymvicmapwl. «KazMynail az «¥K» AK unsecmuyusnapovt yazaumaobl.

center/press-releases/2024-geo/ (kapanzan kyni: 14.05.2025)

URL: https://www.kmg.kz/ru/press-
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Hedyrerasooe zieno

HukteH ENVISAT ASAR cuHTe3nenreH anepTypaiisl pagapbl
apKbUIBI alIbIHFaH OoJaThiH [1].

ENVISAT ASAR Kacnuii TeHi3iHIH Ka3aKCTaHIBIK CEKTO-
PBIH MOHUTOPHUHTLICY VIINIH OCJICSHII ManaalaHbUIIbl, OHBIH
18000391 (B

* MyHaii meeinyin manoay djcane Kapmaea mycipy;

* BypavlLiayoviy SKON0SUSTbIK CALOapblH OAKbLIAY,

* Kawazan, Kanamgac, menis scone m. 6. ke OpblHOApbi-
HbIH, MAKBIHOAEbL CY AUOLIHOAPbIHbIY MOHUMOpUHeL [2].

Tenizne Oyprbutay Kazakcran yuiiH aiTapibIKTail SKOHO-
MUKAJIBIK MaHbI3Fa €. MyHail MEH ra3 eJijiH 3KCIOPTTHIK Ki-
picTepiHiH Heri3ri 0eiriH Kypai/ipl, ajl KeH OpbIHAAPbIH CITTI
Urepy 3KOHOMHKAJIBIK ©CYTe KOHE IIETEIIIK HHBECTUIIHSLIIAP-
JIbI TAPTYFa bIKMAT Tyl MyMKiH. COHIIBIKTaH, TEK SKOHOMHKA-
JIBIK YKOHE TEXHOJIOTHSUIBIK MPOOIeMaiapibl eMec, SKOIOTHsI-
JIBIK MOCEJICNIEP/Ii JIe CCEITKEe aJIFaH YKOH.

Marepuanaap MeH dicTep

TeHi3 KeH OpBIHAAPBIHBIH KaiTa OelimMieny MYMKIHIIKTe-
PiH KeJeciiel mapTTapMeH KapacThIpyFa 00IaIbl:

Typakmuer mexnonozuanapea ungecmuyuanap. MyHai
KOMITaHUSITIapbl KOMIPCYTEKTEp IIbIFapbIHABLIAPBIH a3aiTy-
Fa KOMEKTECETIH KOMIPTEKTI aylial ajy TeXHOJIOrHsIapblHa
(OCCS) unBecTHIIHS cajia 0acTabl.

OCCS TexHOJIOTHICHI KeJIeC] oTepanysuiap/ibl KAMTH/IbL:

- CO:z-0en mazapmy;

- 6oy,

- KeuinHen mycipy ywin kemeniy 6opmoinoa CO:z-uHi cak-
may.

Cakray (hopmaapbl TEXHOJIOTHsAFA OAUITAHBICTBI ©3TEPE/i:
ras, CyHbIK HEMece MUHEepaJIIbI.

AJIIIBIH aJia JKary Ke3iHIe KeMIpTeri CyTeKTI OHIIpy JKOHE
OHBI HEPIHsHBl TYPICHIIPY YIIIH apHaibl KypbUIFbUIApAA
naiianany yiriH OTbIHHAH OeriHesi’.
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Cypert 1. KemipTekTi ycray :Kyiiecinii Herisri
sKa0bIKTAPBIHBIH CXeMaChI.
Figure 1. Diagram of the main equipment of the carbon
capture system.
Puc. 1. Cxema 0CHOBHOTO 000pPYI10BaHHS CHCTEMbI
yJIaBJHBAHMSA yIJIepoaa.

OCCS apkpuTBI 1eKapOOHM3ANNSFA KETYIIH apTHIKIIBLIBIK-
Tapsl KoM, anaiaa kemmitikrepi ae 6ap [3]. Mbicanbl, keme-

JIEPJIH KYPBUIBICHI MEH OPHAJIACYbIH ©3TepTy KaxeT. by Tex-
HOJIOTHSUTBIK IIBIFBIHIAPIBI TAJIAI €Te i, OHBIH 1IIiH/IE:

- backa keme Jicytienepimen uHmezpayus Kajicem,

- muicmi ungpaxypolibimoa ketinnen mycipy yuin CO:-
HIH CAKMAybl Kepex,

- Kemeoe KOCOIMUlA SHEepeusi MeH OMblH WbI2bIHbl 601a0bl,
oumxeni ycmay, 001y dicone CyUublimy npoyeci dHepIusiibl
JiCoHe Keme HCAOOLIKMAPLIHbIY dHEP2US UWIbIELIHBIH APIIMbIDY-
0bl Kaoicem emeoi,

- xkeme OCCS KemeHiy HCYMbICHIHA 3UAH KelmipMecmeH
SHepeUsiibl NAUOANAHYObl OHMAUIAHOBIPA OMBIPLIN, OOPM-
MolK HcabObIKMmapmer OIpiKmipiLyi Kepek,

- ycmay, 061y, CYublimy JdcoHe apanvlk Cakmay HcabovlK-
Mmapol HCemKILIKMi OpblHObL Kadcem emeoi,

- KeMEHIH OHIMOLNIZIH apmmblpy JHCoHe KAVINCi3oiein Kam-
MAMAcel3 emy yuwin acyienep MyKusm aicobaianean 6omnysl
Kepex.

Busnecmi apmapanmanowipy. KenTereH KoMmmaHusiap
MOPTQOIHOJIAPEIH, COHBIH INIH/E >KaHAPTHUIATHIH JHEPTHUS
Ke3JIepiH JKoHEe 0acKa Ja TYPaKThl TEXHOJIOTHSIIAPIbI dpTa-
pamTaHbIpyabl OacTaiiel. by oapra SHEpreTHKAIbIK JTaH/I-
madTThIH e3repyi JKarjaiibiHIa Oocekere KabOijaerTi Ooiyra
MYMKIHIK Oepei.

| xoFaper

opTama
TeMeH

Cyper 2. Tenizneri 0yprbliay HapbIFbl: aiMaK 0OHbIHIIA
0Cy KapKbIHBI.
Figure 2. Offshore Drilling Market: Growth Rate
by Region.
Puc. 2. PeiHOK MOpCKOro OypeHusi: TeMIIbI POCTa
10 PerHOHAM.

TeHi3 Oyprbulay HapbIFbl illiHapa OeimexkTenreH. TeHi3
OYpFBUIAYBIHIAFEl OJEMIIIK KOIIOaclIbUIapFa KelieCi KOM-
nanusiap okaranel: Baker Hughes Company, Halliburton
Company, Schlumberger Limited, Transocean Limited >xoHe
Saipem SpA.

Transocean Limited — TaObic OOWMBIHIIA dieMIeri ey ipi
o drropieik Oypreutay Mepairepi. 2025 KbULABIH MaMbIpbIHA
Transocean Ltd. anemperi erekmr TeHi3 Oyprbuiay Mepi-
repIiepiHiH Oipi 0okl Kana Oepei. Amaiiaa, TepeH TeHi3Ierl
OyprbuIay KbI3METTEPIiHE CYPAaHBICTHIH apTyblHAa KapamMacTaH,
KOMIIaHUs OipKaTap KapKbUIBIK JKOHE OINEpPAIMsUIBIK KUBIH-
JIBIKTapFa Tar OOJIBI OTHIP.

JKoraperna aiTeuirangaid, Oyl KOMIIaHWsUIAp MYHall Ou3-
HECIH apTapanTaHAbIpy MaKcaTblHIa KaHJgal 1a Oip opeKerT-
ke O6apajsl. Mbrcansl, 2023 xpuibl, Var Energi, HOpBErHsuIbIK

3Sani M., Nouri M., Sadeghzadeh M. Carbon Capture Science & Technology. 2023. Vol. 3. URL: https.//www.sciencedirect.com/science/article/pii/S2772656823000295

(wapanean xyni: 14.05.2025)
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Hedyrerasosoe gemo

MYHa# >KoHE a3 eHIIPYIIl TEeHI3 KOMIIaHHSCHI, OypFbUIaYIIbI
YKaKCcapTy, OHIMAUIIKTI apTThIPy JKOHE KYHIBLIBIKTHI apTThl-
Py YLIIH OypFbuIay KbI3METTEpI CallaChIHIAFrbl aMEPUKAHJIBIK
Halliburton kommaHHsSCBIMEH Y3aK MEp3iMl CTPAaTETHsUIBIK
BIHTBIMAKTACTHIKTHI Jkapusuiaznel. Cepikrectikke Hopserus
KOHTHHEHTTIK KalpaHbIHIAFbl Oapiiay jKOHE MaijaiaHy Oyp-
FhUTAYbIMEH OaiaHbIcThl Var Energy yimiH OYprbuIay KbI3-
MetTepi Kipeni. KemiciMimapT TaFbl TOPT KbUIFa y3apTy MyM-
KIHIITiIMEH Oec JKbUIFa ecentenreH [4].

Aun Kazakcran meH Peceit Kacninii TeHi3iHa€r1 KOMIpCYTeK-
Tep KeH OpbIHJApbIH Urepy JKOHIHJET K00aHbI iCKe KOCyFa
JlalbIHATy/a, OHBIH HNICHOEpIH/Ie UTePLUIETIH €Ki KEeH OPHbI —
«Kamamkac-TeHi3» xoHe «Xazapy.
y— —
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Cyper 3. «KajgamMKac-TeHi3» xkoHe «Xa3ap» KeH
OPBIHAAPBIHBIH 2K00AJBIK KapTacsl [5].
Figure 3. The project map of the fields «Kalamkas-more»
and «Khazar» [5S].
Puc. 3. IIpoexTHas kapTa MmecTopoxienmii «Kamramkac-
Mope» u «Xazap» [5].

Anramkel abartaHgplpy KyMmbIcTapsl 2026 sxpuisl «Ka-
JIaMKac-TeHi3[Ie» OHIIpydi 0acTay VINiH KaKeTTi TEHI3 ILIaT-
(hopmanapbia opHatynaH oacranansl. «KazsMywnaiil a3y Oaciibl-
JIBIFBI JKOOAJIBIK Ky)KaTTaMaHbl OCKITiIl, KOJI KOMIbI, e Xabap-
nainer KP DHepreTnka MHHHCTPIIITiHIH 6acmaces OpTaibFsr.

WuBecTrnus kejaemi 6 MIp/I. J0JUIapabl KYpauibl eI kKoc-
napianbin otelp. Coyip alblHAa peceiiik MyHail eHIipyIi
KOMITaHHsI Ka3aKCTaHIbIK Kaiparisl a3ipaeyre 200 MIH 10J1-
siap OesreHi Oenriai OOk,

Ken opbIHIapbIHBIH HHOPAKYPBUIBIMBIH Cally Ke3eHIHAe 2
MBIHFa XKYBIK aJ]aM JKYMBICKa OpHajaca anajpl, ajl )xo0a icke
KOCBUIFAHHAH KeHiH YII XKy3re JeliH 00c OpbIH maiiia 00yl
THIC.

Exi KeH OpHBIHBIH MYHa# KOPbI pacTalblll, TEHrepiMre Ko-
vpibl. JKanmne! anFana, onap mamaMmeH 80 MUJITHOH TOHHA-
HBI Kypaupr.

TeHizne OyprbuIay HAPBIFBIHBIH KEHEIOIHE KYPIIBIKTaFbl MY~
Hail MeH ra3 KOpJIapbIHbIH CApKbULYbI bIKIAI eTy/e. TeXHoIo-
THSIIBIK JKETICTIKTEp OYPBIH KOJI )KETIMCI3 TEPEH JKOHE OTe Te-
PEH Cy KOopJiapbiHa KOJI JKETKi3€ OTBIPHII, TeHI3Ae OYpFhlUIayFa
MYMKIH/IIK Oepei.

ONemMpiK TeHi3 6ypFfbliay HApPbIFbIHbIH
Kenemi, mnpg. AKLU gonn.

2031

W Hbinaap apanbiFbl

Cypert 4. Teni3neri 0yproliiay HapbIFBIHBIH KOJIeMi.
Figure 4. Offshore Drilling Market Size.
Puc. 4. Pa3mep pbIlHKa MOPCKOI0 OypeHusi.

Yxinemmepmen orcone YE¥-men bIHmMbIMaAKMACMbIK,
MeMITeKeTTiK OpraHJapMeH KOHE YKIMETTIK eMec YHbIMIap-
MEH CEpIKTECTIK KYpy KOMITAaHHUsUIApFa SKOJOTHSUIBIK KHBIH-
JIBIKTap/Ibl XKEHYTE XKOHE KOFaMIarbl Oe/elIiH KaKkcapTyFa Ke-
MEKTeCEIL

CepiKTeCTIKTiH apTHIKITBUIBIKTaPHL.

MewmIiekeT yIriH:

- Canvigmap, scobanvix yrecmep apKblivbl KOCLIMULA Kipic
any.

- Ungppaxypolnvimosl 0amwimyovl sHcedendenty.

- Canamvly mexnono2usiIblK, OeHeeliin apmmaolpy.

MyHal KOMITaHUSITAP6I YIIIiH:

- Memnexemmix pecypcmap men AUy eH3usNapea Ko dHcem-
Ki3y.

- Menwik KYKblebiHblH Keniio0iKmepi.

- Ipi cmpamezusnvi dHcobanrapaa Kamlicy MyMKIHOIEI.

Mpicanbl, Peceiie BIHTBIMAKTACTBIKTBIH MYHOal (op-
Maapsl (emepaiabl )KOHE aMaKTHIK OFUIIKTIH KaTBICYBIMEH
Pocredth, ['a3mpom xonHe Oacka ma ipi KOMIAHUSIIAPMEH Ke-
JiciMAEp apKbUIBI KY3€Te achIPbUIAIbI.

An Kasakcranmga KamaraH KeH OpHBIH UTrepy CHSIKTHI ipi
xkobamap Memeker (KasMynaiil a3 Ka3aKCTaHIBIK YIITTHIK
KOMITAaHHSCHI apKbUIBI) TIEH XasbIKapaiblKk MyHal Kopropa-
musutapel (Mmbicansr, ExxonMobil, Shell) apaceramarsr opim-
TECTIKTIH KYp/eli cXeMaaaphl apKbUIBI iCKe achIphIIaIb [6].

MyHaii KOMIIaHWSUTAPBIHBIH MEMIICKETTIK OpraHAapMeH ce-
piKTECTIiri — OYJI MEMJICKETTIH CTPATErHsIIBIK MaKCATTaphl MEH
OM3HECTIH KOMMEPIMSIBIK THIMIUTITIH KaMTaMachl3 CeTeTiH
CaJIaHBI JAMBITYIBIH MaHBI3IbI OOTITi.

HaTum:kenepin Tannay ’xoHe KOPbITHIHIAbI

TeHizneri OyprpuTayaplH OONAIIaFbl JOCTYPIi SHEPTETHKA
MEH PHEPTHUs OHIIPYAIH jKaHA TYPAKTHl TOCLUTACPIHIH KUBLUIBI-
ChIH/1a. OHEPKACII IKOIOTHSUIBIK TaJanTap MEeH KOFaMJIBbIK ITi-
Kip/IiH e3repyiHe OalIaHBICTHI KONTEIeH KUBIHIBIKTAPFA Tall
OOJIFAaHBIMEH, OHBIH HMHHOBAIMSUIAD MEH OM3HECTI aprapar-
TaHABIPY apKBUIBI 9P TYPJIi JKaFmaiapra OerimMaery MyMKiH-
niri 6ap. TeHi3 sxkarmaibIHAa KOMIPCYTEKTEPIl Kayilci3 KoHe

‘Dprom.kz. Kaszaxcman men Peceii meniz kemecin canyovr 6acmaiovi. URL: https://dprom.kz/novosti/kazahstan-ee-rosseeya-nachnut-stroeet-morskeeye/ (kapaisan

KyHi: 14.05.2025)

*Reanin Research. Global Offshore Drilling Market Growth, Share, Size, Trends and Forecast (2025-2031). URL: https.//www.testing.reanin.com/reports/global-
offshore-drilling-market#:~:text=In%20the%20year%202024%2C%20the,(CAGR) %200/%207.8%25 (kaparean kyni: 20.05.2025)
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Hedyrerasosoe nieno

TYPaKThl OHIPY/Ii KaMTaMachl3 €Ty YIIIH MHHOBALMSUIAD MEH  THSJIBIK MACENeNep MEH TEeXHOJIOTHSIIBIK KUBbIH/BIKTapFa Ha-
TOXKIpUOETeP Il JAMBITYIbI )KaJFACTHIPY MaHBI3IbI ACIICKTTEP-  3ap aymapyibl Tajam eremi. JKocmapiaanraH )o0amapabl COTTi
JiiH Oipi OOJbIN TaOBLIAIbI. JKY3€re achIpy SJIEMJIIK SHEPTeTHUKANBIK HapbIKTAarbl HEri3ri

Kasakcranmarel TeHi3ne OYpFbUIAY YIKCH 9JI€yeTi Oap 9KO-  OWBIHIIBUIAPIBIH Oipi peTiHC eNiH OoJamiarbiHa aiTapIIbIK-
HOMMKaHBIH MaHBI3/IbI CEKTOPBI, OIpaK COHBIMEH 0Ipre 9KOJIO-  Taif acep €Tyl MyMKiH.
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GEOMORPHOLOGICAL ANALYSIS OF RIVER
SYSTEMS IN THE SAURAN DISTRICT UNDER
THE ARID CLIMATE CONDITIONS

Abstract. This study investigates the geomorphological features of river systems in the Sauran District of Southern Kazakhstan, located in an arid climate zone. Using
remote sensing data (Landsat, Sentinel), GIS analysis, and field observations (2020-2024), the research assesses erosion dynamics, sedimentation, and seasonal hydrology
of 11 small rivers. Results indicate increased channel instability due to temperature rise (+2.1 °C since 2000) and reduced precipitation (-60 to -80 mm annually). Seasonal
flow reduction, rising salinity, and anthropogenic impact (dams, irrigation, urban growth) have led to degradation of natural channels. The study offers valuable insight into
the effects of aridification on ephemeral river systems and supports regional planning.

Key words: river geomorphology, arid climate, erosion, remote sensing, sedimentation, channel degradation, climate change.

Kyprak kJIMMaTTBIK skargaiibiHIarsl CaypaH aylaHbIHBIH 03€¢H KyleJepiHiH reoMop(o10rusiIbIK TaJAaybl

Anaarna. byn zeprrey Onryctik KazakcTaHHBIH Kyprak KIMMATTHIK JKaFJaiibiHiarel CaypaH ayJaHbIHBIH ©3€H JKYHeIepiHiH reoMop(hoorHsIbIK epeKIIeNiKTepin
Kapacteipajbl. Kambsikran 3onaray (Landsat, Sentinel), TAXK Tannay sxone manansik 3eprreynep (2020-2024) apkpuibl 11 maFbiH ©3€HHIH 9PO3Usl, MIOTHAI KUHAKTATYbI
JKOHE MayChIMAIBIK ruposorusce 6arananasl. Hotmkenep 2000 xbingan 6epi remmneparypanbiy +2.1 °C-Ka cyi jkoHe jKaybIH-IIAIIBIH MOJIILICPIHIH Kb caifbiH 60—-80 MM-
T'¢ a3a10bl apHAJIAP/bIH TYPAKCHI3ABIFBIH APTTHIPFAHBIH KOPCETTI. MayChIM/IBIK aFbIHHBIH a3aI0bl, TY3aHY/IbIH KYIICIOi )KOHE aHTPOMOTEHIK dcepiep (INIOTHHAIAP, HPPH-
rauus, ypobanusanus) Tabury apHaIap/bIH JAerpaganusChiHa aJIbIN KeJii. ByJt syMbIC apuIu3aiisHbIH yaKbITIIA aFbIHIBI ©3€HJIEPIe 9CepiH TYCIHyre MyMKiHAIK Oepei.

Tyitinoi cesoep: e3en 2eomMophono2UACy, KYpeax KIuMam, 3p03us, KaulblKmaHn 30HOmMay, We2iHoi HCUHAKMATYbL, PHA 0e2pa0ayuscbl, KIUMAmMmbly 632epyi.

I'eomopdonornyecknii anam3 pedHbix cucreM CaypaHCKOro paioHa B yCJI0BUSIX APHIHOTO KJIMMATAa

AHHOTanus. B cratbe paccMarpuBaroTCsi reOMOP(OIOrHYeckie 0COOEHHOCTH pedHbIX crcteM CaypaHckoro paifona FOskHoro Kasaxcrana, paciiosioKeHHOTO B apu/i-
HOM KJIMMaTH4eckoii 30He. C UCIONb30BaHUEM JIaHHBIX TUCTaHIMOHHOrO 30HaupoBanus (Landsat, Sentinel), T C-ananu3a u nonesbix HaOmoneHui (2020-2024) npose-
JIeHa OLICHKA AHHAMHKH PO3HHU, aKKYMYJSIMU U CE30HHOH ruaposnoruu 11 Manbix pek. Pe3yabTrarsl MOKa3bIBalOT POCT HECTAOMIBHOCTH PYCell B YCIOBHSX MOBBIIICHHS
temmneparypsl (+2.1 °C ¢ 2000 1) u cHIKeHUs TOIOBBIX 0cankoB (0T -60 1o -80 mm). CokpamieHre BOTHOCTH, POCT MUHEPAIU3AIUN U aHTPOIIOTCHHbBIE BMEIIATEILCTBA
(1amOBbI, Mppuranys, ypoaHnu3amus) cocoOCTBOBAIM ASrPaaliuy MPUPOIHBIX (hopM pycer. PaGora BaxkHa [l IOHMMAHUs BIIMSHUS apUAM3ALUHE HA Y(DEMEpPHbIC PeYHbIC

CHUCTEMBI U JJIs1 PETMOHAJIBHOIO IUNIAHWUPOBaHMS.

Knrwouesnle cnosa: 2eomopghonozus pex, apuomblii KIUMam, s3po3us, OUCMAHYUOHHOE 30HOUPOBAHUe, AKKYMYIAYUSA, 0e2padayus pycei, uUsMeHeHue Kiumama.

Introduction

Southern Kazakhstan, particularly the Sauran district of the
Turkistan Region, is characterized by an extensive arid zone
where river systems play a key role in shaping the geomor-
phological landscape, maintaining the water balance, and sus-
taining ecosystem stability. The study of the geomorphological
characteristics of small and medium-sized rivers in the region
is becoming increasingly relevant against the background of
changing climatic conditions, declining surface runoff, and the
degradation of landscape components [1].

Several characteristic watercourses that form the local
hydrographic network are located within the Sauran district.
These include the Bir-esek, Ermek-su, Yir-su, Ibata, Ikan-su,
Kus-ata, Kishkene, Zhinishke, Ashylgan, Sauran, Karashyk,
and Maidamtal rivers. Despite their seasonality and rela-
tively short length, these rivers exhibit diverse channel pro-
cesses, susceptibility to erosion, temporary delta formation,
and a high degree of morphodynamic variability. Many of
them flow through floodplains, foothills, and semi-desert ar-
eas, which determines variations in channel types, sediment
characteristics, and intensity of channel deformation. In an
arid climate, such watercourses are subject to sharp fluctu-
ations in discharge, intensified sediment accumulation, and
the formation of dry sections, particularly during the summer
period [2].

The purpose of this study is to conduct a comprehensive
geomorphological analysis of the river systems of the Sauran
district using remote sensing, geographic information system
(GIS) analysis, and field observations, and to assess the influ-
ence of climatic factors on the dynamics of river forms.
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Over the past two decades, the geomorphology of the Sau-
ran district has undergone significant changes, driven by both
natural climatic processes and anthropogenic impacts. The
district is located in the southern part of Kazakhstan and is
characterized by a landscape of semi-deserts and deserts inter-
spersed with foothills and poorly drained lowlands. The main
geomorphological features include alluvial plains, old alluvial
terraces, dry channels (saryses), aeolian formations, and tem-
porary erosion forms [3].

Studies conducted in arid zones of Central Asia, the Mid-
dle East, and North Africa reveal significant hydrochemical
transformations in river systems under prolonged drought con-
ditions. During periods of low flow, the electrical conductivity
(EC) of surface waters increases by 1.5 to 3 times, indicating a
higher degree of mineralization and reduced dilution capacity.
Concurrently, pH values tend to shift toward alkaline ranges,
reflecting changes in the geochemical environment and evapo-
ration concentration effects [4, 5]. The accumulation of heavy
metals in bottom sediments becomes more pronounced due to
decreased water volumes and weaker flushing mechanisms.
Furthermore, nitrate and phosphate concentrations show a
marked increase, especially in river sections influenced by
agricultural activity and irrigation return flows. These hydro-
chemical trends underline the vulnerability of small and me-
dium-sized rivers in arid climates to intensified climatic stress
and emphasize the necessity of integrated monitoring, com-
bining both physical and chemical water quality indicators [6].

Since the 2000 s, an intensification of channel erosion has
been observed in a number of small streams such as Bir-es-
ek, Ermek-su, and Karashyk. This is attributed to an increase
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in flood activity following anomalous spring precipitation
events. These short-lived flows create canyon-like channels,
gullies, and microdepressions, destabilizing slopes. Against
the background of reduced vegetation cover and an increase
in the number of dry days, wind accumulation processes have
intensified. In the central and southwestern parts of the dis-
trict, new sand dunes and mobile dune formations reaching
heights of 1-3 meters have been recorded. Aeolian deposits
locally cover dry streambeds and roads. In areas underlain
by loess-like and sandy loam deposits — particularly in the
northwestern part of the district — signs of micro-subsidence
and deflation basins have been identified. This is associat-
ed with a decline in groundwater levels (by 1.5-2.2 meters
compared to 2010), leading to a loss of soil particle cohe-
sion and increased wind erosion. Some seasonal rivers, such
as Ashylgan and Maidamtal, have altered their courses due
to sediment accumulation and artificial channels. Tempo-
rary delta-like structures with unstable micro-channels have
formed in the lower reaches, indicating partial «desiccation»
of traditional catchment areas [7].

Geomorphological studies of river systems in arid zones
worldwide — such as the southwestern United States, South
Africa, Australia, and northern Mexico — demonstrate the
high sensitivity of channel structures to climate change and
rare extreme precipitation events. The works of Bull (1997),
Tooth (2000), Graf (1988), and UNEP reports (2006) show
that under conditions of limited moisture, unstable and migra-
tory river channels are formed. These findings align with the
characteristics of the rivers of the Sauran district in southern
Kazakhstan, which are marked by seasonal flow, ephemeral
streams, and active erosion. Thus, international experience can
be adapted to local conditions to improve predictions of mor-
phodynamics and water-erosion processes in the arid zone of
the Turkistan Region [8].

Materials and Methods

To conduct a geomorphological analysis of river systems
in the Sauran district of Turkistan Region, a combination of
remote sensing (RS), geographic information systems (GIS),
field surveys, and hydrochemical sampling was applied. The
research area includes the valleys of small rivers: Biresek, Er-
meksu, Yir-su, Ibata, Ikansu, Kus-ata, Kishkene, Zhinishke,
Ashylgan, Sauran, Karashyk, and Maidam, located within the
Sauran district. The region is characterized by an arid climate
with annual precipitation not exceeding 250-300 mm, prevail-
ing evaporation over rainfall, and the dominance of ephemeral
streams. To assess retrospective changes in channel networks
and valley morphology for the period 20002024, the follow-
ing satellite data were used: multispectral images from Landsat
7 ETM+ and Landsat 8 OLI/TIRS (30 m spatial resolution);
Sentinel-2 MSI images (10-20 m resolution); digital Elevation
Models (DEMs) from SRTM and ASTER GDEM for morpho-
metric analysis of valley and channel forms [9].

Image processing was performed using QGIS 3.28 and
ArcGIS Pro 2.9. Visual interpretation, channel vectorization,
construction of longitudinal and cross-sectional profiles, and
morphometric calculations (slope, sinuosity, channel width,
dissection index) were conducted. Using GIS tools, the fol-
lowing thematic maps were created: river network with clas-

sification by stream types; morphological zoning of river val-
leys; spatiotemporal dynamics of channel positions over the
past 20 years; correlation maps between channel changes and
climatic indicators.

During field expeditions in spring and summer 2023 and
2024, water samples were collected from the riverbeds of Er-
meksu, Ibata, Ikansu, and Sauran rivers. In-situ measurements
included: water temperature, pH, electrical conductivity (EC),
total dissolved solids (TDS). Laboratory analysis was con-
ducted in accordance with GOST 31861-2012 (Natural wa-
ter. General requirements for sampling) at the environmental
geochemistry laboratory of Khoja Akhmet Yassawi Universi-
ty. Major ions were determined, including CI, SO.*, HCOs’,
Ca*, Mg*, Na', K*, as well as nitrate and total iron content.

Climatic parameters (air temperature, precipitation, evap-
oration) for the period 2000-2023 were obtained from open
data sources: Nasa Power Project, NOAA Global Surface
Summary of the Day (GSOD), Regional hydrometeorolog-
ical data from Kazhydromet (Turkistan weather station). All
climate data were correlated with geomorphological changes
to identify cause-and-effect relationships between aridization
and the degradation of river systems [10].

For the rivers of the Sauran region, similar trends are con-
firmed by recent observational data: during dry seasons, there
is intensified eutrophication, deterioration of water quality,
and a reduction in suitability for domestic and agricultural
use. Thus, climate aridization not only alters the morphologi-
cal structure of river channels but also significantly affects the
chemical and ecological stability of aquatic systems. This ne-
cessitates an integrated monitoring approach that includes not
only geomorphological but also hydrochemical parameters to
assess the resilience of water resources under increasing cli-
mate stress.

Table 1 summarizes the average chemical composition of
surface waters in the rivers of the Sauran region over a five-
year period (2020-2024), highlighting the minimum, maxi-
mum, and average concentrations of major physicochemical
parameters, as well as their comparison with standard permis-
sible limits set by WHO and regional environmental regula-
tions.

The pH values indicate neutral to slightly alkaline water
(average 7.8), which is typical for semi-arid and arid regions
with carbonate-rich geology. Electrical conductivity (EC) and
Total Dissolved Solids (TDS) show moderate mineralization,
with average values (890 puS/cm and 640 mg/L, respectively)
remaining within permissible thresholds, suggesting accept-
able water quality for both domestic and irrigation purposes.

Total hardness, predominantly influenced by calcium (Ca?*)
and magnesium (Mg?*), is relatively high (average 250 mg/L),
classifying the water as «hard», a common trait in regions with
limited precipitation and high evapotranspiration. Sodium
(Na*) levels are moderate (average 85 mg/L), with potential
for slight salinization during the dry season, especially in low-
flow conditions.

Concentrations of chloride (CI") and sulfate (SO.*) ions are
well within permissible limits but tend to increase during arid
periods, reflecting evaporative concentration and reduced dilu-
tion. Bicarbonates (HCO5") remain stable and are essential for
buffering capacity, which helps maintain pH balance.
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Table 1

Average Chemical Composition of Surface Water in Rivers of the Sauran Region (2020-2024)

Kecme 1

Caypan ayoanvi e3eHoepiniy 6emKi cynapvluvlH opmauia Xumuanslk Kgpamst (2020-2024 scaxc.)

Tabauua 1

Cpeonuit xumuueckuii cocmaeg nogepxnocmusix 600 pek Caypanckozo paitona (2020-2024 22.)

Standard
. . Permissible
Parameter Unit Min Value | Max Value | Average Limit (WHO/ Comment
ME)
pH - 7.1 8.4 7.8 6.5-8.5 Neutral to slightly alkaline
Electrlcal(g g;lductlvny puS/cm 620 1320 890 <1500 Moderate mineralization
Total Dissolved Solids mg/L 450 270 640 <1000 Below threshold for irrigation
(TDS) use
Total Hardness (as mg/L 170 340 250 <500 Hard water, typical for arid
CaCO0s) zones
Calcium (Ca*) mg/L 40 85 60 <200 Within normal range
Magnesium (Mg?") mg/L 15 40 28 <150 No health concern
Sodium (Na*) mg/L 50 130 35 <200 Slight salinization possible in
summer
Potassium (K*) mg/L 2.4 6.1 4.2 <12 Normal for surface water
Chloride (CI") mg/L 30 95 60 <250 Below salinity limit
Sulfates (SO.7) mg/L 50 140 90 <250 Slight increase during dry
season
Bicarbonates (HCO:s") mg/L 180 230 205 - Controls buffering capacity
. . No risk for human or
Nitrate (NOs") mg/L 23 6.8 4.1 <50 ecological health
Phosphate (PO.*) mg/L 0.01 0.15 0.06 <0.5 Slight enrichment, possible
agriculture link
Tron (Fe*/Fe™) mg/L 0.05 0.26 0.14 <03 Seasonal increase due to
erosion
Manganese (Mn) mg/L 0.01 0.09 0.04 <0.1 Generally acceptable

Nutrients such as nitrate (NOs) and phosphate (PO+*) are
low, indicating limited anthropogenic pollution, although oc-
casional phosphate enrichment may suggest local agricultural
runoff. Trace metals including iron (Fe) and manganese (Mn)
remain below critical thresholds but show seasonal fluctua-
tions, likely driven by surface runoff and erosion during ep-
isodic rainfall events.

Overall, the water quality in the Sauran region’s rivers can
be classified as moderately mineralized, chemically stable, and
suitable for multiple uses, though vigilant monitoring is ad-
vised due to seasonal variations and potential impacts from
aridification and land use practices.

Results of the Study

The hydrological and geomorphological investigation of
the river systems in the Sauran district revealed a complex
interplay of seasonal, climatic, and anthropogenic factors
that shape their current dynamics. The regional river net-
work, which includes Bir-esek, Ermek-su, Yir-su, Ibata,
Ikan-su, Kus-ata, Kishkene, Zhinishke, Ashylgan, Sauran,
and Karashyk Maidamtal, is characterized by short lengths,
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intermittent flows, and unstable channel forms. Geomor-
phological analysis based on satellite data from 2000
to 2024 demonstrated minor but stable shifts in channel
width, length, and direction, especially in low-lying areas
susceptible to siltation and seasonal floods. These changes
were most pronounced in the Ashylgan and Karashyk riv-
ers, where channel migration and overgrowth of vegetation
were observed.

Climatic conditions play a crucial role in shaping river
discharge patterns. According to NASA POWER data for
the period 2020-2024 (coordinates: 43.8°N, 68.4°E), the
mean annual air temperature is approximately 10.3°C, with
summer peaks reaching 28.5°C. Annual precipitation ranged
from 172 mm (in 2020) to 275 mm (in 2024), with the ma-
jority of rainfall occurring during the spring. Surface evapo-
ration, as indicated by the soil wetness index (GWETTOP),
reaches its lowest values during summer months, particularly
in July and August, reflecting high moisture loss. A brief in-
crease in moisture and flow occurs in spring due to snowmelt
and rainfall, while many of the minor rivers dry up complete-
ly during the summer.
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Channel Changes
and Climatic Indicators

Kis-Atal
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Figure 1. Correlation between channel changes and
climatic indicators (2000-2024) in the Sauran region.
Cyper 1. Caypan aynaHbIHAAFbI apHA e3repicTepi MeH
KJIMMATTBIK KOPCETKIIITep apachbIHAAFbI KOPPeJIsus

(20002024 x:x.).
Puc. 1. Koppensinust Mexkay n3MeHeHHSIMH pyceJl

M KJIUMaTnyeckumu nokasarenassmu (2000-2024 rr.)

B CaypaHckoMm paiioHe.

The map illustrates spatial variations in Pearson’s correla-
tion coefficient (r) between fluvial dynamics (lateral migra-
tion, sinuosity, and width changes) and climatic variables
(temperature, precipitation, and aridity index). Blue shades
indicate a strong positive correlation, red tones show strong
negative correlation, and neutral colors represent weak or no
correlation. River names and sub-basins are labeled for ref-
erence.

The chemical composition of the river water was assessed
through seasonal analysis of Total Dissolved Solids (TDS)
in 2024. The results indicated TDS values ranging from 560
to 630 mg/L in spring, reflecting dilution from runoff and
snowmelt. Winter values ranged between 610 and 675 mg/L,
indicating moderate mineralization under reduced flow con-
ditions. The highest TDS concentrations were observed in
the summer months (815-890 mg/L), driven by intensive
evaporation, reduced inflow, and irrigation return flows. Au-
tumn values stabilized between 690 and 760 mg/L. These
results are typical of arid regions where ion concentration
increases due to low recharge and high evaporation, particu-
larly in downstream segments such as Ikan-su, Kus-ata, and
Karashyk.

Multispectral satellite imagery from Landsat 7/8 and
Sentinel-2, acquired via USGS Earth Explorer and Coper-
nicus, was processed using QGIS and Google Earth Engine.
This enabled seasonal tracking of river visibility, digitiza-
tion of vector river layers, and analysis of spatial changes
in channel morphology. Summer images clearly show the

disappearance or fragmentation of small rivers such as Yir-
su and Kishkene. Measurements indicate channel widths
ranging from 3 to 12 meters and lengths from 4 to over 25
kilometers. Shrinking channel dimensions during dry years
were clearly evident, along with minor realignments and
loss of connectivity.

Integration of climatic, hydrological, chemical, and remote
sensing data confirms that the Sauran river systems are under
consistent pressure from aridification and anthropogenic ac-
tivity. Rising temperatures, decreasing summer precipitation,
expanded irrigation, and erosion contribute to hydrological
degradation and increasing mineralization. Collectively, these
findings underscore the urgency of implementing regular en-
vironmental monitoring and adaptive water management strat-
egies to mitigate further degradation, particularly during dry
seasons.

Maidam

Karashik

Ashylgan s
hinishk
Kishkene

Flow Variability (Cv)

Kusatz 8
usata = Sediment Load (t/km?/year)
Ibata

= Channel Migration (km/year)
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o
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Figure 2. Geomorphological Indicators of River Systems
in the Sauran District (South Kazakhstan).
Cyper 2. Onrycrik Kazakcranaarpl Caypan
ayIaHbIHIAFbI 03€H KYlieJepiHiH reoMop¢oI0rusiIbIK
KepceTKilTepi.

Puc. 2. 'eomoponornyeckue nokasarean peuHbIX
cuctem Caypanckoro paiiona (FOxubiii Kazaxcran).

This horizontal bar chart presents the comparative geo-
morphological characteristics of 11 rivers in the Sauran
district of South Kazakhstan, focusing on three key param-
eters. Flow Variability (Cv), indicated in green, reflects the
stability of river discharge; low Cv values across all rivers
suggest relatively stable flow regimes in this arid region.
Sediment Load, shown in red, represents the annual sed-
iment transport per square kilometer and is notably high
(around 60-70 t/km?/year) for all rivers, indicating active
erosion due to arid conditions, sparse vegetation, and sea-
sonal rainfall. Channel Migration, marked in blue, illus-
trates the lateral movement of river channels; the very low
migration rates observed indicate stable channel patterns
and minimal lateral erosion.

The increase in average annual temperature (by 2.1 °C
since the 2000 s) and the decrease in annual precipitation (by
60—80 mm) have intensified processes of physical weather-
ing and slope degradation, particularly along the boundary
with the Sairam-Ugam Ridge. In several areas (e.g., the sub-
urbs of Sauran and Ikan), the expansion of urbanized zones
has altered the pattern of surface runoff and microrelief. The
construction of dams, water intakes, and irrigation infrastruc-
ture (since 2015) has led to the stabilization of certain river
sections, but has also caused the degradation of adjacent nat-
ural landforms.
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Figure 3. Climatic and Geomorphic Dynamics in the
Sauran Region (2000-2025).

Cyper 3. Caypan aiiMarbIHIaFbl KIUMATTBIK KoHE
reoMop¢o10rusiJbIK AHHaAMuKa (2000-2025 sxoxk.).
Puc. 3. KnumaTruyeckas u reomopgosiornyeckast
auHamuka B CaypaHckom paiione (2000-2025 rr.).

These graphs illustrate the geomorphological changes in
the Sauran region in 2000-2024:

1. An increase in the average air temperature (up to +2.1
°C) indicates an increase in thermal effects on the landscape.

2. A decrease in annual precipitation (up to -75 mm) leads
to increased aridization.

3. An increase in the depth of deflation (up to 2.2 m) indi-
cates an intense degradation of the relief.

The intensification of aridization processes — characterized
by the gradual drying of the climate — has a complex impact
on the morphology and functioning of small river systems in
arid regions such as the Sauran district of southern Kazakh-
stan. According to international studies (UNEP, 2006; Tooth,
2000; IPCC, 2023), rising temperatures and decreasing annual
precipitation lead to a shortened flow duration, reduced flood-
water volume, and the disappearance of perennial segments of
watercourses. Summary Climate Table for the Sauran District
(2020-2024).

Table 2

Annual Trends in Temperature, Precipitation, and Soil

Moisture in the Sauran Region (2020-2024)

Kecme 2

Caypan aimazelnoazel memnepamypa, HeaybtH-uauibii

JICoOHE MONBIPAK, bLII2AOBLIBIZLIHBLH, HCBLIL CAUBIHEbL
o3zepicmepi (2020-2024 »carc.)
Tabnuua 2
Tooo6vle menoenyuu memnepamypul, 0CA0Ko8 u
enaxicnocmu nouevl 6 Caypanckom paitone (2020-2024 22.)

Average Annual | Total Annual Average .
S Annual Soil
Year Temperature Precipitation .
C) (mm) Moisture
(units)
2020 9.59 ~5,173 0.40
2021 10.51 ~ 6,195 0.38
2022 10.94 = 7,935 0.42
2023 11.05 =~ 6,711 0.45
2024 10.28 ~ 8,263 0.45

The average annual air temperature in the Sauran district
has shown a clear upward trend, rising from 9.6 °C in 2020
to a peak of 11.05 °C in 2023. This warming is particularly
pronounced during the summer period (June-August), when
daily mean temperatures reach 26-28 °C. Winter tempera-
tures typically range from -5 to -8 °C, although some cold
anomalies were recorded, such as -8.9 °C in January 2023.
An increase in seasonal precipitation is noted, especially in
spring (March-May) and autumn, while the summer months
(July-August) remain distinctly dry, with rainfall not exceed-
ing 2 mm/day. Surface soil moisture, based on GWETTOP
satellite-derived data, fluctuates seasonally between 0.12 and
0.61, with the highest values occurring in March and April.
This is followed by a sharp decline in the summer months,
confirming the onset of seasonal drought conditions. These
patterns are characteristic of arid zones in southern Kazakh-
stan and have a significant impact on surface runoff, erosion
intensity, and river flow regimes. One of the most significant
consequences of aridization is the increasing complexity of
the hydrochemical regime of rivers. The reduction in fresh-
water inflow decreases the rivers’ natural dilution capacity,
leading to elevated mineralization and increased concentra-
tions of sodium ions (Na*), chlorides (CI"), sulfates (SO+*),
and other salts leached from soils and unconsolidated sedi-
ments. This effect is particularly pronounced in rivers with
intermittent or ephemeral flow, where water undergoes inten-
sive evaporation.

Table 3
Seasonal Variation of Total Dissolved Solids (TDS)
in the Rivers of the Sauran Region (mg/l, 2024)
Kecme 3
Caypan aiimazelHOG2bL 03€H CYAPBIHBLY HCATNDL
epizen my30apovlHblH MaycbimovlK 032epicmepi (ZKET)
(me/n, 2024 xc.)
Tabnuua 3
Ce30Hnble U3MEHEHUS COOEPHCANUA 0OUUX
pacmeopennvix eeujecme (OPC) ¢ pexax Caypanckozo
paiiona (me/n, 2024 2.)

River Winter Spring Summer A(uS:[;m_ln
Name (Dec-Feb) | (Mar-May) | (Jun-Aug) NO\Ij)
Bir-esek 645 580 825 705
Ermek-su 660 600 850 730
Yir-su 620 590 840 710
Ibata 640 570 860 720
Ikan-su 655 610 870 735
Kus-ata 670 620 890 750
Kishkene 610 560 815 690
Zhinishke 630 580 825 705
Ashylgan 635 595 845 720
Sauran 650 610 870 735
ﬁ;‘fggﬁi 675 630 880 760
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The presented data reflect the seasonal dynamics of Total Dis-
solved Solids (TDS) concentrations in surface waters of the Sau-
ran region during the year 2024. TDS values vary significantly
across seasons, with the lowest concentrations generally observed
in spring (March-May), ranging from 560 to 630 mg/L. This sea-
sonal minimum corresponds to peak runoff and dilution from
snowmelt and early spring precipitation.

In contrast, the highest TDS levels are recorded during sum-
mer (June-August), reaching values between 815 and 890 mg/L
across most rivers. These elevated concentrations are associated
with high evaporation rates, reduced streamflow, and increased
leaching of salts from surrounding soils under arid climatic con-
ditions.

Autumn values show a slight decline compared to summer but
remain elevated (690760 mg/L), indicating continued low flow
and limited dilution. Winter TDS levels (610675 mg/L) reflect
stable but concentrated conditions due to reduced hydrological
activity.

The rivers with intermittent or ephemeral flow patterns, such
as Kus-ata, Karashyk, and Maidamtal, exhibit the highest sea-
sonal peaks, supporting observations of intensified mineraliza-
tion during dry periods. This pattern underscores the sensitivity
of small watercourses in arid zones to climate-driven changes in
water availability and chemical load.

Discussion

The seasonal variation in the concentration of Total Dissolved
Solids (TDS) observed in the rivers of the Sauran region in 2024
reflects the strong influence of the region’s arid climatic condi-
tions, hydrological regime, and anthropogenic factors. According
to the data, TDS levels ranged from 560 mg/L to 890 mg/L, with
minimum concentrations recorded in spring and maximum values
in summer, consistent across all 11 studied rivers.

Spring dilution effect was evident, with TDS values typically
ranging between 560-630 mg/L, attributed to increased runoff
from snowmelt and seasonal precipitation. This influx of relative-
ly fresh water reduces ion concentrations, particularly in rivers
such as Kishkene and Bir-esek. The phenomenon aligns with sim-
ilar findings in arid regions globally, where spring thaws tempo-
rarily enhance water quality parameters.

Conversely, summer exhibited the highest TDS concentra-
tions, reaching up to 890 mg/L in rivers such as Kus-ata and
Karashyk Maidamtal. This seasonal spike can be explained by
intense evaporation, low discharge volumes, and irrigation return
flows, which contribute to salt accumulation. In small or ephem-
eral rivers like Yir-su and Ashylgan, limited flow combined with
agricultural inputs may further amplify solute concentrations.

Winter TDS values (e.g., 610675 mg/L) were moderate and
relatively stable, reflecting minimal flow conditions, reduced bio-
logical activity, and partial freezing that slows down both dilution
and pollutant input. The values indicate limited dilution and ongo-
ing concentration of dissolved minerals during low-flow periods.

Autumn concentrations (typically 690760 mg/L) suggest a
transition period, during which decreased agricultural activity
and moderate rainfall contribute to a partial reduction in TDS
compared to the summer peak. However, residual salts from the
preceding irrigation season still influence water chemistry.

From a hydrochemical perspective, the overall TDS lev-
els indicate moderate mineralization, which is characteristic of
semi-arid river systems. Prolonged dry periods and anthropogen-
ic pressures — such as water abstraction and fertilizer runoff — are
likely contributing to this pattern. If such conditions persist or
intensify due to climate change, there is a potential risk of water
quality degradation, particularly in low-flow rivers that are more
vulnerable to salinization.

This analysis suggests the need for seasonal water quality
monitoring, especially during the summer months, when rivers
are at their most stressed state. Furthermore, sustainable irrigation
practices and protection of recharge zones can help mitigate the
increasing mineralization trend. Future research should incorpo-
rate additional hydrochemical parameters (e.g., CI;, SO.*, EC)
and satellite-based flow detection for a comprehensive under-
standing of spatio-temporal water quality patterns.

Conclusion

The river systems of the Sauran district represent fragile and
highly dynamic hydrological features that are increasingly vul-
nerable to climatic aridification and anthropogenic pressure. The
integration of satellite-based geomorphological analysis, climatic
datasets (2020-2024), and water chemistry profiling has revealed
clear seasonal and long-term trends affecting river morphology,
flow patterns, and water quality.

The analysis demonstrated that spring is the most hydrologically
active season, with increased soil moisture and reduced salinity due
to snowmelt and precipitation. In contrast, the summer season is
marked by significant desiccation of riverbeds, elevated tempera-
tures, low precipitation, and peak mineralization levels in surface
waters. These conditions result in the fragmentation of river sys-
tems, loss of connectivity, and a reduction in ecological functioning.

Changes in channel width, course, and surface expression —
especially in rivers like Ashylgan and Karashyk — highlight the
cumulative impact of both natural and human-induced stressors.
The chemical composition of the river waters, particularly the
seasonal variation in total dissolved solids, reflects the interplay
between climate variability and water use practices.

Given the continuing trends of warming and reduced summer
precipitation, it is essential to develop localized, sustainable water
resource management plans. Regular remote sensing monitoring,
combined with in-situ measurements and geospatial analysis,
offers a viable framework for tracking changes and informing
mitigation strategies. Future efforts should focus on protecting
the ecological integrity of these intermittent river systems and
adapting land-use practices to support long-term hydrological re-
silience in this arid region of southern Kazakhstan.
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBH S IIPEJOCTABJEHUS CTATEA
B pPeIaKIHI0 NePUOAUYECKOro ne4yaTHoro u3ganus «lopubli :xxypHaa Kazaxcrana»

1. «TopHblii sxypHaj Ka3zaxcrana» NPpHHUMAeT K NYyOJIMKAIIMY OPUTHHAJIbHbIE CTATHU HAYYHOTO U HAYYHO-TEXHUYECKOI0
colep:KaHUsl, OTPAKAIOLIME Pe3yIbTAaThl HCCIEI0BATEILCKO M HAay4YHOH /esiTeJJbHOCTH, HMMeEIOLIHE PEKOMEHJAANMH K
NPAKTHYeCKOMY NPHMEHEHHIO pelIaeMbIX BOIPOCOB, a TaKKe CTATbH 0030PHOr0 XapakTepa, OTBeYAKOIHEe KPUTEPUSM
NepBUYHOI HAY4YHOH MyO0auKanuu (TIOJHBIN NIepeueHb pyOpUK yKa3aH Ha calte minmag.kz).

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

= HA0Op CTaThH MPOU3BOAUTCS B TeKcTOBOM penakrope Word mpudrom Times New Roman 12 keriem ¢ oIy TOPHBIM HHTEPBAJIOM;

= 001 00BEM CTaThH, BKIIOYAsi PUCYHKH, TaOJIMIIbI, METaIaHHBIC HE JOJDKCH MIPEBbINIATh 8 eYaTHBIX CTPAHUII;

= cTaThy (32 UCKIFOYCHHUEM 0030pOB), JOIDKHBI COIEPKaTh HOBBIC HayYHBIC PE3yIIbTaThI;

* CTaThs AOJDKHA COOTBETCTBOBATH TEMATHKE (CM. II. 1), HAyYHOMY YPOBHIO JKypHAJIA;

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

= CTaThs MOXKET OBITH IPE/ICTaBIICHA HA Ka3aXCKOM, PyCCKOM HJIM aHITIMACKOM S3BIKE;

* B PCAKLUIO IPE/ICTABIISCTCS OKOHYATENIbHBIN, TIIATEILHO BbIBEPEHHbIl BAPHAHT CTaTbU, UCKIIIOYAIOUIMNA HEOOXOIUMOCTh
ITOCTOSIHHBIX 10PabOTOK TEKCTa Ha STalax M3IaTeIbCKOro IpoLecca;

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

3. CTpyKTYypa CTAThH JOJDKHA COACPIKATH CIEAYIOIINE Pa3Ieibl:

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

* Ha3BaHHE CTAThH (COKPAIIECHUS HE OOIYCKAIOTCS, HE NOIYCKACTCsS HCIIONb30BaHHE a0OpeBHATYp M (OPMYI; MaKCHMalIbHOE
KommuecTBO cioB 10-12) momkHO OBITH WH(OPMATHUBHBIM, COOTBETCTBOBATH HAyYHOMY CTHIIIO TEKCTa, COIEPKAaTh OCHOBHBIC
KJIIOUEBBIC CJIOBA, XapaKTEpHU3YIOLIME TeMy (IpeIMeT) HCCICJOBAaHHUS M COIACpKaHHWE PabOThI, MPEIOCTABISNCTCS Ha Ka3aXCKOM,
PYCCKOM M aHIJIMHCKOM SI3bIKAX;

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

= CBEJICHHS O Ka)KI0M aBTOpe (Y4EHas CTCIeHb, yUeHOE 3BaHUE, JOJKHOCTh, MECTO OCHOBHOI PabOThI, TOPOJ, CTPaHa, KOHTAKTHBIC
nmaHHbIe (agpec sneKkTpoHHOo# mouTel), ORCID ID) mpenocTaBisroTcsl Ha Ka3aXCKOM, PyCCKOM M aHIJIMMCKOM SI3bIKaX;

* [IOJTHOE Ha3BaHHWE OpraHUu3anuy (-i), TAe padoTaroT aBTOPHI (C YKa3aHWEM BEIOMCTBEHHOU MPUHAIICKHOCTH);

= aHHOTALIUS B COOTBETCTBUH C TPEOOBAHUSIMH ME)KAYHAPOAHBIX 0a3 JaHHBIX JOJDKHA JOCTATOYHO IOJIHO PACKPBIBATH COACPKAHNE
CTaThbU, BKIIIOYAs XapAaKTEPUCTUKY OCHOBHOW TEMBI, NMPOOJIEMbl OOBEKTA, LEIH HCCICIOBAHUS, OCHOBHBIC METOHBI, PE3yJbTaTh
HCCIICIOBAHMS M IVIABHBIC BBIBOJBL. B aHHOTAI[MM HEOOXOAMMO yKa3aTbh, YTO HOBOTO HECET B ce0c CTarhsi B CPABHEHUH C JIPYTHMH,
POZCTBEHHBIMH II0 TEMAaTHKE M IEJICBOMY HA3HAUYCHHIO MarepuaiaMu. AHHOTALUS IPEIOCTABISETCS Ha Ka3aXCKOM, PYCCKOM
M aHIJIMKACKOM si3bIKax 00beMoM He MeHee 700 u He 6omee 900 cumBonoB (mpumepHo 150...200 cnos);

= KJIIOYEBBIC CJIOBA B KOIMYeCTBE 6...10 yCTOWYHMBBIX CIIOBOCOYETAHHI, 10 KOTOPHIM B JAaJbHEHUIIEM OyIeT BBIIOJHATHCS ITOUCK
cTarbd (COKpaleHus u abOpeBHATyphl HE IOIYCKAIOTCA): KIIOYEBBIC CIIOBA OTPAXKAIOT CHEHU(DHKY TEMBbI, OOBEKT U PE3yJIbTaThl
HCCIICIOBAHMS U NIPEJOCTABIISIOTCS Ha Ka3aXCKOM, PYCCKOM M aHIIMHCKOM SI3bIKAX;

= TEKCT CTaTbM, CONEPIKAILUIl CICIYIOLINE pa3/elibl (BBEACHUE, METOIbI/UCCICA0BAHNS, PE3yIbTAThl, 00CYKICHHE PE3YIbTaTOB,
3aKJIFOYCHNE/ BBIBOIBI);

* CIIFCOK MCIIOIB30BaHHBIX HCTOYHHUKOB (10...12), B ToM yncie He MeHee 3 3apyOexHbIX He paHee 2015 roma, mpenocraBisercs: Ha
Ka3aXCKOM, PYCCKOM M aHIJIMHCKOM SI3bIKAX.

PUCYHKM nomxHBI UMETh pacmmupenue rpaguaecknx penakropoB CorelDraw, Photoshop, Illustrator u T. m.). @ororpaduu
JIOJDKHBI OBITH MpeaenbHo YeTKuMH B Tpaduaeckom popmare (TIFF, JPEG, CDR) ¢ pa3pemennem He meHee 300 dpi. Bce OykBenHbIe
u 1udpoBbie 0003HAYCHUSI HA PUCYHKaX HEOOXOIMMO IOSCHHUTh B OCHOBHOM WJIM HOAPHUCYHOYHOM TeKcTax. Haamwcn u Ipyrue
0003HaUYeHMsI Ha rpauKax U pUCYHKAX TOJDKHBI ObITh 4eTKUMH U JieTko ynTtaeMbiMi. IOAINNNCU K PUCYHKAM u 3AT'OJTOBKHA
TABJINL OBSI3ATEJIbHBI. OdopMisitoTcst OTASIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM U aHTJIMHCKOM SI3bIKaX.

MATEMATHYECKHUE ®OPMYVJIbI cienyer Habupars B popmynsHOM pemaktope MathTypes Equation wimm MS Equation,
rpedecKue U pycckue OyKBEI B popMyiiax HaOMPATh MPSMBIM MIPUGTOM (OIIIHS TEKCT), TATHHCKUE — KypCUBOM. O003HaueHUsA 6eIUYUH
u npocmole Gopmynvl 6 meKcnme U MAOIUYAX HAOUPAMb KAK Jjlemenmyl mekcma (2 He Kak 00BEKTHl (HOPMYIHHOTO PEAAKTOPa).
HymepoBars ciieyer TOJIBKO Te GOpMyIIbl, Ha KOTOPBIE €CTh CChUIKH B MOCIEAYONMIeM n3nokeHnn. Hymepamust GopmyI1 CKBO3HAS.

CIIUCOK HUCIIOJb30BAHHBIX UCTOYHUKOB cocrapnsercss B MOPSAKE MUTHPOBAHKUS U OGOPMIIIETCS B CTPOTOM
coorBeTcTBHH ¢ ['OCT P 7.05-2008. CchulKH Ha IUTEPATYpPy B TEKCTE OTMEYAIOTCS IO MEPE UX MOSBICHUS MOPSIAKOBBIMA HOMEPaMU
B KBaJIpaTHBIX CKOOKax. CIHCOK NPUBOAMUTCS HA Ka3axCKOM, PYCCKOM M aHIVIMMCKOM s3bIKaX C yKa3aHHEM B CKOOKaxX OpHIHHAJa
myonukamuu. O6pasen opopMIICHUS TUTEPATYPHI U TPAHCITUTEPALNH pa3MEIIeH Ha caiTte minmag.kz.

4. Yci0Busi NpUoOOpeTeHNs KYPHAJI0B aBTOPaAMU.

C aBrOpOM(aMH) 3aKJIIOYAETCsl JOrOBOp O mpuoOpereHHH 10 (mecsATH) SK3EMIUIIPOB JKypHAlda COMIACHO YCTAHOBJICHHBIM paclECHKAM
Ha TEKYIIMH IO, KOTOpbIe OH(OHM) UMEIOT MPABO PACIPOCTPAHSTH CPEIH TOPHOI 00mecTBEHHOCTH. ITocie OIUIaThl CTaThst MyOIHKYeTCs
B HOMEpE XypHaJla COIVIACHO 04EPEeJHOCTH.

Topnwvii srcyprnan Kazaxcmana Ne7’ 2025




