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KOJIOHKA TJIABHOI'O PEJAKTOPA

Hopozue uumamenu!
Yeascaemoie konnezu!

B HOs10phCKOM HOMEpE XKypHaJla X04eTCsI OTMETHTh HECKOJIBKO COOBITHH, KOTOPBIE OCTa-
oTcs B Hameidl mamsatu. CamMoe BajkKHOE U TIJIaBHOE COOBITHE, 3HAKOBOE IS KH3HHU BCEH
HaIlleW CTpaHBI, KOTOPOE OMpEeaesieT Hale Oyayliee W mpuaaeT HaM YBEPEHHOCTH B TO-
BCETHEBHBIX JeaX, — 9TO BHeouepeaHbie BRIOOPHI [IpesunenTa Pecmyomukn Kazaxcran.

C pamocthio orMedaeM mobeny Kaceim-)Komapra Kemenesnua TokaeBa u cauTaeM, 94TO €ro
nporpammsbl co3ganus «Hosoro Kazaxcrana» u «CropasegnuBoro Kazaxcrana» Haluiyd moJio-
JKMTEJIbHBIM OTKJIMK B cepAlax Bcex rpaxaad. [lo3apaBiss co cTpaHul )kypHana [Ipe3ugenrta

Mapar ¢ moOeI0i, MBI UICKPEHHE KellaeM €My YCIIEXOB BO BCeX HAUYMHAHUAX, HAJleeMCs U OyJeM ak-
Kakynopu4 TUBHBIMH YYaCTHUKAMH CBEPIICHUH B COMUAIFHOW U 9KOHOMHYCCKOW )KU3HU HAIICH CTPAHEI.
Burumoaesn

KazaxcTtaHy ecTh, 4eM rOpAUTHLCS, €CTh, K YEMY CTPEMHUTHCS, €CTh, Ha KOT'0 OIepeThes!

Briepenu — co3anue HOBBIX MPEANPUSITHH B HAYCTPUH U CEIBCKOM XO35MCTBE, pelIeHne
BornpocoB XXI Beka mo 0Opa3oBaHHUIO, BOCIIUTAHUIO MOJIOJOTO MOKOJIEHHS, 110 3JOPOBOMY
00pa3y )XU3HHA U MEAUIIHHCKON momomu. OHHU penraemMbl, €CIU MBI OyJIeM €IUHEI, U 3aMPOCHl Hapoaa OyayT CIIbI-
aTh, BUAETh U OTKJIUKATHCS HA HUX CBOEBPEMEHHO M PE3yJbTATUBHO BIACTHBIE CTPYKTYPHI.

B HOs10pe ropHast 06mecTBEeHHOCTh oTMedaeT | 10-1eTre BRIAAIOMIETrocs Ka3aXCTaHCKOTO YIYSHOTO U OJTHOBpE-
MEHHO ITPOM3BOJACTBEHHHUKA, OpTAaHN3aTOpa HayKH akagemnka Omupxana AlimaramberoBnda baiikorypoBa. Ero
UM CTOWUT B OJHOM PSAAY C IPYTUMH MH)KEHEPAMHU M YYEHBIMH, KOTOPBIE HA 3ape COBETCKOM BJIACTH M IO KOHIIA
CBOEH SIPKOW XKM3HM KOBAJIM HEMPECTAHHO MOIIb HAIIEro TOPHO-METAJLUIYPTHUECKOTro KoMmIuiekca. Mx mMmeHa
JIOJDKHBI OCTaBaThCsl B Halllell MaMATH HE TOJIBKO Kak MpUMEp ciuykeHus PoanHe m Hapoay, HO U KaK OPUEHTHUP
JUISI HOBBIX MOKOJIEHWH CIIEIUAJINCTOB B CBOCH TPyJAOBOI Ouorpadum.

271A6HbLIL PEOaKmop

Byoem oocmoiinst hauiux npedouiecmeeHHuUKos8!

Byoem cnyrncums uecmno u 0oopocosecmno Hosomy Kazaxcmany!

elecmetal

PeweHua ME Elecmetal B obnactu namenbveHus
MHHOBaLMOHHbIE pelueHus - foka3aHHaA 3(p(peKTUBHOCTb

ME Elecmetal obnagaet Bcemu HeoOXOAUMbBIMW 3HAHUAMM, OMbITOM U
NPON3BOACTBEHHLIMU BO3MOXHOCTAMI, UTOObI MOMOUYb BaM OCHACTUTb
CBOE MpeanpuaTie HafeXHbIMW, CUCTEMHbIMA W WHHOBALVIOHHBIMY
pelleHVaMM B 0611aCTh U3MeSibueHns 1 ApobneHus.

VlHHOBaLl]/IOHHbIe peweHna anAa Memom,me TeNa npeMmnym- Knacca M3HalumBaemble KOMMOHEHTbI ana

dyTepoku MIMNCU, MC, 13 KoBaHowm ctanu gna MICH, Apo6uNoK nepBnYHOro,
LIAPOBbIX U CTEPIKHEBbIX LLAPOBbIX U CTEPXKHEBBIX BTOPUYHOIO 1 TPETUYHOTO
MenbHuL MesbHNL apobneHus

« Cranb « ME Super SAG®: 4,0"to 6,25" « [MpayroHHbIe 4pobunKn

+ PesuHa « ME Ultra Grind®: 1,5"to 4,0” « LllekoBble opobuKm

+ KomnosuTtbl « ME Ultra Grind®ll: 2,0" to 4,0” + KoHycHble fpobunkun

« ME Performa®: 7/8"to 1,

Hawun KOHTaKTbI:

ME Elecmetal
Ten: +7 914 880 4545
+7 777 247 0787
+1778 8757525
Sn.MNouTa: russia@meglobal.com
www.me-elecmetal.ccom
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KAaZZINC

KAK COBCTBEHHbBIN
NUCCJIEJOBATEJIbCKUH HEHTP MOKET
YBEJINYUTH D®PPEKTUBHOCTD

IMPOU3BOJACTBA. IIPUMEP «KA3IINUHKA)»

Ilo pesynomamam padomvr 3a 2021-2022

20001

Hccneooeamenvckuni yenmp Ycmo-Kamenozopckozo

memaniypcuiecKkozo Komnjiekca «I(a3uum<a» obLn RPpU3HAH 00HUM U3 ayduiux nodpaa'()eﬂenuﬁ 6 KomnaHuu.

Ceiiuac B ero KoJjJjieKTuBe Tpyaurcs 28 uenosek. [lona-
pa3neiaeHue COCTOUT W3 TpeX JTabopaTopuil: TPYMITBI
MUPOMETAJUTYPTHH CBUHIIA, IIUHKA, MEIH; THAPOMETAll-
JYpTUH CBHUHIA, [IMHKA, MEIH, PEIKUX, OJIaropoIHBIX
METaJLIOB M IKOJOTHYCCKUX MpoOieM. J[omoaTHUTEIhHO
B ICHTpEe (QYHKIUOHUPYIOT XUMHKO-aHATUTHYECKas W
MMaTCHTHO-JIUIICH3UOHHAs TPYIMIIBI, a B IITaTe KOMAaHIBI
€CTh aHAIINTHUK. 3/1eCh 3aHUMAFOTCS MTPUKIATHBIMHU TTOWC-
KOBBIMU HayYHBIMHU HCCICIOBAHUSIMH B 00JIaCTH MeTall-
JIYPTUYECKAX TPOIIECCOB, TO €CTh Pa3padOTKOH HOBBIX
TEXHOJIOTHH W WX BHEAPCHHEM, ONMTHUMH3ANHEH TPOU3-
BOJCTBA, a TaKXKe KypHpOBaHHEM, 00CIeJOBAaHUEM, MO-
HUTOPHUHTOM M aHAJIHU30M JCHCTBYIOIIUX TEXHOJIOTHH.

B npouutom roay onno u3z Ynpasinenuin «Kaznunka»
WHUIIUAPOBAIIO MPOCKT MO CO3JAHUI0 TEXHOJOTHHU THI-
poMeTamTyprudeckoil mepepaboTKku OOTaTHIX ITHHKOBBIX
IIJIaKoB. A coTpynHuKHU LleHTpa mpoBenan ucciieqoBaHUs
10 pa3HBIM BapHWaHTaM BBIIIeTaunBaHus. [1o UX pesyis-
TaTaM B JalbHEHIIEM MOXXHO OyIeT W3BJIEKATh ITUHK
JTake M3 OTBAJBbHBIX MPOITYKTOB.

31ech TakkKe MPOBOMAT HCIBITAHUS [UJISI BHEIPCHUS
npoekTa «Hopewmas metamryprus». K HUM oTHOCSTCS
IUTaBKa UHKOBBIX KEKOB, CMECH MEIHBIX KOHIICHTPATOB
B Ai3a-meuyu MEIHOro 3aBOJa U MOJYyUYEHUE MaAPOYHOU
TOBapHOU MPOAYKIINHA — KATOAHOH CYphbMBI U3 MaTepHa-
JIOB mexa paUHUPOBAHUS CBHHIIA CBHHIIOBOTO 3aBOJA.
Ilo pe3ynmpTaTaM HCCIEIOBaHHWH MO TMEPBOMY HAIpaB-
JICHUIO YIaJIOCh OMPEISIUTh CACPKHUBAIONINE (PAKTOPHI
Ut ctabunbpHOU paboTel Aiiza-neun. bimarogaps satomy,
TEXHOJIOTHSI TIepepadOTKH MUHKOBBIX KEKOB 00s3aTENhb-
HO OyIeT COBEpIICHCTBOBAThHCS. 110 BTOpOMYy Hampas-
JICHUIO CTICIHAJIUCTHl U3YUYHMIIN TEXHOJOTHHU ITOJYUCHHUS

METAJUTHYEeCKON M YEePHOBOW CYpPBMBI THAPOMETAITYp-
THYECKAM W THPOMETAJTyprudeckuM crocodbamu. Ilo-
noOpany ONTUMaIbHBIE PEKUMBI IS BBIIICIAYNBAHHUS,
OTIPEACSIUIIN COCTABBI DJICKTPONINTA. B pe3ynpraTe momy-
YITH KaTOJTHYI0 MapOYHYIO CYPbMY U3 IMPOMBIIIIICHHOTO
MMPOaYyKTa HAMIPSIMYIO, O€3 MTpeaABapUTCIBHON OUYUCTKH.

Jns oborarurenpHOrO moapaznencHus «Kasznmakay —
I'OK «Anraif» — KoMaHAa [EHTpa MMoao0paia OnTUMAIb-
HOE COOTHOIICHHUE TBUICH TSI 3aTPY3KH B 2JIIEKTPOIYTOBEIC
rmeqr. DTO TO3BOJUIIO IMOTYyYaTh HUHKOBBIA KOHIICHTPAT
TTOIXO/ISIIIIETO Ka4eCcTBa JIJII KOHKPETHOTO TTOTpeOHuTEes.

Eme onmro BHempeHme — pa3paboTka TEXHOJOTHYE-
CKOW CXEMBI IOJIY4CHHS MEIHOTO KyIropoca M3 Melb-
collepKamuX IMPOAYKTOB I HYXJI IPyrod oOoraTu-
tenbHOU (pabpuku «Kaszmuaka» — XKatipemckoro I'OK.
CrienanucTel OMPECNIIIN ONTHMATbHBIE TEXHOJOTH-
YecKue MmapaMeTpsl MepepadOTKU W MOTYyYUIIH MEIHBIH
KYIIOpOC, COOTBETCTBYIOIIUHA MapkaM «A» u «b».

B sTOoM romy OBLT MOJydYeH NPUHIIAIUAIBHO HOBBIH
TOBapHBIA MPOAYKT C IMOTCHIIMAIHLHON BO3MOXKHOCTBIO
ero maibHEHIIeH pearn3ani — CIUIaB MEIIIBSKA U MEJIH,
Onmaromapss 4eMy HOJDKHA CYIIECTBEHHO CHU3UTHCS Ha-
rpy3Ka 1o MpUMecsM Ha MeIHBIH 3aBoj. Tako#l pe3yis-
TaT TMO3BOJHUT IiepepadaThIBaTh emie OoJiee CIIOKHEIC
KOHIICHTPATHI, a TaK)Ke yMEHBIIATh 3aTpaThl Ha XpaHe-
HHUE MBIIIBSIKCOICPIKAIIIX OTXOIOB.

HccnenoBaTenbCckuii MEHTP BHEAPUI W MHOXKECTBO
COOCTBEHHBIX MPEITOKECHUN. B XUMUKO-aHATUTHYIECKOH
rpymmne pa3paboTaHa METOIHKA OMPEICIICHUS HOHOB KO-
0anbTa, MBIIIIBSIKA U CYPHMBI KOJTOPUMETPHICCKHM METO-
JIOM B CYXHX Mp00ax M )KUIKUX MPOTYKTaX. Y COBEPIICH-
CTBOBaHA METOJIMKA OIMPEIASIICHNUS HOHOB PTYTH.

MartepHaibl NpeIOCTABIEHBI YIPaBJIeHHEM MO0 CBSI35IM ¢ 00mecTBeHHOCTHI0 TOO «Ka3umuk»

T'opnoui scypnan Kazaxcmana




+7 705 818 40-65

Tmyen KOMaH m?r%eg';rm communication@stimchenko.com
MapKeTVIHr areHTTiri www.stimchenko.kz

MapKeTuHr ong
MPOU3BOACTBEHHbIX
KOMMaHWK

MbI nomoraem:;

= CchopmupoBaTh NO3NUTUBHLIN = 06OMTI KOHKYPEHTOB
06pa3 KoMnaHum = BblIliTI Ha HOBbIE PbIHKN
= [IpuBNEYL HOBbIX KNNEHTOB = [IpogaBartb

Crpaterws | [laaitv | PenyTaums | OTpacnesble BbiCTask
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IMPENMMYIIECTBA BBICOKOO®P®EKTUBHbBIX
CMA3OYHbBIX MATEPUAJIOB ADDINOL

Kpynueituuue ¢ mupe pomopuvie KoOGUIOGble IKCKABAMOPHI, MAULUHDBL,

npouseooaujue 750 mempoe

RONUMEPHOU NINEHKU 6 MUHYMY, CUZAHMCKUE ZPY306ble AGMOMOOUNU, A MAKdCEe 0ObIUHbIE AGMOMOOUNU
U agmoodycol — 6cex ux 00veouHsaem Heumo odujee — oHu padbomarom na cmazounvix mamepuairax ADDINOL!

Cwmazounbsie marepuansl ADDINOL mpowmsBomsTcs B
I'epmanun. 3TO CBUACTEIBCTBYET O BEICOKOM Ka4decTBe, (-
(EeKTUBHOCTH, TOYHOCTH U HAJIGKHOCTH HAIIUX POITYKTOB.

ADDINOL Lube Oil GmbH — oxHO M3 HEMHOTHX HE3a-
BHCHMBIX OT KPYIHBIX KOHIIEPHOB NPEINpUATHH B HedTe-
repepadatpIBaronield mpoMeInuieHHOCTH ['epmannu. Pabo-
Tas ¢ AUCTpUOBIOTOpaMu B Oosee yeM 90 cTpanHax mMwmpa,
MBI [TPE/ICTABJICHBI Ha BCEX KOHTHHEHTAX.

Hawu evicokosgh@exmusnvle cmazounvie Mmamepuanisl —
Ba)KHBIC KOHCTPYKTHBHBIC DJIEMEHTHI PA3JIMYHON TEXHU-
KH. DTH MaTepHallbl CO31aHbl B TSCHOM COTPYIHHUYECTBE C
BEIYIIUMH MHPOBBIMH IIPOU3BOJUTEISIMU 000pYIOBaHUS.
[Ipn ux pa3paboTke NMPUMEHSIOTCS CaMble COBPEMEHHBIC
TEXHOJIOT'MH, HAlll MHOTOJICTHUII OIBIT, a TaKXKe YYUTHI-
BAIOTCSl TPeOOBAaHMSI HAMINX KIMEHTOB, YTO 00ECIIEUHBAET
CyIIECTBECHHBIC MPEUMYIIECTBA B TOJTOCPOYHOMN MEPCIIeK-
tuBe! U 5T nmpenmymecTBa BeCbMa BecoOMbIe!

Jo0po no:xxanosars B Mmup ADDINOL!

www.addinol.kz

ADDINOL CENTER
KasaxcTaH, I. Yparbck,
Yn. MNpugopoxHas, 88

A0DIvoL

THE ART OF OIL - SINCE 1936
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BricokorddpexTuBHBIE CMa3049HBIE MaTepHUaIbI
ADDINOL otnn4gatoTcsi HEOOBIYafHO MPOJTOJIKUTEITH-
HBIM CPOKOM CJIy>XOBbI, 3aIUIAIOT OT U3HOCA W MPOJIJIe-
BAIOT CPOKH IKCIUTYAaTAllMH CMa3bIBAEMBIX KOMIIOHEHTOB.
Kpome TOro, oHM SBISIIOTCS 1€HCTBEHHBIMU HHCTPYMEH-
TaMU SKOHOMHUHM 3HEPTUU U MOBBIIEHUS 3G (PEeKTUBHOCTH
HUCIIONIb30BaHUsI oOopynoBaHus. Takum oOpa3oM OHH
CIIOCOOCTBYIOT 3KOHOMHOMY HCIOJIB30BAHUIO PECYPCOB
W CHUKEHHUIO TPOU3BOJCTBEHHBIX PAcX0/10B!

C pamuMu BBICOKO3((PEKTUBHBIMHA CMa30YHBIMU MaTe-
pramaMu MBI TIPEIaracM ONTHUMAabHBIC PEIICHUS Jaxke
JUTSI CaMBIX CJIOXKHBIX 33/1a4 B 00JIaCTH CMa3KH.

Jloka3aHHBIE NPEUMYILIECTBAa Halled NPOAYKIHH,
BEJIMKOJICITHAS] TEXHUUYECKas MOAJEp)KKa, MOHUMA-
HUE HUHTEPECOB KJINUEHTOB M NPHUBEPKEHHOCTH CBO-
eMy Jeyly SABISIOTCS OTIMYHUTEIBHBIM MPU3HAKOM
xkommanuu ADDINOL.

Ten.: 8 7112 311 -311;
+7 777 1761483
addinol_zhol@mail.ru
addinol.kz
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PABOTA BE3 BBITTOPAHMUAL:
PELLIEHUSI KOMITIAHUU MKS

Poinok Ilenmpansnoii A3uu cmano6umcsa mMecmom RPUMANCCHUA KOMNAHUI-RPOU3E800UmMeNnell PA3IUYHBIX OM-
pacneit npomviuwinennocmu. «bymy» unmepeca npuwenca na emopyro nonosuny 2022 zooa u npooosicaem naoupamo
000pomul. Imo 00yci0671€H0, C 0OHOU CHOPOHbl, UHMEHCUBHO PA3BUBAIOWLCILCA IKOHOMUKOU U 0OUWUPHBIM ROmpetu-
menbCKuM PolHKOM, a4 ¢ OPY2oil — 2e0noaumuuecKumMu npoyeccamu. B onuscaiimee namuiemue npomuluiieHHOCHMb
Lenmpanwvnoit A3uu xncoem 6o0avuan mpancghopmayus, 61a200apsa NPUMOKY HOBHIX UHEECMUUUIL, MEXHOI0ZUIl U
no0x0006. Ho moscno nu 2060pumas, umo unmepec 2100aibHuIX RPOU3800Umenell 603HUK MoavKo ceivac?

O nemeykom Kauecmee u A3UamcKOM 20CMENPUUMCHIEE, NPOGEPEHHBIX 6PeMeHeM NOOX00aX U HOBbLX MEXHO-
N102UAX, RPOCHLO O CTLONCHOM U GANCHOM 2€HEPAIbHOMY OUPEKMOPY RPOMbLUIEeHH020 azenmcmea Marketing from
Timchenko Ceemnane Tumuenxo pacckazan zenepanvuutii oupekmop MKS GmbH Anexcanop Kpexkep.

— AJleKkcaHAp, paccKaskuTe 00 OCHOBHBIX 3Tamax
CTAHOBJIEHUS] KOMIIAHUM M TOM, KOrJAa Bbl NMPHILIH
B LlenTpanbuyo A3zuio?

— Hama uctopus 6eper cBoe Hayayo ¢ kommnanuu «BEA»
B 1917 rony. Toraa npeanpustue CHeuaIn3upoBaIoCh Ha
MMPOU3BOJACTBE HE TOJBKO XUAKOCTHBIX PCOCTATHBIX ITYyCKa-
TeJei, HO U KOHBEWEpOB, HKCKABATOPOB MU 00OpYIOBaHUS
JUIsl TOpHO-TIepepabaThIBaroIiel mpomeliieHHoCcTH. [Toce-
JIOBaTeJIbHOE PAa3BUTHE, MIEPEIOBBIC AJII TOTO BPEMEHHU TeX-
HOJIOTHUH U eBpOHeﬁCKaH NCAJAHTUYHOCTDb 3aJIOKHIIN KPEII-
KYIO OCHOBY Il TOTO, 4T0ObI «BEAY octaBaiicst oHUM 13
KPYIHEHIINX UT'POKOB HA UHyCTPUAJIBHOM PBIHKE.

B 2001 rony bekrac Kycnoran — MHOTOJIETHUI COTPY -
HUK M PYKOBOAUTECIb OTACTA KXKHUAKOCTHBIX PCOCTATHBIX
nmyckareseil — ocHoBai coOcTBeHHYr0 kommanuio MKS B
Hroccenpmoppe. MKS GmbH cpa3y B3siia kypc Ha pas-
BOpauuMBaHUEC NNPOU3BOACTBCHHBIX MOLHHOCTeﬁ " BBIITYCKE
OouibllIero KoJudecTBa obopynoBanus. Yxke B 2003 roay
OBLIO MPUHSTO pElICHUE O TIEPEHOCE TIIABHOTO oduca B ro-
pona IOmux u OTKPBITUU HOBBIX IMPONU3BOJACTBECHHLIX II€XO0B,
4TOOBI 3aKpbIBATh BCE NOTPEOHOCTH WHAYCTPUAIBHOTO
peiaka EBponsr u crpan CHI'. B wactHOocTH, HaM Bcerna
ObuTa HHTEpecHa UMEHHO {eHTpanbHas A3usi.

— A ¢ 4yero HayuMHaJIcA Baml nyTh B MKS?

— S npumen 8 MKS B 2006 roy kak HHXKEHEp M0 IyCKO-
HaJ1aJ04YHbIM pa60TaM " Ipouiej BEChb MyTh 10 I'CHEpaJib-
HOTO JUPCKTOPA U €AUHCTBECHHOTO BJIaJi€Jiblla KOMIIAHUHU.

C camoro Hauaja si CTaBuJ mepelx coOOl BBICOKHE
IJIAaHKH, HMCKajl HOBBIE CIOCOOBI PEIICHHUsI BOIPOCOB,
BO3MOXHOCTH IJIs1 pa3sBUTHUA U MaCIHTa6I/Ip0BaHI/I$I KOM-
naHuu. 3a 15 neT moJg MOUM pyKOBOJCTBOM OBLIO peasu-
30BaHo 6oiiee 200 TPOEKTOB 11O BCEMY MUDY.

— Kakyw pouap Bame o0opyaoBaHuUe UIpaeT Ha
npou3BoacTBe?

— Bo Bpemst pa®oThel Ha MPOM3BOJACTBEHHOH IIIOIIAJKE
cuJa TOKa MMeeT KiIodeBoe 3HaueHne. OHa J0JDKHA pery-
JUPOBATHCS, U OT MPABIWIBHOCTH BBHIOOpA KOJIMYECTBA aM-
Iep 3aBHCHUT Ka4eCTBO, CKOPOCTHh pPa0OTHI M BO3MOXKHOCTH
ee BBINIOJIHEHHUS B OINpPEACNICHHbBIX ycinoBusix. Ecian y 060-
pyAOBaHHS HET COOCTBEHHBIX CPEJICTB JUISI PETYJIHPOBKH
CHJIBI TOKA MJIM MX HEJOCTAaTOYHO, 3a/ICHCTBYIOT PEOCTaT.

KuakocTHbI peocTaTHBIM mycKaTedb — 3TO HU YTO
WHOE, KaK J3JIEMEHT YIPABJICHHS B DJIEKTPUUECKHUX IIe-
msix. biaronapst eMy MOXKHO TOOWUTBCS CHMIKCHUS CKad-
KOB 3JIGKTPUUYECKOTr0 TOKA M TMHAMHYECKUX IIEPErpy30K,
CITOCOOHBIX KaK MOBPEINUTH MOJKIIOUYEHHOE K HEMY 000-
pyZloBaHUE, TAaK U MOJHOCTHIO BEIBECTH €TI0 U3 CTPOSI.

JKunkocTHbBIE peocTaThl Hameld KOMIAHUHM MPaKTH-
YEeCKH HE3aMEHHMBI U NMPUMEHSIOTCS B TOPHOLOObBIBA-
FOIIEM CEKTOpPEe, MAIIMHOCTPOCHHH, JJIIEKTPOIHEPTETH -
Ke, a Tak)XKe Ha NpeAInpuiaTHsIX, paboTaromux B obdia-
CTU NOOBIYH U mepepadoTKH HEPTH U Tas3a.

MKS peanusoBana HpPOEKTHl C KPYNHEHIIMMU KOM-
MaHUSIMUA IO BCEMY MHpPY, B uucie kotopeix METSO
MINERALS, UNITED CEMENT COMPANY, ABB,
HAZEMAG & EPR, SIEMENS, WEG u npyrue npousso-
JIUTENN ¢ MUPOBBIM MMeHeM. Cpenn 3aka3unkoB B Cpen-
Herl Azun — «ATMK», «KKAZZINCy», « AnTbiHaIMAaC.

— B yem cekpert Takoro ycnexa?

— OcHoBa ycrniexa Hamleid KOMIIAaHWHM — CTaOWIBHOE Ka-
YECTBO M IIOCTOSIHHOE COBEPIICHCTBOBAHHE BBITYyCKaEMOU
npoaykuuu. COOpka KaXIOoro >KHAKOCTHOTO PEOCTaTHO-
ro myckarens npowm3BoAurTcss B I'epmanmn. Mbl paboTaem
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B 2022 u nocJieAHEeEe, HO HC MAJIOBAXXHOC MPECUMYyHICCTBO —
rolly LD L) L8] yCTaHOBHJ]a OINMEPATUBHOCTH MOCTABOK. Ha mamem CKJIaac BcCCraa

NPOU3BOACTBEHHbIH PEKOP/, BLIIYCTHB €CTh KaK TOTOBBIC PEIICHUsA, TAK M KOMIIOHEHTHI IJs

140 exuHuUIl 000PYAOBAHUS. o6cy)KuBaHus Haiero obopymoBanus. A Guaromaps
Pa3BUTON AUIEPCKON CETH, Y HAaC €CThb BO3MOXHOCTH
B KpaTyallne CPOKH JOCTAaBUTHh NPOAYKIUIO HAIIUM
3aKa34yuKaM IO BCEMY MUPY.

— Kakue niansl Bel cTpoute Ha 2023 roa?

— Bce cBoe nercTBO 1 roHOIIECTBO 4 NpoBes B Kazax-
CTaHE U CUMUTAI0 €ro He TOJIBKO CBOEH pPOAUHON, HO U
MEPCIEeKTHUBHBIM, OBICTPOPACTYIIUM PETrHOHOM C BBICO-
KOW KOHKYPEHTHO# cpenoii. [loaToMmy 0cOOCHHO BaXKHO,
B IIEPBYIO OYEPE/b, YKPEITUTh CBOU MO3UIIMU U OCTABUTH
3a co00#l nmuaepcTBo. [ 3TOro Mbl pacmIupsieM CBOIO
JIMIJIEPCKYIO CeTh, paboTaeM HaJ IMOBBIIICHUEM HE TOJb-
KO Ka4yecTBa MPOAYyKTa, HO M CepBHUca.

W, caMblil BaXKHBIN 11aT, KOTOPBII MBI IIIAHUPYEM CJle-
nath yxe 2023 rony — OTKpbeITHE (UIHAIOB KOMITAHUH
B peTHoHe. DTO MO3BOJUT O0BEAUHUTH BCE MPEKHUE J10-
CTHO)KEHHSI U TIPOJIOJIKUTH CBOM MyTh M Pa3BUTHE 37€Ch.

HCKITIOYUTEIILHO C €BPOMNCHCKUMHE TIOCTABIIMKAMH, KOTOPHIC
MOTYT HCOOXOIAMMBIMU CEPTH(PHUKATAMH IOITBEPAUTH COOT-
BETCTBUC CBOMX KOMITOHCHTOB TPSOOBAHUSIM U HOPMaM CTaH-
JIapToB. B cpemHeM cpok 3KCIUTyaTalluy HAIICH MpPOMXYKIIUN
oT 25-40 neT, 1 yale BCero He HY>K/1aeTcsl B CEpBUCE.

MBI — CTOPOHHUKH WHAWBUIYATBHOTO moaxoaa. Kax-
JIBIA TIPOCKT HAYHUHACTCS C MPEJIOKCHUS, COOTBETCTBY-
IOIIETO MOKEJIaHUIM 3aKka3uuka. Jlanee Mbl cocTaBisieM
IJIaH €ro peajan3aluu, BHOCUM KOPPEKTUBBI U Mpe/iiara-
€M IPOJYKIMIO, KOTOpas MOJHOCTBIO OTBEYAET 3aJauam
HaIlUX KJIUCHTOB. HemaBHO MBI pa3paboTaid YHUKAb-
HOE pelIeHHE MOoJ KIIUeBble TPeOOBaHHUS METAJLTyp-
rudeckoir kommnanuu «ArcelorMittaly. IIpoekt mauiics
MOYTH T'0J[, HO HaM YJIaJ0Ch YYECTh BCC IMOXKCIAHUS U
YIOBJICTBOPUTH MOTPEOHOCTH HAIICTO 3aKa3uHKa.

Kaxxnpie nBa roja HAMIA CICIHAATUCTBI MPOBOISAT

BCTPEUYH C MH)KEHEPAMH KPYMHEHIINX KOMIAHUN, YTOOBI Komnanuss MKS 0blj1a akKpeauTOBaHA
HNOHATH, IPOAHAIU3UPOBATh, @ UHOTAA U IPEABOCXUTUTH HA COOTBETCTBHE CTAHIAPTY
NOTPEOHOCTH HALIMX KJIMEHTOB M 3aJ0XKUTh QpyHIAMEHT ISO 9001:2015 u TOCT-P

I JOJITOCPOYHOTO COTPYAHHUYECCTBA.
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Kox MPHTMH 52.35.35

M. Padaryiani*, P.A. MycuH, A.A. KeneraeBa, I'.M. BainnusizoBa

Hekommepuecroe axyuoneprnoe obuecmeo «Kapazanounckuii mexuuueckuu ynusepcumem um. Aoviikaca Cacunosay
(e. Kapaecanoa, Kazaxcman)

PABPABOTKA TEXHOJIOI' MU CTPOUTEJBCTBA
CKBAYKHUHBI 1151 CHUXKEHUS BHE3AITHBIX
BbBIEPOCOB YI'OJIBHBIX ITJIACTOB
KAPATAHAMHCKOI'O BACCEUHA

AnHoTanus. B cratke paccMoTpeHa npoodiemMa N3BJICUSHUsI METaHa U3 YTOJIBHBIX IUIACTOB CO 3HAYUTEIBHOW MPUPOIHON Ta30HOCHOCTRIO M pa3pelieHne dTOH
MpoOJIEMBI ITyTEM Pa3pabOTKK TEXHOJIOIMYECKHX PEIIEHHH 110 OYpEeHHIO HAKJIIOHHO-HANPaBJIEHHbBIX CKBaKHH. Pa3paboTaH U 3a11aTeHTOBAH CII0C00 U3BJIEYEHUs Me-
TaHa yrojbHbIX I1acTOB KaparanIMHCKOro yroipHoro 6accelina, BKIIOYAOIINN HAalIPaBI€HHOE OypeHNe CKBaXKHH C HOBEPXHOCTH 110 IPOIYKTUBHOMY YrOJIBHOMY
IJIACTy, OCHOBAHHBIM HAa TOM, YTO BEPXHMIl HHTEPBaJI CKBaKHHBI UMEET BEPTHKAIBHBIA MPO(UIIb, a HIKHUI — C OTKIOHEHHEM CTBOJIA CKBAXXMHBI OT BEPTUKAIH
10 MPOCTUPAHMIO YrOJILHOTO IJIacTa, NapalelIbHO HAIJIACTOBAHUIO. Pe3ybTaThl HCCIIE0BaHMI MOTYT MCIOJIL30BAaThCs IPH MOJCYETAX 3aMacoB PECYpPCOB ra3a
MeTaHa IPH ONPEJIENICHUH MECTA 3aJI0)KEHHs CKBaXKMH. Pa3paboTaHHbIH CrIOCOO M3BJIEUEHHUs] METAHA YTOJIBbHBIX MIACTOB IO3BOJIUT CHU3UTH IPUPOJHYIO I'a30HOC-
HOCTb YTOJIbHBIX IUIACTOB M IIOBBICUTH IIPOM3BOAUTENLHOCTS TOPHBIX PAabOT MpU 100bIYE YIIs.

Kniwouesvie cnosa: yeonvuvie niacmol, Memanode30nachocmy, u3eieyenue memand, Oypenue CKeadcun, Haki1oHHO-HANPAGIeHHble CKEAJICUNDL, 2A300Mmoaid,
2u0popaspwle niacma, 0e2azayus, NPUPOOHas 2a30HOCHOCHIb.

Kaparanabl 0acceliHingeri keMip Ka0aTTapblHbIH KEHETTEH ATKbLIAYbIH a3aiTy YIUiH YHFBIMAJIAPABI CAJ1y TeX-

HOJIOTHSICBIH J3ipJey

Anpaarna. Makasnaja aitapiabIKTaid TaOUFH ra3ibuIbIFbl 0ap KeMip KabaTTapblHaH METaH ally MACeJIeCi )koHe KoJ10ey OarbITTallFaH YHFbIMAIapabl OypFblIay AbIH
TEXHOJIOTHSUIBIK IIEIIIMAEPiH jKacay apKbUIbl OChI MACEIIEH] Lienry KapacTelpbuiran. Kaparanasl kemip OacceliHiHiH KoMip KaOaTTapblHBIH METAHBIH ATy TOCLIi
93ipJIeH/Ii JKOHE MATEHTTEN/i, OJ1 YHFbIMAIap/asl skep OeTiHeH OHIMAI KoMip KabaTbl OOiibIHIIA GaFrbITTaaFaH OYPFBIIAYAbI KAMTH/BI, OYJI YHFBIMAHBIH JKOFApPFbI
apaIbIFbIHBIH TiK IPOGdHIIi 6ap, an TeMeHTi 0eJIiri YHFbIMaHbIH OKIIAHBIHBIH KOMIp KaOaThIHbIH KalbUTybl OOWBIHIIA TIriHEH aybITKybIMEH KabaTTacyFa napauielib.
3epTTey HOTHXKENIEPi MeTaH ra3bl PeCyPCTaPbIHBIH KOPJIAPhIH €CeNTey Ke3iHe, YHFbIMaap bl OpHAIACy OPHBIH aHBIKTAY KEe3iH/e naianaHburybl MyMKiH. Kemip
KabaTTapbIHBIH METAHBIH AITybIH 931PJICHI'CH TOCIII KOMip KabaTTapbIHbIH TAOUFU I'a3/IbUIBIFBIH TOMEHICTYTE XKOHE KOMIp OHIIPY KEe3iHC Tay-KeH )KYMBICTAPBIHBIH
OHIMIUIITIH apTTHIpyFa MyMKIH/IIK Oepei.

Tyuinoi cezoep: xemip Kabammapel, Meman Kayincizoici, Meman any, YHbLMaiapovl Oypeuliay, Keaibey 6asblmmanean yYHevimaiap, 2az 6eniny, xabammol
2UOPABTUKATBIK HCAPY, 2A3CbI30AHOBIPY, MAbUU 2A30bLIbIK.

Development of technology to reduce sudden emissions in the coal seams of the Karaganda basin

Abstract. The article considers the problem of extracting methane from coal seams with significant natural gas content and solving this problem by developing
technological solutions for drilling directional wells. A method for extracting methane from coal seams of the Karaganda coal basin has been developed and
patented, including directional drilling of wells from the surface along a productive coal seam, based on the fact that the upper interval of the well has a vertical
profile, and the lower one with a deviation of the borehole from the vertical along the stretch of the coal seam, parallel to the stratification. The results of the research
can be used in calculating reserves of methane gas resources, in determining the location of wells. The developed method of extracting coalbed methane will reduce
the natural gas content of coal seams and increase the productivity of mining operations during coal mining.

Key words: coal seams, methane safety, methane extraction, well drilling, directional wells, gas recovery, hydraulic fracturing, degassing, natural gas content.

BBenenue

Bompoc o6Gecmeuennst 6e3omac-
HBIX YCIJIOBHH TpyZa Ha YTOJBHBIX
npeanpusatusax Kazaxcrana m apy-
rux crpad CHI B mocmemgHee Bpe-
Ms mpuodpeTaeT Bce O6oee oCTPHIi
xapaktep. IHTeHCHBHAasA O0TpaboOTKa
YTOJBHBIX TJIACTOB COIPOBOXKIAET-
csi OOMIBHBIMH METAHOBBIACICHU-
SIMA B TOPHBIE BBIPAOOTKH, O YeM
CBUJICTEIBCTBYIOT KPYIHBIE He-
CUACTHBIC CIy4au, IPOU3OMIEAIINE
B IOCJEIHUE rojapl Ha maxTtax Ka-
3aXxCTaHa U B TOCYyJapCcTBax MOCTCO-
BETCKOTro mpocTpaHcTBa [1].

VYiydmennue 0€301acHbBIX YCIOBHMI
TpyJa U TOBBIIICHHE 3(P(HEKTUBHO-
CTH IPOU3BOAUTEIHBHOCTH YTOIBHBIX
NPEANPUSITUN SBIISIETCS aKTyalbHOMU
3aJa4yed BO BCEX YIJIEI0OBIBAO-
IIMX TOCYyJIapcTBaxX IpHU pa3paboTke
IJIACTOB CO 3HAYMUTEIBHOW MPUPOI-
HOM ra30HOCHOCTBIO.

MeToabl McCJIe0BaAHUA

Ha ocHoBe aHannM3a OTCYECTBEH-
HOTO M 3apyOeKHOTO OIBITa, JIUTEpa-
TYPHBIX U (POHIOBBIX MAaTEPHAIIOB, pe-
3yJIbTaTOB JIA0OPATOPHBIX M IKCIIEPH-
MEHTAIBHBIX HAOIIOEHNN, COBPEMEH-
HBIX METOJIOB KOMITBIOTEPHOTO MOJIe-
JIAPOBAaHASI OOOCHOBAHBI MPOCKTHHIC
pemeHnst Mo pa3paboTke ydacTka u
MIPOU3BEACHBI PACUCTHl KOHCTPYKITUH
HaKJIOHHO-HAIIPABIICHHBIX CKBAYKHH.

IIpakTraeckn Bce TOCYymapCcTBa MC-
CIEQyIOT Heapa 3eMIIA B ITOMCKaX BCE
HOBBIX M HOBBIX 3alacoB IIOJIC3HOI'O
HCKOIIaeMoro. B coBpeMeHHOM Mupe
ake HeOONBIIIOE MECTOPOXKICHUE
KaKOT0-JIMOO CHIPBS MOJKET CHITPaTh
Ba)KHYIO POJIb TSI Pa3BUTHS PETHOHA.

B mocnemHee Bpems CTPEMHTEIb-
HO€ pa3BHUTHE TOYYMIIO HAIpaBIie-
HHE OCBOCHHS HETPAJAUIIMOHHBIX HC-
TOYHHUKOB YTJIEBOIOPOIOB, KOTOPHIS
OTHOCSTCS K «BO300HOBIISIEMBIM» H

T'opnuwti scyprnan Kazaxcmana Nell’ 2022

CIIOCOOHBI 3aKPBITh MOTPEOHOCTH B
MIPUPOTHOM Tra3e 1eyoro peruona. a3
METaH OTHOCHUTCA K «HETPaIUINOH-
HBIM» HCTOYHHKAM YTIEBOIOPOJIOB,
IIOCKOJIBKY HaXOAHUTCS JIHOO B cOpOm-
POBAaHHOM COCTOSIHHH, JINOO 3aJeTaeT
B CTPYKTYpE IUIacTa M ISl €TO T00bI-
Y{ HEJOCTATOYHO IPOCTO MPOOYpPUTH
CKB@)XXHHY C IOBEPXHOCTH. Takxke K
CHETPAaJUIINOHHBIM» OTHOCSTCSA Ta3
W3 TIECYAaHWKOB, Ta30THAPATHI, Me-
TaH yrOJbHBIX IIJIACTOB M CIIAHIIEBBINA
ra3. BaxxapIM pakTopoM mpu q00BIIe
METaHA YTOJBHBIX IUIACTOB SIBIIICT-
Cs TPOHMIAEMOCTH TOPHBIX TOPOI,
rIyOMHA IUIACTOB, OTCYTCTBHE TI€O-
JIOTUYECKHUX HapyleHuil u T. 1. Beny-
IUMH CTpaHaMHU IO A0OBIYE METaHa
YrOJbHBIX IIACTOB sABJsAt0TCs Kurai,
CIIOA, Kanmama, Uanms, ABcTpamms.
Hexotopele  rocymapcTtBa  BbIe-
JSIIOT OTPOMHBIE JEHBI'HM Ha TIpaH-
TBl 110 DPa3BUTHIO METAaHOYTOJILHOU
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MPOMBINIUICHHOCTH, IIOCKOJIBKY BHIIST B
HEM CYILIECTBEHHYIO MEPCIIEKTUBY [2].

OIreHKa BBICOKOW IEPCIIEKTUBHO-
CTH TPOMBINIJICHHOW HOOBIYH METaHa
B KaszaxcraHne ocHOBaHa Ha CpaBHe-
HHUH €r0 Te0JIOTO-IIPOMBICIOBBIX Xa-
pakrepuctuk ¢ O6acceiitnom CaH-XyaH
B CIIIA, mporuno3ubsix TOII, a takxke
HAJIMYUA UHQPACTPYKTYPHI U MOTpE-
OuTelsiell ra3a, HaAXO/SIIMUXCS Ha pac-
crostHuM Bcero 15-150 kM ot mepBo-
OYEepEIHBIX IUIOMIAACH.

Hccnenys BBITOIHEHHBIE paHee pa-
OOTHI TTO W3BJICYCHUIO METAaHA YTOJb-
HBIX TD1acTOB KaparaHInHCKOTO yroJib-
HOoro Oacceiina HUP Obuio mpuHSTO
MPOBOJIUTh HA yYacTKe TalIbIKyIIyK.
B reonormueckom crpoennu Tamnbl-
KYJIyKCKOTO y9acTKa MPUHUMAIOT yda-
CTHE OCA0YHbIE OTJIOXKEHUS] KAMEHHO-
YTOJIBHOTO, FOPCKOr0, HEOT€HOBOTO U
YETBEPTHYHOTO TEepPHOI0B. KaMeHHOY-
TOJIEHBIC OTJIOKCHHSI TTOJIPA3IICIISIFOTCS
Ha Anuripukckyro, Kaparanauackyro
n HagkaparananHckyro cBUTHI (pHc. 1).

TanaplkKyJyKCKUII y4acTOK pacmo-
JIOKEH Ha FOKHOM Kpbuie KaparaH-
JUHCKOW CHHKJIMHAJIH, TJe OoJblre
BCEro MPOSBUJIUCH TAaHTCHIIHATHHEIC
JIBIDKCHUSI TEPIIUHCKOTO TEKTOTCHE3a.
OH COCTOUT U3 CIOKHOU CTPYKTYPHI C
MHTEHCUBHOM, MJIUKATUBHON U JAU3b-
FOKTHBHOW TeKTOHHKOW. Hawmbomee
SIPKO TUIMKATUBHAs HAPYIICHHOCTH
BBIPA3WJIaCh B IICHTPAJbHOW YacTH
yuactka (TanaplKygykKckass MyJbIa),
TJI¢ BO3HHUKIU TPU KPYITHBIC CHHKIIU-
HaJbHBIE CKJIQJKH CyOIIMPOTHOTO
MPOCTUPAHUS, pPAa3JICIICHHBIC aHTHU-
KJIMHAJIBHBIMHA TEPETHOaMU TOTO Ke
HamnpaBieHus. BoctouHoe u 3anagHoe
KPBUIbSI CHHKIIMHAIH OTIIMYAFOTCS MO-
HOKJIMHAJIBHBIM 3aJICTAaHUEM IOPOJI,
OCJIO)KHCHHBIX Pa3phIBHOH TEKTOHHU-
koii. I[lepeunciieHHBIC HaAPYIICHUS
COIIPOBOXK/IAIOTCSI CETBhIO eme Oosee
MEJIKMX HapylIIeHWH, O0O0pa3yroIux
OOJIBIIIFIC 30HBI IPOOJICHUM, 9TO 00e-
CIICYMBACT HAMOOIBIIUN ITOTOK METa-
Ha TIPU €r0 W3BJICYCHUHM U3 IUIACTOB
paccMmaTtpuBaemoit momanu [3].

TanaplKyJyKCKHI y4acTOK MOXHO
OTHECTH B pa3psij] TIABHBIX IO Iep-
CIIEKTUBHOCTH U3BJICUCHUSI MeTaHa [4]:

* YIJIEHOCHOCTh jJocTturaer 9,5%,
00111251 MOIIHOCTh YT'OJIBHBIX IJIACTOB

okoJi0o 60 M, HauOOJBIIECH MOIIHO-
ctu pocturaet miact K (no 12,4 m),
npaktuuecku 19-20 u3 23-25 nnactoB
MpeBbIIA0T N0 MouHOCTH 0,7 M;

" Ha y4JacTKe OOJIBIIOE KOJIUYECTBO
Pa3pBIBHBIX HAPYIICHUH M CKIIaT9aThIX
CTPYKTYp ¢ ammutyaamu 10 400 m;

" 10 CTEeNEeHH MeTamopdu3zMa Map-
ku yraei ot KK ngo OC npeanosnara-
FOT BBICOKYIO COPOLIMOHHYIO M Ta30-
TEHEPHUPYIOIIYI0 CIIOCOOHOCTB YTJIs,
BBICOKOE  COJICp)KaHWE BHUTPHUHHTA
(40-91%) B yrasx mnpenompenensier
WHTEHCHBHYIO TPEIIMHOBATOCTh U Ta-
30MPOHUIIAEMOCTb YTJICH;

* Fa30HOCHOCTh yIJsl 70 26 MY/T,
IJIOINAHAsl NIOTHOCTh PECYypPCOB Me-
taHa — g0 780 MaH M*/kM? — o/lHa U3
CaMBbIX BBICOKHX B OacceiiHe.

CorracHO HBIHEIIHUM IIpEACTaBIIC-
HUSIM, YTOJBHBIA IUIACT SIBIISIETCS Ma-
JIOTIPOHHIIAEMON OJIOYHO-TPEITMHOBA-
TOH cpeiol ¢ OOIBIIOI aHW30TPOITHEN
cBoiictB, npuueM 80-90% yrombHOrO
METaHa HaxOJHUTCSl B COPOMPOBAaHHOM
COCTOSIHMM. MeXaHu3M HW3BIICUCHUS
raza W3 HHU3KOIPOHHUIAEMBIX YTOJIb-
HBIX IUIACTOB CYIIECTBEHHO OTIWYa-
eTCsl OT MEXaHHM3Ma M3BJICUCHHUS Tas3a
MPU  OKCINTyaTallud  TPATUIIMOHHBIX
ra3oBbIX MECTOPOXKJICHUH. 3ajaya u3-
BJICYCHHUSI METaHa M3 HEpa3rpy’KeH-
HBIX yTOJIBHBIX IIJIACTOB IO CYIIECTBY
SIBJISIETCSL  TTPOOJIEMOM  YIIpaBJICHHS

COpPOIMOHHBIMH TTPOLIECCAMH B CHCTE-
M€ «yrojib — METaH — XKUIKOCTbY [4, 5].

Jns pemeHus 5Tol 3a1a4n UCHOJb-
3yeTcsl CIIOCOO Jera3aluy yroJIbHBIX
IJIaCTOB, BKIIOYAIOIINHN B €051 HaIpaB-
JIeHHOE OypeHUe CKBaKHH C IIOBEPXHO-
CTH 110 YTOJIBHOMY IUIACTy, 00paboTKy
1acTa pabover )KHJIKOCTBIO B PEKUME
TUAPOPACUIICHEHHs], 3aKPEIUICHUE Tpe-
IIUH pacdJeHEeHUs meckoM. M3Brneue-
HUE ra3a Ha MNOBEPXHOCTb OTINYAECTCS
TEM, 4YTO OypeHHE CKBKUHBI OCYIIECT-
BIISICTCSI TIO CHEIHAIBHBIM MPOQIIISIM,
e BEpPXHUHA UWHTEpPBal CKBAYKUHBI
MMEEeT BEPTUKAIBHBIA WM CyOBEpTH-
KaJIbHBIA NTPO(WIIb, 8 HIDKHANH — C OT-
KJIOHEHUEM CTBOJIA CKBaKHHBI OT BEp-
TUKaIU MO MPOCTUPAHUIO MPOTYKTUB-
HOI'0 YTOJIBHOI'O IJacTa MapajllelbHO
HaIJIACTOBAHUIO, MPUYEM Ha IPOIYK-
TUBHBINA YTOJIbHBIN IJIACT. Y BEJIMUCHUE
ra3o0TAauy MO BCEU AJIMHE CKBAYKUHBI
JIOCTUTAETCs] TIPU MOMOIIU THAPOpAC-
UYJICHEHUsl MJIacTa; OCBOCHHE CKBAXKU-
Hbl C OTKa4KOW pabodel >KUIAKOCTH
TUAPOPACUWICHEHHUS U ra3a NPOU3BOISAT
uepe3 BEPTUKAIbHYI0 CKBKUHY, TPE/-
BapUTEILHO MPOOYPEHHYIO C IOBEPX-
HOCTH Ha NPOJyKTUBHBIN IUIACT, 32001
KOTOPOM COBMEIIEH C HaKJIOHHO-Ha-
IIPaBJICHHOM IOJIOCTHI0, 00pa30BaHHON
B pe3ydbTaTe paCUIUPEHHUs] CTEHOK
CKBAXKUHBI C II€JIbI0 YBEIUYEHHUSI IUIO-
aiu KoHTakTa' (puc. 2).

[ockens

Puc. 1. CuryaunoHHbIi miIaH TaJdapIKyTyKCKOr0 y9acTKa
KaparanauHcKoro yroJbHoro dacceiina.
Cypert 1. Kaparanabl kemip 0acceiiHiHiH TanapIKyabIK y4acKeciHiH
y4ackKeciHiH jkocnapbl.
Figure 1. Situation plan of the Taldykuduk section
of the Karaganda coal basin.

!@unrumonos E.C., [lopmnos B.C., Kenemaesa A.A., Pabamynor M. H3éneuenue memana us y2oibHolX niacmos 0is obecneuenus 6€30nacho20 npoeedenus
eopnblx pabom 6 yeonvuvlx waxmax Kapaeanounckoeo 6acceuna: monoepagus. — Kapaeanoa: KapTV, 2022. — 145 c.
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Peanmuzanus mnpeacTaBIsieMOro
crioco0a MHTEHCU(UKAIIMN Ta300T/a-
YW JUISI U3BJICUCHUSI METaHa U3 YrOJlb-
HBIX IJIACTOB OCYIIECTBIISIETCS] B ClIE-
JyIOLIeH mocae10BaTeIbHOCTH.

[Ipn OypeHum mOJa HampaBieHUE
MIPUMEHSIETCS BpallaTeIbHBIH CIIO-
c00 ¢ IPOMBIBKOH IOJIMMEPHBIM OY-
poBbIM pactBopoM. [lo 3aBepmieHnn
OypoOBBIX pabOT yCTaHaBIMBAETCS
obcagnas koimonHa /. ITo 3aBepmie-
HHHM CITyCKa KOJIOHHBI (HaIrpaBJICHUS)
3aTpyOHOE MPOCTPAHCTBO TaMIIOHU-
pyeTcs IEMEHTHBIM PaCTBOPOM.

BypeHne moj KOHIYKTOPOM TakiKe
BEJIETCS] BPaIaTEIbHBIM CIIOCOOOM C
MIPOMBIBKOH ITOJIMMEPHBIM OYypOBBIM
pactBopom. [lo okoHuaHuM OypeHUs
JIaHHOTO MWHTEpBaja MpeaycMaTpH-
BaeTCsl YCTaHOBKAa KOHJIyKTOpa 2;
CTAJIBHBIMHA OOCaJIHBIMH TpyOamMu c
LIETTBI0 OXPaHbl HEAP M COXPaHEHUS
BOJIOHOCHBIX T'OPH30HTOB KOHIYKTOP
LIEMEHTHUPYETCS O yCThS.

Jst OypeHusi o yroJIbHOMY ILIa-
CTy HEOOXOJIMMO BOWTH B YrOJIbHBIN
IIJIACT TOJ] YIJIOM 3aJIETaHUs yrOJIbHO-
ro miacta 3. Habop yrma Oyner mpo-
W3BOJMTHCSI C IOMOIIBIO BHHTOBOTO
3a00HOTO ABUraTEIIs .

Jist HaGopa yria BBICTaBISICTCS
HEOOXOAMMBIA yroJI Iepekoca Ha 3a-
OOWHOM JBHUTATEIE, MOCIE TOr0 CO-
Oupaercs HEOOXOaUMasi KOMIIOHOBKA
OypOBOT0 MHCTpYyMEHTA ISl HAKJIOH-
HO-HANpPaBJICHHOTO OYpEeHHs C OTLEH-
TPOBKOW BEpPXHEH YacTH 3a00WHOrO
JIBUTATENsl C BEPXHEHW 4acThIO 000py-
JIOBAaHUS TEJIEMETPUH, YTOOBI OTCIIe-
JKMBaTh yYroj IIOBOPOTa JBUTATElIs.
[Tocine »TOro OYpOBOM HWHCTPYMEHT
OIyCKaeTCs 710 320051 IPU MEJICHHOM
BpalIeHUH, CHUMAETCSI 3aMeP IOJI0Ke-
HUS KOOPJIMHAT JI0JI0Ta B 3a00€ C TO0-
MOIIBIO OOOpPYJOBAHMS TEIEMETPHH.
3aTem BpalieHneM OypoBOr0 MHCTPY-
MEHTa IIOBOPAaYMBAIOT HAaIpaBIICHUE
3a00HHOTO JBHraTejsi B CTOPOHY He-
obxoxumoro azumyrta. Jlamee mox
JTaBJICHUEM TMOJIaeTcsl OypOBOW pac-
TBOP C TIOMOIIIBIO IIJJAMOBOTO Hacoca,
YTO NPUBOJIUT BO BpalICHHE J0JOTO
Ha 3a001HOM aBurareine. B ato Bpems
OypOBO¥ MHCTPYMEHT HE JOJDKECH Bpa-
IIaThCS, YTOOBI HE HAPYIINTH BBHICTAB-
JICHHOE HallpaBJICHUE [0 a3uMYyTYy.

3a cyeT yria mepekoca Ha 3a00HHOM
JIBUTATEJIE IOJ] IaBJIEHHEM Beca Oypo-
BOI'0 MHCTPYMEHTA NPO(UIb CKBAKHU-
HBI HAYHET ME/JICHHO UCKPHUBIISITHCS B
CTOPOHY HEOOXOUMOTO azumyTa’ [6].

[Ipn OypeHnu 1o yroJbHOMY IIjia-
CTYy HE0OOXOUMO MIOCTETIEHHO YMEHb-
maTh KOJHYECTBO XHUMHYECKHX

peareHToB B OypOBOM pacTBOpE, IO-
CTENEHHO MepexoAs Ha Boay, i

TOr0, YTOOBI MPETOTBPATUTH KOJIbMa-
TUPOBAaHUE MOP YT B CTBOJE CKBa-
kuHBl. Ilocie okoH4aHusT OypeHUs
HEO0O0XO0IMMO MPOPadOTaTh CKBAKHUHY
U MOATOTOBUTH €€ K CIYCKY DKCIIITya-
TallUOHHOUN KOJIOHHHI.

¥YrobHbIA
ILT1aCT

Puc. 2. PazpaGoTranHas TeXHOJIOrHsl JOOBIYM MEeTaHA M3 YIOJbHBIX
miacToB KaparanamHcKoro yrojabHoro 6acceina.
Cyper 2. Kaparanabl kemMip 0acceHIHIH KeMip Ka0aTTapblHAH MeTaH
ATyABbIH J3iPJICHIeH TEXHOJIOTHACHI.
Figure 2. The developed technology for the extraction of methane from
coal seams of the Karaganda coal basin.
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Puc. 3. Cxema npo¢uniiss HaKJIOHHO-HANIPABJIECHHOH CKBa’KUHBI.
Cyper 3. BarbITTaIFaH YHFbIMA NPOGUIIiHIH cyJI0achl.
Figure 3. Scheme of the profile of a directional well.

’Bacapuieun FO.M., Bynamos A. 1., I[Ipocenxos FO.M. Texnonozus 6ypenus negpmsnvlx u 2a306vix ckeadxicun. — M.: Heopa, 2001. — 674 c.
’Baoeyxuii FO.B. Bypenue nepmsnbix u 2azoseix ckeasicun. — M., 1967. — 352 c.
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J1st cTUMYJIMpOBAHUST Fa300TAaun
Ha TPOAYKTHUBHBIH yTOJBHBIA IUIACT
MPOU3BOAUTCS BO3AEHCTBUE METOJOM
MHOT'OCTaIUHHOTO  ITOMHTEPBAIBHO-
ro THJpOpaspbiBa (JUIMHA WHTEpBaJa
120-130 m) uepe3 mepdopupoBaHHEIC
OTBEPCTHSI, @ OCBOCHHE CKBAKHUHBI C
OTKa4YKOH pabodeil )KMIKOCTH TUAPO-
paspblBa M rasa IpOW3BOJIT HeEpes3
BEPTUKAJIIBHYIO CKBaXKUHY [7].

Ha puc. 3 npennoxeHa cxema npo-
(uzst OypeHust CKBaXKHMH JIJIs1 U3BJICUE-
HUS METaHa YrOJBHBIX IJIACTOB.

Pe3yabTaThl Hccjie10BaHUS

B pe3ynbraTe TOpHO-reosioruye-
CKHUX HMCCIEIOBAHUMN JUISI NCTIBITAHUS
TEXHOJIOTUH OypEeHUs HAKIOHHO-Ha-
MPaBJICHHON CKBa)XWUHBI IS U3BJIC-
YEHHUs] MEeTaHa YTOJbHBIX IJIACTOB
ObLT BBHIOpAaH NEPCIEKTHUBHBIM y4da-
crok KaparaHImHCKOTO YTroJIbHOTO
Oacceiina. C 1eapl0 ONpeacICHUs
IrEe0JOTMYECKUX YCIIOBUH 3ajleraHus
yronpHoro mnacra K, a takxke Ha-
JINYMSI METaHa U BOJIBI B IJIACTE, pas-
paboraHa KOHCTPYKIUSI HPOQHUIIS
HaKJIOHHO-HANPABJICHHOW CKBaXH-
Hbl. B COOTBETCTBUM C TOpPHO-TEO-
JIOTHYECKUMHU ycIOoBUSAMHU Tanmsl-
KyAyKCKOT0 ydacTKa OblIa BbIOpaHa
KOHCTPYKIUSI OKCIHEPUMEHTAIBHOU
HaKJIOHHO-HAIPaBJICHHON CKBa-
JKWHBI JUISI WU3BJICUCHUS METaHa II0
yronsHomy tuiacty K o co cienyro-
MU [TapaMeTpaMu: HalpaBJICHUE —
10 M, koraykTOp — 80 M, dKCIITyaTa-
LIMOHHAas KOJIOHHA — 840 M.

O0cy:kaeHue pe3yjbTaToOB

OCHOBHBIMH  I'€OJIOTUYECKHUMH U
TEXHOJIOTHYECKUMU 3aJladyaMu  SIBIIsI-
IOTCSI OOHApY’>KEHHE BBICOKOMPOIYK-
TUBHBIX 30H B YTOJBHBIX OacceiHax
1 pa3paboTKa TEXHUYCCKUX PEIICHHI
[0 CTPOUTENIHCTBY, 3aKAHUYNBAHHUIO U
OCBOCHHUIO CKBa)XHH, OOeCIeunBaro-
X MaKCUMalIbHbIE JE€OUTHI rasa.

Bo-nepBbiX, KaK u JUIsl TPaJAUIIMOH-
HBIX MECTOPOXKIEHHUH YTIIEBOJOPOJI-
HOTO CBIPbsl, OCHOBHBIM TPEOOBaHHEM
SIBJSIETCSL  TIOJIyYC€HHUE ITPOMBIIUICH-
HBIX TPUTOKOB METaHa U BBICOKHUX
KO3((DHUITUCHTOB €ro HM3BJICUCHUS U3
YIOJbHBIX ILUIACTOB. M3Biueuenue me-
TaHa SBIISIETCS BBICOKOTEXHOJIOTHY-
HBIM IIPOM3BOJICTBOM, a KOMMeEpYe-
CKHe 1e0UThl METAaHOYTOJbHBIX CKBa-
JKUH JOCTUTAIOTCSI TP BBIMOJIHEHUU
psiia yCIOBUM:

* BBISIBJICHMH B IIpeJesiaX yrojb-
HbIX 0aCCEHOB TIEPCIIEKTUBHBIX IPO-
JIyKTHBHBIX 30H M y4aCTKOB Ha OCHOBE
Pe3yJIbTaTOB I'eOJIOTUYECKHUX U Teodu-
3UYECKUX HUCCIICIOBAHUN;

* IPUMEHEHUH 3(P(HEKTHUBHBIX TEX-
HOJIOTHIl OypeHHsT W 3aKaHUYMBaHHS
CKBQ)XMH, UX OCBOGHHHU C HCIIOJIbB30-
BaHHMEM CIIOCOOOB HWHTEHCH(DUKAIIUU
MpUTOKA (DIIFOUIOB U3 YrOJIbHBIX ILIa-
CTOB K CTBOJIYy CKBa)KHUHBI.

Bo-BTOpBIX, U151 00ECTICYEeHHS peHTa-
OeIIbHOrO MPHUTOKA MPU OTHOCUTEIHHO
MaJIbIX JIeOnTax, XapaKTePHBIX sl TOp-
HO-T€OJIOTHYECKUX YCIIOBHI YTOJIBHBIX
OacceiiHOB, 3aTpaThl HA CTPOUTEIHCTBO
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W OKCIUTyaTalliil0 METaHOYTOJIBHBIX
CKBaXHMH JOJDKHBI OBITh MHHIMAIIbHBI-
Mu. OnNTHMaNbHBIE YAEIbHBIE 3aTPaThl
Ha M3BJICYCHUE METaHA JIOCTUTAIOTCS
3a cueT HeOOJIBIINX ITyOUH CTPOHUTEIb-
cTBa cKkBakuH — MeHee 1200 m.

B-TpeTbnx, BaXHBIM TpeOOBaHUEM
JUIL  OpraHu3alid  KOMMEpPYECKOro
M3BJICUCHUS METaHa B YrOJIbHBIX Oac-
celiHax sIBIIIETCSI OJIN30CTh IUTaTEXKe-
CITOCOOHBIX PBIHKOB cObITa. MeTaH
YIOJBHBIX IIJIACTOB, KOTOPBIM cCTa-
HOBUTCSI KOHKYPEHTOCTIOCOOHBIM IO
OTHOIICHUIO K MPUPOJHOMY Ta3y MpHu
3HAYUTEIFHOM COKpPAIICHUH PaccTo-
STHUSI OT CKBQ)XKHH JI0 TIOTPEOUTEINS H,
COOTBETCTBEHHO, PE3KOM CHIXCHUU
TPaHCIOPTHBIX PacxooB [8].

3akia0ueHne

Ha skcnepuMeHTanbHONM HaKJIOHHO-
HaIpPaBJICHHON CKBaXKMHE TUIAHUPYETCS
IIPUMEHEHNE TEXHOJIOIMH OYypeHus: ¢
ITOMOIIIEI0 BUHTOBOTO 3a00WHOTO JIBH-
raTessi ¢ MCIOJIb30BAHUEM TEIIEMETPHH:

= OypeHHe HAaNpaBJICHUS TOJIOTOM
¥393 MM POTOPHO-BPAILATEIHHBIM
crioco0oM OypeHHsi ¢ IPOMBIBKOW 10
rnyOounsl 10 M;

= OypeHHe KOHJYKTOpa Jd0JIOTOM
©¥311 MM pPOTOPHO-BpAIIATEIbHBIM
crocobomM OypeHHs ¢ MPOMBIBKOH /10
rayouns! 110 m;

= OypeHre ¢ HabOpoM yrjia ¢ MOMO-
IIHI0 BUHTOBOT'O 3a00HHOTO JIBHTATEIIs
J10 66° B uHTepBasie riayouH 110-4408 m;

= OypeHue 1030ToM @ 215,9 MM 110
yrojabHOMy Tutacty K, uinHoi 364 .
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IMPROVEMENT OF CYCLIC-FLOW TECHNOLOGY
FOR DEPOSITS WITH LOW ORE CONTENT AND
HIGH PRODUCTIVITY

Abstract. The cyclic-flow technology for low-grade deposits is one of the most important components of the industry. In this article the authors analyzed, how
improvements in cyclic-flow technologies can be facilitated to meet the required performance and performance expectations in an unpredictable future. It is a mechanism
that ensures progress in the right direction in terms of reducing mining costs and significant achievements in environmental management. The traditional three approaches
are the exact type of crushing plant, the optimal mining and handling equipment, and the well conveyor. The new fully mobile crushing system is a great improvement
over the original three options, which can ultimately ensure the necessary improvements in the cyclic-flow technology for low-grade and high-productivity deposits.
Which in turn gives significant growth in regarding the economic context. Many companies strive to find effective technology for increasing income.

Key words: cyclo-flow technology, low-grade deposits, technology improvement, crushing plant, productivity, environment, cost reduction, production.

Ken moJiepi TeMeH :9He OHIMILTIT 2KOFaAPbI KEH OPBIHAAPBI YIIiH aFbIHABIK IHKJIAbI TEXHOJOTHSIHbI 2KEeTIIIIpy

Angarna. TOMEH COPTTHI MIOTIHAICPre apHaJFaH HMKIIIK aFbIH TEXHOJIOTHSCHI CaJlaHBIH MaHbI3Ibl Kypamjaac OeumikTepiHiH Oipi Goibin TabObuianbl. by
MaKaJiajia aBTopiap 60snKaHOaNThIH O0JaIaKTa Ka)KeTTi OHIMIUTIK IIeH KYTIJIeTIH HOTIKENIepre KOJI )KeTKI3y YIIiH IUKIIK aFbIHIAbI TEXHOJIOTHSIAP/IbI JKaKcapTyFa
KaJaii ynec KocyFa OOJIaThIHBIH Talfajabl. By Tay-KeH IIBIFBIHIAPBIH a3aiTy jKOHE KOPILIAFaH OPTaHbl OaCKapyAarbl MAHBI3bI XKETICTIKTEP TYPFBICBIHAH AYPBIC
GarbITTa IIrepijiey /i KaMTaMachl3 €TeTiH MeXaHU3M. J[9CTYpIli YIII TOCLI KOJIAAHBICTA, OJIap: YHTAKTay KOHIBIPFBICHIHBIH HAKTHI TYPi, OHTAMIbI Tay-KEH 5Ka0AbIKTaphbl
JKoHE YHFbIMA KOHBeifepi. JKaHa TONBIK KbUDKBIMAIIbI YCAKTay KOHIBIPFBICH OacCTaIKbl YII HYCKaJaH afTapibIKTal )aKcapTy OOJIBII TaObLIaabl, Oyl CalbIl Kel-
TeHJIe TOMCH COPTTHI JKOHE KOFAphl OHIM/I KEH OPBIHAAPhI YIIiH HMUKIJIK YHTAKTay TeXHOJIOTHICHIHIA KaXKETTi jKaKCapTyIapAbl KAMTaMachl3 eTe axaasl. byr e3
Ke3eTiH/e 59KOHOMUKAJIBIK KOHTEKCTKE KaThICTBI aiiTapIIbIKTail eciM Oepeni. Kenteren kommnanusiiap KipicTi apTThIpyAbIH THIM/II TEXHOJIOTHSCHIH Ta0yFa ThIPbICAIbI.

Tyitinoi co3dep: agbinObIK YUKT MEXHONOSUACHL, MOMEH COPMMbL KEH OPLIHOAPbL, MEXHOI0SUAHbL ACEMINIIPY, YCAKMAy KOHObIPbICHL, OHIMOLIIK, KOPULALAH
opma, wsl2blHOApObL A3atmy, OHOIpY.

yCOBepHIeHCTBOBaHHe IMUKJINIHO-TIOTOYHON TEXHOJOIHH AJIsA MCCTOPOMCIICHHﬁ C HU3KUM COJAECpKaHUuEeM PYAbI

H BBICOKOI1 NMpOM3BOAUTEJIBbHOCTHIO

AHHOTAIMA. L[HKHH‘IHO-HOTO‘IH&H TEXHOJIOTHUS JUIsl OCITHBIX MeCTOpO)KZ[eHP[fI SIBJIIETCS. OJJTHUM M3 Ba)KHEHIIIMX KOMIIOHEHTOB. B crarbe poaHaJIM3UPOBAHBI
CIOCOOBI COBEPIIEHCTBOBAHUS HUKJIMYHO-TIOTOYHON TEXHOJOTUHU IS JOCTHIKCHUS Tpe6yeM0171 TMIPOU3BOAUTEIBHOCTH, CHHXKEHHUS 3aTpaT Ha ,ElOﬁbI‘ly II0JIC3HBIX
HUCKOIIa€MbIX, a TAKXE obecrieueHus OXpaHbL Opr)Ka}OHICﬁ CpEnbl. TpaL[I/ILII/IOHHO HCIIOJIB3YIOTCSI TPU COCTABIISIOIINC: TOYHBIN THIT I(pO6PIJ'IbHOI71 YCTaHOBKH,
OIITUMAJIBHOE TOPHO-IIOIPY309HOC 060pyZ[OBaHHe M CKBa)KUHHBIN KOHBeﬁep. HoBast MoOwiIbHas I[pOGPUIBHaH YCTaHOBKaA SABJISCTCS 3HAYUTCIBHBIM YIIYUIICHUEM
10 CPaBHEHHUIO C [IEPBOHAYAJIBHBIMHA BapHaHTaMH, YTO, B KOHEYHOM UTOI'C, MOKET obecneYnTh He0OX0IUMbIE YCOBEPUHICHCTBOBAHHUA B TEXHOJIOTHH [TUKIHYECCKOIO
H3MEJIbYCHUS [J151 HU3KOCOPTHBIX U BBICOKOIIPOAYKTHBHBIX MCCTOpO)K,HeHPIﬁ. 3TO, B CBOIO OY€pEaB, NaCT 3HAYUTEIbHBIA SKOHOMHYECKUI POCT.

Kntouesvie cnosa: YUKTUYHO-NOMOYHASA MEXHONI02UA, HU3KOCOpMmHble ,\4801’1‘[0p0{)f€0€1~tu}1, coseputeHcmeosanue mexnoaiocul, opOﬁufletl}l ycmanoska,

NpoU3BOOUMENLHOCHIb, OKPYICAIOWAs. Cpedd, CHUIICEHUEe 3ampam, 000blua.

Introduction

The mining industry is structured so that drilling and
blasting operations have become some of the most important
components in recent years. The volumes of exploding rocks
have been growing continuously, thus increasing the demand
for technologies that can accelerate the mining processes,
adhere to the cost considerations and facilitate environmental
management in the best ways possible. Cyclic-flow
technology for deposits characterized by low ore content
and high productivity has emerged as one of the ideal ways
of addressing various concerns in the mining processes and
the industry at large. In this context, the emphasis is on
analyzing how improvements can be facilitated in cyclic
technologies to meet the required performance and efficiency
expectations moving into the unforeseeable future.

Background Analysis

The use of cyclic-flow technology schemes characterized
by mobile crushing and reloading complexes in the
context of open cast mining has been in practice in recent
years. A comprehensive analysis of the cyclic-flow
technology schemes comprising the mobile crushing
schemes and reloading complexes that have continued
being used in open cast mining indicates various aspects
of the radical improvement associated with it. These
include the creation, development, and implementation

T'opnuwti scyprnan Kazaxcmana Nell’ 2022

of the new mining transport equipment facilitated by the
quarry’s technological schemes [1].

Such aspects entail the mobile excavators crushing and
the transshipment plants on top of the conveyor systems.
Technological schemes for the development of rocks
facilitated by the end arrangement of the mobile complexes
that use the single bucket excavator and conveyor transport
have been facilitated [2, 3]. They are continuously enhanced
by the utilization of mobile complexes and the increased width
linked to the working platform in the wake of transportation.

There is also the presence of the mobile interstage loading
crane that is equipped with sequential mining at three horizons.
It is a situation that has paved the way for the methodology
linked to determining the working time and the aspect of the
annual productivity associated with mobile crushing and
handling conveyor complexes [4] The understanding in that
regard is that in the context of the open-pit mining associated
with the mineral deposits of uniform strength and diverse
aspects of the contents, it becomes instrumental in relying
on the use of the technological frameworks that adhere to the
needs of performance and efficiency at any given moment.

Current Alternatives

At the moment, it is documented that there are three
distinct frameworks of cyclic-flow technology for deposits
characterized by low ore content and high productivity.
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They differ in terms of the types of machinery and
installations used. Moreover, some differences are linked
to their location in the face based on the utilization aspects.

The First Option

The option is associated with the installation of the
mobile crusher in the face, as depicted in figure 1 [5], where
the rock has to be loaded into the crusher by the excavator
operating via the hopper feeder that functions as an integral
part of the whole system. The crushed ore downhole
conveyor has to be moved directly to the intermediate or the
main conveyor. It can be noted that the notable weakness
associated with this approach is that there has to be a focus
on fencing the conveyors on the lower sides during the
blasting and the systemic movements.

Second Option

The approach focuses on installing the mobile conveyor-
reloader between the downhole conveyor and the mobile
crusher, as captured in figure 2 [5]. It will be realized that the
mineral ore is usually loaded into the crusher by using the
excavator via the hopper feeder. The mineral ore from the
crushing plant is eventually transferred to the mobile conveyor-
reloader before it is further taken to the downhole conveyor [6].
The understanding in that regard is that the stated technology
allows the mining professionals to reduce the movements of
the downhole conveyor in a move that ensures that they are
placed at a great distance away from the bottom.

Third Option

The whole approach is usually based on using mobile
crushers located at the working site, as captured in figure 3
[5]. The understanding is that the single-bucket wheel loaders
undertake coordinated activities that include extraction,
loading, and delivery of the mineral ore mass to the crusher.

It is an approach in which the movement of the crusher
and that of the conveyor are established as being less
frequent than in the case of the first and second approaches.
Moreover, the distance associated with the delivery of the
ore from the bottom using the single-bucket loader becomes
instrumental in determining the movement steps.

Analysis of the scientific literature based on the studies
undertaken by [7] it is stipulated that the emphasis is
laid on the presentation of the basic methods associated
with the development of the deposits by using the mobile
crushing complexes. The implication is that moving
forward, there is the need to focus on establishing an
efficient technological scheme for such endeavors.
Moreover, the effectiveness and rationality of using the
cyclic-flow technological schemes that rely on the mobile
crushing-reloading-conveyor complexes (MCRCC) have
to be based on specific mining and geological conditions.

Similarly, whenever the mining experts and management
teams determine that the use of mobile crushing complexes
has to be considered, it becomes necessary to predict the
efficiency linked to the mining endeavors. Moreover, it
also becomes essential to consider the reliability of the
equipment complex and the exceedingly necessary aspect
of the environmental effects of such comprehensive and
technologically enhanced mining processes'. The implication

in that regard is that whenever the decision-makers
pronounce themselves on the way forward concerning the
use of the cyclic-flow technologies that are based on the
mobile crushing complexes, [8] point out that it is incumbent
upon them to work in a manner that will ensure the scientific
substantiation and systematization of the mining schemes.

Methodological Framework

Choices have to be made concerning the optimal
technological approaches that have to be used within the
realms of the MCRCC framework. Various conditions
have to be made in the decision-making endeavors. First,
a choice has to be made on the exact type of crushing plant
that has to be used, given the attainment of the maximum

[T
-,

Figure 1. The first option with the installation
of the mobile crusher in the face.
Cyper 1. Bipinii HycKa KeHKapFa OPHATBLIFAH
MOOWIB/I YCATKBIIITHI.
Puc. 1. IlepBblii BApHAHT € YCTAHOBKOW MOOUIbHOI
APOOUIIKHU B 3a00e.

Figure 2. The second approach on installing the mobile
conveyor-reloader between the downhole conveyor and
the mobile crusher.

Cypert 2. YHFbIMa KOHBelepi MeH KbL/KbIMAJIbI
YCATKbIII APACHIH/A KbIIKBIMAJIbI KOHBeHep/i KaiiTa
JKYKTey/li OpHATYABIH eKiHIIi TIcimi.

Puc. 2. Bropoii moaxox mo ycraHoBKke MOOHJIbHOTO
KOHBeliepa-neperpyskartesisi Me:xKAy CKBAKHHHBIM
KOHBeliepoM M MOOH/ILHO APOOUIKOI.

Figure 3. The third approach based on using mobile
crushers located at the working site.

Cypert 3. YmiiHmi T9CiJ1 :KYMbIC QJIaHBIHAA OPHAJIACKAH
JKBIUIKBIMAJIBI YCATKBIIITAPABI KOJJIAHYFa
Heri3/1eJrex.

Puc. 3. Tperuii noaxo 0CHOBAH HA UCIOJb30BAHUH
MOOMJIBHBIX IPOOUJIOK, PACIOT0KEHHBIX
Ha pa0oueii momanKe.

!Khokhryakov B.C. Open pit design. — Moscow: Nedra, 1992. 383 p. (in Russian)
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productivity of the excavator. Moreover, the required
lumpiness of the mineral ore associated with the various
mechanical and physical properties has to be explored.

The second necessary aspect is to select the optimal
mining and handling equipment that aligns with the expected
technological parameters. Some of the leading parameters that
must be considered are the capacity associated with the excavator
bucket, discharge height, and the mechanism of loading into
the crusher hopper. It is closely followed by the third condition
of considering the presence and types of the re-loaders.

The third expectation and condition that has to be observed
in the context of the comprehensive MCRCC framework is
the selection of the downhole conveyor that can either be
telescopic or mobile based on the prevailing circumstances and
preferences. The fourth consideration is based on the choice of
the installation method that has to be linked to the crushing
plant in the loading process and other related aspects. Lastly,
the emphasis must be placed on seclecting the installation
methods and moving the aspect of the inter-step loading crane.

Comparative Analysis

Decisions have continued being made by the mining
engineers and the management teams of the various mining
companies concerning the right versions of the three
approaches of the cyclic-flow technology aspects that have to
be used at any given moment. A comparative analysis of the
three approaches commonly used in the current dispensation
is facilitated by the data captured in the graph (figure 4) [5].

The graphic information above indicates that all
three versions of cyclic-flow technology schemes are
associated with the increase in length of the block, as
is the case from 200 m to 1800 m. It is associated with
increased annual productivity from 3.5 to 5.8 cubic
meters per year. It is displayed in the graph that the
system performances associated with the first and the
second approaches/options have almost similar values.

It is evident in the second option that the increase in
the extent of the length of the block from the initial 500
meters leads to a reduction in the levels of performance as
compared to the case of the first option of the cyclic-flow
technological scheme. In the case of the third option, it is
evident that the system’s performance is comparatively
faster with the small block length. The increase in the
length of the same block from a figure in the region of 700
m led to rapid instances of increases.

The implication in that regard is that the low performance
of the system in the context of the length that is up to 700
meters can be related to the reasoning that the third option
of the cyclic-flow technological scheme is associated
with the larger number of idle transfers of the complex. It
is a situation larger than observed in the first and second
approaches/options, respectively.

Based on the observations made in the case above, the
implication is that there has been a focus on the development of
the methodology whose rationale is to ensure the determination
of the two aspects. They include the annual productivity and
working time associated with the MCRCC framework that
has to be compared to the three approaches/options of cyclic-
flow technological schemes that have been reviewed. The
emphasis, in that case, has to be laid on the need to establish

T'opnuwti scyprnan Kazaxcmana Nell’ 2022

the dependence of the annual productivity associated with
the block length of the MCRCC framework [9].

Alternative Approach/Option

The prospect of improving the cyclic-flow technology for
deposits with low ore content and high productivity calls
for the need to implement a proven effective and efficient
framework based on past performance levels. A comparison
of the three options of the cyclic-flow technological schemes
that have been considered in this context reveals that there is
the need to formulate a comprehensively new technological
approach linked to the MCRCC framework that will be relied
upon to ensure the provision of the high system performance
while ensuring low time spent on idling.

The need to have a system that adheres to the above
requirements paves the way for the formulation of the new
technological framework characterized by the development
of the overburdened ledges equipped with the central
heating system necessary for the deposits with low ore
content and high productivity based on MCRCC. It,
therefore, follows that such a comprehensive and efficient
system is recommended moving forward. The figure 5 [5]
illustrates the necessary framework.

A concise overview of the new system indicates that it is
organized and structured in ways that work on two horizons.
According to [10], the implication is that the downhole
conveyor has to be installed on the upper ledge for efficiency
purposes. The development of the new MCRCC framework
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Figure 4. Three versions of cyclic-flow technology
schemes are associated with the increase in length
of the block.

Cyper 4. Hukaaik aFrbIHABIK TEXHOJOTUAJIBIK
cxeMaJjiapAbIH YII HYCKAChI 0JIOK Y3bIHABIFbIHBIH
YJIFalobIMeH 0aiJIaHbICTBI.

Puc. 4. Tpu BapuaHTa TEXHOJIOTUNYECKHX CXEM
€ HIMKJINYECKHM MOTOKOM CBSI3aHBI
¢ YBeJIMYeHHUEeM IJIMHBI 0JI0KA.

Horizont ~15 m

aoogesagpessageasgpasagpaceqpasagpasappasagren

Horizont -15 m

Figure S. The necessary framework.
Cyper 5. KaxeTTi mekreyaep.
Puc. 5. Heo0xogumble paMKH.
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Figure 6. The performances of the new MCRCC
framework tend to increase with the length
of the block.

Cypert 6. /KaHa KbLIKBIMAJIBI YCAKTAy-KalTa THEY-
KOHBeliepJik KemeHaepAiH eHiMaixiri 0,10k
Y3bIHABIFBIMCH YJrasi/ibl.

Puc. 6. [Ipou3BoAUTEIbHOCTH HOBBIX MOOHJIBHBIX
JAPOOUJILHO-NIEPErPY30YHO-KOHBEePHBIX KOMILIEKCOB
HUMeEET TCHACHIMIO K YBCJIUICHHUIO C YBCJIMYCHUEM
JJIHHBI 0JI0KA.

leads to the need to compare it with the previous three
approaches/options that have always been at the disposal of
mining engineers and executives (figure 6) [5].

The data above indicate that the performances of the new
MCRCC framework tend to increase with the length of the
block. The situation is linked to the decreases in the number
of cycles observed during the working period around the
year. It can also be noted that studies have established that
the productivity of the MCRCC tends to increase with the
decrease associated with the specific time of the movement
of the downhole conveyor in the regular working cycle [8].

It is a situation that calls for comparing the new cyclic-
flow technological approach to the previous ones. In the
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IHHEPCIIEKTHUBbI OCBOEHUWA ITPECHDBIX
MNOA3EMHbBbIX BOJ MEJIOBBIX OTJIOXXEHUMA
KEMCKOI'O APTESUAHCKOI'O BACCEHWHA
B AKTIOBUHCKOMUA OBJIACTHA

AHHOTanus. B cTaThe mpeACTaBleH aHalW3 M3YyYCHHOCTH MECTOPOXKIACHUN MOJ3EMHBIX BOJ MEJOBBIX oTioxeHUU JKemckoro OacceiiHa MmiIacTOBBIX
¥ GJIOKOBO-IUTACTOBBIX BOJ| BTOPOTO MOPSIKA, OTHOCSMmErocs K IIpuKacnuiickoii cHCTeMe IUIaCTOBBIX BOJ apTE3HMAHCKOTO OacceiHa MepBOro MOpsaka B
npenenax AKTIOOMHCKO#M oOmacTu. [IpuBeeHsl akTyalbHbIE CBEJCHUS 00 3KCINTyaTallMOHHBIX 3allacax M MPOTHO3HBIX pecypcax MOA3EMHBIX BOJ, CTCTICHU
X M3YYEHHOCTH M OCBOCHMs. BbliesieHbl HanboJiee MepCrneKTHBHBIC IS 1eIei X035HCTBEHHO-IIUTHEBOr0 BOJOCHA0KEHHSI HACEIEHHBIX ITYHKTOB U IPO-
MBIIIJICHHBIX 00BEKTOB IPECHBIC M CIA00COJIOHOBATHIC BOABI, IIPUYPOUYCHHBIC K aTbOCKHUM OTIOKEHHUSIM HIIKHETO Mella, PaclpOCTPaHEHHBIC B Mpeiesax
JKeMmckoro apTe3amaHcKoro 6acceiHa MPAaKTHYECKH MOBCEMECTHO. IIpHBEIEHBI MEPCIEKTUBBI OCBOCHHS MPECHBIX MOJ3EMHBIX BOJ MEJIOBBIX OTIIOXKECHUN
JKemckoro apre3manckoro d6acceiiHa, B TOM YHCIIE 32 CYET X MepeOPOCKH B BOIOACHHUIUTHBIC PETHOHEI.

Knrouesvle cnosa: zanacvl nod3emuvix 600, pecypcvl NOO3EMHbIX 800, MeCmopodicoeHus, Kemckuil b6accelin, menogvle OMI0dACeHUs, 80003a00p,
Axmiobunckas o6aacme.

AKTO0e 00JbIchbIHAAFbI 7KeM apTe3uaH aja0bIHBIH OOp IIOriHAiJepiHiH TYIIBI KepacThbl CyJapblH MIepy

NepCcrneKTHBANIAPbI

Anparna. Makanaga Axre6e oGubichl meringeri KacnuiiMaHbl IUIACTTHIK Cy JKYHeciHiH OipiHmi peTTi apre3uaH ajgabblHA )KAaTAaThIH CGKiHIII PeTTi
IJIACTTHIK JKOHE OJOK-1IacTThIK JKeMm anaObIHbIH OOp IIOriHAiIEepiHAeTri kKepacThl CyJapbl KEHOPBIHAAPBIHBIH 3epTTeiyiHe Tanaay Oepinres. JXKepactbl
CyJIapbIHBIH MaliaaHy KOpJapbl MEH 0OJDKaMIbl peCypCTaphl, OJap/AblH 3€PTTENy )KOHE UTepiily Jopekeci Typaibl 03eKTi ManiMerTep Kenaripiarex. XKem
apTe3naH ala0bIHBIH OapJiIblK JKepiHJe AEpJiK TapajfaH TOMEHI1 OOpAbIH ajab0 IIeriHailiepiHe KaTBICTHI TYIIBI JKOHE a3fall allbl CyJiap el MEKeHIep
MEH OHEPKICINTIK HbICAHIAp/bl LIapyalIbUIbIK-aybl3 CYMEH KaMTaMachi3 €Ty YIIiH €H IepCIIeKTHBabl 60JbIN TaObuIagbl. JKem apre3uaH anaObIHbIH 00p
MOTIHAIIEPIHEH TYIIbI )KePACThl CyJapblH, OHBIH IMIIHIE OJap/Abl CYy TAMMIBUIBIFEI 0ap aiiMakTapra O0epy apKbUIbl UTEPy MEPCHEKTHBAIAPbl KOPCETIITEH.

Tyuinodi co3zoep: dcepacmul CyIapbiHbIY KOPbL, HCEPACbL CYAAPLIHbIY PECYPCMAapbl, HCepacmul CYyIapblibly KeH opbinoapbl, XKem anabul, bop wozindinepi,
cy anabwi, Akmebe obvICHL.

Prospects for the development of fresh groundwater from the Cretaceous deposits of the Zhem artesian basin in
the Aktobe region

Abstract. The article presents an analysis of the study of groundwater deposits study in the Cretaceous sites of the Zhem basin of the second order
formation and block-formation waters, related to the Caspian system of formation waters of the first order artesian basin within the Aktobe region. Up-to-
date information about operational reserves and forecast resources of groundwater, the degree of their study and development are given. Fresh and slightly
brackish waters confined to the Albian deposits of the Lower Cretaceous distributed almost everywhere within the Zhem artesian basin and are singled out
as the most promising for the purposes of domestic and drinking water supply of settlements and industrial facilities. The prospects for the development of
fresh groundwater from the Cretaceous sites of the Zhem artesian basin, including their transfer to water-deficient regions, are presented.

Key words: groundwater resources, groundwater reserves, deposits, fresh water, Zhem water basin, Cretaceous deposits, water intake, Albian deposits,
Caspian system, Aktobe region.

BBenenue

AKTIOOMHCKas 007acTh, KaK U BCE aJIMHUHHUCTPATHB-
HBIe eqUHUIBI 3anagHoro KazaxcraHa, OTHOCHUTCS K BO-
J0e(DUIUTHBIM PETHOHAM KaK IO TOA3EMHBIM, TaK U IO
MMOBEPXHOCTHBIM BogaM. COTracHO JaHHBIM Y IPaBICHUS
BOJOCHA0XEHUs U BOAOOTBeneHuss KomureTra mo gemam
CTPOUTENHCTBA U KUJIHUITHO-KOMMYHAJIBHOTO XO3sHCTBA
MuHHCTEPCTBA HHAYCTPUU U HHPPACTPYKTYPHOTO pas-
ButHs Pecrmybmmku KazaxcraH, K yciyram BojgocHa0xe-
HHUS AUMEIOT nocTyn 196 u3 315 ceabCckmx HacEIeHHBIX
MMYHKTOB AKTIOOMHCKOH obsracTu!.

IToTpeOGHOCTH B IPECHOM BOJIE JJIsT XO3SIMCTBEHHO-ITUTh-
€BOr0 BOJOCHAOXEHUSI HAaceleHUs AKTIOOMHCKOW 00-
macti® K 2030 T. MOXET BO3PACTH C YUETOM HBIHEITHETO
Bomootbopa oT 163,4 teic. M*/cyT. 10 321,06 ThIC. M*/CyT.
CrnemoBaTenbHO, JOMOJHUTEIbHAS MOTPEOHOCTh 00JacTH

B mpecHo# Boge k 2030 r. coctaBut 157,66 ThIC. M*/CyT.
VBenuueHne MoTpeOHOCTH OOOCHOBBIBAETCS €CTECTBEH-
HBIM POCTOM HaceJeHHs 00JIaCTH, KOTOPast BBIICISETCS aK-
TUBHBIM Pa3BUTHEM MPOMBINUICHHOCTH Ha ()OHE HATIMIHS
3HAYNUTEIBHBIX MUHEPAJIbHO-CHIPHEBBIX PECYPCOB U ILIO-
naaei CellbCKOX03IMCTBEHHOIO Ha3HAYEHUS .

Hawnbosee nmepcrekTUBHBIM I eI BOJOCHAOKEHHUS
KaK HACEJICHHBIX IYHKTOB, TaK M IPOMBIIUICHHBIX 00B-
€KTOB 00JIACTH, SIBIISIFOTCS MPECHBIE U CI1a00COTOHOBATHIE
MMOJI3EMHBIC BOJBI, IPUYPOUYCHHBIE K MEJIOBBIM OTIOXE-
HHSIM, PacCIpOCTPaHEHHBIM B KOHTYpe JKeMCcKoro apTe3u-
a"ckoro Oacceiina. XXemckuii (panee — DMOUHCKUIA) Oac-
CEHH IUIACTOBBIX U OJIOKOBO-ILIACTOBBIX BOJ BTOPOTO MO-
psnka otHocuTcs K [Ipukacnuiickoil cucTemMe MmiaacTOBBIX
BOJI apTe3WaHcKoro OacceiiHa mepBoro mopsiaka [1, 2].
IInomanes Oaccelina 3aHmmaeT okoso 100 TeIC. KM?Z,

!Kapma no 600oobecneuenuro cenbCkux HaceieHHblX NYHKMos Ynpasnenus 6000CHabceHus i 60000meedenusi Komumema no denam cmpoumenscmea u iicu-
JUUHO-KOMMYHATbHO20 X03siucmea Munucmepcmea unoycmpuu u ungppacmpykmyproeo pazeumusi Pecnybnuxu Kasaxcman. hitps://auylsu.kz/provision/2.
’Cmonsp B.A., Bypoe B.B., Mycmacaes C.T. Boouwie pecypcor Kazaxcmana.: oyenka, npozrnos, ynpaenenue. — Aimameor: Hnemumym 2eoepagpuu, 2012.
— Tom XIX. Iloozemnvle 6001 Kazaxcmana: obecneyennocmy u ucnonvzosanue. — 402 c. (na pycckom sazvixe)

3Jean Margat, Jac van der Gun. Groundwater around the World. A Geographic Synopsis. — CRC Press: A Balkema Book, 2013. — 341 p.
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Tabnuua 1
Obecneuennocms nOO3EMHBIMU 600aMU CENbCKUX HaceneHnvlx nynkmoe (CHII) Akmioounckoii oonacmu !
Kecme 1
AKmooe 00bichl ayvliovlk endi mekenoepiniy (AEM) scepacmul cynapvimen Kammamacolz eminyi
Table 1
Groundwater supply of rural settlements (RS) of Aktobe region
HNmMmerot g0cTyn K BOZOCHAOKEHUIO He nMmeroT gocTyna Kk Bog0CHa0KeHUIO
AHMHHHC.,T paTuBubie Koauuecto CHII Haceaenue Koaunuecrso CHIL Haceaenue
paiioHbI ] % * | % ] % | %
efl. qeJl. el. YeJl.
AliTekeOuitCKuii 18 67 21643 89 9 33 2542 11
AJITUHCKU 18 62 18294 89 11 38 2150 11
Baitranuackui 10 43 19195 83 13 57 3804 17
Wprusckuit 14 78 13318 89 4 22 1580 11
Kaprammuckwii 12 80 16087 95 3 20 812
Mapryxckuit 23 72 28971 97 9 28 833 3
Myramxapckuit 16 47 13489 77 18 53 4048 23
Temupckuit 13 52 32431 91 12 48 3303 9
Yunckuit 15 68 17290 93 7 32 1248 7
XobauHCKHN 14 45 14950 82 17 55 3332 18
Xpomrayckuii 16 59 14953 93 11 41 1189
[Tankapckuit 27 84 17182 97 5 16 584 3
Hroro o obmactu 196 62 227803 90 119 38 25425 10

U3 KOTOPBIX 96 ThIC. KM? WK 85% OTHOCHTCS K CEBEpO-
3amaJHON 9yacTH AKTIOOMHCKOM obmactu (puc. 1).

Martepuajibl 1 METOABI

3a OCHOBY B3STHI aKTyaJbHbIC NaHHbIe KagacTtpa me-
CTOPOXKIEHUU IMOA3EMHBIX BOX*, CIPaBOYHUKA MECTO-
pOXIEeHUH Moa3eMHBIX BoJ KaszaxcranHa m psify Apyrux
HCTOYHUKOB [2-6].

Mertonnka TpOBEACHUS HCCIEIOBAHUS OCHOBAaHA Ha
KOMIUIEKCHOM CTI0co0€, BKIIOUAOIIeM B ce0st TeopeTnye-
CKUW aHAJIN3 U CUCTEMHBIA MOAX0] K cOOpy u 00paboTKe
AKTYaJIBHOM Ie0JIOr0-THIPOTe0IOrHYecKoi HH(opManm,
cMMOMO3 METOJI0OB OLIEHKH, IIPOTHO3a W YNPABJICHUS BO-
JHBIMU pecypcamu. [IpoananusupoBaHbl JaHHBIE O 381
MECTOPOXIACHUIO IMOJ3EMHBIX BOJ AKTIOOMHCKOW 00ia-
CTH, U3 YHCJIa KOTOPBIX BBIJEICHBI MECTOPOKAeHUs JKem-
CKOTO apTe3MaHCKOro OaccelHa, B TOM YHCIE, IPHUYpO-
YEHHBIE K MEJIOBBIM OTJIOKCHHSIM.

PesynbTarsl

AHanm3 JaHHBIX YTPaBICHUS! BOAOCHAOKEHUS M BOJIOOT-
BeZieHnss KomuTeTa 1o /1emaM CTPOUTENbCTBA M KHITHIIHO-
KOMMYHQJIBHOTO XO3SHCTBa MMHHCTEPCTBA WHIYCTPHUA W
nH(ppaCcTpyKTYpHOTro pa3Butus Pecrryommkn KasaxcraH, cBe-
JICHHBIX B Ta0JI. 1, MOKa3bpIBaeT HATMYKE [IEHTPAITM30BAHHOTO
BOIOCHAOXKEHUS B 62% CEIbCKUX HACEJICHHBIX ITyHKTAX WIIN
moctyn 90% CembCKOro HacelIeHHs O0JIACTH K IICHTPAIH30-
BaHHOMY BOJIOMCTOYHHKY Ka4E€CTBEHHBIX ITOJI3EMHBIX BOI.

CTOUT OTMETHTH, YTO YIIpPaBICHHE BOJOCHAOXKEHHS M
BOZI0OTBeZIeHNs] KoMuTeTa 1o [ieitlaM CTPOUTENBCTBA U JKH-
JINITHO-KOMMYHAJIBHOTO X03SICTBa HE IPUBOIUT JTAHHBIX O
ropoJiax, Iie HEeHTPAIN30BAHHOE BOJOCHA0KEHNE NMEETCSI.

Tame, HC MPUBOAATCA CBCACHHS O CCJIbCKUX HACCIICHHBIX
IIYHKTAax, pacClnoJIO’KCHHbIX Ha 3€MJIAX, TOJYUHCHHBIX MacC-
JuxXarty r. AKTO6C, HAaCCJICHUEC KOTOPbIX, B OCHOBHOM UMECT
AOCTYyII K BO,Z[OCH&6)K€HI/IIO, 100 YiKE BEAYTCS ITOUCKOBO-
Pa3BCIOYHBIC pa6OTLI C IICJIBKO UX BOI[OOGGCHG‘ICHI/IH.

A
;i
o

/ Chd : < e a 7

et ; &) ¥ 1&&

Puc. 1. ’Kemckuii 6acceifH MJIaCTOBBIX U 0JIOKOBO-

IJIACTOBBIX BOJ BTOpPOro nopsiaka Ipukacnuiickoii

CHCTeMBbI IJIACTOBBIX BOJ APTE3HAHCKOI0 0acceiiHa
NepBoOro MopsiaKa.

Cyper 1. Bipinmi perri apTe3nan 6acceiininin Kacnuii
MaHBbI Ka0aT cyjapbl skyleciHiH ekiHlIi peTTi KadaT
JKoHe 0JI0K-Ka0aT cyJapbIHbIH 2Kem 0acceiiHi.
Figure 1. Zhem reservoir of formation and block-
formation waters of the second order of the Caspian
system of formation waters of the artesian basin
of the first order.

‘Kaoacmp mecmopodicoenuti nodzemuulx 600 ¢ 3anacamu, ymeepacoennvimu I'K3, TK3 ons numvesvlx u mexnuueckux 600 no Pecnybnuxe

Kazaxcman na 01.01.2021 2.
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Tabauya 2
3anacwl noozemublx 600 Akmrwounckou oonacmu no cocmosnuio Ha 01.01.2021 2.
Kecme 2
AKmooe obnvicoinblH Heepacmul cynapwviivi Kopol 01.01.2021 snc.
Table 2
Groundwater reserves of the Aktobe region as of 01.01.2021
3anacel 10 KATEropusiM, CymMapHbIe
KonuuecTBO 3, 3abasiaHcoBbIE
. ThIC. M'/CYT. IKCILIyATALIHOHHBIE
HaumeHoBaHue MeCTOPOKIeHMI, 3anachl,
en A B C C JANAackl, TBIC. M*/CYT
’ 1 2 ThIC. M*/CYT. ) )
Bcero no obmacty, B T.4.: 381 699,88 | 658,96 (416,14 | 140,07 1915,06 53,12
B METIOBDIX OTTOACHILIX 156 262,95 | 266,73 | 320,38 | 58,26 908,31 29,25
1o o01acTu
o XKemckomy Oacceitny 165 180,78 230,99 | 255,19 | 88,46 755,41 34,13
B MEJIOBBIX + '-leTBepTI/I‘IHI)IX
oTnoxeHusx JKemckoro 120 176,83 | 211,56 |242,01 | 58,16 688,56 29,25
Oaccelina, B T.4.:
B MEJIOBBIX OTHOMCHIBIX 116 167,51 205,10 | 238,47 | 41,96 653,03 29,25
JKemckoro Oacceiina, B T.4.:
¢ MuHepamusarueit 10 1 r/mv’ 111 132,83 135,76 (225,35 | 58,16 552,10 29,25
¢ MuHepanm3aueit 1-3 /o’ 9 44,00 | 75,80 | 16,66 - 136,46 -
B MEJIOBBIX 1+ YETBEPTUUHBIX
OTIIOKEHHIX JKeMCKoro 4 9,32 6,46 3,55 | 16,20 35,53 —
Oacceiina

VpOaHuzanysi, aHATOTMIHO APYTHM KPYITHBIM Topoaam Ka-
3axCTaHa, IPUBOJUT K POCTY HACEIICHUS T. AKTOOE U yBeIHde-
HUIO TIPIJICTAFOIIAX K HEMY CEJIbCKHIX HACEICHHBIX ITYHKTOB U
JKIJIBIX MACCHBOB, CIICOBATEIIFHO, W K TOBHIIICHUIO TIOTPEO-
HOCTH B XO3SMCTBEHHO-TIMTHEBOM BoJE. JIi1sl perieHus: JaHHO!
3aJ1a9d B TIOCJICTHHUE TOIBI MIPOBOISTCS KaK ITOMCKOBO-Pa3Be-
JIOYHBIC PAOOTHI B paliOHE CEILCKUX HACEIICHHBIX ITYHKTOB C
HEOOJIBIION TIOTPEOHOCTHIO, TaK U TIEPEOIICHKA HEIKCIDTYaTH-
PYEMBIX MECTOPOXKACHUH MOI3EMHBIX BOJ MEIIOBBIX OTJIOXKE-
HUH, pacTioIO’KeHHBIX B pamuyce 40-80 kM ot r. AkTooe (Moun-
ceeBckoe u CapriOymakckoe). [IpecHbIe TOBEepXHOCTHBIC BOIBI
B IIpeeIiaX pacCMaTPUBAEMOI 00JIACTH BBUITY OTPAaHUICHHOTO

= AJIMaTHHCKast
= BocroyHo-KazaxcraHckas

= ATbIpayckast
= CeBepo-Kazaxcranckas

Puc. 2. PacnpegesieHne 3KCIIIyaTAIMOHHBIX 3aI1aCOB
MOJA3eMHBIX BOJ 0 cocTossHNIO HA 01.01.2021 r.
10 AAMUHHUCTPATUBHBIM 00J1acTAM, %o.

Cyper 2. 01.01.2021:x. sxepacThbl CyJapbIHbIH
NaiIaJIaHbLIATBIH KOPJIAPBIHBIH OKIMILIJIIK ayaqaHnaap
OolibIHIIA OOJiHYi, %.

Figure 2. Distribution of exploitable groundwater
reserves as of 01.01.2021 by administrative regions, %.
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pacpocTpaHeHHS U TTOIBEPYKSHHOCTH aHTPOTIOT€HHBIM H KJTH-
MAaTHYECKUM H3MEHCHHSIM TSI XO3SMCTBEHHO-ITUTHEBOTO BO-
JTOCHAO)KEHHSI TIPAKTUICCKU HE FCITONTB3YFOTCSL.

[IporHO3HBIE peCcypchl MPECHBIX W CIA00COJIOHOBA-
TBIX IOJ3EMHBIX BOJ AKTIOOMHCKOW oOiracTu! omeHeHa B
9419,7 TeIC. M?/CyT., B TOM YHUCJIE, IPECHBIX BOJ C MHHEpa-
nuzanwueit 1o 1,0 /nm® — 5434,7 teic. M¥/cyT., ¢ MUHEpaIH-
sarueit 1,0-3,0 r/am® — 3985 Thic. MP/CyT., 4TO COCTaBISET
6% OT 00ImUX pecmyOIIMKAaHCKUX MTPOTHO3HEIX PECYPCOB, B
TOM YHCJIE IJIs1 HPECHBIX BOJ — 4,9%.

Cornacuo Kapactpy?®, cyMMapHbIe 3SKCIUTyaTalHOHHBIC
3amachl MOJ3eMHBIX BOJ coctaBisiior 43076,9 Teic. M¥/cyT.,

= XKamGb1icKas 100,0

= [TaBnonapckas

= KaparanjuHckas

= TypkecraHckasi

= AKTIOOMHCKAsI 50.0

= KpI3bUTOpIMHCKAS 2

= KocraHaiickast

= AKMOJIMHCKast

= MaHrucrayckast

= 3ananHo-Ka3zaxcraHckas 0,0 1 T T

MecrtopoxxaeHus, % 3armace1, %

B He skcruryatupyercd B OKCIUIyaTHpyeTcs

Puc. 3. CTeneHb 0CBOEHHOCTH MeCTOP 0K CHUI
MO/I3eMHBIX BOJI AKTIOOMHCKOM 001acTH, %.
Cyper 3. AKT60€ 00JIbICBIHAFBI KePACTHI CyJIapbl KeH
OPBIHIAPBIHBIH UIepiny adpeskeci, %.

Figure 3. The degree of development of groundwater
deposits in the Aktobe region, %.
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Taonuua 3

Haubonee Kpynuvie Mecmopoicoenus npecHvlx no03emMHuulx 600 Kemckozo 6acceiina, npuypoueHHnule K Mea08bim
omnodiceHuam (no cocmosnuio na 01.01.2021 2.)

Kecme 3

Kem cy anabvinoazel 60p 02yipinin wozindinepimen wieKmeizeH myuibl Hcepacmaol CyaapblHblH ipi KeH OpblHOapbl
(01.01.2021 >1cazoait 6outbiHIUa)

Table 3
The largest deposits of fresh groundwater in the Zhem basin, confined to the Cretaceous deposits (as of 01.01.2021)
HauMeHoBaHme Hupexc IKCNIyaTauoOHHbIE BonootGop
BO/IOHOCHOTO 3amnacsl,
MeCTOPOK/IEHUS 5
TOpH30HTA TBIC. MY/CYT. ThIC. M*/CYT. % OT YTBepsKAeHHBIX 3a1ACOB

Koxoxnne K,al 196,5 10,2 (2020 1) 0,05
Kynpmakrakeipckoe K,al 46,65 18,8 (2012 1) 40
MomuceeBckoe Kal 41,5 HE DKCIUTyaTUPyeTCs 0
Kapxambicckoe K,al 37,0 HE DKCILTyaTUpyeTCst 0
bornanosckoe K,al +aQ 33,0 15,1 (2012 1) 46
[y6apckoe Kal+Ks 28,9 HE DKCILLyaTUPyeTCs 0
Caperi0ymnakckoe K,al 22,0 HE DKCILTyaTupyeTcs 0

B TOM ymcie 1o 381 MeCTOpPOXKIACHMIO, PaCIOI0KEHHOMY B
npezenax AKTIOOMHCKON 00JacTH ¢ CyMMapHBIMH 3ariacaMmu
1915,06 ThIC. M/CyT., uTO cocTaBsieT b 4,4% OT 00IIero
KOJIMYECTBA 3amacoB 1o peciryoiuke (puc. 2). Kpome aroro,
B Ipejiesiax AKTIOOMHCKOH 00JIacTH MMEIOTCS 320a1aHCOBbBIE
3arachl MOJA3EMHBIX BOJI B KOm4ecTBe 53,12 ThiC. M*/CyT., UC-
T10JIb30BaHNE KOTOPHIX HA MOMEHT OLIEHKH ITPU3HAHO HEellee-
COO00PAa3HBIM M0 TEXHHUKO-3KOHOMHYECKHUM JIHOO SKOJIOTHYe-
CKHUM IIpU4YMHAM. MECTOPOXKIEHNSI MUHEPAJIBHBIX BOJ B IIpE-
JIeJlaX paccMaTpuBaeMoro OacceiiHa Ha OajaHce He COCTOSIT.
Ha ocHOBe COOTHOIIIEHHUSI BEIUYUH OKCILTYaTallMOHHBIX
1 IPOTHO3HBIX PECYPCOB OLIEHMBAETCS PECYPCHBIN MOTEH-
muaja nmoA3€MHbBLIX BOA M MEPCICKTUBLI UX OCBOCHUA IJIA
TeppuTOpun HuccienoBaHuii. OTHOILIEHUE pa3BeIaHHbBIX
OKCILTYyaTallMOHHBIX 3aI1aCoB MMOA3€MHBIX BOJ K BCJIIMYMUHE
IIPOTHO3HBIX PECYpPCOB ONPENEIEHHON TepPUTOPUN ITOHHU-
MaeTcsl KakK CTeNeHb ee pa3Benannoct’ [3, 7, 8].
Pa3Be1aHHOCTh MPECHBIX M CIIA00COJIOHOBATHIX I0JI3EM-
HBIX BOJ, AKTIOOMHCKOM 00JiacTu cocrasisieT 29%, COOTBET-
CTBEHHO, JIUISl IPECHBIX BOJ ¢ MUHepanm3anuei 1,0 r/mm® —
36,2%. [1o TeppuTOoprH 00JIACTH UMEETCSI PE3EPB JIJISl Pa3Bel-
KH, OCBOCHH: U UCII0JIb30BaHU B IICPCIICKTUBE IIPOTHO3HBIX
PEeCypCOB IMOJI3EMHBIX BOJA. AHAJIM3 MaTEpUaloB MO3BOJISIET
BBLJICJIMTD 3allaChbl MOA3EMHBIX BO/, IPUYPOUYCHHBIX K MEJIO-
BbIM OTJIOKCHUAM, U PACTIPCACIINTD UX 110 MUHEPpAJTIU3alluu U
CTETIeHH U3y4eHHOCTH (Tabu. 2)%: 165 MecTOpOKIACHHH MOI-
3eMHBIX BOJ (43%) AKTIOOMHCKOW 00JIACTH C CyMMapHBbIMU
3amacamu 755,41 TeIc. MY/cyT. (47%) pa3BemaHbl B ipeenax
JKemckoro apre3naHckoro OacceiiHa, CyIIECTBEHHAsl 4acTh
KoTOophIX (73% wmecTtopokaeHud unu 91% oT yTBepxKIAeH-
HBIX 3aI1aCOB 0ACCEiTHA) OIICHEHA IO MEJIOBBIM OTJIOKCHHSIM,
B PC€AKUX ClIydasasX — COBMECCTHO C BOJaMH, IMMIPpUYPOUCHHBIMU

K YETBEPTUYHBIM OTJIOXKESHUSIM U THIPABINYECKH B3aUMOCBSI-
3aHHBIMH C TIOACTUIAIOIINMYU MEJIOBBIMH.

['eonoro-ruaporeosiornueckasi U3y4eHHOCTh MECTOPOXK-
IOEHUHW MOA3EMHBIX BOJ MEJIOBBIX OTJIOXKEHUH JKeMcKoro
OacceliHa JTOBOJIBHO BBICOKAs: IO NMPOMBIIUICHHBIM KaTe-
ropusiM oHa mocturaetr A + B — 388,39 Teic. MY/cyT. nim
56% OT cyMMapHBIX 3amacoB (TadJ1. 2). 3amackl KATErOPUH
C, cocrapnstor 242,01 teic. M¥/cyT. unu 35% ot cymmap-
HBIX 3aI1acOB, YTO, COIJIAaCHO YKa3aHHOM Kilaccudukanuw,
IT03BOJISIET UX BOBJIEKATh B DKCILIYaTAIMIO JJISI HYXK/I CEIlb-
CKHMX HACEJICHHBIX ITYHKTOB M OT/EJbHBIX BOJOIOJIb30Ba-
TeJel, MOTPeOHOCTh KOTOPBIX He mpeBbimaeT 1000 mM*/cyT.

[Toa3eMHBIE BOJBI NPHUYPOUYEHBI K OTJIOXKECHHUSIM Maa-
CTPUXTCKOr0, CAHTOHCKOIO, ajbOCKOTr0, CEHOMAaHCKOTO,
anT-HEOKOMCKOT'O BO3PACTOB, IPEIACTABICHHBIX IPEUMY-
LIECTBEHHO IECKaMH, MHOTJa TIIMHUCTBIMH; IIECUaHUKaMHU
C TIPOCJIOSIMH IJIMH, U PACIIPOCTPAHEHBI B Mpeaenax JKem-
CKOTro OacceiiHa MpakTUYeCcKH moBceMecTHO' [1-3].

IIpu ynanenuun ot Myrojkap, riie MEJIOBbIE OTJIOKEHUS
BBIXOJISIT HAa IMOBEPXHOCTh M IMPOMCXOAMUT IMUTAHUE IIOJI-
3EMHBIX BOJ 32 CUeT MH(UIbTPALMH, B F0)KHOM U FOr0-3a-
[1aTHOM HaIlpaBJICHUU MHUHEPAJIU3AIMs IMOJ3EMHBIX BOJ
Bo3pacraer ot 0,2-0,7 r/am® mo 2,7-24,8 r/mm* (cooTBeT-
CTBEHHO, MecTopoxaenus Kapatiobe IITB (K, al), Kapa-
Ti06e 0xnpiii I[ITB (K a)), yBenuuuBasich 3a npejaenamu
JKemckoro bacceitHa o Mepe Orpy KeHHUS.

MenoBbIe OTIIOKEHHSI paccMaTpUBaeMOro OacceiiHa xa-
PaKTEpU3YIOTCS] 3HAYUTEIIbHBIMU 3aIlacaMy MPECHBIX MOJI-
3€MHBIX BOJI, KOTOPBIE AOCTUTAIOT 75% OT yTBEP >KIAESHHBIX
(Taba. 2), mpu 3TOM MHUHEpaIU3alUs MOA3EMHBIX BOJI HaU-
0oJiee MEepPCHNEKTUBHBIX aJbOCKHUX OTIIOXKEHHUH B Ipeieirax
Oacceiina He TpeBbImaet 2,7 /oM.

Hzeun A.JI.  PecypcHwiil nOMeHWuanr npechvblx noozemuwvlx 600 Poccuu (pewenue

COBPDEMEHHBIX npO&JZeJVl ceonioeuvdecKkoco u3)/‘i6Huil).

/ Hucc... 0-pa eeon.-munepan. nayk, 25.00.07 — I'uopoeeonocus. — Mockea, 2015. — 330 c. (na pycckom sizvixe)

*Kaaccugpurayusi SKCNAYAmMAayUOHHbIX 3aNACO8 U NPOSHOZHBIX PeCYPCO8 NOO3EMHbIX 600. Ymeepoicoena npukazom Munucmpa snepeemuxu u npupoOHbIX
pecypcos Pecnyonuxu Kazaxcman 13.08.1997 2. Ne 99. — Anmamer, 1997. — 7 c.

"Cuodopenxo A.B. l'uopozeonoecus CCCP. — M.: Heopa, 1971. — Tom XXXV. 3anaonwiit Kazaxcman. — 522 c.
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[To XuMHYECKOMY COCTaBy MPECHBIC BOIBI AITBOCKHAX OT-
JIOKCHUW TMPEUMYIIECTBEHHO THAPOKAPOOHATHBIC, CYJIIb-
(haTHO-TUIPOKAPOOHATHRIC HATPHUCBEIC, CIIA00COIOHOBA-
TBIC — CYIb()ATHO-XJIOPHUIHBIC, XJIOPHUIHBIC HATPHCBEIC U
CMEIIaHHKIC C TIPE00IIaTaHueM aHHOHOB XJIOpa.

Hawuboiiee kpyImHbIE MECTOPOXKICHUS MTPECHBIX MOI3EM-
HBIX BOJI, IPUYPOUYCHHBIC K MEJIOBBIM OTJIOXKCHHUSIM JKeM-
CKOTO 0OacceifHa, MpeICTaBICHBI B Ta0JI. 3, COrJIaCHO KOTO-
PO, OOJBPITMHCTBO MECTOPOKICHHUI HE IKCILTyaTUPYETCs
WY SKCIUTyaTUPYETCsl HE Ha MOJHY0 MOIIHOCTD.

B menom, B mpenenax AKTIOOMHCKOM 00JIaCTH TEHCTBY-
et 71 Bogo3abop, cyMMapHBIi BOJIOOTOOD IO KOTOPBIM JI0-
cruraet 97,375 Thic. MY/CyT., uTO cocraBiser Jmiib 5,1%
OT YTBEPKIICHHBIX 3amacoB. CTOUT OTMETUTH, 4TO 12 BO-
J103a00pOB C CYMMAapHBIM BO100TO0pOoM 1,276 ThiC. M3/CyT.
SKCIUTyaTUPYIOTCS C HEYTBEPIKICHHBIMH 3allaCaMH, CJICI0-
BaTEJIBHO, BOJIOOTOOP C MECTOPOXKICHUH C YTBEPIKICHHBI-
MU 3aracamu eiie Menbiine — 4,8% (puc. 3)*.

3akjoueHue

Ha ocHOoBaHWMM NTpoaHaTU3UPOBAHHBIX MATCPHAIIOB MOXK-
HO KOHCTaTHPOBATH CIICIYIOIICE:

" IPECHBIC MMOJA3EMHBIC BOJBI MEJIOBBIX OTJIOKCHHUH
JKemckoro OacceifHa SIBJISFOTCS OJHHUM M3 OCHOBHBIX
HCTOYHUKOB XO3SMCTBEHHO-TIUTHEBOTO BOJIOCHA0XKE-
HUSI HACCJICHHBIX IMyHKTOB U MPOMBIIIICHHEIX 00BEKTOB
AKTIOOMHCKOM 00J1acTH;

* CTCIICHb U3YYCHHOCTH MECTOPOKIACHUN MPECHBIX MO~
3€MHBIX BOJ, MPUYPOUYCHHBIX K MEJIOBBIM OTJIOKCHHIM

JKemckoro OacceiiHa, IO3BOJISIIOT € MHHHUMAJIbHBIMA
3aTparaMH (B paMKax JOpa3BEJIKH U IEPEOIICHKN) IepeBe-
ctu 3anackl kateropun C, u C, B Gojiee BBICOKHE;

= 3amachl, cocrosmue Ha Oanmance mno kareropuu C,
MOXXHO OKCIUTyaTUPOBaTh Ui XO35HCTBEHHO-ITUTHEBOTO
BOJIOCHA0>KEHHUS CEIbCKUX HACEJICHHBIX ITyHKTOB, IOTPEO-
HOCTBh KOTOpBIX He mpesbimaer 1000 m*/cyT., 6e3 mpowus-
BOJICTBA 3aTPATHBIX ITOUCKOBBIX PadoT;

= ci1abasi OCBOCHHOCTh MECTOPOXKIACHUH MPECHBIX IO-
3€MHBIX BOJI, NPUYPOYCHHBIX K MEJIOBBIM OTJIIOKECHH-
stm JKemckoro OacceifHa, 3amachl KOTOPBIX JOCTHTAIOT
552,1 M*/cyT., IO3BOJIAIOT HE TOJIBKO MEPEKPBITh JOMOJI-
HHUTEIBHYIO TIOTPEOHOCTh B XO35IHCTBEHHO-ITUTHEBOM BOJIE
HaceleHuss AKTIOOMHCKOM o0nactu, koTtopas k 2030 r. co-
craButT 157,66 ThIC. M/CyT., HO U 0OECTICUUTH BOJION HAace-
JICHUE COCEIIHMX BOMOACHUIIMTHBIX 00JacTeH, TaKMX Kak
ATtbIpayckasi 1 MaHTBICTayCKasl, 32 CUET UX MTEPEOPOCKH;

* HUIMYME OLEHEHHBIX IPOTHO3HBIX PECYpPCOB IOJ3EM-
HBIX BOJ| AKTIOOMHCKOW OOJAacTH SIBIISIETCSI OCHOBAaHHUEM
JUISL TIOCTAaHOBOK IIOMCKOBO-Pa3BEJOYHBIX PabOT ISl MX
OIICHKHM 1 ITOCTAaHOBKHM Ha TOCYAapCTBEHHBIN OallaHc.

CTOUT OTMETHTH, YTO PAOOTHI B YaCTH NMEPEOPOCKH BO-
JTHBIX PECYPCOB B BOJOAEC(PHUIIUTHBIC PETHOHBI y>KE€ Ha4aThl.
B 2021 r. npousBeeHa MEPEOLEHKA SKCIITyaTallHOHHBIX
3amacoB MOJ3EMHBIX BOJ MecTopoxaeHus: Kokxkuzie ¢ 1e-
JIBI0 00ECTICUEHHSI XO3SIMCTBEHHO-ITUTHEBOW BOJIOH I'. ATBI-
pay ¥ HacCeJICHHBIX IIYHKTOB, KOTOPBIE PaCIIOJIAratoTCst
BIIOJIb TPOSKTUPYEMOTO BOJAOBOAA®.

$Byparxos M.M., Heorwocun B.B., [looonsuwii O.B. u op. Omuem o pesyromamax pabom no o6vekmy: «/lopazeedka ¢ yeavio nepeoyenKu IKCniLyamayu-
OHHBIX 3ANACO8 NOO3EMHBIX 800 Mecmopodcoenust Kokacude 6 Akmrobunckot oonacmuy, evinoanennsix ¢ 2019-2021 2e. ¢ noocuemom 3KCnayamayuoH-
Holx 3anacoe no cocmosnuio ha 01.11.2021 e. — Aamamuor: TOO HIITID «Kazl HJ[OK», 2021. — 291 c.
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K.B. PricoexoB, M.b. Hypneucosa, *X.M. KacsimkanoBa, I'.M. Keipruzoaesa

Satbayev University (e. Aimamst, Kazaxcman)

IT'EOJIMHAMMWUYECKUU U TEOTEXHUUYECKUHA
MOHMUTOPUHI COCTOSIHUSI TOPHOI'O
MACCUBA IIPU PABPABOTKE MECTOPOXJIEHUU
IMOJIE3HBIX NCKOITAEMBIX

AHHOTauusl. B cTaThe paccMaTpuBarOTCs CIIOCOOBI U METO/IbI IIPOBEICHHSI T€OAMHAMHYECKOT0 U FEOMEXaHHYECKOT0 MOHUTOPHHIA HA MECTOPOXKICHUSAX
MOJIC3HBIX MCKOIIAEMBIX, Pa3padaTblBAEMbIX OTKPBITHIM, MOA3EMHBIM U KOMOMHUPOBAHHBIM Ccrloco6amu. J{JIs MOJHOTHI U3BICUCHUSI MUHEPAIBHOTO CBIPHS
B OKCIIyaTalMi0 aKTUBHO BBOJSTCS 3aJI€XKH OJIE3HBIX MCKOMAEMBIX Ha OOJIBIINX IIyOHMHAX M 3aJerafollliX B CIOXHBIX TOPHO-ICOJOTHYCCKUAX YCIOBHUSX.
3/ech 0XKHUIAIOTCS OOJBIINE OCIOKCHHUS, CBSI3aHHBIC C T€OMEXaHMYECKON M I'e€OAMHAMHYECKOM CHUTyalMsIMU, B Pe3yJbTaTe KOTOPHIX MOTYT pa3pyIlaThCs
MPOMBIIIJICHHBIC 0OBEKTHI, XKHIIbIC JOMA U COOPYKEHHUS, @ 3TO, B CBOIO OYepelb, IPUBEACT K OONbIINM HUHAHCOBBIM yOBITKAM FOPHOA0OBIBAFOIIMX MIPE/-
MPUSTUH, YET0BEYSCKIM IIOTEPSAM U COLUAIBHOM HECTAOMIBHOCTH B TOPHOPYAHBIX pailoHax. Ha 0CHOBE IaHHBIX, MOJyYEHHBIX U3 T€0Ie3UYCCKHX, Fe0(hU3n-
YECKHX, a9POKOCMHUYCCKHUX HCCIIEOBAHHIT, TOPHOPYAHBIC MPEIPHUSITHS BBIIOIHSIIOT MOJCIHPOBAHNE TEOMEXaHUICCKUX M MO JUHAMUYECKUX [IPOIECCOB JIIIS
MPHUHATHUS YIPABICHYSCKUX PELICHUI 110 HUBEIMPOBAHUIO TEXHOJIOIMYECKOTO IPOM3BOJCTBA JUIsi OTBOJA HEIraTHBHOI'O BO3ICHCTBUS HA IPUPOIAHYIO Cpey,
B 1eJIsX oOecriedeHus 0e30macHON OTPabOTKH MECTOPOKACHUMN MOTE3HBIX UCKOMACMBbIX.

Kniouesnle cnoga: 2eonozus, cmpykmypa, mekmoHuKd, Memoouxd, 2e00e3udecKkas cemy, 2e00e3udecKue CbeMKu, CnymHUKOEble CUCIEeMbL, 2e00UHAMUYECKUTI
MOHUMOPUHS, CRYMHUKOBbLE CUCTEMbl, MOOEIUPOEAHUE, TA3EPHOE CKAHUPOBAHUE, 2e00UHAMUYECKUE NONUSOHbL, HANPAICEHHO-0e(hOPMUPOBAHHOE COCMOSHULE.

IMajinaasl Ka30aaap KeH OPBIHAAPBIH Hrepy Ke3iHJeri Tay-KeH MaCCUBiHIH Kal-KYHIHIH re0JMHAMHMKAJIBIK KJHe

r€OTeXHUKAJBIK MOHHTOpI/IHFi

Anjparna. Kazakcrad Tay-KeH OHepKaciOi KapKbIH/IbI JaMblI KeJie )KaTKaH esiepaiH 0ipi 00 Tadbl1aabl, COHABIKTAH MaKaliaja alllbIK, )KepacThl )KOHE apajiac
TOCIIZIGPMEH UIepisieTiH maiifanbl Ka3dasap KeH OpbIHAAPBIHIA T€OJHHAMHUKAIIBIK KOHE FeOMEeXaHUKAIbIK MOHUTOPHHT JKYPTi3y TOCIIAEpi MEH oicTepi Typasbl
aKmapaT KapacThIpbuIabl. MUHEpaibl HIMKIi3aTThl TOJBIK aly YIIH Maigansl Ka3oanapablH MeriHAIepi YIKSH TePeHIiKTe )KOHEe KYP/elli Tay-KeH-TeOT0T UsIIbIK
JKaFjainapia mnaiganaHyra OeinceHIi Typae eHrisimeni. MyHIa TeOMeXaHHMKAaJbIK JKOHE I€OAMHAMHKAIBIK >KaFjaiaapra OalIaHBICTBI YJIKEH AaCKbIHYJAp
KYTiJyie, HOTHXKECIHIe OHIIPICTIK HbICAHAAp, TYPFBIH YHJIEp MEH KypbUIbICTap OYy3bUTybl MYMKIH jKOHE OYJI ©3 Ke3eriHje Tay-KeH KOCIOpPBIHIAPBIHBIH YJIKEH
Kap KbUIBIK IIBIFBIHAAPIHA, TAY-KEH ayJaHIapbIHAAFbl a1aM [IBIFbIHBI MEH OJICYMETTIK TYPAKChI3IbIKKA oKesedl. ['e0ae3nsuIbIK, reo(pu3nKabIK, a9POFapbILIThIK
MOJIIMETTEP/CH aJIbIHFAaH MAIIMETTEP HETi3iHJIe Tay-KeH KOCIMOPbIHAAPhI T€OMEXaHUKAJIBIK KOHE I'€0JMHAMHUKAIIBIK MOACIbACY/ i OPbIHIANIbL.

Tyitinoi ce3oep: ceono2usi, KypbliblM, MEKNMOHUKA, 20icmeme, 2e00e3UsLIblK JHCelll, 2e00e3UsNbIK MYCIPINM, CRYMHUKMIK JAcyiienep, 2e00UHAMUKATbIK MOHUMO-
pUH2, CRYMHUKMIK Jcyiienep, MoOenboey, Na3epiik CKanepiey, 2e00UHAMUKANbIK NOTUSOHOAD, KepHeYli-0epopMayusianean Kyi.

Geodynamic and geotechnical monitoring of the array state in the development of mineral deposits

Abstract. Kazakhstan is one of the countries where the mining industry is developing at a rapid speed, therefore, the article discusses information on the methods
for conducting geodynamic and geomechanical monitoring at mineral deposits developed by open, underground and combined methods. To complete the extraction
of mineral raw materials, mineral deposits are actively put into operation at great depths and occurring in difficult mining and geological conditions. Here, large
complications are expected associated with geomechanical and geodynamic situations, as a result of which industrial facilities, residential buildings and structures
may collapse, and this, in turn, will lead to large financial losses for mining enterprises, to human losses and social instability in mining areas. Based on data obtained
from geodetic, geophysical, acrospace data, mining enterprises perform simulations of geomechanical and geodynamic processes to make management decisions on
leveling technological production to remove the negative impact of the natural environment in order to ensure the safe development of a mineral deposit.

Key words: geology, structure, tectonics, methodology, geodetic network, geodetic surveys, satellite systems, geodynamic monitoring, satellite systems,
modeling, laser scanning, geodynamic polygons, stress-strain state.

BBEHEHI/IQ KOHe‘IHO, 31€CH OXKUIAKTCA 00JIb- Ha OCHOBC JaHHBIX, ITOJYYCHHbIX

C KaxabIM TOJOM YHCIEHHOCThb
JoAed Ha 3emile pacTeT, CKOPO MbI
CTOJIKHEMCSI C TaKOW IMPOOIEMOM, KaK
HEXBAaTKa CBIPHEBBIX PECYPCOB U TOTAA
B pa3paboOTKy OyZyT BOBJIEKAThCSI Me-
CTOPOJKICHHSI, HAXOSIINECS] B CIIOXK-
HBIX TOPHO-TEOJIOTUYECKUX YCIIOBHUSIX
1 3aJIeTAONINX Ha OOJIBIINX TITyOnHaX.

B Kazaxcrane ropHomoOBIBaromias
MIPOMBIIIUICHHOCTD  SIBIISIETCS  OJHUM
W3 CaMBbIX IE€PEIOBBIX IPOM3BOJICTB
110 00ecCreYeHnI0 padoYNMH MECTaMHU
HaceneHus. JUIS TIONHOTHI H3BIEYe-
HHSI MUHEPAIHHOTO CHIPHSI B HKCILTY-
aTalMI0 AKTHBHO BBOIATCS 3aJICKHU
MOJIE3HBIX HMCKOMAEMBIX Ha OOJBIINX
IyOMHAX W 3aJI€TAIOMNX B CIOXKHBIX
TOPHO-T€OJIOTHYECKUX YCIOBUSX '

[IMe OCJOXCHHsI, CBSI3aHHBIC C T€O-
MEXaHHYECKOH W T'eOIMHAMHYCCKOM
CUTYyalUsIMH, B PE3yJbTaTe KOTOPBIX
MOTYT Pa3pylIaThCsi MPOMBIIUICHHBIC
OOBEKTHI, KHIIBIE JIOMa U COOPYXKe-
HUS, 4TO, B CBOIO OYepellb, IIPUBEICT
K OoybImM (PUHAHCOBBIM YOBITKAM
FOPHOIOOBIBAIOIINX HPEAIPUATHH U,
YTO caMoe€ IeYalbHOe, K 4YeJoBeue-
CKHM IOTepPSM M COLMAIBHON HecTa-
OMJIEHOCTH B TOPHOPYIHBIX pailoHaX.

Bensx npuHATHS yIpaBICHISCKHX
pCLICHHH IO HUBSIMPOBAHHUIO TEXHO-
JIOTUYECKOT0 MPOHU3BOJICTBA ISl OTBO-
Jla HEraTUBHOT'O BO3JICHCTBUS Ha MPH-
poIHyIO cpexy HEOOXOAMMO BBIIOJI-
HUTh MOJICIMPOBAHHE TIeOMEXaHHYe-
CKHX M T€OIMHAMHYCCKUX MPOLECCOB

U3 TEOIEC3UYECKHX, IeO(PH3UICCKHUX,
A9POKOCMHYCCKUX HCCIICIOBaHHH,
9TOOBI OOECHEYUTh Oe30MacHYI OT-
paboTKy MECTOPOKIACHHHA MOJIE3HBIX
HCKOIIAeMbIX OTKPBITBIM, MOJI3EMHBIM
Y KOMOMHHPOBAHHBIM CITOCOOOM M HE
MOHECTH (PMHAHCOBBIX 3aTpat?.

B coBpeMEeHHBIX peasisix IpH Mpo-
BEJICHUH F€OJUHAMHYECKOTO H FeoMe-
XaHHUYECKOr0 MOHUTOpHUHra aedopma-
LMOHHBIX MPOLIECCOB 3¢MHOW IMOBEPX-
HOCTH TJI00aJIbHOTO, PErHOHAIBHOTO,
JIOKAJIBHOTO XapakTepa MpH pa3pador-
KE& MECTOPOXKICHHI IOJIE3HBIX HCKO-
MAEMBIX aKTUBHO IPUMEHSIOT:

* T100ajJbHbIe HaBUTAIHOHHBIC
crrytHuKOBEIE cucTemsl (THCC);

= JTa3epHOE CKaHUPOBaHUE;

10 2ocyoapcmeennoil noodepoicke undyCmpuarbHO-UHHOBAYUOHHOU OesmenvHocmu. / 3akon Pecnyoauxu Kazaxcman om 11.01.2012 2.
’Bazaluk O., Rysbekov K., Nurpeisova M., Lozynskyi V., Kyrgisbayeva G., Turumbetov T. Integrated monitoring for the rock mass state during large-
scale subsoil development. / Frontiers in Environmental Science. — 2022. https://doi.org/10.3389/fenvs.2022.852591 [snexmponnsiii pecypc].
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= $OTOrpaMMETpPHIO, OCHOBAHHYIO
Ha NPUMEHEHHH OECIMIIOTHBIX JIeTa-
TenbHbIX anmapatoB (BITJIA);

* TUCTAHIIMOHHOE 30HAUPOBAHHE
3emumu (33) [1].

['eonqmHamMuvecKue MOJIUTOHBI M Ha-
OJiroiaTenbHbBIE CTAHIWUW 3aKJIa/IbIBa-
IOTCSI B paliOHax, TJI€ BEIyTCsI TOPHBIE
paboThl Mo pa3paboTKe MECTOPOXKIe-
HUH TTOJIE3HBIX MCKOIAEMBIX C IIEIIBIO
MIPOBE/ICHNSI KOMIUIEKCHBIX HaOIroze-
HUW C TPUMECHEHHEM COBPEMEHHBIX
TEOJIC3UYECKUX M  Teo(H3UIecKux
npudopoB W cpeacTtB. HalOmroneHus
BBIMIOJIHSAIOT OOBIYHO 2 pa3a B TIoj
OCEHHUU U BeceHHUM nepuonsl. [Tomy-
YaloT PE3yJbTaThl MO CMEMICHUIO pe-
MIEPOB €0 IMHAMUYECKOTO ITOJIUTOHA U
pernepoB HAaOMIOAATENFHOM CTAHIIMK B
npejiesiax pa3padaTbiBAEMOr0 MECTO-
poxnenust. [1o reonmpocTpaHCTBEHHBIM
JIaHHBIM pENEepoB M IEHTPOB I'€O/U-
HaMHUYECKOTO TIOJUIOHa M HaOIroaa-
TEIFHOM CTaHIIMU TOCIE MPOBEIACHHS
HECKOJIBKHUX CEpUil HaOIIOACHHHA TIO-
SIBJISIETCSI TIOHMMAaHNE, HACKOJIbKO WH-
TEHCHBHA JUHAMUKa BO BPEMEHH Jie-
(hopMaIMOHHBIX TIPOIECCOB.

Pesynpratel cepuii  HaOIIOICHUN
HEOOXOJAMMO BH3yaJIN3UPOBATH, YTO
MTO3BOJIUT OOOCHOBAHHO BBIJCIINTH
aKTHUBHBIC YYaCTKH CMEIICHHsI Ieo-
JIOTMYECKUX OJIOKOB M Pa3IOMOB BO
BpeMsl pa3pabOTKH MECTOPOXKICHUH
MOJIE3HBIX MCKOIAEMBIX IS TPOTHO-
3UPOBAHMSI YYaCTKOB BO3MOXKHBIX JIE-
(dhopmaruii 1 TPUHSITHS COOTBETCTBY-
IOINNX YIPAaBICHYECKUX PEHICHUH C
LETpI0  oOecnieyeHus] 0e30IacHOCTH
BEJICHHUsI TOPHBIX paboOT B Ipejenax
TOPHOTO OTBOJIA, & TAK)KE HACEJIEHHBIX
IYHKTOB, IPOMBIIIICHHBIX OOBEKTOB
B palioHe 3eMeNbHOTO OTBOJA [2].

MeToasbl HccJIeI0BAHUS

CTpyKTypHBIE OCOOEHHOCTH TOp-
HOTO MacCHBa OIPEICISIOT Pa3BUTHE
FCOMEXaHWYECKHX M TIeOoAMHaMu4ve-
CKHX IPOIIECCOB IIPHU €ro pa3paboTke.
CIBW)XEHHE TOPHBIX IOPOJI MPHU TOJI-
36MHOM CII0Cc00€ pa3paboTKH, yCTOM-
YUBOCTh KapbEePHBIX OTKOCOB HAampsi-
MYIO CBSI3aHBI CO CTPYKTYPHBIMH OCO-
OCHHOCTSIMH TOPHOT'O MacCHBa.

OHUM W3 CTPYKTYpPHBIX 3JIEMEH-
TOB MaccHBa FOPHBIX ITOPOJI, OCOOCH-
HO BIIMSIIOIIUX Ha T€OMEXaHWYECKYIO

U Te0IMHAMHYECKYIO CHTYaIUIO TpH
pa3paboTKe MECTOPOXKIACHUH I10JIe3-
HBIX MCKOITA€MBIX, SIBIISIETCS TPEIIHH-
Has TeKTOHWKa. /[l mocTroBepHOU
OIICHKH yCTOWYMBOCTH TOPHOT'O Mac-
CHMBa Ha CTaJMM NPOCKTUPOBAHUS H
MTOCJICYIONICH ero pa3paboTKH B pac-
YEeTHBIC JaHHBIE BBOIUTCS KOA(hHHIH-
€HT CTPYKTYPHOTO OCJIa0JIeHUS, KOTO-
pBIi HANpPSMYIO 3aBUCHT OT CTEIICHHU
TPENIMHOBATOCTH TOPHOTO MacCHBa.
BbInensitor KauecTBEHHYIO U KOJHYe-
CTBEHHYIO TpeIIMHOBAaTOCTh'. Kaue-
CTBO TPEIIMHOBATOCTH OIICHUBAIOT IO
TOPHOH TOpOJE, T/I€ MPOXOAMT Tpe-
IIMHA, a TAaK)KE TO, YeM OHa 3aITOJIHE-
Ha, 1 KaKOBa IIOBEPXHOCTh €€ CTEHOK.
KonnyecTBeHHasT TPEIIMHOBATOCTh —
9TO CTENEHb TPEH[MHOBATOCTH, IJIH-
Ha, yros najaenwus, mupuna. [lo cre-
IIEHN TPOSIBJIICHUS] TPEHIMHBI MOIPa3-
JICTISIIOTCSI HA OTKPBITHIC, 3aKPBITHIE U
cKpbIThIe. OTKPBITHIC 0OHAPYKUBAIOT-
s JIETKO B TOPHOM MAacCHBE, TaK KaK y
HUX II0JIOCTh BHJIHA HEBOOPY >KCHHBIM
rJ1a30M; CKpPBITBIE — TOJIBKO TOT/a,
Korja OTOOpaHHbIE 00Opaslbl TOPHO-
0 MacCHBa PacKajbIBalOT. 3aKPBITHIE
MOXXHO ONPENEIUTh IPH ITOMOIIH
COBPEMEHHOTO JIa3€pHOrO CKaHepa
(puc. 1). JlaHHBIIT METO CHEMKH TpE-
IIMHOBAaTOCTH TOPHOT'O MaccHBa OT-
JIMYaeTcsi OT W3BECTHBIX OOJbIICH
MH()OPMATUBHOCTBIO MO TPEIIMHOBA-
TOCTH U TEM, YTO HET KOHTAKTa MCIIOJI-
HUTEJS pabOT C TOPHBIM MAaCCHBOM.

B Hacrosimee Bpemsi B CHCTEMY
Ha3eMHOI0 CKAaHHPOBAHUS, IOMHMO

JazepHoro ckasnepa, Bxomar GPS-
MNPUEMHUKHU JJIsI ONPEEIEHUs] KOOp-
JUHAT B PEXXUME pEeajbHOr0 BpeMme-
HH ¥ TOCTOOPaOOTKH.

IIpy nomolu Ha3eMHOro Jasep-
HOIO CKAaHUPOBAHUS  ONPEEISIOT
CTPYKTYpPHBIE DJIEMEHTHI KapbepHBIX
OTKOCOB: TPEIIUHBI, TPAHUIIBI TUTOJIO-
TUYECKUX Pa3HOCTEH, pa3iIu4HbIe Ha-
pYyLIEHUs KapbepPHBIX OTKOCOB U T. 1.,
YTO MO3BOJSET IMPOBECTU PANOHUPO-
BaHUE KapbepHBIX OTKOCOB IO CTEIe-
HU MX HAPYyLIEHHOCTH. TeXHOJIOrus
JIA3€pHOTO CKAaHUPOBAHMSI MO3BOJIUT
MOJIYyYUTh C BBICOKOH TOYHOCTBIO
3D-Monens Kapbepa A NPOEKTHUPO-
BAaHMsI CETH HAOJIFOIATENBHBIX CTaH-
LIHUM B MECTaX MOBBIIMIEHHON KOHIEH-
Tpaluy TPEIMHHON TEeKTOHUKH [3].

J1s  mpoeKTHpoBaHUS  T'eoauHa-
MHMUYECKOTO MOJUTOHA MCHOJIB3yeTCs
3D-Mopenb, NOJIydeHHas: C MOMOIIBIO
OCCIMIIOTHOTO JICTAaTEeILHOTO  arla-
para (BILJIA). Ilpumenenne naHHOTO
METO/]a YMEHBIIAET MOJIEBBIE I€0AEe3U-
YecKue paboThI U UX MMOCTOOPaOOTKY.

IIpoBenenne reogUHAMUYECKOTO
MOHUTOpPWHTA HaJ IOAPaOOTaAHHBIM
IIPOCTPAHCTBOM (I10/I3€MHBIE TOPHBIC
paboTHI) 3aBUCUT OT IIOCTABIICHHBIX
3a7a4, KOTOpPbIE€ MOLYT OTJIHWYaThCS
10 TOYHOCTHU ONPEAEIEeHUs MPOCTPaH-
CTBEHHBIX JaHHBIX PENEpPOB reoJuHa-
MMYECKOI0 IMOJIUTOHA, OPraHU3aLUOH-
HBIMH Y METOAMYECKUMU LETISAMH.

JedopmanmoHHple  TIpoIeCCHl  Ha
36MHON MOBEPXHOCTH JEIATCS HA MPU-
POIHO-TEKTOHUYECKHUE U TEXHOT'CHHBIE.

Cyper 1. AlIbIK KapbepJjepi Ja3epJiik cKaHepJiey.
Figure 1. Laser scanning of open pit slopes.

‘Kassymkanova K.-K. et al. Geomechanical Processes and Their Assessment in the Rock Massifs in Central Kazakhstan. / SpringerBriefs in Earth
Sciences. — 2019. https://doi.org/10.1007/978-3-030-33993-7 [2nexmponnwiii pecypc]
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TexHorennsle aedopManuy pa3BUBa-
FOTCSI C BBICOKOM CKOpPOCTBIO, WHOT/IA
JIOCTHTAIOMIed HECKOJIBKHX JICHUME-
TpoB B rox. K gacrore u TouHOCTH M3-
MEpEHUI 10 MPOBEICHUIO TEOMOHHTO-
puHra, ocoOEHHO MpH pa3paboTKe Me-
CTOPOXKJICHUI TIOJIE3HBIX HMCKOIAEMBIX
MOJI3EMHBIM CIOCOOOM M KOrjia Haj
0/Ipa0OTaHHBIM TIPOCTPAHCTBOM Ha-
XOIMTCSL OJKWJIAsi, IPOM3BOACTBEHHAs,
TpaHCIOPTHASI HH(PACTPYKTYpPa MPEIb-
SIBIISTIOT TIOBBIIICHHBIE TPEOOBAaHUS 10
MIPEIYTIPEXKACHUIO CKOPOCTH Pa3BUTHUS
JIe()OPMALMOHHBIX TIPOIIECCOB TEXHO-
reHHoro xapakxrepa [4]. 13 umerome-
rocsi COBPEMEHHOIO T'eOZE3HYECKOr0o
obopynoBanuss THCC B memom coot-
BETCTBYET JaHHBIM TPEeOOBaHUSIM, HO
ClIeZlyeT OTMETUTh, YTO II0 TOYHOCTH
reogesnyeckux usmepenuit ['HCC rta-
KOBBIM He siBisiercsi. OiHaKo, Mo Tex-
HOJIOTHYECKUM IapaMeTpam — BEJCHHE
MOHHMTOPHHTA JIO IOJEH CEKYH — MOX-
HO €ro HCITOJIb30BaTh M BO BPEMsI JTHC-
TAHIIMOHHOT'O KOHTPOJIS, a TaKXe IpH
aBTOMAaTH3AIMH U3MEPCHHH (puc. 2).
MeToauka TpOBEACHHUS T'E€OMO-
HUTOPHWHIA 3aKJII0YaeTCsS B CIEIy-
[OIIEM: [0 MaTepualiaM paHee Ipo-
BEJCHHBIX HMCCJIEIOBAaHUHA H3Yy4YaroT
TE€OJIOTHUI0O W TEKTOHUKY pEruoHa;
ONPENENIIOT (PU3NKO-MEXaHUUECKHE
CBO¥CTBa TOPHOT'O MacCHBa; OIpeae-
JISIIOT TPAaHUIBI IPOBEIEHUS T'€OMO-
HHUTOPHUHTA; HCIIOJIB3YIOT I'e0[e3uye-
CKHE METOJBl: TaXCOMETPHYECKHUH,
GPS-Habmonenus, 1azepHOe CKaHU-
poBanue. [lo pe3ynbpTaram mposese-
HHSI TEOMOHHTOPHUHTA BBITIOIHSIETCS
MIPOTHO3 M JAeTCsl OIEHKa COCTOSI-
HHSI TOPHOI'O MAacCHBa IPH €ro ax-
THUBHOH pa3paborke. Ha ocHoBaHum
MOJIYYCHHBIX pE3yJIbTaTOB T'EOH-
HAMHUYECKOT0 W T'€OMEXaHHYECKOTO
MOHHUTOPHUHTA IPUHUMAIOTCS YIIPaB-
JICHYECKHE PEHICHUsI M0 Oe30IMacHON
0TpabOTKEe MECTOPOXACHUS [S].
I'eomexannueckue mpoueccsl, Mpo-
HCXOMSIINE B TOPHOM MAacCHBE B pe-
3yJIbTaTe€ TEXHOTEHHOT'O BO3ACHCTBUS
TOPHOTO TIPOM3BOJICTBA, HapsiAy C
WHCTPYMEHTAJIBHBIMU T'€0JC3NYECKU-
MM WCCIICJIOBAHHUSMH, HYKHO €Ile
HCCIe0BaTh C NPHUMEHEHHEM adpo-
KOCMHMYECKHX W TE€O(U3HUYECKUX Me-
TOJIOB, TaK KaK HHCTPYMEHTAJIbHBIC
re0/Ie3NYECKNE METOABI JIAl0T JIWIIb

KOJIWYECTBEHHBIE OICHKH CIBHIKE-
HUH, YK€ TPOU3OMICANINX, a UX 3a-
POXICHUE MOXKHO MPOKOHTPOIUPO-
BaTh C IMOMOIIBK a’POKOCMHUYCCKOM
CBEMKH, JTA3ePHOTO CKAaHHPOBAHUS, a
TaK)Ke TeOPU3UNICCKUMHU METOTAMH.

IIpoBeaenune ucciaeg0BaHM I

Jns TpoBeIeHHS TeOIUHAMUYC-
CKOr0 M TEOMEXaHUYECKOr0 MOHHTO-
pHHTA C ICTBIO0 BBISBICHHUS CKOPOCTH
pa3BHUTHUSI TEXHOTCHHBIX JehopMaIiu-
OHHBIX IPOIIECCOB B pailOHaX TOPHOTO
M 36MEJIBHOTO OTBOJOB MECTOPOXKIIC-
HHUS TIOJIE3HBIX MCKOMAEeMBbIX 3aKia-
JIBIBAIOTCS TE€OJMHAMHUYECKUAE TIOJTH-
TOHBI M HAOJIOJATENIbHBIC CTAHIIUH,
KOTOPBIC OIMHPAIOTCS HAa MYHKTHI TO-
CYIapCTBEHHOU T€0JIE3UYCCKON CETH
W BKJIFOYAIOT B CE0sl OTIOPHBIC PEIIepPhI
HaOJIFOJATEIBHBIX CTaHIUW, Teo(u-
3UYECKUE MYHKTHI, MAPKIICHICPCKYIO
CeTh UCCICAYEMOTO MECTOPOKICHUS.

Jns Gonee AETaabHOrO, a C KO-
HOMHYECKOW TOYKH 3pCHHS (HE HAJIO
MPOBOJIUTE 3aKJIaJAKy MPOQUIBHBIX
JIMHUI TI0 BCEMY TOPHOMY OTBOJY)
BBITOJHOTO W3YYCHHUS TCOIMHAMU-
YECKUX TIPOIICCCOB MpHU pa3padoTKe
MECTOPOXKICHUI MEIUCTBIX Iecya-
nukoB B llentpansHom Kazaxcrane,
PYIOHBIC KUJIBI KOTOPBIX 3aJICTAarOT
Ha 3HAYUTCIBHBIX TIIyOWHAX W pas-
OpocaHBI MO TOJIF0, TEOMEXaHUICCKAS
mkoiia Satbayev University Bo Bpems
MPOBEJICHUSI HKCCJICAOBAHUA B paM-
Kax TPAaHTOBOTO (DHHAHCHPOBAHUS

OpeajiokKuia 3aKjaaJblBaTb Ha TaKHUX

Puc. 2. [IpumeHenue r;iod6ajabHOH HA

MECTOPOXKJACHUSIX HEIOCPEICTBEHHO
HaJ PYIHBIMH >KHJIAMHU «Yy3JIOBBIC)
BCTBH, B COCTaB KOTOPBIX BXOISIT
0azoBble (pedepeHIHbIE), ONOpHbBIE
(ucxomHele) u  JaedopManHOHHEIS
Te0/Ie3UYECCKUE U HUBCIHUPHBIC MyH-
KThI* [6]. Bce y3/I0BbIE MyHKTBI pac-
MMOJIOKCHBI B COOTBETCTBHHU C PYII-
HBIMU JKUJIAMHU, TPEICTaBICHHBIMU
Ha puc. 3. CoBpeMeHHBIE reoie3ude-
CKHE TEXHOJIOTHH IMO3BOJSIOT MPO-
BOJUTH NUCKPETHBIC U PETyJSIpHBIC
HaOIIOACHUS, TEM CaMbIM 00€CIIeYu-
Bass 0C30MACHOCTh BEIICHUS TOPHBIX
paboT U mpeaynpeKICHUE Pa3BUTHS
Je(OpMaIMOHHBIX MPOIECCOB.

Jns momydeHus DOCTOBEPHOM HH-
dbopMamu O CKOPOCTH pPa3BHUTHS
neopMaruii TeOMEXaHUIEeCKas KO-
ma Satbayev University pekOMeHIyeT
MMPOBOJIUTh WHCTPYMCHTAJBHBIA KOH-
TPOJIb, KOMIUICKCHO OIHPAsICh HA JO-
CTI)KEHHE TEXHUYECKOro Iporpecca
B 00JIACTH T'COAC3HH, a3POKOCMOHAB-
THKHA, TeO(HU3UKHU, THIAPOTCOIIOTHU WU
JIPYTHX METOJIOB UCCICIOBAHMSI.

Opranu3anus TeOMEXaHUYECKOTO
MOHUTOPUHTa WHCTPYMCHTAIBHBIX
HaOIIOJCHUN 32 COCTOSHHUEM BBIpa-
OOTOK M KapbhePHBIX OTKOCOB BKIIFO-
4aeT B ce0s cleayromee:

* BBISIBJICHUC HCYCTOHYHUBBIX y4acT-
KOB Ha OCHOBE aHalM3a WHXXCHEPHO-
TCOJIOTHYCCKUX M TOPHO-TEXHUYCCKUX
YCIIOBUH pa3pabOTKH MECTOPOKICHUS;

* IPOCKTUPOBAHUEC HAOIIOIATEIIb-
HBIX CTaHIIUMN;

BUTAIIMOHHON CIIYTHHKOBOM CHCTEMBbI
NP NPOBeJeHUHU re0JUHAMNYE€CKOI0 MOHUTOPUHTA.
Cyper 2. 'eoaHAMUKAJBIK 0aKbLIAY YIIIiH FAJAMIBIK HABUT AU SIIBIK
CIIyTHUKTIK KYleHi KoJxany.
Figure 2. Application of Global Navigation Satellite System for
geodynamic monitoring.

‘Hypneucosa M.F., Keipeusbaesa I''M., bex A.A. I eomexanuueckuii MOHUMOPUHS MEXHO2SCHHBIX cucmem. monozpagus. / Lambert. —2017. — 113 c.
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" BBIHOC IIPOCKTa Ha6J'lIOI[aTeJ'IbHI)IX
CTaHIUM B HATypy C MOCJIEAYIOLIEH
3aKJIaJIKOM pernepoB;

* IIPUBsI3Ka OIIOPHBIX PENIEPOB K ITyH-
KTaM OITOPHOM T'€0/Ie3MYECKON CETH;

* BBIMIOJIHEHUE CEPUN HHCTPYMEH-
TaJIbHBIX HAOJIOMCHHUI [0 perepam
HaOII01aTEILHON CTAHINH,

= KaMepajbHasi 00paboTKa M aHa-
JIN3 PpE3YJIbTAaTOB MHCTPYMECHTAJIbHBIX
HaOJII0JCHUH.

3ak/04eHue

CucreMatnuecKkue  HaOIIOJICHHS
Ha CTaHUMAX 3aKJIOYAIOTCS B OIpe-
JICJICHUH ILIAaHOBO-BBICOTHOT'O II0JIO-
JKEHHsI pabovyuX pernepoB MpouiIb-
HBIX JIMHUA Ha TEKyIIuid MOMEHT
BPEMEHU C ITOMOIIBIO Ie0e3HIECKUX
NpuOOPOB, U3YYEHNH BO3HUKAIOIIHUX
HapylIIeHUH YCTOMYMBOCTH, yCTaHOB-
JICHMM MX XapakTepa, CTEIEeHH OIac-
HOCTH U IPUYXUH BO3HUKHOBCHUSA, UX
JIOKYMEHTAIUN C OTPAKEHHEM YCIIO-
BUH CbEMKH U OCHOBHBIX I'OPHO-I'€O-
Jiorudeckoro (akropos [7].

IIpoBenenue cucreMaTu4ecKux
HaOJIOAEHUH TIO3BOJISIET J1aTh KO-
JIMYCCTBECHHYIO OILICHKY CZ[BI/I}KCHI/Iﬁ
FOPHOM BBIPAOOTKH; B KOMIUIEKCE
C HMH)XEHEPHO-T€OJIOTUYECKUMHU U

TUJIPOT€0JIOTUYECKUMHU HUCCIEIOBAHU-
SIMA TIOMOTA€T BBISIBUTH XapakTep
HAYaBIIECTOCsS CABIDKCHHUS, YTO JacT
BO3MOKHOCTB CJIeJIaTh MPOTHO3BI OT-
HOCHUTEJIBHO €€ Pa3BUTUSI BO BPEMEHH
U MIPOCTPAHCTBE, HAMETUTH MEPOIIPHUSI-
THS TI0 YCTPAHEHUIO NTPUYKH, BBI3bIBa-
IOIIMX Pa3BUTHUE OMACHBIX CJIBUKEHUH.

WucTpyMeHTaIbHBIE U3MEPEHUST —
9TO ONEpPaTUBHBIA HaJEXHBIU

KOHTPOJIb, KOTOPBIA MOKET BBIMOJ-
HATBCA U B PEXUME PEalbHOTO Bpe-
MEHU 3a COCTOSIHHUEM T€OJIorHye-
CKHX CTPYKTYp, CJIaralolluX TOPHBIN
MAacCUB, WH)KEHEPHBIX COOPYNKEHUH,
pa3MEIEHHBIX Ha [JaHHOM MacCUBE
n BOmm3m ero. [Ipu momomu MHCTPY-
MEHTaJbHOIO0 KOHTPOJIS MOXKHO HC-
clenoBaTh pa3BUTHE Je(opMannoH-
HBIX SIBJICHUI BO BPEMEHU.

Puc. 3. «Y3/10B0i MeTO», NPEAJI0KEHHbIH reOMeXaHM4eCKON IKO0JI0M

Satbayev University.
Cyper 3. CoT6aeB yHUBEPCHTETiHIH reOMeXaHNKAJIbIK MeKTe0i YChIHFaH
«TOPANTHIK JAiCH».
Figure 3. The «nodal method» proposed by the geomechanical school
of Satbayev University.
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KperieHue ropHbIx BEIPadOTOK

Kox MPHTMU 52.13.23

M_.A. Baiikem:kun!, *7K.M. AcanoBal, III.A. AoquéanTon?, ’K.H. Hoxkuna!'

'Hexommepuecroe axyuonepnoe obuecmeo «Kapaeanouncrxuii mexnuueckuil ynueepcumem um. A. Caeunosa»
(e. Kapaeanoa, Kazaxcmamn),

2Kvipebl3cKuil 20Cy0apCcmeeHtblll YHUGEPCUMem 2e0J102Ull, 20PHO20 0eld U 0C80CHUSL NPUPOOHBIX PECYPCO8

um. akao. V. Acananuesa (2. buwrex, Koipevizcman)

COBEPHIEHCTBOBAHUE HECYIIIEI/I
CHOCOBHOCTU APOYHOHU PAMOM KPEIIN

AnnoTtanus. Ilenb paboThl — MOBBIIICHUE HECYIEH CIIOCOOHOCTH METAUIMUECKHX apOYHBIX KPEMNeil, HCIOIb3yeMbIX JUIsl MOAASPKAHUS TOPHBIX BBIPAOOTOK
C MOMOIIBIO YCHJICHUSI B MECTaX C HAHOOJBIIUM HM3rHOAIOIIMM MOMEHTOM. MaTeMaTu4eckoe MOJCIMPOBAHNE MPHUMEHECHUST YCHIINTEICH KpPenu MOKa3ano, YTo
JUIMHY OTPE3KOB CIIELHAIILHOTO B3aMMO3aMeHsIeMoro npoduiis JoctaTouHo npuHsth 30 cm. HecoxHbie pacueTsl nokasaiu, 4to BMecto CBII 27 MOXHO npume-
Huth CBII 17 ¢ BKIajpliaMu U3 OTPE3KOB TOTO K€ THIIOpa3Mepa U COKOHOMHTH OKoJIo 10 Kr cTaiii ¢ KaxJ10ro MeTpa pamsl. [Ipe/uiaraemslii crioco0 MOBBIIICHUS
HECYIIeH CIIOCOOHOCTH KPEIH MO3BOJIUT CHU3UTh METAINIOEMKOCTh KPEIUICHHS TOPHBIX BBIPAOOTOK, M TEM CAMBIM MOJYYHUTh CYIIECTBEHHYIO YKOHOMHUIO MaTE€pH-
AJBHBIX U TPYAOBBIX pecypcoB. IIpoBeeHHbIC HCCISI0BAHNS JAIOT OCHOBAHHE MOJIAraTh, YTO MPEIaraeMblil BAPUAHT ITOBBILICHHUS HECYIIeH CIIOCOOHOCTH Kpenn,
M3rOTaBJIMBAEMOM U3 CTaTbHOTO MPO(UIIS MPOKATA, MOXKET CYIIECTBEHHO YJIyUIINTh COCTOSIHUE FOPHBIX BHIPAOOTOK.

Knrwouesvie cnosa: copnas eeipabomra, oasienue, apoundas Kpenv, Cmaib, 0ehpopmayus, conpomusienue, HanpsiceHHo-0ehopmMuposantoe cocmostue, us-
2u6aoWULl MOMEHM, CReYUATbHBLI G3AUMOZAMEHAEMbLU NPOPULL, ROOOEPAUCAHUE.

ApKaJibl paMaJIbIK OeKiTIeHiH KoTeprim KadijeTiH xeTingipy

Amnparna. JKyMbICTBIH MaKCcaThI-€H YJIKSH Uiy coTi 0ap skepieple KYLICHTy apKbUIbl Tay-KeH Ka30alapblH yCTall Typy YIIiH KOJJIAHBUIATBIH METAIUI ap-
KaJibl OeKiTmenep/IiH KoTeprill KadiieTiH apTThIpy. BeKiTKIll KYIISHTKIIITep i KOJaHyIbIH MaTeMaTHKAIBIK MOJACIBICYl apHaibl aybICTHIPBUIATHIH MPOQHIIH
CerMeHTTEePiHiH Y3bIHABIFBIH 30 cM KaObuU1ay JKeTKUIIKTI eKeHiH kepceeTTi. Kapamnaiibiv ecenireynep AAIT 27 opubina AAIT 17-Hi jK0HE OCBI THIITTIK ©JIIIEMICT]
KeciHai npoduiIbai KoJiiaHa OTHIPBIN, paMaHbIH dp METpiHeH mamameHn 10 Kr OojaT yHem/Iel amyra GOJIaThIHBIH KOpCeTTi. bekiTneHiH keTeprimrik KadiaeTin
apTTHIPYABIH YCBIHBUIBIN OTBIPFAaH TACLII Tay-KeH Ka30alapblH OCKiTYIiH METaJll ChIBIMIBUIBIFBIH TOMEH/IETYTE, COJI apKbUIbI MaTEPHAIIBIK jKOHE CHOCK pecyp-
cTapblH aliTapibIKTail YHEM/Ieyre MyMKiHAiK 6epei. JKypriziireH 3eprreyiiep npoKkaTThiH 60at npoduiIiHeH xacaiFaH OCKITICHIH KoTepy KaOiJeTiH apTThIPYIbIH
YCBIHBIIFAH HYCKAChl Tay-K€H Ka30alapbIHbIH JKaFIaiibIH e10yip skaKcapTa ajaibl Jern 0oKayFa Heri3 6epeni.

Tyiiindi ce3oep: may-xen oHOIpici, KbicblM, apka Oekimneci, bonram, dedpopmayus, KApColivlK, KepHeyi-0eQopMayusianzan Ky, uiiy MomMeHmi, apHaiisl
aAyblCMbIPLLIANbIH RPOPULL, MEXHUKATBIK Kbl3Mem Kopcemy.

Improving the bearing capacity of the arched frame support

Abstract. The purpose of the work is to increase the bearing capacity of metal arch supports used to maintain mine workings by strengthening in places with
the greatest bending moment. Mathematical modeling of the use of reinforcement reinforcements has shown that the length of the special interchangeable profile
segments is sufficient to take 30 cm. Simple calculations showed that instead of SIP 27, you can use SIP 17 with inserts from segments of the same size and save
about 10 kg of steel from each meter of the frame. The proposed method of increasing the bearing capacity of the support will reduce the metal intensity of the
fastening of mine workings, and thereby obtain significant savings in material and labor resources. The conducted studies give reason to believe that the proposed
option of increasing the bearing capacity of the support made of rolled steel profile can significantly improve the condition of mine workings.

Key words: mining, pressure, arch support, steel, deformation, resistance, stress-strain state, bending moment, special interchangeable profile, maintenance.

BBenenue

OnHOW W3 Cepbe3HBIX MPOOIEM IpH
pa3paboTKe MECTOPOMKIACHUH MTOJIE3HBIX
HCKOIIAEMBIX IIO/I3EMHBIM CIIOCOOOM
SIBIISIETCSL COXPAHEHNE TOPHBIX BBIPAOO-
TOK B OKCILTyaTal[HOHHOM COCTOSTHIH .

Kpenw, BEIIOTHEHHBIE U3 TSHKEIBIX
npopmiIel CHenuaJbHOrO IPOKaTa
(apouHas Kpemb), B yCIOBHUSIX 3HAUH-
TEIBHOTO HAMPSKEHHOTO COCTOSHUS
TOPHOTO MacCHBa HEJOCTATOYHO 00e-
CIIEYMBAIOT HEOOXOOUMYIO yCTOWYH-
BOCTh U 0€3PEMOHTHOE MOJACpPKaHNE
BBIpaOOTOK. Jlomsi nOpyrux Kpemew,
NPUMEHSAEMBIX IIPH COOPY>KEHHH TIO-
PU30HTAIBHBIX U HAKJIOHHBIX TOPHBIX
BBIPAOOTOK!, HE CIUIIKOM 3HAYUTEIIb-
Ha, TUIIBI 1 00BEM MX NPUMEHEHHS B
MPOIIEHTaX MPEICTaBICHBI B Ta0M. 1.

JpyruM CymecTBEeHHBIM HEIOCTAT-

3anuMaroT 50-75% mnpoxomayeckoro
LMKJIa. 3HAYUTEIBHBIC 3aTPaThl BpeMe-
HU MPUXOAATCA Ha OoIll€paluu 110 COC-
JAUHCHUIO 3JICMEHTOB KpE€IIH, YCTAHOB-
K€ PACIOPOK M MEXPaMHBIX CTSDKEK,
OpUCHTAIUU paM 110 HAIIpaBJICHUIO BbI-
paboTKH, PACKIMHUBAHHUIO apOK, YCTa-
HOBKE 3aTSDKEK M 3aIIOJHEHHIO ITyCTOT
3a Kperblo. BOJBIIMHCTBO 3THX padoT

MPAKTUICCKA HEBO3MOXKHO MEXaHH3H-
poBarb. B Tabn. 2 u 3 npencrasieHa
TPYAOEMKOCTb U TCXHUKO-3KOHOMHNYEC-
CKHe TOoKa3aTeau KperuieHust 1 M rop-
HBbIX BI:-Ipa6OTOK Ppas3iIMdYHbIMU BUAaMU
Kpemnu, MpUMEHsIeMbIMH Ha maxTax Ka-
paraHauHCKOrO Oacceiina [1].
[TonBep>KeHHOCTh KOPPO3UU —
elme OJWH CEePhE3HBIH HETOCTATOK

Taonuuya 1
Honu Kkpeneil, npumenaemvlx npu coopyHceHUuu 20PHHIX 6bIPAOONOK
Kecme 1
Tay-xen Kazoanapwin cany Ke3inoe KoJa0aHbliamulH OeKimnenepoiy yaeci
Table 1
The proportion of supports used in the construction of mine workings
Tunbl KpenJieHus %
Merannuyeckast Kpernb 86,3
MomnonuTHas OeTOHHAS KPETTh 8,6

. " AHKepHas 1,1
KOM SIBIIIETCA TPYAOCMKHH PyJIHOH
TroOunHroBas 2.9
MIPOIIECC KPETUIeHHs BRIPadoTOK. Orre-
paluM Mo BO3BEAEHHIO apOYHOI Kpenn CMmernranHas (keIe300€TOHHBIC CTOMKH ¢ METAJUTMIECKUM BEPXHSIKOM 1,1
"Tomunos A.H. Obocnosanue napamempos nposeoeHusi 20puvix 6blpabomox ¢ UCNOIb308AHUEM MEXHOI02UU AHKepHOo20 Kpenienus. / Jucc... PhD.

— Kapaeanoa, 2020. — 198 c.
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METaJUTMYECKON KPeru, 0COOCHHO TIPH
WHTEHCUBHOM BO3JICUCTBUH BIAXKHOT'O
BO3/yXa MPU BEHTHISIIIUA BEIPAOOTOK.

B arpeccuBHBIX cpefiax mIaxThl pa3-
pYLIEHHE MOBEPXHOCTH METAJIIa B FOJI
coctasisier ot 0,2 mm 10 0,54 mm. 3a

Tabauya 2

Tpyooemkocms Kpennenus 1 m evipabomxu

Kecme 2

1 m onoipicmi 6eximyoin eHOeK ColilbLMObLIbIZbL

Table 2

Labor intensity of fixing 1 m of workings

roj Kopposus paspymaer 5-7% wme-

/L KOPP Paspy TpynoeMKocTh, Yeil.-cMeH
TaJUIOKPETIH, TO3TOMY IS IIPOICHUS Bua kpenu
CpOKa  CIy’KObl TIOJIFOTOBHTENBHBIX JocraBka kpenin | Bo3Benenune kpenu | Beero
TOPHBIX  BBEIPAOOTOK  ITOBEPXHOCTH C6opHas xene300eToHHas 0.651 1.22 1,722
CTaJbHOM Kpenu IOKPBHIBAIOT aHTH-  |paMHas ’ ’ ’
KOPPO3HIHBIMH COCTaBaMH (B OCHOB- Metamdeckast apouHast 0,549 1,171 1,71
O] MEKORRT SETRON, AHKepHasi B COUETAHUU C

MartepuaJjbl 1 METOAbI P N . 0,581 1,168 1,69

METaJUTNYECKOH PaMHOM

HCCJIeJOBAHUS

HanGonee 4acTo HCHONb3yeMbiM | AHKEpHAS 0,108 0,635 0,640
criocoboM  MojjiepKaHusi  BBIPa0O- Ta6nuya 3
TOK ABJACTCA IMPUMEHCHHEC COOTBCT- 3ampamol na Kpennenue 1 m evipadomku pa3iuyHsIMuU 6UOAMU KPEnUu
CTBYIOLIUX KOHCTPYKIUH KpemeH, Kecme 3
MO3BOJIAIOMINX B KOHKPETHBIX YC-  Keximnenin apmypii mypaepimen 1 m Kazoanvl oeximyze apHaizan wibl2blHOap
JIOBUSIX OOECIeYrBaTh COXPAHHOCTH Table 3
BbIPAOOTOK. B Hacrosiuiee Bpems Ha Costs for fixing 1 m of workings with various types of fasteners
IaxTax MO-TIPEXHEMY IIHPOKO pac-
MPOCTpaHeHa MeTaLTHIeCKas MOt Bua kpenu IInomann ceqeﬂfm 3arparsl Ha KpenuieHue 1 M
JIMBas apovHAs KPelb M3 CIEHaib- BBIPA0OTKH, M BBIPAa0OTKH, ThIC. TEHTE
HOTO B3amMo3aMmeHsieMoro mnpodwuis | Meranaudyeckas apouHast 9 47,6
(CBII). HeobxomumMo OTMETHTB, YTO | )Kene306eTOHHAsS paMHas 7,9 43,5
MOBBIIICHHE HECYIIeH CIIOCOOHOCTH AmKepHas 9 20
kpenu u3 CBII gocTturaercsa 3a cuer
YBEJIMYEHUS €ro TunopasMmepa. Takoi Taonuya 4
IIyTh IPUBEI K NPUMEHEHUIO CBII-33 Pe3lebmambl RPpUMEHEHRUA YCUTIUBAIOUWLUX I]1eMEHMm OB
JUIs U3TOTOBJIEHUSI apOYHOU Kpemu. Kecme 4
Jlanee MATH 1O 3TOMY HyTH HeIele- Kyweiimemin snemenmmepoi Konoany namuoicenepi
C000pa3HO, TOCKOJIBKY OH BEJIET K IT0- Table 4
BBINIEHHOM METAITIOEMKOCTH BLIPabo- Results of the use of reinforcing elements
TOK, POCTY TPY/J103aTpaT Ha YCTAHOBKY . Kpens 6e3 | Kpens c 1 Kpens c 3

apamer .

KpeITl, yAOPOXAHUIO MPOXOAIECKUX P P YCHJIUTEJIeH | yCHIInTe1eM | yCHIIMTeJISIMH
pabort, Mpu 5TOM HE TapaHTUpyeT 0e3- M 13255 12034 5164
DPEMOHTHOTO ToJUIepaHwus [2]. aKCHMalIbHbIC TIEPEMEILCHUS, MM , , ,

C uenblo ycTpaHeHHs mepedncien- | HalpsxeHue no ocu y, Klla 20766,2 18443,1 15012,7
HBIX OTPHIIATEIbHBIX (PAKTOPOB aBTO- WnTencusnocTh Hanpsbkenuid, Klla 84936,7 64089.,9 389424

pamMH TpejuIaraercsi crnoco0 IOBBIIIe-
HUSl HECyIIeH CIIOCOOHOCTH Kpemnu 3a
CYET YCWJICHUSI OTJCNIbHBIX €€ y4acT-
KOB, TJIaBHBIM 00pa3oM BEpPXHSKOB, C
romolpo ycumreneit npoguis CBII,
KOTOPBIE IPEJICTABIISIIOT COOOH OTPE3KH
TOTO K€ THUIOPa3Mepa, YTO U OCHOBHAS
kpenb (puc. 1). Orpeskn CBII amuHoM
200-300 MM mpesuiaraeTcsli yCTaHaB-
JIMBaTh Ha yYacTKaX KpEIH, IOJIBEp-
JKCHHBIX HAWOOJIBIINM HM3THOArOIINM
MOMEHTaM, TEM CaMbIM yBEJINYHBAIOT-
Csl MOMEHTBI CONPOTHBIICHHS CEYECHUS
npouinst Wx n Wy. B pesynbrare, ca-
MBIC ONACHBIE YYaCTKH Kpemu OyayT
COOTBETCTBOBATh THUIIOpa3MepaM Oosree

CBII-33, ciegoBateinbHO, OyAET BO3-
MOXHO OCHOBHYIO paMy HM3rOTOBHUTb,
Hanpumep, u3 CBII-22, a ycuien-
HBIE YYaCTKU OYyJlyT COOTBETCTBOBATH
CBII-44 [3]. Bo3moxxHO ycuieHHE
Kpenu 0e3 CHI)KEHHsI METaUIOEMKO-
CTH — B CIIy4asiX OXKuiaemou aedop-
MallMK KPEeIH I0J] JEHCTBUEM TOPHO-
ro JIaBJICHUSI, KOTJa APYIHE CIOCOObI
OE3PEMOHTHOrO TMOJIEPKAHUS TIOJI-
TOTOBUTEJIBHBIX BEIPAOOTOK HEd hek-
TUBHBI UJIN TPEOYIOT OOJIBINNX 3aTpaT
BPEMEHH, MaTEpPHAIOB M TPYJIOBBIX
pecypcoB. Takum oOpa3zom, B COOT-
BETCTBUU C MPUHIUIIAMH YIIPABICHUS

HaIMpsKEHHO-JAe()OopMUPOBAHHBIM
COCTOSIHHEM DPaMHBIX Kpereu yrpas-
JISIIOINE BO3ACHCTBUS JTOJDKHBI TPH-
KJIaJBIBAThCSl B 30HAX JCHCTBUS DKC-
TpeMalabHbIX MOMeHTOB. CrenoBa-
TEJBHO, /IS TOBbIIIEHUST d()PEeKTHB-
HOCTH TPUMEHEHHUsS YCHIIUTEIbHBIX
2JIEMEHTOB TaK)X€ HEOOXOJMMO y4H-
TBIBATh HAIPSHKEHHO-1e(hOPMUPOBAH-
HOE€ COCTOSIHHE paMHOM Kkpenu [4].

B kadecTBe mpumepa Ha puc. 2 Mo-
Ka3aHa 000OIIEeHHas pacuyeTHasl cxema
C KOMILIEKCHBIMHU YITPABJISIIOLITUMU CH-
JIOBBIMH BO3JICHCTBHUSIMU Ha paMy Kpe-
nu. B 30HaxX M3ruOarmmux MOMEHTOB

’Kopuax A.B. Memooonozust npoexmuposanusi Cmpoumenbcmea nod3emuulx coopyacenuil. — M.: Heopa kommionuketwnc, 2001. — 414 c.

T'opnuwti scyprnan Kazaxcmana Nell’ 2022




KperieHue ropHbIx BEIPadOTOK

M2, M3, M4 nenecooOpa3HO TIpuUMe-
HCHHUE YCUIIHTEIbHBIX DJICMEHTOB?.

Ilpu paccMOTpeHHH pPacUETHBIX
CXEM PaMHOH KpEeH ¢ yCUIUBAIOIIUMHI
9JIeMEeHTaMu 0co00oe BHMMaHWE HE00-
XOJUMO YJIEJISITh BBIOOpPY pariioHaIb-
HBIX MECT UX YCTAaHOBKH, TaK KakK 3TO
SIBJISICTCSL OJHUM M3 OCHOBHBIX KpHTE-
pU€EB IpU ONTUMM3ALUN BEJINUUH BHY-
TPEHHHUX YCHIINH B pame Kpemu®.

B HayuHO-TeXHHUYECKOH JIUTEpary-
p€ HET €IMHOTO MHEHUS O MPUHIUIAX
BBIOOpa MECT PaCIIOJIOKEHHS yCHIIH-
TEJIbHBIX AJIEMEHTOB B apOYHOH Kpe-
nu. OCHOBHBIE BapUaHThI PACIIOJIONKE-
HUST ycuiuTenen [S]:

1) B 1ByX TOUKax BEpXHsKa Ha pac-
crostHuu 1/3-1/4 npouiera;

2) ycuneHue Npu BEPTUKAIbHOM
Harpy3ke B BEpPXHEH 4acTH CTOEK, a
pu OOKOBOMW — B CEPEIMHE BEPXHSIKA;

3) ycuiieHue B pailoHaX y3J0B IIO-
JIATIUBOCTH.

IIpoananu3upoBaB CyIIECTBYIOLINE
CHOCOOBI TIOBBIIICHHSI HECYIIEH CIO-
COOHOCTH apOYHBIX KpENeH, yIpaBilsi-
IOIAE CUJIOBBIE BO3JEUCTBUS HA paMy
Kpenu M XapakTep B3aUMOJEHUCTBUS
Kpen# ¢ KOHTYPOM BBIPAOOTKH, MOYKHO
cieNaTh BBIBOJ, YTO MPUMEHEHHUE YCHU-
JINBAIOIMX JIEMEHTOB SIBIISICTCS] OTHUM
13 HanOoJIee palMoHAIBHBIX BADUAHTOB
YBEJIMYEHUS] HECYIIeH CIIOCOOHOCTH
METaNIMYECKUX Kpemneil ¢ MUHUMAallb-
HBIMH 3aTpaTaMH Ha UX YCTaHOBKY" [6].

MeToasbl aHaIHU3a

IIpumeHeHNe yCUIMBAIOLIUX JJe-
MEHTOB, KaK IOKa3aju pPe3yJIbTaThbl
MOJICIIMPOBAHUST HANPSDKEHHO-Ie(hop-
MHUPOBAHHOTI'O COCTOSIHUSI yCUIEHHOMN
apKH, MO3BOJISIOT CYIIECTBEHHO YIIyd-
IIUTH €€ HECYIIYI CIOCOOHOCTb, T.K.
MpU OJHOM M TOW XK€ 3aJaHHOM Ha-
rpy3Ke MaKCHUMaJbHbIE NEPEMEICHUS
yMeHbIIAIOTCS B 2,4 pa3a, HampsiKe-
HHE 10 OCH y cokpaiaercs B 1,4 pasa,
MHTEHCUBHOCTh HAMNPSIKEHUs CHUXKa-
ercs B 1,8 pa3 (tadm. 4) [6, 7].

ITonmydeHHbIE pe3yIbTaThl UCCIEN0-
BaHUN IPUMEHUMBI B yCIOBUSAX CUMME-
TPUYHOTO HArPY>KEHUS paMbl )KECTKOM
kpenu. [l OCTadbHBIX YCJIOBUH MpHU
0OJIBIIIEM KOJIMYECTBE UCXOIHBIX JIaH-
HBIX HEOOXO/IHMM JCTAIBHBIH pacyeT ¢
[IeTBI0 00Jiee TOYHOrO ONpEIeTICHUs

CXEMBbI PACIIOI0KEHHS yCUIIUTENEH IO
MepPUMETPY apOUYHOUN Kpemu.

3aKk/JIYeHne

AHanu3 pe3yJIbTaTOB MPOBEAECHHOIO
SKCIIEPHUMEHTA MO3BOJIWI ClIeNIaTh Cle-
JYIOIIUH BBIBOJI: IIPEAJIaraeéMblii METO/
MOJICTMPOBAHUS BBIPAOOTOK ITO3BOJISI-
€T TPUOJIM3UTH MOJENb K pPEabHBIM

A
l=—

ycnoBusiM. Pe3ynbpTaThl IPOBENEH-
HOTO MOJEINPOBAaHUS (BBIpAaOOTKa C
apOYHBIM YCHJIGHHBIM KpPEIJICHHUEM)
TOBOPSIT 00 YMEHBIICHUH HANPSKCHUH
1o OOKaM W BIIEpeIr BBIPAOOTKH, YTO
0JIarONPHUSITCTBYET CHUYKEHUIO BEPOSIT-
HOCTH /1e(pOPMHPOBAHMSI KpPEIH, yBe-
JIMYUBAsl €€ HECYIYIO CIOCOOHOCTD.

Puc. 1. Yeunureas ceuenuss CBII.
Cypert 1. AATI KUMaCbIHBIH KYIIeHTKilIi.
Figure 1. SIP cross-section amplifier.

q,— OoxoBas Harpy3ka, KH/m;

q,— BEpTHKaIbHas Harpy3ka, KH/m;
q,— MOTOJIHUTENbHAS Harpy3ka, KH/m;
q,, — 00KOBas JIOTIOIHMUTENEHAS
Harpy3ka, KH/M;

q,, — BEPTUKAJIbHAS JIOTIOJIHATEHHAS
Harpy3ka, KH/M;

M,-M — TOUKM SKCTPEMYMOB
U3rHOAIOIIEro MOMEHTA;

V,T,V, T, —onopHsie peakiuu, KH

Puc. 2. O0001ieHHas1 pacyeTHasi cXeMa apOYHOM Kpenu.
Cyper 2. Jlorajbl 0eKiTIeHiH KAJNBLIAHFAH ecellTey cXeMachl.
Figure 2. Generalized design scheme of arch support.

Puc. 3. U3MeHeHNe HHTEHCHUBHOCTH HATIPSKEeHUI B 3aBUCUMOCTH OT
BAPHAHTA NPUMEHsieMOl Kpenu — 0e3 yCUJIUTeJIs, ¢ OTHUM YCHJINTeJIeM H
¢ TpeMsl YCHIUTeasIMH.

Cypert 3. KoigaHbLIaThIH 0eKITKIIITIH HYCKAChIHA 0AJIAHBICTHI KepHeEY
KapKbIHABLIBIFBIHBIH 63repyi — KylleiTKilci3, 0ip KyleldTKilINeH xkoHe
YII KYIIeHTKilImeH.

Figure 3. Change in voltage intensity depending on the type of support
used — without an amplifier, with one amplifier and with three amplifiers.

SIy6oxkosckux FO.C. Hcenedosanue 3aKOHOMEPHOCMEN USMEHEHUs. Hecyujetl CROCOOHOCTIU MEeMANIUYeCKUX apO4HblX Kpenell ¢ pAacKIUHUSAIOWUMU
anemenmamu. / Jlucc... kano. mexu. nayk. — Examepunoype, 2017. — 132 c.
‘Kacnapuosan 3.B., Kosvipes A.A., Hogpuc M.A., Maxapos A.b., Kynukoea E.IO. ['eomexanuxa : yueonux. — Mypmanck : MI'TY, 2016. — Y. 1. — 272 c.

*Hypeyoicun M.P., Janenoea I'.T. Modenuposanue ¢usuueckux npoyeccos na ocnose IIK ANSYS: yue6. nocobue. — Kapazanoa: Kapl'TV, 2015. — 82 c.
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METO/ HIJTAKOBOI'O PAOUHUPOBAHUA OJIA
OUUCTKUNU METAJIJTYPITTUUYECKOI'O KPEMHMUsA

Annoranus. CojHeYHas SHEPreTUKa Ha TEKYIIHi MOMEHT — caMblii ObICTPOPA3BUBAIOLIMNCS CEKTOP SHepreTuku. CoHEYHbIE YIEKTPOCTAHIIUN YCIIel-
HO KOHKYPHPYIOT C TPaJUIIMOHHBIMH HCTOYHUKAMH SHEPIMU 10 CTOMMOCTH 3a €IUHHIly FeHEPHUPYEMOi sHepruu. JlaHHas CTAaThs IOCBSILIEHA OJHOMY M3
METOJIOB OYHCTKM KPEMHHUsI 0e3 ra3oBoil (asbl, A OUUCTKU UCIIOIB30BAJICS METOM IIIAKOBOTO paduHupoBaHus. OYHCTKA METAIyprUYECKOr0 KPEMHHS
MPOBOIMIIACH IJIAKOBBEIM METO0M. BBl Hcce0Bal MeTaJlTyprudecKiii KpeMHUH, MOy YeHHBIH KIIaCCHYECKUM KapOoTepMHUECKHM METOI0M. 3aTeM Oblia
onpo6oBaHa METAJUTyPrUYecKasi OUMCTKA IIAKOBBIM paGUHUPOBAHHEM, C UCIIOIB30BAHUEM IIIAKOB PA3JIMYHOTO cocTaBa. Beero OblI0 paccuutano 9 pas-
JINYHBIX HOBBIX COCTaBOB JUIsl NPOBEJEHHS 9 MPOILECCOB HIIAKOBOro paduHMpoBaHUs. KpeMHMH, MOyuYeHHbIH B pe3ylbTaTe BCEX NPOBEACHHBIX IUIABOK,
OBLI POAHAIU3UPOBAH HA COJAEPKAHNE TIPUMECEH.

Knrwoueesvie cnosa: Mema.fl/zypzuuecrcuﬁ er.MHuﬁ, d)omoaHepzemuKa, uiaKkoesoe pa(ﬁuﬂuposaHue, WNAK, 91eMEeHMHbIU AHAAU3, COTTHEYHAS JQHepeemuKa, wmuxma,
undykuuonnwz neun, gbomo@ozlbmauka, U3I0IAHCHUYA.

MeTaJiyprusiiblK KpeMHHMI/Ii Ta3apTyFa apHAJFaH LUIAKTHIK paduHaaray aaici

AnpaTna. KyH sHepruschl eH KapKbIHIbl JaMblIll KeJie j)KaTKaH SHepreTHKa cayiackl OOJIBINT TaOblIaabl. Ic *Ky3iHIe OpHATBUIFaH KyaTTap AaMmyZblH Oapiiblk
OoymKaMaapblHaH JKOFapbl, COHBIMEH KaTap, KYH DJIEKTp CTaHUMsJIApbl OHAIPIIreH dHeprus OipJiriHiH KyHbI OOMBIHIINA JOCTYpPJi DHEpPrusi KO3AepiMeH COTTi
Gocekeneceni. By makana kpeMHMIAI Ta3as! Ga3ace3 TazapTy dAICTEepiHiH OipiHe apHaIFaH, Ta3agay YIIiH KOXK/IbI Ta3apTy d/iCi KOJAAHBLIABL. MeTauryprusuIbiK
KPEMHHMIZII Ta3apTy IUIAKTHIK dICIIeH KYpri3ingi. Kiaccukaiblk KapOOTEepMUSIIBIK SICIICH aJIbIHFaH METAJLIY PrUsUIBIK KpeMHHM 3epTTeni. ComaH KeiiH apTypii
KypamMJaarsl HIaKkTap bl naﬁuanana OTBIPBIII, IIJTAKTBL pa(ananTay APKBUIbI METAJUTYPIUSAJIBIK Ta3apTy CbIHAKTaH GTKi3iJ’[}1i‘ LUJT&KTBIK pa(buHa):LTayaLm 9 npouecciH
JKYPri3y YIIiH GapibiFbl 9 TYp:i KaHa KypaMm ecenteii. bapibiK Kypri3iireH OalKpITyap HOTHXKECIHIC ajJblHFaH KPEMHHUI Kocnaaap/blH KypaMbIHa TaJlIaH/Ibl.

Tyutinoi cozoep: Memairypeusiivli KpemMHuil, pomodsHepeemuKd, Wiakmol paguHaomay, Wiax, SAeMeHmmix maioay, KyH IHepeemuKachl, WuUXma, UHOYKYUSIbIK
newt, homogonbmMauKa, KyumMaKaibin.

Silicon purification by slag refining method

Abstract. Solar energy is the fastest growing branch of energy. Installed capacities are in fact ahead of all development forecasts, in addition, solar power
plants successfully compete with traditional energy sources in terms of cost per unit of generated energy. This article is devoted to one of the methods of silicon
purification without a gas phase, the slag refining method was used for purification. This paper presents the results of testing the first phase of metallurgical silicon
purification. Purification was carried out by a slag refining method. Metallurgical silicon produced by the classical carbothermic method was investigated. Then a
metallurgical purification by slag refining was tried, using slags of different composition. A total of 9 different new compositions were calculated for 9 slag refining
processes. Silicon obtained as a result of all melts was analyzed for impurities.

Key words: metallurgy-grade silicon, photovoltaic, slag refining, slag, elemental analysis, solar energy, charge, induction furnace, photovoltaics, casting-form.

Beenenne

Ha cerogHsamHuii 1eHb COJHEYHAs
SHEpPreTHKa SIBISIETCS CaMOM OBICTPO-
Pa3BHBAIOIICHCSI OTPACIbIO DHEpre-
TUKH. YCTaHOBJICHHBIC MOIITHOCTHU II0
(hakTy omepexaroT BCe IMPOrHO3bI pa3-
BHUTHUSI, KDOME TOT'O, COJHEUHBIE DJIEK-
TPOCTaHIUH YCIIEIIHO KOHKYPUPYIOT C
TpaAUIMOHHBIMU HMCTOYHUKAMU BHEP-
T 1o CTOMMOCTH 3a €AUHHILY T'CHEC-
pupyemoii sueprun. CoriacHo 0030py
MHPOBOI'O PBIHKA «COJIHEYHOW» JHEp-
retuk, 3a 2020 r. OBUIO YCTaHOBJICHO
M TIOAKIIFOYEHO, B OOIIEH CI0KHOCTH,
756 I'BT ycTaHOBOK IpeoOpazoBaHUs
cojnHeuHoM oHepruu. Hecmorps Ha
«rokaayHel» B cBsizu ¢ Covid-19, cra-
na peiaka ¢oroBonsTanku' B 2020 T.
He HaOmonaiock. beicTpopacTyias
KOHKYPEHTOCIIOCOOHOCTh ~ COJIHEYHOMH
OHCPIruu sABJIACTCA OAHHUM U3 OCHOBHBIX
(hakTOpOB Pa3BUTHS B SHEPIETHUECKOM

ceKTope 3a mociexanue roasl. [To mpu-
YHUHE YCOBEPIICHCTBOBAHUSI TEXHOIIO-
TUH KaK MO0 OYHCTKE KPEMHHsI, TaK U
IO CO3JaHHUI0 «COJTHEYHBIX» DJIEMEH-
ToB (CD), HaOIIOJAeTCST 3HAYUTEITFHOE
YMEHBIIICHUE IICHBI HAa «COJHCYHYFO)
SIEKTPOIHEPTUIO?, KOTOPasi CHU3HUIIACH
Ha 10% mno cpaBHeHuro ¢ 2019r. B
2020 r. meHa 3JIeKTPOIHEPTUH, TEHEPH-
pyeMoii 3a CUET COJIHEYHBIX ITaHEeICH,
CHU3MIIACH 10 CPABHEHHIO C BETPOBOIA".
Hecmotpss Ha MHOTOYHCICHHBIC WC-
CJICIOBAHHSI M HOBBIC MaTCPHUAIIBI, HC-
ITOJIB3YEMBIC LTSI CO3TaHUS COTHCYHBIX
SJIEMEHTOB, KPEMHHI OCTACTCS CaMBbIM
BOCTPCOOBAaHHBIM CBHIPEEM B COJIHECY-
HOHW SHepreTuke. B HacTosImee BpeMst
moist CD, co3maHHBIX Ha 0Oa3e KpH-
CTaJUTMIECKOTO0 KPEMHHUS, COCTaBIISICT
nopsaka 95% nportuB 5%, co3gaHHBIX
Ha OCHOBE TOHKOIUICHOYHBIX TEX-
Honoruii*>. CTOMMOCTH COJHECYHOIO

9JIEMEHTA 3HAYMUTEIBHO 3aBUCHUT OT
LIEHbl KPEMHHUSI, IOCKOJbKY OHa CO-
crapisier 70-75% croumoctu C3. s
JanpHenuero camxenus: ueH C9, kpo-
M€ YCOBEPUICHCTBOBAHUS TEXHOJOTHU
MPOU3BOJICTBA U YMEHBIIEHUSI TOJIIHU-
HBl TUTACTHH KPEMHUS, HEOOXOIHUMEI
HCCIICIOBAHUS U Pa3paOdOTKH IO TOITY-
YEHHUIO U OUYHMCTKE KPEMHUSI, UCTIOIb3Y-
€MOr0 KaK ChIpbe J1Jisl mpou3BojcTea CO
Ha 0a3e KPUCTALNTIIECKOTO KPEMHHUSI.

MatepuaJjbl 1 METOIbI

JlanHasi cTaThsl MOCBSIIEHA OIHO-
My W3 METOJIOB OYHCTKH KPEeMHHS 0e3
ra3oBoil (pa3el — METOIy IUTIAKOBOTO
paduHEpOBaHUS. MeTamTyprudeckue
METO/Ibl WJIH, KaK UX YaCTO HAa3bIBAIOT B
muTeparype, (PU3NICCKUE, MOITHOCTHIO
HMCKJIIOYAIOT MCIOJIb30BAHUE XJIOPCHU-
nanoB’ [1]. JlocTmxeHne HeoOX0 MO
YHUCTOTBl KPEMHHSI OCYLIECTBIISIETCS
IIyTE€M HCIIOJIb30BAHUSI BBICOKOUHUCTBIX

!International technology roadmap for photovoltaic (ITRPV). / VDMA Photovoltaic Equipment [electronic resource]. — Germany, 2020. — 12 edition.
URL: https.//itrpv.vdma.org/en/ (0ama oopawenus 01.11.2022).
A strategic research agenda for photovoltaic solar energy technology. // Photovoltaic technology platform, European communities [electronic resource].
—2007. URL: www.euplatform.org/ (0ama obpawenus 01.11.2022).
3DeCeuster D. High efficiency solar cells: promise and realization. // In: Proceedings of 20th Workshop on Crystalline Silicon Solar Cells & Modules:
Materials and Processes. — Breckenridge (Colorado, USA), 2010.
“Ceccaroli B., Lohne B. Solar Grade Silicon Feedstock. / Elkem solar, metallurgical solar silicon: third silicon conference, Munich, 2006.

SAulich H. Solar grade silicon production and processing technology. // In: Proceedings of 20th Workshop on Crystalline Silicon Solar Cells & Modules:
Materials and Processes. — Breckenridge (Colorado, USA), 2010.
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WCXOIHBIX BEIIECTB: KBapla W yrje-
pozia ¢ MOCJEAYIONUM TPUMEHEHHEM
METAJLTYPrUYE€CKUX U (PH3UKO-XMMUYE-
ckux nepezenos. [losTomy B Mupe 1ura-
HUPYETCSI B KPATKHUH IEPHOJT yBEIINIUTh
MIPOM3BO/ICTBO «COJTHEYHOT'0» KPEMHUS
METAJLTYpPTUYeCKUMHA METOJIaMH, a MX
Pa3BUTHI0O W IIMPOKOMACIITA0OHOMY
WCIIOJIb30BAHMIO YJIIIsIeTCsl OOoJbIIoe
BHMMaHue. Tak, Hampumep, KomIa-
Hun Elkem (Hopserust), Waker (I'ep-
manwusi), PhotoSil (@panmwust), SolSile
(Iommangust), CaliSolar (CLLIA), CPI
(CIJA) n Semco Engineering (®pan-
[WsI) PEAIM30BAM MWIOTHBIC W/HITA
MIPOMBIIUICHHBIE MPOEKTHI TOITYYECHUS
SOG-Si TakuMu METO/IaMHU.

Ha ocHoBaHuM pe3ynbTaToB, MpHU-
BEJCHHBIX B JIUTEPATypPHBIX HMCTOY-
Hukax> ¢ [2], a Takxke psijia MpoBe/CH-
HBIX aBTOpPaMH IPEIBAPHUTEIHHBIX
HCCIIEIOBAHUHN 110 JAHHOW TEMaTHKe
[3-5], mampHeiimue pabOTHI MO OT-
paboTKe W yCOBEPIICHCTBOBAHUIO
TEXHOJIOTHI IOJIYyYECHHUS W OYHCTKH
KPEMHHUS JI0 «COJIHEYHOT'0» KadeCcTBa
WMEIOT TEPCIEKTUBHOE M CTPATETH-
YecKoe 3HAaYeHHE ISl KPEeMHHEBOU
npomeIuieHHocTH Kazaxcrana.

PesynbTarsl

Ju1st mpoBeieHust paboT M0 OYMCTKE
ObUT WCTOJIB30BaH Mg-Si, TOIyYeH-
HBI IIMPOKO M3BECTHBIM METO/IOM
KapOOTEepMHYECKOT0  BOCCTaHOBIIE-
Hus. Hcnonb3oBanca Mg-Si Mapku
KP-0 B xommuectBe 100 xr (OOO
«PYCAJI Kpemuunii Ypamny), npumec-
HBIH COCTaB MCXOJHOTO METaJULypIH-
YECKOro KPeMHUsI MOoKa3aH B TaOu. 1.
Mg-Si MaccoBO MPOU3BOAUTCS IO
BCEMY MHUpY, HO IO NPHUYHMHE HEIO-
CTATOYHON YHMCTOTHI HE MOXKET OBITh
HaIpsIMyIO HCITOJIb30BAaH B KayecTBE
ChIpbsi Jisi npousBojacTBa CO. [lan-
HBII MaTepuail ObLI BBIOpaH IS 9KC-
MIEPUMEHTAIBHBIX PAa0OT IO OYHCTKE
10 MPUYHMHE OONBIIEH JTOCTYITHOCTH
JJaHHOTO Martepuayna. Becb kpemHuit
ObUT W3IPOOIICH 10 (Qpakuuu He 00-
nee 15 MM Ha nIpoOMIBEHOM ammapare
Pulverisette 1, 3ateM u3 Hero ObLIH
O0TOOpaHbl MPOOBI I MPOBEACHUS
9JIEMEHTHOTO aHallu3a Ha OIpeielie-
HHE IpuMeced B ucxoaHoM Mg-Si.

DJIEMEHTHBIN aHAJIN3 BCEX MPOO IS
MOoJIydyeHUs: HanboJjiee JOCTOBEPHOU

Taonuya 1
Ilpumecnulii cocmag ucxo0HO20 MEMANLTYPZUUECKO20 KPEMHU
Kecme 1
Bacmankbl memannypzusivlk KpeMHUUOIH, KOCRANbIK KYpambl
Table 1
Impurity composition of the original metallurgical silicon
HaumeHnoBanue Al | Fe | Ca | In | Ga | As | B | P
npoobl ppmw
Mg-Simexommwiii | 1277 | 1551 [ 1821 | 11 | 43 | — [ 31 | 27
Tabauya 2
Cocmae wiuxmal 07151 RPOBEOCHUA RPOUECCO8 WNAKOB020 PAPUHUPOBAHUA
Kecme 2
Koorcovt mazapmyowviyy npoyecin scypzizyze apHaizan WiuxXmaHvly, Kypambl
Table 2
The composition of the charge for carrying out processes of slag refining
InaBka CaO Sio, CaF, | Na,CO,| ALO, MgO
% 40 50 10 - - -
[TmaBka Nel
KT 2 2,5 0,5 — — —
% 60 30 10 - - -
[TmaBka Ne2
KI' 3 1,5 0,5 - - -
% - 60 - 40 - -
[InaBka Ne3
KT — 3 — 2 — —
% 10 50 10 30 - -
ITnaBka Ne4
KT 0,5 2,5 0,5 1,5 - -
% 70 30 - - - -
ILnaBka Ne5
KI' 3,5 1,5 - - - _
% 40 40 - - 20 -
IlnaBka Ne6
KT 2 2 - - 1 -
% 40 40 - - - 20
TlnaBka Ne7
KT 2 2 - - - 1
N NeS % 40 40 - - 10 10
naBka No
KT 2 2 - - 0,5 0,5
% 30 40 10 - 10 10
ITnaBka Ne9
KT 1,5 2 0,5 - 0,5 0,5
uHGOpPMAIIMK  IMPOBOMMIICS JBYMsS Ha 9 yacTel s mpoBeacHHs 9 mpo-
METOJaMH: aTOMHO-OJMHCCUOHHOW  IIECCOB INIJIAKOBOTO pa(pUHUPOBAHHUS.

CIIEKTPOMETPUU C BBICOKOYACTOT-
HOM HMHIYKTHUBHO CBSI3aHHOM IIjIa3-
moit (ADC HCII) Ha cnekTpomerpe
Optima 2000DV (Perkin Elmer) u
PEHTreH(IyOPECIEHTHBIM METOJI0M
(P®A) na npubope PJIII-21 (Acman-
I'eo). st ompeneneHusi ObLIA BbI-
OpaHbI OCHOBHBIE JICTUPYIOIIHE TIPU-
mecu (0op, Gpocdop, MBIIIBSIK, Tall-
JUHA ¥ WHAWH) 1 TPUMECH METAJUIOB,
OKa3bIBAIOIINX 3HAYMUTEIHLHOE Hera-
THUBHOE BIIMSIHUE HA XapaKTEPHCTHU-
ku CD [4]. [Tocne npoOieHust Kpem-
HUI OBbUI IepeMelmaH W pasieieH

Ha 6a3e npoBoguBIINXCSI paHee HC-
ciuenoBanuiil [3, 4] ObUTH BBITTOJTHCHEI
pacyeTsl MO COCTaBy MIUXTHI IS 9
MPOIIECCOB NUIAKOBOI0 pahuHUPOBA-
Hus. [1maBKy KpemMHHsI TPOBOIIIIN B
WHAYKOUOHHOW meun «llapamiensy
HIIT-100-2,4-0,075-I'-YXJI4 w™om-
HocThio 100 KBT c rpadguroBsiM
THrIeM eMKOocThio 60 11 (puc. 1).

B kadecTBe (IIrOCOB HMCHOIB30BaA-
nuck emecu Ca0, Si0, Cal',, Na,CO,,
MgO, AL,0,. llpu B3aUMOAEUCTBHHU C
MIPUMECHIO IIUTAK MOJKET IOJHUMATh-
Cs Ha TOBEPXHOCTh PACILIABICHHOTO

°Kirscht F., Heuer M., Kds M., Rakotoniaina J.P., Jester T. Metallurgically refined silicon for photovoltaics. / Proc. 6th Internat Workshop on Crystalline
Silicon for Solar Cells (CSSC-6). — Aix-les-Bains (France): Institute National de L’Energie Solaire, 2012.
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KPEeMHHsI, IN0O 0CeaTh Ha THO THUIJIIS
WU JIETKO ypaansaTbes. [IpakTuka mo-
Ka3aja, 4TO TaKHM CIIOCOOOM TakiKe
MOYHO yAaJIITh TaKHE DJIEMEHTHI KaK
B, Al, P, S, Ga, Ge, Sr. beuio npose-
JIeHO 9 mpoIeccoB NUIaKOBOro padu-
HUPOBAHUSI C Pa3JIMYHBIM COCTAaBOM
IIUXTHI JIJIS1 TIOJYYEHHSI OYMIEHHOTO
Mg-Si (UMg-Si). Paznas mmxrta wuc-
MOJIb30Baach ISl OIpejaesieHus 00-
JIee TIPUEMJIEMOT'O COCTaBa, KOTOPBIA
MOKKET Jydnyro 3((EeKTHUBHOCTH
ourcTku. CocTaB MPOBEACHHBIX ILIA-
BOK IIpEJICTaBJICH B Ta0I. 2.

[lTocne mnpoBemeHUsT NUIAKOBOTO
paduHUpPOBaHHUS W3 KaXIOW IUIABKU
ObITM 0TOOpaHBI MTPOOKI JUISI OTpeie-
JICHUSI KOJIMYECTBA PUMECEH B MOIy-
YeHHOM KpeMHuH (Tadm. 3). [nst Bcex
MPOIIECCOB  INIAKOBOTO  paUHUPO-
BaHusA macca Mg-Si cocraBmisina 5 Kr,
OTHOIIIEHUE IIaKa K KpeMHuio — 1:1.

Texnonozcuueckuil peenamenm 6cex
NAABOK ObLIL CLEOYVIOUSUM.

= pazorpeB TpadHUTOBOrO THUIJII B
neun 10 Temneparypsl 1200-1300°C;

= 3arpy3ka Mg-Si B ooseme 1/3 ot
BCcell HaBecku + 1/3 or moOaBisieMoi
IIJTAKOBOM CMECH;

* [IJIaBJICHUE 3arPY>KCHHOM IINXTHI;

= 3arpy3ka Mg-Si B ooseme 1/3 ot
BCcell HaBecku + 1/3 oT moOaBisieMoi
IIJTAKOBOM CMECH;

* [IJIaBJICHUE 3arPY>KCHHOM IINXTHI;

= 3arpy3ka Mg-Si B oOseme 1/3 ot
BCcell HaBecku + 1/3 oT moOaBisieMoi
IIJTAKOBOM CMECH;

* [IJIaBJICHUE 3arPY>KCHHOH IINXTHI;

® CJIUB B IPa()UTOBYIO MU3JI0KHHUILY.

OJuH U3 MOJYYEHHBIX CIUTKOB I10-
Ka3aH Ha puc. 2.

Oo6cy:xneHne pe3yJibTATOB

HeratnBHoe BiusiHME  pasiny-
HBIX JJIEMEHTOB Ha XapaKTEPUCTHKHU
COJIHEYHBIX 3JIEMEHTOB JOCTAaTOYHO
XOpOLIO M3y4yeHOo, HauumHas ¢ 80-x
rOJIOB MPOLUIOr0 CToJIeTHs. Pe3yib-
Tarbl aHanu3a (Tabn. 1) moxazanw,
YTO UCXOAHBIN Mg-Si COAEpKUT 3HA-
YUTEIBHOE KOJIMYECTBO NpHUMEcEH
W HE MOXET OBITh HCIIOJIB30BaH B
Ka4yeCTBE CBIPbS ISl IPOW3BOJACTBA
«COJIHEUHOTO» KpEeMHUs, TpedyeTcs
ouncTKa 10 kauectBa UMg-Si.

JL1st mpoBeeHUsT IPOLIECCOB IILIa-
KOBOTO pa(MHUPOBAHMS BBITIOJHS-
JIUCh pacydeThbl IO COCTaBy IIHUXTHI

Taonuua 3

Ilpumecnulii cocmae KpemHus ROCe WAAKOE020 PAPUHUPOSAHUS

Kecme 3

HInaxkmot mazapmyoan Keuinzi KpemHuUioiy KOCRAnblK Kypamol

Table 3

Impurity composition of silicon after slag refining

Haumenosanne | Al | Fe | Ca | In | Ga | As | B | P
npoodbI ppmw
ITnaBka Nel 44 | 3890 | 708 5 111 — 12 58
ITnaBka Ne2 148 980 | 3379 1 28 — 12 37
ITnaBka Ne3 1295 | 2029 | 785 2 13 0,2 9 27
ITnaBka Ne4 184 | 2509 | 3396 8 96 0,074 | 9,5 56
ITnaBka Ne5 1802 | 2880 | 1018 14 84 10,384 | 11 43
ITnaBka Ne6 202 | 2542 | 921 8 70 | 0,053 11 49
ITnaBka Ne7 624 | 1868 | 1119 4 51 1,5 11 41
ITmaBxa Ne§ 593 | 1862 | 900 1,5 46 2,5 9 34
ITmaBka Ne9 30 | 2296 | 400 2,8 52 2,2 7 35

W OIIepalllH, TO3BOJISIIONINE PEaTU30-
BaTh CIEAYIONINE 3a/1aUn: ITOJyYeHUE
TOMOTEHHOUM (a3l KpPEeMHHsI; OIpe-
JIeJICHUE TapaMeTpOB IUIABKH, KOJIU-
YecTBa MIJJaKa, OTHOIICHUS IUIAKA K
KPEMHHUIO, KOJIMYECTBA W ONTHUMAIIb-
HOro u30kITKa Si0, Ha 0OpasoBaHUE
TOMOTEHHOU (ha3bl KpeMHUs (MOIYITh
OCHOBHOCTH), ITOPSI/IKa BBOJIA IIUXTHI
B pacIiaB (TEXHUYECKHI periiaMeHT
IJIAaBKH) JUISI TIOJTHOTO PACILIABIICHUS
COCTABJISTIOITUX IMIUXTHI U KPEMHHUS, U
MIOJy9EeHUs] MaKCHMaJIbHOTO BBIXOJA
KOHEYHOTO MPOIYKTA.

B cpenHem, BBIXOA OYHIIEHHOTO
KpeMHus cocTaBun 4 kr, T. €. 80% ot

™

iy

o ) "'Jn

Jotza

A Camp M=

MAaccChl 3arpy»kaeMoro Iisi OYHCTKH
kpemuus (ot 70% mo 99%). Ilo pe-
3yJIbTaTaM IPOBEACHHBIX MPOIECCOB
[JIAKOBOM OYHCTKH OT MpUMeEcei
BUIHO, 4YTO HamOojee yJadHble —
mraBku Ne3, Ne8 m Ne9 (Tabim. 2).
Crnenyer OTMETHTh, YTO OCHOBHOM
[IEJIBI0 OYHMCTKH SIBIISNIACH OYMCTKA
OT mpuMecHu Oopa’, uMeromeil Kod3d-
¢unment cerperanmmm 0,8-0,82. Ilo
NIPUYMHE BBICOKOTO KO3((dHIeHTa
cerperanuu O0Op 3HAYUTEIHLHO MEHB-
me Ipyrux MpUMecel yaaisercs B
MpOIecce BHIPAIIMBAHNS KPUCTAIIIOB
KkpemHus, nopsinka 80% Oopa mepe-
XOJIUT U3 pacIljiaBa B KPUCTAILT .

o

Puc. 1. BHemunuii Bua uHAyKIMOHHOI neun «Ilapanaenb»
NPH NPOBeleHNHU NIJIAKOBOr0 pa(puHUpoOBaHMsl.
Cyper 1. Koxabl Tazapty Ke3ingeri «Ilapanjenb» HHAYKIHUATIBIK
NneliHiH ChIPTKbI KOpiHici.
Figure 1. External view of the induction furnace «Parallel»
during slag refining.

"Coletti G., Impurities in silicon and their impact on solar cell performance. / PhD Thesis. — Netherlands: Utrecht University, 201 1.
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OcrasnbHBIE TPUMECH NIEPEXOTHBIX
METaJNIOB UMEIOT KO3 (D PUIINEHTHI ce-
rperaiuu nopsiaka 10°5-107° u mocra-
TOYHO XOPOUIO yJAJSIIOTCS Ha dTame
BBIPAIIUBAHUS KPUCTAIIIOB KPEMHHUS
MPY HAMPABICHHON KPHCTAJIA3AINN
no metrony CrokOaprepa-bpumxme-
Ha. JlocTaTOYHO BBICOKOE COJEpIKa-
HHue Gocdopa, B CBOIO 0Yepeb, MO-
JKET OBITh HHUBEIMPOBAHO IMPUMECHIO
rajumisi 6e3 OKa3aHWs JOMOIHUTEIb-
HBIX HETraTUBHBIX 2 (}EKTOB Ha Xa-
PAaKTEpPUCTHKHA KaK KPEMHUsS, TaK U
COJIHEYHBIX DJIEMEHTOB.

3akJ/oueHue

B Xoze mpoBeneHHBIX HCCIEI0Ba-
TEJIBCKUX PA0OT MO OYUCTKE KPEMHUS
METaJUTyPTHUYE€CKUMU METOJaMu ObliIa
oTpaboTaHa MpoIeaypa MPOBEIACHHS
rporiecca MIJIaKoBOH OYNMCTKH MeTall-
JIyprU9ecKOr0 KPEMHHSI B HHIYKIIH-
OHHOW TIEYH C ONTHMAJIGHBIMHU I1apa-
Merpamu. OnpeieseHbl ONTHMaIbHBIC

COCTaBBl IIHUXTHI JUISI METaJULyprude-
CKOW OYHMCTKHU KPEMHUSI.

[TokazaHo, 4TO TpH BBIOPAHHBIX
pexumax paboThl MOXXHO IOJIy4aTh
CTaOWJIbHBIE PE3yJIbTaThl MO IOJyde-
HUIO CJIIUTKOB OYHWIICHHOT'O KPEMHHS
C ZIOCTATOYHBIM BBIXOJIOM KPEMHHS 110
macce — 110 99%. Kpome Toro, ucnosib-
3yeMBbIE JUISI OYUCTKH COCTABBI IINXTHI
MO3BOJIAIOT CHU3UTH KOHIEHTPALUIO
Jerupyronie mpumecu Oopa B 3-5
pa3. DIeMeHTHBIE aHaJM3bl, IPOBE-
nennsie Mmetogamu POA u ADC-UCII
MO3BOJISIIOT KOHTPOIUPOBATH MPOLIECC
OYHMCTKH Ha KaKIOM dTale M IOJy-
YaTh JIOCTOBEPHBIC pPE3yJIbTaThl II0
KOHTPOJINPYEMBIM ITPUMECSIM.

Pesynbratel pador [3, 4] moka3biBa-
10T, YTO IOJYYEHHBIH KPEMHUH UMeeT
JIOCTaTOYHYIO0 YUCTOTY MJis MpOBEJe-
HUS CIIEYIONINX 2TAallOB OYNCTKH Me-
TOAAMH KUCJIOTHOTO BBIIIEIAYMBAHUS
1 HaIpaBJICHHOW KPHUCTAJUIM3AINN.
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ML.E. Isametova, *G.S. Abilezova, Kh.A. Akhmedov
Satbayev University (Almaty, Kazakhstan)

COMPUTER SIMULATION OF LIQUID
KINEMATICS IN A CENTRIFUGAL PUMP
AND VERIFICATION OF CALCULATION
RESULTS WITH EXPERIMENTAL DATA

Abstract. The object of research is a multistage centrifugal pump for pumping water. The authors presented a method for hydrodynamic calculation
of the flow kinematics in a centrifugal wheel, pressure characteristics of the pump. The calculations were carried out according to the passport data for the
entire working area of the pump. In order to verify and verify the adequacy of the flow model, the results of pressure and efficiency factor were obtained
experimentally on an automated hydraulic stand. The article presents a methodology for testing the pump and determining the measurement error. Calculation
results are in satisfactory agreement with the passport data (within 3%). However, at low feeds, the real pressure characteristic has a «sinking» section, which
is explained by manufacturing errors of the centrifugal wheel.

Key words: centrifugal pump, pump characteristics, three-dimensional model, numerical simulation, experiment, measuring instruments, computer modeling,
Sluid kinematics, hydrodynamic calculation and pump testing.

KOMHLIOTepHOC MOAC/IMPOBAHUEC KHHEMATHUKHU KHAKOCTH B HeHTpOﬁe?KHOM Hacoce n Bepe(l)mcauml pe3yJjbTa-

TOB pacdeTa € IKCIICPEMECHTAJIbHBIMHA JAHHBIMHUA

AnHoTanusi. OGBEKTOM UCCIIEI0BAHMS SBJIACTCS MHOTOCTYIIEHUYATHII IIEHTPOOESKHBIH HACOC JUIs IEPEKAYKH BOJIbI. ABTOPAMH IIPUBE/ICHA METOJUKA THAPOIN-
HaMHYECKOT0 pacdyeTa KHHEMaTHKH MTOTOKA B IIEHTPOOEKHOM KOJIeCe, HAOPHBIX XapaKTePUTHK Hacoca. PacueTsl MPOBOAMINCH COTTIACHO MACHOPTHBIM JaHHBIM
Ha Bceit paboueii 30He Hacoca. C 1enbio Bepu(UKaIMy U IPOBEPKH aJIeKBATHOCTH MOJICIIN TCUCHHH pe3yIbTaThl HANIOPa M KOG (HUIUEHT TIO0JIE3HOTO JSHCTBUS
OBLIN IOJIy4YEHbI SKCIIEPUMEHTAIBHBIM ITyTEM Ha aBTOMATU3MPOBAHHOM THIPABIMYECKOM CTEH/IE. B cTaThe npuBe/ieHa METOJMKA [IPOBEICH s UCIIBITAHUH Hacoca
1 OIIPE/ENEHMs] NOTPEIIHOCTU U3MEPEHUi. Pe3ynbTaThl pacyeToB yJOBIETBOPUTEIBHO COIIACYIOTCS C MACIOPTHBIMU AaHHBIMU (B mpezaenax 3%). OaHako, npu
MaJlbIX II0Jjayax peayibHasi HallOPHask XapaKTEPUCTHKA UMEET «3aIaJalolinii» yqacToOK, YTO OOBSICHICTCS MOTPEIIHOCTMH H3TOTOBICHNUS LICHTPOOEIKHOTO KOJIeca.

Knroueeswie cnosa: ueHmpo6eo/cm;u? Hacoc, xapakmepucmuKu Hacoca, mpexmepHas MOOeNb, YUCTEHHOE .MO()E/IMPOBLIHM@, oKcnepumenm, cpedcmga U3BMEPEHUAL,
KomnbslomepHoe Mobejlupogaﬂue, KuHemamuxa Z)ICM()KOCmu, zudpaduuaﬂmqeacuz? pacuem u ucnelmatue Hacocda.

OpTaHbIKTaH TenKiln CoOprbiIaarbl C¥ﬁLlKTbIl{ KHHEMAaTHKACBIH KOMHL]OTep.]'liK MOJeJIb/ACY AKIHEe 3KCHepﬂMeHTTiK

JepeKTepMEH ecenTey HITUKeJepiH Tekcepy

Amnparna. 3eprrey 0OBEKTiCI — Cyabl aiiayra apHaifaH KeOIl CaTbUIbl OPTaJaH TENKill COPFBI. ABTOpJIAp OpTaJaH TENKilll JTOHFAJaKTarbl aFbIHHBIH
KMHEMaTUKAaChIHBIH T'MIPOANHAMHKAIBIK €CENTey SMICIH, COpPANTBIH KbICBIM CHIIATTaMajapblH YChIHAABL EcenTeyiep COPFBIHBIH OYKiJl )KYMBIC aiiMarbIHBIH
TOJKYKAT JCPEKTEpiHe COKec >KYpri3iifi. AFbIH YJATICiHIH COHKECTIriH TEeKcepy oHe TeKcepy YIIiH aBTOMATTaHABIPbUIFaH THUAPABIMKAIBIK CTCHITE 0achl
MEH THIMAUTITIHIH HOTHXeJepi SKCIepUMEHTAIAbI TYPAE alblHAbl. Makagaja COPFBIHBI ChIHAY JKOHE OJIIIIey KaTeliriH aHelKTay omictemeci Oepinren. Ecentey
HOTIDKEJIepi MachopT AepeKkTepiMeH KanaraTTanapibik (3% mrerinze). JlereaMeH, TOMeH Oepiitic Ke3iH/e HaKThl KbICBIM CHIIATTaMAChIHBIH «IIOTY» Geiimi 6ap, o
HEeHTPpH(YTAIBIK TOHTeICKTIH OHIAIPICTIK KaTeJIepiMeH TYCIHIIpiedi.

Tyiiin co30ep: opmanvlKman menkiui cOpabl, COPebl CUNAMMAMANApbl, Yul enuemol Mooeib, CAHObIK MOOeNbOey, dKCHepuUMeHm, onuley Kypanoapbl,

KOMNbIOMeEPIIiK MOOeIbOey, CYUbIKMbIK KUHEMAMUKACHL, 2UOPOOUHAMUKAIBIK eCenmey HCIHe COPbIHbL CHIHAY.

Introduction

One of the main problems of modern mechanical
engineering is resource and energy saving. This dictates the
need to create more efficient machines and mechanisms,
as well as the desire to minimize the costs of developing
new technology. The mentioned trends in modern design
fully apply to the industry of vane pumps. Optimization
of the design of the pumping unit is impossible without
a detailed knowledge of the pattern of three-dimensional
fluid flows. The movement of fluid in the channels of these
hydraulic machines is particularly complex due to the
influence of the shape of the blades, rotation, turbulence,
flow separations and other phenomena, and therefore the
old ways of designing vane pumps use either techniques
with approximate correction factors, or already existing,
proven designs in as samples (similarity method) [1, 2].
The disadvantages of such design methods are: in the
first case, the process is stochastic, which results in the
ambiguity of empirical coefficients, and in the second
case, it is impossible to obtain a complete similarity of
a full-scale machine and model and take into account

complex hydrodynamic processes occurring in the pump.
In order to design a pump that meets the requirements
of the customer, additional refinement of the design is
necessary (for example, turning the impeller [3, 4]), which
leads to material and time costs. Currently, a number of
application packages are used to solve the problems of flow
kinematics, such as ANSYS CFX, Fluent, STAR — CD,
etc., reduce production costs. But this modeling process
also causes some difficulties associated with the adequacy
of the mathematical models used, with the application of
the computational grid of the required quality and with the
degree of detail of various flow properties' [5]. A large
number of publications devoted to solving these problems
in turbomachines confirms the topicality of the topic.

Relevance of the issue

The article [6] highlights the problems that arise in the
numerical simulation of flows in axial and centrifugal
ones. The dependence of the solution on the presence of
areas of instability on the operating characteristics and
the initial approximation leads the authors to the idea to
start the calculation from the supply mode to the left of

'Badr H.M., Ahmed W.H. Pumping machinery theory and practice. — New York: John Wiley & Sons, Inc., 2015. — 392 p. (in English)
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Table 1
The main geometric characteristics of the impeller and
the properties of the working fluid
Kecme 1
Kymoic 0onzenezinin necizei ceomempusaibly
CURAMMAMATAPDL HCIHE HCYMBIC CYULbIKINBIZLIHBIH,
Kacuemmepi
Tabnuua 1
OcHnogHble ceoMempuyecKue XapaKkmepucmuKku

pabdouezo Koneca u ceoiucmea padoueil HcuoKocmu

Number of blades 6
Impeller speed rpm 2850
Outlet wheel radius R ,, mm 9
Outlet Blade Width b,, mm 0.003
Blade width at the inlet b, mm 0.006
Liquid density, kg/m’ 865.4
Dynamic viscosity, Pa-s 0.00415

the operating point of the pump, and use its result as initial
conditions for determining the parameters of the next point
with a lower supply, etc., until surge limit is not reached.
The phenomenon of flow separation forces us not only to
carefully choose a turbulent viscosity model, but also to
apply difference schemes with a low scheme viscosity.
In addition, numerical experiments are used to consider
methods for improving the shape of the meridional contours
of the turning channel to reduce energy losses in multistage
pumps. The authors?> are developing a new difference
method for the ANSIS program that simulates spatial
nonstationary viscous flows in multistage pumps, taking
into account effects such as the passage of flows through
the rotor channel, nonlinear loads on the blades, etc. The
authors of article [7] are modeling unsteady flows in single-
stage centrifugal compressor in the FlowVision software
package in a volume setting. To determine the efficiency
from the flow rate and acting forces, moments, the authors
use the k-g turbulent model with wall functions, the flow
model in slotted seals, mesh thickening in boundary layers,
and the sliding mesh model. The average flow rate at the
outlet, the pressure and temperature at the inlet are chosen
as boundary conditions, and the criterion for a steady flow
is the equality of the flow rates at the inlet and outlet of the
computational domain. In [7], the steady-state field of total
pressures of a viscous incompressible fluid in a centrifugal
pump MH250 is calculated using the standard k-¢ turbulence
model SFLOW and the model of moving coordinate
systems. The purpose of this work was to determine the
adequacy of a computer model for determining the pressure
characteristic of a centrifugal pump.

To achieve the goal of the study, the following tasks were set:

1) build a pressure — energy characteristic 7 . = f(Q),
each point of which was determined using the package
SFLOW based on finite volume method;

2) conduct experiments on a laboratory stand in the
laboratory of KazNITU;

3) compare the obtained results of numerical simulation
with experiment = f(O);

4) analyze the reasons for possible discrepancies.

The object of the study was a centrifugal multistage
pump brand STR 15. The main geometric characteristics
of the impeller of the pump under study and the properties
of the working fluid (water), for which the calculation was
performed, are shown in table 1.

Research methods

To conduct a numerical study of the kinematics of the
flow in the flow part of the RC and determine the pressure
characteristics, the licensed software package SFLOW
of the university version was used. The algorithm of this
software product is based on a numerical method for solving
the laws of hydromechanics, the equations of motion of
a viscous fluid together with the equation of continuity.
When calculating numerically a system of equations is
solved that describes the most general case of the motion
of a liquid medium — the Navier-Stokes equations (1)
together with continuity equation (2) [8, 9]. The
equations are presented in abbreviated form (7, j = / — 3),

summation over the same indices is assumed:

(dzdt % pu,) + (d/dxj Xpuu,) = (D
= (—dp/dx, + d/dx )[u(du,/dx, + du,/dx )] + f;;
(dp/dt + d/dx;j) % (puj) = 0, 2

where:
X, X, — coordinate axes;

f;—a component expressing the action of mass forces.

The computer solution of these problems was carried
out in the program cradle SFlow solver for time-steady
spatial motion of a viscous incompressible fluid without
heat transfer. The standard k-e model was chosen as the
turbulence model, turbulent flows were modeled using
Reynolds equations (3) instead of equations (1), since it is
extremely difficult to model turbulent flows using Navier-
Stokes equations:

(d/dt x pu,) + (d/dx, x pl?uj ) + (d/dx; puul) = 5
- (~dp/dx, + d/dx,)[u(did, /dx, + dia 7dx, )] + f, )
where:

u, u,—are the average values of the velocity components;
ul, u!— are the pulsation components of the speeds.

To close the Reynolds equations in Credele, a number
of turbulence models are used. The following assumptions
were made during the numerical study:

= the flow at the entrance to the computational domain is
axisymmetric;

= there is no influence of leaks through the seals of the
CV on the flow in the flow path.

Carrying out computer simulation consisted of several
stages: preparation of a three-dimensional geometric
model of the RC, construction of a computational grid,
introduction of boundary conditions for calculation and
calculation itself. Finite element meshes with 400 thousand,
600 thousand and 1 million cells were built. An analysis
of the values obtained from the results of numerical
calculations showed that for grids with more than 600
thousand cells, the results differ by no more than 2%. This

’Ramesh S. A text book of rapid prototyping. — New Delhi (India): ANE Books, 2015. — Ist Edition. — 192 p. (in English)
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result proves grid independence. Further numerical study
was carried out for grids with = 600000 cells.

After generating the meshes, the next step in the
calculation was the creation of a computational domain
in CFX-Pre. The border of the entrance to the RO is the
border of the entrance to the impeller. The mass flow
rate O was set as the boundary condition at the inlet. The
calculation was carried out for six parameters of the pump
operation at the supply O =0.5; 0.7; 0.9; 1; 1.1; 1.2.

For the numerical experiment, compared with the natural
one, the location of the boundary of the entrance to the
working area was chosen at a distance of two diameters of
the inlet pipe from the boundary of the entrance to the wheel.
figure 1 shows the domain created for the wheel model.

The static pressure was set as the boundary condition at
the outlet of the CR. Based on the fact that further studies
and comparisons were carried out for relative values, the
absolute value of pressure did not matter, and was taken
equal to P, = 1 MPa. The type of the boundary condition
was set to «open», based on the assumption that the
presence of reverse flows at the exit from the working area.
The wall roughness was taken as Ra3. Diagrams of pressure
and absolute flow rate are shown in figure 2.

According to the results diagram, the maximum
pressure occurs at the outlet of the wheel and its value is
P=0.0736 MPa, given the fact that the pump design is multi-
stage, consisting of five stages, and the pressure is pumped
from stage to stage, the actual pressure in the discharge pipe
will be equal to the product the number of steps per value
according to the diagram. And so the pressure at the outlet
of the pump will be equal to P = 0.368 MPa, the absolute
speed is w = 16.72 m/s.

Testing on a laboratory stand

Experimental studies within the framework of this
work were carried out on a test bench of the Mechanical
Engineering Department, the schematic diagram of which
is shown in figure 3.

Figure 1. Computational grid domains.
Cypert 1. EcenTejireH Top A0MeHepi.
Puc. 1. loMeHbI pac4eTHON CETKH.

Table 2
Equipment used in stand automation
Kecme 2
Cmenomi agmomammanovipyoa Koa0aHblaamovlH
annapamypa
Tabauya 2
Annapamypa, npumensemas ¢ A6MOMAmMu3ayuu CmeHoa
Position Name Quantity Application
1 Line 1 Dy32
2 Line 2 Dy32
B Tank 1
M, M, Manometer 2
P Flow meter 1
U Voltemeter 1
1 Ammeter 1
G1,G2 Gate valve 2
H Pump 1 STR 15
M Electric motor 1 800 W

The stand is filled from the technical water supply and
operates on a closed system of fluid circulation. The bench
installation consisted of an experimental pump of the STR
15 brand with an engine, a tank with a capacity of 0.05 m?,
measuring equipment, a piping system with shut-off and
control valves, and a control box.

The experimental pump was driven by an adjustable
electric motor with a power of 0.8 kW. The maximum
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frequency of rotation of the electric motor is 2850 rpm.
The flow meter records the flow values.

The pressure difference at the inlet and outlet of the
pump was controlled by digital pressure gauges. The
flow of the experimental pump was regulated by a valve
on the pressure pipeline. Measuring equipment (table 2)
provided the possibility of taking energy characteristics in
accordance with existing requirements and through wi-fi
was transmitted to a stationary computer.

The flow of the experimental pump was regulated by a
valve on the pressure pipeline. The measuring equipment
provided the possibility of taking energy characteristics
in accordance with existing requirements®. The set of
measuring instruments included:

= electronic manometer of accuracy class 0.4 with
a measurement limit of 0-1.6 MPa for measuring the
pressure in the inlet pipe of the experimental pump;

= electronic manometer of accuracy class 0.4 with
a measurement limit of 0-1.6 MPa to measure the pressure
in the pressure line of the experimental pump;

= electronic flow meter with a measurement limit
of 0-5 m?/h;

= frequency converter up to 3000 rpm.

Methodology for conducting experimental studies

In general, the methodology for testing the pump
to measure their pressure and energy characteristics
corresponded to the proven recommendations?®. Further, only
general provisions are noted in determining the quantities
necessary to determine the experimental dependences:

H =f(Q), N=f(D), n =f(D.

The flow was measured by a flow meter.

The pressure of the experimental pump was calculated
from the readings of pressure gauges that measured the
pressure in the inlet and outlet measured sections, was
calculated by formula 4:

H=P,—-P)y M “)
where:
P, P_—readings of pressure gauges in the suction and discharge measured

sections, respectively;
y — specific gravity of water.
The power on the shaft of the experimental pump was
determined using:
N,=UxIxn, *xn, % cospx 1073, (5)
where:
U — the voltage in the network, V;
I — current strength of the consumer from the network, A;
Wy~ engine efficiency, Mg = 0.9;
n, —network efficiency, 7, = 0.95;
cosp = 0,87.
n=2980H/3,6N,, W. (6)
The measurement results are shown in table 3.
Estimation of errors in measurement results
Since the results of natural studies inevitably contain errors
of various origins, it is obligatory to evaluate the accuracy
of the measured values when conducting experimental
studies. We can conclude that systematic errors are decisive
in the experimental study of centrifugal pumps*.

Table 3
The measurement results
Kecme 3
Onuey namuosicenepi
Taonuua 3
Pezynomamuor uzmepenuii
Q,m’/h | P,MPa H,m UV | LA | V, m/min
33 0.018 1.836735 | 228 | 3.2 1.01
3.1 0.1 10.20408 | 226.8 | 3.18 0.89
2.9 0.18 18.36735 | 226.3 | 3.15 0.77
2.5 0.28 28.57143 | 226 | 3.1 0.72
2 0.335 34.18367 | 225.5| 3.05 0.54
1.5 0.385 39.28571 | 225 3 0.49
Table 4
Direct measurement errors
Kecme 4
Tixeneu onwey Kkamenikmepi
Taoauua 4
Iozpemunocmu npamvix uzmepeHuii
Absolute | Relative RMS
Measured parameter | marginal | marginal | relative
error, % error,% | error,%
Pressure drop across
the pump 4p,, MPa 0.4 0.51 0.24
Mains voltage, V 0.3 0.41 0.16
Current strength, A 0.4 0.32 0.16
Feed O, m*/h 0.4 0.2 0.1
Table 5
Uncertainties of indirect measurements
Kecme 5
Kanama onwmey kamenikmepi)
Tabnuuya 5
Hocpeuwtnocmu nenpamvix uzmepeHul
. Permissible Relative RMS
Determined .. . . .
limit error in | marginal | relative
value testing,% error, % | error, %
Feed O, m’/s 3.0 1.79 0.9
Head N, m 3.0 0.91 0.48
Power N, W 3.0 1.02 0.51
Efficiency 7, % 5.0 2.14 1.07

The relative marginal error in determining the feed was
determined by the formula:

40 =60 + on?, % )
where:
00’ — the relative limiting error of feed measurement, %;
on’? —relative marginal error in measuring the revolutions of the motor shaft.

3The pumps are dynamic. Test methods. / Interstate standard 6134-2007. — M.: Standartinform, 2008. — 95 p. (in Russian)
“State system for ensuring the uniformity of measurements. Measurements of liquids and gases flow rate and quantity by means of orifice instruments.
/ Interstate standard 8.586.1-5-2005. — M.: Standartinform, 2007. — Part 5. Measurement procedure. — 143 p. (in Russian)

T'opnuwti scyprnan Kazaxcmana Nell’ 2022




[opHbIE MaTIAHbI

Figure 2. Computational test results.
Cypert 2. Ecenrtey cbIHAKTAPbIHBIH HITHKeJepi.
Puc. 2. Pe3yabTaThl BBIYHCIUTEIbHBIX HCIIBITAHUI HCIIBITAHUA.

0, is the mean square relative error of feed measurement,
%, determined by the formula:

o,=Vo + ol +1/4(c), % (8

where:
6, — the mean square relative error of determining the flow meter, %;

6, — root-mean-square relative error in determining the flow rate per

Reglnolds number, %;
o, — root-mean-square relative error in determining the density of water, %.

The relative limiting error in determining the pressure
was determined by the formula:
AH =NOH? + 4on°, % o)
where 0H is the relative limiting error of pressure measurement, calculated
by the formula:

OH = 1/H x [0,102%/p*  Ap? x (54p’ + d4p*) +
+1,1654° x (1/d!— 1/d?)* x Q*607], %

where dp — the relative limiting error in measuring the pressure difference
at the inlet and outlet of the pump, %.

The relative limiting error of power measurement was
determined by the formula:

AN =~NOU? + oI?% %

(10)

(11

where:
oU — relative limiting error of voltage measurement, %;
ol — relative limiting error of current measurement, %;

The relative limiting error in measuring the efficiency of
the pump was determined by the formula:

A =VAN? + AQ? + AH?, %.

(12)

The errors of direct and indirect measurements are
given in tables 4 and 5.

By analyzing the data in tables 4 and 5, we can
conclude that the errors in determining the pressure
parameters of the experimental pump according* did
not exceed the permissible limits.

Results of experimental and numerical studies

As a result of the numerical study of the pump, and
the study on the experimental stand, pressure and energy
characteristics were built (figure 4).

Conclusions

Analyzing the pressure and energy characteristics
obtained on the experimental bench and comparing
them with the results of computer simulation (figures 4),
we can conclude that the difference in the results for
the pressure is about 4%. In this case, the maximum
efficiency values differ by 5%.

The adequacy of the computer model can be confirmed
by the passport data, that is, the operating point of
the pump (figure 6d) coincides with the supply data
O = 2.7 m’/h, head H =30 m.

Analyzing the difference in characteristics, it can be
assumed that the most likely reason for the mismatch
between the curves in modeling and experiment is the
discrepancy between the geometric ideal model of the
blade systems used in the calculations and actually
manufactured wheels. In particular, this concerns the
shape of the leading and trailing edges, the roughness
of the flow path, etc. However, we can say that the
discrepancy obtained is acceptable, and the result of the
numerical experiment can be considered confirmed.

Figure 3. Scheme and indications
on the laboratory bench.
Cyper 3. 3epTxaHajarbl CTEHATIH ChI30aChI JKIHe
KepceTKilTepi.
Puc. 3. CxeMma U noxka3zaHusi Ha JJaOOPATOPHOM CTeH/Ie.
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Head characteristic Power characteristic on the pump shaft
H-Q N-Q
50 530
40 520
H 30 N’ 510
’ W
m 20 500
10 490
0 480
0 0,5 1 15 2 25 3 35 0 0,5 1 15 2 25 3 35
Q, m*h Q, m*h
Efficiency characteristic Pump operating point
Q - efficiency 530 a5
045 525 40
04 — 520 35
035 915 30
03 510 Oper. 55
025 :z POt 0
0,2
0,15 495 15
0,1 490 10
0,05 485 5
0 480 0
0 05 1 15 2 25 3 35 (4] 0,5 p 15 2 2,5 3 35
Figure 4. Pressure and energy characteris.
Cypert 4. KbIcbIM K9He JHepPrusi cMnarraMaJjapsbl.
Puc. 4. I[aBneHne MU OJHEPIreTUICCKUEC XapaKTePUCTUKM.
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IMPOI'HO3 INTPEJOTBPAIHIEHU A
HETATUBHbBIX AHTPOIIOI'EHHbBIX
HATPY3O0OK B IITPUBAJIXAHIBE C ITIOMOILIBIO
MATEMATNYECKOI'O MOAEJINPOBAHUA

AnHoTauus. IIpOrHO3UpOBaHHE PACIPOCTPAHCHUS 3aTrPS3HEHMS IMOJ3EMHBIX BOJ B PE3ysIbTaTe DKCIUTyaTAI[MH XBOCTOXPAHIIIMINA HPH IIOMOIIU CO3-
JaHUs MaTEMaTHYEeCKON MOJIeNIN THAPOTECOJOTHYeCKHX YCIOBHI PUOPEKHOM 30HBI 03epa banxam, npuieraromei kK XBOCTOBOMY X034icTBY banxamickoit
oboraTuTenbHOMN GabpHKH, IBISETCS BaXXHON YKOJIOTHYECKOM 3aaaueii aToro peruona. OueHka BIUSHUS XBOCTOBOTO X035HCTBA HA COCTOSIHUE MOA3EMHBIX U
MOBEPXHOCTHBIX BOJI OCYIIECTBIISJIACH HA OCHOBAHUU T€OMUTPALIMOHHON MOJIEIH 00JIaCTU U PELUICHUH TUAPOAMHAMUYCCKUX 3a1a4 B Pa3IHYHbIX BapHAHTaX
HX MMOCTAaHOBKHU. Mccieqyemasi TEppUTOPUS XapaKTePU3yeTCsi TEXHOTCHHO HAPYIICHHBIMH THAPOTCOJOTHYCCKUMH yCIOBUsIMU. Ha cOCTOsSIHNE MOJ3eMHBIX
BOJI OKa3bIBAIOT BIMSHHE XBOCTOXPAHMIIHIIE U NMPYyA-HAKOIUTENIb, OrpaXkaaronias UX IUIOTHHA, APCHAXXHBIE COOPYKEHHS (PacHoJIOKEHHBIN MapauieabHO
o3epy banxam qpeHa)kHbI KaHaI U IPEHaKHbIE CKBaXKHHBI, IPOOYPEHHBIE OKOJIO XBOCTOXpaHuiauma). Ha co3manHo#t MaTeMaTH4yecKkoi Moieiau ObLI0 pac-
CUYMTAHO HECKOJIbKO BAPUAHTOB IMPOrHO3a PACIIPOCTPAHCHHS OPEOJIa 3arPSI3HCHHS TSHKEIBIMU METalJIaAMH.

Knrouesnvle cnosa: npyo-nakonumens, Mamemamuyeckoe MoOeIuposanue, KanubposKd, 2eoMuepayuoHHas 3a0a4d, mexHo2eHHble 6030eUCmeus, opeo pac-
npocmpaHenus, nepepabomka, 00061ua, KOHYEHMPAYUs, 2UOPO2eON0SULeCKUL PAIOH, OUHAMUKA U3SMEHEHUSL.

MaTteMaTHKAJBIK MoOAeJbAeydi KoJdJAaHy apKbLibl bankam eHipingeri KJIMMATTBIH e3repyiHe Tepic

aHTpOHOFEHHiK KBICBIMHBIH aJIAbIH aJ1y 00J13KAMBI

Anparna. bankam keH 6aibiTy (paGpHUKAaCBIHBIH KaJAbIK KOWMAalapbIMEeH iprejec kaTkaH balKall KeiHiH jKarauay aiiMarbIHBIH THAPOTreOIOTHSIBIK
JKaraiaapelHbIH MaTeMaTUKAJIBbIK MOJEIIH JKacay apKblUIbl KaJJbIK KOHMAChIHBIH )KYMBICHI HOTHKECIHJIE JKEP acThl CyJapbIHbIH JIACTAHYBIHBIH TapalyblH
6oJpKay OChI allMaK YIIiH MaHBI3/Ibl 9KOJOTHUSIIBIK MiHACT 00k Tabbu1a bl KalablK KOMMalapbIHBIH JKEP acThl )KOHE JKEpP YCTI CyJIapBIHbIH KYHiHe ocepiH
Garanay allMaKThIH I'€OMMIPALUSIIBIK MOJEII JKOHE OJapAbl TYXKBIPHIMIAYJbIH OPTYPJi HYCKaTapblHAA THAPOJMHAMUKAIBIK €CENTEPAi IIENry HerisiHae
JKYPTi3uigi. 3epTTeneTiH ayMak TEeXHOTCHJIK Oy3bUIFaH T'MIPOTCOJOTHSUIBIK JKaFdaldapMeH CHUIaTTananbl. JKep acThl CyJapbIHBIH jKal-KYHiIHE KaJIbIK
KOMMachl MEH KOMMa TOraH1aphl, OJ1ap/ibl KOpIIam TypraH 0erer, IpeHax/IblK KypblabicTap bankal kejliHe napasiesnb OpHadacKaH APEHaKAbIK KaHasl )KoHe
KaJAbIK KOMMalapblHbIH jKaHbIHAA OYpFBIIaHFaH IPEHAXBIK YHFbIManap ocep ereii. KypbluiraH MaTeMaTHKaNbIK MOJIEIb HETi3iHAE ayblp METaljapMeH
JIACTaHYy OPEOJIBIHBIH TapalyblH 00JKAYAbIH OipHEIIe HYCKAChl €CeITEeN .

Tyuiinoi cezoep: cakmay Koumacwl, MamMemMamuKaiblk MoOeaboey, Katuobpiey, 2eoMUspayusivlK ecen, mexHoeeHOIK acepiep, mapaiy opeouu, 6Hoey, any, KOH-
yeHmpayusi, 2UOPO2eONIOUAIbIK AUMAK, 032epy OUHAMUKACHL.

Forecast of prevention of negative anthropogenic pressures on climate change in the balkhash region using

mathematical modeling

Abstract. Predicting the spread of groundwater pollution as a result of the operation of the tailing dump by creating a mathematical model of the
hydrogeological conditions of the coastal zone of Lake Balkhash adjacent to the tailings of the Balkhash concentrator is an important environmental task
for this region. The assessment of the impact of the tailings on the state of groundwater and surface water was carried out on the basis of the geomigration
model of the region and the solution of hydrodynamic problems in various versions of their formulation. The study area is characterized by technogenically
disturbed hydrogeological conditions. The state of groundwater is affected by the tailings and storage pond, the dam that encloses them, drainage facilities —
a drainage channel located parallel to Lake Balkhash and drainage wells drilled near the tailings. Based on the created mathematical model, several options
for predicting the spread of heavy metal pollution halo were calculated.

Key words: storage pond, mathematical modeling, calibration, geomigration problem, technogenic impacts, distribution halo, processing, extraction,
concentration, hydrogeological region, change dynamics.

BBenenne

OCHOBHOM BHUJI JESATEIBHOCTH banxamickoii o0orartwu-
TEeNBbHOH (padpuku — 0OOTaIIeHHE TTOIUMETATUTHYCCKUX PYIT
PYAOI00BIBAFOIIHX MPESANPUATHNA. XBOCTOXPAHMIIUIIE 000-
TaTUTEIHHON (haOPHUKU SIBIIIETCSI COOPY)KEHUEM pPaBHHHHO-
ro Tumna, oOpa3oBaHHBIM ITYTEM OTPAXKICHUS YACTH TEPPH-
TOPHUH CYIIECTBYIOMIETO XBOCTOXpAaHWIHIIA TamOamu. [1pu
3TOM 00Pa3yIOTCsI XBOCTHI OOOTAICHUs, B HACTOSIIEE BPEMs
CKJIaAUpPYILIHECs] B HAMBIBHOE XBOCTOXPAHUJIUILE OBPAXKHO-
0aJIOYHOTO THUIIA, PACTIONIOKEHHOE C FOr0-BOCTOYHOH CTOPO-
HBI 00OTaTUTEITHHOH (haOpHUKHU Ha pacCTOSTHUU | KM OT Hee.

I'mpaporpadudeckasi cerb paiioHa NPUHAIISKUT OaccEHHy
3aMKHYTOTO OeccToYHOro o3epa bamxamn m pacmoiioskeHa Ha
IO)KHOM CKJIOHe miaBHOro lLlentpansHo-KazaxcraHckoro Bo-
Jopas3zena. AKTUBHAsI BOJOCOOPHAST YacTh, TAEC CTOK (hOpPMHU-
pyercsi exeroaHo, cocrapisier 135-170 Thic. KM?, Y4TO PaBHO
33-41% ot oOmmiel IIomaa BO3MOXKHOTO CToKa. [lmomans

3epKajia BOJbI 03epa MEHBIIIE IUIONIAN aKTUBHON YacTh Oac-
ceifHa cTOKa B 8-9 pa3, a Mo OTHOMICHHIO KO BceMy Oacceid-
Hy —B 27 pa3. O3. banxamr — KpynHbIi OecCcTOYHbIN OacceiH
KOHTHHEHTAJIBHOTO THITA, PACTIOJIOYKEHHBIN B HAN0O0JIee HU3KOH
vactu banxamickoi Bnagunasl Ha BeicoTe 340 M. O3epo mnpen-
CTaBJIIET COOOM JUTMHHBIA M Y3KHI BOJIOEM IUIONIAIbIO aKBATO-
puu 15500 km?. TTnoma s BogocbopHoro 6acceiina 03. baxari
cocrapisieT 413000 kMm%, B TOM 4HCIIe B Tipezenax PecmyOmiku
Kazaxcran — 353 ThIc. kM? (mpumepHO 85%). Bomopasnenom
Ha ceBepe sBiseTcs: Kapkapanbl-AKTayCKUT MacCUB, Ha BOC-
Toke — XpeOThl TapOararait n JKonrapckuii Anaray; Ha 1ore
BOJIOpa3/Iell MPOXOAMT 10 oTporaM xpedToB Tepckelt n Kynrei
Amnaray; Ha 3amane — o Lly-Wnetickomy Bogopazneiry. Oommast
MPOTSHKCHHOCTB BOAOPa3aeabHOM JTMHUH' 0K0J10 4000 KM.
OcHOBHBIE CBe/ICHHS HCCJIelyeMOro paioHa
Cmpamuczpagpusn paiiona. Crpaturpadpudeckmii pas-
pe3 palioHa OCIO0KHEH MHOTOKPATHBIMU MPOSIBICHUSIMU

'Cmonsap B.A., Mycmagaes C.T. ['uopoceonozusn bacceuna ozepa barxaw. — Anmamer: I'otnoin, 2007. — 238 c. (na pycckom sizvike)
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Tabauua 1
Jlezenoa Kk Kapmam pacnpocmpanerus opeod 3a2pA3HeHUA NOO3EMHBIX 600 MANHCEBIMU MEMAlaAMu
Kecme 1
Aybip MemanoapmeH cep acmul Cy1aPbIHbIH JIACMAHYbIHIH 0Pe0]l Mapaily KapmaiapolHa aHbl3
Table 1
Legend to the maps of the halo distribution of groundwater pollution by heavy metals
KoHueHTpanus TS:KeJIbIX METAJJIOB B MOA3€MHBIX BOJAAX, MI/JI
% Cu Pb Zn Cd Mn Se As
IIK -1 mAK -0,03 | IAK-5 | IIIK - 0,001 maK -1 K - 0,01 K - 0,05
90-100 | 0,36-0,364 | 0,478-0,6102 | 0,2-0,23 0,111-0,1199 25,46-25,114 | 0,0053-0,00507 0,01-0,009
80-90 | 0,404-0,328 | 0,7902-0,5624 | 0,28-0,21 | 0,1399-0,1088 | 27,314-22,568 | 0,00537-0,00454 | 0,009-0,008
70-80 | 0,368-0,292 | 0,7424-0,5146 | 0,26-0,19 | 0,1288-0,0977 | 24,768-20,022 | 0,00484-0,00401 | 0,008-0,007
60-70 | 0,332-0,256 | 0,6946-0,4668 | 0,24-0,17 | 0,1177-0,0866 | 22,222-17,476 | 0,00431-0,00348 | 0,007-0,006
50-60 | 0,296-0,22 | 0,6468-0,419 | 0,22-0,15 | 0,1066-0,0755 | 19,676-14,93 | 0,00378-0,00295 | 0,006-0,005
40-50 | 0,26-0,184 | 0,599-0,3712 | 0,2-0,13 | 0,0955-0,0644 | 17,13-12,384 | 0,00325-0,00242 | 0,005-0,004
30-40 | 0,224-0,148 | 0,5512-0,3234 | 0,18-0,11 | 0,0844-0,0533 | 14,584-9,838 | 0,00272-0,00189 | 0,004-0,003
20-30 | 0,188-0,112 | 0,5034-0,2756 | 0,16-0,09 | 0,0733-0,0422 | 12,038-7,292 | 0,00219-0,00136 | 0,003-0,002
10-20 | 0,152-0,076 | 0,4556-0,2278 | 0,14-0,07 | 0,0622-0,0311 9,492-4,746 | 0,00166-0,00083 | 0,002-0,001
0-10 | 0,116-0,04 0,4078-0,18 | 0,12-0,05 | 0,0511-0,02 6,946-2,2 0,00113-0,0003 0,001-0

MIPOIIECCOB CKIIAAYaTOCTH U MarMaTu3Ma. B ocHoOBaHMN ero
3aJIeraeT SIMO-TIOPGUPHUTOBAST TOJIIA, OTHECEHHASI K CH-
HUWCKOMY BO3pacTy (MTMypyHAMHCKas CBHTA). Bplme He-
COTJIACHO 3aJIeTaeT ceprsi 00JTOMOYHBIX 3€JICHOI[BETHBIX OT-
JIO)KCHUH TTAJIE03051, MPEICTABICHHBIX ()ayHUCTUYIECKN OXa-
PaKTEpU30BaHHBIMH IIOPOJAMH JIYUIOBCKOTO, KEAMHCKOTO,
KOOJICHIICKOTO, 3H(erTbcKoro, (hamMeHCKOro, TYpPHEHCKOTO
SIPyCOB M HM>KHEBHU3EHCKOro moabsipyca. Benuaercs pas-
pe3 BYJIKAaHOI€HHO-0CaJOYHBIMI 00pPa30BaHUSIMU CPEIHETO
BuU3e-HaMmropa. [laneo3oiickre nmopoasl HOYTH MOBCEMECTHO
MEPEKPHITHI YEXJIOM PBIXJIBIX KATHO30MCKUX OTIIOMKEHHUM.

Puc. 1. 'pannunbie ycjioBHs, 3aJaHHbIE
Ha MOJEeJIN.
Cyper 1. YJuriae kepceTijireH mexkapajibIK
mapTrap.
Figure 1. Boundary conditions specified
on the model.
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Texmonuxa. I1o 0COOCHHOCTSIM T'€OJIOTHYECKOTO pa3-
BHUTHSI, CTETICHH IHCIONMPOBAHHOCTH, 10 (hopMaM CKIIaJI-
YaTOCTH M BO3PACTY IMOPOJ, CJIATAIOMNX 3TH (OPMBI, BBI-
JIeJIsIeTCsl  CPEIHENaJIe030MCKUM  TEKTOHUYECKUH sIpycC,
c(hOpMHUPOBABIMIMICS B TEPUUHCKYIO 3II0XY TEKTOTCHE3a.
Oco0oe TMoNoKeHHWEe HaJa CKIATJaTeiIMA (GopMaMH yKa-
3aHHOTO sIpyca 3aHMMAIOT TEKTOHHYECKHE CTPYKTYPBI
casskckoit cBUTHL. CBoeoOpasme TEeKTOHHYECKOrO CTpOe-
HUS palioHa ONPENENSeTCs €ro PACIOIOKEHUEM B ITOTpa-
HUYHON 30HE MEXIY CpEIHENAJICO30MCKUMHU CKJIaa4aThbl-
MH coopyXeHusMHA CeBepo0aXamcKoro aHTUKIHHOPHS

+ Specified Head
+ General Head
+ Drain

Well

(75,109)

(75,109)

i W

Puc. 2. CxemaTusanusi ruiporeoJIOrui4ecKux yca0BHil
B ILIaHe U pa3pese.

Cyper 2. [li1angarsl :K9OHe KUMA/IaFbl
THAPOre0JIOrHsUIBIK KaF ailjIapAbIH CXeMAacChl.
Figure 2. Schematic of hydrogeological conditions
in plan and section.
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¥ BEpPXHEMaJIe030MCKUMH TeKTOHHYeCKuMHU Gopmamu To-
KpayCKOr0 CHHKJIMHOpHs. 3amaaHasi U eHTpalbHasl 4acTh
IJIOIIAAN JINCTA CJIOKEHBI baiXalmiCKUM HHTPY3UBHBIM
KOMIIEKCOM. B CTpOCHHHM aHTHKIMHOPHUS HPHUHUMAIOT
y4acTHE OTIIOKCHMsI BEPXHETO CUIypa, NE€BOHA U HIDKHE-
ro KapOoHa, CMATHIE U KPYITHbIE CHMMETPUYHBIE YEITHOKO-
00pa3HbIe CKJIAJIKH BBIIEPKAHHOTO CEBEPO-3aI1aIHOTO IIPO-
CTHpaHUs, C yTIIaMH ITaICHUS KPbUIheB OT 45° mo 65°. J{nu-
Ha ckiafok! gocturaet 50-60 kM, pu mupuae 5-10 kM [1].

Menkoconounslit penveg. ITOT KOMIUIEKC OOBEIUHSICT
HECKOJIBKO THIIOB peibeda, pa3BUTHIX B Ipenenax paio-
Ha. ['psamoBEIi penbed OTMEYEeH IO JEeBOOSPEKBIO TOTHHBI
p- Tokpay. B reonormaeckoM CTpOSHHH TPSIOBOTO penbeda
NIPUHAMAIOT YYACTHE PA3INIHBIE 1O TPOUCXOKICHHIO U BO3-
pacTy Mopobl, HAYMHAasI OT IMIECYAHUKOB CHIIypa U 3aKaH4YH-
Bast 3¢ ¢y3uBamu KapboHa. ITomokuTeTFHBIE STIeMEHTapHbBIS
(hopMBI TIpECTABIICHBI TPSIIAMU, TMHEHHAST HAITPABJICHHOCTh
KOTOPBIX COBIAJIAET C MPOCTUPAHUEM MAJICO30HCKUX TTOPO/I.

I'psimoBeIii penbed mMeeT B paifoHe OYeHb HEOOIBITOE
pacrtpoctpanenne. OH CBsI3aH € MO3JHEHIITNM TOIHATHEM
TEPPUTOPHUH, TMOCIEAYIOMHUM CMBIBOM HEOT€HOBBIX I'JIHH C
BOJIOPA3/IEIbHBIX MPOCTPAHCTB U PACUJICHEHHWEM JeHY/a-
[IMOHHOM PaBHMHBI Ha CHCTEMY MEJIKHUX T'psij] C MPEBBIIIE-
HHeM 25 M, pexe 35 M. IIpoTsHKeHHOCTh Tpsij, KaK IMpaBHU-
110, 50-100 M; mmpuHa 0 ocHOBaHUIO — 10-25 M, 0 Bepxy
TpsiI OHA OTPaHUYMBACTCS HECKOJBKUMHU MeTpamu. Jlora,
paszo0miaroniue rpsabl, y3Kue, KOPOTKHE, C SICHO BBIPAXKEH-
HBIM TaJIbBETOM U KPYTBIM YKJIOHOM.

YBanUCTO-XOIMHCTBIA penbed Kak 3SPO3HOHHO-TEKTO-
HUYECKOro, TaK M JCHYIAI[MOHHOIO IeHe3Hnca o0pa3oBaH
COYETaHHEM KYIIOJIOBHIHBIX XOJIMOB M YBAJIOB, pa3/eieH-
HBIX TYCTOH M MENKOH ceThio JoroB. OnpenenaeHHas 3aK0-
HOMEPHOCTh B PACIIPEECIICHUH XOJIMOB U YBaJlOB OOBIYHO
MIPOCIIEKUBAETCS TaM, TJ€ 3TOT penbed pa3BUT HA 0CaT0U-
HBIX TTOPOJIax JeBOHA M KapOoHa. B OombIieii 9acTh yBaIbl
HE HMMEIOT ONpPEAEICHHON HallpaBIE€HHOCTHU. IIpoTskeH-
HOCTh MX He mpeBbimaer 1-2 kM. [llupura xomediercs B
npenenax 100-300 M. X0IMBI IO OCHOBAHHUIO WMEIOT He-
omnpeneraeHHyo (GopMy, KyNOJIOBHAHYIO BepmuHy. WHO-
I7Ia OHM COXPAHSIOT OOIIYIO CBSI3b C YBAJIOM, Halle )K€ OHU
pa3o0mIeHB! MUPOKUMHU MOHMKEHNUAMH. CKIIOHBI TIOJIOTHE,
cnabo pacuneHeHbl. OTHOCUTENBHBIE NPEBBIIICHUS] U3Me-
asrorest oT 8-10 M o 20-40 m.

Iloobepescve o3epa banxaw. AKKyMyISITUBHBIN J1€JTh-
TOBBIM Oeper HHU3KWI W mojoruii. beperoBas moisoca
mupuHON B 1-5 kM 3a60m04eHa W 3apocia KaMBIIIOM.
Bronp GeperoBoil TWHUU TSAHETCS C IEPEPHIBOM COBpE-
MEHHBIN OeperoBoii Ban. BricoTa ero 2-3 M, mupuHa He-
3HayuTenbHas (15-25 mm). Jlanee 3a 6eperoBeIM BajaoM
CIIEAYIOT OTJIOKEHHUSI IEPBOU U BTOPOM 03€pHBIX Teppac.
[[lupuaa mepBO 0O3epHOI Teppackl mocturaer 1,8 kM,
BTopoi 1,2 kM. CoBpeMeHHBIE IUIEH(BI KOHYCOB BBIHO-
ca BJIOJKECHBI B 00JIee IPEBHUE U BBIASIAIOTCS INUPOKUMHI
MOJIOCAMHU C HE3HAYMTEIbHBIM YKIOHOM IOBEPXHOCTHU
BJIOJIb ITOJHOKHIH MEIKOCOMOYHBIX MaccuBOB. OHH clIO-
JKEHBI CYTJIIMHKAMU M CYIECSIMH CO IIeOHEM M PEeIKUM

rpy0o okaTaHHBIM TajdedHUKOM. [lo Bo3pacTy ¢opmu-
poBaHue IUIEH()OB KOHYCOB BBIHOCA YCIOBHO OTHECEHO
K BEPXHE-YETBEPTHYHOMY COBPEMEHHOMY OTICIY>.
MaremMaTu4eckasi MoAeJb T'HIPOTe0JJOrHYecKuX
ycJI0BHIi NpUOpexHoii 30HbI 03epa baaxam
Mogenupyemasi 00IacTh IPEACTaBIIEHA IEeCYaHO-Tpa-
BUMHBIMA U TPABUHHO-TAJCYHBIMU JIMH3aMU WU TIPOCIOS-
MM, 3aJIETAIONIUMU CPEeIM Cynecei M TIUH MOIIHOCTBIO
oT 3,2M o 29,96 M. BomoynmopHBIE TOPOIBI CIIOKEHBI

~—

T
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Puc. 3. PacnioJioxkeHune J0MOJTHUTEIbHBIX APEHAKHBIX
CKBa;KMH MeKAy KaHaJIoM U o3epom baaxam.
Cypert 3. Kanaa men baakann keJii apacbiHaaFbI
KOCBHIMIIIA IPEeHAK/IBIK YHFbIMAJAPAbIH OPHAJIACYBI.
Figure 3. Location of additional drainage wells
between the canal and Lake Balkhash.
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Puc. 4. Pemienne ruapoiuHaMM4ecKOi 3a1a4u 1JIsl
BapuaHTa OypeHusi 14 IpeHaKHBIX CKBAMXKHH MEKIY
KaHaJoM U o3epoM bajxam, mosay4yeHHoe Ha KOHeI|
nporuo3noro nepuoaa (2030 r.).

Cypert 4. Bo:kaMIbIK Ke3eHHIH COHbIH/IA aJIbIHFaH
KaHaJ MeH Bajakam keJii apaceinaa 14 fpeHamabIK
YHFbIMa OYpPFBLIay HYCKAChI 0OMBIHIIA
TUAPOAMHAMUKAJIBIK ecenTiH memimi (2030 :k.).
Figure 4. Solution of the hydrodynamic problem
for the option of drilling 14 drainage wells between
the canal and Lake Balkhash obtained
at the end of the forecast period (2030).

2)Kuproe B. Pexoncmpykuyusi OpeHas’crHo2o kanana Nel ¢ yempoiicmeom 6epmuKaibho20 Openaxtca Ha X60CMOXPAHUIUIYE Yexd CKIAOUPOBAHUsL X8OCO8
banxawcrkoi o6oeamumenvrou pabpuxu: pabouuil npoexm. — Kapaecanoa: TOO HUL] «buocgepa Kazaxcmany, 2016. (na pycckom s3zvike)
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IJIMHAMH Y TPEIIMHOBATBIMU I'PAHUTHBIMU MacCCHBaMH,
3aMoOJITHEHHBIMH BTOPUIHBIMH 00pa30BaHHUSIMH [2].
[MutaHue MOI3EMHBIX BOJ OCYIIECTBIISIETCS] 32 CUET HMH-
¢bunbTpanuu aTMOc(hEpHBIX OCAJAKOB M IOTEPh BOJBI MO
XBOCTOXPAHWIIMIIEM U TPYyIOM-HaKOMUTeleM. PacxoHbie
cTaThH OajlaHCca — UCTIAPEHUE C TOBEPXHOCTHU 3EMIIH, OTTOK B
JIPEHAXKHBINA KaHal, BOJA0OTOOP JAPESHAKHBIMHI CKBRXKUHAMHU.
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Puc. 5. Opeos pacnpocTpaHeHHs TAXKeJIbIX METAJLIIOB
B I0J3¢MHBIX BO/aX Yepe3 TPH roja mocie
NMOCTYIVICHUS IS BapuaHTa Oypenus 14 qpeHaskHbIX
CKBa’KMH MEK1y KaHAJOM U o3epoM Baixamr.
Cyper 5. Kanaa men bBankam keJii apaceinga 14
APEeHAaKABIK YHFbIMAJIAPAbI OYPFbLIAy HYCKACHI YILIiH
IIBIFAPBIIFAHHAH KeHiH YII KbLJI 6TKEH COH JKep aCThI
cyJapbIHAA aybIP MeTAJ/IaPAbIH IaJOreHiK Tapaybl.
Figure 5. Halo distribution of heavy metals in
groundwater three years after release for the option
of drilling 14 drainage wells between the canal
and Lake Balkhash.
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Puc. 6. Opeos pacnpocTpaHeHHs TAKeJIbIX METAIOB
B MO/I3eMHBIX BOJaX Yepe3 AecsATh JeT MmocJie
nocrymiaenus (2030 r.).

Cypert 6. Kep acTsl cyJapbIHAA aybIP MeTAJIaAPABIH
rajoreHAiKk Tapajaybl HIBIFAPbLIFAHHAH KeifiH OH
KbLIaH Keiiin (2030 x.).

Figure 6. Halo distribution of heavy metals in
groundwater ten years after release (2030).

2 Srow datestimes

Cxemamuszayua npupooHsix ycioeun. BHEITHH-
MH TpaHHIAMH MOJEIW Ha 3amajae SBISIeTCS Npyd-
HAKOTHUTEb, HA BOCTOKE — XBOCTOXPAaHUIIHIIE, HA IOTE —
03. banxam. BomHble 00BEKTHl CXeMaTU3UPOBAHBI I'pa-
HuyHBIMU ycinoBusmu [ poxa (Specified Head), mpen-
MoJIaralolUMHM 3aJaHue YPOBHEW IpyHTOBBIX BoA, u III
pona (General Head), orpakatomuMu B3aUMOCBS3b MO/ -
36MHBIX BOJI C BHEITHEH QUIBTpAIIMOHHON cpenoi [3].

I'panunpl, XapakTepuU3yIOMIHEcs OTCYTCTBHEM IIOTOKA
MMO3EMHBIX BOJ, 3aaHbl TPAaHUIHBIMU ycaoBusamu 11 poxa
Barrier. Paborta gpeHaxHOTO KaHAJIa UMHTHPYETCS ITOCPEI-
CTBOM 3anmaHus TpaHUYHBIX yciaoBui II poma Drain. J{ms
JIPEHAXXHBIX CKBAYKUH HCITOIB30BaHbBI TPAHUYHEIC YCIIOBHS
II poga Well, BocponsBozsnine paboTy BOm03a00pHBIX
CKB)XHH C 33JIaHHBIM PAacX0J0M BOIBI.

XBOCTOXpAaHWIIMIIE W TPYA-HAKONMUTEIb SBISIOTCS
WCTOYHUKAMH TIOCTYIUICHUS 3arps3HSAIONINX BEIIECTB B
nmoa3eMHble BoJbl. OHH OTOOpaKarOTCS Ha MOJEIU Tpa-
HrnuHBIME ycnoBusiMH | poma Specified Concentration,
MOJIPa3yMEBAOIINMHY 3aJaHUE 3HAYEHUH KOHLEHTpalui
3arpsi3HUTENECH BIOIh TPAHMI] BOMHBIX 00BEKTOB. J[71s mpo-
THO3MPOBAHUS PACTIPOCTPAHEHUS 3ar PA3HEHUS OT XBOCTOX-
PaHMIIAINA U IPYAa-HAKOTHUTENS Ha MOJETH OBLUTHA PEIICHEI
TUAPOIMHAMUYECKas: U TEOMUTPAllMOHHAs 3amadn. [{ms pe-
IICHUS THAPOINHAMUYECKON 3a/1a4d UCITOIB30BaH MOJYIb
MODFLOW, mms pemieHusi TeOMATPAlMOHHOW — MOJYJh
MT3DMS, BXozsIIye B COCTaB CUCTEMBI MAaTEMaTHIECKO-
ro MOJEINMPOBAHUS MOA3eMHBIX BoJ GMS?3.

Co30anue mamemamuueckou mooenu. Vicxomaele
JaHHBIE MOJATOTOBIIEHBI C IOMOIIBIO TeorpaduIecKoit
napopmanmonHon cuctemMbl ArcGIS. Pemenune 3amau
(rIhTpaNyU MTO3EMHBIX BOJ M MUTPAIINNA PACTBOPESHHBIX
3arpsA3HSIONINX BEIIECTB OCYIIECTBISIOCH C IMTOMOIIBIO
CHCTEMBI MAaTEMAaTHIECKOTO MOJCITUPOBAHUS TTOA3EMHBIX
Box GMS. Mogenupyemast 06J1acTh B IJTaHE alITPOKCUMHU-
poBaHa paBHOMEPHON OPTOTOHAJIbHOW CETKOW pazMepoM
249 x 223 ¢ marom 25 M, B pa3pe3e — B BHJIIE 3 CIOEB
MOTNTHOCTHIO OT 1,12 M 10 14,48 M. 3HaueHust ko3P durm-
€HTOB (UIBTPALMH B TOPU30HTAIHHOM H BEPTHUKAIHHOM
HAIIPaBIICHUSX COCTABIISIIOT 2 M/CYT. B CEBEPHOM YacTH
Moznend, 1,5 m/cyT. — B roxkHOH, 0,5 M/cyT. — B oOmacTu
IUIOTHH IS TIEPBOTO M BTOpOTO cioeB. Koaddummenr
rpaBUTAIIMOHHON BogooTmadu 3aaan 0,001.

BenuunHa 1uiomIaHOrO TWTAHUS 3a7aBajlaCh PaBHOMU
0,000384 m/cyT. BHemH#Me TrpaHWIBI 330aHBl TPAHUYHBIMHU
ycnoBusimu General Head, Specified Head u Barrier, BHy-
Tpennue — Drain u Well. Bmons rpaHuiibl XBOCTOXpaHMITHIIA
OTMETKH BOZBI COCTaBISIFOT 360,5 M, Mpyaa-HAKOIIUTENS —
354 m. Ilo moGepexsio 03. banxam OTMETKH ypOBHEH paB-
HbI 342,2 M. ['paHuiipl, yepe3 KOTOpbIe HE MPOXOAUT MOTOK
MTO/I3eMHBIX BOJI, 3aJIaHBI KaK HEMPOHUIIaeMbIe. JIpeHa KHBIH
KaHaJl UMeeT MIIyOHUHY 2 M U TPOBOIUMOCTE 10 (M%/cyT.)/M.
BomooT6op U3 ApeHaKHBIX CKBAKHUH, MPOOYPEHHBIX MEXKITY
XBOCTOXPAHWJIMIIEM U JPEHAKHBIM KaHAJIOM, HaXOJIWUTCS B
npemenax 120-143,86 m*/cyT (1,389-1,665 m/c) [4].

Pemenne mpoOrHO3HBIX 3a7ad OCYMIECTBISJIOCH B
nBa sTama. Ha mepBoM 3Tame Ha MOJAENH pemIaach

IKupros B. Omuem no monumopunzy noozemnvix 600. — Kapazanoa: TOO HUI] «buocgepa Kazaxcmany, 2019. (na pycckom sizvike)
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THAPOAMHAMHYECKAs 3a71adya, Ha BTOPOM — I'€OMUTPaIlH-
ouHas. Ilepmon mporHo3upoBaHus cocrtaBiseT 10 ner.
Ha mMonenn BBIIENIEHO MATHh CTPECCOBBIX IMEPHUOIOB MPO-
JIOJDKUTEIIFHOCTRIO 2 ToAa s yBEIWUYECHUS TOYHOCTH
peIIeHNs W BO3MOJKHOCTH peajnu3alluil APYTUX Bapu-
AHTOB I[IOCTAHOBKM 3ajauu. PemieHue npoOrHo3HOM ru-
JIPOIMHAMUYECKON 3aJjaud MPEICTaBICHO B BHAE KapT
THAPOU3OTHUIIC B PA3IUYHBIE MOMEHTHI BPEMEHH.
T'eomurpannonHas 3agada oTpakaeT MPoIece mepeHoca
3arpsI3HSIONINX BEIIECTB MMOTOKOM ITOJI3EMHBIX BOJ OT XBO-
CTOXPAHWIHUIA U TPYJa-HAKOIUTEIS MO HAIMPAaBICHUIO K
03. banxam. B nporiecce penieHusi KOHIEHTPALUs B UCTOY-
HHKaX yciaoBHO npunsATta 3a 100%. 310 naer BO3MOKHOCTh
paccunuTaTh MPOIIEHTHOE OTHOIIIEHNE KOHIICHTPAITH B KaXK-
JIOH W3 BBIIEIICHHBIX 30H K KOHIICHTPAIIUH 3arPSA3HUTEIS B
HCTOYHHKE. Pe3ynmbTHpyromee 3HaUeHHWE KOHICHTPAIUU
3arpsI3HUTENS MPEICTaBISIET CO00H CyMMY pacCUMTaHHOH
KOHIIGHTPAlMH W CPEIHEH BEIMYMHBI KOHIICHTPAIlUU 3a-
rpsi3HeHus TeppuTopun. Mcxoas u3 aToro, chopMupoBaHa
JIETeH/Ia K KapTaM PacIpOCTPAHEHHs TSHKEIBIX METaJIJIOB
IMMOTOKOM TIOA3EMHBIX BOJ (Tadm. 1) [5, 6].
I'upporeonoruyeckue ycioBusl Ha UCCIEAYEMOU TEppHU-
TOPUHU OCTaHYTCSI HEU3MEHHBIMH B TEYEHNE BCETO IMMPOTHO3-
HOro Tneprozna. Pemenne 3amaun nepeHoca 3arpsi3HIONINX
BEIIECTB TMOJPa3yMEBAaCT pacyeT TPaeKTOpHUU TmepeHoca
YaCTHI] TOTOKOM ITOJ3EMHBIX BOJI ¥ TIO3BOJISIET ONPEACITUTH
YYaCTKU TEPPUTOPHUH, 3arps3HEHHE KOTOPHIX Hamboiee
OTIACHO C TOYKHU 3PEHUS IMOMATaHMs TSHKEIBIX METAJUIOB B
03. banxam. C momomnisio moayss MODPATH ompenene-
HBI HAIIPABJICHUS IBUKEHUSI YACTHI] U PACCTOSHUS, Ha KO-
TOpBIC OHH IIEPEMECTATCS 3a ONPEACICHHBIN MPOMEXYTOK
BpeMeHHU. Pe3ynpTaThl pemenus moKa3bIBaloT, YTO Hanbo-
JIee TOIBEPIKEHHOM 3arps3HEHHIO TSOKEIIBIMA MeETajulaMiu
SIBJISIETCSI BOCTOYHAS YaCTh MOJIEIINPYEMOI 00J1acTH.
Bypenue Openax@cHvIX CKEAXMCUH MeHCOY OPEeHaAIHCHBIM
Kananom u 03. banxaw. ]JlonionHUTENRHBIE IpPEHAa)KHBIS
CKBA)KMHBI B KOIMYECTBE 14 MITYK MIIaHUPYETCS IPOOYPHUTH
JI0 KOPEHHBIX IMOPOJ MEXKIY CYIIECTBYIOIINM IPEHAKHBIM
KaHaJoM M 03. bamxam B COOTBETCTBHH C ITOCTPOCHHBI-
MH JIMHUSMH TOKa. VX 9MCI0 COBHAJaeT C KOJIUYECTBOM

CKB@XMH, 33JaHHBIX IMPH MPOTHO3ZUPOBAHUHU PACIIOJIOKE-
HUSI CKBa)XXUH CEBEpHEE APEHAKHOTo KaHama (MEeXmy ape-
Ha)XHBIM KaHAJIOM M XBOCTOXPAaHMJIWIIEM). Pe3ynpTaTbl
peteHust ToBopAT 00 3(PEKTUBHOCTH W3MEHEHUSI MECTO-
MTOJIO’KEHMS] CKBAXWH B HAIIPABICHUH BHHU3 IO MOTOKY OT
JNpeHaXHOTO KaHana [7-9]. Ha Monmenn pemeHa mporao3Hast
TeOMUTpANOHHAs 3a/1a4a. [1o pe3ynbraTaMm MOXKHO CAeIaTh
BBIBOJI, YTO MPU OTCYTCTBHUU W3MEHEHHUs THIPOTEOIOTHYe-
CKHUX YCJIOBHMM B BOCTOYHOM YacTH TEPPUTOPUU B TEUECHHE
MIPOTHO3HOTO Tiepruoaa B 03. bamxam momamer 6omee 10%
3arPSI3HAIONINX BEIIECTB OT UX KOJIWYECTBA B UICTOUYHHKE.

3akiauyeHune

Ha ocHoBanum pe3ynapTaTOB pPacyeTOB MOXXHO CHIENATh
BBIBO/JI, YTO AKCIUTyaTaIisl CKBAXHUH MTO3BOJIUT 3HAYUTEIb-
HO CHHU3HUTH CKOPOCTB PacIpOCTpaHEHU 3arps3HeHus. [Ipu
STHX YCIIOBHSX 3arpsi3HEHUE OT XBOCTOXPAHWIHUIIA HE JI0-
CTHUTHET 03. banmxant B TedeHHne MpOrHO3HOT0 Ieproaa.

CoopyXeHHe NPEeHaXHBIX CKBAXUH B paiioHE mpynaa-
HaKOIUTEISI HE TPEOYyeTCs, MOCKOIBKY OPEOJT 3arpsi3HEHU
HE OCTHTHET 03. banxam B TeyeHHe MPOTHO3HOIO MEPH-
ona. bBypenmne apeHa)XHBIX CKBXHUH 0 KOPEHHBIX ITOPOT
MEXIy CYIIECTBYIOIINM APEHAXKHBIM KaHATIOM U XBOCTOX-
parmmunieM (14 ckBaxkus riryonsoi ot 20 M 1o 30 M) Mo-
JK€T 3HAYWUTENIFHO 3aMEIUTh PAacCIpOCTpPAaHEHHE 3arps3-
HEHHUS B TE€UEHHE MPOTHO3HOTO MEpHofa. ITHX CKBAXKHH
JIOJKHO OBITH TOCTATOYHO, YTOOBI HE JOIYCTUTH IOTaa-
HHUSI 3aTPS3HSIIONINX BEMecTB B 03. banxamn. Ha adgdexTu-
HOCTh Pa0OTHl OOIIEH APEHAKHOW CHUCTEMBI BIIHSICT MeE-
CTOIIOJIOKEHNE JIOMOIHUTEIBHBIX APEHAXXHBIX CKBa)KHH.
Bypenue npeHaXHBIX CKBXXHH JO0 KOPEHHBIX TOPOJT MEXK-
Iy CYIIECTBYIOIIMM APEHaKHBIM KaHaJIOM W 03. bamxamr
SIBJIIETCS ONTHMAJbHBIM, TIOCKOJIBKY TpeOyeT SKCIITyaTa-
MM MEHBIIIEr0 KOJWYECTBAa CKBAXXHUH (TmyomHoit oT 20 M
no 30 m). TpebyeTcsi co3maTh TOMOTHUTEIBHBIE CTBOPBI
HaOJIFOJAaTETbHBIX CKBAXKUH I10 HAIPABICHHUIO IBUKCHU
MMOJ3EMHBIX BOJI OT IPEHAXXHOTO KaHaja 10 03. bamxam
U TPOM3BECTH YHCTKY (UIBTPOBOM HACTH paHee MmpoOy-
PESHHBIX MOHHUTOPHWHTOBBIX CKBaXHH [JIs OOECIEeUCHHS
BOJIOTIPUTOKA B CTBOJ CKBAKWH M BEJICHUS KaUECTBEHHOTO
MOHHUTOPHHTA MOA3EMHBIX BOJ Ha OOBEKTE.
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[Tamstu yueroro

Ha 96-M rony >kxu3HM CKOHYAJICS BBIJAIO-
LIUICSI TOPHBIN WHKCHEP, KaHIUIaT TEXHH-
4yeCcKHUX Hayk, Jlaypear JIeHMHCKOI mpeMuu
CCCP u npemuu Cosera Munuctpos CCCP,
OBIBIIMI TJIABHBIM HH)KEHEP AYHMCalHCKOTO
MOJINMETAIINYECKOro KoMOuHaTta M3pawmib
Imynsesuu (Camoiinosuu) Koran.

Wspamne ImynseBnu  (CaMoNIOBUY)
poxnuncs 30 ampens 1927 r. B r. YManb
VYxpaunckoit CCP. B 1944 c cembeil nepe-
exanl B I. AnMma-ATy, Ile NOCTYNMJI Ha
pabory B A3TM. B 1945 rony B cpeaneit
mkoJie Ne28 crair SKCTEepHOM K3aMEHbI Ha
aTTecTaT 3peJIOCTH U B 3TOM K€ roay Io-
CTynuI Ha ropHbI dakynsTeT KasI'MU.

C 1951 r. moce 3aBepuieHUst y4eObl ero
JalbHeHIas IpOU3BOICTBEHHAs EATEIbHOCTh CBA3aHA C
KOMOMHATOM «AYNOJIMMETAU», IIe OH MPOIIeN] MyTh OT
TOPHOTO MacTepa J10 TJIABHOT'O MH)KEHepa KOMOMHATA.

N.C. Koran OblI OJHUM U3 OPraHU3aTOPOB U ydacT-
HHUKOB CKOPOCTHBIX IMPOXOJOK C MUPOBBIMH PEKOPAAMH,
OH OCTaBWJI SIPKUU CJIeJ B UCTOPUM AYHCANCKOTO KOM-
OuHaTa M BCEH LBETHOW METAJUIyprUH PECIyOJIMKH Kak
TBOPYECKUM MHKCHEP U YUECHBIN.

OcHoBHolt 3acayroit M1.C. Korana B pa3BUTHH Ha-
YYHO-TE€XHHUYECKOIr0 Iporpecca Ha KOMOHMHATE CTalio
co3nanue HaydHo-TeXxHMYECKOTO IIeHTpa Ha Oa3e OT-
NEeNbHBIX JabopaTopuil 1exoB, Bcecoro3HON MIKOJbI
CKOPOCTHBIX HPOXOJO0K, CIHEHHATU3UPOBAHHOTO KOH-
CTPYKTOPCKOTO OIOPO M y4yacTKOB BHEJIpPEHHUS HOBOH
TEXHUKH U MEXAaHU3AIUHU TPYJOEMKHUX PadoT.

OcHOBHBIE PabOTHI, KOTOPHIE OBIIM MPOBEACHBI U
BHEJIpEHbl Ha KOMOHMHATE€ NpPH HEMNOCPEICTBEHHOM
yuactuu U.C. Korana u umenu npuHOUNNAIBHOE 3HA-
YeHHueE JJI1 BCEW oTpaciiu, 3TO:

= BHEJ[peHHEe Ha AYucaiickoM U J[>)Ke3Ka3raHCKOM KOM-
OMHaTax C ydacTHEM HHCTUTyTa [ HMIIPOLIBETMET CHUCTEM
0TpabOTKHA MECTOPOXKIEHUHN C MPUMEHEHUEM IOA3EMHOT0
CaMOXOJHOTO 000pY/IOBAHUS;

= pa3paboTKa M OpraHM3aIus CKOPOCTHBIX MPOXOI0K
FOPHBIX BBIPA0OTOK, KAaKUX €Ile He 3Hajla B TO BpEeMs
FOPHOA00BIBAOIIAS IIPOMBIIIIICHHOCTD;

= CO3/IJaHHE COBMECTHOTO C MHCTUTYTaMU | MHIIBETMET U
VYpanmexaHoOp CII0KHBIX MHOI'OCTaINaJIbHBIX CXeM 00ora-
LIEHUS Py C OCIHBIM COJIEp)KaHHEM MeTallIa;

= BHEJPEHHE BMECTE C KOJJIEKTHUBOM HHCTUTY-
Ta [MHOBETMET TEXHOJOTHM H3BJICUYEHHUS Oaputa

HN3pauns CamoiiioBu4
Koran
(1927-2022)

W3 MUPrajJuMCalCKHX pyJ, YTO oOecredn-
JIO TIPOM3BOJICTBO 0APUTOBOTO KOHIIEHTpa-
Ta B 3HAYUTEIIbHBIX KOJINYECTBAX;

" CO3/IaHME€ M BHEJAPEHHE COBMECTHO C
Ka3[ITU TexHOIOTMM HUIAMOBOW OETOH-
HOU 3aKJIaJIKu (BIIEPBBIC B MUPE);

* YHUKaJIbHasi CHCTEMa BOJOYJaBIIH-
BaHUS M BOJOOTBEICHUS (COBMECTHO
¢ ['mnpouBeTmMeTOoM) mpy mpuUTOKax Ooiiee
10 TeIC. M* B Yac.

B cozmannoit 1965 r. MunuctepcTBOM
nBetHod Metamryprun CCCP Ha komOnHa-
Te, OCTOSIHHO JielcTByoMIel Beecorosznoi
IIKOJIE CKOPOCTHBIX IPOXOJOK 3a JeCsTh
C JUIIHUM JIET MEPEAOBOMY OIBITY OBLIO
00y4yeHO Oosiee JABYX TBICSY TOPHSIKOB C
pazimmunbix npeanpustuii CCCP u 3apy0OeKHBIX CTpaH.

OtnenbHas Tema pasroBopa — ACYTII — aBromatusupo-
BaHHAasl CHCTeMa YIPAaBICHHUsSI TEXHOJOTMYECKHM IIpOIec-
coM — mobumoe aeruuie M.C. Korana.

Ha oOorarurenpHbix (abpukax AUNoJIMMETajia aBTO-
MaTHKa KOHTPOJHMpOBaja JAeHCTBylomiee 000OpyJoBaHUE
JPOOMIILHO-TPAHCIIOPTHBIX OTACJICHUH M TEXHOJIOTHYe-
CKHE CXEMBbl. B M3MEJIbUYUTENIbHBIX OTICICHHIX C €€ TIOMO-
IIbIO 3arpy’KaJMCh PYJHbIE MEIbHULBI, MOAIEPKUBAIUCH
3a/1aHHasl TUIOTHOCTH CIMBA KJIACCH(UKATOPOB, YIUTHIBAII-
csl 00beM TepepadbOTaHHOM Py abl. ABTOMAThI 3aKaUYUBAIH B
pacxoJIHbIE EMKOCTH JIO3MPOBOYHBIX IUIONIA/I0K PEareHThI,
obecrieunBaiiv paboTy BakyyM-(UIBTPOB, pa3rpyKajiu Ma-
TEepHUalbl U BBIIOJIHSIIN elle HeMaJo JIpyrux padoT, Tpedo-
BaBIIIHMX paHee OOJIBIINX 3aTpaT BPEMEHHU U CHIL.

Nzpamis CaMOMIOBHY OCTAHETCSI B HAIlIEH MaMsTH Kak
YeJIOBEK HEe3aypsIHOTO YMa, YMEBIIMI HAXOIUTh BBIXOJ] U3
TyIIUKa, U3 KOTOPOTO, Ka3aJloCch Obl, HET BBIXO/A, KaK Ha-
CTaBHHMK U BOCIIUTATEIb, 00bEIMHSIBIINI BOKPYT ce0sl rpa-
MOTHBIX U TBOPYECKHX UHIKEHEPOB.

OH OBUI KOJUIEKTUBHBIM Y€JIOBEKOM, KOTOPOMY YCIIEXH,
JIOCTUTHYTBIC MOAYMHEHHBIMH, JIOCTABISIMN HE MEHbIIEEe
YAOBOJILCTBHE, YeM COOCTBEHHBIE.

Jlaypeat Jlenunckoit nmpemun CCCP, npemun Cose-
ta MunuctpoB CCCP, 3acnyxeHHbIl TopHsak Ka3CCP
W3zpauns CamoiinoBuu KoraH HarpaxiaeH opJeHamu
Jlenuna, TpynoBoro Kpacuoro 3Hamenu, Meganpio «3a
nobnecTHBIA Tpyn», 3HakoM «lllaxTepckas ciaBay, Ilo-
gyeTHOM rpamoroil Ilpesmnuyma BepxoBnoro Coserta
Ka3CCP. On B Teuenue 24 jieT u3Oupaics IEImyTaToM
ropojckoro CoBeTa 1 4JI€HOM rOpKOMa MapTHH.

Betepanbl nBeTHOI MeTairypruu Kazaxcrana 1 KOMOMHATAa KAYNOJIHMETAILT», PeIaKIHOHHAS KOJLJIETUsl
«opHoro xxypHaja Kazaxcrana) NpUHOCAT POJHBIM M OJIU3KHM, APY3bSIM H KOJLJIeram
Hzpanas HImyabeBuua (CamoiiioBuua) Korana camblie HCKpeHHHE c060JIE3HOBAHUS € IIyOOKMM YyBCTBOM
NOTEPH O/THOTO M3 BHIIAIOIINXCH JesiTelieil TOPHOH HAYKH.
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[Tamsrut yuesoro

24 oxTs6pst 2022 Troxa yumien U3 KU3HH
BsiuecnaB BacunbeBuu begHos.

Bsiuecnas BacunseBuu poamiicst 13 ceH-
Ts10pst 1938 rona B c. YyxoBka (Buredckas
obmnacte, Pecrrybnnka benapycs).

B 1960 r. 3akonuun Kazaxckuii rop-
HO-METAJTYPTUYE€CKUM MHCTUTYT MO CIe-
IUAIBHOCTH  «MapKIenepckoe  eJIo.
B tom e romy 6bu1 HarpasieH Ha CeBepo-
Jxe3kasraHckuil pyaHUK J>ke3ka3raHCKo-
r0 TOPHO-METAJIyPrH4ecKOro KOMOMHATa
cTapmuM MapkmenaepoM; B 1961 1. Obut
n30paH NMEepPBBIM CEKpPETapeM ropKoMa KOM-
comona r. Jlxxe3kasrana, B 1963 r. — BTO-
pbIM cekperapeM KaparanauHckoro mpo-
MbinneHHoro OK JIKCMK.

B 1966 r. B.B. bennos tpyaumncs Ha LleHTpanbHON HOP-
MaTHUBHOW MCCJIEI0BATENbCKOM CTaHIMU Mo Tpyay [ ocma-
Ha Ka3CCP HayaabHUKOM OTJ€JIa YTOIbHON MPOMBIIIICH-
HOCTH; HMCIIOJHSIONMM OO0sS3aHHOCTH TJIABHOT'O HMH)KEHEpa
TOPHOPYAHOI MPOMBIIUIEHHOCTH; HadaJlbHUKOM OTAelNa
METaJUTypru4ecKoi IPOMBIIIJIEHHOCTH; IJIaBHBIM HHKEHE-
pOM OTaena HayqHOM opraHU3alluy Tpya.

C 1967 r. BsiuecnaB BacuibeBny paboran HayalbHU-
KOM OTJeja IO COBEpPIIEHCTBOBAHWIO HOPMHPOBAHMUS
TpyZla ¥ MaTepuaJbHOro cTUMyiaupoBaHus B LleHTpe mo
HOT MunucrepctBa uBetnoi metaanypruu KazCCP. B
1969 r. oH — HaYaNbHUK OT/EJa MO OTKPBITHIM TOPHBIM pa-
Ooram, 3amectutens HadanbHuKa Llentpa HOT u VII Mu-
HHUcTepcTBa IBeTHON Metamryprun Ka3zCCP; nHauanbHUK
oTnena pabouynx KaapoB YIpaBieHHs Tpyda U 3apad0THOM
IJIaThl; HAYaJIbHUK OTAeJa KagpoB MUHUCTEpCTBA IBETHOM
metamutypruun KasCCP; HauanbHUK oTaena pyKOBOISIINX
KaJapoB MUHHCTEPCTBA IBETHOI METAJLITypTUH.

B 1979 r. B.B. bennos 6bu1 n30paH cexperapem Kazax-
ckoro PecrmyOnukaHckoro komureTa npog)coro3a padbounx
METaJUTy pru4ecKoi NpOMBIIUIEHHOCTH.

BsiueciiaB BacuiabeBuu
Beanos
(1938-2022)

C 1983 r. BsuecnaB BacunbeBud 3a-
HAMaJl JOJDKHOCTH 3aBEAYIOIIETO XO35H-
CTBEHHBIM OTIEJIIOM TI0 OOCIY>KWBAHHIO
Komwurera napomnoro xontpons Kazax-
ckoit CCP XO3Y V]I CoBera MuHUCTpPOB
Ka3zCCP. C 1987 r. B.B. bennoB 0bL1 3a-
MecTHTEeNeM 3aBenyroniero OOmum oTe-
nom Komurera; 3aBenyromum bropo xaino6
W MpeuIoKeHul Tpyasumxcs B Komurere
Haponnoro xontposnst Kazaxckoit CCP; B
1991 r. — HaYaTPHUKOM OT/ICJIa O MOH00-
Py M paccTaHOBKE KaJpoOB, HAYAJILHHUKOM
oTzeNa PyKOBOSIIMX KaJapoB MHHHCTEp-
cTBa npomsineHHoctu Kaszaxckoit CCP.

C 1994 r. paboran B MuHucrepcTBe
MIPOMBIIIUICHHOCTA M TOPTOBJIM HaYaJlbHH-
KOM BEJYIIEro yNpaBlieHHs (UHAHCOBOTO oOOecredYeHusl,
KaJpOBOM IMOJIMTHKYU M CIEnpadoT; HayaJbHUKOM [ JlaBHO-
ro yIpaBjeHUs KaJIpOoB M OpraHu3aluy padoT amnmnapara.

B 1997 r. BsiuecniaB BacuibeBrd 3aKOHYUIT CBOIO TPY10-
BYIO JICSTEILHOCTH B CBSI3U C YXOJIOM Ha IIEHCHIO.

3a Bpemsi cBoel TpyaoBou nestenbHocTH B.B. benHos
OBLT HarpakJeH MPEMUSMH, IIOYETHBIMH T'paMoTamMu Mu-
HHUCTEPCTBa MBeTHOW MeTtamutypruu u LK mpodcorosa pa-
00YMX METALTYPrUvYecKOil MPOMBINIICHHOCTH, MOYETHON
rpamoroit Kommurera Haponnoro xontpons Kazaxckoit
CCP, marpynabpiM 3HakoM «I[loOemuTens coOlCOpEeBHOBA-
HUs». 32 JAOJTOJETHUH, JOOPOCOBECTHBIN TPy OT UMEHHU
IIpesunuyma BepxoBHoro Cosera CCCP pemnienuem uc-
rosikomMa AnMa-ATHHCKOTro ropojackoro CoBera HapOJHBIX
JISITyTaTOB OBII HarpaxkJaeH Menaiplo «Berepan Tpyna»,
[TouyeTHBIM 3HAKOM «3a aKTHBHYIO pabOTy B OpraHax Ha-
poanoro koHTpoiss CCCPy».

BsiueciiaB BacuibeBruY ObUT XOPOIITUM CEMBSIHUHOM, J10-
OpBIM M MOHMMAIOIIMM OTIIOM, J€J0M, FPAMOTHBIM CITEIH-
aJMCTOM M YBa)Ka€MbIM YEJIOBEKOM Ha paboTe U B KOJIJICK-
THBE, HaJIGKHBIM M JIOOPOTIOPSTOYHBIM JAPYTOM.

ITamaTh 0 TAKKUX JI0AX, KaK BsiyecsiaB BacuibeBuuy BeqHoB, HaBceraa COXpaHUTCS B cepAuax Jojaeu,
3HABIINX €r0, YYUBIINXCH ¢ HUM, padoTaBmuX BMecTe ¢ HUM. [IycTh 3emiIs eMy OyaeT mMyXoMm.
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TPEBOBAHUS K O®OPMJIEHUIO U YCJIOBUSA NPEJOCTABJEHUS CTATEN
B peIaKIMI0 MePHOANYECKOro neyaTtuoro usnanns «'opuelii ;kypuaa Kaszaxcrana»

1. «T'opHblii :xypHaa KazaxcTana» npuHHMAaeT K Ny0JIHKAINH OPUTHHAJIbHbIE CTATHH HAYYHOI0 H HAYYHO-TEXHHYECKOT 0
COJepPKAHUSA, OTPAKAIONINE Pe3yJILTATHI HCCJIeJ0BATEIbCKON U HAYYHOM /1esiTeJIbHOCTH, HMeIolIie PEKOMEHIAIMHN K IPaKTH-
4eCKOMY NPHMEHEHHI0 PeliaeMbIX BONPOCOB, 2 TAK/Ke CTATHH 0030PHOT0 XapaKTepa, OTBeYalolie KPUTEPUAM NMePBUYHOM
Hay4YHO#H nmy0auKkanmuu (IOJHBIH nepeyeHb pyOpHK yKa3aH Ha caiite minmag.kz).

2. OcHoOBHBIE TPEOOBAHUS K CTATHAM, IIPEJICTABJIEHHBIM VISl IyOJHMKALMH B KYypPHaJIe:

= Habop CTaThH MPOU3BOAUTCS B TeKCTOBOM penakTope Word mipudrom Times New Roman 12 keryieM ¢ oy TOpHBIM HHTEPBAJIOM;

= 001U 00BEM CTAThH, BKJIIOYAs PUCYHKH, TAOIHIIbI, METaJaHHBIC HE JI0JIKEH MPEBBIIIATh 8 MeYaTHBIX CTPaHUII;

* CTaThU (32 UCKIIOYEHHEM 0030POB), IOJKHBI COACPIKATh HOBbIE HAYYHBIE PE3YJIbTAThI;

* CTaThs JOJKHA COOTBETCTBOBATH TEMAaTHUKE (CM. 1. 1), HAy4YHOMY YPOBHIO XypHaJa;

* cTaThs JOJDKHA OBITH OOpPMIIEHA B TOJIHOM COOTBETCTBUH C TPEOOBAHUSIMH, OTPAXKEHHBIMHU B II. 3;

* CTaThs MOXET OBITh IPE/ICTABIICHA HA Ka3aXCKOM, PYCCKOM MJIM aHTIUHCKOM SI3bIKE;

* B PEIAKIIMIO MPEACTABISACTCS OKOHYATEIbHBIN, TIIATEJbHO BbIBEPEHHBIH BAPHAHT CTATbU, HCKIIIOYAIONIUN HEOOXOAMMOCTh
MOCTOSIHHBIX JOPAaOOTOK TEKCTa Ha 9TAINax M3AaTelbCKOTo Mpollecca;

= riepeJt OTIPABKOM CTaThH B PEJAKIMIO Ky PHAJIa aBTOpPAM HEOOXOMMO MPOBEPUTH TEKCT HA IPEIMET OTCYTCTBHUS IIJIaruara.

3. CTpyKTypa cTaThH JOJKHA COAEPKATh CIAEAYIOIIHE Pa3aebl:

= xon MPHTUW (I'PHTW http://grnti.ru/?pl=52) — mecTU3HAYHBIH;

* Ha3BaHHUE CTAaThU (COKpAIEHHs HE JIOIMYCKAIOTCsA, HE JOIMYCKaeTcsl MCIOoJIb30BaHHe ab0peBHaTyp M (GopMyl; MaKCHUMaJbHOE
KoJn4ecTBO ciioB 10-12) noymkHO OBITH HHPOPMATUBHBIM, COOTBETCTBOBATh HAYYHOMY CTHIIIO TEKCTA, COACPIKATh OCHOBHBIE KITIO-
YEeBbIE CIIOBA, XapaKTEePU3YIOIINe TeMY (IPEAMET) UCCIENOBAHMS U coJlepKaHue PabOTHI, TPEIOCTABISETCA Ha Ka3aXCKOM, PYyCCKOM
M aHTJIUHCKOM SI3BbIKAX;

* THUIHAJIBI U (JaMUIIMH aBTOPOB; CTAThs JOJKHA UMEThH He Oosee 4 aBTOPOB; 3HAKOM «*» yKa3bIBA€TCSl aBTOP-KOPPECIIOHACHT;

= CBEJICHHUS O Ka)XkJOM aBTope (yueHas CTEeleHb, yUeHOe 3BaHue, JOIKHOCTh, MECTO OCHOBHON paboOTHI, TOPOJI, CTpPaHa, KOHTAKT-
HBIE JaHHBIE (agpec 3JIeKTpoHHOH mouTkl), ORCID ID) mpeaocTaBasAIOTC Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM SI3BIKaX;

* TIOJIHO€ Ha3BaHHUE OpraHu3aluu (-if), riae padoTaioT aBTOPHI (C yKa3aHUEM BEJOMCTBEHHON NPUHAAIEKHOCTH);

* AHHOTAIUsI B COOTBETCTBHH C TPEOOBAHHUSIMH MEXK1YHAPOAHBIX 06a3 JaHHBIX JOKHA JOCTATOYHO MOJHO PACKPBIBAThH COAEpKa-
HHE CTaThH, BKIIIOYAs XapaKTePUCTUKY OCHOBHOM Te€MBI, TPOOIEMbI 00BEKTa, IIENH UCCIE0BAHNSI, OCHOBHBIE METO/IBI, PE3YIBTATHI
HCCIIeIOBAHUS U TIaBHBIE BEIBOABL. B aHHOTAaMM HEOOXOAMMO YKa3aTh, UTO HOBOT'O HECET B ce0e CTaThs B CPAaBHEHUU C IPYyTHUMHU,
POACTBEHHBIMHU 110 TEMAaTHKE U 1[€JIEBOMY Ha3HAUEHUIO MaTepHajaMHu. AHHOTAIUs MPEJOCTABISIETCA Ha Ka3aXCKOM, PyCCKOM M aH-
TITUHCKOM si3bIKax 00beMoM He MeHee 700 u e 6omee 900 cumBonoB (mpumepHo 150...200 cnoB);

* KJIIOYEBBIE CJIOBA B KoiauuecTse 6...10 yCTOHUYMBBIX CIIOBOCOYETAHMH, MO KOTOPHIM B JajibHEHIIeM OyIeT BBIMOIHITHCA MONUCK
CcTaThH (COKpalieHus 1 ab0peBHaTyPbl HE JOMYCKAIOTCS): KJIIOUEBbIE CIIOBA OTPAXKAIOT CICHU(PUKY TeMbl, 00BEKT U PE3yIbTaThl HC-
CIIeIOBAHUS U TIPENOCTABIISIOTCS HA KA3aXCKOM, PYCCKOM U aHTJIMICKOM S3bIKaX;

* TeKCT CTaThH, COJACPKAIIMI ClIeaAyIomuUe pa3eibl (BBEICHUE, METOIbI/UCCIIE0BAHMS, PE3YIbTaThl, 00CYXK/IEHNE PEe3yJIbTATOB,
3aKJIIOUYCHHUE/ BBIBOJIBI);

* CIIMCOK HCIIOJb30BaHHBIX UCTOYHUKOB (10...12), B TOM uncie He MeHee 3 3apyOexxHbIX He paHee 2015 rona, mpenocTaBisieTcst Ha
Ka3aXCKOM, PyCCKOM M aHTJIMHCKOM SI3BIKaX.

PUCYHKM nomxubl UMETh paciipenne rpaduueckux peaaktopos CorelDraw, Photoshop, Illustrator u 1. n1.). @oTorpadun gomk-
HBI OBITH TIpe/ieNibHO YeTKuMU B rpaduyueckom popmare (TIFF, JPEG, CDR) ¢ pa3pemennem e meHee 300 dpi. Bee OykBeHHbIe U nndg-
poBble 0003HAYCHNS HA PUCYHKAX HEOOXOANMO TIOSICHUTH B OCHOBHOM MJIM MOJPUCYHOYHOM TekcTax. Haamnucu n npyrue o603HaueHUs
Ha rpadukax ¥ pUCyHKaX MOJDKHBI ObITh YeTKUMHU U Jerko yutaembiMu. [IOJAIIUCHU K PUCYHKAM u 3ATOJIOBKHU TABJINI]
OBSI3BATEJIBHBI. OdopmiasiioTcst OTIAEIBHBIM OJIOKOM Ha Ka3aXCKOM, PYCCKOM M aHTJIMHCKOM sI3BIKaX.

MATEMATHUYECKHUE ®OPMVYJIbI cienyet Habupath B hopmynsHoM penaktope MathTypes Equation niau MS Equation, rpe-
YEeCKHe U pycckue OYKBBI B (hOpMyIiax HaOMpaTh MPSIMBIM HIPU(PTOM (OMIIHS TEKCT), JATHHCKUE — KypCUBOM. Q003Hauenus 6eiuiun
u npocmoule opmynvl 6 meKcme u madaUYaAx Hadupamsv KaK riemenmsl mekcma (a He Kak 00bEKThI (HOPMYIBHOTO peaaKTopa).
HymepoBaThb ciaenyeT ToJIbKO Te (POPMYIIbl, HA KOTOPBIE €CTh CCBUIKM B MOCJIEAYIOIIEM H3noxkeHnH. Hymeparus GpopmMys ckBo3Has.

CIHUCOK MCITOJIB30OBAHHBIX UCTOYHUMKOB cocTaBisercs B MOPsAKE TUTHPOBAHUSA U 0(OpPMIISIETCS B CTPOTOM COOT-
BercTBUU ¢ ['OCT P 7.05-2008. Ccpuiku Ha JUTEpaTypy B TEKCTE OTMEUAIOTCS MO MEpe UX MOSBICHUS MOPSIAKOBBIMH HOMEpaMH B
KBaJIpaTHBIX CKOOKax. CIMCOK MPUBOAMUTCS HA KA3aXCKOM, PYCCKOM M aHIJIMICKOM SI3bIKAX.

4. YcaoBusi npuodpeTeHns ;KypHaJI0B aBTOPaAMH.

C aBTopoM(aMu) 3aKJIIOUaeTCsl JOTOBOp O TpuobpeTeHHMH 8 (BOCBMH) 3K3eMIUIIpOB >kypHama ¢ 50% cKuakoil, KoTopble
OH(OHHM) UMEIOT MPaBO PACIPOCTPAHITH CPEIU TOPHOU OOILIECTBEHHOCTH. [T aBTOPOB, MPOKUBAIOIIUX B APYTHX ropoaax (Kpome
. AJIMaThl) U HE MIMEIOLIMX MPEJICTABUTEINICH B I'. AJIMAThl, B CUET BKIIIOYAIOTCS IIOYTOBbIE ycIyrH. ITocie orIaTel CTaThs MyOIuKyeTCst
B OUEPEHOM HOMEpE KypHaja, a aBTOpy(aBTOpaM) MPeI0CTABISIOTCSA YK3EMIUIAPHI )KypHalla, COTJIACHO CYUETY.
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