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New opportunities for the development of the coal industry:
technology of waste gas purification from SOz, NOx, CO>

N.K. Dosmukhamedov”, E.E. Zholdasbay, M.G. Egizekov
Satbayev University, Almaty, Kazakhstan
*Corresponding author: nurdos@bk.ru

Abstract. Based on a brief overview and analysis of global trends and the development of the coal industry, the article ex-
amines the causes and factors constraining the provision of conditions for the sustainable development of the industry. It is
shown that despite the negative consequences resulting from the burning of coal, it remains the main cheap and widespread
source of energy. The current state of the global coal industry is analyzed and ways of solving its further effective development
are shown. One of the key solutions for the development of the coal industry is to reduce the environmental burden of harmful
gases (SOz, NOy, CO»). A significant reserve for the development of the coal industry could be the involvement of high-calorie
low-ash cheap coals. However, this requires the development and implementation of highly efficient, innovative technologies
for deep purification of waste gases of TTP from SO,, NOy, CO.. One of such solutions is a new technology of complex deep
purification of waste gases of the TTP, providing a high level of utilization of SO,, NOy, CO; with the production of commer-
cial products.

Keywords: coal, waste gases, purification, sulfur dioxide, nitrogen oxide, chemical absorption, chemical regeneration.

1. BBenenue HbIX MECTOPOXKIEHUN YIVIsI HAaXOAWUTCS Ha TEPPUTOPUHU
CIIIA, Kuras u ctpan CHI', Bkmtouas Poccuro u Kazaxcran.
ITo 3amacam yrmei KaszaxcTaH BXOZWT B IECATKY CTpaH-
muaepoB, yerynas auib Kuraro, CHIA, Poccun, ABctpanuu,
Wunnu, FOAP, Ykpaunne. ['ocygapcTBeHHBIM OaaHCOM pec-
MyOJIMKY YYTEHBI 3a1achl 10 49 MECTOPOXICHUSIM, KOTOpPbIE
coctaBisor 33.6 MUIpI.T, B TOM 4YHCIE KaMEHHBIX —
21.5 mapa.t, 6ypsix yraei — 12.1 mupa.t. [1].

Ilo naHHBIM MeEXIyHApOIHOIO 3HEPIETUYECKOrO arcH-
ctBa (MDA), B 2007 roxgy B crpanax OpraHm3aiiy 3KOHO-
Mudeckoro cotrpyaHuuectsa u passutus (O9CP) 81% yras
MOTPEOIATIOCs B TIPOU3BOACTBE 3jIeKTpodHeprun u 10% - B
MPOMBIIIIEHHOCTH (BKItO4ast 3% Ha MPOU3BOACTBO CTAlH).
B HacTosmiee BpeMs Ha yrons npuxonurcs 47% B CTPYKType
TOIUTMBHOTO OajiaHca 3JIEKTPOIHEPTETUKH, U OXKHUIAETCS, UTO
B OyAylIeM yroyib OCTaHETCs KIIOUEBBIM BHJIOM TOIUIMBA B
CTPYKTYpe TOILIMBHOIO OaaHca dIeKTPOIHepreTHky [2, 3].

Ilo BenuumnHe 3amacoB yroib MPEBOCXOJUT BCE OCTAllb-
HbIE BUIBI HCKomaemMoro Tommsa. 1o nanaeiM BP Statistics
[4], xoadoument kpatHocTH 3amacoB R/P (oTHOmIeHHME
OCTAaBIIIHXCS 3aMacoB K TOJ0BOM M00bIU€) JIsl YIS B HACTO-
smiee Bpemst coctapisier 122 roxa. st cpaBHeHUA: KOdpdu-
IIMEHT KPATHOCTH 3amacoB HedTu paBeH 42 rogam, MPUPOJI-
HOTO rasa - 60 rogam.

3amackl yrist Oosee paBHOMEPHO paclpeselieHbl MEXIy
Asuatcko- Tuxookeanckum peruoHoMm, CeBepHoil AmepH-
koii, EBpomoii m EBpasmeii (pucynok 1). Ilostomy, mo
YTBEPXKICHUIO MUpPOBOH  JHEPreTHYecKod  accouuanuu

B Mupe exerogHo mo0bBaeTcsa OpuMepHO 5 Mipa.T. ka-  (MOA), puCcK 3HAUMTENBHBIX HEpPeOOEB IIOCTABOK HE TaK
menHOro yrisi. B Kurae noGwiBaetcs 6osnee | Mapa.T. yrist, B BEJIHK, Kak B cirydae Heu [4].

CIOA - oxono 1 mupa.t. Oxono 70% MHPOBBIX pa3BejaH-

[Ipobnema 3arpsi3HEHHs BO3IyXa W CBA3aHHBIX C HEW
HETaTUBHBIX MOCIIEJCTBHUN IS 37I0POBbsl HACEICHHsT HAOUpa-
eT Bce OOJIbIIINE TEMITbI BCIIEJCTBHE POCTa dHEPromnoTpediie-
HHSI [IPOMBINUICHHOCTHIO M YPOAHU3UPOBAHHBIMU TEPPUTO-
pusimu. HayuHble JaHHBIE CBHICTENBLCTBYIOT O TOM, 4YTO
3arpsI3HUTENH BO3/lyXa, KOTOpbIE MEPEHOCITCsi B aTMocdepe
Ha OOJIbIIINE pacCcTossHuA, NPUBOAAT K CEPHE3HBIM 3KOJIOTH-
YCCKUM TMOCICACTBUAM: K KHUCJIOTHBIM JOXJIAM, KOPPO3UH
METaUIOB, THOeau (QJIopsl U (GayHbI, 3a00JICBAHUIM JIFOJICH,
MNOJKHCIICHUC TIOYBHI, 3BTpO(1)I/IKaI_II/I$[ BOJHBIX O6’beKTOB,
o0ycaBnuBas JETPajali0 dKOCHCTEM W COOTBETCTBEHHO
CHMIXKCHUSA X MPOAYKTUBHOCTH U KaUC€CTBA KU3HU.

OjHUM W3 OCHOBHBIX HCTOYHHUKOB 3arps3HEHHI aTMO-
chepbl SBISIOTCSA TEIUIOAIEKTPOCTAHIINY, paboTarone Ha
CKUTAHUU YTJIs, MEPOBBIE 3aMachl KOTOPOro orpoMHsl. 1o
CPaBHEHUIO CPAaBHUTEJILHO BBICOKMX IIeH Ha He(Th W mpu-
POAHBIA Ta3, M300MJIME 3aMacoB YIJIS MPEIONpenesseT ero
HCIIOJIB30BAHWE B KaueCTBE HAJEKHOTO W DKOHOMHUYECCKH
3¢ (exTHBHOTO BHA TOIUIMBA B cTpaHax EBpasmum, BKIrOUas
Kazaxctan. Yroap MokeT obecneunBaTh SHEPreTHYECKHE
MOTPEOHOCTH IIAHETHI Ha MPOTSDKEHUH OMIMKAMIINX CTOJe-
TUW U sABJsSIETCS HanboJiee paclpoOCTPaHEHHBIM B MHPE DHEP-
TOHOCHTEJICM.

2. Muposbie TpeHabl. HanpaBienusi pa3BuTHS yroJbHOU
oTpaciu
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OAznarcke-THXCOKEAHCKHIA PerHoH BAGprka
OEepcna w EepazwA ONaTiHoKaA ANepuka
BCesepHan AnepuHa

Pucynok 1. Jlokazannsie 3anacol y2ns no oannwsim BP Statis-
tics [4]

B crpykType MmpoBoro OanaHca HEpBUYHOW 3HEPTUH
yToJb SBISETCS BTOPHIM MOCIE HE(YTH KPYHNHEHIINM HCTOY-
HUKOM 3HEPIHH, 3aTEM CJIEeAyeT MpUpoAHbIi ra3z. Ha yroms
npuxoaurcs 27% MHUPOBOro o0beMa NPeIoKEeHNS YHEPIUU
(pucyHoxk 2).
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Pucynok 2. Mupoeoe npeonoscenue nepeuuHoii Inepzuu

ITo nanaeiM MDA, B 2007 rony B ctpanax Opranuzauuu
9KOHOMHYECKOT0 coTpyaHudectBa u pazsutus (OOCP) 81%
YIS TIOTPEOISIOCH B TIPOM3BOJICTBE 3JeKTposHeprun u 10%
- B IPOMBIIIJIEHHOCTH (BKMIOo4Yas 3% Ha IMPOM3BOJCTBO CTa-
nm). B To xe Bpemsi, Ha yrons npuxogurcs 47% B CTpyKType
TOITMBHOT'O OajiaHca 3JIEKTPOIHEPTETHKH (PUCYHOK 3).
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Pucynox 3. Tonnuenwiii 6ananc mupoeoii 3neKmpoInepzemuKu

Ilo yrBepkmenuto MDA oxupmaercs, 9T0 B Oymymem
YTOJb OCTAHETCS! KIIOYEBBIM BHIOM 3HEPTHU B CTPYKTYypE
TOIUIMBHOTO OaJlaHca AJIEKTPOIHEPTETUKH.

Crpoc Ha yrojb pacTeT HEOBIBAIBIMH TEMITAMU, IPHYCM
OosbIas yacTh MOTPEOJICHUS IPUXOANTCS HAa Pa3BUBAIONIM-
€Csl CTpaHBL.

Ha pa3BuTHE >HEPreTHKH OKa3bIBAIOT BIIMSHUE OTPaHH-
YEHHOCTh WM HEPaBHOMEPHOCTH paclpe/eiieHHs PecypcoB
HCKOIIAaeMOT0 TOILTMBA IIPH POCTE MOTPEOICHUS SHEPTeTHYE-
CKHX PECyYpCOB, CTPEMJICHHE CTPaH K OOECIIEUEeHHUIO YHEpre-
THYECKOH OE30MaCHOCTH, SKOJIOTHYECKHE OTPaHWUYCHUS IO
BBIOpOCaM MapHUKOBBIX ra3oB. JlaHHBIE (DaKTOPBI MPUBOIST
K HEOOXOIMMOCTH YBEIMYCHHS IOJIH BO30OHOBISIEMBIX HC-
TOYHHKOB YHEPTHH B SHEPreTHYECKOM OanaHce.

Kak noka3pIBaloT HMcClieOBaHUS MEXAYHAPOIHBIX YHEP-
TETUYECKUX areHTCTB U WHCTUTYTOB, JIOJISI BO30OHOBIISIEMBIX
WCTOYHHMKOB DHEPIMU B MUPOBOM JHEPreTHUECKOM OanaHce
2050 r. MoxkeT cocTaBuTh mopsiaka 18%, winm jgaxke BhIIIE,
JUISl YIOBJIETBOPEHUS BO3PACTAIOIIETO CIIPOCa HA SHEPTHIO U
cTabmm3anuy coAaepKaHus MApHUKOBBIX Ta30B B aTMocde-
pe. PasButeiMu cTpanamu npuHumarotcs [Iporpammsl 1o
PasBUTHIO BO30OHOBISIEMBIX HCTOYHHKOB SHEPTUH. Tak,
EBpomnetickum Cor030M NPHHATO pelIeHHEe 00 YBEIHICHUU
JIONM TIPOW3BOJCTBA 3JIEKTPOIHEPTHH OT BO30OHOBISIEMBIX
nucrouHukax sHepruu 10 20% k 2020 r. (6e3 ydera KpyITHbIX
rugpoaiekTpocTanimii). B Kaszaxcrane nons asnexTposHep-
T'MH, BBIPaOOTaHHOM, HAa KPYMHBIX T'HIPOIJIEKTPOCTAHIMAX,
cocrtaisieT nopsiaka 12%.

3. AHau3 Tekylei cutyanuu yroiabHoi orpaciau Kazax-
cTaHa

MuHepanbHO-ChIpheBasi 0a3a YroJIbHOH IPOMBIIIIIEHHO-
ctn Kazaxcrana nocrarouno mpounas. Hecmorps Ha 0o0ib-
mue 00beMbl JOOBIYM YIIIeH, NX 3aIachl B HEJPaX OCTAIOTCS
3HaYuTeNbHbIMUA. CerogHs TEXHUYECKHE BO3MOXKHOCTH Ka-
3aXCTaHCKUX YIJIEJOOBIBAIONINX TPEANPHUATHIA TO3BOJSIOT
TIOJTHOCTBIO 00ECTIEUNTh CIIPOC Ha BHYTPEHHEM PhIHKE. Bme-
CTe C TEM YBEJIMYEHNE KCIOPTHOI0 00beMa Ka3aXCTaHCKOTO
yIiIg MajioBeposiTHO. Hallta KOHKypeHTOCIIOCOOHOCTh ITaJjaeT
BCJIEJICTBHE CPABHUTEIBHO HU3KOTO KauecTBa YIJIeil M BBICO-
KHUX TPAHCHOPTHBIX H3AEPiKeEK.

PasBurne yrompHoi oTpaciu B Kasaxctane c pemeHuem
OCHOBHBIX KIJTIOUEBBIX €T0 337a4 — MUHHUMHU3AIUN SIMHUCCUH B
OKpPY’KaIOUIYI0 CpeAy AMOKCHIA CEpbl U MapHUKOBBIX I'a30B,
BHEJIPEHHS HOBBIX OE30TXOAHBIX TEXHOJOIMH IO yTHIIM3a-
LUHU OTXOJOB CXKMFAHHUS YIJI HO3BOJIUT MOBBICUTH TEXHOJIO-
TUYECKYI0 U HMHHOBALIMOHHYIO CIIOXHOCTb JKOHOMHKH. B
paMKax HOBBIX TEXHOJIOIMYECKHX TPEHAOB, TakUX Kak MHIy-
ctpus 4.0, BCA NPOMBIIITIEHHOCTh, B TOM YHUCJIE€ M YrOJIbHAs
oTpacip JOKHAa OBITh HAmpaBlIeHA HAa yBEIWYEHHE
3G (PEKTUBHOCTH M IPOU3BOAUTEIBHOCTH CYLIECTBYIOIINX
TEXHOJIOTUA 3a CYEeT MPUHSTUS BBICOKOTEXHOJIOTMYHBIX
peLIeHuH 1o nepepaboTKe MPOLYKTOB CXKUTAHUS YIS ITyTEM
aBTOMATH3aLUH, POOOTH3AIMY ¥ LU(PPOBU3ALMU HPOU3BOA-
CTBa.

CeronHst yroipHasi OTpacib pecIyOJUKH 0OecreunBaeT
BeIpaOOTKy B Kazaxcrane 78% 3i1eKTpoIHEpPTHH, MpaKTHUe-
CKU CTONPOILEHTHYIO 3arpy3Ky KOKCOXMMHUYECKOTO MPOU3-
BOACTBa. Pecypchl sHepreruueckoro yris B IOJHOW Mepe
o0ecIeunBaroT OTPEOHOCTH TEIIOBBIX MIEKTPOCTAHIHH.
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Jlns ynoBIEeTBOPEHUs! CIpoca KOMMYHAJIBHOTO CEKTOpa
OBICTPO pacTymHX ypOaHH3UPOBAHHBIX TEPPUTOPUH H COOT-
BETCTBEHHO YHUCJICHHOCTH MX HACeJICHMs IUIaHHPYETCs YBe-
JUYeHUe T0OBIYM Majo30JbHOro yris Ha lllyGapkyabckoM u
MaiikyOeHCKOM MeCTOpPOXKICHUAX. banancoBble 3amacsl yris
MO3BOJISIIOT MOJIHOCTBIO 00€CTIeunTh BHYTPEHHUE MOTPEOHO-
CTH W JKCIIOPTHPOBATh 3HAYUTEJbHbIE OOBEMBI YrOJIBHOU
HPOTYKLUH.

B Kazaxcrane npeoOnagaroT HUI3KOKaYeCTBEHHBIE YTIIH C
BBICOKHM COJICP’KaHHEM CEpPbl, KOTOPhIE MOKPHIBAIOT Oojee
yeM Ha 40% crpoc Ha mepBHUYHBIE YHEpropecypcsl. Mcmons-
3yeMbI€ B SHEPTETHKE W MPOMBIIIIICHHOCTH YrOJbHBIE pecyp-
CBl XapaKTEepHU3YIOTCs HU3KHM YpOBHeM oborameHus. Heco-
OTBETCTBYIOIIMHA MEXAYHAPOJHBIM CTaHIapTaM 3KCIOPTH-
PYEMBIH yronib pealnu3yeTcss Ha BHEIIHEM PBIHKE [0 CPaBHU-
TEJIbHO HEBBICOKUM LIEHAM.

BripaboTka 35IeKTpOIHEPTHH B PECITyOIMKe TPOU3BOANT-
Cs Ha TPAaTUIMOHHBIX MCTOYHHUKAX — TEIJIO- U THUAPO3JIEK-
TpocTaHIusaX (coorBeTcTBeHHO 88% 1 12%). [1o cocrosiHMIO
Ha 2010 r., ycTaHOBJIEHHAsl 3JIEKTPUUECKass MOILIHOCTb TEll-
JOBBIX W THIPO3IEKTPOCTAaHLUH B peciyOinke cocTaBHia
cooTBeTCcTBeHHO 17 252 m 2 273 ThIc.KBT. B pernonamsHOM
pa3pe3e HanOONBIINK OOBEM MOIIHOCTEH TETUIOBBIX 3JIEK-
TpoctaHuuii (46.4%) mpuxommtca Ha IlaBmomapckyio 00-
Jmacte, rupposnekrpocraniuii  (75.8%) wHa BocTtouHO-
KazaxcTaHckyro 001acTh.

OcHOBHYI0O 37eKTposHepruto B Kaszaxcrane BeipabaThI-
BalOT 37 TEMJIOBBIX JJEKTPOCTAHLUM, padOTAIOINX Ha YIIIAX
Okubactysckoro, Maiikyounckoro, Typraiickoro u Kapa-
raHavHcKoro OacceitnoB. Kpynseiimme m3 Hux — Jkunba-
crysckue ['POC-1, TPOC-2 m Akcycckas (EpmakoBckas)
I'POC, kotopast BelpabarsiBaeT 10 14% Bcell 31eKTpo3Hep-
THH.

TemnoBble 3nekTpocraniuu Kazaxcrana, paboraromniue
Ha yrisx, uMetoT KITJ[ 33-35%. OObekTsl 31eKTpo3Hepre-
TUKH, TocTpoeHHbIe B 50-¢ u 70-e roapl XX Beka, MpakTuie-
CKH BBIpA0OTaIM TPOU3BOACTBEHHBINH pecypc. Ilpu 3ToM
K03(hGHUIKEHT U3HOCA OCHOBHOTO 3JIEKTPOOOOPYIOBaHHS, IO
npeaBapuTebHbIM pacyeram Ha 2010 r., cocraBisier 82%.

4. Ounctka orxoasuux razos TIII ot SO2, NOx u CO2

OnHOHM M3 KJIIOYEBBIX MPOOJIEM YroJIbHOM OTpaciu siBis-
€TCsI BBICOKOE COJIepKaHNE CEPHUCTOrO aHTHApHUIA U IMapHH-
KkoBbIX Ta30B (CO2) B orxomsamux razax TOII.

Yrmu cogepxar or 0.2 10 JECATKOB MPOLEHTOB CEPHI B
OCHOBHOM B BHUJ€ IUPUTA, CylIb(ara, 3aKHUCHOTO Kelle3a H
rumnca. J{ns yMeHbIIeHUs: KOHLEHTPAIUU Cephl B MPOAYKTaX
CropaHusi yriii BO3MOJXKHBI JiBa IIyTH: YMEHbILIEHHE COIEp-
JKaHMS Cephbl B TOIUIMBE 10 €r0 CKUTAHUS M OUUCTKA JBIMO-
BBIX Ta30B OT OKHCIJIOB Cephl. VIMeromuecs: Crioco0B! yIIaBiIH-
BaHUS CEpPbI NP CKUTAHWU YTIIS TaIeKO He BCETJa HCIOJb-
3YIOTCS M3-32 CJIOXHOCTH M JOPOTroBU3HEL IlosTOoMy 3HAUH-
TEJIFHOE KOJIMYECTBO €€ MOCTYMaeT U, MO-BHAUMOMY, OyaeT
MocTynarh B ONMDKalIedl MepCrleKTHBE B OKPYKAIOIIYIO
cpeny.

CxuraHye Ha TEMJIOBBIX JJIEKTPOCTAHIMAX, NMPEUMYIIe-
CTBEHHO HU3KOKAJOPUIHOTO Oyporo yris C BBICOKHM CO-
JIepKAHUEM 30JIbI U CEepbl, HE OTBEYAIOIIEr0 CTaHAapTaM
KOTEJIBHOI'O 000pY/IOBaHUsL, TTOBJIEKIIO 32 COOOM cieyromue
HETraTUBHbIE NOCIEACTBUS:

- BRIOPOCHI B BO3AYIIHBIN OacceiH 3arps3HAIONINX Be-
IIeCTB B KOHIEHTPAIMAX, ITPEBHIMAIOIINX TIPEISIBEHO JOITY-

CTHMBIC HOPMBI, BKJIIOYasl 3HAYNUTEIbHBIE OOBEMBI «ITapHU-
KOBBIX Ta30BY, BIUSIOIINX HA N3MEHEHHE KINMaTa;

- 3axJIaMJICHUE TEPPUTOPUI 30J00TBAJIAMU M TEPPUKO-
HaMu OTpabOTaHHOW TOPOJIbI, C KOTOPBIX Ha JECATKH KUJIO-
METPOB Pa3HOCSTCS LI, 30J1a U HIJTAKH;

- opMHpOBaHKE TyOUTENBHBIX KUCIOTHBIX J0XKICH.

Jlomst OCHOBHBIX MOAKATErOpHA B OOIIMX BHIOpOCaX Mpo-
MBIIUIEHHBIX TPYII (PUCYHOK 4) MOKa3bIBAET, YTO yICJIbHBIN
BEC BBIOPOCOB OT MCTOYHHKOB YHEPrETHUECKOTO KOMILIEKCa
KazaxcraHa ¢ ero BBICOKOI 3aBUCHMOCTBIO OT YIJIsl KaK OC-
HOBHOTO HCTOYHHKA YHEPIuH, cocTaBisieT 61% oT smuccuit
3arpsI3HAIONINX BEIIECTB B aTMOC(EPHBIH BO3AYX B pecIry0-
JIKE.

14% Bl
14%

Pucynok 4. [lona ocnoenvix nookamezopuit 6 oouux 6ulopo-
€ax nPOMbLUUTIEHHBIX PYRN

W DHepreTuka

® O6pabaTsiBalowan u
CTPOUTENBCTBO

= Tpaucnopr

51% u lNpoyue cektopa

B Mpoyme He BRAKNEeHHbIe B
OCHOBHbIE

o /letyume smuccum

BEBIOPOCHI TETITOBBIX AJIEKTPOCTAHIIUA COCTABISIIOT [0
70% ot obmero oobeMa SMHUCCHH IHEPTETHYCCKOTO KOM-
wiekca (CeBepHast 30Ha — 92%, B ToM umcie Kaparanaun-
ckast obnmacte — 1o 42%, IaBnogapckas obmacts — 39%).
Hamnbonee kpymHBIMH HCTOYHHKaMHU BBHIOpOcOB LleHTpain-
HO#t 30HBI sBisIOTCS OAO «Ucnar-Kapmer» (36%), OAO
«EDK» (15.5%).

BrI0OpOChl IPOMBIIIICHHBIX MpeanpusTuii Kazaxcrana B
aTMocepy COCTaBIISIOT OoJiee TPEX MUJJIMOHOB TOHH B T'OJ,
13 KOTOPBIX 85% mpuxoautcs Ha 43 KPYIHBIX OPEANPHUITHS.
3a mepuon 1990-2008 rr. o0beM BBHIOPOCOB OT CTAalMOHAP-
HBIX MICTOYHHKOB CHU3WJICS MTOYTH B TPH pa3a 3a CUeT yCHIIe-
HUSL KOHTPOJIS, YBEIMYCHUS IO MPHPOJHOTO ra3a B TOII-
JTUBHO-3HEPTETHICCKOM OallaHCE CTpaHBI, a TaKKe IO IMPH-
YUHE CIaja IPOU3BOJCTBA B PsA/IC OTPACIeH MPOMBIIIICHHO-
CTH.

B sMuccusix ot pa3nuuHbIX UCTOYHUKOB EnvHON 3HEpre-
THYECKOH CHCTEMBbI JOMHHHPYIOT TBEp/bIe YacTHUIlbl - 35%,
Jnokcua cepsl - 31%, okuch yriepoaa- 19%, okucisl azota -
14%.

YpOoBEeHb CYIIECTBYIONINX CUCTEM OYHCTKH ra30B 3HAYH-
TEJIHHO YCTYNAaeT COBPEMEHHBIM TpeOoBaHMsIM. OTCyTCTBHE
HAJICXKHON CHUCTEMBI OYUCTKH IBIMOBBIX Ta30B U HCIOJIB30-
BaHUE CTaphIX METOJOB ynaBiuBaHUus SO, u APYrux Bpea-
HBIX 3arps3HUTENCH aTMOC(Eephbl IPUBEIH K BO3PACTAHUIO UX
KOHIICHTPAI[MA B BHIOPOCAX BHINIC MPEICIBHO JOITYCTUMBIX
HOpM. [1o JaHHBIM CTAaTUCTHKH, U3 BCETO KOJIMYECTBA UCTOY-
HUKOB BBIOPOCOB 3arpsi3HSONIUX BEIICCTB, UMCIOIIUXCS B
pecnyOnuKe, OYMCTHBIMH COOPYXEHHMSIMH  000pyIoBa-
HO ~ 10% HCTOYHHUKOB.

Ha neiictByronmx TOL| o4nCTKY OTXOAAMIMX Ta30B OT
SO, mnpoBOAAT MNPOMyCKaHHEM MOTOKA OTXOMSIIEro rasa
yepe3 usBecTHsK - CaCO;3 wiu ramenyro u3Bectsh - Ca(OH):
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[5-8]. DT MeTOABI HE 1OCTATOYHO d(PPEKTUBHBI M 00JIAAI0T
pSIIOM HEAOCTAaTKOB: BBICOKOE OCTATOYHOE COJAEpKAHHUE
cepbl B razax (B myumem ciydae 90% SO ynmansercs u3s
OTXOISIIIMX Ta30B IPH €ro HCXOJHOM COAEPIKaHWUH OKOJIO
2%); mpoleccsl AOBOJIBHO Aoporue (Ipu HUX NPUMEHEHHU
CTOMMOCTbH DJIEKTPUYECTBA MOXKET YBEJIIMYUTHCS HA HECKOJIb-
KO JIECATKOB IPOIIEHTOB); OOJBIION BBIXOA HE HCIOJIb3Yye-
MBIX TBEPABIX OTXOJ0B (B OCHOBHOM, 3arpsI3HEHHOT'O IpHUMe-
CSIMH OT cropanus yri, runca - CaSOy), KOTMIECTBO KOTO-
PBIX COCTaBISIET HECKOJIBKO IMPOLICHTOB OT BECA CKUTAEMOTO
yrast. K mpumepy, TemmoBas craHmus MomrHocThio 1IBT,
COKUTAIOIIast yroJb ¢ conepkanueM 3% cepbl, TPOU3BOAUT B
cytkn ©Oomee 1000T rumca, 3arpsA3HEHHOTO ANIOMHUHHEM,
xKeJe30M, KpeMHueM, pocdopom u p. anemMeHTaMu, MpUCYT-
CTBYIOILLIMIMH B 30JI€.

MOHHTOPHHT COCTOSIHUSI aTMOC(eps! 3arpsi3HeHust ypOa-
HU3UPOBAHHBIX TEPPUTOPHIA ITOKa3ajl, YTO ropoaa AJIMaThl,
3bIpsHOBCK, YcTh-KameHnoropck, Temupray, Tapa3 oTHOCST-
Csl K 30HaM C BBICOKOHW CTEINEHBIO 3KOJIIOTMYECKOTO PUCKA IS
3]I0POBBS HACEIICHHUSL.

Tl'ocynapcTBeHHOE peryaupoBaHKe M KOHTPOJb BEIOPOCOB
OCYIIECTBIISIETCS. B COOTBETCTBHH ¢ TEXHUUECKUM perilaMeH-
ToM [9]. B Hactosiee BpeMs B TeXHUYECKUH PpEryIaMEHT
npeiaraeTcs BHECTH JONONHEHMS Mo auddepeHnmanyn
TpeOoBaHMI 1O BBIOpOCaM A KOTEIBHBIX YCTAaHOBOK, HE
MOJISKALNX PEKOHCTPYKLUH, TPEOYIOIUX PEKOHCTPYKIINH,
a TaKKe BBOJMMBIX Ha JICHCTBYIOMINX TEIUIOBBIX JJIEKTpHYE-
CKUX CTaHIMSX M Ha HOBBIX TEILIOAJIEKTpOCcTaHIMsAX. Hacto-
ALIME TPEJIOKEHUS MO3BOJIAT O0ECHEeYUTh MOITANHBIN ITe-
PEXOJ ANEKTPOCTaHIMK Ha Oojee BBICOKHI YpOBEHb JHeEp-
ro3(GEeKTHBHOCTH M SKOJOTHYECKOH O€30M1acCHOCTH CHKUTae-
MOTO YIJIAL.

CHiKeHne 3Muccuil Ha ()oHe yBEJIMUEHHS MOTpeOHOCTEH
B DHEPrOHOCHUTEISIX, B OCHOBHOM, 3aBHUCHUT OT OOecIeueHHUs
TEIJIOBBIX 3JIEKTPUYECKUX CTAHIMH BBICOKOKAYECTBEHHBIM
yIJIeM W NIPUMEHEHHEM WHHOBALIMOHHBIX TE€XHOJOTHH CXKH-
raHdsl ¥ OYUCTKH oTXoammXx razos oT SOz, NOX u CO..

CnaObIM 3BEHOM YTOJIBHOM OTpaciii, Hapsaay ¢ Hepednc-
JICHHBIMH BBIIIIE, SIBJSIETCSI MCIIOJIBb30BaHUE YIIIEH ¢ HU3KOM
KaJIOPUIMHOCTBIO M BBICOKOM 30JIbHOCThIO. Huzkasg kom-
TUIEKCHOCTh MePepadOTKH YISl U MPOAYKTOB €ro CKUI'aHUs,
MPaKTHYECKOE OTCYTCTBHE NPOU3BOJICTB TOBAPHOW IMPOIYK-
IIMA C BBICOKOW /J100aBIICHHOW CTOMMOCTBIO YKAa3bIBaeT Ha
CBHIPBEBYIO HAIPaBICHHOCTh OTPACId W CTaBHT CTPaHy B
MOJIHYI0 3aBHCUMOCTH OT CHpPOCa MHPOBBIX PBIHKOB Ha
yroib.

[epexon yroipHOW OTpaciy OT CHIPHEBOI HAIIPaBIEHHO-
CTH BO3MOXXEH IIPH CO3JaHWU YCJIOBHH ISl pa3paboTKH U
BHEJPEHHS] HAYKOEMKHX M BBICOKOTEXHOJOTMYHBIX IPOH3-
BO/JICTB.

B pa3BuThIx cTpaHax 3a UCIOJIb30BAHUE YIS C BHICOKUM
COJIep)KaHWEM Cepbl M3BIMAIOTCS 3HaYMTENbHBIE mTpadsl. K
npumepy, B CIIA Hamoru 3a NCHONB30BaHUE BBEICOKOCEPHHU-
cThIxX yriuei cocrapisor g0 0.202$ 3a 1 MBtu yruis ¢ Bbico-
KuM cozepxanueM cepsl U 0.036% 3a 1 MBtu yruis ¢ HU3KUM
cozxepxkanueM cepsi [10, 11].

Hcnonp3oBaHye BBICOKOKUIOPHUHHBIX YIJIEH C BBICOKHUM
COJIep’)KaHUEM Cephl B HACTOSIIIIEE BPEMSI CAEPKUBACTCS M3-3a
OTCYTCTBUSI BBICOKOI()(EKTHBHONH TEXHOJIOTHH OYHUCTKU
OTXOJSIINX Ta30B OT CEPHUCTOrO aHruapuaa. B atoit cBs3u
OoJIBIION MHTEpEC NPEICTABIIET WHTEITPHPOBAHHE MHHOBA-
IIMOHHOW TEXHOJIOTHHU TITyOOKOH OYMCTKH OTXOZSIIMX Ta3oB
ot SOz, NOX u CO; [12] B nelcTBYIOLIHE TEXHOJIOTUYECKHE

A TOL. DT0 MO3BONUT BOBIEYh B MPOU3BOACTBO YIIIH C
BBICOKHM COJIEp’KaHHEeM cepbl. [Ipu 3TOM gocturaercst 3Ha-
YUTEJbHBIH 3KOHOMUYECKUI U colnabHBIA 3(h(deKT 3a cuer
CHIDKEHUSI CTOMMOCTH YIUIA U OTITyCKHOMW IIEHBI BBIpaOOTaH-
HOT'O TeIIa W/WITH 3JICKTPOIHEPTUH JJIsl HACEIICHHSL.

Hay4uHo-TexHUUYECKHH ypOBEHb pa3paboTaHHOW TEXHOJIO-
TMU BKJIIOYAET HMCIOJIB30BAHUE JIBYX MHHOBAIIMOHHBIX TEX-
HOJIOTUM:

1. I'my6okoif o4ncTKH OTXOmAmuX ra3oB oT SO myTem
xumuyeckoul abcopoyuu  SO» paciulaBoM  KapOOHATOB
IIENOYHBIX METAJUIOB U peceHnepayulo  KapOOHATHO-
Cynb(haTHBIX PACIUIABOB BOCCTAaHOBJICHHEM MOHOOKCHIOM
yIIIepoia W/WiIN IPUPOAHBIM Ta30M C MTOJIyIE€HHEM TOBAPHBIX
MPOJIYKTOB.

2. Texnonorun mnonHoil yrummzanuu CO; myTem
nekmpoau3a KapOOHATHO-OKCU/IHBIX PacIUIaBOB IEJIOYHBIX
METaJUIOB C IOJy4EeHHEM TOBAPHOI'O YHCTOTO MOHOOKCHJA
yriepoja 1 KUCJIOpoa.

Bascneiiuue yenegvle UHOUKAMOPBL MEXHOIO0ZUU:

- KOMITIEKCHasl TITyOOKash OYMCTKA OTXOMASAIINX Ta30B OT
SO, u CO; ¢ mony4eHneM TOBapHBIX IPOTYKTOB;

-monHas  yruimzamuss CO;  myTeM  3IeKTposin3a
pacIuIaBICHHBIX KapOOHAaTHO-OKCHAHBIX COJEH IIEIOYHBIX
METAJUIOB C MOJyYCHHEM YHCTOTO TOBAPHOTO MOHOOKCHIA
yIIIepoia M KUCIOopoia.

OcHosHbie nokasamenu
mexHonozuu:

— obecrieyeHre 3HAYMTENILHOTO COKpAlIEHHsS BBIOPOCOB
ceppl B arMmocdepy (OCTaroyHoe CoOJepKaHHE Cepbl B
BhIOpachIBaeMbIX B aTMocdepy razax Mocie O4HCTKH Oyner
cocraBits 0.001%) u momHo# yTrmu3amu CO; mo CO;

— MCKITIOUCHHE WCTIONIb30BaHUS JIOPOTOCTOSIINX
MaTepualioB ¥ peareHTOB;

— MCKIIIOUYCHHE OOpa30BaHMUS JIOTIOJHUTEIBHBIX TBEPABIX
W/WIH KAAKUX OTXOJIOB;

— TIOBBIIICHHE 9Heprod3QPpeKTHBHOCTH 3a cuer
BOBJICYECHUSI B TEpepabOTKy BBICOKOKAJIOPUHHBIX yIyed ¢
BBICOKHM COJIep>KaHUEM CEpPHI;

— cHmxkeHue wm3Aepxkek TOIl u Meramurypruvyeckux
MPEINPHUATHI 33 CUET COKPAILICHHS CYIECTBYIOIINX SHEPTo-
U MaTepUaNbHO 3aTPATHBIX, PACXOAYEMBIX IJIs OMepariui
OUYNCTKH OTXOSIIUX Ta30B;

- CHIXXEHHEe 00beMa OTXO/OB IPOM3BOJACTBA 3a CUET
MOJYYCHHSI JIOTIOJHUTENIBHBIX TOBAPHBIX IPOAYKTOB —
JJIEMEHTHOW Cepbl WM CEpPHOW KHUCIOTBI U MOHOOKCHIA
yriaepona;

- obecrieueHre CTaOWIBHBIX YCIOBHH KOMIUICKCHOM
ouncTky orxoxammx razoB or SO, m CO; 3a cuer
HCIIONTE30BAHMS HOBBIX TEXHHUYECKHUX PEIICHUH («HOY-Xay»).

Idhghexmuenocmu

DuHAHCHUPOBaHHE

HccnenoBanus MpOBOAMINCE B paMKax I'PaHTOBOTO (H-
HaHcupoBaHus Komwurera Haykm MwuHHCTEpcTBa 0Opa3oBa-
Hus ¥ Hayku PecyOnuku Kazaxcran Ha 2020-2022 rogs! o
MPUOPHUTETHOMY HalpaBieHUI0 «PalnoHaIbHOE MCIOJIB30-
BaHME NPHUPOJIHBIX PECYPCOB, B TOM YHCJIE BOAHBIX PECyp-
COB, I'€0JIOTHH, TIepepabOTKH, HOBBIX MATEPHAIOB M TEXHO-
JIOrui, 0e30macHbIX M3JENMA W KOHCTPYKIMK» mpoekta Ne
AP08856384 ««Pa3paboTka HOBOH BBICOKOTEXHOJIOTHYHOMN
texHooruu ytwimsauuud SOz nu COz u3 oTXoAsIMX Ta3oB
TOIl u MeTaluTypru4eckux MPEANPUATHH C TOJydeHUEM
TOBapHBIX MPOTYKTOBY.
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Kemip cajiachbIH JaMBITYAbIH KAHA MYMKIHAIKTEPi: IIBIFATHIH ra3aapabl
SO2, NOx, CO2 Ta3apTy TeXHOJOTHSCHI

H.K. Tocmyxamenos™, E.E. XKonnac6aii, M.I'. Eruzexos
Satbayev University, Arvamei, Kazaxcman
*Koppecnonoenyus ywin asmop: nurdos@bk.ru

Angarna. Makanaza KeMip CaJachlHBIH JaMyblHAa KbICKAIlla IOy HETi3iHAe JKOHE JJeMIIK TPEHATEPIl Tangay MeH
CaJlaHbIH TYPaKThI IaMy JKaFJIaiiapblH KaMTaMachl3 €Tyl TexeiTiH cedentep MeH dakropiap Kapacteipbuirad. Kemipai sxary
HOTWIKECIHJIEe Taiia OOoNaThIH Tepic acepiepre KapaMmacTaH, OJ1 HETi3ri ap3aH )KoHe KEeH TapajFaH dHeprus Ke3i OoJbIl Kaja
Oepeni. OneMJIiK KeMip callachIHBIH Ka3ipri jkaii-KyiliHe Tanjay jkacaibl jKOHE OHBI OJ[aH 9pl THIMJI JAaMBITYJbIH LICUTY
xKonaapsl kepceringi. Kemip camachlH JaMbITy/IbIH HEri3ri HIemiMaepiHiy 0ipi Kopiaran oprara 3usiHIbI razgapiasiH (SO,
NOx, CO2) »xyKkTeMeciH a3aiTy Oonbln TaObLIa bl. KOMip canachiH JaMBITYABIH €Nyl Pe3epBi KOFapbl KAIOPHUSIIBI KYJi a3
ap3aH KeMipai maimanany 6omysl MyMKiH. Anaiina, Oy JKOO-HeH meratei ra3eiH SOz, NOX, CO,-neH TepeH Ta3apTyabiH
JKOFaphl THIMJI1, THHOBAIMSIJIBIK TEXHOJIOTUSUTAPBIH J31pIIey i JKoHe eHTi3ymi Tanamn eremi. OchiHaal memiMaepaid 0ipi tayap
eHiMzepiH ary oTeIpsill SOz, NOX, CO; komere skapaTyIblH JKOFaphl IeHreHiH KamMmTaMack3 eTeTiH KOO MmBIFaThiH razaapast
KeIICH i TepeH Ta3apTyIbIH JKaHa TeXHOJIOTHACH OOJBIT TaObLTAIEI.

Hezizzi co30ep: kemip, wibleamsin 2a30ap, mazapmy, KyKipmmi aneuopum, azom OKcuoi, XUMusAiblK, abcopoyus, XUMusLIblK
peceHepayus.

HoBble BO3MOKHOCTH PAa3BUTHA YIrOJbHOH OTPACIH: TEXHOJIOIHS OUHCTKH
orxoasawux razos or SO2, NOx, CO-

H.K. Jocmyxamenos”, E.E. Xongac6aii, M.I'. Erusekos
Satbayev University, Arvamei, Kazaxcman
*Aemop ons koppecnondenyuu: NUrdos@bk.ru

AHHoTanus. B cTatee Ha OCHOBaHMHU KPaTKOTO 0030pa M aHAJIM3a MUPOBBIX TPEHAOB U Pa3BUTHS YTOIBHOM OTpaciu pac-
CMOTpPEHBI MPUYHMHBI U (AKTOPHI, CACPKUBAIOIINE OOECIIeYeHNE YCIOBUH YCTOMYMBOIO Pa3BHTHS oTpacid. [lokazaHo, 4TO
HECMOTpSl Ha HEraTUBHBIC NOCJIEACTBUS, BO3HUKAIOIINE B PE3YJIbTaTe CXKUTAHUS YIJIA, OH OCTA€TCS OCHOBHBIM JELICBBIM U
pacnpoCTpaHEHHbIM UCTOYHHUKOM 3Hepruu. IIpoananu3upoBaHO COBPEMEHHOE COCTOSHUE MHUPOBOIl yroJIbHON OTpaciu U mo-
Ka3aHbl IyTH PEIICHHUs ee NajbHeinero apdekTuBHOro pa3surus. OMHUM U3 KITIOYEBBIX PEIICHUI pa3BUTHUS YIOJIBHOM oTpac-
JIM SIBJISICTCS CHIDKEHHUE HArpy3KH Ha OKpYyKarolyto cpeay BpenHbix razoB (SO2, NOX, CO;). 3HaunTenbHbIM pe3epBOM pa3BH-
THSI YTOJIBHOW OTPACIIM MOTJIO ObI CTaTh BOBJICYEHHE BHICOKOKAJIOPUIHBIX MAJIO30JIbHBIX JAeNIeBbIX yriaed. OaHako 3To Tpedyer
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pa3paboTKu U BHEIPEHHs BHICOKOA()()EKTUBHBIX, HHHOBAITMOHHBIX TEXHOJOTHH TIIYOOKOH OYMCTKH OTXOAAIMUX Ta3oB TOL] ot
SO, NOX, CO,. OgHrM W3 TaKUX PEIICHUH SBISIETCS HOBAs TEXHOJIOTHS KOMIUICKCHOH TITyOOKOH OYMCTKH OTXOIAIINX T'a30B
TOLI, obecneunBaroei Beicokuii ypoeHs yrmwinzauu SOz, NOX, CO2 ¢ noiy4yeHreM TOBapHBIX MPOJYKTOB.

Knrwouegvie cnosa: yzonv, omxoosiyue 2asvl, OUUCHKA, CEPHUCMBLI AH2UOPUM, OKCUO A30MdA, XUMUYecKas abcopoyus, xXu-

MudeckKasl pecenepayus.
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Abstract. In recent years, methods of utilization of lumpy mineral raw materials of chromium production by encapsulation
with modified sulfur from substandard grades of oil to obtain sulfur concrete have become increasingly popular. A significant
amount of lumpy waste with a low content of Cr,03 (~ 5-7% wi/w) is formed when Kazakhstani chrome raw materials are pro-
cessed by gravitation methods, and they can only be used as backfill in mine construction or as a component in building and
road-building mixtures. Wastes from chromium deposits in Kazakhstan are located in close proximity to oil deposits in the
Aktobe region, which are characterized by a high content of sulfur-containing heavy oils, which can be jointly disposed of in
the form of sulfur concrete. Composite material - sulfur concrete is produced based on sulfur polymer binder - GreenCrete™
modified sulfur under GOST R 56249-2014. The possibilities of the sulfur-concrete composite formation process for the use of
beneficiation tails of 10-160 mm class chromium raw material as inert materials have been studied. The characteristics of the
samples obtained during the tests allow us to draw conclusions about the relatively successful encapsulation of chromium
production waste in an amount of 15% by weight of the sample with the formation of sulfur concrete of the M400 class, while
with a 10% content of materials for enrichment of chromium raw materials, the M500 indicator was achieved.

Keywords: chromium raw materials, mine backfill, road pavement, sulfur polymer binder, recycling of poor chromium raw

materials.

1. Introduction

The problem of disposal of chrome ore tailings, a toxic
waste from chrome ore processing, has not been solved any-
where in the world so far resulted in closure of chrome pro-
duction in a number of developed European countries and
Japan [1]. In particular, the high content of calcium and sili-
con in the sludge prevents its use in the production of refrac-
tory materials.

The mines and quarry of the Donskoy GOK are located
near the city of Khromtau in the northwestern part of Ka-
zakhstan, 90 km east of Aktobe, the administrative centre of
the Aktobe region. There are currently two mines and a quar-
ry, two processing plants and two tailings processing sites in
operation. At the concentrating plant, a large-sized chromium
concentrate is obtained by heavy-medium separation with a
Cr,03 content of 48-50%, which is melted in electric arc
furnaces to obtain ferrochrome [2]. Currently, poor chromite
ores and dumps of off-balance ores are involved in pro-
cessing, which serves as additional sources of raw materials.
When they are enriched, large-sized fragments with a low
chromium content remain in the waste rock.

In recent decades, increasing volumes of oil and gas pro-
duction, as well as deep cleaning of oil and gas from sulfur,
have led to the storage and accumulation of vast reserves of
sulfur. One of the promising ways to sell these sulfur reserves
is the production of compositions based on sulfur (sulfur
concrete, sulfur asphalt concrete). The main advantages of

© 2022. 1.G. Bussygin, Ye.l. Kuldeyev, 1.V. Bondarenko, A.V. Volkov, D.D. Khayrutdinova

sulfur concrete over ordinary concrete are its higher strength
characteristics (in compression and bending), low water ab-
sorption, the ability of this material to work in tension, corro-
sion resistance, water resistance, frost resistance, rapid
strength development, low shrinkage and the possibility of
recycling. At the same time, concrete and sulfur concrete are
approximately equal in cost. But the production of sulfur
concrete is possible even on fine sands (ordinary concrete will
fall apart on such sand or require enormous overspending of
the binder). And if traditional concretes are at least three-
component, then sulfur concrete consists of two: modified
sulfur and any of the fillers. However, the properties of sulfur
concrete depend on the exact observance and control of the
technological process and quality control of the input raw
materials at all stages of production.

Sufficiently high content of Mg?*, AI**, Fe®* Mg?*, Al¥*
and Fe3* ions in the initial chromium raw material prevents
the formation of a compound - elite - the main component of
cement- three-calcium silicate (CasSiOs), when, as in the
production of sulfur concrete, such a problem no longer
exists. However, the properties of sulfur concrete depend on
the exact observance and control of the technological process
and the quality control of incoming raw materials at all stag-
es of production.

At the same time, concrete and sulfur concrete are ap-
proximately equal in cost. But the production of sulfur con-
crete is possible even on fine sands (ordinary concrete will
fall apart on such sand or require overspending of the bind-
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er). And if traditional concretes are at least three-component,
then sulfur concrete consists of two: modified sulfur and any
of the fillers. Reinforced concrete piles, foundation blocks,
railway sleepers, road and paving slabs, curbstones, weights
for gas and oil pipelines, sewer and water wells, hatches for
heating mains, etc. can be made from sulfur concrete; mono-
lithic foundations and pavements of roads and sites; hydrau-
lic structures, including facing slabs for irrigation canals and
construction, slabs for the construction of hydroelectric pow-
er stations, state district power plants and other hydraulic
construction, bank protection, breakwaters; underground
storage facilities for the disposal of aggressive environments,
including radioactive ones, and much more [3].

When testing the sulfur asphalt concrete pavement, re-
sistance to mechanical loads and weather and climatic condi-
tions was shown. In sulfur-asphalt concrete, sulfur plays the
role of a binder between bitumen and crushed stone, and has
high adhesive properties with positively and negatively
charged microparticles of the crushed stone grain surface,
due to which the adhesion properties between bitumen and
crushed stone increase. Couplings pass through the entire
geometry of the cleavage, and not through particles of the
same charge. Therefore, new composites do not require the
use of surfactants. In the era of the emergence of higher axial
loads and a high increase in traffic intensity, modern road
surfaces should provide increased shear resistance at high
summer temperatures, crack resistance at low temperatures,
and be characterized by high corrosion resistance under the
influence of anti-icing materials (chemical reagents). At the
same time, a due role in assessing the durability of road sur-
faces is given to wear resistance, the ability of the material to
withstand the effects of heavy traffic at high speeds, as well
as the effects of studded tires and various other factors. The
increase in the functional reliability of asphalt concrete
pavements is currently associated in the world with the use
of various modifying additives that help improve the
transport and operational properties of road pavements. Such
modifiers include: polymeric thermoplastic elastomers,
crumb rubber and others. Bitumens of different viscosities
and bituminous mastics are used as a binder. Therefore, the
duality of sulfur is considered as a copolymer binder and as a
reinforcing component that creates the effect of a “stone
flower” [4-9]. In sulfur-asphalt concrete, sulfur plays the role
of a binder between bitumen and crushed stone, has high
adhesive properties with positively and negatively charged
microparticles of the crushed stone grain surface, due to
which the adhesion properties between bitumen and crushed
stone increase. Couplings pass through the entire geometry
of the cleavage, and not through particles of the same charge.
Therefore, new composites do not require the use of surfac-
tants (surfactants, high adhesion to stone material).

In a number of countries (Russia, USA, Canada, France,
England, Holland) there is a wide experience in the use of
sulfur in the manufacture of concrete (sulfur concrete), as
mentioned above, and asphalt coating (sulfur bitumen), in
order to reduce cracking, increase thermal stability, save up
to 50% organic binder component [10].

Sulfur-containing road surfaces help to reduce the con-
sumption of bitumen, which in turn is a valuable oil-bearing
raw material and belongs to super-heavy grades of oil. The
addition of sulfur makes it possible to improve the perfor-
mance of the pavement in compression, respectively, to reduce
the functional thickness of the pavement and to reduce the
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consumption of gravel by a factor of three. Such pavements
have a longer service life, do not crack in the heat and cold,
and have a higher resistance to dynamic loads. Sulfur is active-
ly used in road construction in Canada, USA, EU. High per-
formance road surfaces contain up to 40% sulfur. It has been
proven that sulfur asphalt is safe after curing. At the same
time, it is estimated that the use of sulfur in the construction of
roads will significantly reduce their cost by reducing the thick-
ness of the coating, the amount of bitumen and gravel used.
Also, the cost of maintaining roads will be reduced due to the
use of a more efficient and wear-resistant coating [11].

It is possible to form binder components from the mineral
part of chromite raw materials based on compounds similar
in chemical composition to Sorel cements but it requires the
use of additional chemical compounds [12-15].

The production of composite sulfur concrete is connected
with the use of a binder with a different nature - modified
sulfur with a proportion of "insoluble sulfur" of a metastable
polymeric modification requiredunder GOST R 56249-2014.
Chemisorption processes involving metastable polymer mod-
ification with the formation of a solid composite material -
sulfur concrete take place at elevated (up to 150°C) tempera-
tures and the interaction with silicon oxide sand. Industrial
wastes in this case serves as an inert filler performing a struc-
turing function in the amount of the rocky body [16-17].

Green Crete modified sulfur under GOST R 56249-2014
(modified technical sulfur for the sulfur concrete production)
is a product of processing lump or liquid Claus block sulfur
under conditions of chemical conversion. Technically, there
are now no restrictions on the performance of such equipment
supplying a binder for the sulfur concrete production process.
Modular sulfur-concrete plant provides isothermal mixing of
modified sulfur with inert materials in a mass ratio of 1:3 with
the capacity of 20 tons/hour and more, with the production of
commodity sulfur-concrete, under PNST 105-2016, and rein-
forced concrete products based on it. However, these technolo-
gies are not widely used in Kazakhstani industries, so this
work is relevant and significant for the concrete industry.

2. Methods

The studies were performed to obtain comparative char-
acteristics of the physical and operational characteristics of
the sulfur concrete samples in comparison with Portland
cement concrete.

Physical and performance properties of the sulfur con-
crete samples obtained in comparison with Portland cement
concrete are presented in Table 1 and depend on inert fillers:
crushed stone and fine-dispersed admixtures, as well as on
the efficiency of air removal from the amount of material in a
concrete mixer.

Normative document PNST 105-2016 provides the fol-
lowing classification of inert materials:

1. Use as a fine filler - use the products obtained by
grinding of rocks or solid industrial waste to prepare sulfur
concretes. Acid resistance of fine aggregate must not be less
than 97%.

2. Use sand under GOST 8736 as the fine aggregate for
sulfur concrete. Acid resistance must be not less than 97%.

3. Use crushed rock or crushed gravel under GOST 8267,
slag crushed under GOST 3344 as the coarse aggregate for
heavy sulfur concretes. The maximum grain size of the ag-
gregate must be not more than 40 mm.
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Table 1. Comparative characteristics of GreenCrete sulfur

concrete and Portland cement concrete

Portland
Unitof | Modified sulfur concretes cement con-
Parameters meas- crete
urement = With dense = With porous With dense
aggregates aggregates aggregates
Average density | kg/m® | 2,300-2,500 = 1,600-2,000 2,200-2,400
Compression 10y 49.90 30-50 30-50
strength
Bending MPa  10-12 7-8 8-10
strength
Compression
elasticity MPa (3'5'?];, DXL 005100 (2.4-2.8)x10°
modulus
Poisson's ratio - 0.25 0.31-0.21 0.19-0.21
Coefficient of
Linear Thermal ) 6 ) 6 _ 6
Expansion C  |(11-13)x10-5  (7-9)x10 (10-12)x10
CLTE
Linear shrinkage % 0.02 - 0.02
Watetriggsorp' % 09-15 0.7-1.1 1.0-35
Frost resistance = Cycles 300-800 up 100 100-300
Water resistance 20-40 10-20 8-10
Fricionfe- —\om | 04045 03-0.35 0.35-0;4
sistance
Heat resistance C 80 80 120
Concreting at Warmingup is
subzero temper- Possible required
atures
Concreting
_under_water, Possible Obstructed
including sea
water
Chemical . Protectionis
: High :
resistance required
Production
wastes, after Absent Available
operational
period

To prepare a sample of GreenCrete™ grade sulfur con-
crete, chromium raw material jigging tailings of the Donskoy
Mining and Processing Plant of the 10-30 mm class have
been produced, that is, they are superior in size to sand of
increased size according to GOST 8736. Industrial waste
samples in the amount of 10 and 15% of the final mixture
weight were heated with river sand of medium coarseness
and mixed with GreenCrete ™ modified sulfur (under GOST
R 56249-2014 with the characteristics presented in Table 2)
in the amount of 25% of the final mixture weight.

Table 2. Characteristics of GreenCrete modified sulfur

Parameter Value
Mass fraction of sulfur, %, min. 98.80
Mass fraction of ash, %, max 1.00
Mass fraction of acids, %, max 0.02
Mass fraction of organic stabilizer, %, max. 0.20
Mass fraction of water, %, max 0.06
Mass fraction of insoluble (toluene, 60°C) 8.00

part, %, min

The results of chromium waste encapsulation (The con-
crete is made at 150°C, the concrete hardens when it is
cooled in natural conditions) are shown in Table 3.
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Table 3. The results of chromium waste encapsulation

Lab number

Design concrete

Date of placing

Test Date

grade
441/1,yellow B30 13.08.2021 15.08.2021
441/2, grey B40 13.08.2021 15.08.2021
Strength of Required strength Percentage of
of concrete at the -
Age, days concrete, MPa, required
Rm age of 28 days, strength
MPa, Rm
2 38.0 38.4 99
2 51.8 51.2 101
3. Discussion

Both samples of gray and yellow material, respectively,

were obtained at a temperature of 150°C and in the process
of intensive mixing; they were poured into 100x100 mm test
cubes and vibrated on a SMZh-539 vibrating pad.

The characteristics of the samples obtained during the
tests and shown in Table 3 suggest that the encapsulation of
chromium production wastes in the amount of 15% of the
sample weight with the production of M400 class sulfur
concrete was relatively successful, while M500 was achieved
at 10% of the amount of chrome beneficiation materials.

If weighting agents (e.g., lead shot) are added to the ob-
tained sample materials it is possible to obtain composite
concretes with radiation and protective properties for dispos-
al of radiochemical wastes of low and medium activity.

The use of technical sulfur modified with additives as a
binder for the production of sulfur concrete will make it
possible to control its physical and mechanical properties in a
wide range. In the process of preparing concrete, sulfur melts
and plays the role of an independent binder, evenly distribut-
ed among the mineral components, enveloping them, creat-
ing structural bonds of the crystallization type.

4. Conclusions

The results obtained prove that the weight of the disposed
chrome tails by the encapsulation method of the 10-40 mm
chrome beneficiation tailings will make 24 thousand
tons/year with the output of M400 class sulfur-concrete with
the productivity of the experimental modular sulfur-concrete
plant of 20 t/h, i.e. 160 thousand tons/year. Larger particles
of the chrome beneficiation tailings must be subjected to
crushing to the limit size of crushed stone specified in PNST
105-2016 for the production of sulfur concrete, i.e. 40 mm.

The number of disposed tailings can rise by increasing the
productivity of the pilot plant and the number of pilot plants.
The technology provides 100% replacement of Portland ce-
ment and solves the environmental problems of oil-producing
regions and chromium production in Kazakhstan through
using industrial waste (lump sulfur) and sludge tailings.
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GreenCrete™ mapkaJibl KOMIIO3UTTIK cepo0eTOHFA KarcyJiajaay daicimeH
10-160 MM KJIaCThI XpPOM IIHMKI3aThIH 0AWBITY KANABIKTAPBIH KellleH/1i KaiiTa

OHJIeY/l 3epTTey

U.B. Byceirun?, E.U. Kennees?, U.B.Bornapenko?, A.B. Bonkos?, JI.JI. Xaiipyrmnosa®

y6run unoceneprix-mexnuxanvix opmanvievt, Opwinbop, Peceii

2Satbayev University, Memannypeus dcane key baiioimy uncmumymut, Anmamet, Kasaxcman

*Koppecnonoenyus ywin asmop: 1.bondarenko@imio.kz

Anpatna. COHFBl  KBUIIAPBI  CEPOOETOHIAPIBI

almy  ymiH

KOH/IWITNOHEpJIeHOeTeH  MyHail  COpTTapblHaH

MoTuHKANUATIaHFaH KYKIPTIEH Kamcynajay apKbLIbl XpOM OHIIPICIHIH KeCceK MHHepangbl IINKi3aTBIH KoJere jkapaTy
Tocinaepi OapraH caiibiH TaHbIMan O0oia Oactaapl. Ka3akCcTaHABIK XpOM MIMKi3aThIH TPaBUTAIMS 9iCTepiMEH OHJEY Ke3iHIe
kypambiaaa CroO3 Menmnepi TOMEH ipi KeceK KaaIbIKTapAbIH eoyip kKenemi Ty3ineni (~5-7% canMak.), oJlap Heri3iHEeH maxra
KYPBUIBICBIH/Ia KaiTa TONTHIPY HEMECE KYPBUIBIC XQHE >KOJ-KYpPBUIBIC KOCIaJapblHAa KOMIOHEHT peTiHAe MaiaaiaHbLTybl
MYMKiH. Ka3zakcTaHHBIH XpOM KEH OpBIH/IAPBIHBIH KaJABIKTapbl AKTe0e 00JIBICBIHAAFE KYKIPTI Oap ayblp MyHail COPTTapbIHBIH
JKOFapbl KypaMbIMEH CHIATTajaThlH MYHail KeH OpBIHJapblHAa TiKeNieH »aKbIH OpHAIACKaH, OJaplbl CepoOeTOH TypiHge
Oipyecin kazere sxaparyra Oosazael. Kommosurrik marepuan cepoberon MEMCT P 56249-2014 cranpgapTbl OoiiblHIIA
GreenCrete™ mapkaiibl MOAU(UKALMSUIAHFAH KYKIPT-CEPOIIOIMMEPITi TYTKBIP 3aT Heri3iHae eHaipiiesni. MuepTTi Marepuanaap
periage 10-160 MM KIacTel XpOM IIHKi3aTHIH OAWBITYy KaJABIKTAPBIH MaianaHy YIIiH cepoOeTOH KOMIO3HUT KaNbIITACTHIPY
mpoleciHiH MyMKiHAikTepi 3eprrenai. CeiHakTap OapbiChIHAA alblHFAH YITUIepAiH cunarramanapel M400 kmacTel
cepoOeToHABI YHpeTe OTBIPHIN, YITi MaccacsiHBIH 15% Memmepinae XpoM eHIipici KaJIABIKTaAPBIH CABICTRIPMAIBI TYPIE COTTI
Karcyjajgay Typajibl KOPBITBIHABI jKacayra MYMKIHIIK Oepemi, al XpOM IIMKIi3aThlH OalbITy MarepuanmapbiHbiH  10%
Kypambiaaa M500 kepceTKintine Ko )KeTKi3immi.

Hezizzi co30ep: Xpom wuKizamol, WaAxmanblx MOAMbIPY, HCOJL HCAMBLIEbICHL, CEPONOIUMEPL MYMKbID 3am, Keoel Xpom
WUKIZamulH Ka0eze dcapamy.
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HccaenoBanusi KOMIJIEKCHOM MepepadoTKH XBOCTOB 000ranieHust
XPOMOBOTO ChIpbi Kjacca 10-160 MM MeTOIOM KANCYJIMPOBAHNSA B
KOMIO3UTHBbIH cepodeToH mapku GreenCrete™

U.B. Bycwirun?, E.W. Kynbaees?, U.B.Bounapenko®”, A.B. Bonkos!, JI.J]. Xaiipyraunosa®

ybrunckuii unocenepro-mexnuueckuii yenmp, Openbype, Poccus
2Satbayev University, Hncmumym memannypauu u obozawjenus, Ammame, Kazaxcman

*Aemop ons koppecnondenyuu 1.bondarenko@imio.kz

AnHotanusi. B nocnenHue roasl Bce 0OJIBUIYIO NOMYJISIPHOCTh HAXOAT CIIOCOOB! YTHIM3AIMK KYCKOBOTO MHHEPAIBLHOTO
CBIPBSl XPOMOBOTO MPOM3BOJCTBA KAIICYJIMPOBAHMEM C MOAM(DHUINPOBAHHON CEpOil M3 HEKOHAMIIMOHHBIX COPTOB HE(TH I
MOTydeHHsI cepoOeTOHOB. [Ipy mepepaboTke Ka3axCTaHCKOTO XPOMOBOTO CBHIPbS METOAAMH T'PAaBUTALMH 00pa3yeTcsl 3HAYH-
TEIbHBIM 00BEM KPYITHOKYCKOBBEIX OTXOIOB ¢ HU3KUM coxepxanneM CryOsz (~5-7 % Bec.), KOTOpbIE MOTYT OBITH MCIIOJIBE30Ba-
HBl B OCHOBHOM B BHJE OOpaTHOH 3achIIKM B IIAXTHOM CTPOUTENHCTBE WM KOMIIOHEHTAa B CTPOMTEIBHBIX M JOPOXKHO-
CTPOUTENBHBIX cMecsiX. OTXOIBI XPOMOBBIX MecTOpokaeHH KasaxcTaHa pacrosioKeHBI B HEMOCPEACTBEHHOH OJIM30CTH K
He(pTSHBIM 3amexaM B AKTIOOMHCKOW 00JIaCTH, XapaKTepU3YIOMINMCS BBICOKHM COJICPKaHHEM CEPOCOIEPKAMNX TSDKEIBIX
COPTOB HE(TH, KOTOPbIE MOT'YT OBITH COBMECTHO YTHIIM3UPOBaHBI B (hopMe cepobeToHOB. KoMMO3UTHBIN MaTeprai cepoOeToH
MPOU3BOJUTCS HA OCHOBE CEPOMNOJIMMEPHOTO BsOKyIero — mMoauduuupoBaHHOM cepbl mapku GreenCrete™ mo crangapty
I'OCT P 56249-2014. VccnenoBaHbl BO3MOKHOCTH IpoIiecca 00pa30BaHusi CEPOOCTOHHOIO KOMIIO3UTA IS MCIIOJIb30BAHUS
XBOCTOB 00OTallleHus] XpOMOBOTO ChIpbs kiacca 10-160 MM B KauecTBE MHEPTHBIX MAaTEPHUANIOB. XapaKTEPUCTHKH MOJTyISHHBIX
B XOJI¢ UCIIBITAHUI 00pa31oB TO3BOJISIIOT C/IENaTh BHIBOABI 00 OTHOCUTEIBHO YCIIEIITHOM KalCyJIMpPOBaHHU OTXOJI0B XPOMOBO-
ro MPOM3BOCTBA B KosimdecTBe 15 % OT Macchl 0Opasiia ¢ moyueHueM cepoberoHa kiacca M400, B To Bpems kak mpu 10 %
coZIep’KaHUU MaTepHaJIOB 00OTAIEHHUsI XPOMOBOTO CBIPbsS OBLT JOCTUTHYT MoKa3aress M500.

Knrwouegvie cnoea: xpomosoe coipve, WaxmHas 3acbinkd, 00OPOICHOE NOKpbimuUe, CeponoIUMepHoe 8adicyuee, Ymuausayusl
06e0H020 XPOMOBO2O CbIPbA.
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Disposal of solutions of copper electrofining processing
of non-ferrous metal scrap
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Abstract. The results of studies on the utilization of copper electrorefining solutions, zinc-containing sublimation dusts of
pyrometallurgical processing of non-ferrous metal scrap are presented. Zinc-containing sublimation dusts for the regeneration
of commercial electrolyte by the neutralization method were used for the first time. Contained in dust, zinc oxide, when dis-
solved in a sulfuric acid electrolyte, binds sulfate ions of free sulfuric acid and increases the pH of the solution. When the pH
of the precipitation of non-ferrous metals is reached, they are precipitated in the form of hydroxides, which makes it possible to
return to processing a significant amount of copper, nickel, zinc, lead and tin contained in them. Studies of the material compo-
sition of the commercial electrolyte of copper and zinc sublimates for the processing of non-ferrous metal scrap have been
carried out. The conditions for purification of the electrolyte by the method of staged neutralization are determined. The first
stage of neutralization was carried out with zinc sublimates, the second and third stages with potash. As a result of the first
stage of neutralization to pH 4.7, lead was obtained - a tin-containing product that can be processed together with lead-
containing copper electrorefining sludge. As a result of the second stage of neutralization with potash to pH 7.1, a precipitate
was obtained, after treatment of which in a KOH solution, a precipitate of copper oxide was obtained. As a result of the third
stage of neutralization to pH 9.5, a nickel-zinc-containing precipitate was obtained. After treating the precipitate with a KOH
solution, a zinc-containing solution and a nickel-containing precipitate were obtained, after calcining which a nickel oxide
precipitate was obtained.

Keywords: copper electrolyte, potash, copper-containing precipitate, lead - tin-containing product, alkaline solution.

1. BBenenne SKCTPAKIIUOHHBIMHU, COPOIIMOHHBEIMY, MEMOPAHHBIMUA U KOM-
OMHUPOBAaHHBIMH, OCHOBAHHBIMH Ha COPOIIMOHHBIX H AJICK-
TpoxuMuueckux meroaax [1-8].

OpHako, MpUMEHEHNE JaHHBIX CIoco0o0B JIMOO HexocTa-
TOYHO 3(p(peKTHBHO, SKOHOMUUECKH HeIenecoo0pas3Ho, Iubo
OCJIO)KHEHO OpraHM3alyell MPOU3BOJCTBEHHOIO Ipolecca.
[ToaTomy pa3paboTka MHHOBAIMOHHBIX, dPPEKTUBHBIX TEX-
HOJIOTUYECKHUX peHIeHI/Iﬁ JUIA U3BJICYCHUS KATHOHOB TAXKC-
JBIX METAJUIOB U3 MPOMBIIIICHHBIX PACTBOPOB HOCAT aKTY-
ANBHBINA XapakTep.

[Ipu mony4yeHnn padUHUPOBAHHONW MENU W3 MHUHEPAIh-
HOTO CHIpBs, HA OONBIIMHCTBE HPEANPHATANH TPUMEHICTCS
JIByXCTaJMifHAsl cXeMa mepepaboTKu pacTBOPOB — yHapUBa-
HHE U KPUCTAJUTU3ALIUS DJIEKTPOIINTA C MOJTyuYeHHEM Cylbdha-
Ta ME€AU U H3BJICYCHHC OCTaTOYHOM MEAU U3 YHApEHHOI'O
pactBopa 3yekTposkcTpakiueit. [locne u3BneyeHus Meau us3
pacTBOpa H3BIEKAETCS HHKEIb B BUJIE CEPHOKUCIONH COJH
METOJIOM BBINAPHBAHUS, KPUCTAJUTU3ALNHN U MOCIEAYIOIIEro
padunupoBanus [9]. Cmoco6 HE MO3BOJIAET JOCTATOYHO
CEJIEKTHBHO BBIICJINTD NPHUCYTCTBYIOIIME B PACTBOPE LIBET-
HBIC METaJLIBL.

Ha »ToM e KoMOMHaTe 1ocie CeNeKTHBHOTO pa3/ielICHHs
B pPE3yJIbTaTe UCIIBITAHUI TOJIyYEeHBI BHICOKOYHCTHIE OKCHIBI
JKeJie3a M JOCTUTHYTO M3BJICUEHHE CEPHON KHCIIOTHI U3 aHO-
JIUTa, OYHUILICHBI CyTb(aTHbIC HUKEICBBIC PACTBOPHI OT Kajb-
Iy 1 Maraus, YTUJIN3UpOBaHbI MEAHBIC PaCTBOPHI.

[IpoGmemMBl B TEXHOJOTHH TEPEepadOTKH JIOMa IBETHBIX
METAJ/UIOB Ha CTaJUM MOJYYCHHsS DJICKTPOpapHHUPOBAHHON
MEJIM 3aKJIF0Yal0TCS B HAKOIUICHUH B 0OOPOTHOM 3JIEKTPOIIH-
TE€ HCXKCJIATCIbHBIX an/IMeceﬁ HUKECIIA, IUHKA U JpYrux, Ko-
TOpbIE YXYALIAIOT COPTHOCTh MOJIy4aeMOU KaTOJHOU MEJIH.

Yactp QJICKTPOJIMTA M3 TOBAPHBIX BaHH MNEPHUOJIUYCCKHU
BBIBOAMTCS M3 IIUKJIA 3JEKTPOJIM3a U MOJBEpraeTcs nepepa-
0otke. [IpOM3BOAWUTENFHOCTh TPEANPHATHS M €ro peHTa-
OCIBPHOCTD 3aBHCAT OT 3PPEKTHBHOCTH OTEPANUU OUYHCTKU
PacTBOPOB IMEKTPOPAPHUHUPOBAHIS MEIIH, TO3TOMY BasKHBIM
SBIISICTCS TIPOBEJICHUE HMCCIICOBaHUM MO pa3paboTKe HMHHO-
BallMOHHON TEXHOJIOTUU PETEHEPALUU DJIEKTPOIIUTA.

CozepxaHue TpuMecell B pacTBOpPE SIEKTPOpaPUHHUPO-
BaHUSI MEAU CTPOTO perIaMeHTHPOBaHa, OCOOEHHO IO CO-
JIEP’)KaHUI0 HUKETIS, TIOATOMY TEXHOJIOTHS TIepepaboTKU JoMa
HOBETHBIX METAJJIOB NPEAYCMATPUBACT BBIBOA YaCTU TOBap-
HOTO 3JIEKTPOJINTA HA PEreHePartuio.

Perenepanus pemiaer BaKHYIO 3aJady NpPOW3BOJICTBA B
CTa0WIIM3alUl COCTaBa MEIbCOACPIKAIICTO JIEKTPOIUTA B
YCIIOBUSIX MCIIOJIb30BAHUS 3arpsi3HEHHONW MPUMECSIMHU aHO-
HOW MeIu, MONYyYCHHON MpH TepepadOTKe JIoMa I[BETHBIX
METaJJIOB, MO3TOMY COBEpPUICHCTBOBAHHWE TEXHOJOTUHU
OUHCTKH SIBJISICTCS aKTYaJIbHBIM.

W3BneueHne u3 TEXHOJOTMYECKHX PACTBOPOB KaTMOHOB
TSOKENTBIX METAIOB BO3MOXHO PA3IMYHBIMU CIIOCOOaMU:
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Henocrarkamu METOIOB 3KCTPaKIUK JUI OYHUCTKH 000-
POTHBIX DIIEKTPOJIUTOB SBIAIOTCS MHOTOCTAOMHHOCTh M HC-
MOJIb30BAHUE JOPOTOCTOSAIIUX PEareHTOB.

W3zBecteH cnoco® mepepaboTKH METHOTO 3JIEKTPOIINTa,
0TOMpaeMOro Ha pereHepanuio, ¢ IOJy4YeHHEM METHOTO H
HHUKEJIEBOr0 Kymopoca. B koTopoM myTeM TpexkpaTHOH
HEUTpan3anyy N30bITOYHOIN KUCIOTHOCTH IIOPOIIKOM ME/IU B
MNPUCYTCTBUM KUCIIOPOZA BBIMAPUBAHUIO B BaKyyM — HCHapH-
TEJIBHOM YCTAHOBKE, OXJIAXKIEHHUIO ¢ KPUCTAIUIM3ALKEH, OTIe-
JEHUI0 KPUCTAUIOB OT MAaTOYHMKA LEHTPH(YTHPOBAHHEM
MOJy4aroT MEIHBIN Kynopoc. M3 MaTo4HMKa IyTeM 3JIEKTPO-
JM3a C HE PacTBOPHMBIMH CBHHIIOBO — CEPEOPEHHBIMHU 3JIEK-
TPOJaMH HONY4YaroT KaTOAHYIO MEJb, 3arPsI3HEHHYIO MBIILbS-
KOM M CypbMOH M HHUKENEBBIH pacTBOpP, HAIpaBIsAeMbId Ha
BBINIAPKY, OXJ@KAEHHE C KpHCTaUIM3aluell U OTAesleHHe
KPHUCTAIJIOB HUKEIEBOTO Kymopoca oT ¢puibrpara [10-12].

K mpuumHaM, npensTCTBYIOMUM AOCTHXECHUIO YKa3aHHO-
T0 TeXHUYECKOT0 pe3ysibTaTa IIPU UCIOIb30BAHUHN U3BECTHO-
ro crnoco6a, OTHOCUTCS TO, UTO B U3BECTHOM croco0e cxema
pereHepanyy pacTBOpa JOBOJBHO TPOMO3/Ka, BBICOK PacXo.
MEJHOrO TMOPOIIKa, HEKEIATEIbHbIE MHKPOIPUMECH pac-
OPEAENAoTCs MEXKIAY MEIHBIM U HHUKEIEBBIM KyHOPOCOM,
yXyauas COPTHOCTb, BBICOK PacXo[ JIEKTPOIHEPTHH.

W3zBecteH crocob nepepaboTKH 0TpaOOTaHHOTO MEIHOTO
3JIEKTPOJINTA, B KOTOPOM ITyTeM HEHTpann3alyuu H30BITOY-
HOW KHUCIJIOTBHI B IPUCYTCTBUH KHCIIOPOJA BO3yXa MEIHBIMU
rpaHyJaMH{, BBIIAPUBAaHUIO, KPUCTAJUIM3ALUU, 00E3BOXKHUBA-
HHIO B LEHTpU(Yrax, MPOMBIBAHUIO M CYNIKE FOPSYUM BO3-
JyXOM TIOJIy4aloT MeIHbI kymopoc 1 copra. MaTodHuk
BHOBb IIOJ[BEPraloT BBINApKE, KPUCTAIUIU3AILMH, 00E3BOXKU-
BaHMIO B LEHTpU(Yrax, MpombiBKe cymke. [lomydator men-
HBIH Kymopoc 2 coptra. MaTouyHBI pacTBOp 3TOH CTaauu
HAaIpaBJIAIOT HA 3JEKTPOIUTHYECKOE 00E3MEKHUBAHUE B pe-
TeHEPAllMOHHBIX BaHHAaX B ABEe — TpH craaunu. OOe3MexeH-
HBII DJIEKTPOJIUT MOABEPraroT yNapUBaHUIO U KPHUCTAIUIH3A-
LMY C MOJIyYEHHEM «T'PSA3HOT0» HUKENEBOro Kymnopoca [13].

K nprunnam, nIpensTCTBYIOIUM JOCTHKEHHUIO YKa3aHHOTO
HIDKE TEXHUYECKOTO pe3yibTaTa MpH UCIOIb30BAaHUN M3BECT-
HOTO c11oco0a, OTHOCHUTCS TO, YTO B M3BECTHOM CIIOCO0E cxema
nepepaboTKU INEKTPOJIUTA TAKKE TPOMO3JIKA, JIEKTPOIUTH-
4yeckoe 00e3MeXHBaHHE SIBISETCS MaJIONPOM3BOAUTEIHHOM
oreparyeil, CONpsHKeHHON ¢ BBICOKMM PAacXOJOM 3HEpPTUH U
BBIJIEJICHUEM SIIOBUTOTO ra3a — apCUHA, HEXKENATEIbHbIE MUK-
pOIpUMECH HE BBIBOJSTCS M3 MEIHOTO IMKIIA, HUKEIEBBIH
KyIopoC BO3BpallaeTcs B FOJI0BY MpOLECCa.

W3BecteH crocod OYHMCTKHM MEIHOTO 3JIEKTPOJINTA, B KO-
TOPOM ITyTEM OCaXKJECHHUSI CMEChIO Cynb(aTa U XJIOpHIa aM-
MOHUS, OXJIAXKJEHUS C KPUCTAIIM3ALKUEN U OTAENEHUS KpH-
CTaJUIOB OT MAaTOYHOTO pacTBOpa JAEKaHTAalWeH, MOIydaroT
HHUKEJIbCOJIepKalee ChIpbe, HANpaBiIIeMOE B HHKEJIEBOE
IIPOU3BOJCTBO, W MAaTOYHBIM pPAcTBOp, BO3Bpalla€MbI B
MEIHBIN UK dJIeKTponn3a Meau [ 14].

K mprumHaM mNpensTCTBYIONIMM HCIIONB30BAaHUIO YKa-
3aHHOT'O CH0C00a, OTHOCUTCS TO, YTO B M3BECTHOM CIOCO0E
HHUKEJIbCOJEPKAIIEE ChIPhE, COCTOSILEE U3 JBOWHBIX CONEH
MeIM UM HHUKENs, BHOBb BO3BpAIla€TCAd B TOJOBY MEAHO —
HHUKEJIEBOTO IPOU3BOJACTBA, a BBIBOJUMBIE MHUKpPONPUMECU
JKene3a, IUHKA, CypbMbl HIUPKYIUPYIOT B 3aMKHYTOM LIUKIIE,
JIUIIb YaCTUYHO PACCEUBAACh MO MPOMIPOIYKTaM MEIHOTO U
HHUKEJIEBOTO MTPOU3BOJICTB.

W3BecteH croco0 OYHMCTKM MEIHOTO 3JIEKTPOJIHTA, B KO-
TOPOM TMIyTEM HEUTpalu3alid OCTATOYHOW KHUCIOTHI O
60 kr/m3, ocaxaeHust GApUTOBBIM KOHIIEHTPATOM, OT/EEHHUS
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0caZika OT UIEKTPOIHTa (DHIIBTPANUEH, MOTYdaloT pacTBOp,
BO3BPAIAEMBIA B LIUKI JJIEKTPONIHM3a MEIU, U MBIIIbIKOBH-
CTBI OCaJiOK, NOABEpraeMblil JajbHelneld o0paboTke cMme-
chi0 cynb(dara u cyabduna Hatpus [13].

B u3BecTHOM cnoco0e MPOUCXOIUT OYMCTKA TOJBKO OT
MBIIIbsIKA, APYTHE K€ MPUMECH U3 LUKJIA 2JIEKTPOIN3a MEAU
HE BBIBOJISTCSL.

Taxoke U3BECTEH CIOCO0 TOrO e Ha3HAYeHUs K 3asBIICH-
HOMY M300pPETEHHIO 10 COBOKYNHOCTH NMPU3HAKOB SIBISETCS
XJIOPUJHBIA CIIOCOO OYMCTKH MEIHO-HHUKEIEBBIX PacTBOPOB,
B KOTOPOM IYTEM HEHTpalIHW3alud, BOCCTAHOBIEHHS, OCa-
JKIEHHUS U (QWIBTPAlXH IHOJyYaroT OJHOXJIOPUCTYIO MEIOb U
HUKeJEeBEIH pacTBop [15].

[Tpn ucnonb30BaHMU TAaHHOTO CIIOC00a, HeXenaTeJIbHbIe
MUKPOIPUMECH TEPEXOSIT B HHUKEJCBBI PAacTBOP, BBICOK
pacxoj MEIHOTO IMOPOIIKA, UMEIOTCS OTrPaHUYEHUs IO CO-
JIEP’)KaHUI0 OCTATOYHOM KUCIOThL. IIpenorBpatuts nepexon
HEeXXEeJIaTeNbHBIX MUKPOIPUMECEH B PACTBOP CIOXKHO U3 — 32
00pa30BaHUsI MMM YCTOMYUBBIX XJIOPUIHBIX KOMILICKCOB,
CHHM3UTBH PacXoj MEIHOTO MOPOIIKAa HE MPEICTaBIsIETC BO3-
MOJKHBIM, TaK KaK €ro pacxoj AUKTYeTCs MapaMeTpaMH Be-
Jenus npouecca. OrpaHU4eHus XKe M0 OCTATOYHOW KHCIOT-
HOCTH CBSI3aHBI CO CHIDKEHHEM H3BICYEHHS] MEIU B OCAIOK
0 MEpPEe POCTa KUCIIOTHOCTH PacTBOPA.

Jng m3BnedeHus] LIMHKA, MEIU U JKele3a U3 pacTBOPOB
MEIHO-HUKEJIEBOTO IPOU3BOJCTBA HCCIEAOBaHA BO3MOXK-
HOCTh COpOLIMH C UCIIOJIb30BAaHHEM PsiJa HOHUTOB, OJTHAKO B
HacTosIee BpeMsl €€ UCIO0Ib30BaHUE OTPAaHUYNUBACTCS TOJb-
KO IIPU OYHMCTKE HEKOHIUIIMOHHBIX CEPHOKHCIBIX PACTBOPOB
OT [MHKAa C IOMOINBIO AHHOHOOOMEHHOW CMOJIBI MapKHu
AMII [16]. CopOUMOHHBIA CIOCOO OYHUCTKH MPOMBIIIICH-
HBIX PACTBOPOB SABISIETCS TEXHOIOTMYECKH U SKOHOMHUYECKU
MPEANOYTUTENCH ISl 3HAUYUTEIbHBIX 00BEMOB PAacTBOPOB H
HU3KHX COJIEPKAHUAX LIEIEBBIX KOMIIOHEHTOB.

ITpn mepepaboTKe BTOPUIHOTO MEIHOTO CHIPbsI MPUHSATO
W3BJIEKaTh MEAb N3 OTPAOOTAHHOTO 3JEKTPOJIUTA METOJIOM
EKTPOIKCTpakuy. [locie 3IeKTPOIKCTPAKIMK PAcTBOP
HEUTPaTN3yI0T U3BECTKOBBIM MOJIOKOM C TOJy4eHHEM THII-
COBOT'0 HUKEJIbCOJEPKAIIETO KeKa, KOTOPHIA OTIPABIIAIOT Ha
nepepaboTKy Ha HUKEJIeBBIC 3aBOHI [3].

Takast TeXHOJIOTHS HE MO3BOJISAET MOIYIUTh CEJIEKTHBHO-
TO pa3felieHHus LBETHBIX METAJUIOB U IOJIYYHTh TOBapHBIE
HIPOAYKTHI OBBIIIEHHON CTOMMOCTH.

2. MeToabl 1 MaTepHAaJIbI

B pabote s yrunuzanuu oTpadOTaHHOTO 3JIEKTPOJIUTa
METOAOM HeﬁTpaHPISaHHH HCIIOJIB30BaHbl IMUHKCOACPKAIIUE
IbIJIM BO3TOHKH — TIIPOMITPOAYKT HI/IpOMeTaHHprI/I‘[GCKOI\/’I
nepepaboTKH JIOMa I[BETHBIX METAJIIOB.

PenTreHo¢ryopecieHTHBI aHAaTU3 OCYIIECTBILIIN Ha
CHieKTpoMeTpe ¢ BoJHOBOW nucmepcuerr  Venus 200
(PANalyical B.V., T'omutanus).

XuMH4eckuil aHanu3 oOpasloB BBINOJIHEH Ha ONTHYE-
CKOM 3MHCCHOHHOM CIIEKTPOMETPE C MHIYKTUBHO — CBS3aH-
Hoit ma3moii Optima 2000 DV (CLIA, Perkin Elmer).

[MonykonndyecTBeHHBIH peHTreHo(]a3oBbIi aHANIN3 Ipo-
Boqwin Ha mudpakromerpe D8 Advance (BRUKER) Ha
menHOM Cu—Ko n3imydeHnu nmpH yCKOpSIIOUIeM HarpsHKeHUH
36 kB, Toke 25 mA.

MuxkpodoTtorpaduu caenaHbl Ha pacTPOBOM HHU3KOBAKY-
YMHOM 53JIEKTPOHHOM MHKPOCKOIE C TEPMO3MHCCHOHHBIM
kaTogoMm (LaBg)JSM-6610LV dupmser “JEOL”.
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3. Pe3ysabTaThl U 06Cy:K1€HHE

HcxomHBIME TIPOAYKTaMH ISl MICCIICTOBAHNN HCIIONB30-
BaHBl OTPAOOTAHHBIN ANEKTPOIUT MEAU U IUHKOBBIC BO3rO-
HBl MenemnaBuibHoro 3aBojga 1TOO «Kactmar» B Kazax-
CTaHe.

XUMHUUECKUI COCTaB OTPAOOTAHHOTO JCKTPOJIUTA MEIH,
mac. r/mm%: Cu 67.14; Ni 36.41; Fe 11.43; Zn 10.96;
S04 125.9; N 4.1; As; 0.03; Bi 0.002; Na 2.6; Pb 0.014; Sb
0.05; Si 0.047; Sn 0.0.

HuaKCOASpKANTIMA MTPOMIPOTYKT — ITMHKOBBIC BO3TOHBI
Ha MezerutaBiIbHOM 3aBosie TOO «KactuHr» 00pa3yroTcs B
mporiecce OTHEBOTO padUHUPOBAHHS MEAW B pe3yibTaTe
OKHCJICHHUS H30BITOYHOIO0 KOJMYECTBA IIMHKA B AaHOIHOMH
MU 0 TpeOyeMBIX HOPM, IyTeM MPOJYBKH pAaCIIaBOB
CKaThIM BO3JIyXOM M YJIaBIMBAaHUEM M3 OTXOJSIINX ra3oB Ha
PYKaBHBIX QHIbTpax.

[TonyyaeMble IIMHKOBBIE BO3TOHBI — MEJIKOAMCIEPCHBIN
MOPOIIIOK CBETIIO - CEpOoro IBeTa. B HeM He MomycKaercs
BKIIIOUEHUE TIOCTOPOHHUX TpuMeced (KyCOYKHM MeTaja,
W3rapy, KEpaMUKH) TIPH BHEIITHEM OCMOTpE.

XUMUYECKHH COCTaB LIMHKOBBIX BO3rOHOB Mac.%: F
0.97, Al,03 0.15, P,Os 0.82, SO3 4.0, Cl 11.64, K;0O 0.93,
CaO 0.36, Fe,030.29, NiO 0.05, CuO 7.86, ZnO 39.46, Br
0.19, M003 0.1, CdO 0.23, SnO; 7.16, W03 0.36, PbO 19.4,
BizOs 0.04, I1.11 0.04.

Takue BO3TOHBI HENb3sl HCIOJIB30BATh JJIS TONyUEHUS
IUHKOBBIX OCIMJI M3 — 3a MPHCYTCTBUS CBHHIIA M OJIOBA.
OOBIYHO TakMe BO3TOHBI IIOJABEPralOT TaK Ha3bIBaEMBIH
«Pasronke» nns ypaneHus npumecedd. [l 3TOro BO3TOHBI
CMEIIIUBAIOT C CePOCOoJePXKALIMM (IIFOCOM, TPAHYIUPYIOT U
MOJBEPral0OT OTTOHKE CBHWHIA W OJIOBa BO BpallaloIIencs
neun. [Ipu 3TOM MONYyYarOT HUHKOBUCTHIA KIMHKED W 3aIlbl-
JICHHBIE Ta3bl, COJEpXKAalie CyIb(QUIB CBHHIIA M OJIOBA,
KOTOpBIE OYMMIAIOTCS B QuiubTpaX. [IMHKOBUCTHIA KITMHKEP
CMEIIIUBAIOT C MPOMBITBIM KOKCOBBIM OPEIIKOM U HAIpaBIIs-
FOT Ha BTOPUYHOE BOcCcTaHOBJIeHHE. [Ipn 3TOM IIMHK BOCCTa-
HABJIMBAETCsI, BO3TOHSETCS U C OTXOJSANIMMH T'a3aMy Harpas-
JSICTCS. B pyKaBHbIC (DUIBTPBHI, TJ€ YJIaBIUBAIOTCS B BHUJIC
OKCHJa ITMHKA — CyXHX LIMHKOBBIX Oenmi. Pa3zpaboTka Tex-
HOJIOTUW TIepepa0dO0TKU IMHKOBBIX BO3TOHOB C MOJyYE€HHUEM
rOTOBOM TOBapHOM NPOAYKIMUU IO3BOJUT OCYILECTBUTH 3a-
Jlady TIO0 KOMIUIEKCHOMY WCIIOIb30BAHUIO TMPOMIIPOIYKTa
JIOMa IBETHBIX METAUIOB. B HMcClieJOBaHUAX I[UHKOBEIE BO3-
TOHBI WCIOJB30BAHBI IS HEHTpAIM3allMU PacTBOpa dSJICK-
TPOJIUTA MEJIU ¢ KOMIUIEKCHOM YTHJIM3alMel UMEIoLUXCs B
HUX TOJIE3HBIX KOMIIOHEHTOB U TOJYYEHUS! CEJIEKTUBHBIX
KOHIEHTPATOB LIBETHBIX METAJLJIOB.

IIpoBeneH cUTOBOI U XUMUYECKUH aHATU3BI TIPOOBI IIWH-
KOBBIX BO3rOHOB MeaemiaBuibHoro 3asoga TOO «Kactuur»
(Tabmuma 1).

Ha pucynkax 2-4 oToOpa)keH y4acTOK M COCTaB B pas-
JUYHBIX €r0 TOYKaX, COCTOSIINN W3 HEPYAHBIX MHHEPAIOB
Si, P, Ca, xxenesa u userHeix Meramios Cu, Zn, Sn u Pb.
PesynpTaThl aHanu3a cocTaBa HUHKOBBIX BO3TOHOB MOKa3alu
€ro OJIHOPOAHOCTD.

Jnst onpeneneHusi ONTUMAIbHBIX YCJIOBUNH OUYHUCTKU TO-
BapHOTO 3JIEKTPOJIUTA U CEJIEKTUBHOTO BBIJECJICHUS METANIOB
HEUTpaau3aluuio MpOBOAWINA CTaguiiHO ucxons u3 pH oca-
JKICHHUSI TUAPOOKCUAOB METAJUIOB C HCIOJb30BAHUEM I[MH-
KOBBIX BO3IOHOB M IIOTAlIIA.

Pentrenodas3oBeiii cocTaB yCpeaHEHHOW TMPOOBI ITUHKO-
BBIX BO3IOHOB TIPEJICTABJICH B TaOJIHMIE 2 U HA pUCYHKE 1.
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Taonuua 1. Xumuueckuit cocmas WUHKOGHIX 60320H06

Conepxanue, %

Haumenos Kiacce xpynHocTH, MM
WS yepemde 1104025 -025+0,1 -0,1+0,056 -0,06
HHBIN
1 2 3 4 5 6 7
F 097 093 086 0,94 107 09
ALO; 015 006 007 0,07 0,05 01
Si0, 082 058 058 0,49 047 1,04
P,0s 015 018 015 0,14 014 012
SO, 40 505 443 4,45 488 4,94
cl 11,64 1348 12,38 11,59 111 1022
K,0 093 095 098 0,87 085 068
Ca0 036 014 017 013 02 0,18
Fe,0 029 094 028 0,24 022 028
NiO 005 004 003 045 005 004
cuo 786 755 864 8,25 742 644
Zn0 3946 458 4226 42,13 4357 40,22
Br 019 019 02 02 017 015
MoOs 01 011 012 011 014 011
Cdo 023 024 029 023 021 018
Sno, 716 597 765 7,28 738 552
WO; 036 022 02 026 026 017
PbO 194 17,28 20,49 23,32 21,79 19,72
Bi,O; 004 003 005 0,07 - 0,06
IL.IT
Ki‘;‘;‘:@) 100 22 6425 290 45 005

Tabnuya 2. @azoewiii cocmag ycpeoHeHHol npoobl YUHKOBBIX
60320106

HanmenoBanne Dopmyia %
MaTtiokut PbCIF 43,1
T'unpoxeun ruapat cyinbdara memqu | Cus(SO4)2(OH)s SH,O 20,0
Xnopar meu Cu(ClOy), 10,3

Okcuj JUIMHK CTOHATA Zny(SnOy) 9,8
Moosoout C,CuQ4xH,0 4.4

AueTaT THAPOKCH] THAPAT CBUHIIA C4HgPb,0g-H,0 3,8
Okcanar 1muHKa C,04Zn 3,2
De10TOBUT K,Cuz+20(S04)3 2,8

Xiopuj MHKa ZnCl, 2,6

|
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Pucynox 1. Penmezenozpamma ycpeOHeHHOU RPOObl YUHKOBBIX
60320106
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Pucynok 4. Muxkpogpomozpagpuu yunxoewix 03zonos x 3000,0

Ucxons w3 maHHBIX pH ocakaeHUS THIPOOKCHIOB Me-
TaJIJIOB ONTUMAIBHBIMH YCIOBUSIMH OUYHCTKH 3JEKTPOJIHTA
METOZOM HEHTpaIH3aIliH CIEeyeT CUUTATH!

- mepBas ctaaus HeWTpanusauuu 10 pH 4.7, u3 ycioBus
pH ocaxnenus xenesa;

- BTopas cragus n1o pH 7.1 u3 ycnosus pH monsoro oca-
JKICHUS MEIIH;

- TpeThs cTagus 10 pH 9.5 u3 ycnosust pH nonnoro oca-
JKJICHUS] HUKETIS U I[IHKA.

Heiirpanuzanuro nposogunu npu JK:T = 5:1, Temnepary-
pe 20°C, npoAOKUTENBHOCTH NepeMelIMBaHus 3 Yaca U
LHEHTPU(PYTHPOBAHUU JIIS OTACICHHUS TPYAHOPHIBTPYEMBIX
OCaJIKOB.

IlepByro craauio HeWTpalM3alMU pacTBOpa 3JIEKTpOpa-
(UHUPOBaHNS MEAM TPOBOAWIM IIMHKOBBIMH BO3TOHAMH,
BTOPYIO M TPETHIO CTAIHUIO - IToTamoM (Tabimma 3).

CBHHEI — 0JIOBOCOIEPIKAIITUI 0CaIOK MOXKET OBITh TIepe-
paboTaH BMECTE CO CBHHEIICOAEPIKAIINM IINIAMOM, TT0JTydae-
MBIM TIOCJIE OTJIEJICHHSI PacTBOpPa 3JIEKTPOpadUHUPOBAHUS
MEJIH.

B pesynbrate BTOpOHl CTaguM HEHTpalu3alUy AIEKTPO-
muta notamioM a0 pH 7.1 monyden — meabconeprKaliuii
ocanok (Tabmuma 5), KOTOPBIi MOXET OBITh BO3BPAIICH B
CEPHOKHCIIBII PacTBOP IIEKTPOpPaQUHUPOBAHUS MEAH, OO
repepaboTaH ¢ MOIYyICHNEM OKCHIA ME/IH.
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Tabnuuya 3. Xumuueckuii cocmae 0caokos Heumpanuayuu

pacmeopa 3neKmpopagunposanus meou

Copnepxanue, %

HawnmenoBanue pH
4,7 7,1 9,5
F 0,44 0,26 0,3
Na,O 0,71 - -
MgO - - 0,11
AlLO3 1,56 0,34 13
Si0, 4,08 0,24 0,54
P,0s 0,41 0,01 0,009
SO; 11,12 5,56 3,42
Cl 0,72 4,7 0,19
K0 0,19 - 0,05
CaO 0,85 0,03 0,38
Fe,03 5,48 0,31 0,14
NiO 0,15 11 27,63
CuO 2,97 76,45 0,68
ZnO 4,79 2,8 55,75
Br 0,09 0,01 -
MoO, 0,23 - -
CdO 0,08 0,01 -
Sno, 16,36 - -
WO, 0,29 - -
PbO 44,69 0,06 -
Bi,03 0,09 - -
LI 4,7 5,12 8,131
Bcero 100 100 100

B pesynprate HeWTpannzauuM MOIYYWIM CBUHEL — OJIO-
BOCOZEp KaIIUN IPOTYKT.

PentreHoa3oBblii  aHaMU3 oOcamka [EPBOM  CTaauu
HEHTpaTu3aIiy JIEKTPOJINTA TIPEACTaBICH B TabmIe 4 U Ha
pHUCYHKe 5.

Tabnuua 4. Dazoevlit cocmasé ocadka nepeou cmaouu
Helimpanuzayuu 11eKmpoauma

HaumenoBanue Dopmyita %
AHrmecur Pb(SO.,) 83,6
OKcu IUHKA U 0JI0Ba Zny(SnOy) 8,7
Kaccurepur SnO; 47
Mens — Kpemuuii CUog3Sio.17 19
IMuppotun — 3T Fe;Sg 11

i

[H
SREL, b L

Pucynox 5. Penmeenozpamma ocadka nepeoii cmaouu
Helimpanu3ayuu 31eKmpoiuma

TpeTsio cTagui0 HEUTpaAINU3alUN TOBAPHOIO AIEKTPOIUTA
nposenu 1o pH 9.5. Tlocne ¢punbTpanuy Moay4niym HUKEIb —
LUUHKCOAEP XKAIMHA 0CaJoOK COCTaB KOTOPOro INPHUBENEH B
Tabnuue 5.
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W3 ¢unprpaTa TpeThed CTaAMM HEUTPAIU3AIMU ITOCIEC
BBIMTAPKH U KPUCTAILTH3ANINA TOTydmin ToBapHEIA K>SOs.

Ocaiok TpeTheil cTaaun HelTpanu3auuu oopadoranu pac-
TBOpOM, coaepxammum 100 r/am® KOH. TIpu XK:T = 3:1 nouy-
YMIM IIEJIOYHOM LIMHKCOAEPIKAIINA PacTBOP C CO/epKaHUEM
Zn0 225.0 r/aM® 1 HUKeNbCoAEpsKalUii 0caoK COCTaBa, Mac.
%: NiO 94.28; Fe;03 5.09; CuO 0.63. Iocne npokaiku ocaj-
ka npu temmeparype 350°C u npogosnkutenbHocTd 30 MUHYT
TIOJTYYMIIA OCAaJJOK OKCH/IA HUKEIIS (PUCYHOK 6).

Pucynok 6. Penmezenozpamma 0cadka oKcuoa HuKeus

[IemouHOW TUHKCOOEPKALIINA PAaCTBOP MOXKET OBITH HC-
TIOJI30BAH IS SJICKTPOOCAKICHUS [IMHKOBOTO TTOPOIIIKA.

4., BeIBOABI

[TpoBeneHs! GU3NKO — XUMHYECKHE UCCIICOBAHNUS Bellle-
CTBEHHOTO COCTaBa TOBAaPHOI'O JJIEKTPOJHMTA MEOU M LIMHKO-
BBIX BO3TOHOB NepepabOTKH JIOMA [IBETHBIX METAILIOB.

Jnist pereHepanuu pactBopa 3j1eKTpopagpuHUPOBaHUS Me-
I WCIIOJb30BaH METOJ CTaJWWHON HeWTpanuzauuu. Buep-
BbI€ JUISl pereHepaluy dJIEKTPOIUTA UCTIONb30BaHbI IIMHKCO-
JiepKalye MbUITM BO3TOHKM — IIPOMIIPOAYKTa MHpOMETal-
JTyprudeckor nepepadoTKH JoMa [IBETHBIX METaUIOB.

OnpeneneHsl peKUMbl NPOBEACHUS CTAJUIMHONW HEWTpa-
JM3aLH.

[epByto craanio HeHTpaIM3alMy MPOBOJIIIN ITUHKOBBI-
MU BO3TOHaMH, BTOPYIO M TPETHIO CTA/INIO — TIOTAIIOM.

Ha nepBoii cragun Hedrpanuzammu 1o pH 4.7 nomyunnu
CBHHEI[ — OJIOBOCOJIEPIKAIIMI MPOJYKT ¢ comepkannem PhO
62.24 % u SnO; 9.5 %, KoTOPBIA MOXKET OBITH TIEpepaboTaH
BMECTE CO CBHMHEIICOJEPXKAIUM IIIaAMOM 3JIeKTpOopauHU-
POBaHHUS ME/IH.

Ha Bropo#i cramun HelTpanuzanuu motamiom a0 pH 7.1
HOJIYYMJIM OC3/I0K, Toclie 00paboTKH KOTOPOTo B PacTBOpE
conepxamum 100 r/aqm® KOH monyunim ocanok ¢ copepxa-
HueM CuO 98.16%, koTophlii MOXXET OBITH BO3BpAllleH B
CEpHOKHCIIBIM PacTBOP 3JIEKTpOpauHUPOBaHUS Meau, JTHO0
nepepaloOTaH C MOJTy4YeHHEM OKCHJIa MEJIH.

Ha Ttperseii craanu HeWTpanuzamuu 10 pH 9.5 momyunmm
HUKENIb — [UHKCOJAEPX AUl ocamok ¢ comepkanmem NiO
27.63 % u ZnO 55.75%. Tlocne 00pabOTKH Ocaaka pacTBO-
pom, cozpepxkarqum 100 r/am® KOH. TTpu XK:T = 3:1 nony4u-
JY LIEJIOYHOM LMHKCOAEpkKAIlUi pacTBOp C COAEPKAHUEM
ZnO 225.0 r/nm®, KOTOpBIH MOXKET ObITH MCHOJIB30BaH IS
JNIEKTPOOCAXKICHUS ITUHKOBOTO MOPOIIKAa M HHUKEIbCOJep-
KamMii ocafok cocrtasa, mac.%: NiO 94.28; Fe,Os; 5.09;
CuO 0.63, mocrme MpOKajJKd KOTOPOTO TPU TEMIEeparype
350°C u npogomxurensHocTd 30 MUHYT THOJIYYHIIM OCaJl0K
okcuaa Hukens ¢ conepxkanueM NiO 89.14%.
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TycTi MeTaNI CHIHBIKTAPBIH KAUTA 6HJIey MBICBHIH JIEKTPO(UHIEY
epiTiHaiIepiH Kyaere ;kaparty

C.B. I'nagsimes, C.J1. Paxumosa, JI.M. Umanranuesa’, A.K. Kaceivkanosa
Satbayev University, Memannypeus scane xey 6aiioimy uncmumymst, Aimamel, Kazaxcman
*Koppecnonoenyus ywin asmop: leila.imangalieva@mail.ru

Angarna. Kypameiana MeIpeim Oap maH 0Oap MbIC 3ieKTpopadWHACY epITIHAUICpIH KoIere jkapary TYCTI MeTalul
CBIHBIKTAPBIH THPOMETAILTYPTUsUIBIK OHJCY CYOIMMaLUAChl 3epTTeYIepiHiH HOTIKeNnepl YChIHbUFaH. TayapIblk 3JIeKTPOIHUTTI
OeifrapanTanaplpy TocimiMeH PereHepamusuiay YOIH #KypaMblHAQ MBIPBHII 0ap IMIaHABl CyOaMMaropiap ajfaml per
naiinanassuiapl. [laH KypaMbIHAAFBl MBIPBIII OKCHAI CyJIb(aT 3JIEKTPOIUTIHAE epireH Ke3lne 00C KYKIPT KBIIKBUIBIHBIH
cynp(ar HOHTAPHIH OailMaHBICTHIPAIBI KOHE epiTiHmiHiH pH meHreiiiH >korapeurlaTagbl. TycTi MeTanmapAblH TYHIeIpY pH
JKETKEHJIe, OJlap TUAPOKCUITEp TYPiHIE >KayblH-IIallbIHFa OejiHeai, Oy onapiblH KYpaMbIHAAFbl MBIC, HUKEIb, MBIPBIIL,
KOPFacChIH JKoHE KaJlalbIHBIH €/19yip MeJIIIEPiH KallTa eHJeyre KaiTapyra MyMKiHiK Oepeai. MbIC TayapJiblK 3JeKTPOJIUTIHIH
JKOHE TYCTI METajJapAblH CHIHBIKTApbIH KalTa OHJCYIIH MBIPBIII CyOIMMaTOpJIapbIHBIH 3aTTHIK KYpaMblHa 3epTTeyjep
xyprizingi. Catbiibl OediTapanTaHIbIpy SAICIMEH DIEKTPOJIUTTI Ta3apTy MIAPTTapbl aHBIKTABL. belTapantaHabipy by
OipiHIII Ke3eHI MBIPHIII CyONMMAalUsIChIMEH, eKIHII JKOHE YIIIHIN Ke3eH KaiumiMmeH skyprisinmi. pH 4.7-re neiiin
OcliTapanTaHABIPYABIH OipiHIII CATHICHI HOTHXKECIHIE KOPFACHIH — KYpaMBbIHIA Kalaibl Oap eHIM aibIHABI, OHBI KYpaMbIHIIA
KOpFachlH 0ap MBIC DJIEKTPOKOPHITHA NUIAaMBIMEH Oipre Kaiita enaeyre Oomamel. Kammiimen pH 7.1-re peiiin
OcliTapanTaHOBIPYABIH CKiHIII Ke3eHI HOTIKECiHIe TyHOa anmbsiHapl, cofaH keitin KOH epiTiHmiciHme MBIC OKCHIIIHIH TYHOACHI
anetHOel. pH 9.5-xe neiiin OeliTapanTaHABIPYIBIH VIIHII CATBHICHI HOTIDKECIHIE KYpaMmblHIA HUKENIb-MBIPHI Oap TyHOa
anpraael. TyaOaner KOH epitiHIiciMeH eHIeTeHHEH KeiiH KypaMBIHIAa MBIPHII Oap epiTiHIl KoHE KypaMBbIHIa HHUKEIh Oap
TyHOAa aJIbIH/bI, OHBI KbI3IBIPFaHHAH KeHiH HUKEIb OKCHIl TYHOACHI aJbIH/IBL.

Hezizzi co30ep: mvic 21eKmpoaumi, Kauull, KYpamvinoa Mblc Oap myHOa, KOpeaculH — KYpamblHOa Kaiaiibl 0ap OHiM,
cinmini epiminoi.

YTuauzanus pacTBOpPOB 3JIeKTPOpaMHUPOBAHUS MeIH NMepepadoTKn
JIOMA I[BETHBIX METAJIJIOB

C.B. I'nagpimes, C.J1. Paxumosa, JI.M. Mmanranuesa”, A.K. KaceiMkaHoBa

Satbayev University, Hncmumym memannypeuu u o6o2awjenus, Aamamsi, Kazaxcman

*Aemop ons koppecnonoenyuu: leila.imangalieva@mail.ru

AnHotanus. [IpencraBieHsl pe3yJibTaThl WCCIEIOBAHMN YTHIM3AIMKM PAacTBOPOB 3JIEKTPOpa(puHUpPOBAHUS MEIN LUHKCO-
JiepyKalline MbUTM BO3TOHKH IMTHPOMETAILTYPTHYECKO 1epepaboTKH JIOMa [IBETHBIX METAJLIOB. L{MHKCOAEpKaIKe MbUTH BO3TOHKA
JUISL peTeHepalii TOBApPHOT'O 3JIEKTPOJIUTA CI0cO00OM HEHTpaln3aluy NCII0JIb30BaHb! BepBble. Coneprkaliyecs B BUISIX OKCHIT
IIMHKA TIPH PacTBOPEHUH B CEPHOKHMCIIOM 3JIEKTPOJIMTE CBSI3BIBAET CYyIIb(aT MOHBI CBOOOJHON CEpHOW KHMCIOTHI M moBbiuaet pH
pactopa. Ilpu noctxennn pH ocaxkieHHs: IBETHBIX METAJUIOB OHH BBIACISAIOTCSA B OCAAKH B BHUIE THIPOKCUIOB, 3TO MO3BOJISET
BEpHYTh B NepepabOTKy 3HAUMTENHHOE KOJIMYECTBO COJICpIKAIMXCSl B HUX MEAW, HUKEIs, IIMHKA, CBHHIA U oJoBa. [IpoBeneHb!
HCCIIEIOBaHMS BEIIECTBEHHOTO COCTaBa TOBAPHOTO AJIEKTPOINTA MEIN M IIMHKOBBIX BO3TOHOB MEPEpabOTKH JIoMa IIBETHBIX METall-
70B. OnpeziesieHb! YCIOBUSI OUUCTKH JIEKTPOINTa METOIOM CTaIUiHON HeWTpamm3aimu. IlepByto ctaauio HEMTpanu3auu MpoBoO-
JIAITA IIMHKOBBIMH BO3TOHAMH, BTOPYIO M TPETHIO CTAAMIO — MOTAIIOM. B pesynbraTe mepBoii ctaany HeWrpammsanuu go pH
4.7 TOMYYHIIN CBUHEI — OJIOBOCOJEPKAILIMI MPOIYKT, KOTOPBIH MOXeT OBITh mepepaboTaH BMECTE CO CBHHEIICOJIEPIKAIIUM
[JIaMOM 3JIeKTpopadMHUPOBAaHUS Meau. B pesymprare BTOpo cTagmm HelTpanm3anuu notamom ao pH 7.1 nmomxyunmm oca-
JIOK, Tiociie 06paboTku kotoporo B pactBope KOH nomyumin ocanok okcuga Meau. B pesynbrate TpeTbeit cTagun HeWTpanu-
3au 10 pH 9.5 momyumnm HuUKenb — UMHKcoaepxaummid ocanok. Ilocie obpabortku ocanaka pactBopom KOH momyumin
LUHKCOAEPKaIUN pacTBOP U HUKEIbCOAEPKALIUN 0CaJOK, MOCIe NPOKAIKH KOTOPOTO MOJyYUIIN OCa0K OKCHUAA HUKEIIS.

Kniouesvle cnosa: anexmponum, yuHKoGble 60320Hbl, NOMAW, HeUMpanu3ayus, meob, HUKelb, YUHK, C8UHel, 0J060.
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Abstract. The agglomerate, as a raw material of blast furnace melting, must have such a set of properties that meets the re-
quirements of the blast furnace process to the maximum extent. The quality of agglomerates is assessed by chemical composi-
tion, mechanical and physico-chemical properties A high-quality iron ore raw material for blast furnace melting is considered
to be an agglomerate with a high iron content with a minimum content of harmful impurities, uniform in size with a minimum
content of classes of more than 40 and less than 5 mm, a narrow range of softening and melting temperatures, having high
reducibility and high strength. With the condition of the process of reducibility of dissimilar iron ore materials during agglom-
eration, it is necessary to consider the basic physico-chemical processes and thermodynamic conditions. The article describes
the results of thermodynamic modeling of iron ore materials during the agglomeration process using the HSC Chemistry 5.10
program. Calculations are performed by the Reaction Equation subprogram. During the simulation, zonal technological
processes of agglomeration of iron ore components of the charge are taken into account, since each zone corresponds to a
certain phase formation due to physico-chemical processes corresponding to their temperature intervals. It is known, as a result
implementing all the basic physico-chemical processes of agglomeration of iron ore materials; they should positively affect the
quality of the resulting product. As a result, thermodynamic functions were determined in the temperature range of 25-1500°C
for chemical reactions occurring in various zones of iron ore materials during the agglomeration process.

Keywords: agglomerate, pelletized charge, zonal structure, thermodynamic modeling, solid fuel gorenje, solid phase region.

1. Beenenue COOTBETCTBYIOIINM HHTEPBAIOM TEMIIEpaTyp M HpPOTEKaro-
IIAMH TpU arjioMepalyy IIUXTH mpoueccamu. Ilepemere-
HHE CJIOSI TOPEHUs TBEPOro TOILIMBA CBSI3aHO C BOCILIAME-
HeHneMm Harpetbix a0 700-800°C TBepiblX ero uactuil B
IPUMBIKAIOIIEH HU)KHEHW I'paHulEe, U JOrOpaHus B BEpXHEH
qacTu obsiacTu ropeHusl. Pe3ynabTraToMm Ipolecca TOpeHHs
TOIIIMBA SIBJIIETCS 00pa30BaHUE 30HBI IJIABJICHHUS IIUXTOBBIX
MaTepHaioB, KOTOpas TaKKe HEMPEphIBHO IepeMeniaeTcs
BHU3, B HAIIPAaBJICHUN BM)KEHUS Ia30BOT0 MIOTOKA, OCTABIIASA
3a co0Oi 00JacTH KpHCTAJUIM3AlMK paclllaBa M MOPUCTOM
CTpYKTypoil cniéka [1].

[TosToMy mpu W3y4eHHUH 3aKOHOMEPHOCTEH IOBEICHMS
KOMIIOHEHTOB IIHUXTHI B YCIOBHAX arioMepanud TepMOIM-
HaMUYECKHH aHam3 OB BHIMOJIHEH C YYETOM PacCMOTPEHHS
30HAIBHBIX TEXHOJOTHYECKUX MPOIECCOB arJoMepanuu
Pa3HOPOIHBIX KOMIIOHEHTOB IIMXTOBBIX MaTEPHAJIOB.

Crnenyer y4uTHIBaTh, YTO B PE3YJIbTATE peann3alus Beex
OCHOBHBIX (DPM3MKO-XUMHUYECKUX MPOIECCOB, HOJDKEH IOITY-
JaThCAd ariomepar TpeOyeMoro kauectBa M oOecrednBaThb
OTHOCHTEIIFHO BBICOKHE TEXHHKO-3KOHOMHUYECKHE MOKa3aTe-
mu. Jloruyeckas mocie10BaTebHOCTh (PU3UKO-XMMUYECKIX
MPOLIECCOB HAUMHAETCA C HIDKHMX 30H, 3arpy’K€HHOH Ha
najuleTe IIMXThI, KOTOpas sBiIseTcs TBepAodasHoil obia-
CThIO MpeBpalieHuil. OHa BKJIIOUAEeT 30HbI HCXOJHOM IIUXTHI,
KOHJIEHCALlUH, IEPeyBIIaXKHEHUS U IOJJOrPEBa.

CoBpeMeHHBIN arjJoMepalMOHHBIN MPOLecC OTHOCHTCS K
THITy CJIOEBBIX, KOTJa MPOXOJSAIINIA Yepe3 CHeKaeMBbIil pya-
HBIII Marepuan BO3AyX O0eCHeYMBaeT NPOTEKaHUE JBYX
TJIABHBIX MTPOLIECCOB:

1) ropeHue TBEPOTO TOIUINBA IIUXTHI;

2) mporecc mepeHoca Temja U3 OJHOTO 3JIEMEHTapHOTro
CJIOS B IPYTOM.

CrnoeBasi 30HAJIBHOCTb arJioMepanuu OOYCJIOBIIEHA HUH-
TEHCHBHBIMHU TEIUIO- U MacCOOOMEHHBIM MPOLIECCaMH, Mpo-
TEKAIOIUMH B OKOMKOBAHHOH HINXTE KaK CICICTBHE BBICO-
KOl ynenbHOH mnosepxHoctH ee rpanyn (30-50 cm?/cmd).
VMeHHO 3THM OOBSCHSAETCS OTHOCHUTEIHHO HeOOJbIIasi BbI-
cota (o 15-40 mMMm) oOpasyronmxcs B Ipolecce arjiomepa-
MM CTPYKTYPHBIX 30H ILIABJICHHS, MHTEHCUBHOTO I10JI0Tpe-
Ba IIMXThI, MEPEYBIAXKHEHHUs W KOHIeHcaluu Biard. Ha
pucyHKe | HpeiCTaBICHbl CTPYKTYPHBIE COCTOSIHUSI LIMXTHI
0 30HaM MPH arjoMepaluH.

CyTb Tpolecca arioMepanuy 3aKiIo4YeHa B ClIeIyIoIeM:
y3Kasi 00JIacTh TOPEHUsI TOIUIMBA MEPEMENIAETCSI C BEPXHETO
YPOBHSI arJIOMEpaliMOHHON IIUXTHI K KOJIOCHUKOBOW perIeT-
Ke. OTOT MpolLecC COIPOBOXKIAETCS PACHIMPEHHEM 30HBI
ClleKa U CMEIICHHWEM 30H MOJOIrpeBa U IepeyBIIaKHEHHMS
BHH3 II0 BBICOTE CIIOSl IIMXTHL. B Kakmoil 30HE MpOTEKaroT
(PU3MKO-XMMUYECKUE PEBPAILEHNUS, KOTOPBIE ONPEEIISIOTCS

© 2022. Ye. Kobegen, D.A. Yessengaliyev, B.M. Boranbaeva, N.B. Aitbaev, G.M. Koishina

Engineering Journal of Satbayev University. elSSN 2959-2348. Published by Satbayev University

This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/),
which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

22



http://creativecommons.org/licenses/by/4.0/
http://zhubanov.edu.kz/en
mailto:dauralga@mail.ru
https://vestnik.satbayev.university/index.php/journal/article/view/985

Ye. Kohegen et al. (2022). Engineering Journal of Satbayev University, 144(3), 22-29

ArmocdepHslii Bosayx

T S

3oHa OXJTaKIeHHd creKa

A
Obnacts
CIICKa
Pacriae B BepxHeil 30He
TOpeHHA TBEPIOTO TOIUIHEA

A

Obnactp Pacruns .
ITaBITeHIS acIuiaB B 30HE TOPEHIs
B D L T rprpupapp HII}KHS{}] IpaHiua 30HbI
A ropeHnd ToIUHBa
Jona MoJorpesa MmHxThl
Teepno- 3ona mepeyBraKHEeHNA
hazHad

obnacth 3oHa KOHeHCaInn

3oHa HCXOAHOI IMHXTHI

R

OTxondime rassl

Pucynok 1. 3onanvnas cmpykmypa cocmoanus aznomepupy-
eMoil uxmaol

Hamee cmemyer o07acTh IUTaBICHUS IIHXTHI, KOTOpas
HAYMHACTCS C PA3JIOKCHHS OTIACIbHBIX ()a3 B HIKHEU rpa-
HHUIIE 30HBI TOPEHUs TBEPJOro TOIUIMBA, 30HA paciulaBa U
BCPXHA T'paHUlla TOPECHUA TOIUIUBA, I'I€ PEAJIM3YyETCA IPO-
Hecc KpHCTaIM3allud paciuiaBa. 3aBepllaeTcs Ipoliecc
arJoMepaiui B TBep0(ha3HOM 30HE OXJIAXKIAIOIICHCS CIICK-
MIEUCS IITUXTHI.

Kaxxmoit 30HE COOTBETCTBYET oIpeneneHHas (Ha3oBas
CTPYKTYpa CHCTEMBI, 00YCIOBICHHAS (PH3UKO-XHMUICCKIMHU
MpoIecCaMi COOTBETCTBYIOIMIUX MX TEMIIEPAaTypHBIM HHTEP-
BayiaM. AHaJII3 TpoIIecca ariIoMepaIii Hy>KHO BEITIONHATE B
WHTEpBaJie TEMIIepaTyp HadWHas OT TEMIICpaTyp 3arpy3Kd
MUXTH ~ 25°C 10 MaKkCUMaIbHO JOCTUTAeMBIX TPHU arjoMe-
pauuu ~ 1350-1400°C, paccmarpuBasi BO3MOXHBIE K peau-
3allMM B 3TUX YCJIOBUSIX YPABHEHMM XUMHUUYECKHMX DEaKIUii,
Kak OBbUIO yKazaHO paHee, C()OPMHPOBAHHBIX Ha OCHOBE
COCTABJIAOIINX KOMIIOHECHTOB HCXOZ[HOﬁ HITHUXTHI.

2. MeToabl HCCJIe10BAHUSA

B nanHOW paboTe IJisl ONpeAeNieHUs TepMOJUHAMHUYC-
ckux ¢yukimii (AG, AH, log K) xumuyeckux peakiuii, mpo-
TEKAIOIIUX B MPOLECCE arjioMepaly NP Pa3INYHBIX TEM-
HepaTypHBIX MHTEpBaiax, ObLIM HCHOJIB30BaHBI HPOrpaMM-
Hbiit kommiekc HSC Chemistry 5.10 noamporpammoii «Re-
action Equation» (Ypasuenus peakuwuii) [2].

[Maker mpukmagueix nporpamm HSC Chemistry comep-
’KAT HAOOp CPENCTB, MO3BOJSIONINX PAJAUKAIBHO CHHU3UTH
3aTpaTthl TPY/a Ha MPOBEICHHE METATYPTHUECKUX PACUETOR
IpH OJHOBPEMEHHOM TIOBBINICHUH WX KauecTBa. [IpoBepeH-
HbIe AJTOPUTMBI BBIYKMCIICHUH, HCIONB30BAHUE HAIEKHBIX
HCXOMHBIX JaHHBIX, 3aUMCTBYEMBIX W3 DICKTPOHHOM 6a3bl
JAaHHBIX, HCKIIOYAIOT BO3MOXXHbIe OIHOKH. CoBMecTHast
paboTa B cpene 3IeKTPOHHBIX Tabuun EXcel, nomomHeHHBIX
BO3MOXHOCTSIMH BCTpoeHHbIX (yHkuuii HSC Chemistry,
JaeT eie 0oJIblIe IPEUMYILIECTB B CPABHEHHH C TPAJULIHOH-
HBIMH TIPHEMaMH PAaCYETOB, KOTOPBIE COMPSIKEHBI C BO3ZMOX-
HOCTBIO BO3HHKHOBEHHS OMIMOOK WM HEKOPPEKTHBIX HC-
XOMHBIX JaHHbIX. COKpallleHne BPEMEHH, HEOOXO0INMOTO JTs
pacueTa MeTaulypIrH4eCcKOro IpoLnecca, MOo3BOJIIeT Pealn3o-
BaTh MHOTOBAPHAHTHBIN pPacyeT ¢ W3MEHEHHEM psia TEXHO-
JOTMYECKUX [apaMeTPoB, TAKUX KaK COCTaB CHIPbs, KOJIMYeE-
CTBO M COCTaB IyTbs, (JIIOCOB, U BBHIOPATh ONTHMAJIbHBIH
pexuM. Pe3ynbTaTel pacyeToB JIErKO MOTYT OBITh MPEICTaB-
JIeHbI TpaUIECKH, B BUAE TEXHOIOTHICCKON CXEMbI ¢ HAJO-
JKEHHEM HUCXOMIHBIX JAHHBIX U 0KHIAEMbIX PE3yJIbTATOB.
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ITpn pacuere y4WTHIBAIM OCHOBHBIE XMMHUYECKHE pEak-
IUH arJOMEpalMOHHOTO IPOIecca, KOTOPHIE MOTJIM OKa3bl-
BaTh BO3ACHCTBHE Ha XOJl METAJUIyprHUECKOro Ipolecca H,
KakK CIeJICTBUE, paboTy METaTyprH4ecKoro 000pya0BaHHMs
uT.a[2].

B Tabmune 1 mpuBeneHbl YCIOBUS CaMONPOU3BOILHOTO
TEUEHHMs peaKlni, KOTOpbIe ObLIM UCIIOIB30BAHbI [UIsl aHAJIU-
32 BO3MOXKHOCTH peEalu3allid IPOTEKAIoIUX B Ipolecce
arJIoMEpaLuy peaKki.

Tabnuuya 1. Tepmoounamuueckue ycnogus camonpou36osv-
HO020 meuenun peaKyuii

IToxazarenn
Ne | Durpo- = DHTans-
MK 0501

VYcmoBus peaim3aly peakiunuu

Oueprus 'n66ca Bcerga AG <0,
peakuus
CaMoIpoHn3BOJILHO POTEKAET IPH
Mr000i TeMIepaType, peakiust
HeoOpaTHMa
Oueprus ['n66ca Bcerna AG >0,
peaKnus HU IPH KaKUX YCIOBHAX
HEBO3MOJKHA, HO IIPH JIFOOBIX yCIIO-
BUSIX BO3MOJKHA 00paTHast PeaKiys
Oueprus ['no6ca AG <0, ecu
AH>TAS, peaxuus BO3MOKHa IIpU
HH3KHX TEMIIEpaTypax, 4eM HIKe
TeMIeparypa, TeM CHOHTaHHee
peaxuus
Oneprus ['n66ca AG <0, ecnu
AH<TAS, dem BbIIIe TEMIIEPaTypa,
TEM CIIOHTaHHEE PeaKIUs

1 AS>0 AH<0

2 AS<0 AH>0

AS<0 AH<0

AS>0 AH>0

B kauecTBe MCXOIHBIX JaHHBIX JUIS ONpPEACICHUS TePMO-
JUHAMHYECKUX (YHKUUHA JUIsi pealbHbIX COCTABOB IIHXT
arJioMepara HCIOIb30BAJH CJIEAYIONINE COCTABBl KOMIOHEH-
TOB:

- TeMaTUTOBBIA KOHLIEHTpAT ATacy;

- OypO’KeJIe3HSKOBBIH KOHIEHTpAT JINCaKOBCKOTO MECTO-
poxaenus (JITMK);

- MarHeTUToBBIE pyIbl KeHToOnHCKOTO M ATaHCOPCKOTO
MECTOPOXKICHUI;

- MarHeTUTOBEIN KoHIEHTpaT CokoJI0BcKko-CapOaiickoro
mectopoxaennit (CCI'TIO);

- kapOoHatrHble Qutocytone N00aBku (M3BECTHSK, JIO-
JIOMUT U U3BECTh, OTCEB U3BECTU KOHBEPTEPHOTO 11€Xa);

- YIIIEPOJ COJIEpKallee TBEPAOE TOIUINBO — KOKCHK;

- CWIMKATHI KaJIbIIMs,  CKpama, 3aKuCh  Kelesa,
oKanuHel U 1p. [3].

Pe3ynpTaThl MONyYeHHBIX TEPMOAWHAMHYECKUX JTaHHBIX
ObUTH BBIBE/ICHBI B BUJIE TAOJUIIBL, IIe TIPUBEICHBI 3HAUCHHS
TEeMIIEpaTyphl, SHTAIBINN, 3HEpruud [mbdOca, KOHCTAHTHI
paBHOBecHsI W JIOrapu(M KOHCTaHTBl JUIS HCCIIEAYEMBIX
XUMHYECKHX peakuuii [4].

3. Pe3yabTaThl 0 00Cy:KIeHHE

B Tabmumax 2 m 3 mpeacTaBieHBl pe3yNbTaThl pacdyera
TEPMOANHAMHYCCKUX (YHKIHUHA XWMHYECKHAX pEakiuid, B
obiactu TBepmodasubix mpesparienuit (25-700°C) mpote-
KaOIIUX B CJOEC JKEJIC30PYIHBIX IIUXTOBBIX MATECPUAIIOB B
nporiecce armomepanud. CorflacHO 30HAIBHOCTH CTPYKTYPHI
arJIOMepHUPYEeMON IIUXTHI, TPOLECC OMPEACTICHUS TEPMOIH-
HaAMHYECKUX (YHKIUH B 3aBUCHMOCTH OT (ha3000pa30oBaHuUs
pa30mIN HAa HECKOJIBKUX YacTeH.
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Tabnuua 2. Hzmenenue AG u AH ¢ memnepamypoit 00 memnepamyp 60Chiamenenus meepoozo moniuea 0 XapaKmepmolx peax-
yuit decuopamayuu u OpPyzuUx 603MOMCHBIX PeaKyuil 6 meepoogaznoli oonacmu npoyecca aznomepayuu (6 yucaumene - AG, ¢ sname-
namene - AH)

Ne Peaxus AG xJlx /AH k]I mpu TemnepaTypHoM uHTepBaie 25-700°C
n/n 25 100 200 300 400 500 600 700
11.57 0.007 -10.42 -19.84 -28.11 -35.20 -41.26 -46.43
45.041 40.873 36.516 31.192 23.375 15.421 7.592 -0.110
13.57 -2.03 -17.30 -32.29 -47.07 -61.68 -76.20 -90.69
56.682 55.509 54.267 52.996 51.797 50.797 50.247 50.333
-2.50 -17.09 -31.63 -46.02 -60.23 -74.20 -87.93 -101.47
37.419 37.301 36.881 35.985 34.629 32.897 31.018 29.16
-1001.3 = -1005.3 @ -1009.6 @ -1014.7 @ -1020.9 @ -1028.4 | -1037.1 @ -1047.0
-996.8 -990.0 -987.4 -982.9 -974.9 -965.8 -955.8 -944.5
-1055.2  -1015.1 -975.3 -935.3 -894.7 -853.1 -810.1 -766.8
-1163.9  -11644  -11635  -11654  -1171.1 @ -1180.8 @ -11884 @ -1187.3
-491.86  -478.01 @ -464.69 @ -451.75 @ -439.07 @ -426.55 @ -414.08 @ -401.56
-530.62 = -528.58 @ -526.71 @ -525.07 = -523.79 = -523.03 | -522.99 @ -524.10
-24593 | -225.39  -204.64  -184.33 @ -164.95 -146.90 @ -130.37 @ -115.09
-301.03  -302.91 @ -302.23 @ -298.44 @ -291.31 @ -280.61 @ -268.78 @ -258.44

1.1 HZOmrp:HZO(r)

1.2 | 2FeOOH@)= Fe203+H20(r

1.3 | 2FeOOH)=Fe203+H20)

14 Fe203-H20=Fe203 + H20

15 4Fe304+02=6Fe203

1.6 2FeMeT+02(r) =2FeO

1.7 6FeO+0:n= 2Fe304H)

-6.68 -2.28 2.83 8.56 15.10 22.54 30.73 39.57
1.8 FeO+H2O()=Fe(OH)2
-1743 | -2015 | -22.796 = -2626 = -32.13 = -38.052  -43.78 -49.31
Lo Fe,O3 + 3H20 45,61 54.99 66.48 79.63 95.05 113.07 = 133.39 = 155.82
' = 2Fe(OH)s3 24193 | 15.427 8.248 -1.118 | -17.918 -35.488 -53.445 -72.055

-58.38 -55.70 -52.24 -48.13 -43.21 -37.42 -30.92 -23.82

-64.39 -67.31 -70.14 -73.67 -79.45 -85.12 -90.44 -95.42

Ca(OH)>+ CO.=CaCOs + -76.05 -62.76 -50.45 -38.99 -28.57 -19.22 -10.78 -3.12
H20 -113.86 | -110.40  -106.67 @ -102.01 -94.94 -87.82 -80.89 -74.14

1.10 CaOocr + H20(|)=Ca(oH)2

1.11

Tabnuya 3. Himenenue AG u AH ¢ memnepamypoii onsa xapakmepuvix peaxyuii mescdy meepovimu pazamu ¢ meepoogasnoii 06-
aacmu aznomepayuu (¢ uucaiumene - AG , ¢ snamenamene - AH ')

Ne Peaxis AG’ k]I /AH xJIx npu Temneparype 100-1500 °C
Tn 100 300 500 700 900 1100 | 1300 | 1500
_ _ 11497 -1423  -1336  -1216  -1074 = 919 776  -4.67
21 FeO + 5102 = FeSIOs 11631  -1646  -17.19  -1836 | -20.05  -19.48  -1848  -4145
2o 2Fe0 + SiO; = 2976  -2800 2580  -2330 | -2044  -1752  -1492 = 923
: FexSi0s 3262  -3351  -3486  -3647  -3813  -36.69  -3354  -77.16
23 Fex0s + CaO = 2888  -3260 3532  -36.63  -36.91  -36.97  -4314  -58.40
: — CaO-Fe20s 2133  -2318 2723 3430  -36.06  -36.93 7382  79.97

-90.03 -90.44 -90.78 -90.85 -90.80 -90.70 -90.77 -91.03

24 Si02 + Ca0 = CaSiOs -89.22 -89.31 -89.84 -90.62 -91.85 -90.82 -89.46 -87.79
25 204SO=RCOSOZ gl us mr awr a9 a Aime o199
26 SC04SO-SGOSO: i Lio iy w05 e e sass i
2 SC0MEOSICOO0: Lyl ) ows  awa  aws  amd | oais ot
28 2Ca0+Si0s = CasSiOs -109.5 -101.5 -82.09 -53.51 -17.60 24.47 71.72 123.56

-111.4 -142.4 -176.1 -211.2 -247.8 -282.9 -318.6 -354.8
89.57 54.52 21.31 -9.69 -38.89 -67.14 -100.7 -138.7

. + = * + T
29 CaCOs+Fe0s =CaOFe0s+ COuy  1op38 15549 14570 13525 12944 12379 22905  190.35

Ilpespawenus 6 30HaxX NepeyeIANCHEHUS U NOO02pesa I'nrpockonmueckast Bnara (H2Orurp) MpakTHYECKH MOTHO-
wuxmol. Kak 1mokaszanu TepMoAnHaMUUECKHE pacueThl (Tad-  CThIO BBIBOJUTCS M TIPOLIECC 3aBEpIIAETCs 10 TEMIIEpaTyp
muua 1) rurpockonuyeckast M ruaparHas Biaara umerotr tep-  500-600°C, o yem cBUAETEIbCTBYET XapakTep H3MEHEHHE
MOAMHAMHYECKYI0 BO3MOXKHOCTh yHaJE€HHs B TeMIlepaTyp-  CKOpPOCTH 3Hepruu I'm66ca u morapudma KOHCTAHTHI PaBHO-
HOM HHTEpBaJIe 30HbI II00IPEBA [IIUXTHI. BECHUSl PEaKIUH.
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Uro kacaercs ypanenuss rugpatHoil Biarm JITMK
(H2Ovyzp TeTHTA M NENMAOKPOKHUTA - PA3HOBUAHOCTH MHHE-
pasa TéTHTa) MOXHO CYHMTaTh, YTO 3aBEPILICHUE peakuuit
Pas3JI0KEeHUS CIBUTAeTCsl U3 30HBI CYIIKH B 00JaCTh BHICOKMX
TEeMITepaTyp U MOXKET YaCTUYHO MOMNaaaTh U3 30HBI OAOrpe-
Ba IIMXTHl B 30HY Hayayia rOpeHus TBEPJOro TOILUIUBA, I/ie U
3aBeplIaeTcs ee yJalieHWe. Tak Kak yJaJeHWe BJaru Io
peakpsim 1.2, 1.3 (Tabnuma 2) 3K30TepMHUYESCKHIA MPOIECC,
JeTuapaTanyst TpeOyeT 3HAIUTENPHOTO Pacxo/ia Tera.

Kpussie TeMniepaTypHbIX 3aBUCUMOCTEN U3MEHEHUS SHEP-
raun ['m60ca, sHTaNBNNH, JoTapr(Ma KOHCTAHTHI PABHOBECHS
peakIyii JernApaTaliy BIard IPUBEICHBI HAa PICYHKE 2.

W3menenne sHeprun ['mbbca (AGp) B TemmepaTypHOM
untepBasie A0 600°C (pucyHok 3) CBHACTEIBCTBYET, UTO
peaKuuy OKUCIEHUS Feyer M €ro OKUCIIOB, BHOCHMBIX C ario-
MepalruoHHBIM CKparoM KOHBEPTEPHOTO LieXa, MOTYT MpoTe-
KaTh B HIDKHEH 30HE TBEepAO(a3HbIX MPEBPALICHUN O peak-
M (1.5, 1.6, 1.7 B tabnune 2).

2FeQ™*OH(L) = Fe203 + H2O(g)

H20(l) = H20(g) 2Fe0®0H =Fe203 ~ H2O(g)

R v
2 o LRLE H20(1) = H20(g)
-60 0,0+
.70 2Fe0*OH =Fe203 =H20
1,04
-30 o
504 2Fe0"OH(L) = F£203 + H20 20
-100 4 30
110- = T T T = 40 T ' .
o 200 400 00 0 200 0 600

. 40
T(°C) T(0)

Pucynok 2. I'pagpuueckan 3agucumocmov uzmenHeHus nepeuu
Tubbca u nozapughpma Koncmanm pasnosecus npouecca yoaje-
HUs 612U OM MeMnepamypsl 6 meepoodhaznvix 30Hax

OnHaKO W3MEHEHHE BEJUYUHBI Jiorapu(pMa KOHCTAHTBI
paBHoBecus (Log K), roBopur, 4Tto B 3TOM TeMIlepaTypHOM
MHTEpBAJIE BEPOSTHOCTh pEaliM3aliH PEaKklud J0CTATOUHO
PE3KO YMEHBILIAETCS.

Peaxyuu meoicoy meepovimu ¢pazamu. Harpep mmxToBBIX
MaTEepHAJIOB OTXOJAIMIMMH W3 30HBI TOPEHHUS TOIUIMBA CO-
3/1af0T OJIArONIPHATHBIE YCIOBUS ISl XUMHUYECKOTO B3aUMO-
JEWCTBHS MEX]y TBEpIbIMHU (pa3aMi OKOMKOBAaHHOMW IIIMXTBHI.

Cunraercs, 4TO pealn3alMd XUMHYECKHX pEaKkUui B
TBepAoQa3HOi 00JacTh CBsS3aHA CO B3aMMHO PACIIOJIOKEH-
HBIMH KOMIIOHEHTaMH B MUKPOOObeMe HIUXThl. Takum oOpa-
30M, Ka)x/Jas 4YacTHIla HUMEeT BO3MOXHOCTb pearupoBaTh
TOJIBKO C HEMOCPEICTBEHHO OKPYKAIOIIUMU U KOHTaKTHPY-
FOIIMMU C HEH YaCTHIIAMU.

Huccoyuayus xapbonamos wiuxmoi. AriioMeparOHHAs
mmxTa comepXut ¢imiocel B Buae m3BecTHsAka (CaCOs), a
taxxe gonomuta CaMg(COs)..

Jucconuanus kapOOHATOB HAYMHACTCS C PA3JI0KEHHS
FeCOs, xoTOpBIi MOIHOCTBIO 3aBepHIaeTcs B TBEpIO(ha3HOM
obmactu (pucyHok 4). MwuHepanbl IOJOMUTa HAYHHAIOT
qucconuupoBaTh Bbie 600°C. CaCO3z auccouuupyer mpu
nocienyromeM Harpese okosio 900°C (B HIXHEH 30HE rope-
HUS TOTUTUBA).

Yoanenue epeonvix npumeceti. Bpenusie npumecu S u P
coziepKaTcsl B KOMIIOHEHTaX LIMXTHI B BU/ie MUHEpasoB FeS;
(mucynpduma sxemesa wid TmHppoTHHa B pyde Kenrobe),
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CaSO;4 (cynbdara kanbuus B pynax Artacy, AtaHcop u jap.),
BaSOs (cynpdara Oapus B Atacyiickorr pyne) m CaHPO4
(runpodocdara kanpuus B JITMK). I'mapodocdar kanbius
CaHPO., comepxamuii pochop, MOKHO MPEJACTABUTH KaK
CTPYKTYpY, 00pa3oBaHHYI0 M3 CTPYKTypHbIX eamHul CaO,
H>0 u P20s. IloaTOMy B MeTaJUTyprU4ecKUX pacderax MpH-
HuMaroT P2Os. Hamo oTMeTHTh, 4TO CTPYKTypa CIOKHBIX
XUMHYECKHX COCAWHEHHH, a ciaemoBatenbHo, u CaHPO4
SBIISCTCS] IOCTPOCHHE KPHCTAININYSCKON peleTkH, obpasye-
MOH OJHOHN M3 CTPYKTYPHBIX €OMHMI] IIYCTOTHI KOTOpPOHl 3a-
HIOJIHEHBI JPYTUMH CTPYKTYPHBIMH CIHHHLIAMH.

AG (K1)
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Pucynox 3. Hzmenenue smepzuu T'uboca (AG) (I), snmano-
nuu (AH) (I) u nozapugpma xoncmanmor pasnosecus (Log K)
(I1I) peakyuit oxucnenus Feyem u €20 okucnoe npu memnepamy-
pax meepooghaznvix npespawienuii
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Tabnuua 4. Hsmenenue AG® u AH® ¢ memnepamypoii peaxuuit paznoxcenus Kapoonamos npu azinomepauuu (¢ uucaumene - AG', ¢
snamenamene - AH )

No P AG’ k[l /AH" k[ nipu TemreparypHom uuTepsaie 300-1000 °C

I caxui 300 400 500 600 700 800 900 1000
87.13 7178 56.64 41.70 26.95 124 2.0 -16.2

3.1 CaC0;=Ca0 +CO. 175.68 17439  172.94 17133  169.56 167.6 165.5 163.2
20 CaMg(COs) = 109.77 76.49 4337 10.43 2228 55.1 -87.3 -120.5
: = Ca0 +MgO + 2CO, 300093 30003 = 293.76  297.08 = 29492 = 29101 = 28875 = 285.14
0.72 -16.32 -33.11 -49.65 -65.90 -81.9 -975 -112.3

33 MgCOs =MgO +CO: 98.98 97.58 95.77 93.53 90.82 87.6 84.0 20.8
2162 -39.45 -56.99 -74.18 -90.96 -107.1 1227 -137.8

34| FeCO3=FeO+CO2 81.24 79.69 77.36 74.20 70.17 63.0 57.2 50.4

Taonuua 5. Hsmenenue AG1Q (uucnumens) u AH-? (3namenamens) ¢ unmepeane memnepamyp om 600 oo 1400°C

Neo Peakuwst AG? KIDK / AH-P KIUK TIpH Temrepatype °C
T 600 700 800 900 1000 1100 1200 1300 1400
40.6 12.8 -15.0 -42.8 -70.6 -98.4 -124.7 -156.9 -189.0
4l 2FeS=2FeSHSAQ) g, 2836 2831 282.9 283 283.8 350 349.3 3485
42 $2(g)+202(g) = -298.1 -290.8 -283.6 -276.3 -269.1 -261.9 -254.7 -247.6 -240.4
' S02(g) -361.7 -361.6 -361.3 -361.1 -360.9 -360.7 -360.5 -360.3 -360.03
13 3FeS+502(g)= -14054 = -13711 @ -1337.1 = -1303.2 = -1269.3 = -12353 = -12035 @ -1162.8 | -1122.1
: Fes04+3502(qg) -1706.8 = -1703.4 @ -1701.4 = -1700.7 = -1701.2 = -1702.9 = -1803.1 | -1802.9 | -1802.6
s SO2(g)+H20(1)= 96.4 121.2 147.7 175.9 205.5 236.5 268.8 302.3 336.9
: H2S03(a) 21115 -128.7 -146.0 -163.4 -180.8 -198.3 -215.8 -233.4 -251.0
a5 2S02+2H,0(I)+ -155.1 -125.5 -95.6 -65.5 -35.11 -4.51 26.31 57.35 88.60
= +0(g)= 2H2S04(I) | -411.9 -414.7 4175 -420.3 -423.3 -426.2 -429.4 -432.6 -436.0
ig 2FeSe+550:(g)=  -15318 15171 15028  -14885  -14743 14602  -14461  -14320  -14180
: Fe203+4502(g) -1661.7 = -16575 @ -1656.2 = -1655.4 = -1654.6 = -1654.0 @ -1653.4 | -1653.0 | -1652.6
47 CaSO+C=Ca0+ 74.55 39.11 401 -30.74 -65.15 -99.21 -132.9 -136.9 -198.8
' S02(g) + CO(9) 385.5 382.3 378.8 374.9 370.6 366.1 356.2 352.0 347.8
18 2BaSO4= 729.7 675.4 621.9 569.1 517.1 465.8 416.0 367.4 319.2
® | 2BaO+2S02(g) +02 | 1206.7 12000 = 1192.4 1184.0 11747 = 1164.6 1135.4 1128.1 11217
49 2CaHPO.+Ca0= -54.6 -56.9 -59.4 -61.7 -63.9 -66.1 -68.3 -70.6 -72.8
| Cas(POus)2 + H20(g) -30.8 -32.2 -33.6 -34.8 -36.0 -37.1 -33.8 -35.5 375
410 3Fe20s+CO= -88.8 -95.4 -101.5 -107.7 -113.9 -119.9 -125.9 -131.7 -137.5
: 2Fe304+CO2 -29.6 -35.1 -35.1 -35.2 -36.2 -37.7 -39.2 -40.6 -41.7
A1l FesOs+CO= -1.3 2.7 -4.0 5.3 6.6 8.1 9.7 -11.3 -14.1
: 3Fe0+CO2 12.4 10.2 9.7 10.0 111 125 14.2 15.8 89.8
150 ] == MgzCO03 =Mz0+C02(g) 6
100 s —cmrecon 4 -—=
T CaMg{CO3)2 = a0 + MgO +2C02(g) 2 4./././.’—.".—
50 Q 0 T T T ; T "
3 0 2
%ﬁ 50 = =f=NMgCO3 =Mz0+C02{g)
-6 / FeC03 =Fe0+~CO02(g)
100 3 == CaC03 =Ca0+CO02(g)
| 10 CaMg(C03)2 = Cal + Mz0 + 2C02(g)
150 1
300 400 500 600 700 800 00 1000 300 400 500 600 700 200 900 1000
Temmepatypa, C Temunepatypa, C
D (1D

Pucynox 4. Hsmenenue snepzuu I'uooca (AGo) (I) u nozapughma xoncmanmeot pasnosecus (Log K) (I) peakyuit paznoxcenue Kap-
Oonamos ¢ oonracmu meepoogaznuvix npespaujeHuii

Peaxyuu 6occmanosnenue oxkucnos. B cocrap JKPY mmx- Tansmn ( AH-|Q) B MHTepBajie Temmepatyp ot 600 1o 1400°C
ThI MOTYT BXOJIUTh OKHCIBI *kene3a Fe.Osz, FesOs xoropoe

IpeTepreBaeT BOCCTAHOBICHUE B ITOM MHTEpBaje TeMIepa-
Typbl. B Tabnuue 5 npuBeneHsl pe3ynbTaThl TEPMOAMHAMU-

JJIA peaKHHﬁ, OIMUCBIBAIOIINX IMOBEACHUEC BPCIAHBIX IPUME-
Ccel U 80cCmaHosieHue OKUCL08 JHcelle3d.

YECKUX PacyueToB M3MEHeHUs sHepruu ['mbOca (AG1Q ), 9H-
26



Ye. Kohegen et al. (2022). Engineering Journal of Satbayev University, 144(3), 22-29

800

AG,
L

600 700 800 %00 1000 1100 1200 1300 1400

Temmepatypa, C

@

Log(K)

-50

600 700 800 %00 1000 1100 1200 1300 1400

Temmnepatypa, C
D

Pucynok 5. 3asucumocmo uzmenenusn mepeuu I'uooca (I) u
nocapugpma xoncmanm (I1) pasnosecus om memnepamyput npo-
Ueccos yoaneHus 6peonbixX npumeceil
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Pucynok 6. 3aeucumocmo usmenenun snepeuu I'uooca (I) u
nozapugpma koncmanm (Il) pasnosecus peaxuyuii, npomexarOWUX
HpU KpUCIMAIU3AUUU PACHIIABA

1400 1500

ITo nansbpIM [1] BO3MOXHO 4acTh Cepbl, BXOAAIIAs B CO-
CTaB MUPPOTUHA, yIAISETCS MO peakiu (4.1) ¢ BhIACTICHUEM
ee B mapoobpazHoM cocTossHuu He pocturas 700°C, koHaeH-
CHUPYETCSl B HIDKEJICKAITUX XOJOTHBIX CIOSIX IIMXTHI C TIO-
CIIeyIONIeM yAaJIeHuEeM 110 peaknusim (4.2, 4.3).

27

HesnaunTensHoe conepkanne nuputa (10 2.8%), Kycko-
BaTocTh pynsl Kenrobe (0-10 mm), BeIcOKast 30HaIBHAS CKO-
POCTh HarpeBa He CHOCOOCTBYET yIaJICHHUIO CEphl 10 peak-
muu (4.6). bonee BeposSTHBIM MEXaHH3MOM YJIaJleHUs! Cephl
MUPHUTA TPEICTABISIETCST OAHOBPEMEHHO IPOTEKAIOUINE B
onHoM oObeme peakuuu (4.1, 4.2, 4.3) npu Temmeparypax
BEpXHEH YacTH 30HBI MOAOTPEBa M HIDKHUX 30H TOPEHHMS
TOIUIMBa JI0 oOpa3oBaHMs paciuiaBa. [IpuBeneHHbII pacder
(Tabnuma 5) CBUAETENBCTBYIOT, YTO TEMIIEpaTypa PeaKIHs
(4.1) cootBercTByeT - mopsaaxy 800°C.

Ilpespawenusn npu kpucmanruzayuu. IlpeBpamenus npu
KpHCTATU3anud (OPMHPYIOT MakKpo- U MHUKPOCTPYKTYPY
arJoMepanoHHOTO CTIEKa.

B Tabnmie 6 mpuBeneHBl JaHHBIE H3MEHEHUS AG1Q u
AH19 peakuuii BO3MOXHBIX K pEAJIN3allUY B TEMIIEPATypHOU

obyactu KpucTajllin3alliy paciuiaBa.

Tabnuya 6. Us3menenue snepzuu I'udoca u Inmanvnuu peax-
Yuu KpUCmManiu3auyuu npu a2nomepayuu

AG]Q , Kﬂ)I(/AH‘? JKIDK TIpH

Ne Peakius o

nn Temneparype °C
1100 1200 1300 = 1400
51 B6FeO + O,(q) = 2Fe,0, | -310.4  -290.2 -269.8 -247.2
' (Maruernr) -587.1 -589.4 -591.8 -738.8
5o 2Fes0s+ 1/20,(g) = 3Fe;0; -43.36 -28.88 -14.52 -0.28
(Pemarut) -2433  -241.3 -2394 -237.8
53 2FeO + Si0, = Fe,Si0, | -17.52  -16.17 -14.92 -1313
’ (Pastnr) 366 -353 -335 -794
54 2Ca0+Si0;= CasSiO; (a- 2447 475 7173 971
Cuivkat Kanbuus) -283.0 -300.7 -318.7 -336.7
g5 2Ca0 +Si0,=CasSio, -137.2 -1385 -140.0 -141.6
' (JTapaut) -120.3  -1180 -1155 -112.6
56 2Ca0 + Si0, = Ca,Si0, (Ca-  -134.4 -134.7 -1353 -136.0
OJIMBHH) -1316 -1287 -1255 -121.8

Oxnancoenue cnexa. TIpu OXNQXKJAECHUU CIEKa MOTYT
MPOTEKaTh PEaKIMU OKUCIICHHUS, OCHOBHBIE M3 KOTOPBIX 1.5 1
1.6 ObLTH pacCMOTPEHBI paHee Kak MPOTEKAIOIINe B TeMIIe-
paTypHOM HHTEpBasie TBepaodasHoi obmacTu (Tabaura 2).

4. BuiBOABI

Hamo ormernts, 4TO make Ha OTBaJlaX KOHBEPTEPHOTO
[IJJaka, COCTABIAIOMIAS MHKPOCTPYKTYPY cKpama Feyer B
BHZIE KOPOJIBKOB HE CIIOCOOHO CaMOIIPOU3BOJIBHO OKHCISThH-
Csl KMCJIOPOJIOM BO3/yXa BO BJIQXKHOHM cpeje, o0pa3yst OKHC-
JIbl 1O BBIIIEYKA3aHHBIM PEAKIMAM U PXKABUUHY MO PEAKIMH:
4 Fe + 30, + 6H,0 + 4Fe(OH)s. Tak kak kpymnHsle (pakuun
KOHBEPTEPHOTO IIJaKa ITPEJCTaBISET CO00H MHOTOKOMIIO-
HEHTHYIO [5] mI0THYIO cucteMy, 3aTpyaHsiomyto nuddysun
KHCJIOPOJA U BIIard BO3yXa.

B 3omax TBepmodazHOif o0macTH MOTYT pear30BaThCs
MPOIIECChl THApATAlK (TallleHHus1) OCTATOYHON WM3BECTH, II0-
CTynamlied B MIHUXTY C€ OKaIMHOM 10  peakluu
CaOqcr + H2O = Ca(OH)2, a Takxke, peakimu KapOOHHM3AIHS
ruapatoB kansius Ca(OH),+ CO,= CaCOs + H0, orxoms-
MM Ta30M, IPOCACHIBAEMBIM YePE3 CIION CHIPOM MIMXTHI [6].

ITpn OKOMKOBaHMM HIMXTBHI C JIOOABKaMH JHUCIEPTUPO-
BAaHHOW M3BECTHIO B TBEPJAOH (pa3e OKUCIBI Kejle3a, KpeMHe-
3ema OynyT KoHTakTHpoBaTh ¢ CaO M MMEIOT paBHBIC BO3-
MOJKHOCTH KO B3auMojeicteuio. Kak moxasan TepmojauHa-



Ye. Kohegen et al. (2022). Engineering Journal of Satbayev University, 144(3), 22-29

MHYECKHH PacdeT OCHOBHBIX XapaKTEPHBIX PEaKIWH, IpUBeE-
JICHHBIA B Tabnuie 3 Bce, OHU MOTYT PEajM30BaThCS B TBEP-
nodasHoit 00macTH.

VYuuTBIBass CKOPOTEYHOCTh CMEH 30H, MPAKTHYECKH 3HaUe-
HHE TPH NPOTEKaHUH TBEPHO(a3HBIX XMMHUYECKUX DPEaKIui
JOJDKHO MMETh 00pa30BaHHE TOJBKO IEPBUYHBIX MPOTYKTOB
peakimii CaSiOs, CaO-Fe;O3, FeSiOs u Fe,SiOs HezaBucumo
OT KOJIMYECTBA TeX MJIM HHBIX OKHCIIOB B muxTe [7].

HecMmotpst Ha TO, 4TO MPOIYKTOM Pa3IoKEHHs SBISETCS
obpasyrommuiics a3 CO», qucconnarys KapOOHATOB M3BECTH
¥ OCOOCHHO JOJOMHTa MOXKET HE 3aBEPIINTHCS TOIHOCTHIO
IpU arjJoMEepalliiy, €CIM CKOPOCTh MNEpPEMEINEHHs 30H HE
o0ecIeunT 3aBepIIeHHE MpoIiecca.

B cBsI31 ¢ 3TUM JODKHBI IPEBSABIATHCS KECTKHE TPeOO-
BaHU MPH ITOATOTOBKE KOMOMHHUPOBAHHOTO (JIFOCa IO MOKa-
3arento conepkanus ppakuuu Kpynaee 4 MM He Ooiiee 5%, a
TAaK)K€ — K TBEPAOMY TOIUIUBY.

Hamuuue cepsl B Buje cyibdara Oapus u rumpodocdara
KaJibOUA OrpaHNUYIMBACT HOMCHKIIATYPY BBITUIABIISIEMOM CTaJIH.

B nureparype ecth naHHble, uTo oTxojsiue razel SO
B3aMMOJICHCTBYS C BIIATOH IIMXTH 00Pa3yIOT 10 peakiuu 4.4
- H2SOs3 [1]. Kak moka3anu pacuets! (tabiuia 5) 6onee Gua-
TONPHUATHBl TEPMOJMHAMHYECCKUE ITapaMeTphl AT B3aUMO-
JNEeHCTBHA ~ OTXONAIIMX  ra3oB mno  peakiuuu  (4.5)
250, + 2H,0 + O, = 2H,SO0,.

[IpoxykT peakumy B3aMMOJICHCTBYS ¢ KapOoHaTaMu 00-
pa3yroT cyibdarsr:

H,S0O4 + CaCO3 = CaS0O4 + 20 + COo, (l)

PacueTnt CBUACTCIILCTBYIOT, YTO Cyﬂb(baT KaJIbIIus1 MO-
JKET pas3naratbcs Ipu Temmneparypax okoso 900°C, uro kaca-
eTcsi cepbl cynbdaTa Oapust OHA He yAasieTcs MpU arjiome-
pauu. JKuakuil paciuiaB NpeACTaBIseT cOOOM pacTBOp,
COCTOSIIIMIA M3 CTPYKTYPHBIX €IMHHI, KOTOpbIe OyIyT CIly-
KHTh LICHTPAMH OOPa3yIOLIMXCS NPH KPUCTAJIIM3ALMU Pac-
I1aBa MUHEPAJIOB arjiomMepara.

Takum o0pa3zoM, MyTeM TEPMOIMHAMUYECKOTO aHAIHM3a
paccMOTpeHa MPUHIMNNAIbHAS BO3MOKHOCTD MPOTEKAFOIINX
n (QOpMHUPYIOIINX CTPYKTYpY clieka (U3NKO-XUMHYECKHX
NpEeBpaIleHU NPH arjJoMepalyd PasHOPOAHBIX KOMITOHEH-
TOB HINXTHI.

Jlutepatypa / References

[1] Frolov, Yu. A. (2016). Agglomeration. Technology. Heat
engineering. Management. Ecology. M.: Metallurgizdat

[2] Ageev, N.G., Naboychenko, S.S. (2016). Metallurgical
calculations using the HSC Chemistry application pack-
age. Yekaterinburg: Publishing House of the Ural Univer-
sity

[3] Frolov, Yu. A. (2017). A state and prospects of
development of agglomerate production technology.
Ferrous metallurgy. Bulletin of scientific, technical and
economic information, 10(1414), 40-53

[4] Dantaeva, A.Z., Ibraev, M.B. & Sultamurat, G.1. (2020).
Thermodynamic analysis of interactions between charge
components in the process of obtaining metallurgical
silicon. News of Science of Kazakhstan, Ne2(144), 98-117

[5] Aitbaev, N.B., Kobegen, Ye., Skranzhevskaya, E.V. &
Boranbaeva, B.M. (2021). Ways to solve problem of
converter slag utilization in metallurgical processing.
Metallurgist, (3), 88-96

[6] Boranbayeva, B.M., Sultamurat, G.I. & Kobegen, E.
(2021). Patterns of behavior of heterogeneous components
of the charge during agglomeration in the zones of water-
logging and heating of the charge. International scientific
and practical online conference "Modern engineering in-
novations and technologies"”, Kokshetau: KU named after
Sh.Ualikhanov, (1), 182-185

[7] Koratich, V.1., Frolov, Yu.A. & Bezdezhsky, G.N. (2003).
Agglomeration of ore materials. Scientific publication.
Yekaterinburg: SEI HPE "USTU-UPI"

OPTEKTi KOMIIOHEHTTI IIMXTAHBI arJIOMepanuaIay Ke3inueri
TEPMOAUHAMUKAJIBIK PYHKIHUSJIAPABI ecenrey

E. KoGeren!, JI.A. Ecenrames!”’, 5.M. bopan6aesa?, H.b. Aiit6aes?, I.M. Koiinmna®

K. JKybanos amvinoazvl Akmebe owipnix ynueepcumemi, Axmobe, Kazaxcman
20. Casvinoe amvinoasvr Kapasanowvl mexuuxanvix ynusepcumemi, Kapazanuowvi, Kasaxcman

3Satbayev University, Anmamul, Kazaxcman
*Koppecnonoenyus ywin asmop: dauralga@mail.ru

AHgarna.

ArnoMepar JOMEHIIK OanKBITYIOBIH IIUKIi3aTBl pPETiHAE [IOMEHAIK MPOIECTIH TaJanTaphlH OaphIHIIA

KaHaFaTTaHIBIPATHIH KACHETTEp KeIIeHIHe Me. ATIIOMepaTTapIblH Carmachl XUMHUSIBIK KypaMbl, MEXaHHKAIBIK JKOHE (H3HMKa-
XUMUSUTBIK KacueTTepi OoiibiHIa OaranaHazpl. JIOMHaHBI OalKbITyFa apHAIFaH JKOFaphl camayibl TeMip PYyJabl IIUKi3aT
KypaMBIHA 3USHIBI KOCTIaJapAbIH €H a3 Meimepi 0ap, kememi Ooifprama 40-TaH actaMm jkKoHE 5 MM-JIeH KeM CHIHBIITAP.IbIH €H
a3 Kypambl 0ap, JKymcapTy >kKoHE OasiKy TeMIlepaTypalapbHBIH Tap HWHTEPBANbI, KOFaphl KAJMbIHA KEIy XXOHE XOFapHI
OepikTiri Gap TeMip MeJIepi KOrapbl arjoMmepaT OONBIN caHamaabl. ATJIoMeparus Ke3iHIe TeTeporeHAl TeMip pyIalibl
MaTepHaIapIbl KalalblHA KENTipy MPOIECiHIH MIAPTHIMEH HETi3ri (QU3MKa-XUMUSIIBIK MPOIECTEp MEH TEPMOIMHAMHUKAIBIK
Kargaimapael eckepy KaxkeT. Makanana HSC Chemistry 5.10 GarmapiiaMachlH KoJJIaHA OTBIPBII, arjJoMeparus IpoIeciHie
TeMip KeHi MaTepHalIapblH TEPMOJMHAMUKAIBIK MOJICNIbACY HATIKeepl kentipuiren. Ecenteynep «Reaction Equationy ki
OarmapiamMachIHIa OPBIHAAABL. MOJenbaey Il )KYPri3y Ke3iH/e NIMXTAHbIH TeMIip KeHi KOMIIOHCHTTEPIH arjioMepanusuiayIbiH
allMaKTBIK TEXHOJIOTHSUIBIK MPOLECTEPl ECKEPii, OHTKeHI opOip aliMaKKa OJap/AblH TEMIIEPATypaIIbIK apajbIKTapblHA COUKEC
KeJNeTiH (pU3uKaIbIK-XUMHUSUTBIK TIPOIleCTepMEH MmapTTairan Oenrii Oip ¢a3zaHblH TY3Unyi coiikec kenmeni. benrini Oonranmaii,
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TeMip KEeHI MaTepHaJIapbIHBIH ariIoMepalrsChIHBIH OapJIbIK HETi3ri (U3NKa-XUMISUIBIK TPOIECTEPiH iCKe achlpy KesiHue
HOTIDKECIHJIEC aJbIHATHIH OHIMHIH camachlHa OH ocep eTyi twic. HoTmkecinme arimomepaliys mpoIieciHae SpTypii aiMakTapaa
OTETIH TeMip KEeHI MaTepHajapblHBIH XUMISJIBIK peakiusiaapsl  yuorH 25-1500°C  Temneparypa apaibIFbIHAAFbI
TEePMOJAMHAMUKAIIBIK (QYHKIHSIIAP aHBIKTaJIBL.

Hezizzi co30ep: aznomepam, KecekmeneeH WUXMA, AUMAKMbIK KYPbLIbLMblL, MEPMOOUHAMUKALLIK MOOenbOey, Kammbl
OMBIHHBIY JHCAHYbL, Kammbyl Pazanap 0Oabichl.

Pacyer TepmMoanHaMuYecKuX (PYHKIIUM NPHU arjioMepaunu
PA3HOPOJIHBIX KOMIIOHEHTOB IIUXTHI

E. Ko6eren?, JI.A. Ecenranues!”, 5.M. bopan6aesa?, H. Aiir6aes?, I M. Koifmmna®
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AHHOTanusl. ATJIIOMEpaT, KaKk ChIpbe JOMEHHOH IIaBKHU, TOJDKEH 00/a1aTh TAKUM KOMIIEKCOM CBOMCTB, KOTOPHII B Mak-
CHMaJIbHOHM CTENEHHU yJOBJIETBOPSET TPpeOOBAaHHUAM AOMEHHOTO Iporecca. KadecTBo armomMeparoB OIEHHBAIOT IO XMMHYECKO-
MY COCTaBY, MEXaHUUECKHM M (PM3MKO-XMMHUUECKHM CBOWCTBaM. BBICOKOKaUeCTBEHHBIM KEJIE30PYAHBIM CHIPbEM ISl JIOMEH-
HOM IITaBKH CUMTAETCS arjoMepaT ¢ BHICOKUM COJEpXKAaHHEM jKejle3a NP MUHHMMAaIbHOM COJACP)KaHHHM BPEAHBIX NpHUMeceH,
PaBHOMEPHBII 10 KPYITHOCTH NPU MUHUMAJILHOM COZIepKaHUH KiaccoB Oonee 40 1 MeHee 5 MM, y3KMM HHTEPBAJIOM TeMIlepa-
TYp pa3MsTdeHusl ¥ IUIaBJIeHHs], 00JIaIatoIuil BBICOKOW BOCCTAHOBUMOCTBIO M BBICOKOH NpouyHocThi0. C yciioBHeM mporecca
BOCCTaHOBUMOCTH PAa3HOPOHBIX JKEJIE30PYIHBIX MaTepUalIOB MPH arjioMepanuy HeoOX0AMMO YYUTHIBATh OCHOBHBIE (DM3HKO-
XMMHYECKHE TIPOIECCHl M TEPMOAWHAMHYECKHE YCIOBHSA. B cTaTbe NpHBEIEHBI pE3yiIbTaThl TEPMOAMHAMUYECKOTO
MOJICIIMPOBAHUS KEIE30PYIHBIX MAaTEPHAIIOB IPH MPOLECCe arloMepaniy ¢ HCIoib3oBaHueM nporpammel  HSC Chemistry
5.10. Pacuersl BhImonHEHBI moanporpammoit «Reaction Equationy». Tlpu mpoBeJeHHH MOJASIUPOBAHHS YYTCHbI 30HANBHBIC
TEXHOJIOTHYECKHE MPOLECCH arJIOMEpPaIii JKEIe30PYIHBIX KOMIOHEHTOB NIMXTHI, TAK KaK KaXKJOH 30HE COOTBETCTBYET OIpe-
JeneHHas (a3000pa3oBaHus, OOYCIOBIEHHAs (PU3MKO-XMMHYECKMMH ITPOIECCAMH COOTBETCTBYIOIIMX HX TEMIIEPAaTYPHBIM
uHTepBasaM. Kak M3BECTHO, NPU pealn3ali BCEX OCHOBHBIX (DM3MKO-XUMHUYECKUX MPOIIECCOB arjlOMepanny KelIe30pyJHbIX
MaTepHaJoB, B pe3yjbTaTe MOJDKHBI MOJIOXKHUTEIHHO MOBIHATH HAa KAa4eCTBO IOJy4aeMoro mpoaykra. B pesymerate ObLIH
OIpe/ieIeHbl TepMOIMHaMIYeckre GpyHKIMI B nHTEepBaie Temneparyp 25-1500°C st XUMUYECKUX peakuuii, IPOTEKAIONUX B
Pa3NUYHBIX 30HAX XKeJIe30pyIHBIX MaTepHajiax IpH MPOLECcCce arIoMepanyu.

Knioueevie cnosa: aznomepam, OKOMKOGAHHAA WUXMA, 30HANbHASL CMPYKMYpd, MEPMOOUHAMUYECKOe MOOeIuposanue,
2openue meepoo2o Moniusd, meepooasHas 0oa1acms.
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Orthogonal-contour geometrization of hydrogenetic
ore mineralizations

A. Mendygaliyev'", Ya. Arshamov?, E. Yazikov?

Satbayev University, Almaty, Kazakhstan
2Tomsk Polytechnic University, Tomsk, Russia

*Corresponding author: adilmsim@mail.ru

Abstract. The article presents an innovative approach to the geometrization of ore bodies during exploration work based on
geophysical and/or core studies in wells for the purpose of areal and thickness delineation of hydrogenetic ore mineralization.
The method makes it possible to obtain more accurate contours of ore bodies with a minimal increase in the number of wells
constructed for this purpose. The method can be used in planning and conducting exploration work on hydrogenetic deposits.
On the example of reservoir-infiltration uranium deposits of the Shu-Sarysu uranium ore province located in South Kazakh-
stan, shortcomings in the geometrization of ore bodies using the traditional method of placing of geological exploration wells
are demonstrated, as well as the shortcomings of the proposed in literature methods of ore geometrization and the main ad-
vantages of the proposed innovative approach. The developed method solves a number of significant problems in the subse-
quent planning and implementation of mining and preparatory work at hydrogenetic deposits, contributes to a significant in-
crease in the accuracy of the geometrization of ore bodies and calculation of reserves, and increases the reliability and invest-
ment attractiveness of explored hydrogenetic deposits. This method can also be used to save money by reducing the number of
wells being constructed, if used for an inverse problem in order to discharge placement of exploration wells in middle part of
ores bodies in hydrogenetic fields with a dense drilling grid.

Keywords: geometrization of ores, geological exploration, ore bodies delineation, well placement, hydrogenetic deposits,
orthogonal geometrization.

1. Introduction holes with 50 m distance between holes across the movement
of ore water and with 200 m distance between cross-sections

On the one hand, increasing the level of exploration of (Figure 1) [5].

ore mineralization serves as the main factor in reducing the
risks of possible non-confirmation of the obtained results and
non-rational approach to nature management, as well as the
primary way to create a more valuable and reliable asset in
the subsurface. But, on the other hand, as costs increase,
there is a risk of unjustified unnecessary exploration costs, as
well as a reduction in the total number of studied ore objects
due to the limited total amount of funds for exploration.
Achieving an optimal balance between funds spent and time
on the resulting detail and reliability of exploration work
refers to the best solution when creating a mineral resource
base and avoids subsequent unjustified expectations, as well
as unforeseen and unnecessary costs for the preparation of its
development.

Due to the fact that hydrogenous ore formation has a zon-
al nature of ore mineralization [1,2], its geometrization dur-
ing exploration works is well amenable to systematization
with little chance. For this reason, as an example, on hydrog-
enous uranium deposits in Kazakhstan at geometrization of
ore bodies at the stage of detailed exploration to the category
of C1 reserves, a geological exploration network of
200x50 m is used [3]. Small in power (from the first meters
to the first tens of meters) and narrow in width (in average
200-1000 m), as well as long (from several to tens of km) ore
bodies [4] are penetrated by a network of vertically drilled

Figure 1. Example of a 200x50 m exploration network at a
uranium deposit in the Shu-Sarysu uranium province

To perform geometrization of ores with this approach,
boreholes are drilled along the ore profiles up to the exit
from the ore bodies, and ore profiles are drilled as the zones
advance up to the exit from the ore bodies by the width of the

adjacent ore profiles (Figure 1).
© 2022. A. Mendyagaliyev, Ya. Arshamov, E. Yazikov
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Unfortunately, this approach does not allow to obtain the
most accurate contours of ore bodies between profiles, the
distance between which is 4 times or more than the distance
between the wells. As a result, a part of profitable for mining
ores turns out not to be covered by geological blocks and not
considered on the balance sheet. Besides, during the mine-
preparation planning and opening of ore bodies some part of
technological holes appears out of the ore mineralization
zone and some other part of delineating ore bodies occupy
not advantageous position relatively to the edges of ore bod-
ies. In literature [6] the most advantageous solution for a
more accurate geometrization of ores is an orthogonal sys-
tem, in which in addition to the transverse exploration pro-
files, longitudinal profiles are carried out perpendicularly to
the same network. But this approach does not consider the
true width of ore bodies and leads to unnecessary costs for
geometrization in wide ore bands, and also does not justify
itself in cases when the contour of ore bodies passes between
longitudinal profiles.

The traditionally used 200x50 m exploration network ig-
nores the literature recommendation based on mathematical
modeling and turns the savings of exploration funds into a
decrease in the quality of reserves calculation, the plan of
mining operations and into an increase in the cost of mining
preparation processes with a decrease in their quality. In
order to improve the quality of geometrization of ore bodies
without unjustified costs of their implementation, this paper
proposes an innovative orthogonal-delineation approach for
delineation ore bodies in plan. The orthogonal- delineation
method will allow to obtain even more accurate results of
geometrization of hydrogenous ore bodies than the literature
recommended orthogonal, while using a smaller number of
wells constructed for this purpose.

2. Materials and methods

To implement the orthogonal- delineation geometrization
of ore bodies when drilling holes on the ore profile, the exit
from the ore body from the last ore hole is also carried out in
perpendicular directions (Figure 2). l.e. if an ore well is adja-
cent to a non-ore or an off-balance well on the geological
exploration profile, then near such an ore well perpendicular-
ly to the adjacent well at the same distance delineation wells
are constructed. And then the delineation continues along the
network of inter-well spacing according to the same rule
until the complete delineation is completed.

Eventually 2 more perpendicularly neighboring wells are
drilled near each well adjacent to a non-ore or off-balance
well, and each well adjacent to two or three non-ore wells is
always surrounded by neighboring wells on all four sides.
l.e., when the orthogonal delineation geometrization of ore
bodies with 200x50 m net drilling (distance between the
exploration profiles of 200 m, and 50 wells in a row) at the
boundary of ore bodies (at the exit of the ore body) is used a
network 50x50m. Similarly, with a network of 400x50 m,
800x50 m, etc. Thus, to delineate the boundaries of the bal-
ance ore bodies, the minimum distance between the wells in
the adopted exploration network along the entire boundary of
the ore body in all four directions of the exploration network
along and across the strike of the ore bodies is applied. In
this case, the exit from the off-balance ore to the "waste"
rocks is carried out in the usual way (along the profiles of the
exploration network).
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To visualize the result on the conditional ore body, simi-
lar to the real one, the construction of exploration wells by
the conventional network of 200x50 m and orthogonal- de-
lineation holes was simulated (Figure 2.), after that the ge-
ometrization of geological blocks was carried out by the
traditionally accepted methodology (Figure 3). In geological
blocking, the block boundary between ore and non-ore wells
is drawn for a quarter of the network, as the average off-
balance areas will be in the middle of the network, and the
balance areas in this case will be on average limited to a
quarter of the network. The areas of the simulated geological
blocks are then compared with the contours of the conven-
tional true ore bodies and the discrepancies are analyzed to
compare the delineation methods.

Traditional drilling Orthogonal contour drilling
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Figure 2. Example of orthogonal delineation geometrization

3. Results and discussion

The results of blocking are shown in Figure 3 and are
clearly visible at a glance. With the traditional method of
geometrization using a 200x50 m grid, a conditional balance
ore body of 365.369 square meters was penetrated by 39 ore
holes, delineated by 17 off-balance and 23 "empty" holes.
The area of the geological block was 316.250 square meters.
At the same time 64.137 square meters of the ore body (18%)
were not covered by the geological block, and 15.018 square
meters of the block (4.7%) were outside the ore body. Thus,
the geometrization error was 79.155 square meters (21.7%).
In the orthogonal delineation geometry, the same ore body
was penetrated by 110 ore holes, delineated by 44 off-
balance holes and 49 "empty" holes. The area of the geologi-
cal block was 335.781 square meters. However, 40.397
square meters of the ore body (11%) were not covered by the
geological block and 10.809 square meters of the block
(3.4%) were outside the block.

Traditional drilling

200 000

Orthogonal contour drilling

Conditional ore body area of 365.4
thousand square meters andits O
drilling
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2600000

00000000+ ¢
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Figure 3. Geological blocking of the conventional ore body
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Thus, the geometry error was 51.206 sg. m. (14%), which
is 27.949 sq. m. (7.6% of the ore body) less than the tradi-
tional method. Thus, the geometry error was 51.206 sg. m.
(14%), which is 27.949 sq. m. (7.6% of the ore body) less
than the traditional method.In addition to refining the balance
mineralization, the amount of data on off-balance grades has
increased significantly, which will allow for more accurate
blocking of off-balance blocks and facilitate mining plan-
ning. Moreover, additional data will necessarily clarify the
geological structure of productive horizons, their lithologic-
filtration and facies structure, and the morphology of ore
bodies, increasing the reliability of the results and reducing
the risks of incorrect correlation of bodies and horizons. Of
the disadvantages, it should be noted the need to use exclu-
sively independent of the uniformity of the network ways of
calculating reserves (for example, by the method of Voronoi
polygons [7] or three-dimensional block modeling, etc.), or
to combine a large number of wells to create a uniformity of
the network.

4. Findings

Despite the fact that to reduce the error from 79.155 sq.
m. to 51.206 sg. m. (by 27.949 sg. m., which is 35.3% of the
unconfirmed sum) it was necessary to drill 128 more wells
(203 with the orthogonal delineation method vs. 79 with the
traditional method), it is important to note a number of nu-
ances in this situation. Firstly, it is impossible to obtain the
same geometrization refinement by any other method with
fewer wells. Secondly, the form of blocks itself has taken
much more true form and significantly increased the under-
standing of profitability of individual sections, due to which
the narrow parts can be transferred to the technological off-
balance relative to the profitable network of geotechnological
cells. Thirdly, expansion of technologically profitable zones
and preparation of technologically profitable ores not consid-
ered earlier was carried out, which should instantly recoup
the costs generated in the subsurface assets.

Fourthly, practically the whole part of orthogonal-
delineation drilling is always carried out in problematic,
narrow and not large in area ore parts, most of which would
have been planned for mining works and penetrated by tech-
nological wells with approximately the same inter-well spac-
ing, and then would have led to big problems. Fifth, this
approach allowed a large number of wells with off-balance
grades to be mapped with high accuracy (44 vs. 17), which
will greatly improve the quality of further planning of mining
operations and ore opening. Sixth, as an example of geologi-
cal exploration of formation-infiltration uranium deposits, in
contrast to prospecting and preliminary exploration, at the
stage of detail is much cheaper, non-core drilling (delineation
by geophysical survey data) and, therefore, without the im-
plementation of core documentation, without sampling and
without chemical-analytical studies.

If we consider that only a part of the deposit belongs to
the demonstrated narrow ore bodies, orthogonal-delineation
geometrization will not affect the total cost of exploration
works so much, will increase the total cost of exploration
works approximately by 5-10%, but will solve about 35% of
problematic cases and give the above-described improve-
ments and some other improvements.
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5. Conclusions

Innovative approach of geometrization of ore bodies al-
lowed on conditional ore body by means of conditionally
drilled additional 128 orthogonal delineation holes to account
for additional 23.740 sq.m. of ore body. For example, if
average cost of a hole was 1.5 million tenge, additional 192
million tenge would have been required to construct them,
but with average ore thickness of 6 m and average uranium
content of 0.03%, increment of profitable ores would have
been about 68.37 tons of uranium, total cost about 3.424
million tenge. Also, this approach prevented mining planning
and uncovering of non-existing ores in an area of 4209 km.
m (11 injection wells, thereby preventing errors in several
planned technological cells) and brought a number of other
improvements.

As a result, this method showed a number of advantages
over the traditional and system of geometrization of ores
proposed in literature. The cost of work on the example of
layer-infiltration uranium deposits is projected at an accepta-
ble and justifiable level. The increase in the number of in-
volved market production facilities, funds and time is com-
pensated by the reduction of involved facilities, funds and
time for mining works. Under similar conditions the method
is recommended for application.

References

[1] Kislyakov, Ya.M., Shetochkin, V.N. (2000). Hydrogenetic
ore formation. Moscow: CJSC Geoinformmark
[2] Batulin, S.G., Grushevoy, G.V., Perelman, A.l. et al.
(1980). Hydrogenetic deposits of uranium. Fundamentals
of the Theory of Education. Moscow: Atomizdat
Instruction on the application of the classification of
reserves to hydrogenetic uranium deposits (Addendum
to the Instructions on the application of the classifica-
tion of reserves to deposits of radioactive ores). (2008).
Committee of geology and subsoil use of the Ministry of
energy and mineral resources of the Republic of Ka-
zakhstan, State Commission on Mineral Reserves,
Astana
Report on deep geological mapping of the Mesozoic-
Cenozoic cover of the Chu-Sarysu depression on a scale
of 1: 200000 sheets L-42-XXII, XXVIII, XXXI11(124),
XXX, XXXIV, K-42 -11I (5-B, 6-A, B, D), IV (7-8) for
1996-2001. (2002). JSC "Volkovgeologia", Almaty
Report on the results of detailed exploration of area 4 of
the Inkai uranium deposit for the period 2006-2008 with
the calculation of uranium and PPK reserves as of
01.07.2008. under Contract No. 1800 dated July 08, 2005.
and Supplement 1 No0.1830 dated September 15, 2005.
(2008). JSC “Volkovgeologiya”, Almaty
Brovin, K.G., Grabovnikov, V.A., Shumilin, M.V. &
Yazikov, V.G. (1997). Forecast, prospecting, exploration
and commercial evaluation of uranium deposits for min-
ing by underground leaching. Almaty: Gylym
Mendygaliyev, A.A., Selezneva, V.Yu. & Yazikov, E.G.
(2020). Development and innovative solutions to urgent
problems of geological exploration of hydrogenous urani-
um deposits. Scientific, Technical and Industrial Mining
Journal of Kazakhstan, 3(179)

(3]

(4]

(5]

(6]

[7]



A. Mendygaliyev et al. (2022). Engineering Journal of Satbayev University, 144(3), 30-33

I'maporenai KeHaeHyJIepAiH OPTOrOHAJABI-KOHTYPJIbI
reoMeTpHu3alusiIaHybl

A. Menppranues!’, SI. Apmamos?, E. SI3uxos?

1Satbayev University, Azmamor, Kazaxcman
2Tomck noaumexnHukanwvly ynusepcumemi, Tomck, Pecel

*Koppecnonoenyus ywin asmop: adilmsim@mail.ru

Amnnarna. Makana MaTepuaibl THAPOTEHII MUHEPAIIBI KapalbIMIap/ bl aTaHIBbIK KOHE KaJbIHIBIK OOWBIHIIA KOHTYpJAY
MaKcaThIH/la YHFbIMallapAarbl Teo(U3MKAJIbIK JKOHE/HEMece KEepHIIK 3epTTeyJiepre Heri3/ieNreH TeoJIoTHsUIbIK  Oapiay
JKYMBICTaphl Ke31H/e KeH JICHEeNEpiH TeOMeTpH3alysIayAblH MHHOBAIMAJIBIK TOCUIIH cuIaTTayiad Typaisl. by anic ocsl yiuiH
CaJIbIHFaH YHFbIMaJIap CaHBbIHBIH MUHHMAJbl ©6CYIMEH KEH JICHEJIepiHiH JaIipeKk KOHTYpJIaphlH ajyFa MyMKIHZIIK Oepeni. by
OMiCTi THAPOTEH/I KCHOPBIHIAPBIHIA TCOJOTHSJIBIK Oapiay >KYMBICTApPbIH KOCIApiiay JKOHE JKYPrizy Ke3iHJe KoJaaHyra
6onanel. OHTycTiK Kazakcranna opuanackan [ly-Capbicy ypaH KeH/i MPOBHHIMACHIHBIH KaOATTHIK-HHPIIbTPALMSIIBIK YpaH
KEHOPBIHAAPhI MBICANBIH/A T€ONIOTHSIBIK Oapiay TOpaOblH OPHANACTHIPYABIH JICTYPIi 9iCTeMECiH maiianaHy Ke3iHae KeH
JICHeTIepiHIH TeOMEeTPH3alMsUIaHybIHIAFEl  KEMINUTKTep KOpPCeTiNmi, CcoHmaii-aK KeHAEpAI TeoMeTpH3aIlsuIayIbIH
omeOmeTTep e YCHHBUIFAH TOCUIAEPiHIH KEMIIUTIKTEPi )KOHE YCHIHBIIATEIH HHHOBAIUIIBIK TOCUIAIH 0acThl apTHIKIIBUIBIKTAPHI
TYCIHIIpLIMi. O3ipIeHTeH 9Mic THAPOTCHII KCHOPBIHIAPHIHAA Tay-KeH NaHBIHABIK JKYMBICTAPBIH KE3€KTi JKocmapiay MeH
JKY3ere achlpyAblH OipKaTap MaHbI3Ibl MACENENEpiH MIeHe/li, KeH ICHENEPiHiH reOMeTPU3AIMACHl MEH KOpJap/Abl ecenTey
JOIIITIHIH eIoyip apTyblHA BIKMAX CTedi, OapjaHfaH THIPOTCHJI KCHOPBIHAAPBIHBIH CEHIMIUIINT MEH WHBECTHIIMSIIBIK
TapTBHIMIIBUIBIFBIH apTThIpaabl. byl omicTi, erep ci3 OHbI OYpFbUIAY/IBIH THIFBI3 TOPAObl Oap TUIPOreH/i KEHOPBIHIAPbIHAAFbI
Oapnay yHFBIMaJapbIHBIH 1IIKI KOHTYPJBIK TOpaOBbIH CHpEripek »acay YIIiH Kepi TarnchlpMa YIIiH KOJIIaHCaHBI3, CalbIHATHIH
YHFBIMaJIap/IbIH CaHbIH a3aiTy apKbUIbI IIBIFBIHIAPABI YHEMJICY YILIH JIe KOJIAaHyFa 00Jabl.

Hezizzi co30ep: kenoepoi ceomempuszayusaiay, 2eolocusivlk 0apiay, KeH OeHenepiH aHbIKmay, YHEbIMALapobl
OPHANACMBIPY, 2UOPO2EHOI KEHOPBIHOAD, OPMO2OHANLObL 2COMEMPUIAYUSL.

OpTOroHaJIbHO-KOHTYPHAsl FeOMeTPHU3alus THIPOTreHHbIX OPYACHEeHN I
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AHHOTanusi. Marepuan craTbu HpEACTaBIsIET CO00M WHHOBAIMOHHBIM IOJIXOJ K T'€OMETPU3alMU PYIHBIX Tl MpH
Te0JIOTOPa3BEA0YHBIX padoTax OCHOBAHHBIX Ha T€O(M3MUECKHX /MM KEPHOBBIX HCCIIEIOBAHHMAX B CKBAKHHAX C IEJBIO
TUIOIIAIHOTO ¥ MOIIHOCTHOTO OKOHTYPHBAHUS THAPOT€HHBIX MUHEPAJILHBIX 00pa3oBaHui. MeTo | Mo3BOJISET I0TydaTh Oosee
TOUYHBIE KOHTYPBI PYAHBIX TEJl IPX MUHUMAIBHOM YBEJIIMYEHUU KOIHMUYECTBA COOPYXKAEMBIX JJIsl 3TOTO CKBaXXHH. MeTox MokeT
OBITH MCIIONIB30BAH NPH IUIAHUPOBAHUM W IPOBEAECHHH TI'€0JIOTOPa3BEAOYHBIX PadOT Ha TMAPOTEHHBIX MECTOpPOXKICHUsIX. Ha
npruMepe IUIaCTOBO-WHOMIBTPAIMOHHBIX ypaHOBBIX MecTopoxaeHui Illy-Capsicyiickoi ypaHOBOPYIHOWH IPOBHHIINH,
pacrionoxkerHoii B IOxkHOM KasaxcTane, mHpOJEMOHCTPHUPOBAHBI HEAOCTaTKH B TEOMETPH3ALMU DPYAHBIX TN TPH
WCIIOJIb30BAaHUM TPAAWIHMOHHOW METOJMKH pa3MEIIeHUs] TeO00OTOPa3BEeOYHON CeTH, a Takke OOBSICHEHBI HEIOCTAaTKU
JUTEPATypHO MPEUIOKEHHBIX CHOCOO0OB IeOMETPU3AIlH Py W TJIABHBIE MPEHUMYIIECTBA IpEAaraeMoro MHHOBAIIMOHHOTO
noaxona. PazpaGoTaHHBIN MeTOA permmaeT ps 3HAYUTENBHBIX MPOOJIEM IOCIEAYIOMIEro IUIAHUPOBAHHUS M OCYIIECTBICHHUS
TOPHO-TIOATOTOBUTENBHBIX Pa0dOT Ha TMJPOTEHHBIX MECTOPOXKIECHUSIX, CHOCOOCTBYET 3HAUNTEIHHOMY MOBBIIIEHUIO TOYHOCTH
reoMeTpU3aluy PYyIHBIX T€l M IIOJCYETa 3aIlacoB, IIOBBIIAET JOCTOBEPHOCTh M HHBECTULUHUOHHYIO IIPUBJIEKATCIBHOCTb
pa3BellaHHBIX THPOTEHHBIX MECTOPOXKICHUH. JJaHHBIN METO| TaK)ke MOXKET OBITh NCIIOJIB30BAH JUISl SKOHOMHHU CPEJICTB ITyTeM
YMEHBIICHUSI KOJMYECTBA COOPY)KAEMbIX CKBa)XKMH, €CJIM HCIIOJBb30BaTh €ro Juisl OOpaTHOW 3alaud C HENbI0 pa3psHKeHUs
BHYTPUKOHTYPHOH CETH Pa3BeJ0YHBIX CKBAXXMH Ha THIPOTEHHBIX MECTOPOXKIICHUSIX C I'YCTOH CEThIO OypeHHUs..

Knrwouesvle cnosa: ceomempusayusi pyo, 2eonocopaseedkd, OKOHmMypusaue pyo, 2e01020pa3eedoutds cembv, UOPO2eHHble
MeCmopOodACOeHUs, OPMOLOHANbHASA 2COMEMPUIAYUL.
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Modern monitoring tools — effective way to ensure safety in subsoil use

K.B. Rysbekov!, Dai Huayang?, M.B. Nurpeisoval®, V.H. Lozynskyi®, G.M. Kyrgyzbayeva’, K. Kassymkanova?,
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Abstract. Work aim is to carry out geomonitoring of rock mass state, which provides for comprehensive accounting and
analysis of all natural and man-made factors, as well as use of methods and control tools developed by authors.Work uses
complex method, including: study of mining and geological conditions, structural features of rocks of deposits and conduct of
mine surveying observations in mines based on innovative methods and means of geomonitoring developed by the authors.
Research materials of geomechanical processes at the mines of Akzhal, Saryoba Sayak and others are presented during projects
implementation of «Development of innovative methods for predicting and assessment of rock mass state to prevent techno-
genic emergencies» and «Comprehensive monitoring of slow deformation processes of the earth's surface during large-scale
development of ore deposits of Central Kazakhstan», and also used in the educational process of Satbayev University.

As a result of research: methodology for comprehensive assessment of rocks state has been developed, which makes it
possible to consider features of geological structure of undermined strata and, thereby, improve quality of geomechanical sup-
port for mining operations; design of permanent forced centering point (FCP) for installation of high-precision instruments has
been developed, which makes it possible to ensure speed and accuracy of centering, as well as to exclude use of tripods; scien-
tifically substantiated possibility of predicting stress-strain state of rock mass in the studied deposits, i.e. it is possible to de-
termine: tensile strength - oco; clutch - K; density - y and strength of rocks - f according to the scale of M.M. Protodyakonov;
composition of hardening solution from mining waste has been developed to increase stability of sections of ledges of quarry,
which has high fluidity, adhesion to rocks and sufficient strength.

Keywords: ore deposits, rock fracturing, deformations, geomechanical monitoring, methods, tools, geodetic instruments,
massif state assessment, cement mortar.

1. Beenenue ynensercss OoyibIloe BHUMAaHHE, O YEeM CBUJETEIbCTBYET
BO3pOCIIIee YKCIIO MyOIMKaIUKU Ha 3Ty Temy [4-7].

Jlist MecTOpOXIIeHHI TBEPABIX IOJE3HBIX HCKOMAeMBIX
reoMexaHnueckoe obecreueHrue 0e30MacHOCTH TOPHBIX pa-
00T, KaK MpaBWioO, 0a3UpyeTCs HAa MH)KEHEPHBIX MOJX0Jax,
aIaliTUPOBAHHBIX K KOHKPETHBIM T'OPHO-TEO0JOTHYECKUM
ycaoBusiM pazpabotku. [Ipu mogo6HOM Mojaxoe HE YUHThI-
BAIOTCSl JIOKAJIbHbIE 0COOEHHOCTH CTPOCHUSI TIOAPaOOTaHHBIX
TOJILL, U3MEHYMBOCTh (PU3MKO-MEXaHUYECKUX CBOICTB IOPO]
U TEOMEXaHWYECKUX XapPaKTEPUCTUK I'€0JIOTMYECKON CPEeabl.
A Bce 310, 0E3yCIIOBHO, CKa3bIBaeTCs Ha JOCTOBEPHOCTH
reOMEXaHHYEeCKUX OLEHOK peajbHBIX T'OPHOTEXHHYECKUX
curyaiid. Bo3MoOXHOCTH yueTa HepedyucieHHbIX (H3HUKO-
reoJIOTHYeCKuX (PaKTOpOB B TEOMEXAaHWYECKHX pacuerax
TOSIBJIIIOTCS 38 CUET BEACHHS M ydeTa Pe3ysIbTaTOB I'e0JIe3H-
YEeCKUX HAOIIOICHUH.

B mocnenHee BpeMs NpH MOHHMTOPHHIE TEXHOT€HHBIX
MPOLIECCOB HAXOAAT OoJiee IIMPOKOE NPUMEHEHUE JaHHBIC
CIyTHHKOBOHN pamapHON HHTEpHEpOMETpPHH KOCMHYECKOTO
3oHAMpOBaHUA 3emiu. OCHOBHOE NPEUMYIIECTBO JAHHOTO
METOJla COCTOMT B BO3MOXXHOCTH OXBaTa 3HAYUTENBHBIX
wrontaned. [1o HHCTPYKIMK HAa3eMHBIE HAOJIIOAEHHS MPOBO-
JIITCS 7IBa pa3 B TOJ C MHTEPBAIOM 6 MECSIEB. 3a 3TO BpeMs
MOXET pa3BUTHCS OOpYIIEHUE, M €r0 HEBO3MOXKHO HpeJicKa-

OnHOM W3 aKkTyalbHBIX NPOOJEM NPH BEJCHUH KPYIHO-
MacmTabHBIX TOPHBIX PadOT, OCOOEHHO B MAaCCHBaX CKallb-
HBIX TIOPOJ, SABJIACTCA TEXHOT'CHHAA CeﬁCMH‘IHOCTB, BJICKY-
masi 3a co0oil He TONBKO KaracTpopuuecKue TEXHHUKO-
OKOHOMUYCCKHE TIOCJICACTBUMA (TeXHOFeHHLIe 3EMIJIETPACE-
HUs, TOPHBIC YyAapbl, OIOJI3HU U I[p.), HO W OpuBOAsALIasA
HHOT'JIa K YCJIOBECYCCKHUM KEPTBAM. Bce ato siBsiercs nps-
MBIM CJIEACTBUEM HN3MEHCHUA T'COAMHAMHYCCKOIO PpEeXKUMa
Te0JIOTHYECKOH Cpesibl MOJ BIMSHHEM KpPYITHOMacUITaOHBIX
TOPHBIX PaboT, YTO yOeANTEIHHO MOATBEPIKIAETCS PE3yJib-
TaTaMH HAYYHBIX HCCIJIC[OBAHUH, MPOBOJUMBIX Ha PYAHBIX
MmecropoxaeHusx LlenTpansHoro Kaszaxcrana. Pynneie me-
CTOPOXK/IEHHSI YIIBITAYCKOM 00JAacTH SIBJISIOTCS MOILIHBIMHU
CyOBEKTaMH aHTPONOT€HHOTO BO3ACHCTBUS Ha OKpY’Kalo-
IyI0 Cpeny, NPEACTABIAIONIMMHE OOJIbIIME BO3MOXXHOCTU
JUISL MCCJIEIOBAHUSI HIMPOKOTO CIIEKTpa TEXHOTCHHBIX Kara-
CTpO(d ¥ CHIKXECHHUS UX PUCKA.

IIpoGnema TeXHOTEHHBIX KaTacTpod) ocTaercsi aKTyalb-
HOHM B HACTOsIII[EEe BPEMs BO BCEX CTPaHaxX C Pa3BUTON rOPHO-
JOOBIBaIOIIEH NPOMBIIIJIEHHOCTBIO, YTO €Ile pa3 IHOATBep-
JKIAIOT MaTepHajbl O4yeperHoro 6-ro MexIyHapoHOTO
CHMIIO3MyMa I10 TOPHBIM YAapaM M IIaxXTHOH CEHCMUYHOCTH

[1-3]. YmpaneHuio pasiTUYHBIMH PHCKAMH HOBCEMECTHO
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3ath. [lo3TOMY I pemeHus IeJIoro psiia TOPHOTEXHHUYE-
CKHX 3a/1a4 METOJBI pPacueTOB NOJDKHBI OBITH CKOPPEKTHPO-
BaHbI JJI1 KOHKPETHBIX YCIOBUH, U TIPU 3TOM CJICIYeT yIeCTh
BJIMSIHUC MPUPOIHBIX M TOPHOTEXHUYCCKUX (PAKTOPOB, a
TaKXKe U3MCHUYUBOCTh 3HAYCHUHN MPOYHOCTHBIX CBOWCTB ITO-
POl B MPOCTPAaHCTBE W BO BpeMeHH u Jp. Hecmotps Ha
0OJBIIOE YHUCIIO HCCIIEOBATENLCKUX paboT [6,7], Bompoc
MPOTHO3MPOBAHUS ¥ YIPABJICHUS PUCKOM TEXHOTCHHBIX
KaTtacTpod B BHAY CIIOKHOCTH M OOJIBIIOTO Pa3HOOOpasus
TOPHO-TEOJOTHYECKIX OCOOCHHOCTEH MECTOPOXIEHHS BCe
eIlIe TIOJTHOCTBIO HE peIlieH.

Henpro HacTosAmed pabOTHI SIBISETCS OCYIIECTBICHUE
TEOMOHHUTOPHHTA COCTOSHHSI MAacCHBa TOPHBIX IOPOZ,
NPeyCMAaTPUBAIOIIETO KOMIUICKCHBIN YUET M aHaIu3 BCEX
MPUPOIHBIX M TEXHOTCHHBIX (DaKTOPOB, a TAKXKE HCIOJB30-
BaHUE pa3pa0OTaHHBIX aBTOPAMH METOJOB U CPEJICTB KOH-
TpPOJISL.

2. MaTepHaibl H METOIBI

AHanu3 COCTOSIHUSI METOJMKH MTPOBECHHUS MapKILeHiep-
CKUX HaOJIIOACHUH M MHTEPNPETAIMs MOIyYCHHBIX TaHHBIX,
MIPeXJE BCEro, CBS3aHbI C OTCYTCTBHEM 3(GPEKTUBHBIX CIIO-
co0OB ompeneneHns] BEINYNH OCEAaHHs 3€MHON IMTOBEPXHO-
ctu (O3II), uTo 00ycnaBIMBaeT HEOOXOAUMOCTE COBEPIICH-
CTBOBAaHMS  METONMKH  MapKIIEHIepCKO-Te0Ie3MIECKUX
HaOmoneHui 3a Ae(hOpPMAIAMHU TOPHBIX ITOPOA C HCIHONB30-
BaHMEM COBPEMEHHBIX DJICKTPOHHBIX MPHOOPOB AJs MOBHI-
IICHHUs JTOCTOBEPHOCTH, ONEPATHMBHOCTH ITIPH ONpEACICHHU
napameTpoB O3I1 st 6e30macHOro OCBOEHHS HEAP U NpH-
HATHA MEp OXpaHbI pa3pabaTeIBaeMbIX 00BEKTOB [8,9].

Kadenpoit «Mapkieiiiepckoe JAeI0 W T€OAe3Us»
Satbayev University yzaemnsieTcst NOBBILICHHOE BHHMaHHE
MIPOMBIIIUICHHON 0€3011aCHOCTH Ha pyJHHUKaX. ITO 00yCIIoB-
JICHO TEeM, 4TO OOJIBIIMHCTBO HETAaTHUBHBIX SBICHHUH, IIPHBO-
JSIIUX K Pa3IMYHOrO PoAa WHIUAEHTAM NP BEJICHUHU TOp-
HBIX PaboOT, CBA3aHBI C BOIIPOCAMH YIPABIECHHUS TOPHBIM
nasieHueM. IIpy 5TOM OCHOBHAs pOJIb OTBOJIUTCS BHEIpE-
HHIO B MPAKTHKY COBPEMEHHBIX TEXHOJIOTHH U CPEJCTB KOH-
TPOJIS © MOHUTOPUHra MaccuBa rOpHBIX nopoa. CBHUAETeNb-
CTBOM 3TOMY SIBJISIETCSI IPOBOJMMBIE HAMH UCCJIEJOBaHHUS 1O
npoektam «Pa3paboTka MHHOBAIIMOHHBIX METOJIOB MPOTHO-
3MPOBAHUS M OLIEHKH COCTOSHHSI MaCCHBA TOPHBIX TIOPOJT JUIS
NpeAYNPexISHNs] YPE3BbIYalHBIX CUTYallii TEXHOTEHHOI'O
xapakrepa» H «KOMIUIEKCHBIH MOHHUTOPHHT MEIJICHHBIX
Jne(opManMoHHBIX IPOIIECCOB 3€MHOIM IOBEPXHOCTH IIPH
KPYIHOMACIITaOHOM OCBOEHHH PYIHBIX MECTOPOXKICHUH
HenTtpansHoro Kazaxcranax» [10].

B nenom reopeznueckue HaOMIONEHUS C UCTIOIb30BAHUEM
pUOOPOB HOBOT'O IOKOJIEHHS JIal0T BO3MOXKHOCTH BBISIBHTH
JnedopMalii MacCUBa, YTO CYILECTBEHHO IMOBBIIIAET OICHKY
TEOJMHAMUYECKON CHUTyalluu B palioHe pPa3pabOTKH MeECTO-
poxxaeHusi. Ho OHM He MO3BOJISIOT MOJYYHTh HOJHYIO KapTH-
Hy J1e)OpMAIIOHHBIX TIPOIIECCOB BO BPEMEHH. DTO BO3MOMKHO
OCYIIECTBUTH TOJIBKO C HUCHOJIb30BAHUEM KOMILIEKCHON METO-
JMKN M3y4eHHs TPHUPOIHO-TEXHUYECKOW CHCTEMBI, OCHOBAH-
HOHM Ha NPOBEAECHHU FE€OMEXaHWYECKOTO0 MOHHUTOPHHIA, KOTO-
past SIBJISICTCS] OPUTHHAIBHBIM IPOAYKTOM TPYIIIBI HCCIIeI0Ba-
teneid KasHUTY u mpencrasuser cobolt 3G QekTHBHBIA MH-
CTPYMEHT, MO3BOJISIONIMI 00ECIednTh MakCHUMallbHYylO0 0e3-
OIIACHOCTh BEJICHHSI TOPHBIX PabOT Ha OCHOBE KOMIIEKCHOCTH
HCTIONB3YEMOT0 TOAXOAa, KOTOPBIA B OOIIEM BHUIE MOXET
OBITH IIPENICTABIICH CIEAYIOMNM 00pazoM:
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- Ha OCHOBE aHaJlW3a TEOJIOTMM W TEKTOHHWKH paiioHa,
SKCIEPUMCHTAIBHBIX OLEHOK HAIPSHKCHHOTO COCTOSHHS U
WHCTPYMEHTAIBHBIX HaOJIOJICHU B MacCHUBE BBIICIISIOTCS
«9HEPrOHACHIIIEHHBICY» 30HBI, KOTOPhIE OMpPEIEAIOT IpaHU-
16l 30HBI T€OJUHAMUYECKOTO MOHUTOPHUHT;

- Jlaiee OpraHU3yeTCss MOHUTOPHUHT ONaCHOM 30HBI, KOTO-
pBIit BKIIIOUAeT B ceOsi B OCHOBHOM KOHTPOJIb JiehopMaluy 1
YPOBHS CTPYKTYPHOI HapyIIeHHOCTH MaccuBa [11];

- IO pe3yabTaTaM KOCMHYECKHX PalapHBIX HaOIIOICHHHA
YCTaHABJIMBACTCS PSJI JOKATBHBIX 0YaroB OCEeNaHWH 3eMHON
MMOBEPXHOCTH HAJ y4acTKaMU IIOA3eMHOM 100brau. B HacTo-
sIiee BpeMs Ha 3THX yJacTKaX MECTHOCTH BEAyTCS Ha3eM-
HbIE HaOJIFOACHHS;

- B JanbHeHIeM Bcsi MHGOpPMAaLus O 3aKOHOMEPHOCTH
Ipoliecca CABUKEHHUS CUCTEMBbI M NapaMeTphbl €€ KpuTHde-
CKOT'O COCTOSIHUSI MOCTYIIAeT B SKCHEPTHYIO CUCTEMY, Il Ha
OCHOBC MHTETIpUPOBAHUA 633 JAaHHBIX W KOMIIJICKCHOI'O aHa-
nu3a aernaetcs oueHka coctosiHus [1TC u 060CHOBBIBaIOTCS
COOTBETCTBYIOII[E pEIIEHUs IO OXpaHe HeOp U 3eMHOU
noBepxHoctH [12].

B mpakTtuke MoHHTOpHHTa Ae()OPMHPOBAHHOTO COCTOS-
HUS 36MHOH MTOBEPXHOCTH IIPH pa3padOTKe MECTOPOXKICHUU
1 TOJpabOTKe COOPYKCHHI UCHOIB3YIOTCS PAa3TUIHBIC THUITHI
pabounX HUBEIHPHBIX PEIEepPOB W OMOPHBIX IMyHKTOB. MHO-
TOJICTHHE WHCTPYMCHTAJbHBIC HAONIONEHUS MOKa3all TPy-
JIOEMKOCTb TOJIEBBIX PabOT, OCOOEHHO TEPEHOC C OJHOTO
MIyHKTa B IPYroi KoMmIulekTa mpubopoB (caMm mpubop, mra-
THUB, pEHKH U 1p.). B 3Toii cBsi3M, 11 yCTaHOBKM MPUOOPOB
U yBEJIMYCHUS CKOPOCTH HM3MEPUTEIbHBIX OIlepalyid, BO-
NEepBBIX, HAMU pa3paboTaH MOCTOSHHBIA IyHKT MPUHYIU-
tenpHOTO TeHTpupoBanus (IIIL), ycraHaBnmBaeMBIii B
OTIOPHOM ITyHKTE TPH BEJACHUN I€OMEXaHHIECKOTO MOHHTO-
purra (pucyHok 1). YCTpoHCTBO OTHOCHTCS K TeOjAe3nde-
CKUM IICHTPaM IJIsl YCTAHOBKU HOBBIX TIPHOOPOB M CUTHAJIOB.
Lenp n300peTeHuss — MOBBICUTh TOYHOCTH IIEHTPHUPOBAHHS,
OTIePaTUBHOCTh HM3MEPCHHS NpPU OTCYTCTBHH IITATHBOB B
MyHKTaX CTOSHUS U HaOmoneHus. HoBoe yCcTpoHCTBO MO3BO-
nsieT o0ecnednTh OBICTPOTY M TOYHOCTH LEHTPHPOBAHUSA, a
TAK)KE UCKIIIOYaeT npuMeHenue mratusoB [13]. TIpeumyiie-
ctBa: IIpocToTa M BBICOKAsh TOUHOCTh YCTAHOBKH I'€0/Ie3UYe-
cKkoro o0opyJoBaHMs M OpueHTHpoBaHus (0e3 mTaTHBa).
[TyHKT BUJleH u3/aj1eKka 1 XOpouIo 3aMeTeH ISl MOHUTOPUH-
ra OOJBIIUX TUTOIIAICH.

Pucynox 1. Cnymnuxoevie usmepenus GPS-npuemnuxamu,
ycmanoenennvimu I

[Tpn mpousBoACTBE IMOJEBHIX pabOT NPUMEHSIIOCh TPH
GPS-npuemnuka mBeiinapckoit ¢upmbsr Leica GS16 — 2
npueMHuKa 1 oauH npueMHUK GPS1200. M3mepenust mpous-
BOJAWINCEH B 3 ceaHca CIyTHHKOBBIX HabmromeHuil. IIpomo-
KUTEIBHOCTh KAXKIOTO CeaHca HE MEHEE 5 9acoB, MPH 3TOM
3a Hayajo OTcUeTa ceaHca HaONIOJCHHUN Opanoch BpeMs
BKIIOUeHus mocieanero GPS-npuemanka. ITocie 3aBepie-
HUS TIOJIEBBIX PAa0OT IO CHYTHUKOBBIM HM3MEPEHHSAM IIOIY-
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YEHHBIE CBIPHIC JaHHbBIE, B KAMEPATbHBIX yCIOBHAX KOHBEP-
THPOBAJIIM B YHHBEPCANbHBIN 0oOMeHHBIH Qopmar Rinex.
KamepanbHast mocT-00paboTKa CHIPHIX TaHHBIX BHITOIHSIACH
B porpamMMHoM obecrieuennu Giodis ¢pupmsr Javad GNSS.

Ha MecTtopoxaeHusx reoje3udeckue HaOIIOAEHUS
BEAyTCsl JiBa pa3a B roj (BECHOM M OCEHBIO) M NMPOBOAATCS
TaKOKe JIOMOJTHUTEIbHBIE CEHCMOJIOTMYECKUE N3MEPEHUSI.

[Mo xaxmoi NpoUILHOI JIMHUN COCTAaBJICHBI BEIOMOCTH
BEPTHKATBHBIX ¥ TOPH3OHTAIBHBIX CMEIICHHH pENepoB
(pucyHok 2,a), a Takke TpaduKH OCETaHWH perepoB
(pucynok 2,6). Ha pucynke 2 (6) mnpuBemer rpaduk
ocemannii  pemepoB  mo  npodmipHOM — ymHEHM |
MecTopoxaeHus Axxan 3a 2019-2021 rr. [14].

MM

Penepa npoduibHoii mHnm 1

Pucynox 2: a) penepa ¢ mapkamu Ha RPOPUILHBIX TUHUAX U
0) 2pagpux oceoanuit penepoé no npogunvnoi aunuu . naono-
oenusn: 4-e ocenv 2019 2.; 5-e eecna 2019 2.; 6-ocenv 2020 2.; 7-
secna 2020 2.; 8- ocenv 2021 2. u 9 — ocenw 2021 2.

3HaunTenbHBIM  (pakTopoM B I(P(EKTHBHOM pEIIeHUH
npo0JieM COBPEMEHHOT'O Kapbepa SIBISETCS] U3y4eHHEe CHCTEM
TPEUIUH U Pa3MepoB CTPYKTYPHBIX O70k0B. Ha ceromnsuHmii
JICHb METOJbI HM3MEPEHHs TPEIIMHOBATOCTH TOPHBIX IMOPOJ
CBOJISITCS, B OCHOBHOM, K HEIOCPEICTBEHHBIM M3MEPEHHSM B
O00HaXXCHUSIX HA TMOBEPXHOCTH, Ha OTKOCaxX B Kapbepax, IO
CTeHKaM IIyp()OB ¥ TOPHBIX BBIPAOOTKAX, HAOIOICHUSIM IO
KEepHaM T'e0JIOTMIeCKUX CKBaXHH. Ha OTKPBITHIX pa3paboTKax
TPEIIMHOBATOCTh TOPHBIX IOPOJ HW3y4ajach C MOMOIIBIO
TOPHOT'O KOMIIAca, T.C. YIJIbI MAJICHUS TPEUIMH U a3UMYThI UX
MPOCTUPAHHS U3MEPSUTICH TOPHBIM KOMITACOM.

Wcnonp3oBaHne  pe3ynbTaTOB  CBEMKH  JIa3€PHBIM
CKaHEepOM JIJIsl TIOTYYEHHUS IJIEMEHTOB 3ajieTaHHs TPEIIuH U
pa3MepoB CTPYKTYPHBIX OJIOKOB BO3MOKHO ITPU HAXOXKICHUH
npubopa OT MPUOOPTOBOTO MaccHuBa Ha paccTossHuU 10 800
MeTpoB. IIpu 3TOM MOSBISETCS yYHUKaJIbHAs BO3MOYKHOCTH
MONydeHHsT WHPOPMALUU O TIOJNIOKECHUH MPUOOPTOBOIO
MaccuBa 0e3 HEMOCPEICTBCHHOTO KOHTAKTa HWCIIOIHUTEIS
[15,19]. TIlpu  o00OpaboTke  pe3yabTaTOB  Ja3epHOTrO
CKaHUPOBAHUS OBUI KMCIOJB30BAH MPOTPAMMHBIA KOMILICKC
«MaptekI-SiteStudio», Tme  BBIYHCISAIOTCS  3HAYCHUS
JJIEMEHTOB 3alleTaHusl TPCLIUH: a3uMyTa MPOCTHUPAHUS,
YTIIOB TIAICHAS U Pa3MEepPOB MOPOAHBIX GIIOKOB (PHCYHOK 3).
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Pucynok 3. Hzyuenue mpewjunosamocmu 20pHwIX HOPOO: a)
CbeMKa CMpYKmypul maccuea 0Oopma Kapvbepa 1a3epHbIM
ckanepom, ycmamoenennozo na IIIL[; 6) yugposas moodens

Gopma;  6-anemMeHmbl  3aN€2AHUA  MPEWUN  HA  IKPaHe
Komnviomepa
3. Pe3yabTaThl HCC/IeI0BAaHUIM

OcCHOBHOW  WCXOOHON  WHpoOpManueil  SBIAIOTCA
reoJioTndeckas HW3yYeHHOCTh MECTOPOXKICHHS, 3HAHHE
BEJTMYNH moKasartesen (pU3NKO-MEXaHNIECKUX u

MPOYHOCTHBIX CBOWCTB TOPHBIX TMOPOJ, @ TAKXKE DJIIEMEHTOB
3aJeraHus  CTPYKTYPHO-TEKTOHUYECKUX  OCOOEHHOCTEU
TOPHOTO MacCHBa M TPEIIMH TOPHBIX MOPOJ, YTO MO3BOJISAET
OTIPENICITUTh HAIMPSDKCHHOE COCTOSHHE MacCHBa B IIpoIecce
orpabotku. OTOOp TMPOO TOPHBIX IMOPOI, B TOM YHCIE U
MOJIE3HOTO  HMCKOIAaeMOro,  IPOW3BOAWICA C  ICNBIO
mabopaTOPHOTO  ONpEACNCHHWs  IOKaszarened  (U3UKo-
MEXaHUYECKUX CBOMCTB, CYLIECTBEHHO BIHUSIOIMX Ha
npouecc  cABkeHus. Ha  mpakTHke, B  OCHOBHOM,
UCTIONB3yeTcss  JabopaTOpHBIM  cmoco0 — McceIoBaHUN
(hU3MKO-MEXaHMYECKUX  CBOWCTB TOPHBIX  IMOpOJ  Ha
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o0pasuax, H3rOTOBJIEHHBIX U3 KEPHOB I'€0JIOr0-pa3BeJO4HBIX
CKBaXHH, a INpPU HAIMYUH TOPHBIX BBIPAOOTOK (KaHABHI,
wypdsl, CTBOMBI, KBEPUUIATH U T.A.) HPOOBI OTOMPAIOT U3
HOpoJi B BUAE MOHOJUTOB. JIJIs TPaHCIOPTHUPOBKH Mpob B
7abopaTopuI0 UX 3aBOpAaYMBAIM B OyMary u MOMEINald B
MEUIOYKH.

UcnbiTanus (HU3HKO-MEXaHUYECKHX CBOMCTB TOPHBIX
MOpOJ TPOBOJWINCH B sabopatopun Satbayev University.
Anamu3 pesynbraToB m3ydeHus OMC  mopon MO3BOIHI

YCTaHOBHTh rpago-aHaTUTHIECKUE 3aBUCHMOCTH
MPOYHOCTHBIX ~ CBOWCTB IMOPOJ MAacCHBa C TIyOWHOW HX
3aJeraHust ¥ ONEPATUBHO BHOCUTh HW3MCHCHHS B

HOTOPHU30OHTHBIE PACYETHl YCTOHYMBOCTH TOPHBIX BBIPAOOTOK
(pucyHOK 4).

KpuBble H3MEHEHUs] CBOMCTB IOpOJ NPOBEAEHBI 10
YCpPEeIHEHHBIM ITOKa3aTelsIM 110 riiyonHe yepe3 50 M. AHanu3
JAHHBIX TaKXKe IOKa3bIBAaeT, YTO IMPOYHOCTHBIE CBOMCTBA
HOPOJ ¢ ITyOUHOM UX 3aJIeTaHusl 3aMETHO MEHSIOTCA.
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Pucyuok 4. 3asucumocmo RPOYHOCMHbBIX ceolicme maccue-
HbIX U36ECHIHAKOGB C myﬁuuoﬁ ux zanecanusn

Takue ke 3aBUCUMOCTHU TIOJIyYEHBI ISl MECTOPOKACHUH
Axokan; Capeioba, Cask u ap. i OTBICKaHUSI OOIIUX 3aKO-
HOMEpHOCTEi M3MEHYMBOCTH IPOYHOCTHBIX M CTPYKTYPHBIX
CBOMCTB TOpOJI, 0000IIEHBI TAK)XE JAHHBIE Psiia MECTOPOK-
JICHUIl M yCTaHOBJIEHbI Tpad)OaHATMTHUECKHE 3aBUCHMOCTH
MEXIYy CpeiHEeW IUIOTHOCThIO, CLEIUICHHEM, KPEIOCTHI0
MOPOJI ¥ TIIYOMHOMN HX 3aneranust (PUCYHOK D).

Ol KMila

f Y xricw?®

Pucynok 5. Bzaumoceazu mexicoy ceolicmeamu nopoo u c 2iuy-
ounoii ux 3anecanusa: 1 — mecmoposcoenue Capvloda; 2-
Axascanckoe mecmoposicoenue; 3 -Caakckoe mecmoposicoenue; 4 -
Axkbakaiickoe mecmopodicoenue
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O1eHKa ¥ HaJEKHOCTh ONPEAEICHHS 3aBUCMOCTEN IPO-
M3BENIEHBI 110 (POpMyJIaM MaTeMaTHIECKOI CTATUCTHKY:

1)
v =2.100, % @
X
V- 05+ 1\(/)—0
m, = 3)

rjle G - CTAaHAapT; X1 - 3HaYeHHe NpH3HAKa; ~ - cpejHe
apugpmMeTHyecKoe 3Ha4YCHHE MpU3HAKa: n - YUcjIo
HaOmromenuit; V- kosdduimenTa  Bapuanuyd; — mv -
HAJIe)KHOCTD BBIYHCIICHHS KOO (PHUIIUCHTA BapUalIK.

Ecnu cobmomaetcst yenoBue 3 mv <V, TO pe3ynbTarhl
MOKHO CYUHTATh HAlC)KHBIMA M YHUCIO HCXOTHBIX ITaHHBIX
JUTS OTIPEIIEIICHUS CTATUCTUIECKAX CPETHIX JTOCTATOYHO.

[Momy4yennsie rpad0aHATNTHYCCKUE 3aBHCHMOCTH
MO3BOJISIFOT JaTh KAYECTBCHHYIO W KOJMYECTBCHHYIO OICHKY
W3MEHECHHSI CBOHCTB TOPHBIX MOPOA. MeXay THOoKazaTeIsIMu
CYLIECTBYET ycToWuuBass CBs3b. [Ipu H3BECTHBIX OJHMX
MoKa3aTesIX IMpPEeACTaBIsAeTCS BO3MOXKHBIM, HCIONB3Ys
rpaduKy, ONpEeAeNUTh JPyrde, TEM CaMbIM OTKPBIBAIOTCS
MyTH TPOTHO3UPOBAHMS CBOWCTB TOPHBIX IOPOA IO
MECTOPOXKICHUAM. VICXOMHBIMH JaHHBIMH JUIL  3TOTO
SIBJISIFOTCSL HAMMEHOBAHUS 1OPOJ], TIyOWHA WX 3aJieTaHusi U
OTJCNPHBIE XapaKTePUCTHKH, KaK HampuMmep, IUIOTHOCTH
MOPOJ U NIpyTHUE, ANl ONPENeICHUsT KOTOPBIX He Tpedyercs
TPYIOEMKHX J1abOpaTOpHBIX HccienoBanuii [16,19].

Ha ocHOBe mpoBeINCHHBIX HCCIEAOBAHUIA MOJTYYECHBI KO-
JMUYECTBCHHBIE M Ka4eCTBEHHBIC XapaKTEPUCTHK CBOWCTB
MOPOJ psila MECTOPOXKICHHUH, B TOM YHCIIE MECTOPOKICHUS
Bocrounas Cappioda. DT XapaKTEPUCTHKH OYAyT HCIONb-
30BaHBI IPU PELICHUH psijia TEXHMUECKUX 3a]ad Ha Kapbepax
U TIOA3EMHBIX PyJHHKAaX: IPH OIEHKE YCTOWYMBOCTH YCTY-
OB ¥ OOPTOB KaphepoB: PACUECTHBIX IETTUKOB M MPEAeTbHBIX
MOTOJIOYHH, JUIsl 0000IIeHHsI Pe3yIbTaTOB MHCTPYMEHTAIb-
HBIX HaONIOACHUH W ysiCHeHHs (U3UUYECKOIl CTOPOHBI IpO-
ecca CABIKCHHS.

Takum 00pazoM, METOBI MATEMATHYECKON CTATHCTHKU U
KOPPEISIIMOHHOT0 aHaln3a JlaJld BO3MOXXHOCTH 00OOIIUTH
JlaHHbIe (PU3MKO-MEXaHUYECKHX CBOWCTB MOPOJ MECTOPOXK-
nenns Bocrounas Capeioda, Axokan, Cask u 1ip.

[Ipo4HOCTE M YCTOHYHMBOCTH MEXAYKaMEPHBIX OIOPHBIX
[EJINKOB, a TAaK)Ke YCTOHYMBOCTH MPHUOOPTOBBIX MAacCHBOB
OTIPENIeNAIOTCS CTETIEHBIO UX TPEUIMHOBATOCTH. TexXHOIoTHs
YOPOYHEHHS TPEIIMHOBATOTO MAacCHBa JIOJKHA OOECIICYHTH
MIOJTHOE 3aIMOJHEHHE TPEIIMH B MacCHBE PA3IUYIHON KOMIIO-
3UNKEeH U HaJeKHO CKPENHUTH OTAENbHBIE CTPYKTYpPHBIE 0J10-
ku B equHoe nenoe [17]. Tak, paspaboransl 3¢ dexkruBHBIC
CIOCOOBI YIPaBJICHHUSI YCTOWYMBOCTHIO OTKOCOB, CBSI3aHHBIE
C YNPOYHEHHEM MAacCHBa TOPHBIX MOPOJA MU MBULLIMX IIO-
BepxHOocTe. Co3fjaH pacTBOp Ul YKPEIUIEHUS TPEIIMHOBA-
TBIX TOPHBIX TOPOJ, OONamaloMmMii HU3KOH CTOMMOCTBIO,
JIOCTaTOYHOM TEKYYECTbIO JJISl 3allOJIHEHUSI MEJIKUX TPELIUH
U aare3ver K TOpHbIM IOPOJIaM, BBICOKOM TPOYHOCTHIO.

PacTtBOp comepxuT 1IeMEHT, HAMOJIHUTENb U BOAy. B ka-
YEeCTBE HAIOJHHUTENS HCIIONB30BAaHBl XBOCTHI O0OTaTHTENb-
HbIX (haOpUK TOPHO-METAJUTYPTHYECKHUX KOoMILIekcoB. [la-
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pajuienibHO ObUT MCCIEOBaH M IOJy4eH HOBBIM COCTaB JJIs
YKPEIUICHUS] apMaTypbl OMOPHBIX MYHKTOB HAOMIOAATENBbHOMN
CTaHIIMU B CKBaXXWHAX, MO3BOJIIOIINIA TAaKXKE HUCIOIB30BaTh
OTXOJIbl TOPHOTO MPOM3BOJCTBA M TOBBICUTh MPOYHOCTH U
MOPO30CTOHKOCTh TOJIYYEHHOT'0 MaTepuara.

TexHuueckass HOBHU3HA CO3/IaHHBIX PACTBOPOB MOJITBEP-
s eHbl narearamu PK Ha u3oOperenue [18].

4. BeiBOABI

1. Pa3paboTana MeTo¥Ka KOMILICKCHOM OIIEHKH COCTOSI-
HUS TOPHBIX TIOPOA, ITO3BOJIIOIIAS YYECTh OCOOCHHOCTH
TE0JOTUIECKOTO CTPOSHHS MOAPAa0OTAaHHBIX TOJNII W, TEM
CaMbIM, TIOBBICHTh Ka4eCTBO T€OMEXaHHYECKOTO olecrede-
HUS TOPHBIX paboT. B cBoio ouepenp, pe3ynpTaThl TeoMexa-
HUYCCKUX TMPOTHO30B JAaOT BO3MOXKHOCTH OIPE/ACIHTH
HanOoliee OMacHble YYacTKH, TAe TpeOyeTcs NpoBeiecHHE
PEKUMHBIX reo(hU3NIECKUX u reoJIe3NYeCcKo-
MapKIIEHIepCKUX HAOJIIONEHHUI C LIENbI0 JIOKAIU3alUuu 30H
TEXHOTCHHOH HAPYIICHHOCTH.

2. Pa3paboTaHa KOHCTPYKIIUS MOCTOSHHOTO MyHKTA MPH-
HyautenbHOTO neHTpupoBaHus (IIIIL[) anms ycTaHOBKH BBI-
COKOTOYHBIX MPHOOPOB, MO3BOJILAIOMINI MOBBICHTH IPOHM3BO-
TUTEIHHOCTD U TOYHOCTH HAOIIOCHA.

3. ITomyuens! rpadoaHATUTHYECKIE 3aBUCHMOCTH MEXTY
¢usnko-mMexanndeckux cBoiictB (OMC) mopox TOpPHBIX
MOPOJ U TIyOMHOH MX 3aneranus. HaygHo o0ocHOBaHa BO3-
MOKHOCTh MIPOTHO3UPOBAHUS HaIpsKCHHO-IePopmMa-
IIHOHHOTO COCTOSIHUSI MacCHBa FOPHBIX MOPOJ] HA UCCIEIye-
MBIX MECTOPOXICHUSIX, T.C. MOXXHO ONPEACIHTH: Mpees
MPOYHOCTH - Ocye; CUCIUICHHE - K TJIOTHOCTD - Y M KPEIoCTh
nopoy - f mo mkane M.M. TIpotoasskoHOBa.

4. C uenpro obecriedeHus MPOMBIIUICHHOW 0e3011acHO-
CTH, pa3paboTaH COCTaB IS YIPOYHEHHS TPEIIMHOBATHIX
TOPHBIX MacCHBOB Ha Kapbepe, a TaK)Ke HAPYIICHHBIX MEXK-
JIyKaMEpPHBIX [EIUKOB M TOTOJIOYHH B TIOJ3€MHBEIX BBIpa-
0oTkax. B pesyibTare ero mpuMeHeHUs OyIyT YTHIU3UPO-
BaHBl OTXOJBl TOPHOTO MPOM3BOJACTBA (XBOCTHI 00OTaTH-
TeNbHBIX (HaOpuK), HCTIOJIb3yEeMble I TPUTOTOBICHHS
YIPOUHSOIIEH CMECH.

BaaropapHocts

HcciienoBanue BBIIOIHEHO PH (PUHAHCOBOU IOJIEPIKKE
Komurera nayku MOH PK (I'pant NeAP08857097).
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Anparna. JKyMBICTBIH MakcaTbl OapiblK TaOWFH JKOHE TEXHOTEHIIK (hakTopiapiabl KEUIeHAl ecelKe ajly MEH Talliay.bl,
COHJIali-aK aBTOpJap d3ipJercH 0akpuIay SicCTepi MEH KYpajJapbiH MaiiianaHyIsl KO3ACUTIH Tay KbIHBICTAPhl MACCHBI JKail-
KYHIHIH TE€OMOHHMTOPHMHTIH JXy3€re achlpy OOJbII TaObLIaIbI. KymbIcTa KeH OpBIHAAPBIHBIH Tay-KEH TI'€OJIOTHSIIBIK
JKaFJaillappl MCH Tay >KbIHBICTAPBIHBIH KYPBUIBIMIBIK €PEKIICIIKTEPiH 3epTTEYl )KOHE aBTOpiap 93ipJiereH MHHOBAIHSIIBIK
TOCUTIep MEH TEOMOHHTOPHHT KYPaTAaphIHBIH HETI3iHAe KeHIITeple MapKIIeHmepiik Oakpuiayiap KYpri3ydi KaMTHTHIH
KEIIEeH I diC KOINaHBUIIBI.

«TexHOTeHIIK CHIIATTaFbl TOTCHILE JKaFAAilIapAbIH aJIbIH NIy YIIiH Tay >KbIHBICTaphl MACCHUBIHIH Xal-KYiliH OOJDKayIbIH
KoHe OaranaylblH WHHOBALWMSIIBIK oIicTepiH a3ipiey» koHe «OpTanblk KasakcTaH KeH OpBIHIApBIH KeH ayKbIMABI HIepy
Ke3iHge jxep OeTiHiH Oasy neopManrsUTBIK IPOIeCTepiHiH KeIIeHAi MOHITOPUHITEY» JK00aIaphlH OphIHAAY Ke3iHae AKKal,
Capspioba Casik jkoHe T. 0. KeHIIITepiHeri reOMeXaHUKaIBIK MPOLECTEeP/li 3epTTey MaTepHanaapbl yChiHbUIFaH. JKypriziirex
3epTTeysiep HOTHXKECIHAE: UTePLTIll J)KaTKaH KeH OPBIHJAPBIHBIH KEH-TCOJIOTHSJIBIK, KYPBUIBIMIBIK €PEKIICTIKTEPiH ecKepyre
JKOHE COJI apKbUIbl Tay-KeH )KYMBICTApbIH F€OMEXaHUKaJIbIK KAMTaMachl3 €TYy/IiH CallachblH apTThIpyFa MYMKIHAIK OepeTiH Tay
JKBIHBICTAPBIHBIH JKaFIaWbIH KEHICHI Oaramay omicTeMeci 93ipJCHl; ICHTPICYIIH JKbULIAMIBIFEI MCH  OJIIIey TONIITiH
KaMTaMachl3 €Tyre, COH/aii-aKk LITaTHBCI3 YMBIC aTKapyra MYMKIHIIK OepeTiH, JASJIIri )oFaphl achanTaplIbsl OpHATy YILIiH
MoKOYpJien HeHTpieyaiH Typaktsl myHKTiHIH (MIIT) koHCTpyKUusichl o3ipieH/i; 3epTTENIETIH KeH OPbIHAAPBIHIAFBI Tay
JKBIHBICTApBl MACCHUBIHIH KEePHEYIIi-Ie(hopMalrsIIbIK KYHiH O0IDKay, SIFHH: Tay KBIHBICTAPBIHBIH OCPIKTIK MICTI Ocyc; LTiHICY - K;
TBIFBI3BIFBI - y koHe M.M. IIpoTOaBsIKOHOB ImiKamackl Oepikrtiri - f Gomkay MyMKIiHJIr FRUIBIMH HETI3IE; Kapbep
KeMEpJIEePiHiH OPHBIKTBUIBIFBIH apTTapy[bl KAMTaMaMbI3 €TETiH, Tay-KeH OHIIPICiHIH KaJbIKTapbhlHAH)KACAIFAH aKKbILITBIFbI
JKOFapBI, Tay KBIHBICTAPBIHA a/IT€3HSUTBIK KAPCHUIBIFBI KOHE KETKUTIKTI OepiKTiri 6ap epiTiHAiIHIH KYpaMbl 931pIeH/I.

Hezizzi co30ep: KkeH opbiHOapbl, JHCHIHLICIAPObIY JHCAPLIKUWAKMBLIBIZ], 0eQOPMAYUALAD, 2OMEXAHUKATBIK MOHUMOPUHS,
adicmep, Kypanoap, 2e00e3usivlk ACNanmap, MacCugmiy Jcau-Kyuin bazanay, yemenm epiminoici.
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AnHoTauus. [lenpio paboThl ABISETCS OCYIIECTBICHHE TEOMOHUTOPHUHTA COCTOSTHUSI MAaCCHBA TOPHBIX TOPO/I, IpeIycMaT-
PHUBAIOIIEr0 KOMIUICKCHBIH YUET U aHAJIU3 BCEX IPUPOIHBIX U TEXHOTCHHBIX (DAKTOPOB, a TAKIKE UCIOJIB30BaHHS pa3paboTaH-
HBIX aBTOPaMHU METOOB U CPEICTB KOHTPOJIA. B paboTe MCIONIb30BaH KOMIDIEKCHBIH METO/I, BKIFOYAOIIHIA: H3YYeHHUE TOPHO-
TCOJOTMIECKUX YCIIOBHHA, CTPYKTYPHBIX OCOOCHHOCTEH TOPHBIX IOPOJ MECTOPOXKICHUN W TPOBEICHHE MapKIICHICPCKUX
HaOJIOICHUI Ha pyIHUKAX Ha OCHOBE pa3pabOTaHHBIX aBTOPAMU HWHHOBAIIMOHHBIX CIIOCOOOB M CPEICTB T€OMOHHUTOPHHIA.
IIpencraBneHpl MaTepuallbl UCCICIOBAHUN TeOMEXaHUYECKUX MPOIECCOB Ha pyaHmkax Awxkan, Cappioba Cask # ap. mpu
BBINIOJIHEHUH MPOCKTOB «Pa3paboTka MHHOBAIIMOHHBIX METOJOB HMPOTHO3HPOBAHUS M OLIEHKH COCTOSHHUS MacCHBA TOPHBIX
Mopoa Jid MpEeaAyNnpexKKIACHUA '-IpeSBI)I‘IaI\/'IHI)IX CI/ITyaHI/Iﬁ TEXHOTCHHOT'O XapakKTepa» Hu «KomruiekcHbIH MOHUTOPUHI" MEIJICH-
HBIX Je(hOpMaIIOHHBIX IPOLIECCOB 3€MHOI MOBEPXHOCTH MPH KPYITHOMACIITAOHOM OCBOCHHWH PYIHBIX MecTOpoxaeHuil Llen-
TpasibHOTO Kazaxcranay, a Takke UCTIOIB30BaHbI B yueOHOM mporniecce Satbayev University.

B pesynbTare MpoOBeNeHHBIX HCCIEIOBaHHMN: pa3paboTaHa METOMKa KOMIUIEKCHOM OLIEHKH COCTOSIHHS TOPHBIX MOPOJ,
MO3BOJISIFOIAsT Y4ECTh OCOOEHHOCTH TeOJIOTHYECKOTO CTPOCHHS NOAPaOOTAHHBIX TOJI M, TEM CaMbIM, MOBBICUTh Ka4eCTBO
TEOMEXaHMUYECKOTO 00ecreueH s TOPHBIX paboT; pa3paboTaHa KOHCTPYKIHS IOCTOSHHOTO MYHKTA IPUHYIUTEIBHOTO IICHTPU-
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poBanwms (ITIT11) s yCTaHOBKM BBICOKOTOYHBIX MPHUOOPOB, TIO3BOJISIONTUI MO3BOJISIOMINNA 00€CTIEYNTh OBICTPOTY U TOYHOCTH
LCHTPUPOBAHUSI, & TAK)KE HUCKIIOUUTh MPUMEHEHHUs IITATUBOB; HAYYHO 00OCHOBaHA BO3MOXKHOCThH MPOTHO3MPOBAHMUS HAIPS-
JKCHHO-TIC()OPMALIMOHHOTO COCTOSIHUSI MaCCHUBA TOPHBIX MOPOJT HA UCCICAYEMBIX MECTOPOKACHUSIX, T.C. MOXKHO OIPCICIHUTH:
IpeJieNl IPOYHOCTH - Oeye; CUEIUIEHHE - K, TUIOTHOCTH - y M KpernocTh mopo - f mo mkane M.M. IIporoabsikoHOBa; pa3pabo-
TaH COCTaB YKPEIUIAIOUIETO PAacTBOPA M3 OTXOJOB TOPHOTO MPOM3BOICTBA IS MOBBIIICHUS YCTOHYNBOCTH YYACTKOB YCTYIIOB
Kapbepa, 00J1aJar0IIero BRICOKOH TEKYUECThIO, aATe3UeH K TOPHBIM MOPOJIaM U JIOCTATOYHOMN MPOYHOCTHIO.

Knrwouesvle cnosa: pyouvie mecmopodcoenust, mpewuHo8amocms nopoo, 0ehopmayui, 2eoMexanudeckuti. MOHUMopune,
Memoobl, cpedcmaa, 2eode3uyeckue npubopbl, OYEeHKA COCMOLHUS MACCUBA, YEMEHMHbLIL PACMEOD .
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Abstract. The availability of reliable data on the PVT properties of reservoir fluids plays a leading role in calculating the
reserves of oil and gas reservoirs, estimating the oil recovery factor, well testing, numerical reservoir modeling and for making
informed decisions in field development design. In practice, the results of field, laboratory and theoretical studies are used
simultaneously to substantiate the properties of natural hydrocarbon mixtures. At each of the noted stages, specialists strive to
increase the reliability of the data obtained and develop methods for their interpretation. Determining the properties of reser-
voir fluids of an oil field is a prerequisite for the effective use of various methods of influencing the bottomhole zone of wells,
selection of equipment for well operation. The properties of reservoir fluids are determined by various thermobaric conditions
and change depending on the current state of the reservoir and the characteristics of reservoir pressure changes. All known
methods for determining the properties of formation fluids are divided into two groups: experimental and computational. Each
of the groups has both advantages and certain disadvantages.

Keywords: field, experiment, PVT model.

1. BBenenue OTBETCTBCHHO 00pa3libl MJIaCTOBOrO (uirouaa, ordop KOTO-
PBIX TIPOBEICH COTJIACHO PETJIAMEHTY OTOOpa IpencTaBH-
TENBHBIX MPOO, MAIOT BO3MOXKHOCTH HCIIONB30BAaHUS 3THUX
JAHHBIX IS CO3MaHUs (QIOUIaTBFHON MOIETH MECTOPOXKIe-
Hus [3].

[lepBoHauampHBIE CBEIEHUS O XapakTepe CTPOCHHS
CTPYKTYpPHI Ya3 MOJMY4YeHHl B pe3yiabTaTe MapIIpyTHOW Tpa-
BUMETPHUECKOH CheMKH, mpoBereHHoH B 1932 roxay. K riy-
6okoMy OypeHHIO CTpyKTypa OBITa MOATOTOBJIEHa B 1997
rogy cedicmuueckorr  cremkoit  MOI'T.  IlouckoBo-
pasBenounoe Oypenue mpoBoamwioch B 1999-2000 rr. Ha
3amagHOM IIOJIe PACIOJIOKEHO OCHOBHOE MECTOPOKACHHE
Va3, rae vauunas ¢ 2006 r. B pa3paboTke HaXOAATCSA Cpej-
HEIOpCKHe He(TSHBIC 3aJIeXKH, a TAKXKE YCTaHOBIICHa HedTe-
HOCHOCTh HEOKOMCKHX OTJIOKCHHI.

Ha Bocrounom mone (MectopokaeHue Ya3 BocTodHBIi)
MIPOAYKTUBHOCThL ycTraHoBiieHa B 2012-2013 rr. B HM>KHEMe-
JIOBBIX, CPETHECIOPCKUX M TPUACOBBIX OTJIOXEHUSIX. B paspa-
6otke HaxomsaTcs: ¢ 2014 r. - 11 HeokoMcKkwmii TOpHU30HT, ¢ 2015
r. - FO-III ropmsont. Crexyer oTMeTnTh, 4TO Ha Yasze Bo-
CTOYHOM BBINOJHEHHBIMH CEHCMOpPa3BeIOYHBIMH paboTaMu

rpeccud [2].
p [2] N 2011-2013 rr. BBUIIBICHBI CTPYKTYpPHO-CEIMMEHTAI[MOHHbIC
B nanHO# paboTe pacCMOTPEH OMbIT peaan3aliy U Ipak-
JIOBYILIKU B OTJIOKEHHUSIX BEPXHETO M CPEIHETO TpHaca.

THUYCCKOro IIPUMCHCHUS INPOTPAaMMHOIO MOAYJIA JIsI MOJEC-
p porp Y AL A B centaope 2017 r. u sHBape 2018 r. cornacHo [Ipoekra

mupoBanusi PVT cBoOCTB (DIIOMI0OB ¢ TOMOIMIBIO KOMIIO3H-
. . OIICHOYHBIX paboT Ha CeBepo-BocToUuHOM KphUIE ILIOMIAAH

LMOHHON MOJIeJId Ha MPUMEPE MECTOPOXKIECHUN MECTOpPOX-
N N M VYa3 npoOypeHsl 2 oneHOYHBIE CKBaXWHHBI (Y-23, ¥Y-26) co

nenuil Ya3, Ya3 Bocrouslii, Ya3z CeBepHblil. o
. s BCKPBITHEM TPHACOBBIX OTIOKeHHHA. OOHApYKEHUE TPOMBIIII-
Hcxonno#t mHMOpMAIMen IS MOCTPOSHHSI TEPMOIMHA- o

N N JICHHBIX 3aJieKed He(PTH CTPYKTYpPHO-CEIUMEHTAMOHHOTO

MUYECKUX MOJENeH IUIaCTOBBIX YIJIEBOJOPOAHBIX cMecel
TUNIA B OTJOXKEHUSX TpUaca MOCIYXKHJIO OCHOBAHUEM [IA

SIBIISIIOTCSI PE3YNbTAaThl UCCIEA0BAaHMUS TUIACTOBBIX U TOBEPX-
COCTaBJICHUS OTIEPAaTHBHOTO TIOJICYETa 3amacoB HepTH MecTo-
HOCTHBIX IIP00, a TaKKe MPOMEBICIOBBIC NaHHEIC. | TaBHBIM o
poxxnenust Ya3z CeBepHBIil.

KPUTEPHEM JOCTOBEPHOCTH MOTYYEHHBIX JaHHBIX IO Mpodam
SIBIISIETCSl TIPEJICTABUTENILHOCTh OTOOpaHHBIX 00pasmnoB. Co-

[Ipobmemam anamm3a u MozpemupoBaHuss PVT-cBoiicTB
IUTACTOBBIX (PIIFOMIOB HE()TH M ra3a MOCBAIIEHO MHOXECTBO
Hay4HBIX PabOT KaK POCCHMCKHX, TaK M 3apyOeXHBIX yue-
HbeIX. CoBpemeHnHbIe MeToabl PVT-MonenupoBanus 6asupy-
I0TCSl HA MCHOIb30BAHUU PACYETHBIX METOJIOB, OCHOBBIBAIO-
MIMECS Ha Pa3iMYHbIX IMOJYSMIUPUYECKAX WU 3MIUpHUYE-
CKHX COOTHOIIEHHAX. HecMOTpsi Ha HEKOTOpOe KOJHMYECTBO
M3BECTHBIX PAaCUETHBIX METOJIOB, HE BCE OHM IOJIYUMIH OJH-
HAaKOBOE paclpoCTpaHEHUE B MPaKTHKE pa3paboTku HeTs-
HBIX MECTOPOXKJeHUU. B ciyuae, korjna HaZexKHbIE IKCIIEPU-
MeHTaJbHbIe faHHbIe 10 PVT cBolictBaM HedTell HemocTym-
HBI WJIN BOOOIIE OTCYTCTBYET, JUI1 PACUETOB MOTYT HCIIONb-
30BaThCs Ba nMoaxoza. [lepBulil MOAXOX CBA3aH C HCHOIb30-
BaHHMEM M3BECTHBIX YPABHEHMH COCTOSHHS, OH TpeOyeT ToY-
HOU WH(pOpPMAIUK 0 KOMIIOHEHTaX IJIACTOBBIX (urronoB [1].
Bropoil noaxox cBsi3aH ¢ IPUMEHEHUEM H3BECTHBIX KOppe-
JSIIMOHHBIX B3aUMOCBSI3eld MEXAy CBOMCTBaMM (HIIOHMIOB.
BonbIMHCTBO TakuX KOppesiuuid Uit HeTel mpeacTaBis-
€Tcs B BHUJE JIMHEWHBIX WJIM HEIMHEWHBIX YpaBHEHUU pe-
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KOHABIEAR

Womnoe wpsino

Pucynox 1. Haznaoumoe u3obpajricenue mecmononodiceHuil
Kpblibee cmpyKmypot Yaz

2.1 O6ocHOBaHUE CBOWCTB IJIACTOBOI He()TH MECTOPOIXK-
JeHus Ya3

Ou3nKo-XxMMHYECKHE CBOMCTBA HE(PTH B IUIACTOBBIX
YCIOBHAX HM3y4YeHHI MO 35 TyOMHHBIM u 1 peKoMOWHHUpO-
BaHHOW Ipo0Oe, KOTOpble OTOOpaHBl U3 16 CKBAXXHH W3 MPO-
IyKTUBHBIX Topu3oHTOB: II-ne, 10-1, FO-II1, FO-IV, I0-V, IO-
VIinT.

IIponyxtuBueie ropuzontsl O-I, IO-II, FO-VI, kak u
NPEeXAE OCTAIOTCA CIabON3ydCHHBIMH, HCCIICIOBAHUS IUIa-
ctoBoit Hedtu (PVT) ne mpoBoamnuce. [TosToMy u3-3a OT-
CYTCTBUSI HOBBIX aHAJIM30B IJIACTOBOM HE(TH MPOTYKTUBHBIX
ropm3onToB 1O-I, IO-II, FO-VI, moncuerHsle mapameTpsl
(MI0THOCTH HE(TH B CTAHIAPTHBIX YCIOBHSX, MEPECUETHBIH
K03 PHUIUEHT U Ta30COACPIKAHUE) MPUHATH MO0 AHAIOTHU
ONU3NeKalX TOPU3OHTOB CO CXOXKHM TI'€OJOTHYECKHM
CTPOCHHEM.

[NomydeHnsle mapameTpsl IJIacTOBOW HE(TH MO HOBBIM
npo6amM OBUTH COMIOCTABIICHBI C IAHHBIMHU paHee 0TOOPaHHBIX
npo0, a Takke MPOBEPEHBI IO KPUTEPHUAM OTOpakoBKH. OT-
OpakoBKa HEKOPPEKTHBIX JIAOOPAaTOPHBIX 3aMEPOB HPOBOJIH-
JIach MO CIEAYIONIMM IPUHIUIAM:

- BBHJy UX HEKaYeCTBEHHOI0 O0TOOpa MO pAAYy NPHUUUH,
Cpe/i KOTOPBIX MOXET ObITh M HAJIW4YUE JABYX(a3HOro MoTo-
Ka YTJIeBOAOPOAOB Ha 3a00e CKBaXHMHBI (TIOBBILIICHHAS Jie-
MpeccHs Ha IjiacT U T.J.).

Tarxoxe 111 60s1ee MOJTHOTO aHaIM3a (PU3UKO-XUMUYECKHUX
CBOMCTB HE()TH B IUIACTOBBIX YCIIOBUSIX M ONpE/IEICHHS He-
KOHIWIMOHHBIX 3HAYE€HHH ITOCTPOECHBI 3aBHCUMOCTHU JIaBlie-
HUS HachIIICHUS, OOBEMHOTr0 KO3(QHIMEHTa, IUIOTHOCTH
IUIACTOBOM HE(TH OT Ta30Co/epaHUsl, KOTOPbIEe MPEeaCTaB-
JIeHBI Ha pUCYHKax 1-3.

2.1.1. Ananu3 u 060CHOBaHNE CBOICTB IJIACTOBOTO (uIIo-
uaa Il-ne ropusonra

[TnacroBast HeTH MPOXYKTUBHOTO ropuzoHra II-ne oxa-
paKTepu30BaHa IBYMS MapajlIeIbHO OTOOPaHHBIMH MPOOAMHU
B 2009 r.

CyliecTBeHHbIE OTKJIOHEHHS PacdEéTHOTO 3HAYEHHS 00b-
éMHOro Kod((HIMEeHTa OT IKCIEPUMEHTAILHOTO CBS3aHO C
rpyOOl OMMUOKOW OIEHKH 3TOTO MapaMeTpa B JIaOOpaTOpHH.
Bonee Huzkue 3HaueHUS 00BEMHOTO KOIPPUIMEHTA, TOTY-
YCHHBIC PaCYCTHBIM l'IyTéM, TMMOATBEPKIAOTCA SKCIIEPHUMECH-
TaJBHBIMU HCCJIEZIOBAaHMSIMHA OOJBIIOTO KOIWYECTBA MPOb CO
CXO)KHMH CBOMCTBaMH IO JPYTUM IUTaCTaM paccMaTpUBac-
Moro Mectopoxiaenus. IIpu 6JIM3K0H pacTBOPUMOCTH rasa B
HeTH, IUIOTHOCTH Jiera3upoBaHHOW HeTH M rasocomepika-
HUS, 00BEMHBII KO3 (DULMEHT HE MOXKET OTJIMYaThesl Oojee
uyem Ha 1% (Tabnuia 1).
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2.1.2. AHau3 1 000CHOBaHME CBOICTB IJIACTOBOIO (hJTI0-
uaa ropusonta 10-1

B cBs3u ¢ OTCYyTCTBHEM JOCTOBEPHBIX MCCIENOBAHUM IO
1O-1 ropu3oHTY moAcUeTHBIE MapaMeTpbl He(TH MPUHSTHI C
aHanorue Il-ne ropusonra. M3-3a CX0KECTU IUIOTHOCTHU
HedTH B cTaHpapTHbIX ycnopusx 11-ne (0.923 re/em®) ¢ 1O-I
(0.913 r/cm®) pmoupanbHas Mozens FO-1 ropuszonTa 6i1uska
IO CBOUM T€0JIOTO-TeO(PH3NIECKAM XapakTeprucTikam ¢ I11-ne
FOPM30HTAM: Ia30COJEP)KaHNe MPUHATO Ha ypoBHE 9.9 M3/,
nepecyetHbIit k03 dunuent 0.978 (tabnuma 1).

2.1.3. AHau3 U 000CHOBaHME CBOICTB IJIACTOBOTO (JTI0-
una ropusonra FO-11

B cBs3u ¢ 0TCYyTCTBHEM JAOCTOBEPHBIX UCCIIEJOBAHUN I'a-
30CO/IepXKAaHNE U TEPEecUeTHBIH KOAI(PQPUIMEHT MPUHSTHI MO
ananorun ¢ lO-lll-ropusonTom. [lanee Ha pucynkax 1-3
NPUBENICHO MOJApOoOHOE onucanue (IIOUAAIBHOW CHCTEMBI
IOPCKUX OTJIOKEHUM, I JETAIbHO ONHUCAHA YCTOMYUBAas
KOppeJNsAIus CBOMCTB, KOTOpas IO3BOJIICT HaM IPHHATH
nojicueTHele mapamerpsl ¢ ananorueil IO-III ropusonTa.
ITmoTHOCTP HE(pTH B CTaHAAPTHBIX YCIOBHAX INPHHATA HA
yposHe 0.897 r/cm®, rasocomep:xanue Ha ypoBHe 9.4 M%/T,
nepecyetHbIit ko3hdunuent 0.968 (tabnuna 1).

2.1.4. Ananu3 1 000CHOBaHHE CBOICTB ILIACTOBOIO (hJII0-
uaa I odbexra, Briaovamomero ropusontsl FO-111, FO-1V

W3-3a cxokecTH CBOWCTB M OJNM30CTH CTpaTHrpaduye-
CKOTO TIOJIOKEHHUS, a TaKXKe TIe0Joro-reopu3snIecKux
cBoiicTB mpoxyktuBHBIE Topu3oHTH FO-III, FO-IV o6venu-
HEHBI B OIMH 00BEKT pa3pabOTKH.

[TmactoBast HedTH | 0OBekTa OoxapakTepuzoBaHa 17 riy-
OmHHBIMA W 1 peKOMOMHHPOBAHHOH MPOOOH, W3 HUX IO
ropu3oHTy O-I1l — 15 rmybunssIX 1 1 pexoMOMHUpPOBaHHAS
mpo6a; o ropu3oHTy IO-1V — 2 r1y6unHBIE TIPOOHI.

CormacHO CTaHAApTy IO HCCIICAOBAHHUIO IUIACTOBOI
HedTH, Ka4eCTBEHHBIMH POOAMU MOT'YT SIBJISITHCS TOJBKO T
poObI, KOTOpBIe OBIIM OTOOPAaHBI BMECTE C MapauIeIbHBIMU
mpo6aMu, ¥ KOHTPOJIbHBIE MapaMeTphl 3TUX MPOoO MICHTHY-
Hel. [lo mmacty HO-III npoBeneHo mATH HCCaeIOBaHUM ¢
0oTO0poM mapamenbHbIX MpoO. CoryiiacHO 3TUM HCCIeqoBa-
HUsM, Hanpumep, B 2007 . u3 ckBaxuHBI Nel9 oToOpaHBI
JIBE TapaJuleNibHble MpoOBI, ¢ razocoxepxanueM 8.9 u
9.1 M®/m3, cooTBeTCTBEHHO. BCe KOHTPOJIBHBIE MapameTphl
cormacHo OCT, moAaTBEepKAAlOT XOpollee KadecTBO ATHUX
JByX 1po6. C apyroit cTOpoHBI, €CTh IPOOBI, OTOOpaHHEIE B
2014 roxy, rae ra3ocofepKaHNe MO MapajuIeIbHBIM IpodaM
cocrasmwio 4.7 M3/M3, mo oGeuM 1poGaM, U KOHTPOJLHbIE
mapaMeTpsl TaKXKe YAOBIETBOPSIOT KOHTPONIO KadecTBa.
WHorna sTa pasHHIA TOPA30 IIMpe W 3Ty PAa3HHILy B Mapa-
MeTpax IO OJHOMY IUTAaCTy HeJb3s1 000CcHOBaTh. Ilomararecs
Ha TaKoe KauecTBO Helb3s. JTa NpobieMa He TOJIBKO Kade-
cTBa Npo0O00TOOPa, HO ¥ KOHTPOJIS KauecTBa JlabopaTtopuid, 1
OHAa BBIXOJIUT 32 PAMKH JJaHHOW paboTHI.

[MTapameTps! rutacToBoit He(TH 10 MPOOAM U3MEHSIOTCS B
MIMPOKKX TIpeJiellax, U B NEPBYIO OYepeab BCE OHH 3aBHCST
oT OOJBIIOTO THara30Ha W3MEHEHHS Ta30COJICp)KaHUs Ia-
ctoBoil HepTH. Tak raszoconmepkaHue IIACTOBOW He(PTH MO
mwiacty FO-III usmenserca or 3.7 o 14.7 M¥m3. TIpuuém
9TOT JMaNa3oH 3aloJIHeH MPAKTUYECKH PaBHOMEPHO BCEMH
nmpoGaMu W HeNb3s OTOpaKoBaTh OJHY-IBE MPOOBI YTOOBI
MIPUBECTH ATOT JHMAIA30H K €IUNHOMY 3HadeHHI0. OMIHMO0IHO
CUUTATh, YTO TPABHJIBHBIM OYJET B 3TOM Clly4ae YCPEIHHUTH
BCE 3HAUEHUS MapaMETPOB U PELINTb TEM CAMBIM CIOXHYIO
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3a7a4y 0OOCHOBaHWsI CBOWMCTB IwiacToBoro ¢monma. Kaxk
MOKA3bIBACT MPAKTHKA, TaKHEe HW3MECHEHHS CBOWCTB, U B
MEPBYIO OYepeb Ia30COAEpIKaHus, CBSI3aHbI C pa3ra3upoBa-
HHEM MpoO B mporecce mpobooTdopa. IToMy CHOCOOCTBYIOT
JIBa HawOoJee MOMyJSPHBIX (PaKTOpa — HACKHIIIEHHOE COCTO-
SHUE IIaCTOBOrO (DIfoMAa M HalIWM4uue B 3aJ€XKH TKENOiH
Hedtu. B mepBom cityuae nobast jerpeccus Ha IIIacT, YTOObI
u3BIIeYb (UIIOW/ B CKBRXUHY M 0TOOpaTh MpoOy IIacTOBOU
HeTH TPUBEAET K pasrazupoBaHuio ¢urronga. Bo Bropom
cily4ae, 3aTPyAHUTENBHO WU JaKe HEBO3MOXKHO HCIONB30-
BaTh HEOOJBIINE NENpPecCHH Uil oOecTedeHnus oToopa of-
Ho(a3Ho#t HeTH BBHIY HEIOCTATOYHBIX YCUJINH JJIsI H3BIIC-
yeHns Bs3koil HepTH. Kpome Toro, B mociemHeMm ciydae,
JlaKe HCIIOJb30BaHME OONBIINX JIENPECCHi Ha KpaTKOBpe-
MEHHOH OCHOBE, NPUBOAMUT K OTCYTCTBHIO BO3MOXKHOCTHU
NPOBECTH OYUCTKY MpHU3a00HHONH 30HBI CKBRXUHBI U
0TOOpaTh KaUeCTBEHHYIO MTPOOY 332 KOPOTKOE BPEMsi, KOTOPOE
OTBOJAUTCS Ha 0TOOP mpod [4].

BBI/IZ[y BBIIICCKA3aHHOTO, IMPU HAJIWYUU 3HAYUTCIIBHOTO
JIMana3oHa BapHallld ra30CoCpiKaHus 1Mo npodam, UCIOIb-
3yeTcsl METOJl MOKWCKAa U 0DOCHOBAaHHS MAaKCHUMAIbHO HACHI-
HIeHHO# mpoObl. [Ipy HANKMYMK TA30BBIX LIAMOK, TAKOH Me-
TOJ| SIBJISIETCS €IUHCTBEHHO BEpHBIM. [Ipy HanW4uu HelOHA-
CBIIIEHHOW He(TH, MaHHBIH MeTo Oojiee TPYJAOEMOK U Tpe-
Oyercsi JOMONHUTENbHBIC KpUTEpUH 00OOCHOBaHus. Tem He
MeHee OH 0oJiee JOCTOBEPEH, YeM METO/] yCPEIHEHHS.

[To pesynmpTaTaM aHanM3a M BBISIBICHHONW KOppEISLHA
CBOMCTB, JJIsl paCYETOB MCIIOJIb30BATUCH MTPOOBI CO 3HAYECHU-
eM razocojiepkanus Ha yposHe 8.9-9.1 m%/m® (Tabnuua 1).

2.1.5. Anaau3 1 060CHOBaHNE CBOICTB IJIACTOBOTO (uIt0-
uaa Il o0bexTa, BKIIOYalomero ropu3onTs! 10-V, 10-VI

O0benuHeHNe MPOAYKTUBHBIX Tropu3oHToB lO-V-VI B
9KCIUTyaTaIlMoOHHbI 00bekT II ocymiecTBIsUICS Ha OCHOBE
CXOJ/ICTBAa HX Te0JIOTro-(pH3MYECKUX XapaKTEePHUCTHK, MO3BO-
JSIFOLIMX BECTH COBMECTHYIO pa3paboTKy M y4€r ao0brdum
NPOJYKIUH, a TaK)KE HA OCHOBE TEXHUKO-DKOHOMHYECKUX
HoKazaTesell peHTabeIbHOCTH UX Pa3pabOoTKH.

ITnacroBas Hed1h 11 0OBekTa OXapakrepu3oBaHa 9 TiTy-
OMHHBIMHU TIPOOaMH, U3 HUX M0 ropm3oHTy FO-V— § riryOun-
HBIX; 110 Topm30HTY FO-VI — | riryOunHas mpooa.

BousiBieHa eanHas KOppeNslMs CBOWCTB IUIACTOBOM
HeTH 10 0pCKUM OTI0KeHHsM (pucyHku 1-3).

Ha pucynke 1 npencrasieH rpaduk 3aBUCUMOCTH J1aBlie-
HHS HACBINICHUsI OT Ta30COJepKaHus, 1€ Mbl BHIUM €JIU-
HyI0 Koppensanuio u s | oObexra, BKIOYaomero B ceds
ropm3oHTH! FO-111-1V u s BTroporo o6vexta ropusonTs! HO-
IV-V, t.e. miusg Bcex miaactoB HaumHasa ¢ IO-II mo IO-VI mur
MOXEM TPHHATh EAMHYI0 Mojenb. 1o aToMy rpaduky Mbl
BUJIUM YCTOWYHBYIO KOPPEJSIMIO CBOHCTB, OHA JOCTATOYHO
XOpOIIO MPOCJIEKNUBACTCS, W MBI IOCTPOWIIM YpaBHEHHE,
KOTOpOE OIHCHIBAET BCE 3TH CBOWCTBA.

Hecmotpsa Ha eaunyro xoppensuuto cBoiictB mo [ u II
00BEKTYy, ra3ocoiepKaHue Ha4yaJbHOW IIIACTOBOW He(QTH
COrJIaCHO Mpo0aM W NPUHAMAEMBIM 3HAYEHHSM 110 3THM
ob0wexTaM pasHoe. [y obwvekra Il rasoconep:kanue BapbH-
pyertcs Ha yposre 10.9-11.7 M3/m°.

Ha pucynke 2 mpencraBieHa 3aBUCHMOCTh OOBEMHOTO
KO3 (UIIMEeHTa OT Ta30CoAEpPKaHUS TJIACTOBON HEPTH Op-
CKHX OTIOXeHHH. KoaphUIMEeHT KOPPEsSIuN dTUX CBOHCTB
Ha rpauKe He OYeHb BBICOK, XOTS CBOWCTBA Jiera3upoBaH-
HOM HedTH, a Takke KOd(PQUIHEHT PacTBOPUMOCTH ras3a B
Hedru (pucyHok 1) enunsl mo opckuM miactaM. CrenoBa-
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TEJIHHO, XaOTUYHOCTH 3aMepoB O00BEMHOTO KO3(PQHIHEeHTa
Ha PHCYHKE 2 CBSI3aHA C HU3KHM KadeCTBOM JIa0OPaTOPHBIX
HCCJICIOBaHUM.

Hcnonb3yst pe3ynbrarhl J1aDOpaToOpHBIX XpoMarorpadu-
YEeCKUX aHaJIM30B HE()TH U Ta3a U MOJyYCHHbIE HA UX OCHOBE
COCTaBBI IUTACTOBOM HE(TH, MOXHO CHENaTh JOCTOBEPHYIO
OIICHKY H3MCHCHUS OO0BEMHOTrO KOX(P(UIMEHTa OT ra30co-
JIep>)KaHMsl, HUCIIONIb3ysl ypaBHeHHE (Da30BOr0 COCTOSHUSI.
Pacuér cBOWCTB O ypaBHEHHIO COCTOSHUS AAET KAK MpPABU-
JIO TIOTPEIIHOCTD, CBA3aHHYIO C HEBO3MOXKHOCTHIO Ha COBpE-
MCHHOM YPOBHE 3HaHMH HACAIFHO BOCIIPOM3BECTH ypaBHE-
HHEM CBOWCTBa IIACTOBOTO (hfomma Ha 0a3e ero CocTaBa.
CoBpeMEHHbIE ypaBHEHHsI AAIOT OTKIOHEHHE pacdyéra OT
9KCIIEPUMEHTA B IOBOJILHO Y3KUX IIpeJieliax.

Jlnst ycTpaHeHUs 3TUX OTKJIOHEHHWI MapaMeTphl ypaBHe-
HHSI COCTOSIHMSI TPEOYIOT KOPPEKTUPOBKH, IS 00ecIeueHHs
MOJIHOW CXOAMMOCTH pacu€ra u skcrepumeHTa. CoriacHo
COCTaBaM IIACTOBOW HE(DTH IOPCKHUX OTIIOKEHUH, UCTIONb3Ys
yYpaBHEHHE COCTOSIHUsI Oblla IMOCTpOeHa MOoAeNnb (ironga
IOPCKUX OTJIOXKEHUH. BBIMoTHEHa KOPPEKTHPOBKa MapaMerT-
POB ypaBHEHUS U CXOAMMOCTH PAcUETHBIX JAHHBIX C JKC-
NEpUMEHTOM (IaBJIEHHE HACHIMICHUS, Ta30CoJepKaHue,
IUIOTHOCTH cemapupoBaHHON Hedrtu). CornacHO mMpoBenéH-
HOMY MOJICTMPOBAHMIO O COCTaBYy IUIACTOBOM HE(PTH IOp-
CKUX OTJIIOKCHHWH CTaJO0 OYCBHIHBIM, YTO 3HAUCHUS OO0BEM-
Horo kod¢¢unmenta Oonee 1.040 sABIAIOTCA HEKAYECTBEH-
HBIMH BO BCEM JHMama3oHE IUIACTOBBIX Ta30COAEpIKaHUH.
Kpome Toro, paccunrana 3aBUCHMOCTb 00BEMHOTO KO3 Hu-
LIMEHTa OT ra30CO/AEPIKAaHUs, KOTOpas MOATBEPANIIA PE3yib-
TaThl 3aMepoB 00bEMHOTO Kod(duireHTa no 12-tu npodam.
JlaHHas 3aBHCHMOCTH HAIPSMYIO CBA3aHa C COCTaBOM ILIa-
CTOBOM HE(TH W IPYTMMHU CBOHCTBaMHU ILIACTOBOH He(dTH
IOPCKUX OTJIOXKEHUH [S5].

Onmpasich Ha BBIBOJIBI O KOPPETSAIMOHHOM CBSA3U CBOMCTB
IUIACTOBOM HEe(TH, C/IENAHHBIE 10 IIACTaM IOPCKOTO BO3pac-
Ta, MOXXKHO TIPOBECTH AaHAIN3 pE3YJIbTaTOB HCCIICTOBAHUM
IUIacTOBOTO (hItoMAa MeJIoBOro Bo3pacta. [linactoBas HedTh
miacta II-ne HeMHOro TsKenee (IVIOTHOCTD J1era3upOBaHHON
Heptn 922 kr/M®), deM HeTh IOPCKMX  OTJIOKEHUH
(897 xr/m®). Tazoconepxanue Il-ne HedTH HaXomuTcs Ha
yposre 10 M%/m°, a naBnenue nacwimenus - 1.38 Mna, nan-
HOE COOTHOIIEHHE OJIM3KO JIMHUHM PACTBOPUMOCTH Ha PUCYH-
ke | /U IOpCKMX OTJIOXEHWH, B Tpenesiax MOTpenrHocTer
OTIpeIeTICHUSL.

CrenoBarenbHO, OOBEMHBIN KO3((UIMEHT IIACTOBOM
Hedtu ropusonra II-ne Takxke OyneT CONOCTaBUM CO 3Haue-
HUSIMH  O0BEMHOTO KOI(QQHIMEHTa FOPCKUX OTJIOKEHHUH.
OnHako OOBEMHBIN KOAI(QQUIMEHT Al IJIaCTOBOW HeTH
MEJIOBOTO BO3pacTa omnpeaeéHnbiii B gabopatopuu (1.058)
PE3KO OTJIMYAETCS OT COOTBETCTBYIOIIETO 3HAYEHHS I10 JIU-
Hun Ha pucynake 2 (1.031), uro ykassiBaeT Ha mpoOIEMBI B
IKCTIEPUMEHTAJIbHOM OIIEHKE TOr0 MapaMmeTpa, TaKk Kak 3Ha-
YeHHEe J0JKHO OBITh CKOpee HIDKE KPUBOM, YeM BBILIE, JUIs
Gosee Tspxenoi Hetu. CocTaB MIIACTOBOI HEPTH MEOBOTO
BO3pacTa TaKkKe HE MOJTBEPXKIAET BHICOKHE 3HAYE€HHS 00b-
&émHOro Ko3(¢uunenHra, CoriacHo pacyéraM MO ypaBHEHHIO
COCTOSTHHSI.

Owmunbky B 1a00paTOpU NPH OLEHKE 00BEMHOTO KO-
¢unmeHTa BCTPEYalOTCs OUYEHb YacTo JUIS TSDKEJION U BSI3KOW
He()TH, KOUMU SIBJISIOTCS HEPTH paccMaTpuBAEMOTO MECTO-
pOXICHUS. DTO CBA32HO C HHU3KONW CKOPOCTBIO BBIZCIICHUS
rasa u3 He)TH y JJaHHOTO THITa (DIrona.
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Ha pucynke 3 mpencraBieH rpaguk 3aBUCUMOCTH TUIOT-
HOCTH IUTACTOBOM HE(PTH OT TazocoiepikaHusi, HEOOXOIUMO
OTMETHUTB, YTO Ha JJAHHOM Tpaduke MPOCIEKUBACTCS Ta XKe
HEONpeneN€HHOCTh, YTO U Ha PUCYHKE 2. JTO TOBOPUT O
TOM, 4TO 3aMepbl 00beMHOT0 K03 dHLneHTa ObUTH CleaHbl
He BepHO. OO 3TOM CBHIETENBCTBYET (OpMylia MaTepUalb-
HOro OaynaHca, N0 KOTOPOW PacCUUTHIBAETCS IUIOTHOCTD TLIa-
CTOBOM He()TH, TaK Kak NMPSIMOT0 3aMepa MIOTHOCTH IUIACTO-
BOH HeTH B J1aOOPAaTOPHBIX YCIOBUSIX HET. Pe3ynbTarhl
HacTpoiiku PVT Mozaenu Ha 3KCIIEpUMEHTAJIbHBIE TaHHBIE 110
IT o6Bexty ropmsonTs FO—V-VI npencrapnenst B Tadmme 1.
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2.1.6. AHa/Iu3 U 000CHOBaHME CBOICTB IJIACTOBOIO (hJTIO-
uaa ropusonra T

B 2019 r. mo pe3ynpraTam OypeHHS OIEHOYHON CKBaXKH-
HBI OBIJTa BBISIBIICHA IPOJYKTHBHOCTD B OTJIOKCHUAX TpHACa.

ITo ropmonty T oTobOpansl 5 nMpob mIacToucHBITaTEIEM
¢ ompexneneHHbIX riryouH: 800 M, 857.2 M, 861.8 M (m.0.11-
12.01.2020 r. u 01.02.2020 r.). [To pe3ynbTaTaM aHaIM3a H
BBIIBJICHHOI KOPPEJSAIIMN CBOWCTB, U PacdeTOB HCIONb30-
BJINCH NMPOOBI CO 3HAYEHUEM Tra30COJEp)KaHHs Ha YPOBHE
48.0 m¥/m3.

B nenom mo ropu3oHTy HabromaeTcs Xopomas CXOIH-
MOCTb PacyeToB 110 MOJENIHU U IKCIIEPUMEHTAIBHBIX JTaHHBIX.
OTKJIOHEHHUS] HaXO/ATCS B IIpeeax rnorpemHsocreil. Pesyib-
TaThl HacTpoiiku PVT Moznenu Ha 3KkcrepUMeEHTaIbHbIE AaH-
HBIE TI0 TOpu30HTY T B Tabmure 1.

Tabnuua 1. Pesynomamuor nacmpoiiku PVT modenu mecmo-
podcoenun Yaz

T obe- 00BEKT
T'opuzont lI-ne  exr IO- T
VAR
Vi
[TapameTpsl En.uzm Pacuers! o mogenu
HJ'IaCTOBoe JaBJIC- MITa 3 5 5’1 91
HHUC
IInacroBas Temre- oC 20 25 25 33
patypa
JlaBnenue HachI- MITa 15 16 19 8.4
IICHUS
Fasoconemame | M 91 8.6 10.1  46.8
ACPRAMAC s 99 96 113 56.7
ObvemHEI K0dG- 1.023 1.02  1.024 1.111
¢dunmeHt
[notaocts nma- s h 908 0884 0.883  0.781
CTOBOI HeTH
Ilnotnocts cema- /s g 973 0896 0.897 0.828
pupoBaHHON HEDTH

Bascocts mmacto- o o oga 686 837 224

BOI HEPTH

2.2. O6ocHOBaHME CBOICTB IUIACTOBOH HE(PTH MECTOPOK-
AeHust Ya3 CeBepHblii

2.2.1. Ananu3 1 000CHOBaHHE CBOICTB ILIACTOBOTO ().IIO-
uaa ropusonra T-maacr 0

TlopuzonT T-mmact 0 oxapakTepu30BaH OJHOM TTTyOMHHOM
npoOoi. [ITOTHOCT M BA3KOCTH IIACTOBON HE(TH COCTABII-
foT 744 xr/m® u 1.2 mITa-c COOTBETCTBEHHO, MABJICHIE HACHI-
IIeHNs1 He(hTH T'a30M IIPU TEPMOOAPHUUECKUX YCIOBHSX HCCIIe-
nosanus wiacta Trur = 35.3°C u Prn = 10.07 MIla Haxoaures
Ha ypoBHe - 5.45Mlla. Ta3oconepikaHue cocTapisieT
66.96 mM%/1. OObeMHBIH KO3 duIMEnT paeH 1.156. Pesynbra-
Tbl HacTpoliku PVT Monenu Ha sKcliepUMEHTaIbHbIE JaHHbIE
1o ropu3oHTy T-1acT O npuBesieHs! B Tabune 2.

2.2.2. AHau3 1 000CHOBaHME CBOICTB IIACTOBOIO (hJTI0-
uaa ropusonra T-mracr 1

lopmzont T mmact-1 uccnemoBaH M OXapaKTePU30BaH
TpeMsl ITyOMHHBIMH IpOoOaMu.

[I10THOCTP W BSI3KOCTH IUTACTOBOM HE(TH COCTABISIFOT
717.7xr/m® u  0.92 mIla-c, cooTBeTcTBeHHO. JlaBneHue
HACBHIIECHUS He(PTH ra3oM MpH TEPMOOAPUUCCKUX YCIOBHSIX
uccienoBanus riacra Trunr = 34.7°C u Pt = 9.5 MIla naxo-
nuTcst Ha ypoBHe - 7.7 MIla. "azoconepxaHue cOCTaBisIeT
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104.5 M%/1. O6bemuslii Kod(pdunuenT pasen 1.243, mepe-
cuétHpil K03 Pumment - 0.805. PesympraTel HacTpoHkn
PVT mMopnenu Ha dKCIIEpUMEHTaJIbHBIE JaHHBIE 110 TOPU30HTY
T-mnact 1 npuBeneHs! B Tabaune 2.

2.2.3. AHaTu3 B 060CHOBAHNE CBOICTB IJIACTOBOTO (uII0-
uia ropu3onta T-mmact 2

Topmsont T mmacT-2 uWcciuenoBaH NEBATHIO TPOOAMH.
[I70THOCTP W BSA3KOCTh IUIACTOBOH HE(PTH COCTABIIIIOT
749.9 xr/m3, 1.07 mIla-c, cooTBETCTBEHHO. JlaBIeHHE HACHI-
meHuss HeTH ra3oM NpH TepMOOAPUYECKUX YCIIOBHUSAX HC-
cnenoBanus iacta T = 33.9°C u Pmn = 9.9 MIla naxo-
qutcst Ha ypoBHe - 5.4 MIla. I'azoconepikaHue cocTaBiseT
72.4 M¥1. O6beMuBII K03 PuumenT pasen 1.157, mepecuér-
HeIlE K03 dumment - 0.865. PesymbraTsl HacTpoiiku PVT
MOJIENI Ha SKCIEPUMEHTANbHBIC JaHHBIE N0 TOpu30HTY T-
TUTACT 2 TIPUBEICHBI B Ta0IHIIE 2.

2.2.4. Ananu3 u 000CHOBaHHE CBOICTB MJIACTOBOTO ()II0-
uaa ropusonta T-1

Topuzont T-I nccnenoBan Tpemsi mpoOamu, JiBe MpoObI
HEKOH/IMIIMOHHBIE W3-3a HHU3KOTO 3HAUCHMsS Ta30CcofepiKa-
HUS.

BepeMm HacheHHYI0 TIpOOY, MCCIIEIOBAaHHYIO B J1abopa-
Topun IllmomOepxe, Tak Kak IO [JaHHOMY TOPH30HTY
HaOJromaeTcs ra3oBas manka (pUCyHOK 4) M OBIIO MPHUHATO
perieHne B3sATh MpoO0y C BBICOKMM ra3ocoaepkaHueM Rs u
JlaBJICHUEM HaChIIEeHUs Puac.

BennumnHa MIOTHOCTH TUIACTOBOM HE()TH M BS3KOCTH CO-
crapasger 755 kr/m® u 1.61 mIla-c, cooTBeTcTBEHHO. Jlapie-
HHE HaChIIIEHHUs HE(TH Ta30M IPU TEPMOOAPHUYECKUX YCJIIO-
Busix uccnenosanust wiacta Trutr = 40.3°C u Pnn = 10.9 MIla
HaxonuTcst Ha ypoBHe - 10.6 MIIa. "a3oconepxanue cocTas-
nser 96.1 M%1.  OObemublii K03(duiuent pasen 1.212,
nepecdeTHbIN koapdunueHT 0.825. PesympTathl HacTpoHKH
PVT mMopnenu Ha 3KCTIepUMEHTAIbHBIE JAHHBIE 110 TOPH30HTY
T-| npuBeneHs! B TabmmIe 2.

2.2.5. AHanu3 1 000CHOBaHNE CBOICTB MJIACTOBOTO (urio-
uaa ropmsonra T-11

T'opmsont T-II uccnenoan nBymst mpodamu, oHa mpoda
HEKOH/IMIIMOHHAS U3-3a HU3KOTO 3HAYECHUS [a30COACPKAHUS.

[InoTHOCTP TNIAacTOBOW He(TH cocTaBiseT 759 Kr/M®,
BSI3KOCTH - 2.34 mIla-c. [laBieHre HaCHIIEHUS HEPTH Ta30M
NP TEPMOOAPUYECKHX YCIOBUSIX HCCIENOBaHMS ILIACTa
T = 40.5°C u Pon = 11.1 MIla HaxoguTcs Ha YpOBHE -
9.2 MITa. T'asocomepxkanue coctapiser 94.0 m3/r. OObem-
HBIH KO3(¢uueHT paseH 1.222, mepecdeTHBI KO3 PHUITH-
ent 0.818. PesymbraTtel HacTpoiiku PVT monenn Ha skcie-
pUMeHTalbHbIe JaHHble 1o ropu3oHty T-1I mpuBeneHs B
Tabmue 2.

T'opuszont T-1II nccnenosan neBsaThi0 pobamu. Hekorto-
pble poOBl OTOpaKOBaHbI, TAK Kak MPOOBI TsKEIble W He
BSDKYTCS ¢ IPOOaMK M3 ONM3JIEXKAINX CKBaKUH, JIBE MPOOEI
JIETKHE — 3TO TOBOPHUT O MNPOSBIECHUs KOHJEHCATa Ira30BOM
IIAIKK, YTO BBI3BIBAIOT COMHEHHS Ha JIOCTOBEpHOCTh. OnHa
npoba oTOpakoBaHa M3-3a CHJIBHOIO HHU3KOTO ra30CconepiKa-
HUSL W JABJICHUS HACHIIICHHS, CKOPEE BCEro IPOM3OIIIO0
pasra3upoBaHue MPOOHI.

Ilo maHHOMY rOpPH30HTY HMPUHSTAs! BEIWYHHA IUIOTHOCTH
I1acToBOii HE(GTH M BAKOCTH cocraBisier 753.5 kr/m® n
1.48 mITa-c, cooTBeTcTBeHHO. J[aBieHne HachimeHus HeHTH
ra3oM Ipu TepMOOApUUYECKHUX YCIOBUSIX HMCCIIEIOBaHMS IUIa-
cra T = 37.9°C u Prun = 11.1 MIla HaxoauTcst Ha ypoOBHE -
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10.3 MITa. T'azocomepxanue coctansgeT 92.6 m%/T. O6beM-
HBIH KO3 ¢urment pased 1.232, mepecdeTHbt K03 GuUITH-
eHT 0.812. PesynbraTsl HacTpoiiku PVT monenn Ha skcme-
puMeHTanbHble AaHHble 1o ropu3oHTy T-llI mpuBenensr B
Tabnuue 2.

SCTOBNME 0

HAVERIA:

vecse

Pucynok 4. Cxema ooocnosanuas BHK u 'HK

Tabnuua 2. Pesynomamuor nacmpoiiku PVT modenu mecmo-
poscoenun Yaz Ceeephulii

- T T
TlopuzonT mwract mmact twac  T-l | T-II - T-lI
0 1 T2

ITapameTpsl Enu PacueTsl mo Moaenu

[lnactosoe /107 101 101 1090 111 114
JaBJICHUE

flnacrosas o 353 339 333 403 405 407

TeMmeparypa

Manenne \ o 54 112 63 1090 92 109

HaACbhIIICHUA

lasocomep- MYm3 488 1107 611 789 7853 98.72
KaHHe m¥r 613 1379 768 952 932 1185

OOBEMHBIHI

Koo duIH- 1.135 1.270 1.170 1.217 1.226 1.291
CHT

ITnoTHOCTH

miactoBoii | r/cm® | 0.750  0.718 0.743 0.750  0.755 0.722
HehTH

ITnoTHOCTE

Cemapupo- a3 0,795 0.803 0.796 0.829 0.843 0.833
BAaHHOU

HepTH

BsizkocTh ulla-

IUIACTOBOM 1.2 0.9 1.0 16  2.29 1.3
HedTH ¢

2.3. O6ocHOBaHME CBOWCTB IIACTOBOI He()TH MECTOPOIK-
aeHus Ya3 Bocrounbii

Ha mecropoxnennn Ya3 Bocrounslit mccienoBano 29
IUTaCTOBBIX MPOO HeTH, OTOOpaHHBIE B Pa3BEAOYHBINA MEPH-
OJ1 ¥ B TICPUO/]T IPOMBIIUICHHON pa3pabOTKH.

Jis geranpHOrO aHanmu3a Obuta octpoeHa PVT monens
wractoBoro ¢uronna s ropusontos I u II Heokom, FO-1II,
T-nnact 1, T-mpnact 2. MogenupoBaHue BBHINOJIHSUIOCH B
nporpamme Schlumberger PVTi. Anantanust Monenu K 9Kc-
MEPUMEHTAJIbHBIM JTaHHBIM (JIaBJICHUE HACHIIIECHUS, TaHHBIC
CTaHJApTHOW cerapaimyy, BI3KOCTh) MPOBOJMIACH C ITOMO-
LIBIO:
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* OMHApHBIX KOIPPHUIMEHTOB B3aMMOJCHCTBUS KOMIIO-
HEHTOB TIACTOBBIX (DITFONIOB;

* Tkp u Pxp nnst ppaxumu C7+;

* muQT-napamMeTp Ul KOPPEKIHHU MIIOTHOCTH;

* mapameTp Vc u koaddunmenros noamHoma LBC s
BSI3KOCTH.

[Tapamerpsl m1acToBOM He(TH MO HOBBIM NPOOaM ObLIH
COIIOCTABJIEHBI C JaHHBIMH paHee OTOOPaHHBIX MPOO, a Tak-
K€ TIPOBEPEHBI 1O KpHUTepusaM OTOpakoBkd. OTOpakoBka
HEKOPPEKTHBIX J1a00OpAaTOPHBIX 3aMEpPOB IMPOBOAMIACH O
CJICIYOLINM TPHHIMIIAM: TI0 aHOMAJIbHOMY OTKJIOHEHHUIO OT
OCHOBHOTO HAalpaBJICHHs B3aUMOCBS3H MApaMETPOB ILIACTO-
Bo HedTH. B mocTpoeHs! TpaduKM 3aBUCHMOCTH: J1aB-
JICHUE HACBILICHUS - ra30CO/IepKaHue, IUIOTHOCTh IIACTOBOM
HedTH - razocozepxkaHne, 0ObEMHBIH KOI(PHUIUEHT - ra3o-
cozxepxkanue (pucyHku 5-11).

2.3.1. AHau3 u 060CHOBaHNE CBOICTB IJIACTOBOTO (uII0-
uaa | HeoKoMCKOro ropu3oHTa

[TnactoBast He()Th MPOAYKTHBHOTO FOPU30HTA | - HEOKOM
oXapakTepu30BaHa JIBYMs MapauieIbHO OTOOpPaHHBIMH MPO-
6amu B 2015 .

CoriacHO HCCIEJOBaHUAM, Ta30ColepKaHHEe IBYX Ma-
pamnensHbIX Ipo6 cocraswio 12.18 u 12.04 M%/t, cooTser-
cTBeHHO. [1M0THOCTH HETH B CTAHIAPTHHIX YCIOBHUSX HPH-
Hata Ha ypoeHe 0.906 r/cM®, B MIACTOBBIX YCIOBUAX -
0.889 r/cm®, 06beMublil ko3¢ punuent 1.029.

HccnenoBaHaple MpoOBI UIACTOBOM HE(PTH, SBISIOTCS
Ka4eCTBEHHBIMH COTJIACHO KOHTPOJBbHBIM mapamerpam OCT.
B tabmune 3 npuBeneHs! pe3ynbTaTel HacTpoliku PVT moze-
TN

2.3.2. AHau3 ¥ 060CHOBAHME CBOICTB IJIACTOBOTO (uIt0-
uaa Il HeokoMcKkoOro ropusoHTa

[TnacroBast HETH MPOIYKTUBHOTO ropu3oHTa II-HEOKOM
OXapaKTepu30BaHa YETHIPHMS MapajuleIbHO OTOOPaHHBIMHU
npobamMu U 1 pekoMOMHHPOBaHHOH MPOOOH, KOTOpas ObLIa
oTOpaKoBaHa BBHUJy HHU3KOTO Ta30COJEpXKaHHUA M JIPYTHX
[apaMeTPOB OTHOCUTEIBHO IPOo.

[MTapametps! mnacToBoii HedTH 11 HEOKOMCKOrO TOPU30H-
Ta 1o 4 rayOMHHBIM NpoOaM MeHsieTcsi He3HauuTesnbHo. Co-
TJIaCHO HMCCJIEOBAHUAM, ra3oco/epkaHne Mensercs ot 21.4
1o 24.7 M%T, NIOTHOCT HETM B CTAHIAPTHBIX YCIOBUSAX
npunsTa Ha yposHe 0.900 r/cm®, mioTHoCTE HeTH B Ia-
croBeX ycnoBusx 0.874 r/cm®, oObeMHbIH KO3(QULIHEHT
1.046. Ilo Il HEOKOMCKOMY TOPH30HTY B 1I€JIOM Ha0I01aeT-
Csl yJOBJIETBOPUTENbHASI CXOAMMOCTh pacdyeroB mo PVT
MOJICITH ¥ 9KCTIEpUMEHTAJIbHBIX TaHHBIX (Tabmauna 3).

2.3.3. AHa|u3 H 000CHOBAHNE CBOICTB IJIACTOBOTO (uIio-
una ropu3onta FO-111

ITo ropuzonry FO-III nposeneno 18 uccrneaopanuii nna-
CTOBBIX P00 HedTH.

[Mapamerpsl uactoBoif HedpTH (0OBEMHBIH KO3 PHUIH-
€HT, JIaBJICHHE HACBIIIEHUs, TUIOTHOCTb, BSI3KOCTh) MPSMO
CBSI3aHBI C Ta30C0/Iep)KaHIEM, 3HAUEHHsI KOTOPHIX BapbUpPyeT
ot 12.3 %t 10 28.1 M%/T.

Juddepernnaiist cBOMCTB IIaCTOBOW HEPTH O TOpH-
30HTY, B IIEPBYIO OUYepellb — Ia30Co/AepKaHMs, yKa3bIBaeT Ha
MpoOJIEMBI ¢ KauyeCTBOM OTOOpa MpoO, KOTOPHIE CBS3aHBI C
nmoTepeit raza mpu 0TO0pe TIITyOUMHHBIX TIPOO.

Taxke HEOOXOIMMO OTMETUTH, YTO IO OMPEACICHHBIM
TIIyOMHHBIM IIpo0aM IOJyYeHbl HU3KUE 3HAYEHHs Ia30Co-
nepxkanus (12.3-13.4 M%/T), OTHOCHTENBHO HAYAILHBIX TIPOO
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(22.3-28.1 M%1). ITpu 5TOM 06BEMHBIH KOdDPUIUEHT y ITHX
mpo0 ocTaics TakUM Ke, KaKk W 10 HadaJbHBIM Ipobam, ¢
OOJIBIINM Ta30Co/IepXKAHUEM. DTO SIBIISIETCS. HE (DU3UYHBIM,
TaK KaK YIOMMHAJIOCh BBIIIE T'PAJUCHT PAaCTBOPHMOCTH Yy
Bcex NpoO oauHakoBbIH. Hu3koe KauecTBO 11a0OpaTOPHBIX
JITAaHHBIX, BO3MOXKHO CBSI3aHBI C IOTEeped rasa mpu oTdope
riIyOuHHBIX 1po0 HedTu. Pesynbrarel HacTpoiiku PVT mo-
JIeNT Ha HKCIIepUMEHTANIbHBIE JaHHbIe 1o ropuszonty lO-I1I
TIpHUBEICHHI B TabiwmIe 3.

Taxkxe OBUTM TTIOCTPOCHBI TPAPUKH 3aBHCHMOCTH JaBJIe-
HUS HACBHIIEHH, 00BeMHOTO KO3((HUIMEeHTa U IUIOTHOCTH
IUIACTOBOI HE(TH OT ra3ocoAep>kKaHus, MO0 KOTOPBIM BUIHO
YAOBJIETBOPUTENIBHYIO KOPPEJSALIMIO CBOMCTB, C XOpoluel
BOCIIPOM3BOJIMMOCTBIO 3KCIIEPUMEHTAIBHBIX 3aMepoB (pu-
cyHkHu 5-7).
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2.3.4. AHaau3 v 000CHOBaHHE CBOICTB IIACTOBOIO uIio-
uja ropusonTos T-miacr 1, T-nuacr 2

[TnactoBast HehTh BEPXHETO TPHACOBOTO TOPH30HTA OXa-
pakTepu3oBaHa 4 TITyOMHHBIME IpoOamMu HEPTH, U3 TIIACTOB
T-mmact 1 u T-mmmact 2. Bo Bcex riryOMHHBIX Mpobax TpHua-
COBOTO TOPU30HTA 3a()MKCHPOBAHO HU3KHE 3HAYCHHS Ia30-
COJIEPKAHUSA M COOTBETCTBEHHO IABJICHHE HACBIMICHHS, YTO
HE XapaKTepHO IUIs He(TSIHOM 3aJIeKH C Ta30BOM IIAITKOM.

Taxke NpU OIEHKE CBONCTB HAauyalbHOM IUIACTOBOM
HeTH BBISIBICHBI POOJIEMBI C OLIEHKOH IJIACTOBOTO JaBiie-
Husg (P 5-7 MIla), xotopoe He COOTBETCTBYET IiIyOMHE
3aneranus 1acrta — 1000 M. PaccmarpuBaemble miiacTsl 1Mo
JpYTUM y4yacTKaM MeCTOpOxJaeHHs Ya3 Bocrounslii umeror
IUIACTOBBIE JIaBJICHUS, COIVIACYIOUINECS ¢ THAPOCTATUYECKUM
Ha ITyOWHYy 3aneraHus Iulacta. B cBs3m ¢ 3TuM, 3a Hadallb-
HO€ INIacTOBOE JaBlieHue Uit miacToB T-mnact 1 u T-mnact
2 MecTopoxaeHus: Ya3 BoCTOUHBIN NPUHATO FMAPOCTATUYE-
CKO€ JaBJICHHE Ha TIIyOMHY 3aJleraHus. JTO 3HAYCHHE JaB-
JCHUS Tarxke OBUIO MOATBEPXKICHO B PE3yibTaTe THIPOIH-
HaMHMYECKUX MCCIEeIOBaHUIN MecTopoxaeHuss Ya3 Bocrou-
Hbli (MHTepBan nepdopannu 1064-1068, 1076-1079 m).

J1s  neTadpHOTO aHajlu3a IPOBENEHBI CPaBHEHMUS
CBOWCTB IJIACTOBOW He()TH TPUACOBOTO TOPU30HTA MECTO-
poxaeHus Ya3 Boctounslii ¢ mectopoxaeHuem Ya3z Ce-
BepHbIH. BbM mocTpoeHbl rpaduKy 3aBUCUMOCTH Mapa-
METpPOB IIACTOBOM HE(TH IBYX MECTOPOXACHHUH, MO KO-
TOPBIM BHAHO, YTO CBOMCTBa IUIACTOBOTO (UIIOHMIA OBYX
MECTOPOXACHUH HMEIOT OJIM3KHE B3aMMOCBSI3M M 3Hade-
HUs TapameTpoB (pucysku 9 - 11).

B TprnacoBoM ropusoHTe 3aeraeT 1miacToBas HeTh C ra-
30BOM mIamko#l (pucyHok §), mosToMy HedTh Ha TIyOHHE
THK pomxHa HaxXOOWTHCS B HACBIILIEHHOM COCTOSIHHH. Bce
npoObl He)TH B TAKOW 3aJ€KU OyIyT MOABEPKEHBI MIPOIIEC-
caM pa3ra3upoBaHUs IIPH UX 0TOOpE.
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Pucynok 8. Cxemamuunutii pucyHoKk Koppensyuu yacmu nia-
cma mpuaco6ozo 2opu3oHm

HauansHble cBoiicTBa MIacTOBOM He(TH, BBHAY HEOOIb-
IO MOIHOCTH TPHACOBOTO T'OPU30HTA, JOJDKHBI IPHHU-
MaThCsl COTJIACHO HAChILIEHHOMY cocTosHuio (uronaa. Ilo-
3TOMY COCTaB M CBOMCTBa IIacTOBOH He(TH OBUIM BOCCTa-
HOBJIEHBI C KCIOJIb30BAHUEM BBISBICHHOW B3aHMOCBS3U
napametrpoB Quronaa (pucynku 9-11). JlaBieHue HachImie-
HHE MPUHATO PAaBHBIM HA4aJbHOMY IIACTOBOMY JIABJICHHIO -
10.1 MIla. T'azocozmep<aHue OMNpEAEIEHO W3 MOIyYEHHOU
3aBUCHMOCTH JJaBJICHUS] HACBIIIEHHS OT Ta30COJepKaHUs Ha
ypoBHe 137.8 M%/1. Taxum ske 06pa3oM, IO 3aBUCHMOCTH
00bEMHOr0 KO3 dUIMEHTa OT ra30coAepsKaHus, MpoBeeHa
oueHka 00bEMHOTO Ko3(¢duimeHra. DTH mapamMerpbl HUc-
MOJIb30BAIUCH Ul HACTPOWKH, CO3JaHHOM Ha OCHOBE MaTe-
MaTHYEeCKOH pEeKOMOMHAIINN COCTaBa HACKHIIIEHHOTO IIIACTO-
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Boro Qurona Mozaenu. Pesynbrarel HacTpoiiku PVT moaenu
Ha SKCIEpUMEHTabHBIE TaHHbIe 10 ropu3oHTy T-I .1, T-I
IUL.2 TIPUBEJICHBI B TabuLe 3.
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Pucynok 11. 3aeucumocmov nniomuocmu niacmoeoil negpmu
om 2azocodeprcanus

Crenyer OTMETUTD, YTO JUIS 3aJIeXel, UMEIOIINX 3HauH-
TEJIHYI0 MOIIHOCTH IPOJYKTHBHBIX OTJIOKEHHWH, MOJy4eH-
HBII cocTaB ruactoBoit Hedtn Ha 'HK (MecTopoxaenue Yas
Cesepnblit (ropusont T-1) u Va3 Bocrounsiid (ropusont T-
miact 1, T-nmact 2)) naeT BO3MOXKHOCTh MPOBOJHUTH OLICHKY
N3MEHEHHs KOMIIOHEHTHOTO COCTaBa IIACTOBOH He(TH, H
CIIeJOBAaTEeNIbHO, €€ COCTaB II0 pa3pe3y IulacTa Ha OCHOBE
MO/JICTIMPOBAHUSl TPAaBUTALMOHHOTO pachpeneneHus. Ilpu
HAJIMYMK Ta30BOW MIANKH JIaBJICHHE HACHILIICHUS IIACTOBOM
HeTH B MOAra30BO YacTH 3aJIEKH JOIDKHO OBITh OJIM3KHM K
mractoBomy fasieHuro. Ha razonedrsanom xonrtakte (I'HK),
B COOTBETCTBHH C KJIACCUYECKUMHU (PU3MYECKUMH MPEACTAB-
JICHUSIMA O TEPMOANHAMHYECKOM PABHOBECHU COCYIIECTBY-
IOIINX Ta30BOH M XHUIKOH (a3, AaBIeHHE HACHIIICHUS IUIa-
CTOBOH He()TH PaBHO IIACTOBOMY JIaBJICHUIO (MECTOPOXKIIE-
nue Ya3 Bocrounbiit Pun =10.2 MIla, Puac = 10.1 MIla;
MECTOPOXKJCHUE Va3 CeBepHbIif Pnn = 109 MITa,
Prac =109 MHa).
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Taonuya 3. Pespnomamot nacmpoiiku PVT modenu mecmo-  Bocrtounsiii, Ya3 CeBepHBIH MOKa3aHbl OTIWYHTECIBHBIE 0CO-
pooicoenus Yaz Bocmounviit OEHHOCTH PeajlbHbIX IUIACTOBBIX ra30HE(TAHBIX cucTeM. PVT
l- - T-1ml MOJEJIb ITIO3BOJIUT C 0O0IBIIEH TOYHOCTHIO BBIIOIHATH IMpOrHo-
Topusont neoxom | meoxom  OM 1o 3UpOBaHME TOKa3aTejed pa3pabOTKH, Iiepecyera 3aracoB
TapameTpsl Enusm PacueTsl 0 MOJIENH MECTOPOXKIICHUH U OTIPEICIISITh TEXHIIESCKYI0 3(PPEKTUBHOCTh
ITmacToBoe naB- MITa 43 59 6.4 10.2 Ppa3inIHbIX METOJA0B YBCINUCHUA He(l)TeOTZ[a‘II/I.
JICHHUC
an;c;;::;p;eM- oc 223 228 | 282 377 Jlutepatypa / References
JlaBJeHHE HACHI- [1] Brusilovskij, A.l. (2002). Fazovye prevrashhenija pri
- Mila 3.0 46 50 101 razrabotke mestorozhdenij nefti i gaza. M.: Graal'
r m¥m® | 10.9 193 | 19.7  108.4 [2] Wilson; G.M. (1969). A Modified Redlich — Kwong
ASOCOACPIRAMIC | \3p 120 | 214 225 1357 equation of state, Application to general physical data cal-
OOBeMHBIH K03(- culation. Meeting, Cleveland
1.026 1.052 | 1.046 1.330 L. .
(uument [3] Pedersen, K.S., Christensen, P.L. (2007). Phase Behavior
[lnotHocts mia- s 995 0876  0.850  0.756 of Petroleum Reservoir Fluids. New York: CRC Press
CTOBOH HedTH [4] Jushhenko, T.S, Brusilovskij, A.l. (2015). Jeffektiv-nyj
IInoTroCTS cena- metod postroenija i adaptacii PVT-modelej plastovyh
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puposanHoii  r/em”  0.906 0900 0876  0.799 fljuidov gazokondensatnyh mestorozhde-nij i gazovyh

. Hedytn shapok neftegazokondensatnyh  zale-zhej.  Neftjanoe
SI3KOCTD TLJ1ACTO- ) 55.0 34.4 11.8 0.7 hoziaj 1), 56-60
BOM He(TH mlla-c ' ' ' ' czalstvo, (1),

Rodriguez, 1., Hamouda, A.A. (2006). An approach for
characterization and lumping of plus fractions of heavy

TakuMm 00pa3oM, Ha OCHOBAHUH IPOJICIIAHHOW PaOOTHI MO .
oil. SPE, ID 117446

noctpoernto PVT mogneneld Tpex mectopoxaeHuit Yas, Yas

Ya3, Ya3 lIsirbic, Ya3 CoJaTycTik KeH OpbIHAapbl MbIcajbiHaa Talicoran
ogoreiHaarel PVT KacuerTepin Moaesbaey

I'.)X. KokbiMbaesa”, D.B. Epmexos, P.VY. locHus30B
«KMT" Unorcunupuney JKILIC, Amevipay, Kazakcman
*Koppecnondenyus ywin agmop: kokymbayeva.g@Ilpcmg.kz

Anpgarna. Kabar cyiisikrapeiaeiy PVT KacuerTepi Typaibl CeHIMII NepeKTepiH 00Mybl MyHal jkoHE ra3 KabaTTaphIHBIH
KOPBIH ecenTeyze, MyHail 6epy ko3¢ dunnenTin Oaranaya, YHFbIManap/s! ChIHay/1a, KabaTTapIbl CaHIbIK MOAEIbBACY/IE JKIHE
KEH OpHBIH HTepy >K00achIH/Ia HEeTi31ereH melriMaep KaObaayaa KeTeKI per atkapaabl. ToxipuOene TaOUFu KoMipCyTeK
KOCTIaJapBIHBIH KACHETTEpiH Heri3Agey YHIiH Oip Me3riiie [JalanblK, 3epTXaHalbIK JKOHE TEOPUSUIBIK 3epTTeyNepIiH
HOTWOKENIepl KOJAaHbUIaAbl. benriieHreH Ke3eHJEepAiH OpKaHChICHIHIA MaMaHaap alblHFaH JAEPeKTepAiH CEeHIMALIIrH
apTTBIpyFa JKOHE OJIapibl TYCIHJIIPY ONICTEpiH a3ipieyre ThIpbicanbl. MyHail KeH OpHBIHBIH KaOaTThIK (UIIOMATEPIHIH
KaCHETTEPiH aHbIKTay YHFbIMaJap/blH TYNTIK aliMarblHa dcep €TY/iH opTYpJl SJicTepiH THIM/II MaiianaHyAblH, YHFbIMaJIap bl
nananany YImiH >Ka0abIKTapabl TaHIAYIbIH AIFbl IMAPThl OOk TaObuTafbl. KabaT CyHBIKTApBIHBIH KAaCHETTEpl OpTYpJii
TEpMOOAPIBIK JKaFlaiilapMeH aHbIKTaTalbl JKOHE KaOaTThlH arbIMJarbl KyHiHE JKOHE KadaT KbICBIMBIHBIH ©3repy
cUMaTTaMajapbelHa OaiymaHbICTHl e3repeni. KabaT cyibIKTapbIHBIH KacHETTEepiH aHBIKTAyABIH OapibIK Oenriyi omictepi exi
ToIKa OeJtiHe Ii: ToXIpHOeIiK xKaHe ecenTik. TonTap/slH OpKaiChICBIHBIH apTHIKIIBUIBIKTAPHI A, Oenrii 0ip KeMIIIiKTepi ae
6ap.

Hezizzi co30ep: 0ana, sxcnepumenm, PVT mooeni.

MopeaupoBanue PVT cBoiicTB B npeaesiax 010ka Tailicoran Ha npumepe
MeCTOpoxIeHnH Ya3, Ya3 Bocrouslii, Ya3 CeBepHbIid

I'.K. KokbiMbaeBa™, D.B. Epmexos, P.VY. locHusizoB
TOO «KMTI" Unsicunupuney, Amuvipay, Kazaxcman
*Aemop ons koppecnondenyuu: kokymbayeva.g@Ilpcmg.kz

AnHoTauusa. Hamname moctoBepHBIX NaHHBIX 0 PVT CBOWMCTBax IUIaCTOBBIX (DIIOWAOB WIPAET BEIYIIYIO POJb MPH IO-
cYeTe 3armacoB He(PTSHBIX W Tra30BBIX 3alIeKeH, olleHKe K03 (UIeHTa N3BIICUeHUs] HEQTH, HCCIECIOBAaHNH CKBAXHH, YHCIICH-
HOM MOJICTUPOBAHNN KOJUIEKTOPOB M IUISI IPUHATHS 0OOCHOBAaHHBIX PEIICHUH MPH MPOCKTHPOBAHUH Pa3pabOTKH MECTOPOXK-
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nernii. Ha mpakTHKe pe3ysbTaThl MPOMBICIOBBIX, Ja00paTOPHBIX U TEOPETHUCCKUX HCCIICAOBAHUI HMCITOIB3YIOTCS OIHOBpE-
MEHHO JJisi 000CHOBaHHMsI CBOMCTB MPHUPOAHBIX YIIIEBOJOPOAHBIX cMeceil. Ha KakIoM M3 OTMEUCHHBIX ATAIOB CIEIHATUCTHI
CTPEMSITCS TIOBBICUTh JOCTOBEPHOCTH IOIYYaeMBIX JIaHHBIX U Pa3BUTh METOABI WX MHTeprpeTanuu. OmpenercHue CBONCTB
TUTACTOBBIX (WITFOMIOB HE(DTSAHOTO MECTOPOXKICHHS SIBIICTCS OO0SI3aTCIBHBIM YCIOBHEM 3()D()EKTUBHOTO MPUMEHCHUS pas3iiny-
HBIX METOJIOB BO3JICHCTBHS HA MPH3a00MHYIO 30HY CKBaXXHH, ITOI00pa 000pyIOBaHUS IS IKCIUTyaTaluu ckBakuH. CBoiicTBa
TUTACTOBBIX (DJIFOMIOB OIMPEICIIAIOTCS PA3TUYHBIMU TEPMOOAPUICCKUMYU YCIOBHSIMHU U MEHSIOTCS B 3aBUCIMOCTH OT TEKYIIIErO
COCTOSIHUS TTACTA U XapaKTePUCTUKUA M3MEHEHHUS TIACTOBOTO JIaBJICHUsS. Bce M3BECTHBIC METOIBI ONPECIICHHS CBOMCTB ILa-
CTOBBIX (DJIFOUIOB JCTATCS HA JBE TPYIIIBL: SKCIICPUMCHTANBHBIC U pacuéTHbe. Kaxxias U3 rpynm uMeeT Kak MPeHMYIIECTBa,
TaK U ONpe/ICIEHHbIC HEJOCTATKH.
Kirouesvie cnosa: mecmopooicoenue, sxcnepumenm, modens PVT.
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