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O6ocHOoBaHMe TeXHONOrUN OCBOEHWUSI MECTOPOXAEHUM
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Peghepam
Begedenue. B ces3u ¢ ucmowenuem 3anacos ompadamul8aemvblx MEOHOPYOHbIX MECOPOHCOEH UL YEem-
HAsL MEMANIYp2us Ypanbcko2o SKOHOMUHECKO20 PeSUOHA UCHbIMbLeAen Ouwymumbslil dedpuyum medeco-
Oeporcaugeco coipba. OOHUM U3 NEPCHEKMUBHBIX PEeUOHO8 O/ OP2AHU3AYUU HOBOU Cblipbesoll Oa3bl
ysemuot memaniypeuu agniemcs Hpunonapuwiii u Ionapuwlii Ypan, 20e ROUCKOBbIMU 2€011020pA36€004-
HBIMU pAbOMAMU BbIABNIEHO 3HAYUMENbHOE KOTUYECHE0 NePCHeKMUBHBIX OJid 00paA38eOKU U NPOMblUL-
JIEHHO20 0CB0EHUSA MEOHOPYOHBIX U MEOHO-YUHKOBBIX PYOONPOAEIeHUIL.
Ieny pabomul. Ha ochoséanuu aHaiusa 2eonocuteckux OAHHbIX U OYEHKU 803MONCHO20 0OvbeMd npo-
MBIULIEHHBIX 3ANACO8 MEDECOOEPHCAU 20 CbIPbS 0DOCHOB8AMb MEXHUYECKYIO 603MONCHOCHTb U IKOHOMU-
YeCKYI0 Yenecoo6pasHOCmy B06eUeHUs 8 nepepabomKy 6oeameliuux pecypcos apKmuiecKkoll 30Hbl,
6 nepsyio ouepeds — I[Ipunonaprozo Ypana.
Memoodonozusa. Pazpabomxa Kor4e0anHvlx MeCmoporicOeHull, 0COOEHHO ¢ UCNONb308aAHUEM (DIOMAYUOH-
HbIX MEMO008, CONPOBOHCOAEMCs hopMuposanuem 0coboll MexHO2eHHOU cpedbl U Pe3KUM HApyuleHuem
NPUPOOHO20 pasHoBecusl. [l MUHUMUSAYUU HKOTOSUYECKO20 6030eliCMEUs HA OKPYHCAIOWI0 cpedy npu
nepepadomie MeOHOKONUEOAHHbIX PYO PACCMAMPUBATOMCIL COBPEMEHHbIE MEMOObl PEeHM2eHOPpAOUoMe-
MPULECKOU U INEKMPOCMAMULECKOU Cenapayuu.
Pesynomamul. AHANU30M U OYEHKOU 2€0102UHECKUX OAHHBIX 8bIABNIEHbI PAUOHBL NEPBOOYEPEOHO20 0CE0-
€HUsL MEOHOPYOHBIX MECTOPOX*COEHUIl, 000CHO8AHBI 00bEMbI NeP8OOUePeOHOll 000bIUU PYObl, ONpedeleHbl
0CHOBHbIE NOOX00bL K pa3pabomie MecmopodiCcOeHUll U COCMA8 OCHOBHO20 MEXHON02UYEeCKO20 U 0bo2amu-
menvHo2o 060pyoosanus. Paspabomansl nooxodel u npuHYUNUATLHAS KAYECMBEHHO-KOIUYECIMBEHHAS
cxeMa npeosapumenvHoil KOHYeHmpayuu pyoHo2o Cbipbs ¢ UCNONb308AHUEM CYXUX MEMo008 npedsapi-
MENbHO20 0002aWeHUsl, Peanu3ays KOMOPLIX NO360IUN COKPAMUMb 00 MUHUMYMA 8PEOHOe B030elicmaue
HA IKONO2UI0 APKMUYECKUX PESUOHO8.
Bu1600vt. Pecuonvr Ipunonsprozo Ypana pacnonazaiom 3HAUUMENbHbIMU OYEHEHHBIMU NPOSHO3HbIMU
pecypcamu pyOHbIX NONE3HbIX UCKONAEMbIX, NEPCHeKMUBHOe 0CBOEHUe KOMOPLIX OISl OMeYecmEeH Ol
Memanypeuu cnocobcmeyem UHMeHCUGUKAYUU UMROPMO3AMEWeHUA U OUBEPCUPUKAYUU NOCTNABOK
MEOHOPYOHO2O CbIPbA.

Knroueewvie crosa: meonorxonuedannvie DPYObL; 06beMm 3anacos; odvemvl 000bIYU, Kapbep, MEeXHON0-
euu obozaujeHus; Konyenmpam, 3¢phexmusHocmy uH8eCMuyuil.

Brenenne. l{BeTHasd Meramtyprus YpajJbCKOTO SKOHOMHUYECKOTO PErvoHa B TO-
ClIeIHeEe BPEMS UCTIBITHIBACT ONpPEACTICHHBIN AePUIUT MEeAECOAEPKALIETO ChIPhS, UTO
00yCIIOBJICHO HCTOIICHIEM COOCTBEHHON MIUHEPATLHO-CHIPhEeBOM 6a3bl. OTUaCTH criia-
YKUBAHHE MPOOJIEMBI 3aMETIICHHUS BHIOBIBAIOIINX TOPHOI00BIBAIONITNX MOIITHOCTEH 00ec-
TIEYNBAETCS TUIAHUPYEMBIM OCBOEHHEM 3allacoB METHO-TIOPGHUPOBBIX pyd FOxHOTO
Vpana MuxeesckuM 1 Tomunckum 'OKamu B coctaBe AO «Pycckas MeaHas Komma-
HUSI», OHAKO MIPU STOM HE CHUMAETCS OTPEOHOCTD B MONOJIHEHUH PECYPCOB Tpaiu-
IIMOHHBIX JJIS [IBETHOM MeTayuTypruu Ypajia MeTHOKOTYEJaHHBIX PYI.



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 3, 2019 7

MeTtonoaorusi. Jlajgee aHamM3upyeTcsi BO3MOXXHOCTh BOBJICUEHHS B TepepaboTKy
MeIHOKOIYeNaHHbIX py [Ipunossipaoro Ypaia ¢ 0CymecTBIEHHEM NTPeIBAPUTEITHHOMN
KOHIIEHTPALMX COBPEMEHHBIMHU CyXUMH METOIaMH 000TaIleHHS, TO3BOJISIONIEH MITHH-
MHU3HAPOBaTh HETAaTHBHOE JKOJOTHYECKOE BO3JIEHCTBHE TEXHOJOTHH pa3pabOTKH Me-
CTPOXIEHUI U IEPBUYHON TIepepadOTKH Pyl Ha OKPYKAIOIIYO CPELy.

AHanu3 U o0cyxkaenne. MUHEpaTbHO-CHIPHEBBIE PECYPCHI JUIsI MPOU3BOJCTBA
MeIr Ha Ypalie pa3BHBajlCh B OCHOBHOM Ha 0a3e METHOKOIYEJaHHBIX MECTOPOXKIe-
HU, CBA3aHHBIX C MNIABHOW pyJOBMENIAIOIIeH CTPYKTYpoi Ypaia — MarHuToropcko-
TarunsckuM MPOTruOOM, K KOTOpPOMY TpHypodeHa pyaHas 3oHa CeBepHOTrOo Ypana
CeeputoBckoit o0nactu ¢ pa3pabarsiBaembiMu Banentopckum, Hlemypckum, HoBo-
[Temypckum u TapHbepcKkuM MecTOpOkAeHUIMU. [loTeHIIaNbHBIE MECTOPOXKICHUS
[IpunonspHoro VYpana nOpuHaIIekKaT K 3TOM K€ pPYyJOBMELIAIOIIENH CTPYKTYpE.
['eomorocbeMOYHBIMU, MMOUCKOBEIMU M TEMaTHYCCKUMHU pabOoTaMu Ha TEPPUTOPHUHU
Cesepnoro u [Ipumnomsipaoro Ypana (XMAQO) BEISBICHO TPH MOTCHITNATBHBIX KOJTUE-
JIAHOHOCHBIX pyHOHBIX paiioHa: CeBepo-CockBuHCKHUH, BombuHaCKUit U [ pybenHCKO-
THIKOTIIOBCKHI — C IPUYPOYCHHBIMHU K HUIM COOTBETCTBYIOIIUMHU KOTYEJAHHBIMHA Me-
cropoxaenusmu ([Llaopun A. H. Konuuecmeennasn oyenxa npocHO3HLIX pecypcos
MBEEepObIX NONE3HBIX UCKONAEMBIX 30Hbl MPAHCNOPMHO20 KOpuoopa « Ypan Ilpomviiu-
nennvlil — Ypan Honapnotiin: omuem. Y. V. Meow, yunx, ceuney. Tromeno: Cubupcruil
nHayuy.-ananum. yeump. 2006. 27 c.; 3onoes K. K., @edopos O. I1. Konyenyus xom-
NJIEKCHO20 NPOMbIULTIEeHHO20 ocsoenus [lpunonaprozo Ypana na ocHose onepedicaio-
we2o pazeumus MpAHCNOPMHOU U IHEPeeMmudeckol UHDPACMPYKmypobl. omuem,
paszoen «Hedpononvzosanue» / [enapmamenm no Hegpmu, 2azy u MuHepaibHuIM
pecypcam Xanmoi-Mancutickoeo asmonomnozo okpyea—FOzpwi. Examepunbype—
Xanmwvi-Mancuick: HIII] Monumopune, 2005. 205 c.).

CeBepo-CocbBUHCKUIN pailoH BKJIFOYAET TPU KPYIIHBIX U ABA MEJIKUX Pa3BelaHHBIX
KOJTYEaHHBIX MECTOPOXKICHUS U YeThIpe MEePCHeKTUBHBIX ydacTka. CyMMapHbIE yT-
BEPKJICHHBIC 3aI1aChl 110 KPYIIHBIM MeCTOpOXkIeHuAM Kareropuii C, + C, cOCTaBIIAIOT:
pyabl — 48,6 muH T; Mmeau — 602,0 ThIC. T; HUHKA — 975,3 ThIC. T. Y TBEPKACHHBIE MTPO-
rHosuele pecypebl (Ha 01.01.2003 r.) mo xareropun P, onenensl B 33,1 MiIH T pyzb
(400 TeIC. T Memu U 640 ThIC. T HMHKa). CymMmMapHbIe 3anackl 110 kareropun C, MeIKuX
MECTOPOXKIEHUH, OlIeHEHHBIE KaK aBTOPCKUE U KBATH(PHUIINPOBAHHBIE KaK MPOTHO3HBIE
pecypcsl, o cocrostnio Ha 01.01.2003 1. cocrapmsm o kareropuu P, : pyna — 8,6 MiH T,
menb — 25,6 TeIC. T, UMHK — 24,6 ThIC. T, Mo Kareropuu P,: pyma — 16,0 miH T,
menb — 210 teic. T, uuHK — 130 TeIC. T; Mo Kareropuu P,: pyma — 12,8 muH T,
Mmenb — 170 toic. T, uHK — 100 ThIC. T. DTH OLIEHKHU yTBEPkKACHB MUHHCTEPCTBOM IPHU-
ponHsix pecypcoB PO (MIIP).

Kax mHanbosee mepcrneKTUBHBIE IS TOTEHIIMAIBHOTO ITPOMBIIUIEHHOTO OCBOCHUS
YKa3aHHOTO paiioHa MOXKHO BBIIEITUTh MaHBSIIOBIHTYPCKHH W BOIbIecOCEBHHCKUI
ydacTkd. PynonposiBnenre MaHbsUIOBIHTYPCKOTO y4acTKa MPEICTABICHO IBYMS Py-
HbiMu Teramu Ne 1 u Ne 2 co cpeiHuM cozieprkanreM cooTBeTcTBeHHO Meau () 0,48 %
u 1,73 %; nunka (B2) 1,34 % u 1,01 %. Cpenree comepkaHue [0 JBYM PYIHBIM TEJIaM:
menu 1,01 %; nunka 1,17 %. IloncunTannble Mo pyaHbIM TeaaM 3anacel kareropuu C,
OIICHHBAIOTCS KaK aBTOPCKHME M paBHBI COOTBETCTBEHHO: MeA — 9 ThIC. T M 21 THIC. T,
KA — 19 1eIC. T M 12 THIC. T. PymomnposiBiieHne bobecoChBHHCKOTO yUacTKa Ipe-
CTaBJICHO OTHOMMEHHBIM PYAHBIM TEJIOM C coaepxanuem meau 0,42-2,05 %.

Yr1eepxknennoie MIIP PO o Ceepo-CocbBUHCKOMY paiioHy IIPOTHO3HBIE pecyp-
cbl 1o kareropuu P, (1a 01.01.2003 r.) cocrapmstor: Menb — 1000 Thic. T (B 1,5 %);
uHK — 1500 ThIC. T (B%" 2,2 %).

BonpuHCKHH palioH MpeACTaBIeH PAJOM PYyAONPOSBICHUH, Hanbojaee KPYMHBIMH
SBIISTIOTCSL PYIOTPOSBIICHNS SIHBIMAaHBMHCKOTO ¥ TOJBHMHCKOTO y4acTKOB. MuHepain-
3amMs yYacTKOB MPEICTABICHA BKPAIUIEHHOCTHIO THUPUTA, XaIIbKOIIUPHTA, callepruTa
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¥ remMatuTa, B Kotopsix B 1,4 %; p?" 0,8 % u pAY 1,5 /1. Aropckue (B. E. Kossipes,
K. K. 3omoes, A. B. CypranoB) nmporHo3Hsie pecypchl yuacTkoB orieHeHs Ha 01.01.1998 1.
no kareropuu P, no ry6unsr 500 M u cocrasusror: Meap 1500-1880 Teic. T; HMHK
1000-1130 TtrIc. T. IIporHO3HBIE pecypchl 0 BombuHCKOMY paiiony, npuHsTeie MIIP
P®, cocraBmstot: mo meau — 1500 1hIC. T; Mo nuHKY — 1000 ThIC. T CO CpeaHUM coaep-
JkaHueM MenH ~ 2 %; muaKa ~ 1,2 %.

I'pyOenHCKO-THIKOTIOBCKUN paiioH XapaKTEpU3yeTCs KOTYeTaHHO-TTOTUMETAIIIH-
YEeCKUM OpyJAeHeHHEeM. PynonposiBieHne npeIcTaBlIeHo TpeMs ydacTKaMu: ThIKOTIOB-
ckuM, AMOpoBokckuM 1 [Tapycmopckum. Hanbonee 6orarast Munepanu3sanus paiioHa
TPy poYeHa K 3aratHOH 30He ¢ conepkanneM 7,8 % menn, 11,4 % cunma u 0,3 % miHKa.
IIporHo3HBIE PECYpChl 110 PaiOHY KBAIM(UIMPOBAHBLI IO KaTeropud P, M oOlEHEHBI
(B. E. KozpipeBsiM) 10 TiryOuabI S00 M B creayroniux koimmdecTBax: Menb — 2400 Thic. T
(conmepkanue 2 %); uuuak — 1800 ThiC. T (comepxkanue 1,5 %); ceuneny — 1440 ThIC. T
(comepxanne 1,2 %). Ilpornosusie pecypchbl kareropuu P,, mpunsreie MIIP PO mo
3TOMY paiioHy, coctaBnaoT: o menu — 1000 Teic. T; mo muHKY — 1000 ThIC. T.
IIporHo3nble pecypcsl CBUHIIA HE TPUHSTHL

B tabn. 1 mpuBeneHsl pac4eTHBIE IIPOTHO3HBIE 3aIaCkl Py 10 Kareropuu P, B pyn-
HBIX paiioHax Ha Tepputopru XMAO-IOrpa. PacueTs! mpoBeieHs! HA OCHOBE HCIIONb-
30BaHUs MacCOBOM JI0JIM MEIU B pyZax Mo pailoHaM cOCPEOTOUYEHHUS €€ 3aracoB, MPH-
HTBIX MIIP PO,

Ta6auna 1. PacueTHble 3anackl MeIHO# pyasl Ha Tepputopun XMAO-KOrpa
Table 1. Estimated reserves of copper ore at the territory of KhMAO-Yugra

PaccunranHble 3amachl PYABI KaTETOPUU P3, MJIH T
Pynublii paiion
no B. E. Ko3sipeBy npusarsie MIIP PO
CeBepo-CoCbBUHCKHI 67 44
Bonbunckuit 94 61
I'py6enncko-ThIKOTIIOBCKHI 120 79
Hmozo no XMAO 281 184

[Tpu onjeHKe MEAHOPYIHOTO MMOTEHIIMATA Ha OCHOBE aHaJIM3a UMEIOILEHCS Te0IOTU-
4eCcKoi MH(GOPMAaIUU MPUHSATO, YTO JJIS IIEPBOOYEPETHON pa3pabOTKu Hanbosee mos-
XOIWUT TpyNIa MEeCTOPOXKICHUH METHO-IMHKOBBIX pya Bomemackoro m Cesepo-
CoCBBHHCKOTO paifoHOB. B Tabm. 2 mpeacTaBiIeHO COCTOSHHUE NMPOTHOZHBIX PECYpCOB
MECTOPOXKICHUH YKa3aHHOW TPYIIIBIL.

O1neHKy BO3MOXKHOTO 00BEMa MPOMBILIUICHHBIX 3aIIacOB MpEAJiaraeTcs MpOH3BO-
JUTh 10 (hopMyIie TIPUBEIEHNS C y4ETOM pasaMuHbIX Kareropuii 3anacos (C,, C,, P,
P,, P,) [3]:

anz(c1+cz)+%+(¥). 0

OO0beM npuBeNEeHHBIX NPOMBILIUICHHBIX 3a1acOB B MpeAeiax YKa3aHHBIX PallOHOB
MoxeT cocTaBuTh Oomnee 20 MiH T. C ydeToM ITyOHHBI OLIEHKU IPOTHO3HBIX PECYPCOB
(200500 M O OTAETBLHBIM PYIOMPOSBICHUSM) U OTBITa OTPAOOTKU CXOAHBIX MECTO-
poxaenuii ceBepa CBepIIOBCKOM 00acT pa3paboTKy MECTOPOXKACHUH Mpeoiara-
€TCsl MPOU3BOIUTH OTKPHITHIM CIIOCOOOM B JIBa dTara: Ha HepBOM 3Tare — BonmbuHCKOTO
pationa, Ha BropoM — CeBepo-COoChEBHHCKOTO paifoHa. J1JIs 0CBOCHHUS MECTOPOXKIACHUS
BonbuHCcKOTO paiiona ropHo-oboratutensHbli KomOnHaT (I'OK) mpownsBopcTBeHHON
MOIIHOCTBIO 0 1 MJIH T pyAbl B ToA Leneco00pa3Ho pa3MecTHTh psaoM ¢ roc. [pumno-
JSPHBIA, B 30HE JOCTYIMHOCTH K IUIAHUPYEMBIM aBTOMOOWIBHBIM M IKEJIE3HBIM
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noporam [3, 4]. [TapameTpsl KapbepoB MO OTPAOOTKE METHO-IIMHKOBBIX Py IPUHSTHI C
YYETOM OITBITa OCBOCHUS [S] CXOXKUX 0 T€OIOTUYECKOMY THITY MECTOPOXKICHUI CeBe-
pa CeepmitoBckoit oomactu (Tadm. 3).

Mectopoxnenus CeBepo-COCBBHHCKOTO paiioHa TpeNrnojaraeTcsi 0CBauBarh BO
BTOPYIO O4Yepellb, C YACTHYHBIM HCIONB30BAHAEM O0OPYIOBAHUS, BHICBOOOKIAEMOTO
mocIie 3aBepiieHus padboT B BonbuHCKOM paiioHe.

Oco0oe 3HaYCHHUE TPUOOPETACT BHIOOP TEXHOJIOTUH 000TaIICHUs METHOKOTUE/TaH-
HBIX PYI B paiioHax pa3paboTKu MecTOpokAcHur [6—9]. DTo cBsi3aHO ¢ 0CO00i 4yB-
CTBHUTEIHLHOCTBIO TpUpoAsl Ilpumomnsipaoro Ypaia, sIBISIFOIICHCS cpemoit oOmTaHms
IIEHHBIX PBIO M pEeIKUX dHIEMUKOB [10].

Tabauna 2. Cocrosinue NPOrHO3HBIX PeCypcoB KaTeropuu P3 MeIHO-IIMHKOBBIX MECTOPOKACHUIA
JJ151 IepBO0YepPeTHOr0 0CBOCHHUSI

Table 2. The status of P3 perspective resources of copper-zinc deposits for top-priority exploitation

o Inoma, Ieonoro- I'my6una | Cpennee comep- | Pecypcst
Pynuvlii paiion 2 . Tun pyast NIPOTHO3a, | JXKaHHE KOMIIO- | MeTaJla,
KM HpOMBIIlIJ'IeHHBII/I THIT o
M HEHTOB, % TBIC. T
Boabuackui 540 Menno-imaKoBO- | [IpoxunkoBasi, 500
Cu KOJTYeTaHHBIN BKpaIjeHHas 2,0 1880
Zn 1,2 1130
Cesepo- 220 Menano-umakoBO- | [IpokuikoBas, 500
CoOCbBUHCKHUH KOJTYETaHHbII BKparjieHHast
Cu 1,5 1000
Zn 22 1500

Pa3zpaboTka Kom4eAaHHBIX MECTOPOXKACHUH COMPOBOXKAAETCS (OPMUPOBAHUEM
0Cc0o00# TEXHOTEHHOH cpefbl, PEe3KHUM HapylIeHHEM MPUPOJHOTO PaBHOBECHS, YTO
00yCJIOBJICHO IOCTYIIOM KHCJIOPOZA BO3/LyXa, YIJIEKHCIIOTO Ia3a U MOBEPXHOCTHBIX BO/,
00OTaleHHBIX KUCIOPOAOM, K CyIb(GUIHBIM pyaaM IpH UX no0bide. B kucnopoanoit
cpexe y cynb(GHUIOB, B COCTAaB KOTOPBIX BXOISAT HEMETAJUIBI C MOJHBIM 3all0JHEHUEM
SIIEKTPOHHBIX 0005104eK dnmekTpoHaMu (S?-, As’™ u T. i) u metayutel (Fe?', Cu' u . 11.)
C HU3KOM CTETEeHbI0 OKUCIICHHSL, PE3KO MPOSIBIAETCS XUMHUUECKUH MoTeHnrai (crmoco0-
HOCTH BEIIECTB K XUMHYCCKIM U3MEHEHUsIM). [Ipy okuciieHnn cynbGuIOB BBIIEIICT-
cs termio O ¢ obpasoBanneM Fe3', S6*, As>* n 06pasyroTcss pacTBOPHI KUCIIOT, KaK, Ha-
npumep, pu oxkuciaenuu nuputa (FeS,): 2FeS, + 70, + 2H,0 — 2FeSO, + 2H,SO,.

AHaJIOTHYHBIE TPOLIECCHI OKUCIICHHS CYAb(QHUIOB U MPeoOpa3oBaHMs MPOLYKTOB pe-
aKIU MOTYT pa3BUBAThCS U MPU pa3paboTKe KoMuenaHHBIX MecTopoxaeHnii XMAO,
0COOEHHO C MCIOIB30BaHUEM (IIOTAIIMOHHBIX METO/IOB, OCHOBAaHHBIX HAa IPUMEHECHUH
TOKCHUYHBIX PEareéHTOB M pa3MEIICeHWH Ha IMOBEPXHOCTH 3€MIJIM TOHKOAMCIIEPCHBIX
Cynb(hUACOACPIKAIINX XBOCTOB 000TAIEHUS] — HCTOYHUKOB CEPHON KHUCIIOTHI U CyIlb-
(aToB TSHKEIJIBIX UBETHBIX METAIUIOB. [10IHBIN UK NOTy4eHHs Cynb()UAHBIX KOHLICH-
TpatoB (uotanueld Ha Tepputopun XMAO, mpemnaraeMblid psaoM HccIeqoBaTeleH,
SBJIIETCS KOJIOTHYECKH OMacHbIM HampasieHueM i [Ipunonsproro Ypana.

Pesyabrarhl. TeXHHKO-9KOHOMHUYECKHE pacdeThl BHITIOIHEHBI [T Kapeepa Ne 3
(tabm. 3). IIpUHATHI CIENYIOMINE YCIOBHSA: CPEOHSASA IUIOTHOCTH pyabl — 4,3 T/M°,
BCKPBIIIHBIX TOPO — 2,8 T/M3; K02 PHITHEHT BCKPHIIIH TI0 TPYIIIE KaphepoB — 3,8 M3/T;
notepH — 3,5 %; pasyOoxusanue — 7,7 %. YCTaHOBICHO, YTO KapbepaMH NEPBOil oue-
PN BCEro MOXKET OBITh JOOBITO ~ 12 MJIH T py/Ibl U 0OTPabOTaHO ~ 46 MJIH M? BCKPBILII-
HbIX ntopox. [Ipu cpennem conepxanuu menu 1,95 % u nunka 1,65 % cooTBETCTBEHHO
MOXeET OBITh J00BITO ~ 220 ThIC. T Meu U ~ 190 ThIC. T IMHKA, KPOME TOTO, OKOJIO 9 T
3oiota (ipu copeprxanuu 0,9—1,0 r/T). Pacder npou3BoAUTEILHOCTH U HEOOXOIUMOTO
KOJINYECTBA TEXHOJIOTHUECKOTO 000pYyIOBaHUS Kaphepa BBIOIHEH AT TO0BOIO 00b-
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eMa JI0ObIYM TOPHOW MaCChl, YTO COOTBETCTBYET MaKCUMAIBHOM MPOU3BOAUTEIBHOCTH
kapbepa Ne 3 (tabum. 3): mo pyae — 1000,0 toic. T (250,0 Thic. M?); 110 CKaIbHOMN BCKPbI-
me — 10 640,0 teic. T (3800,0 ThIC. M?); Becero — 11 640,0 teic. T (4050,0 THIC. MY).
OO0muii CpoK CyIIECTBOBAHMS MPEANPHUATHS (C MOMEHTA TONYYEHHUs JUIEH3UU Ha
MOJIb30BaHUE HEIpaMH) MOXKET cocTaBuTh 17-20 mer. Hadamo BemeHHWs TOpPHBIX
palboT IIaHUPYETCS Yepe3 S5 JeT ¢ MOMEHTAa NOJMyYCHHUs JIMIICH3UU Ha M0Jb30BaHUe
HEJPaMHU.

Ta0auna 3. IlapameTpbl KapbepoB HA KOHEll 0TPA0OTKH M 00beMbI 100bIYH
Table 3. The parameters of open pits at the end of mining and production

Hapaverp apiepa amacs | Hononiteuyp | Pacocnusi
I'my6uHa, M 190 120 165
JiunHa no aHy, M 100 510 400
IupuHa no 1Hy, M 45 100 200
Il1o1mans o AHy, THIC. M2 4 40 63
JIn1Ha o NOBEpXHOCTH, M 630 750 730
[upuHa MO TOBEPXHOCTH, M 440 340 530
ILiowmans o MOBEPXHOCTH, THIC. M2 220 200 304
OG6beM ropHOI Macchl B KOHTYpax Kapbepa, ThiC. M° 16 150 9628 20 192
B TOM 4MCJIE PY/bL, THIC. M3 1226 459 1164
TBIC. T 4622 1970 5007
BMEIIAIOIINX TIOPOJI, THIC. M3 14 924 9169 19027
TBIC. T 41784 25670 53276
Koadduuuent Bekpbium, M3/ 3,23 4,65 3,8

* TlapameTpsl JefCTBYIOIIETO Kapbepa; ** IpoeKTHbIE ITapaMeTphl Kapbepa.

Jis MMHAMU3alUU SKOJIOTMYECKOTO BO3JICHCTBUS HA OKPYXKAIOIIYIO Cpely Hpu
nepepaboTKe METHOKOIUENAHHBIX Pyl MecTopoxaeHuil [Ipunonspraoro Ypana npen-
JIATaloTCs CYyXHME METOIbl KOHIICHTPUPOBAHMS LIEHHBIX KOMIIOHEHTOB B IIPOMIIPOIYKT
Ha OCHOBE HCITOJIb30BAHMS COBPEMEHHBIX peHTreHopanuomerpudeckux (PPC) u 6apa-
OaHHBIX KOPOHHBIX nekTpocTtarndeckux (IC) cemaparopos [11]. C yuetom cnenndu-
KM MHHEPAIILHOTO COCTaBa CBhIPhS U MPUHATOTO 000PYI0BaHUs pa3paboTaHa MPUHIIN-
MUaJbHAs TEXHOJIOTHYECKasl CXeMa IPEABAPUTEIIEHOTO 00OTAICHUST METHO-ITHHKOBBIX
pyr XMAO-IOrpa.

PacdeTsl MoKa3bpIBalOT, 4TO B PE3YNIBTATE CYXOT0 CII0Cc00a 00OoTaIIeHns mocie nepe-
pabotku 1 MuH T pyas! ¢ conepkanueM menu 1,9 % u nuuaka 1,65 % MoxeT OBITh MOITy-
yeHo mnpuMepHOo 240 ThIC. T MEIHO-IIMHKOBOTO KOHIIEHTpaTa C COIEepKaHHEeM
7,77 % Menu u 6,63 % LIHHKA COOTBETCTBEHHO, a TAK)KE XBOCTOB 00OraieHus B 00b-
eMax ~ 560 Teic. T. XBOCTHI CKJIAIUPYIOTCS B CICITUANBHBIA OTBAJ C TUIPOU3OISIUCH
ocHoBaHus. TakuM o00pa3oM, mpemjiaracMasi TEXHOJIOTHsS OOOTAIllEHHUS IO3BOJIIET
M3BJIEYb U3 PyABI B KOHIEHTpAT 8298 % [eHHBIX METaJIOB.

[lomy4ueHHBIT METHO-IIMHKOBBIN KOHIIEHTPAT OTIPYXKAETCS KeJIe3HOJOPOKHBIM
TPaAHCIIOPTOM Ha MEJICTUIaBUIIbHBIE 3aBObI YPAIBCKOTO PErHoHa JIIs MOCIeNyIomen
IyOOKO# mepepaboTKH.

OnbIT nepepadOTKU KOMYESAaHHBIX PYyJ CBUACTEILCTBYET O HAJIMUUU B HUX 30J10Ta
co cpearum coaepxkanneM 0,9—1,5 r/1. Ha MeaeniaBuIbHbIX 3aBoJax 0TpaboTaHa TeX-
HOJIOTHSI BBIIEJICHHA 30JI0Ta U3 YEPHOBOW MeJH, YTO TO3BOJISAET TMONMYyJaTh MPEaIpHus-
THSM CYIIECTBEHHBIH JOITOIHUTEIBHBINA JOXO/.
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C y4eToM yKa3aHHOTO OIbITa NIepepaboTKK Py BHIIOJIHEH pacdeT Mo MPOrHO3UPY-
€MOMY COAEPKAHUIO 30J10Ta B KOHILIEHTpare. [Ipu nporao3upyemoil cpeaHel MaccoBOi
Jone 3o0510ta B pyae 1 /T B 1 mutH T pyasl coaepxkutcs ~ 0,9—1,0 T 3oimota. [TapareneTu-
yecku 305010 Ha 90 % cBsi3aHO ¢ cynphuaHON MuHEpanu3anuei, 1. €. 900 xr 3omoTa
COZIEPXKUTCS B CyIb(HIaX, TP STOM B XBOCTaX OOOTamieHus OyAeT moTepssHo ~76 Kr
JIParoleHHOro MeTasuia.

OrneHka 3 PEKTUBHOCTH MTPOSKTAa OCBOCHHS METHO-KOMYEAaHHbIX pyn [Ipumnosmsip-
HOTO Ypayia mokazaja, 4To 0ObEeM IMEepPBOHAYAIBHBIX WHBECTHUIIMN MOXKET COCTABUTH
4-5 Mupna p. PU CPETHETONOBBIX IKCIUTYaTaIlMOHHBIX 3arparax Ooziee 1,5 mipx p.
Bripyuka oT peanu3any TOBaApHOM MPOMYKLUUHU OINpPEAESiEHA M3 pacuyeTa PhIHOYHOMN
CTOMMOCTH IIEHHBIX KOMIIOHEHTOB B KOHIIEHTpaTe (MeIu, INHKA, 30JI0Ta) ¥ 3aBHCHT OT
MHOTHUX (PAKTOPOB, CBA3aHHBIX C YPOBHEM IICH Ha METAJUTBl HA MUPOBBIX PHIHKAX, Ba-
JIFOTHBIX KYpCOB H Ap.

PacdeTHble moka3aTenu CBUACTEILCTBYIOT 00 3((EKTUBHOCTH TAHHOTO MPOEKTa —
CpPaBHUTEIIHHO BRICOKHH nHIEKC qoxomHocTH (P1=4,3), Y1/ cBbImIe 5 MITp p. ¥ IPH-
E€MJIEMBIH CPOK OKYNIaeMOCTHU ~ 6 JIeT. AHANIU3 PUCKOB MHBECTHLIMM CBUIECTEIBCTBYET
0 JTIOCTaTOYHO BHICOKOW YYBCTBUTEIHLHOCTH WHBECTUIIMOHHOTO MPOEKTa K PHIHOYHOMN
KOHBIOHKTYpe (puc. 1). HecMOTpst Ha CTOXaCTHYHOCTH B TIOBEACHUU KOJICOAHUH TICHBI
Ha METaJUI BO BPEMEHH, MOJTy4YeHHAasI PeTPEeCCHOHHAs 3aBUCMOCTh OyAeT COXpaHSTh
CBOIO TEHJCHIIMIO U IS 60Jiee TIO3JHIX TIEPHUOJOB OIICHKH.
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Puc. 1. 3aBucumocts 3¢pextrBHOCTH (U/I/]) IpoekTa OT LieH Ha METaJUIBI
Fig. 1. Dependence between the project effectiveness (NPV) and the prices
for metals

BbiBonabl. AKTyaIbHOCTb UCCIIEA0BAHUM, CBA3aHHBIX C OLIEHKOM NEPCIIEKTUB OCBOEHUS
HOBBIX CBIPBEBBIX 0a3 TSI OTEUECTBEHHON METAILTYPIHH BO MHOT'OM OOYCIIOBIIEHA OCTPHIM
JEQUITITOM Pyl LBETHBIX M JICTHPYIOIIUX METAIOB (MEIb, XpPOM, MapraHer u Jp.),
KOTOPBI MOKPBIBAETCS OCTAaBKaMH U3-3a pyOeka. OHUM U3 HalpaBJICHU UMITOPTO-
3aMelleHnss ¥ JUBepCH(UKAIIMN TTOCTABOK MEJHOPYIHOTO CHIPhSi B PETHOHE MOXET
CTaTh OCBOEHUE CHIPbEBBIX pecypcoB IIpumnomnsprHoro Ypaia B npejenax ropHoN 4acTu
TeppUTOPUH XaHTbI-MaHCHIICKOTO aBTOHOMHOTO OKpyra—tOrpsl.

Jlnd MUHMMH3aH BPETHOTO 3KOJIOTHYECKOTO BO3AECHCTBHUS Ha OKPYKAIOLIYIO Cpe-
Jly TIPEIIIOYTUTEIBHBIMU TEXHOJIOTUSIMHU 00OTAIICHUS METHOKOTYEIAHHBIX PY U APY-
TOr0 MHHEPAJIBbHOTO ChIPbsl MECTOpPOXKAeHUH IIpunonspHoro Ypana SBISIOTCS CyXue
METOJBI TIPEABAPUTEIHLHOTO O0OTaIIeHHs, 0e3 MTPUMEHEHHS TIIYOOKHX CTaiuii oOora-
IICHNS U XUMAYeCKUX peareHToB. [Ipu 3ToM mpeaBapuTensHOE oOoraiieHne Ha mMpo-
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MBIIUICHHOW TUIOIIAJKE MPEIIPUATHN PEKOMEHIIYETCS MPOU3BOJIUTH CTaJUaIbHBIM
JIPOOJICHUEM, TPOXOUYCHUEM U CeIapaliiel ChIphsl C OTCCUYCHUEM HEKOHIUIIUOHHBIX PYIT
Y COITYTCTBYIOIIHX ITOPOI, TPH 3TOM ITOTyIE€HHBIA POMEKY TOYHBIN IPOIYKT (KOHIICH-
Tpar) BEIBO3UTCS B OCBOCHHBIE MH]IyCTPHAIBHBIE PETHOHBI Ypala [Tl TIoCenyomien
nepepadoTKH.

[NoBsimenne 3(h(HEKTUBHOCTH WHBECTHIIMOHHBIX MPOEKTOB MO OTPabOTKE MEIHO-
IIUHKOBBIX PYJI, YyBCTBUTEIBHBIX K M3MCHECHHUIO IICHBI HA TOBAPHYIO MTPOIYKIIHUIO, MOXK-
HO 00€CIICUUTD 32 CUET ITAITHOCTH Pa3BE/IKH M OTPAOOTKH MECTOPOXK/ICHHUI BBEJICHUEM
B DKCILTyaTaIlMIO Ha TIEPBOM dTare HarOolee IeHHBIX y4acTKoB. Co31aTh YCIOBUS IS
CHIDKEHUS 3aTpaT Ha BCKPBIIIHBIE PAa0OTH MOXKHO MyTE€M COKpAIIeHUsT KOd(pUIEeH-
TOB BCKPBIIIH B TPaHUIIAX OTPAOOTKU MEPEOBBIX KAPhEPOB IIEPBON OUEPEIH U UCTIONb-
30BaHUs TEXHUKH U TEXHOJIOTHH, B HAMOOJbIIIEeH CTEIIEHH COOTBETCTBYIOLIUX CIIOKUB-
IIMMCS TOPHOTEXHUYECKUM YCJIOBHUSM Pa3pabOTKH.

KommnexkcHoe 0CBOEHHE pecypCcoB apKTUYECKHX PETHOHOB Ypaja MpH YCIOBHU
CO3/1aHusl HEOOXOMUMON TPAHCIIOPTHOM, SHEPTETUIECKON 1 COIIMATbHON HHPPACTPYK-
TYPBI MOXKET OBITh AOCTATOYHO A(h(HEKTUBHBIM, KaK MTOKA3bIBACT YCIEIIHBIA OMBIT pa3-
paboOTKH yIIEBOJOPOAOB U IMPEIBAPUTEIbHAS OICHKA TEPCIICKTUB OCBOCHUS MEIHO-
pyaHoro norennuana [12—15].

Hccneoosanusn evtnonnenst 6 pamkax I'ocyoapcmeennozo 3aoanus 007-00293-18-00.
Tema Ne 0405-2018-0001. IIpoexm Ne 18-5-5-10. Obocnosanue memooos u Imanos
aoanmayuu 20PHOMEXHOI0ZUUECKUX CUCHEM K USMEHAIOWUMCA YCI0GUAM Pa3pa-
O0mKuU C0IHCHOCMPYKMYPHBIX 27IYDOKO3ANE2AI0WUX MECMOPOIHCOCHU.
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Substantiating the technologies of copper sulphide ore deposits exploitation
in the Arctic zone of the Urals
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Abstract
Introduction. Owing to the depletion of reserves in mineable copper deposits, the non-ferrous metallurgy
of the Ural Economic Region runs a significant deficit of copper-containing raw material. One promising
region for the organization of a new non-ferrous metallurgy mineral base is the Nether-Polar and Polar
Urals. Geological exploration discovered a significant number of promising copper and copper-zinc ore
occurrences for supplementary exploration and industrial exploitation.
Research aim. Based on geological data analysis and the estimation of copper-containing raw material
potential industrial reserves, the research aims to substantiate technical capability and economic
advisability of including, first of all, the Nether-Polar Urals into Arctic zone reach resources processing.
Methodology. Pyrite deposits exploitation, particularly with the use of flotation methods, is accompanied
with special technogenic environment development as well as drastic environmental disturbance. In order
to minimize environmental impact caused by copper sulphide ore processing, modern methods of X-ray
radiometric and electrostatic separation are considered.
Results. Geological data analysis and estimation revealed the regions of top-priority exploitation of
copper deposits, main approaches to deposits exploitation and the set of main technological and mineral
processing equipment have been determined. Approaches and principal quantitative-qualitative scheme
of ore raw material preliminary concentration have been developed with the use of dry methods of
preconcentration, the realization of which will make it possible to minimize the negative environmental
impact on the ecology of Arctic regions.
Conclusions. The regions of the Nether-Polar Urals have considerable evaluated perspective resources of
ore minerals, further exploitation of which contributes to the intensification of import substitution
industrialization and copper raw material supply diversification in native metallurgy.

Key words: copper sulphide ore; reserves; production; open pit; dressing technology; concentrate;
the effectiveness of investment.
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Pa3BuTHe cpecTB MeXaHU3MPOBAHHOM JOOLIYM KaNUAHBIX PyA

Wuwnaxxaukos O. U."™*, Makcumos A. B.!
' TepMcKIit HALMOHAMBHBIN MCCMELOBATENbCKMIA MONUTEXHUYECKMIA yHUBEpCUTET, T. Mepmb, Poccus
*e-mail: 4varjag@mail.ru

Pechepam
Beeoenue. Axmyanvroii a61semcs 3a0a4a GbIAGNEHUS OCHOBHbIX MEHOEHYUIl PA38UMUs CPEOCNE MEXAHUIUPO-
6AHHOL D0OBIULU KATULIHBIX PYO, NPUMEHEMBIX 6 YCIOBUSX CONSHBIX Mecmopodcoenuli Poccuu u cmpan CHI
Memooonozus uccnedosanusn. Bulnoimen anaiu3 meHOEHYUNl COBEPUIEHCNBOBAHUS NPOXOOUECKO-
OUUCTHBIX KOMOAUHOE OJ11 000bIYU KATUliHO-MacHUueswlx coieu. [lpusedenvl ceéedenus 06 OCHOBHBIX
oManax pazeumusi NPOXOOYECKO-OYUCMHBIX KOMOAUHO8, NPUMEHSEMbIX Npu NO03eMHOU 000blue
KAMUIHO-MA2HUegbIX conell Ha pyoHuKax Bepxnexamckoeo mecmopoxcoenus. Ilokasano, umo nepevle oopas-
Ybl 6LIEMOYHBIX MAWUN 8bINOTIHANUCH C WALAIOUWUM XO008bIM 000PYO0BAHUEM U POTNOPHBIMU UCHOTHU-
MEeNbHLIMU  OP2AHAMU, Peanu3VIOWUMU  Pedcyye-CKabléarnwuil  cnocob paspywenus KatuiiHo2o
Mmaccusa. Bcredcmaue 3HAUUMENbHOU OUHAMUYECKOU HASDYHCEHHOCU NPUBOOOE 2NABHBIX UCHOTHU-
MENbHBIX OP2AHO8 U HUSKUX 3HAUEHUL MEXHUYECKOU NPOU3800UMeNbHOCIU OaHHble MAWUHbL ObLIU 3a-
MeHeHbl HA KOMOATIHbL C NPOCMPAHCMBEHHBIMU NAAHEMAPHO-OUCKOBIMU UCHOTHUMETbHBIMU OP2AHAMU
U 2yceHuuHviM X0008bIM 060pyoosanuem. Onucana xoucmpykyus xombaiina IIKI-1 (npoxooueckuii
xombatin konempykyuu A. A. [ymennuxa). [lpusedenvt dannvle no npoxoouecko-04ucmHubiM KOMOAUHAM
«Kapazanoa-7/15». Hznooxcena ungopmayus o 00cmouHcmeax u Hedocmamrax KomoanHos ¢ niane-
MAapHO-OUCKOBBIMU UCNOTHUMENbHBIMU Opeanamu. TIokazanvl smanvt pazeumus ome4ecmeeHHblX npo-
X00UYEeCKO-0UUCMHbIX KOMOaUHo6 «Ypany. Beinoinen amanus mexnuueckux peuiteHutl, npumeHsemvix
6 KOHCMPYKYUSX 3apYOeNHCHBIX BblEMOYHBIX MAWUH 0 000bluuU Kaautinblx pyod. IIpusedenvl danHbie o
pe3yrbmamax onvlmHoO-nPOMbIUAEHHOU dIKCnAyamayuu komoaiinos 9004 «Mapuemmay npouzeodcmea
xomnanuu Sandvik na pyonukax Bepxnekamckozo Mecmopoicoenus KanuiiHo-MazHuesbix conell.
Pesynomamor  uccneoosanusn. OnpedeneHbl OCHOBHble MEHOCHYUU PA3GUMUA  COBPEMEHHbIX
NPOXO0YECKO-OYUCHBIX KOMOAUHO08 01 000bIYU KATUUHBIX PYO.
Bui6oowt. [loxkazano, umo npoxoouecko-ouucmuvie Komoauusl « Ypany saensiomes Haubonee adanmupo-
BAHHBIMU OOOBIYHBIMU MAWUHAMU OJIA 20PHO-20N02UUECKUX U MEXHUYECKUX YCA08UL KATUIHBIX PYOHU-
xo6 Poccuu u cmpan CHI'

Knroueswvte cnosa: NPOXOOUeCKO-OUUCIIHOU KOMOAUH, KATUUHAA pyoa, SMansl pa3eumus,; aHaiu3
MeXHUYeCcKUx peuteHutl;, meHoeHyuu paseumusl.

Brenenne. CoBpeMeHHAs TEXHOJIOTHS JOOBIYM KaUIHBIX colieil B Poccun Oazupy-
€TCsl Ha MPUMEHEHUH MPOXOTYECCKO-OUUCTHBIX KOMOAHHOBBIX KOMITJICKCOB IIPU KaMep-
HOH cucTeMe oTpabOoTKH MeCTOpOXAeHHA. [IpUHITUTT NEHCTBUS BRIEMOYHBIX MAITHH,
BXOJSIINX B COCTABEI KOMIIIEKCOB, OCHOBAaH Ha MEXaHUUYECKOM OTICIICHHH KaITMHHOMN
PYIBI OT MaccuBa pezanueM. [lanHblil cioco0d B 0003puMOM OyIyIieM OCTaHeTCs MPH-
OPUTETHBIM ISl TTOJ3€MHOM TOOBIYM KaTMIHBIX COJIeH, TaK KaK oOecreynBacT Hau-
MEHBIIIUE YAEIbHBIE SHEPrO3aTPaThl IO CPABHEHUIO C IPYTUMH U3BECTHBIMU Ha CETOJ-
HSIIIHUHA JeHb CIOcO0aMu pa3pylleHus KaTuiHOro MaccuBa [ 1].

Ha mpeanpusarusx Poccuu, oCymEeCTBISIOMUX JOOBITY KaTUHHON PYIBI TOIA3EM-
HBIM CII0COOOM, IKCILTYaTHPYIOTCS BHIEMOYHBIE MAIIMHBI KaK 0T€Y€CTBEHHOTO, TaK U
3apy0eKHOTO MPOU3BOICTBA. MHOTOOOpa3ne Mozeneil KoMOaifHOB 00yCIIOBITUBAET aK-
TyaJbHOCTb 3aJa4M BBISBJICHHUS M aHAIM3a OCHOBHBIX TEHAEHUWW Pa3BUTHUS CPEACTB
MEXaHU3UPOBAHHOW JOOBIYM KAIMHHBIX Py, TPUMEHSEMBIX B YCIOBHSIX COJISIHBIX Me-
cropoxaenuit Poccun u ctpan CHI.

MeTomoJ10rusi HCCJIEOBAHUSI: AHAJHM3 ONBITA TOPHOAOOBIBAIOIIMX M MAIIIUHO-
CTPOUTENbHBIX KOMMNAaHWil. PazBuTre MeXaHM3WPOBAHHOW MPOXOIKH BBHIPAOOTOK
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B KaJMMHBIX pyJHHKaX BepXHeKkaMCKOro MECTOPOKICHNS KaJUHO-MarHUEBBIX CONEH
(BMKMC) Hayasioch B MOCJACBOCHHBIC TOJIbI, TTOCIIE MyCKa B paboTy Ha COMKaMCKOM
pYIHHKE TPODEHHOM ITPEKOMPOXOIIECKON MAIIMHBI TPOU3BOICTBA HEMEIIKOH (PHPMBI
«Imuar-Kpanip. 3ToT KoMOaiH IpoXoanI BEIPAOOTKY KPYIJIOTO CEUYEHHsI TUaMEeTPOM
3 M ¢ ymamu HakJIoHa 5—8°, ObUT 000PYIOBaH UCIIOIHUTENBHBIM OPraHoM OypOBOTO
TUINA B BUJAE TPEXJIyUYE€BOM KOPOHKH M IMOJAIOIIMM YCTPONCTBOM IIAraroLIero THUMA.
OnbIT MCTIOIB30BAHMS ATOTO KOMOaliHa MMoKa3all, 4To € €ro MOMOLIBI0 YAaJIOCh 3HAYH-
TEJTHHO TOBBICUTH TEMIIBI MIPOXOAKH TOPHBIX BBIPAOOTOK M CHU3UTH CTOMMOCTH IPO-
XonKku. Pe3ynprarsl 3KcIUTyaTalMy 3TOro KoMmOaiiHa MOCIYKHJIM TOIYKOM K Haudaily
MONCKOBO-KOHCTPYKTOPCKUX padOT IO CO3AaHUI0 OTEUECTBEHHBIX IMPOXOAYECKO-
OYHMCTHBIX KOMOAWHOB C ()pPOHTANBHBIMH HCIIOJHHUTEIBHBIMU OpraHaMHM, MpeAHa3Ha-
YEHHBIMHU JIsI BAJIOBOH (CILJIONIHOI) BBIEMKH MOUTHBIX TUTacTOB [2].

[epBbIM OTEYECTBEHHBIM KOMOAHHOM, BHEIPeHHBIM Ha pynHukax BMKMC, cran
MPOXOT4eCKO-0UUCTHOM KoMOaiiH [IIBM-2, pazpaboranublii B ”HCTUTYTE «CHOTHITPO-
ropmanr» (T. HOBocHOMPCK) W BBITTyCKaBIIHICS SICHHOBATCKUM MAITHHOCTPOUTEITb-
HBIM 3aBosioM. KoHcTpykius kombaiinos IIIBM-2 Brirouana pabounii oprad Oypocka-
JIBIBAIOILETO TUIIA, KOBILIOBLIH IPy3UHK, ABE OepMOBBIE (pe3bl, MArarIinil MEXaHU3M
MepeMEIIEeHNs, JIGHTOYHbIN KOHBeMep, OropaXMBalOIUN IUT, MyAbT YNPABICHUS U
JIpyTHe BCIIOMOTAaTelbHbIE Y3Jbl. TexHHUYecKas MpPOM3BOAUTEIBHOCTh KOMOAHOB
IIIEM-2 Obla cCpaBHUTENBHO HU3KOM 1 cocTapnsna O, = 1,5 T/Mun. OTIMYUTEIbHBIMU
ocobenHocTsiIME KoMmOaitHa [IIBM-2 (u ero monepuuzanuu [1IBM-3) 6buta npocroTa,
HaJCKHOCTD U JIOJTOBEYHOCTH KOHCTPYKITHH. K 1972 1. 0b1Iee koamdecTBo KoMOaitHOB
tuna IBM, skcmmyatiupyeMbix Ha pygHukax Bepxaekamckoro u CTapoOHHCKOTO Me-
CTOPOXKJIEHHH, cocTaBiso okoio 70 ex.

C y4eToM pe3ylbTaToB SKCIUTyaTallii U yCTPaHEHUsI HeOCTaTKOB KOMOAiHOB THIIa
IBEM KoHCTpyKTOpaMHu HHCTHTYTa «[ nnpoyriemann ObuT pa3paboTaH MPOXOAYECKO-
ounctHO# kombaiiH T1K-8. O6pazer kombaiiHa TIPOIIIENT ONMBITHO-ITPOMBITIICHHBIE HC-
nbiTanus Ha pyaauke BKIIPY-1 BMKMC B 1965 1., mociie 4ero npoMbIIUIEHHOE IPO-
M3BOJCTBO KOMOAaiHOB OBIJIO OCBOCHO Ha SICHHOBaTCKOM MAalIMHOCTPOUTEIHLHOM
3aBozie. [IpuMeHeHne B KOHCTPYKIMH KoMOaliHa TyCEHHYHOTO XOI0BOTO 000pynoBa-
HUSI TIO3BOJIWJIO CYIIECTBEHHO COKPAaTUTh 3aTpaThbl BPEeMEHH Ha OTBOJA KomOaifHa u3
OUYHCTHOM KaMephl M eTo 3apyoKy.

KoHCcTpyknmsi HCTIOTHUTENHPHOTO OpTraHa Ha TEepBhIX oOpasiax komOaiiHa IT1K-8
ObuIa BBINIOJHEHA 1O THITYy KoMOaiiHa I1IBM u mpengycmarpurBana pexylie-cKajlblBato-
Ui cocod paspymeHus 3a00s. JlanHbld cnoco0 pa3pylieHus] KaTUiHHOTO MaccuBa
00yCIIOBITMBa BOSHUKHOBEHUE 3HAYNUTEIIHHBIX JUHAMHYECKIX COCTABISIOMIMX HATPY-
30K Ha NMPHUBOAAX HCIOJHUTEIFHOTO OpPraHa, YTO CYLIECTBEHHO BIIMSJIO Ha MEXpe-
MOHTHBIH TIEpHOoJT KOMOaifHa U OTPAHUYHBAIIO €r0 TEXHUYECKYIO MPOU3BOAUTEIHHOCTh
(O, =2 1/mun). B 1971 r. pexye-ckansiBatonuii opran komb6aiina ITK-8 Ob11 3aMeHeH
Ha OpTaH CO CIUIONTHBIM pe3aHueM u koMmOaiH momywwmt mmdp [TK-8M. ITocnemyromas
Moau(uKanus KoMOaHHOB (MOJEPHU3HPOBAHO T'MAPOOOOPYIOBaHUE, PAJ OCHOBHBIX
Y3J10B ¥ YBEJIMYEHA TEXHUYECKas IPOU3BOAMTENLHOCTE 10 O = 4 T/MUH) Hony4Yuia
umgp [MK-8MA. B Hacrosiee Bpemst kombaiiH [TK-8MA nmon mmdpom ITKC-8 Bpimy-
ckaetcst CONMUTOPCKUM HHCTUTYTOM TIPOOIIEM PecypcocOepEKEHHS C OMTBITHBIM MTPOH3-
BozctBoM (T. Conuropck, benopyccens) [2, 3].

Hapsiny ¢ ucnonp3oBaHreM KOMOAiiHOB, OCHAIIICHHBIX HCIIOJHUTEIBHBIMHI OpraHa-
MH CIUIOLIHOTO ACHCTBHUS, IPEANPHHUMAIIUCH HONBITKY BHEAPEHUS JOOBIYHBIX MAILIUH
CO CTPEJIOBUAHBIMU M OapabaHHBIMU HCTIONHUTEIBHBIMHA OpPraHaMH, 00eCTIeUnBaIOIIH-
MH CEJIEeKTUBHYIO BBIEMKY COJISHBIX MOpoj. HeynoBieTBopuUTENbHbIE PE3ybTaThl
OTIBITHO-TIPOMBIIIIJICHHOM SKCIUTyaTaI[iH JAHHBIX MAITHH ObUTH 00YCIOBIEHBI CIOXKHO-
CTBIO OOCCITCUCHHS MOTIEPEYHON YCTOMYNBOCTH M HU3KOH TEXHHUECKOHN MPOU3BOIHU-
TEeTHLHOCTHIO0 KOMOAHOB [4].
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[epBeiii npoxogueckuii kom6aiiH B CCCP ¢ npocTpaHCTBEHHBIM TJTaHETAPHBIM HC-
MOJTHUTENFHBIM OPraHOM M TYCEHHYHBIM XOJ0BbIM oOopynoBanuem [1IKI'-1 Obut pas-
pabortan . 5. 'yMeHHHKOM. DKCIIepUMEHTaIbHBIN 00pasen komOaiina ITKI'-1 u3ro-
TOBJICH W UCHBITaH B 1953 1. Ha mraxte «balmaeBckas» TpecTa «KyHOBIIIeByTob)»
B Kysbacce. Briocnencteuu cnenuanuctamu ['ocynapcTBEHHOTO POEKTHO-KOHCTPYK-
TOPCKOTO M IKCHEPUMEHTAIBHOTO MHCTUTYTa YTOJIBHOTO MAIIMHOCTPOEHUs «l umpo-
yoieMar» B 1954-1955 rr. pa3zpaboraHa yCOBEpIIEHCTBOBaHHAS KOHCTPYKIIUS KOM-
Oaiina [1IKT -1, momyunBmias nazsanue [1KI-2. HeGonbinas napTus STHX MalivH Oblia
M3TOTOBJICHA MajaxoBCKUM OKCIEPHUMECHTAIBHBIM 3aBogoM (MocCKoBCcKast OOJI.).
B 1959 1. xom6aitn [1KI -2 Mmonepam3upoBaH 1 nony4ant ooozHadenne [IKI-3. Umenno B
KOHCTpYKUUHU KombOaitHoB S. S1. 'ymeHHHMKa OBIJIO BIIEPBBIE pEalM30BaHO OCHOBHOE
MPEUMYILECTBO MPOCTPAHCTBEHHBIX IUIAHETAPHO-IUCKOBBIX HCIOIHUTENBHBIX Opra-
HOB: B3anMojelcTBHE ¢ 3200eM KaK MO)KHO MEHBIIIETO YHCIIa MHCTPYMEHTOB U cocpe-
JIOTOYCHHE HA HUX BCEH MOITHOCTH IMPUBOIOB U BCETO HAIIOPHOTO YCHIIHA [5, 6].

TIpoekTHO-KOHCTPYKTOpCKas paboTa MO COBEpIICHCTBOBaHWIO KomoOaitHa ITKI'-3
CHeLualIucTaMu MHCTUTyTa «[umpoyriemain» mpuBena K CO3IAHHIO MPOXOAYECKO-
ouncTHOro KomOaitna «Kaparanna-7/15» u ero monudukauuii 7/15C u 7/15M, npenna-
3HAYEHHBIX JUIS JOOBIYM KaMEHHOH COJTM U KAJIMHHBIX PyI.

Kombaiin «Kaparanga-7/15» (7/15C u 7/15M) cocTosist U3 MIaHeTapHO-TUCKOBOTO
HCITOJTHATEIHFHOTO OpPTaHa ¢ MEXaHU3MOM KadaHwsl, 6epMOBBIX (h)pe3 ¢ OTPE3HBIMU Oa-
paGaHaMu, cIy)KaIllMX Ul IOAPE3KU ITOYBBI U TPAHCIOPTUPOBKU PYyAbI K IPUEMHOMN
4acTu CKpeOKOBOro KOHBeHepa-rpy3dnKa, 'yCeHUIHOM XOIOBOW YacTH, LUTa Orpa-
JeHUs U myasToB ynpasienus [2—4]. KomoOaitn «Kaparanna-7/15C» (7/15M) cepuitno
BhImyckaics ¢ 1969 r. B 1972 r. B I10 «Ypankanuii» B MpOMBIIIIEHHON 3KCIUTyaTalluy
HAXOJMINCH 35 TaKUX BBIEMOYHBIX MAIIHH.

Kombaitabp! THTa «Ypam Hadam pa3padarbiBaThCsl B HHCTUTYTE «[ UIipoyTireMarn
B IepHoJ BHeApeHus: komOaitHoB «Kaparanma-7/15C» B 1970-1971 rr. OnbITHBIN 00-
pasen komOaiina Moxudukanuu «Ypaia-20KC» Obin usrorosiex B 1971 r. Konelickum
MaIIMHOCTPOUTENBHBIM 3aBoioM M. C. M. Kuposa. CepuiiHoe pOH3BOJCTBO KOM-
OaiinoB «Ypan-10KC» n «Ypan-20KC» O6bu10 0cBOCHO TeM ke 3aBogioM B 1976 1. [4].

B 1977-1980 rr. kombaitabl «Ypam» Obun MonepHH3UpoBaHbl U ¢ 1981 . Havamm
BBITTyCKaThCs 10T 0003HaueHuAMH « Ypau-10KCA» n «Ypan-20KCA». B mporecce Mo-
JEepHHU3aLMU YAAJIOCh MOBBICUTH HAJECKHOCTh U JOJITOBEYHOCTh KOMOAWHOB 3a CUET
YBEJUYEHHS yCTAHOBICHHON MOIIHOCTH IIPHUBOJOB, 1OPAaOOTKH KOHCTPYKLHUH PEdyK-
TOPOB M THApOCcHCTEMBI. Kpome Toro, komOaiiHBI «Ypam» OCHACTHIN PETYIATOPaMHU
Harpy3k# MekTponpuBoaos tuma [IPU3. Beero B mepuox ¢ 1971 mo 1989 1. 6511 BEHI-
mymieH 281 kom6aitH momudukaimn «Ypan-20KC (KCA)». EnnHUYHBIC SK3EMIUTIPHI
ATUX MallUH IPOAOJIKAIOT SKCIUTyaTUPOBAThCSA Ha YKpauHe [2, 3, 6].

B 1984 . u3rotoBneHs! 00pa3ipl koMOaiiHOB «Ypai-10A» u «Ypan-20A», kKoTopsie
OBUIM JOTIOJIHUTENHFHO OCHALICHBI allllapaTypoi JUCTaHIIMOHHOTO yrpasineHus (AAY),
Ta3epHON YCTaHOBKOHM Uil KOHTPOJS TMOJOXKEHHS KoMOaliHa B OYHMCTHOH Kamepe,
YCTpOMCTBaMH 3aIIUTHI AIeKTpoABHUraTeneil or neperpysku tuna KOP/I, anmaparypoit
obecrieueHUs MOIyaBTOMAaTHYECKOTO PEeKUMa padOTHI KOMITIEKCA KOMOAuH—OyHKep-
nepezpyscamenb—camoxoouslii 6a2on. 11pon3BoacTBo KoMOaitHOB «Ypan-20A»» 3aKkoH-
ynnock B 2004 . Beuto BemmymeHo 187 kom0aiiHOB Momudukanuu «Ypai-20Ax,
HEKOTOpble U3 KOTOPBIX MPOJODKAIOT YCIEUIHO SKCIUTyaTHPOBAaThbCi Ha pPyAHHMKAX
Poccuu u benopyccun [2].

Kombaiin «Ypan-20P» sBiseTcss B HacTosIee BpeMsl MociaenHed Moaudukanuei
koMOaiiHOB THTA «Ypan-20». OnbITHBIE 00pa3IIbl MPOXOIIECKO-OIUCTHRIX KOMOAHOB
«Ypan-20P» Opiin noctaBnens! Ha pyaauku BMKMC B 2001 1.

Kombaiinbl «Ypan-20P» aHaloru4Hbl 10 KOHCTPYKIMH paHee BBITYCKABIINMCS MO-
muduranusam «Ypain-20A» u «Ypan-20KCA» u oTmrgarorest OT MpeAbLAyIuX MOaudu-
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Kaluii KOHCTPYKIHMeH 3a0ypHUKa, HEKOTOPHIMH TE€OMETPHUYECKHUMH IapaMeTpaMH
TIAHETAPHO-IMCKOBBIX MCTIOJTHUTEIIBHBIX OPTaHOB, PELYKTOPaMH C MOAEPHU3UPOBAHHBIMHU
MNOAIIMITHUKOBBIMH Y3J1aMHU M OOJIBIIMMHU MOIYJISIMH 3aLleIUICHHs 3yOuarhlx map, 60ib-
e yCTaHOBJIEHHON MOIIIHOCTBIO PUBOJIOB OPOAOPa3PyIIAIOLINX UCTIOHUTENBHBIX
OpraHoB, 0oJiee COBEPIICHHBIMH y3J1aMH TMAPABINKH MU JEKTpuKu. Bce BHeceHHbIe
B KOHCTPYKLHIO U3MEHEHUS [TO3BOIMIN TOBBICUTh MAKCUMAIIbHYIO TEXHUYECKYIO ITPO-
W3BOJIUTEIILHOCTh KOMOaiHOB «Ypan-20P» mo or0olike pyabl 10 8 T/MUH MO CpaBHE-
HUIO ¢ 6,4 T/MUH 111 KoMOaHOB «Ypan-20A» [6, 7].

MHorounciaeHHbIe MOACPHU3ALNH KOMOAHOB «Ypan-20» B 0CHOBHOM 00ycCJIOBIIE-
HBI HE COBCEM YJAYHBIMU TEXHHYECKUMHU PELICHUSAMU MO KOMIOHOBKE M KOMILIEKTa-
LIMM MCIIOJHUTEJIbHBIX OPraHoB. B pe3ynbTrare BHINOJTHEHHBIX MOAEPHU3ALUI KOMIIO-
HOBKAa IIJIAHETApHBIX HMCIIOJHHUTENIBHBIX OpPraHoB KoMOaiiHa «Ypan-20P» oxaszanach
TOYHO TaKoH, Kak y komOaiHOB «Ypai-10KC» u «Ypan-10A», r1aBHbIC UCTIOTHUTENb-
HBIE OpraHbl KOTOPBIX HE MOABEPTaINCh MOIEPHU3ALHH.

3a 42 rona cepuitHoro npousBozcTBa KonelckuM MalllmHOCTPOUTENBHBIM 3aBOAOM
BoimymeHo Ooiee 1000 xomOaitHOB «Ypam» pasnnuHbeix Momudukanuii. KombaitHb!
«Ypaim» MHPOKO UCTIONB3YIOTCS MpH pa3padorke CTapoOMHCKOIO MECTOPOXKICHHUS Ka-
nuiHBIX pyn B benopyccum, npu noObrde kamMeHHOW (moBapeHHOi) conu Ha Conb-
Wnertkom MecTopoxaeHnn B OpeHOyprekoit odmactu u ThIpeThCKOM MECTOPOKICHUN
B HpkyTckoii 061acTi, Ha ApTeMOBCKOM MecTopoxaeHu! B JloHenkoit odnactu Ykpa-
uHbl. Cemb koMOaitHOB «Ypan-20KC» («Ypan-20KCA») 6butn mocTasiessl ¢ 1976 mo
1989 rT. Ha pynauKkH «beproay», «Bepa» u «mokayd» B ['JIP, T1e sKCIuTyaTrupoBaInuch
Ha 100bIue KaJIMHOW pyabl M kKaMeHHOM conu. Kombaiinsl « Ypan-20P» ucnons3yroTcs
Ha TroOeraranckom MecTtopoxaeHnn B PecryOnuke Y36ekucran, Ha [apibikckoM Me-
cropokaenuu B Pecrryomke Typkmenuctan [8].

[Toponopa3zpymaromue UCHOMHUTEIbHBIE OPraHbl U MOTPy304HOE 000pYIOBaHUE
kombOaitHa «Ypan-20P» npuBogsTCs B JeiicTBUE OT Tpex(a3HBIX ACHHXPOHHBIX JIEK-
TpOZBUTaTeNel yepe3 MexaHnieckue Tpancmuccuu. llpuBox Mexanusma xona — ru-
paBnueckuii, obecneynBaeT OeccTyneH4YaToe peryanpoBaHie CKOPOCTH IMOaYl KOM-
OaifHa. DnekTpooOopyaOBaHNEe KOMOaiTHA BHIITOIHEHO B PyAHUYHOM B3PBIBO3AIINIIICH-
HOM M B3pBIBOOE30MAaCHOM HCHONHEHHH [7]. AHaIOTHMYHBIC TEXHUYECKHE PEIICHHS
NPUMEHSIINCH B pa3Hoe BpeMsl IpU co3aanuu kombaitHoB «Bonbmetiepy» (OPI'), «Xab-
oerep» (IBeiimapus), «Atnac Kormko FF260 — FF550» (IlBerus) [6].

[Tpu moOkrue xkanmitabix pyn B CIIA, Kanane, crpanax EBpocoroza mmpoxoe npu-
MeHeHHue mony4yuian komoaiHbl 2BT-6 ¢upmsbr «Jlxoit», 426 u 526 pupmsl «'ynmeny,
1012ACH, 780A u 900A «Mapuerra» koHuepHa «CaHaBuk». OCHOBHBIM OTIUIHEM
COBPEMEHHBIX 3apyOeKHBIX aHaJOrOB OT OTEYECTBEHHBIX KOMOAHHOB «Ypai) sSBISCT-
Csl UCIOJB30BAHNE B MX KOHCTPYKLHUSAX HCIIOJHUTENBHBIX OPraHOB POTOPHOIO THIIA,
OoJsiee BBICOKAsl YCTaHOBJIEHHAs MOLIHOCTb JBUraTeleld HCIIOJHUTENBHBIX OPraHOB,
B TO K€ BPEMsI MEHbILIee 00IIee KOMUIECTBO 3JIEKTPOABUTATENEH, YTO 3a4acTyio 00y-
CJIOBJIMBAET JIYUIIIHE [TOKA3aTEIU HAJIS)KHOCTH MPUBOJOB KOMOAHOB [2, 4].

Hampumep, komMOalHbI 1711 TOOBIYH KaduitHO-MarHueBoIX pyx 900A «Mapuettay
MMEIOT TEXHUYECKYI0 MPOU3BOIUTEIBHOCTh He MeHee 10 T/mMuH, uTto Oojee ueM Ha
25 % mpeBOCXOIUT COOTBETCTBYIOIIMI MOKa3arenb KomMOaitHOB «Ypan-20P» [9, 10].
Ilpu noOblue MeHee Kpenkux pyxd (Tpenes NPOYHOCTH Ha OAHOOCHOE CXKaTHe
G, <27 MlIla) npou3BOAUTENILHOCTL KOMOaiiHa MOXKET JOXOAUTH 0 20 T/MHH.

Ucneiranusiii Ha pygaukax 1TAO «VYpamkammii» xomOaitH 900A «Mapuerta»
(MF-320) npousBoacTea koHlepHa «CaHaBuk» [2, 9, 10] B cpaBHEeHHH ¢ KOMOaitHOM
«Ypan-20P» moka3zan clieqyromre NpeuMyIiecTna:

—mMacca 126 T mporus 100—110 T xomObaiina «Ypan-20P»;

— YCTaHOBJIEHHAs] MOIIHOCTb MPHBOIOB MOPOAOPA3PYyLIAIONINX HUCIOJIHUTEIbHBIX
opraHoB 746 kBt (aBa snextponsurarens) nporuB 590 kBt kombaiina «Ypan-20P»
(1IecTh IEKTPOABUTATENCH ),
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— paauanbHBII BBUIET PE3IOB cocTaBigeT 48,5 MM, 4TO MO3BOMIAET 00ECIIEUUTh IPO-
M3BOIUTENBLHOCTE O00mee 10 T/MuH;

— WCTIONHUTEIBHBINA OpraH MMeeT 0ojee MPOCTYI0 KOHCTPYKIHIO, YTO IMOBBIIIAET
HAJIe)KHOCTH MAIIMHBI B I[EJIOM, COCTOHUT U3 JABYX TPEXITyUeBbIX OypOBBHIX KOPOHOK U
BEPXHEr0 M HIDKHEro OTOOMHBIX OapabaHOB (koMOaiHBI «Ypan-20P» ocHamaroTcs
TUTAaHETAPHO-TUCKOBBIMH MCIIOJIHUTEIBHBIMUA OpraHaMu, OepMOBBIMU (pe3amu, IIHe-
KaMH 1 OTOOMHBIM yCTPOMCTBOM, MPUBOJ UCTIOTHUTENBHBIX OPTaHOB BKITIOUAET CIIOXK-
HBIE Pa3BETBIECHHBIE TPAHCMHICCHN );

— OCHOBHas 9acTb 32005 pa3pyImraercs pe3aMi KOHIIEHTPUIECKOH OPMBI C TIOCTO-
SHHBIMH 3HAYEHISIMH IIIara pPe3aHus ¥ TONIUHBI CTPYXKH, YTO TO3BOJISIET CHU3HUTH
yAeTbHbIE SHEPro3aTpaThl MpoLecca pa3pylIieHus] KaTMHHOTO MacCUBa U YMEHBIINTh
KOJIMYECTBO MBUICBUAHBIX KJIACCOB B MPOAYKTaX OTOOHKH — OTXOAOB FOPHOTO MPOM3-
BOJICTBA;

— B KOHCTPYKIHAX PEAYKTOPOB HCIIONHUTENBHBIX OpraHoB komOaitHoB 900A «Ma-
puetrtay (MF-320) oTCYTCTBYIOT KOHUYECKHE TTePEIavr, YTO TOBBIIIACT HApaOOTKy Ha
0TKa3 TPAHCMHUCCHUI TaHHBIX KOMOAiHOB B 1,5-2 pa3a mo cpaBHEHHIO ¢ KOMOaliHAMU
«Ypan-20P»;

— Ha kombOaitane 900A «MapueTTa» NpUMEHSETCS OTHOLEITHON CKPeOKOBBIN KOHBEH-
ep C THJPaBINYECKUM IIPUBOIOM, MaKCHMaJIbHAas POU3BOAUTEIHLHOCTH KOTOPOTO CO-
craBysieT 24 T/MUH (MHHEMYM B 2,5 pa3a MpeBbIIaeT MPON3BOAUTEILHOCTL KOHBEHEpa
koMOaitHa «Ypan-20P);

— Ha xombaiine 900A «MapuerTa» MpUMEHEHa X0/I0Bast YaCTh C WHAMBHYyaIbHBIM
THIIPOTIPUBOIOM Ha KaXKIyIO TYCEHUYHYIO TEJIEKKY, YTO IIO3BOJISIET 00ECIIeUnTh 3HAYH-
TeJIbHBIC HAITOPHBIE YCHIIHSI Ha 32001 1 MUHUMHU3UPOBATH MPOCKATB3bIBAHUS TYCCHUI]
JPYT OTHOCHUTENIBHO JpyTa, XapaKTepHbIe s TUPPEepeHIIMATEHOTO IIPHUBOJIA XOI0BOH
gacTH KoMOaitHOB « Ypai-20P» panaux Monudukarmii;

— xomb0aitH 900A «Mapuerra» (MF-320) ocHalieH COBpeMEHHBIMU CUCTEMaMH aB-
TOMaTH4ECKOTO YIIPABJICHUS, IByCTOPOHHEH CUCTEMON PagroCBsI3U, HHANKATOPAMHU U
npubopamMu HaOJIFOICHUS 32 COCTOSIHUEM BCeX PabOuYMX MPOIECCOB U CUCTEM, Y3JIOB
u arperaros [2, 9].

Crnenmyert, oHAaKO, OTMETHTb, YTO OTIBITHASA SKCILTyaTalnsi KOMOAHOB 3apyOeKHBIX
¢bupM mokazana MEHBIITYIO 3PPEKTHBHOCTH WCIOJIH30BAHUS JTAHHBIX JOOBIYHBIX Ma-
IIFH, YeM Y OT€YECTBEHHBIX aHAIOroB. MIHOCTpaHHBIE TPOXOMYECKO-OYHCTHBIE KOM-
OaliHBI CIOXKHBI B 00CITY)KHBAaHUU U PEMOHTE; AJIS 3alpaBKU THAPOCHCTEM HEOOXOIu-
MBI CIIEI[aIbHBIE JOPOTOCTOSAIINE PadoUre KUAKOCTH; Y3JIbl OTAEIBHBIX CUCTEM IIJIO-
X0 B3allMIIeHbl OT arpecCUBHOTO BO3IEHCTBUSI aTMOCQEpBI COJISTHBIX PYIHUKOB.
Yka3aHHbIe (aKTOPHI B COUYETAHUH CO 3HAYUTENHHON CTOMMOCTBIO TOOBIYHBIX MAIlIUH
Y TIOJIUTHKOW SKOHOMHYECKHX CaHKIHH, KOTOpPbIE BBIHYKACHBI TIOAIEPIKUBATE €BPO-
necKkrue 1 aMepUKaHCKHE MalIMHOCTPOUTEIIbHbIEC IPENNPUSATHS, 00YCIOBUIIN OTKA3 OT
HIMPOKOTO BHEAPEHHS WHOCTPAHHBIX MPOXOAYECKO-OUYMCTHBIX KOMOAWHOB Ha KaJWi-
HBIX pyaHukax Poccum [11, 12].

Pe3yabTarthl ucciaenoBanus. Ha ceronHsmHuiil 1eHb B MUPOBOM U OT€UECTBEHHOM
MPAaKTHKE MAITMHOCTPOSHUS ISl KATMIHBIX TOOBIBAIOIINX TPEATPHUATHI OCHOBHBIMHU
TEHACHIUSAMU SBISIOTCS:

— yBENMYEHHE MAacChl U YCTaHOBJICHHOW MOIIHOCTH HMPUBOAOB HCIOJHUTEIBHBIX
OpraHOB BHIEMOUHBIX KOMOAHOB, Tak Kak 0ojiee MacCHBHAs U MOLIHAs MalllWHA, KaK
MIPaBUII0, 00ECTIEYNBAET OOJBIIYIO TPOU3BOAUTEIHHOCTD;

— COBEpIIICHCTBOBAHHE DIIEMEHTOB T'HIPOIPHBOAA W T'YCEHUYHOM XOZO0BOH YacTH,
YTO B COYETAHHWH C YBEIMYCHHON Maccoll KoMOaliHa MO3BOIISET MOBBICUTH HAMTOPHBIC
YCHJIMS NIPU T0/1ade BHIEMOYHOM MaIIMHBI Ha 3a00H;

— pa3pylLIeHHe MaCCUBOB CTPYKKaMHU OOJBLIOT0 CEYEHHUSI C pallMOHATIbHBIMH 3a/1aH-
HBIMH MapaMeTpaMH IIara pe3aHus W TOJIIMHBI CTPYKKH, YTO MO3BOJISET YBEIUUUTD
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9Hepro3(hHeKTUBHOCTH PabOTHl BBIEMOYHBIX MALIMH U YMEHBIIUTH KOJTUYECTBO IbLIe-
BUJHBIX KJIACCOB B MPOAYKTaX OTOOMKH — OTXO0B TOPHOTO IPOU3BOJICTBA;

— YIpOIIeHNE KHHEMAaTHYECKUX CXeM MEXaHHYeCKHX TPAaHCMHUCCHI MPHUBOAOB HC-
HOJTHUTEIBHBIX OPTAHOB, YTO ITO3BOJISIET IIOBBICUTH HAIEKHOCTh KOMOAIHOB;

— BHEZIPEHHE CPEACTB aBTOMaTHUECKOrO 1 TUCTAaHLIMOHHOTO YIIPABJICHHSI, YTO MO3BO-
nsiet obecrieunTs Oe3onacHoe U 3((HEeKTUBHOE UCTIONH30BAHNE BHIEMOYHOM MAIIMHBI.

BoiBoabl. AHajW3 JaHHBIX JIUTEPATYPHBIX HCTOYHHKOB, OTOOPa)KAIOUIMX OTBIT
OTEYECTBEHHBIX M 3apYOEKHBIX MAIIMHOCTPOUTENbHBIX KOMITAHUH, a TaK)Ke OT3BIBOB
WH)XEHEPHO-TEXHUYECKUX COTPYAHUKOB TOPHOAOOBIBAIOIINX PEAPUATHH TO3BOJISET
CeNaTh BBIBOX O TOM, YTO IPOXOJYECKO-OUYHCTHbIE KOMOAHHBI «Ypam» SBISIOTCS
HanboJjee aganTHPOBAHHBIMHU JOOBIYHBIMA MAllMHAMH [JIsI TOPHO-TEOJIOTHYECKUX H
TEXHUYECKUX YCIIOBUM KanuitHbIX pynHuKoB Poccun u crpan CHI.
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The development of potash ore mechanized extraction

Dmitrii I. Shishlyannikov', Aleksei B. Maksimov'
! Perm National Research Polytechnic University, Perm, Russia.

Abstract
Introduction. The task of identifying the main trends in the development of potassium ores mechanized mining
means used in salt deposits of Russia and CIS countries is relevant.
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Research methodology. The data on the main stages of development of heading-and-winning combines used in

underground mining of potassium and magnesium salts in the mines of the Upper Kama (Verkhnekamskoe)

deposit were presented. It is shown that the first samples of excavating machines were designed with walking
running equipment and rotary actuators, implementing the cutting-chipping method of potassium massif
destruction. Due to the significant dynamic loading of main executive bodies’drives and low values of technical
performance, these machines were replaced by combines with spatial planetary disk actuators and crawler
running equipment. The design of the harvester PKG-1 (roadheader design by la. la. Gumennik) was described.

Data on heading-and-winning combines Karaganda-7/15 were given. The information about advantages and
disadvantages of combines with planetary-disk executive bodies was presented. Stages of development of
domestic heading-and-winning combines Ural were shown. The analysis of technical solutions used in the
construction of foreign excavating machines for potash ores extraction was carried out. The data on the results

of pilot operation of 9004 Marietta combines produced by Sandvik in the mines of the Verkhnekamskoye deposit
of potassium and magnesium salts are presented.

Research results. The main trends in the development of modern heading-and-winning combines for potash

ores extraction are determined.

Conclusion. It is proved that heading-and-winning combines Ural are the most adapted mining machines for
geological and technical conditions of potash mines of Russia and CIS countries.

Key words: heading-and-winning combine; potash ore; stages of development, analysis of technical solutions;
development trends.
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Integral equations revealing ill-posed problems in geomechanics
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Abstract

Introduction. The class of ill-posed problems in geomechanics is very wide because of the lack
of efficient numerical methods and a desire to obtain analytical solutions.

Research aim. The theory of problems in mathematical physics intended to consider infinite bodies
using the class of Cauchy problems with the Cauchy conditions or Cauchy data that vanish at infinity.
The violation of this conditions leads to ill-posed problems. The research aims to propose a system
of integral equations which will make it possible to reduce the level of assumptions when solving some
problems of geomechanics.

Methodology. The correctness of common solutions to a number of geomechanical problems has been
analyzed. This class of problems includes rock mechanics problems considering a half-plane, a plane
with holes, and a space with a plane. In these cases, it is required to solve an auxiliary problem by
Mikhlin and Kristianovich.

Results. With the numerical methods, for example, finite element method, and the commercial programs at
hand, another extreme appears. In calculation of stress-strain state in surrounding rock around
underground excavations researches used to pose boundary conditions without concern about their
compatibility. In the meanwhile, the requirements of the theory of problems in mathematical physics must
be satisfied. The analysis shows that the new extreme has even increased the number of ill-posed problems.
Conclusions. This study puts forward the integral equations that allow withdrawing ill-posed problems
before solving and discusses the class of such problems to solve the problems of rock mechanics as well.

Key words: underground excavation; displacements; Cauchy problem; boundary conditions;
the correctness of the solution.

Introduction. Rock mechanics is aimed at studying the behavior of a massif with
excavations and create methods to calculate stresses and displacements in order to use
them with confidence when improving old and creating new technological solutions in
mineral production. Currently, the finite element method (FEM) is the basic method
of estimating rock deformation around excavations; it is implemented by a number of
commercial software packages used in calculation. The formal use of such programs by
itself excludes the analysis of calculation domain, calculation practicability, and the
search for optimum simulation of the event in the rock massif with an excavation.
As arule, in these conditions, ill-posed problems are solved. The presence of angular points
at the contour of an excavation leads to infinite stresses which can be corrected neither
by auxiliary finite element division nor by FEM improvement. Arbitrary assertions for
boundary conditions (absolutely stiff stratum, ideal glide along the contacts, and solid
cohesion, etc.) are not controlled in the process of calculation and distort the result.

Works [1, 2] refer to an absolutely stiff stratum with ideal glide along the contact of
a stratum with rock. In fact, the problem is reduced to solution for rectilinear finite
mathematical cut, which is incorrect, as it is shown in [3]. In [2], the formulation of
fracture stress in face vicinity leads to logarithmic singularities in displacements and is
not accepted in the foundations of the elasticity theory.
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Research aim. In a virgin rock massif everything is well established: stresses are
fixed and displacements are identically zero. When excavation was made, changes in
stresses and displacements started to come only from the excavation and it created
auxiliary problem of determining, in particular, stresses and displacements vanishing at
infinity. Let us accept, according to [1-8], the source field of compressive stresses in a
virgin massif in the center of a future excavation as 6, = yH, 6= AyH — vertical and
horizontal constituents correspondingly, where H — excavation laying depth; y —specific
weight of rock; A — horizontal stress. If (conventionally) at the site of a future excavation
the rock is replaced by the action of normal and shearmg stresses and ¢, and o are
prOJected onto the contour, nothing will be changed in the massif. An important pomt
is that it is impossible to simply remove these shearing stresses 6 and c_projected onto
the future contour. Let us take the same stresses but with “minus” and apply to the
contour of a hole, similar to the future excavation, at an auxiliary plane and calculate
the stresses and displacements in the vicinity, in that case, naturally, they will be
converging to zero as they will be moving away from the hole. This last problem is
called auxiliary [1-3]; having superimposed it on the plane which simulates the
rock massif with a future excavation we will develop zero normal and shearing
stresses at the contour. It could be argued that having removed compressive stresses
from the contour of an excavation we will develop zero normal and shearing
stresses at the contour.

Posing, following Kolosov—Muschelishvili [9], boundary conditions for the first and
second basic problems of the elasticity theory and excluding complex potentials, we
will deduce the system of singular integral equations connecting boundary values of
stress and displacement components in the form:

F(t)+2ng(t,) = - [ O+ 4
mr {— to
2 (1)
S0 = IMCI‘ +1[r (t)+2ug(t)]d :
T r _ .
where k=3 — 4w; u= E[2(1 + w)]""; E — Young’s modulus; w — Poisson’s ratio,
f(@)= l{(X +iY,)ds, o

X, Y — the components of stresses in the direction of x-axis and y-axis; g = u + iv;
u, v — the components of displacements in the direction of x-axis and y-axis; i — unit
imaginary number, bar above the function denotes the complex conjugate value;
— the boundary of the domain under consideration; ¢, — point affix of /" boundary.
A system of equations (1), (2) characterizes the three problems of the elasticity theory
on a consistent and simultaneous basis; they can be applied in one variation or another.
It should be noted that the derivation of the system (1), (2) didn’t use the solution of the
third basic (miscellaneous) problem which thus is not independent and is considered as
a special case of a solution for the first and second basic problems of the elasticity
theory; or a system of equations is instantly built using (1), (2) for any miscellaneous
problem.
Before referring to FEM, in order to eliminate errors, it is necessary to write the
system (1), (2) for the domain under consideration and a priori posed boundary
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conditions and check the deduced system for degeneracy. If Fredholm equations of second
kind are deduced, then it is possible to proceed to their numerical calculation,
i. e. rough calculation of integrals entering into the equation. An important thing here is that
the required functions within (1), (2) are solved by quadratures. If equations (or an equation)
refer to Fredholm equations of first kind, it is necessary to make a step back in the process of
posing boundary conditions and change conditions which have led to degeneracy.

Methodology. There are three types of inverse problems for elastic structures or
their elastic parts: inverse problems of mechanical characteristics determination,
boundary inverse problems of stress identification, and geometrical inverse problems
of internal flaws fixing in elastic body. The analysis of these problems, which are
assigned to ill-posed problems, provides for the use of auxiliary experimental data.
Inverse problems division into three groups is rather conventional. Let us focus, for
instance, on the third type, at the realization of which it is necessary to assume that
mechanical characteristics of the body under consideration are defined correctly and
the posed boundary conditions are fulfilled correctly — in fact, there is a need to solve
the problems of the three types. The introduced correct system of equations (1), (2)
allows to write the solution for displacement components in quadratures and for stress
components in the same fashion, which makes it possible to exclude the process of
regularization and propose the method of problem reduction to the procedure
of successive approximations converging to the correct solution for material’s elastic
constants, boundary conditions, and the geometry of weakening by their variation.
The number of successive approximations is defined in advance by the fixed precision of
calculations and as their number increases the distinction between approximate and precise
solution reduces and the solution hovers around precise, i. e. the process is convergent.

Thus, the use of experimental data determined with an error and continuous medium
discretization at any type of numerical calculation causes errors into the inverse
operator; a priori assumptions about the character of the structure’s deformation
(absolutely solid body, ideal glide, sudden change in displacements, the violation of
conformity in the finite number of points, etc.) cause errors in boundary conditions
when posing a problem and expand the class of inverse problems. All such inverse
problems are ill-posed, i. e. their solutions may be lacking, not exclusive, or unstable
(observed data slight variation may correspond to large change in required data),
but there is a general requirement — a need to overcome ill-posedness through
regularization [10, 11] or through precise equations derivation which connect boundary
conditions of stress and displacement components, describe the process of deformation
within the limits of the chosen model, and exclude regularization, i. e. the system (1), (2)
should be used.

Results. By way of a particular example of an ill-posed problem about boundary
conditions identification, let us consider the problem of an elastic punch with a
horizontal bottom indentation into an elastic half-plane, which was simplified in [9] to
the condition of absolutely solid punch indented into the half-plane with contact
cohesion. “Correct” solution to this problem for normal and shearing contact stresses
correspondingly is introduced in [9] and is as follows:

£ 4
P(t) = F, 1+KC [ K _+t}

2m/f2— Ve PR

.| £, ¢
T(ty=—"5h 1+1< [ K{n +t}

o i i e

where P — the resultant of forces pressing the punch; 2¢ — the length of the punch;
k =3 — 4w, w — Poisson’s ratio. The accurate system of singular integral equations

3)



ISSN 0536-1028 «Hz6ecmus 8y308. T'opnutil srcypuany, Ne 3, 2019 25

connecting the components of stresses ¢ (x) and 1(x) and displacements u(x) and v(x)
on the border of the half-plane is deduced from (1), (2) as

©(®) dt
) 4

b

2u'(x) = ao, <x>+eJ

2w'(x) =

where L, a, 6 characterize the medium of the half-plane; u'(x), v'(x) — the x-derivatives
of displacement components; t(x), o (x) — shearing and normal stresses for |x| < £.
In assumptions of [9], system (4) has got left parts equal to zero, and it reduces to the
singular equation system which requires regularization, while regularization is not
taken into account, the solution to this problem (3) is unambiguous but incorrect
because there is no continuous dependence on the source data and the solution has no
limit at approaching to the angular point under the punch. The solution of the ill-posed
problem in the theory of elasticity is of no practical value.
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Fig. 1. A calculation scheme determining deformation around a circular
excavation taken from [8]
Puc. 1. PacueTHas cxema IO ONpeAeNeHHIO 1eOPMUPOBAHUS OKOJIO
KpYyroBOil BbIpaOOTKH, 3aMMCTBOBaHHAs U3 [§]

Thus, the system of equations (1), (2) allows considering not only linear but also
inverse problems on a consistent and simultaneous basis, reduce the requirements for
overdetermination, determine the degree of ill-posedness when the assumptions like
“let us assume that” are used, etc., requiring regularization in certain cases.
The introduced precise system of equations (1), (2) allows to write to solution for
displacement components in quadratures and for stress components in the same fashion,
which makes it possible to exclude the process of regularization and propose the method
of problem reduction to the procedure of successive approximations converging to
correct solution for elastic constants of boundary conditions, and geometry of weakening
by their variation.
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Research works connected with geomechanical substantiation of technology
introduce calculations of stress-strained state whose boundary conditions are ill-posed.
By way of example, let us focus on work [4, 5] where boundary conditions are posed
groundlessly. In fact, if at the upper boundary of a computational domain constant
normal stresses are developed which are determined by the laying depth, then at the
lower boundary the condition of zero vertical displacement and absent shearing stresses
is laid. For whatever reason at this boundary and at the upper boundary conditions are
not laid in a similar way, i. e. in stresses miscellaneous problem is considered instead
of the first basic problem. Similar mixed problem is posed for side boundaries as well,
and it is even more incomprehensible why it is assumed. The same situation is observed

o, =-1 Y o, =1
A
> D
— <
— <]
X
—» -+
— <]

Fig. 2. A calculation scheme of a model problem for a plane with a
circular hole subject to infinite compression in x-direction
Puc. 2. PacueTHas cxema MOIENBHO 3a1a4u TS TNTIOCKOCTH C KPY-
TOBBIM OTBEPCTHEM, COKMMAaEeMOil Ha 0ECKOHEYHOCTH B HAIIPABICHUN
ocu x

in works [7, 8] as well, where unlike [4, 5], first basic problem is being solved but the
ill-posedness remains the same. Fig. 1 introduces a calculation scheme of an
excavation taken from [8], where KP — horizontal force. Classic formulations of
similar problems are introduced in [1-3] and reduce to auxiliary problem solution
where vertical and horizontal normal stresses are applied at the contour of the
excavation taking place in the center of the future excavation, but with the reversed
sign; or the latter stresses are posed at the boundaries of the computational domain
[4, 5]. FEM where boundary conditions are posed at the boundary of a computational
domain (fig. 1) [4, 5, 7, 8] can be regarded “classic”, i. e. frequent for massif stress-
strained state calculation, which is unacceptable according to the general theory of
equations of mathematical physics [6].

The class of problems under consideration under ill-posed boundary conditions
causes large displacements at the boundary of the computational domain which are not
observes in practice and that is why an auxiliary problem should be considered, when
displacements and stresses reduce as they move away from the excavation. According
to [4, 5], excavation shifts as a solid whole towards the boundary where normal
displacements are equal to zero. The models of calculation and rock deformation do not
coincide, the symmetry is broken.

The class of ill-posed problems if rather big. Let us consider the solution about the plane
with a circular hole compressed at infinity by continuous forces. Elastic plane is weakened
by the circular excavation with radius R and is compressed at infinity by P force in the
direction of x-axis. Proceeding to dimensionless quantities let us attribute quantities
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possessing length dimension to R, and quantities possessing stress dimension — to P (fig. 2).
Then, the solution to this problem in polar coordinates may have the form of [9]
for stress components:

for displacement components:

v, = L{(K—l)r2 +2[z<+1+r2 —iszOSZG};

B Sur r
| . (5)
Vo = ——{(K— 1+7° + —2jsin29},
4ur r
where x = 3 — 4w; w — Poisson’s ratio; u = L; E —Young’s modulus; 7, 6 — radius
2(1+w)

and angle in the polar coordinates system.

The solution is analytical and unambiguous. There is a question: which technical
problem is modeled by this solution? Let us focus only on the problems of rock
mechanics. Circular excavation in a massif of rock is characterized by displacements
and stresses decay as they move away from the excavation — it is a well known and
proved fact. Consequently, it is incorrect to use the analytical solution to simulate the
stress-strained state. As it was proposed in [1-3], an auxiliary problem should be
considered and displacements and stresses should be calculated taking into account the
fact that in a virgin massif of rock displacements are identically zero, while in order to
obtain total stresses it is sufficient to add the source field of stresses. It should be noted
that the definition of the stress-strained state in [4, 5, 7, 8, 12, 13] and other similar
works is incorrect.

In all problems of mathematical physics it is not necessarily that a confined body
should be considered. It is possible to consider both infinite line, plane, or space, then
edge and boundary conditions lose significance. The problem without such conditions
is called Cauchy problem with initial conditions, or Cauchy data [6]. There is a number
of solutions to the problems for an infinite domain, when non-zero boundary conditions
were posed at infinity. This class of problems is assigned to ill-posed, although in a
number of cases an unambiguous solution was acquired, the notion of continuous
dependence of the solution on the source data was violated. In fact, if in an arbitrary
finite domain of an infinite body Cauchy data were posed, they vanish at infinity, i. e.
continuously reduce to zero. Otherwise, some components of body deformation take
infinitely high values at infinity. The finite elements method considers the finite domain
of calculation and as the calculation domain increases, Cauchy data tend to infinity,
i. e. the accepted assertion is ill-posed and the obtained calculation is of neither
mathematical nor physical sense.

It follows from fig. 2 that at infinity to the left, the main vector of compressive
stresses G is infinitely large, the same is with the right one, but in total the main vector
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is equal to zero. Under the action of stresses 6_at infinity (fig. 2), infinite displacements will
occur in the direction of x-axis. According to (5), there are displacements in the direction of
y-axis as well growing proportionally to their moving away from the excavation towards the
infinity, but with the reverse sign. It is hard to find a real facility which could be simulated
by the situation presented at fig. 2, i. e. the analytical solution exists but there is nothing to
simulate using it in a real excavation, which testifies to its ill-posedness.

Conclusions. Thus, the work proposes the system of integral equations allowing to
solve any of the three basic problems, considering not only linear but also inverse problems
on a consistent and simultaneous basis, reduce the requirements for overdetermination,
determine the degree of ill-posedness at their formulation when the assumptions like “let us
assume that” are used, etc., requiring regularization in certain cases.

The ways of calculating stresses and displacements around excavations using the
finite element method are examined, their ill-posedness is stated, and the direction
towards their correct solution is proposed.

The research has been carried out with funding from RFBR (project no. 18-05-00533).
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Peghepam
Beeoenue. Knacc nekoppeKmuuix 3a0a4 8 2eOMeXaHuKe OYeHb WUPOK, YMO CEA3AHO C OMCYMCmeuem
IPPDEKMUBHBIX YUCTEHHBIX MEMOO0B U JHCeNAHUEM NOTYUUMb AHANUMUYECKUE DeUUEeHUS.
Lenw pabomer. Teopus 3a0au mamemamu4ecko PusuKu npeononazand paccmampusanto He02paHU4eHHble
mena, evidensa kaacc 3a0ay Kowwu ¢ Havanshoimu ycaosusmu, unu oanneimu Kowwu, ucuesaiowumu na
beckoneunocmu. Hapyuwerue 5moeo yciosus npugooum K HeKOppeKmHuiM Gopmynuposkam 3aoau. Llens
pabomvl — NPeONOACUMb CUCEMY UHMESPATbHbIX YPAGHEHUL, NO3BONAIOUYIO 0CIAOUMb YPOSeHb
oonyuyeHuil npu peueHun HeKOMopbix 3a0ay 2eOMexaHuK.
Memooonozus. Buinonnen anaius KOPpeKMHOCMU U3BECMHbIX DeuteHull psaodd 3a0ay 2eoMeXaHUuKu.
B smom knacc nonadaiom 3a0auu MEXAHUKU 20PHBIX NOPOO, PACCMAMPUBAIOWUE NOTYIIOCKOCHb,
NAOCKOCHIb C OMBEPCMUAMU, NPOCMPAHCIME0 C NIOCKOCMbIO U, KAK C1e0CmEuUe, 603HUKAen HeobX00UMOCHb
peuienuss OONOTHUMENbHOU 3a0a4u, coenacHo onpederenusm Muxauna, Xpucmuanosuua.
Pesynomamaul. Ilosignenue 4ucieHHbix Memooo0s, Hanpumep Memooa KOHeUHbIX NIeMeHmMOos, U HAludue
KOMMEPUECKUX NPOSPAMM npugenu Kk opyeot kpaiurocmu. [Ipu pacueme HanpsaiceHHO-0ehopMupoS8aHHo2o
COCMOSAHUS OKOJIO 20PHBIX 8bIPADOMOK KAHCOBLU UCCE008AMENb POPMYTUPOBAT CE0U SDAHUUHDLE YCIOBUS,
He 3abomace 00 ux coemecmuocmu. OOHako mpebosanus meopuu 3a0ay MAmemMamuyeckol Qu3uKu
00HCHBL ObIMb BLINOTHEHI. AHANU3 NOKA3bIBAEM, YMO dMA HOBAA KPAUHOCHb NpUBend K y8enudeHuio
YUCTIA HEKOPPEKMHBIX 3a0aY.
Bui6oowvl. B pabome npeonodxcensvi unmezpanbhvle ypagHeHus, no3eoaoumue UCKIoUUms HeKoppeKmuble
3a0auu ewje 00 peuleHus, U PaAccCMOmpeH KIACC MAakux 3a0ay, 6 mom uucie O0Ja peuleHus npoonem
MeXAHUKU 20PHBIX NOPOO.

Knroueevie crosa: 2COpHas eblpaﬁomka; CMeweHus, 3a0aua KOWM,' CPAHUYHbLE YCI06USl, KOPPEKIMHOCMb
peuierus.
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3D geomechanical modeling as the basis for solving complex
problems of potassium salt development safety
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Perm National Research Polytechnic University, Perm, Russia
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Abstract
Introduction. Rock mass and surface stress-strain state forecasting is considered a vital problem of
mineral development. The problem is connected with displacement process negative impact on the state
of the undermined surface and subsurface facilities as well as with water conducting crack formation in
the waterproof strata (WPS).
Research aim. Rock displacement forecasting based on the 3D geomechanical model.
Research methodology. Upper Kama (Verkhnekamskoe) potassium salt deposit (VKMKS) stress-strain
state calculations are based on the rheological model of saliferous rock deformation and failure.
Analytical description of the model is based on viscoplasticity theory, and its numerical simulation is
implemented by finite element method in ANSYS program. The estimate of crack propagation conditions
in WPS is realized on the basis of both horizontal tensile deformations distribution (deformational
criterion) and Drucker-Prager criterion distribution (force criterion).
Results. Presented model was used to solve particular mine and technical problems. The estimate of
WPS disturbed state in the area of well no. 69 (SKRU-1) is made. The analysis of deformational
processes in the area of interest allowed identifying five potential disturbed zones of WPS.
Conclusions. Maximum crack propagation criterion is found in the area of local subsidence zone
(block 125). Therefore, water conducting crack formation in WPS is most likely to be in this area.

Key words: stress-strain state; rheological model; 3D geomechanical modeling; surface subsidence;
ANSYS.

Introduction. Rock mass stress-strain state forecasting is considered a vital problem
of mineral development. The problem is connected with displacement process negative
impact on the state of the undermined surface and subsurface facilities as well as with
water conducting crack formation. The problem has gained ground in the recent decade
after major accidents at Upper Kama (Verkhnekamskoe) potassium-magnesium salt
deposit (VKMKS).

At present the choice of measures for surface facilities and structures protection
from the harmful influence of mining at potassium-magnesium mines is made in
accordance with the normative documents currently in force: Directions for flood
prevention in mines and undermined facilities protection at Upper Kama
(Verkhnekamskoe) potassium-magnesium salt deposit, 2014. 130 p.; Methodological
Recommendations to “Directions for flood prevention in mines and undermined
facilities protection at Upper Kama (Verkhnekamskoe) potassium-magnesium salt
deposit”, 2014. 66 p. The basic method of forecasting surface subsidence at VKMKS
recommended by the Directions is the standard curve method. The given method is
based on the multi-year instrumental observations. However, it reflects only surface
displacements and deformations and does not take into account all the complexity of
rheological processes taking place within the saliferous strata.

Research aim. In order to make more comprehensive and reliable forecast of rock
mass displacement process it is essential to use 3D geomechanical models which are
based on particular models of rock mechanics and reflect saliferous rock deformation
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and failure processes. At that, the developed model of rock mechanics can be solved
only with numerical methods, particularly the finite element method.

Methodology. The authors of the present research accepted the rheological model
of saliferous rock deformation and failure as a basis for VKMKS salt massif stress-strain
state calculations. The model allows to consider transient, steady-state, and progressive
creep deformations separately and takes into account rock failure and softening when
dilatancy occurs [1-3]. The model in use is based on the theory of viscoplastic flow.
Increments of viscoplastic deformations are determined in a similar manner to the theory
of plasticity through the scalar derivative QO — plasticity potential [4]:

0 under F <0;

{ds”’ /dt} = {éw} - lF{&Q /dc} under F >0, W

n

where F' — flow function, £€” — viscoplastic deformations velocity.

Expression (1) is widely applied in rock mechanics and is called an equation of
viscoplasticity. It can be solved for the conditions when F' > 0, i. e. when yield stress is
exceeded and irreversible deformations occur. Value n denotes rock viscosity.

Table 1. Rheological model creep stages
Ta0auna 1. Ctaguu noJ13y4ecTd peo1oru4ecKoi Mojaenu

Transient creep Steady-state creep Progressive creep
m .Y Drucker-Prager failure criterion: F; > 0;
G . :
- off of |. = /A ) .
F,=E, (E J -€, s Po[poj > F_l.3—s1n(pF _ 2sing, ey
’ © 3 1-sin 1-si "
Pr SMQp
6y =0, + Mg,
=0, =0, 1 . .
O =% Os =% Q, = B -siny)g—sinyp;
1 .
p= g(cx +0,+06.);
4 =0y,
where Ep — consolidation where n — exponent | where or — long-term compressive strength;
modulus; m — exponent at at stresses; po — ¢r — long-term friction angle; M — the soften-
stresses; o¢f — the intensity of | constant. ing modulus; y — the dilatancy angle; p — the
stresses; 8;’7 — the intensity of average stress; ¢, — volumetric deformations
deformations. of progressive creep.

The model in use assumes that general deformations of saliferous rock can be
presented as a total of individual components:

el s
e=¢e" +e” +¢& +¢,

where £ — elastic deformations, €7, €°, & — primary (transient), secondary (steady-state),
and tertiary (progressive) creep deformations.

According to the authors of the model [1-3], every creep stage complies with its
own plasticity potential Q and its own flow function F (table 1).
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The use of an equation for the flow function F, (table 1) corresponds to the Drucker-
Prager failure criterion. This equation contains unstable flow boundary o, which
depends on volumetric creep deformations €|, . The given dependence reflects the fact
of rock softening when dilatancy occurs and is determined with the help of a softening
modulus M (Wittke, Doering, Kiehl [1-3]).

The outlined rheological model is realized with the method of initial deformations
and implemented into finite element software ANSYS with the help of users’ utilities
provided with the software [5-8].

Based on the presented rheological model the stress-strain state of VKMKS salt
massif was calculated and WPS disturbed state was estimated. For this purpose the
methods of forecasting the main stages of displacement process were developed (initial,
active, and attenuated) [5—7]. The gist of the methods is to explain the graphs of
maximum surface subsidence increase in the course of time using a model and obtain
the parameters of the rheological model according to the graphs. The given graphs can
be considered as the analogues of the creep curves obtained in rock sample trials except
that subsidence increase curves reflect the deformation process of the real pillars and
the whole overlying strata [9, 10]. Experts investigating the process of the earth’s
surface displacement under VKMKS exploitation distinguish three main displacement
stages: / — initial; I/ — active; I1] — attenuated.

Initial stage corresponds to displacement development from the beginning up to the critical
values of interchamber pillars deformation; it is characterized by almost constant velocity of
surface subsidence. The given stage is modeled by transient and steady-state creep.

Active stage is characterized by the intensive growth of surface subsidence up to its
maximum value, caused by the developing progressive creep deformations and
interchamber pillars failure after they have reached critical deformation values.
In modeling the given stage is reflected in the rheological model by progressive creep and
further shear failure.

Transition from initial to active stage of displacement process is modeled with the
effect of rock softening and determined by the softening modulus M and the dilatancy
angle y.

The stage of attenuation is characterized by the surface subsidence velocity decrease
from the maximum value down to some critical value, which is connected with the
termination of pillars deformation active stage and the beginning of the destructed part
of a massif consolidation, or the filling come into effect. The given stage is realized by
means of injecting the substitute into the mined-out space which simulates the disturbed
massif or chambers filling. The properties of the material are determined by the
attenuated branch (//]) of maximum surface subsidence increase graph.

After the process of salt massif displacement has been modeled, WPS disturbance
rate is estimated. For this purpose it is required to determine which layers of WBFZ
contain technogenic cracks through which suprasalt fresh water can get into the mined-
out space and cause flooding. The estimate of cracks propagation in WPS can be
fulfilled based on the analysis of horizontal tensile deformations distribution
(deformational criterion) and Drucker-Prager criterion distribution (force criterion)
which determines the emergence of progressive creep deformations in saliferous rock.
The satisfaction of the Drucker-Prager criterion in the physical sense can be interpreted
as the beginning of shear cracks formation in the compression area.

To analyze WPS discontinuity by means of shear cracks formation, Drucker-Prager
criterion (table 1) is reduced to:

K =-L>08, )

" [d]
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where g — the intensity of the current stresses, MPa; [¢] — limit stresses intensity, MPa:

-1
2sin . [ 1 3—sin
l1-sing, 3 1-sing,

In order to make the calculations more reliable, it is assumed to take K, > 0.8 as
a critical value.
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Fig. 1. The graph of maximum surface subsidence increase in the course of time of a bench
mark no. 11 of a baseline no. 9
Puc. 1. I'paduk HapacTaHus oceqaHuii 3eMHOH MMOBEPXHOCTH cO BpeMeHeM (perep Ne 11
npodunbHON THIK Ne 9)

The condition of cracks propagation in WPS based on the analysis of horizontal
tensile deformations qualitatively determines the propagation of subvertical cracks in
the salt massif. The larger tensile deformations in WPS are the more probable WPS
discontinuity and water-conducting crack development are. Average limit value of
tensile deformations for saliferous rock (0.1%) is taken as a critical value above which
cracks development begins [9]:

g, > 0.1%. (3)

The estimate of WPS failure conditions is made with the account of stress-strain state
variation under the development of the process of displacement in the course of time.

Results. Presented methods were used to solve particular mine and technical
problems. The estimate of WPS disturbed state in the area of well no. 69 (SKRU-1) is
made. The given area is characterized by significant surface subsidence. As of 2015
maximum surface subsidence is 4.15 m (fig. 1). Single extensive subsidence zone is
determined at the given section (fig. 2) within which local subsidence zones appear;
one of such zones is timed to blocks 125, 127, 129 in the immediate vicinity from the
pillar of well no. 69.

Due to the complex mine and technical situation for the forecast of the stress-strain
state of the waterproof strata, 3D geomechanical model of the considered section
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Fig. 2. Surface subsidence, mm, 2015:
a — calculated; 6 — actual
Puc. 2. Ocenanus 3eMHOI OBepXHOCTH, MM, 2015 T.:
a — pacyeTHbIe; O — (haKTUIECKne
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SKRU-1 was created taking into account basic geological structure of a salt massif
(in sylvinite-carnallite zone the layers of halite and carnallite are distinguished) as well
as the parameters of the development system, block (panel) mining period,
and chambers filling filling, if any.

a

oo

. 955556 7 I 1.26667, . . 42222
877778 %y sozaza’ YUYy aneel 20587 2uyay! 1.5

1.26667 1. 42222

877778 7 77791.,03333 N1, 18889 1. 34444 1.5

Fig. 3. The distribution of Drucker-Prager criterion K, unit fractions:
a — in seams B-T'; 6 — along the whole section of WPS around well no. 69 (fragment A)
Puc. 3. Pactipenenenue kputepus [pykepa-Ilparepa K, nomu ex.:
a — B acte B-I'; 6 — mo Bcemy paspesy B3T Bokpyr ckB. 69 (pparmenr A)

The analysis of salt massif stress-strain state was fulfilled for 2030. The results of
mathematical modeling were controlled by the actual value of surface subsidence along
the surveying baselines. Fig. 2 presents the isolines of surface subsidence obtained in
mathematical modeling and built with the use of surveying baselines data (no. 6, 14, 16,
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19, 25); fig. 1 presents the graph of maximum surface subsidence increase in the course
of time of a bench mark no. 11 of a baseline no. 9.

It follows from the figures that the calculated subsidence reasonably correlate to the
field data which makes it possible to objectively forecast the geomechanical situation
at the given section.

Fig. 3 presents the distribution of Drucker-Prager criterion Kt at the section for the
year 2030. Five possible zones of WPS destruction have been generally distinguished.
The main inhomogeneity of the stress field is determined by the presence of a protecting
pillar around well no. 69, for which reason at this section the criterion has its maximum
value and the first extensive zone of WPS destruction emerges. The second zone with
the increased values of K, criterion is timed to block 97 and is connected with the
abandonment of a pillar 65 m width and 300 m length at the horizon Kpll, the given
pillar is a stress raiser; as a result, in WPS rocks above the abandoned “wide” pillar the
shear cracks form [11, 12]. The third and forth zones emerge at the edges of subsidence
zones between 2HO3I1, 3FO3I1, 4KO3I1 and 97, 129, 159 blocks and between 161, 163,
167, 169 blocks and 1FOBII and and are connected with the various velocity of the
given blocks pillars deformation which leads to significant which leads to significant
differential between WPS subsidence zones. The fifth zone is timed to the flat floor of
a local subsidence zone in the area of blocks 127, 125, 163, 161.

Table 2. Potentially hazardous WPS failure zones
Tabuauna 2. [ToreHnuanbHO onacHble 30HbI paspymenus B3T

Thickness, m, of undisturbed layers of WPS halite in potentially
hazardous zones
Zone no.*
Seam 1 2 3 4 5
Failure criterion (formulae (2) and (3))

K, €y K, £y K, £y K, £y K, £y

B-I' 0 0 0 0 0 0 0 0 0 0

-1 0 0 0 0 0 0 0 0 0 0

I-E 0 0 0 0 0 0 0 0 0 0

E- X 0 0 0 0 0 0 3,5 0 0 0

xK-3 0 0 0 0 0 0 1,3 0 0 0

3-1 0 0 0 0 0 0 3,3 0 0 0

UK | 45 0 0 2,1 {49] 0 5,8 0 0 0
TIKC 0 0 11,8 | 20,9 0 0 |242 | 0 9,5 18,3
z 4,5 0 11,8 23 49| 0 | 38,1 0 9,5 18,3

* Zones location is in fig. 3, a.

Table 2 presents the thicknesses of undisturbed layers of WPS halite in potentially
hazardous zones.

Conclusions. As it has already been said, maximum value of K, Drucker-Prager
criterion emerges around the pillar of well no. 69 from the direction of the local
subsidence zone (area of block 125) (fig. 3). Load-bearing strength loss of the pillars of
blocks 125, 127, 129 and their transition to progressive creep stage as a result of a
process interlayer failure, leads to the emergence of a significant gradient of deformation
velocities in the saliferous strata and the emergence of high values of stresses intensity,
which is the reason for the processes of WPS failure around the pillar. At the given
section, the emergence of water-conducting cracks in WPS is most probable.
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Thus, at the section under consideration constant monitoring should be continued
over the state of the earth’s surface and the mined-out space and operative interference
in the negative geomechanical situation should be provided.
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TpexmepHoe reoMexaHn4ecKkoe MOIeJIMPOBaHNE KaK OCHOBA pellleHHs
CJIO’KHBIX 32124 o0ecreyeHusl MPOMbILLJIEHHOH 0e30acHOCTH
Pa3padoTKH KAJTUHITHBIX MEeCTOPOKAeHU

Kamnukos 0. A.l, Epmamos A. 0.}, JIegenesa O. O.!
! TlepMCKuit HAIIMOHAJIBHBIN HCCIIEOBATEIBCKHIHN MTOIMTEXHNYECKHI yHIBEpCUTET, [lepMb, Poccust.

Pegpepam

Bseoenue. [Ipocros nanpsaicenno-0epopmMuposaniozo COCMOAHUsA 2OPHbIX NOPOO U 3eMHOU NOBEPXHOCIU
npeocmasnsiem coboll 6eCbMa AKMyaIbHy0 npodiemy paspabomKku NOIEe3HbIX UCKONAEMbIX, CES3AHHYIO C
He2amusHbLM 8030€UCMEUEM NPOYECcca COBUNCEHUA HA NOOpabambvleaembie NOBEPXHOCHbLE U NOO3EMHbIE
06vexmul u hopmuposanuem 6000NPOBOOAUUX Mpewur 6 600o3awumnoi monue (B37).

Lenv pabomsl — npocHo3uposane COBUNCEHUS 20PHO20 MACCUBA HA OCHOBE UCTIONb30BAHUS PEXMEPHO
2e0MeXaHUYEeCKOl MOOEU.

Memooonozus. B 0CHOBY pacuemos HAnpsjiceHHo-0eh)OPMUPOBAHHOLO COCMOSHUS CONAHO20 MACCUBA
Bepxnexamcrozo mecmopooicoenuss KanuiiHbx coneil NoI0N#CeHa PeoiocutecKkas Mooenb 0epopmMuposanus
U paspyuerus CoNAHbIX NOPoO. AHaIUmMuYecKoe oOnucanue Mooenu 6asupyemcs Ha meopuu BA3KONIACMUY-
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HOCMU, @ YUCTEeHHAS Peanu3aylis BLINOIHEHA MEMOOOM KOHEUHbIX JIeMEHMO8 8 NPOSPAMMHOM KOMNLEKce
ANSYS. Oyenxa ycnosuil pazsumus mpewjun 8 B3T evinonnena na ocHoge ananu3a pacnpeoeneHus: 2opu-
30HMANLHLIX Oeopmayuil pacmsoiceHus: (0epopmMayuonHblll Kpumepuil) U pacnpedeienus Kpumepus
Upyxepa—IIpazepa (cunoeoii kpumepuii).

Pezynomamet. IIpeonosicennas mooens NPUMEHANACH O KOHKPEMHbIX 2OPHOMEXHUYECKUX CUmyayuil.
Ilpouseoounace oyenxa napywennocmu B3T 6 paiione cxe. 69 pyonuxa CKPY-1. Ananuz paseumus Oe-
PopmayuoHHbIX NPOYeccos 8 UcciedyemMom patione NO360UI BbLIOETUMb NAMb 30H B03MOICHO20 HApYULe-
Hus B3T.

Bo1600b1. Makcumanvhvle 3navenusi Kpumepues pa3gumus mpewjur 603HUKAION co CMOPOHbL TOKANbHOU
MYI6Obl ocedanus (pavion 125 6noxa). Umenno na oannom yuacmke Haudonee 8eposimHo 603HUKHOBEHUE
6000npogodsiuux mpewur 6 B3T.

Knrouesnvle cnoea: nanpsasicenno-oedopmuposantoe cocmosnue; peonoudeckas Mooeib, mpexmepHoe
2eomexanuieckoe MoOeIUposanue; 0CeOanus 3eMHoOl NOBEPXHOCU, NPocpamMmHblll komniekc ANSYS.
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WccnepnoBaHue peonornyeckux XxapakTepucTUK ropHbIX Nopog,
B YCNOBUSAX BO3LeNCTBUA HAa MacCuB
NOBEPXHOCTHO-aKTUBHbLIMM BelLeCTBaMM

Natbiwes O. I, Kasak O. 0."*, CbiHOynatoB B. B.!
1 Ypanbckuit rocyAapCTBEHHbI TOpHbINA YHUBEPCUTET, T. EkaTepuHbypr, Poccust
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Peghepam
Axkmyansnocme. bopvba ¢ makumu onacHelMu NPOASIEHUAMY HANPAICEHHO20 COCMOAHUA NOPOOHbIX
MAccueo8, Kak 2opHule Y0apbsl, OCYUecmeniemcs 6 08yX OCHOBHbIX HANPAGIEHUAX — NpuseoeHue nopoo
6 HEYyOapoOnacHoe COCMosHUe U CHUMNCEHUe HANPAJICEHUL 6 NPUKOHMYPHOM Maccuee. DphdexmueHvim
CPEOCMBOM CHUNCEHUS. HANPSANCEHUL ABNAEMCA HANPABIEHHOE USMEHEHUe C8OUICME 2OPHBIX NOPOO NO-
gepxHocmuo-akmueubimu eeujecmeamu (11AB).
Llens pabomer — uccnedosanue 3akoHOMepHOCHEL USMEHEHUS PEONOSULECKUX CBOUCME 20PHLIX HOPOO
noo Oelicmauem nOBEPXHOCMHO-AKMUBHOU Cpedbl KaK cpeoCcmad NpoduiaKmuKy 2OpHuixX y0apos.
Memooonozua uccnedoganusn: 1abopamopHeie UCHLIMAHUA NON3YHECHU 20PHBIX NOPOO, aHarumuye-
cKUe uccied08anus npoyecca ¢ pakmanrbHblx NO3UYULL, CIMAMUCMUYECKUN AHAU3 Pe3YTbINamos.
Pezynemamut. B pabome npusoosmcs pesynomamul ucciedosanuii 6osoeticmeusi IIAB na peonozuue-
CKUe XapakmepucmuKku 20pHulX nopoo0 mecmopodicoenull Ypana u Jonbacca. Yemanoeneno, umo Ha-
culuyenue nopoo CneyuanrbHo nododpannbimu pacmeopamu I1AB npueooum k 3amemnomy nracmuduyu-
POBANUIO NOPOO, YMO 6bIBOOUM UX U3 YOAPOONACHO20 COCHOAHUS, U PelaKcayuy HaAnpaxceHuu Ha
KOHmype blpabomox 3a cuem akmuguzayuy noasyvecmu nopoo. Ilpoyeccvl noazyvecmu 20pHbix nOPoo
Haubonee adexeamuo onucviearomcsa ypasnenuem bonvymana—Bonsmeppa co cmenennvim a0pom non-
syyecmu. Hanuuue cmenennoll 3a8ucumocmu (CKelaunea) ceuoemenscmeyem o ppakmansHou npupooe
peonozuueckux npoyeccos. Onucanue noasyvecmu ITUHEUHBIMU 3A8UCUMOCTAMU 8 OBOUHBIX 102apUgp-
MUYECKUX KOOPOUHAMAX NO380IUNO BbIABUMb 08€ CIMAOUU NIACMUYECKOU dedhopmayuu nopoo noo oeli-
cmeuem I[IAB — mediczepentoe cKkonviceHue u camopassusaiouuiicss npoyecc paseumus mpewut ¢ no-
cnedyiowell mMuepayueti aKmMuGHbIX MONEKyl. Omu cmaouu cOOMEenCmeyIom 3aKOHOMEPHOCMAM
KUHEMUKU HACbIUWeHUsi NOPOO AKMUGHbIMU PACMEOPAMU.
Bu1600vl. B pesynbmame ucciedosanuli NOIy4eHbl AHATUMuYecKue ypasHerus, XxapaKmepusylouue pas-
sumue nood oeticmeuem I[1AB neobpamumuix depopmayuii noazyuecmu, Ymo COnPoOBONCOAEMcst CHUNCE-
HUeM HanpsdjiceHuli 6 NPUKOHMYPHOM mMaccuge. Imo 0aen 603MOICHOCMb UCNONb306AMb NOBEPXHOCHI-
HO-aKMuGHble Gewjecmea Kak cpeocmeo npeoomepaujenus 20pHLIX Y0apoe npu pazpabomke
MeCmopodHcOeHUll NOO3EMHBbIM CHOCOOOM.

Kniroueevte cnoesa: zopuvie nopoost; peonozuueckue xapaxmepucmuru; no6epxHoCcmuo-aknueHole
seujecmea; PpakmaibHvie C6OUCMEA, NPOSHO3.

BBeaenue. Onnum u3 Hanboee OMaCHBIX AUHAMUYECKUX MPOSBICHUI HaNpsKEeH-
HOTO COCTOSIHHSA MTOPOJHBIX MAaCCHBOB IPH OOJNBIION MTyOMHE pa3pabOTKH SBISIOTCS
TopHBIE yaapel. boppba ¢ TOpHBIMU ynapaMu OCYIIECTBISIETCS B ABYX OCHOBHBIX Ha-
MIPaBIEHISIX — MIPUBEACHIE TIOPOJ B HEYIAPOOIIACHOE COCTOSHUE M CHI)KEHUE Hamps-
KEHUH B TPUKOHTYpHOM MaccuBe [1]. Peanmuzarust 3TUX HampaBiIeHW MOXET OBITh
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CBsI3aHa C yNpaBJIeHWEM CBOMCTBAMH yAapOONacHBIX MaccuBOB. D deKkTHBHBIM cpen-
CTBOM HAIpaBJIEHHOTO U3MEHEHHUS CBOICTB M COCTOSHUS TOPHBIX MOPOJ SBISETCS HC-
MOJIb30BaHNE MOBEPXHOCTHO-aKTUBHBIX BemecTB (IIAB) [2]. [deiictBue [IAB ocHoBa-
HO Ha aJICOPOLIMOHHOM TIOHM)KSHUH TIOBEPXHOCTHOM 3Heprun Te (3dgexr PeOunaepa) [3],
YTO COMPOBOXKIAETCS 3aKOHOMEPHBIM H3MEHEHHMEM IPAKTHUYECKH BCEr0 KOMILIEKCa
MEXaHHYECKHX XapaKTePUCTHK TOPHBIX 1Mopon [4]. B KOHTeKkcTe MaHHBIX HCCIEeN0Ba-
HUW Hambosiee BaXXHBIM sIBIIsIeTCs Tutactudumupytoriee neiicteue [IAB. Jlns omnenku
371010 3((eKTa NPOBEAEHA CEPHsl FKCIIEPUMEHTAIBHBIX HCCIEIOBaHUNA FOPHBIX IIOPOL
Vpana u [lorbacca.

MeTtoas! uccaenopanusi. OnpeneseHue noia3y4ecTd NPOU3BOJUIOCH METOJOM HC-
NBITAaHUN Ha U3rH0 0aJOK MPSAMOYTOJIBHOTO CEYCHUS MPH JUTUTENBHON (COTHH M THICS-
YH 4acOB) MOCTOSIHHOM Harpy3ke U HUKJINYECKH BO3pacTarolleil Harpyske. B mocnen-
HEM CiIydae IMKI COCTOMT W3 HarpykKeHus OajKy LEHTPaJIbHOWH COCPEeIOTOUYCHHOM
Harpy3Kko# B TedeHue 48 4 ¢ mocieayoeil pa3rpy3Koii (48 1). 3aTeM LUK IOBTOPSIOT
npu OoJblIeH MO BeNWYuHEe Harpyske. McnbiTanus mpoBonuiucs Ha o0pasnax B BO3-
JYLTHO-CYXOM COCTOSIHMM, HACBIIIEHHBIX BOIOM M COOTBETCTBYIOIIMMH PacTBOPaMHU
ITAB. UccnenoBano 6onee 50 mutoTumos [5].
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Puc. 1. lebpopmanust u3BecTHsIKA
Fig. 1. Limestone deformation

PesynbTarsl ucciaegopanusi. TunuuHelii rpaduk aedopMalnuyl MpH UCTIBITAHUH
MOPOJ Ha MOJN3Yy4ecTh MpeacTasieH Ha puc. 1. Obmas aedopmanus ropHOH MOPOABI
CKJIaJIbIBACTCSl U3 MTHOBEHHOT'O YIIPYTOTo Mpornda 0anku Beiiel 3a MPHIIoKEHUEM Ha-
Ipy3KH (OTPE30K [0 OCH OPJUHAT) M COOCTBEHHO pa3BUBAIOIIEHCS BO BpeMeHH nedop-
Manuu noisydectu [6, 7]. Jns m3ydeHHs HACIEICTBEHHOTO XapakTepa IMOJI3YdYeCTH
MPOBEJICHBI UCTIBITAHUS TOPHBIX TIOPOJI B PEXKUME MHOTOKPATHOMN Hacpy3KU—pasepy3Ku.
ITo pesynbraram BBINOIHEHO ITOCTPOCHHE M30XPOHHBIX KPHUBBIX, ITOKA3bIBAIOIIECE U3-
MEHEHHE yIpyroi aedopMaItni My MUKJIAMHA HarpyXeHuH (puc. 2). 31mech 1Mo 0Cu
OpIMHAT Ul yI0OCTBa aHAHM3a OTIOKEHA JOJIS HANPSHKEHUH OT MPOYHOCTH MTOPOJIBI
Ha m3ru6. OOparaer Ha ce0st BEUMaHHE pa3HbI XapakTep Ae(opMaiuy HCXOIHBIX TI0-
pox (B COCTOSIHMM €CTECTBEHHOH BIIa)KHOCTH) M HACHIIIEHHBIX pacTBopoM [1AB (B nan-
Hom ciy4qae 0,1 %-b1ii pactBop MgClL,). lns ucxonHoi# nopoas! rpaduk aepopmanun
BO BCEM JMana3oHe CTYNEHYaTOro HAarpyXeHUs! OCTAeTCs JHMHEHHBIM (OTPaXKaroluM
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3aKkoH ['yka), T. €. B X0ie ONBITOB 3aMETHBIX HEOOPAaTUMBIX M3MEHEHHUH B TOPHOH MO-
poae He mpoucxonuT. CoBepIIEHHO MHOW XapakTep AeQOpMHUpOBaHUS y 00pasloB,
NpoNUTaHHbEIX pacTBopoM [TAB. fIBHast HenmuHeHHOCTH rpaduKa OTpaskaeT TOT (axT,
YTO B XOJI€ KaX/I0HM CTYNEHH HArpy>KEHHUs 3a CUET Pa3BUTHUS TPELIUH U IIACTHUECKHUX
MOJIBIDKEK TOPHAS MTOPO/Ia CTAHOBUTCSA Bee Ooiee ocnabieHHoi [8, 9]. 3a cuetr ymeHb-
HICHUS] MOJIYJISL YIIPYTOCTU €€ JIe(OPMUPOBAHUE TIPOUCXOAUT C OTEPEIKAIOIIUM TEM-
oM. Kpome Toro, Ha rpaduke BUAHO CHIKEHHE MPOYHOCTH IMOPOIBI, HACHIIICHHOMN
pacteopom ITAB.
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Puc. 2. Yupyras gedopmariust u3BeCTHsIKa (M30XPOHHbBIE KPUBBIE)
Fig. 2. Elastic deformation of limestone (isochronous curve)

B cootBeTcTBUM C NpU3HAaHHBIMU KpUTepHUsMU [1] ropHas mopoga cuuTaeTcs Io-
TEHIMAIIEHO yIapOOIacHOM, eciy pu ee Harpyxernu 10 80 % oT rnpenena IpoYHOCTH
nonst yrpyrux nedopmaruii npessimaet 70 % oOnmux wnm pabora ynpyrux aedopma-
il Oonbie padoThl Iiactudeckux. [locTpoeHue o pe3ynbpraraM UCTIBITAHHA HA TIO0J-
3y4eCTh N30XPOHHBIX KPUBBIX JIe(hopMaIiiu MOKa3bIBAET, YTO OAABIISIONICE OOIBITIH-
CTBO CKaJbHBIX TOPOZ Ypajla IO 3TUM TMPU3HAKAM OTHOCUTCS K KaTeropuu
MOTEHIIUAILHO yAapOONacHbIX. JleliCTBUE MOBEPXHOCTHO-aKTUBHBIX BEIIECTB IMPUBO-
IUT K cymecTBeHHOMY (0T 10 mo 70 %) CHMMKEHUIO MOAYNS YIPYTOCTH TOPOI, YTO
COTIPOBOXKJIAETCS YBETUYCHHEM MTHOBEHHOTO BCIIE 32 MPUIIOKEHUEM HATPy3KH IIPO-
ruba Oanok. Eme 6onee 3amerHo Biusuue [IAB Ha xapakrtep nocnenyromero aedop-
MHUPOBaHUS TOPHBIX MOPOJ BO BpeMeHH. [edopmanmu cOOCTBEHHO MOI3YYESCTH BO3-
pactatot oT 2 70 7 pa3. Iltactuueckoe TeUeHrne OPOo/T HAYMHAETCS yKe IPU Harpy3Kax,
HE MPEBBIIAOIINX MTOJOBUHY Mpeaeia NpodyHoCcTh. J{osis ynpyrux oOparuMbix B 00-
mwx aedopmanusix cocrasiser He 6onee 50 %. Bce 3To BHIBOAUT TOpHBIE OPOIBI U3
COCTOSIHHS ITOTEHITHANBHOHN yIapOOacHOCTH.

JI1 KOTUYeCTBEHHOTO OTHMCAaHMWs MOBEEHHS CKAbHBIX TOPHBIX TIOPOJ Hamboee
IIMPOKO HCIIONB3yeTCs MaTeMaTHYecKUi aImapar, OCHOBAHHBIM Ha TEOpUW HACIel-
ctBeHHocTH [10, 11]. LentpansHas uaes JAHHOW TEOPUU COCTOUT B IMPEANOIOKEHUH,
YTO MOJ3YUYECTh PA3IMIHBIX MATEPUATIOB XapaKTEPHU3YETCsl ONPEIEIICHHON 3aBUCUMO-
CThIO JiehopMallvK B JAHHBII MOMEHT BPEMEHHU OT BCEH MpeIbIyIei ucropuu nedop-
MUPOBAHUS 3TUX MAaTEPHUAJIOB. YPaBHEHUE MON3yUYECTH B MPEIAIOIOKEHUH JINHEHHOTO
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3aKoHa e(hOpMHUPOBAHHS MaTEpUANIOB, 00IAJAIONINX CBOWCTBOM HACIIEICTBEHHOCTH,
6s110 npeanioxkeno JI. bonsimanom u no3nHee pazsuto B. Bonbreppa:

&(7) =% (1) +.([L(t,r)0(r)dr , (1)

rae &(¢) u o(f) — nedopmarysi 1 HaNpPsHKEHUE, COOTBETCTBYIOIINE PacCMaTPUBACMOMY
BpPEMEHH 7, OTCUUTHIBACMOMY OT MOMEHTA HA4aIbHOTO HArpyXKCeHUs Tena T. B naHHoM
ypaBHeHuW QyHKIUA L(Z, T), KOTOPYIO MOXHO HAa3BaTh SIIPOM TOJI3YUECTH, OTPAKaeT
(HacmemyeT) BIUSHHUE €IWHUYHOTO HANPSOKEHUS G(T), NEHCTBYIOIIETO B €AMHUYHBIN
MPOMEXKYTOK BPEMEHH T, Ha Ie(OpMAaILIUI0 B MOMEHT .

In(?)

Inf(¥-Y,)/¥,]

30 L

Puc. 3. Xapaxrep nonsyuectu usBecTHsKa (ypaBHeHue (3))
Fig. 3. Character of limestone creep (equation (3))

J1sl KOMMYEeCTBEHHOTO OIUCAHMUS MONI3YyYEeCTH JJOCTATOYHO BHIOpaTh BUI (PYyHKIINU
a1pa noisydectd. B npakTuueckux 3amadax HauOosblee paclpoCTpaHEHUE MOIydHU-
JIY SKCTIOHEHIMAIIbHBIE U CTENEHHBIE sApa ronszydecty [ 10]. AHaIN3 momrydeHHBIX KC-
MEPUMEHTANBHBIX PE3YJIbTaTOB MOKa3aj, YTO HaWiIyd4llee NpuOImKeHue I u3ydae-
MBIX CKaJIbHBIX MOPOJ Ypajia JaeT CTEeNEeHHOe SAApo Mmoi3ydecTd. DyHKIWIO sSapa
00BIYHO MTPUHUMAIOT B BUJIE:

L(t,1) = 8(t— 1) ", )

I7ie 0L ¥ O — MapaMeTpsl AApa HOJI3yYeCTH.

WnuTerpanpuplii wieH B ypaBHEeHHH (1) ONMUCHIBAaET MIACTHYECKYIO J1e(hOopMaIliio
(monzyuects). Toraa, ¢ yueToM nepexosa OT HalpsDKEHUs K COCPEIOTOUCHHOM Harpys-
Ke P, momy4yum nporud 6anku:

Y(t) = % P(t) + jL(t, T)P(t)dt |.

[Moacrasnsis hopmyny sapa nonzydectd (2) B JaHHYIO (QYHKIHIO U YYUTHIBAS, YTO
pu non3ydectu P(f) = const, TOTydnuM:

Y(t)=Y + y o e
1-a
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TakuMm 00pa3om, UMeeM CTEIIEHHYIO 3aBUCMOCTD Ae(opManny oT BpeMeHH (CKeH-
JIMHT'), YTO MOApa3yMeBacT (pakTalbHBIA XapakTep MoJi3y4ecTd ropHBIX mopox [12].
Jns ompeneneHus mapaMeTpoB MON3YYECTH KakK (PaKTaIbHBIX XapaKTEPUCTHK IMPO-
necca npeodpasyeM JaHHOE ypaBHEHUE K BUY:

_Y@®-Y, 8

A
— 17 = AP, 3)
Y, Y, l-a

med=0/(1-a)tgf=1-aqa.

Tabauna 1. YcpeqHeHHbIe XapaKTePUCTHKH MOJI3y4€CTH HCXOAHBIX TOPHBIX
nopox
Table 1. Average characteristics of initial rock creep

TopHELe ooz Monyg ynpyrocty Hap‘;MeTP"‘ “°“3>’;°°T“
W3eectusiku (CYBP) 14,2 0,81 0,010
Db dysuBabIe oponst (CYEP) 18,5 0,69 0,008
bokcutsr (CYBP) 9,7 0,82 0,025
INecuanuku (I"oproBka) 25,4 0,79 0,007

Torga, ecny B IBOWHBIX JIOTApUPMHUYECKIX KOOPAWHATAX OMBITHBIEC JaHHBIC OyAyT
COOTBETCTBOBAThH JIMHEHHOW 3aBHCHMOCTH, MOXKHO CJAEIaTh BBIBOJ O (hpaKTajIbHOM
npUpoie poliecca noja3ydecTu. bonpinoit 00beM IKCIIEpUMEHTATBHBIX HCCIETOBaHUH
MOATBEPKIAET 3TO NMPEANoNoKeHue. B kauecTBe npumepa Ha puc. 3 npecTaBiIeH rpa-
(UK moNA3yyecTH U3BECTHsIKA IpH Harpy3ke 80 H.

In(?)
8 10 12

0,5 T T T

In[(¥-Y,)/,]

25 L

Puc. 4. JIByxcTaauiHbIA XapakTep MOJA3y4eCTH TOPHBIX HOPOL
Fig. 4. Two-stage character of rock creep

Pe3ynbraTsl SKCTIEpUMEHTAIBHBIX JaHHBIX MOKA3bIBAIOT, UTO MAapaMeTpHI sApa MoJl-
3y4ECTH 0L U O AJISl U3YUCHHBIX TIOPOJI H3MEHSIOTCS B OU€Hb IINPOKOM Iuamazone. [laxe
B IIpeJieNiax OJIHONM pa3sHOBUIHOCTHU MOPOJ BapHallys JaHHBIX TapaMeTPOB MOXKET Ipe-
Bblmath 100 %, 4TO CBUJIETENBCTBYET O UpE3BbIUAHONW YYBCTBUTENBHOCTH TOPHBIX
MOPOJ] K MaJIEHIIIMM U3MEHEHUSIM HX COCTaBa U cTpoeHus. BMecte ¢ TeM ycpeiHeHHbIE
3HAUCHHMS TAPAMETPOB PANIMYHBIX TPYII MOPOJ AAIOT JOCTATOYHO OOBEKTUBHYIO WH-
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dopmManuo 00 UX CKIOHHOCTH K MOJI3ydecTH. B Tabin. 1 mpuBeneHsl XapakTepUCTHKH
OCHOBHBIX THIIOB TOPHBIX Mopox Ypana u JlonOacca.

Taxast e mporeaypa aHaanu3a MOoI3y4eCTH TOPHBIX MTOPO/, HACHIIIEHHBIX PacTBO-
pamu [TAB, sBHO cBHIETENECTBYET O IByXCTaIMIHOM Xapaktepe mnporecca (puc. 4).

[lepBas cramus, xopomio onucanHas B nuteparype [10, 13], mpencrasnser coboit
npolecc HeycTaHOBUBIIEHCS moi3ydectd. [IpeoOnamarommM MexXaHW3MOM JTaHHOM
CTaJIuM JJIsl TOPHBIX MOPOJ SIBISIETCS] MEK3EPEHHOE CKOJNBKEHUE, 00YCIOBICHHOE KOH-
LEHTpaLUel HaPsDKEHUH Ha KOHTAKTaX MUHEPAJIBHBIX 3€PEH PA3IMYHON yIPYTOCTH.

Tabauna 2. YcpeqHeHHbIe XapaAKTePUCTHKHU MOJI3y4ecTH FOPHBIX NOPOJA B
NMOBEPXHOCTHO-AaKTHBHOIi cpee

Table 2. Average characteristics of rock creep in surface active medium

T'opaele Hopoxs! MoZlyHElz i]“rll‘?ngTH HapiMeTpH HOJBY;QCTH
UzBectnsiku (CYBP) 10,9 0,65 0,034
D¢ dy3usnbie nopoast (CYBP) 12,8 0,43 0,011
Boxcuter (CYBP) 7,1 0,74 0,019
[ecuanuku (I'opioBka) 15,6 0,72 0,014

IIpu mpeBbIIIEHNH TUMH HANPsDKEHUSIMU IPOYHOCTH KOHTAKTOBOIO MaTepHhaia OH
paspyiaercsi ¢ 00pa3o0BaHHEM MEXKPUCTANTMUECKUX TPELIUH, 110 KOTOPBIM U MIPOHC-
XOIOUT CIABUI MHHEPAJIBHBIX 3€PEH, 00ECIeUnBAIOIIUI HEOOPATUMYIO INIACTUYECKYIO
nedopmanuio (Io3y4decTs) ropHbIX mopoa. Jeticteue ITAB nmpuBogut k ociabneHuto
MEK3EPEHHBIX KOHTAKTOB, YTO AKTHBU3UPYET MPOLECC NON3Y4ECTH. YCPEAHEHHbIE
JaHHBIE TI0 MEPBOI CTaaWH IMOJ3YYECTH TOPHBIX MOPOJ B IOBEPXHOCTHO-aKTUBHOMN
cpeze npuBeneHb! B Ta0M. 2.

Ta6auna 3. [IapaMeTpsl BTOPOIi cCTAANU NOJI3y4YeCTH
TOPHBIX Nopoj noA aeiicteuem ITAB
Table 3. Parameters of the second stage of rock creep
under the action of surfactants

ITapameTpsl nonsydectu
I'opHele oposI
o )
Wzsectusaxu (CYBP) 0,86 0,054
O ¢ysuBnbie nopoxast (CYEP) 0,81 0,020
INecyanuxku (I'opmoBka) 0,90 0,024

Krnaccuueckast moyi3y4ecTb CO BpeMEHEM 3aTyXaeT WM MPU JTIOCTATOYHO OOJBIINX
HAMPSOHKCHUSX MEPEXOAUT B (pasy MpOrpecCUpYIOUIEro TEUSHHS, 3aKaHYMBAFOIIYIOCS
paspyiieHneM ropHoit moponasl. Habmogaemas B ombITax ¢ 00pa3ramMu, HaChIIIIEHHBIMHU
pactBopamu ITAB, BTOpas cTaaus Noa3y4eCTH HE BIMCHIBAECTCS B KJIACCUYECKYIO CXe-
My. [locne okoHUaHMs IEPBOH CTAUH MONI3yYeCTH AedopMalus 00pas3oB MPooKa-
€TCsl, HO C TOpa3/io MEHBIIEH cKopocThio. [IprueM Hamuuue pe3Koi CMEHBI XapakTepa
nedopmupoBaHust («H3JI0M» Tpaduka Ha puc. 4) CBUACTENBCTBYET O TOM, YTO MEHSICT-
Csi caM MEXaHM3M Toji3ydecTH. Kak CBUACTENHCTBYIOT pPE3YJIbTaThl HCCIIECIOBAHUI
(GUIBTpaAIIiy aKTUBHBIX pacTBOPOB [14], maHHas cTaams Moia3ydecTn 00yCIIOBIeHa ca-
MOPa3BHUBAOIINMCS TPOIIECCOM pOCTa TpemuH nox aeiicteueM [IAB n mocnemytore-
T'0 IPOHUKHOBEHHUSI aKTUBHOTO pacTBOpa B 00pasyroluecs MUKpoTpemuHbl. CBOTHBIC
XapaKTEPUCTUKU BTOPOH CTaJIMU MOJ3YYECTH TOPHBIX Mopoj mon jaciictBueM [1AB
MIpUBEJICHBI B Ta0II. 3.
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Oddext ncnonpzoBanus [TAB kak cpenctsa 60pb0BI ¢ TOPHBIMH yIapaMU OCHOBaH
Ha TOM, YTO 3a CYeT MHTCHCU(HUKAINU TOJ3yYEeCTH YPOBCHD HANPSDKEHUH B MPUKOH-
TYpHOM MacCHBE CHIKaeTcsl. 3armaceHHas y1apoonacHbIM MacCUBOM yIpyTras SHeprus
OyzeT pacxomoBaThcsl Ha PabOTy IO POCTY TPEIIUH U CBSI3aHHYIO C 3THUM IJIacTHYe-
CKyIo nedopmanuio, a He Ha KaracTpoduieckoe XpymnKoe pa3pylieHHe 1 BIOpOC 1o-
ponsl (TOpHBIN yaap). Dta paboTa ONPEACTUTCS TOTIOJHUTEIIBHBIM MTHOBEHHBIM Jie-
(dhopMHUpOBaHHEM MacCHBa 3a CueT ero miactuduuupoBaHus noxa neidicteuem [1AB
(T. e. CHIKEHHUS MOJYJIs YIIPYTOCTH € BEIMYMHEI £, 10 E};, ) U COOCTBEHHO Ae(opma-

LUeH NOJI3y4eCTH:
4= ( E, —1J+ ZEO( o t“’j :
2Eo El‘lAB EnAB l-a

BoiBoabl. TakuM 00pa3oM, aHaTU3 MONTYYEHHBIX PE3YJIbTAaTOB MOKA3bIBAET BBICO-
Ky 3¢ ($EKTUBHOCTb UCTIONB30BaHUsI TOBEPXHOCTHO-AKTUBHBIX BELIECTB AJIS MPEIOT-
BpallleHUs] TOPHBIX yIapoB. B 4acTHOCTH, MPUMEHHUTEIBHO K YCJIOBUSAM H3Yy4YE€HHBIX
ropHbIX mopoj CeBepoypanbCKUX OOKCHTOBBIX MECTOPOXKICHHUI HACHIILICHHE MacCUBa
Ha riryoune 800—1000 m pactBopamu [TIAB yBennuuBaeT paboty aedopmMupoBaHus mo-
poxn B cpemeM ¢ 55 1o 76 kJIx/M3, T. e. Gonee uem B 1,4 pasa. MaTeprnperanust momy-
YEeHHBIX YpaBHEHHUH C TOUKH 3pEHHs peslaKCalliy HamnpshKEHUN MO3BOJIAET MPERIoo-
JKHUTb, YTO TPU TEX XK€ YCIOBUSAX W HEM3MEHHOH JieopMaliy MOpPOA AeHCTBYIOLINE
HanpsKeHNUs B IPUKOHTYPHOM MaccHBe yMeHbaroTcs 3a 6 u ¢ 25,0 1o 21,8 Mlla, 3a
cytku — 10 14,6 Mlla, 3a nBoe cyTtok — 10 8,5 Mlla, T. e. moutu B Tpu pasa.
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Investigating the rheological characteristics of rocks in the conditions of rock
massif saturation with surfactants

Oleg G. Latyshev!, Olga O. Kazak!, Vladimir V. Synbulatov'
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research relevance. Activities against such hazardous manifestations of rock massifs stress state as mine
bumps are implemented in two main directions: bringing rock to the condition safe from mine bumps and
reducing stress in the marginal massif. Directed alternation of rock properties using surfactants is an
effective means of reducing stress.
Research aim is to investigate the regularities in rock rheological properties variation under the action of
surface active medium as a means of preventing mine bumps.
Research methodology includes rock creep laboratory tests, analytical studies of the process from fractal
positions, and statistical analysis of the results.
Results. In the present work, the results of the investigation into the influence of surfactants on the
rheological characteristics of rock in Ural and Donbass deposits are presented. It has been stated that rock
saturation with tailor-made surfactant solutions leads to sizeable plasticization of rock removing them
from the bump-hazardous conditions, and relieves stress at the margins of mine workings by means of rock
creep activation. Rock creep processes are adequately described by Boltzmann-Volterra equation with the
creep kernel. The presence of scaling testifies to the fractal nature of rheological processes. The description
of creep by linear dependences in double logarithmic coordinates allowed detecting two stages of plastic
deformation of rock under the action of surfactants: intercrystalline slip and spontaneous process of crack
propagation with further migration of active molecules. These stages correspond to the regularities in the
kinetics of rock saturation with surfactants.
Summary. As the results of the research, analytical equations have been obtained characterizing the
development of permanent creep deformations under the action of surfactants, which is accompanied by
stress reduction in the marginal massif. It makes it possible to use surfactants as a means of rock bump
prevention during the underground exploitation of a deposit.

Key words: rock; rheological characteristics; surfactants; fractal properties; forecast.
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NabopaTopHbie nccnegoBaHUA NPUMEHEHNUS NOBEPXHOCTHO-AaKTUBHbIX
BELLEeCTB AJ1A NOA3EMHOrO0 BbilienaynMBaHus ypaHa
U3 cnabonpoHuLaembIx pya

Anwukynos LLI. L1
1 HaBowuiickuid rocyaapCTBEHHbIN FOpHbIA UHCTUTYT, T. HaBowit, Pecnybnuka Y3bekuctan
e-mail: sharofovich@mail.ru

Peghepam
Beeoenue. Hzsecmuo, umo npu noosemuom eviugenavusanuu (I1B) yparoswvix pyo s¢pgpexmuernocms npo-
yecca 1B cnabonponuyaemvix 2HUHUCIBIX PYOOHOCHBIX NOPOO 6 eCIEeCMEEHHOM 3A1e2AHUU 8 OCHOBHOM
3a8ucum om QUILMPAYUOHHBIX CEOlCME PyOHO2o niacma. [Iposedensvi n1abopamopHbie UCHbIMAHU
NPUMEHeHUs NOBEPXHOCHHO-AKMUBHBIX 6eujecms Olisl Y8eaudeHus QuIbmpayuoHHbIX CEOUCME NPOOYK-
MUBHO20 NAACMA.
Leny pabomut — unmencugurays MmexHoI02ULECKUX NPOYECCO8 NOOZEMHO20 bl eNAYUBAHUS YDAHA U3
C1abonpoHUYaemMslx pyo nymem npuUMeHeHus No8epPXHOCMHO-aKkmugHolx eeuyecme (I1AB).
Memooonozua. Pesynemamui nposedennozo 1a60pamoprHoco ucnblmanus, NOKA3aau NOL0HCUMENbHBLL
agpdexm om npuMeHAEMOU MeXHONO02UY NPU NOOZEMHOM BbIUEAYUBAHUU YPAHA, KOMOPAs NO36015em
VenUUUNb CKOPOCHb BLIUENAYUBAHUA 8 CIAOONPOHUYACMBIX 2TUHUCIBIX NOPOOUX, NPU IMOM CKOPOCHIb
BLIWYENAYUBAHUA He TUMUMUPYEMCA CKOPOCHbIO QUILIMPAYUL PACTNBOPO8, MAK KAK 8bIHOC YPAHA 6 PAC-
MBOp OCyWecmensaemcs 21asHblM 00pazom 3a cuem e2o Ou@@ysuu K nO8epXHOCMU KOHMAKMA pPyo
¢ NPOHUYAEMbIMU NOPOOAMU.
Bui6oowi. B pesynomame npogedenbix ucciedosanuii paspadboman cnocod ompabomku ypanosvix me-
CMOPONCOCHUTI MEMOOOM NOO3EMHO20 BbIUENAYUBAHUS 8 CIADONPOHUYAEMBIX PYOAX C NPUMEHEHUEeM
pasnuunbix peazenmos (IIAB na ocnose norukapboKcunamos), no38OAAIOWUL YIyHuUUms 6000NPOHUYA-
eMOCMb 20PHBIX NOPOO U YEENUHUMb 0eOUM OMKAYHBIX CKBANCUH.

Knroueewle cnoea: creascuna; eszxocms pacmeopa; no8epxXHOCMHO-aKMUBHble geljecmsd; caabo-
nponuyaembvie pyobl, GUILMPaAYUs, IUHUCTbIE NOPOObL; NOO3EMHOE BbllYeNaYUEaAHUE.

Beenenne. OHUM M3 METOJOB MOBHIMIEHUS KO3 (GUIIMEHTa QIIBTPAIIUK CIIa00-
NPOHUIAEMBIX Py SIBISETCS] CHIDKCHHE BSI3KOCTH PacTBOPOB C MCIOJIB30BAaHHEM II0-
BEpPXHOCTHO-aKTUBHBIX BemiecTB (IIAB). B MupoBoii mpakTrke BiepBbie HCIIOIB30BA-
muck [TAB i BBIenaunBaHUs ypaHa U3 CIa0ONMpoHHIAeMBIX pya. [lpumenenue
ITAB no3BossieT HOBBICHTE KOG GHUITMEHT (HUITBTPALIAH BBITIETaYNBAHAS ypaHa U IPO-
W3BOJIUTENBHOCTD MPOAYKTUBHBIX PACTBOPOB OTKAYHBIX CKBAYKHH.

MeToasbl u pe3yabTaThl HccaegoBanus. Pazpaborana MeToauKa MpoBeACHUs Ja-
0OpaTOpHBIX MCCIIEAOBaHUH 110 onpeaecHuto BiusHus [1AB Ha koaddunment gpub-
TpalUH B CIA0ONPOHUIIAEMBIX Py/aX.

HccnenoBanne o uzydenuto Biausaus [IAB Ha kosddurment ¢puiasrpamuu mpo-
BOJIAJIOCH Ha CIA0OTIPOHUIIAEMOM KEpHOBOM Matepuaiie (MOHOIHUTe). I 3TOTO BBI-
OpaH y4acTOK ypaHOBOTO MECTOPOXKIICHHUS C HU3KOH MPOHHUIIAEMOCTBIO PYIHOTO T'O-
PU30HTAa W MPOBEACHO TeOJIOropa3BeloyHOe OypeHHE ONHOW CKBa)KMHBI C LIEJIBIO
M3YUYEHUS JTUTOJIIOTHIECKOTO COCTaBa 3eMHOM Kopkl [1]. I'mybuHa reomoropassenod-
HO¥ ckBakuHbI cocTaBuia 100 M, ocymiectsieH otoop 16 kepHoB. [IpoBeaeHHas mo-
cie oTOopa JOKYMEHTAIUs U YKIaJIKa KepHOB O0eCIeuriia COXPaHHOCTh €CTECTBEH-
HOM CTPYKTYPHI ¥ BIaXKHOCTH KEPHOBOTO Marepuara. J[s mpoBeaeHus 1abopaTopHBIX
ucciegoBanuii orobpano 14 mpo6 (Bepx, cepeanHa, HU3) KepHa mo anuHe 40 cm
C PYAHOTO TOPH30HTA.
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[Tocne moctaBku KepHOBBIX 00pas3ioB B LleHTpanbHyI0 HaydyHO-HCCIEIOBATEIIb-
cKkyto maboparoprto HaBoHHCKOTO TOPHO-METAIUTYpTHYeCKOTO0 KOMOWHATA OIIpe/IeicHa
WX BIIAXKHOCTH. Pe3yIsTarsl HccenoBaHUN TPUBEACHBI B TA0M. 1.

s mpoBeneHust 1abopaTOPHBIX IKCTIEPUMEHTOB UCIIOJIH30BAHEI CIIEIYIOIIUE TUTIBI
ITAB: Cmx-1, Cx-2 (Ha ocHOBe nonukapOokcunaros), Cok-3 (Ha ocHoBe dochopop-
TaHWYEeCKHUX COCAMHEHHI), COCTaB KOTOPBIX pa3paboran B HaBomiickoM rocynapcTBeH-
HOM TOPHOM MHCTUTYTE, U MOJHUAKPUIaAMUI.

[IpoBeneHbI OMBITHBIE Pa0OTHI IO YCTAHOBICHUIO ONTHMAIBLHOTO pacxona I1AB u
M3yYEHUIO eT0 BIMSIHHS Ha BI3KOCTH PabOYMX PacTBOPOB.

Jns mpoBefieHns UccieoBaHui B paboune pacTBopkl mobasisiics [IAB ¢ koHIeH-
tpanumeii 0,1; 0,5; 1; 5; 10 /1. BA3koCTh pacTBOPOB OIpEAEIIIaCh KAMJUISPHBIM BH-
cko3uMeTpoM Mapku BIDK-2.

Bs13k0CTh XKHAKOCTH ONpeaessuiach o Ghopmyie:

y=—2
980,7

b

e v — KHHeMaTudeckast BsI3KocTh, cCT (MM2/c); T — BpeMsi HCTEUEHHS KUIKOCTH, C;
g — YCKOpPEHHE CBOOOIHOTO TafeHust, M/C,

Pesynbrars! onpeneneHns BI3KOCTH PaCTBOPOB MIPHUBECHBI B Ta0I. 2.

AHan3upys NOTyYeHHBIC TaHHBIC O BI3KOCTH PACTBOPOB (TA0JI. 2), IPUHUMAIIH pellie-
HHUE O HEOOXOMMMOM ONMTUMATBHON KOHIICHTpa-

uun [TAB B pactBopax. JlanpHelI1ie HCIIBITaHUS Ta6auma 1. Pe3yabTaTsl onpeneenns

MPOBOJWJIMCH C Y4ETOM TOMYYEHHBIX pe3ysbTa- BJI2JKHOCTH KEPHOBBIX 00pa3uoB
TOB C YCTAHOBJICHHEM ONTUMAJILHOM KOHIIEHTpA- Table 1. Results of drill core samples
muu ITAB B pa6ounx pactsopax [2-4]. moisture content determination
Kosdduunent ¢punprpanun onpenensics ¢ Homep | Braxrocts, OGbemman
ucnons3oBanueM npudopa K®-00M mpu ru- obpasma % IUIOTHOCTS, T/eM’
JIpaBINYECKOM I'paaueHTe i = 1. ) 14 118
IIpu ompeneneHun NPOU3BOAUTEIHHOCTH 5 s 119
(GuUIBTpaii pacTBOPOB METOJOM HAJIMBA IO 3 17 2’ »
9TOM e METOOUKE ONpeesieH 00beM IPOIyK- ’
THUBHBIX PACTBOPOB C 33JaHHBIM COOTHOLICHH- 4 20 2,47
eM XK : T. PactBopsl nomaBanuch Ha BOPOHKY 3 20 2,57

BroxHepa, ocHallleHHYI0 (DUIBTPOBaIbHOM Oy-

Maroi. @unbTpanys NpoBOIUIACH ITPH aTMOC(HEPHOM JABICHHUH JIO MTOSBICHUS 3epKa-

na Ha ¢puieTpe. 3mepsumucs o0beM GuibTpaTa u Bpemst (priIbTparim.
[TpoM3BOAMTENLHOCTD (PUIIBTPALIMH, M3/M? * U, OTIPENEIISUTH 10 hopMmyIie:

5, -3600
o F, -1, ’

IIe vy — CKOPOCTh GUIBTPALUH, M/CYT; Fy — IUIOIAb IONEPEIHOIO CeUCHUs PUilb-
TPYEMOTr0 IPOCTPAHCTBA, M, T, — BpeMsl GUIBTpaLuH, 4.

Nzydaeno Bimsiaue 11AB Ha BeImenaunBanne Metamia. J{jst atoro mabopatopHas Ko-
JIOHKA 3aIl0JTHSIIach KepHOBO nipo0Ooii. [lepen rccnenoBannsMu oToOpaHa cpemHsst po-
0a pyabI ¢ LeNbIo ONpeieNieHns] BIaKHOCTH U cofiepskaHus osie3Horo kommnoneHTa (11K).

C IMOMOIIIBIO BUHTOB U PE3MHOBLIX IMTPOKJIAA0K JOCTUT'AJIACh IUVIOTHAA IT€pMETU3 AL
KOJTOHKH. OTBepcTHE Ui MOJaYd PacTBOpa 3aKPHIBAIIOCH JIABCAHOBBIM (DHIIBTPOM.
B mporiecce 3arpy3ku (pUKCHpPOBaach BIAKHOCTH PYIbI.

Bo BpeMst ipoBeneHns onbITa peareHT (paboduii pacTBOp) momaBajcs depes HIKHAN
MITyIep KOJIOHKH U3 HAIIOPHOW €MKOCTH C MOMEHTA MTOCTYTIJICHUS! PACTBOPA B KOJIOHKY.
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OcymecTBisuicss 0TOOp Npo0 KHUIAKOCTH ISl ONpeeSICHUs] COACPKAHUS N3BIEKAeMOro
komnionenTa, pH, OBII [5-8]. AHanu3 npoBeIeHHBIX UCCIIEOBAHHUN [TOKA3aJI, YTO KOHIICH-
tparws 11K B pactBope 3aBucur ot nokazarens pH cpenst u ot Bemmuaussl X : T (puc. 1).

H3mepeHne KpaeBbIX YIVIOB CMauuBaHUs O IPOM3BOANIOCE TOHUOMETPUIECKUM Me-
TOAOM. YCTaHOBJICH KPaeBOil yron cCMauMBaHMS TOPHBIX MOPOI METONOM IPOEKLUHU
KaIruIH.

Tabauua 2. 3aBUCHMOCTH BA3KOCTH PACTBOPOB OT THIIA M KOHIeHTpauuu ITAB
Table 2. Dependence of solutions viscosity on the type of surfactants concentration

Konuenrpauus [TAB, mr/n Kunemarnueckas BI3kocTh, cCT
CocraB pacTBOpa

1 2 3 4 1 2 3 4
PactBop 0e3 no6asku [TAB - - - - 16,88 16,88 16,88 16,88
PactBop + Cmx-1 5 10 15 20 16,88 16,91 16,81 16,73
PactBop + Cmx-2 5 10 15 20 16,67 16,67 16,70 16,73
PactBop + Cmx-3 5 10 15 20 16,27 16,17 16,40 16,53
PactBop + ITAA npousBoa- 5 10 15 20 16,87 17,00 17,70 17,73
crBa AO «HaBounazor»
PactBop + OII-10 5 10 15 20 17,00 16,80 16,75 16,73
PactBop + cynedanon 5 10 15 20 16,00 15,50 15,00 14,00

B npumeuanun GUKCUPOBAIHCH PHU3UKO-XMMHUYECCKHUE H3MEHEHHS PACTBOPOB (LBET, MEXaHUYECKHUE B3BECH, IOMYT-
HEHUE U T. JI.).

Kamutio sKunkocTi Ha rOpU30HTAIBHONM UCCIIETyeMON MMOBEPXHOCTH NPOCHUPOBATIH Ha
9KpaH U 1o (oTtorpauu WM PUCYHKY ONPEACIISUTH YToll MEXKIy KacaTelbHOW K Karuie
B TOYKE COMPUKOCHOBEHUSI TpeX (a3 v MOBEPXHOCTHIO 00pa3iia. TOYHOCTh TaKoTo Onpesie-
JICHUS OTleHUBaNIAch B 1°—5°. Yroin 0 onpenensiy 1o BRICOTE /4 KaIIu U PaIuyCy TUIONIa I
KOHTAKTa KaIllH C KCCIIEXYEMOH MMOBEPXHOCTRIO 7, (PHC. 2), ONB3ysACh (POPMyIaMHu:

0 < 90° cos 6 FKZ _hz'
— pu ==
P P+ h?

—1pu 6 > 90° cosO=1-h/r,.

Jna karum manoro pasmepa, KOraa MOXKHO IpeHeOpedb ee nedopmaliyeii 3a caer
JENCTBHA TpaBUTALNH, tg 0 = A /r .

Jlns n3MepeHus mapaMeTpOB KaIllk /1 ¥ 7, MCIIOJIb30BaJICs MUKPOCKOII € TOPHU30H-
TaJbHON ONTHYECKOHW OChIO. Il U3MEPEHUs KPaeBbIX YITIOB CMAYMBAHUS MOBEPXHO-
CTH HCIIOJIb30BaJICsl TOHHOMETP, CMOHTHPOBAHHBIN Ha ocHOBe MHUKpockona MUH-4.
Cxema roHHOMETpa T0Ka3aHa Ha puc. 2.

IIpouenypa m3MepeHus: ymia CMauMBaHUsl COCTOsUIA B cienyromeM. HMecnenyeMslii
oOpa3zerr / moMenIascs Ha MPeIMETHBIN CTONHK 2 TOHHOMeTpa. Ha moBepxHOCTH 00pa3ia
C TIOMOIIIBIO MMUTIETKH Kallajid CMadyuBAFOILY0 KHUIKOCTh 3. [Ipu 3TOM y4HTHIBaNH, YTO
panuyc Karuii » He 10JDKEH IPEBbIIIaTh KaWUIIPHYIO OCTOSHHYIO JUIs TAaHHOM JKUIKO-
CTH, YTOOBI CBECTH K MUHUMYMY HCKa)KeHUE (POPMBI KaIlIX 3a CYET TPABUTALHH:

r<a=.o,/p.g,

race o, up, — COOTBETCTBCHHO NOBCPXHOCTHOC HATSKCHUC U IIJIOTHOCTD CMavYHBaIoIIcH
KHUIKOCTU; g — YCKOPCHUC CBO60,Z[HOF0 magcHus.
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[Tpu 3TOM y4uTHIBaNIM, YTO Uit BOAbl < 3,8 MM (Macca kamim He Oonee 230 wr,
a s mauepuna » < 3,2 mum (170 mr).

C moMoIpl0 BHHTa HACTPOHKH 4 NOOHMBAaINCH PE3KOTO M300paKCHHs KarllH
BOJIbI U TIPOBOJIOYKH, HATSHYTOHN 10 JUaMeTpy Bpariatouierocs iumba 5. Bpamias
TUMO 5 1 MUKPOMETPUYECKHH BUHT 6, PEryIUPYIOUINI BEICOTY IPEAMETHOTO CTO-
JUKa, COBMeIIaiid H300pakeHHE NPOBOJOYKH-TUAMETpa C TpaHHLEH pasnerna
nogepxHocmsb 06pazya—eo30yx, PEerUCTPUPYsl COOTBETCTBYIOLIUI 3TOMY IOJIOXKE-
HMIO MCXOJHBII yroyl I0BOPOTa YIIIOMEPHOIO YCTPOMCTBA 0 M OTCUMTHIBAS €ro C
MOMOUIBIO IIKaNbl JUMOa 5 M HOHHMyca 7. HoHMyC MO3BOJIANI OTCUUTHIBATH YIOJ
¢ TouHOCThIO 710 0,1°. Bpamas numM0 5 1o 4acoBO# CTpPEIIKE U ClIeTKa IepeMerias
BIIPaBO HJIM BJIEBO MPEAMETHBIN CTOIHMK C 00pa3LoM, yCTaHABIMBAIHA IPOBOJIOUYKY-
JWaMeTp B MOJIOKEHNE KacaTeIbHON K MTOBEPXHOCTH KAIUIH B TOUKE COIMPUKOCHOBE-

HUA Tpex (a3 (TBepAOH, KUAKOW U Ta3000pa3HoOil). OTCUNTHIBAIN COOTBETCTBYIO-
U 5TOMY HOJIOKEHHUIO TUMOa yrou 0.

w
o
]

- bonee 2.9
- Menee 2.9
- Menee 2.8
|:’ Menee 2.8
- Memnee 2.6
- Menee 2.5
- Menee 2.4

Konuerrpauusa [TK B pacTBOpe, MI/il

Puc. 1. 3aBucuMocTh KoHIeHTpaluu noyie3noro komrnoHenrta (I1K) B pactBope ot

noka3zarens pH cpens! u ot cootHomenus XK : T

Fig. 1. Dependence of the concentration of a valuable component in the solution on
medium ph and on X : T ratio

Pesynsrupyromuii yron cMauMBaHHs ONPENENISANICS KaK MOMYIIb Pa3HOCTH 0, 1 0 :
0= |90 - 91|.

Pe3ymnbraThl ONMBITOB TIOKAa3ajIl, 9YTO PAaBHOBECHOE (CTAIMOHAPHOE) 3HAYCHHUE Kpae-

BOTO yIJIa CMa4MBaHUs yCTaHABIMBAETCSA HE Cpa3y: B TEYCHHE HEKOTOPOTO BpeMeHH O
M3MEHSETCS 3a CUET pacTeKaHus Karuii. Bpems ycTaHOBIEHHS CTallMOHAPHOTO 3HaYe-
HUS yIJIa CMa9MBaHUA JJIS1 K&KIOW Taphl HOBEPXHOCHb—HCUOKOCb CIEAYET OTpere-
JATh JKCIIEPUMEHTAIBHO, U3MEpssl BENWYMHY O depes ompesesieHHbIe MPOMEKYTKH
BpPEMEHH TOCIie HaHeCeHN Karuii. KnHeTHKa pacTeKaHus KHUIKOCTH MO MMOBEPXHOCTH
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HapsAy C PaBHOBECHBIM 3HaueHHEM O MOKeT OBITh MOJNE3HOH XapaKTePUCTHKOM Io-
BepxHOCTH [9—-12].

JJisi OLlEHKH BOCHPOHM3BOAUMOCTH SKCIIEPUMEHTAIBHBIX Pe3yJIbTaToB O M3Mepsun
5-10 pa3 Ha OIHOI U TOH e MOBEPXHOCTH, PACCUUTHIBAS HA OCHOBAaHUH ITHX H3Mepe-
HU cpeaHee 3HaueHue O U rpaHuLbl JOBEPUTEIILHOTO HHTEpBaa 0.

B cuny sHepreTnueckoil HEOIHOPOIHOCTH OBEPXHOCTH TBEPABIX 00PA3LIOB MEPU-
METpP CMauMBaHUs 3aMETHO OTIMYAJICS OT OKPYKHOCTH U YIJIbl CMaYUBaHUA B pa3HbIX

TOYKaxX NepuMeTpa Kariu OBLIH Ppa3JIn4YHBbI.
A

\ 2
=1/

Fat

Puc. 2. Cxema rornomeTpa Ha ocHOBe MuKpockona MIH-4:

1 — obpa3sen; 2 — MpeAMETHBIN CTOJHMK; 3 — KaIUIsl XUIKOCTH; 4 — BUHT HACTPOMKH
pe3KoCTH U300paxeHus; 5 — Bpauaromuiics 1umM0; 6 — MUKPOMETPUYECKUH BUHT
BEPTHKAIBHOTO MEPEMEIICHHS CTONINKA; 7 — KOHYC; 8 — OKYJIsp; 9 — 00BbEKTHB
Fig. 2. The scheme of a goniometer based on MIN-4 microscope:

1 — sample; 2 — stage; 3 — liquid drop; 4 — focus knob; 5 — adjustable limb;
6 — thumbscrew for stage vertical movement ; 7 — cone; 8 — eyepiece; 9 — objective

Vpasuenune xumudeckoi peaxuuu cynbpanona (C,;H,;NaO,S) ¢ cepnoii kucnoroi
(H,SO,) BeIIAAMT CeayommM 00pa3oM:

V.
C18H29_©_S\\:O y:
O Na + H,804; = CioHas —(J—8 =0 + Na,SOs.
N
O—H
VYpaBrenue xumuueckoi peakiuu asyokucu (UO,) ¢ BbIETauMBaIOIIMMH PACTBO-
pamu:

0.0
Vi
,0 ;S_©_C12H26
Z
C]8H29N303S+H2804+U02:C12H26_©_S\\:O /O + H,O0.
O_/U\ V
O 0 O—S—I_J—Ci2Hux
O\\\\/
S

C12H26_©
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BerlnenaunBanye U3 IMHUCTBIX PYyA NPOUCXOAUT MO TUPQPY3HOHHOMY PEXUMY U
OTMCHIBAETCS ypaBHEHHEM TUQQy3un. s 3Toro BOCIONb30BalUCh pelIeHuEM aud-
(y3MOHHOTO ypaBHEHUS JUIs BBIIIEIAYMBAHHS ypaHa C OJHON MOBEPXHOCTH IUIACTA
MOTITHOCTBIO 71 TIPH CIIETYIONINX TPaHUIHBIX yeIoBuAX: ¢ = 0mpux=0wu¢> 0 [13].

BouiBoasl. [Iposenennoe nccnenosanne [IAB moka3zano, 9to nmpuMeHeHue cynbga-
HOJIa TTO3BOJIMJIO YBEITHMYUTH KOAPPHUIHESHT GUITBTPALIUH 10 2 M/CYT.

[Ipennaraemas MeToarka OnpeneNeHns] KpaeBoro yria CMauuBaHUsl MTO3BOJISIET BbIS-
BuTh BiusiHue [1AB Ha koaddunmenT ¢punbrpanny npu MoA3eMHOM BBIIIETAYHBAHHH.

B nensix noseimenus 3gpQekTHBHOCTH Mpoliecca BhIIIETaunBaHts ypaHa u3 ci1ado-
IPOHULAEMBIX PYyA MPEIaraeTcsi IPOBECTH NPAKTUYECKUE UCCIISI0BAHMUs HA MOJIUIO-
Hax [I1B mecropoxnenus Ketmonuu ¢ npumenennem [1AB (cynpdanona).

[Ipy ONBITHO-NIPOMBINIJICHHOM BBIIIEIaYMBAaHUK YpaHa B CIa0ONPOHUIAEMBIX PYy-
Jlax MperonaraeTcsl yBelIMUnuTh CTeleHb 0TpaboTku 3anacos ¢ 12—16 % no 22-25 %.
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Laboratory researches on the application of surfactants of uranium
underground leaching from weakly permeable ores

Shukhrat Sh. Alikulov!
! Navoiy State Mining Institute, Navoiy, Republic of Uzbekistan.

Abstract
Introduction. In the practice of underground leaching (UL) of uranium ores, it is known that the efficiency
of the process of UL of weakly permeable clay ore-bearing rocks in natural occurrence depends, in the
main, on the filtration properties of the ore formation. Laboratory research on surfactants application for
production strata filtration properties increase have been conducted.
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Research aims to intensify the technological processes of uranium underground leaching from weakly
permeable ores with the use of surfactants.

Methodology. The results of the laboratory research showed a positive effect from the technology used for
underground uranium leaching, which allows increasing the rate of uranium leaching in weakly permeable
clay rocks, the leaching rate is thereby not limited by the rate of solution filtration, because the removal of
uranium into the solution is mainly due to its diffusion to the contact surface of ores with permeable rocks.

Summary. As a result of the research, a method has been developed for mining uranium deposits by the
method of underground leaching in weakly permeable ores with the use of various reagents (surfactants

based on polycarboxylates), which makes it possible to improve the permeability of rocks and increase the
vield of pumping wells.

Key words: well; viscosity of the solution; surfactants; weakly permeable ores; filtration; clay rocks;
underground leaching.
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Cucrema uuchpoBOro KOAUPOBAHMSA FeHETUYECKOWU Knaccudukaumm
BMAOB TOpcha U ee Posb B KOMMNMIEKCHOMW OLieHKe 3anacoB Topga
MO KaTeropusM Cbipbs U HanpaBneHNsAM UCNONb30BaHUA

ErowwuHa O. C."™, AnekcaHapos B. M.!
1 YpanbCkuit rocyAapCTBEHHbI TOpHbIN YHUBEPCUTET, T. EkaTepuHbypr, Poccust
*e-mail: moc-olya@yandex.ru

Peghepam
Beeoenue. Hcnonvzosanue mopda 8 pasiuyHblX OmMpaciix G03MONMCHO MONbKO NPU CYWecmeosaHull
€OUHOUl CMPYKMYpbl, yuumeieaioueli 600HO-Qpusuueckue, meniousuieckue, @QuU3UKO-MeXHuecKue,
Xumuyeckue u opyaue Ce0Ucmed, NeMeHmHblll COCMAs, 2PYNNOBOI COCMAB OPSAHUYECKOU U 307bHOU
yacmu mopa, kraccugpukayuio U008 mopgha u kamezopuro mop@anozo coipws. Tonvko 3nas napame-
mpbl, xXapakmepusylowue mop@ Kak covipbe 0N NnepepabomKu, MONMCHO peuams 3a0ayy e2o
KOMNIIEKCHO20 UCTONb308AHUS.
IIpeomem uccnedosanuii — kamezopuu MopGAHO20 CoiPbA, UX KOMIOHEHMbL U BO3MONCHOCIb UCTONb-
308aHUS 6 COCMABE PASIUUHBIX BUOOE NPOOYKYULL.
Llens padomot. Ocrosvisascy Ha eenemuyeckoll Kiaccugurayuu, paspabomams Memoouxy sggexmug-
HOUl 06paboOmMKU UCXOOHOU 2€07102UYECKOU UHPOPMAYUY U NPOSHO3UPOBAHUS 8b100PA NEPEOOUEPEOHO20
yuacmxa no 006viue Haubonee 60cmpebosanHo2o 6uda mopga.
Memoodonozus. I[Iposeder ananuz omeuecmeeHHO20 U 3apybexsCHO20 ONbIMAa NO U3YYEeHUI0 KOMNOHEH-
moe mopa, ux noIyYeHuIo U UCnoAb308aHuI0. /s cosepuleHcmeosanus MemoouKy noocuema 3anacos
ucnonwb306anuch osmodxcHocmu Microsoft Excel, cnocobcmeyrowue agmomamuzayuu onpeoenenus Ka-
mezoputl u cocmasa mop@a no OAHHLIM, NOLYHEHHBIM 8 pe3yibmanme 0emanbHOU pa3eeoKu, a MaKice
3D-mo0enuposanue ¢ UCnoONb306aHUeM 20PHO-2eono2uieckoll ungopmayuonnou cucmemvt (I'THC)
Micromine.
Pesynomamul. B cmamve npedcmagnensl: yughposas KoOuposka kiaccugpuxayuu 6uoos mopga, epaghu-
yeckoe uzobpadicenue 61008 mopga, Gpazmenm mabauysvl ¢ UCXOOHLIMU OAHHLIMU OeMAIbHOU PA36e0-
Ku mop@anozo mecmopoocoerus Onvueckoe CeepOno6ckoll 061acmu, NONepPeunvill paspes mopPaHo2o
mecmoposcoenuss Onbueckoe No CMeneHu pPasiodCceHus, 6bINOAHeHHbll ¢ ucnoavsoganuem I'THC
Micromine.
Bo1600b1. Pesynvmamul pabompl, U3N0HCEHHbIE 8 CIMAMbe, OMKPLIBAIOM WUPOKYIO NEPCNEKMUBY 8 npu-
MEHEHUU COBPEMEHHBIX NPOSPAMM Osl A6MOMAMUSUPOBAHHOU 0OPAOOMKU UCXOOHOU 2e0102UUecKoU
ungopmayuu.

Knroueente cnosa: cucmema Yupposozo kKOOUposanus 2eHemuueckoll Kiaccupurayuu 6u008 mop-
@a; eopno-eeonocuieckue ungopmayuonHsie cucmemsl, cmpamuepaguieckuii NpoPus.

Brenenue. B HacTosmiee BpeMst Bce 0cTpee CTAHOBUTCS IpoOieMa parioHaIbHOTO
WCIIOJIb30BAHUS MPHUPOIHBIX PECYPCOB, BKIIOYAs BO3OOHOBIISIEMBIC M HCUYEPIIACMbIC
OpraHo-MHUHEPAJIBHBIC ITOJIE3HBIC UCKOIIAEMBIC, K KOTOPBIM OTHOCHUTCHA TOp(i).

Ilepen coBpeMeHHOM TOPQIHON OTPACTBIO CTABUTCS 3a7a4da KaUeCTBEHHON U KOJIH-
YECTBEHHOH OIEHKH Top(da Kak ChIPhs AJIs KOMIUIEKCHOW TiepepaboTKH.

Kak mone3Hoe uckonaeMoe OpraHM4ecKOro MPOUCXOKACHUS, TOP( 3aHIUMAET 0CO-
060oe MecTO BBHUAY CIOXKHOCTH COCTaBa, HEOAHOPOJHOCTH CTPYKTYp U HaTUYHs
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Puc. 1. Kinaccudukanms BumoB Topda: a — mudpopas KOIUPOBKa; O — rpapudeckoe n300pakeHue
BHJIOB TOpda

Fig.1. Peat types classification: a — digital coding; 6 — graphical representation of peat types

KOMIUIEKCA OPTaHMYECKHX BemecTB (OUTYMOB, TyMUHOBBIX KHCIIOT H JIp.), KOTOPBIE MO-
TYT IIUPOKO HMCIOIb30BATHCS B XUMHUYECKOH NMPOMBIIIJIEHHOCTH, CEIbCKOM XO3AHCTBE,
MAaIIMHOCTPOEHNH, MEAULIMHE, METAJUTYPIUH U T. 1. B HapojHOM X035HCTBE MOTYT HAlTH
NPUMEHEHUE XUMHYECKHE DIIEMEHTHI 30JIbHOW YacTH Top(a, BKITI0YAs MUKPOIJIEMEHTEHI.

PactutensHBIN TOKPOB TOPPSHBIX MECTOPOKIACHHUNA TTOpa3AeIIIeTCs Ha PUTOIIEHO-
3Bl, TIPEJICTABIIIONINE COOOM COYeTaHUsI BHIIOB pacTeHUil-ropdhoodpazoBareneii, cio-
JKUBILIHECS B PE3yJbTaTe B3aMMOCHCTBHS C OKPYKaIOIIeH Cpefoi B KOHKPETHBIX MTPH-
POIHO-KIMMAaTHYECKUX YCIOBHSIX, M UMEIOIIUE ONPENENEHHBIH COCTaB U CTPYKTYpY.
Bce Buapl Topda 0ObeAMHSIOTCS B TPU THIIA — BEPXOBOM, MEPEXOAHBINH, HU3MHHBIH.
B ocHOBY knaccudukanyuy BUIOB TOp(ha MOJI0KEH TeHETUIECKUI PUHITHI, 3aKII09a-
FOIIUICS B TOM, 9TO KaXKIBIH (PUTOIIEHO3 COOTBETCTBYET OIPEIEICHHOMY BUIY Topda.
CornacHo cymiecTByromei knaccudukaui [ 1], B HacTosee BpeMs BeineneHo 40 Bu-
1oB Top(a, 3 HuX 20 BUIOB HU3UHHOTO TUMA, 8§ — EPEXOAHOTO U 12 — BepXOBOTO.

Hannume Gonpimoro xomuuecTBa BUAOB Topda U CIOKHOCTh CTPYKTYPHOH CXEMBI
kiaccudukanuu (puc. 1) BBI3BIBACT ONMPEACICHHbBIC TPYIHOCTH ISl 00pabOTKH MaTe-
pHAJIOB ETaJbHON pa3BelKd TOPSHBIX MECTOPOXKIACHHUN C MCIIONB30BAaHUEM COBpE-
MEHHBIX TOpHO-reonormdecknx wuHpopmarmonHbsix cucteM (ITHUC) m moctpoenus
cTpaturpaduueckux npoduieii Top(sHOro MECTOPOXKICHUS.

Hean padoThl — OCHOBBIBAsICH HA TEHETHYECKOU KIacCU(pHUKALUK, pa3padoTaTh Me-
TOIUKY 3PPEKTUBHON 00PAOOTKU MCXOJHON Ie0IOrHueCcKord HH(POPMAIIUU U MPOTHO-
3WPOBaHMs BLIOOPA MEPBOOYEPEIHOTO yUacTKa Mo Jo0bue Hanboee BOCTpeOOBaHHO-
ro BHuma Topda.

MeTononorus. [[ji1 BBOma MCXOAHON T€ONOTHYECKON MH(POPMAIUH, a TaKkKe NI
pacumdpoBku HHGOPMALMH, COAEpKalleiics B cTpaTUrpaduieckux Npoduisax Top-
(hstHOTO MECTOpOXKACHUS, ObLIa pa3paboTaHa ONpeAeICHHAs CUCTeMa KOJUPOBaHHUSL.

B 1982 1. Oblia BriepBbIe MPEIOKEHA METOAMKA MU(POBOIO KOAMPOBAHMS KIIaCCH-
¢dukaruy BuaoB Topda [2], aro no3pommiio Ha 9BM Toro nepruona (EC-1020) mocTpontsb
cTparurpadrdeckuit mpoduinb HU3MHHOTO THTa Topha. CyTh KOMUPOBAHUS 3aKITFOIAETCS
B TOM, YTOOBI, COXpPaHHB CTPYKTYPHYIO CXeMy KJIaCCHU(HUKAIUU BUA0B TOpda, BKITIOUAs
THI TOpda, MOATUII IO BUAY PACTUTEIBLHOCTH, TPYIITY 110 30JIbHOCTH U T. 1., TPeodpa3zo-
Barh ee B popmy, puemiieMyto i pabotsl ¢ ucnonbzoBanueM [ TUC (puc. 1).

Ucnonesys [punoxenrne 4 MeTonnveckux ykazaHHi 110 onpoOoBaHUI0 TOPHSHON
3QJIEKU ¢ TIPUMEHEHNEM COOPHBIX TIPO0 M pa3IesieHUIO 3amacoB Topda Ha KaTeropuu
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CBIPBS TIPH pa3BeaKe TOp(sHBIX MecTopoxaeHui [3], aBTop npemaraet Gopmy 3amos-
HEHHSI MCXOJHOM I'eoIoTHUecKOl HHPOPMAMK 110 MaTepraliaM AeTalbHOW Pa3BeAKH
TOP(STHBIX MECTOPOXKIACHUH B CIIeAyIomIeM Buae ((hparMeHT mpeIcTaBiieH B TaOIHUIIE).

Ha coBpemenHOM 3Tane pa3Butue TOPYSHOTo MPOU3BOACTBA JOIKHO OBITH CBI3aHO
¢ pacuipeHreM obnacTeld mpuMeHeHus Topda B HApOJHOM Xo3siiicTBe. B cBoro oue-
penb, pa3BUTHE TEXHOJIOTUU TOOBIYH U epepabOTKU TOIHKHO Oa3UpOBaThCsl HA COBEP-
HIEHCTBOBAHMWHU CYLIECTBYIOUIMX CHOCOOOB AOOBIYM W BHEAPEHUH MPHHIHUIIHAIBHO
HOBBIX, CHIKAIOIIMX 3aBUCUMOCTD PE3yJIbTATHBHOCTH IMPOU3BOJICTBA OT HEOIaronpu-
ATHBIX NPUPOAHO-KIMMATHYECKHX YCIOBUM. BCKPBITH M MCIONB30BaTh MOTEHLIUAIIb-
HBIE BO3MOXKHOCTH, 3aJI0)KEHHBIE B Topde caMoil mpupoaoH, Ha 6a3e pa3paboTKH HO-
BBIX TE€XHOJOIWH IOOBIYM U MepepabOTKU — OlHA U3 BaXKHBIX 3ajad, CTOALIUX MEPex
YYEHBIMH U IPOU3BOJCTBEHHUKAMHU.

Hcxonnblie JaHHBIE JeTAJIbLHOI pa3BeIkH TOPHHOro MecTopoxaeHust OJb4yeckoe
CBepas10BCKoOii 00/1aCTH

Basic data from Olcheskoye peat deposit (Sverdlovsk region) detailed survey

I'eneTnueckuii xox
Tysr I'ny6una, Crenens 3051bHOCTB, | BriaxHoCTb, Kareropus
ornpoGoBaHus/ iy paznogxeﬂm, o, % U HoH, I:OI[:;Z) TOopdsIHOrO
HONEPEUHUK % topda | rpymnma Pg’nﬂ > CBIPbSI
1/mom.2 0,25 - - - - - -
0,50 10,0 1,80 93,0 3,1101 | 3,11 | 3,1101 B-0-1
0,75 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
1,00 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
1,25 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
1,50 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
1,75 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
2,00 15,5 2,0 92,5 3,1101 | 3,11 | 3,1101 | B-1-(1-2)
2,30 30,0 2,9 89,0 2,1101 | 2,11 | 2,1101 | I1-2-(1-2)
2/mom.5 0,25 - - - - -
0,50 15,0 1,9 93,0 2,1101 | 2,11 | 2,1101 | II-1-(1-2)
0,75 15,0 1,9 93,0 2,1101 | 2,11 | 2,1101 | II-1-(1-2)
1,00 15,0 1.9 11,0 2,1101 | 2,11 | 2,1101 | II-1-(1-2)
1,25 15,0 1.9 93,0 2,1101 | 2,11 | 2,1101 | II-1-(1-2)
1,40 15,0 1,9 93,0 2,1101 | 2,11 | 2,1101 | II-1-(1-2)

OpHako ciiefyeT OTMETHUTh, YTO PELINTh 33Aady KOMIUIEKCHOTO HCIIOJIb30BAHUS
TOpda MOXHO TOJNBKO MPU OOBETUHEHUH B €IUHYIO CTPYKTYpy OOIIETEXHHYECKHX,
BOJHO-(PU3HYECKHX, TEINIOPH3UIECKIX, XAMHYECKHIX, PH3UKO-XUMUUECKUX U APYTHX
CBOWCTB, JIEMEHTHOT'O COCTaBa, IPYIIIOBOTO COCTaBa OPraHUYECKOW U 30JIbHOW YaCTH
Topda, T. €. KITaccupUKaIy BUIOB Topda 1 KaTeropuit TOPGSHOTO CHIPHSI.

B tabn. 1-4 [4] nmpencraBieHsl CIEAYONUE XapaKTePUCTUKHA BUIOB TOp(da 1 KaTe-
ropuil TOPQSIHOTO CHIPHS.

Obwemexnuueckue ceolicmea: CTENEHb pasnokeHus (R, %); 3ombHOCTD (Ac, %);
KHCIOTHOCTD (pH); Terora cropauus (O, MJx/kr).

Qu3suyeckue ceoticmea: OTHOCUTENbHAs BIaXHOCTh (W, %); BIarocoiepxaHue
(W, xr/kr); IIOTHOCTB TOp(ha ECTECTBEHHOTO 3aNeTaHus (p,.,, KI/M*); MIOTHOCTH Oec-
TIOPHUCTOH CyxXoif Maccsl Topda (p,,, KI/m?).

Onemenmuvill cocmag opeanuueckoll maccvl (6 % Ha cyxoe @ewyecmeo): yriaepon
(C, %); Bomopox (H, %); azot (N, %); cepa (S, %); kuciopox (O, %).
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Tpynnoeoii cocmas opeanuueckou maccol, %.: ourymsl (Bb); BomopacTBOpuMbIC U
nerxkoruaponusyemsie komnoneHnTsl (BP u JII'); pexynupyromue Bemectsa (PB); ry-
MuHOBBIe KUCTOTH (['K); dymbpBokucioTs! (OK); nemtronosa (11); muraun (JI).

Cocmae 3onvnoti uacmu (6 % na cyxoe sewecmso): Si0,; CaO; Fe,O,; Al O;;
P,0;; SO,.

Codepoicanue MUKpodieMeHmos (6 nepecieme na cyxoe gewjecmeo), me/xe: Zn; Cu;
Mo; Co; Mn.

[Tpy HaNMMYUK JaHHBIX O CBOWCTBAX TOpda, KOTOPBIC YBI3aHbI C 3aKOJUPOBAHHBIMH
KaTeroprsiMU TOP(MSIHOTO CHIPbSI, TIOSBIISETCS BO3MOXHOCTH Mcmonb3oBats ['TUC mpu
aHaNM3e MPUTOAHOCTH TOTO WJIM WHOTO BhIa Top(a Al KOMIUIEKCHOTO MCIOIbh30Ba-
Hus. Bosmoxknoctr I'THYC no3BomnstoT mocTpouts 3D-Monenu no KakaoMy U3 Mokasa-
TeJsied B OTAETBHOCTH U 0 KaTeropusM B 1enoM. Ha puc. 2 npencrasieH nonepeuHblit
paspes TophsiHOTO MecTopoxeHus ONpIecKkoe, Ha KOTOPOM OTMEUEHO paciipeieiieHre
Topda pasIuIHON CTEIICHH Pa3IOKEHHUs 110 IITyOUHAaM.
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i i %
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Puc. 2. Ilonepeunslii pazpe3 TopstHOro MecTOposkaAeHNsT ONbUecKoe Mo CTENEHN pa3IoKeHus, %o
Fig 2. Cross-section of Olcheskoye peat deposit according to the degree of peat decay, %

CrnenyeTr OTMETHTh, YTO HA COBPEMEHHOM YPOBHE Pa3BUTHsI HayKU U TEXHUKHU Tpe-
OyeTcsi COBEPLICHCTBOBAHUE CTPYKTYPhI KaTeropuii TOPQSIHOTO CHIPbsl, TAK KaK CTe-
NICHb PA3JIOKEHHS U 30JIbHOCTD, KOTOPBIE 3aJI05KEHBI B OCHOBY KJIacCH(HUKAIIUU KaTero-
puii TOpsSIHOTO CHIpBS HE B COCTOSIHMM OTpPa3uTh BCIO T'aMMy CBOMCTB Topda u
BO3MOXKHOCTEH MCIIONIB30BaHUS €T0 ¥ IPOYKTOB €T0 MepepadOTKU B HAPOJAHOM XO3s1H-
CTBE CTPaHBbI.

Pe3ynbrarhl. 3510)KeHHOE B CTaThe MOATBEP)KIAET PEaNbHYI0 BO3MOXKHOCTh IO-
CTPOCHUS CTparurpapuuecKux npoduieii ToppsHbBIX MECTOPOKACHUH C HCIIOIb30Ba-
HueMm I'TUC, 4ro oTKpBIBaeT LIMPOKYIO MEPCHEKTHBY B MPUMEHEHHH COBPEMEHHBIX
MPOTpaMM JUIsi ABTOMaTH3UPOBAHHOH 00paOOTKU HCXOAHOM Te0JOrHYeCcKoi nHpOopMa-
UM B MIpoIiecce U3BICKaHUN TOP(SHBIX MECTOPOXKACHUI M IO3BOJISIET COKPATHUTH Bpe-
Ms 00pabOTKH 3TO¥ HH(POPMAITIH B BEIOOpA TIEPBOOUEPEIHOTO YUACTKA.

J1151 KOMITJIEKCHOM OLIEHKH 3a11acoB TOpQa MOSBISIETCS BOZMOKHOCTD aHAJIM3UPOBATh
cTpoeHne crparurpapuueckux npodumneit ¢ npumenennem ['TUC u paccunTsiBaTh 3a-
nackl Topda Mo KaTeropHusM ChIPbs 3aJJaHHOTO Ka4ecTBa, a TAKKE BECTH CEJICKTUBHYIO
JI00bIuy TOpda 3aJaHHOTO KauecTBa MO IMPHOPUTETHOCTH U 3HAYMMOCTH ISl TOTO WA
WHOTO PErHOHa CTpaHbL. [Ipy IpoeKTHPOBaHNH NIPEATIPUATHI TIO T0OBIIe TOpda MOSBIS-
€Tcs BO3MOXKHOCTh IIPOTHO3MPOBAHUS BBIOOpA IEPBOOYEPENHOIO Y4acTKa MO JOObIUe
HanOosee IepcleKTUBHOrO BUAa Topda AJisi KOMILIEKCHOH ero nepepabotku [4].
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AHanu3 U 00cyxaeHue. Bompockl KOMIUIEKCHOTO UCITOJIB30BaHUS TOpda B HAPO-
HOM XO3SICTBE CTpaHbl JOCTAaTOYHO IIMPOKO OTPaKEHBI B HAyYHOW JUTeparype.
AHanuTAYecKnuit 0030p JTUTEPATYpHl TIO3BOISIET OTMETUTHh HanOoJee MepCIeKTUBHBIC
pelIeHus], KOTOPhIe MOTYT OBITh BHEJPEHBI U BHEAPSIOTCS B IPOMBIIUICHHBIX MACIITA-
Oax [4—8]. TpaguIMOHHOE HANPAaBICHUE UCIONB30BaHUS TOp(a B KAYSCTBE TOIUIMBA
JUTSL SHEPTeTHUECKUX, METAIUTYPIrHUECKUX U KOMMYHAaJIbHO-OBITOBBIX IIeNieii coXpaHsi-
€TCsl, XOTSl 00BEMBI €T0 UCIONB30BaHUs HEBEIHKH, U TOP(] KaK TOIIMBO OCTAETCS Me-
Hee BOCTpeOOBaHHBIM, YEM OH TOTO 3aCITy’KMBaeT B COBPEMEHHBIX yCIOBUAX. Hanbo-
Jiee BBITOMHBIM BHJIOM TOIUIMBA SBISETCS TOP(] MEPEXOMHOTO W HU3WHHOTO THUIIOB,
JIECHOTO U JIECO-TOIISIHOTO MOATHIIOB, YTO COOTBETCTBYET KaTErOPHsM TOP(SHOTO CHIPhS
I1-3-(1-2) u I1-(2-3)-(1-2), H-3-(2-3), H-(2-3)-(2-3). Topd naHHBIX KaTeropuii, comep-
KAl OOJBIIOE KOJIMYECTBO OUTYMOB, TYMHUHOBBIX KHCIIOT W HETHIPOJIU3YEMBIH
OCTaTOK, XapaKTEPHU3yeTCs BEICOKOU TEIUIOTON cropanust 22—24 MJIX/KT. DIIeMEeHTHEII
coctaB BKIroyaeT 58—60 % yrnepona, 31,3-32,5 % kucnopoaa, 5,8-6,0 % Bogopona,
2,2-2.6 % a3zora, 0,3— 0,7 % cepsl.

B ny6nukanusix [9, 10] packpbiTa B3aUMOCBS3b TeHETHYECKOM KIaCCUPHUKALUH BU-
0B TOopda, IPOMBIIUICHHOHN KiacCH()UKAIIMKA KAaTeropuil TOP(QSIHOTO CHIPhs ¢ 00IIIe-
TEXHUYECKUMH U (PU3HKO-XHUMHUYECKUMH CBOWCTBaMU Topda Ha mpumepe TopdsHoro
MecTtopoxaeHuss CMerannackoe [lepmckoro kpast, a TakKe METOIMKA pacdeTa KOMIIO-
HEHTOB Topda M0 JaHHBIM JETATHHON pa3BEeIKH MECTOPOXKICHHS.

HccnenoBaHusM TONMIMHBI, PACIIPEEICHUI0 M Ka4eCTBEHHOW OLEHKE TOP(MSHBIX
pecypcoB banrnaaem nocssiieHa craths [ 11]. ABropamu oTMedeHa 3aBUCUMOCTD TOJI-
HIMHBL c10si Topda OT TeoMOP(OIOTHH MECTHOCTH W TIPUBOAATCS MOATBEPKIACHHS
B BHJIE MONEPEYHbIX npoduieil, rne Topd HEe MMeeT MOApa3IeleHns Ha OTAEIbHBIE
kareropuw [11].

Hcnons3zoBanue BozmoxkHoctedl [TUC nns u3ydenus 3amacoB TopdsHOro mMecTo-
POXKIEHHUS — 3TO HOBOE HanpasiieHre. OOBIYHO TPEXMEPHOE 300paskeHre TeoIornye-
CKOTO CTPOCHHS HCCIIEyeMOTO Y4acTKa He MpeaycMaTpuBaceT JaeneHue topda Ha oT-
JIeTbHBIC KaTeTOPUH, a IPENICTABISET €0 eNUHBIM citoeM [12]. Omnako TakuM 06pazom
HE YUUTHIBAIOTCS BCE CBOMCTBA OTAENIBHBIX KATETOPHiA, KOTOPBIE OTIPENEISIFOT HAIPaB-
JICHWE WCTIOIh30BaHUS TOP(SIHOTO CHIPhs. IMEHHO MO3TOMY BaKHO YYHTHIBATH OOIIIE-
TEXHUYECKUe, PU3nIecKre CBONCTBAa TOp(ha, KOMIOHEHTHI 30JIbHOW M OpraHHYECKON
COCTABJISIOIHX.

BoiBoasbl. Topd kak KOMITIEKCHOE CHIpbE JAlIeKO HE UCUEPIal CBOM BO3MOKHOCTH
C y4eTOM MHOT000pa3Msl €T0 BUIOB, MPUPOJHO-KIMMATHYECKHUX YCIIOBHH €ro (popMHUpoBa-
HUSI, TEOJIOTHIECKHUX U THAPOJIOTHIECKUX (PaKTOPOB, PUTOIIEHO3a U APYTHX MPHPOTHBIX
0coOeHHOCTel POpPMUPOBAHUS TOPPSHBIX MecTopoxkaeHui. [IpemioxkenHas MeToauKa,
OCHOBaHHAs Ha cHCTeMe LM(POBOro KoaupoBaHus u ucnois3oBanust [ TUC, no3sonser
PELINTE 337a9H CENEeKTUBHOM BHIOOPKH KaTeropuii Topga rmo rogam ¢ y4eToM KpuTeprueB
pecypcocbepeskeHrst i BOCTpeOOBAaHHOCTH OTACIBHBIX BHOB TOP(SHOTO CHIPhSI, HAIPS-
MYTO 3aBHCSAIICH OT OOIECTEXHUUYECKUX M (PU3NIECKUX CBOMCTB TOpda, a TakKe OT dJIe-
MEHTHOI'O COCTaBa OPraHUYECKO Macchl, KOMIIOHEHTOB 30JIbHOI COCTaBIISIIOILEH U T. 1.
VYrpasneHue cBOWCTBaMU TOP(MSHON TPOAYKIINH JTOHKHO OCYIIECTBIATHCS ITyTEM BhI-
00pa UCXOTHOTO CHIPbsI U CHOCO00B JOOBIYH TOp(ha OTAEIBHBIX KATETOPHIA.
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Digital coding system of peat types genetic classification and its role in peat
reserves integrated assessment according to raw material categories and uses

Olga S. Egoshina!, Boris M. Aleksandrov!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. The use of peat in various fields is possible only with the presence of a single structure
considering hydrophysical, thermophysical, physical-technical, chemical, and other properties, elemental
composition and group composition of organic and ash matters of peat, classification of peat types and
peat raw material category. Only with the knowledge of the parameters characterizing peat as raw
material for processing, it is possible to solve the problem of its complex application.
Research subject: categories of peat raw material, their components and the possibility of using various
types of products in its composition.
Research aim. Building upon the genetic classification, research aims to develop the methods of initial
geological information effective processing and forecasting the choice of top-priority sites of top requested
peat production.
Methodology. Local and foreign experience over the study of peat components, their recipience and
application has been analysed. In order to improve reserves calculation methods, Microsoft Excel features
were used computerizing the determination of peat categories and composition according to the data
obtained as a result of the detailed survey as well as 3D simulation with the use of mining-geological
information system (MGIS) Micromine.
Results. The article presents the following: digital coding of peat types classification, graphical
representation of peat types, a fragment of a table with the basic data from Olcheskoye peat deposit
(Sverdlovsk region) detailed survey, cross-section of Olcheskoye peat deposit according to the degree of
peat decay made with the use of MGIS Micromine.
Summary. Research results, set out in the present article, open prospect of applying modern programs for
geological data automated processing.

Key words: digital coding system for peat types genetic classification, mining-geological information
systems, stratigraphic profile.
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AnekTpomeTpUYeckne uccneaoBaHus Ha KpbinatoBckoM pyaHuKe
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" WHeuTyT reocomankm YpO PAH, r. Ekatepunbypr, Poccus
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Pecpepam
Lens pabomer — noxkazams 603MONCHOCHb U3YHEHUSL INEKMPOMASHUMHBLMU MEMOOaMUu 2e0Pu3UuUKy npo-
Yeccos, OZHUKAIOWUX NOCe 3AMONIeHUs. NOO3eMHbIX 8bIpabomoK, Ha npumepe Kpuvliamosckoeo pyo-
nuxa. Ilocie 3akpvlmus pyoOHUKAG NPOU30OULTO NOJHOE 3AMONIeHUe NOO3EMHBIX 8bIPAOOMOK ¢ 00pa306a-
Huem npoegana. Baoicnas 3adaua 3axniouaemcsi 6 oyenke onachocmu 06pazo8amus HOGbIX NPOCAOOK
NOBEPXHOCIU 3EMIIU.
Memooonozusn. Dnekmpomaznumusie UCCIE008AHUS GKAIOUANIU BEPMUKATIbHBLE DNIEKMPUYECKUe 30HOU-
posanus (BO3), saxcnpecc-eapuanm ayouomacnumomennypuieckux 3onouposanuti (AMT3) u oucman-
YUuoHHbvle UHOYKYUOHHBIE 30HOUposanus ([H3) ¢ eepmuxanvubim macHumuviv ounoiem. K 3adauam
NEKMPOMemMPUL OMHOCULOCH ONpedesienue XapaKmepa pPoiXiblX OMJLONCEHUl, YeloCMHOCMU 20PHbIX
nopoo u Hanuuus ocrabnenHvix 30H. Pabomer memooamu AMT3 u JIU3 eblnontenbt KOMRAEKMAMU 71eK-
mpopa3zeedounoii annapamypvt OMAP-2m u MY3-8. Pabomsr memodom BI3 evinonnernvt annapamypoui
AHY-3. Konuuecmeennas unmepnpemayus B33, AMT3 u /13 3axniouanace 8 nonyyeHuu coenaco8am-
HBIX 2€0271eKMPULECKUX PA3PE308 C PACHEMHBIMU TYOUHAMU CL0€8 U BETUHUHAMU YOCTbHBIX dNIeKMPU-
yecKkux conpomuenenuil. Jlanuvie nocmpoeHus NO360s10Mm Onpedeuns Xapakmep UMeHeHUsl J1eKmpo-
@usuueckux ceolicms pazpes3a u gblOeums JOKALbHbIE AHOMALbHbIE 00bEKMbL.
Pezynomameut. Ilo pesynomamam 06pabomxu nOCmpoensl KaiecnmeeHHbvle U Kotudecmseenvle paspesol
INEKMPOPUIULECKUX NAPAMEmMPO8 cpedbl, NO3BONTIOUWUE ONPEOCIUMb XAPAKMED USMEHEHUsl CEOLUCME
paspesa u 8bloenuns JIOKaAIbHble AHOMATbHbIE 00bekmbl. [Ipogedentvle pabomel NOKA3aIU pe3Kue u3-
MeHeHUsl YOeNbHbIX DNeKMPULEeCKUX CONPOMUBLEHUTL 8 6ePXHEll YACMU PA3Pe3d, CESI3aAHHbLE C PAZHOPOO-
HbLM COCMABOM MEXHO2EHHbIX HACLINHBIX 2PYHmMo8 Ha meppumopuu Kpviriamosckozo pyonuxa. Ilony-
YeHHble 2e0deKMPUHecKUe paspesbl YBEPEeHHO GbIOCISAIOM NONOJNCEHUE AHOMANUL  NOHUICEHHBIX
conpomugnenuil. Pezynomamol pasznolx memooos 2eopu3uku Xopouio co2nacyromesi medicoy coooll.
Bub1600b1. Bviasnena obwupHas 0onacme no8ulueHHOU 31eKmponpogooHocmu enyourou 00 130 m u wiu-
punoil oxono 50 m. Ona moxcem npedcmasisims codoil 00600HEHHYIO 0CIAOIEHHYIO 30HY NOBIUEHHOU
MpewuHO8amocmy, CKIOHHYIO K OdibHeluemy paspyuieHuio. Dmo yKkazvleéaem HaA NOMEHYUALIbHYIO
ONACHOCMb NPOYECCO8 COBUNCEHUSI 8 PALIOHE 3AMONIEHHbIX NOO3EMHBIX 8bIPAOOMOK ¢ 00pazoeaHuem
HOB0U NPOCAOKU NOBEPXHOCHIU 3EMIU.

Knroueewvie cnosa: NEKMPOMASHUMHbIE 30HOUPOBAHUS,; 2e09IeKMPUYEeCKUll paspe3; KOMNieKCHble
2eousuueckie UcC1e008anUs; NAPAMempUdecKull NPOQUIb, WaxmHoe noie; nposal.

BBenenne. Pynnoie MecTopoxkaeHusl Ypaia, IOCIy>KUBIIKUE B CBOE BPEMSI OCHOBOM
SKOHOMHYECKOTO pPa3BUTHs Poccuu, MOCTENeHHO OTpadaThIBAIOTCS. YK€ 3aKpPBITO
OOJBIIMHCTBO CTapbIX PYIHUKOB, Oiaromaps KOTOPHIM BO3HHKIN KpacHOypaibCk,
Hwxuuit Tarun, Kuposrpan, Bepxuss Ilsimma, Jertspck, [lonesckoit u psia aApyrux
TOPOJIOB W TOCeNKoB. [locne MMKBHIAIMY TOPHOMOOBIBAIOIINX MPEATIPUSITHNA TTOSBH-
JUCHh MPOOJIEMBI, CBsI3aHHBIE C OCTABIEHHBIMU TOPHBIMU BHIPAOOTKaMH, B 0COOEHHO-
¢t ¢ mom3eMHbIME [1]. K HUM, B 4aCTHOCTH, OTHOCSATCS TIOATOILUICHUE TEPPUTOPUHU
MOCJI€ OCTAHOBKH OTKaYHBIX HACOCOB U MpOCaKa MOBEPXHOCTH 3eMiH [2]. CTaThs mo-
CBSIIICHA M3YUYCHHIO JAHHBIX SIBICHUH C MIOMOIIBIO AIEKTPOMATHUTHBIX METOAOB I'e0-
¢usnkn Ha mpuMepe KpbumaroBckoro pyaHuka. PyaHHWK mpekpartuin cBoio paboTy
B 2005 Tomy, uepe3 ron OblIa OCTaHOBIIEHA OTKadka Bojawl. B 2008 romy mpowusonuio
TIOJTHOE 3aTOTUICHHE TIOA3EMHBIX BRIPAOOTOK C BBIXOJIOM IIAXTHBIX BOJ] HA TIOBEPXHOCTh
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3emuu. [Iponiecchl caBmkeHus B paiioHe maxThl «CeBepHasi BEHTWIIALIMOHHAA» BBI3BA-
1 oOpazoBanue mposana ryonHoi 40 M. BennunHa BOpOHKH, KOTOpas 3a JBa roja
MOYTH JI0 KpaeB 3alloJHWIIACh BOJIOW, cocTaBmia okoyno 25 Teic. M2. Teppuropust
noc. KpbutatoBckuii ObpU1a MOATOIIEHA, BIUIOTH 0 YaCTUYHOTO 3aroruieHus. UToOb1
MPENOTBPATUTH KaTacTpopuIecKoe pa3BUuTHe coObITHH, B 2012 romy OB OpraHu30BaH
YaCTHYHBIA BOJIOOTIIUB, TOAJEPKUBAIOIIMNA JTOMYCTHUMBIH YPOBEHb TPYHTOBBIX BOJ.
B pesynbrare ypoBeHb BOJI0OEMA CYIIECTBEHHO IMOHU3MIICS, B HACTOSIIEE BPEMs €ro
JutrHA cocTariset npumepHo 200 M, mupuna 30-50 M. ['eodusznueckue uccneqoBanus
Ha MIaXTHOM Tosie KpbuTaToBCKOTO pyJHHKA POBOAMINCH Ha MPOQIIIE, PaCIOI0KEH-
HOM B 200-x M 1okHEe mpoBaa. Llens paboT 3akirodanack B OIIEHKE OIMMACHOCTH 00Opa-
30BaHUSl HOBBIX NPOCAZOK MOBEpXHOCTH. K 3amauam 31IeKTpOMETPHUH OTHOCHIIOCH
OIIpeNIEeTIEHNE XapaKTepa PhIXIIBbIX OTI0KEHHUH, IEIOCTHOCTH FTOPHBIX TIOPOA ¥ HATHYUS
ocnabneHHBIX 30H.

O0BeKT ucciaenopanmnii. KpriiaroBckoe 30J0TOPYIHOE MECTOPOXKICHUE N3BECTHO
¢ 1803 roma u pacnonoxeHo B 35 kM Ha 1oro-3amaj ot . Ekarepunbypra. Opynenenune
pacmionaraerca B FOKHOW "dacTh HOBOaJEKCEeBCKOTO IIArMOTPAaHUTHOTO MAaCCHBA,
OTPaHWYEHHOTO C 3araja peruoHaabHbeIM CepoBcko-MaykckuM ([lertsapckum) pasio-
MOM, ¢ BocToKka — Kpbl1aToBCcKMM pa3pbelBOM. BMemiaromue nopoasl npeacTaBieHbl
noppupUTaMu aHJEe3UT-0a3aJBTOBOTO0 M 0a3aJbTOBOTO COCTaBa, a TaKXKe XJIOPHUT-
CEPUIITOBBIMH U YTIIUCTO-KPEMHHUCTBIMU CJIAHIIAMH C TTPOCIOSIMU KBapIIUTOB U U3BECT-
HAKOB. [ToppupuTHI 1 CIaHIBI TOABEPIIIMCH PETHOHAIEHOMY METaMOP(HU3MY 3eJIeHO-
CITaHIIeBOW (aluu, a TUIaTHOTPAHUTHl — MHOTOCTAIUHHOMY THIPOTEPMAITEHOMY
Bo3xeiicTBuio. HoBoanekceeBCkuil MaccuB GOPMHUPOBAJICS B TEKTOHUYECKU aKTHBHOM
30HE, YTO MOATBEP)KIAETCS Pa3BUTHEM B HEM MHOTOYMCIEHHBIX Pa3phIBHBIX Hapyllle-
HUI ¥ MOILHBIX 30H PacClIaHLIEBaHMs. B pyqHON 30HE BBIACIAIOTCS KBapLEBO-CIIaHLIE-
BbI€ 3aJI€XKH, CIIAaHIIEBO-KBAPIIEBBIC JINH3HI M KBApIEBBIE )KMUIIbl. Kphl1aToBckoe MecTo-
pOXIEHHE TIPEACTABISET COOOW CEpHI0 MHHEPAIN30BAaHHBIX KBapIEBBIX KWL,
3aJIeTalIuX B KBapI-CEPUIIMTOBBIX METACOMAaTHTax (CIIaHIEBaThiX Oepesutax) [3].
N3BecTHBI HECKOJIBKO KPYIHBIX 30JI0TOHOCHBIX KHJI, BBITAHYTHIX B MEPUIMOHAILHOM
HanpapJeHNH, JJITUHOHN 10 2 KM U MOIIHOCTBIO 3—6 M, MIaXTHYIO OTPaOOTKY KOTOPBIX
nposoarl KpeimaTroBckuii pynHUK. 30710TO CBSA3aHO C CyAb(MOUIHON MUHEpaIH3aIueH,
MIPECTABIEHHONW B OCHOBHOM HHUPHUTOM. V3-3a HEpaBHOMEPHOTO COAEPIKAHUSA OHO OT-
pabaTpIBajoCh TOJIBKO Ha MEPBOM dTarleé OCBOSHHS MECTOPOXACHWS. B mampHeiieMm
PYIIbI WCTIONB30BAIMCH B KAYECTBE 30JI0OTOHOCHBIX KBapIIEBBIX (IIFOCOB Ha Meneriia-
BUJIBHBIX 3aBojax. Ha pynHuke QyHKIMOHMPOBAJIN HECKOJBKO IIAXT, OTpadaThIBaIo-
mx ropu3oHTHI ¢ 40 1o 490 M. OOmwMit 00beM MyCTOT HA MOMEHT JIMKBUAAIUU CO-
craBsit 288,5 Thic. M3, BbIe ropusonTa 130 M — 71,6 Teic. M3 [4].

MeTtoauka padoT. DIEKTPOMAarHUTHBIE HCCIEIOBAHUS BKJIIOYAIH BEPTUKAIbHBIE
aneKkTpuueckue 3oHAupoBaHusa (BO3), skcnpecc-BapuaHT aynnOMarHUTOTEILTypUde-
ckux 3oHmupoBaHmd (AMT3) W NUCTaHIMOHHBIE WHIYKIIMOHHBIC 30HIUPOBAHUS
(AN3) c BepTHKAIFHBIM MarHUTHBIM numoieM. Pa6oTsl MetomoM B3 BhIMTOTHEHBI
KOMIIJICKTOM 3JIEKTpOpa3BeoyHol annaparypsl Hu3Ko# yacrorsl AHY-3 (HIIO «Pyn-
reousuka», r. Jlenunrpaa) Ha uactore 4,88 I'l mo craHmapTHOW Metomuke [5].
Hcnons3oBanack cummeTpuyHast 4-a3ekrponHas ycranoBka Llmomo6epsxe (AMNB) ¢
MOJTypa3HOCOM nuTaromeit muHuu AB/2 1o 150 M ¢ norapudmudeckum marom. M3me-
pEeHUS TPOBOAMIIUCEH IPH cTa0MII3upoBaHHOM Toke 10 MA mmm 31,6 MA. Anmaparypa
AHY-3 obecrieunBaeT BHICOKYIO YACTOTHYIO H30HPATEIbHOCTh N3MEPSEMOTO CUTHAJIA.
Ha paboueii yactoTe nmonoca nponyckanus u3mepureins cocrasisier 0,5 I'u. Bxoxgnoe
COTIPOTHUBIICHNE TO3BOJIIET MPOU3BOANTE U3MEPEHUS IIPU CONPOTUBIICHUU NPUEMHOMN
muauu MN no 100 kOwm. [luHamudeckuit quana3oH anmaparypbl O3BOJIIET MPOU3BO-
JUTHh U3MEpPEHNE CUTHAJIOB OT eANHUIl MUKPOBOIIET 10 10 B. KonmuecTBeHnnast marep-
npetanus BO3 BbINoIHEHa B paMKaxX OJIHOMEPHOM MOjeNu Mo nporpaMmam KamuH-
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ckoro (ZondIP) m BboGawyea (IPI2Win). B pe3synbrare moinydeH COIIacOBAaHHBIH
TEORJICKTPUUECKUH pa3pe3 ¢ paCUeTHBIMHU [ITyOMHAMH CIIOEB M BEIMYHHAMH YACTBHBIX
anexkTpudeckux conporusienuii (YIC).

AyIMOMarHUTOTE/UIypUYECKHE  30HIMPOBAHUS  MPOBOAWINCH C  IIOMOLIBIO
2-KaHaJBHOW MpHEeMHO-perucTpupytomeil anmaparypst OMAP-2m (UT'® YpO PAH,
r. ExkarepuHOypr), obecrieunBaroliell yCUIeHue, aHaIoro-1udpoBoe mpeodpazoBaHme
¥ 3aITUCh IIUPOKOIOJIOCHBIX Fe0pH3NUECKUX CUTHAJIOB B peajbHOM BpeMeHu. 3mepe-
HUS BeIUCh B yacTOTHOM jauara3zone 100—10 000 'y ckopoCTHBIM CIIOCOOOM Ha CTEIT0-
1tytocst 10-MeTpoByr0 He3a3eMICHHYIO JIMHAIO £ 1 MArHUTHBII JaTIHK C JIMHEApH30-
BaHHOM aMIUIMTYIHO-4aCTOTHOM XapaKTepI/ICTI/IKOI/I H_. Bpems m3MepeHHs Ha TOYKE
COCTABJISJIO OKOJIO IBYX MUHYT.

Kamepanbnas 00paboTka ayanomarautoretypudeckux (AMT) nanHbIx BKiIrodana:

— (UIABTPALUIO MPOMBIIIJICHHBIX TOMEX;

— MMOJIYYCHUE YaCTOTHBIX CIICKTPOB Ha OCHOBE OBICTPOTO IpeodpazoBanus Dyphwe [6];

— BOCCTaHOBJICHHE UCTUHHBIX aMIUTUTY]] CHTHAJIOB C YYE€TOM aMILUIUTYIHO-9aCTOT-
HOH XapaKTePUCTUKU U3MEPUTEIIbHBIX KaHAJIOB;

— pacder MpOJOIBHOro uMIeanca cpenst Z =E /H. ;

— pacuet kaxymerocsi conpotusienus (KC) n nonyquHe YaCTOTHOTO TICEBAOPa3-
pesa p.(f);

— TpaHc(hOpMaLUI0 YaCTOTHOH 3aBucUMOCTH P (f') B TnyOunHbIi paspe3 KC p (h)
¢ moMmoIneio npeodpasoBanusi AMT — JHaHHBIX € Yy4eTOM anpuopHON HH(pOpPMAIUH
0 BepxHel yacTu paspesa [7];

— TepecyeT U MOCTPOEHUE ITyOUHHOTo paspesa 3G (eKTUBHOM NPOROIBHOM IPOBO-
mamoctu S, (h) = hip (h).

JucTaHUMOHHBIE HWHIYKIMOHHBIE 30HAMPOBAHMS BBHIMOJIHSUINCH —amaparypoi
MU3-8 (UI'® YpO PAH, r. ExarepunOypr) ¢ MUKpOMpPOLIECCOPHBIM YIPaBICHHEM.
B cocrag anmaparypsl BXOAUT FeHEpaToOp MIEPEMEHHOTO TOKA C M3JTyJaresieM THUTIa Bep-
TUKQJIBHOT'O MAarHUTHOTO JUIIONS U U3MEPHUTENbHBIN OJIO0K C IPUEMHUKOM MHIYKIINOH-
Horo tuna [8]. 30HAMpPOBaHUS BBHIIOJIHSUIUCH HAa ABYX (PUKCHPOBAHHBIX YACTOTaX:
10 1 40 x['a. DTO MO3BOJIHIIO MOIYYUTh AOTMOIHUTENBHBIN TapaMeTp cpeasl — ko3hdu-
[UEHT YaCTOTHOHM JUCIIEPCHH AIIEKTPUIECKOTO COMPOTUBIICHNUS. MeToanKa H3MepeHuit
3aKJI0Yallach B MOCIE0OBATEIbHON PETUCTPALMU JIBYX B3aUMHO MEPHECHIUKYISPHBIX
KOMIIOHEHT IIEPEMEHHOTO MarHuTHOTO noutst H_u H na xaxaom pasnoce [9]. Ilpu sTom
IPUEMHHUK OCTaBaJICA Ha MECTE, a FeHepaTop I0CIEI0BaTeIbHO OTHOCKUIICA Ha PaccTo-
sare oT 10 qo 80 M mo nuHUK PO U ¢ IEpEMEHHBIM maroM. Todka 3aluc OTHece-
Ha K MECTY PacIIOJIOKEHUS IPUEMHHKA, 3¢ PEeKTUBHAS TITyOHHA HCCIIeJOBaHU I IPUHIMA-
eTcs paBHOM derBepTH paszHoca [10]. Kaxymeecs yaenbHOE 3IEKTPHUECKOE
CONPOTHBJIEHNE PACCUUTHIBAIOCH MO OpMYJie sl HU3KOYaCTOTHOM acuMITOTHKH [11]:

K = ZDﬁ'sz/Hr’

rae D — HopMUPYIOIIKI TapaMeTp, 3aBUCAIINI OT BOJIHOBOTO YHCHIA; f — 4aCTOTA TeHe-
paropa, I'li; 7 — paccTosHME MEX Ty TEHEPATOPOM M IIPUEMHUKOM, KM; H{_ — BEpTHKallb-
Hasi KOMIIOHEHTa IEPEMEHHOIO MArHUTHOTO 10JIs; /1, — ropu30HTaIbHAas (0CEBast) KOM-
MTOHEHTA TIOJISL.

Kosddunuent gactorroit aucnepcnn (KUJ1) mas mapsl 4acTOT pacCUUTHIBAICS 110
MOTUPHUIIPOBAHHON (popMyre ¢ orapupMrUIecKoi HopManu3anrei 3HadeHni [12]:

== ) el )

rae p, — kaxymeecs conporusnenue (KC) na Hikaeil gactore; p.' — KC Ha BepxHei
gacTore; f ™ — HkHsIA gactota (10 kI'm); /* — Bepxussa gyactoTa (40 k[ ).
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[o uroram kamepansHo# 00padoTku U3 crponnuck kauectBeHHbIe pa3pesbl KC u
KY/I. JanHbIe MOCTPOCHUS MO3BOJISIIOT ONPENEIUTh XapaKkTep U3MEHEHUs JIeKTpodu-
3UYECKUX CBOMCTB pa3pe3a U BBIICIUTH JIOKAIbHbIC aHOMAIbHBIC OOBEKTHI.

Pe3yabrarhl uccienoBanuii. Paboter Ha 00BEKTE MOKA3aiH, YTO BEPXHAS YaCTh
paspesa (BUP) HeoqHOpOAHA O SIEKTPUIECKUM CBOWCTBAM Kak IT0 BEPTHUKAH, TaK U
no ropusoHtanu. Ilo pesynsraram B33 reosnexkTpuueckuil paspe3 COCTOUT H3
4-5 cnoes. B npenenax Bcero npoduist HaOMIOAAIOTCSA PE3KUE U3MEHEHHS YEeIbHBIX
aneKkTpuueckux conporusiaeHuit BUP, B Tom uucne B npenenax ogHoro cios. Ckopee
BCET0 3TO CBSA3aHO C PA3HOPOIHBIM COCTABOM HACBHIIHBIX TPYHTOB U Pa3HON CTENEHbBIO
00BOZHEHHOCTH MOPOJ] Ha TEPPUTOPHUH pyAHUKA. Ha Bcex Toukax MccieayemMoro mpo-
¢ BeLAETSIETCS BEPXHSS KPOMKA TOJIIIMHON 0 5 M, XapakTepHas AJsl 30HbI a’pa-
uu. Ha nukerax [IK10 u I1K15 Haxoautes «kapMaH» MOHMKEHHOTO COMPOTUBIICHUS
co 3HaueHUsIMH 50—60 OM - M, CBSI3aHHBIA C 3a0pOIIEHHOH TOPHOW BHIPAOOTKOH.
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Puc. 1. Xapakrep BepxHeii uactu paspesa Ha npoduiie KpbliaToBckoro pyaHuka:
a — reodneKkTpudeckuil paspe3 BO3 (B pamkax — 3madenus YOC); 6 — paspe3 Kaxymmuxcs compotusienmii J13;
6 — KOO(QUIHEHT YACTOTHOM AUCTIEPCHUI
Fig. 1. Nature of the upper part of the section on Krylatovskii mine profile:
a — geoelectric section of VES (with limits of resistivity values in frames); 6 — section of apparent resistances of RIS;
6 — frequency dispersion coefficient

B niermom ropuzoHTanbHAsS HEOJHOPOAHOCTH CIIOEB pa3pe3a ONpeaemseTcs epecianBa-
HUEM PBIXIIBIX OTIIOKEHUN C PA3IINYHBIM TPaHYIOMETPUIECKAM COCTABOM, OTIHYAIO-
muxcst 3HadeHussMu Y OIC. OO0mas MOIIHOCTh MOBEPXHOCTHBIX TEXHOICHHBIX IPYHTOB
cocraBisieT 6onee 20 M, 4TO HE TO3BOJIMIIO UHIYKIMOHHBIM 30HAMPOBAHUAM OTOUTH
KPOBJIIO BEICOKOOMHBIX KOPEHHBIX Mopoz (puc. 1).

Tem ne menee I3 mOBOIBHO YBEPEHHO BBIICISAET MOJIOKEHUE JTUKBUINPOBAHHON
mraxtel Ne 10 B patione 11K15 anomanueit MOHM)KEHHBIX COMPOTHBIECHUH U TIOJ0XKH-
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tenpHbIMU 3HaueHHAMH KUY/, [TomoOHOe moBeleHUE 3IEKTPOMETPUUECKUX Hapame-
TPOB XapaKTepHO IS KeJIe300€TOHHBIX (PYHIIAMEHTOB M JJIEMEHTOB KOHCTPYKIIHH.
OtpunarensHble 3Ha9eHUS KO3()(UINCHTa YACTOTHON JUCIEPCHH YKA3bIBAIOT Ha IIPH-
CYTCTBHME DIMHUCTON (paKLUM B PHIXJBIX OTIOXKEHUSIX DIyOMHON 7-8 M B mpexenax
Bcero npoduis, a Ha yuactke [TIK20-11K32 — 1o mmy6unsr 6onee 20 M. D10 coriacyer-
cs ¢ pesynbratamu BO3 Ha O0sbIIMX pa3HOCaX M ayIMOMarHUTOTEILTY pUIECKIMU 30H-
nupoBaHusIMH. COIVIaCHO MOMYYEeHHBIM JaHHBIM, B paifone I1K20 pacnonaraercs Tek-
TOHUYECKOE HapyIlIeHHe, TO0CIe KOTOPOro YBEIWYMBAaeTcd o0OImas MOIIHOCTh
HU3KOOMHBIX (0o0Jiee IMTMHUCTHIX) OoTIOKeHHH. Ha reosnexTpuueckoMm pazpese BO3
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Puc. 2. 'myGuHHBIe pa3pe3sl MEeKTPOPU3NIESCKUX TapaMeTpoB Ha npoduiie KpputaToBCKOro pyaHuKa:
a — reodJIeKTpuIecKuii paspes BD3; 6 — tpancdopmupoBannslil paspes AMT3; ¢ — addekTHBHAS TPOI0IbHAS IPOBO-
JHUMOCTh
Fig. 2. Depth sections of electrophysical parameters on Krylatovskii mine profile:

a — geoelectric section of VES; 6 — transformed section of AMTS; 6 — effective longitudinal conductivity

pas3ioM BBIAENAETCS XapakTepHOW IeTnpeccheil CONMpOTHBIEHHUH 10 TTyOMHBI Ooiee
100 m. Kpome Toro, KOpeHHBIE TOPObI 10 00€ CTOPOHBI HAPYIIEHHUS OTINYAIOTCS pa3-
HBIMHU 3HaueHUAMH YOC. YIenbHble 3J1EKTPUUECKHE COTTPOTUBIICHUS OCHOBAHUS pas3-
pe3a B untepnaine nukeToB [TKO-IIK20 coctaBmsror 600—-800 Om - M, a mocne [TK20
onu BozpactatoT 70 10002000 Om - M u BeIe (puc. 2, @). Ha TpanchopmupoBaHHOM
paspeze AMT3 pa3ioM oTMedaeTcss B BHAE CTYIIEHYATOTO Iepernaa dEeKTPUICCKUX
conpoTuBIeHuH (puc. 2, 6).
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B navane npopunsa (ITKO-TIKS) mpucytcTByeT MomiHas o0aacT HOHMKEHHBIX CO-
MIPOTHUBIIEHUH, CBsI3aHHAs ¢ OOBOJHEHUEM MOPOJ] B pailOHE MOA3EMHBIX BHIPAOOTOK.
C nmomompio paspe3a 3QpPeKTHBHON MPOIOIHHON MPOBOAMMOCTH MOKHO OoJiee TMoj-
POOHO pacCMOTpPETh CTPYKTYpPHBIE 0COOEHHOCTH ATOM 30HBI, BIUIOThH 0 HAEHTH(HKA-
IIUY 3aTOTUICHHBIX ropu3oHTOB 71 1 130 M (puc. 2, 8). Kpome Toro, B 30He CYIIECTBYIOT
YYaCTKH MOBBIIIEHHOW MPOBOIUMOCTH, HE CBSI3aHHBIE C IIAXTHOW OTPaOOTKOM, HAIIpH-
Mep Ha ryounHax 40 u 90 M. OHM MOTYT MPENCTABIATh COO0H CHIBLHO TPEUUHOBATHIC
MOPOJIbI, CKJIOHHBIE K JajbHeHeil nesunrerpanun. [lonydeHHslie pe3ynbsTaThl yKa3bl-
BAaIOT HA OTECHIUAIBHYIO OIIACHOCTh HOBOM NMPOCAIKU IOBEPXHOCTH 3€MJIM B pailoHe
3aTOIIEHHBIX MO3eMHBIX BhIpaboTok (ITK1-11K7).

BeiBoabl. Pesynbrarel uccienoBaHUl CBUAETEIBCTBYIOT O CIOKHOM XapakTepe
TE0dJIEKTPHUUECKOTO CTPOSHHS MOPOJ Ha TePPUTOpUH HeyHKIMOHUpYomero Kpruna-
TOBCKOTO pynHUKa. [IpoBeneHHbIe pabOTHl MOKa3ald PE3KUE M3MEHEHHS YACTbHBIX
3NEKTPUYECKIX COMPOTHUBRIICHUN B BEpXHEH YacTH pa3pesa, CBI3aHHBIE C PA3HOPOTHBIM
COCTAaBOM TEXHOTE€HHBIX HACBIITHBIX 'PYHTOB HAa TEPPUTOPUH PyAHUKA. BrisiBneHa o6-
IEpHas 00JaCcTh MOBBIIIEHHOM IEKTPOIIPOBOIHOCTH TTyOHHO# 110 130 M 1 mmpuHO#
okosio 50 M. OHa MOXET MPENCTaBIATh COO0H OOBOTHEHHYIO OCIA0ICHHYIO 30HY TO-
BBIIIEHHON TPEIIMHOBATOCTH, CKJIOHHYIO K IaJbHEHIIIeMy pa3pylIeHn 0. DTO yKa3bIBa-
€T Ha MMOTEHIIHAIbHYIO OTTACHOCTH MPOIIECCOB CIBWKEHMS B paiioHe 3aTOIIICHHBIX MO/~
3€MHBIX BBIpAOOTOK ¢ 00pa30BaHUEM HOBOM IIPOCAIKH IIOBEPXHOCTH 3EMIIU.

Paboma evinonnena npu 4acmuuHol noooeprcke npoekma PyHOaMeHmanbHplx
uccneoosanuii Ne 18—5-5-38 komnnexcnoii npozpammor YpO PAH.
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Electrometric studies in Krylatovskii mine
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Abstract
Research aims to show the possibility of studying the processes occurring after underground workings
flooding by electromagnetic methods of geophysics by the example of Krylatovskii mine. After mine closure
underground workings were completely flooded and caved in. An important task is to assess the risk of new
surface subsidence formation.
Research methodology. Electromagnetic surveys included vertical electrical soundings (VES), an express
version of audio magnetotelluric soundings (AMTS), and remote induction soundings (RIS) with a vertical
magnetic dipole. Electrometry tasks included the determination of loose sediments nature, rocks integrity,
and weakened zones presence. AMTS and RIS works were carried out with the sets of electrical survey
equipment OMAR-2m (OMAP-2m) and MFS-8 (M43-8). VES works were carried out with LFE-3 (AHY-3)
equipment. VES, AMTS and RIS quantitative interpretation included the realization of consistent
geoelectrical sections with calculated layer depths and electrical resistance values. These compositions
make it possible to determine the nature of changes in the electrical properties of the section and identify
local anomalous objects.
Results. According to the results of processing, quantitative and qualitative sections of the electrophysical
parameters of the medium were constructed, allowing to determine the nature of changes in the
properties of the section and identify local anomalous objects. The performed work showed sharp
changes of resistivity in the upper part of the section, associated with heterogeneous composition of
technogenic bulk soils on the territory of Krylatovskii mine. The obtained geoelectrical sections reliably
distinguish the position of low resistance anomalies. The results of different geophysical methods agree
well with each other.
Conclusions. An extensive area of increased electrical conductivity with depth up to 130 m and width
about 50 m has been revealed. It may be a flooded weakened zone of increased fracturing, prone to further
destruction. This indicates potential danger of displacement processes in area of submerged underground
workings with formation of new subsidence of the earth’s surface.

Key words: electromagnetic sounding; geoelectrical section; combined geophysical studies; parametric
profile; mine field; cave-in.
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Sample weights homogeneity assessment and measurement
procedure errors in the analysis of ore and mineral processing
products
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Abstract
Introduction. Homogeneity of sample weights and measurement procedure in analyses is usually
determined by means of ad hoc conducted experiments.
Research aim is to reveal the features of dependences between analysis errors and mass fractions, and
the possibility of using them in order to assess measurement procedures errors and sample weights
homogeneity.
Methodology. The comparison between experimental dependences and formulae for analysis sample
weights homogeneity assessment.
Results. Experimentally deduced dependences between analysis relative errors and components mass
fractions make it possible to determine both sample weights homogeneity and measurement procedure
errors without auxiliary experiments. With mass fractions being more than 0.1%, these dependences
mainly describe measurement procedure errors. It has been stated that in standard analysis conditions,
measurement procedure relative errors constitute 0.7% for copper, 0.9% for lead, and 1.4% for zinc.
With mass fractions being less than 0.1%, these dependences mainly describe sample weights
homogeneity. It has been stated that sample weights homogeneity is described by the dependence where
mass fraction of a component in the determinator has degree 0.5. The assessment of the measurement
procedure relative ervor for mass fractions less than 0.1% is possible by the difference between the
squares of analysis relative errors and the calculated inhomogeneity error, but with errors in experimental
and calculated estimates it is unreliable.
Summary. If analysis conditions correspond to the conditions of obtaining the dependences between
analysis relative errors and mass fractions, then in order to assess sample weights inhomogeneity and
measurement procedure there is no need in ad hoc experiments.

Key words: analysis error; sample weight homogeneity, procedure error.

Standard (experimental) approach to the assessment of analysis sample weights
homogeneity. In metal ore mining industry a number of ore and mineral processing
products analyses are carried out with the use of sample weights the mass of which is
predetermined by the conditions of the analysis. In most cases this mass is referred to
in the testing standards of some products, for instance, the mass of sample weights for
non-ferrous metals analysis is 1 g, 0.5 g or 0.25 g, and for precious metals — 50 g, 25 g,
etc. However, in most cases this mass is not predetermined, namely, in X-ray
fluorescence analysis and spectrum analysis, in particular, the analysis in the sampled
massif (analysers settled at a conveyor or a pipeline, ore-controlling stations, etc.)

Spectrum and X-ray fluorescence methods differ in that the mass of the sample
weight to be analysed is unknown in the course of the analysis. This includes the mass
directly forming the analysis result. The burnt mass at spectrum analysis [1] makes up
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20-50 mg, while the mass analysed in a cell with the use of X-ray fluorescence method
is about 10-20 mg. The amount of grains of the material containing the analyte in these
cases may be small, and the random error in such analyses grows quickly with the
reduction of the mass fraction.

Margin of random error of the analysis in the form of the confidence interval with
the 95% probability is usually declared; it is presented in the form of the margin of
discrepancy between two (three) parallel analyses Ao . As long as sample weight
collection is included in the procedure of any analysis, the error of
sample weight collection Aa, is included in the margin of error together with
measurement procedure error (MBH) Aay

(Aamm )2 = (AozH )2 + (AaMBH )2 .

In most cases these two errors are not divided and the share of both errors in Ao, |
is unknown [2].

Direct assessment of both errors is covered by the development of standard samples
of the analysed products including quality control samples (QCS).

The assessment of analysis sample weight collection random error is covered by
GOST 8.531-2002. State system for ensuring the uniformity of measurements. Reference
materials of composition of solid and disperse materials. Ways of homogeneity
assessment.

The difference between the sample weights in this standard is characterized by the
notion of “homogeneity” meaning RMS deviation of the results obtained at the set of
sample weights except RMS deviation caused by MBU.

In the standard the certified value of the confidence interval in the course of the
analysis is proposed to be determined using the formula:

A, = (A ) +(25,).

Quantity S, is proposed to be determined experimentally. Single-factor analysis of
variance is mathematically applied (one factor is assessed, which is the difference
between the sample weights, i. e. their homogeneity characterized by S,,).

However, the scheme of the analysis of variance is not quite clear. The thing is that
in order to assess error S, connected with the mass of the sample weight, a set of
parallel measurements should be carried out at one and the same sample weight
(to eliminate Aa,,,,). But it is impossible in case the sample weight breaks under single
measurement (chemical analysis), or ambiguous in case the sample weight does not
break but reloads in the measuring instrument (X-ray fluorescence analysis). In order to
solve this problem, chemical analysis proposes to transform sample weights into
solution with further multiple analysis of the solution; in analysis methods which do
not break the sample weight, the homogeneity of the analysed part is not even examined.

Thus, according to the procedure proposed in the standard, sample weight collection
error will include either error connected with resolution, or error connected with cell
reload.

Besides, experimental approach has critical disadvantages beyond the use
of measuring techniques:

— high labour intensity, cost, and duration of the experiment; according to the
standard, the analysis of 20—30 samples should be fulfilled 10 times, i. e. 200-300
measurements;

— the analysis of variance has errors of its own depending on the number of the
analysed samples; for 20 samples, experimental variance possesses relative random
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error of its own of more than 30%, relative random error of variances difference (and
this is the way homogeneity error is determined according to the standard) may reach
100%.

Computational method of assessing the homogeneity of sample weights. At the
present time, modern theory of sampling allows not to carry out technically complex
and labour intensive experiment of determining the constituents of analysis random
error due to the existing formulae calculating sample weights homogeneity errors.

Sample weights homogeneity error Su can be determined by formula [3]:

2 =2K,1S*p(d,) /4,

where K — the coefficient of the executors’ performance; f — the coefficient of a form;
S? —size variance of a sample weight; p —sample density; ¢, —mean size; g, —sample
weight mass.

Size variance for a sample weight [3]

H

S2 = p_Vl aBM’

KH
n

where p and p_ — the density of the mineral containing the analyte, and rock density;
o — mass fraction of the analyte in the analysed sample weight; , — mass fraction of
this component in the mineral.

As a result, the formula for sample weights homogeneity error under p, = p
is written as

S =2K, fo,oB, () /a,. (1)

This formula leads to new opportunities in assessing the homogeneity of analysis
sample weights.

The dependences between analysis error and mass fractions of the components.
Techniques and standards of component analysis in ore and mineral processing products
necessarily contain information about margin of random error of analysis. As a rule,
these errors depend on the mass fraction of the component. Dependences between
relative random errors of the analysis and the mass fraction of the analyte are typical
and stable.

Fig. 1 presents relative errors P of lead, zinc, and copper analyses in the function of
a mass fraction o, which have been specified by the standards.

In fig. 1 on the x-axis, the mass fraction of analyte o is plotted; on the y-axis, relative
error P_ of the analysis is plotted. It is determined by formula

28,
o

£

-100 %,

where §, — RMS error of the analysis.

The presented dependences have been obtained by multiple determinations of mass
fraction with the use of standard techniques; they are included into all techniques of ore
and mineral processing products analyses in the form of margin of error tables for
various ranges of mass fractions.

According to formula (1), let us find sample weight collection error S, for copper analysis
as a function of mass fraction having accepted the typical conditions d, = 0.1 mm;
q,=1g;B,,=34.6% (chalcopyrite); p, = 4100 kg/m?; f=0.4; K, =2; S> =55,6-10° %",
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Relative error

P :2SH 1100 = 1,5

H o \/a’

Let us plot dependence P, = f(a) on fig. 2 together with function P, = fla).

Comparing dependences P, and P, at fig. 2 we observe that under large copper mass
fractions the error of P, sample weight collection is smallish, while the error of the
analysis is predetermined by measurement procedure error P, ;.. It follows from fig. 2
that error of industrially applied chemical measurement procedures for copper
Pygy = 0.7%. According to similar dependences for lead Py, = 0.9%; for zinc
Py = 1.4%.

%.

Py, %
I

[=)}
I

0 1 2 3 4 5 6 7 a, %

Fig. 1. Relative errors of chemical methods of analysis
Puc. 1. OTHOCHTEIIBHBIC TIOTPEIIHOCTH XUMHYECKHX METO/I0B aHAIH3a

Aslong as dependences at fig. 1 are based on analysts’ performance results of a number
of laboratories, sample weights inhomogeneity error follows directly from these
dependences for small mass fractions. Thus, for copper mass fraction a. = 0.5%; P, = 6%.

Executors’ performance quality. In accordance with the international standards,
Russian standards (GOST R ISO 5725-1-2002. Accuracy (trueness and precision) of
measurement methods and results. Part 1. Rosstandart; 2009. 28 p.; GOST 15934.10-
82. Copper concentrates. Methods for determination of gold and silver. Moscow:
Standart Publishing; 1999. 10 p.) and techniques currently cite two analysis error:
repeatability error (denoted as d) and reproducibility error (denoted as D). They differ
in that reproducibility error includes error introduced by various operators and
equipment whilst performing same functions in accordance with the same technique.

The ratio D/dunder smallish mass fractions produces the quantity which characterizes
the operator’s performance quality under sample weight collection.

For copper, ratio D/d is within the range of 1.2—1.4. For gold and silver, ratio D/d is
within the range of 1.5-1.6.

In the formula of sample weights homogeneity variance these quantities are raised
to the second power, K, =(D/d)*=1.5-2.5. As long as these assessments are approximate,
all calculation accept K, = 2.
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Dependences between P, and o for mass fractions less than 0.1%. Small mass
fractions are determined for precious metals and value a little less than 0.1% for ores
and concentrates, that is why the conditions of their determination change but the
behaviour of relative random errors of the analysis is retained.

Experts all over the world have been analyzing ore and mineral processing products
for centuries. A lot of information has been collected which is not easy to estimate as
long as the features of both the analysed products and the techniques of sampling and
preparing samples as well as the analysis itself result in deviations from the expected
results, which are sometimes quite significant [4—8].

~~ P,

—_——

T — — — —

5 10 15 20 o, %
Fig. 2. Dependences between P, and P, and the mass fraction of

copper in a sample
Puc. 2. 3aBucumoctu P, u P, OT MaccoBoii 101 Meu B ipobe

However, the regularities of mass assaying for gold have been revealed. Connection
between relative random error of assaying and mass fraction of gold in a sample has
been stated. Let us reduce this connection according to the monograph by
N. V. Karpenko [9] for the range of gold mass fraction up to 20 g/t (fig. 3) which
corresponds to the norms for mass fraction from 5 to 50 g/t which have been “confirmed
in the field” when analyzing by assay with spectrum or atomic absorption finish.
Verging towards y-axis and after reaching 1 g/t, the function sharply rises.

At that, as it can be seen in fig. 3, relative error of gold in sample weights does not
fall below 10%. The lower limits of the determined mass fractions constitute 0.4 g/t in
sample weights of 25 g and 0.1 g/t in sample weights of 100 g. This is the possibility
boundary of assaying. Margin of error for o = 0.6—1 g/t is 0.4 g/t. With even smaller
mass fractions the deviation can reach 200% [9].

Similar dependences can be obtained by other normative documents, standards,
techniques, etc., which introduce margin of errors of multiple analyses (GOST 15934.10-82.
Copper concentrates. Methods for determination of gold and silver. Moscow: Standart
Publishing; 1999. 10 p.)

Work [10] introduces experimental determination of error constituents of gold ore
analysis. 24 sample weight have been collected, 2 solution duplicates for each sample
weight, each duplicate has been analysed using the atomic adsorption method. Test
conditions: mass fraction of gold — 8.36 g/t; gold grain size — from 0.1 to 0.2 mm; mass
of sample weight — 20 g. It has been determined that the coefficient of variation of
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sample weight collection is 18.04%; the coefficient of variation of solutions duplicates
preparation — 2.22%; the coefficient of variation of atomic adsorption measuring
method—1.53%. The conclusion has been made in the research that the main contribution
into analysis error is made by sample weight collection.

For sample weights containing uncrushable material inclusions (native gold, etc.)
the formula of sample weights homogeneity error S, changes a little. It uses not the
mean size of a sample weight but the maximum one, and gold grain shape factor £, :

Sj = anAupMdiaxa‘BM /qH .

As long as the function P, = f{a) in fig. 3 corresponds to S, 1. e. P, = P_, let us
determine gold grain shape factor by formula

ag, P 10™
S =— .
4K ,p, B, ()

According to fig. 3 fora =35 g/t P, = P, = 30%. The remaining quantities: g, = 50 g;
K,=2;d_ =0.1mm;p, =18000kg/m’ B =09 -10g/t. Thenf, =0.17.

60
50 |

40 |

\~—— x
10 | P, from formula (3) T e — e

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 o, 1/t

Fig. 3. Dependence between analysis relative error P, and the mass fraction of gold in a sample
and sample weight collection error P
Puc. 3. 3aBUCHMOCTb OTHOCHTENBHON MOIPEIIHOCTH aHanu3a P, oT MaccoBod 10/ 3010Ta
B Ipo0e ¥ MOTPEITHOCTH 0TOOpa HaBeCOK P,

The dependence between P, and mass fraction in this case under f, = 0.17 is as
follows:

P=—rp @)

where P_ is measured in percentage, and a is measured in g/t.
The results of calculation by formula (2) will be shown by crosses in fig. 3. It can be
seen that formula (2) exactly describes function P, = fla).
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As long as at the present time sample weights material size is aimed to be made
smallish, in particular 4, = 0.071 mm [8], we can obtain a formula for this case:

p=2 3)

L

and show this dependence by a dotted line in fig. 3.

Some advantages of the calculation method are the following:

— single measurements of several quantities entering into the calculation formula; in
the case under consideration it is the mass of the sample weight, mass fraction of the
analyte in the sample weight and in the mineral, granulometric composition
of the sample weight, sample weight density, and sample weight grain shape factor;

— sample weight parameters errors are usually small, which predetermines smaller
error of sample weights homogeneity calculated values as compared to the experimental
method;

— sample weight homogeneity can be calculated (recalculated) under any sample
weight parameter deviations from the initial ones.

Despite almost natural regularities and formulae, analysis sample weight collection
error calculation is not generally accepted and is not included in standards and techniques
neither in routine analyses, not at the preparation, certification, and application of standard
samples. Until now it is usual to proceed from experimental methods of determining
errors based on different variants of the analysis of variance [11, 12].

The present research estimates opportunities of experimental and computational
methods of analysis sample weights inhomogeneity error calculation as well as
measurement techniques.

Analysis random error S, consists of two components: sample weight collection
error S, and measurement procedure error Sy .-

2 _ Q2 2
S, =S, +Susu-

In accordance with the standard (GOST 8.531-2002. State system for ensuring the
uniformity of measurements. Reference materials of composition of solid and disperse
materials. Ways of homogeneity assessment) it is proposed to find one quantity,
in particular S, by the difference

Sy = Su = Sumn- @)

If S is small compared to SMBH, then the assessment of S using formula (4)
is unreliable. S often gets the negatlve value, which is unacceptable

The procedure of calculating S’ ehmmates this unreliability.

Summary. Experimentally deduced dependences between analysis relative errors
and components mass fractions make it possible to determine both sample weights
homogeneity and measurement procedure errors without auxiliary experiments.
With mass fractions being more than 0.1%, these dependences mainly describe
measurement procedure errors. It has been stated that in standard analysis
conditions, measurement procedure relative errors constitute 0.7% for copper,
0.9% for lead, and 1.4% for zinc.

With mass fractions being less than 0.1%, these dependences mainly describe
sample weights homogeneity. It has been stated that sample weights homogeneity
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is described by the dependence where mass fraction of a component in the determinator
has degree 0.5.

The assessment of the measurement procedure relative error for mass fractions less
than 0.1% is possible by the difference between the squares of analysis relative errors
and the calculated inhomogeneity error, but with errors in experimental and calculated
estimates it is unreliable.

If analysis conditions correspond to the conditions of obtaining the dependences
between analysis relative errors and mass fractions, then in order to assess sample
weights inhomogeneity and measurement procedure there is no need in ad hoc
experiments.
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OnueHka 0HOPOHOCTH HABECOK M IOrPelIHOCTH MeToa
BBINOJIHEHUSI U3MePeHMil TPU aHAJIU3e PyA M MPOAYKTOB 000ramnieHust

Ko3un B. 3.1, Komue A. C.l, Crynaxosa E. B.2
! Vpanbckuii rocyapcTBeHHBIN TOpHBIN yHUBepeuTeT, ExarepunOypr, Poccus.
2 pKyTCKHi rOCYIapCTBEHHBIM HHCTUTYT PEAKUX MeTaiuioB, UpkyTck, Poccust.

Peghepam
Beseoenue. O0HopooHOCHb HABECOK U MEMOOA GbINONHEHUS UBMEPEHUL NPU AHAIU3AX OOLIYHO ONPeOesiiom
nymem CneyuanbHO Op2aHu3068aHHbIX IKCNEPUMEHNOS.
Ienv pabome. [lokazame ocobennHocmu 3a8ucumocmeri NOZPEUHOCMEN AHAU3A OM MACCOBbIX Q0Nel U
603MOJCHOCIU  UX UCNONL308AHUSL OISl OYEHOK NOZPEUHOCHel Memo008 GbINOIHEeHUs UMePeHUll
U 0OOHOPOOHOCMU HABECOK.
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Memooonozua. Conocmasgienue KCNEPUMEHMATbHLIX 3dgucumocmetl ¢ opmyramu Oas paciema
00HOPOOHOCMU HABECOK OJIA AHANU3A.

Pesynbmamel.  Ycemarnognenuvle IKCNEPUMEHMATLHO 3AGUCUMOCIU  OMHOCUMETbHBIX NOZPEUHOCMEN
AHAIU3A OM MACCOBBIX Q0JIell KOMROHEHNO8 NO38OISIOM ONPedeums KAk 0OHOPOOHOCMb HABECOK, MAK U
NOSPeUHOCmU Memood 6bINONHEHUs. USMEPEeHUll 6e3 OONONHUMENbHbIX dKChnepumenmos. Ilpu maccosvix
donax bonee 0,1 % smu 3a8ucuUMOCmU ONUCHIBAIOM 6 OCHOBHOM NOSPEULHOCU Memooa 6blNOIHEHUs
usMepeHull. Yemarnoeneno, umo npu CmMaHOAPMHBIX YCIOBUSX AHAIU3A OMHOCUMETIbHbIE NOSPEUtHOCTIU
Memooa 8bINOTHEHUS UMEPEeHUTl COCMagasiom npu ananuzax Ha meos 0,7 %, na ceuney — 0,9 %, na yunk —
1,4 %. Ilpu maccoswvix donsx menee 0,1 % >mu 3asucumocmu Onucwl8arOm 6 0CHOBHOM 0OHOPOOHOCHb
HABecoK. Yemanosieno, 4mo 00HOPOOHOCHIb HABECOK ONUCHIBACTNCSL 3A8UCUMOCbIO, 8 KOMOPOU MACCO8AS
00/ KOMnoHenma 6 3namenamene umeem cmenendv 0,5. OyeHka OMHOCUMENbHOU NOSPEUWHOCTIU MEMOOa
BbINONHEHUS. u3MepeHuli 01 maccosvix ooneti menee 0,1 % 6o3modcHa no pasHocmu Keaopamos
OMHOCUMENbHBIX NOSPEUHOCTEN AHAIU3A U PACCUUMAHHOU NOZPEUHOCU HEOOHOPOOHOCU, HO 8 C8:3U
€ HanuyueM noepewHoCmell HIKCHEPUMEHMATLHBIX U PACYENHbIX OYEeHOK HeHAOEHCHA.

Bub1600b1. Eciu yciosus ananuza coomeemcemeyom yCiousm NOLyHeHUs 3a8UCUMOoCmeti OMHOCUMETbHbIX
nozpewiHocmetl aHAIU3A OM MACCOBbIX Ooell, Mo Ol OYEHOK OOHOPOOHOCMU HABECOK U Memood
BbINOJIHEHUS. USMEPEHUL Hem He0OX0OUMOCTU 8bINOIHEHUS! CNeYUATbHbIX IKCHEPUMEHMOE.

Knroueevie cnosa: noecpeuwrnocms avaiusa, odnopodHocmb HABECKU, NOcPEeUHOCMb Memood.
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3HayeHue yronbHOM NPOMBbILNIEHHOCTU Ha COBPEMEHHOM
¥ NepCNeKTUBHOM 3Tanax pa3BUTUA MUPOBOM
U POCCUNCKOWU IHEPreTUKU

TpywwmnaT. C.!
1 Kyabacckmii rocyaapCTBEHHbIN TEXHUYECKUIA YHUBEPCUTET, T. Kemeposo, Poccus

e-mail: lilia.au@mail.ru

Peghepam
Llens uccnedosanun 3axuouaemcs ¢ onpeoeieHuy poiu yais 8 NepcnekmueHOM pa3eumuu Muposol
U POCCUTICKOTL DHEPLeMUKU CPEOU KOHKYPUPYIOWUX IHEP2OPECYPCO8 MUPA.
Memooonozusn. Ananus 3HayuMoCmu poCCULICKO20 Y2iisi 8 MUPOBOLL IHEp2emuKe.
Pezynomamot uccnedosanus. Ilokazana 3a6uUcumMocms pazeumusi MUPOBOU U POCCUNICKOU IHEPSeMUKU
oM HAIUYUSL 3aNACo8 U 000bIYU Yelsl U 63AUMOZAMEHAEMbIX NePEUUHbIX IHEP2OPecyPCco8 No CMpAHaM
MUupa 6 mexkyujem nepuooe u 8 nepcnexkmuse. Buolsignena pons yeis, 8 mom yucie poccuickozo, 8 pazeu-
muu MUpogoll u poccuiickou snepeemuxu. Paccmompenvt pasnuunvle cyenapuu nepcnekmueHozo pas-
BUMUSL MUPOBOLL IHEPLeMUKU U 000bIUU B3AUMO3AMEHIEMbIX NEPEUYHBIX dHepeopecypcos. Ompadicetivl
603MOJICHBIE NPOOILEMbL YHACMUS Y2ONbHOU NpOMbluienHocmu Poccuu 6 pazgumuu Mupogoti SHepeemuxu
6 cmpanax EC u Poccuu. B yensix coxpaneHusi SIKCHOPMHIX NOCMABOK POCCULICKO20 Y2l HA e8POnelic-
Kue pblHKU 000CHO8AHA HEOOXOOUMOCb U3MeHeHUs 3akonooamenvcmea Poccutickoi ®edepayuu no
HeOpOnob306aHUI0 NPU 000bIYE Y2lisl 8 COOMEEMCMBUU C e6PONCUCKUMU CIAHOAPMAMU cnocobo8 00-
ObIYU, PEKYIbMUBAYUU U B0CCIAHOBLEHUS HAPYUWEHHBIX 3eMelb.
Obnacmes npumenenus. Pezyiomamor ucciedoganiiss MOICHO UCNONB306AMb NPU PA3PAOOMKe NePCHeK-
MUBHBIX cmpame2utl pazsumust yY2oibHOU NPOMbIULILEHHOCIU OACCeUH08 U Y2onbhblX Komnanui Poccuii-
ckotl Dedepayuu.
Bu1600w1. B nepcnexmuse 0o 2040 2. yeonvb ocmanemcsa 00HUM U3 OCHOBHBIX IHEPLEMUUECKUX PeCcypCos
MUPA U poccutickul yeonb 6yoem noab308amuvcsi CHPOCOM HA MUPOBOM Y2O0NbHOM puinke. [ns coxpane-
HUSL U Y8eIUUeHUsl NOCMABOK POCCUTICKO20 Ylisi HeOOX0OUMO YHUMbLeAmMb, YMo MHo2ue nompebumen,
8 0CObeHHOCMU U3 e8PONENCKUX CINPAH, OmOoarom npeonoumeHue npeonpuamuam-noCmasuukam, 0ooul-
8alOWUM Y20b 8 COOMBEMCMBUU C e6PONEUCKUMU CINAHOAPMAMU U UMEIOUWUM MENCOYHAPOOHDLIL cep-
mughuxam sKkonozusecko2o meneddemenma. C yenvio nOSblUEHUsT KOHKYPEHMOCNOCOOHOCIU POCCUl-
CK020 Yelst HeoOX00UMO COo8epuieHcmeosanue 3akonooamenbcmea P® no nedpononvzosanuio npu
0obblue yensi 6 COOMEEeMCmeuUU ¢ e8PONElCKUMU CIAHOapmamu cnocobos 000blul, PeKyIbmusayuu
U 60CCMAHOBILEHUsL HAPYUWEHHBIX 3eMelb.

Knroueevle cnosa: passumue; muposas suepzemuxa;, mupoevie snepzopecypcuvl; 3anacol; poib
V2ONbHOU NPOMBIUILEHHOCTU; NPOONIeMbl,; NPUPOOONONb308AHUE; OXPAHA OKPYICcaloweli cpedbl, PeKyilb-
Mugayus, co8epUIeHCMEOBAHUE 3AKOHOOAMENbCMEA.

BBenenue. B cBsi3u ¢ pocTOM MHPOBOTO MPOU3BOACTBA SHEPTUH U CIIPOCA Ha IHEP-
ropecypchl Ha MUPOBBIX PBIHKaX B HACTOSIIWMHA IEPHO HAOIIOMAETCS KECTKast KOHKY-
PEHIMS MEXIY CTpaHaMH, JOOBIBAIOLIUMHE U SKCTIOPTUPYIOUINMH B3aMO3aMEHsIeMbIC
SHEPropecypchl, B TOM YUCIE U yrojb. Tak Kak yronbHas MpOMBILUIEHHOCTh Poccun
SBJSIETCSl IKCIIOPTHO-OPHEHTHUPOBAHHOM, TO AJs1 pa3zpaboTku IIporpamm pas3Butus
YTOJIBHOM NPOMBIIIIEHHOCTH Poccuu, B TOM 4HcIie ¥ yTONBHBIX 0acceifHOB, HEOOXOAN-
Ma IIPEX/Ie BCETO OI[EHKa BOBMOXXHOCTEH MX Y4acTHs B pa3BUTHH MHPOBOM IHEPTETHKH.
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B cBsa3u ¢ 3TUM HcclenoBaHUS MO OMPECICHUIO 3HAUUMOCTH POCCHUUCKOTO YIS
B MHUPOBOM DHEPTETUKE SBISIOTCS AKTYaIbHBIMU.

AHaJIM3 CTPYKTYpPHI NOTped/IeHNs IHePropecypcoB Mo crpaHaM Mupa. Pazpu-
THE MUBWIM3AINY U POCT YUCICHHOCTH HACETICHHUS B MUPE COMPOBOXKIAETCS €XKETO/I-
HBIM POCTOM TOTPEeONICHUsT JHEPropecypcoB H TPOHU3BOJCTBA IIEKTPOIHEPTHU.
Tak, B 1970 r. Hacenenue Mupa coctasisio 3 692 492 teic. yen., a Ha 01.08.2017 .
7 515 284 TeIC. Yen., M yBETMUYWIOCH Ooliee YeM B JBa pasa. [IpupocT HaceneHHs
B 2017 1. coctasui 1,11 % [1, 2]. B nienom mo Mupy nNpou3BOACTBO IEKTPOIHEPTHH 32
nepuon 2006-2016 rr. ysenuumiock Ha 29,7 % u coctasmio 24 816,4 TBt - u [3].
Haubonbmmit mpupoct Habmronancs B Kurae — 114,3 %, Uaaun — 88,3 % u Manone-
3un — 87 %. Ha nomo Kuras u CILIA B 2016 1. npuxomunocs 42,3 % ot obmiero mpo-
U3BOJICTBA AJEKTPOIHEprud B mupe. CienyeT OXuaTh 3HAYUTEIBHOTO YBEITUUYCHUS
MIPOU3BOJICTBA ICKTPOIHEPTHH B MEPCIEKTUBE, TaK KaK IO MPOU3BOJICTBY JIEKTPOI-
Hepruu Ha ryury HaceneHus Kuraii B 2016 1. cymecTBeHHO yCTyIaja MHOTUM CTpaHaM,
Muaaus ycrynana Kuraro B 4,1 paza.

[loTpebnenne mo BUAaM >HEPTOPECYpPCOB B CTpaHaX MHpa OTPaKeHO B Tadm. 1.
HawnGonpmas nons norpednenus npuxoaurcs Ha Kurait u CILIA — 40 %. Yrons cpenu
noTpedsieMbIX 3HepropecypcoB B 2016 I. 3aHMMa BTOpOe MecTo, He)Th — MEPBOE,
ra3 — TpeTbe.

Ta6suna 1. [Torped/ieHue 3Hepropecypcos no crpanam mupa B 2016 r., MJIH T H. 3. [3]
Table 1. Energy consumption in the countries of the world in 2016, MMTOE |[3]

Crpana Hedts Ta3 Yronab ADC IoC BUD Bcero Hons, %
Kurait 579,0 | 189,3 | 1888,0 48,0 | 263,0 86,0 | 3053,0 23,0
CIIA 863,2 | 716,3 358,4 | 192,0 59,2 83,8 | 2272,7 17,0
Poccus 148,0 | 351,8 87,3 44,5 42,2 0,2 674,0 5,0
ABcTpanus 47,8 37,0 43,8 0 4,0 5,4 138,0 1,0
Typuus 41,2 37,9 38,4 0 15,2 5,2 137,9 1,0
TaiiBanb 46,7 17,2 38,6 7,2 1,5 1,0 112,2 0,8
T'epmanus 113,0 72,4 75,3 19,1 4.8 37,9 322,5 2.4
Kazaxcran 13,2 12,0 35,6 0 2,1 0,1 63,0 0,5
Wnaus 212,7 45,1 411,9 8,6 29,1 16,5 723,9 5,4
Wunouesus 72,6 33,9 62,7 0 3,3 2,6 175,1 1,3
Bcezo 6 mupe 4418 3204 3732 592 910 420 | 13276 100

Hawubosee BeIcOKUI ypoBEeHb OTPEOICHNUS YISl B CTPYKTYpE MOTpeOIIeHNsI SHEPTo-
pecypcoB B 2016 . y Kutas (61,8 %), Mamuu (56,9 %), Kazaxcrana (56,5 %).

B Poccun, HecMOTpsl Ha OrpOMHBIE 3a11achl yIiis, A0JIs YIUIS B IOTPEOIEHUH SHEPro-
pecypcoB coctasisina B 2016 1. Bcero 13 %. M3-3a HU3KUX BHYTPUPOCCUICKUX LIEH HA
ra3 yrojb IOCTENIEHHO BBITECHAETCS ra3oM Ha BHYTPEHHEM pbIHKE, HO POCCHHCKHE
YIJIM, 0COOCHHO Ky3HEIKUE, TOIB3YIOTCSA CIIPOCOM Ha MHPOBOM YTOJBHOM DPBIHKE [4].
Ha coBpemeHHOM 3Tare yrojbHasi MPOMBIIUIEHHOCTh Poccun mepeoprueHTHpoBaiach
Ha 3KCIIOPTHBIE IOCTAaBKH yIiIs. HecMOTps Ha CHIDKEHME TIeH Ha yroJib B mepuoxn 2012—
2016 rT. Ha MHPOBOM pBIHKE, 00beM OOBIUM yIiisi B PD exerogHo yBenmndmBaeTCs.
Ha sxcnopr B 2016 1. otiipaieno 49,6 % ot obweit 1oosruun yrist, Ha 11,3 % Oonbiue
ypoBHs noctaBok 2011 r. (38,3 %), mons ymid, Uaymero Ha BHYTPEHHUH PBIHOK, CO-
craBuna 50,4 % [4]. IlepcriekTuBHOE pa3BUTHE YTONBbHOM MpOMBILILIEHHOCTH Poccuu
3aBHCHUT TPEXK/IE BCEr0 OT N3MEHEHUS! KOHBIOHKTYPHI PhIHKA KOHKYPHPYIOIINUX U B3aH-
MO3aMEHSIEMBIX dHEepropecypcoB Mupa [5]. OCHOBHBIMU KOHKYPEHTaMH YIJIs Ha MHPO-
BOM PBIHKE CPEIM B3aMO3aMEHIEMbIX YHEPTOPECYPCOB B HACTOSALIMHI [IEPUO] SBJISIOT-
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csa HeTh M Ta3. Cpeau CTpaH, SKCIOPTUPYIOUIUX yroiib — ABcrpanus, UHaoHe3us,
Poccus, FOAP.

MupoBble 3amachbl U NPOM3BOACTBO KOHKYPHPYHIIUX B3aMMO3aMeHsIEMbIX
IHEpPreTH4YecKUX pecypcoB. MUpOBBIE 3armackl yIis M0 JaHHBIM, OTPaYKEHHBIM B TaO0II.
2,B 2016 r. coctraBmsuiu 1 139 331 mun 1. [lepBoe MecTo 1o 3amacaM yriis 3aHUMaIU
CIIIA (251 582 muH 1, unu 22,1 %), Bropoe — Kuraii (244 010 mun 1, wim 22,4 %),
Tpetbe — Poccuiickas @enepanus (193 300 mun T, mim 17 %). Ha 10 ctpan npuxoau-
mock 91,4 % ot MmupoBsix 3amacoB yriis (1 041 469 muH T).

B 2016 1. no6p14a yI1s B MEpe cocTaBuia 3656,4 MJTH T H. 3. ¥ CHU3WJIACh 110 CPaB-
Henuro ¢ 2011 1. Ha 6,2 %. B Kutae nobbrua yrns cocraBuna 46,1 % ot oOrieit Mupo-
Boii 100brum, B CILIA — 10,0 %, Maanu — 7,9 %, Asctpammu — 8,2 %, Unnonesuu — 7 %,
Poccun — 5,3 % (6-e mecto B mupe). Ilo onenke [7], B 2016 1. MupoBas no0Obiya co-
crapisiia 7460,4 MITH T ¥ CHE3WIACh OTHOCHTENHHO ypoBHS 2012 1. Ha 4,7 %, 110 O11eH-
ke [8] — 7 268,6 mua T. Jlo6kua ymis B Poccum cocrtaBmsuta 385,7 muH T [6],
31O 5-¢ MecTo B mupe mocie Kuras (3242,5 mumn 1), Uagmm (707,6 mua 1), CLIA
(671,8 miH T), ABcTpanuu (503,3 muH T) 1 Uanone3un (707,6 MiH T1).

Ta6auna 2. 3anacsl 1 100bI4Ya YIJISl OCHOBHBIX yIileqo0bIBaomux crpad Ha 01.01.2017 r. [3, 6]

Table 2. Coal reserves and coal mining in the main coal-mining countries
as of 01 January, 2017 [3, 6]

Sanack! yris Jlosst 3ammacoB JloObrua JloObrya Jons no6sran | JIoObrya yris

Cr yIJIsi B MUPO- yris yrs yrisa B oomem | B 2016 1. mo

PaH®l 110 CTpaHaMm 2011 r B201l6T 00bEME MUPO- | OTHOILICHUIO

MDA, MIH T BBIX 3amacax, | B » " ) p

? % MJIH T H. 3. MJIH T H. 3. | BO# 100br4m, % | x 2011 1., %
CIIA 251 582 22,1 600,9 364,8 10,0 60,7
Kwurait 244 010 21,4 1851,7 1685,7 46,1 91,0
Poccus 193 300 17,1 157,6 192,8 5,3 122,3
ABcTpanus 144 818 12,7 245,1 299,3 8,2 122,1
WNunus 94 769 8,3 250,8 288,5 7,9 115,0
I'epmanus 36 212 3,2 46,7 39,9 1,1 85,4
VYkpaunna 34 375 3,0 36,3 17,1 0,5 47,1
Kazaxcraun 25 605 22 49,8 44,1 1,2 88,6
Wunonesus 25573 2,2 208,2 2557 7,0 122,8
ITonpmra 24 161 2,1 55,7 52,3 1,4 93,9
Bcezo 6 mupe | 1139 331 100 3897,3 3656,4 100 93,8

MupoBbie pa3BelaHHbIE 3a1achl HeTH (OCHOBHOTO KOHKYpeHTa yriisi) Ha 01.01.2017 1.
cocrapistmu 240,7 Teic. MitH T [ 3]. CocpenoTodeHsl oHU B 0CHOBHOM B Benecyane (17,6 %),
CaynoBckoit Apasuu (15,6 %), Kanane (10,0 %), Upane (9,3 %), Upaxe (9,0 %),
Poccunm (6,4 %), Kyseiite (5,9 %), OAD (5,7 %), CILIA (2,8 %). [lo 3amacam mHedtn
Poccust 3aHnMana mecroe MecTo B Mupe. Muposas 100b14a HedTu B 2016 1. cocTans-
na 4382.4 muH T [3] ¢ HanbonbuM 06beMoM o0bun B CaynoBckoit Apasuu (13,4 %),
Poccunm (12,6 %) u CHIA (12,4 %), B Upake u Kanane — mo 5 %. 1o no6wrue Poccus
3aHHMMaJja BTopoe MecTo B Mupe nociie CayoBcKoii ApaBuH.

Pa3BenanHble MUPOBBIE 3aMachl MPUPOITHOTO I'a3a, KOHKYPUPYIOMIETO C YIJIEM U BbITEC-
HSIOIIIETO €ro ¢ pBIHKa, Ha KoHel[ 2016 1. cocraBmsum 186,6 Tpima m3 [3]. TlepBoe mMecTo
B mupe 3aunMai Mpan (18 %), Poccust — Bropoe mecrto (17,3 %), Karap — tpethe (13 %),
Typxmenus — uerBeptoe (9,4 %), CILIA — nsroe (4,7 %), CaynoBckast ApaBust — I1ecToe
(4,5 %), OAD — cenpmoe (3,3 %), Kuraii — BoceMoe (2,9 %), Hurepus — nepsroe (2,8 %),
Amxup — necsaroe (2,4 %).
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MupoBasi 106br4a npupoaHoro raza B 2016 . cocrasmsina 3551,6 mapa m3 [3] u
YBEJIMYUIIACH OTHOCHUTEIBHO ypoBHs 100bun 2011 r. Ha 7,9 %. [lepBoe MecTo B Mupe
no a00brye raza zanumanu CIHA (21,1 %), Poccuss — Bropoe mecto (16,03 %),
Wpan — Ttpetbe (5,7 %), Karap — uerBeproe (5,1 %), Kanama — maroe (4,3 %),
Kuraii — mecroe (3,9 %).

IIpon3BoacTBO aTOMHOM 3HEPTUH CYLIECTBEHHOTO BIMSHHAA HA KOHKYPEHIUIO U BBI-
TECHEHHe yIJis He oKa3biBaeT. Ha 1010 mpon3BOACTBAa SHEPIMH aTOMHBIMH CTaHIIUAMU
Ha 01.01.2017 r. mpuxoaunock aumib 4,46 % OT MUPOBOTO IPOU3BOJACTBA IHEPTUU.
Mupogoe morpebiieHre BO300OHOBISIEMBIX HCTOYHUKOB 3Heprun (B1D) nmeer TeHneH-
o K pocty (B 2006 T. — 93,2 MaH T H. 3., B 2016 . — 419,6 MiH T H. 3. [3]), HO MO
norpebnenns He3HauuTenbHa: B 2014 1. — 2,41 %, B 2016 1. — 3,1 %. B Ommxaiimeit
MEPCIEKTUBE 3aMEHUTh NCII0Ib30BAHNE HCTOYHHUKOB IIEPBUYHOMN SHEPTHH, B TOM YHCIIE
U yriis, ¢ noMotnbio BUD, mo MHEHUIO aBTOpa, HEBO3MOXKHO.

OueHka MPOrHo3a MUPOBOro MPOM3BOACTBA JHEPIUH M MOTPeldIeHUus] IHEPro-
pecypcoB. [lanbHeluii pocT HaceleHUus MHUPa, B OCHOBHOM 3a CUET OXKHIAEMOTO
Oospiroro mpupocta HaceneHus Vuanu u Kutas u pa3BUTHS 3KOHOMUKHU B CTpaHax
Asnarcko-Tuxookeanckoro peruona (ATP), B mepcnextuBe OymeT COMpPOBOXKIATHCS
yBeJTUUEHHEM TOTPEOIeHUs SHEPTUU H SHEPTOPECYPCOB.

BormpocaMu nepcrnekTUBHOTO pa3BUTHS MUPOBOM 3HepreTuku 10 2040 r. 3aHMMa-
I0TCS BEIyIWe Hay4dHbIe opraHu3ammu mupa: MOIA, WEO-2017, WOO-2017 u
IEO-2017, UHOU PAH u npyrue, KOTOphIC YIUTHIBAIOT PA3IHMYHbIC CIICHAPHH Pa3BHU-
TSI MUPOBOH 3HepreTuku. OTMeJaeTcs], YT0 B HACTOALIMHI MEPUOA MK MaKCUMAaJIbHOTO
notpebnenust yrsa gocturayt B CHIA, Kutae, Utanuu, ABcTpanuu; notpeOieHus
He(tu — B CIHA, I'epmanuu, @pannuu, Mtanuu, BenmukoOoputanuu; sHepromnorpede-
uus — B CIIA, Uranuu, l'epmannn, Benukobpuranuu, Opaniuu, Anonnn; 3meKTpo-
norpeOiienns — B Benmukobpuranuu, Utanun, Smorun. B crpanax EBpons! oxxumgaetcs
CHIDKEHHE cIipoca Ha 3Hepropecypesl Ha 10 % [9]. B nenom no mupy norpebnenue
MEPBUYHBIX 3HepropecypcoB B 2040 . MOXKET coCcTaBUTh 17,5 MIpA T H. 3. U YBEIH-
guThCs Ha 4 MupA T H. 3. Wik 10 30 % oTtHOCUTENbHO ypoBHA 2015 rona, B OCHOBHOM
3a cueT Kuras nu Muaun (6onee 50 % mupoBoro npupocta). B nepcrnexkruse mnpesamno-
JlaraeTcs yBeJIndeHne JOOBIYH CIaHIIeBOTO raza, ocobenHo B crpanax ATP.

ITo nmporuo3y Mex1yHapoJIHOTO SHEPreTHYECKOro areHTcTBa, K 2040 I. B CTPYKTY-
pe noTpedIeHnsl SHEPropecypcoB N0Iu HedTH, ra3a, yIisd, HU3KOYIJIEPOAHBIX HCTOY-
HHUKOB MOTYT COCTaBUTb NPUMEPHO 10 25 %. [lonoBuHa npupocTa MUPOBOM 10OBIYH
ra3a MokeT ObITh OOecIieueHa 3a cueT JOOBIYM CIaHIEeBOoro ra3a. B pesynsrare k 2040 1.
Kuraii MmoxxeT yBenuuuth 100BIYy Taza B 2,5 pasza, a CILIA — Gonee yem Ha 40 %.
OTO NOBIMAET Ha CHUKECHUE CIIPOCa HA yroyb. I'a3 B CTpyKType HOTpeOIeHUs 3HEPro-
PECYpcoB MOXET BBITECHUTh YT0JIb CO BTOPOTO Ha TPETHE MECTO.

ITo cuenapuam WEO-2017 u IEO-2017, o6bem notpebnenus HegTr k 2040 1. MO-
KeT yBeIHuuThes oT 12 10 19 %, HO B cTpyKType 3Heprodananca 1o HepTH MOXKET
YMEHBIIUTHCA.

B BepositHOM cierapun MTHOU PAH k 2040 1. pocT MEPOBOTO 3JIEKTpOTIOTpedIie-
HUS MOXET COCTaBUTH 52—62 %. B anexTposHepreTke pa3BUBAIOIINXCA CTPaH, I7e
JOMHHHPYET NOTpeOIeHUE YIUIs, YroJibHasi TeHEPaLUsl MOJKET COXPAHUTHLCSI HA YPOBHE
31-32 %. B Kurae, rae B 2016 . 10 62 % sHepruu BblpabaThHIBAIOCH HA YINIE, YTOJb
B OMipKaifiye JecsiTUIIETHs, 0 MHEHUIO aBTOPa, OCTAHETCsl OCHOBHBIM 3HEPropecyp-
com. Jlonsi aTOMHOW TeHEpaluu B BBIPAOOTKE AIIEKTPOIHEPTHH MOXKET YBEIUYUTHCS
c11% B 2015 mo 12 % B 2040 1. Kuraii, B CBS3M ¢ COKpAIIICHUEM 3aIaCOB YIS, MOXKET
YBEJIUYUTH IPOU3BOJICTBO AaTOMHOW SHEPIHHU B 5 pa3 U 3aHATH IIEPBOE MECTO 110 €€ IPo-
n3BoncTBy, CIIIA — BTOpoe, @pannus — tpetbe, I0xHas Kopesa — uerBeproe, Poccus
— nsatoe. KonnvecTBo cTpaH, mpou3BOsAIIUX 31eKTpodHepruto Ha ADC, Oyxer pactu
MIpU OJHOBPEMEHHOM CHMKEHHHU MPOU3BOACTBA B cTpaHax EBpormsl ¢ 15 no 27 % [10].
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Takum 00pa3oM, B LIETIOM 110 MUpPY B AOJITOCPOYHON MEPCIIEKTHBE A0S YIS B Iep-
BUYHOM TMOTPEONICHIH SHEPrOpecypcoB MOXKET COKpaTHThes ¢ 28 % B 2015 T 10 20-23 %
B 2040 1., HO B aOCOTIOTHOM BBIPQKCHUH CHIDKEHIS TIOTPEONICHUS YIVIS HE Mperoara-
eTcs, yroiib OyAeT ABIATHCS OIHUM M3 OCHOBHBIX 3HEPreTHYECKUX pecypcoB Mupa. Poc-
CUICKHI yTojb OyIeT MOJNB30BaThCs CIPOCOM Ha MHPOBOM YTOJIbHOM pbiHKe [4, 11].
VY4uTBIBas TO, YTO 3amachl MIPUPOIHBIX PECYPCOB €XKETOAHO HCTOLIAOTCS, IPU YCII0-
BUU COXPaHEHHs rOI0BOM A0OBIUM B MUpe Ha ypoBHE 2016 I. MEPOBBIX pa3BeJaHHBIX
3amacoB yris, 0e3 yueTa OTKPBITHSI HOBBIX MECTOPOXKACHUI, MOXKET XBATUTD B CPEIHEM
Ha 150 netr, B Poccun — go 500 ner, B8 CIIIA — nmo 370 ner, B Kurae — mo 75,
ABcrpammn — 288, Uamun — 133, Ungonesnn — 36 net. I'a3a, 6e3 ydeTa OTKpPHITHS
HOBBIX MECTOPOXKICHHUM, MOXKET XBaTUTh JIMIIb Ha 53 roga, HeTH, COOTBETCTBEHHO, HAa
55 net. [ToaToMy yronb U B AajbHEHIIEH HepCIeKTUBE Oy/eT 3aHUMAaTh JTUAUPYIOLIee
MOJIOKEHNE B Pa3BUTHUU SHEPTETHKH.

OcHoBHBIe MYTH COXPaHEHHUs] CIPOCa HA POCCHIICKHII Yrojib Ha MHPOBBIX
YIOJBHBIX PBIHKAX. DKCIOPTHBIE MOCTABKH POCCHUICKOTO YIS €XErogHO PacTyT,
B 2017 . onn cocraBuim 186,3 mMiH T, miu 45,6 % oT obmiero oobema J00bIYH YIS
(408,9 muH 1). HanGonpmas 1018 MOCTaBOK YIVIS MIPUXOAUTCS Ha ocHOBHOW Ky3Her-
KWK yrojibHbIid Oacceitn — 75,5 % (140,7 muH T). C uenpio yBeIHYeHUs SKCIOPTHBIX
nocraBok g00br4a yris B Kysoacce ¢ 2007 mo 2017 . yBennuminack Ha 32,9 %, npenmy-
IIECTBEHHO 3a cyueT OoJyiee AEHIeBOro crocoba MOOBYH YITISI OTKPBITBIM CIOCOOOM
(64,8 %) u coctaBmia 241,5 muH 1. Yrons nmoctasmsuics B 61 crpany mupa [12]. B ep-
CIEKTUBE IPEAIoaraeTcsl CyleCTBeHHOE yBelInueHue 1o0sr4an yriist B Poccun u skc-
MOPTHBIX TOCTABOK POCCHICKOTO, M MPEXKIIE BCEro Ky3HeUKoro, yrist (B mpoekre Ctpa-
Teruu pasputusi Kemeposckoit oonactu 10 2035 1. mpeaycmaTtpuBaeTcss pocT A0OBIYU
yost B Kys6acce ¢ 241,5 moma 1 (2017 1) mo 375 mutH T, wim Ha 155,3 %).

[l coxpaHeHUs M YBEINYEHUs IIOCTABOK POCCUIICKOTO yIiisi HEOOXOAUMO YUHUTHI-
BaTb TO, YTO MHOTME IOTPEOUTENH, B OCOOCHHOCTH M3 €BPOIEHCKUX CTpaH, OTAAIOT
NPEATIOYTEHUE NPEANPUATHIM-IIOCTABIINKAM, J00BIBAIOIIMM YIOJb B COOTBETCTBUH
C €BPONEHCKUMHU CTaHAAPTAMH U MMEIOIIUM MEXIYHAPOIHBIN CepTU(QHKAT SKOIOTH-
YeCKOTO MEHEIKMeHTa. Takke HeoOXOAMMO YYHUTHIBATH HA3PEBAIOUIYIO MPOOIEMY
C KCIIOPTHBIMH IIOCTaBKAMM B €BpOIIECKUE cTpaHbl. B HacTosmMil nepuon B npecce
AHDINY HAOIIOAAIOTCS MPU3BIBBI K MIPEATIPUATHSIM 00 OTKa3€ POCCUICKUM MOCTaBIIH-
KaM yIJIsl, TaK KaK CIiocOObI JOOBIYM M BOCCTAHOBJICHHUS HAPYILIEHHbIX 3eMenb B PD He
COOTBETCTBYIOT €BPONEHCKUM CTaHAapTaM COXpaHeHus JaHamadra u OuopasHoodpa-
31s1 TEPPUTOPHH, YIIEMIISIIOT MHTEPECHI U ITPaBa MECTHBIX OOIIMH KOPEHHBIX MaJIOUHC-
JICHHBIX HapozoB [13, 14]. DTH NpU3BIBEI MOTYT CIIOCOOCTBOBATh MOTEPE CYLICCTBCH-
HOM 4YacTU €BPOMNENCKOTr0 yroJIbHOro pbiHKA. JIJIsl mpeaoTBpallleHus] MOTEPh PhIHKA
COBITa YrOJIbHBIM KOMIIAHHSIM LIEI€CO00pa3HO CBOEBPEMEHHO NEPEXOANUTH Ha EBPOIIEH-
CKHE CTaHAAPTHI JOOBIYM M BOCCTAHOBJICHUS HAPYIICHHBIX 3€MEJb, COXpaHeHus (day-
HBI ¥ (QIIOPBI B PETHOHAX, OCYILECTBISIOMNX JOOBITY YIS,

Ha npumepe pyHKunoHNpoBaHus yrieaoObBatonmx npeanpustuii Kyzoacca Mox-
HO OTMETHTH, YTO B LIEJSIX MOMyUYEHHs OOJIbIIero pa3Mepa MpHUObUTH HE BCE MPEaIpH-
ATHUS BBIIOJHAIOT TPEOOBAHUS IO PEKYIbTUBALIUY HAPYIIEHHBIX 3€MeJIb, XOTS Ha IUIa-
CTax I10JIOTOr0 aACHHUS IPH OTKPBITOM CIIOCO0€E OOBIUH YISl BO3MOXKHO OCYILECTBIISATD
J00BI1Y OMHOBPEMEHHO C PEKYIbTHBALMEN 1 BOCCTAHOBICHHEM HapYLIEHHBIX 3€MElb.
HecstuneTusiMu pu 0TpabOTKE 3a1acoB B 0OIACTH COXPAHSIOTCS OTBAJIBI K OTPOMHBIE
TUTOIA/IM TEPPUTOPHH ¢ HAPYIICHHBIM JaHIIAPTOM.

Ha yxyamenne 3KoI0THH HaCeNIEeHHBIX ITYHKTOB YTOJBHBIX PETHOHOB B 3HAYUTEIb-
HOH CTENEeHH BJIUSET TO, YTO 10 (efepabHbIM HOpMaM PacCTOSIHUE OT yIIe00bIBato-
UIUX NPEANPUSITAN 10 HACEJICHHBIX IyHKTOB COCTABIISIET BCero 1 kM, oT 0TBajioB — 500 M,
4TO MO3BOJISIET Oe3 HApYLICHUS 3aKOHA BECTH B3PBIBHBIC paOOThI, 10OBIUY, CKIIAANPO-
BaHHeE, TIOTPY3KY M TPAHCHOPTUPOBKY YISl B HEMOCPEICTBEHHON OJIM30CTH OT KHIIBIX
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MaccuBOB. BBIOpOCH! yroiabHOM MBUIM M APYTHX TOKCUYECKH BPEAHBIX BELIECTB CIIO-
COOCTBYIOT BO3HHUKHOBEHHIO 3a00JIeBaHUH JIeTOUHBIX yTel [15] u apyrux 3abonesa-
Huid. Hu3kwmii pasmep mrpadoB 3a HapylIeHHe HOPMATHBOB IO OXPaHE OKPYKaromei
Cpeabl U CIOKHOCTh CBOEBPEMEHHOT'0 OIIPEIeNICHNs] OpraHaMy Ha30pa MpeanpHsTUi-
HapyluTened, 0COOEHHO MPU CKYYEHHOCTH YTOJBHBIX Pa3pe30B Ha OXHOU TEppUTO-
puH, CIIOCOOCTBYIOT TOMY, YTO HaJl HACEJICHHBIMU ITyHKTaMH 3a4acTyl0 HaBHCAET CMOT
(mammpumep, c. Kapakan benoBckoro paiioHa, KOTOpO€ OKPYXArOT YIaCTKH IIECTH pa3-
pe3oB). OTcyTcTBHE CBOEBPEMEHHOTO KOHTPONIS OOBSICHAETCS TEM, 4YTO 3aKOH
P® Ne 294 paspemraer niuaHOBYIO NPOBEPKY NPENNPHATHH OIUH pa3 B TpU TOAA,
BHEIUIAHOBBIA KOHTPOJIb BO3MOXKEH JIMIIb TPU HATWYUM 3asABICHHS OT >KUTeNei
(opranu3zanuii) TEpPUTOPUH C TOCTETYIOIINM MMOTyYeHHEM pa3pemIeHus Ha TPOBEPKY
HOPEATIPUATHI OT IPOKYPATypBI.

B mensx coxpaHeHHS MUPOBBIX YTOJBbHBIX PBIHKOB, BOCCTAHOBJIEHHS JaHAmadTa
HapYLICHHBIX TEPPUTOPUH, 00ECTIEUeHHUS SIKOIOTHIECKON U POAOBOIBCTBEHHOM 0€30-
MAaCHOCTH PETHOHOB, COXPAHEHNSI MECTHBIX OOIIMH KOPEHHBIX MAJIOYHCICHHBIX HapO-
0B B PO, Mo MHEHHUIO aBTOpa, HEOOXOIUMO:

— B 3aKOHOZATEIBHOM (POPME ONpPEaeTUTh IOPSIOK OTBEACHHUS HEIP C yUETOM HHTE-
PecoB He TOJBKO rOCyAapcTBa, HO U TePPUTOpHil; MUHHMCTEPCTBY PUPOAHBIX pecyp-
coB U 3koyoruu PO HeoOXOAMMO COTIIacOBBIBATh BbIAUy JHIICH3UH Ha JOOBIYY YIS
C TEPPUTOPHATIEHBIMH BIACTIMH;

— IlpaButensctBy PO 1nienecooOpa3Ho mopyduTb MUHHCTEPCTBY HNPUPOIHBIX pe-
CypcoB u 3konorur P® pazpaboTars 1 IpeACTaBUTD K YTBEpKIeHHIO B [ocyaapcTBeH-
Hy10 [lyMy 3aK0OH O peKyJIbTHBAllUHd HAPYUICHHBIX 3€Melb, MPeAyCcMaTPUBAIOIINN Of1-
HOBPEMEHHYIO HOObIUYy YISl Ha IUIACTAX IIOJIOTOTO MAaAEHUSI OTKPHITBIM CIOCOOOM U
PEKYJIBTUBALNIO HAPYLIEHHBIX 3€MeJIb; IEPECMOTPETh CPOKH BBITIOIIHEHHS U BUIIBI Pa-
00T MO PeKyAbTUBALMY HapYIICHHBIX 3eMeb B COOTBETCTBUM C €BPONEHCKUMH CTaH-
nmapramu [16—18]; yunTsiBasg pacrnpocTpaHeHHE YTOJIbHOM MBUTM HA MHOTHE KHIJIOME-
TPl M €€ BIUSHUE Ha YXyIIICHHE 3JI0pOBbs HaceiaeHus [15], mepecMoTpeTh
(enepanbHble HOPMBI 110 CAHUTAPHO-3aLIUTHON 30HE OT pa3pe3oB, OTBAJIOB, CKIAJ0B
JI0 HACEJIEHHBIX ITYHKTOB B CTOPOHY UX 3HAYUTEIHHOTO YBEIHMUEHUS;

— IIpaBurensctBy P® menecoobpasHo BHecTH mpeiioxkeHue [ocynapcTBeHHON
yme o BHeceHUH morpaBku B 3ak0H PO Ne 294 «O 3amure paB IOpUIAYECKHAX JIAIT X
MHIMBUAYAJIbHBIX NPEANPUHUMATENECH NPH OCYIIECTBICHUH TOCYIAapCTBEHHOIO KOH-
TpoJis (Ha30pa) ¥ MyHHIMIIAIEHOTO KOHTPOJIS», paspemaroleii paborarnkam Pocnipu-
ponHanzopa u PocrtexHanzopa KpyIIOCYTOUHO M OGECHPEnsATCTBEHHO OCYIIECTBIATH
MIPOBEPKH MPOMBIIUICHHBIX MPEANPUATHI B CIIydasx IMPEBHIIICHNS HOPM BBIOPOCOB
3arps3HAIOLINX BEIIECTB B aTMOC(EPY B IPUMBIKAIOIINX K HUIM HACEIEHHBIX IIyHKTaX.

B Texymux, cTpaTern4eckux M MEpCIEeKTUBHBIX IJIaHaX YIOJIBHBIX KOMIIAaHUN He-
00X0ZMMO TpeaycMaTpUBaTh CTpaTeruuecKue HarpaBIeHUs 110 BHEIPEHUIO IKOJIOTH-
YeCKH YACTOW TEXHOJIOTUH JOOBIYH, 0O0OTAIICHHS YIS U PeKYJIETUBAITAHN 3eMenh [19].

BeiBoasl. B nepcnektuse 10 2040 I. yroas 0OCTaHETCSI ONHUM U3 OCHOBHBIX 3HEpre-
TUYECKUX PECYPCOB MUPA U POCCHIMCKUIN yroyib OyAeT MOJIb30BaThCsl CIPOCOM Ha MH-
POBOM YTOJILHOM pbIHKE. JIJI1 COXpaHEHMS U YBEITMUEHUS IOCTAaBOK POCCHICKOTO yIiis
HEOOXOAMMO YYHTBHIBATH TO, YTO MHOTHE MOTPEOHTENH, OCOOCHHO M3 E€BPOMEUCKHX
CTpaH, OTHAIOT HPEANOYTEHHE NPENNpPUATHIM-IOCTaBIIUKAM, I0OBIBAIOIINM YIOJb
B COOTBETCTBUU C €BPONECHCKUMH CTaHAAPTaMU M UMEIOIMM MEXIyHAPOIHbBII CepTH-
¢uKaT sK0IOrHYecKoro MeHemxkMeHTa. C 1eNbIo MOBBIIIEHUS] KOHKYPEHTOCIIOCOOHO-
CTH POCCHUHCKOTO YIUIsI HEOOXOAMMO COBEPIUICHCTBOBAaHHME 3aKOHOmaTenscTBa PP mo
HEJIPOTIOJIb30BAHUIO IIPH JOOBIUE YIS B COOTBETCTBUH C €BPOICHCKUMU CTaHAAPTaAMH
croco00B J00bIUM, PEKYIBTUBALMN 1 BOCCTAHOBJICHUS HAPYILICHHBIX 36MEIb.
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Abstract
Research aims to determine the role of coal industry in the future development of global and Russian
energy sectors among rival energy resources of the world.
Metodology. The analysis of Russian coal significance in global energy sector.
Research results. The article shows the dependence of global and Russian energy sectors on reserves and
coal mining availability as well as interchangeable primary energy resources in the countries of the world
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in the current period and in the near future. The role of coal, including Russian coal, in the development
of global and Russian energy sector has been determined. Different scenarios of global energy sector
future development and the production of competing interchangeable primary energy resources have been
considered. The article reveals possible problems concerning Russia’s coal industry participation in the
development of global energy sector in European countries and in Russia. To maintain the export delivery
of Russian coal to European markets, the need for the modification of RF subsoil use legislation has been
substantiated in accordance with the European standards of mining with the simultaneous recultivation
and reclamation of the disturbed areas.

Scope. Research results can be useful when working out future strategies of developing coal industry of
basins and coal companies in the Russian Federation.

Summary. By 2040, coal will remain one of the main energy resources in the world, and Russian coal will
be in request on the world market. To maintain and increase Russian coal export it should be taken into
account that the majority of consumers, in European countries in particular, prefer the supplier plants
which mine the coal in accordance with the European standards and have international certificate of
environmental management. With the purpose of increasing the competitiveness of Russian coal it is
essential to improve the subsoil use legislation of the Russian Federation in terms of coal mining in
accordance with the European standards of production with the simultaneous recultivation and reclamation
of the disturbed areas.

Key words: development; global energy sector; global energy resources; reserves; the role of coal industry;
problems; subsoil use; environmental protection, recultivation; legislation improvement.
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I'pa.quHT AaBJieH!UA No BbICOTE NONAaTOK B LWAXTHbIX
ocepaauanbHbIX BEHTUNATOPAX C KOHN4YeCcKoW ﬂpOTO‘-IHOﬁ YacCTbH

AdaHacbeB A. W.", Kazakos 0. M.!, Konauyes B. ®.*
1 YpanbCckuin rocynapCTBEHHbIN FOpHbIN YHUBEPCUTET, . EKaTepuHbypr, Poccust
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Peghepam
Leny pabomul. Hccnedosanue 0CHOBHbIX 3AKOHOMEPHOCHEN USMEHEHUA AIPOOUHAMUYECKUX napame-
Mmpog no @vicome JIONAMOK 8 WAXMHBIX 0CEPAOUATLHBIX BEHMUAMOPAX C KOHUYECKOU NpOmouHOuU
4aCmbIo C Yenvio onpeoenenus Ux payuoHanIbHblX KOHCMPYKMUGHBIX COOMHOULEHU, NO380AI0UUX
€030a6ams WAXMHble 6eHMUNAMOPbL C GbICOKUMU NOKAZAMENAMU OA6IEHUS. U NPOU3BOOUMETLHOCTU.
Memooduka npogedenusn ucciedosanuil. Ha ocnosanuu pacuemuou cxembl KOHUYECKOU NPOMOUHOU
uacmu npogeoer aHanu3 UsMeHeHus 2paouenma 0asnieHus no evicome J10NAMOK 0CepaduanbHO20 GeH-
MUAAMOPA 015 PANUYHBIX 3HAYEHUL Y2106 KOHYCHOCMU €20 6MYIKU U KOpnyca. s Mamemamu4eckozo
uccne0o8aHus npugedeHvl meopemuieckue 3a6UCUMOCU GAUAHUS OCHOBHBIX 2eOMEMPULECKUX U KUHe-
MaMuyecKux napamempos Ha 3Havyenue spaoueHma OasieHus no evicome NONAMKU paboyezo Koneca
0CepaouanbHo20 6eHMUNAMOPA.
Pezynomamut u ux ananus. Memooom uucienno2o unmezpupo8anus peuieno ypagrenue, cesa3visaiouyee
cmenenb 3aKpymKu 8030VUHO20 NOMOKA, pAOUYC KPUSUZHBL MOKA U ePAOUeHm OaslieHus no vicome
nonamxu. I[Ipednosicen 3aKon 3akpymKu 8030yWHO20 NOMOKA 8 BeHMUNAMOPE HA OCHOBAHUU NOKA3ame-
JIsL cmenenu, Xapakmepusyouje2o 3aKOHOMepHOCMb U3MEeHEeHUs CKOPOCMU 3aKPYUUBAHUs NOMOKA 603-
oyxa no gvicome aonamku. Ocywecmenena npogepka a0eK6amHocmu npedsiONCeHHOU MeMOOUKU pac-
uema nymem cpagHeHus: NOTYHEeHHbIX Pe3yIbmanos ¢ paAciemHblMu NOKA3AmMensiMu, 8bINOIHEHHbIMU NO
uzgecmuulM 3asucumocmsam. Pesynomamer pacuemos, npusedennvie 6 cmamove, NOKA3bIBAION, YMO
cpednee daslieHue No 8blcome JIONAMOK 0CepaOUANbHbIX 6eHMUNAMOPOS UMeem 6onee O1a20NPUAMHbIL
Xapaxmep, uem y 0cesbix Mauiul ¢ paoudibHuIM pasHogecuem nomoka. Ipu smom uckniouaromes om-
puyamenvHble 3HAYEHUS MEOPeMUYecKo20 O0dGleHls, YMo NOo380/en UCNONb308aMb 8 GeHMUIIAMOpe
6MYIKU 3HAYUMENLHO MeHbUle20 Ouamempa.
Bui1600vt u obnacms npumenenusn pesynvmamog. Cywecmsennoe iusamue Ha 3gpgekmusnocms pabo-
Mbl 0CEepaOuanbHO20 GEHMUNAMOPA OKA3bIBAEN! 3aKOH 3aKpyyueanuss nomoka. Msmenenue y2nog Konyc-
HOCMU 6MYNIKU U KOPNYCa 6 UCCIe0yeMoM OUanasone Ha 3¢hGekmuseHocms pabombl 6eHMUNAMOPA 61Ul
em @ menvutell cmenenu. YcmauosienHvlie 3a8UCUMOCHIU OMKPLIGAIOM WUPOKUE BO3MOICHOCTU Ol
co30anus boree cOBePUIEHHBIX KOHCMPYKYUTI WAXMHBIX 6EHIMUNAMOPO8 MECIMHO20, 6CHOMO2AMENbHO20
U 2NA6HO20 NPOGEMPUBAHUSL, 4 MAKIICE 6eHMUNANOPOS, KOMOPble MO2YI UCNONb306AMbCS 6 CUCIEMAX
CmpYyIino020 NPOBeMPUBAHUS KAMeD 20PHbIX BbIPAOOMOK.

Knroueewvte cnoea: senmunsmop, aspoounamuyeckuii pacuem; yupkyisyus; 0cepaouaibHblii 6en-
MUAAMOP; 6bICOKOHANOPHYIN 6EHMUNAMOD; MAMEMAMUYECKoe MOOETUPOSAHUe, BEeHMUNAYUA, CXeMbl
BEHMUNATNOPOS.

Hens padorsl. Pacuer 3Heproah(heKTUBHBIX CXeM BEHTUJISATOPOB SIBISETCS MIPHO-
PUTETHOM 3a/iaueii COBPEMEHHBIX HCCIIeZoBaHUi. B mocneqHee Bpemst mpuoOpeTaroT
Bce OoIbIlice 3HAUCHUE METOABI ONTHUMH3AIMH CYIIECTBYIOIIMX KOHCTPYKIIMHA BEHTH-
JISITOPOB, a HE CO3aHue HOBBIX TUMOB MamivH [ 1, 2]. KoHCTpyKLMKu COBpeMEHHBIX BEH-
THUISITOPOB pa3padaThIBAIOTCS HCXO/IS U3 CYIIECTBEHHBIX (PAKTOPOB, BIUSIONINX Ha pPe-
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JKUMBI B YCJIOBHA WX PabOTHI, C YYETOM 3aJaHHBIX OIpaHUYEHHUH M0 0e30MacHOCTH
B DKCIUTyaTaI[H IPUMEHEHUS B CJIOXKHBIX YCIOBHUSIX MPOMBIIIIEHHBIX U TOPHBIX MPEJ-
npusatuit [3, 4]. Onpenenenre U TEOPETUUECKUNA pacyeT ONTUMAIbHBIX KOHCTPYKTHB-
HBIX [TapaMeTPOB TypOOMAIIMH OCHOBBIBAIOTCS HA 00pabOTKe 3HAYUTEILHOTO KOJIHYe-
CTBa SKCHEPUMEHTAIILHOIO MaTepuasa i METoax YMCICHHOTO MOAEIUpoBaHus [5, 6]
C Y4€TOM 3aJlaHHbIX KPaeBbIX YCIOBUH.

B crarbe npuBeneHs! pe3yasTaThl HCCIEJ0BAHNS OCHOBHBIX 3aKOHOMEPHOCTEH H3-
MEHEHHSI a3POIMHAMHYECKHX ITapaMeTpPOB I10 BBHICOTE JIOMATOK B IIAXTHBIX OCEpPaaH-
aJbHBIX BEHTUIISITOPAX C KOHMUYECKOW MPOTOYHOM YacCThIO C IIENIBI0 OMPEAETICHUS UX
palMOHAIBHBIX KOHCTPYKTHUBHBIX COOTHOLIEHWH, TO3BOJISIIOIIMX CO34aBaTh IIAXTHBIC
BEHTWJIATOPHI C BBICOKUMHU ITOKA3aTENIMHU AaBIEHUS U IIPOU3BOJIUTEIBHOCTH.

r

Puc. 1. Pacuernast cxema KOHMYECKOM MPOTOYHON Ya-
CTH OCEBOI'0 BEHTHJIATOPA
Fig. 1. Calculation scheme of an axial fan flare blade
section

MeTtonuka npoBeaenusi ucciaenoBanuii. B cepeanne XX B. yUeHUKH U TIOCIENO0-
Bares H. E. XXykoBckoro B pabotax [7—10] caenanu BEIBOM, YTO B OHOCTYTICHUATHIX
BEHTUJISITOPAX, PACCYUTAHHBIX Ha BHICOKOE JaBJICHHE, PAlIMOHATIHLHO UMEThH MEPEMEH-
HYI0 HUPKYIALNIO IOTOKA IO paauycy. B HacTosee Bpems pu pacueTrax napaMmeTpoB
OCEBBIX BEHTWJIATOPOB UCIOJIB3YIOTCSA ONPEACICHHBIC 3aKOHBI 3aKPYYUBaHUS BO3IY1L-
HOTO TIOTOKA: TIOCTOSTHCTBO MPOM3BEICHUS CKOPOCTH 3aKpyYUBaHUS Ha paanyc (BeHTH-
nsarop tuna HEX) mnn 3akoH moctosHCTBA CTENEHN PeaKTHBHOCTH Kolleca. B paboTax
LenTtpanpHOro asporuaponuHamudeckoro uacruryta uM. H. E. XKykosckoro [7, 11]
OTMEYAaeTCs, YTO B OOIIIEM BUJIE CKOPOCTh 3aKPyYHMBaHUSI MOXKHO 3aIMCATh B BUJIC

C, = Ar+(B/r),

rae A, B — nocrossHHBIE BCJIMYUHBI, 7 — pagnyC JOIIaTKXU BEHTUIIATOPA.

Nzmensis A u B, MOXXKHO TOTYyYUTH NMPOMEKYTOUHbIE 3aKOHBI MEX]y 3aKOHOM I0-
CTOSTHHOW PEaKTHMBHOCTH UM 3aKOHOM TIOCTOSTHHOM IUPKYIISIIIAA. DTO TO3BOJSCT UCCIIC-
JIOBAaTh XapaKTePUCTUKH TypOOMAIIINH BEHTHIISTOPOB U Ha 3TOW 0a3e co3jaBark Ooee
BBICOKOHATIOPHBIC ¥ TPOU3BOIUTEIIBHBIC IMAXTHBIC BEHTHUIATOPBI. K HUM OTHOCATCS
OCEBbIC BEHTUIIATOPHI C KOHMYECKOW POTOYHOM YaCcTh0. B TakoM BEHTHIIATOPE JIMHHUS
TOKa BO3yXa S B KOHWYECKOH MPOTOYHOM YacCTH OyJeT UMETh OCECUMMETPUIHOE KPH-
BOJIMHEWHOE Hamnpasienue (puc. 1).
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B cooTrBercTBHM C IIPUBEACHHON CXEMOMH YIroJl HaKJIOHA Y KAacaTelbHOW K JIMHUU
TOKA OIPEACIIAETCS U3 YPAaBHEHUS

vy=kr+k,,

rae k, = (B — o)/(r, — 1r,); ky = (-1, + r,0)/(r, — r,); 0.— yron HaKJIOHa BTYIKH; [} — yron
HaKIIOHA KOKYXa; 7, — BHyTPEHHHUI PaJIycC JIOTIATKH Ha BBIXOJIE; 7, — BHEIIIHHIT pajnyc
JIOTIaTKH Ha BBIXOJIE.

PacyeTHble 3HaYeHHsI MAPAMETPOB BEHTHIISITOPOB ¢ KOHUYECKOI U IIHJIMHIPHYECKOi
NPOTOYHOI YACTHIO M PA3HBIMH 32aKOHAMH 3aKPYTKH

Calculation values of the parameters of fans with flare and cylindrical blade section
and different air swirl rules

Kg;r;;B ; N C,, M/c H,, xIla (st Ho )2
o B n=0375m | n=075m [ n=0375m | rn=0,75m
0 0 1 30 79,9 39,9 1,55 4,5 3,1
40 106,6 53,2 0,32 5,5 2,9
50 112,5 66,5 -1,70 6,3 2,6
11| 29 | -0,25 90 70,4 83,8 5,65 7,2 6,4
110 86,1 102,4 4,50 7,6 6,0
-0,33 95 68,7 86,7 5,21 6,7 6,0
115 83,2 104,6 3,05 7,0 5,0
-0,50 100 61,2 86,7 6,04 6,7 6,4
120 73,5 104,0 6,19 7,0 6,6
11| 20 | -0,25 90 70,4 83,8 4,87 6,6 5,7
11 90 4,77 6,6 5,7
5 90 495 6,6 5,8
20 110 86,1 102,4 3,23 7,6 5,4
11 110 2,45 7,6 5,0
5 110 3,42 7,6 5,5
20 | 0,33 105 76,0 95,5 4,28 6,9 5,6
11 105 3,70 6,9 5,3
5 105 3,70 6,9 5,3

Teopusi BEHTUIIATOPOB ¢ KOHMYECKOH MPOTOYHOM YacThio u3ioxeHa B [12]. Pac-
YETHOE YpaBHEHHUE IPaJIMeHTa JaBJICHUS] B KOHMUECKOW CTYIICHH BEHTHIISITOPA UMEET
BUJI

: 22 cos’v(2r2) " d (rtey)’ -1
di_05dw G L oo y(2r) dlrer) cosyay | "
dr dr r ‘ dr oS

rne H * — M309HTPONUYECKHUI HAIOP 3aTOPMOKEHHOTO MOTOKA; W — OTHOCHTEIIbHAS
CKOPOCTB;  — yIJIOBas CKOPOCTh KOJIECA; W, — CKOPOCTb BO3/IyXa BIOJIb JTUHUM TOKA.

Pemenwne sToro ypaBHeHHs TpeOyeT 3HaHUS OJHOTO 3aMBIKAIOIIEr0 YCIOBHUS — 3a-
KOHA 3aKpYTKH U pajgiyca KPUBU3HBI oToKa. B [12] moka3aHo, 4To paanyc KpUBHU3HBI
CYILECTBEHHO OOIIbIIE, YEM paanyc Jonarok (0S /oy >> r), nosroMy ypaBHeHue (1)
MOYKHO 3aITUCaTh B BUJIE
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-1
dH' 0,5dw €, | cos’y(2r) d(rgy)
= —+ —ro- + Wx . (2)
dr dr r dr

I[Ipeobpasyem ypasuenue (2), yuntsiBas, uto w?> = C 2 + (u — C, )% w cos*(y) = w?
(C, — oceBas CKOPOCTh BO3MyXa; U — OKPYXHas CKOPOCTb JIONIATKU Ha PaIuyce r),
W y4TEM BIIVSIHUE 3aKOHA 3aKPYTKH BO3IYIITHOTO MTOTOKA HA TPAJIMCHT JaBJICHUSI.

B o61iem BHjie 3aKOH 3aKPYTKH BO3IYITHOTO ITOTOKA MIPE/ICTABIISIEM B BUJIE:

C,r" = N = const, (3)

e 1 — [OKa3aTe/b CTCICHU, XapaKTePU3YIOIINi 3aKOHOMEPHOCTh H3MEHEHHUST CKOPO-
CTH 3aKPy4HMBaHUs IIOTOKA BO3yXa 110 BBICOTE JIOMATKH.
OKOHYATENBEHO UMEEM:

5

dH

I

+((a)r)2 —2Nor'™ + N°r™" + Cf)(r’ltgzy +ktg'ly + kltgy). 4)

= (n - l)Nu)r"” + N2 (1 - n) +

Pe3yabTaTrhl U MX aHAJIN3. AHAIUTHYECKOTO pelleHus ypaBHeHHE (4) HE UMEET,
MOSTOMY HCIOJIB3YEM METOJ] YHCIEHHOTO WHTEerpupoBaHus. [IpoBepka afgeKBaTHOCTH
MaTeMaTHYeCKOW MOJENIM MPOBEIEeHA MyTEeM CpaBHEHUS pe3yJbTaToB pacdera JaaBiie-
HUS TI0 TIpeJIaraeMoi METOAMKE U U3BECTHOU (hopMmyIie, IpuBeaeHHOM B [7, 10].

[Tpu n = 1 1 yrax KOHYCHOCTH, PaBHBIX HYIIIO, MOJMy4aeTCsl «KIACCUYEeCKHID BEH-
tunsitop Tuna HEX [13].

Teopernyeckoe 3HaY€HUE JABICHUS y OCEBOTO BEHTHJISTOpPA € LIWJIMHAPHYECKOH
MPOTOYHOM yacThio [7, 10]

H, =pC,(u-0,5C,), (5)

IZIE p — IJIOTHOCTH BO3ayXa. B pesynbrare Beruuciaenuii nony4eno H = 6330 Ila.
[Ipon3BoaHast TEOPETUYECKOTO AABJICHHUS 110 PATUYCY

dH,

=N (6)

[IpounTerpupyem ypaBHeHHE (6) U ONpEIEIUM MOCTOSIHHYIO UHTETPUPOBAHUS U3
YCJIOBHSI, YTO U3BECTHO JaBieHue Ha paauyce 0,75 m:

H_=-0,5N’r"" +D. (7)

ITocTosHHas naTerpuposanus D = 8996 I1a = 9,0 klla.

[loacraBum 310 3HaueHue D B ypaBHeHue (7) U OmpenenuM IaBleHHE HA MHUHU-
MajbHOM paauyce r, = 0,375. Dto naBinenue okasbiBaeTcs paBHbiM —1,7 klla, 4to co-
BIIA/Ia€T C pacCYETHBIM 3HAUCHHEM AaBJICHUS, ONpeAeTeHHbIM o Gopmyie (5). Takum
00pa3oM, 3Hast TPOM3BOAHYIO JAaBJICHHUS 10 PaANYCy, MOKHO ONIPEIETUTD AaBICHHUE 10
BBICOTE JIOTIATOK.

B Tabnune npuBeneHbl 3HAYSHUS TAPaMETPOB BEHTUIIATOPOB ¢ KOHUYECKOW H IIH-
JUHAPUYECKOH MTPOTOUYHOM YacThIO U Pa3HBIMU 3aKOHAMH 3aKPYTKH.
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BbiBoabI M 00J1acTh IPUMEHeHUs pe3yJbTaToOB. Pe3ynpTaTel pacueTos, MpuBe-
JIeHHbIE B TaONHIle, TOKAa3bIBAIOT, YTO CpeJHEE NaBJeHHE IO BHICOTE JIOMATOK IS
ocepamuanbHBIX BEHTHIATOPOB (1 < () mMmeeT Ooiiee OaronmpusTHRIN XapakTep, 9eM
Yy OCEBBIX MaIllMH C paJualbHBIM paBHOBecHeM notoka (n = 1). IIpu aTom uckitoda-
I0TCS OTPUIATEIILHEIC 3HAYCHUS [, 4TO MO3BOJISAET UCIIOIb30BATh BTYJIKH 3HAYMTEIIb-
HO MEHBIIETO IUaMeTpa. ITO OTKPHIBAET MIMPOKHE BOSMOKHOCTH JIJISl CO3MaHMs 00-
Jiee  COBEpIICHHBIX  KOHCTPYKIHMM  IIAXTHBIX  BEHTWISATOPOB  MECTHOTO,
BCIIOMOTATENIbHOTO W TJIABHOTO IMPOBETPHUBAHMS U OOIIETTPOMBIIIJICHHOTO Ha3Hade-
HUS ¥ MOXKET HCTIOIH30BAaThCs B CUCTEMAaX CTPYHHOTO MPOBETPUBAHUA KaMep TOPHBIX
BBIpaboTOK [14].

Ompenencnne 3Hadenuii C, HA OCHOBAHMH INOKA3aTeNs 71, HAUJICHHOTO PEHICHUEM
ypaBHeHUs (3), MOXKET OBITH MOJIOKEHO B OCHOBY METOANKH a3POANHAMHUYECKOTO pac-
YyeTa ¥ MOCTPOCHHS POl JIOMaTOK padodYrX KOJIeC MAXTHBIX BEHTHJIATOPOB IS
Pa3IMYHBIX 3HAYCHHUH #* TIO BBICOTE JIONATOK OT BTYJIKH JI0 KOPITyCa MAIIWHBI, TIO3BOJIS-
TOIIEeH co3/jaBaTh OCEBBIE M OCepaualbHble BEHTHIATOPH! HOBBIX 3()()EeKTHBHBIX KOH-
CTPYKTHUBHBIX pEIICHUH.

BoiBoabl. Takum 06pa3zoM, ompesienieHo, 9To CyIIeCTBEHHOE BIHSHHUE Ha d(dex-
TUBHOCTH pa0OTHI OCEPaTUAbEHOTO BEHTHIIATOPA OKA3bIBAET 3aKOH 3aKPYyYHBaHUS T10-
ToKa. MI3MeHeHne yIiioB KOHYCHOCTH BTYJIKH KOPITyCca B HCCIEAYEMOM JHaNa30He BIIH-
seT Ha 3(h(HeKTUBHOCTH paboTHI OcepaanaIbHOTO BEHTUISATOPA B MEHBIIIEH CTETIEHH.
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Pressure gradient by the height of blades in mine axial-radial fans with a flare
blade section

Anatolii I. Afanasiev!, Iurii M. Kazakov!, Valerii F. Kopachev!
! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Research aims to study the main alternation regularities in aerodynamic parameters by the height of
blades in mine axial-radial fans with a flare blade section in order to determine their rational structural
correlations allowing to create mine fans with high pressure indicators and high productivity.
Research methodology. Based on the calculation scheme of a flare blade section, pressure gradient
alternation by height of blades in mine axial-radial fan has been analysed for different cone angles values
of its bushing and body. For mathematical investigation, theoretical dependences of main geometrical and
kinematic parameters influence on pressure gradient value by the height of axial-radial fan impellor blade.
Results and their analysis. An equation is solved with a numerical quadrature method connecting
air flow swirl degree, current curvature radius, and pressure gradient by the height of a blade. The rule of
air flow swirl in a fan has been proposed based on the indicator of a power index characterizing the regularity
of air flow swirl rate change by the height of a blade. Adequacy of the proposed methods of calculation has
been checked by means of comparing the obtained results and the calculated indicators performed across
the known dependences. Calculation results, set out in the present article, show that medium pressure by
the height of blades of axial-radial fans is more favourable than that of axial machines with flow radial
equilibrium. Besides, negative values of theoretical pressure are excluded, it allows using bushings
of a significantly smaller diameter in a fan.
Summary and scope of results. Significant influence on the effectiveness of axial-radial fan operation is
made by a rule of flow swirl. Bushing and body cone angles alteration in the investigated range influences
the effectiveness of a fan's operation to a lesser degree. The discovered dependences open up possibilities
to create more refined designs of mine fans for local, auxiliary, and mail ventilation as well as fans which
can be used in the systems of mine chambers jet ventilation.

Key words: fan; aerodynamic calculation; circulation, axial-radial fan; high pressure fan; mathematical
simulation; ventilation, ventilation scheme.
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AHanu3 1 oueHKa napameTpoB KonedaHun ABYXMAaCcCHOM
C AUCCUNATUBHBLIMU CBOMCTBAMM CUCTEMbI FPOXOTa
C KackagHOW npocenBatoLLien NOBEPXHOCTLH

lOauH A. B.', A6gynkapumos M. K., LLlectakos B. C.™*
1'YpanbCckuil rocyaapCTBEHHBIN FOPHLIN YHUBEPCUTET, T. ExatepuHbypr, Poccust
*e-mail: shestakov.v.s@mail.ru

Peghepam
Beeoenue. Bvinonnenot ucciedo8anusi N0 0C60€HUI0 HOBOU MEXHOLO2UU CYXOU OYUCMKU KAPOOHAMHO20
CbIPbS OM CIUHUCMBIX GKIIOHUEHUIL 8 YCIO0BUAX Kapbepd. DKCNayamayus ucnoib3yemoeo 8 HAcmosiujee
6pemsl KOMNILeKca NOKA3ALd, 4mo e20 dphexmugrnocmos modxcem Obimb NOGLIULEHA 3d CYenl 68e0eHUs.
mpemveti cmaouu O4UCMKU ¢ pazoeneHuem 20pHou maccwl na gparxyuu £0,04 m cpedcmeamu eubponpo-
yeccos. B cmamve npusedenvl pe3ynomamosl aHAIU3A U MOOEIUPOBAHUS 2POXOMA, NPEeOCMABIeHHO20
08YXMACCHOU Oemn@uposantoil KonebamenvHou cucmemolil. IIpoceusarowas nogepxHocms 2poxoma
ABAEMCSL KACKAOHOU ¢ KOHCONbHO 3AUeMACHHbIMU KOTOCHUKAMU.
Axmyanvrocms pabomul 06yCci081eHa NOMPEOHOCIBIO 20PHOU, XUMUYECKOU U CIPOUMENbHOU OMpPac-
Jell 8 KauecmeeHHO N0020MOBKe Cbipbi, 8 NOBbIUEHUU 8bIX00A KOHOUYUOHHOU QPAKYUU, 8 CHUNCEHUU
nomepb NONE3HbIX UCKONAEMbIX Npu paspabomie kapboHamuwvlx kapvepog. IIpobnemoil, ¢ komopoii
CMANKUBAIOMCS HA COPMUPOBOUHBIX (pabpurax, Aeasiemcsi mpyoHOCMb pasoeieHus 20pHOU MAcchl,
codepoicauyeti 2nunucmoie gxtoderus. Ceputinble UHEPYUOHHBLE 2POXONIBL C KOIOCHUKOBOL Npoceusaruleli
NOBEPXHOCMBIO 4ACMO 3a0UBAIOMCS 2IUHOU, YO CHUdCAem QhGekmusHocms ux pabomeoi.
Lens pabomui: nosviuenue 3¢@PekmusHocmu 2poxoueHus: mpyoHo2pOXOMUMOU 20PHOLU MACCyL NPU HA-
JUYUY 2TUHUCMBIX BKIIOYEHUT.
Memooonozus: meopemuueckue uccied08anusi 08YXMACCHOU KOLeOAMeIbHOU CUCEMbL C OeMNpuUpyo-
WUMU STEMEHMAMU C NPUMEHEHUEM MAMEMAMUYECKO20 MOOeIUPOBAHUSL.
Pezynomameut. Pazpabomana mamemamuyeckas Mooenb 2poxoma ¢ UCHONb308AHUEM 6UGPONPUBOOA Bbl-
HYHCOEHHBIX KONeOAHUU U OeMNOUPYIOWUX INEMEHMOG Ol CHUNCEHUST AMNIUMYO KONebaHull KOJIOCHU-
KO8 8 NePEeXOOHbIX PENCUMAX.
Bub1600w1. B pe3ynomame ucciedoganuil npednoxtceno 6600UMs 8 Koi1eOamenbHylo cucmemy oemnupy-
rowue dneMeHmol. Ycmanogneno, umo 6 cmayuoHapHom pedjicume Koaebanuil Haauuue 0emMnpuposanus
NPAKMUYecKu He GUsem HAd 6eNUNUHY AMNIUMYObl KONeOaHull 2poxomd, HO 06ecneyusaem CHUNCEHUe
amMnaumyo 6 pe30HAHCHbIX 30HAX NPU NYCKe 2POXOMA.

Knrowuesvie cnosa: 2poxXom,; AMIAUMYOQ, 4acmoma, HeecmkoCmy, Koiebanus, demnguposanue.

Beenenue. VccnenoBanus Mo cOBEpIIEHCTBOBAHUIO KOHCTPYKIMI IPOXOTOB IMpPO-
BOJIATCS. MHOTMMHU Hay4YHBIMU M ITPOU3BOJICTBEHHBIMU KOJUICKTHBaMu [1-7], kadeapa
TOpPHBIX MalllMH U KoMIuiekcoB YITY Takke mpOBOAUT UCCIEIOBAHUS 110 COBEPIICH-
CTBOBAHHIO KOHCTPYKIIHI TPOXOTOB U OIIPEJIEICHUIO X ITapaMeTPOB I YCIOBUHN IKC-
TUTyaTaluy ¢ TPYIHOTPOXOTUMBIM Matepuasom [8—11].

Pemenue 3ana4 uccaenoBanus. B cratbsax [9, 10] npuBeaeHb MaTepHalibl IO 000-
CHOBAHHUIO PAcYETHOI CXEMbI, OIICAHO JABIKEHHE JBYXMACCHOM KOJIeOaTeNbHON ch-
CTeMBI, JaHO pEIIeHHE M MPUBEICHBI PEe3yIbTaThl YUCIEHHOTO aHaln3a KoJeOaHWH.
JaHHas cTaThd sBIsSETCS NPOJOIKEHUEM 3TUX CTaTeil, B HEW paccMaTpuBaeTCs pellie-
HHE KOJIe0aTeIbHON IByXMaCcCHON CUCTEMBI C YYETOM JIeMII(hUPOBAHUSI.

3a 0CHOBY pa3padaTbIBa€MOT0 TPOXO0Ta MPUHAT HAKIOHHBIN WHEPIIMOHHEIN TPOXOT
I'MT-51. B otnuuue OT cepuifHOTO IpoXOTa M3MEHEHa €ro MpOCEUBaloIIas MOBEPX-
HocTh (IIIT). OHa COCTOUT M3 HECKONBKUX KAaCKAIOB, KOKIIBIH U3 KOTOPHIX BHITIOTHEH
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U3 pAJa KOHCOJBHBIX C Pa3IMYHON YIPYTo#l )KECTKOCTHIO KOJIOCHHKOB, 3aKPETIJICHHBIX
Ha MOIEPEYHBIX CBs3b-0alikax pabouero opraHa.

AHanu3 pe3ysbTaToB PacueTOB JBMKCHUS HeAeMI(pUPOBaHHON cuctembl [9, 10]
0Ka3ajl, 4TO B HEKOTOPBIX CIy4asX aMIUIMTY/bl KojneOaHuii pabodero oprana A, u
KOJIOCHHKA A, B PE30HAHCE M B YCTAHOBMBILEMCS PEXKUME KOJIeOaHUI MpPEeBOCXOAAT
TpeOyeMble TeXHOJIOrHYeCcKHe mapaMeTpsl kojeOanuid. OcoOEHHO 3aMETeH POCT aM-
TUIATY/ A, IPH HATMYHH Ha KOJIOCHHUKAX JIOTIONTHUTEIBHBIX Ipy30B G Becom 10 n 20 H.
st konebarebHBIX CHUCTEM U3BECTEH CIIOCO0 OrpaHUYCHUS] PE30HAHCHBIX aMILTUATY]
BBE/ICHUEM B CHCTEMY JieMIIpUpyromux snemMenTos [12, 13].

Ta6auua 1. CpaBHUTeIbHBbIE MIOKA3aTEH K0JIe0aTeJIbHbBIX CHCTEM.
HepemndupoBannas cucrema
Table 1. Comparative indices of oscillatory systems. Undamped system

Ne I h Gy | O | Oy | O/®y | A/Ae | AlAe m Cy o | Ay, MM | Ay, MM
1104(0,003| 0 |162| 926 | 0,865 | 0,042 | 0,2 1,21 10969 | 925 | 16,4 | 4,1
610,40,005| 1 |160| 747 | 1,081 | —0,048 | 0,287 8,5 50781 | 740 | 28,1 | 4,7
120,410,008 | 2 |159]|1104| 0,737 | —0,039 | —0,087 | 16,1 | 208 000 | 1085 | -8,5 | -3,9
170,510,005 0 |161]989 |0,811|—-0,042 | —0,123 | 2,4| 26 000 | 986 |-12,0 | 4,1

2210,510,008| 1 |160| 978 | 0,828 | —0,040 | —0,126 | 10,4| 106 496 | 966 |—-12,0 | —3,9

2310,5 (0,008 | 1,5 [ 159 856 | 0,948 | —0,033 | 0,324 | 13,7| 106 496 | 844 | 31,7 | 3.2
2910,6 0,005 0 [161| 687 |1,168|—-0,043 | 0,119 | 2,9| 15046 | 685 | 11,7 | 4,2
330,610,008 0 |161]1102]0,730 | —0,042 | -0,089 | 4,7| 61630 | 1096 | -8,7 | —4,1
3410,60,008| 1 |160| 718 | 1,128 | —0,047 | 0,172 | 11,2| 61630 | 709 | 16,8 | —4,6

No — HOMEpa BapHUAHTOB PE3YJbTATOB YHUCJICHHOTO MOACIUPOBAHUSA, aMILIMTYAbI KoJie0aHUI KOJIOCHHKOB KOTOPBIX
HaxoATCs B ANOIMYCTHUMOM [JUAIIa30HE; l, h — JUIMHA W TOJIIMHA KOJOCHUKOBBIX INNIACTHH, (;rp — CHJIa TSKECTH
JOIIOJIHUTEIBHOTO I'py3a Ha KOHLE KOJIOCHUKOBOM TUIACTHUHBI.

st cucrem 6e3 neMnpupoBaHus MUKOBbIE HATPY3KU B PE30HAHCE MOXHO OTpejie-
JUTh, YMHOXKAsl aMIUIATYy YCTAHOBHMBILIETOCS PEXHUMA IS JAaHHON (hOPMBI BBIHYXK-
JICHHBIX KOoJIeOaHU# Ha KOX(GUIIMEHT YCUICHHS B PE30HAHCE, KOTOPbIH IPHHUMAETCS
U3 OIBITA:

A4, =D.A,

rae D, — xo3pdUUMEHT yCUeHns B Pe30HAHCE; A — aMIUIUTY[a YCTaHOBHUBILEIOCH
pexuma.

3nagenus xkoddpuuuenrta D, penko npesbimaoT 100 Bo BCTpeyaromuxcs Ha Mpak-
THUKE MH)KCHEPHBIX KOHCTPYKIIUSX, IJI¢ OCHOBHOE JIeMII(HUPYIOIee ICHCTBUE OKa3bIBa-
eT BHyTpeHHee TpeHre Marepuana (yrpyruil TUCTepe3ucC), BHEIIHEE TPEHHE B COEIU-
HCHUAX, IMOAIIMWITHUKOBBIX Y3JiaX. Bo mHormx ClIydadX Ha IIPAKTUKE 3HAYCHUC Dc
nexuT B mpenenax ot 20 mo 60 (B cpenaem 40). DTuM 3HAYCHUEM CIIEAYET ITOJIH30BATh-
Csl, €CJIM HeT KOHKPETHBIX 3HAYCHUH B pacCMaTprBaeMoOM cilydae.

[Ipn HanMYMU TOTONMHUTENHHOTO JEMII(PUPOBAHUA B CHCTEME (HAalpUMep, TPEHUS
B PEccopax, BIMAHUsA TOPHOH Macchl) 3HadeHUE kodpduuuenTa D, MOXKET JIeKaTh B
npenenax mexay S u 15 (B cpeaaem 10). CBoiicTBEHHOE CaMOi MEXaHUIECKOH crcTeMe
I[eMH(i)I/IpOBaHI/Ie HC OKa3bIBACT HUKAKOI'O BJIMAHHWA HA aMIUIMTYAbl BBIHYXACHHBIX
KoJIcO0aHUI BHE PE30HAHCHOM 30HbI.

PacueTHas cxema rpoxoTa B CTaThe pacCMaTpUBAETCsl Kak JIByXMaccHas Kolieba-
TeJIbHAs CUCTEMA, BKITIOUAOIIAs KOJICOIFOIYOCs IO IeHCTBHEM BHOPOTIPUBOIA Mac-
cy pabouero oprana (0CHOBHYI0 Maccy M) Ha cBoux ynpyrux onopax (C.) u cymmap-
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HYIO0 MacCy KOHCOJBHO 3allleMJICHHBIX yIpyrux konocHukoB [II1 (momomHuTensHYIO
Maccy m). PacueTHas cxema cUCTEeMBI IpUBE/IEHA B CTaThe [9].
YpaBHEHHUS JBUKECHUS CUCTEMBI 3aITUCHIBAIOTCS CIICAYIOLUM 00pa3oM:

-mw’ A4, +C (4, — 4,)+ S, (4, — 4,)) = 0; 1)
~Mw’4,, +C (4, — A,)+C.(4, —A,)+S,0o(A4, —4,)=0,

rme M u m — Macca pabodero opraHa rpoxoTa ¥ Macca KOHCOJIBHBIX KojocHHUKOB I1IT;
® — YacTOTa BBIHYKIEHHBIX KoleOaHui nmpusona; 4,, u A, — aMIuuTyaa KojneOanui
pabodero oprana u konocHUKoB IIIT; C u C_— KeCTKOCTh yIpyroi CHCTEMBI IPOXOTa
1 koocHuKoB 11T, S, — nemMmdupyromas cuiia Ha €IMHULLY CKOPOCTH KOJICOAHHH PH JIBU-
JKeHHH MacChl KOJIOCHHKOB OTHOCHTEIIFHO Macchl pabodero oprana rpoxora (KT - ¢/CM);
A, — nporud npyKKuH ynpyroi cuctemsl rpoxora, A . = P/C; P — MaKcuManbHOE 3Ha-
YeHHE BO3MYIIAIOIIEN CHITBI TPHBOAA TPOXOTA.

Ta6auna 2. CpaBHUTEIbHbIE IOKA3aTe/IM KOJ1€0aTeJIbHBIX CHCTEM.
Jemn¢pupoBanHas cucremMa
Table 2. Comparative indices of oscillatory systems. Damped system

Ne | / h Gy | De | @i | Ocy | ArdAer | AlAer | m Cx o | Am, MM | Ay, MM
1040003 0 [325]162] 926 |0,212|0,256 |1,20| 10969 | 924 | 5,83 | 4,8
10

19
121 0,4 0,008 | 0 |3,25|161| 2474 | 0,211 | 0,216 | 3,12 | 208 000 | 2465 | 4,93 | 4,8
10
19
170,510,005 0 |3,25]161| 989 |0,211 0,249 |2,44| 26000 | 986 | 5,67 | 4,8
10
19
230,510,008 0 [3,25|161| 1585 {0,210 0,224 |3,90| 106496 | 1578 | 5,10 | 4,8
10
19
3310,6 0,008 0 |3,25(161| 1102 | 0,210 | 0,239 [ 4,68 | 61 630 | 1096 | 5,45 | 4,8
10
19
3410,6 10,008 1 |3,25(160| 718 | 0,204 | 0,287 [11,2| 61 630 | 709 | 6,53 | 4,7
10
19

Brmsiaue nemnupoBaHusT MOKHO BBISIBUTH, UCCIIEAYS] YPaBHEHNE BBIHYKICHHBIX
KoJIeOaHuU ¢ BASKUM CONPOTHBIIEHHEM:

2 2
Az' = ACTD = ACT {1 - (D_ZJ + (ZD > (2)
") PO,

rne D — muHamuueckuil kodhdunmeHT npu Bo30yKIACHUN C MOCTOSIHHON CHIION +P;
p — 4YacToTa CBOOONHBIX KoneOaHuii Oe3 3aryxaHus; D, — KO3(Q(ULIHUEHT yCHICHHUS
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B pe30HaHce, korja w/p = 1, D, = m,/S; § — BaA3Kas (IpONOpUHOHAIbLHAS CKOPOCTH)
cuia AeMIpupoBaHus.

W3 Beipaxkenus (2) BUAHO, YTO NPH MPHOIMKEHUHU K PE30HAHCY w/p = 1, T. €. 0 = 0,
k03¢ dunuent D, ObICTPO BO3PACTAET U B PE30HAHCE LIS HEAEMII(HPOBAHHON CHUCTe-
MBI TCOPETUYCCKU CTAHOBUTCA OeckoneuHo Benuk. Ha IMPAKTUKE JaXKE IMPU HUYTOXKHO
MaJIOM JeMI(UPOBAHUN aMIUTUTY/Ia B PE30HAHCE OIPaHUYHMBAETCS TEM, UYTO CHCTEMaA
MIpH OOJBIIMX aMIUTATYAAaX CTPEMHUTCS CTaTh HEIMHEWHOH. BrIe pe3oHaHca mpu He-
JIMHEMHOCTH CUCTEMBI KO3 GumenT ycunenus D ObIcTpO CHIKAETCA. BricTphIit pocT
¥ CHIXeHHE Kod(duumenTa D IpOMCXOAUT B 0ONACTH 3HAYEHUH OTHOIICHUH YacTOT
ot o/p = 0,8 1o w/p = 1,2. DTy 001acTh HA3BIBAIOT PE3OHAHCHOM.

Adu, %

30

A/n maxcp — 16 Mm

A maxep = 12 MM

Apmaxcp = 8 MM

0 5 10 15 D.

Puc. 1. Biusane xosddunnenrta ycuiaeHHs B pe30HaHCE HA CHH-
KEHHUE MAKCHMAJILHON aMIUIUTYIbl MMPOCEHBAIOIIEH ITOBEPXHOCTH
rpoxoTa:
1=0,4-0,6 M; & =3-5 mm; G, = 0-20 H
Fig. 1. The influence of the resonant gain factor on the screening
surface maximum amplitude reduction:
1=0.4-0.6 m; 2 =3-5mm; G, =0-20 N

[Mpu Hanuunu AeMI(pUPOBAHKS B CUCTEME JIBUKECHHE MACChl, HAUMHASCH B OJHOM
¢aze ¢ Bo3Oyxmaromeii cuioit (ipu o, = 0), 3aTeM MMoCTENEeHHO OTCTAeT OT CHIIBI CHA-
yaJia Ha MaJible BETMYUHBI ()a30BOTO0 YIIIa, a 3aTeM Ha OBICTPO YBEIUUNBAIOIIUIICS Yo
BOJIM3H pe30HaHca (Ha 4eTBepTh nepuona). [locie mpoxoaa pe3oHaHca OTCTaBaHUE OT
CHITBI MTPOJIOJDKACTCS, BHaJalle OBICTPO, Janee MOCTENEeHHO, TOKa He MPHOIU3UTCS
K MOJTyTIeproay Kosebanuii (pa3osiit yrom 180°).

PaccmoTpum BiusiHEE NeMI(QUPOBAHUS B CUCTEME KOJIEOAHUI MacChl 7 KOJIOCHU-
koB I1I1. I'maBHBIH 3P dekT neMIIpupoBaHus 3aKIIF0IAETCs B TOM, YTO OHO OTpaHUINBA-
€T BeITMYHMHY aMIUTATY/ KoJieOaHui B pe30HaHCe U JienaeT Oolee MOCTeNeHHbBIM (TUTaB-
HBIM) TIepeX0J IBUKEHUS OT CHH(A3HOTO K MPOTHBO(ha3HOMY (X HA000pOT).

B KOHCTPYKIHH IPOX0OTa YCTAHOBIICHBI KOHCOJIbHBIE KOJIOCHUKH M3 TIACTHH (B BHJIE
CIIOGHOTO TIHPOTa), OONAJAIOIINE €CTeCTBEHHBIMUA CBOWCTBAMH JeMII(pHPOBAHUS.
Kpome Toro, nemndupyroriee BIusSHUEC Ha KOJICOAHUS OKa3bIBACT TPAHCIIOPTUPYEMast
ropraas Macca (I'M).

ITpoBeeHHBIC HCCIICIOBAHNUS MTOKA3AIH, YTO JeMIT(UPOBAHNE B OCHOBHOU YIIPYTOi
cucTeMe Trpoxora (pabounii opraH Ha TPYXKHHHBIX OMOpPaxXx) Majo MO CPABHEHHIO
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¢ neMr(rupoBaHUEM B CHCTEME KOHCOJIbHBIX KOJIOCHUKOB. OTpaHHUYEHHE aMIUTHTYIbI
PE30HAHCHBIX KOJIEOaHUH B CHICTEME KOJIOCHHUKOB ITPHUBEJIET K OTPaHUICHUIO PE30HAHC-
HBIX KosieOaHuil pabouero opraHa Ipu MEpexoie CUCTEMbl Yepe3 Pe30HAHCHBbIE 00J1a-
CTH HI)KHEN ), M BEPXHEN ), 4ACTOTBI COOCTBEHHBIX KONeOaHnH. BhIABICHO TaKkKe,
YTO AeMII()UPOBaHUE KOJIOCHUKOB MPOTIOPIHOHAIEHO CKOPOCTH KoJeOaHUil MacChl KO-
JIOCHUKOB 711 OTHOCUTEIBHO OCHOBHOM Macchl rpoxota M. IIpu Takux 3Ha4EHHSIX ypaB-
HEHUSI IBIKEHUS 1eMII(UPOBAaHHON cHCTeMBI OymyT IpeoOpazoBaHbl B ypaBHEHUS (1).
W3 nepBoro ypaBHeHus cuctemsl (1) B pe3ynbrare mpeoOpa3oBaHUil IMEeM:

2 -1

A, ® ® o’
a,) e | Ter) e ) ¢
) ,

K C K K C

(S}

IToncranas orHomeHue (3) BO BTopoe ypaBHEHHE cucTeMsl (1), momyyum:

2 2 2 2 2 2 2 2

1
A, o’ o’ ® ® ® ® m
R TIPS VI DV I D P |
Y w.D? ®’ o, ®; w:D? 2[ M) @

cm K C K CH CH K C T

WIJIH, YIIPOCTUB BhIpaxkeHue (3):

4, A, o’ o’ Q)
PR Ry | Qs s I ®)

CcT CcT K C K K C
e D, = (m/S,)(®,/9,55) — ko3hULIMEHT yCUIeHHsI B PE30HAHCE NMPH KOJNeOaHMAX
C COOCTBEHHOM 4aCTOTOM MacChl 71; ®_— Y4acToTa KojlebaHuii konocHuka; S, — nemndu-

pyIoIas cujia Ha eqUHUIYY CKOPOCTHU KoJIeOaHUH B ABUKEHUHU MACChI 71 OTHOCUTEIIHLHO
Macchl M pabouero opraHa rpoxora.

Tabauna 3. Bausinue feMnupoBaHus Ha BeJIMYMHY aMIUIUTYAbI Kojle0aHUIl pocenBaroiei
NOBEPXHOCTH

Table 3. The influence of damping on the value of oscillation amplitude of a screening surface

Henemnduposannas Jemn¢uposanHas cUCTeMa MPHU 3HAUEHUAX Kodhduimenta D,
Ne BapuanTa cucTeMa
o tabm. 1,2 3,25 10 19 3,25 10 19
Av A max A An A Ady Ad,, Ad,,
1 4,1 16,4 11,71 15,59 16,76 4,69 0,81 0,36
12 3,9 8,5 7,83 8,39 8,44 0,67 0,11 0,01
17 4,1 12,0 10,03 11,72 13,23 1,97 0,21 0,23
29 4,2 11,7 8,71 11,16 11,52 2,99 0,54 0,18
33 4,1 8,7 8,08 8,63 8,71 0,62 0,05 -0,01
34 4,6 16,8 10,18 15,35 16,38 6,62 1,45 0,42

AA,, — CHIDKCHUE MaKCUMaJIbHON aMILTUTYIbl AeMITI()UPOBAHHON CUCTEMBI 10 CPABHEHHUIO ¢ HEJAEMII(pUPOBAHHOM
CUCTEMOM; A,y max — MAKCUMAIIbHASI AMILTUTY 12 KOJIOCHUKOB HEJAeMIT(UPOBAHHONW CHCTEMBI.

IIpu nememnpuposannoi cucteme ko3pduuuent D = oo. [Ipu Tom nemnduposa-
HHUH, KaKOe MPHUCYIIE IPAKTUKE B OOBIYHBIX CUCTEMAX, aMIUINTYbl BBIHYXKIEHHBIX KO-
ne0aHui BHE PE30HAHCHBIX 30H I10 CYILECTBY T€ XK€, UYTO U B HeAEMI(UPOBAHHOM CH-
CTEeMe, 3TO IMOATBEP)KICHO pacyeTaMH.
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WcxonHble naHHBIE CPAaBHUBACMBIX AEMI(HUPOBAHHBIX U HEAEMI(UPOBAHHBIX KO-
nebaTeNbHBIX CHCTEM MpUBeIeHkI B padote [10].

st cpaBHeHMst 3P PEKTUBHOCTH AEMII(UPOBAHHBIX M HEAEMII()UPOBAHHBIX CUCTEM
NpUMeM YIpoILeHHbIH MeToa. U3 pacuetoB HenemndupoBanHbix cucteM [ 10] BeOupa-
€M TE CUCTEMBI, Y KOTOPBIX 4, IPEBBIIIAIOT B CTAMOHAPHOM pexume 4,6 mm. Beioop-
Ka JIaHHBIX AJIS1 CTAlMOHAPHOTO peKUMa npuBeneHa B Tabim. 1, 2. B aTux ke Tabnumax
NpUBEIEHBI TIOKA3aTeIH JeMII(UPOBAHHBIX CUCTEM, BBIOOPKA KOTOPBIX O XapaKTepu-
cruke [1I1 sxBuBaneHTHA OKa3aTeIsIM HeAeMII(PUPOBaHHBIX cucTeM. OreHKa qeminu-
POBaHHBIX CHUCTEM BBINOJIHEHA NP 3HAYEHUAX Kodpduuuenra D, pasHoro 3,25;
10; 19. B Tabn. 2 npuBeAeHbI pe3yabTaTbl aHAIN3a CUCTEM.

Ay, MM
! PacuerHas yacrora koneGaHuit npuBoza
|/
|
40 | |
|
|
|
|
30 |
|
|
|
20 |
|
|
|
101 |
/:/D,onycmmaﬂ aAMIUIUTY/1A KoseOaHuit
_____ _|. — — — — — — — — — —
0 : | L L .
600 800 1000 1200 ®¢,, KOI/MUH

Puc. 2. I3MeHeHne MakCUMaIbHOW aMITIUTYbI KOeOaHuil Macchl m
OT CTeNeHH NPUOINKEHHS COOCTBEHHO YaCTOTEI CUCTEMBI M, K pac-
YETHON YacTOTE BBIHY)KICHHBIX KOIEOAHUH CUCTEMBI
Fig. 2. m mass oscillations maximum amplitude variation depending
on the degree of approximation of m_, system proper frequency to the
calculated forced oscillations frequency of @ system

AHanu3 pe3yasTaToB MOKa3al:

— B CTaLlMOHAPHOM PEKUME BBEICHHE 1eMII(PUPOBAHUS IPAKTHYECKH HE OKa3bIBAET
BIIMSHUS HA BEIMYMHY aMIUIUTYIbI KoeOaHui 4,, OCHOBHOH MacChl IPOX0Ta;

— npu ko> puunenTe ycunenus B pesonance D = 19, npunsaroMy no pekoMeHza-
uuaM [3], ammmuryna konebanuii A, maccel 111 B cTanmonapHOM pexXuMe OTIMYaeTCs
OT aMIUTHTYIBI HenemndupoBanHoii cuctemsl Ha 0,1-2,0 %;

— KonebareNbHble CUCTEMBI ¢ Kod(puuuentom D, = 3,25 obnaaarot Haubonee Cuilb-
HbIM JemidupoBanueM [13]. PacueTsl BBISIBIIIN, YTO B 3aBUCHMOCTH OT MaKCHMallb-
HOM aMILIUTY/bl A, B CTAllMOHAPHOM pexume v npu D = 3,25 snauenus ammutyn 111
CHWXKAIOTCS B cpeaneM Ha 7,5-35 % (puc. 1);

— BBEJECHME CUIBHOIO AeMiduposanus (D, = 3,25) He CHUKAET MAKCUMAIIbHBIX
3HAYEHUH aMIUIMTYAbI A, 10 IPUEMJIEMBIX TEXHOJIOIMYECKHX IapaMeTpoB 4—6 MM.
370 TOBOPHUT O TOM, 4uTO mapameTpsl [1I1 B cooTBeTcTBMY ¢ BEIOOPKOIL O Tabm. 3 Tpe-
OyIOT KOPPEKTHPOBKH Ha CTAJAWU NMpoeKkTa. MOXKHO MPEANoN0KHUTh, YTO B CPaBHUBAE-
MBIX CUCTEMax pacyeTHas YacToTa BHIHYKJIEHHBIX kojeOanuii ® = 800 00./MUH JIEKUT
B TIpeieniax 30Hbl PE30HAHCHBIX KoJieOaHHH Macchl 7 ¢ COOCTBEHHOW YacTOTOM BCEi
CHCTEMBI O_,. DTO 3aKII0YEHUE NOATBEPKAAaETCA Tpadukom Ha puc. 2. Uem Oonee npu-
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OmKaeTcs 4acToTa COOCTBEHHBIX KOJI€OaHUM BCEH CHCTEMBI o, (MIIM 4acToTa coO-
creeHHbIX konebanuii 1111 o ) k yacToTe BHIHYXIEHHBIX KOJIE€OaHUH NPUBOJA O, TEM
MEHbIIIC BIMSHUAC ASMII(QUPOBAHUS Ha CHUKCHUE aMILTUTYIbl MAacChl 7 B JUAITa30HE
3HaueHuit ko>ppuuuenta D, =3,25-19.

OcCHOBHas 11eJIb BBEJICHHS JIEMII(PUPOBAHUS B KOJIeOATEIBHYIO CUCTEMY — 3TO Orpa-
HUYCHHE MAaKCUMAIILHBIX aMIUIUTY KoJiebaHui Macc M ¥ m TpU MPOXOKACHUU PE30-
HAHCHBIX oOnacTeir. OCOOEHHO 3TO BaXKHO IMPH pabOTe IpOX0Ta B 3apE30HAHCHOM pPe-
’KUME PabOTHL, KOIIa ® > o U0 > O .

AN‘I/AN‘I max
1,0 ”
0.8
D, =19
0.6
| »o.=10
04 1 S
02} =
0 T , ®
159,0 159,5 160,0 1605 385,0 3860 386.8

Puc. 3. PezonancHas kpuBasi Macchl m KOJOCHUKOBOW MPOCEUBAIOIEH TOBEPXHOCTH
Fig. 3. Resonant curve of m mass of a bar screening surface

AHanu3 1mokasal, 4TO U3 CPaBHHUBAEMBbIX MOKa3aTelNel KonebaTeabHbIX HeneMidu-
poBaHHOl U nemnpuposanHoii cucrem: [ = 0,6 M; A =5 mm; G, = 10 H; m = 9,4 xr;
C.=1,5-10* H™; o _= 382 xo/mun; 4, = 0,097 m; C, = 13,3 - 10* H/m; M = 460 xr;
o, = 159 xon/mun; o, = 386 KOn/MHH, OIHO3HAYHO CJIE/YET, YTO BBEJICHUE JeMIIpH-
POBaHMS B CHCTEMY IIPH IIPOXOKAECHUU PE30HAHCHBIX 30H CHUKAET aMIUIMTYIbI A, 1
A,,. Hanbonpniee cHIXeHME MAKCUMAJILHBIX aMILTUTY/ HAOMIONAETCA P MPOXOXKIE-
HHH PE30HAHCA C COOCTBEHHOM 4acTOTOH ® , = 386 kon/MuH. IIpn NpoxoxkaeHnH pe3o-
HaHCHOM 30HBI C COOCTBEHHOH 4acTOTOM ® , = 159 KoN/MuH B cucteme ¢ nemnpuposa-
nueM ¢ D, = 3,25 ammumaryasl A, u A, cHmkarorces B 5,87 u 5,8 pa3 110 CpaBHEHUIO
¢ cuctemamu ¢ D = 19. IIpy npoX0xI€HMHU PE30HAHCHOM 30HbI C COOCTBEHHOM 4aCcTOTOM
o, = 386 xon/mun aMnnuTyasl A, u A, camxarorca B 1,1 u 5,5 pasa.

Konebanus cucteMbl B OCHOBHOM OTIPEACIISIOT apaMeTpsl /, A, m, Grp, C,o [10].
[Ipu pazpaboTke HOBOTO TPOXOTA, U3MEHSS TU MapaMEeTPhl, MOJKHO TIOIYyYUTh Tpedye-
MbIE Il KOHKPETHOM TOPHOM MacChl 3HAYEHMS AMIUIMTYH M 4acToT A,, A , ©_.
Ha puc. 3 moka3zana pe3oHaHCHas KpuBasi KojIeOaHU MacChl M MPH Pa3IMIHBIX 3HAYCHUSIX
k03 dunrenToB ycunenus B pezonance D, . [TokazaHo, 4To pe30HaHCHBIE 30HBI JIEKAT
B Y3KOM JHara3oHe N3MEHEHHsI YacTOThI BO30yXIeHHns . [lemndupoBanmne orpaHnin-
BaeT MaKCHMAJbHYIO aMIUIUTYIy KoJleOaHWH TpH MPOXOAE Pe30HaHCHOW 30HBI. Ham-
OoJbIlEE OrPaHUYEHHE MAKCUMAJIEHON aMIUTHTYIbI A, TOCTUTAETCs IPH K0P HUIIHEH-
te D = 3,25. TloBbimenne pemMndupyromux cBokicTs kackaauon IIII mocturaercs
myTeM TpeoOpa3oBaHUsl KOHCTPYKIIMH KOJOCHHKOB, KOTJIA KOJIOCHUKH BBITTOTHEHBI
B BUJIE TUIACTUHYATBIX PECCOP M3 TOHKOJIMCTOBOM MPYXKMHHOU cTanu. OTpaHrndeHUI0
aMIUTATYJT B PE30HAHCE TaKXKe CIIOCOOCTBYET BO3/ICHCTBIE IEpEMEIIaeMOii 10 TOBEPX-
HOCTH TOPHOM Macchl.
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3akiiouenne. CtaThs 3aBepiiacT UK paboT, HAMpaBICHHBIX HA pa3paboTKy pac-
YCTHBIX CXEM, MOJACIMPOBAHNEC IBMXCHHUA 1 aHAJIU3 KoJieOauuii ABYXMAaCCHBIX KOHCEP-
BAaTUBHBIX CUCTEM U CUCTEM C JUCCHUIIATUBHBIMHA CBOMCTBaMHM.

B cTtarbe mpuBenEeHBI apryMeHThI, 000CHOBBIBAIOIIUE 11€JICCO00Pa3HOCTh BBOJA
B KOJICOATCNBHYIO CHCTEMY JeMI(UPYIOIMIUX DIIEMEHTOB, COCTABJICHBI YPaBHCHUS
JABUKCHUA TAKHUX CHUCTCM, BBIIIOJIHCH YHCJIEHHBIA aHaHn3 KOHe6aHHI>'I, IMPUBCICHBL
BBIBOJIbI TIPU CPABHCHHM aHAJM3UPYEMBIX CHUCTEM. YCTAHOBJICHO: B CTAallHOHAPHOM
pexruMe KolleOaHni Haluare IeMI(pUpOBaHHs IPAKTUYECKU HE BIUSET Ha BEIMUHHY
aMILUIMTY/Ibl KOJIeOaHUH TpoxoTa; KojeOareabHble CUCTEMBI ¢ KOI(D(HUIIMECHTOM yCH-
neHus B pezoHaHce D, = 3,25 Haubonee MOIHO YIOBIETBOPAIOT OIPAHMYEHHIO aM-
IJINTYA B CTAIMOHAPHOM U IEPEXOJHOM PEXKUMAX NBUKCHUSA CUCTCMBI, IMapaMETPhI
[1I1, onpenensonyue 4acTOTY COOCTBEHHBIX KOJIeOaHUI KOJIOCHUKOB, OJIM3KYIO K 3a-
,Z[aHHOﬁ YacTOTEC BBIHYXKJICHHBIX KOJIe6aHI/II71, MMPAaKTUYCCKU HETIPUEMIIEMBI JIA pCaib-
HOI'0 HMCIIOJIB30BaHUA IIPpU IMMPOCKTHUPOBAHUN T'POXOTOB; BBCIACHHUEC I[CMH(i)I/IpOBaHI/ISI
11EJ€CO00Pa3HO JIJIsi OTPAaHUYCHHS MAKCUMAJIbHBIX aMIUIUTY KOjeOaHUl B MePEXoi-
HBIX PEXHMaXx JIBIXKCHHS, HAUOOJIbIIHi ((EKT IPU ITOM MPOSBISETCS TP JIBHKE-
HUM KoJlocHUKoBOM ITTIT.
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Analysing and evaluating oscillation parameters of a dissipative two-mass system
of a screen with a cascade screening surface
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! Ural State Mining University, Ekaterinburg, Russia.

Abstract
Introduction. The research on the development of a new technology of carbonate raw materials dry
cleaning from clay inclusions in a quarry is performed. The operation of the currently used complex has
shown that its efficiency can be enhanced by introducing a third purification stage with separation of the
rock mass into fractions of £0.04 m by means of vibroprocesses. This article presents analysis and modeling
results of the screen represented by a two-mass damped oscillatory system. The screening surface of the
screen is cascade with cantilever-fixed lattices.
The relevance of the work is due to the need of the mining, chemical, and construction industry in the raw
material high-quality preparation, conditioned fraction yield increase, and mineral losses reduction
during carbonate quarries development. Sorting factories face the problem of difficult separation of rock
mass which contains clay inclusions. Serial inertial screens with a grate screening surface are often
clogged with clay, which reduces their effectiveness.
Research aims to increase the efficiency of difficult-to-reach rock mass screening in the presence of clay
inclusions.
Methodology includes theoretical studies of a two-mass oscillatory system with damping elements with the
use of mathematical simulation.
Results. A mathematical model of a screen has been developed with the use of a vibrating drive of forced
vibrations and damping elements to reduce the amplitudes of grid bars oscillations in transient modes.
Summary. As a result of research, it was proposed to introduce damping elements into the oscillatory
system. It has been established that in the stationary mode of oscillations, the presence of damping scarcely
affects the screen oscillation amplitude value, but it provides a decrease in the amplitudes in the resonant
zones when the screen starts.

Key words: screen; amplitude; frequency, rigidity; oscillations; damping.
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[narHocTupoBaHue HehTeNnPOMbICIIOBOrO M FOPHOro 000pPyAOBaHUA
MEeTOOM aHanu3a Bo30YXAeHHbIX pe30HaHCHbIX konebaHun

Codbuna H. H.', OctpoBckuit B. "2, Bopo6ens C. B.2,
PomaHos B. A.2, 3BepeB B. 10.2*
' HayuHo-npoussogcTaeHHoe npeanpustue «POCy, 1. Mepmb, Poccust
2 [epMCKuii HaLMOHarbHbIA UCCMeSoBaTENbCKUA NONUTEXHUYECKUIA YHUBEPCUTET, T. MepMb, Poccus
*e-mail: zvva92@mail.ru

Peghepam
Beeoenue. Obocnosana akmyanibHOCHb NPUMEHEHUsL MEMO008 Hepa3pyuanye2o KOHMpos NPu Oy eH-
Ke MEexXHU4ecko20 COCMOSHUSL V31068 HepmenpoMbiClo8biX U 20PHbIX MAWUH. JJOKA3aHA nepcneKmueé-
HOCMb OUASHOCMUPOBAHUSL MEXHONI02UYECKO20 000PYO08AHUSL MEMOOOM AHANUZA 8030YHCOCHHBIX Pe30-
HancHvlx Konebanuti. Onucanvl KOHCMPYKYUsL U A120pUmm pabomsl MHOZOKAHAILHO20 CUHXPOHHO20
ananuzamopa «Kamepmony npouszeoocmea Hayuno-npouzeoocmeennozo npeonpuamus «POC»
(2. Ilepmwy).
Memooonozua uccnedosanusn. Hznoocenvt Memooono2uieckue 0CHO8bl NOUCKA 0eheKmo8 ¢ UCNONb30-
6aHUEM MHO2OKAHAIbHO20 ananuzamopa «Kamepmony. Ilepeuuciensvt ocnosHbie kKpumepuu Kaiecmsed,
Xapakmepusyroujue COCMosIHUe 3NeMEHMO8 MEeXHUYECKUX 00bEKMO8 NO Pe3yIbmamam blnoJHeHUs Ouad-
2HOCMUPOBAHUSL.
Pezynomameot. [lokazano, umo Memoo oyeHKU MeXHUYeCKo20 COCMOSIHUSL Y3108 20PHO20 U Hehmenpombic-
7106020 060PYO0BAHUSL NOCPEOCMBOM AHAU3A 8030YHCOCHHBIX PE3OHAHCHBIX KONeDAHUL NO380/5eNn NPO8O-
Oums onepamusHoe OUACHOCMUPOBAHUE MEXHUYECKUX 00beKmMos 6e3 8bl800a UX U3 IKCIILYAMayuL.
Bui6oowt. 1o s¢pghexmusnocmu u onepamugHocmu Memoo He umeem anaio208 6 CPAGHEHUU ¢ MPAOUYU-
OHHBIMU MEMOOAMU Hepa3pyuanuie2o KOHmMpOoJs 000py0068aHUsL: MAZHUNMONOPOUKOBbIM, MACHUMHOL
namsimu Memaiid, YibmpaszeyKool 0epexkmockonuy, yibmpasgykoeol moiuyuHoMempuu, paouozpa-
Guueckum, memannozpaguueckum u m. o. B psioe cnyuaes, nanpumep 0151 KOHCMPYKYULL U3 MAMeEPUALO8
HEOOHOPOOHOU CIMPYKMYPbl MUNA APMUPOBAHHOU NIACMMACCH UU APMUPOBAHHO20 DemoHd, npeono-
JHCEHHBI MeMOoO ABNAEMCA eOUHCMBEEHHO B03MONCHBIM MEMOOOM OUASHOCIMUDOBAHUSL.

Knrueewte cnosea: memoo ananuza 6030YHCOEHHBIX PE3OHAHCHBIX KONebaHull, OuaeHOCmupoganue;
Oegpexmul; ananuzamop «Kamepmony.

Beenenue. [l HeTenOOBIBAIONINX U TOPHBIX MPEANPUATHN aKTyaJlbHBIMH OCTa-
I0TCSl 3a[ja4¥ yBEJIMUCHHS Ha/Ie)KHOCTH TEXHOJOTHYECKUX MAaIllMH, CHUKECHUS 3aTpaT
Ha 3KCIUTyaTanuio 000py10BaHusl, MOBHILICHHUS S(PPEKTUBHOCTH POBEICHUS PEMOHT-
HO-BOCCTAaHOBUTEJBHBIX paboT. HemocTtaTtouHas TOYHOCTH OLICHKH pecypca JeTaineit
Y Y3JI0B TEXHOJOTMYECKHX MAIIHH, CIIOKHOCTb M BBICOKasl TPYJOEMKOCTh IUAarHOCTH-
PpOBaHUsI IPUBOJIAT K YBEJIIMUCHUIO KOJIMUECTBA MTPOCTOEB BCIIEICTBHE BOSHUKHOBEHUS
BHE3aIHBIX 0TKa30B U POCTY MaTepUalIbHBIX 3aTpar Ha MOAJepKaHue paboToCnocoo-
HOcTH oOopynoBaHMs. PelneHue maHHBIX 3a7ad BO3MOXKHO Ha OCHOBE pa3padOTKH
U IIMPOKOTO MCTIONB30BaHUS CPEACTB Hepa3pylatomiero kourposs [1, 2].

[TporHo3upoBaHue UHIUBHIYaIBHOTO pecypca JAeTajield TEXHOIOTHIECKOro 00opy-
JOBaHMsI BKJIFOYaeT KOMIUIEKC 3aja4: OLEHKY TEKYIIETOo COCTOSIHUSI 00bEeKTa, MPOTHO-
3MpOBaHKE Pa3BUTHI DTOTO COCTOSHUS Ha OJrKaiiiiee Oyayllee U OonpeesieHHe ocTa-
TOYHOTO pecypea [3, 4]. Ha ceromusiHuii eHh OJJHUM M3 HauOOJIee MEePCIeKTUBHBIX
Croco0O0B JMArHOCTHPOBAHHS Y3JIOB TOPHBIX M HE(PTEIIPOMBICIIOBBIX MALIHH SBIISETCS
OLIEHKa TEXHUYECKOTO COCTOSIHUS METOIOM aHajn3a BO30YKIEHHBIX pe30HaHCHBIX KO-
nebanwuii [1, 5, 6].
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MeTtoauka npoBeieHus1 UccaeI0BaHuil. MeTo/l AMarHOCTUPOBAHUSA Y3JI0B TEXHO-
JIOTHYECKHUX MaIIH MOCPEJICTBOM aHalln3a BO30YXIEHHBIX PE30HAHCHBIX KOJICOaHHUN
OCHOBaH Ha aHAJIM3€ PACIPOCTPAHCHUS KOJIeOaHH BHYTPU KOHCTPYKIIMU M CBSI3aH C
BHYTpPEHHEH CTPYKTypoil o0bekTa. UMmynbcHOE BO30yKeHHE (TPOU3BEICHHOE C TI0-
MOIIBIO MOJIOTOYKA WJIM UMITYJIbCHOT'O UCTOYHHKA KOJIG63HI/II>1) MIPUBOJAUT K BO3HUKHO-
BEHUIO B UCCIIEYEMOM OOBEKTE PE30HAHCHBIX KOJIEOAHUH, OTIIMYAOIINXCS TAPMOHH-
YECKNM COCTABOM U 3aTyXalOIINX BO BPEMEHH C pPa3HOI CKOpocThio [7]. B omHOpOMHO#
cpelie Tocye UMITYIbCHOTO BO3ICHCTBHUS Mpeo0IaatoT MOHOKOJICOaHHUS, 3aTyXar0IIUe
B TEUEHHE TUTENHHOTO Tepuofa BpeMeHHn. Hamuune TpemmH (pakoBHWH, MHBIX HE-
CIUIOIIHOCTEH), a TAKXKe 0CIa0JIeHUEe BHYTPSHHEH CTPYKTYPBI CPE/Ibl BCICICTBUE CTA-
PEHHSI MAaTepPHAIIOB YBEININBACT KOJIMYECTBO TAPMOHUK B CIIEKTPE CUTHAJIA, COKpaIa-
eT BpeMs KojeOaHUil 3a CUeT MOINIOIICHUS SHEpruu B 30HaX nedekroB. M3mepenue

a [

Puc. 1. [lnarHocTHpOBaHKE y311a KPETUICHHS TOJIOBKH OalaHcupa cTanka-kagainkn CKS8:
a — cXeMa YCTaHOBKH JIaTYMKOB JMAarHOCTHUYECKOro Komiuiekca «KamepTon»; 6 — cpe3 riryouHoit 1,5 MM 1o ceueHuto
y3J1a KperyIeHus! TOJIOBKU OallaHcupa
Fig. 1. The diagnosis of SK8 pumpjack walking beam cap attachment point:
a — Kamerton sensors installation diagram; 6 — shear 1,5 mm deep along the section of a walking beam cap attachment
point

BPEMEHHBIX NapaMETPOB ABHXEHHUS BOJIHBI BHYTPH OOBEKTA IO3BOJSIET aHAIMU3HUPO-
BaTh MapaMeTPhl CPelibl U BHISBIATH 30HY BO3HUKHOBEHUS Aedexta. MeTon nmpruMeHsi-
eTcs A 0OHApY)KEHUS] BHYTPEHHHUX AC(PEKTOB, TPEUINH IMOJIOCTEH B pa3IMIHOM 000-
pyaAoBaHMU W KOHCTPYKOHUAX, B TOM YHCIC B MCETANIMUYCCKUX, KEPaAaMHUYCCKUX,
TUTACTMACCOBBIX M MHOTOKOMIIOHEHTHBIX AETAJSIX, CBAPHBIX IBAX, MECTaX 3a/CJKH
JieTaseil B ONOpbl, BHYTPEHHUX COCIMHEHUI JIEMEHTOB 000PYyIOBaHHS U KOHCTPYK-
LM, TO3BOJISICT BBISIBUTH MPU3HAKU YCTAJIOCTU MaTepuaa, JOKaJIu30BaTh 30HbI BEPO-
ATHOTO PacIOJOKEHUS 1e(heKToB.

Jis mpakTUYecKod peaju3aluy Ipolecca AUArHOCTHPOBAHMS METOIOM aHalln3a
BO30YX/ICHHbIX PE30HAHCHBIX KOJCOAHMH HCIONB3YyeTCS MHOTOKAHAIBHBIA JHArHO-
ctuueckuil komruieke «Kamepron» npousBoactBa komnanuu OOO HIIIT «POCy.
B cocraB quarHOCTHYECKOTO KOMITIEKCA BXOIAT OT 2 10 32 Mbe30aKCeNepOMETPHIECKUX
U (WIN) aKyCTHYECKUX JaTUYUKOB, MPEAHA3HAUYCHHBIX IS U3MEPEHHUsT BO3OYKICHHBIX
Kosie0aHuM, CHHXPOHHBIH aHanoro-unupoBoii npeodpa3oBaTeib Uil HOPMUPOBAHUS U
NEPBUYHOTO MPeoOpa3oBaHUsl CUTHAJIOB, aHAIN3ATOp Ha 0a3e HOyTOyka WIIM CIELH-
aNbHOTO KOHTpOIJIepa, BO30YIUTEb PE30HAHCHBIX KOJIeOaHHH.

Bo30yxnenue koiae6aHui MPOU3BOIUTCS MOJIOTOUKOM, PEXe IPU MOMOIIH CIIeIH-
aNbHOTO MMITYJILCHOTO MCTOYHUKA KoJeOaHui. YaapHOe BO30yXIEHHE SIBISETCS Hau-
Oosiee pallMOHAIBHBIM METOIOM: OTCYTCTBHE BIMSAHUS Ha 00cie yeMblil 00BEKT mepe-
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MEHHOU Harpy3KH, CO3JJaBacMOM BECOM HMITYJILbCHOTO UCTOUHUKA KOJICOaHU, SIBISETCS
CYILLIECTBEHHBIM MIPEUMYILIECTBOM IIPU UCTIBITAHUSX JIETKUX KOHCTPYKUUH, TaK KaK 13-
MEHEHHUE HArpy3Ku OT OJHOW TOYKM K APYrod MOXKET BbI3BATh CABUT YacCTOT MPHU pa3-
JUYHBIX IUKIaX u3MepeHuil. Kpome Toro, oTcyTcTBHE HEOOXOIMMOCTH HCIOIB30Ba-
HUS KPETICHKHBIX TPUCIIOCOOICHUH [ yCTAHOBKH MMITYJILCHOT'O MCTOYHMKA KOJICOaHU
00ycJoBIHMBaeT y100CTBO IPOBEICHUS HePa3pyIIAONIero KOHTPOJIS HETOCPEICTBEHHO
Ha MECTE HKCIUTyaTaI[i TEXHOJIOTHIECKOTO 000PyJ0BaHHSI.

VYaneHHOCTh JaTYUKOB APYT OT JAPYyra MOXKET OBITh Pa3jIMYHOW W 3aBUCHUT OT pas-
MEPOB 2JIEMEHTOB U IUIOTHOCTU MaTepualia, U3 KOTOPOr0 U3rOTOBJIEHA KOHCTPYKIIUS.
Hanpumep, Ha y31ax, U3roTOBIEHHBIX U3 TBEPAbIX METAIOB U CILIABOB, JaTYMKHA MO-
TyT YCTaHABIUBATHCS Ha OOJBIIIOM YIaJICHUHU JIPYT OT APYTa, TaK KaK B TBEPIBIX Cpeaax
CUTHAJ BO30YXJICHUSI MOXKET TIePEIaBaThCs Ha 3HAUYUTEIIBHBIC PACCTOSIHUS, @ UM MSIT-
4ye Marepual, TeM Oosee ONM3KHUM JOJDKHO OBITh PACIIONIOKEHHE JaTINKOB OTHOCH-
TensHO NpyT apyra [8—10].

Curnai Bo30yx/IeHUS

2 OTKIIHK
a, m/c

a, m/c?
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: 0.2
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1 : 0 - -1,0 ! !
0 0,007 0,014 0,021 0,028 0,035¢t¢c 0 0,007 0,014 0,021 0,028 0,035 t¢

Puc. 2. CurHan Bo30yK/IeHHs, HHUIIUUPYEMBII MOJIOTOYKOM — d; OTKIIHK, PETUCTPUPYEMBI TaTIHKOM-
bE30aKCeIEPOMETPOM — O
Fig. 2. Excitation signal initiated by a hammer — a; response registered by a sensor — poizoelectric
accelerometer — 6

IHopsaaok npoBeneHus1 U aHAIU3 Pe3yJIbTATOB HCCae10BaHuil. PaccMoTpuMm an-
TOPUTM NPOBEACHUS AMArHOCTHPOBAHHUA HE()TEIPOMBICIOBOIO 00OPYIOBaHHUS METO-
JIOM BO30YXXIEHHsI PE30HAHCHBIX KoJIeOaHWI Ha TpuUMepe y3lia KpEeIIeHHs TOJOBKU
Oanmancupa cranka-kadanku CK8. Meroauka npoBeaeHus! KOHTPOJIS TEXHUYIECKOTO CO-
CTOSTHUS TpeAyCcMaTpuBalla yCTAaHOBKY TpeX JaTYMKOB HEMOCPEACTBEHHO Ha 00Cieny-
eMoM aJieMeHTe o0bekTa (puc. 1). B Xome npenBapuTenbHOro BU3yaabHOTO KOHTPOJIS
y3J1a KpeTUIeHUs! TOJIOBKH OallaHCHpa TPEUIMH M WHBIX Ae(eKTOB He 0OHApYyKEHO.

[Tocne ycTaHOBKH JTaTYMKOB Ha DIIEMEHTE MPOBOJAHMIOCH BO30YXKIEHHE Pe30HaHC-
HBIX KOJICOAHUH MOJIOTOUKOM C BecoM Ootika okojio 0,1 kr. JIjis MOBBIIIEHHUS TOCTOBEP-
HOCTHU OUArHOCTUPOBAHUA U UCKIIIOUCHUA CJIy‘-IElfIHLIX IMOMEX MPOBOJWIOCH HE MCHEE
YETBIPEX-IIATH aHAJIOTHYHBIX LUKIIOB U3MepeHui noapsa. HopmanbsHele perucrpanuu
MIPEJCTABISAIOT COOOM TUIaBHO 3aTyXalole TapMOHUYECKHE CUTHAIBI (pHUC. 2), B KOTO-
PBIX OTCYTCTBYIOT PE3KHE JOKAIBbHBIC BBIOPOCHI, N3JIOMBI, «3aIIKAINBAHHSD).
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NmnynbcHOE BO30YXIeHHE 00YCIOBIMBACT BOSHUKHOBEHUE B U3/CIUN PE30HAHC-
HBIX BOJIHOBBIX IPOIIECCOB, UMEIOIIUX XapaKTEPHBIE OCOOCHHOCTH Pa3BHUTHUS B IPO-
CTpPaHCTBE U BPeMEHU. B OMHOPOIHOM MO MIOTHOCTU Cpeie BPEMEHHBIC, CKOPOCTHEIE
Y YaCTOTHBIE MTAPaMETPhl CUTHAJIA OTKIIMKA MJICHTUYHBI TapaMEeTPpaM CUTHAIa BO30YK-
nenus. [Ipy Hanuumu TpemuH (PaKOBHH, HECIUIONIHOCTEH), a TaKXKe MPU CTApCHUU
Marepuana (Koraa IPOUCXOAUT pa3pekeHHe HITH 0clabiIeHue ero CTPYKTYPbI) YCIOBHS
MIPOXOXKICHUS BBI3BAHHBIX MMITYJILCHON HArpy3Kol KoJieOaHWH Ha Pa3IUYHbIX y4acT-
Kax 00bCKTa B 3HAYMTEIBHOMN CTENICHU OTIMYAIOTCS IPYT OT APYTa, YTO MO3BOJIIET BbI-
SIBUTh OJHOPOJHBIC M HEOAHOPOJHBIC YYaCTKH B OOBEKTE. AHAINU3 YHEPreTUUCCKUX
COCTABJISIOUINX KaXAOr0 3apeTrUCTPUPOBAHHOIO CHUTHaja IT03BOJISIET IMPOBECTH HE
TOJILKO KaUeCTBEHHYIO, HO U KOJIMYECTBCHHYIO OLIEHKY COCTOSHUS oObekra [11].

—
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L —— ]
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Puc. 3. [Ipumepsl CIIeKTPOB CHUTHANIA-OTKIIHMKA, TIOJIYYCHHOTO PU 00CICIOBAaHUN METOZIOM BO30YKICHUS
pe30HaHCHBIX KoJieOaHu y3ia KperieHus Oanancupa cranka-kagainkuy CK8:
a — neeKT OTCYTCTBYET; O — HalIM4ue TPEIMHBI B METAIIE
Fig. 3. The examples of spectra of a signal-response received as a result of investigating with a method of
resonant oscillations excitation in SK8 pumpjack walking beam cap attachment point:
a — no defects; 6 — the presence of a metal crack

O06paboTka 3aperucTpUPOBAaHHBIX IPUOOPOM CUI'HAJIOB TPOBOAMIACEH B 3KCIIEPTHOM
JuarHocTHyeckoil cucreme «KamepTon», peanusyromeil aHalu3 CHEKTPAJILHOIO CO-
CTaBa PE30HAHCHBIX KOJEOaHUH 3JIEMEHTOB KOHCTPYKLMH M pacueT 0OOOIIEHHBIX Ma-
paMeTpoB KauecTBa JIEMEHTA.

ITpu aHanu3e COCTOSIHUS JETaId MAllMHBI WK 3JIEMEHTa KOHCTPYKLIUHU B KaKIOM
CHUTHAJIC OINpEeNesieTCs CKOPOCTh 3aTyXaHUsl PE30HAHCHBIX KoyeOaHui, ymapHas
(Hecymast) 4acToTa, HaJMYME OTKJIOHEHUH yZAapHOH 4acTOTBl OT HOPMAJIBHOTO JUIS
JAHHOTO MaTepHaja Auana3oHa 3HAUYCHWH, MPOM3BOAMUTCS PACIIO3HABAaHHE M aHAIHU3
o0pasa cIleKTpalbHOW KapTHHBI cHrHaja OTknuka (puc. 3). CnexrpanbHbId 00pa3
Ie(EeKTOB B OTAENBHBIX 3JI€MEHTAaX TEXHUYECKUX OOBEKTOB OAMHAKOB, YTO MO3BOJISET
NPUMEHATH JaHHBIA METOJ [UIsl OTIPENENICHHSI COCTOSIHUS Pa3JInUHBIX 1O TBEPAOCTH H
cocTtaBy marepuanos [12, 13].
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AHaJIM3 TEXHUYECKOTO COCTOSIHUS y3Jla KperieHHs OanaHchpa CTaHKa-Kadallku
CKS8 ocymiecTBisiyics MOCPEICTBOM OILICHKU CTETICHH 3aTyXaHMsI CUTHaja B COEIUHE-
HUM U CPAaBHEHHUS CIIEKTPaJbHBIX MapamMeTpOB CHTHaja BO3OY>KACHUS M CUTHANA OT-
kiuka. Kaxplil 3amep aHaIu3UpoBaJICs Ba pa3a IpU pa3iIMyHOM HAIpPaBICHUM JIBU-
JKEHHMsI CUTHajla, Korzna BO30YyXJAEHHE MPOBOAMIOCH C JABYX CTOPOH COEIMHEHHUS
MOOYEPETHO.

[Tocne monMHOTO LMKIIa U3MEPEHUH MTPOBOAMIIAach 00paboTKa CUTHAIOB BCEX Peru-
CTpaluii MeToJJaMi MaTeMaTHYECKON CTaTUCTUKH. DKCIEPTHOE pOorpaMMHOE obecrtie-
YeHHe INPH OIpeeIeHUH KPUTEPUEB KauecTBa dJIEMEHTa M COEAMHEHUS HCIOJb3yeT
CIIeYIOIUE TapaMeTphl:

— CpelHssA Hecylllasi pe30HaHCHAs 4acToTa I10 BCEM UMEIOLTUMCSI CUTHAIaM JUIs Jie-
MEHTa UJIN COeIMHEHMUS;

— CpeAHsIsl CKOpOCTh 3aTyXaHHA KojeOaHuil B aJIeMEHTE UIN COeIMHEHNH;

— B3aMMHO€ OTKJIOHEHHE YacTOT B COEAMHEHUH U JJIEMEHTE;

— BEpOSITHOCTh YTOHEHHSI CTEHOK MJIM CHIKEHUS IIJIOTHOCTH, OCIa0lIeHus CTPYKTY-
PBl MaTepuaa IEMEeHTa;

— BEpPOSATHOCTh HAJMYHUS TPEIIUH, PAKOBHH, HECIIJIOITHOCTEH B AJIEMEHTE WU COe-
nuHeHuu [14].

[To pe3ynpraTaM TUarHOCTHPOBAHUS y3Ja KPEIUICHHsI TOJOBKY OajlaHCUpa CTaHKa-
kadanku CK8 ycTraHoBIIEHO, YTO 30HBI CBapHBIX COCIUHEHHH MEXIy TOUYKaMHU ycTa-
HOBKH JaT4UKOB /—2 U 2—3 (puc. 1) UMeIoT NpU3HaKW HAJIWYKS TPEIIHH. 3aKII0ueHNe
9KCIEPTHOW CHUCTEMBI: COCTOSIHHE 00BEKTa — HEJOMYCTHUMOE; JalbHEeHINast SKCIUTyara-
[UsI CTaHKa-KavyaJiKi HeBO3MOXHa. CIie[anicTaMi CEPBUCHOM CITY>KOBI IPEAPUSTHS
OBLIIO PUHSATO peLIeHHE O BBIBOJIE CTAHKA-KauaJIKH U3 SKCIITyaTalluy U BCKPBITHH 00-
CJIEIyeMOTO y3J1a C IEIbI0 BU3yallbHOTO OOHapy)eHus AedekToB. BrimoaHeHue cpesa
r1yOMHOM 1,5 MM IO CeUEHMIO y3Jla KPEIUICHHUS TOJI0OBKHM OajlaHCHpa CTaHKa-KauyajKu
MOKa3aJo HaJlMuue MOJKOBOOOPAa3HOM TPEUIMHBI C OTBETBICHUSAMH (puC. 1, 6, TOUKH
1, 2, 3,), a Taxke HEpoBap CBAPHOI0 COETUHEHUS BTYJIKH U METaJlJIa TOPU30HTAIBHOTO
nucTa 6anaHncupa.

Crnenyer 0co00 OTMETHTH, YTO AMATHOCTHPOBAHHUE TOTO JKE Y3J1a METO/IOM YJIBTpa-
3BYKOBOTO KOHTPOJIS, BBIIOJTHEHHOE paHee, He MO3BOIMIIO OOHAPYKUTH 1e()EKTHI, BbI-
SIBJICHHBIE C MCIIOJIb30BAHUEM OINMCAHHOTO METO/.

BouiBoabl. MeTo/1 IMarHOCTUPOBAHUS y3JIOB TOPHOTO M HE(QTETIPOMBICIOBOTO 000-
PYZIOBaHUSI MIOCPEACTBOM aHaJHM3a BO30YKACHHBIX PE30HAHCHBIX KOJICOaHUH MO3BOJISI-
€T MPOBOANTH OIICHKY TEXHUYECKOTO COCTOSIHUS MalllvH Oe3 BBIBOJA UX U3 DKCILTyara-
mun. [lo > dexTHBHOCTH W ONMEPaTHMBHOCTH JaHHBIA METOJ HE HMMEET aHAJIOTOB
B CPaBHEHUH C TPAAUIMOHHBIMHI METOJIAMH HEPa3pyIAIOIIETro KOHTPOJISt 000PyI0BaHHSL:
MarHUTONOPOIIKOBBIM, MarHUTHON TMaMSTH METalljla, YIbTPa3BYKOBOH NE(PEKTOCKO-
[IUH, YIBTPA3BYKOBOH TOIIMHOMETPUH, PAIHOTpapUIECKIM, METAILIOTpaQUISCKIM 1
T. A. B psaae cinydaes, HanpuMep sl KOHCTPYKLUH M3 MAaTe€pUalOB HEOJHOPOIHOMN
CTPYKTYpBI THIIa apPMUPOBAHHOW TUIACTMACCHI MIIM apMHPOBaHHOTO OETOHA, paccMo-
TPEHHBII METOJI SIBIISIETCS €TUHCTBEHHO BO3MOYKHBIM METO/IOM TUArHOCTHPOBAHUS.
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Diagnosis of oilfield and mining equipment by analyzing excited resonant
oscillations
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Abstract
Introduction. The urgency of the non-destructive testing methods application in oilfield and mining
machinery technical state evaluation is substantiated. The prospectiveness of process equipment diagnosing
by analyzing excited resonant oscillations is proved. The design and the algorithm of the synchronous
multi-channel analyzer Kamerton produced by Research and Production Enterprise ROS (Perm) are
described.
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Research methodology. Methodological foundations of defects location using the synchronous multi-
channel analyzer Kamerton are introduced. Basic quality criteria are enumerated, characterizing the state
of the technical objects elements according to the results of the diagnosis.

Results. It is proved that the method of assessing mining and oilfield equipment technical condition
analyzing excited resonant oscillations allows for the operational diagnosis of technical objects without
taking them out of service.

Conclusion. In terms of efficiency and operability, this method has no analogues in comparison with
traditional methods of non-destructive testing of equipment: magnetic powder, metal magnetic memory,
ultrasonic flaw detection, ultrasonic thickness gauging, radiographic, metallographic, etc. In some cases,
for example, for structures made of materials of heterogeneous structure such as reinforced plastic or
reinforced concrete, it is the only possible method of diagnosis.

Key words: excited resonant oscillations analysis, diagnosis, defects,; analyzer Kamerton.
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Cnoco0 gerazauum OTpa6aTbIBaeMOI'O YronbHOro njiacta
CKBaXnHamu B nopogax KpoBnu
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" WHetuTyT yrns defepanbHOro UccrenoBaTenbekoro LeHTpa yris u yrnexumun CO PAH,
r. Kemeposo, Poccus
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Peghepam
Beeoenue. /{15 y20nbHOU npOMblWAEHHOCMU 8 BONPOCAX 6E30NACHOCIU 0ZPOMHYIO PONb Uepdem 2d30-
evill paxmop. Hzmenenue 21younsl u cKOpocmu ompabomKu niacmos, d Mmakice pazmepos 6bleMOUHbIX
cmon6o6 6 cmopony yeeaudenusi RPpUeoOUm K 03HUKHOBEHUIO 2A308blX 6APbepO8 Npu e0eHUU OYUCTI-
HbIX pabom.
Ifens pabomol. Boioepoicannocms duamempa CKEANCUHBL RO 6Cell ONIUHE U ee HANPAGIeHUe 3A8UCUM O
Paouanvho2o 6uenus KOpOHKU npu Gypenul CK8ANCUHbL N0 Y2OIbHOMY NAACMY, YMO He N0360Jsem 00-
cmasname naxep 07 NOUHMEPBATIbHO20 2U0popaspvlea Ha mpedyemyro enyouny. asice udeanvho npo-
6YpUG 0e2a3ayuoHHyI0 CKBAJICUHY, CO 8DEMEHEM MOJICHO CIOIKHYMbCSL ¢ NpobieMamu o6pyulenus u 3da-
mexanus. CKeadicuny, npobYypeHHylo no Y2O0IbHOMY NIAACHY, CIOJCHee 3a2epMemu3uposams (us-3a
B03MONCHO20 MPEWUHOOOPA306AHUSL Y ee YCMbsl) 01 HeOONYWeHUsl A3POOUHAMUYECKOU C83U C GbIPA-
6omKoll U co30anust 8 cKeadicune mpedyemo2o paspedicenusi. B cmamoe npedcmagieno peuwienue smux
3a0ay.
Memooonozusa. Hzeecmno, umo 6ypenue ck8ajicun 6 nopooax Kposau JUMEHO YKAZAHHbIX HedoCmam-
Kos. H36ecmen cnocob decasayuu y2oibHO20 NIACMA CKEANICUHAMU, NPOOYDEHHbIMU 8 KPOGile NAACmA,
OCHOBAHHULIL HA 3hghexme pazepy3Ku NIACmMa neped OBUNCYWUMCSL ouucmHuim 3a60em. Obvedunenue
Pe3yIbmamos OypeHust CKEANCUH 8 ROPOOAX KPOGIU U NOUHMEPEANbHO20 2UOPOPA3PLIEA Y20NbHO20 NId-
cma no36onum co30ams cnoco6 de2azayui y2oibHO20 NAACMA U NOGbICUMb ee IPDEKMUSHOCMb.
Pesynemamol. B cmamve onucan cnocob oeeazayuu yeOnbHO20 NAACMA 3a CHem OYPeHUsl CKEANCUH
6 NOPOOAx KPOGIU ¢ CO30AHUEM UCKYCCMBEHHbIX MPEWUH ¢ NOMOWbIO 2UOpopa3puleéa OJis obecnedenus
CBA3U CKBANCUH C Y2ONbHbIM NILACHOM.
Bui6oowt. IIpeonazaemoiii cnocod dezazayuu yeonbHO20 NAACMA NO360IUN NOBbICUMb ee dpPeKkmus-
HOCMb 6 3—5 paz no cpasHeHuio ¢ cyujecmeyloueli niacmogol de2asayueti, 06ecnedums HaOeliCHYIO
2epMemu3ayuio 0e2a3ayuoOHHbIX CK8ANICUH 3 CHem PACHONONCEHUsI UX 8 NOPOOAX KPOGU HAO Y2OlbHbIM
NAACMOM, UCKTIOYUMb NPOOIeMbL C UBTUUHEN KDUBUHOU U HEGbIOEPIHCAHHOCIbIO uamempa de2a3ayu-
OHHBIX CKBAJICUH U MAKUM 06PA30M CHU3UMb MEeMAaHOOOUIbHOCHb OYUCMHO20 34005 no (akmopy
MEMAHOoBbIOCLEHUsL U3 Y2ONbHO20 NIACMA.

Knrouesvie cnosa: V2ONbHBIIL NIACm; NOPOObl KPOGIU, NOUHMEPBANIbHbIL 2UOPOpa3psie, OypeHue
CKBAJICUH.

Beenenue. J[o0bI4a MoJIe3HBIX UCKOMAEMBIX HEM30EKHO COIPSDKEHA C BHICOKUMHU
prckamu. 3adacTyro obecrieueHre 0e30MacHOCTH MTPH BEACHUHU TOPHBIX pabOoT BHIXOAUT
Ha MepBBIN TUIaH.

[ yronpHOH NPOMBIIMIIEHHOCTH B BOIpOcCax OE30MacHOCTH OrPOMHYIO DOJb
urpaet ra3oBblil ¢akTop. s HUBETMPOBaHHS HETaTUBHOTO BIMSHHUS Ta30BOT0 (HaKTo-
pa IpOBEAEHO OrpOMHOE KOJIMYECTBO MCCIECAOBAHUN M pa3padOTaH LENbId psia Mepo-
NPUSATHHA, KOTOpbIE MPEACTaBICHB B HayuyHBIX paborax [1-14] u mponucansl B aei-
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CTBYIOLINX HOPMAaTUBHBIX TOKYMeHTaX (MHcmpykyus no oe2azayuu y2oabHbIX Waxm,
Hucmpykyusa no npumeneHuro cxem npo8empuBanus 8bleMOYHLIX YUACMKOE WAXM C
UBOTUPOBAHHBIM OMEOOOM MEMAHA U3 8blPADOMAHHO20 NPOCMPAHCINEA C NOMOUWBIO
2a300mcacvlearowux yemanogox). OIHaKo H3MEHEHUE TITyOUHBI U CKOPOCTH OTPaboT-
KH IJTACTOB, a TAKXKE Pa3MEPOB BEIEMOYHOTO CTOJI0a B CTOPOHY YBEIIMUCHUS TIPUBOIUT
K BO3HHKHOBEHHWIO Ta30BBIX OaphepoB MPH BEACHWW OYUCTHBIX padOT, a WHOTIA
1 K OoJiee Cepbe3HBIM ra30IMHAMIYECKAM SBIICHHSIM.

B Poccun 1 Bo Bcem Mupe A1t 60pbObI ¢ Ta30BbIM (DAKTOPOM MTOMUMO BEHTHIISIIAN
MPUMEHSIOT IPUHYIUTEIHFHOE U30IUPOBAHHOE H3BICUCHNE METAaHA U3 YTOJIBHOTO IJia-
CTa JI0 MOMEHTA €T0 OTPa0OTKH, TEM CaMBIM CHIDKas 00bheM ra3a B yIjIe 0 MOMEHTA
ero paspymeans. Kak U3BecTHO, Jlera3amuio MOKHO pa3feluTh 110 BpeMeHH (3abiaro-
BpPEMEHHas, IPEeIBAPUTEIbHAS, TEKYIIast), [0 MECTY 3aJI0KEHUS YCThS AETa3a[MOHHBIX
CKBaXUH (TIOBEPXHOCTHAS U U3 TOPHBIX BHIPA0OOTOK MIAXThl) U HICTOYHUKY Ta30BbIICIIC-
HUs (TUTACT, TIACT-CITYyTHUK, BEIPaO0OTaHHOE MTPOCTPAHCTBO, KYTION OOPYIICHHUS).

D hEeKTUBHOCTD JeTa3allMOHHBIX MEPOIPHSITHIA B 3aBUCHMOCTH OT cItoco0a 1 Bpe-
MEHHU MTPOBEACHUS B LIEJIOM 10 IIaxTe Koneonercs B npenenax 3—44 %. [Ipu stom nera-
3aIMsl HEIOCPEACTBEHHO HA BEIEMOYHBIX YUacTKax MoxeT cocTaBisTh 40-90 % [15].

B pabore [16] npoananu3upoBanbl GpakTuieckue AaHHbIE d3PPEKTUBHOCTH Jlerasa-
IIUH [IPH TIOATOTOBKE M OTPAOOTKE BEIEMOYHOTO yYacTKa. YCTAHOBJIEHO, YTO MPEIBAPH-
TeNbHAS TUIACTOBAs Jiera3alysi 00eCIeunBaeT B CpeAHeM 5 % M3BIICUECHUS COMlEepIKaIle-
rocsi B Iuiacte MeTaHa. D(QQPEKTHBHOCTh MPOOYPEHHBIX C IMOBEPXHOCTH B KYIOJ
oOpymenus ckBaxkuH pocturaet 80 %. B cpenmnem 3 ¢peKTUBHOCTD Jiera3alnOHHBIX
MEPONPUATHH TIPU OTPaOOTKE BEIEMOYHOTO CTONI0A cocTaBiseT 44 %.

Tem He MeHee HeCMOTPS Ha HI3KYO () (EKTUBHOCT TIPEBAPUTEILHOM TTACTOBOM
JIera3aiyd BO3MOXKHBI TaKWE CHUTYaIlUH, KOTJa JaHHBIH CIOCO0 OyIeT eIMHCTBEHHO
MPUMEHUMBIM JIJISI H30JIMPOBAHHOTO M3BIICUCHHS METaHa U3 OTPa0aThIBAEMOTO yroJb-
HOTO TUTacTa. B TakoMm ciydae st yeuseHust 3¢ dexra rera3anuy IpUMEHS 0T pa3iInd-
HBIE METOIbI MHTEHCHU(UKAIUU Ta30BBIACIICHNS, B YaCTHOCTH IMOUHTEPBAIBHBIA TH-
JIpopa3pseIB miacta [17].

Heaw padorsl. [IpruHATO cunTaTh, 4TO MpOOIIEMa TUIACTOBO Jera3alii B MEPBYIO
odepenp 3aKITI09aeTCsl B HU3KOW ra30IPOHNUIIAEMOCTH YTOJBHBIX IJIAacTOB. B T0 e Bpe-
Ms1 HU3Kast 3QPEKTHBHOCTh 3aBUCHT OT KauyecTBa OypeHUs W MOAACPIKAHUS JIera3aln-
OHHBIX CKBaXHH. B crarhe [18], mOCBAIEHHON Mpolieccy OypeHUs Jera3anuoHHON
CKB)KUHBI 110 TUTACTY YIVISL JIJIsl IPOBEACHUS B HEH OPUEHTUPOBAHHOTO MOMHTEPBAIIb-
HOTO THAPOPa3pbIBa, OTMEYAETCS, YTO BBLAEP)KAHHOCTH IMaMeTpa CKBKWHBI 110 BCEH
JUTMHE W €€ HalpaBJIeHHEe 3aBUCHT OT PaJrallbHOTO OMEHHsI KOPOHKHU. 3MECh Ke Tpe/-
CTaBJICHBI M PEIICHUS M0 YCTPAHECHUIO JAHHOTO HEJ0CTAaTKA CEPUUHOTO OYypOBOTO MH-
CTPYMEHTa JiJIsl 00eCTieueHHs OypeHusl JIera3allMOHHON CKBAXXHHBI ¢ TPEOYEMBIM BBI-
JIepKaHHBIM JTMaMETPOM W HalpaBJ€HHWEM IO Bceil ee airHe. TeM He MeHee Jlaxke
UearbHO MPOOYypeHHas Jera3aliioHHas CKBa)KHHA CO BPEMEHEM CTAJIKMBAETCS C TPO-
Onemamu OOpyIISHUS U 3aTeKaHus. B cKkBaKuHY, MPOOYPEHHYIO B YTOJIBHOM ITIacTe, HE
BCErJla MOXKHO JIOCTaBUTh MaKep JUIsl IOMHTEPBAIBHOTO THAPOpa3phiBa Ha TPEOyeMyro
riyOuHy. B Takux ciydasx HEOOXOIUM IMOCTOSHHBIH MOHHUTOPHHI Jera3alliOHHBIX
CKBaXHH. B ciyuae BOSHHKHOBEHUS TaHHBIX MPOOIIEM ClefyeT mepeOypuBarh Jerasa-
IIUOHHYIO CKBXKUHY. K coxaleHnI0, B COBpEMEHHBIX YCIOBHSIX ONTUMH3UPOBAHUS Pa-
0OYMX KaJpOB WU OTCYTCTBHS BO3MOXKHOCTH IMEPEMEIECHUS OypOBOrO WHCTPYMEHTA
B MeCTa OOpYIICHUS U 3aTCKaHHUS CKBAYKHH 10 TEXHOJIOTHYCCKUM M SKOHOMUYECKUM
MIPUYUHAM MIPOJICHIE BPEMEHH CITYKOBI TAKUX CKBaKWH HEBO3MOXKHO.

MertonoJiorusi npoBeeHus: uccjaegosanmuii. zsectro [19], yTto ckBaXuHbIL, PO-
OypeHHBIC B ITOPOJIaX KPOBJIH, JIUIICHBI YKa3aHHBIX HEJIOCTATKOB M3-3a TOTO, YTO MPOY-
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HOCTB IMOPOJA KPOBJIM Iropa3fo BbIIIC NPOYHOCTH YI'OJIBHOI'O IJIaCTa, U B IOPOAax Ipu
OTCYTCTBUHM B HUX BKJIIOUSHUM YIJId HE COACPIKUTCA METAaH B PACTBOPECHHOM COCTOs-
HUH, YTO UCKJII0OYACT YMEHBIICHUE JUaMeTpa (3aTeKaHUs1) CKBAYKHH CO BPEMECHEM.

U3Becren crnocob aerazamuu yroiapHOTro Tuiacta [20], korga gera3aiioHHBIE CKBa-
JKUHBI TpeajiaracTcss OypuTh B OPoJax KPOBJIM, HO YIIOP ACJIACTCsl Ha €CTECTBEHHOE
TPEUIMHOOOpa30BaHNe 3a CYET IMEPEMEHHOT0 TOPHOTO AaBJieHHWs. JlerasalnmoHHBbIE
CKBa)KMHBI TIpeiIaraercsi OypuTh 10 MOPOAaM KPOBIH HA pACCTOSHUH 1—2 M OT yroiib-
HOTO TIacTa. ABTOPBI NIPEJIaral0T COSAMHATD JIera3allMOHHbIE CKBAKUHBI C TIACTOM
CUCTEMOM HUCKYCCTBCHHBIX TPCIIWH, IPUHYAUTCIIBHO CO3JaHHbLIX C IMOMOIIBIO TEXHO-
JIOTUH HAIIPaBIEHHOT'O IIOMHTEPBAJIIBHOIO THAPOPA3PEIBA.

2

Puc. 1. Croco6 pera3anuu oTpabaThIBa€MOro yroJbHOTO IUIACTA C MOMOIIBIO CKBaXKHH, IPOOYpeH-
HBIX B ITIOPO/IaX KPOBJIU:
a — BBIEMOYHBIH y4acToOK B ILUIaHe; O — pa3pes 1o -1
Fig. 1. Method of degassing a coal seam by wells drilled in the rock of the coal seam roof:
a — mining extracted area in a plan; 6 — I-I section

TakuM 00pa3oM, TEXHUYECKUM PE3yNIbTaTOM OypEeHHUs! CKBRKUH B TIOPOAX KPOBIH
ABJsIeTCsl OBBIIIeHNE 3()()EKTUBHOCTH Jera3aliy 3a CUET COXPAHEHUs Aera3aluoH-
HBIMH CKB2XMHAMH CEUEHHs U MPOIYCKHOM CIIOCOOHOCTH, a TaKKe MOBBILICHUE HAa-
JIeKHOCTH UX TepMETH3aLIH.

Kpome Toro, uccnenoBaHusIMH YCTaHOBIEHO, YTO MPH OTPAOOTKE BHICOKOTa30HOC-
HBIX YTOJBHBIX TIACTOB JUIMHHBIMH OYHUCTHBIMHU 3a00SIMH C TOJHBIM OOpYLICHHUEM
KPOBIIH IPH MOAXO0AE 32005 K CKBaXKMHE HAa PAacCTOSHUE, OIM3KOE K MOJIOBUHE €T0 JUIU-
HBI, IeOUT METaHa U3 CKBaXXHHBI yBeH4unBaeTcs B 3—5 pa3 [21]. Ha aTom paccrostumy,
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KaK YCTaHOBJICHO WCCIICJIOBAaHUIMIY, HAUMHACTCS 30HA MEPEMEHHOTO TOPHOTO JIaBJIe-
HUS, 9TO (POPMUPYET TEXHOTCHHBIC TPEIIUHBI B KPOBJIE IJIACTA, UHUITUUPYET BhIICIC-
HUE MeTaHa u3 OJIOKOB YVl M PacKphIBaeT MEXKOJIOKOBbIC TpeluHbl. [Ipu pasrpyske
I1acta OT AABJICHHA BBIACIACTCS CBO6OI[HI)II71 METaH, NpU €ro ra30HOCHOCTH BBILIC
COpPOLIMOHHOM CITIOCOOHOCTH YIJIsi BO3HUKAET MOBBIIICHHOE JIaBJICHHE CBOOOIHOTO rasa,
npuBozsmee K 3QdekTy meperoka yacTH MeTaHa M3 IUIacTa B BhIpaboTaHHOE IMpo-
CTPAHCTBO 4epe3 MOPOoJbl KPOBIIM, MUHYsS TIpu3aboiftHOe mpocTpaHcTBo. KanTax BbI-
JIEIISIONIETOCs U3 YTOJILHOTO TIACTa METaHa Oy/JIeT OCYIIECTBISATHCS CKBAKHUHAMH Ye-
pe3 TpHUpPOMHBIE W TEXHOTEHHBIE TPEIIMHBI B HEMOCPEACTBEHHOW KpPOBIE,
pa3BUBAIOIINECS B PE3yJIbTaTe IIEPEMEHHBIX HANPSHKEHUH B 30HE pa3rpy3Ku, onepexa-
rforeit 3200, u TpemuHbI, CHOpPMHUPOBAHHBIC THAPOPA3pHIBOM. Pa3merienne merasa-
IIUOHHBIX CKB2YKUH B KPOBJIE HAa PACCTOSHUM 1—2 M OT ITacTa MO3BOJIAT MEPEXBATUTH
STOT MOTOK METaHa U OTBECTH €r0 B JeTa3allMOHHBIN TpyOomposoa. Pasmenienne ckpa-
JKUH B TIOPOJIaX KPOBIIH MO3BOJIUT 00ECIIEUNUTh BHICOKYIO HAJIE)KHOCTh UX Te€pMETH3a-
UM B CO3/1aTh HEOOXOMUMBIH BakyyM. PacronoxeHre CKBaXHMH HaJ YTOJbHBIM ILIa-
CTOM Ha BBICOTE Ooyiee 2 M CHMXKAET BEPOSITHOCTh WX BCTPEUYH C TEXHOTCHHBIMHU
TpEIIMHAMHY, BBIXOSIIMMU HA IUIACT, @ MPHU BBICOTE MEHEE | M BO3MOXKHO «OTpaxe-
HUE» CKBAKHUHBI B CTOPOHY IIACTa U CHIKeHUe 3 (heKTUBHOCTH Jera3anuu. [Ipu mpo-
BCACHUHN YCPE3 CKBAXUHBI MOMHTCPBAJIBHOIO T'UAPOpa3phiBa MO M3BECTHBIM CXEMaM
C LIEeTIbI0 CO3/IaHMsI JOTIOJTHUTENFHON UCKYCCTBEHHOM TPELITMHOBATOCTH ITOPOJ KPOBIIH
MOBBICUTCS AP PEKTUBHOCTD JIera3alliyl yroJIbHOTO IJIaCTa 33 CYET 0TOOpa CBOOOTHOTO
ra3a U COXpaHCHUA CKBaXXWUH.

Pe3yabrarthl. PaccTossHre MeXIy JeTra3alliOHHBIMA CKBaKHHAMU TipuHsITO 0,1-0,2
JUTHHBI OYUCTHOTO 320051 ¥ CBS3aHO C Pa3MepPOM 30HBI MEPHOANYECKON pasrpy3KH IIa-
cTa BIEPEIH IBIKYIIErocs 3a00s1. [ cHIkeHNsT 00beMa OypOBBIX paboT peKOMEHTY-
eTcsl IpUMEHeHNe TUAPOpas3pbeiBa. B 3TOM ciydae HEOOXOMUMOE PACCTOSTHHE MEXTY
CKBaXMHAMH yBenmn4uTcs B 2—3 paza. CymHOCTh crioco0a MmosicHseT puc. 1.

Jnsg ocymecTBieHus crioco0a jera3aiy Ha pacCTOSHUU 1—2 M OT YTOJIBHOTO TTa-
cta / B ero kpoBie OypsT napasuieIbHO OYUCTHOMY 320010 2 U BIIEPEIH HETO JIera3aln-
OHHBIE CKBaXHHHKI 3. J[0 KOHTYpa BEHTHJISAIIMOHHOTO MITPEKa 4 CKBXKUHBI HE TOOYPH-
BaloT OKkoio 20 ™, MPOW3BOAAT TEPMETH3AIMI0 WX VYCThsI W TOIKIIOYCHUE
K JIera3allMOHHOMY TpyOonpoBonry 3. J{o momxona o4rcTHOro 320051 2 K CKBOKUHAM Karl-
Ta)XX METaHa U3 YrojbHOTO IUIacTa ! MPOUCXOAUT Yepe3 UCKYCCTBEHHBIC TPEUIUHBI O
THIIpopa3pbiBa B Kposie. [Ipu moaxone ouucTHOTO 32005 K CKBOKMHAM Ha PACCTOSIHUE
MCHEC 0,5 JUJINHBI JIaBbI L HaumHaeTcs KarTaxx METaHa, MHTCHCHUBHO BBIJICIIAIOIICTIOCA
U3 T1acTa / BCIAENCTBHUE €r0 YaCTHYHOM pasrpy3Ku (3Iropa 7) 0T Te0CTaTHIEeCKOTO rop-
HOI'0O JaBJICHUS ’YH " IMOCTYIAIOUICTO B CKBAXXMWHBI Y€PE3 MPUPOAHBIE U TCXHOTCHHBIC
TPELIMHBI B KPOBJIE, KOTOPasl MOJBEPKEHA IEPEMEHHOMY TOPHOMY JABJICHHUIO B 3TOMI
30HE W MOMHTEPBAILHOMY THAPOPA3PHIBY.

BeiBoaml. [IpemmaraeMerii cioco0 mera3anuy yroJbHOTO TUIACTa MTO3BOJIMT MOBBI-
cuTh ee 3PPeKTHBHOCTH B 1,5-3 paza 1Mo CpaBHEHHWIO C CYIIECTBYIOMIEH IIacCTOBOM
Jlerazanyeil B yCIOBUAX OTPaOOTKH MOJIOTHX YTONBHBIX TIACTOB JUTMHHBIMHU CTOJI0aMU
M0 TMPOCTHPAHHIO, 00ECIIEYNTh HAJCKHYIO TePMETU3AIUI0 JIeTa3allMOHHBIX CKBAKUH
3a CUET PACIIONIOKEHHSI UX B MOPOJAaX KPOBJIU HAJ[ YTOIHHBIM IJIACTOM, HCKIIOYHUTH
POOIEeMBI C U3ITUIITHEH KPUBU3HOW U HEBBIIEP)KAHHOCTHIO TMAMETPa JeTa3al[MOHHBIX
CKBaXXUH, MMPOOYPEHHBIX 10 YTOJLHOMY ILIACTY, H TEM CaMbIM CHU3UTh METaHOOOMWIIb-
HOCTh OYMCTHOTO 32005 M0 (PAKTOPY METAHOBBIJICIICHUS U3 YToJbHOTO Tuiacta. Kpome
TOTO, TPEIIMHBI THAPOpa3pbiBa OyIyT CIOCOOCTBOBATH OOPYIICHHUIO MOPOJ| KPOBIIH,
YTO MMO3BOJIUT HE JOIIYCTUTH €€ 3aBHCAHMI.
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Method of degassing a coal seam by wells in the roof rock
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Abstract
Introduction. For the coal industry traditionally in safety issues the huge role is played by a gas factor.
Change in depth and speed of layers mining and increase in extraction pillars dimensions lead to gas
barriers emergence when stoping.
Research aim. Well diameter consistency throughout the length and its direction depend on crown radial
beating when drilling the well on the coal seam that doesn't allow to deliver a packer for interval hydraulic
fracturing to the required depth. Even ideally drilled vent well faces problems of her collapse and flowing
over time. It is more difficult to seal the well drilled on coal seam, because of a possible cracking at her
mouth, to prevent aerodynamic connection with a mine working and create the required depression in the
well. The solution of these problems is presented in the article.
Methodology. It is known that well-drilling in roof rock goes without the indicated disadvantages.
The method of degassing a coal seam by wells drilled in the seam roof is known, it is based on the effect of
unloading of the layer ahead of a moving stoping face. Combination of results of well-drilling in the roof
rock and interval hydraulic fracturing of a coal seam will allow to create a way of degassing a coal seam
and increase its efficiency.
Results. The article describes the method of degassing a coal seam due to well-drilling in the roof rock
with artificial cracks creation by means of hydraulic fracturing to ensure connection between wells and
a coal seam.
Conclusions. The offered method of degassing a coal seam will allow to increase the efficiency of degassing
3-5 times as compared to the existing in-seam degassing, provide reliable sealing of vent wells by means
of arranging them in the roof rock over the coal seam, exclude problems connected with excessive curvature
and vent wells diameter inconsistency, and therefore reduce methane content in a stoping face in terms
of methane emission from a coal seam.

Key words: coal seam, roof rock; interval hydraulic fracturing; well-drilling.
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WCTOPUA. UHOOPMALINA. PELIEH3UW

Mamatu konnerw. JlatbiweB Oner l'eoprueBuny

' 3 anpensa 2019 roga ymien u3 KU3HH Halll
KOJIJIera — 3aMeCTUTENb TJIaBHOTO pPelaKkTopa
u3nanus «M3Bectus By30B. [OpHBIN XypHAID,
W3BECTHBII CHENHANUCT B O0JACTH M3YyUEHHS
CBOWCTB U Pa3pyLICHU FOPHBIX IIOPOJ, JOKTOP
TEXHUYECKUX HaykK, mpodeccop, mpodeccop
KageIpbl MaxXTHOTO CTPOUTENBCTBA YPallbCKO-
r0 TOCYJIJapCTBEHHOTO TOPHOTO YHUBEPCUTETA
Onmner I'eopruesuy JlaTeimes.

O. T'. JIarbies ponuiics 4 ssuaps 1946 ro-
Ja B I. CBEpAJIOBCKE B CEMbE CIyXKalHX.
Oxonumnt CeepanoBckuit Opaena Tpymgosoro
KpacHoro 3HameHH ropHBIH MHCTUTYT UMEHH
B. B. Baxpymega (1970) o crenuaibHOCTH
«CTpOUTENbCTBO IMOA3EMHBIX COOPY)KEHHH H
LIaxT» C IPUCBOEHHEM  KBaJH(DUKALUH
«lopHblif nHXeHep-maxTocTpouTensy. llociae oxoHuaHMS WHCTUTyTa paborai:
1970-1972 — mnagmmii HayuHbli coTpyaHuk, 1975-1985 — accucrent, 1985-1997 —
noteHT, 1984—1986 — 3amectuTens nekana (pakynprera mon3eMHoi pazpadorku MITU,
¢ 1997 — npodeccop kadeappl MaXTHOTO CTPOUTEILCTBA.

Yuran kypesl nekiuii: «du3nka ropHbIX TOpoay», «MaremaTiniecKue METOAbI B rop-
HOM feney, «lccaenoBanre IpoieccoB NOA3EMHOTO CTPOUTENLCTBa» («Monennposa-
HHUE (PU3MYECKUX MPOLECCOB B TOPHOM Jieiiey), «Pu3uKa pa3pylieHusi TOPHBIX TOPOA
npu OypeHHH W B3pBIBAaHHN», «MoaearpoBaHHe MPOLECCOB OYpPOB3PBIBHBIX paboTy,
«XuMWUsI B3pBIBYATHIX BEIIECCTB» H JP.

Ormner I'eoprueBud 0TBETCTBEHHO MOAXOAMII K Y4€OHOMY MPOLIECCY U KXKABIN Kypc
JIEKIUH TPH HEOOXOIMMOCTH TIOIHOCTBIO 00ecreunBal yueOHO-METOMYECKUMH MaTe-
puanzamu. 3a BeCh Ieproz paboThl UM omyOimkoBaHO Oosee 160 yueOHO-MeTOMMYC-
CKUX 1ocoOui. JlnurenbpHOE BpeMs SIBISUICS IPEACEAaTeieM METOANYECKOI0 COBETa
daxynbreTa, a 3aT€M U YHUBEPCHUTETA.

OcCHOBHbBIE Hay4yHbIC TPYAbl HOCBAIIEHB! HCCIEAOBAHUIO KOMIUIEKCA (U3UUECKUX
CBOWCTB I'OPHBIX MOPOA M UX B3aUMOCBSI3U, BIMSHUIO CBOICTB MOPOJ HA IMapaMeTphl
MPOLIECCOB TOPHOTO NMPOU3BOACTBA, YIPABICHUIO CBOMCTBAMH M COCTOSIHHEM T'OPHOTO
MaccuBa.

Onmner I'eopruesud no6un u ymen padorars co cryneHtamu. [loa ero pykoBonctsom
MHOTHE C HHTEPECOM CJIENIajIH MEPBhIE ATy B HayKe U MPOJOJKUIIN CBOU ITyTh B acIlu-
pantype. O. I. JlarpieB nmoarotoBua 13 kaHAWAaTOB HayK. JINUHO W B COaBTOPCTBE
omyOnukoBai 6onee 150 nmeyatHbIX paboT.

B nomxHOCTH 3aMecTHTENs MAaBHOTO penakropa «M3sectuit By30B. ['opHOro x)yp-
Hanay Omner ['eoprueBnd padoran ¢ 2004 roga, OCyIECTBIISS PEUEH3UPOBAHHUE CTATEH
U WX HAYYHOE PEeIaKTHPOBAHNUE, BHIIIOIHSS paOboTy MO IMMOIrOTOBKE MaTepPHAaJIOB K Ieya-
TH, KOHCYJBTUPYS aBTOPOB, YAEIsAsI 0c000€ BHUMAHHE MOJIOABIM CIICIIHATHCTaM.

Konnern m yuennkn Omera ['eoprueBnya OTMEHarOT €ro TOOPOKENTATEIbHOCTh U
OTKPBITOCTh B OTHOIIECHUSX C JIIOABMH, YECTHOCTh U NIPUHIUIIMAIBHOCTD B IPUHATUH
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peLleHNH, TBEPAOCTh B OTCTAUBAHMH CBOMX YOEXKIECHHI U OECKOHEUHYIO TPEAaHHOCTh
CBOEMY TBOPUECKOMY TPYLY.

Ceemnnasg namsTh O TaJJAHTJIMBOM YUYEHOM, IeJlarore U pyKoBOAUTEIE HaBCEIAa Co-
XPaHUTCS B HALIUX CepIax.

Kageopa waxmnozo cmpoumenvcmea YITY
Peoaxyus scypnana «Hzeecmus 8y308. I opHulll HcypHAL»
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